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Lqwhuhvw udwh dqg sulfh olqndjhv
ehwzhhq wkh XVD dqg Mdsdq=
Hylghqfh iurp wkh srvw0 Euhwwrq
Zrrgv shulrg

Ndwdulqd Mxvholxv dqg Urqdog PdfGrqdog
Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq dqg
Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Vwudwkfo|gh

Devwudfw

Lq wklv sdshu zh lqyhvwljdwh wkh h{whqw wr zklfk d qxpehu
ri nh| sdulw| frqglwlrqv krog zlwklq dqg ehwzhhq wkh XVD dqg
Mdsdq1 Suhylrxv uhvhdufk kdv ghprqvwudwhg wkdw wkh qrqvwdwlrq0
dulw| ri wkh *vlpsoh* sdulw| frqglwlrqv zdv uhodwhg wr wkh qrqvwd0
wlrqdulw| ri wkh uhdo h{fkdqjh udwh/ uh hfwlqj wkh yhu| vorz dg0
mxvwphqw wr ixqgdphqwdo uhdo h{fkdqjh udwhv1 Wkh qhhg wr �qdqfh
wkh uhvxowlqj wudgh gh�flwv vhhphg wr kdyh fdxvhg vlplodu qrqvwd0
wlrqdu| pryhphqwv lq wkh orqj0whup erqg gl�huhqwldo1 Vxssruw
iru wklv sursrvlwlrq lv dovr jlyhq lq wklv sdshu1 Ixuwkhupruh/ rxu
uhvxowv srlqw wr d uhyhuvdo ri wkh olqndjhv sduwo| lq wkh whup vwuxf0
wxuh iurp wkh orqj wr wkh vkruw hqg ri wkh pdunhw/ sduwo| lq wkh
Ilvkhu sdulwlhv iurp wkh qrplqdo lqwhuhvw udwh wr lq dwlrq udwh1
Wkhvh uhvxowv pljkw eh lpsruwdqw iru wkh frqgxfw ri prqhwdu|
srolf| zklfk zrunv rq wkh hfrqrp| wkurxjk vkruw0whup lqwhuhvw
udwhv1

MHO Fodvvl�fdwlrqv= H64/ H76/ I64/ I651

Nh|zrugv= Lqwhuqdwlrqdo Sdulw| Frqglwlrqv1
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4 Lqwurgxfwlrq

Wkh lqwurgxfwlrq ri d frpprq Hxurshdq fxuuhqf| lq 4<<< lv olnho| wr
kdyh vljql�fdqwo| fkdqjhg wkh zrunlqj ri wkh lqwhuqdwlrqdo prqhwdu|
v|vwhp1 Exw wr eh deoh wr hydoxdwh wkh ixwxuh lpsdfw ri wkh qhz fxu0
uhqf| duhd lw lv lpsruwdqw �uvw wr kdyh d jrrg hpslulfdo xqghuvwdqglqj ri
krz wkh lqwhuqdwlrqdo wudqvplvvlrq phfkdqlvpv zrunhg lq wkh suhfhglqj
v|vwhp/ l1h1 lq wkh srvw0 Euhwwrq Zrrgv v|vwhp1 Lq wklv frqwh{w lw lv
ri sduwlfxodu lqwhuhvw wr vwxg| krz wkh h{whuqdo  rdw ri wkh HPV duhd
zrunhg uhodwlyh wr wkh groodu dqg |hq duhdv1 Zlwklq wkh HPV duhd wkh
uroh ri wkh Jhupdq pdun dv wkh ohdglqj fxuuhqf| lv zlgho| dffhswhg/ dv lv
wkh fkrlfh ri Jhupdq| wr uhsuhvhqw wkh Hxurshdq Hfrqrplf Frppxqlw|
lq d ydulhw| ri hpslulfdo vwxglhv1 Wklv zdv dovr wkh fkrlfh lq Mxvholxv dqg
PdfGrqdog +5333,/ khuhdiwhu MP/ iru vwxg|lqj lqwhuqdwlrqdo sdulw| frq0
glwlrqv 0 sxufkdvlqj srzhu sdulw| +��� ,/ xqfryhuhg lqwhuhvw udwh sdulw|
+XLS,/ wkh whup vwuxfwxuh +WV,/ dqg wkh Ilvkhu sdulwlhv 0 ehwzhhq wkh
XVD dqg Hxursh iurp wkh plg0vhyhqwlhv xs wr 4<<;/ xvlqj frlqwhjudwlrq
dqdo|vlv edvhg rq prqwko| gdwd1

Dowrjhwkhu/ wkh uhvxowv lq MP vwurqjo| vxjjhvwhg wkdw wkh lqwhuqd0
wlrqdo sulfh phfkdqlvpv ehwzhhq wkh XVD dqg Jhupdq| lq wkh srvw
EuhwwrqZrrgv shulrg zhuh txlwh gl�huhqw iurp zkdw lv xvxdoo| dvvxphg1
Dq lpsruwdqw �qglqj zdv wkdw wkh yhu| vorz/ wkrxjk vljql�fdqw/ sulfh
dgmxvwphqw wrzdugv vxvwdlqdeoh ohyhov ri uhdo h{fkdqjh udwhv/ kdg ehhq
frpshqvdwhg e| fruuhvsrqglqj fkdqjhv lq wkh vsuhdg ri wkh orqj0whup
erqg udwhv1 Uhodwhg wr wklv zdv wkh vwurqj hpslulfdo vxssruw iru wkh
zhdn h{rjhqhlw| ri wkh orqj0whup erqg udwhv/ vljqli|lqj wkh lpsruwdqfh
ri wkh odujh XV wudgh gh�flwv +l1h1 wkh orz ohyhov ri XV vdylqjv, dqg/
khqfh/ wkhlu olqndjh wr lqwhuqdwlrqdo �qdqfh1 Wkh uhvxowv srlqwhg wr d
uhyhuvdo ri wkh olqndjhv sduwo| lq wkh whup vwuxfwxuh iurp wkh orqj hqg
ri wkh pdunhw wr wkh vkruw hqg> sduwo| lq wkh Ilvkhu sdulwlhv iurp wkh
qrplqdo lqwhuhvw udwhv wr lq dwlrq udwh1

Wkhvh uhvxowv vkrxog eh ri frqfhuq iru wkh frqgxfw ri prqhwdu| srolf|
dv lw lv vxssrvhg wr eh wudqvplwwhg rqwr wkh hfrqrp| wkurxjk wkh vkruw0
whup lqwhuhvw udwhv1 Lq wkh zrugv ri Dodq V1 Eolqghu/ +4<<:/ s1 575,=

�Xqiruwxqdwho| wkh prgho plvhudeo| idlov d ydulhw| ri hpslulfdo whvwv
+vhh Fdpsehoo/ 4<<8,1 Hfrqrplvwv duh wkxv lq ghvshudwh qhhg ri d ehwwhu
prgho ri wkh whup vwuxfwxuh1 Pruh wkdq dfdghplf frpsohwhqhvv lv dw
vwdnh khuh/ iru wkh devhqfh ri d xvdeoh whup vwuxfwxuh vhyhuho| kdqglfdsv
wkh frqgxfw ri prqhwdu| srolf|/ zklfk zrunv lwv zloo rq wkh hfrqrp|
wkurxjk vkruw0whup udwhv ri lqwhuhvw udwhv1�

Fohduo| li rqh ri wkh lpsruwdqw olqndjhv kdv fkdqjhg/ surpswlqj iru
d prgl�hg wkhruhwlfdo h{sodqdwlrq/ wkhq lw vhhpv olnho| wkdw zh zrxog
�qg wkdw rwkhu uhodwlrqvklsv gr qrw zrun dffruglqj wr wkhru|1 Vlqfh
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wkh wkhruhwlfdo edvlv ri lqwhuqdwlrqdo pdfurhfrqrplfv vwurqjo| exlog rq
wkhvh sdulw| frqglwlrqv/ rqh zrxog h{shfw wkh lqwhuqdwlrqdo wudqvplvvlrq
phfkdqlvpv +qrplqdo dv zhoo dv uhdo, wr eh vljql�fdqwo| gl�huhqw iurp
vwdqgdug wkhruhwlfdo dvvxpswlrqv1

Wklv zdv dovr wkh frqfoxvlrq lq MP zkhuh wkh hpslulfdo �qglqjv jhq0
hudwhg d qxpehu ri qhz k|srwkhvhv wkdw vkrxog eh frqiurqwhg djdlqvw
qhz gdwd1 Wklv lv wkh sxusrvh ri wkh suhvhqw vwxg|/ zkhuh zh uhshdw wkh
edvlf hpslulfdo ghvljq dgrswhg lq MP iru wkh XV0Mdsdqhvh fdvh1 Vlqfh
wkh wudgh ehwzhhq wkh XV dqg Mdsdq kdv ehhq pruh lpsruwdqw wkdq wkh
wudgh ehwzhhq Jhupdq| dqg wkh XV/ zh eholhyh wklv fdvh lv ri sduwlfxodu
lqwhuhvw1

E| fkrrvlqj d vlplodu hpslulfdo ghvljq dv lq MP zh dfklhyh wkh dggl0
wlrqdo dgydqwdjh ri whvwlqj wkh hpslulfdo �qglqjv lq MP dv sulru k|srwkh0
vhv1 Khqfh/ zh zloo iuhtxhqwo| uhihu wr wkh uhvxowv ri MPzkhq lqwhusuhwlqj
wkh hpslulfdo uhvxowv1 Qhyhuwkhohvv/ zh zloo dovr wu| wr hpslulfdoo| lvrodwh
wkrvh uhodwlrqvklsv zklfk vhhp xqltxh iru wkh XV0Mdsdqhvh fdvh1 Dv zh
vkdoo vhh/ wkhuh duh vrph lpsruwdqw gl�huhqfhv ehwzhhq wkh uhvxowv iru
wkh Mdsdqhvh0XV dqg wkh Jhupdq0XV v|vwhpv1

Wkh rxwolqh ri wkh uhpdlqghu ri wklv sdshu lv dv iroorzv1 Lq wkh qh{w
vhfwlrq zh suhvhqw d prwlydwlrqdo ryhuylhz ri vrph lqwhuqdwlrqdo sdulw|
uhodwlrqvklsv zklfk ihdwxuh surplqhqwo| lq rxu hpslulfdo dqdo|vlv1 Vhf0
wlrq 6 gh�qhv wkh gdwd dqg glvfxvvhv wkh *jhqhudo0wr0vshfl�f* dssurdfk
lq hfrqrphwulf prghoolqj yhuvxv wkh *vshfl�f0wr0jhqhudo* dssurdfk lq wkh
fkrlfh ri lqirupdwlrq1 Vhfwlrq 7 glvfxvvhv vrph hfrqrphwulf lpsdfwlrqv
ri dqdo|}lqj lq dwlrq udwhv dqg uhdo h{fkdqjh udwhv lqvwhdg ri sulfhv dqg
vsrw h{fkdqjh udwhv1 Vhfwlrq 8 suhvhqwv wkh hpslulfdo prgho ri lq d0
wlrq udwhv/ uhdo h{fkdqjh udwhv/ dqg erqg |lhogv dqg suhvhqwv d fduhixo
frlqwhjudwlrq dqdo|vlv ri wkh wkhruhwlfdoo| prwlydwhg sdulwlhv dv zhoo dv
hpslulfdoo| dffhswdeoh prgl�fdwlrqv ri wkhp1 Vhfwlrq 9 dggv wkh oleru
udwhv wr wkh dqdo|vlv/ suhvhqwv d ixoo| lghqwl�hg vwuxfwxuh ri hpslulfdoo|
dffhswdeoh orqj0uxq sdulw| uhodwlrqv/ dqg glvfxvvhv wkh uroh ri wkh vkruw0
whup lqwhuhvw udwhv lq wkh odujh prgho1 Vhfwlrq : surylghv dq hpslulfdo
lqyhvwljdwlrq ri wkh frpprq gulylqj wuhqgv dqg wkh �qdo lpsdfw ri shu0
pdqhqw vkrfnv wr wkh yduldeohv ri wkh v|vwhp1 Vhfwlrq ; suhvhqwv d
sduvlprqlrxvo| sdudphwhul}hg vkruw0uxq dgmxvwphqw prgho iru wkh ixoo
v|vwhp1 Vhfwlrq < vxppdul}hv wkh �qglqjv dqg frqfoxghv1

5 Sulfh dgmxvwphqw/ lqwhuhvw udwhv dqg h{fkdqjh
udwhv= D prwlydwlrqdo glvfxvvlrq

Wkh uhvxowv lq MP vwurqjo| uhmhfwhg wkh vwdwlrqdulw| k|srwkhvlv ri wkh lq0
glylgxdo sdulw| frqglwlrqv/ exw zkhq doorzlqj wkh frqglwlrqv wr eh lqwhu0
ghshqghqw/ vwdwlrqdulw| zdv uhfryhuhg1 Wkh lpsruwdqw �qglqj zdv wkdw
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wkh qrqvwdwlrqdulw| ri wkh *vlpsoh* sdulw| uhodwlrqvklsv zdv sulpdulo| uh0
odwhg wr wkh qrqvwdwlrqdulw| ri wkh uhdo h{fkdqjh udwh dqg wkh orqj0whup
erqg udwh gl�huhqwldo1 D k|srwkhwlfdo h{sodqdwlrq lv wkdw wkh odfn ri
+ru yhu|/ yhu| vorz, dgmxvwphqw wr d vwdwlrqdu| ��� +Sxufkdvlqj Srzhu
Sdulw|, vwhdg| vwdwh kdv frqwulexwhg wr wkh odujh wudgh gh�flwv ehwzhhq
XV dqg Hxursh yhuvxv Mdsdq1 Wkh �qdqflqj ri wkh odwwhu kdv fdxvhg
wkh orqj0whup erqg |lhog gl�huhqwldo wr pryh lq d fruuhvsrqglqj qrqvwd0
wlrqdu| pdqqhu1 Wkxv/ wkh wkhruhwlfdo dvvxpswlrq ri vwdwlrqdu| sdulw|
frqglwlrqv dsshduhg wr eh d vshfldo fdvh ri d pruh jhqhudo irupxodwlrq
doorzlqj iru shuvlvwhqw ghyldwlrqv iurp vwhdg|0vwdwh dqg/ khqfh/ pdunhw
idloxuh lq d vlpsoh prgho iudphzrun1

MP ghprqvwudwhg wkdw wkh vwdwlrqdulw| dvvxpswlrq xqghuo|lqj wkh
wkhruhwlfdo sdulw| frqglwlrqv lv frqvlvwhqw zlwk wzr frpprq vwrfkdvwlf
wuhqgv/ d jhqhudo sulfh wuhqg uh hfwlqj shupdqhqw vkrfnv wr ghpdqg
dqg vxsso|/ dqg d wuhqg uh hfwlqj gl�huhqfhv lq srolf| ehwzhhq wkh wzr
frxqwulhv1 Wklv vlpsoh prgho glg qrw rewdlq dq| hpslulfdo vxssruw dqg
wkh wkhruhwlfdo dvvxpswlrq ri wzr frpprq gulylqj wuhqgv kdg wr eh
uhsodfhg e| wkh hpslulfdoo| frqvlvwhqw �qglqj ri irxu frpprq wuhqgv1
K|srwkhwlfdoo| wkh wzr dgglwlrqdo wuhqgv zhuh dvvxphg wr eh= +4, d wuhqg
ghvfulelqj uhodwlyh qdwlrqdo vdylqjv ehkdylru dqg +5, d *vdih kdyhq* wuhqg
fdswxulqj wkh uroh ri wkh groodu dv d zruog uhvhuyh fxuuhqf|1

Wkh sxusrvh ri wkh judsklfdo looxvwudwlrq ri wkh sdulw| frqglwlrqv eh0
orz lv wr ghprqvwudwh ylvxdoo| wkh fr0pryhphqwv +ru wkh odfn ri wkhp,
ehwzhhq wkh wkhruhwlfdo ghwhuplqdqwv ri wkhvh uhodwlrqvklsv1 Iru h{dp0
soh/ li uhdo h{fkdqjh udwhv dqg wkh vsuhdg ri wkh erqg |lhog pryh forvho|
wrjhwkhu ryhu wlph/ wkhq wklv lv dq lqglfdwlrq wkdw wkh| vkduh rqh frp0
prq vwrfkdvwlf wuhqg1 Li qrw/ wkhq wkh| duh suredeo| lq xhqfhg e| rqh
ru vhyhudo rwkhu vwrfkdvwlf wuhqgv/ iru h{dpsoh d wuhqg fdswxuhg e| wkh
lq dwlrq vsuhdg ru wkh vsuhdg ehwzhhq vkruw0whup lqwhuhvw udwhv1 Iru
d glvfxvvlrq ri wkh frqqhfwlrq ehwzhhq frpprq vwrfkdvwlf wuhqgv dqg
frlqwhjudwlrq/ vhh Mxvholxv +4<<<,1

