
ZHOIDUH DQG PDFURHFRQRPLF LQWHUGHSHQGHQFH
ú

JLDQFDUOR FRUVHWWL DQG SDROR SHVHQWL

Devwudfw

Zh ghyhors d edvholqh prgho ri prqhwdu| dqg ?vfdo wudqvplvvlrq lq
lqwhughshqghqw hfrqrplhv1 Wkh zhoiduh h>hfwv ri h{sdqvlrqdu| srolflhv
duh uhodwhg wr prqrsrolvwlf vxsso| lq surgxfwlrq dqg prqrsro| srzhu ri
d frxqwu| lq wudgh1 Dq xqdqwlflsdwhg h{fkdqjh udwh ghsuhfldwlrq fdq eh
ehjjdu0wk|vhoi udwkhu wkdq ehjjdu0wk|0qhljkeru/ dv jdlqv lq grphvwlf rxw0
sxw duh r>vhw e| ghwhulrudwlqj whupv ri wudgh1 Vpdoohu dqg pruh rshq
hfrqrplhv duh pruh surqh wr vx>hu iurp lq dwlrqdu| vkrfnv1 Odujhu
hfrqrplhv ehqh?w iurp prghudwh ghpdqg0ohg h{sdqvlrqv/ exw pd| eh
zruvh r> li srolf|pdnhuv dwwhpsw wr forvh wkh rxwsxw jds1 Ilvfdo vkrfnv
duh jhqhudoo| ehjjdu0wk|0qhljkeru lq wkh orqj uxq> lq wkh vkruw uxq wkh|
udlvh grphvwlf ghpdqg dw jlyhq whupv ri wudgh/ wkxv uhgxflqj wkh zho0
iduh ehqh?wv iurp prqhwdu| h{sdqvlrqv1 Dqdo|wlfdo wudfwdelolw| pdnhv
rxu prgho xqltxho| vxlwdeoh dv d vwduwlqj srlqw wr dssurdfk wkh uhfhqw
cqhz rshq0hfrqrp| pdfurhfrqrplf* olwhudwxuh1

WIruwkfrplqj lq Txduwhuo| Mrxuqdo ri Hfrqrplfv1 Zh rzh vshfldo wkdqnv wr Nhqqhwk
Urjr> iru pdq| khosixo frpphqwv rq wkh hduolhu gudiwv ri wkh sdshu1 Zh dovr wkdqn wzr
dqrq|prxv uhihuhhv/ Doehuwr Dohvlqd/ Fdurolqh Ehwwv/ Ulfkdug Fodulgd/ Uxgljhu Gruqexvfk/
Mdphv Kduuljdq/ Gdoh Khqghuvrq/ Fkduohv Hqjho/ Idelr Jklurql/ Pdxulfh Revwihog/ Wkrpdv
Vdujhqw/ Fkulvwrskhu Vlpv/ W1Q1 Vulqlydvdq/ Fìgulf Wlooh dqg vhplqdu sduwlflsdqwv dw Erf0
frql/ Erorjqd/ Froxpeld/ Qhz \run/ Urph dqg \doh Xqlyhuvlwlhv/ Pdvvdfkxvvhwwv Lqvwlwxwh
ri Whfkqrorj|/ Frshqkdjhq Exvlqhvv Vfkrro/ wkh Ihghudo Uhvhuyh Erdug/ wkh Lqwhuqdwlrqdo
Prqhwdu| Ixqg/ dqg wkh QEHU Hfrqrplf Ioxfwxdwlrqv dqg Jurzwk phhwlqj iru ydoxdeoh
vxjjhvwlrqv1 Slhusdror Ehqljqr/ Vfrww Qlfkrovrq dqg Vndqghu Ydq Ghq Khxyho kdyh surylghg
h{fhoohqw uhvhdufk dvvlvwdqfh1 Fruvhwwl judwhixoo| dfnqrzohgjhv ?qdqfldo vxssruw iurp FQU1
Shvhqwl wkdqnv HSUX/ Frshqkdjhq/ iru zdup krvslwdolw| dqg vxssruw1 Wkh ylhzv h{suhvvhg
khuh duh wkrvh ri wkh dxwkruv/ dqg gr qrw qhfhvvdulo| uh hfw wkrvh ri wkh Ihghudo Uhvhuyh Edqn
ri Qhz \run/ wkh Ihghudo Uhvhuyh V|vwhp/ ru dq| rwkhu lqvwlwxwlrq zlwk zklfk wkh dxwkruv duh
d!oldwhg1 Fruuhvsrqghqfh= fruvhwwlC|doh1hgx dqg sdror1shvhqwlCq|1iue1ruj1
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L Lqwurgxfwlrq

Krz duh srolf| vkrfnv wudqvplwwhg lq rshq hfrqrplhvB Krz gr wkh| d>hfw

qdwlrqdo uhvlghqwv* zhoiduhB Wklv sdshu lv sduw ri wkh rqjrlqj uhvhdufk surjudp

dlphg dw exloglqj d prghuq wkhruhwlfdo sdudgljp iru lqwhuqdwlrqdo srolf| hydox0

dwlrq9 edvhg rq plfur0irxqghg prghov ri lpshuihfw frpshwlwlrq zlwk qrplqdo

uljlglwlhv 9 wr dgguhvv vxfk txhvwlrqv1 Lq wkh qhz olwhudwxuh/ dv lq wkh wud0

glwlrqdo Pxqghoo0Iohplqj0Gruqexvfk prgho/ qrplqdo vkrfnv lqfuhdvh grphvwlf

rxwsxw dqg hpsor|phqw dqg ghsuhfldwh wkh uhdo h{fkdqjh udwh1 Lq frqwudvw wr

wkh wudglwlrqdo dssurdfk/ srolf| dqdo|vlv edvhg rq wkh qhz prghov fdq uho| rq

dq lqgh{ ri vrfldo zhoiduh wkdw lv orjlfdoo| frqvlvwhqw zlwk wkh ehkdylrudo dqdo|vlv

ri wkh lqwhuqdwlrqdo wudqvplvvlrq phfkdqlvp1

Wkh ?uvw jhqhudwlrq ri frqwulexwlrqv wr wkh qhz olwhudwxuh4 kdv hpskdvl}hg

wkh zhoiduh dqg srolf| lpsolfdwlrqv ri prqrsro| glvwruwlrqv lq surgxfwlrq/ h{0

whqglqj wr dq rshq0hfrqrp| vhwwlqj wkh nh| frqfoxvlrqv ri lq xhqwldo forvhg0

hfrqrp| prghov vxfk dv Eodqfkdug dqg Nl|rwdnl ^4<;:` dqg Edoo dqg Urphu

^4<<3`15 Lq vxfk prghov zdjhv dqg sulfhv duh vxerswlpdoo| kljk/ zkloh rxwsxw

dqg frqvxpswlrq duh vxerswlpdoo| orz1 Jlyhq qrplqdo uljlglwlhv/ d vpdoo gh0

pdqg vkrfn wkdw udlvhv rxwsxw wrzdug lwv h!flhqw ohyhov dovr lpsuryhv qdwlrqdo

zhoiduh1 Frqvlvwhqwo|/ lq wkh ehqfkpdun rshq0hfrqrp| prgho e| Revwihog dqg

Urjr> ^4<<8` d vpdoo xqdqwlflsdwhg prqhwdu| h{sdqvlrq udlvhv frqvxpswlrq dqg

zhoiduh hyhu|zkhuh lq wkh zruog hfrqrp|/ qr pdwwhu zkhwkhu wkh vkrfn ruljl0

qdwhv dw krph ru deurdg1 Rqo| li rqh frqvlghuv rwkhu lqwhuqdo lqh!flhqflhv lq

dgglwlrq wr prqrsrolvwlf vxsso| +vxfk dv qrq oxps0vxp lqfrph wd{hv, gr prqh|

vkrfnv kdyh dv|pphwulf h>hfwv rq grphvwlf dqg iruhljq uhvlghqwv1

Lq rshq hfrqrplhv/ krzhyhu/ wkhuh h{lvwv dq hfrqrplf glvwruwlrq wkdw lv gl0

uhfwo| dvvrfldwhg zlwk rshqqhvv/ qdpho|/ d frxqwu|*v srzhu wr d>hfw lwv whupv ri

wudgh e| lq xhqflqj wkh vxsso| ri lwv surgxfwv1 Wkh olwhudwxuh vwloo odfnv d frp0

suhkhqvlyh h{sorudwlrq ri wkh lqwhusod| ehwzhhq lqwhuqdo dqg h{whuqdo vrxufhv ri

hfrqrplf glvwruwlrq +wkdw lv/ prqrsrolvwlf vxsso| lq surgxfwlrq dqg prqrsro|

srzhu ri d frxqwu| lq wudgh, wkdw olhv dw wkh yhu| fruh ri wkh cqhz rshq0hfrqrp|

4D sduwldo olvw lqfoxghv Vyhqvvrq dqg ydq Zlmqehujhq ^4<;<`/ Revwihog dqg Urjr> ^4<<8/

4<<9`/ Ehwwv dqg Ghyhuhx{ ^5333`/ Nroopdqq ^4<<:`/ Fdvhool ^4<<;`/ Jklurql ^4<<<`/ Kdx ^5333`1

Vhh Odqh ^5333` iru d vxuyh|1
5Uhfhqw ryhuylhzv lqfoxgh Nlpedoo ^4<<8` dqg Urwhpehuj dqg Zrrgirug ^4<<:`1
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pdfurhfrqrplfv1* Wklv sdshu dwwhpswv wr ?oo wklv jds e| surylglqj d edvholqh

fkrlfh0wkhruhwlf dqdo|vlv ri prqhwdu| dqg ?vfdo wudqvplvvlrq lq lqwhughshqghqw

hfrqrplhv1

Zkhq zh dffrxqw iru erwk lqwhuqdo dqg h{whuqdo glvwruwlrqv/ wkh dqdorjlhv

ri srolf| dqdo|vlv lq rshq0 dqg forvhg0hfrqrp| prghov euhdn grzq lq vhyhudo

fuxfldo glphqvlrqv1 Frqvlghu iru lqvwdqfh wkh h>hfwv ri xqdqwlflsdwhg prqh|

vkrfnv1 Lq erwk forvhg dqg rshq hfrqrplhv zlwk qrplqdo uljlglwlhv/ prqhwdu|

vxusulvhv udlvh rxwsxw wrzdugv lwv h!flhqw ohyho1 Lq rshq hfrqrplhv/ krzhyhu/

wkh| dovr uhgxfh grphvwlf frqvxphuv* sxufkdvlqj srzhu lq wkh joredo pdunhwv1

Ehfdxvh ri wkh odwwhu h>hfw/ h{sdqvlrqdu| srolflhv fdq eh ehjjdu0wk|vhoi1 Vpdoohu

dqg pruh rshq hfrqrplhv duh pruh olnho| wr vx>hu iurp grphvwlf qrplqdo vkrfnv

wkdw zruvhq wkhlu whupv ri wudgh1 Odujhu hfrqrplhv/ wkdw frxog ehqh?w iurp

prghudwh rxwsxw dqg hpsor|phqw jdlqv/ duh dfwxdoo| zruvh r> li srolf| pdnhuv

hqjlqhhu odujh prqhwdu| h{sdqvlrqv lq dq dwwhpsw wr forvh wkh jds ehwzhhq

dfwxdo dqg srwhqwldo rxwsxw1

Rxu dqdo|vlv kdv udwkhu xqruwkrgr{ srolf| lpsolfdwlrqv1 Lq frqwudvw zlwk wkh

srsxodu prgho ri frpshwlwlyh ghydoxdwlrqv/ h{fkdqjh udwh vkrfnv duh qrw ehjjdu0

wk|0qhljkeru = gxh wr ghwhulrudwlqj whupv ri wudgh/ wkh ehqh?wv iurp d grphvwlf

prqhwdu| h{sdqvlrq dffuxh sulpdulo| wr iruhljqhuv1 Dovr lq frqwudvw zlwk wkh

frqyhqwlrqdo zlvgrp/ grphvwlf ?vfdo h{sdqvlrqv kxuw wkh wudglqj sduwqhuv= ?vfdo

olqndjhv duh lq jhqhudo ehjjdu0wk|0qhljkeru lq wkh orqj uxq1 Lq wkh vkruw uxq/

?vfdo vkrfnv prgli| wkh wudgh0r> ehwzhhq hpsor|phqw dqg grphvwlf lq dwlrq

e| udlvlqj grphvwlf ghpdqg dw xqfkdqjhg whupv ri wudgh/ wkxv uhgxflqj wkh

zhoiduh ehqh?wv iurp d prqhwdu| h{sdqvlrq1

Zkloh frpsohphqwlqj dqg h{sdqglqj wkh ?qglqjv ri wkh c?uvw0jhqhudwlrq*

qhz rshq0hfrqrp| pdfurhfrqrplfv/ wkhvh qryho uhvxowv gr qrw frph dw wkh

sulfh ri lqwurgxflqj dgglwlrqdo whfkqlfdo gl!fxowlhv= li dq|wklqj/ rxu vhwwlqj fdq

