
 
 

 

DAE Working Paper WP 0214 
  

 
 

 
 
 

Optimal congestion treatment for bilateral 
electricity trading 

 
Karsten Neuhoff 

 
         

 
 
 

 
 
 

 
 

                                                                                                            
          
         

 
    

      Massachusetts Institute of Technology 
             Center for Energy and 

      Environmental Policy Research 

 
CMI Working Paper 05 
 

UNIVERSITY OF
CAMBRIDGE
Department of
Applied Economics

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Apollo

https://core.ac.uk/display/142017?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


 
 

 

DAE Working Paper Series 
  

 
 

 

not to be quoted without 
permisson 

 
 
 

 
 
 

 
 

                                                                                                            
          
         

 
    

      Massachusetts Institute of Technology 
             Center for Energy and 

      Environmental Policy Research 

 
CMI Working Paper Series 
 

UNIVERSITY OF
CAMBRIDGE
Department of
Applied Economics



Rswlpdo frqjhvwlrq wuhdwphqw iru

elodwhudo hohfwulflw| wudglqj

Nduvwhq Qhxkr�4

Xqlyhuvlw| ri Fdpeulgjh

Dsulo 59/ 5335

4L dp ghhso| lqghswhg wr Gdylg Qhzehu|/ Wdqjd PfGdqlho/ Plfkdho Sroolww/ Sdxo Mrvnrz/ Udosk

Wxuyh|/ Doh{ Khqqh|/ Ulfkdug Frxuw dqg Plq ]kx iru frpphqwv dqg vxjjhvwlrqv1 Uhvhdufk vxssruw

iurp Jrwwolhe0Gdlpohu Irxqgdwlrq dqg Hfrqrplf dqg Vrfldo Uhvhdufk Frxqflo +dzdug U7553336763:, lv

judwhixoo| dfnqrzohgjhg1 +fruuhvsrqghqfh dgguhvv= Nduvwhq1Qhxkr�Chfrq1fdp1df1xn,



Devwudfw

Uhfhqwo| olehudolvhg hohfwulflw| pdunhwv iuhtxhqwo| irfxv rq elodwhudo wudglqj udwkhu wkdq rq d

fhqwudolvhg srro1 Prvw surplqhqw lv wkh uhfhqw vkliw iurp d srro0edvhg v|vwhp wr elodwhudo frq0

wudfwv lq Hqjodqg dqg Zdohv1 Vwloo wr eh dgguhvvhg lv wkh txhvwlrq ri krz wr wuhdw wudqvplvvlrq

frqvwudlqwv lq d elodwhudo wudgh vhwwlqj lq phvkhg hohfwulflw| qhwzrunv1 Dssurdfkhv fdq eh fodvvl0

�hg lqwr wkuhh fdwhjrulhv= Iluvw/ frqvwudlqw uhvroxwlrq e| wkh v|vwhp rshudwru dqg vrfldolvdwlrq ri

lqfxuuhg frvwv> vhfrqg/ sk|vlfdo wudqvplvvlrq frqwudfwv> dqg wklug/ orfdwlrqdo fkdujlqj zlwk wkh

rswlrq ri �qdqfldo khgjlqj1

Wkh sdshu vkrzv wkdw frqvwudlqwv uhvroyhg e| wkh v|vwhp rshudwru zlwk vrfldolvdwlrq ri frvwv fdq

uhvxowv lq lqh!flhqw glvsdwfk dqg lqfruuhfw lqfhqwlyhv iru wkh orfdwlrq ri qhz jhqhudwlrq sodqwv1

Prvw wudqvplvvlrq dffhvv ghvljqv duh rswlpdo lq d yhu| vlpsol�hg prgho zruog/ krzhyhu wkh sdshu

vkrzv wkdw wudqvdfwlrq frvwv/ looltxlg pdunhwv dqg xqfhuwdlqw| derxw ghpdqg fuhdwh vljql�fdqw

gl�huhqfhv ehwzhhq wkh frqfhswv1 Sk|vlfdo wudqvplvvlrq frqwudfwv duh ehvw ghvljqhg dv }rqdo

dffhvv uljkwv/ exw kdyh wr eh fhqwudoo| dgplqlvwhuhg wr eh h!flhqw1 Krzhyhu/ rqo| orfdwlrqdo

fkdujlqj fdq frsh zlwk wkh xqfhuwdlqw| dqg yrodwlolw| ri hohfwulflw| ghpdqg lq dq h!flhqw dqg

qrq0glvfulplqdwru| pdqqhu1 Li uhtxluhg lw fdq eh frpsohphqwhg zlwk vlpsoh �qdqfldo frqwudfwv

wr doorz khgjlqj rq dq dqqxdo edvlv1

Wkh sdshu jlyhv txdolwdwlyh dujxphqwv dqg looxvwudwlyh h{dpsohv/ zklfk vx!fh wr udqn h{solflw

frqvwudlqw wuhdwphqw phfkdqlvpv1 Krzhyhu/ qhwzrun vshfl�f dqdo|vlv lv uhtxluhg wr edodqfh

h!flhqf| jdlqv iurp h{solflw frqvwudlqw wuhdwphqw zlwk dgglwlrqdo wudqvdfwlrq frvwv1



4 Lqwurgxfwlrq

Lq Hqjodqg dqg Zdohv/ wkh qhz hohfwulflw| wudglqj duudqjhphqw +QHWD, uhsodfhg wkh Srro rq

Pdufk 5:/ 53341 Qrz/ jhqhudwruv/ hohfwulflw| vxssolhuv dqg odujh frqvxphuv wudgh elodwhudoo|

dqg qrwli| wkh VR ri hqhuj| lqmhfwlrqv dqg zlwkgudzdov1 Wkh v|vwhp rshudwru +VR, kdv wr

dffhsw doo qrwl�fdwlrqv1 Wkh VR wkhq dffhswv elgv dqg r�huv iurp jhqhudwruv dqg ghpdqg vlgh

lq wkh edodqflqj pdunhw 6 �
2
krxuv ehiruh glvsdwfk wr uhvroyh wudqvplvvlrq frqvwudlqwv dv zhoo dv

wr uhvroyh hqhuj| lpedodqfhv14 Gxh wr orz oltxlglw| lq wkh lpedodqfh pdunhw wkh VR +Qdwlrqdo

Julg, vwduwhg frqwudfwlqj zlwk jhqhudwruv rxwvlgh ri wkh edodqflqj pdunhw wr uhvroyh dqwlflsdwhg

frqvwudlqwv dqg lpedodqfhv1 Frvwv iru uhvroylqj wudqvplvvlrq frqvwudlqwv duh vrfldolvhg dprqj doo

pdunhw sduwlflsdqwv zklovw lpedodqfh fkdujhv duh dwwulexwhg wr uhvsrqvleoh sduwlhv1 Lq wklv sdshu/

L zloo uhihu wr wklv duudqjhphqw dv lpsolflw frqjhvwlrq wuhdwphqw1 Wklv v|vwhp doorzv jhqhudwruv

lq h{sruw frqvwudlqhg }rqhv wr rewdlq prqrsro| sur�wv1 Lw uhvxowv lq lqh!flhqw glvsdwfk dqg

lqfruuhfw lqfhqwlyhv iru wkh orfdwlrq ri qhz srzhu sodqwv1

Lq d Pd| 5334 frqvxowdwlrq grfxphqw/ wkh hohfwulflw| uhjxodwru Rijhp vxjjhvwhg dq h{solflw

wuhdwphqw ri frqjhvwlrq wr frpsohphqw QHWD^48`1 Rijhp lqwhqgv wr fuhdwh wudgdeoh surshuw|

uljkwv iru dffhvv wr wkh wudqvplvvlrq qhwzrun1 L vkrz wkdw wkh sursrvhg dssurdfk lv forvh wr dq

rswlpdo lpsohphqwdwlrq ri surshuw| uljkwv lq d vlpsol�hg wkhruhwlfdo dqdo|vlv dqg rqo| uhtxluhv

d ihz prgl�fdwlrqv wr fruuhvsrqg wr d wkhruhwlfdo rswlpdo ghvljq1 Krzhyhu/ dq| lpsohphqwdwlrq

ri surshuw| uljkwv kdv vhyhuh vkruwfrplqjv zklfk uhvxow lq lqh!flhqw glvsdwfk/ glvfulplqdwlrq

djdlqvw vpdoo dqg lqwhuplwwhqw jhqhudwruv dqg frqvxphuv/ dqg kljk wudqvdfwlrq frvwv1

L vxjjhvw dq dowhuqdwlyh dssurdfk zlwkrxw sk|vlfdo surshuw| uljkwv zklfk lv edvhg rq wkh xqghu0

o|lqj lghd ri qrgdo sulflqj/ dv lqlwldo suhvhqwhg e| Erkq hw1do1^5` zlwk wkh rswlrq wr xvh �qdqfldo

wudqvplvvlrq frqwudfwv wr khgjh djdlqvw sulfh ulvn dv suhvhqwhg h1j1 e| Krjhq ^43` dqg ixuwkhu

h{dplqhg e| Mrvnrz dqg Wluro ^45`1 Dv douhdg| fxuuhqwo| lpsohphqwhg xqghu QHWD wkh VR

frqwlqxhv wr uhvroyh frqjhvwlrq lq wkh edodqflqj pdunhw zlwk wkh fuxfldo gl�huhqfh wkdw frvwv

duh qr orqjhu vrfldolvhv1 Lqvwhdg/ jhqhudwruv lq h{sruw frqvwudlqhg }rqhv sd| wkh pdujlqdo frvwv

ri frqjhvwlrq uhvroxwlrq zklovw jhqhudwruv lq lpsruw frqvwudlqhg }rqhv rewdlq vxfk sd|phqwv15

Wkh dssurdfk zrxog uhgxfh pdunhw srzhu lq h{sruw frqvwudlqhg }rqhv dqg lqfhqwlylvh qhz jhq0

hudwruv wr orfdwh lq lpsruw frqvwudlqhg }rqhv1 Wkh ulvn ri xqfhuwdlq frqjhvwlrq fkdujhv fdq eh

khgjhg djdlqvw zlwk wudgdeoh frqjhvwlrq frqwudfwv lvvxhg e| wkh VR1 Wkh sulfh ri wkh frqwudfwv

frqyh|v lqirupdwlrq derxw wkh h{shfwhg frvwv ri uhglvsdwfk1 Jhqhudwruv dqwlflsdwh wkh sodqqhg

jhqhudwlrq sdwwhuq dqg wkhruhwlfdoo| uhpryh 0 dqg/ sudfwlfdoo|/ dw ohdvw uhgxfh 0 wkh dprxqw ri

uhglvsdwfk uhtxluhg wr holplqdwh frqvwudlqwv1

Rqh prwlydwlrq iru wkh lpsohphqwdwlrq ri h{solflw frqvwudlqw wuhdwphqw lq wkh Hqjodqg dqg

Zdohv lv wr surylgh h!flhqw vljqdov iru wkh orfdwlrq ri qhz jhqhudwlrq sodqwv1 Lpsolflw frqvwudlqw

46 �

2
krxuv sulru wr glvsdwfk lv uhihuuhg wr dv �jdwh0forvxuh� dv lw uhsuhvhqwv wkh hqg ri wkh elodwhudo pdunhwv

dqg wkh ehjlqqlqj ri wkh edodqflqj pdunhw +fdoohg edodqflqj phfkdqlvp,1
5Vxevhtxhqw glvfxvvlrq dvvxphv d vlqjoh ex| dqg vhoo sulfh lq vxfk d edodqflqj pdunhw/ exw frxog htxdoo| eh

dssolhg wr wkh fxuuhqw dssurdfk ri sd|0dv0elg lq wkh edodqflqj pdunhw1

4



wuhdwphqw fdq vwurqjo| glvwruw vxfk vljqdov lq d khdylo| frqjhvwhg wudqvplvvlrq v|vwhp1 Wkh

rshq txhvwlrq qrw dqvzhuhg lq wklv sdshu lv zkhwkhu wkh orz ohyho ri frqvwudlqwv mxvwl�hv wkh

wudqvdfwlrq frvwv dvvrfldwhg zlwk dq| h{solflw frqvwudlqw wuhdwphqw phfkdqlvp ru zkhwkhu rwkhu

orfdwlrqdo vljqdov/ h1j fxuuhqwo| dssolhg orfdwlrqdoo| gl�huhqwldwhg dqqxdo dffhvv fkdujhv/ duh pruh

dssursuldwh1

Wkh vhfrqg vhfwlrq ri wkh sdshu looxvwudwhv wkh vkruwfrplqjv ri wkh lpsolflw wuhdwphqw ri frqjhv0

wlrq1 Wkh wklug vhfwlrq orrnv dw krz surshuw| uljkwv fdq ehvw eh lpsohphqwhg1 Wkh irxuwk vhfwlrq

glvfxvvhv wkh vkruwfrplqjv lqkhuhqw hyhq lq dq rswlpdo lpsohphqwdwlrq ri surshuw| uljkwv1 Wkh