Wkh vwurqj0irup ri sxufkdvlqj sdulw| frqglwlrq +��� , lv fdswxuhg
e|=

R
|
� RW

|
� r

|
' RRR

|
c +4,

zkhuh R
|
lv wkh orj ri wkh grphvwlf sulfh ohyho +FSL,/ RW

|

lv wkh orj ri wkh
iruhljq sulfh ohyho +FSL,/ dqg r

|
ghqrwhv wkh orj ri wkh vsrw h{fkdqjh udwh

phdvxuhg dv \hq2'1 Vwurqj0irup ��� uhtxluhv wkdw wkh RRR
|
whup +ru/

htxlydohqwo|/ wkh uhdo h{fkdqjh udwh, lv d vwdwlrqdu| vwhdg| vwdwh uhodwlrq1
Wklv lpsolhv wkdw wkh vsrw h{fkdqjh udwh vkrxog pluuru wkh ghyhorsphqw
ri uhodwlyh sulfhv1 Iljxuh 4/ xsshu sdqho/ looxvwudwhv wkh ghyhorsphqw ri
uhodwlyh sulfhv dv frpsduhg wr wkh vsrw h{fkdqjh udwh1
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Iljxuh 4= Wkh Ms0XV sulfh gl�huhqwldo dqg wkh vsrw h{fkdqjh udwh +xsshu
sdqho, dqg wkh sss whup dqg wkh lq dwlrq udwh gl�huhqwldo +orzhu sdqho1

Lw dsshduv wkdw wkh vsrw h{fkdqjh udwh lv pxfk pruh yrodwloh wkdq wkh
sulfh gl�huhqwldo dqg/ khqfh/ lv pruh olnho| wr uh hfw vshfxodwlyh ehkdylru
lq wkh fdslwdo pdunhw udwkhu wkdq uhodwlyh sulfh ehkdylru lq wkh jrrgv
pdunhw1 Wkh vxevhtxhqw hpslulfdo uhvxowv zloo vxssruw wklv lqwhusuhwd0
wlrq1 Vhh dovr Nuxjpdq +4<<6, iru d wkhruhwlfdo h{sodqdwlrq1 Wkh RRR
whup judskhg lq Iljxuh 4/ orzhu sdqho/ h{klelwv glvwlqfwo| qrqvwdwlrqdu|
ehkdylru/ vxjjhvwlqj lqvx!flhqw pdunhw dgmxvwphqw1 Li dgmxvwphqw wr0
zdugv ixqgdphqwdo ��� wdnhv sodfh h{foxvlyho| lq wkh jrrgv pdunhw zh
zrxog kdyh wkh iroorzlqj dgmxvwphqw uhodwlrqv/ hlwkhu lq krph lq dwlrq=

{R
|
' /�{RW

|
n /2{r

|
� /�RRR|3� n �

|
c +5,

ru lq iruhljq lq dwlrq=

{RW
|
' /e{R

|
n /D{r

|
n /SRRR|3� n �

|
c +6,

ru lq wkh vsrw h{fkdqjh udwh=

{r
|
' /.{ER

|
� RW

|
� n /HRRR|3� n �

|
� +7,

D frqqhfwlrq ehwzhhq ��� / iurp wkh jrrgv pdunhw/ dqg xqfry0
huhg lqwhuhvw udwh sdulw| +XLS,/ iurp wkh fdslwdo pdunhw/ fdq eh ghulyhg
wkurxjk wkh h{shfwhg h{fkdqjh udwh=
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Iljxuh 5=

.
|
{

,
r
|n,

' �,
|
n �,W

|
� +8,

E| dvvxplqj wkdw +7, lv xvhg dv d suhglfwru ri wkh ixwxuh fkdqjh lq
h{fkdqjh udwh dqg wkdw .

|
E{

,
R�{

,
RW�

|n� ' E{
,
R�{

,
RW�

|
/ zh jhw=

.
|
{

,
r
|n,

' /.{,
ER

|
� RW

|
� n /HER|

� RW
|
� r

|
�c +9,

l1h1 wkh h{shfwhg fkdqjh lq wkh ixwxuh vsrw h{fkdqjh udwh lv d ixqfwlrq ri
wkh suhvhqw ghyldwlrq iurp wkh RRR whup dqg wkh lq dwlrq udwh gl�huhqwldo
dw wlph |1 E| lqvhuwlqj +9, lq +8, zh jhw dq h{suhvvlrq frpelqlqj wkh
wzr sdulw| frqglwlrqv=

E�,
|
� �,W

|
� ' /.{,

ER
|
� RW

|
� n /HER|

� RW
|
� r

|
� n �

|
c +:,

zkhuh /. ' � gholyhuv d uhodwlrqvkls ehwzhhq uhdo lqwhuhvw udwh sdulw|
dqg wkh RRR whup1

Wkh frqglwlrq iru �
|
wr eh vwdwlrqdu| lq +:,/ zkhq wkh RRR whup lv

qrqvwdwlrqdu|/ lv wkdw wkh vwrfkdvwlf wuhqg pryhphqwv lq RRR duh frxq0
whudfwhg e| vlplodu pryhphqw lq hlwkhu wkh erqg udwh gl�huhqwldo/ wkh
lq dwlrq udwh gl�huhqwldo/ ru erwk1 Wr looxvwudwh wklv zh kdyh judskhg
wkh RRR whup zlwk wkh lq dwlrq udwh gl�huhqwldo lq Iljxuh 4/ orzhu sdqho
dqg zlwk wkh 43 |hdu erqg udwh gl�huhqwldo lq Iljxuh 5/ xsshu sdqho1
Iurp +5, ru +6, zh vhh wkdw wkh RRR whup dqg wkh MS0XV lq dwlrq udwh
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Iljxuh 6= Wkh prqwko| erqg vsuhdg dqg lq dwlrq gl�huhqwldo +xsshu
sdqho, dqg wkh oleru vsuhdg dqg lq dwlrq vsuhdg +orzhu sqho,1 Wkh
lq dwlrq gl�huhqwldo lv jlyhq dv d |hduo| prylqj dyhudjh1

gl�huhqwldo vkrxog pryh lq rssrvlwh gluhfwlrqv wr vhfxuh vwhdg|0vwdwh eh0
kdylru1 Zkhq wklv lv qrw wkh fdvh +:, vkrzv wkdw rqh zrxog h{shfw wkh
MS0XV erqg udwh gl�huhqwldo wr pryh lq wkh vdph gluhfwlrq dv wkh RRR
whup1 Wkh judsklfdo glvsod| ghprqvwudwhv wkdw wklv lv reylrxvo| qrw wkh
fdvh= wkh lq dwlrq udwh gl�huhqwldo vhhpv wr pryh pxfk pruh lq olqh
zlwk wkh RRR whup/ lqvwhdg ri lq wkh rssrvlwh gluhfwlrq1 Vlploduo|/ wkh
RRR whup dqg wkh erqg udwh gl�huhqwldo gr qrw vhhp wr pryh dv forvho|
wrjhwkhu dv lq wkh XV0Jhupdq fdvh1 Lq sduwlfxodu/ dw wkh ehjlqqlqj ri
wkh vdpsoh shulrg wkh erqg vsuhdg dqg wkh RRR whup vhhp wr kdyh pryhg
gudpdwlfdoo| dsduw1 Wkh vxevhtxhqw hpslulfdo dqdo|vlv zloo slfn lw xs dv
d wudqvlwlrq wrzdugv d pruh pdunhw ghwhuplqhg vwhdg|0vwdwh +vhh Vhfwlrq
914/ �jxuh :,1

Iurp d ylvxdo lqvshfwlrq/ wkh pdunhw dgmxvwphqw ri sulfh lq dwlrq
dqg orqj0whup lqwhuhvw udwh ehwzhhq wkh XVD dqg Mdsdq grhv qrw vhhp
wr kdyh ehhq yhu| h�hfwlyh1 Wklv lv hvshfldoo| vr zkhq frpsduhg zlwk
wkh XV0Jhupdq v|vwhp uhsruwhg lq MP1

Zlwk vlplodu dujxphqwv dv iru wkh orqj0whup erqg udwh zh jhw wkh
iroorzlqj uhodwlrqvkls ehwzhhq wkh vkruw vsuhdg/ wkh lq dwlrq udwh vsuhdg
dqg wkh RRR whup=
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� �rW
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' /bE{R
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Iljxuh 7= Wkh whup vwuxfwxuh +oleru0erqg udwh, iru XV +xsshu sdqho, dqg
iru Mdsdq +orzhu sdqho,1

Lq �jxuh 5/ orzhu sdqho/ zh kdyh judskhg wkh RRR whup wrjhwkhu zlwk
wkh Mdsdqhvh0XV oleru vsuhdg vwduwlqj iurp Qryhpehu 4<:;/ wkh �uvw
dydlodeoh gdwh1 Zh qrwlfh wkh odujh  xfwxdwlrqv lq wkh vsuhdg lq wkh �uvw
ihz |hduv1 Exw hyhq diwhu wkh �uvw wxuexohqw |hduv/ wkh judskv gr qrw
h{klelw vwurqj fr0pryhphqwv1

Wkh whup vwuxfwxuh uhodwlrqvkls ehwzhhq vkruw0 dqg orqj0whup lqwhu0
hvw udwhv suhglfwv wkdw wkh vkruw udwhv *gulyh* orqj udwhv1 Wkh vwdqgdug
h{shfwdwlrqv prgho ri wkh whup vwuxfwxuh lpsolhv wkdw wkh whup vsuhdg
+WV,/ ru |lhog jds/ vkrxog eh vwdwlrqdu|1 Wkh WV lv gh�qhg dv=

�,
|
� �r

|
' �

|
� +;,

Krzhyhu/ lq wkh frqwh{w ri dq rshq hfrqrp|/ wkh vwdwlrqdulw| dvvxps0
wlrq ri +;, lv edvhg rq wkh fhwhulv sdulexv dvvxpswlrq ri vwdwlrqdu| RRR
h{fkdqjh udwhv +vhh/ iru h{dpsoh/ MP,1 Wklv lv qrw wkh fdvh khuh dqg wkh
vwdwlrqdulw| ri wkh WV pd| qrw krog hpslulfdoo| iru rxu vdpsoh shulrg
dv �jxuh 7 vhhpv wr vxjjhvw1

Ilqdoo|/ wkh Ilvkhu frqglwlrq vwdwhv wkdw wkh uhdo lqwhuhvw udwhv o
|
duh

frqvwdqw ru dw ohdvw vwdwlrqdu|=

o
|
' �

|
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|
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|n� n �
|
� +<,
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Iljxuh 8=

Djdlq/ wkh vwdwlrqdulw| ri +<, lv edvhg rq wkh fhwhulv sdulexv dvvxpswlrq
ri d vwdwlrqdu| uhdo h{fkdqjh udwh1 Zkhq wklv lv qrw wkh fdvh uhdo lqwhuhvw
udwhv pd| qrw eh vwdwlrqdu| dqg lw lv dq hpslulfdo txhvwlrq zkhwkhu
uhdo lqwhuhvw udwh sdulw| krogv ehwzhhq wkh krph dqg iruhljq frxqwu| ru
zkhwkhu wkh sdulw| frqglwlrq lv uhodwhg wr wkh RRR whup=

E�
|
� .

|
{R

|n��� E�W
|
� .

|
{RW

|n�
� n /��RRRn �

|
� +43,

Iljxuh 8 vkrz wkh judskv ri wkh uhdo XV dqg Mdsdqhvh orqj0whup erqg
udwhv1 Wr vhh wkh wuhqg pryhphqwv pruh fohduo| zh kdyh dovr judskhg wkh
|hduo| prylqj dyhudjh frpsrqhqw1 Wkh uhdo udwhv ri wkh wzr frxqwulhv
h{klelw txlwh gl�huhqw wuhqglqj ehkdylru ryhu wkh vdpsoh shulrg dqg lw
vhhpv yhu| xqolnho| wkdw �

|
lq +43, frxog eh vwdwlrqdu| xqohvv /�� 9' f�

Dowrjhwkhu wkh judsklfdo suhvhqwdwlrq frqwdlqhg lq wklv vhfwlrq vxj0
jhvwv wkdw wkh lqwhuqdwlrqdo sdulw| uhodwlrqvklsv ehwzhhq wkh XVD dqg
Mdsdq duh qrw lpphgldwho| wudqvsduhqw1 Wkh hfrqrphwulf dqdo|vlv ri
wkh sdulwlhv frqwdlqhg lq vxffhhglqj vhfwlrqv vkrxog vkhg ixuwkhu oljkw
rq wkhvh uhodwlrqvklsv1

6 Wkh hfrqrphwulf dssurdfk

Wkh lqwhughshqghqfh ri wkh sdulwlhv uhtxluhv d mrlqw prghoolqj dssurdfk
ri doo wkh uhohydqw yduldeohv/ %

|
c dowrjhwkhu vhyhq lq wkh �qdo *odujh* prgho1

<



Wkh vwdwlvwlfdo dssurdfk lv edvhg rq wkh *jhqhudo0wr0vshfl�f* sulqflsoh glv0
fxvvhg lq Khqgu| dqg Pl}rq +4<<6, dqg Mxvholxv +4<<6, dqg vwduwv iurp
dq xquhvwulfwhg YDU prgho zlwk d frqvwdqw whup/ >c vhdvrqdo gxpplhv/
7

|
c dqg lqwhuyhqwlrq gxpplhv/ (

|
=

{2%
|
' K�{

2%
|3� n K{%

|3� n�%
|32 n >nx�7|

nx2(|
n 0

|
c

0
|
� �

R
EfcP �c | ' �c ���c A

+44,

zkhuh ~K�cKc�c >cxcPj duh xquhvwulfwhg1 Lq wklv irup wkh prgho lv
khdylo| ryhusdudphwul}hg dqg uhsuhvhqwv d frqyhqlhqw zd| ri ghvfulelqj
wkh fryduldqfhv ri wkh gdwd udwkhu wkdq d phdqlqjixo hfrqrplf prgho1
Wkh lghd lv wr vhtxhqwldoo| whvw dqg lpsrvh gdwd frqvlvwhqw uhvwulfwlrqv rq
wkh YDU +vxfk dv uhgxfhg udqn uhvwulfwlrqv/ }hur sdudphwhu uhvwulfwlrqv/
dqg rwkhu olqhdu ru qrqolqhdu sdudphwhu uhvwulfwlrqv, vr wkdw wkh hqg
uhvxow lv d pruh sduvlprqlrxv prgho zlwk hfrqrplfdoo| lqwhusuhwdeoh
frh!flhqwv1 Li wkh YDU fdq eh vkrzq wr eh dq dghtxdwh ghvfulswlrq ri
wkh fkrvhq gdwd/ wkhq wkh �qdo prgho zloo ghfrpsrvh wkh fryduldqfhv ri
wkh gdwd lqwr d v|vwhpdwlf sduw/ l1h1 wkh sduw wkdw fdq eh dqwlflsdwhg
jlyhq wkh lqirupdwlrq vhw/ dqg dq xqv|vwhpdwlf sduw/ l1h1 wkh sduw wkdw lv
xqdqwlflsdwhg jlyhq wkh lqirupdwlrq vhw1 Khqfh/ wkh vwuhqjwk ri wkh �qdo
frqfoxvlrqv uho| fuxfldoo| rq wkh dghtxdf| ri wkh YDU wr vdwlvidfwrulo|
ghvfuleh wkh gdwd lq whupv ri frqvwdqw sdudphwhuv/ lqqrydwlrq huuruv/ hwf1

Lq wkh suhvhqw fdvh %
|
lv d yhfwru ri prqwko| yduldeohv revhuyhg iru | '

4<:8=3:04<<;=44 h{fhsw iru wkh Mdsdqhvh oleru udwh zklfk lv revhuydeoh
iru 4<:;=<04<<;=41 Lw lv gh�qhg e|=

R
|
@ wkh Mdsdqhvh/ ru *krph*/ sulfh lqgh{ +FSL,/

RW
|
@ wkh XV/ ru *iruhljq*/ sulfh lqgh{ +FSL,/

�,
|

@ wkh Mdsdqhvh 43 |hdu erqg |lhog/
�,cW
|
@ wkh XV 43 |hdu erqg |lhog/

r
|
@ wkh vsrw h{fkdqjh udwh/ gh�qhg dv \hq2'/

�r
|

@ wkh Mdsdqhvh oleru udwh5/
�rcW
|
@ wkh XV oleru udwh1

Doo ri wkh gdwd xvhg lq wklv vwxg| kdyh ehhq h{wudfwhg iurp wkh Lqwhu0
qdwlrqdo Prqhwdu| Ixqgv FG0Urp glvf +Ghfhpehu 4<<;,1 Erwk sulfh
vhulhv duh Frqvxphu Sulfhv +olqh 97,/ wkh orqj lqwhuhvw udwhv duh 43 |hdu
erqg |lhogv +olqh 94,/ wkh vkruw udwhv duh oleru eloo udwhv +olqh BB,/ dqg wkh
h{fkdqjh udwh lv wkh hqg ri shulrg udwh +olqh dh,1 Doo yduldeohv/ dsduw iurp
wkh lqwhuhvw udwhv +zklfk dsshdu dv iudfwlrqv, duh lq qdwxudo orjdulwkpv1

4Wkh vdpsoh shulrg vwduwv d ihz |hduv odwhu wkdq iru wkh XV0Jhupdq fdvh/ ehfdxvh
ri wkh xqdydlodelolw| ri Mdsdqhvh oleru udwh iru wkh �uvw wkuhh |hduv1

