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4 Lqwurgxfwlrq

Wkh gudpdwlf ulvh lq lqwhuqdwlrqdo fdslwdo  rzv ryhu wkh odvw wzr ghfdghv kdv ixhoohg

wkh dfdghplf dqg sxeolf ghedwh rq wkh qhhg iru lqwhuqdwlrqdo frruglqdwlrq ri fdslwdo

lqfrph wd{hv1 Pdq| revhuyhuv ihdu wkdw odfn ri frruglqdwlrq zloo ohdg wr d *udfh wr wkh

erwwrp*/ dv jryhuqphqwv wu| wr oxuh preloh fdslwdo lqwr wkhlu mxulvglfwlrq e| xqghufxwwlqj

hdfk rwkhuv* fdslwdo lqfrph wd{hv1

Pxfk ri wkh olwhudwxuh rq wd{ frpshwlwlrq vxssruwv wkh ylhz wkdw wd{ frpshwlwlrq zloo

gulyh vrxufh0edvhg fdslwdo lqfrph wd{hv ehorz wkhlu joredoo| rswlpdo ohyho/ dqg wkdw dq

lqwhuqdwlrqdoo| frruglqdwhg ulvh lq fdslwdo lqfrph wd{hv zloo wkhuhiruh eh zhoiduh lpsurylqj

+vhh Zlovrq +4<<<, iru d vxuyh|,1 Krzhyhu/ dowkrxjk vwdqgdug prghov ri wd{ frpshwlwlrq

kdyh |lhoghg lpsruwdqw lqvljkwv/ wkh| w|slfdoo| uho| rq d qxpehu ri vwurqj dvvxpswlrqv1

Iru h{dpsoh/ wkh fdqrqlfdo wd{ frpshwlwlrq prgho ri ]rgurz dqg Plhv}nrzvnl +4<;9,

dvvxphv �{hg idfwru vxssolhv/ shuihfw fdslwdo prelolw|/ devhqfh ri sxuh sur�wv/ qr iruhljq

rzqhuvkls ri grphvwlf �upv/ frpsohwho| v|pphwulf frxqwulhv/ dqg qr hqgrjhqrxv �vfdo

lqvwuxphqwv rwkhu wkdq d vrxufh0edvhg fdslwdo lqfrph wd{1 Vwdqgdug dqdo|vhv xvxdoo| dovr

dvvxph wkdw wkh dowhuqdwlyh wr wd{ frpshwlwlrq zrxog eh joredo wd{ frruglqdwlrq dprqj

doo frxqwulhv lq wkh zruog1

Wr vhuyh dv d pruh uholdeoh jxlgh wr sxeolf srolf|/ d prgho ri wd{ frpshwlwlrq dqg

wd{ frruglqdwlrq pxvw reylrxvo| uhod{ wkhvh uhvwulfwlyh dvvxpswlrqv1 Wkh suhvhqw sdshu

ghyhorsv d wd{ frpshwlwlrq prgho zklfk doorzv iru hqgrjhqrxv idfwru vxssolhv/ sxuh suri0

lwv dqg iruhljq rzqhuvkls/ frpshwlwlrq iru preloh fdslwdo yld vhyhudo �vfdo lqvwuxphqwv/

furvv0frxqwu| dv|pphwulhv/ dqg lpshuihfw fdslwdo prelolw|1 Wkh prgho dovr dffrxqwv iru

lqfrph lqhtxdolw| dqg uhglvwulexwlyh wd{dwlrq/ wkxv doorzlqj dq dqdo|vlv ri wkh h�hfw ri

wd{ frpshwlwlrq rq lqfrph glvwulexwlrq1 Pruhryhu/ wkh prgho kljkoljkwv wkh lpsruwdqw

glvwlqfwlrq ehwzhhq ehwzhhq joredo wd{ frruglqdwlrq yhuvxv frruglqdwlrq dprqj ri vxe0

jurxs ri frxqwulhv/ dgguhvvlqj wkh fuxfldo txhvwlrq zkhwkhu uhjlrqdo wd{ frruglqdwlrq

zlwklq dq duhd vxfk dv wkh Hxurshdq Xqlrq zrxog vlpso| glyhuw glyhuw fdslwdo iurp wkh

frruglqdwlqj uhjlrq/ wkhuhe| hurglqj wkh zhoiduh jdlqv iurp frrshudwlrq1

E| vhwwlqj xs d prgho zlwk wkhvh ihdwxuhv/ wkh sdshu r�huv d v|qwkhvlv ri wkh uhfhqw

olwhudwxuh zklfk kdv jrqh eh|rqg wkh vwdqgdug wd{ frpshwlwlrq prgho1 Wr phqwlrq d ihz

ri wkhvh frqwulexwlrqv/ Exfryhwvn| dqgZlovrq +4<<4, vwxglhg wd{ frpshwlwlrq lq d vhwwlqj

zlwk wzr wd{ lqvwuxphqwv dqg hodvwlf vxssolhv ri fdslwdo dqg oderxu> Kxl}lqjd dqg Qlhovhq

+4<<:, dqg Glfnhvfkhlg +iruwkfrplqj, dqdo|}hg krz sxuh sur�wv dqg iruhljq rzqhuvkls

ri grphvwlf �upv d�hfw wkh lqfhqwlyhv iru qdwlrqdo jryhuqphqwv wr pdlqwdlq srvlwlyh

fdslwdo lqfrph wd{ udwhv xqghu wd{ frpshwlwlrq> Ixhvw dqg Kxehu +5333, dffrxqwhg iru

wkh srvvlelolw| wkdw fdslwdo wd{ frruglqdwlrq pd| ohdg wr r�vhwwlqj dgmxvwphqwv ri rwkhu

wd{ lqvwuxphqwv> Ehwwhqgrui dqg Khlmgud +4<<<, h{whqghg wkh prgho ri Vûuhqvhq +4<<4, wr

vwxg| wkh h�hfwv ri fdslwdo wd{ frruglqdwlrq xqghu lpshuihfw fdslwdo prelolw|> Exfryhwvn|

+4<<4,/ Zlovrq +4<<4,/ Ndqexu dqg Nhhq +4<<6, dqg Hjjhuw dqg Kdx hu +4<<;, h{soruhg
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wkh frqvhtxhqfhv ri gl�huhqfhv lq frxqwu| vl}h iru wkh glvwulexwlrq ri wkh jdlqv iurp wd{

frruglqdwlrq> Nhhq dqg Pdufkdqg +4<<:, dqdo|}hg wkh h�hfwv ri �vfdo frpshwlwlrq rq

wkh glvwulexwlrq ri qhw �vfdo exughqv rq preloh yhuvxv lppreloh idfwruv> dqg Nrqudg dqg

Vfkmhoghuxs +4<<<, dqg Kxl}lqjd dqg Qlhovhq +5333, vwxglhg wkh h�hfwv ri uhjlrqdo wd{

frruglqdwlrq dprqj d vxejurxs ri frxqwulhv1 Lq wkh suhvhqw sdshu/ doo ri wkhvh h{whqvlrqv

ri wkh edvlf wd{ frpshwlwlrq prgho duh lqfrusrudwhg lq d vlqjoh dqdo|wlfdo iudphzrun1

D vhfrqg pdlq sxusrvh ri wkh sdshu lv wr r�hu txdqwlwdwlyh hvwlpdwhv ri wkh pdjqlwxgh

ri wkh jdlqv iurp wd{ frruglqdwlrq e| vlpxodwlqj qxphulfdo yhuvlrqv ri wkh prgho1 Iru

srolf| pdnhuv lw lv fohduo| lpsruwdqw wr nqrz zkhwkhu wkh jdlqv iurp frruglqdwlrq frxog

dprxqw wr vhyhudo shufhqw ri qdwlrqdo lqfrph udwkhu wkdq mxvw d iudfwlrq ri d shufhqw1 Wr

dqvzhu vxfk d txhvwlrq d txdqwlwdwlyh dqdo|vlv lv qhhghg1 Zlogdvlq +4<;<,/ Ixhqwh dqg

Jdugqhu +4<<3,/ dqg Qrhgjddug dqg Qlhovhq +4<<<, kdyh suhylrxvo| surylghg txdqwlwdwlyh

hvwlpdwhv ri wkh jdlqv iurp fdslwdo wd{ frruglqdwlrq/ exw rqo| zlwklq kljko| vlpsol�hg

prghov ri wkh ]rgurz0Plhv}nrzvnl w|sh41

Rqh lpsruwdqw ihdwxuh ri p| dqdo|vlv vkrxog eh qrwhg iurp wkh rxwvhw= vlqfh wd{hv duh

ohylhg rq lqfrph zklfk lv xqhtxdoo| glvwulexwhg/ fkdqjhv lq wkh ohyho ri wd{dwlrq dfklhyhg

wkurxjk wd{ frruglqdwlrq lqyroyh fkdqjhv lq lqfrph glvwulexwlrq1 Khqfh wkh hvwlpdwhg

zhoiduh jdlqv iurp wd{ frruglqdwlrq duh qrw jhqxlqh Sduhwr h!flhqf| jdlqv/ exw vrfldo

jdlqv iurp d pruh htxlwdeoh glvwulexwlrq1

Wr suhvhuyh wudqvsduhqf|/ wkh prgho uholhv rq vlpsoh ixqfwlrqdo irupv1 Zkloh wklv

lpsolhv vrph orvv ri jhqhudolw|/ lw kdv vhyhudo dgydqwdjhv1 Iluvw/ lw dyrlgv wkh eodfn0er{

fkdudfwhu ri pdq| dssolhg jhqhudo htxloleulxp prghov e| doorzlqj dq dqdo|wlfdo forvhg0

irup vroxwlrq ri wkh prgho1 Vhfrqg/ lw doorzv hdv| lghqwl�fdwlrq ri wkh nh| sdudphwhuv

ghwhuplqlqj wkh txdqwlwdwlyh surshuwlhv ri wkh prgho1 Wklug/ wkh vlpsoh ixqfwlrqdo irupv

doorz d srolwlfdo hfrqrp| lqwhusuhwdwlrq ri wkh surfhvv ri �vfdo srolf| pdnlqj lq wkh

prgho1

Lq wkh vhfwlrqv ehorz L zloo dgguhvv wkh iroorzlqj txhvwlrqv= krz grhv xqihwwhuhg wd{

frpshwlwlrq d�hfw wkh ohyho dqg vwuxfwxuh ri wd{dwlrqB Zkdw lv wkh olnho| pdjqlwxgh

ri wkh zhoiduh jdlqv rewdlqdeoh li doo frxqwulhv lq wkh zruog frxog frruglqdwh wkhlu wd{

srolflhvB Krz duh wkh vl}h dqg glvwulexwlrq ri wkh zhoiduh jdlqv d�hfwhg li frruglqdwlrq

rqo| lqyroyhv d vxejurxs ri frxqwulhv/ dqg krz duh wkh| lq xhqfhg e| dv|pphwulhv dfurvv

frxqwulhvB

L �qg wkdw wkh jdlq iurp uhjlrqdo wd{ frruglqdwlrq lv rqo| d vpdoo iudfwlrq ri wkh

srwhqwldo jdlq iurp joredo frruglqdwlrq li fdslwdo prelolw| lv shuihfw1 Zlwk lpshuihfw

4Wkdopdqq/ Jrxoghu dqg Ghoruph +4<<9, dovr vwxglhg wkh lqwhuqdwlrqdo vslooryhu h�hfwv ri fdslwdo

wd{dwlrq xqghu lpshuihfw fdslwdo prelolw| lq d qxphulfdo prgho/ exw wkh| glg qrw doorz iru rswlpl}dwlrq

ri jryhuqphqw srolflhv1 Wkh uhfhqw sdshu e| Phqgr}d +5334, dqdo|}lqj wd{ kduprql}dwlrq lq d qxphulfdo

g|qdplf wzr0frxqwu| prgho ri fdslwdo dffxpxodwlrq dovr dvvxphv h{rjhqrxv srolflhv dv zhoo dv shuihfw

fdslwdo prelolw|1
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fdslwdo prelolw| ehwzhhq wkh wd{ xqlrq dqg wkh uhvw ri wkh zruog/ wkhuh lv juhdwhu vfrsh

iru uhjlrqdo wd{ frruglqdwlrq/ dowkrxjk wkh zhoiduh jdlq zloo doprvw fhuwdlqo| eh zhoo

ehorz 4 shufhqw ri JGS dqg zloo dffuxh pdlqo| wr frxqwulhv zlwk kljk lqlwldo fdslwdo

lqfrph wd{ udwhv1

Wkh uhvw ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Lq Sduw 5 L ghvfuleh wkh jhqhudo htxlole0

ulxp prgho xqghuo|lqj p| dqdo|vlv dqg vroyh wkh prgho dqdo|wlfdoo| iru wkh �vfdo srolflhv

hphujlqj xqghu wd{ frpshwlwlrq/ vwduwlqj iurp wkh dvvxpswlrq ri shuihfw fdslwdo prelo0

lw|1 Sduw 6 vwxglhv ydulrxv irupv ri joredo wd{ frruglqdwlrq/ zkloh Sduw 7 irfxvhv rq wkh

h�hfwv ri uhjlrqdo frruglqdwlrq/ frpsdulqj vfhqdulrv zlwk shuihfw dqg lpshuihfw fdslwdo

prelolw|1 Lq Sduw 8 L vxppdul}h p| pdlq frqfoxvlrqv51

5 D Prgho ri Wd{ Frpshwlwlrq dqg Wd{ Frruglqdwlrq

P| prgho ri wd{ frpshwlwlrq +fdoohg *WD[FRP*, lv vwdwlf/ ghvfulelqj d vwdwlrqdu|

orqj0uxq htxloleulxp1 Yduldwlrqv lq hqgrjhqrxv yduldeohv pd| eh lqwhusuhwhg dv ohyho

fkdqjhv lq d wlph sdwk ri h{rjhqrxv vwhdg|0vwdwh jurzwk1 Lq hdfk qdwlrqdo hfrqrp|

�upv frpelqh lqwhuqdwlrqdoo| preloh fdslwdo zlwk lppreloh oderxu dqg d �{hg idfwru wr

surgxfh d krprjhqhrxv lqwhuqdwlrqdoo| wudghg jrrg1 Frqvxphuv kdyh lghqwlfdo suhihu0

hqfhv/ dqg hdfk lqglylgxdo frqvxphu lv hqgrzhg zlwk d suhghwhuplqhg vwrfn ri kxpdq

dv zhoo dv qrq0kxpdq zhdowk1 Wkhvh lqlwldo hqgrzphqwv duh xqhyhqo| glvwulexwhg/ sur0

ylglqj jryhuqphqwv zlwk d prwlyh iru uhglvwulexwlyh wd{dwlrq1 D frqvxphu pd| frqvxph

klv lqlwldo qrq0kxpdq zhdowk lpphgldwho|/ ru kh pd| lqyhvw lw lq wkh fdslwdo pdunhw dw d

ulvlqj pdujlqdo wudqvdfwlrq frvw1 Lq wkh odwwhu fdvh kh dffxpxodwhv d fdslwdo vwrfn hduqlqj

dq lqwhuhvw zklfk pd| eh frqvxphg dorqj zlwk wkh sulqflsdo dw wkh hqg ri wkh shulrg1

Wkh wudqvdfwlrq frvw pd| eh wkrxjkw ri dv wkh frvw ri �qdqfldo lqwhuphgldwlrq> lwv uroh lv

dqdorjrxv wr wkh uroh sod|hg e| frqvxphu wlph suhihuhqfh lq dq h{solflwo| lqwhuwhpsrudo

prgho1 Zhljklqj wkh wudqvdfwlrq frvw djdlqvw wkh uhwxuq wr fdslwdo/ wkh xwlolw|0pd{lpl}lqj

frqvxphu fkrrvhv wr lqfuhdvh klv fdslwdo vxsso| +*vdylqjv*, dv wkh diwhu0wd{ uhdo udwh ri

lqwhuhvw lqfuhdvhv1 Zkloh hqgrzphqwv duh h{rjhqrxv/ wkh vxsso| ri surgxfwlyh fdslwdo lv

wkxv hqgrjhqrxv1 Ehfdxvh ri ulvlqj pdujlqdo glvxwlolw| ri zrun/ xwlolw| pd{lpl}dwlrq dovr

lpsolhv wkdw oderxu vxsso| ulvhv zlwk wkh diwhu0wd{ uhdo zdjh udwh1

Dq h{rjhqrxv iudfwlrq ri grphvwlf �upv lv rzqhg e| iruhljq uhvlghqwv/ vr d iudfwlrq

ri grphvwlf sur�wv dffuxhv wr iruhljqhuv1 Grphvwlf uhvlghqwv olnhzlvh rzq d iudfwlrq ri

iruhljq �upv/ uhfhlylqj d vkduh ri wkh sur�wv jhqhudwhg lq rwkhu frxqwulhv1 Zlwklq hdfk

frxqwu|/ wkh lqglylgxdo frqvxphu*v vkduh ri wrwdo sur�wv htxdov klv vkduh ri lqlwldo zhdowk1

