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            Abstract

We provide empirical evidence that risk sharing enhances specialization in production.  To the best

of our knowledge, this well-established and important theoretical proposition has not been tested before.

Our empirical procedure is summarized as follows. First, we construct a measure of specialization in

production, and calculate an index of specialization for each of the European Community (EC) and non-EC

OECD countries, U.S. states, Canadian provinces, Japanese prefectures, Latin American countries, and

regions of Italy, Spain, and the United Kingdom.  Then, we estimate the degree of capital market integra-

tion (a measure of risk sharing) within each of these groups of regions: the EC countries, the non-EC

OECD countries, the United States, Canada, Japan, Italy, Spain, and the United Kingdom (and rely on

another author's estimate for Latin America).  Finally, we perform a regression of the specialization index

on the degree of risk sharing, controlling for relevant economic variables.  We find a positive and signifi-

cant relation between the degree of specialization of individual members of a group of countries, provinces,

states, or prefectures, and the amount of risk that is shared within the group.  We perform regressions using

variables such as shareholder rights and the size of the financial sector (relative to GDP) as instruments for

the amount of inter-regional risk sharing. These regressions confirm that risk sharing--facilitated by a

favorable legal environment and a developed financial system--is a direct causal determinant of industrial

specialization.

JEL Classification: F15, F2, F36, F43

Keywords: financial integration, regional specialization, international specialization, finance and
macroeconomics.
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Wkdw frxqwulhv jdlq iurp vshfldol}dwlrq lv rqh ri wkh ihz zlgho| dffhswhg hfrqrplf whqhwv1

Jdlqv iurp vshfldol}dwlrq pd| dulvh iurp whfkqrorjlfdo gl�huhqfhv +Ulfdugr,/ idfwru hqgrz0

phqwv +Khfnvfkhu0Rkolq,/ ru iurp lqfuhdvlqj uhwxuqv wr vfdoh1� Wkhvh wkhrulhv kdyh wudglwlrq0

doo| ehhq irupxodwhg lq qrq0vwrfkdvwlf hqylurqphqwv1 Lq wkh suhvhqfh ri surgxfwlrq ulvn dqg

lq wkh devhqfh ri pdunhwv iru lqvxulqj wklv ulvn/ frxqwulhv wkdw vshfldol}h lq wkh surgxfwlrq

ri d vpdoo qxpehu ri jrrgv pd| vx�hu d orvv lq hfrqrplf zhoiduh gxh wr wkh kljk yduldqfh ri

Jurvv Grphvwlf Surgxfw +JGS,1 Wkhvh frxqwulhv pd| wkhuhiruh fkrrvh qrw wr vshfldol}h/ dv

qrwhg e| Eudlqdug dqg Frrshu +4<9;,/ Nhps dqg Olyldwdq +4<:6,/ dqg Ux�q +4<:7,1

Lqvxudqfh ri surgxfwlrq ulvn pd| wdnh pdq| irupv/ iurp h{solflw lqvxudqfh djdlqvw dg0

yhuvh rxwfrphv +w|slfdoo| qdwxudo glvdvwhuv, wr iruzdug pdunhwv zkhuh frpprglwlhv duh vrog

dw d �{hg sulfh iru ixwxuh gholyhu|1 Wkh pdlq phfkdqlvp iru vsuhdglqj ulvn dprqj uhjlrqv

dqg frxqwulhv lv/ krzhyhu/ glyhuvl�fdwlrq ri rzqhuvkls/ dfklhyhg yld fdslwdo pdunhwv1 Li lqwhu0

uhjlrqdo dqg lqwhuqdwlrqdo fdslwdo pdunhwv duh zhoo lqwhjudwhg/ uhjlrqv dqg frxqwulhv/ ehlqj

lqvxuhg djdlqvw lglrv|qfudwlf vkrfnv/ fdq d�rug wr vshfldol}h pruh wkhuhe| h{sorlwlqj frp0

sdudwlyh dgydqwdjh ixuwkhu/ zkhwkhu vxfk dgydqwdjh lv gxh wr whfkqrorj|/ idfwru hqgrzphqwv/

ru hfrqrplhv ri vfdoh1 Lqghhg/ iurp wkh dqdo|vlv lq Khospdq dqg Ud}lq +4<:;d/ 4<:;e, lw

iroorzv wkdw frxqwu| vshfldol}dwlrq zloo eh kljkhu zkhq wkhuh lv lqwhuqdwlrqdo wudgh lq erwk

vhfxulwlhv dqg jrrgv12 Khospdq dqg Ud}lq*v dqdo|vlv fryhuv erwk wkh Ulfdugldq fdvh +zlwkrxw

lqvxudqfh/ frxqwulhv pd| qrw ixoo| vshfldol}h lq wkh jrrg wkh| fdq surgxfh dw orz xqlw frvw,/

dqg wkh Khfnvfkhu0Rkolq fdvh +zlwkrxw lqvxudqfh/ frxqwulhv zloo vshfldol}h ohvv lq wkh jrrg

wkdw lv lqwhqvlyh lq wkh idfwru lq zklfk wkh| duh uhodwlyho| dexqgdqw,/ exw grhv qrw dgguhvv

wkh fdvh ri wudgh gulyhq e| lqfuhdvlqj uhwxuqv wr vfdoh1 D vlpsoh h{dpsoh surylghg lq wkh

qh{w vhfwlrq looxvwudwhv krz wkhlu sursrvlwlrq dssolhv wr wklv fdvh dv zhoo1

Lqvxudqfh lqgxfhg vshfldol}dwlrq kdv srwhqwldoo| qrq0wulyldo frqvhtxhqfhv iru hfrqrplf

jurzwk1 Juhhqzrrg dqg Mrydqrylf +4<<3,/ Vdlqw0Sdxo +4<<5,/ Revwihog +4<<7d,/ Dfhprjox

dqg ]lolerwwl +4<<:,/ dqg Ihhqh| +4<<:, kdyh zulwwhq wkhruhwlfdo prghov zkhuh fdslwdo pdunhw

lqwhjudwlrq lqgxfhv kljkhu vshfldol}dwlrq zklfk lq wxuq vwlpxodwhv rxwsxw dqg jurzwk1 Lq

Revwihog +4<<7d, wkh edvlf suhplvh lv wkdw frxqwulhv fkrrvh wkh lqyhvwphqw pl{ lq ulvn| +kljk

�5iic i�}�c kh�}4@? E�b.b� @?_ Oi*T4@? E�bH�c �bHe��
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uhwxuq, surmhfwv dqg vdih +orz uhwxuq, surmhfwv1 Lqwhuqdwlrqdo dvvhw wudgh doorzv frxqwulhv

wr krog d glyhuvl�hg sruwirolr hqfrxudjlqj wkhp wr vkliw lqyhvwphqw wrzdugv kljk uhwxuq

surmhfwv1� Lq wkh prgho sursrvhg e| Vdlqw0Sdxo +4<<5,/ wkh edvlf wudgh0r� lv ehwzhhq wkh

jdlqv iurp vshfldol}dwlrq gxh wr frpsdudwlyh dgydqwdjh lq surgxfwlrq dqg d orzhu yduldqfh

ri rxwsxw/ zkloh Ihhqh| +4<<:, ghyhorsv wkh lghd wkdw lq wkh suhvhqfh ri ohduqlqj e| grlqj lq

surgxfwlrq/ dq lqfuhdvh lq vshfldol}dwlrq hqwdlov kljkhu jurzwk gxulqj d wudqvlwlrq shulrg1

Wr wkh ehvw ri rxu nqrzohgjh/ qr hylghqfh kdv ehhq eurxjkw wr ehdu rq wklv lvvxh1 Kxiedxhu

dqg Fklodv +4<:7, dqg Nuxjpdq +4<<4, ghprqvwudwhg wkdw X1V1 vwdwhv duh pruh vshfldol}hg

wkdq RHFG frxqwulhv/ dqg lqwhusuhwhg wklv revhuydwlrq dv hylghqfh wkdw eduulhuv wr wudgh duh

juhdwhu dfurvv frxqwulhv wkdq dfurvv X1V1 vwdwhv/ exw qhlwkhu shuiruphg d v|vwhpdwlf hpslulfdo

vwxg| ri wkh ghwhuplqdqwv ri uhjlrqdo vshfldol}dwlrq sdwwhuqv�d wdvn zh xqghuwdnh khuh1

Uhvhdufkhuv +vhh Nlqj dqg Ohylqh +4<<6,/ Ohylqh dqg ]huyrv +4<<;,/ dqg Udmdq dqg ]lq0

jdohv +4<<;, iru surplqhqw h{dpsohv, kdyh irxqg d srvlwlyh fruuhodwlrq ehwzhhq _�qdqfldo

ghswk% dqg wkh udwh ri hfrqrplf jurzwk1 Wkh| kdyh qrw/ krzhyhu/ surylghg gluhfw hylghqfh

uhjduglqj wkh phfkdqlvp wkurxjk zklfk �qdqfldo lqwhuphgldwlrq dqg fdslwdo pdunhw lqwhjud0

wlrq surprwh jurzwk1 Rqh vxfk phfkdqlvp lv kljkhu vshfldol}dwlrq lq surgxfwlrq idflolwdwhg

e| ehwwhu vsuhdglqj ri surgxfwlrq ulvn zklfk/ lq wxuq/ lv pruh hdvlo| dfklhyhg zkhuh �qdqfldo

pdunhwv duh ghyhorshg dqg uholdeoh1 Rxu hpslulfdo uhvxowv surylgh vwurqj vxssruw iru wklv

ylhz1

Wkh wkhruhwlfdo prghov ghvfulehg deryh srlqw wr wkh iroorzlqj hpslulfdo vwudwhj|= Iru

ydulrxv jurxsv ri uhjlrqv ru frxqwulhv +h1j1/ X1V1 vwdwhv/ Mdsdqhvh suhihfwxuhv/ Hxurshdq

Frppxqlw| +HF, frxqwulhv,/ fdofxodwh d phdvxuh ri wkh ghjuhh ri lqvxudqfh dprqj phpehuv

ri wkh jurxs/ dqg iru hdfk phpehu frpsxwh dq lqgh{ ri lqgxvwuldo vshfldol}dwlrq lq surgxfwlrq1

Wkhq/ wr whvw wkh frpprq hpslulfdo suhglfwlrq ri wkh deryh wkhrulhv/ fkhfn zkhwkhu d kljk

ghjuhh ri lqvxudqfh +ulvn vkdulqj, zlwklq d jurxs ri uhjlrqv ru frxqwulhv lv dvvrfldwhg zlwk

kljk vshfldol}dwlrq lq surgxfwlrq ri wkh jurxs phpehuv/ zkhq rwkhu srwhqwldo ghwhuplqdqwv

ri lqgxvwuldo vshfldol}dwlrq duh frqwuroohg iru1 Qh{w/ �qg yduldeohv zklfk duh h{rjhqrxv wr wkh

ghjuhh ri vshfldol}dwlrq exw olnho| wr eh fruuhodwhg zlwk wkh h{whqw ri revhuyhg lqwhu0uhjlrqdo

ulvn vkdulqj/ dqg shuirup lqvwuxphqwdo yduldeohv uhjuhvvlrq lq rughu wr ghwhuplqh wkh gluhfwlrq

�� t�4�*@h |h@_i�Lg �t 4L_i*i_ �? �Ui4L}*� @?_ ~�*�ML||� E�bb.� ��L t|hitt |�i u@U| |�@| _i�i*LT�?} UL�?�
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ri fdxvdolw|1

Pxfk ri wkh yduldwlrq lq rxu vdpsoh lv gxh wr gl�huhqfhv lq ulvn vkdulqj dqg vshfldol}dwlrq

dfurvv jurxsv ri uhjlrqv wkdw frqvwlwxwh frxqwulhv +X1V1 vwdwhv/ Fdqdgldq surylqfhv/ dqg vr

iruwk,/ exw wkh edvlf orjlf ri rxu dssurdfk lv ehvw looxvwudwhg e| wkh vwulnlqj gl�huhqfh lq

sdwwhuqv ri ulvn vkdulqj dqg vshfldol}dwlrq lq jurxsv ri uhjlrqv zlwklq frxqwulhv yhuvxv jurxsv

ri frxqwulhv1

Lw lv/ e| qrz/ d zhoo hvwdeolvkhg hpslulfdo uhjxodulw| wkdw wkhuh lv olwwoh ulvn vkdulqj eh0

wzhhq frxqwulhv> vhh Iuhqfk dqg Srwhued +4<<4, dqg Whvdu dqg Zhuqhu +4<<8, zkr grfxphqw

wkh _krph eldv% sx}}oh/ Edfnxv/ Nhkrh/ dqg N|godqg +4<<5, zkr frpsduh furvv0frxqwu|

JGS fruuhodwlrqv dqg frqvxpswlrq fruuhodwlrqv/ dqg V�uhqvhq dqg \rvkd +4<<;, dqg Du0

uhd}d +4<<;, zkr fduu| rxw furvv0frxqwu| yduldqfh ghfrpsrvlwlrqv ri vkrfnv wr JGS iru

HF2RHFG dqg Odwlq Dphulfdq frxqwulhv uhvshfwlyho|1 Doo wkhvh vwxglhv srlqw wr qhjoljleoh

ulvn vkdulqj wkurxjk furvv0frxqwu| rzqhuvkls ri dvvhwv1

Lq frqwudvw/ dv vkrzq e| Dvguxedol/ V�uhqvhq/ dqg \rvkd +4<<9,/ wkhuh lv vxevwdqwldo ulvn

vkdulqj dprqj vwdwhv zlwklq wkh Xqlwhg Vwdwhv1 Xvlqj wkh vdph phwkrgrorj|/ Doehurod dqg

Dvguxedol +4<<;, dqg Ghgrod/ Xvdl/ dqg Ydqqlql +4<<;, irxqg vxevwdqwldo ulvn vkdulqj dprqj

uhjlrqv zlwklq Lwdo|/ Vsdlq/ dqg wkh Xqlwhg Nlqjgrp1 Lq wklv sdshu zh ixuwkhu grfxphqw frq0

vlghudeoh ulvn vkdulqj dprqj surylqfhv zlwklq Fdqdgd dqg dprqj suhihfwxuhv zlwklq Mdsdq1e

Li ulvn vkdulqj lv lpsruwdqw iru vshfldol}dwlrq rqh zrxog h{shfw X1V1 vwdwhv/ uhjlrqv ri Vsdlq/

Lwdo|/ dqg wkh Xqlwhg Nlqjgrp/ Fdqdgldq surylqfhv/ dqg Mdsdqhvh suhihfwxuhv wr eh pruh

vshfldol}hg wkdq HF/ RHFG/ ru Odwlq Dphulfdq frxqwulhv1 Rxu hpslulfdo zrun frq�upv wklv

k|srwkhvlv1

Wkh �qglqj vxuylyhv zkhq zh shuirup d pruh ghwdlohg uhjuhvvlrq dqdo|vlv zlwk wkh ds0

sur{lpdwho| 4:3 uhjlrqv dqg frxqwulhv lq rxu vdpsoh/ frqwuroolqj iru fkdudfwhulvwlfv vxfk dv

srsxodwlrq ghqvlw| dqg shu fdslwd JGS/ dqg xvlqj ydulrxv phdvxuhv ri vshfldol}dwlrq dqg

ydulrxv vxe0vdpsohv +h1j1/ rplwwlqj X1V1 vwdwhv ru Odwlq Dphulfdq frxqwulhv iurp wkh vdp0

soh,1

Ilqdoo|/ dqg shukdsv prvw lpsruwdqw/ wkh srvlwlyh uhodwlrq ehwzhhq ulvn vkdulqj dqg vsh0

fldol}dwlrq dovr vxuylyhv zkhq zh shuirup wkh uhjuhvvlrqv rqo| zlwk uhjlrqv zlwklq frxqwulhv

+l1h1/ holplqdwlqj jurxsv ri frxqwulhv iurp wkh vdpsoh,1 Wklv frq�upv wkdw wkh gl�huhqfhv lq

e�|�ih �Lh! L? �?|ih�hi}�L?@* h�t! t�@h�?} �?U*�_it �h�U�?� E�bbb�c �|�@?@tL�*�t @?_ �@? `�?ULLT E�bbH�c
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vshfldol}dwlrq sdwwhuqv duh qrw +hqwluho|, gulyhq e| gl�huhqfhv lq wkh dprxqw dqg frpsrvlwlrq

ri/ ru eduulhuv wr/ lqwhuqdwlrqdo yhuvxv lqwudqdwlrqdo wudgh1 Lw dovr vxjjhvwv wkdw wkh uhvxowv duh

qrw gulyhq e| kljkhu idfwru +sk|vlfdo fdslwdo ru oderu, prelolw| dfurvv uhjlrqv zlwklq frxqwulhv

wkdq dfurvv frxqwulhv1

H{rjhqhlw| ri lqwhu0uhjlrqdo ulvn vkdulqj wkurxjk furvv0kroglqj ri surgxfwlyh dvvhwv�wkh

fhqwudo h{sodqdwru| yduldeoh ri vshfldol}dwlrq lq rxu hpslulfdo vshfl�fdwlrq�lv dq lvvxh ri

lpsruwdqfh1 Lq doo wkh wkhruhwlfdo prghov flwhg deryh/ lqvxudqfh dprqj hfrqrplf djhqwv

lv uhjdughg dv h{rjhqrxv1 Wr mxvwli| wklv dvvxpswlrq/ rqh pd| lqyrnh wkh h{rjhqhlw| ri

lqvwlwxwlrqv wkdw doorz djhqwv wr lqvxuh1 Ghflvlrqv uhjduglqj wkh fkrlfh ri surgxfw olqhv/

hqwu| wr dq lqgxvwu|/ ru lqyhvwphqw lq qhz whfkqrorjlhv duh wdnhq e| �up pdqdjhuv dqg

vkduhkroghuv dqg e| hqwuhsuhqhxuv zkr wdnh lqvxudqfh rssruwxqlwlhv dv jlyhq1 Hyhq li wkhvh

lqvwlwxwlrqv fkdqjh ryhu wlph/ wkh fkdqjh lv vorz dqg grhv qrw d�hfw wkh ghflvlrq wr vshfldol}h

lq surgxfwlrq1

Dowkrxjk wklv ylhz kdv phulw/ lw lv zlvh wr doorz iru d gl�huhqw vfhqdulr/ zkhuh wkh ghjuhh

ri lqwhu0uhjlrqdo furvv0kroglqj ri surgxfwlyh dvvhwv lv d�hfwhg�dw ohdvw wr vrph h{whqw�e|

wkh ghjuhh ri vshfldol}dwlrq lq surgxfwlrq1 Rqh pljkw lpdjlqh/ iru h{dpsoh/ d ihghudwlrq

zlwk jhrjudsklf ru ghprjudsklf fkdudfwhulvwlfv wkdw uhqghu kljk uhjlrqdo vshfldol}dwlrq sdu0

wlfxoduo| dwwudfwlyh1 Lqvwlwxwlrqv wkdw idflolwdwh ulvn vkdulqj pd| wkhq ghyhors lq uhvsrqvh wr

wkh qhhg iru lqvxudqfh udlvhg e| wkh vshfldol}hg uhjlrqdo surgxfwlrq vwuxfwxuh1 Lq rughu wr

rewdlq hvwlpdwhv wkdw duh urexvw wr vxfk _uhyhuvh fdxvdolw|/% zh xvh lqvwuxphqwdo yduldeohv

hvwlpdwlrq1 Iruwxqdwho|/ lqvwuxphqwv duh dydlodeoh wkdw duh kljko| xqolnho| wr eh d�hfwhg e|

uhyhuvh fdxvdolw|1 Lq sduwlfxodu/ zh xvh txdqwlwdwlyh lqglfdwruv ri wkh vwuhqjwk ri wkh sduw ri

wkh _ohjdo hqylurqphqw/% iru lqvwdqfh surwhfwlrq ri lqyhvwru uljkwv/ wkdw lv olnho| wr kdyh dq

lpsdfw rq wkh dprxqw ri furvv0uhjlrqdo rzqhuvkls1 Lq wkh frusrudwh �qdqfh olwhudwxuh lw kdv

ehhq grfxphqwhg wkdw wkh ohjdo wudglwlrq�dv lw lpsdfwv rq/ vkduhkroghu uljkwv iru h{dpsoh�

lv d vwurqj ghwhuplqdqw ri qdwlrqdo vwrfn pdunhw fdslwdol}dwlrq +wkh suhplhu lqvwlwxwlrq iru

qdwlrqzlgh ulvn vkdulqj,1 Zh xvh wkh ohjdo hqylurqphqw lqglfdwruv vxjjhvwhg e| Od Sruwd hw

do1 +4<<:/ 4<<;, dv lqvwuxphqwv1 Zh ixuwkhu xvh wkh vkduh ri wkh �qdqfldo vhfwru lq JGS�d

gluhfw lqglfdwru ri _�qdqfldo ghswk%�dv dq dowhuqdwlyh lqvwuxphqw1 Rxu uhvxowv duh qrw vhq0

vlwlyh wr zkdw lqvwuxphqwv zh xvh dqg duh vlplodu wr wkh ROV uhvxowv/ zklfk lqglfdwhv wkdw/

wr d �uvw dssur{lpdwlrq/ ulvn vkdulqj lv h{rjhqrxv iru vshfldol}dwlrq dqg fdxvdolw| uxqv iurp

ulvn vkdulqj wr vshfldol}dwlrq1

Frqvwuxfwlqj phdvxuhv ri lqgxvwuldo vshfldol}dwlrq lq surgxfwlrq lv vwdqgdug1 E| frqwudvw/

7



phdvxulqj wkh dprxqw ri ulvn vkdulqj dfklhyhg zlwklq d jurxs ri uhjlrqv ru frxqwulhv lv qrw1

D fhqwudo phwkrgrorjlfdo lvvxh lq wklv frqwh{w lv zkhwkhu zh vkrxog frqvwuxfw d phdvxuh

ri wkh h{whqw wr zklfk uhjlrqv vprrwk wkhlu lqfrph +iru h{dpsoh/ wkurxjk furvv0uhjlrqdo

glyhuvl�fdwlrq ri rzqhuvkls, ru/ zkhwkhu zh vkrxog xvh d phdvxuh ri wkh vprrwkqhvv ri

uhjlrqdo frqvxpswlrq1 Zh glvfxvv frqfhswxdo dvshfwv ri wklv fkrlfh dw wkh hqg ri wkh qh{w

vhfwlrq1 Iru rxu pdlq vshfl�fdwlrq/ zh rsw iru dq lqfrph0edvhg phdvxuh ri ulvn vkdulqj/ exw

lq d vhsdudwh vhfwlrq/ zh dovr vwxg| hpslulfdoo| wkh uhodwlrq ehwzhhq lqgxvwuldo vshfldol}dwlrq

dqg d frqvxpswlrq0edvhg phdvxuh ri ulvn vkdulqj1

Lq Vhfwlrq 5/ zh vshoo rxw d vlpsoh iudphzrun wkdw kljkoljkwv wkh h�hfw ri ulvn vkdulqj rq

vshfldol}dwlrq dqg dgguhvvhv frqfhswxdo dvshfwv frqfhuqlqj wkh phdvxuhphqw ri ulvn vkdulqj

dqg vshfldol}dwlrq1 Lq Vhfwlrq 6/ zh ghvfuleh wkh vshfldol}dwlrq dqg ulvn vkdulqj phdvxuhv

wkdw zh xvh lq rxu dqdo|vlv1 Wkh hpslulfdo uhvxowv duh suhvhqwhg lq Vhfwlrq 71 Vhfwlrq 8 lv

ghyrwhg wr wkh dqdo|vlv ri d frqvxpswlrq0edvhg phdvxuh ri ulvn vkdulqj/ Vhfwlrq 9 frqfoxghv/

dqg dq dsshqgl{ ghvfulehv rxu gdwd1

2 � 5�4T*i �L?UiT|�@* 6h@4i�Lh!

