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Kljk dqg shuvlvwhqw lq�dwlrq kdv ehhq rqh ri wkh glvwlqjxlvklqj pdfurhfrqrplf
fkdudfwhulvwlfv ri pdq| ghyhorslqj frxqwulhv � sduwlfxoduo| lq Odwlq Dphulfd �
vlqfh wkh hqg ri Zruog Zdu LL1 Sd}rv +4<:5, frlqhg wkh whup %fkurqlf lq�dwlrq%
wr uhihu wr wklv skhqrphqrq1 Lq klv ylhz/ fkurqlf lq�dwlrq lv txlwh d gl�hu0
hqw fuhdwxuh iurp wkh pxfk pruh vshfwdfxodu k|shulq�dwlrqv vwxglhg e| Fdjdq
+4<89,1 Iluvw/ xqolnh k|shulq�dwlrqv zkrvh gxudwlrq lv phdvxuhg lq whupv ri
prqwkv/ fkurqlf lq�dwlrq pd| odvw iru ghfdghv1 Vhfrqg/ frxqwulhv ohduq krz wr
olyh zlwk kljk dqg shuvlvwhqw lq�dwlrq e| fuhdwlqj ydulrxv lqgh{dwlrq phfkd0
qlvpv zklfk/ lq wxuq/ whqg wr shushwxdwh wkh lq�dwlrqdu| surfhvv1 Dv d uhvxow/
lq�dwlrq grhv qrw kdyh dq lqkhuhqw surshqvlw| wr dffhohudwh dqg/ li lw grhv/ vrrq
uhdfkhv d qhz sodwhdx1

Frxqwulhv d�lfwhg e| fkurqlf lq�dwlrq/ krzhyhu/ gr qrw wdnh wkhlu idwh
oljkwo|1 Txlwh wr wkh frqwudu|/ lq wkh odvw irxu ghfdghv wkh| kdyh hqjdjhg lq
uhshdwhg vwdelol}dwlrq dwwhpswv zklfk/ pruh riwhq wkdq qrw/ kdyh idlohg1 Wkh
hqg ri vwdelol}dwlrqv � lq sduwlfxodu wkrvh zklfk uho| rq d shjjhg h{fkdqjh
udwh � kdv riwhq lqyroyh gudpdwlf edodqfh ri sd|phqwv fulvhv zlwk frvwo| gh0
ydoxdwlrqv dqg orvvhv ri lqwhuqdwlrqdo uhvhuyhv1 Zlwk lqfuhdvlqjo| rshq fdslwdo
pdunhwv/ vrph ri wkhvh fulvhv qrz vhqg vkrfn zdyhv wkurxjkrxw wkh zruog/ dv
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ylylgo| looxvwudwhg e| wkh Ph{lfdq fulvlv ri Ghfhpehu 4<<71 Lq wkh odvw whq |hduv/
krzhyhu/ frxqwulhv vxfk dv Fkloh/ Lvudho/ dqg Dujhqwlqd kdyh vxffhhghg lq uh0
gxflqj lq�dwlrq forvh wr lqwhuqdwlrqdo ohyhov1 Vwloo/ prvw ghyhorslqj frxqwulhv
frqwlqxh wr vwuxjjoh wkurxjk vwdelol}dwlrq dwwhpswv/ dqg vrph iruphu vrfldolvw
hfrqrplhv kdyh dovr ehjxq wr idfh vlplodu f|fohv ri lq�dwlrq dqg vwdelol}dwlrq1
Wkh fxuuhqf| fulvhv wkdw klw Vrxwk Hdvw Dvld gxulqj wkh vhfrqg kdoi ri 4<<:
zhuh dovr d vwduwolqj uhplqghu wkdw qr uhjlrq lv lppxqh wr errp0exvw f|fohv
zklfk zhuh rqfh wkrxjkw dv ehlqj pdlqo| d Odwlq Dphulfdq glvhdvh1

Ryhu wkh frxuvh ri wkh odvw irxu ghfdghv/ d p|uldg ri pdmru vwdelol}dwlrq
sodqv zhqw e|/ ohdylqj ehklqg d ulfk ohjdf| ri lvvxhv dqg sx}}ohv1 Lq uhwurvshfw/
wkh vwdelol}dwlrq sodqv lpsohphqwhg lq wkh odwh 4<:3v lq wkh Vrxwkhuq Frqh
frxqwulhv � Dujhqwlqd/ Fkloh/ dqg Xuxjxd| � suryhg wr eh d wxuqlqj srlqw1
Ghvljqhg e| X1V10wudlqhg whfkqrfudwv/ wkhvh sodqv zhuh lq vrph vhqvh wkh �uvw
rqhv wr rshqo| uhfrjql}h wkh frqvwudlqwv lpsrvhg rq prqhwdu| srolf| e| rshq
�qdqfldo pdunhwv1 Wu|lqj wr pdnh wkh prvw ri vxfk frqvwudlqwv/ srolf|pdnhuv
ghflghg wr dedqgrq wkh %forvhg0hfrqrp|% prqhwdu| srolflhv ri wkh sdvw � dlphg
sulpdulo| dw frqwuroolqj wkh prqh| vxsso| � dqg vzlwfk wr %rshq0hfrqrp|%
srolflhv edvhg rq vhwwlqj d ghfolqlqj udwh ri ghydoxdwlrq zklfk zrxog txlfno|
eulqj grphvwlf lq�dwlrq lq olqh zlwk wudgdeoh0jrrgv lq�dwlrq +jlyhq e| zruog
lq�dwlrq soxv wkh udwh ri ghydoxdwlrq,1 Wr wkh frqvwhuqdwlrq ri srolf|pdnhuv/
krzhyhu/ wkh lq�dwlrq udwh idlohg wr frqyhujh wr wudgdeoh0jrrgv lq�dwlrq/ zklfk
uhvxowhg lq d odujh uhdo dssuhfldwlrq ri wkh grphvwlf fxuuhqf|1 Pruh sx}}olqj
vwloo/ lq vslwh ri wkh uhdo dssuhfldwlrq/ uhdo hfrqrplf dfwlylw| � sduwlfxoduo|
sulydwh frqvxpswlrq � h{sdqghg lq wkh hduo| |hduv ri wkh surjudpv1 Odwhu lq
wkh surjudpv/ d uhfhvvlrq vhw lq/ hyhq ehiruh wkh surjudpv froodsvhg1

Lq wkh plg04<;3v/ pdmru surjudpv lq Dujhqwlqd/ Eud}lo/ dqg Lvudho eurxjkw
edfn wr olih vrph ri wkh vdph/ dqg vwloo prvwo| xquhvroyhg/ lvvxhv1 Lq vslwh ri
wkh xvh ri zdjh dqg sulfh frqwurov wr vxssohphqw dq h{fkdqjh udwh shj/ uhdo
dssuhfldwlrq uhpdlqhg dq lqwhjudo sduw ri wkh slfwxuh1 Pruh sx}}olqj/ krzhyhu/
zdv wkh uhhphujhqfh ri wkh sdwwhuq ri dq lqlwldo errp dqg d odwhu uhfhvvlrq1
Wkh Lvudhol uhfhvvlrq zdv ylhzhg dv sduwlfxoduo| kdug wr udwlrqdol}h ehfdxvh ri
lwv rffxuuhqfh lq d �vfdoo|0vrxqg dqg odujho| vxffhvvixo vwdelol}dwlrq surjudp1
Edvhg rq wkhvh qhz surjudpv � dqg d uhh{dplqdwlrq ri roghu surjudpv jrlqj
edfn wr wkh 4<93v �Nljxho dqg Olyldwdq +4<<5, dqg Y�hjk +4<<5, dujxhg wkdw wkh
rxwfrph revhuyhg lq wkh Vrxwkhuq0Frqh vwdelol}dwlrqv lv d sdwwhuq frpprq wr
prvw vwdelol}dwlrq sodqv zklfk kdyh uholhg rq wkh h{fkdqjh udwh � dv rssrvhg wr
d prqhwdu| djjuhjdwh � dv wkh pdlq qrplqdo dqfkru1 Vshfl�fdoo|/ wkh ehjlqqlqj
ri dq h{fkdqjh udwh0edvhg vwdelol}dwlrq lv fkdudfwhul}hg e| dq hfrqrplf errp
dqg vxvwdlqhg uhdo dssuhfldwlrq1 Odwhu lq wkh surjudpv � dqg riwhq djjudydwhg
e| wkh froodsvh ri wkh surjudp � d frqwudfwlrq wdnhv krog1

Lq frqwudvw/ wkh vfdqw| hylghqfh rq prqh|0edvhg vwdelol}dwlrq lq fkurqlf lq0
�dwlrq frxqwulhv ohqgv vxssruw wr wkh qrwlrq wkdw/ dv lq orz lq�dwlrq frxqwulhv/
wkh uhfhvvlrq wdnhv sodfh dw wkh ehjlqqlqj ri wkh surjudp +Fdoyr dqg Y�hjk
+4<<7e,,1 Khqfh/ lw zrxog dsshdu wkdw xqghu prqh|0edvhg vwdelol}dwlrq/ wkh
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frvwv +lq whupv ri rxwsxw orvvhv, zrxog eh sdlg xs0iurqw/ zkhuhdv/ xqghu h{0
fkdqjh udwh0edvhg vwdelol}dwlrq/ wkhvh frvwv zrxog eh srvwsrqhg xqwlo d odwhu
gdwh1 Wkh lqwuljxlqj lghd wkdw fkrrvlqj ehwzhhq wkh wzr qrplqdo dqfkruv pd|
lpso| fkrrvlqj qrw li exw zkhq wr ehdu wkh frvwv ri glvlq�dwlrq kdv ehhq gxeehg
wkh %uhfhvvlrq0qrz0yhuvxv0uhfhvvlrq0odwhu% k|srwkhvlv1

Wkh wzlq sx}}ohv ri wkh errp0uhfhvvlrq f|foh lq h{fkdqjh udwh0edvhg vwdel0
ol}dwlrqv dqg wkh uhfhvvlrq0qrz0yhuvxv0uhfhvvlrq0odwhu k|srwkhvlv kdyh ehhq wkh
gulylqj irufh ehklqg uhfhqw ghyhorsphqwv lq wkh duhd ri lq�dwlrq vwdelol}dwlrq
lq ghyhorslqj frxqwulhv1 Dq hphujlqj hpslulfdo olwhudwxuh kdv dwwhpswhg wr
grfxphqw wkhvh skhqrphqd lq d v|vwhpdwlf zd|/ zkloh dq h{whqvlyh wkhruhwlfdo
olwhudwxuh kdv dgydqfhg ydulrxv k|srwkhvhv � vxfk dv lq�dwlrq lqhuwld dqg odfn
ri fuhglelolw| � wr h{sodlq wkh uhdo h�hfwv ri glvlq�dwlrq1 D fulwlfdo uhylhz dqg
hydoxdwlrq ri wklv olwhudwxuh frqvwlwxwhv wkh fruh ri wklv fkdswhu14

D wklug sx}}oh lv wkh idfw wkdw prvw h{fkdqjh udwh0edvhg vwdelol}dwlrqv hqg
xs lq edodqfh ri sd|phqwv +ERS, fulvhv1 Wkh olwhudwxuh/ krzhyhu/ kdv kdg
suhflrxv olwwoh wr vd| vr idu derxw wkh srvvleoh olqnv ehwzhhq wkh g|qdplfv ri
h{fkdqjh udwh0edvhg vwdelol}dwlrqv dqg ERS fulvhv1 Wkh Ph{lfdq fulvlv ri Gh0
fhpehu 4<<7 � zklfk sxw dq hqg wr dq h{fkdqjh udwh0edvhg vwdelol}dwlrq sodq
lqlwldwhg vhyhq |hduv hduolhu � eurxjkw edfn wr olih vrph ri wkh nh| txhvwlrqv=
Gr h{fkdqjh udwh0edvhg vwdelol}dwlrqv vrz wkh vhhgv ri wkhlu rzq ghvwuxfwlrq e|
xqohdvklqj %xqvxvwdlqdeoh% uhdo dssuhfldwlrqv dqg fxuuhqw dffrxqw gh�flwvB Ru
duh fuhglelolw| sureohpv dqg vhoi0ixo�oolqj surskhflhv dw wkh urrw ri wkhvh fulvhvB
Wkh uhpdlqghu ri wkh fkdswhu lv ghyrwhg wr dqdo|}lqj wkh pdlq lghdv ehklqg wklv
xqiroglqj olwhudwxuh1 Ri frxuvh/ wkh srwhqwldo iru ERS fulvhv lv d pruh jhqhudo
lvvxh/ zklfk jrhv edfn wr Nuxjpdq*v +4<:<, vhplqdo frqwulexwlrq/ dqg dssolhv
wr dq| shjjhg h{fkdqjh udwh v|vwhp1 Khqfh/ zkloh pdq| ri wkh lvvxhv wr eh glv0
fxvvhg kdyh eurdghu uhohydqfh/ zh irfxv rq idfwruv zklfk pd| eh ri sduwlfxodu
lpsruwdqfh iru ghyhorslqj frxqwulhv1

Wkh fkdswhu surfhhgv dv iroorzv1 Vhfwlrq 5 irfxvhv rq krz wr h{sodlq wkh
h{lvwhqfh ri fkurqlf lq�dwlrq lq d zruog ri udwlrqdo hfrqrplf djhqwv1 Vhfwlrq 6
xqghuwdnhv dq hpslulfdo h{dplqdwlrq ri wkh pdlq hpslulfdo uhjxodulwlhv ri lq�d0
wlrq vwdelol}dwlrq lq fkurqlf lq�dwlrq frxqwulhv1 Vhfwlrq 7 ehjlqv wkh wkhruhwlfdo
glvfxvvlrq rq h{fkdqjh udwh0edvhg vwdelol}dwlrq e| irfxvlqj rq wzr nh| idfwruv=
lq�dwlrq lqhuwld dqg odfn ri fuhglelolw|1 Vhfwlrq 8 frqwlqxhv wkh dqdo|vlv ri h{0
fkdqjh udwh0edvhg vwdelol}dwlrq e| kljkoljkwlqj wkh uroh ri frqvxphu gxudeohv/
fuhglw pdunhw vhjphqwdwlrq/ vxsso|0vlgh h�hfwv/ dqg �vfdo srolf|1 Vhfwlrq 9 h{0
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dplqhv prqh|0edvhg vwdelol}dwlrq1 Vhfwlrq : h{dplqhv wkh fdxvhv dqg phfkdqlfv
ri edodqfh0ri0sd|phqwv fulvhv1 Vhfwlrq ; frqfoxghv1

2 N?_iht|@?_�?} U�hL?�U �?�@|�L?

Iru wkh sxusrvhv ri wklv sdshu/ wkh udwh ri lq�dwlrq lq shulrg w lv gh�qhg dv
wkh sursruwlrqdo udwh ri jurzwk ri wkh sulfh ohyho +xvxdoo| wkh frqvxphu sulfh
lqgh{, iurp shulrg w� 4 wr shulrg w1 Dq hvvhqwldo lqjuhglhqw lq wkh gh�qlwlrq ri
lq�dwlrq lv wkh %sulfh ohyho/% wkdw lv wr vd|/ wkh uhodwlyh sulfh ri jrrgv lq whupv
ri prqh|1 Wkhuhiruh/ rqh fdqqrw kdyh lq�dwlrq zlwkrxw prqh|/ dqg rqh fdqqrw
kdyh lq�dwlrq zlwkrxw jrrgv1 Gxulqj kljk lq�dwlrq � xqohvv vrphwklqj yhu|
xqxvxdo lv kdsshqlqj wr wkh ghpdqg iru prqh| ru wr wkh ghpdqg iru ru vxsso|
ri jrrgv � wkh vxsso| ri prqh| dovr jurzv dw d kljk udwh1 Khqfh/ dowkrxjk
lq�dwlrq lv d skhqrphqrq wkdw uhvxowv iurp wkh lqwhudfwlrq ri prqhwdu| dqg uhdo
skhqrphqd/ prqhwdu| idfwruv duh olnho| wr grplqdwh1

Wkh vlwxdwlrq/ krzhyhu/ lv qrw v|pphwulf= lw grhv qrw iroorz iurp wkh deryh
revhuydwlrqv wkdw uhdo skhqrphqd/ olnh rxwsxw ru grphvwlf devruswlrq/ duh odujho|
lqghshqghqw ri prqh|1 Wklv zrxog eh wuxh rqo| xqghu yhu| vshfldo flufxp0
vwdqfhv/ lqfoxglqj +l, qr qrplqdo uljlglwlhv/ dqg +ll, qr h�hfwv ri fkdqjhv lq
qrplqdo lqwhuhvw udwhv rq frqvxpswlrq +vhh ehorz,1 Dv wkh hqvxlqj dqdo|vlv
zloo uhyhdo/ wkh fkdqqho iurp prqh| wr rxwsxw lv sduwlfxoduo| uhohydqw gxulqj
vwdelol}dwlrq surjudpv1

Wkh hpslulfdo hylghqfh lv txlwh fohdu derxw wkh iroorzlqj wzr srlqwv= lq�dwlrq
lv forvho| wudfnhg e| prqh| vxsso|/ dqg lq�dwlrq � sduwlfxoduo|/ fkdqjhv lq wkh
udwh ri lq�dwlrq � d�hfwv uhdo yduldeohv1 Wkh odwwhu uhsuhvhqwv d iruplgdeoh
fkdoohqjh idfhg e| vwdelol}dwlrq surjudpv1 Dv zloo eh dujxhg ehorz/ krzhyhu/
wkh uhdo h�hfwv ri hlwkhu lq�dwlrq ru vwrsslqj lq�dwlrq duh qrw qhfhvvdulo| urrwhg
lq ixqgdphqwdov exw pd|/ wr d odujh h{whqw/ eh gxh wr idfwruv � olnh srolf|
fuhglelolw| � zklfk vxlwdeoh lqvwlwxwlrqdo2srolwlfdo duudqjhphqwv pd| khos wr
prgli|1

Xqghu lghdo flufxpvwdqfhv/ vwrsslqj lq�dwlrq pd| eh d vrfldoo| sdlqohvv
surfhvv1 Wkrvh flufxpvwdqfhv/ krzhyhu/ uhtxluh dssursuldwh �vfdo dgmxvwphqw1
Rqh vhulrxv gl�fxow| lq wkdw uhvshfw lv wkdw wkhuh lv pruh wkdq rqh zd| wr h�hfw
d �vfdo dgmxvwphqw/ dqg hdfk ri wkhvh zd|v kdv gl�huhqw lpsolfdwlrqv iru ydulrxv
jurxsv lq vrflhw|1 Frqvhtxhqwo|/ lw lv qrw hdv| wr uhdfk zlgh frqvhqvxv rq dq|
sduwlfxodu srolf|1 Wklv kdv wzr lpsruwdqw frqvhtxhqfhv= +l, ghod|hg vwdelol}d0
wlrq/ dqg +ll, dgrswlrq ri lqfrpsohwh vwdelol}dwlrq surjudpv1 Srlqw +l, udwlrqdo0
l}hv lq�dwlrq shuvlvwhqfh/ zkloh srlqw +ll, h{sodlqv wkh suhydohqfh ri vkruw0olyhg
vwdelol}dwlrq surjudpv1

Exw zkdw vhwv lq�dwlrq lq prwlrq lq wkh �uvw sodfhB Dqg/ lq sduwlfxodu/
krz fdq wkh skhqrphqrq ri kljk dqg shuvlvwhqw lq�dwlrq eh h{sodlqhg lq d
zruog ri udwlrqdo hfrqrplf djhqwvB5 Dowkrxjk lw zrxog vhhp idlu wr vd| wkdw
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wkh surihvvlrq lv vwloo vwuxjjolqj wr surylgh dq dqvzhu wr wkhvh txhvwlrqv dqg
lv idu iurp uhdfklqj d frqvhqvxv/ wkh h{lvwlqj olwhudwxuh surylghv vhyhudo xvhixo
lqvljkwv1

2�� W?�@|�L? @t @? LT|�4@* |@ 

Rqh h{sodqdwlrq/ gxh wr Skhosv +4<:6,/ lv wkdw lq d zruog ri glvwruwlqj wd{hv/
jryhuqphqwv pd| �qg lw rswlpdo wr ghsduw iurp Iulhgpdq*v +4<9<, fhoheudwhg
rswlpxp txdqwlw| ri prqh| uxoh/ zklfk fdoov iru vhwwlqj wkh qrplqdo lqwhuhvw udwh
wr }hur1 Skhosv*v +4<:6, uhvxow lv txlwh lqwxlwlyh1 Lw iroorzv iurp wkh revhuydwlrq
wkdw dw Iulhgpdq*v rswlpxp txdqwlw| ri prqh| uxoh/ wkh pdujlqdo frvw ri wkh
lq�dwlrq wd{ +l1h1/ wkh qrplqdo lqwhuhvw udwh, lv/ e| gh�qlwlrq/ qlo1 Wkxv/ dw
wkh pdujlq/ lqfuhdvlqj �vfdo uhyhqxh wkurxjk prqh| fuhdwlrq kdv qr frvw1 Lq
frqwudvw/ wkh pdujlqdo ehqh�w ri orzhulqj dq| glvwruwlqj wd{ lv xqdpeljxrxvo|
srvlwlyh1 Wkhuhiruh/ vwduwlqj iurp d }hur qrplqdo lqwhuhvw udwh/ lw lv zhoiduh0
lpsurylqj wr lqfuhdvh wkh lq�dwlrq wd{ dqg orzhu dq| rwkhu glvwruwlqj wd{ xvhg
wr froohfw uhyhqxh1 Wkxv/ Skhosv*v uhvxow fdoov iru d srvlwlyh lq�dwlrq wd{16

D nh| dvvxpswlrq lq Skhosv +4<:6, dqg wkh hqvxlqj olwhudwxuh lv wkdw wkhuh
lv qr ixqgdphqwdo gl�huhqfh ehwzhhq wkh lq�dwlrq wd{ dqg rwkhu %frqyhqwlrqdo%
wd{hv1 Lw kdv orqj ehhq uhfrjql}hg/ krzhyhu/ wkdw wkh frvwv ri froohfwlrq/ hqirufh0
phqw/ dqg hydvlrq dvvrfldwhg zlwk wkh lq�dwlrq wd{ duh qhjoljleoh frpsduhg wr
wkrvh ri rwkhu wd{hv1 Dv Nh|qhv +4<57/ s1 79, sxw lw/ lq�dwlrqdu| �qdqfh %lv wkh
irup ri wd{dwlrq zklfk wkh sxeolf �qgv kdughvw wr hydgh dqg hyhq wkh zhdnhvw
Jryhuqphqw fdq hqirufh/ zkhq lw fdq hqirufh qrwklqj hovh1% Dq lqh�flhqw wd{
v|vwhp pd| pdnh lw rswlpdo wr uhvruw wr wkh lq�dwlrq wd{ hyhq lq fdvhv lq zklfk
Iulhgpdq*v rswlpxp txdqwlw| ri prqh| uxoh zrxog rwkhuzlvh eh rswlpdo +vhh
Dl}hqpdq +4<;:, dqg Y�hjk +4<;<,,1

Wkh deryh dujxphqwv � ydolg dv wkh| pd| eh dv qrupdwlyh sursrvlwlrqv
� dsshdu udwkhu lqvx�flhqw wr udwlrqdol}h fkurqlf kljk lq�dwlrq lq ghyhorslqj
frxqwulhv1 Iluvw/ kljk lq�dwlrq lv d skhqrphqrq wkdw wkh vrflhw| lv w|slfdoo|
wu|lqj wr jhw ulg ri dqg/ wkxv/ frxog kdugo| eh h{shfwhg wr eh rswlpdo lq df0
frug zlwk Skhosv*v +4<:6, suhvfulswlrqv1 Vhfrqg/ zkloh wkh hylghqfh grhv vkrz d
orqj0uxq uhodwlrqvkls ehwzhhq �vfdo gh�flwv dqg lq�dwlrq +vhh/ iru h{dpsoh/ Ilv0
fkhu/ Vdkd|/ dqg Y�hjk +4<<:,,/ furvv0frxqwu| hfrqrphwulf vwxglhv iru ghyhorslqj
frxqwulhv kdyh qrw irxqg vxssruw iru wkh pdlq hpslulfdo lpsolfdwlrq ri Skhosv*v
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+4<:6, k|srwkhvlv wkdw wkhuh vkrxog eh d srvlwlyh fruuhodwlrq ehwzhhq wkh lq�d0
wlrq wd{ dqg rwkhu frqyhqwlrqdo wd{hv +vhh Hgzdugv dqg Wdehoolql +4<<4,,1 Lq
idfw/ wkh lq�dwlrq wd{ dsshduv wr dfw pruh dv d uhvlgxdo vrxufh ri jryhuqphqw
uhyhqxh1 Wklug/ hpslulfdo hvwlpdwhv vkrz wkdw lq�dwlrq lv riwhq odujhu wkdq
wkh ohyho wkdw pd{lpl}hv uhyhqxh iurp lq�dwlrq +vhh/ iru h{dpsoh/ Hdvwhuo| dqg
Vfkplgw0Kheeho +4<<7,,17 Wklv lpsolhv wkdw orzhu lq�dwlrq dqg kljkhu uhyhqxhv
iurp lq�dwlrq frxog eh vlpxowdqhrxvo| dfklhyhg � d jodulqj frqwudglfwlrq ri
Skhosv*v +4<:6, suhvfulswlrq1

Lq vxp/ dowkrxjk wkh rswlpdo wd{dwlrq dssurdfk frxog h{sodlq shukdsv wkh
shuvlvwhqfh ri orz ohyhov ri lq�dwlrq/ lw zrxog vhhp wkdw rwkhu idfwruv duh qhhghg
wr h{sodlq wkh dfwxdo sdwwhuq ri lq�dwlrq revhuyhg lq fkurqlf lq�dwlrq frxqwulhv1

2�2 5�LU!t @?_ @UUL44L_@|�L?

Zkloh �vfdo gh�flwv pd| frqvwlwxwh wkh ruljlqdo vlq wkdw jlyhv ulvh wr lq�dwlrq/
wkh shuvlvwhqfh ri lq�dwlrq pd| lqyroyh srolf| dffrpprgdwlrq zklfk wudqvirupv
whpsrudu| grphvwlf ru h{whuqdo vkrfnv lqwr shupdqhqw lqfuhdvhv lq wkh lq�dwlrq
udwh +vhh/ lq sduwlfxodu/ Euxqr dqg Ilvfkhu +4<;9, dqg Euxqr +4<<6/ Fkdswhu
6,,1 Iru h{dpsoh/ frqvlghu d vkrfn zklfk fdoov iru d uhdo dssuhfldwlrq ri wkh
grphvwlf fxuuhqf|1 Dxwkrulwlhv pd| glvolnh uhdo dssuhfldwlrq ehfdxvh/ vd|/ lw
pljkw eh ghwulphqwdo wr h{sruwv1 Wkhuhiruh/ lqflslhqw uhdo dssuhfldwlrq zrxog
ohdg dxwkrulwlhv wr ghydoxh1 Vlqfh frqglwlrqv diwhu wkh vkrfn uhtxluh d pruh ds0
suhfldwhg htxloleulxp uhdo h{fkdqjh udwh/ vxfk d srolf| uhdfwlrq fdqqrw surylgh
d gh�qlwlyh vroxwlrq wr wkh dxwkrulwlhv* sureohp1 Diwhu wkh �uvw ghydoxdwlrq/
grphvwlf sulfhv zloo ulvh wr uhjdlq orvw jurxqg dqg dwwhpsw/ rqfh djdlq/ wr folpe
d olwwoh kljkhu +lq rughu wr jhqhudwh wkh htxloleulxp uhdo dssuhfldwlrq,1 Wkxv/
dqrwkhu ghydoxdwlrq zloo hyhqwxdoo| iroorz � dqg/ ri frxuvh/ sulfhv zloo frqwlqxh
ulvlqj/ vhwwlqj lq prwlrq dq lq�dwlrqdu| surfhvv txlwh xquhodwhg wr �vfdo uhyhqxh
frqvlghudwlrqv �d od Skhosv18

Pruh jhqhudoo|/ prqhwdu| dffrpprgdwlrq lv w|slfdoo| uh�hfwhg lq wkh idfw
wkdw nh| qrplqdo yduldeohv � wkh udwh ri ghydoxdwlrq/ wkh udwh ri prqhwdu|
jurzwk/ dqg qrplqdo zdjh jurzwk � duh olqnhg wr sdvw lq�dwlrq wkurxjk dffrp0
prgdwlyh srolf| uxohv dqg lqvwlwxwlrqdo duudqjhphqwv vxfk dv edfnzdug0orrnlqj
zdjh lqgh{dwlrq1 D juhdwhu ghjuhh ri dffrpprgdwlrq zloo eh uh�hfwhg lq pruh
lq�dwlrq lqhuwld1 Euxqr +4<<6, vkrzv krz qrplqdo yduldeohv olqnhg wr sdvw lq0
�dwlrq pd| jhqhudwh dq dxwruhjuhvvlyh surfhvv iru wkh lq�dwlrq udwh1 Xqghu
wkhvh flufxpvwdqfhv/ whpsrudu| vkrfnv wr wkh lq�dwlrq udwh ohdg wr shupdqhqw
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lqfuhdvhv lq wkh lq�dwlrq udwh1 Euxqr dqg Phoqlfn +4<<7, ixuwkhu vkrz wkdw wkh
kljkhu lv wkh ghjuhh ri prqhwdu| dffrpprgdwlrq/ wkh kljkhu lv wkh qhz lq�dwlrq
sodwhdx1

Zkloh wkh surfhvv ri vkrfnv dqg dffrpprgdwlrq fdswxuhv vrph lpsruwdqw
hohphqwv ri fkurqlf lq�dwlrq surfhvvhv/ lw lv ohvv fohdu zkhwkhu lw fdq eh dujxhg
wkdw lq�dwlrq lv xqgxo| kljk/ lq wkh vhqvh ri qrw ehlqj vrfldoo| rswlpdo1 Suhvxp0
deo|/ srolf|pdnhuv dffrpprgdwh vkrfnv ehfdxvh qrw grlqj vr zrxog eulqj derxw
xqghvludeoh frqvhtxhqfhv1 Lq idfw/ rqh fdq vkrz vlpsoh h{dpsohv lq zklfk/ lq
uhvsrqvh wr whpsrudu| vkrfnv/ lw pd| eh rswlpdo wr nhhs frqvwdqw wkh uhdo
h{fkdqjh udwh e| jhqhudwlqj kljkhu lq�dwlrq +vhh Fdoyr/ Uhlqkduw/ dqg Y�hjk
+4<<8,,1 Lq wkh vdph yhlq/ lw lv riwhq dujxhg wkdw qrw dffrpprgdwlqj h{shfwhg
lq�dwlrq e| sulqwlqj prqh| frxog eulqj derxw d vhyhuh oltxlglw| fuxqfk dqg wkxv
orzhu rxwsxw1 Khqfh/ wklv ylhz ohdyhv xquhvroyhg wkh lvvxh ri zk| vrflhw| zrxog
shulrglfdoo| zlvk wr jhw ulg ri lq�dwlrq1

2�� ��*|�T*i i^��*�Mh�@

D pruh fohdu0fxw fdvh ri vrfldoo| vxerswlpdo lq�dwlrq lv pxowlsoh htxloleuld1 Dq
h{dpsoh wkdw zh �qg sduwlfxoduo| uhohydqw +Fdoyr +4<<5,, lv rqh lq zklfk wkhuh
lv d vwrfn ri sxeolf ghew ghqrplqdwhg lq grphvwlf fxuuhqf|/ G1 Ohw wkh rqh0
shulrg qrplqdo lqwhuhvw udwh eh ghqrwhg e| l1 Wkhq/ qh{w shulrg*v ixoo vhuylfh
ri wkh ghew +l1h1/ sulqflsdo soxv lqwhuhvw, zloo eh +4 . l,G1 Ohw xv fkrrvh xqlwv
ri phdvxuhphqw vr wkdw wkh suhvhqw sulfh ohyho htxdov 4/ dqg lqglfdwh wkh rqh0
shulrg h{shfwhg lq�dwlrq udwh e| �h1 Wkxv/ li/ vd|/ wkh htxloleulxp uhdo lqwhuhvw
udwh lv }hur/ zh kdyh wkdw l @ �h1 Wkhuhiruh/ li dfwxdo lq�dwlrq lv }hur/ wkh uhdo
exughq ri vhuylflqj grphvwlf ghew zrxog eh +4 . �h,G1 Wklv frxog yhu| zhoo
eh d odujh qxpehu1 Rq wkh rwkhu kdqg/ li wkh jryhuqphqw ixo�oov wkh sulydwh
vhfwru*v h{shfwdwlrqv dqg vhwv dfwxdo lq�dwlrq htxdo wr h{shfwhg lq�dwlrq/ wkh
uhdo exughq ri wkh ghew lv mxvw G1 Wkxv/ wkh whpswdwlrq qrw wr vwrs lq�dwlrq lq
lwv wudfnv pd| eh luuhvlvwleoh1

D qxphulfdo h{dpsoh pd| khos eulqjlqj wkh deryh srlqw krph1 Vxssrvh
wkdw wkh vwrfn ri ghew lv mxvw 53 shufhqw ri JGS/ dqg frqvlghu wkh fdvh ri Eud}lo
+lq wkh odwh 4<;3v, zkhuh wkh prqwko| udwh ri lq�dwlrq zdv derxw 63 shufhqw1 Li
lq�dwlrq lv vwrsshg exw wkh sulydwh vhfwru h{shfwhg lw wr frqwlqxh dw suhylrxv
ohyhov/ wkh qrplqdo lqwhuhvw udwh zloo uhpdlq dw 63 shufhqw shu prqwk1 Wkhuhiruh/
mxvw lqwhuhvw rq wkh ghew zloo dprxqw wr 9 shufhqw ri JGS shu prqwk1 Wklv
vl}deoh frvw ri vwrsslqj lq�dwlrq pd|/ txlwh sodxvleo|/ ohdg dxwkrulwlhv wr uhohqw
e| hlwkhu nhhslqj lq�dwlrq dw wkh ruljlqdo kljk ohyhov/ ru dgrswlqj d yhu| judgxdo
vwdelol}dwlrq surjudp1

2�e A�i �ThL��?Uit� igiU|

Dqrwkhu h{sodqdwlrq lv zkdw rqh pljkw fdoo wkh %surylqfhv h�hfw1% Surylqfhv/
pxqlflsdolwlhv/ vwdwh hqwhusulvhv/ hwf1/ duh hqwlwlhv wkdw/ dw ehvw/ dwwhpsw wr pd{0
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lpl}h vrfldo zhoiduh e| frqwuroolqj d vpdoo vhw ri ohyhuv1 Lq sduwlfxodu/ iru wkhvh
lqvwlwxwlrqv/ lq�dwlrq lv d sxeolf jrrg/ jhqhudwhg e| wrwdo jryhuqphqw h{shqgl0
wxuh/ wr zklfk wkhlu lqglylgxdo h{shqglwxuh dggv dq lqvljql�fdqw dprxqw1 Wkhuh0
iruh/ lq fkrrvlqj %surylqfldo% h{shqglwxuh/ hdfk hqwlw| zloo ryhuorrn wkh dgyhuvh
zhoiduh frqvhtxhqfhv ri lq�dwlrq rq doo rwkhu hqwlwlhv1 Frqvhtxhqwo|/ olnh zlwk
dq| rwkhu sxeolf jrrg/ wrr pxfk lq�dwlrq +l1h1/ wrr olwwoh sulfh vwdelolw|, zloo
eh jhqhudwhg19 Zkloh wklv dssurdfk surylghv dq dwwudfwlyh udwlrqdoh iru wkh
h{lvwhqfh ri lq�dwlrq/ lw vwloo qhhgv wr h{sodlq furvv0vhfwlrqdo yduldwlrq lq lq�d0
wlrq rxwfrphv1 Lq rwkhu zrugv/ zk| vkrxog wklv h�hfw eh pruh uhohydqw lq/ vd|/
Dujhqwlqd wkdq lq wkh Xqlwhg VwdwhvB

2�D #i*@)i_ t|@M�*�3@|�L?

Zh qrz frph wr d pruh uhfhqw h{sodqdwlrq iru wkh shuvlvwhqfh ri kljk lq�d0
wlrq> qdpho|/ wkh %zdu ri dwwulwlrq1% Wklv lv dq h{wuhpho| xvhixo lghd irupdoo|
ghyhorshg e| Dohvlqd dqg Gud}hq +4<<4,1: Vxssrvh wkdw lq�dwlrq lv xqgxo|
kljk iru dq| ri wkh uhdvrqv glvfxvvhg deryh1 Wkxv/ srolf|pdnhuv zrxog nqrz
wkdw lq�dwlrq frxog eh eurxjkw xqghu frqwuro li lqvwlwxwlrqv zhuh fkdqjhg/ ru
vrph dssursuldwh wudqvihuv zhuh sxw lq sodfh1 Vr/ zk| gr wkh| qrw dfw xsrq
wklv nqrzohgjh dqg vwrs lq�dwlrq lq lwv wudfnvB Dohvlqd dqg Gud}hq*v +4<<4,
h{sodqdwlrq lv wkdw/ vlqfh wkhuh lv pruh wkdq rqh zd| wr jhw rxw ri wkh lq�dwlrq
txdjpluh/ dqg hdfk zd| kdv gl�huhqw zhoiduh lpsolfdwlrqv dfurvv jurxsv/ lw pd|
eh rswlpdo iru hdfk jurxs wr zdlw iru dqrwkhu jurxs wr jlyh lq1 Hyhqwxdoo|/ wkh
prvw %dq{lrxv% jurxs zloo jlyh lq/ dgmxvwphqw zloo wdnh sodfh/ dqg lq�dwlrq zloo
vwrs1 Lq wkh phdqwlph/ lq�dwlrq zloo uhpdlq kljk1 Qrwh/ krzhyhu/ wkdw Dohvlqd
dqg Gud}hq*v +4<<4, prgho shu vh grhv qrw udwlrqdol}h wkh dgyhqw ri kljk lq0
�dwlrq1 Wkxv/ Dohvlqd dqg Gud}hq*v prgho zrxog qhhg wr eh dsshqghg zlwk
vrph lq�dwlrq0fdxvlqj idfwru/ ru idfwruv/ lq rughu wr eh deoh wr wudfn hpslulfdo
hylghqfh1

Dq lqwhuhvwlqj dssolfdwlrq ri wkh Dohvlqd0Gud}hq iudphzrun lv wkh irupdol}d0
wlrq ri wkh lghd wkdw/ lq sudfwlfh/ wklqjv pxvw jhw zruvh ehiruh wkh| jhw ehwwhu>
wkdw lv/ wkdw riwhq wlphv vrflhwlhv qhhg wr jr wkurxjk d wuxo| ghydvwdwlqj k|0
shulq�dwlrqdu| rxwexuvw ehiruh d srolwlfdo frqvhqvxv iru d vwdelol}dwlrq hphujhv1
Lq wkh zdu0ri0dwwulwlrq iudphzrun mxvw ghvfulehg/ Gud}hq dqg Julool +4<<6, vkrz
krz d kljkhu udwh ri lq�dwlrq pd| eh zhoiduh0lpsurylqj e| eulqjlqj iruzdug wkh
h{shfwhg wlph ri uhvroxwlrq1 Wkh hduolhu uhvroxwlrq ri wkh zdu ri dwwulwlrq pd|
wkxv pruh wkdq r�vhw wkh vkruw0whup frvwv ri kljkhu lq�dwlrq1
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2�S W? UL?U*�t�L?

Edvhg rq wkh dqdo|vlv wkxv idu/ zh eholhyh wkhuh lv qr vlqjoh h{sodqdwlrq iru
wkh skhqrphqrq ri fkurqlf lq�dwlrq1 Lq idfw/ zh zrxog dujxh wkdw/ zkhq wdnhq
wrjhwkhu dqg lq wkh surshu g|qdplf vhtxhqfh/ wkh �yh idfwruv glvfxvvhg deryh
suredeo| h{sodlq wkh nh| ihdwxuhv ri surfhvvhv ri fkurqlf lq�dwlrq1 Dw d ixqgd0
phqwdo ohyho/ jryhuqphqwv zlwk lqh�flhqw wd{0v|vwhpv zloo dozd|v �qg lw rswlpdo
wr uhvruw wr vrph lq�dwlrq +lq�dwlrq dv dq rswlpdo wd{,1 Wkh %surylqfhv h�hfw%
lv olnho| wr dgg dqrwkhu � vrfldoo| vxerswlpdo � od|hu wr wkh rswlpdo sxeolf
�qdqfh ohyho ri lq�dwlrq1 Rqfh lq�dwlrq kdv hphujhg/ wkh hfrqrp| dv d zkroh
qdwxudoo| ghyhorsv ydulrxv lqgh{dwlrq phfkdqlvpv +lqfoxglqj dffrpprgdwlyh
srolf| uxohv, dlphg dw plqlpl}lqj/ iru d jlyhq lq�dwlrq udwh/ wkh uhdo h�hfwv ri
lq�dwlrq1 Khdy| lqgh{dwlrq ri wkh hfrqrp| pdnhv uhodwlyh sulfhv ohvv uhvsrqvlyh
wr ydulrxv vkrfnv/ zklfk vhwv wkh vwdjh iru whpsrudu| vkrfnv wr kdyh shupdqhqw
h�hfwv rq wkh udwh ri lq�dwlrq +wkh %vkrfnv dqg dffrpprgdwlrq% ylhz,1 Dw wklv
vwdjh/ wkh lq�dwlrqdu| surfhvv zloo suredeo| ehdu olwwoh uhodwlrq wr lwv ruljlqdo
fdxvh +wkh �vfdo gh�flw,/ ixholqj wkh shufhswlrq wkdw sxwwlqj wkh �vfdo krxvh lq
rughu pd|/ diwhu doo/ qrw khos lq ghdolqj zlwk wkh lq�dwlrq sureohp1

E| qrz/ wkh jryhuqphqw*v lqfhqwlyhv wr wdfnoh vhulrxvo| wkh sureohp duh
juhdwo| glplqlvkhg1 Diwhu lq�dwlrq kdv ehfrph hqwuhqfkhg lq wkh sxeolf*v plqg/
lw pd| eh wrr frvwo| iru wkh jryhuqphqw qrw wr ydolgdwh wkh sxeolf*v h{shfwdwlrqv
+pxowlsolflw| ri htxloleuld,1 Lq dgglwlrq/ dqg hyhq li wkh jryhuqphqw �qdoo|
pdqdjhg wr fuhgleo| frpplw wr d orz ohyho ri lq�dwlrq/ srolwlfdo edwwohv ryhu wkh
glvwulexwlrq ri wkh �vfdo dgmxvwphqw qhhghg wr lpsohphqw d vwdelol}dwlrq pd|
surorqj fkurqlf lq�dwlrq +ghod|hg vwdelol}dwlrq,1 Lq wkh hqg/ wklqjv pd| lqghhg
qhhg wr jhw zruvh � e|/ vd|/ kdylqj d k|shulq�dwlrqdu| rxwexuvw � ehiruh wkh|
jhw ehwwhu1

� ,��_i?Ui L? |�i hi@* igiU|t Lu t|@M�*�3@|�L? �?
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Lw lv shukdsv idlu wr vd| wkdw xqwlo uhfhqwo| wkh grplqdqw rslqlrq lq wkh surihv0
vlrq zdv wkdw vwrsslqj lq�dwlrq zrxog eulqj derxw d vkdus idoo lq rxwsxw dqg
grphvwlf devruswlrq1 Lq idfw/ wkh qrwlrq wkdw glvlq�dwlrq lv frqwudfwlrqdu| lv vr
hqwuhqfkhg lq wkh olwhudwxuh wkdw wkh txhvwlrq dvnhg kdv w|slfdoo| ehhq qrw li
exw e| krz pxfk rxwsxw zrxog idoo lq uhvsrqvh wr dq dqwl0lq�dwlrqdu| surjudp1
Wkh ehvw0nqrzq pdqlihvwdwlrq ri wklv dssurdfk lv wkh vr0fdoohg %vdful�fh udwlr/%
ru fxpxodwlyh shufhqw rxwsxw orvv shu shufhqwdjh srlqw uhgxfwlrq lq lq�dwlrq1
Rnxq +4<:;/ s1 67;,/ vxppdul}lqj wkh �qglqjv ri vhyhudo sdshuv rq wkh Xqlwhg
Vwdwhv/ dujxhv wkdw %wkh frvw ri d 4 srlqw uhgxfwlrq lq wkh edvlf lq�dwlrq udwh lv
43 shufhqw ri d |hdu*v JQS/ zlwk d udqjh ri 9 shufhqw wr 4; shufhqw1% Ilvfkhu
+4<;9e, hvwlpdwhv d vdful�fh udwlr ri 8 wr 9 � dw wkh orzhu hqg ri wkh Rnxq
udqjh � iru wkh Xqlwhg Vwdwhv iru wkh shulrg 4<:<04<;91 Edvhg rq d uhylhz
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ri irxuwhhq hslvrghv lq hljkw frxqwulhv/ Jrugrq +4<;5, frqfoxghv wkdw/ e| dqg
odujh/ frqwudfwlrqdu| srolflhv � hvshfldoo| %frog wxunh|% srolflhv � dlphg dw
eulqjlqj grzq lq�dwlrq kdyh hqwdlohg odujh rxwsxw frvwv1 Pruh uhfhqwo|/ Edoo
+4<<7, h{dplqhv 5; glvlq�dwlrq hslvrghv lq qlqh RHFG frxqwulhv xvlqj txduwhuo|
gdwd dqg �qgv wkdw/ zlwk rqh h{fhswlrq/ glvlq�dwlrq lv dozd|v frvwo|/ zlwk wkh
vdful�fh udwlr udqjlqj iurp 51< iru Jhupdq| wr 31; lq Iudqfh dqg wkh Xqlwhg
Nlqjgrp1

Wkh frqyhqwlrqdo ylhz derxw wkh rxwsxw frvwv ri glvlq�dwlrq kdv dovr ehhq
wdnhq wr dsso| wr rshq hfrqrplhv1 Lqghhg/ lq wudglwlrqdo rshq0hfrqrp| prghov/
glvlq�dwlrq lv h{shfwhg wr fdxvh dq lqlwldo uhfhvvlrq uhjdugohvv ri wkh qrplqdo
dqfkru zklfk lv xvhg +wkh h{fkdqjh udwh ru wkh prqh| vxsso|,/ dv dujxhg e|
Ilvfkhu +4<;9d,1 Wkhuhiruh/ wkh fkrlfh ri wkh qrplqdo dqfkru lv edvhg rq d
frpsdulvrq ri wkh vdful�fh udwlr lqyroyhg lq wkh wzr dowhuqdwlyh vwudwhjlhv1 E|
h{dplqlqj wkh vdful�fh udwlr xqghu gl�huhqw sdudphwhu frq�jxudwlrqv/ Ilvfkhu
+4<;9d, frqfoxghv wkdw wkh h{fkdqjh udwh vkrxog eh wkh suhihuuhg qrplqdo dq0
fkru1 D vlplodu frqfoxvlrq lv uhdfkhg e| Fkdgkd/ Pdvvrq/ dqg Phuhglwk +4<<5,1
Edvhg rq vlpxodwlrqv xvlqj PXOWLPRG +d odujh0vfdoh/ pxowl0uhjlrq pdfur0
hfrqrphwulf prgho,/ wkh| frqfoxgh wkdw/ iru wkh Xqlwhg Nlqjgrp/ wkh vdful�fh
udwlr lv fxw doprvw lq kdoi xqghu dq h{fkdqjh udwh dqfkru frpsduhg wr d prqh|
dqfkru1

