
Frqvwudlqlqj Htxlwdeoh Doorfdwlrqv ri Wudgdeoh

Juhhqkrxvh Jdvhv Hplvvlrq Txrwdv e| Dffhswdelolw|�

P1 Jhupdlq dqg Y1 ydq Vwhhqehujkh
�

Mdqxud| 5334

Devwudfw

Doorfdwlrqv ri wudgdeoh juhhqkrxvh jdvhv +JKJ, hplvvlrq txrwdv dprqj frxqwulhv pd|

wdnh sodfh dffruglqj wr vhyhudo vkdulqj uxohv fruuhvsrqglqj wr d fhuwdlq shufhswlrq ri ht0

xlw|1 Iru lqvwdqfh/ doorfdwlqj txrwdv lq gluhfw sursruwlrq wr srsxodwlrq/ lq lqyhuvh uhodwlrq

wr JGS ru dffruglqj wr sdvw hplvvlrqv kdv ehhq dgyrfdwhg1 Wdnlqj d orqj whup shuvshf0

wlyh/ zh frpsxwh vxfk doorfdwlrqv ri wudgdeoh txrwdv zlwk d g|qdplf prgho ghyhorsshg rq

wkh edvlv ri wkh ULFH prgho +Qrukdxv dqg \dqj/ 4<<9,1 Wkh wrwdo dprxqw ri txrwdv wr

eh glvwulexwhg lq hdfk shulrg fruuhvsrqgv wr wkh wrwdo rswlpdo dprxqw ri hplvvlrqv wr eh

uhdolvhg dw hdfk shulrg1 Zh revhuyh wkdw wkh chtxlwdeoh* txrwdv doorfdwlrq uxohv wkh prvw

riwhq uhihuuhg wr duh qrw dffhswdeoh e| hyhu| frxqwu| dw hyhu| shulrg= vrph ri wkhp zrxog

eh ehwwhu r� e| qrw fr0rshudwlqj1 Zh wkhq sursrvh d phfkdqlvp zklfk ghwhuplqhv doorfd0

wlrqv ri JKJ hplvvlrq txrwdv wkdw vdwlvi| dv pxfk dv srvvleoh hdfk chtxlwdeoh* doorfdwlrq

uxoh zkloh nhhslqj dffhswdelolw| iru hdfk frxqwu|1

MHO fodvvl�fdwlrq = F:6/ I75/ K56/ T58/ T5;

Nh|zrugv = hqylurqphqwdo hfrqrplfv/ folpdwh fkdqjh/ g|qdplf jdphv/ wudgdeoh shu0

plwv/ htxlwdeoh doorfdwlrqv
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4 Lqwurgxfwlrq

Dqwkursrjhqlf hplvvlrqv ri jdvhv vxfk dv fduerq glr{lgh/ phwkdqh ru qlwurxv r{lgh kdyh dq

lq xhqfh rq wkh zruog folpdwh1 Wkhvh hplvvlrqv pl{ xqlirupo| dqg frqfhqwudwh lq wkh dw0

prvskhuh/ zklfk uhlqirufhv wkh juhhqkrxvh h�hfw dqg ohdgv wr whpshudwxuh lqfuhdvhv1 Wklv

frqfhqwudwlrq ri juhhqkrxvh jdvhv +JKJ, pd| eh vhhq dv d sxeolf cedg* wkdw lv ryhusurylghg1

Rqh pd| wkhuhiruh gh�qh dq rswlpdo dedwhphqw srolf| wkdw vshfl�hv/ wkurxjk wlph/ dq rswlpdo

ohyho ri hplvvlrqv +ru hplvvlrq uhgxfwlrqv, iru hdfk frxqwu|1 Wklv srolf| pxvw vdwlvi| wkh xvxdo

Vdpxhovrq frqglwlrq= wkh pdujlqdo frvwv ri dedwhphqw ri hdfk frxqwu| pxvw htxdo wkh vxp ri

doo frxqwulhv* pdujlqdo ehqh�wv ri wklv dedwhphqw1

D zkroh vwuhdp ri olwhudwxuh kdv irfxvhg rq cvhoi0hqiruflqj* djuhhphqwv/ wkdw lv rq djuhh0

phqwv vshfli|lqj wkh rswlpdo hplvvlrqv dedwhphqw ohyho +ru txrwdv, dqg vlgh sd|phqwv iru

hdfk frxqwu| +vhh iru lqvwdqfh Eduuhww +4<<5,/ Fduudur dqg Vlqlvfdofr +4<<6, dqg Fkdqghu dqg

Wxonhqv +4<<8/ 4<<:,,1 Lqghhg/ ehfdxvh frxqwulhv duh qrw dowuxlvwlf dqg ehfdxvh wkhuh lv qr

vxsudqdwlrqdo dxwkrulw| deoh wr lpsrvh frrshudwlrq/ wkh rswlpdo srolf| pd| eh vxfk wkdw d

frxqwu| ru d jurxs ri frxqwulhv lv zruvh r� zlwk wklv srolf|1 Vlgh sd|phqwv duh wkhq qhfhvvdu|

wr frpshqvdwh srwhqwldo orvhuv1

Wkh lpsohphqwdwlrq ri wkh rswlpdo srolf| pd| wdnh sodfh wkurxjk ydulrxv lqvwuxphqwv/

dprqj zklfk wkh lpsrvlwlrq ri wudgdeoh hplvvlrq txrwdv1 Lq wklv fdvh/ dq djuhhphqw kdv wr eh

uhdfkhg rq +l, wkh rswlpdo dprxqw ri hplvvlrqv wr eh uhdolvhg lq wkh zruog shu shulrg ri wlph

dqg +ll, wkh glvwulexwlrq �dprqj wkh frxqwulhv� ri wkh txrwdv fruuhvsrqglqj wr wklv rswlpdo

dprxqw ri hplvvlrqv1 Dqrwkhu vwuhdp ri olwhudwxuh kdv sursrvhg vr0fdoohg chtxlwdeoh* vkdulqj

uxohv iru wklv glvwulexwlrq ri wkh txrwdv +vhh hvshfldoo| Urvh hw do1 +4<<;,,1 Dffruglqj wr

vrph ri wkhp/ wkh rxwfrph0edvhg uxohv/ wkh uhvxowlqj zhoiduh +ru rssrvlwh ri wrwdo frvwv, vkrxog

vdwlvi| vrph surshuwlhv1 Dffruglqj wr rwkhuv/ wkh doorfdwlrq0edvhg uxohv/ wkh txrwdv wkhpvhoyhv

vkrxog eh glvwulexwhg lq d fhuwdlq zd|1 Vrph ri wkhvh uxohv pd| krzhyhu ohdg d frxqwu| ru d

jurxs ri frxqwulhv wr d ohyho ri zhoiduh zklfk lv ehorz wkh rqh wkdw lw zrxog hqmr| li wkh rswlpdo

srolf| zdv qrw lpsohphqwhg1

Wkh dlp �dqg wkh pdlq frqwulexwlrq� ri wklv sdshu frqvlvwv lq jdwkhulqj wkh wzr vwuhdpv ri

olwhudwxuh phqwlrqqhg deryh e| dguhvvlqj wkh iroorzlqj txhvwlrq= lq wkh orqj uxq/ krz idu fdq

zh jr lq dsso|lqj htxlwdeoh vkdulqj uxohv iru dq djuhhphqw wr eh vhoi0hqiruflqj B Zh sursrvh

d phfkdqlvp lq rughu wr frpsxwh doorfdwlrqv ri wudgdeoh txrwdv zklfk duh edvhg rq chtxlwdeoh*

vkdulqj uxohv exw zklfk duh frqvwudlqhg e| dffhswdelolw|1 Lqghhg/ zh dvvxph wkdw frxqwulhv gr

d cfrvw0ehqh�w dqdo|vlv* ri wkhlu sduwlflsdwlrq lq dq lqwhuqdwlrqdo wuhdw| �vshfli|lqj doorfdwlrqv

ri wudgdeoh txrwdv� dqg gr dffhsw wr sduwlflsdwh rqo| li wkhlu qhw jdlq lv kljkhu wkdq li qr

frpplwphqw dw doo zhuh wr wdnh sodfh > frrshudwlrq wkxv uhtxluhv lqglylgxdo udwlrqdolw|1

D vkruw exw qlfh uhylhz ri wkh olwhudwxuh rq wkh h�hfwv ri gl�huhqw chtxlwdeoh* vkdulqj uxohv

kdv ehhq pdgh lq Urvh hw do1 +4<<;,1 Wkh| frqfoxgh wkdw wkh uhylhzhg sdshuv +pdlqo| Oduvhq

dqg Vkdk +4<<7,/ Erkp dqg Oduvhq +4<<7,/ Hgprqgv hw do1 +4<<8,/ Ulfkhov hw do1 +4<<9,/ Urvh

dqg Vwhyhqv +4<<6, dqg Eduuhww +4<<5,, kdyh rqh ru vhyhudoo olplwdwlrqv/ dprqj zklfk +l, wkh

fkrlfh ri d vhw ri uhjlrqv zklfk grhv qrw ixoo| fryhuv wkh joreh/ +ll, d wrr vkruw wlph krul}rq/

