
D Vlpxodwlrq Prgho Iudphzrun iru

Jryhuqphqw Ghew Dqdo|vlv�

Sèo Ehujvwuùp ) Dqghuv Kropoxqg|

Qryhpehu 63/ 5333

Devwudfw

Wklv uhsruw ghvfulehv d prgho wkdw wkh Vzhglvk Qdwlrqdo Ghew Ri0

�fh kdv ghyhorshg iru wkh vwxg| ri vwudwhjlf ghflvlrqv rq wkh Vzhglvk

jryhuqphqw ghew sruwirolr1 Wkh iudphzrun lv d Prqwh Fduor vlpx0

odwlrq prgho zkhuh gl�huhqw sruwirolr vwudwhjlhv duh h{dplqhg ryhu

d whq0|hdu krul}rq1 Wkh remhfwlyh lv wr �qg d sruwirolr zklfk/ lq

dffrugdqfh zlwk wkh remhfwlyh ri wkh Ghew R!fh/ vhhnv wr plqlplvh

frvwv zlwk gxh uhjdug wr ulvn1 Gl�huhqw srvvleoh sruwirolr vwudwhjlhv/ lq

whupv ri fxuuhqf| frpsrvlwlrqv dqg wdujhw gxudwlrqv/ duh frqiurqwhg

zlwk prghoohg vwrfkdvwlf �qdqfldo yduldeohv1 Wkh prgho ghvfulehg lq

wklv uhsruw lv vwloo xqghu frqvwuxfwlrq/ dqg wkh vshfl�fdwlrq lv idu iurp

�qdo1 Rqh lpsruwdqw lvvxh lv wkhuhiruh wr ghvfuleh wkh zhdnqhvvhv ri

wkh suhvhqw prgho dqg wkh gl�huhqw dvshfwv zkhuh wkh prgho frxog

dqg vkrxog eh lpsuryhg1

�Wklv grfxphqw kdv ehqh�wwhg iurp glvfxvvlrqv zlwk/ dqg frpphqwv iurp/ vhyhudo fro0

ohdjxhv dw wkh VQGR/ prvw qrwhdeo| Oduv Kùuqjuhq1 Frpphqwv iurp Juhj Pdnr� dqg

Euxqr Prprqw/ erwk Vfkurhghu Vdorprq Vplwk Eduqh|/ Orqgrq/ duh dovr judwhixoo| df0

nqrzohgjhg1 Vhfwlrq 7 lq wklv grfxphqw lv wr d odujh h{whqw lghqwlfdo wr d vnlooixo wudqvodwlrq

pdgh e| Ylfwru Nd|ihw}/ Vfdq Hglw/ edvhg rq wkh fruuhvsrqglqj vhfwlrq lq wkh Vzhglvk

jxlgholqh sursrvdo grfxpqhw1 Doo uhpdlqlqj huuruv dqg vkruwfrplqjv duh/ krzhyhu/ rxu

rzq1
|Wkh dxwkruv duh d!oldwhg zlwk wkh Vzhglvk Qdwlrqdo Ghew R!fh1 Wr wkh h{whqw wkdw

wkh wh{w lq wklv grfxphqw frlqflghv zlwk wkh jxlgholqh sursrvdo ri wkh Ghew R!fh/ wkh

ylhzv h{suhvvhg lq wklv uhsruw uh hfwv wkh ylhzv ri wkh ghew r!fh1 Zkhqhyhu wkh grfxphqwv

gr qrw frlqflgh/ wklv grfxphqw grhv qrw qhfhvvdulo| uh hfw wkhvh ylhzv1 Sohdvh vhqg dq|

frpphqwv dqg vxjjhvwlrqv wr dqghuv1kropoxqgCujn1vh1
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4 Lqwurgxfwlrq

Wkh sxusrvh ri wklv uhsruw lv wr ghvfuleh wkh prgho wkdw wkh Vzhglvk Qdwlrqdo

Ghew R!fh kdv ghyhorshg iru vwxg|lqj wkh h�hfwv ri wkh fkrlfh ri gxudwlrq

dqg fxuuhqf| frpsrvlwlrq lq wkh Vzhglvk jryhuqphqw ghew sruwirolr1 Qhl0

wkhu fodlplqj ruljlqdolw| qru jhqhudolw|/ zh wklqn wklv grfxphqw frxog vhuyh

dv d vwduwlqj srlqw iru glvfxvvlrqv zlwk erwk dfdghplfv dqg sudfwlwlrqhuv

lq wkh �hog ri jryhuqphqw ghew pdqdjhphqw1 Wklv lv hvshfldoo| lpsruwdqw

vlqfh vwxglhv lq wklv �hog duh idluo| vfdufh41 Wkh iudphzrun lv d Prqwh Fduor

vlpxodwlrq prgho zkhuh gl�huhqw sruwirolr vwudwhjlhv duh h{dplqhg ryhu d

whq0|hdu krul}rq1 Wkh remhfwlyh lv wr �qg d sruwirolr zklfk/ lq dffrugdqfh

zlwk wkh remhfwlyh ri wkh Ghew R!fh/ vhhnv wr plqlplvh frvwv zlwk gxh uhjdug

wr ulvn1 Gl�huhqw srvvleoh sruwirolr vwudwhjlhv/ lq whupv ri fxuuhqf| frpsrvl0

wlrq dqg wdujhw gxudwlrqv duh frqiurqwhg zlwk prghoohg vwrfkdvwlf �qdqfldo

yduldeohv1 Sxw voljkwo| gl�huhqwo|/ wkh prgho pd| eh vdlg wr frqvlvw ri wzr

frpsrqhqwv= d vwrfkdvwlf vlpxodwlrq prgho wkdw jhqhudwhv idfwruv vxfk dv

lqwhuhvw udwhv/ h{fkdqjh udwhv dqg wkh eruurzlqj uhtxluhphqw/ dqg d prgho

wkdw vlpxodwhv fkdqjhv lq wkh ghew sruwirolr dv zhoo dv ydulrxv frvwv dvvrfl0

dwhg zlwk wklv/ edvhg rq wkh vlpxodwhg ulvn idfwruv dqg dq dvvxphg eruurzlqj

vwudwhj|1 Wkhvh wzr prghov duh ghvfulehg lq vhsdudwh vhfwlrqv ehorz1 Wkhuh0

diwhu wkh uhvxowv ri wklv |hdu*v dqdo|vlv duh suhvhqwhg1 Wklv vhfwlrq lv e| dqg

odujh lghqwlfdo zlwk wkh fruuhvsrqglqj vhfwlrq lq wkh jxlgholqh sursrvdo/ dqg

uhsurgxfhg khuh pdlqo| iru frqyhqlhqfh15

Hyhq wkrxjk vxevwdqwldo surjuhvv kdv ehhqpdgh vlqfh d vlplodu prgho zdv

xvhg wr dqdo|vh odvw |hdu*v jxlgholqhv/ lw lv zruwk srlqwlqj rxw wkdw wklv prgho

lv vwloo xqghu frqvwuxfwlrq1 Rqh lpsruwdqw lvvxh lv wr ghvfuleh wkh zhdnqhvvhv

ri wkh suhvhqw prgho dqg wkh gl�huhqw dvshfwv zkhuh wkh prgho frxog dqg

vkrxog eh lpsuryhg1 Wkh prghoolqj whdp dw wkh Ghew R!fh zrxog lq wklv

frqwh{w olnh wr lqylwh frpphqwv iurp uhvhdufkhuv dqg sudfwlwlrqhuv dfwlyh lq

wkh �hog ri ghew vwudwhj| prghoolqj rq wkh edvlv ri wkh prgho suhvhqwhg lq

wklv uhsruw1

4Uhfhqw vwxglhv lq wkh dfdghplf �hog lqfoxgh Plvvdoh+4<<<,/ Plvvdoh+5333, dqg

Plvvdoh+5334,1 Wkh pdlq uhvxowv zklfk zh duulyh dw lq rxu vshfl�f vlpxodwlrq iudph0

zrun duh txdolwdwlyho| vlplodu wr vrph ri wkh pruh jhqhudo frqfoxvlrqv suhvhqwhg lq wkh

phqwlrqhg vwxglhv1
5Vhh VQGR �Fhqwudo Jryhuqphqw Ghew/ Sursrvhg Jxlgholqhv�/ Vhswhpehu 5333/ dydlo0

deoh dw zzz1ujn1vh1
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5 Vlpxodwlrq ri vwrfkdvwlf frpsrqhqwv

Lq wklv vhfwlrq/ zh vnhwfk wkh iudphzrun iru wkh vlpxodwlrq ri wkh vwrfkdvwlf

frpsrqhqwv lq wkh ghew dqdo|vlv prgho1 Wkuhh hfrqrplhv duh prghoohg> lq

dgglwlrq wr wkh Vzhglvk hfrqrp|/ wkh HPX dqg wkh XV hfrqrplhv1 D fruh

lvvxh zkhq dqdo|vlqj gl�huhqw ghew vwudwhjlhv lv wkh lqwhusod| ehwzhhq wkh

ixqglqj uhtxluhphqw dqg wkh frvwv iru ixqglqj lq dq| jlyhq wlph shulrg1 Wkh

dssurdfk wdnhq khuh lv wr wu| wr fdswxuh wkh fruuhodwlrq ehwzhhq wkh �qdqfldo

yduldeohv dqg wkh eruurzlqj uhtxluhphqw lq wkh iudphzrun ri d kljko| vw|olvhg

dqg sduvlprqlrxv pdfurhfrqrplf vlpxodwlrq prgho1 Wkh dpelwlrq kdv ehhq

wr nhhs wkh prghoohg yduldeohv dw d plqlpxp1 Iru hdfk ri wkh wkuhh hfrqrplhv

wkh iroorzlqj �yh udqgrp yduldeohv duh prghoohg=

� Lq dwlrq

� Uhdo JGS

� Vkruw whup lqwhuhvw udwhv

� Orqj whup lqwhuhvw udwhv

� H{fkdqjh udwhv

Lq dgglwlrq/ iru wkh Vzhglvk hfrqrp| zh prgho wkh

� Fhqwudo jryhuqphqw eruurzlqj uhtxluhphqw

514 Vwrfkdvwlf surfhvvhv

Iru wkh pdmrulw| ri yduldeohv lq wkh prgho/ wkh prghoolqj zrunkruvh lv d �uvw

rughu dxwruhjuhvvlyh +DU+4,, surfhvv/ zklfk/ iru d jhqhulf udqgrp yduldeoh %

fdq eh vwdwhg dv

%| ' k n 4%|3� n 0| 0| � �U(
�
fc j20

�
� +4,

Li zh qhhg wr irup prgho frqvlvwhqw h{shfwdwlrqv edvhg rq wklv surfhvv/ zh

fdq hdvlo| irup ?0vwhs dkhdg iruhfdvwv iurp wkh DU+4, surfhvv xvlqj wkh
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irupxod

. d%|n?o| ' k

?3�[
�'f

4� n 4?%|� +5,

Ri sduwlfxodu lqwhuhvw lv wkh fdvh zkhuh | ehfrphv yhu| odujh/ vlqfh wklv fdvh

frxog eh lqwhusuhwhg dv wkh orqj0uxq htxloleulxp ri wkh vhulhv dqg xvhg dv

vxfk zkhq fdoleudwlqj wkh prgho1 Ohwwlqj | whqg wr lq�qlw| zh kdyh wkh

uhvxow wkdw6

. d%A o '
k

�� 4
� +6,

D vhfrqg prgho exloglqj eorfn/ zklfk lv xvhg wkurxjkrxw/ lv wkh Pdunry

fkdlq vzlwfklqj uhjlphv prgho1 Lq hvvhqfh/ wklv phdqv wkdw wkh revhuydeoh

yduldeohv/ l1h1 wkh yduldeohv olvwhg deryh/ iroorz DU+4,0surfhvvhv zklfk kdyh

gl�huhqw sdudphwhuv iru gl�huhqw vwdwhv1 Lq wkh VQGR prgho/ wklv vwdwh lv

vxssrvhg wr fdswxuh wkh exvlqhvv f|foh/ l1h1 zkhwkhu wkh hfrqrp| lq txhvwlrq

lv lq d errp ru lq d uhfhvvlrq lq d fhuwdlq wlph shulrg1 Wr �{ lghdv/ ohw wkh

vwdwh yduldeoh r iroorz d �uvw0rughu Pdunry surfhvv/ l1h1

� ir| ' �mr|3� ' �j ' R���

Iru wkh suhvhqw vhwwlqj zlwk wzr vwdwhv/ wkh wudqvlwlrq suredelolwlhv duh frp0

sohwho| ghwhuplqhg e| d 5[5 pdwul{

� '

�
R�� R�2
R2� R22

�
c

R�� n R�2 ' R2� n R22 ' ��

Doo wkh frh!flhqwv/ lqfoxglqj wkh wudqvlwlrq suredelolwlhv/ fdq eh hvwlpdwhg

xvlqj wkh Kdplowrq+4<;<, surfhgxuh dssolhg wr hpslulfdo gdwd1 Zkhq sdudp0

hwhulvlqj d prgho pruh lqirupdoo|/ zh frxog pdnh xvh ri wkh uhodwlrq ehwzhhq

wudqvlwlrq suredelolwlhv dqg wkh h{shfwhg gxudwlrq ri hdfk vwdwh7/ l1h1

(� '
�

� � R��
c (2 '

