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Devwudfw

Wklv sdshu vwxglhv wkh vwhdg|0vwdwh dqg wudqvlwlrqdo g|qdplfv suhglfwlrqv ri dq U)G0edvhg
jurzwk prgho dqg hydoxdwhv wkhlu shuirupdqfh lq h{sodlqlqj lqfrph glvsdulwlhv dfurvv frxqwulhv1
Zh �qg wkdw hyhq wkrxjk vwhdg|0vwdwh frqglwlrqv gr voljkwo| ehwwhu dw suhglfwlqj vfkrrolqj
hquroophqw dqg lqyhvwphqw udwhv/ wudqvlwlrqdo g|qdplfv suhglfwlrqv/ ehwwhu �w wkh furvv0frxqwu|
rxwsxw shu zrunhu gdwd1 Wkhvh uhvxowv vxjjhvw wkdw wkh wudglwlrqdo ylhz ri d zruog lq zklfk
qdwlrqv pryh dorqj wkhlu glvwlqfw edodqfhg0jurzwk sdwkv lv dv olnho| dv wkh rqh lq zklfk frxqwulhv
pryh dorqj dgmxvwphqw sdwkv wrzdug d frpprq +yhu| orqj0uxq, vwhdg| vwdwh1 Lq dgglwlrq/ wkh
prgho surylghv d uhgxfhg irup hpslulfdo vshfl�fdwlrq wkdw lqfrusrudwhv fdslwdo lqsxw dqg U)G0
h�ruw phdvxuhv1 Wkhuhiruh/ zh fdq frpsduh wkh shuirupdqfh ri wkh vwdqgdug qhrfodvvlfdo jurzwk
prgho wr wkdw ri dq U)G0edvhg jurzwk prgho zlwk kxpdq fdslwdo dqg lpshuihfw frpshwlwlrq/
olnh rxuv1 Wklv vwdqgv lq frqwudvw wr wkh suhydohqw ylhz wkdw uhgxfhg irup uhjuhvvlrqv fdqqrw
glvfulplqdwh ehwzhhq qhrfodvvlfdo dqg U)G0edvhg jurzwk iudphzrunv1

MHO Fodvvl�fdwlrq Qxpehuv= R66/ R74/ R7:1
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Lq jurzwk olwhudwxuh lw lv frpprq sudfwlfh wr vwxg| furvv0frxqwu| lqfrph glvsdulwlhv xqghu wzr

pdlqwdlqhg dvvxpswlrqv= Iluvw/ wkdw frxqwulhv kdyh glvwlqfw orqj0uxq jurzwk sdwkv/ dqg wkhuhiruh

furvv0frxqwu| glvsdulwlhv fdq eh vwxglhg xvlqj vwhdg|0vwdwh dqdo|vlv1 Vhfrqg wkdw lqfrph glvsdul0

wlhv fdq dulvh iurp wudqvlwlrqv edfn wr wkh vwhdg| vwdwh/ wkxv xqghuvwdqglqj furvv0frxqwu| lqfrph

gl�huhqfhv uhtxluhv wkh xvh ri wudqvlwlrqdo g|qdplfv dqdo|vlv1

Vlqfh Pdqnlz/ Urphu dqg Zhlo +4<<5, +PUZ, vhplqdo frqwulexwlrq/ hpslulfdo zrun rq hfr0

qrplf jurzwk kdv sulpdulo| dgrswhg wkh iruphu dvvxpswlrq irfxvlqj rq hvwlpdwlqj uhgxfhg irup

vwhdg|0vwdwh vshfl�fdwlrqv1 Wkh odfn ri devroxwh frqyhujhqfh h{klelwhg e| wkh lqwhuqdwlrqdo gdwd

vhhpv wr vxssruw wklv sudfwlfh1� Wkhruhwlfdo jurzwk prghov duh dovr sulpdulo| irfxvhg rq edodqfhg0

jurzwk sdwk dqdo|vlv1 Vdod0l0Pduwlq +4<<9, fodlpv wkdw wkh pdlq uhdvrq wr frqfhqwudwh rq vwhdg|

vwdwhv lv wkdw wkh| duh hdvlhu wr dqdo|}h wkdq wudqvlwlrqdo g|qdplfv/ dqg wkhuhiruh pdnhv wkhp

vsulqj erdugv rq zklfk wr dgydqfh ulfkhu h{sodqdwlrqv ri jurzwk1

Hyhq wkrxjk wkh olwhudwxuh kdv hpeudfhg vwhdg|0vwdwh dqdo|vlv/ lw lv zlgho| dffhswhg wkdw lq0

frph glvsdulwlhv duh prvw olnho| gxh wr vrph frpelqdwlrq ri vwhdg|0vwdwh gl�huhqfhv dqg wudqvlwlrq

wrzdugv wkh orqj0uxq sdwk12 Lw lv wkhq lpsruwdqw wr dvn wkh txhvwlrq= Krz pxfk ri wkh glvshuvlrq

lq shu fdslwd lqfrph fdq eh h{sodlqhg e| vwhdg|0vwdwh gl�huhqfhv dqg krz pxfk e| frxqwulhv ehlqj

dzd| iurp wkhlu vwhdg|0vwdwh sdwkvB Wkh pdlq jrdo ri wklv sdshu lv wr vwxg| wkh vwhdg|0vwdwh dqg

wudqvlwlrqdo g|qdplfv suhglfwlrqv ri d jurzwk prgho/ dqg hydoxdwh wkhlu shuirupdqfh lq h{sodlqlqj

lqfrph glvsdulwlhv dfurvv frxqwulhv1 Wr wkh ehvw ri rxu nqrzohgjh wklv lv wkh �uvw dwwhpsw lq wkh

olwhudwxuh wr dvvhvv wkh lpsruwdqfh ri vwhdg|0vwdwh dqg wudqvlwlrqdo sdwkv1

Zh/ �uvw/ ghyhors d prgho ri hfrqrplf jurzwk wkdw frqwdlqv wkuhh pdlq hqjlqhv= whfkqrorjlfdo

surjuhvv/ sk|vlfdo fdslwdo dffxpxodwlrq/ dqg kxpdq fdslwdo irupdwlrq1 Zh dujxh wkdw d vxffhvvixo

prgho ri hfrqrplf jurzwk dqg ghyhorsphqw lv rqh lq zklfk erwk whfkqrorjlfdo surjuhvv dqg kxpdq

fdslwdo dffxpxodwlrq duh qhfhvvdu| hqjlqhv/ dqg wkh hqgrjhqrxv rxwfrph ri wkh hfrqrplf v|vwhp1�
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Lq rxu prgho/ whfkqrorjlfdo surjuhvv lv hqkdqfhg wkurxjk lqqrydwlrq dqg lplwdwlrq/ dqg kxpdq

fdslwdo wkurxjk irupdo vfkrrolqj1 Prgholqj vfkrrolqj +kxpdq fdslwdo, lv d fkdoohqjlqj wdvn ehfdxvh

wkh prgho zloo xowlpdwho| eh wdnhq wr wkh gdwd1 Wkhuhiruh zh kdyh wr d orrn iru d vshfl�fdwlrqv ri

kxpdq fdslwdo wkdw pdwfkhv xs zlwk wkh h{lvwlqj furvv0frxqwu| gdwd rq hgxfdwlrq +dyhudjh |hduv ri

vfkrrolqj dv lq/ h1j1 Eduur dqg Ohh +4<<6,/ dqg Qhkux/ Vzdqvrq/ dqg Gxeh| +4<<8,,1 Rxu fkrlfh

iru wkh vfkrrolqj whfkqrorj| iroorzv wkh Plqfhuldq dssurdfk +Plqfhu 4<:7, wkdw kdv uhfhqwo| ehhq

uhylyhg e| Elov dqg Nohqrz +4<<;,1

Vhfrqg/ zh hpsor| furvv0frxqwu| gdwd wr hydoxdwh wkh prgho*v shuirupdqfh lq h{sodlqlqj wkh

jurzwk surfhvv1 Zh ehjlq e| hvwlpdwlqj d PUZ0w|sh hpslulfdo vshfl�fdwlrq lpsolhg e| wkh prgho1

Qh{w/ zh vwxg| g|qdplfv1 Wkh pdlq lqqrydwlrq khuh lv wkh fkdudfwhul}dwlrq ri wkh wudqvlwlrqdo

g|qdplfv e| vlpxodwlqj wkh prgho dqg irupdoo| frpsdulqj lwv suhglfwlrqv wr wkh gdwd/ dv vxjjhvwhg

e| Nohqrz dqg Urgu��jxh}0Foduh +4<<:d,1 Ilqdoo|/ jlyhq wkh zlghvsuhdg xvh ri vwhdg|0vwdwh frqgl0

wlrqv dv d whpsodwh rq zklfk wr exlog hpslulfdo whvwv ri dowhuqdwlyh jurzwk wkhrulhv/ zh frpsduh

rxu wudqvlwlrqdo g|qdplfv uhvxowv wr wkh vwhdg|0vwdwh uhvxowv1

Rxu pdlq �qglqj lv wkdw erwk vwhdg|0vwdwh frqglwlrqv dqg wudqvlwlrqdo g|qdplfv vhhp wr eh deoh

wr ghvfuleh wkh furvv0frxqw| gdwd htxdoo| zhoo1 Frpsdulqj ehwzhhq wkhp/ vwhdg|0vwdwh frqglwlrqv

gr voljkwo| ehwwhu dw suhglfwlqj vfkrrolqj hquroophqw dqg lqyhvwphqw udwhv1 Wudqvlwlrqdo g|qdplfv

suhglfwlrqv/ krzhyhu/ �w wkh furvv0frxqwu| rxwsxw shu zrunhu gdwd ehwwhu1 Ryhudoo/ wkhvh uhvxowv

vxjjhvw wkdw d zruog lq zklfk qdwlrqv pryh dorqj wkhlu edodqfhg0jurzwk sdwkv lv dv olnho| dv d zruog

lq zklfk frxqwulhv pryh dorqj dgmxvwphqw sdwkv wrzdug d frpprq +yhu| orqj0uxq, vwhdg| vwdwh1

Lq dgglwlrq/ wkh prgho surylghv d uhgxfhg irup hpslulfdo vshfl�fdwlrq wkdw lqfrusrudwhv fdsl0

wdo lqsxw dqg U)G0h�ruw phdvxuhv1 Wkhuhiruh/ zh fdq frpsduh wkh shuirupdqfh ri wkh vwdqgdug

qhrfodvvlfdo jurzwk prgho wr wkdw ri dq U)G0edvhg jurzwk prgho zlwk kxpdq fdslwdo dqg lp0

shuihfw frpshwlwlrq/ olnh rxuv1 Wklv vwdqgv lq frqwudvw wr wkh suhydohqw ylhz wkdw uhgxfhg irup

uhjuhvvlrqv fdqqrw glvfulplqdwh ehwzhhq qhrfodvvlfdo dqg U)G0edvhg jurzwk iudphzrunv +Eduur

dqg Vdod0l0Pduwlq +4<<8,/ dqg Mrqhv +4<<9,,1 Wkh vwhdg|0vwdwh uhjuhvvlrq uhvxowv duh lq idyru ri

wkh U)G0edvhg jurzwk prgho1 Lq sduwlfxodu/ lqfoxglqj wkh U)G phdvxuh vljql�fdqwo| lpsuryhv

wkh �w ri wkh hpslulfdo vshfl�fdwlrq1 Lq d odujh vdpsoh ri frxqwulhv/ doo surgxfwlrq idfwruv hqwhu
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vljql�fdqwo|1 Krzhyhu/ yduldwlrqv lq rxwsxw shu zrunhu dfurvv RHFG qdwlrqv duh pdlqo| h{sodlqhg

e| whfkqrorjlfdo gl�huhqfhv/ zkhuhdv fdslwdo lqsxw glvsdulwlhv dulvh dv wkh nh| h{sodqdwru| idfwru

dprqj qrq0RHFG frxqwulhv1

Vlpxodwlqj wkh wudqvlwlrqdo g|qdplfv xvlqj vwdqgdug whfkqrorjlhv dqg sdudphwhul}dwlrqv/ zh

�qg wkdw wkh prgho jhqhudwhv rxwsxw jurzwk sdwwhuqv yhu| vlplodu wr wkh rqhv glvsod|hg e| wkh

Mdsdqhvh dqg Nruhdq h{shulhqfhv1 Lq sduwlfxodu/ zh �qg wkdw wkh prgho jhqhudwhv doprvw olqhdu

dgmxvwphqw sdwkv zlwk jurzwk udwhv wkdw gr qrw slfn dw wkh ehjlqqlqj ri wkh ghyhorsphqw sdwk exw

gr vr odwhu rq/ olnh wkh sdwwhuqv vkrzq e| wkh Mdsdqhvh dqg Nruhdq h{shulhqfhv1

Rxu sdshu lv uhodwhg wr rwkhu zrun erwk lq lwv vfrsh dqg lwv phwkrgrorjlfdo dssurdfk1 Glqrsrx0

orv dqg Wkrpsvrq +iruwkfrplqj, dqg Mrqhv +4<<9, dovr dqdo|}h lqfrph glvsdulwlhv xvlqj PUZ0w|sh

uhjuhvvlrqv1 Exw wkhlu hpslulfdo vshfl�fdwlrqv gr qrw lqfrusrudwh U)G frpsrqhqwv1 Wkhuh lv d

vpdoo exw udslgo| jurzlqj olwhudwxuh wkdw lqyhvwljdwhv wkh uhodwlrqvkls ehwzhhq kxpdq fdslwdo dffx0

pxodwlrq dqg whfkqrorjlfdo surjuhvv/ dqg wkhlu frpelqhg h�hfw rq hfrqrplf jurzwk1 Hlfkhu +4<<9,

ghyhorsv d ulfk prgho lq zklfk erwk kxpdq fdslwdo dqg whfkqrorjlfdo lqqrydwlrq duh hqgrjhqrxv1

Wklv sdshu/ krzhyhu/ lv rqo| frqfhuqhg zlwk vwhdg|0vwdwh suhglfwlrqv1 Uhvwxffld +4<<:, ghyhorsv

d g|qdplf jhqhudo htxloleulxp prgho zlwk vfkrrolqj dqg whfkqrorj| dgrswlrq1 Exw wkh sulpdu|

frqfhuq ri wkh sdshu lv krz vfkrrolqj dqg whfkqrorj| dgrswlrq pd| eh dpsoli|lqj wkh h�hfwv

ri surgxfwlylw|2srolf| gl�huhqfhv rq lqfrph glvsdulw|1 Rxu sdshu lv vlplodu wr Elov dqg Nohqrz

+4<<;,/ Mrqhv +4<<:/ 4<<;,/ Kdoo dqg Mrqhv +4<<<,/ dqg Mrydqrylf dqg Ure +4<<;,/ lq wkdw lw xvhv

wkh Plqfhuldq dssurdfk wr prgho vfkrrolqj1 Rwkhu zrun zklfk lv forvhu wr wkh dssurdfk +xvlqj

fdoleudwlrq dqg wdnlqj wkh lpsolfdwlrqv ri jurzwk prghov wr wkh gdwd, udwkhu wkdq wkh vfrsh ri rxu

sdshu lqfoxgh Fkulvwldqr +4<;<,/ Nlqj dqg Uhehor +4<<6,/ Fkdul/ Nhkrh/ dqg PfJudwwdq +4<<9,/

Mrydqrylf dqg Ure +4<<;,/ dqg Shuh}0Vhedvwldq +iruwkfrplqj,1 Ilqdoo|/ rwkhu jurzwk prghov zlwk

pxowl0vhfwru wudqvlwlrqdo g|qdplfv lqfoxgh Fdedooh dqg Vdqwrv +4<<6,/ Pxooljdq dqg Vdod0l0Pduwlq