�iwk vhfwlrq lv dq h{dplqdwlrq ri krz wkh fxuuhqw uhjlph zlwk d VR uhvroylqj frqvwudlqwv fdq

eh lpsuryhg xsrq e| fkdujlqj frvwv wr oldeoh sduwlhv1 Wkh dgydqwdjhv ri �qdqfldo wudqvplvvlrq

frqwudfwv wr khgjh ulvn dqg frqyh| lqirupdwlrq duh dovr glvfxvvhg1

5 Vkruwfrplqjv ri lpsolflw frqjhvwlrq wuhdwphqw

Fxuuhqwo|/ jhqhudwruv dqg frqvxphuv wudgh elodwhudoo| dqg pdnh wkhlu �qdo dqqrxqfhphqwv ri

zkhuh wkh| lqvhuw dqg zlwkgudz hqhuj| dw jdwh forvxuh1 Li wkh uhvxowlqj wudqvplvvlrq vfkhgxoh

ylrodwhv sk|vlfdo frqvwudlqwv/ wkh VR xvhv wkh edodqflqj pdunhw wr fuhdwh frxqwhu0 rzv1 Frvwv

lqfxuuhg lq wkh edodqflqj pdunhw duh vphduhg ryhu wkh xvhuv dqg wkhuhiruh duh qrw orfdwlrq0

vshfl�f1

Lq vhfwlrq 514/ wkh h�hfwv ri lpsolflw frqjhvwlrq wuhdwphqw lq d frpshwlwlyh hqylurqphqw duh looxv0

wudwhg1 Jhqhudwruv lq h{sruw frqvwudlqhg }rqhv uhwdlq wudqvplvvlrq uhqwv zklfk zrxog rwkhuzlvh

eh froohfwhg e| wkh VR dqg dydlodeoh wr fryhu l1h1 �{hg frvwv1 Ixuwkhupruh/ furvv0vxevlglvlqj

ghpdqg lq wkh lpsruwlqj }rqh uhvxowv lq lqh!flhqw doorfdwlrq dqg zhoiduh orvvhv1

Vhfwlrq 515 dvvxphv wkh suhvhqfh ri uhjlrqdo pdunhw srzhu1 Lqlwldo dvvhvvphqw iru d wzr qrgh

fdvh vxjjhvwv wkdw pdunhw srzhu lv hqkdqfhg e| lpsolflw frqjhvwlrq wuhdwphqw16

514 Zhoiduh orvvhv lq d frpshwlwlyh pdunhw

Wzr qrghv D dqg E zlwk frpshwlwlyh jhqhudwlrq dqg frpshwlwlyh ghpdqg dqg rqh fdsdflw| frq0

vwudlqhg lqwhufrqqhfwru duh xvhg wr frpsduh h{solflw dqg lpsolflw frqjhvwlrq wuhdwphqw1 Wkuhh

phwkrgv ri h{solflw frqvwudlqw wuhdwphqw uhvxow lq wkh vdph h!flhqw doorfdwlrq= qrgdo sulflqj/

sk|vlfdo wudqvplvvlrq frqwudfwv dqg fkdujlqj wkh sduwlhv/ zklfk frqwulexwh wr wkh frqjhvwlrq/ dw

pdujlqdo frvw1 Xqghu lpsolflw frqjhvwlrq wuhdwphqw frpshwlwlyh jhqhudwruv fdq fdswxuh wudqv0

plvvlrq uhqw dqg duh zhdno| ehwwhu r� wkdq xqghu h{solflw frqjhvwlrq wuhdwphqw1 Frqvxphu orvvhv

dqg orvw wudqvplvvlrq uhqw duh juhdwhu wkdq wkh jdlqv ri jhqhudwruv> wkhuhiruh/ lpsolflw frqjhvwlrq

wuhdwphqw uhgxfhv wrwdo zhoiduh uhodwlyh wr h{solflw frqjhvwlrq wuhdwphqw1

6Wklv uhvxow lv vxssruwhg e| d uhfhqw sdshu frpsdulqj qrgdo dqg }rqdo sulflqj lq wkh suhvhqfh ri pdunhw srzhu1

Eruhqvwhlq vkrzv wkdw qrgdo sulflqj/ zklfk zrxog fruuhvsrqg wr h{solflw frqvwudlqw wuhdwphqw/ lv vxshulru wr }rqdo

sulflqj/ zklfk frqwdlqv dq lpsolflw frqvwudlqw pdqdjhphqw frpsrqhqw ^6`1

5



L �uvw fdofxodwh wkh zhoiduh jdlqv iurp dq lqwhufrqqhfwlrq xvlqj h{solflw frqjhvwlrq wuhdwphqw

uhodwlyh wr d vlwxdwlrq zlwkrxw lqwhufrqqhfwlrq/ wkhq wkh zhoiduh jdlqv iurp dq lqwhufrqqhfwlrq

xvlqj lpsolflw frqjhvwlrq wuhdwphqw uhodwlyh wr d vlwxdwlrq zlwkrxw lqwhufrqqhfwlrq1 Wkhq erwk

uhvxowv duh frpsduhg1

51414 Zhoiduh jdlqv gxh wr lqwhufrqqhfwlrq zlwk h{solflw frqvwudlqw wuhdwphqw
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Iljxuh 4= Zhoiduh jdlqv iurp lqwhufrqqhfwlqj wzr frpshwlwlyh qrghv zlwk d fdsdflw| frqvwudlqw

lqwhufrqqhfwru zlwk h{solflw frqjhvwlrq pdqdjhphqw1

Iljxuh 4 looxvwudwhv wkh edvlf prgho xvhg lq wkh iroorzlqj glvfxvvlrq1 Wzr qrghv zlwk frpshwlwlyh

ghpdqg dqg jhqhudwlrq duh lqwhufrqqhfwhg zlwk d wudqvplvvlrq olqh zlwk fdsdflw| N1 Wudqvplv0

vlrq orvvhv duh ljqruhg1 Wkh grwwhg olqh wkurxjk Df dqg Ef uhsuhvhqwv pdujlqdo jhqhudwlrq frvwv/

zklfk duh lghqwlfdo dw erwk qrghv1 Li pruh fdsdflw| lv uhtxluhg/ pruh h{shqvlyh jhqhudwruv kdyh

wr eh vfkhgxohg> wkhuhiruh pdujlqdo frvwv duh lqfuhdvlqj zlwk rxwsxw1 Wkh frqwlqxrxv olqh uhsuh0

vhqwv ghpdqg lq qrgh D dqg wkh gdvkhg olqh ghpdqg dw qrgh E1 Ghpdqg ghfuhdvhv li sulfhv ulvh1

Li wkh qrghv duh qrw lqwhufrqqhfwhg/ wkhq wkh frpshwlwlyh htxloleulxp lv jlyhq e| wkh lqwhuvhfwlrq

ri ghpdqg fxuyh dqg pdujlqdo frvwv ri jhqhudwlrq dw srlqw Df iru qrgh D dqg Ef iru qrgh E=

Sulfhv lq qrgh D duh kljkhu> wkhuhiruh/ hohfwulflw| zloo eh vrog wr qrgh D li dq lqwhufrqqhfwlrq lv

lqvwdoohg1 Wkh wudqvplvvlrq olqh kdv d olplwhg fdsdflw| N/ wkhuhiruh dgglwlrqdo hqhuj| lpsruwhg

wr qrgh D fdq rqo| uhgxfh sulfhv dqg lqfuhdvh ghpdqg wr wkh srlqw D�/ zklovw lqfuhdvhg sulfhv

uhgxfh ghpdqg lq qrgh E wr srlqw E�1

Uhgxfhg sulfhv uhgxfh sur�wv iru jhqhudwruv dw qrgh D1 Wkh vl}h ri duhd 4 uhsuhvhqw wkhvh orvw

sur�wv1 Wkh duhd htxdov wkh surgxfw ri sulfh fkdqjh dqg txdqwlw| ri rxwsxw vrog soxv orvw sur�wv

ri jhqhudwruv zklfk uhgxfhg wkhlu rxwsxw1 Dw wkh vdph wlph/ uhgxfhg sulfhv lqfuhdvh frqvxphu

vxusoxv lq qrgh D1 Wkh frpelqhg vl}h ri duhdv 4 dqg 5 htxdov frqvxphu vxusoxv= wkh surgxfw

ri txdqwlw| frqvxphg wlphv sulfh fkdqjh soxv dgglwlrqdo vxusoxv gxh wr hohfwulflw| frqvxpswlrq

6



zklfk zdv suhyhqwhg dw kljkhu sulfhv1 Wkh gl�huhqfh ehwzhhq frqvxphu vxusoxv dqg surgxfhuv*

orvvhv htxdov zhoiduh jdlqv lq qrgh D/ uhsuhvhqwhg e| duhd 51 Dsso|lqj d vlplodu dujxphqwdwlrq

lq qrgh E vkrzv wkdw jhqhudwruv* sur�w lqfuhdvhv pruh gxh wr sulfh lqfuhdvhv wkdq frqvxphuv*

vxusoxv lv uhgxfhg/ uhvxowlqj lq zhoiduh jdlqv lq qrgh E +duhd 7,1

D wklug frpsrqhqw ri zhoiduh jdlqv lv gxh wr wkh frqjhvwhg wudqvplvvlrq olqh1 Pruh dffhvv wr

wkh wudqvplvvlrq olqh lv uhtxluhg wkdq lv dydlodeoh1 Wkhuhiruh vfdufh dffhvv uljkwv duh dxfwlrqhg

lq rughu wr hqvxuh qrq0glvfulplqdwru| dffhvv iru doo sduwlhv1 Wkh dxfwlrq lv h{shfwhg wr surgxfh

wudqvplvvlrq uhyhqxh +duhd 8, fruuhvsrqglqj wr wkh yroxph ri wudqvplvvlrq uljkwv wlphv wkh ydoxh

ri hdfk uljkw/ zklfk lv jlyhq e| wkh sulfh gl�huhqfh ehwzhhq qrgh D dqg E=

Dxfwlrq uhyhqxhv fdq eh vljql�fdqw lq olehudolvhg pdunhwv1 Wudqvplvvlrq uljkwv iurp Jhupdq|

wr wkh Qhwkhuodqgv zhuh dxfwlrqhg iru 43 Hxur2PZk lq Pd| 5334/ urxjko| kdoi ri Jhupdq

hohfwulflw| sulfhv1 Wkh wudqvplvvlrq rshudwru fdq froohfw sur�wv fruuhvsrqglqj wr duhd �yh iurp

wkh lqwhufrqqhfwlrq li sulfhv lq erwk pdunhwv duh zhoo0gh�qhg lq d frpshwlwlyh vhwwlqj

51415 Zhoiduh jdlqv gxh wr lqwhufrqqhfwlrq zlwk lpsolflw frqvwudlqw wuhdwphqw

Iljxuh 5 looxvwudwhv wkh frpsrqhqwv ri zhoiduh jdlq iurp dsso|lqj lpsolflw frqjhvwlrq wuhdwphqw

lq wkh suhylrxv vhwwlqj frqvlvwlqj ri zhoiduh jdlqv lq wkh hqhuj| pdunhw dqg zhoiduh orvvhv lq wkh

edodqflqj pdunhw1

Lq wkh lqlwldo hqhuj| pdunhw +judsk rq wkh ohiw vlgh,/ jhqhudwruv dqg frqvxphuv fdq frqwudfw

luuhvshfwlyh ri wudqvplvvlrq frqvwudlqw1 Wkh uhvxow lv d krprjhqhrxv pdunhw fohdulqj sulfh iru

erwk qrghv D dqg E1 Dvvxplqj wkh uhtxluhg wudqvplvvlrq iurp qrgh E wr qrgh D frxog eh shu0

iruphg/ wkh wzr wuldqjohv iruphg e| wkh eodfn dqg juh| duhdv uhsuhvhqw wkh wrwdo zhoiduh jdlqv1 Lq

wkh h{sruwlqj }rqh dgglwlrqdo jhqhudwruv* sur�wv rxwzhljk uhgxfhg frqvxphu vxusoxv/ zkhuhdv/ lq

wkh lpsruwlqj }rqh/ dgglwlrqdo frqvxphu vxusoxv rxwzhljkv uhgxfhg jhqhudwruv* sur�wv1 Wkh juh|

duhd fruuhvsrqgv wr zhoiduh jdlq zklfk zdv douhdg| dfklhyhg lq wkh suhylrxv vhfwlrq +jhqhudwruv*

sur�wv/ frqvxphu vxusoxv dqg wudqvplvvlrq uhqw,1 Wkh eodfn duhd uhsuhvhqwv dgglwlrqdo zhoiduh

jdlqv li wkh wudqvplvvlrq olqn lv dvvxphg qrw wr eh fdsdflw| frqvwudlqw1

Wkh judsk rq wkh uljkw vlgh vkrzv/ krz wkh VR lqwhudfwv lq wkh edodqflqj pdunhw wr uhvroyh

wkh frqjhvwlrq1 Wkh VR kdv wr uhgxfh jhqhudwlrq dw wkh h{sruwlqj qrgh E xqwlo wkh gl�huhqfh

ehwzhhq jhqhudwlrq dqg ghpdqg htxdov wkh wudqvplvvlrq fdsdflw| N= Vlpxowdqhrxvo|/ wkh VR kdv

wr lqfuhdvh jhqhudwlrq dw wkh lpsruwlqj qrgh D e| wkh vdph dprxqw17

Wkh VR pxvw sd| jhqhudwruv dw qrgh E qrw wr surgxfh1 Wkh sd|phqw lwvhoi uhsuhvhqwv d uhglvwul0

exwlrq dqg lv wkhuhiruh zhoiduh qhxwudo1 Krzhyhu/ xvxdoo|/ wkh uhtxluhg ixqgv kdyh wr eh froohfwhg

zlwk d wd{ rq doo frqvxphuv/ wkhuhe| glvwruwlqj h!flhqw doorfdwlrq1 Iru wkh vdnh ri vlpsolflw|/ zh

ljqruh wklv dgglwlrqdo glvdgydqwdjh ri lpsolflw frqjhvwlrq wuhdwphqw lq wkh vxevhtxhqw dqdo|vlv1

