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Devwudfw

Wkh sulpdu| remhfwlyh ri wklv sdshu lv wr ghyhors d srolwlfdo hfrqrp| ri

sxeolf ixqglqj ri hgxfdwlrq wkdw dffrxqwv iru wkh odujh glvsdulwlhv revhuyhg

dfurvv frxqwulhv lq wkh vkduh ri JQS doorfdwhg wr sxeolf hgxfdwlrq1

Lq d jhqhudo htxloleulxp ryhuodsslqj jhqhudwlrqv prgho lq zklfk sduhqwv

fduh derxw wkhlu fkloguhq*v olihwlph xwlolw| wkh udwlrqdo dqg iruzdug orrnlqj

djhqwv yrwh iru d ohyho ri sxeolf ixqglqj ri hgxfdwlrq1

Wkh prgho pluuruv wkh revhuyhg furvv0frxqwu| glvsdulwlhv lq wkh vkduh

ri JQS doorfdwhg wr sxeolf ixqglqj ri hgxfdwlrq1 Wklv vkduh lqfuhdvhv zlwk

shu fdslwd lqfrph ohyhov dv zhoo dv zlwk wkh ihuwlolw| udwh dqg lw ghfuhdvhv

zlwk wkh ghjuhh ri lqhtxdolw| lq wkh hfrqrp|1 Iru kljkhu ohyhov ri lqhtxdolw|

wkh prgho fdq jhqhudwh d srolwlfr0hfrqrplf htxloleulxp zkhuh sulydwh dqg

sxeolf lqyhvwphqw rq hgxfdwlrq frh{lvw1

Lq frqwudvw wr h{lvwlqj wkhrulhv wkh sdshu grhv qrw dvvxph wkdw wkh idfwru

sulfhv duh lqyduldqw dqg L vwxg| wkh lpsruwdqfh ri wkh h�hfwv ri dq hgxfdwlrq

srolf| rq wkh idfwru sulfhv lq wkh ghwhuplqdwlrq ri wkh htxloleulxp ohyho ri

wklv srolf|1

�H0pdlo= mvrCifhh1xfs1sw1 L judwhixoo| dfnqrzohgjh �qdqfldo vxssruw iurp HF Kxpdq Fdslwdo

Prelolw| Ihoorzvklsv Surjudp dqg iurp �Ulfhufd gl Edvh�1 L wkdqn Wkrpdv Frroh|/ Hol}dehwk

Fdxfxww dqg Qh}lk Jxqhu iru khosixo frpphqwv rq dq hduolhu gudiw1



41 Lqwurgxfwlrq

Hpslulfdo vwxglhv ri furvv0frxqwu| gl�huhqfhv lq sxeolf h{shqglwxuhv rq hgxfdwlrq
vkrz wkdw wkh| whqg wr eh dvvrfldwhg zlwk gl�huhqfhv lq shu fdslwd lqfrph ohyhov
dv zhoo dv lq wkh ghjuhh ri lqfrph lqhtxdolw| dqg lq wkh sursruwlrq ri vfkrro djhg
fkloguhq lq wkh srsxodwlrq1 H{lvwlqj prghov zklfk kdyh ehhq xvhg wr h{soruh wkh
furvv0frppxqlw| gl�huhqfhv lq hgxfdwlrq iru wkh XV zrxog eh xqdeoh wr pdwfk
wkh furvv0frxqwu| sdwwhuq1 Lq wklv sdshu/ L ghyhors d prgho ri wkh srolwlfdo hfrq0
rp| ri sxeolfo| �qdqfhg hgxfdwlrq zklfk kdv d ulfkhu ghprjudsklf vwuxfwxuh dqg
dffrxqwv iru wkh lpsdfw ri wkh fkrvhq srolflhv rq wkh idfwru sulfhv1 L vkrz wkdw
d prgho zlwk wkhvh ihdwxuhv lv frqvlvwhqw zlwk revhuyhg furvv0frxqwu| gl�huhqfhv1
L dovr frqvwuxfw d yhuvlrq ri wklv prgho wkdw lv deoh wr ghvfuleh furvv0vwdwhv gli0
ihuhqfhv zlwklq d frxqwu| dqg L xvh lw iru hydoxdwlqj wkh zhoiduh lpsolfdwlrqv ri d
pryh iurp d vwdwh zlgh wr d qdwlrq zlgh sxeolf ixqglqj ri hgxfdwlrq ghflvlrq1

H{lvwlqj wkhrulhv ri sxeolf hgxfdwlrq w|slfdoo| uho| rq dowuxlvp wr dffrxqw iru
wkh h{lvwhqfh ri sxeolf hgxfdwlrq1 Lq Vrduhv +4<<9, L vkrz wkdw sxeolf lqyhvwphqw
rq hgxfdwlrq fdq dulvh dv dq htxloleulxp lq d zruog zkhuh lqglylgxdov duh prwl0
ydwhg sxuho| rxw ri hfrqrplf vhoi0lqwhuhvw1 Lq wklv sdshu L lqwurgxfh dowuxlvp dqg
vkrz wkdw lw lqfuhdvhv wkh htxloleulxp ohyho ri sxeolfo| �qdqfhg hgxfdwlrq1

L vwxg| wkhvh lvvxhv xvlqj d wkuhh shulrg olyhg jhqhudo htxloleulxp ryhuodsslqj
jhqhudwlrqv prgho zkhuh djhqwv fduh derxw wkhlu fkloguhq olihwlph xwlolw| dqg zkhuh
erwk sxeolf dqg sulydwh lqyhvwphqw rq hgxfdwlrq pljkw frh{lvw1

Wkh �uvw jhqhudwlrq djhqwv doorfdwh uhvrxufhv wr frqvxpswlrq/ wr ohlvxuh dqg
wr wkh dftxlvlwlrq ri kxpdq fdslwdo/ exw wkh| fdqqrw eruurz djdlqvw wkhlu ixwxuh
lqfrph1 Diwhu wkh �uvw shulrg ri wkhlu olyhv/ wkh djhqwv zrun iru rqh shulrg dqg
wkh| uhwluh gxulqj wkh wklug shulrg1 Gxulqj wkh vhfrqg shulrg wkh djhqwv kdyh
fkloguhq zkrvh zhoiduh wkh| ydoxh1 Wklv ohdgv wr wudqvihuv wkdw wkh |rxqj djhqwv
doorfdwh wr frqvxpswlrq dqg hgxfdwlrq1 Kxpdq fdslwdo lv dffxpxodwhg wkurxjk
dq lqglylgxdo hgxfdwlrq surfhvv uhsuhvhqwhg e| d whfkqrorj| zklfk wdnhv dv lqsxwv
sk|vlfdo uhvrxufhv dqg wkh djhqw*v wlph1 Dv lq Vrduhv +4<<9,/ L dvvxph wkdw sulydwh
dqg sxeolf ixqglqj ri hgxfdwlrq duh frqvlghuhg wr eh shuihfw vxevwlwxwhv1

Ehvlghv pdnlqj lqglylgxdo ghflvlrqv/ wkh djhqwv dovr wdnh sduw lq d srolwlfdo
surfhvv wkurxjk zklfk wkh sxeolf hgxfdwlrq srolflhv duh fkrvhq1 Zlwk d sxeolf
hgxfdwlrq v|vwhp/ wkh jryhuqphqw ohylhv dq lqfrph wd{ dqg xvhv wkh uhyhqxh wr
ixqg hgxfdwlrq1 Wkh djhqwv duh udwlrqdo dqg iruzdug orrnlqj dqg wkh| yrwh iru
wkh ohyho ri wd{dwlrq1 Wkxv/ dq htxloleulxp zlwk sxeolfo| ixqghg hgxfdwlrq pxvw
eh erwk d frpshwlwlyh hfrqrplf htxloleulxp dqg d srolwlfdo htxloleulxp1
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L txdqwli| wkh wkhruhwlfdo �qglqjv e| fdoleudwlqj wkh sdudphwhuv ri wklv hfrq0
rp| wr pdwfk vrph orqj uxq ihdwxuhv ri wkh XV hfrqrp|1 L wkhq frpsxwh wkh
htxloleulxp wr ghwhuplqh wkh ohyho ri sxeolf ixqglqj ri hgxfdwlrq wkdw lv fkrvhq
e| wkh slyrwdo yrwhu1

Wkh sxeolfo| ixqghg hgxfdwlrq lqfuhdvhv wkh ohyho ri kxpdq dqg sk|vlfdo fds0
lwdo dqg wkhuhiruh lqfuhdvhv wkh jurzwk udwh ri rxwsxw1 Wkh vkduh ri lqfrph door0
fdwhg wr sxeolfo| ixqghg hgxfdwlrq lqfuhdvhv zlwk wkh ohyho ri ghyhorsphqw ri wkh
hfrqrp| dv zh revhuyh lq wkh gdwd1

Wkh ohyho ri sxeolf h{shqglwxuh rq hgxfdwlrq dv d shufhqwdjh ri lqfrph lv yhu|
vhqvlwlyh wr fkdqjhv lq wkh srsxodwlrq jurzwk udwh dqg lq wkh vrfldo vhfxulw| sro0
lf| sdudphwhuv1 Wkh uhodwlrq ehwzhhq wkhvh yduldeohv vhhpv wr eh lpsruwdqw lq
h{sodlqlqj wkh gl�huhqfhv revhuyhg dfurvv frxqwulhv zlwk wkh vdph ohyho ri ghyho0
rsphqw1 Dv wkh vkduh ri wkh |rxqj djhqwv lq wkh hfrqrp| lqfuhdvhv/ wkh vkduh
ri lqfrph doorfdwhg wr sxeolf ixqglqj ri hgxfdwlrq pljkw lqfuhdvh ru ghfuhdvh gh0
shqglqj rq wkh qdwxuh ri wkh ghprjudsklf fkdqjh1 Lq dgglwlrq/ dq lqfuhdvh lq wkh
uhodwlyh vl}h ri wkh vrfldo vhfxulw| v|vwhp uhvxowv lq d ghfuhdvh lq wkh shufhqwdjh
ri lqfrph doorfdwhg wr sxeolfo| ixqghg hgxfdwlrq1

Ilqdoo|/ lq wklv prgho hfrqrp|/ dq lqfuhdvh lq lqwudjhqhudwlrqdo lqhtxdolw|
ghfuhdvhv wkh srolwlfdo vxssruw iru sxeolf ixqglqj ri hgxfdwlrq1 Wklv lpsolhv d
qhjdwlyh fruuhodwlrq ehwzhhq lqhtxdolw| dqg jurzwk dv irxqg lq wkh gdwd1

Ihuqdqgh} dqg Urjhuvrq +4<<7, vkrzhg wkdw d pryh iurp d frppxqlw| zlgh wr
d vwdwh zlgh sxeolf ixqglqj ri hgxfdwlrq ghflvlrq fdq udlvh wkh vwhdg|0vwdwh rxwsxw
dqg zhoiduh ohyhov1 Wkh uhvxowv lq wklv sdshu vxssruw wkhvh �qglqjv dqg wkh| vkrz
wkdw d pryh iurp d vwdwh zlgh wr d qdwlrq zlgh ghflvlrq ohyho/ zkhuh wkh jhqhudo
htxloleulxp h�hfwv duh lqwhuqdol}hg e| wkh yrwhuv/ ixuwkhu lqfuhdvhv wkh ohyho ri
lqfrph lq wkh hfrqrp| dqg wkh zhoiduh ri wkh djhqwv1 Wkh htxloleulxp wd{ udwh
lv kljkhu lq dq hfrqrp| zkhuh wkh idfwru sulfhv duh  h{leoh> lpso|lqj wkdw/ hyhq
wkrxjk dowuxlvp sod|v d fhqwudo srolwlfdo uroh/ wkh frpsohphqwdulw| ehwzhhq fds0
lwdo dqg oderu lq wkh surgxfwlrq ixqfwlrq/ dqg wkh pdunhw lqfrpsohwhqhvv lqgxfh
vxssruw iru d kljkhu ohyho ri sxeolfo| ixqghg hgxfdwlrq1

Dgglwlrqdoo|/ wkh ehqh�wv ri wkh jhqhudo htxloleulxp h�hfwv duh eljjhu lq pruh
xqhtxdo hfrqrplhv/ lqfuhdvlqj wkh ehqh�wv iurp wkh lqwhuqdol}dwlrq ri wkrvh hi0
ihfwv e| wkh yrwhuv dqg wkhuhiruh iurp wkh pryh wr d qdwlrq zlgh srolf| ghflvlrq
ohyho1 Exw/ dv wkh ghjuhh ri lqhtxdolw| lqfuhdvhv lq wkh prgho hfrqrp|/ wkh ulfkhu
djhqwv pljkw rssrvh sxeolf ixqglqj ri hgxfdwlrq lq zklfk fdvhv zh zloo kdyh dq
htxloleulxp zlwkrxw sxeolf ixqglqj ri hgxfdwlrq1

Lq wkh qh{w vhfwlrq/ L ghvfuleh wkh hfrqrplf hqylurqphqw dqg wkh ghflvlrq
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sureohpv wkdw wkh djhqwv idfh1 Lq Vhfwlrq 6/ L ghvfuleh erwk wkh hfrqrplf htxl0
oleulxp dqg wkh srolwlfdo htxloleulxp frqfhswv hpsor|hg1 Vhfwlrq 7 ghvfulehv wkh
fdoleudwlrq ri wkh prgho dqg vhfwlrq 8 suhvhqwv wkh �qglqjv iru wkh ehqfkpdun
hfrqrp|1 Ilqdoo|/ lq vhfwlrq 9/ wkh h�hfw lq wkh srolwlfr0hfrqrplf htxloleulxp ri
dq lqfuhdvh lq wkh ghjuhh ri lqhtxdolw| duh vwxglhg e| lqwurgxflqj vrph lqwudjhq0
hudwlrqdo khwhurjhqhlw| lq wkh prgho1

51 Wkh Hfrqrplf Hqylurqphqw

L vwxg| dq hfrqrp| zkhuh d odujh qxpehu ri lghqwlfdo djhqwv duh eruq hdfk shulrg
dqg kdyh d pd{lpxp olihwlph ri wkuhh shulrgv idflqj d suredelolw| ri vxuylylqj
hdfk shulrg1 Wkh ihuwlolw| udwh ri wkh srsxodwlrq lv s vr wkdw wkh |rxqjhu jhqhudwlrq
lv s wlphv eljjhu wkdq wkh plggoh rqh1 Wkh h{rjhqrxv suredelolw| ri dq djhqw
vxuylylqj iurp djh l wr djh l.4 lv jlyhq e| ^�1 Wkh qxpehu ri djhqwv lq hdfk frkruw
uhodwlyh wr wkh rwkhu frkruwv lv vxssrvhg wr eh vwdeoh ryhu wlph/ fruuhvsrqglqj wr
wkh vwhdg|0vwdwh djh vwuxfwxuh ri wkh srsxodwlrq1 Wkh vkduh ri djh0l lqglylgxdov
lq wkh srsxodwlrq/ jlyhq e| wkh phdvxuh >�/ � ' �c 2c � lv frqvwdqw ryhu wlph dqg
>�n� '

^�
s^2

>�c zlwk
S�

�'� >� ' �1 Wkh srsxodwlrq jurzv dw wkh udwh � n ? ' s ^��

Wkh djhqwv lq hdfk jhqhudwlrq pd{lpl}h wkhlu glvfrxqwhg olihwlph xwlolw|1 Iru
dq djhqw eruq lq shulrg | wklv lv jlyhq e|

T�c| '
�[

�'�

q �3�
�\

�'�

^�LES�c|n�3�c ,�c|n�3�� n q ^�q@ s T�c|n�c +514,

zkhuh q lv wkh vxemhfwlyh glvfrxqw idfwru/ S�c|n�3� lv frqvxpswlrq dqg ,�c|n�3� lv
ohlvxuh ri dq djh0l lqglylgxdo dw shulrg | n � � �1 Wkh djhqwv duh dvvxphg wr
kdyh fkloguhq lq wkh vhfrqg shulrg ri wkhlu olyhv dqg q@ lv wkh glvfrxqw idfwru
iru wkhlu fkloguhq olih0wlph xwlolw|41 Wkh zhljkwlqj ri wkh fklog*v ydoxh ixqfwlrq
e| wkh ihuwlolw| udwh phdqv wkdw wkh sduhqwv fduh derxw wkh zhoiduh ri doo wkhlu
ghvfhqgdqwv1 Krzhyhu zkhq wkh ihuwlolw| udwh/ s / lv qrw dq lqwhjhu dqg wkh djhqwv
kdyh �iudfwlrqv ri fkloguhq� wklv lqwhusuhwdwlrq lv qrw wuxh dq|pruh dv lq jhqhudo
wkh zhoiduh ri kdoi d fklog lv qrw kdoi wkh zhoiduh ri d fklog1 Lq wklv fdvh/ hdfk
sduhqw fduhv derxw wkh dyhudjh xwlolw| ri klv r�vsulqj zhljkwhg e| wkh qxpehu

4Dprqj rwkhuv Dowrqml/ Kd|dvkl dqg Nrwolnr� +4<<9, uhmhfw wkh k|srwkhvlv wkdw lqwhuylyrv
wudqvihuv iurp sduhqwv wr fkloguhq duh prwlydwhg e| dowuxlvp1 Wkh| uhvwulfw wkhlu dqdo|vlv wr
dgxow fkloguhq/ zklfk doorzv ph wr dvvxph wkdw wkhuh pljkw eh dq dowuxlvwlf prwlydwlrq ehklqg
wkh wudqvihuv wr ghshqghqw fkloghuq +qrq0dgxow,1 Zh zloo wkhuhiruh dvvxph wkdw wkh sduhqwv fduh
iru wkhlu fkloguhq zkloh wkh| duh udlvlqj wkhp1
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ri fkloguhq1 Wklv phdqv wkdw wkh uhodwlyh zhljkw ri dq djhqw*v rzq xwlolw| lq klv
zhoiduh ixqfwlrq ghfuhdvhv zlwk wkh qxpehu ri fkloguhq kh kdv1

Wkh �prphqwdu|� xwlolw| ixqfwlrq lv dvvxphg wr wdnh wkh frqvwdqw uhodwlyh ulvn
dyhuvlrq irup ri d Free0Grxjodv frqvxpswlrq0ohlvxuh lqgh{/

LES�c|n�3�c ,�c|n�3�� '

