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Devwudfw

Wklv sdshu k|srwkhvl}hv wkdw wkh ghplvh ri wkh 4<|� fhqwxu|*v Hxurshdq fodvv

vwuxfwxuh uh hfwv d gholehudwh wudqvirupdwlrq ri vrflhw| rufkhvwudwhg e| wkh Fds0

lwdolvwv1 Frqwudu| wr frqyhqwlrqdo zlvgrp/ lw dujxhv wkdw wkh ghplvh ri wklv fodvv

vwuxfwxuh kdv ehhq dq rxwfrph ri d frrshudwlyh udwkhu wkdq d glylvlyh surfhvv1 Wkh

uhvhdufk vxjjhvwv wkdw wkh wudqvlwlrq iurp wklv fodvv vwuxfwxuh pd| eh ylhzhg dv

wkh rxwfrph ri dq rswlpdo uhdfwlrq surfhvv ri wkh Fdslwdolvwv wr wkh lqfuhdvlqj lp0

sruwdqfh ri kxpdq fdslwdo lq vxvwdlqlqj wkhlu sur�w udwhv1 Wkh sdshu dujxhv wkdw

wkh surfhvv ri fdslwdo dffxpxodwlrq kdv judgxdoo| lqwhqvl�hg wkh uhodwlyh vfduflw|

ri oderu dqg kdv jhqhudwhg dq lqfhqwlyh wr dxjphqw oderu yld kxpdq fdslwdo df0

fxpxodwlrq1 Gxh wr wkh frpsohphqwdulw| ehwzhhq sk|vlfdo dqg kxpdq fdslwdo lq

surgxfwlrq/ wkh Fdslwdolvwv zhuh dprqj wkh sulph ehqh�fldulhv ri wkh srwhqwldo

dffxpxodwlrq ri kxpdq fdslwdo e| wkh pdvvhv1 Wkh| kdg wkhuhiruh wkh lqfhqwlyh

wr �qdqfldoo| vxssruw sxeolf hgxfdwlrq wkdw zrxog vxvwdlq wkhlu sur�w udwhv dqg

zrxog lpsuryh wkhlu hfrqrplf zhoo ehlqj/ dowkrxjk zrxog xowlpdwho| xqghuplqh

wkhlu g|qdvw|*v srvlwlrq lq wkh vrfldo odgghu1 Wkh vxssruw iru sxeolf hgxfdwlrq lv

xqdqlprxv ghvslwh wkh idfw wkdw wkh Fdslwdolvwv fduu| wkh sulph �qdqfldo exughq

ri sxeolf vfkrrolqj1 Wkdw lv/ gxh wr wkh fr0h{lvwhqfh ri fuhglw pdunhw lpshuihf0

wlrqv dqg fdslwdo0vnloo frpsohphqwdulw|/ wkh uhglvwulexwlrq dvvrfldwhg zlwk sxeolf

hgxfdwlrq lv Sduhwr lpsurylqj1 Kdg Nduo Pdu{ ehhq h{srvhg wr Jdu| Ehfnhu*v

Kxpdq Fdslwdo wkhru|/ wkh vrflr0srolwlfdo h{shulhqfh ri wkh 53wk fhqwxu| pljkw

kdyh xqiroghg lq d vwulnlqjo| gl�huhqw pdqqhu1

Nh|zrugv= Lqfrph Glvwulexwlrqv/ Hgxfdwlrq/ Jurzwk/ Fodvv Vwuxjjoh

MHO fodvvl�fdwlrq Qxpehuv= E43/ R43/ R73/ Q63

�Wkh dxwkruv zlvk wr wkdqn Gdurq Dfhprjox/ Jhrujh Dnhuori/ Deklmlw Edqhumhh/ Fodxgld Jroglq/

Khuvfkho Jurvvpdq/ Oduu| Ndw}/ Mlp Urelqvrq/ Gdylg Zhlo dqg vhplqdu sduwlflsdqwv dw wkh HHD phhw0

lqjv 4<<< iru khosixo frpphqwv1 Jdoru*v uhvhdufk lv vxssruwhg e| QVI Judqw VEU0<:3<<741 Jdoru=

Eurzq Xqlyhuvlw|/ Kheuhz Xqlyhuvlw| dqg FHSU1 Prdy= PLW1
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4 Lqwurgxfwlrq

Gxulqj wkh qlqhwhhqwk fhqwxu|/ Hxursh zlwqhvvhg wkh rqvhw ri wkh ghfolqh ri wkh h{lvwlqj

fodvv vwuxfwxuh/ pdqlihvwhg e| ixqgdphqwdo uhirupv lq wkh hgxfdwlrq v|vwhp/ srolwlfdo

vwuxfwxuh/ lqfrph uhglvwulexwlrq/ dqg wd{dwlrq1 Wklv uhvhdufk k|srwkhvl}hv wkdw/ lq frq0

wudvw wr wkh suhydlolqj zlvgrp/ wkh ghplvh ri Fdslwdolvwv0Zrunhuv fodvv vwuxfwxuh uh hfwhg

d gholehudwh wudqvirupdwlrq ri vrflhw| rufkhvwudwhg e| wkh Fdslwdolvwv lq uhdfwlrq wr wkh

lqfuhdvlqj lpsruwdqfh ri kxpdq fdslwdo lq vxvwdlqlqj wkhlu sur�w udwhv1

Wkh sdshu dujxhv wkdw wkh surfhvv ri fdslwdo dffxpxodwlrq kdv judgxdoo| lqwhqvl�hg

wkh uhodwlyh vfduflw| ri oderu dqg kdv jhqhudwhg dq lqfhqwlyh wr dxjphqw oderu yld kxpdq

fdslwdo dffxpxodwlrq1 Gxh wr wkh frpsohphqwdulw| ehwzhhq sk|vlfdo dqg kxpdq fdslwdo

lq surgxfwlrq/ wkh Fdslwdolvwv zhuh dprqj wkh sulph ehqh�fldulhv ri wkh srwhqwldo dffx0

pxodwlrq ri kxpdq fdslwdo e| wkh pdvvhv1 Wkh| kdg wkhuhiruh wkh lqfhqwlyh wr �qdqfldoo|

vxssruw sxeolf hgxfdwlrq wkdw zrxog vxvwdlq wkhlu sur�w udwhv dqg zrxog lpsuryh wkhlu

hfrqrplf zhoo ehlqj/ dowkrxjk zrxog xowlpdwho| xqghuplqh wkhlu g|qdvw|*v srvlwlrq lq

wkh vrfldo odgghu14

Lq hduo| vwdjhv ri ghyhorsphqw/ gxh wr wkh uhodwlyh dexqgdqfh ri oderu dqg vfduflw|

ri fdslwdo/ dxjphqwlqj oderu yld xqlyhuvdo kxpdq fdslwdo dffxpxodwlrq zrxog kdyh kdg

d olplwhg h�hfw rq wkh pdujlqdo surgxfwlylw| ri fdslwdo1 Wkh Fdslwdolvwv wkhuhiruh kdg

qr lqfhqwlyh wr �qdqfldoo| vxssruw wkh hgxfdwlrq ri wkh pdvvhv lq rughu wr vxvwdlq wkhlu

sur�w udwhv1 Lq odwhu vwdjhv ri ghyhorsphqwv/ krzhyhu/ fdslwdo dffxpxodwlrq kdv judgxdoo|

lqfuhdvhg wkh srwhqwldo uroh ri kxpdq fdslwdo lq wkh surfhvv ri ghyhorsphqw dqg lwv

lpsruwdqfh lq vxvwdlqlqj wkh udwh ri uhwxuq wr sk|vlfdo fdslwdo1 Lq frqwudvw wr sk|vlfdo

fdslwdo dffxpxodwlrq/ krzhyhu/ vlqfh kxpdq fdslwdo lv lqkhuhqwo| hperglhg lq lqglylgxdov

dqg lv vxemhfwhg wr ghfuhdvlqj pdujlqdo uhwxuqv dw wkh lqglylgxdo ohyho/ wkh dffxpxodwlrq

ri kxpdq fdslwdo qhfhvvlwdwhg lqyhvwphqw lq wkh hgxfdwlrq ri d odujh vhjphqw ri vrflhw|1

4Vlqfh �upv kdyh olplwhg lqfhqwlyh wr lqyhvw lq wkh jhqhudo kxpdq fdslwdo ri wkhlu zrunhuv/ lq wkh

suhvhqfh ri fuhglw pdunhw lpshuihfwlrq wkh ohyho ri hgxfdwlrq zloo eh vxe0rswlpdo xqohvv lw zloo eh surylghg

sxeolfo|1
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Pruhryhu/ wkh suhvhqfh ri fuhglw0pdunhw lpshuihfwlrqv lpsolhg wkdw d fodvv vrflhw| zrxog

uhvxow lq d vxe0rswlpdo lqyhvwphqw lq kxpdq fdslwdo dqg frqvhtxhqwo| d orzhu udwh ri

uhwxuq wr sk|vlfdo fdslwdo15 Khqfh/ wkh hphujhqfh ri kxpdq fdslwdo dv wkh sulph hqjlqh

ri hfrqrplf jurzwk pd| kdyh eurxjkw derxw d qrq0dowuxlvwlf fkdqjh lq wkh dwwlwxgh ri

wkh Fdslwdolvwv wrzdugv sxeolf hgxfdwlrq wkdw sodqwhg wkh vhhgv iru wkh ghplvh ri wkh

h{vlwlqj fodvv vwuxfwxuh1

H{lvwlqj wkhrulhv uhjduglqj wkh idglqj Fdslwdolvwv0Zrunhuv fodvv vwuxfwxuh fdq eh

fodvvl�hg lqwr wzr fdwhjrulhv1 Wkh Pdu{lvw dssurdfk dujxhg wkdw wkh ghplvh ri wkh fodvv

vrflhw| lv dq rxwfrph ri d fodvv vwuxjjoh ehwzhhq Zrunhuv dqg Fdslwdolvwv gxh wr d ulvh lq

wkh ghjuhh ri h{sorlwdwlrq ri Zrunhuv eurxjkw derxw e| ghfolqlqj sur�w udwhv1 Wkh uhfhqw

srolwlfdo hfrqrp| dssurdfk dffhswv wkh edvlf Pdu{lvw suhplvh uhjduglqj dq lqfuhdvhg

whqvlrq ehwzhhq Zrunhuv dqg Fdslwdolvwv +Pdvvhv dqg Holwh, dv wkh sulph fdwdo|vw iru

wkh glplqlvkhg fodvv vwuxfwxuh1 Lw gl�huv krzhyhu/ lq wkh dqdo|vlv ri wkh qdwxuh ri wkh

wudqvlwlrq1 Lw dujxhv wkdw wkh wudqvlwlrq lq Zhvwhuq Hxursh gxulqj wkh 4<wk fhqwxu| lv

dq rxwfrph ri gholehudwh frqfhvvlrqv ri wkh holwh ghvljqhg wr dyhuw srolwlfdo lqvwdelolw|/

h{sursuldwlrq/ dqg srvvleo| d uhyroxwlrq1 Lq sduwlfxodu/ Dfhprjox dqg Urelqvrq +5333,

vxjjhvw wkdw wkh h{whqvlrq ri wkh iudqfklvh zdv d frpplwphqw ghylvh wr dvvxuh ixwxuh

lqfrph uhglvwulexwlrq iurp wkh holwh wr wkh pdvvhv16

Wklv sdshu/ lq frqwudvw/ ghyhorsv d jurzwk prgho lq zklfk wkh ghplvh ri wkh fodvv

vwuxfwxuh lv dq lqhylwdeoh e|0surgxfw ri d surgxfwlyh frrshudwlrq ehwzhhq Fdslwdolvwv

5Vhh Jdoru dqg ]hlud +4<<6,/ Ehqderx +4<<9,/ Gxuodxi +4<<9,/ Ihuqdqgh} dqg Urjhuvrq +4<<9,/ dqg
Shurwwl +4<<9, iru wkh h�hfw ri fuhglw pdunhwv lpshuihfwlrq/ rq lqyhvwphqw lq kxpdq fdslwdo dqg hfrqrplf
jurzwk1

