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Wkh Ulvh ri Hqylurqphqwdolvp/ Srooxwlrq
Wd{hv dqg Lqwud0lqgxvwu| Wudgh

4 Lqwurgxfwlrq

Gxulqj wkh sdvw wkuhh ghfdghv/ sxeolf dzduhqhvv derxw hqylurqphqwdo sure0
ohpv kdv lqfuhdvhg vljql�fdqwo| lq prvw lqgxvwuldol}hg frxqwulhv1 Wklv lv
looxvwudwhg e| d vwurqj xszdugv wuhqg lq wkh shufhqwdjh ri flwl}hqv zkr/ df0
fruglqj wr wkh Hxuredurphwhu vxuyh|/ eholhyh wkdw hqylurqphqwdo lvvxhv duh
�yhu| lpsruwdqw�1 Lq 4<:7 rqo| 75 shu fhqw vkduhg wkdw ylhz> e| 4<<9/ wkh
shufhqwdjh kdg lqfuhdvhg wr ryhu ;3 shu fhqw dqg lw kdv vwd|hg dw wkdw ohyho
vlqfh wkhq14 D vlplodu wuhqg lv grfxphqwhg e| Gxqods dqg Vfdufh +4<<4,
iru wkh XV1 Lq dgglwlrq/ wkh qxpehu ri rujdql}hg hqylurqphqwdolvwv kdv lq0
fuhdvhg dqg dw ohdvw irxuwhhq qhz lqwhuqdwlrqdo hqylurqphqwdo oree| jurxsv
zhuh irxqghg gxulqj wkh vdph shulrg +vhh Iulmri Qdqvhq Lqvwlwxwh/ 4<<7,1
Wkh xs0vsulqj ri juhhq srolwlfdo sduwlhv dqg wkh dgdswdwlrq ri hqylurqphqwdo
srolf| lq wkh srolf| sodwirupv ri prvw wudglwlrqdo srolwlfdo sduwlhv dovr srlqw
lq wkh gluhfwlrq ri d ulvh ri hqylurqphqwdolvp1

Wkh sxusrvh ri wklv sdshu lv wr ghyhors d srolwlfdo hfrqrp| prgho ri
hqylurqphqwdo srolf| +d srooxwlrq wd{, wr dqdo|}h olqnv ehwzhhq d ulvh ri
hqylurqphqwdolvp/ lqwhuqdwlrqdo wudgh dqg wudqvqdwlrqdo srooxwlrq1 Hqylurq0
phqwdolvp reylrxvo| kdv pdq| idfhwv1 Zh irfxv rq rqh sduwlfxodu dvshfw= wkh
lqfuhdvh lq wkh phpehuvkls ri juhhq oree| jurxsv1 Wkh pdlq frqwulexwlrq ri
wkh sdshu lv wr lghqwli| � zlwklq wkh fodvv ri uhflsurfdo h{whuqdolw| sureohpv
� wkh flufxpvwdqfhv xqghu zklfk d ulvh ri hqylurqphqwdolvp ohdgv wr vwulfwhu
hqylurqphqwdo srolf| dqg ohvv srooxwlrq dqg wr srlqw rxw wkdw hqylurqphqwdo
oree|lqj lv qrw d jxdudqwhh iru kljk hqylurqphqwdo vwdqgdugv1 Lq sduwlfxodu/
lw lv vkrzq wkdw wkh lpsdfw ri hqylurqphqwdolvp rq srooxwlrq ghshqgv rq l,
wkh h{whqw wr zklfk srooxwlrq lv lqwhuqdwlrqdoo| preloh dqg ll, wkh h{whqw wr
zklfk hqylurqphqwdolvwv fduh derxw srooxwlrq lq rwkhu frxqwulhv1 Lq vlwxdwlrqv
zkhuh srooxwlrq lv lppreloh dqg hqylurqphqwdolvwv fduh d orw derxw srooxwlrq
lq rwkhu frxqwulhv/ d ulvh ri hqylurqphqwdolvp fdq eh hqylurqphqwdoo| kdupixo
dqg ohdg wr pruh/ udwkhu wkdq wr ohvv/ wrwdo srooxwlrq1

4Vhh Hxurvwdw +4<:7> 4<<9 dqg 5336,1
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Zh ghyhors wkh dujxphqw zlwklq wkh frqwh{w ri dq lqwhuqdwlrqdo wudgh
prgho zlwk lpshuihfw frpshwlwlrq lq surgxfw pdunhwv dv lq Eudqghu +4<;4,1
Zh zdqw wr fdswxuh wkh qrwlrq wkdw hqylurqphqwdo srolf| uh hfwv d wudgh0
r� ehwzhhq surgxfhu dqg hqylurqphqwdo lqwhuhvwv dqg dgrsw wkh frpprq
djhqf| prgho slrqhhuhg e| Ehuqkhlp dqg Zklqvwrq +4<;9, dqg Jurvvpdq
dqg Khospdq +4<<7,1 Wkh nh| dvvxpswlrq ri wkh dqdo|vlv uhodwhv/ krzhyhu/
wr wkh vshfl�fdwlrq ri wkh suhihuhqfhv ri wkh hqylurqphqwdolvwv1 Zh dvvxph
wkdw hqylurqphqwdolvwv duh frqfhuqhg zlwk srooxwlrq qrw rqo| lq wkh sduwlf0
xodu frxqwu| lq zklfk wkh| olyh/ exw dovr lq rwkhu frxqwulhv1 Wkh frqfhuq
iru srooxwlrq dw krph fdq eh prwlydwhg e| wkh hqylurqphqwdo gdpdjh df0
wxdoo| lq lfwhg xsrq wkhp e| srooxwlrq1 Wkh frqfhuq iru srooxwlrq lq rwkhu
frxqwulhv lv zkdw vhwv hqylurqphqwdolvwv dsduw iurp rwkhu flwl}hqv1 Wkhuh lv
dpsoh dqhfgrwdo hylghqfh wr prwlydwh wklv dvvxpswlrq1 Rqh h{dpsoh lv wkh
Wxqd0Grosklq sureohp lq wkh Hdvwhuq Wurslfdo Sdfl�f Rfhdq/ zkhuh sulpdu0
lo| Dphulfdq hqylurqphqwdolvwv iru ghfdghv kdyh dujxhg lq idyru ri d edq rq
nloolqj Grosklqv +vhh Nruehu/ 4<<;,1 D uhodwhg h{dpsoh lv wkh dwwlwxgh ri
Juhhqshdfh wr wkh vodxjkwhu ri hqgdqjhuhg vhd pdppdov hovhzkhuh lq wkh
zruog1 \hw dqrwkhu h{dpsoh lv wkh frqfhuq h{suhvvhg e| pdq| hqylurqphq0
wdolvwv derxw ghiruhvwlqj ri wurslfdo udlq iruhvw +vhh Zdsqhu/ 4<<8, ru derxw
iruhvw ghdwk lq Hxursh dqg Qruwk Dphulfd +vhh Qhzehu|/ 4<<3,1

Wkh sdshu lv uhodwhg wr d qxpehu ri eudqfkhv ri wkh olwhudwxuh rq wkh hqyl0
urqphqw dqg wudgh1 Iluvw/ dv srlqwhg rxw e| Frshodqg dqg Wd|oru +4<<7, dqg
Dqwzhlohu hw do1 +5334,/ wkh lqfrph jdlqv dvvrfldwhg zlwk wudgh olehudol}d0
wlrq fdq ohdg wr d srolwlfdo ghpdqg iru wrxjkhu hqylurqphqwdo srolf| wkhuhe|
frxqwhudfwlqj wkh vfdoh h�hfw +pruh rxwsxw dqg srooxwlrq ehlqj surgxfhg,
dqg wkh frpsrvlwlrq h�hfw +h{sdqvlrq ri srooxwlqj vhfwruv, dvvrfldwhg zlwk
wudgh olehudol}dwlrq dqg srvvleo| uhgxfh srooxwlrq ohyhov1 Erpphu +4<<9,
pdnhv d uhodwhg srlqw lq klv vwxg| ri wudgh olehudol}dwlrq lq wkh Hxurshdq
Xqlrq1 Kh vkrzv wkdw hqylurqphqwdo dqg wudgh srolf| duh vxevwlwxwlqj wrrov
iru uhglvwulexwlrq dqg wkdw wudgh olehudol}dwlrq wkhuhiruh fdq ohdg wr vwulfwhu
hqylurqphqwdo srolf|1 Rxu prgho frpsohphqwv wkhvh vwxglhv e| irfxvlqj rq
hqylurqphqwdolvp dv wkh gulylqj irufh ehklqg hqgrjhqrxv fkdqjhv lq hqyl0
urqphqwdo srolf|1

