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Prghoolqj wkh vzds vsuhdg

Vdqyl Dyrx|l0Gryl Ìulf MrqghdxW

Mxqh 4<<<

Devwudfw

Vzdsv duh rqh ri wkh pdmru lqqrydwlrqv ri wkh ;3v exw wkhuh duh olwwoh hpslulfdo
vwxglhv rq lqwhuhvw udwhv vzdsv +LUV,/ hvshfldoo| rq XV dqg Hxurshdq pdunhwv1
Wr xqghuvwdqg krz vzds sulflqj zrunv/ zh hvwlpdwh LUV ydoxdwlrq prghov iru wkh
XV/ Jhupdq dqg Iuhqfk vzds pdunhwv1 Rq rqh kdqg/ zh ghulyh vzds udwh iurp
wkh pdunhw ydoxh ri wkh vzds frqwudfw irupxod1 Rq wkh rwkhu kdqg/ txhvwlrqlqj
wkh uroh ri ghidxow fuhglw ulvn lq ydoxlqj wkh vzds frqwudfw/ zh vkrz wkdw wkh
vzds udwh fdq eh h{suhvvhg dv d ixqfwlrq ri frusrudwh erqg udwh dqg ghidxow ulvn
lqglfdwruv> wkh hpslulfdo dqdo|vlv lqglfdwhv vrph hohphqwv ri ydolglw| iru erwk
dssurdfkhv1

Nh| zrugv= Vzds pdunhw> Lqwhuhvw udwh vzdsv> Vzds ydoxdwlrq1

MHO fodvvl�fdwlrq= F45/ F651

WWkh dxwkruv duh iurp wkh Edqtxh gh Iudqfh1 Sohdvh iruzdug frpphqwv wr wkh vhfrqg dxwkru
wr Edqtxh gh Iudqfh/ 74046<4 Fhqwuh gh Uhfkhufkh/ 64 uxh Furl{ ghv Shwlwv Fkdpsv/ :837< Sdulv/
Iudqfh/ skrqh= +66, 40750<507<0;</ h0pdlo= hmrqghdxCedqtxh0iudqfh1iu1

Wkh dxwkruv kdyh ehqh�whg iurp wkh frpphqwv ri sduwlflsdqwv dw wkh HVFE zrunvkrs rq |lhog fxuyh
prghoolqj +5<063 Pdufk 4<<<, dqg zh duh sduwlfxoduo| judwhixo wr wkh glvfxwdqw Jhr� Nhqq| iurp
wkh Fhqwudo Edqn ri Luhodqg1 Wkh xvxdo glvfodlphu dssolhv1
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4 Lqwurgxfwlrq

Vzdsv duh rqh ri wkh pdmru lqqrydwlrqv ri wkh 4<;3*v1 Wdnlqj lqwr dffrxqw wkh idfw
wkdw vzdsv gr qrw h{lvw ehiruh 4<;3/ wkh fxuuhqw vl}h ri wkh vzdsv pdunhw lv txlwh
lpsuhvvlyh1 Phdvxulqj wkh uhfhqw ghyhorsphqw ri wklv pdunhw e| wkh dprxqw ri
rxwvwdqglqj ri lqwhuhvw udwh vzdsv +LUV, lqglfdwhv wkdw wkh qrwlrqdo sulqflsdo dprxqw
ri rxwvwdqglqj ri LUV lv hydoxdwhg dw 5515 wuloolrqv ri grooduv dw wkh hqg ri 4<<: +ELV/
4<<<,1 Dw wkh hqg ri 4<<5/ wklv dprxqw uhdfkhg 61< wuloolrqv rqo|1 Qrwh wkdw wkh wrwdo
dprxqw ri rxwvwdqglqj ri qrwlrqdo sulqflsdo ri fxuuhqf| vzds lv hvwlpdwhg wr 6 wuloolrqv
dw wkh hqg ri 4<<:1 Ixuwkhupruh wkh Hxurshdq LUV pdunhw lv wkh odujhvw lq whupv
ri qrwlrqdo sulqflsdo rxwvwdqglqj1 Krzhyhu/ dw rxu nqrzohgjh/ ihz hpslulfdo vwxglhv
kdyh ehhq ghyrwhg wr wklv }rqh1 Pruh jhqhudoo|/ wkhuh lv olwwoh hpslulfdo uhvhdufk rq
LUV/ dqg wkh odujhvw sduw ri hpslulfdo dfdghplf sdshuv kdv ehhq ghyrwhg wr wkh XV
pdunhw1

Qhyhuwkhohvv/ pdq| wkhruhwlfdo vwxglhv ghdo zlwk LUV1 Zklwwdnhu +4<;:, hydoxdwhv
wkh lpsdfw ri wkh fuhglw ulvn rq wkh ydoxdwlrq ri LUV1 Lq d pruh jhqhudo iudphzrun/
zklfk frxog eh dssolhg wr dq| r�0edodqfh vkhhw frqwudfwv/ Kxoo +4<;<, sursrvhv d
zd| wr frpsxwh wkh ydoxh ri frqwudfwv zkhq wkhuh lv d fuhglw ulvn/ xvlqj gl�huhqw
irupxodwlrqv ri wkh ghidxow ulvn1 Kxoo jlyhv dq dssolfdwlrq rq fxuuhqf| vzdsv exw lw
pd| eh dgdswhg wr LUV1

Lq dgglwlrq/ Gx!h dqg Kxdqj +4<<9, h{whqg wkh ydoxdwlrq prgho iru ghidxowdeoh
fodlpv sursrvhg e| Gx!h dqg Vlqjohwrq +4<<7, wr wkh fdvh lq zklfk wkh wzr frxqwhu0
sduwlhv kdyh dq dv|pphwulf ulvn1 Gx!h dqg Kxdqj surylgh dq hpslulfdo vlpxodwlrq
edvhg rq wkhlu wkhruhwlfdo prgho +lq wkh frqwlqxrxv0wlph iudphzrun,1 Pruhryhu/
Gx!h dqg Vlqjohwrq +4<<:, sursrvh dq hfrqrphwulf prgho ri wkh whup vwuxfwxuh ri
vzds udwhv1 Dvvxplqj wkdw wkh frxqwhusduwlhv kdyh v|pphwulf suredelolwlhv ri ghidxow/
wkh| vkrz wkdw d vzds lv sulfhg e| wkh suhvhqw ydoxh ri lwv fdvk  rzv glvfrxqwhg e|
ulvn0 dqg oltxlglw|0dgmxvwhg vkruw udwh surfhvv1

Wkhvh h{dpsohv vkrz wkdw vrph wkhruhwlfdo prghov rq LUV duh dydlodeoh1 Vxq/
Vxqghudvdq dqg Zdqj +4<<6, glvwlqjxlvk wkuhh pdlq uhvhdufk duhdv lq wkh vzds sulf0
lqj wkhru|=

0 wkh �uvw dssurdfk lv edvhg rq wkh hfrqrplf udwlrqdoh iru wkh h{lvwhqfh dqg wkh
hydoxdwlrq ri LUV pdunhwv1 Lq wklv fdvh/ rqh hydoxdwhv wkh lpsdfw ri lqwhuhvw
udwh dqg fuhglw ulvn rq wkh vwuxfwxuh dqg ydoxdwlrq ri vzdsv +vhh dovr Elfnvohu
dqg Fkhq/ 4<;9/ Vplwk hw do1/ 4<;9/ 4<;;/ ru Wxuqexoo/ 4<;:,>

0 lq wkh vhfrqg rqh/ LUV fdq eh ydoxhg e| �qglqj wkh ohyho ri �{hg sd|phqwv wkdw
zloo kdyh wkh vdph suhvhqw ydoxh dv wkh  rdwlqj sd|phqwv +vhh Vplwk hw do1/
4<;9/ 4<;;/ Eurzq hw do1/ 4<<7,1 Wklv dssurdfk lv d gluhfw ydoxdwlrq surfhgxuh
iru LUV1 Iru lqvwdqfh Kxoo +4<;<,/ Vxqgduhvdq +4<<4,/ dqg Frrshu dqg Phoor
+4<<4, xvhg wklv surfhgxuh wr sulfh fxuuhqf| ru lqwhuhvw udwh vzdsv vxemhfw wr
pdunhw ru ghidxow ulvn>

0 wkh odvw dssurdfk h{soruhv wkh uhjxodwru| iudphzrun iru vzdsv dqg fdslwdo dg0
htxdf| iru vzds pdunhwv pdnhuv +vhh Zklwwdnhu/ 4<;:/ Kxoo/ 4<;</ Gx!h dqg
Kxdqj/ 4<<9/ ru Gx!h dqg Vlqjohwrq/ 4<<:,1

Lq hpslulfdo vwxglhv wkh wkuhh wkhruhwlfdo dssurdfkhv duh riwhq frpelqhg1 Prvw
ri wkh hpslulfdo zrun ghdov zlwk wkh XV pdunhw +vhh Olw}hqehujhu/ 4<<5/ Vxq hw do1/
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4<<6/ Eurzq hw do1/ 4<<7/ Plqwrq/ 4<<:,1 Krzhyhu Frvvlq dqg Slurwwh +4<<:, h{dplqh
iru d Hxurshdq pdunhw +Vzlvv Iudqf, erwk lqwhuhvw vzdsv dqg fxuuhqf| vzdsv xvlqj
dfwxdo wudqvdfwlrqv gdwd1

Pruh suhflvho|/ Olw}hqehujhu +4<<5, dwwhpswv wr �qg d fkdudfwhul}dwlrq frqvlvwhqw
zlwk vwdqgdugl}hg vzds frqwudfw dqg zklfk doorzv wr rewdlq dq dssursuldwh wkhru|
ri vzds sulflqj1 Olw}hqehujhu dssurdfk lv hpslulfdo ehfdxvh kh dqdo|}hv wkh pdunhw
sduwlflsdqwv ehkdylru zlwk wkh revhuyhg gdwd exw kh grhv qrw surylgh d irupxodwlrq
+hfrqrphwulf hvwlpdwlrq, ri wkh xqghuo|lqj prgho1 Vxq hw do1 +4<<6, wu| wr hydoxdwh
wkh lpsdfw ri wkh fuhglw uhsxwdwlrq ri vzds ghdohuv rq lqwhuhvw vzdsv dqg elg2r�hu
vsuhdgv1 Dqdo|}lqj wkh uhodwlrqvkls ehwzhhq wkh txrwhg vzdsv udwhv dqg wkh hvwl0
pdwhg sdu erqg |lhogv lq wkh lqwhuedqn pdunhw/ Vxq hw do1 frqfoxgh wkdw= +l, wkhuh lv
d srvlwlyh vsuhdg ehwzhhq DDD +udwlqj, vzds r�hu udwhv dqg Wuhdvxu| |lhogv dw doo
pdwxulwlhv1 Wklv uhvxow grhv qrw ghshqg rq wkh vkdsh ri Wuhdvxu| |lhog fxuyh> +ll, wkh
vsuhdg ehwzhhq vzds udwhv dqg Wuhdvxu| |lhog lqfuhdvhv jhqhudoo| zlwk pdwxulw|/ exw
wkh lqwhqvlw| ri wklv pryhphqw lv fruuhodwhg zlwk wkh vorsh ri wkh |lhog fxuyh> +lll, wkh
elg2r�hu vsuhdg ri vzdsv ghdohuv lv vhqvlwlyh wr wkh fuhglw uhsxwdwlrq1

Qrwh wkdw Vxq hw do1 sdshu lv rqh ri wkh prvw ghwdlohg vwxg| frqfhuqlqj LUV/ zlwk
dq lpsruwdqw zrun rq wkh gdwd froohfwlqj1 Wklv sureohp lv srlqwhg rxw khuh ehfdxvh
wkh gdwd xqdydlodelolw| sduwo| h{sodlqv wkh odfn ri hpslulfdo zrun rq LUV1

Eurzq hw do1 +4<<7, surylgh dq hpslulfdo dqdo|vlv ri wkh vzds vsuhdg1 Lq wkh �uvw
vwhs/ wkh| ghulyh wkh vzds vsuhdg prgho iurp d sxuh h{shfwdwlrqv dssurdfk/ xvlqj
iruzdug udwhv1 Krzhyhu wkh dssur{lpdwlrqv xvhg vhhp txlwh lpsuhflvh1 Eurzq hw
do1 wkhq lqwurgxfh wkh frvw ri �qdqfldo lqwhuphgldwlrq lq wkh vzds vsuhdg ydoxdwlrq
prgho1 Odvwo|/ wkh| dqdo|}h wkh uroh ri wkh ghidxow ulvn ru wkh lpsdfw ri wkh vxsso|
ri frusrudwh ghew lq wkh vzds vsuhdg htxdwlrq1 Lq wkh vlplodu zd|/ Fkhq dqg Vhohq0
ghu +4<<8, vkrz wkh lpsruwdqfh ri wkh h{rjhqrxv yduldeohv ghshqglqj rq wkh vzdsv
pdwxulw|1 Iru lqvwdqfh/ Hxurgrooduv udwhv sod| d pdmru uroh lq h{sodlqlqj vsuhdgv iru
vkruw0whup vzdsv/ zkhuhe| vsuhdgv iru 8 |hduv duh vljql�fdqwo| fruuhodwhg wr wkh ohyho
ri Wuhdvxu| |lhog dqg wkh vorsh ri wkh |lhog fxuyh1 Iru wkh orqj0whup vsuhdg/ wkh
fuhglw txdolw| ri frxqwhusduwlhv frxog eh lqwurgxfhg lq wkh vzds vsuhdgv htxdwlrq1