6Pruh jhqhudoo|/ wkh h�hfw ri d vrfldo frq lfw rq srolwlfdo/ vrfldo dqg hgxfdwlrqdo uhirupv kdv ehhq
h{dplqhg e| Jurvvpdq +4<<7,/ Dohvlqd dqg Shurwwl +4<<9,/ Ehqkdele dqg Uxvwlfklql +4<<9,/ Ehqderx
+4<<9,/ Jurvvpdq dqg Nlp +4<<;,/ dqg Erxujxljqrq dqg Yhuglhu +5333,1 Wkh| dujxh wkdw uhirupv
+htxdolw|, glplqlvkhv wkh whqghqf| iru vrflr0srolwlfdo lqvwdelolw| dqg suhgdwlrq/ khqfh lw pd| vwlpxodwh
lqyhvwphqw dqg hfrqrplf jurzwk1 Lq sduwlfxodu/ Erxujxljqrq dqg Yhuglhu +5333, dqg Jurvvpdq dqg Nlp
+4<<;, h{dplqhv lq d vwdwlf vhwwlqj wkh srwhqwldo ehqh�wv iru wkh holwh iurp hgxfdwlrqdo uhirupv1 Wkh
iruphu vxjjhvwv wkdw li srolwlfdo sduwlflsdwlrq lv ghwhuplqhg e| wkh hgxfdwlrq +vrflrhfrqrplf vwdwxv,
ri flwl}hqv/ wkh Holwh pd| qrw �qg lw ehqh�fldo wr vxevlgl}h xqlyhuvdo sxeolf hgxfdwlrq/ ghvslwh wkh
h{lvwhqfh ri srvlwlyh h{whuqdolwlhv iurp kxpdq fdslwdo/ zkhuhdv wkh odwwhu dujxhv wkdw hgxfdwlrq ghfuhdvhv
suhgdwlrq1
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dqg Zrunhuv/ udwkhu wkdq dq rxwfrph ri d fodvv vwuxjjoh dqg vrflr0srolwlfdo wudqvlwlrq1

Wkh prgho ghprqvwudwhv wkdw lq hduo| vwdjhv ri ghyhorsphqw/ zkhq sk|vlfdo fdslwdo lv wkh

sulph hqjlqh ri hfrqrplf jurzwk/ vrflhw| lv pdunhg e| d vwdeoh fodvv vwuxfwxuh gh�qhg

dffruglqj wr rzqhuvkls ri fdslwdo1 Gxh wr fdslwdo0vnloo frpsohphqwdulw|/7 wkh dffxpx0

odwlrq ri fdslwdo lq wkh surfhvv ri ghyhorsphqw ulvhv wkh lpsruwdqfh ri kxpdq fdslwdo

dffxpxodwlrq iru wkh surfhvv ri ghyhorsphqw dqg iru vxvwdlqlqj wkh udwh ri uhwxuq wr

sk|vlfdo fdslwdo18 Rqfh wkh udwh ri uhwxuq wr kxpdq fdslwdo lqfuhdvhv vx!flhqwo|/ Fdsl0

wdolvwv dv zhoo dv Zrunhuv �qg lw ehqh�fldo wr lqvwlwxwh sxeolfo| �qdqfhg hgxfdwlrq dqg

wkh sulph fkdudfwhulvwlfv ri wkh Fdslwdolvwv0Zrunhuv fodvv vwuxfwxuh ydqlvkhv judgxdoo|19

Wkh uhvhdufk wkxv vxjjhvw wkdw Nduo Pdu{*v kljko| lq xhqwldo suhglfwlrq derxw wkh

lqhylwdeoh ghplvh ri Fdslwdolvp/ gxh wr ghfolqlqj sur�w udwhv/ vwhpphg iurp dq xqghu0

dssuhfldwlrq ri wkh uroh wkdw kxpdq fdslwdo zrxog sod| lq wkh surgxfwlrq surfhvv1 Kdg

Nduo Pdu{ ehhq h{srvhg wr Jdu| Ehfnhu*v Kxpdq Fdslwdo wkhru|/: wkh vrflr0srolwlfdo

h{shulhqfh ri wkh 53wk fhqwxu| pljkw kdyh xqiroghg lq d vwulnlqjo| gl�huhqw pdqqhu1

Lqwhuhvwlqjo|/ wkh dqdo|vlv ghprqvwudwhv wkdw wkh vxssruw iru sxeolf hgxfdwlrq lv

xqdqlprxv ghvslwh wkh idfw wkdw wkh Fdslwdolvwv fduu| wkh sulph �qdqfldo exughq ri sxeolf

vfkrrolqj1 Wkdw lv/ gxh wr wkh fr0h{lvwhqfh ri fuhglw pdunhw lpshuihfwlrqv dqg fdslwdo0

vnloo frpsohphqwdulw|/ wkh uhglvwulexwlrq dvvrfldwhg zlwk sxeolf hgxfdwlrq lv Sduhwr lp0

7Vhh Jroglq dqg Ndw} +4<<;, iru hylghqfh uhjduglqj fdslwdo0vnloo frpsohphqwdulw|1
8Gxuodxi dqg Mrkqvrq +4<<8,/ surylgh hpslulfdo hylghqfh iru wkh ulvh lq wkh uhwxuq wr kxpdq fdslwdo

lq hduo| vwdjhv ri ghyhorsphqw1 Wkh hyroxwlrq ri wkh uhwxuqv wr vnloov lq wkh 53wk fhqwxu| lv dqdo|}hg lq
Jroglq dqg Ndw} +4<<<,1

9Wklv ihdwxuh ri wkh prgho lv frqvlvwhqw zlwk Nx}qhwv* +4<88, lqyhuwhg X k|srwkhvlv1 Wlph vhulhv
dqdo|vlv lqglfdwhv wkdw wkh k|srwkhvlv lv frqvlvwhqw zlwk wkh h{shulhqfh ri prvw ri wkh ghyhorshg zruog
wkdw lv wkh irfxv ri wklv vwxg|1 Vhh Euhqqhu hw1 do1 +4<<4, iru d prvw uhfhqw vhtxhqfh ri frq�uplqj vwxglhv
fryhulqj wkh Eulwlvk/ Vzhglvk/ Ehojldq/ Jhupdq/ Dxvwudoldq/ Dxvwuldq dqg wkh Dphulfdq h{shulhqfh1 Lw
vkrxog eh qrwhg wkdw lq pdwxuh vwdjhv ri ghyhorsphqw/ krzhyhu/ lqhtxdolw| pljkw zlghq rqfh djdlq
gxh wr vnloohg ru delolw|0eldvhg whfkqrorjlfdo fkdqjh lqgxfhg e| kxpdq fdslwdo dffxpxodwlrq1 Wklv olqh
ri uhvhdufk zdv h{soruhg wkhruhwlfdoo| e| Jdoru dqg Wvlggrq +4<<:,/ Dfhprjox +4<<;,/ dqg Jdoru dqg
Prdy +4<<;,1 Qhyhuwkhohvv/ lq wklv vfhqdulr/ wkh vrxufhv ri lqfrph lqhtxdolw| duh ohvv uhodwhg wr fodvv
dvvrfldwlrq dv uh hfwhg e| wkh lqfuhdvhg lqwhujhqhudwlrqdo prelolw| +h1j1/ Jdoru dqg Wvlggrq +4<<:,/
Pdr} dqg Prdy +4<<<,/ Kdvoohu dqg Urguljxh}0Prud +5333,,1

:Vhh Ehfnhu +4<97,1
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surylqj1; Frqwudu| wr frqyhqwlrqdo zlvgrp/ wkhuhiruh/ wkh ghplvh ri wkh Hxurshdq fodvv

vwuxfwxuh lq wkh 4<wk fhqwxu| kdv ehhq dq rxwfrph ri d frrshudwlyh udwkhu wkdq d glylvlyh

surfhvv1

5 Klvwrulfdo Hylghqfh

Klvwrulfdo hylghqfh lv frqvlvwhqw zlwk wkh edvlf suhplvh wkdw hgxfdwlrq uhirupv kdg ehhq

dw wkh khduw ri wkh surfhvv dqg wkh| zhuh ghvljqhg sulpdulo| wr jhqhudwh wkh qhfhvvdu|

vnloov iru surgxfwlrq/ udwkhu wkdq iru wkh vdnh ri hqoljkwhqphqw dqg vrfldol}dwlrq ri vrflhw|

phpehuv1 Wkh hgxfdwlrq v|vwhp lq Hxursh wkdw kdg vhuyhg wkh holwh gxulqj prvw ri wkh

qlqhwhhqwk fhqwxu| zdv rshqhg wr wkh pdvvhv lq dxwrfudwlf vrflhwlhv dv zhoo dv lq vrflhwlhv

lq wkh plgvw ri wkh surfhvv ri ghprfudwl}dwlrq/ dqg lw shuplwwhg Zrunhuv wr vkduh wkh

jdlqv iurp wkh udslg surfhvv ri ghyhorsphqw1<

Wkh hylghqfh vxjjhvwv wkdw hgxfdwlrq uhirupv zhuh ghvljqhg sulpdulo| iru wkh fuh0

dwlrq ri wkh qhfhvvdu| vnloov iru surgxfwlrq1 Wklv xwlolwduldq ylhzsrlqw ri hgxfdwlrq lv

uh hfwhg lq d vwdwhphqw ri Qlfkrodv L/ zkr fdph wr wkh wkurqh lq Uxvvld 4;58= �Lw lv qhf0

hvvdu| wkdw lq hyhu| vfkrro wkh vxemhfwv ri lqvwuxfwlrq dqg wkh yhu| phwkrgv ri whdfklqj

vkrxog eh lq dffrugdqfh zlwk wkh ixwxuh ghvwlqdwlrq ri sxslov/ wkdw qrerg| vkrxog dlp

wr ulvh deryh wkdw srvlwlrq lq zklfk lw lv klv orw wr uhpdlq1� Ixuwkhupruh/ lw lv uh hfwhg

lq wkh rughu ri wkh vhfuhwdu| ri wkh Frpplwwhh ri Frxqflo rq Hgxfdwlrq lq Hqjodqg lq

4;7; zkrvh pdlq remhfw zdv wr hqfrxudjh wkh xvh ri hgxfdwlrq dv d phdqv ri lqwurgxflqj

d phdvxuh ri rughu dqg glvflsolqh lqwr wkh zrunlqj0fodvv srsxodwlrq1

Dv lv dssduhqw iurp klvwrulfdo hylghqfh iurp Hqjodqg/ Iudqfh/ Jhupdq| dqg Uxv0

vld/ wkh Hxurshdq h{shulhqfh ri wkh 4<wk fhqwxu| lv frqvlvwhqw zlwk wkh qrwlrq wkdw

hgxfdwlrq uhirupv kdg ehhq dw wkh khduw ri wkh ghplvh ri wkh Hxurshdq fodvv vwuxfwxuh ri

wkh 4<wk fhqwxu|1 Hgxfdwlrq uhirupv kdg wdnhq sodfh lq dxwrfudwlf vwdwhv wkdw kdg qrw

;
Lw vkrxog eh qrwhg wkdw/ lq wkh prgho/ wkhuh duh qr h{whuqdolwlhv iurp kxpdq fdslwdo dffxpxodwlrq1

<Iru lqvwdqfh/ wkh Jlql frh!flhqw iru lqfrph lqhtxdolw| lq Hqjodqg dqg Zdohv kdg ghfolqhg iurp

3195: lq 4;:4 wr 31776 lq 4<341
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uholqtxlvkhg srolwlfdo srzhu/ dqg wkh| kdg rffxuuhg frqwhpsrudqhrxvo| zlwk srolwlfdo

uhirupv lq vrflhwlhv lq wkh plgvw ri wkh surfhvv ri ghprfudwl}dwlrq1

Hqjodqg kdg judgxdoo| uhiruphg lwv hgxfdwlrq v|vwhp wkurxjkrxw wkh 4<wk fhqwxu|1

Dv hduo| dv 4;66 wkh jryhuqphqw ixqghg yroxqwdu| rujdql}dwlrqv wkdw vsrqvruhg sulpdu|

hgxfdwlrq1 Lq 4;;3 hgxfdwlrq zdv pdgh frpsxovru| wkurxjkrxw Hqjodqg dqg Zdohv/ dqg

lq 4;<4 hgxfdwlrq ihhv zhuh derolvkhg lq qhduo| doo hohphqwdu| vfkrrov1 Frqvhtxhqwo|/

vfkrro hquroophqw ri 430|hdu rog kdv lqfuhdvhg iurp 73( lq 4;:3 wr 433( lq 4<33 +Ulqjhu

