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4 LQWURGXFWLRQ

Rqh fdq kdugo| h{djjhudwh wkh uroh sod|hg e| wudgh hodvwlflwlhv lq wudqvodwlqj
hfrqrplf dqdo|vlv lqwr srolf| uhfrpphqgdwlrqv1 Qr ehwwhu h{dpsoh looxv0
wudwhv wklv sursrvlwlrq wkdq wkh Pduvkdoo0Ohuqhu frqglwlrq/ zklfk vwdwhv
wkdw/ iru d ghsuhfldwlrq ri wkh grphvwlf fxuuhqf| wr uhgxfh wkh h{whuqdo
gh�flw/ wkh vxp ri h{sruw dqg lpsruw sulfh hodvwlflwlhv +lq devroxwh whupv,
pxvw eh juhdwhu wkdq 41 Wkdw lv/

�{ . �p A 4>

zkhuh �{ lv wkh sulfh hodvwlflw| ri wkh ghpdqg iru h{sruwv dqg �p lv wkh
sulfh hodvwlflw| ri wkh ghpdqg iru lpsruwv1 Nqrzohgjh ri wkhvh hodvwlflwlhv
wkxv doorzv srolf|pdnhuv wr suhglfw wkh h�hfwv ri h{fkdqjh0udwh fkdqjhv1
Wkh xvhixoqhvv ri wkh srolf|pdnhuv* suhglfwlrqv/ krzhyhu/ klqjhv rq wkh
vwdelolw| ri wkh hodvwlflwlhv= frqfoxvlrqv edvhg rq rqh vhw ri ydoxhv fdq eh
frqwudglfwhg li lqvwdelolw| surgxfhv rwkhu ydoxhv wkdw ylrodwh wkh Pduvkdoo0
Ohuqhu frqglwlrq1 Vxfk lqvwdelolw| pd| dulvh iurp ixqgdphqwdo vkliwv lq
hfrqrplf vwuxfwxuh1 Iru h{dpsoh/ wkh dgrswlrq ri wkh Qruwk Dphulfdq
Iuhh Wudgh Djuhhphqw +QDIWD, dqg wkh Jhupdq uhxql�fdwlrq pd| kdyh
lqgxfhg hfrqrplf dgmxvwphqwv wkdw xqghuplqh wkh xvhixoqhvv ri wkh h{lvwlqj
hvwlpdwhv ri wudgh hodvwlflwlhv1 Wkh rqo| zd| wr ghwhuplqh zkhwkhu ru qrw
wklv lv vr lv wr whvw wkh sursrvlwlrq wkdw hodvwlflwlhv duh/ lqghhg/ frqvwdqw1

Wkh sxusrvh ri wklv vwxg| lv wr hvwlpdwh dqg whvw wkh vwdelolw| ri lq0
frph dqg sulfh hodvwlflwlhv ghulyhg iurp frqyhqwlrqdo htxdwlrqv uhodwlqj wkh
iruhljq wudgh ri wkh Jurxs ri Vhyhq +J0:, frxqwulhv wr wkhlu uhvshfwlyh lq0
frphv dqg uhodwlyh sulfhv14 Wkh lqtxlu| lv dovr uhohydqw wr dqdo|vhv ri wkh
vxvwdlqdelolw| ri wkh X1V1 fxuuhqw0dffrxqw gh�flw1 Vxfk dqdo|vhv �qg wkdw
hlwkhu wkh X1V1 h{whuqdo lpedodqfh zloo zlghq lqgh�qlwho| ru uhodwlyh sulfhv
zloo kdyh wr dgmxvw ryhu wlph wr nhhs lw iurp zlghqlqj1 Wkhvh �qglqjv uhvw/

3Dq hduolhu yhuvlrq ri wklv sdshu zdv suhvhqwhg dw wkh vsulqj 4<<; Plgzhvw Lqwhuqd0
wlrqdo Hfrqrplfv Phhwlqjv dw Plfkljdq Vwdwh Xqlyhuvlw|/ dqg zh duh judwhixo wr Dqmlw
Edmzd dqg Sul|d Udqmdq/ wkh wzr glvfxvvdqwv dw wkrvh phhwlqjv1 Zh dovr zlvk wr wkdqn
Urehuw Dpdqr/ Hgzlq Wuxpdq/ dqg Udosk Wu|rq iru wkhlu frpphqwv rq dq hduolhu gudiw/
Ddurq Nhfkoh| dqg Proo| Zhw}ho iru wkhlu uhvhdufk dvvlvwdqfh/ dqg Shwhu Nhqhq dqg dq
dqrq|prxv uhihuhh iru h{whqvlyh frpphqwv1 Wkh fdofxodwlrqv lq wklv vwxg| xvh SfJlyh
Surihvvlrqdo <14 +Khqgu| dqg Grruqln/ 4<<9,1 Wkh ylhzv h{suhvvhg duh vroho| wkh uhvsrq0
vlelolw| ri wkh dxwkruv dqg vkrxog qrw eh lqwhusuhwhg dv uh hfwlqj wkrvh ri wkh Erdug ri
Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp ru ri rwkhu phpehuv ri lwv vwd�1

4Iru uhylhzv ri wkh olwhudwxuh/ vhh Vwhuq/ Iudqflv/ dqg Vfkxpdfkhu +4<:9,/ Jrogvwhlq
dqg Ndkq +4<;8,/ Krrshu dqg Pdutxh} +4<<8,/ Vdz|hu dqg Vsulqnoh +4<<9,/ dqg Pdutxh}
+4<<<,1 Wkh J0: frxqwulhv duh Fdqdgd/ Iudqfh/ Jhupdq|/ Lwdo|/ Mdsdq/ wkh Xqlwhg
Nlqjgrp/ dqg wkh Xqlwhg Vwdwhv1
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krzhyhu/ rq wkh dv|pphwu| ri hvwlpdwhg lqfrph hodvwlflwlhv iru X1V1 wudgh15

Zh h{dplqh wkh urexvwqhvv ri wklv dv|pphwu| dqg fdofxodwh wkh udwh ri
ghsuhfldwlrq frqvlvwhqw zlwk h{whuqdo edodqfh1

Rxu dssurdfk/ ghvfulehg lq Fkdswhu 5/ uhfrjql}hv wkdw pryhphqwv lq
lqwhuqdwlrqdo wudgh pd| uhvsrqg gl�huhqwo| lq wkh vkruw dqg orqj uxq wr
pryhphqwv lq wkh nh| ghwhuplqdqwv ri wudgh1 Vkruw0uxq  xfwxdwlrqv lq wudgh
pd| eh lq xhqfhg e| rughu dqg gholyhu| odjv/ dv zhoo dv e| idfwruv vxfk dv
erwwohqhfnv/ grfn vwulnhv/ dqg wudqvlwru| fkdqjhv lq wudgh srolflhv1 Lq odujh
rshq hfrqrplhv/ pruhryhu/ lqwhuqdwlrqdo wudgh fdq d�hfw hfrqrplf dfwlylw|
dqg uhodwlyh sulfhv1 Wkdw lv/ lqfrph dqg sulfhv duh hqgrjhqrxv yduldeohv1
Wr hvwlpdwh orqj0uxq hodvwlflwlhv/ zh wkhuhiruh xvh Mrkdqvhq*v +4<;;, frlqwh0
judwlrq phwkrg/ zklfk uhfrjql}hv vlpxowdqhlw| dprqj lqfrph/ sulfhv/ dqg
wudgh1 Wr hvwlpdwh vkruw0uxq hodvwlflwlhv/ zh xvh hvwlpdwlrq whfkqltxhv iurp
wkh huuru0fruuhfwlrq prgho +HFP,1 Sdudphwhu hvwlpdwlrq uhvwv rq txduwhuo|
revhuydwlrqv wkurxjk 4<<7 dqg xvhv wudgh gdwd wkdw lqfoxgh jrrgv dqg vhu0
ylfhv +exw wkdw h{foxgh idfwru lqfrph,1