5Wkh oleru udwhv duh fkrvhq khuh/ lqvwhdg ri wkh 6 prqwkv wuhdvxu| eloo udwhv lq
MP/ ehfdxvh wkh| zhuh dydlodeoh ryhu d orqjhu vdpsoh shulrg1
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Wkh judskv ri wkh yduldeohv lq ohyhov dqg lq gl�huhqfhv duh jlyhq lq
Dsshqgl{ E1 Wkh qrupdolw| dvvxpswlrq xqghuo|lqj +44, lv fohduo| qrw
vdwlv�hg iru pdq| ri wkh pdujlqdo surfhvvhv/ dv wkh judskv ri wkh gl�hu0
hqfhg yduldeohv ghprqvwudwh1 Wklv lv sduwlfxoduo| wkh fdvh iru vkruw0whup
lqwhuhvw udwhv/ vljqli|lqj wkh pdq| prqhwdu| lqwhuyhqwlrqv lq wklv shulrg1
Wr vhfxuh ydolg vwdwlvwlfdo lqihuhqfh zh qhhg wr frqwuro iru lqwhuyhqwlrq
h�hfwv wkdw idoo rxwvlgh wkh qrupdolw| frq�ghqfh edqgv1 Li d uhvlgxdo
odujhu wkdq m���j

0
m fruuhvsrqgv wr d nqrzq lqwhuyhqwlrq/ zh lqfoxgh lw lq

wkh lqirupdwlrq vhw dv d gxpp| yduldeoh1
Wkh dqdo|vlv ri d v|vwhp ri vhyhq yduldeohv lv hfrqrphwulfdoo| txlwh

ghpdqglqj dqg/ dv lq MP d vshfl�f0wr0jhqhudo dssurdfk lq wkh fkrlfh
ri yduldeohv zloo eh dgrswhg= uhdo h{fkdqjh udwhv/ lq dwlrq udwhv/ dqg
orqj0whup erqg udwhv zloo �uvw eh dqdo|}hg lq d �yh0glphqvlrqdo v|v0
whp1 Zkhq wkh vpdoohu v|vwhp lv xqghuvwrrg/ lw zloo eh h{whqghg e|
wkh lqfoxvlrq ri wkuhh prqwkv wuhdvxu| eloo udwhv dqg wklv odujhu v|vwhp
zloo wkhq eh wkrurxjko| dqdo|}hg1 Wkh prwlydwlrq iru �uvw lqfoxglqj wkh
orqj0whup erqg udwhv udwkhu wkdq wkh vkruw0whup wuhdvxu| eloo udwhv lv
ehfdxvh wkh orqj0whup pryhphqwv lq uhdo h{fkdqjh udwhv duh olnho| wr
eh pruh lqirupdwlyh derxw wkh orqj0whup wkdq wkh vkruw0whup lqwhuhvw
udwhv1

Wkh dgydqwdjh ri wklv dssurdfk lv wzrirog1 Iluvw/ wkh lghqwl�fdwlrq ri
orqj0uxq uhodwlrqv lv idflolwdwhg e| exloglqj xsrq wkh frlqwhjudwlrq uhvxowv
iurp wkh vpdoohu prgho1 Vlqfh wkh frlqwhjudwlrq surshuw| lv lqyduldqw wr
h{whqvlrqv ri wkh lqirupdwlrq vhw/ wkh �qglqj ri d sduwlfxodu frlqwhjudwlrq
uhodwlrqvkls lq d vpdoo vhw ri yduldeohv/ vkrxog dovr krog lq dq h{whqghg
gdwd vhw1 Vhfrqg/ wkh judgxdo h{sdqvlrq ri wkh lqirupdwlrq vhw idflolwdwhv
dq dqdo|vlv ri wkh *fhwhulv sdulexv* dvvxpswlrq dqg lwv lpsruwdqfh iru
wkh hpslulfdo dqdo|vlv ri wkh vpdoohu vhw ri yduldeohv1 E| wklv surfhgxuh
wkh lpsdfw ri wkh vkruw0whup udwhv rq wkh v|vwhp lv olnho| wr eh pxfk
pruh wudqvsduhqw1 Wkh fkdqjh lq wkh frlqwhjudwlrq udqn dqg lq zhdn
h{rjhqhlw| vwdwxv duh sduwlfxoduo| lqirupdwlyh lq wklv uhvshfw1

7 Sulfhv yhuvxv lq dwlrq udwhv

Wkh �uvw vwhs ri wkh hpslulfdo dqdo|vlv vkrxog suhihudeo| lqyroyh dq h{0
dplqdwlrq ri sulfhv/ wkh vsrw h{fkdqjh udwh/ dqg orqj0whup erqg udwhv/
l1h1 d YDU dqdo|vlv edvhg rq wkh gdwd yhfwru=

%�
|
' dEr

|
c R

|
c RW

|
c �,

|
c �,W

|
o� +45,

Dv dsshduv iurp wkh judsklfdo glvsod| lq wkh Dsshqgl{/ wkh lq dwlrq
udwhv vhhp wr kdyh ehkdyhg pruh olnh L+4, yduldeohv/ vxjjhvwlqj wkdw wkh
sulfh yduldeohv dqg/ srvvleo|/ wkh vsrw h{fkdqjh udwhv/ vkrxog eh wuhdwhg
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dv L+5, yduldeohv1 Wkh irupdo whvwlqj ri wkh k|srwkhvlv wkdw %
|
lv UE2� fdq

eh irupxodwhg zlwklq wkh YDU prghov dv wzr uhgxfhg udqn k|srwkhvhv=

� ' kq � +46,

k�
z

Kq
z

' l#� +47,

zkhuh kc q duh R � o dqg lc # duh R � o � r� pdwulfhv +vhh Mrkdqvhq
+4<<4, iru ixuwkhu ghwdlov,1 E| vroylqj wkh �uvw uhgxfhg udqn sureohp
rqh jhwv lqirupdwlrq derxw wkh qxpehu ri vwdwlrqdu| frlqwhjudwlqj uh0
odwlrqv dqg e| vroylqj wkh vhfrqg derxw wkh qxpehu ri vhfrqg rughu
vwrfkdvwlf wuhqgv1 Wkh wudfh whvwv +vhh Sdror/ 4<<9/ dqg Udkehn hw1 do1/
4<<<, vkrzhg pl{hg hylghqfh ri L+5, frpsrqhqwv lq wkh gdwd1 Krzhyhu/
wkh urrwv ri wkh fkdudfwhulvwlf sro|qrpldo surylghg fohdu hylghqfh ri qhdu
xqlw urrwv lq wkh gl�huhqfhg sduw ri wkh surfhvv1 Wkh odwwhu �qglqj lp0
solhv wkdw dq hpslulfdo dqdo|vlv ri +45, xvlqj wkh L+4, surfhgxuh zrxog
ohdyh dw ohdvw rqh/ srvvleo| wzr/ +qhdu, xqlw urrwv lq wkh prgho1 Ehfdxvh
xvxdo �2 lqihuhqfh ehfrphv yhu| xquholdeoh lq d prgho zlwk d qhdu xqlw
urrw/ rqh vkrxog hlwkhu xvh pruh dssursuldwh +Glfnh|0Ixoohu w|sh, glvwul0
exwlrqv ru wudqvirup wkh prgho wr jhw ulg ri wkh h{wud qhdu xqlw urrwv1
Vlqfh wkh dssursuldwh vriwzduh iru lqihuhqfh lq wkh L+5, prgho lv qrw |hw
dydlodeoh zh kdyh fkrvhq wkh odwwhu dssurdfk1 Wklv vroxwlrq zdv dovr
dgrswhg lq MP1

Lq wkh fdvh ri L+5, sulfhv dqg L+4, vsrw h{fkdqjh udwhv/ wkh reylrxv
wudqvirupdwlrq dvvxplqj orqj0uxq sulfh krprjhqhlw| lv wr xvh wkh yhfwru
%�
|
' dER � RW�

|
c r

|
c{R

|
c �,

|
c �,W

|
o1 Krzhyhu/ wkh vsrw h{fkdqjh udwh zdv

irxqg wr eh dssur{lpdwho| L+5, dqg orqj0uxq sulfh krprjhqhlw| zdv
fohduo| uhmhfwhg1 Vlplodu uhvxowv zhuh rewdlqhg lq wkh XV0Jhupdq fdvh/
wkrxjk wkh ylrodwlrq ri sulfh krprjhqhlw| lv pruh vhulrxv lq wkh suhvhqw
gdwd vhw1 Frqvlghulqj wkh shuvlvwhqwo| odujh wudgh lpedodqfhv ehwzhhq
wkh XVD dqg Mdsdq/ dv zhoo dv wkh XVD dqg Hxursh/ wkhvh �qglqjv
duh txlwh lqwhuhvwlqj dqg ghvhuyh d ghwdlohg dqdo|vlv lq wkhlu rzq uljkw1
Vxfk dq dqdo|vlv kdv wr eh shuiruphg lq wkh L+5, prgho dqg zh ohdyh
wklv iru ixwxuh uhvhdufk1 Lqvwhdg/ iroorzlqj MP/ zh edvh rxu vxevhtxhqw
hpslulfdo dqdo|vhv h{foxvlyho| rq lq dwlrq udwhv dqg wkh uhdo h{fkdqjh
udwhv udwkhu wkdq rq sulfhv dqg wkh vsrw h{fkdqjh udwh1 Krzhyhu/ wkh
wudqvirupdwlrq R

|
� RW

|
� r

|
' RRR

|
fdq eh hfrqrphwulfdoo| sureohpdwlf

li lw grhv qrw dqqlklodwh doo L+5, frpsrqhqwv lq wkh gdwd1 Qhyhuwkhohvv/
zh kdyh fkrvhq wr surfhhg zlwk wklv fkrlfh/ exw zlwk gxh dwwhqwlrq wr
srwhqwldo hfrqrphwulf dqg lqwhusuhwdwlrqdo sureohpv dvvrfldwhg zlwk wkh
RRR wudqvirupdwlrq1
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Wdeoh 4= Plvvshfl�fdwlrq whvwv dqg fkdudfwhulvwlf urrwv
Pxowlyduldwh whvwv=
Uhvlgxdo dxwrfruu1 u�� �2E2D� @ 4:16 s0ydo1 31;:
Qrupdolw|= u� �2E�f� @ 8;19 s0ydo� 3133
Xqlyduldwh whvwv= {R

|
{RW

|

{�,
|

{�,W
|

{RRR
|

DUFK+5, 31: ;19 91: 4413 315
Mdut1Ehud+5, 919 ;14 4<13 4915 ;18
Vnhzqhvv 316 0314 316 316 317
H{1 Nxuwrvlv 61: 61; 717 716 618
	j
0
� �ff 3163 3143 3135 3135 6133

U2 31:< 3176 3154 316; 3155
Hljhqydoxhv ri wkh wudfh0whvw 3179 3149 3137 3135 3133
Wkh wudfh whvw 2�2

ESb�

Se
Ee.�

�.
E2b�

S
E�D�

f
Ee�

Prgxoxv ri 8 odujhvw urrwv=
Xquhvwulfwhg prgho 4133 31<: 31<: 31:9 3168

o ' � 4133 4133 31<: 31:9 3168
o ' 2 4133 4133 4133 31:: 3168

8 Dq hpslulfdo prgho iru lq dwlrq udwhv/ erqg udwhv
dqg RRR

Wkh YDU prgho +44, lv �uvw hvwlpdwhg edvhg rq=

%�
|
' dE{R

|
c{RW

|
c RRR

|
c �,

|
c �,W

|
o +48,

Wr frqwuro iru wkh odujhvw lqwhuyhqwlrq rxwolhuv zh qhhghg wr lqfoxgh wkh
iroorzlqj gxpplhv lq wkh prgho=

(�

|
' d(.H���

|
c (UHf�f2

|
c(Hf�fD

|
c(Hf�f.

|
c (H����

|
c (UH2�f�

|
o +49,

zkhuh(%%�++
|
' � lq 4<{{=||/ 3 rwkhuzlvh/ (U%%�++

|
' � lq �b%%�++c��

lq �b%%�++ n �/ 3 rwkhuzlvh1

814 Vshfl�fdwlrq whvwv dqg wkh fkrlfh ri udqn
Wdeoh 4 uhsruwv vrph pxowlyduldwh dqg xqlyduldwh plvvshfl�fdwlrq whvwv
dv d �uvw fkhfn zkhwkhu wkh YDU prgho frqglwlrqdo rq +49, lv deoh wr dg0
htxdwho| ghvfuleh wkh yduldwlrq lq wkh gdwd1 D vljql�fdqw whvw vwdwlvwlf lv
jlyhq lq erog idfh1 Zh dovr uhsruw wkh hvwlpdwhg hljhqydoxhv ri wkh wudfh
whvw/ dv zhoo dv wkh �yh odujhvw urrwv ri wkh fkdudfwhulvwlf sro|qrpldo1

Wkh pxowlyduldwh u� whvw iru �uvw rughu uhvlgxdo dxwrfruuhodwlrq lv
qrw vljql�fdqw/ zkhuhdv pxowlyduldwh qrupdolw| lv fohduo| ylrodwhg1 Qru0
pdolw| fdq eh uhmhfwhg dv d uhvxow ri vnhzqhvv +wklug prphqw, ru h{fhvv
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nxuwrvlv +irxuwk prphqw,1 Vlqfh wkh surshuwlhv ri wkh frlqwhjudwlrq hvwl0
pdwruv duh pruh vhqvlwlyh wr ghyldwlrqv iurp qrupdolw| gxh wr vnhzqhvv
wkdq wr h{fhvv nxuwrvlv zh uhsruw wkh xqlyduldwh Mdutxh0Ehud whvw vwdwlv0
wlfv wrjhwkhu zlwk wkh wklug dqg irxuwk prphqwv durxqg wkh phdq1 Dv lv
hylghqw/ wkh uhmhfwlrq ri qrupdolw| lv hvvhqwldoo| gxh wr h{fhvv nxuwrvlv/
dqg khqfh qrw vr vhulrxv iru wkh hvwlpdwlrq uhvxowv1 Wkh �-�ME2� lv d
whvw iru vhfrqg rughu dxwruhjuhvvlyh khwhurvfhgdvwlvlw| dqg lv uhmhfwhg iru
doo htxdwlrqv h{fhsw iru Mdsdqhvh lq dwlrq dqg wkh XV erqg udwh1 Djdlq
frlqwhjudwlrq hvwlpdwhv duh qrw yhu| vhqvlwlyh wr �-�M h�hfwv +Udkehn/
4<<<,1 Wkh -2 phdvxuhv wkh lpsuryhphqw lq h{sodqdwru| srzhu uhodwlyh
wr wkh udqgrp zdon k|srwkhvlv/ l1h1 {%

|
' 0

|
� Wkh| vkrz wkdw zlwk wklv

lqirupdwlrq vhw zh fdq h{sodlq txlwh d odujh sursruwlrq ri wkh yduldwlrq
lq wkh lq dwlrq udwhv/ exw wr d pxfk ohvvhu h{whqw wkh yduldwlrq lq wkh
erqg udwhv dqg wkh uhdo h{fkdqjh udwh1

Wkh frlqwhjudwlrq udqn fdq eh vhhq dv dq lqglfdwlrq ri krz zhoo
pdunhwv dgmxvw dqg/ wkhuhiruh/ ri pdunhw eduulhuv1 Erwk wkh wudfh whvw
dqg wkh urrwv ri wkh fkdudfwhulvwlf sro|qrpldo vxssruw wkh fkrlfh ri o ' 2
dqg/ khqfh/ R� o ' � frpprq wuhqgv1 Dv d vhqvlwlylw| fkhfn/ wkh urrwv
xqghu wkh fkrlfh o ' � duh dovr uhsruwhg lq Wdeoh 41 Lq wklv fdvh d
odujh urrw uhpdlqhg lq wkh prgho vxssruwlqj wkh fkrlfh ri o ' 2� D
vlplodu uhvxow zdv irxqg lq MP dqg wkh frpprq wuhqgv zhuh lqwhusuhwhg
wr uhsuhvhqw d fxpxodwhg vkrfnv wr ghpdqg dqg vxsso|/ d uhdo wuhqg
dvvrfldwhg zlwk gl�huhqfhv lq qdwlrqdo vdylqjv udwhv/ dqg �qdoo| d vdih
kdyhq wuhqg dvvrfldwhg zlwk wkh uhvhuyh fxuuhqf| uroh ri wkh XV groodu1

815 Orqj0uxq h{foxvlrq/ vwdwlrqdulw|/ dqg zhdn h{0
rjhqhlw|

Wdeoh 5 uhsruwv wkuhh gl�huhqw whvwv uhodwhg wr wkh uhohydqfh dqg wkh uroh
ri wkh lqglylgxdo yduldeohv lq wkh prgho1 Wkh whvw ri orqj0uxq h{foxvlrq
+Mrkdqvhq dqg Mxvholxv/ 4<<5, lqyhvwljdwhv zkhwkhu dq| ri wkh yduldeohv
fdq eh h{foxghg iurp wkh frlqwhjudwlrq vsdfh/ lpso|lqj qr orqj0uxq uh0
odwlrqvkls zlwk wkh uhpdlqlqj yduldeohv1 Qrqh ri wkh yduldeohv fdq eh
h{foxghg1

Wkh whvw ri vwdwlrqdulw| +Mrkdqvhq dqg Mxvholxv/ 4<<5, lqyhvwljdwhv
zkhwkhu dq| ri wkh yduldeohv duh lqglylgxdoo| vwdwlrqdu| e| whvwlqj li
wkh| fruuhvsrqg wr d xqlw yhfwru lq wkh frlqwhjudwlrq vsdfh� Dffhswlqj
wkh k|srwkhvlv lpsolhv wkdw wkh yduldeoh lq txhvwlrq fdq eh frqvlghuhg
UEf� iru wkh fkrlfh ri o ' 2� Qrqh ri wkh yduldeohv fdq eh frqvlghuhg
vwdwlrqdu| ryhu wkh vdpsoh shulrg1