�

�� R22
�

6Wkh ghulydwlrq ri wklv vwdqgdug wlph vhulhv uhvxow fdq eh irxqg lq Dsshqgl{ D1
7Iru d surri iru Q vwdwhv/ vhh Nlp ) Qhovrq+4<<<,/ ss1:4�1
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Vlpxodwlqj dPdunry fkdlq dqg dvvrfldwhg �revhuyhg� vlpxodwhg udqgrp ydul0

deohv iru d jlyhq sdudphwhulvdwlrq lv vwudljkwiruzdug1 Li zh fuhdwh rqh vhulhv

ri huuru whupv iroorzlqj wkh surfhvv " � �U( Efc j2"� dqg rqh vhulhv ri vwdwhv

rc e| jhqhudwlqj d Ehuqrxool udqgrp qxpehu vhulhv ghwhuplqhg e| wkh wudq0

vlwlrq pdwul{ � / zh fdq xvh E�� wr fuhdwh d vhulhv ri dq revhuyhg yduldeoh1 Lw

fdq eh vkrzq wkdw wkh orqj0uxq htxloleulxp ri wkh uhjlph vzlwfklqj surfhvv

DU+4, surfhvv lv jlyhq e|

%W '
>
�

� � q
�

E�� R22� * E2� R�� � R22� n
>
2

�� q
2

E� � R��� * E2 � R�� � R22� �

+7,

Wkh lqwxlwlrq ehklqg wklv h{suhvvlrq lv wkdw wkh orqj0uxq htxloleulxp htxdov

wkh htxloleulxp/ %Wc jlyhq e| wkh sdudphwhuv > dqg q lq hdfk ri wkh wzr

uhjlphv/ pxowlsolhg e| wkh vwhdg| vwdwh suredelolw| ri ehlqj lq hdfk ri wkh

wzr vwdwhv/ uhvshfwlyho|1 D surri ri wklv lv vnhwfkhg lq dsshqgl{ D1

Zh zloo qrz wxuq wr hdfk ri wkh frpsrqhqwv prghoohg/ eulh | vnhwfk wkh

vwuxfwxuh ri hdfk prghoohg surfhvv dqg/ wkhuhdiwhu/ vwdwh dqg eulh | frpphqw

rq sdudphwhuv fkrvhq1

515 Lq dwlrq

Lq dwlrq lv prghoohg dv dq DU+4,0surfhvv zklfk lv qrw uhjlph ghshqghqw=

Z| ' k n 4Z|3� n 0| 0| � �U(
�
fc j20

�
�

Lw pljkw vhhp olnh d qdwxudo vxjjhvwlrq wr pdnh lq dwlrq uhjlph ghshqghqw1

Wkh prghoolqj fkrlfh pdgh khuh lv/ krzhyhu/ wr dvvxph wkdw wkh fhqwudo

edqnv duh vxffhvvixo lq vwdelolvlqj lq dwlrq dqg wkdw wkh lpsdfw ri wkh vwdwh

ri wkh hfrqrp| rq lq dwlrq lv hqwluho| fdswxuhg e| wkh uhdfwlrq ixqfwlrq xvhg

ehorz wr prgho wkh vkruw lqwhuhvw udwh1 Wkh lq dwlrq zh prgho zloo wkhuhiruh

eh vwdeoh durxqg wkh lq dwlrq wdujhw luuhvshfwlyh ri wkh ghyhorsphqw ri wkh

hfrqrp|1

8



51514 Sdudphwhulvdwlrq

Lq dwlrq

VZH HPX XVD

Dyhudjh= 513( 418( 518(

Sdudphwhu VZH HPX XVD

k 313333; 3133339 3133343

4 31<8 31<8 31<8

j20 3137( 3136( 3138(

Wkh sdudphwhulvdwlrq/ zklfk lv glvsod|hg lq wkh wdeoh deryh/ lv fkrvhq vr wkdw

wkh xqfrqglwlrqdo h{shfwdwlrq lv uh hfwlqj wkdw hdfk fhqwudo edqn*v lq dwlrq

wdujhw lv h{shfwhg wr eh phw lq wkh orqj uxq1 Wkh fkrlfh iru Vzhghq dqg

HPX lv frqvlvwhqw zlwk wkh srolf| uxohv ghfoduhg e| wkh fhqwudo edqnv/ hyhq

li wkh wdujhw lv ohvv h{solflw lq wkh HPX fdvh1 Iru wkh XV/ wkh prghoohg orqj0

uxq lq dwlrq wdujhw lv pruh duelwudu|/ uh hfwlqj dq dvvxphg kljkhu wrohudqfh

wrzdugv lq dwlrq wkdq lq wkh wzr rwkhu hfrqrplhv1 Qrwh wkdw wkh sdudphwhu0

lvdwlrq deryh +dqg lq wkh iroorzlqj, lv xvhg iru vlpxodwlqj prqwko| fkdqjhv

lq wkh yduldeoh lq txhvwlrq/ dqg wkdw wkhvh fkdqjhv pxvw eh djjuhjdwhg wr d

|hduo| �jxuh lq rughu wr duulyh dw wkh orqj0uxq udwh suhvhqwhg lq wkh wdeoh1

Gdwd zrxog vxjjhvw d idluo| shuvlvwhqw lq dwlrq surfhvv zlwk 4 vrphzkhuh

durxqg f�bD iru dq DU+4, surfhvv �wwhg wr klvwrulfdo FSL gdwd/ zklfk lv wkh

fkrlfh pdgh iru doo wkuhh hfrqrplhv1 Wkh huuru whup yduldqfh fruuhvsrqgv wr

d |hduo| vwdqgdug ghyldwlrq ri wkh DU+4, surfhvv ri 317(/ 316( dqg 318( iru

wkh wkuhh hfrqrplhv uhvshfwlyho|1 Wkh xqfhuwdlqw| prghoohg lv wkxv pdlqo|

lq olqh zlwk frqvhqvxv iruhfdvwv1

516 Uhdo JGS

Uhdo JGS jurzwk lv dvvxphg wr iroorz d uhjlph vzlwfklqj DU+4, surfhvv/

h1j1

+| ' >r n q+|3� n "| " � �U(
�
fc j2"

�
mqm 	 �c r ' �c 2c +8,

zkhuh +| lv wkh shufhqwdjh jurzwk udwh ri uhdo JGS1 Wkh wzr vwdwhv/ 4 ) 5/

fruuhvsrqg wr d errp vwdwh dqg d uhfhvvlrq vwdwh lq wkh hfrqrp|/ uhvshfwlyho|1

Wklv lv dfklhyhg e| gl�huhqw ydoxhv iru wkh >�sdudphwhuv1 Wkh gl�huhqw
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shuvlvwhqfh ri jurzwk lq wkh wzr uhjlphv frxog ri frxuvh kdyh ehhq prghoohg

e| d vwdwh0ghshqghqw q/ exw iru wkh vdnh ri vlpsolflw|/ zh kdyh rqo| dowhuhg wkh

>�sdudphwhu dfurvv wkh uhjlphv1 Wkh vkliwv ehwzhhq wkh wzr vwdwhv ehfrph

pruh judgxdo wkh forvhu wkh q�sdudphwhu lv wr xqlw|1

51614 Sdudphwhulvdwlrq

JGS Jurzwk

VZH HPX XVD

Dyhudjh= 517( 517( 614(

Sdudphwhu VZH HPX XVD

>
�

3133348 3133347 313334:

>
2

0313333< 03133338 0313333;

q 31<8 31<8 31<8

j20 3138( 3138( 3138(

Wkh pdlq dvvxpswlrqv pdgh derxw exvlqhvv f|fohv dqg jurzwk duh wkdw

orqj0uxq uhdo jurzwk lv h{shfwhg wr eh kljkhu lq wkh XV wkdq lq Vzhghq dqg

wkh HPX duhd1 Wkhuh lv dovr d gl�huhqfh vwhpplqj iurp wkh dvvxpswlrq rq

uhodwlyho| orqj errpv lq wkh XV/ frpsduhg wr Vzhghq dqg HPX1 Wkh rqo|

gl�huhqfh ehwzhhq wkh jurzwk surfhvvhv lq Vzhghq dqg HPX lv wkdw wkhuh duh

pruh surqrxqfhg exvlqhvv f|fohv lq Vzhghq/ dq dvvxpswlrq vwhpplqj iurp

wkh lghd wkdw rqh vhsdudwh hfrqrp|/ olnh Vzhghq/ vkrxog h{shulhqfh eljjhu

vzlqjv wr wkh hfrqrplf f|foh frpsduhg zlwk wkh frqjorphudwh ri frxqwulhv

lq wkh HPX1 Wkh vshhg ri dgmxvwphqw ehwzhhq vwdwhv duh dvvxphg wr eh

lghqwlfdo iru wkh wkuhh hfrqrplhv1

:



517 Vkruw lqwhuhvw udwhv

Wkh olqn ehwzhhq jurzwk/ lq dwlrq dqg wkh vkruw lqwhuhvw udwh8 lv prghoohg

dv d vw|olvhg fhqwudo edqn srolf| uxoh/ d vr0fdoohg Wd|oru uxoh=

�A| ' oW n Ze| n w EZe| � ZW� n b Et| � t W

| � c +9,

t W

| ' t f E� n +W�
|
c

t| ' t f

|\
�'�

E� n +�� c

zkhuh oW lv wkh htxloleulxp uhdo lqwhuhvw udwh/ Ze| lv wkh h{shfwhg lq dwlrq/ t
W

|

srwhqwldo dqg t| dfwxdo JGS1 Wkh h{shfwhg lq dwlrq lv prghoohg e| dgdswlyh

h{shfwdwlrqv/ l1h1 e| dvvxplqj wkdw h{shfwhg lq dwlrq lv htxdo wr fxuuhqw

lq dwlrq� Iru vlpxodwhg sdwkv ri Z dqg +c zh xvh E9� wr frqvwuxfw vlpxodwhg

sdwkv iru wkh Wd|oru udwh1 Lq wkh orqj uxq Ze| ' ZW dqg t| � t W

| c dqg khqfh

�A| ' oWnZe| � Wkh �revhuyhg� vkruw udwh lv wkhqprghoohg dv dq huuru fruuhfwlrq

yhuvlrq ri wkh vwdqgdug DU+4, surfhvv

�| ' k n q�|3� � �
�
�� �A

�
|3�

n 0| 0| � �U(
�
fc j20

�
�

Wkh uhvxow ri wklv vshfl�fdwlrq lv wkdw wkh vkruw udwh grhv qrw htxdo wkh

Wd|oru udwh lq hyhu| shulrg1 Wkh vshhg ri dgmxvwphqw wrzdugv wkh Wd|oru

udwh lv jryhuqhg e| wkh �0sdudphwhu1 Wkh jhqhudo lghd ri wklv vhwxs lv wkdw

fhqwudo edqnv whqg wr h{huflvh vrph nlqg ri lqwhuhvw udwh vprrwklqj/ dqg wkdw

wkhuh lv khqfh d kljkhu ghjuhh ri shuvlvwhqfh lq wkh vkruw udwh/ wkdq lq wkh

Wd|oru udwh1

8Zkhq wudqvodwlqj wkh vkruw udwh lqwr wkh vwudwhj| prghoolqj sduw/ lw lv dvvxphg wr eh

htxlydohqw wr wkh wkuhh prqwk lqwhuhvw udwh1

;



51714 Sdudphwhulvdwlrq

Vkruw udwhv

VZH HPX XVD

Dyhudjh= 813( 718( 818(

Sdudphwhu VZH HPX XVD

w 318 318 318

b 3148 3148 3148

k 31336 31335 31335:8

q 31<8 31<8 31<8

� 314 314 314

j20 313;( 3139( 3139(

�Au- 613( 613( 613(

Wkh Wd|oru udwh surfhvv lv dvvxphg wr eh lghqwlfdo lq doo wkuhh frxqwulhv/

zklfk lv dovr wkh fdvh iru wkh dgmxvwphqw vshhg ri wkh vkruw udwh1 Wkh orqj0

uxq gl�huhqfhv lq wkh vkruw udwh ehwzhhq wkh hfrqrplhv duh dvvxphg wr eh

frqvlvwhqw zlwk wkh gl�huhqfhv lq lq dwlrq wdujhwv1 Wklv lv d uhvwulfwlrq lp0

srvhg e| phdqv ri wkh sdudphwhulvdwlrq/ dqg lv qrw d fruroodu| ri wkh prgho*v

vwuxfwxuh1 Wkh huuru whup lq wkh Vzhglvk vkruw udwh lv h{shfwhg wr kdyh d

vrphzkdw kljkhu yduldqfh wkdq lq wkh rwkhu wzr surfhvvhv/ rqfh djdlq uh hfw0

lqj wkh vpdoohu vl}h ri wkh Vzhglvk hfrqrp|1

518 Orqj lqwhuhvw udwhv

Wkh orqj whup lqwhuhvw udwh/ wkh whq0|hdu udwh/ lv prghoohg e| d uhjlph vzlwfk0

lqj DU+4, surfhvv=

,| ' #r|n�
n �,|3� n 0| 0| � �U(

�
fc j20

�
c

zkhuh ,| lv wkh vsuhdg ehwzhhq wkh wkuhh0prqwk dqg wkh whq0|hdu udwh1 Wkh

shfxoldulw| ri wkh surfhvv lv wkdw wkh lqwhufhsw/ #c vzlwfkhv � shulrgv khqfh1

Hdfk uhjlph lv dvvrfldwhg zlwk d fhuwdlq vsuhdg1 Wklv vsuhdg lv krzhyhu

prghoohg dv iruzdug orrnlqj zlwk shuihfw iruhvljkw/ dqg wkhuhiruh dqwlflsdwhv

wkh uhjlph vkliw e| � shulrgv1 Wklv zd|/ lw lv srvvleoh wr prgho/ h1j1 |lhog

fxuyhv zlwk vorshv wkdw lqfuhdvh gxulqj wkh hqg ri d uhfhvvlrq1
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51814 Sdudphwhulvdwlrq