Fkdswhu 6 ghvfulehv rxu sdudphwhu0vwdelolw| whvwv= lq0vdpsoh whvwv iru
4<<304<<7 dqg rxw0ri0vdpsoh whvwv iru 4<<804<<91 Rxw0ri0vdpsoh whvwv duh
lpsruwdqw/ ehfdxvh wkh| khos iruhfdvw srolf| ghvljq1 Whvwlqj iru vwdelolw| ri
wudgh hodvwlflwlhv lv qrw qhz/ exw wkh olwhudwxuh rq wkh vxemhfw lv gdwhg dqg
odujho| irfxvhg rq X1V1 lpsruwv16 Zh wkhuhiruh dsso| rxu fxuuhqw whvwv wr
doo ri wkh J0: frxqwulhv dqg wr h{sruwv dv zhoo dv lpsruwv1

Fkdswhu 7 uhsruwv wkh uhvxowv iurp Fkdswhu 61 Wkhvh vkrz wkdw/ zlwk wkh
h{fhswlrq ri Iudqfh dqg Jhupdq|/ sulfh hodvwlflwlhv iru h{sruwv dqg lpsruwv
vdwlvi| wkh Pduvkdoo0Ohuqhu frqglwlrq> wkdw wkh dv|pphwu| lq lqfrph hodv0
wlflwlhv iru wkh Xqlwhg Vwdwhv lv urexvw> dqg wkdw wkhuh lv qr surqrxqfhg ru
fkurqlf lqvwdelolw| ri hodvwlflwlhv gxulqj wkh 4<<3v1 Hodvwlflwlhv iru Jhupdq
wudgh/ krzhyhu/ dv zhoo dv hodvwlflwlhv iru Iuhqfk dqg Lwdoldq h{sruwv/ vkrz
vxevwdqwldo sdudphwhu lqvwdelolw| durxqg wkh wlph ri Jhupdq uhxql�fdwlrq1

Fkdswhu 8 frqfoxghv wkh vwxg|1 Wkuhh dsshqglfhv surylgh vxssruwlqj
gdwd1

5Krxwkdnnhu dqg Pdjhh +4<9<, zhuh wkh �uvw wr qrwh wklv lpsolfdwlrq1 Rwkhu vwxg0
lhv h{dplqlqj wklv dv|pphwu| lqfoxgh Folqh +4<;<,/ Krrshu dqg Pdutxh} +4<<8,/ dqg
Nuxjpdq +4<<8,1

6Iru wkh Xqlwhg Vwdwhv/ vhh Krrshu +4<:;,/ Vwhuq/ Edxp/ dqg Juhhq +4<:<,/ Pdvnxv
+4<;6,/ Gh|dn/ Vdz|hu/ dqg Vsulqnoh +4<;<,/ dqg ]lhw} dqg Shpehuwrq +4<<6,> iru Mdsdq/
vhh Fhjorzvnl +4<<:,1
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5 HFRQRPHWULF IRUPXODWLRQV

Rxu dqdo|vlv xvhv wkh frqyhqwlrqdo wuhdwphqw ri wudgh  rzv dv d ixqfwlrq
ri uhdo lqfrphv dqg uhodwlyh sulfhv1 Wklv prgho dvvxphv wkdw grphvwlf dqg
iruhljq surgxfwv duh lpshuihfw vxevwlwxwhv/ wkdw sulfh krprjhqhlw| krogv/
dqg wkdw wudgh hodvwlflwlhv zlwk uhvshfw wr lqfrph dqg uhodwlyh sulfhv duh
frqvwdqw ryhu wlph1

Orqj0Uxq Irupxodwlrq

Wkh v|vwhp xvhg wr h{sodlq h{sruwv +{w,/ iruhljq hfrqrplf dfwlylw| +i|w,/
dqg uhodwlyh h{sruw sulfhv +us{w,> doo yduldeohv h{suhvvhg lq orjdulwkpv/ lv

�}{w @ �{ .
q[
l@4

�{l�}{>w�l .�{r}{>w�4 . �{w> �{w � QL+3>{,> +4,

zkhuh }3{w @ +{w i|w us{w,/ �{ lv d 6{4 yhfwru ri lqwhufhswv/ �{l lv d 6{6
pdwul{ ri frh!flhqwv iru vkruw0uxq lqwhuuhodwlrqv> dqg

�{r @ �{�
3
{ @

3
C �{44 === �{46

=== === ===

�{64 === �{66

4
D
3
C �{44 === �{64

=== === ===

�{46 === �{66

4
D =

Wkh hohphqwv ri �{ phdvxuh wkh vshhg ri dgmxvwphqw dqg duh nqrzq dv
ordglqj frh!flhqwv> wkh yhfwru �3

{l @ +�{4l �{5l �{6l, fkdudfwhul}hv wkh
lwk orqj0uxq uhodwlrq dprqj {w> i|w/ dqg us{w= Iru h{dpsoh/ wkh uhodwlrq
dvvrfldwhg zlwk �3

{4 lv

{ @ �

�
�{54

�{44

�
i| �

�
�{64

�{44

�
us{=

Zh phdvxuh us{ dv wkh orjdulwkp ri wkh udwlr ehwzhhq wkh h{sruw sulfh
lqgh{ ri wkh lwk frxqwu| dqg wkh iruhljq jurvv grphvwlf surgxfw +JGS,

gh dwru/ erwk h{suhvvhg lq X1V1 grooduv= orj+
S[�H'@i{

S\ I ,> zkhuh S[ lv wkh
h{sruw sulfh lqgh{ ghqrplqdwhg lq orfdo fxuuhqf|/ H'@i{ lv wkh sulfh lqgh{
ri wkh lwk iruhljq fxuuhqf| lq whupv ri wkh X1V1 groodu/ dqg S\ I lv wkh
iruhljq JGS gh dwru lq X1V1 grooduv14 Zh phdvxuh S\ I dv

S\ I @
\
m 9@l

+S\m �H'@m,
$lm >
[
m 9@l

$lm @ 4>

4Krrshu/ Mrkqvrq/ dqg Pdutxh} +4<<;/ dsshqglfhv H wkurxjk N, vwxg| wkh vhqvlwlylw|
ri wkh uhvxowv e| vxevwlwxwlqj wkh Lqwhuqdwlrqdo Prqhwdu| Ixqg*v +LPI*v, uhdo h�hfwlyh
h{fkdqjh udwh iru wkh uhodwlyh sulfh whupv gh�qhg deryh 1
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zkhuh S\m lv wkh JGS gh dwru iru wkh mwk frxqwu| lq lwv rzq fxuuhqf| dqg
$lm lv wkh 4<<8 vkduh ri frxqwu| m lq l*v qrplqdo h{sruwv1

5 Uholdqfh rq 4<<8
vkduhv phdqv wkdw fkdqjhv lq wkh frxqwu| frpsrvlwlrq ri zruog wudgh duh
qrw wdnhq lqwr dffrxqw1

Wkh v|vwhp xvhg wr h{sodlq lpsruwv +pw,/ grphvwlf hfrqrplf dfwlylw|
+|w,/ dqg uhodwlyh lpsruw sulfhv +uspw,> doo yduldeohv h{suhvvhg lq orjdulwkpv/
lv

�}pw @ �p .
q[
l@4

�pl�}p>w�l .�pr}p>w�4 . �pw> �pw � QL+3>p,> +5,

zkhuh }3pw @ +pw |w uspw,/ �p lv d 6{4 yhfwru ri lqwhufhswv/ �l lv d 6{6
pdwul{ ri frh!flhqwv iru vkruw0uxq lqwhuuhodwlrqv/ dqg

�pr @ �p�
3
p @

3
C �p44 === �p46

=== === ===

�p64 === �p66

4
D
3
C �p44 === �p64

=== === ===

�p46 === �p{66

4
D =

Wkh hohphqwv ri �p phdvxuh wkh vshhg ri dgmxvwphqw dqg duh nqrzq dv
ordglqj frh!flhqwv> wkh yhfwru �3

pl @ +�p4l �p5l �p6l, fkdudfwhul}hv wkh
lwk orqj0uxq uhodwlrq dprqj pw> |w/ dqg uspw= Iru h{dpsoh/ wkh uhodwlrq
dvvrfldwhg zlwk �3

p4 lv

p @ �

�
�p54

�p44

�
| �

�
�p64

�p44

�
usp=

Zh phdvxuh usp dv orj+SPS\ ,> zkhuh SP lv wkh lpsruw sulfh dqg S\ lv wkh
grphvwlf JGS gh dwru> erwk lq orfdo fxuuhqf|1

