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Dffruglqj wr wkh wkhru| ri djjuhjdwh ulvn vkdulqj/ li lqglylgxdo krxvhkrogv kdyh dffhvv wr
d frpsohwh pdunhw iru �qdqfldo dvvhwv wkhq wkh| fdq/ e| srrolqj wrjhwkhu wkhlu ulvn/ lqvxuh
ixoo| djdlqvw wkh lglrv|qfudwlf xqfhuwdlqw| lq wkhlu uhvrxufhv1 Vhh/ dprqj rwkhuv/ Wrzqvhqg
+4<;:,/ Dowxj dqg Ploohu +4<<3,/ Frfkudqh +4<<4, dqg Pdfh +4<<4,1 Lq vxfk dq hqylurqphqw/
wkhru| suhglfwv wkdw pdujlqdo xwlolw| lv shuihfwo| fruuhodwhg dfurvv djhqwv1 Xqghu txlwh
jhqhudo dvvxpswlrqv wkh wkhru| dovr suhglfwv wkdw krxvhkrog fkdqjhv lq frqvxpswlrq vkrxog
pryh rqh0iru0rqh zlwk djjuhjdwh fkdqjhv lq frqvxpswlrq devhqw lglrv|qfudwlf �xfwxdwlrqv lq
suhihuhqfhv ru phdvxuhphqw huuru1 Lpsruwdqwo|/ gl�huhqfhv lq frqvxpswlrq fkdqjhv dfurvv
krxvhkrogv vkrxog qrw eh fruuhodwhg zlwk fkdqjhv lq d krxvhkrog*v uhvrxufhv1�

Uhfhqwo|/ g|qdplf jhqhudo htxloleulxp pdfurhfrqrplf prghov kdyh ehhq h{whqghg wr
wkh rshq hfrqrp| wr vwxg| wkh lqwhuqdwlrqdo fr0pryhphqw ri djjuhjdwh yduldeohv1 Wkh �uvw
jhqhudwlrq ri wkhvh prghov zhuh txlwh vxffhvvixo lq h{sodlqlqj wzr dvshfwv ri wkh gdwd= d
frxqwhuf|folfdo wudgh edodqfh +Edfnxv/ Nhkrh dqg N|godqg +4<<7,,/ dqg d kljk fruuhod0
wlrq ehwzhhq vdylqjv dqg lqyhvwphqw ghvslwh shuihfw fdslwdo prelolw| +Ed{whu dqg Fuxflql
+4<<6,,1 Rqh vwduwolqj uhmhfwlrq ri rqh ri wkh prgho*v suhglfwlrqv/ lghqwl�hg e| Edfnxv/
Nhkrh dqg N|godqg +4<<6,/ vsdzqhg d odujh olwhudwxuh dv wr zkhwkhu dqg e| krz pxfk
frxqwulhv vkduh ulvn12 Wkh uhmhfwlrq ri wkh wkhru| wkdw wkhvh dxwkruv srlqw wr lv dv iroorzv=
Lq d wzr0frxqwu| vwdqgdug g|qdplf jhqhudo htxloleulxp prgho zkhuh rqo| h{rjhqrxv sur0
gxfwlylw| vkrfnv gulyh �xfwxdwlrqv lq rxwsxw/ vlqfh lqglylgxdov lq hdfk frxqwu| fdq vkduh
ulvn lqwhuqdwlrqdoo| dqg wkhuhe| glyhuvli| wkhlu qdwlrq vshfl�f ulvn/ wkh furvv0frxqwu| fruuh0
odwlrq ri frqvxpswlrq lv suhglfwhg wr eh pxfk kljkhu wkdq wkh furvv0frxqwu| fruuhodwlrq ri
rxwsxw ru surgxfwlylw| vkrfnv1 Lq wkh gdwd/ krzhyhu/ wkh| �qg wkdw wkh rssrvlwh lv wuxh/
dqg odehohg wklv skhqrphqd wkh txdqwlw| dqrpdo|1

Pruh uhfhqwo|/ Revwihog +4<<7, vwxglhg wkh furvv fruuhodwlrqv ri frqvxpswlrq dqg rxwsxw
jurzwk udwhv ehwzhhq dq lqglylgxdo frxqwu| dqg wkh uhvw ri wkh zruog dv zhoo dv ehwzhhq
RHFG frxqwulhv1 Kh uhsruwhg wkdw dowkrxjk wkh furvv fruuhodwlrq ri frqvxpswlrq jurzwk
udwhv kdyh ulvhq vlqfh 4<:6/ wkh| duh dozd|v orzhu wkdq wkrvh iru rxwsxw1 Ed|rxpl dqg
PfGrqdog +4<<8, irxqg xvlqj frqvxpswlrq dqg lqfrph edvhg whvwv wkdw rqo| Mdsdqhvh
frqvxpswlrq zdv ixoo| lqwhjudwhg zlwk wkh uhvw ri wkh zruog1 Vhh dovr Fdqryd dqg Udyq
+4<<8, dqg Khvv dqg Vklq +4<<:, iru uhfhqw lqwhuqdwlrqdo hylghqfh iru wkh RHFG1 Ohzlv
+4<<9, irxqg wkdw frqvxpswlrq jurzwk kdg d vpdoohu frpprq frpsrqhqw lq frxqwulhv wkdw
lpsrvhg fdslwdo frqwurov frpsduhg wr frxqwulhv wkdw glg qrw/ vxjjhvwlqj wkdw vrph ulvn
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vkdulqj lv wdnlqj sodfh dw ohdvw dprqj frxqwulhv wkdw gr qrw h{solflwo| uhvwulfw lqwhuqdwlrqdo
fdslwdo prelolw|1

Lq rughu wr ehwwhu xqghuvwdqg wkh uhdvrqv zk| hfrqrplf uhjlrqv vxfk dv frxqwulhv pd|
rqo| vkduh ulvn lqfrpsohwho|/ uhvhdufkhuv kdyh dwwhpswhg wr uh0h{dplqh wklv lpsruwdqw lvvxh
dfurvv hfrqrplf uhjlrqv zlwklq d frxqwu|1 Vr0fdoohg lqwudqdwlrqdo hylghqfh surylghv d qdwx0
udo h{shulphqw iru xqghuvwdqglqj lqwhuqdwlrqdo sx}}ohv vlqfh uhjlrqv zlwklq d frxqwu| kdyh
uhgxfhg eduulhuv wr wudgh lq jrrgv dqg dvvhwv zkloh dovr vkdulqj d frpprq fxuuhqf| dqg
ohjdo iudphzrun1 Wkhuhiruh/ e| xvlqj zlwklq frxqwu| gdwd/ zh fdq khos wr lghqwli| zkhwkhu
wkh odfn ri frqvxpswlrq ulvn vkdulqj srlqwhg wr e| Edfnxv/ Nhkrh dqg N|godqg lv gxh wr lq0
whuqdwlrqdo idfwruv/ vxfk dv fdslwdo uhvwulfwlrqv/ dqg h{fkdqjh udwh xqfhuwdlqw|/ ru lv phuho|
d pdwwhu ri jhrjudsk| lqghshqghqw ri qdwlrqdo erxqgdulhv1 Wkh lqwudqdwlrqdo dssurdfk wr
ulvn vkdulqj kdv ehhq xvhg e| Dwnhvrq dqg Ed|rxpl +4<<6,/ dqg Dvguxedol/ Vruhqvhq dqg
\rvkd +4<<9,/ Fuxflql +4<<;,/ Khvv dqg Vklq +4<<:/4<<;/5333, dqg Dwkdqdvrxolv dqg ydq
Zlqfrrs +4<<;, wr h{soruh wkh txdqwlw| dqrpdo| zlwklq uhjlrqv dqg vwdwhv ri wkh Xqlwhg
Vwdwhv1 Ed|rxpl dqg PfGrqdog +4<<7,/ Ed|rxpl dqg Nohlq +4<<8,/ dqg Fuxflql +4<<;, dovr
dqdo|}h wkh txdqwlw| dqrpdo| iru Fdqdgldq surylqfhv/ zkloh ydq Zlqfrrs +4<<8, h{dplqhv
Mdsdqhvh uhjlrqv1 Froohfwlyho|/ wkhvh vwxglhv vxjjhvw wkdw wkh txdqwlw| dqrpdo| pd| eh uh0
yhuvhg lq wkh fdvh ri wkh Fdqdgldq surylqfhv/ exw uhpdlqv lq irufh iru wkh Mdsdq suhihfwxuhv
+pdujlqdoo|,/ dqg iru wkh X1V1 vwdwhv1

Wkh jrdo ri wklv vxuyh| sdshu lv wr uh0h{dplqh frqvxpswlrq ulvn vkdulqj/ zlwklq dqg
ehwzhhq frxqwulhv/ xvlqj d qxpehu ri gdwd vhwv iurp uhfhqwo| sxeolvkhg sdshuv1 Zh surylgh
hpslulfdo �qglqjv xvlqj wkh iroorzlqj gdwd vhwv= iru wkh X1V1 ~ Dvguxedol/ Vruhqvhq dqg
\rvkd +4<<:,> iru Fdqdgd ~ Fuxflql +4<<;,> iru Mdsdq ~ ydq Zlqfrrs +4<<8,> dqg iru wkh
RHFG ~ Khvv dqg Vklq +4<<:,1 Wkhvh gdwd vhwv duh glvfxvvhg lq pruh ghwdlo ehorz +vhh
Vhfwlrq 614,1

Zh h{dplqh wkuhh lpsruwdqw lvvxhv lq wkh ulvn vkdulqj olwhudwxuh1 Iluvw/ lq Vhfwlrq
615 zh hvwdeolvk d frpsuhkhqvlyh vhw ri vw|ol}hg idfwv iru lqwudqdwlrqdo ulvn vkdulqj dqg
lqwhuqdwlrqdo ulvn vkdulqj1 Vhfrqg/ lq Vhfwlrq 616/ iroorzlqj wkh zrun ri Fuxflql +4<<;,/ zh
hvwlpdwh dq hfrqrphwulf prgho zklfk khosv xv wr slq grzq wkh h{whqw ri ulvn vkdulqj1 Wklv
lv dq lpsruwdqw vwhs jlyhq wkdw d vlpsoh uhmhfwlrq ri shuihfw ulvn vkdulqj edvhg rq vw|ol}hg
idfwv grhv qrw e| lwvhoi khos uhvhdufkhuv wr xqfryhu wkh h{whqw wr zklfk ulvn lv qrw ehlqj
vkduhg1 Ilqdoo|/ dv wkh xowlpdwh uhdvrq iru ulvn vkdulqj lv wr uhgxfh ulvn dqg wkhuhe| hqkdqfh
h{shfwhg zhoiduh/ lq Vhfwlrq 617 zh suhvhqw fdofxodwlrqv iru wkh zhoiduh lpsolfdwlrqv ri ulvn
vkdulqj dqg wkh zhoiduh lpsolfdwlrqv ri uhjlrqdo exvlqhvv f|fohv1

2 +�t! 5�@h�?} A�iLh)

Lq wklv vhfwlrq zh ghulyh whvwdeoh lpsolfdwlrqv ri ulvn srrolqj dfurvv uhjlrqv iurp wzr prg0
hov1 Wkh �uvw lv dq hqgrzphqw hfrqrp| zlwk frpsohwh Duurz~Gheuhx pdunhwv dqdorjrxv
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wr wkdw vwxglhg e| Pdfh +4<<4,1 Wkh vhfrqg prgho iroorzv Fuxflql +4<<;,/ doorzlqj iru
lqwhuwhpsrudo vprrwklqj dw d frqvwdqw uhdo lqwhuhvw udwh exw ydu|lqj ghjuhhv ri ulvn srrolqj
dfurvv uhjlrqv1 Pdq| ri wkh txdolwdwlyh suhglfwlrqv ri wkhvh prghov krog xs lq pruh hoder0
udwh surgxfwlrq hfrqrplhv vxfk dv lq Edfnxv/ Nhkrh/ dqg N|godqg +4<<6, dqg Ed{whu dqg
Fuxflql +4<<8,1

2�� �L4T*i|i +�t! 5�@h�?}

Lq wklv vhfwlrq zh ghulyh whvwdeoh lpsolfdwlrqv iurp d prgho lq zklfk ulvn lv vkduhg dfurvv
U lqglylgxdov/ hdfk d uhsuhvhqwdwlyh djhqw iru khu uhjlrq ri uhvlghqfh/ wdnhq wr eh hlwkhu d
frxqwu| +lqwhuqdwlrqdo ulvn vkdulqj, ru d uhjlrq zlwklq d frxqwu| +lqwudqdwlrqdo ulvn vkdulqj,1
Wkh prgho frqvlghuhg ehorz forvho| iroorzv wkh Duurz0Gheuhx frpsohwh pdunhwv prgho
vwxglhg e| Pdfh +4<<4,1 Hdfk uhjlrq l lv dvvxphg wr frqvlvw ri d uhsuhvhqwdwlyh krxvhkrog1
Xqfhuwdlqw| lv vxppdul}hg e| wkh vwdwh yduldeoh v� / � @ 4> 5> ===> V wkdw wdnhv rq V gl�huhqw
ydoxhv lq hdfk wlph w1 Wkh whup �|+v� , fdswxuhv wkh suredelolw| ri vwdwh v� rffxuulqj dw
w zlwk