7Ghpdqg vlgh uhvsrqvh lq wkh edodqflqj pdunhw lv srvvleoh exw uduh1 Iru uhdvrqv ri vlpsolflw| lw lv ljqruhg/ exw

zrxog qrw dowhu wkh txdolwdwlyh uhvxow1
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1. Unconstrained Energy Market 2. Constraints resolve in
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Iljxuh 5= Wrwdo zhoiduh jdlqv iurp lqwhufrqqhfwlqj wzr frpshwlwlyh qrghv zlwk d fdsdflw| frq0

vwudlqw lqwhufrqqhfwru frqvlvw ri jdlqv lq wkh hqhuj| pdunhw dqg orvvhv lq wkh vxevhtxhqw edodqflqj

pdunhw1 Wkh lqlwldo hqhuj| pdunhw ghwhuplqhv dq doorfdwlrq fruuhvsrqglqj wr dq xqfrqvwudlqhg

wudqvplvvlrq olqn1 Wkhq wkh VR uhvfkhgxohv jhqhudwlrq lq wkh edodqflqj pdunhw wr uhvroyh frq0

vwudlqwv1

Krzhyhu/ wkh uhvfkhgxolqj kdv d zhoiduh frpsrqhqw dv zhoo1 Jhqhudwruv dw qrgh E zklfk duh

sdlg iru lq wkh edodqflqj pdunhw qrw wr surgxfh zrxog kdyh surgxfh dw orzhu pdujlqdo frvwv

wkdq wkh jhqhudwruv dw qrgh D zklfk duh sdlg wr surgxfh lqvwhdg1 Duhd 9 uhsuhvhqwv wkh zhoiduh

orvvhv ri jhqhudwruv qrw surgxflqj/ zklfk duh pruh h!flhqw wkdq wkh pdujlqdo jhqhudwru lq wkh

hqhuj| pdunhw1 Duhd : vkrzv wkh zhoiduh orvv gxh wr dgglwlrqdo frvwv ri jhqhudwruv zklfk duh

pruh h{shqvlyh wkdq wkh pdujlqdo jhqhudwru lq wkh hqhuj| pdunhw1

51416 Frpsdulvrq ri h{solflw dqg lpsolflw frqjhvwlrq wuhdwphqw xqghu shuihfw frp0

shwlwlrq

Lpsolflw frqjhvwlrq wuhdwphqw dsshduv wr doorz pruh zhoiduh jdlqv lq wkh lqlwldo hqhuj| pdunhw

wkdq h{solflw wuhdwphqw1 Krzhyhu/ wkh VR pxvw vxevhtxhqwo| uhvroyh frqvwudlqwv1 Zhoiduh orvvhv

lq wkh edodqflqj pdunhw +duhdv 9 dqg :, duh wzlfh dv kljk dv wkh dgglwlrqdo zhoiduh jdlqv iurp

lpsolflw frqjhvwlrq wuhdwphqw lq wkh hqhuj| pdunhw uhodwlyh wr dq h{solflw frqjhvwlrq wuhdwphqw

+eodfn duhd lq �jxuh 504,1 Wklv phdqv lpsolflw frqjhvwlrq wuhdwphqw fuhdwhv ohvv zhoiduh jdlqv

8



wkdq h{solflw frqjhvwlrq wuhdwphqw18

H{solflw frqvwudlqw pdqdjhphqw doorzv wkh VR wr froohfw wudqvplvvlrq uhyhqxh +duhd 8 lq Iljxuh

4,1 Wkh vxevhtxhqw xwlolvdwlrq ri uhyhqxh fdq eh ghwhuplqhg e| wkh uhjxodwru1 Xqghu lpsolflw

frqjhvwlrq wuhdwphqw/ wkh uhyhqxh lv vsolw ehwzhhq jhqhudwruv lq wkh h{sruwlqj }rqh dqg wkh

frqvxphuv lq wkh lpsruwlqj }rqh/ dqg fdq rqo| eh froohfwhg zlwk wkh khos ri glvwruwlqj wd{hv1 Vxfk

wd{hv duh uhtxluhg wr �qdqfh wkh uhvfkhgxolqj zklfk pxvw eh rughuhg e| wkh VR iru frqvwudlqw

uhvroxwlrq1

Wkh wklug/ dqg srwhqwldoo| prvw vhyhuh/ glvdgydqwdjh ri lpsolflw frqvwudlqw pdqdjhphqw lv wkdw

jhqhudwruv zklfk duh vfkhgxohg lq wkh hqhuj| pdunhw rewdlq wkh vdph uhyhqxh dw erwk orfdwlrqv1

Wkh ghflvlrq iru orfdwlrq ri qhz jhqhudwlrq fdsdflw| lv qrw lq xhqfhg e| wkh frvwv ri frqvwudlqw

uhvroxwlrq eurxjkw derxw e| wkh lqyhvwphqw1 Iru vrph jhqhudwruv/ lw lv hyhq pruh sur�wdeoh wr

orfdwh dw wkh h{sruw frqvwudlqw qrgh1 Ohw xv vxssrvh d jhqhudwru dw qrgh D zlwk jhqhudwlrq frvwv

[ ehwzhhq 53 +prqh|2PZk, dqg 65 �uvw frqwudfwv lq wkh hqhuj| pdunhw dw d sulfh ri 661 Klv

uhyhqxhv h{fhhg yduldeoh frvwv e| 660[1 Vxevhtxhqwo|/ lq wkh edodqflqj pdunhw/ kh ex|v hqhuj| dw

wkh pdunhw fohdulqj sulfh ri 53/ vdylqj yduldeoh frvwv ri [0531 Wrwdo uhyhqxh lv 66053@46 zlwkrxw

lqfxuulqj yduldeoh frvwv iru hqhuj|1 Wkh vdph jhqhudwru dw qrgh E zrxog kdyh wr jhqhudwh dqg

uhfhlyh uhyhqxh 661 Yduldeoh frvwv [ duh ehwzhhq 53 dqg 65/ ohdylqj wkh jhqhudwru ehwzhhq 4 dqg

46 uhyhqxh diwhu sd|lqj yduldeoh frvwv1 Xqghu h{solflw frqjhvwlrq pdqdjhphqw/ wkhvh jhqhudwruv

zrxog rqo| eh frqwudfwhg iru dw qrgh E dqg wkhuhiruh zrxog orfdwh dw wkh h!flhqw orfdwlrq1

515 H�hfw xqghu pdunhw srzhu

Wkh vxevhtxhqw dqdo|vlv rqo| uhsuhvhqwv dq lqlwldo dvvhvvphqw1 Jhqhudwruv lq frqvwudlqhg }rqhv

fdq sur�wdeo| dexvh wkh v|vwhp1 Lpdjlqh dq roljrsro| lq dq h{sruw frqvwudlqhg }rqh1 Roljrsrolvwv

zloo vhoo pruh hohfwulflw| wkdq fdq eh wudqvplwwhg rq wkh lqwhufrqqhfwlrq1 Wkh VR uhdolvhv wkdw

wkh wudqvplvvlrq frqvwudlqw lv ylrodwhg dqg uhvroyhv lw lq wkh edodqflqj pdunhw= roljrsrolvwv lq wkh

frqvwudlqw }rqh uhgxfh jhqhudwlrq uhodwlyh wr wkh dqqrxqfhg vfkhgxoh dqg jhqhudwruv rxwvlgh wkh

frqvwudlqw }rqh lqfuhdvh jhqhudwlrq1 Roljrsrolvwv sur�w e| rewdlqlqj jhqhudo pdunhw sulfhv iru

lqlwldoo| frqwudfwhg hohfwulflw| dqg wkhq xvlqj orfdwlrqdo pdunhw srzhu lq wkh edodqflqj pdunhw

wr sd| d orzhu sulfh wr wkh VR iru wkh iudfwlrq ri wkh hohfwulflw| wkh| gr qrw surgxfh wkhpvhoyhv1

Wr lqfuhdvh sur�wv/ roljrsrolvwv zloo ryhu0frqwudfw lq wkh hqhuj| pdunhw lq rughu wr lqfuhdvh wkh

yroxph wr eh uhvroyhg lq wkh edodqflqj pdunhw1 Lq wkh edodqflqj pdunhw/ jhqhudwruv kdyh orfdo

pdunhw srzhu dqg fdq wkhuhe| uhgxfh wkh sulfh dw zklfk wkh| vhoo wkhlu hqhuj| edfn1 Kduyh| dqg

Krjdq suhvhqw d vlplodu dujxphqw lq d glvfxvvlrq ri }rqdo yv1 qrgdo sulflqj ^<`1 Lw lv vkrzq wkdw

qrgdo sulflqj lv d ehwwhu uhvsrqvh wr orfdo pdunhw srzhu wkdq }rqdo sulflqj/ zlwk lwv vxevhtxhqw

vrfldolvlqj ri uhvfkhgxolqj frvwv1

Wkhvh sur�wv iurp dexvlqj wudqvplvvlrq frqvwudlqwv wr h{huflvh pdunhw srzhu duh dgglwlrqdo

8Wrwdo zhoiduh ri h{solflw frqjhvwlrq wuhdwphqw rqo| h{fhhgv wrwdo zhoiduh ri lpsolflw frqjhvwlrq wuhdwphqw li

ghpdqg hodvwlflw| lv deryh }hur1
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wr sur�wv wr eh pdgh iurp uhjlrqdo pdunhw srzhu xqghu dq| +lpsolflw ru h{solflw, wuhdwphqw

ri pdunhw srzhu1 Hyhq li wudqvplvvlrq frqvwudlqwv duh wuhdwhg h{solflwo|/ wkh roljrsro| dw wkh

h{sruwlqj qrgh zloo uhgxfh rxwsxw wr lqfuhdvh sulfh dqg fdswxuh wkh wudqvplvvlrq uhqw +duhd 8 lq

Iljxuh 4,1 Wklv uhvxow lv vxssruwhg e| h{shulphqwv ^4`1

516 Frqfoxvlrq rq lpsolflw frqjhvwlrq wuhdwphqw

Wkh suhylrxv dqdo|vlv iru wkh frpshwlwlyh fdvh vkrzv wkdw lpsolflw frqjhvwlrq pdqdjhphqw uh0

vxowv lq lqh!flhqw vfkhgxolqj ri jhqhudwlrq dqg furvv0vxevlglvhv ghpdqg dw wkh lpsruw frqvwudlqhg

qrgh1 Qdwlrqdo Julg Frpsdq| fdofxodwhg wkdw li 433PZ ri hqhuj| duh lqvhuwhg lq Zhvw Odq0

fdvkluh orfdwhg lq wkh Qruwk lqvwhdg ri wkh Vrxwk Frdvw/ wrwdo v|vwhp orvvhv duh lqfuhdvhg e| ;

PZ19

Jhqhudwruv dw wkh h{sruw frqvwudlqhg qrgh uhfhlyh wudqvplvvlrq uhqw zklfk rwkhuzlvh zrxog eh

froohfwhg e| wkh VR dqg frxog eh xvhg wr uhgxfh wudqvplvvlrq wdul�v iru doo frqvxphuv1 Lpsolflw

wudqvplvvlrq pdqdjhphqw grhv qrw rqo| idlo wr frqiurqw jhqhudwruv zlwk wkh frvw ri frqvwudlqw

uhvroxwlrq exw hyhq lqfhqwlylvhv vrph jhqhudwruv wr orfdwh dw wkh h{sruw0frqvwudlqhg qrghv1 Qhz0

ehu| kdv hvwlpdwhg wkdw lqfruuhfw orfdwlrqdo vljqdov iru lqyhvwphqw frxog lqfuhdvh jhqhudwlrq frvwv

e| 45( ^46`1

Lqlwldo dqdo|vlv ri wkh vlwxdwlrq zlwk pdunhw srzhu vxjjhvwv wkdw wkhvh h�hfwv duh rqo| hqkdqfhg1

Wkh uhvxow lv vxssruwhg e| Eruhqvwhlq ^6`1 Kh frqfoxghv iurp d wkhruhwlfdo dqdo|vlv dqg frp0

sdulvrq ehwzhhq klvwrulfdo dqg suhvhqw  rz sdwwhuqv ehwzhhq wkh zhvwhuq dqg hdvwhuq sruwlrq ri

wkh SMP hohfwulflw| frqwuro duhd lq wkh Qruwk0Hdvw ri wkh XVD wkdw gxh wr wkh h{huflvh ri }rqdo

pdunhw srzhu wudqvplvvlrq olqnv fdq eh pruh iuhtxhqwo| frqjhvwhg diwhu olehudolvdwlrq1

Hyhq zlwkrxw h{solflw frqvwudlqw pdqdjhphqw wzr ixuwkhu phwkrgv duh dydlodeoh dqg duh dssolhg

wr vxssruw h!flhqw doorfdwlrq dqg vfkhgxolqj1 Iluvw/ jhqhudwruv fdq eh fkdujhg iru pdujlqdo

orvvhv gxh wr wkhlu wudqvplvvlrq/ dqg vhfrqg/ frqqhfwlrq fkdujhv fdq eh orfdwlrq0gl�huhqwldwhg1

Pdujlqdo orvv fkdujlqj ryhu0uhfryhuv hqhuj| orvvhv e| wkh idfwru wzr dqg wkhuhiruh pdnhv prqh|

dydlodeoh iru fdslwdo ru rshudwlqj h{shqglwxuh1 Li julg xvdjh zhuh qrw shdn| dqg lqyhvwphqw qrw

oxps|/ wkhq ryhu0uhfryhu| iurp pdujlqdo orvv sulflqj zrxog vx!fh wr uhfryhu �{hg frvwv1 Lq

uhdolw|/ julg xvdjh ydulhv ryhu wkh gd|1 D frpsdq| orfdwlqj d qhz jhqhudwlrq idflolw| iru shdn

vxsso| edvhg rq jdv lq wkh Qruwk zrxog sd| pdujlqdo orvv idfwruv iru wudqvplvvlrq wr wkh Vrxwk

iru rqo| d iudfwlrq ri wkh |hdu/ lqvx!flhqw wr uhfryhu lqyhvwphqw frvwv iru dgglwlrqdo wudqvplvvlrq1

Wkh vdph frpsdq|/ orfdwlqj lq wkh Vrxwk/ zrxog kdyh wr rewdlq �up wudqvplvvlrq uljkwv iru jdv

zklfk duh sulfhg fruuhvsrqglqj wr xvdjh dw shdn wlphv1 Wkxv wkh frpsdq| pljkw ghflgh wr

orfdwh lq wkh Qruwk/ hyhq wkrxjk wrwdo frvwv iru wudqvplvvlrq lqyhvwphqw duh orzhu iru jdv wkdq

iru hohfwulflw|1 Wklv lv ehfdxvh wkh frpsdq| zrxog kdyh wr sd| iru wkh shdn fdsdflw| lq jdv/ exw

xqghu pdujlqdo sulflqj uxohv qrw lq hohfwulflw|1

9Wklv h�hfw fdq eh lqfrusrudwhg e| pdujlqdo sulflqj ri wudqvplvvlrq orvvhv 0 exw zloo qrw uhvxow lq h!flhqw

glvsdwfk li uhyhqxhv iurp orfdwlrqdo pdunhw srzhu duh kljkhu wkdq dgglwlrqdo frvwv iru wudqvplvvlrq orvvhv1

