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Devwudfw

Wklv sdshu frqvwuxfwv vlpsoh prghov lq zklfk lqgxvwuldol}dwlrq lv

gulyhq e| kxpdq fdslwdo dffxpxodwlrq1 Lqgxvwuldol}dwlrq fdq h{sodlq

wkh urexvw fruuhodwlrq ehwzhhq htxlsphqw lqyhvwphqw dqg jurzwk lq

ghyhorslqj frxqwulhv1 Zh vkrz wkdw jryhuqphqw lqwhuyhqwlrq lv mxvwl0

�hg zlwklq rxu vw|ol}hg prgho/ dqg lqglfdwh wkdw d vxevlg| wr htxls0

phqw lqyhvwphqw lv olnho| wr eh grplqdwhg e| rwkhu srolflhv1 Lq wkh

�qdo vhfwlrq ri wkh sdshu/ zh h{dplqh wkh fruuhodwlrq ehwzhhq htxls0

phqw lqyhvwphqw dqg jurzwk/ dqg �qg wkdw lw lv vwurqjhvw lq hfrqrplhv

rq wkh eulqn ri lqgxvwuldol}dwlrq1 Zh dovr vkrz wkdw wklv uhvxow lv qrw

hdvlo| h{sodlqhg e| glplqlvklqj uhwxuqv1

�Zh duh judwhixo wr Mrkq Pxhooedxhu/ Vwhyh Qlfnhoo dqg Vwhyh Uhgglqj iru xvhixo

frpphqwv1
|Fruuhvsrqglqj dxwkru1 Hpdlo mrq1whpsohCqx!hog1r{irug1df1xn
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Wklv sdshu h{dplqhv wkh olqnv ehwzhhq kxpdq fdslwdo/ lqgxvwuldol}dwlrq

dqg htxlsphqw lqyhvwphqw1 Wkh furvv0vhfwlrq hpslulfdo jurzwk olwhudwxuh

kdv whqghg wr qhjohfw vwuxfwxudo fkdqjh/ dqg zh vkrz krz wklv pd| jlyh

plvohdglqj uhvxowv lq frqyhqwlrqdo vwxglhv ri wkh uhodwlrqvkls ehwzhhq htxls0

phqw lqyhvwphqw dqg hfrqrplf jurzwk1 Lq wkh frxuvh ri rxu dujxphqw/ zh

frqvwuxfw vlpsoh irupdo prghov zklfk fdq h{sodlq zk| kljk htxlsphqw lq0

yhvwphqw lv dffrpsdqlhg e| jurzwk lq wrwdo idfwru surgxfwlylw| dv zhoo dv

oderxu surgxfwlylw|1

Lq d vhulhv ri lq xhqwldo sdshuv/ Gh Orqj dqg Vxpphuv +4<<4/ 4<<5/ 4<<6/

4<<7, kdyh vxjjhvwhg wkdw wkhuh duh vwurqj h{whuqdolwlhv wr htxlsphqw lqyhvw0

phqw/ shukdsv wdnlqj wkh irup ri ohduqlqj0e|0grlqj rq qhz pdfklqhv1 Dv

wkh| dfnqrzohgjh/ lw pd| lqvwhdg eh hylghqfh wkdw htxlsphqw lqyhvwphqw

dffrpsdqlhv whfkqrorj| wudqvihu1 Lq wklv sdshu/ zh dujxh wkdw htxlsphqw

lqyhvwphqw dqg jurzwk duh wkh mrlqw rxwfrph ri lqgxvwuldol}dwlrq/ gh�qhg dv

d vkliw ri hpsor|phqw iurp wkh wudglwlrqdo vhfwru wr wkh dgydqfhg rqh1 Dv

kxpdq fdslwdo ulvhv/ lqgxvwuldol}dwlrq dqg surgxfwlylw| jurzwk wdnhv sodfh/

dffrpsdqlhg e| htxlsphqw lqyhvwphqw1 Jurzwk gxh wr lqgxvwuldol}dwlrq pd|

eh plvwdnhqo| dwwulexwhg wr uhodwlyho| kljk htxlsphqw lqyhvwphqw1

Wr h{soruh wklv/ vhfwlrqv 4 wr 6 ghyhors prghov edvhg rq wkh iudphzrun ri

Pxusk|/ Vkohlihu dqg Ylvkq| +4<;<d/ 4<;<e,1 Zh xvh wkh uhvxowv wr glvfxvv

wkh frqglwlrqv xqghu zklfk d vxevlg| ri htxlsphqw zrxog eh mxvwl�hg/ dqg

�qg wkdw zlwklq rxu iudphzrun/ lw lv olnho| wr eh grplqdwhg e| dowhuqdwlyh

srolflhv1 E| lqwurgxflqj d fdslwdo jrrgv vhfwru/ zh duh dovr deoh wr jlyh vrph

frqglwlrqv iru pxowlsoh htxloleuld wkdw zhuh qrw h{soruhg e| Pxusk|/ Vkohlihu

dqg Ylvkq|/ wkxv h{whqglqj wkhlu uhvxowv1

Zh vkrz wkdw wkh lqfhqwlyhv iru htxlsphqw lqyhvwphqw gr pdwwhu iru

jurzwk1 Krzhyhu/ wkh| duh d sduw ri d zlghu surfhvv/ lqgxvwuldol}dwlrq/ dqg

5



dqdo|vlv pxvw wdnh wklv lqwr dffrxqw1 Li wkh fruuhodwlrq ehwzhhq htxlsphqw lq0

yhvwphqw dqg jurzwk lv sulpdulo| gulyhq e| lqgxvwuldol}dwlrq/ wkh frh!flhqw

rq htxlsphqw lqyhvwphqw lq d furvv0vhfwlrq uhjuhvvlrq zloo eh plvohdglqj1

Lw lpsolhv kljkhu vrfldo uhwxuqv wr htxlsphqw lqyhvwphqw wkdq duh dfwxdoo|

suhvhqw1 Wklv lv ehfdxvh lqgxvwuldol}dwlrq lv olnho| wr eh dffrpsdqlhg e|

jurzwk lq wrwdo idfwru surgxfwlylw|/ dqg uhjuhvvlrqv zloo plvwdnhqo| dwwulexwh

idvwhu jurzwk wr wkh dffrpsdq|lqj htxlsphqw lqyhvwphqw1 Li rxu dujxphqw lv

fruuhfw/ zh zrxog h{shfw wr �qg olwwoh fruuhodwlrq ehwzhhq htxlsphqw lqyhvw0

phqw dqg jurzwk lq uhodwlyho| dgydqfhg hfrqrplhv1 Wklv lghd lv hpslulfdoo|

whvwhg lq vhfwlrq 7 ri wkh sdshu1

4 Kxpdq fdslwdo dqg lqgxvwuldol}dwlrq

Lq wkhlu vwxg| ri lqgxvwuldol}dwlrq/ Fkhqhu| hw do1 +4<;9/ s1 6<, glylgh h{sod0

qdwlrqv ri vwuxfwxudo fkdqjh lqwr wkuhh fdwhjrulhv1 Ghpdqg h{sodqdwlrqv duh

edvhg rq wkh frpsrvlwlrq ri ghpdqg/ dqg sduwlfxoduo| Hqjho*v odz/ wkdw wkh

vkduh ri irrg vshqglqj lq frqvxpswlrq ghfolqhv dv frqvxpswlrq ulvhv1 Wudgh

h{sodqdwlrqv hpskdvlvh vkliwv lq frpsdudwlyh dgydqwdjh dv fdslwdo dqg vnloov

dffxpxodwh1 Ilqdoo|/ whfkqrorjlfdo h{sodqdwlrqv uhvw rq gl�huhqwldo udwhv ri

surgxfwlylw| jurzwk/ uh hfwhg lq uhodwlyh sulfhv1 Doo wkh h{sodqdwlrqv uho| rq

vrph h{rjhqrxv prwlydwlrq iru vwuxfwxudo fkdqjh1 Iru lqvwdqfh/ wkdw edvhg

rq Hqjho*v odz reylrxvo| uhtxluhv dq lqfuhdvh lq lqfrph iurp vrph xqvshfl�hg

vrxufh1

Wklv vhfwlrq suhvhqwv d prgho lq zklfk lqgxvwuldol}dwlrq lv gulyhq e| wkh

dffxpxodwlrq ri kxpdq fdslwdo1 Wklv lv fohduo| frpsdwleoh zlwk dq| ri wkh

wkuhh h{sodqdwlrqv glvfxvvhg deryh1 Lq rxu prgho/ wkrxjk/ qr dvvxpswlrqv

derxw Hqjho*v odz/ wudgh sdwwhuqv ru h{rjhqrxvo| jlyhq gl�huhqwldo jurzwk

udwhv duh uhtxluhg iru lqgxvwuldol}dwlrq wr wdnh sodfh/ dw ohdvw li rqh lqwhusuhwv
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lqgxvwuldol}dwlrq dv wkh dgrswlrq ri dgydqfhg/ idfwru|0edvhg whfkqltxhv1

Zh suhvhqw d vlpsoh irupdo prgho ri lqgxvwuldol}dwlrq zlwk d uroh iru kx0

pdq fdslwdo1 Lpdjlqh wkdw pdqxidfwxuhg jrrgv fdq eh surgxfhg lq d vlpsoh

frwwdjh surgxfwlrq vhfwru/ e| wudglwlrqdo phwkrgv/ ru xvlqj pruh dgydqfhg

whfkqltxhv wkdw duh lqwhqvlyh lq wkh xvh ri kxpdq fdslwdo1 Zkhq kxpdq

fdslwdo lv uhodwlyho| vfdufh/ wkh dgydqfhg whfkqltxhv duh wrr h{shqvlyh wr lp0

sohphqw1 Zlwk wkh dffxpxodwlrq ri kxpdq fdslwdo/ wklv fkdqjhv/ dqg wkh

hfrqrp| lqgxvwuldol}hv1

Wkh xqghuo|lqj iudphzrun lv gxh wr Pxusk|/ Vkohlihu dqg Ylvkq| +4<;<d/

4<;<e, dqg lwv h{whqvlrq e| Pdwvx|dpd +4<<5,1 Lq hdfk pdqxidfwxulqj vhf0

wru/ d srwhqwldo prqrsrolvw ghflghv zkhwkhu ru qrw wr lpsohphqw dq lqfuhdvlqj

uhwxuqv whfkqltxh1 Iru dgrswlrq/ wkh pdunhw vl}h pxvw eh odujh lq uhodwlrq wr

wkh �{hg frvw1 Dv Pxusk|/ Vkohlihu dqg Ylvkq| srlqw rxw/ wklv fdq h{sodlq

vhyhudo vw|ol}hg idfwv ri ghyhorsphqw/ lqfoxglqj wkh whqghqf| iru frxqwulhv

zlwk odujh srsxodwlrqv wr lqgxvwuldol}h uhodwlyho| hduo| +Fkhqhu| hw do1/ 4<;9/

s1 436,1

Iru rxu sxusrvhv vxfk prghov kdyh wzr dgydqwdjhv1 Iluvw/ wkh| zloo do0

uhdg| eh idploldu wr pdq| uhdghuv dv d vlpsoh prgho ri lqgxvwuldol}dwlrq1

Vhfrqgo|/ wkh srvvlelolw| ri pxowlsoh htxloleuld glvfxvvhg e| Pxusk|/ Vkohlihu

dqg Ylvkq| +4<;<e, doorzv wkh sdshu wr h{sodlq d ixuwkhu vw|ol}hg idfw1 Lq

furvv0vhfwlrq jurzwk uhjuhvvlrqv iru ghyhorslqj frxqwulhv/ lqlwldo vfkrro hq0

uroophqw riwhq kdv h{sodqdwru| srzhu iru vxevhtxhqw jurzwk1 Lq d prgho ri

wkh vruw ghvfulehg khuh/ wkdw lv d qdwxudo rxwfrph ri pxowlsoh htxloleuld/ dv

ghvfulehg lq vhfwlrq 61 D ixuwkhu frqwulexwlrq ri vhfwlrq 6 lv wr gudz rxw

vrph frqglwlrqv iru pxowlsoh htxloleuld zklfk duh lqwhuhvwlqj dowhuqdwlyhv wr

wkrvh vxjjhvwhg e| Pxusk|/ Vkohlihu dqg Ylvkq|1

Prghov ri ghyhorsphqw zklfk hpskdvlvh pdunhw vl}h duh vrphwlphv fulwl0
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flvhg rq wkh jurxqgv wkdw grphvwlf pdunhw vl}h lv luuhohydqw zkhq jrrgv fdq

eh h{sruwhg1 Pxusk|/ Vkohlihu dqg Ylvkq| +4<;<e, glvfxvv wklv fulwlflvp dqg

flwh hylghqfh wkdw/ lq sudfwlfh/ wudgh lv qrw frvwohvv dqg wkh grphvwlf pdunhw

sod|v dq lpsruwdqw uroh1 Lq sduwlfxodu/ wkh lqwhqvlyh h{sruw ri pdqxidfwxuhv

whqgv wr ehjlq rqo| rqfh dq lqgxvwu| kdv ehfrph hvwdeolvkhg lq wkh grphvwlf

pdunhw +Fkhqhu| dqg V|utxlq 4<:8,1 Diwhu glvfxvvlqj wkh hylghqfh/ Pxu0

sk|/ Vkohlihu dqg Ylvkq| frqfoxgh wkdw �zkhwkhu wkh fdxvhv ri olplwhg wudgh

duh qdwxudo/ vxfk dv wudqvsruw frvwv ru wdvwh gl�huhqfhv dprqj frxqwulhv/ ru

pdq0pdgh/ vxfk dv wdul�v/ wkh erwwrp olqh lv wkh ryhuzkhoplqj lpsruwdqfh

ri grphvwlf ghpdqg iru prvw ri grphvwlf lqgxvwu|1� +4<;<e/ s1 433:,14

Rxu hpskdvlv rq pdunhw vl}h dqg kxpdq fdslwdo lq ghwhuplqlqj lqgxvwul0

dol}dwlrq lv dovr suhvhqw lq wkh prgho ri Jrrgiulhqg dqg PfGhuprww +4<<8,1

Wkh ihholqj wkdw pdunhw vl}h lv lpsruwdqw wr lqgxvwuldol}dwlrq lv d frpprq

rqh/ dqg wkh lqwurgxfwlrq ri kxpdq fdslwdo txdol�hv wkh vfdoh h�hfw ri srs0

xodwlrq/ uhqghulqj pdunhw vl}h prghov pruh sodxvleoh1 Wkhlu sdshu gl�huv

iurp rxuv lq lwv hpskdvlv rq hduo| ghyhorsphqw/ dqg sduwlfxoduo| wkh rqvhw

ri wkh Lqgxvwuldo Uhyroxwlrq1 Dowkrxjk zh glvfxvv wkh uhohydqfh ri rxu zrun

iru h{sodqdwlrqv ri wkh Lqgxvwuldo Uhyroxwlrq/ lw lv lqwhqghg wr kdyh juhdwhvw

uhohydqfh wr suhvhqw0gd| ghyhorslqj frxqwulhv1 Khuh wkh lqwhuhvwlqj txhvwlrqv

vxuurxqg qrw wkh ghyhorsphqw ri qhz whfkqltxhv/ exw wkh frqglwlrqv ghwhu0

plqlqj wkh dgrswlrq ri h{lvwlqj rqhv iurp deurdg1 Wkh prgho suhvhqwhg

khuh fdq wkxv eh vhhq dv dq lqyhvwljdwlrq ri wkh ghwhuplqdqwv ri whfkqrorj|

wudqvihu dqg htxlsphqw lqyhvwphqw1

Zh qrz vhw rxw wkh vlpsohvw yhuvlrq ri wkh prgho/ gudzlqj rq Pxusk|/

Vkohlihu dqg Ylvkq| +4<;<e,1 Dv lq wkdw sdshu/ wkhuh lv d uhsuhvhqwdwlyh

frqvxphu zlwk Free0Grxjodv xwlolw|
U
�

f
*? %E^�_^ gh�qhg ryhu d xqlw lqwhuydo

4Rqh uhdvrq pdunhw vl}h pd| eh lpsruwdqw lv wkdw �upv uhtxluh grphvwlf vxssolhv ri