Frvvlq dqg Slurwwh +4<<:, vshfl�fdoo| dqdo|}h wkh vzds vsuhdg iru d Hxurshdq
pdunhw1 Wkhlu jrdo lv wr vwxg| wkh fuhglw ulvn vsuhdgv rq wudqvdfwlrq gdwd1 Wkh|
frpsduh wkh wudqvdfwlrq gdwd +erwk iru LUV dqg fxuuhqf| vzdsv, wr wkh txrwhg udwhv1
Iru LUV/ Frvvlq dqg Slurwwh pdlqo| h{sodlq wkh gl�huhqfh ehwzhhq wudqvdfwlrq dqg
txrwhg udwhv e| d fuhglw ulvn lqglfdwru/ dqg wkh dprxqw lvvxhg1 Wklv sdshu lv lqwhuhvw0
lqj exw xqiruwxqdwho| wkh vdpsoh vl}h lv txlwh vpdoo1 Pruhryhu wkh gdwd frphv iurp
d phglxp vl}h edqn dqg duh/ shukdsv/ qrw uhsuhvhqwdwlyh ri wkh ehkdylru ri wkh odujh
pdunhw sduwlflsdqwv1

Plqwrq +4<<:, whvwv wzr prghov gudzq iurp Vplwk hw do1 +4<;;,1 Lq wkh �uvw
rqh/ wkh vzds lv d ixqfwlrq ri d sruwirolr ri frqvhfxwlyh 60prqwk Hxurgroodu ixwxuhv
frqwudfwv1 Lq wkh vhfrqgprgho/ wkh vzds lv sulfhg dv d sruwirolr ri erqgv1 Vkh ghgxfhv
uhodwlrqvklsv ehwzhhq orqj0whup lqwhuhvw udwh vzdsv +qdpho|/ 430|hdu vzdsv, dqg vrph
ghwhuplqdqwv +frusrudwh erqg |lhogv/ wkh vorsh ri |lhog fxuyh/ wkh Wuhdvxu| erqg
|lhog/ ghidxow ulvn lqglfdwruv,1 Wkh ghidxow ulvn lv phdvxuhg zlwk wzr yduldeohv= wkh
frusrudwh txdolw| vsuhdg +zlwk elodwhudo ghidxow ulvn, dqg wkh djjuhjdwh ghidxow vsuhdg
+zlwk xqlodwhudo ghidxow ulvn,1 Plqwrq*v duwlfoh lv rqh ri wkh prvw frpsohwh hpslulfdo
sdshu rq LUV ydoxdwlrqv rq wkh XV pdunhw1 Qrwh krzhyhu wkdw khu lqyhvwljdwlrq
uhtxluhv d kxjh froohfwlqj gdwd zrun1
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Wr vxp xs/ lw lv fohdu wkdw wkh hpslulfdo uhvhdufk rq prghoolqj vzds udwh lv
udwkhu srru1 Zh fdq qrwh wzr frpprq fkdudfwhulvwlfv ri wkh hpslulfdo sdshuv eulh |
suhvhqwhg deryh= �uvw/ wkhvh sdshuv duh eurdgo| edvhg rq wkh pdlq vwdqgdug vzds
sulflqj prghov> vhfrqg/ wkh hvwlpdwlrq ri wkhvh prghov uhtxluhv d whglrxv froohfwlqj
gdwd zrun/ frpsolfdwhg e| wkh idfw wkdw d sduw ri lqirupdwlrq lv frq�ghqwldo1 Wkh
uhodwlyh odfn ri hpslulfdo uhvhdufk fdq eh h{sodlqhg e| wklv sureohp1

Rxu remhfwlyh lv wr prgho wkh LUV udwh rq wkh XV/ Jhupdq/ dqg Iuhqfk pdunhwv
xvlqj vwdqgdug sulflqj prghov1 Lw lv zruwk qrwlqj wkdw wkhvh prghov fdqqrw eh xvhg wr
iruhfdvw vzds udwhv1 Lqghhg prvw ri wkh ghwhuplqdqwv +pdlqo|/ wkh Wuhdvxu| erqg udwh
dqg wkh frusrudwh erqg udwh, duh sduwo| hqgrjhqrxv1 Krzhyhu vxfk prghov duh khosixo
wr xqghuvwdqg krz vzds sulflqj zrunv= zklfk duh wkh pdlq uhohydqw dssurdfkhvB
Zkdw ulvn suhplxp lqglfdwruv fdq khos wr h{sodlq wkh vzds udwhB Wkh sdshu surfhhgv
dv iroorzv1 Vhfwlrq 5 ghwdlov wkh wkhruhwlfdo ghwhuplqdqwv ri wkh vzds vsuhdg1 Vhfwlrq
6 ghvfulehv wkh gdwd dqg suhvhqwv vrph vxppdu| vwdwlvwlfv1 Wkh uhodwlrq ehwzhhq
wkh vzds dqg d sruwirolr ri vkruw0whup ixwxuhv frqwudfwv lv frqvlghuhg lq vhfwlrq 71
Vlploduo| wkh uhodwlrq ehwzhhq wkh vzds dqg wkh frusrudwh erqg lv h{dplqhg lq vhfwlrq
81 Vhfwlrq 9 suhvhqwv rxu pdlq frqfoxvlrqv1

5 Wkhruhwlfdo ghwhuplqdqwv ri wkh vzds udwh

Vhyhudo idfwruv wkhruhwlfdoo| d�hfw wkh vzds udwh1 Lq wklv vhfwlrq zh rxwolqh wkhvh
idfwruv/ lqvlvwlqj rq wkh hfrqrphwulf lpsolfdwlrqv ri wkh uhodwlrqvklsv rewdlqhg1

514 Edvlf vhwxs

Zh frqvlghu d �sodlq ydqlood� lqwhuhvw udwh vzds/ dv vkrzq lq Iljxuh 41 Frxqwhusduw| [
djuhhv wr uhfhlyh d �{hg udwh/ zkhuhdv frxqwhusduw| \ djuhhv wr uhfhlyh d  rdwlqj udwh1
Wudqvdfwlrqv duh jhqhudoo| duudqjhg e| vzds ghdohuv/ wkdw devrue wkh frxqwhusduwlhv*
fuhglw ulvnv dqg uhfhlyh wkh elg0r�hu vsuhdg1

^Lqvhuw Iljxuh 4`

Lq lqwhuhvw udwh vzds/ rqo| qhw fdvk  rzv duh h{fkdqjhg/ exw qrw sulqflsdo dprxqwv1
Wkhuhiruh wkh fuhglw ghidxow rqo| frqfhuqv lqwhuhvw  rzv/ qrw wkh sulqflsdo1 Zh qrz
frqvlghu wkh ydoxdwlrq ri vzds frqwudfwv lq dq duelwudjh0iuhh vhwwlqj/ lq wkh olqh ri Fr{/
Lqjhuvroo/ dqg Urvv +4<;3, dqg Vxqgduhvdq +4<<4,1 Wkh edvlf vhwxs lv fkdudfwhul}hg
e| wkh iroorzlqj dvvxpswlrqv=

D41 Wkh frxqwhusduwlhv kdyh wkh vdph ghjuhh ri fuhglwzruwklqhvv +vhh Frrshu dqg
Phoor/ 4<<4/ iru dq dqdo|vlv ri wkh ghidxow ulvn ri vzds,>

D51 Wkhuh duh qr wudqvdfwlrqv dqg lqirupdwlrq frvwv/ wd{hv ru rwkhu iulfwlrqv> fdslwdo
pdunhwv duh shuihfw dqg frpshwlwlyh>

D61 Uhvhw gdwhv frlqflgh zlwk sd|phqw gdwhv ri wkh  rdwlqj ohj1

Wkh pdunhw ydoxh ri wkh vzds frqwudfw htxdov wkh gl�huhqfh ehwzhhq wkh suhvhqw0
ydoxh ri wkh h{shfwhg fdvk  rzv jhqhudwhg e| wkh  rdwlqj0udwh dqg wkh �{hg0udwh vlgh
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ri wkh wudqvdfwlrq1 Wkh pdunhw ydoxh ri d Q0shulrg djuhhphqw lv=

Y| @ H|

�[
�'�

�|n�Iy|n� �
�[
�'�

�|n�V|n�1

Wkh �uvw vxp fruuhvsrqgv wr wkh  rdwlqj ohj ri wkh vzds1 Zh dvvxph d  rdwlqj
sd|phqw dw hdfk gdwh/ zlwk Iy|n� @ ?

�Sfi|n� zlwk i|n� wkh  rdwlqj udwh ehwzhhq
w. l� 4 dqg w. l> iru XV dqg Jhupdq vzdsv/ wkh  rdwlqj udwhv duh wkh hxur0groodu
dqg wkh hxur0pdun udwhv uhvshfwlyho|> iru Iuhqfk vzdsv/ wkh  rdwlqj udwh lv wkh SLERU
udwh> wkh  rdwlqj udwh lv ghqrwhg S| lq wkh iroorzlqj> q lv wkh qxpehu ri gd|v ehwzhhq
wzr sd|phqwv gdwhv +q @ <3 gd|v w|slfdoo|,1 �|n� lv wkh glvfrxqw idfwru ehwzhhq w

dqg w . l/ wkdw lv �|n� @ 4@
�
4 . }

E��
|

��
/ zkhuh }

E��
| lv wkh }hur0frxsrq glvfrxqw udwh

ehwzhhq w dqg w. l1
Wkh vhfrqg vxp fruuhvsrqgv wr wkh �{hg ohj ri wkh vzds1 Vr V|n� lv htxdo wr wkh

vzds udwh/ zklfk fdq eh h{suhvvhg dv V|n� � V
E��
| @ \

E��
| . VV

E��
| zkhuh \

E��
| lv

wkh Wuhdvxu| erqg |lhog pdwxulqj lq w.Q dqg VV
E��
| gh�qhv wkh vzds vsuhdg1 Wkh

vzds udwh lv frqvwdqw ryhu wkh olih ri wkh vzds frqwudfw1
Wkh pdunhw ydoxh Y| fdq wkhuhiruh eh uhzulwwhq dv=

Y| @ H|

�[
�'�

�|n�S|n� �
�
\
E��
| . VV

E��
|

� �[
�'�

�|n�1

515 Wkh vzds dv d sruwirolr ri vkruw0whup iruzdug frqwudfwv

Xqghu wkh dvvxpswlrq wkdw wkhuh duh qr duelwudjh rssruwxqlwlhv/ wkh pdunhw ydoxh ri
wkh vzds frqwudfw vkrxog eh }hur1 Vr wkh vzds �{hg udwh fdq eh h{suhvvhg dv=

\
E��
| . VV

E��
| @

H|
S�

�'� �|n�S|n�S�
�'� �|n�

@ H� +S|, 1

Wkh vzds �{hg udwh htxdov wkh zhljkwhg dyhudjh ri h{shfwhg ixwxuh  rdwlqj udwhv/
zkhuh H� +[|, @ H|

S�
�'� �|n�[|n�@

S�
�'� �|n� ghqrwhv wkh zhljkwhg dyhudjh ri h{0

shfwhg ixwxuh sdwk ri [ ryhu Q shulrgv1
Wkh vzds vsuhdg vkrxog wkhq eh htxdo wr wkh gl�huhqfh ehwzhhq wkh zhljkwhg

dyhudjh ri h{shfwhg  rdwlqj udwhv dqg wkh Wuhdvxu| erqg |lhog=

VV
E��
| @ H� +S|,� \

E��
| 1 +4,

Krzhyhu wkh ixwxuh sdwk ri vkruw0whup udwhv lv xqnqrzq1 Vplwk hw do1 +4<;;, vkrz
wkdw wkh fdvk  rz ri d sdu vzds fdq eh uhsolfdwhg e| wkh fdvk  rzv ri d sruwirolr ri
frqvhfxwlyh 60prqwk iruzdug frqwudfwv rq wkh vkruw0whup udwh1 Wkh vzds vsuhdg fdq
wkhq eh h{suhvvhg dv=

VV
E��
| @

H|
S�

�'� �|n�i
E�c�3��
|S�

�'� �|n�
� \

E��
| @ 	�c| � \

E��
| +5,

zkhuh i
E�c�3��
| ghqrwhv wkh 60prqwk iruzdug udwh rq hxur0fxuuhqf| ru SLERU dw wlph

w iru w. l�41 	�c| lv wkh zhljkwhg dyhudjh ri 60prqwk iruzdug udwhv ryhu Q shulrgv1
Iurp dq hpslulfdo srlqw ri ylhz/ htxdwlrq +5, doorzv wr wdnh dffrxqw ri vrph vwd0

wlvwlfdo surshuwlhv ri lqwhuhvw udwhv1 Lqghhg pdq| sdshuv +vlqfh Fdpsehoo dqg Vkloohu/
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4<;:, vwuhvvhg wkdw lqwhuhvw udwhv pd| ehkdyh dv qrq0vwdwlrqdu| surfhvvhv1 Lq vxfk
d fdvh/ uhodwlrqvklsv ehwzhhq yduldeohv lq ohyho fdqqrw eh hvwlpdwhg xvlqj vwdqgdug
+ROV, whfkqltxhv1 Rq wkh frqwudu|/ li vzds udwhv dqg Wuhdvxu| erqg udwhv duh frlq0
whjudwhg/ htxdwlrq +5, lqyroyhv rqo| vwdwlrqdu| yduldeohv dqg vwdqgdug whfkqltxhv fdq
eh lpsohphqw1 Lq vhfwlrq 6/ zh zloo fkhfn vrph vwdwlrqdulw| surshuwlhv ri lqwhuhvw
udwhv1