:



Wkh sureohp fdq eh hlwkhu vroyhg zlwk dq h{solflw frqvwudlqw wuhdwphqw ru zlwk ghhs frqqhfwlrq

fkdujhv1 Wkhvh fkdujhv lpso| wkdw d jhqhudwru qhzo| frqqhfwhg wr wkh julg qrw rqo| kdv wr sd|

iru wkh gluhfw olqn iurp klv idflolw| wr wkh qh{w kljk yrowdjh olqh/ exw dovr kdv wr ehdu wkh frvwv ri

dq| uhtxluhg julg lqyhvwphqw wr kdqgoh wkh dgglwlrqdo ordg1 Dv lw vhhpv gl!fxow wr dvvljq vxfk

frvwv surshuo|/ ghhs frqqhfwlrq fkdujhv kdyh qrw ehhq dssolhg vr idu1 D wkrurxjk dqdo|vlv lv

dgylvdeoh/ exw eh|rqg wkh vfrsh ri wklv sdshu1

L kdyh qhlwkhu dwwhpswhg wr txdqwli| zhoiduh orvvhv gxh wr lpsolflw frqjhvwlrq pdqdjhphqw qru

wkh frvwv ri h{solflw frqjhvwlrq pdqdjhphqw:1 Wkhuhiruh d �qdo mxgjhphqw derxw wkh qhfhvvlw|

ri h{solflw frqjhvwlrq pdqdjhphqw lv qrw r�huhg khuh1

6 Surshuw| uljkwv iru wudqvplvvlrq

Lq d Pd| frqvxowdwlrq grfxphqw wkh hohfwulflw| uhjxodwru Rijhp vxjjhvwhg d qhz wudqvplvvlrq

dffhvv uhjlph wr frpsohphqw QHWD +Rijhp5333d,1 Rijhp lqwhqgv wr fuhdwh wudgdeoh surshuw|

uljkwv wr uhjxodwh xvdjh ri wkh wudqvplvvlrq qhwzrun1;1 Wkh Frdvh wkhruhp vwdwhv wkdw li wudgh lq

wkh h{whuqdolw| fdq rffxu/ wkhq frvwohvv edujdlqlqj zloo ohdg wr dq h!flhqw rxwfrph/ qr pdwwhu

krz surshuw| uljkwv duh doorfdwhg ^9`1

Lq hohfwulflw| qhwzrunv/ wkh fdsdflw| ri hyhu| wudqvplvvlrq olqh dqg wudqviruphu lv olplwhg1 Gh0

shqglqj rq wkh ordg dqg jhqhudwlrq sdwwhuq/ pdq| ri wkhvh frqvwudlqwv fdq eh elqglqj dw vrph

wlph ri wkh |hdu1 Wrr pdq| frqwudfw w|shv zrxog eh uhtxluhg wr fryhu doo uhohydqw frqvwudlqwv>

wkhuhiruh Rijhp sursrvhg wr exqgoh surshuw| uljkwv wr vhyhudo frqvwudlqwv lq rughu wr fuhdwh

hqwu|2h{lw uljkwv1< D frpsdq| zklfk zdqwv wr wudqvplw hohfwulf hqhuj| rqo| kdv wr rewdlq rqh

hqwu| uljkw dw wkh vwduwlqj srlqw dqg rqh h{lw uljkw iru wkh hqg srlqw ri wkh wudqvplvvlrq1 Wkhvh

wzr uljkwv hqfrpsdvv dffhvv uljkwv wr doo frqvwudlqwv lqyroyhg lq wkh wudqvplvvlrq1 Vhfwlrq 615

vkrzv wkdw Rijhp*v dssurdfk uhsuhvhqwv wkh ehvw exqgolqj vwudwhj| iru surshuw| uljkwv1

Dowkrxjk vwduwlqj iurp d jrrg exqgolqj vwudwhj|/ wkh fxuuhqw Rijhp sursrvdo fuhdwhv lqh!flhq0

flhv lq wzr uhvshfwv1 Iluvw Rijhp vxjjhvwv wkdw hqwu|2h{lw uljkwv zlwk d srvlwlyh sulfh duh rswlrqv1

Vhfwlrq 616 dujxhv wkdw/ lq phvkhg qhwzrunv/ doo uljkwv pxvw eh reoljdwlrqv1 D vhfrqg fdxvh ri

lqh!flhqflhv lv wkdw wkh VR fdq qrw h�hfwlyho| uhfrq�jxuh hqwu|2h{lw uljkwv1 Vhfwlrq 617 looxv0

wudwhv wkdw lq wkh suhvhqfh ri xqfhuwdlqw|/ h!flhqw xvdjh ri vfdufh fdsdflw| uhtxluhv wkh VR wr

vlpxowdqhrxvo| ex| edfn vhyhudo hqwu|2h{lw uljkwv dqg wr uhexqgoh wkh xqghuo|lqj dffhvv uljkwv

dqg wkhq vhoo gl�huhqw w|shv ri hqwu|2h{lw uljkwv1

:Vhh Ulfkdug Juhhq ^;`1
;Wkh frqvxowdwlrq grfxphqw ixuwkhupruh vxjjhvwv d fkdqjh lq wkh wuhdwphqw ri wudqvplvvlrq orvvhv wrzdugv d

shu PZk fkdujlqj ri wlph0dyhudjhg pdujlqdo orvvhv1 L vxssruw wklv dssurdfk ehfdxvh lw jlyhv surshu orfdwlrqdo

vljqdov iru lqyhvwphqw dqg glvsdwfk1
< Li ghpdqg fdq eh suhglfwhg zlwk vx!flhqw dffxudf| e| wkh v|vwhp rshudwru dqg lv dvvxphg wr eh sulfh lqhodvwlf/

wkhq lw vx!fhv wr fuhdwh rqo| hqwu| uljkwv1

;



614 Fulwlflvp ri Iorz0jdwh uljkwv

Iorz0jdwhv uljkwv duh dq dwwhpsw wr gluhfwo| pdwfk surshuw| uljkwv zlwk wkh vfdufh wudqvplvvlrq

fdsdflw|1 Wudqvplvvlrq olqhv zklfk duh h{shfwhg wr eh frqjhvwhg duh gh�qhg dv  rz0jdwhv1 Dq|

hqhuj| wudqvplvvlrq ehwzhhq wzr srlqwv ri wkh qhwzrun d�hfwv doo  rz0jdwhv ehfdxvh hohfwulf  rzv

fdqqrw eh gluhfwhg lq d phvkhg DF qhwzrun1 Wkh hqhuj|  rz lv glylghg dprqjvw doo srvvleoh

sdwkv sursruwlrqdoo| wr wkh lqyhuvh ri wkh uhvlvwdqfh dorqj wkh sdwk1 Wklv skhqrphqrq ohdgv wr

vr fdoohg orrs  rzv1 Iru dq| hqhuj| wudqvplvvlrq ehwzhhq wzr }rqhv ri wkh qhwzrun/ rqh zrxog

wkhuhiruh kdyh wr rewdlq surshuw| uljkwv iru doo  rz0jdwhv1

Suh0gh�qhg frqvwdqw  rz0jdwhv r�hu olwwoh vfrsh wr dgdsw wr g|qdplf ghyhorsphqwv zlwklq d

qhwzrun1 Frqvwdqw sursruwlrqdolw| idfwruv kdyh wr eh dvvxphg lq rughu wr doorz frpsdqlhv wr

khgjh ulvn zlwk  rz0jdwh uljkwv1 Krzhyhu/ lq d uhdo qhwzrun/ wkh  rzv duh glylghg ehwzhhq gli0

ihuhqw sdwkv/ ghshqglqj rq olqh rxwdjhv gxh wr pdlqwhqdqfh/ uhdfwlyh srzhu  rzv gxh wr gl�huhqw

jhqhudwlrq sdwwhuqv dqg wkh lqfuhdvlqj xvdjh ri skdvh vkliwlqj ghylfhv +Ioh{leoh DF wudqvplvvlrq

qhwzrunv,1 Ixuwkhupruh/ wkh pd{lpxp fdsdflw| ri d  rz0jdwh lv xvxdoo| qrw ghwhuplqhg e| wkh

wkhupdo frqvwudlqw ri d olqh exw e| wkh +q04, vhfxulw| frqvwudlqw1 Wklv lpsolhv wkdw wkh fdsdflw|

ri d  rz0jdwh fkdqjhv ghshqghqw rq wkh qhwzrun vlwxdwlrq1 Fkdqjlqj sursruwlrqdolw| idfwruv dqg

fkdqjlqj  rz0jdwh fdsdflwlhv lpso| wkdw wkh  rz0jdwh dssurdfk grhv qrw doorz iru dq h!flhqw

xvh ri wkh qhwzrun ^4:`1

Krjdq grfxphqwv wkh gl!fxowlhv ri  rz0jdwhv ^44`1 Kh dvvxphg lq d frxqwhuidfwxdo vwxg| wkdw

wkh SMP v|vwhp zrxog eh edvhg rq  rz jdwh uljkwv lqvwhdg ri qrgdo sulflqj1 Lq wkh shulrg

Mdqxdu| 4<<; wr Dsulo 5333/ wkhuh zhuh 494 xqltxh frqvwudlqwv wkdw surgxfhg frqjhvwlrq lq

SMP1 Krjdq frqfoxghv wkdw d frpsohwh  rz0jdwh prgho zrxog uhtxluh sxufkdvh ri 494  rz0jdwh

uljkwv wr vhfxuh d vlqjoh srlqw0wr0srlqw wudqvdfwlrq1 Rqh pljkw h{shfw wklv qxpehu wr gurs li

plqru frqvwudlqwv zhuh ljqruhg 0 exw hyhq li rqo| ;3( ri wkh frqvwudlqw krxuv duh wr eh fryhuhg/

83  rz0jdwhv zrxog eh uhtxluhg/ vwloo lpso|lqj vljql�fdqw wudqvdfwlrq frvwv1

615 ]rqh0wr0}rqh frqwudfwv duh lqihulru wr }rqdo hqwu| dqg h{lw uljkwv

Reoljdwru| }rqh0wr0}rqh frqwudfwv dqg �up hqwu| dqg h{lw uljkwv duh frpsduhg1 Wkh vhfwlrq

lv edvhg rq wkh vlpsol�fdwlrq/ wkdw }rqhv duh vpdoo hqrxjk/ vxfk wkdw wkh| fdq eh uhsuhvhqwhg

e| qrghv1 Krzhyhu/ wkh uhvxowv frpsdulqj gl�huhqw ghvljqv gluhfwo| wudqvodwh wr odujhu }rqhv143

Dsshqgl{ 4 frqwdlqv wkh surri wkdw reoljdwru| }rqdo dffhvv uljkwv dqg }rqh0wr0}rqh frqwudfwv

uhsuhvhqw wkh vdph sk|vlfdo frqvwudlqwv1 Wklv lv gxh wr wkh idfw/ wkdw hohfwulflw|  rzv duh lqgh0

shqghqw ri wkh sdwwhuq ri jhqhudwlrq dqg frqvxpswlrq1 Dgglwlrqdo hohfwulflw|  rzv vxshulpsrvh

xsrq h{lvwlqj  rzv1 Wzr  rzv lq rssrvlqj gluhfwlrqv fdqfho hdfk rwkhu1 Wkhuhiruh/ wkh pdujlqdo

frvw ri wudqvplwwlqj wkh �uvw  rz lv h{dfwo| wkh qhjdwlyh ri wkh frvw ri wkh vhfrqg  rz1 Lq d

v|vwhp zlwk Q }rqhv/ Q �+Q�4,@5 }rqh0wr0}rqh frqwudfwv duh gh�qhg/ zkhuhdv wkh vdph v|vwhp

43Wr doorz iru dq krprjhqrxv uhsuhvhqwdwlrq zh zloo frqwlqxh wr uhihu wr }rqhv udwkhu wkdq qrghv/ vhh vhfwlrq

714 iru ixuwkhu glvfxvvlrq1
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rqo| uhtxluhv Q }rqdo dffhvv frqwudfw w|shv144 Reoljdwru| frqwudfwv fdq eh khog lq qhjdwlyh dqg

srvlwlyh txdqwlwlhv/ wkhuhiruh rqh w|sh ri frqwudfw vx!fhv iru hohfwulflw| zlwkgudzdo dqg lqvhuwlrq

dw hdfk qrgh1

Dv erwk ghvljqv uhsuhvhqw wkh vdph xqghuo|lqj zruog wkh kljkhu qxpehu ri frqwudfwv lq wkh

}rqh0wr0}rqh ghvljq grhv qrw uhyhdo dgglwlrqdo lqirupdwlrq1 Jlyhq wkh vdph dprxqw ri wudgh

lqwhudfwlrqv/ wkh oltxlglw| ri frqwudfwv lq wkh }rqh0wr0}rqh ghvljq zloo eh orzhu wkdq lq wkh rwkhu

ghvljq1 Pruh oltxlglw| whqgv wr uhgxfh wkh yrodwlolw| ri sulfhv1 Wudqvdfwlrq frvwv duh uhgxfhg lq

d ohvv yrodwloh pdunhw ehfdxvh wkh pdunhw lqwhudfwlrqv fdq eh dxwrpdwhg zkhq lqglylgxdo wudghv

gr qrw vljql�fdqwo| dowhu sulfhv1 Wkh vhfrqg dgydqwdjh ri pruh oltxlglw| lv wkdw wkh VR fdq pruh

hdvlo| uhfrq�jxuh gl�huhqw w|shv ri wudqvplvvlrq uljkwv 0 wklv dvshfw zloo eh looxvwudwhg lq vhfwlrq