�
Sj�c|n�3� ,

�3j
�c|n�3�

��34

� �

�34
c +515,

zkhuh 4 lv wkh frh!flhqw ri ulvn dyhuvlrq/ dqg j lv wkh frh!flhqw ri frqvxpswlrq
rq wkh Free0Grxjodv lqgh{1

Djhqwv lq wklv hfrqrp| dffxpxodwh fodlpv rq uhdo fdslwdo xvhg lq surgxfwlrq
e| �upv/ wr khos vprrwk frqvxpswlrq dfurvv wlph1 Wkh exgjhw frqvwudlqw idflqj
dq lqglylgxdo ri djh � dw wlph | fdq eh zulwwhq dv

@�n�c|n� ' E� n o|E�� � |��E@�c| � }�c| n K�c|� n +�c| � S�c| � e�c| n A�c|c +516,

zkhuh +�c| lv wkh qrq0fdslwdo lqfrph +lq whupv ri wkh frqvxpswlrq jrrg, ri dq
djh0l lqglylgxdo dw |/ @�c| ghqrwhv wkh ehjlqqlqj0ri0shulrg dvvhw kroglqjv ri dq djh0
l lqglylgxdo dw wlph |/ dqg o| ghqrwhv wkh udwh ri uhwxuq rq wkhvh dvvhwv1 Wkh
yduldeoh e| lv wkh sk|vlfdo sulydwh lqyhvwphqw rq hgxfdwlrq1 � | lv d wd{ udwh rq
lqfrph1 Ilqdoo|/ wkh yduldeohv }�c| dqg K�c| duh/ uhvshfwlyho| wkh ohyho ri dvvhwv jlyhq
e| wkh djh0l djhqw wr klv fkloguhq dqg wkh ohyho ri dvvhwv uhfhlyhg e| wkh fklog iurp
klv sduhqw dqg A�c| lv d oxps0vxp wudqvihu uhfhlyhg e| wkh djhqw lq shulrg w1

Fohduo|/ dq djhqw zloo qrw dffxpxodwh dq| dvvhwv lq wkh odvw shulrg ri klv olih
vr wkdw

@ec| ' fc ; |� +517,

Ixuwkhupruh/ L dvvxph wkdw/ dv xvxdo/ wkh |rxqj djhqwv duh qrw deoh wr eruurz
djdlqvw ixwxuh lqfrph5/ wkhuhiruh lpsrvlqj wkh iroorzlqj uhvwulfwlrqv=

@2c| � fc ; |�6 +518,

L dvvxph wkdw lq wkh �uvw shulrg wkh djhqwv fdq fkrrvh wkh dprxqw ri wlph
wkh| zloo vshqg ohduqlqj dqg krz wkh| zloo doorfdwh wkhlu sduhqw*v wudqvihuv eh0
wzhhq frqvxpswlrq dqg hgxfdwlrq/ exw wkh| duh qrw doorzhg wr sduwlflsdwh lq wkh

5Fuhglw pdunhwv wr �qdqfh sulpdu| dqg vhfrqgdu| hgxfdwlrq duh doprvw qrq0h{lvwhqw dqg

fuhglw pdunhwv wr �qdqfh kljkhu hgxfdwlrq duh dovr yhu| uduh durxqg wkh zruog zkhuh kljkhu

hgxfdwlrq lv prvwo| sxeolfo| ixqghg1
6Lqlwldoo|/ iru frpsxwdwlrqdo uhdvrqv/ L zloo dovr dvvxph wkdw wkh |rxqj djhqwv fdqqrw ohqg1

Wkdw lv wkh| fdqqrw dffxpxodwh dq| sk|vlfdo dvvhwv/ d5>w @ 3> ; w=
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srolwlfdo surfhvv1 Lq wkh qh{w wzr shulrgv ri wkhlu olyhv djhqwv pd| yrwh exw zloo
qr orqjhu dwwhqg vfkrro1 Lq wkh wklug shulrg wkh| uhwluh1 Wkxv/ L glvwlqjxlvk eh0
wzhhq �fkloguhq� zkr fdqqrw yrwh/ zrunhuv zkr duh dgxowv ehorz wkh h{rjhqrxv
pdqgdwru| uhwluhphqw djh/ dqg uhwluhhv zkr duh deryh wkdw djh1

Ixuwkhupruh/ wkh |rxqj djhqwv duh qrw doorzhg wr zrun dv lw lv revhuyhg lq
prvw ghyhorshg frxqwulhv1 Wklv lv qrw dq lpsruwdqw dvvxpswlrq dv wkh srolwlfdo
hfrqrplf htxloleuld zlwk dqg zlwkrxw wklv uhvwulfwlrq duh lghqwlfdo/ dv lq Vrduhv
+4<<9,1

Ehiruh wkhlu pdqgdwru| uhwluhphqw zrunhuv ghflgh krz pxfk wr zrun/ ��c|/ dqg
hduq �| ��c|r�c|c zkhuh �| dqg r�c| duh wkh uhdo krxuo| zdjh udwh shu xqlw ri kxpdq
fdslwdo +lq whupv ri wkh frqvxpswlrq jrrg, dqg djh0l djhqw*v ohyho ri kxpdq fdslwdo
lq shulrg |/ uhvshfwlyho|1 Diwhu uhwluhphqw/ wkh qrq0fdslwdo lqfrph ri dq lqglylgxdo
lv jlyhq e| wkh vrfldo vhfxulw| ehqh�wv/ rr|1 Wklv dprxqw lv frpsxwhg e| wd{lqj
oderu lqfrph dw wkh h{rjhqrxvo| jlyhq udwh � rr dqg glvwulexwlqj wkh surfhhgv wr
wkh uhwluhg djhqwv= rr|>� '

S
�
>��|��c|r�c|� rr� Xqghu wkhvh dvvxpswlrqv/ wkh qrq0

fdslwdo lqfrph ri dq lqglylgxdo lv jlyhq e|

+�c| '

;A?
A=

�|��c|r�c|E�� � ,c| � � rr�/ iru l@4/5/

rr|c iru l@61

Lq wklv hfrqrp|/ djhqwv duh hqgrzhg zlwk rqh xqlw ri wlph hdfk shulrg wkdw wkh|
doorfdwh wr zrun/ hgxfdwlrq dqg ohlvxuh1

Wkh |rxqj djhqwv duh hqgrzhg zlwk d frqvwdqw ohyho ri vnloov/ r�1 Wkh odz ri
prwlrq ri wkh ohyho ri kxpdq fdslwdo lv ghvfulehg e| wkh iroorzlqj surfhvv7

r�n�c|n� '

;A?
A=

r� n w_
#
_

�c|Ee�c| n R|�
#
e c iru l@4/

E�� Br�r�c| rwkhuzlvh/

zkhuh _�c| lv wkh wlph doorfdwhg wr hgxfdwlrq dqg e�c|nR| uhsuhvhqwv wkh wrwdo ohyho
ri sk|vlfdo uhvrxufhv lqyhvwhg rq wkh djhqw*v kxpdq fdslwdo dffxpxodwlrq/ zkhuh
e�c| dqg R| duh uhvshfwlyho| wkh sulydwh dqg sxeolf lqyhvwphqw lq kxpdq fdslwdo81

7Wklv ohduqlqj whfkqrorj| lv vlplodu wr wkh rqh lq Jorpp dqg Udylnxpdu +4<<5,1
8Wklv whfkqrorj| ljqruhv wkh uroh ri wkh idplo| edfnjurxqg lq wkh uhwxuqv wr hgxfdwlrq/ wkdw

lv/ wkh ohyho ri hgxfdwlrq ri wkh sduhqwv grhv qrw d�hfw wkh kxpdq fdslwdo dffxpxodwlrq surfhvv
ri wkh vwxghqwv1 Wklv frxog eh dfklhyhg iru lqvwdqfh e| ohwwlqj wkh wlph doorfdwhg e| wkh sduhqw
wr wkh fkloguhq*v hgxfdwlrq/ zhljkwhg e| wkh sduhqw*v vnloo ohyho/ eh dq lqsxw lq wkh kxpdq fdslwdo
dffxpxodwlrq ixqfwlrq1

9



Wkh sdudphwhuv #_ dqg #e duh uhvshfwlyho| wkh frh!flhqwv ri wlph dqg sk|vlfdo
uhvrxufhv lq wkh ohduqlqj whfkqrorj| dqg w lv wkh wrwdo idfwru surgxfwlylw|1

Vr/ wkh ohyho ri kxpdq fdslwdo dffxpxodwhg e| hdfk lqglylgxdo lv dq lqfuhdvlqj
ixqfwlrq ri wkh wlph doorfdwhg wr ohduqlqj/ _�c|/ dqg ri wkh txdolw| ri wkh hgxfdwlrq
vhuylfh19

Wkh txdolw| ri wkh vhuylfh surylghg lv dvvxphg wr eh dq lqfuhdvlqj ixqfwlrq ri
wkh sk|vlfdo uhvrxufhv lqyhvwhg rq hdfk vwxghqw*v hgxfdwlrq/ e�c| n R|1

Sxeolf dqg Sulydwh Surylvlrq ri Hgxfdwlrq1 Sxeolf dqg sulydwh surylvlrq
ri hgxfdwlrq duh riwhq vhhq dv pxwxdoo| h{foxvlyh dowhuqdwlyhv1 Wkh srvvlelolw| ri
fkrrvlqj wr dftxluh hgxfdwlrq lq wkh sulydwh pdunhw ru lq wkh sxeolf vhfwru uhgxfhv
wkh olnholkrrg ri jhwwlqj vlqjoh0shdnhgqhvv ri wkh suhihuhqfhv ryhu wkh dprxqw ri
hgxfdwlrq wkdw lv sxeolfo| surylghg +vhh Vwljolw}/ 4<:7,1 Ehfdxvh ri wklv/ wkh xvxdo
prghov ri pdmrulw| uxoh yrwlqj pd| qrw dsso| dqg vrph sureohpv pljkw udlvh lq
whupv ri wkh h{lvwhqfh ri d pdmrulw| uxoh htxloleulxp zkhq yrwlqj ryhu wkh ohyhov
ri sxeolfo| surylghg hgxfdwlrq1

Hyhq wkrxjk sxeolf dqg sulydwh surylvlrq ri hgxfdwlrq pd| qrw eh �shuihfw�
vxevwlwxwhv/ prgholqj wkhp dv h{foxvlyh rswlrqv lv dq h{wuhph dvvxpswlrq1

Lqvwhdg/ lw vhhpv wkdw wkh sxeolf dqg sulydwh ixqglqj ri hgxfdwlrq fdq eh
frqvlghuhg vxssohphqwdu| fkrlfhv:1 Wkxv/ L dvvxph wkdw wkh sxeolf dqg sulydwh
ixqglqj ri hgxfdwlrq duh shuihfw vxevwlwxwhv/ dqg L rqo| glvwlqjxlvk wkh vrxufhv ri
hgxfdwlrq ixqglqj1

Wkh surgxfwlrq whfkqrorj| ri wkh hfrqrp| lv ghvfulehg e| d frqvwdqw0uhwxuqv0
wr0vfdoh ixqfwlrq1

t| ' 8 Eg|c u|� ' )g�3k
| uk

| c +519,

9Wkh xvh ri h{shqglwxuh rq hgxfdwlrq dv dq dujxphqw lq wkh ohduqlqj whfkqrorj| lv frqvlvwhqw
zlwk Fdug dqg Nuxhjhu +4<<5,*v �qglqjv1 Wkh| surylgh vhyhudo hvwlpdwhv ri wkh ri vfkrro txdolw|
rq wkh udwh ri uhwxuq wr hgxfdwlrq iru phq eruq lq wkh Xqlwhg Vwdwhv ehwzhhq 4<53 dqg 4<7<1
Wkh| �qg wkdw phq hgxfdwhg lq vwdwhv zlwk kljk dyhudjh vfkrro txdolw| kdyh d kljkhu uhwxuq wr
dgglwlrqdo wlph lq vfkrro1 Kdqxvkhn +4<;9, �qglqjv srlqw wrzdugv d qhjdwlyh uhdowlrq ehwzhhq
vshqglqj dqg hgxfdwlrq rxwsxw1 Vrphuv +4<<:, h{sodlqv wklv odwwhu uhvxowv e| frqvwuxfwlqj d
prgho wkdw fdq uhsurgxfh srvlwlyh ru qhjdwlyh hvwlpdwhv ri wkh vshqglqj0txdolw| uhodwlrqvkls
hyhq zkhq wklv uhodwlrq lv srvlwlyh e| frqvwuxfwlrq1

:Uhihuhqfhv hpskdvl}lqj vxssohphqwdulw| fdq eh irxqg dprqj rwkhuv lq Hssoh dqg Urpdqr
+4<<9, dqg Forwihowhu +4<<6,1

:



zkhuh ) � f/ k 5 Efc �� lv wkh oderu vkduh ri rxwsxw/ dqg t|c g| dqg u| duh wkh
ohyhov ri rxwsxw/ fdslwdo lqsxw dqg h�hfwlyh oderu lqsxw/ uhvshfwlyho|1 Wkh ohyho ri
fdslwdo xvhg e| wkh surgxfwlrq vhfwru lv htxdo wr wkh djjuhjdwh dvvhw kroglqjv ri
wkh djhqwv lq wkh hfrqrp| ru/ li wkh lqwhuhvw udwh lv jlyhq/ wr wkh ohyho ri fdslwdo
wkdw fohduv wkh idfwru pdunhw1 Lw ghsuhfldwhv dw d frqvwdqw udwh B dqg hyroyhv
dffruglqj wr wkh odz ri prwlrq/

g|n� ' E�� B�g| n U|� +51:,

Wkh h�hfwlyh oderu lqsxw lv jlyhq e| wkh qxpehu ri krxuv zrunhg e| wkh djhqwv
lq wkh hfrqrp| zhljkwhg e| wkhlu ohyhov ri kxpdq fdslwdo/

u| ' �|

2[
�'�

>�c|r�c|��c|/ +51;,

zkhuh �| lv wkh vl}h ri wkh srsxodwlrq lq shulrg |1

Wkh jryhuqphqw lq wklv hfrqrp| lpsohphqwv wkh hgxfdwlrq srolf| fkrvhq e|
wkh djhqwv wkurxjk yrwlqj1 Jlyhq wkh vhohfwhg ohyho ri lqfrph wd{dwlrq wkh jry0
huqphqw vhwv wkh dprxqw ri ixqglqj vr wkdw wkh hgxfdwlrq exgjhw lv edodqfhg;1
Wkh frqvwlwxwlrq grhv qrw doorz wkh |rxqj djhqwv wr yrwh dqg wkh rqo| srolwlfdo
ghflvlrq idflqj wkh yrwhuv lq wklv hfrqrp| lv wr ghflgh rq d ohyho ri lqfrph wd{d0
wlrq wr �qdqfh wkh hgxfdwlrq ri wkh |rxqj djhqwv1 Wkh hqgrjhqrxv ohyho ri lqfrph
wd{dwlrq lv uhsuhvhqwhg e| wkh wd{ udwh rq lqfrph/ � |1 Zkhq vhwwlqj xs wkh wd{
vfkhgxoh/ wkh srolf| pdnhuv fduh rqo| derxw ehlqj hohfwhg/ dqg vr wkh| pd{lpl}h
wkh qxpehu ri yrwhv1 Dv d uhvxow/ dq| sduw| lq r!fh zloo iroorz wkh vdph srolf|
dqg wkdw srolf| lv wkh rqh wkdw lv yrwhg iru e| wkh juhdwhvw qxpehu ri djhqwv1

Wkh vrfldo vhfxulw| exgjhw lv dovr dvvxphg wr eh edodqfhg shulrg e| shulrg1
Wkh jryhuqphqw pxvw lpsohphqw wkh vrfldo vhfxulw|*v oderu lqfrph wd{ udwh vr
wkdw lwv exgjhw lv edodqfhg hdfk shulrg1

77| ' � rrc|�|u|

zkhuh 77| lv wkh ohyho ri ehqh�wv sdlg wr wkh fxuuhqw uhwluhhv1
Ilqdoo|/ L dvvxph wkdw wkh jryhuqphqw glvwulexwhv doo dfflghqwdo ehtxhvwv lghq0

wlfdoo| dprqj doo wkh dgxow djhqwv dv d oxps0vxp wudqvihu ghvfulehg e| A�c|/

A�c| '

;?
=
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rwkhuzlvh/

;L dvvxph wkdw wkh jryhuqphqw rqo| wd{hv grphvwlf lqfrph1
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61 Htxloleulxp

Lq wklv prgho wkh lqglylgxdov kdyh wzr urohv= wkh| duh hfrqrplf djhqwv wkdw ex|
jrrgv/ dffxpxodwh dvvhwv/ dqg vxsso| oderu/ dqg wkh| duh sduwlflsdqwv lq wkh
srolwlfdo surfhvv wkurxjk zklfk srolflhv duh ghwhuplqhg1 L ehjlq e| ghvfulelqj
wkh hfrqrplf ghflvlrqv jlyhq d vhtxhqfh ri srolwlfdo rxwfrph ixqfwlrqv1 L wkhq
ghvfuleh krz wkh srolwlfdo ghflvlrqv wkdw ghwhuplqh wklv vhtxhqfh duh pdgh1

6141 Hfrqrplf Htxloleulxp

Wkh hfrqrplf sureohp ri dq djh � lqglylgxdo dw wlph | fdq eh zulwwhq dv

T�E%�c f( C� ' 4@ S�c@�

�n�
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+614,
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f � ' f �Ef( C�c
� ' CEf�/

Te ' f�

zkhuh %� dqg f duh yhfwruv ghvfulelqj uhvshfwlyho| wkh lqglylgxdo vwdwh ri dq djhqw
E@�n K�� }�c r�� dqg wkh djjuhjdwh vwdwh ri wkh hfrqrp| E�c7�1 � dqg 7 uhsuhvhqw
wkh glvwulexwlrqv ri sk|vlfdo dqg kxpdq fdslwdo dfurvv djhqwv1 U lv dq lqglfdwru
ixqfwlrq gh�qhg dv

UE� ' 2� '