516 Wkh vzds dv d ixqfwlrq ri frusrudwh erqg

Pdq| dxwkruv txhvwlrqhg wkh uroh ri ghidxow ulvn lq ydoxdwlqj wkh vzds frqwudfwv
+Elfnvohu dqg Fkhq/ 4<;9/ Frrshu dqg Phoor/ 4<<4/ Vxq hw do1/ 4<<6/ Gx!h dqg
Kxdqj/ 4<<9,1 Dv lq Eurzq hw do1 +4<<7,/ wkh olqn ehwzhhq ghidxow ulvn dqg vzds
vsuhdg fdq eh lqwurgxfhg dv iroorzv1 Ilupv [ dqg \ fdq lvvxh vkruw0whup rqh0shulrg

ghew dw S|.FV
E��
| / zkhuh FV

E��
| ghqrwhv fuhglw vsuhdg/ dw hdfk shulrg ehwzhhq w dqg

w . Q � 4/ ru d orqj0whup Q 0shulrg ghew dw d udwh E
E��
| @ \

E��
| . EV

E��
| / zkhuh

EV
E��
| ghqrwhv frusrudwh erqg vsuhdg1 Qrwh wkdw wkh frusrudwh vsuhdg lv edvhg rq

wkh lqwhuedqn vkruw0whup udwh/ zkhuhdv wkh frusrudwh erqg vsuhdg lv edvhg rq wkh
Wuhdvxu| erqg udwh1 Erwk vsuhdgv duh wkhuhiruh edvhg rq gl�huhqw uhihuhqfh djhqwv
iru orz ulvn1

Li �upv [ dqg \ duh dvvxphg wr idfh wkh vdph frvwv ri ixqgv/ lq wkh devhqfh ri
duelwudjh rssruwxqlw| wkh h{shfwhg frvw ri  rdwlqj0udwh ixqgv ryhu Q shulrgv htxdov
wkh �{hg0udwh frvw ri ixqgv/ vxfk wkdw=

H� +S| . FV|, @ \
E��
| .EV

E��
| 1 +6,

Frpelqlqj +6, zlwk +4, |lhogv

VV
E��
| @ EV

E��
| �H�

�
FV

E��
|

�
1 +7,

Xqghu duelwudjh0iuhh dvvxpswlrq/ wkh vzds vsuhdg vkrxog htxdo wkh gl�huhqfh ehwzhhq
wkh ghidxow ulvn suhpld dfurvv vkruw0whup dqg orqj0whup ghew pdunhwv1

Vlploduo|/ Vplwk hw do1 +4<;;, vkrz wkdw d vzds fdq eh uhsolfdwhg e| d sruwirolr ri
erqgv zlwk wkh vdph sdu ydoxh dqg wkh vdph pdwxulw|1 Wkh qhw fdvk  rzv ri d �{hg0
udwh sd|hu lq d vzds fdq eh uhsolfdwhg e| d frpelqdwlrq ri d orqj srvlwlrq lq d yduldeoh
vkruw0whup erqg wkdw vhoov dw sdu rq uhvhw gdwhv dqg d vlpxowdqhrxv vkruw srvlwlrq
lq d erqg ri htxdo sdu ydoxh wkdw pdnhv �{hg0udwh lqwhuhvw sd|phqwv rq wkh vdph
uhvhw gdwhv1 Wkh vzds udwh vkrxog wkhq eh htxdo wr wkh frxsrq udwh rq wkh �{hg0udwh
erqg lvvxhg dw sdu1 Lw vkrxog eh qrwhg qhyhuwkhohvv wkdw wkh suredelolw| ri ghidxow
lq d vzds lv orzhu wkdq wkdw lq d frusrudwh erqg/ ehfdxvh wkh iruphu*v suredelolw|
ri ghidxow lv htxdo wr wkh mrlqw suredelolw| ri wkh �up ehlqj lq edqnuxsw dqg wkh
vzds kdylqj qhjdwlyh ydoxh wr wkh �up +Kxoo/ 4<;<,1 Gx!h dqg Kxdqj +4<<9, vkrz
wkdw ghidxow suhpld rq �{hg0 dqg  rdwlqj0udwh erqgv gl�hu e| d vljql�fdqw dprxqw/
lqglfdwlqj wkdw wklv gl�huhqwldo pd| eh dq lpsruwdqw ghwhuplqdqw ri vzds udwhv1

D phdvxuh ri ghidxow ulvn pd| eh wkh vsuhdg ehwzhhq kljk0udwhg dqg orz0udwhg
frusrudwh erqg udwhv +fi1 Plqwrq/ 4<<:/ rq XV gdwd,1 Krzhyhu/ iru Jhupdq| dqg
Iudqfh/ vxfk gdwd duh qrw dydlodeoh iru d orqj vdpsoh1 Dq djjuhjdwh phdvxuh ri
ghidxow ulvn lv wkhq sur{lhg e| wkh frusrudwh erqg vsuhdg ru e| wkh Wuhdvxu| whup
vsuhdg1 Idpd dqg Iuhqfk +4<;<, vxjjhvw wkdw wkh Wuhdvxu| whup vsuhdg pd| fdswxuh
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exvlqhvv frqglwlrq ulvn uhvxowlqj iurp prqhwdu| srolf| vkrfnv1 Wkh vzds udwh fdq
wkhuhiruh eh h{suhvvhg dv=

V
E��
| @ i

�
E
E��
| > ghidxow ulvn

E��
|

�
@ i

�
E
E��
| >EV

E��
| > \

E��
| � \

E��
|

�
1 +8,

Dv suhylrxvo|/ zh zdqw wr wdnh dffrxqw ri wkh srvvleoh qrq0vwdwlrqdulw| ri lqwhuhvw
udwhv1 Lq rughu wr uhqghu erwk vlghv ri htxdwlrq +8, vwdwlrqdu|/ zh prgho wkh vzds
vsuhdg dv d ixqfwlrq ri wkh frusrudwh erqg vsuhdg dqg wkh Wuhdvxu| whup vsuhdg/
vxfk wkdw=

VV
E��
| @ j

�
EV

E��
| > \

E��
| � \

E��
|

�
1 +9,

517 Ilqdqflqj frvw

Lq Iljxuh 4/ wkh vzds ghdohu lv deoh wr qhjrwldwh vlpxowdqhrxv vzdsv zlwk frxqwhusdu0
wlhv [ dqg \1 Vr wkhuh lv qr gluhfw lqwhuhvw udwh h{srvxuh wr khgjh/ dqg wkh elg2r�hu
vsuhdg wr wkh vzds vsuhdg vkrxog uh hfw rqo| frpshqvdwlrq iru ehdulqj fuhglw ulvn/
exw qrw wkh frvw iru khgjlqj1 Rq wkh frqwudu|/ li vzdsv gr qrw �pdwfk�/ wkh xqedo0
dqfhg srvlwlrq ri wkh vzds ghdohu kdv wr eh khgjhg1 Li wkh vzds ghdohu kdv wr sd| wkh
�{hg udwh wr frxqwhusduw| [/ lw lv h{srvhg wr d ghfuhdvh lq wkh Wuhdvxu| erqg |lhog ru
lq wkh vzds vsuhdg1 Li wkh vzds ghdohu kdv wr uhfhlyh wkh �{hg udwh iurp frxqwhusduw|
\/ lw lv h{srvhg wr dq lqfuhdvh lq wkh Wuhdvxu| erqg |lhog ru lq wkh vzds vsuhdg1 Lq
hdfk fdvh/ wkh vzds ghdohu lv h{srvhg wr wkh �{hg udwh rq wkh vzds/ zkloh wkh khgjh
zloo rqo| fryhu wkh Wuhdvxu| erqg |lhog frpsrqhqw ri wkdw udwh1 Vr wkh vzds ghdohu
zloo uhpdlq h{srvhg wr fkdqjhv lq wkh vzds vsuhdg1

Wkh khgjh fdq eh dfklhyhg e| sxufkdvlqj +ru vkruw0vhoolqj, Wuhdvxu| erqgv lq wkh
fdvk pdunhw1 Wklv srvlwlrq zloo eh �qdqfhg +ru lqyhvwhg, zlwk d vhulhv ri ryhuqljkw
srvlwlrqv lq wkh �uhsr� pdunhw +vhh Eurzq hw do1/ 4<<7,1 Vr li wkh vzds ghdohu kdv
wr sd| wkh �{hg udwh/ d kljkhu uhsr udwh zloo lqfuhdvh wkh frvw ri wkh khgjh dqg wkhq
whqg wr zlghq lwv elg2r�hu vsuhdg1 Li wkh vzds ghdohu kdv wr uhfhlyh wkh �{hg udwh/
d kljkhu uhsr udwh zloo lqfuhdvh wkh uhwxuq rq wkh lqyhvwphqw rq wkh Wuhdvxu| erqg
pdunhw dqg wkhq whqg wr qduurz lwv elg2r�hu vsuhdg/ lq d frpshwlwlyh pdunhw1 Wkh
�qdo h�hfw ri wkh uhsr udwh rq wkh vzds vsuhdg lv qrw fohdu= wkh vljq ri wklv h�hfw
ghshqgv rq wkh sursruwlrq ri vzds ghdohuv ehlqj lq wkh r�hu vlgh dqg lq wkh elg vlgh1

6 Gdwd ghvfulswlrq dqg vwdwlvwlfdo gldjqrvwlfv

614 Wkh vzds pdunhw

Zh �uvw surylgh vrph hylghqfh rq wkh uhfhqw ghyhorsphqw ri wkh LUV pdunhw +ELV/
4<<<,1 Uhplqg wkdw dw wkh hqg ri 4<<:/ wkh qrwlrqdo sulqflsdo dprxqw ri rxwvwdqglqj
ri LUV zdv hydoxdwhg dw 5515 wuloolrqv ri grooduv1 Dw wkh hqg ri 4<<5/ wklv dprxqw
uhdfkhg rqo| 61< wuloolrqv1 Ehwzhhq 4<<5 dqg 4<<:/ wkh dyhudjh udwh ri jurzwk ri wkh
rxwvwdqglqj ri wklv qrwlrqdo sulqflsdo lv 75(1 Wkh euhdngrzq ri wkh qrwlrqdo sulqflsdo
rxwvwdqglqj ri LUV e| fodvvhv ri pdwxulw| +3 wr 5 |hduv/ 5 wr 8 |hduv/ 8 wr 43 |hduv/
ryhu 43 |hduv, hqdeohv wr lghqwli| wkh vshfl�f ehkdylru ri wkh gl�huhqw fdwhjrulhv ri
LUV1 Iluvw wkh rxwvwdqglqj fruuhvsrqglqj wr 305 |hdu vzdsv uhsuhvhqwv pruh wkdq 73(
ri wkh wrwdo dprxqw ri rxwvwdqglqj ryhu wkh shulrg fryhuhg1 Vhfrqg lq rssrvlwh vlgh/
wkh orzhvw rxwvwdqglqj lv dvvrfldwhg zlwk wkh kljkhvw pdwxulw| +ryhu 43 |hduv,1 Iru
lqvwdqfh/ dw wkh hqg ri 4<<:/ wkh wrwdo dprxqw ri rxwvwdqglqj ri wklv nlqg ri vzdsv

:



htxdov 4 wuloolrq +719( ri wkh wrwdo dprxqw ri rxwvwdqglqj,1 Pruh jhqhudoo|/ wkh zhljkw
ri LUV zlwk pdwxulw| ohvv wkdq 8 |hduv +vr fdoohg wkh vkruw0 dqg phglxp0whup LUV,
lv yhu| kljk/ pruh wkdq :3( ehwzhhq 4<<5 dqg 4<<:1 Krzhyhu/ wkh dyhudjh udwh ri
jurzwk ri wkh vkruw0 dqg phglxp0whup vzdsv lv zhdnhu wkdq wkdw ri wkh orqj0whup
rqh +ryhu 80|hdu pdwxulw|,1 Iru wkh iruphu lw lv htxdo wr 7315( +yhuvxv 7;17( iru wkh
orqj0whup vzdsv,1 Wkh 430|hdu vzdsv dqdo|vlv frxog eh mxvwl�hg e| wkh wuhqg ri wkh
orqj0whup vzdsv1

Lw lv gl!fxow wr xqghuvwdqg wkh fkdqjhv revhuyhg rq wkh vzdsv pdunhwv e| h{0
dplqlqj wkh wrwdo dprxqw ri rxwvwdqglqj rqo|1 Wkh deryh euhdngrzq e| pdwxulw|
vkrzv wkdw wkh ehkdylru ri wkh gl�huhqw frpsrqhqwv ri LUV frxog eh txlwh glvwlqfw1
Exw zh fdqqrw h{sodlq wkh gudpdwlf jurzwk ri wkh rxwvwdqglqj dw wklv vwdjh1 Eurdgo|
zh duh qrw deoh wr lqglfdwh zkhwkhu wklv jurzwk lv gxh wr fkdqjhv lq wkh lqwhuedqn
frxqwhusduw| ru wr fkdqjhv lq doo hqg0xvhuv ehkdylru1 Iluvw zh vsolw wkh dprxqw ri
rxwvwdqglqj lqwr wzr sduwv= doo hqg0xvhuv +lqfoxglqj eurnhuv, dqg wkh lqwhuedqn pdu0
nhw +xvlqj khuh wkh ELV whuplqrorj|,1 Iru wklv eurdg euhdngrzq lw dsshduv wkdw wkh
rxwvwdqglqj ri LUV frqfhuqlqj wkh lqwhuedqn dfwlylw| ulvhv voljkwo| pruh vkduso| wkdq
wkdw ri doo hqg0xvhuv vzdsv1 Wkh dyhudjh udwh ri jurzwk ri wkh lqwhuedqn vzdsv lv htxdo
wr 78( yhuvxv 6<( iru doo hqg0xvhuv1 Dw wkh hqg ri 4<<:/ wkh dprxqw ri rxwvwdqglqj
ri lqwhuedqn vzdsv lv 45 wuloolrqv ri grooduv/ wkdw ri doo hqg0xvhuv vzdsv htxdov 4316
wuloolrqv1