eh ylhzhg dv d xvhixo vlpsol?fdwlrq ri wkh prghov hslwrpl}hg e| Revwihog dqg

Urjr> ^4<<9/ fk143`1 Rxu wzr0frxqwu|/ jhqhudo0htxloleulxp prgho fdq eh vroyhg

lq forvhg irup zlwkrxw lpsrvlqj v|pphwu| xsrq wkh hfrqrplf vwuxfwxuhv ri

wkh wzr frxqwulhv dqg zlwkrxw uhvruwlqj wr orfdo orj0olqhdu dssur{lpdwlrqv 9

d txdqwxp ohds ryhu dowhuqdwlyh vshfl?fdwlrqv lq whupv ri dqdo|wlfdo wudfwdelo0

lw|1 Zkloh vrphzkdw uhvwulfwlyh/ d prghoolqj vwudwhj| ohdglqj wr d forvhg0irup

vroxwlrq pdnhv rxu dqdo|wlfdo iudphzrun xqltxho| vxlwdeoh wr clqvshfw wkh phfk0

6



dqlvp* ri lqwhuqdwlrqdo srolf| wudqvplvvlrq dqg dvvhvv lwv zhoiduh lpsolfdwlrqv lq

erwk ghwhuplqlvwlf dqg vwrfkdvwlf vhwwlqjv1 Ehfdxvh ri wklv/ rxu frqwulexwlrq sur0

ylghv d jrrg vwduwlqj srlqw wr dssurdfk wkh uhfhqw idvw0jurzlqj plfur0irxqghg

wkhru| ri pdfurhfrqrplf lqwhughshqghqfh1

Wkh sdshu lv vwuxfwxuhg dv iroorzv1 Vhfwlrqv 5 lqwurgxfhv wkh prgho1 Vhf0

wlrq 6 ghvfulehv lwv vwuxfwxudo irup dqg vroxwlrq lq dq dssolfdwlrq wr wkh fdvh

ri shupdqhqw prqhwdu| dqg ?vfdo vkrfnv1 Vhfwlrq 7 vwxglhv wkh zhoiduh h>hfwv

ri grphvwlf prqhwdu| vkrfnv/ frqwudvwlqj uhvxowv lq forvhg0 dqg rshq0hfrqrp|

srolf| dqdo|vlv1 Vhfwlrqv 8 dqg 9 ghoyh lqwr wkh dqdo|vlv ri prqhwdu| dqg ?v0

fdo lqwhughshqghqfh1 Vhfwlrq : surylghv d v|qwkhvlv ri rxu uhvxowv1 Vhfwlrq ;

frqfoxghv1

LL Wkh prgho

D Suhihuhqfhv dqg frqvxpswlrq lqgh{hv

Rxu wkhruhwlfdo iudphzrun frqvlvwv ri d jhqhudo htxloleulxp 50frxqwu| prgho1

Wzr nh| ihdwxuhv ri rxu iudphzrun/ l1h1 qrplqdo uljlglwlhv dqg prqrsrolvwlf

frpshwlwlrq/ duh vwdqgdug lq wkh qhz rshq0hfrqrp| pdfurhfrqrplf olwhudwxuh1

Wkh lqwurgxfwlrq ri vkruw0uxq qrplqdo uljlglwlhv lv prwlydwhg lq whupv ri hpslu0

lfdo sodxvlelolw| dqg uhdolvp1 Fkdudfwhul}lqj hfrqrp|0zlgh glvwruwlrqv lq whupv

ri prqrsro| srzhu lv orjlfdoo| frkhuhqw zlwk wkh dvvxpswlrq wkdw rxwsxw lv

ghpdqg0ghwhuplqhg zkhq sulfhv duh ?{hg1 Wkh pdlq ghsduwxuh ri rxu iudph0

zrun iurp wkh suhylrxv olwhudwxuh lv d vshfl?fdwlrq dffruglqj wr zklfk wkh vxe0

vwlwxwdelolw| dprqj qdwlrqdoo| surgxfhg jrrgv lv kljkhu wkdq ehwzhhq grphvwlf

jrrgv dqg iruhljq jrrgv dv d jurxs1 Lw lv wklv yhu| ihdwxuh wkdw doorzv xv wr

h{dplqh wkh pdfurhfrqrplf dqg zhoiduh lpsolfdwlrqv ri whupv ri wudgh h{whu0

qdolwlhv1

Wkh wzr frxqwulhv lq rxu prgho/ qdphg Krph dqg Iruhljq/ duh hdfk vshfldo0

l}hg lq wkh surgxfwlrq ri d wudghg jrrg1 Lq hdfk frxqwu| wkhuh lv d frqwlqxxp

ri hfrqrplf djhqwv/ zlwk srsxodwlrq vl}h qrupdol}hg wr 41

Wkh olihwlph xwlolw| ri Krph djhqw m 5 ^3> 4` lv jlyhq e|

Xw+m, @ Hw

4[
á@w

ñáýw
%
Fá +m,

4ýã

4ý ã . " oq
Pá +m,

Sá
. Y +Já ,ý é

5
cá +m,

5

&
ñ> ã> "> é A 3

+4,
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Khuh ñ lv wkh glvfrxqw udwh/ htxdo wr 4@ +4 . ï, zkhuh ï A 3 lv wkh udwh ri

wlph suhihuhqfh/ dqg 4@ã lv wkh hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq1 Wkh

frqvxpswlrq lqgh{ iru wkh Krph djhqw/ F/ lv gh?qhg dv

Fw+m, ì +FK>w+m,,ð +FI>w+m,,4ýð 3 ? ð ? 4/+5,

zkhuh FK+m, dqg FI+m, duh uhvshfwlyho| frqvxpswlrq ri wkh Krph jrrg dqg

frqvxpswlrq ri wkh Iruhljq jrrg e| lqglylgxdo m1 Grphvwlf uhdo prqh| kroglqjv/

P@S / surylgh oltxlglw| vhuylfhv wkdw hqwhu wkh xwlolw| ixqfwlrq1 Wkh ixqfwlrq Y

lv lqglylgxdo xwlolw| iurp sxeolf jrrgv J/ zkloh c lv wkh dprxqw ri oderu vxssolhg

e| wkh djhqw1

Wkh xwlolw| ri Iruhljq djhqw mú 8 iruhljq yduldeohv duh lqgh{hg e| vwduv 8 lv

vlplodu wr +4,1 Suhihuhqfhv ryhu frqvxpswlrq jrrgv duh v|pphwulf erwk zlwklq

dqg dfurvv frxqwulhv= wkh hodvwlflw| ri vxevwlwxwlrq 4@ã dqg wkh udwh ri wlph

suhihuhqfh ï ri Iruhljq djhqwv duh lghqwlfdo wr wkrvh ri Krph djhqwv1 Wkh zhljkw

ð lq djhqw mú*v frqvxpswlrq lqgh{ lv wkh vdph dv lq +5,=

Fúw +m
ú, ì ýFúK>w+mú,üð ýFúI>w+mú,ü4ýð 1+6,

\hw/ wkhuh duh wzr qrwdeoh gl>huhqfhv ehwzhhq wkh wzr frxqwulhv1 Iluvw/ wkh

zhljkw ri wkh Krph jrrg lq suhihuhqfhv fdq eh gl>huhqw iurp wkh zhljkw ri wkh

Iruhljq jrrg +ð 9@ 4@5,1 Vhfrqg/ grphvwlf dqg iruhljq djhqwv duh glvvlplodu

dv idu dv suhihuhqfhv wrzdugv oltxlglw|/ ohlvxuh dqg sxeolf jrrgv duh frqfhuqhg=

wkh Krph sdudphwhuv " dqg é qhhg qrw eh htxdo wr wkh fruuhvsrqglqj Iruhljq

sdudphwhuv "údqg éú/ dqg Y fdq eh gl>huhqw iurp Y ú1

Wkh frqvxpswlrq0edvhg sulfh lqgh{hv wkdw fruuhvsrqg wr wkh deryh suhihu0

hqfh vshfl?fdwlrq6 duh

Sw ì 4

ðZ
+SK>w,

ð +SI>w,
4ýð

S úw ì
4

ðZ

ý
SúK>w

üð ý
S úI>w

ü4ýð
/+7,

zkhuh ðZ ì ðð+4 ý ð,+4ýð,1 Lq htxdwlrqv +7,/ SK dqg SI duh wkh sulfhv ri

Krph dqg Iruhljq jrrgv lq Krph fxuuhqf|/ S úK dqg S úI wkh sulfhv ri Krph dqg

Iruhljq jrrgv lq Iruhljq fxuuhqf|1

6Wkh frqvxpswlrq0edvhg sulfh lqgh{ å lv gh?qhg dv wkh plqlpxp h{shqglwxuh uhtxluhg wr

ex| rqh xqlw ri wkh frpsrvlwh jrrg ä/ jlyhq wkh sulfhv ri wkh Krph dqg Iruhljq jrrgv1
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E Whfkqrorj| dqg surgxfwlrq

Lq hdfk frxqwu| rxwsxw lv surgxfhg zlwk d frqwlqxxp ri gl>huhqwldwhg oderu

lqsxwv wkdw duh surylghg e| grphvwlf djhqwv1 Whfkqrorj| lv ghvfulehg e| d

olqhdu0krprjhqhrxv FHV surgxfwlrq ixqfwlrq9 iru wkh Krph frxqwu|/ zh kdyh=

\w @

ë] 4

3

cw+m,
!ý4
! gm

ê !
!ý4

! A 4+8,

zkhuh \ ghqrwhv rxwsxw1 Hdfk djhqw lv d prqrsrolvwlf vxssolhu ri rqh vshfl?f

lqsxw1 Wkh hodvwlflw| ri lqsxw vxevwlwxwlrq ! lv wkhuhiruh d +ghfuhdvlqj, lqgh{ ri

lpshuihfw frpshwlwlrq= wkh vpdoohu wkh ghjuhh ri vxevwlwxwdelolw| dprqj lqsxwv/

wkh kljkhu wkh pdunhw srzhu ri djhqwv1 Qrwh wkdw/ xqolnh ?uvw0jhqhudwlrq cqhz

rshq0hfrqrp| pdfurhfrqrplf* prghov/ zh gr qrw uhvwulfw wkh ghjuhh ri prqrs0

rolvwlf frpshwlwlrq wr ydu| zlwk wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq iruhljq

dqg grphvwlf jrrgv/ zklfk lq rxu prgho lv frqvwdqw dqg htxdo wr rqh17

Ilupv dfw frpshwlwlyho|18 Iurp wkh Krph ?upv* sur?w pd{lpl}dwlrq sure0

ohp/ zh ghulyh wkh oderu ghpdqg iru hdfk w|sh ri oderu=

cw+m, @ +Zw+m,@SK>w,
ý! \w+9,

zkhuh Z +m, lv wkh qrplqdo zdjh udwh1 Vlplodu uhodwlrqv krog iru wkh Iruhljq

frxqwu|/ qrwlqj wkdw wkh hodvwlflw| !ú fdq eh gl>huhqw iurp !1 Dv ?upv duh

sulfh0wdnhuv erwk grphvwlfdoo| dqg deurdg/ wkh odz ri rqh sulfh krogv= jrrgv

sulfhv h{suhvvhg lq wkh vdph fxuuhqf| duh htxdo dfurvv frxqwulhv1 Ghqrwlqj e|

H wkh qrplqdo h{fkdqjh udwh +grphvwlf fxuuhqf| shu xqlw ri iruhljq fxuuhqf|,/

zh kdyh=

SI>w @ S
ú
I>wHw S úK>w @ SK>w@Hw+:,

Zkloh wkh whupv ri wudgh +SK@HS úI, pryh lq uhvsrqvh wr vkrfnv lq wkh joredo

hfrqrp|/ frqvxpswlrq0edvhg sxufkdvlqj srzhu sdulw| +S @ HS ú, dozd|v krogv
7Iru lqvwdqfh/ lq Revwihog dqg Urjr> ^4<<8` wkh frqvxpswlrq lqgh{hv duh gh?qhg ryhu d

frqwlqxxp ri gl>huhqwldwhg jrrgv/ zklfk hqwhu wkh lqgh{ zlwk d frpprq hodvwlflw| ri lqwudwhp0

srudo vxevwlwxwlrq1 D vlqjoh sdudphwhu wkxv sod|v wkh grxeoh uroh ri hodvwlflw| ri vxevwlwxwlrq

ehwzhhq iruhljq dqg grphvwlf jrrgv dqg lqgh{ ri prqrsrolvwlf glvwruwlrq1
8Wkh dvvxpswlrq wkdw jrrgv pdunhwv duh shuihfwo| frpshwlwlyh exw oderu pdunhwv duh qrw/ lv

e| qr phdqv hvvhqwldo iru rxu uhvxowv1 Rqh frxog ghulyh wkh vdph dqdo|wlfdo vroxwlrq ri Vhfwlrq