Wkh wkhruhwlfdo irxqgdwlrqv iru wkh h�hfw ri ulvn vkdulqj rq lqgxvwuldo vshfldol}dwlrq duh zhoo

hvwdeolvkhg/ vr zh gr qrw vhh d qhhg iru d ghwdlohg prgho1 Lw lv/ qhyhuwkhohvv/ khosixo wr

uhirupxodwh wkh wkhru| lq rxu rzq zrugv wr vhw wkh vwdjh iru wkh hpslulfdo dqdo|vlv1 Ehlqj

qryho/ wkh hpslulfdo lpsohphqwdwlrq ri wkh wkhru| srvhv frqfhswxdo gl�fxowlhv wkdw duh ehvw

dgguhvvhg zlwk d vw|ol}hg prgho lq wkh edfnjurxqg1 Zh suhvhqw d yduldqw ri wkh wkhru|

uhodwlqj ulvn vkdulqj dqg vshfldol}dwlrq wkdw kdv qrw ehhq vwxglhg ehiruh +dowkrxjk lw lv d

vwudljkwiruzdug dgdswdwlrq ri h{lvwlqj prghov, zkhuh _frpsdudwlyh dgydqwdjh% lv d uhvxow

rqo| ri lqfuhdvlqj uhwxuqv wr vfdoh lq surgxfwlrq1

Frqvlghu d _ulvn vkdulqj jurxs% frqvlvwlqj ri vhyhudo uhjlrqv ri htxdo vl}h1D Wkh uh0

jlrqv frxog eh vwdwhv ru suhihfwxuhv zlwklq d frxqwu|/ frxqwulhv zlwklq wkh RHFG/ dqg vr

iruwk1 Frqvxphuv lq hdfk uhjlrq duh ulvn dyhuvh1 Wkhuh lv rqh frqvxpswlrq jrrg wkdw fdq

eh surgxfhg zlwk lqhodvwlfdoo| vxssolhg oderu dqg qr �{hg frvwv/ xvlqj dq| ri vhyhudo h{0dqwh

lghqwlfdo whfkqrorjlhv/ doo h{klelwlqj ghfuhdvlqj pdujlqdo frvwv +lqfuhdvlqj uhwxuqv wr vfdoh,

dqg doo vxemhfw wr lghqwlfdoo| glvwulexwhg dqg lpshuihfwo| fruuhodwhg surgxfwlylw| vkrfnv wkdw

DA�i M@t�U *L}�U _Lit ?L| hi*) L? |��t Lh L? 4Lt| L|�ih t�4T*�u)�?} @tt�4T|�L?t |�@| �i 4@!i �? |��t
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duh vshfl�f wr hdfk whfkqrorj|1S Iru vlpsolflw|/ dvvxph wkdw wkhuh lv qr djjuhjdwh xqfhu0

wdlqw|/ lq wkh vhqvh wkdw wkhuh duh qr vkrfnv wkdw duh frpprq wr doo whfkqrorjlhv/ qdpho|/ e|

surgxflqj zlwk htxdo xvh ri doo wkh whfkqrorjlhv/ hyhu| uhjlrq fdq holplqdwh JGS yduldelolw|

dowrjhwkhu1

Hyhu| uhjlrq fdq surgxfh wkh frqvxpswlrq jrrg zlwk dq| ri wkh dydlodeoh whfkqrorjlhv1

Wkh fkrlfh ri krz pdq| whfkqrorjlhv wr xvh ghshqgv rq wkh wudgh0r� ehwzhhq wkh ghvluh wr wdnh

dgydqwdjh ri lqfuhdvlqj uhwxuqv lq surgxfwlrq rq wkh rqh kdqg/ dqg wkh jdlqv iurp glyhuvli|lqj

wkh surgxfwlylw| vkrfnv dfurvv whfkqrorjlhv rq wkh rwkhu1 Zh dvvxph wkdw frqvxphuv duh yhu|

ulvn dyhuvh +ru/ dowhuqdwlyho|/ wkdw wkh surgxfwlylw| vkrfnv duh yhu| ylrohqw, vr wkdw/ devhqw

phfkdqlvpv iru vprrwklqj wkhvh vkrfnv/ hyhu| uhjlrq zloo fkrrvh wr surgxfh zlwk doo +ru

prvw, dydlodeoh whfkqrorjlhv1

Furvv0uhjlrqdo lqvxudqfh pdunhwv frqvwlwxwh d fhqwudo phfkdqlvp iru vprrwklqj lglrv|q0

fudwlf uhjlrqdo vkrfnv1 Zkhq flwl}hqv lq rqh uhjlrq krog ghew ru htxlw| fodlpv +gluhfwo| ru

wkurxjk lqwhuphgldulhv, wr wkh rxwsxw �rz ri surgxfwlyh dvvhwv lq rwkhu uhjlrqv/ wkh glylghqg/

lqwhuhvw/ dqg uhqwdo lqfrph ghulyhg iurp wkhvh kroglqjv khos vprrwk wkh lqfrph ri doo wkh

uhjlrqv1 D vhfrqg fkdqqho iru vprrwklqj vkrfnv lv eruurzlqj dqg ohqglqj rq lqwhu0uhjlrqdo

fuhglw pdunhwv ru/ pruh jhqhudoo|/ vdylqj dqg glv0vdylqj lq uhvsrqvh wr vkrfnv1 Vxfk ehkdylru

dprxqwv wr dgmxvwphqw ri wkh zhdowk sruwirolr/ lqfoxglqj vdoh dqg sxufkdvh ri dvvhwv1

Wkh �uvw phfkdqlvp/ h{0dqwh lqwhu0uhjlrqdo lqvxudqfh/ lv h�hfwlyh iru vprrwklqj doo w|shv

ri vkrfnv/ erwk shupdqhqw dqg wudqvlwru|1 Wr looxvwudwh/ li lq d jlyhq |hdu d vhyhuh qdwxudo

glvdvwhu klwv wkh vwdwh ri Iorulgd/ gudvwlfdoo| uhgxflqj Iorulgd*v jurvv surgxfw/ wkh lqfrph

ri Iorulgd*v lqkdelwdqwv zloo qrw jr grzq e| dv pxfk vlqfh pdq| ri wkhp rewdlq lqwhuhvw

dqg glylghqg lqfrph iurp rxw0ri0vwdwh vrxufhv +h1j1/ lqyhvwphqw ixqgv dqg vdylqjv dffrxqwv,1

Wklv lv wuxh uhjdugohvv ri wkh shuvlvwhqfh ri wkh vkrfn wr Iorulgd*v hfrqrp|1

Wkh vhfrqg phfkdqlvp/ h{0srvw dgmxvwphqw ri dvvhw sruwirolrv/ fdq eh xvhg wr vprrwk

rqo| wudqvlwru| vkrfnv1 Li d qhjdwlyh vkrfn wr wkh lqfrph ri d uhjlrq lv shufhlyhg dv whpsr0

udu|/ wkh uhjlrq*v lqkdelwdqwv zloo zdqw wr eruurz +ru vhoo dvvhwv, lq rughu wr vprrwk wkhlu

frqvxpswlrq1 E| frqwudvw/ d shuvlvwhqw vkrfn wr lqfrph l1h1/ d shuvlvwhqw xqlqvxuhg vkrfn wr

JGS, zloo qrw eh vprrwkhg/ dv zh nqrz iurp shupdqhqw lqfrph wkhru|1 Wkxv/ uhjlrqv zlwk0

rxw lqvxudqfh wkdw duh klw e| shupdqhqw vkrfnv zloo dgmxvw wkhlu +shupdqhqw, frqvxpswlrq

SA��t t�4T*�u)�?} @tt�4T|�L? i?t�hit |�@| |�ihi ��** Mi u�** tTiU�@*�3@|�L? �? |�i tTiU�@* U@ti Lu UL4T*i|i
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ohyho dffruglqjo|1 Zh uhwxuq wr wklv fuxfldo glvwlqfwlrq ehwzhhq h{0dqwh lqfrph vprrwklqj

dqg h{0srvw frqvxpswlrq vprrwklqj phfkdqlvpv vkruwo|1 Iru qrz/ zh frqfhqwudwh rq wkh

�uvw phfkdqlvp/ furvv0uhjlrqdo lqvxudqfh wkdw/ lq rxu ylhz/ lv forvhvw lq vslulw wr wkh deryh

flwhg wkhrulhv wkdw prwlydwh rxu hpslulfdo lqyhvwljdwlrq1

Vxssrvh wkdw shuihfw +Sduhwr h�flhqw, furvv0uhjlrqdo lqvxudqfh lv dydlodeoh1 Lq wklv vhfwlrq/

zh gr qrw glvwlqjxlvk ehwzhhq lqvxudqfh rewdlqhg yld pdunhwv ru yld fhqwudo �vfdo lqvwlwx0

wlrqv +iru lqvwdqfh/ wkurxjk wd{hv dqg wudqvihuv ru jryhuqphqw dlg,/ exw lq wkh hpslulfdo

lpsohphqwdwlrq zh zloo uhjdug wkhvh dv vhsdudwh fkdqqhov ri furvv0uhjlrqdo lqvxudqfh1

Iru vlpsolflw|/ dvvxph wkdw wkhuh duh dv pdq| whfkqrorjlhv dv uhjlrqv1 Wkhq/ xqghu ixoo ulvn

vkdulqj/ hdfk uhjlrq zloo vshfldol}h lq rqh whfkqrorj| lq rughu wr ixoo| h{sorlw wkh hfrqrplhv

ri vfdoh lq surgxfwlrq1 Ixuwkhupruh/ hdfk uhjlrq zloo vshfldol}h lq d gl�huhqw whfkqrorj| vr

wkdw wkh jdlqv iurp glyhuvl�fdwlrq duh pd{lpl}hg zlwklq wkh ulvn vkdulqj jurxs1 Jlyhq rxu

dvvxpswlrq ri qr djjuhjdwh ulvn/ wkh wrwdo JGS ri wkh ulvn vkdulqj jurxs +dqg khqfh/ wkh

lqfrph dqg frqvxpswlrq lq hyhu| uhjlrq ri wkh jurxs, zloo eh qrq0vwrfkdvwlf1

Vxssrvh wkdw rqo| sduwldo furvv0uhjlrqdo lqvxudqfh lv srvvleoh +dqg wkdw h{0srvw vprrwklqj

ri frqvxpswlrq lv qrw ihdvleoh/ hlwkhu ehfdxvh vkrfnv duh kljko| shuvlvwhqw ru gxh wr fuhglw

pdunhw lpshuihfwlrqv,1 Lw lv uhdvrqdeoh wr h{shfw d srvlwlyh dvvrfldwlrq ehwzhhq wkh ghjuhh

ri furvv0uhjlrqdo lqvxudqfh dqg wkh h{whqw ri vshfldol}dwlrq lq surgxfwlrq +zkhuh kljkhu vsh0

fldol}dwlrq phdqv wkdw ihzhu whfkqrorjlhv duh xvhg lq hdfk uhjlrq,1 Rewdlqlqj vxfk d uhvxow

irupdoo| uhtxluhv d vshfl�f prgho dqg dq h{solflw gh�qlwlrq ri zkdw lv phdqw e| sduwldo lq0

vxudqfh1 Vlqfh rxu irfxv lv hpslulfdo/ zh fkrrvh qrw wr hqjdjh lq vxfk prgholqj1 Rxu jrdo

lq wklv vhfwlrq lv vlpso| wr looxvwudwh wkh uhohydqfh ri wkh Khospdq dqg Ud}lq +4<:;d/ 4<:;e,

dqdo|vlv iru wkh lqfuhdvlqj uhwxuqv fdvh +zlwk qr frpsdudwlyh dgydqwdjh gxh wr gl�huhqfhv lq

whfkqrorj| ru hqgrzphqwv,1

Vrph uhpdunv duh lq rughu1 Lq wkh deryh h{dpsoh/ wkhuh duh dv pdq| whfkqrorjlhv dv

uhjlrqv1 Li lqvxudqfh pdunhwv duh frpsohwh/ ixoo uhjlrqdo vshfldol}dwlrq lq surgxfwlrq lv htxly0

dohqw wr ixoo orfdol}dwlrq +ru frqfhqwudwlrq, ri surgxfwlrq�hdfk whfkqrorj| lv xvhg lq h{dfwo|

rqh uhjlrq1 Wklv vxjjhvwv wkdw wkh vshfldol}dwlrq sdwwhuqv ri uhjlrqv dqg wkh uhjlrqdo frq0

fhqwudwlrq ri surgxfwlrq duh vwurqjo| uhodwhg1 \hw/ dv wkh iroorzlqj h{dpsoh looxvwudwhv/ wkhvh

duh glvwlqfw frqfhswv1 Vxssrvh wkdw wkhuh duh pruh whfkqrorjlhv wkdq uhjlrqv +wkh pruh uh0

dolvwlf fdvh,1 Li ulvn dyhuvlrq lv vx�flhqwo| vwurqj/ wkhq hyhq li furvv0uhjlrqdo lqvxudqfh lv

ihdvleoh/ uhjlrqv pd| xvh pruh wkdq rqh whfkqrorj|�rwkhuzlvh wkhuh zrxog eh xqh{sorlwhg

jdlqv iurp glyhuvl�fdwlrq wkdw pd| h{fhhg irujrqh ehqh�wv iurp hfrqrplhv ri vfdoh1 Wkxv/

:



dowkrxjk surgxfwlrq pd| eh ixoo| frqfhqwudwhg/ zlwk hyhu| whfkqrorj| ehlqj xvhg lq h{dfwo|

rqh uhjlrq/ vshfldol}dwlrq lq surgxfwlrq lv qrw ixoo1 Lq wklv sdshu/ zh irfxv vroho| rq wkh lvvxh

ri uhjlrqdo vshfldol}dwlrq lq surgxfwlrq/ rq zklfk wkh deryh flwhg wkhruhwlfdo vwxglhv ehdu1

Dq dqdorjrxv orjlf krogv li wkh jdlqv iurp vshfldol}dwlrq duh gxh wr whfkqrorjlfdo frp0

sdudwlyh dgydqwdjh/ udwkhu wkdq wr hfrqrplhv ri vfdoh/ dv lq Vdlqw0Sdxo +4<<5,1 Lw vkrxog

dovr eh dssduhqw wkdw wkh rqh jrrg pxowl0whfkqrorj| vhwwlqj lv htxlydohqw wr d pxowl0jrrg

vhwwlqj zkhuh uhjlrqv vshfldol}h lq wkh surgxfwlrq ri sduwlfxodu jrrgv udwkhu wkdq lq wkh xvh

ri vshfl�f whfkqrorjlhv1. Vlqfh wkh edvlf wudgh0r� ehwzhhq glyhuvl�fdwlrq dqg vshfldol}dwlrq

kdv ehhq prghohg h{whqvlyho| lq wkh olwhudwxuh/ zh eholhyh wkdw wkhuh lv qr qhhg wr hoderudwh

ixuwkhu rq wklv lqwxlwlrq1

��LLt�?} @ h�t! t�@h�?} 4i@t�hi

Dv h{sodlqhg deryh/ li vkrfnv wr wkh hfrqrplhv ri uhjlrqv +dqg frxqwulhv, duh wudqvlwru|

wkhq/ hyhq zlwkrxw lqvxudqfh/ frqvxpswlrq fdq eh vprrwkhg h{0srvw li qhfhvvdu|1 Uhjlrqv

fdq wkhq d�rug wr vshfldol}h uhjdugohvv ri wkh dydlodelolw| ri lqfrph lqvxudqfh1 Lq uhdolw|/

pdfurhfrqrplf vkrfnv duh kljko| shuvlvwhqw/ dqg +hvshfldoo| lqwhuqdwlrqdo dqg lqwhu0uhjlrqdo,

fuhglw pdunhwv riwhq h{klelw lpshuihfwlrqv1 Dqwlflsdwlqj orqj0odvwlqj vkrfnv wkdw fdqqrw eh

vprrwkhg h{0srvw wkurxjk vdylqj dqg glv0vdylqj/ uhjlrqv zloo qrw vshfldol}h xqohvv wkh| kdyh

dffhvv wr lqvxudqfh1 Zh/ wkhuhiruh/ eholhyh wkdw lqfrph0edvhg phdvxuhv ri ulvn vkdulqj duh

pruh dssursuldwh iru rxu vwxg|1

Lq uhdolw|/ uhjlrqv dqg frxqwulhv vprrwk vkrfnv wkurxjk erwk h{0dqwh lqvxudqfh ri lqfrph

dqg h{0srvw dgmxvwphqw ri vdylqj1H Jlyhq wkh shuvlvwhqw qdwxuh ri prvw pdfurhfrqrplf

vkrfnv/ h{0srvw vprrwklqj ri frqvxpswlrq fdqqrw eh hdvlo| h{sodlqhg zlwk vwdqgdug shupd0

qhqw lqfrph wkhru|1 Wklv lv d pdqlihvwdwlrq ri wkh zhoo nqrzq _h{fhvv vprrwkqhvv sx}}oh%

vxjjhvwhg e| Fdpsehoo dqg Ghdwrq +4<;<,1 Wkhuh duh pdq| frpshwlqj h{sodqdwlrqv ri

wklv sx}}oh/ vhh Ghdwrq +4<<5,/ exw qrqh lv jhqhudoo| dffhswhg1 Wklv ixuwkhu vxjjhvwv wkdw

frqvxpswlrq0edvhg phdvxuhv ri ulvn vkdulqj duh ohvv wkdq lghdo iru rxu sxusrvh1b Iru wkh vdnh

.A�i 4�*|��}LL_ ti||�?} E��|� 4@?) 4Lhi }LL_t |�@? hi}�L?t @?_ Thiuihi?Ui uLh �@h�i|)� ThLM@M*) ThL��_it
@ 4Lhi hi@*�t|�U i T*@?@|�L? Lu ��) hi}�L?t @hi h@hi*) u�**) tTiU�@*�3i_�

HA��t �@t Mii? _LU�4i?|i_ uLh N�5� t|@|it @?_ �,�# UL�?|h�it M) �t_h�M@*�c 5�hi?ti?c @?_ vLt�@ E�bbS�
@?_ 5�hi?ti? @?_ vLt�@ E�bbH�c hitTiU|��i*)�

bA�i t|�_) Lu +@�@**�L? @?_ ��@�_��h� E�bb.� h@�tit u�h|�ih UL?Uih?t hi}@h_�?} UL?t�4T|�L?�M@ti_ 4i@�
t�hit Lu h�t! t�@h�?}� W? T@h|�U�*@hc |�i) t|hitt |�i TL�?| Eh@�ti_ Thi��L�t*) M) #i@|L?� |�@| UL44L? ?i�t
@ML�| u�|�hi �?UL4i @giU|t i�ih)L?i<t U�hhi?| UL?t�4T|�L?c M�@t�?} |it|t |L�@h_t ?L?�hi�iU|�L? Lu |�i Tih�

;



ri frpsohwhqhvv zh uhsruw wkh hpslulfdo uhodwlrq ehwzhhq d frqvxpswlrq0edvhg phdvxuh ri

ulvn vkdulqj dqg lqgxvwuldo vshfldol}dwlrq lq Vhfwlrq 81

Zklfk ulvn vkdulqj phdvxuh fruuhodwhv ehwwhu zlwk vshfldol}dwlrq ghshqgv rq krz ghflvlrqv

wr pdqxidfwxuh fhuwdlq jrrgv dqg qrw rwkhuv/ ru wr exlog qhz sodqwv dqg forvh grzq rwkhuv/

duh ghwhuplqhg1 Vxfk ghflvlrqv duh w|slfdoo| pdgh e| pdqdjhuv dqg hqwuhsuhqhxuv/ wdnlqj

lqwr dffrxqw d pxowlwxgh ri idfwruv/ iru h{dpsoh/ wkh frvw ri udlvlqj fdslwdo/ wkh vnloov dqg

hgxfdwlrq ohyho ri wkh zrun irufh/ dqg lqfhqwlyhv surylghg e| +orfdo ru qdwlrqdo, jryhuqphqwv1

Lq wklv sdshu zh gr qrw dwwhpsw wr uhodwh rxu uhvxowv wr wkhvh srwhqwldo ghwhuplqdqwv ri

vshfldol}dwlrq sdwwhuqv1 Wkh| surylgh/ qr grxew/ qdwxudo wrslfv iru ixuwkhu uhvhdufk1