Orqj udwh vsuhdg

VZH HPX XVD

Dyhudjh= 31:7( 31:7( 3193(

Sdudphwhu VZH HPX XVD

#� 313335 313335 3133348

#
2

0313334 0313334 03133338

� 31<; 31<; 31<;

� 9 9 9

j20 314:( 3144( 3144(

\lhog fxuyh vsuhdgv duh prghoohg vr wkdw uhfhvvlrqv duh dvvrfldwhg zlwk  dwwhu

|lhog fxuyhv frpsduhg wr wkh errpv1 Wkh dqwlflsdwlrq shulrg phqwlrqhg lv

vl{ prqwkv iru doo wkuhh hfrqrplhv1 Vsuhdgv duh dovr pruh shuvlvwhqw wkdq/

h1j1 vkruw udwhv1 Orqj uxq vsuhdgv duh dvvxphg wr eh vrphzkdw eljjhu lq

Vzhghq dqg wkh HPX wkdq lq wkh XV1 Rqfh djdlq wkh Vzhglvk vsuhdg lv

dvvxphg wr eh pruh yrodwloh wkdq wkh iruhljq frxqwhusduwv1

519 H{fkdqjh udwhv

Wkh edvh iru prghoolqj h{fkdqjh udwhv lv dq dxjphqwhg DU+4,0surfhvv iru

wkh uhdo h{fkdqjh udwh=

.�c�
| ' � n �.�c�

|3� � D
�
+�| � +�|

�
� /

��
�� n ,�

�
|
�
�
�� n ,�

�
|

�
n 0| 0| � �U(

�
fc j20

�
c

zkhuh .�c�
| lv wkh h{fkdqjh udwh ehwzhhq hfrqrplhv � dqg �1 Wkh D�sdudphwhu

fdswxuhv vkruw0uxq h�hfwv iurp gl�huhqw jurzwk udwhv1 Li jurzwk lv vwurqjhu lq

rqh ri wkh hfrqrplhv/ lwv fxuuhqf| zloo whqg wr dssuhfldwh djdlqvw wkh zhdnhu

hfrqrp|1 Lq wkh orqj uxq/ wkh jurzwk gl�huhqfh h{suhvvlrq zloo fdxvh wuhqgv

lq wkh uhdo h{fkdqjh udwh li +�u- 9' +�u-� Wklv lv lq d vhqvh frqvlvwhqw zlwk

wkh olwhudwxuh rq uhdo htxloleulxp h{fkdqjh udwhv/ zkhuh wkhvh pd| wuhqg df0

fruglqj wr gl�huhqfhv lq surgxfwlylw|1 Li rqh frxqwu| frqwlqxrxvo| h{klelwv

vwurqjhu jurzwk/ d uhdvrqdeoh h{sodqdwlrq frxog eh gl�huhqfhv lq surgxf0

wlylw|1 Lq wkh vdph idvklrq/ wkh /� sdudphwhu fdswxuhv gl�huhqfhv lq wkh

orqj lqwhuhvw udwhv1 Ilqdoo| qrplqdo h{fkdqjh udwhv duh iruphg e| dgglqj
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lq dwlrq wr wkh fkdqjhv lq wkh uhdo h{fkdqjh udwhv1 Orqj0uxq gl�huhqfhv lq

lq dwlrq zloo lqgxfh wkh vdph w|sh ri orqj uxq wuhqg dv jurzwk dqg lqwhuhvw

udwh gl�huhqfhv fdxvhg lq wkh uhdo h{fkdqjh udwhv1

51914 Sdudphwhulvdwlrq

H{fkdqjh udwhv

HXU2VHN XVG2VHN

Orqj Uxq= ;133 <133

Sdudphwhu HXU2VHN XVG2VHN

� 313;3 313<3

� 31<< 31<<

D 43 43

/ 3158 3158

j20 313:( 313:(

Wkh surfhvv jryhuqlqj wkh uhdo h{fkdqjh udwh lv yhu| shuvlvwhqw/ dqg wkh gh0

juhh ri phdq uhyhuvlrq lv wkhuhiruh txlwh orz1 Wkh dgmxvwphqw sdudphwhuv/

zklfk duh vhw rq dq dg0krf edvlv/ duh v|pphwulf dfurvv h{fkdqjh udwhv/ dv

duh doo rwkhu sdudphwhuv/ h{fhsw iru wkh htxloleulxp udwhv zklfk duh vhw wr

lqlwldoo| htxdo wkh udwhv wkdw suhydlohg gxulqj wkh shulrg lq zklfk wkh dqdo0

|vlv zdv shuiruphg +Mxqh 5333,1 Vwduwlqj rxw iurp wkhvh lqlwldo ydoxhv/ wkh

wuhqgv ghvfulehg deryh/ gxh wr gl�huhqfhv lq jurzwk udwhv/ lqwhuhvw udwhv dqg

lq dwlrq/ zloo d�hfw h{fkdqjh udwhv1

51: Fhqwudo jryhuqphqw eruurzlqj uhtxluhphqw

Wkh eruurzlqj uhtxluhphqw ri wkh Vzhglvk fhqwudo jryhuqphqw lv prghoohg

dffruglqj wr d srolf| uxoh vwdwlqj wkdw d fhuwdlq vkduh ri qrplqdo JGS/ �c

vkrxog eh xvhg wr dpruwlvh jryhuqphqw ghew hdfk |hdu1 Wklv dvvxpswlrq

uh hfwv wkh r!fldo wdujhw ri d vxusoxv lq sxeolf vhfwru �qdqfldo vdylqjv1 Wklv

frqglwlrq lv wr eh phw phdvxuhg ryhu wkh hqwluh exvlqhvv f|foh/ dqg qrw qhf0

hvvdulo| lq hyhu| vlqjoh wlph shulrg1 Wkh dyhudjh eruurzlqj uhtxluhphqw lv

htxlydohqw wr d eruurzlqj uhtxluhphqw E�� lq shulrg | jlyhq e|

�| ' �t f E� n +W n ZW�
| c
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zkhuh t f lv vrph lqlwldo ohyho ri qrplqdo JGS/ +W lv jlyhq e| Ee� dqg ZW ' k

�34
�

Wkh txdqwlw| t f E� n +W n ZW�| frxog eh ylhzhg dv htxloleulxp qrplqdo JGS

lq wlph shulrg |1 Pxowlso|lqj wklv h{suhvvlrq e| d frqvwdqw jlyhv d vwhdglo|

jurzlqj dprxqw zklfk lv htxdo wr wkh dpruwlvdwlrq1 Vxfk d vwhdg| vwdwh

dpruwlvdwlrq udwh lv/ krzhyhu/ qrw yhu| xvhixo iru rxu sxusrvhv1 Wkhuhiruh/

zh lqwurgxfh dq dg0krf olqn wr wkh dfwlylw| lq wkh hfrqrp| e| prghoolqj E��

dv

�| ' �t f E� n +W n ZW�| � B E+| � +W� n 0|c 0 � �U(
�
fc j20

�
�

Wkh sdudphwhu B fdswxuhv wkh vhqvlwlylw| ri wkh jryhuqphqw �qdqfhv wr exvl0

qhvv f|foh  xfwxdwlrqv1 0| frxog eh lqfoxghg wr fdswxuh udqgrp  xfwxdwlrqv

lq wkh EU/ li wklv yduldeoh lv wkrxjkw wr eh pruh yduldeoh wkdq zkdw frxog eh

h{sodlqhg e| exvlqhvv f|foh yrodwlolw|1 Qrwh wkdw. d�|o ' ��t f E� n +W n ZW�
|

vlqfh . d+|o ' +Wc vr ghvslwh wkh  xfwxdwlrqv/ wkh wdujhw dpruwlvdwlrq zloo eh

phw rq dyhudjh1

51:14 Sdudphwhulvdwlrq

Eruurzlqj uht1

Sdudphwhu VZH

� 3137

B 5533

j20 3136(

Wkh sdudphwhu � lpsolhv d eruurzlqj uhtxluhphqw ri 318( ri JGS shu dqqxp/

uh hfwlqj d vw|olvhg dvvxpswlrq derxw wkh glylvlrq ri wkh wdujhwhg vxusoxv

ehwzhhq fhqwudo jryhuqphqw dqg rwkhu sduwv ri wkh sxeolf vhfwru1 Wklv zloo

lpso| wkdw wkh ghew lqfuhdvhv dv d qrplqdo dprxqw/ exw ghfuhdvhv lq uhdo

whupv dqg hvshfldoo| dv d vkduh ri JGS1

6 Vlpxodwlrq ri sruwirolr vwudwhjlhv

Wklv sduw ri wkh qrwh ghvfulehv wkh vwudwhj| vlpxodwlrq sduw ri wkh prgho/

lq zklfk sruwirolrv duh uroohg ryhu dqg frvwv dqg ulvnv frpsxwhg1 Iluvw/ d

frxsoh ri jhqhudo wrslfv derxw vwudwhj| vlpxodwlrq duh glvfxvvhg1 Wkhq/ wkh
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lpsohphqwdwlrq ri wkh vwudwhj| vlpxodwlrq lq wkh VQGR prgho lv ghvfulehg

lq ghwdlo1 Ilqdoo| wkh frvw dqg ulvn phdvxuhv xvhg duh frpphqwhg eulh |1

614 Jhqhudo wrslfv

Wkh vwudwhj| vlpxodwlrq lpsohphqwhg lq wkh VQGR prgho fdq eh ghvfulehg

dv d frqwlqxrxv uhedodqflqj surfhgxuh= lq hdfk shulrg pdwxulqj ghew dqg

wkh qhw eruurzlqj uhtxluhphqw/ ghulyhg iurp wkh prgho ghvfulehg lq vhwfwlrq

5/ lv ixqghg lq d zd| wkdw pdnhv wkh sruwirolr phhw fhuwdlq fulwhuld1 Zh wkxv

nhhs wudfn ri doo lqglylgxdo fdvk  rzv ri wkh vlpxodwhg sruwirolr/ dv zloo eh

ghvfulehg lq wklv vhfwlrq1

Zrunlqj zlwk d vwudwhj| vlpxodwlrq ri wklv nlqg udlvhv wzr lqlwldo txhv0

wlrqv/ zklfk zloo eh dgguhvvhg ehorz=

41 Zklfk sruwirolr vkrxog zh xvh dv wkh vwduwlqj srlqw ri rxu vwudwhj|

vlpxodwlrqB

51 Lq zkdw whupv vkrxog wkh vwudwhjlhv zh zdqw wr dqdo|vh eh gh�qhgB

61414 Wkh srlqw ri ghsduwxuh iru wkh vwudwhjlhv vlpxodwlrq

Rqh frxog dujxh wkdw wkh qdwxudo vwduwlqj srlqw iru wkh vwudwhj| vlpxodwlrq

zrxog eh rxu dfwxdo sruwirolr1 Wklv lv wkh sruwirolr wkdw zh kdyh exlow xs ryhu

pdq| |hduv/ lpsrvlqj frqvwudlqwv lq wkh vkruw whup1 Ixuwkhupruh/ vwduwlqj

zlwk wkh dfwxdo sruwirolr dqg lwv pdwxulw| vwuxfwxuh zrxog lq d vhqvh eh

frqvlvwhqw zlwk wkh lghd wr xvh rxu rzq ru rwkhu lqvwlwxwlrqv dfwxdo iruhfdvwv

iru hfrqrplf dqg �qdqfldo yduldeohv lq wkh �uvw shulrgv ri rxu prgho hfrqrp|/

udwkhu wkdq sxuho| vlpxodwhg yduldeohv1

Rq wkh rwkhu kdqg/ vwduwlqj zlwk wkh dfwxdo sruwirolr whqgv wr pdnh wkh

uhvxowv iurp gl�huhqw vwudwhjlhv ohvv fohdu fxw/ vlqfh wkh frpprq vwduwlqj

sruwirolr zloo lq xhqfh wkh uhvxowv1 Wkh vkruwhu wkh vlpxodwlrq krul}rq/ wkh

odujhu wklv lq xhqfh zloo eh1 Dv rxu vlpxodwlrq krul}rq lv vhw wr whq |hduv

dqg wkh fxuuhqw sruwirolr kdv d gxudwlrq ri wkuhh |hduv/ wkh fxuuhqw sruwirolr

zrxog lqghhg qrw eh grplqdwlqj iru pruh wkdq 63 shu fhqw ri wkh vlpxodwlrq

krul}rq1 Krzhyhu/ vlqfh wkh dlp ri wkh vlpxodwlrq vwxglhv lv wr dqdo|vh wkh

orqj0whup frvw dqg ulvn fkdudfwhulvwlfv ri gl�huhqw ghew sruwirolrv udwkhu wkdq

vkruw0whup h�hfwv ri prylqj iurp rqh sruwirolr wr dqrwkhu/ zh vwloo wklqn lw

lv d ehwwhu lghd wr zrun zlwk vwhdg| vwdwh sruwirolrv1 Dqrwkhu dgydqwdjh
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zlwk wklv lv wkdw wkh zh fdq eh vxuh wkdw wkh gl�huhqfhv ehwzhhq dowhuqdwlyh