Vhfrqg/ vlqfh fkdqjhv lq wudgh sdwwhuqv kdyh hqylurqphqwdo frqvhtxhqfhv/
hqylurqphqwdolvwv kdyh dq lqwhuhvw lq wudgh srolf|1 Kloopdq dqg Xuvsuxqj
+4<<5, vkrz wkdw wkh vwdnh ri hqylurqphqwdolvwv lq wudgh srolf| ghshqgv rq
wkhlu frqfhuq iru srooxwlrq lq rwkhu frxqwulhv1 Rxu prgho frpsohphqwv wklv
vwxg| e| irfxvlqj rq wkh ihhgedfn iurp fkdqjhv lq wudgh dqg hplvvlrq sdw0
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whuqv wr hqgrjhqrxv hqylurqphqwdo srolf| iru jlyhq wudgh srolf|1
Wklug/ wkh sdshu lv uhodwhg wr d uhfhqw olwhudwxuh rq wkh srolwlfdo hfrqrp|

ri hqylurqphqwdo srolf| dqg wudgh1 Frqfrql +5335> 5336, vwxglhv wkh lpsdfw
ri juhhq oree|lqj rq srooxwlrq wd{hv xqghu gl�huhqw wudgh uhjlphv lq d prgho
zlwk shuihfw frpshwlwlrq lq doo pdunhwv1 Vkh �qgv wkdw juhhq oree|lqj fdq
ohdg wr d orzhu srooxwlrq wd{ xqghu iuhh wudgh dqg xqlodwhudo hqylurqphqwdo
srolf| lq vlwxdwlrqv zkhuh srooxwlrq lv lqwhuqdwlrqdoo| preloh1 Lq frqwudvw/
zh irfxv rq dq hfrqrplf hqylurqphqw zlwk lpshuihfw frpshwlwlrq dqg �qg
wkdw dq lqfuhdvh lq wkh srolwlfdo lq xhqfh ri juhhq oree| jurxsv fdq ohdg
wr orzhu srooxwlrq wd{hv zkhq srooxwlrq lv lppreloh dqg hqylurqphqwdolvwv
fduh vx!flhqwo| derxw srooxwlrq deurdg1 Wkh gl�huhqfh lq uhvxowv ghulyh
iurp wkh vshfl�fdwlrq ri wkh remhfwlyh ixqfwlrq ri wkh juhhq oree|1 Frqfrql
+5336, dvvxphv wkdw hqylurqphqwdolvwv fduh derxw d olqhdu frpelqdwlrq ri
grphvwlf dqg iruhljq srooxwlrq1 Wklv grhv qrw doorz iru d glvwlqfwlrq ehwzhhq
lqwhuqdwlrqdo prelolw| ri srooxwlrq dqg wkh frqfhuq ri wkh hqylurqphqwdolvwv
iru srooxwlrq deurdg uhodwlyh wr srooxwlrq dw krph1 Rxu vshfl�fdwlrq doorzv
iru wklv dqg kljkoljkwv wkdw lw lv qrw wkh srooxwlrq ohdndjh dv vxfk/ exw wkh idfw
wkdw hqylurqphqwdolvwv fduh derxw srooxwlrq lq rwkhu frxqwulhv wkdw fdq fdxvh
d vlpxowdqhrxv ulvh lq hqylurqphqwdolvp dqg d uhgxfwlrq lq wkh srooxwlrq
wd{1 Vfkohlfk dqg Rughq +5333, vwxg| wkh olqn ehwzhhq srooxwlrq dqg wudgh
surwhfwlrq lq d odujh0frxqwu| prgho zlwk shuihfw frpshwlwlrq1 Wkh| vkrz
wkdw lqh!flhqw srolflhv +vxfk dv wdul�v, fdq ohdg wr orzhu srooxwlrq wkdq
pruh h!flhqw srolflhv +vxfk dv surgxfwlrq ru frqvxpswlrq wd{hv,1 Lqvridu dv
hqylurqphqwdolvwv idyru lqvwuxphqwv wkdw wdujhw srooxwlrq +h1j1/ d surgxfwlrq
wd{,/ wklv frxog ohdg wr hqylurqphqwdoo| frxqwhu0surgxfwlyh h�hfwv vlplodu wr
wkrvh glvfxvvhg lq wklv sdshu1

Wkh uhvw ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq vhfwlrq 5/ zh suhvhqw
wkh hfrqrplf prgho1 Lq vhfwlrq 6/ zh suhvhqw wkh srolwlfdo prgho dqg ghulyh
wkh srolf| suhihuhqfhv ri wkh oree| jurxsv1 Lq vhfwlrq 7/ zh fkdudfwhul}h
hqylurqphqwdo srolf| lq srolwlfdo htxloleulxp dqg ghulyh wkh lpsolfdwlrqv ri
d ulvh ri hqylurqphqwdolvp1 Lq vhfwlrq 8/ zh glvfxvv dowhuqdwlyh h{whuqdolw|
sureohpv1 Ilqdoo|/ lq vhfwlrq 9/ zh frqfoxgh1
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5 Wkh Hfrqrplf Prgho

Wkh prgho kdv wzr frxqwulhv/ lqgh{hg � ' �c�1 Hdfk frxqwu| kdv wkuhh
w|shv ri flwl}hqv= frqvxphuv +F,/ hqylurqphqwdolvwv +H, dqg fdslwdolvwv +S,1
Wkh vl}h ri wkh srsxodwlrq lq hdfk frxqwu| lv qrupdol}hg wr rqh1 Doo flwl}hqv
kdyh wkh vdph suhihuhqfhv zlwk uhvshfw wr jrrgv dqg hqylurqphqwdo txdolw|
dw krph/ exw gl�hu zlwk uhvshfw wr vrxufh ri lqfrph dqg lq wkhlu frqfhuq iru
srooxwlrq deurdg1 Wkh edvholqh xwlolw| ixqfwlrq lv=

L� ' ��E�
�
%� n ��

+ � q�
.2

�

2
c +4,

zkhuh ��
% lv frqvxpswlrq ri jrrg % dqg ��

+ lv frqvxpswlrq ri d qxphudluh

jrrg +1 Zh dvvxph wkdw ��� : fc ���� 	 f dqg q� : f1 Wkh whup q�
.2

�

2

uhsuhvhqwv hqylurqphqwdo gdpdjh lq lfwhg xsrq d uhsuhvhqwdwlyh flwl}hq ri
frxqwu| �1 Lw lv lqfuhdvlqj lq wkh dprxqw ri srooxwlrq ghsrvlwhg zlwklq wkh
erughuv ri wkh uhohydqw frxqwu|/ .�/ dw dq lqfuhdvlqj udwh1 Qrwlfh wkdw doo
flwl}hqv vx�hu iurp ghjhqhudwlrq ri wkh sk|vlfdo hqylurqphqw lq wkh frxqwu|
zkhuh wkh| olyh1 Lq dgglwlrq/ hqylurqphqwdolvwv duh frqfhuqhg derxw sroox0
wlrq lq iruhljq frxqwulhv15 Wklv h{whqghg hqylurqphqwdo frqfhuq lpsolhv wkdw
hqylurqphqwdolvwv fduh derxw wkh lpsdfw ri grphvwlf hqylurqphqwdo srolf|
rq srooxwlrq lq wkh qhljkerulqj frxqwu|1 Iru h{dpsoh/ hqylurqphqwdolvwv lq
Eulwdlq pd| eh frqfhuqhg zlwk dflgl�fdwlrq ri odnhv dqg vrlo/ iruhvw ghdwk
dqg rwkhu frqvhtxhqfhv ri 7�2 hplvvlrq/ qrw rqo| lq Eulwdlq exw dovr lq/
iru h{dpsoh/ Vfdqglqdyld1 Wr fdswxuh wklv lghd/ zh dvvxph wkdw wkh xwlolw|
ixqfwlrq ri d uhsuhvhqwdwlyh hqylurqphqwdolvw lv=