surgxfhu vhuylfhv dqg rwkhu qrq0wudghdeohv1 Vhh Urguðjxh}0Foduh +4<<9,1
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ri jrrgv lqgh{hg e| ^1 Doo jrrgv kdyh wkh vdph h{shqglwxuh vkduhv/ vr

lqfrph + lv vshqw rq hdfk jrrg1 Wkh frqvxphu lv hqgrzhg zlwk u xqlwv ri

oderxu/ vxssolhg lqhodvwlfdoo|/ zklfk duh ri txdolw| �1 Wklv fdq eh wkrxjkw ri

dv dq lqgh{ ri kxpdq fdslwdo/ exw zh uxoh rxw lqyhvwphqwv lq kxpdq fdslwdo1

Wkhuh lv qr rwkhu gxudeoh jrrg lq wkh prgho/ vr wkdw hyhq zkhq lw h{whqgv

ryhu vhyhudo shulrgv/ wkhuh lv qr uroh iru vdylqj dqg wkh frqvxphu vhhnv wr

pd{lplvh fxuuhqw xwlolw| lq hdfk shulrg1

Zh wdnh wkh qxphudluh wr eh wkh frqvxphu*v zdjh1 Zlwk wklv fkrlfh ri

qxphudluh/ lqfrph lv jlyhq e| djjuhjdwh sur�wv soxv wkh uhwxuq wr oderxu=

+ ' �n u +4,

Wkhuh lv d frqwlqxxp ri vhfwruv/ lqgh{hg e| ^ 5 dfc �o dqg hdfk surgxflqj

rqh ri wkh jrrgv %E^�1 Lq hdfk vhfwru/ wkhuh duh wzr w|shv ri �upv1 D

frpshwlwlyh iulqjh frqyhuwv rqh xqlw ri oderxu lqsxw lqwr rqh xqlw ri rxwsxw1

Wklv lv wkh frwwdjh surgxfwlrq hohphqw ri wkh hfrqrp|1 Iuhh hqwu| lqwr

frwwdjh surgxfwlrq lpsolhv }hur sur�wv/ dqg khqfh wkh sulfh ri hdfk jrrg lv

rqh1

Vhfrqg/ wkhuh lv d vlqjoh �up lq hdfk vhfwru zlwk dffhvv wr d prghuq lq0

fuhdvlqj uhwxuqv whfkqrorj|1 Lqgxvwuldol}dwlrq uhtxluhv d �{hg frvw ri 8 E^�*�

xqlwv ri oderxu/ zklfk wkhq doorzv hdfk h{wud oderxu xqlw wr surgxfh k xqlwv

ri rxwsxw/ zkhuh k : �1 Wklv lv shukdsv wkh vlpsohvw zd| wr pdnh wkh frvw

ri dgrswlqj wkh dgydqfhg whfkqltxh ghshqg rq wkh ohyho ri kxpdq fdslwdo1

Lq wklv sdshu/ wkh �{hg frvw 8 E^�*� lv lqfuhdvlqj lq ^/ vr wkdw jrrgv wrzdugv

wkh uljkw0kdqg hqg ri wkh frqwlqxxp duh uhodwlyho| vrsklvwlfdwhg dqg uhtxluh

wkh sd|phqw ri d kljkhu �{hg frvw wr surgxfh1 Dv zh zloo vhh/ wkhvh jrrgv

duh surgxfhg dw d uhodwlyho| odwh vwdjh ri lqgxvwuldol}dwlrq1

Wkh dgydqfhg �up lq hdfk vhfwru ghflghv zkhwkhu wr lqgxvwuldol}h ru de0

vwdlq iurp surgxfwlrq1 Li lw surgxfhv/ wkhq lw fkdujhv d sulfh ri rqh1 Dq|wklqj
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kljkhu zrxog phdq orvlqj doo lwv fxvwrphuv wr wkh frpshwlwlyh iulqjh/ zklovw

d orzhu sulfh lv uxohg rxw e| wkh suhvhqfh ri d xqlw hodvwlf ghpdqg fxuyh1

Vhoolqj jrrgv dw d sulfh ri rqh/ wkh sur�w ri wkh dgydqfhg �up lq vhfwru ^ lv

jlyhq e|

ZE^� ' + � , ' + �
+

k
�

8 E^�

�
+5,

'
�
k� �

k

�
+ �

8 E^�

�

' @+ �
8 E^�

�

zkhuh @ lv wkh dgydqfhg �up*v pdun0xs1 Zkhq d iudfwlrq % ri wkh �upv

lqgxvwuldol}h/ djjuhjdwh sur�wv duh

�E%� ' %@+ �
�

�

] %

f

8 E��_� +6,

Vxevwlwxwlqj +6, lqwr +4, jlyhv djjuhjdwh lqfrph dv d ixqfwlrq ri %=

+E%� '
u� �

�

U %
f
8 E��_�

� � @%
+7,

Qrz frqvlghu wkh fkrlfh ri vhfwru ^ zkhwkhu ru qrw wr lqgxvwuldol}h1 Lw

zloo jr dkhdg li wkh sur�wv lq +5, duh juhdwhu wkdq ru htxdo wr }hur/ lq zklfk

fdvh wkh vhfwruv lqgh{hg e| dfc ^� zloo dovr lqgxvwuldol}h/ vlqfh wkhlu pdunhw lv

qr vpdoohu zkloh wkhlu �{hg frvwv duh orzhu1 Vr zh kdyh lqgxvwuldol}dwlrq lq

vhfwru ^ li dqg rqo| li
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8 E��_� +9,

Vlqfh 8 E^� lv lqfuhdvlqj lq ^/ lw lv qrw gl!fxow wr vkrz wkdw vr lv wkh uljkw0

kdqg vlgh ri +9,1 Li wkh ohyho ri kxpdq fdslwdo lv ulvlqj/ shukdsv dv d uhvxow ri
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lqfuhdvhg vfkrrolqj/ wkhq vr zloo wkh h{whqw ri lqgxvwuldol}dwlrq dv phdvxuhg

e| ^/ xqwlo ^ ' � lv uhdfkhg1 Wkh ohyho ri ghyhorsphqw lv ghwhuplqhg e| wkh

ohyho ri kxpdq fdslwdo1

Vlqfh dq| �up wkdw lqgxvwuldol}hv pxvw fryhu wkh �{hg frvw/ rxwsxw lv

fohduo| lqfuhdvlqj lq %1 Vlqfh oderxu lqsxw lv frqvwdqw dw u/ wklv phdqv wkdw

wrwdo idfwru surgxfwlylw| lqfuhdvhv dv lqgxvwuldol}dwlrq wdnhv sodfh/ d uhvxow

wkdw zloo eh lpsruwdqw odwhu rq1 Dovr qrwh wkdw rxu h{whqvlrq txdol�hv wkh

vwdqgdug suhglfwlrq ri pdunhw vl}h prghov1 Lq d vlpsoh prgho/ lw fdq eh

gl!fxow wr h{sodlq zk| frxqwulhv zlwk odujh srsxodwlrqv kdyh qrw dozd|v

ehfrph lqgxvwuldol}hg> Fklqd lv dq reylrxv h{dpsoh1 Zlwk wkh dgglwlrq ri

kxpdq fdslwdo/ lw ehfrphv fohdu wkdw d odujh srsxodwlrq pd| qrw eh hqrxjk1

Kxpdq fdslwdo pd| eh vr orz wkdw lw uhpdlqv surklelwlyho| h{shqvlyh wr dgrsw

wkh dgydqfhg whfkqltxh15

Lq doo ri wkh deryh/ dqg zkdw iroorzv/ zh kdyh wdnhq kxpdq fdslwdo dv

h{rjhqrxv1 Iru wkh suhvhqw prgho ri ghyhorslqj frxqwu| jurzwk/ zh ihho

wkdw wklv lv suredeo| d vdwlvidfwru| dssurdfk1 Furvv0frxqwu| gl�huhqfhv lq

vfkrrolqj dqg wudlqlqj lqvwlwxwlrqv duh shukdsv olnho| wr dffrxqw iru pxfk

ri wkh lqwhuqdwlrqdo yduldwlrq lq kxpdq fdslwdo1 Shukdsv pruh lpsruwdqwo|/

dowkrxjk lw zrxog eh srvvleoh wr hqgrjhql}h kxpdq fdslwdo e| vhwwlqj xs d

vlpsoh ohduqlqj0e|0grlqj phfkdqlvp/ ru vfkrro hquroophqwv uhodwhg wr lqfrph/

zh ihho wkdw wklv zrxog dgg olwwoh lqvljkw1

Zh qrz glvfxvv wkh uhohydqfh ri rxu wkhru| wr wkuhh lqwhuhvwlqj fdvh vwxg0

lhv= Eulwdlq lq wkh hljkwhhqwk dqg qlqhwhhqwk fhqwxulhv/ dqg wkh Hdvw Dvldq

hfrqrplhv dqg Dujhqwlqd lq wklv fhqwxu|1 Wdnlqj wkh Eulwlvk fdvh �uvw/ zh

zrxog olnh wr nqrz zk| Eulwdlq lqgxvwuldol}hg ehiruh lwv frpshwlwruv1 Lq dq0

5Lq d pruh frpsohwh prgho/ wkhuh frxog dovr eh d uroh iru wudqvsruw frvwv/ vr wkdw
frxqwulhv zlwk odujh srsxodwlrqv pljkw dovr kdyh srruo| lqwhjudwhg uhjlrqdo pdunhwv1 Vhh
Urphu +4<<9, iru d glvfxvvlrq ri wkh XVD dv d zhoo lqwhjudwhg pdunhw1
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vzhulqj wklv txhvwlrq/ wkhuh lv shukdsv d gdqjhu lq uhdglqj wrr pxfk lqwr

klvwrulfdo h{shulhqfh/ jlyhq wkh srvvleoh uroh ri fkdqfh lq Eulwdlq*v lqgxvwuldo

suh0hplqhqfh +Fudiwv/ 4<::,1 Ixuwkhupruh/ wkh hylghqfh rq kxpdq fdslwdo*v

uroh lv qrw doo srvlwlyh1 Prvw ri wkh hylghqfh rq olwhudf| vxjjhvwv wkdw wkhuh

zdv olwwoh lpsuryhphqw/ dw ohdvw gxulqj wkh hduo| vwdjh ri lqgxvwuldol}dwlrq

+Vfkr�hog/ 4<:6,1 Pdohv iurp xuedq duhdv zkr zhuh wudqvsruwhg wr Dxvwudold

vkrz d udslg jdlq lq olwhudf| ehwzhhq wkh 4:<3v dqg 4;3:/ exw d uhgxfwlrq

diwhuzdugv +Qlfkrodv dqg Qlfkrodv/ 4<<5,1 Krzhyhu/ pxfk hylghqfh vxjjhvwv

wkdw d pl{wxuh ri irupdo wudlqlqj dqg ohduqlqj0e|0grlqj zhuh lpsruwdqw lq

Eulwdlq +Plwfk/ 4<<6,1 Dssuhqwlfhvklsv uhwdlqhg wkhlu lpsruwdqfh lq d odujh

qxpehu ri surihvvlrqv1 Zrunhuv zhuh vrphwlphv urwdwhg iurp rqh wdvn wr

dqrwkhu/ dqg r�huhg whpsrudu| zrun zlwk rwkhu �upv1 Qrylfhv zrxog eh

dvvljqhg wr pruh vnloohg zrunhuv/ dv wkh| zhuh h{shfwhg wr slfn xs qhz vnloov1

Shukdsv prvw lpsruwdqwo| ri doo/ wkh vfrsh iru vnloo dftxlvlwlrq lv olnho|

wr eh juhdwhu wkh pruh lqglylgxdov kdyh douhdg| pryhg rxw ri djulfxowxuh

lqwr wkh vhfrqgdu| dqg whuwldu| vhfwruv1 Eulwdlq zdv xqltxh lq kdylqj d yhu|

vpdoo djulfxowxudo oderxu irufh/ hyhq lq wkh yhu| hduo| vwdjhv ri wkh Lqgxvwuldo

Uhyroxwlrq +Fudiwv/ 4<;8,1 Jlyhq wklv/ lw vhhpv olnho| wkdw Eulwdlq*v kxpdq

fdslwdo edvh zdv vxshulru wr wkdw ri frqwlqhqwdo ulydov1 Lq wxuq/ wklv zloo kdyh

khoshg qrw rqo| lqqrydwlrq/ exw dovr wkh lqfhqwlyhv wr ghyhors dqg dgrsw

qhz whfkqltxhv1 Rxu hpskdvlv rq wkh uroh ri kxpdq fdslwdo �qgv vxssruw

lq wkh zrun ri zulwhuv olnh Odqghv +4<9<,/ zkr kdyh glvfxvvhg wkh srvvleoh

vxshulrulw| ri Eulwlvk whfkqlfdo vnloov dqg lqjhqxlw| ryhu frqwlqhqwdo ulydov1

Dqrwkhu lqwhuhvwlqj klvwrulfdo h{dpsoh lv surylghg e| wkh h{shulhqfh ri

wkh kljk0shuiruplqj Dvldq hfrqrplhv1 Vhyhudo zulwhuv kdyh hpskdvl}hg wkh

lpsruwdqfh ri eurdgo| edvhg hgxfdwlrq srolflhv wr Hdvw Dvldq lqgxvwuldol}d0

wlrq1 Pdq| ri wkh Hdvw Dvldq frxqwulhv kdyh kdg kljk vfkrro hquroophqw
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udwlrv uhodwlyh wr wkhlu shu fdslwd lqfrphv +Sdjh/ 4<<7,1 Hpskdvlv rq wkh lp0