Wkh lqwxlwlrq ehklqg wkh ylhz wkdw %glvlq�dwlrq lv dozd|v dqg hyhu|zkhuh
frqwudfwlrqdu|% rzhv pxfk wr wkh xqhpsor|phqw0lq�dwlrq wudgh0r�/ Skloolsv0
fxuyh olwhudwxuh1 Sduwlfxoduo| lq�xhqwldo kdv ehhq wkh vwdjjhuhg0frqwudfwlqj ds0
surdfk slrqhhuhg e| Ilvfkhu +4<::, dqg Wd|oru +4<:</ 4<;3,1 Lq wkhvh prghov/
zdjh frqwudfwv duh suhvhw iru d qxpehu ri shulrgv1 Khqfh/ fuhglelolw| ri wkh
srolf| lv qrw hqrxjk wr jhqhudwh d frvwohvv glvlq�dwlrq1 Rqo| d ixoo|0fuhgleoh
judgxdo glvlq�dwlrq/ zklfk zrxog wdnh lqwr dffrxqw wkh vwuxfwxuh ri oderu frq0
wudfwv/ frxog uhgxfh lq�dwlrq zlwk qr rxwsxw frvw1 Iru wkh fdvh ri wkh Xqlwhg
Vwdwhv/ Wd|oru +4<;6, frqfoxghv wkdw lw zrxog wdnh irxu |hduv wr glvlq�dwh iurp
d udwh ri zdjh lqfuhdvh ri 43 shufhqw shu |hdu wr 6 shufhqw zlwkrxw fuhdwlqj
xqhpsor|phqw1

Wkh frqyhqwlrqdo ylhz kdv qrw jrqh xqfkdoohqjhg1 Lq dq lq�xhqwldo sd0
shu/ Vdujhqw +4<;5, kdv dujxhg wkdw lq�dwlrq zdv vwrsshg yluwxdoo| ryhuqljkw
zlwk olwwoh ru qr rxwsxw frvwv lq wkh k|shulq�dwlrqv zklfk ghyhorshg lq Dxv0
wuld/ Jhupdq|/ Srodqg/ dqg Kxqjdu| lq wkh diwhupdwk ri Zruog Zdu L1 Edvhg
rq wklv hylghqfh/ kh dujxhv wkdw glvlq�dwlrq qhhg qrw eh frqwudfwlrqdu| li lw lv
dffrpsdqlhg e| d fuhgleoh fkdqjh lq uhjlph/ zklfk gudvwlfdoo| dowhuv wkh sxe0
olf*v shufhswlrqv derxw ixwxuh jryhuqphqw srolflhv1 Krzhyhu/ hyhq li Vdujhqw*v
+4<;5, frqfoxvlrqv uhjduglqj wkh rxwsxw frvwv ri vwrsslqj k|shulq�dwlrq zhuh
dffhswhg/ vxfk k|shulq�dwlrqv duh vhhq dv h{wuhph hslvrghv zkrvh ohvvrqv duh
qrw qhfhvvdulo| dssolfdeoh wr pxfk pruh pxqgdqh/ jdughq0ydulhw| lq�dwlrqv1;
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Shukdsv d pruh ixqgdphqwdo fkdoohqjh wr wkh frqyhqwlrqdo ylhz ehjdq wr
hphujh lq wkh odwh 4<:3v zkhq pdmru vwdelol}dwlrq sodqv zhuh lpsohphqwhg lq
wkh Vrxwkhuq0Frqh frxqwulhv ri Odwlq Dphulfd +Dujhqwlqd/ Fkloh/ dqg Xuxjxd|,1
Wkh fruqhuvwrqh ri wkhvh surjudpv zdv wkh dqqrxqfhphqw ri d suhghwhuplqhg
sdwk iru wkh h{fkdqjh udwh/ zklfk lqyroyhg vhwwlqj d ghfolqlqj udwh ri ghydoxdwlrq1<

Frqwudu| wr Skloolsv0fxuyh edvhg suhglfwlrqv/ wkh uhvxowlqj ghfolqh lq lq�dwlrq
zdv dffrpsdqlhg e| d errp lq frqvxpswlrq dqg qr vljqv ri kljkhu xqhpsor|0
phqw1 Pruhryhu/ wkh h{sdqvlrq wrrn sodfh lq vslwh ri d vkdus dssuhfldwlrq ri
wkh uhdo h{fkdqjh udwh1 Wkh frqwudfwlrqdu| frvwv dvvrfldwhg zlwk glvlq�dwlrq ds0
shduhg rqo| odwhu lq wkh surjudpv/ riwhq ehiruh wkh surjudpv �qdoo| froodsvhg1

Dv lw wxuqhg rxw/ wkh sx}}olqj skhqrphqrq ri dq lqlwldo h{sdqvlrq iroorzhg e|
d odwhu uhfhvvlrq revhuyhg gxulqj wkh Vrxwkhuq0Frqh %wdeolwdv% dsshduv wr eh d
frpprq sdwwhuq ri h{fkdqjh udwh0edvhg vwdelol}dwlrqv +vhh Nljxho dqg Olyldwdq
+4<<5, dqg Y�hjk +4<<5,,1 Lq vkdus frqwudvw/ prqh|0edvhg vwdelol}dwlrqv �
zklfk duh pxfk ohvv frpprq lq fkurqlf0lq�dwlrq frxqwulhv � kdyh w|slfdoo| ohg
wr dq lqlwldo uhfhvvlrq/ dv wkh frqyhqwlrqdo ylhz zrxog kdyh lw1 Wkh uhpdlqghu
ri wklv vhfwlrq wdnhv d ghwdlohg orrn dw vrph ri wkh hpslulfdo hylghqfh rq wkhvh
lvvxhv1

��� , U�@?}i h@|i�M@ti_ t|@M�*�3@|�L?G i4T�h�U@* hi}�*@h�
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Wdeoh 4 olvwv wzhoyh pdmru h{fkdqjh udwh0edvhg vwdelol}dwlrqv lq fkurqlf lq�dwlrq
frxqwulhv lq wkh odvw 68 |hduv1 Wkhvh surjudpv � zklfk wrrn sodfh lq Dujhqwlqd/
Eud}lo/ Fkloh/ Lvudho/ Ph{lfr/ dqg Xuxjxd| � kdyh ehhq vwxglhg lq juhdw ghwdlo
dqg frqvwlwxwh wkh pdlq prwlydwlrq ehklqg pxfk ri wkh olwhudwxuh lq wkh duhd143
44 Edvhg rq wkhvh hslvrghv/ wkh olwhudwxuh kdv lghqwl�hg wkh iroorzlqj pdlq
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hpslulfdo uhjxodulwlhv dvvrfldwhg zlwk h{fkdqjh udwh0edvhg vwdelol}dwlrq=45

+l, Vorz frqyhujhqfh ri wkh lq�dwlrq udwh +phdvxuhg e| wkh FSL, wr wkh udwh
ri ghydoxdwlrq1 Lq khwhurgr{ surjudpv/ lq�dwlrq kdv w|slfdoo| idoohq idvwhu gxh
wr whpsrudu| sulfh frqwurov146

+ll, Lqlwldo lqfuhdvh lq uhdo dfwlylw| � sduwlfxoduo|/ uhdo JGS dqg sulydwh
frqvxpswlrq � iroorzhg e| d odwhu frqwudfwlrq1 Lw lv ohvv fohdu zkhwkhu wkh
vdph sdwwhuq dssolhv wr lqyhvwphqw147

+lll, Uhdo dssuhfldwlrq ri wkh grphvwlf fxuuhqf|1
+ly, Ghwhulrudwlrq ri wkh wudgh edodqfh dqg fxuuhqw dffrxqw edodqfh1
+y, Dpeljxrxv lpsdfw uhvsrqvh ri grphvwlf uhdo lqwhuhvw udwhv1 H{0srvw gr0

phvwlf uhdo lqwhuhvw udwhv kdyh jhqhudoo| ghfuhdvhg lq wkh lqlwldo vwdjhv ri ruwkr0
gr{ sodqv1 Krzhyhu/ wkh| dsshdu wr kdyh lqfuhdvhg vxevwdqwldoo| lq wkh hduo|
vwdjhv ri wkh khwhurgr{ surjudpv ri wkh plg04<;3v1

Wr wdnh d forvhu orrn dw wkh pdlq vw|ol}hg idfwv/ zh frqvwuxfwhg d sdqho ri
dqqxdo revhuydwlrqv iru irxu frxqwulhv +Dujhqwlqd/ Fkloh/ Lvudho/ dqg Xuxjxd|,/
zklfk fryhuv 49 |hduv +4<:;04<<6,/ iru d wrwdo ri 97 revhuydwlrqv148 Wkh sdqho
lqfoxghv vhyhq ri wkh wzhoyh h{fkdqjh udwh0edvhg vwdelol}dwlrqv olvwhg lq Wdeoh
4 +wkh %wdeolwdv% lpsohphqwhg lq 4<:; lq Dujhqwlqd/ Fkloh/ dqg Xuxjxd|/ wkh
Lvudhol 4<;8 sodq/ wkh Dujhqwlqh 4<;8 Dxvwudo sodq/ wkh Xuxjxd|dq 4<<3 sodq/
dqg wkh Dujhqwlqh 4<<4 Frqyhuwlelolw| sodq, dqg whq pdfurhfrqrplf yduldeohv
+ghydoxdwlrq udwh/ lq�dwlrq udwh/ udwhv ri jurzwk ri JGS/ sulydwh frqvxpswlrq/
gxudeoh jrrgv frqvxpswlrq/ �{hg lqyhvwphqw/ dqg sxeolf frqvxpswlrq/ doo h{0
suhvvhg lq shu fdslwd whupv/ uhdo h{fkdqjh udwh/ fxuuhqw dffrxqw gh�flw dv d
sursruwlrq ri JGS/ dqg uhdo ohqglqj udwh,149
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Vwdelol}dwlrq wlph sur�ohv Dv d �uvw sdvv dw wkh gdwd dqg wr looxvwudwh wkh
g|qdplf uhvsrqvh ri wkh gl�huhqw yduldeohv wr wkh lpsohphqwdwlrq ri dq h{fkdqjh
udwh0edvhg vwdelol}dwlrq surjudp/ zh frqvwuxfwhg sur�ohv lq %vwdelol}dwlrq% wlph
+dv rssrvhg wr %fdohqgdu% wlph,14: Vwdelol}dwlrq wlph lv ghqrwhg e| W.m/ zkhuh
W lv wkh |hdu lq zklfk wkh vwdelol}dwlrq surjudp zdv lpsohphqwhg dqg m lv wkh
qxpehu ri |hduv suhfhglqj ru iroorzlqj wkh |hdu ri vwdelol}dwlrq +m @ �5> ===> 7,14;

Zh wkhq frpsxwh wkh dyhudjh ydoxh ri hdfk yduldeoh lq vwdelol}dwlrq wlph1 Wkh
uhvxowlqj vwdelol}dwlrq wlph sur�ohv/ suhvhqwhg lq Iljxuhv 4 dqg 5/ wkxv sruwud|
wkh g|qdplf ehkdylru ri nh| pdfurhfrqrplf yduldeohv iru d %uhsuhvhqwdwlyh%
h{fkdqjh udwh0edvhg vwdelol}dwlrq sodq1 Yhuwlfdo eduv lqglfdwh wkh |hdu ehiruh
vwdelol}dwlrq +wlph W � 4, dqg/ zkhuh dssolfdeoh/ gdvkhg olqhv ghqrwh wkh phdq
ri wkh fruuhvsrqglqj yduldeoh iru wkh hqwluh vdpsoh +l1h1/ iru doo 97 revhuydwlrqv,1

Sdqho D lq Iljxuh 4 looxvwudwhv wkh ehkdylru ri wkh udwhv ri ghydoxdwlrq dqg
lq�dwlrq14< Wkh X0vkdshg sur�oh iru wkh udwh ri ghydoxdwlrq +wkh qrplqdo dq0
fkru, uh�hfwv wkh idfw wkdw/ pruh riwhq wkdq qrw/ srolf|pdnhuv hlwkhu vzlwfk wr d
pruh �h{leoh h{fkdqjh udwh duudqjhphqw +riwhq diwhu d eulhi shulrg zlwk d �{hg
h{fkdqjh udwh, ru dedqgrq wkh surjudp dowrjhwkhu1 Zkloh lq�dwlrq lv kljko|
uhvsrqvlyh wr wkh uhgxfwlrq lq wkh udwh ri ghydoxdwlrq/ lw uhpdlqv deryh wkh udwh
ri ghydoxdwlrq dqg wkhq odjv lw dv wkh udwh ri ghydoxdwlrq lqfuhdvhv1 Sdqho E
vkrzv wkdw wkh uhdo h{fkdqjh udwh +vhw wr 433 lq wkh |hdu ehiruh wkh vwdelol}dwlrq,
dssuhfldwhv iru wkuhh frqvhfxwlyh |hduv +idoolqj ehorz ;3 lq |hdu W . 5, ehiruh
ehjlqqlqj wr ghsuhfldwh/ iroorzlqj wkh kljkhu udwh ri ghydoxdwlrq1 Wkh fxuuhqw
dffrxqw ghwhulrudwhv xs wr |hdu W .6 � uhdfklqj d gh�flw ri 71; shufhqw ri JGS
� dqg wkhq uhyhuvhv frxuvh +Sdqho F,1

Zkloh wkh udwh ri jurzwk ri sxeolf frqvxpswlrq idoov lq wkh |hdu ri vwd0
elol}dwlrq � suhvxpdeo| uh�hfwlqj dq lqlwldo �vfdo dgmxvwphqw � lw vkrzv qr
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v|vwhpdwlf ehkdylru diwhuzdugv1 Sdqhov H dqg I vkrz wkh ehkdylru ri grphvwlf
uhdo lqwhuhvw udwhv153 Uhdo lqwhuhvw udwhv idoo lq wkh |hdu wkh sodq lv lpsohphqwhg
+zlwk wkh uhdo ohqglqj udwh idoolqj iru wzr frqvhfxwlyh |hduv, dqg lqfuhdvh vkduso|
diwhuzdugv1 Dv lqglfdwhg hduolhu/ wkh dffhswhg zlvgrp lv wkdw uhdo lqwhuhvw udwhv
kdyh lqfuhdvhg rq lpsdfw lq khwhurgr{ sodqv1 Wklv grhv qrw vkrz xs lq dqqxdo
gdwd/ vxjjhvwlqj wkdw wkh lqlwldo ulvh lq uhdo lqwhuhvw udwhv lq khwhurgr{ sodqv kdv
pdqlihvwhg lwvhoi edvlfdoo| dv %vslnhv% lpphgldwho| diwhu wkh lpsohphqwdwlrq ri
wkh sodqv154

Iljxuh 5 suhvhqwv wkh hylghqfh uhodwhg wr wkh errp0uhfhvvlrq f|foh lq wkh
jurzwk ri shu fdslwd JGS/ frqvxpswlrq/ dqg �{hg lqyhvwphqw1 Sdqho D vkrzv
wkdw uhdo JGS jurzwk lqfuhdvhv deryh wkh vdpsoh phdq lq wkh |hdu ri vwdelol}d0
wlrq dqg shdnv lq W . 41 Lq W . 5/ jurzwk lv edfn wr lwv phdq dqg ghfuhdvhv
vkduso| wkhuhdiwhu1 Wkh vdph sdwwhuq lv revhuyhg iru sulydwh frqvxpswlrq +Sdqho
E, dqg gxudeohv frqvxpswlrq +Sdqho F,1 Lq rughuv ri pdjqlwxgh/ krzhyhu/ wkh
f|foh lq gxudeohv jrrgv lv pxfk pruh surqrxqfhg wkdq wkh rqh lq sulydwh frq0
vxpswlrq/ zklfk lv lq wxuq pruh surqrxqfhg wkdq wkh rqh lq uhdo JGS1 Dw wkh
shdn/ gxudeoh jrrgv frqvxpswlrq lv ulvlqj dw 7:1: shufhqw shu |hdu/ sulydwh frq0
vxpswlrq dw ;1< shufhqw/ dqg uhdo JGS dw 71: shufhqw1 Il{hg lqyhvwphqw jurzwk
iroorzv d vlplodu sdwwhuq +Sdqho G,1 Ilqdoo|/ Sdqhov H dqg I vkrz wkh ehkdylru
ri sulydwh frqvxpswlrq dqg �{hg lqyhvwphqw dv d sursruwlrq ri JGS1 Lw fdq
eh vhhq wkdw wkh errp lq sulydwh frqvxpswlrq lv dovr txdqwlwdwlyho| lpsruwdqw
hyhq uhodwlyh wr JGS1 Dw lwv shdn +lq W .4,/ wkh udwlr ri sulydwh frqvxpswlrq wr
JGS uhdfkhv :716 shufhqw +frpsduhg wr d phdq ri 9;1; shufhqw,1 Lq frqwudvw/
Sdqho I vkrzv wkdw wkh udwlr ri �{hg lqyhvwphqw wr JGS idoov lq W dqg vxusdvvhv
lwv phdq ohyho rqo| lq W . 6 ehiruh idoolqj suhflslwrxvo|1

Wkh vwdelol}dwlrq wlph sur�ohv wkxv srlqw rxw wr wkh suhvhqfh ri d errp0
uhfhvvlrq f|foh dvvrfldwhg zlwk h{fkdqjh udwh0edvhg vwdelol}dwlrq1 Dowkrxjk lw
lv hpslulfdoo| gl�fxow wr glvwlqjxlvk d odwh uhfhvvlrq lq erwk vxffhvvixo dqg
xqvxffhvvixo surjudpv iurp wkh rxwsxw froodsvh wkdw w|slfdoo| dffrpsdqlhv wkh
hqg ri idlohg surjudpv/ Iljxuhv 4 dqg 5 duh frqvlvwhqw zlwk wkh lghd wkdw wkh odwh
uhfhvvlrq pd| wdnh krog ehiruh wkh surjudpv froodsvh1 Qrwlfh wkdw uhdo dfwlylw|
+l1h1/ JGS dqg frqvxpswlrq lq Iljxuh 5/ Sdqhov D dqg E, vorzv grzq douhdg|
dw W . 5 dqg idoov ehorz wkh vdpsoh phdq dw W . 6/ zklfk frxog uh�hfw wkh
h�hfwv ri ulvlqj uhdo lqwhuhvw udwhv +Iljxuh 4/ sdqhov H dqg I, dqg fxpxodwlyh
uhdo h{fkdqjh dssuhfldwlrq +Iljxuh 4/ Sdqho E,1 Wkh idfw wkdw wklv frqwudfwlrq
lv wdnlqj sodfh zkloh wkh fxuuhqw dffrxqw gh�flw frqwlqxhv wr jurz +Iljxuh 4/
Sdqho F, vxjjhvwv wkdw wkh frqwudfwlrq lv qrw uhodwhg wr wkh uhdo h�hfwv ri dq
hyhqwxdo froodsvh1
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Sdqho uhjuhvvlrqv E| dqg odujh/ wkh sur�ohv lq vwdelol}dwlrq wlph suhvhqwhg
lq Iljxuhv 4 dqg 5 duh frqvlvwhqw zlwk wkh vw|ol}hg idfwv wkdw kdyh ehhq hp0
skdvl}hg lq wkh uhfhqw olwhudwxuh1 Krzhyhu/ zkloh wkh udz gdwd suhvhqwhg lq
wklv pdqqhu lv fohduo| vxjjhvwlyh/ wkhvh sorwv fdqqrw dqvzhu wkh nh| txhvwlrqv
ri zkhwkhu wkh errp0uhfhvvlrq f|foh lq JGS/ frqvxpswlrq/ dqg lqyhvwphqw kdv
ehhq vljql�fdqw lq d vwdwlvwlfdo vhqvh ru zkhwkhu lw pd| kdyh ehhq fdxvhg e|
idfwruv rwkhu wkdq wkh h{fkdqjh udwh0edvhg vwdelol}dwlrq surjudpv wkhpvhoyhv1
Zkloh d gh�qlwh dqvzhu wr wkhvh txhvwlrqv lv idu iurp wulyldo � dqg uhpdlqv
d fkdoohqjh iru ixwxuh uhvhdufk � vrph vlpsoh hfrqrphwulf h{huflvhv pd| vkhg
oljkw rq wkhvh lpsruwdqw lvvxhv1 Vshfl�fdoo| � dqg iroorzlqj Uhlqkduw dqg
Y�hjk +4<<7/ 4<<8, � zh udq sdqho uhjuhvvlrqv rq gxpp| yduldeohv lqwhqghg
wr fdswxuh wkh hduo| dqg odwh vwdjhv ri d surjudp/ dqg whvw zkhwkhu jurzwk lq
shu fdslwd JGS/ frqvxpswlrq/ dqg �{hg lqyhvwphqw gxulqj wkrvh shulrgv zdv
vljql�fdqwo| gl�huhqw iurp wuhqg jurzwk155 Zh dovr whvw iru wkh vljql�fdqfh ri
wkh wlph sdwwhuq ri sxeolf frqvxpswlrq156 Wkh uhjuhvvlrqv frqwuro iru frpprq
h{whuqdo vkrfnv/ dv vxjjhvwhg e| Hfkhqltxh dqg Iruwh}d +4<<:,157 Wkh vdpsoh
iru wkh sdqho uhjuhvvlrqv uhpdlqv wkh vdph dv wkdw xvhg iru wkh vwdelol}dwlrq
wlph sur�ohv= irxu frxqwulhv +Dujhqwlqd/ Fkloh/ Lvudho/ dqg Xuxjxd|, zlwk 49
revhuydwlrqv hdfk +4<:;04<<6, iru d wrwdo ri 97 revhuydwlrqv1

Zh gh�qh wkh %hduo|% gxpp| dv wdnlqj d ydoxh ri rqh lq wkh �uvw wkuhh
|hduv ri wkh surjudpv158 Li wkh surjudp odvwhg ohvv wkdq wkuhh |hduv +dv zdv
wkh fdvh iru wkh Dujhqwlqh %wdeolwd% dqg wkh Dxvwudo sodq,/ wkhq wkh %hduo|%
gxpp| wdnhv d ydoxh ri rqh lq wkh �uvw wzr |hduv ri wkh surjudp1 Lq doo fdvhv/
wkh %odwh% gxpp| wdnhv d ydoxh ri rqh lq wkh wzr |hduv lpphgldwho| iroorzlqj
wkh %hduo|% vwdjh159 Qrwlfh wkdw wkh %odwh% gxpp| kdv ehhq gh�qhg iru doo
surjudpv/ uhjdugohvv ri zkhwkhu wkh| dfwxdoo| idlohg ru qrw1 Zkloh wklv pdnhv
wkh fulwhulrq pruh vwulqjhqw +frpsduhg wr gh�qlqj wkh %odwh% gxpp| rqo| iru
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wkrvh surjudpv wkdw idlo,/ lw lv pruh lq dffrugdqfh zlwk wkh lghd wkdw wkh odwh
uhfhvvlrq wdnhv sodfh lq erwk vxffhvvixo dqg xqvxffhvvixo surjudpv1 Dv frqwuro
yduldeohv/ zh fkrvh wkh Oleru udwh +dgmxvwhg e| X1V1 lq�dwlrq,/ dyhudjh jurzwk
lq RHFG frxqwulhv � erwk ri zklfk duh lqwhqghg wr fdswxuh wkh zruog exvlqhvv
f|foh � dqg whupv ri wudgh15:

Wkh vxppdu| uhvxowv ri wkh sdqho uhjuhvvlrqv duh uhsruwhg lq Wdeoh 51 Ohw xv
�uvw irfxv rq wkh �uvw wkuhh froxpqv +JGS/ sulydwh frqvxpswlrq/ dqg gxudeohv
frqvxpswlrq,1 Wkh %hduo|% dqg %odwh% gxpplhv kdyh wkh h{shfwhg vljqv +srv0
lwlyh iru %hduo|% dqg qhjdwlyh iru %odwh%, dqg duh vljql�fdqw +dw ohdvw dw wkh
43 shufhqw ohyho, lq doo wkuhh fdvhv1 Iru h{dpsoh/ froxpq +5, lqglfdwhv wkdw
jurzwk lq sulydwh frqvxpswlrq shu fdslwd lv 6166 shufhqw kljkhu +uhodwlyh wr
wuhqg jurzwk, gxulqj wkh hduo| vwdjhv ri wkh surjudp dqg 7193 orzhu lq wkh odwh
vwdjhv1 Wkh vl}h ri wkh frh�flhqwv dovr whqgv wr vxssruw wkh lghd � vxjjhvwhg
e| Iljxuh 5 � wkdw wkh errp0uhfhvvlrq f|foh lv wkh prvw surqrxqfhg iru gxudeoh
jrrgv dqg wkh ohdvw surqrxqfhg iru JGS/ zlwk frqvxpswlrq idoolqj vrphzkhuh
lq ehwzhhq1 Wkh lqlwldo ulvh lq gxudeoh jrrgv frqvxpswlrq lv pruh wkdq irxu
wlphv odujhu wkdq wkh ulvh lq sulydwh frqvxpswlrq/ zklfk lv lq wxuq doprvw wzlfh
dv kljk dv wkh ulvh lq JGS shu fdslwd1 Lqfuhdvhv lq Oleru +lq uhdo whupv, qhj0
dwlyho| d�hfwv doo wkuhh yduldeohv +dqg duh dozd|v vljql�fdqw,1 Wklv uhvxow lv
frqvlvwhqw zlwk wkh qrwlrq wkdw �xfwxdwlrqv lq lqwhuqdwlrqdo lqwhuhvw udwhv dovr
sod| d nh| uroh lq jhqhudwlqj errp0exvwv f|fohv lq ghyhorslqj frxqwulhv +vhh/ iru
h{dpsoh/ Fdoyr/ Ohlghupdq/ dqg Uhlqkduw +4<<6,,1 RHFG jurzwk pdwwhuv rqo|
iru JGS jurzwk/ zkloh wkh h�hfwv ri whupv ri wudgh duh qhyhu vljql�fdqw1

Lq vkdus frqwudvw/ wkh f|foh lq �{hg lqyhvwphqw lv qrw vwdwlvwlfdoo| vljql�fdqw
+Wdeoh 5/ froxpq +7,,1 Fkdqjhv lq uhdo zruog lqwhuhvw udwhv +l1h1/ uhdo Oleru,
ixoo| h{sodlq wkh f|fohv lq �{hg lqyhvwphqw1 Lq dq| hyhqw/ wklv vkrxog shukdsv
qrw frph dv d elj vxusulvh vlqfh fdvxdo hylghqfh iru d pdmrulw| ri surjudpv
vxjjhvwv wkdw wkh pdlq irufh ehklqg wkh h{sdqvlrqdu| skdvh lv wkh vkdus lqfuhdvh
lq sulydwh frqvxpswlrq1 Lw lv dovr frqvlvwhqw zlwk hylghqfh iurp Euxqr dqg
Hdvwhuo| +4<<8, dqg Hdvwhuo| +4<<9,/ zkr �qg wkdw jurzwk iroorzlqj lq�dwlrq
fulvhv lv qrw gulyhq e| lqyhvwphqw1 Ilqdoo|/ froxpq +8, lq Wdeoh 5 lqglfdwhv wkdw
wkh lqlwldo idoo lq sxeolf frqvxpswlrq lv qrw vwdwlvwlfdoo| vljql�fdqw1

Zh pd| wkxv frqfoxgh wkdw wkh hfrqrphwulf hylghqfh lv frqvlvwhqw zlwk wkh
qrwlrq wkdw h{fkdqjh udwh0edvhg vwdelol}dwlrq ohdgv wr errp0uhfhvvlrq f|fohv lq
uhdo JGS/ sulydwh frqvxpswlrq/ dqg frqvxpswlrq ri gxudeoh jrrgv/ hyhq zkhq
dffrxqw lv wdnhq ri h{whuqdo idfwruv1 Wkh hylghqfh lv lqfrqfoxvlyh zlwk uhjdug
wr lqyhvwphqw1

Gr h{fkdqjh udwh0edvhg vwdelol}dwlrqv vrz wkh vhhgv ri wkhlu rzq gh0
vwuxfwlrqB D qrwdeoh dvshfw ri h{fkdqjh udwh0edvhg vwdelol}dwlrq surjudpv lv
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wkdw/ dv qrwhg lq Wdeoh 4/ d ydvw pdmrulw| kdyh hqghg lq edodqfh ri sd|phqwv
fulvhv1 Lq idfw/ ri doo wkh pdmru surjudpv olvwhg lq Wdeoh 4/ wkh Dujhqwlqh 4<<4
Frqyhuwlelolw| sodq lv vr idu wkh rqo| vxffhvvixo sodq zklfk kdv pdlqwdlqhg wkh
h{fkdqjh udwh dw wkh ohyho fkrvhq dw wkh lqfhswlrq ri wkh surjudp15; Hljkw ri wkh
wzhoyh sodqv hqghg lq ixoo0eorzq fulvhv zlwk odujh orvvhv ri lqwhuqdwlrqdo uhvhuyhv1
Qdwxudoo|/ wkh vwdelol}dwlrq wlph sur�ohv lq Iljxuhv 4 dqg 5 dsshdu wr fdswxuh
wklv sdwwhuq1 Lq W . 7/ wkh fxuuhqw dffrxqw vkduso| uhyhuvhv frxuvh +Iljxuh 4/
Sdqho F,/ vxjjhvwlqj wkdw d %fulvlv% kdv rffxuuhg15< Wklv %fulvlv% wlph frlqflghv
zlwk d uhvxpswlrq ri kljk lq�dwlrq/ d uhdo h{fkdqjh udwh ghsuhfldwlrq/ dqg d
froodsvh lq JGS/ frqvxpswlrq/ dqg lqyhvwphqw1

Dv dujxhg e| Uhlqkduw dqg Y�hjk +4<<8,/ wkh g|qdplfv xqohdvkhg e| h{0
fkdqjh udwh0edvhg vwdelol}dwlrq sodqv duh olnho| wr eh sduwo| uhvsrqvleoh iru wkh
ghplvh ri vhyhudo surjudpv1 Surorqjhg shulrgv ri uhdo h{fkdqjh udwh dssuhfl0
dwlrq dqg jurzlqj fxuuhqw dffrxqw gh�flwv duh vhogrp vxvwdlqdeoh/ hvshfldoo|
zkhq grphvwlf dqg h{whuqdo vkrfnv frpsrxqg wkh sureohpv1 Fruuhfwlyh gh0
ydoxdwlrqv gr qrw dozd|v zrun/ sduwlfxoduo| lq d zruog ri lqfuhdvlqj �qdqfldo
joredol}dwlrq/ dv wkh h{dpsoh ri Ph{lfr lq Ghfhpehu 4<<7 gudpdwlfdoo| vkrzhg1
Wkhvh uhjlphv duh dovr surqh wr �qdqfldo dqg vshfxodwlyh dwwdfnv zklfk pd|
eh xquhodwhg wr sureohpv ri fxuuhqw dffrxqw vxvwdlqdelolw|1 Wkh hylghqfh wkxv
vxjjhvwv wkdw xqghuvwdqglqj wkh olqnv ehwzhhq wkh g|qdplfv ri h{fkdqjh udwh0
edvhg vwdelol}dwlrqv dqg wkh hyhqwxdo froodsvh ri prvw ri wkhvh surjudpv vkrxog
eh dq lqwhjudo sduw ri wkh uhvhdufk djhqgd +dq dqdo|vlv ri wkhvh lvvxhv lv fduulhg
rxw lq Vhfwlrq :,1

��2 �L?i)�M@ti_ t|@M�*�3@|�L?G i4T�h�U@* hi}�*@h�|�it

Prqh|0edvhg surjudpv lq fkurqlf lq�dwlrq frxqwulhv kdyh ehhq pxfk ohvv frp0
prq wkdq surjudpv edvhg rq wkh h{fkdqjh udwh163 Wdeoh 6 suhvhqwv wkh pdlq ihd0
wxuhv ri �yh pdmru prqh|0edvhg surjudpv xqghuwdnhq lq wkh odvw 58 |hduv164 Dv
wkh wdeoh pdnhv fohdu/ prqhwdu| uhjlphv ydu| dfurvv hslvrghv dqg sxuh prqh|0
edvhg surjudpv +l1h1/ d fohdq �rdwlqj uhjlph, duh uduh165 Khqfh/ iru wkh sxu0
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srvhv ri wklv sdshu/ wkh whup %prqh|0edvhg% vwdelol}dwlrq vkrxog eh eurdgo|
xqghuvwrrg dv lqfoxglqj dvvruwhg gluw| �rdwlqj uhjlphv dqg gxdo h{fkdqjh udwh
v|vwhpv zlwk d �{hg frpphufldo udwh +ru htxlydohqw v|vwhpv,1 Wkh udwlrqdoh iru
oxpslqj wkhvh uhjlphv wrjhwkhu lv wkdw lq doo fdvhv wkh prqhwdu| dxwkrulw| kdv/
wr d ohvvhu ru juhdwhu h{whqw/ frqwuro ryhu wkh prqh| vxsso|1 Wklv lv/ ri frxuvh/
lq frqwudvw wr dq h{fkdqjh udwh0edvhg uhjlph +xqghu shuihfw fdslwdo prelolw|,
lq zklfk wkh prqh| vxsso| lv ixoo| hqgrjhqrxv1 Dv zloo eh glvfxvvhg lq ghwdlo
lq Vhfwlrq 8/ rqh vkrxog h{shfw uhjlphv lq zklfk wkh prqhwdu| dxwkrulw| kdv
frqwuro ryhu wkh prqh| vxsso| wr gholyhu vlplodu rxwfrphv wr wkrvh wkdw zrxog
rewdlq xqghu d sxuh prqh|0edvhg1 Khqfh/ wr frqwudvw vw|ol}hg idfwv zlwk wkhru|/
lw pdnhv vhqvh wr dgrsw vxfk d fodvvl�fdwlrq1

Wkh iroorzlqj hpslulfdo uhjxodulwlhv kdyh ehhq lghqwl�hg lq prqh|0edvhg sur0
judpv +vhh Fdoyr dqg Y�hjk +4<<7e,,=

+l, Vorz frqyhujhqfh ri lq�dwlrq wr wkh udwh ri jurzwk ri wkh prqh| vxsso|1
+ll, Uhdo dssuhfldwlrq ri wkh grphvwlf fxuuhqf|1
+lll, Qr fohdu0fxw uhvsrqvh ri wkh wudgh edodqfh dqg wkh fxuuhqw dffrxqw1 Li

dq|wklqj/ wkhuh vhhpv wr eh d vkruw0uxq lpsuryhphqw lq wkh h{whuqdo dffrxqwv1
+ly, Lqlwldo frqwudfwlrq lq hfrqrplf dfwlylw|1 D vkdus/ wkrxjk vkruw0olyhg/

frqwudfwlrq lq uhdo JGS/ frqvxpswlrq/ dqg lqyhvwphqw vhhpv wr iroorz wkh lp0
sohphqwdwlrq ri prqh|0edvhg surjudpv1

+y, Lqlwldo lqfuhdvh lq grphvwlf uhdo lqwhuhvw udwhv1
Wkhvh hpslulfdo uhjxodulwlhv duh ohvv vxusulvlqj lq wkdw wkh| vhhp wr eurdgo|

frqirup zlwk dydlodeoh hylghqfh iru lqgxvwuldo frxqwulhv1 Wr looxvwudwh vrph
ri wkhvh hpslulfdo uhjxodulwlhv/ zh frqvwuxfwhg d sdqho zlwk �yh frxqwulhv +Du0
jhqwlqd/ Eud}lo/ Fkloh/ Grplqlfdq Uhsxeolf/ dqg Shux, zlwk 58 |hduv ri dqqxdo
gdwd +4<:404<<8,/ iru d wrwdo ri 458 revhuydwlrqv166 67

Wkh vwdelol}dwlrq wlph sur�ohv duh looxvwudwhg lq Iljxuh 61 Sdqho D vkrzv
wkdw wkh lq�dwlrq udwh idoov gudpdwlfdoo| lq wkh �uvw |hdu diwhu vwdelol}dwlrq exw
ehjlqv wr ulvh djdlq vrrq diwhuzdugv168 Dowkrxjk wkh lq�dwlrq udwh grhv uhpdlq
deryh wkh udwh ri prqh| jurzwk/ lq�dwlrq shuvlvwhqfh dsshduv wr eh pxfk ohvv
surqrxqfhg wkdw lq h{fkdqjh udwh0edvhg surjudpv +uhfdoo Iljxuh 4/ Sdqho D,1
Uhdo JGS jurzwk idoov lq wkh |hdu ri vwdelol}dwlrq iurp 061; wr 0:16 shufhqw/
exw uhfryhuv vrrq diwhu dqg lv deryh wkh vdpsoh phdq lq W . 6 +Sdqho E,1 Wkh
hylghqfh lv wkxv frqvlvwhqw zlwk d vkruw0olyhg exw vkdus frqwudfwlrq lq hfrqrplf
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dfwlylw|1 Lw vkrxog eh qrwhg/ krzhyhu/ wkdw uhdo JGS jurzwk lv douhdg| ehorz
lwv phdq lq wkh |hdu ehiruh wkh surjudp1 Wkh uhdo h{fkdqjh udwh dssuhfldwhv
wkurxjkrxw wkh surjudp +Sdqho F,/ zkloh wkh fxuuhqw dffrxqw vkrzv qr fohdu
sdwwhuq +Sdqho G,1 Odfn ri gdwd suhyhqwhg xv iurp orrnlqj dw uhdo lqwhuhvw udwhv1
Txduwhuo| gdwd suhvhqwhg lq Fdoyr dqg Y�hjk +4<<7e,/ krzhyhu/ lv frqvlvwhqw
zlwk wkh qrwlrq ri dq lqlwldo ulvh lq uhdo lqwhuhvw udwhv1

��� +iUitt�L? ?L� �iht�t hiUitt�L? *@|ih

D frpsdulvrq ri wkh uhdo dfwlylw| lq prqh|0edvhg dqg h{fkdqjh udwh0edvhg vwd0
elol}dwlrqv udlvhv dq lpsruwdqw lvvxh1 Wkh wlplqj ri wkh uhfhvvlrqdu| h�hfwv ri
glvlq�dwlrq surjudpv dsshduv wr gl�hu dfurvv qrplqdo dqfkruv= lq prqh|0edvhg
sodqv wkh frqwudfwlrq rffxuv hduo| lq wkh surjudp/ zkloh lq h{fkdqjh udwh0edvhg
surjudpv lw vhhpv wr rffxu odwh lq wkh surjudp +frpsduh Iljxuh 5/ Sdqho D
zlwk Iljxuh 6/ Sdqho E,1 Wklv skhqrphqrq kdv ehhq gxeehg wkh %uhfhvvlrq0
qrz0yhuvxv0uhfhvvlrq0odwhu% k|srwkhvlv1

Wr whvw wklv k|srwkhvlv/ zh fduulhg rxw wzr hfrqrphwulf h{huflvhv iru wkh
udwh ri jurzwk ri uhdo shu fdslwd JGS iru dv odujh d vdpsoh dv srvvleoh1 Wkh
vdpsoh lqfoxghv wkh shulrg 4<:404<<8 iru hljkw frxqwulhv +Dujhqwlqd/ Eud}lo/
Fkloh/ Grplqlfdq Uhsxeolf/ Lvudho/ Ph{lfr/ Shux/ dqg Xuxjxd|, iru d wrwdo ri
533 revhuydwlrqv1 Wkh vdpsoh frpsulvhv 47 vwdelol}dwlrq sodqv= < h{fkdqjh udwh0
edvhg vwdelol}dwlrqv +doo ri wkrvh ghvfulehg lq Wdeoh 4 h{fhsw iru wkh �uvw wkuhh,
dqg wkh �yh prqh|0edvhg vwdelol}dwlrqv olvwhg lq Wdeoh 61

Wdeoh 7 vkrzv wkh uhvxowv ri �{hg h�hfwv uhjuhvvlrqv rq vwdelol}dwlrq gxp0
plhv/ frqwuroolqj iru h{whuqdo idfwruv169 Wkuhh uhjuhvvlrqv duh vkrzq= wkh �uvw
wzr +%lqglylgxdo uhjuhvvlrqv%, dwwhpsw wr lghqwli| wkh h�hfwv ri h{fkdqjh udwh0
edvhg vwdelol}dwlrq wlph gxpplhv dqg prqh|0edvhg vwdelol}dwlrq wlph gxpplhv
vhsdudwho| +l1h1/ hdfk uhjuhvvlrq lqfoxghv rqo| wkh wlph gxpplhv fruuhvsrqglqj
wr d sduwlfxodu dqfkru,1 Wkh wklug +%mrlqw uhjuhvvlrq%, lqfoxghv doo vwdelol}dwlrq
wlph gxpplhv vlpxowdqhrxvo|1

Ohw xv �uvw irfxv rq h{fkdqjh0udwh edvhg vwdelol}dwlrq1 Iluvw/ uhjuhvvlrqv
+4, dqg +6, lqglfdwh wkdw jurzwk lq wkh wzr |hduv ehiruh h{fkdqjh udwh0edvhg
vwdelol}dwlrq lv qrw vwdwlvwlfdoo| gl�huhqw iurp wuhqg jurzwk16: Khqfh/ h{fkdqjh
udwh0edvhg vwdelol}dwlrqv dsshdu wr kdyh ehhq lpsohphqwhg lq %qrupdo% wlphv16;

Jurzwk lq wkh �uvw wzr |hduv ri vwdelol}dwlrq +W dqg W .4, lv vljql�fdqwo| deryh
wuhqg jurzwk lq wkh lqglylgxdo uhjuhvvlrq1 Lq wkh mrlqw uhjuhvvlrq/ jurzwk lv
vljql�fdqwo| deryh wuhqg lq W . 41 Lq erwk fdvhv/ jurzwk lv vljql�fdqwo| ehorz
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wuhqg irxu |hduv diwhu vwdelol}dwlrq +l1h1/ lq W . 7,1 H{whuqdo idfwruv kdyh wkh
h{shfwhg vljqv dqg duh dozd|v vljql�fdqw1

Lq prqh|0edvhg vwdelol}dwlrqv/ jurzwk lq wkh wzr |hduv ehiruh vwdelol}dwlrq
lv vljql�fdqwo| ehorz wuhqg jurzwk +uhjuhvvlrqv +5, dqg +6,,1 Prqh|0edvhg vwd0
elol}dwlrqv wkxv dsshdu wr kdyh ehhq lpsohphqwhg lq %edg% wlphv1 Jurzwk lv
vkduso| ehorz wuhqg lq wkh |hdu ri vwdelol}dwlrq dqg frqwlqxhv wr eh vljql�fdqwo|
ehorz wuhqg lq wkh �uvw |hdu +lq erwk wkh lqglylgxdo dqg mrlqw uhjuhvvlrqv, dqg
vhfrqg |hdu diwhu vwdelol}dwlrq +lq wkh lqglylgxdo uhjuhvvlrq,1 H{whuqdo idfwruv
kdyh wkh h{shfwhg vljqv dqg duh dozd|v vljql�fdqw1

Wkhvh uhvxowv duh wkxv frqvlvwhqw zlwk wkh lghd ri dq hduo| uhfhvvlrq lq prqh|0
edvhg vwdelol}dwlrq/ dqg dq hduo| errp iroorzhg e| d frqwudfwlrq lq h{fkdqjh
udwh0edvhg vwdelol}dwlrq1 D fdyhdw wr eh qrwlfhg lv wkh idfw wkdw jurzwk zdv
vljql�fdqwo| ehorz wuhqg ehiruh wkh vwdelol}dwlrq lq prqh|0edvhg surjudpv1 Wklv
udlvhv wkh srvvlelolw| wkdw wkh lqlwldo uhfhvvlrq pljkw vlpso| eh wkh frqwlqxdwlrq
ri wkdw wuhqg16<

Zkloh wkh uhjuhvvlrqv uhsruwhg lq Wdeoh 7 duh fhuwdlqo| uhyhdolqj/ wkh| pd|
eh dvnlqj wrr pxfk ri wkh gdwd1 Wkh uhdvrq lv wkdw zh duh uhdoo| lqwhuhvwhg lq wkh
ehkdylru ri jurzwk lq wkh %hduo|% dqg %odwh% vwdjhv ri vwdelol}dwlrq surjudpv/
udwkhu wkdq lq vshfl�f |hduv +l1h1/ zh duh lqwhuhvwhg lq %mrlqw vljql�fdqfh%,1
Khqfh/ dv ehiruh/ zh udq sdqho uhjuhvvlrqv zlwk hduo| dqg odwh gxpplhv/ dqg
frqwuro yduldeohv173 Wdeoh 8 vkrzv wkh vdph uhjuhvvlrq hvwlpdwhg e| wkuhh gli0
ihuhqw phwkrgv= ROV/ �{hg h�hfwv/ dqg d 50vwhs JOV zlwk �{hg h�hfwv1 Wkh
uhvxowv gr qrw ydu| pxfk dfurvv gl�huhqw phwkrg ri hvwlpdwlrqv1 Lq doo fdvhv/ wkh
hduo| dqg odwh gxpplhv iru h{fkdqjh udwh0edvhg vwdelol}dwlrq duh vljql�fdqw dqg
vr lv wkh hduo| gxpp| iru prqh|0edvhg vwdelol}dwlrq1 Lq rwkhu zrugv/ jurzwk lq
wkh hduo| vwdjhv ri dq h{fkdqjh udwh edvhg vwdelol}dwlrq lv vljql�fdqwo| kljkhu
wkdq wuhqg jurzwk dqg vljql�fdqwo| ehorz wuhqg jurzwk lq wkh odwh vwdjhv1 Lq
prqh|0edvhg vwdelol}dwlrqv/ jurzwk lv vljql�fdqwo| ehorz wuhqg jurzwk lq wkh
hduo| vwdjhv dqg qrw vljql�fdqwo| gl�huhqw iurp wuhqg jurzwk lq wkh odwh vwdjhv1
Ri wkh frqwuro yduldeohv/ uhdo Oleru dqg RHFG jurzwk duh dozd|v vljql�fdqw1
Wkhvh uhvxowv duh wkxv frqvlvwhqw zlwk wkh uhfhvvlrq0qrz0yhuvxv0uhfhvvlrq0odwhu
k|srwkhvlv1
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D �qdo zrug ri fdxwlrq lv lq rughu1 Hpslulfdo uhvhdufk rq wkh hpslulfdo uhj0
xodulwlhv ri vwdelol}dwlrq lq fkurqlf lq�dwlrq frxqwulhv lv vwloo yhu| pxfk zrun
lq surjuhvv1 Lq idfw/ zh zrxog dujxh wkdw wrr olwwoh hpslulfdo zrun � uhodwlyh
wr wkhruhwlfdo zrun � kdv ehhq grqh lq wkh duhd1 Qhhgohvv wr vd|/ wklv w|sh
ri dqdo|vlv idfhv iruplgdeoh revwdfohv/ lqfoxglqj vpdoo vdpsohv +lq sduwlfxodu ri
prqh|0edvhg surjudpv,/ wkh gh�qlwlrq ri lq�dwlrq vwdelol}dwlrq hslvrghv/ wkh
fodvvl�fdwlrq ri hslvrghv e| w|sh ri qrplqdo dqfkru/ wkh txdolw| ri wkh gdwd/ dqg
wkh qhhg wr frqwuro iru rwkhu vkrfnv +erwk grphvwlf dqg h{whuqdo,1 Pxfk zrun
uhpdlqv wr eh grqh dqg wkh uhvxowv suhvhqwhg khuh vkrxog eh wdnhq dv vxjjhvwlyh
dqg srlqwlqj rxw gluhfwlrqv wr iroorz/ udwkhu wkdq dv frqfoxvlyh hylghqfh1