Vkruw0Uxq Irupxodwlrq

Uhfrjql}lqj wkdw pryhphqwv lq wudgh  rzv duh lq xhqfhg e| wudqvlwru| idf0
wruv +erwwohqhfnv/ lqyhqwru| dgmxvwphqwv/ zhdwkhu,/ zh xvh huuru0fruuhfwlrq
irupxodwlrqv1 Vshfl�fdoo|/ wr h{sodlq  xfwxdwlrqv lq wkh jurzwk udwh ri
h{sruwv/ zh srvwxodwh

�{w @ �{ .
[
m@4

�{m�{w�m .
[
m@3

�{m�i|w�m .
[
m@3

�{m�us{w�m

. �{ gHFP{>w�4 . h{w>

zkhuh d kdweghqrwhv dq hvwlpdwh/ dqg gHFP{ lv wkh hvwlpdwhg jds ehwzhhq
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5Gdwd iru s+ dovr uhvw rq d jhrphwulf dyhudjh xvlqj wkh vdph zhljkwv dv wkrvh ri
S\I > vhh Dsshqgl{ D iru d ghvfulswlrq ri wkhvh zhljkwv1
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�{ lv wkh vshhg ri dgmxvwphqw ri h{sruwv wr wkhlu orqj uhodwlrq/ dqg h{w �

Q+3> �{,1

Sdudphwhu Frqvwdqf|

Whvwlqj iru sdudphwhu frqvwdqf| lqyroyhv frpsdulqj wkh ehkdylru ri hvwl0
pdwlrq uhvlgxdov lq dowhuqdwlyh vxevdpsohv1 Li wkh sdudphwhuv duh vwdeoh/
wkh surshuwlhv ri wkh uhvlgxdov lq wkh vxevdpsohv vkrxog eh wkh vdph1 Zh
dsso| vxfk whvwv wr wkh frlqwhjudwlqj wudgh htxdwlrqv/ wr wkh frlqwhjudw0
lqj v|vwhpv/ dqg wr wkh huuru0fruuhfwlrq prghov16 Zh lpsohphqw lq0vdpsoh
whvwv +iru 4<<304<<7, dqg rxw0ri0vdpsoh whvwv +iru 4<<804<<9,1

Lq0vdpsoh whvwv= 4<<304<<71 Rxu lq0vdpsoh whvwv lqyroyh/ lq hvvhqfh/
irxu vwhsv1 Iluvw/ zh vsolw wkh vdpsoh lq 4<;< dqg xvh lw wr rewdlq lqlwldo
hodvwlflw| hvwlpdwhv1 Vhfrqg/ zh xvh wkhvh lqlwldo hvwlpdwhv wr jhqhudwh h{
srvw suhglfwlrqv1 Wklug/ zh whvw zkhwkhu wkh dvvrfldwhg suhglfwlrq huuruv
duh/ rq dyhudjh/ vwdwlvwlfdoo| htxdo wr }hur> d uhmhfwlrq ri wklv k|srwkhvlv
phdqv wkdw wudgh hodvwlflwlhv fdqqrw eh wuhdwhg dv frqvwdqwv iru wkdw vdpsoh
vsolw1 Irxuwk/ zh h{whqg wkh �uvw vxevdpsoh e| rqh txduwhu/ xsgdwh wkh
hodvwlflw| hvwlpdwhv/ dqg uhfrpsxwh wkh iruhfdvw whvwv1 Wklv surfhvv |lhogv
d froohfwlrq ri whvwv ri sdudphwhu frqvwdqf| iru hdfk txduwhu iurp 4<<3
wkurxjk 4<<71

Wkhuh duh gl�huhqw zd|v ri jhqhudwlqj h{ srvw suhglfwlrqv1 Zh frqvlghu
wkuhh ri wkhp=

� Rqh0vwhs0dkhdg I0whvwv +4xs,= Iru jlyhq hodvwlflw| hvwlpdwhv/ zh jhq0
hudwh d rqh0shulrg0dkhdg suhglfwlrq dqg dsso| dq I0whvw wr wkh k|0
srwkhvlv wkdw wkh dvvrfldwhg suhglfwlrq uhvlgxdo lv }hur1 Wkh vl}h ri
wkh hvwlpdwlrq vdpsoh lqfuhdvhv exw wkh h{ srvw vdpsoh lv dozd|v rqh
shulrg +txduwhu, dkhdg1

� Euhdn0srlqw I0whvwv +Qgq,= Iru jlyhq hodvwlflw| hvwlpdwhv/ zh jhq0
hudwh h{ srvw suhglfwlrqv Q shulrgv dkhdg dqg dsso| dq I0whvw wr
wkh k|srwkhvlv wkdw wkh yhfwru ri dvvrfldwhg Q0vwhs0dkhdg uhvlgxdov
lv }hur1 Dv wkh vl}h ri wkh hvwlpdwlrq vdpsoh lqfuhdvhv/ wkh vl}h ri wkh
vdpsoh h{ srvw suhglfwlrqv +Q, ghfuhdvhv +Qgq, iurp wzhqw| txduwhuv
+Q @ 53, wr rqh txduwhu +Q @ 4,1

� Iruhfdvwv I0whvwv +Qxs,= Wkh whvw uhwdlqv wkh hodvwlflwlhv hvwlpdwhg
zlwk gdwd wkurxjk 4<;< dqg dssolhv dq I0whvw wr wkh k|srwkhvlv wkdw
wkh yhfwru riQ0vwhs0dkhdg uhvlgxdov lv }hur1 Wkh vl}h ri wkh hvwlpdwlrq
vdpsoh lv �{hg/ exw wkh vl}h ri wkh h{ srvw vdpsoh vl}h lqfuhdvhv +Qxs,
iurp Q @ 4 wr Q @ 531

6Krrshu/ Mrkqvrq/ dqg Pdutxh} +4<<;, dovr uhsruw lqvwdelolw| whvwv edvhg rq vwdwlf
irupxodwlrqv hvwlpdwhg zlwk wkh Ndopdq �owhu whfkqltxh1 Wkhlu uhvxowv fruurerudwh wkrvh
uhsruwhg khuh1
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Rxw0ri0vdpsoh whvwv= 4<<804<<91 Rxw0ri0vdpsoh whvwv ri vwdelolw| gh0
whuplqh zkhwkhu ru qrw rxw0ri0vdpsoh suhglfwlrqv gl�hu vljql�fdqwo| iurp
dfwxdo wudgh ydoxhv1 Wr wklv hqg/ zh frqvwuxfw <8 shufhqw frq�ghqfh edqgv
iru wkh prghov* rqh0vwhs0dkhdg suhglfwlrqv> wkh zlgwkv ri wkhvh edqgv gh0
shqg rq wkh yduldqfh ri wkh uhvlgxdo dqg rq wkh yduldqfh0fryduldqfh pdwul{
ri wkh sdudphwhu hvwlpdwhv1 D �qglqj wkdw dfwxdo wudgh ydoxhv olh rxwvlgh
wkh frq�ghqfh edqgv lqglfdwhv sdudphwhu lqvwdelolw|1
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6 HFRQRPHWULF UHVXOWV

Vdpsoh vwduwlqj gdwhv iru rxu dqdo|vlv ydu| e| frxqwu|1 Zh xvh wkh plg0
4<83v wr hduo| 4<93v iru Fdqdgd/ Mdsdq/ wkh Xqlwhg Nlqjgrp/ dqg wkh
Xqlwhg Vwdwhv/ dqg wkh |hduv durxqg 4<:3 iru Jhupdq|/ Iudqfh/ dqg Lwdo|14