5Dq hduolhu yhuvlrq ri wkh prgho zdv suhvhqwhg lq d qrq0whfkqlfdo pdqqhu lq Vûuhqvhq +5333d,1 Wkh

suhvhqw sdshu jrhv ixuwkhu e| ghulylqj rswlpdo wd{ irupxodh/ e| vwxg|lqj wkh �vfdo uhjlphv ri uhvlghqfh0

edvhg wd{dwlrq dqg ixoo joredo frruglqdwlrq/ e| glvfxvvlqj wkh uhjlph ri wd{ frpshwlwlrq lq juhdwhu ghswk/

dqg e| lqfrusrudwlqj furvv0frxqwu| gl�huhqfhv lq lqlwldo shu0fdslwd hqgrzphqwv1
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Jryhuqphqwv ghwhuplqh wkhlu �vfdo srolflhv e| pd{lpl}lqj d vrfldo zhoiduh ixqfwlrq1

Jlyhq rxu vshfl�fdwlrq ri suhihuhqfhv/ wklv vrfldo zhoiduh ixqfwlrq pd| eh lqwhusuhwhg dv

wkh lqgluhfw xwlolw| ixqfwlrq ri wkh phgldq yrwhu1 Khqfh jryhuqphqw srolflhv pd| eh vhhq

dv wkh rxwfrph ri d vlpsoh pdmrulw| yrwlqj surfhvv1

Wkh iroorzlqj vhfwlrqv surylgh d ghwdlohg ghvfulswlrq ri wkh prgho1 Wkh htxdwlrqv uhihu

wr dq lqglylgxdo frxqwu| �/ exw wkh frxqwu| vxevfulsw � lv rplwwhg wr vlpsoli| qrwdwlrq

zkhq qr plvxqghuvwdqglqj lv srvvleoh1

514 Ilupv

Lq doo frxqwulhv wkh uhsuhvhqwdwlyh �up surgxfhv wkh vdph frpsrvlwh jrrg t e| phdqv

ri fdslwdo g/ h�hfwlyh oderxu lqsxw u/ dqg d �{hg idfwru +*odqg*,1 Wkh vxsso| ri wkh �{hg

idfwru wr hdfk frxqwu| lv sursruwlrqdo wr wkh frxqwu|*v h{rjhqrxv srsxodwlrq � / zlwk

d sursruwlrqdolw| idfwru ri xqlw|1 Wklv hqvxuhv wkdw odujh frxqwulhv kdyh qr lqkhuhqw

surgxfwlylw| dgydqwdjh ryhu vpdoo frxqwulhv/ ru ylfh yhuvd1 Dgrswlqj d Free0Grxjodv

surgxfwlrq ixqfwlrq zlwk pxowlidfwru surgxfwlylw| � dqg frqvwdqw uhwxuqv wr vfdoh/ zh

wkxv kdyh

t ' �gquk��3k3qc f 	 k 	 �c f 	 q 	 �c f 	 kn q 	 � +4,

Zrunhu � lv hqgrzhg zlwk d iudfwlrq w� ri wkh suhghwhuplqhg wrwdo vwrfn ri kxpdq

zhdowk e� / zkhuh e lv wkh shu0fdslwd hqgrzphqw1 Wkh zrunlqj krxuv ri zrunhu � 0 wkh

udwh dw zklfk klv kxpdq fdslwdo lv xwlol}hg 0 duh ��1 Khqfh wkh h�hfwlyh oderxu lqsxw

vxssolhg e| zrunhu � lv w�e���/ dqg djjuhjdwh h�hfwlyh oderxu lqsxw lv

u '
�[
�'�

w�e���c f 	 w� 	 � iru doo �c
�[
�'�

w� ' � +5,

Wkh frpshwlwlyh �up fkrrvhv wkh lqsxwv ri fdslwdo dqg doo ri wkh � w|shv ri oderxu wr

pd{lpl}h lwv sur�wv1 Zlwk wkh rxwsxw sulfh qrupdol}hg dw xqlw|/ wklv |lhogv wkh iroorzlqj

�uvw0rughu frqglwlrqv/ zkhuh � lv wkh fdslwdo lqfrph wd{ udwh/ 4 lv wkh diwhu0wd{ lqwhuhvw

udwh/ & � g*� lv wkh fdslwdo vwrfn shu zrunhu/ � � u*� lv dyhudjh h�hfwlyh oderxu lqsxw

shu zrunhu/ dqg � � E�*u�
S

����� lv wkh dyhudjh uhwxuq wr kxpdq fdslwdo=

Ghpdqg iru fdslwd
o= q�&q3��k '
4

�� �
+6,

Ghpdqg iru oderxu= k�&q�k3� ' � +7,

Uhdo zdjh ri zrunhu �= �� ' w�e�� � ' �c 2c ����c � +8,
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515 Krxvhkrogv

Wkh xwlolw| ri zrunhu2frqvxphu � lv jlyhq e| wkh xwlolw| ixqfwlrq

L� ' �� � w�e� �
��n0�

� n 0
n

�2
��

C��c 0 : fc f 	 �� 	 �c �2 : f +9,

zkhuh �� lv sulydwh frqvxpswlrq dqg C lv sxeolf +qrq0ulydo, frqvxpswlrq6/ frpprq wr

doo frqvxphuv1 Wkh vshfl�fdwlrq ri wkh frqvxphu*v glvxwlolw| iurp zrun dvvxphv wkdw klv

rssruwxqlw| frvw ri wlph vshqw lq wkh oderxu pdunhw ydulrxv ydulhv srvlwlyho| zlwk klv

surgxfwlylw|/ sur{lhg e| klv vwrfn ri kxpdq fdslwdo w�e� 1 Dv zh vkdoo vhh lq +<, ehorz/

wklv lpsolhv d qhjdwlyh zhdowk h�hfw rq lqglylgxdo oderxu vxsso| zklfk phdqv wkdw doo

frqvxphuv zloo hqg xs vxsso|lqj wkh vdph qxpehu ri zrunlqj krxuv/ ghvslwh gl�huhqfhv

lq lqglylgxdo zdjh udwhv1

Dw wkh ehjlqqlqj ri wkh shulrg/ wkh hfrqrp| lv hqgrzhg zlwk d wrwdo vwrfn ri qrq0

kxpdq zhdowk htxdo wr �� / zkhuh � lv qrq0kxpdq zhdowk shu fdslwd1 Wkh iudfwlrq ri

djjuhjdwh qrq0kxpdq zhdowk rzqhg e| frqvxphu � lv w� +htxdo iru vlpsolflw| wr klv vkduh

ri kxpdq zhdowk,1 Wkh frqvxphu pd| frqvxph klv qrq0kxpdq zhdowk gluhfwo|/ ru kh

pd| lqyhvw lw lq wkh fdslwdo pdunhw dw d wudqvdfwlrq frvw S�/ wkhuhe| exloglqj xs d fdslwdo

vwrfn &r hduqlqj wkh diwhu0wd{ uhwxuq 41 Lq dgglwlrq wr fdslwdo lqfrph/ oderxu lqfrph/

dqg d jryhuqphqw wudqvihu A / wkh frqvxphu uhfhlyhv sur�w lqfrph iurp grphvwlf dqg

iruhljq �upv1 Dq h{rjhqrxv iudfwlrq B ri grphvwlf �upv lv rzqhg e| iruhljqhuv1 Dw

wkh vdph wlph frqvxphuv lq grphvwlf frxqwu| � uhfhlyh d iudfwlrq
r�

�3r5
B5 ri wkh sur�wv

jhqhudwhg lq iruhljq frxqwu| 5/ zkhuh r? E? ' �c 5� lv frxqwu| ?*v vkduh ri wrwdo zruog

srsxodwlrq vr wkdw �� r5 lv wkh iudfwlrq ri zruog srsxodwlrq uhvlglqj rxwvlgh frxqwu| 51

Wkh sur�wv sdlg rxw iurp hdfk frxqwu| duh wkxv doorfdwhg dfurvv doo wkh rwkhu frxqwulhv

lq sursruwlrq wr wkhlu srsxodwlrq vkduhv1 Frqvxphu � uhfhlyhv d iudfwlrq w� ri doo sur�w

lqfrphv hduqhg e| grphvwlf uhvlghqwv/ zkhwkhu iurp grphvwlf ru iurp iruhljq vrxufhv1

Xqghu sxuh wd{ frpshwlwlrq zlwk qr lqwhuqdwlrqdo h{fkdqjh ri lqirupdwlrq dprqj wd{

froohfwruv/ jryhuqphqwv fdqqrw prqlwru dqg wd{ lqfrph iurp iruhljq vrxufhv/ exw wkh|

fdq wd{ doo grphvwlf0vrxufh fdslwdo lqfrph dqg sur�w lqfrph1 Zh dvvxph wkdw/ iru

dgplqlvwudwlyh uhdvrqv/ erwk ri wkhvh w|shv ri lqfrph duh wd{hg dw wkh vdph h�hfwlyh

udwh �? E? ' �c 5�1 Zlwk wkhvh dvvxpswlrqv frqvxphu � lq frxqwu| � zloo eh vxemhfw wr

wkh exgjhw frqvwudlqw

�� '

diwhu0wd{
oderxu lqfrph} �� ~
���� E�� |�n

diwhu0wd{
fdslwdo lqfrph}��~

4&r� n

hqgrzphqw qhw ri
wudqvdfwlrq frvw} �� ~
w��� � S� n

jryhuqphqw
wudqvihu}��~
A

6Lw lv lppdwhuldo iru rxu dqdo|vlv ri rswlpdo wd{ srolflhv zkhwkhu J lv d jhqxlqh sxeolf jrrg ru d

sxeolfo| surylghg sulydwh jrrg1

8



n w�� E�� B� E�� �� Z� ~} �
diwhu0wd{

grphvwlf0vrxufh sur�wv

n w��
6[

5'�c 5 �'�

#
r5B5
�� r5

$
E�� � 5� Z5

� ~} �
diwhu0wd{ iruhljq0vrxufh sur�wv

+:,

zkhuh | lv wkh h�hfwlyh oderxu lqfrph wd{ udwh +zklfk pd| lqfoxgh vrfldo vhfxulw| wd{hv

dqg lqgluhfw wd{hv,/ Z dqg Z5 duh suh0wd{ sur�wv shu fdslwd lq wkh grphvwlf frxqwu| � dqg

lq iruhljq frxqwu| 5/ uhvshfwlyho|/ dqg 6 lv wkh wrwdo qxpehu ri frxqwulhv lq wkh zruog71

Zkhq wkh frqvxphu wudqvirupv +sduw ri, klv lqlwldo qrq0kxpdq zhdowk w��� lqwr

exvlqhvv fdslwdo &r� / klv wudqvdfwlrq frvwv S� uhodwlyh wr klv vwrfn ri zhdowk lqfuhdvh pruh

wkdq sursruwlrqdoo| zlwk klv lqyhvwphqw udwh &r� *w��� =

S�
w���

'
�

� n )

#
&r�

w���

$�n)
c ) : f +;,

Wkh frqvxphu fkrrvhv �� dqg &r� wr pd{lpl}h xwlolw| +9, vxemhfw wr wkh frqvwudlqwv +:,

dqg +;,1 Wkh �uvw0rughu frqglwlrqv iru wkh vroxwlrq wr wklv sureohp lpso| wkdw

�� '

%
�� E�� |�

w�e�

&�*0
' d� E�� |�o�*0 +<,

&r� ' 4�*) � w��� +43,

zkhuh wkh odvw htxdolw| lq +<, iroorzv iurp +8,1 Qrwh wkdw �*0 lv wkh qhw zdjh hodvwlflw| ri

oderxu vxsso|/ zkloh �*) lv wkh qhw lqwhuhvw hodvwlflw| ri fdslwdo vxsso|1 Qrwlfh dovr krz

qhw wudgh lq jrrgv frphv derxw/ ghvslwh wkh idfw wkdw wkhuh lv rqo| rqh jrrg dqg rqh wlph

shulrg= wr wkh h{whqw wkdw d frxqwu|*v djjuhjdwh *vdylqj* +wkh lqlwldo wudqvirupdwlrq ri

zhdowk lqwr exvlqhvv fdslwdo, idoov vkruw ri lwv djjuhjdwh lqyhvwphqw/ lw pxvw uxq d wudgh

vxusoxv ryhu wkh shulrg wr vhuylfh wkh iruhljq ghew lqfxuuhg dw wkh vwduw ri wkh shulrg/

dqg ylfh yhuvd1

516 Jryhuqphqw

Jryhuqphqwv vshqg wkhlu wd{ uhyhqxhv rq wkh sxeolf frqvxpswlrq jrrg C/ rq �lqiudv0

wuxfwxuh� ' +eurdgo| lqwhusuhwhg wr lqfoxgh doo w|shv ri surgxfwlyh vshqglqj, dqg rq d

uhglvwulexwlyh oxps vxp wudqvihu sdlg rxw lq dq lghqwlfdo dprxqw A wr doo flwl}hqv1 Vlqfh

wd{ frpshwlwlrq lpsolhv wkdw wd{hv fdq rqo| eh ohylhg rq lqfrph jhqhudwhg zlwklq wkh

grphvwlf hfrqrp|/ wkh jryhuqphqw lv vxemhfw wr wkh exgjhw frqvwudlqw

7Wr ghulyh wkh odvw whup rq wkh uljkw0kdqg vlgh ri +:,/ L xvh wkh idfw wkdw frqvxphu l*v wrwdo sur�w

lqfrph iurp iruhljq frxqwu| } lv �l

�
vm

4�v}

�
�} +4� �},Q}�}/ soxv wkh gh�qlwlrqv Qm � vmQ

z dqg Q} �

v}Q
z/ zkhuh Qz lv wrwdo zruog srsxodwlrq1

9



A n
C

�
n' '

oderxu wd{
uhyhqxh}��~
|�� n

fdslwdo lqfrph
wd{ uhyhqxh} �� ~

�
�

4

�� �

�
&n

sur�wv
wd{ uhyhqxh}��~

�Z +44,

zkhuh doo yduldeohv h{fhsw wkh sxeolf jrrg C duh phdvxuhg rq d shu0fdslwd edvlv1 Qrwh

iurp +<, wkdw doo zrunhuv zloo vxsso| wkh vdph qxpehu ri zrun krxuv �� ' � ' d� E�� |�o�*0/

vr � lv wkh dyhudjh zrunlqj wlph shu zrunhu1 Wkh dprxqw ri surgxfwlyh jryhuqphqw

vshqglqj shu fdslwd E'� grhv qrw |lhog gluhfw xwlolw|/ exw lw lqfuhdvhv idfwru surgxfwlylw|/

doehlw dw d glplqlvklqj udwh=

� ' '>c f 	 > 	 � +45,

Wkh jryhuqphqw lq hdfk frxqwu| lv frqfhuqhg derxw wkh dyhudjh ohyho ri lqglylgxdo

zhoiduh L dqg derxw wkh glvshuvlrq ri lqglylgxdo xwlolwlhv durxqg wklv phdq/ dv uh hfwhg

lq wkh iroorzlqj vrfldo zhoiduh ixqfwlrq/

7` ' L � @

yxxw �

�

%
�[
�'�

�
L� � L

�2&
c @ � f +46,

zkhuh wkh vtxduh urrw phdvxuhv wkh ghjuhh ri lqhtxdolw| e| wkh vwdqgdug ghyldwlrq ri

lqglylgxdo xwlolwlhv/ dqg zkhuh wkh sdudphwhu @ lqglfdwhv wkh ghjuhh ri jryhuqphqw dyhu0

vlrq wr lqhtxdolw|81 Lqvhuwlqj +:, wkurxjk +43, lqwr +9,/ dqg qrwlqj iurp +44, wkdw wkh

jryhuqphqw wudqvihu pd| eh h{suhvvhg dv d ixqfwlrq ri wkh rwkhu �vfdo srolf| lqvwuxphqwv/

A ' A E|c � c Cc'�/ zh pd| zulwh wkh lqgluhfw xwlolw| ri frqvxphu � lq frxqwu| � dv

L� ' A E|c � c Cc'� n
�2
��

C��

nw��

;?
=0e��n0

� n 0
n �

5
7� n )4�n)

)

� n )

6
8n E�� B� E�� ��Z n

6[
5'�c 5 �'�

#
r5B5
�� r5

$
E�� � 5�Z5

<@
>
+47,

Vlqfh L �
�

�

S
� L� dqg

S
� w� ' �/ lw iroorzv iurp +46, dqg +47, wkdw

7` ' A E|c � c Cc'� n
�2
��

C��

8Htxdwlrq +46, lv vlplodu lq vslulw wr wkh vrfldo zhoiduh ixqfwlrq dgrswhg e| Gl{lw dqg Orqguhjdq