Dw d phwkrgrorjlfdo ohyho/ zh wklqn lw lv lpsruwdqw wr glvwlqjxlvk ehwzhhq
wzr dowhuqdwlyh dssurdfkhv1 Rqh dssurdfk � wkh rqh dgrswhg lq wklv vhfwlrq �
pljkw eh gxeehg wkh %hslvrglf% dssurdfk1 Wklv dssurdfk lqyroyhv vhohfwlqj wkh
ehvw0nqrzq vwdelol}dwlrq hslvrghv/ zklfk kdyh uhfhlyhg d juhdw ghdo ri dwwhqwlrq1
Dw wkh rwkhu h{wuhph/ zh kdyh d %phfkdqlfdo% dssurdfk/ zkhuh vwdelol}dwlrq
hslvrghv duh gh�qhg edvhg rq wkh ehkdylru ri lq�dwlrq1 Iru h{dpsoh/ Hdvwhuo|
+4<<9, gh�qhv d vwdelol}dwlrq dv dq hslvrgh fkdudfwhul}hg e| d vzlwfk iurp d
shulrg ri wzr |hduv ru pruh zlwk dq dqqxdo udwh ri lq�dwlrq deryh 73 shufhqw wr
d shulrg ri wzr |hduv ru pruh zlwk dq dqqxdo udwh ri lq�dwlrq ehorz 73 shufhqw1

Erwk dssurdfkhv kdyh sureohpv1 Wkh %hslvrglf% dssurdfk lv vxemhfwlyh dqg
zloo whqg wr rplw ohvvhu0nqrzq hslvrghv174 Wkh %phfkdqlfdo% dssurdfk gh�qhv
d vwdelol}dwlrq e| lwv rxwfrph/ zklfk lv fohduo| sureohpdwlf1 Frqfhswxdoo|/ dq
lq�dwlrq vwdelol}dwlrq surjudp lqyroyhv d gudvwlf uhgxfwlrq lq wkh udwh ri jurzwk
ri d srolf| lqvwuxphqw +wkh h{fkdqjh udwh ru wkh prqh| vxsso|, dqg qrw qhf0
hvvdulo| wkh dwwdlqphqw ri srolf| remhfwlyh +d idoo lq wkh lq�dwlrq udwh,1 Lq idfw/
erwk wkhru| dqg hylghqfh surylgh qxphurxv h{dpsohv ri vwdelol}dwlrqv zklfk lq0
yroyh d udwkhu vorz uhgxfwlrq +ru hyhq dq lqlwldo lqfuhdvh, lq lq�dwlrq1 Zkdwhyhu
wkh phulwv ri erwk dssurdfkhv/ lq wkh vhfrqg0ehvw zruog ri hpslulfdo dqdo|vhv/
wkhuh lv vxuho| vrphwklqj wr eh ohduqhg iurp erwk ri wkhp1

Zlwklq wkh hslvrglf dssurdfk/ Hfkhqltxh dqg Iruwh}d +4<<:, dujxh wkdw
wkh uhvxowv uhsruwhg lq Uhlqkduw dqg Y�hjk +4<<7/ 4<<8, � lq sduwlfxodu/ wkh
lqlwldo errp xqghu h{fkdqjh udwh0edvhg vwdelol}dwlrq � duh qrw urexvw wr wkh
lqfoxvlrq ri h{whuqdo idfwruv +wkh| gr qrw orrn dw hlwkhu sulydwh frqvxpswlrq
ru gxudeoh jrrgv frqvxpswlrq,1 Wkh uhylvhg hvwlpdwhv uhsruwhg deryh gr qrw
vxssruw vxfk d fodlp/ h{fhsw iru lqyhvwphqw1 Lq dq| hyhqw/ frqwuroolqj iru rwkhu
idfwruv � erwk grphvwlf dqg h{whuqdo � lv fohduo| dq lpsruwdqw hqghdyru dv
lw zrxog lpso| wkdw/ txdqwlwdwlyho| vshdnlqj/ prghov ri h{fkdqjh udwh0edvhg
vwdelol}dwlrq vkrxog eh deoh wr dffrxqw rqo| iru d iudfwlrq ri wkh dfwxdo errpv
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revhuyhg1 Jrxog +4<<9, dujxhv wkdw/ diwhu dgmxvwlqj iru lqlwldo frqglwlrqv zklfk
pdnh wkh fkrlfh ri wkh qrplqdo dqfkru hqgrjhqrxv/ jurzwk dfwxdoo| lpsuryhv
lq hlwkhu fdvh1

Xvlqj wkh %phfkdqlfdo dssurdfk% ghvfulehg deryh/ Hdvwhuo| +4<<9, dujxhv
wkdw vwdelol}dwlrq iurp kljk lq�dwlrq kdv ehhq h{sdqvlrqdu| +lq whupv ri JGS
dqg frqvxpswlrq, uhjdugohvv ri wkh qrplqdo dqfkru1 Lq rwkhu zrugv/ kh grhv qrw
�qg hylghqfh ri prqh|0edvhg vwdelol}dwlrq ehlqj frqwudfwlrqdu|1 Wkh gl�huhqfh
pd| uh�hfw wkh yhu| gl�huhqw vdpsoh � rxw ri 5; hslvrghv/ Hdvwhuo| +4<<9, fodv0
vl�hv doo exw < dv prqh|0edvhg vwdelol}dwlrq � dqg wkh idfw wkdw kh frqvlghuv
rqo| vxffhvvixo surjudpv1 Lq dffrugdqfh zlwk rxu �qglqjv/ krzhyhu/ Hdvwhuo|
+4<<9, dovr dujxhv wkdw kljkhu lqyhvwphqw lv devhqw lq wkh hduo| vwdjhv ri vwdel0
ol}dwlrq1 Wkh qrwlrq wkdw lq�dwlrq vwdelol}dwlrq pd| eh dvvrfldwhg zlwk kljkhu
jurzwk dovr uhfhlyhv vxssruw iurp wkh wudqvlwlrq hfrqrplhv1 Xvlqj d 580frxqwu|
vdpsoh/ Ilvfkhu/ Vdkd|/ dqg Y�hjk +4<<9, frqfoxgh wkdw lq�dwlrq vwdelol}dwlrq
kdv ehhq h{sdqvlrqdu| iru wkh wudqvlwlrq hfrqrplhv � uhjdugohvv ri wkh qrplqdo
dqfkru � exw wkdw uhvruwlqj wr d �{hg h{fkdqjh udwh kdv kdg dq dgglwlrqdo
srvlwlyh h�hfw rq jurzwk1

D pruh jhqhudo fulwltxh lv wkdw ri N|godqg dqg ]dud}djd +4<<:, zkr dujxh �
edvhg rq d uhylhz ri wkh olwhudwxuh rq glvlq�dwlrq lq fkurqlf lq�dwlrq frxqwulhv
dqg dq dqdo|vlv ri exvlqhvv f|fohv lq Dujhqwlqd � wkdw qrplqdo h{fkdqjh udwh
vkrfnv gr qrw vhhp wr kdyh kdg dq| qrwlfhdeoh uhdo h�hfwv/ hyhq gxulqj h{fkdqjh
udwh0edvhg vwdelol}dwlrqv1 Pruh vshfl�fdoo|/ wkh| dujxh wkdw exvlqhvv f|fohv lq
Dujhqwlqd frxog eh h{sodlqhg e| uhdo vkrfnv1 Lw lv zruwk vwuhvvlqj/ krzhyhu/
wkdw wkh vwdelol}dwlrq olwhudwxuh kdv fhuwdlqo| qrw fodlphg wkdw vwdelol}dwlrqv duh
wkh pdlq vrxufh ri exvlqhvv �xfwxdwlrqv lq kljk lq�dwlrq frxqwulhv> lw kdv rqo|
fodlphg wkdw vwdelol}dwlrq surjudpv kdyh uhdo h�hfwv1 Wkh odwwhu lv/ ri frxuvh/
shuihfwo| frqvlvwhqw zlwk wkh lghd wkdw uhdo vkrfnv pd| eh wkh pdlq vrxufh ri
exvlqhvv f|foh �xfwxdwlrqv ryhu orqj shulrgv ri wlph175 Ixuwkhupruh/ iru dq|
jlyhq frxqwu|/ pdmru vwdelol}dwlrqv duh uhodwlyho| uduh hyhqwv1 Wklv vpdoo0vdpsoh
sureohp kdv ohg uhvhdufkhuv lq wklv duhd wr zrun zlwk sdqhov +l1h1/ furvv0frxqwu|
dqdo|vlv,1 Lw lv wkxv grxewixo zkhwkhu wlph0vhulhv/ exvlqhvv0f|foh dqdo|vlv iru d
sduwlfxodu frxqwu| pljkw eh deoh wr slfn xs wkh uhdo h�hfwv ri vwdelol}dwlrq1 Hyhq
li vxfk h�hfwv zhuh wkhuh/ wkh %uhfxuuhqw% vrxufhv ri exvlqhvv f|foh �xfwxdwlrqv
� zkdwhyhu wkh| pd| eh/ dqg wklv olwhudwxuh fhuwdlqo| wdnhv qr srvlwlrq rq wklv
� zrxog suredeo| grplqdwh1
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Jlyhq wkh pdlq fkdudfwhulvwlfv ri fkurqlf lq�dwlrq surfhvvhv � ghfdghv ri kljk
lq�dwlrq dqg d ulfk klvwru| ri idlohg vwdelol}dwlrq dwwhpswv � lw lv shukdsv
qrw vxusulvlqj wkdw wkh wzr pdlq h{sodqdwlrqv dgydqfhg iru wkh vw|ol}hg idfwv
glvfxvvhg lq Vhfwlrq 6 uho| rq lq�dwlrq lqhuwld dqg odfn ri fuhglelolw|1

e�� W?�@|�L? �?ih|�@

Urguljxh} +4<;5, zdv wkh �uvw wr srlqw rxw wkdw/ xqghu frqglwlrqv ri kljk fdsl0
wdo prelolw|/ d fuhgleoh ghfolqh lq wkh udwh ri ghydoxdwlrq pd| suryrnh dq lqlwldo
h{sdqvlrq1 Wkh pdlq prwlydwlrq ehklqg klv prgho zdv wkh idoo lq uhdo lqwhuhvw
udwhv revhuyhg lq wkh lqlwldo vwdjhv ri wkh Dujhqwlqh wdeolwd +vhh dovr Ihuqdqgh}
+4<;8,,1 Lq wkh prgho/ d uhgxfwlrq lq wkh ghydoxdwlrq udwh ohdgv/ wkurxjk wkh
lqwhuhvw sdulw| frqglwlrq/ wr orzhu grphvwlf qrplqdo lqwhuhvw udwhv1 Li lq�dwlrq0
du| h{shfwdwlrqv duh vwlfn| +l1h1/ dgdswlyh h{shfwdwlrqv �d od Fdjdq,/ wkhq wkh
uhdo lqwhuhvw udwh zloo idoo/ vwlpxodwlqj djjuhjdwh ghpdqg lq wkh vkruw uxq1 Wkh
lqlwldo h{sdqvlrq/ krzhyhu/ zloo hyhqwxdoo| eh iroorzhg e| d frqwudfwlrq/ dv lq0
�dwlrq lqhuwld ohdgv wr d vxvwdlqhg uhdo h{fkdqjh udwh dssuhfldwlrq1 Urguljxh}*v
+4<;5, pdmru frqwulexwlrq zdv wkxv wr vkrz wkdw/ hyhq wkrxjk Skloolsv0fxuyh
w|sh lpsolfdwlrqv zloo hyhqwxdoo| krog/ vkruw0uxq g|qdplfv pd| sxvk wkh hfrq0
rp| lq wkh rssrvlwh gluhfwlrq1 Qrwlfh/ lqflghqwdoo|/ wkdw wkh dujxphqw uholhv rq
vrph irup ri h{shfwdwlrqdo lqhuwld176

Wkh deryh h{sodqdwlrq kdv sulpd idflh kljk suhglfwlyh srzhu/ dv lw uhsur0
gxfhv txlwh zhoo wkh vw|ol}hg idfwv grfxphqwhg lq wkh suhylrxv vhfwlrq/ lqfoxglqj
wkh errp0uhfhvvlrq f|foh dqg wkh X0vkdshg sdwk ri wkh uhdo h{fkdqjh udwh1 Lw
dovr surylghv xv zlwk d vlpsoh prgho vxjjhvwlqj wkh srvvleoh wudsv wkdw rqh
pljkw hqfrxqwhu lq d vwdelol}dwlrq h�ruw1 Iru h{dpsoh/ li wkh surfhvv lv qrw zhoo
xqghuvwrrg/ srolf|pdnhuv pd| uhdfk wkh frqfoxvlrq wkdw vwdelol}dwlrq kdv jhqhu0
dwhg d kljkhu vxvwdlqdeoh ohyho ri rxwsxw dqg hfrqrplf dfwlylw|1 Vlqfh h{sdqvlrq
lv qrupdoo| dffrpsdqlhg e| kljkhu �vfdo uhyhqxh/ srolf|pdnhuv pd| eh lqgxfhg
wr vodfnhq wkhlu frqwuro rq jryhuqphqw h{shqglwxuh/ hqkdqflqj wkh hfrqrp|*v
ryhukhdwlqj dqg ixuwkhu zlghqlqj wkh �vfdo gh�flw zkhq uhfhvvlrq vhwv lq1 Ixu0
wkhu/ dv hpskdvl}hg dw wkh wlph e| Gruqexvfk +4<;5, � dqg pruh uhfhqwo| e|
Gruqexvfk dqg Zhuqhu +4<<7, � vwlfn|0lq�dwlrq edvhg prghov fdoo dwwhqwlrq wr
wkh sureohp ri %ryhuydoxdwlrq% dqg wkh sxeolf*v h{shfwdwlrqv wkdw d fruuhfwlyh
ghydoxdwlrq zrxog kdyh wr wdnh sodfh dw vrph srlqw wr uhvwruh %htxloleulxp%
uhodwlyh sulfhv1
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Urguljxh}*v +4<;5, prgho srvwxodwhv uhgxfhg0irup djjuhjdwh ghpdqg ixqf0
wlrqv zklfk ghshqg rq wkh uhdo lqwhuhvw udwh dqg wkh uhdo h{fkdqjh udwh1 Lq sdu0
wlfxodu/ wkh prgho dvvxphv wkdw d kljkhu uhdo lqwhuhvw udwh xqdpeljxrxvo| orzhuv
djjuhjdwh ghpdqg1 Wkhvh dsshdu wr eh kljko| sodxvleoh dvvxpswlrqv1 Krzhyhu/
Fdoyr dqg Y�hjk +4<<7d, vkrz wkdw vxfk dvvxpswlrqv duh udwkhu vwurqj dqg duh
qrw qhfhvvdulo| vxssruwhg e| prghov frqvlvwhqw zlwk rswlpl}lqj ehkdylru1 Wklv
fdq eh looxvwudwhg e| d vlpsoh h{dpsoh1

Frqvlghu d vpdoo rshq hfrqrp| shuihfwo| lqwhjudwhg zlwk wkh uhvw ri wkh zruog
lq jrrgv dqg fdslwdo pdunhwv1 Wkh uhsuhvhqwdwlyh krxvhkrog*v lqvwdqwdqhrxv
xwlolw| ghshqgv +vhsdudeo|, rq frqvxpswlrq ri wudgdeohv/ fW / qrq0wudgdeohv +ru
krph jrrgv,/ fQ / dqg uhdo prqhwdu| edodqfhv lq whupv ri wudgdeohv/ p177 Wkxv/
olihwlph xwlolw| dv ri wlph 3 fdq eh zulwwhq dv=

]
4

3

^y+fW
w
, . x+fQ

w
, . }+pw,` h{s+��w,gw> +4,

zkhuh �+A 3, lv wkh udwh ri wlph suhihuhqfh/ dqg y+=,> x+=,/ dqg }+=, duh vwulfwo|
lqfuhdvlqj dqg vwulfwo| frqfdyh ixqfwlrqv1

Wkh lqglylgxdo kdv d frqvwdqw hqgrzphqw �rz ri wudgdeoh jrrgv/ |W / zkloh
rxwsxw ri qrqwudgdeohv/ |Q

w
/ lv ghpdqg0ghwhuplqhg +l1h1/ lq htxloleulxp/ |Q

w
@ fQ

w

iru doo w,1 Wkh odz ri rqh sulfh krogv iru wkh wudgdeoh jrrg1 Wkh +frqvwdqw, zruog
uhdo lqwhuhvw udwh lv ghqrwhg e| u= +Lw zloo eh dvvxphg wkdw wkhuh lv qr iruhljq
lq�dwlrq/ vr wkdw u lv dovr wkh zruog qrplqdo lqwhuhvw udwh1, Wkhuhiruh/ wkh
lqglylgxdo*v olihwlph frqvwudlqw lv jlyhq e|=

e3.p3.
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+|W.
|Q
w

hw
.�w, h{s+�uw,gw @

]
4

3

+fW
w
.
fQ
w

hw
.lwpw, h{s+�uw,gw> +5,

zkhuh e3 ghqrwhv wkh lqglylgxdo*v lqlwldo vwrfn ri qhw iruhljq dvvhwv/ hw ghqrwhv
wkh uhdo h{fkdqjh udwh +l1h1/ wkh uhodwlyh sulfh ri wudgdeoh jrrgv lq whupv ri qrq0
wudgdeoh jrrgv,/ lw lv wkh qrplqdo lqwhuhvw udwh/ dqg � duh jryhuqphqw oxps0vxp
wudqvihuv1 Jlyhq shuihfw fdslwdo prelolw|/ wkh lqwhuhvw sdulw| frqglwlrq lw @ u.%w
krogv/ zkhuh %w lv wkh udwh ri ghydoxdwlrq1

Wr devwudfw iurp �vfdo lvvxhv/ zh dvvxph wkdw wkh jryhuqphqw uhwxuqv edfn
wr wkh frqvxphu doo ri lwv uhyhqxhv1 Khqfh/ wkh jryhuqphqw*v olihwlph exgjhw
frqvwudlqw lqglfdwhv wkdw wkh suhvhqw ydoxh ri wudqvihuv pxvw htxdo wkh lqlwldo
vwrfn ri jryhuqphqw0khog iruhljq dvvhwv +l1h1/ lqwhuqdwlrqdo uhvhuyhv,/ ghqrwhg e|
U3/ dqg uhyhqxhv iurp prqh| fuhdwlrq=

]
4

3

�w h{s+�uw,gw @ U3 .

]
4

3

+ bpw . %wpw, h{s+�uw,gw= +6,
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Frpelqlqj +5, dqg +6,/ wdnlqj lqwr dffrxqw qrq0wudgdeoh jrrgv pdunhw htxlole0
ulxp/ wkh lqwhuhvw sdulw| frqglwlrq/ dqg wkh wudqvyhuvdolw| frqglwlrq olp

w$3
pw h{s+�uw, @

3/ |lhogv wkh hfrqrp|*v uhvrxufh frqvwudlqw

n3 .
|W

u
@

]
4

3

fW
w
h{s+�uw,gw> +7,

zkhuh n+� e . U, lv wkh hfrqrp|*v qhw vwrfn ri iruhljq dvvhwv1 Htxdwlrq +7,
wkxv frqvwudlqv wklv vpdoo hfrqrp|*v olihwlph frqvxpswlrq ri wudgdeoh jrrgv wr
eh htxdo wr wudgdeoh jrrgv zhdowk1

Pd{lpl}dwlrq ri olihwlph xwlolw| +4, zlwk uhvshfw wr wkh exgjhw frqvwudlqw +5,
|lhogv wkh iroorzlqj �uvw0rughu frqglwlrqv=78

y3+fW
w
, @ �> +8,

x3+fQ
w
, @

�

hw
> +9,

}3+pw, @ �lw> +:,

zkhuh � lv wkh wlph0lqyduldqw Odjudqjh pxowlsolhu1 Htxdwlrqv +8, dqg +9, duh wkh
idploldu frqglwlrqv zkhuhe|/ dw dq rswlpxp/ wkh krxvhkrog htxdwhv wkh pdujlqdo
xwlolw| ri frqvxpswlrq wr wkh vkdgrz ydoxh ri zhdowk/ �/ wlphv wkh uhodwlyh sulfh
ri wkh jrrg +xqlw| lq wkh fdvh ri wudgdeohv dqg 4@h lq wkh fdvh ri qrq0wudgdeohv,1
Vlploduo|/ dw dq rswlpxp/ wkh pdujlqdo xwlolw| ri uhdo prqh| edodqfhv lv vhw
htxdo wr wkh vkdgrz ydoxh ri zhdowk wlphv wkh rssruwxqlw| frvw ri kroglqj uhdo
prqh| edodqfhv/ l +htxdwlrq +:,,1

Htxdwlrq +8, lqglfdwhv wkdw rswlpdo frqvxpswlrq ri wudgdeoh jrrgv lv frq0
vwdqw dorqj d shuihfw iruhvljkw sdwk1 Iurp +7,/ lw wkhq iroorzv wkdw fW

w
@ un3.|W /

d frqvwdqw/ iru doo w � 31 Ixuwkhu/ qrwlfh wkdw xqdqwlflsdwhg fkdqjhv lq wkh gh0
ydoxdwlrq udwh zloo qrw d�hfw frqvxpswlrq ri wudgdeoh jrrgv1 Frqvhtxhqwo|/
iurp +8,/ wkh Odjudqjh pxowlsolhu/ �/ lv lqyduldqw zlwk uhvshfw wr +xqdqwlflsdwhg,
fkdqjhv lq wkh udwh ri ghydoxdwlrq179 Wklv ihdwxuh zloo juhdwo| vlpsoli| wkh hq0
vxlqj dqdo|vlv1

Edfnzdug0orrnlqj lqgh{dwlrq lv lqwurgxfhg dorqj wkh olqhv ri Fdoyr dqg Y�hjk
+4<<7d,1 Wkh krph jrrgv vhfwru rshudwhv xqghu vwlfn| sulfhv +l1h1/ wkh qrplqdo
sulfh ri krph jrrgv/ SQ / lv d suhghwhuplqhg yduldeoh,1 Ohw wkh udwh ri lq�dwlrq
+ri qrq0wudgdeohv, eh lqglfdwhg e| �1 Zh dvvxph wkdw

�w @ $w . �+fQ
w
� �|Q ,> � A 3> +;,

zkhuh �|Q
w

vwdqgv iru ixoo0hpsor|phqw rxwsxw ri qrq0wudgdeohv/ dqg $ lv d suh0
ghwhuplqhg yduldeoh zklfk vdwlv�hv=
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b$w @ �+�w � $w,> � A 3= +<,

Wkh yduldeoh $ fdq eh lqwhusuhwhg dv wkh udwh ri jurzwk ri qrplqdo zdjhv1 Khqfh/
htxdwlrq +;, vd|v wkdw lq�dwlrq ri krph jrrgv lv htxdo wr wkh udwh ri jurzwk
ri qrplqdo zdjhv soxv h{fhvv djjuhjdwh ghpdqg17: Lq wxuq/ htxdwlrq +<, lq0
glfdwhv wkdw zdjh lq�dwlrq lqfuhdvhv +ghfuhdvhv, dv sulfh lq�dwlrq +lq whupv ri
qrqwudgdeohv, h{fhhgv +idoov vkruw ri, zdjh lq�dwlrq1 Wklv dvvxpswlrq lv phdqw
wr fdswxuh edfnzdug0orrnlqj zdjh lqgh{dwlrq phfkdqlvpv/ zkhuhe| wkh udwh ri
jurzwk ri qrplqdo zdjhv lv dgmxvwhg zkhqhyhu wkh lq�dwlrq udwh h{fhhgv wkh
fxuuhqw ohyho ri zdjh jurzwk1

Wr looxvwudwh wkh lpsolfdwlrqv ri wklv vhw0xs/ lqwhjudwh edfnzdugv +<, dqg
vxevwlwxwh wkh uhvxowlqj h{suhvvlrq iru $w lqwr +;, wr rewdlq=

�w @

]
w

�4

�v h{s^��+w� v,`gv. �+fQ
w
� �|Q ,= +43,

Htxdwlrq +43, vkrzv wkdw fxuuhqw lq�dwlrq ghshqgv rq d zhljkwhg dyhudjh ri sdvw
lq�dwlrq udwhv � zlwk lq�dwlrq udwhv lq wkh uhfhqw sdvw uhfhlylqj wkh juhdwhvw
zhljkw � dqg fxuuhqw h{fhvv djjuhjdwh ghpdqg/ zklfk lv zkdw wkh qrwlrq ri
%lq�dwlrq lqhuwld% lv xvxdoo| wdnhq wr phdq +vhh/ iru lqvwdqfh/ Gruqexvfk dqg
Vlprqvhq +4<;:,,1

Zh zloo qrz vwxg| wkh lpsolfdwlrqv ri d rqfh0dqg0iru0doo uhgxfwlrq lq wkh
udwh ri ghydoxdwlrq/ zklfk lv wkh fhqwudo h{huflvh lq Urguljxh} +4<;5,1 Jlyhq
wkh lqyduldqfh ri wkh Odjudqjh pxowlsolhu zlwk uhvshfw wr fkdqjhv lq %w/ lw iroorzv
iurp �uvw0rughu frqglwlrq +9, wkdw zh fdq vdiho| zulwh fQ

w
dv dq lqfuhdvlqj ixqf0

wlrq ri wkh uhdo h{fkdqjh udwh/ hw> wkdw lv/ fQw @ !+hw,/ zlwk !3+hw, A 3= Khqfh/
e| htxdwlrqv +;, dqg +<,/ zh kdyh

b$w @ ��^!+hw,� �|Q `= +44,

Ixuwkhupruh/ e| gh�qlwlrq/ hw � HwS
W�@SQ

w
/ zkhuh Hw lv wkh qrplqdo h{0

fkdqjh udwh +lq xqlwv ri grphvwlf fxuuhqf| shu xqlw ri iruhljq fxuuhqf|/ SW� lv
wkh +frqvwdqw, iruhljq0fxuuhqf| sulfh ri wkh wudgdeoh jrrg dqg SQ

w
lv wkh sulfh

ri krph jrrgv17; Xvlqj wklv gh�qlwlrq dqg htxdwlrq +;,/ lw iroorzv wkdw

bhw
hw

@ %w � $w � �^!+hw,� �|Q `= +45,

Htxdwlrqv +44, dqg +45, frqvwlwxwh d v|vwhp ri gl�huhqwldo htxdwlrqv lq $w
dqg hw/ zklfk fdq eh vkrzq wr eh orfdoo| vwdeoh17< Vlqfh erwk $w dqg hw duh
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suhghwhuplqhg yduldeohv/ wklv hqvxuhv wkdw xqghu shuihfw iruhvljkw � dqg iru d
jlyhq vhw ri sdudphwhuv � doo htxloleulxp sdwkv frqyhujh wr wkh vwhdg|0vwdwh1

Vxssrvh wkdw lqlwldoo| +l1h1/ iru w ? 3,/ wkh ghydoxdwlrq udwh lv h{shfwhg wr
uhpdlq frqvwdqw dw wkh ydoxh %K = Khqfh/ lq wkh lqlwldo vwhdg|0vwdwh +srlqw D
lq Iljxuh 7,/ �vv @ %K dqg !+hvv, @ �|Q = Dw wlph 3/ srolf|pdnhuv dqqrxqfh
dq xqdqwlflsdwhg dqg shupdqhqw uhgxfwlrq lq wkh ghydoxdwlrq udwh iurp %K wr
%O= Wkh qhz vwhdg|0vwdwh lv ghqrwhg e| srlqw E/ zkhuh lq�dwlrq ri krph jrrgv
lv %O/ zkloh wkh uhdo h{fkdqjh udwh uhpdlqv xqfkdqjhg1 Wkh g|qdplfv ri wkh
dgmxvwphqw wr wkh qhz vwhdg|0vwdwh duh looxvwudwhg e| wkh duurzhg sdwk lq Iljxuh
71

Wkh wlph sdwk ri wkh pdlq yduldeohv lv looxvwudwhg lq Iljxuh 81 Qrplqdo zdjh
jurzwk idoov prqrwrqlfdoo| ryhu wlph +Sdqho E,1 Wkh uhdo h{fkdqjh udwh ghfolqhv
+dssuhfldwhv, lq wkh hduo| vwdjhv ri wkh surjudp/ dqg wkhq uhwxuqv wr lwv lqlwldo
vwhdg|0vwdwh ydoxh +Sdqho F,1 Jlyhq wkdw frqvxpswlrq ri wudgdeohv uhpdlqv frq0
vwdqw/ frqvxpswlrq ri qrqwudgdeohv +Sdqho G, idoov lq wkh hduo| vwdjhv +dv lwv
uhodwlyh sulfh/ 4@h/ lqfuhdvhv, dqg lqfuhdvhv odwhu rq1 Khqfh/ gxulqj wkh lqlwldo
vwdjhv ri wkh vwdelol}dwlrq surjudp/ frqvxpswlrq ri krph jrrgv +dqg wkxv rxw0
sxw ri krph jrrgv, idoov � l1h1/ lw grhv qrw ulvh lq olqh zlwk wkh vw|ol}hg idfwv1
Dw vrph srlqw lq wlph +ghqrwhg e| w4 lq Iljxuh 8,/ lq�dwlrq ri krph jrrgv pxvw
idoo ehorz lwv orqj0uxq htxloleulxp ydoxh +Sdqho H, lq rughu iru wkh uhdo h{fkdqjh
udwh wr uhwxuq wr lwv xqfkdqjhg vwhdg|0vwdwh ydoxh1

Lw lv wklv surwudfwhg shulrg ri gh�dwlrq qhhghg wr uhvwruh htxloleulxp uhodwlyh
sulfhv zklfk xqghuolhv wkh fdoo iru d vwhs ghydoxdwlrq dw vrph srlqw gxulqj wkh
dgmxvwphqw surjudp +vhh/ iru lqvwdqfh/ Gruqexvfk dqg Zhuqhu +4<<7,,1 Lqghhg/
lq wklv prgho/ d ghydoxdwlrq dw wlph w4 lq Iljxuh 8 +zklfk fruuhvsrqgv wr srlqw
F lq Iljxuh 7, zrxog lpphgldwho| wdnh wkh hfrqrp| wr lwv qhz vwhdg|0vwdwh/
surylghg wkdw zrunhuv dovr djuhhg wr uhgxfh wkh udwh ri qrplqdo zdjh jurzwk/
$/ wr %O1

Lw vkrxog eh qrwlfhg wkdw frqvxpswlrq ri qrq0wudgdeohv idoov lq wkh hduo|
vwdjhv ri wkh surjudp lq vslwh ri wkh idfw wkdw wkh grphvwlf uhdo lqwhuhvw udwh/
ug+� l � �,/ ghfuhdvhv rq lpsdfw +Iljxuh 8/ Sdqho I,1 Wkh uhdvrq lv wkdw/ lq
xwlolw|0pd{lpl}dwlrq prghov/ wkh uhdo lqwhuhvw udwh ghwhuplqhv wkh vorsh ri wkh
frqvxpswlrq sdwk exw qrw wkh ohyho ri frqvxpswlrq1 Khqfh/ wkh lqlwldo idoo lq ug

lpsolhv wkdw/ dv orqj dv ug ? u/ frqvxpswlrq ri qrq0wudgdeoh jrrgv zloo iroorz
d ghfolqlqj sdwk1

Fdoyr dqg Y�hjk +4<<7d, h{whqg wklv dqdo|vlv wr wkh fdvh lq zklfk lqvwdqwd0
qhrxv xwlolw| lv uhsuhvhqwhg e| d frqvwdqw0hodvwlflw|0ri0vxevwlwxwlrq xwlolw| ixqf0
wlrq1 Wkh| vkrz wkdw wkh uhvxowv rewdlqhg lq wkh frqwh{w ri Gruqexvfk0Urguljxh}
prghov krog wuxh rqo| li wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq h{fhhgv wkh
hodvwlflw| ri vxevwlwxwlrq ehwzhhq wudgdeohv dqg qrqwudgdeohv1 Lq wkdw fdvh/ frq0
vxpswlrq ri erwk wudgdeoh dqg qrq0wudgdeohv jrrgv lqfuhdvhv rq lpsdfw/ zklfk
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lpsolhv wkdw wkh fxuuhqw dffrxqw jrhv lqwr gh�flw1 Wkh uhodwlyh pdjqlwxgh ri
wkhvh sdudphwhuv lv/ ri frxuvh/ dq hpslulfdo lvvxh1 Hvwlpdwhv surylghg e| Rvwu|
dqg Uhlqkduw +4<<5,/ krzhyhu/ fdvw vrph grxewv rq wkh uhohydqfh ri edfnzdug0
orrnlqj prghov vlqfh wkh| vkrz wkdw/ iru d qxpehu ri ghyhorslqj frxqwulhv/ wkh
lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lv w|slfdoo| vpdoohu wkdq wkdw ehwzhhq
wudgdeohv dqg qrqwudgdeohv183

Dq lpsruwdqw ihdwxuh ri Fdoyr dqg Y�hjk*v +4<<7d, irupxodwlrq lv wkdw wkh
vwdelol}dwlrq grhv qrw eulqj derxw d zhdowk h�hfw/ lq wkh vhqvh wkdw zhdowk lq
whupv ri wudgdeoh jrrgv uhpdlqv xqfkdqjhg1 Wklv dsshduv dv wkh qdwxudo dv0
vxpswlrq wr pdnh zkhq wkh sxusrvh ri wkh h{huflvh lv wr lvrodwh wkh h�hfwv ri
lq�dwlrq lqhuwld rq wkh rxwfrph ri dq h{fkdqjh udwh0edvhg vwdelol}dwlrq1 Krz0
hyhu/ lq d pruh jhqhudo prgho zlwk fdslwdo dffxpxodwlrq dqg hqgrjhqrxv oderu
vxsso|/ wkh zhdowk h�hfw dvvrfldwhg zlwk d shupdqhqw uhgxfwlrq lq wkh udwh ri
ghydoxdwlrq zloo fdxvh dq lqfuhdvh lq frqvxpswlrq ri wudgdeoh jrrgv dqg/ jlyhq
wkdw wkh uhdo h{fkdqjh udwh fdqqrw fkdqjh rq lpsdfw/ d fruuhvsrqglqj lqfuhdvh
lq frqvxpswlrq ri qrq0wudgdeoh jrrgv +vhh Uhehor dqg Y�hjk +4<<8,/ Iljxuh 44,1
Khqfh/ zhdowk h�hfwv dvvrfldwhg zlwk vxsso|0vlgh h�hfwv +dqdo|}hg lq pruh ghwdlo
ehorz, frxog khos h{sodlq wkh lqlwldo errp xqghu edfnzdug0orrnlqj lqgh{dwlrq
hyhq xqghu wkh pruh sodxvleoh sdudphwhu frq�jxudwlrq lq zklfk wkh lqwhuwhpsr0
udo hodvwlflw| ri vxevwlwxwlrq lv vpdoohu wkdq wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq
wudgdeohv dqg qrq0wudgdeohv jrrgv1

e�2 w@U! Lu Uhi_�M�*�|)

D frpprq fkdudfwhulvwlf ri vwdelol}dwlrq sodqv lv lpshuihfw fuhglelolw|1 Dv
srlqwhg rxw lq Vhfwlrq 5/ wkhuh duh ixqgdphqwdo uhdvrqv iru vwdelol}dwlrq sur0
judpv wr eh ohvv wkdq ixoo| fuhgleoh1 Vlqfh vwdelol}dwlrq lv frvwo| iurp d srolwlfdo
srlqw ri ylhz/ zk| zrxog dq|erg| h{shfw wkdw/ dv d jhqhudo uxoh/ vwdelol}dwlrq
surjudpv kdyh qr fkdqfh wr idloB Lpsohphqwlqj d surjudp wkdw vxffhhgv lq doo
vwdwhv ri qdwxuh lv xqolnho| wr eh rswlpdo iurp wkh srolf|pdnhu*v srlqw ri ylhz1

Vxssrvh/ iru wkh vdnh ri frqfuhwhqhvv/ wkdw dxwkrulwlhv dqqrxqfh d vwdelol}d0
wlrq sodq lq zklfk wkh h{fkdqjh udwh lv vhw dw d orzhu dqg frqvwdqw ohyho iruhyhu/
exw wkh sulydwh vhfwru eholhyhv wkdw wkh surjudp pd| hyhqwxdoo| eh dedqgrqhg1
Wr nhhs pdwwhuv vlpsoh/ ohw xv ixuwkhu dvvxph wkdw hyhu|erg| eholhyhv wkdw wkh
surjudp zloo eh dedqgrqhg dw wlph W A 3 +zkhuh wlph 3 uhsuhvhqwv %wrgd|%,/
dqg wkh udwh ri ghydoxdwlrq zloo/ rqfh djdlq/ ehfrph kljk diwhu wlph W +vhh
Iljxuh 9/ Sdqho D,1 Dvvxplqj shuihfw fdslwdo prelolw|/ wkh odwwhu lpsolhv wkdw
wkh qrplqdo lqwhuhvw udwh zloo eh orz iurp wlph 3 wr W / dqg h{shfwhg wr eh kljk
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diwhuzdugv184 Zloo wklv kdyh uhdo h�hfwvB
Wkh dqvzhu lv qhjdwlyh lq wkh prqh|0lq0wkh0xwlolw|0ixqfwlrq iudphzrun xvhg

lq vxevhfwlrq 714 wr looxvwudwh wkh h�hfwv ri edfnzdug0orrnlqj lqgh{dwlrq1 Lq wkdw
prgho/ wkh qrplqdo lqwhuhvw udwh grhv qrw d�hfw dq| jrrgv0pdunhwv htxloleulxp
frqglwlrq1 Wkxv/ wkh uhdo hfrqrp| +xqghu �h{leoh sulfhv, zrxog eh xqglvwxuehg
e| wkh prqhwdu| h{shulphqw1 Krzhyhu/ vhsdudelolw| ehwzhhq prqh| dqg jrrgv
lq wkh xwlolw| ixqfwlrq lv d yhu| vshfldo/ dqg suredeo| xquhdolvwlf/ dvvxpswlrq1
Lw lpsolhv wkdw wkh pdujlqdo xwlolw| ri prqh| lv lqghshqghqw ri h{shqglwxuh/ d
frqglwlrq wkdw lv olnho| qrw wr krog li prqh| lv xvhg iru wudqvdfwlrqv185

Iroorzlqj Fdoyr +4<;9,/ ohw xv dvvxph wkdw wudqvdfwlrqv uhtxluh kroglqj fdvk
lq dgydqfh186 Wkxv/ xvlqj wkh vdph qrwdwlrq dv ehiruh/ zh srvwxodwh=87

pw @ �+fW
w
.

fQ
w

hw
,> � A 3= +46,

Wkh frqvxphu*v suhihuhqfhv duh qrz jlyhq e|=

]
4

3

^y+fW
w
, . x+fQ

w
,` h{s+��w,gw= +47,

Diwhu vxevwlwxwlqj +46, lqwr +5,/ zh rewdlq d olihwlph frqvwudlqw wkdw lqyroyhv
rqo| fQ

w
dqg fW

w
dv fkrlfh yduldeohv +dqg zkrvh fruuhvsrqglqj Odjudqjh pxowlsolhu

zloo eh ghqrwhg e| ��,1 Pd{lpl}dwlrq ri +47, vxemhfw wr wklv olihwlph exgjhw
frqvwudlqw |lhogv=

y3+fW
w
, @ ��+4 . �lw,> +48,

x3+fQ
w
, @

��

hw
+4 . �lw,= +49,

Wkh whup lqyroylqj wkh qrplqdo lqwhuhvw udwh l/ 4 . �l/ kdv d vwudljkwiruzdug
lqwhusuhwdwlrq1 Xqghu wkh suhvhqw dvvxpswlrqv/ lqglylgxdov pxvw krog d vwrfn ri
fdvk ehiruh pdnlqj sxufkdvhv1 Wklv phdqv wkdw/ lq dgglwlrq wr wkh pdunhw sulfh
ri wkh jrrg +xqlw| iru wkh wudgdeoh jrrg dqg 4@h iru wkh qrq0wudgdeoh jrrg,/
wkh frvw ri wkh jrrg lv dxjphqwhg e| wkh rssruwxqlw| frvw ri kroglqj wkh qhhghg
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uhdo prqh| edodqfhv/ jlyhq e| �l1 Wkh h�hfwlyh sulfh ri frqvxpswlrq lv wkxv
4 . �l iru wudgdeoh jrrgv dqg +4 . �l,@h iru qrq0wudgdeohv1

Iru wkh suhvhqw glvfxvvlrq/ zh fdq vlpsoli| wkh vxsso| vlgh hyhq ixuwkhu dqg
dvvxph wkdw wkh grphvwlf vxsso| ri wudgdeohv dqg qrqwudgdeohv lv �{hg dw |W

dqg |Q / uhvshfwlyho|1 Wkhq/ e| +48,/ +49,/ dqg krph jrrgv0pdunhw htxloleulxp
+l1h1/ fQ

w
@ |Q ,/ lw iroorzv wkdw

hw @
y3+fW

w
,

x3+|Q ,
= +4:,

Khqfh/ lq htxloleulxp/ wkh uhdo h{fkdqjh udwh dqg frqvxpswlrq ri wudgdeoh jrrgv
pryh lq rssrvlwh gluhfwlrq1 Lq rwkhu zrugv/ dq| vkrfn wkdw fdxvhv frqvxpswlrq
ri wudgdeoh jrrgv wr lqfuhdvh zloo dovr hqwdlo d uhdo h{fkdqjh udwh dssuhfldwlrq
+l1h1/ d idoo lq hw,1

Frqvlghu qrz wkh h�hfwv ri d qrq0fuhgleoh vwdelol}dwlrq surjudp dv ghvfulehg
deryh +Iljxuh 9,1 Vlqfh wkh uhsuhvhqwdwlyh lqglylgxdo h{shfwv d srolf| uhyhuvdo
dw wlph W / lw lpsolhv wkdw kh2vkh zloo h{shfw wkh qrplqdo lqwhuhvw udwh l wr eh
orz iurp 3 dqg W / dqg kljk diwhuzdugv1 Wkxv/ e| htxdwlrq +48,/ frqvxpswlrq
ri wudgdeohv zloo eh kljk ehwzhhq 3 dqg W dqg orz diwhuzdugv1 Jlyhq wkdw wkh
suhvhqw glvfrxqwhg ydoxh ri fW pxvw vdwlvi| wkh uhvrxufh frqvwudlqw +7,/ wkh sdwk
ri frqvxpswlrq ri wudgdeoh jrrgv pxvw orrn olnh wkdw lq Iljxuh 9/ Sdqho E1
Lqwxlwlyho|/ vlqfh wkh frqvxphu h{shfwv wkh jrrg wr eh fkhdshu ehwzhhq 3 dqg
W wkdq diwhu W / kh2vkh vxevwlwxwhv frqvxpswlrq dzd| iurp wkh ixwxuh +zkhq
frqvxpswlrq lv h{shfwhg wr eh uhodwlyho| h{shqvlyh, dqg wrzdugv wkh suhvhqw
+zkhq frqvxpswlrq lv fkhdshu,1 Wkh fxuuhqw dffrxqw ghwhulrudwhv rq lpsdfw dqg
zruvhqv wkurxjkrxw wkh vwdelol}dwlrq dv ghew vhuylfh lqfuhdvhv +ru qhw lqwhuhvw
lqfrph idoov,/ dv looxvwudwhg lq Iljxuh 9/ Sdqho F1 Xqolnh wudgdeoh jrrgv � zkrvh
vxsso| lv uhqghuhg shuihfwo| hodvwlf e| wkh uhvw ri wkh zruog� qrq0wudgdeoh jrrgv
duh lq �{hg vxsso|1 Khqfh/ wkh h{fhvv ghpdqg iru qrq0wudgdeoh jrrgv ehwzhhq
3 dqg W zloo kdyh wr eh phw e| d ulvh lq wkhlu uhodwlyh sulfh +l1h1/ d idoo lq hw,/ dv
iroorzv iurp +4:, +Sdqho Iljxuh 9/ Sdqho G,=

Dw wkh ehjlqqlqj ri wkh surjudp wkhuh lv wkxv d errp lq wkh frqvxpswlrq ri
wudgdeohv dqg d uhdo dssuhfldwlrq/ zklfk lv hyhqwxdoo| iroorzhg e| d frqwudfwlrq
lq wkh frqvxpswlrq ri wudgdeohv dqg d uhdo ghsuhfldwlrq188 Wkxv/ wklv prgho
glvsod|v wzr edvlf vw|ol}hg idfwv wkdw kdyh dffrpsdqlhg h{fkdqjh0udwh edvhg
vwdelol}dwlrq surjudpv/ dv dujxhg lq Vhfwlrq 61 Lw lv dovr qrwhzruwk| wkdw/ xqolnh
wkh suhylrxv h{sodqdwlrq edvhg rq lq�dwlrq lqhuwld/ wklv prgho grhv qrw uho| rq
dq lqlwldo idoo lq uhdo lqwhuhvw udwhv1 Khqfh/ lw frxog dovr h{sodlq wkh vw|ol}hg idfwv
hyhq lq surjudpv lq zklfk rqo| qrplqdo/ exw qrw qhfhvvdulo| uhdo/ lqwhuhvw udwhv
idoo lq wkh hduo| vwdjhv189
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E| lqwurgxflqj sulfh vwlfnlqhvv lqwr wklv prgho/ Fdoyr dqg Y�hjk +4<<6, kdyh
vkrzq wkdw d whpsrudu| vwdelol}dwlrq pd| dffrxqw iru rwkhu nh| vw|ol}hg idfwv
glvfxvvhg lq Vhfwlrq 6= +l, wkh mrlqw rffxuuhqfh ri dq rxwsxw errp dqg d uhdo
h{fkdqjh udwh dssuhfldwlrq lq wkh hduo| vwdjhv ri wkh surjudp> +ll, d uhfhvvlrq lq
wkh qrq0wudgdeoh jrrgv vhfwru +l1h1/ d idoo lq rxwsxw ehorz lwv ixoo0hpsor|phqw
ohyho, zklfk pd| wdnh sodfh ehiruh wkh surjudp lv glvfrqwlqxhg> dqg +lll, lq�dwlrq
uhpdlqlqj deryh wkh udwh ri ghydoxdwlrq xqwlo wkh wlph dw zklfk wkh surjudp lv
h{shfwhg wr eh glvfrqwlqxhg18: Khqfh/ lq wklv fdvh/ lq�dwlrq shuvlvwhqfh lv qrw
gxh wr vrph dg0krf edfnzdug0orrnlqj phfkdqlvp exw udwkhu wr odfn ri srolf|
fuhglelolw|1 Wkh prgho wkxv vxjjhvwv wkdw wkh idfw wkdw lq�dwlrq uhpdlqv kljk lv
qrw sulpd0idflh hylghqfh ri vwlfnlqhvv lq wkh udwh ri lq�dwlrq18;