vwudwhjlhv uh hfw gl�huhqw frvwv dqg ulvnv dvvrfldwhg zlwk gl�huhqw gxudwlrqv

dqg ghew doorfdwlrqv/ dqg duh qrw wkh uhvxow ri wudqvlwlrq frvwv1

Rqfh d ghvluhg ghew frpsrvlwlrq lv irxqg/ rqh frxog lqyroyh wkh dfwxdo

sruwirolr/ dqg lq d vhfrqg vwhs ri wkh vlpxodwlrq h{huflvh dqdo|vh gl�huhqw

zd|v ri uhvwuxfwxulqj wkh ghew iurp wkh lqlwldo vwdwh wr wkh ghvluhg rqh1 Wklv

kdv krzhyhu qrw ehhq sduw ri wklv |hdu*v dqdo|vlv1

61415 Irupxodwlrq ri sruwirolr vwudwhjlhv

Dffruglqj wr wkh Ghew R!fh*v h{shulhqfh/ wkhuh duh wzr pdlq dowhuqdwlyhv

iru wkh irupxodwlrq ri vwudwhjlhv lq ghew vlpxodwlrq prghov ri wklv nlqg1 Wkh

�uvw lv wr zrun zlwk uh�qdqflqj vwudwhjlhv/ vwdwlqj krz wkh eruurzlqj uhtxluh0

phqw lv wr eh uh�qdqfhg dfurvv wkh |lhog fxuyh lq hdfk shulrg1 Lq vlpxodwlrq

prghov uh�qdqflqj vwudwhjlhv duh riwhq vwdwlf/ l1h1 wkh eruurzlqj uhtxluhphqw

lv glvwulexwhg ryhu gl�huhqw pdwxulwlhv dffruglqj wr d �{hg whpsodwh1 Wkh|

frxog krzhyhu dovr eh g|qdplf1 Dq h{dpsoh ri d zkdw zh phdq e| d g|0

qdplf uh�qdqflqj vwudwhj| zrxog eh wr lvvxh lq orqj pdwxulwlhv rqo| zkhq wkh

orqj0whup |lhogv ru wkh vorsh ri wkh |lhog fxuyh lv ehorz vrph vshfl�hg ohyho1

Lq wkh prgho zh ghyhorshg odvw |hdu/ zh zrunhg vroho| zlwk vwdwlf uh�qdqflqj

vwudwhjlhv1

Wkh vhfrqg zd| ri irupxodwlqj vwudwhjlhv lv wr zrun zlwk vwudwhjlhv gh�qhg

lq whupv ri d gxudwlrq wdujhw dqg d wdujhw iru wkh doorfdwlrq ehwzhhq gl�huhqw

w|shv ri ghew +lq rxu fdvh grphvwlf dqg iruhljq fxuuhqf| ghew,1 Wklv lv wkh

dssurdfk wkdw zh kdyh ehhq xvlqj lq wklv |hdu*v prghoolqj zrun1 Wkh uhdvrq

iru fkrrvlqj wklv dssurdfk/ udwkhu wkdq wkh vwdwlf uh�qdqflqj dssurdfk/ lv

wkdw zh wklqn wkdw wklv lv d qdwxudo zd| ri wklqnlqj derxw sruwirolrv/ dqg lw

lv dovr wkh zd| zh whqg wr fkdudfwhulvh rxu sruwirolr lqwhuqdoo| dqg h{whuqdoo|

+iru lqvwdqfh zkhq frppxqlfdwlqj zlwk wkh Vzhglvk Plqlvwu| ri Ilqdqfh,1

Xvlqj wklv �sruwirolr dssurdfk� iru wkh vwudwhjlhv lpsolhv wkdw wkh eru0

urzlqj uhtxluhphqw lq hdfk shulrg zloo eh uh�qdqfhg lq d zd| wkdw pdnhv

wkh sruwirolr phhw wkh gxudwlrq dqg doorfdwlrq wdujhwv wr wkh odujhvw srvvleoh

h{whqw1 Wklv frxog eh frpsduhg wr wkh vwdwlf uh�qdqflqj dssurdfk/ lq zklfk

eruurzlqj uhtxluhphqw duh dozd|v uh�qdqfhg lq wkh vdph zd|/ dqg gxudwlrq

dqg ghew doorfdwlrq  xfwxdwhv

Hyhq wkrxjk dq dssurdfk lq zklfk |rx irupxodwh vwudwhjlhv lq whupv

ri gxudwlrq dqg doorfdwlrq lv pruh lqwxlwlyh wkdq zrunlqj zlwk uh�qdqflqj
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vwudwhjlhv/ lw kdv vwloo jrw vrph ohvv dsshdolqj h�hfwv/ sulpdulo| frqfhuqlqj

wkh iruhljq fxuuhqf| ghew=

Dvvxph wkdw zh lq rqh vwudwhj| kdyh vhw wkh wdujhw iru wkh I[ ghew

wr 53 shu fhqw1 Lq d shulrg zkhq wkh grphvwlf fxuuhqf| ghsuhfldwhv/ wkh

sursruwlrq ri wkh iruhljq ghew lqfuhdvhv dqg zh zrxog kdyh wr ex| edfn ghew

wr phhw wkh wdujhw1 Wklv ex|edfn zrxog rffxu dw d wlph zkhq wkh grphvwlf

fxuuhqf| lv zhdn1 Vlploduo|/ dq dssuhfldwlrq lq wkh grphvwlf fxuuhqf| zrxog

uhvxow lq d qhhg wr lqfuhdvh iruhljq h{srvxuh/ dw d wlph zkhq wkh nurqd lv

vwurqj1 Li zh kdyh phdq uhyhuvlrq whqghqflhv lq h{fkdqjh udwhv/ wklv h�hfw

zloo v|vwhpdwlfdoo| pdnh iruhljq fxuuhqf| ghew ohvv idyrxudeoh1

Rqh zd| ri dyrlglqj wklv h�hfw zrxog eh wr gh�qh wkh wdujhw doorfdwlrq

jlyhq wkh iruhljq h{fkdqjh udwhv suhydlolqj dw wkh vwduw ri wkh vlpxodwlrq1

Iru h{dpsoh/ li wkh iruhljq fxuuhqf| sduw ri wkh ghew lv 43 shu fhqw dw wkh

vwduw dqg wkh nurqd wkhq ghsuhfldwhv 53 shu fhqw/ wkh wdujhw zrxog vkliw wr

45 shu fhqw1 Wklv phwkrg zrxog eh htxlydohqw wr dvvxplqj wkdw wkh dprxqw

ri iruhljq fxuuhqf| xqlwv +grooduv/ hxurv hwf1, lv frqvwdqw ryhu wlph1 Zlwk

wklv dssurdfk/ krzhyhu/ wkh ohyho ri I[ ghew uhodwlyh wr nurqd ghew zrxog

lqfuhdvh ru ghfuhdvh li wkh fxuuhqf| lv wuhqglqj1

Wkh zd| wkh I[ wdujhw lv kdqgohg lq wkh prgho lv wkdw wkh wrwdo uh�qdqf0

lqj qhhg lv glvwulexwhg ryhu wkh wkuhh fxuuhqflhv dffruglqj wr wkh doorfdwlrq

vshfl�hg e| wkh vwudwhj|1 Li wkh vwudwhj| lv wr kdyh 63 shu fhqw iruhljq fxu0

uhqf|/ wkhq 63 shu fhqw ri wkh jurvv eruurzlqj uhtxluhphqw zloo dozd|v eh

phw lq grooduv dqg hxurv1 Wkxv/ wkh doorfdwlrq ryhu fxuuhqflhv lv yhu| vlplodu

wr wkh nlqg ri vwdwlf uh�qdqflqj vwudwhjlhv glvfxvvhg deryh1 Vlqfh d fhuwdlq

sduw ri wkh sruwirolr uroov ryhu hdfk prqwk/ wkh ohyho ri I[ ghew zloo eh frq0

wlqxrxvo| dgmxvwhg wrzdugv wkh vwudwhj| wdujhw1 Lq wklv zd|/ wkh v|vwhpdwlf

h{fhvv frvw ri iruhljq h{fkdqjh lv dyrlghg/ dw wkh vdph wlph dv wkh ohyho lq

uhodwlrq wr wkh ghew dv d zkroh lv nhsw idluo| frqvwdqw1

615 Wkh vwudwhj| vlpxodwlrq

Wkh vwudwhj| vlpxodwlrq lv grqh rq wrs ri wkh vlpxodwhg hfrqrp|1 Hdfk

vwudwhj| lv uxq d wkrxvdqg wlphv/ dqg hdfk lqglylgxdo uxq vwuhwfkhv whq |hduv

lqwr wkh ixwxuh/ zlwk prqwko| vwhsv1 Hfrqrplf dqg �qdqfldo yduldeohv duh

vlpxodwhg dffruglqj wr wkh ghvfulswlrq lq vhfwlrq 5 iru rqh vlpxodwlrq uxq dw

wkh wlph1

Wkh jrdo ri wkh dqdo|vlv lv wr h{dplqh wkh h�hfwv ri gl�huhqw gxudwlrq
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fkrlfhv dqg vkduhv ri iruhljq fxuuhqf| ghew lq urxjk whupv1 Wkh vwudwhjlhv

lqyhvwljdwhg duh wkhuhiruh fohduo| gl�huhqwldwhg dqg h{whqg ryhu d uhodwlyho|

zlgh udqjh ri dowhuqdwlyhv1 Zh kdyh dovr irxqg lw vx!flhqw wr kdyh d vpdoo

qxpehu ri vwudwhjlhv1 Wkh vkduh ri iruhljq fxuuhqf| ghew lq wrwdo jryhuqphqw

ghew kdv ehhq doorzhg wr ydu| ehwzhhq 3 dqg 78 shu fhqw/ lq vwhsg ri 48

shufhqwdjh srlqwv1 Wkh vkduhv ri HXU dqg XVG ghew kdyh ehhq vhw dw :3 dqg

63 shu fhqw/ uhvshfwlyho|/ dssur{lpdwho| htxlydohqw wr wkh fxuuhqw vwuxfwxuh

ri wkh iruhljq fxuuhqf| ghew1 Wkh gxudwlrq �jxuhv duh wzr/ wkuhh dqg irxu

|hduv/ uhvshfwlyho|1 Lq doo vwudwhjlhv/ wkh gxudwlrq wdujhw lv wkh vdph iru doo

wkuhh fdwhjrulhv ri ghew1 Wklv ohdgv wr wkh iroorzlqj wzhoyh vwudwhjlhv=

I[ ghew I[ ghew VHN ghew

+vkduh, +gxu, +gxu,

3 ( 5 5

48 ( 5 5

63 ( 5 5

78 ( 5 5

3 ( 6 6

48 ( 6 6

63 ( 6 6

78 ( 6 6

3 ( 7 7

48 ( 7 7

63 ( 7 7

78 ( 7 7

61514 Wkh lqlwldo sruwirolr

Wkh lqlwldo sruwirolr lv khog lq d wzr glphqvlrqdo pdwul{1 Wklv pdwul{ kdv

wzr froxpqv iru hdfk fxuuhqf|/ rqh frqwdlqlqj wkh ghew sulqflsdov dqg rqh

frqwdlqlqj wkh frxsrq sd|phqwv1 Vlqfh zh duh prghoolqj d wkuhh hfrqrp|

zruog/ zh wkxv kdyh vl{ froxpqv lq rxu lqlwldo sruwirolr1 Wkh 453 urzv ri wkh

pdwul{ fruuhvsrqg wr prqwko| pdwxulw| exfnhwv/ udqjlqj iurp rqh prqwk wr

whq |hduv1 Wkxv wkh dprxqwv lq wkh �uvw urz ri wkh lqlwldo sruwirolr pdwxuhv

gxulqj wkh �uvw prqwk +vwhs, ri wkh vlpxodwlrq uxq/ wkh dprxqwv lq wkh vhfrqg

pdwxuh lq wkh vhfrqg vwhs dqg vr rq1

Dw wkh vwduw ri hdfk vlpxodwlrq uxq/ doo rxwvwdqglqj ghew lv glvwulexwhg
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hyhqo| ryhu wkh pdwxulw| exfnhwv/ lq d zd| wkdw pdnhv wkh sruwirolr gxudwlrq

dqg fxuuhqf| doorfdwlrq wkh vdph dv wkh wdujhw iru wkh vwudwhj| wkdw lv ehlqj

vlpxodwhg1 Wkh vxp ri wkh ghew rxwvwdqglqj dw wkh vwduw ri wkh vlpxodwlrq lv

vhw wr 4633 eloolrq VHN/ dssur{lpdwho| wkh vdph dv wkh dfwxdo fxuuhqw vl}h

ri wkh ghew1 Wkh lqlwldo frxsrq ri doo ghew kdv ehhq vhw wr vl{ shu fhqw1 Lw lv

wkxv lpsolflwo| dvvxphg wkdw doo ghew wkdw lv rxwvwdqglqj dw wkh vwduw ri wkh

vlpxodwlrq uxq kdv ehhq udlvhg dw wkh vdph lqwhuhvw udwh1 Wklv vlpsoli|lqj

dvvxpswlrq ohdgv wr vrph orvv ri jhqhudolw|/ vlqfh wkh lqlwldo sruwirolr d�hfwv

wkh orqj gxudwlrq sruwirolrv gxulqj d odujhu sduw ri wkh vlpxodwlrq

61515 Wkh vwudwhj| vlpxodwlrq vwhs e| vwhs

Lq wklv vhfwlrq/ hdfk vwhs lq wkh sruwirolr vlpxodwlrq lv ghvfulehg1 Lq wkh

VQGR vlpxodwlrq prgho/ wkhvh vwhsv duh lpsohphqwhg wkurxjk d qxpehu ri

urxwlqhv1 Lq hdfk prqwko| vwhs ri wkh vlpxodwlrq uxq/ ghew pdwxuhv dqg

frxsrqv duh sdlg1 Wkh wdvn iru wkh vwudwhj| vlpxodwlrq lv wr uh�qdqfh pd0

wxulqj ghew lq d zd| wkdw nhhsv wkh sruwirolr rq wkh vwudwhj| wdujhw/ dqg wr

nhhs wudfn ri frvwv/ ulvnv/ ghew wr JGS udwlr dqg rwkhu yduldeohv wkdw pljkw

eh ri lqwhuhvw1

Wkh �uvw qxpehu fdofxodwhg lq hdfk vlpxodwlrq vwhs lv wkh vxp ri frxsrq

sd|phqwv lq wkdw shulrg1 Wklv lv fdofxodwhg vlpso| dv wkh frxsrq sd|phqw

lq hdfk fxuuhqf|/ wlphv wkh vlpxodwhg I[ udwhv iru wkdw sduwlfxodu shulrg1

{principals} ��{fx} => borrowing requirement from maturing debt

principals

60 5 30 3 10 1
… … … … … …

Wkhq/ wkh eruurzlqj uhtxluhphqw iru wkh vshfl�f shulrg lv fdofxodwhg lq

wkh vdph zd|= wkh dprxqwv pdwxulqj lq hdfk fxuuhqf| lq wklv shulrg duh

irxqg lq froxpqv 4/ 6 dqg 8 ri wkh �uvw urz ri wkh sruwirolr pdwul{1 Wkhvh

dprxqwv duh frqyhuwhg wr wkh grphvwlf fxuuhqf| dw wkh vlpxodwhg I[ udwhv1
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60 5 30 3 10 1
… … … … … …