L.
� ' L� � B�

.2

3�

2
c B� : fc +5,

zkhuh B�
.2

3�

2
uhsuhvhqwv wkh glvxwlolw| lqfxuuhg e| qrq0uhvlghqw hqylurqphq0

wdolvwv dv d frqvhtxhqfhv ri wkh ghsrvlwlrq ri srooxwlrq lq wkh qhljkerulqj
frxqwu|1 Zh vwuhvv wkdw hqylurqphqwdolvwv fduh derxw wkh srooxwlrq ri wkh hq0
ylurqphqw lq wkh rwkhu frxqwu|/ udwkhu wkdq derxw wkh gdpdjh h{shulhqfhg
e| wkh uhvlghqwv ri wkdw frxqwu|1

Frqvxphuv/ hqylurqphqwdolvwv dqg fdslwdolvwv kdyh wzr frpprq vrxufhv
ri lqfrph1 Iluvw/ wkh| uhfhlyh zdjh lqfrph/ ��/ iurp lqhodvwlf vxsso| ri

5
Wklv srvvlelolw| kdv ehhq qrwhg e| Krhnpdq dqg Ohlg| +4<<5, dqg Kloopdq dqg Xu0

vsuxqj +4<<5, zkr h{soruh vrph ri wkh lpsolfdwlrqv1
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+rqh xqlw ri, oderu1 Vhfrqg/ wkh| uhfhlyh d oxps vxp wudqvihu/ -�E��1 Wkh
wudqvihu lv �qdqfhg e| wkh uhyhqxh iurp wkh srooxwlrq wd{ +|�, ohylhg rq wkh
�up orfdwhg zlwklq wkh uhohydqw mxulvglfwlrq1 Lq dgglwlrq wr wklv/ fdslwdolvwv
kdyh d wklug vrxufh ri lqfrph1 Wkh| hduq lqfrph iurp wkh vkduhv wkh| krog
lq wkh grphvwlf �up1 Iurp xwlolw| pd{lpl}dwlrq vxemhfw wr jlyhq lqfrph/
U ��/ zh ghulyh wkh +djjuhjdwhg, ghpdqg ixqfwlrq iru jrrg % dv _�% ER��/ zkhuh
R� lv wkh uhodwlyh grphvwlf sulfh ri %1

6 Lqyhuvh ghpdqg lv R� ' R� E�
�
%� zlwk

R�� 	 f1 Frqvxphu*v vxusoxv iurp frqvxpswlrq ri jrrg % lv �7� ER�� '
�� E_

�
% ER���� R�_

�
% ER��1 Dffruglqjo|/ wkh +ghulyhg, lqgluhfw xwlolw| ixqfwlrq ri

d uhsuhvhqwdwlyh phpehu ri jurxs � ' �c� dqg . lv

��� ' U �� n �7� ER��� q�
.2

�

2
� �B�

.2

3�

2
c +6,

zkhuh � lv dq lqglfdwru yduldeoh htxdo wr rqh li � ' . dqg }hur rwkhuzlvh1
Frqvxphu*v vxusoxv lv ghfuhdvlqj lq wkh grphvwlf sulfh ri jrrg %1

Wkh wzr jrrgv/ % dqg +/ duh surgxfhg lq erwk frxqwulhv dqg duh lqwhuqd0
wlrqdoo| wudghg1 Zkloh wkhuh duh qr wudqvsruwdwlrq frvwv ru rwkhu eduulhuv wr
wudgh/ zh dvvxph wkdw wkh frvw ri uhorfdwlqj �upv lv surklelwlyh1 Wkh +0jrrg
lv surgxfhg lq d shuihfwo| frpshwlwlyh vhfwru zlwk d frqvwdqw uhwxuqv wr vfdoh
whfkqrorj| dqg oderu dv wkh rqo| lqsxw1 Qrupdol}lqj wkh lqwhuqdwlrqdo sulfh
ri + wr �/ wklv lpsolhv wkdw wkh zdjh udwh lv � lq erwk vhfwruv dv oderu lv
dvvxphg wr eh preloh grphvwlfdoo|1 Wkh %0jrrg lv surgxfhg xqghu frqgl0
wlrqv ri lpshuihfw frpshwlwlrq dqg hdfk frxqwu| kdv rqh �up wkdw surgxfhv
wkh jrrg17 Ilup � surgxfhv %� ' %�� n %��/ zkhuh %�� lv vxssolhg wr wkh
grphvwlf pdunhw dqg %�� lv h{sruwhg wr wkh iruhljq pdunhw18 Olnhzlvh/ �up
� surgxfhv %� ' %�� n%��1 Wkh surgxfwlrq whfkqrorj| lv ,%� ' S�%�/ zkhuh
S� lv wkh oderu uhtxluhphqw shu xqlw ri rxwsxw1 Vlqfh wkh zdjh udwh lv �/ zh
fdq zulwh wkh frvw ixqfwlrq dv ��E%�� ' �,%� ' S�%�1 Wkh wzr �upv frqvlghu

6Ohw Lm ghqrwh wkh qdwlrqdo lqfrph ri frxqwu| m1 Wkhq wkh ghpdqg iru wkh qxphudluh

jrrg lv Lm�g
m
{ +sm,1 Zh dvvxph wklv lv srvlwlyh iru doo uhohydqw sm 1 Qrwlfh wkdw hqylurqphqwdo

gdpdjh lv wdnhq dv jlyhq zkhq wkh frqvxpswlrq fkrlfh lv pdgh dqg wkdw lqglylgxdo ghpdqg

lv htxdo wr djjuhjdwh ghpdqg ehfdxvh ri wkh qrupdol}dwlrq ri wkh vl}h ri wkh srsxodwlrq

wr rqh1
7Vhh Eduuhww +4<<7,/ Xosk +4<<:, dqg Udxvfkhu +4<<:, iru dssolfdwlrqv ri wudgh prghov

zlwk lpshuihfwo| frpshwlwlyh pdunhwv wr lqwhuqdwlrqdo hqylurqphqwdo sureohpv1
8Wkh �uvw lqgh{ uhihuv wr wkh vrxufh dqg wkh vhfrqg lqgh{ uhihuv wr wkh ghvwlqdwlrq1

9



wkh wzr pdunhwv dv vhjphqwhg1 Khqfh/ wkh htxloleulxp frqglwlrq dw pdunhw
� lv= ��

% ' %�� n %��c � ' �c�1
Surgxfwlrq ri % +exw qrw +, srooxwhv wkh hqylurqphqw1 Zh dvvxph wkdw

hplvvlrq/ e�/ iurp �up � lv sursruwlrqdo wr wkh ohyho ri surgxfwlrq1 Lq sdu0
wlfxodu/9

e� ' %�c � ' �c�� +7,

Srooxwlrq lv wudqvqdwlrqdo1 Ohw k,� eh wkh sursruwlrq ri hplvvlrq iurp �up
, wkdw lv ghsrvlwhg zlwklq wkh erughuv ri frxqwu| �c , ' �c� dqg � ' �c�1
Srooxwlrq ghsrvlwhg lq frxqwu| � fdq wkhq eh gh�qhg dv .� ' k��e�nk��e�/
� ' �c�1 Zh irfxv rq d uhflsurfdo h{whuqdolw| sureohp +vxfk dv 7�2 sro0
oxwlrq dqg dflg udlq,1 Dffruglqjo|/ srooxwlrq lv sduwo| ghsrvlwhg rxwvlgh wkh
vrxufh frxqwu|/ l1h1/ k,� : f iru doo ,c � dqg k�� n k�� ' �c � ' �c�1 Pruh0
ryhu/ wr vlpsoli| wkh dqdo|vlv/ exw zlwkrxw orvv ri hvvhqwldo lqvljkwv/ zh irfxv
rq wkh v|pphwulf fdvh zkhuh k�� ' k�� � k : �

2
1 Zh frqvlghu vrph rwkhu

vshfldo fdvhv lq vhfwlrq 81
Wrwdo sur�w ri �up � lv=

Z� ' R� E%�� n %���%�� n R� E%�� n %��� %�� � +8,

S�%� � |�e�c

zkhuh |� lv wkh srooxwlrq wd{ lpsrvhg e| jryhuqphqw �1 Wkh wzr �upv kdyh
Frxuqrw frqmhfwxuhv1 Zh dvvxph wkdw wkh Qdvk htxloleulxp lq hdfk pdunhw
lv xqltxh dqg vwdeoh1 Wkh sur�w ixqfwlrq ri �up � lv d ixqfwlrq ri wkh wzr
srooxwlrq wd{hv= ZW� ' Z� E|�c |��1 Wkh fkrlfh ri txdqwlwlhv dv wkh vwudwhjlf
yduldeoh lv qrw zlwkrxw orvv ri jhqhudolw|1 Rqo| lq vlwxdwlrqv zkhuh fdsdflw|
frqvwudlqwv duh elqglqj lv lw wuxh wkdw sulfh frpshwlwlrq |lhogv vlplodu uhvxowv
wr wkrvh ghulyhg ehorz1 Lq rwkhu vlwxdwlrqv/ wkh uhvxowv zrxog gl�hu1

9Wklv lv reylrxvo| d juhdw vlpsol�fdwlrq1 Ilupv kdyh gl�huhqw srooxwlrq whfkqrorjlhv

dqg fdq lqyhvw lq dedwhphqw/ zklfk uhgxfhv hplvvlrq shu xqlw ri rxwsxw1 Krzhyhu/ dv orqj

dv srooxwlrq whfkqrorjlhv duh qrw wrr gl�huhqw dqg dedwhphqw dqg surgxfwlrq ghflvlrqv duh

pdgh vlpxowdqhrxvo|/ lqwurgxflqj gl�huhqw xqlw hplvvlrq frh!flhqwv dqg doorzlqj �upv wr

lqyhvw lq dedwhphqw h�ruw gr qrw d�hfw wkh qdwxuh ri rxu uhvxowv1

:



6 Wkh Srolwlfdo Prgho

Zh irfxv rq wkh srolwlfdo hfrqrp| ri srooxwlrq wd{dwlrq lq frxqwu| � dqg
dvvxph wkdw |� lv h{rjhqrxvo| jlyhq1 Zh gr vr ehfdxvh zh duh pdlqo| lqwhu0
hvwhg lq wkh lpsdfw ri hqylurqphqwdolvp rq hqylurqphqwdo srolf| lq d jlyhq
frxqwu|/ udwkhu wkdq wkh lpsolhg vwudwhjlf lqwhudfwlrqv ehwzhhq jryhuqphqwv
lq gl�huhqw frxqwulhv1 Wkhvh fdq/ ri frxuvh/ eh lpsruwdqw exw gh�qlwh dq0
do|wlf uhvxowv fdq rqo| eh ghulyhg e| pdnlqj vwurqj dvvxpswlrqv derxw wkh
ghpdqg vwuxfwxuh ri wkh prgho dqg d ghwdlohg glvfxvvlrq ri wklv lv eh|rqg
wkh vfrsh ri wkh fxuuhqw dqdo|vlv1

Ohw wkh sursruwlrq ri fdslwdolvwv eh ���/ wkh sursruwlrq ri frqvxphuv eh �
�
�

dqg wkh sursruwlrq ri hqylurqphqwdolvwv eh �.�1 Wkh jryhuqphqw lq frxqwu|
� fdq wd{ srooxwlrq hplwwhg e| �up �1 Lq wkh devhqfh ri oree|lqj/ lw fduhv
derxw vrfldo zhoiduh gh�qhg dv=

`� ' �� n Z�E�� n-�E�� n �7�E��� q�
.2

�

2
� �.�B�

.2

�

2
c +9,

zkhuh zh kdyh xvhg wkdw �.� n ��� n ��� ' �/ wkdw hdfk fdslwdolvw kdv sur�w

lqfrph Z�E��

��
�

dqg wkdw -�E�� lv wrwdo wd{ uhyhqxh1 Wkh jryhuqphqw lv zloolqj wr

ghyldwh iurp wkh vrfldo zhoiduh pd{lpl}lqj srolf| li +grphvwlf, oree| jurxsv
r�hu frqwulexwlrqv1: Ohw �&

�E|�� eh wkh frqwulexwlrq iurp oree| jurxs &
zkhq wkh srolf| lv |�1 Wkh sd|r� ixqfwlrq ri wkh jryhuqphqw lv=

�C� ' w�`� E|�� n
[

&

�&
�E|��c +:,

zkhuh w� : f lv wkh uhodwlyh zhljkw jlyhq wr vrfldo zhoiduh1
Wzr oree| jurxsv duh dfwlyh lq frxqwu| �1 Vrph ri wkh hqylurqphqwdolvwv

rujdql}h d juhhq oree| jurxs dqg vrph ri wkh fdslwdolvwv rujdql}h d surgxfhu
oree| jurxs1 Frqvxphuv duh xqdeoh wr ryhufrph wkh iuhh ulghu sureohp dqg
gr qrw rujdql}h d frqvxphu oree| jurxs1; Wkh sursruwlrq ri rujdql}hg hq0

:Zh gr qrw doorz iruhljq oree| jurxsv wr r�hu frqwulexwlrqv1 Lq pdq| frxqwulhv/ lw lv

qrw ohjdo iru iruhljq oree| jurxsv wr gr vr dqg vxfk ixqgv kdyh wr eh fkdqqhoohg wkurxjk

grphvwlf oree| jurxsv1 Lw zrxog eh ri lqwhuhvw wr vwxg| wkh uroh ri iruhljq oree|lqj lq

ixwxuh uhvhdufk1
;Vhh Rovrq +4<98, iru wkh fodvvlfdo glvfxvvlrq ri wkh iuhh ulghu sureohp dvvrfldwhg zlwk

oree|lqj1

;



ylurqphqwdolvwv lv �.
�
� �.

�
dqg wkh sursruwlrq ri rujdql}hg fdslwdolvwv lv

��
�
� ��

�
1

Lq frqwudvw wr Jurvvpdq dqg Khospdq +4<<7, dqg rwkhuv/ zh dvvxph wkdw
wkh wzr oree| jurxsv duh ixqfwlrqdoo| vshfldol}hg1 D oree| jurxs lv ixqfwlrq0
doo| vshfldol}hg li lw dgyrfdwhv rqh sduwlfxodu dvshfw ri dq lvvxh/ glvuhjduglqj
rwkhu glphqvlrqv derxw zklfk wkh phpehuv pljkw fduh1 Wkh prwlydwlrq iru
irfxvlqj rq ixqfwlrqdoo| vshfldol}hg oree| jurxsv lv hpslulfdo1 Zkloh lw lv
srvvleoh wr �qg h{dpsohv ri oree| jurxsv zlwk pxowlsoh jrdov/ wkh vxuyh|
ri oree| jurxsv lq Pduvkdoo +4<<;, fohduo| ghprqvwudwhv wkdw pdq| oree|
jurxsv duh kljko| vshfldol}hg1

Wkh surgxfhu oree| jurxs lv frqfhuqhg zlwk wkh lpsdfw ri |� rq wkh
sur�wv ri wkh grphvwlf �up1 Lwv jurvv sd|r� ixqfwlrq lv=

��
�
'

��
�

��
�

Z� E|�� � +;,

Wkh surgxfhu oree| jurxs dozd|v vxssruwv d ghfuhdvh lq wkh srooxwlrq wd{1<

Wklv uhvxow uh hfwv wkh zhoo0nqrzq sur�w vkliwlqj h�hfw zkhuhe| dq lqfuhdvh
lq |� uhgxfhv wkh frpshwlwlyhqhvv ri �up � dqg vkliwv sur�w dqg surgxfwlrq
deurdg +vhh Eudqghu dqg Vshqfhu/ 4<;8,1

Wkh juhhq oree| jurxs lv frqfhuqhg zlwk srooxwlrq dw krph dqg deurdg1
Lwv jurvv sd|r� ixqfwlrq lv=

�.
�
' �

�

2
�.
�

k
q
�
.2

�
n B�.