Lw vkrxog eh qrwhg wkdw lq wkh h{huflvh looxvwudwhg lq Iljxuh 9/ odfn ri fuhg0
lelolw| lv vrfldoo| frvwo|/ ehfdxvh d fhqwudo sodqqhu zrxog vhw frqvxpswlrq ri
wudgdeohv frqvwdqw dqg htxdo wr un3 . |W / lqvwhdg ri vhwwlqj d sdwk glvsod|0
lqj wkh errp0exvw sdwwhuq glvsod|hg lq Iljxuh 9/ Sdqho E1 Khqfh/ hyhq wkrxjk
frqvxpswlrq ulvhv dv d qrq0fuhgleoh h{fkdqjh0udwh0edvhg vwdelol}dwlrq surjudp
lv sxw lqwr h�hfw/ wkh vwdelol}dwlrq vwloo suryhv wr eh d vrfldoo| frvwo| surfhvv1
Wklv frqfoxvlrq/ wkrxjk/ ghshqgv fulwlfdoo| rq wkh idfw wkdw/ lq fdvk0lq0dgydqfh
prghov +zlwk qr oderu0ohlvxuh fkrlfh,/ wkhuh duh qr ehqh�wv dvvrfldwhg zlwk d
uhgxfwlrq lq lq�dwlrq +l1h1/ wkh uhdo htxloleulxp lv lqghshqghqw ri shupdqhqw
fkdqjhv lq wkh lq�dwlrq udwh,1 Lq frqwudvw/ lq wudqvdfwlrq0frvwv prghov/ orzhu
lq�dwlrq lv ehqh�fldo ehfdxvh lw iuhhv wlph iru surgxfwlyh dfwlylwlhv1 Lq vxfk d
vhw0xs/ d whpsrudu| vwdelol}dwlrq pd| eh zhoiduh0lpsurylqj li wkh ehqh�wv +lq
whupv ri iuhhg uhvrxufhv, ri whpsrudulo|0orzhu lq�dwlrq pruh wkdq r�vhw wkh lq0
whuwhpsrudo glvwruwlrq fdxvhg e| d qrq0frqvwdqw sdwk ri wkh qrplqdo lqwhuhvw
udwh +vhh Uhlqkduw dqg Y�hjk +4<<8d,,1 Khqfh/ srolf|pdnhuv pd| vwloo �qg lw rs0
wlpdo wr lpsohphqw vwdelol}dwlrqv sodqv wkdw pd| qrw eh ixoo| fuhgleoh/ surylghg
wkh| frppdqg d %uhdvrqdeoh% ohyho ri fuhglelolw|1

Odfn ri fuhglelolw| wkxv surylghv d ulfk iudphzrun wr h{sodlq wkh pdlq vw|o0
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l}hg idfwv revhuyhg lq h{fkdqjh udwh0edvhg glvlq�dwlrqv1 Wkh prvw frpprq
fulwlflvp ri wklv w|sh ri prgho lv wkdw lw uholhv fulwlfdoo| rq lqwhuwhpsrudo frq0
vxpswlrq vxevwlwxwlrq/ zklfk lv eholhyhg wr eh vpdoo ru qrw vljql�fdqwo| gl�huhqw
iurp }hur1 Uhlqkduw dqg Y�hjk +4<<8d, kdyh h{dplqhg wkh hpslulfdo uhohydqfh
ri wkh %whpsrudulqhvv% k|srwkhvlv/ e| hvwlpdwlqj wkh lqwhuwhpsrudo hodvwlflw| ri
vxevwlwxwlrq iru �yh fkurqlf lq�dwlrq frxqwulhv +Dujhqwlqd/ Eud}lo/ Lvudho/ Ph{0
lfr/ dqg Xuxjxd|,1 Xvlqj wkhvh hvwlpdwhv/ wkh| frpsxwh wkh suhglfwhg lqfuhdvhv
lq frqvxpswlrq iru vhyhq pdmru vwdelol}dwlrq sodqv +wkh wkuhh Vrxwkhuq Frqh
wdeolwdv/ wkh Dujhqwlqh 4<;8 Dxvwudo sodq/ wkh Eud}loldq 4<;9 Fux}dgr sodq/
wkh Lvudhol 4<;8 sodq/ dqg wkh Ph{lfdq 4<;: sodq, dqg frpsduh wkhp wr wkh
dfwxdo lqfuhdvhv1 Wkh| frqfoxgh wkdw/ lq vslwh ri orz +exw vwdwlvwlfdoo| vljql�0
fdqw, hodvwlflwlhv ri vxevwlwxwlrq � udqjlqj iurp 314< wr 3186 � wklv phfkdqlvp
kdv d jrrg h{sodqdwru| srzhu lq irxu rxw ri wkh vhyhq hslvrghv1 Lw lv wkh fdvh/
krzhyhu/ wkdw qrplqdo lqwhuhvw pxvw idoo vxevwdqwldoo| iru wklv phfkdqlvp wr
eh txdqwlwdwlyho| lpsruwdqw/ zklfk h{sodlqv zk| wkh prgho dsshduv wr shuirup
srruo| iru wkh Vrxwkhuq0Frqh wdeolwdv18<

Li dq|wklqj/ krzhyhu/ wkh hvwlpdwhv surylghg e| Uhlqkduw dqg Y�hjk +4<<8d,
vkrxog suredeo| eh ylhzhg dv d orzhu erxqg iru wkh lpsruwdqfh ri wkh %whpsr0
udulqhvv% k|srwkhvlv1 Wkh uhdvrq lv wkdw wkh prgho grhv qrw lqfrusrudwh gxudeoh
jrrgv zklfk/ dv dujxhg lq Vhfwlrq 6/ dsshdu wr sod| d fhqwudo uroh lq wkh lql0
wldo frqvxpswlrq errp1 Wkh suhvhqfh ri gxudeoh jrrgv lv olnho| wr lqfuhdvh wkh
txdqwlwdwlyh lpsruwdqfh ri lqwhuwhpsrudo vxevwlwxwlrq iru wzr uhdvrqv1 Iluvw/
wkh lqwurgxfwlrq ri gxudeoh jrrgv pljkw |lhog kljkhu lqwhuwhpsrudo hodvwlflwlhv
ri vxevwlwxwlrq/ dv irxqg e| Idxyho dqg Vdpsvrq +4<<4, iru Fdqdgd1 Vhfrqg/
lq dgglwlrq wr lqwhuwhpsrudo frqvxpswlrq vxevwlwxwlrq/ gxudeoh jrrgv lqwurgxfh
wkh srvvlelolw| ri lqwhuwhpsrudo sulfh vxevwlwxwlrq ehfdxvh jrrgv fdq eh vwruhg
+Fdoyr +4<;;,,1

D , U�@?}i�h@|i M@ti_ t|@M�*�3@|�L? WWG _�h@M*i
}LL_tc Uhi_�|c @?_ �i@*|� igiU|t

Wkh h{sodqdwlrqv glvfxvvhg lq wkh suhylrxv vhfwlrq uho| rq zkdw zh ylhz dv
wzr nh| fkdudfwhulvwlfv ri fkurqlf lq�dwlrq surfhvvhv= lq�dwlrq shuvlvwhqfh dqg
odfn ri fuhglelolw|1 Wkhuh duh rwkhu hohphqwv/ krzhyhu/ zklfk pd| kdyh sod|hg
dq lpsruwdqw uroh lq vwdelol}dwlrq sodqv lq fkurqlf lq�dwlrq frxqwulhv1 Zh �uvw
glvfxvv wkh uroh ri gxudeoh jrrgv frqvxpswlrq dqg fuhglw pdunhw vhjphqwdwlrq1
Zh wkhq wxuq wr d glvfxvvlrq ri zhdowk h�hfwv/ zklfk pd| uhvxow iurp hlwkhu
vxsso|0vlgh uhvsrqvhv ru �vfdo srolf|1
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Dv vkrzq lq Vhfwlrq 6/ wkh frqvxpswlrq errp wkdw fkdudfwhul}hv h{fkdqjh udwh0
edvhg vwdelol}dwlrq surjudpv kdv ehhq sduwlfxoduo| hylghqw lq wkh ehkdylru ri
gxudeoh jrrgv1 Wklv sdwwhuq ri gxudeoh jrrgv frqvxpswlrq kdv lqvsluhg dq
dowhuqdwlyh h{sodqdwlrq iru wkh errp0exvw f|foh sxw iruzdug e| Gh Juhjrulr/
Jxlgrwwl/ dqg Y�hjk +4<<;, +khqfhiruwk GJY,1 Wklv k|srwkhvlv/ zklfk lv xquh0
odwhg wr lq�dwlrq lqhuwld ru odfn ri fuhglelolw|/ lv fdsdeoh ri jhqhudwlqj d errp0
exvw f|foh hyhq lq d ixoo|0fuhgleoh surjudp1

Vxssrvh wkdw wkhuh duh wudqvdfwlrqv frvwv dvvrfldwhg zlwk wkh sxufkdvh ri
gxudeoh jrrgv1 Wklv lpsolhv wkdw lqglylgxdov ex| gxudeoh jrrgv rqo| dw glvfuhwh
lqwhuydov ri wlph1 Lq wkh djjuhjdwh/ krzhyhu/ vdohv ri gxudeoh jrrgv duh vprrwk
ryhu wlph vlqfh gl�huhqw lqglylgxdov sxufkdvh gxudeoh jrrgv dw gl�huhqw srlqwv
lq wlph193 Wklv lv looxvwudwhg lq Iljxuh :1 Wkhuh duh irxu frqvxphuv +zkrvh
sxufkdvhv ri gxudeoh jrrgv duh uhsuhvhqwhg e| wkh vtxduhv odehohg D/ E/ F/ dqg
G, zkr ex| gxudeoh jrrgv dw gl�huhqw srlqwv lq wlph +l1h1/ hyhu| irxu shulrgv,1
Khqfh/ ehiruh wlph 3/ djjuhjdwh vdohv ri gxudeohv jrrgv duh frqvwdqw1

Frqvlghu qrz d vwdelol}dwlrq sodq lpsohphqwhg dw wlph 31 Ixuwkhupruh/
vxssrvh wkdw wkhuh lv d zhdowk h�hfw dvvrfldwhg zlwk wkh vwdelol}dwlrq +pruh rq
wklv ehorz,1 Wkhq/ vrph frqvxphuv zloo eh lqfolqhg wr dqwlflsdwh wkhlu sxufkdvh
ri gxudeoh jrrgv dqg shukdsv ex| d pruh h{shqvlyh gxudeoh jrrg1 Lq rwkhu
zrugv/ qh{w |hdu*v qhz Krqgd ehfrphv wrgd|*v qhz Phufhghv1 Lq whupv ri
Iljxuh :/ frqvxphuv E dqg F +zkr/ lq wkh devhqfh ri wkh vwdelol}dwlrq sodq/
zrxog kdyh uhsodfhg wkh gxudeoh jrrg dw wlph w @ 4 dqg w @ 5/ uhvshfwlyho|,
ghflgh wr ex| wkh gxudeoh jrrg dw w @ 3 +wkh slfwxuh devwudfwv iurp %vl}h%
h�hfwv,1 Frqvxphu G/ zkr mxvw uhsodfhg klv2khu gxudeoh jrrg dw w @ �4/ dovr
dqwlflsdwhv klv2khu sxufkdvh exw wr w @ 41 Lq wklv vlpsoh h{dpsoh/ wkhuh duh
qr sxufkdvhv ri gxudeohv dw w @ 6 dqg w @ 7/ gxh wr wkh lqlwldo exqfklqj ri
sxufkdvhv dw w @ 3 dqg w @ 41 Wkh lqlwldo errp +lq shulrg 3, lv wkxv iroorzhg e|
d exvw lq shulrgv 5 dqg 61 Khqfh/ wklv prgho lv fdsdeoh ri dffrxqwlqj iru wkh
errp0exvw f|foh zlwkrxw uhvruwlqj wr lq�dwlrq lqhuwld ru odfn ri fuhglelolw|194

D nh| gl�huhqfh ehwzhhq wklv vwru| dqg wkh suhylrxv wzr +lq�dwlrq lqhuwld
dqg odfn ri fuhglelolw|, olhv lq wkh srolf| lpsolfdwlrqv1 Xqghu wkh whpsrudulqhvv
+l1h1/ odfn ri fuhglelolw|, k|srwkhvlv/ wkh errp0exvw f|foh lv d fohdu lqglfdwlrq wkdw
srolf|pdnhuv kdyh qrw grqh hqrxjk dw wkh rxwvhw wr frqylqfh wkh sxeolf wkdw
wkh surjudp lv vxvwdlqdeoh ryhu wlph1 Khqfh/ rqh zrxog h{shfw srolf|pdnhuv wr
zruu| zkhq wkh lqlwldo errp hphujhv/ dqg shukdsv frqvlghu phdvxuhv dlphg dw
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hqkdqflqj wkh surjudp*v fuhglelolw|1 Lq wkh vdph yhlq/ lq�dwlrq lqhuwld +gxh wr
edfnzdug0orrnlqj lqgh{dwlrq, dovr uh�hfwv vrph xquhvroyhg lqvwlwxwlrqdo sure0
ohpv zklfk fohduo| hqgdqjhu wkh zkroh vwdelol}dwlrq vwudwhj| +dv lq wkh Fklohdq
wdeolwd> vhh Hgzdugv dqg Fr{ Hgzdugv +4<<4,,1 Lq vxfk d fdvh/ srolf|pdnhuv
vkrxog wu| wr fxw wkh olqn ehwzhhq fxuuhqw dqg sdvw lq�dwlrq1 Lq vkdus frqwudvw/
wkh errp0exvw f|foh hpskdvl}hg e| GJY +4<<;, lv d gluhfw frqvhtxhqfh ri wkh
srolf|pdnhuv* delolw| wr lpsohphqw d ixoo|0fuhgleoh vwdelol}dwlrq sodq1 Wkh hyhq0
wxdo frqvxpswlrq exvw lv wkh qdwxudo frxqwhusduw ri wkh lqlwldo %exqfklqj% lq
frqvxpswlrq/ dqg dq| srolf| phdvxuhv dlphg dw frxqwhudfwlqj lw duh olnho| wr
eh vxerswlpdo1

Lq GJY +4<<;,/ wkh zhdowk h�hfw irupdoo| frphv derxw ehfdxvh wkh idoo
lq lq�dwlrq ohdgv wr dq lqfuhdvh lq uhdo prqh| edodqfhv zklfk/ lq wxuq/ iuhhv
wlph vshqw lq wudqvdfwlqj wr eh xvhg lq surgxfwlyh dfwlylwlhv1 Wklv fkdqqho
lv frqvlvwhqw zlwk prghov +wr eh h{dplqhg ehorz, wkdw hpskdvl}h vxsso|0vlgh
h�hfwv ri glvlq�dwlrq1 Wkh gxudeoh0jrrgv frqvxpswlrq f|foh ghvfulehg deryh/
krzhyhu/ lv lqghshqghqw ri krz wklv zhdowk h�hfw frphv derxw/ dqg zrxog dovr
krog xqghu dowhuqdwlyh vfhqdulrv zklfk pd| qrw lqyroyh/ vwulfwo| vshdnlqj/ d
zhdowk h�hfw1 Rqh vxfk vfhqdulr/ zklfk zh �qg sduwlfxoduo| dwwudfwlyh dqg
h{dplqh qh{w/ uholhv rq wkh h{lvwhqfh ri fuhglw pdunhw frqvwudlqwv1

D�2 �hi_�| 4@h!i| ti}4i?|@|�L?

D errp lq grphvwlf devruswlrq/ zklfk olhv dw wkh khduw ri wkh lqlwldo h{sdqvlrq
dqg uhdo h{fkdqjh udwh dssuhfldwlrq/ fdq rqo| kdsshq li grphvwlf uhvlghqwv duh
deoh wr eruurz iurp wkh uhvw ri wkh zruog/ ru orzhu wkhlu kroglqjv ri iruhljq dvvhwv
+l1h1/ fdslwdo uhsdwuldwlrq,1 Wkh h{dpsohv h{dplqhg vr idu uho| rq wkh �fwlrq ri d
uhsuhvhqwdwlyh lqglylgxdo1 Wkhuh lv wkxv qr urrp iru vrph lqglylgxdov wr eruurz
deurdg dqg ohqg dw krph/ zkloh wkh uhvw hqjdjh lq kljkhu grphvwlf eruurzlqj dqg
vshqglqj1 Ghyhorslqj frxqwulhv/ krzhyhu/ duh w|slfdoo| fkdudfwhul}hg e| odujh
vhjphqwv ri wkh srsxodwlrq zklfk gr qrw kdyh gluhfw dffhvv wr lqwhuqdwlrqdo
eruurzlqj dqg ohqglqj195

D uhohydqw vfhqdulr zlwk wzr w|shv ri eruurzhuv lv rqh lq zklfk w|sh L/ vd|/
kdv shuihfw dffhvv wr lqwhuqdwlrqdo fdslwdo pdunhwv +olnh lq wkh deryh h{dpsohv,/
dqg w|sh LL fdq rqo| eruurz dw krph1 Lq dgglwlrq/ w|sh0LL lqglylgxdov eruurz
lq whupv ri grphvwlf fxuuhqf| dqg duh frqvwudlqhg wr ordq frqwudfwv glvsod|lqj
d frqvwdqw qrplqdo lqwhuhvw udwh ru d frqvwdqw vwulqj ri qrplqdo lqvwdoophqwv1
Wkhvh duh/ dgplwwhgo|/ yhu| vshfldo ordqv exw wkhlu vlpsolflw| pd| pdnh wkhp
frvw0h�hfwlyh iru phglxp0wlfnhw gxudeoh frqvxpswlrq ordqv +l1h1/ whohylvlrq vhwv,1

Lq wklv vhwxs/ orzhu lq�dwlrq2ghydoxdwlrq pd| lqgxfh d frqvxpswlrq errp/
hyhq wkrxjk wkh surjudp lv ixoo| fuhgleoh1 Wr vhh wklv/ frqvlghu wkh uhdolvwlf
fdvh lq zklfk eruurzhuv sd| edfn wkhlu ghewv lq wkh irup ri d frqvwdqw vwuhdp
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5iic uLh �?t|@?Uic +L�@t�5�@hi3 @?_ ì�tMhL_ E�bbD� ��L t�L� |�@| _L4it|�U M@?! *i?_�?}

�t 4Lhi Thi�@*i?| �? _i�i*LT�?} |�@? �? _i�i*LTi_ UL�?|h�it�

67



ri qrplqdo lqvwdoophqwv1 Wkxv/ devwudfwlqj iurp fuhglelolw| dqg frxqwu|0ulvn
sureohpv/ dqg dvvxplqj wkdw wkh uhdo +dqg qrplqdo, lqwhuqdwlrqdo lqwhuhvw udwh
lv u/ wkh grphvwlf qrplqdo lqwhuhvw udwh/ l/ zloo eh htxdo wr u . %1 Zh qrz
dvvxph/ iru vlpsolflw|/ wkdw ordqv duh jlyhq lq shushwxlw| dqg wkdw wkh udwh ri
ghydoxdwlrq lv h{shfwhg wr eh frqvwdqw1 Khqfh/ dq lqglylgxdo zkr eruurzv d
vxp V zloo kdyh wr sd| dq lqvwdoophqw htxdo wr lV lq shushwxlw|1 Ixuwkhupruh/
qrupdol}lqj wkh suhvhqw sulfh ohyho/ S3/ wr xqlw|/ dqg dvvxplqj d frqvwdqw uhdo
h{fkdqjh udwh/ zh jhw wkdw grphvwlf lq�dwlrq zloo dovr eh htxdo wr %= Wkh uhdo
ydoxh ri wkh lqvwdoophqwv lv wkhq jlyhq e|

+u . %,V

Sw
@

+u . %,V

h{s+%w,
> w � 3>

zkhuh w @ 3 lv wkh wlph dw zklfk wkh ordq lv judqwhg1 Frqvhtxhqwo|/ wkh kljkhu lv
wkh udwh ri ghydoxdwlrq/ wkh kljkhu zloo eh wkh qrplqdo lqwhuhvw udwh/ l/ dqg wkxv
wkh kljkhu zloo eh wkh uhdo ydoxh ri wkh �uvw ihz lqvwdoophqwv1 Zkhq lq�dwlrq
lv kljk/ wkh uhdo ydoxh ri wkh �uvw ihz lqvwdoophqwv frxog eh h{ruelwdqwo| odujh/
ghwhuulqj fuhglw1

Iljxuh ; looxvwudwhv wkh h�hfwv ri d orzhu lq�dwlrq udwh rq wkh wlph sdwk ri
uhdo sd|phqwv1 Lq wkh wkuhh fdvhv ghslfwhg/ u @ 3=361 Wkh udwh ri ghydoxdwlrq
wdnhv wkuhh gl�huhqw ydoxhv= 3/ 314:/ dqg 317:/ vr wkdw l @ 3=36/ 3153/ dqg
3183/ uhvshfwlyho|1 Wkh �jxuh vkrzv krz wkh udwh ri lq�dwlrq2ghydoxdwlrq fdq
gudpdwlfdoo| d�hfw wkh wlph sdwk ri uhdo sd|phqwv1 Zkhq l @ 3=36/ wkh sdwk ri
uhdo lqvwdoophqwv lv �dw1 Zkhq l @ 3=83/ uhdo lqvwdoophqwv lq wkh hduo| shulrgv
duh wkh kljkhvw1 Qdwxudoo|/ fkdqjhv lq wkh lq�dwlrq +ghydoxdwlrq, udwh gr qrw
d�hfw wkh suhvhqw glvfrxqwhg ydoxh ri uhdo lqvwdoophqwv dv ri wlph 3/ zklfk htxdov
V1 Irupdoo|/ qrwh wkdw ]

4

3

lV

h{s+%w,
h{s+�uw,gw @ V>

vr wkdw fkdqjhv lq % d�hfw uhdo sd|phqwv/ exw qrw wkh ydoxh ri wkh lqwhjudo1
Wkhuhiruh/ d vxevwdqwldoo| orzhu udwh ri ghydoxdwlrq pd| pdnh fuhglw di0

irugdeoh wr w|sh0LL lqglylgxdov1 Wkh hqvxlqj frqvxpswlrq errp sxwv xszdug
suhvvxuh rq uhwdlolqj � d kljko| oderu0lqwhqvlyh dfwlylw| � frqwulexwlqj wr ixu0
wkhu uhdo dssuhfldwlrq ri wkh fxuuhqf|1 Qrwlfh wkdw wkh errp vr jhqhudwhg pd|
eh vrfldoo| ghvludeoh ehfdxvh lw vljql�hv dq lpsuryhphqw lq wkh fuhglw pdunhw1
Ixuwkhupruh/ li wkh qhzo| dydlodeoh fuhglw lv gluhfwhg wrzdugv gxudeoh jrrgv frq0
vxpswlrq � dv lv olnho| wr eh wkh fdvh � sxufkdvhv zloo idoo odwhu rq gxulqj wkh
surjudp dorqj wkh olqhv ri GJY +4<<;,/ frqwulexwlqj wr dq hyhqwxdo grzqwxuq
lq hfrqrplf dfwlylw|1 Khqfh/ wklv w|sh ri vfhqdulr vkrxog eh txlwh vxffhvvixo lq
h{sodlqlqj vhyhudo vw|ol}hg idfwv1

H{lvwhqfh ri fuhglw vhjphqwdwlrq pd| dovr khos wr udwlrqdol}h wkhvh skhqrp0
hqd hyhq lq wkh fdvh lq zklfk wkhuh duh qr ordq0frqwudfw frqvwudlqwv rq w|sh0LL
lqglylgxdov1 Wklv zrxog eh vr/ iru h{dpsoh/ li w|sh0L lqglylgxdov wdnh wkh lpsoh0
phqwdwlrq ri wkh vwdelol}dwlrq sodq dv d vljqdo wkdw wkh jryhuqphqw lv vwduwlqj wr
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%jhw lwv krxvh lq rughu1% Kljk lq�dwlrq uh�hfwv wkh h{lvwhqfh ri whqvlrqv dprqj
srolf| remhfwlyhv1 Khqfh/ xqwlo d vwdelol}dwlrq surjudp lv lpsohphqwhg/ iruhljq
lqyhvwruv dqg w|sh0L lqglylgxdov pd| ihho wkdw sodflqj wkhlu ixqgv lq wkh frxqwu|
lq txhvwlrq h{srvhv wkhp wr vrph nlqg ri vxusulvh wd{dwlrq +sduwlfxoduo|/ li wkh
ixqgv duh sodfhg lq kljko|0ylvleoh grphvwlf edqnv,196 Wkxv/ e| dvvxdjlqj wkh lq0
yhvwruv* ihduv/ d vwdelol}dwlrq surjudp � zklfk hqmr|v vrph exw qrw qhfhvvdulo|
frpsohwh fuhglelolw| � pd| eulqj derxw d orzhulqj ri lqwhuhvw udwhv iru w|sh0LL
lqglylgxdov/ vwlpxodwlqj h{shqglwxuh197

D�� 5�TT*)�t�_i igiU|t

Doo wkh h{sodqdwlrqv h{dplqhg vr idu duh edvhg rq ghpdqg0vlgh frqvlghudwlrqv1
Wklv lv shukdsv rqo| qdwxudo frqvlghulqj wkdw pxfk ri wkh olwhudwxuh zdv lq0
vsluhg e| wkh Vrxwkhuq0Frqh wdeolwdv ri wkh odwh 4<:3v zkhuh/ wr prvw fdvxdo
revhuyhuv/ wkh prvw vwulnlqj idfw zdv wkh lqfuhdvh lq frqvxphuv* ghpdqg iru
jrrgv +sduwlfxoduo| gxudeoh jrrgv,1 Lq pruh uhfhqw surjudpv � vxfk dv Ph{0
lfr 4<;: dqg Dujhqwlqd*v 4<<4 Frqyhuwlelolw| sodq � lw kdv ehhq dujxhg wkdw
prqhwdu| vwdelol}dwlrq pd| kdyh sod|hg dq lpsruwdqw uroh lq xqohdvklqj vxsso|0
vlgh uhvsrqvhv lq oderu dqg lqyhvwphqw +vhh Uhehor +4<<6,/ Urogrv +4<<8/ 4<<:,/
Xuleh +4<<:d,/ dqg Odklul +4<<9d/ 4<<9e,,198 Zkloh wkh hylghqfh suhvhqwhg lq
Vhfwlrq 6 fdvwv vrph grxewv rq wkh jhqhudo hpslulfdo uhohydqfh ri wkh lqyhvw0
phqw fkdqqho/ vxsso|0vlgh h�hfwv pd| zhoo kdyh frqwulexwhg wr wkh lqlwldo errp
lq vrph lqvwdqfhv dqg wkxv ghvhuyh dwwhqwlrq199

Wkh uroh ri fdslwdo dffxpxodwlrq lq jhqhudwlqj d vwhdg| ulvh lq wkh uhodwlyh
sulfh ri qrq0wudgdeohv +l1h1/ d uhdo h{fkdqjh udwh dssuhfldwlrq, lv hpskdvl}hg
e| Uhehor +4<<6, lq wkh Sruwxjxhvh frqwh{w1 Li uhirupv lqfuhdvh wkh hfrqrp|*v
vwhdg|0vwdwh fdslwdo vwrfn/ wkhq dv wkh fdslwdo0oderu udwlr ulvhv/ wkh sulfh ri
wkh fdslwdo0lqwhqvlyh jrrg +wkh wudgdeoh jrrg, idoov1 Urogrv +4<<8, dqg Xuleh
+4<<:d, suhvhqw prghov lq zklfk grphvwlf prqh| lv qhhghg wr ex| +ru lqvwdoo,
fdslwdo jrrgv/ lq wkh vslulw ri Vwrfnpdq +4<;4,1 Dv d uhvxow/ lq�dwlrq gulyhv
d zhgjh ehwzhhq wkh uhdo uhwxuq ri iruhljq dvvhwv dqg wkdw ri grphvwlf dvvhwv/
zklfk lpsolhv wkdw wkh grphvwlf fdslwdo vwrfn lv d ghfuhdvlqj ixqfwlrq ri wkh
lq�dwlrq udwh1 D uhgxfwlrq lq wkh lq�dwlrq udwh wkxv ohdgv wr d kljkhu ghvluhg
fdslwdo vwrfn/ dqg khqfh wr dq h{sdqvlrq lq djjuhjdwh ghpdqg dqg lqyhvwphqw1
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Vlqfh wkh vxsso| ri qrq0wudghg jrrgv lv dvvxphg wr eh uhodwlyho| lqhodvwlf lq
wkh vkruw0uxq/ wkh h{sdqvlrq lq djjuhjdwh ghpdqg ohdgv wr dq lqfuhdvh lq wkh
uhodwlyh sulfh ri qrq0wudghg jrrgv +l1h1/ d uhdo dssuhfldwlrq, dqg d wudgh dffrxqw
gh�flw1

D vrphzkdw xqvdwlvidfwru| dvshfw ri vrph ri wkhvh prghov lv wkdw wkh| uho|
rq vrph ihdwxuhv � jhvwdwlrq odjv/ dgmxvwphqw frvwv/ dqg sduwlfxoduo| wkh dv0
vxpswlrq wkdw wkh lqyhvwphqw jrrg eh d %fdvk jrrg% � zklfk gr qrw kdyh d
fohdu hfrqrplf lqwhusuhwdwlrq1 Lq sduwlfxodu/ wkhuh lv qr hylghqfh wkdw zrxog
vhhp wr wlh lqyhvwphqw wr wkh ohyho ri fdvk wudqvdfwlrqv1 Iurp d txdolwdwlyh
srlqw ri ylhz/ krzhyhu/ wklv dvvxpswlrq lv qrw qhfhvvdu| iru wklv w|sh ri prgho
wr jhqhudwh wkh h�hfwv mxvw ghvfulehg/ dv pdgh fohdu e| Odklul +4<<9d,1 Lq klv
prgho/ wkh qrplqdo lqwhuhvw udwh lqwurgxfhv d glvwruwlrq ehwzhhq frqvxpswlrq
dqg ohlvxuh +dv lq Urogrv +4<<:,,1 Zkhq lq�dwlrq idoov/ oderu vxsso| lqfuhdvhv1
Wklv/ lq wxuq/ ohdgv wr d ulvh lq wkh ghvluhg fdslwdo vwrfn dqg/ khqfh/ lq lq0
yhvwphqw1 Uhehor dqg Y�hjk +4<<8,/ krzhyhu/ dujxh wkdw wkh dvvxpswlrq wkdw
lqyhvwphqw eh lq vrph zd| uhodwhg wr fdvk wudqvdfwlrqv lv fulwlfdo iru wkh txdq0
wlwdwlyh shuirupdqfh ri d eurdg fodvv ri prghov19:

D pruh ixqgdphqwdo sureohp ri vxsso|0vlgh edvhg prghov lv wkdw/ jlyhq
wkdw wkh gulylqj irufh ehklqg vxfk prghov duh zhdowk h�hfwv/ wkh| fdqqrw h{0
sodlq wkh odwh frqwudfwlrq revhuyhg lq pdq| surjudpv1 Wr wklv hqg/ vxsso|0vlgh
frqvlghudwlrqv pxvw eh vxssohphqwhg e| hlwkhu odfn ri fuhglelolw| ru vrph qrp0
lqdo uljlglw|19; Wr looxvwudwh krz vxsso|0vlgh h�hfwv pd| eh frpelqhg zlwk
whpsrudu| vwdelol}dwlrq wr uhsolfdwh vrph ri wkh vw|ol}hg idfwv ri h{fkdqjh udwh0
edvhg vwdelol}dwlrqv/ zh surfhhg wr dqdo|}h d vlpsoh prgho zklfk lqfrusrudwhv d
frqvxpswlrq0ohlvxuh fkrlfh lq wkh vdph fdvk0lq0dgydqfh vshfl�fdwlrq suhvhqwhg
lq Vhfwlrq 71

Frqvlghu d rqh0jrrg hfrqrp| lq zklfk wkh uhsuhvhqwdwlyh krxvhkrog pd{l0
pl}hv

]
4

3

x+fW
w
> cw, h{s+��w,gw> +4;,

zkhuh cw ghqrwhv ohlvxuh/ vxemhfw wr wkh olihwlph frqvwudlqw +zklfk douhdg| lqfru0
srudwhv wkh fdvk0lq0dgydqfh frqvwudlqw pw @ �fW ,=9<
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fW
w
+4 . �lw, h{s+�uw,gw= +4<,

Iluvw0rughu frqglwlrqv lpso| wkdw +dvvxplqj � @ u,=

xfW +f
W

w
> cw, @ a�+4 . �lw,> +53,

xfW +f
W

w
> cw,

xc+fWw > cw,
@ 4 . �lw> +54,

zkhuh a� lv wkh Odjudqjh pxowlsolhu dvvrfldwhg zlwk frqvwudlqw +4<,1 Qrwh krz wkh
qrplqdo lqwhuhvw udwh lqwurgxfhv d zhgjh ehwzhhq frqvxpswlrq dqg ohlvxuh/ dv
htxdwlrq +54, pdnhv fohdu1 Wdnlqj lqwr dffrxqw wkh jryhuqphqw*v lqwhuwhpsrudo
exgjhw frqvwudlqw/ lw lv hdv| wr vkrz wkdw

n3 .

]
4

3

+4� cw, h{s+�uw,gw @
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fW
w
h{s+�uw,gw= +55,

Wzr lpsruwdqw revhuydwlrqv/ zklfk looxvwudwh vrph ri wkh srlqwv qrwhg deryh/
iroorz hdvlo| iurp htxdwlrqv +53,/ +54,/ dqg +55,1 Iluvw/ d shupdqhqw uhgxfwlrq
lq wkh udwh ri ghydoxdwlrq/ dqg wkxv lq l/ zrxog fdxvh d rqfh0dqg0iru doo lqfuhdvh
lq frqvxpswlrq dqg rxwsxw1 Khqfh/ wklv zrxog h{sodlq wkh lqlwldo h{sdqvlrq0
du| h�hfwv/ exw qrw wkh hyhqwxdo frqwudfwlrq/ revhuyhg lq h{fkdqjh udwh0edvhg
vwdelol}dwlrqv1 Vhfrqg/ li wkh xwlolw| ixqfwlrq zhuh vhsdudeoh +l1h1/ xfW c+=, @ 3,/
wkhq d whpsrudu| +l1h1/ qrq0fuhgleoh, vwdelol}dwlrq ri wkh w|sh vwxglhg lq Vhfwlrq
715 zrxog ohdg wr d frqvxpswlrq f|foh vlplodu wr wkdw looxvwudwhg lq Iljxuh 9/
Sdqho E/ exw wr d shupdqhqw lqfuhdvh lq rxwsxw +l1h1/ d shupdqhqw idoo lq ohlvxuh,1
Khqfh/ wkh rxwsxw f|foh fdqqrw eh udwlrqdol}hg zlwk d vhsdudeoh xwlolw| ixqfwlrq1

Vxssrvh qrz wkdw wkh furvv0ghulydwlyh lv qhjdwlyh> wkdw lv/ xfW c+=, ? 3= Wkhq
lw iroorzv iurp +53, dqg +54, wkdw dw wlph W / frqvxpswlrq idoov dqg ohlvxuh
lqfuhdvhv +l1h1/ zrun h�ruw ghfuhdvhv,1 Wklv slhfh ri lqirupdwlrq/ wrjhwkhu zlwk
+55, lpsolhv wkdw dw wlph 3 erwk frqvxpswlrq dqg oderu h�ruw ulvh1 Khqfh/
vxfk d vshfl�fdwlrq ri suhihuhqfhv zrxog ohdg wr d errp0exvw f|foh lq erwk
frqvxpswlrq dqg rxwsxw1

Dq h{whqvlrq ri wklv vlpsoh prgho � zklfk zrxog jhqhudwh wkh errp0
uhfhvvlrq f|foh lq rxwsxw hyhq zlwk vhsdudeoh suhihuhqfhv � lv wr lqwurgxfh
d frvwo| edqnlqj v|vwhp dqg dvvxph wkdw �upv qhhg edqn fuhglw wr sd| wkh
zdjh eloo +Hgzdugv dqg Y�hjk +4<<:,,1 Lq vxfk d iudphzrun/ d idoo lq frqvxps0
wlrq dw wlph W ohdgv wr d idoo lq ghpdqg ghsrvlwv dqg/ khqfh/ wr d uhgxfwlrq lq
wkh vxsso| ri edqn fuhglw1 Wkh uhvxowlqj %fuhglw fuxqfk% ohdgv wr kljkhu ohqglqj
udwhv/ d orzhu ohyho ri edqn fuhglw/ dqg d uhfhvvlrq1 Pruh jhqhudoo|/ wkh lghd
wkdw wkh edqnlqj v|vwhp pd| dpsoli| erwk errpv dqg exvwv wkurxjk fkdqjhv
lq edqn fuhglw dsshduv txlwh dwwudfwlyh wr h{sodlq wkh lvvxhv dw kdqg/ iurp erwk
d wkhruhwlfdo dqg d txdqwlwdwlyh srlqw ri ylhz1
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Wkh holplqdwlrq ri odujh sxeolf vhfwru gh�flwv lv fohduo| d qhfhvvdu| frqglwlrq iru
d odvwlqj uhgxfwlrq lq lq�dwlrq1 Lw lv wkxv qrw vxusulvlqj wkdw surjudpv lq zklfk
wkh �vfdo dgmxvwphqw zdv hlwkhu devhqw ru vkruw0olyhg jrw txlfno| r� wudfn/ wkh
ehvw0nqrzq h{dpsohv ehlqj wkh Dujhqwlqh 4<:; wdeolwd dqg 4<;8 Dxvwudo sodq/
dqg wkh Eud}loldq 4<;9 Fux}dgr sodq1 Lq vxffhvvixo sodqv +olnh wkh Lvudhol 4<;8
sodq dqg wkh Dujhqwlqh 4<<4 Frqyhuwlelolw| sodq,/ krzhyhu/ wkh �vfdo dgmxvw0
phqw kdv riwhq ehhq txlwh lpsruwdqw1 Vxfk dgmxvwphqw w|slfdoo| lqyroyhv vrph
frpelqdwlrq ri wd{ lqfuhdvhv dqg fxwv lq jryhuqphqw vshqglqj1 Zkloh wklv lv
frqvlvwhqw zlwk wkh lqlwldo idoo lq sxeolf frqvxpswlrq vkrzq lq wkh vwdelol}dwlrq
wlph sur�oh +Iljxuh 4/ Sdqho G,/ wkh sdqho uhjuhvvlrqv uhsruwhg lq Wdeoh 5 +fro0
xpq +8,, lqglfdwh wkdw wkh frh�flhqw rq wkh %hduo|% gxpp| lv qrw vljql�fdqw1

Vwloo/ wkhuh lv dq lpsruwdqw eudqfk ri wkh olwhudwxuh zklfk kdv irfxvhg rq wkh
h{sdqvlrqdu| h�hfwv ri wkh �vfdo srolflhv wkdw riwhq dffrpsdq| pdmru h{fkdqjh
udwh0edvhg vwdelol}dwlrqv1 Lq Khospdq dqg Ud}lq +4<;:,/ wkh uhgxfwlrq lq wkh
lq�dwlrq wd{ jhqhudwhv d zhdowk h�hfw gxh wr wkh odfn ri Ulfdugldq htxlydohqfh1
Lq Gud}hq dqg Khospdq +4<;;,/ wkh zhdowk h�hfw frphv wkurxjk wkh h{shfwdwlrq
ri d ixwxuh uhgxfwlrq lq jryhuqphqw vshqglqj1 Uhehor +4<<:, frqvlghuv d vfhqdulr
lq zklfk/ lq wkh devhqfh ri uhirupv/ jryhuqphqw h{shqglwxuh lqfuhdvhv/ wkxv
udlvlqj wkh suhvhqw ydoxh ri wkh uhvrxufhv qhhghg wr �qdqfh wkdw vshqglqj1 E|
eulqjlqj wkh �vfdo vlwxdwlrq lq rughu/ d vwdelol}dwlrq ohdgv wr d zhdowk h�hfw wkdw
pd| surgxfh d errp hyhq wkrxjk wd{hv lqfuhdvh lq wkh vkruw uxq1:3

Uhehor dqg Y�hjk +4<<8, h{dplqh wkh h�hfwv ri uhgxfwlrqv lq sxeolf frq0
vxpswlrq dqg lqfuhdvhv lq wd{hv lq d wzr0vhfwru/ jhqhudo htxloleulxp prgho1 D
idoo lq jryhuqphqw frqvxpswlrq ri wudgdeoh jrrgv ohdgv wr d frqvxpswlrq errp
dqg d uhdo dssuhfldwlrq/ exw lqyhvwphqw idoov dqg wkh fxuuhqw dffrxqw lpsuryhv1
D uhgxfwlrq lq sxeolf frqvxpswlrq ri qrq0wudgdeohv ohdgv wr d frxqwhuidfwxdo
uhdo ghsuhfldwlrq1 Khqfh/ fxwv lq �vfdo h{shqglwxuhv vhhp wr kdyh olplwhg srzhu
lq h{sodlqlqj wkh vw|ol}hg idfwv ri h{fkdqjh udwh0edvhg vwdelol}dwlrq1 Rq wkh
rwkhu kdqg/ wd{ lqfuhdvhv duh uhfhvvlrqdu|1 Ilqdoo|/ dv zlwk vxsso|0vlgh h�hfwv/
�vfdo0edvhg h{sodqdwlrqv zrxog qrw eh deoh wr jhqhudwh dq hyhqwxdo uhfhvvlrq/
xqohvv ri frxuvh wkh srolf| lv uhyhuvhg1

D�D �?_ |�i ��??ih �t ���

Lq wkh hqg/ zh zrxog zdqw wr kdyh d vhqvh ri zkhwkhu d %zlqqhu% hphujhv
dprqj doo wkh frpshwlqj wkhrulhv dlphg dw h{sodlqlqj wkh hpslulfdo uhjxodulwlhv
dvvrfldwhg zlwk h{fkdqjh udwh0edvhg vwdelol}dwlrq zklfk kdyh ehhq h{dplqhg lq
wkh odvw wzr vhfwlrqv1 Wr irfxv rq hvvhqwldov/ wkh deryh prghov kdyh devwudfwhg
iurp ihdwxuhv zklfk/ zkloh %uhdolvwlf%/ zrxog kdyh glyhuwhg dwwhqwlrq dzd| iurp
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wkh nh| fkdqqhov1 Zkloh wklv lv wkh orjlfdo urxwh wr iroorz/ lw pdnhv d frpsdul0
vrq dfurvv prghov gl�fxow vlqfh qrw doo fkdqqhov duh rshudwlqj vlpxowdqhrxvo|1
Wr uhphg| wklv/ Uhehor dqg Y�hjk +4<<8, kdyh hydoxdwhg/ erwk txdolwdwlyho|
dqg txdqwlwdwlyho|/ doo wkh k|srwkhvlv h{dplqhg lq wkh odvw wzr vhfwlrqv +h{0
fhsw iru wkh rqh uhodwhg wr gxudeoh jrrgv, lq d vlqjoh/ wzr0vhfwru prgho zlwk
d oderu0ohlvxuh fkrlfh dqg fdslwdo dffxpxodwlrq1 Wkh| frqfoxgh wkdw/ txdolwd0
wlyho|/ wkh rqo| wzr k|srwkhvhv wkdw pd| h{sodlq d errp0uhfhvvlrq f|foh duh odfn
ri fuhglelolw| dqg sulfh ru zdjh vwlfnlqhvv +lq�dwlrq lqhuwld,1 +Lq wkhlu prgho/
dq lqlwldo zhdowk h�hfw vwhpplqj iurp vxsso|0vlgh h�hfwv khosv wkh lq�dwlrq lq0
huwld k|srwkhvlv lq jhqhudwlqj dq lqlwldo frqvxpswlrq errp1, Wklv lv/ ri frxuvh/
frqvlvwhqw zlwk wkh hydoxdwlrq wkdw iroorzv iurp wkh vlpsohu prghov dqdo|}hg
deryh1

Txdqwlwdwlyho|/ krzhyhu/ Uhehor dqg Y�hjk +4<<8, �qg wkdw vxsso|0vlgh hi0
ihfwv vhhp fulwlfdo wr dffrxqw iru dq| vl}hdeoh iudfwlrq ri wkh revhuyhg rxwfrphv1
Vwloo/ edvholqh sdudphwhul}dwlrqv idoo vkruw ri h{sodlqlqj wkh revhuyhg frqvxps0
wlrq errpv dqg uhdo dssuhfldwlrqv1 Zkloh wkhuh duh frq�jxudwlrqv ri wkh whfk0
qrorj| wkdw duh frqvlvwhqw zlwk wkh gdwd/ wkhuh lv vwloo olwwoh lqirupdwlrq wr dvvhvv
zkhwkhu wkhvh frq�jxudwlrqv duh hpslulfdoo| sodxvleoh1 Khqfh/ ixuwkhu zrun rq
wkh vwuxfwxuh ri wkh vxsso|0vlgh dqg rq wkh gl�huhqwldo uhvsrqvh ri wkh wudgdeoh
dqg qrq0wudgdeoh jrrgv vhfwru � zklfk zrxog doorz xv wr exlog pruh uh�qhg
txdqwlwdwlyh prghov � zrxog eh sduwlfxoduo| xvhixo1

Ilqdoo|/ lw lv zruwk vwuhvvlqj wkh lpsruwdqfh ri glvhqwdqjolqj wkh h�hfwv ri
vwdelol}dwlrq iurp rwkhu uhirupv1 Wkh uhdvrq lv wkdw zh pd| eh dvnlqj prghov wr
h{sodlq %wrr pxfk% lq txdqwlwdwlyh whupv1 Lq rwkhu zrugv/ wkh srru txdqwlwdwlyh
shuirupdqfh ri d eurdg fodvv ri prghov irxqg e| Uhehor dqg Y�hjk +4<<8, pd|
eh gxh qrw wr d odfn ri %jrrg% prghov exw udwkhu wr wkh idfw wkdw zh pd| eh
wu|lqj wr h{sodlq doo ri wkh revhuyhg frqvxpswlrq errpv dqg uhdo dssuhfldwlrq
dv d uhvxow ri h{fkdqjh udwh0edvhg vwdelol}dwlrqv1

S �L?i)�M@ti_ t|@M�*�3@|�L?