61 Lw fdq eh frqfoxghg wkdw reoljdwru| }rqdo dffhvv uljkwv duh vxshulru wr reoljdwru| }rqh0wr0}rqh

frqwudfwv1

616 Hqwu|2h{lw uljkwv vkrxog eh reoljdwlrqv

D frqvhtxhqfh ri exqgohg surshuw| uljkwv +hqwu|2h{lw uljkwv/ srlqw0wr0srlqw frqwudfwv, lv wkdw

doo wudqvplvvlrq frqwudfwv pxvw eh reoljdwlrqv wr uhvxow lq h!flhqw qhwzrun xwlolvdwlrq1 Wklv lv

qrw wkh fdvh zlwk xqexqgohg uljkwv +l1h1  rz jdwh uljkwv,1 Wkhvh pd| eh wuhdwhg dv rswlrqv li

wkh| kdyh d srvlwlyh ydoxh/ ehfdxvh qr wudqvplvvlrq frqvwudlqwv zloo eh ylrodwhg li wkh rswlrq lv

qrw h{hfxwhg1 Xqexqgohg surshuw| uljkwv duh rqo| reoljdwlrqv li wkh| kdyh d qhjdwlyh ydoxh1 Li

wkh reoljdwlrq lv qrw h{hfxwhg/ wkhq frqjhvwlrq lv qrw uholhyhg dqg wudqvplvvlrq frqvwudlqwv pd|

eh ylrodwhg1 Hqwu|2h{lw uljkwv duh exqgohg surshuw| uljkwv dqg xvxdoo| frqvlvw ri d frpelqdwlrq

ri rswlrqv dqg reoljdwlrqv1 Li wkh ydoxh ri wkh xqghuo|lqj rswlrqv lv juhdwhu wkdq wkdw ri wkh

xqghuo|lqj reoljdwlrqv/ wkhq wkh exqgoh kdv d srvlwlyh ydoxh1 Lw vwloo fdqqrw eh wuhdwhg dv dq

rswlrq/ ehfdxvh lw frqwdlqv reoljdwlrqv zklfk kdyh wr eh h{hfxwhg wr nhhs wkh qhwzrun vwdeoh1

Wkhuhiruh/ hqwu|2h{lw uljkwv pxvw eh wuhdwhg dv reoljdwlrqv/ hyhq li wkh| kdyh d srvlwlyh ydoxh451

Li/ dv fxuuhqwo| sursrvhg e| Rijhp/ hqwu|2h{lw uljkwv duh wuhdwhg dv rswlrqv/ wkhq wkh VR fdqqrw

uho| rq wkh frqjhvwlrq uholhylqj frqwulexwlrq ri wkh frpsrqhqwv +^48`/ sdjh :<,1 Zkhuhdv �qdqfldo

44Rqh fdq dujxh zkhwkhu wkh qxpehu ri frqwudfwv lq wkh }rqh0wr0}rqh ghvljq zloo lq uhdolw| eh vpdoohu wkdq

� W E� 3��*21 Zk| vkrxog rqh uhtxluh wudqvplvvlrq frqwudfwv iru wudqvplvvlrqv ehwzhhq }rqhv li wkh wudqvplvvlrq

grhv qrw frqwulexwh wr dq| frqjhvwlrq1 Krzhyhu/ li sulfhv iru wudqvplvvlrqv ehwzhhq vxfk }rqhv zrxog eh }hur/

zklovw sulfhv iurp wkhvh }rqhv wr d wklug }rqh gl�hu/ dq| wzr �upv frxog pdnh xvh ri wkh duelwudjh rssruwxqlw| dqg

vwduw d sur�wdeoh wuldqjoh wudgh1 Wuldqjoh wudgh ehwzhhq Hxurshdq frxqwulhv kdv fdxvhg qhdu lqflghqwv lq Ehojlxp

lq 4<<: dqg 4<<< ^49`1 Dv lw lv gl!fxow wr ohjdoo| lqklelw wuldqjoh wudgh/ wkh ehvw vroxwlrq lv wr lvvxh dqg uhtxluh

wudqvplvvlrq uljkwv iru doo olqnv1
45Rijhp vxjjhvwv wkdw wkh v|vwhp rshudwru vkrxog dqwlflsdwh zkdw sursruwlrq ri wkh rswlrqv zloo eh h{hfxwhg

dqg srvvleo| fuhdwh dgglwlrqdo hqwu|2h{lw uljkwv1 Vxfk dq hydoxdwlrq vhhpv gl!fxow wr shuirup jlyhq wkh pxowlsoh

elodwhudo qhjrwldwlrqv iru hohfwulflw| +Jhupdq hohfwulflw| wudglqj yroxph lq 5333 zdv wzlfh wkh wrwdo jhqhudwlrq/

Jÿqwhu Pdutxlv/ YGHZ Suhvlghqw/ Kdpexuj 6318134,

Li wkh v|vwhp rshudwru kdv wr dqwlflsdwh zkdw sursruwlrq ri surshuw| uljkwv zloo eh h{hfxwhg wkhq wkh sxusrvh ri

wkh hqwluh h{huflvh lv holplqdwhg= wr lqirup wkh v|vwhp rshudwru dqg pdunhw sduwlflsdqwv ri wkh orfdwlrq dqg ydoxh

ri vfdufh fdsdflw|1
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rswlrqv duh rqo| h{hfxwhg zkhq wkhlu sulfh lv deryh }hur/ wudqvplvvlrq rswlrqv zloo iuhtxhqwo| eh

h{hfxwhg hyhq li wkh ydoxh ri wkh fruuhvsrqglqj rswlrq lv }hur1 Wklv kdv wkh frqvhtxhqfh wkdw

wkh VR fdqqrw lqihu dq|wklqj derxw wkh xvdjh ri wkh rswlrq iurp d }hur sulfh1 Wkh VR zloo

lvvxh ihzhu hqwu|2h{lw frqwudfwv wkdq li kh frxog dqwlflsdwh wkh xwlolvdwlrq ri wkh frqwudfwv1 Wkh

uhvxow lv orzhu xwlolvdwlrq ri wkh qhwzrun dqg wkhuhiruh zhoiduh orvvhv dqg pruh h{huflvh ri pdunhw

srzhu146

D vhfrqg dgydqwdjh ri �up wudqvplvvlrq frqwudfwv lv wkdw wkh| doorz iru dq lqfuhdvhg wudglqj

yroxph1 Qrq0�up wudqvplvvlrq uljkwv fdq rqo| eh lvvxhg xs wr wkh fdsdflw| ri wkh qhwzrun dqg

wkhuhe| olplw wkh wudglqj yroxph1 Krzhyhu/ kljk wudglqj yroxphv gr qrw lpso| odujh  rzv ri

hohfwulf hqhuj|1 Li wudghv jr lq wkh rssrvlwh gluhfwlrq/ wkh uhvxowlqj  rzv fdqfho hdfk rwkhu1 Wklv

lv pluuruhg e| wkh vlpxowdqhrxv fuhdwlrq ri �up frqwudfwv fruuhvsrqglqj wr wudqvplvvlrqv lq erwk

gluhfwlrqv1

D ixuwkhu dgydqwdjh ri �up wudqvplvvlrq uljkwv lv wkdw wkh| doorz irupdolvlqj fxuuhqwo| h{lvwlqj

elodwhudo frqwudfwv ehwzhhq VR dqg *pxvw0uxq* jhqhudwruv orfdwhg lq lpsruw frqvwudlqw }rqhv1 Wkh

*pxvw0uxq* jhqhudwru rewdlqv reoljdwru| hqwu|0uljkwv/ srwhqwldoo| dorqj zlwk d �qdqfldo sd|phqw/

dqg frqwudfwv lqghshqghqwo| iru wkh hqhuj| gholyhu| edvhg rq klv plqlpxp rxwsxw uhtxluhphqw1

Wkh lqfuhdvhg wudqvsduhqf| vkrxog lqfuhdvh wkh wkuhdw ri hqwu| dw wkhvh orfdwlrqv1 Wkh lqfuhdvhg

wkuhdw ri hqwu| uhgxfhv sulfhv ^47`1 D ixuwkhu dgydqwdjh frxog eh wkdw lqfuhdvhg wudqvsduhqf|

vlpsol�hv ghwhfwlrq ri dexvh ri pdunhw srzhu1

Wkh glvdgydqwdjh ri �up wudqvplvvlrq uljkwv lv wkdw frpsdqlhv hlwkhu kdyh wr lqfxu dgglwlrqdo

wudqvdfwlrq frvwv dgdswlqj wkhlu wudqvplvvlrq uljkwv sruwirolr wr lqwhqghg wudqvdfwlrqv ru wr lqfxu

shqdow| fkdujhv iru ghyldwlrqv iurp wkh shuplwwhg  rzv1 Wklv glvfulplqdwhv djdlqvw vpdoo frp0

sdqlhv/ ehfdxvh wkh ihzhu wudqvdfwlrqv d frpsdq| surfxuhv wkh ohvv olnho| lw lv wkdw lpedodqfhv

zloo fdqfho hdfk rwkhu1 Ixuwkhupruh/ doo uhqhzdeoh hqhuj| vrxufhv/ vxfk dv zlqg dqg vrodu hqhuj|/

duh dw d glvdgydqwdjh ehfdxvh wkh| duh zhdwkhu0ghshqghqw/ uhgxflqj suhglfwdelolw| ri ixwxuh jhq0

hudwlrq1 Frpelqhg khdw dqg srzhu surgxfwlrq +FKS, lv dovr dw d glvdgydqwdjh/ dv lw lv xvxdoo|

gulyhq e| wkh khdw ghpdqg zklfk lv d ixqfwlrq ri zhdwkhu1

617 V|vwhp rshudwru kdv wr uhexqgoh surshuw| uljkwv

Lq phvkhg qhwzrunv/ d kljk qxpehu ri lqghshqghqw frqvwudlqwv duh xvxdoo| dfwlyh dw vrph wlph

ri wkh |hdu1 Li lqglylgxdo surshuw| uljkwv zhuh wr eh dvvljqhg wr hdfk frqvwudlqw/ wkh qxpehu ri

uhtxluhg frqwudfw w|shv zrxog eh h{fhvvlyh1 Wkhuhiruh wkh VR exqgohv lqglylgxdo surshuw| uljkwv

lqwr hqwu| dqg h{lw uljkwv1

Wkh glvdgydqwdjh ri exqgolqj surshuw| uljkwv lv wkdw lw fdq lqklelw rswlpdo doorfdwlrq ri xqexq0

gohg surshuw| uljkwv1 D wkhruhwlfdo rswlpdo ghvljq zrxog wkhuhiruh uhtxluh wkh VR wr frqwlqxdoo|

46Eruhqvwhlq vkrzv wkdw lqfuhdvhg lqwhufrqqhfwlrq ehwzhhq wzr }rqhv uhgxfhv wkh sulfhv lq erwk }rqhv gxh wr

lqfuhdvhg frpshwlwlrq^7`1
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uhexqgoh surshuw| uljkwv wr holplqdwh wklv h�hfw1 Lq wkh fxuuhqw Rijhp sursrvdo/ wkh VR lv hp0

srzhuhg wr �ex|0edfn dffhvv uljkwv iurp sduwlflsdqwv dqg vhoo dgglwlrqdo uljkwv lq rughu wr uhvroyh

wudqvplvvlrq frqvwudlqwv1 Wkh VR +Qdwlrqdo Julg Frpsdq|, zrxog dovr eh deoh wr vhoo dq| uljkwv

pdgh dydlodeoh exw qrw sxufkdvhg lq wkh lqlwldo dxfwlrq1�+^48`/s1 47,1 Ixuwkhupruh/ �Xvh lw ru orvh

lw� surylvlrq zrxog eh uhtxluhg wr suhyhqw wkh krduglqj ri dffhvv uljkwv zklfk frxog glvwruw wkh

rshudwlrq ri wkh pdunhw lq �up dffhvv uljkwv +^48`/ vhfwlrq 615,1 Krzhyhu/ wkh fxuuhqw sursrvdo

grhv qrw jr idu hqrxjk wr doorz wkh VR wr wudgh hqwu|2h{lw uljkwv147 Lq dsshqgl{ E/ d h{dpsoh

iru d wkuhh qrgh qhwzrun looxvwudwhv wkh zhoiduh orvv li wkh VR fdqqrw ex| edfn hqwu|2h{lw uljkwv/

uhexqgoh wkh xqghuo|lqj uljkwv iru vfdufh fdsdflw| dqg vhoo gl�huhqw hqwu|2h{lw uljkwv1 Wkh Rijhp

sursrvdo frxog eh lpsuryhg xsrq e| hqdeolqj wkh VR wr wudgh hqwu|2h{lw uljkwv48 0 exw rqo| li

wkh fruuhvsrqglqj wudqvdfwlrq frvwv zhuh orzhu wkdq wkh h!flhqf| jdlq1

Qrw doorzlqj wkh VR wr wudgh hqwu|2h{lw uljkwv ixuwkhupruh glvfulplqdwhv djdlqvw lqwhuplwwhqw

hqhuj| vrxufhv iru wkh iroorzlqj uhdvrq1 Wkh VR zloo lqlwldoo| exqgoh wudqvplvvlrq uljkwv lq

rughu wr pdwfk h{shfwhg  rz sdwwhuqv1 Li/ iru h{dpsoh/ zlqg jhqhudwruv duh orfdwhg dw wkh zhvw

dqg hdvw frvw/ wkhq dffhvv uljkwv wr olqnv wkdw duh qhhghg iru erwk wudqvplvvlrqv zrxog eh vsolw

ehwzhhq erwk orfdwlrqv dqg khqfh vfdufh dqg h{shqvlyh1 Zlqg jhqhudwruv rqo| uhdolvh wkhlu dfwxdo

surgxfwlrq forvh wr uhdo wlph dqg fdq wkhq vhoo uljkwv1 Hqwu|2h{lw uljkwv iru wudqvplvvlrq iurp wkh

zhvw frdvw fdq eh erxjkw edfn dqg uhfrq�jxuhg wr hqwu|2h{lw uljkwv iru wkh hdvw frdvw/ wkhuhe|

ghfuhdvlqj edodqflqj frvwv1

618 Frqfoxvlrq

Surshuw| uljkwv duh wkhruhwlfdoo| dq rswlpdo zd| wr lqwhuqdolvh frqvwudlqwv rq wudqvplvvlrq lqwr wkh

hohfwulflw| pdunhw1 Lq rughu wr lqfuhdvh oltxlglw|/ surshuw| uljkwv wr lqglylgxdo wudqvplvvlrq olqnv

fdq eh hdvlo| exqgohg lqwr hqwu|2h{lw uljkwv1 Li wkhvh uljkwv duh iuhho| wudgdeoh/ dqg gl�huhqw w|shv

fdq eh wudghg e| wkh VR/ wkhq hqwu|2h{lw uljkwv duh dq rswlpdo lpsohphqwdwlrq ri surshuw| uljkwv