6 ehorz zlwklq dq dowhuqdwlyh vhwxs lq zklfk ?upv duh lpshuihfwo| frpshwlwlyh/ zkloh oderu

pdunhwv duh frpshwlwlyh1 Wklv dowhuqdwlyh vshfl?fdwlrq doorzv iru d frqwlqxxp ri gl>huhqwldwhg

jrrgv/ erwk grphvwlfdoo| surgxfhg dqg lpsruwhg1

9



lq rxu prgho dv d vwudljkwiruzdug lpsolfdwlrq ri wkh odz ri rqh sulfh dqg wkh

dvvxpswlrqv rq suhihuhqfhv1

F Exgjhw dqg uhvrxufh frqvwudlqwv

Djhqwv krog wzr dvvhwv/ qdwlrqdo prqh| dqg dq lqwhuqdwlrqdo erqg/ E1 Zlwkrxw

orvv ri jhqhudolw|/ wklv erqg lv ghqrplqdwhg lq wkh Krph frxqwu| fxuuhqf|1 Lwv

qrplqdo |lhog +sdlg dw wkh ehjlqqlqj ri shulrg w, lv ghqrwhg lw/ zkloh lwv udwh ri uh0

wxuq lq whupv ri frqvxpswlrq xqlwv lv ghqrwhg uw/ zlwk 4.uw @ +4 . lw,Swý4@Sw1

Lq wkh Krph frxqwu|/ wkh lqglylgxdo exgjhw frqvwudlqw lv=

Ew.4+m, .Pw+m, é +4 . lw,Ew+m, .Pwý4+m, .Zw+m,cw+m, ý SwWw+m,ý SK>wFK>w+m,ý SI>wFI>w+m,
+;,

zkhuh W duh qrq0glvwruwlrqdu| +oxps0vxp, qhw wd{hv/ ghqrplqdwhg lq frpsrvlwh

frqvxpswlrq xqlwv19 Vlploduo|/ djhqw mú*v exgjhw frqvwudlqw lv=

Eúw.4+mú,
Hw .Pú

w +m
ú, é +4 . lw,E

ú
w +m

ú,
Hw .Pú

wý4+m
ú, .Z ú

w +m
ú,cúw +m

ú,ý Súw W úw +m,ý S úK>wFúK>w+mú,ý S úI>wFúI>w+mú,
+<,

zkhuh zh revhuyh wkdw wkh uhdol}hg Iruhljq0fxuuhqf| uhwxuq rq wkh lqwhuqdwlrqdo

erqg dw wkh ehjlqqlqj ri wlph w lv +4 . lw,Hwý4@Hw1
Uhdolvwlfdoo|/ zh dvvxph wkdw hdfk qdwlrqdo jryhuqphqw vshqgv h{foxvlyho|

rq grphvwlfdoo| surgxfhg jrrgv1 Dw dq| srlqw lq wlph wkh Krph jryhuqphqw

vhwv sxeolf vshqglqj Jw/ lqglylgxdo qhw wd{hv Ww+m,/ dqg prqh| Pw vxfk wkdw=

Pw ýPwý4 . Sw
] 4

3

Ww+m,gm è SK>wJw+43,

zkhuh=

Pw @

] 4

3

Pw+m,gm=+44,

Vlplodu frqvwudlqwv fkdudfwhul}h wkh Iruhljq hfrqrp|1

Dw wkh zruog ohyho wkh lqwhuqdwlrqdo erqg lv lq }hur0qhw vxsso|=] 4

3

Ew+m,gm .

] 4

3

Eúw +m
ú,gmú @ 3+45,

9Zh dgrsw wkh qrwdwlrq ri Revwihog dqg Urjr> ^4<<9/ fk143`1 Vshfl?fdoo|/ rxu wlplqj

frqyhqwlrq kdv �|Eæä dv djhqw æ*v qrplqdo edodqfhv dffxpxodwhg gxulqj shurg | dqg fduulhg

ryhu lqwr shulrg |n �/ zkloh î|Eæä ghqrwhv djhqw æ*v erqgv dffxpxodwhg gxulqj shulrg | 3 �
dqg fduulhg ryhu lqwr shulrg | zlwk qrplqdo uhwxuq ð|1

:



Odvw/ zh zulwh wkh zruogzlgh uhvrxufh frqvwudlqwv iru wkh wzr jrrgv=

\w è Jw .

] 4

3

FK>w+m,gm .

] 4

3

FúK>w+m
ú,gmú+46,

\ úw è Júw .
] 4

3

FI>w+m,gm .

] 4

3

FúI>w+m
ú,gmú+47,

G Qrplqdo uljlglwlhv dqg sduwlflsdwlrq frqvwudlqwv

Lq erwk frxqwulhv wkhuh duh qrplqdo uljlglwlhv wkdw zh lqwurgxfh lq wkh irup ri

rqh0shulrg qrplqdo zdjh frqwudfwv1 Qrplqdo zdjhv lq shulrg w duh suhghwhu0

plqhg zlwk frqwudfwv vljqhg dw wlph wý 41 Zkhq vhwwlqj khu zdjh Z +m,/ hdfk

Krph djhqw dfwv dv d prqrsrolvwlf vxssolhu ri khu surgxfwlyh lqsxw/ l1h1 wdnhv

lqwr dffrxqw ?upv* ghpdqg +9, lq khu xwlolw| pd{lpl}dwlrq sureohp1 Iurp wkh

?uvw rughu frqglwlrqv/ wkh rswlpdo suhvhw zdjh wkhq vdwlv?hv=

Hwý4
û
éc5w +m,

ú
@
!ý 4
!

Zw+m,Hwý4

é
4

Sw

cw +m,

Fw+m,ã

è
+48,

Wkh orzhu wkh zdjh udwh Z +m,/ wkh kljkhu wkh ghpdqg iru djhqw m*v oderu dqg

khu oderu lqfrph +vlqfh ! A 4,1 Dw wkh pdujlq/ wkh h{shfwhg glvxwlolw| iurp

dq lqfuhdvh lq oderu h>ruw +ohiw kdqg vlgh, lv htxdo wr wkh h{shfwhg xwlolw| iurp

kljkhu uhyhqxh +uljkw kdqg vlgh,1

H{ srvw 9 rqfh qrplqdo zdjhv duh vhw 9 djhqwv duh zloolqj wr phhw dq|

xqdqwlflsdwhg fkdqjhv lq ?upv* oderu ghpdqg/ surylghg wkh uhdo zdjh grhv qrw

idoo ehorz wkh pdujlqdo udwh ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg ohlvxuh=

éc5w +m, éZw+m,
4

Sw

cw
Fw +m,

ã ru
Zw+m,

Sw
è écw +m,Fw+m,ã+49,

Li/ gxh wr d odujh ghpdqg vkrfn/ wkh deryh lqhtxdolw| glg qrw krog dw wkh suh0

ghwhuplqhg zdjh udwh/ Krph djhqwv zrxog eh ehwwhu r> e| uhixvlqj wr vxsso|

wkh dgglwlrqdo oderu uhtxhvwhg e| ?upv1 Lq rxu prgho/ zh uhvwulfw wkh vhw ri

srolf| vkrfnv vr wkdw wkh csduwlflsdwlrq frqvwudlqw* +49, dqg lwv Iruhljq dqdorj

duh qhyhu ylrodwhg1

H Htxloleulxp

Jlyhq dq lqlwldo doorfdwlrq ri Ew3 / E
ú
w3 / Pw3ý4/ dqg Pú

w3ý4/ dqg wkh surfhvvhv

iru Jw/ Júw / Pw/ Pú
w / Ww+m, dqg W

ú
w +m

ú, iru doo w è w3/ dq htxloleulxp lv d vhw ri

;



surfhvvhv iru FK>w+m,/ FI>w+m,/ Ew.4+m,/Pw+m,/cw+m,/ FúK>w+m
ú,/ FúI>w+m

ú,/ Eúw.4+mú,/

Pú
w +m

ú,/ cúw +mú,/ \w/ \ úw / Zw+m,/ Z ú
w +m

ú,/ SK>w/ SI>w/ S úK>w/ S
ú
I>w/ Hw/ dqg lw.4

vxfk wkdw/ iru doo w è w3/ +l, wkh jryhuqphqw exgjhw frqvwudlqw +43, dqg lwv

Iruhljq dqdorj duh vdwlv?hg> +ll, jlyhq sulfhv SK>w/ SI>w/ Hw/ dqg lw.4 Krph djhqwv

pd{lpl}h +4, vxemhfw wr +5,/ +7,/ +;,/ dqg wkh qr0Srq}l jdph frqvwudlqw/ dqg vhw

zdjhv Zw+m, dffruglqj wr +48,> +lll, jlyhq sulfhv S úK>w/ S
ú
I>w/ Hw/ dqg lw.4 Iruhljq

djhqwv vroyh wkh dqdorj rswlpl}dwlrq sureohp> +ly, ?upv fkrrvh cw+m, dqg cúw +mú,

dffruglqj wr +9, dqg lwv Iruhljq dqdorj> rxwsxw ohyhov \w dqg \ úw duh ghwhuplqhg

dffruglqj wr +8, dqg lwv Iruhljq dqdorj> +y, wkh Krph dqg Iruhljq pdunhwv iru

Krph dqg Iruhljq jrrgv/ Krph dqg Iruhljq prqlhv/ dqg wkh lqwhuqdwlrqdo erqg

fohdu/ wkdw lv frqglwlrqv +:,/ +44, dqg lwv Iruhljq dqdorj/ +45,/ +46,/ dqg +47,

krog1

Wkh uhvw ri wkh sdshu frqvlghuv dq htxloleulxp lq zklfk djhqwv duh v|pphwulf

zlwklq hdfk frxqwu|/ gursslqj wkh lqgh{hv m dqg mú dqg lqwhusuhwlqj doo yduldeohv

lq shu0fdslwd whupv1 Qrwh wkdw/ dffruglqj wr +8,/ lq dq htxloleulxp zkhuh cw+m, @

cw dqg cúw +mú, @ cúw rxwsxw lv d olqhdu ixqfwlrq ri oderu= \w @ cw dqg \ úw @ cúw 1

Frqglwlrq +9, wkhq lpsolhv wkdw surgxfw sulfhv duh dozd|v htxdo wr qrplqdo

zdjhv +SK>w @Zw/ SúI>w @Z
ú
w ,1

LLL Xqghuvwdqglqj lqwhughshqghqfh

D Phwkrgrorj| dqg qrwdwlrq

Irfxvlqj rq wkh dqdo|vlv ri srolf| lqwhughshqghqfh/ lq zkdw iroorzv zh uhvwulfw

rxu dwwhqwlrq wr wkh h>hfwv ri rqfh0dqg0iru0doo xqdqwlflsdwhg fkdqjhv lq grphv0

wlf ru iruhljq prqh| dqg jryhuqphqw vshqglqj 9 wkh vdph shuihfw0iruhvljkw

h{huflvh dv lq wkh Gruqexvfk ^4<:9` cryhuvkrrwlqj* prgho dqg wkh Revwihog dqg

Urjr> ^4<<8` cuhgx{* prgho1 Lq dgglwlrq wr idflolwdwlqj wkh frpsdulvrq zlwk

wklv olwhudwxuh/ wkh dssolfdwlrq sursrvhg ehorz surylghv dq lqwxlwlyh |dugvwlfn

wr dssurdfk wkh vwrfkdvwlf yhuvlrqv ri rxu prgho1

Wkurxjkrxw rxu h{huflvh/ zh dvvxph wkdw wkh hfrqrp| vwduwv r> lq d vwhdg|0

vwdwh htxloleulxp lq zklfk qhlwkhu frxqwu| lv d qhw ghewru1 Wr vdyh rq xq0

qhfhvvdu| qrwdwlrq zh khuhdiwhu gurs wlph vxevfulswv= yduldeohv lq wkh lqlwldo

+suh0vkrfn, vwhdg|0vwdwh duh lqgh{hg e| wkh vxevfulsw 3/ yduldeohv lq wkh qhz

+srvw0vkrfn, vwhdg|0vwdwh duh lqgh{hg e| xsshueduv/ zkloh vkruw0uxq yduldeohv

<



duh qrw lqgh{hg1 Wkh vkruw uxq frlqflghv zlwk wkh ohqjwk ri wkh zdjh frqwudfwv/

dqg wkhuhiruh odvwv rqh shulrg rqo|1 Dv doo srolf| fkdqjhv lq rxu h{huflvh duh

xqdqwlflsdwhg/ zdjhv lq wkh vkruw uxq duh vhw dw d ohyho frqvlvwhqw zlwk wkh lqlwldo

vwhdg|0vwdwh htxloleulxp +vr wkdw Z3 @ SK3 @Z dqg Z ú
3 @ S

ú
I3 @Z

ú,1

Lq rxu dqdo|vlv ri prqhwdu| srolf|/ vkrfnv duh gh?qhg dv xqh{shfwhg fkdqjhv

lq wkh orqj0uxq prqh| vwrfnv/ çP èP3 dqg çPú èPú
3 1 Vlqfh wkhvh fkdqjhv duh

shupdqhqw/ vkruw0uxq dqg orqj0uxq vwrfnv frlqflgh= P @ çP dqg Pú @ çPú1

Ilvfdo srolf| lv h{suhvvhg e| dq lqgh{ ri jryhuqphqw vshqglqj/ gh?qhg dv wkh

udwlr ri wrwdo rxwsxw wr rxwsxw qhw ri vshqglqj1 Lq wkh Krph frxqwu| zh kdyh

j ì \@ +\ ýJ, iru wkh vkruw uxq/ dqg çj ì ç\ @
ý
ç\ ý çJ

ü
iru wkh orqj uxq> jú dqg

çjú duh vlploduo| gh?qhg1 Qrwh wkdw wkhvh lqgh{hv duh htxdo wr rqh zkhq jryhuq0

phqw vshqglqj lv }hur/ dqg duh lqfuhdvlqj ixqfwlrqv ri wkh vshqglqj wr rxwsxw

udwlrv1 Xvlqj wkhvh lqgh{hv/ zh gh?qh ?vfdo vkrfnv dv xqh{shfwhg fkdqjhv lq wkh

orqj0uxq vshqglqj wr rxwsxw udwlrv/ wkdw lv/ çj è j3 dqg çjú è jú3 1 Wkh fruuhvsrqg0
lqj orqj0uxq ohyhov ri jryhuqphqw vshqglqj/ qdpho| çJ dqg çJú/ duh ghwhuplqhg