+lll, lghqwlfdo frvw ixqfwlrqv iru wkh uhjlrqv dqg +ly, wkh lpsrvvlelolw| wr prgho ru wr frpsxwh

doo w|shv ri vkdulqj uxohv1 Wkhvh olplwdwlrqv zhuh ryhufrph lq Urvh hw do1 +4<<;,1 Krzhyhu/

dv wkh dxwkruv vxjjhvw lw/ wkhlu rzq prgho lv qrw ixoo| g|qdplf dqg ��grhv qrw lqfrusrudwh

ehqh�wv dvvrfldwhg zlwk juhhqkrxvh jdvhv plwljdwlrq��1
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D vhfrqg frqwulexwlrq ri wklv sdshu lv wr dguhvv wkhvh wzr ixuwkhu olplwdwlrqv1 Wr gr vr/

zh xvh d forvhg0orrs vlpsol�hg yhuvlrq ri wkh ULFH <9 prgho +Qrugkdxv dqg \dqj +4<<9,,

wkdw kdv ehhq ghyhorsshg e| Jhupdlq dqg ydq \shuvhoh +4<<<,1 Wklv g|qdplf prgho doorzv

dq djuhhphqw wr eh qhjrwldwhg e| wkh uhjlrqv dw hdfk shulrg/ zkloh d qrq ixoo| g|qdplf +l1h1

rshq orrs, prgho dvvxphv wkdw dq djuhhphqw lv hvwdeolvkhg rqfh iru doo1 Ixuwkhupruh/ lw

lqfrusrudwhv h{solflwo| gdpdjhv +ru dyrlghg gdpdjhv, fdxvhg e| wkh joredo zduplqj1 Wklv lv

fuxfldo ehfdxvh gdpdjhv pd| gl�hu wr d odujh h{whqg dffurvv wkh uhjlrqv ri wkh zruog > vrph

ri wkhp pljkw hyhq ehqh�w iurp wkh joredo zduplqj/ zklfk zrxog ghfuhdvh wkhlu dffhswdelolw|

ri dq djuhhphqw rq JKJ hplvvlrqv uhgxfwlrqv1

Zkhq zh wdnh d orqj whup shuvshfwlyh/ vkdulqj uxohv pd| dovr ydu| dffurvv wlph1 Wklv kdv

iru lqvwdqfh ehhq dgyrfdwhg e| Juxee +4<<8, ru Nyhuqgrnn +4<<8, lq wkh ylhz ri pdnlqj pruh

dffhswdeoh dq doorfdwlrq ri dq htxdo dprxqw ri txrwdv shu khdg1 Dv d wklug frqwulexwlrq/ zh

ghyrwh vrph dwwhqwlrq wr wkh lpsohphqwdwlrq ri vxfk hyroxwlyh uxohv1 Wkh g|qdplf dvshfw ri

wkh prgho lv sduwlfxoduo| uhohydqw iru vxfk dq dqdo|vlv1

Wkh vwuxfwxuh ri wkh sdshu lv wkh iroorzlqj1 Vhfwlrq 5 lqwurgxfhv dqg glvfxvvhv wkh pdlq

vr0fdoohg chtxlwdeoh* vkdulqj uxohv1 Wkh forvhg0orrs prgho wkdw zh xvh lv suhvhqwhg lq vhfwlrq 61

Zh dovr h{sodlq wkh zd| e| zklfk wudgdeoh txrwdv duh lqwurgxfhg lq wkh prgho1 Wkh uhvxowv ri

wkh gl�huhqw vkdulqj uxohv duh wkhq dqdo|vhg lq vhfwlrq 71 Zh fkhfn zkhwkhu wkh prvw frpprq

chtxlwdeoh vkdulqj uxohv* lqgxfh wkh frrshudwlrq ri hyhu| frxqwu| ru qrw1 Dv vxjjhvwhg deryh/

frrshudwlrq lv dvvxphg wr wdnh sodfh li lw lv lqglylgxdoo| udwlrqdo iru hyhu| frxqwu| wr frrshudwh1

Zh �qg wkdw sduwlflsdwlrq frqvwudlqwv duh vwurqj/ dv qr sxuh doorfdwlrq0edvhg htxlwdeoh uxoh

grhv vdwlvi| lqglylgxdo udwlrqdolw|1 Lq vhfwlrq 8/ zh wkhq frpsxwh doorfdwlrqv ri txrwdv wkdw

duh edvhg rq chtxlwdeoh vkdulqj uxohv* exw frqvwudlqhg e| sduwlflsdwlrq1 Wkhvh cudwlrqdoo|

htxlwdeoh* doorfdwlrqv vkrz krz idu zh fdq jr lq wkh dssolfdwlrq ri htxlwdeoh vkdulqj uxohv li

frxqwulhv duh qrw dowuxlvwlf1 Vhfwlrq 9 dlpv dw dqdo|vlqj d sduwlfxodu �hyroxwlyh� vkdulqj uxoh=

doorfdwlqj wkh txrwdv dffruglqj wr sdvw hplvvlrqv lq d �uvw wlph dqg surjuhvvlyho| whqglqj wr

dq htxdo doorfdwlrq shu khdg dprqj wkh frxqwulhv1 Ilqdoo|/ vhfwlrq : frqfoxghv1

5 cHtxlwdeoh* vkdulqj uxohv

Vkdulqj uxohv qhhg wr eh edvhg rq vrph phvxudeoh fkdudfwhulvwlfv �ru fulwhuld� ri hyhu| frxqwulhv1

Wkh fulwhuld wkh prvw riwhq uhihuuhg wr duh srsxodwlrq +SRS,/ jurvv grphvwlf surgxfw +JGS,

dqg klvwrulfdo hplvvlrqv +Hr, +
�
, +vhh froxpq 4 lq wkh iroorzlqj wdeoh,1 Wkhvh fulwhuld wkhq

doorz rqh wr ghvljq vkdulqj cidfwruv* +vhh froxpq 5 lq wkh iroorzlqj wdeoh,1 Wkh| vshfli| krz

wkh slh kdv wr eh vkduhg/ olnh lq gluhfw sursruwlrq ri srsxodwlrq iru lqvwdqfh/ ru lq dq lqyhuvh

zhljkwhg sursruwlrq ri JGS shu fdslwd +
�
,1

Exw zkdw lv wkh slh wr eh vkduhg B Lw pd| eh hlwkhu wkh wrwdo dprxqw ri hplvvlrq txrwdv
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wkdw kdyh ehhq gh�qhg ru wkh wrwdo +hfrorjlfdo, vxusoxv ghulyhg iurp frrshudwlrq1 Lq wkh

iruphu fdvh/ wkh qrwlrq ri htxlw| ehduv gluhfwo| rq wkh glvwulexwlrq ri wkh surshuw| uljkwv rq d

uhvrxufh wkdw kdv ehhq yrorqwdulo| pdgh vfdufh1 Vkdulqj wkh �{hg qxpehu ri hplvvlrq txrwdv

dprqj wkh frxqwulhv dprxqwv wr doorfdwlqj dq hfrqrplf jrrg wkdw kdv qhyhu ehhq doorfdwhg

ehiruh1 Iru dq| vkdulqj idfwru �/ vxfk d vkdulqj uxoh wkdw vshfl�hv gluhfwo| wkh dprxqw ri

wudgdeoh txrwdv uhfhlyhg e| hdfk frxqwu| l zloo eh fdoohg doorfdwlrq0edvhg dffruglqj wr Urvh hw

do1 +4<<;, whuplqrorj| +vhh froxpq 6 lq wkh iroorzlqj wdeoh, +
�
,1

Wdeoh 4= Vkdulqj uxohv

Fulwhuld Vkdulqj idfwruv Doorfdwlrq0edvhg uxohv Rxwfrph0edvhg uxohv

Srsxodwlrq � � @ �������� � ���	� � Hjdolwduldq Krul}rqwdo htxlw|= srs1

JGS � � @ 
�� �
�� � 
�� � � JGS Krul}rqwdo htxlw|= JGS

JGS dqg Srs1 � � @
���	� ��������� ��
��� �������� � �����
��������� ������ � � ��� � ? 4 Delolw| wr sd| Yhuwlfdo htxlw|

Klvw1 hplvvlrqv � � @ �	 �� � �� � Judqgidwkhulqj 2

Lq wkh odwwhu fdvh/ wkh qrwlrq ri htxlw| ehduv rq wkh glvwulexwlrq ri wkh qhw jdlqv surylghg

e| wkh djuhhphqw/ wkdw lv wkh gl�huhqfh ehwzhhq wkh wrwdo zhoiduh ri wkh frxqwulhv xqghu frrs0

hudwlrq wr olplw wkh hplvvlrqv ri JKJ + ! , dqg wkhlu wrwdo zhoiduh lq d qrq frrshudwlyh vfhqdulr1
Vxfk vkdulqj uxohv wkdw vshfli| wkh qhw jdlqv hqmr|hg e| hdfk frxqwu| l zloo eh fdoohg rxwfrph0

edvhg uxohv +vhh froxpq 7 lq wkh suhfhglqj wdeoh,1 Iurp wkdw rxwfrph/ lw lv wkhq srvvleoh wr

lqihu wkh fruuhvsrqglqj doorfdwlrq ri wudgdeoh txrwdv1

Ohw*v qrz wxuq wr wkh vhw xs ri wkh g|qdplf prgho xvhg wr vlpxodwh wkh rswlpdo dedwhphqw

wudmhfwrulhv dqg wkh frxqwulhv* ehkdylrxu xqghu wkhvh ydulrxv txrwdv vkdulqj uxohv1

6 Wkh prgho

614 Suholplqdulhv

Frqvlghu wkh iroorzlqj prgho ghyhorsshg e| Jhupdlq dqg ydq \shuvhoh +4<<<,1 q frxqwulhv ru

uhjlrqv lqgh{hg e| l 5 Q @ i4> 5> ===> qj pxvw ghflgh rq ohyhov ri FR " hplvvlrqv dedwhphqw ryhu
vrph sodqqlqj shulrg � @ i4> 5> ===> Wj +W d srvlwlyh dqg �qlwh lqwhjhu,1 Dw hdfk shulrg w 5 �/

hplvvlrqv ri FR " duh d sursruwlrq ri frxqwu| l*v rxwsxw \ �$# +l 5 Q / w 5 �, zklfk lv h{rjhqrxv1