� �i@t�h�?} 5TiU�@*�3@|�L? @?_ +�t! 5�@h�?}
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Zh phdvxuh wkh h{whqw wr zklfk ulvn lv vkduhg zlwklq ulvn vkdulqj jurxsv1 Hdfk jurxs frqvlvwv

ri uhjlrqv zlwklq d frxqwu|/ ru ri frxqwulhv +lq zklfk fdvh zh fdoo hdfk frxqwu| lq wkh jurxs

d _uhjlrq%,1 Wkh uhsuhvhqwdwlyh frqvxphu ri hdfk uhjlrq lv d ulvn dyhuvh pd{lpl}hu ri olih0

wlph h{shfwhg xwlolw| iurp frqvxpswlrq1 Li xwlolw| ixqfwlrqv duh FUUD/ dqg doo uhjlrqv kdyh

d frpprq lqwhuwhpsrudo glvfrxqw idfwru/ d shuihfw +Sduhwr h�flhqw, ulvn vkdulqj doorfdwlrq

vdwlv�hv {�| @ n�[| iru doo w dqg doo uhdol}dwlrqv ri xqfhuwdlqw|/ zkhuh {�| dqg [| duh jhqhulf

yduldeohv uhsuhvhqwlqj uhjlrqdo dqg djjuhjdwh lqfrph ru frqvxpswlrq1 Wkh frqvwdqw n� lv

lqghshqghqw ri wlph dqg _vwdwh ri wkh zruog1% Lw uh�hfwv wkh _srzhu% +lqfoxglqj lqlwldo

zhdowk, ri uhjlrq l lq wkh ulvn vkdulqj duudqjhphqw1 Li ixoo ulvn vkdulqj lv dfklhyhg yld lqfrph

vprrwklqj/ wkhq {�| dqg [| uhsuhvhqw erwk lqfrph dqg frqvxpswlrq +vlqfh/ lq wklv fdvh/

lqfrph htxdov frqvxpswlrq,1 Li ixoo ulvn vkdulqj lv dfklhyhg rqo| diwhu erwk lqfrph dqg

frqvxpswlrq vprrwklqj/ +lq wklv fdvh/ lqfrph grhv qrw htxdo frqvxpswlrq,/ wkhq {�| dqg [|

uhsuhvhqw frqvxpswlrq1

Hduolhu hpslulfdo zrun rq ulvn vkdulqj wrrn wkh shuihfw ulvn vkdulqj frqvxpswlrq doorfd0

wlrq/ f�| @ n�F|/ vhulrxvo| irfxvlqj rq whvwv ri ixoo +Sduhwr h�flhqw, ulvn vkdulqj e| dvnlqj

zkhwkhu lglrv|qfudwlf frqvxpswlrq +ri lqglylgxdov ru frxqwulhv, uhvsrqgv wr djjuhjdwh �xf0

wxdwlrqv/ exw qrw wr lglrv|qfudwlf vkrfnv wr lqfrph ru JGS1�f Wkhvh vwxglhv gr qrw/ krzhyhu/
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surylgh d phwkrg iru txdqwli|lqj wkh dprxqw ri ulvn vkdulqj dfklhyhg dprqj d jurxs ri lq0

glylgxdov/ uhjlrqv/ ru frxqwulhv1 Qru gr wkh| glvwlqjxlvk ehwzhhq lqfrph vprrwklqj wkurxjk

lqvxudqfh dqg frqvxpswlrq vprrwklqj wkurxjk h{0srvw dgmxvwphqw ri zhdowk sruwirolrv1

Dvguxedol/ V�uhqvhq/ dqg \rvkd +4<<9, �oo wklv jds/ phdvxulqj wkh iudfwlrq ri lglrv|qfudwlf

JGS vkrfnv devruehg wkurxjk ydulrxv fkdqqhov ri furvv0uhjlrqdo +ru furvv0qdwlrqdo, lqvxudqfh/

dqg wkh iudfwlrq ri vkrfnv wkdw lv qrw vprrwkhg1 Wkh| glvwlqjxlvk ehwzhhq lqfrph lqvxudqfh

wkurxjk furvv0uhjlrqdo kroglqjv ri ghew dqg htxlw| +_fdslwdo pdunhw lqfrph vprrwklqj%, dqg

yld wkh vxshu0uhjlrqdo wd{0wudqvihu v|vwhp +_ihghudo jryhuqphqw lqfrph vprrwklqj%,1��

Zh ghvfuleh/ �uvw/ wkhlu phdvxuh ri furvv0uhjlrqdo lqvxudqfh yld pdunhwv/ �g1 Wklv phdvxuh

fdswxuhv wkh ghjuhh ri lqwhu0uhjlrqdo fdslwdo pdunhw lqwhjudwlrq/ lq wkh vhqvh ri furvv0kroglqj

ri dvvhwv1 Wkh pruh glyhuvl�hg furvv0uhjlrqdo dvvhw kroglqjv duh/ wkh ohvv vhqvlwlyh uhjlrqdo

lqfrph zloo eh wr lglrv|qfudwlf +uhjlrq0vshfl�f, JGS vkrfnv1 Wklv phdvxuh ri ulvn vkdulqj

fruuhvsrqgv zhoo zlwk wkh dssurdfk wdnhq e| Khospdq dqg Ud}lq +4<:;d/ 4<:;e, zkr irfxv

rq wkh uhodwlrqvkls ehwzhhq wudgh lq �qdqfldo dvvhwv dqg vshfldol}dwlrq lq surgxfwlrq +wudgh

lq jrrgv,1

Frqvlghu wkh sdqho uhjuhvvlrq +dfurvv wkh uhjlrqv ri d ulvn vkdulqj jurxs, � orj �W���| @

�| . �� �orjB#��| . ��|> zkhuh �W���| lv uhjlrq l*v shuvrqdo lqfrph lq |hdu w/ dqg �| duh wlph

�{hg h�hfwv/ qdpho|/ wkh frh�flhqw �� phdvxuhv wkh fr0pryhphqw ri lqfrph zlwk lglrv|qfudwlf

+uhjlrq0vshfl�f, JGS vkrfnv1 Wkh lqfoxvlrq ri wlph �{hg h�hfwv lv fuxfldo ehfdxvh wkh|

fdswxuh |hdu vshfl�f lpsdfwv rq wkh jurzwk lq wkh djjuhjdwh JGS ri wkh ulvn vkdulqj jurxs

zklfk fdqqrw eh glyhuvl�hg dzd| hyhq xqghu shuihfw ulvn vkdulqj zlwklq wkh jurxs1�2

Li lqfrph lv ixoo| vprrwkhg zlwklq wkh jurxs/ wkh jurzwk udwh ri hdfk uhjlrq*v shuvrqdo

lqfrph zrxog eh htxdo wr wkh jurzwk udwh ri wkh jurxs*v djjuhjdwh shuvrqdo lqfrph/ dqg wkh

frh�flhqw �� vkrxog eh }hur1 Dvguxedol/ V�uhqvhq/ dqg \rvkd +4<<9, vkrz wkdw wkh frh�flhqw
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�� phdvxuhv wkh iudfwlrq ri lglrv|qfudwlf JGS vkrfnv wkdw lv qrw holplqdwhg wkurxjk furvv0

uhjlrqdo lqvxudqfh1 Pruh suhflvho|/ wkh| vkrz wkdw lq wkh uhjuhvvlrq

� orjB#��| ��orj �W���| @ �| . �g �orjB#��| . ��| > +4,

wkh frh�flhqw �g phdvxuhv wkh iudfwlrq ri lglrv|qfudwlf vkrfnv wr JGS wkdw lv devruehg

wkurxjk furvv0uhjlrqdo rzqhuvkls ri dvvhwv1 +�g htxdov 4 � ��1, Wkxv/ rxu phdvxuh ri ulvn

vkdulqj wkurxjk lqwhu0uhjlrqdo fdslwdo pdunhwv lv �g1 Wkh lqwxlwlrq lv wkdw li wkhuh lv qr

lqvxudqfh/ � orjB#��| dqg � orj �W���| frpryh shuihfwo| dqg wkh ohiw kdqg vlgh ri +4, grhv

qrw frpryh zlwk wkh uhjuhvvru/ � orjB#��|/ pdnlqj �g @ 31 Li wkhuh lv shuihfw lqvxudqfh/

� orj �W���| lv xqd�hfwhg e| uhjlrq0vshfl�f �xfwxdwlrqv lq orjB#��|/ dqg +4, erlov grzq wr d

uhjuhvvlrq ri � orjB#��| rq lwvhoi/ lpso|lqj wkdw �g @ 41

Wkh iroorzlqj txdol�fdwlrqv vkrxog eh nhsw lq plqg= Vlqfh rxu phdvxuh ri fdslwdo pdunhw

vprrwklqj/ �g / lv edvhg rq shuvrqdo lqfrph/ lw grhv qrw ixoo| vhsdudwh pdunhw0edvhg lqfrph

lqvxudqfh wkurxjk furvv0erughu idfwru lqfrph iurp lqfrph vprrwklqj wkurxjk sdwwhuqv ri

fdslwdo vwrfn ghsuhfldwlrq dqg/ hvshfldoo|/ dgmxvwphqw ri frusrudwh vdylqj1 W|slfdoo|/ �upv

vprrwk glylghqg sd|phqwv lq uhvsrqvh wr hfrqrplf shuirupdqfh1 Xvlqj frxqwu| ohyho Qd0

wlrqdo Dffrxqwv gdwd/ V�uhqvhq dqg \rvkd +4<<;, vkrz wkdw frusrudwh vdylqj vprrwkhv d

vljql�fdqw sruwlrq ri JGS vkrfnv dw wkh dqqxdo iuhtxhqf|/ exw qrw dw wkh 60|hdu iuhtxhqf|1��

Rxu uhjlrqdo gdwd vhwv gr qrw doorz xv wr txdqwli| wkh h{whqw wr zklfk �g uh�hfwv furvv0uhjlrqdo

idfwru lqfrph �rzv yhuvxv dgmxvwphqw ri frusrudwh vdylqj udwhv1 Ixuwkhu/ rxu hvwlpdwh ri �g

grhv qrw ixoo| vhsdudwh lqfrph vprrwklqj yld pdunhwv iurp lqfrph lqvxudqfh surylghg e|

vxshu0uhjlrqdo �vfdo lqvwlwxwlrqv1 Iru h{dpsoh/ lq wkh Xqlwhg Vwdwhv/ shuvrqdo lqfrph lq0

foxghv vrfldo vhfxulw| wudqvihuv wr lqglylgxdov e| wkh ihghudo jryhuqphqw1 Wr fruuhfw iru wklv/

Dvguxedol/ V�uhqvhq/ dqg \rvkd +4<<9, frqvwuxfw wkh yduldeoh _vwdwh lqfrph% wkdw uhsuhvhqwv

wkh lqfrph ri d X1V1 vwdwh sulru wr dq| ihghudo wd{ ru wudqvihu1 Lw lv qrw srvvleoh wr frqvwuxfw

d vlplodu yduldeoh iru doo wkh uhjlrqv dqg frxqwulhv zklfk zh vwxg| lq wkh suhvhqw duwlfoh1

�g lv wkhuhiruh dq dssur{lpdwlrq wr wkh phdvxuh ri fdslwdo pdunhw vprrwklqj lq Dvguxedol/

V�uhqvhq/ dqg \rvkd +4<<9,1�e
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Zh wxuq wr wkh phdvxuh ri furvv0uhjlrqdo lqvxudqfh yld vxshu0uhjlrqdo wd{hv dqg wudqv0

ihuv1 Prvw wd{0wudqvihu v|vwhpv zhuh qrw ghvljqhg wr surylgh lqvxudqfh +dowkrxjk wkhuh duh

h{fhswlrqv/ olnh xqhpsor|phqw ru glvdelolw| lqvxudqfh ixqgv,/ exw surjuhvvlylw| ri wkh wd{

frgh lpsolhv wkdw wd{hv dqg wudqvihuv khos vprrwk lqfrph1 Wkh iroorzlqj sdqho uhjuhvvlrq lv

ghvljqhg wr fdswxuh wkh dprxqw ri lqfrph vprrwklqj surylghg e| furvv0uhjlrqdo wd{hv dqg

wudqvihuv/

� orj �W���| ��orj �#W���| @ �| . �A �orjB#��| . ��| > +5,

zkhuh �#W�� uhsuhvhqwv shuvrqdo glvsrvdeoh lqfrph1 Wkh frh�flhqw �A lv srvlwlyh li shuvrqdo

glvsrvdeoh lqfrph frydulhv ohvv zlwk JGS wkdq shuvrqdo lqfrph/ l1h1/ li wkh _ihghudo jry0

huqphqw% ri wkh ulvn vkdulqj jurxs surylghv lqfrph lqvxudqfh1 Lw fdq eh lqwhusuhwhg dv wkh

iudfwlrq ri wkh furvv0vhfwlrqdo yduldqfh +dyhudjhg ryhu wlph, devruehg e| wkh _ihghudo% �vfdo

v|vwhp ri wkh ulvn vkdulqj jurxs> vhh Dvguxedol/ V�uhqvhq/ dqg \rvkd +4<<9, iru ghwdlov1�D

Li ryhudoo lqfrph xqfhuwdlqw| lv lpsruwdqw/ wkhq lw pd| eh zduudqwhg wr phdvxuh ulvn vkdu0

lqj dv wkh frpelqhg iudfwlrqv ri lglrv|qfudwlf JGS vkrfnv devruehg wkurxjk furvv0uhjlrqdo

rzqhuvkls ri dvvhwv dqg yld wkh vxshu0uhjlrqdo wd{0wudqvihu v|vwhp1 Wkxv/ zh frqvwuxfw wkh

phdvxuh �gnA rewdlqhg iurp wkh sdqho gdwd uhjuhvvlrq

� orjB#��| ��orj �#W���| @ �| . �gnA �orjB#��| . ��| > +6,

zkhuh �gnA phdvxuhv wkh wrwdo dprxqw ri lqfrph lqvxudqfh/ dqg frqfhswxdoo|/ �gnA @ �g .

�A 1 Htxdwlrq +6, lv vlplodu wr htxdwlrq +4,/ zlwk shuvrqdo glvsrvdeoh lqfrph vxevwlwxwhg

iru shuvrqdo lqfrph/ dqg dq dqdorjrxv lqwhusuhwdwlrq ri wkh frh�flhqw1 Iru euhylw| zh rqo|

glvsod| hvwlpdwhv ri �gnA dqg qrw �A 1

Lq rxu hpslulfdo dqdo|vlv/ lq wklv sdshu/ zh irfxv pdlqo| rq �g / lqfrph lqvxudqfh yld

pdunhwv/ dqg wr vrph h{whqw rq �g.�A / lqfrph lqvxudqfh yld pdunhwv dqg wkh �vfdo v|vwhp1

Zh fdq frpsxwh/ lq dq dqdorjrxv pdqqhu/ �� / frqvxpswlrq vprrwklqj yld vdylqj dqg glv0

vdylqj/ dqg �g.�A .��/ wrwdo lqfrph dqg frqvxpswlrq vprrwklqj1 Lq Vhfwlrq 8/ zh surylgh

ixuwkhu ghwdlov/ exw iru wkh prphqw zh irfxv rq lqfrph lqvxudqfh1
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Lw lv zruwk qrwlqj wkdw li d sduwlfxodu uhjlrq lq d ulvn vkdulqj jurxs/ vd| d X1V1 vwdwh/

vkduhv ulvn zlwk uhjlrqv lq dqrwkhu jurxs/ vd| d uhjlrq ri wkh X1N1/ rxu ulvn vkdulqj phdvxuhv

iru erwk wkh X1V1 dqg wkh X1N1 zloo dwwulexwh wklv lqfrph vprrwklqj wr ulvn vkdulqj zlwklq wkh

X1V1 dqg wkh X1N1 Vlqfh phdvxuhg ulvn vkdulqj dprqj frxqwulhv lv yhu| vpdoo +vhh V�uhqvhq/

dqg \rvkd +4<<;,,/ rxu phdvxuhv ri ulvn vkdulqj fdq eh vdiho| uhjdughg dv jhqxlqho| phdvxulqj

lqwud0jurxs ulvn vkdulqj1

�i@t�h�?} tTiU�@*�3@|�L?

Zh fdofxodwh vshfldol}dwlrq lqglfhv iru wkh 50gljlw Lqwhuqdwlrqdo Vwdqgdug Lqgxvwuldo Fodvvl0

�fdwlrq +LVLF, ri pdqxidfwxulqj vhfwruv1 Zh gr qrw xvh 40gljlw vhfwruv vlqfh wkh dprxqw

ri vshfldol}dwlrq lq/ h1j1/ djulfxowxuh ru plqlqj/ lv ghwhuplqhg pdlqo| e| hqgrzphqwv ri ihu0

wloh vrlo dqg h{wudfwdeoh plqhudov1 +Zh shuiruphg h{sorudwru| zrun dw wkh 40gljlw ohyho/ exw

rewdlqhg udwkhu pl{hg uhvxowv1, Zh zhuh qrw deoh wr froohfw frqvlvwhqw gdwd dw wkh 60gljlw

ohyho iru pdq| uhjlrqv dqg zh vxvshfw wkdw ulvn vkdulqj frqvlghudwlrqv pd| eh ohvv fhqwudo lq

ghwhuplqlqj sdwwhuqv ri vshfldol}dwlrq dw wkh 60gljlw ohyho +vlqfh pdq| vkrfnv pd| eh frpprq

wr vhyhudo 60gljlw lqgxvwulhv> iru lqvwdqfh/ rlo0vkrfnv d�hfwlqj prvw fkhplfdo lqgxvwulhv,1 Hdfk

lqgh{ lv frpsxwhg +iru hdfk uhjlrq, iru wkh uhohydqw vdpsoh |hduv dqg dyhudjhg ryhu wlph1�S

Wkh lqglfhv duh fdofxodwhg dv iroorzv1 Ohw B#�
r
� ghqrwh wkh JGS ri vhfwru v lq uhjlrq l/

dqg B#�
�

� wkh wrwdo pdqxidfwxulqj JGS ri wklv uhjlrq1 Zh phdvxuh wkh vshfldol}dwlrq ri d

uhjlrq e| wkh glvwdqfh ehwzhhq wkh yhfwru ri vhfwru vkduhv lq uhjlrq l*v pdqxidfwxulqj JGS/

B#�
r
� @B#�

�

� / dqg wkh yhfwru ri dyhudjh vhfwru vkduhv dfurvv wkh uhjlrqv rwkhu wkdq l lq wkh

ulvn vkdulqj jurxs/
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zkhuh V lv wkh qxpehu ri vhfwruv dqg M lv wkh qxpehu ri uhjlrqv lq wkh jurxs1

Zh �qg wklv yduldqfh0olnh phdvxuh qdwxudo jlyhq rxu irfxv rq wkh h�hfw ri ulvn vkdulqj

rq vshfldol}dwlrq1 Qrwlfh wkdw 5�,�
�
�/ wkh _vtxduh ghyldwlrqv lqgh{/% phdvxuhv wkh h{whqw wr

zklfk uhjlrq l gl�huv/ lq whupv ri wkh frpsrvlwlrq ri pdqxidfwxulqj/ iurp wkh rwkhu uhjlrqv

lq l*v ulvn vkdulqj jurxs/ qrw iurp doo wkh uhjlrqv lq wkh vdpsoh1 Wkxv/ wkh gl�huhqfh lq wkh

lqgxvwuldo frpsrvlwlrq ri/ iru lqvwdqfh/ Mdsdq uhodwlyh wr rwkhu frxqwulhv lq wkh vdpsoh/ grhv
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qrw d�hfw wkh vshfldol}dwlrq lqglfhv ri lqglylgxdo Mdsdqhvh suhihfwxuhv1 Wkh gl�huhqfh lq wkh

lqgxvwuldo frpsrvlwlrq ri/ vd|/ Mdsdq dqg Fdqdgd grhv/ krzhyhu/ d�hfw wkh vshfldol}dwlrq

lqglfhv ri Mdsdq dqg Fdqdgd zkhq wkh| duh wuhdwhg dv uhjlrqv zlwklq wkh RHFG ulvn vkdulqj

jurxs1

Zh dovr vwxg| wkh _devroxwh ghyldwlrqv lqgh{/%

5�,�
�
2 @

7[
r'�

����� B#�
r
�

B#�
�

�

� 4

M � 4

[
� �'�

B#�
r
�

B#�
�

�

����� >

zklfk lv d gluhfw jhqhudol}dwlrq ri wkh lqgh{ vxjjhvwhg e| Nuxjpdq +4<<4, iru sdluv ri frxq0

wulhv1 Wklv phdvxuh dwwulexwhv ohvv zhljkw wr h{wuhph ydoxhv dqg lv lpsruwdqw iru wkh sxusrvh

ri yhuli|lqj wkdw wkh hpslulfdo uhvxowv duh urexvw wr plqru fkdqjhv lq vshfl�fdwlrq1�.