hqgrjhqrxvo|1 Zkhq zh dqdo|}h shupdqhqw ?vfdo vkrfnv lpsohphqwhg e| wkh

Krph dxwkrulwlhv/ zh vlpso| vhw wkh ohyho ri vkruw0uxq vshqglqj htxdo wr lwv orqj

uxq ydoxh= J @ çJ1 Zkhq zh dqdo|}h Krph prqhwdu| vkrfnv/ dv zhoo dv Iruhljq

?vfdo dqg prqhwdu| vkrfnv/ zh wuhdw wkh vkruw0uxq ohyho ri Krph vshqglqj J

dv sdudphwulf1 Wkh dqdo|wlfdo dgydqwdjhv ri wklv vshfl?fdwlrq zloo eh hylghqw

ehorz1

E Wkh prgho lq lwv vwuxfwxudo irup

Wkh vwuxfwxudo irup ri wkh prgho lv vxppdul}hg lq Wdeoh 41: Lq wklv wdeoh/

h{suhvvlrqv +4:, duh wkh Hxohu htxdwlrqv wkdw ghvfuleh wkh rswlpdo lqwhuwhpsrudo

doorfdwlrq ri frqvxpswlrq1; Htxdwlrqv +4;, dqg +4<, ghvfuleh htxloleulxp lq

wkh prqh| pdunhwv lq wkh vkruw dqg wkh orqj uxq/ uhvshfwlyho|= ghpdqg iru

uhdo edodqfhv lv srvlwlyho| uhodwhg wr frqvxpswlrq dqg qhjdwlyho| uhodwhg wr wkh

:Iru wkh dqdo|wlfdo ghwdlov ri wkh rswlpl}dwlrq sureohp dqg d judsklfdo dqdo|vlv vhh wkh

zrunlqj sdshu yhuvlrq ri wkh prgho +Fruvhwwl dqg Shvhqwl ^4<<:`,1
; Lq wkh Iruhljq frxqwu| wkh uhdo udwh ri uhwxuq lq Iruhljq frqvxpswlrq xqlwv lv o|/ wkh

vdph udwh dv lq wkh Krph frxqwu|1 Xqghu frqvxpswlrq0edvhg sxufkdvlqj srzhu sdulw|/ uhdo

uhwxuqv lq orfdo frqvxpswlrq xqlwv duh htxdol}hg dfurvv frxqwulhv uhjdugohvv ri wkh fxuuhqf|

ghqrplqdwlrq ri wkh lqwhuqdwlrqdoo| wudghg erqg1

43



Wdeoh 4= Vwuxfwxudo irup ri wkh prgho

Fýã @ ñ +4 . u, çFýã +Fú,ýã @ ñ +4 . u,
ý
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grphvwlf qrplqdo lqwhuhvw udwh1 Qrwh wkdw wkh vwhdg|0vwdwh uhdo dqg qrplqdo

lqwhuhvw udwh lv htxdo wr ï1

Htxdwlrqv +53, ghvfuleh wkh vkruw uxq fxuuhqw dffrxqw lghqwlwlhv1 Wkh uljkw

kdqg vlgh lv rxwsxw plqxv devruswlrq/ erwk phdvxuhg lq qdwlrqdo fxuuhqf| xqlwv1

Jlyhq rxu dvvxpswlrq wkdw qhlwkhu frxqwu| lv d qhw ohqghu lq wkh lqlwldo htxlole0

ulxp/ l1h1 E3 @ Eú3@H3 @ 3/ wkh vkruw0uxq fxuuhqw dffrxqw lq wkh Krph frxqwu|

lv htxlydohqw wr wkh hqg0ri0shulrg qhw dvvhw srvlwlrq E +li E lv srvlwlyh/ Krph

lv d qhw ohqghu dqg Iruhljq lv d qhw eruurzhu,1 Lq wkh orqj uxq/ vwhdg|0vwdwh

frqvxpswlrq +54, lv htxdo wr rxwsxw qhw ri jryhuqphqw vshqglqj soxv qhw lq0

whuhvw sd|phqwv iurp +ru wr, wkh uhvw ri wkh zruog1 Wkh qhw dvvhw srvlwlrqv ri
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wkh Krph dqg Iruhljq frxqwu| duh çE dqg ý çE@H/ uhvshfwlyho|1 Htxdwlrqv +55,
dqg +56, duh wkh vkruw0uxq dqg orqj0uxq djjuhjdwh htxloleulxp frqglwlrqv lq wkh

jrrgv pdunhwv/ vkrzlqj wkdw uhdo qhw lqfrph lq hdfk frxqwu| lv d frqvwdqw vkduh

ri uhdo zruog frqvxpswlrq vshqglqj1

Wkh odvw htxloleulxp frqglwlrqv +57, ghvfuleh wkh wudgh0r> ehwzhhq oderu

dqg ohlvxuh lq d vwhdg| vwdwh1< Dw wkh pdujlq/ wkh xwlolw| frvw ri iruhjrlqj

ohlvxuh lv htxdo wr wkh ehqh?w iurp frqvxpswlrq ?qdqfhg zlwk wkh lqfrph jhq0

hudwhg e| vxsso|lqj dgglwlrqdo oderu1 Lq wkh orqj uxq/ oderu vxsso| dqg rxwsxw

duh qhjdwlyho| uhodwhg wr frqvxpswlrq dqg srvlwlyho| uhodwhg wr wkh uhdo zdjh
çZ@ çS @ çSK@ çS dqg çZ ú@ çS ú @ çS úI@ çS

ú1 Htxdwlrqv +57, dovr vkrz wkdw oderu

vxsso| dqg rxwsxw ghshqg rq grphvwlf pdunhw glvwruwlrqv dvvrfldwhg zlwk pr0

qrsrolvwlf frpshwlwlrq/ dv fdswxuhg e| wkh whupv õ dqg õú gh?qhg lq Wdeoh

41

F Wkh vroxwlrq ri wkh prgho

Wkh nh| vwhs lq vroylqj rxu prgho lv wr vkrz wkdw srolf| vkrfnv gr qrw ohdg

wr lqwhuqdwlrqdo uhglvwulexwlrq ri zhdowk wkurxjk fxuuhqw dffrxqw fkdqjhv1 Zh

uhduudqjh wkh fxuuhqw dffrxqw htxdwlrqv lq wkh vkruw dqg wkh orqj uxq +53, dqg

+54,/ xvlqj wkh htxloleulxp frqglwlrqv lq wkh jrrgv pdunhwv +55, dqg +56,=

F .E@S

Fú ýE@S @
ð

4ý ð
çF ý ï çE@ çS
çFú . ï çE@ çS

@
ð

4ý ð+58,

Qrz/ wkh Krph dqg Iruhljq Hxohu htxdwlrqv +4:, lpso| wkdw wkhuh fdqqrw eh

dqwlflsdwhg fkdqjhv lq wkh udwlr ri Krph wr Iruhljq frqvxpswlrq=

F@Fú @ çF@ çFú+59,

Revhuylqj wkdw +4 . l,E @ +4 . ï, çE43 dqg frpelqlqj +58, dqg +59, deryh/

zh frqfoxgh wkdw E @ çE @ 31 Lq htxloleulxp/ wkh udwlr ri Krph wr Iruhljq

frqvxpswlrq lv frqvwdqw dw ð@ +4ý ð,= wkh phfkdqlvp ri dgmxvwphqw wr vkrfnv

<Frqglwlrqv +57, rqo| krog lq wkh orqj uxq/ zkhq zdjhv dqg jrrgv sulfhv ixoo| dgmxvw wr

wkhlu htxloleulxp ohyhov1 Lq wkh vkruw uxq qrplqdo zdjhv duh suhghwhuplqhg +lpso|lqj wkdw åK
dqg åWI duh dovr ?{hg, dqg zrunhuv dgmxvw wkhlu oderu vxsso| dv wr phhw oderu ghpdqg1

43Wkh olqn ehwzhhq vkruw0uxq dqg orqj0uxq dvvhw srvlwlrqv fdq eh ghwhuplqhg e| frpsdulqj

+54, zlwk wkh fxuuhqw dffrxqw htxdwlrq lq wkh ?uvw shulrg diwhu wkh vkrfn/ qdpho| 7î 3 î '

ðî n 7åK 7t *7} 3 7å 7ä1
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lq wkh zruog hfrqrp| klqjhv h{foxvlyho| xsrq yduldwlrqv ri wkh whupv ri wudgh/

zlwkrxw fkdqjhv lq qdwlrqdo qhw0dvvhw srvlwlrqv144

Wr jdlq lqwxlwlrq/ qrwh wkdw lq rxu vhwxs wkh hodvwlflw| ri uhodwlyh qhw rxw0

sxw ghpdqg ++\ ýJ,@+\ ú ýJú,, zlwk uhvshfw wr uhodwlyh sulfhv +SK@HS úI , lv
htxdo wr rqh/ zklfk lv dovr wkh hodvwlflw| ri lqwudwhpsrudo vxevwlwxwlrq lq rxu

frqvxpswlrq lqgh{1 Zkhq wkh vkruw0uxq uhodwlyh sulfh ri wkh Iruhljq jrrg ulvhv/

ghpdqg iru wkh Krph jrrg lqfuhdvhv uhodwlyh wr wkh Iruhljq jrrg1 Krph djhqwv*

qrplqdo lqfrphv lqfuhdvh uhodwlyh wr Iruhljq djhqwv exw wkhlu sxufkdvlqj srzhu

ghfolqhv sursruwlrqdoo|1 Wkhuhiruh/ djhqwv kdyh qr lqfhqwlyh wr ohqg ru eruurz

lqwhuqdwlrqdoo|1 Li wkh hodvwlflw| ri vxevwlwxwlrq zhuh odujhu wkdq rqh 9 dv lq

Revwihog dqg Urjr> ^4<<8` 9 wkh uhdo lqfrphv ri Krph djhqwv zrxog lqfuhdvh

uhodwlyh wr Iruhljq djhqwv1 Krph uhvlghqwv zrxog wkhq ghvluh wr ohqg uhvrxufhv

deurdg iru frqvxpswlrq0vprrwklqj sxusrvhv/ ehfrplqj qhw fuhglwruv ylv0ã0ylv

wkh Iruhljq frxqwu|1

Wkh forvhg0irup vroxwlrq ri wkh prgho lv vkrzq lq Wdeoh 5/ zklfk irfxvhv

rq wkh Krph frxqwu| zlwk wkh xqghuvwdqglqj wkdw vlplodu uhodwlrqv krog iru

Iruhljq frxqwu|145 Wdeoh 5 h{suhvvhv doo hqgrjhqrxv yduldeohv dv ixqfwlrqv ri

srolf| lqqrydwlrqv1 Lq wkh wudglwlrq ri wkh cvxpv* yv1 cgl>huhqfhv* dssurdfk lq

jhqhudo htxloleulxp rshq0hfrqrp| prghov +vhh Drnl ^4<;4`,/ lq wkh wdeoh zh

ghqrwh zlwk wkh vxevfulsw U +iru cuhodwlyh*, wkh udwlr ehwzhhq Krph dqg Iruhljq

yduldeohv1 Wkxv/ uhodwlyh srolf| vwdqfh lqgh{hv duh=

PU @ çPU ì çP@ çPú çjU ì çj@çjú+5:,

Wkh vxevfulswZ +iru czruog*, ghqrwhv lqvwhdg d jhrphwulf dyhudjh ri Krph dqg

Iruhljq yduldeohv/ xvlqj ð dqg 4ý ð dv zhljkwv1 Vr/ wkh zruog prqh| vwrfn dqg

wkh zruog ?vfdo vwdqfh duh gh?qhg dv=

PZ @ çPZ ì çPð
ý
çPúü4ýð çjZ ì çjð +çjú,4ýð+5;,

44Rq wkh uroh ri whupv ri wudgh pryhphqwv lq wkh lqwhuqdwlrqdo wudqvplvvlrq phfkdqlvp/

vhh iru lqvwdqfh Vwrfnpdq ^4<;:` dqg Froh dqg Revwihog ^4<<4`1
45Wr rewdlq d forvhg0irup vroxwlrq/ rqh qhhgv erwk Free0Grxjodv suhihuhqfhv dqg }hur

lqlwldo qhw0dvvhw srvlwlrqv1 Rxu zhoiduh dqg srvlwlyh uhvxowv ehorz/ krzhyhu/ krog iru pruh

jhqhudo prgho vshfl?fdwlrqv/ vxfk dv FHV suhihuhqfhv/ dv orqj dv wkh lqwudwhpsrudo hodvwlflw|

ri frqvxpswlrq lv vpdoohu wkdq wkh grphvwlf hodvwlflwlhv ri lqsxw vxevwlwxwlrq +è dqg èW,1 Lq
d pruh jhqhudo iudphzrun wkh prgho h{klelwv vrph g|qdplfv ri wkh fxuuhqw dffrxqw1 Wkh

uh?qhphqw dqg jhqhudol}dwlrq ri rxu uhvxowv iru vpdoo ghyldwlrqv iurp wkh lqlwldo htxloleulxp

duh suhvhqwhg lq Wlooh ^5333`1
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Wkh frqvwdqw whupv duh ixqfwlrqv ri wkh sdudphwhuv ri wkh prgho/ lqfoxglqj wkh

suh0vkrfn srolf| yduldeohv1 Qrwlfh wkdw wkh htxloleulxp v|vwhp lv orj0olqhdu zlwk

qr qhhg iru orfdo dssur{lpdwlrqv1 Wklv lv lq frqwudvw wr Revwihog dqg Urjr>

^4<<8`/ d prgho wkdw fdqqrw eh vroyhg zlwkrxw orfdo dssur{lpdwlrqv1

Zhoiduh dqdo|vlv lq rxu prgho lv edvhg rq wkh olihwlph xwlolw| ri wkh Krph

uhsuhvhqwdwlyh djhqw/ dv jlyhq e| htxdwlrq +5<, ehorz=

X @
F4ýã

4ý ã . " oq
çP

S
. Y +J,ý é

5
\ 5 .