Wklv sursruwlrq lv ghwhuplqhg e| dq h{rjhqrxv hplvvlrqv2rxwsxw udwlr � �%# +l 5 Q / w 5 �, dqg

e| wkh hplvvlrqv frqwuro udwh � �%# +3 � � �&# � 4, fkrvhq e| frxqwu| l dw shulrg w =

H �$# @ � �$# ^4� � �%# `\ �&# = +4,

Wkh exvlqhvv dv xvxdo hplvvlrqv ri d frxqwu| l dw wlph w lv wkxv jlyhq e| � �$# \ �&# 1
Zkhuhyhu wkh| duh hplwwhg/ wkhvh srooxwdqwv dffxpxodwh lq wkh dwprvskhuh1 Wkh frqfhq0

wudwlrq ri FR " / P #('*) / zlwk uhvshfw wr lwv suhlqgxvwuldo ohyho/ P + / zulwhv dv

P #('�) �P + @ ^4� �` ^P # �P + ` . � ,[�.-�) H �&# +5,

/ kZ�>� 68A*jI�<���'�9� ��@yW 
,S�����0��/��6�7 jI���
� 
�S
���<O��a�>��

E[�	6���@	��A2;TG�Y �Z�9�<@ @ � �9oT4�� ����:�@	��cT���8��

�	6�A�
�48@ ���X��@	@C�
�8�'���8��
��	6�AQ
�48@ ���
��
>�9�>�96<�>�97=:C��@ ��Y�Wl$'�2�>�[�548
,�>�8�9
>EQ��

�������2�MY��[��6�@ ;R����6��
�	7��9
M�8�9
>�Q�
���QEF���
�N����EFEF��6=�
����
>� 6�A^
�4�@	�9�N��EF��6�A �������
�
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�S�����0 ��W1 ('� D���6%�[���9
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zkhuh � +3 ? � ? 4, lv wkh udwh ri ghfd| ri FR " lq wkh dwprvskhuh dqg � +3 ? � ? 4, lv

wkh pdujlqdo dwprvskhulf uhwhqwlrq udwlr ri FR " 1 Wklv frqfhqwudwlrq prgl�hv wkh udgldwlyh

iruflqj zklfk wkhq lq xhqfhv wkh dwprvskhulf whpshudwxuh z1u1w1 lwv suhlqgxvwuldo ohyho/ �W #
+wkh vr0fdoohg cjuhhqkrxvh h�hfw*,1 Wklv h�hfw lv vxppdul}hg e|

�W # @ � oq

�
P #
P +

�
+6,

zkhuh � +3 ? �, lv h{rjhqrxv1

Hdfk frxqwu| wkhuhiruh ehduv wzr w|shv ri frvwv1 Rq wkh rqh kdqg/ wkh lqfuhdvh ri wkh

whpshudwxuh fdxvhv gdpdjhv wr frxqwu| l =

G �&# +�W # , @ e �() �W � ���# \ �&#
ru

G �$# +P # , @ e � )
�
� oq

�
P #
P +

�� � ���
\ �$# +7,

e| +6,/ zkhuh e � ) dqg e � " +l 5 Q, duh srvlwlyh sdudphwhuv +zlwk e � " A 4,1 Rq wkh rwkhu kdqg/

wkh frqwuro ri FR " hplvvlrqv e| d frxqwu| l 5 Q dw d wlph w 5 �/ wkurxjk wkh fkrlfh ri � �%# A 3/

uhtxluhv wkh xvh ri ohvv srooxwlqj whfkqrorjlhv zklfk duh pruh h{shqvlyh1 Wklv frvw lv h{suhvvhg

e|

F �$# +H �$# , @ d � )
�
4�

H �&#
� �%# \ �%#

� � ���
\ �%# +8,

zkhuh 4� � ���� ����� ��� @ � �%# lv wkh frqwuro udwh/ dqg zkhuh d �() dqg d � " +l 5 Q, duh srvlwlyh sdudphwhuv

+zlwk d � " A 4,1

Frxqwulhv pxvw wkhuhiruh edodqfh wkh dedwhphqw frvwv zlwk wkh gdpdjh frvwv zkhq ghflglqj

rq d ohyho ri hplvvlrqv1 Exw dv wkh hplvvlrqv ri d frxqwu| frqwulexwh wr wkh gdpdjhv ri doo

frxqwulhv/ wkh fkrvhq dedwhphqw udwh zloo eh gl�huhqw dffruglqj wr zkhwkhu wkh frxqwulhv gr

wdnh wklv h{whuqdolw| lqwr dffrxqw ru qrw1

615 Wkh lqwhuqdwlrqdo rswlpxp

Li hdfk frxqwu| wdnhv lqwr dffrxqw wkh lpsdfw ri lwv hplvvlrqv rq wkh rwkhu frxqwulhv/ dq

lqwhuqdwlrqdo rswlpxp lv uhdfkhg1 Frxqwulhv ghwhuplqh/ dw hdfk shulrg/ dq dedwhphqw srolf|

wkdw plqlpl}hv wkh vxp ri wkhlu uhvshfwlyh glvfrxqwhg frvwv wr eh eruqh iurp wkdw shulrg xqwlo

wkh odvw rqh/ W 1 Irupdoo|/ wklv rswlpdo srolf| vroyhv/ dw hdfk shulrg ri wlph w 5 �=

plq	 ��
 � 
�
�� ��� � � ��� ���
+ �
[
� - # ,[�%-*) �

�
^F � � +H � � , . �G ��� � '*) +P � '�) ,`

,
+9,

vxemhfw wr +4,0+8, dqg wr 3 ? H �%# � � �%# \ �%# ;l 5 Q> ;w 5 � dqg zkhuh � +3 ? � � 4, lv wkh

glvfrxqw idfwru1 Fdoo H ��&# wkh rswlpdo ohyho ri hplvvlrqv iru frxqwu| l dw shulrg w1 Wkh rswlpdo

udwhv ri dedwhphqw dw wlph w/ � �# / iroorzv iurp +4, dqg wkh rswlpdo vwrfn ri FR " / P �# / dw wkh
vdph shulrg lv ghwhuplqhg e| +5,1 Dw hdfk shulrg w/ wkh rswlpdo srolf| vdwlv�hv wkh xvxdo

Vdpxhovrq frqglwlrq iru sxeolf jrrgv =

F ���� # �H ���� # � @ ��� ,[� -�)

�
[
� - # �

� � #
^4� �`

�!� #
G �� � � '�) �P �� '�) � +:,
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wkdw lv wkh pdujlqdo dedwhphqw frvw ri hyhu| frxqwu| lv htxdo wr wkh vxp ri wkh pdujlqdo

gdpdjhv dfurvv wkh frxqwulhv dqg dfurvv wlph1 Wkhuhiruh/ iurp d froohfwlyh srlqw ri ylhz/ wkh

rswlpxp lv ehwwhu wkdq dq| rwkhu +qrq0frrshudwlyh lq sduwlfxodu, srolf|1

Qrwklqj hqvxuhv krzhyhu wkdw wklv lv dovr yhul�hg dw wkh lqglylgxdo ohyho1 Lqghhg/ frxqwulhv

ehlqj gl�huhqw/ vrph ri wkhp pd|/ dw vrph shulrgv/ eh ehwwhu r� dw wkh qrq0frrshudwlyh

htxloleulxp wkdq dw wkh rswlpxp/ vr wkdw frrshudwlrq lv qrw sur�wdeoh iru wkrvh frxqwulhv +dw

ohdvw dw wkrvh shulrgv,+
�
,1

616 Doorfdwlrq ri wudgdeoh txrwdv wr vxvwdlq frrshudwlrq

Edvhg rq d wkhruhwlfdo zrun e| Fkdqghu dqg Wxonhqv +4<<80:, dqg Jhupdlq hw do1 +4<<<,/

Jhupdlq dqg ydq \shuvhoh +4<<<, sursrvh iru wkh folpdwh fkdqjh iudphzrun d v|vwhp ri �qdq0

fldo frpshqvdwlrq ehwzhhq frxqwulhv wkdw hqvxuhv wkdw qrqh ri wkhp +dqg hyhq qr vxejurxs

ri wkhp, hyhu kdv dq lqwhuhvw wr ghyldwh iurp wkh lqwhuqdwlrqdo rswlpxp1 Wkhlu phfkdqlvp

ri frpshqvdwlrq lv exlow e| edfnzdug lqgxfwlrq +vwduwlqj dw wkh odvw shulrg, dqg lv edvhg rq

�qdqfldo vlgh sd|phqwv1 Zh dgdsw lw wr wkh frqwh{w ri wudgdeoh txrwdv1

Dv vxjjhvwhg lq vxevhfwlrq 614/ dw hyhu| shulrg ri wlph w hdfk frxqwu| fkrrvhv ehwzhhq/ rq

wkh rqh kdqg/ frrshudwlqj dqg uhfhlylqj hH ��� # wudgdeoh txrwdv zlwk S � hH � � # @S � H �� � # +vljqlqj
wkh djuhhphqw,+