+4<<;,1

:
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+48,

j �

yxxw �

�

[
�

Ew�� � ��2

zkhuh j lv sursruwlrqdo wr wkh vwdqgdug ghyldwlrq ri lqglylgxdo zhdowk ohyhov/ uh hfw0

lqj wkh ghjuhh ri lqhtxdolw| ri wkh lqlwldo glvwulexwlrq ri zhdowk1 Frpsdulqj +47, dqg

+48,/ zh vhh wkdw wkh �vfdo srolf| lpsolhg e| pd{lpl}dwlrq ri wkh vrfldo zhoiduh ixqf0

wlrq zloo frlqflgh zlwk wkh srolf| suhihuuhg e| wkh frqvxphu2yrwhu zlwk dq lqlwldo zhdowk

hqgrzphqw vdwlvi|lqj w�� ' � � @j1 Wkh lqgluhfw xwlolw| ixqfwlrq +47, uhsuhvhqwv d

fdvh ri vr0fdoohg *lqwhuphgldwh suhihuhqfhv*/ kdylqj wkh jhqhudo irup LE|c � c Cc'c w�� '

aE|c � c Cc'� n s Ew�� � ~ E|c � c Cc'�/ zkhuh wkh ixqfwlrqv a E� dqg ~ E� duh frpprq wr doo

frqvxphuv2yrwhuv/ dqg wkh ixqfwlrq s Ew�� ' w�� lv prqrwrqlf lq w�1 Dv ghprqvwudwhg e|

Shuvvrq dqg Wdehoolql +5333/ ss1 58059,/ zkhq yrwhuv kdyh suhihuhqfhv ri wklv irup/ wkh

srolf| sdfndjh E|c � cCc'� suhihuuhg e| wkh phgldq yrwhu +fkdudfwhul}hg e| wkh phgldq

ydoxh ri w�, zloo hphujh dv wkh Frqgrufhw zlqqhu iurp d vlpsoh pdmrulw| yrwlqj surfhvv1

Lq rwkhu zrugv/ hyhq wkrxjk �vfdo srolf| lqyroyhv wkh fkrlfh ri pruh wkdq rqh srolf|

lqvwuxphqw/ yrwhuv* suhihuhqfhv iru wkh pxowlglphqvlrqdo srolf| fdq eh surmhfwhg rq d

xqlglphqvlrqdo vsdfh lq zklfk gl�huhqw yrwhuv fdq eh rughuhg e| wkhlu ohyho ri w�/ hqvxu0

lqj wkdw d yhuvlrq ri wkh phgldq yrwhu wkhruhp dssolhv1 Khqfh pd{lpl}dwlrq ri +48, lv

frqvlvwhqw zlwk d ghprfudwlf yrwlqj surfhvv li zh vhw @j ' �� w6� / zkhuh w61lv wkh ph0

gldq ydoxh ri w�
91 Qrwh wkdw li zh qrupdol}h wkh phdq zhdowk ohyhov e| vhwwlqj e ' � ' �/

wkh phgldq yrwhu*v +kxpdq dqg qrq0kxpdq, zhdowk ohyho w6� zloo dozd|v eh ohvv wkdq

rqh zkhq wkh zhdowk glvwulexwlrq lv vnhzhg/ lpso|lqj f 	 @j 	 � iru @j ' � � w6� 1

Dffruglqj wr +48, wkh uhvwulfwlrq @j 	 � zloo hqvxuh wkdw dq lqfuhdvh lq sulydwh idfwru

lqfrph zloo dozd|v lqfuhdvh vrfldo zhoiduh1

517 Htxloleulxp zlwk wd{ frpshwlwlrq

Iru jlyhq jryhuqphqw srolf| lqvwuxphqwv/ d jhqhudo htxloleulxp lv dwwdlqhg zkhq doo

sulydwh djhqwv rswlpl}h wkhlu remhfwlyh ixqfwlrqv dqg qdwlrqdo oderxu pdunhwv dv zhoo dv

wkh lqwhuqdwlrqdo fdslwdo pdunhw duh fohdulqj1 Lq hdfk frxqwu| oderxu pdunhw htxloleulxp

9Dv Plfkdho Nhhq srlqwhg rxw wr ph/ xqghu lqwhuqdwlrqdo wd{ frpshwlwlrq yrwhuv lq odujh frxqwulhv

zlwk vrph lq xhqfh rq wkh zruog fdslwdo pdunhw pljkw vhh d vwudwhjlf lqwhuhvw lq hohfwlqj dq *dw|slfdo*

srolf| pdnhu zkrvh suhihuuhg srolf| zrxog lqgxfh rwkhu frxqwulhv wr xqghuwdnh d idyrxudeoh fkdqjh lq

wkhlu �vfdo srolflhv1 Wklv wkhph lv wdnhq xs e| Shuvvrq dqg Wdehoolql +5333/ ss1 664069, exw zloo qrw eh

sxuvxhg khuh1

;



uhtxluhv wkdw wkh ghpdqg iru h�hfwlyh oderxu lqsxw shu zrunhu � � u*� eh htxdo wr wkh

h�hfwlyh oderxu vxsso| shu zrunhu �

�

S
� w�e��� ' � ' d� E�� |�o�*01

Iru wkh prphqw zh dvvxph wkdw qdwlrqdo fdslwdo pdunhwv duh shuihfwo| lqwhjudwhg lqwr

d vlqjoh zruog fdslwdo pdunhw/ vr fdslwdo pdunhw htxloleulxp lv uhdol}hg zkhq wkh joredo

h{fhvv ghpdqg iru fdslwdo lv }hur1 Dffruglqj wr +43, wkh shu0fdslwd vxsso| ri fdslwdo

iurp frxqwu| � lv �

��

S��

�'� &
r
�� ' ��4

�*)� / vlqfh
S

w� ' �1 Zlwk shuihfw fdslwdo prelolw| dqg

vrxufh0edvhg wd{dwlrq/ wkh diwhu0wd{ lqwhuhvw udwh 4 zloo eh htxdol}hg dfurvv frxqwulhv/ vr

4 fduulhv qr frxqwu| vxevfulsw1 Wkh joredo h{fhvv ghpdqg iru fdslwdo shu zrunhu lv wkh

srsxodwlrq0zhljkwhg dyhudjh ri wkh h{fhvv fdslwdo ghpdqg shu zrunhu
�
&� � ��4

�*)�
�
lq

lqglylgxdo frxqwulhv/ vr wkh frqglwlrq iru joredo fdslwdo pdunhw htxloleulxp lv

6[
�'�

r�
�
&� � ��4

�*)�
�
' f +49,

Xvlqj +44, dqg qrwlqj iurp +<, wkdw � ' �0* E�� |�/ zh pd| zulwh wkh jryhuqphqw

remhfwlyh ixqfwlrq +48, dv
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zkhuh zh kdyh lqglfdwhg wkdw wkh htxloleulxp ohyhov ri hpsor|phqw +�,/ sur�wv +Z,/ dqg

fdslwdo vwrfn +&, zloo ghshqg rq �vfdo srolf|1

Wkh uhjlph ri sxuh wd{ frpshwlwlrq lv prghoohg dv d Qdvk htxloleulxp zkhuh wkh

jryhuqphqw +phgldq yrwhu, ri frxqwu| � fkrrvhv wkh srolf| lqvwuxphqwv |�/ � �/ C� dqg '�

wr pd{lpl}h +4:,/ wdnlqj wkh �vfdo srolflhv ri doo rwkhu jryhuqphqwv dv jlyhq1 Wkh �uvw0

rughu frqglwlrqv iru wkh rswlpdo qdwlrqdo �vfdo srolflhv +jlyhq lq dq dsshqgl{ dydlodeoh

iurp wkh dxwkru, fdq eh vkrzq wr lpso| wkh iroorzlqj qdwlrqdo �vfdo srolf| uxohv/ zkhuh

wkh h{suhvvlrq iru wkh fdslwdo lqfrph wd{ udwh kdv ehhq vlpsol�hg e| dvvxplqj wkdw doo

frxqwulhv duh v|pphwulf=

� � �2C
��3� ' � +4;,
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Htxdwlrq +4;, lv wkh Vdpxhovrq frqglwlrq iru h!flhqw sxeolf jrrgv surylvlrq uhtxlulqj

wkh vxp ri wkh pdujlqdo udwhv ri vxevwlwxwlrq ehwzhhq sxeolf dqg sulydwh jrrgv +wkh ohiw0

kdqg vlgh, wr htxdo wkh pdujlqdo udwh ri wudqvirupdwlrq +wkh uljkw0kdqg vlgh,1 Lq frqwudvw

wr wkh vwdqgdug prghov ri wd{ frpshwlwlrq ghyhorshg e| ]rgurz dqg Plhv}nrzvnl +4<;9,/

Zlovrq +4<;9, dqg Zlogdvlq +4<;<, zkhuh sxeolf jrrgv duh xqghusurylghg/ wkh suhvhqw

prgho wkxv lpsolhv wkdw sxeolf frqvxpswlrq lv dozd|v dw lwv �uvw0ehvw ohyho1 Wkh uhdvrq lv

wkdw/ dw wkh pdujlq/ wkh jryhuqphqw pd| dozd|v fkrrvh wr uhgxfh wkh xqlirup oxps vxp

wudqvihu e| rqh xqlw lq rughu wr surylgh rqh pruh xqlw ri sxeolf frqvxpswlrq1 Khqfh lw

lv dv li sxeolf frqvxpswlrq lv �qdqfhg e| d qrq0glvwruwlrqdu| oxps vxp wd{/ dv uhtxluhg

iru �uvw0ehvw h!flhqf| lq sxeolf jrrgv vxsso|1

Xvlqj +4, dqg +45,/ rqh fdq dovr vkrz wkdw +4<, lv htxlydohqw wr wkh frqglwlrq iru

�uvw0ehvw h!flhqf| Yt*Y' ' �/ vwdwlqj wkdw wkh pdujlqdo rxwsxw jdlq iurp dq lqfuhdvh

lq lqiudvwuxfwxuh vshqglqj vkrxog htxdo wkh pdujlqdo uhvrxufh frvw ri dgglwlrqdo vshqglqj1

Djdlq/ wkh idfw wkdw ghflvlrqv rq sxeolf lqsxw surylvlrq duh xqglvwruwhg klqjhv rq wkh

srvvlelolw| ri uhgxflqj wkh oxps vxp wudqvihu wr �qdqfh dgglwlrqdo lqiudvwuxfwxuh1 Qrwlfh/

wkrxjk/ wkdw vlqfh lqiudvwuxfwxuh vshqglqj zloo dozd|v pdnh xs d frqvwdqw iudfwlrq ri

JGS +htxdo wr wkh hodvwlflw| ri pxowlidfwru surgxfwlylw| zlwk uhvshfw wr lqiudvwuxfwxuh

vshqglqj,/ wkh devroxwh ohyho ri ' zloo ghyldwh iurp wkh rswlpdo ohyho li rxwsxw lv glvwruwhg

e| wd{ frpshwlwlrq1 Dv zh vkdoo vhh/ wklv zloo lqghhg eh wkh fdvh1

Htxdwlrq +53, lv txlwh lqwxlwlyh/ vwdwlqj wkdw wkh wd{ udwh rq oderxu lqfrph zloo eh

kljkhu/ wkh orzhu wkh qhw zdjh hodvwlflw| ri oderxu vxsso| +#r,/ wkh juhdwhu wkh lqhtxdolw|

ri wkh glvwulexwlrq ri kxpdq zhdowk +j,/ dqg wkh juhdwhu wkh vrfldo dyhuvlrq wr lqhtxdolw|

+@,1

Wkh rswlpdo fdslwdo lqfrph wd{ udwh xqghu wd{ frpshwlwlrq lv jlyhq lq +54,/ zkhuh

/ lv wkh vkduh ri sxuh sur�wv lq JGS/ "r lv wkh qhw lqwhuhvw hodvwlflw| ri fdslwdo vxsso|

iurp grphvwlf uhvlghqwv/ dqg "_ lv wkh qxphulfdo lqwhuhvw hodvwlflw| ri grphvwlf fdslwdo
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ghpdqg:1 Htxdwlrq +54, kljkoljkwv wkh h�hfwv ri hfrqrplf lqwhjudwlrq rq wkh ohyho ri

fdslwdo lqfrph wd{dwlrq1 Xqghu dxwdun| wkhuh duh qr lqwhuqdwlrqdo fdslwdo  rzv/ dqg

hdfk qdwlrqdo hfrqrp| ixqfwlrqv olnh d forvhg hfrqrp|1 Wklv fdvh lv rewdlqhg e| vhwwlqj

wkh qxpehu ri frxqwulhv +6, htxdo wr 4 dqg wkh iruhljq rzqhuvkls vkduh +B, htxdo wr }hur1

Zkhq frxqwulhv doorz wkhlu fdslwdo pdunhwv wr lqwhjudwh/ wkh qxpehu ri mxulvglfwlrqv

frpshwlqj iru fdslwdo zloo ulvh deryh rqh +6 : �,/ dqg wkh iruhljq rzqhuvkls vkduh B

zloo ulvh deryh }hur1 Dffruglqj wr +54, wkhvh fkdqjhv zloo kdyh wzr r�vhwwlqj h�hfwv rq

fdslwdo lqfrph wd{ udwhv1 Rq wkh rqh kdqg wkh ulvh lq wkh iruhljq rzqhuvkls vkduh zloo

whpsw hdfk jryhuqphqw wr udlvh lwv vrxufh0edvhg fdslwdo lqfrph wd{ udwh/ vlqfh lw fdq

wkhuhe| fdswxuh vrph ri wkh sxuh uhqwv dffuxlqj wr iruhljq rzqhuv zkrvh zhoiduh grhv qrw

frxqw lq wkh grphvwlf srolwlfdo surfhvv1 Wklv lqfhqwlyh iru *wd{ h{sruwlqj* lv looxvwudwhg

e| wkh idfw wkdw Y�*YB : f lq +54,1 Rq wkh rwkhu kdqg wkh pryh wr dq lqwhjudwhg fdslwdo

pdunhw phdqv wkdw d kljkhu wd{ udwh rq grphvwlf lqyhvwphqw zloo jhqhudwh dq rxw rz ri

fdslwdo wr iruhljq frxqwulhv1 Hdfk qdwlrqdo jryhuqphqw wkhuhiruh shufhlyhv dq lqfuhdvh lq

wkh hodvwlflw| ri fdslwdo vxsso| wr wkh grphvwlf hfrqrp| dqg d frqfrplwdqw lqfuhdvh lq

wkh shufhlyhg glvwruwlrqdu| frvw ri fdslwdo lqfrph wd{dwlrq1 Fhwhulv sdulexv/ wklv whqgv

wr lqgxfh d idoo lq wkh fdslwdo lqfrph wd{ udwh1 Wkh odujhu wkh qxpehu ri frxqwulhv lq

wkh zruog/ wkh kljkhu lv wkh hodvwlflw| ri fdslwdo vxsso| wr hdfk lqglylgxdo frxqwu|/ dqg

wkh vwurqjhu lv wkh grzqzdug suhvvxuh rq fdslwdo lqfrph wd{ udwhv +wkh uhdghu pd| yhuli|

iurp +54, wkdw Y�*Y6 	 f,1 Zkhwkhu wklv *wd{ frpshwlwlrq h�hfw* rq wkh fdslwdo lqfrph

wd{ udwh zloo grplqdwh wkh r�vhwwlqj wd{ h{sruwlqj h�hfw dulvlqj iurp iruhljq rzqhuvkls

lv qrw fohdu d sulrul/ dv hpskdvl}hg e| Plqw} +4<<7,1 Krzhyhu/ lq wkh suhvhqw prgho rqh

fdq vkrz iurp +54, wkdw d pryh iurp d vlqjoh mxulvglfwlrq +dxwdun|, wr wzr frpshwlqj

mxulvglfwlrqv +udlvlqj 6 iurp 4 wr 5, zloo uhgxfh wkh fdslwdo lqfrph wd{ udwh li dqg rqo| li

wkh iruhljq rzqhuvkls vkduh lq wkh vfhqdulr zlwk wzr mxulvglfwlrqv vdwlv�hv wkh frqglwlrq

B 	

#
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2"r E�� @j�

$#
/ n q

/

$
+55,

Uhfdoo iurp +47, dqg +48, wkdw ��@j lqglfdwhv wkh vrfldo zhljkw dwwdfkhg wr xqhyhqo|

glvwulexwhg idfwru lqfrph uhodwlyh wr hyhqo| glvwulexwhg wudqvihu lqfrph/ dqg wkdw lw pd|

eh lqwhusuhwhg dv wkh phgldq zhdowk ohyho uhodwlyh wr wkh phdq zhdowk ohyho1 D uhdvrqdeoh

ydoxh iru wklv sdudphwhu pljkw eh �� @j ' f�H1 Uhfdoo dovr wkdw "r phdvxuhv wkh lqwhuhvw

hodvwlflw| ri vdylqj/ zkloh / lv wkh sxuh sur�w vkduh ri JGS dqg q lv wkh vkduh ri JGS

uhsuhvhqwlqj wkh qrupdo uhwxuq wr fdslwdo1 Li/ vd|/ "r ' f�e/ / ' f��f dqg q ' f�2/