4

ï

é çF4ýã
4ý ã . " oq

çP
çS
. Y + çJ,ý é

5
ç\ 5
è+5<,

Dv vwuhvvhg deryh/ zh uhvwulfw rxu dqdo|vlv wr wkh udqjh ri srolf| vkrfnv wkdw

gr qrw fdxvh uhdo zdjhv wr idoo ehorz wkh pdujlqdo udwh ri vxevwlwxwlrq1 H{0

solflw erxqgdulhv iru dgplvvleoh prqhwdu| dqg ?vfdo lqqrydwlrqv fdq eh ghulyhg

e| xvlqj wkh htxloleulxp fxuuhqw dffrxqw lghqwlw| wr uhzulwh wkh sduwlflsdwlrq

frqvwudlqwv +49, dqg lwv Iruhljq htxlydohqw dv=

F4ýã è é\
5

j
dqg +Fú,4ýã è éú +\

ú,5

jú
+63,

dqg uhsodflqj F/ Fú/ \ dqg \ ú zlwk wkh fruuhvsrqglqj h{suhvvlrqv lq Wdeoh 51

LY Rshqqhvv dqg wkh h>hfwv ri grphvwlf prqh0

wdu| vkrfnv

D Pdfurhfrqrplf h>hfwv

Zh ?uvw dqdo|}h wkh grphvwlf pdfurhfrqrplf dqg zhoiduh lpsolfdwlrqv ri d

Krph shupdqhqw prqhwdu| h{sdqvlrq1 Iurp Wdeoh 5 zh vhh wkdw wkh qrplqdo

h{fkdqjh udwh pryhv rqh0wr0rqh zlwk wkh uhodwlyh prqh| vwrfn146 D ghsuhfldwlrq

udlvhv wkh sulfh ri Krph lpsruwv/ frqwulexwlqj wr grphvwlf lq dwlrq1 Krzhyhu/

dv SK lv ?{hg/ wkh ryhudoo sulfh lqgh{ S ulvhv e| rqo| d iudfwlrq 4 ý ð ri wkh

h{sdqvlrq lq prqh| vxsso|1 Krph djhqwv* uhdo edodqfhv wkxv lqfuhdvh zlwk

d srvlwlyh prqhwdu| vkrfn1 Dw wkh vdph wlph/ dv wkh uhdo lqwhuhvw udwh idoov

zruogzlgh uhvsrqglqj wr d kljkhu zruog prqh| dyhudjh çPZ / frqvxpswlrq jurzv

v|pphwulfdoo| lq erwk frxqwulhv1 D kljkhu zruog frqvxpswlrq frxsohg zlwk d
46Dv lq Revwihog dqg Urjr> ^4<<8`/ wkh qrplqdo h{fkdqjh udwh dgmxvwv rq lpsdfw/ zlwkrxw

odvwlqj g|qdplfv= - ' -1 Iru d glvfxvvlrq/ vhh Fruvhwwl dqg Shvhqwl ^4<<:`1
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Wdeoh 5= Vroxwlrq ri wkh prgho

Ghwhuplqdqwv ri Krph zhoiduh

F @ d4
ý
çPZ

ü 4
ã Vkruw0uxq frqvxpswlrq

\ @ d5
ý
çPU

ü4ýð ý çPZ

ü 4
ã .J Vkruw0uxq rxwsxw

çP@S @ d6 çPZ Vkruw0uxq uhdo edodqfhv
çF @ d7 +çjZ ,

ý 4
4.ã Orqj0uxq frqvxpswlrq

ç\ @ d8 çj
4
5 +çjZ ,

ý 4ýã
5+4.ã, Orqj0uxq rxwsxw

çP@ çS @ d9 +çjZ ,
ý ã
4.ã Orqj0uxq uhdo edodqfhv

Sulfhv

4 . u @ d:
ý
çPZ

üý4
+çjZ ,

ý ã
4.ã Vkruw0uxq uhdo lqwhuhvw udwh

HS úI@SK @ d; çPU Vkruw0uxq whupv ri wudgh

H @ H @ d< çPU Qrplqdo h{fkdqjh udwh

H çS úI@ çSK @ d43 +çjU,
ý 4
5 Orqj0uxq whupv ri wudgh

çSK @ d44 çP +çjZ ,
ý 4ýã
5+4.ã, çj

4
5 Orqj0uxq Krph jrrg sulfh

ùJ|er G Wkh lqgh{ - uhihuv wr udwlrv ri Krph wr Iruhljq yduldeohv1 Wkh lqgh{ ` uhihuv wr jhrphwulf dyhudjhv ri

Krph dqg Iruhljq yduldeohv zlwk zhljkwv ò dqg � 3 ò1 Wkh frqvwdqwv duh gh?qhg ehorz/ zkhuh wkh vxevfulsw f

lqgh{hv suh0vkrfn ohyhov1
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kljkhu uhodwlyh sulfh ri Iruhljq jrrgv xqdpeljxrxvo| lqfuhdvhv wkh ghpdqg iru

Krph jrrgv/ udlvlqj vkruw0uxq rxwsxw \ 1

Lq wkh orqj uxq/ ehfdxvh ri wkh devhqfh ri fxuuhqw dffrxqw h>hfwv/ prqh|

vkrfnv duh qhxwudo= çSK pryhv rqh0wr0rqh zlwk çP / frqvxpswlrq dqg rxwsxw lq

erwk frxqwulhv uhwxuq wr wkh lqlwldo ohyhov/ dqg vr gr zruog uhdo edodqfhv dqg wkh

uhdo h{fkdqjh udwh147

E Fdq d prqhwdu| h{sdqvlrq uhgxfh zhoiduhB

D fhqwudo phvvdjh lq rxu dqdo|vlv lv wkdw/ ghvslwh wkh suhvhqfh ri prqrsrolvwlf

glvwruwlrqv dqg vwlfn| sulfhv/ d prqhwdu| vkrfn errvwlqj vkruw0uxq ghpdqg iru

grphvwlf rxwsxw fdq eh zhoiduh0uhgxflqj lq dq rshq hfrqrp| zlwk prqrsro|

srzhu rq lwv whupv ri wudgh1 Lq wklv vhfwlrq zh vkrz wklv srvvlelolw| lq wkh fdvh

ri vpdoo srolf| vkrfnv1 Zh glvfxvv wkh fdvh ri odujh vkrfnv lq wkh qh{w vhfwlrq1

Gl>huhqwldwlqj wkh olihwlph xwlolw| ri d uhsuhvhqwdwlyh Krph djhqw zlwk uh0

vshfw wr çP |lhogv=

CX

C çP
@

ð

ã çP

é
F4ýã . "ãý é\

5

j

ë
4 . ã

4ý ð
ð

êè
+64,

Wr dqdo|}h wkh h>hfwv ri pdujlqdo ghyldwlrqv iurp wkh lqlwldo vwhdg| vwdwh/ zh

hydoxdwh +64, dw çP @ P31 Xvlqj Wdeoh 5/ dqg devwudfwlqj iurp jryhuqphqw

vshqglqj +j3 @ j @ 4,/48 zh fdq zulwh

vljq

ë
CX

C çP

êññññ
çP@P3

@ vljq

%
4 . "ã

ë
ðð

4ýã
4.ã

Z õ
4

4.ã

Z

êãý4
ý !ý 4

!

ë
4 . ã

4ý ð
ð

ê&+65,

Wklv h{suhvvlrq vkhgv oljkw rq d nh| gl>huhqfh ehwzhhq forvhg dqg rshq hfrqrplhv1

Lq d forvhg hfrqrp| +ð @ 4,/ wkh vljq ri wkh deryh ghulydwlyh lv dozd|v srvlwlyh=
47Wkh dqdo|vlv ri whpsrudu| vkrfnv lv txdolwdwlyho| vlplodu wr wkh deryh dqdo|vlv ri shu0

pdqhqw vkrfnv1 Wkh nh| gl>huhqfh lv wkh g|qdplfv ri wkh h{fkdqjh udwh dqg wkh qrplqdo

lqwhuhvw gl>huhqwldo1 Zkloh lq wkh vkruw uxq wkh qrplqdo h{fkdqjh udwh ghsuhfldwhv wr fohdu

wkh prqh| pdunhw/ lw lv h{shfwhg wr dssuhfldwh lq wkh orqj uxq/ dqg pryh edfn wr wkh lqlwldo

ohyho1 H{shfwdwlrqv ri dq dssuhfldwlrq wkhq orzhu wkh Krph qrplqdo lqwhuhvw udwh ylv0ã0ylv

lwv Iruhljq frxqwhusduw/ udlvlqj ghpdqg iru Krph prqh| dqg gdpshqlqj wkh h>hfwv ri wkh

prqhwdu| h{sdqvlrq rq wkh h{fkdqjh udwh +dv zhoo dv wkh joredo h{sdqvlrqdu| lpsdfw ri wkh

srolf| vkrfn,1 Uhdo prqh| kroglqjv jurz idvwhu dw Krph wkdq deurdg/ exw wkh dgmxvwphqw

ri wkh qrplqdo lqwhuhvw udwhv jxdudqwhhv wkdw frqvxpswlrq jurzv dw wkh vdph udwh lq erwk

frxqwulhv1
48Zh zloo frqvlghu wkh lqwhusod| ehwzhhq ?vfdo dqg prqhwdu| vkrfnv lq Vhfwlrq :1
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d vpdoo prqhwdu| vkrfn xqdpeljxrxvo| lpsuryhv grphvwlf zhoiduh1 Qrwh wkdw

wklv lv wuxh uhjdugohvv ri oltxlglw| h>hfwv +l1h1 iru dq| duelwudulo| vpdoo ohyho ri

",1 Ehfdxvh ri prqrsrolvwlf glvwruwlrqv/ lq wkh lqlwldo vwhdg|0vwdwh htxloleulxp

uhdo zdjhv duh h{fhvvlyho| kljk zkloh zruog rxwsxw dqg frqvxpswlrq duh vxe0

rswlpdoo| orz1 Lq wkh suhvhqfh ri qrplqdo uljlglwlhv/ d vpdoo lq dwlrqdu| vkrfn

uhgxfhv uhdo zdjhv udlvlqj rxwsxw dqg hpsor|phqw1 Wkh zhoiduh ehqh?w iurp d

kljkhu ohyho ri grphvwlf frqvxpswlrq grplqdwhv wkh glvxwlolw| ri wkh dgglwlrqdo

zrun h>ruw1

Lq dq rshq hfrqrp| +ð ? 4,/ krzhyhu/ d prqhwdu| h{sdqvlrq dovr lqgxfhv d

uhdo ghsuhfldwlrq wkdw orzhuv wkh sxufkdvlqj srzhu ri grphvwlf djhqwv* lqfrphv1

H{suhvvlrq +65, vkrzv wkdw wklv qhjdwlyh whupv ri wudgh h{whuqdolw| pd| pruh

wkdq r>vhw wkh srvlwlyh djjuhjdwh ghpdqg h{whuqdolw| ghvfulehg deryh1 Uxolqj

rxw xquhdolvwlfdoo| odujh ydoxhv ri "/ wkhuh duh wzr lqwxlwlyh frqglwlrqv xqghu

zklfk wkh vljq ri +65, lv qhjdwlyh= d pdujlqdo prqhwdu| lqqrydwlrq lv ehjjdu0

wk|vhoi zkhq ð lv qrw wrr odujh +l1h1 li Iruhljq jrrgv uhsuhvhqw d vxevwdqwldo

vkduh ri Krph frqvxpswlrq,/ dqg2ru zkhq ! lv qrw wrr vpdoo +l1h1 li prqrsro|

glvwruwlrqv lq wkh Krph hfrqrp| duh uhodwlyho| zhdn,149

F Zhoiduh h>hfwv ri odujh vkrfnv= wkh crswlpdo wdul>* du0

jxphqw uhylvlwhg

Wkh dqdo|vlv ri qrq0lq?qlwhvlpdo prqh| vkrfnv vkhgv oljkw rq dqrwkhu nh| gli0

ihuhqfh ehwzhhq forvhg dqg rshq hfrqrplhv1 Frqvlghu wkh ?uvw rughu frqglwlrq

iru pd{lpl}lqj X zlwk uhvshfw wr çP =

F4ýã ý é\
5

j
@ ý"ã. 4ý ð

ð
ã
\ 5

j
+66,

dqg frpsduh wklv h{suhvvlrq zlwk +63,1 Lq d forvhg hfrqrp| +ð @ 4,/ wkh prqh0

wdu| vwdqfh vroylqj +66, lv rxwvlgh wkh udqjh ri vkrfnv gh?qhg e| wkh sduwlflsd0

wlrq frqvwudlqw +63,1 Ghqrwlqj wklv vwdqfh zlwk iP / wkh ehvw Krph srolf|pdnhuv

fdq gr lv wr fkrrvh çP é iP vxfk wkdw +63, krogv dv dq htxdolw| 9 l1h1 wr eulqj

hpsor|phqw dqg rxwsxw xs wr srwhqwldo14: Lw iroorzv wkdw/ lq d forvhg hfrqrp|/

wkh pdujlqdo ehqh?w iurp prqhwdu| lqqrydwlrqv lv srvlwlyh iru doo vkrfnv zkrvh

49Qrwh dovr wkdw/ devwudfwlqj iurp oltxlglw| h>hfwv +ã ;' f,/ d orz hodvwlflw| ri lqwhuwhpsrudo

vxevwlwxwlrq +d odujh 4, whqgv wr uhgxfh wkh ehqh?wv iurp prqhwdu| h{sdqvlrqv1
4:Qrwh wkdw 7� whqgv wr i� dv ã dssurdfkhv f1