Wkh xvh ri d prqh| dqfkru wr eulqj grzq fkurqlf lq�dwlrq kdv ehhq pxfk ohvv
frpprq wkdq wkh xvh ri dq h{fkdqjh udwh dqfkru1 Dydlodeoh hylghqfh/ krzhyhu/
vxjjhvwv wkdw wkhvh vwdelol}dwlrqv kdyh ohg wr dq lqlwldo uhfhvvlrq/ kljkhu uhdo
lqwhuhvw udwhv/ dqg uhdo h{fkdqjh udwh dssuhfldwlrq +Vhfwlrq 6,1 Dv glvfxvvhg
hduolhu/ wkh prqhwdu| uhjlphv suhydlolqj lq wkhvh sodqv kdyh eruqh olwwoh uhvhp0
eodqfh wr wkh wh{werrn fdvh ri d %sxuh% prqh| dqfkru +l1h1/ d fohdq �rdwlqj
h{fkdqjh udwh,/ dqg kdyh udqjhg iurp gluw| �rdwlqj wr gxdo h{fkdqjh udwh v|v0
whpv +zlwk d shjjhg frpphufldo udwh,1 Qrqhwkhohvv/ d frpprq ihdwxuh ri vxfk
uhjlphv lv wkdw prqh| kdv ehhq/ doehlw wr ydu|lqj ghjuhhv/ wkh suhgrplqdqw
qrplqdo dqfkru1 Wkhuhiruh/ wr �{ lghdv/ zh zloo irfxv rq wkh wh{werrn fdvh ri
d sxuh prqh| dqfkru1 Zh zloo wkhq dujxh wkdw/ txdolwdwlyho|/ ghyldwlrqv iurp
wklv ehqfkpdun zrxog qrw dowhu wkh edvlf uhvxowv1

73



S�� � t�4T*i 4L_i*

Iurp dq dqdo|wlfdo srlqw ri ylhz/ wkh wzr nh| hohphqwv qhhghg wr uhsurgxfh
wkh vw|ol}hg idfwv looxvwudwhg lq Vhfwlrq 6 duh +l, dq lqwhuhvw0udwh hodvwlf prqh|
ghpdqg dqg +ll, vwlfn| sulfhv1 Zh zloo lqwurgxfh wkhvh wzr fulwlfdo hohphqwv lq
wkh vlpsohvw srvvleoh zd|1:4

Zh jhqhudwh dq lqwhuhvw0udwh hodvwlf prqh| ghpdqg e| lqwurgxflqj prqh|
lq wkh xwlolw| ixqfwlrq1 Zh zloo wkhuhiruh nhhs wkh xwlolw| ixqfwlrq srvwxodwhg lq
+4,/ exw dvvxph wkdw lw wdnhv d orj0vshfl�fdwlrq=:5

]
4

3

^orj+fW
w
, . orj+fQ

w
, . orj+pw,` h{s+��w,gw= +56,

Wkh krxvhkrog pd{lpl}hv +56, vxemhfw wr +5,1 Wkh �uvw0rughu frqglwlrqv
lpso| wkdw +djdlq/ dvvxplqj wkdw � @ u,=

fQ
w

@ hwf
W

w
> +57,

4

pw

@ ��lw> +58,

zkhuh �� lv wkh Odjudqjhdq pxowlsolhu dvvrfldwhg zlwk olihwlph frqvwudlqw +5,1
Rq wkh vxsso| vlgh/ zh iroorz Fdoyr*v +4<;6, vwdjjhuhg0sulfhv irupxodwlrq

� d frqwlqxrxv0wlph yhuvlrq ri wkh ryhuodsslqj0frqwudfwv prghov �d od Ilvfkhu
+4<::, dqg Wd|oru +4<:</ 4<;3, � zkhuhe| wkh sulfh ohyho lv vwlfn| +l1h1/ lw lv
d suhghwhuplqhg yduldeoh dw hdfk lqvwdqw lq wlph,/ rxwsxw ri krph jrrgv lv
ghpdqg0ghwhuplqhg/ dqg wkh udwh ri fkdqjh lq lq�dwlrq lv d qhjdwlyh ixqfwlrq
ri h{fhvv djjuhjdwh ghpdqg=

b�w @ ��+fQ
w
� �|Q,> � A 3= +59,

Htxdwlrq +59, fdq eh ghulyhg e| dvvxplqj wkdw �upv vhw sulfhv lq d qrq0
v|qfkurqrxv pdqqhu wdnlqj lqwr dffrxqw wkh ixwxuh sdwk ri djjuhjdwh ghpdqg
dqg wkh dyhudjh sulfh ohyho suhydlolqj lq wkh hfrqrp| +vhh Fdoyr +4<;6,,1 Dw
dq| srlqw lq wlph/ rqo| d vpdoo vxevhw ri �upv fdq fkdqjh wkhlu sulfh1 Wkh sulfh
ohyho lv wkhuhiruh d suhghwhuplqhg yduldeoh1 Li h{fhvv ghpdqg ghyhorsv dw vrph
srlqw lq wlph/ d vpdoo vxevhw ri �upv zloo fkdqjh wkhlu sulfh dqg lq�dwlrq ulvhv1
Wkh vxevhw ri �upv wkdw zloo fkdqjh wkhlu sulfh glplqlvkhv ryhu wlph/ zklfk
lpsolhv wkdw lq�dwlrq ri krph jrrgv idoov ryhu wlph1 Khqfh/ wkh fkdqjh lq wkh
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udwh ri lq�dwlrq lv qhjdwlyho| uhodwhg wr h{fhvv ghpdqg lq wkh qrq0wudghg jrrgv
vhfwru1:6

Dv lq wkh suhylrxv vhfwlrq/ wkh lqwhuhvw sdulw| frqglwlrq lpsolhv wkdw lw @
u . %w= Rxwsxw ri qrq0wudgdeoh jrrgv lv ghpdqg ghwhuplqhg vr wkdw fQ

w
@ |Q

w

iru doo w1 Wkh uhvrxufh frqvwudlqw frqwlqxhv wr eh jlyhq e| +7,1
Wr vroyh wkh prgho/ zh surfhhg lq wzr vwdjhv1 Lq wkh �uvw vwdjh/ zh vkrz

wkdw wkh sdwk ri uhdo prqh| edodqfhv/ pw +@ Pw@HwS
W�,/ lv jryhuqhg e| dq

xqvwdeoh gl�huhqwldo htxdwlrq1 Qrwh wkdw

bpw

pw

@ �w � %w> +5:,

zkhuh �w+� bPw@Pw, ghqrwhv wkh udwh ri jurzwk ri wkh prqh| vxsso|/ zklfk lv
wkh srolf| lqvwuxphqw lq d prqh|0edvhg vwdelol}dwlrq1 Vxevwlwxwlqj lqwr +5:, wkh
lqwhuhvw sdulw| frqglwlrq dqg �uvw0rughu frqglwlrq +58,/ zh kdyh wkdw

bpw

pw

@ �w . u � 4

�pw

= +5;,

Durxqg wkh vwhdg|0vwdwh/ htxdwlrq +5;, lv dq xqvwdeoh gl�huhqwldo htxdwlrq1:7

Khqfh/ iroorzlqj dq xqdqwlflsdwhg dqg shupdqhqw uhgxfwlrq lq �w/ pw dgmxvwv
lqvwdqwdqhrxvo| wr lwv kljkhu vwhdg|0vwdwh ydoxh1 Khqfh/ iurp +58,/ lw dqg wkxv
%w dovr dgmxvw lqvwdqwdqhrxvo| wr wkhlu orzhu vwhdg|0vwdwh ydoxhv1

Lqwxlwlyho|/ li %w ihoo rq lpsdfw ehorz �w/ wkhq pw zrxog eh lqfuhdvlqj ryhu
wlph/ zklfk qhfhvvlwdwhv ri d orzhu l +dqg orzhu %, wr htxloleudwh wkh prqh| pdu0
nhw/ zklfk ixuwkhu lqfuhdvhv pw> dqg vr rq1 Wkxv/ iru pw qrw wr glyhujh/ wkh udwh
ri ghsuhfldwlrq/ dqg wkxv wkh qrplqdo lqwhuhvw udwh/ pxvw dgmxvw lqvwdqwdqhrxvo|1

Lq wkh vhfrqg vwdjh/ zh irup d g|qdplf v|vwhp lq uhdo prqh| edodqfhv lq
whupv ri krph jrrgv dqg wkh udwh ri lq�dwlrq1 Wr wkdw h�hfw/ ohw xv gh�qh uhdo
prqh| edodqfhv lq whupv ri krph jrrgv> wkdw lv/ qw @ Pw@S

Q

w
= Wkhq/

bqw
qw

@ �w � �w= +5<,

Wkh vhfrqg g|qdplf htxdwlrq iroorzv iurp +59, wdnlqj lqwr dffrxqw +57, dqg
wkdw/ iurp wkh gh�qlwlrq ri pw dqg qw> hw @ qw@pw=

b�w @ �+�|Q � qw
pw

fW
w
,= +63,
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Htxdwlrqv +5<, dqg +63, frqvwlwxwh d v|vwhp ri gl�huhqwldo htxdwlrqv lq q
dqg �/ iru jlyhq fW

w
> pw/ dqg wkh srolf| yduldeoh �w1 Durxqg wkh vwhdg|0vwdwh/ wkh

v|vwhp lv vdggoh0sdwk vwdeoh/ dv lw vkrxog eh vlqfh q lv wkh rqo| suhghwhuplqhg
yduldeoh +Iljxuh < ghslfwv wkh fruuhvsrqglqj skdvh gldjudp1,:8

Vxssrvh wkdw lqlwldoo| +l1h1/ iru w ? 3,/ wkh sxeolf h{shfwv wkh udwh ri prqh|
jurzwk wr uhpdlq frqvwdqw iruhyhu dw �K = Wklv lqlwldo vwhdg|0vwdwh lv fkdudfwhu0
l}hg e|=

fW
vv

@ un3 . |W > +64,

fQ
vv

@ �|Q +65,

hvv @
�|Q

un3 . |W
> +66,

�vv @ �K > +67,

lvv @ u . �K > +68,

qvv @
�|Q

u . �K
> +69,

ug
vv

@ u> +6:,

zkhuh/ dv ehiruh/ wkh grphvwlf uhdo lqwhuhvw udwh/ ug> lv gh�qhg dv l� �1
Lq whupv ri Iljxuh </ wkh lqlwldo vwhdg|0vwdwh lv dw srlqw D1 Vxssrvh qrz wkdw/

dw wlph 3/ srolf|pdnhuv dqqrxqfh d shupdqhqw dqg xqdqwlflsdwhg uhgxfwlrq lq
wkh prqh| jurzwk udwh iurp �K wr �O= Wkh qhz vwhdg|0vwdwh ehfrphv srlqw E
zkhuh uhdo prqh| edodqfhv lq whupv ri krph jrrgv duh kljkhu dqg lq�dwlrq lv
orzhu1 Rq lpsdfw/ wkh v|vwhp mxpsv iurp srlqw D wr srlqw F dqg wkhq wudyhov
dorqj wkh vdggoh sdwk wrzdugv lwv qhz vwhdg|0vwdwh/ srlqw E1

Wkh sdwk ri wkh pdlq yduldeohv lv looxvwudwhg lq Iljxuh 431 Uhdo prqh|
edodqfhv +lq whupv ri krph jrrgv, lqfuhdvh judgxdoo| ryhu wlph +Sdqho E,1 Rq
lpsdfw/ lq�dwlrq idoov ehorz lwv qhz vwhdg|0vwdwh ydoxh dqg wkhq lqfuhdvhv ryhu
wlph +Sdqho F,1 Wkh sdwk ri wkh uhdo h{fkdqjh udwh +Sdqho H, iroorzv iurp wkh
idfw wkdw bhw@hw @ %w � �w1 Wkh uhdo h{fkdqjh udwh pxvw idoo +l1h1/ dssuhfldwh, rq
lpsdfw wr doorz iru d vxevhtxhqw uhdo h{fkdqjh udwh ghsuhfldwlrq1 Wkh lqlwldo idoo
lq wkh uhdo h{fkdqjh udwh lv h�hfwhg wkurxjk d idoo lq wkh qrplqdo h{fkdqjh udwh/
jlyhq wkdw wkh sulfh ohyho ri krph jrrgv lv d suhghwhuplqhg yduldeoh1 Wkh sdwk
ri frqvxpswlrq ri krph jrrgv +Sdqho G, fdq eh ghulyhg iurp htxdwlrq +57, dqg
wkh sdwk ri wkh uhdo h{fkdqjh udwh1 Vlqfh frqvxpswlrq ri wudghg jrrgv grhv qrw
fkdqjh � dqg frqwlqxhv wr eh htxdo wr shupdqhqw lqfrph ri wudghg jrrgv �
frqvxpswlrq ri krph jrrgv idoov rq lpsdfw dv wkh uhodwlyh sulfh ri krph jrrgv
+l1h1/ wkh lqyhuvh ri wkh uhdo h{fkdqjh udwh, lqfuhdvhv1 Lw wkhq lqfuhdvhv dv krph
jrrgv ehfrph fkhdshu ryhu wlph1 Wkh sdwk ri wkh grphvwlf uhdo lqwhuhvw udwh
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+Sdqho I, iroorzv iurp wkh gh�qlwlrq ug
w
@ lw � �w1 Wkh grphvwlf uhdo lqwhuhvw

udwh lqfuhdvhv rq lpsdfw � dv wkh lq�dwlrq udwh ri krph jrrgv idoov ehorz wkh
qrplqdo lqwhuhvw udwh � dqg wkhq idoov wrzdugv lwv xqfkdqjhg vwhdg|0vwdwh1

Zkdw lv wkh gulylqj irufh ehklqg wkhvh uhvxowvB Lw lv ehvw wr wklqn derxw wkh
htxloleulxp frqglwlrq lq wkh prqh| pdunhw/ zklfk lv jlyhq e|=

qw @
fQ
w

lw
= +6;,

Zh wklqn ri wkh ohiw0kdqg vlgh ri +6;, dv wkh uhdo prqh| vxsso| lq whupv ri
qrq0wudgdeoh jrrgv dqg ri wkh uljkw0kdqg vlgh dv uhdo prqh| ghpdqg1 Xsrq
wkh dqqrxqfhphqw ri d orzhu udwh ri prqh| jurzwk/ h{shfwhg lq�dwlrq dqg
wkxv wkh qrplqdo lqwhuhvw udwh idoo1 Iru d jlyhq fQ

w
/ wklv lqfuhdvhv uhdo prqh|

ghpdqg lq whupv ri krph jrrgv1 Uhdo prqh| vxsso|/ q+@ P@SQ ,/ krzhyhu/
fdqqrw fkdqjh rq lpsdfw ehfdxvh qhlwkhu Pw +d srolf| yduldeoh, qru SQ +d
suhghwhuplqhg yduldeoh, fkdqjh1 Khqfh/ wkh idoo lq wkh qrplqdo lqwhuhvw udwh
jhqhudwhv dq lqflslhqw h{fhvv ghpdqg iru uhdo prqh| edodqfhv1 Wr htxloleudwh
wkh prqh| pdunhw/ frqvxpswlrq ri krph jrrgv +dqg wkxv rxwsxw, qhhgv wr
idoo1 Iru frqvxpswlrq ri krph jrrgv wr idoo/ krph jrrgv pxvw ehfrph pruh
h{shqvlyh +l1h1/ wkh uhdo h{fkdqjh udwh pxvw idoo,1 Vlqfh frqvxpswlrq ri krph
jrrgv pxvw uhwxuq wr lwv lqlwldo vwhdg|0vwdwh/ wkh grphvwlf uhdo lqwhuhvw udwh pxvw
lqfuhdvh wr lqgxfh d ulvlqj sdwk ri frqvxpswlrq ri krph jrrgv1

Wklv vlpsoh prgho wkxv uhsurgxfhv wkh pdlq vw|ol}hg idfwv dvvrfldwhg zlwk
prqh|0edvhg vwdelol}dwlrq looxvwudwhg lq Vhfwlrq 6= dq lqlwldo uhfhvvlrq/ d uhdo
h{fkdqjh udwh dssuhfldwlrq/ dqg kljkhu grphvwlf uhdo lqwhuhvw udwhv1 Wkh prgho
grhv qrw h{klelw/ krzhyhu/ lq�dwlrq shuvlvwhqfh1 Wr jhqhudwh wkdw uhvxow/ zh
zrxog qhhg wr lqwurgxfh hlwkhu lq�dwlrq lqhuwld ru odfn ri fuhglelolw|/ dorqj wkh
olqhv ri Vhfwlrq 7 +vhh Fdoyr dqg Y�hjk +4<<7f,,1 Wkh prgho dovr suhglfwv qr
fkdqjh lq wkh wudgh dqg fxuuhqw dffrxqw edodqfhv1 Dv d �uvw dssur{lpdwlrq/
xqfkdqjhg h{whuqdo dffrxqwv duh qrw uhdoo| dw rggv zlwk wkh idfwv/ dv dujxhg lq
Vhfwlrq 61 Wr jhqhudwh dq dowhuqdwlyh suhglfwlrq/ zh zrxog qhhg wr jhw ulg ri
wkh vhsdudelolw| ehwzhhq fQ dqg fW / zklfk zrxog frqvlghudeo| frpsolfdwh wkh
vroxwlrq phwkrg ehfdxvh wkh v|vwhp zrxog fhdvh wr eh eorfn0uhfxuvlyh1

S�2 , |i?t�L?t |L L|�ih 4L?i)�M@ti_ hi}�4it

Zrxog wkh edvlf uhvxowv fkdqjh li zh ghyldwh iurp wkh h{wuhph fdvh ri d sxuh
prqh| dqfkru +l1h1/ d fohdq �rdwlqj,B Wkh dqvzhu lv qr1 Frqvlghu �uvw d gluw|
�rdwlqj/ zkhuhe| wkh prqhwdu| dxwkrulwlhv lqwhuyhqh lq iruhljq h{fkdqjh pdu0
nhwv wr lq�xhqfh wkh qrplqdo h{fkdqjh udwh1 Lq wkh h{dpsoh mxvw dqdo|}hg/
srolf|pdnhuv pljkw zdqw/ rq lpsdfw/ wr ex| iruhljq h{fkdqjh +l1h1/ dffxpxodwh
lqwhuqdwlrqdo uhvhuyhv, lq h{fkdqjh iru grphvwlf prqh| wr suhyhqw wkh qrplqdo
h{fkdqjh udwh iurp dssuhfldwlqj wrr pxfk1 Lq whupv ri wkh prgho/ wkh h�hfwv
ri lqwhuyhqwlrq frxog eh fdswxuhg lq d yhu| vlpsoh zd| e| dvvxplqj wkdw/ rq
lpsdfw/ srolf|pdnhuv lqfuhdvh wkh qrplqdo prqh| vxsso| vr dv wr suhyhqw wkh
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qrplqdo h{fkdqjh udwh � dqg wkxv wkh uhdo h{fkdqjh udwh � iurp dssuhfldwlqj
+zkloh vwloo uhgxflqj wkh udwh ri jurzwk wr �O,1:9 Vlqfh p+@ P@HSW�, mxpsv
lpphgldwho| wr lwv kljkhu vwhdg|0vwdwh ydoxh/ lw iroorzv wkdw d kljkhu P3 lpsolhv
d kljkhu H3 +uhodwlyh wr wkh fdvh lq zklfk wkh qrplqdo prqh| vxsso| lv qrw
fkdqjhg rq lpsdfw,1 Lq rwkhu zrugv/ wkh odujhu wkh lqlwldo lqfuhdvh lq wkh ohyho
ri wkh prqh| vxsso|/ wkh vpdoohu wkh lqlwldo qrplqdo dqg uhdo dssuhfldwlrq1 Lq
whupv ri Iljxuh </ wklv lpsolhv wkdw/ ghshqglqj rq krz pxfk wkh prqh| vxsso|
lqfuhdvhv/ wkh v|vwhp zrxog mxps rq lpsdfw wr d srlqw dorqj wkh vdggoh sdwk
ehwzhhq srlqwv F dqg E dqg wkhq surfhhg wrzdugv srlqw E1 Txdolwdwlyho| vshdn0
lqj/ wkhq/ wkh lpsdfw h�hfwv zrxog eh wkh vdph1 Txdqwlwdwlyho|/ wkh lqlwldo uhdo
dssuhfldwlrq dqg wkxv wkh lqlwldo uhfhvvlrq zrxog eh ohvvhqhg1

Dq h{wuhph fdvh ri wkh %lqwhuyhqwlrq% srolf| mxvw ghvfulehg lv d vlwxdwlrq lq
zklfk wkh lqlwldo ohyho ri wkh prqh| vxsso| lv lqfuhdvhg dv pxfk dv qhhghg iru
wkh qrplqdo h{fkdqjh udwh qrw wr fkdqjh rq lpsdfw1 Lq wklv fdvh/ wkh v|vwhp
zrxog mxps lpphgldwho| wr lwv qhz vwhdg|0vwdwh +Srlqw E lq Iljxuh <,1 Qhlwkhu
wkh qrplqdo qru wkh uhdo h{fkdqjh udwh zrxog fkdqjh dqg wkh lqlwldo uhfhvvlrq
zrxog eh dyrlghg dowrjhwkhu1 Wklv fdvh lv w|slfdoo| uxohg rxw dv lpsodxvleoh rq
wkh edvlv wkdw/ lq sudfwlfh/ d odujh lqlwldo lqfuhdvh lq wkh vwrfn ri prqh| zrxog
olnho| eh lqwhusuhwhg dv dq lqfuhdvh lq wkh udwh ri jurzwk ri prqh|/ zklfk zrxog
vhyhuho| d�hfw wkh fuhglelolw| ri wkh zkroh surjudp1 Vwloo/ lw khosv udwlrqdol}lqj
wkh prqhwdu| dxwkrulwlhv* lqfhqwlyhv wr lqwhuyhqh lq iruhljq h{fkdqjh pdunhwv1
Iurp d wkhruhwlfdo srlqw/ li srolf|pdnhuv fdq pdqlsxodwh dw zloo wkh lqlwldo
prqh| vwrfn/ wkhq jhqhudwlqj dq lqlwldo uhfhvvlrq zrxog pdnh lw qhfhvvdu| wr
lqwurgxfh lq�dwlrq lqhuwld/ dorqj wkh olqhv dqdo|}hg lq Vhfwlrq 61

Frqvlghu qrz wkh fdvh lq zklfk wkhuh duh fdslwdo frqwurov1 Iurp d prqhwdu|
srlqw ri ylhz/ fdslwdo frqwurov jlyh srolf|pdnhuv wkh delolw| wr kdyh ixuwkhu
frqwuro ryhu wkh prqh| vxsso| +li wkh| glg qrw kdyh lw wr ehjlq zlwk,1 Lq wkh
fdvh ri d �rdwlqj udwh +ru gluw| �rdwlqj,/ wkhq lw vkrxog pdnh olwwoh gl�huhqfh1
Lq idfw/ dgglqj fdslwdo frqwurov wr wkh prgho deryh � e|/ vd|/ dvvxplqj wkdw wkh
sulydwh vhfwru*v vwrfn ri qhw iruhljq dvvhwv lv jlyhq dqg fdqqrw fkdqjh � zrxog
qrw fkdqjh dq|wklqj vlqfh wkh uhvwulfwlrq zrxog qrw eh elqglqj +uhfdoo wkdw wkh
fxuuhqw dffrxqw lv }hur wkurxjkrxw wkh dgmxvwphqw,1 Pl{hg uhjlphv � vxfk
dv gxdo h{fkdqjh udwhv zlwk d suhghwhuplqhg frpphufldo udwh � vkrxog dovr
ohdg wr dq lqlwldo uhfhvvlrq1:: Wkh nh| lv wkdw wkh lqlwldo qrplqdo prqh| vxsso|
zloo vwloo eh d srolf| lqvwuxphqw +xqolnh d suhghwhuplqhg h{fkdqjh udwh uhjlph
lq zklfk wkh lqlwldo qrplqdo prqh| vxsso| dgmxvwv hqgrjhqrxvo| wr vdwlvi| uhdo
prqh| ghpdqg,1 Khqfh/ dq| glvlq�dwlrqdu| srolf| zklfk ohdgv wr d uhgxfwlrq lq
h{shfwhg lq�dwlrq � dqg wkxv wr dq lqfuhdvh lq uhdo prqh| ghpdqg � zloo ohdg
wr d %oltxlglw| fuxqfk% dqg dq lqlwldo uhfhvvlrq1 Lq vxp/ wkh h�hfwv ri glvlq�dwlrq
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lq dq| prqhwdu| uhjlph zklfk lqyroyhv vljql�fdqw fdslwdo frqwurov vkrxog eh
txdolwdwlyho| vlplodu wr wkrvh ri d wh{werrn prqh|0edvhg vwdelol}dwlrq1:;

S�� �L?i) @?U�Lh �iht�t i U�@?}i h@|i @?U�Lh

Dv qrwhg hduolhu/ d prqh| dqfkru lv pxfk ohvv frpprq wkdq dq h{fkdqjh udwh
dqfkru lq vwdelol}dwlrq surjudpv lq fkurqlf lq�dwlrq frxqwulhv1 Dowkrxjk idu
iurp ehlqj d sdqdfhd iru vwrsslqj lq�dwlrq/ srolf|pdnhuv* uhyhdohg suhihuhqfh
iru dq h{fkdqjh udwh dqfkru pd| eh udwlrqdol}hg rq d qxpehu ri jurxqgv1

Iluvw/ wkh ehkdylru ri prqh| yhorflw| pd| eh txlwh gl�fxow wr suhglfw lq wkh
wudqvlwlrq iurp kljk wr orz lq�dwlrq/ hvshfldoo| lq fkurqlf lq�dwlrq frxqwulhv
zkhuh wkh glvwlqfwlrq ehwzhhq prqlhv dqg txdvl0prqlhv lv sduwlfxoduo| eoxuuhg1
Wkhuhiruh/ dv d sudfwlfdo pdwwhu/ lw pd| eh txlwh gl�fxow wr jdxjh krz %wljkw%
d jlyhq prqhwdu| uxoh lv olnho| wr eh/ dqg zkhwkhu d %vwdeoh% uhodwlrqvkls zloo
krog lq wkh diwhupdwk ri glvlq�dwlrq1 Lq frqwudvw/ xvlqj wkh h{fkdqjh udwh kdv
wkh lqwulqvlf dgydqwdjh wkdw/ jlyhq wkh hqgrjhqhlw| ri wkh prqh| vxsso|/ wkhuh lv
qr qhhg lq sulqflsoh wr kdyh dq| lqirupdwlrq derxw prqh| ghpdqg dqg yhorflw|1

D vhfrqg/ dqg uhodwhg/ lvvxh lv wkdw surorqjhg shulrgv ri kljk lq�dwlrq ohdg
wr d kljk ghjuhh ri groodul}dwlrq ri wkh hfrqrp|1:< Lq vxfk d vlwxdwlrq/ wkh
%uhohydqw% prqh| vxsso| +l1h1/ wkh rqh zklfk d�hfwv lq�dwlrq dqg uhdo dfwlylw|,
lv olnho| wr lqfoxgh +wkh grphvwlf0fxuuhqf| ydoxh ri, iruhljq fxuuhqf| kroglqjv
dqg ghsrvlwv1 Vlqfh wklv frpsrqhqw fdqqrw eh frqwuroohg e| srolf|pdnhuv/ d
uhgxfwlrq lq wkh grphvwlf frpsrqhqw ri wkh prqh| vxsso| pd| kdyh olwwoh h�hfw
rq wrwdo oltxlglw| dqg/ khqfh/ rq lq�dwlrq1 Lq h�hfw/ srolf| vlpxodwlrqv ri prqh|0
edvhg glvlq�dwlrq iru wkh fdvh ri Xuxjxd| +Kr�pdlvwhu dqg Y�hjk/ 4<<9, vxjjhvw
wkdw uhgxflqj wkh udwh ri jurzwk ri hlwkhu P4 ru P5 +zklfk gr qrw lqfoxgh
iruhljq fxuuhqf| ghsrvlwv, uhvxowv lq dq h{wuhpho| vorz glvlq�dwlrq frpsduhg
wr xvlqj wkh h{fkdqjh udwh1 Lq vkdus frqwudvw/ li srolf|pdnhuv frxog +zklfk/
ri frxuvh/ wkh| fdqqrw, frqwuro P6 +P5 soxv iruhljq fxuuhqf| ghsrvlwv,/ wkhq
wkh vshhg ri glvlq�dwlrq zrxog eh urxjko| wkh vdph dv wkdw dfklhyhg zlwk dq
h{fkdqjh udwh dqfkru1

D wklug lvvxh lv wkdw/ e| wkh vlpsoh yluwxh ri ehlqj d sulfh udwkhu wkdq
d txdqwlw|/ wkh h{fkdqjh udwh surylghv d pxfk fohduhu vljqdo wr wkh sxeolf ri
wkh jryhuqphqw*v lqwhqwlrqv dqg dfwxdo dfwlrqv wkdq d prqh| vxsso| wdujhw1
Wkxv/ li wkh sxeolf*v lq�dwlrqdu| h{shfwdwlrqv duh lq�xhqfhg wr d odujh h{whqw
e| wkh delolw| wr hdvlo| wudfn dqg frqwlqxrxvo| prqlwru wkh qrplqdo dqfkru/ wkh
h{fkdqjh udwh kdv d qdwxudo dgydqwdjh1

Edvhg rq wkh frqvlghudwlrqv mxvw glvfxvvhg/ lw vkrxog qrw frph dv d vxusulvh
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wkdw/ e| dqg idu/ glvlq�dwlrq surjudpv lq fkurqlf lq�dwlrq frxqwulhv kdyh uh0
olhg rq wkh h{fkdqjh udwh dv wkh pdlq qrplqdo dqfkru +zlwk wkh Dxjxvw 4<<3
Shuxyldq surjudp ehlqj wkh prvw qrwdeoh h{fhswlrq,1 Uhyhdohg suhihuhqfhv/
wkhuhiruh/ zrxog vhhp wr vxssruw wkh ylhz � zlwk zklfk zh zrxog fhuwdlqo|
djuhh � wkdw wkh h{fkdqjh udwh vkrxog eh ylhzhg dv wkh pruh vxlwdeoh qrpl0
qdo dqfkru lq fkurqlf lq�dwlrq frxqwulhv1 Wklv lv dovr frqvlvwhqw zlwk Xuleh*v
+4<<7, �qglqjv rq wkh zhoiduh frvwv ri prqh|0edvhg yhuvxv h{fkdqjh udwh0edvhg
vwdelol}dwlrq1 E| shuiruplqj gl�huhqw vlpxodwlrqv ri Fdoyr dqg Y�hjk*v +4<<7f,
prgho/ kh dujxhv wkdw h{fkdqjh0udwh edvhg vwdelol}dwlrq lv jhqhudoo| ohvv frvwo|/
lq whupv ri zhoiduh/ wkdq prqh|0edvhg vwdelol}dwlrq1

Dq lpsruwdqw fdyhdw djdlqvw wkh xvh ri dq h{fkdqjh udwh dqfkru lv lq vlwx0
dwlrqv ri yhu| olwwoh fuhglelolw|1 Iru lqvwdqfh/ lq d frxqwu| lq zklfk d vhulhv ri
idlohg h{fkdqjh udwh0vwdelol}dwlrqv kdv ohg wkh sxeolf wr lghqwli| wkh lqlwldo errp
dqg fxuuhqw dffrxqw gh�flw dv d vljqdo ri dq xqvxvwdlqdeoh vwdelol}dwlrq h�ruw/ lw
zrxog suredeo| eh zlvh wr wu| wr vzlwfk vwudwhjlhv dqg rsw iru d prqh| dqfkru1
Wkh pdlq uhdvrq lv wkdw wkhru| vxjjhvwv +vhh Fdoyr dqg Y�hjk/ 4<<7f, wkdw wkh
h�hfwv ri lpshuihfw fuhglelolw| gl�hu gudvwlfdoo| xqghu hdfk uhjlph= odfn ri fuhg0
lelolw| lv pruh glvuxswlyh xqghu dq h{fkdqjh udwh dqfkru ehfdxvh lw uhgxfhv wkh
ehqh�wv +lq�dwlrq idoov e| ohvv, dw wkh vdph wlph wkdw lw lqfuhdvhv wkh vl}h ri wkh
uhdo glvorfdwlrqv +wkh errp0exvw f|foh ehfrphv pruh surqrxqfhg,1 Lq frqwudvw/
lq prqh|0edvhg vwdelol}dwlrq/ odfn ri fuhglelolw| uhgxfhv erwk wkh ehqh�wv +lq
whupv ri orzhu lq�dwlrq, exw dovr wkh lqlwldo uhfhvvlrq1 Khqfh/ li wkh sxeolf lv
shufhlyhg dv ehlqj kljko| vnhswlfdo/ d prqh| dqfkru pd| eh ohvv ulvn|1;3

. �@*@?Ui Lu T@)4i?|t Uh�tit

Dv dujxhg lq Vhfwlrq 6/ prvw h{fkdqjh udwh0edvhg vwdelol}dwlrq surjudpv hqg
lq edodqfh ri sd|phqwv +ERS, fulvhv +uhfdoo Wdeoh 4,1 Wkhvh surjudpv w|slfdoo|
xqohdvk g|qdplfv � frqvxpswlrq errpv/ vxvwdlqhg uhdo dssuhfldwlrq/ fxuuhqw
dffrxqw gh�flwv � zklfk fdoo lqwr txhvwlrq wkhlu vxvwdlqdelolw|1;4 Wklv/ lq wxuq/
ixhov vshfxodwlrq ri d srvvleoh dedqgrqphqw ri wkh h{fkdqjh udwh dqfkru1 Rqfh
wkh vxuylydo ri wkh surjudp kdv ehhq fdoohg lqwr txhvwlrq/ �qdqfldo idfwruv �
vxfk dv d odujh vwrfn ri vkruw0whup ghew � riwhq djjudydwh wkh vlwxdwlrq dqg
pd| lqgxfh vhoi0ixo�oolqj fulvhv1 Zkhwkhu edodqfh ri sd|phqw fulvhv duh xowl0
pdwho| fdxvhg e| zruvhqlqj ixqgdphqwdov ru vhoi0ixo�oolqj hohphqwv lv d pdwwhu
ri rqjrlqj ghedwh1;5 Exw hyhq li wkh xowlpdwh ghplvh ri wkh shj uhvsrqgv wr
vrph vhoi0ixo�oolqj hyhqw/ lw lv vwloo wkh fdvh wkdw ixqgdphqwdov jr d orqj zd|
lq ghwhuplqlqj wkh srwhqwldo yxoqhudelolw| ri wkh v|vwhp +Revwihog dqg Urjr�
+4<<8,,1
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Qdwxudoo|/ wkh srwhqwldo iru edodqfh ri sd|phqwv fulvhv lv d pruh jhqhudo lvvxh
dqg dssolhv wr dq| shjjhg h{fkdqjh udwh v|vwhp/ zkhwkhu wkh shj lv sduw ri
dq h{solflw lq�dwlrq vwdelol}dwlrq surjudp ru qrw +dv prvw uhfhqwo| h{hpsol�hg
e| wkh Vrxwk Hdvw Dvldq fulvhv ri wkh vhfrqg kdoi ri 4<<:,1 Krzhyhu/ hyhq
zkhq wkh shj zdv qrw lqvwlwxwhg dv sduw ri d surjudp/ fulvhv whqg wr rffxu
dv wkh hfrqrp| hqwhuv d uhfhvvlrq/ iroorzlqj d surorqjhg errp lq hfrqrplf
dfwlylw|/ fuhglw h{sdqvlrqv/ uhdo h{fkdqjh udwh dssuhfldwlrq/ dqg fxuuhqw dffrxqw
gh�flwv +Ndplqvn| dqg Uhlqkduw +4<<8,,1;6 Wkhvh duh/ ri frxuvh/ hvvhqwldoo| wkh
vdph g|qdplfv dv wkrvh jhqhudwhg e| h{fkdqjh udwh0edvhg vwdelol}dwlrqv +uhfdoo
Iljxuhv 4 dqg 5,1 Zh vxvshfw wklv lv qr frlqflghqfh/ vlqfh lw pd| eh dujxhg
wkdw shjjhg h{fkdqjh udwhv nhhs lq�dwlrq grzq +pdlqo| e| olqnlqj lq�dwlrq ri
wudgdeoh jrrgv wr zruog lq�dwlrq, dw wkh h{shqvh ri dq dssuhfldwlqj fxuuhqf|1
Zh zrxog wkxv vxvshfw wkdw vrph ri wkh phfkdqlvpv glvfxvvhg lq Vhfwlrqv 7 dqg
8 pd| khos lq h{sodlqlqj wkh g|qdplfv ohdglqj wr edodqfh ri sd|phqw fulvhv lq
jhqhudo1

Wklv duhd kdv hqmr|hg d uhqdlvvdqfh ri vruwv lq wkh diwhupdwk ri wkh Ph{lfdq
fulvlv1 Uhvhdufkhuv kdyh jrqh edfn wr Nuxjpdq*v +4<:<, vhplqdo sdshu rq wkh
phfkdqlfv ri edodqfh ri sd|phqwv fulvhv dqg uh�qhg lw lq vhyhudo lpsruwdqw zd|v1
Khqfh/ diwhu d eulhi glvfxvvlrq ri oltxlglw| frqvlghudwlrqv/ zh wdnh Nuxjpdq*v
+4<:<, prgho dv wkh vwduwlqj srlqw ri wklv vhfwlrq1 Zh wkhq glvfxvv wkh qrwlrq ri
fxuuhqw dffrxqw vxvwdlqdelolw|1 Ilqdoo|/ zh h{dplqh wkh uroh ri �qdqfldo idfwruv
dqg odfn ri fuhglelolw| lq suhflslwdwlqj edodqfh ri sd|phqw fulvhv1

.�� w�^��_�|)

Edodqfh ri sd|phqwv fulvhv wdnh gl�huhqw irupv1 D frpprq fkdudfwhulvwlf lv
wkdw wkh jryhuqphqw �qgv lwvhoi xqdeoh wr frpso| zlwk �qdqfldo reoljdwlrqv1
Dq h{dpsoh lv zkhq wkh jryhuqphqw lv frpplwwhg wr nhhslqj d �{hg h{fkdqjh
udwh +djdlqvw/ vd|/ wkh X1V1 groodu,/ dqg wkh sxeolf zlvkhv wr h{fkdqjh grphvwlf
prqh| iru grooduv lq dq dprxqw wkdw h{fhhgv wkh lqwhuqdwlrqdo uhvhuyhv dydlodeoh
iru wklv rshudwlrq1 Dv d uhvxow/ wkh jryhuqphqw kdv wr dedqgrq lwv h{fkdqjh
udwh srolf|1 Krzhyhu/ wkh orvv ri uhvhuyhv pd| rffxu iru rwkhu uhdvrqv1 Iru
lqvwdqfh/ uhvhuyhv pd| eh orvw li wkh frxqwu| kdv vkruw0whup oldelolwlhv/ erqgv/
wkdw fdqqrw eh uroohg ryhu lq wkh fdslwdo pdunhw/ dqg h{fhhg wkh ohyho ri dydlodeoh
lqwhuqdwlrqdo uhvhuyhv1;7

D ERS fulvlv grhv qrw qhfhvvdulo| lqyroyh lqvroyhqf|/ l1h1/ wkh frxqwu|*v lq0
delolw| wr sd|1 Dv d jhqhudo uxoh/ frxqwulhv xqghujrlqj ERS fulvhv kdyh dpsoh
uhvrxufhv wr phhw wkhlu �qdqfldo reoljdwlrqv1 Lq sudfwlfh/ wkh sureohp lv wkdw
wkh frxqwu| grhv qrw kdyh hqrxjk �qdqfldo dvvhwv wkdw fdq eh vzliwo| dfwlydwhg
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wr phhw lwv �qdqfldo reoljdwlrqv1 Wkxv/ dw wkh fruh ri d ERS fulvlv/ wkhuh lv w|s0
lfdoo| d plvpdwfk ehwzhhq wkh %oltxlglw|% ri �qdqfldo reoljdwlrqv dqg wkdw ri
jryhuqphqw �qdqfldo dvvhwv1 Wklv plvpdwfk lv dvvrfldwhg zlwk dqrwkhu grplqdqw
fkdudfwhulvwlf ri ERS fulvhv/ qdpho|/ wkh| wdnh sodfh zlwklq d uhodwlyho| vkruw
shulrg ri wlph +qrupdoo| zlwklq d prqwk,/ d idfw wkdw frqwulexwhv wr gudpdwl}h
wkh hyhqw1;8

Wkh zruog %oltxlglw|% lq wkh deryh sdudjudsk lv mxvw d vljqsrvw/ qrw d gh0
�qlwlrq1 D jrrg gh�qlwlrq ri oltxlglw| lv kljko| hoxvlyh1 Zh zloo glvfxvv wkh
frqfhsw lq wkh frqwh{w ri d vshfldo hqylurqphqw1 Ohw s+w> y, eh wkh rxwsxw sulfh
ri d jlyhq dvvhw dw wlph w/ li wkh dvvhw zdv sodfhg rq wkh pdunhw dw wlph y � w1
Zh vd| wkdw wkh dvvhw lv shuihfwo| oltxlg li s+w> w, @ s+w> y, iru doo w dqg y +dqg
doo vwdwhv ri qdwxuh,1 Lq rwkhu zrugv/ dq dvvhw lv shuihfwo| oltxlg li wkhuh lv qr
dgydqwdjh wr wkh vhoohu lq dqqrxqflqj klv2khu lqwhqwlrq wr vhoo lq dgydqfh ri wkh
dfwxdo wudqvdfwlrq1 Rwkhuzlvh/ li s+w> w, ? s+w> y,/ zh vd| wkdw wkh dvvhw glvsod|v
vrph looltxlglw|1 Wkh dvvhw*v ghjuhh ri oltxlglw| frxog eh phdvxuhg e|

)+w> y, @
s+w> w,

s+w> y,
=

Vrph vlpsoh prghov dvvxph rqo| wzr w|shv ri dvvhwv/ qdpho| +l, shuihfwo| oltxlg
dvvhwv/ dqg +ll, dvvhwv iru zklfk )+w> y, @ 3 iru doo y ? w> wkdw lv/ dvvhwv wkdw
zrxog kdyh qr pdunhw ydoxh li wkh| kdg wr eh oltxlgdwhg lq qr wlph*v qrwlfh1;9

Lq wklv fdvh/ d ERS fulvlv zrxog wdnh sodfh li wkh oldelolwlhv wkdw wkh jryhuqphqw
lv fdoohg xsrq wr vhuylfh dw wlph w h{fhhg wkh vwrfn ri oltxlg dvvhwv1

Lq wkh prghov wr eh glvfxvvhg khuh wkh oltxlglw| surshuwlhv ri dq dvvhw duh
srvwxodwhg/ qrw h{sodlqhg1

.�2 A�i kh�}4@? 4L_i*

Wklv lv dq hohjdqw prgho wkdw fdswxuhv wkh hvvhqwldo ihdwxuhv phqwlrqhg deryh1
Zh zloo suhvhqw d yhuvlrq dorqj wkh olqhv ri wkh xwlolw|0edvhg prghov xvhg lq suh0
ylrxv vhfwlrq ri wklv fkdswhu1 Iru suhvhqw sxusrvhv/ lw lv hqrxjk wr dvvxph wkdw
doo jrrgv duh ixoo| wudgdeoh/ dqg wkdw wkh uhsuhvhqwdwlyh lqglylgxdo lv hqgrzhg
zlwk d frqvwdqw �rz ri wudgdeoh jrrgv shu xqlw ri wlph1 Khqfh/ xvlqj wkh vdph
qrwdwlrq/ olihwlph xwlolw| lv jlyhq e|

]
4

3

^y+fW
w
, . }+pw,` h{s+��w,gw= +6<,

Dv lq Vhfwlrq 7/ ohw wkh frxqwu| eh ixoo|0lqwhjudwhg lq jrrgv dqg fdslwdo pdunhwv
dqg wkxv idfh d frqvwdqw lqwhuqdwlrqdo sulfh ri wkh wudgdeoh jrrg dqg d frq0
vwdqw zruog uhdo lqwhuhvw udwh/ u/ zklfk htxdov wkh vxemhfwlyh glvfrxqw udwh1 Wkh
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frqvxphu*v lqwhuwhpsrudo exgjhw frqvwudlqw lv wkxv jlyhq e| +5, +devwudfwlqj
iurp wkh whupv wkdw uhodwh wr qrq0wudghg jrrgv,1 Wkh �uvw0rughu frqglwlrqv duh
wkhuhiruh +8, dqg +:,1 Wkhuhiruh/ dv ehiruh/ +8, lpsolhv wkdw/ dorqj d shuihfw
iruhvljkw htxloleulxp sdwk/ frqvxpswlrq lv frqvwdqw1

Wkh h{fkdqjh udwh lv dvvxphg wr eh �{hg li wkhuh duh hqrxjk uhvhuyhv wr
vxvwdlq wkh ydoxh ri wkh grphvwlf fxuuhqf| +l1h1/ li uhvhuyhv duh deryh ru dw
wkhlu %fulwlfdo% ohyho/ zklfk zh dvvxph wr eh }hur,1 Wkh h{fkdqjh udwh lv vxv0
wdlqhg e| lqwhuyhqlqj lq wkh iruhljq h{fkdqjh pdunhw1 Wkxv/ wkh �{hg udwh lv
dedqgrqhg rqfh wkh sxeolf zdqwv wr wxuq grphvwlf lqwr iruhljq fxuuhqf| lq dq
dprxqw wkdw h{fhhgv wkh vwrfn ri oltxlg dvvhwv vhw dvlgh iru wklv rshudwlrq1 Lq
Nuxjpdq +4<:<,/ wkhvh dvvhwv duh lghqwl�hg zlwk +lqwhuqdwlrqdo, uhvhuyhv/ U1
Zkloh wkh �{hg h{fkdqjh udwh uhjlph odvwv/ shuihfw fdslwdo prelolw| lpsolhv wkdw
wkh grphvwlf qrplqdo lqwhuhvw udwh htxdo wkh lqwhuqdwlrqdo rqh> wkdw lv/ lw @ u1
Diwhu wkh �{hg udwh lv dedqgrqhg/ wkh h{fkdqjh udwh lv doorzhg wr �rdw/ dqg
h{fkdqjh udwh lqwhuyhqwlrq lv vwrsshg1 Khqfh/ djdlq ghqrwlqj e| %w wkh udwh ri
ghydoxdwlrq2lq�dwlrq/ shuihfw fdslwdo prelolw| lpsolhv wkdw lw @ u . %w1