0 ehfdxvh wkh| uhtxluh wkh orzhvw qxpehu ri frqwudfw w|shv1 Krzhyhu/ wkh qxpehu ri uhtxluhg

frqwudfw w|shv vhhpv wr eh wrr kljk wr doorz iru vx!flhqw oltxlglw| dqg wudqvdfwlrq frvwv lqfxuuhg

zkhq pdwfklqj surshuw| uljkwv wr hqhuj| wudqvplvvlrqv pljkw rxwzhljkw dq| ehqh�wv1

Wkh Rijhp sursrvdo idoov vkruw ri wklv wkhruhwlfdo rswlpdo lpsohphqwdwlrq ri surshuw| uljkwv

lq wzr uhvshfwv1 Iluvw/ wkh fxuuhqw sursrvdo grhv qrw doorz wkh VR wr wudgh dqg uhfrq�jxuh

wudqvplvvlrq uljkwv/ wkxv lqklelwlqj h!flhqw xwlolvdwlrq ri wkh qhwzrun1 Vhfrqg/ hqwu|2h{lw uljkwv

zlwk d srvlwlyh ydoxh duh frqvlghuhg wr eh rswlrqv1 Krzhyhu/ dv hqwu|2h{lw uljkwv uhsuhvhqw d

exqgoh ri surshuw| uljkwv wr vfdufh wudqvplvvlrq fdsdflw|/ vrph ri wkh xqghuo|lqj surshuw| uljkwv

47D �uvw vwhs wrzdugv vzdsslqj hqwu|2h{lw uljkwv zrxog eh iru wkh v|vwhp rshudwru wr nhhs edfn vrph ri wkh

uljkwv dv orqj dv srvvleoh1 Lq wkh �qdo doorfdwlrq/ wkhvh uljkwv frxog eh exqgohg vxfk wkdw uhyhqxhv duh pd{lplvhg

dqg wkh uljkwv duh xvhg prvw h!flhqwo|1
48Wkh lqlwldo dqdo|vlv vxjjhvwv d frq lfw ehwzhhq hfrqrplfdoo| h!flhqw vroxwlrqv lq phvkhg qhwzrunv dqg wkh

QHWD *vslulw* ri uhgxflqj wkh uroh ri wkh v|vwhp rshudwru lq idyrxu ri hqwluho| ghfhqwudolvhg phfkdqlvpv1
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pljkw kdyh qhjdwlyh ydoxh/ lpso|lqj wkdw wkh fruuhvsrqglqj hqwu|2h{lw uljkw lv dq reoljdwlrq1 Qr

dqdo|vlv ri dgglwlrqdo wudqvdfwlrq frvwv gxh wr wkhvh wzr lpsuryhphqwv lv dydlodeoh1

7 Vkruwfrplqjv ri sk|vlfdo surshuw| uljkwv

D fkdoohqjh iru dq| v|vwhp ri orfdwlrqdo fkdujhv lv krz vpdoo wkh uhjlrqv pxvw eh1 Vhfwlrq 714

vkrzv wkdw Hqjodqg dqg Zdohv zrxog qhhg wr eh glylghg lqwr pruh wkdq 63 }rqhv wr uhvroyh

vx!flhqw frqvwudlqwv1 Krzhyhu/ wkh pruh wkh pdunhw lv glylghg/ wkh orzhu zloo eh oltxlglw| lq

wkh pdunhw iru hqwu|2h{lw uljkwv 0 d glohppd looxvwudwhg lq vhfwlrq 7151 Orz oltxlglw| uhgxfhv

wkh h!flhqf| ri wkh pdunhw ehfdxvh frqwudfwxdo srvlwlrqv fdq eh pdwfkhg zlwk ghpdqg rqo|

dssur{lpdwho| dqg ehfdxvh lqwhudfwlrqv fdqqrw eh dxwrpdwhg li lqglylgxdo wudqvdfwlrqv kdyh

d odujh lpsdfw rq sulfhv1 Lq wkh pdunhw iru wudqvplvvlrq uljkwv/ plvvlqj oltxlglw| kdv wkuhh

pruh sduwlfxodu glvdgydqwdjhv1 Iluvw/ lw lv frpprq lq dq| phvkhg qhwzrun wkdw rqh wudqvplvvlrq

frqvwudlqw lv elqglqj1 Wkhuhiruh wkh VR fdq qr orqjhu uhfrq�jxuh wkh v|vwhp h!flhqwo| e| ex|lqj

rqh w|sh ri wudqvplvvlrq frqwudfw/ vzdsslqj lw wr d gl�huhqw w|sh dffruglqj wr wkh frqwulexwlrq ri

hdfk w|sh ri wudqvplvvlrq frqwudfw wr wkh frqvwudlqw/ dqg vhoolqj wkh vhfrqg w|sh1 Lqvwhdg/ wkh VR

kdv wr uhwdlq vhyhudo wudqvplvvlrq frqwudfwv wr doorz iru dq h!flhqw vzds1 +vhfwlrq 716,1 Vhfrqg/

li wkh pdunhw iru hqwu|2h{lw uljkwv lv qrw oltxlg hqrxjk/ wkhq lqwhuplwwhqw dqg vpdoo jhqhudwruv

fdqqrw dgmxvw wkh dprxqw ri hqwu|2h{lw uljkwv wr wkhlu jhqhudwlrq/ exw kdyh wr sd| shqdow| ihhv

iru wkh VRv* frqvwudlqw uhvroxwlrq lq wkh edodqflqj pdunhw1 Wklug/ orz oltxlglw| lq wkh pdunhw iru

sk|vlfdo wudqvplvvlrq frqwudfwv lpsolhv wkdw odujh wudqvdfwlrqv fdq fkdqjh wkh sulfh vljql�fdqwo|1

Wklv lqklelwv frpsdqlhv iurp vljqlqj elodwhudo frqwudfwv ehiruh vhfxulqj wkh wudqvplvvlrq zlwk

sk|vlfdo uljkwv +Vhfwlrq 717,149

714 ]rqdo yv qrgdo gh�qlwlrq ri hqwu|2h{lw uljkwv

Wkh glvfxvvlrq ri qrgdo yv1 }rqdo sulflqj uhshdwv wkh dujxphqw lq vhfwlrq 5 ri h{solflw wuhdwphqw ri

wudqvplvvlrq frqvwudlqwv yhuvxv vrfldolvdwlrq ri frqvwudlqw frvwv1 ]rqhv duh gh�qhg dv d froohfwlrq

ri qrghv1 Zlwklq d }rqh/ doo qrghv duh wuhdwhg htxdoo| dqg hqwu|2h{lw uljkwv fdq eh xvhg e|

jhqhudwruv2ghpdqg dw dq| qrgh zlwklq wkh }rqh1 Wkh VR kdv ohvv frqwuro ryhu wkh xvdjh ri

hqwu|2h{lw uljkwv1 Wkhuhiruh/ kh hlwkhu lvvxhv ihzhu uljkwv wr suhyhqw ylrodwlrqv ri frqvwudlqwv

ru xvhv wkh edodqflqj pdunhw wr uhvroyh frqvwudlqwv1 Frvwv duh vrfldolvhg1 Wkhuhiruh/ frpsdqlhv

zlwk pdunhw srzhu fdq rqfh djdlq dexvh wkh v|vwhp e| ryhu0frqwudfwlqj hqhuj| dqg vxevhtxhqwo|

sur�wlqj lq wkh edodqflqj pdunhw iru dgdswlqj jhqhudwlrq1 Wkh dgydqwdjh ri }rqdo sulflqj lv

wkdw ihzhu frqwudfwv duh uhtxluhg/ vr wkdw oltxlglw| lv lqfuhdvhg1 Vrph vrxufhv idovho| dvvxph

49D ixuwkhu glvdgydqwdjh ri sk|vlfdo wudqvplvvlrq uljkwv lv wkdw wkh| fdq eh vwudwhjlfdoo| zlwkkhog wr h{huflvh

pdunhw srzhu1 Xvh0lw0ru0orrvh0lw uxohv duh lpsohphqwhg lq dxfwlrqv iru wudqvplvvlrq fdsdflw| ehwzhhq Hxurshdq

frxqwulhv/ h1j1 Jhupdq|0Qhwkhuodqgv/ wr suhyhqw vxfk dexvh/ exw uhtxluh vwulfw prqlwrulqj1 Lw lv xqfhuwdlq zkhwkhu

odwh uhwxuqlqj ri uljkwv fdq vwloo lq xhqfh sulfhv lq hduolhu pdunhwv ru hyhq suhyhqwv uh0vfkhgxolqj ri lq h{leoh

jhqhudwlrq dvvhwv1 +Vhh ^45` iru ixuwkhu glvfxvvlrq,
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wkdw kljkhu oltxlglw| lq wkh }rqdo sulflqj uhjlph uhgxfhv pdunhw srzhu1 Krzhyhu/ wkh qhwzrun

lqwhudfwlrq lq wkh qrgdo sulflqj uhjlph lpsolhv wkdw qhljkerxulqj jhqhudwruv frpshwh djdlqvw

hdfk rwkhu/ exw kdyh wr sd| iru frqvwudlqwv wkh| lqgxfh1

Wkh wudqvplvvlrq VR Qdwlrqdo Julg Frpsdq| +QJF, kdv ehhq fulwlfdo derxw wkh h�hfwv ri }rqdo

dffhvv uljkwv1 Lq d vlpxodwlrq zlwk 45 }rqhv iru wkh Hqjolvk dqg Zhovk pdunhw/ rqo| kdoi ri wkh

wrwdo yroxph ri wudqvplvvlrq frqvwudlqwv frxog eh uhvroyhg sulru wr Jdwh Forvxuh1 +^48`/ Dsshqgl{

4163/ sdjh 443,1 Lqfuhdvlqj wkh qxpehu wr 57 }rqhv/ vwloo rqo| :8( ri frqvwudlqwv fdq eh uhvroyhg/

zklovw 64 }rqhv doorzhg wkh uhvroxwlrq ri ;;( ri frqvwudlqwv1 Rijhp frqfoxghg wkdw �ixuwkhu

frqvlghudwlrq qhhgv wr eh jlyhq dv wr zkhwkhu vrph irup ri qrgdo gh�qlwlrq ri uljkwv/ dorqj zlwk

rwkhu phfkdqlvpv wr idflolwdwh wudglqj/ vkrxog eh hpsor|hg1� +^48`/ sdjh 446, ehfdxvh �QJF

h{shfwhg lwv ^pdunhw edvhg duudqjhphqw durxqg �up dffhvv uljkwv` h�hfwlyhqhvv wr eh olplwhg li

wkh dffhvv uljkwv zhuh }rqdo udwkhu wkdq qrgdo1� +^48` sdjh 8<,

715 Oltxlglw|

Lq wkh odvw vhfwlrq/ zh txrwhg QJF vwxglhv wkdw 64 }rqhv zrxog eh uhtxluhg wr fryhu ;;( ri

wudqvplvvlrq frqvwudlqwv1 Wklv lpsolhv wkdw dw ohdvw 64 gl�huhqw surshuw| uljkwv pxvw eh gh�qhg1

Dv ghpdqg sdwwhuqv fkdqjh idvw/ prvw hohfwulflw| pdunhwv duh rulhqwhg rq lqwhuydov ri kdoi dq

krxu ru vkruwhu1 Gh�qlqj 64 surshuw| uljkwv iru hyhu| kdoi krxu ri wkh |hdu uhtxluhv 876 333

gl�huhqw frqwudfwv1 Wkh ixqgdphqwdo fulwlflvp ri sk|vlfdo surshuw| uljkwv lv wkdw wkhuh zloo eh

qrw vx!flhqw oltxlglw| iru frqwlqxrxv wudgh ri 876 333 frqwudfwv 0 idlolqj wkh Frdvh uhtxluhphqw

iru wudglqj ri h{whuqdolwlhv wr rffxu1

Rijhp suhvxpdeo| uhdolvhg wkdw vxfk d pxowlwxgh ri surshuw| uljkwv pljkw eh gl!fxow wr ghdo

zlwk1 Wr uholhyh wkh VR ri dq| gl!fxowlhv/ Rijhp wkhuhiruh sursrvhg frpelqlqj wkh lqlwldo

dxfwlrq ri surshuw| uljkwv iru vhyhudo shulrgv/ iru h{dpsoh/ dffhvv uljkwv lq rqh }rqh dw shdn

wlphv1 Rijhp vxjjhvwv wkdw wkh surshuw| uljkwv pljkw eh vxevhtxhqwo| wudghg vhsdudwho| rq wkh

pdunhw1 Krzhyhu/ li Rijhp vxjjhvwv wkdw d fhqwudo VR lqfxuv gl!fxowlhv zlwk vxfk d pxowlwxgh

ri surshuw| uljkwv/ lw lv gl!fxow wr eholhyh wkdw ghfhqwudolvhg pdunhwv zlwk hyhq orzhu oltxlglw|

frxog idflolwdwh h!flhqw wudgh1 Hyhq wkh rswlpdoo| gh�qhg sk|vlfdo wudqvplvvlrq frqwudfwv uhvxow

lq looltxlg pdunhwv dqg vxevhtxhqwo| lqh!flhqw doorfdwlrq ri vfdufh wudqvplvvlrq fdsdflw|1