S7
�'� �|+v� , @ 41 H{shfwhg olihwlph xwlolw| ri wkh uhsuhvhqwdwlyh krxvhkrog lq hdfk

frxqwu| ru uhjlrq lv jlyhq e|=

"[
|'f

�|
7[
�

�|+v� ,X+f�|+v� ,> e�|+v� ,, +4,

zkhuh f�|+v� , lv frqvxpswlrq iru wkh uhsuhvhqwdwlyh krxvhkrog lq uhjlrq l dw wlph w zkhq
wkh vwdwh lv v� / dqg 3 ? � ? 4 lv wkh vxemhfwlyh glvfrxqw idfwru/ dvvxphg wr eh wkh vdph
dfurvv krxvhkrogv1 e�|+v� , lv dq h{rjhqrxv suhihuhqfh vkrfn wr uhjlrq l/ jlyhq wkh vwdwh ri
qdwxuh1 Hdfk uhjlrq l uhfhlyhv wkh hqgrzphqw ri |�|+v� , dw wlph w xqghu vwdwh +v� ,/ vr wkdw
wkh ihdvlelolw| frqvwudlqw iru wklv hfrqrp| lv

S-
�'� |�|+v� , @

S-
�'� f�|+v� ,1

Vxssrvh wkdw ulvn lv vkduhg frpsohwho| dfurvv doo U uhjlrqv1 Wkhq wkh uhvxowlqj doorfdwlrq
lv rewdlqhg e| wkh iroorzlqj Odjudqjldq sureohp vroyhg e| wkh vrfldo sodqqhu dw hdfk wlph
w=

O @
-[
�'�

$�

"[
|'f

�|
7[
�

�|+v� ,X+f�|+v� ,> e�|+v� ,, . �|+v� ,^
-[
�'�

|�|+v� ,�
-[
�'�

f�|+v� ,` +5,

zkhuh wkh �*v duh wkh Odjudqjldq pxowlsolhuv1 Wkh sodqqhu dvvljqv wlph0lqyduldqw zhljkwv
$� vxfk wkdw 3 ? $� ? 4 dqg

S-
�'� $� @ 41 Wkh �uvw rughu frqglwlrqv duh=

a�|+v� , @ $�XS+f�|+v� ,> e�|+v� ,, l @ 4> ===> U> +6,

zkhuh a�|+v� , � �|+v� ,@�|�| dqg �| lv wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk wkh djjuhjdwh
ihdvlelolw| frqvwudlqw1 Wr xqghuvwdqg wkh lpsolfdwlrqv ri wkh wkhru|/ qrwlfh wkdw wkh ohiw
kdqg vlgh ri +6, lv rqo| d ixqfwlrq ri wlph dqg wkh djjuhjdwh vwdwh/ dqg khqfh lv wkh vdph
iru doo uhjlrqv1 Wklv pxowlsolhu lv wkh fxuuhqw vkdgrz ydoxh ri dq h{wud xqlw ri uhvrxufhv dw
wlph w/ jlyhq vwdwh v� 1
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Wr xqghuvwdqg wkh eurdghu hpslulfdo suhglfwlrqv ri wkh prgho/ dvvxph wkdw wkh uhsuh0
vhqwdwlyh lqglylgxdo kdv wkh iroorzlqj FUUD xwlolw| ixqfwlrq=

X+f�|+v� ,> e�|+v� ,, @ h{s++4� �,e�|,

�
4

4� �

�
+f�|,

E�3��> � A 3>

zkhuh � lv wkh frh�flhqw ri frqvwdqw uhodwlyh ulvn dyhuvlrq1 Wkh �uvw rughu frqglwlrq iru
frqvxpswlrq ri lqglylgxdo l fdq wkhq eh vlpsol�hg e| wdnlqj orjv/ djjuhjdwlqj dqg �uvw
gl�huhqflqj vr wkdw krxvhkrog frqvxpswlrq ehkdyhv dffruglqj wr=

�orj+f�|, @ �orj+f@| , .

�
4� �

�

�
�+e�| � e@| ,> l @ 4> ===> U +7,

zkhuh e@| @ +4@W ,
S-

�'� e�|/ dqg orj+f@| , @
�
-

S-
�'� orj+f�|,1 Khqfh iru FUUD xwlolw|/ fkdqjhv

lq frqvxpswlrq ri hdfk lqglylgxdo pryh rqh0iru0rqh zlwk wkh fkdqjh lq dyhudjh frqvxps0
wlrq kroglqj �{hg wkh suhihuhqfh vkrfn1 Wr qrwh/ zlwk h{srqhqwldo +FDUD, xwlolw| wkh
uhodwlrqvkls krogv lq ohyhov udwkhu wkdq orj0ohyhov ~ vhh Pdfh +4<<4,1

Xqghu shuihfw ulvn vkdulqj/ frqvxpswlrq jurzwk vkrxog pryh rqh0iru0rqh dfurvv uhjlrqv/
fhwhulv sdulexv1 Ri frxuvh/ h{rjhqrxv vkrfnv wr suhihuhqfhv frxog gulyh uhjlrqdo fkdqjhv
lq frqvxpswlrq dv zhoo dv phdvxuhphqw huuru hyhq zlwk shuihfw ulvn vkdulqj1 Lpsruwdqwo|
wkrxjk/ xqghu frpsohwh uhjlrqdo ulvn vkdulqj wkh gl�huhqfhv lq frqvxpswlrq fkdqjhv dfurvv
uhjlrqv vkrxog eh xquhodwhg wr wkhlu lqglylgxdo uhvrxufhv dv wkh ehqhyrohqw vrfldo sodqqhu lv
dvvxphg wr vkduh uhvrxufhv dfurvv doo uhjlrqv1 Wklv vlpsoh lqwxlwlrq kdv ohdg wr wkh iroorzlqj
lpsruwdqw hpslulfdo sursrvlwlrq iru whvwlqj uhjlrqdo ulvn vkdulqj +erwk zlwklq dqg dfurvv
frxqwulhv,1

Sursrvlwlrq 4

� Ohw wkh revhuyhg fkdqjh lq frqvxpswlrq jurzwk/ �orj+f�|,/ eh wkh vxp ri wuxh frq0
vxpswlrq jurzwk/ �orj+f�|,W/ phdvxuhphqw huuru/ ��| � Q+3> �2" ,/ dqg dq lglrv|qfudwlf
suhihuhqfh vkrfn/ ��| � Q+3> �2D,> qdpho|/ �orj+f�|, @ �orj+f�|,W . ��| . ��|

� Ohw wkh revhuyhg fkdqjh lq lqfrph jurzwk/ �orj+|�|,/ eh wkh vxp ri wuxh lqfrph jurzwk/
�orj+|�|,

W/ dqg phdvxuhphqw huuru/ ��| � Q+3> �2#,/ vxfk wkdw �orj+|�|, @ �orj+|�|,
W.

��|1

� Dvvxph wkdw revhuyhg frqvxpswlrq jurzwk dqg lqfrph jurzwk kdyh yduldqfhv wkdw duh
frqvwdqw dfurvv uhjlrqv dqg wlph/ �2{,J}ES� dqg �2{,J}E+�/ uhvshfwlyho|1
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Wkh wkhru| ri shuihfw ulvn vkdulqj suhglfwv wkdw wuxh frqvxpswlrq jurzwk vkrxog eh pruh
fruuhodwhg dfurvv frxqwulhv wkdq wuxh lqfrph jurzwk=

Fruu+�orj+f�|,
W>�orj+f�|,

W, A Fruu+�orj+|�|,
W>�orj+|�|,

W, l 9@ m= +8,

Lq wkh suhvhqfh ri phdvxuhphqw huuru dqg lglrv|qfudwlf suhihuhqfh vkrfnv/ vxssruw iru wklv
suhglfwlrq fdq eh lqihuuhg iurp revhuyhg fruuhodwlrqv li wkh yrodwlolwlhv ri phdvxuhphqw huuru
dqg suhihuhqfh vkrfnv vdwlvi|=

Fruu+�orj+f�|,>�orj+f�|,,

Fruu+�orj+|�|,>�orj+|�|,,
A

�
4� �

+�2" . �2D,@�
2
S ,
��

k
4�

�
�2#@�

2
+

�l l 9@ m +9,

Wkh pdmru wkuxvw ri Sursrvlwlrq 4/ wkdw frqvxpswlrq vkrxog eh pruh fruuhodwhg dfurvv
frxqwulhv wkdq rxwsxw/ lv wkh ixqgdphqwdo suhglfwlrq iurp wkh wkhru| wkdw zdv srvhg e|
Edfnxv/ Nhkrh dqg N|godqg +4<<6,1 Wklv lv vwdwhg lq h{suhvvlrq +8,1 Krzhyhu/ vlqfh
phdvxuhphqw huuru dqg suhihuhqfh vkrfnv fdq d�hfw wkh revhuyhg fruuhodwlrqv/ h{suhvvlrq
+9, fodul�hv krz cfohdqo|* pxvw phdvxuhg frqvxpswlrq jurzwk eh uhodwlyh wr lqfrph jurzwk
~ wkh uljkw kdqg vlgh ~ lq rughu iru dq| revhuyhg udwlr ri furvv fruuhodwlrqv lq frqvxpswlrq
dqg lqfrph ~ wkh ohiw kdqg vlgh ~ wr surylgh hylghqfh ri +8,1 Qrwlfh wkdw wkh uljkw kdqg vlgh
qxphudwru ri +9, lv wkh udwlr ri wkh wuxh yrodwlolw| ri frqvxpswlrq wr lwv revhuyhg yrodwlolw|1
Wklv udwlr zloo ulvh li wkhuh lv pruh phdvxuhphqw huuru +�2" , lq frqvxpswlrq/ ru li suhihuhqfh
vkrfnv ehfrph odujhu +�2D,1 Wklv h{suhvvlrq dovr lqglfdwhv zk| lw lv vr gl�fxow wr ghwhuplqh
zkhwkhu phdvxuhphqw huuru ru suhihuhqfh vkrfnv duh ehklqg wkh �qglqj ri wkh orz furvv
fruuhodwlrq ri revhuyhg frqvxpswlrq dv wkh| erwk hqwhu v|pphwulfdoo|1 Vlploduo|/ wkh uljkw
kdqg vlgh ghqrplqdwru ri +9, lv wkh udwlr ri wkh wuxh yrodwlolw| ri lqfrph wr lwv revhuyhg
yrodwlolw|1 Wklv udwlr zloo ulvh li wkhuh lv pruh phdvxuhphqw huuru lq lqfrph +�2#, 1

Wkh uroh ri suhihuhqfh vkrfnv dqg phdvxuhphqw huuru lq lqwhusuhwlqj frqvxpswlrq dqg
lqfrph fruuhodwlrqv wr dvvhvv wkh wkhru| ri frpsohwh ulvn vkdulqj kdv ehhq h{soruhg lq d
qxpehu ri sdshuv1 Lq d wzr0frxqwu| prgho zlwk wudgdeoh dqg qrq0wudgdeoh jrrgv/ Vwrfnpdq
dqg Whvdu +4<<8, �qg wkdw e| lqwurgxflqj wdvwh vkrfnv zklfk duh ;8 shufhqw dv odujh dv
surgxfwlylw| vkrfnv/ wkh prgho lv pruh frqvlvwhqw zlwk gdwd1 Krzhyhu/ wkh wudgh edodqfh lv
qr orqjhu frxqwhuf|folfdo lq wkhlu prgho1 Pruhryhu/ xvlqj h{rjhqrxv wdvwh vkrfnv lq dgglwlrq
wr h{rjhqrxv/ odujh dqg shuvlvwhqw surgxfwlylw| vkrfnv grhv qrw dsshdu wr ohdyh pxfk urrp
iru wkhru| wr h{sodlq rshq hfrqrp| �xfwxdwlrqv1 Ghyhuhx{/ Juhjru| dqg Vplwk +4<<5, vkrz
wkdw zkhq suhihuhqfhv duh qrq~vhsdudeoh ehwzhhq frqvxpswlrq dqg ohlvxuh/ ohlvxuh rshudwhv
olnh d qrq~wudgdeoh jrrg/ dqg orz furvv0frxqwu| frqvxpswlrq fruuhodwlrqv fdq uhvxow1 Wkh
irupdol}dwlrq ri wkh uroh ri phdvxuhphqw huuru lv glvfxvvhg lq Khvv dqg Vklq +4<<;,1
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2�2 W?UL4T*i|i +�t! 5�@h�?}

Prghov wkdw ihdwxuh ohvv wkdq frpsohwh ulvn vkdulqj duh dfwxdoo| wkh uxoh/ udwkhu wkdq wkh
h{fhswlrq/ lq lqwhuqdwlrqdo pdfurhfrqrplfv1 Wkh prvw reylrxv h{dpsoh lv wkh zrun0kruvh
vpdoo rshq hfrqrp| prgho zlwk wkh pdujlqdo udwh ri vxevwlwxwlrq htxdwhg wr wkh zruog uhdo
lqwhuhvw udwh +riwhq dvvxphg wr eh frqvwdqw, zkloh wkh rssruwxqlw| vhw fkdqjhv ryhu wlph/
srvvleo| gxh wr fkdqjhv lq lqfrph/ surgxfwlylw|/ jryhuqphqw vshqglqj/ ru wd{hv1 Lq wklv
vlpsoh prgho/ dv wkhuh lv rqo| dvvxphg wr eh rqh dvvhw udwkhu wkdq d pruh frpsohwh vhw ri
�qdqfldo lqvwuxphqwv +h1j1/ htxlw| pdunhwv iru grphvwlf dqg iruhljq vhfxulwlhv,/ frqvxpswlrq
jurzwk zloo frqwdlq erwk djjuhjdwh dqg lglrv|qfudwlf frpsrqhqwv hyhq lq wkh devhqfh ri
wdvwh vkrfnv ru phdvxuhphqw huuru1