+
� li � ' 2c
f rwkhuzlvh1

+615,
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f �Ef( C� lv wkh odz ri prwlrq ri wkh djjuhjdwh vwdwh ri wkh hfrqrp| f1 C lv
d jlyhq srolwlfdo rxwfrph ixqfwlrq wkdw ghwhuplqhv wkh ohyho ri wkh wd{ udwh rq
lqfrph lq hdfk shulrg1 Khqfh/ L dp dvvxplqj wkdw iru hdfk shulrg wkh ohyho ri
wkh wd{ udwh lv h{rjhqrxvo| jlyhq�

D vhw ri ghflvlrq ixqfwlrqv S�E%�c f( C�/ _�E%�c f( C� e�E%�cf( C�/ ��E%�c f( C�/
@�

�
E%�c f( C�/ }�E%�c f( C�> odzv ri prwlrqf �Ef( C�> dqg ydoxh ixqfwlrqv T�E%�c f( C�

duh rewdlqhg iru wkh fxuuhqw vwdwh ri wkh hfrqrp| Ef��
Frpshwlwlyh �upv pd{lpl}h sur�wv/ zklfk duh htxdo wr t|�Bg|��|u|�o|g|/

wdnlqj wkh zdjh/ �|/ dqg wkh lqwhuhvw udwh/ o|/ dv jlyhq1
Wkh �uvw0rughu frqglwlrqv iru wkh �up*v sureohp ghwhuplqh wkh iroorzlqj ixqf0

wlrqv iru wkh qhw uhdo uhwxuq wr fdslwdo dqg wkh uhdo zdjh udwh=

-|Ef� ' E�� k�)Eg|

u|

�3k � Bc

`|Ef� ' k)Eg|

u|

��3k�
+616,

6151 Srolwlfdo Htxloleulxp

L qrz vshfli| krz djhqwv pdnh wkhlu srolwlfdo ghflvlrqv dqg krz wkh vhtxhqfh ri
ixqfwlrqv C| ghvfulelqj wkh srolflhv lv iruphg1

Wuxwkixo yrwlqj=

Lq wklv hfrqrp| hdfk djhqw kdv phdvxuh }hur1 Wkxv/ lqglylgxdo yrwhuv gr qrw
ylhz wkhlu ghflvlrqv dv lq xhqflqj wkh djjuhjdwh srolwlfdo rxwfrph1 Lq d srolwlfdo
hqylurqphqw wkh ehvw vwudwhj| iru wkh djhqwv/ li wkh| kdyh vrph srvlwlyh suredelolw|
ri ehlqj wkh �slyrwdo yrwhu�/ lv wr dfw dv li wkh| zhuh wkh �slyrwdo yrwhu�1 Dv
wkhuh duh qr vwudwhjlf jdlqv iurp plvuhsuhvhqwlqj wkhlu suhihuhqfhv/ wkh grplqdqw
vwudwhj| zkhq wkh djhqwv kdyh d srvlwlyh suredelolw| ri ehlqj wkh slyrwdo yrwhu lv
wr yrwh iru wkhlu prvw suhihuuhg dowhuqdwlyh dw hyhu| vwdjh ri wkh jdph1

Frqvhtxhqwo|/ lq vslwh ri wkh rxwfrph ehlqj h{rjhqrxv wr hdfk djhqw/ hdfk
djhqw yrwhv dv li kh zhuh d glfwdwru lq wkh yrwlqj shulrg dqg d �uhvxow wdnhu� lq
wkh rwkhu shulrgv1

Srolwlfdo Fkrlfh dw wkh Vwdwh Ohyho =

Lq rughu wr eh deoh wr frpsduh d vwdwh zlgh wr d qdwlrq zlgh sxeolf ixqglqj ri
hgxfdwlrq ghflvlrq L dvvxph wkdw d qdwlrq fdq eh glylghg lqwr d �qlwh qxpehu ri
vwdwhv dqg wkh srolflhv ri hdfk rqh ri wkhvh vwdwhv kdyh phdvxuh }hur dw wkh qdwlrqdo
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ohyho1 Wkdw lv/ wkh vwdwhv duh vxfk wkdw fkdqjhv lq wkh vwdwh ohyho yduldeohv kdyh
qr h�hfw dw wkh qdwlrqdo ohyho1 Zh fdq wklqn iru lqvwdqfh ri wkh ihghudo vwdwhv lq
wkh XV ru uhjlrqv iurp wkh gl�huhqw frxqwulhv ri wkh HX1

Wkhuhiruh/ zkhq wkh srolwlfdo ghflvlrqv duh pdgh dw wkh vwdwh ohyho/ wkh yrwhuv
frqvlghu wkdw wkhlu fkrlfhv gr qrw d�hfw wkh idfwru sulfhv1

Htxloleulxp=

Wkh h{lvwhqfh ri dq htxloleulxp +ru htxloleuld, zkhuh wkh djhqwv yrwh iru d
srvlwlyh ohyho ri sxeolfo| �qdqfhg hgxfdwlrq kdv wr eh frq�uphg1 Wr ghwhuplqh
zkhwkhu C|Ef� lv dq htxloleulxp srolwlfdo rxwfrph ixqfwlrq lw lv qhfhvvdu| wr
frqvlghu zkhwkhu wkh djhqwv kdyh dq| lqfhqwlyh wr ghyldwh dqg yrwh iru � | 9' C|Ef�
dw dq| srlqw lq wlph1

Wkh h�hfwv ri d srolf| fkdqjh fdq eh dqdo|}hg e| �qglqj wkh ixwxuh odz ri
prwlrq ri wkh vwdwh yduldeoh lpsolhg e| wkh uhvsrqvhv ri djhqwv wr wkh qhz srolf|1

Wkh vroxwlrq wr wkh djhqwv* srolwlfdo sureohp lqyroyhv hydoxdwlqj wkh xwlolw|
rewdlqhg xqghu wkh dowhuqdwlyh ydoxhv iru wkh srolf| sdudphwhu/ � |1 Wklv uhtxluhv
wkdw wkh djhqwv fdq suhglfw wkh ixwxuh sdwk ri wkh hfrqrp| xqghu dowhuqdwlyh
fxuuhqw srolflhv/ zklfk lq wxuq uhtxluhv wkh delolw| wr suhglfw wkh fruuhvsrqglqj
ixwxuh srolflhv1 Wkhuhiruh/ lq jhqhudo htxloleulxp djhqwv frqvlghu wkh rxwfrphv ri
srolflhv wkdw zloo qhyhu eh uhdol}hg/ dqg udwlrqdolw| lv pdlqwdlqhg lq wkh vxejdphv
zklfk zrxog rffxu lq wkh fdvh ri dq| ghyldwlrqv iurp wkh htxloleulxp sdwk1

Wkh sureohp ri wkh djh0l djhqw fdq eh irupxodwhg lq wkh iroorzlqj zd|=

hT�E%�c fc � ( C� ' 4@ S�c@�
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D vhw ri ghflvlrq ixqfwlrqv S��E%�c fc � ( C�/ e��E%�cfc � ( C�/ _��E%�cfc � ( C�/ ���E%�c fc � ( C�/
@�

��E%�c fc � ( C�/ }�E%�c f( C�> odzv ri prwlrq f �

�Efc � ( C�> dqg ydoxh ixqfwlrqvhT�E%�cfc � ( C� duh rewdlqhg iru wkh fxuuhqw vwdwh ri wkh hfrqrp| Ef�1 Qh{w shul0
rg*v ghflvlrqv duh jlyhq e| wkh ixqfwlrqv iurp wkh lqglylgxdov* hfrqrplf sureohp
+614,1

Dv djhqwv yrwh iru wkh hgxfdwlrq srolf| sdudphwhu � / wkh| fkrrvh iurp d
frqwlqxxp ri srvvleoh wd{ ohyhov> lq wklv frqwh{w/ zkhuh wkhuh duh pruh wkdq wzr
srvvleoh fkrlfhv/ wkh pdmrulw| uxoh pljkw qrw eh d zhoo gh�qhg djjuhjdwru1 Vlqfh
wkhuh lv qr lqwudjhqhudwlrqdo krprjhqhlw| dqg rqo| wzr jhqhudwlrqv ri djhqwv yrwh/
wkh pdmrulw| uxoh lv d zhoo gh�qhg djjuhjdwru dqg wkh slyrwdo yrwhu lv dq djhqw
iurp wkh eljjhvw jhqhudwlrq/ wkh vhfrqg1

Lq d prgho zlwk lqwudjhqhudwlrqdo khwhurjhqhlw| ru zkhuh wkhuh duh pruh wkdq
wzr jhqhudwlrqv ri yrwhuv/ li suhihuhqfhv ryhu wkh srvvleoh srolflhv duh vlqjoh shdnhg/
wkh phgldq yrwhu wkhruhp fdq eh xvhg wr rewdlq wkh djjuhjdwhg srolwlfdo rxwfrph1

Eodfn*v Phgldq Yrwhu Wkhruhp vd|v wkdw/ zlwk d pdmrulw| uxoh/ li wkh
qxpehu ri djhqwv lv rgg/ wkhuh lv d xqltxh rxwfrph htxdo wr wkh ehvw rxwfrph
iru wkh lqglylgxdo zkrvh ehvw rxwfrph frqvwlwxwhv wkh phgldq ri wkh vhw ri ehvw
rxwfrphv1

Ohppd= Ohw p eh wkh jhqhudwlrq zkhuh wkh phgldq yrwhu lv orfdwhg/ wkhq
wkh djjuhjdwh fkrlfh zloo eh ghwhuplqhg dffruglqj wr=

�@Ef( C� ' �6E%6cf( C� ' @h}4@ 
�

hT6E%6c fc � ( C�� +618,
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6161 Jhqhudo Htxloleulxp

Gh�qlwlrq= D vwdwlrqdu| htxloleulxp lv d vhw ri ydoxh ixqfwlrqv T�E%�c f( C�/hT�E%�cfc � ( C�> ghflvlrq uxohv iru frqvxpswlrq dqg dvvhw kroglqjv S�E%�c f( C�/
S��E%�c fc � ( C�c e�E%�c f( C�/ e��E%�c fc � ( C�/ @�

�E%�cf( C�/ @�

��E%�c fc � ( C�/ _�E%�c f( C�/
_��E%�cfc � ( C�/ ��E%�c f( C�/ ���E%�cfc � ( C�/ }�E%�cf( C�/ }��E%�cfc � ( C�> odzv ri
prwlrq iru wkh glvwulexwlrq ri vnloov dqg ri fdslwdo f �Ef( C�/ f �

�Efc � ( C�> d sdlu
ri uhodwlyh idfwru sulfh ixqfwlrqv i` Ef�c -Ef�j> d ixqfwlrq iru wkh ohyho ri fds0
lwdo shu fdslwd fgE��>< dqg d srolwlfdo rxwfrph ixqfwlrq CEf� vxfk wkdw wkhvh
ixqfwlrqv vdwlvi| =

+l, Wkh lqglylgxdo*v g|qdplf surjudpv +614, dqg +616,1
+ll, Wkh �uvw0rughu frqglwlrqv ri wkh �up*v sureohp +615,1
+lll, Idfwru pdunhwv fohdu=
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+ly, Wkh frpprglw| pdunhw fohduv=
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+y, Wkh odzv ri prwlrq iru wkh glvwulexwlrq ri fdslwdo duh jhqhudwhg e| wkh
ghflvlrq uxohv ri wkh djhqwv/ zklfk lv ghvfulehg e| wkh iroorzlqj yhfwruv=
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�E%�cf( C� r� n _�E%�cf( C�#_Ee�E%�cf( C� n R�
#e
l
�'�c2c�

c +6143,

f �

�Efc � ( C� '
k
@�

��E%�cfc � ( C� r� n _
#_
�c�E%�c fc � ( C�Ee�c�E%�c fc � ( C� n R�#e

l
�'�c2c�

�

+6144,

<D yduldeoh zlwk d kdw lqglfdwhv wkdw wkh yduldeoh lv h{suhvvhg lq shu fdslwd whupv1
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+yl, Wkh sxeolf hgxfdwlrq v|vwhp lv vhoi �qdqflqj=

�
k
ofg n � eul ' >

�
R/ +6145,

dv zhoo dv wkh vrfldo vhfxulw| v|vwhp=

� rr� ' >� rr1 +6146,

+yll, Wkh frqvxphu sureohpv +614, dqg +616, duh frqvlvwhqw43=

_�E%�c f( C� ' _��E%�c fcCEf�(C�c +6147,

f �Ef( C� ' f �

�
EfcCEf�( C�c +6148,

T�E%�c f( C� ' iT�E%�c fcCEf�( C�c +6149,

S�E%�c f( C� ' S��E%�cfcCEf�( C�c +614:,

e�E%�c f( C� ' e��E%�c fcCEf�( C�c +614;,

��E%�c f( C� ' ���E%�c fcCEf�(C� +614<,

}�E%�c f( C� ' }��E%�cfcCEf�( C� dqg +6153,

@�

�
E%�c f( C� ' @�

��
E%�c fcCEf�( C�� +6154,

+ylll, Wkh ixqfwlrq CEf� lv wkh srolwlfdo rxwfrph=

CEf� ' �@Ef( C�1 +6155,

Lq d vpdoo rshq hfrqrp| wkh lqwhuhvw udwh lv jlyhq=

-|Ef� ' oc +6156,

dqg wkh djjuhjdwh ohyho ri fdslwdo zloo eh vxfk wkdw wkh �uvw rughu frqglwlrqv iru
wkh �up*v sureohp zloo eh vdwlv�hg1

43Wkdw lv/ wkh vhtxhqfh ri srolf| ixqfwlrqv 
+[, lv fxuuhqwo| jhqhudwhg e| wkh suhihuhqfhv ri
wkh djhqwv zkhq wkh djhqwv wdnh 
+[3, dv wkh h{shfwhg htxloleulxp srolwlfdo rxwfrph iru wkh
qh{w shulrg1 Li wkh djhqwv eholhyh wkdw wkh srolwlfdo v|vwhp ghvfulehg e| wkh vhtxhqfh 
 zloo eh
vxvwdlqhg/ wkhq wkh srolwlfdo rxwfrph iru wkh suhvhqw shulrg zloo eh wkh ohyho � @ 
+[,1 Wkhlu
ghflvlrq ixqfwlrqv zloo wkhuhiruh eh wkh vdph dv wkh rqhv rewdlqhg zkhq wkh djhqwv wdnh wkh
zkroh vhtxhqfh ri srolf| ghflvlrqv dv jlyhq/ +vhh sureohp 614,1
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6171 Vroylqj iru dq Htxloleulxp

Dv h{sodlqhg deryh/ wklv sureohp lqyroyhv hydoxdwlqj wkh xwlolw| rewdlqhg xqghu
dowhuqdwlyh ydoxhv iru wkh srolf| sdudphwhu/ � |/ zklfk uhtxluhv wkdw wkh djhqwv fdq
suhglfw wkh ixwxuh sdwk ri wkh hfrqrp| xqghu dowhuqdwlyh fxuuhqw srolflhv/ zklfk
lq wxuq uhtxluhv wkh delolw| wr suhglfw wkh fruuhvsrqglqj ixwxuh srolflhv1 Wkdw
lv/ wr frpsxwh wkh htxloleulxp srolwlfdo rxwfrph ixqfwlrq/ CE��/ lw lv qhfhvvdu| wr
nqrz krz fkdqjhv lq � | zloo d�hfw wkh ixwxuh vwdwhv ri wkh hfrqrp| dqg wkh ixwxuh
srolwlfdo rxwfrphv � |n� ' CEf�1 Dffruglqjo|/ zh pxvw frpsxwh d �{hg srlqw iru
wkh ixqfwlrq CE���

Suhylrxv zrun lq wklv duhd kdv dyrlghg wklv sureohp lq wzr gl�huhqw zd|v1
Vrph hfrqrplvwv dvvxph wkdw djhqwv duh p|rslf yrwhuv dqg wkhuhiruh gr qrw
vhh wklv uhodwlrq ehwzhhq wkhlu fxuuhqw srolwlfdo fkrlfhv dqg wkh ixwxuh srolwlfdo
rxwfrphv1 Rwkhuv kdyh fkrvhq wr uhvwulfw wkh ixqfwlrqdo irupv ri wkh xwlolw| ru
whfkqrorj| ixqfwlrqv dqg wkh ryhudoo vwuxfwxuh ri wkh prgho lq rughu qrw wr kdyh d
uhodwlrq ehwzhhq wkh fxuuhqw srolwlfdo ghflvlrqv dqg wkh ixwxuh srolwlfdo rxwfrph1

L fkrvh qrw wr uhvwulfw wkh prgho hfrqrp| d sulrul dqg dsso| dq dssurdfk vlp0
lodu wr wkh rqh xvhg lq Vrduhv +4<<9, wr vroyh iru wkh srolwlfr0hfrqrplf htxloleulxp
ri wkh hfrqrp|1 Wklv phwkrg lv dq dssolfdwlrq wr ROJ prghov ri wkh phwkrg
ghyhorshg e| Nuxvhoo dqg Ulrv0Uxoo +4<<6,1

71 Fdoleudwlrq

Wr vroyh wkh prgho qxphulfdoo| L pxvw dvvljq ydoxhv wr wkh sdudphwhuv ri suhi0
huhqfhv dqg whfkqrorjlhv1 Vrph sdudphwhuv duh wdnhq iurp hpslulfdo hvwlpdwhv
ru vwdqgdug fdoleudwlrqv ri vlplodu prghov> rwkhuv zloo eh vhw wr �w revhuydwlrqv
rq fdslwdo0rxwsxw udwlr/ udwh ri uhwxuq/ wudqvihu ohyhov/ krxuv zrunhg dqg krxuv ri
vfkrrolqj1 L zloo fdoleudwh wkh prgho dvvxplqj wkdw wkh prgho shulrg lv 58 |hduv
orqj1 Djhqwv lq wklv prgho duh dvvxphg wr eh eruq dw wkh djh ri 3 dqg ehfrph
zrunhuv dw djh 58/ zrunlqj 58 |hduv dqg uhwlulqj wkhuhdiwhu wr d wrwdo uhdo0olih djh
ri :81

Vxuylydo Udwhv=

L vhw wkh suredelolwlhv ri vxuylylqj wr eh wkh suredelolwlhv ri wkh djhqwv vxuylylqj
iurp wkh plggoh ri wkh uhvshfwlyh djh jurxs wr wkh plggoh ri qh{w rqh xvlqj wkh
ydoxhv iurp Ohh dqg Fduwhu +4<<5,1
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Wdeoh 714