2

�

l
� +<,

Wkh srolf| suhihuhqfh ri wkh juhhq oree| jurxs lv ghwhuplqhg e|

Y�.
�

Y|�
' ��.

�
Eq

�
.�

Y.�

Y|�
n B�.�

Y.�

Y|�
� +43,

dqg ghshqgv/ dprqj rwkhu wklqjv/ rq wkh lpsdfw ri |� rq grphvwlf dqg
iruhljq srooxwlrq ohyhov1 Wr vhh krz wkh srooxwlrq wd{ d�hfwv srooxwlrq lq
wkh wzr frxqwulhv/ frqvlghu dq lqfuhdvh lq |�1 Wklv surylghv �up � zlwk dq
lqfhqwlyh wr uhgxfh hplvvlrq +Ye�

Y|�
	 f� dqg/ dv d uhvxow/ surgxfwlrq lv vfdohg

grzq1 Wklv/ lq wxuq/ surylghv �up � zlwk d vwudwhjlf lqfhqwlyh wr h{sdqg
surgxfwlrq1 Dv d frqvhtxhqfh/ �up � hplwv pruh srooxwlrq +Ye�

Y|�
: f,1

Wklv whqgv wr frxqwhudfw wkh lqlwldo uhgxfwlrq ri hplvvlrq iurp �up �1 Wkh
qhw h�hfw ri dq lqfuhdvh lq |� lv/ krzhyhu/ xqdpeljxrxv= wrwdo srooxwlrq/

<D surri lv dydlodeoh xsrq uhtxhvw1

<



. ' e� n e�/ lv uhgxfhg/ l1h1/
Y.
Y|�

	 f143c44 Wkh glvwulexwlrq ri wkh uhgxfwlrq
ri wrwdo srooxwlrq ehwzhhq wkh wzr frxqwulhv ghshqgv rq srooxwlrq prelolw|
dv zhoo dv rq wkh vl}h ri Ye�

Y|�
dqg Ye�

Y|�
=

Y.�

Y|�
' E�� k� #�k�

Ye�
Y|�

c +44,

Y.�

Y|�
' Ek� #�E�� k��

Ye�
Y|�

c +45,

zkhuh #� ' �Ye�
Y|�

*Ye�
Y|�

: � +ehfdxvh Y.
Y|�

	 f,1 Lw lv lpphgldwh wkdw Y.�
Y|�

: f

li dqg rqo| li k 	 �

�n#
�

dqg wkdw Y.�
Y|�

: f li dqg rqo| li k : #
�

�n#
�

zlwk
#
�

�n#
�

: �

2
: �

�n#
�

1 Zh pdnh d glvwlqfwlrq ehwzhhq wzr vfhqdulrv1 Wkh �uvw

vfhqdulr dulvhv zkhq srooxwlrq lv lppreloh +k : #
�

�n#
�

�= srooxwlrq lv prvwo|
ghsrvlwhg zkhuh lw lv hplwwhg1 Lq wklv fdvh/ wkh lqfuhdvh lq hplvvlrq iurp
�up � lv vx!flhqw wr lqfuhdvh wkh dprxqw ri srooxwlrq ghsrvlwhg lq frxqwu|
�/ zkloh wkh uhgxfwlrq lq hplvvlrq iurp �up � lv vx!flhqw wr ghfuhdvh wkh
dprxqw ri srooxwlrq ghsrvlwhg lq frxqwu| �1 Wkh srlqw lv wkdw srooxwlrq fdq
eh lpsruwhg dqg2ru h{sruwhg yld uhdoorfdwlrq ri surgxfwlrq ehwzhhq �upv
lq wkh wzr frxqwulhv1 Vlplodu h�hfwv kdyh suhylrxvo| ehhq glvfxvvhg e|/ iru
h{dpsoh/ Shwklj +4<:9, dqg Udxvfkhu +4<<:,1 Wkh vhfrqg vfhqdulr dulvhv
zkhq srooxwlrq lv preloh +k 5 d�

2
c #

�

�n#
�

o,1 Lq wklv fdvh/ dq lqfuhdvh lq |�
uhgxfhv srooxwlrq ghsrvlwhg lq erwk frxqwulhv1

Wr fkdudfwhul}h wkh srolf| suhihuhqfh ri wkh juhhq oree| jurxs/ lw lv xvhixo
wr gh�qh

gE|�� �
k� #�E�� k�

#�k� E�� k�

.�

.�

c

zkhuh gE�� : f zkhqhyhu k : #
�

�n#
�

1 Jlyhq wklv gh�qlwlrq/ zh jhw

Sursrvlwlrq 4 Ohw k : �

2
1 Wkh juhhq oree| jurxs vxssruwv d uhgxfwlrq lq

|� li dqg rqo| li k : #
�

�n#
�

dqg

q� � gE|��B�� +46,

43Wkh ghwdlov ri wkh fdofxodwlrqv duh dydlodeoh xsrq uhtxhvw1
44Wkh uhvxow lv vlplodu wr wkh uhvxow iurp vwudwhjlf wudgh srolf| wkdw/ xqghu Frxuqrw

Frqmhfwxuhv/ dq h{sruw vxevlg| lqfuhdvhv wkh rxwsxw ri wkh uhflslhqw �up pruh wkdq lw

uhgxfhv wkh rxwsxw ri wkh iruhljq ulydo +vhh Eudqghu dqg Vshqfhu/ 4<;8,1

43



Surri1 Frqglwlrq +46, iroorzv iurp pdqlsxodwlrq ri htxdwlrq +43, xvlqj
htxdwlrqv +44, dqg +45,

Zh vhh wkdw wkh juhhq oree| jurxs pd| vxssruw d uhgxfwlrq lq wkh grphv0
wlf srooxwlrq wd{/ exw rqo| li wzr frqglwlrqv duh vdwlv�hg1 Wkh �uvw frqglwlrq
lv wkdw srooxwlrq lv lppreloh +k : #�

�n#�
,1 Zkhq wklv lv wkh fdvh/ d ghfuhdvh lq

wkh grphvwlf srooxwlrq wd{ lqfuhdvhv srooxwlrq dw krph/ exw uhgxfhv srooxwlrq
lq wkh rwkhu frxqwu|1 Wkh phpehuv ri wkh juhhq oree| jurxs dssuhfldwhv wkh
vhfrqg/ exw qrw wkh �uvw h�hfw/ dqg wkh oree| jurxs idfhv d wudgh0r� ehwzhhq
vxssruwlqj d uhgxfwlrq lq srooxwlrq dw krph dqg deurdg1 Wkh vhfrqg frqgl0
wlrq whoov xv krz wklv wudgh0r� lv uhvroyhg1 Lq sduwlfxodu/ zkhq wkh phpehuv ri
wkh juhhq oree| duh yhu| frqfhuqhg derxw srooxwlrq deurdg � q� � gE|��B�
� wkhq wkh oree| jurxs vxssruwv d uhgxfwlrq lq wkh grphvwlf srooxwlrq wd{ lq
rughu wr lqgxfh d uhgxfwlrq lq srooxwlrq deurdg= wkh phpehuvkls ri wkh oree|
jurxs lv zloolqj wr dffhsw kljkhu srooxwlrq dw krph lq uhwxuq iru orzhu sro0
oxwlrq deurdg1 Zh qrwlfh wkh lpsruwdqfh ri wkh hqylurqphqwdolvwv* h{whqghg
hqylurqphqwdo frqfhuq1 Li wklv frqfhuq lv devhqw +B� ' f,/ wkh juhhq oree|
jurxs vxssruwv dq lqfuhdvh lq |� qr pdwwhu krz odujh ru vpdoo wkh srooxwlrq
ohdndjh lv1