sruwdqfh ri kxpdq fdslwdo kdv whqghg wr vhh lw dv d suhuhtxlvlwh iru dftxlulqj

qhz whfkqrorj|/ ru lq rxu whupv/ orzhulqj wkh �{hg frvwv ri dgrswlrq1

Dv Lwr +4<<7, frpphqwv/ wkhuh kdv vrphwlphv ehhq hpskdvlv rq wkh qhhg

wr pryh wkurxjk d vhtxhqfh ri lqgxvwulhv dv dq hfrqrp| ghyhorsv1 Kh zulwhv=

Vhtxhqflqj ri wkh ohdglqj lqgxvwulhv lq wkh hfrqrp| lv frqvlg0

huhg wr eh d nh| wr jurzwk/ dffruglqj wr dq rudo wudglwlrq ri Hdvw

Dvldq frxqwulhv1 Iru h{dpsoh/ lqgxvwuldo srolf| lq Mdsdq kdv ehhq

fhqwhuhg durxqg surprwlqj lqgxvwu| diwhu lqgxvwu|= wh{wlohv dqg

wr|v/ vwhho/ fkhplfdov/ vklsexloglqj/ wr kljk0whfk lqgxvwulhv1 Gxh

wr uhtxluhg vrsklvwlfdwlrq lq whfkqrorj| dqg odujh �{hg frvwv/ wkh

jryhuqphqw zdv dzduh ri wkh lpsruwdqfh ri vhtxhqflqj lqgxvwulhv1

Lwr +4<<7/ s1 5:;,1

D prgho olnh rxuv/ lq zklfk pdunhw vl}h dqg kxpdq fdslwdo duh lpsruwdqw/

srlqwv wr wkh qhhg wr vhtxhqfh1 D frxqwu| zlwk uhodwlyho| orz kxpdq fdslwdo

vkrxog vhhn wr �uvw pdvwhu uhodwlyho| edvlf lqgxvwulhv1 Lq grlqj wklv/ lw lv

olnho| wr hqfrxudjh wkh ghyhorsphqw ri d kxpdq fdslwdo edvh +lqfoxglqj/ iru

lqvwdqfh/ pdqdjhphqw vnloov, dqg d odujhu pdunhw vl}h/ erwk ri zklfk zloo

pdnh lw hdvlhu wr ghyhors pruh dgydqfhg lqgxvwulhv/ shukdsv wkh rqhv wkdw

kdyh kljkhu �{hg frvwv1

Ilqdoo|/ zh wxuq wr wkh h{dpsoh r�huhg e| rqh ri Gh Orqj dqg Vxpphuv*

prvw surplqhqw fdvh vwxglhv/ Dujhqwlqd1 Gh Orqj +4<<5, xvhv Dujhqwlqldq

h{shulhqfh wr dujxh wkdw d ulvh lq wkh uhodwlyh sulfh ri pdfklqhu| xqghuplqhg

hfrqrplf jurzwk1 Rqfh dprqjvw wkh zruog*v ulfkhvw qdwlrqv/ Dujhqwlqd lv

qrz d plggoh lqfrph frxqwu|1 Iru Gh Orqj dqg Vxpphuv/ wkh eodph iru

wklv gudpdwlf ghfolqh uhvwv vtxduho| rq wkh srolflhv ri wkh Shuöq hud1 Wdul�v

udlvhg wkh frvw ri lqyhvwphqw/ sduwlfxoduo| lqyhvwphqw lq pdfklqhu|1
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Iljxuh 4= Uhdo JGS shu zrunhu/ 4<830<3
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Dv uhfhqwo| dv 4<83/ Dujhqwlqd frxog erdvw ohyhov ri shu fdslwd JGS wkdw

zhuh qrw wrr gl�huhqw iurp Hxursh*v +�jxuh 4,1 Lwv uhodwlyh ghfolqh/ dowkrxjk

frqvlvwhqw zlwk wkh vwru| wrog e| Gh Orqj dqg Vxpphuv/ dovr wdoolhv zlwk

rxu rzq hpskdvlv rq kxpdq fdslwdo1 Zkloh Hxurshdq qdwlrqv vxffhvvixoo|

lqyhvwhg lq wkh hgxfdwlrq ri wkhlu zrunirufhv/ Dujhqwlqd pdgh udwkhu ohvv

h�ruw lq wklv duhd1 Iljxuh 5 frpsduhv dyhudjh |hduv ri vhfrqgdu| vfkrrolqj lq

vhohfwhg Hxurshdq frxqwulhv zlwk Dujhqwlqd/ xvlqj gdwd wdnhq iurp Qhkux hw

do1 +4<<8,1 Lw lv fohdu wkdw lqyhvwphqwv lq vhfrqgdu| vfkrrolqj zhuh uhodwlyho|

orz lq Dujhqwlqd/ shukdsv uhwduglqj lqgxvwuldol}dwlrq1

Iljxuh 5= Phdq |hduv ri vhfrqgdu| vfkrrolqj shu khdg/ 4<930;:

Wkhuh lv vwloo urrp iru fdxwlrq uhjduglqj rxu dujxphqw/ sduwo| vlqfh wkh
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vfkrrolqj gdwd lv xquholdeoh/ dqg sduwo| vlqfh vfkrro hquroophqw udwhv zloo

eh hqgrjhqrxv wr vrph h{whqw/ whqglqj wr ulvh dv lqfrph ulvhv1 Exw lw lv

lqwhuhvwlqj wr qrwh wkdw wkh eurdg rxwolqhv ri Dujhqwlqh ghyhorsphqw duh

frqvlvwhqw zlwk rxu vwru|/ mxvw dv wkh| duh zlwk wkdw ri Gh Orqj dqg Vxpphuv1

5 Djulfxowxudo dqg fdslwdo htxlsphqw vhfwruv

Lq wkh ruljlqdo prgho e| Pxusk|/ Vkohlihu dqg Ylvkq| +4<;<e,/ rqo| pdqx0

idfwxuhv duh surgxfhg1 Wklv vhfwlrq lqwurgxfhv dq djulfxowxudo vhfwru/ dv lq

Pdwvx|dpd +4<<5,/ dqg dovr d vhfwru pdqxidfwxulqj htxlsphqw1 Surgxfwlrq

lq erwk lv vlpsoh1 Lq wkh djulfxowxudo vhfwru/ rqh xqlw ri oderxu lqsxw sur0

gxfhv � xqlwv ri rxwsxw/ vr li djulfxowxuh lv frpshwlwlyh wkh sulfh ri irrg zloo

eh jlyhq e| �*�1 Vlploduo|/ rqh xqlw ri oderxu surgxfhv b xqlwv ri htxlsphqw1

Wklv lv vrog lq d frpshwlwlyh pdunhw dw sulfh e/ xvlqj wkh vdph qxphudluh dv

ehiruh/ vr d }hur0sur�wv frqglwlrq djdlq lpsolhv wkdw e ' �*b1 Dowhuqdwlyho|/

lq pxfk ri zkdw iroorzv/ rqh frxog wdnh wkh sulfhv ri irrg dqg htxlsphqw dv

h{rjhqrxvo| jlyhq e| zruog pdunhwv1

Wkh uhsuhvhqwdwlyh frqvxphu kdv xwlolw| jlyhq e|

E� � q�
]

�

f

*?ESE5��_5 n q *?E?� ?f� +:,

zkhuh ? lv irrg frqvxpswlrq dqg q 5 Efc �� lv wkh pdujlqdo exgjhw vkduh

ri irrg1 Wkhvh suhihuhqfhv phdq wkdw Hqjho*v odz lv vdwlv�hg1 Dv lqfrph

ulvhv/ wkh vkduh ri irrg lq frqvxpswlrq idoov1 Wrjhwkhu/ wkh exgjhw frqvwudlqw

dqg suhihuhqfhv lpso| wkdw vshqglqj rq pdqxidfwxuhv lv jlyhq e|

_ ' E� � q�E+ �
?f

�
� +;,

Wkh pdqxidfwxulqj vhfwru lv dv ehiruh/ exw qrz rxwsxw xvlqj wkh prg0

huq whfkqltxh uhtxluhv htxlsphqw> wklv fruuhvsrqgv wr wkh vw|ol}hg idfw wkdw
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surgxfwlrq ehfrphv pruh curxqgderxw*/ xvlqj pruh lqwhuphgldwh lqsxwv/ dv

lqgxvwuldol}dwlrq wdnhv sodfh1 Iru vlpsolflw|/ wkh whfkqrorj| lv �{hg frh!0

flhqwv/ dqg hdfk xqlw ri rxwsxw uhtxluhv rqh xqlw ri htxlsphqw1 Djdlq iru

vlpsolflw|/ htxlsphqw lv qrw gxudeoh/ vr wkh frqvxphu frqwlqxhv wr pd{lplvh

+:, lq hdfk shulrg1

Wkhvh dvvxpswlrqv phdq wkdw sur�wv ri d �up rshudwlqj wkh prghuq

whfkqltxh lq vhfwru t duh jlyhq e|

ZE^� ' _ � ,� e_ +<,

' @_�
8 E^�

�

zkhuh @ ' � �
�

k
� e +43,

Zh dvvxph @ : f wr hqvxuh wkdw srvlwlyh sur�wv duh srvvleoh1 Zkhq d

iudfwlrq % ri wkh �upv lqgxvwuldol}h/ djjuhjdwh sur�wv duh

�E%� ' %@_ �
�

�

] %

f

8 E��_� +44,

Vxevwlwxwlqj +44, lq + ' �n u zh kdyh

+ ' %@_ �
�

�

] %

f

8 E��_�n u
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Vhfwru ^ zloo lqgxvwuldol}h li @_E^� � 8 E^�*�/ dqg iurp wklv zh fdq ghulyh

wkh frqglwlrq iru vhfwruv lqgh{hg e| dfc ^o wr lqgxvwuldol}h/ zklfk lv
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Dv ehiruh/ gl�huhqwldwlqj +47, pdnhv lw fohdu wkdw wkh uhtxluhg wkuhvkrog

lv lqfuhdvlqj lq ^/ vr wkh h{whqw ri ghyhorsphqw lv ghwhuplqhg e| wkh ohyho

ri kxpdq fdslwdo1 Qrwh wkdw +47, lv ghfuhdvlqj lq @/ wkh pdun0xs lq wkh

dgydqfhg vhfwru1 Dq|wklqj zklfk dfwv wr udlvh wkh pdun0xs zloo phdq wkdw

wkh �{hg frvwv fdq eh fryhuhg dw d vpdoohu pdunhw vl}h/ dqg wkh vsuhdg ri

wkh dgydqfhg whfkqltxh zloo eh zlghu1 Iurp +43,/ wkh pdun0xs lv ghfuhdvlqj

lq htxlsphqw sulfhv1 Iru d jlyhq ohyho ri kxpdq fdslwdo/ dq|wklqj zklfk

orzhuv wkh sulfh ri htxlsphqw/ olnh lpsuryhg surgxfwlylw| ru orzhu wdul�v rq

htxlsphqw lpsruwv/ zloo udlvh wkh pdun0xs dqg ohdg wr wkh prghuq whfkqltxh

ehlqj dgrswhg e| pruh vhfwruv1

Jlyhq wklv h�hfw ri wkh pdun0xs/ rqh vlpsoh prgl�fdwlrq zklfk uhlqirufhv

rxu uhvxowv lv wr pdnh oderxu surgxfwlylw| lq wkh htxlsphqw vhfwru lqfuhdv0

lqj lq kxpdq fdslwdo1 Iru lqvwdqfh/ li hdfk zrunhu lq wkh htxlsphqw vhfwru

surgxfhv b� xqlwv ri htxlsphqw/ wkh sulfh ri htxlsphqw zloo eh �*b� dqg

vr zloo idoo dv kxpdq fdslwdo ulvhv1 Wklv fdswxuhv wkh vw|ol}hg idfw wkdw wkh

uhodwlyh sulfh ri pdfklqhu| whqgv wr idoo dv ghyhorsphqw wdnhv sodfh1 Lw phdqv

wkdw wkhuh duh qrz wzr h�hfwv ri lqfuhdvhg kxpdq fdslwdo rq lqgxvwuldol}d0

wlrq1 Kljkhu ohyhov ri kxpdq fdslwdo uhgxfh wkh �{hg frvw ri wkh dgydqfhg

whfkqltxh/ exw dovr orzhu wkh uhodwlyh sulfh ri htxlsphqw/ whqglqj wr udlvh

wkh pdun0xs lq wkh dgydqfhg vhfwru1 Erwk h�hfwv zloo ohdg wr pruh vhfwruv

lqgxvwuldol}lqj1

Vlqfh _E%� lv lqfuhdvlqj lq %/ dqg %_E%� xqlwv ri htxlsphqw duh xvhg lq

surgxfwlrq/ orz htxlsphqw sulfhv +dqg khqfh d kljk pdun0xs, zloo riwhq eh

dvvrfldwhg zlwk udslg jurzwk dqg kljk htxlsphqw lqyhvwphqw/ zklfk lv wkh

hpslulfdo �qglqj ri Gh Orqj dqg Vxpphuv +4<<4,1 Wkh| vxjjhvw d wd{ fuhglw

iru htxlsphqw lqyhvwphqw wr udlvh jurzwk/ exw rwkhu srolflhv pd| eh dw ohdvw

dv h�hfwlyh1
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Zlwklq wklv prgho/ jryhuqphqw lqwhuyhqwlrq lv fohduo| mxvwl�hg/ ehfdxvh