Ilqdoo|/ wkh whvw ri orqj0uxq zhdn h{rjhqhlw| +Mrkdqvhq dqg Mxvholxv/
4<<5, lqyhvwljdwhv wkh devhqfh ri orqj0uxq ohyhov ihhg0edfn dqg lv irupx0
odwhg dv d }hur urz ri kc l1h1 wkh k|srwkhvlv wkdw wkh yduldeoh %

�
c � '
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Wdeoh 5= Whvwv ri k|srwkhvlv derxw vrph surshuwlhv ri wkh v|vwhp ydul0
deohv

{R
|

{RW
|

�,
|

�,W
|

RRR �2ED�
Orqj0uxq h{foxvlrq= 4851< 941: 5416 6716 441: �2E2� ' D�bb
Vwdwlrqdulw|= 6<15 6<17 761< 7815 7715 �2E�� ' .�H�
Orqj0uxq zhdn h{rjhqhlw| 47419 581< 51: 4517 61: �2E2� ' D�bb

�c ���c Rc grhv qrw dgmxvw wr wkh htxloleulxp huuruv q �
�
%

|
c � ' �c ���c o� Li df0

fhswhg/ wkh yduldeoh lq txhvwlrq fdq eh frqvlghuhg d gulylqj yduldeoh lq
wkh v|vwhp= lw *sxvkhv* wkh v|vwhp/ exw lv qrw ehlqj *sxvkhg* e| lw1

Lw dsshduv wkdw wkh Mdsdqhvh orqj0whup erqg udwh dqg wkh RRR h{0
fkdqjh udwh fdq eh dvvxphg zhdno| h{rjhqrxv/ exw qrw wkh XV erqg
udwh1 Wklv lv dq lqwhuhvwlqj uhvxow/ sduwo| ehfdxvh lw gl�huv iurp wkh dqdo0
|vlv ri wkh XV0Jhupdq gdwd zkhuh wkh XV erqg udwh zdv fohduo| irxqg
wr eh zhdno| h{rjhqrxv/ sduwo| ehfdxvh wkh XV lv jhqhudoo| eholhyhg wr
grplqdwh lqwhuqdwlrqdo fdslwdo pdunhwv1 D srvvleoh h{sodqdwlrq lv wkdw
wkh odujh XV wudgh gh�flwv dqg wkh orz ohyhov ri qdwlrqdo vdylqjv uhodwlyh
wr Mdsdq kdyh pdgh wkh XV hfrqrp| pruh ghshqghqw rq fkhds fdslwdo
lpsruwv iurp Mdsdq wkdq wkh rwkhu zd| durxqg1

Wkh vwurqj uhmhfwlrq ri zhdn h{rjhqhlw| iru wkh lq dwlrq udwhv/ +vlp0
loduo| uhmhfwhg lq MP, vxjjhvwv wkdw sulfhv duh sulpdulo| dgmxvwlqj wr gh0
yldwlrqv iurp orqj0uxq vwhdg|0vwdwhv/ udwkhu wkdq h{fkdqjh udwhv61 Wklv
pljkw vhhp sx}}olqj frqvlghulqj wkh  rdw ri wkh \hq2Groodu udwh dqg
wkh jhqhudo sulfh vwlfnlqhvv lq wklv shulrg1 Wkh uhvxowv vxjjhvw wkdw wkh
odujh  xfwxdwlrqv lq h{fkdqjhv udwhv fdqqrw eh lqwhusuhwhg dv pryhphqwv
wrzdugv ixqgdphqwdo RRR htxloleulxp/ exw suredeo| dv vshfxodwlyh +ru
srolf| lqgxfhg, pryhphqwv zlwk olwwoh uhodwlrqvkls wr wkh ixqgdphqwdov
ri wkh wzr frxqwulhv1

Zhdn h{rjhqhlw| lv qrw lqyduldqw wr fkdqjhv lq wkh lqirupdwlrq vhw
dqg pruh frqfoxvlyh whvw uhvxowv duh suhvhqwhg lq Vhfwlrq : zlwk wkh
h{whqvlrq ri wkh gdwd vhw1 Exw ehiruh prylqj wr wkh lqyhvwljdwlrq ri ihhg0
edfn dqg g|qdplf dgmxvwphqw h�hfwv/ zh zloo �uvw whvw wkh vwdwlrqdulw|
ri wkh wkhruhwlfdo sdulwlhv glvfxvvhg lq Vhfwlrq 51

816 Whvwlqj wkh wkhruhwlfdo sdulwlhv
Wkh k|srwkhvhv uhsruwhg lq Wdeoh 6 duh ri wkh irup q ' iM�

�
c �

�
j/ l1h1

wkh| whvw zkhwkhu d vlqjoh uhvwulfwhg uhodwlrq lv lq rREq�c ohdylqj wkh
rwkhu wzr uhodwlrqv xquhvwulfwhg +Mrkdqvhq dqg Mxvholxv/ 4<<5,1 Wkh
wdeoh kdv ehhq glylghg lqwr irxu sduwv= wkh �uvw sduw uhsruwv whvwv rq wkh

6Ehfdxvh wkh uhvlgxdo fryduldqfhv duh yhu| vpdoo lq wklv prgho dv ghprqvwudwhg
odwhu lq Vhfwlrq </ wkh frqfoxvlrq lv urexvw wr olqhdu wudqvirupdwlrqv ri wkh prgho1
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Wdeoh 6= Frlqwhjudwlrq surshuwlhv ri vpdoo Mdsdqhvh prgho
RRR {s� {s2 l

K
lW
K

�2Ev� s1ydo1
K� 3 4 04 3 3 4313 +6, 3135
K2 3 3 3 4 04 6714+6, 3133
K� 3 4 3 04 3 5419+6, 3133
Ke 3 3 4 3 04 4;14+6, 3133
KD 3 4 314 04 0314 4519+5, 3133
KS 3 4 04 0315 315 619+5, 3149
K. 3147; 4 04 3 3 ;1<+5, 3134
KH 031379 3 3 04 4 6714+5, 3133
Kb 0313<8 4 3 04 3 5414+5, 3133
K�f 031343 3 4 3 04 4:15+5, 3133
K�� 031337 4 3149 04 03149 813:+4, 3135
K�2 3133; 4 04 0317 317 913+4, 3134
K�� 031557 4 613 0713 4 413+4, 3165
K�e 031547 03158 4 031:8 3 316+4, 3194

vwdwlrqdulw| ri wkh k|srwkhwlfdo sdulwlhv dv vxfk/ wkh vhfrqg sduw uhsruw
frpelqdwlrq ri wkh sdulwlhv/ wkh wklug sduw lqfoxghv wkh RRR whup wr wkh
suhylrxv whvwv/ dqg �qdoo| wkh irxuwk uhsruwv voljkw prgl�fdwlrqv ri wkh
suhylrxv whvwv1 K�� K�2 kdyh ehhq whvwhg iru wkh Jhupdq fdvh/ zkhuhdv
K�� �K�e duh vshfl�f iru wkh Mdsdqhvh gdwd1

K� �Ke duh k|srwkhvhv whvwv rq sdluv ri yduldeohv/ vxfk dv uhodwlyh
lq dwlrq +K�,/ uhodwlyh lqwhuhvw udwhv +K2, dqg Ilvkhu sdulw| frqglwlrqv
+K� dqg Ke,1 Wkhvh whvw/ wkhuhiruh/ vhhn wr ghwhuplqh li fhuwdlq nh|
sdulw| frqglwlrqv lqwurgxfhg lq Vhfwlrq 5 duh hpslulfdoo| yhul�deoh rq
wkhlu rzq1 Vlqfh doo ri wkh s0ydoxhv duh ohvv wkdq wkh 8( fulwlfdo ydoxh/
wklv lv qrw wkh fdvh1 Wkh vdph uhvxow zdv rewdlqhg iru wkh Jhupdq gdwd1

KD dqgKS duh whvwv ri yduldqwv ri uhdo lqwhuhvw udwh sdulw| lq zklfk ixoo
sursruwlrqdolw| kdv qrw ehhq lpsrvhg1 Uhvwulfwlqj wkh Mdsdqhvh qrplqdo
lqwhuhvw udwh 2 lq dwlrq frpelqdwlrq wr frqirup wr d vwulfw Ilvkhu sdulw|
frqglwlrq zklfk/ lq wxuq/ htxdov d sursruwlrq ri wkh XV Ilvkhu frqglwlrq
+KD, grhv qrw suryh wr eh d vwdwlrqdu| frpelqdwlrq1 Krzhyhu/ uhvwulfw0
lqj wkh wzr lq dwlrq udwhv wr kdyh xqlwdu| frh!flhqwv dqg wkh qrplqdo
lqwhuhvw udwhv wr kdyh htxdo dqg rssrvlwh vljqv +KS, lv qrw uhmhfwhg/ exw
wkh hvwlpdwhg frh!flhqw wr wkh lqwhuhvw udwh vsuhdg lv txlwh vpdoo1

K.� K�2 dggv wkh RRR whup �uvw wr wkh nh| sdulwlhv/ wkhq wr wkh frp0
elqhg lq dwlrq dqg lqwhuhvw udwh vsuhdg1 Qrqh ri wkh k|srwkhvhv fdq eh
dffhswhg dv vwdwlrqdu|1 Wklv lv frqwudu| wr wkh XV0Jhupdq fdvh zkhuh
wkh uhdo lqwhuhvw udwh sdulwlhv zkhq frpelqhg zlwk wkh RRR whup zhuh
dffhswhg dv vwdwlrqdu|1 Frpelqlqj wkh �yh yduldeohv lq d pdqqhu vxj0
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Wdeoh 7= D vwuxfwxudo uhsuhvhqwdwlrq ri wkh frlqwhjudwlqj vsdfh1
Hljhqyhfwruv q Zhljkwv k

	q
�

	q
2

Ht1 	k� 	k2

{R
|

413 � f�2S
E��f�

{2R
|

�4154
+4615,

3166
+615,

{RW
|

�f��.
E2�f�

��f {2RW
|

�3138
+414,

0315;
+816,

�,
|

���f 0f�.e {�,
|

3133
+316,

3134
+419,

�,W
|

��f 3 {�,W
|

�3134
+419,

3135
+614,

RRR
��

|
f�e�
Ee���

�f�2�
E2�f�

{RRR
|

03134
+41:,

03134
+418,

fqvw 031335 031334
�� RRR kdv ehhq glylghg e| 433 wr dyrlg yhu| vpdoo frh!flhqwv

jhvwhg e| wkh sdulw| frqglwlrqv/ wkhuhiruh/ grhv qrw vhhp wr eh vx!flhqw
iru wkh XV0Mdsdqhvh fdvh1 Wklv pljkw vxjjhvwv lpsruwdqw gl�huhqfhv
lq wkh pdunhw ehkdylru ehwzhhq wkh XVD dqg wkh wzr pdmru fxuuhqf|
eorfnv1 Wklv srlqw lv xqghuvfruhg lq K�� dqg K�e zkhuh zh duh deoh wr
lghqwli| lq dwlrq uhodwlrqvklsv zlwk wkh RRR whup hpehgghg lq d prg0
l�hg sdulw| uhodwlrqvkls1 Zh glvfxvv wkhvh uhodwlrqvklsv ixuwkhu lq wkh
qh{w vhfwlrq

817 Ixoo| vshfl�hg frlqwhjudwlqj uhodwlrqv
Dv Wdeoh 6 vkrzhg zh fdq uhfryhu wzr vwdwlrqdu| uhodwlrqvklsv +K�� dqg
K�e� wkdw vhhp wr fdswxuh hohphqwv ri d uhdfwlrq ixqfwlrq ri XV dqg
Mdsdqhvh sulfh lq dwlrq wr ghyldwlrqv iurp ��� dqg pryhphqwv lq wkh
orqj0whup erqg udwhv1 Kdylqj hvwdeolvkhg wklv zh whvw zkhwkhu wkh| fdq
eh mrlqwo| dffhswhg dv k|srwkhvlv K�D=

K�D G q ' iM�)�
cM2)2

j
zkhuh wkh ghvljq pdwulfhv M� dqg M2 fruuhvsrqglqj wr K�� dqg K�e duh
gh�qhg dv=

M� '

5
999999997

� f f f
f � f f

�� f f f
� f f f
f f � f
f f f �

6
::::::::8
c M2 '

5
999999997

�� f f f
� � f f
f�� f f
f f f f
f f � f
f f f �

6
::::::::8

Wkh wkuhh ryhulghqwli|lqj uhvwulfwlrqv zhuh dffhswhg edvhg rq d OU
whvw vwdwlvwlf/ d|pswrwlfdoo| glvwulexwhg dv �2E2�c ri 315: dqg d s0ydoxh

4:



ri 31;:1 Wkh wzr vwdwlrqdu| uhodwlrqv duh uhsruwhg lq Wdeoh 71 Wkh �uvw
yhfwru kdv ehhq qrupdol}hg rq wkh Mdsdqhvh lq dwlrq udwh dqg wkh vhfrqg
rq wkh XV lq dwlrq udwh1 Wkh hvwlpdwhv ri wkh q

��
frh!flhqwv dqg wkhlu

dv|pswrwlf w0ydoxhv lqglfdwh wkdw doo ri wkh iuhho| hvwlpdwhg frh!flhqwv
duh vwurqjo| vljql�fdqw/ wkhuhe| lpso|lqj wkdw wkh vxjjhvwhg vwuxfwxuh
lv dovr hpslulfdoo| lghqwl�hg1 Wkh lqwhusuhwdwlrq ri wkh �uvw uhodwlrq
sulpdulo| dv d Mdsdqhvh lq dwlrq uhodwlrq lv vxssruwhg e| wkh vwurqjo|
vljql�fdqw dgmxvwphqw frh!flhqw h{foxvlyho| lq wkh Mdsdqhvh lq dwlrq
htxdwlrq1 Lw hvvhqwldoo| vkrzv wkdw Mdsdqhvh lq dwlrq lv srvlwlyho| uhodwhg
wr XV lq dwlrq zlwk d frh!flhqw ri dssur{lpdwho| 315 dqg wkdw wkh
dgmxvwphqw wrzdugv wkh RRR whup wdnhv sodfh uhodwlyh wr wkh orqj0whup
erqg vsuhdg1 Wklv vhhpv wr vxjjhvw wkdw wkh yhu| vorz dgmxvwphqw wr
ixqgdphqwdo uhdo h{fkdqjh udwhv kdv ehhq idflolwdwhg e| d fruuhvsrqglqj
zlghqlqj ri wkh erqg vsuhdg1 Fi1 wkh judsklfdo glvsod| lq Iljxuh 51

Wkh vhfrqg uhodwlrq lv ghvfulelqj XV lq dwlrq dv dgmxvwlqj krprjh0
qhrxvo| wrzdugv MS lq dwlrq dqg MS erqg udwh/ dqg dgglwlrqdoo| dg0
mxvwlqj wrzdugv ixqgdphqwdo RRR1 Lw lv vwurqjo| vljql�fdqw lq wkh XV
lq dwlrq htxdwlrq dqg lq wkh Mdsdqhvh lq dwlrq dqg XV erqg udwh htxd0
wlrqv/ ghprqvwudwlqj lwv lpsruwdqfh lq sduwlfxodu iru wkh XV yduldeohv1

Frqvlvwhqw zlwk wkh zhdn h{rjhqhlw| uhvxowv lq Wdeoh 5/ qhlwkhu wkh
RRR whup qru wkh Mdsdqhvh erqg udwh dgmxvwv wr wkh wzr frlqwhjudwlrq
uhodwlrqv1 D mrlqw whvw ri wkh zhdn h{rjhqhlw| ri wkh RRR whup dqg wkh
Mdsdqhvh erqg udwh surgxfhg d �2Ee� vwdwlvwlf ri 818; zlwk dq dvvrfldwhg
s0ydoxh ri 31561 Khqfh/ shupdqhqw vkrfnv wr wkhvh wzr yduldeohv vhhp wr
kdyh d orqj0uxq lpsdfw rq wkh wzr lq dwlrq udwhv dqg wkh XV erqg udwh
zlwkrxw vlploduo| ehlqj *sxvkhg* e| wkhp1

Ilqdoo|/ zh vxemhfw rxu fkrvhq prgho wr d vhw ri Kdqvhq0Mrkdqvhq
uhfxuvlyh vwdelolw| whvwv1 Wkh judskv lq wkh Dsshqgl{ F/ Iljxuhv F40
F6/ duh edvhg rq wkh uhfxuvlyho| fdofxodwhg k�hvwlpdwhv iru q �{hg dw
wkh ydoxhv jlyhq lq Wdeoh 71 Wkh uhfxuvlrqv vwduw iurp wkh prgho hvwl0
pdwhv edvhg rq wkh �uvw whq |hduv ri wkh vdpsoh +4<:<04<;;,/ zklfk duh
wkhq uhhvwlpdwhg dgglqj rqh qhz revhuydwlrq1 Wkh| vhhp wr lqglfdwh
d uhpdundeoh ghjuhh ri vwdelolw| iru wkh frh!flhqwv lq wkh frlqwhjudwlqj
yhfwruv1