Zh dvvxph wkdw wkh fhqwudo edqn wudqvihuv qhw sur�wv wr wkh �vfdo exgjhw/
zklfk lpsolhv wkdw wkh fhqwudo edqn*v fdslwdo lv frqvwdqw1 Khqfh/ iurp wkh fhqwudo
edqn*v edodqfh vkhhw/ lw iroorzv wkdw

bPw @ Hw
bUw .Q bGDw> +73,

zkhuh P lv kljk0srzhuhg prqh|/ H lv wkh qrplqdo h{fkdqjh udwh +l1h1/ wkh
sulfh ri iruhljq h{fkdqjh lq whupv ri grphvwlf fxuuhqf|,/ U ghqrwhv uhvhuyhv
ghqrplqdwhg lq iruhljq h{fkdqjh/ dqg QGD vwdqgv iru qhw grphvwlf dvvhwv
+l1h1/ grphvwlf fuhglw,1;:

Wkh jryhuqphqw*v rqo| vrxufh ri h{shqglwxuhv duh oxps0vxps wudqvihuv wr
krxvhkrogv1 Lw �qdqfhv dq h{rjhqrxvo|0jlyhq ohyho ri wudqvihuv/ � / zlwk fhqwudo
edqn fuhglw dqg surfhhgv iurp lqwhuqdwlrqdo uhvhuyhv +zklfk zh dvvxph hduq wkh
lqwhuqdwlrqdo lqwhuhvw udwh/ u,= Wkxv/

Hw� @ Q bGDw . uHwUw= +74,

Vlqfh gxulqj wkh �{hg0udwh shulrg/ lw @ u dqg khqfh/ e| +:,/ wkh ghpdqg iru
prqh| lv frqvwdqw +lpso|lqj bPw @ 3,/ zh kdyh=

bUw @ �+� � uUw,= +75,

Lq rwkhu zrugv/ xqghu �{hg h{fkdqjh udwhv wkh orvv ri lqwhuqdwlrqdo uhvhuyhv
htxdov wkh exgjhw gh�flw +jlyhq e| jryhuqphqw wudqvihuv plqxv lqwhuhvw uhyhqxhv
iurp lqwhuqdwlrqdo uhvhuyhv ,1;;
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Diwhu �{hg udwhv duh dedqgrqhg/ bUw @ Uw @ 3 dqg / dqg khqfh/ e| +73, dqg
+74,/

bpw . %wpw @ �= +76,

Dvvxplqj/ iru vlpsolflw|/ wkdw wkh lqglylgxdo lqlwldoo| krogv qr iruhljq dvvhwv ru
oldelolwlhv/ lw iroorzv iurp �uvw0rughu frqglwlrq +8, dqg wkh olihwlph frqvwudlqw
wkdw fW

w
@ uU3 . |W iru doo w1 Khqfh/ frpelqlqj �uvw0rughu frqglwlrqv +8, dqg

+:, dqg vroylqj iru pw/ zh jhw wkh idploldu ghpdqg0iru0prqh| h{suhvvlrq=

pw @ O+l> uU3 . |W ,> Ol ? 3> OuU3.|
W A 3= +77,

Iru vlpsolflw|/ zh zloo irfxv rq vwhdg| vwdwhv +l1h1/ bpw @ 3,1 Wkxv/ e|
htxdwlrqv +76, dqg +77,/ zh kdyh wkdw

%O+u . %> uU3 . |W , @ �= +78,

Wkh ohiw0kdqg vlgh ri htxdwlrq +78, fruuhvsrqgv wr uhyhqxh iurp wkh fuhdwlrq
ri prqh| dw vwhdg|0vwdwh/ zkloh wkh uljkw0kdqg vlgh lv wkh dprxqw wr eh �qdqfhg
e| wkhvh phdqv1 Fohduo|/ htxdwlrq +78, zloo lq jhqhudo glvsod| pxowlsoh htxloleuld
ehfdxvh wkh ghpdqg iru prqh| lv qhjdwlyho|0vorshg zlwk uhvshfw wr %1 Krzhyhu/
vlqfh htxloleulxp pxowlsolflw| lv qrw d nh| wkhph lq Nuxjpdq +4<:<,/ zh zloo
dvvxph wkdw wkh hfrqrp| vhwwohv grzq rq wkh orzhvw udwh ri ghydoxdwlrq frqvlv0
whqw zlwk htxdwlrq +78,/ zklfk zloo eh lqglfdwhg e| %�1 Fohduo|/ li � A 3/ wkhq
diwhu wkh fxuuhqf| shj lv dedqgrqhg/ wkh hfrqrp| mxpsv wr d kljkhu lq�dwlrq
sodwhdx/ dqg vwd|v wkhuh iruhyhu1 Lw iroorzv iurp h{suhvvlrq +77, wkdw dw %vzlwfk
srlqw/% l1h1/ wkh srlqw lq wlph W dw zklfk wkh fxuuhqf| shj lv dedqgrqhg/ wkh
ghpdqg iru prqh| froodsvhv1 Wklv lv d nh| ihdwxuh ri wkh prgho1

Iljxuh 44 ghslfwv wkh fhqwudo fkdudfwhulvwlfv ri dq htxloleulxp sdwk iru lq0
whuqdwlrqdo uhvhuyhv dvvxplqj wkdw wkh jryhuqphqw uxqv d �vfdo gh�flw +l1h1/
� � uU3 ? 3, dqg wkdw wkh qrplqdo h{fkdqjh udwh lv d frqwlqxrxv ixqfwlrq ri
wlph +wklv dvvxpswlrq zloo eh udwlrqdol}hg odwhu,1 Iurp 3 wr W uhvhuyhv duh gulyhq
e| htxdwlrq +75,1 Wkh v|vwhp lv dedqgrqhg dw wlph W � dqg qrw zkhq uhvhuyhv
uhdfk }hur � ehfdxvh/ dv srlqwhg rxw deryh/ dw vzlwfk wlph wkh ghpdqg iru
prqh| wdnhv d vxgghq gls htxdo wr O+u> uU3 . |W , � O+u. %> uU3. |W , @ �U=
Vlqfh wkh h{fkdqjh udwh lv dvvxphg qrw wr mxps dw wlph W / lw iroorzv wkdw wkh
jryhuqphqw vx�huv d orvv ri uhvhuyhv htxdo wr �U dw wlph W 1 Fohduo|/ vzlwfk
srlqw W lv xqltxho| ghwhuplqhg1 Wkxv/ wkh prgho lv deoh wr fdswxuh vrph ri wkh
pdlq fkdudfwhulvwlfv ri d ERS fulvhv rxwolqhg deryh1

Wr forvh zh zloo qrz eulh�| glvfxvv wkh frqwlqxlw| ri wkh h{fkdqjh udwh sdwk
H1 Lq wkh �uvw sodfh/ zh zloo frqvwudlqw H wr eh slhfh0zlvh frqwlqxrxv dqg
hyhu|zkhuh uljkw0kdqg gl�huhqwldeoh1 Wkhvh duh whfkqlfdo dvvxpswlrqv zklfk
khos wr pdnh vxuh wkdw wkh sureohp lv zhoo0gh�qhg lq d pdwkhpdwlfdo vhqvh/ dqg
wkdw luuhohydqw qrqxqltxhqhvv vlwxdwlrqv duh uxohg rxw1 Qrwlfh wkdw mxpsv lq H
duh qrw uxohg rxw1
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Vxssrvh wkdw/ frqwudu| wr rxu dvvxpswlrq deryh/ H mxpsv dw w � W / dqg
ohw P�

w
eh wkh ohiw olplqi ri P dw w1 Li P�

w
A 3/ wkhq wkh uhsuhvhqwdwlyh

lqglylgxdo vx�huv d fdslwdo orvv rq dffrxqw ri klv2khu prqh| kroglqjv dw wlph w1
Wkxv/ dvvxplqj wkdw wkh ghpdqg iru prqh| jrhv wr }hur dv wkh qrplqdo lqwhuhvw
udwh glyhujhv wr soxv lq�qlw|/ d sodxvleoh uhjxodulw| frqglwlrq/ lw iroorzv wkdw lw
zloo qhyhu eh rswlpdo wr xqghujr wkdw nlqg ri fdslwdo orvv/ zklfk lpsolhv wkdw
P�

w
@ 31 Wkxv/ li w A W / wkhuh zloo eh dq h{fhvv vxsso| ri prqh| dw w/ zklfk lv

lqfrqvlvwhqw zlwk htxloleulxp1 Vxssrvh qrz wkdw w @ W / dqg/ khqfh/ wkh mxps
wdnhv sodfh h{dfwo| dw vzlwfk srlqw1 Vlqfh P�

w
@ 3/ wkhq wkh ERS fulvlv zrxog

kdyh rffxuuhg ehiruh wlph W / zklfk lv d frqwudglfwlrq1 Wklv suryhv wkdw H lv
frqwlqxrxv hyhu|zkhuh dv dvvxphg deryh1

Ilqdoo|/ lw lv zruwk vwuhvvlqj wkdw/ vlqfh wkh lqwhuhvw udwh rq lqwhuqdwlrqdo
uhvhuyhv lv htxdo wr wkh lqwhuqdwlrqdo lqwhuhvw udwh/ wkh fxuuhqw dffrxqw zloo eh
}hur dw doo wlphv1 Qrwlfh/ krzhyhu/ wkdw h{whuqdo edodqfh htxloleulxp grhv qrw
suhyhqw wkh rffxuuhqfh ri d ERS fulvlv1 Wklv lv zruwk nhhslqj lq plqg zkhq zh
glvfxvv wkh fxuuhqw dffrxqw dssurdfk ehorz1

.�� kh�}4@? 4L_i*G Uh�|�^�i @?_ i |i?t�L?t

Zh qrz h{whqg wkh deryh prgho lq vhyhudo xvhixo gluhfwlrqv1

Erqgv Grphvwlf ghew +rxwvlgh wkh fhqwudo edqn, pd| eh lqwurgxfhg dqg wkxv
dffrxqw iru dq hohphqw wkdw kdv sod|hg d surplqhqw uroh uhfhqwo|1 Wkxv/ htxdwlrq
+74, zrxog ehfrph=

Hw� @ Q bGDw . uHwUw � lwGw . bGw> +79,

zkhuh G vwdqgv iru lqvwdqw0pdwxulw| jryhuqphqw ghew rxwvlgh wkh fhqwudo edqn
+lq qrplqdo whupv,1 Dfwxdoo|/ erqg lvvxdqfh frxog frpsohwho| �qdqfh wkh gh�flw
dqg/ wkxv/ Q bGDw @ 31 Xqghu wkrvh flufxpvwdqfhv/ qr uhvhuyhv zrxog eh orvw
gxulqj wkh �{hg udwhv shulrg1 Krzhyhu/ grphvwlf ghewG zrxog lqfuhdvh zlwkrxw
erxqg dqg/ dw vrph srlqw/ qr pruh ghew frxog eh sodfhg lq wkh pdunhw ehfdxvh/
rwkhuzlvh/ wkh jryhuqphqw zrxog qrw vdwlvi| lwv lqwhuwhpsrudo exgjhw frqvwudlqw1
Wklv lv dq lqwhuhvwlqj h{dpsoh ehfdxvh lw lv qrw xqxvxdo iru jryhuqphqwv wr wu|
wr pdvn wkh �vfdo glvhtxloleulxp lq wklv pdqqhu1 Lqwhuqdwlrqdo uhvhuyhv/ zklfk
duh forvho| zdwfkhg e| wkh sulydwh vhfwru/ zrxog lq wklv idvklrq eh lqvxodwhg
iurp �vfdo glvhtxloleulxp +sulru wr wkh ERS fulvlv,1

Vwhulol}dwlrq Wkh Nuxjpdq prgho dvvxphv wkdw wkh prqhwdu| dxwkrulw| pdnhv
qr dwwhpsw dw vwhulol}lqj wkh h�hfwv ri uhvhuyh dffxpxodwlrq1 Prqh| vxsso| lv
qrw d wdujhw1 Wkxv/ wkh prgho dvvxphv wkdw dw vzlwfk wlph wkh prqhwdu| dx0
wkrulw| zloo qrw lqwhuihuh zlwk wkh uxq djdlqvw grphvwlf prqh| dqg doorz prqh|
vxsso| wr idoo1 Lq sudfwlfh/ prqh| lv qrw vlpso| fdvk exw lqfoxghv edqn ghsrvlwv1
Wkhuhiruh/ d idoo lq wkh prqh| vwrfn lv qrupdoo| dvvrfldwhg zlwk d fxw lq edqn
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fuhglw1 Wklv lv d fdxvh ri wurxeoh hvshfldoo| li wkh hyhqw lv qrw ixoo| dqwlflsdwhg1;<

Ri frxuvh/ li edqn fuhglw lv hdvlo| vxevwlwxwdeoh iru rwkhu w|sh ri fuhglw/ wkh edqn
fuhglw fuxqfk zrxog fdxvh qr pdmru glvuxswlrq1 Exw lq OGFv wklv lv qrw wkh
fdvh1 Frqvhtxhqwo|/ wkh fhqwudo edqn lv lqgxfhg wr lqwhuyhqh wkurxjk rshq pdu0
nhw rshudwlrqv wr surylgh wkh edqn fuhglw wkdw zrxog glvdsshdu dv d uhvxow ri
wkh froodsvh lq prqh| ghpdqg dw vzlwfk wlph1

Iorrg/ Jduehu/ dqg Nudphu +4<<9, dujxh wkdw wkhuh duh vhyhudo lpsruwdqw
lqvwdqfhv lq zklfk fhqwudo edqnv kdyh dwwhpswhg wr ixoo| vwhulol}h wkh froodsvh lq
prqh| ghpdqg1 Lqwhuhvwlqjo|/ wkh| vkrz wkdw wklv srolf|/ li dqwlflsdwhg/ zrxog
ohdg wr d ERS fulvlv kdsshqlqj lpphgldwho|/ l1h1/ dw wlph 31 Wkhuh zrxog eh qr
�{hg h{fkdqjh udwh shulrg olnh wkh lqwhuydo ^3> W , lq wkh Nuxjpdq prgho1 Wkh
surri lv vwudljkwiruzdug1 Iru prqh| wr uhpdlq frqvwdqw +l1h1/ ixoo vwhulol}dwlrq, dw
wlph W / diwhu0fulvlv lq�dwlrq vkrxog htxdo lq�dwlrq ehiruh fulvlv +zklfk lv }hur,1
Exw wklv zrxog lpso| wkdw wkhuh lv qr fulvlv dqg wkh h{fkdqjh udwh lv frqvwdqw
iruhyhu1 Krzhyhu/ htxdwlrq +75, lpsolhv wkdw vrrqhu ru odwhu lqwhuqdwlrqdo uh0
vhuyhv zloo eh gulyhq grzq wr }hur/ dqg d fulvlv zloo wdnh sodfh/ d frqwudglfwlrq1
Wkxv/ wkh rqo| srvvlelolw| ohiw lv iru wkh fulvlv wr wdnh sodfh dw w @ 31 Lq rwkhu
zrugv/ wkh �{hg h{fkdqjh udwh uhjlph froodsvhv xsrq wkh dqqrxqfhphqw1

Wr kdyh d pruh ylylg slfwxuh ri wklv lqvwdqwdqhrxv fulvlv/ ohw xv dvvxph wkdw dw
wkh wlph ri wkh dqqrxqfhphqw uhdo prqhwdu| edodqfhv idoo vkruw ri wrwdo uhvhuyhv
+lpso|lqj wkdw dq dwwdfn djdlqvw grphvwlf fxuuhqf| fdqqrw eh vxffhvvixo xqohvv
lw wuljjhuv dq h{sdqvlrq ri grphvwlf fuhglw,1 Wkh jryhuqphqw*v dqqrxqfhphqw lv
iroorzhg e| dq lpphgldwh dwwdfn rq wkh grphvwlf fxuuhqf|1 Vlqfh dxwkrulwlhv wu|
wr vwdelol}h wkh vwrfn ri prqh|/ wkh| lqwhuyhqh lqfuhdvlqj grphvwlf fuhglw1 Jlyhq
wkdw wkh ghpdqg iru prqh| kdv froodsvhg/ wkh dgglwlrqdo oltxlglw| lqixvlrq rqo|
uhvxowv lq d orvv ri lqwhuqdwlrqdo uhvhuyhv1 Wklv zloo frqwlqxh xqwlo uhvhuyhv duh
ghsohwhg1 Dw wkdw srlqw dxwkrulwlhv orvh frqwuro ri wkh h{fkdqjh udwh1 Vlqfh
wkhuh duh qr uhvhuyhv/ wkh h{fkdqjh udwh lv wkh dgmxvwphqw yduldeoh1 Khqfh/ wkh
fxuuhqf| zloo ghydoxh +wkh sulfh ohyho zloo ulvh, xqwlo uhdo prqhwdu| edodqfhv duh
frqvlvwhqw zlwk wkh htxloleulxp h{shfwhg udwh ri ghydoxdwlrq2lq�dwlrq1

Dqwlflsdwhg vwhulol}dwlrq dowkrxjk lqfrqvlvwhqw zlwk �{hg udwhv xqghu wkh
deryh dvvxpswlrqv frxog/ krzhyhu/ eh vxvwdlqhg xqghu rwkhu vhw ri sodxvleoh
dvvxpswlrqv1 Iorrg/ Jduehu/ dqg Nudphu +4<<9, dqg Nxpkri +4<<:, vkrz wkdw
�{hg0udwhv0fxp0vwhulol}dwlrq lv frqvlvwhqw zlwk d vlwxdwlrq lq zklfk jryhuqphqw
erqgv duh lpshuihfw vxevwlwxwh zlwk lqwhuqdwlrqdo erqgv1 Fdoyr +4<<9e, vkrzv
wkdw wkh vdph krogv li lw lv frvwo| wr pryh lq dqg rxw ri prqh|1

Lqwhuhvw udwh srolf| Dqrwkhu lpsruwdqw dvshfw ri uhdolw| zklfk lv qrw fds0
wxuhg lq Nuxjpdq*v +4<:<, prgho lv wkh srvvlelolw| ri wkh fhqwudo edqn df0
wlyho| ghihqglqj wkh fxuuhqf| e| udlvlqj vkruw0whup lqwhuhvw udwhv1 Vzhghq/
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iru lqvwdqfh/ udlvhg vkruw0whup lqwhuhvw udwhv wr durxqg 833 shufhqw shu |hdu
lq Vhswhpehu 4<<5 wr vwdyh r� d vshfxodwlyh dwwdfn +vhh/ iru lqvwdqfh/ Nuxj0
pdq +4<<9,,1 Pruh uhfhqwo|/ erwk Krqj Nrqj dqg Eud}lo vkduso| udlvhg lqwhuhvw
udwhv wr ghihqg wkhlu fxuuhqflhv lq wkh diwhupdwk ri wkh Vrxwk Hdvw Dvldq fxu0
uhqf| fulvlv1 Zkloh qrw dozd|v vxffhvvixo/ kljkhu lqwhuhvw udwhv riwhq ex| wlph
iru wkh jryhuqphqw wr wu| wr xskrog wkh v|vwhp*v fuhglelolw| e| dgrswlqj pruh
ixqgdphqwdo phdvxuhv1 Odklul dqg Y�hjk +4<<:, prgho lqwhuhvw udwh srolf| e|
dvvxplqj wkdw wkh jryhuqphqw frqwurov wkh lqwhuhvw udwh rq kljko|0oltxlg jry0
huqphqw ghew � dorqj wkh olqhv ri Fdoyr dqg Y�hjk +4<<8, � dqg vkrz wkdw e|
dqqrxqflqj d srolf| ri kljkhu lqwhuhvw udwhv lq wkh hyhqw ri d fulvlv/ wkh fulvlv pd|
eh srvwsrqhg xqwlo lqwhuqdwlrqdo uhvhuyhv dfwxdoo| uhdfk }hur +l1h1/ dw d srlqw olnh
W � lq Iljxuh 44,1 Dw wkdw srlqw/ wkh fhqwudo edqn lv irufhg wr �rdw exw wkhuh lv
qr uxq +l1h1/ wkh prqh| vxsso| uhpdlqv frqvwdqw,1 Wklv uhvxow ri %fulvlv zlwk qr
uxq% pljkw dovr h{sodlq vlwxdwlrqv lq zklfk fhqwudo edqnv dedqgrq d shj zlwk
qr gudpdwlf orvv ri lqwhuqdwlrqdo uhvhuyhv1

.�e A�i U�hhi?| @UUL�?| @TThL@U�

Wklv dssurdfk kdv ehfrph srsxodu diwhu Ph{lfr*v 4<<7 ERS fulvlv vlqfh vrph
revhuyhuv kdyh fodlphg wkdw wkh fulvlv ruljlqdwhg lq wkh idfw wkdw Ph{lfr zdv
vshqglqj %eh|rqg lwv phdqv%1 Lq rwkhu zrugv/ Ph{lfr*v fxuuhqw dffrxqw gh�flw
zdv %wrr odujh1% +Lw lv zruwk uhfdoolqj wkdw lq Nuxjpdq*v prgho d ERS fulvlv
frxog wdnh sodfh hyhq wkrxjk wkh fxuuhqw dffrxqw gh�flw lv qlo wr wkh h{whqw
wkdw d sd|phqwv fulvlv lqyroyhv d oltxlglw| vkruwdjh/ luuhvshfwlyh ri wkh frxqwu|*v
ryhudoo vroyhqf|1, Pruh jhqhudoo| � dqg dv vkrzq lq Vhfwlrq 6 � h{fkdqjh udwh0
edvhg vwdelol}dwlrqv w|slfdoo| ohdg wr odujh fxuuhqw dffrxqw gh�flwv1 Zkhwkhu ru
qrw vxfk lpedodqfhv duh vxvwdlqdeoh lv wkxv d fulwlfdo txhvwlrq zkhq lw frphv wr
hydoxdwh wkh uhdvrqv ehklqg wkhvh surjudpv* froodsvh1

Wkh vxvwdlqdelolw| olwhudwxuh lv edvhg rq wkh exgjhw0frqvwudlqw htxdwlrq iru
wkh frxqwu| dv d zkroh1<3 Wr looxvwudwh/ ohw xv ghqrwh e| i dqg FDG qhw lqwhu0
qdwlrqdo ghew dqg fxuuhqw dffrxqw gh�flw +erwk dv d vkduh ri JGS,/ uhvshfwlyho|1
Wkhq/

biw @ FDGw � �ew> +7:,

zkhuh � lv wkh udwh ri jurzwk ri rxwsxw1 Vxvwdlqdelolw| dqdo|vlv irfxvhv rq
vwhdg|0vwdwhv1 Wkxv/ vhwwlqj biw @ 3/ wkh vwhdg|0vwdwh ~ vxvwdlqdeoh ~ fxuuhqw
dffrxqw gh�flw vdwlv�hv

FDGvv @ �ivv> +7;,

zkhuh/ dv lq hduolhu vhfwlrqv/ vxevfulsw %vv% ghqrwhv %vwhdg|0vwdwh1% Wklv htxd0
wlrq hvwdeolvkhv d uhodwlrqvkls ehwzhhq vwhdg|0vwdwh ghew dqg fxuuhqw dffrxqw
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gh�flw1 Lq wkh devhqfh ri jurzwk +l1h1/ � @ 3,/ wkhq wkh vxvwdlqdeoh fxuuhqw
dffrxqw gh�flw lv qhfhvvdulo| htxdo wr }hur1 Lq frqwudvw/ zlwk srvlwlyh jurzwk d
vxvwdlqdeoh fxuuhqw dffrxqw gh�flw lv srvvleoh1

Wklv dqdo|vlv lv xqdeoh wr jlyh xv d gh�qlwh dqvzhu rq FDGvv xqwlo zh slq
grzq ivv1 Uhfhqw h{shulhqfh vkrzv wkdw wkh fdslwdo pdunhw lv uhoxfwdqw wr nhhs
ohqglqj wr OGFv h{klelwlqj ohyhov ri lqghewhgqhvv wkdw h{fhhg ;3 shufhqw ri
JGS +Zlooldpvrq +4<<6,,1 Khqfh/ wklv dgglwlrqdo slhfh ri lqirupdwlrq doorzv
xv wr zulwh wkh vxvwdlqdelolw| frqglwlrq +7;, dv iroorzv=

FDGvv � 3=;�= +7<,

Wkxv/ d frxqwu| wkdw fdq eh h{shfwhg wr jurz dw 7 shufhqw shu |hdu fdqqrw
vxvwdlqdeo| uxq d fxuuhqw dffrxqw gh�flw h{fhhglqj 615 shufhqw1 Vlqfh 7 shufhqw
jurzwk zdv/ li dq|wklqj/ dq xsshu erxqg iru Ph{lfr/ wklv dqdo|vlv zrxog frq0
foxgh wkdw lwv ; wr < shufhqw fxuuhqw dffrxqw gh�flwv zhuh jurvvo| xqvxvwdlqdeoh1

Qrwlfh wkdw FDGw @ uiw�WVw/ zkhuh WV ghqrwhv wkh wudgh vxusoxv +lqfoxg0
lqj qrq0�qdqfldo wudqvihuv, dv d vkduh ri JGS/ dqg uiw ghqrwhv ghew vhuylfh +u
lv wkh lqwhuqdwlrqdo udwh ri lqwhuhvw,1 Wkhuhiruh/ e| htxdwlrq +7;,/

WVvv @ +u � �,ivv= +83,

Wkxv/ li zh djdlq vhw wkh jurzwk udwh wr 7 shufhqw +l1h1/ � @ 3=37, dqg/ lq
dgglwlrq/ zh dvvxph wkh lqwhuqdwlrqdo lqwhuhvw udwh wr eh 43 shufhqw shu dqqxp
+l1h1/ u @ 3=43,/ wkhq/ e| +83,/ dw wkh vwhdg| vwdwh wkh hfrqrp| pxvw uxq d wudgh
edodqfh vxusoxv ri 3139ivv dv d vkduh ri JGS1 Wkh wudgh edodqfh vxusoxv lqfuhdvhv
zlwk wkh vwhdg|0vwdwh ghew2JGS udwlr/ ivv1 Lq sduwlfxodu/ dw wkh xsshu erxqg
iru ivv +;3 shufhqw ri JGS, wkh wudgh edodqfh vxusoxv zrxog eh 71; shufhqw ri
JGS1

Suhvxpdeo|/ wkh uhdvrq iru fdslwdo pdunhwv wr eh xqzloolqj wr h{whqg fuhglw
wr OGFv eh|rqg ;3 shufhqw ri JGS lv wkdw lw pd| ehfrph whpswlqj iru wkrvh
frxqwulhv wr uhqhjh rq wkhlu ghew reoljdwlrqv1 Whpswdwlrq/ lq wxuq/ lv olnho| wr
eh uhodwhg wr wkh vdful�fh dvvrfldwhg zlwk vhuylflqj wkh ghew1 Jurvv vdful�fh ri
vhuylflqj wkh ghew fdq eh phdvxuhg e| wkh dvvrfldwhg wudgh edodqfh vxusoxv1 Wkh
suhylrxv frpsxwdwlrq vxjjhvwv wkdw wkh fdslwdo pdunhw ehfrphv qhuyrxv derxw d
frxqwu|*v zloolqjqhvv wr uhsd| zkhq ghew vhuylfh uhsuhvhqwv rqo| derxw 8 shufhqw
ri JGS1 Qrwlfh wkdw wkh qhw vdful�fh iurp vhuylflqj wkh ghew frxog eh pxfk ohvv
rqfh rqh wdnhv lqwr dffrxqw lqwhuqdwlrqdo shqdowlhv iurp ghew gholqtxhqf|1

Wkxv/ rqh fulwlflvp ri fxuuhqw dffrxqw vxvwdlqdelolw| frpsxwdwlrqv lv wkdw
wkh| duh kljko| vhqvlwlyh wr wkh gh�qlwlrq ri vxvwdlqdeoh ghew2JGS udwlrv1 Eh0
vlghv/ wkh deryh h{dpsoh vkrzv wkdw wkh lpsolhg fulwlfdo vdful�fh ohyhov duh orz
zkhq frpsduhg wr rwkhu fdslwdo pdunhw wudqvdfwlrqv1 Iru h{dpsoh/ pruwjdjhv
lq wkh X1V1 duh hdv| iru d krxvhkrog wr jhw li wrwdo pruwjdjh sd|phqwv duh ohvv
wkdq 58 shufhqw ri wkh krxvhkrog*v lqfrph1 Wkxv/ li wklv udwlr zhuh dovr uhohydqw
iru frxqwulhv* ghew wkhq/ xvlqj wkh deryh sdudphwhuv/ wkh fulwlfdo vwhdg| vwdwh
ghew2JGS udwlr zrxog eh 7149 +@ 31582+u 0 �,/ zkhuh u� � @ 3=39,1 Wkhuhiruh/
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uhfdoolqj htxdwlrq +7;,/ d frxqwu| jurzlqj dw 7 shufhqw shu |hdu frxog uxq d
vxvwdlqdeoh fxuuhqw dffrxqw gh�flw ri pruh wkdq 49 shufhqw ri JGS$ Ri frxuvh/
frxqwulhv duh qrw phuh krxvhkrogv ehfdxvh wkh| duh surwhfwhg e| vryhuhljqw|
fodxvhv1 Krzhyhu/ sulru wr fulvlv Ph{lfr kdg jlyhq yhu| fohdu vljqdov wkdw lw
zdqwhg wr ehorqj wr wkh Iluvw Zruog dqg vljqhg wuhdwlhv wkdw zrxog kdyh pdgh
lw yhu| frvwo| wr hqjdjh lq vwudwhjlf uhsxgldwlrq ri lqwhuqdwlrqdo ghew +ru dq|
ghew/ iru wkdw pdwwhu,1

D pruh ixqgdphqwdo fulwlflvp lv wkdw vwhdg|0vwdwh frpsxwdwlrqv frxog eh
yhu| plvohdglqj iru frxqwulhv wkdw duh xqghujrlqj ghhs hfrqrplf uhirupv1 Wkh
fxuuhqw dffrxqw gh�flw frxog lq wkrvh lqvwdqfhv eh d whpsrudu| skhqrphqrq dv0
vrfldwhg zlwk uhirup1 Rqfh zh pryh dzd| iurp wkh vwhdg|0vwdwh vwudljkwmdfnhw/
wklv dssurdfk kdv suhflrxv olwwoh wr vd|1

Ilqdoo|/ wkh fxuuhqw dffrxqw dssurdfk grhv qrw dgguhvv wkh ERS0fulvhv lvvxh
dv vxfk1 Li wkh xwlolw| ixqfwlrq lv vhsdudeoh lq prqh| dqg frqvxpswlrq dv lq
h{suhvvlrq +6<,/ wkh ghpdqg iru prqh| zrxog eh lpshuylrxv wr vroyhqf| lvvxhv1
Wkxv/ li zh ixuwkhu dvvxph wkdw wkh jryhuqphqw uxqv qr �vfdo gh�flw dqg wkhuh
lv qr h{sdqvlrq lq grphvwlf fuhglw/ wkhq wkh fxuuhqf| zloo qhyhu eh xqghu dwwdfn
dqg d ERS fulvlv zloo qhyhu wdnh sodfh1

.�D 6�?@?U�@* UL?t�_ih@|�L?t

Ilqdqfldo idfwruv duh olnho| wr sod| d nh| uroh lq suhflslwdwlqj edodqfh ri sd|phqw
fulvhv1 Zh qrz uhylhz vhyhudo vxfk idfwruv/ zklfk zh ghhp sduwlfxoduo| uhohydqw1

Yrodwlolw| ri prqhwdu| djjuhjdwhv Wkh Nuxjpdq prgho irfxvhv rq �vfdo
gh�flwv dv wkh nh| ghwhuplqdqw ri uhvhuyhv orvvhv1 Krzhyhu/ hyhq lq wkh de0
vhqfh ri grphvwlf fuhglw h{sdqvlrq/ lqwhuqdwlrqdo uhvhuyhv lq d �{hg h{fkdqjh
udwh uhjlph pd| ulvh ru idoo dv d frqvhtxhqfh ri �xfwxdwlrqv lq wkh ghpdqg iru
prqh|1 Wklv lv qrw d plqru frqvlghudwlrq iru OGFv vlqfh vrph ri wkhp h{klelw
vxevwdqwldoo| kljkhu �xfwxdwlrqv lq wkhlu ghpdqg iru prqh| wkdq dgydqfhg lq0
gxvwuldo frxqwulhv1 Wr looxvwudwh wkh vljql�fdqfh ri wkhvh frqvlghudwlrqv/ ohw xv
h{dplqh wkh fdvh lq zklfk wkh +orj, ghpdqg iru prqh| iroorzv d udqgrp zdon
dqg/ wr devwudfw iurp wkh h�hfwv kljkoljkwhg lq Nuxjpdq*v prgho/ ohw xv dv0
vxph wkdw wkh ghpdqg iru prqh| lv wrwdoo| lqhodvwlf zlwk uhvshfw wr wkh qrplqdo
lqwhuhvw udwh/ dqg wkdw wkhuh lv �vfdo edodqfh1 Wr vlpsoli| wkh h{srvlwlrq/ zh
zloo frqwlqxh pdnlqj wkh dvvxpswlrq wkdw grphvwlf sulfhv htxdo wkh qrplqdo
h{fkdqjh udwh/ zklfk lv nhsw frqvwdqw xqohvv wkhuh lv d ERS fulvlv1

Ohwwlqj p ghqrwh wkh ghpdqg iru uhdo prqhwdu| edodqfhv/ wkhq zh srvwxodwh
+lq glvfuhwh wlph, wkdw

orjpw.4 @ orjpw . �w> +84,

zkhuh p vwdqgv iru uhdo prqhwdu| edodqfhv dqg �w lv dq l1l1g1 udqgrp yduldeoh1
Xqghu wkhvh flufxpvwdqfhv/ wkh ghpdqg iru prqh| fdq idoo dqg fuhdwh d ERS
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fulvlv hyhq wkrxjk wkhuh lv qr �vfdo gh�flw1 Li �w h{klelwv d phdq0}hur qrupdo
glvwulexwlrq/ wkhq wkh odujhu lwv yduldqfh/ wkh odujhu zloo eh wkh suredelolw| ri d
ERS fulvlv jlyhq dq lqlwldo ohyho ri lqwhuqdwlrqdo uhvhuyhv1 Hvwlpdwhv ri htxdwlrq
+84, vkrz Ph{lfr/ iru lqvwdqfh/ zlwk d uhodwlyho| kljk vwdqgdug ghyldwlrq +derxw
7 shufhqw shu prqwk,/ zkloh d frxqwu| olnh Dxvwuld wkdw kdv vxffhvvixoo| shjjhg
wr wkh Ghxwvfkh Pdun iru derxw 48 |hduv vkrzv d vwdqgdug ghyldwlrq zklfk lv
rqo| derxw 4 shufhqw shu prqwk +vhh Fdoyr +4<<9d,,1

Lq dgglwlrq/ edodqfh ri sd|phqwv sureohpv frxog eh h{dfhuedwhg e| h{whuqdo
idfwruv1 Iru h{dpsoh/ Fdoyr dqg Phqgr}d +4<<9, vkrz wkdw wkhuh lv d vljql�0
fdqw h�hfw iurp X1V1 vkruw0whup lqwhuhvw udwhv rq Ph{lfr*v ghpdqg iru prqh|
+vshfl�fdoo|/ P5,1 Wklv zdv uh�hfwhg lq d vl}deoh idoo lq wkh ghpdqg iru prqh|
gxulqj 4<<7 dqg/ zh vxvshfw/ od| dw wkh khduw ri wkh Ph{lfdq gl�fxowlhv dw wkh
hqg ri wkh |hdu1

Ph{lfr dqg rwkhu Odwlq Dphulfdq frxqwulhv h{shulhqfhg vl}deoh fdslwdo lq0
�rzv lq wkh �uvw kdoi ri wkh 4<<3v1 Dv dujxhg e| Fdoyr/ Ohlghupdq dqg Uhlqkduw
+4<<6,/ derxw 83 shufhqw ri wkhvh �rzv vwhp iurp h{whuqdo idfwruv/ dprqj zklfk
X1V1 lqwhuhvw udwhv krog d surplqhqw uroh1 Fdslwdo lq�rzv jdyh ulvh wr dq h{sdq0
vlrq lq frqvxpswlrq dqg lqyhvwphqw zklfk/ lq wxuq/ lqfuhdvhg prqhwdu| djjuh0
jdwhv1 Wkxv/ wkh deryh0phqwlrqhg olqn ehwzhhq grphvwlf prqhwdu| djjuhjdwhv
dqg h{whuqdo udwhv ri lqwhuhvw pd| vwhp iurp gluhfw rssruwxqlw|0frvw ru lqgluhfw
devruswlrq w|sh frqvlghudwlrqv1 H{shulhqfh lq vhyhudo frxqwulhv/ dqg prvw qr0
wdeo| lq Ph{lfr/ vxjjhvwv wkdw wkh �xfwxdwlrqv lq prqhwdu| djjuhjdwhv suryrnhg
e| h{whuqdo idfwruv � dqg pruh vshfl�fdoo|/ e| fdslwdo �rzv � frxog eh vxe0
vwdqwldo +vhh Fdoyr/ Ohlghupdq/ dqg Uhlqkduw +4<<9, dqg Fdoyr dqg Phqgr}d
+4<<9,,1

Dq htxdwlrq olnh +84,/ hqkdqfhg e| wdnlqj h{solflw dffrxqw ri h{whuqdo idf0
wruv/ zrxog eh qhhghg wr dvvhvv wkh lpsolfdwlrq ri gl�huhqw uhvhuyh ohyhov1 Wr
looxvwudwh/ frqvlghu wkh vlpsoh fdvh lq zklfk h{whuqdo idfwruv duh ixoo| fdswxuhg
e| wkh udqgrp whup lq htxdwlrq +84,1 Zh surfhhg dv iroorzv1 Ohw yw @ pw@Uw/
zkhuh U vwdqgv iru lqwhuqdwlrqdo uhvhuyhv/ dqg p lv lqwhusuhwhg dv wkh prqhwdu|
edvh1 Khqfh/ d ERS fulvlv lq shulrg w.4 zloo wdnh sodfh li pw�pw.4 A Uw1 Ru/
htxlydohqwo|/ li

orj
pw.4

pw

@ �w.4 ? orj
yw � 4

yw
= +85,

Fohduo|/ wkh suredelolw| ri d ERS fulvlv lv dq lqfuhdvlqj ixqfwlrq ri y1 Qrwlfh
wkdw wklv %yxoqhudelolw|% lqgh{ lv wrwdoo| lqghshqghqw ri wkh srsxodu lqgh{ jlyhq
e| wkh udwlr ri uhvhuyhv wr rqh~prqwk zruwk ri lpsruwv1 Wkh odwwhu kdlov edfn
wr shulrgv lq zklfk uhvhuyhv zhuh khog wr hqvxuh vprrwk wudgh/ zkloh wkh lqgh{
ghyhorshg khuh lv dvvrfldwhg zlwk wkh suredelolw| ri d ERS fulvlv dv d uhvxow ri
�qdqfldo �xfwxdwlrqv1

Lq wkh deryh h{dpsoh wkhuh h{lvwv d gluhfw frqqhfwlrq ehwzhhq p dqg U
ehfdxvh zh dvvxph p vwdqgv iru edvh prqh| +l1h1/ prqhwdu| oldelolwlhv ri wkh
fhqwudo edqn,1 Li lqvwhdg p vwrrg iru P5/ wkh frqqhfwlrq lv pruh lqgluhfw
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dqg ghshqgv rq krz wkh fhqwudo edqn uhdfwv wr vkrfnv lq wkh odujhu prqhwdu|
djjuhjdwhv1 Li wkh fhqwudo edqn lv qrw uhvsrqvleoh iru edqnlqj sureohpv exw
ghihqgv wkh h{fkdqjh udwh sdulw| e| lqwhuyhqlqj dqg vzdsslqj edvh prqh| iru
lqwhuqdwlrqdo uhvhuyhv/ wkhq wkh vdph dqdo|vlv ghyhorshg deryh lv dssolfdeoh/
h{fhsw wkdw rqh zrxog qhhg wr ghulyh wkh ghpdqg iru edvh prqh| iurp htxdwlrq
+84, � zklfk zrxog qrz dsso| wr P5 � plqlpxp uhvhuyh uhtxluhphqwv/ dqg
dq htxdwlrq ghvfulelqj wkh ghpdqg iru edqnv* h{fhvv oltxlglw|1

Lq wxuq/ li wkh fhqwudo edqn lv uhvsrqvleoh iru hqvxulqj dghtxdwh edqnv* olt0
xlglw|/ wkhq wkh fhqwudo edqn pd| eh ohg wr h{sdqg grphvwlf fuhglw zkhqhyhu
P5 idoov1 Lq wkh h{wuhph fdvh lq zklfk edqnv duh ixoo| lqvxodwhg iurp dq| oltxlg0
lw| orvv dv d frqvhtxhqfh ri d idoo lq P5/ wkhq P5 lv htxlydohqw wr edvh prqh|
dqg wkh deryh h{dpsoh lv ixoo| dssolfdeoh1 Lw lv zruwk qrwlqj/ krzhyhu/ wkdw lq
sudfwlfh P5 lv pxfk odujhu wkdq prqh| edvh dqg/ khqfh/ wkh suredelolw| ri d
ERS fulvlv/ jlyhq lqwhuqdwlrqdo uhvhuyhv/ lv olnho| wr eh hyhq kljkhu +xqohvv wkh
yrodwlolw| ri P5 lv vxevwdqwldoo| orzhu wkdq wkdw ri edvh prqh|,1

Krzhyhu/ e| surylglqj oltxlglw| wr r�vhw wkh idoo lq P5 wkh fhqwudo edqn grhv
qrw suhyhqw P5 iurp idoolqj1 Wkxv/ li d fhqwudo edqn lv nhhq rq qrw ohwwlqj prqh0
wdu| djjuhjdwhv idoo/ wkhq lw zloo lqfuhdvh grphvwlf fuhglw hyhq pruh dqg suryrnh
d odujh orvv ri uhvhuyhv diwhu mxvw d vpdoo frqwudfwlrq lq prqhwdu| djjuhjdwhv1
Wklv vhhpv wr kdyh ehhq wkh fdvh lq Ph{lfr gxulqj 4<<71 Dv qrwhg deryh/ Fdoyr
dqg Phqgr}d +4<<9, vkrz wkdw wkh ghpdqg iru P5 ihoo lq 4<<71 Vlqfh edqnv khog
vl}deoh grphvwlf sxeolf ghew lq wkhlu sruwirolrv/ uroolqj edfn sulydwh ghew frxog
kdyh ehhq suhyhqwhg vlpso| e| dq rshq pdunhw rshudwlrq wkdw orzhuhg grphvwlf
sxeolf ghew lq edqnv* sruwirolrv e| dq dprxqw htxdo wr wkh idoo lq P51 Krzhyhu/
wkh fhqwudo edqn zhqw eh|rqg wkdw dqg sulru wr fulvlv vxffhhghg lq vwdelol}lqj
wkh ohyho ri P51 Wklv phdqw d vl}deoh h{sdqvlrq ri edqnv* fuhglw wr wkh sulydwh
vhfwru +pruh wkdq 73 shufhqw iurp Mdqxdu| wr Ghfhpehu 4<<7,1 Wklv lv txlwh
uhpdundeoh jlyhq wkdw wkhvh phdvxuhv zhuh xqghuwdnhq frqfxuuhqwo| zlwk d vl}0
deoh orvv ri lqwhuqdwlrqdo uhvhuyhv1 Wklv looxvwudwhv krz pxfk d fhqwudo edqn pd|
eh zloolqj wr ulvn lq rughu wr vdihjxdug wkh �qdqfldo v|vwhp1 Vlplodu ehkdylru
zdv revhuyhg lq Wkdlodqg dqg Pdod|vld gxulqj wkh pruh uhfhqw fxuuhqf| fulvhv
lq Vrxwk Hdvw Dvld1

Vkruw0pdwxulw| Ghew1 Dv srlqwhg rxw deryh/ wkh ERS fulvlv olwhudwxuh kdv
rq wkh zkroh ljqruhg wkh uroh ri grphvwlf ghew/ dqg iroorzhg Nuxjpdq +4<:<,
lq dvvxplqj wkdw �vfdo gh�flwv duh ixoo| prqhwl}hg1 Krzhyhu/ wkh dvvxpswlrq
wkdw �vfdo gh�flwv duh ixoo| prqhwl}hg lv ehfrplqj lqfuhdvlqjo| xquhdolvwlf dv
jryhuqphqwv kdyh vwduwhg wr kdyh dffhvv wr lqwhuqdwlrqdo fdslwdo pdunhwv1 Lw kdv
wkxv ehfrph lqfuhdvlqjo| srvvleoh wr �qdqfh �vfdo gh�flwv e| �rdwlqj grphvwlf
ru lqwhuqdwlrqdo sxeolf ghew1 Wkh pdwxulw| vwuxfwxuh ri wklv ghew ydulhv dfurvv
frxqwulhv exw lw lv shukdsv idlu wr vd| wkdw hphujlqj0pdunhwv* jryhuqphqwv duh
olnho| wr h{klelw d ghew pdwxulw| vwuxfwxuh vodqwhg wrzdugv wkh vkruw hqg ri wkh
vshfwuxp1 Ph{lfr djdlq vkrzv dq h{wuhph fdvh lq wklv uhvshfw= lq Ghfhpehu
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4<<7 derxw XV'43 eloolrq grphvwlf ghew zdv gxh wr pdwxuh lq Mdqxdu|/ dqg
derxw XV'63 eloolrq gxulqj 4<<8 +wkhvh duh odujh qxpehuv frpsduhg wr wkh
XV'9 eloolrq vwrfn ri lqwhuqdwlrqdo uhvhuyhv khog e| Ph{lfr sulru wr fulvlv,1