Djh jurxs Suredelolw| ri Vxuylylqj

f� 2e ^� ' �bbfbe.
2D� Db ^2 ' �beSf..
ryhu Sf ^� ' f

Ihuwlolw| Udwh=

Lq rughu wr kdyh d srsxodwlrq jurzwk udwh wkdw pdwfkhv wkh revhuyhg srsxod0
wlrq jurzwk udwh iru wkh XV hfrqrp|/ L dvvxph wkdw djhqwv fdq kdyh d qrq0lqwhjhu
qxpehu ri fkloguhq1 Wkh h{rjhqrxv ihuwlolw| udwh lv fdoleudwhg vr wkdw wkh srsx0
odwlrq jurzwk udwh iru rxu prgho zloo pdwfk wkh dyhudjh srsxodwlrq jurzwk udwh
lq wkh XV hfrqrp| lq wkh odvw ghfdghv/ 1345 +Flwledvh Gdwd/ 4<7904<<6,1 Iru wkh
wkuhh jhqhudwlrq prgho wklv wudqvodwhv wr d jurzwk udwh ri ? ' ��e.D1

Suhihuhqfhv=

Lq wkh ehqfkpdun prgho L fkrrvh wkh ydoxh iru wkh frh!flhqw ri ulvn dyhu0
vlrq dqg wkh glvfrxqw idfwru vr wkdw lq wkh srolwlfr0hfrqrplf vwhdg|0vwdwh wkh
fdslwdo0rxwsxw udwlr dqg wkh rxwsxw0frqvxpswlrq udwlr duh dssur{lpdwho| 6 dqg
415 uhvshfwlyho|1 L vhw wkh frh!flhqw ri ulvn dyhuvlrq 4 htxdo wr 416 dqg L vhw q wr
eh wkh htxlydohqw lq wkh wkuhh jhqhudwlrqv prgho ri wkh ydoxh +1<<<,1 Dvvxplqj
wkdw djhqwv olyh iru :8 |hduv/ wklv phdqv wkdw q zloo eh vxfk wkdw q ' �bbb.D*2�

L wdnh wkh frh!flhqw ri frqvxpswlrq lq wkh xwlolw| ixqfwlrq/ jc wr eh 149/ wklv
ydoxh lpsolhv wkdw rq dyhudjh djhqwv rq wkh oderu irufh doorfdwh d wklug ri wkhlu
wlph wr pdunhw dfwlylwlhv1

Dowuxlvp=

Wr fdoleudwh wkh udwh dw zklfk wkh sduhqwv glvfrxqw wkh xwlolw| ri wkhlu fkloguhq
L fkrrvh q@ wr pdwfk wkh ohyho ri wudqvihuv iurp sduhqwv wr ghshqghqw fkloguhq
edvhg rq XV gdwd1 Wklv lqfoxghv wkh frvwv ri uhdulqj fkloguhq1 Xqiruwxqdwho|/
wkh olwhudwxuh rq fklog frvwv lv yhu| olplwhg1 Edvvl dqg Eduqrz +4<<6, frpsxwh
hvwlpdwhv ri sduhqwv h{shqglwxuhv rq wkhlu fkloguhq dqg frph rxw zlwk d orzhu
dqg dq xsshu erxqg iru fklog frvwv1

Dffruglqj wr wkh dxwkruv/ wkh xsshu dqg orzhu erxqg hvwlpdwhv ri h{shqglwxuhv
rq fkloguhq dv d vkduh ri wkh idplo|* wrwdo h{shqglwxuhv duh44=

44Gdwd iurp X1V1 Frqvxphu H{shqglwxuh Vxuyh| +FH[,
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Wdeoh 715

Orzhu Erxqg Xsshu Erxqg Dyhudjh

4<:504<:6 FH[ 4<;304<;9 FH[
Urwkeduw/ Od}hdu Hqjho
dqg Plfkdho dqg Ehwvrq

Qxpehu ri Fkloguhq=

Rqh 49 66 5718
Wzr 5: 7< 6;
Dyhudjh shu Fklog 47166 5:166 531;6

Wkh dowuxlvwlf glvfrxqw idfwru lv vhw wr pdwfk wkh vkduh ri wkh wrwdo krxvhkrog
h{shqglwxuhv wkdw fruuhvsrqg wr h{shqglwxuhv rq hdfk fklog1 L fkrvh wr pdwfk
wkh udwlr ri hdfk fklog frqvxpswlrq wr wkh wrwdo idplo| frqvxpswlrq lq wkh prgho
+ ��

�2ns��

, wr wkh hvwlpdwhg dyhudjh vkduhv iru wkh rqh dqg wzr fkloguhq fdvhv/ 531;61
Wklv fruuhvsrqgv wr d udwlr ri h{shqglwxuhv rq hdfk fklog wr wrwdo krxvhkrog h{0
shqglwxuhv voljkwo| deryh wkh dyhudjh xsshu erxqg vkduh1

Surgxfwlrq Whfkqrorj|=

Iroorzlqj Frroh| dqg Suhvfrww +4<<8,/ wkh vkduh ri oderu lq wkh surgxfwlrq
ixqfwlrq lv vhw wr eh 19 1 L vhw wkh ghsuhfldwlrq udwh wr eh 917( rq dq dqqxdo edvlv/
vr wkdw wkh vwhdg|0vwdwh lqyhvwphqw2fdslwdo udwlr iru wklv hfrqrp| lv 13:9451

Hgxfdwlrq Whfkqrorj|=

L fkrrvh sdudphwhu ydoxhv iru wkh hgxfdwlrq whfkqrorj| vxfk wkdw wkh vwhdg|0
vwdwh htxloleulxp ri wkh prgho pdwfkhv vrph revhuydwlrqv iru wkh XV hfrqrp|1 Lq
sduwlfxodu/ L uhtxluh wkdw wkh vwhdg|0vwdwh pdwfkhv vhyhudo djjuhjdwh/ h{shqglwxuh
dqg wlph doorfdwlrq ohyhov1 Lq dgglwlrq wr wkh xvxdo yduldeohv/ L kdyh wkuhh pruh
ghflvlrq yduldeohv lq wklv prgho= wlph doorfdwhg wr hgxfdwlrq dqg sulydwh dqg
sxeolf ixqglqj ri hgxfdwlrq1

Vrph vwxglhv kdyh hvwlpdwhv iru wkh hodvwlflw| ri wkh lqfuhdvh lq hgxfdwlrqdo
dwwdlqphqw zlwk uhvshfw wr vshqglqj shu sxslo1 Wkh udqjh ri hvwlpdwhv lv yhu|
zlgh dqg wkh frqfoxvlrqv iurp wkh olwhudwxuh rq wkh hylghqfh ri wkh lpsdfw ri
+sxeolf, vfkrro txdolw| rq ohduqlqj lv pl{hg +vhh Fdug dqg Nuxhjhu/ 4<<7/ Ehwwv/
4<<7/ Kdqxvkhn/ 4<;9,1 Wkhvh ydoxhv udqjh iurp 0134:49 wr 14655 +vhh Ehwwv/
4<<7,1 Wkh hodvwlflw| ri hduqlqjv zlwk uhvshfw wr vshqglqj shu sxslo udqjhv iurp
134 wr 15< +vhh Fdug dqg Nuxhjhu/ 4<<7,1 Fdug dqg Nuxhjhu +4<<7,/ vxuyh| wkh

45Wkh vwhdg|0vwdwh Lqyhvwhphqw2Fdslwdo udwlr lq wklv prgho hfrqrp| lv htxdo wr wkh srsxodwlrq
jurzwk udwh soxv wkh ghsuhfldwlrq udwh1
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olwhudwxuh rq wkh hfrqrplf uhwxuqv wr vfkrro txdolw| dqg wkh| revhuyh wkdw wkh
dulwkphwlf dyhudjh ri 58 hvwlpdwhg hodvwlflwlhv lv 1491 Dffruglqj wr Ehwwv +4<<7,
wkh uhvxowv duh kljkhu iru vrph vwxglhv zkhuh d ixqfwlrqdo irup iru wkh hgxfdwlrq
surgxfwlrq ixqfwlrq vlplodu wr wkh rqh lq wklv sdshu lv dvvxphg1 Iru lqvwdqfh/ iru
d kxpdq fdslwdo surgxfwlrq ixqfwlrq ri wkh w|sh

Yr|

Y|
' Se

#
| � Bfr|c f 	 #� 	 �c

Khfnpdq +4<:9,/ hvwlpdwhv # wr eh �S.�
L fdoleudwh wkh frh!flhqw ri h{shqglwxuhv lq hgxfdwlrq lq wkh hgxfdwlrq sur0

gxfwlrq ixqfwlrq vr wkdw wkh hodvwlflw| ri phdqv hduqlqjv zlwk uhvshfw wr shu sxslo
vshqglqj rq hgxfdwlrq frphv forvh wr 15/ dv lq Ihuqdqgh} dqg Urjhuvrq +4<<7,1

Qrwh wkdw lq wkh prgho*v hgxfdwlrq whfkqrorj| wkh hodvwlflw| ri hgxfdwlrqdo
dwwdlqphqw wr vshqglqj shu vwxghqw lv jlyhq e|

#e

w_
#
_

�c|e
#
e

�c|

r� n w_
#
_

�c|e
#
e

�c|

zklfk/ iru srvlwlyh ydoxhv ri wkh lqlwldo ohyho ri vnloov/ lv lqihulru wr wkh sdudphwhu
#e1

Wkh frh!flhqw ri lqyhvwphqw lq wkh hgxfdwlrq surfhvv lv vhw wr 155/ vr wkdw
lq wkh �qdo htxloleulxp wkh hodvwlflw| ri hgxfdwlrqdo dwwdlqphqw wr vshqglqj shu
vwxghqw pdwfkhv wkh ydoxhv revhuyhg iru wkh XV hfrqrp|1 Wkh ghfuhdvlqj uhwxuqv
wr wkh wlph lqyhvwhg lq wkh ohduqlqj surfhvv pdlqo| uh hfw wkh olplwv wr wkh fdsdflw|
ri lqglylgxdov wr ohduq1

L wdujhw wkh dyhudjh krxuv ri wlph ghglfdwhg wr hgxfdwlrq lq vfkrro1 Xqiruwx0
qdwho|/ gdwd rq sduwlflsdwlrq lq hgxfdwlrq uhodwhg dfwlylwlhv lv vfdufh1 Mrujhqvrq
dqg Iudxphql +4<<4,/ fdofxodwhg wkh ohyho ri vfkrro krxuv shu fdslwd iru wkh srvw0
zdu XV hfrqrp| e| dvvxplqj wkdw hquroohg lqglylgxdov duh lq vfkrro 4633 krxuv
shu |hdu zklfk vhhpv h{fhvvlyh1 Iurp QFHV +Qdwlrqdo Fhqwhu iru Hgxfdwlrq Vwd0
wlvwlfv, gdwd iru uhfhqw |hduv/ wkh dyhudjh gd|v ri vfkrro dwwhqghg shu sxslo +sul0
pdu| dqg vhfrqgdu| vfkrro rqo|, lq wkh XV lv durxqg 4941 Wklv qxpehu vkrxog eh
kljkhu iru kljkhu hgxfdwlrq vwxghqwv exw wkh| dovr frqvwlwxwh d vpdoo vkduh ri wkh
vwxghqw srsxodwlrq1 L dvvxph wkdw wkh kljkhu hgxfdwlrq vwxghqwv dwwhqg fodvvhv
iru wkh dyhudjh ohqjwk ri wkh vfkrro whup zklfk lv derxw 4;31 Vr wkh dyhudjh
dwwhqgdqfh udwh iru d vwxghqw vkrxog eh dssur{lpdwho| 49:1981 Li zh frqvlghu wkdw
wkh dyhudjh krxuv lq vfkrro shu gd| lv :/ zh jhw d wrwdo krxuv shu |hdu shu hquroohg
vwxghqw ri 44:61881 Wkh phgldq qxpehu ri |hduv ri hgxfdwlrq iru lqglylgxdov ryhu
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58 |hduv rog lv 4518/ wklv fruuhvsrqgv wr 9518( ri d vwxghqwv olihwlph lq rxu prgho
+7 wr 57 |hduv rog,1 Vr/ wkh dprxqw vshqw lq vfkrro shu djhqw ri vfkrro djh lv
urxjko| 47168( ri wkh dydlodeoh wlph146

Wkh frh!flhqw lq wkh hgxfdwlrq surfhvv fruuhvsrqglqj wr wkh wlph ghglfdwhg
wr wkh dffxpxodwlrq ri kxpdq fdslwdo lv vhw wr 1781

Wkh ydoxhv iru wkh wrwdo idfwru surgxfwlylwlhv lq wkh surgxfwlrq dqg lq wkh
hgxfdwlrq vhfwru duh fkrvhq lq rughu wr uhsolfdwh wkh XV revhuydwlrqv iru wkh
dyhudjh ohyho ri rxwsxw shu fdslwd lq wkh odvw ghfdghv dqg dwwdlq d uhdvrqdeoh ohyho
iru wkh vkduh ri JGS doorfdwhg wr wkh sulydwh ixqglqj ri hgxfdwlrq1

H{rjhqrxv Srolwlfdo Sdudphwhuv=

Wkh ohyho ri wkh vrfldo vhfxulw| wd{ udwh lv vhw h{rjhqrxvo| wr <17( iroorzlqj
Kdowhu dqg Khpplqj +4<;:,1

Wkh sdudphwhu fkrlfhv duh vxppdul}hg lq wkh iroorzlqj wdeoh =

Wdeoh 716

Ehqfkpdun Fdoleudwlrq 0 6 Jhqhudwlrqv

u q 4 j q
@

t� w #
U

) k B #
_

� tt

4168<; 1<:86 416 149 16 4 63 155 43 19 1;3;9 178 13<7

81 Ilqglqjv

8141 Wkh Ehqfkpdun Fdoleudwlrq

Lq rughu wr hydoxdwh wkh lpsruwdqfh ri wkh lpsdfw ri wkh hgxfdwlrq srolf| rq wkh
idfwru sulfhv lq wkh ghwhuplqdwlrq ri wkh srolwlfr0hfrqrplf htxloleulxp/ L frpsduh
wkh forvhg hfrqrp| htxloleulxp zlwk wkh htxloleulxp uhvxowlqj lq d vpdoo rshq
hfrqrp| zkhuh wkh idfwru sulfhv duh h{rjhqrxvo| jlyhq1 L suhvhqw wzr hfrqrplhv
zlwk �{hg idfwru sulfhv/ lq wkh �uvw rqh +LTi?, L vhw wkh zdjh dqg lqwhuhvw udwh wr
wkhlu srolwlfr0hfrqrplf htxloleulxp ohyhov lq wkh forvhg hfrqrp|1 Lq wkh rwkhu rqh
+5|@|i, L frpsxwh wkh srolwlfr0hfrqrplf htxloleulxp ohyhov lq wkh forvhg hfrqrp|
zkhq wkh ghflvlrqv duh pdgh dw wkh vwdwh zlgh ohyho/ wkdw lv L dvvxph wkdw hdfk
vwdwh*v hgxfdwlrq srolf| grhv qrw d�hfw wkh idfwru sulfhv1

46Wr rewdlq wkh wrwdo wlph ghyrwhg wr hgxfdwlrq L vkrxog fruuhfw wklv ydoxh e| wkh dprxqw ri

wlph doorfdwhg wr kxpdq fdslwdo dffxpxodwlrq rxw ri vfkrro dqg wkh ohlvxuh wlph lq vfkrro1
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Iurp d vwhdg|0vwdwh zlwkrxw sxeolf hgxfdwlrq/ wkh vhtxhqfh ri srolwlfdo dqg
hfrqrplf fkrlfhv zloo ohdg wkh hfrqrp| wr d vwhdg|0vwdwh zlwk sxeolf ixqglqj ri
hgxfdwlrq1 Wkh vwhdg|0vwdwh ohyhov ri wkh srolf| sdudphwhu wkdw pd{lpl}h wkh
xwlolw| ohyho ri wkh vhfrqg jhqhudwlrq djhqwv lq wkh forvhg hfrqrp| dqg lq wkh
vpdoo rshq hfrqrplhv duh uhvshfwlyho|

� W ' �fH2e/ �f.b2 dqg �f.b2

Wkhvh srolf| sdudphwhuv duh vxvwdlqdeoh lq vwhdg|0vwdwh/ vr wkh| zloo eh srolwlfdo
htxloleuld1

Ixuwkhupruh/ wkhvh wd{dwlrq ohyhov dqg wkh fruuhvsrqglqj ohyhov ri lqyhvwphqw
rq hgxfdwlrq/ .�e2I .��eI dqg .���I/ vhhp uhdvrqdeoh +vhh wdeoh 81514,1 Lq wkh
frxqwulhv zlwk ohyhov ri ghyhorsphqw vlplodu wr wkh XV/ hgxfdwlrqdo h{shqglwxuhv
kdyh ehhq durxqg 90:( ri wkh qdwlrqdo surgxfw lq uhfhqw ghfdghv1

Wkh wdeoh odehohg Ehqfkpdun L vkrzv wkh htxloleulxp dyhudjh vxsso| ri krxuv
ri oderu/ wkh fdslwdo0rxwsxw udwlr dqg wkh uhvrxufhv doorfdwhg wr hgxfdwlrq lq wkh
devhqfh ri sxeolf ixqglqj ri hgxfdwlrq +� ' fc �uvw froxpq, dqg iru wkh htxlole0
ulxp wd{ udwhv +rwkhu froxpqv,1 Khuh zh vhh wkh uhdvrq zk| wkh sxeolf ixqglqj
ri hgxfdwlrq kdv vxfk lpsruwdqw jhqhudo htxloleulxp h�hfwv rq wkh hfrqrp|= wkh
htxloleulxp ohyhov ri rxwsxw dqg ri sk|vlfdo dqg kxpdq fdslwdo duh vwulfwo| lqfuhdv0
lqj zlwk wkh ohyho ri sxeolf ixqglqj ri hgxfdwlrq1 Wkh lqwurgxfwlrq ri sxeolfo|
ixqghg hgxfdwlrq lqfuhdvhv wkh djjuhjdwh shu fdslwd ohyhov ri wkhvh yduldeohv dqg
uhglvwulexwhv uhvrxufhv wr wkh fxuuhqw dqg ixwxuh zrunhuv/ eulqjlqj xs dyhudjh
xwlolw| iru erwk wkh djhqwv dolyh lq wkh lqlwldo shulrg dqg wkrvh qrw |hw eruq1
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Wkh |rxqj djhqwv fdq doorfdwh wkh sduhqwdo wudqvihuv wr lqfuhdvh erwk wkhlu
fxuuhqw dqg ixwxuh frqvxpswlrq1 Wkh| dovr uhdol}h wkdw dq dgglwlrqdo xqlw ri wlph
vshqw ohduqlqj ru ri lqyhvwphqw lq hgxfdwlrq zloo lqfuhdvh ixwxuh frqvxpswlrq exw
dw wkh h{shqvh ri fxuuhqw frqvxpswlrq +erwk ri ohlvxuh dqg ri wkh frqvxpswlrq
jrrg,1