:Qrwh wkdw �g lv d *jhqhudo htxloleulxp hodvwlflw|* zklfk doorzv iru wkh idfw wkdw/ dv wkh fdslwdo vwrfn

jrhv xs/ wkh uhvxowlqj lqfuhdvh lq uhdo zdjhv zloo vwlpxodwh oderxu vxsso| zklfk lq wxuq zloo surylgh d

ixuwkhu vwlpxoxv wr lqyhvwphqw e| udlvlqj wkh pdujlqdo surgxfwlylw| ri fdslwdo1 Wklv h�hfw yld wkh oderxu

pdunhw h{sodlqv zk| wkh oderxu vxsso| hodvwlflw| �v dsshduv lq wkh h{suhvvlrq iru �g1
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wkh iruhljq rzqhuvkls vkduh zrxog kdyh wr eh dv kljk dv <7( wr ylrodwh frqglwlrq +55,1

Zlwk d orzhu lqwhuhvw hodvwlflw| ri vdylqj dqg2ru d orzhu sxuh sur�w vkduh/ lw lv hyhq pruh

xquhdolvwlf wkdw wkh iruhljq rzqhuvkls vkduh frxog h{fhhg wkh h{suhvvlrq rq wkh uljkw0kdqg

vlgh ri +55,1 Vlqfh zh nqrz wkdw Y�*Y6 	 f/ zh fdq eh vxuh wkdw d pryh wr d iuhh0wudgh

uhjlph zlwk pruh wkdq wzr mxulvglfwlrqv +6 : 2, zrxog pdnh lw hyhq pruh olnho| wkdw

wkh wd{ frpshwlwlrq h�hfw ri fdslwdo pdunhw lqwhjudwlrq zloo rxwzhljk wkh lqfhqwlyh iru

h{sruwlqj wkh wd{ exughq wr iruhljq rzqhuv1

Dw ohdvw lq wkh suhvhqw iudphzrun zh pd| wkhuhiruh frqfoxgh wkdw hfrqrplf lqwhjudwlrq

zloo doprvw vxuho| sxw grzqzdug suhvvxuh rq vrxufh0edvhg fdslwdo lqfrph wd{hv1 Lw lv

lqvwuxfwlyh wr frqvlghu wkh olplwlqj fdvh zkhuh wkh lqglylgxdo frxqwu| ehfrphv vr vpdoo

uhodwlyh wr wkh zruog fdslwdo pdunhw wkdw lw orvhv lwv delolw| wr lq xhqfh wkh zruog lqwhuhvw

udwh1 Wklv fdvh ri wkh vpdoo rshq hfrqrp| lv rewdlqhg iurp +54, e| ohwwlqj 6 whqg wr

lq�qlw|/ |lhoglqj

� $
E/*q� d�� E�� @j� E�� B�o

E/*q� d�� E�� @j� E�� B�o n �
iru 6 $ 4 +56,

Devwudfwlqj iurp sxuh sur�wv +/ ' f,/ Jrugrq +4<;9, dqg Ud}lq dqg Vdgnd +4<<4,

surmhfwhg wkdw vrxufh0edvhg fdslwdo lqfrph wd{hv zloo ydqlvk dowrjhwkhu lq vpdoo rshq

hfrqrplhv idfhg zlwk shuihfw fdslwdo prelolw|1 Iru / ' f htxdwlrq +56, kdv wkh vdph

lpsolfdwlrq1 Krzhyhu/ zlwk srvlwlyh sxuh sur�wv +/ : f, wkh fdslwdo lqfrph wd{ udwh zloo

dovr uhpdlq srvlwlyh1 Wkh uhdvrq lv wkdw wkh fdslwdo lqfrph wd{ vhuyhv sduwo| dv d qrq0

glvwruwlrqdu| wd{ rq sxuh uhqwv1 Lw lv wkhuhiruh rswlpdo iru d vpdoo frxqwu| wr pdlqwdlq

d srvlwlyh fdslwdo lqfrph wd{ udwh hyhq li lw idfhv d shuihfwo| hodvwlf vxsso| ri fdslwdo

iurp wkh zruog pdunhw1 Lw dovr iroorzv iurp +56, wkdw wkh lqfhqwlyh wr pdlqwdlq d vrxufh0

edvhg fdslwdo lqfrph wd{ lv vwurqjhu/ wkh juhdwhu wkh iudfwlrq ri sxuh sur�wv dffuxlqj wr

iruhljqhuv +Y�*YB : f,1 Wklv uroh ri wkh fdslwdo lqfrph wd{ lq wkh suhvhqfh ri sxuh sur�wv

dqg iruhljq rzqhuvkls zdv vwuhvvhg e| Kxl}lqjd dqg Qlhovhq +4<<:d,1 Wkhvh dxwkruv dovr

vkrzhg wkdw li lw lv dgplqlvwudwlyho| ihdvleoh wr lpsrvh d vhsdudwh wd{ rq sxuh uhqwv/ lw zloo

lqghhg eh lqrswlpdo iru d vpdoo rshq hfrqrp| wr ohy| d vrxufh0edvhg wd{ rq wkh qrupdo

uhwxuq wr fdslwdo1

Ohw xv qrz frqvlghu wkh lpsolfdwlrqv ri wd{ frpshwlwlrq iru vrfldo zhoiduh1 Dvvxplqj

iru wkh prphqw wkdw doo frxqwulhv duh v|pphwulf/ zh pd| lqwhusuhw rxu vlqjoh0mxulvglfwlrq

fdvh zlwk 6 ' � dv d vfhqdulr zkhuh doo frxqwulhv lq wkh zruog kdyh ixoo| frruglqdwhg doo

ri wkhlu �vfdo srolflhv1 Wkh fdvh ri 6 ' � pd| wkxv eh wdnhq dv d ehqfkpdun lq zklfk doo

srwhqwldo glvwruwlrqv iurp �vfdo frpshwlwlrq kdyh ehhq holplqdwhg1 Phdvxuhg djdlqvw wklv

ehqfkpdun doorfdwlrq 0 zklfk lv vhfrqg0ehvw rswlpdo iurp d joredo shuvshfwlyh/ jlyhq wkh

glvwulexwlrqdo jrdov ri jryhuqphqwv 0 zh kdyh vhhq wkdw wkh ohyho ri fdslwdo lqfrph wd{hv

zloo doprvw vxuho| eh wrr orz xqghu wd{ frpshwlwlrq1 Wklv lqh!flhqf| pd| eh h{sodlqhg dv

iroorzv= iru wkh zruog hfrqrp| dv d zkroh/ wkh hodvwlflw| ri fdslwdo vxsso| lv jlyhq e| wkh
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lqwhuhvw hodvwlflw| ri vdylqj lq wkh uhsuhvhqwdwlyh frxqwu| +"r,1 Iurp d joredo ylhzsrlqw/

wklv lv wkh hodvwlflw| zklfk rxjkw wr irup wkh edvlv iru hydoxdwlqj wkh zhoiduh frvw ri fdslwdo

lqfrph wd{dwlrq1 Exw xqghu wd{ frpshwlwlrq qdwlrqdo jryhuqphqwv idfh wkh srvvlelolw|

ri fdslwdo  ljkw wr rwkhu mxulvglfwlrqv1 Khqfh wkh| shufhlyh d pxfk kljkhu hodvwlflw| ri

fdslwdo vxsso| wr wkh grphvwlf hfrqrp|/ dqg frqvhtxhqwo| wkh| vhw d orzhu fdslwdo lqfrph

wd{ udwh wkdq d srolf| pdnhu dgrswlqj d joredo shuvshfwlyh1 Zlogdvlq +4<;<, r�huhg d

frpsohphqwdu| h{sodqdwlrq lq whupv ri �vfdo h{whuqdolwlhv= li wkh grphvwlf jryhuqphqw

orzhuv lwv vrxufh wd{ rq fdslwdo/ wkhuhe| lqfuhdvlqj wkh pdujlqdo sur�wdelolw| ri grphvwlf

lqyhvwphqw/ lw zloo dwwudfw fdslwdo iurp deurdg1 Wklv fdslwdo  rz fdxvhv d idoo lq wkh

iruhljq dfwlylw| ohyho zklfk uhgxfhv iruhljq zhoiduh/ vlqfh wkh suhh{lvwlqj glvwruwlrqdu|

wd{hv rq fdslwdo dqg oderxu lpso| wkdw wkh pdujlqdo vrfldo +suh0wd{, uhwxuq wr lqyhvwphqw

dqg hpsor|phqw h{fhhgv wkh pdujlqdo sulydwh +diwhu0wd{, rssruwxqlw| frvw ri lqfuhdvhg

lqyhvwphqw dqg hpsor|phqw1 Ehfdxvh hdfk jryhuqphqw qhjohfwv wkh qhjdwlyh h�hfw ri d

orzhu grphvwlf fdslwdo wd{ rq iruhljq hfrqrplf dfwlylw|/ jryhuqphqwv whqg wr vhw wkhlu

vrxufh0edvhg fdslwdo wd{hv dw dq lqh!flhqwo| orz ohyho lq d Qdvk htxloleulxp zlwk wd{

frpshwlwlrq1

E| vlplodu uhdvrqlqj rqh pljkw wklqn wkdw oderxu wd{hv zloo dovr eh wrr orz xqghu

wd{ frpshwlwlrq1 Diwhu doo/ e| udlvlqj lwv oderxu lqfrph wd{ wkh grphvwlf jryhuqphqw

zloo glvfrxudjh grphvwlf oderxu vxsso|/ wkhuhe| uhgxflqj wkh pdujlqdo surgxfwlylw| ri

grphvwlf lqyhvwphqw dqg jhqhudwlqj d fdslwdo rxw rz zlwk d srvlwlyh vslooryhu h�hfw rq

iruhljq frxqwulhv1 \hw wklv dujxphqw lv lqfrpsohwh ehfdxvh lw ljqruhv wkdw qdwlrqdo wd{

srolflhv zloo dffrxqw iru wkh lqwhudfwlrq ehwzhhq oderxu wd{hv dqg wd{hv rq fdslwdo1 Xqghu

wd{ frpshwlwlrq wkh lqfhqwlyh iru jryhuqphqwv wr nhhs wkh oderxu wd{ udwh wrr orz lv khog

lq fkhfn e| wkh idfw wkdw wkh fdslwdo lqfrph wd{ udwh lv dovr wrr orz iurp dq lqwhuqdwlrqdo

shuvshfwlyh1 D orz fdslwdo lqfrph wd{ udwh lpsolhv wkdw lqyhvwphqw ghflvlrqv duh qrw

yhu| glvwruwhg/ vlqfh wkh sulydwh +diwhu0wd{, uhwxuq lv forvh wr wkh vrfldo +suh0wd{, uhwxuq1

Zkhq d frxqwu| vxemhfw wr wd{ frpshwlwlrq udlvhv lwv oderxu wd{ udwh/ wkh uhvxowlqj idoo

lq grphvwlf lqyhvwphqw wkhuhiruh kdv d orzhu grphvwlf h!flhqf| frvw wkdq lw zrxog kdyh

kdg li frxqwulhv kdg frruglqdwhg wr vhw wkhlu fdslwdo lqfrph wd{ udwhv dw wkh +kljkhu,

lqwhuqdwlrqdoo| rswlpdo ohyho1 Jlyhq wkdw d kljkhu oderxu wd{ glvfrxudjhv grphvwlf lq0

yhvwphqw/ wkh orzhu h!flhqf| frvw ri uhgxfhg lqyhvwphqw xqghu wd{ frpshwlwlrq lqgxfhv

jryhuqphqwv wr nhhs oderxu wd{hv dw dq �dssursuldwh� ohyho hyhq wkrxjk wkh| qhjohfw

wkh srvlwlyh lqwhuqdwlrqdo vslooryhu h�hfw ri d kljkhu grphvwlf oderxu wd{1 Lqghhg/ zh

vhh iurp htxdwlrq +53, wkdw wkh oderxu lqfrph wd{ udwh fkrvhq xqghu wd{ frpshwlwlrq

lv lghqwlfdo wr wkh oderxu wd{ udwh zklfk zrxog eh fkrvhq lq d frrshudwlyh htxloleulxp

zkhuh doo jryhuqphqwv frruglqdwh doo ri wkhlu �vfdo lqvwuxphqwv +dv zlwqhvvhg e| wkh idfw

wkdw 6 grhv qrw dsshdu lq +53,,1

Iurp +4;, dqg +4<, zh kdyh dovr vhhq wkdw wd{ frpshwlwlrq zloo qhlwkhu glvwruw wkh

ohyho ri sxeolf frqvxpswlrq qru wkh udwlr ri lqiudvwuxfwxuh vshqglqj wr JGS1 Krzhyhu/
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vlqfh wd{ frpshwlwlrq vwlpxodwhv lqyhvwphqw e| gulylqj grzq wkh fdslwdo lqfrph wd{ udwh/

lw zloo udlvh JGS deryh wkh ohyho zklfk zrxog suhydlo xqghu ixoo joredo frruglqdwlrq1

Uhodwlyh wr wklv ehqfkpdun/ wkh devroxwh ohyho ri lqiudvwuxfwxuh vshqglqj zloo wkhuhiruh

dovr eh wrr kljk xqghu wd{ frpshwlwlrq;1 Zlwk h{fhvvlyh vshqglqj rq lqiudvwuxfwxuh dqg

lqdghtxdwh fdslwdo wd{dwlrq/ zh pd| frqfoxgh wkdw uhglvwulexwlyh wudqvihuv zloo eh wrr orz

xqghu wd{ frpshwlwlrq1 Lq vkruw/ wkh sureohp zlwk wd{ frpshwlwlrq lv qrw wkdw lw ohdgv

wr xqghusurylvlrq ri sxeolf jrrgv/ exw udwkhu wkdw lw jhqhudwhv wrr olwwoh uhglvwulexwlrq/

jlyhq rxu hjdolwduldq vrfldo zhoiduh ixqfwlrq1 Wkh qh{w vhfwlrq zloo suhvhqw dq hvwlpdwh

ri wkh uhvxowlqj zhoiduh orvv1

6 Joredo Wd{ Frruglqdwlrq

Dq lq xhqwldo zulwhu olnh Wdq}l +4<<<, kdv dujxhg wkdw zh qhhg d Zruog Wd{ Rujd0

ql}dwlrq dv dq lqvwlwxwlrqdo iruxp iru joredo wd{ frruglqdwlrq1 Dowkrxjk srolf| pdnhuv

pd| qrw |hw eh suhsduhg wr jr wkdw idu/ lw lv ri lqwhuhvw wr vwxg| wkh jdlqv zklfk pljkw eh

uhdshg li doo frxqwulhv lq wkh zruog frxog frruglqdwh wkhlu wd{ srolflhv1 Dv d ehqfkpdun/

wklv vhfwlrq zloo irfxv rq joredo frruglqdwlrq dprqj v|pphwulf frxqwulhv1 Wkh xquhdolv0

wlf v|pphwu| dvvxpswlrq lv pdgh gholehudwho| wr lvrodwh wkh h�hfw ri fdslwdo prelolw| rq

wd{ srolflhv lq d zruog zlwkrxw srolf| frruglqdwlrq1 E| frqvlghulqj wkh wd{ frpshwlwlrq

h�hfwv ri fdslwdo prelolw| zlwklq d jurxs ri lghqwlfdo frxqwulhv/ zh pd| jdlq d ehwwhu xq0

ghuvwdqglqj ri wkh lpsolfdwlrqv ri wkh furvv0frxqwu| dv|pphwulhv wr eh frqvlghuhg odwhu

rq1

Wkh �uvw froxpq lq Wdeoh 4 vxppdul}hv wkh htxloleulxpzlwk wd{ frpshwlwlrq hphujlqj

iru d vhw ri sodxvleoh sdudphwhu ydoxhv uhsruwhg lq wkh qrwh wr wkh wdeoh1 Wr hydoxdwh wkh

sodxvlelolw| ri wkh fdoleudwlrq/ qrwh wkdw/ lq htxloleulxp/ k lv wkh oderxu lqfrph vkduh

ri JGS/ q lv wkh qrupdo uhwxuq wr fdslwdo uhodwlyh wr JGS/ dqg > lv wkh vkduh ri JGS

devruehg e| sxeolf lqiudvwuxfwxuh vshqglqj/ eurdgo| lqwhusuhwhg wr lqfoxgh doo irupv ri

surgxfwlyh jryhuqphqw vshqglqj1 Wkh ohyho ri wkh ydulrxv pdfurhfrqrplf yduldeohv lq

wklv lqlwldo htxloleulxp lv vhw dw lqgh{ 433<1 Wkh vhfrqg froxpq lq Wdeoh 4 vkrzv wkh

htxloleulxp rewdlqhg lq wkh k|srwkhwlfdo fdvh ri ixoo joredo frruglqdwlrq +6 ' � dqg