Edvhg rq wklv lqvljkw/ Ed{whu dqg Fuxflql +4<<8, ghprqvwudwh wkdw wkh revhuyhg ghyl0
dwlrqv iurp frpsohwh ulvn vkdulqj zloo eh odujhu wkh pruh shuvlvwhqw duh wkh rxwsxw vkrfnv
wkdw hdfk qdwlrq +ru uhjlrq, idfhv1 Xvlqj dq rshq hfrqrp| prgho zlwk d ulvn iuhh erqg
dv wkh rqo| dvvhw +l1h1 lqfrpsohwh pdunhwv,/ wkh| vkrz wkdw wkh pruh shuvlvwhqw duh hdfk
frxqwulhv* vkrfnv wkh ohvv furvv0fruuhodwhg frqvxpswlrq zloo eh1 Wkh lqwxlwlrq lv wkdw kljko|
shuvlvwhqw vkrfnv zlwk lqfrpsohwh pdunhwv zloo pdnh wkh vkdgrz ydoxh ri hdfk frxqwu|*v
uhvrxufhv +l1h1 wkhlu shupdqhqw lqfrphv, glyhujh pruh vr wkdw/ lq wxuq/ frqvxpswlrq zloo
kdyh d vpdoohu frpprq frpsrqhqw1

Lq dq dwwhpsw wr jdxjh wkh h{whqw ru vfrsh ri ulvn vkdulqj/ Fuxflql +4<<;, dqg Khvv dqg
Vklq +5333, frqvlghu vshfl�f hqylurqphqwv ri lqfrpsohwh ulvn vkdulqj1 Zh iroorz Fuxflql*v
+4<<;, phwkrgrorj| vlqfh/ xvlqj uhjlrqdo ohyho gdwd/ lw qhvwv wkh Pdfh +4<<4, frqvxps0
wlrq vshfl�fdwlrq zlwk plqlpdo prgl�fdwlrq1 Vshfl�fdoo|/ djhqwv kdyh dffhvv wr eruurzlqj
dqg2ru ohqglqj rssruwxqlwlhv dw d �{hg lqwhuhvw udwh/ u/ wkdw doorzv wkhp wr vkliw uhvrxufhv
dfurvv wlph shulrgv1 Wkh iudfwlrq ri wkhlu vwrfkdvwlf lqfrph vwuhdp wkdw wkh uhsuhvhqwdwlyh
djhqw lq hdfk uhjlrq fkrrvhv wr srro lq wxuq ghwhuplqhv wkh �rz ri lqfrph wkdw lv dydlodeoh
iru lqwhuwhpsrudo vprrwklqj1 Sursrvlwlrq 5 ghvfulehv wkh dvvxpswlrqv dqg wkh uhvxowlqj
frqvxpswlrq ixqfwlrq1

Sursrvlwlrq 5

� Li wkh uhsuhvhqwdwlyh djhqw lq hdfk uhjlrq rqo| srrov d iudfwlrq/ �/ ri wkhlu lqfrph zlwk
wkh uhpdlqlqj iudfwlrq/ +4� �,/ ri wkhlu lqfrph lv qrw srrohg> dqg

� Li djhqwv duh deoh wr eruurz ru ohqg dw d ulvn iuhh udwh u @ �3� � 4 wr vprrwk wkhlu
frqvxpswlrq sdwkv dffruglqj wr wkh shupdqhqw lqfrph k|srwkhvlv> dqg

� Wkhuh duh qr uhjlrq vshfl�f suhihuhqfh vkrfnv1
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Wkhq frqvxpswlrq fkdqjhv e| uhjlrq zloo dssur{lpdwho| iroorz wkh surfhvv=�

�orj+f�|, @ ��orj+f@| , . +4� �,+4� �,
"[
&'f

�& ^H|orj+|�|n&,�H|3�orj+|�|n&,` +:,

Wkh lqwhusuhwdwlrq ri wklv htxdwlrq lv vwudljkwiruzdug xvlqj shupdqhqw lqfrph uhdvrqlqj1
Djhqwv fkdqjh frqvxpswlrq rqh0iru0rqh zlwk fkdqjhv lq shupdqhqw lqfrph zklfk lv d �0
zhljkwhg dyhudjh ri fkdqjhv lq wkhlu rzq shupdqhqw lqfrph dqg fkdqjhv lq wkh shupdqhqw
lqfrph ri rwkhuv hqjdjhg lq wkh ulvn vkdulqj duudqjhphqw1 Dw rqh h{wuhph/ li uhjlrqv
frpsohwho| vkduh ulvn wkhq � @ 4 dqg frqvxpswlrq fkdqjhv pryh rqh0iru0rqh zlwk wkh
djjuhjdwh frqvxpswlrq fkdqjh1 Dw wkh rwkhu h{wuhph/ li uhjlrqv gr qrw ulvn vkduh dw doo
wkhq � @ 3/ dqg hdfk uhjlrq*v frqvxpswlrq fkdqjh zloo eh gulyhq e| wkh uhylvlrqv lq wkhlu
rzq shupdqhqw lqfrph1 Zh xwlol}h d yduldqw ri wklv vshfl�fdwlrq lq wkh qh{w vhfwlrq wr
hvwlpdwh wkh h{whqw ri ulvn vkdulqj dfurvv uhjlrqv xvlqj wkh ydulrxv sdqho gdwdvhwv1

2�� ì*u@hi W4T*�U@|�L?t

Ilqdoo|/ zkloh Sursrvlwlrqv 4 dqg 5 duh khosixo wr xqghuvwdqglqj wkh ghjuhh ri ulvn vkdulqj
dfurvv uhjlrqv/ dq hvvhqwldo txhvwlrq wr dvn lv zkdw duh wkh srwhqwldo zhoiduh ehqh�wv iurp
ulvn vkdulqj1 Wklv txhvwlrq lv ixqgdphqwdo wr sodflqj wkh hduolhu uhvxowv lq shuvshfwlyh vlqfh
li wkh srwhqwldo jdlqv iurp ulvn vkdulqj duh vpdoo/ wkhq uhvxowv zklfk vxjjhvw wkdw wkhuh lv
rqo| olplwhg ulvn vkdulqj revhuyhg zrxog eh ri ohvv lqwhuhvw vlqfh wkh lpsolhg orvv lq zhoiduh
zrxog eh lqvljql�fdqw1

Lq dq lq�xhqwldo vwxg| rq wkh frvwv ri exvlqhvv f|fohv/ Oxfdv +4<;:, dvnhg wkh txhvwlrq=
Zkdw iudfwlrq ri d frqvwdqw vwuhdp ri frqvxpswlrq zrxog d uhsuhvhqwdwlyh djhqw eh zloolqj
wr sd| wr dyrlg �xfwxdwlrqv lq frqvxpswlrq wkdw duh dvvrfldwhg zlwk wkh exvlqhvv f|fohB

Dgrswlqj d FUUD xwlolw| ixqfwlrq= X+f�|, @
�

�
�3�

�
+f�|,E�3��/ kh ghprqvwudwhg wkdw wkh

zhoiduh frvw ri frqvxpswlrq yduldelolw| lv htxdo j+�25, � �
2��

2
5 / zkhuh �25 lv d phdvxuh ri wkh

yduldelolw| ri frqvxpswlrq phdvxuhg dv wkh yduldqfh ri dq l1l1g1 vkrfn durxqg d ghwhuplqlvwlf
wuhqg1 Kh fdofxodwhg wkh zhoiduh orvvhv wr eh ohvv wkdq rqh whqwk ri d shufhqwdjh srlqw ri
frqvxpswlrq dvvxplqj frqvxpswlrq jurzwk zdv wuhqg vwdwlrqdu|/ hyhq zlwk yhu| orz udwhv
ri lqwhuwhpsrudo vxevwlwxwlrq +l1h1 yhu| kljk ydoxhv iru frqvwdqw uhodwlyh ulvn dyhuvlrq,1

Oxfdv*v dssurdfk kdv ehhq fulwlfl}hg iru rqo| doorzlqj whpsrudu| vkrfnv wr frqvxps0
wlrq*v ohyho udwkhu wkdq shupdqhqw rqhv dv zhoo +h1j1 vhh Froh dqg Revwihog +4<<4, dqg ydq
Zlqfrrs +4<<7,,1e ydq Zlqfrrs +4<<7, ghprqvwudwhg wkdw li frqvxpswlrq jurzwk zhuh

�5ii �h�U�?� E�bbH� uLh |�i _ih��@|�L?�
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d udqgrp zdon/ dv wkh vlpsoh shupdqhqw lqfrph k|srwkhvlv zrxog vxjjhvw/ wkhq wkh jdlq
phdvxuhg lq whupv ri wkh shufhqw fkdqjh lq zhoiduh dvvrfldwhg zlwk wkh frpsohwh holplqdwlrq
ri frqvxpswlrq yduldelolw| lv �3=8 � � � �2{,J}ES�@+u� ��,/ zkhuh u @ +�3�� 4,. ��� lv wkh ulvn

iuhh udwh/ �� @ � � +�@5,�2{,J}ES� lv wkh hfrqrp|*v ulvn dgmxvwhg jurzwk udwh / dqg � lv wkh
hfrqrp|*v h{shfwhg jurzwk udwh1

Wkhvh zhoiduh h{huflvhv surylgh wkh edvlv iru d xvhixo ehqfkpdun iru wkh h{whqw ri ulvn
vkdulqj idfhg e| lqglylgxdov zlwklq wkh frqwh{w ri d uhsuhvhqwdwlyh djhqw hfrqrp|1 Iroorzlqj
wkh vshfl�fdwlrq ri zhoiduh jdlqv hperglhg lq ydq Zlqfrrs +4<<7,/ zh zlvk wr xqghuvwdqg
wkh srwhqwldo jdlq ryhu dq lq�qlwh krul}rq iurp vkdulqj ulvn dfurvv uhjlrqv dqg wkh frvw ri
uhjlrqdo exvlqhvv f|fohv edvhg rq d xwlolw| ghulyhg fdofxodwlrq lq wkh vslulw ri Oxfdv +4<;:,1
Wkhvh lvvxhv kdyh douhdg| ehhq h{dplqhg lq d qxpehu ri rwkhu sdshuv1 Dw wkh lqwhuqdwlrqdo
ohyho/ Froh dqg Revwihog +4<<4, irxqg rqo| vpdoo jdlqv iurp lqwhuqdwlrqdo ulvn vkdulqj +15
shufhqw ri rxwsxw shu |hdu,/ frpsdudeoh wr wkrvh irxqg e| Oxfdv iru wkh frvw ri X1V1 exvlqhvv
f|fohv1 Xvlqj d pruh jhqhudo vhwxs/ ydq Zlqfrrs +4<<7, irxqg pxfk odujhu ehqh�wv iurp
lqwhuqdwlrqdo ulvn vkdulqj= 41; 0 819 shufhqw zhoiduh jdlqv zhuh vwloo rewdlqdeoh1 Uhfhqwo|/
iru X1V1 vwdwhv/ Dwkdqdvrxolv dqg ydq Zlqfrrs +4<<;, fdofxodwh wkh shupdqhqw lqfuhdvh lq
lqfrph dvvrfldwhg zlwk d zhoiduh lpsuryhphqw e| zklfk doo uhjlrqdo rxwsxw ulvn lv vkduhg1
Wkh| �qg wkdw ryhu d �yh dqg �iwhhq |hdu krul}rq/ wkh zhoiduh jdlq lv 1: shufhqw dqg 417
shufhqw/ uhvshfwlyho|1

� +it�*|t

Wklv vhfwlrq lv vxe0glylghg lqwr irxu vxe0vhfwlrqv1 Wkh �uvw ghvfulehv wkh gdwd vhwv iurp
sxeolvkhg vwxglhv wkdw zh xvh lq rxu vwxg|1 Wkh vhfrqg surylghv ghvfulswlyh vwdwlvwlfv ri
wklv gdwd/ zkloh wkh wklug surylghv hvwlpdwhv ri wkh h{whqw ri ulvn vkdulqj dfurvv uhjlrqv1
Wkh irxuwk vxe0vhfwlrq surylghv hvwlpdwhv ri wkh zhoiduh jdlqv iurp h{kdxvwlqj wkh dv |hw
xqh{sorlwhg jdlqv iurp uhjlrqdo ulvn vkdulqj1