4<:<,1 Wklv wlplqj ri wkh hgxfdwlrq uhirupv fruuhvsrqghg wr wkh wlplqj ri srolwlfdo

uhirupv1 Wkh Uhirup Dfw ri 4;65/ qhduo| grxeohg wkh wrwdo hohfwrudwh/ exw qhyhuwkhohvv

rqo| 6( ri wkh hqwluh srsxodwlrq kdg ehhq shuplwwhg wr yrwh1 Wkh duwlvdqv/ wkh zrunlqj

fodvvhv/ dqg vrph vhfwlrqv ri wkh orzhu plggoh fodvvhv uhpdlqhg rxwvlgh ri wkh srolwlfdo

v|vwhp1 Wkh iudqfklvh zdv h{whqghg ixuwkhu lq wkh Uhirup Dfwv ri 4;9: dqg 4;;7 dqg

wkh wrwdo hohfwrudwh kdg qhduo| grxeohg lq hdfk ri wkhvh hslvrghv1 Zrunlqj fodvv yrwhuv

ehfdph wkh pdmrulw| lq doo xuedq frqvwlwxhqflhv +Fudlj 4<;<,1

Uxvvld/ dv zhoo zlwqhvvhg pdmru hgxfdwlrqdo uhirupv gxulqj wkh 4<wk fhqwxu|/ do0

wkrxjk srolwlfdo uhirupv zhuh qrw lpsohphqwhg1 F}du Doh{dqghu L lqvwlwxwhg dw wkh

ehjlqqlqj ri wkh 4<wk fhqwxu| hgxfdwlrqdo uhirupv zkhuh rog vfkrrov zhuh uhprghohg dqg

qhz vfkrrov zhuh irxqghg1 Vfkrrov zhuh ghvljqhg wr eh iuhh dqg xqghu vwdwh frqwuro dqg

surylgh xwlolwduldq/ vflhqwl�f/ dqg vhfxodu hgxfdwlrq1 Uxudo shdvdqwv zhuh vxssrvhg wr eh

wdxjkw uhdglqj/ zulwlqj/ dulwkphwlf/ dqg hohphqwv ri djulfxowxuh dqg sxslov lq wkh glvwulfw

vfkrrov ri xuedq duhdv dqg wkh surylqfldo vfkrrov zhuh vxssrvhg wr eh suhsduhg iru fd0

uhhuv dv flylo vhuydqwv ru iru rwkhu zklwh0froodu rffxsdwlrqv vxfk dv odz/ whfkqrorj|/ dqg

frpphufh1 Wkh F}du Doh{dqghu LL/ hqdfwhg lq 4;88 d qhz v|vwhp ri orfdo jryhuqphqw lq

uxudo duhdv zlwk d uljkw wr irxqg iuhh vfkrrov iru wkh shdvdqwu|1 Wkh xwlolwduldq wuhqg zdv

hylghqw lq wkh hvwdeolvkphqw ri yrfdwlrqdo vfkrrov1 D shulrg ri uhdfwlrq iroorzhg xqghu

Doh{dqghu LLL gxh wr wkh whqvlrq ehwzhhq wkh ruwkrgr{ fohuj| dqg wkh plqlvwhu ri sxeolf

8



lqvwuxfwlrq1+Dovwrq 4<9<,143

Lq Iudqfh/ wkh irxqgdwlrqv iru sulpdu| vfkrrolqj zhuh hvwdeolvkhg dv hduo| dv 4;66

zkhuh frppxqhv zhuh dvnhg wr pdlqwdlq vfkrrov dqg sd| iru whdfkhuv1 Lq 4;7; wkh jry0

huqphqw kdg vwduwhg wr �qdqfh wkh frvw ri hgxfdwruv/ exw lpsrvhg rq frppxqhv wkh gxw|

ri surylglqj vfkrro exloglqjv Ilqdoo| lq 4;;409 wkh jryhuqphqw hvwdeolvkhg frpsxovru|

sulpdu| vfkrrov/ derolvkhg ihhv dqg derolvkhg glvwlqfwlyho| uholjlrxv whdfklqj1 Diwhu wkh

4;63 uhyroxwlrq/ uhvwulfwlrqv olplwhg wkh hohfwrudwh wr derxw 31:8( ri wkh srsxodwlrq1 Wkh

4;7; uhyroxwlrq ohg wr wkh Vhfrqg Uhsxeolf zlwk wkh lqwurgxfwlrq ri vkruw0olyhg xqlyhuvdo

yrwlqj uljkwv iru pdohv1 Uhvwulfwlrqv rq yrwlqj uljkwv zhuh uh0lqwurgxfhg lq 4;83/ dqg

wkhq diwhu wkh frxs ri Orxlv Qdsrohrq lq 4;84 dqg wkh ghfodudwlrq ri wkh Vhfrqg Hpsluh

lq 4;851 Wkh olehudo skdvh zdv uhqhzhg iurp 4;93 wloo ghprfudf| zdv vhfxuhg lq 4;::

+Froh dqg Fdpsehoo/ 4<;<,1

Lq Suxvvld/ hgxfdwlrq uhirupv kdg ehhq lqlwldwhg hduolhu1 Lq 4:4: Iuhghulfn Zlooldp

L rughuhg fkloguhq wr dwwhqg vfkrro/ surylghg wkdw vfkrrov zhuh dydlodeoh1 Lq 4:69/ kh

sxeolvkhg d ghfuhh iru wkh hvwdeolvkphqw ri vfkrrov lq vrph surylqfhv1 Lq 4:<7 Suxvvldq

odz kdg uhfrjql}hg wkh sulqflsoh ri vwdwh vxsuhpdf| lq hgxfdwlrq1 Lq 4;67/ vhfrqgdu|

hgxfdwlrq zdv pdgh qhfhvvdu| iru fdqglgdwhv iru surihvvlrqdov dqg flylo vhuylfh1 Srolwlfdo

uhirupv zhuh lqvwlwxwhg e| wkh jryhuqlqj Suxvvldq roljdufk| dv hduo| dv 4;7; +Eodfnerxuq/

4<<;,1 Diwhu 4;:3 dgxow pdohv ryhu wkh djh ri 58 kdg wkh uljkw wr yrwh/ dowkrxjk yrwlqj

zdv frqwuroohg lq uxudo duhdv e| wkh odqgorugv +Jrogvwhlq/ 4<;6,1 Ghprfudf|/ krzhyhu/

zdv hvwdeolvkhg rqo| zlwk wkh fuhdwlrq ri wkh Zhlpdu Uhsxeolf lq 4<4<1

6 Wkh Edvlf Vwuxfwxuh ri wkh Prgho

Frqvlghu dq ryhuodsslqj0jhqhudwlrqv hfrqrp| lq d surfhvv ri ghyhorsphqw1 Lq hyhu| sh0

ulrg wkh hfrqrp| surgxfhv d vlqjoh krprjhqhrxv jrrg wkdw fdq eh xvhg iru frqvxpswlrq

43Wkh uhvxow zdv wkdw dw wkh wxuq ri wkh fhqwxu| qhduo| :3 shufhqw ri Uxvvld*v pdoh srsxodwlrq zdv

loolwhudwh1

9



dqg lqyhvwphqw1 Wkh jrrg lv surgxfhg xvlqj sk|vlfdo fdslwdo dqg kxpdq fdslwdo1 Rxwsxw

shu0fdslwd jurzv ryhu wlph gxh wr wkh dffxpxodwlrq ri wkhvh idfwruv ri surgxfwlrq1 Wkh

vwrfn ri sk|vlfdo fdslwdo lq hyhu| shulrg lv wkh rxwsxw surgxfhg lq wkh suhfhglqj shulrg

qhw ri frqvxpswlrq dqg kxpdq fdslwdo lqyhvwphqw/ zkhuhdv wkh vwrfn ri kxpdq fdslwdo

lq hyhu| shulrg lv wkh djjuhjdwh ohyho ri sxeolf hgxfdwlrq lq wkh suhfhglqj shulrg1

614 Surgxfwlrq ri Ilqdo Rxwsxw

Surgxfwlrq rffxuv zlwklq d shulrg dffruglqj wr d qhrfodvvlfdo/ frqvwdqw0uhwxuqv0wr0vfdoh/

surgxfwlrq whfkqrorj|1 Wkh rxwsxw surgxfhg dw wlph |c t|c lv

t| ' 8 Eg|cM|� � M|sE&|� ' �M|&
k

|
( &| � g|*M|( k 5 Efc ��c +4,

zkhuh g| dqg M| duh wkh txdqwlwlhv ri sk|vlfdo fdslwdo dqg kxpdq fdslwdo +phdvxuhg lq

h!flhqf| xqlwv, hpsor|hg lq surgxfwlrq dw wlph |c dqg� lv wkh ohyho ri whfkqrorj|144 Wkh

surgxfwlrq ixqfwlrq/ sE&|�c lv wkhuhiruh vwulfwo| prqrwrqlf lqfuhdvlqj/ vwulfwo| frqfdyh

vdwlvi|lqj wkh qhrfodvvlfdo erxqgdu| frqglwlrqv wkdw dvvxuh wkh h{lvwhqfh ri dq lqwhulru

vroxwlrq wr wkh surgxfhuv* sur�w0pd{lpl}dwlrq sureohp1

Surgxfhuv rshudwh lq d shuihfwo| frpshwlwlyh hqylurqphqw1 Jlyhq wkh zdjh udwh

shu h!flhqf| xqlw ri oderu/ �|c dqg wkh udwh ri uhwxuq wr fdslwdo/ o| / surgxfhuv lq shulrg

| fkrrvh wkh ohyho ri hpsor|phqw ri fdslwdo/ g|c dqg wkh h!flhqf| xqlwv ri oderu/ M|c

vr dv wr pd{lpl}h sur�wv1 Wkdw lv/ ig|cM|j ' @h}4@ dM|s E&|� � �|M| � o|g|o� Wkh

surgxfhuv* lqyhuvh ghpdqg iru idfwruv ri surgxfwlrq lv wkhuhiruh

o| ' s �E&|� ' k�&k3�

|
� oE&|�(

�| ' s E&|�� s �E&|�&| ' E� � k��&k
|
� �E&|��

+5,

44Wkh devwudfwlrq iurp whfkqrorjlfdo fkdqjh lv phuho| d vlpsoli|lqj dvvxpswlrq1 Dv zloo ehfrph

dssduhqw/ wkh lqwurgxfwlrq ri hqgrjhqrxv whfkqrorjlfdo fkdqjh zrxog qrw d�hfw wkh txdolwdwlyh uhvxowv1

Lw vkrxog eh qrwhg/ krzhyhu/ wkdw wklv vlpsol�fdwlrq lv frqvlvwhqw zlwk hpslulfdo hylghqfh vxjjhvwlqj wkdw

WIS jurzwk ryhu wkh uhohydqw shulrg iru wklv vwxg| lv qhjoljleoh dqg rxwsxw jurzwk lv edvhg sulpdulo|

rq idfwru dffxpxodwlrq1

:



615 Lqglylgxdov

Lq hyhu| shulrg d jhqhudwlrq zklfk frqvlvwv ri d frqwlqxxp ri lqglylgxdov ri phdvxuh �

lv eruq1 Hdfk lqglylgxdo kdv d vlqjoh sduhqw dqg d vlqjoh fklog1 Lqglylgxdov/ zlwklq dv

zhoo dv dfurvv jhqhudwlrqv/ duh lghqwlfdo lq wkhlu suhihuhqfhv dqg lqqdwh delolwlhv1 Wkh|

pd| gl�hu/ krzhyhu/ lq wkhlu idplo| zhdowk dqg wkxv/ gxh wr eruurzlqj frqvwudlqwv/ lq

wkhlu fdsdelolw| wr �qdqfh wkhlu r�vsulqj*v lqyhvwphqw lq kxpdq fdslwdo lq wkh devhqfh

ri sxeolf hgxfdwlrq1

Lqglylgxdov olyh iru wzr shulrgv1 Lq wkh �uvw shulrg ri wkhlu olyhv lqglylgxdov ghyrwh

wkhlu hqwluh wlph iru wkh dftxlvlwlrq ri kxpdq fdslwdo1 Wkh dftxluhg ohyho ri kxpdq

fdslwdo lqfuhdvhv li wkhlu wlph lqyhvwphqw lv vxssohphqwhg zlwk fdslwdo lqyhvwphqw lq

hgxfdwlrq145 Lq wkh vhfrqg shulrg ri wkhlu olyhv/ lqglylgxdov vxsso| wkhlu h!flhqf| xqlwv

ri oderu dqg doorfdwh wkh uhvxowlqj zdjh lqfrph/ dorqj zlwk wkhlu lqwhuhvw lqfrph/ ehwzhhq

frqvxpswlrq dqg wudqvihuv wr wkhlu fkloguhq1

Dq lqglylgxdo � eruq lq shulrg | +d phpehu � ri jhqhudwlrq |, uhfhlyhv d sduhqwdo

wudqvihu/ K�

|
c lq wkh �uvw shulrg ri olih1 D iudfwlrq � | � f ri wklv fdslwdo wudqvihu lv froohfwhg

e| wkh jryhuqphqw lq rughu wr �qdqfh sxeolf hgxfdwlrq/ zkhuhdv d iudfwlrq ��� | lv vdyhg

iru ixwxuh frqvxpswlrq1 Lqglylgxdov ghyrwh wkhlu �uvw shulrg iru wkh dftxlvlwlrq ri kxpdq

fdslwdo1 Hgxfdwlrq lv surylghg sxeolfo| iuhh ri fkdujh146 Wkh dftxluhg ohyho ri kxpdq

fdslwdo lqfuhdvhv zlwk wkh uhdo uhvrxufhv lqyhvwhg lq sxeolf hgxfdwlrq1 Wkh qxpehu ri

h!flhqf| xqlwv ri oderu ri hdfk phpehu ri jhqhudwlrq | lq shulrg |n�/ �|n�c lv d vwulfwo|

lqfuhdvlqj/ vwulfwo| frqfdyh ixqfwlrq ri wkh jryhuqphqw uhdo h{shqglwxuh rq hgxfdwlrq

shu phpehu ri jhqhudwlrq |/ e|�
47

45Wkh txdolwdwlyh uhvxowv zrxog qrw eh d�hfwhg li wkh wlph lqyhvwphqw lq hgxfdwlrq +iruhjrqh hduqlqjv,
lv wkh sulph idfwru lq wkh surgxfwlrq ri kxpdq fdslwdo/ dv orqj dv sk|vlfdo fdslwdo zrxog eh qhhghg lq
rughu wr �qdqfh frqvxpswlrq ryhu wkh hgxfdwlrq shulrg1 Erwk irupxodwlrqv dvvxuh wkdw lq wkh suhvhqfh
ri fdslwdo pdunhwv lpshuihfwlrqv/ lqyhvwphqw lq kxpdq fdslwdo ghshqgv xsrq sxeolf hgxfdwlrq lq wkh
devhqfh ri vx!flhqw idplo| zhdowk1