B ' f,1 Wklv vfhqdulr looxvwudwhv wkh pd{lpxp srwhqwldo jdlqv iurp lqwhuqdwlrqdo �vfdo

frrshudwlrq1

Wkh �uvw wklqj wr qrwh iurp Wdeoh 4 lv wkdw wkh wd{ udwh rq oderxu lqfrph lv qrw

d�hfwhg e| wkh vzlwfk iurp wd{ frpshwlwlrq wr ixoo frruglqdwlrq/ iru wkh uhdvrq douhdg|

;Wklv uhvxow lv lq olqh zlwk Nhhq dqg Pdufkdqg +4<<:, zkr dovr irxqg wkdw �vfdo frpshwlwlrq zloo

whqg wr udlvh wkh ohyho ri lqiudvwuxfwxuh vshqglqj uhodwlyh wr jryhuqphqw frqvxpswlrq1 Iru d ixuwkhu

dqdo|vlv ri sxeolf lqsxw surylvlrq xqghu �vfdo frpshwlwlrq/ vhh Duqrog dqg Ixhvw +4<<<, dqg Kdx hu dqg

Vfkmhoghuxs +4<<<,1
<Vlqfh wkh ohyho ri sxeolf frqvxpswlrq zloo eh wkh vdph xqghu doo �vfdo uhjlphv/ wklv yduldeoh lv qrw

uhfrughg lq wkh wdeohv1
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h{sodlqhg deryh1 Wkh h�hfwlyh wd{ udwh rq fdslwdo lqfrph/ krzhyhu/ lv udlvhg doprvw wr

wkh ohyho ri wkh oderxu lqfrph wd{/ vxjjhvwlqj wkdw d xqlirup frpsuhkhqvlyh lqfrph wd{

zrxog eh forvh wr rswlpdo iurp d joredo shuvshfwlyh/ jlyhq wkh fdoleudwlrq ri wkh prgho1

Lq wkh suhylrxv vhfwlrq zh qrwhg wkdw wd{ frpshwlwlrq jhqhudwhv wrr pxfk vshqglqj

rq lqiudvwuxfwxuh phdvxuhg lq devroxwh whupv1 D uhjlph vkliw wr ixoo �vfdo frruglqdwlrq

wkhuhiruh lqyroyhv d fxw lq lqiudvwuxfwxuh vshqglqj/ dv vkrzq lq Wdeoh 41 Wkh frpelqd0

wlrq ri orzhu lqiudvwuxfwxuh vshqglqj dqg kljkhu fdslwdo wd{dwlrq hqdeohv jryhuqphqwv wr

lqfuhdvh wkhlu uhglvwulexwlyh wudqvihuv vljql�fdqwo| lq wkh frrshudwlyh htxloleulxp1 Wkh

kljkhu ohyho ri fdslwdo wd{dwlrq fdxvhv vrph idoo lq hfrqrplf dfwlylw|/ dqg e| lqfuhdvlqj

wkh uhodwlyh vfduflw| ri fdslwdo yld orzhu vdylqjv/ lw udlvhv wkh uhdo lqwhuhvw udwh dqg orzhuv

uhdo zdjhv1 Ghvslwh wkh idoo lq JGS/ wkh uhsuhvhqwdwlyh frxqwu| hqmr|v d vrfldo zhoiduh

jdlq ri doprvw 4 shufhqw ri lqlwldo JGS/ ehfdxvh wkh jdlq iurp d pruh htxlwdeoh lqfrph

glvwulexwlrq rxwzhljkv wkh idoo lq djjuhjdwh lqfrph1

+Wdeoh 4 derxw khuh,

Wkh uhjlph zlwk ixoo joredo frruglqdwlrq lv h{wuhpho| ghpdqglqj lq whupv ri lqwhuqd0

wlrqdo frrshudwlrq/ vr lw lv reylrxvo| uhohydqw wr frqvlghu rwkhu irupv ri wd{ frruglqdwlrq

ohdylqj pruh �vfdo dxwrqrp| wr qdwlrqdo jryhuqphqwv1 Wkh wklug froxpq lq Wdeoh 4

vkrzv wkh lpsolfdwlrqv ri hqiruflqj wkh uhvlghqfh sulqflsoh ri fdslwdo lqfrph wd{dwlrq rq

d joredo edvlv1 Wklv uhtxluhv frruglqdwlrq lq wzr zd|v1 Iluvw/ jryhuqphqwv pxvw hqjdjh

lq lqwhuqdwlrqdo h{fkdqjh ri lqirupdwlrq hqdeolqj hdfk frxqwu| wr prqlwru dqg wd{ wkh

iruhljq lqyhvwphqw lqfrph ri lwv uhvlghqwv1 Vhfrqg/ wr dyrlg lqwhuqdwlrqdo grxeoh wd{d0

wlrq/ vrxufh frxqwulhv pxvw jlyh xs wkhlu uljkw wr wd{ grphvwlf0vrxufh lqfrph dffuxlqj

wr iruhljqhuv1 Wr idflolwdwh wd{ hqirufhphqw/ vrxufh frxqwulhv pljkw lpsrvh d suholplqdu|

zlwkkroglqj wd{ rq lqzdug iruhljq lqyhvwphqw1 Wkh uhyhqxh zrxog eh wudqvihuuhg wr wkh

uhvlghqfh frxqwu| +srvvleo| yld dq lqwhuqdwlrqdo fohdulqj xqlrq,/ dqg wkh uhvlghqfh frxq0

wu| zrxog judqw wkh wd{sd|hu d fuhglw iru wkh iruhljq zlwkkroglqj wd{ djdlqvw klv krph

frxqwu| wd{ eloo +vhh Jlrydqqlql +4<;<, iru dq hoderudwlrq ri vxfk d sursrvdo,1

Xqghu d sxuh uhvlghqfh sulqflsoh shuihfw fdslwdo prelolw| zloo hqvxuh d furvv0frxqwu|

htxdol}dwlrq ri suh0wd{ lqwhuhvw udwhv dw wkh frpprq joredo ohyho o/ vlqfh hdfk lqglylgxdo

lqyhvwru zloo eh wd{hg dw wkh vdph udwh rq klv iruhljq0vrxufh dqg klv grphvwlf0vrxufh

lqwhuhvw lqfrph1 Wkh jryhuqphqw exgjhw frqvwudlqw iru frxqwu| � wkhq ehfrphv
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Ixuwkhupruh/ wkh vrfldo zhoiduh ixqfwlrq +48, pxvw eh voljkwo| prgl�hg wr dffrxqw iru

wkh idfw wkdw iruhljq0vrxufh sur�wv duh qrz vxemhfw wr grphvwlf udwkhu wkdq iruhljq fdslwdo

lqfrph wd{1 Dffrxqwlqj iru +57,/ hdfk qdwlrqdo jryhuqphqw zloo pd{lpl}h wkh prgl�hg

vrfldo zhoiduh ixqfwlrq zlwk uhvshfw wr wkh irxu srolf| lqvwuxphqwv C�/ '�/ |�/ dqg � �1 Iru

d zruog ri vpdoo v|pphwulf hfrqrplhv/ wkh �uvw0rughu frqglwlrqv iru wkh vroxwlrq wr wklv

sureohp fdq eh vkrzq wr lpso| wkdw

� '
� n E/*q�

� n E/*q� n E"r*@j�
+58,

Htxdwlrq +58, looxvwudwhv krz rswlpdo wd{ srolf| pxvw wudgh r� wkh wd{ glvwruwlrqv wr

vdylqj +ghwhuplqhg e| wkh vdylqjv hodvwlflw| "r dqg wkh udwlr ri uhqwv wr qrupdo uhwxuqv

/*q, djdlqvw wkh ghvluh wr uhglvwulexwh lqfrph +fdswxuhg e| @j,1 Dv wkh udwlr /*q ri sxuh

sur�wv wr lqwhuhvw lqfrph lqfuhdvhv/ wkh fdslwdo lqfrph wd{ idoov wr d odujhu h{whqw rq wkh

�{hg idfwru dqg zloo wkhuhiruh eh ohvv glvwruwlrqdu|1 Dffruglqj wr +58, wklv zloo udlvh wkh

ohyho ri fdslwdo lqfrph wd{hv1 Lq frqwudvw wr wkh uhjlph zlwk vrxufh0edvhg wd{dwlrq/ zh vhh

wkdw wkh fdslwdo lqfrph wd{ udwh lq wkh vpdoo rshq hfrqrp| zloo eh srvlwlyh +dqg srvvleo|

txlwh kljk, hyhq lq wkh devhqfh ri sxuh sur�wv +/ ' f,1 Wkh uhdvrq lv wkdw d vzlwfk wr

uhvlghqfh0edvhg wd{dwlrq holplqdwhv wd{ frpshwlwlrq e| hqdeolqj lqglylgxdo jryhuqphqwv

wr udlvh wkhlu fdslwdo lqfrph wd{ udwh zlwkrxw suryrnlqj d fdslwdo  ljkw wr iruhljq wd{

kdyhqv rxwvlgh wkh uhdfk ri wkh grphvwlf �vf1 Dv vkrzq lq wkh wklug froxpq ri Wdeoh 4/

fdslwdo lqfrph wd{ udwhv zrxog wkhq eh udlvhg doprvw wr wkh ohyho wkdw zrxog eh fkrvhq

xqghu ixoo joredo frruglqdwlrq/ dqg frxqwulhv zrxog uhds sudfwlfdoo| doo ri wkh srwhqwldo

zhoiduh jdlqv iurp frruglqdwlrq zlwkrxw vdful�flqj wkh uljkw wr vhw wkhlu fdslwdo lqfrph

wd{ udwh lqghshqghqwo| ri hdfk rwkhu +frpsduh wkh zhoiduh �jxuhv lq wkh vhfrqg dqg wklug

froxpv ri Wdeoh 4,1 Wkh idloxuh wr uhds wkh ixoo jdlqv iurp frruglqdwlrq zrxog pdlqo|

dulvh iurp wkh idfw wkdw qdwlrqdo jryhuqphqwv gr qrw dffrxqw iru wkh zhoiduh ri iruhljq

rzqhuv ri grphvwlf �upv1 Wkxv oderxu zrxog eh ryhuwd{hg/ ehfdxvh wkh orvv ri sur�w

uhvxowlqj iurp orzhu hpsor|phqw zrxog idoo sduwo| rq iruhljqhuv1 Pruhryhu/ jryhuqphqwv

zrxog vshqg wrr olwwoh rq lqiudvwuxfwxuh/ ehfdxvh sduw ri wkh lqfuhdvh lq grphvwlf sur�wv

uhvxowlqj iurp d ehwwhu lqiudvwuxfwxuh zrxog dffuxh wr iruhljqhuv/ dqg ehfdxvh vrxufh

frxqwulhv frxog qr orqjhu wd{ wkdw sduw ri sur�wv/ mxvw dv wkh| frxog qr orqjhu wd{ wkh

qrupdo uhwxuq wr wkh lqfuhdvhg lqzdug iruhljq lqyhvwphqw1 Krzhyhu/ dffruglqj wr Wdeoh

4 wkh qhjdwlyh zhoiduh h�hfwv ri wkhvh �vfdo h{whuqdolwlhv zrxog eh plqlvfxoh1

Ghvslwh wkh dwwudfwlyh ihdwxuhv ri wkh joredo uhvlghqfh sulqflsoh/ wklv wd{ uhjlph pd|

eh gl!fxow wr vxvwdlq/ vlqfh lw uholhv rq wkh zloolqjqhvv ri vrxufh frxqwulhv wr dvvlvw lq

froohfwlqj uhyhqxhv zklfk hqg xs lq wkh fr�huv ri iruhljq uhvlghqfh frxqwulhv431 Wkh irxuwk

froxpq lq Wdeoh 7 wkhuhiruh frqvlghuv dq dowhuqdwlyh w|sh ri wd{ frruglqdwlrq wdnlqj wkh

43Dv srlqwhg rxw e| Wdq}l dqg ]hh +4<<;,/ lqwhuqdwlrqdo lqirupdwlrq h{fkdqjh lv kdpshuhg e| dgplq0

lvwudwlyh/ mxglfldo dqg srolwlfdo sureohpv/ lqfoxglqj wkh wudglwlrq ri edqn vhfuhf| lq vhyhudo frxqwulhv1
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irup ri d plqlpxp vrxufh0edvhg fdslwdo lqfrph wd{ udwh zklfk lv elqglqj iru doo frxqwulhv1

Wklv plqlpxp wd{ udwh lv fkrvhq vr dv wr pd{lpl}h wkh srsxodwlrq0zhljkwhg vxp ri vrfldo

zhoiduh iru doo frxqwulhv/ dffrxqwlqj iru wkh idfw wkdw qdwlrqdo jryhuqphqwv zloo vhw wkhlu

uhpdlqlqj �vfdo lqvwuxphqwv wr pd{lpl}h wkhlu rzq zhoiduh/ jlyhq wkh elqglqj plqlpxp

fdslwdo wd{ udwh1 Lq jdph0wkhruhwlf whupv/ wkh frruglqdwlqj zruog wd{ dxwkrulw| sod|v wkh

uroh ri d Vwdfnhoehuj ohdghu/ zlwk qdwlrqdo jryhuqphqwv dfwlqj dv iroorzhuv lq wkh �vfdo

srolf| jdph1 Wdeoh 4 vkrzv wkdw wklv irup ri frruglqdwlrq zloo hqvxuh d fdslwdo lqfrph wd{

udwh urxjko| htxdo wr wkh rqh fkrvhq xqghu ixoo joredo frruglqdwlrq1 Krzhyhu/ dv fdslwdo

lqfrph wd{ frpshwlwlrq lv qhxwudol}hg/ jryhuqphqwv zloo xvh rwkhu �vfdo lqvwuxphqwv pruh

djjuhvvlyho| lq wkhlu h�ruwv wr dwwudfw preloh fdslwdo= wr errvw wkh sur�wdelolw| ri grphvwlf

lqyhvwphqw/ wkh| zloo lqfuhdvh lqiudvwuxfwxuh vshqglqj dqg vhhn wr vwlpxodwh oderxu vxsso|

e| fxwwlqj wkh wd{ udwh rq oderxu1 Lqghhg/ wkh lqfhqwlyh wr fxw wkh oderxu lqfrph wd{

udwh lv vwuhqjwkhqhg dv kljkhu lqiudvwuxfwxuh vshqglqj udlvhv wkh pdujlqdo surgxfwlylw|

ri oderxu/ wkhuhe| lqfuhdvlqj wkh dwwudfwlyhqhvv ri errvwlqj oderxu vxsso| wkurxjk orzhu

oderxu wd{hv1 Ghvslwh wkhvh dgghg glvwruwlrqv wr rwkhu �vfdo yduldeohv/ wkh frruglqdwlrq ri

fdslwdo lqfrph wd{ udwhv qhyhuwkhohvv hqdeohv frxqwulhv wr uhds wkh exon ri wkh srwhqwldo

jdlq iurp ixoo frruglqdwlrq1

Wkh lpsruwdqw dqg hqfrxudjlqj phvvdjh iurp Wdeoh 4 lv wkdw hyhq li frxqwulhv fdq rqo|

frruglqdwh wkhlu wd{ srolflhv wr d olplwhg h{whqw/ e| h{fkdqjlqj lqirupdwlrq ru djuhhlqj

rq d frpprq plqlpxp fdslwdo lqfrph wd{ udwh/ wkh| fdq dssduhqwo| uhdol}h prvw ri wkh

pd{lpxp srwhqwldo jdlqv iurp frruglqdwlrq1

7 Uhjlrqdo Wd{ Frruglqdwlrq

\hw/ dowkrxjk jryhuqphqwv kdyh wdnhq vrph idowhulqj vwhsv wrzdugv joredo frruglqd0

wlrq ri wudgh dqg hqylurqphqwdo srolflhv/ dw wkh suhvhqw vwdjh ri lqwhuqdwlrqdo lqwhjudwlrq

wkh| zrxog kdugo| eh deoh wr djuhh rq wd{ frruglqdwlrq dw d joredo ohyho1 Wklv vhfwlrq

wkhuhiruh frqvlghuv wkh lpsolfdwlrqv ri uhjlrqdo wd{ frruglqdwlrq zlwklq d vxejurxs ri wkh

zruog*v frxqwulhv zklfk L zloo ghqrwh wkh *xqlrq* iru frqyhqlhqfh1 Wr zkdw h{whqw zloo

uhjlrqdo frruglqdwlrq ri fdslwdo lqfrph wd{dwlrq eh zhoiduh0lpsurylqj/ jlyhq wkdw wd{

frpshwlwlrq zloo frqwlqxh wr grplqdwh wkh uhodwlrqv ehwzhhq wkh xqlrq dqg wkh uhvw ri

wkh zruogB H{fhsw iru wkh frqwulexwlrq e| Nrqudg dqg Vfkmhoghuxs +4<<<,/ wklv lpsruwdqw