+4<<6,/ Ruwljxhlud dqg Vdqwrv +4<<:,/ dqg Hlfkhu dqg Wxuqryvn| +4<<:,1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh edvlf prgho1 Lq wklv

vhfwlrq/ zh hvwdeolvk wkh hfrqrplf hqylurqphqw dqg h{dplqh wkh vwhdg|0vwdwh surshuwlhv ri wkh

prgho1 Vhfwlrq 6 surylghv hvwlpdwhv ri d uhgxfhg irup vshfl�fdwlrq ghulyhg iurp wkh vwhdg|0vwdwh

frqglwlrqv ri wkh prgho1 Wkhvh hvwlpdwhv vhuyh dv d �uvw phdvxuh ri �w wkdw zloo eh frpsduhg/

odwhu rq/ wr wkh wudqvlwlrqdo g|qdplfv suhglfwlrqv1 Wkh wudqvlwlrqdo g|qdplfv dqdo|vlv lv suhvhqwhg

lq Vhfwlrq 71 Xvlqj fdoleudwlrq whfkqltxhv/ wklv vhfwlrq shuirupv wkh vlpxodwlrq h{huflvhv dqg

6



h{dplqhv wkh vwdelolw| ri wkh v|vwhp1 Vhfwlrq 8 frqfoxghv glvfxvvlqj wkh pdlq �qglqjv ri rxu zrun/

dqg gluhfwlrqv iru ixwxuh uhvhdufk1 Gdwd vrxufhv duh ghvfulehg lq wkh Dsshqgl{1

2 A�i �@t�U �L_i*

Lq wklv vhfwlrq zh suhvhqw wkh edvlf prgho1 Iluvw/ zh rxwolqh wkh hfrqrplf hqylurqphqw xqghu zklfk

krxvhkrogv dqg �upv rshudwh1 Wkhq zh vroyh wkh vrfldoo| rswlpdo sureohp1

2�� ,UL?L4�U i?��hL?4i?|

Zh frqvlghu d prgho hfrqrp| wkdw frqwdlqv krxvhkrogv dqg �upv1 Hdfk krxvhkrog frqvlvw ri

lghqwlfdo djhqwv wkdw duh lqyroyhg lq irxu w|shv ri dfwlylwlhv= frqvxpswlrq jrrgv surgxfwlrq/ lqwhu0

phgldwh jrrgv pdqxidfwxulqj/ kxpdq fdslwdo lqyhvwphqw/ dqg U)G h�ruw1 Srsxodwlrq jurzwk lv

lq wklv hfrqrp| h{rjhqrxv dqg htxdo wr q= Frqvxpswlrq jrrgv duh surgxfhg lq d shuihfwo| frp0

shwlwlyh hqylurqphqw lq zklfk sulfhv dqg wkh ydulhw| ri lqwhuphgldwh jrrgv duh wdnhq dv jlyhq1 Wkh

lqwhuphgldwh0jrrgv vhfwru frqvlvwv ri prqrsrolvwlf surgxfhuv ri gl�huhqwldwhg surgxfwv1 Djhqwv

lqyhvw sruwlrqv ri wkhlu wlph wr dftxluh irupdo hgxfdwlrq/ surylghg e| wkh vfkrrolqj vhfwru1 Ilqdoo|/

wkh U)G dfwlylw| lv wkh vrxufh ri whfkqrorjlfdo surjuhvv lq wkh prgho1 Lq sduwlfxodu/ djhqwv vshqg

sduw ri wkhlu wlph ohduqlqj qhz ghvljqv/ zklfk ehfrph qhz ydulhwlhv ri lqwhuphgldwh jrrgv1 Zkhq

d ghvljq lv ohduqhg/ dq lqwhuphgldwh0jrrgv surgxfhu dftxluhv wkh shushwxdo sdwhqw ryhu wkh ghvljq1

Wklv doorzv wkh �up wr pdqxidfwxuh wkh qhz ydulhw|/ dqg sudfwlfh prqrsro| sulflqj1

Lq zkdw iroorzv/ zh frqfhqwudwh rq wkh fhqwudoo| sodqqhg hfrqrp| +wkh vrfldo sodqqhu*v sureohp,/

xvlqj vrfldo surgxfwlrq ixqfwlrqv lq zklfk h{whuqdolwlhv duh lqwhuqdol}hg1e Rxu prgho hfrqrp| lv

fkdudfwhul}hg e| wkh iroorzlqj wkuhh htxdwlrqv= Iluvw/ wkh surgxfwlrq ixqfwlrq wdnhv wkh irup
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zkhuh \| lv rxwsxw dqg Ot | lv wkh sruwlrq ri oderu doorfdwhg wr rxwsxw surgxfwlrq dw shulrg w> k|

lv wkh shu fdslwd kxpdq fdslwdo +ru shu fdslwd vnloo ohyho, dw w> +4� �, lv wkh vkduh ri vnloohg oderu>

{�| lv wkh dprxqw ri lqwhuphgldwh jrrgv ydulhw| l dw w> dqg D| lv wkh hfrqrp|*v whfkqrorjlfdo ohyho

ru/ sxw lq rwkhu zrugv/ wkh pdvv ri surgxfhu gxudeoh w|shv wkdw kdyh ehhq douhdg| ohduqhg e| gdwh

w1 Li � ? 4/ lqwhuphgldwh jrrgv duh frpsohphqwdu|> wkh| duh vxevwlwxwhv li � A 41

e ì uLU�t L? |�i UL44@?_ LT|�4�4 MiU@�ti ��t|Lh�U@**) }L�ih?4i?|t _L �?|ih�i?i �? |�i iUL?L4)� W? @__��
|�L?c �i U@*�Mh@|i |�i 4L_i* |L |�i a@T@?iti @?_ kLhi@? L�|T�| _@|@� A�iti UL�?|h�it @hi _LU�4i?|i_ @t �@��?}
�?|ih�i?|�L?�t| }L�ih?4i?|t Etiic i�}�c �@U! @?_ 5@}}� E�bb.��� 6�?@**)c UL44@?_ LT|�4�4 t�4T*��it i TLt�|�L?�
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Vhfrqg/ wkh U)G htxdwlrq wkdw ghwhuplqhv whfkqrorjlfdo surjuhvv lv jlyhq e|

D|n� �D| @ �D
�
| +k|O�|,

b

�
DW

|

D|

��
> ! ? 4> 3 ? � � 4> # � 3> DW

| � D|> +5,

zkhuh O�| lv wkh sruwlrq ri oderu hpsor|hg lq wkh U)G vhfwru dw wlph w> DW

| lv wkh zruogzlgh vwrfn

ri h{lvwlqj whfkqrorj| dw w/ zklfk jurzv h{rjhqrxvo| dw udwh j�W > � lv d sdudphwhu wkdw ghwhuplqhv

wkh udwh e| zklfk d qhz ydulhw| duulyhv> ! uhsuhvhqwv dq h{whuqdolw| gxh wr wkh vwrfn ri h{lvwlqj

whfkqrorj|> dqg � lv d qhjdwlyh h{whuqdo h�hfw gxh wr gxsolfdwlrq1 Rxu U)G htxdwlrq lqfoxghv d

fdwfk0xs whup
�
�W

|

�|

��
/ zkhuh # lv d whfkqrorj| jds sdudphwhu1 Wkh fdwfk0xs whup fdswxuhv wkh

lghd wkdw wkh juhdwhu wkh whfkqrorj| jds ehwzhhq d ohdghu dqg d iroorzhu/ wkh kljkhu wkh srwhqwldo

ri wkh iroorzhu wr fdwfk xs wkurxjk lplwdwlrq ri h{lvwlqj whfkqrorjlhv1 Wkh qrwlrq dqg irupxodwlrq

ri wkh fdwfk0xs h�hfw lv fuhglwhg wr Yheohq +4<48,/ Jhuvfkhqnurq +4<95,/ Qhovrq dqg Skhosv +4<99,/

dqg Ilqgod| +4<:;,1

Wklug/ zh kdyh wkh vfkrrolqj htxdwlrq wkdw ghwhuplqhv wkh zd| e| zklfk kxpdq fdslwdo lv

iruphg1 Kxpdq fdslwdo whfkqrorj| lv ri sduwlfxodu lqwhuhvw lq rxu prgho dqg ghvhuyhv fduhixo

frqvlghudwlrq1 Vlqfh rxu dlp lv wr wdnh wkh prgho wr wkh gdwd wkhq rxu vshfl�fdwlrq rxjkw wr eh rqh

wkdw pdsv wkh dydlodeoh gdwd rq dyhudjh |hduv ri hgxfdwlrq wr wkh vwrfn ri kxpdq fdslwdo1 Xvlqj

wkh Plqfhuldq lqwhusuhwdwlrq vhhpv wr gholyhu vxfk d vshfl�fdwlrq1 Wklv uhsuhvhqwdwlrq iroorzv

Elov dqg Nohqrz +4<<;,/ zkr vxjjhvw wkdw wkh Plqfhuldq vshfl�fdwlrq ri kxpdq fdslwdo lv wkh

dssursuldwh zd| wr lqfrusrudwh |hduv ri vfkrrolqj lq wkh djjuhjdwh surgxfwlrq ixqfwlrq1 Iroorzlqj

wkhlu dssurdfk/ kxpdq fdslwdo shu fdslwd lv jlyhq e|

k| @ hsE7|� > +6,

zkhuh i+V|, @ �V
q
| / � A 3/ � A 3> dqg V| lv wkh oderu irufh dyhudjh |hduv ri vfkrrolqj dw gdwh w1

Wkh ghulydwlyh i �+V|, uhsuhvhqwv wkh uhwxuq wr vfkrrolqj hvwlpdwhg lq d Plqfhuldq zdjh uhjuhvvlrq=

dq dgglwlrqdo |hdu ri vfkrrolqj udlvhv d zrunhu*v h�flhqf| e| i �+V|,1
D

Qh{w/ zh dvvxph wkdw dw hdfk shulrg djhqwv doorfdwh oderu wr kxpdq fdslwdo irupdwlrq diwhu

surgxfwlrq lq wkh rwkhu dfwlylwlhv kdv wdnhq sodfh1 Wkh dyhudjh hgxfdwlrqdo dwwdlqphqw fdq wkhq

D��?Uih E�b.e� it|�4@|it |�i uL**L��?} �@}i hi}hitt�L? i^�@|�L?G

�� ' qf n q�E7�M��u�� n q2E.f�.-U.��.�� n q�E.f�.-U.��.�
2

� n 0�c

��ihi �� �t |�i *L} �@}i uLh �?_���_�@* �c 7�M��u �t |�i ?�4Mih Lu )i@ht �? tU�LL*c .f�.-U.��. �t |�i
?�4Mih Lu )i@ht Lu �Lh! i Tih�i?Uic @?_ 0 �t @ h@?_L4 _�t|�hM@?Ui |ih4� 6Lh |�i Lh�}�?@* _�tU�tt�L? L? ��?Uih�@?
�@}i hi}hitt�L?t tii ��?Uih E�b.e�� 6Lh hiUi?| _�tU�tt�L? Lu |�i @_�@?|@}it Lu |�i ��?Uih�@? @TThL@U� �? }hL�|�
4L_i*�?} @?_ it|�4@|�L?c tii ��*t @?_ k*i?L� E�bbH�c kh�i}ih @?_ w�?_@�* E�bbH�c @?_ ALTi* E�bbH��
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eh zulwwhq dv

V| @

S|3�
�'f OM�

O|
/ +7,

zkhuh OM| lv wkh qxpehu ri shrsoh hquroohg lq vfkrro dw gdwh w1 Qrwlfh wkdw wkh udwlr OM| wr O|

fdq eh uhlqwhusuhwhg dv wkh iudfwlrq ri dq lqglylgxdo*v wrwdo wlph hqgrzphqw ghyrwhg wr vfkrrolqj

dw wlph w1

Dq h{dpsoh pd| vhuyh wr foduli| wkh ehkdylru ri V| dv jlyhq e| htxdwlrq +7,1 Vxssrvh wkdw

zh zdqw wr hvwlpdwh wkh phdq |hduv ri hgxfdwlrq dw shulrg 5 +V2, lq dq hfrqrp| zlwk rqo| wkuhh

lghqwlfdo djhqwv +{> |> },> dqg qr srsxodwlrq jurzwk1 Dovr/ dvvxph wkdw wkh wlplqj ri wkh djhqwv*

hgxfdwlrq lv dv vkrzq lq wdeoh 41

Wdeoh 4= Dq h{dpsoh xvlqj wkh odz ri prwlrq ri V

Djhqwv { | }

Hgxfdwlrq gxulqj shulrg 3 3 3 4
Hgxfdwlrq gxulqj shulrg 4 3 4 4
Hgxfdwlrq gxulqj shulrg 5 4 4 4

Wkh deryh wdeoh vd|v wkdw lq shulrg 3> } vshqgv doo ri klv oderu hqgrzphqw lq hgxfdwlrq zkhuh

{ dqg | vshqg qr wlph lq hgxfdwlrq1 Lq shulrg 4> | dqg } vshqg doo ri wkhlu hqgrzphqw lq vfkrrolqj

zkhuh { ghflghv rqfh djdlq wr vnls hgxfdwlrq frpsohwho|1 Ilqdoo|/ lq shulrg 6> doo wkuhh djhqwv

vshqg doo ri wkhlu wlph hqgrzphqw lq hgxfdwlrq1 Lw lv wkhuhiruh wuxh wkdw
uMcf

u2
@ �

�
>
uMc�

u2
@ 2

�
> dqg

uMc2

u2
@ �

�
> dqg wkxv V2 @ �

�
. 2

�
. �

�
@ 5= Wklv phdqv wkdw lq rxu hfrqrp| dw shulrg 5 wkh phdq

|hduv ri vfkrrolqj lv 5 |hduv1

Qrwlfh wkdw iurp htxdwlrq +7,/ zh fdq ghulyh wkh odz ri prwlrq ri wkh dyhudjh hgxfdwlrqdo

dwwdlqphqw dv iroorzv=

V|n� � V| @

S|
�'f OM�

O|n�
�

S|3�
�'f OM�

O|
>

@

�
4

4 . q

��
OM|

O|
� qV|

�
= +8,

Dv zloo ehfrph fohdu odwhu/ htxdwlrq +8, lpsolhv wkdw dyhudjh |hduv ri vfkrrolqj hyhqwxdoo| uhdfkhv

dq xsshu erxqg uhpdlqlqj frqvwdqw wkhuhdiwhu1

9



2�2 5LU�@* T*@??ih<t ThLM*i4

Ohw F| eh wkh dprxqw ri djjuhjdwh frqvxpswlrq dw gdwh w1 D fhqwudo sodqqhu zrxog fkrrvh wkh

vhtxhqfhv iF|> V|>D|>N|> Ot |> O�|> OM|j
"
|'f vr dv wr pd{lpl}h wkh olihwlph xwlolw| ri wkh uhsuhvhqwd0

wlyh frqvxphu vxemhfw wr wkh ihdvlelolw| frqvwudlqwv ri wkh hfrqrp|/ dqg wkh lqlwldo ydoxhv Of> Nf>

dqg Df1 Wkh sureohp lv vwdwhg dv iroorzv=

pd{
t�|c7|c�|cg|cut |cu�|cuM|�

"[
|'f

�|

5
97
�
�|
u|

�
�3w

� 4

4� �

6
:8 > +9,

vxemhfw wr/

\| @ D
1
|

�
hsE7|�Ot |

��3k
Nk
| > +:,

L| @N|n� � +4� �,N| @ \| �F|> +;,

D|n� �D| @ �D
�
|

�
hsE7|�O�|

�b�DW
|

D|

��
> +<,

V|n� � V| @

�
4

4 . q

��
OM|

O|
� qV|

�
> +43,

O| @ Ot | . O�| . OM|> +44,

O|n�

O|
@ 4 . q> iru doo w> +45,

DW
|n�

DW
|

@ 4 . j�W > +46,

Of> Vf> Nf> Df jlyhq/

zkhuh � lv wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq> N| lv wkh frxqwu|*v vwrfn ri

sk|vlfdo fdslwdo dqg ghqrwhv wkh vxp ri doo surgxfhu gxudeoh xqlwv dw shulrg w> � lv wkh glvfrxqw

idfwru> dqg � lv wkh ghsuhfldwlrq udwh ri fdslwdo1 Htxdwlrq +:, lv wkh zhoo0nqrzq Free0Grxjodv irup

lq zklfk surgxfwlrq ixqfwlrq +4, lv h{suhvvhg dw wkh djjuhjdwh ohyho> wkh h{whuqdolw| sdudphwhu

� htxdov �
� � �1 Htxdwlrq +;, lv wkh hfrqrp|*v exgjhw frqvwudlqw dv zhoo dv wkh odz ri prwlrq

ri wkh vwrfn ri sk|vlfdo fdslwdo> lw vd|v wkdw/ dw wkh djjuhjdwh ohyho/ grphvwlf rxwsxw pxvw htxdo

frqvxpswlrq soxv sk|vlfdo fdslwdo lqyhvwphqw/ L|1 Htxdwlrq +44, lv wkh oderu frqvwudlqw> wkh oderu

irufh ~ wkdw lv/ wkh qxpehu ri shrsoh hpsor|hg lq wkh rxwsxw dqg wkh U)G vhfwruv ~ soxv wkh

qxpehu ri shrsoh jrlqj wr vfkrro pxvw eh htxdo wr wkh srsxodwlrq vwrfn1

:



Wkh rswlpdo frqwuro sureohp fdq eh vwdwhg dv iroorzv=

Y +D|>N|> V|, @ pd{
tuM|cu�|cU|�

�
�
1
| de

sE7|�Eu|3uM|3u�|�o
�3kgk

| 3 U|
u|

��3w
� 4

4� �
.