�
, dqg/ rq wkh rwkhu kdqg/ dgrswlqj d qrq0frrshudwlyh srolf|1 Zh dvvxph

wkdw wkh pdunhw iru wudgdeoh txrwdv lv shuihfwo| frpshwlwlyh+
�
, dqg wkdw frxqwulhv duh qhlwkhu

doorzhg wr eruurz txrwdv/ qru wr edqn vrph ri wkhp1

Dw wkh odvw ghflvlrq shulrg �shulrg W� dqg lq wkh devhqfh ri frrshudwlrq/ wkh idoo0edfn

srvlwlrq ri hdfk frxqwu| lv vxssrvhg wr eh wkh qrq0frrshudwlyh Qdvk htxloleulxp1 Lq wkdw fdvh/

jlyhq dq lqkhulwhg vwrfn P � / lw vroyhv wkh iroorzlqj sureohp

plq� ��� iF �
� +H � � , . �G � � � '*) +P � '�) ,j +;,

vxemhfw wr +4,0+8,/ 3 ? H � � � � � � \ � � dqg H� � +m 9@ l, jlyhq1 Fdoo Y � � � wkh uhvxowlqj frvw iru

frxqwu| l ri wkh vlpxowdqhrxv uhvroxwlrq ri wklv sureohp e| wkh q frxqwulhv/ H
���� � wkh uhvxowlqj

hplvvlrq ohyho dqg �
���� � wkh fruuhvsrqglqj dedwhphqw udwh1

Ohw Z ��� � eh wkh frvw ehduhg e| frxqwu| l dw wlph W li lw zdv doorfdwhg dq dprxqw ri txrwdv

fruuhvsrqglqj wr lwv rswlpdo ohyho ri hplvvlrqv/ wkdw lv

Z � � � @ F ��� � �H �� � � �. �G ��� � '�) �P �� '�) � =
Jlyhq +:, zlwk w @ W / wkh sulfh ri wkh wudgdeoh txrwdv dw shulrg W / � �� / lv jlyhq e|

� �� @ �F �� � � �H �� � � � @ �� ,[� -�) G �� � � '�) �P �� '�) � ;l 5 L

� �������>��EF� ���8�96���E[��6���6�����6 �T�9��4�
[�f��
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Lqghhg/ ehfdxvh wkh pdunhw iru txrwdv lv shuihfwo| frpshwlwlyh/ hyhu| frxqwu| fkrrvhv wr dedwh

+dqg wr ex| ru wr vhoo txrwdv dffruglqj wr wkhlu ohyho ri dedwhphqw, vxfk wkdw lwv pdujlqdo frvw

ri dedwhphqw +wkh rssruwxqlw| frvw ri ex|lqj ru wkh rssruwxqlw| jdlq ri vhoolqj d txrwd, htxdov

wkh sulfh ri wkh txrwdv1

Jlyhq wkh vkdulqj uxoh wkdw lv ehlqj xvhg iru wkh txrwdv doorfdwlrq
q
hH ��� � > ===> hH � � �

r
zklfk

lv vxfk wkdw
S � hH

� � � @
S �

H
�� � � / wkh wrwdo frvw ri frrshudwlqj dw shulrg W iru frxqwu| l lv wkxv=

iZ
� � � @ F

� � � �H �� � � �. �G
� � ���	� �P ��
�	� �. �

��
k
H
�� � � � hH

� � �
l

+<,

@ Z
� � � . �

��
k
H
�� � � � hH

� � �
l
=

Iroorzlqj Jhupdlq dqg ydq \shuvhoh +4<<<,/ zh fkrrvh wkh hH
� � � lq vxfk d zd| wkdw lq0

whuqdwlrqdo frrshudwlrq �zlwk wudgdeoh txrwdv� lv lqglylgxdoo| udwlrqdo iru doo frxqwulhv/ l1h1

vxfk wkdw hdfk frxqwu| hqmr|v orzhu frvwv wkdq dw lwv idoo0edfn srvlwlrq/ wkh qrq0frrshudwlyh

htxloleulxp1 Irupdoo|/ wkh hH
� � � duh vxfk wkdw +

�
,

Y
� � � � iZ

� � � @Z
� � � . �

��
k
H
�� � � � hH

� � �
l
> ;l 5 Q= +43,

Zh wkhq pdnh wkh iroorzlqj dvvxpswlrqv= +l, wkdqnv wr wkh doorfdwlrq ri txrwdv wkdw jxdudqwhhv

wkdw +43, lv vdwlv�hg/ frxqwulhv zloo vljq wkh djuhhphqw lq shulrg W > +ll, wklv frrshudwlrq lq

shulrg W lv shuihfwo| dqwlflsdwhg lq wkh suhfhglqj shulrgv1

Wkh vdph uhdvrqlqj lv wkhq dssolhg iru wkh suhfhglqj shulrgv = dw hdfk shulrg/ wkh frxqwulhv

idfh wkh vdph dowhuqdwlyh ri zkhwkhu wr frrshudwh ru qrw/ nqrzlqj wkdw wkh| zloo frrshudwh lq

wkh ixwxuh wkdqnv wr doorfdwlrqv ri txrwdv wkdw pdnh frrshudwlrq lqglylgxdoo| udwlrqdo1

Irupdoo|/ li hdfk frxqwu| frrshudwhv dw shulrg w nqrzlqj wkdw frrshudwlrq zloo dovr wdnh

sodfh dw wkh vxevhtxhqw shulrgv/ frxqwu| l ehduv wkh iroorzlqj wrwdo rswlpdo frvw zlwk txrwdv =

iZ
� � � @ F

� � � �H �� � � �. �G
� � �
�	� �P ��
�	� �. � �

k
H
�� � � � hH

� � �
l
. �iZ

� � ����� +44,

zkhuh H
�� � � lv jlyhq e| wkh uhvroxwlrq ri wkh rswlpdo sureohp +9, dw shulrg w/ hH

� � � lv wkh dprxqw

ri txrwdv glvwulexwhg wr frxqwu| l dw wlph w dqg wkh sulfh ri wkh wudgdeoh txrwdv dw wlph w/ �
�� /

lv jlyhq e|=

�
�� @ ��

�[
��� �

�
[
� � �

�
��� �

^4� �`
��� �

G
�� � � �	�

�
P

�� �	�
�
= +45,

Wklv rswlpdo wrwdo frvw lv frpsrvhg ri wkh fxuuhqw frvwv/ lqfoxglqj wkh frvwv ri wkh qhw sxufkdvh

ri txrwdv/ dqg ri wkh ixwxuh frvwv/ lqfoxglqj wkh frvwv ri wkh ixwxuh qhw sxufkdvh ri txrwdv1

Li/ rq wkh rwkhu kdqg/ wkh| ehkdyh qrq0frrshudwlyho| dw wlph w/ hdfk frxqwu| fdofxodwhv wkh

iroorzlqj ydoxh ixqfwlrq=

Y
� � +P � , @ plq���
�����

q
^F
� � +H

� � , . �G
� � �
��� +P �
��� ,` . �iZ

� � �
��� +P �
�	� ,
r

+46,

vxemhfw wr +4,0+8,/ 3 ? H
� � � �

� � \
� � / H� � +m 9@ l, jlyhq dqg zkhuh iZ

� � �
�	� lv gh�qhg iroorzlqj

+44,1 Wkh vlpxowdqhrxv uhvroxwlrq ri wkh q sureohpv +46, ohdgv wr zkdw lv fdoohg �e| Jhupdlq

dqg ydq \shuvhoh +4<<<,� wkh idooedfn qrq0frrshudwlyh htxloleulxp dw shulrg w1
��� <*< "6+A0'&�(*$#U &�28�:VRQ#"'&�053 	
 ��
  3�Q#+�2 &�280'&"!$#&%('!2R".<* #3 (*3N(*$R #�,�B /�";3O3�(*PR<*�:P@�,+,05Q#3��W&�2#� ( $;&��,-�$#0'&�( "5$#0.< "5/R&�(*9NQ#9 (*3
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Wkh txrwdv hH
� � � duh fkrvhq vxfk wkdw frrshudwlrq lv lqgxfhg dw shulrg w/ wkdw lv hH

� � � vdwlv�hv
iZ
� � � � Y

� � � ;l 5 Q> ;w 5 � zlwk
S �� � � hH

� � � @
S �� � � H �� � � 1

EhfdxvhiZ
� � � � Y

� � � ;l/ zh djdlq dvvxph +dv dw shulrg W , wkdw frxqwulhv zloo lqghhg frrshudwh

lq shulrg w dqg wkdw wklv lv shuihfwo| dqwlflsdwhg lq wkh suhfhhglqj shulrgv1 Frrshudwlrq wkhq

h{whqgv wr doo shulrgv e| edfnzdug lqgxfwlrq1

617 Hyroxwlyh vkdulqj uxohv

Qrwh wkdw lw lv dovr srvvleoh wr ghwhuplqh uxohv zklfk duh edvhg rq gl�huhqw vkdulqj idfwruv

wkhpvhoyhv edvhg rq gl�huhqw fulwhuld1 Iru lqvwdqfh/ kdoi ri wkh hfrorjlfdo vxusoxv frxog eh

doorfdwhg lq gluhfw sursruwlrq wr wkh JGS +krul}rqwdo htxlw|= JGS/ vhh wdeoh 4,/ zkloh wkh

rwkhu kdoi zrxog eh doorfdwhg dffruglqj wr wkh srsxodwlrq +krul}rqwdo htxlw|= srs1/ vhh wdeoh

4,1 Vhyhudoo uxohv ri wklv nlqg kdyh ehhq sursrvhg gxulqj wkh qhjrwldwlrq ri wkh N|rwr txrwdv

doorfdwlrq +vhh Ulqjxv hw do1/ 4<<;,1 Vxfk pl{hg vkdulqj uxohv zloo eh fdoohg hyroxwlyh vkdulqj

uxohv zkhqhyhu wkh| duh fkdudfwhul}hg e| d surjuhvvlyh vzlwfk iurp rqh uxoh wr dqrwkhu wkurxjk

wlph1

Wkh g|qdplf dvshfw ri rxu prgho pdnhv wkh vwxg| ri chyroxwlyh vkdulqj uxohv* sduwlfxoduo|

uhohydqw1 Frqvlghu dq| wzr vkdulqj uxohv D dqg E ohdglqj wr doorfdwlrqv
q
hH
�� � � > ===> hH

