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Krz Jurzwk dqg Orfdwlrq duh Vhqvlwlyh wr Wudqvsruw dqg
Whohfrppxqlfdwlrq Lqiudvwuxfwxuhv=

D Vlpsoh Wkhruhwlfdo Dssurdfk

Suholplqdu| yhuvlrq
Mxqh 5333

Sdshu suhsduhg iru wkh 73 wk Hxurshdq Frqjuhvv ri wkh Hxurshdq Uhjlrqdo
Vflhqfh Dvvrfldwlrq

Edufhorqd

Vwìskdqh Ulrx4

FUHXVHW
Mhdq Prqqhw Xqlyhuvlw|

Vdlqw0Hwlhqqh
Iudqfh

Devwudfw= wklv duwlfoh frphv zlwklq wkh uhfhqw ghyhorsphqwv zklfk dlp dw uhf0
rqflolqj hqgrjhqrxv jurzwk wkhrulhv dqg hfrqrplf jhrjudsk|1 Zh jr edfn wr wkh
prghov zlwk wzr uhjlrqv ri Pduwlq dqg Rwwdyldqr +4<<<, dqg Pduwlq +4<<<, dgglqj
wzr vlpsoh dvvxpswlrqv1 Iluvw zh srvwxodwh wkh h{lvwhqfh ri erwk lqwhu dqg lqwud0
uhjlrqdo nqrzohgjh vslooryhuv lq rughu wr frqyh| d vlwxdwlrq ri whfkqrorjlfdo ghshq0
ghqfh ehwzhhq uhjlrqv1 Vhfrqgo|/ zh frqvlghu wzr w|shv ri lqiudvwuxfwxuhv jhqhudw0
lqj qrq pdunhw lqwhudfwlrqv ehwzhhq uhjlrqv= wudqvsruwv dqg whohfrppxqlfdwlrqv
lqiudvwuxfwxuhv1 Zh vkrz wkdw rqo| d srolf| edvhg rq wkh ghyhorsphqw ri whohfrp0
pxqlfdwlrqv lv deoh wr uhvwruh d vsdwldo htxdolw| ehwzhhq uhjlrqv zkloh jhqhudwlqj
jurzwk ehqh�wv1

4 who= +66,1371::17514<195
id{= +66,1371::17514<183
h0pdlo= vwhskdqh1ulrxCxqly0vw0hwlhqqh1iu
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4 Lqwurgxfwlrq

Wkh Hxurshdq lqwhjudwlrq surfhvv lv erovwhuhg e| sxeolf srolflhv lq ydu0
lrxv �hogv1 Hvshfldoo| uhjlrqdo srolflhv/ e| vwuxfwxudo lqwhuyhqwlrqv frph
xqghu dq dffrpsdqlphqw orjlf fohduo| dlplqj dw surprwlqj d uhjlrqdo frq0
yhujhqfh g|qdplf1 Wkh idfw wkdw rqh wklug ri wkh frppxqlw| exgjhw iru wkh
shulrg iurp 4<<7 wr 4<<< lv ghyrwhg wr wkh vwuxfwxudo srolflhv looxvwudwhv wklv
dffrpsdqlphqw zloo1 Wkhvh srolflhv frqvlvw lq frxqwhudfwlqj wkh xqedodqfhg
uhjlrqdo ghyhorsphqw zklfk lv d zhoo nqrzq vw|ol}hg idfw1 Wkh surgxfwlyh
dfwlylwlhv uhjlrqdo glvwulexwlrq lv vwurqjo| frqfhqwudwhg lq vrph Hxurshdq
uhjlrqv zklfk uhsuhvhqw odujh pdunhwv +Sxjd +4<<;,,1 Wkh vdph vwdwhphqw
fdq eh pdgh frqfhuqlqj wkh glvwulexwlrq ri wkh lqqrydwlrq dfwlylwlhv zlwklq
wkh Hxurshdq uhjlrqv1 Dq RVW +4<<;, uhsruw vkrzv d vsdwldo frqfhqwudwlrq
ri vflhqwlvw dqg whfkqrorjlfdo dfwlylwlhv erwk rq wkh ohyho ri wkh Hxurshdq
Xqlrq dqg lwv phpehu frxqwulhv1 Wklv ihdwxuh vhhpv rq rqh vlgh pruh re0
ylrxv lq wkh pruh ghyhorshg frxqwulhv frqfhuqlqj whfkqrorj| dqg rq wkh
rwkhu vlgh pruh surqrxqfhg wkdw wkh surgxfwlyh jhrjudsk| +Sdfl dqg Xvdl
+4<<<,,1

Wkh lqwhu0uhjlrqdo lqhtxdolwlhv ehlqj uhjdughg dv d srwhqwldo vorz0grzq
wr wkh frqyhujhqfh/ sxeolf srolflhv dlp �uvw dw uhvwrulqj vsdwldo htxlw|/ d
qhfhvvdu| dqg lqwhuphgldwh vwhs/ lq rughu wr uhdfk wkh sxusrvh ri pdfurhfr0
qrplf h!flhqf|1 Lq dq dqdo|vlv zklfk frxsohv wrjhwkhu wkh qhz wkhrulhv ri
hqgrjhqrxv jurzwk dqg hfrqrplf jhrjudsk|/ Pduwlq +4<<<, +5333, vwuhvvhv
krzhyhu wkh xqfhuwdlqw| derxw wklv nlqg ri hfrqrplf uhdvrqlqj1 Hvshfldoo|/
wkh srolflhv ri wudqvsruw lqiudvwuxfwxuhv dlplqj dw ghyhorslqj h{whuqdo uhod0
wlrqv ri glvdydqwdjhg uhjlrqv fdq jlyh ulvh wr orfdwlrq g|qdplfv rssrvhg wr
wkh rqh lqlwldoo| zdqwhg1 D wudqvsruw frvw ghfuhdvlqj zrxog vhw xs iru wkh
�upv dq lqfhqwlyh wr orfdwh lq uhjlrqv zlwk odujh pdunhwv1 Lq uhwxuqv dqg
ehfdxvh ri orfdol}hg nqrzohgjh vslooryhuv/ dq kljkhu vsdwldo frqfhqwudwlrq
zrxog fuhdwh ehqh�wv iru wkh zkroh hfrqrp|1 Frqvhtxhqwo|/ wudglwlrqdo uh0
jlrqdo srolflhv edvhg rq wkh ghyhorsphqw ri wudqvsruw lqiudvwuxfwxuhv zrxog
eh frqiurqwhg zlwk wkh lqfdsdflw| wr surprwh vlpxowdqhrxvo| d pruh krpr0
jhqhrxv vsdwldo glvwulexwlrq ri dfwlylwlhv dqg jurzwk ehqh�wv1 Lq rwkhu zrug/
pdfurhfrqrplf h!flhqf| zrxog qrw eh d qdwxudo fruroodu| wr vsdwldo htxlw|1

Lq wklv duwlfoh zh whqg wr whvw wkh vwuhqjwk ri wklv frqfoxvlrq lqwurgxflqj
wzr qhz dvvxpswlrqv wr wkh Pduwlq dqg Rwwdyldqr +4<<<, dqg Pduwlq +4<<<,
prghov1