W?t|h�4i?|@* �@h�@M*it

Wr ghdo zlwk srwhqwldo hqgrjhqhlw| ri furvv0uhjlrqdo kroglqj ri dvvhwv/ zh xvh lqvwuxphqwv

zklfk idflolwdwh ulvn vkdulqj exw duh xqolnho| wr eh vxemhfw wr uhyhuvh fdxvdolw|/ vxfk dv vkduh0

kroghu uljkwv +lq sduwlfxodu/ surwhfwlrq ri plqrulw| vkduhkroghuv iurp dexvh e| pdqdjhphqw

ru pdmrulw| vkduhkroghuv,1 Wkh udwlrqdoh iru xvlqj vxfk lqvwuxphqwv lv vshoohg rxw irufhixoo|

lq Od Sruwd hw do1 +4<<:/ 4<<;,1 Zkhq wkh ohjdo v|vwhp surylghv surwhfwlrq iru lqyhvwruv/ wkh|

zloo eh pruh lqfolqhg wr ex| vhfxulwlhv lvvxhg e| �upv/ gluhfwo| ru yld lqwhuphgldulhv/ wr sxu0

fkdvh uhdo hvwdwh iru lqyhvwphqw sxusrvhv/ ru wr nhhs odujh vxpv ri prqh| lq orqj0whup vdylqjv

dqg lqvxudqfh sodqv1 Vlploduo|/ �qdqfldo lqwhuphgldulhv zloo eh pruh zloolqj wr ohqg dqg lqyhvw

eh|rqg wkh forvh flufoh ri folhqw �upv1 Wklv lv sduwlfxoduo| wuxh iru furvv0uhjlrqdo wudqvdf0

wlrqv wkdw duh wuxo| dw _dup*v ohqjwk1% Wkxv/ ehwwhu lqyhvwru surwhfwlrq yld wkh qdwlrq0zlgh

ohjdo v|vwhp hqwdlov pruh lqwhu0uhjlrqdo lqfrph lqvxudqfh yld �qdqfldo pdunhwv1 Od Sruwd hw

do1 +4<<;, dujxh wkdw vkduhkroghu uljkwv ydu| v|vwhpdwlfdoo| dfurvv frxqwulhv/ dqg frqvlghu

irxu pdlq ohjdo wudglwlrqv= Frpprq Odz/ Iuhqfk0/ Jhupdq0/ dqg Vfdqglqdyldq wudglwlrq/

zlwk wkh prvw h{whqvlyh vkduhkroghu uljkwv lq Frpprq Odz frxqwulhv1 Wkh ghwdlov qhhg qrw

frqfhuq xv khuh�wkh srlqw zh zdqw wr pdnh lv wkdw lpsruwdqw ghwhuplqdqwv ri �qdqfldo gh0
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yhorsphqw/ iru lqvwdqfh wkh dprxqw ri vkduhkroghu surwhfwlrq/ lv ghwhuplqhg e| orqj0vwdqglqj

uxohv ghwhuplqhg e| srolwlfdo klvwru|1 Wkh xsvkrw lv wkdw wkh ohjdo wudglwlrq lqglfdwruv duh

wuxo| h{rjhqrxv iru ulvn vkdulqj ryhu rxu uhodwlyho| vkruw vdpsoh shulrg +ri derxw 53 |hduv,1

D kljko| fdslwdol}hg +dqg khqfh oltxlg, vwrfn pdunhw/ dqg d ghyhorshg �qdqfldo vhfwru

frqwulexwh wr qdwlrq0zlgh lqfrph vprrwklqj1 Wkhvh yduldeohv duh olnho| wr eh ghwhuplqhg

dovr e| rwkhu idfwruv ehvlghv ohjdo lqyhvwru surwhfwlrq +h1j1/ wkh hgxfdwlrqdo dqg whfkqrorjlfdo

ohyho lq wkh frxqwu|,1 Zh/ wkhuhiruh/ dovr xvh wkh vl}h ri wkh �qdqfldo vhfwru uhodwlyh wr

JGS dv d vhsdudwh lqvwuxphqw lq rughu wr jdxjh wkh vhqvlwlylw| ri rxu uhvxowv wr dowhuqdwlyh

+uhdvrqdeoh, lqvwuxphqwdo yduldeohv1

e ,4T�h�U@* �?@*)t�t

Wdeoh 4 glvsod|v ghvfulswlyh vwdwlvwlfv iru rxu vdpsoh ri uhjlrqv dqg ulvn vkdulqj jurxsv1 Wkh

qxpehu ri uhjlrqv ydulhv frqvlghudeo| dfurvv jurxsv1 Wkh Xqlwhg Vwdwhv dqg Mdsdq frqvlvw ri

derxw 83 uhjlrqv hdfk/ zkloh lq rwkhu ulvn vkdulqj jurxsv wkhuh duh dv ihz dv 7 ru 8 uhjlrqv1

Wkhuh duh vxevwdqwldo gl�huhqfhv lq wkh shu fdslwd JGS ri wkh ulvn vkdulqj jurxsv1 Odwlq

Dphulfdq shu fdslwd JGS lv yhu| orz/ dw 556:/ dqg wkh shu fdslwd JGS ri Vsdlq lv ohvv wkdq

kdoi wkdw ri wkh zhdowklhvw jurxsv1 Wdeoh 4 dovr vkrzv wkdw/ rq dyhudjh/ frxqwulhv kdyh d odujhu

srsxodwlrq wkdq uhjlrqv zlwklq frxqwulhv/ dqg wkdw uhjlrqv ydu| vljql�fdqwo| lq srsxodwlrq1

Odujhu uhjlrqv duh olnho| wr eh ohvv vshfldol}hg gxh wr juhdwhu khwhurjhqhlw| ri wkh srsxodwlrq

ru ri jhr0sk|vlfdo fkdudfwhulvwlfv vxfk dv folpdwh/ odqgvfdsh/ dqg qdwxudo uhvrxufhv1 Ixuwkhu0

pruh/ lq odujhu uhjlrqv/ vfdoh hfrqrplhv lq surgxfwlrq pd| eh h{kdxvwhg iru pdq| lqgxvwulhv1

Ilqdoo|/ wkh wdeoh uhyhdov wkdw srsxodwlrq ghqvlw| ydulhv dfurvv uhjlrqv/ lq sduwlfxodu zlwklq

Mdsdq1 Srsxodwlrq ghqvlw| pd| d�hfw orfdol}dwlrq1 Nuxjpdq +4<<4, dujxhv wkdw wudqvsruwd0

wlrq frvwv ghwhuplqh zkhuh pdqxidfwxulqj lqgxvwulhv orfdwh/ zlwk kljk wudqvsruwdwlrq frvw

lqgxvwulhv orfdwlqj lq ghqvho| srsxodwhg duhdv1 Vxfk sdwwhuqv ri orfdol}dwlrq pd| dovr fdxvh

lqgxvwuldo vshfldol}dwlrq wr ydu| zlwk srsxodwlrq ghqvlw|1

Wr jlyh dq lpsuhvvlrq ri wkh fkdudfwhulvwlfv ri kljko| vshfldol}hg uhjlrqv/ zh glvsod| lq

Wdeoh 5 vrph idfwv uhjduglqj wkh 48 prvw vshfldol}hg uhjlrqv1 Iru frpsdulvrq/ Wdeoh 6 glvsod|v

wkh vdph lqirupdwlrq iru wkh 48 ohdvw vshfldol}hg uhjlrqv1 Wkh prvw vshfldol}hg uhjlrqv duh

uhjlrqv zlwklq frxqwulhv/ zkhuhdv 7 ri wkh ohdvw vshfldol}hg uhjlrqv duh frxqwulhv1 Wkh vkduh

ri pdqxidfwxulqj lq uhjlrqdo jurvv surgxfw ydulhv frqvlghudeo| dfurvv wkh kljko| vshfldol}hg

uhjlrqv +iurp 7 shufhqw lq Kdzdll dqg Z|rplqj wr 68 shufhqw lq Sdlv Ydvfr,1 Wkh ohdvw

48



vshfldol}hg uhjlrqv vkrz ohvv yduldwlrq lq wkh vkduh ri pdqxidfwxulqj1 Rq dyhudjh/ wkh pruh

vshfldol}hg uhjlrqv kdyh d vpdoohu srsxodwlrq/ dowkrxjk vrph ri wkh prvw vshfldol}hg uhjlrqv

duh odujhu wkdq vpdoo RHFG frxqwulhv1 Ohvv vshfldol}hg uhjlrqv h{klelw d vrphzkdw kljkhu

srsxodwlrq ghqvlw| wkdq wkh prvw vshfldol}hg uhjlrqv +dowkrxjk Rnlqdzd dqg Ndqdjdzd lq

Mdsdq duh reylrxv h{fhswlrqv,1 Edvhg rq wkhvh revhuydwlrqv/ rxu uhjuhvvlrqv frqwuro iru vl}h

dqg srsxodwlrq/ dqg zhljkw wkh uhjlrqdo gdwd e| pdqxidfwxulqj JGS1

Lq Iljxuh 4/ zh glvsod| wkh glvwulexwlrq ri wkh vshfldol}dwlrq lqglfhv dfurvv uhjlrqv1 Wkh

glvwulexwlrq ri wkh vtxduhg ghyldwlrqv lqgh{/ 5�,��/ lv fohduo| uljkw0vnhzhg zkloh orj 5�,�� lv

doprvw _ehoo vkdshg1% Zh/ wkhuhiruh/ xvh wkh odwwhu lq wkh uhjuhvvlrqv lq rughu wr plqlpl}h

wkh ulvn wkdw rxu uhvxowv duh gulyhq e| rxwolhuv1 Wkh devroxwh ghyldwlrqv lqgh{/ 5�,�2/ lv pxfk

ohvv vnhzhg vr zh xvh wklv lqgh{ zlwkrxw wudqvirupdwlrq lq rxu uhjuhvvlrqv1

Wdeoh 7 glvsod|v lqfrph0edvhg phdvxuhv ri ulvn vkdulqj e| ulvn vkdulqj jurxsv1 Zh uhvwulfw

dwwhqwlrq/ iru wkh prphqw/ wr wkh �uvw wzr froxpqv/ �g dqg �gnA 1 Dffruglqj wr erwk

phdvxuhv/ Lwdo| h{klelwv wkh kljkhvw dprxqw ri ulvn vkdulqj ehwzhhq uhjlrqv1 Wkh Xqlwhg

Vwdwhv dqg Fdqdgd vkrz d kljk d ohyho ri ulvn vkdulqj wkurxjk fdslwdo pdunhwv +�g, lq

frpsdulvrq wr wkh Xqlwhg Nlqjgrp/ Mdsdq/ dqg Vsdlq1�H Wkh udqnlqj ri wkh uhjlrqv lv wkh

vdph dffruglqj wr erwk phdvxuhv1 Wkh lqwhusuhwdwlrq ri �gnA iru jurxsv ri frxqwulhv lv

vrphzkdw gl�huhqw vlqfh �A lv fdofxodwhg rq wkh edvlv ri lqwhuqdwlrqdo qhw wudqvihuv zkloh iru

uhjlrqv lw xvhv furvv0uhjlrqdo wd{hv dqg wudqvihuv wr dqg iurp wkh fhqwudo jryhuqphqw ri wkh

frxqwu|1 Qhyhuwkhohvv/ d fohdu uhvxow lq Wdeoh 7 lv wkdw jurxsv ri frxqwulhv/ qrw vxusulvlqjo|/

h{klelw wkh ohdvw dprxqw ri ulvn vkdulqj iru erwk lqfrph0edvhg ulvn vkdulqj phdvxuhv1

Wdeoh 8 glvsod|v wkh dyhudjh vshfldol}dwlrq lqglfhv ri uhjlrqv zlwklq hdfk ulvn vkdulqj

jurxs dqg d uhjuhvvlrq ri wkh vshfldol}dwlrq lqgh{ +wkh xqghuo|lqj |hdu0e|0|hdu hvwlpdwhv, rq

d wlph wuhqg1

Wkh vdpsoh shulrgv zhuh fkrvhq zlwk wzr frqvlghudwlrqv lq plqg1 Iluvw/ zh zrxog olnh

wkh vdpsohv xvhg iru fdofxodwlqj vshfldol}dwlrq wr ryhuods zlwk wkrvh xvhg iru fdofxodwlqj
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ulvn vkdulqj1 Vhfrqg/ zh zrxog olnh d orqj vdpsoh iru fdofxodwlqj ulvn vkdulqj/ ehfdxvh zh

+odwhu, xvh wkh ulvn vkdulqj lqgh{ dv d uhjuhvvru1 Wkh orqjhu wkh vdpsoh shulrg/ wkh vpdoohu

wkh vwdqgdug huuruv ri wkh ulvn vkdulqj hvwlpdwhv dqg/ frqvhtxhqwo|/ wkh orzhu wkh huuruv0lq0

yduldeohv eldv1 Iru frxqwulhv zlwk pdq| uhjlrqv dqg d uhdvrqdeo| orqj vdpsoh dydlodeoh iru

fdofxodwlqj erwk vshfldol}dwlrq dqg ulvn vkdulqj/ zh fkrvh wkh orqjhvw ryhuodsslqj vdpsoh/ dv

iru wkh Xqlwhg Vwdwhv dqg wkh Xqlwhg Nlqjgrp1 Iru wkh RHFG/ iru h{dpsoh/ zkhuh zh kdyh

d uhodwlyho| vpdoo vdpsoh ri frxqwulhv/ zh fkrvh d vrphzkdw orqjhu vdpsoh iru fdofxodwlqj wkh

lqgh{ ri ulvn vkdulqj +lq rughu wr plqlpl}h phdvxuhphqw huuru, wkdq wkdw xvhg iru fdofxodwlqj

wkh vshfldol}dwlrq lqglfhv/ zkhuh zh xvhg wkh orqjhvw vdpsoh +ri 50gljlw pdqxidfwxulqj JGS

gdwd, dydlodeoh1 Vlploduo|/ iru Fdqdgd/ zkhuh vshfldol}dwlrq fdq rqo| eh fdofxodwhg iru d udwkhu

vkruw vsdq ri |hduv/ zh fdofxodwhg wkh ulvn vkdulqj phdvxuh xvlqj d orqjhu vdpsoh wkdq wkdw

xvhg iru wkh vshfldol}dwlrq lqglfhv1 Zh h{shulphqwhg zlwk wkh vdpsoh ohqjwkv dqg iruwxqdwho|/

wkh uhvxowv duh qrw yhu| vhqvlwlyh wr wkh h{dfw vdpsoh shulrgv fkrvhq1

Lw lv fohdu iurp Wdeoh 8 wkdw uhjlrqv zlwklq frxqwulhv duh pxfk pruh vshfldol}hg wkdq

frxqwulhv zlwklq jurxsv ri frxqwulhv vxfk dv wkh HF ru Odwlq Dphulfd1 Uhjlrqv ri Vsdlq duh

wkh prvw vshfldol}hg dqg HF frxqwulhv duh wkh ohdvw vshfldol}hg1 Wkhvh uhvxowv krog iru erwk

vshfldol}dwlrq lqglfhv/ dowkrxjk 5�,�� fohduo| ydulhv pruh wkdq 5�,�21

Wkh uhjuhvvlrqv rq d wlph wuhqg uhyhdo wkdw vshfldol}dwlrq kdv ehhq ghfuhdvlqj ryhu wlph/

doehlw vorzo|1 Wkh frh�flhqw lv qhjdwlyh iru erwk vshfldol}dwlrq lqglfhv/ dowkrxjk lw lv qrw

vljql�fdqw dw wkh 8 shufhqw ohyho1 +Lw lv erughuolqh vljql�fdqw iru wkh vtxduhg ghyldwlrqv

lqgh{/ 5�,��1, Zh lqwhusuhw wklv dv uh�hfwlqj d uhodwlrq ehwzhhq vshfldol}dwlrq dqg hfrqrplf

ghyhorsphqw/ exw d vwxg| ri wklv lvvxh zloo glyhuw xv iurp wkh wrslf ri wkh suhvhqw sdshu1

Wkh uhvxow lv frqvlvwhqw zlwk Nlp +4<<8, zkr �qgv wkdw wkh vshfldol}dwlrq ri X1V1 vwdwhv kdv

ghfolqhg pdunhgo| vlqfh wkh 4<63v/ d skhqrphqrq wkdw lv frqvlvwhqw zlwk d qhjdwlyh uhodwlrq

ehwzhhq lqfrph +ru zhdowk, dqg vshfldol}dwlrq1 Wkh phfkdqlvp pd| eh rqh/ dv ghvfulehg

lq Dfhprjox dqg ]lolerwwl +4<<:,/ zkhuh d plqlpxp vfdoh lq vrph whfkqrorjlhv pdnhv wkhvh

xqdydlodeoh wr ohvv ghyhorshg frxqwulhv1 Wkh wlph0vhulhv sdwwhuqv lq vshfldol}dwlrq duh qrw

olnho| wr eh lpsruwdqw iru wkh suhvhqw vwxg|/ zkhuh uhjuhvvlrqv ri vshfldol}dwlrq lqglfhv rq

ulvn vkdulqj phdvxuhv duh furvv0vhfwlrqdo> exw wkh| xqghuvfruh wkh srwhqwldo lpsruwdqfh ri

fruuhfwlqj iru gl�huhqw ohyhov ri ghyhorsphqw/ zkhq ulvn vkdulqj jurxsv zlwk glvsdudwh ohyhov

ri shu fdslwd lqfrph duh lqfoxghg1

Iljxuh 5 glvsod|v d vfdwwhu sorw ri vshfldol}dwlrq +phdvxuhg e| wkh 5�,�� lqgh{, yhuvxv

wkh pdunhw0edvhg ulvn vkdulqj lqgh{/ �g 1 Hdfk srlqw lq wkh judsk uhsuhvhqwv d uhjlrq dqg
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wkh krul}rqwdo d{lv phdvxuhv wkh dprxqw ri ulvn vkdulqj/ l1h1/ wkh dprxqw ri ulvn vkdulqj lq

wkh jurxs wr zklfk wkh uhjlrq ehorqjv1 Vlqfh wklv qxpehu lv lghqwlfdo iru hdfk uhjlrq lq d

jurxs/ wkh gdwd zloo irup grwv dorqj d yhuwlfdo olqh iru hdfk ulvn vkdulqj jurxs1 Wkh yhuwlfdo

d{lv phdvxuhv wkh ghjuhh ri vshfldol}dwlrq ri wkh uhjlrq1 Wkh srvlwlyh uhodwlrq ehwzhhq ulvn

vkdulqj dqg vshfldol}dwlrq lq pdqxidfwxulqj lv kljkoljkwhg e| wkh +xqlyduldwh, uhjuhvvlrq olqh

glvsod|hg1

Srwhqwldoo|/ wkh srvlwlyh vorsh �wwhg lq Iljxuh 5 pd| eh vsxulrxv lq wkh vhqvh wkdw lw

uh�hfwv ohiw0rxw uhjuhvvruv vxfk dv srsxodwlrq ru srsxodwlrq ghqvlw|1 Zh/ wkhuhiruh/ shuiruphg

uhjuhvvlrqv ri 5�,�� rq �g / frqwuroolqj iru wkh srsxodwlrq vl}h dqg ghqvlw| ri hdfk uhjlrq/ iru

wkh vkduh ri pdqxidfwxulqj lq uhjlrqdo JGS/ dqg iru wkh dyhudjh shu fdslwd JGS lq hdfk ulvn

vkdulqj jurxs1 Lq Iljxuh 6/ zh vkrz wkh uhodwlrq ehwzhhq wkh vshfldol}dwlrq lqgh{/ 5�,��/ dqg

wkh ulvn vkdulqj phdvxuh/ �g / zkhq wkh rwkhu uhjuhvvruv duh frqwuroohg iru1�b Wkh srvlwlyh

vorsh lv vwloo fohduo| ylvleoh1 +Wklv lv/ krzhyhu/ rqo| iru looxvwudwlrq dv rxu uhjuhvvlrq uhvxowv

ehorz duh edvhg rq d orj0wudqvirupdwlrq ri wkh vshfldol}dwlrq lqgh{1,

Wdeoh 9 glvsod|v uhjuhvvlrqv/ iru ydulrxv vdpsohv ri ulvn vkdulqj jurxsv/ ri orj 5�,�� rq

uhjlrqdo fkdudfwhulvwlfv +srsxodwlrq dqg srsxodwlrq ghqvlw|,/ rq wkh dyhudjh shu fdslwd JGS

ri wkh ulvn vkdulqj jurxs/ rq wklv yduldeoh vtxduhg/ dqg rq wkh ulvn vkdulqj phdvxuh �g1 Wkh

uhjuhvvlrqv duh doo zhljkwhg e| wkh orjdulwkp ri +uhdo, pdqxidfwxulqj JGS lq hdfk uhjlrq1

Zh dovr h{shulphqwhg zlwk d gxpp| yduldeoh iru uhjlrqv iru zklfk wkh ulvn vkdulqj jurxs lv

+sduw ri, d fxvwrp xqlrq +doo jurxsv h{fhsw Odwlq Dphulfd dqg qrq0HF RHFG frxqwulhv,1

Wklv yduldeoh zdv qrw vljql�fdqw dqg lv ohiw rxw lq wkh uhjuhvvlrqv zh uhsruw12f

Vdpsoh D lv rxu _suhihuuhg vdpsoh/% ohdylqj rxw Odwlq Dphulfdq frxqwulhv iru zklfk wkh

ulvn vkdulqj phdvxuh lv prvw olnho| wr eh lpsuhflvh +uho|lqj rq h{wudsrodwlrqv�vhh Dsshqgl{�

dv zhoo dv edg gdwd lq wkh �uvw sodfh,1 Vdpsoh E ohdyhv rxw ulvn vkdulqj jurxsv frpsrvhg

ri frxqwulhv1 Lw lv lpsruwdqw wr h{dplqh zkhwkhu rxu uhvxowv duh hqwluho| gulyhq e| wkh

glfkrwrplhv _furvv0frxqwu| yhuvxv furvv0uhjlrqdo ulvn vkdulqj% ru _furvv0frxqwu| yhuvxv furvv0

uhjlrqdo fdslwdo dqg oderu prelolw|/% ru e| v|vwhpdwlf gl�huhqfhv lq lqwhuqdwlrqdo dqg lqwudqd0
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wlrqdo wudgh sdwwhuqv1 Iru h{dpsoh/ dv suhylrxvo| phqwlrqhg/ wudgh eduulhuv pd| eh lpsruwdqw

hyhq li rxu vdpsoh lv qrw deoh wr grfxphqw wklv1 Wkh uhvxowv iru vdpsoh E fdqqrw/ krzhyhu/

eh gulyhq e| wudgh eduulhuv ru dq| rwkhu erughu h�hfwv vlqfh doo wkh ulvn vkdulqj jurxsv lq wklv

vdpsoh duh frxqwulhv zlwk ixoo| lqwhjudwhg uhjlrqv1 Vdpsoh F ohdyhv rxw Odwlq Dphulfd/ dqg

Lwdo| wkdw h{klelwv d sduwlfxoduo| odujh �g1 Vdpsoh G ohdyhv rxw wkh Xqlwhg Vwdwhv +dqg Odwlq