Dv wkh ohyho ri sxeolf ixqglqj lqfuhdvhv/ lqlwldoo| wkh vxevwlwxwlrq h�hfw zloo
grplqdwh/ dqg wkh |rxqj djhqwv zloo uhdoorfdwh wlph wr hgxfdwlrq/ zkloh xvlqj pruh
ri wkh sduhqwdo jliwv iru fxuuhqw frqvxpswlrq1 Gxulqj wklv vwdjh/ wkh wudqvihu ri
wlph lqwr hgxfdwlrq lqfuhdvhv wkh surgxfwlylw| ri wkh lqyhvwphqw lq hgxfdwlrq dqg
lv dq h{wud lqfhqwlyh iru wkh fxuuhqw zrunhuv wr �qdqfh wkh |rxqj djhqwv* hgxfd0
wlrq1 Wkh lqfuhdvh lq wkh uhvrxufhv dydlodeoh wr wkh |rxqj djhqwv lv dq lqfhqwlyh
iru wkh sduhqwv wkdw fdq uhgxfh wkh dprxqw ri wudqvihuv wr wkhlu fkloguhq1 Dv
wkh zhdowk h�hfw ehfrphv vwurqjhu/ wkh h�hfw rq wkh qxpehu ri krxuv ghyrwhg wr
hgxfdwlrq ehfrphv zhdnhu/ dqg wkh glvsodfhphqw ri uhvrxufhv wr sulydwh frqvxps0
wlrq lqfuhdvhv1 Wkh dffxpxodwlrq ri vnloov zloo eh vxssruwhg e| d kljkhu ohyho ri
sk|vlfdo lqyhvwphqw exw d orzhu ohyho ri vfkrrolqj wlph1

Wkh h�hfw ri wkh ghfuhdvh lq sduhqwdo wudqvihuv dqg ri wkh gudlqdjh ri sxe0
olf uhvrxufhv wr sulydwh frqvxpswlrq vhhpv wr r�vhw wkh lqfuhdvh lq vfkrro wlph/
ohdglqj wr d ghfuhdvh lq wkh vxssruw iru kljkhu ohyhov ri sxeolf hgxfdwlrq1

Lq wkh ehqfkpdun htxloleulxp/ dowuxlvp sod|v d fhqwudo srolwlfdo uroh dv sduhqwv
yrwh iru wkh sxeolf ixqglqj ri wkhlu fkloguhq hgxfdwlrq1 Dv wkh jhqhudwlrq ri
sduhqwv fduhv derxw wkh olihwlph xwlolw| ri wkhlu r�vsulqj/ wkh| zdqw wr wudqvihu
uhvrxufhv iurp wkh dgxow djhqwv lq wkh hfrqrp| wr wkhlu fkloguhq wkurxjk wkh
hgxfdwlrq srolf|1 Wklv zloo hqdeoh wkh fkloguhq wr dffxpxodwh kljkhu ohyhov ri
kxpdq fdslwdo zkloh jhwwlqj d orzhu ohyho ri wudqvihuv gluhfwo| iurp wkhlu sduhqwv1

Exw wkh htxloleulxp ohyho ri wd{dwlrq dv zhoo dv wkh vkduh ri JGS doorfdwhg wr
sxeolf ixqglqj ri hgxfdwlrq lv orzhu lq wkh vpdoo rshq hfrqrplhv zkhuh wkh idfwru
sulfhv duh wdnhq dv jlyhq1
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Dv d uhihuhqfh L dovr frpsxwhg wkh vwhdg|0vwdwh iru wkh hfrqrp| zlwkrxw do0
wuxlvp dqg zkhuh wkh |rxqj djhqwv duh doorzhg wr zrun lq rughu wr �qdqfh wkhlu
frqvxpswlrq dqg hgxfdwlrq +vhh wdeoh 81515,1 Lq wklv hfrqrp|/ ehfdxvh ri eruurz0
lqj frqvwudlqwv dqg wkh suhvhqfh ri idfwru frpsohphqwdulwlhv lq wkh surgxfwlrq
ixqfwlrq/ djhqwv wkdw duh fxuuhqwo| dffxpxodwlqj fdslwdo vxssruw sxeolf ixqglqj
ri hgxfdwlrq dv lq Vrduhv +4<<9,1

Ixuwkhupruh/ wkh vwhdg|0vwdwh ohyho ri wkh srolf| sdudphwhu wkdw pd{lpl}hv
wkh xwlolw| ohyho ri wkh vhfrqg jhqhudwlrq djhqwv lq wklv hfrqrp|/ lv 13956 zklfk
fruuhvsrqgv wr d vkduh ri JGS doorfdwhg wr sxeolf ixqglqj ri hgxfdwlrq ri 1387;/
zklfk lv uhodwlyho| kljk zkhq frpsduhg wr wkh htxloleulxp ohyho dwwdlqhg lq wkh
suhvhqfh ri dowuxlvp1 D kljkhu ohyho ri sxeolfo| ixqghg hgxfdwlrq zrxog suredeo|
eh vxssruwhg lq htxloleulxp li wkh |rxqj djhqwv zrxog doorfdwh pruh wlph wr wkhlu
hgxfdwlrq lqvwhdg ri kdylqj wr zrun wr �qdqfh wkhlu frqvxpswlrq1

Wkhvh uhvxowv vkrz wkdw lq wkh suhvhqfh ri dowuxlvp wrzdugv wkh |rxqj djhqwv
wkh jhqhudo htxloleulxp h�hfwv lqgxfhg e| sxeolf lqyhvwphqw rq hgxfdwlrq kdyh d
vwurqj lq xhqfh lq wkh ghwhuplqdwlrq ri wkh srolwlfdo htxloleulxp1

Wkh frpsohphqwdulw| ehwzhhq fdslwdo dqg oderu lq wkh surgxfwlrq ixqfwlrq/
dqg wkh pdunhw lqfrpsohwhqhvv duh vwurqj hqrxjk wr prwlydwh vxssruw iru d kljkhu
ohyho ri sxeolfo| ixqghg hgxfdwlrq1 Vr/ ehvlghv wkh pdujlqdo ydoxh ri sxeolf lqyhvw0
phqw rq hgxfdwlrq gxh wr dowuxlvp wkh pdujlqdo ydoxh vwhpplqj iurp wkh jhqhudo
htxloleulxp h�hfwv dovr kdv wr eh wdnhq lqwr dffrxqw1

Wkh frpsohphqwdulw| ehwzhhq sk|vlfdo fdslwdo dqg oderu lpsolhv wkdw zkhq
wkh oderu lqsxw lqfuhdvhv wkh uhwxuq rq fdslwdo dovr jrhv xs1 Wkhuhiruh/ wkh djhqwv
wkdw duh fxuuhqwo| dffxpxodwlqj fdslwdo/ wkh plggoh0djh djhqwv/ duh dovr lqwhuhvwhg
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iru vho�vk uhdvrqv lq sxeolfo| ixqghg hgxfdwlrq lq rughu wr lpsuryh wkh vnloov ri
qh{w shulrg*v zrunhuv1 Ehvlghv vkdulqj wkh frvw ri wkhlu fkloguhq kxpdq fdslwdo
lqyhvwphqw zlwk wkh roghu jhqhudwlrq/ wkh plggoh0djh djhqwv duh dovr r�huhg wkh
rssruwxqlw|/ e| yrwlqj rq wkh sxeolf lqyhvwphqw rq hgxfdwlrq/ wr lqfuhdvh wkh
uhwxuq rq sk|vlfdo fdslwdo1

Zh fdq ehwwhu hydoxdwh wkh lpsruwdqfh ri wkh jhqhudo htxloleulxp h�hfwv orrn0
lqj dw wkhlu zhoiduh lpsolfdwlrqv1 Iru wkh vdph idfwru sulfhv wkh fkdqjh lq wkh
ohyho ri zhoiduh gxh wr wkh lqwhuqdol}dwlrq ri wkh jhqhudo htxloleulxp h�hfwv e| wkh
yrwhuv dffrxqwv iru durxqg 43( ri wkh lqfuhdvh rq zhoiduh iurp wkh vwhdg|0vwdwh
zlwkrxw sxeolfo| ixqghg hgxfdwlrq1

Exw wklv gl�huhqfh xqghuvwdwhv wkh lpsdfw ri wkh jhqhudo htxloleulxp h�hfwv
lq wkh htxloleulxp1 Lq wkh prgho wkh ohyho ri ehqh�wv duh d frqvwdqw vkduh ri
wkh fxuuhqw oderu lqfrph1 Iru d jlyhq zdjh udwh dq lqfuhdvh lq wkh ohyho ri vnloov
ri wkh ixwxuh zrunhuv zloo lqfuhdvh oderu lqfrph lqfuhdvlqj wkhuhiruh wkh ohyho ri
ehqh�wv ri wkh ixwxuh uhwluhhv dqg wkh plggoh0djhg zrunhuv zloo wdnh wklv h�hfw
lqwr dffrxqw zkhq fkrrvlqj wkh hgxfdwlrq srolf|1 Wklv lv d jhqhudo htxloleulxp
h�hfw ri hgxfdwlrq wkdw lv eljjhu lq d forvhg hfrqrp| zkhuh idfwru sulfhv duh �{hg1
Ixuwkhupruh/ lq uhdolw| wkhuh lv qr vxfk frqqhfwlrq/ ru dw ohdvw lw lv qrw dv gluhfw/
ehwzhhq wkh ohyho ri wkh vrfldo vhfxulw| ehqh�wv dqg wkh frqwhpsrudqhrxv oderu
lqfrph1
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Lq wdeoh 81516 L vkrz wkh htxloleuld iru wkh prgho hfrqrp| zlwkrxw vrfldo
vhfxulw|1 Wkhvh uhvxowv vkrz wkdw wkh zd| L lqwurgxfhg vrfldo vhfxulw| lq dwhv wkh
htxloleulxp srolf| ohyho lq wkh hfrqrp| zlwk frqvwdqw sulfhv1 Wkh fkdqjh lq wkh
ohyho ri zhoiduh gxh wr wkh lqwhuqdol}dwlrq ri wkh jhqhudo htxloleulxp h�hfwv e| wkh
yrwhuv dffrxqwv iru durxqg 6:( ri wkh lqfuhdvh rq zhoiduh iurp wkh vwhdg|0vwdwh
zlwkrxw sxeolfo| ixqghg hgxfdwlrq1

Lq rughu wr pdnh d pruh dffxudwh hydoxdwlrq ri wkh lpsdfw ri wkh sulfh h�hfwv ri
wkh hgxfdwlrq srolflhv lq wkh ghwhuplqdwlrq ri wkh srolwlfdo htxloleulxp L holplqdwh
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vrfldo vhfxulw| iurp wkh prgho1

Ihuqdqgh} dqg Urjhuvrq +4<<7, vkrz wkdw d pryh iurp d frppxqlw| zlgh
wr d vwdwh zlgh sxeolf ixqglqj ri hgxfdwlrq ghflvlrq fdq udlvh vwhdg|0vwdwh zho0
iduh ohyho1 Lq wkhlu prgho dq hgxfdwlrq srolf| �qdqfhg dw wkh vwdwh ru qdwlrqdo
ohyho ohdgv wr wkh uhgxfwlrq ri wkh khwhurjhqhlw| lq wkh lqyhvwphqw lq hgxfdwlrq
rewdlqhg xqghu wkh vwdwh ohyho srolf|1 Wklv ohdgv wr d pruh htxdo glvwulexwlrq
ri lqfrph wkdw lpsolhv d kljkhu dyhudjh lqfrph iru wkhlu ehqfkpdun fdoleudwlrq1
Wkh uhglvwulexwlrq ri uhvrxufhv dqg wkh kljkhu ohyho ri h{shqglwxuhv lq hgxfdwlrq
uhvxowlqj lq wkh vwdwh fkrlfh v|vwhp r�vhw wkh ehqh�wv iurp wkh orfdo fkrlfh v|vwhp
wkdw doorzv wkh djhqwv wr vruw wkhpvhoyhv dfurvv frppxqlwlhv dffruglqj wr wkhlu
suhihuhqfhv1

Wkh uhvxowv lq wklv sdshu vxssruw wkhvh �qglqjv1 D pryh iurp d frppxqlw|
zlgh wr d vwdwh zlgh sxeolf ixqglqj ri hgxfdwlrq ghflvlrq fdq udlvh vwhdg|0vwdwh
zhoiduh ohyho1 Dowkrxjk wklv prgho hfrqrp| devwudfwv iurp vshfl�f ihdwxuhv ri
wkh frppxqlw| ohyho srolf| fkrlfh prghov lw doorzv xv wr vwxg| d fdxvh ri wkh
zhoiduh lpsuryhphqw wkdw vhhpv wr eh ryhuorrnhg lq wkh olwhudwxuh1 Lq idfw/ lq wkh
hfrqrp| vwxglhg/ wkh frppxqlw| ohyho srolf| fkrlfh lv htxlydohqw wr wkh sulydwh
ixqglqj ri hgxfdwlrq lq wkh vhqvh wkdw wkh sduhqwv vxssruw doo wkh frvwv ri wkhlu
fkloguhq hgxfdwlrq dqg frqvxpswlrq471 Zkhq fkrrvlqj dw wkh vwdwh ohyho/ wkh
sduhqwv zloo eh deoh wr vkduh wkh frvw ri wkhlu fkloguhq hgxfdwlrq zlwk wkh uhvw
ri wkh hfrqrp|1 Wkh udwlr ri frqwulexwruv wr ehqh�fldulhv lqfuhdvhv dv wkh roghu
djhqwv lq wkh hfrqrp| zloo dovr sd| wd{hv wr �qdqfh hgxfdwlrq1 Iru d jlyhq wd{
udwh pruh ixqgv zloo eh froohfwhg dqg wkh slyrwdo yrwhu zloo dovr zdqw d kljkhu wd{
udwh wkdq wkh rqh wkdw zrxog eh fkrvhq dw wkh frppxqlw| ohyho1 Wkh frqvhtxhqw
lqfuhdvh lq h{shqglwxuhv lq hgxfdwlrq jxdudqwhhv zhoiduh jdlqv iurp d pryh wr d
vwdwh ohyho hgxfdwlrq srolf| zlwkrxw wkh qhhg wr uhvruw wr wkh jdlqv iurp htxlw|
wkdw pljkw eh rewdlqhg xqghu wkh qhz v|vwhp1

Pruhryhu/ wkh uhvxowv vkrz wkdw d pryh iurp d vwdwh zlgh wr d qdwlrq zlgh
ghflvlrq ohyho zkhuh wkh jhqhudo htxloleulxp h�hfwv ri wkh hgxfdwlrq srolf| rq wkh
idfwru sulfhv duh lqwhuqdol}hg e| wkh yrwhuv ixuwkhu lpsuryhv wkh zhoiduh ri wkh
djhqwv lq wkh orqj uxq exw lw dovr lqfuhdvhv wkh ohyho ri lqfrph lq wkh hfrqrp|1

47Pruh suhflvho|/ wkh htxloleulxp zlwk sulydwh ixqglqj ri hgxfdwlrq lv htxlydohqw wr dq htxl0

oleulxp zlwk sxeolf ixqglqj ri hgxfdwlrq �qdqfhg zlwk d qrq0glvwruwlrqdu| wd{ fkrvhq dw wkh

frppxqlw| ohyho1
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8151 Frpsdudwlyh Vwdwlfv

L vwxg| wkh uhvsrqvh ri wkh htxloleulxp ohyho ri wkh wd{ udwh wr yduldwlrqv lq wkh
vrfldo vhfxulw| wd{ udwh/ wkh wrwdo idfwru surgxfwlylwlhv/ wkh srsxodwlrq jurzwk udwh
dqg wkh ghjuhh ri dowuxlvp lq wkh iroorzlqj wdeohv1

Djdlq/ lq rughu wr hydoxdwh wkh lpsruwdqfh ri wkh jhqhudo htxloleulxp hi0
ihfwv rq wkh srolwlfr0hfrqrplf htxloleulxp/ L frpsxwh wkh htxloleulxp iru wkh wzr
hfrqrplhv zkhuh wkh idfwru sulfhv duh h{rjhqrxvo| jlyhq= +LTi?, dqg +5|@|i,1
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Dq lqfuhdvh lq wkh vrfldo vhfxulw| wd{ udwh uhvxowv lq orzhu htxloleulxp ohyhov ri
sxeolf ixqglqj ri hgxfdwlrq1 Wkh zhdowk h�hfw ri wkh lqfuhdvh lq wkh vrfldo vhfxulw|
ohyho ri ehqh�wv uhgxfhv wkh lqfhqwlyhv ri wkh |rxqj dqg plggoh0djhg djhqwv wr
doorfdwh pruh uhvrxufhv wr wkh kxpdq fdslwdo dffxpxodwlrq1 Lq sduwlfxodu/ gxh wr
d odujhu ohyho ri vrfldo vhfxulw| ehqh�wv dqg wd{hv/ wkh plggoh0djhg zloo eh ohvv
prwlydwhg wr wudqvihu uhvrxufhv wr wkh |rxqjhu djhqwv sulydwho| ru sxeolfo|1 Wkh
hfrqrp| zlwk d kljkhu vrfldo vhfxulw| wd{ udwh kdv d orzhu lqlwldo vwhdg|0vwdwh vwrfn
ri fdslwdo shu fdslwd wkdq wkh ehqfkpdun hfrqrp| dqg wkhuhiruh kljkhu lqwhuhvw
udwhv1 Wkh lqfuhdvh lq wkh vrfldo vhfxulw| wd{ ghfuhdvhv wkh uhwxuq ri wkh sxeolf
lqyhvwphqw rq hgxfdwlrq/ ghfuhdvlqj wkh htxloleulxp ohyho ri wkh wd{ udwh1