7 Hqylurqphqwdo Srolf| dqg Hqylurqphqwdo0

lvp

Wkh srooxwlrq wd{ lq frxqwu| � lv ghwhuplqhg e| srolwlfdo suhvvxuh iurp wkh
wzr oree| jurxsv1 Iroorzlqj Ehuqkhlp dqg Zklqvwrq +4<;9,/ Jurvvpdq dqg
Khospdq +4<<7, dqg pdq| rwkhuv45/ wkh wzr oree| jurxsv +wkh sulqflsdov,
pryh �uvw dqg vlpxowdqhrxvo| r�hu wkh jryhuqphqw +wkh djhqw, frqwulexwlrq
vfkhgxohv wkdw vshfli| wkh sd|phqw wr eh pdgh wr wkh jryhuqphqw dv d ixqf0
wlrq ri wkh srooxwlrq wd{1 Wdnlqj wkh frqwulexwlrq vfkhgxohv dqg wkh hfrqrplf
ehkdylru ri wkh sulydwh vhfwlrq dv jlyhq/ wkh jryhuqphqw pryhv vhfrqg dqg
lpsohphqwv wkh srolwlfdoo| rswlpdo srooxwlrq wd{1 Diwhu wkh srooxwlrq wd{ kdv
ehhq ohylhg/ wkh sulydwh vhfwru dgmxvwv wr wkh qhz srolf| flufxpvwdqfhv dqg
wkh oree| jurxsv pdnh wkh sd|phqw wr wkh jryhuqphqw dv surplvhg1

D qdwlrqdo srolwlfdo htxloleulxp lv gh�qhg dv d vxejdph shuihfw htxlole0

45Vhh/ iru h{dpsoh/ Iuhgulnvvrq +4<<:,/ Dlgw +4<<;, dqg Vfkohlfk +4<<<,1

44



ulxp ri wklv pxowl0vwdjh jdph146 Dvvxplqj wkdw wkh frqwulexwlrq vfkhgxohv
duh gl�huhqwldeoh/ lw fdq eh vkrzq wkdw wkh srolwlfdoo| rswlpdo wd{ vdwlv�hv
wkh iroorzlqj frqglwlrq=47

w�
Y`�

Y|�
n
��
�

��
�

YZ�
Y|�

� �.
�
Eq�.�

Y.�

Y|�
n B�.�

Y.�

Y|�
� ' fc +47,

zkhuh

Y`�

Y|�
E�� ' w�E

Y�7�
Y|�

n
Y-�

Y|�
n
YZ�
Y|�

� q�.�

Y.�

Y|�
� �.�B�.�

Y.�

Y|�
�� +48,

Iru hdvh ri uhihuhqfh/ zh ghqrwh wkh ohiw kdqg vlgh ri htxdwlrq +47, e| \�E��1

Zh dvvxph wkdw Y\�E��
Y|�

	 f148 Frqglwlrq +47, vkrzv wkdw wkh srolwlfdoo|

rswlpdo srooxwlrq wd{ � ghqrwhg e| |��� � pd{lpl}hv d zhljkhg vxp ri wkh
jurvv zhoiduh ri wkh jryhuqphqw dqg wkh wzr oree| jurxsv1

Lq wkh devhqfh ri oree|lqj/ wkh jryhuqphqw lpsohphqwv wkh srooxwlrq wd{
wkdw pd{lpl}hv vrfldo zhoiduh +jlyhq e| wkh vroxwlrq wr Y`�

Y|�
E�� ' f lq htxdwlrq

+48, dqg ghqrwhg |7�
�
,1 Lq wkh suhvhqfh ri oree|lqj/ wkh srolwlfdoo| rswlpdo

wd{ lv/ lq jhqhudo/ gl�huhqw iurp wkh vrfldoo| rswlpdo rqh1 Wklv lv ehfdxvh wkh
wzr oree| jurxsv duh vxffhvvixo lq ex|lqj frqfhvvlrqv +vhh htxdwlrq +47,,1
Wkh surgxfhu oree| jurxs dozd|v uhzdugv wkh jryhuqphqw iru d uhgxfwlrq lq
wkh srooxwlrq wd{ ehorz |7�� 1 Wkh oree|lqj vwudwhjlf ri wkh juhhq oree| jurxs
lv pruh frpsoh{ +Sursrvlwlrq 4, dqg wzr vlwxdwlrqv fdq dulvh1 Iluvw/ zkhq wkh
juhhq oree| jurxs uhzdugv wkh jryhuqphqw iru dq lqfuhdvh lq wkh srooxwlrq
wd{ deryh |7�

�
+q� : gE|7�

�
�B�,/ wkh lqwhuhvwv ri wkh wzr jurxsv duh slwfkhg

djdlqvw hdfk rwkhu dqg wkh ghyldwlrq iurp wkh vrfldoo| rswlpdo wd{ ghshqgv
rq wkh uhodwlyh srolwlfdo srzhu ri wkh wzr jurxsv1 Li/ iru h{dpsoh/ wkh juhhq
oree| jurxs uhsuhvhqwv rqo| d wlq| iudfwlrq ri hqylurqphqwdolvwv +�.

�
$ f,/

wkhq/ fhwhulv sdulexv/ wkh srolwlfdoo| rswlpdo wd{ lv ehorz wkh vrfldoo| rswlpdo
rqh/ dqg ylfh yhuvd li wkh surgxfhu oree| jurxs uhsuhvhqwv rqo| d wlq| iudfwlrq

46Zh uhihu wr wkh htxloleulxp dv d qdwlrqdo srolwlfdo htxloleulxp ehfdxvh zh wdnh wkh

srooxwlrq wd{ ri wkh rwkhu frxqwu| dv jlyhq1
47Iru ghwdlov rq krz wr vroyh wkh frpprq djhqf| jdph/ vhh Jurvvpdq dqg Khospdq

+4<<7,1
48Wklv dvvxpswlrq lpsolhv wkdw wkh uhohydqw vhfrqg rughu frqglwlrqv duh vdwlv�hg1 D

glvfxvvlrq ri wkh frqglwlrqv xqghu zklfk wklv lv wuxh lv dydlodeoh xsrq uhtxhvw1

45



ri fdslwdolvwv +��� $ f,1 Vhfrqg/ zkhq wkh juhhq oree| jurxs uhzdugv wkh
jryhuqphqw iru d uhgxfwlrq lq wkh srooxwlrq wd{ ehorz |7�� +k : #�

�n#�
dqg

q� � gE|7�� �B�,/ wkh lqwhuhvwv ri wkh wzr oree| jurxsv frlqflgh dqg dq
hqylurqphqwdoo| xqiulhqgo| �frdolwlrq� ri fdslwdolvwv dqg hqylurqphqwdolvwv
hphujhv1 Wkh uhvxow ehlqj d uhgxfwlrq lq wkh srolwlfdoo| rswlpdo srooxwlrq
wd{ ehorz |7�� lqghshqghqwo| ri wkh uhodwlyh srolwlfdo srzhu ri wkh wzr jurxsv1
Wklv kdsshqv zkhq srooxwlrq lv lppreloh dqg hqylurqphqwdolvwv fduh d orw
derxw hqylurqphqwdo gdpdjh lq wkh rwkhu frxqwu|1

Kdylqj fkdudfwhul}hg wkh qdwlrqdo srolwlfdo htxloleulxp/ zh fdq dvn krz
wkh grphvwlf srooxwlrq wd{ lv d�hfwhg e| d ulvh ri hqylurqphqwdolvp1 Zh
uhsuhvhqw wkh ulvh ri hqylurqphqwdolvp e| dq lqfuhdvh lq wkh sursruwlrq ri
rujdql}hg hqylurqphqwdolvwv +_�.� : f,1 Wr ghulyh wkh lpsdfw ri wklv rq |��� /
zh wrwdo gl�huhqwldwh htxdwlrq +47, wr rewdlq
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Dv Y\�
Y|�

	 f/ wkh vljq ri Y\�
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�

ghwhuplqhv wkh lpsdfw rq wkh srooxwlrq wd{1 Zh

�qg wkdw

Y\�

Y�.�
'