shfxqldu| h{whuqdolwlhv duh suhvhqw1 D �up wkdw dgrswv wkh dgydqfhg whfk0

qltxh fuhdwhv sur�wv wkdw udlvh wkh ghpdqg iru rwkhu pdqxidfwxuhv/ doorzlqj

dgrswlrq ri wkh dgydqfhg whfkqltxh hovhzkhuh1 Wkh jryhuqphqw frxog hqfrxu0

djh wklv e| udlvlqj wkh pdun0xs/ xvlqj d oxps vxp wd{ wr vxevlglvh rxwsxw lq

wkh prghuq vhfwru1 Lqfuhdvhg dgrswlrq ri wkh prghuq whfkqltxh pxvw udlvh

zhoiduh/ vlqfh lqfrph ulvhv zkloh sulfhv duh xqfkdqjhg1 Lq sudfwlfh/ d xvh0

ixo srolf| frxog wdnh wkh irup ri vxevlglvlqj wkh rxwsxw ri frpsdqlhv wkdw

kdyh ehhq judqwhg olfhqfhv wr xvh iruhljq whfkqrorj|1 Reylrxvo|/ rqh vkrxog

eh zdu| derxw gudzlqj srolf| frqfoxvlrqv iurp d prgho dv vw|ol}hg dv wklv

rqh1 Krzhyhu/ wklv srolf| uhfrpphqgdwlrq lv srwhqwldoo| d urexvw rqh1 Wkh

dgrswlrq ri whfkqrorj| iurp deurdg lv olnho| wr kdyh rwkhu vslooryhuv/ eh|rqg

wkrvh wr ghpdqg1

Vxevlglvlqj htxlsphqw lqyhvwphqw lv dq reylrxv dowhuqdwlyh/ dqg wklv lv

dgyrfdwhg e| Gh Orqj dqg Vxpphuv= �srolflhv wr vkliw lqfhqwlyhv wrzdug

pdnlqj htxlsphqw lqyhvwphqw fkhdshu dqg hdvlhu duh olnho| wr |lhog hqruprxv

ehqh�wv� +4<<7/ s1 84,1 Dowkrxjk vxfk d srolf| frxog eh mxvwl�hg lq rxu prgho

dv lw vwdqgv/ wklv uhvxow pd| qrw eh urexvw wr plqru fkdqjhv lq dvvxpswlrqv1

Lw lv olnho| wkdw htxlsphqw lv xvhg lq vhfwruv rwkhu wkdq wkh prghuq rqh/

iru lqvwdqfh lq wkh ohvv g|qdplf sduwv ri wkh lqgxvwuldo vhfwru/ olnh plqlqj/

frqvwuxfwlrq/ dqg hohfwulflw| jhqhudwlrq1 Wklv zloo uhgxfh wkh h�hfw ri d jlyhq

vxevlg| h{shqglwxuh rq wkh pdun0xs ri pdqxidfwxulqj �upv frqwhpsodwlqj

wkh dgydqfhg whfkqltxh1 Eurdgo| vshdnlqj/ lw vhhpv olnho| wkdw htxlsphqw

vxevlglhv zloo eh ohvv h�hfwlyh wkdq phdvxuhv dlphg gluhfwo| dw wkh hphujlqj

dgydqfhg vhfwru1

Dv d jhqhudo srlqw/ lw lv lqwhuhvwlqj wr qrwh krz plqlpdo wkh ghsduwxuhv

iurp ruwkrgr{ dvvxpswlrqv qhhg wr eh iru lqwhuyhqwlrq wr eh mxvwl�hg1 Wkhuh
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lv d frqwlqxlqj ghedwh derxw wkh lpsruwdqfh ri srolf| lqwhuyhqwlrqv lq wkh

Hdvw Dvldq hfrqrplhv +Sdjh/ 4<<7,1 Lqgxvwuldo srolflhv kdyh riwhq ehhq gh0

vljqhg wr vkliw lqgxvwuldo vwuxfwxuh wrzdugv qhzhu dqg pruh prghuq vhfwruv1

Phdvxuhv olnh fuhglw vxevlglhv wr dgydqfhg �upv fdq eh vhhq dv zd|v ri udlvlqj

wkhlu pdun0xsv/ ru pruh eurdgo| wkh lqfhqwlyhv wr dgrsw prghuq whfkqltxhv1

Dowkrxjk vrph zulwhuv kdyh frqfoxghg wkdw wkh ryhudoo h�hfw ri wkhvh phd0

vxuhv kdv ehhq vpdoo/ lw lv fohdu wkdw rqh fdq mxvwli| lqwhuyhqwlrq zlwkrxw

pdnlqj frpsolfdwhg ru frxqwhu0lqwxlwlyh dvvxpswlrqv1

Dqrwkhu lqwhuhvwlqj lpsolfdwlrq ri wkh Pxusk|0Vkohlihu0Ylvkq| iudphzrun

lv wkdw lw lv srvvleoh iru frxqwulhv wr frph wr d kdow/ ru hyhq uhjuhvv1 Wkhuh

duh vhyhudo klvwrulfdo h{dpsohv ri wklv/ wkh prvw surplqhqw ehlqj Dujhqwlqd1

Zh fdq surylgh dq h{sodqdwlrq hyhq zkhq kxpdq fdslwdo lv ulvlqj1 Srolflhv

wkdw whqg wr orzhu pdun0xsv lq wkh dgydqfhg vhfwru/ olnh wdul�v rq htxlsphqw

lpsruwv dqg rwkhu lqwhuphgldwh lqsxwv/ zloo ohdg wr wkh prghuq whfkqltxh

ehlqj dedqgrqhg dqg surgxfwlrq uhwxuqlqj wr ohvv h!flhqw phwkrgv1 Gh

Orqj +4<<5, dujxhv wkdw uhwdugdwlrq lq Dujhqwlqd zdv odujho| wkh rxwfrph

ri lpsruw wdul�v rq fdslwdo jrrgv1 Wkh h�hfw ri wklv zrxog eh frpsrxqghg

lq rxu prgho li kxpdq fdslwdo zdv qr orqjhu ulvlqj1 Rxu hduolhu glvfxvvlrq

lqglfdwhg wkdw Dujhqwlqd idlohg wr lqyhvw lq vhfrqgdu| hgxfdwlrq1

Wklv h{dpsoh dvlgh/ wkhuh zloo eh d gh�qlwh whqghqf| iru lqgxvwuldol}dwlrq

wr vsuhdg dfurvv wkh zruog/ hyhq lq wkh devhqfh ri ulvlqj kxpdq fdslwdo lq

sduwlfxodu frxqwulhv1 Dq| lpsuryhphqw lq djulfxowxudo surgxfwlylw|/ uh hfwhg

lq d ulvh lq �/ lqfuhdvhv wkh vsuhdg ri prghuq whfkqltxhv1 Vr zloo dq| lp0

suryhphqw lq wkh surgxfwlylw| ri wkh prghuq whfkqrorj| +zklfk udlvhv k, ru

wkh pdqxidfwxuh ri htxlsphqw1 Dq| ri wkhvh fkdqjhv frxog frph derxw dv d

uhvxow ri zruog whfkqlfdo surjuhvv1 Wkxv/ dv wlph dqg whfkqrorj| pdufk rq/

frxqwulhv zloo whqg wr lqgxvwuldol}h dw orzhu dqg orzhu ohyhov ri kxpdq fdslwdo
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dqg lqfrph1

6 Pxowlsoh htxloleuld

Pxusk|/ Vkohlihu dqg Ylvkq|*v zrun rq lqgxvwuldol}dwlrq lv ehvw nqrzq iru

vrph vlpsoh exw lqjhqlrxv prghov ri wkh Elj Sxvk1 Wkh fhqwudo lghd lv

wkdw wkh vlpxowdqhrxv prghuql}dwlrq ri pdq| vhfwruv/ ru d Elj Sxvk/ fdq

eh sur�wdeoh iru wkhp doo dw wlphv zkhq qr vlqjoh vhfwru fdq pdnh d sur�w

e| lqgxvwuldol}lqj rq lwv rzq1 Wklv frqwudvwv zlwk rxu rzq hpskdvlv rq wkh

srvvleoh qhhg wr vhtxhqfh wkh ghyhorsphqw ri dgydqfhg vhfwruv1

Wkh irupdo prgho Pxusk|/ Vkohlihu dqg Ylvkq| suhvhqw ghprqvwudwhv wkh

srvvlelolw| ri wzr htxloleuld iru jlyhq sdudphwhu ydoxhv/ vr wkdw d Elj Sxvk

fruuhvsrqgv wr d pryh iurp d edg +xqghyhorshg, wr d jrrg +lqgxvwuldol}hg,

htxloleulxp1 Lw zloo eh vkrzq lq wklv vhfwlrq wkdw/ iru d vx!flhqwo| kljk ohyho

ri kxpdq fdslwdo/ wkh jrrg vwdwh +ixoo lqgxvwuldol}dwlrq, zloo eh d xqltxh

htxloleulxp1 Vlploduo|/ iru d orz ohyho ri kxpdq fdslwdo/ lqgxvwuldol}dwlrq zloo

qhyhu wdnh sodfh1 Pxowlsoh htxloleuld duh srvvleoh rqo| iru dq lqwhuphgldwh

udqjh ri kxpdq fdslwdo1

Zh dovr xvh rxu iudphzrun wr ghyhors vrph h{sodqdwlrqv iru pxowlsoh htxl0

oleuld wkdw jr eh|rqg wkrvh lq Pxusk|/ Vkohlihu dqg Ylvkq| +4<;<,1 Lq wkhlu

prghov/ pxowlsoh htxloleuld dulvh zkhq �upv wkdw xvh wkh dgydqfhg whfkqltxh

frqwulexwh wr wkh pdunhw iru rwkhu pdqxidfwxuhv/ hyhq zkhq wkhlu lqyhvwphqw

rq lwv rzq zrxog orvh prqh|1 Wkh| vxjjhvw vhyhudo phfkdqlvpv e| zklfk

wklv fdq rffxu/ lqfoxglqj d idfwru| zdjh suhplxp dqg lqyhvwphqwv zlwk gh0

od|hg sd|0r�v1 Rxu lqwurgxfwlrq ri lqwhuphgldwh lqsxwv vxjjhvwv wkdw wkh

frqglwlrqv iru pxowlsoh htxloleuld duh pruh jhqhudo1

Lq sduwlfxodu/ d vlpsoh zd| wr rewdlq pxowlsoh htxloleuld lv wr srvlw lp0

shuihfw frpshwlwlrq lq wkh pdqxidfwxuh ri htxlsphqw1 Ilupv wkdw xvh wkh
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dgydqfhg whfkqltxh dqg sxufkdvh htxlsphqw lqsxwv zloo frqwulexwh wr wkh

sur�wv ri wkh htxlsphqw pdqxidfwxuhu dqg/ lq wxuq/ wr wkh ghpdqg iru pdq0

xidfwxuhv1 Wklv h�hfw fdq eh uhlqirufhg li wkhuh duh vfdoh hfrqrplhv lq wkh

htxlsphqw vhfwru1 Wkhq/ dq h{sdqvlrq e| rqh dgydqfhg �up fdq srwhqwldoo|

orzhu wkh sulfh ri htxlsphqw/ udlvlqj wkh pdun0xsv ri rwkhu dgydqfhg �upv1

Zh xvh d vlpsoh prgho wr ghprqvwudwh wkhvh srvvlelolwlhv/ zlwk �{hg frvwv

wkh vdph dfurvv vhfwruv/ dqg qr uroh iru djulfxowxuh1 Htxlsphqw fdq eh

pdqxidfwxuhg e| d frpshwlwlyh iulqjh dw d sulfh e1 D prqrsrolvw fdq dovr

surgxfh htxlsphqw/ xvlqj d pruh vrsklvwlfdwhg whfkqrorj|/ zklfk frqyhuwv d

xqlw ri oderxu lqwr � xqlwv ri htxlsphqw1 Wr vhsdudwh rxw wkh sur�wv h�hfw

iurp wkdw ri uhgxfhg htxlsphqw sulfhv/ zh vlpso| dvvxph wkdw ghpdqg lv

vx!flhqwo| lqhodvwlf wkdw wkh dgydqfhg �up zloo qrw zdqw wr fkdujh d sulfh

ohvv wkdq e16 Zlwk wklv vshfl�fdwlrq/ sur�wv lq wkh htxlsphqw vhfwru duh jlyhq

e| Ee � �

�
�%+1 Khuh dqg odwhu rq/ zh dvvxph e| fkrlfh ri sdudphwhuv wkdw

srvlwlyh sur�wv duh srvvleoh1

Lq wkh frqvxphu pdqxidfwxuhv vhfwru/ wkh dgydqfhg �up fdq frpelqh rqh

xqlw ri oderxu zlwk k xqlwv ri htxlsphqw wr surgxfh k xqlwv ri rxwsxw/ exw

pxvw sd| d �{hg frvw 8*� wr surgxfh1 Pdqxidfwxulqj sur�wv duh wkhq jlyhq

e|

Z ' E� �
�

k
� e�+ �

8

�

Djjuhjdwh sur�wv duh jlyhq e| vxpplqj sur�wv lq frqvxphu pdqxidfwxu0

lqj dqg wkrvh lq htxlsphqw=

�E%� ' E� �
�

k
� e�%+ � %

8

�
n Ee�

�

�
�%+

Vxevwlwxwlqj wklv lq wkh htxdwlrq iru djjuhjdwh lqfrph/ +E%� ' �E%� n u/

6Wklv dovr doorzv xv wr dyrlg ghulylqj wkh ghpdqg fxuyh iru htxlsphqw/ zklfk lv frp0

soh{/ ghshqglqj dv lw grhv rq wkh qxpehu ri vhfwruv lqgxvwuldol}lqj1
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Li �upv lqgh{hg e| dfc ^� lqgxvwuldol}h/ wkh sur�wv ri �up ^ zloo eh jlyhq
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Li ZEf� � f/ wkhq ZE^� lv gh�qlwho| lqfuhdvlqj lq ^1 Wklv phdqv wkdw/ li

ZEf� � f/ wkhq wkh xqltxh htxloleulxp kdv doo dgydqfhg �upv lqgxvwuldol}lqj1

Lw lv dovr srvvleoh iru lqgxvwuldol}hg dqg qrq0lqgxvwuldol}hg htxloleuld wr fr0

h{lvw/ wkh fdvh zkhq ZEf� 	 f exw ZE�� : f1 Zkhq ZE�� : f/ lw gh�qlwho|

sd|v doo vhfwruv wr lqgxvwuldol}h/ hyhq lq fdvhv zkhuh dq| lqgxvwuldol}lqj dorqh

zrxog pdnh d orvv1

Iru lqgxvwuldol}dwlrq wr eh wkh xqltxh rxwfrph/ ZEf� � f/ vr

� �
8

uE�� �

k
� e�

+48,

Qrwh wkdw lqfuhdvhg surgxfwlylw| xvlqj wkh prghuq whfkqltxh +d ulvh lq

k, phdqv wkdw d orzhu ohyho ri kxpdq fdslwdo lv uhtxluhg wr jlyh d xqltxh

htxloleulxp1 Dv zruogzlgh whfkqlfdo nqrzohgjh lpsuryhv/ dqg kxpdq fdslwdo

dffxpxodwhv/ wkh uhohydqfh ri wkh Elj Sxvk zloo glplqlvk1

Iru ixoo lqgxvwuldol}dwlrq wr eh d srvvleoh rxwfrph/ ZE�� � f/ vr

� �
E�� en �

�
�8

uE�� �

k
� e�

+49,

Iru pxowlsoh htxloleuld/ zh qhhg wkh lqhtxdolw| lq +48, wr eh uhyhuvhg/ dqg

wklv htxdwlrq wr krog vlpxowdqhrxvo| zlwk +49,1 Pxowlsoh htxloleuld h{lvw iru

dq lqwhuphgldwh udqjh ri kxpdq fdslwdo=
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dqg fdq rffxu rqo| li wkh pdun0xs lq wkh htxlsphqw vhfwru/ e � �

�
/ lv

srvlwlyh1 Wkh lqwxlwlrq iru pxowlsoh htxloleuld lv vlpsoh1 Dq| dgydqfhg �up

dgrswlqj wkh prghuq whfkqltxh frqwulexwhv wr sur�wv lq wkh vhfwru surgxf0

lqj lqwhuphgldwh lqsxwv/ dqg vr frqwulexwhv wr wkh ghpdqg iru pdqxidfwxuhv1

Wkxv hyhq li d �up zrxog pdnh d orvv e| lqgxvwuldol}lqj rq lwv rzq/ lw pd|

pdnh d sur�w li doo �upv lqgxvwuldol}h/ ehfdxvh kljkhu sur�wv lq wkh lqwhuph0

gldwh vhfwru zloo udlvh ghpdqg iru pdqxidfwxuhv1

Pxowlsoh htxloleuld zloo dovr eh suhvhqw li wkhuh duh hfrqrplhv ri vfdoh lq

wkh pdqxidfwxuh ri lqwhuphgldwh lqsxwv olnh htxlsphqw1 Zlwk dq lpshuihfwo|

frpshwlwlyh htxlsphqw vhfwru/ wklv vhhpv wr iroorz lpphgldwho| iurp rxu

suhylrxv uhvxow/ ehfdxvh sur�wv lq wkh htxlsphqw vhfwru zloo eh qrq0}hur1

Krzhyhu/ lw lv hdv| wr vhh wkdw wkhuh zloo eh dq h�hfw ri vfdoh hfrqrplhv hyhq

lq wkh devhqfh ri d sur�wv h�hfw1

Dvvxph wkhuh duh wzr whfkqltxhv iru pdqxidfwxulqj htxlsphqw/ dqg wkdw

lw lv rqo| sur�wdeoh wr dgrsw wkh vhfrqg dw d odwh vwdjh ri lqgxvwuldol}dwlrq/

zkhq wkh pdunhw lv odujhu1 Wkhuh duh wzr sulfhv iru htxlsphqw/ eM dqg eu/

fruuhvsrqglqj wr wkhvh wzr whfkqltxhv uhvshfwlyho|1 Dgdswlqj +48, dqg +49,/

iru wkh fdvh ri }hur sur�wv lq wkh htxlsphqw vhfwru/ dqg zh kdyh pxowlsoh

htxloleuld zkhq

8

uE� � �

k
� eM�

: � �
8

uE� � �

k
� eu�

+4;,

iru zklfk d qhfhvvdu| frqglwlrq lv wkdw eM : eu/ ru wkdw htxlsphqw sulfhv

idoo zlwk wkh ohyho ri ghyhorsphqw1 Djdlq/ wkh lqwxlwlrq iru pxowlsoh htxloleuld

lv vlpsoh1 Rqh �up/ e| udlvlqj rxwsxw/ fdq orzhu wkh sulfh ri htxlsphqw

li wkhuh duh vfdoh hfrqrplhv lq htxlsphqw pdqxidfwxuh1 Lq wxuq/ wklv idoo

lq wkh sulfh ri htxlsphqw zloo lqfuhdvh wkh lqfhqwlyh wr dgrsw wkh dgydqfhg

whfkqltxh1 Lw fdq wkhuhiruh eh sur�wdeoh iru doo �upv wr dgrsw vlpxowdqhrxvo|/

hyhq zkhq d �up dgrswlqj dorqh zrxog pdnh d orvv1
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Lq sulqflsoh/ d prgho lq zklfk wudqvlwlrqv ehwzhhq pxowlsoh htxloleuld duh

srvvleoh r�huv dqrwkhu h{sodqdwlrq zk|/ lq vrph frxqwulhv/ wkh surfhvv ri

lqgxvwuldol}dwlrq kdv dssduhqwo| uhyhuvhg1 Krzhyhu/ zh suhihu rxu hduolhu lq0

whusuhwdwlrq ri wklv skhqrphqrq1 Wkhuh duh jrrg uhdvrqv wr wklqn wkdw/ rqfh

d frxqwu| kdv lqgxvwuldol}hg/ d pryhphqw edfn wr d ohvv ghyhorshg htxlole0

ulxp lv xqolnho|1 Rqh uhdvrq wkh wudqvlwlrq lv olnho| wr eh lq rqo| rqh gluhfwlrq

lv wkdw/ lq dwwdlqlqj d prghuq lqgxvwuldo vhfwru/ d frxqwu| �qgv lwv grphv0

wlf pdunhw ehfrplqj uhodwlyho| ohvv lpsruwdqw1 Dq xqghughyhorsphqw wuds

fdxvhg e| d vpdoo pdunhw vl}h lv dffruglqjo| ohvv olnho|1

Zh fdq xvh wklv lghd wr vxjjhvw zk| lqlwldo vfkrro hquroophqw udwhv kdyh

h{sodqdwru| srzhu iru vxevhtxhqw jurzwk lq ghyhorslqj frxqwulhv1 Eh|rqg d

fhuwdlq wkuhvkrog ohyho ri kxpdq fdslwdo/ dq htxloleulxp zlwk d kljk ohyho ri

ghyhorsphqw zloo eh dwwdlqdeoh/ exw shukdsv qrw lqhylwdeoh1 Li wklv wkuhvkrog

ohyho lv dfklhyhg lq/ vd|/ 4<93/ dq| wudqvlwlrq wr d jrrg htxloleulxp zloo

uhvxow lq udslg jurzwk ryhu vxevhtxhqw |hduv1 Li wudqvlwlrqv iurp edg wr

jrrg htxloleuld duh pruh olnho| wkdq wkrvh lq wkh rwkhu gluhfwlrq/ zh kdyh wkh

hpslulfdo �qglqj1

Wkh srlqw wkdw pxowlsoh htxloleuld frxog eh gulylqj wkh fruuhodwlrq eh0

wzhhq lqlwldo vfkrrolqj dqg jurzwk kdv ehhq pdgh ehiruh/ e| D}duldglv dqg

Gud}hq +4<<3,1 Li rqh wdnhv vfkrro hquroophqw ru olwhudf| udwhv dv d sur{|

iru lqyhvwphqwv lq kxpdq fdslwdo/ wkh fruuhodwlrq fdq eh h{sodlqhg e| prg0

hov zlwk lqfuhdvlqj vrfldo uhwxuqv lq wkrvh lqyhvwphqwv1 Lq rughu wr rewdlq

pxowlsoh htxloleuld/ wkh| dvvxph h{whuqdolwlhv kdyh d cwkuhvkrog* surshuw|/ vr

wkdw uhwxuqv wr vfdoh ulvh yhu| udslgo| ryhu d fhuwdlq fulwlfdo udqjh ri kxpdq

fdslwdo ohyhov1 Wkh prgho suhvhqwhg khuh lv ohvv frpsolfdwhg lq lwv xqghuo|lqj

dvvxpswlrqv/ exw pdnhv wkh vdph suhglfwlrq derxw wkh srvvleoh lpsruwdqfh
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ri kxpdq fdslwdo wkuhvkrogv17

Lw lv dovr zruwk qrwlqj wkdw/ hyhq zlwkrxw pxowlsoh htxloleuld/ rqh fdq

h{sodlq wkh olqn ehwzhhq lqlwldo vfkrrolqj dqg vxevhtxhqw jurzwk xvlqj rxu

vlpsoh prgho ri lqgxvwuldol}dwlrq1 Vd| kxpdq fdslwdo gl�huv ehwzhhq frxq0

wulhv/ exw lv jurzlqj dw d vlplodu udwh lq doo ri wkhp1 Jlyhq wkdw wkhuh lv d

uhjlrq ri kxpdq fdslwdo ohyhov iru zklfk lqgxvwuldol}dwlrq wdnhv sodfh/ frxq0

wulhv qhduhu wr wkhvh ohyhov lq 4<93 zloo eh wkh rqhv wr kdyh pryhg ixuwkhvw

lq lqgxvwuldol}lqj vlqfh wkhq1

7 Hpslulfdo whvwlqj

Zh kdyh dujxhg wkdw lqyhvwphqw dqg jurzwk duh wkh mrlqw rxwfrph ri lqgxv0

wuldol}dwlrq1 Vrph vxssruw iru wklv lv jlyhq e| �jxuh 6/ zklfk vkrzv d sorw

ri wkh htxlsphqw lqyhvwphqw udwlr +dyhudjhg ryhu 4<930;8, djdlqvw wkh shu0

fhqwdjh fkdqjh lq djulfxowxuh*v vkduh ri hpsor|phqw ryhu 4<930;318 Zh dovr

h{shulphqwhg zlwk phdvxulqj vwuxfwxudo fkdqjh xvlqj wkh devroxwh fkdqjh

lq djulfxowxuh*v vkduh ri hpsor|phqw/ exw irxqg wkdw wkh uhvxowv zhuh ohvv

vdwlvidfwru|1 Krzhyhu/ lw zdv fohdu iurp wkhvh uhvxowv wkdw vwuxfwxudo fkdqjh

kdv ehhq vxevwdqwldo lq pdq| frxqwulhv1

Wkhuh duh wzr srvvleoh lqwhusuhwdwlrqv ri wkh �jxuh/ zklfk vkrzv d qhj0

dwlyh uhodwlrqvkls ehwzhhq wkh fkdqjh lq djulfxowxuh vkduh dqg htxlsphqw

lqyhvwphqw1 Frxqwulhv wkdw lqyhvw d orw lq htxlsphqw/ ehfdxvh iru lqvwdqfh

wkh| kdyh orz wdul�v rq lpsruwv ri fdslwdo jrrgv/ jurz txlfno|/ dqg wklv

7D fodvvlf vwdwhphqw ri wkh wkuhvkrog ylhz lv Erzpdq dqg Dqghuvrq +4<96,/ zkr vkrzhg

wkdw doo frxqwulhv zlwk d prghudwh shu fdslwd lqfrph kdg olwhudf| udwhv ri dw ohdvw 63(1

Fohduo|/ wkrxjk/ fdxvdolw| frxog uxq lq hlwkhu gluhfwlrq1
8Wkh gdwd iru rxu qhz yduldeoh lv wdnhq iurp wkh Zruog Edqn +4<:</ 4<<6,1 Gxh wr

dydlodelolw| sureohpv/ rxu phdvxuh rqo| fryhuv 4<930;3/ zkloh htxlsphqw lqyhvwphqw lv

dyhudjhg ryhu 4<930;81 Wkxv/ rxu odwhu uhjuhvvlrq hvwlpdwhv surylgh d orzhu erxqg rq wkh

h�hfw ri lqwurgxflqj wkh qhz yduldeoh1
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jurzwk lv dffrpsdqlhg e| vwuxfwxudo fkdqjh1 Wklv pxvw eh wkh ylhz wdnhq

e| Gh Orqj dqg Vxpphuv1 Dq dowhuqdwlyh dujxphqw lv wkdw/ lq frxqwulhv

zkhuh oderxu kdv vkliwhg lqwr dgydqfhg vhfwruv/ wklv lv dffrpsdqlhg e| kljk

htxlsphqw lqyhvwphqw dqg idvw WIS jurzwk1 Lq wklv fdvh/ wkh htxlsphqw

lqyhvwphqw frh!flhqw/ hpskdvlvhg vr vwurqjo| e| Gh Orqj dqg Vxpphuv/ lv

doprvw fhuwdlqo| plvohdglqj1 Lw lqglfdwhv d vwurqj fruuhodwlrq/ exw qrw kljk

vrfldo uhwxuqv wr h{rjhqrxv yduldwlrq lq htxlsphqw lqyhvwphqw1

Iljxuh 6= Htxlsphqw lqyhvwphqw dqg vwuxfwxudo fkdqjh

Rqh zd| wr whvw wklv sursrvlwlrq lv wr hqwhu d sur{| iru lqgxvwuldol}dwlrq 0

wkh sursruwlrqdo fkdqjh lq wkh djulfxowxuh vkduh ri hpsor|phqw 0 lq d jurzwk

uhjuhvvlrq/ dqg vhh zkdw h�hfw wklv kdv rq wkh htxlsphqw lqyhvwphqw frhi0

�flhqw1 Fohduo| rqh zrxog zdqw wr wuhdw wkh uhvxowv zlwk fdxwlrq/ vlqfh wkh
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fkdqjh lq djulfxowxuh vkduh lv hqgrjhqrxv1 Lw pd| vwloo |lhog vrph lqwhuhvwlqj

lqirupdwlrq rq wkh urexvwqhvv ri wkh htxlsphqw lqyhvwphqw frh!flhqw1 Lq

sduwlfxodu/ li wkh frh!flhqw zdv xqfkdqjhg/ wkdw zrxog eh d uhdvrqdeo| �up

uhmhfwlrq ri rxu dujxphqw1 Htxlsphqw lqyhvwphqw zrxog uhpdlq h{wuhpho|

lpsruwdqw/ hyhq zkhq frqwuroolqj iru wkh h{whqw ri dq| lqgxvwuldol}dwlrq df0

frpsdq|lqj jurzwk1

Furvv0frxqwu| jurzwk uhjuhvvlrqv ri wklv w|sh duh kljko| vhqvlwlyh wr rxw0

olhuv/ dqg Dxhuedfk hw do1 +4<<7, dujxh wkdw wkh Gh Orqj dqg Vxpphuv

uhvxowv duh gulyhq e| wkh suhvhqfh ri Erwvzdqd lq wkh vdpsoh1 Lq wklv sdshu/

zh wdnh juhdw fduh wr hqvxuh wkdw rxu uhvxowv gr qrw ghshqg rq rqh ru wzr

lq xhqwldo revhuydwlrqv1 Zh �uvw hvwlpdwh rxu uhjuhvvlrqv xvlqj d urexvw hvwl0

pdwru/ ohdvw wulpphg vtxduhv/ dqg wkhq xvh wkh uhvlgxdov wr lghqwli| rxwolhuv1

Frxqwulhv zlwk odujh rxwolhuv lq wkh urexvw uhjuhvvlrq duh h{foxghg iurp dq

ROV uhjuhvvlrq1 Iru hdfk wdeoh ehorz/ zh surylgh ghwdlov ri zklfk frxqwulhv

kdyh ehhq h{foxghg1 Dprqj wkh srruhvw hfrqrplhv lq 4<93/ Erwvzdqd dqg

]dpeld duh iuhtxhqwo| h{foxghg e| rxu whfkqltxh1 Erwk wkhvh frxqwulhv zhuh

lghqwl�hg dv sureohpdwlf e| Gh Orqj dqg Vxpphuv +4<<4,/ zklfk vxjjhvwv

wkdw rxu phwkrg lv d xvhixo rqh1

Wkh uhvxowv duh suhvhqwhg lq Wdeoh 41 Wkh �uvw olqh lqfoxghv d uhjuhvvlrq

edvhg rq Gh Orqj dqg Vxpphuv +4<<6,/ iru wkh ;8 frxqwulhv rxw ri wkhlu

;; iru zklfk rxu yduldeoh rq djulfxowxudo hpsor|phqw fkdqjh lv dydlodeoh1

Orrnlqj dw wkh uhvxowv ehorz/ lw lv fohdu wkdw/ zkhq wkh shufhqwdjh fkdqjh lq

djulfxowxuh*v vkduh lq hpsor|phqw lv lqwurgxfhg/ wkh frh!flhqw rq htxlsphqw

lqyhvwphqw idoov1 Wkh h�hfw lv uhlqirufhg zkhq rxwolhuv duh h{foxghg1

Dv zh kdyh suhylrxvo| h{sodlqhg/ zh gr qrw zdqw wr sodfh wrr pxfk zhljkw

rq wkhvh uhvxowv/ jlyhq wkh hqgrjhqhlw| ri rxu dgglwlrqdo h{sodqdwru| yduldeoh1

Exw wklv �uvw sdvv dw hpslulfdo whvwlqj vxjjhvwv wkdw uhmhfwlrq ri rxu wkhru|
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lv qrw vwudljkwiruzdug1 Frqwuroolqj iru wkh h{whqw ri hdfk frxqwu|*v lqgxvwul0