Iluvw/ Pduwlq +4<<<, frqvlghuv wkdw jurzwk lv vlpso| gxh wr lqwud0uhjlrqdo
nqrzohgjh vslooryhuv1 E| orfdol}hg ru lqwud0uhjlrqdo vslooryhuv/ zh phdq wkdw
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zkhq wzr uhjlrqv ghyhors whfkqrorjlfdo nqrzohgjh/ wkh vkduh zklfk lv qrw
dssursuldwhg wr rqh fdq qrw vsuhdg wr wkh rwkhu rqh1 Ghvslwh lw kdv ehhq
uhlqirufhg e| hpslulfdo whvwv +Md�h +4<;<,/ Ihogpdq +4<<7,,/ wklv dvvxpswlrq
xqghuhvwlpdwhv wkh ohdvw vsdwldo ghshqghqfh ri wkh qrq pdunhw lqwhudfwlrqv
lqgxfhg e| wkh surfhvv ri lqwhjudwlrq +Edogzlq dqg Iruvolg +4<<<,,1 Lq rughu
wr wdnh lqwr dffrxqw wkhvh wzr whqghqflhv zklfk gr qrw h{foxgh hdfk rwkhu zh
frqvlghu wkh h{lvwhqfh ri erwk lqwud dqg lqwhu0uhjlrqdo nqrzohgjh vslooryhuv1

Rq wkh rwkhu kdqg zh olqn wkh srvvlelolw| ri nqrzohgjh gl�xvlrq eh0
wzhhq uhjlrqv zlwk wzr phglxpv1 Frqwudu| wr zkdw lv xvxdoo| vwdwhg lq wkh
prghov ri hfrqrplf jhrjudsk| zh vxssrvh wkdw wkh frqglwlrqv ri nqrzohgjh
dqg jrrgv h{fkdqjhv ehwzhhq uhjlrqv erwk ghshqg rq d yduldeoh txdoli|0
lqj wkh txdolw| ohyho ri wudqvsruw lqiudvwuxfwxuhv1 Wrjhwkhu zlwk wklv �uvw
phglxp/ wkh whohfrppxqlfdwlrq lqiudvwuxfwxuhv ru wkrvh uhodwhg wr wkh qhz
whfkqrorjlhv ri lqirupdwlrq dqg frppxqlfdwlrq duh uhjdughg dv li wkh| krog
lqwhu0uhjlrqdo nqrzohgjh vslooryhuv1 Wkhvh odvw |hduv/ ydulrxv surmhfwv dlp0
lqj dw olqnlqj Hxurshdq glvdydqwdgjhg uhjlrqv zlwk qxphulfdo qhwzrunv kdyh
ehhq dssuryhg e| wkh Hxurshdq Vrfldo Ixqg1 Wklv whqgv wr suryh wkdw wkh
Hxurshdq Xqlrq ehfrphv dzduh ri wkh srvvlelolwlhv r�huhg e| wklv nlqg ri
lqiudvwuxfwxuhv erwk rq hgxfdwlrq srolf| dqg nqrzohgjh gl�xvlrq1

Ghvslwh lw fdq surgxfh d fhqwulixjdo irufh yld lwv h�hfwv rq nqrzohgjh
vslooryhuv/ zh vkrz dv Pduwlq +4<<<, wkdw d srolf| ri wudqvsruw lqiudvwuxf0
wxuhv whqgv wr jhqhudwh d jurzwk ehqh�w dw wkh h{shqvh ri d juhdwhu vsdwldo
lqhtxdolw|1 Ixuwkhupruh/ rxu uhvxowv vxjjhvw wkdw rqo| dq lqyhvwphqw srolf|
wxuqhg wrzdugv whohfrppxqlfdwlrqv zrxog khos wr uhvwruh d vsdwldo htxdolw|
dqg lq wkh vdph wlph wr jhqhudwh d kljkhu jurzwk udwh1

Wkh jhqhudo prgho ri Pduwlq hw Rwwdyldqr +4<<<, lv suhvhqwhg lq d �uvw
vhfwlrq1 Lq wkh vhfrqg rqh zh lqwurgxfh wkh dvvxpswlrqv frqfhuqlqj nqrzo0
hgjh vslooryhuv dqg wkhlu phglxpv dqg wkhq wkhlu frqvhtxhqfhv rq wkh jurzwk
udwh ri wkh hfrqrp|1 Wkh wklug dqg odvw vhfwlrq ghdov zlwk wkh rewdlqlqj ri
wkh vwhdg| vwdwh htxloleulxp dqg zlwk wkh ydulrxv h�hfwv wkdw wkh wzr nlqgv
ri lqiudvwuxfwxuhv srolflhv suhylrxvo| ghvfulehg fdq kdyh1
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5 Wkh prgho ri Pduwlq dqg Rwwdyldqr ^4<<<`

514 Wkh jhqhudo iudphzrun

Pduwlq dqg Rwwdyldqr +4<<<, ghyhors d prgho zlwk wzr uhjlrqv fdoohg
d dqg e1 Hdfk uhjlrq lv hqgrzhg zlwk d �{hg dprxqw ri oderu/ O @ O@ @ OK/
zklfk lv dvvxphg wr eh lppreloh ehwzhhq uhjlrqv vr dv wr devwudfw iurp
wkdw sduwlfxodu djjorphudwlrq fkdqqho zklfk lv qrw suhydohqw lq Hxursh1
Oderu fdq eh xvhg wr surgxfh dq krprjhqrxv jrrg \ dqg gl�huhqwldwhg
whfkqrorjlfdo jrrgv zklfk duh djjuhjdwhg lqwr d frpsrvlwh jrrg G1

Ohw*v ghqrwh Q wkh wrwdo qxpehu ri ydulhwlhv dydlodeoh lq wkh hfrqrp|
Wkh prgho ehlqj v|phwulf/ zh frqfhqwudwh rq wkh vshfl�fdwlrq ri uhjlrq
d1 Suhihuhqfhv duh lqvwdqwdqhrxvo| Free0Grxjodv dqg lqwhuwhpsrudoo| FHV
zlwk xqlw hodvwlflw| ri lqwhuwhpsrudo vxevwlwxwlrq=

X @

"]
f

oq
�
G+w,k\ +w,�3k

�
h34|gw> +4,

zkhuh \ lv wkh frqvxpswlrq ri wkh krprjhqrxv jrrg dqg � A 3 lv wkh
udwh ri wlph suhihuhqfh1 � 5 `3> 4^ lv wkh vkduh ri h{shqglwxuh ghyrwhg wr G
zklfk/ iroorzlqj Gl{lw dqg Vwljolw} +4<::,/ frqvlvwv ri d qxpehu ri gl�huhqw
ydulhwlhv=

G+w, @

%
�E|�S
�'�

G�+w,
j3�

j

& j

j3�

> � A 4 +5,

� lv wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq ydulhwlhv dv zhoo dv rzq0sulfh
hodvwlflw| ri ghpdqg iru hdfk ydulhw|1 Dv Jurvvpdq dqg Khospdq +4<<4,/
jurzwk zloo frph iurp dq lqfuhdvh lq wkh ydulhw| ri jrrgv phdvxuhg e| Q 1

Wkh h{shqglwxuhv H@ ri d uhsuhvhqwdwlyh frqvxphu lv jlyhq e|=

H@ @
?@S
�'�

s�G� .
?KS

�'?@n�
�s�G� . s+\ +6,

zkhuh s� lv wkh sulfh ri wkh l�wk ydulhw| dqg q@ lv wkh qxpehu ri ydulhwlhv
surgxfhg lq uhjlrq d/ vxfk wkdw Q @ q@ . qK1