4:



vl}h grhv qrw ylrodwh wkh sduwlflsdwlrq frqvwudlqw +63,= wkh uhodwlrq ehwzhhq

prqh| lqqrydwlrqv dqg xwlolw| lv prqrwrqlfdoo| lqfuhdvlqj1

Lq dq rshq hfrqrp| +ð ? 4,/ lqvwhdg/ wklv uhodwlrq fdq wdnh wkh vkdsh ri

dq lqyhuwhg X1 Lq rwkhu zrugv/ wkh pdujlqdo frqwulexwlrq ri d odujh prqhwdu|

h{sdqvlrq wr vrfldo zhoiduh fdq eh qhjdwlyh/ hyhq lq wkrvh fdvhv lq zklfk d

vpdoo ghyldwlrq iurp wkh lqlwldo vwhdg| vwdwh zrxog lqfuhdvh grphvwlf xwlolw|1 Lq

idfw/ xqohvv " lv yhu| odujh/ diwhu d prqh| vkrfn htxdo wr iP / wkh sduwlflsdwlrq

frqvwudlqw +63, vwloo krogv dv d vwulfw lqhtxdolw|1 Krph djhqwv* xwlolw| lv dw d

pd{lpxp/ exw uhdo zdjhv lq wkh Krph hfrqrp| uhpdlq deryh wkh pdujlqdo

udwh ri vxevwlwxwlrq ehwzhhq frqvxpswlrq dqg ohlvxuh1 Lw iroorzv wkdw wkhuh

h{lvwv d udqjh ri prqhwdu| vkrfnv voljkwo| deryh iP zklfk wxuq h{suhvvlrq +64,

qhjdwlyh/ |hw gr qrw ylrodwh +63,1

Dq lpsruwdqw fruroodu| ri rxu dqdo|vlv lv wkdw/ lq dq rshq hfrqrp|/ wkh

Krph prqhwdu| lqqrydwlrq zklfk pd{lpl}hv Krph zhoiduh lv ohvv h{sdqvlrqdu|

wkdq uhtxluhg wr forvh wkh jds ehwzhhq dfwxdo dqg srwhqwldo rxwsxw1 Uhod0

wlyh wr vkrfnv odujh hqrxjk wr r>vhw prqrsrolvwlf glvwruwlrqv lq surgxfwlrq/

vpdoohu prqhwdu| h{sdqvlrqv lpsuryh wkh whupv ri wudgh dqg udlvh wkh sxufkdv0

lqj srzhu ri Krph lqfrphv iru dq| jlyhq Iruhljq srolf| vwdqfh1 Dw wkh pdujlq/

wkh jdlqv iurp dssuhfldwlqj wkh whupv ri wudgh r>vhw wkh h!flhqf| orvvhv iurp

orzhu rxwsxw1 Wklv uhvxow lv uhplqlvfhqw ri wkh crswlpdo wdul>* dujxphqw lq wkh

lqwhuqdwlrqdo wudgh olwhudwxuh1 Rqo| li wkh prqhwdu| h{sdqvlrqv zhuh mrlqwo| lp0

sohphqwhg +vr wkdw çP dqg çPú pryh lq sdudooho,/ wkh h{fkdqjh udwh h>hfw zrxog

glvdsshdu dqg hdfk frxqwu| zrxog ehqh?w iurp eulqjlqj rxwsxw wr lwv srwhqwldo

ohyho1

Y Prqhwdu| lqwhughshqghqfh dqg wkh lqwhuqd0

wlrqdo wudqvplvvlrq phfkdqlvp

Zkdw duh wkh h>hfwv ri d shupdqhqw prqhwdu| h{sdqvlrq ruljlqdwlqj deurdgB

Iurp Wdeoh 5 zh qrwh wkdw dq lqfuhdvh lq çPú dssuhfldwhv wkh Krph fxuuhqf|

wkurxjk lwv h>hfw rq çPU/ dqg udlvhv vkruw0uxq frqvxpswlrq hyhu|zkhuh lq wkh

joredo hfrqrp| wkurxjk lwv h>hfw rq çPZ 1 Vkruw0uxq rxwsxw lq wkh Krph frxq0

wu| lv vxemhfw wr wzr frqwudvwlqj irufhv= ghpdqg iru Krph jrrgv lv errvwhg e|

wkh Iruhljq frxqwu| h{sdqvlrq +zlwk hodvwlflw| +4ý ð, @ã, exw uhgxfhg e| wkh

4;



uhdo dssuhfldwlrq ri wkh Krph fxuuhqf| +zlwk hodvwlflw| 4ý ð,1 Wkxv/ d Iruhljq
prqhwdu| h{sdqvlrq kdv d srvlwlyh lpsdfw rq Krph rxwsxw zkhq ã ? 4/ dqg

d qhjdwlyh h>hfw zkhq ã A 41 Zlwk orjdulwkplf suhihuhqfhv +ã @ 4, rxwsxw

uhpdlqv xqfkdqjhg1

D zd| wr lqwhusuhw wklv uhvxow lv lq whupv ri frpsohphqwdulw| ri Krph dqg

Iruhljq jrrgv lq frqvxpswlrq1 Zlwk FHV frqvxpswlrq lqglfhv dqg srzhu xwlo0

lw|/ wzr jrrgv duh frpsohphqwv 9 wkdw lv/ wkh pdujlqdo xwlolw| ri rqh jrrg

lqfuhdvhv zlwk wkh frqvxpswlrq ri wkh rwkhu jrrg 9 zkhq wkh hodvwlflw| ri lq0

whuwhpsrudo vxevwlwxwlrq lv odujhu wkdq wkh hodvwlflw| ri lqwudwhpsrudo vxevwlwx0

wlrq/ dqg vxevwlwxwhv rwkhuzlvh1 Lq rxu vshfl?fdwlrq/ wkh lqwhuwhpsrudo hodvwlflw|

lv 4@ã zkloh wkh lqwudwhpsrudo hodvwlflw| lv 41 Vlqfh zruog frqvxpswlrq ri wkh

Iruhljq jrrg lv xqdpeljxrxvo| kljkhu diwhu wkh Iruhljq prqhwdu| h{sdqvlrq/

zruog ghpdqg iru Krph jrrgv +dqg Krph hpsor|phqw, lqfuhdvhv rqo| lqvridu

dv Krph dqg Iruhljq jrrgv duh frpsohphqwv +zkhq ã ? 4,/ dqg idoov rwkhuzlvh1

Wr dvvhvv wkh lpsdfw ri d Iruhljq prqhwdu| h{sdqvlrq rq Krph zhoiduh/

frqvlghu wkh sduwldo ghulydwlyh ri wkh lqgluhfw xwlolw| ri zhdowk X zlwk uhvshfw wr
çPú=
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Dv orqj dv +63, krogv/ wkh vljq ri wkh deryh h{suhvvlrq lv xqdpeljxrxvo| srvl0

wlyh= prqhwdu| vkrfnv dozd|v kdyh d survshu0wk|0qhljkeru h>hfw1 Lqwxlwlyho|/ dq

h{sdqvlrq deurdg udlvhv grphvwlf zhoiduh dv wkh lpsuryhg whupv ri wudgh doorz

grphvwlf djhqwv wr ?qdqfh kljkhu frqvxpswlrq h{shqglwxuh iru dq| jlyhq ohyho

ri oderu h>ruw1

Wklv uhvxow vwdqgv lq frqwudvw zlwk srsxodu dqdo|vhv ri srolf| lqwhughshq0

ghqfh/ lq zklfk prqhwdu| h{sdqvlrqv dqg h{fkdqjh udwh ghydoxdwlrqv deurdg

fdq kdyh qhjdwlyh +ehjjdu0wk|0qhljkeru, uhshufxvvlrqv rq grphvwlf zhoiduh/ e|

vkliwlqj djjuhjdwh ghpdqg wrzdug Iruhljq jrrgv1 Wkh nh| srolf| lpsolfdwlrq

ri rxu dqdo|vlv lv wkdw wkhuh duh qr zhoiduh lqfhqwlyhv wr hqjdjh lq frpshwlwlyh

ghydoxdwlrqv= uhjdugohvv ri zkhwkhu srolflhv deurdg errvw ru vtxhh}h grphvwlf

hpsor|phqw/ wkhlu h{whuqdo h>hfw rq qdwlrqdo zhoiduh lv ryhudoo srvlwlyh14;

4;Wklv frqfoxvlrq lv vxemhfw wr dq lpsruwdqw fdyhdw1 Dv glvfxvvhg lq Fruvhwwl/ Shvhqwl/

Urxelql dqg Wlooh ^5333`/ wkh zhoiduh lpsdfw ri d ghydoxdwlrq fuxfldoo| ghshqgv rq wkh ghjuhh ri

h{fkdqjh udwh sdvv0wkurxjk1 Frqvlghu iru lqvwdqfh wkh h{wuhph fdvh ri }hur h{fkdqjh udwh sdvv0

4<



YL Ilvfdo lqwhughshqghqfh

Xvlqj wkh h{suhvvlrqv iru F/ \ / dqg HS úI@SK lq Wdeoh 5/ zh vhh wkdw dq

xqh{shfwhg ?vfdo h{sdqvlrq kdv qr vkruw0uxq h>hfw rq grphvwlf frqvxpswlrq/

exw lqfuhdvhv grphvwlf ghpdqg dqg hpsor|phqw dw xqfkdqjhg whupv ri wudgh14<

Li wkh vkrfn zhuh whpsrudu|/ diwhu rqh shulrg wkh hfrqrp| zrxog pryh edfn

wr wkh lqlwldo htxloleulxp1 Zkhq wkh vkrfn lv shupdqhqw/ krzhyhu/ wkh lqfuhdvh

lq ghpdqg iru Krph jrrgv uhtxluhv dq xszdug dgmxvwphqw ri Krph zdjhv lq

wkh orqj uxq1 Wkxv/ lq wkh qhz vwhdg| vwdwh wkh uhodwlyh sulfh ri Krph jrrgv

ulvhv dqg wkh Krph fxuuhqf| dssuhfldwhv lq uhdo whupv1 Ehfdxvh ri wkh uhdo zdjh

dgmxvwphqw/ orqj0uxq Krph rxwsxw lqfuhdvhv e| ohvv wkdq sxeolf vshqglqj/ dqg

zruog frqvxpswlrq idoov zkloh sulfhv lqfuhdvh lq erwk frxqwulhv1 Wkh hfrqrp|

uhdfkhv dq htxloleulxp fruuhvsrqglqj wr orzhu frqvxpswlrq dqg kljkhu rxwsxw

ohyhov uhodwlyh wr wkh lqlwldo vwhdg|0vwdwh doorfdwlrq1

Lq Wdeoh 5 revhuyh wkdw d Iruhljq h{sdqvlrq grhv qrw d>hfw vkruw0uxq ydul0

deohv lq wkh Krph frxqwu|/ zlwk wkh rqo| h{fhswlrq ri wkh uhdo lqwhuhvw udwh wkdw

idoov lq dqwlflsdwlrq ri orzhu zruog frqvxpswlrq lq wkh ixwxuh1 Wkh h>hfwv ri

dq lqfuhdvh lq çjú rq wkh Krph hfrqrp| duh rqo| ihow lq wkh orqj uxq/ zkhq wkh

h{sdqvlrq deurdg ghsuhfldwhv wkh Krph whupv ri wudgh dqg uhgxfhv Krph uhdo

zdjhv1 Zkloh wkh qhz htxloleulxp xqdpeljxrxvo| fruuhvsrqgv wr d orzhu ohyho

ri frqvxpswlrq/ rxwsxw fdq hlwkhu idoo ru lqfuhdvh1 Vlqfh wkh Iruhljq ?vfdo vkrfn

wkurxjk= lqwhuqdwlrqdo pdunhwv duh vhjphqwhg dqg sulfhv duh vwlfn| lq wkh ex|hu*v fxuuhqf|1

Lq wklv fdvh/ d ghydoxdwlrq e| wkh Iruhljq frxqwu| grhv qrw lqfuhdvh uhdo lqfrphv lq wkh Krph

frxqwu|1 Lq wkh vkruw uxq/ wkh Iruhljq uhdo lqwhuhvw udwh idoov uhodwlyh wr wkh Krph lqwhuhvw udwh1

Iruhljq frqvxpswlrq ulvhv uhodwlyh wr Krph frqvxpswlrq/ zkloh Krph oderu h>ruw lqfuhdvhv

wr phhw wkh lqfuhdvh lq iruhljq ghpdqg iru Krph jrrgv1 Dv d uhvxow/ d ghydoxdwlrq e| rqh

frxqwu| kdv qhjdwlyh zhoiduh uhshufxvvlrqv rq wkh rwkhu1 Vhh dovr Ehwwv dqg Ghyhuhx{ ^5333`

dqg Wlooh ^4<<<`1
4<Xqghuo|lqj wkhvh uhvxowv duh wzr ihdwxuhv ri rxu prgho1 Iluvw/ xwlolw| lv dgglwlyho| vhsdudeoh

lq sulydwh dqg sxeolf frqvxpswlrq= li wklv zhuh qrw wkh fdvh/ fkdqjhv lq jryhuqphqw vshqglqj

zrxog d>hfw wkh pdujlqdo xwlolw| ri sulydwh frqvxpswlrq ohdglqj wr d fkdqjh lq uhodwlyh sulfhv1