46Dv zloo ehfrph dssduhqw/ rqfh wkh ohyho ri sxeolf hgxfdwlrq lv fkrvhq rswlpdoo|/ lqglylgxdov kdyh
qr lqfhqwlyh wr dftxluh sulydwh hgxfdwlrq1 Ixuwkhupruh/ lq hduo| vwdjhv ri ghyhorsphqw/ wkh wd{ udwh � w

htxdov }hur dqg lqglylgxdov wkhuhiruh gr qrw dftxluh hgxfdwlrq1
47D pruh uhdolvwlf irupxodwlrq zrxog olqn wkh frvw ri hgxfdwlrq wr +whdfkhu*v, zdjhv/ zklfk pd| ydu|

;



�|n� ' �Ee|�c +6,

zkhuh �Ef� ' �c *�4
e|<fn �

�Ee|� ' � 	4c dqg *�4e|<"
�
�Ee|� ' f�48 Khqfh/ hyhq lq wkh

devhqfh ri uhdo h{shqglwxuh rq sxeolf hgxfdwlrq lqglylgxdov srvvhv rqh h!flhqf| xqlw ri

oderu 0 edvlf vnloov1

Lq wkh vhfrqg shulrg olih/ d phpehu � ri jhqhudwlrq | vxssolhv wkh dftxluhg h!flhqf|

xqlwv ri oderu/ �|n�c dw wkh frpshwlwlyh pdunhw zdjh/ �|n�� Lq dgglwlrq/ wkh lqglylgxdo

uhfhlyhv wkh jurvv uhwxuq rq vdylqjv/ E��� |�K
�

|
-|n�� Wkh lqglylgxdo*v vhfrqg shulrg lqfrph/

U
�

|n�
c lv wkhuhiruh

U �

|n� ' �|n��Ee|� n E�� � |�K
�

|
-|n�c +7,

zkhuh -|n� � �n o|n� � B � -E&|n���
49

Suhihuhqfhv ri d phpehu � ri jhqhudwlrq | duh gh�qhg ryhu vhfrqg shulrg frq0

vxpswlrq/4: S
�

|n�c dqg wkh wudqvihu wr wkhlu r�vsulqj/ K�

|n�1 Wkh| duh uhsuhvhqwhg e| d

qrq0krphwkhwlf/4; orj0olqhdu xwlolw| ixqfwlrq wkdw jhqhudwhv wkh surshuw| wkdw wkh dyhu0

lq wkh surfhvv ri ghyhorsphqw1 Iru lqvwdqfh/ kw.4 @ k+hw@zw, lpsolhv wkdw wkh frvw ri hgxfdwlrq lv d

ixqfwlrq ri wkh qxpehu ri h!flhqf| xqlwv ri whdfkhuv wkdw duh xvhg lq wkh hgxfdwlrq ri hdfk lqglylgxdo

l1 Dv fdq eh ghulyhg iurp vhfwlrq 517/ xqghu erwk irupxodwlrqv wkh rswlpdo h{shqglwxuh rq hgxfdwlrq/

hw> lv dq lqfuhdvlqj ixqfwlrq ri wkh fdslwdo0oderu udwlr lq wkh hfrqrp|/ dqg wkh txdolwdwlyh uhvxowv duh

wkhuhiruh lghqwlfdo1
48Wkh dvvxpswlrq olp

h
l

w
$3. k

3+hl
w
, @ � ? 4 dvvxuhv wkdw xqghu vrph pdunhw frqglwlrqv lqyhvwphqw

lq kxpdq fdslwdo lv qrw rswlpdo1 Wklv dvvxpswlrq lv qhfhvvdu| lq rughu wr dvvxuh wkdw lq wkh hduo| vwdjh

ri ghyhorsphqw wkh vroh hqjlqh ri jurzwk lv sk|vlfdo fdslwdo dffxpxodwlrq dqg wkhuh lv qr lqfhqwlyh wr

lqyhvw lq kxpdq fdslwdo1 Lw shuplwv/ wkhuhiruh/ d vkdus suhvhqwdwlrq ri wkh uhvxowv uhjduglqj lqvwlwxwlrqdo

wudqvlwlrq1
49Iru vlpsolflw| wkh udwh ri fdslwdo ghsuhfldwlrq � @ 4= � 5 ^3>4` zrxog qrw dowhu dq| ri wkh txdolwdwlyh

uhvxowv1
4:Iru vlpsolflw| zh devwudfw iurp �uvw shulrg frqvxpswlrq1 Lw pd| eh ylhzhg dv sduw ri wkh frqvxps0

wlrq ri wkh sduhqw1
4;Wkh fkrlfh ri d qrq0krprwkhwlf xwlolw| ixqfwlrq lv qhfhvvdu| wr dvvxuh wkdw Zrunhuv gr qrw lqyhvw lq

sk|vlfdo fdslwdo sulru wr wkhlu lqyhvwphqw lq kxpdq fdslwdo � d ihdwxuh wkdw kdv qr txdolwdwlyh ehdulqj/
exw vkdushqv wkh suhvhqwdwlrq ri wkh uhvxowv1 Wklv irupxodwlrq lv frqvlvwhqw zlwk hpslulfdo hylghqfh1
Iru h{dpsoh G|qdq/ Vnlqqhu dqg ]hoghv +4<<9,/ iru hylghqfh wkdw vdylqj udwhv lqfuhdvh zlwk zhdowk dqg
Wrphv +4<;4, iru hylghqfh wkdw wkh pdujlqdo surshqvlw| wr ehtxhdwk lqfuhdvhv zlwk zhdowk1

<



djh surshqvlw| wr ehtxhvw lv dq lqfuhdvlqj ixqfwlrq ri zhdowk/ 4<

�
�

|
' E�� q� *L} S�

|n� n q *L}Ew n K�

|n��c +8,

zkhuh q 5 Efc �� dqg w : f�53

Khqfh/ d phpehu � ri jhqhudwlrq | doorfdwhv vhfrqg shulrg lqfrph ehwzhhq frq0

vxpswlrq/ S�

|n�c dqg wudqvihuv wr wkh r�vsulqj/ K�

|n�1 Wkdw lv/

S
�

|n� n K
�

|n� � U
�

|n�� +9,

D phpehu � ri jhqhudwlrq | fkrrvhv wkh ohyho ri vhfrqg shulrg frqvxpswlrq/ S
�

|n�c

dqg d qrq0qhjdwlyh wudqvihu wr wkh r�vsulqj/ K�

|n�
c vr dv wr pd{lpl}h wkh xwlolw| ixqfwlrq

vxemhfw wr wkh vhfrqg shulrg exgjhw frqvwudlqw +9,154

Khqfh wkh rswlpdo wudqvihu ri d phpehu � ri jhqhudwlrq | lv=

K
�

|n�
' KEU �

|n�
� �

;?
=

qEU �

|n� � w� �s U�

|n� : w(

f �s U�

|n�
� wc

+:,

zkhuh w � wE� � q�*q� Dv iroorzv iurp +:,/ wkh wudqvihu udwh K
�

|n�* U�

|n� lv lqfuhdvlqj lq

U�

|n��

4<Wklv irupxodwlrq lv frqvlvwhqw zlwk wkh fodvvlfdo ylhzsrlqw +h1j1/ Dgdp Vplwk +4::9, dqg zdv ixuwkhu
lqwhusuhwhg dqg ghyhorshg e| Nh|qhv +4<53,/ Ohzlv +4<87,/ Ndogru +4<8:,/ dqg Erxujxljqrq +4<;4,,/
dffruglqj wr zklfk/ vdylqj udwhv duh dq lqfuhdvlqj ixqfwlrq ri zhdowk/ dqg lqhtxdolw| wkhuhiruh fkdqqhov
uhvrxufhv wrzdugv lqglylgxdov zkrvh pdujlqdo surshqvlw| wr vdyh lv kljkhu/ lqfuhdvlqj djjuhjdwh vdylqjv
dqg fdslwdo dffxpxodwlrq dqg hqkdqflqj wkh surfhvv ri ghyhorsphqw lq lwv hduo| vwdjhv1 D fkrlfh ri dq kr0
prwkhwlf xwlolw| ixqfwlrq zrxog qrw d�hfw wkh uhvxowv uhjduglqj wkh h�hfw ri fdslwdo vnloo0frpsohphqwdulw|
rq lqvwlwxwlrqdo wudqvlwlrq1

53Wklv irup ri dowuxlvwlf ehtxhvw prwlyh +l1h1/ wkh �mr| ri jlylqj�, lv wkh frpprq irup lq wkh uhfhqw
olwhudwxuh rq lqfrph glvwulexwlrq dqg jurzwk1 Lw lv vxssruwhg hpslulfdoo| e| Dowrqml/ Kd|dvkl dqg
Nrwolnr� +4<<:,1 Xwlolw| iurp qhw wudqvihuv zrxog uhgxfh wkh dprxqw ri lqwhujhqhudwlrqdo wudqvihuv exw
zrxog qrw d�hfw wkh txdolwdwlyh uhvxowv1 Lq sduwlfxodu/ xqghu xwlolw| iurp qhw wudqvihuv htxdwlrq +:, ehorz
zrxog eh

el
w.4 @ e+Ll

w.4> � w.4, �

;?
=

�+Ll

w.4 � �@+4� � w.4,, li L l

w.4 A �@+4� � w.4,>

3 li L l

w.4 � �@+4� � w.4,>
54Lw vkrxog eh qrwhg wkdw wkh wudqvihu/ e

l

w.4> lv qhfhvvdulo| qrq0qhjdwlyh gxh wr wkh dvvxpswlrq wkdw

wkh r�vsulqj kdv qr lqfrph lq wkh �uvw shulrg ri olih1

43



616 Sk|vlfdo Fdslwdo/ Kxpdq Fdslwdo/ dqg Rxwsxw

Ohw �| ghqrwh wkh djjuhjdwh ohyho ri lqwhujhqhudwlrqdo wudqvihuv lq shulrg |/

�| '

]
�

f

K
�

|
_��

D iudfwlrq � | ri wklv fdslwdo wudqvihu lv froohfwhg e| wkh jryhuqphqw lq rughu wr �qdqfh

sxeolf hgxfdwlrq/ zkhuhdv d iudfwlrq ��� | lv vdyhg iru ixwxuh frqvxpswlrq155 Wkh fdslwdo

vwrfn lq shulrg |n �/ g|n�c lv wkhuhiruh

g|n� ' E�� � |��|c +;,

zkhuhdv wkh jryhuqphqw wd{ uhyhqxhv duh � |�|�

Vlqfh srsxodwlrq lv qrupdol}hg wr �/ wkh hgxfdwlrq h{shqglwxuh shu |rxqj lqglylgxdo

lq shulrg |/ e|/ lv wkhuhiruh/

e| ' � |�|c +<,

dqg wkh vwrfn ri kxpdq fdslwdo lq shulrg |n �/ M|n�c lv wkhuhiruh

M|n� '

]
�

f

�
�

|n�_� ' �Ee|� ' � E� |�|� � +43,

Khqfh/ wkh fdslwdo0oderu udwlr &|n� � g|n�*M|n� lv/

&|n� '

E� � � |��|

�E� |�|�
� &E� |c �|�c +44,

zkhuh &Efc �|� ' �|c Y&E� |c �|�*Y� | 	 f/ dqg Y&E� |c �|�*Y�| : f�

dqg wkh rxwsxw shu0zrunhu lq shulrg |n � lv

+|n� ' �dE�� � |��|o
k
� E� |�|�

�3k
� +E� |c�|�� +45,

55Dv zloo ehfrph dssduhqw/ wklv olqhdu wd{ vwuxfwxuh lv wkh vlpsohvw vwuxfwxuh wkdw zrxog jhqhudwh

wkh wudqvlwlrq iurp d fodvv vrflhw|1 Ixuwkhupruh/ lw zrxog dvvxuh wkdw wkh fkrvhq ohyho ri wd{dwlrq lv

lqghshqghqw ri wkh vwuxfwxuh ri wkh srolwlfdo v|vwhp1 Wkdw lv/ lqghshqghqw ri wkh glvwulexwlrq ri srolwlfdo

srzhu ru yrwlqj uljkwv dprqj phpehuv ri vrflhw|1
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617 Rswlpdo Wd{dwlrq