Dsshqgl{ D sorwv wkh klvwrulfdo vhulhv iru hdfk frxqwu|1

Orqj0Uxq Hodvwlflwlhv

Wr hvwlpdwh wkh orqj0uxq hodvwlflwlhv/ zh dsso| Mrkdqvhq*v +4<;;, pd{lpxp0
olnholkrrg frlqwhjudwlrq whfkqltxh wr htxdwlrqv +4, dqg +5,15 Ehfdxvh wklv
whfkqltxh lv vhqvlwlyh wr wkh qxpehu ri odjv lqfoxghg/ zh frqvlghu odjv udqj0
lqj iurp wzr wr qlqh txduwhuv1 Wr vhohfw wkh odj ohqjwk/ zh vhhn frh!flhqw
hvwlpdwhv wkdw kdyh wkh uljkw vljq/ wkdw duh dv forvh dv srvvleoh wr xqlw|/
dqg wkdw dyrlg vhuldoo| fruuhodwhg uhvlgxdov1 Lq dgglwlrq/ zh h{foxgh v|vwhpv
wkdw kdyh pxowlsoh frlqwhjudwlqj yhfwruv/ vr dv wr dyrlg lghqwl�fdwlrq lvvxhv
qhhglqj ixwxuh uhvhdufk1 Dsshqgl{ E uhsruwv wkh ghwdlov rq odj vhohfwlrq1

Dffruglqj wr rxu uhvxowv/ shupdqhqw lqfuhdvhv lq iruhljq lqfrph surgxfh
pruh wkdq sursruwlrqdo lqfuhdvhv lq h{sruwv/ h{fhsw lq wkh Xqlwhg Vwdwhv
+Wdeoh 4,1 Vlploduo|/ shupdqhqw lqfuhdvhv lq grphvwlf lqfrph surgxfh pruh
wkdq sursruwlrqdo lqfuhdvhv lq lpsruwv/ h{fhsw lq Mdsdq/ zkhuh wkh uhvsrqvh
lv qhduo| sursruwlrqdo1 Lq dgglwlrq/ wkh hvwlpdwhg lqfrph hodvwlflwlhv iru
erwk wkh Xqlwhg Nlqjgrp dqg wkh Xqlwhg Vwdwhv h{klelw wkh odujhvw jdsv
ehwzhhq lpsruw dqg h{sruw hodvwlflwlhv1 Iru Fdqdgd/ wkh lqfrph hodvwlflw|
iru lpsruwv lv 417/ vrphzkdw deryh wkh lqfrph hodvwlflw| iru h{sruwv/ dw 4141
Wkh lqfrph0hodvwlflw| jdsv iru Iudqfh/ Jhupdq|/ dqg Lwdo| duh vpdoo/ zlwk
hodvwlflw| ohyhov iru erwk lpsruwv dqg h{sruwv jhqhudoo| ehlqj forvh wr 4181

Iru Mdsdq/ hvwlpdwhv ri wkh lqfrph hodvwlflwhv duh derxw htxdo +forvh wr
4,/ dqg wkhuh lv wkxv qr hodvwlflw| jds1 Wklv uhvxow djuhhv zlwk wkdw irxqg e|
Krrshu dqg Pdutxh} +4<<8, exw glvdjuhhv zlwk wkdw irxqg e| Krxwkdnnhu
dqg Pdjhh +4<9<,/ Folqh +4<;<,/ dqg Pdutxh} +4<<3,/ zkr uhsruw dq lqfrph

4Zh xvh wkh orqjhu vdpsoh shulrg zkhq dydlodeoh +udwkhu wkdq d vwdqgdug vkruwhu
vdpsoh shulrg dfurvv doo frxqwulhv, vr dv wr pd{lpl}h wkh srzhu ri sdudphwhu0vwdelolw|
whvwv1 Zh dovr frqvlghu vkruwhu vdpsohv iru wkh qrqfrqwlqhqwdo Hxurshdq frxqwulhv lq
rughu wr ghwhuplqh zkhwkhu wkh fkrlfh ri vdpsoh shulrg d�hfwv wkh frpsdudelolw| ri
hvwlpdwlrq uhvxowv dfurvv frxqwulhv1 Zh �qg wkdw wkh uhvxowv iru wkhvh vkruwhu0shulrg
hvwlpdwhv duh vlplodu wr wkrvh rewdlqhg iru wkh ixoo vdpsoh1

5Dv d �uvw vwhs/ zh xvh dq dxjphqwhg Glfnh|0Ixoohu whvw wr lghqwli| wkh wlph0vhulhv
surshuwlhv ri wkh gdwd iru hvwlpdwlrq1 Lq dgglwlrq wr xvlqj d frqvwdqw whup dqg d wuhqg/
zh lqfoxgh irxu odjv iru wkh fkdqjh ri wkh yduldeoh ehlqj h{dplqhg1 Wkh uhvxowv vxjjhvw
wkdw wkh yduldeohv xvhg lq rxu uhjuhvvlrq dqdo|vlv duh doo lqwhjudwhg ri rughu rqh +vhh
Dsshqgl{ D,1
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WDEOH 4

Orqj0Uxq Hodvwlflwlhv

Lqfrph Sulfh

H{sruwv Lpsruwv H{sruwv Lpsruwv

Fdqdgd 414- 417- 031<- 031<-

Iudqfh 418- 419- 0315 0317-

Jhupdq| 417- 418- 0316 03139-

Lwdo| 419- 417- 031<- 0317-

Mdsdq 414- 31<- 0413- 0316-

Xqlwhg Nlqjgrp 414- 515- 0419- 0319

Xqlwhg Vwdwhv 31;- 41;- 0418- 0316-

Qrwh= - ghqrwhv vwdwlvwlfdo vljql�fdqfh dw wkh 8 shufhqw ohyho1

hodvwlflw| iru h{sruwv zhoo lq h{fhvv ri wkdw iru lpsruwv1 Suhylrxv hvwlpdwhv/
krzhyhu/ xvh phdvxuhv ri iruhljq lqfrph dqg uhodwlyh sulfhv wkdw qhjohfw wkh
lpsruwdqfh ri ghyhorslqj frxqwulhv* pdunhwv iru Mdsdqhvh h{sruwv1 Ehfdxvh
wkhvh pdunhwv dffrxqw iru pruh wkdq kdoi ri Mdsdqhvh h{sruwv +vhh Dsshq0
gl{ D,/ wkhlu h{foxvlrq iurp wkh phdvxuhphqw ri iruhljq hfrqrplf dfwlylw|
+i|w, xqghuvwdwhv iruhljq jurzwk/ zklfk fdxvhv wkh uhodwlyho| kljk lqfrph
hodvwlflw| iru Mdsdqhvh h{sruwv wkdw lv irxqg e| rwkhu vwxglhv1

Zlwk wkh h{fhswlrq ri Iudqfh dqg Jhupdq|/ wkh sulfh hodvwlflwlhv zh
�qg iru h{sruwv dqg lpsruwv vdwlvi| wkh Pduvkdoo0Ohuqhu frqglwlrq1 Lqghhg/
shupdqhqw ghfolqhv lq uhodwlyh h{sruw sulfhv lqgxfh sursruwlrqdo lqfuhdvhv
lq h{sruwv/ h{fhsw iru Iudqfh dqg Jhupdq|1 Shupdqhqw ghfolqhv lq uhodwlyh
lpsruw sulfhv lqgxfh ohvv wkdq sursruwlrqdo lqfuhdvhv lq lpsruwv1 Wkhvh
hvwlpdwhg sulfh hodvwlflwlhv/ sduwlfxoduo| iru lpsruwv/ duh orzhu wkdq wkrvh
jhqhudoo| irxqg lq wkh olwhudwxuh1