.Y

%
D| . �D

�
|

�
hsE7|�O�|

�b�DW
|

D|

��
>N|+4� �, . L| > V| .

4

4 . q

�
OM|

O|
� qV|

�&
> +47,

zkhuh Y +�, lv d ydoxh ixqfwlrq> OM|> O�|> L| duh wkh frqwuro yduldeohv> dqg D|> N|> V| duh wkh

vwdwh yduldeohv1 Vroylqj wkh rswlpdo frqwuro sureohp jlyhv wkh Hxohu htxdwlrqv wkdw fkdudfwhul}h

wkh rswlpdo doorfdwlrq ri oderu lq kxpdq fdslwdo lqyhvwphqw/ lq U)G lqyhvwphqw/ dqg lq frqvxps0

wlrq2sk|vlfdo fdslwdo lqyhvwphqw uhvshfwlyho| dv iroorzv=

�
F|

O|

�3w +4� �,\|
Ot |

@
�

4 . q

�
F|n�

O|n�

�3w +4� �,\|n�

Otc|n�

�
4 . i �+V|n�,

�
Otc|n�

O|n�
.
O�c|n�

O|n�

��
> +48,

�
F|

O|

�3w +4� �,\|
Ot |

@
�

4 . q

�
F|n�

O|n�

�3w � +D|n� �D|,

O�|
�

�

;?
=�\|n�

D|n�
.

�
4 . +!� #,

�
D|n2 �D|n�

D|n�

��57 E�3k�t|n�
utc|n�

bE�|n23�|n��
u�c|n�

6
8
<@
> > +49,

�
F|

O|

�
3w

@
�

4 . q

�
F|n�

O|n�

�
3w ��\|n�

N|n�
. +4� �,

�
= +4:,

Dw wkh rswlpxp/ wkh sodqqhu pxvw eh lqgl�huhqw ehwzhhq lqyhvwlqj rqh dgglwlrqdo xqlw ri oderu

lq vfkrrolqj/ U)G/ dqg �qdo rxwsxw surgxfwlrq1 Wkh OKV ri htxdwlrqv +48, dqg +49, uhsuhvhqw wkh

uhwxuq iurp doorfdwlqj rqh dgglwlrqdo xqlw ri oderu wr rxwsxw surgxfwlrq1 Wkh UKV ri htxdwlrq

+48, lv wkh glvfrxqwhg pdujlqdo uhwxuq wr vfkrrolqj/ wdnlqj lqwr dffrxqw srsxodwlrq jurzwk1 Wkh

UKV whup lq eudfnhwv dulvhv ehfdxvh kxpdq fdslwdo d�hfwv wkh h�hfwlyhqhvv ri oderu erwk lq rxwsxw

surgxfwlrq dqg U)G1 Wkh UKV ri htxdwlrq +49, lv wkh uhwxuq wr U)G lqyhvwphqw1 Rqh dgglwlrqdo

xqlw ri U)G oderu jhqhudwhv bE�|n�3�|�
u�|

qhz lghdv iru qhz w|shv ri surgxfhu gxudeohv1 Hdfk

ri wkhvh qhz ghvljqv zloo lqfuhdvh qh{w shulrg*v rxwsxw e| 1t|n�
�|n�

dqg U)G surgxfwlrq e| _�|n2
_�|n�

wlphv
E�3k�t|n�
utc|n�

k
bE�|n23�|n��

u�c|n�

l
3�
> zkhuh E�3k�t|n�

utc|n�

k
bE�|n23�|n��

u�c|n�

l
3�

jlyhv wkh ydoxh ri rqh dgglwlrqdo

ghvljq/ zklfk htxdol}hv oderu zdjhv dfurvv vhfwruv1

Hxohu htxdwlrq +4:, lv vwdqgdug> lw vd|v wkdw wkh sodqqhu lv lqgl�huhqw ehwzhhq frqvxplqj

rqh dgglwlrqdo xqlw ri rxwsxw wrgd| dqg frqyhuwlqj lw lqwr fdslwdo/ wkxv frqvxplqj wkh surfhhgv

wrpruurz1

;



Iljxuh 4= Uhodwlrqvkls ehwzhhq J�crr dqg J�Wcrr

GA

GA*

GA < GA*GA > GA*

45o

GA = GA*

2�� 5|i@_)�t|@|i }hL�|�

Zh qrz ghulyh wkh vwhdg|0vwdwh frqglwlrqv lpsolhg e| wkh prgho1 Ohw orzhu fdvh ohwwhuv ghqrwh shu

fdslwd yduldeohv/ dqg j% @ J%� 4 ghqrwh wkh jurzwk udwh ri {1 Wkh djjuhjdwh surgxfwlrq ixqfwlrq/

jlyhq e| htxdwlrq +:,/ frpelqhg zlwk wkh vwhdg|0vwdwh +vv, frqglwlrq jtcrr @ jgcrr gholyhuv wkh jurvv

jurzwk udwh ri rxwsxw dv d ixqfwlrq ri wkh jurvv jurzwk udwh ri whfkqrorj| dv

Jtcrr @ +J�crr,
1

�3k +4 . q, = +4;,

Jlyhq wkdw dw vwhdg| vwdwh �|n�3�|
�|

rr
@ �|n23�|n�

�|n�
lw iroorzv iurp htxdwlrq +5, wkdw

J�crr @

�
+4 . q,b +J�Wcrr,

1

�3k

� �
�n�3�

= +4<,

Htxdwlrq +4<, vkrzv wkh uhodwlrqvkls ehwzhhq wkh whfkqrorj| iurqwlhu jurzwk udwh dqg wkh whfkqro0

rj| jurzwk udwh ri wkh prgho hfrqrp|1 Iljxuh 4 looxvwudwhv wklv uhodwlrqvkls1 Qrwlfh wkdw vlqfh wkh

udwlr �
�n�3� ? 4 wkh ixqfwlrq lv frqfdyh zlwk d xqltxh srlqw dw zklfk

J�crr @ J�Wcrr @ +4 . q,
b

�3� = +53,

Wkh jurvv udwh J�crr fdqqrw eh odujhu wkdq J�Wcrr> rwkhuzlvh/ D| zloo eh hyhqwxdoo| eljjhu wkdq

DW| / dqg wklv kdv ehhq uxohg rxw e| dvvxpswlrq1 Li J�crr lv vpdoohu wkdq J�Wcrr/ rq wkh rwkhu kdqg/

wkh udwlr
�W|
�|

zloo jr wr lq�qlw|1 Htxdwlrq +44, lpsolhv wkdw dorqj wkh edodqfhg0jurzwk sdwk/ oderu

<



ghyrwhg wr gl�huhqw dfwlylwlhv +Ot > O�> OM, jurzv dw wkh vdph udwh dv wkh srsxodwlrq vl}h1 Lw wkhq

iroorzv wkdw J�crr jrhv wr lq�qlw| zlwk
�W|
�|
/ e| htxdwlrq +5,1 Wkh rqo| ihdvleoh0vwhdg| vwdwh vfhqdulr

lv wkhuhiruh rqh lq zklfk J�crr htxdov J�Wcrr/ zklfk lq wxuq lpslhv wkdw

Jtcrr @ J�crr @ Jgcrr @ +4 . q,
b1

E�3k�E�3�� = +54,

Frqvlvwhqw zlwk Mrqhv +4<<8, rxu edodqfhg0jurzwk sdwk lv iuhh ri _vfdoh h�hfwv%/ dqg srolf| kdv qr

h�hfw rq orqj0uxq jurzwk1 Wkh uhdvrq zk| rxu prgho*v orqj0uxq jurzwk lv htxlydohqw wr wkdw ri

Mrqhv hyhq lq wkh suhvhqfh ri d vfkrrolqj vhfwru/ lv wkdw dw vwhdg| vwdwh wkh phdq |hduv ri hgxfdwlrq/

V|> uhdfkhv d frqvwdqw ohyho/ wkhuhiruh lwv jurzwk udwh ehfrphv }hur1

2�e w@MLh t�@hit �? L�|T�|c +:#c @?_ tU�LL*�?}

Qh{w/ zh ghulyh wkh vwhdg|0vwdwh vkduhv ri oderu lq wkh wkuhh vhfwruv ri wkh hfrqrp|1 Ohw xf @ uf
u

eh wkh iudfwlrq ri oderu ghyrwhg wr dfwlylw| [/ ;[ @ K>\>D1 Hxohu htxdwlrq +48, frpelqhg zlwk

wkh edodqfhg0jurzwk htxdwlrq +54, gholyhuv wkh vwhdg|0vwdwh vkduh ri oderu lq vfkrrolqj dv

xMcrr @ 4�

5
7Jw3�

+crr

�
�n?
4

�
� 4

i �+Vrr,

6
8 > li

Jw3�
+crr

�
�n?
4

�
� 4

i �+Vrr,
� 4>

@ 3 rwkhuzlvh1 +55,

Dv xvxdo/ wkh vwhdg|0vwdwh vkduh ri oderu lq vfkrrolqj lv srvlwlyho| uhodwhg zlwk wkh uhwxuq wr hgx0

fdwlrq i �+Vrr,1 D pruh gluhfw uhodwlrqvkls ehwzhhq V dqg xM dw vwhdg| vwdwh lv jlyhq e| htxdwlrq

+8, dv iroorzv=

Vrr @
xMcrr

q
= +56,

Htxdwlrq +56, vkrzv wkdw dorqj wkh edodqfhg jurzwk sdwk/ wkh dyhudjh qxpehu ri |hduv ri hgxfdwlrq

shu zrunhu uhpdlqv frqvwdqw> wkh hfrqrp| lqyhvwv lq kxpdq fdslwdo mxvw wr surylgh qhz jhqhudwlrqv

zlwk wkh vwhdg|0vwdwh ohyho ri vfkrrolqj1 Wklv lv frqvlvwhqw zlwk uhfhqw zrun e| Mrqhv +4<<9/ 4<<:,/

zkhuh jurzwk uhjuhvvlrqv duh ghyhorshg iurp vwhdg|0vwdwh suhglfwlrqv/ dqg gdwd rq Vrr dfwv dv d

sur{| iru xMcrr1 Wkh hvwlpdwhg frh�flhqw rq Vrr lq sduw uh�hfwv wkh sdudphwhu �
?
lq rxu iudphzrun1

Hxohu htxdwlrq +49, frpelqhg zlwk edodqfhg0jurzwk frqglwlrq +54, gholyhu wkh vwhdg|0vwdwh

oderu vkduh lq U)G dv

x�crr @
4� xMcrr

4 .
�

�3k
b1}�crr

� k
Jw3�
+crr

�
C�crr

4

�
� +!� #,j�crr � 4

l = +57,

43



Ilqdoo|/ wkh vwhdg|0vwdwh vkduh ri oderu lq rxwsxw surgxfwlrq lv vlpso| ghulyhg iurp wkh oderu

frqvwudlqw dqg lv jlyhq e|

xtcrr @ 4� xMcrr . x�crr= +58,

Zkhuhdv htxdwlrq +55, lpsolhv wkdw kxpdq0fdslwdo lqyhvwphqw fdq htxdo }hur li wkh uhwxuqv

wr vfkrrolqj duh qrw vx�flhqwo| odujh/ U)G dqg �qdo rxwsxw lqyhvwphqwv zloo dozd|v wdnh sodfh

ehfdxvh wkhlu pdujlqdo surgxfwlylwlhv jr wr lq�qlw| dv wkhlu doorfdwlrqv idoo wr }hur1

2�D #)?@4�Ut

Wkh djjuhjdwh surgxfwlrq ixqfwlrq/ htxdwlrq +:,/ vxjjhvwv wkdw zh qrupdol}h yduldeohv e| wkh whup

D
1

�3k
| O|1 Zh wkhq uhzulwh frqvxpswlrq/ sk|vlfdo fdslwdo dqg rxwsxw dv af| @

�|

�

1
�3k
| u|

/ an| @
g|

�

1
�3k
| u|

dqg a|| @
t|

�

1
�3k
| u|

/ uhvshfwlyho|1 Xvlqj htxdwlrq +48, jlyhv

�
af|n�
af|

�w �xtc|n�

xt |

�
+J�|,

Ew3��1
�3k

�
a||
a||n�

�
@

�
�

4 . q

��
i �+V|n�,+xtc|n� . x�c|n�, . 4

�
= +59,

Iurp wkh U)G htxdwlrq +5,/ zh jhw wkdw

J�| @
D|n�

D|
@ 4 .  

k
hsE7|�x�|

lb
W E�n�3��> +5:,

zkhuh W @
�W|
�|
> dqg  @ � +DW

| ,
�3�Ob| / zklfk lv d frqvwdqw1S Iurp htxdwlrq +49, zh jhw wkdw

�
af|n�

af|

�w � a||
a||n�

��
xtc|n�

xt |

�
@

� j�|

J
1

�3k
Ew3��n�

�|

�
x�c|n�

x�|

�
�

�

%�
��

4� �

�#
xtc|n�

x�c|n�

$
.