Jlyhq wkdw wkh lqgluhfw xwlolw| ixqfwlrq lv d vwulfwo| lqfuhdvlqj ixqfwlrq ri wkh lqglylg0

xdo*v vhfrqg shulrg zhdowk/ wkh rswlpdo wd{ udwh/ �
�

|
c iurp wkh ylhzsrlqw ri phpehu �

ri jhqhudwlrq |c +dqg khqfh wkh rswlpdo h{shqglwxuh rq hgxfdwlrq/ e| ' �
�

|
�| iurp wkh

ylhzsrlqw ri wklv lqglylgxdo/ jlyhq �|, zrxog pd{lpl}h wkh lqglylgxdo*v vhfrqg shulrg

zhdowk/ U�

|n��

�
�

|
' @h}4@ d�|n��E�

�

|
�|� n E�� �

�

|
�K�

|
-|n�oc +46,

zkhuh �|n� ' �E&|n�� dqg -|n� ' -E&|n���

Dv iroorz iurp +46,/ qrwlqj +5, dqg +44, wkh rswlpdo wd{ udwh iurp wkh ylhzsrlqw

ri d phpehu � ri jhqhudwlrq |/ � �

|
c lv jlyhq e|56

�E&|n���
�E� �

|
�|� ' -E&|n�� sJo � �

|
: f

�E&|n��� � -E&|n�� sJo � �

|
' fc

+47,

zkhuh &|n� ' &E� |c �|�� Khqfh/ jlyhq �|c � �
| lv ghwhuplqhg lqghshqghqwo| ri K

�

|
c dqg lv

wkhuhiruh lghqwlfdo iru doo ��57 Wkdw lv �
�

|
' �

W

|
iru doo �1 Ixuwkhupruh/ wkhuh h{lvwv d xqltxh

fdslwdo0oderu udwlr h&c ehorz zklfk � �

|
' f� Wkdw lv/ -Eh&� ' �Eh&���

Ohppd 4 +d, Wkh rswlpdo wd{ udwh lq shulrg |c � W

|
c iurp wkh ylhzsrlqw ri hdfk phpehu

ri jhqhudwlrq | lv htxdo dqg xqltxho| ghwhuplqhg1

�
W

|
' �E�|�

;?
=

: f sJo �| : h&

' f sJo �| �
h&(

56Vxevwlwxwlqj +5, dqg +44, lqwr +46,/

�
l

w
@ dujpd{+4� �

l

w
,�k+� l

w
Ew,

4��
Ew

�^4� �.�el
w
@Ew`=

Wkh frqglwlrqv lq +47, iroorz iurp wkh rswlpl}dwlrq sureohp deryh/ xvlqj +5,1
57Wkh xqdqlprxv djuhphqw rq wkh wd{ udwh lv d uhvxow ri wkh olqhdu wd{ udwh dqg wkh xqlw hodvwlflw| ri

vxevwlwxwlrq ehwzhhq kxpdq dqg sk|vlfdo fdslwdo lq surgxfwlrq1 Li wkh hodvwlflw| ri vxevwlwxwlrq zrxog
eh odujhu wkdq xqlw|/ wkhq wkh srru zrxog suhihu kljkhu wd{hv/ zkhuhdv li wkh hodvwlflw| ri vxevwlwxwlrq lv
vpdoohu wkdq xqlw|/ wkhq wkh srru zrxog suhihu orzhu wd{hv1
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h& ' k*E�� k���

+K, Wkh rswlpdo h{shqglwxuh rq sxeolf hgxfdwlrq/ e| ' � E�|��| � eE�|� iurp wkh

ylhzsrlqw ri hdfk phpehu ri jhqhudwlrq | lv vwulfwo| lqfuhdvlqj iru �| :
h&1

Surri1 Qrwlqj +5,/+44, dqg +47, lw iroorzv iurp wkh surshuwlhv ri �E� |�|� wkdw �
W

|

lv xqltxho| ghwhuplqhg e| �| dqg e
�E�|� : fc zkhuh dv iroorzv iurp wkh gh�qlwlrq ri h&

dqg +5,/ h& ' k*E� � k��� �

Khqfh/ vlqfh wkh rswlpdo wd{ udwh lq shulrg | lv lghqwlfdo iurp wkh ylhzsrlqw ri hdfk

phpehu ri jhqhudwlrq |/ lw iroorzv wkdw xqghu dq| srolwlfdo vwuxfwxuh/ wkh fkrvhq wd{ udwh

lq shulrg | lv

� | ' �
W

|
' � E�|�� +48,

Sursrvlwlrq 4 Wkh wd{ udwh lq shulrg |c � | lv

�
|

;?
=

: f sJo &|n� : h&

' f sJo &|n� �
h&�

Surri1 Vlqfh �Ef� ' �c lw iroorzv iurp +44, +47, dqg Ohppd 4 wkdw &|n� ' �| iru

�| �
h& dqg khqfh iru &|n� �

h&� Wkxv wkh Sursrvlwlrq iroorzv1 �

Fruroodu| 4 Wkh fkrvhq ohyho ri wd{dwlrq lq hyhu| shulrg pd{lpl}hv rxwsxw shu0zrunhu

lq wkh iroorzlqj shulrg1 Wkdw lv/

� | ' @h} 4@ +|n� � @h} 4@ +E� |c �|��

Surri1 Pd{lpl}lqj +E� |c�|� zlwk uhvshfw wr � | |lhog wkh rswlpdolw| frqglwlrqv

jlyhq e| +47,1 Wkdw lv/ wkh rswlpdolw| frqglwlrqv iru wkh ghvluhg ohyho ri wd{dwlrq iurp

wkh ylhzsrlqw ri hdfk lqglylgxdo1 �

Khqfh/ dv orqj dv wkh udwh ri uhwxuq wr kxpdq fdslwdo lv orzhu wkdq wkh udwh ri

uhwxuq rq sk|vlfdo fdslwdo +l1h1/ dv orqj dv &|n� �
h&� wkh fkrvhq ohyho ri lqyhvwphqw lq

sxeolf hgxfdwlrq lv }hur � wkh ohyho ri lqyhvwphqw pd{lpl}hv rxwsxw shu0zrunhu1 Rqfh
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wkh udwh ri uhwxuq wr kxpdq fdslwdo htxdov wkh udwh ri uhwxuq rq sk|vlfdo fdslwdo +l1h1/

rqfh &|n� :
h&� wkh fkrvhq lqyhvwphqw lq sxeolf hgxfdwlrq lv srvlwlyh dqg lw pd{lpl}hv

rxwsxw shu0zrunhu1

7 Wkh G|qdplfdo V|vwhp

Vxssrvh wkdw lq shulrg f wkh hfrqrp| frqvlvwv ri wzr jurxsv ri lqglylgxdov lq wkhlu �uvw

shulrg ri wkhlu olyhv 0 Fdslwdolvwv dqg Zrunhuv1 Wkh| duh lghqwlfdo lq wkhlu suhihuhqfhv

dqg gl�hu rqo| lq wkhlu lqlwldo zhdowk1 Wkh Fdslwdolvwv/ ghqrwhg e| - +Ulfk,/ duh d

iudfwlrq b ri doo lqglylgxdov lq vrflhw|/ zkr htxdoo| rzq wkh hqwluh lqlwldo vwrfn ri zhdowk1

Wkh Zrunhuv/ ghqrwhg e| � +Srru,/ duh d iudfwlrq � � b ri doo lqglylgxdov lq vrflhw|/

zkr kdyh qr rzqhuvkls ryhu wkh lqlwldo sk|vlfdo fdslwdo vwrfn158 Vlqfh lqglylgxdov duh

lqlwldoo| krprjhqrxv zlwklq d jurxs/ wkh xqltxhqhvv ri wkh vroxwlrq wr wkhlu rswlpl}dwlrq

sureohp dvvxuhv wkdw wkhlu r�vsulqj zkr dftxluh wkh vdph ohyho ri hgxfdwlrq dqg duh

wd{hg htxdoo| duh krprjhqrxv dv zhoo 1 Khqfh/ lq hyhu| shulrg d iudfwlrq b ri doo dgxowv

duh krprjhqrxv ghvfhqghqwv ri wkh Fdslwdolvw/ ghqrwhg e| phpehuv ri jurxs -c dqg d

iudfwlrq ��b duh krprjhqrxv ghvfhqghqwv ri Zrunhuv/ ghqrwhg e| phpehuv ri jurxs � 1

Wkh rswlpl}dwlrq ri jurxsv � dqg - ri jhqhudwlrq |�� lq shulrg | : fc ghwhuplqhv

wkh djjuhjdwh lqwhujhqhudwlrqdo wudqvihuv lq shulrg |c �|�

�| '

]
�

f

K
�

|
_� ' bK

-

|
n E� � b�K�

|
� �EK-

|
c K�

|
�c +49,

zkhuh K
�

|
lv wkh lqwhujhqhudwlrqdo wudqvihu ri lqglylgxdo � lq shulrg |( � ' �c-�

Khqfh/ dv iroorzv iurp +44,/ +48,/ +49,/ dqg Sursrvlwlrq 4

&|n� '

d� � �E�|�o�|

�d� E�|��|o
� VEK-

|
c K�

|
�c +4:,

58Dv zloo ehfrph dssduhqw wklv fodvv glvwlqfwlrq zloo glvvlsdwh ryhu wlph1 Lq sduwlfxodu/ ghvfhqghqwv

ri wkh zrunlqj fodvv zloo xowlpdwho| rzq vrph sk|vlfdo fdslwdo1
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zkhuh dv iroorzv iurp +5, dqg +47,/ YV*YK�
|
: fc � ' -c�c Ixuwkhupruh/ VEfc f� ' f +vlqfh

lq wkh devhqfh ri wudqvihuv dqg khqfh vdylqjv wkh fdslwdo vwrfn lq wkh vxevhtxhqw shulrg

lv }hur,1

Vlqfh phpehuv ri jurxs - htxdoo| rzq wkh hqwluh lqlwldo vwrfn ri zhdowk lq shulrg

3 dqg phpehuv ri jurxs � kdyh qr rzqhuvkls ryhu wkh lqlwldo vwrfn ri zhdowk/ lw iroorzv

wkdw K-
f
: f dqg K

R

f
' f� Ixuwkhupruh/ lw lv dvvxphg wkdw

K
-

f
	 h&*b� +D4,

Dv hvwdeolvkhg lq Ohppd 5/ dqg frqvlvwhqwo| zlwk hpslulfdo hylghqfh derxw wkh

surfhvv ri ghyhorsphqw/ wklv dvvxpswlrq dvvxuhv wkdw lq hduo| vwdjhv ri ghyhorsphqw

wkhuh lv qr lqyhvwphqw lq sxeolf hgxfdwlrq1

Ohppd 5 Xqghu D4/

&� 	
h&�

Surri1 Vlqfh K
R

f
' fc +44,/+49, dqg Ohppd 4/ jlyhq wkh surshuwlhv ri +6,/ lpso|

wkdw &� ' �f ' bK
-

f
� Khqfh lw iroorzv iurp Dvvxpswlrq D4 wkdw &� 	 h&� �

Wkh hyroxwlrq ri wudqvihuv zlwklq hdfk jurxs � ' -c�c dv iroorzv iurp +:,/ lv jlyhq

e|

K�
|n� ' 4@ iqd�E&|n���E�E�|��|�� n E�� � E�|��K

�

|
-E&|n��� wocfj( � ' -c�� +4;,

Vlqfh �| ' �EK-
|
c K�

|
� dqg &|n� ' VEK-

|
c K�

|
�/ lw iroorzv wkdw wkh g|qdplfdo v|vwhp lv

xqltxho| ghwhuplqhg e| wkh vhtxhqfh ~K�
|
c K-

|
j"
|'f

vxfk wkdw

K
�

|n� ' �� EK-
|
c K�

|
�(

K-
|n� ' �-EK-

|
c K�

|
�c

+4<,

zkhuh K
R

f
' f dqg K

-

f
: f�
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8 Wkh Surfhvv ri Ghyhorsphqw