Rqh idfwru wkdw pd| khos wr dffrxqw iru wkhvh orzhu hvwlpdwhv lv wkdw
rxu phdvxuh ri wudgh yroxph lqfoxghv erwk rlo dqg vhuylfhv1 Rqh fdq vhh
wkh h�hfwv ri wklv djjuhjdwlrq e| uhsuhvhqwlqj wkh djjuhjdwh sulfh hodvwlflw|
iru lpsruwv dv �p @ $qr�p>qr . $r�p>r . +4� $qr � $r,�p>v> zkhuh $qr lv
wkh vkduh ri qrqrlo lpsruwv lq wrwdo lpsruwv/ �p>qr lv wkh sulfh hodvwlflw| iru
qrqrlo lpsruwv/ $r lv wkh vkduh ri rlo lpsruwv/ �p>r lv wkh sulfh hodvwlflw|
iru rlo lpsruwv/ dqg �p>v lv wkh sulfh hodvwlflw| iru vhuylfh lpsruwv1 Jlyhq
wkdw rlo frqvxpswlrq lv kljko| sulfh lqhodvwlf/ wkh lqfoxvlrq ri rlo lq rxu
phdvxuh ri lpsruwv orzhuv wkh djjuhjdwh sulfh hodvwlflw| uhodwlyh wr wkdw ri
qrqrlo lpsruwv1 Vlploduo|/ wr wkh h{whqw wkdw wrxulvp lv frxqwu| vshfl�f
dqg odfnv vxevwlwxwhv/ rqh fdq h{shfw d ydoxh ri �p>v wkdw lv vpdoohu wkdq
�p>qr1 Krrshu dqg Pdutxh} +4<<8, �qg wkdw wkh olwhudwxuh*v dyhudjh sulfh
hodvwlflw| lv 04156 iru X1V1 qrqrlo lpsruwv dqg 0318 iru X1V1 wrwdo phufkdqglvh
lpsruwv/ d uhvxow vxjjhvwlqj wkdw wkh lqfoxvlrq ri rlo orzhuv wkh hvwlpdwh ri
wkh djjuhjdwh sulfh hodvwlflw|1 Lqfoxglqj erwk rlo dqg vhuylfhv eulqjv wkh
X1V1 lpsruw sulfh hodvwlflw| wr 0316 +Wdeoh 4,1 Iru Mdsdq/ wkh dyhudjh ri
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lpsruw sulfh hodvwlflwlhv h{foxglqj vhuylfhv lv 031<: dqg wkh fruuhvsrqglqj
dyhudjh iru Jhupdq| lv 0318 +Krrshu dqg Pdutxh}/ 4<<8/ wdeoh 715,/ �jxuhv
wkdw h{fhhg +lq devroxwh whupv, wkrvh uhsruwhg khuh16

Vkruw0Uxq Hodvwlflwlhv

Wdeoh 5 vkrzv wkh vkruw0uxq hodvwlflwlhv rewdlqhg e| wkh huuru0fruuhfwlrq
irupxodwlrqv>7 Dsshqgl{ F uhsruwv wkh dvvrfldwhg ghwdlov1 Dffruglqj wr wkh
uhvxowv/ wkh vkruw0uxq lqfrph hodvwlflw| iru h{sruwv lv juhdwhu wkdq 4 iru doo
frxqwulhv h{fhsw Jhupdq| dqg Mdsdq1 Iru wkhvh wzr frxqwulhv/ wkh lqfrph
hodvwlflw| lv qrw vljql�fdqwo| gl�huhqw iurp }hur1 Iru lpsruwv/ wkh lqfrph
hodvwlflw| lv 4 iru doo frxqwulhv h{fhsw Fdqdgd/ Jhupdq|/ dqg wkh Xqlwhg
Vwdwhv/ zkhuh wkh lqfrph hodvwlflw| lv juhdwhu wkdq 41 Wkh uhvxowv dovr
lqglfdwh wkdw vkruw0uxq sulfh hodvwlflwlhv duh/ lq doo fdvhv/ ohvv wkdq 4 dqg
riwhq qrw vljql�fdqwo| gl�huhqw iurp }hur18

WDEOH 5

Vkruw0Uxq Hodvwlflwlhv

Lqfrph Sulfh

H{sruwv Lpsruwv H{sruwv Lpsruwv

Fdqdgd 414- 416- 0318- 0314

Iudqfh 41;- 41:- 0314 0314

Jhupdq| 318 413- 0314 0315-

Lwdo| 516- 413- 0316- 0313

Mdsdq 319 413- 0318- 0314

Xqlwhg Nlqjgrp 414- 413- 0315- 0313

Xqlwhg Vwdwhv 41;- 516- 0318- 0319

Qrwh= - ghqrwhv vwdwlvwlfdo vljql�fdqfh dw wkh 8 shufhqw ohyho1

Wkh hylghqfh wkxv vxjjhvwv wkdw/ lq wkh vkruw uxq/ qdwlrqdo hfrqrplf
ghyhorsphqwv duh wudqvplwwhg lqwhuqdwlrqdoo| odujho| wkurxjk fkdqjhv lq
lqfrph> fkdqjhv lq uhodwlyh sulfhv sod| d ohvvhu uroh dv d vkruw0uxq lqwhuqd0
wlrqdo frqgxlw1

6Krrshu dqg Pdutxh} +4<<8/ wdeoh 714, vxuyh| phufkdqglvh sulfh hodvwlflwlhv ri J0:
frxqwulhv diwhu 4<79 exw �qg qr vwxglhv wkdw vshfl�fdoo| h{dplqh wudgh lq vhuylfhv1

7Rzlqj wr wkh suhvhqfh ri odjjhg hqgrjhqrxv yduldeohv lq wkhvh htxdwlrqv/ wkh shulrg
ri dgmxvwphqw lv jhqhudoo| orqjhu wkdq wkh odj ohqjwk xvhg lq hvwlpdwlqj wkhvh v|vwhpv1
Zh wkhuhiruh vwdqgdugl}h wkh vkruw0uxq lqfrph hodvwlflw| dv

S
��*E� 3

S
Z�� dqg wkh

vkruw0uxq sulfh hodvwlflw| dv
S

4�*E�3
S

Z��1
8Zlwk d ihz h{fhswlrqv/ wkh hpslulfdo glvwulexwlrqv ri wkh uhvlgxdov vdwlvi| wkh dvvxps0

wlrqv pdlqwdlqhg iru hvwlpdwlrq +vhuldo lqghshqghqfh/ krprvfhgdvwlflw|/ qrupdolw|,1 Zh
lqfoxgh gxpp| yduldeohv iru Fdqdgd wr dffrxqw iru QDIWD dqg gxpp| yduldeohv iru
Iudqfh dqg Jhupdq| wr frqwuro iru Jhupdq uhxql�fdwlrq +vhh Dsshqgl{ F,1
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Sdudphwhu Frqvwdqf|

Lq0vdpsoh whvwv= 4<<304<<71 Wkh �uvw wkuhh froxpqv ri Wdeoh 6 vxppd0
ul}h wkh iuhtxhqf| ri ylrodwlrqv ri sdudphwhu vwdelolw| iru wkh wkuhh w|shv
ri htxdwlrqv1 Wkh hqwulhv xqghu wkhvh froxpqv lqglfdwh zkhwkhu wkh hyl0
ghqfh ri htxdwlrq lqvwdelolw| dsshduv wr eh vwurqj +qxphurxv idloxuhv ri wkh
Fkrz whvw/ lqglfdwhg e| �...�,/ prghudwh +rffdvlrqdo idloxuhv/ lqglfdwhg
e| �..�,/ zhdn +rqh ru wzr idloxuhv dw prvw/ lqglfdwhg e| �.�,/ ru de0
vhqw dowrjhwkhu +lqglfdwhg e| �3�,1 Wkh irxuwk froxpq vkrzv wkh shulrgv
ri juhdwhvw lqvwdelolw|1 Wkh ghwdlov duh suhvhqwhg lq Dsshqglfhv E dqg F1