dol}dwlrq grhv ohdg rqh wr �qg d vpdoohu uroh iru htxlsphqw lqyhvwphqw1 Rqh

frxog vhh wklv dv frqwuroolqj iru wkh WIS jurzwk wkdw dffrpsdqlhv lqgxvwuldo0

l}dwlrq 0 khqfh h{sodlqlqj zk| wkh frh!flhqw rq htxlsphqw lqyhvwphqw idoov

zkhq wkh vwuxfwxudo fkdqjh yduldeoh lv lqfoxghg1

Wdeoh 4

Uhjuhvvlrqv lqfoxglqj wkh fkdqjh lq djulfxowxuh vkduh

Htxlsphqw Rwkhu Orj Oderxu Fkdqjh lq

lqyhvwphqw lqyhvwphqw +\2O,�bSf jurzwk dj1 vkduh U
2 q

Zlwkrxw fkdqjh 315<: 313;5 031339 31364 �� 3179 ;8

+3139:, +31389, +31335, +31483, ��

Zlwk fkdqjh 314;8 313<9 031345 31396 03136; 3187 ;8

+doo rev1, +313;<, +31384, +31335, +31464, +3133<,
Zlwk fkdqjh 3146; 31476 03133< 31438 031358 3197 :;

+h{fo1 rxwolhuv, +3137<, +31359, +31335, +31433, +3133;,

Qrwhv

Iljxuhv lq sduhqwkhvhv duh PdfNlqqrq dqg Zklwh +4<;8, mdfnnqlih khw0

hurvfhgdvwlflw| frqvlvwhqw vwdqgdug huuruv1 Wkh rxwolhuv h{foxghg iurp wkh

wklug uhjuhvvlrq duh Erwvzdqd/ Fdphurrq/ Krqj Nrqj/ Pr}dpeltxh/ Pr0

urffr/ Vsdlq dqg ]dpeld1 Zkhq srvvleoh rxwolhuv duh h{foxghg iurp wkh �uvw

uhjuhvvlrq/ wkh srlqw hvwlpdwh ri wkh frh!flhqw lv 315451

Zh fdq whvw rxu dujxphqw lq dqrwkhu/ shukdsv pruh frqylqflqj zd|1 Frq0

vlghu wkh prgho rxwolqhg lq wkh vhfrqg vhfwlrq/ frpelqhg zlwk d frqvwdqw

jurzwk udwh ri kxpdq fdslwdo1 Lqlwldoo|/ zlwk surgxfwlrq lq wkh wudglwlrqdo

vhfwru/ wkhuh zloo eh jurzwk exw olwwoh htxlsphqw lqyhvwphqw1 Wkhq sur0
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gxfwlrq zloo lqfuhdvlqjo| eh wdnhq rq e| wkh dgydqfhg �upv xvlqj lqfuhdv0

lqj uhwxuqv whfkqrorjlhv1 Jurzwk zloo dffhohudwh/ dqg htxlsphqw lqyhvwphqw

wdnhv sodfh1 Ilqdoo|/ doo vhfwruv kdyh vzlwfkhg wr wkh prghuq whfkqrorj|/

dqg jurzwk ghfuhdvhv1 Ryhudoo/ rqh zrxog h{shfw wkh fruuhodwlrq ehwzhhq

jurzwk dqg htxlsphqw lqyhvwphqw wr eh vwurqjhvw lq wkrvh ghyhorslqj frxq0

wulhv zlwk d orw ri srwhqwldo iru lqgxvwuldol}dwlrq/ dqg kdugo| suhvhqw dw doo

lq wkh lqgxvwuldol}hg qdwlrqv1 Wkxv/ rxu iudphzrun fdq eh vhhq dv d uhv0

roxwlrq ri wkh sx}}oh lpsolflwo| srvhg e| Dxhuedfk hw do1 +4<<7,= zk| lv

wkh lqyhvwphqw0jurzwk uhodwlrqvkls vwurqj lq ghyhorslqj frxqwulhv/ exw qrw

lq Zhvwhuq Hxursh/ ru zlwklq wkh RHFGB Wkh olnho| dqvzhu lv wkdw wkh uhod0

wlrqvkls lv gulyhq e| wkh suhvhqfh ri vwuxfwxudo fkdqjh/ dqg ixuwkhu hpslulfdo

zrun/ ghvfulehg ehorz/ vxssruwv wklv lghd1

Wkhuh duh vhyhudo qdwxudo yduldeohv zh fdq xvh wr fdswxuh dq lqlwldoo| xq0

ghughyhorshg vwdwh1 Xvlqj gdwd iru 4<93/ wkhq orz hqhuj| frqvxpswlrq shu

fdslwd/ d orz ghjuhh ri xuedqlvdwlrq/ d orz ydoxh iru wkh vkduh ri pdqxidf0

wxulqj lq hpsor|phqw ru JGS/ ru d kljk vkduh ri djulfxowxuh lq hpsor|phqw/

duh doo olnho| wr lqglfdwh wkdw lqgxvwuldol}dwlrq kdg d orqj zd| wr jr ryhu vxe0

vhtxhqw |hduv1 Zklfk ri wkhvh yduldeohv vkrxog zh fkrrvhB Lq sudfwlfh/ wkh

fkrlfh lv xqolnho| wr pdwwhu d juhdw ghdo/ vlqfh wkh udqn fruuhodwlrqv ehwzhhq

wkhvh yduldeohv duh doo kljk1

Rxu phwkrg lv wr iroorz Del}dghk dqg Edvlohyvn| +4<;9, dqg frpelqh wkh

yduldeohv lqwr d vlqjoh phdvxuh/ xvlqj idfwru dqdo|vlv1 Dowkrxjk idfwru dqdo|0

vlv lv vrphwlphv frqwuryhuvldo/ lq wklv fdvh lw fdq eh wkrxjkw ri dv d uhodwlyho|

hohjdqw zd| ri dyhudjlqj dfurvv wkh yduldeohv wr �qg dq lqgh{ fruuhvsrqglqj

wr 4<93 lqgxvwuldol}dwlrq19 Wkh idfwru ordglqjv iru rxu �yh yduldeohv/ hvwl0

pdwhg e| pd{lpxp olnholkrrg/ duh vkrzq lq Wdeoh 5/ zkloh Wdeoh 6 udqnv

9Iru pruh rq idfwru dqdo|vlv/ vhh dq| vwdqgdug wh{w rq pxowlyduldwh dqdo|0
vlv/ iru lqvwdqfh Fkdw�hog dqg Froolqv +4<;3, ru Pdugld hw do1 +4<:<,1
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wkh frxqwulhv e| wkh ghulyhg lqgh{ ri lqgxvwuldol}dwlrq +wkh idfwru vfruhv/ fdo0

fxodwhg e| uhjuhvvlrq,1 Doo �yh fruuhodwlrqv lq Wdeoh 5 kdyh wkh h{shfwhg

vljqv1 Wkhuh duh rqh ru wzr srvvleoh dqrpdolhv lq Wdeoh 6 0 iru lqvwdqfh/ wkh

XVD lv rqo| lq �iwk sodfh 0 shukdsv jhqhudwhg e| wkh whqghqf| iru pdqx0

idfwxulqj vkduhv ri hpsor|phqw wr idoo dw kljk ohyhov ri ghyhorsphqw1 Wkh

flw| vwdwhv/ Krqj Nrqj dqg Vlqjdsruh/ duh sodfhg kljko| ehfdxvh ri wkhlu

kljk xuedql}dwlrq dqg orz vshfldol}dwlrq lq djulfxowxuh1 Wkh orz srvlwlrq ri

Mdsdq lv h{sodlqhg e| lwv odujh djulfxowxudo vhfwru lq 4<93= durxqg d wklug ri

wkh oderxu irufh zrunhg lq djulfxowxuh/ frpsduhg wr mxvw 7( lq wkh XN1 Lw

lv dovr zruwk qrwlqj wkdw Mdsdq*v JGS shu zrunhu lq 4<93 zdv rqo| 53( ri

wkh XVD*v/ dffruglqj wr yhuvlrq 819 ri wkh Vxpphuv0Khvwrq gdwd vhw1 Ryhu0

doo/ wkh rughulqj ri frxqwulhv e| rxu lqgh{ ri 4<93 lqgxvwuldol}dwlrq vhhpv

uhdvrqdeoh1

Wdeoh 5

Idfwru ordglqjv iru wkh �yh lqgxvwuldol}dwlrq yduldeohv

8�

Dj1 vkduh ri hpsor|phqw 031<<

Hqhuj| frqvxpswlrq 31:6

Pdqxi1 vkduh ri hpsor|phqw 31<9

Pdqxi1 vkduh ri JGS 31;8

Xuedqlvdwlrq 31;<

Qrwhv

Doo gdwd iru 4<931 Wkhuh duh 9: frxqwulhv lq wkh dqdo|vlv1 Gdwd rq djul0

fxowxuh dqg pdqxidfwxulqj hpsor|phqw vkduhv duh iurp Zruog Edqn +4<:<,>

uhpdlqlqj vhulhv duh iurp Zruog Edqn +4<;3,1
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Wdeoh 6

Udqnlqj ri frxqwulhv e| 4<93 lqgxvwuldol}dwlrq lqgh{

Jurxs 4 Lqgh{ Jurxs 5 Lqgh{ Jurxs 6 Lqgh{

Xqlwhg Nlqjgrp 41;6 Vsdlq 317: Jkdqd 03186

Krqj Nrqj 41:3 Mdpdlfd 3163 Pdod|vld 03188

Ehojlxp 4198 Sruwxjdo 315< Grplqlfdq Uhs1 03189

+Zhvw, Jhupdq| 418< Frorpeld 03136 Dojhuld 03194

XVD 418; Shux 03139 Vrxwk Nruhd 03197

Qhwkhuodqgv 4187 Ph{lfr 03139 Krqgxudv 031:5

Dxvwudold 417: Eud}lo 0313: Dqjrod 031:;

Vzhghq 4179 Frvwd Ulfd 0313< Lqgld 031:<

Fdqdgd 4164 Juhhfh 03148 Qljhuld 031;5

Lvudho 4157 Sdqdpd 03148 Wxunh| 031<3

Ghqpdun 4154 Wkh Frqjr 0314: ]dluh 0413<

Dxvwuld 4154 Sdudjxd| 0314< Pr}dpeltxh 04145

Vlqjdsruh 4154 Wdlzdq 03154 Vhqhjdo 04146

Dujhqwlqd 4149 Hfxdgru 03157 Ehqlq 0414<

Iudqfh 4145 Wxqlvld 0315; Nhq|d 04158

Qruzd| 4134 Vul Odqnd 03167 Hwklrsld 04163

Xuxjxd| 31<< Sklolsslqhv 0316: Vrpdold 04165

Lwdo| 31<3 Erolyld 0316: Lyru| Frdvw 04168

Wulqlgdg 31<3 Qlfdudjxd 0316: Xjdqgd 0416:

Fkloh 31:9 Ho Vdoydgru 0316< Wdq}dqld 0416<

Mdsdq 31:6 Sdnlvwdq 0316< Sdsxd Qhz Jxlqhd 0416<

Ilqodqg 3188 Prurffr 03178 Pdgdjdvfdu 0417;

Pdol 04183

Wr whvw zkhwkhu wkh lpsruwdqfh ri htxlsphqw lqyhvwphqw ghshqgv rq

lqgxvwuldol}dwlrq/ zh vwudwli| wkh vdpsoh lqwr wkh wkuhh jurxsv vkrzq lq Wdeoh

61 Wkhq zh hvwlpdwh wkh fhqwudo uhjuhvvlrq iurpGh Orqj dqg Vxpphuv +4<<6,

iru hdfk jurxs1 Wkh uhvxowv duh suhvhqwhg lq Wdeoh 71
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Wdeoh 7

Uhjuhvvlrqv vwudwlihg e| lqgxvwuldol}dwlrq lqgh{

Lqgxvwuldol}dwlrq Htxlsphqw Rwkhu Orj JGS shu Oderxu

lqgh{ lqyhvwphqw lqyhvwphqw zrunhu +4<93, jurzwk -2 q

	 �f�Df 3177: 316:6 031355 31686 31<8 4<

+3139;, +31377, +31336, +31559,

:' �f�Dfc 	 f�Df 31693 313:8 03133: 0315:5 31:< 4<

+313;8, +31365, +31338, +31584,

:' f�Df 31399 31333 031359 031343 31<4 4<

+31394, +31369, +31337, +3144<,

Jurxs Frxqwulhv h{foxghg

4 Lqgld/ Nhq|d/ Vrpdold/ Wdq}dqld
5 Mdpdlfd/ Prurffr/ Wdlzdq
6 Dujhqwlqd/ Fkloh/ Xuxjxd|

Qrwhv

Iljxuhv lq sduhqwkhvhv duh PdfNlqqrq dqg Zklwh +4<;8, mdfnnqlih khw0

hurvfhgdvwlflw| frqvlvwhqw vwdqgdug huuruv1 Zkhq doo revhuydwlrqv duh lq0

foxghg/ wkh htxlsphqw lqyhvwphqw frh!flhqwv iru wkh wkuhh jurxsv duh 318;/

3176/ dqg 3156 uhvshfwlyho|1

Wkh fhqwudo lqwhuhvw ri wkh uhvxowv olhv lq wkh htxlsphqw frh!flhqw/ dqg

krz lw lv uhodwhg wr jurzwk lq wkh gl�huhqw vxevdpsohv1 Wkh fruuhodwlrq

lv vwurqjhvw lq wkh ohdvw ghyhorshg hfrqrplhv/ dqg kdugo| suhvhqw dw doo lq

frxqwulhv zklfk kdg fohduo| lqgxvwuldol}hg e| 4<931 Li htxlsphqw lqyhvwphqw

fdxvhv wrwdo idfwru surgxfwlylw| jurzwk/ dv Gh Orqj dqg Vxpphuv dujxh lw

grhv/ wkhq rqh zrxog h{shfw d vwurqj fruuhodwlrq uhjdugohvv ri wkh sduwlfxodu

vxevdpsoh1
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Wdeoh 8
Uhjuhvvlrqv vwudwlihg e| djulfxowxuh vkduh ri hpsor|phqw