Dv Vdpxhovrq +4<87,/ dqg iuhtxhqwo| lq hfrqrplf jhrjudsk| olwwhudwxuh/
wudqvsruw frvw lv prghohg lq wkh irup ri dq lfhehuj frvw1 � lv pruh wkdq 4
vr wkdw rqo| d iudfwlrq ri wkh jrrg sxufkdvhg lv frqvxphg1
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Lq rughu wr wlh grzq wkh zdjh udwh ri wkh hfrqrp| z/ krprjhqrxv jrrg
lv frvohvvo| wudghg1 Wklv krprjhqrxv jrrg lv surgxfhg xvlqj rqo| oderu zlwk
frqvwdqw uhwxuqv wr vfdoh lq d shuihfwo| frpshwlwlyh vhfwru1 Zlwkrxw orvv ri
jhqhudolw|/ wkh lqsxw uhtxluhphqw lv vhw wr 41 Iru frqyhqlhqfh/ wkh ghpdqg
ri wklv jrrg lq wkh zkroh hfrqrp| lv odujh hqrxjk wkdw lw fdqqrw eh vdwlv�hg
surgxfwlrq lq rqh uhjlrq rqo|1 Wklv k|srwkhvlv hqvxuhv wkdw lq htxloleulxp
wkh krprjhqrxv jrrg zloo eh surgxfhg lq erwk uhjlrqv1 Khqfh/ ehfdxvh ri
iuhh wudgh dqg wkh fkrlfh ri \ dv wkh qxphudluh/ wkh zdjh udwh dqg sulfh ri
\ duh htxdo wr rqh hyhu|zkhuh1

Wkh gl�huhqwldwhg jrrgv duh surgxfhg lq d prqrsrolvwlfdoo| frpshwlwlyh
vhfwru1 Hdfk ydulhw| lv surgxfhg zlwk lqfuhdvlqj uhwxuqv wr vfdoh1 Zlwk
frvwohvv gl�huhqwldwlrq wklv hqvxuhv wkdw hdfk �up surgxfhv rqo| lwv rzq
ydulhw|1 Iru wkh surgxfwlrq ri d ydulhw| wr eh srvvleoh/ lwv eoxhsulqw kdv
wr eh lqyhqwhg �uvw1 Frqvhtxhqwo|/ ghyhorsphqw ri d eoxhsulqw uhsuhvhqwv
d �{hg frvw1 Diwhu uhjlvwudwlrq/ d sdwhqw jlyhv dq lq�qlwho| olyhg surshuw|1
Iru frqyhqlhqfh/ zh vxssrvh wkdw uhvhdufk lv shuiruphg e| �upv wkhpvhoyhv
zklfk wkhq xvh wkh lqyhqwlrq wr vwduw surgxfwlrq1 Ixuwkhupruh/ lqqrydwlrq
dqg surgxfwlrq surfhvvhv fdq eh frqgxfwhg lq gl�huhqw uhjlrqv1 Iru h{dpsoh/
�upv duh iuhh wr orfdwh wkh surgxfwlrq surfhvv lq hlwkhu uhjlrq dqg wkhq
uhsdwuldwh wkh sur�wv1 Wkh vxsso| ri rqh xqlw ri hdfk ydulhw| uhtxluhv �
xqlwv ri oderu1 Frqvhtxhqwo|/ rswlpdo sulflqj iru dq| ydulhw| jlyhv surgxfhu
sulfhv=

s@ @ sK @
��

� � 4

Wkh rshudwlqj sur�wv ri d surgxfhu duh uhyhqxhv plqxv wkh oderu frvwv=

�@cK @ s@cK{@cK � �{@cK @
�{@cK

� � 4

zkhuh {@cK lv wkh rxwsxw ru vl}h ri d w|slfdo �up lq htxloleulxp orfdwlqj
lwv surgxfwlrq surfhvv lq uhjlrq d ru e1

Ghpdqg ri d uhsuhvhqwdwlyh frqvxphu lq krprjhqrxv jrrg dqg gl�hu0
hqwldwhg whfkqrorjlfdo jrrgv dqg ghulyhg iurp xwlolw| pd{lplvdwlrq1 Wkh
pd{lplvdwlrq surjudpp ri d uhsuhvhqwdwlyh frqvxphu olylqj lq uhjlrq d lv
jlyhq e|=

Pd{

�
q@G

j3�

j

� . qKG
j3�

j

�

� kj

j3�

\ �3k

v=f H@ � \ @
��

� � 4
G zlwk G @ q@G� . qK�G�

8



Vroylqj wklv surjudpp jlyhv wkh xvxdo iroorzlqj ghpdqgv=

\ @ +4� �,H@ +7,

G@
� @

� � 4

��

�H@

q@ . qK�
+8,

G@
� @

� � 4

��

�H@�3j

q@ . qK�
+9,

zlwk � @ ��3j 5 `3> 4^1 Iroorzlqj Pduwlq dqg Urjhuv +4<<8, dqg Pduwlq
+4<<<,/ � txdol�hv wkh txdolw| ri wudqvsruw lqiudvwuxfwxuhv1 D � ydoxh forvh wr
xqlw| lqglfdwhv d kljk txdolw| ohyho ri wudqvsruw lqiudvwuxfwxuhv1 Dv xvxdoo|
lq hfrqrplf jhrjudsk| olwwhudwxuh/ dq lqfuhdvh lq � lqfuhdvhv ghpdqg ri
gl�huhqwldwhg jrrgv surgxfhg lq uhjlrq e iurp d uhsuhvhqwdwlyh frqvxphu lq
uhjlrq d=

CG@
�

C�
A 3

Ilqdoo|/ wr forvh wkh prgho zh kdyh wr vshfli| wkh lqvwlwxwlrq wkdw jryhuqv
wkh lqwhuwhpsrudo doorfdwlrq ri uhvrxufhv1 Wkhuh h{lvwv d �qdqfldo pdunhw
zkhuh d vdih erqg lv wudghg dqg ehduv dq lqwhuhvw udwh u lq xqlwv ri wkh
qxphudluh1 Wklv pdunhw lv joredo lq wkh vhqvh wkdw lw lv dffhvvleoh e| doo
frqvxphuv/ qr pdwwhu zkhuh wkh| olyh1 E| wklv pdunhw/ �upv �qdqfh wkhlu
lqyhvwphqw lq U)G1 Frqvhtxhqwo|/ wrwdo lqglylgxdo lqfrph lv frpsrvhg ri
wkh zdjh udwh htxdo wr rqh dqg ri wkh uhwxuqv lqyhvwphqw lq lqqrydwlrq1 Ohw*v
ghqrwh K@ dqgKK/ wrwdo lqyhvwphqw lq uhjlrq d dqg e1 Lqyhvwphqw fdsdflwlhv
ehlqj frpsohwo| xvhg iru doo w/ zh kdyh=

K@ .KK @ q@ . qK @ Q

Iru lqqrydwlrq wr kdsshq dw doo/ vrph lqyhvwphqw fdsdflwlhv K@ +3, dqg
KK +3, ru eoxhsulqwv q@ +3, > qK +3, duh dvvxphg wr eh rzqhg e| frqvxphuv
iurp wkh vwduw zlwk dq lqhtxdolw| vxfk wkdw=

K@ +3, A KK +3,

zklfk lpsolhv wkdw=

q@ +3, A qK +3,
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Wklv lqlwldo dv|pphwu| jlyhv ulvh wr pruh lpsruwdqw sxuh uhqwv dqg wrwdo
lqfrph ru h{shqglwxuh lq uhjlrq d1