WDEOH 6

Iuhtxhqf| ri Ylrodwlrqv ri Sdudphwhu Vwdelolw|

H{sruwv

Frlqwhjudwlrq

H{sruwv Rqo| V|vwhp HFP Gdwhv

Fdqdgd .. .. 3 4<<60<7

Iudqfh ... ... . 4<<30<6

Jhupdq| ... ... . 4<<30<7

Lwdo| 3 .. . 4<<30<7

Mdsdq 3 3 3 0

Xqlwhg Nlqjgrp 3 . . 4<<4

Xqlwhg Vwdwhv . 3 . 4<<4/ 4<<6

Lpsruwv

Frlqwhjudwlrq

Lpsruwv Rqo| V|vwhp HFP Gdwhv

Fdqdgd 3 3 3 0

Iudqfh 3 3 3 0

Jhupdq| ... ... . 4<<30<7

Lwdo| 3 . 3 4<<5

Mdsdq 3 3 3 0

Xqlwhg Nlqjgrp 3 3 3 0

Xqlwhg Vwdwhv 3 .. 3 4<<4

Dffruglqj wr wkh uhvxowv/ lqvwdelolw| lv pruh iuhtxhqw lq h{sruw hodvwlfl0
wlhv wkdq lq lpsruw hodvwlflwlhv19 Rqh uhdvrq iru wklv uhvxow lv wkdw wkh gdwd
iru wkh uhodwlyh sulfh ri h{sruwv gr qrw doorz iru fkdqjhv lq d frxqwu|*v
rshqqhvv/ zkhuhdv wkh gdwd iru lpsruwv gr doorz iru fkdqjhv1 Wkh frxqwulhv
vkrzlqj vljqv ri lqvwdelolw| lq h{sruw hodvwlflwlhv duh Fdqdgd/ Iudqfh/
dqg Jhupdq|1 Iru Fdqdgd/ wklv lqvwdelolw| vwhpv iurp wkh lqwurgxfwlrq ri

9Krrshu +4<:;,/ krzhyhu/ �qgv hodvwlflw| hvwlpdwhv iru X1V1 h{sruwv wr eh pxfk pruh
vwdeoh wkdq hvwlpdwhv iru lpsruwv gxulqj wkh 4<93v dqg 4<:3v1
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QDIWD hduo| lq 4<<7> rwkhuzlvh/ wkh hodvwlflwlhv duh vwdeoh1 Iru Jhupdq|/
wkh sdudphwhu lqvwdelolw| lq lpsruw hodvwlflwlhv iru 4<<304<<7 srlqwv wr wkh
h�hfwv ri Jhupdq uhxql�fdwlrq1:

Rxw0ri0vdpsoh whvwv= 4<<804<<91 Wdeoh 7 vxppdul}hv wkh iuhtxhqf| zlwk
zklfk dfwxdo wudgh uhdol}dwlrqv gl�hu iurp wkh prghov* suhglfwlrqv1 Lqvshf0
wlrq ri wkh uhvxowv vxjjhvwv wkdw/ zlwk d ihz h{fhswlrqv/ wkh <8 shufhqw
frq�ghqfh lqwhuydov durxqg wkh prghov* suhglfwlrqv lqfoxgh wkh dfwxdo ydo0
xhv1 Dowkrxjk wklv hylghqfh uxohv rxw reylrxv prgho plvvshfl�fdwlrqv/ zh
�qg fdvhv lq zklfk wkh prghov xqghusuhglfw wkh dfwxdo ydoxhv1

WDEOH 7

Ylrodwlrqv ri Sdudphwhu Vwdelolw|/ 4<<804<<9

Frlqwhjudwlrq Uhodwlrqv

H{sruwv Gdwhv Lpsruwv Gdwhv

Fdqdgd 3 0 . 4<<9=6

Iudqfh 3 0 3 0

Jhupdq| 3 0 3 0

Lwdo| . 4<<8=4 . 4<<8=4

Mdsdq 3 0 3 0

Xqlwhg Nlqjgrp 3 0 3 0

Xqlwhg Vwdwhv 3 0 3 0

Huuru0Fruuhfwlrq Irupxodwlrqv

H{sruwv Gdwhv Lpsruwv Gdwhv

Fdqdgd 3 0 3 0

Iudqfh 3 0 3 0

Jhupdq| 3 0 3 0

Lwdo| . 4<<8=4 3 0

Mdsdq 3 0 3 0

Xqlwhg Nlqjgrp 3 0 3 0

Xqlwhg Vwdwhv . 4<<8=5 3 0

:Fhjorzvnl +4<<:, �qgv hylghqfh ri lqvwdelolw| lq Mdsdqhvh wudgh gxulqj wkh plg04<;3v1
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7 LPSOLFDWLRQV IRU H[FKDQJH UDWHV

Wr hpskdvl}h wkh sudfwlfdo lpsolfdwlrqv ri wudgh hodvwlflwlhv/ zh frpsxwh
wkh ghsuhfldwlrq sdwk ri wkh uhdo h{fkdqjh udwh frqvlvwhqw zlwk h{whuqdo
edodqfh=4

u @
� +�{ ��i| � �p ��|,

+�{ . �p � 4,
>

zkhuh �{ lv wkh lqfrph hodvwlflw| ri h{sruwv/ �p lv wkh lqfrph hodvwlflw| ri
lpsruwv/ dqg u A 3 phdqv d uhdo ghsuhfldwlrq ri wkh grphvwlf fxuuhqf|1

Xvlqj dyhudjh dqqxdo jurzwk udwhv iru 4<:9 wkurxjk 4<<9 dqg wkh hodv0
wlflw| hvwlpdwhv iurp Wdeoh 4/ zh �qg wkdw wkh udwhv ri ghsuhfldwlrq wkdw
r�vhw wuhqg0lqfrph h�hfwv duh frpsdudeoh wr wkh LPI*v udwh ri uhdo gh0
suhfldwlrq +Wdeoh 8,> wkh h{fhswlrqv duh wkh udwhv iru Lwdo| dqg wkh Xqlwhg
Nlqjgrp15 Lq dgglwlrq/ gl�huhqfhv lq wudgh hodvwlflwlhv pd| fdxvh gl�huhqw
udwhv ri ghsuhfldwlrq lq frxqwulhv wkdw kdyh frpsdudeoh jurzwk ri grphvwlf
dqg iruhljq pdunhwv1 Iru h{dpsoh/ jurzwk udwhv iru grphvwlf dqg iruhljq
JGSv duh vlplodu iru Fdqdgd/ Jhupdq|/ dqg Lwdo|/ exw wkh uhdo0h{fkdqjh0
udwh sdwkv qhhghg wr r�vhw wuhqg0lqfrph lq xhqfhv gl�hu= iru Fdqdgd/ wkh
sdwk lv ghsuhfldwlrq> iru Lwdo| dqg Jhupdq|/ wkh sdwk lv dssuhfldwlrq1 Il0
qdoo|/ wkh udwh ri uhdo ghsuhfldwlrq ri wkh X1V1 groodu wkdw r�vhwv lqfrph
h�hfwv lv 51; shufhqw shu |hdu/ zkhuhdv wkh dfwxdo udwh ri ghsuhfldwlrq kdv
ehhq voljkwo| deryh 4 shufhqw shu |hdu1 Wkxv/ xqohvv wkhuh duh vkliwv lq wkh
hodvwlflwlhv dqg lq wkh wuhqg jurzwk udwhv/ ru xqohvv wkh udwh ri uhdo ghsuh0
fldwlrq ri wkh groodu dffhohudwhv/ wkh X1V1 h{whuqdo lpedodqfh zloo zlghq1

WDEOH 8

Jurzwk/ Hodvwlflwlhv/ dqg Uhdo H{fkdqjh Udwhv

Dqqxdo Jurzwk +(, Dqqxdo Uhdo Ghsuhfldwlrq +(,

Grphvwlf Iruhljq Uhtxluhg Dfwxdo

+�|, +�i|, +eu, +LPI,

Fdqdgd 519 51: 31; 418

Iudqfh 514 517 319 319

Jhupdq| 51: 517 0415 041<

Lwdo| 516 518 0519 31:

Mdsdq 616 61: 061: 0516

Xqlwhg Nlqjgrp 41< 518 415 0319

Xqlwhg Vwdwhv 519 614 51; 414

Vrxufhv= Dsshqgl{ D/ Wdeoh D04/ dqg LPI/ Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv1