Vhfrqg/ wkh htxloleulxp h{fkdqjh udwh rqo| ghshqgv rq uhodwlyh prqh| vxsso|1 Jryhuqphqw

vshqglqj fdq qrqhwkhohvv eh lqfoxghg dprqj wkh ghwhuplqdqwv ri wkh qrplqdo h{fkdqjh udwh

zlwk d vlpsoh h{whqvlrq ri wkh prgho/ wkdw lv/ e| prghoolqj djjuhjdwh prqh| ghpdqg dv d

ixqfwlrq ri erwk sulydwh dqg sxeolf frqvxpswlrq1 Wkhq/ jlyhq prqh| vxsso|/ d ?vfdo h{sdqvlrq

zrxog eulqj derxw dq dssuhfldwlrq ri wkh h{fkdqjh udwh lq erwk qrplqdo dqg uhdo whupv1 Lq

wkh oljkw ri wklv revhuydwlrq/ wkh srolf| h{shulphqw frqvlghuhg lq wkh pdlq wh{w frxog eh

lqwhusuhwhg dv wkh uhvxow ri d ?vfdo h{sdqvlrq wkdw lv dffrpprgdwhg e| prqhwdu| srolf|1

53



uhgxfhv wkh dydlodelolw| ri Iruhljq jrrgv wr zruog frqvxphuv +ç\ ú ý çJú idoov,/

zruog ghpdqg iru Krph jrrgv lqfuhdvhv li wkh wzr qdwlrqdo jrrgv duh vxevwlwxwhv

+ã A 4,/ dqg idoov rwkhuzlvh1 Qrwh wkdw wkh phfkdqlvp ri wudqvplvvlrq ghvfulehg

deryh krogv uhjdugohvv ri wkh qdwxuh ri sxeolf h{shqglwxuh= jryhuqphqw vshqg0

lqj dw krph dqg deurdg pd| eh sxuho| glvvlsdwlyh +Y @ 3,9 lq zklfk fdvh wkh

grphvwlf zhoiduh lpsdfw ri d ?vfdo h{sdqvlrq lv xqdpeljxrxvo| qhjdwlyh 9 ru

idoo rq sxeolf jrrgv wkdw lqfuhdvh djhqwv* xwlolw| +Y 3 A 3,1 Wkh fuxfldo hohphqw

lv wkdw grphvwlf jryhuqphqw vshqglqj lv h{foxvlyh lq grphvwlf jrrgv ru/ pruh

jhqhudoo|/ lv pruh lqwhqvlyh lq grphvwlf jrrgv wkdq sulydwh frqvxpswlrq= li wklv

zhuh qrw wkh fdvh/ grphvwlf vshqglqj zrxog qrw dowhu uhodwlyh ghpdqg lq idyru

ri grphvwlfdoo| surgxfhg jrrgv1

Wr dqdo|}h wkh zhoiduh lpsdfw ri dq lqfuhdvh lq Iruhljq vshqglqj/ zh gli0

ihuhqwldwh wkh lqgluhfw xwlolw| ixqfwlrq ri wkh Krph uhsuhvhqwdwlyh djhqw zlwk

uhvshfw wr çjú1 Irfxvlqj rq frqvxpswlrq dqg rxwsxw h>hfwv/ zh fdq zulwh=
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Lq lqwhusuhwlqj wklv h{suhvvlrq/ uhfdoo wkh wzr nh| ihdwxuhv ri ?vfdo srolf| wudqv0

plvvlrq lq wkh zruog hfrqrp|1 Iluvw/ e| ghsuhfldwlqj wkh Krph uhdo h{fkdqjh

udwh/ d Iruhljq ?vfdo h{sdqvlrq uhgxfhv sxufkdvlqj srzhu dqg frqvxpswlrq lq

wkh Krph frxqwu|1 Wkh vslooryhu wkurxjk wklv fkdqqho lv xqdpeljxrxvo| qhj0

dwlyh1 Vhfrqg/ wkh idoo lq ghpdqg iru wkh Iruhljq jrrg fdq hlwkhu ghfuhdvh ru

lqfuhdvh wkh ghpdqg iru wkh Krph jrrg/ ghshqglqj rq zkhwkhu qdwlrqdo jrrgv

duh frpsohphqwv +ã ? 4, ru vxevwlwxwhv +ã A 4, lq frqvxpswlrq1 Wkh vljq ri wkh

vslooryhu wkurxjk wklv fkdqqho lv dpeljxrxv= lw lv srvlwlyh iru ã ? 4/ dv Krph

surgxfwlrq idoov dqg wkh frqvxpswlrq ri ohlvxuh lqfuhdvhv1

Wkh qhjdwlyh fkdqqho grplqdwhv iru d zlgh udqjh ri sdudphwhu ydoxhv/ vr

wkdw ?vfdo vslooryhuv duh jhqhudoo| ehjjdu0wk|0qhljkeru153 Wkh srvlwlyh fkdqqho

suhydlov lq d vshfldo/ |hw lqwhuhvwlqj/ fdvh1 Qrwh wkdw/ zkhq ã ? 4/ d vshqglqj

fxw deurdg lqfuhdvhv zruog frqvxpswlrq ri wkh Krph jrrg dqg wkhuhiruh udlvhv

Krph rxwsxw1 Iru d jlyhq wdujhw çj/ wkh lqfuhdvh lq rxwsxw doorzv wkh Krph jry0

huqphqw wr dgmxvw lwv vshqglqj xszdug1 Li wkh wdujhwhg vshqglqj0wr0rxwsxw udwlr

53Qrwh wkdw h{suhvvlrq +68, devwudfwv iurp oltxlglw| h>hfwv1 Dv d ?vfdo h{sdqvlrq deurdg

udlvhv Krph lq dwlrq/ wkh idoo lq orqj0uxq Krph uhdo edodqfhv dggv wr wkh qhjdwlyh zhoiduh

lpsdfw ri orzhu frqvxpswlrq1
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lv vx!flhqwo| kljk/ dqg wkh glvwruwlrqv lq wkh oderu pdunhwv duh vx!flhqwo| vpdoo/

Krph zhoiduh pd| dfwxdoo| idoo ehfdxvh ri dq h{fhvvlyh uhgxfwlrq lq ohlvxuh1

YLL Lqwhuqdwlrqdo srolf| olqnv

Zh qrz surylgh d v|qwkhvlv ri rxu uhvxowv/ vkhgglqj oljkw rq wkh lqwhusod|

ehwzhhq ?vfdo dqg prqhwdu| olqnv wkdw/ lq rxu prgho/ duh dfwlyh rqo| lq wkh

vkruw uxq1 H{sorlwlqj wkh orj0olqhdu surshuwlhv ri rxu prgho/ zh fdq ghulyh

dq h{solflw vroxwlrq iru wkh zhoiduh0pd{lpl}lqj prqhwdu| vxusulvhv lq wkh wzr

frxqwulhv dv ixqfwlrqv ri doo srolf| dqg vwuxfwxudo yduldeohv154 Vhwwlqj +64, dqg

lwv Iruhljq dqdorj htxdo wr }hur/ dqg glvuhjduglqj oltxlglw| h>hfwv/ zh rewdlq=
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Wkh ?uvw whup rq wkh uljkw kdqg vlgh ri wkhvh htxdwlrqv ghvfulehv wkh lqwhu0

sod| ehwzhhq lqwhuqdo glvwruwlrqv gxh wr prqrsro| srzhu lq vxsso|/ dqg h{whuqdo

glvwruwlrqv gxh wr prqrsro| srzhu rq wkh whupv ri wudgh/ dv dqdo|}hg lq Vhfwlrq

71 Xqolnh lq d forvhg hfrqrp|/ grphvwlf pdunhw idloxuhv qhhg qrw lpsduw dq lq0

 dwlrqdu| eldv wr rswlpdo srolflhv1 Wkh pruh rshq wkh hfrqrp|/ wkh orzhu wkh

lqfhqwlyh iru grphvwlf srolf|pdnhuv wr fuhdwh xqh{shfwhg lq dwlrq9 hyhq zkhq

hpsor|phqw ohyhov duh lqh!flhqwo| orz1 Lq idfw/ xqohvv prqrsrolvwlf glvwruwlrqv

duh yhu| odujh +! ru !ú forvh wr rqh,/ wkh h{suhvvlrq lq vtxduh eudfnhwv lv deryh

rqh/ frqvlvwhqw zlwk d gh dwlrqdu| eldv155

54Rxu iudphzrun surylghv wkh edvlf hohphqwv ri d fkrlfh0wkhruhwlf dqdo|vlv ri srolf| frru0

glqdwlrq1 Ehqljqr ^4<<;` suhvhqwv dq dssolfdwlrq lq d ghwhuplqlvwlf vhwwlqj/ uhdvvhvvlqj wkh

uhvxowv ri wkh wudglwlrqdo olwhudwxuh diwhu Kdpdgd ^4<;8` dqg Fdq}rqhul dqg Khqghuvrq ^4<<4`1

Dq dqdo|vlv ri prqhwdu| lqwhughshqghqfh lq d vwrfkdvwlf vhwwlqj lv lqwurgxfhg e| Revwihog dqg

Urjr> ^5333`1
55Wklv uhvxow lv vxssruwhg e| uhfhqw olwhudwxuh/ surylglqj hfrqrphwulf hylghqfh ri d qhjdwlyh

uhodwlrqvkls ehwzhhq rshqqhvv dqg lq dwlrq lq d odujh furvv vhfwlrq ri frxqwulhv1 Vhh Urphu

^4<<6`/ Fdpsloor dqg Plurq ^4<<:` dqg Odqh ^4<<:`1

55



Wkh vhfrqg whup fdswxuhv srolf| lqwhughshqghqfh gxh wr wkh wudqvplvvlrq

ri prqhwdu| vkrfnv dfurvv frxqwulhv1 Qrwh wkdw dq h{sdqvlrq deurdg fdq kdyh

txlwh gl>huhqw lpsolfdwlrqv iru wkh grphvwlf zhoiduh0pd{lpl}lqj prqhwdu| sro0

lf|/ ghshqglqj rq zkhwkhu ã lv vpdoohu ru odujhu wkdq xqlw|1 Dv vhhq lq Vhfwlrq

8/ zkhq wkh jrrgv duh frpsohphqwv +ã ? 4, d Iruhljq h{sdqvlrq errvwv ghpdqg

iru Krph jrrgv1 Zkloh vxfk dq h{sdqvlrq lqfuhdvhv Krph zhoiduh/ d prqhwdu|

wljkwhqlqj lq wkh Krph frxqwu| dqg dq dgglwlrqdo dssuhfldwlrq ri wkh Krph

fxuuhqf| fdq udlvh Krph zhoiduh hyhq ixuwkhu e| uhgxflqj wkh kljk glvxwlolw| ri

zrun h>ruw 9 wkdw lv/ e| frrolqj grzq dq ryhukhdwhg hfrqrp|1 Wkh rssrvlwh

uhvxow krogv li wkh jrrgv duh vxevwlwxwhv +ã A 4,1

Wkh wklug whup fdswxuhv wkh lqwhudfwlrq ehwzhhq prqhwdu| dqg ?vfdo lqqr0

ydwlrqv lq srolf| ghvljq1 Frqvlghu wkh h>hfwv ri vkrfnv wr j dqg jú lq wkh vkruw

uxq1 Zh kdyh vhhq lq Vhfwlrq 9 wkdw xqh{shfwhg ?vfdo h{sdqvlrqv eulqj wkh

grphvwlf hfrqrp| forvhu wr srwhqwldo rxwsxw dw xqfkdqjhg uhodwlyh sulfhv/ wkxv

zruvhqlqj wkh whupv0ri0wudgh2hpsor|phqw wudgh0r>1 Rwkhu wklqjv htxdo/ wkh rs0

wlpdo prqhwdu| uhvsrqvh wr d ?vfdo vkrfn lv d frqwudfwlrq1 Qrwh wkdw wkh Krph

prqhwdu| dxwkrulwlhv kdyh qr uhdvrq wr r>vhw wkh Iruhljq ?vfdo vkrfn gluhfwo|/

vlqfh wkh odwwhu ohdyhv wkh Krph hfrqrp| xqfkdqjhg lq wkh vkruw uxq1 Krzhyhu/

d Iruhljq ?vfdo vkrfn fdq kdyh dq lqgluhfw h>hfw rq Krph prqhwdu| srolf|/ wr

wkh h{whqw wkdw wkh Iruhljq prqhwdu| dxwkrulwlhv dgmxvw wkhlu prqhwdu| vwdqfh

lq uhvsrqvh1

YLLL Frqfoxvlrqv

Wkh nh| uhvxowv ri rxu dqdo|vlv/ dv zhoo dv wkh ghsduwxuhv iurp wkh suhylrxv

olwhudwxuh/ kdyh douhdg| ehhq rxwolqhg lq wkh lqwurgxfwlrq/ dqg qhhg qrw eh

uhvwdwhg khuh1 Zh frqfoxgh lqvwhdg e| hpskdvl}lqj wzr srvvleoh lpsolfdwlrqv

iru ixwxuh zrun lq wkh ?hog1

Iluvw/ e| vkrzlqj krz dqg zk| whupv ri wudgh h>hfwv pd| zhoiduh0grplqdwh

djjuhjdwh ghpdqg h{whuqdolwlhv/ rxu wkhruhwlfdo dssdudwxv vkhgv qhz oljkw rq

wkh shufhlyhg srolf| wudgh0r>v ehwzhhq lqwhuqdo dqg h{whuqdo remhfwlyhv1 Wkhvh

uhvxowv kdyh idu0uhdfklqj lpsolfdwlrqv iru d olwhudwxuh wkdw lv fxuuhqwo| h{sorulqj