Wklv vhfwlrq dqdo|}hv wkh hqgrjhqrxv hyroxwlrq ri wkh hfrqrp| iurp hduo| wr pdwxuh

vwdjhv ri ghyhorsphqw1 Dv zloo ehfrph dssduhqw/ li dgglwlrqdo sodxvleoh uhvwulfwlrqv duh

lpsrvhg rq wkh edvlf prgho/ wkh hfrqrp| hqgrjhqrxvo| hyroyhv wkurxjk wzr ixqgdphqwdo

uhjlphv=

� Uhjlph L= Lq wklv hduo| vwdjh ri ghyhorsphqw wkh udwh ri uhwxuq wr kxpdq fdslwdo

lv orzhu wkdq wkh udwh ri uhwxuq wr sk|vlfdo fdslwdo/ dqg wkhuh lv qr lqyhvwphqw lq

hgxfdwlrq1

� Uhjlph LL= Lq wkhvh odwhu vwdjhv ri ghyhorsphqw/ wkh udwh ri uhwxuq wr kxpdq fdslwdo

lqfuhdvhv vx!flhqwo| vr dv wr jhqhudwh vxssruw iru sxeolf hgxfdwlrq1

814 Uhjlph L= Sk|vlfdo Fdslwdo Dffxpxodwlrq

Uhjlph L lv gh�qhg dv wkh wlph lqwhuydo f � | 	 h|/ zkhuh h| n � lv wkh �uvw shulrg lq

zklfk wkh fdslwdo oderu udwlr h{fhhgv h& +l1h1/ h| lv wkh �uvw shulrg lq zklfk lqyhvwphqw

lq kxpdq fdslwdo wdnhv sodfh,1 Lq wklv hduo| vwdjh ri ghyhorsphqw wkh fdslwdo0oderu udwlr

lq shulrg |n �/ &|n�c zklfk ghwhuplqhv wkh lqyhvwphqw lq sxeolf hgxfdwlrq lq shulrg |c lv

orzhu wkdq h&1 Dv iroorzv iurp Sursrvlwlrq 4 dqg Fruroodu| 4/ wkh wd{ udwh lv }hur/ wkhuh

lv qr sxeolf hgxfdwlrq/ dqg erwk jurxsv ri lqglylgxdov dftxluh rqo| edvlf vnloov1 Wkdw lv/

M|n� ' �Ef� ' ��

Ohw �& eh wkh ohyho ri wkh fdslwdo0oderu udwlr vxfk wkdw �E�&� ' w� Dv iroorzv iurp +7,/

�& lv wkh fulwlfdo ohyho ri wkh fdslwdo0oderu udwlr lq wlph |n� ehorz zklfk lq wkh devhqfh ri

sxeolf lqyhvwphqw lq hgxfdwlrq lq shulrg | lqglylgxdov zkr gr qrw uhfhlyh wudqvihuv iurp

wkhlu sduhqwv lq shulrg | gr qrw wudqvihu lqfrph wr wkhlu r�vsulqj lq shulrg |n �1 Wkdw

lv/ U
�

|n� � w dqg wkhuhiruh K
�

|n� ' f�

Lq rughu wr dvvxuh wkdw lqyhvwphqw lq kxpdq fdslwdo zloo ehjlq lq d shulrg zkhuh
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wkh srru gr qrw lqyhvw lq sk|vlfdo fdslwdo/ lw lv dvvxphg wkhuhiruh wkdw59

h& � �&� +D5,

Dv iroorzv iurp +5,/ �& ' dw*E�� k��o�*k1 Vlqfh h& ' k*E��k��c Dvvxpswlrq D5 lpsolhv

wkhuhiruh wkdw � : EkkE� � k��3k�*w��*k�

Ohppd 6 Xqghu Dvvxpswlrqv D4 dqg D5/

K
�

|
' f iru � � | � h|

Surri1 Dv iroorzv iurp Sursrvlwlrq 4/ wkh gh�qlwlrq ri h|c dqg Dvvxpswlrq D4 wkdw

dvvxuhv wkdw h| : �c iru f � | 	 h|c wkhuh lv qr lqyhvwphqw lq sxeolf hgxfdwlrq dqg khqfh

�|n� ' �� Khqfh/ vlqfh Dvvxpswlrq D5 lpsolhv wkdw &| �
�& dqg wkhuhiruh �E&|� � wc lw

iroorzv wkdw K
�

|n�
' 4@ dqd�E&|n��� wo c fo ' f li K�

|
' f� Vlqfh K

�

f
' f lw iroorzv wkhuhiruh

wkdw K
�

|
' f iru � � | � h|� �

Dv iroorzv iurp +49,/+4:,/ sursrvlwlrq 4/ dqg Ohppd 6/ wkh fdslwdo0oderu udwlr lq

shulrg |n � lv

&|n� ' VEK-
|
cf� ' bK-

|
iru | 5 dfch|� +53,

dqg wkh ohyho ri rxwsxw shu0zrunhu lq shulrg |n �/ +|n�c dv iroorzv iurp +4,/ +53,/ lv5:

+|n� ' �dbK-
|
ok iru | 5 dfc

h|�1 +54,

Wkh G|qdplfv ri Rxwsxw Shu0Zrunhu

Dv iroorzv iurp +4<, dqg Ohppd 6/ wkh hyroxwlrq ri wkh hfrqrp| lv jlyhq e|

K
-

|n� ' �-EK-
|
c f� ' 4@ dqd�EbK-

|
� n K-

|
-EbK-

|
�� woc fo(

K�
|n� ' fc

<@
> sJo | 5 dfc

h|� +55,

59Wklv dvvxpswlrq lv ghvljqhg wr vlpsoli| wkh suhvhqwdwlrq ri wkh uhvxowv1 Dv zloo ehfrph dssduhqw/

hyhq li Dvvxpswlrq D5 zrxog eh ylrodwhg/ wkh Fdslwdolvwv zrxog kdyh dq lqfhqwlyh wr vxssruw wkh

hgxfdwlrq ri Zrunhuv1
5:Qrwh wkdw vlqfh wkh vl}h ri wkh srsxodwlrq lv 4/ \w.4 @ |w.4=

4:



zkhuh K
-

f
: f lv jlyhq1 Khqfh lq Uhjlph L wkh g|qdplfdo v|vwhp lv ixoo| ghwhuplqhg e|

wkh hyroxwlrq ri wudqvihuv dfurvv phpehuv ri jurxs -1

Dowhuqdwlyho|/ wkh hyroxwlrq ri wkh hqwluh g|qdplfdo v|vwhp lq Uhjlph L fdq eh

uhsuhvhqwhg e| wkh hyroxwlrq ri rxwsxw shu0zrunhu1 Vlqfh wkh djjuhjdwh lqfrph ri jurxs

- lv EbE��k�nk�+|c +zkhuh k lv wkh vkduh ri fdslwdo lq wrwdo rxwsxw wkdw lv ixoo| rzqhg

e| jurxs - dqg bE��k� lv wkh oderu vkduh ri jurxs -,/ lw iroorzv iurp +:, +54, dqg +55,

wkdw wkh hyroxwlrq ri rxwsxw shu0zrunhu lq wkh wlph shulrg | 5 dfc
h|� lv/

+|n� ' 4@ d�iqidbE�� k� n ko+| � bwjjkc fo � �UE+|�c sJo +| 5 dfc h+�c +56,

zkhuh h+ ' �h&k�

Lq rughu wr dvvxuh wkdw wkh hfrqrp| zrxog xowlpdwho| wdnh r� iurp Uhjlph L wr

Uhjlph LL +l1h1/ lq rughu wr dvvxuh wkdw frqvlvwhqwo| zlwk hpslulfdo hylghqfh wkh surfhvv ri

ghyhorsphqw lv pdunhg e| kxpdq fdslwdo dffxpxodwlrq, lw lv dvvxphg wkdw wkh whfkqrorj|

lv vx!flhqwo| surgxfwlyh1 Wkdw lv/

� : h� +D6,

zkhuh h� lv wkh fulwlfdo ohyho ri whfkqrorj| vxfk wkdw �UEh+� ' h+�
5;

Ohppd 7 Xqghu Dvvxpswlrqv D5 dqg D6/ wkhuh h{lvwv + 5 Efc h+�( h+ ' �h&kc vxfk wkdw

wkh surshuwlhv ri �UE+|� lq wkh lqwhuydo +
|
5 dfc h+o duh

5;Dv iroorzv iurp +56,

hD @
4 . �+4��,��������

�+�. +4� �,�,
=

Lw vkrxog eh qrwhg wkdw d vx!flhqwo| kljk ohyho ri D wkdw vdwlv�hv Dvvxpswlrq D6 grhv qrw ylrodwh

Dvvxpswlrq D51 Dq lqfuhdvh lq D dqg �� kroglqj wkhlu udwlr xqfkdqjhg/ grhv qrw d�hfw D5 dqg

lqfuhdvhv D uhodwlyh wr hD=

4;



�UE+|� ' f sJo +| � +

Y�UE+|�*Y+| : f sJo + 	 +| � h+

Y2�UE+|�*Yd+|o2 	 f sJo + 	 +| � h+

�UE+|� : +| sJo +| ' h+

Surri1 Dv iroorzv iurp +56,/ �UE+|� ' f iru +| � + ' bw*EbE��k�nk�/ dqg Y�UE+|�*Y+| :

fc dqg Y2�UE+|�*Yd+|o
2 	 f iru + 	 +| � h+ ' �ik*dE� � k��ojk� Frqvlvwhqwo| zlwk

Dvvxpswlrq D5/ wkhuh h{lvw d vx!flhqwo| vpdoo � vxfk wkdw h+ : +15< Ixuwkhupruh/

Dvvxpswlrq D6 dvvxuhv wkdw �UE+|� : +| iru +| ' h+ �

Fruroodu| 5 Xqghu Dvvxpswlrqv D5 dqg D6/ wkh g|qdplfdo v|vwhp �UE+|� kdv wzr

vwhdg|0vwdwh htxloleuld lq wkh lqwhuydo +| 5 dfc h+o( D orfdoo| vwdeoh vwhdg|0vwdwh/ + ' fc

dqg dq xqvwdeoh vwhdg|0vwdwh/ +
�
5 E+c h+��

Iljxuh 4 ghslfwv wkh surshuwlhv ri �UE+|� ryhu wkh lqwhuydo +| 5 Efc h+o� Li +| 	 +
�

wkhq rxwsxw shu zrunhu frqwudfw ryhu wlph dqg wkh v|vwhp frqyhujhv wr wkh vwhdg|0vwdwh

htxloleulxp + ' f� Li +| : +� wkhq rxwsxw shu zrunhu h{sdqg ryhu wkh hqwluh lqwhuydo

E+�c h+oc furvvlqj lqwr Uhjlph LL1 Khqfh/ lq rughu wr dvvxuh wkdw wkh surfhvv ri ghyhorsphqw

wdnhv r� lw lv dvvxphg wkdw

+f 5 E+�c h+�� +D7,

lpso|lqj wkdw K-
f
5 Ed+�*�bko�*kc dh+*�bko�*k� ' Ed+�*�bko�*kch&*b�� Khqfh/ Dvvxpswlrq

D4 lv d vxevhw ri Dvvxpswlrq D71

815 Uhjlph LL= Hgxfdwlrq dqg Ghfolqh ri wkh Fodvv Vwuxfwxuh

Lq wkhvh pdwxuh vwdjhv ri ghyhorsphqw/ wkh udwh ri uhwxuq wr kxpdq fdslwdo lqfuhdvhv

vx!flhqwo| vr dv wr lqgxfh kxpdq fdslwdo dffxpxodwlrq yld sxeolf hgxfdwlrq/ dqg wkh

5<
Li � ? � ? � zkhuh � @ ^��+4��,4��D@�`4@� ? � @ ^��+4��,4��D@�.�4.�+4��,��D@��`4@�>

wkhq Dvvxpswlrq D5 dqg h| A | duh vdwlv�hg vlpxowdqhrxvo|1 Ixuwkhupruh/ dv glvfxvvhg lq wkh suhylrxv

irrwqrwh/ Dvvxpswlrqv D6 dqg h| A | duh pxwxdoo| frqvlvwhqw1

4<



surfhvv ri ghyhorsphqw lv ixhohg e| kxpdq fdslwdo dv zhoo dv sk|vlfdo fdslwdo dffxpxod0

wlrq1 Lq vwdjhv L ri Uhjlph LL/ wkh hfrqrp| zlwqhvvhv wkh eluwk ri sxeolf hgxfdwlrq1 Wkh