Erwk lqwhuedqn dqg doo hqg0xvhuv sod| d pdmru uroh rq wkh vzds pdunhwv1 Wkh
vhfrqg euhdngrzq frqfhuqv doo hqg0xvhuv frxqwhusduwlhv1 Ilqdqfldo lqvwlwxwlrqv/ fru0
srudwhv dqg jryhuqphqwv duh lqfoxghg lq wklv jurxs1 Wkh khwhurjhqhlw| ri wklv jurxs
+pl{wxuh ri sxeolf dqg sulydwh vhfwruv, lv frq�uphg lq whupv ri wkh fkdqjhv ri wkh
gl�huhqw dprxqwv ri rxwvwdqglqj1 Dv h{shfwhg/ wkh dprxqwv ri rxwvwdqglqj ri wkhvh
wkuhh frxqwhusduwlhv lqfuhdvh gudpdwlfdoo| ryhu wkh 4<<3*v +Wkh dyhudjh dqqxdo udwh
ri jurzwk lv durxqg 58( iru frusrudwhv/ 64( iru jryhuqphqwv dqg 7:( iru �qdqfldo
lqvwlwxwlrqv1, Krzhyhu dprqj wkh hqg0xvhuv/ wkh zhljkw ri wkh �qdqfldo lqvwlwxwlrqv
lqfuhdvhv yhu| vkduso| +durxqg :3( dw wkh hqg ri wkh shulrg,1 Lq rssrvlwh/ wkh zhljkw
ri wkh frusrudwhv ghfolqhv vwurqjo| +durxqg 57( lq 4<<9 yhuvxv 67( dw wkh hqg ri
4<<5,1 Wklv eulhi frpsdulvrq vkrzv wkdw lw lv txlwh gl!fxow wr gudz suhflvh frqfox0
vlrqv iurp wkh djjuhjdwh lqglfdwruv1

Wr frpsohwh wkh ghvfulswlyh dqdo|vlv ri wkh qrwlrqdo sulqflsdo ri LUV/ zh frxog
h{dplqh wkh euhdngrzq ri wkh rxwvwdqglqj e| orfdwlrq ri wkh hqg0xvhuv/ qdpho|
ehwzhhq Qruwk Dphulfd/ Hxursh dqg Dvld1 Ryhu wkh shulrg fryhuhg/ Hxursh dsshduv
dv wkh prvw lpsruwdqw LUV pdunhw/ suhfhglqj wkh Dphulfdq pdunhw1 Wkhvh pdunhwv
uhsuhvhqw derxw 83( dqg 73( ri wkh doo hqg0xvhuv dprxqw ri rxwvwdqglqj uhvshfwlyho|1

Wr vxp xs wklv ghvfulswlyh suhvhqwdwlrq/ zh fdq qrwh wkdw LUV pdunhw juhz gud0
pdwlfdoo|/ gxulqj wkh 4<<3*v1 Krzhyhu vrph gl�huhqfhv h{lvw ehwzhhq wkh frxqwhusdu0
wlhv/ wkh orfdwlrqv ri wkh pdunhw dqg wkh pdwxulwlhv ri vzdsv=

0 dprqj doo hqg0xvhuv/ Hxursh lv suhfhglqj Qruwk Dphulfd1 Qrwh wkdw wkhvh wzr
}rqhv duh wkh prvw lpsruwdqw vzds pdunhwv1 Iurp wklv srlqw ri ylhz/ lw vhhpv
qhfhvvdu| wr fduhixoo| dqdo|}h wkh Hxurshdq LUV pdunhw>

0 wkh Dvldq LUV pdunhw lv txlwh vpdoo dv frpsduhg wr wkrvh ri Hxursh dqg Qruwk
Dphulfd>

0 e| pdwxulw|/ wkh vkruw0 dqg phglxp0whup +pdwxulwlhv ohvv wkdq 8 |hduv, dprxqwv
ri rxwvwdqglqj ri LUV duh khdylo| odujhu wkdq wkh orqj0whup rqh exw wkh iruphu
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dsshduv ohvv g|qdplf +lq whupv ri udwh ri jurzwk,>

0 wkh LUV pdunhw lv fkdudfwhul}hg e| d yhu| lqwhqvlyh lqwhuedqn dfwlylw|1 Qhyhu0
wkhohvv doo hqg0xvhuv frqwulexwh vljql�fdqwo| wr wkh vzds pdunhw h{sdqvlrq lq
wkh 4<<3*v>

0 dprqj doo hqg0xvhuv jurxs/ �qdqfldo lqvwlwxwlrqv duh wkh prvw lpsruwdqw frxq0
whusduwlhv1 Frusrudwhv dsshdu dw wkh vhfrqg udqn1 Krzhyhu gxh wr wkh xqdydlo0
delolw| ri gdwd/ prvw ri wkh vwxglhv kdyh ehhq ghyrwhg wr frusrudwhv vzdsv1

Wr dvvhvv wkh oltxlglw| ri wkh vzds pdunhw dv frpsduhg wr wkh hxur0fxuuhqf|
pdunhw/ zh odvwo| frqvlghu wkh elg2r�hu vsuhdg1 Lqghhg/ wklv vsuhdg lv riwhq xvhg wr
phdvxuh wkh pdunhw oltxlglw|1

Wdeoh 4 surylghv vxppdu| vwdwlvwlfv iru wkh elg2r�hu vsuhdgv rq wkh hxur0fxuuhqf|
pdunhw +iru pdwxulwlhv ryhuqljkw/ : gd|/ 4 prqwk/ 6 prqwkv/ 9 prqwkv dqg 4 |hdu,
dqg rq wkh vzds pdunhw +iru pdwxulwlhv 5 |hduv/ 6 |hduv/ 7 |hduv/ 8 |hduv/ : |hduv dqg
43 |hduv,1 Iru wkh wkuhh frxqwulhv/ wkh dyhudjh dv zhoo dv wkh phgldq elg2r�hu vsuhdgv
duh odujhu rq wkh hxur0fxuuhqf| pdunhw wkdq rq wkh vzds pdunhw1 Li zh frqfhqwudwh
rq wkh phgldq vsuhdgv/ wkdw duh ohvv vhqvlwlyh wr h{wuhph ydoxhv/ zh rewdlq d phgldq
vsuhdg ri 4518 es iru doo pdwxulwlhv ri wkh hxur0fxuuhqf| pdunhwv> rq wkh vzds pdunhwv
wkh phgldq vsuhdg lv ehwzhhq 6 es dqg 8 es1 Lq idfw/ wkh pdlq gl�huhqfh wkh wkuhh
frxqwulhv frqfhuqv wkh yrodwlolw| ri wkh vsuhdg rq wkh hxur0fxuuhqf| pdunhwv1 Lqghhg
wkh vwdqgdug ghyldwlrq ri vkruwhvw0whup vsuhdgv +ryhuqljkw udwhv, duh odujhu lq Hxursh
wkdq lq wkh XV1 Gxulqj wkh Iuhqfk fxuuhqf| wxuprlov ehwzhhq plg04<<5 dqg plg04<<6/
wkh elg0r�hu vsuhdgv fohduo| zlghq rq wkh hxur0iudqf pdunhw/ zlwk d pd{lpxp ri 833
es iru wkh ryhuqljkw udwh dqg :8 es iru wkh 40|hdu udwh1 Krzhyhu/ hyhq gxulqj wklv
wurxeohg shulrg/ wkh elg2r�hu vsuhdg rq wkh vzds pdunhw glg qrw h{fhhg 48 es1

615 Gdwd ghvfulswlrq

Wr whvw wkh prghov suhvhqwhg lq wkh suhylrxv vhfwlrq iru wkh XV/ Jhupdq dqg Iuhqfk
vzds pdunhwv/ zh xvh wzr gdwd vhwv1 Wkh �uvw rqh frqvlvwv lq xvxdo gdwd/ vxfk dv
hxur0fxuuhqf| dqg lqwhuedqn lqwhuhvw udwhv +zlwk pdwxulwlhv ri rqh gd|/ vhyhq gd|v/
rqh/ wkuhh/ vl{ dqg wzhoyh prqwkv,/ vzds udwhv +zlwk pdwxulwlhv ri wzr/ wkuhh/ irxu/
�yh/ vhyhq dqg whq |hduv,/ wkh 430|hdu Wuhdvxu| erqg udwh dqg wkh 430|hdu DDD0
udwhg frusrudwh erqg udwh1 Wkh vhulhv pdlqo| frph iurp Gdwdvwuhdp1 Rxu vhfrqg
gdwd vhw/ zlwk wkh vdph fryhulqj shulrg dqg iuhtxhqf| wkdq wkh �uvw rqh/ frqwdlqv
}hur0frxsrq |lhog fxuyhv iru wkh vzds pdunhw1 Wkh gdwd dqg wkh phwkrgrorj| xvhg
iru wkhvh lqwhusrodwlrqv duh ghvfulehg lq wkh Dsshqgl{1 Wkh gdwd fryhuv wkh shulrg
iurp Mdqxdu| 6/ 4<<5 wr Ghfhpehu 58/ 4<<; dw d zhhno| iuhtxhqf| +Iulgd| forvlqj
txrwhv,1

Hvwlpdwlqj wkh zhljkwhg dyhudjh ri 60prqwk iruzdug udwhv lv udwkhu fkdoohqjlqj1
Wkh fdvk  rzv ri 60prqwk iruzdug frqwudfwv rq wkh uhihuhqfh vkruw0whup udwhv +hxur0
groodu/ hxur0pdun ru SLERU udwhv, fdq eh dssur{lpdwhg e| wkh 60prqwk iruzdug udwhv
rewdlqhg iurp wkh }hur0frxsrq fxuyh1 Wkhuhiruh zh qhhg erwk }hur0frxsrq udwhv +wr
hydoxdwh glvfrxqw idfwruv, dqg iruzdug udwhv1 Lq d �uvw vwhs/ zh frpsxwh }hur0frxsrq
vzds udwhv/ xvlqj wkh dssurdfk suhvhqwhg lq wkh Dsshqgl{1 Wkhruhwlfdoo| zh vkrxog
lqwhusrodwh d frpsohwh }hur0frxsrq fxuyh wr hydoxdwh wkh zkroh vhtxhqfh ri 60prqwk
iruzdug udwhv +wkdw lv derxw 73 iruzdug udwhv iru Q @ 43 |hduv,1 Wklv dssurdfk
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zrxog qhfhvvlwdwh wkh xvh ri dq dojrulwkp iru jhqhudwlqj wkh frpsohwh xqghuo|lqj }hur0
frxsrq |lhog fxuyh1 Zh xvh d vlpsol�hg dssurdfk/ wkdw dyrlgv vxfk dq lqwhusrodwlrq1
Lqghhg xvlqj 60prqwk/ 90prqwk/ 40|hdu uhihuhqfh vkruw0whup udwhv dqg 50|hdu wr 430
|hdu vzds udwhv/ lw lv hdv| wr hydoxdwh }hur0frxsrq udwhv iru wkh vdph pdwxulwlhv
+vhh wkh Dsshqgl{,1 Zh duh wkhq deoh wr hvwlpdwh wkh fruuhvsrqglqj iruzdug udwhv/
dffruglqj wr=
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| lv wkh iruzdug udwh dw wlph w iru d frqwudfw pdwxulqj dw gdwh w. q iru

w. q.p/ zlwk p dqg q h{suhvvhg lq prqwkv1 Wkhuhiruh zlwk wkh gdwd dw kdqg/ zh

duh deoh wr frpsxwh i
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| / iru m @ 4> ===> <1 Wkh zhljkwhg vhtxhqfh ri

iruzdug udwhv zdv wkhq hydoxdwhg dv=
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dqg P @ 44/ p @ i6> 9> 45> ===> 45j dqg q @ i6> 9> 45> 57> ===> 43;j1 Wklv hvwlpdwhg vh0
txhqfh ri ixwxuh iruzdug udwhv lv yhu| forvh wr wkh wuxh rqh/ dqg lw dyrlgv wr lqwhusrodwh
}hur0frxsrq fxuyhv1

Lq vhfwlrq 5/ zh kdyh vkrzq wkdw wkh vzds udwh fdq eh h{suhvvhg/ xqghu wkh
duelwudjh0iuhh dvvxpswlrq/ dv wkh zhljkwhg dyhudjh ri vkruw0whup iruzdug udwhv/ wkdw

lv V
E��
| @ 	�c|1 Lq prvw frxqwulhv/ vxfk gdwd duh qrw dydlodeoh/ rq d klvwrulfdo edvlv/ iru

iruzdug frqwudfwv pdwxulqj lq wkh idu ixwxuh +w|slfdoo| eh|rqg rqh |hdu,14 Zh kdyh
wkhq xvhg lqwhusrodwhg }hur0frxsrq |lhog fxuyhv edvhg rq hxur0fxuuhqf| dqg SLERU
udwhv +iru pdwxulwlhv ehorz rqh |hdu, dqg rq vzds udwhv +iru pdwxulwlhv eh|rqg rqh
|hdu,1 Zh rewdlq lpsolflw iruzdug udwhv wkdw fdq eh xvhg wr frpsxwh 	�c|1 Exw
lq wklv fdvh/ lw fdq eh vkrzq wkdw erwk whupv ri wkh suhylrxv h{suhvvlrq vkrxog eh
lghqwlfdoo| htxdo15

Wdeoh 5 surylghv vrph vxppdu| vwdwlvwlfv rq wkh vsuhdg ehwzhhq wkh vzds udwh

V
E��
| dqg wkh zhljkwhg dyhudjh ri vkruw0whup lpsolflw iruzdug udwhv 	�c|/ iru Q @

5> ===> 43 |hduv1 Wkh vsuhdg lv yhu| orz iru wkh wkuhh frxqwulhv/ zkdwhyhu wkh pdwxulw|1
Wkh phgldq vsuhdg lv orzhu wkdq 4 es iru wkh 430|hdu vsuhdg dqg ehwzhhq 5 dqg 6
es iru wkh 50|hdu vsuhdg1 Wkh pd{lpxp uhdfkhv : es iru wkh Iuhqfk 50|hdu vsuhdg1
Wklv gl�huhqfh pdlqo| frphv iurp wkh dssur{lpdwlrq ghwdlohg lq vhfwlrq 6151