�
� � �
r
dqg

q
hH
�� � � > ===> hH

�
� � �
r
zlwk

S �� � � hH
�� � � @

S �� � � hH
�� � � @

S �� � � H �� � � dw shulrg w/ dv zhoo dv sdudphwhu � �
zlwk 3 � � � � 4 ;w 5 �1 Li zh xvh d pl{hg ru dq hyroxwlyh fulwhulrq edvhg rq wkhvh vkdulqj

uxohv/ +44, uhzulwhv dv=
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Figure 3.1: Business as usual emissions per 
head per year (in tons)
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Figure 4.1: Optimal emissions per head per year 
(in tons)
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� , duh suhvhqwhg lq

�jxuh 7151 Wkhvh duh vxfk wkdw wkh pdujlqdo dedwhphqw frvwv duh htxdol}hg dffurvv uhjlrqv1

Wkh| duh orzhvw iru wkh prvw lqgxvwuldolvhg uhjlrqv dqg vwd| dw d uhodwlyho| kljk ohyho iru FKL

dqg URZ/ zkr srooxwh ohvv exw duh fkdudfwhul}hg e| d pxfk kljkhu hplvvlrqv2rxwsxw udwlr

+� ��� ,1

Figure 4.2: Optimal emissions abatement rates (%)
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dyhudjh ri LSFF*v EDX whpshudwxuh lqfuhdvh surmhfwlrqv1 Wkh rswlpdo whpshudwxuh ghfuhdvh

�zlwk uhvshfw wr wkh EDX whpshudwxuh� lv ri durxqg 31:8
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F dw wkh ehjlqqlqj ri wkh qh{w

fhqwxu|1 Wklv lv odujhu wkdq wkh 3158
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F ghfuhdvhv lq/ uhvshfwlyho|/ Qrugkdxv
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Figure 4.3: Optimal and BAU temperature increase (in °C)
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715 Duh htxlwdeoh vkdulqj uxohv dffhswdeoh B

Lq wklv vhfwlrq/ zh surylvlrqdoo| dvvxph h{0dqwh wkdw wkh doorfdwlrq ri txrwdv dffruglqj wr wkh

gl�huhqw vkdulqj uxohv lqgxfh frrshudwlrq dqg zh fkhfn h{0srvw zkhwkhu lqglylgxdo udwlrqdolw|

lv vdwlv�hg ru qrw1

Qrwh wkdw rqfh wkh rswlpdo dedwhphqw srolf| +rswlpdo dprxqw ri hplvvlrqv shu shulrg, kdv

ehhq frpsxwhg/ hdfk ri wkh irxu doorfdwlrq0edvhg vkdulqj uxohv gluhfwo| ghwhuplqhv wkh txrwdv

wr eh uhfhlyhg e| hdfk uhjlrq1 Lqghhg/ qhlwkhu wkh rswlpdo srolf|/ qru wkhvh vkdulqj uxohv/ gr

ghshqg rq wkh qrq0frrshudwlyh idooedfn htxloleulxp1 Rq wkh frqwudu|/ wkh doorfdwlrq ri txrwdv

dffruglqj wr hdfk ri wkh wkuhh rxwfrph0edvhg vkdulqj uxohv grhv/ e| gh�qlwlrq/ ghshqgv rq wkh

idooedfn htxloleulxp/ zklfk lv lwvhoi lq xhqfhg e| wkh vxevhtxhqw doorfdwlrqv ri txrwdv1

Ehfdxvh wkh vkdulqj idfwruv duh doo srvlwlyh/ hyhu| rxwfrph0edvhg htxlwdeoh vkdulqj uxoh

ohdgv wr dq lqfuhdvh ri hyhu| frxqwu|*v zhoiduh deryh wkh rqh lw zrxog hqmr| li qr djuhhphqw

zdv uhdfkhg1 Wkxv/ e| gh�qlwlrq/

Fodlp 4 Hyhu| rxwfrph0edvhg vkdulqj uxoh lv lqglylgxdoo| udwlrqdo1

Krzhyhu/ vlpxodwlrqv vkrz wkdw

Fodlp 5 Qrqh ri wkh doorfdwlrq0edvhg vkdulqj uxohv vdwlv�hv lqglylgxdo udwlrqdolw|1

Orrn iru lqvwdqfh dw wkh hjdolwduldq vkdulqj uxoh/ dvvxplqj wkdw doo wkh uhjlrqv frrshudwh

hyhq li lw lv qrw udwlrqdo iru vrph ri wkhp wr gr vr1 Lq �jxuh 717/ wkh yduldwlrq ri wrwdo frvwv gxh

wr frrshudwlrq �dvvxplqj frrshudwlrq ri doo wkh uhjlrqv dw hyhu| shulrg/ wkdw lv
k
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l
�

duh sorwwhg iru hyhu| uhjlrq1 Vrph ri wkhp duh pdgh zruvh r� zlwk uhvshfw wr wkh uhihuhqfh

htxlolelxp/ dw ohdvw iru vrph shulrgv1 Lqghhg/ XV dqg IVX zrxog fohduo| orvh yhu| pxfk e|

frrshudwlqj/ zkloh URZ dqg Fklqd zrxog jdlq pxfk lq whupv ri vdyhg gdpdjhv dqg e| vhoolqj

txrwdv +wkhlu rswlpdo ohyho ri hplvvlrqv ehlqj ehorz wkh dprxqw ri txrwdv wkdw wkh| kdyh ehhq

doorfdwhg/ dv rssrvhg wr XVD dqg IVX,1 HX dqg Mdsdq zrxog orvh gxulqj wkh �uvw �yh ghfdghv

dqg vwduw wr jdlq diwhuzdugv1 Wkxv dq djuhhphqw edvhg rq dq hjdolwduldq vkdulqj uxoh zloo qrw

eh dffhswhg e| hyhu| uhjlrq dw hyhu| shulrg1
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Figure 4.4: Egalitarian : variation of total costs due 
to cooperation (in billion 1990 US$)
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Figure 4.5: Quotas per head per year 
such that the variation of total costs due to 

cooperation is nul for every region
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Wkh| fdq eh frpsduhg wr wkh rswlpdo dqqxdo hplvvlrqv shu khdg1 Wklv frpsdulvrq +vhh

�jxuh 719, uhyhdov wkdw FKL dqg hvshfldoo| IVX qhhg wr uhfhlyh pruh txrwdv wkdq wkrvh uhtxluhg

wr fryhu wkhlu rswlpdo ohyho ri hplvvlrqv1 Wkh| qhhg wr eh frpshqvdwhg iru dgrswlqj wkh rswlpdo

frrshudwlyh srolf|1 Exw wklv frpshqvdwlrq grhv qrw lqyroyh dq| vr0fdoohg ckrw dlu* dv qr uhjlrq

qhhgv wr uhfhlyh pruh txrwdv wkdq lwv exvlqhvv0dv0xvxdo dprxqw ri hplvvlrqv +
���
,1

Figure 4.6: [quotas per head per year such that the variation 
of total costs are nul for every region] - [optimal emissions 

per head per year]
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rswlpdo dprxqw ri hplvvlrqv dw hdfk shulrg� dqg wkh wrwdo dprxqw ri txrwdv wkdw pxvw eh

glvwulexwhg wr wkh uhjlrqv lq rughu wr pdnh hdfk ri wkhp lqgl�huhqw ehwzhhq frrshudwlqj dqg

qrw frrshudwlqj+
� �
,1

Figure 4.7: Surplus of quotas (in billions of quotas per decade)
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Lw pd| vhhp vxusulvlqj wr qrwh wkdw wkh glvfrxqwhg ydoxh lqfuhdvhv dowkrxjk wkh wrwdo vxusoxv

ri txrwdv lv uhodwlyho| frqvwdqw dfurvv wlph1 Lw lv gxh wr d vljql�fdqw lqfuhdvh ri wkh sulfh ri

wkh txrwdv wkurxjk wlph/ zklfk uh hfwv wkh lqfuhdvh ri wkh pdujlqdo dedwhphqw frvwv dqg ri

wkh pdujlqdo gdpdjhv iroorzlqj wkh whpshudwxuh yduldwlrqv1

8 Exloglqj htxlwdeoh vkdulqj uxohv frqvwudlqhg e| dffhsw0

delolw|

Zh qrz wxuq wr rxu pdlq frqfhuq = krz wr pdnh htxlwdeoh doorfdwlrqv ri txrwdv dffhswdeohB

Zh sursrvh d phwkrg zklfk doorzv wr frpsxwh doorfdwlrqv ri txrwdv wkdw duh dffhswdeoh zkloh

wdnlqj dv pxfk dv srvvleoh lqwr dffrxqw dq| htxlwdeoh vkdulqj uxoh1 Wklv phwkrg lv dssolhg wr

doorfdwlrq0edvhg vkdulqj uxohv �wkh rxwfrph0edvhg uxohv ehlqj lqglylgxdoo| udwlrqdo e| gh�ql0

wlrq1

814 Wkh lqwxlwlrq

Li dq doorfdwlrq0edvhg vkdulqj uxoh ohdgv wr dq rxwfrph vxfk wkdw lw lv qrw udwlrqdo iru vrph

uhjlrqv wr frrshudwh/ ohw*v jlyh wr wkrvh uhjlrqv wkh dprxqw ri txrwdv wkdw zloo ohdyh wkhp
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lqgl�huhqw ehwzhhq frrshudwlqj dqg qrw frrshudwlqj/ dqg ohw*v uhglvwulexwh wkh uhvw ri wkh

txrwdv wr wkh rwkhu uhjlrqv dffruglqj wr wkh lqlwldo vkdulqj uxoh1 Vrph ri wkh uhjlrqv wkdw

zhuh �uvwo| lqgxfhg wr frrshudwh pd| qrw eh zloolqj wr gr vr dq|pruh ehfdxvh/ e| qhfhvvdulo|

uhfhlylqj ihzhu txrwdv wkdq suhylrxvo|/ wkh| pd| qrz orvh iurp frrshudwlrq1 Wkrvh duh wkhq

dovr mxvw frpshqvdwhg lq rughu wr eh lqgxfhg wr frrshudwh/ dqg vr rq xqwlo hyhu| uhjlrq hqmr|v

qrq qhjdwlyh qhw jdlqv1

815 Wkh phwkrg = orrnlqj iru cforvh* doorfdwlrqv ri txrwdv

Ohw*v glvwulexwh wkh txrwdv dffruglqj wr d fhuwdlq doorfdwlrq0edvhg vkdulqj uxoh1 Li/ jlyhq wkh

frpsxwhg rxwfrph/ lw lv qrw udwlrqdo iru vrph frxqwulhv wr frrshudwh/ wkh phwkrg frqvlvwv lq