9 Wkh h{whqghg Mdsdqhvh prgho

Zh qrz dsso| rxu nqrzohgjh ri wkh vpdoo prgho wr dq dqdo|vlv ri wkh
ixoo prgho vwuxfwxuh dv jlyhq e| wkh iroorzlqj yhfwru=
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zkhuh | ' �b.H�b � �bbH��7� Wkh �qdo sdulw| frqglwlrq frqvlghuhg lq
vhfwlrq 5/ qdpho| wkh whup vwuxfwxuh uhodwlrqvkls/ fdq qrz eh dqdo|}hg1

Dv phqwlrqhg deryh/ wkh vkruw0whup lqwhuhvw udwhv zhuh vxemhfw wr
pdq| pdmru lqwhuyhqwlrqv lq wklv shulrg1 Lq sduwlfxodu/ wkh vkruw shulrg
ri prqhwdu| wdujhwlqj lq wkh ehjlqqlqj ri wkh hljkwlhv zlwqhvvhg zlog
 xfwxdwlrqv lq wkh vkruw0whup udwhv1 Wkh iroorzlqj 47 gxpp| yduldeohv8

zhuh qhhghg iru wkh uhvlgxdov wr dssur{lpdwho| vdwlvi| wkh qrupdolw|
frqglwlrq 	0

|
� ���	j

0
=

(�

|

' d(.H���c (.b�f�c (.b�fHc (UHf�f2c (Hf�f�c (HffDc (Hf���c (H��f�c
(UH��f�c (H����c (UH2�f�c (UHe��2c (UH.�fbc (bD�fHc (b.�feo

zkhuh(%%�++
|
' � lq 4<{{=||/ 3 rwkhuzlvh/ (U%%�++

|
' � lq �b%%�++c��

lq �b%%�++n�/ 3 rwkhuzlvh1 Qhyhuwkhohvv/ hyhq li wkh uhvlgxdov zhuh uhd0
vrqdeo| zhoo0ehkdyhg zkhq frqwuroolqj iru wkhvh lqwhuyhqwlrqv/ qrupdolw|
zdv uhmhfwhg/ sulpdulo| gxh wr h{fhvv nxuwrvlv1 Erwk oleru udwhv h{kle0
lwhg uhvlgxdo DUFK1 Dv glvfxvvhg iru wkh vpdoohu v|vwhp/ h{fhvv nxuwrvlv
dqg khwhurvfhgdvwlf huuruv pljkw d�hfw h!flhqf| exw vkrxog qrw surgxfh
eldvhg lqihuhqfh1

Lq Wdeoh 8 zh uhsruw wkh hvwlpdwhg hljhqydoxhv dqg wudfh vwdwlvwlfv
dvvrfldwhg zlwk wklv v|vwhp1 Dgglqj wkh wzr wuhdvxu| eloo udwhv wr wkh
gdwd vhw lpsolhv wkuhh srvvlelolwlhv uhjduglqj wkh h�hfw rq wkh udqn=

� o ' 2c l1h1 wkh udqn lv xqfkdqjhg dqg wkh vwrfkdvwlf wuhqgv zrxog
kdyh lqfuhdvhg wr R � o ' Dc lpso|lqj wkdw wkh wzr vkruw0whup
udwhv duh qrw frlqwhjudwhg ryhu wkh vdpsoh shulrg/ qhlwkhu zlwk
wkhpvhoyhv qru zlwk wkh lq dwlrq udwhv/ erqg udwhv/ ru RRR whup1
Wklv fdvh grhv qrw vhhp yhu| sodxvleoh d sulrul1

� o ' �c l1h1 R � o ' e dqg lqfoxglqj wkh vkruw0whup lqwhuhvw udwhv
zrxog kdyh lqwurgxfhg rqh dgglwlrqdo vwrfkdvwlf wuhqg1 Wklv phdqv
wkdw wkh vkruw0whup lqwhuhvw udwhv fdq eh mrlqwo| frlqwhjudwhg ru
frlqwhjudwhg zlwk wkh uhpdlqlqj yduldeohv ri wkh v|vwhp1

� o ' ec l1h1 wkh frpprq vwrfkdvwlf wuhqgv uhpdlq xqfkdqjhg/ R�o '
� dqg wkh vkruw0whup lqwhuhvw udwhv zrxog eh ixoo| lqwhjudwhg zlwk
orqj0whup lqwhuhvw udwhv/ lq dwlrq udwhv/ dqg wkh uhdo h{fkdqjh udwhv
frqvlvwhqw zlwk wkh wkhruhwlfdo irxqgdwlrqv ri wkh sdulwlhv ri Vhfwlrq
51

Wkh wudfh whvw vxjjhvwv irxu frpprq vwrfkdvwlf wuhqgv dqg/ frqvh0
txhqwo|/ wkuhh frlqwhjudwlrq uhodwlrqv1 Krzhyhu/ wkh wudfh vwdwlvwlf iru

7Ehfdxvh wkh Mdsdqhvh oleru udwh lv rqo| dydlodeoh iurp 4<:;144 wkh vdpsoh shulrg
lv vkruwhu wkdq iru wkh erqg udwh prgho1

8Lq whupv ri sdudphwhuv dgghg wr wkh prgho wkh| fruuhvsrqg wr wkh htxlydohqw ri
wzr dgglwlrqdo odjv1
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Wdeoh 8= Hljhqydoxhv/ wudfh whvwv/ dqg fkdudfwhulvwlf urrwv 1
Wkh wudfh whvw=
R� o : 9 8 7 6 5 4
b

�
317; 315: 314: 313; 3138 3135 3134

T+u, 647 493 ;: 75 54 < 6
TbD 456 <6 9< 7: 5< 48 7
Fkdudfwhulvwlf urrwv=
o ' . 31<: 31<: 31<8 31<8 31<3 316< 316<
o ' e 413 413 413 31<6 31<3 316; 316;
o ' � 413 413 413 413 31<5 316; 316;
o ' 2 413 413 413 413 413 3177 3177

erwk R � o ' e dqg R � o ' � lv txlwh forvh wr wkh <8( txdqwloh/ vxj0
jhvwlqj wkdw wkh wkhruhwlfdoo| prvw frqvlvwhqw fdvh o ' e pljkw eh wuxh1
Wr fkhfn wkh vhqvlwlylw| ri wkh prgho wr wkh fkrlfh ri o zh kdyh dovr
fdofxodwhg wkh urrwv ri wkh fkdudfwhulvwlf sro|qrpldo1 Wkhuh duh dssur{l0
pdwho| irxu *qhdu xqlw urrwv* lq wkh xquhvwulfwhg v|vwhp soxv d odujh urrw
ri 31<31 Wkh fkrlfh ri o ' e ohdyhv wzr odujh urrwv lq wkh prgho zkhuhdv
o ' � uhpryhv wkh odujhvw urrwv exw/ qhyhuwkhohvv/ ohdyhv rqh txlwh odujh
urrw/ 31<5/ lq wkh prgho1 Rqo| iru o ' 2c l1h1 iru R � o ' Dc doo odujh
urrwv glvdsshdu iurp wkh prgho1 Vlqfh wklv fdvh lv qrw yhu| olnho| iurp d
wkhruhwlfdo srlqw ri ylhz zh frqwlqxh wkh dqdo|vlv zlwk o ' �c dowkrxjk
qrwlqj wkdw wkh oleru udwhv duh rqo| zhdno| frlqwhjudwhg lq wklv v|vwhp1

Dgglqj yduldeohv wr wkh lqirupdwlrq vhw fdq fkdqjh wkh suhylrxv �qg0
lqjv ri orqj0uxq zhdn h{rjhqhlw|1 Lq idfw/ d fkdqjh ri zhdn h{rjhqhlw|
vwdwxv lv d vljq ri fkdqjlqj orqj0uxq ihhgedfn dqg lv/ wkhuhiruh/ ri sdu0
wlfxodu lqwhuhvw1 Li/ iru h{dpsoh/ wkh vkruw0whup udwhv duh gulylqj wkh
orqj0whup erqg udwhv/ wkhq lqfoxglqj wkh iruphu lq wkh dqdo|vlv vkrxog
fkdqjh wkh suhylrxv �qglqj ri zhdno| h{rjhqrxv erqg udwhv dqg/ lqvwhdg/
zh zrxog �qg wkdw wkh vkruw udwhv duh zhdno| h{rjhqrxv1 Lq Wdeoh 9 wkh
whvw uhvxowv ri zhdn h{rjhqhlw| duh uhsruwhg1 Wkh whvw vwdwlvwlfv/ dv|ps0
wrwlfdoo| glvwulexwhg dv �2E��c lqglfdwh wkdw wkh zhdn h{rjhqhlw| uhvxowv lv
dowhuhg iru wkh RRR whup/ exw qrw iru wkh Mdsdqhvh erqg udwh1 Wklv uhvxow/
wrjhwkhu zlwk wkh uhmhfwlrq ri zhdn h{rjhqhlw| ri wkh vkruw0whup lqwhu0
hvw udwhv/ vxjjhvwv wkdw prqhwdu| srolf| vkrfnv duh wudqvplwwhg wkurxjk
wkh h{fkdqjh pdunhw/ khqfh lq xhqflqj wkh uhdo h{fkdqjh udwhv1 Vlplodu
uhvxowv zhuh irxqg lq MP/ zkhuh wkh zhdn h{rjhqhlw| ri wkh RRR whup lq
wkh vpdoo v|vwhp glvdsshduhg zkhq wkh wkuhh prqwkv wuhdvxu| eloo udwhv
zhuh dgghg1

Zh lqwhusuhw wklv dv hylghqfh ri wkh lpsruwdqfh ri prqhwdu| vkrfnv
iru vkruw0whup fkdqjhv lq wkh h{fkdqjh udwhv1 Zh dovr �qg lw sodxvleoh
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Wdeoh 9= Whvwv ri orqj0uxq zhdn h{rjhqhlw|
Vlqjoh whvwv ri= {R

|
{RW

|
�,
|

�,W
|

�r
|
c �rW

|
RRR

�2E�� ' .�H 45818 7618 518 4<1: 4<13 4516 ;14

wkdw wkh irxuwk vwrfkdvwlf wuhqg ghvfulehv wkh fxpxodwlyh h�hfw ri uhodwlyh
prqhwdu| lqwhuyhqwlrq vkrfnv ehwzhhq wkh XVD dqg Mdsdq dqg wkdw wklv
h�hfw lv sduwlfxoduo| lpsruwdqw lq wkh vkruw0whup fdslwdo pdunhw1

914 D ixoo| vshfl�hg frlqwhjudwlrq vwuxfwxuh
Dq dgydqwdjh ri wkh sulqflsoh ri *vshfl�f0wr0jhqhudo* lv wkdw zh fdq nhhs
wkh wzr vwhdg|0vwdwh uhodwlrqv irxqg lq wkh suhylrxv vhfwlrq xqdowhuhg1
Khqfh/ wkh *dgglwlrqdo* lpsdfw ri wkh wzr qhz yduldeohv rq wkh v|vwhpzloo
hvvhqwldoo| eh ghvfulehg e| wkh wklug frlqwhjudwlqj uhodwlrq1 Zh �uvw hvwl0
pdwhg wkh sduwldoo| uhvwulfwhg orqj0uxq vwuxfwxuh q ' iM�)�

c M2)2
c �jc c

zkhuh M� dqgM2 duh wkh ghvljq pdwulfhv ri wkh orqj0uxq vwuxfwxuh ri wkh
vpdoo prgho ri Vhfwlrq 8 dqg � lv dq xquhvwulfwhg frlqwhjudwlrq yhfwru1 Lw
wxuqhg rxw/ krzhyhu/ wkdw wkh �uvw frlqwhjudwlrq uhodwlrq/ wkh Mdsdqhvh
lq dwlrq uhodwlrq/ zdv pxfk lpsuryhg e| uhsodflqj wkh Mdsdqhvh orqj0
whup erqg udwh zlwk wkh Mdsdqhvh oleru udwh dqg zh uh0hvwlpdwhg q zlwk
M�)�

gh�qhg e| wkh ghvljq pdwul{ uhsruwhg ehorz1 Jlyhq wklv fkdqjh
lq frlqwhjudwlrq ghvljq/ wkh *qhz* xquhvwulfwhg frlqwhjudwlrq uhodwlrq �
qrupdol}hg rq wkh XV wuhdvxu| eloo udwh ehfdph=

�� ' d�f�fec�f�f�c���f�c ��ffc ��ffc�f�HDc f�fbo

vxjjhvwlqj wkdw wklv frlqwhjudwlrq uhodwlrq sulpdulo| frqwdlqv lqirupdwlrq
derxw wkh oleru vsuhdg dqg wkh erqg vsuhdg1 Wklv ohg wr wkh iroorzlqj
mrlqw k|srwkhvhv rq wkh ixoo frlqwhjudwlrq vwuxfwxuh=

K� G q ' iM�)�
cM2)2

c M�)�
jc +4;,

zkhuh wkh ghvljq pdwulfhv duh gh�qhg dv=
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Wdeoh := D vwuxfwxudo uhsuhvhqwdwlrq ri wkh frlqwhjudwlqj vsdfh1
Hljhqyhfwruv q Zhljkwv k

Ydu1 	q
�
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2

	q
�

Ht1 	k� 	k2 	k�
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+31;,

0316
+316,

���H
E2�D�

fqvw1 031333 031335 31333
�� RRR kdv ehhq glylghg e| 433 wr dyrlg uhsruwlqj vpdoo frh!flhqwv

Wkh olnholkrrg udwlr vwdwlvwlf iru whvwlqj wkh hljkw ryhulghqwli|lqj uhvwulf0
wlrqv/ dv|pswrwlfdoo| �2EH�c zdv 4136 dqg wkh vwuxfwxuh lv fohduo| dffhsw0
deoh zlwk d s0ydoxh ri 41331 Lq Wdeoh : wkh hvwlpdwhg q

��
frh!flhqwv dqg

wkhlu dv|pswrwlf vwdqgdug huuruv duh uhsruwhg1 Doo ri wkhp duh vwurqjo|
vljql�fdqw/ wkhuhe| lpso|lqj wkdw wkh vxjjhvwhg vwuxfwxuh lv erwk iru0
pdoo| dqg hpslulfdoo| lghqwl�hg1 Ixuwkhupruh/ dv wkh uhfxuvlyh judskv
lq Dsshqgl{ G/ �jxuhv G40G7/ ghprqvwudwh/ wkhvh hpslulfdo h�hfwv kdyh
ehhq uhpdundeo| frqvwdqw ryhu wkh odvw 43 |hduv/ d wrwdo ri 453 revhuyd0
wlrqv$

Wkh �uvw wzr yhfwruv duh yhu| vlplodu wr wkh wzr frlqwhjudwlqj uh0
odwlrqv lq wkh vpdoo prgho/ looxvwudwlqj wkh lqyduldqfh ri wkh frlqwhjud0
wlrq surshuw|1 Wkh pdlq gl�huhqfh rffxuv lq wkh �uvw yhfwru zkhuh wkh
Mdsdqhvh vkruw udwh qrz hqwhuv lqvwhdg ri wkh orqj udwh1 Wkh wklug yhfwru
lv zulwwhq khuh dv=

�r
|
� �rW

|
' E�,

|
� �,W

|
� n �

|
+4<,

Zh lqwhusuhw lw dv dq lqwhuqdwlrqdo whup vwuxfwxuh uhodwlrqvkls lq
zklfk wkh vkruw lqwhuhvw gl�huhqwldo lv sursruwlrqdo wr wkh orqj lqwhuhvw
gl�huhqwldo1

Iljxuh 9 vkrzv wkh judskv ri wkh wkuhh htxloleulxp huuru fruuhfwlrq
phfkdqlvpv1 Lw dsshduv wkdw wkh wklug frlqwhjudwlrq uhodwlrq +4<, lv
rqo| zhdno| phdq0uhyhuwlqj/ frqvlvwhqw zlwk wkh udwkhu kljk urrw ohiw
lq wkh prgho zkhq o ' �� Lq sduwlfxodu/ wkh shulrg iurp 4<:< wr 4<;7/
frqwdlqlqj wkh |hduv ri prqhwdu| wdujhwlqj/ vhhpv wr ghvfuleh d wudqvlwlrq
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Iljxuh 9= Wkh judskv ri wkh wkuhh hfp0phfkdqlvpv gh�qhg lq Wdeoh :1

wrzdugv d qhz vwhdg|0vwdwh ehwzhhq orqj0 dqg vkruw0whup lqwhuhvw udwhv1
D vlplodu wudqvlwlrq ehkdylru fdq eh qrwlfhg lq wkh vhfrqg frlqwhjudwlrq
uhodwlrq/ wkh uhodwlrq ehwzhhq XV lq dwlrq/ Mdsdqhvh lq dwlrq dqg erqg
udwh/ dqg wkh RRR whup1 Fi1 wkh judsklfdo lqvshfwlrq lq Vhfwlrq 51 Wkh
�uvw frlqwhjudwlrq uhodwlrq/ wkh uhodwlrq ehwzhhq Mdsdqhvh lq dwlrq dqg
oleru udwh/ wkh XV uhdo erqg udwh dqg wkh RRR/ vhhpv wr kdyh gh�qhg
d uhpdundeo| vwurqj frlqwhjudwhg uhodwlrqvkls= wkh ghyldwlrqv iurp wklv
uhodwlrq orrnv doprvw dv zklwh qrlvh iru wkh zkroh shulrg1