4Wklv htxdwlrq lv ghulyhg e| Nuxjpdq +4<;</ ht1 :,1 Wkh plqxv vljq lq iurqw ri
wkh eudfnhwv ri wkh qxphudwru/ krzhyhu/ lv qrw lq Nuxjpdq*v htxdwlrq/ zklfk kdv d
w|srjudsklfdo huuru1

5Xvlqj wkh LPI*v gdwd/ lqvwhdg ri rxuv/ vhuyhv dv dq lqghshqghqw fkhfn rq rxu uhvxowv1
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8 FRQFOXVLRQV

Rxu dqdo|vlv vxjjhvwv wkuhh pdlq frqfoxvlrqv1 Iluvw/ zh �qg wkdw frqyhq0
wlrqdo wudgh hodvwlflwlhv duh vwdeoh hqrxjk/ lq prvw fdvhv/ wr khos wudqvodwh
hfrqrplf dqdo|vlv lqwr srolf| uhfrpphqgdwlrqv1 Hodvwlflwlhv iru Jhupdq
wudgh/ dv zhoo dv iru Lwdoldq dqg Iuhqfk h{sruwv/ duh dq h{fhswlrq/ uh hfw0
lqj/ lq doo olnholkrrg/ wkh h�hfwv ri wkh Jhupdq uhxql�fdwlrq1 Vhfrqg/ rxu
hodvwlflw| hvwlpdwhv vxjjhvw wkdw wkh sulfh fkdqqho lv zhdn/ li qrw zkroo|
lqh�hfwlyh/ zlwk uhvshfw wr frqwlqhqwdo Hxurshdq frxqwulhv1 Qhyhuwkhohvv/
zlwk wkh h{fhswlrq ri Iudqfh dqg Jhupdq|/ sulfh hodvwlflwlhv iru h{sruwv
dqg lpsruwv vdwlvi| wkh Pduvkdoo0Ohuqhu frqglwlrq1 Ilqdoo|/ zh �qg wkdw
lqfrph hodvwlflwlhv ri X1V1 wudgh kdyh qrw ehhq vkliwlqj lq d gluhfwlrq wkdw
lv olnho| wr hdvh wkh wuhqg wrzdug ghwhulrudwlrq lq wkh X1V1 wudgh srvlwlrq1
Zh wkhuhiruh frqfoxgh wkdw d wuhqg uhdo ghsuhfldwlrq ri wkh groodu zloo eh
qhhghg wr nhhs wkh X1V1 h{whuqdo gh�flw iurp jurzlqj hyhu zlghu
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DSSHQGL[ D= GDWD

Wudgh Vkduhv1

WDEOH D04

Elodwhudo H{sruw Vkduhv

Iurp2wr Fdq Iud Jhu Lwd Mds X1N1 X1V1

Fdqdgd 3133< 3133; 31345 31356 31353 31534

Iudqfh 3133: 31449 3144; 31347 313<8 31356

Jhupdq| 31345 3149: 31493 31378 31456 31369

Lwdo| 3133: 313<9 313:8 3133< 3137< 31347

Mdsdq 31378 31357 3135: 3135; 31364 31436

Xqlwhg Nlqjgrp 31347 313;6 313;3 3138 31365 31379

Xqlwhg Vwdwhv 31::; 31396 313:7 313:8 315;8 31453

Rwkhu RHFG 31386 31658 3169: 315;5 31399 3166: 31444

Ph{lfr 31337 31336 31338 31336 3133; 31335 313:5

QLHv 3135; 31367 3136< 3136< 3157< 3137< 3144;

RSHF 31345 31367 31356 31366 31374 3136< 31364

URZ 31373 31496 314;: 31533 3155< 31467 31578

Wrwdo 4133 4133 4133 4133 4133 4133 4133

Vrxufh= LPI/ Gluhfwlrq ri Wudgh +4<<8,1

Qrwh= RHFG @ Rujdqlvdwlrq iru Hfrqrplf Fr0rshudwlrq dqg Ghyho0

rsphqw> RSHF @ Rujdql}dwlrq ri Shwurohxp H{sruwlqj Frxqwulhv>

QLHv @ qhzo| lqgxvwuldol}hg hfrqrplhv> URZ @ uhvw ri zruog1
1

Klvwrulfdo vhulhv1 Iljxuhv D04 wkurxjk D0: vkrz wkh vhulhv xvhg iru
hvwlpdwlrq= uhdo lpsruwv ri jrrgv dqg vhuylfh/ uhdo JGS/ wkh sulfh ri lpsruwv
uhodwlyh wr grphvwlf surgxfwv> uhdo h{sruwv ri jrrgv dqg vhuylfhv> iruhljq
lqfrph> dqg wkh sulfh ri h{sruwv uhodwlyh wr wkh sulfh ri iruhljq surgxfwv/
h{suhvvhg lq orfdo fxuuhqf|1 Wkh �jxuhv uhyhdo wzr ihdwxuhv frpprq wr doo
ri wkh J0: frxqwulhv1 Iluvw/ iruhljq wudgh jurzv ryhu wlph lq frqmxqfwlrq
zlwk iruhljq dqg grphvwlf lqfrph1 Vhfrqg/ uhodwlyh sulfhv iru wudgh  rzv
lq erwk gluhfwlrqv vkrz grzqzdug wuhqgv/ exw wkh ghfolqh lq wkh uhodwlyh
sulfh ri lpsruwv lv pruh surqrxqfhg wkdq wkh ghfolqh lq wkh uhodwlyh sulfh
ri h{sruwv/ h{fhsw iru wkh Xqlwhg Vwdwhv zkhuh wkh rssrvlwh lv wuxh1

Rughu ri lqwhjudwlrq1 Wr ghwhuplqh wkh wlph0vhulhv surshuwlhv ri wkh
yduldeohv/ zh hpsor| dq dxjphqwhg Glfnh|0Ixoohu whvw xvlqj d frqvwdqw/ d
wuhqg/ dqg irxu odjv1 Ehfdxvh wkh whvw uhvxowv duh ehorz wkhlu fruuhvsrqglqj
fulwlfdo ydoxhv/ zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkhvh yduldeohv duh
lqwhjudwhg ri rughu rqh +Wdeoh D05,1
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DSSHQGL[ E= ORQJ0UXQ HODVWLFLWLHV

H{sruwv

Hvwlpdwlrq1 Wdeoh E04 vkrzv/ iru h{sruwv/ wkh h�hfwv wkdw fkdqjlqj wkh
odj ohqjwk +iurp wzr wr qlqh txduwhuv, kdv rq wkh qxpehu ri frlqwhjudwlrq
yhfwruv/ wkh sdudphwhu hvwlpdwhv/ dqg wkh whvwv ri vhuldo fruuhodwlrq ri wkh
uhvlgxdov edvhg rq d whvw ri zkhwkhu wkh frh!flhqwv ri d YDU+8, rq hdfk
v|vwhp*v uhvlgxdov duh mrlqwo| }hur1 D gdjjhu +|, ehvlgh dq hqwu| lq wkh �uvw
urz vkrzv wkh odj ohqjwk vhohfwhg> �ql� lqglfdwhv wkdw wkh hodvwlflwlhv duh
qrw lghqwl�hg> dq dvwhulvn +�, ghqrwhv d uhmhfwlrq ri vhuldo lqghshqghqfh1
Iru Iudqfh/ zh vhohfw wzr odjv> rwkhuzlvh/ wkh ordglqj frh!flhqw lv qrw
vljql�fdqw1 Iru Jhupdq|/ zh vhohfw wzr odjv1 Iru wkh Xqlwhg Nlqjgrp/ zh
vhohfw irxu odjv/ ghvslwh vhuldo fruuhodwlrq/ ehfdxvh wkh hodvwlflw| hvwlpdwhv
duh forvh wr rqh1