�qglqj dqrwkhu doorfdwlrq ri wkh txrwdv zklfk +l, lv ihdvleoh/ +ll, vdwlv�hv lqglylgxdo udwlrqdolw|

iru hyhu| uhjlrq dqg +lll, lv dv forvh dv srvvleoh wr wkh lqlwldo rqh lq wkh vhqvh ri wkh vkdulqj uxoh

wkdw kdv ehhq xvhg1 Wkdw lv/ wkh qrwlrq ri glvwdqfh ehwzhhq wkh lqlwldo doorfdwlrq dqg wkh qhz

rqh �l1h1 ehwzhhq wkh lqlwldo rxwfrph dqg wkh qhz rqh� wdnhv wkh vkdulqj uxoh lqwr dffrxqw1

Uhfdoo wkdw hH
� �
lv wkh dprxqw ri txrwdv uhfhlyhg e| frxqwu| l dw wlph w dffruglqj wr wkh

fkrvhq vkdulqj uxoh dqg wkdw iZ
� �
lv wkh frvw ehduhg e| wkh vdph frxqwu| dw wkh vdph wlph

zkhq hyhu| frxqwu| frrshudwhv dw wklv shulrg dv dw hyhu| vxevhtxhqw shulrg1 Frqvlghu eH
���
dv

dq dowhuqdwlyh doorfdwlrq ri txrwdv wr frxqwu| l dw wlph w1 Irupdoo|/ wkh phwkrg frqvlvwv lq

vroylqj/ dw hdfk shulrg w=

plq

i
�� n%p j

[
�

k
eH
���
� hH

� � l �

� ��� +47,

zkhuh � ��� +S � � ��� @ 4 ;w, lv wkh vkdulqj idfwru xvhg lq wkh vkdulqj uxoh/ vxemhfw wr wkh ihdvlelolw|

frqvwudlqw +
�	�
, [

�
eH ��� @

[

�
hH �
� +48,

dqg wkh lqglylgxdo udwlrqdolw| frqvwudlqwv

fZ �
� � Y ��� > ;l= +49,

zkhuh fZ �
� lv jlyhq e|
fZ ��� @ iZ �
� . �

��
k
hH ��� � eH �
�

l
+4:,

dqg zkhuh �
�� lv wkh sulfh ri wkh txrwdv dw wlph w1 Wkh dlp ri wkh phwkrg lv wkxv wr plqlpl}h wkh

ghyldwlrq iurp wkh vkdulqj uxoh lq rughu wr vdwlvi| wkh sduwlflsdwlrq frqvwudlqw1 Wkh g|qdplf

+edfnzdugv, uhvroxwlrq ri wkh rswlpdo dqg idooedfn htxloleulxp vfhqdulrv pxvw wkhq frqvlghu
fZ �
� �dqg qrw iZ �
� � dv wkh ixwxuh frvwv ri frrshudwlrq dw hdfk shulrg1

Wkh odqjudqjldq ri sureohp +47, zulwhv
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zkhuh � � lv wkh pxowlsolhu dvvrfldwhg wr frqvwudlqw +48, dqg � ��� duh wkh pxowlsolhuv dvvrfldwhg
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���� ���������� ��� ��� � � �"!�#� �%$
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wr frqvwudlqwv +49,1 Wkh Nxkq0Wxfnhu frqglwlrqv ri wklv sureohp duh

CO �
C eH ���

@
5
k
eH ��� � hH �
�

l

� �
� � � � � �
�� � �
� @ 3> ;l> +4;,

CO �
C� � @
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eH ��� �
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hH �
� @ 3> +4<,

CO �
C� ��� @ iZ ��� . �

��
k
hH �
� � eH ���

l
� Y �
� � 3> � �
� � 3 dqg � ���

k
iZ ��� . �

��
k
hH �
� � eH �
�

l
� Y ���

l
@ 3>

;l= +53,

Ohw L +L � Q dqg QqL 9@ >, eh wkh vhw ri uhjlrqv zkrvh sduwlflsdwlrq frqvwudlqw lv qrw

elqglqj1 Wkxv � �
� @ 3 ;l 5 L dqg wkhvh uhjlrqv frqwulexwh wr wkh frpshqvdwlrq ri wkh rwkhu

uhjlrqv dffruglqj wr wkh +lqlwldo, vkdulqj uxoh1 Lqghhg/ +4;, wkhq ohdgv wr

k
eH �
� � hH ���

l

� �
� @ �
� �
5
> ;l 5 L> +54,

zlwk eH ��� ? hH ��� dv � �
� A 3 ;l dqg dv � � A 3 e| frpelqlqj +4;, dqg +4<,1 Qrwh wkdw wklv dovr

jlyhv fZ ��� � Y �
� ;l 5 L irup +4:, dqg +53,1

Wkh lqlwldo htxlwdeoh vkdulqj uxoh lv wkhq suhvhuyhg dprqj wkh frpshqvdwlqj uhjlrqv1 Lq0

ghhg/ iru doorfdwlrq0edvhg vkdulqj uxohv/ doorfdwlrqv ri txrwdv duh +lqlwldoo|, vxfk wkdw
������� ��� @

���� �� � � /
;l 9@ m +

�
	
,1 E| +54,/ wkdw lv

������� ��� @
��
���� ��� � � �

� / ;l 5 L/ wkh qhz doorfdwlrq ri txrwdv lv wkxv dovr

vxfk wkdw
�� ���� ��� @

�� � �� � � / ;l> m 5 L> l 9@ m +wkdw lv rqo| dprqj wkh frpshqvdwlqj uhjlrqv,1

Rq wkh rwkhu kdqg/ iZ �
� A Y �
� dqg iZ �
� . �
��
k
hH �
� � eH ���

l
� Y �
� @ 3 ;l @5 L/ zklfk ohdgv wr
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� A hH �
� ;l @5 L1 Wkxv k
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� � hH ���

l
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5
/ ;l @5 L> +55,

zlwk � �
� � �� A � � 1 Wkh lqlwldo htxlwdeoh vkdulqj uxoh lv wkhuhiruh qrw qhfhvvdulo| suhvhuyhg dprqj

wkh frpshqvdwhg uhjlrqv +
�
�
,1

Wkxv/ wr vxppdul}h =
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Dsso|lqj wklv phwkrg wr d vlpsoh vkdulqj uxoh olnh wkh hjdolwduldq uxoh jlyhv pruh lqvljkwv

rq lwv sxusrvh1 Wklv lv grqh lq wkh qh{w vxevhfwlrq1
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816 Uhvxowv = looxvwudwlrq iru wkh hjdolwduldq uxoh

Uhfdoo wkdw wkh hjdolwduldq vkdulqj uxoh dprxqwv wr doorfdwh hH ��� @ � ���
S

� H
�
��� txrwdv ;l> w zlwk

� ��� @ SRS ��� @
S

� SRS ��� 1 Frqvwudlqlqj wklv vkdulqj uxoh e| lqglylgxdo udwlrqdolw| ohdgv wr dq

doorfdwlrq ri txrwdv shu khdg zklfk lv yhu| gl�huhqw iurp wkh xqfrqvwudlqhg hjdolwduldq rqh

+vhh �jxuh 814,1 Lqghhg/ wkh odwwhu ohdgv e| gh�qlwlrq wr wkh vdph dprxqw ri txrwdv shu khdg lq

hdfk uhjlrq +lq �jxuh 814/ vhh Xqfrqvwudlqhg Hjdolwduldq= doo uhjlrqv, zkloh hvshfldoo| IVX dqg

XV uhfhlyh pxfk pruh txrwdv shu khdg wkdq wkh rwkhu uhjlrqv xqghu wkh frqvwudlqhg hjdolwduldq

uxoh1

Figure 5.1: Egalitarian allocation constrained by 
individual rationality: quotas per head per year
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Lq whupv ri zhoiduh/ lw kdv ehhq vkrzq lq vhfwlrq 715 +�jxuh 717, wkdw wkh hjdolwduldq uxoh

zrxog ohdg wr dq lqfuhdvh ri wrwdo frvwv gxh wr frrshudwlrq dw hyhu| shulrg iru XV dqg IVX dqg

gxulqj wkh �uvw �yh ghfdghv iru MSQ dqg HX1 Wkhvh uhjlrqv wkhuhiruh qhhg wr eh frpshqvdwhg1

Lqghhg/ gxulqj wkh �uvw �yh ghfdghv/ hdfk ri wkhp uhfhlyhv dq dprxqw ri txrwdv wkdw pdnhv

wkhp lqgl�huhqw ehwzhhq frrshudwlqj dqg qrw frrshudwlqj1 Wkh yduldwlrq ri wkhlu wrwdo frvwv

gxh wr frrshudwlrq +fZ ��� � Y ��� ,/ looxvwudwhg lq �jxuh 815/ lv wkxv qxo1 Wkh wzr xqfrqvwudlqhg

uhjlrqv/ qdpho| FKL dqg URZ/ uhfhlyh wkh uhpdlqlqj txrwdv dffruglqj wr wkh hjdolwduldq

vkdulqj uxoh1 Wkh| wkhuhiruh uhfhlyh wkh vdph dprxqw ri txrwdv shu khdg1 Dw wkh vl{wk

ghfdgh/ erwk MSQ dqg HX zhuh hqmr|lqj d ghfuhdvh ri wkhlu wrwdo frvwv zlwk wkh hjdolwduldq

uxoh1 Wkh| duh wkhuhiruh dvnhg wr frqwulexwh �zlwk FKL dqg URZ� wr wkh frpshqvdwlrq ri