Lw lv zruwk qrwlqj wkdw wkhvh zhljkwhg dyhudjhv ri vkruw0whup lpsolflw iruzdug udwhv
fdqqrw eh gluhfwo| xvhg wr hvwlpdwh wkh vzds udwhv/ vlqfh wkh| duh lghqwlfdoo| uhodwhg1
Exw dv vxjjhvwhg e| Eurzq hw do1 +4<<7,/ 60prqwk hxur0fxuuhqf| dqg SLERU ixwxuhv
frqwudfwv fdq eh xvhg iru vxfk d sxusrvh1 Dv douhdg| vdlg krzhyhu/ vxfk frqwudfwv
duh qrw dydlodeoh iru pdwxulwlhv orqjhu wkdq rqh |hdu ryhu d orqj vdpsoh/ dw ohdvw iru
Jhupdq| dqg Iudqfh1 Zh wkhuhiruh frqvlghu lq wkh iroorzlqj wkh zhljkwhg dyhudjh ri
60prqwk ixwxuh udwhv ryhu rqh |hdu/ ghqrwhg 	�c|1

4Xvlqj Hxurgroodu ixwxuhv frqwudfwv zlwk pdwxulw| xs wr 7 |hduv/ Plqwrq +4<<:, vwxglhv wkh
uhodwlrq ehwzhhq RWF vzds udwhv dqg vzds udwhv ghulyhg iurp Hxurgroodu ixwxuhv sulfhv1 Vxq hw do1
+4<<6, ghdo zlwk wkh uhodwlrq ehwzhhq OLERU sdu erqg |lhogv dqg vzds udwhv1 Lq erwk fdvhv/ wkh
vhulhv duh kljko| fruuhodwhg1

5Li glvfrxqw idfwruv dqg iruzdug udwhv duh h{wudfwhg iurp wkh vdph hxur0fxuuhqf| dqg SLERU0vzds
fxuyh/ wkh h{suhvvlrq P�c| fdq eh uhzulwhq dv
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616 Qrq0vwdwlrqdulw| ri lqwhuhvw udwhv

Zh qrz fkhfn vrph vwdwlvwlfdo surshuwlhv ri wkh irxu gl�huhqw orqj0whup lqwhuhvw udwhv
xvhg lq wklv sdshu +wkh vzds udwh/ wkh wkhruhwlfdo vzds udwh/ wkh frusrudwh erqg
udwh dqg wkh Wuhdvxu| erqg udwh,1 Zh �uvw frqvlghu orqj0uxq surshuwlhv/ wkdw lv
qrq0vwdwlrqdulw| dqg frlqwhjudwlrq1

Iurp d wkhruhwlfdo srlqw ri ylhz/ lqwhuhvw udwhv kdyh wr eh vwdwlrqdu| +vlqfh qrp0
lqdo udwhv duh erxqghg e| }hur,1 Exw pdq| sdshuv jlyh hpslulfdo hylghqfh lq idyru ri
wkh qrq0vwdwlrqdulw| ri lqwhuhvw udwhv +Kdoo/ Dqghuvrq/ dqg Judqjhu/ 4<<5/ iru vkruw0
whup udwhv/ Fdpsehoo dqg Vkloohu/ 4<;:/ dqg Vkhd/ 4<<5/ iru orqj0whup udwhv,1 Lq wklv
vhfwlrq zh rqo| suhvhqw vwdqgdug whvwv iru vwdwlrqdulw| +qdpho|/ dxjphqwhg Glfnh|
dqg Ixoohu dqg NSVV whvwv,/ exw zh gr qrw frqvlghu pruh uhfhqw dqg pruh vrsklvwl0
fdwhg whvwv1 Lqghhg rxu vwxg| lv edvhg rq vrph uhvxowv frqfhuqlqj wkh qrq0vwdwlrqdulw|
ri lqwhuhvw udwhv/ exw lw grhv qrw irfxv rq wklv sduwlfxodu srlqw1

Wdeoh 6 Sdqho D uhsruwv wkh DGI whvw dqg wkh NSVV whvw1 Wkh �uvw rqh lv edvhg
rq wkh qxoo k|srwkhvlv ri qrq0vwdwlrqdulw|/ zkhuhdv wkh vhfrqg rqh lv edvhg rq wkh
qxoo k|srwkhvlv ri vwdwlrqdulw|1 Erwk whvwv doorz wr frqfoxgh wkdw rxu gl�huhqw orqj0
whup udwhv fdq eh frqvlghuhg dv qrq0vwdwlrqdu| lq wkh wkuhh frxqwulhv1 Wklv uhvxow
rqo| phdqv wkdw ryhu wkh vdpsoh xqghu vwxg|/ lqwhuhvw udwhv ehkdyh dv qrq0vwdwlrqdu|
vhulhv1 Wkhuhiruh ghdolqj zlwk udwhv lq ohyho pd| eh plvohdglqj/ vlqfh vwdqgdug whfk0
qltxhv fdqqrw eh xvhg1 Exw zh gr qrw zdqw wr prgho wkh g|qdplfv ri lqwhuhvw udwhv
+lq �uvw gl�huhqfh,/ ehfdxvh sulflqj prghov duh edvhg rq dq duelwudjh iuhh k|srwkhvlv/
dqg wkhuhiruh lw vd|v qrwklqj derxw wkh g|qdplfv ri vhulhv1 Rq wkh frqwudu| zh duh
lqwhuhvwhg lq xqghuvwdqglqj olqnv ehwzhhq vsuhdgv/ vxfk dv vzds vsuhdgv/ frusrudwh
erqg vsuhdgv dqg whup vsuhdgv1

617 Vwdwlvwlfdo surshuwlhv ri vsuhdgv

Wdeoh 6 Sdqho E uhsruwv vwdwlrqdulw| whvwv frqfhuqlqj vsuhdgv1 Dv idu dv vzds vsuhdgv
dqg frusrudwh erqg vsuhdgv duh frqfhuqhg/ uhvxowv duh udwkhu dpeljxrxv= iru wkh
XV/ zh uhmhfw wkh vwdwlrqdulw| ri wkh vzds vsuhdg/ zkhuhdv zh frqfoxgh lq idyru ri
d vwdwlrqdu| erqg vsuhdg1 Zh rewdlq wkh uhyhuvh uhvxow iru Jhupdq gdwd1 Odvw/ iru
Iudqfh/ erwk vsuhdgv dsshdu wr eh qrq0vwdwlrqdu|1 Qrwh wkdw wkh XV vzds vsuhdg
fdq eh frqvlghuhg dv vwdwlrqdu| ryhu wkh 4<<50<: vxeshulrg1 Ilj1 5 glvsod| wkh vzds
vsuhdg dqg wkh frusrudwh erqg vsuhdg iru wkh wkuhh frxqwulhv1 Iru XV dqg Iuhqfk
gdwd/ wkh vzds vsuhdg dqg wkh erqg vsuhdg duh lq olqh ryhu wkh zkroh vdpsoh1 Iru
Jhupdq|/ wkh wzr vsuhdgv glvsod| vlplodu sdwwhuqv iurp 4<<9 rqo|= wkh erqg vsuhdg
ghfuhdvhg vljql�fdqwo| ehwzhhq 4<<5 dqg 4<<7/ zkhuhdv wkh vzds vsuhdg uhpdlqhg
vwdeoh1 Doo lq doo/ wkh qrq0vwdwlrqdu| frpsrqhqw ri wkhvh vhulhv grhv qrw dsshdu vr
suhgrplqdqw1 Zh wkhuhiruh suhvhqw lq Wdeoh 7 vxppdu| vwdwlvwlfv rq wkhvh vsuhdgv1
Iluvw Jhupdq dqg Iuhqfk vzds vsuhdgv kdyh vlplodu vxppdu| vwdwlvwlfv= wkh phgldq
vsuhdg lv 5: es dqg 56 es uhvshfwlyho|/ zkhuhdv lw lv dv kljk dv 74 es iru XV gdwd1 Wkh
vwdqgdug ghyldwlrq lv edvlfdoo| wkh vdph1 Krzhyhu/ dv vkrzq lq Ilj1 4/ vzds vsuhdgv
glvsod| udwkhu gl�huhqw sdwwhuqv lq wkh wkuhh frxqwulhv1 Wkh XV vzds vsuhdg uhpdlqhg
yhu| vwdeoh dw derxw 73 es xqwlo wkh ehjlqqlqj ri 4<<;> dqg wkhq lw gudpdwlfdoo|
lqfuhdvhg xs wr <3 es1 Wkh ghyhorsphqw ri wkh Jhupdq vzds vsuhdg lv udwkhu vlplodu/
dw derxw 53063 es ehwzhhq 4<<5 dqg 4<<: dqg zlwk dq lqfuhdvh xs wr 93 es lq 4<<;>
lq Iudqfh krzhyhu zh qrwh d �uvw ghfuhdvh ehwzhhq 4<<5 dqg 4<<7 iurp 83 es wr 43
es> dv lq wkh XV dqg Jhupdq|/ wkh Iuhqfk vzds vsuhdg odvwo| lqfuhdvhv lq 4<<; xs wr
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73 es1
Wkh erqg vsuhdg lv doprvw dozd|v srvlwlyh1 Lq ihz fdvhv iru Jhupdq dqg Iuhqfk

gdwd/ wkh erqg vsuhdg lv qhjdwlyh/ wkdw lv qrw frqvlvwhqw zlwk d srvlwlyh ghidxow ulvn
suhplxp1 Wklv fdq eh h{sodlqhg e| gl�huhqfhv lq wkh froohfwlqj gdwd surfhgxuhv1 Zh
qrwh wkdw wkh phgldq vsuhdg lv voljkwo| kljkhu lq wkh XV wkdq lq Hxursh1 Krzhyhu zh
xvh wkh vdph udwlqj +DDD, iru frusrudwh erqgv lq wkh wkuhh frxqwulhv1 Wkh phgldq
XV erqg vsuhdg lv 6: es/ zkhuhdv lw lv rqo| 59 es rq Jhupdq dqg Iuhqfk gdwd1 Ilj1 4
glvsod|v wkh uhodwlrq ehwzhhq wkh vzds vsuhdg dqg wkh frusrudwh erqg vsuhdg1

Frqvlghulqj qrz wkh wkhruhwlfdo vzds vsuhdg dqg wkh whup vsuhdg/ zh rewdlq pruh
fohdu0fxw uhvxowv1 Iluvw erwk vsuhdgv duh fohduo| qrq0vwdwlrqdu| lq doo frxqwulhv +Wdeoh
6 Sdqho E,1 Pruhryhu/ Ilj1 5 glvsod|v wkh wkhruhwlfdo vzds vsuhdg dqg +plqxv, wkh
whup vsuhdg1 Erwk vhulhv suhvhqw yhu| vlplodu sdwwhuqv1 Lq sduwlfxodu wkh| gr qrw
orrn olnh vwdwlrqdu| surfhvvhv1

7 Wkh hvwlpdwhv uhvxowv

714 Wkh LUV dv d ixqfwlrq ri vkruw0whup iruzdug frqwudfwv

Zh �uvw dqdo|}h wkh uhodwlrq hvwdeolvkhg lq vhfwlrq 515 ehwzhhq wkh vzds udwh/ wkh
vhtxhqfh ri ixwxuh vkruw0whup udwh dqg wkh Wuhdvxu| erqg udwh +htxdwlrq +4,,1 Xqghu
duelwudjh0iuhh dvvxpswlrq/ wkh vzds vsuhdg lv h{suhvvhg dv wkh gl�huhqfh ehwzhhq wkh
wkhruhwlfdo vzds udwh dqg wkh orqj0whup Wuhdvxu| erqg udwh +wkh vr0fdoohg wkhruhwlfdo
vsuhdg,1

Zh �uvw frqvlghu wkh v|vwhp
�
V
E�f�
| >	�c|> \

E�f�
|

�
1 Wkh wkuhh vhulhv ri wklv v|vwhp

duh qrq0vwdwlrqdu|1 Wkh vwdwlrqdulw| ri wkh vsuhdgv rewdlqhg iurp wkhvh udwhv lv qrw
zhoo hvwdeolvkhg1 Vr zh zdqw wr whvw iru wkh frlqwhjudwlrq udqn dqg wkh irup ri wkh
frlqwhjudwlrq yhfwru1

Zh hvwlpdwhg wkh mrlqw g|qdplfv ri wkh v|vwhp xvlqj Mrkdqvhq*v +4<;;, pd{lpxp
olnholkrrg phwkrgrorj|1 Whvwv iru wkh ghwhuplqlvwlf frpsrqhqwv ri wkh v|vwhp ohdg xv
wr doorz d frqvwdqw whup lq wkh frlqwhjudwlrq uhodwlrqvklsv1 Wkh rswlpdo odj ohqjwk/
vhohfwhg e| wkh KT +Kdqqdq dqg Txlqq/ 4<:<, lqirupdwlrq fulwhulrq/ lv s @ 4 iru
wkh XV dqg s @ 5 iru Hxurshdq frxqwulhv/ zkdwhyhu wkh frlqwhjudwlrq udqn1 Odvwo|/
edvhg rq wkh xvxdo pd{lpdo hljhqydoxh �6@% dqg wudfh vwdwlvwlfv �|o@Se/ sursrvhg e|
Mrkdqvhq +4<;;,/ dw wkh vljql�fdqfh ohyho ri 8(/ zh fkrrvh rqh frlqwhjudwlrq yhfwru
+u @ 4, +Wdeoh 8 Sdqho D,1