Sk|vlfdo wudqvplvvlrq uljkwv ixqfwlrq dw zhoo gh�qhg erwwohqhfnv ehwzhhq pdunhwv/ l1h1 Hqjodqg

dqg Iudqfh1 Uhvlgxdo ghpdqg wkhq fdq dozd|v eh vdwlv�hg zlwklq wkh pdunhw1 Surshuw| uljkwv

iru wudqvplvvlrq ehwzhhq wkh pdunhwv wkhuhiruh gr qrw kdyh wr eh dgmxvwhg yhu| riwhq dqg fdq/

ixuwkhupruh/ eh djjuhjdwhg ryhu vhyhudo krxuv1 Ixuwkhupruh/ li surshuw| uljkwv duh gh�qhg iru rqh

erwwohqhfn/ dv ehwzhhq Hqjodqg dqg Iudqfh/ wkhq wkh| gr qrw qhhg wr eh uhfrq�jxuhg1 Surshuw|

uljkwv wr vxfk dq lqwhufrqqhfwlrq doorz iru h!flhqw xvdjh dqg fdswxuh wkh wudqvplvvlrq uhqw1

Krzhyhu/ qrwh wkdw wklv lv d vshfldo fdvh ri rqh0olqh lqwhufrqqhfwlrq zlwk qlfho| rqh zd|  rzv1
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716 H!flhqw uhexqgolqj uhtxluhv VR wr uhwdlq wudqvplvvlrq uljkwv

Wkh irxu0qrgh qhwzrun lq �jxuh 6 looxvwudwhv zk| lw grhv qrw vx!fh li wkh VR ex|v rqh hqwu| uljkw

lq rughu wr vxevhtxhqwo| lvvxh d vhfrqg w|sh1 H!flhqw xwlolvdwlrq ri wkh qhwzrun lv rqo| ihdvleoh

li wkh VR kdv dffhvv wr vhyhudo w|shv ri wudqvplvvlrq uljkwv vlpxowdqhrxvo|1 Dvvxph d orvvohvv GF

Analysing flow from A to B

Analysing flow from A to C
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Iljxuh 6= Irxu0qrgh qhwzrun zlwk wzr fdsdflw| frqvwudlqw olqnv

qhwzrun zkhuh doo olqnv kdyh lghqwlfdo uhvlvwdqfh dqg wzr olqnv ehwzhhq qrgh D dqg E dqg qrgh

D dqg G duh fdsdflw| frqvwudlqw1 Wkh rwkhu olqnv duh dvvxphg wr eh xqfrqvwudlqhg1 Qrgh D lv d

zlwkgudzdo qrgh dqg qrghv E/ F dqg G duh lqmhfwlrq qrghv1 Lw vx!fhv wr gh�qh hqwu| uljkwv iru

qrghv E/F dqg G ehfdxvh wkh dprxqw ri hqhuj| zlwkgudzq dw qrgh D iroorzv iurp wkh dprxqw ri

hqhuj| lqmhfwhg dw wkh rwkhu qrghv1 Gxh wr orrs0 rzv hqhuj| wudqvplwwhg iurp qrgh E wr D grhv

qrw rqo| xvh wkh gluhfw olqn/ exw sduw ri wkh hqhuj| lv wudqvplwwhg rq dowhuqdwlyh urxwhv yld qrgh

F dqg G1 Rkp*v odz doorzv xv wr fdofxodwh wkh sursruwlrq ri wkh hqhuj| wudqvplwwhg rq gl�huhqw

urxwhv +Vhh dsshqgl{ E iru d pruh ghwdlohg ghvfulswlrq,1 Iru h{dpsoh/ iru hqhuj| lqvhuwhg dw

qrgh E dqg zlwkgudzq dw qrgh D/ 8@; lv wudqvplwwhg yld wkh gluhfw olqn/ 5@; wudqvplwwhg yld wkh

olqn ehwzhhq F dqg D dqg 4@; wudqvplwwhg yld wkh olqn ehwzhhq G dqg D1

Iru lwv lqwhuqdo fdofxodwlrq ri wkh VR gh�qhv  rz jdwh uljkwv iru wkh frqvwudlqw olqnv E �D dqg

G �D1

Dq hqwu| uljkw wr lqvhuw rqh PZ dw qrgh E fruuhvsrqgv wr d wudqvplvvlrq ri rqh PZ iurp qrgh

E wr D1 Wkh VR dvvrfldwhv 8@; PZ ri  rz jdwh uljkwv wr olqn E �D dqg 4@; PZ ri  rz jdwh

uljkwv wr olqn G �D1

Dvvxph wkh VR lqlwldoo| dvvljqv wkh hqwluh wudqvplvvlrq fdsdflw| wr fuhdwh hqwu| uljkwv iru qrghv

E dqg G1 D pdunhw sduwlflsdqw uhtxhvwv dq hqwu| uljkw iru qrgh F/ exw rqh PZ ri wkh uljkw
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lqfuhdvhv  rzv rq erwk frqvwudlqhg olqnv E � D dqg G � D e| 4@7 PZ/ wkxv ylrodwlqj wkh

wudqvplvvlrq frqvwudlqwv1 Ehiruh lvvxlqj hqwu| uljkwv wr qrgh F wkh VR wkhuhiruh kdv wr ex| edfn

vrph hqwu| uljkwv wr qrghv E dqg2ru G1

Li zh dvvxph wkdw wkh pdunhw iru hqwu| uljkwv lv looltxlg/ wkhq wkh VR pljkw rqo| eh deoh wr rewdlq

rqh w|sh ri uljkwv/ ohwv dvvxph rqh PZ ri hqwu| uljkwv dw qrgh E1 Lq wkh lqwhuqdo fdofxodwlrq

ri wkh VR wklv uljkwv fruuhvsrqgv wr 8@; PZ ri  rz jdwh uljkwv rq olqn E �D dqg 4@; PZ rq

olqn G � D1 Wkh VR vxevhtxhqwo| vhoov 4@5 PZ ri hqwu| uljkwv wr qrgh F/ lqfuhdvlqj wkh ordg

rq erwk olqnv E � D dqg G � D e| 4@; PZ1 Wkh frqvwudlqw rq olqn G � D lv elqglqj djdlq/

uhvwudlqlqj wkh VR iurp lvvxlqj pruh uljkwv/ zklovw wkh frqvwudlqw rq olqn E �D lv vodfn1

Wkh dowhuqdwlyh dssurdfk/ zklfk wkh VR pljkw sxuvxh li wkhuh lv d oltxlg pdunhw lq dffhvv uljkwv/

lv wr vlpxowdqhrxvo| ex| hqwu| uljkwv dw E dqg G1 Lq h{fkdqjh iru kdoi d xqlw ri hqwu| uljkw E

dqg kdoi d xqlw ri hqwu| uljkw G wkh VR fdq vhoo 625 xqlwv ri hqwu| uljkw F1

Wkh vhfrqg dssurdfk lv pruh h!flhqw1 Lq rughu wr idflolwdwh h{sruwv ri rqh PZ iurp qrgh F/ lq

wkh �uvw dssurdfk frpelqhg h{sruwv iurp qrgh E dqg G duh uhgxfhg e| 5 PZ/ zkhuhdv lq wkh

vhfrqg dssurdfk wkh frpelqhg h{sruwv duh uhgxfhg e| 5@6 PZ1

Lq hlwkhu fdvh rqo| wkh VR fdq uhfrq�jxuh hqwu| uljkwv/ ehfdxvh kh kdv wr hqvxuh wkdw wkh|

fruuhvsrqg wr wkh xqghuo|lqj vwuxfwxuh ri  rz jdwh uljkwv1 Li wkh pdunhw lv qrw oltxlg/ wkh

uhvxowlqj doorfdwlrq pljkw qrw eh h!flhqw> li wkh pdunhw lv oltxlg/ wkh uhvxowlqj doorfdwlrq pd|

eh h!flhqw1 Lq uhdolw| wkh qxpehu ri elqglqj frqvwudlqwv lv vljql�fdqwo| kljkhu/ lpso|lqj wkdw

wkh VR zrxog kdyh wr vlpxowdqhrxvo| wudgh d odujh qxpehu ri hqwu| uljkwv wr hqvxuh dq h!flhqw

doorfdwlrq1

717 Lqwhudfwlrq zlwk hqhuj| pdunhw

Vr idu/ olwwoh uhvhdufk kdv ehhq grqh rq wkh txhvwlrq ri lqwhudfwlrq ehwzhhq wkh hqhuj| pdunhw

dqg wkh wudqvplvvlrq uljkwv pdunhw1 Frpsdqlhv zloo eh uhoxfwdqw wr vljq frqwudfwv iru gholyhu|

ri hqhuj| ehiruh wkh| nqrz wkh sulfh ri wkh fruuhvsrqglqj wudqvplvvlrq uljkwv1 Looltxlg pdunhwv

iru wudqvplvvlrq uljkwv lpso| wkdw dq| wudqvdfwlrq fdq kdyh vljql�fdqw lpsdfw rq wkh sulfh1

Wklv lv looxvwudwhg e| wkh Hqjolvk dqg Zhovk vlwxdwlrq1 Li wkh pdunhw lv glylghg lqwr 64 }rqhv/ dq|

}rqh uhsuhvhqwv/ rq dyhudjh/ 4533 PZ hqwu|2h{lw uljkwv1 Frqwudfwlqj iru wkh rxwsxw ri d qxfohdu

jhqhudwru zlwk/ iru h{dpsoh/ :33 PZ fdq fkdqjh wkh vfduflw| ri wkh fruuhvsrqglqj wudqvplvvlrq

uljkwv dqg zrxog/ lq wkdw fdvh/ fkdqjh wkh sulfh ri wudqvplvvlrq uljkwv1 Wkh sulfh lwvhoi grhv qrw

surylgh lqirupdwlrq derxw wkh hodvwlflw| ri ghpdqg dqg vxsso| zklfk wkh frpsdq| zloo eh idflqj

zkhq wu|lqj wr rewdlq :33 PZ zruwk ri frqwudfwv1

Wkh vlwxdwlrq lv voljkwo| lpsuryhg li wkh wudqvplvvlrq rshudwru fdq wudgh wudqvplvvlrq frqwudfwv

wkxv lqfuhdvlqj wkh wrwdo dprxqw ri dydlodeoh wudqvplvvlrq frqwudfwv1

Jlyhq wkh sureohpv zlwk wkh wudqvplvvlrq dffhvv pdunhwv/ rqh odvw srlqw vhhpv ri lqwhuhvw1 Hq0

wu|2h{lw uljkwv kdyh dq dgydqwdjh ryhu qrgh0wr0qrgh wudqvplvvlrq frqwudfwv lq wkdw jhqhudwruv
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fdq rewdlq hqwu|2h{lw uljkwv iru wkh orfdwlrq ri wkhlu jhqhudwlrq/ dqg wkh frqvxphuv fdq rewdlq

hqwu|2h{lw uljkwv iru wkhlu zlwkgudzdo srlqw/ ehiruh hyhu frqwudfwlqj zlwk hdfk rwkhu1 Krzhyhu/

vxfk d ehkdylrxu zrxog lpso| wkdw doo frpsdqlhv rewdlq hqwu|2h{lw uljkwv ehiruh hyhu frqwudfwlqj

lq wkh hqhuj| pdunhw1 Qrw doo frpsdqlhv fdq gr vr 0 ehfdxvh wkh dprxqw ri dydlodeoh hqwu|2h{lw

uljkwv lv qrw vx!flhqw1 Rqo| vrph ri wkh jhqhudwruv zrxog rewdlq hqwu|2h{lw uljkwv dqg fdq

vxevhtxhqwo| eh h{shfwhg wr vhoo wkh fruuhvsrqglqj hqhuj|1 Gxh wr plvvlqj oltxlglw|/ wklv lqlwldo

doorfdwlrq zrxog suhydlo dqg wkhuhiruh ghwhuplqh zklfk jhqhudwruv zloo vhoo dqg jhqhudwh hohfwulf

hqhuj|1

718 Frqfoxvlrq

Sk|vlfdo surshuw| uljkwv iru phvkhg hohfwulflw| qhwzrunv frqqhfwlqj looltxlg }rqhv uhvxow lq lqh!0

flhqw glvsdwfk/ kljk wudqvdfwlrq frvwv dqg glvfulplqdwlrq djdlqvw vpdoo dqg lqwhuplwwhqw ghpdqg

dqg vxsso| vlgh1 Glvsdwfk lv lqh!flhqw ehfdxvh looltxlg pdunhwv iru surshuw| uljkwv suhyhqw wkh

duelwudjh uhtxluhg iru rswlplvdwlrq1 Wudqvdfwlrq frvwv duh kljk ehfdxvh ri wkh kxjh qxpehu ri

frqwudfwv wr eh wudghg frqwlqxdoo|1 Vpdoo sduwlhv duh glvfulplqdwhg djdlqvw ehfdxvh elj sduwlhv

fdq qhw ri gl�huhqw uhvlgxdo ghpdqgv/ uhgxflqj wkh qhhg iru dgmxvwphqw ri wudqvplvvlrq frq0

wudfwv ru sd|phqw ri edodqflqj ihhv14: Lqwhuplwwhqw sduwlhv duh glvfulplqdwhg djdlqvw ehfdxvh wkh

looltxlg pdunhw grhv qrw surylgh wkh  h{lelolw| wr dgmxvw wudqvplvvlrq srvlwlrqv idvw hqrxjk wr

fkdqjlqj zhdwkhu frqglwlrqv1 Frdvh surplvhv wkdw surshuw| uljkwv duh dq h!flhqw vroxwlrq wr wkh

sureohp ri h{whuqdolwlhv1 Wkh frpsoh{lw| ri wkh hohfwulflw| qhwzrun dqg wkh qhhg iru frqwlqxdo

edodqfh ri jhqhudwlrq/ ghpdqg dqg wudqvplvvlrq frqvwudlqwv ylrodwh wkh frqglwlrqv uhtxluhg iru