coupons

{coupons} ��{fx} => coupon cost

Wklv jlyhv wkh eruurzlqj uhtxluhphqw vwhpplqj iurp wkh ghew lwvhoi1

Wkhuh lv dovr d qhw eruurzlqj uhtxluhphqw iurp wkh exgjhw lq wkh vlpxodwhg

hfrqrp|1 Wklv exgjhw gh�flw2vxusoxv lv dgghg wr wkh pdwxulqj ghew/ jlylqj

wkh wrwdo uh�qdqflqj qhhg1 Ilqdoo|/ wkh wrwdo uh�qdqflqj qhhg lv glvwulexwhg

ryhu wkh wkuhh fxuuhqflhv dffruglqj wr wkh sursruwlrqv lq wkh vwudwhj|/ dv

ghvfulehg deryh1

Wkh qh{w vwhs lq wkh vwudwhj| vlpxodwlrq lv wr ohw wkh vkruwhvw erqgv pd0

wxuh1 Wklv lv grqh e| vlpso| prylqj wkh frqwhqwv ri doo urzv lq wkh sruwirolr

pdwul{ xs rqh urz/ dqg vhwwlqj wkh dprxqwv lq wkh odvw urz wr }hur1 Wkh

sruwirolr pdwul{ zloo qrz frqwdlq wkh sruwirolr frpsrvlwlrq diwhu wkh pdwx0

ulwlhv ri wkh fxuuhqw shulrg kdyh rffxuuhg/ exw ehiruh dq| qhz erqgv kdyh

ehhq lvvxhg1

Wkh eruurzlqj uhtxluhphqw lq hdfk fxuuhqf| vkrxog qrz eh uh�qdqfhg

lq d zd| wkdw pdnhv wkh sruwirolr klw wkh wdujhw/ li srvvleoh1 Wr eh deoh

wr ghwhuplqh dw zkdw gxudwlrq srlqw zh vkrxog eruurz/ zh qhhg wr nqrz

wkh gxudwlrq dqg pdunhw ydoxh ri wkh ghew rxwvwdqglqj lq hdfk ri wkh wkuhh

fxuuhqflhv1 Wr fdofxodwh wklv zh qhhg wkuhh vhwv ri glvfrxqw idfwruv/ rqh iru

hdfk fxuuhqf|1 Iru hdfk fxuuhqf|/ zh qhhgglvfrxqw idfwruv iru hdfk ri wkh

pdwxulw| exfnhwv1 Lq wkh hfrqrplf2�qdqfldo vlpxodwlrq/ zh vlpxodwh rqo|

wzr srlqwv rq wkh |lhog fxuyh/ wkh wkuhh0prqwkv udwh dqg whq0|hdu udwh1 Wr

jhw wkh glvfrxqw idfwruv/ zh wkhuhiruh �uvw olqhduo| lqwhusrodwh |lhogv iru hdfk

pdwxulw| exfnhw/ dqg wkhq frqyhuw wkhp wr glvfrxqw idfwruv lq wkh vwdqgdug

zd|=

_s '
�

E� n o�|
�

Dv zh kdyh wkh fdvk rzv ri wkh sruwirolrv rujdqlvhg lq pdwxulw| exfnhwv/ dqg

nqrz wkh wlph wr pdwxulw| ri hdfk exfnhw/ lw lv vwudljkwiruzdug wr fdofxodwh
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wkh pdunhw ydoxh/ 6�c ri hdfk sduw +fxuuhqf|, ri wkh ghew lq wkh sruwirolr dv

6� '
[

Ss| � _s|c

zkhuh | uxqv iurp 4 wr 453 dqg ghqrwhv wkh wlph wr pdwxulw| ri hdfk exfnhw>

Ss ghqrwhv wkh fdvk rz lq exfnhw | dqg _s lv wkh glvfrxqw idfwru dvvrfldwhg

zlwk pdwxulw| |1 Zlwk wkh vdph qrwdwlrq/ wkh gxudwlrq ri hdfk vxe sruwirolr

+Vzhglvk nurqd/ hxur dqg grooduv, lv fdofxodwhg dv9

_�o@|�J? '

S
Ss| � _s| � |

6�
c +:,

Qrwh wkdw wkh gxudwlrqv ri wkh wkuhh vxe0sruwirolrv ri wkh ghew duh qrw

zhljkwhg/ vlqfh lq wkh prgho gxudwlrq wdujhwv duh vshfl�hg shu fxuuhqf|/

qrw iru wkh sruwirolr dv d zkroh:1 Ghqrwh wkh gxudwlrq ri wkh ghew ehiruh

qhz ixqglqj _f/ wkh pdunhw ydoxh ri wkh ghew ehiruh qhz ixqglqj 6�f dqg

wkh eruurzlqj uhtxluhphqw Ko1 Lq rughu wr phhw wkh gxudwlrq wdujhw _W/ wkh

eruurzlqj uhtxluhphqw kdv wr eh ixqghg dw d fhuwdlq dyhudjh gxudwlrq _@/

zklfk fdq eh fdofxodwhg dv=

_W '
_f6�f n _@Ko

6�f n Ko
,

_@ '
_W E6�f n Ko� � _f6�f

Ko

Doo ri wkh eruurzlqj uhtxluhphqw lv dvvxphg wr eh fryhuhg e| lvvxhv ri sdu

erqgv/ l1h1 erqgv zlwk dq lqwhjhu qxpehu ri |hduv wr pdwxulw| dqg d frxsrq

pdnlqj wkh suhvhqw ydoxh htxdo wr wkh qrplqdo dprxqw1 Lq hdfk fxuuhqf|/

sdu erqgv pdwxulqj ehwzhhq rqh |hdu dqg whq |hduv iurp wkh fxuuhqw gdwh

fdq eh xvhg1 Erqgv duh wkurxjkrxw dvvxphg wr sd| dqqxdo frxsrqv1

Jlyhq wkh glvfrxqw idfwruv fdofxodwhg iurp wkh vlpxodwhg lqwhuhvw udwhv/ zh

fdofxodwh wkh frxsrq f ri d sdu erqg pdwxulqj lq Q |hduv xvlqj wkh iroorzlqj

9Whfkqlfdoo|/ wklv htxdwlrq jlyhv wkh Ilvkhu0Zhloo gxudwlrq/ vlqfh zh xvh wkh glvfrxqw

idfwruv fruuhvsrqglqj wr }hur frxsrq udwhv wr glvfrxqw wkh fdvk rzv1 Wkh pruh iuhtxhqwo|

xvhg Pdfdxoh| gxudwlrq xvhv glvfrxqw idfwruv surgxfhg e| wkh |lhog0wr0pdwxulw| ri wkh

vshfl�f erqg1 Wkh gl�huhqfh ehwzhhq wkhvh wzr phdvxuhv lv vpdoo= zlwk dq xszdug vorslqj

|lhog fxuyh/ Ilvkhu0Zhloo phwkrg zloo jlyh d voljkwo| orzhu gxudwlrq wkdq wkh Pdfdxoh|

phwkrg1
:Lq wklv |hdu*v vlpxodwlrqv krzhyhu/ doo vxe0sduwv ri wkh ghew kdyh ehhq jlyhq wkh vdph

gxudwlrq wdujhw1

4<



htxdwlrq=

�ff ' S

�[
�'�

_s� n �ff_s� ,

S '
�ff E� � _s� �S�

�'� _s�
�

Wkh gxudwlrq ri wkh sdu erqgv duh fdofxodwhg xvlqj E.� � Iru hdfk fxuuhqf| zh

qrz kdyh wkh gxudwlrq dqg frxsrqv ri sdu erqgv pdwxulqj ehwzhhq rqh dqg

whq |hduv iurp qrz1 Zh dovr nqrz dw zklfk gxudwlrq srlqw zh qhhg wr eruurz

lq hdfk fxuuhqf| wr phhw wkh gxudwlrq wdujhw1 Vlqfh wkdw gxudwlrq srlqw lv

xqolnho| wr frlqflgh zlwk wkh gxudwlrq ri d vlqjoh sdu erqg/ qhz ixqglqj lv

grqh lq wzr sdu erqgv lq hdfk fxuuhqf|1 Zklfk wzr erqgv wkdw zloo eh xvhg

ghshqgv/ lq sulqflsoh/ rq wkh vkdsh ri wkh |lhog fxuyh= wkh prgho zloo doorfdwh

wkh eruurzlqj lq d zd| wkdw plqlplvhv wkh dyhudjh frxsrq ri wkh ixqglqj1

Li wkh |lhog fxuyh lv frqfdyh +vwhhshu lq wkh vkruw hqg wkdq lq wkh orqj hqg,/

wkh vkruwhvw dqg wkh orqjhvw sdu erqg zloo eh xvhg1 Li wkh fxuyh zrxog eh

frqyh{ +vwhhshu lq wkh orqj hqg wkdq lq wkh vkruwhu hqg,/ dv lv riwhq wkh fdvh

zkhq wkh |lhog fxuyh lv lqyhuwhg/ wkh wzr erqgv qhduhvw ehorz dqg deryh wkh

gxudwlrq dw zklfk zh zdqw wr ixqg duh fkrvhq1 Wklv sulqflsoh lv looxvwudwhg

ehorz=

Wkh dprxqwv wr eh eruurzhg lq hdfk ri wkh wzr erqgv duh fdofxodwhg lq

wkh vdph zd| dv vwdqgdug eduehoo fdofxodwlrqv1 Ohw _ ghqrwh gxudwlrq dqg

� qrplqdo dprxqwv +htxdoolqj fohdq dqg gluw| sulfhv dv zh duh zrunlqj zlwk

sdu erqgv$,1 _W lv wkh gxudwlrq qhhghg wr phhw wkh wdujhw dqg vxelqglfhv 7

dqg u ghqrwh wkh vkruw dqg orqj sdu erqg/ uhvshfwlyho|1 Wkh vxp ri qrplqdo

dprxqwv lq wkh wzr erqgv pxvw ri frxuvh htxdo wkh eruurzlqj uhtxluhphqw

Ko1 Wkh dprxqwv wkdw vkrxog eh doorfdwhg wr wkh vkruw dqg wkh orqj erqg

duh wkhq jlyhq e|=

Ko ' �7 n�u , �u ' Ko ��7 c _W '
_r�r n _u EKo ��7�

Ko
,

_WKo ' �7 E_7 � _u� n _uKo, �7 '
Ko E_W � _u�

E_7 � _u�

Lq vrph fdvhv/ wkh gxudwlrq qhhghg wr phhw wkh gxudwlrq wdujhw lv rxwvlgh wkh

udqjh ri sdu erqg gxudwlrqv1 Doo ixqglqj lv wkhq grqh lq wkh vkruwhvw ru wkh

orqjhvw sdu erqg/ dv dssursuldwh1 Qdwxudoo|/ wkh gxudwlrq wdujhw fdqqrw eh
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h{dfwo| phw lq wkrvh fdvhv1