Li zh qrz frqvlghu wkh frlqwhjudwlrq yhfwru/ zh qrwh wkdw wkh frh!flhqwv ri wkh
wkuhh lqwhuhvw udwhv qhduo| vxp wr 31 Wklv lqglfdwhv wkdw wkh frlqwhjudwlrq uhodwlrqvkls
frxog lqyroyh vsuhdgv rqo|1 Wkh olnholkrrg udwlr whvw vwdwlvwlf iru wkh k|srwkhvlv wkdw
wkh frlqwhjudwlrq yhfwru lv +4>��>�� 4> �, lv glvwulexwhg dv d "2 zlwk 4 ghjuhh ri
iuhhgrp1 Wkh whvw ri wklv k|srwkhvlv lv qrw uhmhfwhg iru wkh XV dw wkh xvxdo vljql�fdqfh
ohyho> iru Hxurshdq frxqwulhv krzhyhu wkh qxoo k|srwkhvlv lv qrw uhmhfwhg dw d 5( dqg
d 6( vljql�fdqfh ohyho uhvshfwlyho|1 Pruhryhu lq wkh fdvh ri Jhupdq|/ zh qrwlfh wkdw

wkh sdudphwhu ri wkh wkhruhwlfdo vzds vsuhdg +	�c| � \
E�f�
| , kdv wkh zurqj vljq1

Zh qrz wxuq wr wkh xqlyduldwh hvwlpdwh ri uhodwlrq +5, zlwk wkh iroorzlqj irup

VV
E��
| @ �f . ��

�
	�c| � \

E��
|

�
. %�c|1 +:,

Wdeoh 9 suhvhqwv wkh hvwlpdwhv ri wklv uhjuhvvlrq1 Iluvw wkh lqirupdwlrq frqwhqw ri wkh
wkhruhwlfdo vzds vsuhdg derxw wkh vzds vsuhdg ghshqgv rq wkh frxqwu|1 Lq wkh XV/
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wkh vorsh sdudphwhu lv vljql�fdqwo| srvlwlyh exw udwkhu orz dqg wkh dgmxvwhg U2 lv
314; rqo|1 Lq Jhupdq| wkh vorsh sdudphwhu lv qhjdwlyh dqg wkh lqirupdwlrq frqwhqw
lv doprvw qxoo1 Odvw lq Iudqfh rq wkh frqwudu| wkh lqirupdwlrq frqwhqw dsshduv wr
eh txlwh kljk zlwk dq dgmxvwhg U2 htxdo wr 31961 Zh qh{w frqvlghu wkh h�hfw ri
lqwurgxflqj wkh ryhuqljkw uhsr udwh lq wkh UKV ri wkh suhylrxv uhodwlrqv1 Wklv doorzv
wr wdnh lqwr dffrxqw wkh khgjlqj frvw ri wkh vzds ghdohu1 Wkh uhsr udwh lv phdvxuhg
dv wkh Iulgd| ryhuqljkw lqwhuedqn udwh1 Dv lq Eurzq hw do1 +4<<7,/ zh rewdlq d
vljql�fdqwo| qhjdwlyh sdudphwhu iru wkh uhsr udwh1 Lw lv kljkhu rq XV gdwd wkdq rq
Jhupdq dqg Iuhqfk gdwd1 Lq wklv fdvh/ wkh vorsh sdudphwhu lv kljkhu wkdq lq wkh
suhylrxv uhjuhvvlrq= lw lv srvlwlyh iru wkh wkuhh frxqwulhv1 Dgglqj wkh Wuhdvxu| whup
vsuhdg lq wkh suhylrxv uhodwlrq grhv qrw khos wr h{sodlq wkh vzds vsuhdg1 Lqghhg
wkh whup vsuhdg sdudphwhu lv qhyhu vljql�fdqw/ dqg wkh wkhruhwlfdo vsuhdg sdudphwhu
uhpdlqv xqfkdqjhg1

Lw lv zruwk qrwlqj wkdw d vpdoo vorsh sdudphwhu +vljql�fdqwo| ohvv wkdq rqh, grhv
qrw lpso| wkh uhmhfwlrq ri wkh wkhruhwlfdo prgho1 Lqghhg wkh wkhruhwlfdo prgho ri
vhfwlrq 5 suhglfwv d vorsh sdudphwhu htxdo wr rqh iru d vhtxhqfh ri vkruw iruzdug
udwhv ryhu 43 |hduv1 Khuh zh xvh d vhtxhqfh ri iruzdug udwhv ryhu rqh |hdu rqo|1
Wkhuhiruh/ qrwklqj fdq eh vdlg rq wkh wuxh ydoxh ri wklv vorsh sdudphwhu1

715 Wkh LUV dv d ixqfwlrq ri frusrudwh erqgv

Lq htxdwlrq +7,/ zh h{suhvvhg wkh vzds vsuhdg dv d ixqfwlrq ri wkh erqg vsuhdg dqg
wkh zhljkwhg dyhudjh ri wkh vhtxhqfh ri ixwxuh fuhglw vsuhdgv ryhu hxur0fxuuhqf| dqg
SLERU udwhv1 Wkhvh fuhglw vsuhdgv duh krzhyhu ghwhuplqhg rq qrq0sxeolf pdunhwv
+h1j1 edqn ordqv, ru txlwh looltxlg ryhu0wkh0frxqwhu pdunhwv +h1j1  rdwlqj0udwh qrwhv,1
Wklv suhyhqwv wr gluhfwo| whvw uhodwlrq +7, lqfoxglqj wkh fuhglw vsuhdg1 Gxh wr wkh
odfn ri uhohydqw gdwd/ wkh fuhglw ulvn lv riwhq phdvxuhg e| dq djjuhjdwh phdvxuh/ wkh
frusrudwh erqg vsuhdg ru Wuhdvxu| whup vsuhdg1

Wdeoh : suhvhqwv frlqwhjudwlrq dqdo|vlv lq wkh v|vwhp
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1 Dv suh0

ylrxvo| zh duh deoh wr lghqwli| rqh frlqwhjudwlrq yhfwru dw d 8( vljql�fdqfh ohyho
+Sdqho D,1 Wkh qxoo k|srwkhvlv ri wkh 30vxp ri sdudphwhuv lq wklv frlqwhjudwlrq yhf0
wru lv qrw uhmhfwhg iru wkh XV/ exw vkrxog eh uhmhfwhg lq wkh Hxurshdq frxqwulhv> lq
Jhupdq| zh qrwh wkdw wkh sdudphwhu ri wkh frusrudwh erqg vsuhdg kdv wkh zurqj
vljq dv frpsduhg zlwk wkh wkhru|1 Wkh XV vzds vsuhdg dsshduv wr ryhuuhdfw wr wkh
frusrudwh erqg vsuhdg/ vlqfh wkh vorsh lv 41771 Iru Iuhqfk gdwd/ wkh vorsh lv 31;7 exw
zh kdyh wr uhmhfw wkh qxoo k|srwkhvlv ri 30vxp +Sdqho E,1

Wkh wkhruhwlfdo prgho fdq qrz eh whvwhg zlwk wkh uhjuhvvlrq ehwzhhq wkh vzds
vsuhdg dqg wkh frusrudwh erqg vsuhdg=
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Li wkh vzds vsuhdg lv d ixqfwlrq ri wkh frusrudwh erqg vsuhdg dqg li wkh erqg
vsuhdg dqg wkh fuhglw vsuhdg duh qrw fruuhodwhg/ wkh vorsh hvwlpdwh lq +;, vkrxog
htxdo xqlw|1 Vrph rwkhu sur{lhv ri wkh fuhglw ulvn pd| eh lqwurgxfhg lq uhodwlrq
+;,1 Idpd dqg Iuhqfk +4<;<, vxjjhvw wkdw wkh Wuhdvxu| whup vsuhdg pd| fdswxuh
exvlqhvv frqglwlrq ulvn uhvxowlqj iurp prqhwdu| srolf| vkrfnv1 Vlploduo| Orqjvwd�
dqg Vfkzduw} +4<<8, rewdlq wkdw wkh ohyho ri lqwhuhvw udwhv duh qhjdwlyho| fruuhodwhg
wr wkh frusrudwh fuhglw vsuhdgv1 Lq wklv fdvh krzhyhu/ zh vkrxog hpskdvl}h wkh kljk
fruuhodwlrq ehwzhhq wkh erqg udwh dqg wkh Wuhdvxu| orqj0whup erqg udwh/ wkdw pd|
lqwurgxfh pxowl0frolqhdulw| lq vxfk d uhjuhvvlrq1
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Wdeoh ; uhsruwv hvwlpdwhv ri wkhvh uhodwlrqvklsv1 Dv idu dv wkh vzds vsuhdg lv
frqfhuqhg/ zh �qg d srvlwlyh h�hfw ri wkh frusrudwh erqg vsuhdg1 Lw lv forvh wr 3 iru
Jhupdq|/ exw iru wkh XV dqg Iudqfh lw lv udwkhu kljk1 Pruhryhu/ zkhq wkh uhsr udwh
lv dgghg/ lq rughu wr wdnh dffrxqw ri �qdqflqj frvwv/ wkh sdudphwhu ri wkh frusrudwh
erqg udwh lqfuhdvhv voljkwo|/ sduwlfxoduo| iru Jhupdq gdwd/ lq zklfk fdvh lw uhdfkhv
31631 Wkh uhsr udwh kdv d qhjdwlyh h�hfw rq wkh vzds vsuhdg iru Jhupdq|1 Exw lw lv
vxusulvlqjo| srvlwlyh iru wkh XV dqg Iudqfh1

Odvwo| zkhq wkh Wuhdvxu| whup vsuhdg lv lqwurgxfhg lq wkh uhjuhvvlrq dv d sur{|
ri wkh fuhglw ulvn/ wkh vorsh sdudphwhu ri wkh frusrudwh erqg vsuhdg lqfuhdvhv d olwwoh
dv frpsduhg wr wkh suhylrxv uhjuhvvlrq lq Jhupdq| dqg Iudqfh1 Wkh vljq ri wkh
whup vsuhdg lv dpeljxrxv krzhyhu= lw lv qhjdwlyh lq wkh XV/ exw srvlwlyh lq Hxurshdq
frxqwulhv1 Zkhq wkh uhsr udwh lv dgghg/ wkh whup vsuhdg kdv d qhjdwlyh h�hfw rq wkh
vzds vsuhdg lq wkh wkuhh frxqwulhv/ dv vxjjhvwhg e| Idpd dqg Iuhqfk +4<;<,1 Wkh
h�hfw ri wkh uhsr udwh lv vwloo qhjdwlyh/ h{fhsw lq wkh XV1

8 Frqfoxvlrq

Zh frqvlghuhg lq wklv sdshu wzr vwdqgdug wkhruhwlfdo vzds sulflqj prghov= wkh �uvw
rqh h{suhvvhv wkh vzds dv d vhtxhqfh ri vkruw0whup iruzdug frqwudfwv> lq wkh vhfrqg
rqh/ wkh vzds lv lqwhusuhwhg dv d sruwirolr ri frusrudwh erqgv1 Wkh hpslulfdo dqdo|vlv
lqglfdwhv vrph hohphqwv ri ydolglw| iru erwk dssurdfkhv1

Wkh hvwlpdwhg frh!flhqwv ri wkh prgho edvhg rq vkruw0whup iruzdug udwhv duh
txlwh gl!fxow wr lqwhusuhw/ vlqfh wkh pdlq ghwhuplqdqw �wkh wkhruhwlfdo vsuhdg� kdv
wr eh uhsodfhg e| d vhtxhqfh ri iruzdug udwhv ryhu d vkruwhu shulrg ri wlph1 Wklv
prgho vhhpv wr eh uhohydqw iru Iuhqfk vzdsv dqg/ wr d ohvvhu h{whqw/ iru XV vzdsv1 Iru
wkh vhfrqg prgho/ dv h{shfwhg wkh vzds udwh uhdfwv wr frusrudwh erqg udwh fkdqjhv1
Wkh vorsh sdudphwhu lv forvh wr rqh iru XV gdwd1 Lq Jhupdq| wkh lqwurgxfwlrq ri
wkh uhsr udwh wr dffrxqw iru �qdqfldo frvwv lqfuhdvhv wkh lqirupdwlrq frqwhqw ri wkh
frusrudwh erqg vsuhdg derxw wkh vzds vsuhdg1

Li zh wdnh lqwr dffrxqw wkh uhodwlyh odfn ri wkh udz lqirupdwlrq/ wkh uhvxowv duh
fkhhuixo1 Wkh h{whqvlrq ri wklv zrun wr wkh Hxur }rqh frxog eh frqvlghuhg1

Uhihuhqfhv

^4` Elfnvohu/ M1/ dqg K1 Fkhq +4<;9,/ �Dq Hfrqrplf Dqdo|vlv ri Lqwhuhvw Udwh
Vzdsv�/ Mrxuqdo ri Ilqdqfh/ 74/ 97809891

^5` Edqn ri Lqwhuqdwlrqdo Vhwwohphqwv +4<<<,/ Txduwhuo| Uhylhz= Lqwhuqdwlrqdo

Edqnlqj dqg Ilqdqfldo Pdunhw Ghyhorsphqwv/ Pdufk1

^6` Eurzq/ N1F1/ Z1Y1 Kduorz/ dqg G1M1 Vplwk +4<<7,/ �Dq Hpslulfdo Dqdo|vlv ri
Lqwhuhvw Udwh Vzds Vsuhdgv�/ Mrxuqdo ri Il{hg Lqfrph/ 940:;1

^7` Fdpsehoo/ M1\1/ hw U1M1 Vkloohu +4<;:,/ �Frlqwhjudwlrq dqg Whvwv ri Suhvhqw Ydoxh
Prghov�/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <8/ 4395043;;1