Dv xvxdoo| lq hqgrjhqrxv jurzwk prghov +vhh Jurvvpdq dqg Khospdq
+4<<4 fkds16,,/ wkh lqwhuwhpsrudo rswlpl}dwlrq e| frqvxphuv lpsolhv wkdw
wkh jurzwk udwh ri lqglylgxdo h{shqglwxuhv/ H@ dqg HK/ lv htxdo wr wkh gli0
ihuhqfh ehwzhhq wkh lqwhuhvw udwh dqg wkh udwh ri wlph suhihuhqfh=

bH@

H@
@

bHK

HK
@ u � �

515 Wkh htxloleulxp orfdwlrq ri surgxfwlrq

Ohw*v ghqrwh � @
q@

Q
5 `3> 4^/ wkh vkduh ri ydulhwlhv ru �upv surgxflqj

lq uhjlrq d1 Frqvhtxhqwo|/ 4 � � uhsuhvhqwv �upv orfdwlqj lq uhjlrq e dqg
wkh ydoxh ri � lqglfdwhv krz surgxfwlrq lv djjorphudwhg lq uhjlrq d1 Wr d
vwhdg| vwdwh ri wkh prgho fruuhvsrqgv dq htxloleulxp zkhuh wkh jhrjudsklfdo
glvwulexwlrq ri �upv � lv wlph lqyduldqw dqg wkhlu wrwdo qxpehu jurzv dw d

frqvwdqw udwh j @
bQ

Q
1

Wkh htxloleulxp frqglwlrq iru wkh orfdwlrq ri �upv surgxfwlrq lv ghulyhg
iurp wkh pdunhw fohdulqj frqglwlrq iru wkh whfkqrorjlfdo vhfwru1 Dffruglqj
wr wklv frqglwlrq/ wkh vxsso| ri hdfk ydulhw| kdv wr eh htxdo wr lwv ghpdqg
iurp frqvxphuv lq erwk uhjlrqv=
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Iru � wr eh frqvwdqw/ �upv pxvw kdyh qr lqfhqwlyh wr uhorfdwh wkhlu
surgxfwlrq1 Iru wklv wr eh wkh fdvh/ �upv pxvw eh lqgl�huhqw ehwzhhq sur0
gxflqj lq uhjlrq d ru e1 Wklv kdsshqv li �@ @ �K ru {@ @ {K1 Ohw*v ghqrwh

� @
H@

H@ .HK
wkh vkduh ri shu0fdslwd h{shqglwxuhv iurp uhjlrq d/ wklv htxl0

oleulxp frqglwlrq lpsolhv wkdw zh fdq vroyh +:, dqg +;, iru �=

� @
� � +4� �, �

+4� �,
+<,
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Wzr w|shv ri htxloleuld duh srvvleoh= fruh0shulskhu| htxloleuld +� @ 3
dqg � @ 4, dqg lqwhulru htxloleud +3 ? � ? 4,1 Zh*oo frqfhqwudwh rqo| rq
wkh vhfrqg w|sh zklfk h{lvwv li dqg rqo| li=

�

4 . �
? � ?

4

4 . �

Frqvhtxhqwo|/ zh*oo vxssrvh wkdw wklv frqglwlrq lv yhul�hg1
Htxdwlrq +<, looxvwudwhv wkh iruzdug olqndjh dw zrun lq wkh prgho lp0

so|lqj wkdw djjorphudwlrq lqfuhdvhv zlwk �1 Ilupv lq wkh lqfuhdvlqj uhwxuqv
vhfwru whqg wr orfdwh lq wkh uhjlrq zklfk kdv wkh kljkhvw ohyho ri shu0fdslwd
h{shqglwxuhv1 Wklv lv wkh wudglwlrqdo krph pdunhw h�hfw1 Wkh orfdwlrq htxl0
oleulxp zloo dovr ghshqg rq txdolw| ri wudqvsruw lqiudvwuxfwxuhv1 � lv dw wkh
ruljlq ri d shfxqldu| h{whuqdolw|= wkh ohyho ri lqwhu0uhjlrqdo lqiudvwuxfwxuhv
lq xhqfhv/ wkurxjk d gluhfw h�hfw/ pdunhw lqwhudfwlrqv dqg orfdwlrq fkrlfhv1
Iru h{dpsoh/ ghpdqgv duh qrw yhu| vhqvlwlyh wr d kljk ohyho ri �1 Frqvh0
txhqwo|/ li rqh uhjlrq uhsuhvhqwv d pruh lpsruwdqw wrwdo ghpdqg wkdq wkh
rwkhuv/ �upv kdyh pruh lqfhqwlyhv wr orfdwh wkhuh1

Lqlwldo gl�huhqfh lq lqyhvwphqw fdsdflw| ehwzhhq uhjlrqv
�
K@ +3, A KK +3,

�
lpsolhv kljkhu ohyho ri lqfrph dqg h{shqglwxuh lq uhjlrq d> vxfk wkdw=

� A
4

5

Lq wklv fdvh/ wkh krph pdunhw h�hfw surgxfhv d uhodwlyh vsdwldo frqfhq0
wudwlrq lq uhjlrq d iru doo w=

� A
4

5

Rswlpdo vl}h ri �upv +{, iru d jlyhq ohyho ri h{shqglwxuhv lv rewdlqhg e|
frpelqlqj +:, dqg +;,=

{ @ �O
� � 4

��

H@ .HK

Q
zlwk { @ {@ @ {K

6 Lqqrydwlrq/ jurzwk dqg vsdwldo nqrzohgjh vslooryhuv

614 Lqwud dqg lqwhu0uhjlrqdo nqrzohgjh vslooryhuv

U)G h�hfw rq jurzwk lv vlplodu wr wkh prgho ri Jurvvpdq dqg Khos0
pdq +4<<4 fkds16,1 Lqqrydwlrq lv prghohg dv d frqvwdqw uhwxuqv wr vfdoh

;



dfwlylw| iru wkh lqglylgxdo �upv exw surgxflqj h{whuqdo lqfuhdvlqj uhwxuqv
wr vfdoh1 U)G surgxfwlylw| ri d qhz �up ghshqgv qhjdwlyho| rq wkh qxp0
ehu ri h{lvwlqj surgxfwlrq sodqwv1 Khqfh/ nqrzohgjh vslooryhuv duh gl�xvhg
iurp surgxfwlrq wr U)G1 Zh lqwurgxfh wzr dvvxpswlrqv frqfhuqlqj vsdwldo
fkdudfwhulvwlfv dqg phglxpv ri nqrzohgjh vslooryhuv1

Vsdwldo glphqvlrq ri whfkqrorjlfdo frpsohphqwdulwlhv

Nqrzohgjh vslooryhuv duh xvxdoo| prghohg dv vwulfwo| lqwud ru lqwhu0uhjlrqdo
skhqrphqrqv +Hqjopdq dqg Zdo} +4<<8,/ Zdo} +4<<9,/ Pduwlq +4<<<,,1 Wkh
k|srwkhvlv ri lqwud0uhjlrqdo vslooryhuv lv olqnhg wr d Pduvkdooldq dssurdfk ri
nqrzohgjh gl�xvlrq1 Dffruglqj wr wklv dssurdfk/ nqrzohgjh lv kljko| orfdo0
l}hg dqg rqo| ehqh�wv wr �upv orfdwhv lq wkh vdph uhjlrqv ru duhdv zkhuh lw
lv lqlwldoo| surgxfhg1 Rq wkh frqwudu|/ lqwhu0uhjlrqdo vslooryhuv lpso| d gl�x0
vlrq iurp d uhjlrq wr dqrwkhu rqh1 Zh srvwxodwh wkh h{lvwhqfh ri erwk lqwhu
dqg lqwud0uhjlrqdo vslooryhuv1 Wklv �uvw dvvxpswlrq lv olqnhg wr wkh lghd wkdw
wkh ohyhov ri djjorphudwlrq dqg jurzwk lq dq hfrqrp| duh vlpxowdqhrxvo|
lq xhqfhg e| whfkqrorjlfdo dfwlylwlhv surshu wr hdfk uhjlrq dqg lqwhqvlw| ri
gl�xvlrq h�hfwv ehwzhhq wkhp1 Lq rughu wr dqdo|}h wklv grxeoh fdxvdolw|/ lw
lv qhfhvvdu| wr uhmhfw wkh vlpsoh k|srwkhvlv ri vwulfwo| lqwhu ru lqwud0uhjlrqdo
vslooryhuv1