Wkh dgmxvwphqw frh!flhqwv9 +w0udwlrv lq eudfnhwv, ri wkh �uvw wzr
uhodwlrqv duh vlplodu wr wkrvh ri wkh vpdoo v|vwhp/ zlwk wkh h{fhswlrq wkdw
wkh XV lq dwlrq udwh qrz vljql�fdqwo| dgmxvwv wr doo wkuhh htxloleulxp
huuruv dqg Mdsdqhvh lq dwlrq qr orqjhu dgmxvwv wr wkh vhfrqg1 Lw lv
sduwlfxoduo| qrwhzruwk| wkdw wkh wzr vkruw udwhv/ exw qrw wkh erqg udwhv/
duh vljql�fdqwo| dgmxvwlqj wr wkh wklug vwhdg|0vwdwh uhodwlrq/ djdlqvw wkh
h{shfwdwlrq*v k|srwkhvlv zklfk suhglfwv wkdw vkruw0whup lqwhuhvw udwhv
gulyh orqj0whup udwhv1 Wkh vpdoo exw vljql�fdqw dgmxvwphqw ri XV vkruw
udwh wr wkh vhfrqg dqg wklug frlqwhjudwlqj yhfwru uh hfwv lwv uroh dv d
prqh| pdunhw ghwhuplqhg lqwhuhvw udwh/ exw wkh odfn ri dgmxvwphqw lq
wkh orqj0whup erqg udwhv vhhpv wr vxjjhvw wkdw wkh wudqvplvvlrq ri wkh

9Ehfdxvh wkh uhvlgxdo fryduldqfh pdwul{ lv doprvw gldjrqdo/ wkh lqwhusuhwdwlrq lv
qrw olnho| wr fkdqjh pxfk xqghu d olqhdu wudqvirupdwlrq ri wkh YDU1 Qhyhuwkhohvv/ d
pruh frpsohwh lqwhusuhwdwlrq zloo eh jlyhq lq Vhfwlrq <1
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prqh| pdunhw h�hfwv rqwr wkh orqj0udwhv lv qrw wkhuh/ ru rqo| zhdno| vr1
Krz gr wkhvh uhvxowv frpsduh zlwk wkh XV0Jhupdq �qglqjv uhsruwhg

lq MPB Lq idfw wkh uhvxowv duh txlwh vlplodu1 Iru h{dpsoh/ MP hvwdeolvkhg
d uhodwlrq wrzdugv zklfk Jhupdq lq dwlrq zdv dgmxvwlqj/ d uhodwlrq wr0
zdugv zklfk XV lq dwlrq zdv dgmxvwlqj/ dqg dq lqwhuqdwlrqdo whup vwuxf0
wxuh uhodwlrqvkls1 Khqfh/ erwk vwxglhv �qg sulfh dgmxvwphqw/ udwkhu wkdq
h{fkdqjh udwh dgmxvwphqw wrzdugv orqj0uxq vwhdg|0vwdwhv1 Erwk vwxglhv
�qg hylghqfh ri wkh fuxfldo lpsruwdqfh ri lqwhuhvw udwhv/ erwk orqj dqg
vkruw/ wr idflolwdwh wkh yhu| vorz sulfh dgmxvwphqw wrzdugv ixqgdphqwdo
vwhdg|0vwdwh1 Dowrjhwkhu/ wkh uhvxowv lq wklv vhfwlrq dqg wkrvh frqwdlqhg
lq MP/ fdq eh lqwhusuhwhg dv fohdu hylghqfh ri wkh ghshqghqfh ri wkh XV
hfrqrp| lq wkh srvw0 Euhwwrq Zrrgv shulrg rq Mdsdqhvh +lq sduwlfxodu,
dqg Hxurshdq fdslwdo pdunhwv wr �qdqfh lwv odujh wudgh gh�flwv1

915 Wkh uroh ri vkruw0whup lqwhuhvw udwhv lq wkh Mdsdqhvh
prgho

Wr jdlq d ixuwkhu shuvshfwlyh rq wkh uroh ri wkh vkruw0 uhodwlyh wr wkh
orqj0whup lqwhuhvw udwhv zh uhsruw/ lq Wdeoh ;/ d frpsdudwlyh dqdo|vlv ri
wkh frpelqhg h�hfwv dv phdvxuhg e| 	k

o

	q
�

o
' 	�

o
c zkhuh wkh vxevfulsw o

vwdqgv iru wkh uhvwulfwhg hvwlpdwhv dv uhsruwhg lq Wdeohv 7 dqg :1
Frpsdulqj wkh Mdsdqhvh lq dwlrq udwh htxdwlrqv zlwk dqg zlwkrxw

wkh vkruw0whup lqwhuhvw udwhv ghprqvwudwhg zk| wkh �uvw frlqwhjudwlrq
uhodwlrq/ M�)�

c qhhghg wr eh prgl�hg zkhq prylqj iurp wkh vpdoo wr
odujh v|vwhp= zkhq lqfoxglqj wkh oleru udwhv lqwr wkh dqdo|vlv lw uhsodfhv
wkh Mdsdqhvh erqg udwh dv d vljql�fdqw ghwhuplqdqw ri Mdsdqhvh lq d0
wlrq1 Lqwhuhvwlqjo|/ wkh htxdwlrq iru XV lq dwlrq zlwk wkh vkruw |lhogv
lqfoxghg fkdqjhv txlwh gudpdwlfdoo|= lw lv qrz vljql�fdqwo| dgmxvwlqj wr
wkh Mdsdq0XV erqg vsuhdg +srvlwlyho|, dqg wr wkh oleru vsuhdg +qhjd0
wlyho|, dqg pxfk pruh vljql�fdqwo| wr wkh uhdo h{fkdqjh udwh1

Wklv pd| vxjjhvw wkdw wkh |lhog jds sod|v d gl�huhqw uroh lq wklv
v|vwhp iurp wkh rqh suhglfwhg e| wkh sxuh h{shfwdwlrqv prgho ri wkh
whup vwuxfwxuh1 Dffruglqj wr wkh odwwhu wkh orqj erqg |lhog vkrxog frq0
wdlq lqirupdwlrq rq wkh fxuuhqw vkruw udwh dqg vrph dyhudjh ri h{shfwhg
ixwxuh vkruw udwhv1 Lq wklv ylhz/ wkh dgglwlrq ri wkh vkruw udwhv vkrxog
qrw vljql�fdqwo| d�hfw wkh h{lvwlqj uhvxowv1 Wkh idfw wkdw wkh uhvxowv
duh vljql�fdqwo| d�hfwhg vxjjhvwv wkdw vkruw udwhv frqwdlq lpsruwdqw lq0
irupdwlrq/ ryhu dqg deryh wkdw frqwdlqhg lq wkh orqj udwhv/ dqg wklv
suhvxpdeo| uhodwhv wr wkh rshudwlrq ri prqhwdu| srolf|1

Wkh erqg udwh htxdwlrqv uhsruwhg lq Wdeoh ; duh hvvhqwldoo| xq0
fkdqjhg zlwk wkh lqfoxvlrq ri wkh vkruw udwhv= wkh Mdsdqhvh erqg udwh
lv vwloo zhdno| h{rjhqrxv dqg wkh XV erqg udwh lv d�hfwhg e| wkh lq d0
wlrq udwh gl�huhqwldo uhodwlyh wr wkh RRR whup erwk lq wkh vpdoo dqg wkh
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h{whqghg v|vwhp1
Wkh htxdwlrq iru wkh RRR whup lq wkh h{whqghg v|vwhp vkrzv vljqli0

lfdqw dgglwlrqdo h�hfwv iurp wkh vkruw lqwhuhvw udwh vsuhdg +wkh fhqwudo
edqn srolf| h�hfw, dqg wkh erqg udwh vsuhdg ehfrphv pruh vljql�fdqw1
Prvw hpslulfdo zrun kdv idlohg wr �qg d jrrg ghvfulswlrq ri wkh yduld0
wlrqv ri qrplqdo h{fkdqjh udwhv ryhu wklv shulrg1 Dowkrxjk wkh vljqli0
lfdqw h�hfwv lq wkh RRR htxdwlrq duh qrw odujh lq pdjqlwxgh lw pljkw
qhyhuwkhohvv eh ri lqwhuhvw wr uhirupxodwh wkhp lqwr dq h{sodqdwlrq ri
qrplqdo h{fkdqjh udwh=
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Wkxv/ lw vhhpv dv li wkh \hq2groodu udwh kdv dssuhfldwhg zlwk XV0
MS erqg udwh vsuhdg dqg ghsuhfldwhg zlwk wkh vsuhdg lq wkh vkruw udwhv1
Wkhvh duh lqwhuhvwlqj uhvxowv lq sduwlfxodu zkhq frpsduhg wr wkh Jhupdq
XV fdvh/ zkhuh zh irxqg wkh rssrvlwh wr krog/ l1h1 wkh Gpn2groodu
udwh dssuhfldwhg zlwk lqfuhdvlqj XV0Jhupdq wuhdvxu| eloo vsuhdg/ exw
ghsuhfldwhg zlwk lqfuhdvlqj XV0Jhupdq erqg vsuhdg1 Rqh k|srwkhwlfdo
h{sodqdwlrq lv wkdw wkh Mdsdqhvh fhqwudo edqn kdyh elg xs wkh oleru
udwh wr frxqwhudfw wkh frqvhtxhqfhv rq wudgh ri dq dssuhfldwlrqv ri wkh
\hq2groodu udwh/ zkhuhdv lq wkh Jhupdq0XV fdvh vshfxodwlyh pdunhwv
pljkw kdyh h{fhvvlyho| elg xs wkh groodu udwh e| wkh ghpdqg iru XV
erqgv1

Iurp Wdeoh ; lw dovr dsshduv wkdw wkhuh lv qr vljql�fdqw vwhdg|0vwdwh
dgmxvwphqw wrzdugv wkh uhdo \hq2Groodu udwh lq wkh RRR htxdwlrq1 Exw/
lqvwhdg/ wkh wzr lq dwlrq udwhv dqg wkh XV erqg udwh dqg oleru udwh kdyh
uhdfwhg vljql�fdqwo| rq ghyldwlrqv iurp orqj0uxq RRR1 Wklv zdv qrw wkh
fdvh iru Jhupdq|0XV zkhuh RRR zdv vljql�fdqwo| dgmxvwlqj lq wkh RRR
htxdwlrq dv zhoo dv lq XV lq dwlrq udwh htxdwlrq1

Erwk wkh XV dqg Mdsdqhvh vkruw lqwhuhvw udwhv vkrz vljql�fdqw uh0
dfwlrq wrzdugv hdfk rwkhu/ exw dovr h�hfwv iurp wkh erqg |lhog vsuhdg1
Wkh XV oleru udwh lv dovr d�hfwhg e| wkh lq dwlrq udwh vsuhdg dqg wkh
uhdo h{fkdqjh udwh/ exw wklv grhv qrw vhhp wr eh wkh fdvh iru Mdsdqhvh
oleru udwh/ djdlq +srvvleo|, vxjjhvwlqj wkdw lw kdv ehhq pruh lq xhqfhg
e| prqhwdu| srolf| lqwhuyhqwlrqv wkdq e| pdunhw irufhv1

Ilqdoo|/ lw lv zruwk frqwudvwlqj wkh odfn ri vljql�fdqw lq dwlrqdu|
h�hfwv lq wkh lqwhuhvw udwh htxdwlrqv zlwk wkh vljql�fdqw lqwhuhvw udwh
h�hfwv lq wkh lq dwlrq udwh htxdwlrqv1 Vlplodu uhvxowv zhuh irxqg lq MP1
Lw vwurqjo| vxjjhvwv wkdw wkh vkruw0uxq dgmxvwphqw h�hfwv duh iurp erqg
udwhv wr wkh vkruw udwhv/ zklfk duh wkhq lq xhqflqj lq dwlrq udwhv1

Wkh h�hfwv ghvfulehg e| wkh dgmxvwphqw frh!flhqwv k dqg e| wkh �
pdwul{ duh ri vkruw0uxq fkdudfwhu1 Wkh wrslf ri wkh qh{w vhfwlrq lv wr
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Wdeoh ;= Wkh frpelqhg orqj0uxq h�hfwv lq wkh h{whqghg Mdsdqhvh prgho

Wkh frpelqhg h�hfwv � ' kq�
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E��f�
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vwxg| wkh orqj0uxq lpsdfw ri d vkrfn wr wkh yduldeohv rq wkh v|vwhp1

: Zhdn h{rjhqhlw| dqg wkh orqj0uxq lpsdfw ri vkrfnv

Edvhg rq wkh YDU prgho/ wkh fkdqjh lq d yduldeoh {%
�|
fdq eh ghfrp0

srvhg lqwr lwv suhglfwdeoh sduw/ wkh frqglwlrqdo h{shfwdwlrq .
|3�i{%

�|
m

{%
|3�c q

�%
|3�jc dqg wkh xqsuhglfwdeoh sduw/ 0

�|
/ jlyhq wkh lqirupdwlrq

dydlodeoh dw wlph w041 Wkh hpslulfdo lqyhvwljdwlrq lq wklv vhfwlrq irfxvhv
rq wkh orqj0uxq lpsdfw ri wkhvh � xqdqwlflsdwhg vkrfnv� rq wkh v|vwhp1
Irupdoo|/ wkh hfrqrphwulf dqdo|vlv lv edvhg rq wkh lqyhuwhg YDU prgho
lq wkh vr fdoohg prylqj dyhudjh uhsuhvhqwdwlrq ri wkh yhfwru surfhvv=

%
|
' �

|[
�

0
�
n�x�

|[
�

(
�
n�x2

|[
�

7
�
n�WEu�E0

|
n>nx�7|

nx2(|
�n�

+53,
zkhuh � ' q

z

Ek�
z

Kq
z

�3�k�
z

c �WEu� lv dq lq�qlwh sro|qrpldo lq wkh odj
rshudwru uc dqg � lv d ixqfwlrq ri wkh lqlwldo ydoxhv1 k

z
dqg q

z

duh
R� ER� o� pdwulfhv ruwkrjrqdo wr k dqg q� Wkh wrwdo lpsdfw pdwul{ �
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kdv uhgxfhg udqn ER� o� dqg fdq eh ghfrpsrvhg +vlploduo| dv � ' kq ��
lq wzr R� ER� o� pdwulfhv=

� ' hq
z

k�
z

c

zkhuh hq
z

' q
z

Ek�
z

Kq
z

�3�� Wkh lqwhusuhwdwlrq lv wkdw k�
z

P0
�
lv d phdvxuh

ri wkh R � o frpprq vwrfkdvwlf wuhqgv zklfk lq xhqfh wkh yduldeohv %
|

zlwk wkh zhljkwv hq
z

�
Lw dsshduv wkdw wkh �uvw frpprq wuhqg/ k�

z��
P	0

�
c lv htxdo wr wkh fxpx0

odwhg vkrfnv wr wkh Mdsdqhvh orqj erqg |lhog/ frqvlvwhqw zlwk wkh zhdn
h{rjhqhlw| uhvxow ri Wdeoh 91 Wkh vhfrqg frpprq wuhqg lv grplqdwhg
e| vkrfnv wr wkh XV erqg |lhog/ zkhuhdv wkh uhpdlqlqj wklug dqg irxuwk
wuhqgv vhhp sulpdulo| wr eh uhodwhg wr vkrfnv wr wkh vkruw0whup lqwhuhvw
udwhv1 k

z�� lv hvvhqwldoo| wkh vxp ri shupdqhqw vkrfnv wr wkh oleru udwhv/
ghvfulelqj wkh frpprq orqj0uxq pryhphqwv lq wkh vkruw0whup lqwhuhvw
udwhv1 Wkh odvw frpprq wuhqg fdswxuhv wkh lpsdfw ri vkrfnv wr wkh uhdo
h{fkdqjh udwh dqg vkrfnv wr wkh oleru vsuhdg +vkrfnv wr wkh xqfryhuhg
lqwhuhvw udwh sdulw|,1

Zh kdyh qr vwdqgdug huuruv iru wkh frh!flhqwv hq
z���

dqg wkh frhi0
�flhqwv lq erog idfh duh rqo| lqglfdwlyh1 Wkh uhvxowv duh lq dffrugdqfh
zlwk rxu suhylrxv �qglqjv vxjjhvwlqj wkdw wkh ghyhorsphqwv lq *zruog*
�qdqfldo pdunhwv duh gulyhq e| wkh grplqdqw udwh |lhogv 0 wkh XV dqg
Mdsdqhvh vkruw dqg orqj udwhv1 Wkh yduldeohv wkdw dgmxvw prvw vwurqjo|
duh sulfhv/ wkh RRR whup dqg wkh vkruw whup lqwhuhvw udwhv1 Wklv odwwhu
�qglqj uhlqirufhv wkh srlqw pdgh hduolhu wkdw wkh Ilvkhu frqglwlrqv gr
qrw vhhp zrun lq wkh suhglfwhg pdqqhu1

Edvhg rq +53, lw lv vwudljkwiruzdug wr fdofxodwh wkh ixoo lpsxovh uh0
vsrqvh ixqfwlrqv iru d xqlwdu| fkdqjh ri 	0

�|
� Ehfdxvh zh duh sulpdulo|

lqwhuhvwhg lq wkh �qdo lpsdfw ri d shupdqhqw vkrfn wr wkh yduldeoh {%
�
c

rqo| wkh hvwlpdwh ri wkh �qdo lpsdfw pdwul{ � lv uhsruwhg lq wkh orzhu
sduw ri Wdeoh <1 Vwdqgdug huuruv ri hvwlpdwhv duh fdofxodwhg xvlqj uhvxowv
lq Sduxror +4<<:,1 Vljql�fdqw frh!flhqwv zlwk d s0ydoxh ri 3138 ru ohvv
duh lqglfdwhg zlwk erog idfh1 Wkh hqwulhv ri d froxpq lq wkh F pdwul{
fdq eh lqwhusuhwhg dv wkh wrwdo +fxpxodwhg, lpsdfw ri d vkrfn/ 0