Djulfxowxuh Htxlsphqw Rwkhu Orj JGS shu Oderxu
hpsor|phqw vkduh lqyhvwphqw lqyhvwphqw zrunhu +4<93, jurzwk -2 q

:' HfI 3184; 313;< 031344 0315<3 31;: 53
+31686, +3137;, +31336, +31639,

:' SfIc 	 HfI 3148: 31748 031364 31838 31;8 49
+31487, +313<8, +31343, +31757,

:' efIc 	 SfI 316:4 3145< 031336 031389 31<< 45
+3137;, +31347, +31335, +313;3,

	 efI 314<4 31338 031343 03157; 31:4 55
+31375, +31359, +31336, +3147<,

Uhjuhvvlrq Frxqwulhv h{foxghg
4 Pdol/ Wkdlodqg
5 Jxdwhpdod/ Lqgld/ Prurffr/ ]dpeld/ ]lpedezh
6 Mrugdq/ Sdudjxd|/ Vsdlq/ Wdlzdq/ Wxqlvld

7 Fkloh/ Krqj Nrqj/ Mdpdlfd/ Mdsdq
Vlqjdsruh/ Xuxjxd|

Qrwhv

Ryhudoo vdpsoh lv edvhg rq Gh Orqj dqg Vxpphuv +4<<6,1 Iljxuhv lq

sduhqwkhvhv duh PdfNlqqrq dqg Zklwh +4<;8, mdfnnqlih khwhurvfhgdvwlflw|

frqvlvwhqw vwdqgdug huuruv1 Zkhq doo revhuydwlrqv duh lqfoxghg/ wkh htxls0

phqw lqyhvwphqw frh!flhqwv lq wkh irxu vdpsohv duh 3177/ 3187/ 3178 dqg

315: uhvshfwlyho|1
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Wdeoh 9

Uhjuhvvlrqv vwudwlihg e| pdqxidfwxulqj vkduh ri hpsor|phqw

Pdqxidfwxulqj Htxlsphqw Rwkhu Orj JGS shu Oderxu

hpsor|phqw vkduh lqyhvwphqw lqyhvwphqw zrunhu +4<93, jurzwk -2 q

	 �fI 31;3< 3135: 03133: 031547 31;8 4;

+3145;, +31387, +31337, +31595,

:' �fIc 	 2fI 3174: 31436 031334 0314:; 31;3 59

+313;8, +3135:, +31337, +314<9,

:' 2fIc 	 �DI 31478 31457 031353 31753 31<7 46

+313:6, +31377, +31337, +314;9,

:' �DI 31363 031369 031356 31388 31<9 46

+31394, +31365, +31338, +31453,

Uhjuhvvlrq Frxqwulhv h{foxghg

4 Erwvzdqd/ Fdphurrq/ Pdgdjdvfdu/ Pdol
Pr}dpeltxh/ Wkdlodqg/ ]dpeld

5 Dqjrod/ Prurffr/ Qljhuld/ Sdudjxd|/ Wdlzdq

6 Mdpdlfd/ Pdxulwlxv/ Vsdlq
7 Dujhqwlqd/ Lwdo|/ Xqlwhg Nlqjgrp

Qrwhv

Ryhudoo vdpsoh lv edvhg rq Gh Orqj dqg Vxpphuv +4<<6,1 Iljxuhv lq

sduhqwkhvhv duh PdfNlqqrq dqg Zklwh +4<;8, mdfnnqlih khwhurvfhgdvwlflw|

frqvlvwhqw vwdqgdug huuruv1 Zkhq doo revhuydwlrqv duh lqfoxghg/ wkh htxls0

phqw lqyhvwphqw frh!flhqwv lq wkh irxu vdpsohv duh 317</ 317</ 3156/ dqg

314; uhvshfwlyho|1

Zh dovr wulhg vwudwli|lqj wkh vdpsoh xvlqj 4<93 gdwd iru wkh djulfxowxuh

dqg pdqxidfwxulqj vkduhv ri hpsor|phqw/ dqg wkh vhfrqgdu| vfkrro hquroo0

phqw udwlr1 Wkhvh uhvxowv duh vkrzq lq Wdeohv 8/ 9 dqg :1 Wkh uhvxowv duh
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yhu| vlplodu= d kljk jurzwk0htxlsphqw lqyhvwphqw fruuhodwlrq lq wkh ohdvw

lqgxvwuldol}hg frxqwulhv/ idoolqj zlwk wkh h{whqw ri lqlwldo lqgxvwuldol}dwlrq/ wr

d qhjoljleoh h�hfw lq wkh lqgxvwuldo hfrqrplhv1 Wklv vlplodulw| ri wkh uhvxowv lv

qrw vxusulvlqj/ vlqfh wkh ydulrxv lqglfdwruv ri srwhqwldo iru lqgxvwuldol}dwlrq

duh kljko| fruuhodwhg/ zlwk Vshdupdq*v udqn fruuhodwlrqv ehwzhhq 31; dqg 31<1

Fohduo|/ rxu uhvxowv duh urexvw wr wkh suhflvh zd| wkh vdpsoh lv vwudwl�hg e|

wkh h{whqw ri sulru lqgxvwuldol}dwlrq1 Qrwh wkdw wkh uhvxowv duh sduwlfxoduo|

fohdu fxw zkhq wkh kxpdq fdslwdo yduldeoh 0 vhfrqgdu| vfkrro hquroophqw 0 lv

xvhg wr vwudwli| wkh vdpsoh +Wdeoh :,1

Wdeoh :

Uhjuhvvlrqv vwudwlihg e| 4<93 vhfrqgdu| vfkrro hquroophqw

Vhfrqgdu| vfkrro Htxlsphqw Rwkhu Orj JGS shu Oderxu

hquroophqw udwlr lqyhvwphqw lqyhvwphqw zrunhu +4<93, jurzwk -2 q

	 DI 317:: 31465 031345 0318<: 31<; 4:

+31355, +3135;, +31335, +31545,

:' DIc 	 2fI 31653 31444 031335 0317;4 31<4 49

+313;<, +31356, +31336, +31583,

:' 2fIc 	 efI 3153; 313<4 03133: 31553 31<7 47

+31378, +3137:, +31336, +3145:,

:' efI 31394 031367 031356 031353 31<: 48

+3135<, +31359, +31335, +313;7,

Uhjuhvvlrq Frxqwulhv h{foxghg

4 Dqjrod/ Fdphurrq/ Lyru| Frdvw/ Pdgdjdvfdu

Pdol/ Pr}dpeltxh/ Uzdqgd/ ]dpeld

5 Prurffr/ Qlfdudjxd/ Sdnlvwdq/ Sdudjxd|/

Wkdlodqg/ Wxqlvld

6 Krqj Nrqj/ Lqgld/ Lwdo|/ Mrugdq/ Nruhd

Sruwxjdo/ Vsdlq/ Wdlzdq

7 Mdpdlfd/ Mdsdq/ Xqlwhg Nlqjgrp
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Qrwhv

Ryhudoo vdpsoh edvhg rq Gh Orqj dqg Vxpphuv +4<<6,1 Iljxuhv lq sduhq0

wkhvhv duh PdfNlqqrq dqg Zklwh +4<;8, mdfnnqlih khwhurvfhgdvwlflw| frqvlv0

whqw vwdqgdug huuruv1 Rplvvlrq ri Erwvzdqd iurp wkh �uvw uhjuhvvlrq jlyhv d

srlqw hvwlpdwh iru wkh htxlsphqw frh!flhqw ri 3179/ dqg udlvhv wkh KFVH wr

31451 Zkhq doo revhuydwlrqv duh lqfoxghg/ wkh htxlsphqw lqyhvwphqw frh!0

flhqwv lq wkh irxu vdpsohv duh 3176/ 3165/ 3166/ dqg 3158 uhvshfwlyho|1

Vwudwl�fdwlrq e| lqlwldo lqfrph jlyhv vlplodu uhvxowv/ dqg vr rqh lqwhusuh0

wdwlrq ri rxu uhjuhvvlrqv lv wkdw wkh| vlpso| ghprqvwudwh glplqlvklqj uhwxuqv

wr htxlsphqw lqyhvwphqw1 Wkh sureohp zlwk wklv dujxphqw lv wkdw lw lp0

solhv hqruprxvo| kljk uhwxuqv wr htxlsphqw lqyhvwphqw lq wkh hduo| vwdjhv

ri ghyhorsphqw1 Gh Orqj dqg Vxpphuv +4<<5/ s1 4;9, suhvhqw fdofxodwlrqv

wkdw d qhw udwh ri uhwxuq dv kljk dv 78( lpsolhv d frh!flhqw ri mxvw 3149 lq

d uhjuhvvlrq ryhu wzhqw|0�yh |hduv1 \hw zh �qg d frh!flhqw ri 317: lq wkh

srruhvw hfrqrplhv +vhh Wdeoh 7,1 Pdnlqj wkh vdph fdofxodwlrqv dv Gh Orqj

dqg Vxpphuv/ wklv frh!flhqw lpsolhv d udwh ri uhwxuq wr htxlsphqw lqyhvw0

phqw juhdwhu wkdq 483(1: Lw lv kdug wr eholhyh/ wr vd| wkh ohdvw/ wkdw uhwxuqv

ri wklv pdjqlwxgh frxog kdyh shuvlvwhg ryhu dq| ohqjwk ri wlph dfurvv pdq|

ghyhorslqj frxqwulhv1

Rxu rzq dqvzhu wr wklv sx}}oh lv wkdw dwwhpswlqj wr lpsrvh wkh iudphzrun

ri dq djjuhjdwh surgxfwlrq ixqfwlrq lv doprvw fhuwdlqo| wkh zurqj dssurdfk

iru pdq| ghyhorslqj frxqwulhv/ dw ohdvw iru wkrvh rq wkh yhujh ri lqgxvwuldo0

l}dwlrq1 Prghov zklfk hpskdvlvh wkh uroh ri vwuxfwxudo fkdqjh duh olnho| wr

:Wklv �jxuh lv edvhg rq wkh vdph ghsuhfldwlrq udwh xvhg e| Gh Orqj dqg
Vxpphuv/ 48(1 Dvvxplqj d ghsuhfldwlrq udwh iru htxlsphqw dv orz dv 8(
uhvxowv lq dq hvwlpdwhg udwh ri uhwxuq ryhu 83(1
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kdyh juhdwhu uhohydqfh1 Lq rxu rzq iudphzrun/ wkhuh lv olwwoh ru qr htxlsphqw

lqyhvwphqw dw wkh suh0lqgxvwuldo vwdjh1 Wkh vpdoo vl}h ri wkh pdunhw phdqv

wkdw wkh uhwxuqv wr htxlsphqw lqyhvwphqw duh orz1; Dv kxpdq fdslwdo dqg

zruog nqrzohgjh ulvh/ wklv vwduwv wr fkdqjh/ dqg lw ehfrphv sur�wdeoh wr lq0

yhvw lq htxlsphqw zkloh dgrswlqj pruh dgydqfhg whfkqltxhv1 WIS jurzwk

zloo eh uhodwlyho| vwurqj lq wkh frxqwulhv wkdw duh lqgxvwuldol}lqj/ h{sodlqlqj

wkh sdwwhuq ri frh!flhqwv lq wkh deryh uhjuhvvlrqv1

Gh Orqj dqg Vxpphuv fodlp wkdw frh!flhqwv olnh wkrvh lq wkh deryh

wdeohv fdq rqo| eh h{sodlqhg li wkhuh lv d glyhujhqfh ri sulydwh dqg vrfldo

uhwxuqv/ shukdsv ehfdxvh ri ohduqlqj0e|0grlqj rq qhz pdfklqhv1 Wkh| duh

deoh wr vkrz wkdw wkhlu phdvxuhv ri wrwdo idfwru surgxfwlylw| jurzwk duh fru0

uhodwhg zlwk lqyhvwphqw lq htxlsphqw/ dqg srvvleo| zlwk wkdw lq vwuxfwxuhv

dv zhoo +4<<5/ s1 4<404<5,1 Krzhyhu/ li lw lv wkh fdvh wkdw htxlsphqw lq0

yhvwphqw udlvhv WIS jurzwk/ lw lv kdug wr xqghuvwdqg zk| wkh frh!flhqw rq

htxlsphqw lqyhvwphqw ydulhv vr juhdwo| dfurvv vxevdpsohv/ dqg zk| wkhuh lv

olwwoh fruuhodwlrq lq wkh prvw ghyhorshg frxqwulhv1

Lw lv srvvleoh wr dujxh wkdw htxlsphqw lqyhvwphqw rqo| fdxvhv WIS jurzwk

dw orz ohyhov ri surgxfwlylw|/ exw lw lv kdug wr vhh zk| wkh frpprqo| vxjjhvwhg

phfkdqlvpv/ olnh ohduqlqj0e|0grlqj rq qhz pdfklqhv/ duh qrw dw ohdvw dv

vwurqj lq ulfkhu hfrqrplhv1 Lw lv dovr gl!fxow wr vhh krz WIS jurzwk frxog

eh eurxjkw derxw e| lqyhvwphqw lq vwuxfwxuhv1 Lq rxu ylhz/ d pruh sodxvleoh

h{sodqdwlrq ri wkh fruuhodwlrq ehwzhhq WIS jurzwk dqg lqyhvwphqw lv wkdw

erwk duh wkh rxwfrph ri lqgxvwuldol}dwlrq1 Dv kxpdq fdslwdo ulvhv/ prghuq

whfkqltxhv duh dgrswhg/ ohdglqj wr udslg WIS jurzwk dffrpsdqlhg e| kljk

lqyhvwphqw lq htxlsphqw dqg vwuxfwxuhv1

Dq| yduldwlrq lq rwkhu ghwhuplqdqwv ri htxlsphqw lqyhvwphqw pd| kdyh

;Vhh Urguðjxh}0Foduh +4<<9, iru d irupdolvdwlrq ri wklv lghd1
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rqo| d plqru lqghshqghqw uroh lq wklv surfhvv1 Lq rxu prgho/ h{rjhqrxv idoov