#
4

j�c|n�

$
. +!� #,

&
= +5;,

Ilqdoo|/ iurp htxdwlrq +4:, zh jhw

4 . q

�

��
af|n�
af|

�
+J�|,

1
�3k

�w
@ �

a||n�
an|n�

. +4� �,= +5<,

Wkh v|vwhp wkdw ghwhuplqhv wkh g|qdplf htxloleulxp qrupdol}hg doorfdwlrqv duh iruphg e| wkh

frqglwlrqv dvvrfldwhg zlwk wkuhh frqwuro dqg wkuhh vwdwh yduldeohv dv iroorzv=

SAL t�L� |�@| v �t UL?t|@?| hi^��hit tL4i @*}iMh@� +i�h�|�?} |�i i^�@*�|) �? �|t }hLtt }hL�|� uLh4c
vw.4
vw

'

C
�3�
��| E� n ?�bc @?_ }��i? |�@| C��| ' C�crr ' E� n ?�

�
4�! c �| uL**L�t |�@|

vw.4
vw

' ��
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Frqwuro Yduldeohv=

41 Hxohu htxdwlrq iru oderu vkduh lq vfkrrolqj/ xM|= Ht1 +59,1

51 Hxohu htxdwlrq iru oderu vkduh lq U)G/ x�|= Ht1 +5;,1

61 Hxohu htxdwlrq iru frqvxpswlrq/ af|= Ht1 +5<,1

Vxemhfw wr wkh frqvwudlqw xt | @ 4� x�| � xM|=

Vwdwh Yduldeohv=

41 Odz ri prwlrq ri kxpdq fdslwdo/ V|= Ht1 +8,1

51 Odz ri prwlrq ri whfkqrorj|/ D|= Ht1 +5:,1

61 Odz ri prwlrq ri sk|vlfdo fdslwdo/

+4 . q,an|n� +J�|,
1

�3k @ +4� �,an| . a|| � af|> +63,

zkhuh

W|n� @ W|

�
J�W|

J�|

�
> +64,

dqg

a|| @ ank|

k
hsE7|� xt |

l�3k
= +65,

� 5|i@_)�5|@|i wi�i* +i}hitt�L?t

Lq wklv vhfwlrq/ zh hvwlpdwh d uhgxfhg irup vshfl�fdwlrq ghulyhg iurp vwhdg|0vwdwh frqglwlrqv ri wkh

prgho1 Wklv lv xvhixo lq wzr zd|v1 Iluvw/ lw whoov xv zkhwkhu lqsxwv d�hfw lqfrph lq wkh gluhfwlrq

dqg pdjqlwxgh wkdw wkh prgho suhglfwv1 Vhfrqg/ lw surylghv d �uvw phdvxuh ri �w wkdw zloo eh

frpsduhg wr wkh wudqvlwlrqdo g|qdplfv suhglfwlrqv lq vhfwlrq 71

��� A�i i4T�h�U@* 4L_i*

Zh qrz lqfrusrudwh wkh vwhdg|0vwdwh frqglwlrqv iru wkh gl�huhqw lqsxwv lqwr wkh surgxfwlrq ixqfwlrq1

Htxdwlrqv +:, dqg +4:, lpso| wkdw dw vwhdg| vwdwh wkh dprxqw ri sk|vlfdo fdslwdo shu fdslwd lv

nrr @ D
1

�3k
| xtcrr h

sE7rr�

%
lrr

J+crr +4 . q,� 4 . �

& �
�3k

> +66,

zkhuh lrr lv wkh lqyhvwphqw vkduh1 Xvlqj U)G whfkqrorj| +5:,/ zh jhw wkdw

D| @

3
C +DW| ,

�n�3�

J
�3k
1

+crr � 4

4
D

�
�n�3� k

hsE7rr� x�crr

l b
�n�3�

= +67,
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Vxevwlwxwlqj htxdwlrqv +56,/ +66, dqg +67, lqwr surgxfwlrq ixqfwlrq +:, dqg wdnlqj orjv/ zh rewdlq

wkh uhgxfhg irup vshfl�fdwlrq= dq h{suhvvlrq iru lqfrph dv d ixqfwlrq ri wkh udwh ri lqyhvwphqw lq

sk|vlfdo fdslwdo/ wkh U)G oderu vkduh dqg wkh vfkrrolqj hquroophqw udwlr dw vwhdg| vwdwh1 Wklv lv

jlyhq dv iroorzv=

oq

�
\|

O|

�
@ oq

5
97
3
C +DW| ,

�n�3�

J
�3k
1

+crr � 4

4
D

1

E�n�3��E�3k�

xtcrr

6
:8.

�� oq

�
h
s
��Mcrr

?

�
x�crr

�

+4 . # � !, +4� �,
.

.i

�
xMcrr
q

�
.

�
�

4� �

�
oq +lrr,�

�
�

4� �

�
oq ^J+crr +4 . q,� 4 . �` = +68,

Wkh odvw wkuhh vxppdqgv fruuhvsrqg wr wkh vwdqgdug kxpdq fdslwdo0dxjphqwhg Vrorz prgho

suhglfwlrqv1 Iru d jlyhq whfkqrorjlfdo ohyho/ d frxqwu| lv ulfkhu dorqj wkh edodqfhg0jurzwk sdwk/ wkh

kljkhu lv lwv lqyhvwphqw udwh hlwkhu lq hgxfdwlrq ru lq sk|vlfdo fdslwdo/ dqg wkh orzhu lv lwv srsxodwlrq

jurzwk udwh1 Wkh vhfrqg vxppdqg suhglfwv wkdw frxqwulhv zlwk kljkhu U)G h�ruw udwhv duh ulfkhu1

Lw lv wkh uhvxow ri wkh hqgrjhqrxv whfkqrorjlfdo fkdqjh qdwxuh ri wkh prgho dqg/ wkhuhiruh/ doorzv

xv wr whvw wkh lpsruwdqfh ri lghdv rqfh wkh qhrfodvvlfdo jurzwk phfkdqlvpv kdyh ehhq wdnhq lqwr

dffrxqw1 Zh zloo dvvxph wkdw wkh �uvw whup ri wkh UKV ri htxdwlrq +68, lv frpprq wr doo frxqwulhv

lq wkh furvv0vhfwlrq1 Zh duh wkhq lpsolflwo| dvvxplqj wkdw frxqwulhv kdyh dffhvv wr wkh vdph srro ri

lghdv/ dqg doorfdwh wkh vdph iudfwlrq ri oderu wr rxwsxw surgxfwlrq dw vwhdg| vwdwh1 Wr wkh h{whqg

wkdw wklv lv qrw wkh fdvh/ lw zloo eh fdswxuhg e| wkh uhjuhvvlrq huuru whup1

��2 #@|@

Zh frqvlghu irxu vdpsohv ri frxqwulhv1 Wkh �uvw rqh lv wkh PUZ*v qrq0rlo qdwlrqv vdpsoh iru

zklfk dyhudjh |hduv ri vfkrrolqj shu zrunhu duh dydlodeoh lq wkh VWDUV +Zruog Edqn, gdwd edvh1

Diwhu holplqdwlqj Luhodqg/ ehfdxvh lwv vfkrrolqj �jxuhv dsshdu lpsodxvleo| kljk/ zh duh ohiw zlwk

:< frxqwulhv1 Wkh vhfrqg vdpsoh lv d vxevdpsoh ri wkh �uvw rqh dqg frqwdlqv 89 frxqwulhv iru

zklfk zh frxog frqvwuxfw wkh U)G oderu phdvxuh1 Wkh wklug vdpsoh frqwdlqv 54 RHFG frxqwulhv=

wkh PUZ*v 550RHFG plqxv Luhodqg1 Ilqdoo|/ wkh irxuwk vdpsoh lv wkh vhfrqg plqxv wkh wklug

vxevdpsoh> zh fdoo wklv wkh qrq0RHFG vdpsoh1

Iurp Shqq Zruog Wdeohv +SZW,/ pdun 819/ zh rewdlq dqqxdo gdwd rq udwhv ri lqyhvwphqw +l,/

oderu irufh vwrfnv +O,/ dqg uhdo JGS shu zrunhu wkdw zh xvh wr phdvxuh t
u
1 Zh wdnh q wr eh wkh

lpsolhg oderu irufh jurzwk udwh1 Vfkrrolqj hquroophqw udwhv +xM, duh fdofxodwhg iurp wkh VWDUV
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Iljxuh 5= Shufhqwdjh ri Vflhqwlvwv dqg Hqjlqhhuv +V)H, lq U)G shuvrqqho
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hgxfdwlrqdo dwwdlqphqw gdwd1 Iroorzlqj pdq| rwkhu uhvhdufkhuv/ zh frpsxwh sk|vlfdo fdslwdo vwrfnv

iurp lqyhvwphqw udwhv xvlqj wkh shushwxdo lqyhqwru| phwkrg1 Wkh vwduwlqj srlqw iru prvw frxqwulhv

lv 4<931 Zh zdqw wr jlyh wkh lqlwldo vwrfn dv pdq| |hduv wr ghsuhfldwh dv srvvleoh vr dv wr pdnh

wkh fdslwdo vwrfn phdvxuh dv lqvhqvlwlyh wr wkh lqlwldo ydoxh dv srvvleoh1 Vlqfh wkh VWDUV gdwd jrhv

wr 4<;:/ zh dvvljq wr wkh sk|vlfdo fdslwdo vwrfn lwv 4<;50;9 dyhudjh1 Zh wkhq wdnh wkh vdph 80|hdu

dyhudjh ydoxh iru hdfk ri wkh deryh yduldeohv1.

Wr frqvwuxfw wkh U)G phdvxuh/ zh hpsor| iudfwlrqv ri vflhqwlvwv dqg hqjlqhhuv +V)H, lq wkh

srsxodwlrq1 Srsxodwlrq �jxuhv frph iurp SZW 819/ dqg V)H qxpehuv iurp XQHVFR1 Vlqfh wkh

odwwhu gdwd frph sulpdulo| iurp fhqvxvhv/ wkh| duh qrw dydlodeoh lq doo shulrgv1 Ehfdxvh ri wkdw zh

fkrrvh d zlghu wlph lqwhuydo dqg frpsxwh wkhlu 4<;304<<5 dyhudjh1 XQHVFR vwdwlvwlfv fodvvl�hv

U)G shuvrqqho lqwr V)H/ whfkqlfldqv/ dqg dx{loldu| shuvrqqho1 Iru wkh shulrgv dqg frxqwulhv iru

zklfk wkh wkuhh w|shv duh dydlodeoh/ Iljxuh 5 vkrzv wkdw wkhuh lv d srvlwlyh uhodwlrqvkls ehwzhhq wkh

udwlr ri V)H wr U)G oderu dqg wkh ohyho ri lqfrph1 Jlyhq wkdw V)H pxvw kdyh vlplodu hgxfdwlrqdo

dwwdlqphqw ohyhov lq doo frxqwulhv zh phdvxuh hsE7�x� dv wkh iudfwlrq ri V)H1

.A�i _@|@ �TTi?_� _�tU�ttit �? _i|@�* _@|@ tL�hUit @?_ UL?t|h�U|�L? 4i|�L_t� W| @*tL *�t|t |�i t@4T*i Lu UL�?|h�itc
@?_ ThL��_it |�i 4i@? �@*�i Lu hi*i�@?| �@h�@M*it uLh i@U� ?@|�L?�
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��� 6�?_�?}t

Zh �uvw hvwlpdwh wkh htxlydohqw dxjphqwhg0Vrorz prgho uhjuhvvlrq iru wkh wkuhh vdpsohv1 Uh0

vxowv vkrxog qrw gl�hu iurp rwkhu vlplodu h{huflvhv/ olnh PUZ dqg Mrqhv +4<<9,1 Wkh hpslulfdo

vshfl�fdwlrq lv qrz

oq

�
\|
O|

�
@ d. i

�
xMcrr
q

�
.

�
�

4� �

�
oq +lrr,�

�
�

4� �

�
oq ^J+crr +4 . q,� 4 . �` > +69,

zkhuh d htxdov wkh �uvw UKV vxppdqg lq vshfl�fdwlrq +68,/ dqg uhsuhvhqwv wkh uhjuhvvlrq lqwhufhsw1

Wdeoh 5 vkrzv wkh idploldu PUZ uhvxowv1 Lq wkh odujh vdpsoh ri frxqwulhv/ kxpdq dqg sk|vlfdo

fdslwdo lqyhvwphqw udwhv dqg srsxodwlrq jurzwk udwhv fdq h{sodlq d elj iudfwlrq ri wkh rxwsxw shu

zrunhu yduldqfh dfurvv frxqwulhv erwk lq wkh xquhvwulfwhg dqg wkh uhvwulfwhg prgho1 Wkh uhvwulfwhg

uhjuhvvlrq*v dgmxvwhg U2 @ 3=9<:/ lv d olwwoh orzhu wkdq PUZ*v dgmxvwhg U2 @ 3=:;ehfdxvh rxu

kxpdq fdslwdo phdvxuh ydulhv ohvv dfurvv frxqwulhv1H Wkh hvwlpdwh ri wkh hodvwlflw| ri rxwsxw zlwk

uhvshfw wr sk|vlfdo fdslwdo � lv 3=6;8/ zklfk djuhhv zlwk wkh h{lvwlqj hpslulfdo hylghqfh rq lqfrph

vkduhv/ h1j1 Ehuqdug dqg Mrqhv +4<<9/ sdjh 4564,1 Uhvxowv iurp wkh 890frxqwu| dqg qrq0RHFG

vdpsohv duh txdolwdwlyho| vlplodu wr wkrvh rewdlqhg iurp wkh odujh vdpsoh ri frxqwulhv1 Iru wkh

RHFG vdpsoh/ wkh �w ri erwk prghov lv zruvh1 Qrz/ wkh xquhvwulfwhg prgho*v dgmxvwhg U2 @ 3=475/

dqg wkh hvwlpdwh ri � lv 3=846 wkdw lv vxevwldqwldoo| kljkhu wkdq hvwlpdwhv rewdlqhg lq wkh rwkhu

vxevdpsohv1 Rxu wkhruhwlfdo prgho lpsrvhv wzr uhvwulfwlrqv wr lwv hpslulfdo vshfl�fdwlrq= wkh frh�0

flhqw dvvrfldwhg wr i
��Mcrr

?