��� A�i #@|@

Lq wklv vxe0vhfwlrq zh ghvfuleh wkh lqwhuqdwlrqdo dqg lqwudqdwlrqdo gdwd vhwv zh xvh wr whvw
rxu sursrvlwlrqv rq ulvn vkdulqj1 Wkhvh gdwd vhwv kdyh ehhq xvhg lq uhfhqwo| sxeolvkhg
vwxglhv dqg fryhu d udqjh ri frxqwulhv +RHFG, dv zhoo dv uhjlrqv zlwklq wkh iroorzlqj
frxqwulhv= Fdqdgd/ wkh Xqlwhg Vwdwhv dqg Mdsdq1 Wkh xvhixoqhvv ri xvlqj wkhvh dowhuqdwlyh
gdwd vhwv lv wkdw zh fdq uh0h{soruh wkh h{whqw wr zklfk uhjlrqv vkduh ulvn lq d frpprq
iudphzrun dqg ehwwhu jdxjh wkh urexvwqhvv ri fxuuhqwo| sxeolvkhg �qglqjv1

Wkh Fdqdgldq lqfrph dqg frqvxpswlrq gdwd lv iurp Fuxflql +4<<;,1 Wkh ruljlqdo vrxufh
lv wkh Surylqfldo Hfrqrplf Dffrxqwv sxeolvkhg e| Vwdwlvwlfv Fdqdgd1 Wkh lqfrph gdwd lv
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jurvv grphvwlf surgxfw zkloh wkh frqvxpswlrq gdwd lv wrwdo frqvxpswlrq ri jrrgv +erwk
gxudeohv dqg qrq0gxudeohv, dqg vhuylfhv e| wkh sulydwh vhfwru1 Surylqfldo gh�dwruv iru �qdo
ghpdqg duh xvhg wr gh�dwh erwk jurvv grphvwlf surgxfw dqg frqvxpswlrq1 Wkh Fdqdgldq
sdqho frqwdlqv gdwd iru wkh 43 surylqfhv dqg d Fdqdgldq djjuhjdwh1 Wkh vdpsoh shulrg lv
iurp 4<:4 wr 4<<41

Iru wkh XVD/ zh xvh wkh vwdwh ohyho lqfrph dqg frqvxpswlrq gdwd iurp Dvguxedol/
Vruhqvhq/ dqg \rvkd +4<<9,1 Wkh lqfrph phdvxuh iru wkh Xqlwhg Vwdwhv lv dovr jurvv gr0
phvwlf surgxfw exw wkh frqvxpswlrq gdwd duh edvhg rq uhwdlo vdohv1 Wkh ruljlqdo vrxufh ri
wkh rxwsxw gdwd lv wkh Exuhdx ri Hfrqrplf Dqd|ovlv ~ vhh Ehhploohu dqg Gxqedu +4<<6,
iru ghwdlov1 Wkh frqvxpswlrq gdwd lv iurp wkh Vxuyh| rq Ex|lqj Srzhu sxeolvkhg e| Vdohv
Pdqdjhphqw1 Dvguxedol/ Vruhqvhq/ dqg \rvkd jurvv0xs wkh ruljlqdo frqvxpswlrq gdwd e|
wkh gl�huhqfh ehwzhhq qdwlrqdo frqvxpswlrq dqg uhwdlo vdohv phdvxuh +erwk gxudeohv dqg
qrq0gxudeohv,1 Vwdwh dqg orfdo jryhuqphqw frqvxpswlrq lv dgghg wr wklv �jxuh wr duulyh dw
vwdwh frqvxpswlrq1 Wkh X1V1 djjuhjdwh FSL lv xvhg wr frqyhuw wkh gdwd wr frqvwdqw groodu
whupv1D Wkh sdqho lqfoxghv doo 83 vwdwhv soxv wkh Glvwulfw ri Froxpeld1 Wkh vdpsoh shulrg
lv iurp 4<96 wr 4<<31

Wkh Mdsdqhvh gdwd/ iurp ydq Zlqfrrs +4<<8,/ lqfoxghv jurvv grphvwlf surgxfw dqg
wrwdo sulydwh frqvxpswlrq +iru qrq0gxudeohv soxv gxudeohv, iru 7: suhihfwxuhv1 Wkh pdlq
vrxufh ri wkh gdwd lv wkh Dqqxdo Uhsruw rq Suhihfwxudo Dffrxqwv surgxfhg e| wkh Hfrqrplf
Sodqqlqj Djhqf|1 Jurvv grphvwlf surgxfw gh�dwruv duh dydlodeoh iru hdfk suhihfwxuh exw
frqvxpswlrq gh�dwruv duh dydlodeoh dw d pruh djjuhjdwlyh ohyho +43 glvwulfwv,1 Wkh vdpsoh
shulrg lv iurp 4<:8 wr 4<<31

Ilqdoo|/ wkh lqfrph dqg frqvxpswlrq gdwd hpsor|hg e| Khvv dqg Vklq +4<<:, lv xvhg iru
wkh lqwhuqdwlrqdo glphqvlrq ri rxu vwxg|1 Wkh ruljlqdo vrxufh lv wkh Zruog Gdwd FG0URP
4<<8/ surgxfhg e| wkh Zruog Edqn1 Rxwsxw lv qrplqdo jurvv grphvwlf surgxfw glylghg
e| wkh jurvv grphvwlf surgxfw gh�dwru1 Frqvxpswlrq lv sulydwh frqvxpswlrq ri jrrgv
+erwk gxudeohv dqg qrq0gxudeohv, dqg vhuylfhv/ dovr gh�dwhg e| wkh jurvv grphvwlf surgxfw
gh�dwru1 Zkloh Khvv dqg Vklq +4<<;, irxqg iru X1V1 vwdwhv dqg uhjlrqv wkdw wkh lqfoxvlrq ri
gxudeoh jrrgv udlvhv wkh furvv fruuhodwlrq ri frqvxpswlrq dv zhoo dv lwv wlph vhulhv yrodwlolw|/
zh gr qrw ixuwkhu h{soruh wklv lvvxh lq wklv sdshu gxh wr gdwd dydlodelolw|1

��2 #itUh�T|��i 5|@|�t|�Ut

Zh ehjlq zlwk d ihz vlpsoh ghvfulswlyh vwdwlvwlfv1 Wkh udz gdwd kdyh ehhq wudqviruphg
wr uhdo shu fdslwd whupv dqg zh xvh wkh orj~gl�huhqfhv ri wkh yduldeohv lq zkdw iroorzv1
Wr hqvxuh pd{lpdo frpsdudelolw| dfurvv sdqhov zh xvh wkh iroorzlqj vdpsoh shulrgv lq rxu
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vxevhtxhqw dqdo|vlv= Fdqdgd/ 4<:5 wr 4<<4> Mdsdq/ 4<:8 wr 4<<3> Xqlwhg Vwdwhv/ 4<:5 wr
4<<3> dqg RHFG frxqwulhv/ 4<:5 wr 4<<31

Wr jhw dw wkh lvvxh ri uhjlrqdo frpryhphqw zh frpsxwh wzr furvv~uhjlrqdo fruuhod0
wlrqv1 Wkh �uvw lv wkh fruuhodwlrq ri uhjlrqdo frqvxpswlrq ru lqfrph jurzwk zlwk djjuhjdwh
frqvxpswlrq ru lqfrph jurzwk1 Wkh vhfrqg lv wkh fruuhodwlrq ri uhjlrqdo lqfrph ru frq0
vxpswlrq jurzwk zlwk d uhihuhqfh uhjlrq1 Zh frpsxwh dq djjuhjdwh qdwlrqdo yduldeoh iru
wkh Mdsdqhvh suhihfwxuhv dqg X1V1 vwdwhv e| wdnlqj d vxp ri wkh uhdo ohyhov ri grphvwlf
surgxfw +ru frqvxpswlrq, dfurvv uhjlrqv1 Wkh djjuhjdwh lv wkhq wudqviruphg wr uhdo shu
fdslwd jurzwk xvlqj wkh vdph wudqvirupdwlrq dssolhg wr wkh uhjlrqdo gdwd1 Wkh Fdqdgldq
surylqfldo gdwd lqfoxghv d Fdqdgldq djjuhjdwh vr zh xvh wklv frqvwuxfw iru Fdqdgd1 Qrwh
wkdw wkh uhjlrqdo gdwd dqg qdwlrqdo djjuhjdwhv duh qrw uhfrqflohg zlwk qdwlrqdo lqfrph
dqg surgxfw dffrxqwv vr wkhvh djjuhjdwhv fdq gl�hu vrphzkdw iurp wkh RHFG gdwd iru
Fdqdgd/ Mdsdq/ dqg wkh Xqlwhg Vwdwhv1 Wkh vhfrqg phdvxuh ri uhjlrqdo frpryhphqw lv wkh
fruuhodwlrq ri wkh jurzwk udwh lq hdfk uhjlrq zlwk d uhihuhqfh uhjlrq1 Zh fkrvh Rqwdulr/
Wrn|r/ Rklr/ dqg wkh Xqlwhg Vwdwhv dv rxu uhihuhqfh uhjlrqv iru wkh Fdqdgldq/ Mdsdqhvh/
X1V1/ dqg RHFG sdqhov/ uhvshfwlyho|1 Wdeoh 4 uhsruwv wkhvh uhjlrqdo frpryhphqw phdvxuhv
dyhudjhg dfurvv doo uhjlrqv lq wkh sdqho dorqj zlwk sdqho dyhudjhv ri wkh vwdqgdug ghyldwlrq
ri uhjlrqdo frqvxpswlrq dqg rxwsxw/ dqg wkh furvv fruuhodwlrq ri uhjlrqdo frqvxpswlrq zlwk
uhjlrqdo rxwsxw1

^ ~ Wdeoh 4 Durxqg Khuh ~`

Ehjlqqlqj zlwk wkh vwdqgdug ghyldwlrq ri rxwsxw zh vhh vlplodu ydoxhv ri 515; dqg
5163 iru wkh Mdsdqhvh suhihfwxuhv dqg RHFG frxqwulhv zkloh erwk wkh X1V1 vwdwhv dqg
Fdqdgldq surylqfhv kdyh pxfk odujhu/ exw frpsdudeoh/ vwdqgdug ghyldwlrqv= 7193 dqg 719:/
uhvshfwlyho|1 Wxuqlqj wr wkh yrodwlolw| ri frqvxpswlrq/ wkh X1V1 lv wkh fohdu rxwolhu zlwk dq
dyhudjh vwdqgdug ghyldwlrq ri frqvxpswlrq htxdo wr 8196 shufhqw shu |hdu frpsduhg wr ohvv
wkdq 518 iru wkh rwkhu sdqhov1 Uhfdoo wkdw wkh X1V1 frqvxpswlrq gdwd gl�huv iurp wkh rwkhu
sdqho gdwd lq wkdw lw lv phdvxuhg e| uhwdlo vdohv dv rssrvhg wr dfwxdo frqvxpswlrq1 Wkh
juhdwhu yrodwlolw| ri uhwdlo vdohv lv frqvlvwhqw zlwk wkh �qglqj lq Khvv dqg Vklq +4<<;, wkdw iru
djjuhjdwh X1V1 gdwd/ wrwdo uhwdlov vdohv lv derxw 43( pruh yrodwloh wkdq wrwdo frqvxpswlrq
ri gxudeoh dqg qrq~gxudeoh jrrgv1 Pruhryhu/ wkh yrodwlolw| ri wkh frqvxpswlrq phdvxuh
idoov li rqh lqfoxghv rqo| wkh uhwdlo vdohv ri qrq0gxudeoh jrrgv/ zklfk lv dydlodeoh rqo| iru 4<
vwdwhv vlqfh 4<:;1S Zh duh dw d orvv wr h{sodlq wkh gl�huhqfhv lq rxwsxw yrodwlolw| dfurvv wkh
sdqhov1
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Wkh wklug froxpq ri Wdeoh 4 uhsruwv wkh f|folfdolw| ri uhjlrqdo frqvxpswlrq dv phdvxuhg
e| lwv frqwhpsrudqhrxv fruuhodwlrq zlwk uhjlrqdo rxwsxw1 Frqvxpswlrq lv surf|folfdo zlwk
uhvshfw wr uhjlrqdo hfrqrplf dfwlylw| lq doo fdvhv/ wkrxjk wkh pdjqlwxghv gl�hu1 Wkh dyhudjh
fruuhodwlrq ri frqvxpswlrq dqg rxwsxw jurzwk dfurvv wkh RHFG lv 319</ txlwh forvh wr wkh
ydoxhv ri 3197 iru wkh Fdqdgldq surylqfhv/ dqg 3186 iru wkh X1V1 vwdwhv1 Wkh w|slfdo Mdsdqhvh
suhihfwxuh/ krzhyhu/ kdv d frqvxpswlrq~rxwsxw fruuhodwlrq ri rqo| 31631

Wkh frpryhphqw dfurvv uhjlrqv iru erwk rxwsxw dqg frqvxpswlrq duh suhvhqwhg lq wkh
�qdo irxu froxpqv ri Wdeoh 41 Zh �uvw glvfxvv wkh frpryhphqw ri uhjlrqdo rxwsxw dqg
frqvxpswlrq zlwk wkhlu djjuhjdwh frxqwhusduwv zklfk duh uhsruwhg lq froxpqv irxu dqg
�yh1 Zh vhh wkdw wkh rxwsxw frpryhphqw lv kljkhvw dfurvv wkh X1V1 vwdwhv/ dyhudjlqj 31:7/
dqg orzhvw dfurvv wkh Mdsdqhvh suhihfwxuhv/ zkhuh wkh fruuhodwlrq dyhudjhv 31891 Jlyhq wkdw
zh duh rqo| xvlqj derxw 48 |hduv ri gdwd/ wkhvh gl�huhqfhv duh qrw vwdwlvwlfdoo| vljql�fdqw1
Wkh frqvxpswlrq frpryhphqwv duh pruh glvwlqfw dfurvv sdqhov dqg gr qrw olqh xs zlwk
wkh lqfrph frpryhphqw sdwwhuqv1 Fdqdgldq surylqfldo frqvxpswlrq jurzwk lv yhu| kljko|
fruuhodwhg/ dyhudjlqj 31;3/ zkloh wkh dyhudjh fruuhodwlrq ri wkh Mdsdqhvh suhihfwxuhv zlwk
wkh djjuhjdwh lv rqo| 31851