Dv dujxhg lq Fdoyr +4<<:, wkh ghpdqg iru hphujlqj pdunhwv* dvvhwv +lqfoxg0
lqj sxeolf ghew, frxog eh kljko| yrodwloh iru wzr edvlf uhdvrqv1 Lq wkh �uvw sodfh/
wkh h�hfwlyh udwh ri uhwxuq rq wkhvh dvvhwv ghshqgv rq srolf| � olnh hyhu|zkhuh
hovh � exw zlwk wkh dgghg frpsolfdwlrq wkdw srolf| lq hphujlqj pdunhwv lv lw0
vhoi kljko| yrodwloh/ uh�hfwlqj lpshuihfw nqrzohgjh ri vwuxfwxudo sdudphwhuv dqg/
prvw lpsruwdqwo|/ uhodwlyho| xqvwdeoh srolwlfdo htxloleuld1 Wkh lqvwdelolw| ri wkh
odwwhu kdv olnho| lqfuhdvhg diwhu wkh euhdngrzq ri frppxqlvp1 Wkhuhiruh/ dv0
vhvvlqj wkh %vwdwh ri qdwxuh% lq dq hphujlqj pdunhw frxog eh txlwh frvwo|1 Lw lv
qrw hqrxjk wr nqrz wkh sduwlfxoduv ri wkh lqyhvwphqw surmhfw vlqfh/ lq jhqhudo/
lwv sur�wdelolw| zloo ghshqg rq jryhuqphqw uhjxodwlrqv1 Wkxv/ d surmhfw frxog
eh yhu| oxfudwlyh dqg |hw eh xqdwwudfwlyh wr iruhljq lqyhvwruv li/ iru lqvwdqfh/
sur�wv duh h{shfwhg wr eh vxemhfw wr kljk wd{hv +hlwkhu gluhfwo| ru wkurxjk wkh
lpsrvlwlrq ri/ iru h{dpsoh/ iruhljq h{fkdqjh frqwurov,1 Frqvhtxhqwo|/ dvvhvvlqj
wkh vwdwh ri qdwxuh lq d jlyhq hphujlqj pdunhw lv olnho| wr hqwdlo odujh %�{hg%
frvwv1

Wkh vhfrqg edvlf lqjuhglhqw iru kljk yrodwlolw| ri ghpdqg iru hphujlqj pdu0
nhwv* dvvhwv lv wkh vr0fdoohg %joredol}dwlrq% skhqrphqrq/ zklfk lv fkdudfwhul}hg
e| wkh idfw wkdw lqyhvwruv glyhuvli| wkhlu sruwirolrv dfurvv d odujh qxpehu ri
hphujlqj pdunhwv1 Sruwirolr glyhuvl�fdwlrq/ lq wkh devhqfh ri Whtxlod ru frq0
wdjlrq h�hfwv/ khosv wr orzhu sruwirolr ulvn1 Lqwhuhvwlqjo|/ krzhyhu/ wkh ehqh�w
iurp sruwirolr glyhuvl�fdwlrq grhv qrw ghshqg rq vshfl�f nqrzohgjh derxw wkh
dfwxdo vwdwh ri qdwxuh lq wkhvh hfrqrplhv1 Iru ulvn khgjlqj/ lw lv hqrxjk wkdw
wkh uhwxuq rq wkh gl�huhqw dvvhwv dfurvv frxqwulhv qrw eh shuihfwo| fruuhodwhg1
Wkxv/ iru lqvwdqfh/ e| wkh odz ri odujh qxpehuv/ ulvn frxog ehfrph yhu| orz li
wkh gl�huhqw lqyhvwphqw surmhfwv zhuh vwrfkdvwlfdoo| pxwxdoo| lqghshqghqw1

Lw lv lqwxlwlyh/ dqg fdq eh uljrurxvo| vkrzq lq d fdqrqlfdo h{dpsoh +Fdoyr
+4<<:,,/ wkdw xqghu wkh deryh flufxpvwdqfhv +l1h1/ kljk lqirupdwlrq frvwv dqg
joredol}dwlrq,/ +l, lqyhvwruv zloo eh yhu| vhqvlwlyh wr %qhzv% derxw h{shfwhg uh0
wxuqv/ dqg +ll, wkhlu lqfhqwlyhv wr ohduq derxw wkh vwdwh ri qdwxuh lq hdfk hphuj0
lqj pdunhw zloo hyhqwxdoo| ghfuhdvh dv wkh qxpehu ri hphujlqj pdunhwv ulvhv1
Frqvhtxhqwo|/ lq d joredol}hg fdslwdo pdunhw/ lqyhvwphqw lq hphujlqj pdunhwv*
dvvhwv lv olnho| wr eh kljko| vhqvlwlyh wr uxpruv dqg uhodwlyho| xquhvsrqvlyh wr
%ixqgdphqwdov1%

Wkh deryh0phqwlrqhg skhqrphqrq srvhv qr gluhfw wkuhdw ri d ERS fulvlv
wr wkh h{whqw wkdw lw rqo| lqyroyhv �xfwxdwlrqv lq vwrfn pdunhw sulfhv1 Krz0
hyhu/ li d odujh vkduh ri grphvwlf ghew lv frplqj gxh lq wkh vkruw uxq/ dgyhuvh
fkdqjhv lq lqyhvwruv* vhqwlphqwv derxw d jlyhq hphujlqj pdunhw pd| fdxvh d
ERS fulvlv/ sduwlfxoduo| li wkh h{fkdqjh udwh lv khog �{hg1 Wkh rqo| dydlodeoh
srolf| xqghu wkrvh flufxpvwdqfhv +vkruw ri ghydoxlqj, lv wr udlvh lqwhuhvw udwhv
rq qhzo|0lvvxhg grphvwlf ghew1 Xqiruwxqdwho|/ vlqfh lqyhvwruv duh loo0lqiruphg
derxw ixqgdphqwdov/ wkh lqwhuhvw udwh klnh frxog srvvleo| eh wdnhq dv d vljq ri
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zhdnqhvv dqg qrw ri vwuhqjwk/ vlqfh wkh| pd| ihho wkdw kljkhu lqwhuhvw udwhv duh
gxh wr wkh %pdunhw% ehlqj dzduh ri vhulrxv gl�fxowlhv1 Ixuwkhupruh/ hyhq li
lqyhvwruv zhuh ehwwhu lqiruphg/ wkh erqgv0dwwdfn frxog ohdg wr vrfldoo|0frvwo|
fulvhv1

Dv dq looxvwudwlrq/ frqvlghu d vlpsoh wzr0shulrg h{dpsoh lq zklfk doo sxe0
olf ghew kdv rqh0shulrg pdwxulw| dqg wkh lqwhuqdwlrqdo ulvnohvv lqwhuhvw udwh lv
}hur1 Zh dvvxph wkdw ghew fdq eh uhsdlg lq ixoo/ lqghshqghqwo| ri wkh uhsd|0
phqw vfkhgxoh1 Krzhyhu/ rxwsxw lv d ixqfwlrq ri wkh ghew0uhsd|phqw vfkhgxoh1
Vxssrvh wkdw wkh hfrqrp| lv frqwuroohg e| d vrfldo sodqqhu dqg lv vxemhfw wr
wkh vwdqgdug lqwhuwhpsrudo exgjhw frqvwudlqw1 Xqghu wkhvh flufxpvwdqfhv/ d
vrfldo sodqqhu zloo fkrrvh wkh rswlpdo ghew0uhsd|phqw vfkhgxoh e| pd{lpl}lqj
wkh vrfldo xwlolw| ixqfwlrq vxemhfw wr wkh exgjhw frqvwudlqw1 D vrfldo rswlpxp
lv dwwdlqhg li wkh frxqwu| fdq iuhho| fkrrvh wkh vkduh ri wrwdo ghew wkdw zloo eh
uhsdlg hdfk shulrg1 Krzhyhu/ li erqg0kroghuv lqvlvw rq jhwwlqj ixoo| uhsdlg lq
wkh �uvw shulrg/ zh dvvxph wkdw wkh h�ruw wr frpso| zlwk wkh �qdqfldo reoljd0
wlrq lv vr frxqwhusurgxfwlyh wkdw rxwsxw qh{w shulrg zrxog idoo wr }hur1 Wkxv/
hyhq wkrxjk wkh frxqwu| lv deoh wr ixoo| uhsd| lwv rxwvwdqglqj ghew lq shulrg 4/
qr uhvfkhgxolqj zrxog qrz eh srvvleoh ehfdxvh srwhqwldo lqyhvwruv +udwlrqdoo|,
h{shfw rxwsxw wr eh }hur lq shulrg 51 Wkxv/ wkh h{lvwhqfh ri odujh vkruw0whup
pdwxulw| ghew pd| jlyh ulvh wr pxowlsoh htxloleuld/ dqg pdnh wkh frxqwu| yxo0
qhudeoh wr vrfldoo| frvwo| erqg0dwwdfnv +vhh Fdoyr +4<<:,, dqg Froh dqg Nhkrh
+4<<9,,1

Grphvwlf ghew dqg fuhglelolw| Lq dgglwlrq/ wkh h{lvwhqfh ri grphvwlf0
fxuuhqf| ghqrplqdwhg sxeolf ghew fdq jhqhudwh ERS gl�fxowlhv li wkh h{fkdqjh
udwh srolf| lv qrw ixoo| fuhgleoh1 Vxssrvh wkh jryhuqphqw dqqrxqfhv d �{hg
h{fkdqjh udwh exw wkh sxeolf eholhyhv wkdw wkh fxuuhqf| zloo eh ghydoxhg qh{w
shulrg e| % wlphv 433 zlwk suredelolw| s1 Wkhq/ li lqyhvwruv duh ulvn qhxwudo +lq
whupv ri iruhljq fxuuhqf|, wkh qrplqdo lqwhuhvw udwh vdwlv�hv=

4 . lw
4 . %

s. +4 . lw,+4� s, @ 4 . u> +86,

zkhuh l dqg u dqg duh wkh grphvwlf dqg lqwhuqdwlrqdo rqh0shulrg lqwhuhvw udwhv/
uhvshfwlyho|1 Fohduo|/ li % dqg s duh srvlwlyh qxpehuv/ wkhq wkh grphvwlf lq0
whuhvw udwh zloo h{fhhg wkh lqwhuqdwlrqdo rqh1 Wklv skhqrphqrq lv fdoohg wkh
%shvr sureohp% dqg lv d frpprq ihdwxuh ri h{fkdqjh0udwh edvhg vwdelol}dwlrq
surjudpv1

Vxssrvh wkh jryhuqphqw kdv d �{hg ghew ohyho g dqg wkdw/ xqghu ixoo fuhgl0
elolw| +l1h1/ % @ 3,/ wkh �vfdo gh�flw lv }hur +l1h1/ � � uUw . ug @ 3,1 Dvvxplqj/
iru vlpsolflw|/ wkdw �vfdo gh�flwv duh ixoo| prqhwl}hg/ lw iroorzv wkdw/ li wkhuh lv
dq h{shfwdwlrq ri d ghydoxdwlrq +exw wkh fxuuhqf| lv qrw ghydoxhg,/ wkh glvfuhwh
yhuvlrq ri htxdwlrq +75, zrxog eh jlyhq e|

Uw.4 �Uw @ �+� � uUw . lwg,>
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zlwk wkh �vfdo gh�flw qrz ehlqj srvlwlyh vlqfh lw A u gxh wr wkh shvr sure0
ohp1 Khqfh/ wkh shvr sureohp pd| sxw lqwr prwlrq Nuxjpdq*v ERS0fulvlv
pdfklqhu|1<4 Wkxv/ odfn ri fuhglelolw| pd| uhvxow lq dq xqvxvwdlqdeoh edodqfh ri
sd|phqwv hyhq wkrxjk %ixqgdphqwdov% frxog eh ixoo| lq olqh zlwk d vxvwdlqdeoh
vlwxdwlrq1

Fuhglelolw|/ wkh ghpdqg iru prqh| dqg �vfdo gh�flwv Fuhglelolw| sure0
ohpv pd| eh uh�hfwhg wkurxjk rwkhu pruh vxewoh/ exw htxdoo| lpsruwdqw skh0
qrphqd1 Dv dujxhg lq Vhfwlrq 6/ wkhuh lv w|slfdoo| d frqvxpswlrq errp lq wkh
hduo| vwdjhv ri dq h{fkdqjh udwh0edvhg vwdelol}dwlrq1 Wkhuhiruh/ wkh ghpdqg
iru prqh| zloo frqwdlq d f|folfdo frpsrqhqw dvvrfldwhg zlwk wkh vwdelol}dwlrq
surjudp1 Kljkhu prqhwl}dwlrq dw wkh vwduw ri wkh surjudp pd| jlyh wkh lp0
suhvvlrq wr srolf|pdnhuv wkdw wkh surjudp hqmr|v d kljk ghjuhh ri fuhglelolw|1
Dq dujxphqw rqh frpprqo| khduv iurp srolf|pdnhuv lv wkdw kljkhu prqhwl}d0
wlrq uh�hfwv wkh uhwxuq ri �ljkw fdslwdo gxh wr wkh kljkhu frq�ghqfh lqvsluhg e|
wkh vwdelol}dwlrq sodq1 Zkloh wklv lv sduwldoo| wuxh/ srolf|pdnhuv pd| zurqjo|
frqfoxgh wkdw wkh kljkhu vwrfn ri uhdo prqhwdu| edodqfhv lv d shupdqhqw srv0
lwlyh vkrfn1 Krzhyhu/ li prqhwl}dwlrq lv suryrnhg e| wkh h{shfwdwlrq wkdw wkh
surjudp zloo eh dedqgrqhg lq wkh qrq0wrr0glvwdqw ixwxuh/ wkhq wkh uhdo vwrfn ri
prqh| zloo hyhqwxdoo| froodsvh/ srvvleo| jhqhudwlqj d ERS fulvlv1

Lq d uhfhqw vwxg|/ Wdoyl +4<<9, vkrzv wkdw li wd{ uhyhqxh lv dq lqfuhdvlqj
ixqfwlrq ri frqvxpswlrq/ wkhq sulru wr fulvlv wkh �vfdo gh�flw frxog vkulqn/ jly0
lqj wkh idovh lpsuhvvlrq wkdw wkh �vfdo krxvh lv lq rughu1 Lq dq h{dpsoh/ Wdoyl
+4<<9, vkrzv wkdw wkh �vfdo gh�flw lv qlo ehiruh wkh fulvlv/ rqo| wr h{sorgh diwhu0
zdugv1 Wklv sdwwhuq ri wkh �vfdo gh�flw lv xqghuvwdqgdeo| txlwh frqixvlqj wr wkh
dyhudjh srolf|pdnhu1 Lw lv qrw xqxvxdo iru wkh lqlwldo vodfnhqlqj ri wkh �vfdo frq0
vwudlqw wr eh uhdg dv dq lqglfdwlrq wkdw wd{ hydvlrq kdv idoohq dqg/ khqfh/ wkdw
wkh kljkhu �vfdo uhyhqxh kdv d vljql�fdqw shupdqhqw frpsrqhqw1 Dv d uhvxow/
frqvlghudeoh srolwlfdo suhvvxuh lv exlow xs iru pruh jryhuqphqw vshqglqj1 Xq0
iruwxqdwho|/ li lpshuihfw fuhglelolw| lv wkh nh| uhdvrq iru wkh lqlwldo frqvxpswlrq
errp dqg srolf|pdnhuv jlyh lq wr suhvvxuhv wr lqfuhdvh jryhuqphqw h{shqglwxuh/
wkhq diwhu0fulvlv �vfdo gh�flwv frxog uhdfk gdqjhurxvo| kljk ohyhov ~ zklfk zloo
ehfrph dssduhqw rqo| diwhu d fulvlv huxswv dqg srolf|pdnhuv kdyh olwwoh urrp wr
pdqrhxyhu1

H �L?U*�_�?} hi4@h!t

Zh kdyh frqfoxghg rxu orqj mrxuqh| wkurxjk wkh idvflqdwlqj zruog ri lq�dwlrq
vwdelol}dwlrq dqg edodqfh ri sd|phqw fulvhv lq ghyhorslqj frxqwulhv1 Diwhu h{0
dplqlqj wkh srvvleoh udwlrqdoh ehklqg wkh h{lvwhqfh ri fkurqlf lq�dwlrq lq pdq|
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ghyhorslqj frxqwulhv/ zh fduulhg rxw vrph vlpsoh hfrqrphwulf h{huflvhv zklfk
vxssruw wkh h{lvwhqfh ri wzr pdlq sx}}ohv lq wkh duhd ri lq�dwlrq vwdelol}dwlrq1
Iluvw/ h{fkdqjh udwh0edvhg vwdelol}dwlrq ohdgv wr dq lqlwldo errp lq uhdo JGS/
sulydwh frqvxpswlrq/ dqg gxudeoh jrrgv frqvxpswlrq1 Wkh uhfhvvlrq w|slfdoo|
dvvrfldwhg zlwk glvlq�dwlrq surjudpv dsshduv rqo| odwhu lq wkh surjudpv1 Vhf0
rqg/ prqh|0edvhg vwdelol}dwlrq ohdgv wr dq hduo| uhfhvvlrq/ vxjjhvwlqj wkdw wkh
wlplqj ri wkh frqwudfwlrq ghshqgv rq wkh qrplqdo dqfkru zklfk lv xvhg +wkh
%uhfhvvlrq0qrz0yhuvxv0uhfhvvlrq0odwhu% k|srwkhvlv,1 Zh glg qrw/ krzhyhu/ �qg
vxssruw iru wkh h{lvwhqfh ri dq lqyhvwphqw f|foh lq h{fkdqjh udwh0edvhg vwdel0
ol}dwlrqv1 Qru glg zh �qg hylghqfh ri d vljql�fdqw idoo lq sxeolf frqvxpswlrq
durxqg wkh wlph ri vwdelol}dwlrq1

Zh wkhq uhylhzhg wkh pdlq wkhrulhv dlphg dw h{sodlqlqj wkhvh sx}}ohv1 Zh
�uvw irfxvhg rq wkhrulhv wkdw hpskdvl}h h{sdqvlrqv lq ghpdqg= lq�dwlrq lqhuwld/
odfn ri fuhglelolw| +whpsrudu| srolf|,/ dqg gxudeoh jrrgv1 Wkh �uvw/ lq�dwlrq
lqhuwld/ uholhv rq dq idoo lq uhdo lqwhuhvw udwhv wr jhqhudwh wkh lqlwldo errp1 Krz0
hyhu/ zlwklq dq rswlpl}lqj iudphzrun dqg lq wkh devhqfh ri dq| zhdowk h�hfw/
wklv wkhru| zrxog uhtxluh vrph lpsodxvleoh sdudphwhu frq�jxudwlrqv wr udwlr0
qdol}h wkh lqlwldo errp1 Dovr/ lw zrxog kdyh d kdug wlph h{sodlqlqj wkh errp
lq surjudpv lq zklfk uhdo lqwhuhvw udwhv ulvh rq lpsdfw1 Wkh vhfrqg/ odfn ri
fuhglelolw|/ frqirupv txlwh zhoo zlwk wkh vw|ol}hg idfwv1 Txdqwlwdwlyho|/ krzhyhu/
lw idfhv wkh sureohpv ri orz lqwhuwhpsrudo hodvwlflwlhv ri vxevwlwxwlrq1 Wkh wklug/
zklfk uholhv rq wkh wlplqj ri sxufkdvhv ri gxudeoh jrrgv/ pd| dovr uhsurgxfh
wkh frqvxpswlrq f|foh1 Lwv txdqwlwdwlyh uhohydqfh kdv qrw ehhq hydoxdwhg |hw1

Zh wkhq wxuqhg wr h{sodqdwlrqv wkdw uho| rq zhdowk h�hfwv1 Wkh �uvw hp0
skdvl}hv vxsso|0vlgh uhvsrqvhv � erwk lq oderu vxsso| dqg lqyhvwphqw � wr wkh
uhprydo ri wkh lq�dwlrq glvwruwlrq1 Zkloh wkhvh wkhrulhv fdq h{sodlq wkh errp/
wkh| fdqqrw h{sodlq wkh odwh uhfhvvlrq1 Lq dgglwlrq/ wkh idfw wkdw wkh lqyhvwphqw
f|foh zdv qrw irxqg vljql�fdqw fdvwv vrph grxewv rq wkh uhohydqfh ri wklv phfkd0
qlvp1 D vhfrqg vrxufh ri zhdowk h�hfwv � fxwv lq jryhuqphqw vshqglqj � idfhv
d vlplodu sureohp1 Txdqwlwdwlyho|/ krzhyhu/ vxsso|0vlgh h�hfwv dsshdu wr eh d
fulwlfdo frpsrqhqw ri dq| vwru| dlphg dw h{sodlqlqj wkh hpslulfdo uhjxodulwlhv
dvvrfldwhg zlwk h{fkdqjh udwh0edvhg vwdelol}dwlrq1

Wr h{sodlq wkh vw|ol}hg idfwv ri prqh|0edvhg vwdelol}dwlrq/ zh uhvruwhg wr
dq rswlpl}lqj yhuvlrq ri wudglwlrqdo vwlfn|0sulfhv prgho �d od Wd|oru0Ilvfkhu1 D
uhgxfwlrq lq wkh udwh ri prqh| jurzwk ghfuhdvhv h{shfwhg lq�dwlrq dqg wkxv
wkh qrplqdo lqwhuhvw udwh1 Wklv lqgxfhv dq lqflslhqw h{fhvv ghpdqg iru uhdo
prqh| edodqfhv1 Wr uhvwruh prqh|0pdunhw htxloleulxp/ frqvxpswlrq +dqg wkxv
rxwsxw, ri krph jrrgv qhhgv wr idoo1 Wklv lv h�hfwhg wkurxjk d uhdo dssuhfldwlrq
ri wkh grphvwlf fxuuhqf|1 Lw lv zruwk vwuhvvlqj wkdw vwlfn| sulfhv duh hvvhqwldo
wr wklv w|sh ri prgho1 Zlwkrxw wklv ihdwxuh/ prqh|0edvhg vwdelol}dwlrq zrxog
|lhog wkh vdph uhvxowv dv h{fkdqjh udwh0edvhg vwdelol}dwlrq1 Khqfh/ d prgho
ghvljqhg wr h{sodlq erwk wkh vw|ol}hg idfwv ri h{fkdqjh udwh0edvhg dqg prqh|0
edvhg vwdelol}dwlrq � dqg/ lq sduwlfxodu/ wkh uhfhvvlrq0qrz0yhuvxv0uhfhvvlrq0
odwhu k|srwkhvlv � uhtxluhv vwlfn| sulfhv dqg dq lqwhuhvw0udwh hodvwlf prqh|
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ghpdqg +vhh Fdoyr dqg Y�hjk +4<<7f,,1
Vlqfh prvw h{fkdqjh udwh0edvhg vwdelol}dwlrqv hqg lq ixoo0eorzq edodqfh ri

sd|phqw fulvhv � w|slfdoo| dffrpsdqlhg e| edqnlqj fulvhv � zh wrrn d ghwdlohg
orrn dw erwk wkh phfkdqlfv dqg fdxvhv ri edodqfh ri sd|phqwv fulvhv lq wkh
�qdo ohj ri rxu mrxuqh| +Vhfwlrq :,1 Zkloh wkh vwduwlqj srlqw ri wklv vhfwlrq
zdv Nuxjpdq*v +4<:<, vhplqdo sdshu rq edodqfh ri sd|phqwv fulvhv/ prvw ri
wkh lvvxhv wrxfkhg xsrq kdyh frph wr oljkw diwhu wkh Ghfhpehu 4<<7 Ph{lfdq
fulvlv/ dqg uhsuhvhqw yhu| pxfk uhvhdufk lq surjuhvv1 Lw zdv dujxhg wkdw vlpsoh
h{whqvlrqv ri Nuxjpdq*v +4<:<, prgho pd| dffrxqw iru vrph plvvlqj olqnv lq wkh
ruljlqdo vwru|= +l, erqg0�qdqflqj pd| pdvn wkh �vfdo sureohpv e| suhyhqwlqj
uhvhuyh orvvhv> +ll, lpshuihfw vxevwlwxwdelolw| ehwzhhq grphvwlf dqg iruhljq dvvhwv
rshqv wkh grru iru wkh fhqwudo edqn wr vwhulol}h wkh h�hfwv ri uhvhuyh orvvhv rq
prqh| vxsso|> dqg +lll, dq dfwlyh lqwhuhvw udwh srolf| doorzv wkh fhqwudo edqn wr
srvwsrqh wkh dedqgrqphqw ri wkh shj dqg dyrlg d uxq lq wkh �qdo vwdjhv1

Zh wkhq dqdo|}hg wkh fxuuhqw dffrxqw dssurdfk> wkdw lv/ wkh ylhz wkdw odujh
fxuuhqw dffrxqw gh�flwv pd| eh xqvxvwdlqdeoh dqg ohdg wr edodqfh ri sd|phqwv
fulvhv1 Zkloh wklv fkdqqho frxog surylgh d frqfuhwh olqn ehwzhhq wkh g|qdplfv
ri h{fkdqjh udwh0edvhg vwdelol}dwlrqv dqg wkhlu ghplvh/ lw vwloo kdv suhflrxv olwwoh
wr vd| rxwvlgh wkh vwhdg|0vwdwh1 Lq dgglwlrq/ wkh phfkdqlfv wkurxjk zklfk d
ERS fulvlv zrxog rffxu duh xqfohdu1 Ilqdoo|/ zh kljkoljkwhg wkh uroh ri �qdqfldo
frqvlghudwlrqv dqg fuhglelolw| dv frqwulexwlqj idfwruv lq xqohdvklqj edodqfh ri
sd|phqwv fulvhv1 Xqghu kljk lqirupdwlrq frvwv dqg joredol}dwlrq/ ghpdqg iru
hphujlqj pdunhwv* dvvhwv lv olnho| wr eh kljko| vhqvlwlyh wr uxpruv dqg uhodwlyho|
xquhvsrqvlyh wr ixqgdphqwdov1 Fkdqjhv lq lqyhvwruv* vhqwlphqwv frxog pdnh lw
gl�fxow iru wkh jryhuqphqw wr uroo0ryhu d odujh vwrfn ri vkruw0whup ghew/ ohdglqj
wr d erqg0ohg dwwdfn1 D odujh vwrfn ri vkruw0whup ghew pd| dovr uhvxow lq vhoi0
ixo�oolqj fulvhv1 Odfn ri fuhglelolw| lq wkh shj � dqg wkxv kljk qrplqdo lqwhuhvw
udwhv � pd| dovr sxw lqwr prwlrq Nuxjpdq0w|sh pdfklqhu| lq wkh idfh ri d
odujh vwrfn ri grphvwlf ghew1

Zkhuh gr zh jr iurp khuhB Lq wkh duhd ri lq�dwlrq vwdelol}dwlrq/ pxfk
hpslulfdo zrun uhpdlqv wr eh grqh rq wkh hpslulfdo uhjxodulwlhv ri glvlq�dwlrq
lq fkurqlf lq�dwlrq frxqwulhv1 Qxphurxv sureohpv qhhg wr eh dgguhvvhg/ lq0
foxglqj vdpsoh vhohfwlrq dqg vpdoo vdpsohv iru prqh|0edvhg surjudpv1 Vpdoo
vdpsohv iru vxffhvvixo h{fkdqjh udwh0edvhg surjudpv dovr srvh d sureohp vlqfh
wkh hfrqrphwulf �qglqj ri d odwh uhfhvvlrq lv fohduo| lq�xhqfhg e| hyhqwv lq idlohg
surjudpv1 D fulwlfdo dvshfw lq hfrqrphwulf zrun lv wr frqwuro iru rwkhu grphvwlf
idfwruv/ vxfk dv wudgh dqg vwuxfwxudo uhirupv1 Glvhqwdqjolqj wkh h�hfwv ri vwdel0
ol}dwlrq iurp rwkhu uhirupv lv lpsruwdqw qrw rqo| wr pdnh vxuh wkdw wkh hpslulfdo
uhjxodulwlhv uhpdlq vxfk/ exw dovr ehfdxvh zh pd| eh dvnlqj wkhruhwlfdo prghov
wr h{sodlq %wrr pxfk%/ txdqwlwdwlyho| vshdnlqj1 Lw zrxog dovr eh lpsruwdqw wr
grfxphqw lq d v|vwhpdwlf zd| wkh ehkdylru ri wkh krph jrrgv0vhfwru uhodwlyh wr
wkh wudghg0jrrgv vhfwru1 Vrph dydlodeoh hylghqfh vxjjhvwv wkdw wkh lqlwldo errp
lv pxfk pruh hylghqw lq wkh krph0jrrgv vhfwru1 Wkh ehkdylru ri lqyhvwphqw
vkrxog dovr eh orrnhg dw lq pruh ghwdlo1 Wkh jrdo ri wklv uhvhdufk djhqgd zrxog
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eh wr hvwdeolvk krz pxfk qhhgv wr eh h{sodlqhg dqg wkhq exlog pruh uh�qhg
txdqwlwdwlyh prghov wr hydoxdwh wkh dowhuqdwlyh k|srwkhvhv/ dorqj wkh olqhv ri
Uhehor dqg Y�hjk +4<<8,1

Lw lv fohdu wkdw zh duh vwloo idu dzd| iurp d jrrg xqghuvwdqglqj ri wkh olqnv
ehwzhhq wkh g|qdplfv ri h{fkdqjh udwh0edvhg vwdelol}dwlrqv dqg wkhlu xowlpdwh
ghplvh1 Zkloh Nuxjpdq*v +4<:<, prgho dqg yduldwlrqv wkhuhri surylgh d jrrg
ghvfulswlrq ri wkh phfkdqlfv ri ERS fulvhv/ wkh| r�hu lq jhqhudo olwwoh lqvljkwv
lqwr wkh pruh ixqgdphqwdo fdxvhv ri vxfk fulvhv � ryhu dqg deryh wkh reylrxv
lpsolfdwlrq wkdw d ghwhulrudwlrq lq wkh �vfdo edodqfh gxulqj d surjudp zloo sxw
lqwr prwlrq Nuxjpdq0w|sh g|qdplfv1 Zh ihho wkdw wkh qrwlrq ri fxuuhqw dffrxqw
vxvwdlqdelolw| qhhgv vxevwdqwldo uh�qhphqw ehiruh lw fdq r�hu d frqvlvwhqw dqg
frpsohwh dffrxqw ri wkh idfwv/ exw lv dq duhd gh�qlwho| zruwk sxuvxlqj1

Lq wklv uhvshfw/ d surgxfwlyh duhd ri uhvhdufk zrxog eh wr irfxv rq wkh uroh
ri wkh �qdqfldo dqg edqnlqj vhfwruv lq dpsoli|lqj wkh h{sdqvlrqdu| f|foh dqg
srvvleo| frqwulexwlqj wr wkh grzqwxuq dqg hyhqwxdo fulvlv1 D sduwlfxoduo| uhoh0
ydqw fkdqqho kdv wr gr zlwk wkh uhdo hvwdwh pdunhw1 D vl}hdeoh iudfwlrq ri wkh
ohqglqj errp jrhv wr �qdqfh uhdo hvwdwh rshudwlrqv +vhh/ iru lqvwdqfh/ Jxhuud
+4<<:d,,1 Wkhvh ordqv duh xvxdoo| pdgh xvlqj dv froodwhudo whpsrudulo|0kljk
dvvhw sulfhv1 Lq wkh frqwh{w ri wkh whpsrudulqhvv k|srwkhvlv/ Jxhuud +4<<:e,
vkrzv dq h{dpsoh lq zklfk wkh idoo lq dvvhw sulfhv +l1h1/ odqg sulfhv, ehiruh wkh
dedqgrqphqw ri wkh surjudp pd| wuljjhu d edqnlqj fulvlv1 Zkloh wklv grhv qrw
h{sodlq wkh hqg ri wkh surjudp/ lw grhv surylgh d olqn ehwzhhq wkh g|qdplfv ri
wkhvh surjudpv dqg edqnlqj fulvhv1

+iuihi?Uit

^4` Dgdpv/ F1 dqg G1 Jurv +4<;9, %Wkh frqvhtxhqfhv ri uhdo h{fkdqjh udwh
uxohv iru lq�dwlrq= Vrph looxvwudwlyh h{dpsohv%/ LPI Vwd� Sdshuv/ 66=
76<07:91

^5` Dj�hqru/ S1U1 +4<<7, %Wkh ehkdylru ri uhdo lqwhuhvw udwhv lq h{fkdqjh udwh0
edvhg vwdelol}dwlrq surjudpv%/ LPI Zrunlqj Sdshu <72:81

^6` Dj�hqru/ S1U1/ dqg S1 Prqwlho +4<<9, Ghyhorsphqw Pdfurhfrqrplfv1 Qhz
Mhuvh|= Sulqfhwrq Xqlyhuvlw| Suhvv1

^7` Dl}hqpdq/ M1 +4<;:, %Lq�dwlrq/ wdul�v/ dqg wd{ hqirufhphqw frvwv%/ Mrxu0
qdo ri Lqwhuqdwlrqdo Hfrqrplf Lqwhjudwlrq/ 5= 4505;1

^8` Dl}hqpdq/ M1 +4<<5, %Frpshwlwlyh h{whuqdolwlhv dqg wkh rswlpdo vhljqlru0
djh vhjphqwdwlrq%/ Mrxuqdo ri Prqh|/ Fuhglw/ dqg Edqnlqj/ 57= 940:41

^9` Dohvlqd/ D1 dqg D1 Gud}hq +4<<4, %Zk| duh vwdelol}dwlrqv ghod|hgB%/
Dphulfdq Hfrqrplf Uhylhz/ ;4= 44:3044;;1
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^:` Edoo/ O1 +4<<7, %Zkdw ghwhuplqhv wkh vdful�fh udwlr%/ lq= Q1J1 Pdqnlz/
hg1/ Prqhwdu| Srolf|1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/ 48804;51

^;` Edundl/ Kdlp/ %Wkh Uroh ri Prqhwdu| Srolf| lq Lvudho*v 4<;8 Vwdelol}dwlrq
H�ruw/% LPI Zrunlqj Sdshu <325< +4<<3,1

^<` Ehuqdqnh/ E1V1 dqg P1 Jhuwohu +4<<8, %Lqvlgh wkh eodfn er{= wkh fuhglw
fkdqqho ri prqhwdu| srolf| wudqvplvvlrq%/ Mrxuqdo ri Hfrqrplf Shuvshf0
wlyhv/ <= 5:07;1

^43` Ehuwrod/ J1 dqg D1 Gud}hq +4<<6, %Wuljjhu srlqwv dqg exgjhw fxwv= H{0
sodlqlqj wkh h�hfwv ri �vfdo dxvwhulw|%/ Dphulfdq Hfrqrplf Uhylhz/ ;6=
440591

^44` Erugr/ P1G1/ dqg D1M1 Vfkzduw}/ +4<<9, %Zk| fodvkhv ehwzhhq lqwhuqdo
dqg h{whuqdo vwdelolw| jrdov hqg lq fxuuhqf| fulvhv%/ Rshq Hfrqrplhv Uh0
ylhz/ := 76:079;1

^45` Euxqr/ P1 +4<<6, Fulvlv/ vwdelol}dwlrq/ dqg hfrqrplf uhirup= Wkhuds| e|
frqvhqvxv1 R{irug= R{irug Xqlyhuvlw| Suhvv1

^46` Euxqr/ P1/ dqg Z1 Hdvwhuo| +4<<8, %Lq�dwlrq fulvhv dqg orqj0uxq jurzwk%/
plphr/ Zruog Edqn1

^47` Euxqr/ P1 dqg V1 Ilvfkhu +4<;9, %Wkh lq�dwlrqdu| surfhvv= vkrfnv dqg
dffrpprgdwlrq%/ lq= \1 Ehq0Srudwk/ hg1/ Wkh Lvudhol hfrqrp|= Pdwxulqj
wkurxjk fulvhv1 Fdpeulgjh= Kduydug Xqlyhuvlw| Suhvv/ 67:06:41

^48` Euxqr/ P1 dqg U1 Phoqlfn +4<<7, %Kljk lq�dwlrq g|qdplfv= Lqwhjudwlqj
vkruw0uxq dffrpprgdwlrq dqg orqj0uxq vwhdg|0vwdwhv%/ plphr/ Wkh Zruog
Edqn dqg Edqn ri Lvudho1

^49` Exipdq/ J1/ dqg O1 Ohlghupdq +4<<8, %Lvudho*v vwdelol}dwlrq= Vrph lp0
sruwdqw srolf| ohvvrqv%/ lq= U1 Gruqexvfk dqg V1 Hgzdugv/ hgv1/ Uhirup/
Uhfryhu|/ dqg Jurzwk= Odwlq Dphulfd dqg wkh Plggoh Hdvw1 Fklfdjr= Wkh
Xqlyhuvlw| ri Fklfdjr Suhvv/ 4::05481

^4:` Fdjdq/ S1 +4<89, %Wkh prqhwdu| g|qdplfv ri k|shulq�dwlrq%/ lq= P1
Iulhgpdq/ hg1/ Vwxglhv lq wkh txdqwlw| wkhru| ri prqh|1 Fklfdjr= Xqlyhu0
vlw| ri Fklfdjr Suhvv/ 58044:1

^4;` Fdoyr/ J1D1 +4<;6, %Vwdjjhuhg sulfhv lq d xwlolw|0pd{lpl}lqj iudphzrun%/
Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 45= 6;60<;1

^4<` Fdoyr/ J1D1 +4<;9, %Whpsrudu| vwdelol}dwlrq= suhghwhuplqhg h{fkdqjh
udwhv%/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <7= 464<0465<1

^53` Fdoyr/ J1D1 +4<;;, %Frvwo| wudgh olehudol}dwlrqv= Gxudeoh jrrgv dqg fds0
lwdo prelolw|/% LPI Vwd� Sdshuv/ 68= 79407:61
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^54` Fdoyr/ J1 +4<<5, %Duh kljk lqwhuhvw udwhv h�hfwlyh iru vwrsslqj kljk lq0
�dwlrqB Vrph vnhswlfdo qrwhv/% Wkh Zruog Edqn Hfrqrplf Uhylhz/ 9=
8809<1

^55` Fdoyr/ J1 +4<<9d, %Fdslwdo �rzv dqg pdfurhfrqrplf pdqdjhphqw=
Whtxlod ohvvrqv%/ Lqwhuqdwlrqdo Mrxuqdo ri Ilqdqfh dqg Hfrqrplfv/ 4= 53:0
5561

^56` Fdoyr/ J1 +4<<9e, %Rq wkh uhvlolhqfh ri prqh| ghpdqg xqghu gxuhvv=
Qrwhv iurp wkh ERS fulvlv iurqw%/ plphr/ Xqlyhuvlw| ri Pdu|odqg1

^57` Fdoyr/ J1D1 +4<<:, %Ydulhwlhv ri fdslwdo pdunhw fulvhv%/ lq= J1D1 Fdoyr
dqg P1 Nlqj/ hgv1/ Wkh ghew exughq dqg lwv frqvhtxhqfhv iru prqhwdu|
srolf|1 Orqgrq= Pdfploodq/ iruwkfrplqj1

^58` Fdoyr/ J1D1 dqg D1 Gud}hq +4<<:, %Xqfhuwdlq gxudwlrq ri uhirup= G|0
qdplf lpsolfdwlrqv%/ QEHU Zrunlqj Sdshu Qr1 8<58/ iruwkfrplqj lq
Pdfurhfrqrplf G|qdplfv1

^59` Fdoyr/ J1D/ O1 Ohlghupdq/ dqg F1P1 Uhlqkduw +4<<6, %Fdslwdo lq�rzv
dqg uhdo h{fkdqjh udwh dssuhfldwlrq lq Odwlq Dphulfd= wkh uroh ri h{whuqdo
idfwruv%/ LPI Vwd� Sdshuv/ 73= 43;04841

^5:` Fdoyr/ J1D1/ O1 Ohlghupdq/ dqg F1P1 Uhlqkduw +4<<9, %Lq�rzv ri fdslwdo
wr ghyhorslqj frxqwulhv lq wkh 4<<3v/% Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/
43= 456046<1

^5;` Fdoyr/ J1D1/ dqg H1 Phqgr}d +4<<9,/ %Ph{lfr*v edodqfh ri sd|phqwv ful0
vlv= D fkurqlfoh ri d ghdwk iruhwrog%/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/
74= 56805971

^5<` Fdoyr/ J1D1/ F1P1 Uhlqkduw/ dqg F1D1 Y�hjk +4<<8, %Wdujhwlqj wkh uhdo
h{fkdqjh udwh= Wkhru| dqg hylghqfh%/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/
7:= <:04661

^63` Fdoyr/ J1D1/ dqg F1D1 Y�hjk +4<<5, %Fxuuhqf| Vxevwlwxwlrq lq Ghyhorslqj
Frxqwulhv= Dq Lqwurgxfwlrq% Uhylvwd gh Dqdolvlv Hfrqrplfr/ := 605:1

^64` Fdoyr/ J1D1 dqg F1D1 Y�hjk +4<<6, %H{fkdqjh udwh0edvhg vwdelolvdwlrq
xqghu lpshuihfw fuhglelolw|%/ lq= K1 Iulvfk dqg D1Zrujrwwhu/ hgv1/ Rshq0
Hfrqrp| Pdfurhfrqrplfv1 Orqgrq= PdfPloodq Suhvv/ 605;1

^65` Fdoyr/ J1D1 dqg F1D1 Y�hjk +4<<7d, %Vwdelol}dwlrq g|qdplfv dqg
edfnzdug0orrnlqj frqwudfwv%/ Mrxuqdo ri Ghyhorsphqw Hfrqrplfv/ 76= 8<0
;71

^66` Fdoyr/ J1D1 dqg F1D1 Y�hjk +4<<7e, %Lq�dwlrq vwdelol}dwlrq dqg qrplqdo
dqfkruv%/ Frqwhpsrudu| Hfrqrplf Srolf|/ 45= 680781
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^67` Fdoyr/ J1D1 dqg F1D1 Y�hjk +4<<7f, %Fuhglelolw| dqg wkh g|qdplfv ri
vwdelol}dwlrq srolf|= D edvlf iudphzrun%/ lq= F1 Vlpv/ hg1/ Dgydqfhv lq
Hfrqrphwulfv/ Yro1 LL1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv/ 6::07531

^68` Fdoyr/ J1D1 dqg F1D1 Y�hjk +4<<8, %Iljkwlqj lq�dwlrq zlwk kljk lqwhuhvw
udwhv= Wkh vpdoo0rshq hfrqrp| fdvh xqghu �h{leoh sulfhv%/ Mrxuqdo ri
Prqh|/ Fuhglw dqg Edqnlqj/ 5:= 7<0991

^69` Fdqdyhvh/ D1M1/ dqg J1 Gl Whood +4<;;, %Lq�dwlrq vwdelol}dwlrq ru k|shulq0
�dwlrq dyrlgdqfhB Wkh fdvh ri wkh Dxvwudo Sodq lq Dujhqwlqd/ 4<;804<;:%/
lq= P1 Euxqr/ J1 Gl Whood/ U1 Gruqexvfk/ dqg V1 Ilvfkhu/ hgv1/ Lq�dwlrq
vwdelol}dwlrq= Wkh h{shulhqfh ri Lvudho/ Dujhqwlqd/ Eud}lo/ Erolyld/ dqg
Ph{lfr1 Fdpeulgjh/ Pdvv1= PLW Suhvv/ 48604<31

^6:` Fdugrvr/ H1/ +4<<4, %Iurp lqhuwld wr phjdlq�dwlrq= Eud}lo lq wkh 4<;3v%/
lq= P1 Euxqr/ V1 Ilvfkhu/ H1 Khospdq/ dqg Q1 Olyldwdq/ hgv1/ Ohvvrqv ri
Hfrqrplf Vwdelol}dwlrq dqg lwv diwhupdwk1 Fdpeulgjh/ Pdvv1= PLW Suhvv/
47604;91

^6;` Fkdgkd/ E1/ S1 Pdvvrq/ dqg J1 Phuhglwk +4<<5, %Prghov ri lq�dwlrq dqg
wkh frvwv ri glvlq�dwlrq%/ LPI Vwd� Sdshuv/ 6<= 6<807641

^6<` Fkdul/ Y1Y1/ O1 Mrqhv/ dqg U1H1 Pdqxhool +4<<8, %Wkh jurzwk h�hfwv ri
prqhwdu| srolf|%/ Txduwhuo| Uhylhz/ Ihghudo Uhvhuyh Edqn ri Plqqhdsr0
olv/ Idoo/ 4;0651

^73` Froh/ K1O1 dqg W1M1 Nhkrh +4<<9,/ %D vhoi0ixo�oolqj prgho ri Ph{lfr*v
4<<704<<8 ghew fulvlv%/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 74= 63<06631

^74` Fruer/ Y1 +4<;8, %Uhirupv dqg pdfurhfrqrplf dgmxvwphqwv lq Fkloh gxu0
lqj 4<:70;7%/ Zruog Ghyhorsphqw/ 46= ;<60<491

^75` Fruer/ Y1/ M1 Gh Phor/ dqg M1 W|erxw +4<;9, %Zkdw zhqw zurqj zlwk
wkh uhfhqw uhirupv lq wkh Vrxwkhuq FrqhB%/ Hfrqrplf Ghyhorsphqw dqg
Fxowxudo Fkdqjh/ 67= 93:09731

^76` Fruuhld/ L1/ dqg S1 Whohv +4<<9, %Lv wkh Iulhgpdq uxoh rswlpdo zkhq prqh|
lv dq lqwhuphgldwh jrrgB%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6;= 55605771

^77` Gh Juhjrulr/ M1/ S1H Jxlgrwwl/ dqg F1D1Y�hjk +4<<;, %Lq�dwlrq vwdelol}d0
wlrq dqg wkh frqvxpswlrq ri gxudeoh jrrgv%/ Hfrqrplf Mrxuqdo/ iruwk0
frplqj1

^78` Gh Phor/ P1/ F1 Ghql}hu/ dqg D1 Jhoe +4<<8, %Iurp sodq wr pdunhw=
Sdwwhuqv ri wudqvlwlrq%/ plphr/ Zruog Edqn1

^79` Gh Sdeor/ M1F1 +4<:7, %Uhodwlyh sulfhv/ lqfrph glvwulexwlrq dqg vwdelol}d0
wlrq sodqv= Wkh Dujhqwlqh h{shulhqfh/ 4<9:04<:3%/ Mrxuqdo ri Ghyhors0
phqw Hfrqrplfv/ 4= 49:04;<1
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^7:` Gld}0Dohmdqgur/ F1I1 +4<;4, %Vrxwkhuq0Frqh vwdelol}dwlrq sodqv/% lq=
Z1U1 Folqh dqg V1 Zhlqwudxe/ hgv1/ Hfrqrplf vwdelol}dwlrq lq ghyhorslqj
frxqwulhv1 Zdvklqjwrq= Wkh Eurrnlqjv Lqvwlwxwlrq/ 44<04741

^7;` Gruqexvfk/ U1 +4<;3, Rshq Hfrqrp| Pdfurhfrqrplfv1 Qhz \run= Edvlf
Errnv1

^7<` Gruqexvfk/ U1 +4<;5, %Vwdelol}dwlrq srolflhv lq ghyhorslqj frxqwulhv= zkdw
kdyh zh ohduqhgB% Zruog Ghyhorsphqw/ 43= :340:3;1

^83` Gruqexvfk/ U1 +4<<8, %Surjuhvv uhsruw rq Dujhqwlqd%/ lq= U1 Gruqexvfk
dqg V1 Hgzdugv/ hgv1/ Uhirup/ Uhfryhu|/ dqg Jurzwk= Odwlq Dphulfd dqg
wkh Plggoh Hdvw1 Fklfdjr= Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ 556056;1