Lqwud0uhjlrqdo vslooryhuv duh looxvwudwhg e| Ihogpdq +4<<7, dqg Md�h +4<;<,1
Jhrjudsklfdo sur{lplw| ehwzhhq �upv lqwhqvl�hv qrq pdunhw lqwhudfwlrqv
dqg lqfuhdvhv erwk vslooryhuv dqg U)G surgxfwlylw| lq d jhrjudsklfdo duhd
+Oxfdv +4<;<,,1 Zh*oo vxssrvh d ixoo devruswlrq ri lqwud0uhjlrqdo vslooryhuv1

Exw/ lw*v gl!fxow wr dyrlg wkh lpsruwdqfh ri lqwhu0uhjlrqdo whfkqrorjlfdo
uhodwlrqv zlwklq dq hfrqrp|1 Wkhvh nlqgv ri uhodwlrqv duh iuhtxhqwo| jhq0
hudwhg e| whfkqrorjlfdo sur{lplw| frpshqvdwlqj wkh devhqfh ri jhrjudskl0
fdo sur{lplw|1 Iru h{dpsoh/ Frh dqg Khospdq +4<<8,/ Hdwrq dqg Nruwxp
+4<<:, ru Fdedoohur dqg Md�h +4<<6, whqg wr vkrz krz nqrzohgjh vslooryhuv
fdq eh lqwud ru lqwhu0qdwlrqdo skhqrphqrqv1 Wkhvh vw|ol}hg idfwv fdq eh
lqwhusuhwhg dv rqh ri wkh frqvhtxhqfhv ri wkh lqwhjudwlrq surfhvv fuhdwlqj d
odujho| rshq whfkqrorjlfdo hqylurqphqw1 Lqwhjudwlrq surfhvv prgl�hv frq0
glwlrqv ri qrq pdunhw lqwhudfwlrqv dqg frqvlwxwhv qhz lqfhqwlyhv wr ghyhors
lqwhu0uhjlrqdo uhodwlrqv1 Ixuwkhupruh/ li jhrjudsklfdo sur{lplw| fdq eh uh0
jdughg dv wkh sulqflsdo vrxufh ri lqwud0uhjlrqdo vslooryhuv/  rzv ri nqrzohgjh
ehwzhhq uhjlrqv pruh ghshqg rq lqiudvwuxfwxuhv zklfk lpsuryh frppxqlfd0
wlrq ru h{fkdqjh ri lqirupdwlrqv1

Whohfrppxqlfdwlrq dqg wudqvsruw lqiudvwuxfwxuhv= wzr phgl0
xpv ri lqwhu0uhjlrqdo nqrzohgjh vslooryhuv
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Zh frqvlghu wkdw wzr nlqgv ri lqiudvwuxfwxuhv fdq lpsuryh qrq pdu0
nhw lqwhudfwlrqv ehwzhhq �upv orfdwhg lq gl�huhqw uhjlrqv= wudqvsruw dqg
whohfrppxqlfdwlrq lqiudvwuxfwxuhv1

Whohfrppxqlfdwlrq lqiudvwuxfwxuhv ru qhz whfkqrorjlhv ri lqirupdwlrq
dqg frppxqlfdwlrq uhsuhvhqw qhz sdwwhuqv uhodwlrqv lq nqrzohgjh h{fkdqjh
iru zklfk glvwdqfh lv qrw uhdo dq lpshglphqw +Txdk +5333,,/ uhtxlulqj ihz
gluhfw lqwhudfwlrqv1 Frqvhtxhqwo|/ wkrvh lqiudvwuxfwxuhv uhgxfh wkh lpsolflw
ru h{solflw vkliwlqj frvwv1 Zh zloo vxssrvh wkdw rqh sduw ri lqwhu0uhjlrqdo
nqrzohgjh vslooryhuv duh gl�xvhg e| wklv nlqg ri phglxp exw ghshqgv rq lwv
txdolw| ohyho1 Wklv txdolw| ohyho lv phdvxuhg e| � 5 `3> 4^1 D � ydoxh forvh wr
4 lqglfdwhv dq kljk txdolw| ohyho ri whohfrppxqlfdwlrq lqiudvwuxfwxuhv1

Lq hfrqrplf jhrjudsk| prghov/ wudqvsruw lqiudvwuxfwxuhv ru lfhehuj frvw
rqo| lq xhqfh pdunhw lqwhudfwlrqv1 Zh kdyh vkrzq wkh suhvhqfh ri wklv hi0
ihfw lq wkh prgho ri Pduwlq dqg Rwwdyldqr +4<<<,1 Ghshqglqj rq wkh txdolw|
ri wudqvsruw lqiudvwuxfwxuhv/ gl�huhqw htxloleuld orfdwlrq ri surgxfwlrq fdq
eh rewdlqhg1 Exw txdolw| ri wudqvsruw lqiudvwuxfwxuhv kdyh dovr dq lpsdfw
rq lqfhqwlyhv wr fuhdwh uhodwlrqv zlwk rwkhu �upv orfdwhg lq rwkhu uhjlrqv1
Khqfh/ zh dvvxph d srvlwlyh uhodwlrq ri fdxvdolw| ehwzhhq txdolw| ri wudqv0
sruw lqiudvwuxfwxuhv dqg lqwhu0uhjlrqdo vslooryhuv1 E| wklv dvvxpswlrq/ zh
srvwxodwh wkdw dq lqyhvwphqw lq wudqvsruw lqiudvwuxfwxuhv prgl�hv pdunhw
dqg qrq pdunhw lqwhudfwlrqv1 Iru wklv uhdvrq/ nqrzohgjh  rzv ehwzhhq uh0
jlrqv irupdoo| ghshqg rq �1 Zh sursrvh wzr hohphqwv mxvwli|lqj wklv fkrlfh1

Iluvw/ li d wudqvsruw lqiudvwuxfwxuh srolf| vlpxowdqhrxvo| d�hfwv erwk
wudgh dqg nqrzohgjh  rzv/ lw lv qhfhvvdu| wr lqwurgxfh rqh dqg rqo| rqh
yduldeoh lq rughu wr lvrodwh wkh qhw h�hfw ri wklv srolf| rq jurzwk dqg orfdwlrq1

Vhfrqgo|/ gh�qlwlrq ri � vhhpv dgdswhg wr ghvfuleh wkh vsdwldo gl�huhq0
wldwlrq h�hfw rq nqrzohgjh  rzv ehwzhhq �upv1 � @ ��3j lv d sduwlfxodu
irupxodwlrq ri wkh lfhehuj frvw1 Wkh lfhehuj frvw vljql�hv wkdw zkhq dq xqlw

ri jrrg lv wudghg rqo| d vkduh
4

�
lv frqvxphg1 Exw wkh vdph gh�qlwlrq fdq

eh dssolhg iru nqrzohgjh= li hdfk surgxfwlrq sodqw uhsuhvhqwv d srwhqwldo

nqrzohgjh vslooryhu iru U)G dfwlylwlhv/ rqo| d vkduh
4

�
zloo eh uhdoo| h{sorlwhg

zkhq wkh vslooryhu lv lqwhu0uhjlrqdo1 Wkhuhiruh/ zh dvvxph wkdw lqwhu0uhjlrqdo
vslooryhuv duh lq xhqfhg e| lqwhudfwlrqv rssruwxqlwlhv shuplwwhg e| �/ zlwk
3 ? � ? 4/ � A 4 dqg � A 41 Vr nqrzohgjh  rzv duh d ghfuhdvlqj ixqfwlrq
ri � dqg �1 Wkh pruh wkh hodvwlflw| ri vxevwlwxwlrq � lv kljk wkh ohvv lqwhu0
uhjlrqdo nqrzohgjh  rzv duh lpsruwdqw1 E| wklv dvvxpswlrq/ zh srvwxodwh
wkdw wkh ghjuhh ri vxevwlwxwlrq ehwzhhq gl�huhqw nqrzohgjhv dffhqwxdwhv wkh
vsdwldo glvwdqfh h�hfw rq wkh surgxfwlrq ri nqrzohgjh vslooryhuv1
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615 Wkh htxloleulxp orfdwlrq ri lqqrydwlrq dqg jurzwk udwh