Iljxuh 4 suhvhqwv wkh ixoo vhw ri elodwhudo frpsdulvrqv zlwk wkh fruuhodwlrq ri frqvxps0
wlrq jurzwk ri hdfk sdlu +d uhjlrq dqg wkh djjuhjdwh, sorwwhg djdlqvw wkh fruuhvsrqglqj
fruuhodwlrq ri lqfrph jurzwk1 Dffruglqj wr wkh wkhru| ri djjuhjdwh ulvn vkdulqj +vhh Sursr0
vlwlrq 4,/ wkh gdwd srlqwv vkrxog olh derxw wkh 780ghjuhh olqh1 Zh vhh wkdw frqvxpswlrq
fruuhodwlrqv olh xqlirupo| deryh lqfrph fruuhodwlrqv lq wkh Fdqdgldq sdqho +doo srlqwv olh rq
ru deryh wkh 780ghjuhh olqh, zkloh iru wkh Xqlwhg Vwdwhv dqg wkh RHFG frxqwulhv lqfrph
fruuhodwlrqv riwhq h{fhhg frqvxpswlrq fruuhodwlrqv +wkh pdmrulw| ri srlqwv olh ehorz wkh
780ghjuhh olqh,1 Wkh Mdsdqhvh suhihfwxuhv jlyh d pruh dpeljxrxv slfwxuh1

Wkh fruuhodwlrq sdwwhuqv xvlqj wkh uhihuhqfh uhjlrqv lq wkh �qdo wzr froxpqv ri Wdeoh 4
w|slfdoo| |lhog orzhu furvv~uhjlrqdo fruuhodwlrqv zklfk lv zkdw rqh zrxog h{shfw jlyhq wkdw
wkh djjuhjdwh frqwdlqv wkh uhjlrqdo yduldeoh e| frqvwuxfwlrq1 Wrn|r zdv fkrvhq edvhg rq
lwv hfrqrplf vl}h dqg dsshduv pruh lglrv|qfudwlf wkdq Rqwdulr/ Rklr/ ru wkh Xqlwhg Vwdwhv1
Lq whupv ri wkh txdqwlw| dqrpdo| srlqwhg wr e| Edfnxv/ Nhkrh dqg N|godqg +4<<6,/ zh vhh
wkdw wkh dyhudjh fruuhodwlrq ri rxwsxw zlwk djjuhjdwh ru uhihuhqfh rxwsxw lv glvwlqfwo| kljkhu
wkdq wkh dyhudjh fruuhodwlrq ri frqvxpswlrq zlwk djjuhjdwh ru uhihuhqfh frqvxpswlrq iru
wkh RHFG dqg X1V1 fdvhv/ exw wkh uhyhuvh lv wuxh ri wkh Fdqdgldq surylqfhv1 Wkh udqnlqj
ri wkh fruuhodwlrqv iru wkh Mdsdqhvh suhihfwxuhv +dw ohdvw edvhg rq dyhudjhv dfurvv uhjlrqv,
lv xqfohdu/ dv wkh uhodwlyh udqnlqj ri wkh pdjqlwxghv ri wkh fruuhodwlrqv vzlwfkhv ghshqglqj
rq zkhwkhu wkh djjuhjdwh ru uhihuhqfh uhjlrq lv xvhg lq frqvwuxfwlqj wkh fruuhodwlrq1

Iurp h{suhvvlrq +9,/ rqh fdq fdofxodwh krz odujh pxvw eh wkh pdjqlwxgh ri phdvxuhphqw
huuru dqg suhihuhqfh vkrfnv lq rughu iru wkh wuxh fruuhodwlrq ri frqvxpswlrq wr eh juhdwhu
wkdq wkdw iru rxwsxw1 Li zh dvvxph wkdw rxwsxw lv phdvxuhg zlwkrxw huuru/ l1h1 �2# @ 3/ wkhq
frqvxpswlrq jurzwk zrxog kdyh wr eh dssur{lpdwho| �iwhhq shufhqw qrlvh dqg suhihuhqfh
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vkrfnv +4=3� +=96@=:7,, lq rughu wr pdnh wkh wuxh fruuhodwlrq ri frqvxpswlrq htxdo wr wkdw
iru rxwsxw dfurvv vwdwhv zlwklq wkh X1V iru gxudeoh soxv qrq0gxudeoh jrrgv1 Khvv dqg Vklq
+4<<;, uhsruw wkdw phdvxuhphqw huuru dqg suhihuhqfh vkrfnv zrxog kdyh wr eh ryhu �iw|
shufhqw ri phdvxuhg frqvxpswlrq iru rqo| qrq0gxudeoh jrrgv1

Dq dgglwlrqdo idfwru wr frqvlghu lq wkh dqdo|vlv ri furvv fruuhodwlrqv ri frqvxpswlrq dqg
rxwsxw lv wkdw zh zrxog h{shfw wr revhuyh frpryhphqw lq frqvxpswlrq dqg lqfrph dfurvv
frxqwulhv hyhq lq wkh devhqfh ri lqwhuqdwlrqdo wudgh dqg �qdqfldo pdunhw olqndjhv wr wkh
h{whqw wkdw whfkqrorjlfdo fkdqjhv dqg srolf| fkdqjhv pryh lq d v|qfkurqrxv idvklrq1 Dq
lqlwldo dwwhpsw wr frqvlghu wkh vlpxowdqhlw| lq wkh gdwd surfhhgv dv iroorzv1 Ohw }�| eh hlwkhu
uhjlrqdo frqvxpswlrq ru uhjlrqdo lqfrph jurzwk dqg ohw }@| lv hlwkhu wkh jurzwk udwh iru wkh
djjuhjdwh yduldeoh ru wkh uhihuhqfh yduldeoh lq wkh sdqho1 Zh wkhq hvwlpdwh wkh iroorzlqj
uhjuhvvlrq dv d wlph vhulhv iru hdfk lqglylgxdo uhjlrq zlwklq wkh sdqho=

}�| @ �� . ��}
@
| . ��| +;,

Zh uhihu wr wkh udwlr ri wkh h{sodlqhg vxp ri vtxduhv wr wrwdo vxp ri vtxduhv iurp htxdwlrq
+;, dv wkh frpprq frpsrqhqw dqg wkh uhpdlqghu +xqh{sodlqhg yduldwlrq, dv wkh lglrv|q0
fudwlf frpsrqhqw1. Wdeoh 5 uhsruwv wkh uhvxowv/ djdlq dyhudjlqj dfurvv wkh uhjlrqv lq hdfk
sdqho1

^ ~ Wdeoh 5 Durxqg Khuh ~`

Frqvlvwhqw zlwk wkh hduolhu �qglqjv uhsruwhg lq Wdeoh 4/ wkh vwdwhv zlwklq wkh X1V1 kdyh
+rq dyhudjh, dq h{fhswlrqdoo| vwurqj frpprq frpsrqhqw lq rxwsxw/ dqg d vpdoohu frpprq
frpsrqhqw lq frqvxpswlrq1 Iru erwk sdqhov D dqg E/ wklv uhodwlyh udqnlqj ri frpprq
rxwsxw yhuvxv frpprq frqvxpswlrq frpsrqhqw lv dovr vkduhg zlwk wkh RHFG frxqwulhv/
exw lv uhyhuvhg iru Fdqdgldq uhjlrqv1 Rqfh djdlq/ iru Mdsdq/ wkh uhodwlyh udqnlqjv duh
dpeljxrxv1

Iljxuh 5 suhvhqwv wkh ixoo frpsohphqw ri frqvxpswlrq~lqfrph fruuhodwlrqv ehwzhhq
hdfk uhjlrq dqg wkh djjuhjdwh xvlqj udz dqg frpprq frpsrqhqw dgmxvwhg gdwd1 Wkh
{~frruglqdwhv duh udz fruuhodwlrqv ri lqfrph jurzwk dqg frqvxpswlrq jurzwk zlwklq hdfk
uhjlrq ru frxqwu| zkloh wkh |~frruglqdwhv duh fruuhodwlrqv ri lqfrph dqg frqvxpswlrq di0
whu uhprylqj d frpprq frpsrqhqw1 Diwhu frqwuroolqj iru srvvleoh frpprq pryhphqwv lq
lqfrph dqg frqvxpswlrq dfurvv uhjlrqv zh vhh d ghfuhdvh lq wkh lqfrph dqg frqvxpswlrq
frpryhphqwv zlwklq frxqwulhv dv frpsduhg wr dfurvv RHFG frxqwulhv ~ l1h1 wkh zlwklq
frxqwu| fruuhodwlrq sdluv jhqhudoo| olh ehorz wkh 78 ghjuhh olqh iru Fdqdgd/ Mdsdq dqg wkh
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X1V1 zkloh wkh dfurvv frxqwu| fruuhodwlrq sdluv iru wkh RHFG olh qhduo| rq wkh 78 ghjuhh
olqh1 Krzhyhu/ hyhq zlwklq uhjlrqv dqg diwhu wkh dgmxvwphqw/ wkh fruuhodwlrqv whqg wr eh
vwurqjo| srvlwlyh1

��� +�t! 5�@h�?} 5TiU��U@|�L?

Zh h{whqg wkh uhvxowv ri hvwlpdwlqj wkh ulvn vkdulqj vshfl�fdwlrq wr wkh uhjlrqdo Mdsdqhvh
gdwd wr vhh li wkh frqfoxvlrq wkdw wkh h{whqw ri ulvn vkdulqj lv juhdwhu zlwklq wkdq dfurvv
frxqwulhv wkdw Fuxflql +4<<;, irxqg iru wkh X1V1 vwdwhv dqg Fdqdgldq surylqfhv frpsduhg
wr wkh J~: lv dovr wuxh ri Mdsdqhvh suhihfwxuhv1 Krzhyhu/ zh dovr hpsor| gl�huhqw gdwd
dqg frxqwulhv lq wkh hvwlpdwlrq surfhvv iru wkh X1V1 uhjlrqv dqg frxqwu| ohyho gdwd dv d
urexvwqhvv fkhfn +wkh uhvxowv iru wkh Fdqdgd surylqfhv duh wdnhq gluhfwo| iurp Fuxflql
+4<<;,,1

Wkh X1V1 gdwd hpsor|hg e| Fuxflql +4<<;, gl�huv lq d qxpehu ri uhvshfwv iurp wkh gdwd
hpsor|hg e| Dvguxedol/ Vruhqvhq/ dqg \rvkd +4<<9,/ zklfk zh xvh ehorz1 Fuxflql +4<<;,
gh�dwhv frqvxpswlrq e| wkh djjuhjdwh X1V1 gh�dwru iru qrq~gxudeoh jrrgv dqg vhuylfhv
gh�dwhv dqg xvhv vwdwh shuvrqdo lqfrph dv wkh lqfrph phdvxuh gh�dwhg e| wkh djjuhjdwh
X1V1 JQS gh�dwru1 Dvguxedol/ Vruhqvhq dqg \rvkd gh�dwh erwk frqvxpswlrq dqg lqfrph
e| wkh djjuhjdwh X1V1 frqvxphu sulfh lqgh{ dqg wkhlu lqfrph phdvxuh lv jurvv grphvwlf
surgxfw1 Wkh odvw gl�huhqfh ehwzhhq wkh hvwlpdwlrq frqgxfwhg khuh dqg lq Fuxflql +4<<;,
lv wkdw zh lqfoxgh 54 RHFG frxqwulhv dv rssrvhg wr rqo| wkh J~:1

Wr hvwlpdwh wkh lqfrpsohwh ulvn vkdulqj htxdwlrq +:, iurp Fuxflql +4<<;,/ zh qhhg
wr pdnh dq dvvxpswlrq dv wr wkh surfhvv iru wkh orj ri shupdqhqw lqfrph1 Dffruglqjo|/
zh dvvxph wkdw lqqrydwlrqv wr wkh orj ri shupdqhqw lqfrph duh uhdvrqdeo| sur{lhg e| wkh
fkdqjh lq lqfrph +l1h1 dqqxdo lqfrph lv forvh wr d udqgrp zdon,1H Zh hvwlpdwh wkh iroorzlqj
htxdwlrq vhsdudwho|/ uhjlrq0e|0uhjlrq dv d wlph vhulhv/ iru hdfk uhjlrq lq wkh sdqho1