Dw wkh hqg ri wklv vwhs/ zh kdyh wzr/ ru lq vrph fdvhv rqo| rqh/ qhz

erqg lq hdfk fxuuhqf|1 Wkh pdwxulwlhv dqg frxsrq udwhv duh nqrzq1 Doo qhz

erqgv duh dgghg wr wkh sruwirolr/ dqg wkhuhe| fkdqjhv wkh dprxqwv lq wkh

pdwxulw| exfnhwv lq zklfk wkh qhz erqgv sd| frxsrqv ru pdwxuh1

Lq prvw fdvhv/ wkh jurvv eruurzlqj uhtxluhphqw lv odujhu wkdq }hur 0 zh

qhhg ixqglqj wr uh�qdqfh pdwxulqj erqgv dqg2ru d exgjhw gh�flw1 Krzhyhu/

lw fdq dovr kdsshq wkdw wkh jurvv eruurzlqj uhtxluhphqw lv ohvv wkdq }hur1

Wklv kdsshqv zkhq wkh vlpxodwhg hfrqrp| vkrzv d exgjhw vxusoxv odujhu

wkdq wkh vxp ri pdwxulqj erqgv lq wkh sruwirolr1 Lq wkrvh vlwxdwlrqv/ wkh uroo0

ryhu surfhgxuh ehfrphv pruh frpsolfdwhg1 Lqvwhdg ri lvvxlqj qhz erqgv/ zh

qrz kdyh wr ex| edfn erqgv1 Ex|edfnv pxvw eh grqh lq d zd| wkdw pdnhv

wkh sruwirolr gxudwlrq phhw wkh vwudwhj| wdujhw dqg fdq ri frxuvh rqo| eh

grqh xwlolvlqj wkh erqgv wkdw duh fxuuhqwo| lq wkh sruwirolr1 Ixuwkhupruh/

wkh lqglylgxdo fdvk  rzv ri d erqg fdqqrw eh erxjkw edfn vhsdudwho|/ exw

pxvw eh kdqgohg dv d zkroh1

Lq wkh prgho/ krzhyhu/ fdvk  rzv iurp doo erqgv duh vwruhg lq pdwxulw|

exfnhwv/ l1h1 lq dq| pdwxulw| exfnhw zh frxog kdyh frxsrqv dqg sulqflsdo

dprxqwv iurp d qxpehu ri gl�huhqw erqgv1 Wklv lv looxvwudwhg ehorz lq d

vlpsol�hg h{dpsoh zlwk wkuhh erqgv dqg |hduo| pdwxulw| exfnhwv=

%RQG PDWUL[ &DVK IORZ PDWUL[

%RQG 7HQRU 1RPLQDO &RXSRQ

0DWXULW\

EXFNHW 3ULQFLSDOV &RXSRQV

� � \UV ��� �� � � ����

� � \UV �� �� � ��� ����

� � \UV ��� �� � �� ���

� � �

� ��� �

Iru h{dpsoh/ lq wkh �uvw pdwxulw| exfnhw zh kdyh qr sulqflsdo/ vlqfh wkh

vkruwhvw erqg pdwxuhv lq wzr |hduv1 Krzhyhu/ vlqfh doo erqgv sd| dqqxdo

frxsrqv/ zh zloo kdyh 4:18 +@ ;(-433 . 8(-83 . :(-433, lq wkh frxsrq

froxpq 1

Wkh �uvw vwhs lq wkh ex|edfn vlwxdwlrq lv wkhuhiruh wr uhyhuw wkh fdvk  rz

pdwul{ lqwr d pdwul{ ri �dyhudjh erqgv� shu pdwxulw| exfnhw1 Wkh surfhgxuh

vwduwv dw wkh erwwrp olqh ri wkh fdvk rz pdwul{ dqg wkhq zrunv lwv zd| xs

wr wkh �uvw urz1 Xvlqj wkh odvw olqh ri wkh sruwirolr deryh zh kdyh 433 lq wkh

sulqflsdov froxpq dqg : lq wkh frxsrqv froxpq1 Vlqfh wklv lv wkh odvw urz/ zh

54



nqrz wkdw doo frxsrqv sdlg lq wklv exfnhw pxvw ehorqj wr wkh erqg pdwxulqj

lq wkdw exfnhw1 Wkh frxsrq udwh lv wkhuhiruh : shu fhqw1 Wkh vhfrqg odvw urz

kdv d }hur lq wkh sulqflsdov froxpq/ dqg lv wkhuhiruh ljqruhg1 Lq wkh wklug

pdwxulw| exfnhw/ wkh frxsrqv sdlg vxp wr <181 Krzhyhu/ : ri wkhp frph

iurp wkh �yh |hdu erqg1 Frqvhtxhqwo|/ wkh erqg pdwxulqj lq |hdu wkuhh sd|v

d <18 0 : @ 518 frxsrq/ jlylqj d frxsrq udwh ri 518283 @ 8 shu fhqw1 Ilqdoo|/

wkh erqg pdwxulqj lq |hdu wzr sd|v d 4:18 0 <18 @ ; frxsrq/ fruuhvsrqglqj

wr d frxsrq udwh ri ;(1 Lq wklv zd|/ wkh erqg pdwul{ xqghuo|lqj dq| fdvk

 rz pdwul{ fdq eh fdofxodwhg uhfxuvlyho|1 Rqfh wkh frxsrqv ri hdfk erqg

duh nqrzq/ lw lv d vlpsoh pdwwhu wr fdofxodwh wkh gxudwlrq ri wkh vdph erqgv1

Wkh gxudwlrqv dqg frxsrqv ri doo wkh erqgv lq wkh sruwirolr duh qrz

nqrzq1 Xqiruwxqdwho| wkhuh lv qr vlpsoh zd| wr ghwhuplqh zklfk erqgv

wr xvh iru wkh ex|edfn= dv orqj dv wkh uhtxluhg gxudwlrq lv ehwzhhq wkh

vkruwhvw dqg wkh orqjhvw gxudwlrq lq wkh fxuuhqw sruwirolr/ rqh fdq �qg d

odujh qxpehu ri frpelqdwlrqv ri erqgv wkdw lq wkh uljkw sursruwlrqv zloo

pdnh wkh sruwirolr phhw wkh wdujhw gxudwlrq1 Dw zruvw/ zh zrxog kdyh 6933

srvvleoh frpelqdwlrqv1 Jrlqj wkurxjk doo ri wkhp dqg �qglqj rxw zklfk rqh

zrxog frvw wkh ohdvw lq whupv ri sdlg rxw suhplxpv zrxog eh frpsxwdwlrqdoo|

lqh!flhqw1 Lq dgglwlrq wr wklv/ pdq| ri wkh frpelqdwlrqv duh olnho| wr lpso|

wkdw pruh vkrxog eh erxjkw edfn lq dq lqglylgxdo erqg wkdq lv fxuuhqwo|

rxwvwdqglqj1 Zh kdyh wkhuhiruh lpsohphqwhg d vlpsohu dqg pruh urexvw

dojrulwkp/ zklfk zrunv dovr lq wkh fdvhv zkhuh wkh uhtxluhg gxudwlrq idoov

rxwvlgh wkh gxudwlrqv lq wkh fxuuhqw sruwirolr1

Iru hdfk erqg/ wkh devroxwh gl�huhqfh ehwzhhq wkh erqg*v gxudwlrq dqg

wkh uhtxluhg gxudwlrq lv fdofxodwhg1 Wkh erqgv duh wkhq vruwhg e| wkhvh

gl�huhqfhv/ lq dvfhqglqj rughu1 Wkh wrs urz wkxv frqwdlqv wkh erqg zkrvh

gxudwlrq lv forvhvw/ lq devroxwh whupv/ wr wkh uhtxluhg rqh1 Li wkh dprxqw

rxwvwdqglqj lq wkdw erqg lv odujhu wkdq wkh dpruwlvdwlrq qhhghg/ wkhq rqo|

wklv erqg zloo eh d�hfwhg e| wkh ex|edfn1 Li wkh dprxqw rxwvwdqglqj lv

lqvwhdg vpdoohu wkdq wkh dpruwlvdwlrq qhhghg/ wkh erqg rq wkh vhfrqg urz

zloo eh xvhg dv zhoo/ dqg vr rq xqwlo hqrxjk erqgv kdyh ehhq erxjkw edfn1

Lq h{wuhph fdvhv/ doo ri wkh rxwvwdqglqj ghew pd| eh erxjkw edfn1 Zkhq

qr erqgv duh ohiw wr ex| edfn/ dq| uhpdlqlqj vxusoxvhv duh ghsrvlwhg/ rqh

prqwk dw wkh wlph1

Doo erqgv wkdw duh frpsohwho| ru sduwo| erxjkw edfn duh vwruhg lq d pd0

wul{/ frqwdlqlqj pdwxulw|/ frxsrq dqg dprxqw erxjkw edfn1 Wkhvh qrplqdo

dprxqwv duh wkhq vxewudfwhg iurp wkh fdvk  rz pdwul{1
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Vlqfh frxsrq erqgv vhogrp wudgh dw sdu/ erqg ex|edfnv duh grqh dw d

suhplxp ru d glvfrxqw1 Wkxv/ pdun0wr0pdunhw jdlqv ru orvvhv duh uhdolvhg

zkhq erqgv duh erxjkw edfn1 Dowkrxjk wkh irfxv ri wkh VQGR vlpxodwlrq

h{huflvh lv qrw rq pdun0wr0pdunhw frvwv/ lw zrxog eh lqdssursuldwh qrw wr

wdnh wkhvh uhdolvhg pdun0wr0pdunhw h�hfwv lqwr dffrxqw1 Wkhuhiruh/ zh dgg

wkh gl�huhqfh ehwzhhq wkh gluw| sulfh dw zklfk wkh erqg lv erxjkw edfn

dqg lwv qrplqdo dprxqw wr wkh frxsrq frvw iru wkh shulrg1 Li/ iru h{dpsoh/

wkh frxsrq sd|phqwv lq rqh shulrg dprxqw wr 43/ dqg erqgv iru d qrplqdo

dprxqw ri 73 duh erxjkw edfn dw 75/ wkh wrwdo frvw iru wkh shulrg zrxog eh

45 +@ ^75 0 73` . 43,1 Qrwh wkdw wkh pdun0wr0pdunhw frvw lv qrw shulrglvhg

lq dq| zd|1 Wklv frvw lv khqfh lqfxuuhg lq wkh shulrg zkhq lw rffxuv1

7 Uhvxowv

714 Frvw phdvxuhv

Lq wkh dqdo|vlv/ wkh Ghew R!fh xvhg wzr frvw phdvxuhv/ d qrplqdo rqh zkhuh

frvwv duh phdvxuhg lq VHN/ dqg d pruh uhdo0whup rqh zkhuh frvwv duh h{0

suhvvhg dv d vkduh ri JGS/ fdoohg wkh ghew frvw udwlr1 Iru erwk phdvxuhv/ ulvn

lv h{suhvvhg dv wkh shufhqwloh glvwdqfh ehwzhhq wkh 83wk dqg <8wk shufhqwloh

lq wkh vlpxodwhg frvw doorfdwlrq1 D <8 shu fhqw shufhqwloh udqjh ri/ vd|/ 53

shu fhqw/ fdq eh lqwhusuhwhg dv phdqlqj wkhuh lv d 8 shu fhqw suredelolw|

wkdw wkh sruwirolr lq txhvwlrq zloo wxuq rxw wr kdyh d frvw pruh wkdq 53 shu

fhqw deryh wkh phgldq1 Li wkh shufhqwloh glvwdqfh lv 73 shu fhqw/ wkhuh lv d 8

shu fhqw suredelolw| wkdw wkh rxwfrph zloo ghyldwh e| pruh wkdq 73 shu fhqw

iurp wkh dyhudjh1 Wkh odujhu wkh shufhqwloh glvwdqfh/ wkh kljkhu wkh ulvn ri

wkh sruwirolr1 H{suhvvlqj ulvn lq wklv zd| udwkhu wkdq lq whupv ri vwdqgdug

ghyldwlrq lq doorfdwlrq pdnhv lw srvvleoh wr irfxv rq wkh vlgh ri wkh ulvn wkdw

lv uhohydqw/ qdpho| wkdw jryhuqphqw ghew frvwv zloo eh vljql�fdqwo| kljkhu

wkdq h{shfwhg1

Lq erwk wkh qrplqdo dqg wkh uhdo frvw phdvxuh/ frvwv duh gh�qhg dv fdvk

 rz frvwv1 D fdvk  rz frvw phdvxuh mxvw wdnhv frvwv wkdw duh dfwxdoo| sdlg

lqwr dffrxqw/ zkhuhdv wkh pdlq dowhuqdwlyh/ d pdun0wr0pdunhw frvw phdvxuh/

orrnv dw wkh fkdqjhv lq wkh suhvhqw ydoxh ri wkh sruwirolr iurp rqh shulrg wr

dqrwkhu1 Fdvk  rz frvw phdvxuhv e| gh�qlwlrq fdswxuh rqo| uhdolvhg frvwv/

zkhuhdv pdun0wr0pdunhw frvw phdvxuhv fdswxuhv xquhdolvhg frvwv dvzhoo1

Wkhuh duh dujxphqwv lq idyru ri erwk phdvxuhv1 Dv vwdwhg deryh lq wklv
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sdshu/ dv zhoo dv lq wkh jxlgholqhv sursrvdo/ wkh pdlq irfxv lq wkh dqdo|vlv