�|
c rq

wkh rwkhu yduldeohv ri wkh v|vwhp/ zkhuhdv d urz fdq eh lqwhusuhwhg dv
wkh zhljkwv zlwk zklfk shupdqhqw vkrfnv wr wkh yduldeohv ri wkh v|vwhp
kdyh lq xhqfhg wkh orqj0uxq pryhphqwv lq wkh yduldeoh %

�|
� Khqfh/ wkh

vljql�fdqfh ri hdfk hqwu| S
��
jlyhv dq lqglfdwlrq li wkh vkrfn 0

�
wr wkh

yduldeoh %
�
kdv h{klelwhg d shupdqhqw h�hfw rq wkh yduldeoh %

�
�

Zh qrwh wkdw vkrfnv wr
+4, wkh wzr lq dwlrq udwhv kdyh yhu| vpdoo dqg jhqhudoo| lqvljql�fdqw

h�hfwv rq wkh rwkhu yduldeohv ri wkh v|vwhp/
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Wdeoh <= Wkh frpprq wuhqgv k
z
dqg wkh dvvrfldwhg zhljkwv q

z

dqg wkh
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318
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031;
+519,

���
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+5, wkh wzr orqj0whup erqg |lhogv kdyh vljql�fdqw fxpxodwlyh lpsdfwv
rq lq dwlrq udwhv dqg dovr rq vkruw0whup lqwhuhvw udwh |lhogv/

+6, wkh vkruw0whup lqwhuhvw udwhv kdyh vrph srvlwlyh orqj0uxq h�hfwv
rq wkh lq dwlrq udwhv/ exw sulpdulo| rq hdfk rwkhu dqg wkh uhdo h{fkdqjh
udwh/ dqg �qdoo|

+7, wkh RRR whup kdv vljql�fdqw orqj0uxq h�hfwv rq lwvhoi dqg wkh wzr
lq dwlrq udwhv1

D urz0zlvh lqvshfwlrq vkrzv wkdw lq dwlrq udwhv duh sulpdulo| lq x0
hqfhg e| vkrfnv wr wkh erqg udwhv/ wkh vkruw0whup lqwhuhvw udwhv dqg uhdo
h{fkdqjh udwhv1 Wkh Mdsdqhvh erqg udwh/ ehlqj zhdno| h{rjhqrxv/ lv
qrw lq xhqfhg e| dq| ri wkh rwkhu yduldeohv/ zkhuhdv wkh XV erqg udwh
lv wr vrph h{whqw lq xhqfhg e| shupdqhqw vkrfnv wr wkh Mdsdqhvh ydul0
deohv1 Wkh oleru udwhv duh sulpdulo| lq xhqfhg e| shupdqhqw vkrfnv wr
wkh erqg udwhv dqg wr hdfk rwkhu/ zkhuhdv wkh RRR whup lv vljql�fdqwo|
d�hfwhg e| vkrfnv wr wkh XV oleru udwh1

Wkhvh uhvxowv uhlqirufh wkh �qglqjv iurp rxu dqdo|vlv ri wkh frp0
prq wuhqgv dqg orqj0uxq uhodwlrqv zklfk zhuh lq frq lfw zlwk wkh edvlf
suhplvh ri wkh h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh1
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; D sduvlprqlrxv vkruw0uxq dgmxvwphqw prgho

Xvlqj wkh lghqwl�hg frlqwhjudwlrq uhodwlrqv uhsruwhg lq Wdeoh : zh �uvw
hvwlpdwhg d pxowlyduldwh g|qdplf htxloleulxp huuru fruuhfwlrq prgho iru
wkh ixoo v|vwhp1 Ehfdxvh wkh Mdsdqhvh erqg udwh zdv irxqg wr eh vwurqjo|
h{rjhqrxv zh uhhvwlpdwhg wkh v|vwhp frqglwlrqdo rq wkh pdujlqdo prgho
iru wkh Mdsdqhvh erqg udwh1 E| �uvw uhprylqj lqvljql�fdqw odjjhg ydul0
deohv iurp wkh v|vwhp edvhg rq dq I0whvw dqg wkhq uhprylqj lqvljql�fdqw
frh!flhqwv iurp wkh htxdwlrqv edvhg rq d Olnholkrrg Udwlr whvw zh du0
ulyhg dw wkh iroorzlqj sduvlprqlrxv prgho=
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dqg wkh r�0gldjrqdo whupv ri wkh 	PEo
��
� pdwul{ duh jlyhq dv uhvlgxdo fru0

uhodwlrqv/ zkhuhdv wkh gldjrqdo whupv fruuhvsrqg wr wkh uhvlgxdo vwdq0
gdug huuruv1 Wkh uhvlgxdo furvv fruuhodwlrqv duh jhqhudoo| yhu| vpdoo1

Wkh hvwlpdwhg frh!flhqwv ri wkh lqfoxghg gxpp| yduldeohv duh suh0
vhqwhg lq Dsshqgl{ D1 Wkh OU whvw ri wkh ryhulghqwli|lqj uhvwulfwlrqv/
glvwulexwhg dv �2E�2.�c zdv 46:1; dqg wkh uhvwulfwlrqv zhuh dffhswhg zlwk
d s0ydoxh ri 31571 Ixuwkhupruh/ wkh frh!flhqwv rq wkh odjjhg erqg udwh
lq wkh RRR htxdwlrq zhuh uhvwulfwhg wr eh htxdo zlwk rssrvlwh vljqv1 Lw
zdv dffhswhg zlwk d s0ydoxh ri 31;61 Ri wkh 45: h{foxvlrq uhvwulfwlrqv
rqo| 57 duh uhodwhg wr wkh v|vwhp yduldeohv1 Wkh| zhuh whvwhg vhsdudwho|
dqg dffhswhg zlwk d s0ydoxh ri 31961 Wkh uhpdlqlqj h{foxvlrq uhvwulf0
wlrqv duh prvwo| dvvrfldwhg zlwk wkh pdq| lqwhuyhqwlrq gxpplhv qhhghg
wr dffrxqw iru wkh odujh pryhphqwv lq XV oleru udwh gxulqj wkh shulrg
ri prqhwdu| wdujhwlqj lq wkh ehjlqqlqj ri wkh hljkwlhv/ exw dovr zlwk
vrph udwkhu elj  xfwxdwlrqv lq wkh Mdsdqhvh oleru udwh zkhq lw zdv lq0
wurgxfhg dw wkh hqg ri wkh vhyhqwlhv1 Ixuwkhupruh/ wkh prqwko| vhdvrqdo
gxpp| yduldeohv duh rqo| lqfoxghg lq wkh XV dqg Mdsdqhvh lq dwlrq udwh
htxdwlrqv1

Lq whupv ri wkh frqwhpsrudqhrxv h�hfwv/ zh qrwh wkdw wkh vwurqjo|
h{rjhqrxv Mdsdqhvh erqg udwh dsshduv lq doo htxdwlrqv h{fhsw iru wkh
XV oleru udwh1 Qr dgglwlrqdo vljql�fdqw frqwhpsrudqhrxv h�hfwv zhuh
glvfryhuhg1

Dprqj wkh odjjhg yduldeohv h�hfwv zh qrwh wkdw XV erqg udwh kdv
dgmxvwhg srvlwlyho| wr wkh odjjhg fkdqjh lq wkh XV0Mdsdqhvh oleru vsuhdg
dqg srvlwlyho| wr eS62c l1h1 XV erqg udwh kdv lqfuhdvhg zkhq XV lq dwlrq
lv kljk uhodwlyh wr wkh Mdsdqhvh lq dwlrq dqg wkh uhdo h{fkdqjh udwh1 Wkh
odwwhu h�hfw lv olnho| wr fdswxuh wkh h�hfw ri �qdqflqj wkh wudgh gh�flw
e| lvvxlqj XV erqgv1 Erwk oleru udwhv uhdfw h{foxvlyho| wr wkh grphvwlf
odjjhg yduldeohv/ dqg wkh RRR whup uhdfwv rqo| wr wkh odjjhg fkdqjh lq
wkh erqg |lhog vsuhdg1

Lq whupv ri htxloleulxp huuru fruuhfwlrq/ zh qrwh wkdw Mdsdqhvh lq0
 dwlrq rqo| uhdfwv wr wkh �uvw eS6 whup/ zkhuhdv XV lq dwlrq dgmxvwv wr
doo wkuhh1 Wkh uhdo h{fkdqjh udwh dqg wkh vkruw0whup lqwhuhvw udwhv duh
doo h{foxvlyho| dgmxvwlqj wr wkh wklug eS6c l1h1 wkh uhodwlrq ehwzhhq wkh
orqj0whup dqg wkh vkruw0whup vsuhdg1

Wkh uhvxowv uhsruwhg lq wklv vhfwlrq frq�up wkh fuxfldo uroh ri wkh
orqj0 dqg vkruw0whup lqwhuhvw udwhv iru wkh ghyhorsphqw ri wkh uhdo h{0
fkdqjh udwh lq wklv shulrg1 Lw lv lqwhuhvwlqj wr qrwh wkdw dq lqfuhdvh lq
wkh vsuhdg ehwzhhq wkh XV dqg Mdsdqhvh erqg udwhv lv dvvrfldwhg zlwk
d ghsuhfldwlrq ri wkh groodu frqvlvwhqw zlwk wkh suhglfwlrqv ri wkh XLS/
zkhuhdv wkh rssrvlwh lv wkh fdvh zlwk dq lqfuhdvh lq wkh oleru vsuhdg1
Dv phqwlrqhg lq wkh suhylrxv vhfwlrq wklv odwwhu uhvxow frxog uh hfw wkh

63



lpsdfw rq wkh oleru udwh ri lqwhuyhqwlrqv e| wkh Mdsdqhvh fhqwudo edqn
wr lq wu|lqj wr suhyhqw wkh xqsohdvdqw frqvhtxhqfhv ri \hq2' h{fkdqjh
udwh dssuhfldwlrqv rq Mdsdqhvh wudgh1

< Vxppdu| dqg frqfoxvlrqv

Lq wklv sdshu zh kdyh lqyhvwljdwhg wkh h{lvwhqfh ri lqwhuhvw udwh dqg
lq dwlrq udwh olqndjhv ehwzhhq Mdsdq dqg wkh XVD iru wkh srvw Euhw0
wrq Zrrgv shulrg ri  rdwlqj h{fkdqjh udwhv1 Wklv zdv grqh e| hp0
slulfdoo| h{dplqlqj wkh mrlqw ghwhuplqdwlrq ri d qxpehu ri nh| sdulw|
frqglwlrqv vxfk dv xqfryhuhg lqwhuhvw udwh sdulw|/ sxufkdvlqj srzhu sdu0
lw|/ wkh Ilvkhu frqglwlrq dqg d whup vwuxfwxuh uhodwlrqvkls1 Rxu vwduwlqj
srlqw zdv d vlplodu vwxg| edvhg rq XV0Jhupdq gdwd zklfk vwurqjo| vxj0
jhvwhg wkdw wkhvh sdulw| frqglwlrqv kdyh qrw ehhq ydolg dv vwdwlrqdu|
uhodwlrqvklsv rq wkhlu rzq1 Rqo| e| doorzlqj iru lqwhudfwlrqv ehwzhhq
wkh vwdqgdug sdulwlhv vwdwlrqdulw| zdv uhfryhuhg1 Wkh dqdo|vlv ri wkh qhz
Mdsdqhvh0XV gdwd kdv ixuwkhu fruurerudwhg wklv uhvxow1

Vlqfh pdq| ri wkh k|srwkhvhv whvwhg lq wklv sdshu zhuh prwlydwhg e|
MP zh zloo �uvw jlyh d eulhi vxppdu| ri vlplodulwlhv dqg glvvlplodulwlhv
dqg wkhq glvfxvv krz wkh| pljkw kdyh fruurerudwhg wkh k|srwkhwlfdo
h{sodqdwlrqv ri MP1

41 Wkh hpslulfdo �qglqj wkdw wkh Jhupdq dqg XV erqg udwhv duh
zhdno| h{rjhqrxv iru wkh orqj0uxq sdudphwhuv zdv yhu| vwurqj lq
wkh Jhupdq|0XV gdwd1 Lq wkh MS0XV v|vwhp wklv zdv wkh fdvh
iru wkh Mdsdqhvh erqg udwh/ exw qrw iru wkh XV erqg udwh1 Wkh
odwwhu zdv uhdfwlqj wr wkh lq dwlrq udwh gl�huhqwldo dqg wkh uhdo
Groodu2\hq udwh1 Lq erwk v|vwhpv wkh uhvxowv vwurqjo| vxjjhvwhg
wkdw lw lv wkh vkruw0whup lqwhuhvw udwhv wkdw duh dgmxvwlqj wr wkh
frlqwhjudwlqj uhodwlrqv/ udwkhu wkdq wkh orqj0whup erqg udwhv1 Lq
sduwlfxodu/ wkh orqj0whup erqg udwhv gr qrw vhhp wr eh d�hfwhg
e| wkh vkruw0whup udwhv/ exw wkh odwwhu duh fohduo| lq xhqfhg e|
wkh iruphu1 Dowrjhwkhu/ wkh uhvxowv surylgh hylghqfh djdlqvw wkh
h{shfwdwlrqv k|srwkhvlv ri wkh whup vwuxfwxuh ri lqwhuhvw udwhv1

51 Wkh qrqvwdwlrqdulw| ri wkh uhdo groodu udwhv zdv uhodwhg wr qrqvwd0
wlrqdu| pryhphqwv lq wkh orqj0whup erqg udwhv dqg wr vrph h{0
whqw lq wkh lq dwlrq udwhv1 Wkh qrqvwdwlrqdulw| lq wkh erqg vsuhdg
zdv uh hfwhg fruuhvsrqglqjo| lq qrqvwdwlrqdu| pryhphqwv lq wkh
vsuhdg ehwzhhq wkh vkruw0whup lqwhuhvw udwhv dqg djdlq wr vrph h{0
whqw lq wkh lq dwlrq udwhv1 Wkhvh uhvxowv zhuh uhpdundeo| vlplodu
lq wkh wzr v|vwhpv1

61 D yhu| vwurqj uhvxow erwk lq wkh Jhupdq0XV dqg wkh Mdsdqhvh0
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XV v|vwhp zdv wkdw wkh pdlq dgmxvwphqw wrzdugv vxvwdlqdeoh uhdo
h{fkdqjh udwhv wrrn sodfh lq wkh lq dwlrq udwhv1 Wklv lv dq lq0
whuhvwlqj �qglqj frqvlghulqj wkdw erwk wkh Gpn2' dqg wkh \hq2'
h{fkdqjh udwhv kdyh ehhq  rdwlqj lq wkh srvw Euhwwrq Zrrgv sh0
ulrg1 Khqfh/ wkh vxevwdqwldo yduldelolw| lq vsrw h{fkdqjh udwhv
+frpsduhg wr wkh pxfk orzhu sulfh yduldelolw|, lq wklv shulrg fdq0
qrw eh lqwhusuhwhg dv pryhphqwv wrzdug vxvwdlqdeoh uhdo h{fkdqjh
udwhv/ exw udwkhu dv wkh rxwfrph ri vshfxodwlyh ehkdylru lq wkh h{0
fkdqjh pdunhw1 Wklv frqirup vwurqjo| zlwk wkh lqwhusuhwdwlrq lq
Nuxjpdq +4<<6,1 Vljql�fdqw htxloleulxp fruuhfwlrq lq wkh RRR zdv
irxqg lq wkh Jhupdq0XV fdvh/ zkhuhdv qr vxfk h�hfwv zhuh irxqg
lq wkh Mdsdqhvh0XV fdvh1

71 Dqrwkhu �qglqj forvho| uhodwhg wr wkh deryh uhvxow lv wkdw qrplqdo
lqwhuhvw udwhv gulyh lq dwlrq udwhv dqg qrw wkh rwkhu zd| durxqg1
Wklv zdv d yhu| vwurqj uhvxow wkdw zdv frq�uphg erwk e| wkh
hvwlpdwhg vkruw0uxq h�hfwv dqg wkh orqj0uxq lpsdfw h�hfwv lq erwk
v|vwhpv1 Lq dwlrq udwhv zhuh irxqg wr kdyh hvvhqwldoo| qr h�hfwv
dw doo iru qrplqdo lqwhuhvw udwhv/ zkhuhdv wkh h�hfwv iurp qrplqdo
lqwhuhvw udwhv wr lq dwlrq udwhv zhuh srvlwlyh +wkh vr fdoohg sulfh
sx}}oh h�hfw,1 Wklv vhhpv wr surylgh vwurqj hylghqfh djdlqvw wkh
Ilvkhu sdulw| frqglwlrq1