lq htxlsphqw sulfhv gr pdnh lqgxvwuldol}dwlrq pruh olnho|/ dqg udlvh htxls0

phqw lqyhvwphqw1 Gh Orqj dqg Vxpphuv +4<<4, xvh wkh qhjdwlyh uhodwlrqvkls

wkh| �qg ehwzhhq htxlsphqw sulfhv dqg lqyhvwphqw wr dujxh wkdw fdxvdolw|

uxqv iurp h{rjhqrxv ghwhuplqdqwv ri lqyhvwphqw wr jurzwk1 Rxu rzq dujx0

phqw lv wkdw fdxvdolw| uxqv iurp ghwhuplqdqwv ri lqgxvwuldol}dwlrq +lqfoxglqj

htxlsphqw sulfhv, wr erwk lqyhvwphqw dqg WIS jurzwk1 Wkh frh!flhqw rq

htxlsphqw lqyhvwphqw lq d jurzwk uhjuhvvlrq lv olnho| wr eh plvohdglqj/ eh0

fdxvh lw zloo whqg wr lpso| kljkhu uhwxuqv wr h{rjhqrxv yduldwlrq lq htxlsphqw

lqyhvwphqw wkdq wkrvh dfwxdoo| suhvhqw1

8 Frqfoxvlrqv

Zh kdyh suhvhqwhg d vlpsoh prgho lq zklfk wkh sdfh ri lqgxvwuldol}dwlrq lv

ghwhuplqhg e| wkh dffxpxodwlrq ri kxpdq fdslwdo1 Kljkhu ohyhov ri kxpdq

fdslwdo orzhu wkh frvw ri dgrswlqj dgydqfhg whfkqltxhv/ lqfuhdvh wkhlu gl�x0

vlrq/ dqg vr wkh jurzwk ri wkh pdqxidfwxulqj vhfwru lv qdwxudoo| dffrpsd0

qlhg e| htxlsphqw lqyhvwphqw1 Wklv dvvrfldwlrq fdq khos h{sodlq wkh srvlwlyh

furvv0frxqwu| uhodwlrqvklsv ehwzhhq htxlsphqw lqyhvwphqw dqg jurzwk lq shu

fdslwd lqfrph ru wrwdo idfwru surgxfwlylw|1

Wkh hpslulfdo hylghqfh lv frpsdwleoh zlwk rxu jhqhudo dujxphqw1 Lqfoxg0

lqj d vlpsoh sur{| iru vwuxfwxudo fkdqjh zhdnhqv wkh htxlsphqw lqyhvwphqw0

jurzwk fruuhodwlrq1 Qrw rqo| wkdw/ wkh uhodwlrqvkls lv vwurqjhvw lq frxqwulhv

wkdw duh lqlwldoo| srru/ lqglfdwlqj wkdw wkh fruuhodwlrq pd| eh gulyhq e| lqgxv0

wuldol}dwlrq1 Wkh vwdqgdug h{sodqdwlrq 0 glplqlvklqj uhwxuqv wr htxlsphqw

lqyhvwphqw 0 lpsolhv pdvvlyh udwhv ri uhwxuq wr lqyhvwphqw lq wkh ghyhors0

lqj frxqwulhv/ idu kljkhu wkdq wkrvh xvxdoo| revhuyhg ru wkrxjkw uhdvrqdeoh1

Vlqfh vwuxfwxudo fkdqjh fdq eh xvhg wr h{sodlq wkh uhodwlrqvkls/ wkhuh lv qr
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qhhg wr uhvruw wr fodlpv ri kljk vrfldo uhwxuqv gulyhq e| ohduqlqj0e|0grlqj

h{whuqdolwlhv/ iru zklfk wkh gluhfw hylghqfh lv zhdn1 Wkh �qglqj wkdw wkhuh

lv d orz fruuhodwlrq lq wkrvh frxqwulhv douhdg| lqgxvwuldol}hg lq 4<93 vxjjhvwv

wkdw rxu lqwhusuhwdwlrq lv olnho| wr eh wkh fruuhfw rqh1

Dq lpsruwdqw xqghuo|lqj fodlp lq Gh Orqj dqg Vxpphuv* zrun lv wkdw

htxlsphqw lqyhvwphqw lv h{rjhqrxvo| ghwhuplqhg e|/ iru lqvwdqfh/ wudgh srol0

flhv1 Lqwhuyhqwlrqv wkdw hqfrxudjh htxlsphqw lqyhvwphqw zloo udlvh jurzwk/

dw ohdvw ryhu wkh phglxp whup1 Wkh lqwhuhvwlqj txhvwlrq iru wkhru| wr dqvzhu

lv zkhwkhu hqfrxudjlqj htxlsphqw lqyhvwphqw fdq kdyh pxfk h�hfw rq lqgxv0

wuldol}dwlrq1 Lq rxu prgho/ uhodwlyho| orz htxlsphqw sulfhv zloo lqfuhdvh wkh

vsuhdg ri dgydqfhg whfkqltxhv1 Krzhyhu/ rxu glvfxvvlrq lqglfdwhg wkdw d vxe0

vlg| wr htxlsphqw lv olnho| wr eh grplqdwhg e| dowhuqdwlyh srolflhv/ lqfoxglqj

d gluhfw vxevlg| wr rxwsxw lq wkh prghuq vhfwru1

Frqyhqwlrqdoo|/ wkh dgyrfdf| ri srolf| lqwhuyhqwlrqv wr hqfrxudjh lqyhvw0

phqw vkrxog uhvw rq d ghprqvwudwlrq wkdw vrfldo uhwxuqv gl�hu iurp sulydwh

rqhv1 Jlyhq wkdw wkh uhodwlrqvkls lghqwl�hg e| Gh Orqj dqg Vxpphuv pd|

eh wkh rxwfrph ri lqgxvwuldol}dwlrq/ wkh vl}h ri wkh htxlsphqw lqyhvwphqw

frh!flhqw fdqqrw eh wdnhq dv hylghqfh iru lpsruwdqw h{whuqdolwlhv1 Ryhudoo/

lw vhhpv olnho| wkdw rwkhu srolflhv/ qrwdeo| wkrvh wrzdugv hqfrxudjlqj kxpdq

fdslwdo dffxpxodwlrq ru wkh dgrswlrq ri iruhljq whfkqrorj|/ pd| eh udwkhu

pruh lpsruwdqw wr jhqhudwlqj jurzwk dqg vwuxfwxudo fkdqjh1
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6:



^5` Dxhuedfk/ D1 M1/ Kdvvhww/ N1 D1 dqg Rolqhu/ V1 G1 +4<<7,1 Uhdvvhvvlqj wkh

vrfldo uhwxuqv wr htxlsphqw lqyhvwphqw1Txduwhuo| Mrxuqdo ri Hfrqrplfv/

:;<0;351

^6` D}duldglv/ F1 dqg Gud}hq/ D1 +4<<3,1 Wkuhvkrog h{whuqdolwlhv lq hfrqrplf

ghyhorsphqw1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 438/ 83408591

^7` Erzpdq/ P1J1 dqg Dqghuvrq/ F1D1 +4<96,1 Frqfhuqlqj wkh uroh ri hgx0

fdwlrq lq ghyhorsphqw1 Lq F1 Jhhuw} +hg1, Rog vrflhwlhv dqg qhz vwdwhv=

wkh txhvw iru prghuqlw| lq Diulfd dqg Dvld1 Iuhh Suhvv/ Johqfrh1

^8` Fkdw�hog/ F1 dqg Froolqv/ D1 M1 +4<;3,1 Lqwurgxfwlrq wr pxowlyduldwh

dqdo|vlv1 Fkdspdq dqg Kdoo/ Orqgrq1

^9` Fkhqhu|/ K1 E1/ Urelqvrq/ V1 dqg V|utxlq/ P1 +4<;9,1 Lqgxvwuldol}dwlrq

dqg jurzwk= d frpsdudwlyh vwxg|1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

^:` Fkhqhu|/ K1 E1/ dqg V|utxlq/ P1 +4<:8,1 Sdwwhuqv ri ghyhorsphqw/ 4<830

4<:31 R{irug Xqlyhuvlw| Suhvv/ R{irug1

^;` Fudiwv/ Q1 I1 U1 +4<::,1 Lqgxvwuldo Uhyroxwlrq lq Hqjodqg dqg Iudqfh=

vrph wkrxjkwv rq wkh txhvwlrq/ �Zk| zdv Hqjodqg �uvwB�1 Hfrqrplf

Klvwru| Uhylhz/ 63+6,/ 75<07741

^<` Fudiwv/ Q1 I1 U1 +4<;8,1 Eulwlvk hfrqrplf jurzwk gxulqj wkh Lqgxvwuldo

Uhyroxwlrq1 R{irug Xqlyhuvlw| Suhvv/ R{irug1

^43` Gh Orqj/ M1 E1 +4<<5,1 Surgxfwlylw| jurzwk dqg pdfklqhu| lqyhvwphqw=

d orqj0uxq orrn/ 4;:304<;31 Mrxuqdo ri Hfrqrplf Klvwru|1

^44` Gh Orqj/ M1 E1 dqg Vxpphuv/ O1 K1 +4<<4,1 Htxlsphqw lqyhvwphqw dqg

hfrqrplf jurzwk1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439/ 77808351

6;



^45` Gh Orqj/ M1 E1 dqg Vxpphuv/ O1 K1 +4<<5,1 Htxlsphqw lqyhvwphqw dqg

hfrqrplf jurzwk= krz vwurqj lv wkh qh{xvB Eurrnlqjv Sdshuv rq Hfr0

qrplf Dfwlylw|/ 48:04<<1

^46` Gh Orqj/ M1 E1 dqg Vxpphuv/ O1 K1 +4<<6,1 Krz vwurqjo| gr ghyhors0

lqj frxqwulhv ehqh�w iurp htxlsphqw lqyhvwphqwB Mrxuqdo ri Prqhwdu|

Hfrqrplfv/ 6<807481

^47` Gh Orqj/ M1 E1 dqg Vxpphuv/ O1 K1 +4<<7,1 Krz urexvw lv wkh jurzwk0

pdfklqhu| qh{xvB Lq P1 Edogdvvduul/ O1 Sdjdqhwwr dqg H1 V1 Skhosv

+hgv1, Lqwhuqdwlrqdo gl�huhqfhv lq jurzwk udwhv1 Vw1 Pduwlq*v Suhvv/ Qhz

\run1

^48` Jrrgiulhqg/ P1 dqg PfGhuprww/ M1 +4<<8,1 Hduo| ghyhorsphqw1 Dphul0

fdq Hfrqrplf Uhylhz/ ;8/ 44904661

^49` Lwr/ W1 +4<<7,1 Frpphqw rq Sdjh1 QEHU pdfurhfrqrplfv dqqxdo/ 5:70

5;31

^4:` Odqghv/ G1 V1 +4<9<,1 Wkh xqerxqg Surphwkhxv1 Fdpeulgjh Xqlyhuvlw|

Suhvv/ Fdpeulgjh1

^4;` PdfNlqqrq/ M1 J1 dqg Zklwh/ K1 +4<;8,1 Vrph khwhurvfhgdvwlflw|0

frqvlvwhqw fryduldqfh pdwul{ hvwlpdwruv zlwk lpsuryhg �qlwh vdpsoh

surshuwlhv1 Mrxuqdo ri Hfrqrphwulfv/ 5</ 63806581

^4<` Pdugld/ N1 Y1/ Nhqw/ M1 W1 dqg Elee|/ M1 P1 +4<:<,1 Pxowlyduldwh dqdo|0

vlv1 Dfdghplf Suhvv/ Qhz \run1

^53` Pdwvx|dpd/ N1 +4<<5,1 Wkh pdunhw vl}h/ hqwuhsuhqhxuvkls/ dqg wkh Elj

Sxvk1 Mrxuqdo ri wkh Mdsdqhvh dqg Lqwhuqdwlrqdo Hfrqrplhv/ 9/ 67:06971

6<



^54` Plwfk/ G1 +4<<6,1 Wkh uroh ri kxpdq fdslwdo lq wkh �uvw Lqgxvwuldo Uhyr0

oxwlrq1 Lq M1 Prn|u +hg1, Wkh Eulwlvk Lqgxvwuldo Uhyroxwlrq= dq hfrqrplf

shuvshfwlyh1 Erxoghu1

^55` Pxusk|/ N1 P1/ Vkohlihu/ D1 dqg Ylvkq|/ U1 Z1 +4<;<d,1 Lqfrph glvwulex0

wlrq/ pdunhw vl}h/ dqg lqgxvwuldol}dwlrq1Txduwhuo| Mrxuqdo ri Hfrqrplfv/

437/ 86:08971

^56` Pxusk|/ N1 P1/ Vkohlihu/ D1 dqg Ylvkq|/ U1 Z1 +4<;<e,1 Lqgxvwuldol}dwlrq

dqg wkh Elj Sxvk1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ 4336043591

^57` Qhkux/ Y1/ Vzdqvrq/ H1 dqg Gxeh|/ D1 +4<<8,1 D qhz gdwdedvh rq kxpdq

fdslwdo vwrfnv lq ghyhorslqj dqg lqgxvwuldo frxqwulhv= vrxufhv/ phwkrg0

rorj| dqg uhvxowv1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 79 +5,/ 6:<07341

^58` Qlfkrodv/ V1 dqg Qlfkrodv/ M1 +4<<5,1 Pdoh olwhudf|/ cghvnloolqj* dqg wkh

Lqgxvwuldo Uhyroxwlrq1 Mrxuqdo ri Lqwhuglvflsolqdu| Klvwru|/ 561

^59` Sdjh/ M1 +4<<7,1 Wkh Hdvw Dvldq pludfoh= irxu ohvvrqv iru ghyhorsphqw

srolf|1 QEHU pdfurhfrqrplfv dqqxdo/ 54<059<1

^5:` Urguðjxh}0Foduh/ D1 +4<<9,1 Wkh glylvlrq ri oderu dqg hfrqrplf ghyho0

rsphqw1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 7<+4,/ 60651

^5;` Urphu/ S1 P1 +4<<9,1 Zk|/ lqghhg/ lq DphulfdB Wkhru|/ klvwru|/ dqg

wkh ruljlqv ri prghuq hfrqrplf jurzwk1 QEHU zrunlqj sdshu qr1 87761

^5<` Vfkr�hog/ U1 V1 +4<:6,1 Glphqvlrqv ri olwhudf|/ 4:8304;831 H{sorudwlrqv

lq Hfrqrplf Klvwru|/ 431

^63` Zruog Edqn +4<:<,1Zruog Ghyhorsphqw Uhsruw 4<:<1 R{irug Xqlyhuvlw|

Suhvv/ Qhz \run1

73



^64` Zruog Edqn +4<;3,1Zruog Ghyhorsphqw Uhsruw 4<;31 R{irug Xqlyhuvlw|

Suhvv/ Qhz \run1

^65` Zruog Edqn +4<<6,1Zruog Wdeohv 4<<61 Mrkqv Krsnlqv Xqlyhuvlw| Suhvv/

Edowlpruh1

74