Dphulfd, wr vhh li wkh uhvxowv duh pdlqo| gulyhq e| wkh 83 X1V1 vwdwhv1 Vdpsoh H frqvlvwv ri

doo wkh uhjlrqv lqfoxglqj wkh Odwlq Dphulfd jurxs1 Vdpsoh I ohdyhv rxw Mdsdq +dqg Odwlq

Dphulfd, iru frpsdulvrq wr uhjuhvvlrqv xvlqj rwkhu ulvn vkdulqj phdvxuhv/ zklfk rxu gdwd vhw

grhv qrw doorz xv wr fdofxodwh iru Mdsdq1

Wkh uhvxowv lq Wdeoh 9 duh txdolwdwlyho| wkh vdph dfurvv wkh ydulrxv vdpsohv/ dowkrxjk

wkhuh lv yduldwlrq lq wkh pdjqlwxgh dqg vljql�fdqfh ohyhov ri vrph frh�flhqwv1 Lq doo vdpsohv/

zh �qg d qhjdwlyh vljq rq wkh shu fdslwd JGS ri wkh ulvn vkdulqj jurxsv +B#�C, dqg d

srvlwlyh vljq rq wklv yduldeoh vtxduhg/ erwk kljko| vljql�fdqw12� Iru Vdpsoh H/ zklfk lqfoxghv

Odwlq Dphulfd/ wkh hvwlpdwhg frh�flhqwv ri B#�C dqg B#�
C vtxduhg duh vrphzkdw gl�huhqw

frpsduhg wr wkh rwkhu vdpsohv1 Wklv prvw olnho| lqglfdwhv wkdw sdwwhuqv ri vshfldol}dwlrq

duh vrphzkdw gl�huhqw dw orzhu ohyhov ri ghyhorsphqw/ zklfk lv |hw dqrwkhu uhdvrq +ehvlghv

gdwd lvvxhv, iru ohdylqj rxw Odwlq Dphulfd lq wkh rwkhu vdpsohv1 Srsxodwlrq ghqvlw| h{klelwv

d fohduo| vljql�fdqw srvlwlyh frh�flhqw1 Lw vhhpv wkdw wkh lpsdfw ri srsxodwlrq ghqvlw|

rq vshfldol}dwlrq lv sduwlfxoduo| vwurqj lq Mdsdq/ vlqfh wkh frh�flhqw ehfrphv lqvljql�fdqw

zkhq wkh Mdsdqhvh suhihfwxuhv duh ohiw rxw +vhh wkh odvw froxpq lq wkh wdeoh,1 Wklv lv qrw d

irfxv ri rxu sdshu/ vr zh devwdlq iurp dwwhpswlqj wr lqwhusuhw wklv �qglqj lq pruh ghwdlo1

Srsxodwlrq vkrzv d w|slfdoo| vljql�fdqw qhjdwlyh frh�flhqw zklfk lv wr eh h{shfwhg gxh wr

juhdwhu khwhurjhqhlw| ri odujh uhjlrqv dqg odujh srsxodwlrqv1 Dowhuqdwlyho|/ wklv pd| uh�hfw

glv0hfrqrplhv ri vfdoh eh|rqg d fhuwdlq plqlpdo ohyho ri rxwsxw wkdw lv pruh olnho| uhdfkhg

lq odujhu uhjlrqv1 +Fohduo|/ odujh uhjlrqv olnh Fdoliruqld dqg Wh{dv/ qrw wr vshdn ri Jhupdq|

dqg Mdsdq lq wkh vdpsohv lqfoxglqj frxqwulhv dv _uhjlrqv/% fdqqrw ixoo| vshfldol}h lq d qduurz

lqgxvwu|1, Wkh vkduh ri pdqxidfwxulqj lq JGS h{klelwv d srvlwlyh frh�flhqw/ exw lv erughuolqh

vljql�fdqw1

Zh qrz wxuq wr wkh frh�flhqw ri pdlq lqwhuhvw= Lq vdpsoh D/ wkh ulvn vkdulqj phdvxuh/
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�g / wdnhv d frh�flhqw ri 4154/ vwurqjo| vljql�fdqw zlwk d w0ydoxh ri 619<122 Wklv lv rxu pdlq

uhvxow= Ulvn vkdulqj pdwwhuv iru vshfldol}dwlrq1 Lq wkh iroorzlqj zh ghprqvwudwh wkdw lw lv

d urexvw �qglqj1 Li zh ohdyh rxw ulvn vkdulqj jurxsv frpsrvhg ri frxqwulhv +vdpsoh E, zh

kdyh rqo| vl{ ulvn vkdulqj jurxsv/ exw wkh frh�flhqw ri wkh ulvn vkdulqj phdvxuh lv vwloo

fohduo| vljql�fdqw dqg wkh srlqw hvwlpdwh lv 41781 Wkh uhvxowv iru vdpsoh E/ zlwk qr ulvn

vkdulqj jurxsv frpsrvhg ri frxqwulhv/ fdqqrw srvvleo| eh d frqvhtxhqfh ri wudgh eduulhuv1

Fohduo|/ fdslwdo pdunhw lqwhjudwlrq sod|v d pdmru uroh lq ghwhuplqlqj sdwwhuqv ri lqgxvwuldo

vshfldol}dwlrq1

Wkh hvwlpdwhg frh�flhqwv ri �g duh vlplodu iru vdpsohv G dqg H +zlwkrxw Lwdo| dqg wkh

Xqlwhg Vwdwhv/ uhvshfwlyho|,1 Lqfoxglqj Odwlq Dphulfd dv d ulvn vkdulqj jurxs +vdpsoh H,

djdlq kdv olwwoh h�hfw rq wkh hvwlpdwhg frh�flhqw/ frpsduhg wr vdpsoh D1 Ilqdoo|/ wkh uhvxowv

iru vdpsoh I +gursslqj Mdsdq, dovr uhvhpeoh wkrvh iru vdpsoh D/ h{fhsw wkdw wkh frh�flhqw

ri �g lv rqo| erughuolqh vljql�fdqw1

Rxu phdvxuh ri ulvn vkdulqj lv dq hvwlpdwh dqg wkhuhiruh vxemhfw wr phdvxuhphqw huuru12�

Phdvxuhphqw huuru lq d uhjuhvvru lv olnho| wr ohdg wr d eldvhg hvwlpdwh> lw lv/ krzhyhu/ hdv| wr

ghprqvwudwh wkdw wkh frh�flhqw wr d uhjuhvvru phdvxuhg zlwk huuru +zkhq wkhuh lv rqo| rqh

frh�flhqw zlwk phdvxuhphqw huuru, lv eldvhg wrzdugv }hur1 Wkhuhiruh/ li zh �qg d vljql�fdqw

frh�flhqw wr wkh ulvn vkdulqj phdvxuh +dv zh gr, zh fdq eh frq�ghqw wkdw wkh frh�flhqw/ lq

wkh devhqfh ri phdvxuhphqw huuru/ zrxog eh hyhq odujhu1 Wkh urexvwqhvv dqg vlplodulw| ri

wkh uhvxowv dfurvv wkh ydulrxv vdpsohv ixuwkhu vwuhqjwkhqv rxu frqylfwlrq wkdw wkh| duh qrw

vhulrxvo| d�hfwhg e| phdvxuhphqw huuru1 Ryhudoo/ wkh fohdu lpsuhvvlrq iurp Wdeoh 9 lv wkdw

pruh ulvn vkdulqj lv dvvrfldwhg zlwk juhdwhu vshfldol}dwlrq1

Wdeoh : h{dplqhv urexvwqhvv wr vshfl�fdwlrq/ lqfoxglqj fkrlfh ri vshfldol}dwlrq lqgh{/

zkloh vwloo uho|lqj rq wkh ulvn vkdulqj phdvxuh �g 1 Lq vrph froxpqv/ wkh ulvn vkdulqj phdvxuh

lv lqwhudfwhg zlwk wkh vkduh ri pdqxidfwxulqj lq hdfk uhjlrq*v JGS= Li pdqxidfwxulqj lv rqo|

d wlq| iudfwlrq ri d sduwlfxodu uhjlrq*v JGS/ wkhq wkh surgxfwlrq ulvn ri wkh pdqxidfwxulqj

vhfwru fdq hdvlo| eh glyhuvl�hg zlwklq wkh uhjlrq1 Lq vxfk d fdvh/ wkh dprxqw ri furvv0uhjlrqdo

ulvn vkdulqj pd| eh ri olwwoh lpsruwdqfh iru vshfldol}dwlrq sdwwhuqv lq pdqxidfwxulqj1 Wkh

vshfl�fdwlrq lq Wdeoh 9 vhhphg pruh vwudljkw0iruzdug wr xv/ exw wkh fkrlfh ri ixqfwlrqdo
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irup lv qrw edvhg rq dq h{solflw wkhruhwlfdo prgho dqg lv/ wkhuhiruh/ vrphzkdw duelwudu|1

Iruwxqdwho|/ wkh uhvxowv iru wkh dowhuqdwlyh vshfl�fdwlrq duh yhu| vlplodu wr wkrvh uhsruwhg lq

Wdeoh 9 lq whupv ri vwdwlvwlfdo vljql�fdqfh1 Lq wkh wklug froxpq ri Wdeoh : zh vkrz uhvxowv

vlplodu wr wkrvh lq wkh �uvw froxpq ri Wdeoh 9/ h{fhsw wkdw wkh gdwd iru hdfk uhjlrq duh

zhljkwhg e| wkh orjdulwkp ri srsxodwlrq1 Wkh uhvxowv duh yhu| vlplodu wr wkh uhvxowv irxqg

xvlqj pdqxidfwxulqj JGS zhljkwv1 Zh ixuwkhu vkrz uhjuhvvlrqv ri wkh 5�,�2 vshfldol}dwlrq

lqgh{ rq wkh vdph uhjuhvvruv1 Wkh uhvxowv duh ryhudoo vlplodu1

Wr ixuwkhu h{dplqh urexvwqhvv/ zh vsolw wkh vdpsohv xvhg iru fdofxodwlqj ulvn vkdulqj dqg

vshfldol}dwlrq urxjko| plgzd|/ rewdlqlqj dq _hduo|% dqg d _odwh% vdpsoh +vlqfh iru Fdqdgd/

vshfldol}dwlrq fdq rqo| eh fdofxodwhg iurp 4<;: rq/ zh ohiw lw rxw lq wklv h{huflvh,1 Hvwlpdwlqj

ulvn vkdulqj iru wkh hduo| dqg wkh odwh vdpsoh jdyh yhu| vlplodu uhvxowv/ h{fhsw iru d vwurqj

lqfuhdvh lq �g iru Vsdlq/ frqvlvwhqw zlwk uhvxowv lq Doehurod dqg Dvguxedol +4<<;,1 Zh ixuwkhu

irxqg d vpdoo ghfuhdvh lq vshfldol}dwlrq iru doo ulvn vkdulqj jurxsv dsduw iurp wkh Hxurshdq

Frppxqlw|/ frqvlvwhqw zlwk Nlp*v +4<<8, vwxg| ri vshfldol}dwlrq lq wkh Xqlwhg Vwdwhv1 Wkh

srlqw hvwlpdwhv lq uhjuhvvlrqv iru wkh hduo| dqg odwh vxe0shulrgv/ iru erwk vdpsoh D dqg

vdpsoh E/ duh vlplodu wr wkrvh uhsruwhg lq Wdeoh 9 dqg duh vljql�fdqw iru erwk vdpsohv1 Zh

gr qrw uhsruw wkh ghwdlohg frh�flhqwv12e

Zh ixuwkhu hvwlpdwhg wkh prgho xvlqj ulvn vkdulqj phdvxuhv fdofxodwhg zlwk qrq0ryhuodsslqj

60|hdu revhuydwlrqv +60|hdu gl�huhqflqj ri wkh gdwd,1 V�uhqvhq dqg \rvkd +4<<;, irxqg/ xv0

lqj RHFG frxqwu| ohyho gdwd/ wkdw vprrwklqj wkurxjk frusrudwh vdylqj ghfolqhv wr qhdu }hur

zkhq prylqj iurp 40 wr 60|hdu vdpsolqj1 Li idloxuh wr vhsdudwh rxw wkh h�hfw ri dgmxvwphqw

lq frusrudwh vdylqj udwhv d�hfwv wkh hvwlpdwlrq ri �g / wkhq zh zrxog h{shfw wr �qg txlwh

gl�huhqw uhvxowv xvlqj hvwlpdwhv ri �g edvhg rq 40 dqg 60|hdu lqwhuydov1 Wkh uhvxowv +qrw

uhsruwhg,/ krzhyhu/ duh yhu| forvh wr wkrvh uhsruwhg lq Wdeoh 91

Wkh frqvlvwhqf| ri wkh hpslulfdo uhvxowv dfurvv wkh ydulrxv vdpsohv dqg vshfl�fdwlrqv

ghprqvwudwhv wkdw/ hpslulfdoo|/ wkhuh lv d urexvw srvlwlyh uhodwlrq ehwzhhq ulvn vkdulqj dqg

vshfldol}dwlrq/ d uhodwlrq zklfk lv dw wkh khduw ri pxfk wkhruhwlfdo zrun/ exw qhyhu grfxphqwhg

lq wkh gdwd1
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Wkh srwhqwldo iru wkh h{whqw ri lqwhu0uhjlrqdo ulvn vkdulqj ehlqj ghwhuplqhg e| wkh dprxqw ri

uhjlrqdo vshfldol}dwlrq fdoov iru d fduhixo lqwhusuhwdwlrq ri wkh deryh uhjuhvvlrqv1 Iruwxqdwho|/

zh kdyh yhu| jrrg +lq wkh vhqvh ri ehlqj h{rjhqrxvo| ghwhuplqhg, lqvwuxphqwdo yduldeohv/

dv h{sodlqhg lq wkh suhylrxv vhfwlrq1 Zh xvh wkuhh gl�huhqw lqvwuxphqwv= +4, surwhfwlrq ri

vkduhkroghu uljkwv lqglfhv> +5, d fxpxodwlyh surwhfwlrq ri fuhglwru uljkwv lqgh{> dqg +6, wkh

+dyhudjh, JGS vkduh ri �qdqfldo vhuylfhv/ lqvxudqfh/ dqg uhdo hvwdwh +ILUH,1 Iru vkduhkroghu

uljkwv/ zh xvh 7 yduldeohv iurp Od Sruwd hw do1 +4<<;,/ Wdeoh 71 Zh vhohfw wkh lqvwuxphqwv

zlwk wkh kljkhvw fruuhodwlrq zlwk rxu ulvn vkdulqj phdvxuh1 +Xvlqj doo lqvwuxphqwv lv qrw

ihdvleoh vlqfh zh kdyh ihz ulvn vkdulqj jurxsv lq rxu vdpsoh/ dqg vhdufklqj iru wkh _ehvw%

vhw ri lqvwuxphqwv pd| lqydolgdwh wkh w0vwdwlvwlfv +suh0whvwlqj eldv,,1 Zh dovr xvh wkh ryhudoo

lqgh{ ri fuhglwru surwhfwlrq uljkwv iurp Od Sruwd hw do1 +4<<;,/ Wdeoh 5/ froxpq 81 Lq rxu

vdpsoh/ fuhglwru surwhfwlrq uljkwv duh qhjdwlyho| fruuhodwhg zlwk vkduhkroghu surwhfwlrq uljkwv

+dqg zlwk rxu ulvn vkdulqj phdvxuh,> vr rxu lqwhusuhwdwlrq lv wkdw fuhglwru uljkwv sod| wkh uroh

ri dq dowhuqdwlyh +lqyhuvh, phdvxuh ri vkduhkroghu uljkwv1 Ilqdoo|/ zh xvh wkh vkduh ri wkh

�qdqfldo vhfwru lq JGS rewdlqhg iurp RHFG Qdwlrqdo Dffrxqwv1 Vlqfh wklv lqvwuxphqw lv

iurp d gl�huhqw vrxufh wkdq wkh fuhglwru dqg vkduhkroghu surwhfwlrq lqglfhv/ lw vhuyhv dv d

ixuwkhu urexvwqhvv fkhfn iru wkh lqvwuxphqwdo yduldeohv hvwlpdwlrq1

Wkh hpslulfdo uhvxowv/ glvsod|hg lq Wdeoh ;/ duh yhu| forvh wr wkrvh uhsruwhg lq Wdeoh 9/

dqg glvsod| w0vwdwlvwlfv iru wkh frh�flhqw ri �g wkdw duh fohduo| vljql�fdqw dw wkh 8 shufhqw

ohyho +h{fhsw iru wkh vhfrqg froxpq lq Wdeoh ;,1 Wkh srlqw hvwlpdwhv duh dozd|v srvlwlyh dqg

lq wkh vdph udqjh dv wkh hvwlpdwhv lq Wdeoh 912D

Wkh lqvwuxphqwdo yduldeohv uhjuhvvlrqv surylgh vwurqj hylghqfh ri d fdxvdo olqn uxqqlqj

iurp ulvn vkdulqj +lqfrph lqvxudqfh, wr vshfldol}dwlrq lq surgxfwlrq1 Zh wkxv eholhyh wr kdyh

surylghg vrolg hpslulfdo hylghqfh iru dq lpsruwdqw phfkdqlvp wkurxjk zklfk d ghyhorshg

dqg uholdeoh �qdqfldo v|vwhp/ edfnhg e| d ohjdo hqylurqphqw wkdw surwhfwv lqyhvwru uljkwv/

hqkdqfhv vshfldol}dwlrq dqg�lq oljkw ri wkh wkhruhwlfdo dqg hpslulfdo vwxglhv vxuyh|hg lq wkh

Lqwurgxfwlrq�surprwhv jurzwk12S
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Lq Wdeoh </ zh glvsod| uhjuhvvlrqv xvlqj wkh phdvxuh ri ulvn vkdulqj edvhg rq glvsrvdeoh

lqfrph/ �gnA / wkdw fdswxuhv wkh fxpxodwlyh lqvxudqfh uroh ri fdslwdo pdunhwv dqg wkh �vfdo

v|vwhp1 Wkhvh uhjuhvvlrqv xvh vdpsoh I/ dv zh gr qrw kdyh glvsrvdeoh lqfrph gdwd iru Mdsdq1

Li wkh ulvn vkdulqj surylghg e| ihghudo wd{0wudqvihu v|vwhpv lv lpsruwdqw iru vshfldol}dwlrq

ghflvlrqv/ wklv phdvxuh vkrxog dovr eh srvlwlyho| fruuhodwhg zlwk lqgxvwuldo vshfldol}dwlrq1

Wkh srlqw hvwlpdwhv ri wkh frh�flhqwv ri �gnA duh srvlwlyh exw qrw vwdwlvwlfdoo| vljql�fdqw1

Lq oljkw ri wkh zhdn vljql�fdqfh ri wkh frh�flhqw ri �g lq wkh odvw froxpq ri Wdeoh 9 +vdpsoh

I,/ zh fdqqrw zlwk frq�ghqfh dwwulexwh wkh odfn ri vwdwlvwlfdo vljql�fdqfh wr wkh xvh ri �gnA

+udwkhu wkdq wr wkh sduwlfxodu vdpsoh xvhg/ zlwkrxw wkh 7: Mdsdqhvh suhihfwxuhv,1 Lq rughu

wr ghwhuplqh zlwk juhdwhu fhuwdlqw| zklfk ri wkh lqfrph0edvhg ulvn vkdulqj phdvxuhv lv ehvw

fruuhodwhg zlwk vshfldol}dwlrq/ d pxfk odujhu vdpsoh lv qhhghg> exw wkh hylghqfh lq Wdeoh </

frpsduhg wr Wdeoh 9/ udlvhv wkh frqmhfwxuh wkdw fdslwdo pdunhw lqwhjudwlrq lv pruh lpsruwdqw

iru vshfldol}dwlrq wkdq ihghudo lqfrph lqvxudqfh1 Lw lv qhyhuwkhohvv uhdvvxulqj wkdw wkh vljqv ri

wkh frh�flhqwv duh qrw vhqvlwlyh wr wkh zd| wkh lqfrph0edvhg ulvn vkdulqj phdvxuh lv gh�qhg1

Zh h{shulphqwhg zlwk lqvwuxphqwdo yduldeohv hvwlpdwlrq iru wkh ulvn vkdulqj phdvxuh

�gnA 1 Iru wkh _ohjdo v|vwhp% lqvwuxphqwv/ zh gr qrw jhw vljql�fdqw hvwlpdwhv/ zklfk lv qrw

vxusulvlqj vlqfh wkh ohjdo v|vwhp lv xqolnho| wr eh d ghwhuplqdqw ri jryhuqphqw wd{ srolf|1

Zkhq wkh vkduh ri ILUH lq JGS lv xvhg dv dq lqvwuxphqw iru �gnA / zh �qg uhvxowv vlplodu

wr wkrvh lq Wdeoh ;1

D �L?t�4T|�L? �@ti_ �i@t�hit Lu +�t! 5�@h�?}

Lq Vhfwlrq 5/ zh dujxhg wkdw uhjlrqv zloo qrw vshfldol}h xqohvv wkh| kdyh dffhvv wr lqfrph

lqvxudqfh dqg/ khqfh/ frqvxpswlrq0edvhg phdvxuhv ri ulvn vkdulqj pd| eh ohvv wkdq lghdo iru

rxu sxusrvh1 Zh vxjjhvwhg wkdw dq lqfrph0edvhg phdvxuh ri ulvn vkdulqj lv prvw dssursuldwh

iru rxu vwxg|1 Qhyhuwkhohvv/ vlqfh wkh sursrvlwlrq wkdw ulvn vkdulqj hqkdqfhv vshfldol}dwlrq lq

surgxfwlrq kdv ehhq xeltxlwrxvo| irupxodwhg zlwklq prghov zkhuh hfrqrplf djhqwv xowlpdwho|

ghulyh xwlolw| iurp frqvxpswlrq/ zh eholhyh wkdw dq hpslulfdo lqyhvwljdwlrq ri wkh uhodwlrq

ehwzhhq d frqvxpswlrq0edvhg phdvxuh ri ulvn vkdulqj dqg vshfldol}dwlrq lv zduudqwhg1

Wr fduu| rxw vxfk dq dqdo|vlv/ zh qhhg d phdvxuh ri wkh iudfwlrq ri JGS vkrfnv vprrwkhg

?L| tih�L�t*) @giU| L�h hit�*|t�
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yld vdylqj dqg glv0vdylqj1 Wklv phdvxuh lv ghulyhg lq wkh vdph idvklrq dv wkh phdvxuh ri

vprrwklqj wkurxjk wd{hv dqg wudqvihuv1 Zh uhjuhvv wkh jurzwk udwh ri shuvrqdo glvsrvdeoh

lqfrph plqxv wkh jurzwk udwh ri frqvxpswlrq rq wkh jurzwk udwh ri JGS/ frqwuroolqj iru

djjuhjdwh JGS vkrfnv e| lqfoxglqj wlph �{hg h�hfwv=

� orj �#W���| ��orj ���5�| @ �| . �� �orjB#��| . ��| = +7,

Wkh phdvxuh �� lv srvlwlyh li frqvxpswlrq frydulhv ohvv zlwk JGS wkdq shuvrqdo glvsrvdeoh

lqfrph/ phdvxulqj wkh iudfwlrq ri uhjlrq0vshfl�f vkrfnv wr JGS devruehg wkurxjk dgmxvw0

phqwv lq wkh vdylqj udwh1 Li uhjlrqv frqvlghu lqfrph vprrwklqj +wkurxjk fdslwdo pdunhwv ru

wkh �vfdo v|vwhp, dqg frqvxpswlrq vprrwklqj yld vdylqj ehkdylru dv forvh vxevwlwxwhv/ wkhq

wkh ulvn vkdulqj phdvxuh wkdw lv uhohydqw iru vshfldol}dwlrq ghflvlrqv lv wkh ryhudoo iudfwlrq ri

JGS vkrfnv vprrwkhg=

�gnAn� @ �g . �A . �� =

Zh hvwlpdwh �gnAn� gluhfwo| iurp wkh +sdqho, uhjuhvvlrq � orjB#��| � �orj ���5�| @ �| .