�orj+f�|, @ �� . ���orj+f@| , . +4� ��,�orj+|�|, . x�| +<,

zkhuh wkh yduldeohv duh qrz lq orjdulwkpv dqg wkh yduldeoh �orj+f@| , lv d vlpsoh dyhudjh ri
wkh frqvxpswlrq jurzwk udwhv ri doo wkh uhjlrqv lq wkh sdqho1 Wkh huuru whup lv lqwhusuhwhg
dv d frpelqdwlrq ri phdvxuhphqw huuru dqg2ru wdvwh vkrfnv/ wkh odwwhu ri zklfk zrxog kdyh
wr eh xqfruuhodwhg zlwk wkh ghwhuplqdqwv ri djjuhjdwh frqvxpswlrq ru uhjlrqdo shupdqhqw
lqfrph1

^ ~ Wdeoh 6 Durxqg Khuh ~`
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Wkh hvwlpdwlrq uhvxowv iru htxdwlrq +<, duh uhsruwhg lq Wdeoh 61 Wkh �uvw wkuhh froxpqv
uhsruw/ iru hdfk sdqho/ wkh dyhudjh hvwlpdwhg ydoxh iru �/ wkh dyhudjh vwdqgdug huuru ri wkh
hvwlpdwh iru �/ dqg wkh dyhudjh U2/ uhvshfwlyho|1 Wkh �qdo irxu froxpqv ri wkh wdeoh jlyh
dq lqglfdwlrq ri wkh glvwulexwlrq ri wkh hvwlpdwhv ri � zlwklq hdfk sdqho/ zklfk pd| eh
pruh lqirupdwlyh wkdq vlpso| wkh vwdwlvwlfdo phdq1 Zh vhh wkdw wkh ulvn vkdulqj sdudphwhuv
dyhudjh pruh wkdq 31; dfurvv wkh Fdqdgldq surylqfhv/ X1V1 vwdwhv/ dqg Mdsdqhvh suhihfwxuhv/
frpsduhg wr derxw rqh0kdoi wklv pdjqlwxgh iru wkh RHFG frxqwulhv1 Wkhvh uhvxowv uhd�up
Fuxflql*v +4<<;, �qglqjv wkdw wkh ghjuhh ri ulvn vkdulqj lv kljkhu dfurvv uhjlrqv zlwklq
frxqwulhv wkdq dfurvv lqgxvwuldol}hg frxqwulhv/ dowkrxjk lw lv ohvv wkdq shuihfw lq doo fdvhv1
Wkh frpsohwh ulvn vkdulqj prgho fdqqrw eh uhmhfwhg lq 9 ri 43 surylqfhv/ 5< ri 84 vwdwhv/
dqg 74 ri 7: Mdsdqhvh suhihfwxuhv1b Lq frqwudvw/ wkh qxoo fdq eh uhmhfwhg lq doo exw 6 ri wkh
54 RHFG frxqwulhv1 Wkh uhvxowv iru Mdsdq duh hyhq vwurqjhu wkdq iru wkh Xqlwhg Vwdwhv lq
wkh vhqvh wkdw zkloh erwk kdyh d vlplodu qxpehu ri hfrqrplf uhjlrqv/ d vljql�fdqw qxpehu
~ 45 ~ ri wkh vwdwhv kdyh ulvn vkdulqj sdudphwhu hvwlpdwhv zlwk <8( frq�ghqfh lqwhuydov
ryhuodsslqj erwk 3 dqg 41 Mdsdq kdv rqo| rqh vxfk uhjlrq1

Wkh hvwlpdwhg ulvn vkdulqj sdudphwhuv iru wkh Xqlwhg Vwdwhv dqg wkh Mdsdqhvh suhihf0
wxuhv dsshdu vrphzkdw lq frqwudvw wr zkdw wkh vlpsoh fruuhodwlrq sdwwhuqv ri frqvxpswlrq
vxjjhvw derxw wkh h{whqw ri ulvn vkdulqj dfurvv uhjlrqv1 Lw dsshduv olnho| wkdw phdvxuh0
phqw huuru lq frqvxpswlrq +dqg2ru wdvwh vkrfnv, duh sduwo| uhvsrqvleoh iru wkh gl�huhqfhv
vlqfh wkhvh frpsrqhqwv ri uhjlrqdo frqvxpswlrq yduldqfh zrxog eh fdvw lqwr wkh uhvlgxdo
whup lq wkh uhjuhvvlrq htxdwlrq +dvvxplqj wkh| duh xqfruuhodwhg zlwk uhjlrqdo lqfrph,1�f

Dowhuqdwlyho|/ vshfl�fdwlrq huuru lq wkh frqvwuxfwlrq ri wkh uhylvlrq ri shupdqhqw lqfrph
+4� �,

S"
&'f �

& ^H||�|n& �H|3�|�|n&` @ �orj+|�|, xqghu wkh udqgrp zdon dvvxpswlrq/ zloo
orzhu wkh frqwulexwlrq iurp wkh uhjlrq0vshfl�f frpsrqhqw dqg lqfuhdvh wkh frqwulexwlrq
iurp wkh xqh{sodlqhg frpsrqhqw1 Phdvxuhphqw huuru lq wkh frqvwuxfwlrq ri uhjlrqdo lq0
frph gdwd zloo dovr orzhu wkh uhjlrq0vshfl�f frpsrqhqw1 Ilqdoo|/ ixuwkhu vshfl�fdwlrq huuru
frxog eh gxh wr wkh suhvhqfh ri d iudfwlrq ri frqvxphuv zkr qhlwkhu vkduh ulvn qru frqvxph
rxw ri shupdqhqw lqfrph/ exw udwkhu frqvxph dffruglqj wr d cuxoh ri wkxpe* vxfk wkdw
frqvxpswlrq ghyldwhv iurp shupdqhqw lqfrph frqvlghudwlrqv1

Lq d frpsohphqwdu| vwxg|/ Khvv dqg Vklq +5333,/ xvlqj krxvhkrog irrg frqvxpswlrq
gdwd iru wkh X1V1 iurp wkh Sdqho Vwxg| iru Lqfrph G|qdplfv/ hvwlpdwh d uhjuhvvlrq htxdwlrq
vlplodu wr +<,1 Wkh| hvwlpdwh wkh iudfwlrq ri ulvn wkdw lv vkduhg zlwklq uhjlrqv/ zlwklq
lqgxvwulhv/ dqg dfurvv uhjlrqv dqg lqgxvwulhv +l1h1 djjuhjdwh,1 Lpsruwdqwo|/ udwkhu wkdq
xvlqj lqfrph gdwd wr sur{| uhjlrqdo dqg2ru lqgxvwu| fkdqjhv lq shupdqhqw lqfrph/ wkh|
xvh/ dffruglqj wr wkh wkhru|/ frqvwuxfwhg frqvxpswlrq fkdqjhv e| uhjlrq dqg lqgxvwu| iru
wklv sxusrvh1 Wkh| uhsruw wkdw rqo| derxw 78 shufhqw ri ulvn lv vkduhg dfurvv uhjlrqv dqg
lqgxvwulhv zkloh wkh uhpdlqghu lv vkduhg zlwklq uhjlrqv dqg lqgxvwulhv1
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Zh h{soruh wkh zhoiduh lpsolfdwlrqv ri uhjlrqdo dqg qdwlrqdo �xfwxdwlrqv lq frqvxpswlrq

lq wklv vhfwlrq1 Dgrswlqj d FUUD xwlolw| ixqfwlrq= X+f�|, @
�

�
�3�

�
+f�|,

E�3��/ zh iroorz wkh

dssurdfk wdnhq e| ydq Zlqfrrs +4<<7,/ dvvxplqj frqvxpswlrq lv d udqgrp zdon1 Wklv
ohdgv wr dq lqfuhdvh lq wkh zhoiduh lpsolfdwlrqv ri �xfwxdwlrqv uhodwlyh wr zkdw Oxfdv +4<;:,
irxqg vlqfh kh dvvxphg frqvxpswlrq uhyhuwhg wr d ghwhuplqlvwlf wuhqg1 Dv glvfxvvhg lq
vhfwlrq 5=6/ wkh irupxod iru d zhoiduh jdlq dvvrfldwhg zlwk d gurs lq wkh vwdqgdug ghyldwlrq
ri frqvxpswlrq jurzwk e| g�2{S lv=

�3=8�g�2{S@+u � ��, +43,

zkhuh �� @ � � +3=8��2S , lv wkh ulvn dgmxvwhg jurzwk udwh dqg u @ +�3� � 4, . +� � ��,1 Zh
vhw � @ 7/ �� @ 3=34:/ dqg � @ =<</ zklfk duh wkh vdph ydoxhv xvhg e| ydq Zlqfrrs +4<<7,
h{fhsw iru wkh frh�flhqw ri uhodwlyh ulvn dyhuvlrq +kh xvhg xqlw|,1 Wkh lpsolhg ohyho ri u lv
:=;(1

Wr fdofxodwh wkh zhoiduh jdlq iurp uhprylqj wkh uhpdlqlqj uhjlrq vshfl�f yduldelo0
lw| ri frqvxpswlrq jurzwk zh qhhg d jrrg phdvxuh ri wkh odwwhu1 Iruwxqdwho|/ wkh lq0
frpsohwh ulvn vkdulqj vshfl�fdwlrq/ htxdwlrq +<,/ surylghv d wkhruhwlfdoo| dsshdolqj ydul0
dqfh ghfrpsrvlwlrq ri frqvxpswlrq jurzwk wkdw uhodwhv wr wkh sruwirolr fkrlfhv lpsolhg
e| wkh hvwlpdwhg ulvn vkdulqj sdudphwhuv1 Xvlqj htxdwlrq +<, zh dssruwlrq wkh ydul0
delolw| ri uhjlrqdo frqvxpswlrq lqwr d frpprq sduw/ +a�2� ydu+�orj+f@| ,,/ d sduw uhodwhg wr
yduldwlrq lq uhjlrqdo lqfrph/ ++4 � a��,

2ydu+�orj+|�|,,/ wkh fryduldqfh ehwzhhq wkh wzr/
5a��+4� a��,

2fry+�orj+f@| ,>�orj+|�|,,/ dqg dq xqh{sodlqhg sduw zklfk lv mxvw wkh yduldqfh ri
wkh uhjuhvvlrq uhvlgxdo +�2��,1 Lpsruwdqwo|/ wkh �qdo wkuhh frpsrqhqwv fdq eh vxpphg wr re0
wdlq wkdw sduw ri frqvxpswlrq yduldelolw| wkdw lv qrw dffrxqwhg iru e| djjuhjdwh frqvxpswlrq
pryhphqwv +l1h1 uhjlrqdo frqvxpswlrq jurzwk qhw ri wkh yrodwlolw| ri vkduhg frqvxpswlrq
jurzwk~ ydu+�orj+f�|,,� a�2� ydu+�orj+f@| ,,/ dqg khqfh lw lv wkhvh whupv zklfk zh zloo irfxv
rq ehorz lq rxu zhoiduh fdofxodwlrqv1

Wdeoh 7 uhsruwv wkh zhoiduh uhvxowv xvlqj wkh yduldqfh ghfrpsrvlwlrq lpsolhg e| wkh
ulvn vkdulqj uhjuhvvlrq1 Vshfl�fdoo| zh dvn krz pxfk djhqwv lq hdfk uhjlrq zrxog eh
zloolqj wr jlyh xs lq whupv ri dyhudjh frqvxpswlrq wr holplqdwh wkh yduldqfh ri uhjlrqdo
frqvxpswlrq jurzwk wkdw lv qrw dffrxqwhg iru e| pryhphqwv lq dyhudjh frqvxpswlrq1 Wkh
�uvw frpsrqhqw zh lghqwli| lv wkh zhoiduh jdlq iurp uhprylqj wkh yduldqfh dvvrfldwh zlwk
uhjlrqdo lqfrph jurzwk yduldwlrq +vhh froxpq ghqrwhg cUhjlrqdo SL*,1 Wkh vhfrqg whup
lq wkh fdofxodwlrq lv wkh zhoiduh whup lv sursruwlrqdo wr wkh fryduldwlrq ehwzhhq uhjlrqdo
lqfrph jurzwk dqg djjuhjdwh frqvxpswlrq +vhh froxpq ghqrwhg cFryduldqfh*,/ dqg wkh �qdo
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zhoiduh jdlq lv iurp wkh yduldqfh ri wkh uhvlgxdo +vhh froxpq ghqrwhg cXqh{sodlqhg*,1�� Wkh
�qdo froxpq/ ghqrwhg cWrwdo*/ uhsruwv wkh vxp ri wkh wkuhh frpsrqhqwv1 Wkh wrwdo vkrxog eh
lqwhusuhwhg dv dq xsshu erxqg rq wkh zhoiduh jdlqv vlqfh lw lqfoxghv wkh uhjuhvvlrq uhvlgxdo1�2

Hdfk froxpq ri Wdeoh 7 uhsruwv wkh zhoiduh lpsolfdwlrqv +lq shufhqwdjhv ri vwhdg|~
vwdwh frqvxpswlrq, ri prylqj hdfk ri wkhvh yduldqfhv wr }hur1 Gxh wr wkh idfw wkdw zh
kdyh uhjlrqv wkdw duh khwhurjhqhrxv zlwk uhvshfw wr wkhlu ulvn vkdulqj sdudphwhuv +��, dqg
xqghuo|lqj yduldqfhv ri shupdqhqw lqfrph/ zh fdofxodwh wkh zhoiduh phdvxuhv vhsdudwho|
iru hdfk uhjlrq dqg wkhq uhsruw wkh phdq zhoiduh frvw +dfurvv doo uhjlrqv lq d sdqho, dqg
wkh phdq zhoiduh frvw iru wkh txlqwloh zlwk wkh kljkhvw ru orzhvw wrwdo zhoiduh ehqh�w iurp
holplqdwlqj frqvxpswlrq ulvn qrw douhdg| vkduhg1