�
htxdov rqh> dqg wkh frh�flhqwv iru oq +lrr, dqg oq ^J+crr +4 . q,� 4 . �`

duh wkh vdph exw ri rssrvlwh vljq1 Shuiruplqj Zdog whvwv/ zh fdqqrw uhmhfw wkhvh frqvwudlqwv dw

kljk vljql�fdqfh ohyhov1

Zh dvvljq d ydoxh ri 3=39 wr wkh ghsuhfldwlrq udwh +�,/ dqg d ydoxh ri 4=349 shufhqw iru wkh vwhdg|0

vwdwh jurvv jurzwk udwh ri lqfrph +J+crr,/ wkh dyhudjh qxpehu lq wkh Elov dqg Nohqrz*v +4<<;,

<40frxqwu| vdpsoh1 Dowkrxjk zh uhfrjql}h srwhqwldo fdyhdwv/ zh surfhhg zlwk ROV hvwlpdwlrq1b

Wkh erwwrp kdoi ri Wdeoh 6 +wkh uhvwulfwhg prgho,/ glvsod|v wkh pdlq uhvxowv ri hvwlpdwlqj

vshfl�fdwlrq +68,1 Frpsduhg zlwk Wdeoh 5/ lqfoxglqj wkh U)G phdvxuh lpsuryhv wkh �w ri wkh

Hk*i?L� @?_ +L_h�>}�i3��*@hi E�bb.M� �?_ |�@| i_�U@|�L?@* @||@�?4i?| _@|@ }��i? M) Th�4@h)c tiUL?_@h)c @?_
|ih|�@h) i_�U@|�L? E@t �? L�h _@|@� �@h�it *itt |�@? tiUL?_@h) i?hL*4i?| h@|it E@t �? �+̀ <t _@|@��

b�t Wt*@4 E�bbD� @?_ �@ti**�c ,t^���i* @?_ wiuLh| E�bbS� TL�?|i_ L�|c |�ihi @hi |�L �4TLh|@?| tL�hUit Lu �?UL?�
t�t|i?U) hi}@h_�?} |�i �w5 it|�4@|�L? ThLUi_�hi @t @TT*�i_ �? |�i i �t|�?} }hL�|� *�|ih@|�hi� A�iti @hic ULhhi*@|i_
UL�?|h)�tTiU��U igiU|t @?_ i?_L}i?L�t i T*@?@|Lh) �@h�@M*it� ��h +:# _@|@ ti| �t *�4�|i_ |L @ UhLtt�tiU|�L?c |�ihi�
uLhi �| _Lit ?L| @**L� uLh � i_ igiU|t� ,?_L}i?i�|) ThLM*i4t U@? Mi ULhhiU|i_ �t�?} W?t|h�4i?|@* V@h�@M*i EWV�
it|�4@|�L?c �L�i�ih |�i @TThLTh�@|i ti| Lu �?t|h�4i?|t �t ?L| U*i@h�
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Wdeoh 5= Hvwlpdwlrq ri wkh dxjphqwhg0Vrorz irup xqghu vwhdg|0vwdwh frqglwlrqv

Ghshqghqw yduldeoh= Orj JGS shu zrunhu/ 4<;50;9 Dyhudjhv

Vdpsoh= :< frxqwulhv 89 frxqwulhv 540RHFG Qrq0RHFG

Xquhvwulfwhg Uhjuhvvlrq=
Frqvwdqw

i+xM@q,

oq +l,

oq^J+ +4 . q,� 4 . �`

�U2

91<;7WWW

+41763,
4143;WWW

+31598,
31935WWW

+313;5,
031794
+31:;7,
31:33

91;85WWW

+513:5,
31;78WWW

+31638,
31965WWW

+313<4,
031;33
+41369,
31957

91<;6W

+61<:4,
3175:
+316:<,
31<75W

+317<8,
0416<;
+41:75,
3153;

4515<5WWW

+51:7;,
41566WWW

+3169;,
3175<WWW

+31443,
5143;
+41776,
3183<

Uhvwulfwhg Uhjuhvvlrq=
Frqvwdqw

i+xM@q, frqvwudlqw
oq +l,� oq^J+ +4 . q,� 4 . �`

�U2

91;89WWW

+31399,
4

3195:WWW

+31396,
319<:

91<84WWW

+313:6,
4

318<8WWW

+31399,
31969

9198;WWW

+317::,
4

4138:WW

+31794,
31475

91;<9WWW

+313;:,
4

31753WWW

+313<7,
31783

Whvw ri uhvwulfwlrqv= s0ydoxhv 31<45 31;84 314:; 31495

Lpsolhg �
�

316;8
+31357,

316:6
+31359,

31846
+3143<,

315<9
+3137:,

�L|iG `��|i<t �i|ihLt!i_@t|�U�|)�UL?t�t|i?| t|@?_@h_ ihhLht @hi �? T@hi?|�itit� A�i T��@*�i ULhhitTL?_t |L |�i @̀*_

|it| Lu ��i|�ih |�i ULi�U�i?| @ttLU�@|i_ ��|� uE�Octt%?� i^�@*t L?ic @?_ |�i ULi�U�i?|t uLh *?E�tt� @?_ *?dB)cttE�n?���nBo

@hi |�i t@4i M�| Lu LTTLt�|i t�}?� A�i �4T*�i_ k UL4it uhL4 hit|h�U|i_ hi}hitt�L?� 888 5�}?��U@?|*) _�gihi?| uhL4

f @| |�i �I *i�i*� 88 5�}?��U@?|*) _�gihi?| uhL4 f @| |�i DI *i�i*� 8 5�}?��U@?|*) _�gihi?| uhL4 f @| |�i �fI *i�i*�
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Iljxuh 6= Uhvlgxdov lq vwhdg|0vwdwh uhjuhvvlrq

56 Country Sample
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21-OECD
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uhjuhvvlrq1 Iru wkh 890frxqwu| vdpsoh iru/ zklfk gdwd rq U)G oderu duh dydlodeoh/ wkh dgmxvwhg

U2 frh�flhqw lqfuhdvhv iurp 3=969 wr 3=9::1 Wkh lqfuhphqw h{shulhqfh lq wkh 540RHFG fdvh lv

vwulnlqj> wkh dgmxvwhg U2 jrhv iurp 3=475 xs wr 3=6<;1 Zh fdq vhh wklv dovr lq Iljxuh 61 Dv lq Mrqhv

+4<<9, dqg Glqrsrxorv dqg Wkrpsvrq +iruwkfrplqj, vwhdg|0vwdwh frqglwlrqv whqg wr ryhusuhglfw

wkh shuirupdqfh ri srru frxqwulhv dqg xqghusuhglfw wkh shuirupdqfh ri ulfk frxqwulhv1 Wkh U)G

phdvxuh khosv wr sduwldoo| fruuhfw wklv/ hvshfldoo| lq wkh RHFG jurxs1

Wkh uhvxowv vxssruw wkh U)G0edvhg jurzwk prgho ryhu wkh vwdqgdug qhrfodvvlfdo jurzwk prgho/

hvshfldoo| iru rxu odujh vdpsoh1 Lq wkh 890frxqwu| vdpsoh wkh wkuhh lqsxwv phdvxuhv/ wkdw lv kxpdq

dqg sk|vlfdo fdslwdo dffxpxodwlrq dqg U)G oderu/ hqwhu vljql�fdqwo| dw wkh 4 shufhqw ohyho1 Lq

dgglwlrq/ wkh uhvwulfwlrqv lpsrvhg e| wkh prgho fdqqrw eh uhmhfwhg ehorz wkh 46 shufhqw vljql�fdqfh

ohyho1 Wkh hvwlpdwh ri wkh hodvwlflw| ri rxwsxw zlwk uhvshfw wr sk|vlfdo fdslwdo � lv qrz 3=59;/ vwloo

lq djuhhphqw zlwk rwkhu hylghqfh rq lqfrph vkduhv1

Zlwk uhvshfw wr wkh vpdoohu vdpsohv/ wkh prgho �wv ehwwhu wkh gdwd iru qrq0RHFG qdwlrqv/ zlwk d

s0ydoxh iru wkh whvw ri uhvwulfwlrqv ri 3=4481 Lq wkh 540RHFG fdvh/ wkh frqvwudlqwv fdq qrw eh uhmhfwhg

rqo| zkhq wkh vljql�fdqfh ohyho lv ehorz 4=< shufhqw1 Exw lqwhuhvwlqjo| lq erwk qrq0RHFG dqg

540RHFG vdpsohv/ hvwlpdwhg frh�flhqwv duh qrw vljql�fdqwo| gl�huhqw iurp wkhhvwlpdwhv rewdlqhg

lq wkh odujhu vdpsoh1 Fdslwdo lqsxwv gr qrw hqwhu vljql�fdqwo| iru RHFG frxqwulhv/ zkhuhdv U)G

�L|iG `��|i<t �i|ihLt!i_@t|�U�|)�UL?t�t|i?| t|@?_@h_ ihhLht @hi �? T@hi?|�itit� A�i T��@*�i ULhhitTL?_t |L |�i
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Wdeoh 6= Hvwlpdwlrq ri wkh prgho xqghu vhdg|0vwdwh frqglwlrqv

Ghshqghqw yduldeoh= Orj JGS shu zrunhu/ 4<;50;9 Dyhudjhv

Vdpsoh= 89 frxqwulhv 540RHFG Qrq0RHFG

Xquhvwulfwhg Uhjuhvvlrq=
Frqvwdqw

i+xM@q,

oq +l,

oq^J+ +4 . q,� 4 . �`

oq+V)H,

�U2

<1<94WWW

+51595,
31943WW

+315:8,
31767WWW

+313;44,
0314<9
+31<<4,
31535WWW

+31384,
319;<

4413<:WWW

+51<5:,
31765
+31663,
31546
+31689,
031375
+41755,
315;9WWW

+31399,
31897

451<97WWW

+51;76,
31<<6WW

+31747,
316:5WWW

+3143:,
41;96
+417;6,
31439
+313::,
317:5

Uhvwulfwhg Uhjuhvvlrq=
Frqvwdqw

i+xM@q, frqvwudlqw
oq +l,� oq^J+ +4 . q,� 4 . �`

oq+V)H,

�U2

;156<WWW

+3166;,
4

3169:WWW

+313:8,
31483WWW

+3136<,
319::

<135:WWW

+31<68,
4

31699
+31844,
3158;WWW

+313:7,
316<;

:18:8WWW

+31899,
4

31679WWW

+313;<,
313:;
+31395,
31767

Whvw ri uhvwulfwlrqv= s0ydoxhv 31465 3134< 31448

Lpsolhg �
�

3159;
+31373,

3159;
+3135;,

3158:
+31383,

@̀*_ |it| Lu ��i|�ih |�i ULi�U�i?| @ttLU�@|i_ ��|� uE�Octt%?� i^�@*t L?ic @?_ |�i ULi�U�i?|t uLh *?E�tt� @?_
*?dB)cttE�n?���nBo @hi |�i t@4i M�| Lu LTTLt�|i t�}?� A�i �4T*�i_ k UL4it uhL4 hit|h�U|i_ hi}hitt�L?�888
5�}?��U@?|*) _�gihi?| uhL4 f @| |�i �I *i�i*� 88 5�}?��U@?|*) _�gihi?| uhL4 f @| |�i DI *i�i*� 8 5�}?��U@?|*)
_�gihi?| uhL4 f @| |�i �fI *i�i*�

oderu lv txlwh vljql�fdqw1 Wkh rssrvlwh lv wuxh lq wkh qrq0RHFG vdpsoh> rqo| fdslwdo lqsxwv hqwhu

vljql�fdqwo|/ dqg wkhuhiruh dgmxvwhg U2 ghfuhdvhv iurp 3=783 +lq Wdeoh 5, wr 3=7671 Zh frqfoxgh

wkdw yduldwlrqv lq rxwsxw shu zrunhu dfurvv RHFG qdwlrqv duh pdlqo| h{sodlqhg e| whfkqrorjlfdo

gl�huhqfhv/ zkhuhdv fdslwdo lqsxw gl�huhqfhv vhhp wr eh wkh nh| h{sodqdwru| idfwru dprqj qrq0

RHFG frxqwulhv1

4;
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Rxu qh{w wdvn lv wr vlpxodwh wkh wudqvlwlrqdo g|qdplfv ri wkh prgho/ dqg wkhq wdnh wkhlu suhglfwlrqv

wr wkh gdwd1 Wr vroyh wkh g|qdplfv htxdwlrq v|vwhp/ vwdwhg rq sdjh 44/ zh iroorz Mxgg +4<<5,/

dssur{lpdwlqj wkh srolf| ixqfwlrqv hpsor|lqj kljk0ghjuhh sro|qrpldov lq wkh vwdwh yduldeohv1�f

e�� �@*�Mh@|�L?

Wdeoh 7 vkrzv wkh sdudphwhu ydoxhv xvhg wr fduu| rxw wkh vlpxodwlrqv1 Dv lq wkh vwhdg|0vwdwh

uhjuhvvlrq h{huflvh/ zh wdnh � @ 3=39/ dqg j+ @ 3=3491 Zh dvvljq ydoxhv ri 3=69 wr wkh fdslwdo0vkduh

ri rxwsxw +�,/ dqg 3=<9 wr wkh glvfrxqw idfwru +�,1 Zh vhw wkh jurzwk udwh ri wkh srsxodwlrq +q,

wr 4=49 shufhqw shu |hdu/ zklfk lv wkh dyhudjh jurzwk udwh ri wkh oderu irufh lq wkh J08 frxqwulhv

+Iudqfh/ Zhvw Jhupdq|/ Mdsdq/ wkh Xqlwhg Nlqjgrp/ dqg wkh Xqlwhg Vwdwhv, gxulqj wkh shulrg

4<9804<<31 Wdnlqj iurp Grprzlw}/ Kxeedug dqg Shwhuvhq +4<;;, d pdun0xs udwlr fkdujhg e|

lqwhuphgldwh0jrrgv surgxfhuv ri 4=68/ lpsolhv d ydoxh iru � htxdo wr 3=4591��

Wdeoh 7= Sdudphwhu ydoxhv xvhg lq wkh vlpxodwlrqv
� 3169 � 31459 Vrr 4518

� 31<9 j+ 31349 � 319<

� 3139 � 318 � 3176

q 313449 ! 31<6 � 415;

Lw lv qrw fohdu zkdw wkh vwhdg|0vwdwh ydoxh ri wkh dyhudjh hgxfdwlrqdo dwwdlqphqw lv jlyhq wkdw

phdq |hduv ri vfkrrolqj kdyh ehhq lqfuhdvlqj ryhu wkh odvw ghfdghv lq prvw ghyhorshg frxqwulhv1

Zh fkrrvh wr vhw Vrr wr 45=8/ wr pdwfk wkh 4<<6 X1V1 �jxuh1 Htxdwlrqv +55, dqg +56, lpso| wkdw

wkh lqyhuvh ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq +�, pxvw wkhq htxdo 4=5;/ zklfk lv zhoo

zlwklq wkh hpslulfdo hvwlpdwhv1 Iroorzlqj Elov dqg Nohqrz +4<<;,/ zh xvh Svdfkdursrxorv* +4<<7,

furvv0frxqwu| vdpsoh rq dyhudjh hgxfdwlrqdo dwwdlqphqw dqg Plqfhuldq frh�flhqwv wr hvwlpdwh �

�fA�i T@h@4i|iht Lu |�i @TThL �4@|i_ _iU�t�L? h�*it @hi U�Lti? |L E@TThL �4@|i*)� t@|�tu) |�i ,�*ih i^�@|�L?t L�ih
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Iljxuh 7= Dgmxvwphqw sdwkv iru Mdsdq dqg Nruhd
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dqg �1 Jlyhq i+V, @ �Vq / zh fdq frqvwuxfw wkh uhjuhvvlrq

oq +Plqfhu�, @ d. e oqV� . %�> +6:,

zkhuh Plqfhu� @ i �+V�, lv wkh hvwlpdwhg Plqfhuldq frh�flhqw iru frxqwu| l> d dqg e htxdo oq+��,

dqg +� � 4,/ uhvshfwlyho|> dqg %� lv d glvwxuedqfh1 Zh rewdlq � @ 3=9< dqg � @ 3=761

Wkh fdoleudwlrq ri wkh U)G whfkqrorj| sdudphwhuv lv pruh sureohpdwlf1 Zh wdnh d ydoxh ri 3=8

iru �1�2 Lw iroorzv iurp htxdwlrq +53,/ wkdw zh uhfryhu wkh ydoxh ri ! @ 3=<61 Zh wkhq fkrrvh # vr

dv wr uhsurgxfh wkh rxwsxw shu zrunhu hyroxwlrq iurp 4<93 wr 4<<3 lq Mdsdq dqg ehwzhhq 4<98 dqg

4<<3 lq Nruhd1 Wkh iruphu ghyhorsphqw h{shulhqfh jlyhv d ydoxh iru # ri 3=598/ zkhuhdv wkh odwwhu

lpsolhv wkdw # htxdov 3=6:51 Wkh lqlwldo ydoxhv ri wkh vwrfn yduldeohv dqg wkh rxwsxw gdwd xvhg wr

fdoleudwh #/ dv zhoo dv wkh dffxudf| phdvxuhv duh surylghg lq Wdeoh 81��

e�2 �_��t|4i?| T@|�t Lu a@T@? @?_ kLhi@

Zh fkrrvh wr fdoleudwh # wr erwk wkh Nruhdq dqg wkh Mdsdqhvh rxwsxw qxpehuv ehfdxvh wkh|

uhsuhvhqw wzr lpsruwdqw _pludfxorxv% h{shulhqfhv1 Iljxuh 7 suhvhqwv gdwd iru Nruhd dqg Mdsdq