XV dqg IVX1 Exw wkh jdlqv ri HX zhuh qrw vx!flhqw iru lw wr sduwlflsdwh wr wkh frpshqvdwlrq

ri XV dqg IVX lq wkh vdph sursruwlrq +hjdolwduldq, dv FKL/ URZ dqg MSQ1 Lwv yduldwlrq ri

wrwdo frvwv lv wkxv qxo dqg lw uhfhlyhv pruh txrwdv shu khdg wkdq FKL/ URZ dqg MSQ1 Iurp

wkh vhyhqwk ghfdgh rqzdugv/ wkhvh irxu uhjlrqv uhfhlyh wkh vdph dprxqw ri txrwdv shu khdg

dqg doo hqmr| jdlqv iurp wkh frrshudwlrq1 Qrwh dovr wkdw wkh xqfrqvwudlqhg uhjlrqv uhfhlyh

ohvv txrwdv wkdq wkh dprxqw wkh| zrxog jhw zlwk wkh xqfrqvwudlqhg hjdolwduldq uxoh +vhh �jxuh

4:



814,1

Figure 5.2: Egalitarian constrained by individual rationality : 
decrease of total costs due to cooperation 

(in billions 1990 US $)
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Wkh uhodwlyh gl�huhqfh ehwzhhq wkh yduldwlrq ri wrwdo frvwv ehduhg xqghu wkh frqvwudlqhg

hjdolwduldq uxoh dqg wkh rqh ehduhg xqghu wkh xqfrqvwudlqhg hjdolwduldq uxoh lv sorwwhg lq �jxuh

8161 Dw hdfk shulrg/ wkh frpshqvdwhg uhjlrqv +l1h1 XV/ IVX/ MSQ gxulqj wkh �uvw irxu shulrgv

dqg HX gxulqj wkh �uvw �yh shulrgv, hqmr| d ghfuhdvh ri 433( ri wkhlu wrwdo frvwv yduldwlrq/

zklfk lv qhfhvvdu| iru wkh djuhhphqw wr eh dffhswdeoh e| wkrvh frxqwulhv dw wkrvh shulrgv1 Lq

rughu wr frpshqvdwh wkhp/ wkh rwkhu uhjlrqv kdyh wr ehdu d vljql�fdqw lqfuhdvh ri wkhlu wrwdo

frvwv yduldwlrq +l1h1 d ghfuhdvh ri wkhlu jdlqv,1 Wkh sursruwlrq dprxqwv wr durxqg :8( iru

URZ/ ydulhv ehwzhhq 93( dqg 63( iru FKL dqg jrhv iurp 433( wr 45( iru MSQ dqg HX1

Figure 5.3: Egalitarian and Constrained Egal.: 
relative difference of total costs variation due to 

cooperation (in %):

100*[(Total costs variation under Egalitarian Constrained)-(Net costs 
under Egalitarian)]/¦ Total costs variation under Egalitarian¦
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Qrwh krzhyhu wkdw wklv gl�huhqfh ehwzhhq wkh wrwdo frvwv yduldwlrq xqghu wkh frqvwudlqhg

hjdolwduldq uxoh dqg wkh rqh xqghu wkh xqfrqvwudlqhg hjdolwduldq uxoh lv/ shu khdg/ wkh vdph iru

wkrvh frpshqvdwlqj uhjlrqv1 Lqghhg/ ehfdxvh wkh hjdolwduldq uxoh dssolhv wr wkrvh uhjlrqv/ wkh

vdph dprxqw ri txrwdv shu khdg lv zlwkgudzq iurp wkhlu doorfdwlrq lq rughu wr frpshqvdwh wkh

rwkhuv1
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9 Dq hyroxwlyh vkdulqj uxoh = iurp judqgidwkhulqj wr

hjdolwduldqlvp

Dffruglqj wr Juxee +4<<8/ s1 7;;,/ vhyhudo dxwkruv kdyh vxjjhvwhg dq doorfdwlrq ��zklfk

frpelqhv hjdolwduldq dqg vwdwxv txr2frpsdudeoh exughq vkdulqj sulqflsohv lq wkh irup ri d

frpelqdwlrq ri srsxodwlrq dqg fxuuhqw hplvvlrqv phdvxuhv/ exw gr qrw vshfli| dq htxdo zhljkw0

lqj ri wkhvh frpsrqdqwv1 Udwkhu/ wkh| dujxh wkdw wkh zhljkwlqj dffrughg wr srsxodwlrq vkrxog

lqfuhdvh ryhu wlph wrzdugv d pruh sxuh shu fdslwd doorfdwlrq1�� Ri d vdph qdwxuh/ Nyhuqgrnn

+4<<8/ s1 478, vwdwhv = ��Hyhq li wkh srsxodwlrq doorfdwlrq uxoh dsshduv wr eh srolwlfdoo| xqdf0

fhswdeoh wrgd|/ wkh vwurqj dujxphqwv iru wklv uxoh frxog ehfrph pruh shuvxdvlyh lq wkh ixwxuh1��

Wkhvh dxwkruv vhhp wr idyrxu wkh hjdolwduldq uxoh/ exw duh zloolqj wr wdnh dffhswdelolw| lqwr

dffrxqw/ qrwdeo| e| lqfrusrudwlqj vwdwxv txr sulqflsoh lq wkh vkruw uxq1

Lq rxu frqwh{w/ zh lqwhusuhw wkhvh vwdwhphqwv dv d fkrlfh lq idyrxu ri dq hyroxwlyh vkdulqj

uxoh zklfk lv edvhg rq wkh judqgidwkhulqj uxoh dw wkh �uvw shulrg dqg zklfk surjuhvvlyho| whqgv

wr wkh hjdolwduldq uxoh1 Zh duelwudulo| dvvxph wkdw wkh wudqvlwlrq lv olqhdu dqg hqgv xs dw wkh

whqwk shulrg1 Wklv jlyhv wkh dqqxdo txrwdv shu khdg vkrzq lq �jxuh 9141

Figure 6.1: Grandfathering to Egalitarian:
quotas per head per year
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Zh nqrz wkdw wklv hyroxwlyh vkdulqj uxoh zloo qrw eh dffhswdeoh e| hyhu| frxqwu| dw hyhu|

shulrg ehfdxvh erwk wkh csxuh* judqgidwkhulqj uxoh dqg wkh csxuh* hjdolwduldq uxoh/ zklfk duh

xvhg uhvshfwlyho| dw wkh �uvw dqg iurp wkh whqwk shulrg rqzdugv� duh qrw dffhswdeoh +vhh vhfwlrq

715,1 Pruh suhflvho|/ vlpxodwlrqv vkrz dq lqfuhdvh ri wrwdo frvwv gxh wr frrshudwlrq iru XV

dqg IVX �h{fhsw gxulqj shulrgv 6 wr : iru IVX�/ exw d ghfuhdvh ri wkhvh frvwv iru doo rwkhu

uhjlrqv dw hyhu| shulrg1

Dowkrxjk wklv vkdulqj uxoh zdv vxssrvhg wr hqwdlo vrph ghjuhh ri dffhswdelolw|/ XV dqg IVX

zloo wkxv qhyhu eh zloolqj wr frrshudwh1 Ohw*v wkhuhiruh wxuq wr wklv vkdulqj uxoh frqvwudlqhg

e| lqglylgxdo udwlrqdolw|1 Wklv ohdgv wr wkh txrwdv shu khdg shu |hdu dqg wkh ghfuhdvh ri wrwdo

frvwv gxh wr frrshudwlrq looxvwudwhg lq �jxuhv 915 dqg 9161
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Figure 6.2: Grandfathering to Egalitarian 
constrained by IR: quotas per head per year
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Lq whupv ri txrwdv shu khdg/ wkhvh duh uhodwlyho| forvh wr wkrvh doorfdwhg xqghu wkh frq0

vwudlqhg hjdolwduldq uxoh +vhh �jxuh 814,1 Krzhyhu/ wkh cjudqgidwkhulqj* frpsrqhqw ri wkh

hyroxwlyh uxoh sod|v �zlwk uhvshfw wr wkh frqvwudlqhg hjdolwduldq uxoh� lq idyrxu ri MSQ dqg

URZ dqg djdlqvw HX dqg hvshfldoo| FKL1

Figure 6.3: Grandfathering to Egalitarian constrained 
by IR: decrease of total costs due to cooperation 

(in billion 1990 US$)
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Dv vkrzq lq �jxuh 916/ wklv lv uh hfwhg lq wkh yduldwlrq ri wrwdo frvwv gxh wr frrshudwlrq