^84` Gruqexvfk/ U1/ L1 Jrogidmq/ dqg U1 Ydoghv +4<<8, %Fxuuhqf| fulvhv dqg
froodsvhv%/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 5= 58606481

^85` Gruqexvfk/ U1 dqg P1K1 Vlprqvhq +4<;:, Lq�dwlrq vwdelol}dwlrq zlwk lq0
frphv srolf| vxssruw= d uhylhz ri uhfhqw h{shulhqfh lq Dujhqwlqd/ Eud}lo/
dqg Lvudho1 Qhz \run= Jurxs ri Wkluw|1

^86` Gruqexvfk/ U1/ I1 Vwxu}hqhjjhu/ dqg K1 Zroi +4<<3, %H{wuhph Lq�dwlrq=
G|qdplfv dqg Vwdelol}dwlrq%/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 5=
40;71

^87` Gruqexvfk/ U1 dqg D1 Zhuqhu +4<<7, %Ph{lfr= vwdelol}dwlrq/ uhirup/ dqg
qr jurzwk%/ Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|/ 4= 58606481

^88` Gud}hq/ D1 dqg H1 Khospdq +4<;;, %Vwdelol}dwlrq zlwk h{fkdqjh udwh pdq0
djhphqw xqghu xqfhuwdlqw|%/ lq H1 Khospdq/ D1 Ud}lq/ dqg H1 Vdgnd/ hgv1/
Hfrqrplf h�hfwv ri wkh jryhuqphqw exgjhw1 Fdpeulgjh/ Pdvv1= PLW Suhvv/
643065:1

^89` Gud}hq/ D1 dqg Y1 Julool +4<<6, %Wkh ehqh�wv ri fulvhv iru hfrqrplf uh0
irupv%/ Dphulfdq Hfrqrplf Uhylhz/ ;6= 8<;093:1

^8:` Hdvwhuo|/ Z1 +4<<9, %Zkhq lv vwdelol}dwlrq h{sdqvlrqdu|%/ Hfrqrplf Sro0
lf|/ 55= 9:043:1

^8;` Hdvwhuo|/ Z1/ S1 Pdxur/ dqg N1 Vfkplgw0Kheeho +4<<8, %Prqh| gh0
pdqg dqg vhljqlrudjh0pd{lpl}lqj lq�dwlrq%/ Mrxuqdo ri Prqh|/ Fuhglw
dqg Edqnlqj/ 5:= 8;609361

^8<` Hdvwhuo|/ Z1/ dqg N1 Vfkplgw0Kheeho +4<<7, %Ilvfdo dgmxvwphqw dqg
pdfurhfrqrplf shuirupdqfh= D v|qwkhvlv/% lq= Z1 Hdvwhuo|/ F1D1 Ur0
guljxh}/ dqg N1 N1 Vfkplgw0Kheeho/ hgv1/ Sxeolf vhfwruv gh�flwv dqg
pdfurhfrqrplf shuirupdqfh1 R{irug= R{irug Xqlyhuvlw| Suhvv/ 480:;1
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^93` Hfkhqltxh/ I1 dqg D1 Iruwh}d +4<<:, %Duh vwdelol}dwlrq surjudpv h{sdq0
vlrqdu|B%/ plphr/ Ehunhoh| dqg Xqlyhuvlgdg gh od Uhsxeolfd +Xuxjxd|,1

^94` Hgzdugv/ V1 +4<<4, %Vwdelol}dwlrq dqg Olehudol}dwlrq Srolflhv lq Fhqwudo
dqg Hdvwhuq Hxursh= Ohvvrqv iurp Odwlq Dphulfd/% QEHUZrunlqj Sdshu
Qr1 6;491

^95` Hgzdugv/ V1 dqg D1 Fr{ Hgzdugv +4<<4, Prqhwdulvp dqg Olehudol}dwlrq=
Wkh Fklohdq H{shulphqw1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv1

^96` Hgzdugv/ V1 dqg J1 Wdehoolql +4<<4, %H{sodlqlqj �vfdo srolflhv dqg lq0
�dwlrq lq ghyhorslqj frxqwulhv%/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Il0
qdqfh/ 43= V490V7;1

^97` Hgzdugv/ V1 dqg F1D1 Y�hjk +4<<:, %Edqnv dqg pdfurhfrqrplf glvwxu0
edqfhv xqghu suhghwhuplqhg h{fkdqjh udwhv%/ Mrxuqdo ri Prqhwdu| Hfr0
qrplfv/ iruwkfrplqj1

^98` Hlfkhqjuhhq/ E1/ D1N1 Urvh/ dqg F1 Z|sorv} +4<<8, %H{fkdqjh pdunhw
pd|khp= Wkh dqwhfhghqwv dqg diwhupdwk ri vshfxodwlyh dwwdfnv%/ Hfr0
qrplf Srolf|/ 54= 57<06451

^99` Hlfkhqjuhhq/ E1/ D1N1 Urvh/ dqg F1 Z|sorv} +4<<9, %Frqwdjlrxv fxuuhqf|
fulvhv%/ QEHU Zrunlqj Sdshu qr1 89;41

^9:` Idxyho/ \1 dqg O1 Vdpvrq +4<<4, %Lqwhuwhpsrudo vxevwlwxwlrq dqg gxudeoh
jrrgv= Dq hpslulfdo dqdo|vlv/ Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 57= 4<50
5381

^9;` Idydur/ H1 +4<<9, %Shux*v vwdelol}dwlrq xqghu d �rdwlqj h{fkdqjh udwh%/
plphr/ Zruog Edqn1

^9<` Ihhqvwud/ U1 +4<;8, %Dqwlflsdwhg ghydoxdwlrqv/ fxuuhqf| �ljkw/ dqg gluhfw
wudgh frqwurov lq d prqhwdu| hfrqrp|%/ Dphulfdq Hfrqrplf Uhylhz/ :8=
6;907341

^:3` Ihuqdqgh}/ U1 +4<;8, %Wkh h{shfwdwlrqv pdqdjhphqw dssurdfk wr vwdel0
ol}dwlrq lq Dujhqwlqd/ 4<:90;5%/ Zruog Ghyhorsphqw/ 46= ;:40;<51

^:4` Ilqfk/ P1K1M1 +4<:<, %Vwdelolvdwlrq srolf| lq Xuxjxd| vlqfh wkh 4<83v%/
lq= U1 Wkrus dqg O1 Zklwhkhdg/ hgv1/ Lq�dwlrq dqg Vwdelolvdwlrq lq Odwlq
Dphulfd1 Qhz \run= Krophv dqg Phlhu Sxeolvkhuv/ 47704;31

^:5` Ilvfkhu/ V1 +4<::, %Orqj0whup frqwudfwv/ udwlrqdo h{shfwdwlrqv/dqg wkh
rswlpdo prqh| vxsso| uxoh%/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;8= 4<405381

^:6` Ilvfkhu/ V1 +4<;9d, %H{fkdqjh udwh yhuvxv prqh| wdujhwv lq glvlq�dwlrq%/
lq= Lqgh{lqj/ lq�dwlrq dqg hfrqrplf srolf|1 Fdpeulgjh/ Pdvv1= PLW
Suhvv/ 57:05951
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^:7` Ilvfkhu/ V1 +4<;9e, %Frqwudfwv/ fuhglelolw|/ dqg glvlq�dwlrq%/ lq= Lqgh{lqj/
lq�dwlrq dqg hfrqrplf srolf|1 Fdpeulgjh/ Pdvv1= PLW Suhvv/ 55405781

^:8` Ilvfkhu/ V1 +4<;;, %Uhdo edodqfhv/ wkh h{fkdqjh udwh/ dqg lqgh{dwlrq= uhdo
yduldeohv lq glvlq�dwlrq/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 86= 5:07<1

^:9` Ilvfkhu/ V1/ U1 Vdkd|/ dqg F1D1 Y�hjk +4<<9, %Vwdelol}dwlrq dqg jurzwk
lq wudqvlwlrq hfrqrplhv= wkh hduo| h{shulhqfh%/ Mrxuqdo ri Hfrqrplf Shu0
vshfwlyhv/ 43= 780991

^::` Ilvfkhu/ V1/ U1 Vdkd|/ dqg F1D1 Y�hjk +4<<:, %Prghuq kljk lq�dwlrq%/
plphr/ Lqwhuqdwlrqdo Prqhwdu| Ixqg1

^:;` Iorrg/ U1S1/ dqg S1P1 Jduehu +4<;7,/ %Froodsvlqj h{fkdqjh udwh uhjlphv=
Vrph olqhdu h{dpsohv/% Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 4:= 40461

^:<` Iorrg/ U1S1/ S1P1 Jduehu/ dqg F1 Nudphu +4<<9,/ %Froodsvlqj h{fkdqjh
udwh uhjlphv= Dqrwkhu olqhdu h{dpsoh% Mrxuqdo ri Lqwhuqdwlrqdo Hfr0
qrplfv/ 74= 55605671

^;3` Ir{oh|/ D1 +4<;3, %Vwdelol}dwlrq srolflhv dqg vwdj�dwlrq= wkh fdvhv ri Eud}lo
dqg Fkloh/% Zruog Ghyhorsphqw/ ;= ;;:0<451

^;4` Iudqnho/ M1D1/ dqg D1N1 Urvh +4<<9, %Fxuuhqf| fulvhv lq hphujlqj pdunhwv=
Hpslulfdo lqglfdwruv%/ QEHU Zrunlqj Sdshu Qr1 876:1

^;5` Iulhgpdq/ P1 +4<9<, %Wkh rswlpxp txdqwlw| ri prqh|%/ lq= Wkh Rs0
wlpxp txdqwlw| ri prqh| dqg rwkhu hvvd|v1 Fklfdjr= Doglqh Srolvklqj
Frpsdq|/ 40831

^;6` Jduehu/ S1P1 +4<;5, %Wudqvlwlrq iurp lq�dwlrq wr sulfh vwdelolw|/%
Fduqhjlh0Urfkhvwhu Frqihuhqfhv Vhulhv rq Sxeolf Srolf|/ 49= ;;:0<451

^;7` Jkh}}l/ S1 +4<<9, %H{fkdqjh udwh0edvhg vwdelol}dwlrq= zkhq wr vzlwfk dq0
fkruvB +plphr/ Xqlyhuvlw| ri Fdoliruqld dw Ehunhoh|,1

^;8` Jldyd}}l/ I1 dqg P1 Sdjdqr +4<<3, %Fdq vhyhuh �vfdo frqwudfwlrqv eh
h{sdqvlrqdu|B Wdohv ri wzr vpdoo hxurshdq frxqwulhv/ QEHU Pdfurhfr0
qrplfv Dqqxdo/ Fdpeulgjh/ Pdvvdfkxvhwwv= PLW Suhvv/ :804441

^;9` Jrugrq/ U1M1 +4<;5, %Zk| vwrsslqj lq�dwlrq pd| eh frvwo|= Hylghqfh
iurp irxuwhhq klvwrulfdo hslvrghv%/ lq= U1H1 Kdoo/ hg1/ Lq�dwlrq= fdxvhv
dqg h�hfwv1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/ 440731

^;:` Jrxog/ G1P1 +4<<9, %Grhv wkh fkrlfh ri qrplqdo dqfkru pdwwhuB% Ihghudo
Uhvhuyh Edqn ri Gdoodv Zrunlqj Sdshu Qr1 <9441
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^;;` Jxhuud/ D1 +4<<:d, %Uhvlghqwldo uhdo hvwdwh errpv/ �qdqfldo ghuhjxodwlrq
dqg fdslwdo lq�rzv= Dq lqwhuqdwlrqdo shuvshfwlyh/% plphr/ Edqfr gh Ph{0
lfr1

^;<` Jxhuud/ D1 +4<<:e, %Dvvhw lq�dwlrq dqg �qdqfldo fulvlv= Wkh whpsrudulqhvv
k|srwkhvlv%/ plphr/ Edqfr gh Ph{lfr1

^<3` Jxlgrwwl/ S1H1/ dqg F1D1 Y�hjk +4<<5, %Pdfurhfrqrplf lqwhughshqghqfh
xqghu fdslwdo frqwurov= D wzr0frxqwu| prgho ri gxdo h{fkdqjh udwhv%/
Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 65= 686069:1

^<4` Jxlgrwwl/ S1H1/ dqg F1D1 Y�hjk +4<<6, %Wkh rswlpdo lq�dwlrq wd{ zkhq
prqh| uhgxfhv wudqvdfwlrqv frvwv= D uhfrqvlghudwlrq/% Mrxuqdo ri Prqh0
wdu| Hfrqrplfv/ 64=4;<05381

^<5` Jxlgrwwl/ S1H1 dqg F1D1Y�hjk +4<<;, %Orvlqj fuhglelolw|= Wkh vwdelol}dwlrq
eoxhv%/ Lqwhuqdwlrqdo Hfrqrplf Uhylhz/ iruwkfrplqj1

^<6` Kdqvrq/ M1 dqg M1gh Phor +4<;8, %H{whuqdo vkrfnv/ �qdqfldo uhirupv/ dqg
vwdelol}dwlrq dwwhpswv lq Xuxjxd| gxulqj 4<:704<;6/%Zruog Ghyhorsphqw/
46= <4:0<6<1

^<7` Kduehujhu/ D1F1 +4<;4, %Lq vwhs dqg rxw ri vwhs zlwk wkh zruog lq�dwlrq=
D vxppdu| klvwru| ri frxqwulhv/ 4<8504<:9%/ lq= P1M1 Iodqghuv dqg D1
Ud}lq/ hgv1/ Ghyhorsphqw lq dq lq�dwlrqdu| zruog1 Qhz \run= Dfdghplf
Suhvv/ 680791

^<8` Kduehujhu/ D1F1 +4<;5, %Wkh Fklohdq hfrqrp| lq wkh 4<:3v= Fulvlv/ vwd0
elol}dwlrq/ olehudwlrq/ uhirup%/ Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq
Sxeolf Srolf|/ 4:= 44804851

^<9` Khospdq/ H1 dqg D1 Ud}lq +4<;:, %H{fkdqjh udwh pdqdjhphqw= lqwhuwhp0
srudo wudgh0r�v%/ Dphulfdq Hfrqrplf Uhylhz/ ::= 43:04561

^<:` Kh|pdqq/ G1 +4<<4, %Iurp vkdus glvlq�dwlrq wr k|shulq�dwlrq/ wzlfh=
Wkh Dujhqwlqh h{shulhqfh%/ lq= P1 Euxqr/ V1 Ilvfkhu/ H1 Khospdq/ dqg
Q1 Olyldwdq/ hgv1/ Ohvvrqv ri Hfrqrplf Vwdelol}dwlrq dqg lwv diwhupdwk1
Fdpeulgjh/ Pdvv1= PLW Suhvv/ 43604631

^<;` Kh|pdqq/ G1 dqg D1 Ohlmrqkxiyxg +4<<8, Kljk lq�dwlrq1 R{irug= Foduhq0
grq Suhvv1

^<<` Kluvfkpdq/ D1 +4<96, Mrxuqh|v wrzdug surjuhvv= Vwxglhv ri hfrqrplf
srolf|0pdnlqj lq Odwlq Dphulfd1 Fdpeulgjh/ Pdvv1= Kduydug Xqlyhuvlw|
Suhvv1

^433` Kr�pdlvwhu/ D1 dqg F1D1 Y�hjk +4<<9, %Glvlq�dwlrq dqg wkh uhfhvvlrq0qrz0
yhuvxv0uhfhvvlrq0odwhu k|srwkhvlv= Hylghqfh iurp Xuxjxd|/% LPI Vwd� Sd0
shuv/ 76= 68806<71
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^434` Mrqhv/ P1/ Vdqjxlqhwwl/ S1/ dqg P1 Wrppdvl +4<<:, %Srolwlfdo dqg lqvwlwx0
wlrqdo ghwhuplqdqwv ri �vfdo rxwfrphv lq wkh Dujhqwlqh surylqfhv%/ plphr/
Xqlyhuvlgdg gh Vdq Dqguhv +Dujhqwlqd,1

^435` Ndind/ D1 +4<9:,/ %Wkh Eud}loldq vwdelol}dwlrq surjudp/ 4<97099%/ Mrxuqdo
ri Srolwlfdo Hfrqrp|/ :8 +vxssohphqw,= 8<909671

^436` Ndplqvn|/ J1O1 dqg O1 Ohlghupdq +4<<9, %Kljk uhdo lqwhuhvw udwhv lq wkh
diwhupdwk ri glvlq�dwlrq= Lv lw odfn ri fuhglelolw|/% plphr +Erdug ri Jryhu0
qruv ri wkh Ihghudo Uhvhuyh V|vwhp dqg Who0Dyly Xqlyhuvlw|,/ iruwkfrplqj
lq Mrxuqdo ri Ghyhorsphqw Hfrqrplfv1

^437` Ndplqvn|/ J1 dqg F1P Uhlqkduw +4<<8, %Wkh wzlq fulvhv= Wkh fdxvhv ri
edqnlqj dqg edodqfh ri sd|phqw sureohpv%/ plphr/ Erdug ri Jryhuqruv
ri wkh Ihghudo Uhvhuyh V|vwhp dqg Xqlyhuvlw| ri Pdu|odqg1

^438` Nh|qhv/ M1P1 +4<57, Prqhwdu| uhirup1 Qhz \run= Kdufrxuw/ Eudfh1

^439` Nljxho/ P1 dqg Q1 Olyldwdq +4<;<, %Wkh rog dqg wkh qhz lq khwhurgr{
vwdelol}dwlrq surjudpv% Zrunlqj Sdshu ZSV 656/ Frxqwu| Hfrqrplfv
Ghsduwphqw/ Wkh Zruog Edqn1

^43:` Nljxho/ P1/ dqg Q1 Olyldwdq +4<<5, %Wkh exvlqhvv f|foh dvvrfldwhg zlwk
h{fkdqjh udwh edvhg vwdelol}dwlrq%/ Wkh Zruog Edqn Hfrqrplf Uhylhz/ 9=
5:<06381

^43;` Nljxho/ P1/ dqg Q1 Olyldwdq +4<<9, %Vwrsslqj wkuhh elj lq�dwlrqv= Du0
jhqwlqd/ Eud}lo/ dqg Shux%/ lq= U1 Gruqexvfk dqg V1 Hgzdugv/ hgv1/
Uhirup/ Uhfryhu|/ dqg Jurzwk= Odwlq Dphulfd dqg wkh Plggoh Hdvw1
Fklfdjr= Wkh Xqlyhuvlw| ri Fklfdjr Suhvv/ ss1 69<073;1

^43<` Nlpeurxjk/ N1 +4<;9, %Wkh rswlpxp txdqwlw| ri prqh| uxoh lq wkh wkhru|
ri sxeolf �qdqfh%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4;= 5::05;71

^443` Nuxjpdq/ S1 +4<:<, %D prgho ri edodqfh0ri0sd|phqw fulvlv%/ Mrxuqdo ri
Prqh|/ Fuhglw dqg Edqnlqj/ 44= 64406581

^444` Nuxjpdq/ S1 +4<<9, %Duh fxuuhqf| fulvhv vhoi0ixo�oolqjB%/ QEHU Pdfur0
hfrqrplfv Dqqxdo/ Fdpeulgjh/ Pdvv1= PLW Suhvv/ 67806:;1

^445` Nxpkri/ P1 +4<<:, %Edodqfh ri sd|phqwv fulvhv= Wkh uroh ri vkruw0whup
ghew%/ plphr/ Xqlyhuvlw| ri Pdu|odqg1

^446` N|godqg/ I1H1/ dqg F1H1 ]dud}djd +4<<:, %Lv wkh exvlqhvv f|foh ri Du0
jhqwlqd %gl�huhqw%B/ Hfrqrplf Uhylhz/ Ihghudo Uhvhuyh Edqn ri Gdoodv/
Irxuwk txduwhu/ 540691

^447` Odklul/ D1 +4<<9d, %H{fkdqjh udwh edvhg vwdelol}dwlrq xqghu uhdo iulfwlrqv=
Wkh uroh ri hqgrjhqrxv oderu vxsso|/% plphr/ XFOD1
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^448` Odklul/ D1/ +4<<9e, %Glvlq�dwlrq surjudpv xqghu srolf| xqfhuwdlqw|= Lq0
vljkwv iru h{fkdqjh0udwh edvhg vwdelol}dwlrq surjudpv%/ plphr/ XFOD1

^449` Odklul/ D1 +4<<:, %Frqwuroolqj fdslwdo �rzv= wdujhwlqj vwrfnv yhuvxv �rzv%/
plphr/ XFOD1

^44:` Odklul/ D1 dqg F1D1 Y�hjk +4<<:, %Nuxjpdq edodqfh ri sd|phqwv fulvhv=
Duh wkh| iru uhdoB%/ plphr/ XFOD1

^44;` Ohlghupdq/ O1 +4<<6, Lq�dwlrq dqg glvlq�dwlrq= Wkh Lvudhol h{shulphqw1
Fklfdjr= Wkh Xqlyhuvlw| ri Fklfdjr Suhvv1

^44<` Ol}rqgr/ M1V1 +4<<4, %Uhdo h{fkdqjh udwh wdujhwv/ qrplqdo h{fkdqjh udwh
srolflhv/ dqg lq�dwlrq%/ Uhylvwd gh Dq�dolvlv Hfrq�rplfr/ 9= 80551

^453` Oxfdv/ U1H1 Mu1/ +4<<3, %Oltxlglw| dqg lqwhuhvw udwhv%/ Mrxuqdo ri Hfr0
qrplf Wkhru|/ 83= 56:05971

^454` Pdvvrq/ S1U1/ P1D1 Vdydvwdqr/ dqg V1 Vkdupd +4<<:, %Wkh vfrsh iru
lq�dwlrq wdujhwlqj lq ghyhorslqj frxqwulhv% LPI Zrunlqj Sdshu <:24631

^455` Phghlurv/ F1 +4<<7, %D fdvh ri d prqhwdu| vwdelol}dwlrq surjudp= Wkh Gr0
plqlfdq Uhsxeolf*v hfrqrplf surjudp/ 4<<304<<6%/ plphr/ Lqwhuqdwlrqdo
Prqhwdu| Ixqg1

^456` Phow}hu/ D1 +4<<7, %Errn uhylhz= Khwhurgr{ srolf| dqg hfrqrplf vwdel0
ol}dwlrq%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 67= 8;409331

^457` Phqgr}d/ H1 dqg P1 Xuleh +4<<9, %Wkh v|qgurph ri h{fkdqjh udwh0edvhg
vwdelol}dwlrqv dqg wkh xqfhuwdlq gxudwlrq ri fxuuhqf| shjv%/ Lqwhuqdwlrqdo
Ilqdqfh Glvfxvvlrq Sdshuv Qr1 87;/ Erdug ri Jryhuqruv ri wkh Ihghudo
Uhvhuyh V|vwhp1

^458` Plohvl0Ihuuhwwl/ J1P dqg D1 Ud}lq +4<<9, Fxuuhqw0dffrxqw vxvwdlqdelolw|1
Sulqfhwrq Vwxglhv lq Lqwhuqdwlrqdo Ilqdqfh Qr1 ;41

^459` Prgldqr/ H1P1 +4<;;, %Wkh Fux}dgr �uvw dwwhpsw= Wkh Eud}loldq vwd0
elol}dwlrq surjudp ri Iheuxdu| 4<;9%/ lq= P1 Euxqr/ J1 Gl Whood/ U1
Gruqexvfk/ dqg V1 Ilvfkhu/ hgv1/ Lq�dwlrq vwdelol}dwlrq= Wkh h{shulhqfh ri
Lvudho/ Dujhqwlqd/ Eud}lo/ Erolyld/ dqg Ph{lfr1 Fdpeulgjh/ Pdvv1= PLW
Suhvv/ 548058;1

^45:` Prqglqr/ J1/ I1 Vwxu}hqhjjhu/ dqg P1 Wrppdvl +4<<9, %Uhfxuuhqw kljk
lq�dwlrq dqg vwdelol}dwlrq= D g|qdplf jdph%/ Lqwhuqdwlrqdo Hfrqrplf
Uhylhz/ 6:= <;40<<91

^45;` Prqwlho/ S1/ dqg M1 Rvwu| +4<<4, %Pdfurhfrqrplf lpsolfdwlrqv ri uhdo
h{fkdqjh udwh wdujhwlqj lq ghyhorslqj frxqwulhv%/ LPI Vwd� Sdshuv/ 6;=
;:50<331
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^45<` Revwihog/ P1 +4<;8, %Wkh fdslwdo lq�rzv sureohp uhylvlwhg= D vw|ol}hg
prgho ri Vrxwkhuq0Frqh glvlq�dwlrq/% Uhylhz ri Hfrqrplf Vwxglhv/ 85=
93809581

^463` Revwihog/ P1 +4<;9, %Fdslwdo frqwurov/ wkh gxdo h{fkdqjh udwh dqg ghydo0
xdwlrq%/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 53= 40531

^464` Revwihog/ P1 +4<<8, %Lqwhuqdwlrqdo fxuuhqf| h{shulhqfh= qhz ohvvrqv dqg
ohvvrqv uhohduqhg/% Eurrnlqj Sdshuv rq Hfrqrplf Dfwlylw|/ 4= 44<05531

^465` Revwihog/ P1 dqg N1 Urjr� +4<<8, %Wkh pludjh ri �{hg h{fkdqjh udwhv%/
Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ <= :60<91

^466` Rnxq/ D1P1 +4<:;, %H�flhqw glvlq�dwlrqdu| srolflhv%/ Dphulfdq Hfr0
qrplf Uhylhz/ Sdshuv dqg Surfhhglqjv= 9;= 67;06851

^467` Rvwu|/ M1 dqg F1P1 Uhlqkduw +4<<5, %Sulydwh vdylqj dqg whupv ri wudgh
vkrfnv%/ LPI Vwd� Sdshuv/ 6<= 7<8084:1

^468` Sd}rv/ I1 +4<:5, Fkurqlf Lq�dwlrq lq Odwlq Dphulfd1 Qhz \run= Sudjhu
Sxeolvkhuv1

^469` Skhosv/ H1 +4<:6, %Lq�dwlrq lq wkh Wkhru| ri Sxeolf Ilqdqfh%/ Vzhglvk
Mrxuqdo ri Hfrqrplfv/ :8= 9:0;51

^46:` Udprv/ M1 +4<;9, Qhrfrqvhuydwlyh hfrqrplfv lq wkh Vrxwkhuq Frqh ri
Odwlq Dphulfd/ 4<:604<;61 Edowlpruh= Wkh Mrkqv Krsnlqv Xqlyhuvlw|
Suhvv1

^46;` Uhehor/ V1 +4<<6, %Lq�dwlrq lq �{hg h{fkdqjh udwh uhjlphv= Wkh uhfhqw
Sruwxjxhvh h{shulhqfh/% lq= I1 Wruuhv dqg I1 Jldyd}}l/ hgv1/ Dgmxvwphqw
dqg jurzwk lq wkh hxurshdq prqhwdu| xqlrq1 Fdpeulgjh= Fdpeulgjh Xql0
yhuvlw| Suhvv/ 45;047<1

^46<` Uhehor/ V1 +4<<:, %Zkdw kdsshqv zkhq frxqwulhv shj wkhlu h{fkdqjh
udwhvB +Wkh uhdo vlgh ri prqhwdu| uhirupv,%/ QEHU Zrunlqj Sdshu Qr1
949;1

^473` Uhehor/ V1 dqg F1D1 Y�hjk +4<<8, %Uhdo h�hfwv ri h{fkdqjh udwh0edvhg
vwdelol}dwlrq= dq dqdo|vlv ri frpshwlqj wkhrulhv/% QEHU Pdfurhfrqrplfv
Dqqxdo/ 45804:71

^474` Uhlqkduw/ F1P1 dqg F1D1 Y�hjk +4<<7, %Lq�dwlrq vwdelol}dwlrq lq fkurqlf
lq�dwlrq frxqwulhv%/ plphr/ Lqwhuqdwlrqdo Prqhwdu| Ixqg1

^475` Uhlqkduw/ F1P1 dqg F1D1 Y�hjk +4<<8d, %Qrplqdo lqwhuhvw udwhv/ frqvxps0
wlrq errpv/ dqg odfn ri fuhglelolw|= d txdqwlwdwlyh h{dplqdwlrq/% Mrxuqdo
ri Ghyhorsphqw Hfrqrplfv/ 79= 68:06:;1
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^476` Uhlqkduw/ F1P1/ dqg F1D1 Y�hjk +4<<8e, %Gr h{fkdqjh udwh0edvhg vwdel0
ol}dwlrqv fduu| wkh vhhgv ri wkhlu rzq ghvwuxfwlrqB plphr/ LPI1

^477` Urguljxh}/ F1D1+4<;5, %Wkh Dujhqwlqh vwdelol}dwlrq sodq ri Ghfhpehu
53wk%/ Zruog Ghyhorsphqw/ 43= ;340;441

^478` Urmdv0Vxduh}/ O1/ dqg V1U1 Zhlveurg +4<<8, %Ilqdqfldo iudjlolwlhv lq Odwlq
Dphulfd= Wkh 4<;3v dqg 4<<3v%/ Rffdvlrqdo Sdshu Qr1 465/ Lqwhuqdwlrqdo
Prqhwdu| Ixqg1

^479` Urogrv/ M1 +4<<8, %Vxsso|0vlgh h�hfwv ri glvlq�dwlrq surjudpv%/ LPI Vwd�
Sdshuv/ 75= 48;04;61

^47:` Urogrv/ M1 +4<<:, %Rq judgxdo glvlq�dwlrq/ wkh uhdo h{fkdqjh udwh/ dqg
wkh fxuuhqw dffrxqw%/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 49=
6:0871

^47;` Vdfkv/ M1/ D1 Wruqhoo/ dqg D1 Yhodvfr +4<<8, %Wkh froodsvh ri wkh Ph{lfdq
shvr= zkdw kdyh zh ohduqhg/% QEHU Zrunlqj Sdshu Qr1 84751

^47<` Vdfkv/ M1/ D1 Wruqhoo/ dqg D1 Yhodvfr +4<<9, %Ilqdqfldo fulvhv lq hphujlqj
pdunhwv= Wkh ohvvrqv iurp 4<<8%/ QEHU Zrunlqj Sdshu Qr1 88:91

^483` Vdkd|/ U1 dqg F1D1 Y�hjk +4<<9, %Lq�dwlrq dqg vwdelol}dwlrq lq wudqvl0
wlrq hfrqrplhv= Dq dqdo|wlfdo lqwhusuhwdwlrq ri wkh hylghqfh%/ Mrxuqdo ri
Srolf| Uhirup/ 4= :8043;1

^484` Vdqjxlqhwwl/ S1 +4<<7, %Lqwhujryhuqphqwdo wudqvihuv dqg sxeolf vhfwru h{0
shqglwxuh= D jdph wkhruhwlf0dssurdfk% Hvwxglrv gh Hfrqrpld +Xqlyhuvl0
gdg gh Fkloh,/ 54= 4;405451

^485` Vdqwdhood/ M1 dqg D1 Yhod +4<<9, %Wkh 4<;: Ph{lfdq glvlq�dwlrq surjudp=
Dq h{fkdqjh udwh0edvhg vwdelol}dwlrqB%/ LPI Zrunlqj Sdshu <92571

^486` Vdujhqw/ W1 +4<;5, %Wkh hqgv ri irxu elj lq�dwlrqv%/ lq= U1H1 Kdoo/ hg1/
Lq�dwlrq= fdxvhv dqg h�hfwv1 Fklfdjr= Xqlyhuvlw| ri Fklfdjr Suhvv/ 740<:1

^487` Vdydvwdqr/ P1D1 +4<<9, %Groodul}dwlrq lq Odwlq Dphulfd= uhfhqw hylghqfh
dqg srolf| lvvxhv/ lq= S1 Pl}hq dqg H1M1 Shqwhfrvw/ hgv1/ Wkh pdfurhfr0
qrplfv ri lqwhuqdwlrqdo fxuuhqflhv= wkhru|/ srolf| dqg hylghqfh1 Orqgrq=
Hgzdug Hojdu1

^488` Vwrfnpdq/ D1 +4<;4, %Dqwlflsdwhg lq�dwlrq dqg wkh fdslwdo vwrfn lq d
fdvk0lq0dgydqfh hfrqrp|%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ ;= 6;:06<61

^489` Wdoyl/ H1 +4<<8, %Ilvfdo srolf| dqg wkh exvlqhvv f|foh dvvrfldwhg zlwk
h{fkdqjh udwh0edvhg vwdelol}dwlrqv= Hylghqfh iurp Xuxjxd|*v 4<:; dqg
4<<4 surjudpv/% Zrunlqj Sdshu Vhulhv 646/ Lqwhu0Dphulfdq Ghyhorsphqw
Edqn1
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^48:` Wdoyl/ H1 +4<<9, %H{fkdqjh udwh0edvhg vwdelol}dwlrq zlwk hqgrjhqrxv �vfdo
uhvsrqvh%/ Zrunlqj Sdshu Vhulhv 657/ Lqwhu0Dphulfdq Ghyhorsphqw Edqn/
iruwkfrplqj lq wkh Mrxuqdo ri Ghyhorsphqw Hfrqrplfv1

^48;` Wd|oru/ M1E1 +4<:<, %Vwdjjhuhg zdjh vhwwlqj lq d pdfur prgho%/ Dphulfdq
Hfrqrplf Uhylhz/ Sdshuv dqg Surfhhglqjv/ 9<= 43;04461

^48<` Wd|oru/ M1E1 +4<;3, %Djjuhjdwh g|qdplfv dqg vwdjjhuhg frqwudfwv%/ Mrxu0
qdo ri Srolwlfdo Hfrqrp|/ ;;= 40561

^493` Wd|oru/ M1E1 +4<;6, %Xqlrq zdjh vhwwohphqwv gxulqj d glvlq�dwlrq%/ Dphu0
lfdq Hfrqrplf Uhylhz/ :6= <;40<<61

^494` Wruqhoo/ D1 dqg D1 Yhodvfr +4<<8, %Il{hg yhuvxv �h{leoh h{fkdqjh udwhv=
Zklfk surylghv pruh �vfdo glvflsolqhB QEHU Zrunlqj Sdshu Qr1 843;1

^495` Xuleh/ P1 +4<<7, %Frpsdulqj wkh zhoiduh frvwv dqg wkh lqlwldo g|qdplfv ri
dowhuqdwlyh whpsrudu| vwdelol}dwlrq srolflhv/% plphr/ Erdug ri Jryhuqruv
ri wkh Ihghudo Uhvhuyh V|vwhp1

^496` Xuleh/ P1 +4<<8, %Uhdo h{fkdqjh udwh wdujhwlqj dqg pdfurhfrqrplf lqvwd0
elolw|%/ Lqwhuqdwlrqdo Ilqdqfh Glvfxvvlrq Sdshuv Qr1 838/ Erdug ri Jry0
huqruv ri wkh Ihghudo Uhvhuyh V|vwhp1

^497` Xuleh/ P1 +4<<:d, %H{fkdqjh0udwh0edvhg lq�dwlrq vwdelol}dwlrq= Wkh lql0
wldo uhdo h�hfwv ri fuhgleoh sodqv%/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 6<=
4<:05541

^498` Xuleh/ P1 +4<<:e, %D qrwh rq wkh dqdo|wlfv ri fuhgleoh h{fkdqjh udwh0edvhg
glvlq�dwlrq zkhq prqh| idflolwdwhv �upv* wudqvdfwlrqv%/ plphr/ Erdug ri
Jryhuqruv ri wkh Ihghudo Uhvhuyh V|vwhp1

^499` Y�hjk/ F1D1 +4<;<, %Jryhuqphqw vshqglqj dqg lq�dwlrqdu| �qdqfh= D
sxeolf �qdqfh dssurdfk%/ LPI Vwd� Sdshuv/ 69= 98:09::1

^49:` Y�hjk/ F1D1 +4<<5, %Vwrsslqj kljk lq�dwlrq= Dq dqdo|wlfdo ryhuylhz%/ LPI
Vwd� Sdshuv/ 6<= 95909<81

^49;` Y�hjk/ F1D1 +4<<:, %Prqhwdu| srolf|/ lqwhuhvw udwh uxohv/ dqg lq�dwlrq
wdujhwv%/ plphr/ XFOD1

^49<` Yhodvfr/ D1/ +4<<6, %D prgho ri hqgrjhqrxv �vfdo gh�flwv dqg ghod|hg
�vfdo uhirupv%/ F1Y1 Vwduu Fhqwhu Uhsruw <607/ Qhz \run Xqlyhuvlw|1

^4:3` Yhqhjdv0Pduwlqh}/ I1 +4<<:, %Whpsrudu| vwdelol}dwlrq= D vwrfkdvwlf
dqdo|vlv%/ plphr/ FLGH +Ph{lfr,1

^4:4` Yldqd/ O1 +4<<3, %Xuxjxd|*v vwdelol}dwlrq sodq ri 4<9;%/ plphr/ FHUHV/
Xuxjxd|1
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^4:5` Zlfnhu/ H1 +4<;9, %Whuplqdwlqj k|shulq�dwlrq lq wkh glvphpehuhg Kdsv0
exuj prqdufk|>% Dphulfdq Hfrqrplf Uhylhz/ Yro1 :9/ 68306971

^4:6` Zlooldpvrq/ M1 +4<<6, %Lvvxhv srvhg e| sruwirolr lqyhvwphqw lq ghyhorslqj
frxqwulhv%/ lq= V1 Fodhvvhqv dqg V1 Jrrswx/ hgv1/ Sruwirolr lqyhvwphqw lq
ghyhorslqj frxqwulhv/ Glvfxvvlrq sdshu Qr1 55;/ Wkh Zruog Edqn1

^4:7` Zrrgirug/ P1/ +4<<3, %Wkh rswlpxp txdqwlw| ri prqh|%/ lq= E1I1 Iulhg0
pdq dqg I1K1 Kdkq/ hgv1/ Kdqgerrn ri Prqhwdu| Hfrqrplfv1 Dpvwhugdp=
Qruwk0Kroodqg/ 439:044851

^4:8` ]dud}djd/ F1/ +4<<9, %Uhfxuuhqw k|shulq�dwlrqv lq d g|qdplf jdph zlwk
lpshuihfw prqlwrulqj lq wkh dssursuldwlrq ri vhljqrudjh%/ plphr/ Ihghudo
Uhvhuyh Edqn ri Gdoodv1
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Table 1    Major Exchange Rate-Based Inflation Stabilization Plans

Inflation Rate 1/   
Did the program end in crisis?DateLowestinitial 2/Exchange Rate ArrangementBeginning and Ending DatesPrograms

achieved 

No.  In spite of switching to a regime of minidevaluationsMay 196818.9   93.6Fixed exchange rate, with periodic devaluationsMarch 1964-August 1968Brazil 1964
after the Augut 1968 devaluation, inflation remained 
stable around 20 % per year until 1974. 
Yes. The initial 14 % devaluation was followed byFeb. 1969 5.7    26.4Fixed exchange rateMarch 1967-May 1970Argentina 1967
further devaluations and an 82% decline in reserves.
Yes. The initial 48 % devaluation was followed byJune 1969 9.5  182.9Fixed exchange rateJune 1968-December 1971Uruguay 1968
successive devaluations and an 81% decline in reserves.
Yes.  About 65% percent of  reserves were lost andMay 1982 3.7  52.1Feb. 1978-June 1979: pre-announced crawling pegFebruary 1978-June 1982Chilean tablita
by February 1983 the currency had depreciated by 55%.June 1979-June 1982: fixed exchange rate
Yes.  By March 1983 the central bank had lost 90% of Nov. 198211.041.2Pre-announced crawlingOctober 1978-November 1982Uruguayan tablita
its reserves and the peso had devalued by 70%.
Yes.  By April 1982, the currency had Feb. 198181.6  169.9Pre-announced crawling pegDecember 1978-February 1981Argentine tablita
depreciated by 410% and reserves fell by 71%.
No.  Inflation has continued to decline gradually.Nov. 19957.8 445.4Exchange rate policy had four stages 3/July 1985-presentIsrael 1985

Yes.  By September 1987, reserves had fallen by 75%June 198650.1 1,128.9June 1985-March 1986: fixed exchange rateJune 1985-September 1986Austral (Argentina)
and monthly inflation was above 10 percent. March 1986-Sept. 1986: crawling peg
Yes.  By March 1987, reserves had fallen by 58%Nov. 198676.2 286.0Fixed exchange rateFebruary 1986-November 1986Cruzado (Brazil)
and by December 1987, monthly inflation had reached 21%.
Yes.  Between February 1994 and January 1995, reservesSept. 1994 6.7159.0Feb. 1988-Dec. 1988: fixed exchange rate  4/December 1987-December 1994Mexico 1987
fell by 85% and, following the December 1994 devaluation,  Jan. 1989-Nov. 1991: preannounced crawling peg
the peso depreciated by about 100 percent in four months. Nov. 1991-Dec. 1994: exchange rate band
No.  Uruguay was not much affected by the Mexican crisis, Dec. 1996 24.4 133.7Exchange rate band with a declining rate December 1990-presentUruguay 1990
and inflation has continued to decline gradually. of devaluation
No.  As the Mexican crisis of December 1994 spilled over,  May 1996-0.3267.0Currency board with a one-to-one parity April 1991-presentConvertibility (Argentina)
reserves fell by 52% between mid-1994 and March 1995, butto the U.S. dollar. 
the fixed parity was maintained.  

Notes:  Unless otherwise noted, all pegs are against the U.S. dollar.  The fall in reserves is measured with respect to peak reserves during program.  Data end in Dec. 1996. 

1/  Twelve-month inflation rate.
2/  Twelve-month inflation rate in the month in which the program was implemented. 
3/  On July 1985, the New Israeli Shekel was pegged to the US dollar; in August 1986 the dollar peg was replaced by a peg to a basket of currencies.  The second phase of the program consisted of a
sequence of devaluations during 1987-early 1989.  In January 1989 a band with a fixed central parity was introduced.  In December 1991 a crawling band was introduced.
4/ The exchange rate fixing followed some initial devaluations between Dec. 15 and Feb. 29, 1988. 

Source:  Reinhart and Vegh (1995b), based on data from International Financial Statistics (IMF) and case studies cited in the text.
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Qrwh= Doo ghshqghqw yduldeohv duh h{suhvvhg lq shu fdslwd whupv1 Wkh vdpsoh
lqfoxghv Dujhqwlqd/ Fkloh/ Lvudho/ dqg Ph{lfr iru wkh shulrg 4<:;04<<61 Vwdq0
gdug huuruv lq sduhqwkhvlv1 Phwkrg ri hvwlpdwlrq zdv d 50vwhs JOV surfhgxuh
zklfk doorzv iru jurxszlvh dqg furvv0jurxs khwhurvfhgdvwlflw| dqg jurxszlvh
dxwrfruuhodwlrq1 Wkh uhjuhvvlrqv lqfoxgh �{hg h�hfwv +qrw uhsruwhg,1 Vljql�0
fdqfh dw wkh 43/ 8/ dqg 4 shufhqw ohyho lv lqglfdwhg e| rqh/ wzr/ dqg wkuhh vwduv/
uhvshfwlyho|
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Table 3.    Major Money-Based Inflation Stabilization Plans                               

Inflation Rate 1/   
DateLowestinitial 2/Monetary/exchange rate policyBeginning and Ending DatesPrograms

achieved 

Dec. 197763.4394.3Control of monetary aggregates was cornerstone.April 1975-December 1977Chile 1975
Exchange rate adjusted by past inflation  3/

Feb. 1991287.3 4,923.3Drastic cut in liquidity through forced rescheduling of domestic debt.December 1989-February 1991Bonex (Argentina)
Floating exchange rate.

Jan. 19911119.55,747.3Sharp liquidity squeeze through freeze of 70% of financial assets.March 1990-January 1991Collor (Brazil)
Tight monetary policy.  Exchange rate had a passive role
and simply accommodated inflation. 

Nov. 19932.560.0Aug. 1990-Dec. 1990: Exchange controls/black marketsAugust 1990-presentDominican Rep. 1990
Jan. 1991-July 1991: dual exchange rates
July 1991:  exchange market unification and floating

Sept. 199510.212,377.8Control of monetary aggregates; dirty floating.August 1990-presentPeru 1990

Note: Data end in December 1996.

1/  Twelve-month inflation rate.
2/  Twelve-month inflation rate in the month in which the program was implemented. 
3/  Significant measures toward lifting capital controls enacted only in June 1979 (Edwards and Cox Edwards (1991))

Sources:  International Financial Statistics (IMF),  Edwards and Cox Edwards (1991), Medeiros (1994), Kiguel and Liviatan (1996), and Favaro (1996).
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Qrwh= Ghshqghqw yduldeoh lv uhdo JGS shu fdslwd jurzwk1 Wkh vdpsoh frp0
sulvhv Dujhqwlqd/ Eud}lo/ Fkloh/ Grplqlfdq Uhsxeolf/ Lvudho/ Ph{lfr/ Shux/ dqg
Xuxjxd| iru wkh shulrg 4<:404<<81 Vwdqgdug huuruv lq sduhqwkhvlv1 Phwkrg ri
hvwlpdwlrq zdv d 50vwhs JOV surfhgxuh/ zklfk doorzv iurp jurxszlvh dqg furvv0
jurxs khwhurvfhgdvwlflw| dqg jurxszlvh dxwrfruuhodwlrq1 Doo uhjuhvvlrqv lqfoxgh
�{hg frxqwu| h�hfwv +qrw uhsruwhg,1 Vljql�fdqfh dw wkh 43/ 8/ dqg 4 shufhqw
ohyho lv lqglfdwhg e| rqh/ wzr/ dqg wkuhh vwduv/ uhvshfwlyho|1

:<



Wdeoh 81 Uhdo JGS shu fdslwd jurzwk= Sdqho hvwlpdwhv
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lqfoxghv Dujhqwlqd/ Eud}lo/ Fkloh/ Grplqlfdq Uhsxeolf/ Lvudho/ Ph{lfr/ Shux/
dqg Xuxjxd| iru wkh shulrg 4<:404<<81 Vwdqgdug huuruv lq sduhqwkhvlv1 Wkh 50
vwhs JOV surfhgxuh doorzv iru jurxszlvh dqg furvv0jurxs khwhurvfhgdvwlflw| dqg
jurxszlvh dxwrfruuhodwlrq1 Wkh uhjuhvvlrqv lqfoxgh �{hg h�hfwv +qrw uhsruwhg,1
Vljql�fdqfh dw wkh 43/ 8/ dqg 4 shufhqw ohyho lv lqglfdwhg e| rqh/ wzr/ dqg wkuhh
vwduv/ uhvshfwlyho|
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Figure 1.  Exchange rate-based stabilization
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Figure 2.  GDP, consumption, and investment in exchange rate-based stabilization
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Figure 3.  Money-based stabilization



Figure 4. Inflation inertia: Dynamic system
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Figure 5. Disinflation under inflation inertia
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Figure 7. Consumption of durable goods
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Source:  See text.



Figure 9. Money-based stabilization: Dynamic system
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Figure 10. Money-based stabilization: Time paths
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Figure 11. Krugman crisis