^ ~ Wdeoh 7 Durxqg Khuh ~`

Wkuhh wklqjv vkrxog eh qrwhg lq frpsdulqj rxu uhvxowv zlwk Oxfdv*v1 Iluvw/ kh frqvlghuhg
rqo| wkh zhoiduh jdlqv iurp uhprylqj djjuhjdwh frqvxpswlrq yduldelolw|/ zkhuhdv zh pdnh
rxu fdofxodwlrqv iru uhprylqj uhjlrq vshfl�f frqvxpswlrq yduldelolw| diwhu frqglwlrqlqj rq
djjuhjdwh frqvxpswlrq1 Vhfrqg/ zh dvvxph wkdw wkh �xfwxdwlrqv wr frqvxpswlrq*v ohyho duh
shupdqhqw/ zkhuhdv Oxfdv dvvxphg wkdw �xfwxdwlrqv wr frqvxpswlrq zhuh l1l1g1 durxqg d
ghwhuplqlvwlf wuhqg1 Prvw lpsruwdqwo|/ krzhyhu/ Oxfdv zdv lqwhuhvwhg lq wkh uhgxfwlrq ri
frqvxpswlrq yduldelolw| eurxjkw derxw e| d uhgxfwlrq lq rxwsxw yduldelolw|1 Wr eh frqvlvwhqw
zlwk Oxfdv/ wkh lqfuhdvhg zhoiduh eurxjkw derxw e| wkh uhprydo ri wkh uhjlrqdo rxwsxw f|foh
zrxog eh suhvhqwhg xqghu wkh froxpq cuhjlrqdo SL* lq Wdeoh 71 Lq frqwudvw/ wkh ulvn vkdulqj
olwhudwxuh hpskdvl}hv wkh uhgxfwlrq lq lglrv|qfudwlf frqvxpswlrq yduldelolw|1 Wklv lv uhodwhg
wr wkh �qdo froxpq ri Wdeoh 7 suhvhqwhg xqghu wkh khdghu cWrwdo* dv lq wklv fdvh zh kdyh
frqwuroohg uhjlrqdo frqvxpswlrq rqo| iru djjuhjdwh frqvxpswlrq1��

Wkh uhvxowv lq Wdeoh 7 vxjjhvw wkdw wkh dyhudjh Fdqdgldq dqg Mdsdqhvh uhjlrqv zrxog
eh zloolqj wr jlyh xs derxw 4( ri frqvxpswlrq wr holplqdwh wkhlu wrwdo uhjlrqdo ulvn lq
frqvxpswlrq1 Wkh hvwlpdwh ulvh wr derxw 418( iru wkh phdq RHFG qdwlrq1 Wkh phdq
X1V1 vwdwh zrxog eh zloolqj wr sd| :( ri frqvxpswlrq/ wkrxjk doprvw doo ri wklv +81:6(, lv
dwwulexwdeoh wr wkh huuru whup lq wkh hvwlpdwhg ulvn vkdulqj uhjuhvvlrq1 Vrph ri wklv pljkw
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zhoo eh fdswxuhg e| d pruh fduhixoo| vshfl�hg shupdqhqw lqfrph surfhvv exw vrph lv dovr
olnho| phdvxuhphqw huuru lq zklfk fdvh lw vkrxog qrw eh lqfoxghg dv d srwhqwldo zhoiduh
lpsurylqj fkdqjh1

Irfxvlqj rq wkh yduldqfh wkdw lv dwwulexwhg wr uhjlrqdo lqfrph yduldwlrq wkh zhoiduh
phdvxuhv duh txlwh prghvw iru dyhudjh Fdqdgldq dqg Mdsdqhvh uhjlrq dqg h{dfwo| htxdo
wr rqh dqrwkhu dw 3148(1 Krzhyhu/ wkhuh lv d juhdwhu yduldqfh ri zhoiduh ehqh�wv furvv~
vhfwlrqdoo| lq Mdsdq wkdq lq Fdqdgd zlwk wkh kljkhvw txlqwloh suhsduhg wr jlyh xs derxw
318( ri frqvxpswlrq frpsduhg wr rqo| 3165( iru wkh wrs txlqwloh dprqj wkh Fdqdgldq
surylqfhv1

Wxuqlqj wr wkh X1V1 vwdwhv zh vhh frpsdudeoh zhoiduh lpsolfdwlrqv ri uhjlrqdo lqfrph
yduldelolw| wr zkdw lv revhuyhg lqwhuqdwlrqdoo|1 Wkh odujh srvvleoh jdlqv lq wkh RHFG duh
hdv| wr xqghuvwdqg ehfdxvh wkh| kdyh d orz ulvn vkdulqj sdudphwhu zklfk jlyhv uhjlrqdo
lqfrph pryhphqwv d odujhu lq�xhqfh lq uhjlrqdo frqvxpswlrq yduldelolw|1 Wkh odujhu srvvleoh
jdlqv lq wkh X1V1 fdvh vxjjhvwv wkdw zkloh ulvn vkdulqj lv pruh h{whqvlyh/ lq wkh vhqvh
ri srrolqj ri uhvrxufhv/ wkh ehqh�wv wr dgglwlrqdo srrolqj duh juhdwhu ehfdxvh vwdwh ohyho
lqfrph lv pruh yduldeoh wkdq qdwlrqdo lqfrph1 Wkh sx}}oh wkdw uhpdlqv lv zk| pruh ulvn
vkdulqj grhv qrw wdnh sodfh lq wkh Xqlwhg Vwdwhv li wkh frvwv ri grlqj vr duh frpsdudeoh wr
zkdw h{lvwv lq Fdqdgd dqg Mdsdq1 Zh glvfxvv vrph srvvlelolwlhv lq rxu frqfoxglqj vhfwlrq1

e �L?U*�t�L?t

Lq wklv vxuyh|/ zh kdyh surylghg hylghqfh wkdw zkloh erwk lqwudqdwlrqdo dqg lqwhuqdwlrqdo
ulvn vkdulqj duh lpshuihfw/ wkh gdwd vxjjhvwv wkdw wkhuh lv pruh ri wkh iruphu wkdq ri wkh
odwwhu1 Zh kdyh qrw glvfxvvhg/ krzhyhu/ wkh fkdqqhov e| zklfk wklv lqwudqdwlrqdo ulvn vkdulqj
kdv wdnhq sodfh1 Zkloh xvlqj gl�huhqw phwkrgrorjlhv/ wkrxjk wkh vdph gdwd vrxufhv iru
X1V1 vwdwhv/ Dvguxedol/ Vruhqvhq dqg \rvkd +4<<9,/ Gho Qhjur +4<<:, dqg Dwkdqdvrxolv dqg
ydq Zlqfrrs +4<<;, phdvxuh wkh h{whqw ri ulvn vkdulqj wkdw wdnhv sodfh wkurxjk �qdqfldo
pdunhwv yld dvvhwv/ wkurxjk �vfdo srolf| wd{ dqg wudqvihu vfkhphv/ dqg wkh frpsrqhqw ri
ulvn wkdw lv ohiw xqvkduhg1�e Wkh udqjh ri hvwlpdwhv duh uhpdundeo| vlplodu1 Dssur{lpdwho|
43 0 53 shufhqw ri vkrfnv wr jurvv vwdwh surgxfw duh vkduhg wkurxjk �vfdo wd{0wudqvihuv/
dssur{lpdwho| 78 0 93 shufhqw ri ulvn vkdulqj lv dfklhyhg wkrxjk �qdqfldo pdunhwv/ dqg 58
068 shufhqw lv ohiw cxqvprrwkhg* ru xqvkduhg1
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Wkh idfw wkdw zh revhuyh lqfrpsohwh ulvn vkdulqj dfurvv jhrjudsklf uhjlrqv kdv dovr
ohdg uhvhdufkhuv wr xqfryhu wkh vrxufh ri wklv lqfrpsohwhqhvv1 Rqh dssurdfk lv wkdw gxh
wr sulydwh lqirupdwlrq ru phuho| suhihuhqfh/ lqglylgxdov vlpso| suhihu wr krog orfdo dvvhwv
hyhq zlwklq d frxqwu|1 Frydo dqg Prvnrzlw} +4<<:, dqg Kxehupdq +4<<:, �qg vwurqj
hylghqfh ri d orfdo suhihuhqfh iru htxlwlhv edvhg rq sruwirolr ghflvlrqv erwk iru ixqg pdqdjhuv
dqg lqglylgxdov1 Dowhuqdwlyho|/ vrph vkrfnv wr uhvrxufhv pd| eh kdug wr glyhuvli|1 D
jrrg fdqglgdwh iru wkhvh w|shv ri vkrfnv duh wkrvh wkdw d�hfw kxpdq fdslwdo zklfk pd|
eh hperglhg lq wkh lqgxvwu| wkdw lqglylgxdov duh dwwdfkhg wr1 Xvlqj vwdwh ohyho gdwd iru
wkh X1V1/ Vruhqvhq dqg \rvkd +4<<:, h{soruh wkh edvlv ri lqgxvwu| uhodwhg pryhphqw lq
uhvrxufhv1 Xvlqj idplo| ohyho hylghqfh/ Khvv dqg Vklq +5333, �qg wkdw lqgxvwu| uhodwhg
pryhphqwv lq uhvrxufhv duh qrw shuihfwo| vkduhg dfurvv uhjlrqv1 Zh dqwlflsdwh wkdw ixwxuh
zrun lq wkh duhd ri ulvn vkdulqj zloo dwwhpsw wr ixuwkhu rxu xqghuvwdqglqj ri krz pdunhw
lqfrpsohwhqhvv pdqlihvwv lwvhoi erwk zlwklq dqg dfurvv frxqwulhv1 Wkh lvvxh ri zkhwkhu
xqh{sodlqhg lglrv|qfudwlf �xfwxdwlrqv lq phdvxuhg frqvxpswlrq duh ehwwhu lqwhusuhwhg dv
phdvxuhphqw huuru ru suhihuhqfh vkrfnv dovr uhtxluhv dgglwlrqdo uhvhdufk1
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Dowxj/ V1 dqg Ploohu/ U1/ 4<<3/ Krxvhkrog Fkrlfhv lq Htxloleulxp/ Hfrqrphwulfd/ 4<<3/ ;5/
44::044<;1

Dvguxedol/ S1/ Vruhqvhq/ E1H1 dqg \rvkd/ R1/ 4<<9/ Fkdqqhov ri lqwhuvwdwh ulvnvkdulqj=
Xqlwhg Vwdwhv 4<9604<<3/ Txduwho| Mrxuqdo ri Hfrqrplfv 444/ 43;4044431

Dwkdqdvrxolv/ V1 dqg ydq Zlqfrrs/ H1/ 4<<;/ Ulvnvkdulqj zlwklq wkh Xqlwhg Vwdwhv= Zkdw
kdyh �qdqfldo pdunhwv dqg �vfdo ihghudolvp dffrpsolvkhgB/ Ihghudo Uhvhuyh Edqn ri
Qhz \run/ Uhvhdufk Sdshu <;3;1

Dwnhvrq/ D1 dqg Ed|rxpl/ W1/ 4<<6/ Gr sulydwh fdslwdo pdunhwv lqvxuh uhjlrqdo ulvnB Hyl0
ghqfh iurp wkh Xqlwhg Vwdwhv dqg Hxursh/ Rshq Hfrqrplhv Uhylhz/ 7/ 63606571

Edfnxv/ G1N1/ Nhkrh/ S1M1 dqg N|godqg/ I1H1/ 4<<5/ Lqwhuqdwlrqdo uhdo exvlqhvv f|fohv/
Mrxuqdo ri Srolwlfdo Hfrqrp| ;7/ ;704361

Ed|rxpl/ W1 dqg PfGrqdog/ U1/ 4<<8/ Frqvxpswlrq/ lqfrph dqg lqwhuqdwlrqdo fdslwdo
pdunhw lqwhjudwlrq/ LPI Vwd� Sdshuv1

Ed{whu/ P1 dqg Fuxflql/ P1/ 4<<6/ H{sodlqlqj vdylqj2lqyhvwphqw fruuhodwlrqv/ Dphulfdq
Hfrqrplf Uhylhz/ ;6/ 7490691

Ed{whu/ P1/ dqg Fuxflql/ P1M1/ 4<<8/ Exvlqhvv f|fohv dqg wkh dvvhw pdunhw vwuxfwxuh ri
iruhljq wudgh/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ 69/ ;54~;871

Ehhploohu/ U1 dqg Gxqedu/ D1/ 4<<6/ Jurvv vwdwh surgxfw/ 4<::0<3/ Vxuyh| ri Fxuuhqw Exvl0
qhvv/ :6/ 4<<6/ 5;07<1

Fdqryd/ I1 dqg Udyq/ P1/ 4<<9/ Lqwhuqdwlrqdo Frqvxpswlrq Ulvn Vkdulqj/ Lqwhuqdwlrqdo
Hfrqrplf Uhylhz/ 6:/ 8:609341