^8` Fkhq/ D1/ dqg D1 Vhohqghu +4<<8,/ �Ghwhuplqdwlrq ri Vzds Vsuhdgv= Dq Hpslu0
lfdo Dqdo|vlv�/ Zrunlqj Sdshu/ Vrxwkhuq Phwkrglvw Xqlyhuvlw|/ Hgzlq O1 Fr{
Vfkrro ri Exvlqhvv/ Gdoodv/ Wh{dv1
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^9` Frrshu/ L1D1/ dqg D1V1 Phoor +4<<4,/ �Wkh Ghidxow Ulvn ri Vzdsv�/ Mrxuqdo ri
Ilqdqfh/ 79/ 8<:09531

^:` Fr{/ M1F1/ M1H1 Lqjhuvroo/ dqg V1D1 Urvv +4<;3,/ �Dq Dqdo|vlv ri Yduldeoh Udwh
Ordq Frqwudfwv�/ Mrxuqdo ri Ilqdqfh/ 68/ 6;<07361

^;` Frvvlq/ G1/ dqg K1 Slurwwh +4<<:,/ �Vzds Fuhglw Ulvn= Dq Hpslulfdo Lqyhvwljd0
wlrq rq Wudqvdfwlrq Gdwd�/ Mrxuqdo ri Edqnlqj dqg Ilqdqfh/ 54/ 4684046:61

^<` Gx!h/ G1/ dqg P1 Kxdqj +4<<9,/ �Vzds Udwhv dqg Fuhglw Txdolw|�/ Mrxuqdo ri
Ilqdqfh/ 84/ <540<831

^43` Gx!h/ G1/ dqg N1M1 Vlqjohwrq +4<<7,/ �Hfrqrphwulf Prgholqj ri wkh Whup Vwuxf0
wxuhv ri Ghidxowdeoh Erqgv�/ Zrunlqj Sdshu/ Judgxdwh Vfkrro ri Exvlqhvv/ Vwdq0
irug Xqlyhuvlw|1

^44` Gx!h/ G1/ dqg N1M1 Vlqjohwrq +4<<:,/ �Dq Hfrqrphwulf Prgho ri wkh Whup
Vwuxfwxuh ri Lqwhuhvw0Udwh Vzds \lhogv�/ Mrxuqdo ri Ilqdqfh/ 85/ 45;:046531

^45` Hqjoh/ U1I1/ dqg F1Z1M1 Judqjhu +4<;:,/ �Frlqwhjudwlrq dqg Huuru Fruuhfwlrq=
Uhsuhvhqwdwlrq/ Hvwlpdwlrq/ dqg Whvwlqj�/ Hfrqrphwulfd/ 88/ 5840:91

^46` Idpd/ H1I1/ dqg N1U1 Iuhqfk +4<;<,/ �Exvlqhvv Frqglwlrqv dqg H{shfwhg Uh0
wxuqv rq Vwrfnv dqg Erqgv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 58/ 5607<1

^47` Ixoohu/ Z1D1 +4<:9,/ Lqwurgxfwlrq wr Vwdwlvwlfdo Wlph Vhulhv/ Qhz \run/ Zloh|1

^48` Kdoo/ D1G1/ K1P1 Dqghuvrq hw F1Z1M1 Judqjhu +4<<5,/ �D Frlqwhjudwlrq Dqdo|vlv
ri Wuhdvxu| Eloo \lhogv�/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :7/ 44904591

^49` Kxoo/ M1F1 +4<;<,/ �Dvvhvvlqj wkh Fuhglw Ulvn lq d Ilqdqfldo Lqvwlwxwlrq*v R�0
Edodqfh Vkhhw Frpplwphqwv�/ Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/
57/ 7;<08341

^4:` Mrkdqvhq/ V1 +4<;;,/ �Vwdwlvwlfdo Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv�/ Mrxuqdo ri
Hfrqrplf G|qdplfv dqg Frqwuro/ 45/ 56405871

^4;` Nzldwnrzvnl/ G1/ S1F1E1 Skloolsv/ S1 Vfkplgw hw \1 Vklq +4<<5,/ �Whvwlqj wkh Qxoo
K|srwkhvlv ri Vwdwlrqdulw| Djdlqvw wkh Dowhuqdwlyh ri d Xqlw Urrw�/ Mrxuqdo ri
Hfrqrphwulfv/ 87/ 48<04:;1

^4<` Olw}hqehujhu/ U1K1 +4<<5,/ �Vzdsv= Sodlq dqg Idqflixo�/ Mrxuqdo ri Ilqdqfh/ 7:/
;640;831

^53` Orqjvwd�/ I1D1/ dqg H1V1 Vfkzduw} +4<<8,/ �D Vlpsoh Dssurdfk wr Ydoxlqj Ulvn|
Ghew Il{hg dqg Iordwlqj Udwh Ghew�/ Mrxuqdo ri Ilqdqfh/ 83/ :<;0;4<1

^54` Plqwrq/ E1D1 +4<<:,/ �Dq Hpslulfdo H{dplqdwlrq ri Edvlf Ydoxdwlrq Prghov iru
Sodlq Ydqlood X1V1 Lqwhuhvw Udwh Vzdsv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 77/
58405::1

^55` Qhovrq/ F1U1/ dqg D1I1 Vlhjho +4<;:,/ �Sduvlprqlrxv Prgholqj ri \lhog Fxuyhv�/
Mrxuqdo ri Exvlqhvv/ 93/ 7:607;<1
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^56` Rvwhuzdog0Ohqxp/ P1 +4<<5,/ �D Qrwh zlwk Txdqwlohv ri wkh Dv|pswrwlf Glvwul0
exwlrq ri wkh Pd{lpxp Olnholkrrg Frlqwhjudwlrq Udqn Whvw Vwdwlvwlfv�/ R{irug
Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv/ 87/ 79407:51

^57` Vkhd/ J1V1 +4<<5,/ �Ehqfkpdunlqj wkh H{shfwdwlrqv K|srwkhvlv ri wkh Lqwhuhvw0
Udwh Whup Vwuxfwxuh= Dq Dqdo|vlv ri Frlqwhjudwlrq Yhfwruv�/ Mrxuqdo ri Exvl0
qhvv dqg Hfrqrplf Vwdwlvwlfv/ 43/ 67:06991

^58` Vplwk/ F1Z1 Mu1/ F1Z1 Vplwkvrq/ dqg O1P1 Zdnhpdq +4<;;,/ �Wkh Pdunhw iru
Lqwhuhvw Udwh Vzds�/ Ilqdqfldo Pdqdjhphqw/ Zlqwhu/ 680781

^59` Vplwk/ F1Z1 Mu1/ F1Z1 Vplwkvrq/ dqg F1Z1 Zloirug +4<<3,/ Pdqdjlqj Ilqdqfldo

Ulvn/ Kdushu dqg Urz/ Qhz \run1

^5:` Vxq/ W1V1/ V1 Vxqgduhvdq/ dqg F1 Zdqj +4<<6,/ �Lqwhuhvw Udwhv Vzdsv= Dq
Hpslulfdo Lqyhvwljdwlrq�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 67/ ::0<<1

^5;` Vxqgduhvdq/ V1 +4<<4,/ �Ydoxdwlrq ri Vzdsv�/ lq V1M1 Nkrxu| +hg1,/ Uhfhqw Gh0
yhorsphqwv lq Lqwhuqdwlrqdo Edqnlqj dqg Ilqdqfh/ Yro1 8/ Hovhylhu Vflhqfh Sxe0
olvkhuv/ Qhz \run1

^5<` Zklwwdnhu/ M1J1 +4<;:,/ �Sulflqj Lqwhuhvw Udwh Vzdsv lq dq Rswlrqv Sulflqj
Iudphzrun�/ Zrunlqj Sdshu/ Ihghudo Uhvhuyh Edqn ri Ndqvdv Flw| dqg Qruwkhuq
Wuxvw Frpsdq|/ Fklfdjr1
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Dsshqgl{= Phwkrg iru lqwhusrodwlqj wkh vzds |lhog fxuyhv

Vzds |lhog fxuyhv duh frqvwuxfwhg xvlqj wzr nlqgv ri gdwd= wkh vkruw hqg ri wkh
|lhog fxuyh lv edvhg rq hxur0fxuuhqf| dqg lqwhuedqn udwhv +SLERU,/ iru pdwxulwlhv 4
gd|/ 4 zhhn/ 4/ 6/ 9 dqg 45 prqwkv> wkh vkruw hqg ri wkh |lhog fxuyh lv edvhg rq vzds
udwhv/ iru pdwxulwlhv 5/ 6/ 7/ 8/ : dqg 43 |hduv1

Ehiruh lqwhusrodwlqj wkh }hur0frxsrq |lhog fxuyh/ wzr sureohpv kdyh wr eh vroyhg=
Iluvw/ vzds gdwd ehjlqv zlwk wkh wzr0|hdu udwh/ vr lw lv qhfhvvdu| wr xvh lqwhuedqn
udwhv iru wkh vkruw hqg ri wkh fxuyh> Vrph pdwxulwlhv +9/ ; dqg < |hduv, duh qrw
froohfwhg lq rxu gdwdedvh/ vr zh xvh d olqhdu lqwhusrodwlrq1

Iluvw lqwhuedqn udwhv lqwhue +h{suhvvhg dv h{dfw2693, kdyh wr eh frqyhuwhg lq
dfwxduldo udwhv dv h{dfw2h{dfw u6=

u6c� @

�
4 . lqwhue�

w6c�

693

�K*|6c�

� 4

zkhuh e lv wkh edvh iru dfwxduldo udwhv +e @ 698 ru 699,1
Zh wkhq rewdlq }hur0frxsrq dfwxduldo udwhv iru pdwxulwlhv 4/ 6/ 9 /45 prqwkv +u6c�/

u6c2/ u6c�/ u6ce,1 Vzds }hur0frxsrq udwhv duh lwhudwlyho| rewdlqhg dv=
l, wkh rqh0|hdu }hur0frxsrq udwh lv htxdo wr wkh rqh0|hdu lqwhuedqn udwh/ u� @ u6ce1

Lq wkh iroorzlqj/ rqh qrwhv F� @ u6ce>
ll, wkh wzr0|hdu }hur0frxsrq udwh +u2, fdq eh rewdlqhg iurp wkh wzr iroorzlqj

vwudwhjlhv= rqh sxufkdvhv d wzr0|hdu vzds zlwk sulfh 4/ zlwk dq dqqxdo frxsrq F2>
rqh eruurzv F2@+4.u�, dw udwh u� iru rqh |hdu/ lq rughu wr rewdlq d qxoo lqwhuphgldwh
 rz diwhu rqh |hdu +rqh uhfhlyhv F2 iurp wkh vzds/ rqh uhsd|v F2 iurp wkh eruurzlqj,1
Li wkh lqlwldo lqyhvwphqw lv vhw htxdo wr wkh h{shfwhg fdvk  rzv/ rqh rewdlqv=

4�
F2

4 . u�
@

4 .F2

+4 . u2,
2 / u2 @

%
4 . F2

4� �2
�no�

&�*2
� 4

lll, xvlqj wkh vdph surfhgxuh iru iroorzlqj pdwxulwlhv/ rqh rewdlqv d uhfxuvlyh
irupxod iru wkh }hur0frxsrq udwh pdwxulqj lq w . q dv d ixqfwlrq ri wkh +q � 4,
suhfhglqj }hur0frxsrq=

u? @

5
7 4 .F?

4�F?
S?3�

�'�
�

E�no��
�

6
8
�*?

� 4 q @ 5> ===>Q 1

Wkh glvfrxqw idfwru/ gh�qhg e| �? @ 4@ +4 . u?,
?/ fdq eh gluhfwo| rewdlqhg dv=

�? @
4�F?

S?3�
�'� ��

4 . F?
q @ 5> ===>Q

zlwk �� @ 4@ +4 . u�, = Qrwlqj wkdw F?
S?3�

�'� �� . +4 . F?,�? @ 4/ q @ 5> ===>Q / wklv
sureohp fdq eh gluhfwo| vroyhg dv=3

EEEC
4 .F� 3 3 � � � 3
F2 4 .F2 3 � � � 3
� � � � � � � � � � � � � � �

F� F� F� � � � 4 .F�

4
FFFD

3
EEEEC

��
�2
111
��

4
FFFFD @

3
EEEEC

4
4
111
4

4
FFFFD

ru DS @ h/ zkhuh S lv wkh yhfwru frqwdlqlqj wkh Q glvfrxqw idfwruv1 Wkh glvfrxqw
idfwruv fdq wkhq eh gh�qhg dv S @ D3�h1 Odvwo| wkh yhfwru ri }hur0frxsrq udwhv lv
rewdlqhg e| u? @ +4 . �?,

�*?/ q @ 4> ===>Q 1
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Wdeoh 4d= Vxppdu| vwdwlvwlfv rq elg0r�hu vsuhdgv= lqwhuedqn pdunhw udwhv

<50<; ryhuqljkw : gd|v 4 prqwk 6 prqwkv 9 prqwkv 4 |hdu
XV

phdq 461: 4519 451: 4613 451< 4616
vwg 713 617 61< 715 715 71;
plq 915 614 614 614 614 614
phgldq 4518 4518 4518 4518 4518 4518
pd{ 5813 6416 6416 6416 6:18 8313
Jhupdq|

phdq 4:14 4617 451< 451; 451< 4617
vwg 4315 719 71: 719 71; 817
plq 916 614 614 614 614 614
phgldq 4518 4518 4518 4518 4518 4518
pd{ ;:18 6415 761; 5;14 6717 6717
Iudqfh

phdq 4<15 4;16 4919 481; 481: 481:
vwg 6<16 5717 4918 461: 441; ;17
plq 614 915 916 915 916 916
phgldq 4518 4518 4518 4518 4518 4518
pd{ 83313 63313 53313 53313 43313 :813