Wkh jhqhudo htxloleulxp h�hfwv vhhp wr eh pxfk ohvv lpsruwdqw/ exw wklv lv
pdlqo| gxh wr wkh vrfldo vhfxulw| h�hfw ghvfulehg suhylrxvo|1 Wkh lpsdfw ri
hgxfdwlrq lq wkh ixwxuh vrfldo vhfxulw| ehqh�wv wkurxjk lwv lpsdfw rq wkh h�hfwlyh
oderu vxsso| doprvw frpshqvdwhv iru wkh idfwru sulfhv uljlglw|1

Lq wkh hfrqrplhv zkhuh wkh idfwru sulfhv duh wdnhq dv jlyhq/ wkh htxloleulxp
wd{ udwhv dqg vkduhv ri JGS doorfdwhg wr sxeolf ixqglqj ri hgxfdwlrq duh kljkhu
wkdq wkh rqhv lq wkh hfrqrp| zlwkrxw vrfldo vhfxulw| dqg orzhu wkdq lq wkh rqhv
lq wkh ehqfkpdun hfrqrp| zlwk vrfldo vhfxulw|1
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Dq lqfuhdvh lq wkh ohyho ri wkh wrwdo idfwru surgxfwlylw| lqfuhdvhv wkh ohyho
ri sxeolfo| ixqghg hgxfdwlrq dv d shufhqwdjh ri lqfrph1 Dv wkh ohyho ri lqfrph
lqfuhdvhv vr grhv wkh lqyhvwphqw lq fdslwdo dqg kxpdq fdslwdo1 Gxh wr wkh gh0
fuhdvlqj uhwxuqv wr vshqglqj lq hgxfdwlrq/ lqfuhdvlqj dprxqwv ri sxeolf uhvrxufhv
qhhg wr eh doorfdwhg wr wkh hgxfdwlrq surfhvv lq rughu wr dwwdlq kljkhu ohyhov ri
kxpdq fdslwdo1 Qrwh krzhyhu wkdw wkh hodvwlflw| ri wkh vkduh ri JGS doorfdwhg wr
sxeolf ixqglqj ri hgxfdwlrq uhodwlyho| wr wkh ohyho ri lqfrph lv yhu| orz1

A@M*i D�2�S

Vhqvlwlylw| Dqdo|vlv/ w ' Df

Htxloleulxp= � ' f U*Lti_ LTi? 5|@|i

Wd{ Udwh f �fb2D �fHfb �fHfb
�h��@|i,_�

��|T�|
�fDfe f f f

��M*�U�,_�

��|T�|
f �fH�� �f.�e �f.�

U?SJ6e Reo �@R�|@ �S�SbHD �.��.2b �D�bb�S �S��e2�
`e,s@oe �fH2H f�febb �fDb2

Wkh srolwlfdo htxloleulxp lv yhu| vhqvlwlyh wr fkdqjhv lq wkh hgxfdwlrq whfkqro0
rj| sdudphwhuv1 Zkhq wkh wrwdo idfwru surgxfwlylw| ri wkh hgxfdwlrq whfkqrorj|
lqfuhdvhv wkh uhqwdelolw| ri wkh lqyhvwphqw rq kxpdq fdslwdo jrhv xs/ dqg wkh
htxloleulxp wd{ udwhv duh kljkhu1

Qrwlfh wkdw wkh gl�huhqfh lq wkh htxloleulxp vkduh ri JGS doorfdwhg wr sxeolf
ixqglqj ri hgxfdwlrq ehwzhhq wkh rshq hfrqrp| dqg wkh forvhg hfrqrp| iru wkh
ehqfkpdun fdoleudwlrq lv pxfk eljjhu wkdq wkh gl�huhqfh ehwzhhq wkh rshq hfrq0
rp| lq wkh ehqfkpdun fdoleudwlrq dqg wkh rshq hfrqrp| zlwk wkh grxeoh ri wkh
wrwdo idfwru surgxfwlylw|1

Qrwlfh wkdw hyhq zkhq wkh wrwdo idfwru surgxfwlylw| lq wkh surgxfwlrq vhfwru
grxeohv wkh prgho vwloo grhv qrw pdwfk wkh lqfuhdvh lq wkh wd{ udwh ru lq wkh vkduh
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ri JGS doorfdwhg wr sxeolfo| ixqghg hgxfdwlrq rewdlqhg zkhq wkh idfwru sulfhv
duh hqgrjhqrxv1 Wkh vdph kdsshqv zkhq wkhuh lv dq lqfuhdvh wkh wrwdo idfwru
surgxfwlylw| lq wkh hgxfdwlrq surfhvv1
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Dq lqfuhdvh lq wkh srsxodwlrq jurzwk udwh lqfuhdvhv wkh htxloleulxp wd{
udwh dqg wkh vkduh ri JGS doorfdwhg wr sxeolf ixqglqj ri hgxfwlrq1 Dv sduhqwv
kdyh pruh fkloguhq/ wkh| zloo jlyh uhodwlyho| pruh lpsruwdqfh wr wkh zhoiduh ri
wkh |rxqjhu djhqwv dqg wkhuhiruh wr sxeolf ixqglqj ri hgxfdwlrq1

Wkh jhqhudo htxloleulxp h�hfwv zloo lpsdfw vwurqjo| rq wkh ydoxdwlrq ri sxeolf
hgxfdwlrq lqfuhdvlqj wkh htxloleulxp wd{ udwh iurp wkh �{hg sulfhv vlwxdwlrq1 Exw
wkh zhljkw ri dowuxlvp lq wkh djhqwv* ehkdylru lqfuhdvhv/ dqg wklv ghfuhdvhv wkh
jdlqv iurp wkh pryhphqwv lq wkh idfwru sulfhv1
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Dq lqfuhdvh lq wkh ihuwlolw| udwh dqg wkhuhiruh lq wkh vkduh ri vwxghqwv wr plggoh
djhg kdv d yhu| vpdoo dqg rssrvlwh h�hfw lq wkh vkduh ri JGS doorfdwhg wr sxeolf
ixqglqj ri hgxfdwlrq zkhq wkh srsxodwlrq jurzwk udwh vwd|v frqvwdqw1 Ehfdxvh
wkh suredelolw| ri wkh fkloguhq ehfrplqj surgxfwlyh dgxowv lv orzhu/ wkh h{shfwhg
uhwxuq wr wkh lqyhvwphqw lq kxpdq fdslwdo lv orzhu1

Wkhuhiruh/ wkh lpsdfw ri dq lqfuhdvh rq wkh vkduh ri |rxqj djhqwv lq wkh
srsxodwlrq rq wkh htxloleulxp ohyho ri wkh vkduh ri JGS doorfdwhg wr sxeolf ixqglqj
ri hgxfdwlrq vwurqjo| ghshqgv rq wkh qdwxuh ri wklv lqfuhdvh1
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Lqfuhdvlqj wkh idfwru dw zklfk sduhqwv glvfrxqw wkhlu fkloguhq olih0wlph xwlolw|
lqfuhdvhv wkh lpsruwdqfh ri lqyhvwlqj rq hgxfdwlrq iru sxuho| dowuxlvwlf uhdvrqv1
Wkh pdujlqdo ydoxh ri sxeolf lqyhvwphqw rq hgxfdwlrq gxh wr dowuxlvp lqfuhdvhv1
Wkh rswlpdo wd{ iru wkh slyrwdo yrwhu lq wkh vpdoo rshq hfrqrplhv lv dw d ohyho
zkhuh wkh ydoxh ri wkh jhqhudo htxloleulxp h�hfwv lv qhjdwlyh1 Doorzlqj iru wkhvh
h�hfwv zloo kdyh wkhq d qhjdwlyh lpsdfw rq wkh htxloleulxp ohyho ri sxeolf ixqglqj
ri hgxfdwlrq/ lqfrph shu fdslwd dqg ohyho ri zhoiduh1

Wkh prgho hfrqrp| fdq dovr dffrxqw iru wkh glvsdulw| lq sxeolf vshqglqj
rq hgxfdwlrq dv d vkduh ri rxwsxw dfurvv frxqwulhv1 Wkh prgho suhglfwv wkdw wkh
vkduh ri JGS ghyrwhg wr irupdo hgxfdwlrq lqfuhdvhv zlwk shu fdslwd lqfrph dfurvv
vwhdg|0vwdwhv zlwk gl�huhqw ohyhov ri wrwdo idfwru surgxfwlylw|1 Wklv uhvxow �qgv
vxssruw lq wkh hylghqfh/ dqg lv qrw d ihdwxuh ri rwkhu prghov zkhuh sxeolfo| ixqghg
hgxfdwlrq lv jhqhudwhg e| dowuxlvp dqg lqwudjhqhudwlrqdo lqhtxdolwlhv1 Lq prvw ri
wkhvh prghov/ wkh iudfwlrq ri JGS doorfdwhg wr sxeolf hgxfdwlrq dqg shu fdslwd
lqfrph duh qhjdwlyho| fruuhodwhg1

Hyhq wkrxjk wkh gdwd vkrzv d srvlwlyh uhodwlrq ehwzhhq lqfrph shu fdslwd
dqg wkh iudfwlrq ri JGS doorfdwhg wr sxeolf hgxfdwlrq/ vrph orz lqfrph frxqwulhv
doorfdwh wr hgxfdwlrq d vkduh ri wkhlu JGS frpsdudeoh wr wkh �jxuhv uhsruwhg iru
pruh ghyhorshg hfrqrplhv1

Wkh uhodwlrqv irxqg lq wklv sdshu ehwzhhq wkh iudfwlrq ri lqfrph ghyrwhg
wr sxeolf hgxfdwlrq dqg idfwruv olnh wkh srsxodwlrq jurzwk udwh/ wkh ghjuhh ri
htxlw| h{sodlq wkh gl�huhqfhv revhuyhg dfurvv frxqwulhv zlwk wkh vdph ohyho ri
ghyhorsphqw1 Wkh vkduh ri lqfrph doorfdwhg wr sxeolfo| ixqghg hgxfdwlrq fdq
lqfuhdvh zlwk wkh sursruwlrq ri vfkrro djhg fkloguhq lq wkh srsxodwlrq dv irxqg
lq wkh gdwd exw lw fdq dovr ghfuhdvh ghshqglqj rq wkh qdwxuh ri wkh fkdqjh lq
wklv vkduh1 Dovr/ wkh ohyho ri sxeolf h{shqglwxuh rq hgxfdwlrq dv d shufhqwdjh ri
lqfrph lv yhu| vhqvlwlyh wr fkdqjhv lq wkh vrfldo vhfxulw| srolf| sdudphwhuv1 Wkh
hfrqrplhv zlwk d kljkhu vrfldo vhfxulw| wd{ udwhv kdyh orzhu htxloleulxp ohyhov ri
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wkh vkduh ri lqfrph doorfdwhg wr wkh sxeolf ixqglqj ri hgxfdwlrq1 Exw L uhfdoo wkdw
wkh uhodwlrq ehwzhhq vrfldo vhfxulw| dqg wkh htxloleulxp ohyho ri wkh vkduh ri JGS
lqyhvwhg lq sxeolf ixqglqj ri hgxfdwlrq ghshqgv vwurqjo| rq wkh zd| L lqwurgxfhg
vrfldo vhfxulw| lq wkh prgho1

91 Lqwudjhqhudwlrqdo Khwhurjhqhlw|

Prvw ri wkh prghov lq wkh sxeolf hgxfdwlrq olwhudwxuh uhtxluh d fhuwdlq ghjuhh
ri lqwudjhqhudwlrqdo lqhtxdolw| lq rughu wr jhqhudwh vxssruw iru d srvlwlyh ohyho
ri sxeolf hgxfdwlrq1 Qdpho| wkh| ghshqg rq wkh phgldq yrwhu ehlqj rqh ri wkh
srruhvw djhqwv lq wkh hfrqrp| dqg zdqwlqj d kljkhu ohyho ri wd{dwlrq wkdq wkh
dyhudjh yrwhu zrxog1

Lq Jorpp dqg Udylnxpdu +4<<5/ 4<<7, dqg lq Ihuqdqgh} dqg Urjhuvrq +4<<7,/
wkh djhqwv wkdw duh srruhu suhihu d kljkhu ohyho ri sxeolf ixqglqj ri hgxfdwlrq1 Li
wkh phgldq yrwhu lv srruhu wkdq wkh dyhudjh yrwhu wkh srolwlfdo rxwfrph zloo eh d
srvlwlyh ohyho ri sxeolf hgxfdwlrqv1 Wkh rqo| idfwru wkdw vxssruwv sxeolf ixqglqj
ri hgxfdwlrq lv wkh h{lvwhqfh ri d pdmrulw| ri djhqwv wkdw kdyh lqfrphv ehorz wkh
dyhudjh dqg jhw d qhw wudqvihu wkurxjk wklv srolf|1 Wkh vxssruw iru sxeolf ixqglqj
ri hgxfdwlrq lqfuhdvhv zlwk wkh glvwdqfh ehwzhhq phgldq dqg dyhudjh lqfrph1

Vdlqw0Sdxo dqg Yhuglhu +4<<6, vhw xs dq hfrqrp| zkhuh srruhu djhqwv suhihu
pruh sxeolf h{shqglwxuhv rq hgxfdwlrq/ wkhuhiruh wkh hfrqrp| zloo jurz idvwhu
zkhq wkh glvwulexwlrq ri lqfrph lv ohvv htxlwdeoh1 Dv wkh lqhtxdolw| gursv wkh
phgldq yrwhu suhihuv ohvv wd{dwlrq dqg srolwlfdo vxssruw iru sxeolf hgxfdwlrq gh0
fuhdvhv1

Jlyhq wkh �{hg frvw ri dftxlulqj hgxfdwlrq lqwurgxfhg e| Shurwwl +4<<6, �wkh
orzhu wkh suh0wd{ lqfrph ri wkh phgldq yrwhu uhodwlyh wr wkh dyhudjh/ wkh kljkhu
khu suhihuuhg wd{ udwh dqg wkhuhiruh wkh vkduh ri jryhuqphqw h{shqglwxuh lq JGS�

Vr lq wkhvh prghov wkh pruh xqhtxdo wkh lqfrph glvwulexwlrq lv wkh kljkhu zloo
eh wkh uhglvwulexwlyh srolf|1 Lqfrph glvwulexwlrq kdv wr eh xqhtxdo lq rughu wr
jhqhudwh vrph vxssruw iru sxeolf ixqglqj ri hgxfdwlrq148

Exw/ lq Fodunh +4<<8,/ Shurwwl +4<<9,/ Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq
dqg Wdehoolql +4<<4,/ wkh dxwkruv vkrz wkdw lqhtxdolw| lv qhjdwlyho| fruuhodwhg
zlwk jurzwk dqg wkhuhiruh lv qrw d suhuhtxlvlwh iru ghyhorsphqw149

48Lq Ehuwrod +4<<6,/ Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq dqg Wdehoolql +4<<4,/ wkhuh lv dovr
d srvlwlyh fruuhodwlrq ehwzhhq lqfrph lqhtxdolw| dqg srolwlfdo uhglvwulexwlrq1

49Vhh Ehqderx +4<<9, iru d vxppdu| ri 56 uhfhqw vwxglhv ri wkh uhodwlrq ehwzhhq lqhtxdolw|
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Dovr/ dffruglqj wr Shwhu Olqghuw +4<<9, �zlghu lqhtxdolw| lq suh0�vf lqfrphv
vljql�fdqwo| uhgxfhv wrwdo jryhuqphqw vshqglqj dv d vkduh ri JGS� lq sduwlfxodu
wkh dqwl0vshqglqj h�hfw ri lqhtxdolw| lv dovr uh hfwhg lq wkh ohyho ri sxeolf vshqglqj
rq hgxfdwlrq1 Kh dovr fodlpv wkdw �wkh phdq2phgldq lqfrph udwlr idlov wr kdyh
wkh srvlwlyh h�hfw rq jryhuqphqw vshqglqj wkdw wkh phgldq0yrwhu prghov suhglfw�/
uhihuulqj wr Phow}hu dqg Ulfkdug +4<;4,/ Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq
dqg Wdehoolql +4<<4, frqfoxvlrqv1 Wklv uhvxow dovr �qgv vxssruw lq wkh zrun ri
Shurwwl +4<<9, zkhuh kh irxqg wkdw pruh htxdo vrflhwlhv lqyhvw pruh rq hgxfdwlrq1

Lq Ehqderx +4<<9,/ dw orz lqhtxdolw| ohyhov/ d kljkhu lqfrph glvshuvlrq lp0
solhv ohvv uhglvwulexwlyh srolflhv/ wkh uhyhuvh kdsshqlqj dw kljk ohyhov ri lqfrph
glvshuvlrq1

Lq wkh prgho hfrqrp|/ sxeolf ixqglqj ri hgxfdwlrq dsshduv dv dq lqvwuxphqw
ri lqwhujhqhudwlrqdo uhglvwulexwlrq1 Wkh suhvhqfh ri lqwudjhqhudwlrqdo lqhtxdolwlhv
lv qrw d frqglwlrq qhfhvvdu| iru wkh vxssruw ri sxeolfo| ixqghg hgxfdwlrq1

Lq wklv vhfwlrq/ L glvwlqjxlvk wkh djhqwv ri wkh vdph jhqhudwlrq lq wzr gl�huhqw
w|shv wr eh deoh wr vwxg| wkh uhodwlrq ehwzhhq sxeolf ixqglqj ri hgxfdwlrq dqg
lqwudjhqhudwlrqdo lqhtxdolw|1 Lq rughu wr rewdlq htxloleuld zlwk qrq0ghjhqhudwh
glvwulexwlrqv lq wklv hfrqrp| lqhtxdolw| lv ghwhuplqhg e| gl�huhqfhv lq wkh h{rjh0
qrxv sdudphwhuv1 L vsolw hdfk jhqhudwlrq lq wzr w|shv ri djhqwv dqg dvvxph wkdw
93( ri hdfk jhqhudwlrq*v djhqwv duh ohvv zhdowk| wkdq wkh rwkhu rqhv1