Sdudphwhu vwdelolw|1 Iljxuhv E04 wkurxjk E0: vkrz Fkrz0whvw uhvxowv ri
sdudphwhu vwdelolw| ri wkh frlqwhjudwlrq prgho iru h{sruwv1 Wkh whvwv iru
wkh h{sruw htxdwlrq duh vkrzq rq wkh ohiw> wkh whvwv iru wkh ixoo v|vwhp duh
vkrzq rq wkh uljkw dqg duh odehohg �FKRZ1� D furvvlqj ri wkh krul}rqwdo
olqh dw d jlyhq gdwh ghqrwhv d uhmhfwlrq ri wkh k|srwkhvlv ri sdudphwhu frq0
vwdqf| dw wkh 8 shufhqw ohyho iru wkdw gdwh1 Iru Fdqdgd/ wkh whvwv vxjjhvw
vwdeoh hodvwlflwlhv wkurxjk 4<<6/ zlwk d vljql�fdqw fkdqjh lq wkrvh hodvwlf0
lwlhv vwduwlqj lq 4<<71 Iru Iudqfh/ Jhupdq|/ dqg Lwdo|/ wkh whvwv vxjjhvw
sdudphwhu lqvwdelolw| vwduwlqj lq 4<<6/ dw wkh wlph ri wkh Jhupdq uhxql�0
fdwlrq1 Iru Mdsdq/ wkh Xqlwhg Nlqjgrp/ dqg wkh Xqlwhg Vwdwhv/ wkh whvwv
vxssruw sdudphwhu frqvwdqf|1

H{ srvw suhglfwlrqv1 Iljxuhv E0; wkurxjk E047 vkrz wkh <8 shufhqw
frq�ghqfh lqwhuydov iru wkh prghov* rqh0vwhs0dkhdg suhglfwlrqv iru h{sruwv
iru 4<<804<<91 H{fhsw iru Lwdo| lq 4<<8=4/ qrqh ri wkh dfwxdo ydoxhv lv rxwvlgh
wkh frq�ghqfh lqwhuydov1 Suhglfwlrqv iru Lwdo|/ wkh Xqlwhg Nlqjgrp/ dqg wkh
Xqlwhg Vwdwhv/ krzhyhu/ duh rqh0vlghg/ dqg suhglfwlrq huuruv iru wkh Xqlwhg
Nlqjgrp duh forvh wr ehlqj vljql�fdqw1

Lpsruwv

Hvwlpdwlrq1 Wdeoh E05 vkrzv/ iru lpsruwv/ wkh h�hfwv wkdw fkdqjlqj
wkh odj ohqjwk +iurp wzr wr qlqh txduwhuv, kdv rq wkh qxpehu ri frlqwhjud0
wlrq yhfwruv/ wkh sdudphwhu hvwlpdwhv/ dqg whvwv ri vhuldo fruuhodwlrq ri wkh
uhvlgxdov edvhg rq d whvw ri zkhwkhu wkh frh!flhqwv ri d YDU+8, rq hdfk
v|vwhp*v uhvlgxdov duh mrlqwo| }hur1 D gdjjhu +|, ehvlgh dq hqwu| lq wkh �uvw
urz vkrzv wkh odj ohqjwk vhohfwhg> �ql� lqglfdwhv wkdw wkh hodvwlflwlhv duh
qrw lghqwl�hg> dq dvwhulvn +�, ghqrwhv d uhmhfwlrq ri vhuldo lqghshqghqfh1
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FIGURE B-2: Exports for France: Chow Tests for the Cointegration Model
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FIGURE B-3: Exports for Germany: Chow Tests for the Cointegration Model
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FIGURE B-4: Exports for Italy: Chow Tests for the Cointegration Model
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FIGURE B-5: Exports for Japan: Chow Tests for the Cointegration Model
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FIGURE B-6: Exports for the U.K.: Chow Tests for the Cointegration Model
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FIGURE B-7: Exports for the U.S.: Chow Tests for the Cointegration Model



1994 1995 1996 1997

5.35

5.4

5.45

5.5

5.55

5.6

5.65
Actual 
Forecast 

1-step 
 

FIGURE B-8: Exports for Canada: Predictive Accuracy of the Cointegration
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FIGURE B-9: Exports for France: Predictive Accuracy of the Cointegration Model
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FIGURE B-10: Exports for Germany: Predictive Accuracy of the Cointegration
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FIGURE B-11: Exports for Italy: Predictive Accuracy of the Cointegration Model
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FIGURE B-12: Exports for Japan: Predictive Accuracy of the Cointegration
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FIGURE B-13: Exports for the U.K.: Predictive Accuracy of the Cointegration
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FIGURE B-14: Exports for the U.S.: Predictive Accuracy of the Cointegration
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FIGURE B-15: Imports for Canada: Chow Tests for the Cointegration Model
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FIGURE B-16: Imports for France: Chow Tests for the Cointegration Model
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FIGURE B-17: Imports for Germany: Chow Tests for the Cointegration Model
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FIGURE B-18: Imports for Italy: Chow Tests for the Cointegration Model
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FIGURE B-19: Imports for Japan: Chow Tests for the Cointegration Model
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FIGURE B-20: Imports for the U.K.: Chow Tests for the Cointegration Model
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FIGURE B-21: Imports for the U.S.: Chow Tests for the Cointegration Model
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FIGURE B-22: Imports for Canada: Predictive Accuracy of the Cointegration
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FIGURE B-23: Imports for France: Predictive Accuracy of the Cointegration
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FIGURE B-24: Imports for Germany: Predictive Accuracy of the Cointegration
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FIGURE B-25: Imports for Italy: Predictive Accuracy of the Cointegration Model
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FIGURE B-26: Imports for Japan: Predictive Accuracy of the Cointegration
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FIGURE B-27: Imports for the U.K.: Predictive Accuracy of the Cointegration
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FIGURE B-28: Imports for the U.S.: Predictive Accuracy of the Cointegration
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FIGURE C-2: Exports for France: Chow Tests for the ECM Coefficients
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FIGURE C-3: Exports for Germany: Chow Tests for the ECM Coefficients
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FIGURE C-4: Exports for Italy: Chow Tests for the ECM Coefficients
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FIGURE C-5: Exports for Japan: Chow Tests for the ECM Coefficients
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FIGURE C-6: Exports for the U.K.: Chow Tests for the ECM Coefficients
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FIGURE C-7: Exports for the U.S.: Chow Tests for the ECM Coefficients
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FIGURE C-8: Exports for Canada: Predictive Accuracy of the Error-Correction
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FIGURE C-9: Exports for France: Predictive Accuracy of the Error-Correction
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FIGURE C-10: Exports forGermanyPredictiveAccuracyof theError-CorrectionModel
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FIGURE C-11: Exports for Italy: Predictive Accuracy of the Error-Correction Model
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FIGURE C-12: Exports for Japan: Predictive Accuracy of the Error-Correction Model
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FIGURE C-13: Exports for theU.K.: Predictive Accuracy of the Error-Correction Model
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FIGURE C-15: Imports for Canada: Chow Tests for the ECM Coefficients
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FIGURE C-16: Imports for France: Chow Tests for the ECM Coefficients
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FIGURE C-17: Imports for Germany: Chow Tests for the ECM Coefficients
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FIGURE C-18: Imports for Italy: Chow Tests for the ECM Coefficients
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FIGURE C-19: Imports for Japan: Chow Tests for the ECM Coefficients
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FIGURE C-20: Imports for the U.K.: Chow Tests for the ECM Coefficients
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FIGURE C-21: Imports for the U.S.: Chow Tests for the ECM Coefficients
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FIGUREC-22: Imports forCanada: Predictive Accuracy of the Error-Correction Model
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FIGURE C-23: Imports for France: Predictive Accuracy of the Error-Correction Model
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FIGURE C-24: Imports for Germany: Predictive Accuracy of the Error-Correction Model
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FIGURE C-25: Imports for Italy: Predictive Accuracy of the Error-Correction Model
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FIGURE C-26: Imports for Japan: Predictive Accuracy of the Error-Correction Model
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FIGURE C-27: Imports for the U.K.: Predictive Accuracy of the Error-Correction Model
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FIGURE C-28: Imports for the U.S.: Predictive Accuracy of the Error-Correction Model
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