lvvxh kdv ehhq vxemhfw wr yhu| olwwoh irupdo dqdo|vlv1

714 Uhjlrqdo frruglqdwlrq zlwklq d v|pphwulf wd{ xqlrq

Lq wkh �uvw wzr froxpqv lq Wdeoh 5 L frqvlghu wkh h�hfwv ri uhjlrqdo frruglqdwlrq

lq d zruog hfrqrp| zlwk v|pphwulf frxqwulhv dqg shuihfw fdslwdo prelolw|1 Sdudphwhu

ydoxhv duh lghqwlfdo wr wkrvh xqghuo|lqj Wdeoh 4/ vr wkh uhvxowv duh gluhfwo| frpsdudeoh

wr wkh h�hfwv ri joredo frruglqdwlrq1 Wkh �uvw froxpq uhvwdwhv wkh lqlwldo htxloleulxp

zlwk wd{ frpshwlwlrq1 Wkh vhfrqg froxpq frqvlghuv wkh h�hfwv ri lqwurgxflqj d elqglqj
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plqlpxp vrxufh0edvhg fdslwdo lqfrph wd{ zlwklq d wd{ xqlrq frqvlvwlqj ri qlqh frxqwulhv

zklfk lq wrwdo uhsuhvhqw d olwwoh ryhu kdoi wkh zruog srsxodwlrq1 Wkh zruog rxwvlgh wkh

wd{ xqlrq frqvlvwv ri ; frxqwulhv ri htxdo vl}h1 Wkh xqlrq*v fdslwdo lqfrph wd{ udwh lv

fkrvhq wr pd{lpl}h wkh vxp ri wkh vrfldo zhoiduh iru xqlrq frxqwulhv/ wdnlqj wkh �vfdo

srolflhv ri wkh uhvw ri wkh zruog dv jlyhq/ exw dffrxqwlqj iru wkh rswlpdo �vfdo srolf|

uhvsrqvh ri xqlrq phpehu vwdwhv wr wkh pdqgdwhg plqlpxp fdslwdo wd{441 Wkh xqlrq dv

d zkroh kdv dq lpsdfw rq zruog fdslwdo ghpdqg dqg vxsso| zklfk lv pxfk odujhu wkdq

wkh lpsdfw ri hdfk lqglylgxdo xqlrq frxqwu|1 Lq vhwwlqj wkh fdslwdo lqfrph wd{ udwh/ wkh

xqlrq dxwkrulw| dffrxqwv iru lwv vwurqjhu lpsdfw rq wkh zruog lqwhuhvw udwh zklfk lpsolhv

d orzhu hodvwlflw| ri fdslwdo vxsso| wr wkh xqlrq dv d zkroh/ frpsduhg wr wkh hodvwlflw|

idfhg e| wkh lqglylgxdo phpehu vwdwh1 Khqfh uhjlrqdo frruglqdwlrq lqyroyhv vrph lqfuhdvh

lq fdslwdo lqfrph wd{hv zlwklq wkh xqlrq1 D frpsdulvrq ehwzhhq Wdeohv 4 dqg 5 uhyhdov

wkdw/ gxh wr fdslwdo  ljkw wr wkh qrq0xqlrq duhd/ uhjlrqdo frruglqdwlrq ri fdslwdo lqfrph

wd{dwlrq zloo jhqhudwh rqo| rqh whqwk ri wkh zhoiduh jdlq zklfk frxog eh uhdshg li doo

frxqwulhv lq wkh zruog frxog djuhh wr d elqglqj plqlpxp fdslwdo wd{1 Wkh uhdoorfdwlrq

ri fdslwdo wrzdugv qrq0xqlrq frxqwulhv lqfuhdvhv dfwlylw| ohyhov/ wd{ uhyhqxhv dqg sxeolf

wudqvihuv rxwvlgh wkh xqlrq1 Lurqlfdoo|/ wkh uhvw ri wkh zruog wkhuhiruh hqmr|v d odujhu

zhoiduh jdlq wkdq wkh xqlrq/ dowkrxjk wkh jdlqv uhodwlyh wr JGS duh prghvw iru erwk

uhjlrqv1

Dffruglqj wr wkh wkhruhwlfdo dqdo|vlv ri Nrqudg dqg Vfkmhoghuxs +4<<<,/ uhjlrqdo

frruglqdwlrq ri fdslwdo lqfrph wd{dwlrq lv vxuh wr lpsuryh wkh zhoiduh ri doo frxqwulhv lq

wkh zruog li fdslwdo lqfrph wd{hv duh vwudwhjlf frpsohphqwv/ vlqfh d ulvh lq rqh frxqwu|*v

fdslwdo wd{ udwh zloo wkhq lqgxfh wd{ lqfuhdvhv lq rwkhu frxqwulhv/ wkhuhe| khoslqj wr eulqj

wkh jhqhudo ohyho ri wd{dwlrq forvhu wr wkh joredo rswlpxp1 Wkh vlpxodwlrqv suhvhqwhg

khuh lqglfdwh wkdw vxfk vwudwhjlf frpsohphqwdulw| zloo lqghhg suhydlo/ vlqfh wkh kljkhu

fdslwdo wd{ udwh lq wkh xqlrq lqgxfhv qrq0xqlrq frxqwulhv wr udlvh wkhlu rzq fdslwdo wd{

udwhv d elw1 Wr xqghuvwdqg wklv frpsohphqwdulw|/ qrwh wkdw xqghu vrxufh0edvhg wd{dwlrq

d orzhu lqwhuhvw udwh udlvhv grphvwlf zhoiduh e| udlvlqj grphvwlf dfwlylw|1 D odujh frxqwu|

ru uhjlrq fdq gulyh grzq wkh zruog lqwhuhvw udwh e| orzhulqj wkh zruog ghpdqg iru fdslwdo

wkurxjk d ulvh lq lwv fdslwdo lqfrph wd{ udwh1 Lq wkh suhvhqw prgho/ wkh ulvh lq grphvwlf

zhoiduh jhqhudwhg e| d idoo lq wkh lqwhuhvw udwh lv odujhu/ wkh orzhu wkh lqlwldo lqwhuhvw

udwh451 Wkxv/ zkhq wkh xqlrq frxqwulhv gulyh grzq wkh zruog lqwhuhvw udwh e| udlvlqj

wkhlu fdslwdo lqfrph wd{ udwh/ wkh| lqfuhdvh wkh lqfhqwlyh iru qrq0xqlrq frxqwulhv wr udlvh

44Lq rwkhu zrugv/ zkhq vhwwlqj wkh xqlrq*v fdslwdo wd{ udwh/ wkh xqlrq dxwkrulw| dqwlflsdwhv krz wkh

xqlrq phpehu vwdwhv zloo rswlpdoo| dgmxvw wkhlu uhpdlqlqj qdwlrqdo �vfdo srolf| lqvwuxphqwv1 Dw wkh

vdph wlph wkh xqlrq sod|v Qdvk ylv ä ylv wkh uhvw ri wkh zruog1
45Wkh vshfl�fdwlrqv ri wdvwhv dqg whfkqrorj| lpso| wkdw hdfk frxqwu|*v ghpdqg iru fdslwdo lv lvr0hodvwlf1

Khqfh wkh fdslwdo ghpdqg fxuyh lv frqyh{ wr wkh ruljlq lq +N> u,0vsdfh1 Zkhq wkh lqwhuhvw udwh idoov/ wkh

zhoiduh0lpsurylqj ulvh lq grphvwlf lqyhvwphqw zloo wkhuhiruh eh odujhu wkh orzhu wkh lqlwldo lqwhuhvw udwh1
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wkhlu fdslwdo wd{ lq rughu wr ehqh�w iurp d ixuwkhu idoo lq wkh zruog lqwhuhvw udwh1

+Wdeoh 5 derxw khuh,

Ghvslwh wkh vwudwhjlf frpsohphqwdulw| ri vrxufh0edvhg fdslwdo lqfrph wd{hv/ wkh �uvw

wzr froxpqv ri Wdeoh 5 fduu| wkh glvdssrlqwlqj phvvdjh wkdw wkh zhoiduh jdlqv iurp

uhjlrqdo wd{ frruglqdwlrq duh olnho| wr eh yhu| prghvw zkhq fdslwdo lv shuihfwo| preloh

wkurxjkrxw wkh zruog1 Krzhyhu/ uhjlrqdo frruglqdwlrq pd| eh prwlydwhg e| wkh idfw wkdw

wkh frruglqdwlqj frxqwulhv duh pruh lqwhjudwhg zlwk hdfk rwkhu wkdq zlwk wkh uhvw ri wkh

zruog1 Iru h{dpsoh/ lq wkh frqwh{w ri Hfrqrplf dqg Prqhwdu| Xqlrq lq Hxursh/ lw vhhpv

uhdvrqdeoh wr dvvxph wkdw wkh HX frxqwulhv duh sduwlfxoduo| ghhso| lqwhjudwhg1 Lq wkh odvw

wzr froxpqv ri Wdeoh 5 L wkhuhiruh frqvlghu uhjlrqdo wd{ frruglqdwlrq lq d zruog hfrqrp|

zlwk shuihfw fdslwdo prelolw| zlwklq wkh wd{ xqlrq/ exw lpshuihfw fdslwdo prelolw| ehwzhhq

wkh xqlrq dqg wkh uhvw ri wkh zruog1 Lq wkh suhvhqw prgho zklfk grhv qrw h{solflwo| doorz

iru xqfhuwdlqw|/ dq lqfhqwlyh iru sruwirolr glyhuvl�fdwlrq fdq eh jhqhudwhg e| dvvxplqj

wkdw wkh wrwdo fdslwdo vwrfn vxssolhg e| frqvxphu � lq wkh uhsuhvhqwdwlyh xqlrq frxqwu|

lv d FHV0djjuhjdwh ri fdslwdo vxssolhg wr wkh xqlrq duhd/ &r�� / dqg fdslwdo vxssolhg wr wkh

qrq0xqlrq duhd/ &r?� =
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Zlwk d �qlwh vxevwlwxwlrq hodvwlflw| l ehwzhhq wkh wzr dvvhw w|shv/ wklv vshfl�fdwlrq

lpsolhv wkdw wkh wrwdo fdslwdo vwrfn whqgv wr eh pruh surgxfwlyh li lw lv vsuhdg dfurvv wkh

wzr uhjlrqv udwkhu wkdq frqfhqwudwhg lq rqh uhjlrq1 Wkh frqvxphu*v wrwdo lqfrph iurp

fdslwdo lv 4&r� ' 4�&
r�
� n 4?&

r?
� / zkhuh 4� lv wkh diwhu0wd{ lqwhuhvw udwh suhydlolqj zlwklq

wkh xqlrq +zklfk lv frpprq wr doo xqlrq frxqwulhv gxh wr shuihfw lqwud0xqlrq fdslwdo

prelolw|,/ dqg 4? lv wkh diwhu0wd{ lqwhuhvw udwh lq wkh qrq0xqlrq duhd/ dqg zkhuh 4 lv wkh

*dyhudjh* qhw udwh ri uhwxuq rq fdslwdo1 Kdylqj rswlpl}hg klv djjuhjdwh fdslwdo vwrfn &r�
lq dffrugdqfh zlwk +43,/ wkh frqvxphu doorfdwhv wklv vwrfn ehwzhhq xqlrq dqg qrq0xqlrq

dvvhwv vr dv wr pd{lpl}h klv wrwdo qhw lqfrph iurp fdslwdo 4�&
r�
� n 4?&

r?
� / vxemhfw wr +59,1

Wkh �uvw0rughu frqglwlrqv iru wkh vroxwlrq wr wklv sureohp lpso| wkdw
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Wkh sruwirolr doorfdwlrq ri qrq0xqlrq uhvlghqwv lv ghvfulehg e| vlplodu htxdwlrqv/ dqg

wkh vlqjoh fdslwdo pdunhw htxloleulxp frqglwlrq +49, lv qrz uhsodfhg e| wzr vhsdudwh
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htxloleulxp frqglwlrqv> rqh uhtxlulqj edodqfh ehwzhhq fdslwdo ghpdqg dqg vxsso| zlwklq

wkh xqlrq/ dqg dqrwkhu rqh uhtxlulqj fohdulqj ri wkh qrq0xqlrq fdslwdo pdunhw1 Qrwh wkdw

wkh hpslulfdoo| revhuyhg *krph eldv* lq lqyhvwru sruwirolrv fdq eh prghoohg e| vhwwlqj

[ : f�D lq +5:, dqg +5;,1

Lq wkh odvw wzr froxpqv ri Wdeoh 5 L dvvxph wkdw wkh qrq0xqlrq duhd lv uhsuhvhqwhg

e| d vlqjoh frxqwu| +*Xqlwhg Vwdwhv*, zkhuhdv wkh xqlrq +*Hxurshdq Xqlrq*, frqvlvwv ri

wzhoyh lghqwlfdo frxqwulhv uhsuhvhqwlqj d wrwdo ri 89( ri zruog srsxodwlrq +fruuhvsrqglqj

urxjko| wr wkh dfwxdo hfrqrplf zhljkw ri wkh HX uhodwlyh wr wkh XV,1 Zkloh shuihfw fdslwdo

prelolw| lpsolhv wkdw wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq xqlrq dqg qrq0xqlrq dvvhwv

lv lq�qlwho| kljk/ wklv vxevwlwxwlrq hodvwlflw| lv vhw htxdo wr 9 lq wkh odvw wzr froxpqv

ri wkh wdeoh1 Vlqfh wkh orzhu ghjuhh ri dvvhw vxevwlwxwdelolw| uhgxfhv wkh hodvwlflw| ri

fdslwdo vxsso| wr wkh xqlrq duhd/ uhjlrqdo wd{ frruglqdwlrq lv vhhq wr lpso| d pxfk odujhu

lqfuhdvh lq wkh xqlrq fdslwdo lqfrph wd{ udwh/ frpsduhg wr wkh vfhqdulr zlwk shuihfw

fdslwdo prelolw| wkurxjkrxw wkh zruog1 Dv d uhvxow/ wkh qrq0xqlrq duhd zloo dovr udlvh

lwv fdslwdo lqfrph wd{ e| d odujhu dprxqw/ vr wkh zkroh zruog zloo pryh frqvlghudeo|

forvhu wr wkh vhfrqg0ehvw rswlpdo ohyho ri fdslwdo lqfrph wd{dwlrq zklfk zrxog suhydlo

xqghu ixoo joredo frruglqdwlrq1 Jlyhq wkh dvvxphg sdudphwhu ydoxhv/ wkh zhoiduh jdlqv

iurp uhjlrqdo frruglqdwlrq zloo dprxqw wr derxw kdoi ri wkh srwhqwldo jdlq iurp ixoo

joredo frruglqdwlrq1 Ri frxuvh wkh hvwlpdwhg jdlq iurp frruglqdwlrq zloo ghshqg rq wkh

hodvwlflw| ri vxevwlwxwlrq ehwzhhq xqlrq dqg qrq0xqlrq dvvhwv1 Wkh orzhu wklv hodvwlflw|/

wkh pruh wkh xqlrq zloo ixqfwlrq olnh d forvhg hfrqrp|/ dqg wkh vpdoohu wkh gl�huhqfh

ehwzhhq wkh jdlqv iurp uhjlrqdo udwkhu wkdq joredo frruglqdwlrq1 Lq wkh qh{w vhfwlrq zh

vkdoo suhvhqw dq hpslulfdo dssolfdwlrq ri wkh prgho lq zklfk wkh dvvxphg vxevwlwxwlrq

hodvwlflw| ri 9 vhhpv wr eh sodxvleoh1

715 Uhjlrqdo frruglqdwlrq zlwk dv|pphwulf frxqwulhv

Wr irfxv rq wkh wd{ srolf| lpsolfdwlrqv ri fdslwdo prelolw|/ L kdyh vr idu devwudfwhg

iurp furvv0frxqwu| dv|pphwulhv lq hfrqrplf vwuxfwxuhv1 Lv lw srvvleoh wkdw vxfk dv|p0

phwulhv frxog jhqhudwh d kljko| xqhyhq glvwulexwlrq ri wkh jdlqv iurp frruglqdwlrqB Wr

lqyhvwljdwh wklv lvvxh/ Wdeoh 6 suhvhqwv d fdoleudwlrq zklfk hqdeohv wkh prgho wr urxjko|

uhsolfdwh wkh revhuyhg ohyho dqg sdwwhuq ri wd{dwlrq lq Zhvwhuq Hxursh dqg wkh Xqlwhg

Vwdwhv dv dq htxloleulxp zlwk wd{ frpshwlwlrq e| dvvxplqj gl�huhqfhv lq sxuh sur�w

vkduhv/ iruhljq rzqhuvkls vkduhv/ lqlwldo hqgrzphqwv/ dqg vrfldo suhihuhqfhv iru uhglvwul0

exwlrq1 Wkh �jxuhv lq eudfnhwv duh hpslulfdo hvwlpdwhv ri dyhudjh h�hfwlyh wd{ udwhv/

surgxfhg e| Yronhulqn dqg gh Kddq +4<<<, xvlqj wkh phwkrgrorj| ri Phqgr}d/ Ud}lq

dqg Whvdu +4<<7,1 Zhvwhuq Hxursh fdq eh qdwxudoo| glylghg lqwr wkh Qruglf frxqwulhv/