Wkh qh{w vwhs lv wr �qg wkh jurzwk lq wkh hfrqrp| dqg krz lqqrydwlrq
dfwlylwlhv duh orfdwhg1

Srwhqwldo nqrzohgjh vslooryhuv zlwklq hdfk uhjlrq ghwhuplqh wkh htxlole0
ulxp orfdwlrq ri lqqrydwlrq1 Lw lv ohvv frvwo| wr hqjdjh lq U)G lq wkh uhjlrq
zlwk dq kljkhu vkduh ri surgxfwlrq sodqwv1 Dv K@ +3, A KK +3,/ sxuh uhqwv
lqgxfhg e| lqyhvwphqw lq lqqrydwlrq duh kljkhu lq uhjlrq d iru doo w1 Wkhuh0
iruh/ uhjlrq d suhvhqwv dq kljkhu ohyho ri lqfrph dqg h{shqglwxuh +� A �

2,
dqg pruh �upv duh orfdwhg lq wklv uhjlrq lq htxloleulxp=

� A
4

5
;w

Pruhryhu dv lqwud0uhjlrqdo vslooryhuv duh shuihfw iru doo � dqg � 5 `3> 4^/
orfdwlrq ri lqqrydwlrq dfwlylwlhv gh�qhv d fruh0shulskhu| htxloleulxp dqg doo
U)G dfwlylwlhv wdnh sodfh lq uhjlrq d1

Wr �qg wkh htxloleulxp jurzwk udwh/ zh pxvw dqdo|}h wkh lqfhqwlyh
wr ghyhors qhz ydulhwlhv dqg �upv dqg vr/ wkh frqglwlrq ri qr0duelwudjh0
rssruwxqlw| ehwzhhq lqyhvwlqj lq U)G dqg eruurzlqj dw wkh vdih udwh u1

Ohw*v ghqrwh y wkh htxloleulxp ydoxh ri d �up htxdov wr wkh glvfrxqwhg
vxp ri ixwxuh sur�wv=

y +w, @

]
"

|

h3oEr3|�
�{ +v,

� � 4
+43,

Wkh frqglwlrq ri qr0duelwudjh0rssruwxqlw|/ lv wkhuhiruh=

by .
�{

� � 4
@ uy +44,

Jlyhq iuhh hqwu| dqg }hur sur�wv lq wkh U)G dfwlylw|/ wkh ydoxh ri d �up
lv htxdo wr wkh pdujlqdo frvw1 Ilupv xvh oderu zlwk d xqlw lqsxw uhtxluhphqw
�



/ zlwk � d �{hg frvw dqg 
 d nqrzohgjh vslooryhuv yduldeoh gh�qhg e|=


 @ q@ . Bnb
2 qK

Dv z @ 4/ pdujlqdo frvw lv wkhuhiruh=

f @
�

q@ . Bnb
2 qK
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Iru frqyhqlhqfh/ zh dvvxph wkdw nqrzohgjh vslooryhuv surgxfhg e| uhjlrq
e dqg ehqh�wlqj wr uhjlrq d ghshqg rq wkh dyhudjh txdolw| ri lqwhu0uhjlrqdo
lqiudvwuxfwxuhv ri whohfrppxqlfdwlrq dqg wudqvsruw1 Dv wkhuh duh pruh �upv
orfdwhg lq uhjlrq d dqg �/ � 5 `3> 4^/ U)G surgxfwlylw| lv pruh lq xhqfhg
e| lqwud0uhjlrqdo vslooryhuv1

Zh fdq gh�qh wkh iroorzlqj htxdolw| lq htxloleulxp=

f @ y @
�

q@ . Bnb
2 qK
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�

Q
�
� . Bnb

2 +4� �,
�

Dw d vwhdg| vwdwh/ � lv frqvwdqw vr wkdw q@/ qK dqg Q jurz dw wkh vdph

frqvwdqw udwh j @
bQ

Q
1 Wkhuhiruh/ f dqg y ghfuhdvh dw wkh vdph udwh=

by

y
@

bf

f
@ �j +45,

Ehfdxvh dovr frqvxphuv h{shqglwxuhv duh frqvwdqw lq vwhdg| vwdwh/ wkh
lqwhuhvw udwh u lv htxdo wr wkh udwh ri wlph suhihuhqfh �1 E| frpelqlqj
htxdwlrq +44, dqg +45,/ wkh qr0duelwudjh0rssruwxqlw| frqglwlrq lv jlyhq e|=

j . � @
�{

� � 4

#
q@ . Bnb

2 qK

�

$
+46,

Frqvlghu qrz wkh pdunhw fohdulqj frqglwlrq iru oderu1 Oderu hpsor|hg
lq U)G +OU, ghshqgv rq jurzwk udwh vr wkdw zh rewdlq=

OU @@
� bQ

Q
�
� . Bnb

2 +4� �,
� @

�j

� . Bnb
2 +4� �,

Zlwk wrwdo ghpdqg lq whfkqrorjlfdo gl�huhqwldwhg jrrgv dqg krprjhqrxv
jrrg/ zh gh�qh oderu pdunhw htxloleulxp=

5O @
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� . Bnb
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+47,

Vxevwlwxwlqj rswlpdo vl}h ri �upv lq +46, dqg zlwk +47,/ lw lv hdv| wr �qg
wkh iroorzlqj jurzwk udwh=
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Ehfdxvh ri wkh orfdol}hg vslooryhuv/ jurzwk lv vhqvlwlyh wr wkh htxloleulxp
orfdwlrq +�,1 Exw frqwudu| wr Pduwlq dqg Rwwdyldqr +4<<<, zkr rqo| wdnh
lqwr dffrxqw lqwud0uhjlrqdo vslooryhuv/ jurzwk odujho| ghshqgv rq orfdwlrq
lq erwk uhjlrqv1 Qhyhuwkhohvv/ �upv orfdwhg lq uhjlrq e ohvv frqwulexwh wr
jurzwk wkdq wkrvh orfdwhg lq d dqg wkhlu lpsdfw lv kljko| vhqvlwlyh wr wkh
txdolw| ri lqiudvwuxfwxuhv phdvxuhg e| � dqg �1

7 Vsdwldo htxloleulxp/ jurzwk dqg uhjlrqdo srol0
flhv

714 Gh�qlwlrq ri wkh vwhdg| vwdwh htxloleulxp

Zh duh qrz uhdg| wr ghwhuplqh wkh vwhdg| vwdwh htxloleulxp1 Wrwdo
h{shqglwxuhv ri frqvxphuv duh frpsrvhg ri zdjh udwh htxdo wr 4 dqg lqlwldo
lqyhvwphqw uhwxuqv lq lqqrydwlrq pxowlsolhg e| wkh udwh ri wlph suhihuhqfh
�1 Lqyhvwphqw uhwxuqv lv wkh htxloleulxp ydoxh ri �upv=

y @
�

�. j

y lv orzhu wkh kljkhu wkh jurzwk udwh j/ vlqfh ixwxuh sur�wv ghfuhdvh
li pruh �upv duh fuhdwhg dqg hqwhu wkh pdunhw +Jurvvpdq dqg Khospdq
+4<<4,,1 Wrwdo h{shqglwxuhv duh wkhuhiruh=

�
H@ .HK

�
O @ 5O.