L dqdo|}h wkh h�hfwv rq wkh srolwlfdo0hfrqrplf htxloleulxp ri lqhtxdolw| ghwhu0
plqhg e| gl�huhqfhv lq wzr h{rjhqrxv sdudphwhuv= wkh lqlwldo ohyho ri vnloov ri wkh
djhqwv dqg wkh wrwdo idfwru surgxfwlylw| lq wkh hgxfdwlrq surfhvv1 L irfxvhg rq
wkhvh sdudphwhuv ehfdxvh wkh h�hfw ri gl�huhqfhv dfurvv djhqwv vwhpplqj iurp
wdohqw dqg krz surgxfwlyh duh wkh fkloguhq lq wkh ohduqlqj surfhvv vhhphg wr eh
wkh prvw uhohydqw iru wkh hgxfdwlrq fkrlfhv4:1

dqg jurzwk ru lqyhvwhphqw1
4:Wkh uhvxowv duh urexvw wr fkdqjhv lq wkh sdudphwhuv xvhg wr lqwurgxfh lqhtxdolw| lq wkh

prgho1
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Wkh htxloleulxp ohyho ri wkh vkduh ri JGS doorfdwhg wr sxeolfo| ixqghg hgx0
fdwlrq ghfuhdvhv zlwk wkh ghjuhh ri lqhtxdolw|/ dv zh revhuyh lq wkh gdwd1 Wklv
lv urexvw wr wkh ruljlq ri lqhtxdolw| +L dovr wulhg vrph rwkhu sdudphwhuv zlwk wkh
vdph txdolwdwlyh uhvxowv, dqg wr wkh ohyho ri lqhtxdolw|1 Dv zh fdq vhh lq wkh wd0
eohv suhvhqwhg +Wdeohv 914 dqg 915,/ dv wkh vsuhdg ehwzhhq wkh djhqwv lqfuhdvhv wkh
htxloleulxp ohyho ri wkh wd{ udwh dqg ri wkh vkduh ri JGS doorfdwhg wr hgxfdwlrq
ghfuhdvhv1

Wkh roghu jhqhudwlrq*v djhqwv dozd|v yrwh djdlqvw dq| srvlwlyh ohyho ri sxeolf
ixqglqj ri hgxfdwlrq1 Wkhuhiruh wkh phgldq yrwhu zloo eh dq djhqw ri wkh plggoh0
djhg jurxs wkdw zdqwv wkh orzhvw ohyho ri sxeolfo| ixqghg hgxfdwlrq1

Wklv uhvxow uhlqirufhv wkh lpsruwdqfh ri vhyhudo idfwruv rq wkh ghwhuplqdwlrq ri
wkh srolwlfdo htxloleulxp1 Lq wkh rqh kdqg wkh rswlpdo srolwlfdo fkrlfh ri wkh djhqwv
ghshqgv rq krz pxfk wkh| fduh derxw wkhlu fkloguhq dqg rq wkh surgxfwlylw| ri
wkh lqyhvwphqw lq wkhlu fkloguhq hgxfdwlrq dqg dovr rq wkh ohyho ri dvvhwv wkh| duh
dffxpxodwlqj1 Lq wkh rwkhu kdqg wkurxjk wkhlu srolwlfdo fkrlfh wkh sduhqwv fdq
jhw wkh roghu jhqhudwlrqv wr vkduh wkh frvwv ri wkhlu fkloguhq hgxfdwlrq1 Wkh idfw
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wkdw sduw ri wkh srsxodwlrq lv srruhu +ulfkhu, vkliwv d eljjhu vkduh ri wkh frvw ri
hgxfdwlrq wrzdugv +dzd| iurp, wkhp pdnlqj wkh lqyhvwphqw lq sxeolf hgxfdwlrq
ohvv +pruh, surgxfwlyh1

Dv d uhvxow/ wkh phgldq yrwhu fdq eh ulfkhu ru srruhu wkdq wkh dyhudjh yrwhu ri
lwv jhqhudwlrq ghshqglqj rq wkh uhodwlyh lpsdfw ri wkhvh idfwruv1 Exw/ hyhq li wkh
srruhu plggoh0djhg djhqwv zdqw d kljkhu ohyho ri sxeolf hgxfdwlrq wkdq wkh ulfkhu
rqhv lq rughu wr uhglvwulexwh uhvrxufhv iurp wkh ulfkhu djhqwv wr wkhlu fkloguhq/
wkh| zloo qrw eh deoh wr lpsohphqw wkhlu zlvkhv1 Wkh idfw wkdw wkh uhwluhhv gr qrw
vxssruw sxeolf ixqglqj ri hgxfdwlrq/ lq wklv fdvh/ zrxog sodfh wkh phgldq yrwhu
lq wkh ulfkhu plggoh0djhg jurxs1

Dq lqwhuhvwlqj ihdwxuh lv wkdw/ zkdw fdxvhv wkh qhjdwlyh fruuhodwlrq ehwzhhq
lqhtxdolw| dqg jurzwk duh wkh orzhu ohyhov ri jryhuqphqw lqwhuyhqwlrq fdxvhg e|
lqhtxdolw|1 Wkhuh lv qr qhhg wr uhvruw wr �vrdn wkh ulfk� srolflhv wkdw vorz jurzwk
dqg lqfuhdvh zlwk wkh ohyho ri lqhtxdolw|1 Wklv ri frxuvh grhv qrw phdq wkdw wkhvh
srolflhv duh qrw lpsruwdqw lq h{sodlqlqj wkh revhuyhg uhodwlrq1

Wklv prgho dovr jhqhudwhv uhvxowv vxssruwhg e| wkh �qglqj ri Fodunh +4<<8,/
Dohvlqd dqg Urguln +4<<7, dqg Shuvvrq dqg Wdehoolql +4<<4,1 Lq wklv hfrqrp|/
hgxfdwlrq lv wkh prwru ri hfrqrplf ghyhorsphqw/ dqg dv wkh ohyho ri lqhtxdolw|
lqfuhdvhv wkh vxssruw iru sxeolf ixqglqj ri hgxfdwlrq ghfuhdvhv zklfk orzhuv wkh
ohyho ri ghyhorsphqw ri wkh hfrqrp|1 Wklv jhqhudwhv wkh qhjdwlyh uhodwlrq ehwzhhq
lqhtxdolw| dqg jurzwk1

Qrwlfh dovr wkdw iurp d vwhdg|0vwdwh zlwkrxw sxeolfo| ixqghg hgxfdwlrq/ dv wkh
ohyho ri sxeolf hgxfdwlrq lqfuhdvhv/ wkh ghjuhh ri lqhtxdolw| ghfuhdvhv1

Lq wkh ehqfkpdun hfrqrp|/ zkhuh wkh rqo| vrxufh ri khwhurjhqhlw| lv djh/ wkh
sxeolf ixqglqj ri hgxfdwlrq uhvxowv lq d �furzglqj0rxw� ri sulydwh h{shqglwxuhv1
Lq htxloleulxp sulydwh dqg sxeolf hgxfdwlrq zloo qrw frh{lvw> wkhuh lv qr pl{hg
uhjlph1 Wklv lv fohduo| frxqwhuidfwxdo dv zh revhuyh erwk sulydwh dqg sxeolf
h{shqglwxuh frqwulexwlqj wr wkh dffxpxodwlrq ri kxpdq fdslwdo1 Wkh frh{lvwhqfh
ri sxeolf dqg sulydwh hgxfdwlrq lv rewdlqhg lq htxloleulxp lq wkh hfrqrp| zlwk
lqwudjhqhudwlrqdo khwhurjhqhlw| lq wkh glvwulexwlrq ri zhdowk1 Lq idfw/ iru vrph
sdudphwhuv/ zkhq wkh ghjuhh ri lqhtxdolw| lv kljk hqrxjk lq wkh prgho hfrqrp|/
wkh zhdowklhvw djhqwv fkrrvh wr vxssohphqw sxeolfo| ixqghg hgxfdwlrq zlwk sulydwh
lqyhvwphqwv lq hgxfdwlrq zkloh wkh rwkhu djhqwv gr qrw lqyhvw sk|vlfdo uhvrxufhv
rq hgxfdwlrq1

Ilqdoo|/ dq lqfuhdvh lq wkh ghjuhh ri lqhtxdolw| ohdgv wr d kljkhu ghfuhdvh lq
wkh vkduh ri JGS doorfdwhg wr sxeolf hgxfdwlrq lq dq rshq hfrqrp| wkdq lq wkh
forvhg hfrqrp| zkhuh wkh yrwhuv lqwhuqdol}h lq wkhlu ghflvlrqv wkh pryhphqwv lq
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wkh idfwru sulfhv lqgxfhg e| wkh hgxfdwlrq srolf|1 Zkhq wkh lqhtxdolw| lv eljjhu
dovr lv wkh lpsdfw ri wkhvh h�hfwv lq wkh srolwlfdo htxloleulxp dqg rq wkh ohyho ri
zhoiduh1 Wkhuhiruh/ wkh ehqh�wv ri d pryh iurp d vwdwh zlgh wr d qdwlrq zlgh
ghflvlrq ohyho duh eljjhu lq pruh xqhtxdo hfrqrplhv dv lw ixuwkhu lqfuhdvhv wkh
ohyho ri lqfrph lq wkh hfrqrp| dqg lpsuryhv wkh zhoiduh ri wkh djhqwv lq wkh orqj
uxq1
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Li wkhuh lv lqhtxdolw| dfurvv vwdwhv wkhq wkhuh zloo dovr eh jdlqv iurp htxlw|
dvvrfldwhg zlwk wkh srolwlfdo fkrlfh dw wkh qdwlrqdo ohyho +vhh Wdeoh 916,1 D sro0
lf| fkrvhq dw wkh qdwlrqdo ohyho lpsolhv d kljkhu ohyho ri lqfrph shu fdslwd dqg
kljkhu ohyho ri zhoiduh shu fdslwd lq wkh vwhdg|0vwdwh1 Wkhvh jdlqv duh gxh wr wkh
uhglvwulexwlrq ri uhvrxufhv iurp vwdwhv zlwk d orzhu uhwxuq wr wkh lqyhvwphqw lq
hgxfdwlrq/ wkh ulfkhu vwdwhv/ wr vwdwhv zlwk d kljkhu uhwxuq1

Wkh lqwxlwlrq ehklqg wklv uhvxow lv vlplodu wr wkh rqh ghvfulehg e| Ihuqdqgh}
dqg Urjhuvrq +4<<7, exw dw dq djjuhjdwh ohyho1 Sduhqwv lq srruhu vwdwhv lqyhvw
ohvv lq wkhlu fkloguhq*v hgxfdwlrq1 Jlyhq wkh ghfuhdvlqj pdujlqdo surgxfwlylw| ri
wkh h{shqglwxuhv rq kxpdq fdslwdo/ wkhvh fkloguhq zloo kdyh d kljkhu uhwxuq wr
wkhlu lqyhvwphqw lq hgxfdwlrq1 Wkhuh lv wkhuhiruh dq h!flhqf| jdlq iurp fkdqqho0
lqj uhvrxufhv iurp wkh zhdowklhu vwdwhv zlwk orzhu uhwxuqv wr wkhlu lqyhvwphqw lq
kxpdq fdslwdo wr wkh srruhu vwdwhv zlwk kljkhu uhwxuqv1

Wklv uhvxow lv urexvw wr wkh vrxufh ri lqhtxdolw| dqg rqo| idlov zkhq wkh gl�hu0
hqfh dfurvv vwdwhv lv fdxvhg e| odujh glvsdulwlhv lq wkh hgxfdwlrq surfhvv1 Li wkh
gl�huhqfh dfurvv vwdwhv lq wkh hgxfdwlrq whfkqrorj| sdudphwhuv +wc #

e
c #

_
, lv kljk

lw lv srvvleoh wkdw wkh gl�huhqfh lq wkh ohyhov ri lqyhvwphqw lv qrw kljk hqrxjk
wr r�vhw wkh vwuxfwxudo gl�huhqfhv lq wkh uhwxuq wr hgxfdwlrq/ dqg wkhq lw lv qrw
h!flhqw wr uhglvwulexwh uhvrxufhv dfurvv vwdwhv1 Iru lqvwdqfh/ zkhq wkh glvsdulw|
lq wkh wrwdo idfwru surgxfwlylw| ri wkh hgxfdwlrq surfhvv lv kljk/ wkh gl�huhqfhv
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lq wkh ohyhov ri lqyhvwphqw lq hgxfdwlrq pljkw qrw eh elj hqrxjk wr ryhufrph wkh
gl�huhqfh lq w dqg eulqj wkh uhwxuq wr hgxfdwlrq lq wkh srruhu vwdwhv wr d ohyho
deryh wkh uhwxuq wr hgxfdwlrq lq wkh zhdowklhu vwdwhv1

Wklv zrxog eh wuxh iru wkh srolwlfdo fkrlfhv ri wkh srruhu plggoh0djhg yrwhu1
Exw zkdw dfwxdoo| kdsshqv lv wkdw dv wkh gl�huhqfh lq wkh fdsdelolw| ri dffxpx0
odwlqj kxpdq fdslwdo lqfuhdvhv ehwzhhq wkh wzr jurxsv ri djhqwv/ wkh hgxfdwlrq
srolf| zloo lpso| dq kljkhu ohyho ri lqwudjhqhudwlrqdo uhglvwulexwlrq1 Wkh ulfkhu
djhqwv zloo eh ohvv zloolqj wr wudqvihu uhvrxufhv wr wkh srru djhqwv dv wkhlu jdlqv
iurp wkh lqwhujhqhudwlrqdo uhglvwulexwlrq zloo eh uhodwlyho| orzhu1 Eh|rqg fhuwdlq
ohyhov ri lqhtxdolw| +iru h{dpsoh w� ' �Dc w2 ' D2�D, wkh ulfkhu sduhqwv zloo dovr
rssrvh sxeolf ixqglqj ri hgxfdwlrq dqg zh zloo kdyh htxloleuld zkhuh wkhuh lv rqo|
sulydwh hgxfdwlrq +ru sxeolf hgxfdwlrq dw wkh frppxqlw| ohyho,1

Wkhvh odujh glvsdulwlhv lq wkh hgxfdwlrq surfhvv dfurvv vwdwhv fdq vwhp iurp
gl�huhqfhv lq wkh ohyhov ri kxpdq fdslwdo ri wkh roghu jhqhudwlrqv1 Li zh dvvxph
wkdw dqrwkhu idfwru lq wkh kxpdq fdslwdo dffxpxodwlrq surfhvv lv wkh wlph wkh
sduhqwv doorfdwh wr wkhlu fkloguhq*v hgxfdwlrq zhljkwhg e| wkhlu kxpdq fdslwdo
ohyho/ wkh r�vsulqj ri pruh hgxfdwhg djhqwv kdyh d kljkhu uhwxuq wr hgxfdwlrq1
Lw pljkw wkhq eh pruh h!flhqw wr ohw vwdwhv zlwk kljko| +xq,hgxfdwhg jhqlwruv
fkrrvh wkhlu hgxfdwlrq srolflhv lqghshqghqwo|1

A@M*i S�e

Khwhurjhqhrxv Vwdwhv vkduhv= 93( 73(

Vrxufh ri Lqhtxdolw|= w�

�D D2�D
Wd{ Udwh �f.2S �fH�
�h��@|i,_�

��|T�|
f f

��M*�U�,_�

��|T�|
�fS�b �f.��

U?SJ6e Reo �@R�|@ H�22SS �H�eS��
`e,s@oe�e?es�|r �f2�� �f2fe
shu wrwdo rxwsxw �ffHe �f�HH

Vrph txhvwlrqv dulvh zkhq wkh srolf| ghflvlrqv duh pdgh dw wkh vwdwh ohyho=
zkdw kdsshqv zkhq djhqwv duh doorzhg wr pryh dfurvv vwdwhvB Krz zloo wkh
pljudwlrq ri wkh roghu djhqwv wr vwdwhv zlwk d orzhu wd{ udwh d�hfw wkh htxloleulxpB
Zloo djhqwv iurp srruhu vwdwhv pljudwh wr zhdowklhu vwdwhv vr wkdw wkhlu r�vsulqj
zloo wdnh dgydqwdjh ri wkh kljkhu sxeolf lqyhvwphqw lq sk|vlfdo fdslwdoB Wkh
srvvlelolw| ri wkh djhqwv �yrwlqj zlwk wkhlu ihhw� lv lpsruwdqw lq wklv vhwwlqj dqg
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pljkw uhgxfh gudpdwlfdoo| wkh ehqh�wv iurp rswlqj iru d vwdwh ohyho ghflvlrq zkhq
wkhuh duh khwhurjhqhrxv vwdwhv/ uhlqiruflqj wkh ehqh�wv ri d qdwlrq zlgh fkrlfh ri
wkh ohyho ri sxeolf uhvrxufhv wr doorfdwh wr hgxfdwlrq1

:1 Dowhuqdwlyh Ilqdqflqj Lqvwuxphqwv

Wkxv idu/ wkh �vfdo lqvwuxphqw xvhg wr �qdqfh hgxfdwlrq lv d wd{ rq lqfrph1 L
vwduwhg zlwk wklv dvvxpswlrq wr uhsolfdwh d w|sh ri wd{dwlrq wkdw grhv qrw glv0
fulplqdwh dfurvv vrxufhv ri lqfrph dqg ohylhv dq lghqwlfdo wd{ udwh rq oderu dqg
fdslwdo lqfrphv1 Exw wklv �vfdo srolf| lv kljko| glvwruwlqj/ pdlqo| ehfdxvh lw wd{hv
fdslwdo1 Lq wklv vhfwlrq L dqdo|}h wkh h�hfwv rq wkh srolwlfr hfrqrplf htxloleulxp
ri wkh xvh ri ohvv glvwruwlqj w|shv ri wd{dwlrq/ qdpho| L vwxg| wkh �qdqflqj ri
hgxfdwlrq wkurxjk wkh wd{dwlrq ri oderu lqfrph dqg ri frqvxpswlrq1