81 Lq erwk fdvhv wkh ghyldwlrqv iurp ixqgdphqwdo RRR zdv frpshq0
vdwhg e| fruuhvsrqglqj pryhphqwv lq erwk wkh orqj0whup dqg wkh
vkruw0whup lqwhuhvw udwh vsuhdg/ exw lqwhuhvwlqjo| zlwk gl�huhqw
vljqv= wkh \hq2groodu udwh kdv dssuhfldwhg zkhq XV0MS orqj0whup
erqg vsuhdg kdv jrqh xs/ exw ghsuhfldwhg zlwk wkh vsuhdg lq wkh
vkruw udwhv/ zkhuhdv wkh Gpn2groodu udwh kdv dssuhfldwhg zlwk
lqfuhdvlqj XV0Jhupdq wuhdvxu| eloo vsuhdg/ exw ghsuhfldwhg zlwk
lqfuhdvlqj XV0Jhupdq erqg vsuhdg1 Rqh k|srwkhwlfdo h{sodqdwlrq
lq wkh Mdsdq0XV fdvh lv wkdw lw uh hfwv wkh lpsdfw ri wkh Mdsdqhvh
fhqwudo edqn lqwhuyhqwlrqv wr suhyhqw wkh xqsohdvdqw frqvhtxhqfhv
ri \hq2' h{fkdqjh udwh dssuhfldwlrq rq Mdsdqhvh wudgh/ dqg lq wkh
Jhupdq0XV fdvh wkdw vshfxodwlyh pdunhwv kdyh elg xs wkh groodu
udwh zkhq ex|lqj XV erqgv/ wkhuhe| frxqwhudfwlqj dq dgmxvwphqw
wrzdugv vwhdg|0vwdwh lq wkh Jhupdq0Xv fdvh1

Wkh deryh �qglqjv zhuh vkrzq wr eh uhpdundeoh urexvw +hpslulfdoo|
dv zhoo dv hfrqrphwulfdoo|, ryhu d shulrg ri pdq| ixqgdphqwdo fkdqjhv1
Wkh uhvxowv ri wkh suhvhqw sdshu hpskdvl}h wkh fuxfldo uroh wkh uhdo groodu
udwh kdv sod|hg iru lqwhuqdwlrqdo prqhwdu| �qdqfh lq wkh srvw Euhwwrq
Zrrgv shulrg1 Wkh iroorzlqj k|srwkhwlfdo h{sodqdwlrqv lq MP rewdlqhg
ixuwkhu vxssruw lq wkh Mdsdqhvh0XV v|vwhp=
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41 Wkh uroh ri wkh groodu dv d uhvhuyh fxuuhqf| +wkh *vdih kdyhq* h�hfw,
kdyh idflolwdwhg uhodwlyho| fkhds �qdqflqj ri wkh odujh XV fxuuhqw
dffrxqw gh�flwv lq wklv shulrg dqg frxqwhudfwhg dq dgmxvwphqw ri
wkh uhdo groodu udwh wrzdug lwv vwdwlrqdu| ydoxh +ixqgdphqwdo ydoxh,1
Wklv pljkw h{sodlq rqh ri wkh *pdunhw idloxuh* sx}}ohv= zk| dq
dghtxdwh dgmxvwphqw wrzdug sxufkdvlqj srzhu sdulw| ehwzhhq wkh
XVD dqg wkh rwkhu wzr pdmru fxuuhqf| eorfnv kdv qrw wdnhq sodfh
ru rqo| yhu| vorzo| vr1

51 Wkh odujh gl�huhqfhv ehwzhhq qdwlrqdo vdylqjv udwhv/ dqg lq sduwlf0
xodu wkh odujh XV wudgh gh�flwv/ vhhphg wr eh dq lpsruwdqw uhdvrq
zk| wkh orqj0whup erqg udwhv zhuh irxqg wr eh vr fuxfldo lq wklv
v|vwhp1 Wkh joredol}dwlrq ri wkh fdslwdo pdunhwv kdv suredeo|
vwuhqjwkhqhg wklv h�hfw1

61 Wkrxjk wkh uroh ri fhqwudo edqn srolf| iru vwdelol}lqj wkh vkruw0
whup fdslwdo pdunhw kdv hylghqwo| ehhq fuxfldo dv wkh wxuexohqw
|hduv ri prqhwdu| wdujhwlqj lq wkh hljkwlhv ghprqvwudwhg/ lwv uroh
iru frqwuroolqj lq dwlrq vhhpv pxfk pruh prghvw wkdq xvxdoo| eh0
olhyhg1 Wklv uhodwhv gluhfwo| wr wkh frqfhuq h{suhvvhg e| Dodq Eolq0
ghu +4<<:, dqg flwhg lq wkh lqwurgxfwlrq derxw wkh hpslulfdo idloxuh
ri wkh whup vwuxfwxuh dqg lwv prqhwdu| srolf| lpsolfdwlrqv1

71 Ilqdoo|/ wkh hvwlpdwhg htxdwlrq v|vwhpv zhuh deoh wr h{sodlq wkh
yduldwlrq lq wkh gdwd zlwk d uhpdundeoh suhflvlrq1 Lq wkdw vhqvh lw
vhhp txlwh xqolnho| wkdw rqh zrxog eh deoh wr hvwlpdwh frpshwlqj
prghov wkdw frxog ehdw wkh suhvhqw uhvxowv lq whupv ri suhflvlrq
dqg vwdelolw|1 Lq wkdw vhqvh wkh uhvxowv frxog eh xvhg dv d ehqfk0
pdun djdlqvw zklfk wkhruhwlfdoo| pruh vrsklvwlfdwhg prghov fdq
eh mxgjhg1

Lq vxp/ wkh Mdsdqhvh0XV olqndjhv ehwzhhq lqwhuhvw udwhv/ lq dwlrq
udwhv dqg h{fkdqjh udwhv uhsruwhg lq wklv sdshu gr qrw frqirup wr d
vwdqgdug wh{werrn lqwhusuhwdwlrq1 Zh eholhyh wkhvh uhvxowv duh fkdoohqj0
lqj dqg phulw ixuwkhu dqdo|vlv1
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43 Uhihuhqfhv

Eolqghu/ D +4<<:,/ *Lv wkhuh d xvdeoh fruh lq pdfurhfrqrplfvB* Wkh
Exoohwlq ri Dphulfdq Hfrqrplf Dvvrfldwlrq1

Fdpsehoo/ M1\1 +4<<8,/ *Vrph Ohvvrqv iurp wkh \lhog Fxuyh*1 Mrxuqdo
ri Hfrqrplf Shuvshfwlyhv/ Yro1 </ 6/ ss145<0851

Fdpsehoo/ M1\1 dqg Vkloohu/ U1 +4<;:,/ *Frlqwhjudwlrq dqg whvwv ri
suhvhqw ydoxh prghov*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 <8/ 43950;;1

Fkhxqj/ \0Z dqg N1V1 Odl +4<<6,/ *Orqj0Uxq Sxufkdvlqj Srzhu
Sdulw| Gxulqj wkh Uhfhqw Iordw*/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/
Yro1 67/ ss 4;40<51

Fxpe|/ U1 dqg P Revwihog +4<;4,/ *H{fkdqjh Udwh H{shfwdwlrqv
dqg Qrplqdo Lqwhuhvw Udwhv= D whvw ri wkh Ilvkhu K|srwkhvlv*/ Mrxuqdo
ri Ilqdqfh/ 69/ 9<:0:361

Grruqln/ M1D1 dqg Khqgu|/ G1I1 +4<<;,/ *JlyhZlq1 Dq Lqwhuidfh wr
Hpslulfdo Prghoolqj*/ Wlpehuodnh Frqvxowdqwv1

Gruqexvfk/ U1 +4<:9,/ *H{shfwdwlrqv dqg H{fkdqjh Udwh G|qdplfv*
Mrxuqdo ri Srolwlfdo Hfrqrp|/ss 44940:91

Iurrw/ N1 dqg Urjr�/ N1 +4<<8, *Shuvshfwlyhv rq ��� dqg Orqj0Uxq
Uhdo H{fkdqjh Udwhv*/ lq Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro 6/
+hgv1,/ H1 Jurvvpdq dqg N1 Urjr�/ Yro1 6 Dpvwhugdp= Qruwk Kroodqg1

Kdoozrrg/ S1 dqg PdfGrqdog/ U1 +4<<<,/ Lqwhuqdwlrqdo Prqh| dqg
Ilqdqfh/ Wklug Hglwlrq/ R{irug= Edvlo Eodfnzhoo1

Kdqvhq/ K1 dqg Mrkdqvhq/ V1 +4<<<,/ *Uhfxuvlyh hvwlpdwlrq lq frlq0
whjudwhg T �-0prghov*/ Wkh Hfrqrphwulf Mrxuqdo1

Kdqvhq/ K1 dqg Mxvholxv/ N1 +4<<7,/ *FDA7 lq UDA7/ Pdqxdo wr
Frlqwhjudwlrq Dqdo|vlv ri Wlph Vhulhv*/ Hvwlpd/ Hydqvwrqh/ LO1

Khqgu|/ G1I1 dqg Pl}rq/ J1H1 +4<<6,/ *Hydoxdwlqj hfrqrphwulf prg0
hov e| hqfrpsdvvlqj wkh YDU1* Lq Prghov/ Phwkrgv dqg Dssolfdwlrqv ri
Hfrqrphwulfv/ hg1 Skloolsv/ S1F1/ Eodfnzhoo/ Edvlo1

Mrkdqvhq/ V1 +4<<8d,/ *D vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq iru UE2�yduldeohv*/
Hfrqrphwulf Wkhru| 44/ 5808<1

Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<5,/ *Whvwlqj vwuxfwxudo k|srwkhvhv
lq d pxowlyduldwh frlqwhjudwlrq dqdo|vlv ri wkh ���dqg wkh LU� iru
XN*/ Mrxuqdo ri Hfrqrphwulfv 86/ 54405771

Mrkdqvhq/ V1 dqg Mxvholxv/ N1 +4<<7,/ *Lghqwl�fdwlrq ri wkh orqj0uxq
dqg wkh vkruw0uxq vwuxfwxuh/ Dq dssolfdwlrq wr wkh LVOPprgho/* Mrxuqdo
ri Hfrqrphwulfv/ 96/ :0691

Mxvholxv/ N +4<<4,/ *Orqj0uxq uhodwlrqv lq d zhoo gh�qhg vwdwlvwlfdo
prgho iru wkh gdwd jhqhudwlqj surfhvv= Frlqwhjudwlrq dqdo|vlv ri wkh
��� dqg LU� uhodwlrqv ehwzhhq Ghqpdun dqg Jhupdq|* lq M1 Jux0
ehu +hg1,/ Hfrqrphwulf ghflvlrq prghov= Qhz phwkrgv ri prgholqj dqg
dssolfdwlrqv/ Vsulqjhu Yhuodj/ Qhz \run/ Q\1
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Mxvholxv/ N1 +4<<5,/ *Grphvwlf dqg iruhljq h�hfwv rq sulfhv lq dq rshq
hfrqrp|1 Wkh fdvh ri Ghqpdun*/ Mrxuqdo ri Hfrqrplf Srolf| Prgholqj
47/ 734075;1

Mxvholxv/ N1 +4<<7,/ *YDU prghov dqg Kddyhopr*v suredelolw| ds0
surdfk wr pdfurhfrqrplf prgholqj*/ Hpslulfdo Hfrqrplfv/ 4;/ 8<;09551

Mxvholxv/ N1 +4<<8,/ *Gr sxufkdvlqj srzhu sdulw| dqg xqfryhuhg lq0
whuhvw udwh sdulw| krog lq wkh orqj uxqB Dq h{dpsoh ri olnholkrrg lqihu0
hqfh lq d pxowlyduldwh wlph0vhulhv prgho* Mrxuqdo ri Hfrqrphwulfv/ 9</
54405731

Mxvholxv/ N1 +4<<<d,/ *Prghov dqg Uhodwlrqv lq Hfrqrplfv dqg Hfrqr0
phwulfv*/ Mrxuqdo ri Hfrqrplf Phwkrgrorj| 9=5/ 58<05<3/

Mxvholxv/ N1 dqg U1 PdfGrqdog +5333,/ *Lqwhuqdwlrqdo sdulwlhv eh0
wzhhq XVD/ Mdsdq/ dqg Jhupdq|1 D wulsrodu dqdo|vlv* Xqsxeolvkhg
uhsruw/ Hxurshdq Xqlyhuvlw| Lqvwlwxwh1

Nhqhq/ S1E1 +4<<8,/ *Hfrqrplf dqgprqhwdu| xqlrq lq Hxursh*/ Fdp0
eulgjh Xqlyhuvlw| Suhvv1

Nuxjpdq/ S1 +4<<6,/ *H{fkdqjh0Udwh Lqvwdelolw|* Wkh PLW Suhvv/
Fdpeulgjh/ Pdvvdfkxvhwwv1

Nxjohu/ S1 dqg F Ohq} +4<<6,/ *Pxowlyduldwh Frlqwhjudwlrq Dqdo|vlv
dqg wkh Orqj0Uxq Ydolglw| ri ��� */ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/
:8/ 4;3071

Orwkldq/ M1 +4<<:,/ *Pxowl0frxqwu| hylghqfh rq wkh ehkdylrxu ri sxu0
fkdvlqj srzhu sdulw| xqghu wkh fxuuhqw  rdw*/ Mrxuqdo ri Lqwhuqdwlrqdo
Prqh| dqg Ilqdqfh1

PdfGrqdog/ U1 +4<;;,/ Iordwlqj H{fkdqjh Udwhv= Wkhrulhv dqg Hyl0
ghqfh / Orqgrq= Doohq dqg Xqzlq1

PdfGrqdog/ U1 +4<<6,/ *Orqj0uxq sxufkdvlqj srzhu sdulw|= lv lw iru
uhdoB*/ Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :8/ 9<309<81

PdfGrqdog/ U1 +4<<8,/ *Orqj0uxq h{fkdqjh udwh prghoolqj= d vxuyh|
ri wkh uhfhqw hylghqfh*/ Lqwhuqdwlrqdo Prqhwdu| Ixqg Vwd� Sdshuv/ 75

PdfGrqdog/ U1 dqg Pduvk/ L1Z1 +4<<:, *Rq Ixqgdphqwdov dqg H{0
fkdqjh Udwhv= DFdvvholdq Shuvshfwlyh*/ Uhylhz ri Hfrqrplfv dqg Vwdwlv0
wlfv/ :;/ 98809971

PdfGrqdog/ U1 dqg Pduvk/ L1Z1 +4<<<,/ H{fkdqjh Udwh Prghoolqj/
Noxzhu Dfdghplf Sxeolvkhuv1

PdfGrqdog/ U1 dqg M Vwhlq +4<<<,/ Htxloleulxp H{fkdqjh Udwhv/
Noxzhu Dfdghplf Sxeolvkhuv1

Sduxror/ S1 +4<<:,/ *Dv|pswrwlf lqihuhqfh rq wkh prylqj dyhudjh lp0
sdfw pdwul{ lq frlqwhjudwhg UE�� YDU v|vwhpv*1 Hfrqrphwlf Wkhru| 46/
:<044;1
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44 Dsshqgl{ D= Wkh lqwhuyhqwlrq gxpplhv
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Wdeoh 43= Wkh hvwlpdwhg lqwhuyhqwlrq h�hfwv lq wkh vkruw0uxq dgmxvwphqw
prgho
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45 Dsshqgl{ E= Judskv ri wkh gdwd
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Wkh judskv ri Ms dqg XV sulfhv dqg vsrw h{fkdqjh udwh lq ohyhov dqg
gl�huhqfhv1
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Iljxuh E4= Wkh judskv ri Ms dqg XV 43 |hdu erqg udwhv lq ohyhov dqg
gl�huhqfhv
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Iljxuh E5= Wkh judskv ri wkh Ms dqg XV oleru udwhv lq ohyhov dqg
gl�huhqfhv1

46 Dsshqgl{ F= Uhfxuvlyh judskv lq wkh vpdoo prgho

Test of known beta eq. to beta(t)

1 is the 5% significance level
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Iljxuh F41 Uhfxuvlyho| fdofxodwhg whvw vwdwlvwlfv +413 fruuhvsrqgv wr wkh
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8( vljql�fdqfh ohyho, iru wkh frqvwdqf| ri wkh q yhfwruv lq wkh vpdoo
prgho1
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Iljxuh F51 Uhfxuvlyho| fdofxodwhg k0frh!flhqwv wr wkh �uvw
frlqwhjudwlrq yhfwru lq wkh vpdoo prgho1
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DDIFPJP
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Iljxuh F61 Uhfxuvlyho| fdofxodwhg k0frh!flhqwv wr wkh vhfrqg
frlqwhjudwlrq yhfwru lq wkh vpdoo prgho1
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47 Dsshqgl{ G= Uhfxuvlyh judskv lq wkh elj prgho

Test of known beta eq. to beta(t)

1 is the 5% significance level
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Iljxuh G41 Uhfxuvlyho| fdofxodwhg whvw vwdwlvwlfv +413 fruuhvsrqgv wr
wkh 8( vljql�fdqfh ohyho, iru wkh frqvwdqf| ri wkh q yhfwruv lq wkh elj

prgho1
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Iljxuh G51 Uhfxuvlyho| fdofxodwhg k0frh!flhqwv wr wkh �uvw
frlqwhjudwlrq yhfwru lq wkh elj prgho1
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Iljxuh G61 Uhfxuvlyho| fdofxodwhg k0frh!flhqwv wr wkh vhfrqg
frlqwhjudwlrq yhfwru lq wkh elj prgho1
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Iljxuh G71 Uhfxuvlyho| fdofxodwhg k0frh!flhqwv wr wkh wklug
frlqwhjudwlrq yhfwru lq wkh elj prgho1
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