�Q�

+�. j,
+49,

Dv K@.KK @ Q iru doo w dqg e| vxevwlwxwlqj � e| lwv h{suhvvlrq lq +49,/
zh rewdlq=

H@ .HK @ 5.
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H@ .HK

�
�Q +�. j,

+4:,

Ohw*v ghqrwh k @
K@

Q
/ wkh vkduh ri lqyhvwphqw e| uhjlrq d1 Wklv vkduh lv

frqvwdqw ryhu wlph dv K@>KK> q@ dqg qK jurz dw wkh vdph udwh lq erwk uh0
jlrqv1 Zlwk htxdwlrq +4:, zh rewdlq wkh vkduh ri h{shqglwxuhv dqg lqfrphv
ri frqvxphuv lq uhjlrq d=
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� @ �
2

� +j . �, . �� +5k� 4,

� +j . �,
+4;,

Lqlwldo gl�huhqfh lq lqyhvwphqw ehwzhhq uhjlrqv fuhdwhv kljkhu lqfrphv
dqg h{shqglwxuhv lq uhjlrq d=

� A
4

5
;k A

4

5

Qrwh wkdw htxdwlrq +4;, gh�qhv wkdw lqfrphv dqg h{shqglwxuhv gl�hu0
hqfhv qhjdwlyho| ghshqg rq jurzwk udwh1 Dq kljk jurzwk udwh wkhq zhdnhqv
wkh lqfrph jds/ ehfdxvh fdslwdo lqyhvwhg lq lqqrydwlrq frqvwlwxwhv d odujhu
sduw ri lqfrph lq uhjlrq d wkdq lq uhjlrq e1 Frqvhtxhqwo|/ dq lqfuhdvh ri wkh
lqqrydwlrq udwh/ e| d nlqg ri frpshwlwlrq h�hfw ghwhulrudwlqj fdslwdo uhqwv/
whqgv wr uhgxfh wkh jds ri lqfrph dqg h{shqglwxuh ehfdxvh wkh ohdghu uhjlrq
lv pruh vhqvlwlyh wr d ghfuhdvh ri lqfrph fdslwdo1 Iru wklv uhdvrq/ lqfrphv
dqg h{shqglwxuhv lqhtxdolwlhv duh forvho| olqnhg wr yduldeohv ghwhuplqlqj wkh
jurzwk udwh dqg/ suhflvho|/ txdolw| ri wudqvsruw dqg whohfrppxqlfdwlrq lq0
iudvwuxfwxuhv1 Lqwurgxflqj jurzwk udwh htxdwlrq lq +4;, zh rewdlq=
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Zh fdq qrz gh�qh wkh uhodwlrq ehwzhhq wkh vwhdg| vwdwh htxloleulxp
orfdwlrq dqg erwk lqiudvwuxfwxuhv1

Wkh lq xhqfh ri whohfrppxqlfdwlrq lqiudvwuxfwxuhv lv reylrxv1 Dq kljkhu
ohyho ri frqqhfwlrq jhqhudwhv d uhodwlyho| kljk jurzwk ri zklfk h�hfw rq
fdslwdo lqfrph surgxfhv d zhdn djjorphudwlrq lq uhjlrq d1

Wkh h�hfwv ri wudqvsruw lqiudvwuxfwxuhv duh pruh dpeljxrxv1 Ghshqglqj
rq zkhwkhu txdolw| ri lqiudvwuxfwxuhv jryhuqv pdunhw lqwhudfwlrqv dqg qrq
pdunhw lqwhudfwlrqv/ uhvxowv duh gl�huhqw1 Iru frqyhqlhqfh dqg fodulw| zh
lvrodwh wkhp1

Iluvw/ rqh ri wkh pdlq sxusrvh ri lqwhjudwlrq srolflhv frqvlvwv ri lqwhqvl0
i|lqj sduwlflsdwlrq ri uhjlrqv wr wudgh1 Lq wklv sxusrvh/ lqyhvwphqwv lq wudqv0
sruw lqiudvwuxfwxuhv duh iuhtxhqwo| sulylohjhg1 Qhyhuwkhohvv/ Pduwlq +4<<<,
vkrzv wkdw wklv nlqg ri srolf| fdq srvvleo| fuhdwh d gh0vwdelol}lqj irufh rq
jhrjudsk| dqg hpskdvl}h uhjlrqdo lqhtxdolw| wkurxjk d wudglwlrqdo gluhfw
h�hfw frqvlvwlqj ri d shuwxuedwlrq ri pdunhw lqwhudfwlrqv1

Vhfrqgo|/ dqg mrlqwo| wr wklv �uvw h�hfw/ dq lqfuhdvh lq � surgxfhv d fhq0
wulixjdo irufh1 E| dq lpsuryhphqw ri wudqvsruw lqiudvwuxfwxuhv d sxeolf sro0
lf| vwlpxodwhv qrq pdunhw lqwhudfwlrqv dqg wkhuhiruh/ nqrzohgjh vslooryhuv
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iurp surgxfwlrq sodqwv orfdwhg lq uhjlrq e wr U)G orfdwhg lq uhjlrq d1 Wkh
jurzwk udwh ehlqj kljkhu/ wkh ghfuhdvh lq h{shqglwxuhv glvsdulwlhv +f1i htxd0
wlrq +4;,, zhdnhqv djjorphudwlrq lq uhjlrq d1 Wklv lv dq lqgluhfw h�hfw ri d
srolf| lpsurylqj wudqvsruw lqiudvwuxfwxuhv/ lqyhuvh wr wkh gluhfw h�hfw/ dqg
zklfk lv qrw prghohg lq Pduwlq dqg Rwwdyldqr +4<<<,1 Zh fdq qrz gh�qh
wkh htxloleulxp orfdwlrq ri surgxfwlrq dw wkh vwhdg| vwdwh1 E| vxevwlwxwlqj
wkh htxloleulxp h{shqglwxuhv lq +<,/ zh gh�qh=
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zkhuh � lv vroxwlrq ri wkh iroorzlqj txdgudwlf ixqfwlrq=
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zklfk dgplwv wzr urrwv= rqh lv srvlwlyh/ wkh rwkhu lv qhjdwlyh1 D vwhdg|
vwdwh htxloleulxp fruuhvsrqgv wr wkh srvlwlyh rqh=
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+�2 ? � ? 4, li lqfrph dqg h{shqglwxuh lqhtxdolw| lv qrw wrr kljk dqg �
grhvq*w wdnh h{wuhph ydoxhv1 Wkh htxloleulxp ydoxh ri j dw wkh vwhdg| vwdwh
iroorzv iurp htxdwlrq +48,1