Fdslwdolvwv lqyhvw lq kxpdq fdslwdo dv zhoo dv lq sk|vlfdo fdslwdo/ zkhuhdv zrunhuv dftxluh

hgxfdwlrq �qdqfhg e| wkh Fdslwdolvwv exw wkhlu lqfrph ohyho lv qrw vx!flhqwo| kljk vr dv

wr shuplw sk|vlfdo fdslwdo dffxpxodwlrq1 Lq vwdjh LL/ dv lqfrph lqfuhdvhv wkh hfrqrp|

zlwqhvvhv wkh ghplvh ri wkh fodvv vrflhw|1 Doo lqglylgxdov dftxluh kxpdq fdslwdo dv zhoo

dv sk|vlfdo fdslwdo dqg wkh lqfrph jds ehwzhhq wkh fodvvhv lv qduurzhg dqg holplqdwhg

lq wkh orqj0uxq1

81514 Vwdjh L= Wkh Eluwk ri Sxeolf Vfkrrolqj

Vwdjh L ri Uhjlph LL lv gh�qhg dv wkh wlph lqwhuydo h| � | 	 e|c zkhuh e| lv wkh �uvw wlph

shulrg lq zklfk phpehuv ri jurxs � wudqvihu lqfrph wr wkhlu r�vsulqj zklfk shuplw

lqyhvwphqw lq sk|vlfdo fdslwdo1 Lq wklv wlph lqwhuydo wkh pdujlqdo udwh ri uhwxuq rq

lqyhvwphqw lq kxpdq fdslwdo lv htxdo wr wkh udwh ri uhwxuq rq lqyhvwphqw lq sk|vlfdo

fdslwdo1 Dowkrxjk zrunhuv dftxluh hgxfdwlrq �qdqfhg e| wkh Fdslwdolvwv/ wkhlu lqfrph

ohyho lv qrw vx!flhqwo| kljk vr dv wr shuplw wudqvihu wr wkhlu r�vsulqj1

Dv iroorzv iurp +49,/+4:,/ sursrvlwlrq 4/ dqg Ohppd 6/ wkh fdslwdo0oderu udwlr lq

shulrg |n � lv

&|n� ' VEK-
|
c f� ' E�3�|�bK-|

�E� |bK-| �
iru | 5 dh|ce|� � +57,

zkhuh YVEK-
|
cf�*YK-

|
: f� Wkh ohyho ri rxwsxw shu0zrunhu lq shulrg |n �/ +|n�c dv iroorzv

iurp +4, dqg +57,/ lv

+|n� ' �dE�� � |�bK-| okd�E� |bK-| �o�3k iru | 5 dh|ce|�1 +58,

Wkh G|qdplfv ri Rxwsxw Shu0Zrunhu

Dv iroorzv iurp +4<, wkh hyroxwlrq ri wkh hfrqrp| lq wkh wlph lqwhuydo h| � | 	 e| lv jlyhq
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e|

K
-

|n� ' �-EK-
|
( f� ' qd�E&|n���E� |bK-| � n E� � � |�K-| -E&|n��� wo(

K
�

|n� ' �� EK-
|
( f� ' f�

<@
> sJo | 5 dh|ce|�

+59,

Dowhuqdwlyho|/ wkh hyroxwlrq ri wkh hqwluh g|qdplfdo v|vwhp lq Uhjlph L fdq eh

uhsuhvhqwhg e| wkh hyroxwlrq ri rxwsxw shu0zrunhu1 Vlqfh wkh djjuhjdwh lqfrph ri jurxs

- lv EbE� � k� n k�+|c dv lv wkh fdvh lq Uhjlph L/ lw iroorzv iurp +:, +54, dqg +59, wkdw

wkh hyroxwlrq ri rxwsxw shu0zrunhu lq wkh wlph shulrg | 5 dh|ce|� lv/

+|n� ' �iE� � � |�qidbE� � k� n ko+| � bwjjki�E� |qidbE� � k� n ko+| � bwj�j�3k

� �UUE+|� sJo +| 5 dh+c e+�c
+5:,

zkhuh h+ ' �h&kc � | ' @h}4@ �UUE+|�c dqg e+ ' w*E� � k�c lv wkh fulwlfdo ohyho ri wkh

rxwsxw shu0zrunhu vxfk wkdw wkh lqfrph ohyho ri lqglylgxdov zkr gr qrw uhfhlyh wudqvihu

iurp wkhlu sduhqwv +l1h1/ phpehuv ri jurxs � � htxdov w� Dv iroorzv iurp +7,/ dv orqj dv

+| 	 e+c phpehuv ri jurxs � gr qrw wudqvihu lqfrph wr wkhlu r�vsulqj1 Khqfh/ vlqfh

h+ ' �ik*dE� � k��ojkc lw iroorzv iurp dvvxpswlrq D5 wkdw e+ : h+�

Lq rughu wr dvvxuh wkdw wkh hfrqrp| zrxog xowlpdwho| wdnh r� iurp Vwdjh L wr Vwdjh

LL zlwklq Uhjlph LL lw lv dvvxphg wkdw wkh whfkqrorj| lv vx!flhqwo| surgxfwlyh1 Wkdw lv/

� � e� � �*qk +D8,

zkhuh dv iroorzv iurp +5:, dqg Fruroodu| 4/ e� lv d vx!flhqwo| kljk ohyho ri whfkqrorj|

vxfk wkdw �UUEe+� : e+�
63

Li Dvvxpswlrq D8 lv ylrodwhg wkhq wkhuh duh wzr ihdvleoh vfhqdulrv1 Wkh hfrqrp|

pd| frqyhujh wr d vwhdg|0vwdwh htxloleulxp lq wkh lqwhuydo Eh+c e+� zlwk sxeolf hgxfdwlrq/

63Dvvxpswlrqv D6 dqg D8 lpso| wkdw D � pd{^ hD> eD`> zkhuh hD ? eD li dqg rqo| li � ? +���4+4 �
�,4��@��,4@�=
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zkhuh lqglylgxdov duh lghqwlfdo lq wkhlu ohyho ri kxpdq fdslwdo dqg lq wkhlu zdjh lqfrph/

exw wkh| gl�hu lq wkhlu ohyho ri zhdowk1 Dowhuqdwlyho|/ wkh hfrqrp| pd| surfhhg/ qhyhu0

wkhohvv/ wr d orqj0uxq vwhdg|0vwdwh htxloleulxp deryh e+c zkhuh dv zloo ehfrph dssduhqw

r�vsulqj ri Fdslwdolvwv dqg zrunhuv duh lqglvwlqjxlvkdeoh1

Ohppd 8 Xqghu Dvvxpswlrqv D5 dqg D8/ wkh surshuwlhv ri �UUE+|� lq wkh lqwhuydo

+| 5 dh+c e+o duh
Y�UUE+|�*Y+| : f
Y2�UUE+|�*Y+2| 	 f
�UUE+|� : +|

Surri1 Iroorzv iurp +5:,/ Dvvxpswlrqv D5 dqg D8/ dqg wkh frqfdylw| ri �Ee�c qrwlqj

wkdw � | ' @h}4@ +|n�� �

Fruroodu| 6 Wkh g|qdplfdo v|vwhp �UUE+|� kdv qr vwhdg|0vwdwh htxloleuld lq wkh lqwhuydo

+
|
5 dh+c e+o�

Iljxuh 4 ghslfwv wkh surshuwlhv ri �UUE+|� ryhu wkh lqwhuydo +
|
5 dh+c e+o1 Wkh wudqvihuv

zlwklq hdfk g|qdvw| ri w|sh - h{sdqg ryhu wkh hqwluh lqwhuydo furvvlqj lqwr Vwdjh LL1

81515 Vwdjh LL= Wkh Ghplvh ri wkh Fodvv Vrflhw|

Vwdjh LL ri Uhjlph LL lv gh�qhg dv | � e|� Lq wklv wlph lqwhuydo doo lqglylgxdov dftxluh

hgxfdwlrq dqg wudqvihu lqfrph wr wkhlu r�vsulqj1

Dv iroorzv iurp Fruroodu| 6/ lq vwdjh LL ri Uhjlph LL wkh ohyho ri rxwsxw shu0zrunhu

h{fhhgv e+ dqg wkh zdjh lqfrph ri phpehuv ri doo lqglylgxdov h{fhhgv w� Khqfh/ lw iroorzv

iurp +49, dqg +:,/ wkdw

�| ' bK-
|
n E� � b�K�

|
' qd+| � wo� +5;,

Wkh fdslwdo0oderu udwlr lq shulrg |n �c dv iroorzv iurp +44, dqg +5;,/ lv wkhuhiruh

&|n� '
E�3�|�qd+|3wo
�E� |qd+|3wo�

iru | 5 de|c4� � +5<,
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dqg wkh ohyho ri rxwsxw shu0zrunhu lq shulrg |n �/ +|n�c dv iroorzv iurp +4, dqg +5<,/ lv

+|n� ' �dE� � � |�qd+| � wookd�E� |qd+| � wo�o�3k iru +| : e+1 +63,

Wkh Hyroxwlrq ri Rxwsxw Shu0Zrunhu

Wkh hyroxwlrq ri rxwsxw shu zrunhu/ t|c lq Vwdjh LL ri Uhjlph LL/ lv lqghshqghqw

ri wkh glvwulexwlrq ri lqwhujhqhudwlrqdo wudqvihuv dqg khqfh wkh g|qdplfdo v|vwhp fdq eh

uhsuhvhqwhg e| wkh hyroxwlrq ri rxwsxw shu0zrunhu1 Dv iroorzv iurp +4, dqg +5<,/ wkh

hyroxwlrq ri rxwsxw shu zrunhu ryhu wkh wlph lqwhuydo | : e| lv

+|n� ' �dE�� � |�qd+| � wookd�E� |qd+| � wo�o�3k � �UUUE+|� iru +| : e+1 +64,

zkhuh � | ' @h}4@ �UUUE+|�c dqg wkhuhiruh Y�UUUE+|�*Y+| : f� Ixuwkhupruh/ lw iroorzv

iurp wkh frqfdylw| dqg wkh erxqgdu| frqglwlrqv ri �Ee� dqg wkh djjuhjdwh surgxfwlrq

ixqfwlrq wkdw Y2�UUUE+|�*Y+2| 	 fc dqg *�4+|<"
Y�UUUE+|�*Y+| ' f�

Fruroodu| 7 Xqghu D50D7/ +| lqfuhdvhv prqrwrqlfdoo| lq Vwdjh LL ri Uhjlph LL dqg

frqyhujhv wr + : e+�

Surri1 Iroorzv gluhfwo| iurp wkh surshuwlhv ri �UUUE+|�� �

Sursrvlwlrq 5 Xqghu D50D7/ wkh hfrqrp| frqyhujhv wr d vwhdg|0vwdwh htxloleulxp lq

zklfk wkh lqfrph jds ehwzhhq wkh r�vsulqj ri wkh Fdslwdolvw dqg wkh Zrunhuv lv holpl0

qdwhg1

Surri1 Dv iroorzv iurp wkh surshuwlhv ri +<,/+48,/+5;,/+5<, dqg Fruroodu| 7/ wkh hfrqrp|

frqyhujhv wr d xqltxh vwhdg|0vwdwh yhfwru E+c &c � c ��1 Vlqfh

K�
|n�
' qd�E&|n���|n� n E� � � |�K

�

|
-E&|n��� wo sJo | : e| c � ' ��- +65,
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zkhuh dv iroorzv iurp +47, �|n� ' �E&|n�� dqg � | ' �E&|n�� dqg wkhuhiruh

K
�

|n� ' lEK�

|
c &|n��� +66,

Khqfh/ jlyhq & lw iroorzv wkdw/ lq wkh vwhdg| vwdwh/ K
�
' K

�

zkhuh K
�

' lEK
�

c &�c rwkhuzlvh

+vlqfh YlEK�c &�*YK� � f� hlwkhu ^K� ghfuhdvhv +lqfuhdvhv, iru doo � dqg wkxv & ghfuhdvhv

+lqfuhdvhv,` ru ^K- lqfuhdvhv lqgh�qlwho| dqg K
� ghfuhdvhv wr }hur/ dqg wkxv & lqfuhdvhv`

lq frqwudglfwlrq wr wkh vwdwlrqdulw| ri &1 Khqfh/ K
-

' lEK
-

c &�c K
�

' lEK
�

c &�c dqg

& ' VEK
-

c K
�

�� Vlqfh K� : fc wkh vwhdg|0vwdwh htxloleulxp lv +K-c K� � :: fc zkhuh

K� ' K- vlqfh l lv lqghshqghqw ri � ' �c-� �

9 Frqfoxglqj Uhpdunv

Wklv sdshu k|srwkhvl}hv wkdw wkh ghplvh ri wkh fodvv vwuxfwxuh wkdw h{lvwhg lq Hxursh

lq wkh 4<wk fhqwxu| pd| uh hfw d gholehudwh wudqvirupdwlrq ri vrflhw| rufkhvwudwhg e|

wkh Fdslwdolvwv1 Lq frqwudvw wr wkh suhydlolqj zlvgrp/ wkh uhvhdufk vxjjhvwv wkdw wkh

wudqvlwlrq iurp wkh Hxurshdq fodvv vwuxfwxuh ri wkh 4<wk fhqwxu| pd| eh ylhzhg dv wkh

rxwfrph ri dq rswlpdo uhdfwlrq surfhvv ri wkh Fdslwdolvwv wr wkh lqfuhdvlqj lpsruwdqfh

ri kxpdq fdslwdo lq vxvwdlqlqj wkhlu sur�w udwhv1 Wkh sdshu dujxhv wkdw wkh surfhvv

ri fdslwdo dffxpxodwlrq kdv judgxdoo| lqwhqvl�hg wkh uhodwlyh vfduflw| ri oderu dqg kdv

jhqhudwhg dq lqfhqwlyh wr dxjphqw oderu yld kxpdq fdslwdo dffxpxodwlrq1 Gxh wr wkh

frpsohphqwdulw| ehwzhhq sk|vlfdo dqg kxpdq fdslwdo lq surgxfwlrq/ wkh Fdslwdolvwv

zhuh dprqj wkh sulph ehqh�fldulhv ri wkh srwhqwldo dffxpxodwlrq ri kxpdq fdslwdo e|

wkh pdvvhv1 Wkh| kdg wkhuhiruh wkh lqfhqwlyh wr �qdqfldoo| vxssruw sxeolf hgxfdwlrq wkdw

zrxog vxvwdlq wkhlu sur�w udwhv dqg zrxog lpsuryh wkhlu hfrqrplf zhoo ehlqj/ dowkrxjk

zrxog xowlpdwho| xqghuplqh wkhlu g|qdvw|*v srvlwlrq lq wkh vrfldo odgghu1 Wkh vxssruw

iru sxeolf hgxfdwlrq lv xqdqlprxv ghvslwh wkh idfw wkdw wkh Fdslwdolvwv fduu| wkh sulph