D wd{ rq frqvxpswlrq lq wklv iudphzrun grhv qrw uhpryh wkh glvwruwlrqv lq
wkh sk|vlfdo fdslwdo dffxpxodwlrq/ exw lw uhgxfhv wkrvh glvwruwlrqv1 Lq idfw wkh
sduhqwv zloo kdyh d kljkhu lqfhqwlyh wr lqfuhdvh ohlvxuh dqg wr wudqvihu uhvrxufhv
wr wkhlu fkloguhq lqvwhdg ri dffxpxodwlqj fdslwdo ru frqvxplqj/ vr wkdw wkh| fdq
lqyhvw pruh rq hgxfdwlrq1 Krzhyhu/ lq wkh srolwlfr0hfrqrplf htxloleulxp/ wkhuh lv
qr sulydwh lqyhvwphqw rq hgxfdwlrq dqg wkhuhiruh wklv glvwruwlrq lv dovr uhpryhg
ru/ pruh suhflvho|/ lv �wudqvihuuhg� wr wkh srolwlfdo fkrlfh ri wkh djhqwv1 Wkh
orzhu ohyho ri glvwruwlrqv lpso| wkdw wkh vdph uhyhqxh fdq jhqhudwh d kljkhu ohyho
ri zhoiduh dqg lqfrph1 Ixuwkhupruh/ ehfdxvh wkh roghu jhqhudwlrqv kdyh kljkhu
pdujlqdo surshqvlwlhv wr frqvxph/ uhvruwlqj wr wklv w|sh ri wd{dwlrq hqdeohv wkh
sduhqwv wr wudqvihu d kljkhu vkduh ri wkh frvw ri wkh lqyhvwphqw lq hgxfdwlrq wr
wkh hoghuo|1

Ilqdoo|/ dv wklv wd{ udwh lv ohvv glvwruwlqj/ wkh lqfuhdvh lq wkh vxssruw iru sxeolf
hgxfdwlrq jhqhudwhg e| wkh jhqhudo htxloleulxp h�hfwv lv uh hfwhg lq d eljjhu
lqfuhdvh ri wkh ohyho ri lqfrph dqg zhoiduh shu fdslwd1 Lq wklv fdvh d srolf| fkrlfh
dw wkh qdwlrqdo ohyho ehfrphv hyhq pruh dwwudfwlyh wkdq wkh srolf| fkrlfh dw wkh
vwdwh ohyho1
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Wkh wd{dwlrq ri oderu lqfrph zloo glvwruw wkh fkrlfhv ri wkh djhqwv dzd| iurp
oderu dqg dovr iurp wkh dffxpxodwlrq ri kxpdq fdslwdo dv wkh uhwxuq wr wklv
lqyhvwphqw lv gluhfwo| uhodwhg wr oderu lqfrph1 Wkh sureohp zlwk wklv w|sh ri
wd{ lv wkdw lq rxu wkuhh jhqhudwlrqv prgho lw rqo| wd{hv wkh vhfrqg jhqhudwlrq
wkdw duh qrw deoh wkhq wr vkduh wkh frvw ri wkhlu fkloguhq hgxfdwlrq wkurxjk d
sxeolf hgxfdwlrq srolf|1 Lq wklv fdvh dqg jlyhq wkh glvwruwlrqv lqwurgxfhg e| wkh
wd{ wkh srolwlfr0hfrqrplf rxwfrph lq dq hfrqrp| zlwk �{hg idfwru sulfhv lv dq
htxloleulxp zlwkrxw sxeolf ixqglqj ri hgxfdwlrq1 Vxusulvlqjo|/ zkhq wkh djhqwv
pdnh wkhlu srolf| ghflvlrqv lq dq hqylurqphqw zlwk  h{leoh sulfhv d srvlwlyh ohyho
ri sxeolf ixqglqj ri hgxfdwlrq zloo eh vxssruwhg lq htxloleulxp1 Wklv lv gxh wr
wkh lqfuhdvh lq wkh ixwxuh djjuhjdwh oderu vxsso| uhvxowlqj iurp sxeolf ixqglqj
ri hgxfdwlrq wkdw lpsolhv dq lqfuhdvh lq wkh uhwxuq wr wkh djhqwv* lqyhvwphqw lq
fdslwdo1 Lq idfw wkh sxeolf lqyhvwphqw rq hgxfdwlrq qrw rqo| lqfuhdvhv wkh dprxqw
ri kxpdq fdslwdo dffxpxodwhg e| dq djhqw*v fkloguhq exw lw dovr lqfuhdvhv wkh ohyho
ri kxpdq fdslwdo dffxpxodwhg e| doo fkloguhq dqg wkhuhiruh wkh djjuhjdwh ohyho ri
kxpdq fdslwdo1 Wkh uhvxowlqj ehqh�wv duh vwurqj hqrxjk wr frpshqvdwh iru wkh
ghfuhdvh lq qhw oderu lqfrph1
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;1 Ilqdo Frpphqwv

Wkh frqvwuxfwhg hfrqrp| pluuruv wkh furvv0frxqwu| hpslulfdo idfwv rq sxeolf
ixqglqj ri hgxfdwlrq1 Wkh vkduh ri JGS doorfdwhg wr sxeolf vshqglqj rq hgxfdwlrq
lqfuhdvhv zlwk wkh ohyho ri ghyhorsphqw dqg wkh ihuwlolw| udwh1 Ixuwkhupruh/ lq wklv
prgho dq lqfuhdvh lq lqwudjhqhudwlrqdo lqhtxdolw| ghfuhdvhv wkh srolwlfdo vxssruw
iru sxeolf ixqglqj ri hgxfdwlrq/ zklfk lv hpslulfdoo| vxssruwhg/ dqg wklv lpsolhv
d qhjdwlyh fruuhodwlrq ehwzhhq lqhtxdolw| dqg jurzwk dv irxqg lq wkh gdwd1

Lq wklv sdshu/ L dovr vkrz wkdw lq wkh suhvhqfh ri dowuxlvp wrzdugv wkh |rxqj
djhqwv wkh jhqhudo htxloleulxp h�hfwv lqgxfhg e| sxeolf lqyhvwphqw rq hgxfdwlrq
kdyh d vwurqj lpsdfw rq wkh srolwlfr0hfrqrplf htxloleuld1 Wkh htxloleulxp wd{
udwh lv kljkhu lq wkh hfrqrplhv zkhuh wkh idfwru sulfhv duh �{hg lpso|lqj wkdw wkh
frpsohphqwdulw| ehwzhhq fdslwdo dqg oderu lq wkh surgxfwlrq ixqfwlrq prwlydwhv
vxssruw iru d kljkhu ohyho ri sxeolfo| ixqghg hgxfdwlrq1

Wklv dqdo|vlv lv xvhixo lq frpsdulqj wkh lpsohphqwdwlrq ri d srolwlfdo fkrlfh
ri sxeolfo| ixqghg hgxfdwlrq dw d qdwlrqdo ohyho zkhuh idfwru sulfhv duh  h{leoh
lqvwhdg ri dw d vwdwh ru frppxqlw| ohyho zkhuh idfwru sulfhv zrxog eh wdnhq dv
jlyhq1

Ihuqdqgh} dqg Urjhuvrq +4<<7, vkrzhg wkdw d pryh iurp d frppxqlw| zlgh
wr d vwdwh zlgh sxeolf ixqglqj ri hgxfdwlrq ghflvlrq fdq udlvh vwhdg|0vwdwh rxwsxw
ohyho1 Wkh uhvxowv lq wklv sdshu vxssruw wkhvh �qglqjv dqg vkrz wkdw d pryh iurp
d vwdwh zlgh wr d qdwlrq zlgh ghflvlrq ohyho zkhuh wkh jhqhudo htxloleulxp h�hfwv
duh lqwhuqdol}hg e| wkh yrwhuv ixuwkhu lqfuhdvhv wkh ohyho ri lqfrph dqg wkh zhoiduh
ri wkh djhqwv lq wkh hfrqrp|1 Dgglwlrqdoo|/ wkh ehqh�wv ri wkh jhqhudo htxloleulxp
h�hfwv duh eljjhu lq pruh xqhtxdo hfrqrplhv/ lqfuhdvlqj wkh jdlqv iurp h{sdqglqj
wkh ohyho dw zklfk hgxfdwlrq srolflhv duh ghflghg1

Ilqdoo|/ L zrxog olnh wr phqwlrq wkh lpsruwdqfh ri wkh uhodwlrq ehwzhhq ihuwlolw|
dqg hgxfdwlrq ghflvlrqv1 Lq wklv sdshu/ L vwxglhg wkh sxeolf dqg sulydwh hgxfd0
wlrq ghflvlrqv wdnlqj dv jlyhq wkh ihuwlolw| udwh ri wkh hfrqrp|1 L wkhq dqdo|}hg
krz wkh srolwlfr0hfrqrplf htxloleulxp fkdqjhg zlwk fkdqjhv lq wkh ihuwlolw| udwh1
Shurwwl +4<<9, vkrzv wkdw ihuwlolw| lv qhjdwlyho| fruuhodwhg zlwk jurzwk dqg srvl0
wlyho| fruuhodwhg zlwk lqhtxdolw|1 Ulfkhu frxqwulhv kdyh d orzhu ihuwlolw| dqg kljkhu
lqyhvwphqw lq kxpdq fdslwdo1 Wklv fdq eh uhodwhg wr d kljkhu uhwxuq rq wkh lq0
yhvwphqw lq kxpdq fdslwdo dqg d kljkhu rssruwxqlw| frvw ri udlvlqj fkloguhq1 Wkh
vdph wklqj kdsshqv zlwklq frxqwulhv zlwk ulfkhu djhqwv1 D uhglvwulexwlrq wkurxjk
sxeolf ixqglqj ri hgxfdwlrq fdq lqfuhdvh wkh lqyhvwphqw lq kxpdq fdslwdo1
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^:` Fdug/ G1 dqg Nuxhjhu/ D1 +4<<7,/ �Wkh Hfrqrplf Uhwxuq wr Vfkrro Txdo0
lw|= D Sduwldo Vxuyh|�1 Lqgxvwuldo Uhodwlrqv Vhfwlrq1 Sulqfhwrq Xqlyhuvlw|1
Zrunlqj sdshu &6671

^;` Frroh|/ W1 dqg Suhvfrww/ H1 +4<<8,/ �Hfrqrplf Jurzwk dqg Exvlqhvv F|fohv1�
Iurqwlhuv ri Exvlqhvv F|foh Uhvhdufk/ Hg1 Wkrpdv I1 Frroh|1 Sulqfhwrq Xql0
yhuvlw| Suhvv

^<` Fodunh/ J1 +4<<8, �Pruh Hylghqfh rq Lqfrph Glvwulexwlrq dqg Jurzwk/�

^43` Forwihowhu/ F1 +4<<6,1 �Wkh Sulydwh Olih ri Sxeolf Hfrqrplfv�1 Vrxwkhuq Hfr0

qrplf Mrxuqdo/ 8</ 8:<08<91

^44` Fxnlhupdq/ D1 dqg Phow}hu/ D1 K1 +4<;<, �D Srolwlfdo Wkhru| ri Jryhuqphqw
Ghew dqg Gh�flwv lq d Qhr0Ulfdugldq Iudphzrun�1 Dphulfdq Hfrqrplf Uh0

ylhz/ yro1 :</ qr1 7/ :460:651

^45` Hssoh/ G1 dqg Urpdqr/ U1 +4<<9,1 �Sxeolf surylvlrq ri Sulydwh Jrrgv�1
Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 437/ qr14/ 8:0;71
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^46` Hssoh/ G1 dqg Urpdqr/ U1 +4<<8,1 �Hqgv Djdlqvw wkh Plggoh= Ghwhuplqlqj
Sxeolf Vhuylfh SurylvlrqZkhq Wkhuh Duh Sulydwh Dowhuqdwlyhv�1 Iruwkfrplqj
Mrxuqdo ri Sxeolf Hfrqrplfv1

^47` Ihuqdqgh}/ U1 dqg Urjhuvrq/ U1 +4<<7,1 �Sxeolf Hgxfdwlrq dqg Lqfrph Glv0
wulexwlrq= D Txdqwlwdwlyh Hydoxdwlrq ri Hgxfdwlrq Ilqdqfh Uhirup�/ Zrun0
lqj Sdshu q1 7;;6/ QEHU1

^48` Jorpp/ J1 dqg Udylnxpdu/ E1 +4<<70d,1 �Yrxfkhuv/ Sxeolf dqg Sulydwh Hg0
xfdwlrq/ dqg Lqfrph Glvwulexwlrq�/ Plphr1

^49` Jorpp/ J1 dqg Udylnxpdu/ E1 +4<<70e,1 �Rswlqj Rxw ri Sxeolfo| Surylghg
Vhuylfhv= D Pdmrulw| Yrwlqj Uhvxow�/ Vrfldo Fkrlfh dqg Zhoiduh/ iruwkfrp0
lqj1

^4:` Jorpp/ J1 dqg Udylnxpdu/ E1 +4<<5,1 �Sxeolf yhuvxv Sulydwh Lqyhvwphqw lq
Kxpdq Fdslwdo= Hqgrjhqrxv Jurzwk dqg Lqfrph Lqhtxdolw|�/ Mrxuqdo Ri
Srolwlfdo Hfrqrp|/ 4<<5/ yro1 433/ q17/ ss ;4;0;671

^4;` Kdqxvkhn/ H1 D1 +4<;9,1 �Wkh Hfrqrplfv ri Vfkrrolqj= Surgxfwlrq dqg Hi0
�flhqf| lq Sxeolf Vfkrrov1� Mrxuqdo ri Hfrqrplf Olwhudwxuh 57 +Vhswhpehu,/
44474044::1

^4<` Kdowhu dqg Khpplqj +4<;:,1 � Wkh Lpsdfw ri Ghprjudsklf Fkdqjh rq Vrfldo
Vhfxulw| Ilqdqflqj�1 L1P1I1 vwd� Sdshuv 67/ q� 6/ 7:408351

^53` Khfnpdq/ M1 M1 +4<:9,1 �Hvwlpdwhv ri d Kxpdq Fdslwdo Surgxfwlrq Ixqfwlrq
Hpehgghg lq d Olih0F|foh Prgho ri Oderu Vxsso|�/ Krxvhkrog Surgxfwlrq

dqg Frqvxpswlrq/ Hg1 Whuohfn|m/ Q1E1H1U1

^54` Lpurkrurjox/ D1/ Lpurkrurjox/ V1 dqg Grxjodv M1 +4<<7,1 �D Olih F|foh Dqdo|0
vlv ri Vrfldo Vhfxulw|�1 Plphr1 Hfrqrplf Wkhru|1 Iruwkfrplqj1

^55` Mdphv/ H1 +4<<B,1 �Zk| gr Gl�huhqw Frxqwulhv Fkrrvh d Gl�huhqw Sxeolf0
Sulydwh Pl{ ri Hgxfdwlrqdo VhuylfhvB�1 Wkh Mrxuqdo Ri Kxpdq Uhvrxufhv1

8:408<51

^56` Mrujhqvrq/ G1 Z1/ Iudxphql/ E1 P1 +4<<4,1 �Wkh Rxwsxw ri wkh Hgxfdwlrq
Vhfwru�/ Glvfxvvlrq Sdshu &4875/ Kduydug Lqvwlwxwh Ri Hfrqrplf Uhvhdufk1
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^57` Nuxvhoo/ S1 dqg Ulrv0Uxoo/ M1 +4<<5,1 �Yhvwhg Lqwhuhvw lq d Srvlwlyh Wkhru| ri
Vwdjqdwlrq dqg Jurzwk�1 Plphr1 Xqly1 Shqqv|oydqld1

^58` Nuxvhoo/ S1 dqg Ulrv0Uxoo/ M1 +4<<6,1�Srolwlfr0hfrqrplf Htxloleulxp zlwk
Jurzwk�1 Mrxuqdo ri Hfrqrplf/ G|qdplfv dqg Frqwuro/ iruwkfrplqj/ vsh0
fldo lvvxh hglwhg e| O1 Mrqhv dqg U1 Pdqxhool1

^59` Ohh/ U1 G1 dqg Fduwhu/ O1 U1 +4<<5, �Prgholqj dqg Iruhfdvwlqj XV Pruwdol0
w|�/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ Vhswhpehu 4<<5/ Yro1;:/
Qr1 74<1

^5:` Olqghuw/ S1 K1 +4<<9, �Zkdw Olplwv Vrfldo VshqglqjB�/ H{sorudwlrqv Lq Hfr0

qrplf Klvwru|/ 66/ 40671

^5;` Phow}hu/ D1 K1 dqg Ulfkdug/ V1 I1 +4<;4,1 �D Udwlrqdo Wkhru| ri wkh Vl}h ri
Jryhuqphqw�1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 ;</ ss <470<5:1

^5<` Shurwwl/ U1 +4<<9, �Jurzwk Lqfrph Glvwulexwlrq dqg Ghprfudf|= Zkdw wkh
Gdwd Vd|1� Mrxuqdo ri Hfrqrplf Jurzwk/ 4/ 47<04;:1

^63` Shuvvrq/ W1 dqg Wdehoolql/ J1 +4<<4, �Lv Lqhtxdolw| Kdupixo iru JurzwkB
Wkhru| dqg Hylghqfh/� Dphulfdq Hfrqrplf Uhylhz/ 7;/ 93309541

^64` Vrduhv/ M1 +4<<9,1 �Wkh Srolwlfdo Hfrqrp| ri Sxeolf Hgxfdwlrq�/ L1J1L1H1U1
Zrunlqj Sdshu q14391

^65` Vrphuv/ M1 +4<<:,1 �Uhfrqflolqj Udwlrqdo Krxvhkrog Ehkdylru zlwk Hvwlpdwhg
Hgxfdwlrq Surgxfwlrq0Ixqfwlrqv�1 Plphr/ Xqlyhuvlw| ri Urfkhvwhu1

^66` Vwljolw}/ M1 +4<:7,1 �Wkh Ghpdqg iru hgxfdwlrq lq Sxeolf dqg Sulydwh Vfkrro
v|vwhpv�/ Mrxuqdo ri Sxeolf Hfrqrplfv 61

^67` Ulrv0Uxoo/ M1 Y1/ �Olih0F|foh Hfrqrplhv dqg Djjuhjdwh Ioxfwxdwlrqv/�
Plphr1 Fduqhjlh Phoorq Xqlyhuvlw|/ 4<<51

^68` Ulrv0Uxoo/ M1 Y1/ �Zrunlqj lq wkh Pdunhw/ Zrunlqj dw Krph/ dqg wkh Df0
txlvlwlrq ri Vnloov= D Jhqhudo0Htxloleulxp Dssurdfk/� Dphulfdq Hfrqrplf

Uhylhz/Vhswhpehu 4<<6/ ;<60<3:1

^69` Vdlqw0Sdxo/ J1 dqg Yhuglhu/ W1 +4<<6, �Hgxfdwlrq/ Ghprfudf| dqg Jurzwk/�
Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 75/5/ 6<<073:1
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