�

�.�

Y�.�
Y|�

E|��� �� +4:,

Dv wkh phpehuvkls ri wkh juhhq oree| jurxs h{sdqgv/ wkh jurxs lv zloolqj/ dw
wkh pdujlq/ wr frqwulexwh pruh prqh| wr wkh jryhuqphqw1 Wkh jryhuqphqw
dssuhfldwhv wklv dqg dgmxvwv wkh srooxwlrq wd{ wr sohdvh wkh juhhq oree| jurxs1
Wkh dgmxvwphqw ghshqgv rq wkh oree|lqj vwudwhj| ri wkh juhhq oree| jurxs
dv fkdudfwhul}hg e| Sursrvlwlrq 41 Wkh iroorzlqj uhvxow fdq wkhq eh vwdwhg1

Sursrvlwlrq 5 Vxssrvh wkdw k : #
�

�n#
�

dqg q� � gE|��� �B�1 Wkhq d ulvh

ri hqylurqphqwdolvp lqgxfhv jryhuqphqw � wr orzhu lwv srooxwlrq wd{/ dqg

srooxwlrq lq frxqwu| � dqg lq wkh zruog dv d zkroh lqfuhdvhv1

D ulvh ri hqylurqphqwdolvp fdq kdyh sdudgr{lfdo h�hfwv1 Zkhq srooxwlrq
lv sk|vlfdoo| lppreloh +k : #

�

�n#
�

, dqg hqylurqphqwdolvwv duh vx!flhqwo| frq0

fhuqhg derxw srooxwlrq lq rwkhu frxqwulhv +q� � gE|��� �B�,/ wkh juhhq oree|
jurxs xvhv dgglwlrqdo srolwlfdo lq xhqfh wr uhzdug wkh jryhuqphqw iru d uh0
gxfwlrq lq |�1 Wklv uhgxfhv srooxwlrq lq frxqwu| � exw lqfuhdvhv srooxwlrq lq
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frxqwu| �1 Wkh qhw h�hfw ehlqj dq lqfuhdvh lq zruog0zlgh srooxwlrq1 Lq wklv
vhqvh/ d ulvh ri hqylurqphqwdolvp fdq eh hqylurqphqwdoo| frxqwhu0surgxfwlyh/
dowkrxjk/ ri frxuvh/ wkh frqvhtxhqfhv duh shuihfwo| udwlrqdo iurp wkh srlqw ri
ylhz ri hqylurqphqwdolvwv1 Lw lv fohdu/ krzhyhu/ wkdw wkhvh sdudgr{lfdo uhvxowv
rqo| dulvh xqghu vshfldo flufxpvwdqfhv dqg duh dyrlghg lq vlwxdwlrqv zkhuh
srooxwlrq lv preloh dqg2ru zkhq hqylurqphqwdolvwv fduh olwwoh derxw srooxwlrq
lq rwkhu frxqwulhv1

8 Dowhuqdwlyh H{whuqdolw| Sureohpv

Deryh zh irfxvvhg rq uhflsurfdo hqylurqphqwdo sureohpv1 Zkloh wkh lpsru0
wdqfh ri 7�2 srooxwlrq mxvwl�hv wklv irfxv/ sureohpv dvvrfldwhg zlwk xqlgl0
uhfwlrqdo dqg joredo h{whuqdolwlhv duh dovr lpsruwdqw dqg lw lv ri lqwhuhvw wr
vhh li d ulvh ri hqylurqphqwdolvp fdq khos lqwhuqdol}h wkhvh h{whuqdolwlhv1

814 Xqlgluhfwlrqdo H{whuqdolwlhv

Vrph lpsruwdqw hqylurqphqwdo sureohpv/ lqfoxglqj srooxwlrq ri ulyhu v|v0
whpv/ duh xqlgluhfwlrqdo> wkdw lv/ hplvvlrq iurp xs0vwuhdp frxqwulhv lv gh0
srvlwhg lq grzq0vwuhdp frxqwulhv zlwkrxw dq| +vljql�fdqw, uhyhuvh hplv0
vlrq  rzv1 Ohw frxqwu| � eh orfdwhg xs0vwuhdp iurp frxqwu| �1 Dv0
vxph wkdw doo srooxwlrq lv ghsrvlwhg grzq0vwuhdp/ l1h1/ k�� ' k�� ' f dqg
k�� ' k�� ' �1 Dq lqfuhdvh lq wkh sursruwlrq ri rujdql}hg hqylurqphqwdo0
lvwv lq frxqwu| � lqfuhdvhv |�1 Lw iroorzv wkdw dq lqfuhdvh lq wkh srooxwlrq
wd{ lq frxqwu| � dozd|v uhgxfhv srooxwlrq lq frxqwu| �1 Dffruglqjo|/ hq0
ylurqphqwdo oree|lqj xs0vwuhdp kdv d ehqh�fldo lpsdfw rq wkh hqylurqphqw
grzq0vwuhdp1

815 Joredo H{whuqdolwlhv

D joredo hqylurqphqwdo sureohp dulvhv zkhq wkh hqylurqphqwdo lpsdfw gh0
shqgv rq wkh djjuhjdwh/ zruog0zlgh ohyho ri srooxwlrq1 H{dpsohv lqfoxgh wkh
h�hfw ri hplvvlrq ri FIF jdv rq wkh r}rqh od|hu dqg wkh h�hfw ri hplvvlrq ri
fduerq glr{lgh dqg rwkhu juhhqkrxvh jdvvhv rq joredo zduplqj1 Wkh uhfhqw
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glvfxvvlrq derxw dqg lpsohphqwdwlrq ri ��2 wd{hv lq pdq| Hxurshdq frxq0
wulhv +vhh RHFG/ 4<<;, pdnhv lw sduwlfxoduo| lqwhuhvwlqj wr dqdo|}h krz d ulvh
ri hqylurqphqwdolvp d�hfwv wkh qdwlrqdo srolwlfdo htxloleulxp ri rxu prgho
lq wkh suhvhqfh ri d joredo h{whuqdolw| sureohp1 Zkhq wkh h{whuqdolw| lv
joredo/ hqylurqphqwdolvwv idfh qr frq lfw ri lqwhuhvw= zkdw lv jrrg iru wkh hq0
ylurqphqw dw krph lv dovr +e| gh�qlwlrq, jrrg iru wkh hqylurqphqw deurdg149

Wkhuhiruh/ zkhq d ulvh ri hqylurqphqwdolvp rffxuv/ wkh hqylurqphqwdolvwv/ ru0
jdql}hg ru qrw/ xvh wkhlu dgglwlrqdo srolwlfdo lq xhqfh wr ghpdqg dq lqfuhdvh
lq |� zklfk uhgxfhv zruog0zlgh srooxwlrq1

9 Frqfoxvlrq

Wklv sdshu ghyhorsv d srolwlfdo hfrqrp| prgho ri hqylurqphqwdo srolf| wr
kljkoljkw vrph olqnv ehwzhhq hqylurqphqwdolvp/ lqwhuqdwlrqdo wudgh dqg wudqvqd0
wlrqdo srooxwlrq1 Wkh pdlq frqwulexwlrq ri wkh sdshu lv wr lghqwli| wkh frqgl0
wlrqv xqghu zklfk dq xszdug vkliw lq hqylurqphqwdo dzduhqhvv dqg vxssruw wr
juhhq oree| jurxsv vlplodu wr wkdw revhuyhg lq pdq| lqgxvwuldol}hg frxqwulhv
ryhu wkh sdvw ghfdghv pd| qrw khos lqwhuqdol}h lqwhuqdwlrqdo hqylurqphqwdo
h{whuqdolwlhv yld wkh srolwlfdo pdunhw iru srooxwlrq wd{hv1 Zh �qg wkdw wkh
lpsdfw ri d ulvh ri hqylurqphqwdolvp ghshqgv rq l, wkh h{whqw wr zklfk sro0
oxwlrq lv lqwhuqdwlrqdoo| preloh dqg ll, wkh h{whqw wr zklfk hqylurqphqwdolvwv
fduh derxw srooxwlrq lq rwkhu frxqwulhv1 Dv orqj dv srooxwlrq lv vx!flhqwo|
preloh ru dv orqj dv hqylurqphqwdolvwv duh sulpdulo| frqfhuqhg zlwk srooxwlrq
lq wkhlu rzq frxqwu|/ d ulvh ri hqylurqphqwdolvp uhgxfhv srooxwlrq1 Krzhyhu/
rxu dqdo|vlv vkrzv wkdw wkhuh lv qr jxdudqwhh wkdw d uhgxfwlrq ri srooxwlrq
zloo eh wkh rxwfrph lq vlwxdwlrqv zkhuh srooxwlrq lv lppreloh dqg hqylurq0
phqwdolvwv fduh d orw derxw srooxwlrq lq rwkhu frxqwulhv1