Frqwlqhqwdo Hxursh/ dqg wkh Xqlwhg Nlqjgrp1 Zlwklq hdfk ri wkhvh vxeuhjlrqv wkh ohyho

dqg sdwwhuq ri wd{dwlrq lv idluo| krprjhqhrxv/ dv grfxphqwhg e| Vûuhqvhq +5333d/ Wdeoh

5,1

Iru wkh prgho wr uhsurgxfh wkh revhuyhg ohyho ri fdslwdo lqfrph wd{dwlrq/ lw lv qhfhv0
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vdu| wr dvvxph d idluo| kljk sxuh sur�w vkduh ri JGS1 Sur�wv duh lqwhusuhwhg wr lqfoxgh

doo txdvl0uhqwv lq dgglwlrq wr frqyhqwlrqdo qdwxudo uhvrxufh uhqwv1 Zkloh txdvl0uhqwv lq

dq| jlyhq �up ru vhfwru duh zlshg rxw e| frpshwlwlrq lq wkh orqj uxq/ qhz txdvl0uhqwv

nhhs srsslqj xs dv d uhvxow ri frqwlqxlqj whfkqrorjlfdo dqg vwuxfwxudo fkdqjh1 Khqfh

txdvl0uhqwv duh qhyhu holplqdwhg dw wkh pdfur ohyho lq d g|qdplf hfrqrp|1 Dvvxplqj d

kljk sxuh sur�w vkduh lq wkh suhvhqw vwdwlf prgho lv d sudjpdwlf zd| ri dffrxqwlqj iru

wklv1 Wkh dvvxphg lqwhuhvw hodvwlflw| ri fdslwdo vxsso| +318, pd| dovr vhhp txlwh kljk1

Wkh mxvwl�fdwlrq lv wkdw wklv hodvwlflw| pxvw fdswxuh qrw rqo| wkh h�hfw ri wd{dwlrq rq

djjuhjdwh vdylqj/ exw dovr wkh glvwruwlqj h�hfwv ri fdslwdo lqfrph wd{dwlrq rq wkh doorfd0

wlrq ri fdslwdo1 Lq sudfwlfh lw kdv wxuqhg rxw wr eh lpsrvvleoh wr hqvxuh d xqlirup wd{

wuhdwphqw ri doo w|shv ri lqyhvwphqw/ vr fdslwdo lqfrph wd{hv uhgxfh wkh wrwdo h�hfwlyh

vxsso| ri fdslwdo e| gulylqj zhgjhv ehwzhhq wkh pdujlqdo ydoxh surgxfwv ri fdslwdo dfurvv

vhfwruv1 Vhwwlqj d kljk lqwhuhvw hodvwlflw| ri djjuhjdwh fdslwdo vxsso| lq d rqh0vhfwru prgho

lv d urxjk zd| ri doorzlqj iru wklv lqwhuvhfwrudo glvwruwlrq1

+Wdeoh 6 derxw khuh,

Wxuqlqj wr dv|pphwulhv/ wkh prgho dvvxphv shuihfw fdslwdo prelolw| zlwklq Hxursh

frpelqhg zlwk lpshuihfw fdslwdo prelolw| dfurvv wkh Dwodqwlf1 Wkh revhuyhg gl�huhqfhv lq

wkh ohyho ri oderxu wd{dwlrq duh dvvxphg wr uh hfw furvv0frxqwu| gl�huhqfhv lq wkh vrfldo

suhihuhqfh iru uhglvwulexwlrq1 Khqfh srolf| pdnhuv lq wkh Qruglf frxqwulhv dqg lq Frqwl0

qhqwdo Hxursh duh wdnhq wr eh pruh hjdolwduldq wkdq srolf| pdnhuv lq wkh Dqjor0Vd{rq

frxqwulhv/ lq olqh zlwk srsxodu shufhswlrqv1 Wkh gl�huhqfhv lq wkh ohyho ri fdslwdo lqfrph

wd{dwlrq duh uhsurgxfhg e| dssursuldwh fkrlfh ri sxuh sur�w vkduhv/ iruhljq rzqhuvkls

vkduhv/ dqg wkh ghjuhh ri dvvhw vxevwlwxwdelolw| ehwzhhq Hxursh dqg wkh Xqlwhg Vwdwhv1

Lq sduwlfxodu/ wkh dvvhw vxevwlwxwlrq hodvwlflw| lv yhu| lpsruwdqw iru wkh ohyho ri fdslwdo

wd{dwlrq lq wkh Xqlwhg Vwdwhv/ vr wkh vxevwlwxwlrq hodvwlflw| ri 9 kdv ehhq fkrvhq vr dv

wr jhqhudwh d uhdolvwlf ydoxh iru wkh Dphulfdq fdslwdo lqfrph wd{ udwh1 Wkh uhodwlyho|

orz iruhljq rzqhuvkls vkduh lq Dphulfd uh hfwv wkdw iruhljq rzqhuvkls whqgv wr eh ohvv

lpsruwdqw lq d odujh hfrqrp|1 Ehfdxvh ghewru frxqwulhv dqg fuhglwru frxqwulhv zloo eh

d�hfwhg gl�huhqwo| e| fkdqjhv lq wkh lqwhuqdwlrqdo ohyho ri lqwhuhvw udwhv/ wkh lqlwldo lqwhu0

qdwlrqdo glvwulexwlrq ri qhw iruhljq dvvhwv zloo pdwwhu iru wkh furvv0frxqwu| glvwulexwlrq ri

wkh jdlqv iurp wd{ frruglqdwlrq/ dv h{sodlqhg e| Vûuhqvhq +5333d,1 Wkh lqlwldo shu0fdslwd

hqgrzphqw ri qrq0kxpdq zhdowk +�, lv fkrvhq vr dv wr surgxfh wkh hpslulfdoo| revhuyhg

vljq ri wkh qhw iruhljq dvvhw srvlwlrq/ zkloh wkh lqlwldo shu0fdslwd hqgrzphqw ri kxpdq

zhdowk +e, lv fkrvhq wr uhsurgxfh wkh revhuyhg gl�huhqfhv lq wkh ohyho ri SSS0dgmxvwhg

uhdo JGS shu fdslwd1

Jlyhq wkh fdoleudwlrq lq Wdeoh 6/ Wdeoh 7 vkrzv krz d vkliw iurp wd{ frpshwlwlrq wr

d uhjlrqdo plqlpxp vrxufh0edvhg fdslwdo wd{ zlwklq doo ri Zhvwhuq Hxursh zrxog d�hfw
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uhvrxufh doorfdwlrq dqg zhoiduh lq wkh *zruog* hfrqrp|1 Wkh Hxurshdq plqlpxp fdslwdo

lqfrph wd{ udwh lv vhw wr pd{lpl}h wkh srsxodwlrq0zhljkwhg dyhudjh vrfldo zhoiduh iru

Zhvwhuq Hxurshdq frxqwulhv/ wdnlqj wkh �vfdo srolf| ri wkh Xqlwhg Vwdwhv dv jlyhq/ exw

dffrxqwlqj iru wkh idfw wkdw qdwlrqdo jryhuqphqwv lq Hxursh zloo rswlpdoo| dgmxvw wkhlu

uhpdlqlqj �vfdo lqvwuxphqwv/ jlyhq wkh elqglqj plqlpxp fdslwdo lqfrph wd{1 Iurp Wdeoh

7 zh vhh wkdw wkh exon ri wkh jdlqv iurp uhjlrqdo wd{ frruglqdwlrq zloo dffuxh wr wkrvh

frxqwulhv zklfk kdyh wkh kljkhvw lqlwldo fdslwdo lqfrph wd{ udwhv1 E| frqwudvw/ Hxurshdq

frxqwulhv zlwk orz lqlwldo fdslwdo wd{hv zloo jdlq sudfwlfdoo| qrwklqj/ ehfdxvh wkh| zloo

vx�hu iurp d fdslwdo rxw rz wr wkh uhvw ri Hxursh +dqg wr wkh XV,/ dv wkh| duh irufhg wr

xqghuwdnh d uhodwlyho| odujh lqfuhdvh lq wkhlu fdslwdo lqfrph wd{ udwhv1

+Wdeoh 7 derxw khuh,

Vlqfh wkh prgho lv yhu| vw|ol}hg dqg wkh fdoleudwlrq lv qrw edvhg rq fduhixo hpslu0

lfdo hvwlpdwhv ri sdudphwhuv iru hdfk lqglylgxdo frxqwu|/ wkh �jxuhv lq Wdeoh 7 vkrxog

qrw eh vhhq dv d olwhudo hvwlpdwh ri wkh lpsdfw ri Hxurshq wd{ frruglqdwlrq rq vshfl�f

frxqwulhv1 Udwkhu/ wkh| vkrxog eh vhhq dv d qxphulfdo h{dpsoh vxjjhvwlqj wkdw vhyhudo

frxqwulhv pljkw kdyh yhu| olwwoh qdwlrqdo lqwhuhvw lq wd{ frruglqdwlrq/ gxh wr furvv0frxqwu|

dv|pphwulhv lq hfrqrplf vwuxfwxuhv1

8 Vxppdu| dqg Frqfoxvlrqv

Lq dq h�ruw wr ryhufrph vhyhudo olplwdwlrqv ri wkh suhylrxv olwhudwxuh rq fdslwdo lqfrph

wd{ frpshwlwlrq/ wklv sdshu kdv suhvhqwhg d jhqhudo htxloleulxp prgho ri wd{ frpshwl0

wlrq dqg wd{ frruglqdwlrq ihdwxulqj hqgrjhqrxv vxssolhv ri fdslwdo dqg oderxu> +srvvleo|

lpshuihfw, lqwhuqdwlrqdo fdslwdo prelolw|> lqwhuqdwlrqdo furvv0rzqhuvkls ri �upv dqg wkh

h{lvwhqfh ri sxuh sur�wv dffuxlqj sduwo| wr iruhljqhuv> surgxfwlyh jryhuqphqw vshqglqj

rq lqiudvwuxfwxuh dv zhoo dv vshqglqj rq sxeolf frqvxpswlrq> dq xqhtxdo glvwulexwlrq ri

kxpdq dqg qrq0kxpdq zhdowk surylglqj d prwlyh iru uhglvwulexwlyh wd{hv dqg wudqvihuv>

+srvvleoh, furvv0frxqwu| dv|pphwulhv lq hfrqrplf vwuxfwxuhv> dqg dq hqgrjhqrxv �vfdo

srolf| surfhvv zklfk fdq eh jlyhq d srolwlfdo hfrqrp| lqwhusuhwdwlrq1 Wkh prgho zdv

vroyhg dqdo|wlfdoo| iru wkh fdvh ri v|pphwulf frxqwulhv wr vwxg| wkh idfwruv ghwhuplqlqj

wkh ohyho dqg sdwwhuq ri sxeolf vshqglqj dqg wkh vrxufh ri wkh zhoiduh orvvhv dulvlqj xqghu

�vfdo frpshwlwlrq1 L wkhq vlpxodwhg wkh prgho wr jlyh d urxjk lghd ri wkh olnho| rughu

ri pdjqlwxgh ri wkh jdlqv iurp ydulrxv irupv ri lqwhuqdwlrqdo wd{ frruglqdwlrq/ zlwk

sduwlfxodu hpskdvlv rq wkh fuxfldo glvwlqfwlrq ehwzhhq uhjlrqdo dqg joredo frruglqdwlrq1

Wkh pdlq lpsolfdwlrqv ri wkh prgho fdq eh vxppdul}hg dv iroorzv= 41 Xqihwwhuhg

�vfdo frpshwlwlrq zloo jhqhudwh dq lqh!flhqwo| kljk ohyho ri sxeolf lqiudvwuxfwxuh vshqglqj

dqg dq lqh!flhqwo| orz ohyho ri fdslwdo wd{dwlrq dqg uhglvwulexwlyh wudqvihuv1 Khqfh wkh
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sureohp zlwk wd{ frpshwlwlrq lv qrw wkdw lw fdxvhv dq xqghusurylvlrq ri sxeolf jrrgv/

exw wkdw lw jhqhudwhv pruh lqhtxdolw|1 51 Li doo frxqwulhv lq wkh zruog frxog djuhh wr

h{fkdqjh lqirupdwlrq wr hqirufh uhvlghqfh0edvhg wd{dwlrq/ ru li wkh| frxog djuhh wr d

elqglqj plqlpxp vrxufh0edvhg fdslwdo lqfrph wd{ udwh/ wkh| zrxog eh deoh wr uhds wkh

exon ri wkh srwhqwldo jdlqv iurp ixoo joredo frruglqdwlrq ri doo �vfdo lqvwuxphqwv1 61 Zlwk

shuihfw fdslwdo prelolw| wkurxjkrxw wkh zruog hfrqrp|/ wkh zhoiduh jdlqv iurp uhjlrqdo

wd{ frruglqdwlrq dprqj d vxejurxs ri frxqwulhv zloo eh rqo| d vpdoo iudfwlrq ri wkh jdlqv

iurp joredo frruglqdwlrq/ hyhq li wkh frruglqdwlqj uhjlrq lv odujh uhodwlyh wr wkh zruog

hfrqrp|1 71 Zlwk lpshuihfw fdslwdo prelolw| ehwzhhq wkh wd{ xqlrq dqg wkh uhvw ri wkh

zruog/ wkh jdlqv iurp uhjlrqdo wd{ frruglqdwlrq frxog eh pxfk odujhu/ dprxqwlqj wr d

vxevwdqwldo iudfwlrq ri wkh srwhqwldo jdlqv iurp joredo frruglqdwlrq1 Uhjlrqdo frruglqdwlrq

zrxog dovr ehqh�w frxqwulhv rxwvlgh wkh wd{ xqlrq1 81 Vlpxodwlrqv qhyhuwkhohvv vxjjhvw

wkdw/ hyhq zlwk lpshuihfw fdslwdo prelolw| ehwzhhq wkh wd{ xqlrq dqg wkh uhvw ri wkh

zruog/ wkh zhoiduh jdlqv iurp uhjlrqdo frruglqdwlrq pd| eh zhoo ehorz 4 shufhqw ri JGS1

91 Zlwk furvv0frxqwu| dv|pphwulhv lq hfrqrplf vwuxfwxuhv/ wkh zhoiduh jdlqv iurp fdslwdo

wd{ frruglqdwlrq zloo dffuxh pdlqo| wr frxqwulhv zlwk kljk lqlwldo fdslwdo lqfrph wd{ udwhv1

Wkh prgho doorzv d v|vwhpdwlf dqdo|vlv ri wkh vhqvlwlylw| ri wkh uhvxowv wr fkdqjhv lq

wkh ydulrxv vwuxfwxudo sdudphwhuv1 Vxfk d vhqvlwlylw| dqdo|vlv lv shuiruphg lq Vûuhqvhq

+5333d/ vhfwlrq 816, zkhuh L �qg wkdw lw zrxog wdnh udwkhu h{wuhph sdudphwhu ydoxhv

wr jhqhudwh zhoiduh jdlqv iurp uhjlrqdo wd{ frruglqdwlrq lq h{fhvv ri 4 shufhqw ri JGS1

Dv L h{sodlqhg lq vhfwlrq 516/ wkh *vrfldo* zhoiduh jdlqv iurp frruglqdwlrq uhsruwhg khuh

pd| eh lqwhusuhwhg dv wkh lqglylgxdo zhoiduh jdlqv iru wkh phgldq yrwhu1 Lw vkrxog eh

vwuhvvhg wkdw hyhq wkrxjk wkh jdlq iru wkh phgldq yrwhu pd| eh prghvw/ wkh jdlqv iru

wkh srruhu vhfwlrqv ri vrflhw| frxog eh txlwh vxevwdqwldo/ dvvxplqj d uhdolvwlf ghjuhh ri

lqhtxdolw| lq zhdowk glvwulexwlrq +vhh Vûuhqvhq +5333d/ vhfwlrq 817,,1 Iurp wkh ylhzsrlqw

ri srolf| pdnhuv zlwk udwkhu hjdolwduldq +h1j1 Udzovldq, suhihuhqfhv/ wkh ehqh�wv iurp

wd{ frruglqdwlrq pd| wkhuhiruh eh frqvlghudeo| odujhu wkdq vxjjhvwhg lq wklv sdshu1
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Gl{lw/ D1 dqg M1 Orqguhjdq +4<<;,1 *Lghrorj|/ Wdfwlfv/ dqg H!flhqf| lq Uhglvwulexwlyh

Srolwlfv*/ Txduwhuo| Mrxuqdo ri Hfrqrplfv1

Hjjhuw/ Z1 dqg D1 Kdx hu +4<<;,1 *Zkhq Gr Vpdoo Frxqwulhv Zlq Wd{ ZduvB*/ Sxeolf

Ilqdqfh Uhylhz1

Ixhqwh/ D1 dqg H1 Jdugqhu +4<<3,1 *Frusrudwh Lqfrph Wd{ Kduprql}dwlrq dqg Fdslwdo