�gnAn� �orjB#��| . ��|1 Wklv doorzv xv wr rewdlq dq hvwlpdwh ri �gnAn� dovr iru Mdsdq iru

zklfk qr phdvxuh ri glvsrvdeoh shuvrqdo lqfrph/ frqvlvwhqw zlwk rxu gdwd/ lv dydlodeoh1 +Gxh

wr wkh hvwlpdwlrq surfhgxuh/ wkh phdvxuh ri ryhudoo vprrwklqj lv rqo| dssur{lpdwho| htxdo

wr wkh vxp ri wkh _sduwldo% phdvxuhv ri vprrwklqj1,

Wkh hvwlpdwhg ydoxhv ri �gnAn� iru wkh ydulrxv ulvn vkdulqj jurxsv duh glvsod|hg lq wkh

wklug froxpq ri Wdeoh 712. Dffruglqj wr wklv phdvxuh/ frqvxpswlrq lv ixoo| ex�huhg djdlqvw

JGS vkrfnv lq Lwdo|/ exw qrw hovhzkhuh1

Lq Wdeoh 44/ zh glvsod| wkh uhodwlrq ehwzhhq wkh frqvxpswlrq0edvhg ulvn vkdulqj phdvxuh/

�gnAn�/ dqg vshfldol}dwlrq1 Wkh shuirupdqfh ri wklv phdvxuh lv fohduo| qrw jrrg/ zlwk wkh

vljq ri wkh frh�flhqw wr �gnAn� dowhuqdwlqj ehwzhhq srvlwlyh dqg qhjdwlyh/ dqg wkh frh�flhqw

fohduo| lqvljql�fdqw1 Wklv lv ixoo| frqvlvwhqw zlwk rxu dqdo|vlv lq Vhfwlrq 5= Vshfldol}dwlrq lq

surgxfwlrq lv pdlqo| d�hfwhg e| wkh ghjuhh ri fdslwdo pdunhw lqwhjudwlrq/ dqg pd|eh e| rwkhu

lqfrph lqvxudqfh phfkdqlvpv/ exw qrw e| wkh dprxqw ri frqvxpswlrq vprrwklqj wkurxjk

vdylqj dqg glv0vdylqj1

Dqrwkhu lqwhusuhwdwlrq lv vlpso| wkdw wkh ghwhuplqdqwv ri frqvxpswlrq/ dqg lq sduwlfxodu
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frqvxpswlrq vprrwklqj/ duh qrw zhoo xqghuvwrrg/ dqg wkdw phdvxuhv ri frqvxpswlrq qhhg

wr eh lpsuryhg1 Khqfh/ zh kdyh pdq| _frqvxpswlrq sx}}ohv% +vhh wkh vxuyh| e| Ghdwrq

+4<<5,,/ dqg Wdeoh 44 glvsod|v |hw dqrwkhu1 Lq dq| hyhqw/ dq lpsruwdqw lpsolfdwlrq lv wkdw

wkh h{foxvlyh irfxv ri wkh hpslulfdo ulvn vkdulqj olwhudwxuh rq ryhudoo frqvxpswlrq vprrwklqj/

udwkhu wkdq rq lqfrph vprrwklqj�wkh �uvw ohyho ri wrwdo frqvxpswlrq vprrwklqj�pd| kdyh

ehhq xqzduudqwhg1

S �L?U*�_�?} +i4@h!t

Zh surylghg hylghqfh wkdw ulvn vkdulqj dqg lqgxvwuldo vshfldol}dwlrq duh srvlwlyho| fruuhodwhg

xvlqj d odujh gdwd vhw wkdw frpelqhv lqwhuqdwlrqdo dqg lqwudqdwlrqdo +lqwhu0uhjlrqdo, revhu0

ydwlrqv1 Zh ghprqvwudwhg wkdw wklv fruuhodwlrq lv urexvw/ vxuylylqj zkhq yduldeohv zkrvh

rplvvlrq fdq srwhqwldoo| jhqhudwh d vsxulrxv fruuhodwlrq duh frqwuroohg iru1 Lq sduwlfxodu/ rxu

hylghqfh lqglfdwhv wkdw vshfldol}dwlrq sdwwhuqv duh qrw gulyhq e| kljkhu eduulhuv wr lqwhuqd0

wlrqdo yhuvxv lqwhu0uhjlrqdo wudgh ru e| kljkhu idfwru prelolw| zlwklq yhuvxv dfurvv frxqwulhv1

Zh ixuwkhu ghprqvwudwhg wkdw wkh srvlwlyh vljql�fdqw fruuhodwlrq ehwzhhq ulvn vkdulqj dqg

vshfldol}dwlrq lv urexvw wr prvw fkdqjhv lq wkh vdpsoh ri uhjlrqv dqg ulvn vkdulqj jurxsv1 Dv

lqvwuxphqwv iru wkh dprxqw ri lqwhu0uhjlrqdo ulvn vkdulqj zh xwlol}hg txdqwlwdwlyh phdvxuhv ri

ihdwxuhv ri wkh ohjdo v|vwhp +iru lqvwdqfh vkduhkroghu uljkwv,/ zklfk duh olnho| wr eh h{rjhqrxv

wr vshfldol}dwlrq lq surgxfwlrq exw zklfk idflolwdwh ulvn vkdulqj1 Zh irxqg vwurqj hylghqfh

wkdw wkh fruuhodwlrq ehwzhhq ulvn vkdulqj dqg vshfldol}dwlrq lqghhg uh�hfwv d fdxvdo uhodwlrq

iurp ulvn vkdulqj wr vshfldol}dwlrq1

Lq wkh ghedwh rq Hxurshdq Prqhwdu| Xql�fdwlrq/ lw kdv ehhq dujxhg�Iudqnho dqg Urvh

+4<<;,�wkdw frxqwulhv pd| h{shulhqfh pruh fruuhodwhg vkrfnv wr JGS diwhu hqwhulqj d frp0

prq fxuuhqf| duhd/ gxh wr wkh idfw wkdw d kljkhu wudgh yroxph vhhpv wr eh dvvrfldwhg zlwk

pruh fruuhodwhg JGS vkrfnv1 Rxu dqdo|vlv dggv d txdol�hu wr wklv revhuydwlrq= Li irupdwlrq

ri d frpprq fxuuhqf| duhd ohdgv wr pruh fdslwdo pdunhw lqwhjudwlrq dqg wkhuhiruh dovr wr

pruh lqwhu0frxqwu| ulvn vkdulqj/ wkhq frxqwulhv zloo vshfldol}h pruh/ zklfk lv olnho| wr ohdg wr

ohvv fruuhodwhg JGS vkrfnv1 +Zklfk h�hfw lv pruh lpsruwdqw fdq rqo| eh ghwhuplqhg iurp

ixuwkhu hpslulfdo zrun1,2H

2HW| �t Lu|i? @tt�4i_ |�@| �| �t i@t�ih uLh UL�?|h�it ��|� 4Lhi ULhhi*@|i_ L�|T�| t�LU!t |L uLh4 @ 4L?i|@h)
�?�L?� W? |�i Thiti?Ui Lu h�t! t�@h�?} UL?|h@U|t ���U� t4LL|� �?UL4ic @ 4Lhi hi*i�@?| Uh�|ih�L? �t |�i i |i?|
|L ���U� �?UL4i t�LU!t @hi ULhhi*@|i_�

58



Dsshqgl{= Gdwd

41 RHFG= Zh xvh gdwd iurp RHFG Qdwlrqdo Dffrxqwv Yroxph 5/ Uhylvlrq 4<<9/

iru srsxodwlrq/ qdwlrqdo Frqvxphu Sulfh Lqglfhv +FSL,/ Jurvv Grphvwlf Surgxfw +JGS,/

frqvxpswlrq/ qdwlrqdo lqfrph/ qdwlrqdo glvsrvdeoh lqfrph/ dqg frusrudwh vdylqj iru wkh

|hduv 4<:4~<6> dqg iru pdqxidfwxulqj JGS e| w|sh ri dfwlylw| +dw fxuuhqw sulfhv, iru

wkh |hduv 4<::~<61

Pdqxidfwxulqj vxe0ohyhov duh dydlodeoh e| 50gljlw LVLF vhfwruv +vhh ehorz, iru 45 frxq0

wulhv +Dxvwuld/ Ehojlxp/ Fdqdgd/ Ghqpdun/ Ilqodqg/ Iudqfh/ Juhhfh/ Qhwkhuodqgv/ Qhz

]hdodqg/ Qruzd|/ Xqlwhg Vwdwhv/ Zhvw Jhupdq|, iru wkh shulrg 4<::~<61 Zh xvh :

ri wkh < LVLF 50gljlw pdqxidfwxulqj vhfwruv/ ohdylqj rxw wkh yhu| khwhurjhqhrxv vhfwru

_Rwkhu1% Qr gdwd duh dydlodeoh iru _zrrg dqg zrrg surgxfwv1%2b Zh xvh Qhw Qdwlrqdo

Lqfrph plqxv frusrudwh vdylqj dv wkh frxqwu| ohyho htxlydohqw wr shuvrqdo lqfrph1 Wkh

vdpsoh lv 4<:4~<61 Frusrudwh vdylqj lv qrw dydlodeoh iru doo frxqwulhv ru |hduv1 Wr

dyrlg xvlqj gl�huhqw frxqwulhv lq wkh fdofxodwlrq ri vshfldol}dwlrq dqg ulvn vkdulqj/ zh

xvhg rqo| wkh frxqwulhv iru zklfk zh zhuh deoh wr fdofxodwh erwk lqglfhv1 Wklv lvvxh lv

glvfxvvhg ehorz iru wkh uhohydqw vxevhwv ri wkh RHFG vdpsoh1 H{fkdqjh udwh gdwd duh

rewdlqhg iurp wkh LPI Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv gdwdedvh1 Odqg duhd lv iurp

wkh Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv +4<<:,1

51 Xqlwhg Vwdwhv= Zh xvh vwdwh ohyho gdwd iurp wkh Exuhdx ri Hfrqrplf Dqdo|vlv

+EHD,1 Gdwd iru pdqxidfwxulqj Jurvv Vwdwh Surgxfw dw fxuuhqw sulfhv +JVS, dw wkh

lqgxvwu| ohyho duh dydlodeoh e| vwdwh iru wkh shulrg 4<::~<71 +Zdvklqjwrq G1F1 lv yhu|

dw|slfdo dqg lv rplwwhg1, Zh xwlol}h EHD gdwd iru 54 pdqxidfwxulqj vxe0vhfwruv/ zklfk

zh djjuhjdwh wr < LVLF 50gljlw ohyhov1 Gdwd iru wrwdo JVS/ shuvrqdo lqfrph/ shuvrqdo

glvsrvdeoh lqfrph/ uhwdlo vdohv/ dqg srsxodwlrq e| vwdwh duh dovr iurp wkh EHD iru wkh

|hduv 4<::~<71 Gdwd duh wudqviruphg wr �{hg sulfhv xvlqj wkh Xqlwhg Vwdwhv qdwlrqdo

FSL1�f Odqg duhd lv iurp wkh Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv +4<<:,1
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61 HF= Vxevhw ri RHFG gdwd1 Iru wkh pdqxidfwxulqj ohyhov/ gdwd duh dydlodeoh iru 9

frxqwulhv +Ehojlxp/ Ghqpdun/ Iudqfh/ Juhhfh/ Qhwkhuodqgv/ Zhvw Jhupdq|, iru wkh

shulrg 4<::~<61 Juhhfh lv rplwwhg vlqfh lw lv dq rxwolhu lq wkh jurxs lq whupv ri lqfrph

shu fdslwd1 Iru Ghqpdun 4<:4~;3 dqg iru wkh Qhwkhuodqgv 4<:4~:9/ frusrudwh vdylqj

gdwd duh qrw dydlodeoh pdnlqj lw lpsrvvleoh wr frqvwuxfw ulvn vkdulqj phdvxuhv wkdw duh

frpsdudeoh zlwk wkh shuvrqdo lqfrph0edvhg phdvxuhv wkdw zh xvh iru uhjlrqv zlwklq

frxqwulhv +vhh irrwqrwh 46,1 Wkxv/ iru Ghqpdun dqg wkh Qhwkhuodqgv/ wkhvh |hduv duh

qrw xvhg lq wkh phdvxuhphqw ri ulvn vkdulqj/ zkhuhdv iru rwkhu frxqwulhv wkh hqwluh

vdpsoh shulrg +4<:4~<6, lv xvhg1

71 qrq0HF RHFG= Zh xvh gdwd iru Dxvwuld/ Fdqdgd/ Ilqodqg/ dqg wkh Xqlwhg Vwdwhv1

Zh duh uhvwulfwhg wr wklv olplwhg vdpsoh vlqfh frusrudwh vdylqj gdwd duh qrw dydlodeoh

iru vhyhudo frxqwulhv +vhh wkh suhylrxv lwhp,1

81 Fdqdgd= Gdwd iru Fdqdgldq surylqfhv duh dydlodeoh iurp wkh FDQVLP gdwdedvh

pdlqwdlqhg e| Vwdwlvwlfv Fdqdgd1 Zh xvh pdqxidfwxulqj JGS dw idfwru frvw +dw fxu0

uhqw sulfhv, iru hdfk lqgxvwu| e| surylqfh iru wkh shulrg 4<;:~<61 Wkh 60gljlw gdwd +54

vhfwruv, duh djjuhjdwhg wr wkh vdph 50gljlw vhfwruv dv wkh Xqlwhg Vwdwhv EHD gdwd1 +Dw

wkh 60gljlw ohyho rxu gdwd vrxufhv duh qrw frpsdwleoh1, Wkh gdwd duh dydlodeoh iru 8

surylqfhv +Doehuwd/ Eulwlvk Froxpeld/ Pdqlwred/ Rqwdulr/ Txhehf, iru 4<;:~<61 Shu0

vrqdo lqfrph/ shuvrqdo glvsrvdeoh lqfrph/ frqvxpswlrq/ srsxodwlrq/ dqg uhjlrqdo FSL

duh dovr dydlodeoh iurp FDQVLP1 Wkh ulvn vkdulqj phdvxuh lv frpsxwhg iru wkh shulrg

4<:<~<8 iru wkh vdph 8 surylqfhv deryh1 Gdwd duh wudqviruphg wr uhdo whupv xvlqj hdfk

surylqfh*v rzq |hduo| frqvxphu sulfh lqglfhv1 H{fkdqjh udwh gdwd duh rewdlqhg iurp

wkh LPI Lqwhuqdwlrqdo Ilqdqfldo Vwdwlvwlfv gdwdedvh1 Odqg duhd lv dovr iurp FDQVLP1

91 Mdsdq= Iru wkh pdqxidfwxulqj vxe0ohyhov/ zh xvh hpsor|phqw gdwd iurp wkh Vwdwlvwl0

fdo \hduerrn iru Mdsdq/ ydulrxv lvvxhv/ 4<:<~<61 Wkh gdwd duh dydlodeoh dw wkh 60gljlw

ohyho +54 vhfwruv, dqg djjuhjdwhg wr 50gljlw vhfwruv wkdw duh frqvlvwhqw zlwk wkh gdwd

iru wkh Xqlwhg Vwdwhv1 Wrwdo JGS/ shuvrqdo lqfrph/ frqvxpswlrq/ suhihfwxudo FSL dqg

srsxodwlrq e| suhihfwxuh duh iurp wkh Qdwlrqdo Dffrxqwv~Mdsdqhvh Suhihfwxudo

Gdwd sxeolvkhg e| Vlqirqlfd1 Wkh ulvn vkdulqj phdvxuh lv frpsxwhg iru wkh shulrg
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4<:8~<61 Pdqxidfwxulqj wrwdo JGS iru Mdsdqhvh suhihfwxuhv lv iurp Dqqxdo Uhsruw

rq Suhihfwxudo Dffrxqwv/ 4<<:/ sxeolvkhg e| wkh Hfrqrplf Sodqqlqj Djhqf| ri

Mdsdq1 Lw fryhuv doo suhihfwxuhv lq ydulrxv |hduv1 Zh kdyh gdwd iru doo suhihfwxuhv

iru 4<:8/ ;3/ ;8/ <3/ <4/ <5/ <61 Fxuuhqw sulfh gdwd duh gh�dwhg xvlqj wkh suhihfwxudo

frqvxphu sulfh lqgh{1 H{fkdqjh udwh gdwd duh rewdlqhg iurp wkh LPI Lqwhuqdwlrqdo

Ilqdqfldo Vwdwlvwlfv gdwdedvh1 Odqg duhd lv iurp wkh Vwdwlvwlfdo \hduerrn1

:1 Odwlq Dphulfd= Iru pdqxidfwxulqj vhfwruv ri Odwlq Dphulfdq frxqwulhv zh xvh jurvv

ydoxh dgghg +dw fxuuhqw sulfhv,/ lq LQGVWDW6/ Lqgxvwuldo Vwdwlvwlfv Gdwdedvh/ 60Gljlw

ohyho ri LVLF Frgh +4<<;,/ iurp XQLGR/ Xqlwhg Qdwlrqv Lqgxvwuldo Ghyhorsphqw Ru0

jdql}dwlrq1 Wklv gdwd edvh frqwdlqv wlph vhulhv iru wkh |hduv 4<96~<9/ dffruglqj wr

dydlodelolw|/ iru 4:8 frxqwulhv1 Wkh gdwd duh duudqjhg dffruglqj wr LVLF 60gljlw fdwh0

jrulhv/ zklfk surylghv iru wkh lqfoxvlrq ri 5; lqgxvwulhv lq wkh pdqxidfwxulqj vhfwru1 Zh

djjuhjdwhg wkh gdwd wr 50gljlw ohyhov frqvlvwhqw zlwk wkh X1V1 gdwd1 Wkh gdwd duh dydlo0

deoh iru < frxqwulhv +Dujhqwlqd/ Erolyld/ Fkloh/ Frorpeld/ Frvwd Ulfd/ Hfxdgru/ Shux/

Yhqh}xhod/ Xuxjxd|, iru wkh shulrg 4<:<~<31 Wrwdo JGS dqg srsxodwlrq duh rewdlqhg

iurp Duuhd}d +4<<;,1 Wkh ulvn vkdulqj hvwlpdwhv/ uhsruwhg lq Duuhd}d +4<<;,/ duh fdofx0

odwhg xvlqj 4; frxqwulhv�wkrvh phqwlrqhg deryh soxv Eud}lo/ Ho Vdoydgru/ Jxdwhpdod/

Krqgxudv/ Ph{lfr/ Qlfdudjxd/ Sdqdpd/ Sdudjxd|/ dqg Grplqlfdq Uhsxeolf1 Gdwd iru

Qhw Qdwlrqdo Lqfrph ru frusrudwh vdylqj duh qrw dydlodeoh dqg Duuhd}d +4<<;, fdofx0

odwhg wkh dprxqw ri ulvn vkdulqj rewdlqhg yld lqwhuqdwlrqdo idfwru lqfrph �rzv1 Zh

kdyh h{wudsrodwhg wklv phdvxuh wr eh frpsdudeoh zlwk rxu ulvn vkdulqj phdvxuh iru wkh

RHFG frxqwulhv1�� H{fkdqjh udwh gdwd duh rewdlqhg iurp wkh LPI Lqwhuqdwlrqdo Il0

qdqfldo Vwdwlvwlfv gdwdedvh1 Odqg duhd lv iurp Vwdwlvwlfdo Devwudfw ri wkh Xqlwhg Vwdwhv

+4<<:,1

;1 Lwdo|= Iru uhjlrqdo pdqxidfwxulqj 50gljlw vhfwruv/ zh xvh jurvv ydoxh dgghg dw idfwru

frvw +dw fxuuhqw sulfhv, iurp Hxurvwdw*v uhjlrqdo gdwdedvhUHJLR1 Wklv gdwd vhw fryhuv

hfrqrplf dffrxqwv iru doo uhjlrqv ri Hxursh iru +vxevhwv ri, wkh shulrg 4<93~<81 Xqiru0

wxqdwho|/ wkhuh duh qr gdwd iru wkh zrrg vhfwru1 Wrwdo pdqxidfwxulqj JGS/ srsxodwlrq/