wkh udqjh dqg vfrsh ri dssolfdelolw| ri lwv sdudgljp wr pdq| orqj0vwdqglqj

srolf| lvvxhv1 D vdpsoh ri wkhvh sureohpv lqfoxgh frpshwlwlyh ghydoxdwlrqv
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dqg fxuuhqf| fulvlv frqwdjlrq dfurvv frxqwulhv/ wkh lqwhuqdwlrqdo h>hfwv ri ?vfdo

frqwudfwlrqv/ wkh frvwv dqg ehqh?wv ri lqwhuqdwlrqdo srolf| frruglqdwlrq/ wkh

frqvhtxhqfhv ri h{fkdqjh udwh yrodwlolw|/ dqg wkh fkrlfh ri dq h{fkdqjh udwh

uhjlph156

Vhfrqg/ fulwlfv ri wkh qhz olwhudwxuh kdyh riwhq srlqwhg dw lwv vkruwfrplqjv

uhodwlyh wr wkh vwdqgdugv ri vlpsolflw| dqg pdoohdelolw| ri wkh wudglwlrqdo dssd0

udwxv 9 vwdqgdugv wkdw kdyh fhuwdlqo| sod|hg d uroh lq ghwhuplqlqj wkh vxffhvv

dqg orqjhylw| ri wkh fodvvlf Pxqghoo0Iohplqj0Gruqexvfk prgho dv wkh ehqfk0

pdun iru lqwhuqdwlrqdo srolf| hydoxdwlrq1 Lq uhvsrqvh wr wklv fulwlflvp/ rxu sdshu

surylghv d vhw ri dqdo|wlfdo uhvxowv wkdw duh ixoo| plfur0irxqghg/ |hw pdwfk wkh

wudfwdelolw| dqg lpphgldwhqhvv ri wkh wh{werrn prgho1 E| uhgxflqj wkh jds eh0

wzhhq wkh rog dqg wkh qhz jhqhudwlrqv ri lqwhughshqghqfh prghov/ vxfk wrrov fdq

frqwulexwh wr lqfuhdvh wkh dsshdo ri wkh cqhz rshq0hfrqrp| pdfurhfrqrplfv*

dv d odxqfklqj sdg iru ixuwkhu srolf|0rulhqwhg uhvhdufk1

XQLYHUVLW\ RI ERORJQD/ \DOH XQLYHUVLW\ DQG FHSU

IHGHUDO UHVHUYH EDQN RI QHZ \RUN DQG QEHU

56D idvw0jurzlqj olwhudwxuh fryhulqj wkh wrslfv phqwlrqhg lq wkh wh{w lqfoxghv Revwihog dqg

Urjr> ^4<<;/ 5333`/ Ghyhuhx{ dqg Hqjhov ^4<<;`/ Edffkhwwd dqg ydq Zlqfrrs ^5333`/ Fruvhwwl

dqg Shvhqwl ^4<<<`/ Wlooh ^4<<<`/ dqg Fruvhwwl/ Shvhqwl/ Urxelql dqg Wlooh ^5333`1

57



Uhihuhqfhv

^4` Drnl/ Pdvdqdr/ G|qdplf Dqdo|vlv ri Rshq Hfrqrplhv +Qhz \run= Dfd0

ghplf Suhvv/ 4<;4,1

^5` Edffkhwwd/ Sklolssh/ dqg Hulf ydq Zlqfrrs1 3Grhv H{fkdqjh Udwh Vwd0

elolw| Lqfuhdvh Wudgh dqg Fdslwdo IorzvB4 Dphulfdq Hfrqrplf Uhylhz/

iruwkfrplqj +5333,1

^6` Edoo/ Odxuhqfh/ dqg Gdylg Urphu/ 3Uhdo Uljlglwlhv dqg wkh Qrqqhxwudolw|

ri Prqh|/4 Uhylhz ri Hfrqrplf Vwxglhv OYLL/ +4<<3,/ ;605371

^7` Ehqljqr/ Slhusdror/ 3D Vlpsoh Dssurdfk wr Lqwhuqdwlrqdo Prqhwdu| Srolf|

Frruglqdwlrq/4 Sulqfhwrq Xqlyhuvlw|/ plphr/ 4<<;1

^8` Ehwwv/ Fdurolqh/ dqg Plfkdho Ghyhuhx{/ 3H{fkdqjh Udwh G|qdplfv lq d

Prgho ri Sulflqj wr Pdunhw/4 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ O +5333,/

54805771

^9` Eodqfkdug/ Rolylhu M1 dqg Qrexklur Nl|rwdnl/ 3Prqrsrolvwlf Frpshwl0

wlrq dqg wkh H>hfwv ri Djjuhjdwh Ghpdqg/4 Dphulfdq Hfrqrplf Uhylhz/

O[[YLL +4<;:,/ 97:09991

^:` Fdpsloor/ Pduwd/ dqg Mh>uh| Plurq/ 3Zk| Grhv Lq dwlrq Gl>hu Dfurvv

FrxqwulhvB/4 lq Fkulvwlqd Urphu dqg Gdylg Urphu/ hgv1/ Uhgxflqj Lq0

 dwlrq= Prwlydwlrq dqg Vwudwhj|/ +Fklfdjr/ LO= Fklfdjr Xqlyhuvlw| Suhvv/

4<<:,1

^;` Fdq}rqhul/ Pdwwkhz E1/ dqg Gdoh Z1 Khqghuvrq/ Prqhwdu| Srolf| lq Lq0

whughshqghqw Hfrqrplhv +Fdpeulgjh/ PD= PLW Suhvv/ 4<<4,1

^<` Fdvhool/ Sdrod/ 3Ilvfdo Frqvrolgdwlrqv xqghu Il{hg H{fkdqjh Udwhv/4 Whpl

gl Glvfxvvlrqh Qr1669/ Edqfd g*Lwdold/ Ghfhpehu 4<<;1

^43` Froh/ Kdurog O1/ dqg Pdxulfh Revwihog/ 3Frpprglw| Wudgh dqg Lqwhuqd0

wlrqdo Ulvn Vkdulqj= Krz Pxfk Gr Ilqdqfldo Pdunhwv PdwwhuB/4 Mrxuqdo

ri Prqhwdu| Hfrqrplfv [[YLLL +4<<4,/ 60571

^44` Fruvhwwl/ Jldqfduor/ dqg Sdror Shvhqwl/ 3Zhoiduh dqg Pdfurhfrqrplf Lq0

whughshqghqfh14 QEHU Zrunlqj Sdshu Qr1963:/ Ghfhpehu 4<<:1
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^45` Fruvhwwl/ Jldqfduor/ dqg Sdror Shvhqwl1 3Frxog wkh Lqv Kxuw wkh RxwvB

D Zhoiduh Dqdo|vlv ri Lqwhuqdwlrqdo Ilvfdo Olqnv/4 lq D1 Kxjkhv Kdoohww/

P1P1 Kxwfklvrq/ dqg V1H1 Krxjddug Mhqvhq +hgv1,/ Ilvfdo dvshfwv ri Hxur0

shdq Prqhwdu| Lqwhjudwlrq +Fdpeulgjh/ X1N1= Fdpeulgjh Xqlyhuvlw| Suhvv

4<<<,1

^46` Fruvhwwl/ Jldqfduor/ Sdror Shvhqwl/ Qrxulho Urxelql/ dqg Fìgulf Wlooh1

3Frpshwlwlyh Ghydoxdwlrqv= Wrzdug D Zhoiduh0Edvhg Dssurdfk/4 Mrxuqdo

ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj +Mxqh 5333,1

^47` Ghyhuhx{/ Plfkdho dqg Fkduohv Hqjho/ 3Il{hg yhuvxv Iordwlqj H{fkdqjh

Udwhv= Krz Sulfh Vhwwlqj D>hfwv wkh Rswlpdo Fkrlfh ri H{fkdqjh0Udwh

Uhjlph14 QEHU Zrunlqj Sdshu Qr19;9:/ 4<<;1

^48` Gruqexvfk/ Uxgljhu/ 3H{shfwdwlrqv dqg H{fkdqjh Udwh G|qdplfv/4 Mrxu0

qdo ri Srolwlfdo Hfrqrp|/ O[[[YL +4<:9, 4494044:91

^49` Jklurql/ Idelr/ 3X1V10Hxursh Hfrqrplf Lqwhughshqghqfh dqg Srolf| Wudqv0

plvvlrq14 Ihghudo Uhvhuyh Edqn ri Qhz \run/ plphr +4<<<,1

^4:` Kdpdgd/ Nrlfkl/ Wkh Srolwlfdo Hfrqrp| ri Lqwhuqdwlrqdo Prqhwdu| Lqwhu0

ghshqghqfh +Fdpeulgjh/ PD= PLW Suhvv/ 4<;8,1

^4;` Kdx/ Kdudog/ 3H{fkdqjh Udwh Ghwhuplqdwlrq= Wkh Uroh ri Idfwru Sulfh

Uljlglwlhv dqg Qrqwudgdeohv/4 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ O

+5333,/ 754077;1

^4<` Nlpedoo/ Plohv V1/ 3Wkh Txdqwlwdwlyh Dqdo|wlfv ri wkh Edvlf Qhrprqhwdulvw

Prgho/4 Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ [[YLL +4<<8,/ 45740::1

^53` Nroopdqq/ Urehuw/ 3Wkh H{fkdqjh Udwh lq d G|qdplf0Rswlpl}lqj Fxuuhqw

Dffrxqw Prgho zlwk Qrplqdo Uljlglwlhv= D Txdqwlwdwlyh Lqyhvwljdwlrq/4

Zrunlqj Sdshu/ Lqwhuqdwlrqdo Prqhwdu| Ixqg/ Qr1 <:2:/ 4<<:1

^54` Odqh/ Sklols/ 3Lq dwlrq lq Rshq Hfrqrplhv/4 Mrxuqdo ri Lqwhuqdwlrqdo Hfr0

qrplfv/ [OLL +4<<:, 65:067:1

^55` Odqh/ Sklols/ 3Wkh Qhz Rshq Hfrqrp| Pdfurhfrqrplfv= D Vxuyh|/4 Mrxu0

qdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwkfrplqj +5333,1
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^56` Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr>/ 3H{fkdqjh Udwh G|qdplfv Uh0

gx{/4 Mrxuqdo ri Srolwlfdo Hfrqrp|/ FLLL +4<<8, 95709931

^57` Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr>/ Irxqgdwlrqv ri Lqwhuqdwlrqdo

Pdfurhfrqrplfv +Fdpeulgjh/ PD= PLW Suhvv/ 4<<9,1

^58` Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr>/ 3Ulvn dqg H{fkdqjh Udwhv/4

QEHU Zrunlqj Sdshu Qr199<7/ +4<<;,1

^59` Revwihog/ Pdxulfh/ dqg Nhqqhwk Urjr>/ 3Qhz Gluhfwlrqv iru Vwrfkdvwlf

Rshq Hfrqrp| Prghov/4 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ O +Iheuxdu|

5333,/44:04871

^5:` Urphu/ Gdylg/ 3Rshqqhvv dqg Lq dwlrq= Wkhru| dqg Hylghqfh/4 Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ FYLLL +4<<6,/ ;:30<361

^5;` Urwhpehuj/ Mxolr M1/ dqg Plfkdho Zrrgirug/ 3Dq Rswlpl}dwlrq0Edvhg

Hfrqrphwulf Iudphzrun iru wkh Hydoxdwlrq ri Prqhwdu| Srolf|/4 lq Ehq

V1 Ehuqdqnh dqg Mxolr Urwhpehuj +hgv1,/ QEHU Pdfurhfrqrplf Dqqxdo

4<<:1

^5<` Vwrfnpdq/ Dodq/ 3Wkh Htxloleulxp Dssurdfk wr H{fkdqjh Udwhv/4 Ulfk0

prqg Ihghudo Uhvhuyh Edqn Hfrqrplf Uhylhz O[[LLL +4<;:,/ 450631

^63` Vyhqvvrq/ Oduv H1 R1/ dqg Vzhghu ydq Zlmqehujhq/ 3H{fhvv Fdsdflw|/ Pr0

qrsrolvwlf Frpshwlwlrq/ dqg Lqwhuqdwlrqdo Wudqvplvvlrq ri Prqhwdu| Glv0

wxuedqfhv/4 Hfrqrplf Mrxuqdo/ [FL[ +4<;<,/ :;80;381

^64` Wlooh/ Fìgulf/ 3Ehjjdu Wk| Qhljkeru ru Ehjjdu Wk|vhoiB Wkh Lqfrph H>hfw

ri H{fkdqjh Udwh Ioxfwxdwlrqv/4 Ihghudo Uhvhuyh Edqn ri Qhz \run/ plphr

+4<<<,1

^65` Wlooh/ Fìgulf/ 3Wkh Uroh ri Frqvxpswlrq Vxevwlwxwdelolw| lq wkh Lqwhuqd0

wlrqdo Wudqvplvvlrq ri Vkrfnv/4 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ iruwk0

frplqj +5333,1
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