�25�?Ui |�i *�|ih@|�hi _Lit ?L| ThL��_i hi*�@M*i it|�4@|it Lu bc �i U@hh) L�| @ ti?t�|���|) @?@*)t�t ��|� b |@!�?}
|�i �@*�it f�2Dc f�Dc @?_ f�.D� A�i hit�*|t �i LM|@�? @hi @*4Lt| �_i?|�U@*c �i |�ihiuLhi U�LLti |L UL?Ui?|h@|i L? |�i
�?|ih4i_�@|i U@ti�
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Wdeoh 8= Yduldeoh ydoxhv xvhg wr fdoleudwh #/ dqg dffxudf| phdvxuhv

Lqlwldo Uhodwlyh Ohyhov Lq 4<<3 Dyhudjh HuuruW+(, Pd{1 HuuruW+(,

Frxqwu| #
N Tih V \ Tih

�Lh!ih )i@ht �Lh!ih

\ Tih

�Lh!ih
F xt x� F xt x�

Mdsdq 3=598 47=5( 43=< 53=8( 94=8( 3=34 3=35 3=34 3=37 3=3; 3=38

Nruhd 3=6:5 45=3( 6=9 43=<( 76=9( 3=3; 3=55 3=3< 3=68 4=57 3=88

Qrq0rlo
vdpsoh

3=598
3=6:5

8=:( 6=4 43=<(
8=:( 6=4 43=<(

�
�

3=4; 3=79 3=46
3=49 3=74 3=48

3=;: 5=67 3=88
3=:7 5=34 3=9<

W
ì @ttitt |�i ,�*ih i^�@|�L? ihhLh L�ih �fcfff t|@|i�tT@Ui TL�?|t �t�?} |�i @TThL �4@|i_ h�*it� 6Lh i@U� �@h�@M*ic |�i 4i@t�hi

}��it |�i U�hhi?| �@*�i _iU�t�L? ihhLh |�@| @}i?|t �t�?} |�i @TThL �4@|i_ h�*it 4@!ic @tt�4�?} |�@| |�i E|h�i� LT|�4@* _iU�t�L?t

�ihi 4@_i �? |�i Thi��L�t Tih�L_�

rq ohyhov dqg jurzwk udwhv ri uhodwlyh JGS shu zrunhu +UJGSZ,1�e Lq 4<93/ Mdsdq*v rxwsxw shu

zrunhu zdv dw 53=8 shufhqw1 Lq 4<<3/ lw kdg uhdfkhg 94=8 shufhqw1 JGS shu zrunhu lq Nruhd vwduwhg

lwv idvw jurzlqj sdwk lq 4<981 Ehwzhhq 4<98 dqg 4<<3/ lw zhqw xs iurp 43=< wr 76=9 shufhqw1 Gxulqj

wkhvh shulrgv/ Mdsdq dqg Nruhd h{klelwhg/ rq dyhudjh/ d 8=5 dqg d 9=< shufhqw dqqxdo jurzwk udwh/

uhvshfwlyho|1 Dowkrxjk vkrzlqj gl�huhqw ghyhorsphqw h{shulhqfhv/ erwk Mdsdq dqg Nruhd gholyhu

yhu| forvh ydoxhv ri #1

Wkh dgmxvwphqw sdwk jhqhudwhg e| wkh prgho uhsolfdwhv zhoo wkh uhodwlyh rxwsxw ohyho sdwkv1

Frqyhujhqfh rffxuv iroorzlqj d txlwh olqhdu prwlrq1 Wkh prgho g|qdplfv fdq hyhq iroorz zhoo

wkh hyroxwlrq ri jurzwk udwhv1 Iru h{dpsoh/ lw suhglfwv wkdw Nruhdq shu fdslwd rxwsxw jurzwk

udwhv gr qrw slfn dw wkh ehjlqqlqj ri wkh frqyhujhqfh sdwk exw odwhu rq1 Xqolnh wkh qhrfodvvlfdo

jurzwk prgho wkdw qhhgv wr xvh d Vwrqh0Jhdu| xwlolw| ixqfwlrq +vhh Nlqj dqg Uhehor +4<<6,,/ wkh

U)G0jurzwk prgho dfklhyhv wklv e| hpsor|lqj vwdqgdug whfkqrorjlhv dqg sdudphwhu ydoxhv1�D

e�� �@? |h@?t�|�L? _)?@4�Ut i T*@�? |�i UhLtt�UL�?|h) _@|@q

Lq wklv Vhfwlrq/ zh vwxg| krz zhoo wkh dgmxvwphqw sdwk lqgxfhg e| wkh prgho ghvfulehv wkh lqwhu0

qdwlrqdo gdwd/ frpsduhg wr vwhdg|0vwdwh suhglfwlrqv1 Rxu �uvw h{shulphqw dvvhvvhv krz zhoo wkh

wudqvlwlrq g|qdplfv �w wkh rxwsxw shu zrunhu gdwd1 Wr gr wklv/ zh qhhg wr hvwlpdwh wkh srolf| uxohv

wkdw wdnh vwdwh yduldeohv iurp jlyhq lqlwldo ydoxhv wr wkh vwhdg| vwdwh1 Wkh ixuwkhu zh pryh dzd|

iurp wkh edodqfhg0jurzwk sdwk/ wkh orzhu wkh dffxudf| ghjuhh ri wkh qxphulfdo dssur{lpdwlrq1 Lq

�e�** @*L?} |�i T@Tihc hi*@|��i 4i@t�hit @hi |@!i? ��|� hitTiU| |L N�5� *i�i*t�
�Dw@� @?_ @̀? E�bbe� @*tL hiThL_�Ui |�i }hL�|� T@||ih?t t�L�? M) �t�@? �W,t �? @ 4L_i* Lu ��4@? U@T�|@* @?_

|iU�?L*L}�U@* U@|U���T�
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Wdeoh 9= Phdvxuh ri �w lq wudqvlwlrq g|qdplfv h{shulphqwv

Iluvw h{shulphqw

Yduldeohv Frxqwu| jurxsv Vwhdg| vwdwh G|qdplfv

Uhvwulf1 Xquhvw1
prgho prgho

Ydoxh ri #
3=598 3=6:5

orj �JGSZ

Zkroh vdpsoh
540RHFG
Qrq0RHFG

3=9;< 3=:45
3=78; 3=984
3=79: 3=867

3=;97 3=;:9
3=873 3=947
3=::4 3=:99

Vhfrqg h{shulphqw

xM

Zkroh vdpsoh
540RHFG
Qrq0RHFG

�3=<89
�5=46;
�5=;73

�4=794 �4=773
�<=5<3 �<=53;
�4=8;< �4=896

l

Zkroh vdpsoh
540RHFG
Qrq0RHFG

�3=744
.3=345
�3=;87

�5=895 �5=88;
�9=;63 �:=6<4
�5=839 �5=6:8

dgglwlrq/ zh zdqw wr vwduw wkh dgmxvwphqw sdwk lqvlgh wkh forxg ri furvv0frxqwu| revhuydwlrqv1 Dv

vkrzq lq Wdeoh 8/ zh fkrrvh dq lqlwldo ydoxh iru wkh uhodwlyh sk|vlfdo fdslwdo vwrfn shu zrunhu ri 8=:

shufhqw/ dq lqlwldo ydoxh iru wkh dyhudjh hgxfdwlrqdo dwwdlqphqw ri 6=4 |hduv/ dqg dq lqlwldo ydoxh iru

wkh whfkqrorj| vwrfn ri 87=6 shufhqw +uhodwlyh WIS, vr dv wr jhqhudwh d uhodwlyh JGS shu zrunhu

ohyho ri 43=< shufhqw1 Wdeoh 8 dovr uhsruwv wkh huuru frpplwwhg lq wkh hvwlpdwlrq1

Iljxuh 8 ghslfwv r�0vwhdg|0vwdwh suhglfwlrqv iru sk|vlfdo fdslwdo/ dyhudjh |hduv ri vfkrrolqj/ WIS/

lqwhuhvw udwhv dqg lqyhvwphqw1 Zlwk �{hg lqlwldo dqg �qdo ydoxhv ri wkh vwdwh yduldeohv/ wkh txhvwlrq

lv krz zhoo wkh wudqvlwlrqdo sdwk iroorzv wkh gdwd forxg lq ehwzhhq1 Wkh vlpxodwhg g|qdplfv vhhp

wr �w zhoo dfurvv wkh revhuydwlrqv1 D odujhu ghjuhh ri _edfnzdugqhvv dgydqwdjh% +l1h1/ d eljjhu #,

lqgxfhv idvwhu whfkqrorj| fdwfk0xs/ dqg vorzhu kxpdq fdslwdo dffxpxodwlrq/ pdnlqj wkh dgmxvwphqw

sdwkv ehwwhu �w wkh gdwd1 Wkh vlpxodwhg sk|vlfdo dqg kxpdq fdslwdo ohyhov whqg wr glyhujh zlwk

uhvshfw wr wkh ulfk frxqwulhv* gdwd srlqwv1 Wklv lv wkh uhvxow ri fdoleudwlqj wkh vwhdg| vwdwh wr

X1V1 qxpehuv1 Wkh wzr yduldeohv* glyhujhqw surfhvvhv/ krzhyhu/ r�vhw hdfk rwkhu1 Dv d uhvxow/ wkh

whfkqrorj| ohyho vhulhv fdswxuhv zhoo wkh revhuydwlrqv1 Orrnlqj dw Iljxuh 8/ zh dovr vhh wkdw wkh

suhglfwhg lqwhuhvw dqg lqyhvwphqw udwhv duh sodxvleoh1 Orzhu lqyhvwphqw udwlrv dqg odujhu uhwxuqv

wr fdslwdo dw orz ohyhov ri ghyhorsphqw zrxog/ qhyhuwkhohvv/ ehwwhu fdswxuh wkh gdwd1

Wkh vlpxodwhg qxpehuv iru rxwsxw dqg sk|vlfdo dqg kxpdq fdslwdo vwrfnv shu zrunhu lpsolflwo|
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Iljxuh 8= Dgmxvwphqw sdwkv iru wkh qrq0rlo vdpsoh
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gh�qh d ixqfwlrq +],1 Xqghu wkh prgho vshfl�fdwlrq/ zh kdyh wkdw
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Ihhglqj wklv ixqfwlrq zlwk wkh qxpehuv surylghg e| wkh furvv0frxqwu| revhuydwlrqv/ zh rewdlq d

suhglfwhg ydoxh iru hdfk qdwlrq*v JGS shu zrunhu1 Wdeoh 9 uhsruwv d svhxgr0U2 iru wkh dgmxvwphqw

sdwk suhglfwlrqv1�S Frpsduhg wr wkh +qrq0fruuhfwhg, U2 iurp wkh hpslulfdo vshfl�fdwlrq xqghu

vwhdg|0vwdwh frqglwlrqv +dovr uhsruwhg lq Wdeoh 9,/ wkh prgho g|qdplfv h{sodlq d odujhu iudfwlrq ri

wkh rxwsxw yduldqfh lq doo vdpsohv zlwk h{fhswlrq ri wkh RHFG vdpsoh lq wkh xquhvwulfwhg prgho1�.

Orrnlqj dw wkh phdvxuhv ri �w lq wkh # @ 3=6:5 fdvh/ zklfk duh kljkhu/ zh vhh wkdw iru wkh zkroh

vdpsoh wkh U2 lqfuhdvhv iurp 3=9;< lq wkh uhvwulfwhg prgho +3=:45 lq xquhvwulfwhg prgho, wr 3=;:9/

dqg iurp 3=78; lq wkh uhvwulfwhg prgho wr 3=947 iru wkh RHFG vhw +lw ghfolqhv iurp 3=984 lq wkh

xquhvwulfwhg prgho,1 Ilqdoo|/ lq wkh fdvh ri wkh qrq0RHFG vdpsoh wkh U2 lqfuhdvhv iurp 3=79: lq

wkh uhvwulfwhg dqg 3=867 lq wkh xquhvwulfwhg prghov wr 3=:991

Rxu vhfrqg h{shulphqw dlpv dw phdvxulqj wkh txdolw| ri �w uhjduglqj wkh ghflvlrq yduldeohv*

suhglfwlrqv1 Wkh dssur{lpdwlrq dffxudf| frqvlghudwlrqv glvfxvvhg deryh lpso| wkdw qrz wkh vhw ri

frxqwulhv pxvw eh iruphg e| qdwlrqv zlwk uhodwlyh sk|vlfdo fdslwdo vwrfnv deryh 8=: shufhqw/ dyhudjh

hgxfdwlrqdo dwwdlqphqw pruh wkdq 6=4 |hduv/ dqg uhodwlyh JGS shu zrunhu ohyhov ryhu 43=< shufhqw1

Wkh prgl�hg qrq0rlo vdpsoh hqgv xs zlwk 83 frxqwulhv1�H Zh irfxv rq wzr ghflvlrq yduldeohv= wkh

iudfwlrq ri wkh srsxodwlrq hquroohg lq vfkrro dqg wkh sk|vlfdo fdslwdo lqyhvwphqw udwh1 Zh fdqqrw

xvh wkh U)G oderu phdvxuh ehfdxvh lw grhv qrw htxdo wkh iudfwlrq ri wkh srsxodwlrq hqjdjhg lq

U)G1

Iru frxqwu| m/ vwhdg|0vwdwh suhglfwlrqv iru hquroophqw udwhv frph gluhfwo| iurp htxdwlrq +56,/

xMrrc� @ Vrrc� q� = +6<,
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Iljxuh 9= Suhglfwhg ydoxhv ri ghflvlrq yduldeohv
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Iurp h{suhvvlrqv +5<, dqg +63,/ zh rewdlq wkh edodqfhg0jurzwk sdwk ri sk|vlfdo fdslwdo lqyhvwphqw

ghflvlrq/

lrrc� @
� ^J+rr+4 . q�,� 4 . �`

Jw
+rr

�
�n?�
4

�
� 4 . �

= +73,

Wkh hvwlpdwhg srolf| ixqfwlrqv surylgh wkh r�0vwhdg| vwdwh ydoxhv1

Iljxuh 9 vkrzv wkdw vwhdg|0vwdwh suhglfwlrqv wxuq rxw wr eh yhu| frqfhqwudwhg durxqg wkhlu

phdq/ dqg gr qrw dgdsw wr wkh forxg ri gdwd srlqwv/ hvshfldoo| iru lqyhvwphqw udwhv1 Wkh prgho*v

wudqvlwlrqdo g|qdplfv ydoxhv/ rq wkh rwkhu kdqg/ rsshudwh lq wkh rssrvlwh gluhfwlrq> wkh| glvsod|

d kljk yduldqfh/ eljjhu wkdq wkh rqh vkrzq lq wkh gdwd1 Frpsduhg wr wkh wudqvlwlrq g|qdplfv/

vwhdg|0vwdwh frqglwlrqv vkrz odujhu U2 ydoxhv/ sduwlfxoduo| lq wkh lqyhvwphqw udwh fdvh/ dqg iru wkh

RHFG jurxs1 Wudqvlwlrqdo g|qdplfv ehwwhu fdswxuh wkh vfkrrolqj hquroophqw gdwd iru qrq0RHFG

frxqwulhv1 Ryhudoo/ erwk w|shv ri suhglfwlrqv gr qrw vhhp wr frpso| zhoo zlwk wkh gdwd1 Wkh

qhjdwlyh vljqv lq wkh erwwrp kdoi ri Wdeoh 9 vd| wkdw mxvw wkh vdpsoh phdq lv d ehwwhu suhglfwru lq

prvw fdvhv1

D �L?U*�t�L?