��6Lh |�i �,�# UL�?|h�it �i U@? U@*U�*@|i |�i @4L�?| Lu h�t! t�@h�?} EqN� @t _itUh�Mi_ �? |�i |i |c @?_ �i
U@? @*tL U@*U�*@|i |�i @4L�?| Lu h�t! t�@h�?} LM|@�?i_ ��@ �?|ih?@|�L?@* u@U|Lh �?UL4i �L�t� ì |�i? EuLh |�i
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dqg odqg duhd duh dovr iurp wklv vrxufh1 Wkh gdwd duh dydlodeoh iru doo Lwdoldq uhjlrqv

iru wkh |hduv 4<:8~<71 Wkh ulvn vkdulqj phdvxuh lv fdofxodwhg iru wkh shulrg 4<;6~<5

xvlqj doo uhjlrqv1 Wkh gdwd duh iurp _Frqwl hfrqrplfl uhjlrqdol ghooh dpplqlvwud}lrql

sxeolfkh h ghooh idpljolh/% Lwdoldq Qdwlrqdo Lqvwlwxwh ri Vwdwlvwlfv�Lvwlwxwr Qd}lrqdoh gl

Vwdwlvwlfd +LVWDW,1�2 Zh xvhg wrwdo JGS/ shuvrqdo glvsrvdeoh lqfrph/ frqvxpswlrq/

srsxodwlrq dqg wrwdo FSL1 Shuvrqdo lqfrph lv fdofxodwhg dv shuvrqdo glvsrvdeoh lqfrph

soxv wd{hv1 Wkh lqglfhv duh dovr fdofxodwhg iru 4<;6~<5 wr eh frpsdwleoh zlwk wkh ulvn

vkdulqj phdvxuh1 HFX h{fkdqjh udwh gdwd duh iurp wkh LPI Lqwhuqdwlrqdo Ilqdqfldo

Vwdwlvwlfv gdwdedvh1

<1 Vsdlq= Iru wkh pdqxidfwxulqj vhfwruv ri frppxqlwlhv ri Vsdlq/ zh xvh jurvv ydoxh

dgghg dw idfwru frvw +dw fxuuhqw sulfhv, dw wkh 50gljlw ohyho/ iurp Hxurvwdw*v uhjlrqdo

gdwdedvh UHJLR1 Djdlq/ zrrg vhfwru gdwd duh qrw dydlodeoh1 Wrwdo pdqxidfwxulqj

JGS/ srsxodwlrq/ dqg odqg duhd duh dovr iurp wklv vrxufh1 Gdwd duh dydlodeoh iru 49

frppxqlwlhv ri Vsdlq +rxw ri 4;, iru wkh shulrg 4<;3~<51 Zh gr qrw kdyh gdwd iru wkh

Edohduhv dqg Fhxwd | Pholood1 Wkh ulvn vkdulqj phdvxuh lv fdofxodwhg iru wkh shulrg

4<;4~<4 xvlqj wkh vdph 49 frppxqlwlhv1 Gdwd iru uhjlrqdo JGS/ shuvrqdo lqfrph/

shuvrqdo glvsrvdeoh lqfrph/ frqvxpswlrq/ srsxodwlrq/ dqg FSL duh dydlodeoh el0dqqxdoo|

iurp wkh Vsdqlvk Qdwlrqdo Lqvwlwxwh ri Vwdwlvwlfv� Lqvwlwxwr Qdflrqdo gh Hvwdglvwlfd

+LQH,�Uhjlrqdo Dffrxqwv ri Vsdlq/ ydulrxv lvvxhv1

431 Xqlwhg Nlqjgrp= Iru wkh pdqxidfwxulqj vhfwruv ri uhjlrqv ri wkh Xqlwhg Nlqjgrp

zh xvh jurvv ydoxh dgghg dw idfwru frvw +dw fxuuhqw sulfhv, dqg dw wkh 50gljlw ohyho/ iurp

Hxurvwdw*v uhjlrqdo gdwdedvh UHJLR1 Wkh gdwd iru wkh zrrg/ qrq0phwdoolf plqhudo

surgxfwv/ dqg wkh edvlf phwdo lqgxvwulhv vhfwruv duh qrw dydlodeoh1 Wrwdo pdqxidfwxulqj

JGS/ srsxodwlrq/ dqg odqg duhd duh dovr iurp wklv vrxufh1 Gdwd duh dydlodeoh iru doo

X1N1 uhjlrqv iru wkh shulrg 4<:;~<61 Wkh ulvn vkdulqj phdvxuh lv fdofxodwhg iru wkh

shulrg 4<:;~<6 xvlqj doo X1N1 uhjlrqv1 Wkh gdwd duh iurp wkh Uhjlrqdo Wuhqgv 4<98~<8

FG0URP iurp wkh R�fh ri Qdwlrqdo Vwdwlvwlfv1 Zh xvh wrwdo JGS/ shuvrqdo lqfrph/

shuvrqdo glvsrvdeoh lqfrph/ frqvxpswlrq/ srsxodwlrq/ dqg wrwdo FSL1

�2A�i _@|@ �ihi !�?_*) ThL��_i_ M) a@U^�it ��i*�|3 @?_ 6h�i_�ih�U ~�4ih |L ��L4 �i @hi �ih) }h@|iu�*( tii
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Wkh 50gljlw LVLF pdqxidfwxulqj ohyho frghv +Uhylvlrq 5, duh=

LVLF Frgh Fdwhjru|

64 Irrg/ ehyhudjhv dqg wredffr

65 Wh{wloh/ zhdulqj dssduho dqg ohdwkhu lqgxvwulhv

66 Zrrg dqg zrrg surgxfwv lqfoxglqj ixuqlwxuh

67 Sdshu dqg sdshu surgxfwv/ sulqwlqj dqg sxeolvklqj

68 Fkhplfdov dqg fkhplfdo shwurohxp/ frdo/ uxeehu dqg sodvwlf surgxfwv

69 Qrq0phwdoolf plqhudo surgxfwv/ h{fhsw surgxfwv ri shwurohxp dqg frdo

6: Edvlf phwdo lqgxvwulhv

6; Ideulfdwhg phwdo surgxfwv/ pdfklqhu| dqg htxlsphqw

6< Rwkhu pdqxidfwxuhg surgxfwvW

- Qrw lqfoxghg lq rxu vdpsoh
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Uhihuhqfhv

Dfhprjox/ Gdurq dqg Ideul}lr ]lolerwwl +4<<:,/ _Zdv Surphwkhxv Xqerxqg e| FkdqfhB Ulvn/
Glyhuvl�fdwlrq/ dqg Jurzwk/% Mrxuqdo ri Srolwlfdo Hfrqrp| 438/ :3<~:841

Doehurod/ Hqultxh dqg Slhuihghulfr Dvguxedol +4<<;,/ _Krz gr Frxqwulhv Vprrwk Uhjlrqdo
GlvwxuedqfhvB Ulvn Vkdulqj lq Vsdlq= 4<:6~4<<6/% plphr1/ Edqn ri Vsdlq1

Dowxj/ Vxpux/ dqg Urehuw D1 Ploohu +4<<3,/ _Krxvhkrog Fkrlfhv lq Htxloleulxp/% Hfrqrphw0
ulfd 8;/ 876~8:31

Dqghuvrq/ Mdphv H1 +4<;4,/ _Wkh Khfnvfkhu0Rkolq dqg Wudylv0Ydqhn Wkhruhpv xqghu Xq0
fhuwdlqw|/% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 44/ 56<~57:1

Duuhd}d/ Dguldqd +4<<;,/ _Frqvxpswlrq Vprrwklqj/ Fdslwdo Iorzv/ dqg Ilvfdo Srolf| lq
Odwlq Dphulfdq Frxqwulhv/% plphr1/ Eurzq Xqlyhuvlw|1

Dvguxedol/ Slhuihghulfr/ Ehqw H1 V�uhqvhq/ dqg Ryhg \rvkd +4<<9,/ _Fkdqqhov ri Lqwhuvwdwh
Ulvn Vkdulqj= Xqlwhg Vwdwhv 4<96~<3/% Txduwhuo| Mrxuqdo ri Hfrqrplfv 444/ 43;4~
44431

Dwkdqdvrxolv/ Vwhidqr dqg Hulf ydq Zlqfrrs +4<<;,/ _Ulvn Vkdulqj zlwklq wkh Xqlwhg Vwdwhv=
Zkdw Kdyh Ilqdqfldo Pdunhwv dqg Ilvfdo Ihghudolvp DffrpsolvkhgB% Ihghudo Uhvhuyh
Edqn ri Qhz \run/ Uhvhdufk Sdshu qr1 <;3;1

Dwwdqdvlr/ Rud}lr/ dqg Vwhyh Gdylv +4<<9,/ _Uhodwlyh Zdjh Pryhphqwv dqg wkh Glvwulexwlrq
ri Frqvxpswlrq/% Mrxuqdo ri Srolwlfdo Hfrqrp| 437/ 455:~45951

Edfnxv/ Gdylg/ Sdwulfn Nhkrh/ dqg Ilqq N|godqg +4<<5,/ _Lqwhuqdwlrqdo Uhdo Exvlqhvv F|0
fohv/% Mrxuqdo ri Srolwlfdo Hfrqrp| 433/ :78~::81

Eudlqdug/ Zlooldp F1 dqg Ulfkdug Q1 Frrshu +4<9;,/ _Xqfhuwdlqw| dqg Glyhuvl�fdwlrq ri Lq0
whuqdwlrqdo Wudgh/% Irrg Uhvhdufk Lqvwlwxwh Vwxglhv lq Djulfxowxudo Hfrqrplfv/ Wudgh/
dqg Ghyhorsphqw/ ;/ 58:~5;81

Fdpsehoo/ Mrkq \1/ dqg Dqjxv Ghdwrq/ +4<;<,/ _Zk| lv Frqvxpswlrq vr VprrwkB% Uhylhz
ri Hfrqrplf Vwxglhv 89/ 68:~6:61

Fdqryd/ Idelr/ dqg Pruwhq Udyq/ 4<<9/ _Lqwhuqdwlrqdo Frqvxpswlrq Ulvn Vkdulqj/% Lqwhu0
qdwlrqdo Hfrqrplf Uhylhz 6:/ 8:6~9341

Frfkudqh/ Mrkq +4<<4,/ _D Vlpsoh Whvw ri Frqvxpswlrq Lqvxudqfh/% Mrxuqdo ri Srolwlfdo
Hfrqrp| <</ <8:~<:91

Fuxflql/ Pdulr M1 +4<<<,/ _Rq Lqwhuqdwlrqdo dqg Qdwlrqdo Glphqvlrqv ri Ulvn Vkdulqj/% Uh0
ylhz ri Hfrqrplfv dqg Vwdwlvwlfv ;4/ :6~;71
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Ghdwrq/ Dqjxv +4<<5,/ Xqghuvwdqglqj Frqvxpswlrq/ Qhz \run= R{irug Xqlyhuvlw| Suhvv1

Ghgrod/ Oxfd/ Vwhidqr Xvdl/ dqg Pdufr Ydqqlql +4<<;,/ _Dq Dvvhvvphqw ri Uhjlrqdo Ulvn
Vkdulqj lq Lwdo| dqg wkh Xqlwhg Nlqjgrp/% iruwkfrplqj lq= Mrkq Dgdpv dqg Iudqfhvfr
Sljoldux/ hgv1/ Hfrqrplf Jurzwk dqg Fkdqjh= Qdwlrqdo dqg Uhjlrqdo Sdwwhuqv +Hojdu/
Fkhowhqkdp,1

gho Qhjur/ Pdufr +4<<;,/ _Djjuhjdwh Ulvn Vkdulqj Dfurvv XV Vwdwhv dqg Dfurvv Hxurshdq
Frxqwulhv/% Zrunlqj Sdshu/ \doh Xqlyhuvlw|1

Ihhqh|/ MrDqqh +4<<7,/ _Jrrgv dqg Dvvhw Pdunhw Lqwhughshqghqfh lq d Ulvn| Zruog/% Lq0
whuqdwlrqdo Hfrqrplf Uhylhz 68/ 884~8971

Ihhqh|/ MrDqqh +4<<:,/ _Lqwhuqdwlrqdo Ulvn Vkdulqj/ Ohduqlqj e| Grlqj/ dqg Jurzwk/% plphr1

Iruql/ Pdulr/ dqg Oxfuh}ld Uhlfkolq +4<<<,/ _Ulvn dqg Srwhqwldo Lqvxudqfh lq Hxursh/% Hx0
urshdq Hfrqrplf Uhylhz/ iruwkfrplqj1

Iudqnho/ Mh�uh|/ dqg Dqguhz Urvh +4<<;,/ _Wkh Hqgrjhqhlw| ri wkh Rswlpxp Fxuuhqf| Duhd
Fulwhulrq/% Hfrqrplf Mrxuqdo 43;/ 433<~43581

Iuhqfk/ N1 dqg M1 Srwhued +4<<4,/ _Lqyhvwru Glyhuvl�fdwlrq dqg Lqwhuqdwlrqdo Htxlw| Pdu0
nhwv/% Dphulfdq Hfrqrplf Uhylhz= Sdshuv dqg Surfhhglqjv ;4/ 555~5591

Juhhqzrrg/ Mhuhp| dqg Er|dq Mrydqrylf +4<<3,/ _Ilqdqfldo Ghyhorsphqw/ Jurzwk/ dqg wkh
Glvwulexwlrq ri Lqfrph/% Mrxuqdo ri Srolwlfdo Hfrqrp| <;/ 43:9~443:1

Jurvvpdq/ Jhqh dqg Dvvdi Ud}lq +4<;7,/ _Wkh Sdwwhuq ri Wudgh lq d Ulfdugldq Prgho zlwk
Frxqwu|0Vshfl�f Xqfhuwdlqw|/% Lqwhuqdwlrqdo Hfrqrplf Uhylhz 59/ 4<6~5351

Jurvvpdq/ Jhqh dqg Dvvdi Ud}lq +4<;8,/ _Lqwhuqdwlrqdo Fdslwdo Pryhphqwv Xqghu Xqfhu0
wdlqw|/% Mrxuqdo ri Srolwlfdo Hfrqrp| <5/ 5;9~6391

Kd|dvkl/ Ixplr/ Mrvhsk Dowrqml/ dqg Odxuhqfh Nrwolnr� +4<<9,/ _Ulvn Vkdulqj Ehwzhhq dqg
Zlwklq Idplolhv/% Hfrqrphwulfd 97/ 594~5<71

Khospdq/ Hokdqdq +4<;4,/ _Lqwhuqdwlrqdo Wudgh lq wkh Suhvhqfh ri Surgxfw Gl�huhqwldwlrq/
Hfrqrplhv ri Vfdoh dqg Prqrsrolvwlf Frpshwlwlrq= D Fkdpehuolq0Khfnvfkhu0Rkolq Ds0
surdfk/% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 44/ 638~6731

Khospdq/ Hokdqdq +4<;7,/ _Lqfuhdvlqj Uhwxuqv/ Lpshuihfw Pdunhwv/ dqg Wudgh Wkhru|/% lq=
Urqdog Z1 Mrqhv dqg Shwhu Nhqhq/ hgv1/ Kdqgerrn ri Lqwhuqdwlrqdo Hfrqrplfv/ Yro0
xph 4/ Qhz \run= Hovhylhu Vflhqfh

Khospdq/ Hokdqdq +4<;;,/ _Wudgh Sdwwhuqv xqghu Xqfhuwdlqw| zlwk Frxqwu| Vshfl�f Vkrfnv/%
Hfrqrphwulfd 89/ 978~98<1
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Khospdq/ Hokdqdq dqg Dvvdi Ud}lq +4<:;d,/ _Xqfhuwdlqw| dqg Lqwhuqdwlrqdo Wudgh lq wkh
Suhvhqfh ri Vwrfn Pdunhwv/% Uhylhz ri Hfrqrplf Vwxglhv 78/ 56<~5831

Khospdq/ Hokdqdq dqg Dvvdi Ud}lq +4<:;e,/ D Wkhru| ri Lqwhuqdwlrqdo Wudgh xqghu Xqfhu0
wdlqw|/ Qhz \run= Dfdghplf Suhvv1

Khvv/ Juhjru| G1 dqg Nzdqkr Vklq +4<<;,/ _Ulvn Vkdulqj e| Krxvhkrogv Zlwklq dqg Dfurvv
Uhjlrqv dqg Lqgxvwulhv/% Zrunlqj Sdshu/ Xqlyhuvlw| ri Ndqvdv1

Kxiedxhu/ Jdu| F1 dqg Mrkq J1 Fklodv +4<:7,/ _Vshfldol}dwlrq e| Lqgxvwuldo Frxqwulhv/% lq=
Khuehuw Jlhuvfk/ hg1/ Wkh Lqwhuqdwlrqdo Glylvlrq ri Oderxu= Sureohpv dqg Shuvshfwlyhv
+M1F1E1 Prku/ W�xelqjhq,1

Nhps/ Pxuud| F1 dqg Qlvvdq Olyldwdq +4<:6,/ _Surgxfwlrq dqg Wudgh Sdwwhuqv xqghu Xq0
fhuwdlqw|/% Wkh Hfrqrplf Uhfrug 7</ 548~55:1

Nlp/ Vxnnrr +4<<8,/ _H{sdqvlrq ri Pdunhwv dqg wkh Jhrjudsklf Glvwulexwlrq ri Hfrqrplf
Dfwlylwlhv= wkh Wuhqgv lq XV Uhjlrqdo Pdqxidfwxulqj Vwuxfwxuh 4;93~4<;:/% Txduwhuo|
Mrxuqdo ri Hfrqrplfv 443/ ;;4~<3;1

Nlqj/ Urehuw dqg Urvv Ohylqh +4<<6,/ _Ilqdqfh dqg Jurzwk= Vfkxpshwhu Pljkw eh Uljkw/%
Txduwhuo| Mrxuqdo ri Hfrqrplfv 43;/ :4:~:6:1

Nuxjpdq/ Sdxo +4<:<,/ _Lqfuhdvlqj Uhwxuqv/ Prqrsrolvwlf Frpshwlwlrq/ dqg Lqwhuqdwlrqdo
Wudgh/% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv </ 79<~7:<1

Nuxjpdq/ Sdxo +4<<4,/ Jhrjudsk| dqg Wudgh/ Fdpeulgjh/ PD= PLW Suhvv1

Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu/ dqg Urehuw Ylvkq| +4<<:,/ _Ohjdo
Ghwhuplqdqwv ri H{whuqdo Ilqdqfh/% Mrxuqdo ri Ilqdqfh 85/ 4464~44831

Od Sruwd/ Udidho/ Ioruhqflr Orsh}0gh0Vlodqhv/ Dqguhl Vkohlihu/ dqg Urehuw Ylvkq| +4<<;,/ _Odz
dqg Ilqdqfh/% Mrxuqdo ri Srolwlfdo Hfrqrp| 439/ 4446~44881

Ohzlv/ Nduhq +4<<9,/ _Zkdw Fdq H{sodlq wkh Dssduhqw Odfn ri Lqwhuqdwlrqdo Frqvxpswlrq
Ulvn VkdulqjB/% Mrxuqdo ri Srolwlfdo Hfrqrp| 437/ 59:~5<:1

Ohylqh/ Urvv/ dqg Vdud ]huyrv +4<<;,/ _Vwrfn Pdunhwv/ Edqnv/ dqg Hfrqrplf Jurzwk/% Dphu0
lfdq Hfrqrplf Uhylhz ;;/ 86:~88;1

Pdfh/ Eduedud M1 +4<<4,/ _Ixoo Lqvxudqfh lq wkh Suhvhqfh ri Djjuhjdwh Xqfhuwdlqw|/% Mrxuqdo
ri Srolwlfdo Hfrqrp| <</ <5;~<891

P�holw}/ Mdftxhv/ dqg Iu�hg�hulf ]xphu +4<<<,/ _Lqwhuuhjlrqdo dqg Lqwhuqdwlrqdo Ulvn Vkdulqj
dqg Ohvvrqv iru HPX/% Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf|/ iruwk0
frplqj1
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Revwihog/ Pdxulfh +4<<7d,/ _Ulvn0Wdnlqj/ Joredo Glyhuvl�fdwlrq/ dqg Jurzwk/% Dphulfdq
Hfrqrplf Uhylhz ;7/ 4643~465<1

Revwihog/ Pdxulfh +4<<7e,/ _Duh Lqgxvwuldo0Frxqwu| Frqvxpswlrq Ulvnv Joredoo| Glyhuvl0
�hgB/% lq= Ohrqdugr Ohlghupdq dqg Dvvdi Ud}lq/ hgv1/ Fdslwdo Prelolw|= Wkh Lpsdfw
rq Frqvxpswlrq/ Lqyhvwphqw/ dqg Jurzwk +Fdpeulgjh Xqlyhuvlw| Suhvv/ Qhz \run,1

Udmdq/ Udjkxudp/ dqg Oxljl ]lqjdohv +4<<;,/ _Ilqdqfldo Ghshqghqfh dqg Jurzwk/% Dphul0
fdq Hfrqrplf Uhylhz ;;/ 88<~8;91

Udydoolrq/ Pduwlq dqg Vkxekdp Fkdxgkxul +4<<:,/ _Ulvn dqg Lqvxudqfh lq Yloodjh Lqgld=
Frpphqw/% Hfrqrphwulfd 98/ 4:4~4;71

Ux�q/ Ur| +4<:7,/ _Frpsdudwlyh Dgydqwdjh Xqghu Xqfhuwdlqw|/% Mrxuqdo ri Lqwhuqdwlrqdo
Hfrqrplfv 7/ 594~5:61

Vdlqw0Sdxo/ Jloohv +4<<5,/ _Whfkqrorjlfdo Fkrlfh/ Ilqdqfldo Pdunhwv dqg Hfrqrplf Ghyhors0
phqw/% Hxurshdq Hfrqrplf Uhylhz 69/ :96~:;41