+fZ ��� � Y ��� ,1 MSQ dqg HX ehqh�w wkh prvw iurp wkh lqwurgxfwlrq ri wkh judqgidwkhulqj

frpsrqhqw lq wkh vkdulqj uxoh = wkh| qrz jdlq iurp frrshudwlrq dw hyhu| shulrg +e| frpsdulvrq

ri �jxuhv 815 dqg 916,1 IVX lv qrw frqvwudlqhg dq|pruh dw shulrgv 6 wr 8 dqg wkxv dovr jdlqv

iurp frrshudwlrq dw wkrvh shulrgv1

Pruh vwulnlqjo|/ wkh XV grhv qrw hqmr| dq| ghfuhdvh ri lwv wrwdo frvwv gxh wr frrshudwlrq

dw dq| shulrg1 Iru wkdw frxqwu|/ wkh +qhjdwlyh, h�hfw ri wkh hjdolwduldq frpsrqhqw ri wkh

hyroxwlyh vkdulqj uxoh grplqdwhv wkh +srvlwlyh, h�hfw ri wkh judqgidwkhulqj rqh1

Wkh pdlq orvhuv �zlwk uhvshfw wr wkh frqvwudlqhg hjdolwduldq uxoh� duh FKL dqg URZ/ exw

wkhlu orvv grhv qrw iroorz wkh vdph sdwk1 Dowkrxjk URZ hyhq ehqh�wv iurp wkh judqgidwkhulqj
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frpsrqhqw gxulqj wkh �uvw wzr ghfdghv/ lwv ghfuhdvh ri wrwdo frvwv gxh wr frrshudwlrq ehfrphv

pxfk orzhu wkdq xqghu wkh frqvwudlqhg hjdolwduldq uxoh diwhu wkluw| |hduv1 Rq wkh frqwudu|/

FKL orvhv wkh prvw dw wkh ehjlqlqj1

Iru doo frxqwulhv/ wrwdo frvwv yduldwlrqv gxh wr frrshudwlrq duh krzhyhu wkh vdph dv wkrvh

xqghu wkh frqvwudlqhg hjdolwduldq vkdulqj uxoh diwhu 43 shulrgv dv wkh judqgidwkhulqj frpsrqdqw

lv wkhq qr orqjhu suhvhqw lq wkh vkdulqj uxoh1

: Frqfoxvlrqv

Zlwk d ixoo| g|qdplf +forvhg orrs, prgho ghyhorsshg e| Jhupdlq dqg ydq \shuvhoh +4<<<,/ wklv

sdshu kdv dqdo|}hg gl�huhqw uxohv wr vkduh wudgdeoh JKJ hplvvlrq txrwdv dprqj wkh uhjlrqv ri

wkh zruog1 Wkh wrwdo dprxqw ri txrwdv wr eh glvwulexwhg dw d hdfk shulrg ri wlph fruuhvsrqgv

wr wkh rswlpdo dprxqw ri hplvvlrqv wr eh uhdol}hg gxulqj wkdw shulrg1

Wkh frpsxwdwlrqv kdyh ehhq grqh iru wkh prvw riwhq uhihuuhg vkdulqj uxohv zklfk uho| rq

vrph shufhswlrq ri htxlw|1 Iroorzlqj Urvh hw do1 +4<<;,/ zh glvwlqjxlvk wkh uxohv zklfk dsso|

gluhfwo| wr wkh txrwdv �doorfdwlrq0edvhg vkdulqj uxohv� iurp wkrvh zklfk dsso| wr wkh vxusoxv

ghulyhg iurp wkh lpsohphqwdwlrq ri wkh rswlpdo srolf| �rxwfrph0edvhg vkdulqj uxohv1 Dvvxp0

lqj wkdw frxqwulhv duh lqglylgxdoo| udwlrqdo dqg duh qrw zloolqj wr frrshudwh li wkh djuhhphqw rq

wkh txrwdv doorfdwlrq grhv qrw pdnh wkhp ehwwhu r�/ hyhu| rxwfrph0edvhg vkdulqj uxoh ohdgv

wr dq doorfdwlrq ri txrwdv wkdw lv e| gh�qlwlrq dffhswdeoh e| hyhu| frxqwu| dw hyhu| shulrg >

e| vkdulqj d qhfhvvduloo| srvlwlyh vxusoxv/ hdfk frxqwu| lv ehwwhu r� wkdq xqghu qr frrshudwlrq/

l1h1 wkdq li wkh rswlpdo srolf| zdv qrw lpsohphqwhg1 Krzhyhu/ frpsxwdwlrqv vkrz wkdw qrqh

ri wkh hqylvdjhg doorfdwlrq0edvhg chtxlwdeoh* vkdulqj uxohv lv dffhswdeoh e| hyhu| frxqwu| dw

hyhu| shulrg1

Frqvhtxhqwo|/ zh kdyh ghyhorsshg d phwkrg lq rughu wr �qg wkh doorfdwlrq ri txrwdv zklfk

uhvshfwv dv pxfk dv srvvleoh dq chtxlwdeoh* vkdulqj uxoh exw zklfk lv dffhswdeoh e| hyhu|

frxqwu| dw hyhu| shulrg1 cHtxlwdeoh* doorfdwlrqv duh wkxv frqvwudlqhg e| dffhswdelolw|= wkh

frxqwulhv iru zklfk dq doorfdwlrq0edvhg vkdulqj uxoh lv qrw dffhswdeoh duh mxvw frpshqvdwhg lq

rughu wr eh lqgl�huhqw ehwzhhq frrshudwlqj dqg qrw frrshudwlqj e| uhfhlylqj/ uhodwlyh wr wkh

vkdulqj uxoh/ pruh txrwdv wkdq wkh rwkhuv1 Wkh chtxlwdeoh* vkdulqj uxoh lv krzhyhu dssolhg

dprqj wkh xqfrqvwudlqhg frxqwulhv1 Iru lqvwdqfh/ frqvwudlqlqj dq hjdolwduldq doorfdwlrq +vdph

dprxqw ri txrwdv shu khdg, e| dffhswdelolw| ohdgv wr jdlqv �zlwk uhvshfw wr wkh qrq0frrshudwlyh

htxloleulxp� iru Fklqd/ wkh Uhvw ri wkh Zruog dqg/ diwhu 5383/ iru Mdsdq dqg Hxursh1 Wkh

Xqlwhg Vwdwhv/ wkh Iruphu Vrylhw Xqlrq dqg/ ehiruh 5383/ Mdsdq dqg Hxursh duh frpshqvdwhg

lq rughu wr eh mxvw lqgxfhg wr frrshudwh> wkhlu jdlqv iurp frrshudwlrq duh wkxv qxo1

Wkh frpsxwdwlrqv kdyh dovr ehhq grqh iru dq hyroxwlyh vkdulqj uxoh wkdw kdv ehhq sursrvhg

e| vhyhudo dxwkruv dqg wkdw zdv vxssrvhg wr hqwdlo vrph ghjuhh ri dffhswdelolw|= doorfdwlqj

wkh txrwdv dffruglqj wr sdvw hplvvlrqv +judqgidwkhulqj, dqg surjuhvvlyho| whqglqj wr dq htxdo

doorfdwlrq shu khdg1 Dvvxplqj d olqhdu wudqvlwlrq iurp wkh �uvw vkdulqj uxoh wr wkh vhfrqg

rqh ryhu 433 |hduv/ wklv hyroxwlyh vkdulqj uxoh lv qrw dffhswdeoh1 Vrph frxqwulhv/ dqg pruh

sduwlfxoduwo| wkh Xqlwhg Vwdwhv dqg wkh Iruphu Vrylhw Xqlrq/ vwloo qhhg wr eh frpshqvdwhg

lq rughu wr eh lqgxfhg wr frrshudwh1 Kdylqj frqvwudlqhg wklv doorfdwlrq e| dffhswdelolw|/ zh

revhuyh wkdw wkh judqgidwkhulqj frpsrqhqw ri wkh vkdulqj uxoh sod|v yhu| pxfk lq idyrxu ri

Mdsdq dqg Hxursh dqg djdlqvw Fklqd dqg wkh Uhvw ri wkh Zruog1
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Wkh uhvxowv zhuh rewdlqhg zlwk d prgho wkdw fryhuv wkh hqwluh joreh/ wdnhv gdpdjhv lqwr

dffrxqw dqg lv g|qdplf1 Wklv odwwhu ihdwxuh lv fuxfldo iru ghdolqj zlwk frrshudwlrq lq d orqj

whup ehfdxvh lw doorzv wr gh�qh doorfdwlrqv ri wudgdeoh txrwdv wkdw duh dffhswdeoh dw hdfk

shulrg ri wlph1

Krzhyhu/ wkhvh ihdwxuhv zhuh rqo| wudfnwdeoh lq d prgho h{foxglqj hfrqrplf lqwhudfwlrqv

ehwzhhq wkh frxqwulhv/ zlwk wkh ohyho ri hplvvlrqv dedwhphqw dv wkh rqo| frqwuro yduldeoh ri

wkh frxqwulhv dqg zlwk d ghfrpsrvlwlrq ri wkh zruog lq rqo| vl{ uhjlrqv1 Wkhvh olplwdwlrqv

frxog eh dguhvvhg lq d �uvw h{whqvlrq ri wkh sdshu1 D vhfrqg h{whqvlrq frxog eh wr zlghq wkh

frqfhsw ri dffhswdelolw| ri wkh doorfdwlrqv lq rughu wr lqfoxgh frdolwlrqdo udwlrqdolw| udwkhu wkdq

olplwlqj rxuvhoyhv wr lqglylgxdo udwlrqdolw| dv lw lv grqh lq wkh suhvhqw sdshu1

; Eleolrjudsk|

Duurz/ N1M1/ Z1U1 Folqh/ N0J1 Pçohu/ P1 Pxqdvlqjkh/ U1 Vtxlwlhul dqg M1H1 Vwljolw} +4<<9,/

�Lqwhuwhpsrudo htxlw|/ glvfrxqwlqj/ dqg hfrqrplf h!flhqf|�/ Fkdswhu 7 lq LSFF +4<<9,1

Eduuhww/ V1 +4<<5,/ �Dffhswdeoh doorfdwlrqv ri wudgdeoh fduerq hplvvlrq hqwlwohphqwv lq d

joredo zduplqj wuhdw|�/ lq V1 Eduuhww hw do1/ Frpedwlqj Joredo Zduplqj/ Jhqhyd= XQFWDG1
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