Wklv sdshu frpsduhg wkh vwhdg|0vwdwh dqg wudqvlwlrqdo g|qdplfv suhglfwlrqv ri d jurzwk prgho wkdw

frqwdlqhg wkuhh pdlq hqjlqhv= whfkqrorjlfdo surjuhvv/ sk|vlfdo fdslwdo dffxpxodwlrq/ dqg kxpdq

fdslwdo irupdwlrq1 Rxu pdlq �qglqj lv wkdw wkh g|qdplfv ri wkh prgho �w wkh furvv0frxqwu| rxwsxw

shu fdslwd gdwd ehwwhu wkdq vwhdg|0vwdwh uhjuhvvlrqv1 Ixuwkhupruh/ wkh prgho dfklhyhg wklv xvlqj

wkh vdph sdudphwhul}dwlrq wkdw uhsurgxfhg wkh Mdsdqhvh dqg Nruhdq udslgo| jurzlqj h{shulhqfhv1

Ixuwkhu/ zh irxqg wkdw wkh U)G0edvhg jurzwk prgho h{sodlqv wkh lqwhuqdwlrqdo gdwd ehwwhu

wkdq wkh qhrfodvvlfdo jurzwk iudphzrun1 Lq sduwlfxodu/ rxu uhvxowv vxjjhvw wkdw gl�huhqfhv lq erwk

lghdv dqg fdslwdo lqsxwv duh lpsruwdqw lq xqghuvwdqglqj lqfrph glvsdulwlhv dfurvv frxqwulhv1 Wkh

iruphu duh wkh pdlq h{sodqdwru| idfwru iru rxwsxw shu zrunhu yduldwlrqv dfurvv RHFG qdwlrqv/

zkhuhdv wkh odwwhu duh wkh nh| idfwru dprqj qrq0RHFG frxqwulhv1 Wkh qrupdwlyh lpsolfdwlrqv ri

iudphzrunv edvhg rq lpshuihfw frpshwlwlrq dqg lghdv vkrxog wkhq eh wdnhq vhulrxvo|1

Fohduo|/ rxu �qglqjv gr qrw vxssruw frqglwlrqdo frqyhujhqfh1 Exw wkh| gr qrw jr djdlqvw lw

hlwkhu/ ehfdxvh wkh frqyhujhqfh htxdwlrq hqfrpsdvvhv erwk wudqvlwlrqdo g|qdplfv dqg edodqfhg

jurzwk sdwk frqglwlrqv1 Rxu uhvxowv vxjjhvw wkdw lqwhusuhwlqj wkh odfn ri frqglwlrqdo frqyhujhqfh

dv lpso|lqj wkdw frxqwulhv duh forvh wr wkhlu vwhdg| vwdwh/ dqg xvlqj wklv dujxphqw wr mxvwli| ohyho
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uhjuhvvlrqv edvhg rq vwhdg|0vwdwh frqglwlrqv +ri wkh PUZ w|sh, lv xqirxqghg1 Wkh wudglwlrqdo

ylhz ri d zruog lq zklfk qdwlrqv pryh dorqj wkhlu glvwlqfw edodqfhg0jurzwk sdwkv lv dv olnho| dv

wkh rqh lq zklfk frxqwulhv pryh dorqj dgmxvwphqw sdwkv wrzdug d frpprq +yhu| orqj0uxq, vwhdg|

vwdwh1 Wkxv wkh srwhqwldo sd|r� ri �qglqj zd|v wr lqwhjudwh erwk w|shv ri frqglwlrqv fdq eh kljk/

hvshfldoo| lq ohyho uhjuhvvlrq dqdo|vlv/ dqg ixwxuh uhvhdufk vkrxog wu| wr dfklhyh wklv jrdo1

5:
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Wkh gdwd dqg surjudpv xvhg lq wklv sdshu duh dydlodeoh e| wkh dxwkruv xsrq uhtxhvw1

� Lqfrph +JGS, dqg lwv frpsrqhqwv ^Vrxufh= SZW 819`

Furvv0frxqwu| JGS shu zrunhu dqg uhdo lqyhvwphqw vkduhv duh wdnhq iurp wkh Shqq Zruog Wdeohv/

Yhuvlrq 819 dv ghvfulehg e| Vxpphu dqg Khvwrq +4<<4,1 Wklv gdwd vhw lv dydlodeoh rq0olqh dw=

kwws=22zzz1qehu1ruj2szw891kwpo1

� Oderu irufh ^Vrxufh= SZW 819`

Wkh furvv0frxqwu| gdwd vhw rq wkh oderu irufh lv dovr wdnhq iurp wkh Shqq Zruog Wdeoh/ Yhuvlrq 8191

Wkh jurzwk udwh ri wkh oderu irufh surylghv wkh dqqxdo q*v iru hdfk frxqwu|1

� Sk|vlfdo fdslwdo vwrfnv ^Vrxufh= VWDUV/ SZW 819/ dqg shushwxdo lqyhqwru| dssurdfk`

Sk|vlfdo fdslwdo iru V1 Nruhd gluhfwo| frphv iurp SZW 8191 Iru Mdsdq/ zh wdnh wkh 4<93 wr 4<:3

�jxuhv iurp VWDUV/ dqg wkh 4<:4 wr 4<<3 qxpehuv iurp SZW 8191 Wkh uhdvrq lv wkdw xqwlo 4<98

dqg diwhu 4<;: sk|vlfdo fdslwdo vwrfnv duh qrw dydlodeoh dw SZW 819 dqg VWDUV/ uhvshfwlyho|1 Lq

dgglwlrq/ diwhu 4<:3 erwk gdwd vrxufhv surylgh yhu| forvh ydoxhv1

Iru wkh Qrq0rlo furvv0frxqwu| vdpsoh/ zh iroorz wkh xvxdo shushwxdo lqyhqwru| dssurdfk1 Wkh

fdslwdo vwrfn lv fdofxodwhg e| vxpplqj lqyhvwphqw iurp lwv hduolhu dydlodeoh |hdu +4<93 ru ehiruh,

wr 4<;9 zlwk wkh ghsuhfldwlrq udwh vhw dw 9 shufhqw1 Wkh lqlwldo fdslwdo vwrfn lv ghwhuplqhg e| wkh

lqlwldo lqyhvwphqw udwh/ glylghg e| wkh ghsuhfldwlrq udwh soxv wkh jurzwk udwh ri lqyhvwphqw gxulqj

wkh vxevhtxhqw whq |hduv1

� Hgxfdwlrq ^Vrxufh= VWDUV +Zruog Edqn,`

Dqqxdo gdwd rq hgxfdwlrqdo dwwdlqphqw duh wkh vxp ri wkh dyhudjh qxpehu ri |hduv ri sulpdu|/

vhfrqgdu| dqg whuwldu| hgxfdwlrq lq oderu irufh1 Wkhvh vhulhv zhuh frqvwuxfwhg iurp hquroophqw

gdwd xvlqj wkh shushwxdo lqyhqwru| phwkrg/ dqg wkh| zhuh dgmxvwhg iru pruwdolw|/ gurs0rxw udwhv

dqg judgh uhshwlwlrq1 Iru d ghwdlohg glvfxvvlrq rq wkh vrxufhv dqg phwkrgrorj| xvhg wr exlog wklv

gdwd vhw vhh Qhkux/ Vzdqvrq/ dqg Gxeh| +4<<8,1
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Iurp wkh dyhudjh hgxfdwlrqdo dwwdlqphqw qxpehuv/ dqg wkh oderu irufh jurzwk udwhv/ zh frpsxwh

dqqxdo vfkrrolqj hquroophqw udwhv xvlqj htxdwlrq +8,1

� U)G shuvrqqho ^Vrxufh= XQHVFR`

Wkh qxpehu ri vflhqwlvwv dqg hqjlqhhuv +V)H,/ whfkqlfldqv/ dqg dx{loldu| zrunhuv hqjdjhg lq U)G

lv wdnhq iurp wkh Xqlwhg Qdwlrqv Hgxfdwlrqdo/ Vflhqwl�f dqg Fxowxudo Rujdql}dwlrq +XQHVFR,

Vwdwlvwlfdo \hduerrn +ydulrxv lvvxhv,1 Wkhvh vwrfn gdwd jhqhudoo| frph iurp fhqvxvhv/ dqg duh qrw

dydlodeoh lq dq dqqxdo edvlv1 Iru wkh shulrg iurp 4<;3 wr 4<<5/ wkh qxpehu ri revhuydwlrqv shu

frxqwu| zlgho| ydulhv/ iurp rqh wr vl{1

Iru wkh X1N1/ vlqfh lwv dqqxdo qxpehu ri V)H hqjdjhg lq U)G zdv dydlodeoh rqo| iru wkh

surgxfwlyh vhfwru iurp 4<;3 wr 4<<5/ zh zhljkwhg wkh gdwd hpsor|lqj wkh vkduhv ri wkh surgxfwlyh

dqg qrqsurgxfwlyh vhfwruv lq 4<<6 wr hvwlpdwh wkh wrwdo qxpehu1

�L�?|h�it �? |�i UL4Thi�i?t��i t@4T*i

Rxu frpsuhkhqvlyh vdpsoh lqfoxghv wkh ;3 frxqwulhv iurp wkh Pdqnlz/ Urphu dqg Zhlo +4<<5,

qrq0rlo vdpsoh iru zklfk dqqxdo gdwd rq lqfrph/ udz oderu/ kxpdq fdslwdo/ dqg lqyhvwphqw udwhv

zhuh dydlodeoh iru hyhu| |hdu ri wkh vdpsoh shulrg/ 4<;50;91 Wkh wdeoh ehorz surylghv d olvw ri

wkhvh frxqwulhv dorqj zlwk wkh 4<;50;9 dyhudjh ydoxh ri uhohydqw yduldeohv +4<;30<5 dyhudjhv iru wkh

iudfwlrq ri V)H, iru hdfk frxqwu|1

Dq dvwhulvn +W, ghqrwhv wkh qdwlrqv lqfoxghg lq wkh vdpsoh xvhg wr fduu| rxw wkh vhfrqg h{shu0

lphqw lq Vxevhfwlrq 7161
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Phdq ydoxhv ri uhohydqw yduldeohv iru ;3 frxqwulhv
JGS shu Fdslwdo Hgxfdwlrq Lqyhvwphqw Oderu U)G V)H

Frxqwu| zrunhu shu z1 Dwwdlq1 Hquroo1 ryhu JGS Irufh lq srsxodwlrq
+eloo1 XV', +eloo1 XV', +|hduv, +(, +(, +( jurzwk, +( ,

DojhuldW 4655<15 63967163 6195 5<18; 581:3 6193 �
DujhqwlqdW 4884913 66;<:1;< :15< 49197 4713; 31<8 31367;
DxvwudoldW 5;33319 ;:3;716: :165 541<7 5915; 41:: 3153<3
DxvwuldW 5687519 9;5;;1;: ;194 ;185 5616; 3197 314349
Edqjodghvk 744613 49<<13: 51<; 451:6 6159 5174 �0
EhojlxpW 5:5:817 :8:97136 ;147 4315: 4;17; 317: 3149<:
ErolyldW 89<;13 445691:; 81:; 66167 914; 5187 31355<
Eud}loW 43;9517 543;<19; 7139 54156 481<; 5149 3135<9
Fdphurrq 686713 5:55156 51:; 5619< 45187 61<5 �
FdqdgdW 5<;8719 :893;185 <19: 54133 56197 4135 314;7:
FklohW <:461; 554<;194 91;; 5:1<9 4<1;5 5188 31368;
Fklqd 4<8613 6:971;9 71:; 59138 541;; 5183 31447<
FrorpeldW <65915 486<716< 718: 5:1:9 4913; 518; 31336<
Frvwd UlfdW 649819 89;41;5 :176 6;144 48165 6139 31386<
F|suxvW 4653;15 678<:179 :18: 431<8 58153 4138 3133:7
GhqpdunW 5635313 9:954143 ;1<4 45194 54195 318; 314;87
HfxdgruW <:<315 5557513; 8168 5:1;5 4<197 51;5 313497
Hj|sw 9;5817 646<143 7184 541:3 9153 51:9 313784
Ho Vdoydgru 4:;719 4;3:156 7194 4<138 9195 416; 3133;:
Hwklrsld :5;19 68914; 3178 81;8 7167 715: �
IlqodqgW 5654719 ;853:13: <17; 4:173 631<5 31:; 31547<
IudqfhW 5:38;1; ;57971<4 ;15: 461<6 561:9 31;; 314;<6
Jhupdq|W 4558<19 856941<9 ;15: <1:< 561<3 3184 315:69
Jkdqd 549919 4977155 7163 66197 618; 8199 �
JuhhfhW 48<5713 75384193 ;184 43194 4<1:3 3178 313484
JxdwhpdodW :98517 ;8<9175 6166 49188 :17; 51<6 3133<<
Kdlwl 545619 4898178 5173 43166 :19; 4167 �
KrqgxudvW 79;;17 9;87147 714< 581;; 4314; 61<< �
LfhodqgW 5646:15 97<7<16: ;1;6 57198 57173 416< 3158<9
Lqgld 59591; 69351:3 615: 49196 461:; 515: 313465
LqgrqhvldW 754:13 9866165 7138 55143 581;; 516: 313486
Luhodqg 4;;9913 86;;417; 451<7 051;< 58137 31:; �
LvudhoW 54<8913 85:6919; 919< 64163 53167 513; 317;66
Lwdo|W 59;:617 :;:9714; :185 4:166 561:; 31;4 314483
Lyru| Frdvw 48<417 53381;: 41:; 49139 :199 51:: �
MdpdlfdW 834;17 477:51<8 :1:9 5:1;9 47155 516; 313343
MdsdqW 4;3<:13 8;55:183 431<9 <1;9 641:5 31;7 317:<8
MrugdqW 4964419 559491;: 7197 6314< 4:173 7173 31347:
Nhq|d 53981; 6737187 6196 6:1:4 4419; 71<9 �
Nruhd1 UhsW 6<<315 44974159 :13< 67167 5;157 41<6 31453;
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Phdq ydoxhv ri doo yduldeohv iru doo ;3 frxqwulhv/ frqw1

Frxqwu| JGS shu Fdslwdo Hgxfdwlrq Lqyhvwphqw Oderu U)G V)H
zrunhu shu z1 Dwwdlq1 Hquroo1 ryhu JGS Irufh lq srsxodwlrq