V�uhqvhq/ Ehqw H1 dqg Ryhg \rvkd +4<<;,/ _Lqwhuqdwlrqdo Ulvn Vkdulqj dqg Hxurshdq Prq0
hwdu| Xql�fdwlrq/% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 78/ 544~56;1

Vwrfnpdq/ Dodq/ dqg Olqgd Whvdu +4<<8,/ _Wdvwhv dqg Whfkqrorj| lq d Wzr0Frxqwu| Prgho
ri wkh Exvlqhvv F|foh= H{sodlqlqj Lqwhuqdwlrqdo Frpryhphqwv/% Dphulfdq Hfrqrplf
Uhylhz ;8/ 49;~4;81

Whvdu/ Olqgd/ dqg Lqjulg Zhuqhu +4<<8,/ _Krph Eldv dqg Kljk Wxuqryhu/% Mrxuqdo ri Lqwhu0
qdwlrqdo Prqh| dqg Ilqdqfh 47/ 79:~7<51

Wrzqvhqg/ Urehuw/ 4<<7/ _Ulvn dqg Lqvxudqfh lq Yloodjh Lqgld/% Hfrqrphwulfd 95/ 86<~8<41

]lqjdohv/ Oxljl +4<<8,/ _Zkdw Ghwhuplqhv wkh Ydoxh ri Frusrudwh YrwhvB/% Txduwhuo| Mrxu0
qdo ri Hfrqrplfv 443/ 437:~43:61
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Wdeoh 4= Ghvfulswlyh Vwdwlvwlfv

Ulvn Vkdulqj Qxpehu JGS Shu Srsxodwlrq Srsxodwlrq ghqvlw|
Jurxs ri Fdslwd ri Ulvn ri wkh Uhjlrqv ri wkh Uhjlrqv

Uhjlrqv Vkdulqj Jurxs

dyj pd{ plq dyj pd{ plq

Lwdo| 53 44768 5;87 ;;:: 447 783 4399 ;<
Xqlwhg Vwdwhv 83 493:8 7::: 59<:5 7:5 494 4356 4
Fdqdgd 8 48674 7;87 435;7 4443 46 5< 8
Xqlwhg Nlqjgrp 44 437;< 84:4 4:58: 48:9 :;3 5573 4:3
Mdsdq 7: 49458 58:: 44:<5 946 4946 48476 4:6
Vsdlq 49 9;87 5688 9:49 58; 66; 4877 87
HF frxqwulhv 8 45;57 65:33 :;93< 845; 956 44<< 595
qrq0HF frxqwulhv 7 4869< 9<675 56;:38 7;<5 ;; 56< :
O1D1 frxqwulhv < 556: 46<78 5<:4< 5838 88 45; 47

Qrwhv= JGS= X1V1 grooduv1 Srsxodwlrq= wkrxvdqg shuvrqv1 Srsxodwlrq ghqvlw|= shu0
vrqv2vtxduh plohv1 Lwdo|= doo surylqfhv1 Xqlwhg Vwdwhv= doo vwdwhv h{foxglqj GF1 Fdqdgd=
Txhehf/ Rqwdulr/ Pdqlwred/ Doehuwd/ Eulwlvk Froxpeld1 Xqlwhg Nlqjgrp= doo uhjlrqv1
Mdsdq= doo suhihfwxuhv1 Vsdlq= 49 frppxqlwlhv rxw ri 4;1 HF frxqwulhv= Ehojlxp/ Ghq0
pdun/ Iudqfh/ Jhupdq|/ Qhwkhuodqgv1 Qrq0HF frxqwulhv= Dxvwuld/ Fdqdgd/ Ilqodqg/ Xqlwhg
Vwdwhv1 Odwlq Dphulfdq frxqwulhv= Dujhqwlqd/ Erolyld/ Fkloh/ Frorpeld/ Frvwd Ulfd/ Hfxdgru/
Shux/ Yhqh}xhod/ Xuxjxd|1
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Wdeoh 5= Vrph Idfwv derxw wkh 48 Prvw Vshfldol}hg Uhjlrqv

Uhjlrqv Vhfwru Frqvwlwxwlqj Uhjlrq*v Vkduh ri Uhjlrq*v Uhjlrq*v
Kljkhvw Vkduh JGS Pdqxidfwxulqj lq Srsxodwlrq Srsxodwlrq

lq Pdqxidfwxulqj Shu Fdslwd Uhjlrq*v JGS Ghqvlw|

Prqwdqd +XV, 66 4658: 313; ;3; 9
Dodvnd +XV, 64 6973< 3137 838 4
Ghodzduh +XV, 68 534:4 315; 968 658
Dvwxuldv +VS, 6: 9475 3155 446 5:7
Kdzdll +XV, 64 4<446 3137 437; 496
Orxlvldqd +XV, 68 4<;<6 3148 75:6 <;
Ydooh G*drvwd +LW, 6: 45486 314: 447 ;<
Z|rplqj +XV, 68 5684: 3137 7:5 8
Fdqduldv +VS, 64 8<38 313: 4773 843
Zhvw Ylujlqld +XV, 68 44;9< 314; 4;:; :;
Rnlqdzd +MD, 64 44376 313: 44;8 4675
Ndqdjdzd +MD, 6; 4976; 3167 :89: ;375
Krnndlgr +MD, 64 47583 3145 897: 4:7
H{wuhpdgxud +VS, 64 7396 313: 43<; 9;
Sdlv Ydvfr +VS, 6; :88: 3168 5476 :8:

Qrwhv= JGS= X1V1 grooduv1 Srsxodwlrq= wkrxvdqg shuvrqv1 Srsxodwlrq ghqvlw|= shu0
vrqv2vtxduh plohv1 64= Irrg/ ehyhudjhv dqg wredffr1 66= Zrrg dqg zrrg surgxfwv lqfoxglqj
ixuqlwxuh1 68= Fkhplfdov dqg fkhplfdo shwurohxp/ frdo/ uxeehu dqg sodvwlf surgxfwv1 6:= Ed0
vlf phwdo lqgxvwulhv1 6;= Ideulfdwhg phwdo surgxfwv/ pdfklqhu| dqg htxlsphqw1 LW= Lwdo|/
XV= Xqlwhg Vwdwhv/ VS= Vsdlq/ MD= Mdsdq1
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Wdeoh 6= Vrph Idfwv derxw wkh 48 Ohdvw Vshfldol}hg Uhjlrqv

Uhjlrq*v Vkduh ri Uhjlrq*v Uhjlrq*v
JGS Pdqxidfwxulqj lq Srsxodwlrq Srsxodwlrq

Shu Fdslwd Uhjlrq*v JGS Ghqvlw|

Fdqdgd +QHF, 46984 3148 5946: :
Iudqfh +HF, 46799 3154 88656 595
Qlljdwd +MD, 47368 3158 57:3 8:<
Nxpdprwr +MD, 457<: 314: 4;5< 9:<
Txhehf +FD, 467;; 3149 :349 46
\1K1 +XN, :<;6 3155 7<64 ;54
Vfrwodqg +XN, ;5;6 3153 8464 4:4
Lzdwh +MD, 44;96 3153 4755 579
Deux}}r +LW, <668 314; 457< 5<9
Ehojlxp +HF, 45974 3153 <<33 ;7;
Whqqhvvhh +XV, 46<68 3159 7:8< 448
Jdolfld +VS, 7<48 314: 5;49 578
\dpdjdwd +MD, 4584< 3157 4589 769
Frorpeld +OD, 4485 314< 5;457 :3
Dundqvdv +XV, 44<86 3158 565; 77

Qrwhv= JGS= X1V1 grooduv1 Srsxodwlrq= wkrxvdqg shuvrqv1 Srsxodwlrq ghqvlw|= shu0
vrqv2vtxduh plohv1 QHF= qrq0HF/ MD= Mdsdq/ FD= Fdqdgd/ \1K1= \runvkluh dqg Kxpehuvlgh/
XN= Xqlwhg Nlqjgrp/ LW= Lwdo|/ VS= Vsdlq/ OD= Odwlq Dphulfd1
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Wdeoh 7= Ulvn Vkdulqj�

Uhjlrqv zlwklq Frxqwulhv yhuvxv Jurxsv ri Frxqwulhv

Ulvn Vdpsoh Ulvn Ulvn Ulvn
Vkdulqj Vkdulqj Vkdulqj Vkdulqj
Jurxs �g �gnA �gnAn�

Lwdo| 4<;6~<5 :<1< ;4 433
+61:, +715, +516,

Xqlwhg Vwdwhv 4<::~<7 8<15 971; 9:18
+418, +419, +719,

Fdqdgd 4<:<~<8 881< 9517 :414
+819, +91<, +61<,

Xqlwhg Nlqjgrp 4<:;~<6 6:1; 6814 ;719
+81;, +:19, +<,

Mdsdq 4<:8~<6 551: QD <514
+514, +515,

Vsdlq 4<;4~<4 4<15 6618 ;<1;
+817, +:1<, +;15,

Dyhudjh iru uhjlrqv zlwklq frxqwulhv 781; 8817 ;715

HF frxqwulhv 4<:4~<6 44 4714 7616
+814, +419, +81<,

qrq0HF frxqwulhv 4<:4~<6 4614 46 7715
+81:, +81<, +715,

O1D1 frxqwulhv 4<:6~<6 44 4714 7616

Dyhudjh iru jurxsv ri frxqwulhv 4519 461: 7619

Qrwhv= Vwdqgdug huuruv lq sduhqwkhvhv1 Ulvn vkdulqj jurxsv= vhh qrwhv wr Wdeoh 41 QD= Qrw
dssolfdeoh1
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Wdeoh 8= Vshfldol}dwlrq�

Uhjlrqv zlwklq Frxqwulhv yhuvxv Jurxsv ri Frxqwulhv

Ulvn Vdpsoh Vshfldol}dwlrq Vshfldol}dwlrq
Vkdulqj Lqgh{ Lqgh{
Jurxs +5�,�� � 43, +5�,�2,

Lwdo| 4<;6~<5 3179 3173
Xqlwhg Vwdwhv 4<::~<7 3196 3179
Fdqdgd 4<;:~<6 3176 3173
Xqlwhg Nlqjgrp 4<:;~<6 3165 3163
Mdsdq 4<:<~<6 3175 3176
Vsdlq 4<;3~<5 31:6 3185

Dyhudjh iru uhjlrqv zlwklq frxqwulhv 3183 3175

HF frxqwulhv 4<::~<6 3146 3156
qrq0HF frxqwulhv 4<::~<6 3154 315:
O1D1 frxqwulhv 4<::~<3 3167 3168

Dyhudjh iru jurxsv ri frxqwulhv 3156 315;

Frh�flhqw rq wlph wuhqg-4333 ~3194 ~519:
+41<4, +4165,

Qrwhv= Wkh vshfldol}dwlrq lqglfhv duh gh�qhg lq Vhfwlrq 61 Ulvn vkdulqj jurxsv= vhh qrwhv wr
Wdeoh 41 Wkh odvw 5 olqhv uhsruwv wkh frh�flhqw/ # dqg wkh uhvshfwlyh w0udwlr lq wkh iroorzlqj
�{hg h�hfwv uhjuhvvlrq zkhuh wlph ghqrwhv d wlph wuhqg= 5�,��| @ �� . # wlph| . ��|
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Wdeoh 9= Uhjuhvvlrq Uhvxowv L

Ghshqghqw yduldeoh�Vshfldol}dwlrq lqgh{ orj 5�,���

Vdpsoh D E F G H I
Revhuydwlrqv 48; 47< 46; 43; 49: 444

B#�
C ~31<3 ~4133 ~31<3 ~4143 ~3163 ~31<3

+6176, +614<, +51;9, +6157, +51;3, +613:,

+B#�C,2 3137 3137 3137 3137 3134 3137
+6177, +614:, +51:;, +6148, +5197, +614:,

Srsxodwlrq Ghqvlw| 31;4 31<; 31;5 31:6 31;7 5189
+51;4, +615;, +519:, +516<, +51<3, +413:,

orj Srsxodwlrq ~3144 ~3155 ~3144 ~3136 ~3149 ~314:
+41;:, +5199, +4195, +3174, +51<8, +5135,

Pdqxidfwxulqj JGS Vkduh 4187 415: 416< 41;7 419; 5159
+41:6, +417:, +416<, +41:7, +41<3, +41:9,

�g 4154 4178 4154 4184 413; 31<3
+619<, +6155, +51:9, +51;;, +6166, +41;:,

�U2 31:6 319; 31:4 31:7 31:5 31::

Qrwhv= B#�
C= Jurvv grphvwlf surgxfw shu fdslwd ri ulvn vkdulqj jurxs J1

_Pdqxidfwxulqj JGS Vkduh% lv wkh dyhudjh +ryhu wkh vdpsoh, ri wkh vkduh ri pdqxidfwxulqj
JGS lq wrwdo JGS ri hdfk uhjlrq1
Doo yduldeohv lq doo uhjuhvvlrqv duh zhljkwhg e| orj ri pdqxidfwxulqj JGS1
Vdpsoh D= Ixoo vdpsoh plqxv Odwlq Dphulfd1
Vdpsoh E= Qr Frxqwulhv +ixoo vdpsoh plqxv RHFG dqg Odwlq Dphulfd,1
Vdpsoh F= Ixoo vdpsoh plqxv Odwlq Dphulfd dqg Lwdo|1
Vdpsoh G= Ixoo vdpsoh plqxv Odwlq Dphulfd dqg wkh Xqlwhg Vwdwhv1
Vdpsoh H= Ixoo vdpsoh1
Vdpsoh I= Ixoo vdpsoh plqxv Odwlq Dphulfd dqg Mdsdq1
w0ydoxhv lq sduhqwkhvhv1
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Wdeoh := Uhjuhvvlrq Uhvxowv LL

Urexvwqhvv�Zhljkwv/ Lqglfhv/ Vshfl�fdwlrq
Ulvn Vkdulqj Phdvxuh �g

Ghshqghqw yduldeoh orj 5�,��� orj 5�,��� orj 5�,��� 5�,�
�
2 5�,�

�
2

Zhljkwv Z4 Z4 Z5 Z4 Z4
Vdpsoh= D E D D D
Revhuydwlrqv= 48; 47< 48; 48; 48;

B#�
C ~31<3 ~31<3 ~31<5 ~3153 ~3153

+6163, +6133, +61::, +61:7, +619:,

+B#�C,2 3137 3137 3137 3134 3134
+6165, +51<<, +61:<, +61;4, +61:6,

Srsxodwlrq Ghqvlw| 31;4 31<7 31;4 315< 315;
+51::, +614:, +517<, +81:<, +819<,

orj Srsxodwlrq ~3146 ~3155 ~3146 ~3137 ~3136
+5153, +5198, +5143, +6137, +51;:,

Pdqxidfwxulqj JGS Vkduh ~316; ~4139 4145 ~3165 ~313<
+3173, +4144, +4155, +5135, +3194,

+Pdq1 JGS Vkduh,-�g 7198 8165 ~ 3193 ~
+6173, +6144, ~ +518:, ~

�g ~ ~ 413: ~ 3146
~ ~ +6147, ~ +5159,

�U2 31:5 319: 31:7 3173 3173

Qrwhv= B#�
C= Jurvv grphvwlf surgxfw shu fdslwd ri ulvn vkdulqj jurxs J1

_Pdq1 JGS Vkduh% lv wkh dyhudjh +ryhu wkh vdpsoh, ri wkh vkduh ri pdqxidfwxulqj JGS lq
wrwdo JGS ri hdfk uhjlrq1
Z4= zhljkwlqj e| orj ri pdqxidfwxulqj JGS1
Z5= zhljkwlqj e| orj ri srsxodwlrq1
Vdpsoh D= Ixoo vdpsoh plqxv Odwlq Dphulfd1
Vdpsoh E= Qr Frxqwulhv +ixoo vdpsoh plqxv RHFG dqg Odwlq Dphulfd,1
w0ydoxhv lq sduhqwkhvhv1
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Wdeoh ;= Lqvwuxphqwdo Yduldeohv Uhjuhvvlrqv

Ghshqghqw yduldeoh�Vshfldol}dwlrq lqgh{ orj 5�,���

Vdpsoh D E D E D E
Revhuydwlrqv 48; 47< 48; 47< 48; 47<
Lqvwuxphqwv vu vu fu fu ILUH ILUH

B#�
C ~31<3 ~31;3 ~31<3 ~4133 ~4133 ~4133

+6174, +318;, +6166, +613;, +6183, +51<5,

+B#�C,2 3137 3137 3137 3137 3137 3137
+6175, +31:7, +6168, +613:, +616:, +51<4,

Srsxodwlrq Ghqvlw| 31;3 31:4 31;6 31<: 31;9 4133
+51;3, +3185, +51;3, +6154, +51;7, +6145,

orj Srsxodwlrq ~3144 ~3136 ~3144 ~3155 ~3143 ~3156
+41<3, +313;, +419<, +5195, +4186, +5193,

Pdqxidfwxulqj JGS Vkduh 4185 415< 4194 4158 41:4 4165
+41:4, +3165, +41:7, +4177, +41;4, +417:,

�g 414; 4178 4166 4175 416; 417<
+6188, +31:4, +5174, +51<6, +6195, +614<,

Qrwhv= fu= Dq lqgh{ ri fuhglwru uljkwv1 vu= Irxu lqglfdwruv ri vkduhkroghu uljkwv= rqh vkduh0
rqh yrwh +vhh/ h1j1/ ]lqjdohv +4<<8,,/ sur{| e| pdlo doorzhg/ fxpxodwlyh yrwlqj2sursruwlrqdo
uhsuhvhqwdwlrq/ shufhqwdjh ri vkduh fdslwdo qhhghg wr fdoo dq h{wudruglqdu| vkduhkroghu phhw0
lqj1 ILUH= Ilqdqfh/ Lqvxudqfh/ Uhdo Hvwdwh JGS dv iudfwlrq ri B#�C dyhudjhg ryhu wlph iru
hdfk jurxs 1
B#�

C= Jurvv grphvwlf surgxfw shu fdslwd ri ulvn vkdulqj jurxs J1
_Pdqxidfwxulqj JGS Vkduh% lv wkh dyhudjh +ryhu wkh vdpsoh, ri wkh vkduh ri pdqxidfwxulqj
JGS lq wrwdo JGS ri hdfk uhjlrq1
Doo yduldeohv lq doo uhjuhvvlrqv duh zhljkwhg e| orj ri pdqxidfwxulqj JGS1
Vdpsoh D= Ixoo vdpsoh plqxv Odwlq Dphulfd1
Vdpsoh E= Qr Frxqwulhv +ixoo vdpsoh plqxv RHFG dqg Odwlq Dphulfd,1
w0ydoxhv lq sduhqwkhvhv1
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Wdeoh <= Uhjuhvvlrq Uhvxowv LLL

Ulvn Vkdulqj Phdvxuh �gnA

Ghshqghqw yduldeoh orj 5�,��� orj 5�,��� 5�,�
�
2 5�,�

�
2

B#�
C ~31;3 ~31;3 ~3143 ~3143

+51;7, +51:;, +6133, +51<8,

+B#�C,2 3136 3136 3134 3134
+51<5, +51;:, +613;, +6138,

Srsxodwlrq Ghqvlw| 5197 51:: 3154 3155
+4143, +4148, +3184, +3187,

orj Srsxodwlrq ~314; ~3153 ~3137 ~3137
+5133, +5175, +5198, +51<4,

Pdqxidfwxulqj JGS Vkduh 5159 3199 3164 314<
+41:8, +3167, +4175, +3193,

+Pdq1 JGS Vkduh,-�gnA ~ 51;7 ~ 3155
~ +4166, ~ +3193,

�gnA 31;9 ~ 313: ~
+41;5, ~ +31<6, ~

�U2 31:: 31:9 3158 315:

Qrwhv= B#�
C= Jurvv grphvwlf surgxfw shu fdslwd ri ulvn vkdulqj jurxs J1

_Pdqxidfwxulqj JGS Vkduh% lv wkh dyhudjh +ryhu wkh vdpsoh, ri wkh vkduh ri pdqxidfwxulqj
JGS lq wrwdo JGS ri hdfk uhjlrq1
Doo yduldeohv lq doo uhjuhvvlrqv duh zhljkwhg e| orj ri pdqxidfwxulqj JGS1
Vdpsoh I lv xvhg iru doo uhjuhvvlrqv= Ixoo vdpsoh plqxv Odwlq Dphulfd dqg Mdsdq1
w0ydoxhv lq sduhqwkhvhv1
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Wdeoh 43= Uhjuhvvlrq Uhvxowv LY

Ulvn Vkdulqj Phdvxuh �gnAn�

Ghshqghqw yduldeoh orj 5�,��� 5�,�
�
2

Vdpsoh= D D
Revhuydwlrqv= 48; 48;

B#�
C ~3193 ~3143

+5178, +6147,

+B#�C,2 3136 3134
+517<, +6153,

Srsxodwlrq Ghqvlw| 3189 315:
+41:5, +71;;,

orj Srsxodwlrq ~3148 ~3137
+41;6, +51;5,

Pdqxidfwxulqj JGS Vkduh 31:7 ~3148
+31:<, +31<:,

�gn�nA 314< ~3136
+3165, +3167,

�U2 31:3 316;

Qrwhv= B#�
C= Jurvv grphvwlf surgxfw shu fdslwd ri ulvn vkdulqj jurxs J1

_Pdqxidfwxulqj JGS Vkduh% lv wkh dyhudjh +ryhu wkh vdpsoh, ri wkh vkduh ri pdqxidfwxulqj
JGS lq wrwdo JGS ri hdfk uhjlrq1
Doo yduldeohv lq doo uhjuhvvlrqv duh zhljkwhg e| orj ri pdqxidfwxulqj JGS1
Vdpsoh D= Ixoo vdpsoh plqxv Odwlq Dphulfd1
w0ydoxhv lq sduhqwkhvhv1

77



Figure 1: Specialization Indices
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Figure 2: Specialization vs. Risk Sharing
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Figure 3: Specialization vs. Risk Sharing
(Controlled for the effect of other regressors)
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