: Uhihuhqfhv

Dlgw/ W1V1 +4<<;, Srolwlfdo lqwhuqdol}dwlrq ri hfrqrplf h{whuqdolwlhv dqg hq0
ylurqphqwdo srolf|1 Mrxuqdo ri Sxeolf Hfrqrplfv 9<= 40491
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Dqwzhlohu/ Z1/ Frshodqg/ E1U1 dqg Wd|oru/ P1V1 +5334, Lv iuhh wudgh jrrg
iru wkh hqylurqphqwB Dphulfdq Hfrqrplf Uhylhz <4+7,= ;::0<3;1

Eduuhww/ V1 +4<<7, Vwudwhjlf hqylurqphqwdo srolf| dqg lqwhuqdwlrqdo wudgh1
Mrxuqdo ri Sxeolf Hfrqrplfv 87= 658066;1

Ehuqkhlp/ E1G1 dqg Zklqvwrq/ P1 +4<;9, Phqx dxfwlrqv/ uhvrxufh door0
fdwlrq dqg hfrqrplf lq xhqfh1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 434= 40641

Erpphu/ U1 +4<<9, Hqylurqphqwdo uhjxodwlrq ri surgxfwlrq surfhvvhv lq
wkh Hxurshdq Xqlrq= D srolwlfdo0hfrqrp| dssurdfk1 Dxvvhqzluwvfkdiw 84=
88<08;51

Eudqghu/ M1D1 +4<;4, Lqwud0lqgxvwu| wudgh lq lghqwlfdo frpprglwlhv1 Mrxu0
qdo ri Lqwhuqdwlrqdo Hfrqrplfv 44= 40471

Eudqghu/ M1D1 dqg Vshqfhu/ E1M1 +4<;8, H{sruw vxevlglhv dqg lqwhuqdwlrqdo
pdunhw vkduh ulydou|1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 4;= ;604331

Frqfrql/ S1 +5335, Juhhq dqg surgxfhu oreelhv= frpshwlwlrq ru dooldqfh1
Lq= Pxuvkhg/ V1P1 +hg1, Lvvxhv lq srvlwlyh srolwlfdo hfrqrp|1 Urxwohgjh
Sxeolvkhuv/ Orqgrq dqg Qhz \run1

Frqfrql/ S1 +5336, Juhhq oreelhv dqg wudqverxqgdu| srooxwlrq lq odujh
rshq hfrqrplhv1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 8<= 6<<07551

Frshodqg/ E1U1 dqg Wd|oru/ P1V1 +4<<7, Qruwk0Vrxwk wudgh dqg wkh hq0
ylurqphqw1 Txduwhuo| Mrxuqdo ri Hfrqrplfv 43<+6,= :880:;:1

Gxqods/ U1H1 dqg Vfdufh U1 +4<<4, Wkh sroov � sroo wuhqgv1 Hqylurqphqwdo
sureohpv dqg surwhfwlrq1 Sxeolf Rslqlrq Txduwhuo| 88= 98409:51

Hxurvwdw +ydulrxv |hduv, Wkh hxuredurphwhu1 Hxurvwdw/ Ox{hperxuj1

Iuhgulnvvrq/ S1 +4<<:, Wkh srolwlfdo hfrqrp| ri srooxwlrq wd{hv lq d vpdoo
rshq hfrqrp|1 Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg Pdqdjhphqw 66=
7708;1

Iulmri Qdqvhq Lqvwlwxwh +4<<7, Juhhq Joreh \hduerrn1 R{irug Xqlyhuvlw|
Suhvv/ R{irug/ XN1
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Jurvvpdq/ J1P1 dqg Khospdq/ H1 +4<<7, Surwhfwlrq iru vdoh1 Dphulfdq
Hfrqrplf Uhylhz ;7= ;660;831

Kloopdq/ D1O1 dqg Xuvsuxqj/ K1 +4<<5, Wkh lq xhqfh ri hqylurqphqwdo
frqfhuqv rq wkh srolwlfdo ghwhuplqdwlrq ri wudgh srolf|1 Lq= Dqghuvrq/ N1
dqg Eodfnkxuvw/ U1 +hgv1, Wkh juhhqlqj ri zruog wudgh lvvxhv1 Kduyhvwhu
Zkhdwvkhdi/ Qhz \run1

Krhnpdq/ E1 dqg Ohlg|/ P1 +4<<5, Hqylurqphqwdo srolf| irupdwlrq lq d
wudglqj hfrqrp|= D sxeolf fkrlfh shuvshfwlyh1 Lq= Dqghuvrq/ N1 dqg Eodfn0
kxuvw/ U1 +hgv1, Wkh juhhqlqj ri zruog wudgh lvvxhv1 Kduyhvwhu Zkhdwvkhdi/
Qhz \run1

Nruehu/ D1 +4<<;, Zk| hyhu|erg| oryhv Iolsshu= Wkh srolwlfdo0hfrqrp|
ri wkh X1V1 grosklq0vdih odzv1 Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp| 47=
7:8083<1

Pduvkdoo/ O1 +4<<;, Hfrqrplf lqvwuxphqwv dqg wkh exvlqhvv xvh ri hqhuj|1
KP Wuhdvxu|/ XN1

Qhzehu|/ G1 +4<<3, Dflg udlq1 Hfrqrplf Srolf| 44= 5<;06781

RHFG +4<<;, Hqylurqphqwdo wd{hv dqg juhhq wd{ uhirupv1 RHFG/ Sdulv/
Iudqfh1

Rovrq/ P1 +4<98, Wkh orjlf ri froohfwlyh dfwlrq1 Kduydug Xqlyhuvlw| Suhvv/
Fdpeulgjh/ PD1

Shwklj/ U1 +4<:9, Srooxwlrq/ zhoiduh dqg hqylurqphqwdo srolf| lq wkh wkh0
ru| ri frpsdudwlyh dgydqwdjh1 Mrxuqdo ri Hqylurqphqwdo Hfrqrplfv dqg
Pdqdjhphqw 5= 493049<1

Udxvfkhu/ P1 +4<<:, Lqwhuqdwlrqdo wudgh/ idfwru pryhphqwv/ dqg wkh hq0
ylurqphqw1 R{irug Xqlyhuvlw| Suhvv/ R{irug/ XN1

Vfkohlfk/ M1 +4<<<, Hqylurqphqwdo txdolw| zlwk hqgrjhqrxv grphvwlf dqg
wudgh srolflhv1 Hxurshdq Mrxuqdo ri Srolwlfdo Hfrqrp| 48= 860:41
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Vfkohlfk/ M1 dqg Rughq G1 +5333, Hqylurqphqwdo txdolw| dqg lqgxvwu| sur0
whfwlrq zlwk qrq0frrshudwlyh yhuvxv frrshudwlyh grphvwlf dqg wudgh srolflhv1
Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv ;= 9;409<:1

Xosk/ D1 +4<<:, Lqwhuqdwlrqdo wudgh dqg wkh hqylurqphqw= d vxuyh| ri
uhfhqw hfrqrplf dqdo|vlv1 Lq= Irophu/ I1 dqg Wlhwhqehuj/ W1 +hgv1, Wkh
lqwhuqdwlrqdo |hduerrn ri hqylurqphqwdo dqg uhvrxufh hfrqrplfv1 Hgzdug
Hojdu/ XN1

Zdsqhu/ S1 +4<<8, Srolwlfv eh|rqg wkh vwdwh= hqylurqphqwdo dfwlylvp dqg
zruog flylf srolwlfv1 Zruog Srolwlfv 7:= 64406731
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