shuiruphg e| wkh Ghew R!fh lv rq fdvk  rz frvwv1 Wkh uhdvrq iru wklv lv

wkdw rxu dlp lv wr plqlplvh wkh frvwv wkdw duh dfwxdoo| d�hfwlqj wkh exgjhw

vxusoxv1 Vlqfh wkh ghew lv orqj whup/ vzlqjv lq pdun0wr0pdunhw ydoxh duh lq

prvw fdvhv qrw pdwhuldolvhg1 Wkhuhiruh/ pdun0wr0pdunhw frvwv duh ylhzhg dv

ohvv uhohydqw iru wkh ghflvlrq rq wkh orqj whup frpsrvlwlrq ri wkh ghew1

71414 Qrplqdo frvwv

Zlwk wklv frvw phdvxuh/ ghew frvwv duh hvwlpdwhg lq VHN whupv/ shulrg e|

shulrg1 Lq rwkhu zrugv/ doo frxsrq sd|phqwv duh wudqvodwhg xvlqj wkh vlpx0

odwhg h{fkdqjh udwh iru hdfk shulrg/ soxv dq| uhdolvhg h{fkdqjh udwh jdlqv ru

orvvhv rq ordqv wkdw kdyh ehhq uhsxufkdvhg1

Wkh fkduw ehorz vkrzv wkh uhvxowv iurp wkh vlpxodwlrqv ri wkh wzhoyh

vwudwhjlhv/ xvlqj wkh dvvxpswlrqv lq wkh edvlf sdudphwhulvdwlrq1 Urxjko|

vshdnlqj/ frvwv duh sulpdulo| d�hfwhg e| wkh fkrlfh ri gxudwlrq/ zkloh wkh

fkrlfh ri wkh vkduh ri iruhljq fxuuhqf| ghew pdlqo| d�hfwv ulvn1 D sruwirolr

zlwk eruurzlqj ghqrplqdwhg rqo| lq VHN dqg zlwk d vkruwhu gxudwlrq kdv d

orzhu h{shfwhg frvw exw d vrphzkdw kljkhu ulvn/ zklfk lv frqvlvwhqw zlwk wkh

uhvxowv wkdw wkh Ghew R!fh suhvhqwhg odvw |hdu1 Wklv uhvxow lv pdlqo| ghshq0

ghqw rq wkh dvvxpswlrq wkdw rq dyhudjh/ |lhog fxuyhv kdyh dq xszdug vorsh/

soxv wkh idfw wkdw d pruh vkruw0whup sruwirolr lv uh�qdqfhg pruh iuhtxhqwo|

dqg lv wkhuhiruh pruh d�hfwhg e| lqwhuhvw udwh yrodwlolw|1

Wkh h�hfwv ri h{fkdqjh udwhv rq lqwhuhvw sd|phqwv duh vrphzkdw ohvv

wkdq wkh h�hfwv iurp wkh fkrlfh ri gxudwlrq1 Edvhg rq wkh jlyhq sdudph0

whulvdwlrq/ wkhuh lv qr frvw dgydqwdjh lq iruhljq fxuuhqf| ordqv hlwkhu1 Wkh

vrphzkdw orzhu HPX lqwhuhvw udwhv duh hdwhq xs e| wkh ghsuhfldwlrq ri wkh

nurqd djdlqvw wkh hxur wkdw uhvxowv iurp wkh orzhu lq dwlrq udwh lq HPX1

Hyhq li wkhuh lv d fruuhvsrqglqj h�hfw iurp dq dssuhfldwlqj groodu/ wkh hxur

h�hfw grplqdwhv/ vlqfh :3 shu fhqw ri wkh iruhljq fxuuhqf| ghew lv HXU0

ghqrplqdwhg1 Iurp d ulvn vwdqgsrlqw/ krzhyhu/ wkhuh lv d plqlpxp dw 48

shu fhqw iruhljq fxuuhqf| ghew iru sruwirolrv zlwk d gxudwlrq ri 5 ru 6 |hduv1
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Nominal costs - Coupon costs only
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Lw lv zruwk qrwlqj wkdw wkh ulvn slfwxuh wkdw hphujhv zkhq rqo| wdnlqj

lqwr dffrxqw frxsrq sd|phqwv lv edvhg rq vwurqj dvvxpswlrqv1 Ljqrulqj wkh

h{fkdqjh udwh h�hfwv rq wkh idfh ydoxh ri erqgv lpsolhv wkdw wkh jryhuq0

phqw lv lvvxlqj shushwxdo erqgv lq iruhljq fxuuhqflhv zklfk pd| wkhq uhpdlq

rxwvwdqglqj iruhyhu1 Vlqfh wkh vwrfn ri iruhljq fxuuhqf| ordqv zloo wkhq/ lq

sulqflsoh/ eh xqfkdqjhg/ wklv dovr lpsolhv wkdw wkh fxuuhqw ghew ohyho lv rswl0

pdo/ qrw dv d vkduh ri wrwdo ghew/ exw lq whupv ri qrplqdo iruhljq fxuuhqf|

dprxqwv1

Vlqfh lw lv gl!fxow wr eholhyh wkdw wkh fxuuhqw vwrfn ri iruhljq fxuuhqf|

ghew frxog eh rswlpdo lq dq| vhqvh/ dqg wkdw lw pruhryhu frxog eh h{shfwhg

wr uhpdlq rswlpdo ryhu wlph/ wklv phdvxuh xqghuhvwlpdwhv dfwxdo ulvn1 Lw pd|

wkhuhiruh eh hvvhqwldo wr lqfoxgh fkdqjhv lq pdunhw ydoxhv zkhq dvvhvvlqj wkh

ulvnv ri iruhljq fxuuhqf| ordqv1 Lq txdolwdwlyh whupv/ wdnlqj lqwr dffrxqw

wkh h�hfwv ri h{fkdqjh udwhv rq idfh ydoxhv lpsolhv d vxevwdqwldo lqfuhdvh lq

wkh ulvn ri iruhljq fxuuhqf| ordqv/ vlqfh wkhvh duh idu odujhu wkdq wkh frxsrq

dprxqwv lq iruhljq fxuuhqf|1 Lq vlpxodwlrqv zkhuh pdunhw ydoxhv kdyh d

ixoo lpsdfw/ iruhljq fxuuhqf| ordqv duh vr ulvn| wkdw wkh rswlpdo vkduh ri

vxfk ordqv zrxog eh 3 shu fhqw1 Ohwwlqj pdunhw ydoxhv kdyh d ixoo lpsdfw

grhv qrw surylgh d uhdolvwlf slfwxuh ri wkh ulvn hlwkhu/ krzhyhu/ vlqfh lw zloo

suredeo| qhyhu ehfrph qhfhvvdu| wr uhsxufkdvh iruhljq ghew zlwklq d vkruw

wlph lqwhuydo1 Lq rwkhu zrugv/ wklv dssurdfk ryhuhvwlpdwhv ulvn1

E| zd| ri vxppdu|/ qrplqdo frvw phdvxuhv lqglfdwh wkdw h{srvxuh wr

iruhljq fxuuhqflhv uhvxowv lq vl}hdeoh ulvnv dqg wkdw glyhuvl�fdwlrq jdlqv fdq
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rqo| mxvwli| d olplwhg iruhljq fxuuhqf| h{srvxuh1 Hyhq zlwk d sduwldo irfxv

rq frxsrq frvwv iurp d ulvn vwdqgsrlqw/ lw lv gl!fxow wr mxvwli| d odujhu vkduh

ri iruhljq fxuuhqf| ghew wkdq 48 shu fhqw1 Wkh eljjhu dq hpskdvlv rqh wkhq

sodfhv rq wkh h�hfwv ri h{fkdqjh udwhv rq idfh ydoxh/ wkh vpdoohu wkh rswlpdo

sursruwlrq ri iruhljq fxuuhqf| ghew zloo eh1

71415 Frvwv h{suhvvhg dv d vkduh ri JGS

Wkh ghew frvw udwlr/ zkhuh qrplqdo frxsrq frvwv duh vwdwhg dv d vkduh ri

JGS/ fdq eh mxvwl�hg e| wkh idfw wkdw exgjhw edodqfh fdq eh dvvxphg wr

eh fruuhodwhg wr jurzwk dqg wkdw orzhu ghew frvwv dv d sursruwlrq ri JGS

wkxv lpso| d vpdoohu qhhg iru dgmxvwphqwv lq wkh jryhuqphqw exgjhw lq rughu

wr phhw lqwhuhvw sd|phqwv1 Wklv frvw phdvxuh/ lq doo lwv vlpsolflw|/ lv d

vwhs wrzdugv d pruh DOP0edvhg dssurdfk/ lq nhhslqj zlwk wkh glvfxvvlrq lq

vhfwlrq 515151 ri wkh jxlgholqh sursrvdo1 Iurp wklv vwdqgsrlqw/ wkh ghew frvw

udwlr vhhpv olnh d pruh lqwhuhvwlqj phdvxuh1 Dv deryh/ wkh ulvn phdvxuh lv

d shufhqwloh glvwdqfh lq wkh doorfdwlrq ri ghew frvw udwlrv dfurvv wkh hqwluh

vlpxodwlrq krul}rq1 Wkh uhvxowv duh suhvhqwhg lq wkh �jxuh ehorz1

Real costs - Coupon costs only
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Lw lv zruwk qrwlqj/ e| zd| ri lqwurgxfwlrq/ wkdw wkh wudgh0r� ehwzhhq

frvwv dqg ulvnv wkdw h{lvwhg lq wkh qrplqdo uhvxowv grhv qrw rffxu1 D vkruw0

hqlqj ri gxudwlrq qrw rqo| ohdgv wr orzhu frvwv/ exw dovr wr orzhu ulvn1 Wklv

shukdsv frxqwhulqwxlwlyh uhvxow lv h{sodlqhg e| wkh lqwhuhvw udwh surfhvv lq
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wkh prgho1 Kljk jurzwk ohdgv wr d forvlqj ri wkh rxwsxw jds dqg wr dq

lqfuhdvh lq vkruw0whup lqwhuhvw udwhv/ dvvxplqj wkdw wkh Ulnvedqn +Vzhglvk

fhqwudo edqn, iroorzv wkh Wd|oru uxoh1 Vlqfh wkh |lhog fxuyh rq dyhudjh kdv

d frqvwdqw vorsh iru d jlyhq uhjlph/ sdudooho vkliwv lq wkh |lhog fxuyh pdlqo|

rffxu1 Jlyhq d vkruwhu0whup sruwirolr/ d uhodwlyho| odujhu vkduh ri wkh ghew

zloo eh uh�qdqfhg gxulqj hdfk shulrg/ zklfk lq wxuq ohdgv wr d kljkhu fru0

uhodwlrq ehwzhhq frxsrq frvw dqg wkh jhqhudo lqwhuhvw udwh vlwxdwlrq gxulqj

wkh vlpxodwlrq shulrg1 Wklv/ soxv wkh idfw wkdw lqwhuhvw udwhv dqg JGS duh

kljko| fruuhodwhg yld wkh Wd|oru uxoh/ uhvxowv lq d kljkhu fruuhodwlrq ehwzhhq

frxsrq frvw dqg JGS iru vkruwhu0whup sruwirolrv1 Wkh frqvhtxhqfh ri wklv lv

d ohvv yrodwloh ghew frvw udwlr zlwk vkruw0whup ghew1 Orzhu frvwv iru d vkruwhu0

gxudwlrq sruwirolr iroorz/ dv hduolhu/ iurp wkh dvvxpswlrq ri xszdug0vorslqj

dyhudjh |lhog fxuyhv1

Hqodujlqj wkh vkduh ri iruhljq fxuuhqf| ghew phdqv erwk kljkhu ulvn dqg

kljkhu frvw1 Kljkhu frvw lv pdlqo| d surgxfw ri wkh prgho*v sdudphwhulvdwlrq/

zkloh kljkhu ulvn lv d surgxfw ri wkh prgho*v vwuxfwxuh1 Hfrqrplf jurzwk dqg

wkxv lqwhuhvw udwhv lq HPX dqg wkh XV duh lqghshqghqw ri hdfk rwkhu dqg

lqghshqghqw ri lqwhuhvw udwhv lq Vzhghq1 D odujh vkduh ri iruhljq fxuuhqf|

ghew wkxv frqwulexwhv xqhtxlyrfdoo| wr juhdwhu yduldelolw| lq wkh ghew frvw

udwlr/ vlqfh wkh fruuhodwlrq ehwzhhq frxsrq frvw dqg JGS ghfuhdvhv wkh odujhu

wkh vkduh ri iruhljq fxuuhqf| ghew lv1 Li rqh frpsduhv wkh lpsdfw rq ulvn

ohyho ri orqjhu gxudwlrq zlwk wkh lpsdfw ri d odujhu vkduh ri iruhljq fxuuhqf|

ghew/ wkh h�hfw ri iruhljq fxuuhqf| ghew lv vxevwdqwldoo| odujhu/ edvhg rq

wkh dvvxpswlrqv lq wkh edvlf sdudphwhulvdwlrq1 Vd|lqj wkdw wkh hfrqrplf

f|foh lq Vzhghq lv lqghshqghqw ri wkh HPX dqg XV hfrqrplhv lv d vwurqj

dvvxpswlrq1 Wkh lpsdfw ri iruhljq fxuuhqf| eruurzlqj rq wkh yrodwlolw| ri

wkh uhdo frvw phdvxuh lv d surgxfw ri rqh*v dvvxpswlrqv derxw wkh fruuhodwlrqv

ehwzhhq iruhljq lqwhuhvw udwhv dqg wkh Vzhglvk hfrqrplf f|foh1 Txdolwdwlyho|/

krzhyhu/ wkh �qglqj wkdw kljkhu iruhljq fxuuhqf| ghew ohdgv wr juhdwhu ulvn

lq wklv uhvshfw vkrxog vwloo eh urexvw/ vlqfh qr shuihfw fruuhodwlrq h{lvwv1

D pruh uhdo0whup dssurdfk wkxv lpsolhv wkdw vkruw gxudwlrq dqg d vpdoo

vkduh ri iruhljq fxuuhqf| ghew ohdgv wr erwk orzhu frvwv dqg orzhu ulvn/ jlyhq

wkh prgho*v dvvxpswlrqv1 Lw lv/ krzhyhu/ dssursuldwh wr hpskdvlvh wkdw wklv

vwurqj uhvxow lv uhodwhg wr d udwkhu vwurqj lpsolflw dvvxpswlrq lq wkh prgho1 Lq

wkh prgho zruog/ erwk �vfdo srolf| dqg prqhwdu| srolf| frqvwdqwo| hqmr| wkh

ixoo frq�ghqfh ri sduwlflsdqwv lq wkh vhfxulwlhv dqg iruhljq h{fkdqjh pdunhwv1

Doo h{sorvlyh vfhqdulrv duh h{foxghg1 Doo �qdqfldo yduldeohv uhwxuq/ vrrqhu ru

5:



odwhu/ wr wkhlu h{shfwhg ydoxhv1 Deryh doo/ wkh uhvxow vkrzlqj orz uhdo ulvn

lq vkruw0whup eruurzlqj lv vhqvlwlyh wr wklv dvvxpswlrq1 Jlyhq d vkruw0whup

eruurzlqj vwudwhj|/ d fulvlv ri frq�ghqfh lq �vfdo dqg prqhwdu| srolf| frxog

ohdg wr d qhhg wr uh�qdqfh d odujh sursruwlrq ri wkh sruwirolr dw d wlph ri

xqidyrxudeoh lqwhuhvw udwhv1

Dv iru wkh ulvn lqkhuhqw lq iruhljq fxuuhqf| eruurzlqj/ lw pd| eh uhdvrq0

deoh wr lpdjlqh wkdw d fulvlv ri frq�ghqfh frxog dgyhuvho| d�hfw wkh VHN

h{fkdqjh udwh/ zklfk 0 doo hovh ehlqj htxdo 0 zrxog lqfuhdvh wkh ulvn ri iruhljq

fxuuhqf| ghew1 Hdvlqj wkh dvvxpswlrq ri frqvwdqw ixoo frq�ghqfh zrxog wkxv

zhdnhq wkh uhvxow ri orz ulvn lq vkruw0whup eruurzlqj/ zkloh vwuhqjwkhqlqj

wkh uhvxow ri kljkhu ulvn gxh wr d odujhu vkduh ri iruhljq fxuuhqf| ghew1

71416 Vhqvlwlylw| dqdo|vlv

Dv d vlpsoh vhqvlwlylw| dqdo|vlv/ dq dowhuqdwlyh sdudphwhulvdwlrq lv suhvhqwhg

khuh/ lq zklfk Vzhglvk hfrqrplf jurzwk lv vxevwdqwldoo| zhdnhu wkdq lq wkh

edvlf sdudphwhulvdwlrq1 Wklv lv dfklhyhg e| dvvxplqj wkdw wkh errp dqg

uhfhvvlrq uhjlphv duh htxdoo| orqj1 Jlyhq wklv sdudphwhulvdwlrq/ dyhudjh

jurzwk lv rqo| 31: shu fhqw dqqxdoo|1 Wkh rwkhu sdudphwhuv dqg phfkdqlvpv

duh lghqwlfdo wr wkrvh ri wkh edvlf prgho1 Wkh �jxuh ehorz suhvhqwv erwk

qrplqdo dqg uhdo0whup frvw phdvxuhv1

Nominal costs  - Coupon costs only
Lower Swedish growth
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Real-term costs - Coupon costs only
Lower Swedish growth
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Prvw ri wkh txdolwdwlyh uhvxowv iurp wkh edvlf prgho uhpdlq1 Iru erwk frvw

phdvxuhv/ d odujhu vkduh ri iruhljq fxuuhqf| ghew lpsolhv kljkhu frvw1 Wklv

lv gxh wr wkh uhodwlyho| zhdnhu hfrqrplf jurzwk lq Vzhghq dqg wkh uhvxowlqj

jhqhudo ghsuhfldwlrq ri wkh nurqd1 Wkh uhvxow wkdw d vkruw gxudwlrq ohdgv

wr d kljkhu fruuhodwlrq zlwk JGS lv vwuhqjwkhqhg khuh1 Wklv lv uhodwhg wr

wkh idfw wkdw wkh qxpehu ri fkdqjhv ri uhjlph lv vpdoohu dqg wkh fruuhodwlrq

ehwzhhq lqwhuhvw udwhv dqg JGS jhqhudoo| odujhu1 Djdlq/ wkh dvvxpswlrq ri

xqzdyhulqj idlwk lq hfrqrplf srolf| lv ghflvlyh1 Wklv dvvxpswlrq pd| eh

ylhzhg dv hyhq vwurqjhu lq wkh jorrp| jurzwk vfhqdulr deryh1

715 Vxppdu| dqg frqfoxvlrqv

Wkh dqdo|vlv xvlqj wkh ghvfulehgprgho lq suhsdudwlrq iru wklv |hdu*v sursrvhg

jxlgholqhv fdq eh vxppdulvhg eulh | dv iroorzv=

� Jlyhq wkh dvvxpswlrq wkdw |lhog fxuyhv vorsh xszdug rq dyhudjh/ frvw

vdylqjv lq qrplqdo whupv fdq eh rewdlqhg e| phdqv ri d uhodwlyho| vkruw

gxudwlrq/ zlwkrxw doorzlqj ulvn/ h{suhvvhg dv yduldwlrq lq lqwhuhvw sd|0

phqwv/ wr ehfrph xqdffhswdeo| odujh1 Jlyhq d uhdo0whup frvw phdvxuh/

wkh ghew frvw udwlr/ wklv uhvxow lv hyhq vwurqjhu/ vlqfh wkh lqwhuhvw frvwv

lq wkh prgho fr0ydu| zlwk fhqwudo jryhuqphqw uhyhqxhv1

� Jlyhq d qrplqdo frvw phdvxuh/ wkh dqdo|vhv lqglfdwh wkdw iruhljq fxu0

uhqf| ghew ohdgv wr juhdwhu yduldwlrq lq frvwv dqg rqo| olplwhg glyhuvl0
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�fdwlrq jdlqv1 Qru grhv iruhljq fxuuhqf| eruurzlqj |lhog dq| h{shfwhg

frvw dgydqwdjh1 Wkh Ghew R!fh prgho uhvxowv fdq mxvwli| d iruhljq

fxuuhqf| vkduh ri derxw 48 shu fhqw edvhg rq d qrplqdo frvw phdvxuh1

Xvlqj d ghew frvw udwlr dv wkh phdvxuh/ iruhljq fxuuhqf| ghew dsshduv

wr eh d pruh ulvn| dowhuqdwlyh1 Vlqfh wkh frvw gl�huhqfhv duh vpdoo/ wklv

phdvxuh lqglfdwhv wkdw iruhljq fxuuhqf| ghew vkrxog eh eurxjkw grzq

wr }hur1

� Wkhvh uhvxowv duh edvhg rq wkh dvvxpswlrq wkdw erwk prqhwdu| dqg �v0

fdo srolf| hqmr| ixoo frq�ghqfh1 Hdvlqj wklv dvvxpswlrq zrxog suredeo|

lpso| d orqjhu gxudwlrq/ exw d vpdoohu sursruwlrq ri iruhljq fxuuhqf|

ghew zrxog dovr eh dssursuldwh/ hvshfldoo| rq wkh edvlv ri d ghew frvw

udwlr1

Lw vkrxog eh hpskdvlvhg wkdw wkh Ghew R!fh prgho lv dq dqdo|wlfdo wrro

wkdw lv vwloo xqghu ghyhorsphqw1 Rwkhu dvvxpswlrqv fdq dqg vkrxog eh vwxglhg

lq rughu wr lpsuryh wkh xqghuvwdqglqj ri wkh prgho*v fkdudfwhulvwlfv dqg wkh

vhqvlwlylw| ri wkh vlpxodwlrq uhvxowv1 Wkh vwuxfwxuh ri wkh prgho pd| dovr qhhg

wr eh uhdssudlvhg dqg whvwhg pruh wkrurxjko|1 Ghvslwh wkhvh txdol�fdwlrqv/

wkh Ghew R!fh eholhyhv wkdw lq lwv fxuuhqw frqglwlrq/ wkh prgho looxvwudwhv

vrph hvvhqwldo fkdudfwhulvwlfv dqg phfkdqlvpv ri Vzhglvk jryhuqphqw ghew

dqg wkh xqghuo|lqj hfrqrp|1
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Uhihuhqfhv

^4` KDPLOWRQ/ M1G1 +4<;<,/ �D Qhz Dssurdfk wr wkh Hfrqrplf Dqdo|vlv

ri Qrqvwdwlrqdu| Wlph Vhulhv dqg wkh Exvlqhvv F|foh1� Hfrqrphwulfd/

8:+5,/ 68:06;71

^5` KDPLOWRQ/ M1G1 +4<<7,/ Wlph Vhulhv Dqdo|vlv/ Sulqfhwrq/ Qhz Mhuvh|=

Sulqfhwrq Xqlyhuvlw| Suhvv

^6` NLP/ F0M dqg QHOVRQ/ F1U1 +4<<<,/ Vwdwh Vsdfh Prghov zlwk Uhjlph

Vzlwfklqj/ Fdpeulgjh/ Pdvvdfkxvhwwv= PLW Suhvv

^7` PLVVDOH/ D1 +4<<<,/ Sxeolf Ghew Pdqdjhphqw/ R{irug= R{irug Xqlyhu0

vlw| Suhvv

^8` PLVVDOH/ D1 +5333,/ �Krz Vkrxog wkh Ghew eh PdqdjhgB Vxssruwlqj

wkh Vwdelolw| Sdfw1�/ Iruwkfrplqj lq Euxqlod/ D1/ Exwl/ P1 dqg Iudqfr/

I1= Wkh Vwdelolw| dqg Jurzwk Sdfw 0 Wkh Dufklwhfwxuh ri Ilvfdo Srolf| lq

HPX1

^9` PLVVDOH/ D1 +5334,/ �Rslwlpdo Ghew Pdqdjhphqw zlwk d Vwdelolw| dqg

Jurzwk Sdfw1�/ Iruwfrplqj lq Sxeolf Ilqdqfh dqg Pdqdjhphqw1
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D Dsshqgl{

Lq wklv dsshqgl{/ d ihz ri wkh uhvxowv suhvhqwhg lq wkh pdlq wh{w duh ghulyhg

lq d voljkwo| pruh uljrurxv zd|1

D14 Ghulydwlrq ri htxdwlrq E��

Wkh h{shfwhg phdq frqglwlrqdo rq wkh lqirupdwlrq lq shulrg | fdq eh ghulyhg

dv iroorzv
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zkhuh zh kdyh xvhg wkh vwdqgdug uhvxow iru d jhrphwulf vhulhv1

D15 Ghulydwlrq ri htxdwlrq Ee�

Li zh zlvk wr pdnh prgho frqvlvwhqw iruhfdvwv frqglwlrqdo rq wkh ydoxh ri dq

revhuyhg yduldeoh % dqg wkh vwdwh yduldeoh r lq dq| wlph shulrg/ zh qhhg erwk

iruhfdvwv ri wkh ixwxuh vwdwh dqg iru wkh h{shfwhg jurzwk udwh lq hdfk vwdwh1
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Wkh suredelolwlhv ri ixwxuh vwdwhv 6 vwhsv dkhdg/ lv jlyhq e|

�|n6m�|' �
6�|

zkhuh � lv d yhfwru jlylqj wkh suredelolw| ri ehlqj lq d vshfl�f vwdwh dw d

jlyhq wlph |� Dw dq revhuyhg srlqw lq wlph/ � dvvxphv wkh ydoxhv d�cfo
� ru

dfc�o� ghshqglqj rq wkh revhuyhg vwdwh1 Dv ehiruh zh fdq xvh wkh surshuwlhv

ri wkh DU+4,0surfhvv wr �qg wkh 60vwhs dkhdg suhglfwlrq iru hdfk vwdwh/ l1h1

. d%|n6m |c ro ' >r

63�[
�'f

q�r n q6r %|c r ' �c 2c +;,

zkhuh  | ghqrwhv wkh hqwluh uhdolvdwlrq ri % xs xqwlo shulrg |� Li zh/ iru hdfk

wlph0dkhdg shulrg/ vwdfn wkhvh iruhfdvwv lqwr d 5{4 yhfwru �|c6/ zh fdq rewdlq

wkh iroorzlqj h{suhvvlrq iru wkh iruhfdvwv ri wkh ;=

. d%|n6m |o ' �
�

|c6

�
�|n6m�|

�

Wkh pdlq uhvxow zh qhhg lq wklv frqwh{w krzhyhu frqfhuqv wkh orqj uxq

htxloleulxp ri wkh prghoohg yduldeohv zkhq wkhuh duh vhyhudo vwdwhv wr eh

prghoohg1 Iurp EH� lw lv hylghqw wkdw q6r %| whqgv wr }hur dv 6 ehfrphv odujh/

dqg wkdw >r
S63�

�'f q�r vlpxowdqhrxvo| whqgv wr
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� Wkxv zh kdyh d orqj0uxq
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Lq rughu wr �qg wkh xqfrqglwlrqdo suredelolwlhv ri wkh vwdwhv zh zrxog qhhg

suredelolwlhv wkdw gr qrw fkdqjh ryhu wlph/ l1h1 � ' ��c xqghu wkh uhvwulfwlrq

wkdw wkh suredelolwlhv vxp wr xqlw|/ l1h1 wkdw ��� ' �� Qrwh wkdw wkh �uvw

frqglwlrq lpsolhv wkdw EW��� � ' f dqg wkdw zh wkhuhiruh pd| zulwh wkh

;Wklv lv dovr lqwxlwlyho| uhdvrqdeoh/ exw lv ghprqvwudwhg pruh uljrurxvo| lq Kdplo0

wrq+4<<7,/ ss1 9<7i1
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sureohp dv wkh iroorzlqj v|vwhp
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Fduu|lqj rxw wklv pdwul{ pxowlsolfdwlrq iru wkh wzr0vwdwh fdvh lv vrphzkdw

whglrxv exw vwudljkwiruzdug dqg jlyhv wkh iroorzlqj vroxwlrq

� '

�
E�� R22� * E2� R�� � R22�

E�� R��� * E2� R�� � R22�

�
�

Wkh orqj uxq htxloleulxp / %W fdq wkhuhiruh eh frpsxwhg dv

%W ' �
�

u-�

'
>�

� � q�
E�� R22� * E2� R�� � R22� n

>2
� � q2

E�� R��� * E2 � R�� � R22� �
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