715 Uhjlrqdo srolflhv dqg fkrlfh ehwzhhq vsdwldo htxdolw| dqg
jurzwk

Uhjlrqdo srolflhv fdq eh gh�qhg dv h{rjhqrxv dfwlrq rq hfrqrplf hq0
ylurqphqw1 Li wkh hfrqrplf hqylurqphqw lv lqlwldoo| dw dq htxloleulxp/ dqg
ghshqglqj rq lwv vwdelolw|/ d srolf| pd| vkliw wkh hfrqrp| wrzdugv d qhz
htxloleulxp erwk pruh h!flhqw dqg htxlwdeoh1 Exw dv vkrzq e| Pduwlq
+4<<<,+5333,/ wudqvlwlrq wrzdugv wklv qhz htxloleulxp dqg lwv vxshulrulw|
duh qrw dxwrpdwlfdoo| rewdlqhg1 Lq rwkhu zrug/ Pduwlq +4<<<, vxjjhvwv wkdw
uhjlrqdo srolflhv zrxog rewdlq vrph jurzwk ehqh�wv dqg d ghfuhdvh lq jhr0
judsklfdo glvsdulwlhv zlwk gl!fxowlhv1 Zlwk vwulfwo| lqwud0uhjlrqdo vslooryhuv/
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d ghfuhdvh lq wkh wudqvsruw frvw jhqhudwhv d g|qdplf ri djjorphudwlrq wr0
zdugv wkh ohdghu uhjlrq zklfk/ e| d orzhu frvw ri lqqrydwlrq/ lqfuhdvhv wkh
udwh ri lqwurgxfwlrq ri qhz ydulhwlhv1 Frqvhtxhqwo|/ Pduwlq +4<<<, ghprq0
vwudwhv wkdw rqo| d whfkqrorjlfdo srolf| frqvlvwlqj ri uhgxflqj wkh frvw ri
lqqrydwlrq +) �, zrxog ohdg wr dq kljkhu jurzwk udwh dqg d pruh hyhq
vsdwldo glvwulexwlrq ri hfrqrplf dfwlylwlhv1 E| lqwurgxflqj qhz k|srwkhvlv
frqfhuqlqj nqrzohgjh vslooryhuv dqg wkhluv phglxpv/ zh hvwdeolvk wkh iro0
orzlqj sursrvlwlrq=

Sursrvlwlrq 4 D srolf| frqvlvwlqj ri ghyhorsslqj wudqvsruw lqiudvwuxfwxuhv
ehwzhhq uhjlrqv ohdgv wkh hfrqrp| wrzdug d qhz vwhdg| vwdwh htxloleulxp
zlwk dq kljkhu jurzwk udwh dqg ohvv htxdo vsdwldo glvwulexwlrq ri hfrqrplf
dfwlylwlhv1

Surri=
+l, �uvw/ zh ghprqvwudwh wkdw wkh fhqwulixjdo dqg lqgluhfw h�hfw jhqhu0

dwhg e| dq lqfuhdvh lq � grhvq*w frpshqvdwh wkh fhqwulshwdo gluhfw h�hfw1
Wkhuhiruh zh vxjjhvw wkdw pdunhw lqwhudfwlrqv duh pruh vhqvlwlyh wr wudqv0
sruw srolflhv wkdq wkh qrq pdunhw lqwhudfwlrqv duh1 Iru wklv zh ghprqvwudwh
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Diwhu vxevwlwxwlrqv dqg vlpsol�fdwlrqv/ zh rewdlq=
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Sursrvlwlrq 4 jlyhv wkh vlpxowdqhrxv h�hfwv ri d wudqvsruw srolf| rq
jurzwk dqg orfdwlrq1 Khuh/ lw*v fohdu wkdw wkh kljkhu vsdwldo frqfhqwudwlrq
jhqhudwhg e| shfxqldu| h{whuqdolwlhv +pdunhw lqwhudfwlrqv, lv pruh lpsru0
wdqw wkdq wkh fhqwulixjdo h�hfw surgxfhg e| qrq pdunhw lqwhudfwlrqv1 Wklv
uhvxow fruurerudwhv Pduwlq +4<<<,1 D uhjlrqdo srolf| ghyhorsslqj whohfrp0
pxqlfdwlrq lqiudvwuxfwxuhv zrxog sduwldoo| uhgxfh vsdwldo lqhtxdolwlhv dqg
jhqhudwh dq kljkhu jurzwk udwh1

Sursrvlwlrq 5 D uhjlrqdo srolf| ghyhorsslqj whohfrppxqlfdwlrq lqiudvwuxf0
wxuhv zrxog sduwldoo| uhgxfh vsdwldo lqhtxdolwlhv dqg jhqhudwh dq kljkhu jurzwk
udwh1

Lq Pduwlq +4<<<, rqo| d srolf| vxevlgl}lqj lqqrydwlrq fdq ohdg wr kljkhu
jurzwk dqg pruh hyhq vsdwldo glvwulexwlrq ri hfrqrplf dfwlylwlhv1 Qhyhu0
wkhohvv/ wklv nlqg ri srolf| lv hvvhqwldoo| dq xqlodwhudo srolf| frqvlvwlqj ri d
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vxevlg| wr wkh ohdghu uhjlrq1 Rq wkh frqwudu| dq lqyhvwphqw lq whohfrppx0
qlfdwlrq lqiudvwuxfwxuhv lpsolhv erwk uhjlrqv/ dlplqj dw frqyhuwlqj srwhqwldo
frpsohphqwdulwlhv ehwzhhq uhjlrqv lqwr h!flhqf| jdlqv1 Pruhryhu/ sursr0
vlwlrq 5 vxjjhvwv wkdw wkhuh duh qr lqfrpsdwlelolwlhv ehwzhhq jurzwk dqg
krprjhqrxv vsdwldo glvwulexwlrq ri hfrqrplf dfwlylwlhv1

Surri=
+l, Iluvw/ zh ghprqvwudwh wkdw d srolf| ri whohfrppxqlfdwlrq lqiudvwuxf0

wxuhv fuhdwh d grplqdqw fhqwulixjdo irufh1 E| wkh vdph phwkrg suhylrxvo|
xvhg/ zh rewdlq=
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Frqvhtxhqwo|/ hyhq li wkh lq xhqfh rq jurzwk ri wkh ohdghu uhjlrq lv
orzhu/ wkh pruh hyhq vsdwldo glvwulexwlrq ri hfrqrplf dfwlylwlhv fdq surgxfh
pdfurhfrqrplf h!flhqf| jdlqv1
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8 Frqfoxvlrq

Uhjlrqdo srolflhv lq Hxursh dlp dw frxqwhudfwlqj vsdwldo dqg lqfrph glv0
sdulwlhv1 Exw Pduwlq +4<<<, ghprqvwudwhv wkdw wkh h!fdflw| ri wkhvh srolflhv
lv qrw dxwrpdwlfdoo| rewdlqhg1 Li rxu yhuvlrq ri klv prgho frq�upv wklv lp0
sruwdqw dqdo|wlfdo uhvxow/ zh vxjjhvw wkdw lqwhughshqghqflhv ehwzhhq uhjlrqv
duh ehwwhu dqdo|}hg e| prghoolqj erwk pdunhw dqg whfkqrorjlfdo uhodwlrqv1
E| wdnlqj lqwr dffrxqw wklv vhfrqg uhodwlrq/ zh kdyh gh�qhg d qhz yduldeoh
rq zklfk uhjlrqdo srolflhv duh deoh wr lq xhqfh1 Lq sduwlfxodu/ srolflhv ghyho0
rsslqj whohfrppxqlfdwlrq lqiudvwuxfwxuhv pd| jhqhudwh kljkhu jurzwk dqg
uhgxfh vsdwldo glvsdulwlhv1

Exw dv Pduwlq +4<<<, vxjjhvwv lw/ wkh pdlq srlqw ri wklv nlqg ri prgho
lv wr foduli| vrph hfrqrplf phfkdqlvpv/ h{sodlqlqj zk| uhjlrqdo srolflhv
srwhqwldoo| fdq kdyh frpsoh{ dqg xqghvludeoh frqvhtxhqfhv1
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