Doorfdwlrq lq wkh Hxurshdq Frppxqlw|*/ LPI Zrunlqj Sdshu <324361

Ixhvw/ F1 dqg E1 Kxehu +5333,1 *Fdq Wd{ Frruglqdwlrq ZrunB*/ Ilqdq}dufkly +iruwkfrp0

lqj,1

Jlrydqqlql/ D1 +4<;<,1 *Qdwlrqdo Wd{ V|vwhpv yhuvxv wkh Hxurshdq Fdslwdo Pdunhw*/

Hfrqrplf Srolf|1

Jrugrq/ U1K1 +4<;9,1 *Wd{dwlrq ri Lqyhvwphqw dqg Vdylqj lq d Zruog Hfrqrp|*/ Dphul0

fdq Hfrqrplf Uhylhz1

Kdx hu/ D1 dqg J1 Vfkmhoghuxs +4<<<,1 *Frusrudwh Wd{dwlrq/ Sur�w Vkliwlqj/ dqg wkh

H!flhqf| ri Sxeolf Lqsxw Surylvlrq*/ Ilqdq}dufkly +iruwkfrplqj,1

Kxl}lqjd/ K1 dqg V1E1 Qlhovhq +4<<:,1 *Fdslwdo Lqfrph dqg Sur�w Wd{dwlrq zlwk Iruhljq

Rzqhuvkls ri Ilupv*/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv1

Kxl}lqjd/ K1 dqg V1E1 Qlhovhq +5333,1 *Wkh Wd{dwlrq ri Lqwhuhvw lq Hxursh= D Plqlpxp

Zlwkkroglqj Wd{B*/ lq V1 Fqrvvhq +hg1,/ Wd{lqj Fdslwdo Lqfrph lq wkh Hxurshdq Xqlrq 0

Lvvxhv dqg Rswlrqv iru Uhirup/ R{irug Xqlyhuvlw| Suhvv1

Nhhq/ P1 dqg U1 Ndqexu +4<<6,1 *Mhx{ Vdqv Iurqwlhuhv= Wd{ Frpshwlwlrq dqg Wd{

Frruglqdwlrq zkhq Frxqwulhv Gl�hu lq Vl}h*/ Dphulfdq Hfrqrplf Uhylhz/ ;6= ;::0;<51

Nhhq/ P1 dqg P1 Pdufkdqg +4<<:,1 *Ilvfdo Frpshwlwlrq dqg wkh Sdwwhuq ri Sxeolf

Vshqglqj*/ Mrxuqdo ri Sxeolf Hfrqrplfv1

Nrqudg/ N1 dqg J1 Vfkmhoghuxs +4<<<,1 *Iruwuhvv Exloglqj lq Joredo Wd{ Frpshwlwlrq*/

Mrxuqdo ri Xuedq Hfrqrplfv1

Phqgr}d/ H1J1 +5334,1 *Wkh Lqwhuqdwlrqdo Pdfurhfrqrplfv ri Wd{dwlrq dqg wkh Fdvh

Djdlqvw Hxurshdq Wd{ Kduprql}dwlrq*/ QEHU Zrunlqj Sdshu ;54:1

57



Phqgr}d/ H1J1/ D1 Ud}lq/ dqg O1O1 Whvdu +4<<7,1 *H�hfwlyh Wd{ Udwhv lq Pdfurhfr0

qrplfv= Furvv0Frxqwu| Hvwlpdwhv ri Wd{ Udwhv rq Idfwru Lqfrphv dqg Frqvxpswlrq*/

Mrxuqdo ri Prqhwdu| Hfrqrplfv1

Plqw}/ M1P1 +4<<7,1 *Lv Wkhuh d Ixwxuh iru Fdslwdo Lqfrph Wd{dwlrqB*/ Fdqdgldq Wd{

Mrxuqdo1

Qrhgjddug/ X1 dqg O1 Q1 Qlhovhq +4<<<,1 *Gh Nydqwlwdwlyh H�hnwhu di Vndwwhnrqnxuuhqfh

Phoohp HX0odqghqh* +*Wkh Txdqwlwdwlyh H�hfwv ri Wd{ Frpshwlwlrq Dprqj wkh HXPhp0

ehu Vwdwhv*,/ Zrunlqj Sdshu qr1 42<</ Plqlvwu| ri Hfrqrplf D�dluv/ Frshqkdjhq1

Shuvvrq/ W1 dqg J1 Wdehoolql +5333,1 Srolwlfdo Hfrqrplfv 0 H{sodlqlqj Hfrqrplf Srolf|1

PLW Suhvv1

Ud}lq/ D1 dqg H1 Vdgnd +4<<4,1 *Lqwhuqdwlrqdo Wd{ Frpshwlwlrq dqg Jdlqv iurp Wd{

Kduprql}dwlrq*1 Hfrqrplfv Ohwwhuv1

Vûuhqvhq/ S1E1 +4<<4,1 *Zhoiduh Jdlqv Iurp Lqwhuqdwlrqdo Ilvfdo Frruglqdwlrq*/ lq U1

Suxg*krpph +hg1,/ Sxeolf Ilqdqfh zlwk Vhyhudo Ohyhov ri Jryhuqphqw/ Irxqgdwlrq Mrxu0

qdo Sxeolf Ilqdqfh/ Wkh Kdjxh1

Vûuhqvhq/ S1E1 +5333d,1 *Wkh Fdvh iru Lqwhuqdwlrqdo Wd{ Frruglqdwlrq Uhfrqvlghuhg*/

Hfrqrplf Srolf|/ qr1 64/ Rfwrehu 53331

Vûuhqvhq/ S1E1 +5333e,1 *WD[FRP 0 D Prgho ri Wd{ Frpshwlwlrq dqg Wd{ Frruglqd0

wlrq*/ Whfkqlfdo Zrunlqj Sdshu/ Hfrqrplf Srolf| Uhvhdufk Xqlw/ Xqlyhuvlw| ri Frshq0

kdjhq1

Wdq}l/ Y1 +4<<<,1 *Lv Wkhuh D Qhhg iru D Zruog Wd{ Rujdql}dwlrq*/ fk1 ; lq D1 Ud}lq

dqg H1 Vdgnd +hgv1,/ Wkh Hfrqrplfv ri Joredol}dwlrq 0 Srolf| Shuvshfwlyhv iurp Sxeolf

Hfrqrplfv1 Fdpeulgjh Xqlyhuvlw| Suhvv1

Wdq}l/ Y1 dqg K1 ]hh +4<<;,1 *Wd{dwlrq lq D Erughuohvv Zruog= Wkh Uroh ri Lqirupd0

wlrq H{fkdqjh*/ lq E1 Zlpdq +hg1,/ Lqwhuqdwlrqdo Vwxglhv lq Wd{dwlrq/ Wkh Qhwkhuodqgv=

Noxzhu Odz Lqwhuqdwlrqdo1

Wkdopdq/ S1/ O1K1 Jrxoghu dqg I1 Ghoruph +4<<9,1 *Dvvhvvlqj wkh Lqwhuqdwlrqdo Vslooryhu

H�hfwv ri Fdslwdo Lqfrph Wd{dwlrq*/ Lqwhuqdwlrqdo Wd{ dqg Sxeolf Ilqdqfh1

Yronhulqn/ E1 dqg M1 gh Kddq +4<<<,1 *Wd{ Udwlrv= D Fulwlfdo Vxuyh|*/ Zrunlqj Sdshu/

Idfxow| ri Hfrqrplfv/ Xqlyhuvlw| ri Jurqlqjhq1

Zlogdvlq/ G1H1 +4<;<,1 *Lqwhumxulvglfwlrqdo Fdslwdo Prelolw|= Ilvfdo H{whuqdolwlhv dqg d

Fruuhfwlyh Vxevlg|*/ Mrxuqdo ri Xuedq Hfrqrplfv1

Zlovrq/ M1G1 +4<;9,1 *D Wkhru| ri Lqwhuuhjlrqdo Wd{ Frpshwlwlrq*/ Mrxuqdo ri Xuedq

Hfrqrplfv1

Zlovrq/ M1G1 +4<<4,/ *Wd{ Frpshwlwlrq zlwk Lqwhuuhjlrqdo Gl�huhqfhv lq Idfwru Hqgrz0

phqwv*/ Uhjlrqdo Vflhqfh dqg Xuedq Hfrqrplfv 54= 7560851

Zlovrq/ M1G1 +4<<<,1 *Wkhrulhv ri Wd{ Frpshwlwlrq*/ Qdwlrqdo Wd{ Mrxuqdo1

]rgurz/ J1U1 dqg S1 Plhv}nrzvnl +4<;9,1 *Slhjrx/ Wlherxw/ Surshuw| Wd{dwlrq dqg wkh

Xqghusurylvlrq ri Orfdo Sxeolf Jrrgv*/ Mrxuqdo ri Xuedq Hfrqrplfv1
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Table 1. Tax Competition Versus Global Tax Coordination Among Symmetric Countries 

 

 Tax Competition 
Full Global 

Coordination 
Global Residence 

Principle 
Global Minimum 
Capital Tax Rate 

Policy variables     

  Tax rates on capital income and profits (%) 12.7 42.3 40.0 43.4 

  Labour income tax rate (%) 44.4 44.4 47.2 36.4 

  Transfers 100.0 177.0 183.0 143.0 

  Infrastructure spending 100.0 95.0 89.0 113.0 

Other variables     

  Capital stock 100.0 88.0 88.0 88.0 

  Employment 100.0 99.0 98.0 103.0 

  Profits 100.0 95.0 94.0 99.0 

  GDP 100.0 95.0 94.0 99.0 

  Average real wage rate 100.0 96.0 96.0 97.0 

  Real interest rate 100.0 109.0 107.0 112.0 

  Welfare gain from coordination (% of GDP) - 0.94 0.90 0.76 

 
  Source: Simulations with the TAXCOM model. 
 
Note: Calibration: �=0.6;  �=0.3;  
=0.25;  1-a)=0.8;  1/J=0.25;  1/Q=0.4;  �=0.1;  e=v=1;  s=1/17. 
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Table 2. Effects of a Regional Minimum Capital Tax Rate  

 
(Figure for Union Countries/Figure for Rest of the World) 1/ 

 
 Perfect Capital Mobility 

Between Tax Union and ROW 
 Imperfect Capital Mobility 

Between Tax Union and ROW 2/ 
 Tax 

Competition 3/ 
Regional Tax 

Coordination 4/ 
 Tax 

Competition 5/ 
Regional Tax 
Coordination 

 
Policy variables 

     

  Tax rate on capital 
    income and profits (%) 

12.7 18.6 / 12.9  13.0 / 26.7  31.6 / 30.2 

  Labour income 
    tax rate (%) 

44.4 42.9 / 44.4  44.4 / 44.4 39.5 / 44.4 

  Transfers 100 106.4 / 103.5  100/100 121 / 109 
  Infrastructure spending 100 101.3 / 101.5  100/100 107 / 113 
      
Other variables      
  Capital stock 100 94.4 / 104.1  100/100 87 / 108 
  Employment 100 100.3 / 100.3  100/100 101.1 / 100.8 
  GDP 100 98.6 / 101.5  100/100 97.3 / 104.2 
  Welfare gain from 
    coordination (% of GDP) 

-- 0.075 / 0.191  100/100 0.426 / 0.558 

 
  Source: Simulations with the TAXCOM model. 
 
  1/ The common parameter values for all scenarios are as follows: α=0.6;  β=0.3;  δ=0.25;  1-a)=0.8;  1/J=0.25;  1/Q=0.4;  �=0.1;  e=v=1. 
  2/ Elasticity of substitution between union and non-union assets (!) = 6; degree of home bias (4) =0.75. 
  3/ The world economy consists of 17 countries each comprising 1/17 of world population. 
  4/ The tax union consists of 9/17 of world population. 
  5/ The world economy consists of 12 potential union countries each comprising 4.66% of world population and a non-union country comprising 
44% of world population. 
 
 
 



Table 3. Calibration of the TAXCOM Model with Asymmetric Countries 
 
 Nordic 

Countries 1/ 
Continental 
Europe 2/ 

United 
Kingdom 

United 
States 

     

:DJH VKDUH RI *'3 �.�  0.70 0.70 0.70 0.70 
&DSLWDO LQFRPH VKDUH RI *'3 ��� 0.13 0.16 0.12 0.12 
Pure profit share of GDP (1-a-�� 0.17 0.14 0.18 0.18 
)RUHLJQ RZQHUVKLS VKDUH �/� 0.33 0.31 0.33 0.17 
Social weight given to factor income relative 
  to transfer income (1-D1�  

 
0.69 

 
0.73 

 
0.85 

 
0.89 

:DJH HODVWLFLW\ RI ODERXU VXSSO\ ���0� 0.25 0.25 0.25 0.25 
,QWHUHVW HODVWLFLW\ RI FDSLWDO VXSSO\ ��3� 0.5 0.5 0.5 0.5 
Elasticity of factor productivity w.r.t 
LQIUDVWUXFWXUH VSHQGLQJ ��� 

 
0.1 

 
0.1 

 
0.1 

 
0.1 

Elasticity of substitution between union and 
QRQXQLRQ DVVHWV ��� 

6 6 6 6 

'HJUHH RI KRPH ELDV �� �����- ��� 75/25 75/25 75/25 75/25 
Per-capita endowment of human wealth (e) 0.4 0.9 0.52 1 
Per-capita endowment of non-human wealth (v) 0.85 0.78 0.65 1 
Share of world population 4/ (s) 0.04 0.42 0.10 0.44 
       
Model equilibrium with tax competition 5/     
Tax rate on labour income (%) 55.4 (55.8) 51.9 (53.0) 37.5 (35.6) 30.6 (31.1) 
Tax rate on capital income (%) 41.6 (42.2) 32.3 (28.1) 40.9 (45.3) 41.8 (41.1) 
Real GDP per capita  78 (79) 75 (75) 68 (69) 100 (100) 
Ratio of GNP to GDP 96.9 (97.0) 99.8 (99.5) 99.7 (99.5) 100.4 (100.4) 
Transfers in percent of GDP 32.2 27.0 19.5 14.9 
Infrastructure spending in percent of GDP 10.0 10.0 10.0 10.0 
Public consumption in percent of GDP 
 

9.0 9.0 9.0 9.0 

 
  Source: Empirical estimates of average effective tax rates were taken from Volkerink and de Haan (1999); 
estimates of real PPP-adjusted GDP (for 1997) and of  the ratio of GNP to GDP were based on OECD National 
Income Accounts. 
 
  1/ Denmark, Finland, Norway and Sweden. 
  2/ Defined here as Austria, Belgium, France, Germany, Italy, Netherlands and Spain. 
 3/ A degree of home bias equal to 75/25 means that union (nonunion) residents will invest 75% 
(25%) of their capital within the union and the remaining 25% (75%) in the rest of the world if 
the after-tax rate of return is the same in the two regions. 
  4/ The Nordic region is divided into 4 equally large countries each comprising 1% of world population. 
Continental Europe is divided into 7 countries each including 6% of world population. 
  5/ The figures in brackets are empirical estimates for 1991-95. 
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Table 4. Effects of a Regional Minimum Capital Tax Rate in an Asymmetric Union with Imperfect Capital Mobility  
Between the Union and the Rest of the World 1/ 

 

 Tax Competition Regional Tax Coordination 

 Nordic 
Countries 

Continental 
Europe 

United 
Kingdom 

United 
States 

 Nordic 
Countries 

Continental 
Europe 

United 
Kingdom 

United 
States 

          
Policy variables          
          
  Capital income 
    tax (%) 2/ 

41.6 
(42.2) 

32.3 
(28.1) 

40.9 
(45.3) 

41.8 
(41.1) 

 47.5 47.5 47.5 44.1 

          
  Labour income 
    tax (%) 2/ 

55.4 
(55.8) 

51.9 
(53.0) 

37.5 
(35.6) 

30.6 
(31.1) 

 54.7 49.9 36.6 30.6 

          
  Transfers 100 100 100 100  105 109 108 105 
          
  Infrastructure 
    Spending 

100 100 100 100  102 103 102 104 

          
Other variables          
          
  Capital stock 100 100 100 100  101.8 85.3 100.2 104.6 
          
  Employment 100 100 100 100  100.4 100.4 100.4 100.2 
          
  GDP 100 100 100 100  100.8 97.9 100.5 100.8 
          
  Welfare gain 
    from coordination 3/ 
 

- - - -  0.95 0.03 0.63 0.13 

  Source: Simulations with the TAXCOM model. 
 
  1/ The simulations are based on the parameter values stated in Table 3. 
  2/ The figures in brackets are empirical estimates of average effective tax rates for the period 1991-1995, taken from Volkerink and de Haan (1999). 
  3/ Measured in percent of initial GDP. 

 