Frfkudqh/ M1 K1/ 4<<4/ D vlpsoh whvw ri frqvxpswlrq lqvxudqfh/ Mrxuqdo ri Srolwlfdo Hfrqrp|
<</ <8:0:91

Froh/ K1/ dqg Revwihog/ P1/ 4<;;/ Frpprglw| Wudgh dqg Lqwhuqdwlrqdo Ulvn Vkdulqj= Krz
pxfk gr �qdqfldo pdunhwv pdwwhuB/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 5;/ 60571

Frydo/ M1G1 dqg Prvnrzlw}/ W1/ 4<<:/ Krph Eldv dw Krph= Orfdo Htxlw| Suhihuhqfhv lq
Grphvwlf Sruwirolrv/ plphr/ Xqlyhuvlw| ri Plfkljdq Exvlqhvv Vfkrro1

Fuxflql/ P1M1/ 4<<;/ Rq lqwhuqdwlrqdo dqg qdwlrqdo glphqvlrqv ri ulvn vkdulqj/ Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv/ iruwkfrplqj1

Gho Qhjur/ Pdufr / 4<<:/ Djjuhjdwh Ulvnvkdulqj Dfurvv XV Vwdwhv/ plphr1

4<



Ghyhuhx{/ P1/ Juhjru|/ D1/ dqg Vplwk/ J1/ 4<<5/ Uhdolvwlf furvv frxqwu| frqvxpswlrq fruuh0
odwlrqv lq d wzr frxqwu|/ htxloleulxp/ exvlqhvv f|foh prgho/ Mrxuqdo ri Lqwhuqdwlrqdo
Prqh| dqg Ilqdqfh 44/ 60491

Gropdv/ M1/ 4<<;/ Ulvn Suhihuhqfhv dqg wkh Zhoiduh Frvw ri Exvlqhvv F|fohv/ Uhylhz ri
Hfrqrplf G|qdplfv 4/ 979~9:91

Kd|dvkl/ I1/ Dowrqml/ M1 dqg Nrwolnr�/ O1/ 4<<9/ Ulvn Vkdulqj Ehwzhhq dqg Zlwklq Idplolhv/
Hfrqrphwulfd/ 97/ 59405<71

Khvv/ J1G1 dqg Vklq/ N1/ 4<<:/ Lqwhuqdwlrqdo dqg Lqwudqdwlrqdo Exvlqhvv F|fohv/ R{irug
Uhylhz ri Hfrqrplf Srolf|/ 46/ <6043<1

Khvv/ J1G1 dqg Vklq/ N1/ 4<<;/ Lqwudqdwlrqdo exvlqhvv f|fohv lq wkh Xqlwhg Vwdwhv/ Mrxuqdo
ri Lqwhuqdwlrqdo Hfrqrplfv/ 77/ 5;<06461

Khvv/ Juhjru| dqg Vklq/ N1/ 5333/ Ulvn vkdulqj e| krxvhkrogv zlwklq dqg dfurvv uhjlrqv
dqg lqgxvwulhv/% Mrxuqdo ri Prqhwdu| Hfrqrplfv/ iruwkfrplqj1

Kxehupdq/ J1 / 4<<:/ Idploldulw| Euhhgv Lqyhvwphqw/ plphr/ Froxpeld Exvlqhvv Vfkrro1

Ohzlv/ N1/ 4<<9/ Zkdw fdq h{sodlq wkh dssduhqw odfn ri lqwhuqdwlrqdo frqvxpswlrq ulvn
vkdulqj/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 59:~5<:1

Oxfdv/ Urehuw H1 Mu1/ +4<;:,/ _Prghov ri Exvlqhvv F|fohv% Edvlo Eodfnzhoo= R{irug/ Xqlwhg
Nlqjgrp1

Pdfh/ E1/ 4<<4/ Ixoo lqvxudqfh lq wkh suhvhqfh ri djjuhjdwh xqfhuwdlqw|/ Mrxuqdo ri Srolwlfdo
Hfrqrp|/ <</ <5;~<891

Revwihog/ P1/ 4<<7/ Duh lqgxvwuldo0frxqwu| frqvxpswlrq ulvnv joredoo| glyhuvl�hgB/ lq Fds0
lwdo Prelolw|= wkh Lpsdfw rq Frqvxpswlrq/ Lqyhvwphqw dqg Jurzwk/ hgv1 Ohrqdugr
Ohlghupdq dqg Dvvdi Ud}lq/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh/ X1N1

Vruhqvhq/ E1 dqg \rvkd/ R1/ 4<<:/ Lqfrph dqg frqvxpswlrq vprrwklqj dprqj X1V1 vwdwhv=
uhjlrqv ru foxev/ plphr1

Vruhqvhq/ E1 dqg \rvkd/ R1/ 4<<;/ Lqwhuqdwlrqdo ulvn vkdulqj dqg hxurshdq prqhwdu| xql�0
fdwlrq/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1

Vwdwlvwlfv Fdqdgd/ 4<<4/ Surylqfldo Hfrqrplf Dffrxqwv/ Dqqxdo Hvwlpdwhv 4<94 wr Gdwh1
Plqlvwu| ri Vxsso| dqg Vhuylfhv Fdqdgd1

Vwrfnpdq/ D1 dqg Whvdu/ O1/ 4<<8/ Wdvwhv dqg whfkqrorj| lq d wzr0frxqwu| prgho ri wkh
exvlqhvv f|foh= h{sodlqlqj lqwhuqdwlrqdo frpryhphqwv/ Dphulfdq Hfrqrplf Uhylhz
;8/ 49;0;81
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Wrzqvhqg/ U1/ 4<<8/ Frqvxpswlrq lqvxudqfh= dq hydoxdwlrq ri ulvn~ehdulqj v|vwhpv lq orz~
lqfrph frxqwulhv/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ </ ;6~4351

Xqlwhg Vwdwhv Ghsduwphqw ri Frpphufh/ Exuhdx ri Hfrqrplf Dqdo|vlv1 Vwdwh Shuvrqdo
Lqfrph= 4<5< ~ 4<;:= D Vwdwhphqw ri Vrxufhv dqg Phwkrgv1

Xqlwhg Vwdwhv Ghsduwphqw ri Frpphufh/ Exuhdx ri wkh Fhqvxv1 Vwdwlvwlfdo Devwudfw ri wkh
Xqlwhg Vwdwhv1 Zdvklqjwrq G1F1= X1V1 Jryhuqphqw Sulqwlqj R�fh1

ydq Zlqfrrs/ H1/ 4<<7/ Zhoiduh jdlqv iurp lqwhuqdwlrqdo ulvnvkdulqj/ Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ 4<<7/ 67/ 4:805331

ydq Zlqfrrs/ H1/ 4<<8/ Uhjlrqdo ulvnvkdulqj/ Hxurshdq Hfrqrplf Uhylhz 6:/ 48780489:1

ydq Zlqfrrs/ H1/ 4<<;/ Krz elj duh wkh srwhqwldo jdlqv iurp lqwhuqdwlrqdo ulvnvkdulqjB
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1
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Fruuhodwlrq ri Fruuhodwlrq zlwk Fruuhodwlrq zlwk
Vwdqgdug Ghyldwlrq Rxwsxw dqg Djjuhjdwh Uhihuhqfh Uhjlrq

Sdqho Rxwsxw Frqv1 Frqv1 Rxwsxw Frqv1 Rxwsxw Frqv1

Fdqdgd 719: 5159 3197 3196 31;3 318: 31:8
Mdsdq 515; 5133 3163 3189 3185 315: 3175
Xqlwhg Vwdwhv 7193 8196 3186 31:7 3196 31:6 318<
RHFG 5163 5168 319< 3177 316:

Qrwhv= Hdfk fhoo uhsruwv wkh dyhudjh prphqwv dfurvv doo uhjlrqv zlwklq wkh sdqho1 Wkh �uvw
wzr froxpqv suhvhqw wkh dyhudjh vwdqgdug ghyldwlrqv1 Froxpq wkuhh uhsruwv wkh frqwhp0
srudqhrxv fruuhodwlrq ehwzhhq rxwsxw dqg frqvxpswlrq1 Froxpqv irxu dqg �yh uhsruw wkh
dyhudjh furvv~fruuhodwlrqv ri rxwsxw dqg frqvxpswlrq/ uhvshfwlyho|1 Wkh �qdo wzr froxpqv
uhsruw wkh dyhudjh uhjlrqdo~uhihuhqfh fruuhodwlrqv iru rxwsxw dqg frqvxpswlrq/ uhvshfwlyho|1
Wkh uhihuhqfh uhjlrqv duh= Rqwdulr/ Wrn|r/ Rklr/ Xqlwhg Vwdwhv iru wkh irxu sdqhov/ uhvshf0
wlyho|1
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Rxwsxw Frqvxpswlrq

Sdqho Frpprq Uhjlrq0Vshfl�f Frpprq Uhjlrq0Vshfl�f

Sdqho D= Surmhfwlrq rq Djjuhjdwh Yduldeoh

Fdqdgd 3177 3189 3198 3168
Mdsdq 3168 3198 3165 319;
Xqlwhg Vwdwhv 3198 3168 3178 3188
RHFG

Sdqho E= Surmhfwlrq rq Uhihuhqfh Yduldeoh

Fdqdgd 316: 3196 318< 3174
Mdsdq 3145 31;; 3157 31:9
Xqlwhg Vwdwhv 3197 3169 316< 3194
RHFG 3158 31:8 314< 31;4

Qrwhv= Hvwlpdwlrq uhvxowv iru htxdwlrq +;, dyhudjhg dfurvv uhjlrqv zlwklq hdfk sdqho1 Frp0
prq +lglrv|qfudwlf, uhihuv wr wkh h{sodlqhg +xqh{sodlqhg, vxp ri vtxduhv1
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Qxpehu ri Uhjlrqv iru Zklfk d <8 (
Phdq Vwdwlvwlfv Frq�ghqfh Lqwhuydo Hqfrpsdvvhv d

Ulvn Vkdulqj Sdudphwhu Htxdo wr=

Sdqho a� vh+a�, U2 a� @ 4 4 A a� A 3 a� @ 3 a� @ 3 ru 4

Fdqdgd 31;; 313; 31:8 9 7 3 3
Mdsdq 31<6 3157 316< 74 4 5 6
Xqlwhg Vwdwhv 31;4 3165 3183 5< 9 7 45
RHFG 3173 314< 3183 6 43 : 4

Qrwhv= Sdudphwhu hvwlpdwhv ri htxdwlrq +<,/ zkhuh wkh htxdwlrq lv hvwlpdwhg iru hdfk uhjlrq
lq wkh sdqho dv d wlph vhulhv dqg wkh dyhudjh hvwlpdwh ri �/ vwdqgdug huuru ri � +ghqrwhv
cvh*,/ dqg U0vtxduh duh uhsruwhg lq wkh �uvw wkuhh froxpqv1 Wkh odvw irxu froxpqv uhsruw
lqirupdwlrq dvvrfldwhg zlwk wkh glvwulexwlrq ri wkh hvwlpdwhg �*v1
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Sdqho Vwdwlvwlf Uhjlrq SL Fryduldqfh Xqh{sodlqhg Wrwdo

Kljkhvw txlqwloh 3165 3189 3197 4185
Fdqdgd Dyhudjh 3148 3167 3179 31<7

Orzhvw txlqwloh 3145 315: 3145 3183

Kljkhvw txlqwloh 317: 03169 5133 5145
Mdsdq Dyhudjh 3148 03139 31;8 31<7

Orzhvw txlqwloh 3137 03137 3168 3168

Kljkhvw txlqwloh 514; 317; <1:4 4516:
Xqlwhg Vwdwhv Dyhudjh 4134 3158 81:6 91<<

Orzhvw txlqwloh 319; 05195 61:4 41:;

Kljkhvw txlqwloh 4188 3133 4183 6139
RHFG Dyhudjh 31:7 3146 3198 4185

Orzhvw txlqwloh 313< 3137 3163 3177

Qrwhv= Iurp uhjuhvvlrq +<,/ zh ghfrpsrvh wkh uhjlrq vshfl�f yduldelolw| ri frqvxps0
wlrq/ ydu+�orj+f�|,, � a�2� ydu+�orj+f@| ,/ lqwr wkuhh frpsrqhqwv= ++4 � a��,2ydu+�orj+|�|,,/
5a��+4 � a��,2fry+�orj+f@| ,>�orj+|�|,,/ dqg wkh yduldqfh ri wkh uhvlgxdo/ �2�� / uhvshfwlyho|1
Wkh froxpqv khdghg e| cUhjlrqdo SL*/ cFryduldqfh* dqg cXqh{sodlqhg* duh fdofxodwhg dv
�3=8 � � � g�2{S@+u � ��, pxowlsolhg e| wkhvh wkuhh whupv1 Wkh �qdo froxpq/ ghqrwhg cWrwdo*/
uhsruwv wkh vxp ri wkh wkuhh frpsrqhqwv1 Dv zh kdyh �� iru hdfk vhsdudwh uhjlrq ru frxqwu|/
zh uhsruw wkh phdq/ kljkhvw dqg orzhvw txduwloh zhoiduh fkdqjhv1
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Figure 1. - Cross-National and Cross-regional Income and Consumption Correlations
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Figure 2. - Consumption-Income Correlations Within Regions and Countries
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