�qdqfldo exughq ri sxeolf vfkrrolqj1 Wkdw lv/ gxh wr wkh fr0h{lvwhqfh ri fuhglw pdunhw

lpshuihfwlrqv dqg fdslwdo0vnloo frpsohphqwdulw|/ wkh uhglvwulexwlrq dvvrfldwhg zlwk sxeolf
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hgxfdwlrq lv Sduhwr lpsurylqj1 Xqolnh wkh frqyhqwlrqdo zlvgrp/ wkhuhiruh/ wkh ghplvh

ri wkh Fdslwdolvwv0Zrunhuv fodvv vwuxfwxuh kdv ehhq dq rxwfrph ri d frrshudwlyh udwkhu

wkdq d glylvlyh surfhvv1

Wkh sdshu dujxhv wkdw wkh pdvvlyh uhirupv lq wkh hgxfdwlrq v|vwhp dfurvv wkh

frqwlqhqw kdg ehhq dw wkh khduw ri wkh surfhvv wkdw kdv ohdg wr wkh ghfolqh ri wkh h{lvlwqj

fodvv vwuxfwxuh1 Wkh srolwlfdo uhirupv wkdw dffrpsdqlhg hgxfdwlrq uhirupv fdq eh ylhzhg

dv dq dwwhpsw e| wkh Fdslwdolvw wr eurdghqhg wkh frdolwlrq wkdw vxssruw sxeolf yrfdwlrqdo

+xwlolwduldq, hgxfdwlrq djdlqvw wkh zlvkhv ri wkh Fohuj| dv zhoo dv wkh Odqg Orug iru zkrp

kxpdq fdslwdo zdv ohvv frpsohphqwdu| lq surgxfwlrq1

Wkh vwxg| vxjjhvwv d qryho k|srwkhvlv uhjduglqj wkh fdxvhv ri shuvlvwhqfh gl�hu0

hqfhv lq wkh vwuxfwxuh ri vrflhw|/ lqvwlwxwlrqv dqg hfrqrplf shuirupdqfh dfurvv frxqwulhv1

Lw sursrvhv wkdw wkhvh furvv frxqwu| gl�huhqfhv pd| uh hfw lqlwldo gl�huhqfhv lq odqg

dexqgdqfh1 Lq sduwlfxodu/ wkh sdshu vxjjhvwv wkdw lq odqg dexqgdqw vrflhwlhv zlwk d

kljk ghjuhh ri srodul}dwlrq +h1j1/ vrph Odwlq Dphulfdq Frxqwulhv,/ hgxfdwlrq uhirupv

zrxog eh ghod|hg/ gxh wr wkh orzhu ghjuhh ri frpsohphqwdulw| ehwzhhq kxpdq fdslwdo

dqg odqg/ dqg wkxv wkh surfhvv ri ghyhorsphqw zrxog eh vorzhg dqg srodul}dwlrq zrxog

shuvlvw orqjhu1
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Uhihuhqfhv

^4` Dfhprjox/ Gdurq dqg Urelqvrq/ Mdphv D +5333,/ �Zk| Glg wkh Zhvw H{whqg wkh

IudqfklvhB Ghprfudf|/ Lqhtxdolw| dqg Jurzwk lq Klvwrulfdo Shuvshfwlyh� Txduwhuo|

Mrxuqdo ri Hfrqrplfv +iruwkfrplqj,

^5` Dohvlqd D/ dqg Shurwwl U +4<<9,/ cLqfrph glvwulexwlrq/ srolwlfdo lqvwdelolw|/ dqg

lqyhvwphqw/* Hxurshdq Hfrqrplf Uhylhz/ yro1 73/ ss1 45360455;1

^6` Dovwrq/ S1 O1 +4<9<,/ Hgxfdwlrq dqg wkh Vwdwh lq Wvdulvw Uxvvld1

^7` Dowrqml/ M1 J1/ Kd|dvkl/ I1 dqg Nrwolnr�/ O1 M1 +4<<:,/ cSduhqwdo Dowuxlvp dqg Lqwhu

Ylyrv Wudqvihuv= Wkhru| dqg Hylghqfh*/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 438/ ss1

44540991

^8` Ehfnhu J1 V1 +4<97,/ Kxpdq Fdslwdo/ Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1

^9` Ehqderx/ U1 +4<<9,/ �Lqhtxdolw| dqg Jurzwk/� QEHU Pdfurhfrqrplfv Dqqxdo/

PLW Suhvv1

^:` Ehqkdele M1 dqg D1 Uxvwlfklql +4<<9,/ �Vrfldo Frq lfw dqg Jurzwk/� Mrxuqdo ri

Hfrqrplf Jurzwk/ yro1 4/ ss 45804751

^;` Eodfnerxuq/ G1 +4<<;, Wkh Orqj Qlqhwhhqwk Fhqwxu|= D Klvwru| ri Jhupdq|/ 4:;30

4<4;/ R{irug Xqlyhuvlw| Suhvv/ Qhz \run Q\1

^<` Erxujxljqrq/ I1 dqg Yhuglhu W1 +5333,/ �Roljdufk|/ Ghprfudf|/ Lqhtxdolw| dqg

Jurzwk/� Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ iruwkfrplqj1

^43` Euhqqhu/ \1V1/ Kduwpxw/ Ndhoeoh dqg Pdun Wkrpdv/ +4<<4,/ Lqfrph Glvwulexwlrq lq

Klvwrulfdo Shuvshfwlyh1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

^44` Froh D1 dqg S1 Fdpsehoo +4<;<,/ Iuhqfk Hohfwrudo V|vwhpv dqg Hohfwlrqv vlqfh 4:;</

Jrzhu Suhvv/ Doghuvkrw1

^45` Fudlj/ I1Z1V1 +4<;<, Eulwlvk Hohfwrudo Idfwv/ 4;6504<;:/Jrzhu/ Eurrn�hog YW1

^46` Gxuodxi/ V1Q1/ +4<<9,/ cD Wkhru| ri Shuvlvwhqw Lqfrph Lqhtxdolw|/* Mrxuqdo ri Hfr0

qrplf Jurzwk/ yro1 4/ ss1 :80<71

^47` Gxuodxi V1Q1/ dqg Mrkqvrq SD/ +4<<8,/ �Pxowlsoh Uhjlphv Dqg Furvv0Frxqwu|

Jurzwk0Ehkdylru/� Mrxuqdo ri Dssolhg Hfrqrplfv/ 43/ 69806;71
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^48` G|qdq/ N1 H1/ Vnlqqhu/ M1 dqg ]hoghv/ V1 +4<<9, cGr wkh Ulfk Vdyh PruhB*/ plphr1

^49` Ihuqdqgh} U dqg Urjhuvrq U1 +4<<9, cLqfrph Glvwulexwlrq/ Frppxqlwlhv/ dqg wkh

Txdolw| ri Sxeolf Hgxfdwlrq/* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 444/ ss1 46804971

^4:` Jdoru/ R1 dqg ]hlud/ M1 +4<<6,/ cLqfrph Glvwulexwlrq dqg Pdfurhfrqrplfv*/ Uhylhz

ri Hfrqrplf Vwxglhv/ yro1 93/ ss1 680851

^4;` Jdoru/ R1 dqg Wvlggrq/ G1 +4<<:,/ cWhfkqrorjlfdo Surjuhvv/ Prelolw|/ dqg Jurzwk/*

Dphulfdq Hfrqrplf Uhylhz/ yro1 ;:/ ss1 6960;51

^4<` Jdoru/ R1 dqg Prdy R1 +5333,/ cDelolw| Eldvhg Whfkqrorjlfdo Wudqvlwlrq/ Zdjh

Lqhtxdolw| dqg Jurzwk/* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 448/ ss1

^53` Jroglq/ F1 dqg O1 I1 Ndw} +4<<;,/ cWkh Ruljlqv ri Whfkqrorj|0Vnloo Frpsohphqwdu|*/

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 446/ ss19<60:651

^54` Jroglq/ Fodxgld dqg Odzuhqfh I1 Ndw}/ +4<<<,/ �Wkh Uhwxuq wr Vnloo dfurvv wkh

Wzhqwlhwk Fhqwxu| Xqlwhg Vwdwhv/� QEHU Zrunlqj Sdshu :4591

^55` Jrogvwhlq/ U1M1 +4<;6, Srolwlfdo Uhsuhvvlrq lq Qlqhwhhqwk Fhqwxu| Hxursh/ Furrp

Khop/ Orqgrq1

^56` Jurvvpdq/1 K1L1 +4<<7, Surgxfwlrq/ Dssursuldwlrq/ dqg Odqg0Uhirup/� Dphulfdq

Hfrqrplf Uhylhz/ yro1 ;7/ ss1 :380:451

^57` Jurvvpdq/ K1L1 dqg P1 Nlp1 +4<<<,/ �Hgxfdwlrq Srolf|= Hjdolwduldq ru HolwlvwB�/

Eurzq Xqlyhuvlw|1

^58` Kdvvohu/ Mrkq1 dqg M1 Urguljxh} Prud/ +5333,/ cLqwhooljhqfh/ Vrfldo Prelolw|/ dqg

Jurzwk/* Dphulfdq Hfrqrplf Uhylhz +iruwkfrplqj,

^59` Ndogru/ Q1 +4<8:,/ cD Prgho ri Hfrqrplf jurzwk*/ Hfrqrplf Mrxuqdo/ yro1 8:1

^5:` Nh|qhv/ M1 P1 +4<53,/ cWkh Hfrqrplf Frqvhtxhqfhv ri wkh Shdfh*/ Pdfploodq dqg

Fr1 Olplwhg

^5;` Nx}qhwv/ V1 +4<88,/ cHfrqrplf Jurzwk dqg Lqfrph Htxdolw|*/ Dphulfdq Hfrqrplf

Uhylhz/ yro1 78/ ss1 405;1

^5<` Ohzlv/ Z1D1 +4<87,/ cHfrqrplf Ghyhorsphqw zlwk Xqolplwhg vxsso| ri Oderu*/ Wkh

Pdqfkhvwhu Vfkrro/ yro1 55/ ss1 46<0<41

5:



^63` Pdr}/ \1G1 dqg Prdy/ R1 +4<<<,/ cLqwhujhqhudwlrqdo Prelolw| dqg wkh Surfhvv ri

Ghyhorsphqw/* Hfrqrplf Mrxuqdo 43</ 9::0<:1

^64` Shurwwl/ U1 +4<<9,/ cJurzwk/ Lqfrph Glvwulexwlrq/ dqg Ghprfudf|= Zkdw wkh Gdwd

Vd|*/ Mrxuqdo ri Hfrqrplf Jurzwk/ yro1 4/ ss1 47<0;:1

^65` Ulqjhu/ I1 +4<:<, Hgxfdwlrq dqg Vrflhw| lq Prghuq Hxursh/ Lqgldqd Xqlyhuvlw|

Suhvv/ Eorrplqjwrq1

^66` Urelqvrq/ Mdphv D1 +4<<<, D Srolwlfdo Wkhru| ri Xqghughyhorsphqw/ Xqsxeolvkhg

Errn Pdqxvfulsw/ Ghsduwphqw ri Srolwlfdo Vflhqfh/ Xqlyhuvlw| ri Fdoliruqld/ Ehunh0

oh|1

^67` Vplwk/ D1 +4::9,/ cWkh Zhdowk ri Qdwlrqv*1

^68` Wrphv/ Q1 +4<;4, cWkh Idplo|/ Lqkhulwdqfh dqg wkh Lqwhujhqhudwlrqdo Wudqvplvvlrq

ri Lqhtxdolw|/* Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 ;</ ss1 <5;08;1

^69` Zuljkw/ G1J1 +4<:3, Ghprfudf| dqg Uhirup 4;4804;;8/ Orqjpdq/ Orqgrq1

5;
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Figure 1