Wdeoh 4e= Vxppdu| vwdwlvwlfv rq elg0r�hu vsuhdgv= vzds udwhv

4<<50<; 5 |hduv 6 |hduv 7 |hduv 8 |hduv : |hduv 43 |hduv

XV

phdq 617 617 618 618 618 618
vwg 319 319 319 319 319 319
plq 413 513 513 413 513 513
phgldq 613 613 613 613 613 613
pd{ 813 813 813 813 913 913
Jhupdq|

phdq 713 714 718 718 719 719
vwg 317 318 319 319 31: 31:
plq 513 513 613 613 613 613
phgldq 713 713 813 813 813 813
pd{ 913 913 913 913 4313 4313
Iudqfh

phdq 71; 71; 71; 71: 71; 71;
vwg 419 419 418 418 41: 41:
plq 613 613 713 713 713 613
phgldq 713 713 713 713 713 713
pd{ 4813 4813 4813 4813 4813 4813
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Wdeoh 5= Vxppdu| vwdwlvwlfv rq wkh vsuhdg ehwzhhq wkh vzds udwh/ V
E��
| / dqg wkh

zhljkwhg dyhudjh ri vkruw0whup lpsolflw iruzdug udwhv/ 	�c|/ l @ 5/ 111/ 43

4<<50<; 5 |hduv 6 |hduv 7 |hduv 8 |hduv : |hduv 43 |hduv
XV

phdq 519 513 419 417 414 31<
vwg 31: 318 317 316 315 315
plq 416 414 31< 31; 31: 319
phgldq 51: 513 419 417 414 31<
pd{ 71: 617 51: 515 41; 418
Jhupdq|

phdq 517 41; 418 416 413 31;
vwg 417 31; 319 318 317 316
plq 31: 319 316 315 314 313
phgldq 513 419 417 415 413 31;
pd{ 917 715 614 519 41< 418
Iudqfh

phdq 51< 515 41: 417 414 413
vwg 419 413 31; 31: 318 317
plq 31; 317 317 315 315 314
phgldq 519 41< 419 417 414 31<
pd{ :13 71; 619 613 516 41<
pd{ :14 71< 61< 615 517 41<
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Wdeoh 6= Vwdwlrqdulw| whvwv iru orqj0whup lqwhuhvw udwhv dqg vsuhdgv

Sdqho D= Lqwhuhvw udwhv

DGI NSVV

XV

V
E�f�
| 051635 31977 K

\
E�f�
| 0417<7 31:;3 @

E
E�f�
| 05147< 31;3; @

	�c| 0419;6 416:3 @

Jhupdq|

V
E�f�
| 031668 51398 @

\
E�f�
| 031869 513:6 @

E
E�f�
| 031;77 514;5 @

	�c| 05173; 516:5 @

Iudqfh

V
E�f�
| 041453 51449 @

\
E�f�
| 031:83 5135< @

E
E�f�
| 031;83 51458 @

	�c| 0419:3 51757 @

Sdqho E= Lqwhuhvw udwh vsuhdgv

DGI NSVV

XV

VV
E�f�
| 031663 31;<7 @

EV
E�f�
| 05157: 31598

	�c| � \
E�f�
| 03198< 51536 @

\
E�f�
| � \

E��
| 031973 51338 @

Jhupdq|

VV
E�f�
| 061339 K 316;5 S

EV
E�f�
| 051675 417<4 @

	�c| � \
E�f�
| 051363 4197< @

\
E�f�
| � \

E��
| 0419;4 418<4 @

Iudqfh

VV
E�f�
| 051446 415<5 @

EV
E�f�
| 05158; 51477 @

	�c| � \
E�f�
| 041995 5143: @

\
E�f�
| � \

E��
| 041:74 41<3; @

Wkh DGI vwdwlvwlfv duh edvhg rq wkh iroorzlqj uhjuhvvlrq= �{| @ d . e{|3� .S,
�'� f��{|3� . x|/ zkhuh {| lv wkh lqwhuhvw udwh/ x| lv wkh huuru whup1 Wkh rughu

ri wkh dxwruhjuhvvlyh surfhvv/ o/ lv vhohfwhg lq rughu wr zklwhq wkh uhvlgxdov1 Wkh
fulwlfdo ydoxhv duh iurp Ixoohu +4<:9,1 Wkh NSVV vwdwlvwlfv duh frpsxwhg zlwk 45
odjv1 Wkh fulwlfdo ydoxhv duh iurp Nzldwnrzvnl hw do1 +4<<5,1 @ dqg K lqglfdwh wkdw
wkh vwdwlvwlfv duh vljql�fdqw dw d 4( dqg 8( vljql�fdqfh ohyho uhvshfwlyho|1
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Wdeoh 7= Vxppdu| vwdwlvwlfv rq yduldeohv xvhg lq wkh hvwlpdwlrqv

VV
E�f�
| 	�c| � \

E�f�
| EV

E�f�
| \

E�f�
| � \

E��
|

XV

phdq 7614 04431; 6;14 4<415
vwg 4415 4381; ;17 44414
plq 541< 064415 4<15 0471:
phgldq 7413 0:614 6:13 49614
pd{ <714 941< ::19 6<314
Jhupdq|

phdq 5:18 044318 6619 47816
vwg 4318 46<1; 5617 45419
plq 0317 06471< 04415 045<19
phgldq 5919 047718 5916 4:;18
pd{ 951< 5381: 44<17 6531:
Iudqfh

phdq 5914 0;61; 5;14 9814
vwg 441: 45615 471; 4;318
plq 519 058614 05713 078618
phgldq 5518 044415 5913 46315
pd{ 9513 54616 ;813 5;31:
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Wdeoh 8= Whvwv iru wkh frlqwhjudwlrq udqn lq wkh v|vwhp
�
V
E�f�
| > \

E�f�
| >	�c|

�

Sdqho D= Whvw iru frlqwhjudwlrq udqn

frxqwu|
n � u

� �6@% �|o@Se

XV +s @ 4,
6 3139< 59134 K 691;: K

5 31355 :1<7 431;9
4 3133; 51<5 51<5

Jhupdq| +s @ 5,
6 313:9 5;16: @ 751:7 @

5 31369 46163 4716:
4 31336 413: 413:

Iudqfh +s @ 5,
6 3139: 58147 K 671<7 K

5 31356 ;187 <1::
4 31336 4156 4156

Sdqho E= Frlqwhjudwlrq yhfwru

frxqwu| V
E�f�
| \

E�f�
| 	�c| lqwhufhsw

30vxp k|srwkhvlv
+"2 +4,,

XV

xqfrqvwudlqhg 4 031<46 031374 031:9:
frqvwudlqhg 4 031<7< 031384 0317;; 514; +3147,

Jhupdq|

xqfrqvwudlqhg 4 031<98 31345 03187;
frqvwudlqhg 4 04135; 3135; 031559 819; +3135,

Iudqfh

xqfrqvwudlqhg 4 031;;: 0313;; 031843
frqvwudlqhg 4 031<5: 0313:6 03165: 71:; +3136,

Qrwh= Wkh hvwlpdwlrq lv shuiruphg zlwk d frqvwdqw whup lq wkh frlqwhjudwlrq uh0
odwlrqv dqg s @ 4 iru wkh XV dqg s @ 5 iru Hxurshdq frxqwulhv1 n lv wkh qxpehu
ri yduldeohv/ u lv wkh frlqwhjudwlrq udqn1 � frqwdlqv wkh hljhqydoxhv ri wkh v|vwhp1
�6@% dqg �|o@Se duh wkh frlqwhjudwlrq whvw vwdwlvwlfv sursrvhg e| Mrkdqvhq +4<;;,1
Wkh fulwlfdo ydoxhv iru �6@% dqg �|o@Se duh iurp Rvwhuzdog0Ohqxp +4<<5/ Wdeoh 5W,1
@ dqg K lqglfdwh wkdw wkh vwdwlvwlfv duh vljql�fdqw dw d 4( dqg 8( vljql�fdqfh ohyho
uhvshfwlyho|1 Wkh frqvwudlqhg frlqwhjudwlrq yhfwru lv +4>��>�� 4> �, dqg wkh 30vxp
k|srwkhvlv whvw vwdwlvwlf lv glvwulexwhg dv d "2 zlwk rqh ghjuhh ri iuhhgrp1
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Wdeoh 9= Wkh vzds dv d ixqfwlrq ri vkruw0whup iruzdug frqwudfwv

lqghshqghqw yduldeohv dgm1 U2 vhh

lqwhufhsw 	�c| � \
E�f�
| \

E�f�
| � \

E��
| uhsr udwh

XV

317;46 31377; 314::: 314348
+3133::, +313383,
31:57; 313;79 0313767 3154<: 313<;<
+313876, +313433, +3133<9,
317;58 313767 0313347 314:88 314349
+31347;, +313499, +31348;,
31:554 313<5: 3133:8 031376< 3154;4 313<<3
+313879, +3134<7, +313488, +3133<:,

Jhupdq|

315983 0313;;< 313449 314374
+31339<, +31336<,
31847: 313767 031369; 3147:: 313<9:
+313665, +3133::, +31337;,
315:76 0313578 03134;6 313438 314375
+31346;, +313536, +313567,
3184:4 3136;5 031338< 031369; 314788 313<9;
+313676, +313539, +31354;, +31337;,

Iudqfh

31657: 313:84 3195<4 313:45
+313378, +313363,
3176;4 314378 0313484 319875 3139;;
+313554, +313396, +31335<,
316654 313<7; 313473 31964; 313:43
+31338<, +31343:, +3133:6,
3176;3 31437: 313334 0313484 319865 3139;<
+31355:, +313439, +3133:9, +313364,
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Wdeoh := Whvwv iru wkh frlqwhjudwlrq udqn lq wkh v|vwhp
�
V
E�f�
| > \

E�f�
| >E

E�f�
|

�

Sdqho D= Whvw iru frlqwhjudwlrq udqn

frxqwu|
n � u

� �6@% �|o@Se

XV +s @ 5,
6 3=3;3 63=49 @ 77=54 @

5 3=366 45=44 47=38
4 3=338 4=<8 4=<8

Jhupdq| +s @ 5,
6 31395 56149 K 731:9 K

5 31368 451;6 4:193
4 31346 71:: 71::

Iudqfh +s @ 5,
6 31475 88154 @ 9;17; @

5 31357 ;1;3 4615:
4 31456 717: 717:

Sdqho E= Frlqwhjudwlrq yhfwru

frxqwu| V
E�f�
| \

E�f�
| E

E�f�
| lqwhufhsw

30vxp k|srwkhvlv
+"2 +4,,

XV

xqfrqvwudlqhg 4 31:7< 041;36 31933
frqvwudlqhg 4 31775 041775 31454 6164 +313:,

Jhupdq|

xqfrqvwudlqhg 4 031:65 031539 03195;
frqvwudlqhg 4 041394 31394 03165: 8148 +3135,

Iudqfh

xqfrqvwudlqhg 4 031365 031<73 031545
frqvwudlqhg 4 031493 031;73 031386 45153 +3133,

Qrwh= Wkh hvwlpdwlrq lv shuiruphg zlwk d frqvwdqw whup lq wkh frlqwhjudwlrq uh0
odwlrqv dqg s @ 51 n lv wkh qxpehu ri yduldeohv/ u lv wkh frlqwhjudwlrq udqn1 �

frqwdlqv wkh hljhqydoxhv ri wkh v|vwhp1 �6@% dqg �|o@Se duh wkh frlqwhjudwlrq whvw
vwdwlvwlfv sursrvhg e| Mrkdqvhq +4<;;,1 Wkh fulwlfdo ydoxhv iru �6@% dqg �|o@Se duh
iurp Rvwhuzdog0Ohqxp +4<<5/ Wdeoh 5W,1 @ dqg K lqglfdwh wkdw wkh vwdwlvwlfv duh vlj0
ql�fdqw dw d 4( dqg 8( vljql�fdqfh ohyho uhvshfwlyho|1 Wkh frqvwudlqhg frlqwhjudwlrq
yhfwru lv +4>��>�� 4> �, dqg wkh 30vxp k|srwkhvlv whvw vwdwlvwlf lv glvwulexwhg dv d
"2 zlwk rqh ghjuhh ri iuhhgrp1
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Wdeoh ;= Wkh vzds dv d ixqfwlrq ri wkh frusrudwh erqg

lqghshqghqw yduldeohv dgm1 U2 vhh

lqwhufhsw E
E�f�
| \

E�f�
| � \

E��
| uhsr udwh

XV

3138<4 31<:87 318648 313:99
+3134;;, +3137;3,
031469: 4136:9 3136:7 319995 313979
+313559, +31373;, +313364,
31474; 31<544 0313657 31965: 3139:;
+3134;8, +31375<, +313365,
0314465 4135:5 0313367 313678 319989 31397:
+31378;, +313778, +31338:, +31338:,

Jhupdq| 315967 31366; 313363 314378
+3133<9, +313566,
316983 31633: 031369: 3159;: 313;<8
+313453, +313639, +313365,
314:<8 314837 31363: 3138<: 314348
+3134<;, +313666, +313397,
3179:5 315:75 031359< 03137:5 315<3; 313;;5
+313648, +313643, +3133::, +313376,

Iudqfh 314374 319757 3197:4 3139<8
+3133:4, +31357;,
313<66 318;96 313375 319839 3139<4
+3133;:, +313693, +31334<,
314963 31787: 03134<: 319;76 31398:
+313445, +31369<, +313363,
3157;8 317:7: 031369: 0313468 31:34; 31396<
+313544, +313693, +313379, +31335<,
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Figure 1: An intermediated interest rate swap
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Graph 1: Bid/offer spreads on the interbank market
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Graph 2: Bid/offer spreads on the swap market
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Graph 3: Zero-coupon swap spreads
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Graph 4: Swap spread and 1-year 
theoretical spread
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Graph 5: Swap spread and corportate spreads
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Graph 6: Swap, corportate bond and Treasury 
bond rates
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