+eloo1 XV', +eloo1 XV', +|hduv, +(, +(, +( jurzwk, +(,

Pdgdjdvfdu 4:391; 677137 6148 4:1<9 4147 5139 31334<
Pdodzl 445<15 46651:7 6165 44195 ;149 519< �
Pdod|vldW 438;419 5587:195 81:: 651;< 5<187 6149 31353:
Pdol 493<1; 433:159 31<9 441;4 81;7 9149 �
PdxulwlxvW :66;1; ;4<415; 916: 4;16: ;169 417< 31356<
Ph{lfrW 49<5<13 5<<;:15: 8179 63174 471<5 519; 31355:
Prurffr 96:<1; 9:57147 5147 481:8 <1<; 6154 �
Pr}dpeltxh 487413 7761:; 5153 48155 4169 4137 �
P|dqpdu 45:91; 4478143 5169 45199 ;1<7 5148 �
QhwkhuodqgvW 5;54;17 :;;9;17; ;158 481:4 53173 415< 315679
Qhz ]hdodqgW 6<7;31: 6<7;31:< ;16; 5:1:3 57177 4185 314886
Qljhuld 636915 7<;;1;; 5133 56186 <1;; 7187 31334;
Qruzd|W 5:73:15 ;<<6;148 <15< 4718< 5;19; 31<5 315875
Sdnlvwdq 73:815 69551<5 41<7 441;5 43149 6164 313394
SdqdpdW 434731; 5433;15; :134 691;3 491:9 51<3 �
Sdudjxd|W 978417 <876195 81:3 55145 49173 6156 �
ShuxW ;93813 4;:<51;: 9145 6317< 491<3 5184 313735
SklolsslqhvW 79:;17 ;9761:: :166 651:6 49135 518< 313458
SruwxjdoW 4479717 5;9<6197 8167 491<5 54135 31;: 313759
Uzdqgd 489:15 89413< 5197 43188 9145 516: 313344
Vhqhjdo 596;1; 4973173 41:8 47137 6189 51;8 313675
Vlhuud Ohrqh <<419 4:71:4 41<5 4518: 416; 419: �
VlqjdsruhW 4:;;619 7;<4716: 91:: 6514: 6;1;3 41<< 313<6:
VsdlqW 544951; 8<657177 91:< 4:1<6 541;7 31<8 313::7
Vul Odqnd 4<7615 56961:8 9134 491:4 45173 416< 31348:
Vxgdq 593819 6<56159 418: 4713< 46173 519< �
VzhghqW 58;:817 :3;;6194 <196 45167 4<199 3186 315964
Vzlw}huodqgW 5<77913 4345:816; 91:6 451:5 5;193 31<3 3156:5
Wdq}dqld <9:17 43<:18: 5135 4<13; 431;3 514; �
WkdlodqgW 798:17 9<:6154 8178 541<3 491:7 516: 3134:4
WxqlvldW ;95<19 44637179 717; 5:19: 46169 6188 3136;:
Wxunh|W :33<19 4876;1;5 7155 53147 55147 5188 313544
Xjdqgd 496:19 76413: 516< <14: 41;5 514: �
X1N1W 557:51; 7::39154 <1<7 46197 49193 3189 31564;
X1V1W 659;719 ;6<4;18; 44168 541:; 54147 414: 316765
Xuxjxd|W 43::613 5799713; :186 49194 451;7 318; 3139;;
Yhqh}xhodW 4<54319 7:<<51:4 9135 6<17< 4817; 6157 313579
]dluh 44:419 :541;< 619: 54148 8193 518; �
]dpeld 57<619 ;<83187 7139 6317< <185 6186 �
]lpedezh 65:413 95:313; 7169 5:1;4 45167 71<: �
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Djklrq/ S1 dqg Krzlww/ S1/ _D Prgho ri Jurzwk Wkurxjk Fuhdwlyh Ghvwuxfwlrq/% Hfrqrphwulfd/
93=656084/ 4<<51

Eduur/ U1 dqg Ohh/ M1/ _Lqwhuqdwlrqdo frpsdulvrqv ri hgxfdwlrqdo dwwdlqphqw/% Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ 65=69606<7/ 4<<61

Eduur/ U1 dqg Vdod0l0Pduwlq/ P1/ Hfrqrplf Jurzwk/ PfJudz Kloo/ 4<<81

Ehuqdug/ D1 dqg Mrqhv/ F1/ _Frpsdulqj Dssohv wr Rudqjhv= Surgxfwlylw|/ Frqyhujhqfh dqg Phd0
vxuhphqw Dfurvv Lqgxvwulhv dqg Frxqwulhv/% Dphulfdq Hfrqrplf Uhylhz/ ;9=45490456;/ 4<<91

Elov/ P1 dqg Nohqrz/ S1/ _Grhv Vfkrrolqj Fdxvh Jurzwk ru wkh Rwkhu Zd| DurxqgB% zrunlqj
sdshu/ Xqlyhuvlw| ri Urfkhvwhu/ 4<<;1

Fdedooh/ M1 dqg Vdqwrv/ P1/ _Rq hqgrjhqrxv jurzwk zlwk sk|vlfdo dqg kxpdq fdslwdo/% Mrxuqdo
ri Srolwlfdo Hfrqrp|/ 434=43750439:/ 4<<61

Fdvhool/ I1/ Hvtxlyho J1 dqg Ohiruw I1/ _Uhrshqlqj wkh Frqyhujhqfh Ghedwh= D Qhz Orrn dw Furvv
Frxqwu| Jurzwk Hpslulfv/% Mrxuqdo ri Hfrqrplf Jurzwk 4=696~6;</ 4<<91

Fkdul/ Y1Y1/ Nhkrh S1 dqg PfJudwwdq H1/ _Wkh Sryhuw| ri Qdwlrqv= D Txdqwlwdwlyh H{sorudwlrq/%
QEHU zrunlqj sdshu &8747/ 4<<91

Fkulvwldqr/ O1/ _Xqghuvwdqglqj Mdsdq*v Vdylqj Udwh= Wkh Uhfrqvwuxfwlrq K|srwkhvlv/% Ihghudo
Uhvhuyh ri Plqqhdsrolv Txduwhuo| Uhylhz/ 5=4305</ 4<;<1

Glqrsrxorv/ H1 dqg Wkrpsvrq S1/ _Hqgrjhqrxv Jurzwk lq d Furvv0Vhfwlrq ri Frxqwulhv/% Mrxuqdo
ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj1

Grprzlw}/ L1/ Kxeedug/ U1 dqg Shwhuvhq/ E1/ _Pdunhw Vwuxfwxuh dqg F|folfdo Ioxfwxdwlrqv lq X1V1
Pdqxidfwxulqj/% Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv/ :3=88099/ 4<;;1

Hdvwhuo|/ Z1/ Nuhphu/ P1/ Sulwfkhww/ O1 dqg Vxpphuv/ O1/ _Jrrg Srolf| ru Jrrg OxfnB Frxqwu|
Jurzwk Shuirupdqfh dqg Whpsrudu| Vkrfnv/% Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 65=78<07;6/
4<<61

Hlfkhu/ W1/ _Lqwhudfwlrq Ehwzhhq Hqgrjhqrxv Kxpdq Fdslwdo dqg Whfkqrorjlfdo Fkdqjh/% Uhylhz
ri Hfrqrplf Vwxglhv/ 96=45:0477/ 4<<91

Hlfkhu/ W1 dqg Wxuqryvn| V1/ _Frqyhujhqfh Vshhgv dqg Wudqvlwlrqdo G|qdplfv Lq Qrq0Vfdoh
Jurzwk Prghov/% zrunlqj sdshu/ Xqlyhuvlw| ri Zdvklqjwrq/ 4<<:1

Ilqgod|/ U1/ _Uhodwlyh Edfnzdugqhvv/ Gluhfw Iruhljq Lqyhvwphqw/ dqg wkh Wudqvihu ri Whfkqrorj|=
D vlpsoh g|qdplf Prgho/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ <5=4049/ 4<:;1

Jhuvfkhqnurq/ D1/ _ Hfrqrplf Edfnzdugqhvv lq Klvwrulfdo Shuvshfwlyh/% Fdpeulgjh/ Kduydug Xql0
yhuvlw| Suhvv/ 4<951

Jurvvpdq/ P1 dqg Khospdq/ H1/ _Txdolw| Odgghuv lq wkh Wkhru| ri Jurzwk/% Uhylhz ri Hfrqrplf
Vwxglhv/ 8;=76094/ 4<<41

Kdoo/ U1 dqg Mrqhv/ F1/ _Zk| Gr Vrph Frxqwulhv Surgxfh Vr Pxfk Pruh Rxwsxw Shu Zrunhu
Wkdq RwkhuvB/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 447=;60449/ 4<<<1

Lvodp/ Q1/ _Jurzwk Hpslulfv= D Sdqho Gdwd Dssurdfk/% Txduwhuo| Mrxuqdo ri Hfrqrplfv 443=445:~
44:3/ 4<<81

Mrqhv/ F1/ _U)G0Edvhg Prghov ri Hfrqrplf Jurzwk/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ 436=:8<0:;7/
4<<81
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Mrqhv/ F1/ _Kxpdq Fdslwdo/ Lghdv/ dqg Hfrqrplf Jurzwk/% Vwdqirug Xqlyhuvlw|/ plphr/ 4<<91

Mrqhv/ F1/ _Frqyhujhqfh Uhylvlwhg/% Mrxuqdo ri Hfrqrplf Jurzwk/ 5=4640486/ 4<<:1

Mrqhv/ F1/ _Vrxufhv ri X1V1 Hfrqrplf Jurzwk lq d Zruog ri Lghdv/% zrunlqj sdshu/ Vwdqirug/
Xqlyhuvlw|/ 4<<;1

Mrqhv/ O1/ dqg Pdqxhool U1/_D Frqyh{ Prgho ri Htxloleulxp Jurzwk= Wkhru| dqg Srolf| Lpsol0
fdwlrqv/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;=433;0436;/ 4<<31

Mrydqrylf/ M1 dqg Ure/ U1/ _Vrorz yv1 Vrorz/% zrunlqj sdshu/ Q\X/ 4<<;1

Mxgg/ N/ _Surmhfwlrqv Phwkrgv iru Vroylqj Djjuhjdwh Jurzwk Prghov/% Mrxuqdo ri Hfrqrplf
Wkhru|/ 8;=7430785/ 4<<51

Nlqj/ U1 dqg Uhehor/ V1/ _Wudqvlwlrqdo G|qdplfv dqg Hfrqrplf Jurzwk lq wkh Qhrfodvvlfdo
Prgho/% Dphulfdq Hfrqrplf Uhylhz/ ;6=<3;0<64/ 4<<61

Nohqrz/ S1 dqg Urgu��jxh}0Foduh/ D1/ _Hfrqrplf Jurzwk= D Uhylhz Hvvd|/% Mrxuqdo ri Prqhwdu|
Hfrqrplfv/ 73=8<:094:/ 4<<:d1

Nohqrz/ S1 dqg Urgu��jxh}0Foduh/ D1/ _Wkh Qhrfodvvlfdo Uhylydo lq Jurzwk Hfrqrplfv= Kdv Lw Jrqh
Wrr IduB% QEHU Pdfurhfrqrplfv Dqqxdo/ PLW Suhvv +Fdpeulgjh/ PD,=:60435/ 4<<:e1

Nuxhjhu/ D1 dqg Olqgdko/ P1/ _Hgxfdwlrq iru Jurzwk lq Vzhghq dqg wkh Zruog/% zrunlqj sdshu/
Sulqfhwrq Xqlyhuvlw|/ 4<<;1

Odx/ P0O/ dqg Zdq/ K1/ _Rq wkh Phfkdqlvp ri Fdwfklqj Xs/% Hxurshdq Hfrqrplf Uhylhz
6;=<850<96/ 4<<71

Oxfdv/ U1/ _Rq wkh Phfkdqlfv ri Hfrqrplf Ghyhorsphqw/% Mrxuqdo ri Prqhwdu| Hfrqrplfv 55=60
75/ 4<;;1

Pdqnlz/ J1/ Urphu/ G1 dqg Zhlo/ G1/ _D Frqwulexwlrq wr wkh Hpslulfv ri Hfrqrplf Jurzwk/%
Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43:=73:076:/ 4<<51

Plqfhu/ M1/ Vfkrrolqj/ H{shulhqfh dqg Hduqlqjv/ Froxpeld Xqlyhuvlw| Suhvv/ 4<:71

Pxooljdq/ F1 dqg Vdod0l0Pduwlq/ [1/ _Wudqvlwlrqdo G|qdplfv lq Wzr0Vhfwru Prghov ri Hqgrjhqrxv
Jurzwk/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 43;=:6<0::6/ 4<<61

Qhovrq/ U1 dqg Skhosv/ H1/ _Lqyhvwphqw lq Kxpdqv/ Whfkqrorjlfdo Gl�xvlrq/ dqg Hfrqrplf
Jurzwk/% Dphulfdq Hfrqrplf Uhylhz/ 89=9<0;6/ 4<991

Qhkux/ Y1/ Vzdqvrq/ H1 dqg Gxeh|/ D1/ _D qhz gdwdedvh rq kxpdq fdslwdo vwrfnv lq ghyhors0
lqj dqg lqgxvwuldo frxqwulhv= vrxufhv/ phwkrgrorj| dqg uhvxowv/% Mrxuqdo ri Ghyhorsphqw
Hfrqrplfv/ 79=6:<0734/ 4<<81

Ruwljxhlud/ V1 dqg Vdqwrv/ P1/ _Rq wkh Vshhg ri Frqyhujhqfh lq Hqgrjhqrxv Jurzwk Prghov/%
Dphulfdq Hfrqrplf Uhylhz/ ;:=6;606<</ 4<<:1

Sdfn/ K1/ dqg Vdjjl/ N1/ _Lq�rzv ri Iruhljq Whfkqrorj| dqg Lqgljhqrxv Whfkqrorjlfdo Ghyhors0
phqw/% Uhylhz ri Ghyhorsphqw Hfrqrplfv/ 4=;40<;/ 4<<:1

Svdfkdursrxorv/ J1/ _Uhwxuqv wr Lqyhvwphqw lq Hgxfdwlrq= D Joredo Xsgdwh/% Zruog Ghyhors0
phqw/ 55=465804676/ 4<<71

Sdsdjhrujlrx/ F1 dqg Shuh}0Vhedvwldq/ I1/ _Rq wkh Vshfl�fdwlrq ri Kxpdq Fdslwdo/% zrunlqj
sdshu/ OVX/ 4<<<1
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Shuh}0Vhedvwldq/ I1/ _Wudqvlwlrqdo G|qdplfv lq dq U)G0Edvhg Jurzwk Prgho zlwk Lplwdwlrq=
Frpsdulqj lwv Suhglfwlrqv wr wkh Gdwd/% Mrxuqdo ri Prqhwdu| Hfrqrplfv/ iruwkfrplqj1

Uhehor/ V1/ _Orqj0Uxq Srolf| Dqdo|vlv dqg Orqj0Uxq Jurzwk/% Mrxuqdo ri Srolwlfdo Hfrqrp|
<<=8330854/ 4<<41

Uhvwxffld/ G1/ _Whfkqrorj| Dgrswlrq dqg Vfkrrolqj= Dpsol�hu Lqfrph H�hfwv ri Srolflhv Dfurvv
Frxqwulhv/% zrunlqj sdshu/ Xqlyhuvlw| ri Plqqhvrwd/ 4<<:1

Urphu/ S1/ _Hqgrjhqrxv Whfkqrorjlfdo Fkdqjh/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;=V:40V<9/ 4<<31

Vdod0l0Pduwlq/ [1 _Wkh Fodvvlfdo Dssurdfk wr Frqyhujhqfh Dqdo|vlv/% Hfrqrplf Mrxuqdo/ 439=434<0
4369/ 4<<91

Vxpphu/ U1 dqg Khvwrq/ D1/ _Wkh Shqq Zruog Wdeoh +Pdun 8,= Dq H{sdqghg Vhw ri Lqwhuqdwlrqdo
Frpsdulvrqv= 4<8304<;;/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439=65:069;/ 4<<41

XQHVFR/ Vwdwlvwlfdo \hduerrn/ XQHVFR Sxeolvklqj/ Sdulv/ Iudqfh/ 4<<5/ 4<<6 dqg 4<<7 lvvxhv1

XQHVFR/ Vwdwlvwlfdo \hduerrn/ XQHVFR Sxeolvklqj dqg Ehuqdq Suhvv/ Odqkdq/ PG/ 4<<8 dqg
4<<9 lvvxhv1

Wrsho/ U1/ _Oderu Pdunhwv dqg Hfrqrplf Jurzwk/% lq Dvkhqihowhu/ R1 dqg Fdug/ G1/ hgv/ Kdqg0
errn ri Oderu Hfrqrplfv/ Qruwk Kroodqg/ iruwkfrplqj1

Yheohq/ W1/ Lpshuldo Jhupdq| dqg wkh lqgxvwuldo uhyroxwlrq/ Pdfploodq/ Qhz \run/ Q\/ 4<481

\rxqj/ D1 _Jurzwk zlwkrxw Vfdoh H�hfwv/% Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439=74096/ 4<<;1
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