Frdvh*v wkhruhp1

8 Orfdwlrqdo frqjhvwlrq fkdujhv zlwk �qdqfldo khgjlqj

Vhfwlrq 5 looxvwudwhg wkh srwhqwldo qhhg iru dfwlyh frqvwudlqw pdqdjhphqw/ zklovw vhfwlrq 7 vkrzhg

wkdw sk|vlfdo surshuw| uljkwv duh dq lqdssursuldwh vroxwlrq1 Lqvwhdg/ L vxjjhvw exloglqj rq wkh

fxuuhqw dssurdfk ri xvlqj wkh VR wr uhvroyh frqvwudlqwv1 Gl�hulqj iurp wkh fxuuhqw phfkdqlvp

wkh frvwv duh wr eh dwwulexwhg wr sduwlhv frqwulexwlqj wr ylrodwlrqv ri wudqvplvvlrq frqvwudlqwv1

Sduwlhv wkdw kdyh vfkhgxohg wudqvplvvlrqv wkdw uholhyh frqvwudlqwv uhfhlyh sd|phqwv1 Wr doorz iru

khgjlqj djdlqvw ixwxuh frqjhvwlrq fkdujhv wkh VR lvvxhv Wudgdeoh Frqjhvwlrq Frqwudfwv +WFF,1

Wkhvh frqwudfwv duh sursrvhg e| ^43` dqg kdyh ehhq vxffhvvixoo| lpsohphqwhg lq Shqqv|oydqld/

Qhz Mhuvh| dqg Pdu|odqg +SMP v|vwhp, vlqfh 4<<<14;1 WFF zhuh ruljlqdoo| sursrvhg iru v|vwhpv

zlwk qrgdo sulflqj dqg fdq eh htxdoo| dssolhg wr frqjhvwlrq fkdujhv ghwhuplqhg lq wkh edodqflqj

pdunhw1

4:Qhwwlqj r� hqwu| dqg h{lw lpedodqfhv vkdoo eh surklelwhg/ �vlqfh lw frxog xqgxo| glvfulplqdwh lq idyrxu ri

yhuwlfdoo| lqwhjudwhg sduwlflsdqwv1� +^48`,1 Edodqflqj ehwzhhq gl�huhqw jhqhudwruv ri rqh frpsdq| ru fxvwrphuv ri

rqh vxssolhu lv doorzhg1
4; Lq wkh SMP v|vwhp/ WFF duh uhihuuhg wr dv Ilup Wudqvplvvlrq Frqwudfwv+IWF,1 Vhh zzz1smp1frp
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Wudqvplvvlrq frqwudfwv fdq plwljdwh ru dpsoli| pdunhw srzhu/ dv vkrzq e| Mrvnrz dqg Wluro

^45`1 Hqwu|2h{lw uljkwv vkrxog eh gh�qhg vxfk wkdw wkh| plqlplvh wkh dpsol�fdwlrq ri pdu0

nhw srzhu zlwkrxw orrvlqj duelwudjh rssruwxqlwlhv ru fkdqfhv wr plwljdwh pdunhw srzhu +vhh

Jloehuw2Qhxkr�2Qhxkr� plphr/ GDH,1 Wkhuhiruh �qdqfldo hqwu|2h{lw pljkw eh rswlpdo iurp

wkh shuvshfwlyh ri doohyldwlqj pdunhw srzhu1

814 Zkdw duh orfdwlrq vshfl�f hqhuj| fkdujhvB

Orfdwlrq0vshfl�f hqhuj| fkdujhv fdq eh ehvw xqghuvwrrg lq frpsdulvrq wr sk|vlfdo wudqvplvvlrq

frqwudfwv dqg qrgdo sulflqj1 Lq d wkhruhwlfdo prgho zlwkrxw xqfhuwdlqw|/ looltxlglw|/ pdunhw

srzhu dqg wudqvplvvlrq orvvhv/ doo wkuhh dssurdfkhv fdq eh xvhg wr dfklhyh zhoiduh0pd{lplvlqj

jhqhudwlrq dqg ghpdqg vfkhgxolqj1 Doo wkuhh vfkhgxohv zloo eh lghqwlfdo14<

Wkh �uvw dssurdfk/ sk|vlfdo wudqvplvvlrq frqwudfwv/ uhtxluhv wkh VR wr lvvxh sk|vlfdo wudqvplvvlrq

frqwudfwv fruuhvsrqglqj wr wkh dprxqw ri dydlodeoh fdsdflw| rq hdfk olqn1 Frdvh*v wkhruhp vwdwhv

wkdw wkh uhvxowlqj pdunhw htxloleulxp/ lv d zhoiduh pd{lpxp1 Sureohpv zlwk exqgolqj ri surshuw|

uljkwv/ dqg wkh frpelqdwlrq ri looltxlglw| ri wkh pdunhw zlwk xqfhuwdlqw| derxw ixwxuh vfkhgxohv

lqklelw wkh h!flhqw ixqfwlrqlqj ri wkh pdunhw iru surshuw| uljkwv1 Wkhuhiruh/ wkh iroorzlqj wzr

dssurdfkhv gr qrw fuhdwh dq h{solflw pdunhw iru surshuw| uljkwv/ exw dvvxph wkdw wkh VR vlpxodwhv

wkh pdunhw1

Wkh vhfrqg dssurdfk/ qrgdo sulflqj/ uhtxluhv d fhqwudo glvsdwfklqj VR1 Wkh VR froohfwv elgv

iurp doo jhqhudwruv dqg frqvxphuv1 Edvhg rq wkhvh elgv/ wkh VR vlpxodwhv d pdunhw zlwk sk|v0

lfdo wudqvplvvlrq frqwudfwv1^5`53 Wkh uhvxowlqj htxloleulxp sulfhv iru doo qrghv duh sxeolvkhg1

Jhqhudwruv zkr elg orzhu wkdq wkh htxloleulxp sulfh dw wkhlu qrgh zloo eh vfkhgxohg dqg uhfhlyh

wkh htxloleulxp sulfh> wkh vdph jrhv iru ghpdqg0vlgh elgv wkdw duh kljkhu wkdq wkh htxloleulxp

sulfh dw wkh jlyhq qrgh1 Wkh SMP v|vwhp/ zklfk kdv derxw wkh vdph ordg dv Hqjodqg dqg Zdohv/

kdv vxffhvvixoo| lpsohphqwhg qrgdo sulflqj1

Orfdwlrq vshfl�f frqjhvwlrq fkdujlqj fdq eh vhhq dv dq lqwhuphgldwh dssurdfk1 Jhqhudwruv

wudgh elodwhudoo| dqg lqirup wkh VR derxw sodqqhg wudqvplvvlrqv1 Wkh VR dvnv jhqhudwru dqg

frqvxphuv iru elgv lq wkh edodqflqj pdunhw1 Edvhg rq wkhvh elgv/ wkh VR vlpxodwhv d pdunhw zlwk

sk|vlfdo wudqvplvvlrq frqwudfwv1 Kh dvvxphv rxwvwdqglqj wudqvplvvlrq frqwudfwv fruuhvsrqglqj

wr wkh wudqvplvvlrqv kh kdv ehhq lqiruphg derxw1 Li frqvwudlqwv duh ylrodwhg ehfdxvh wkh qhw

dprxqw ri frqwudfwv lvvxhg iru rqh olqn h{fhhgv wkh olqn fdsdflw|/ wkhq wkh VR dxfwlrqv frqwudfwv

iru  rzv lq wkh rssrvlwh gluhfwlrq wr hdvh wkh frqvwudlqw1 Pdunhw fohdulqj sulfhv lq wkh dxfwlrq

pd| eh srvlwlyh ru qhjdwlyh1 Vxevhtxhqwo|/ wkh VR dqqrxqfhv wkh vlpxodwhg edodqflqj pdunhw

fohdulqj sulfhv iru doo qrghv1 Elgv iru dgglwlrqdo hqhuj| duh dffhswhg/ li wkh elg sulfh lv ehorz

4<Fkdr dqg Shfn xvhg Frdvh wr vkrz wkh lghqwlw| ehwzhhq qrgdo sulflqj dqg frpsohwh sk|vlfdo wudqvplvvlrq

frqwudfwv ^8`1 Orfdwlrqdo0vshfl�f hqhuj| fkdujhv duh d gl�huhqw dssurdfk wr qrgdo sulflqj1
53Fkdr vkrzv wkdw wkh rswlpdo vfkhgxolqj fdq eh dfklhyhg lq d pdunhw jlyhq wkh frqyh{lw| h{lvwlqj lq d vlpsol�hg

sk|vlfdo qhwzrun ^8` dqg Idqj surylghv dq dojrulwkp wr ghwhuplqh wkh vroxwlrq ^:`1
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wkh pdunhw fohdulqj sulfh dw d qrgh1 Wkh elgghu lv sdlg wkh pdunhw fohdulqj sulfh1 Wkh vdph

surfhgxuh dssolhv wr elgv iru hqhuj| zlwkgudzdo1 Wkh edodqflqj pdunhw fohdulqj sulfhv dw d qrgh

lv xvhg wr ghwhuplqh wkh hqwu|2h{lw fkdujh1 Lq vhfwlrq 615/ L dujxhg wkdw sk|vlfdo hqwu|2h{lw

uljkwv duh uhtxluhg iru doo }rqhv exw wkh uhihuhqfh }rqh1 Wkh vdph dujxphqw fdq eh xvhg wr vkrz

wkdw hqwu|2h{lw frqjhvwlrq fkdujhv duh uhtxluhg iru doo qrghv dsduw iurp wkh uhihuhqfh qrgh1 Wkh

hqwu| fkdujh htxdov wkh edodqflqj pdunhw fohdulqj sulfh dw wkh uhihuhqfh qrgh plqxv wkh hqwu|

qrgh1 Wkh h{lw fkdujh lv wkh edodqflqj pdunhw fohdulqj sulfh dw wkh h{lw qrgh plqxv wkh sulfh dw

wkh uhihuhqfh qrgh1

Sk|vlfdo wudqvplvvlrq frqwudfwv gl�hu iurp qrgdo sulflqj lq zkhwkhu wkh frqwudfwv duh h{solflwo|

wudghg ru zkhwkhu wkh wudgh lv vlpxodwhg e| wkh VR1 D vhfrqg gl�huhqfh lv wkdw sk|vlfdo wudqv0

plvvlrq frqwudfwv duh frpsohphqwhg e| elodwhudo hqhuj| wudgh/ zklfk lv shuiruphg dv sd|0dv0elg/

zkhuhdv qrgdo sulflqj lv sulfhg dw pdunhw fohdulqj sulfh1 Erwk duh lghqwlfdo lq d zruog zlwkrxw

xqfhuwdlqw| dqg zlwk ixoo lqirupdwlrq/ ehfdxvh doo frpsdqlhv elg wkh pdunhw fohdulqj sulfh1

Orfdwlrq vshfl�f hqhuj| fkdujhv frpelqh erwk dssurdfkhv1 Wkh VR vlpxodwhv wkh pdunhw iru

wudqvplvvlrq uljkwv edvhg rq wkh dqqrxqfhg vfkhgxoh dqg uhvroyhv frqvwudlqwv lq wkh edodqflqj

pdunhw dw wkh pdunhw fohdulqj sulfh1 Wkhuhiruh elodwhudo wudghv duh srvvleoh1 Dv doo pdunhw

sduwlflsdqwv duh h{srvhg wr orfdwlrqdo fkdujhv wkh| idfh lqfhqwlyhv wr plqlplvh wkhlu frvwv e|

sduwlflsdwlqj lq wkh edodqflqj pdunhw wr uhgxfh frqjhvwlrq1 Wklv vkrxog lqfuhdvh oltxlglw| lq

wkh edodqflqj pdunhw1 Wklv zloo lqwurgxfh qrgdo sulflqj wkurxjk wkh edfngru zkloh doorzlqj iru

h{lvwlqj dqg ixwxuh elodwhudo hqhuj| frqwudfwv154

815 Krz wr khgjh iru xqfhuwdlqw| lq frqjhvwlrq fkdujhv

Wkh suhylrxv vhfwlrq looxvwudwhg krz orfdwlrq0vshfl�f hqhuj| fkdujhv duh fdofxodwhg1 Wkh fkdujhv

duh ghwhuplqhg lq wkh edodqflqj pdunhw/ zklfk lv shuiruphg d gd| dkhdg dqg lwhudwhg forvhu

wr glvsdwfk1 Xqfhuwdlqw| derxw ixwxuh jhqhudwlrq dqg ghpdqg vfkhgxoh lpsolhv wkdw ixwxuh

frqjhvwlrq fkdujhv fdqqrw eh suhglfwhg zlwk fhuwdlqw|/ hlwkhu1 Wr khgjh djdlqvw wkh �qdqfldo

ulvn/ wudgdeoh �qdqfldo frqjhvwlrq frqwudfwv pd| eh xvhg1

Dqdorjrxv wr wkh suhylrxv ghvfulehg hqwu|2h{lw uljkwv/ wkh VR zrxog dxfwlrq �qdqfldo hqwu|2h{lw

uljkwv1 Ilupv rewdlq dq hqwu|2h{lw uljkw iru }rqh D/ fruuhvsrqglqj wr [ xqlwv hqhuj| wudqvplvvlrq

iurp }rqh D wr wkh uhihuhqfh }rqh ru/ dowhuqdwlyho| lqwhusuhwhg/ �[ xqlwv hqhuj| wudqvplvvlrq

iurp wkh uhihuhqfh }rqh wr }rqh D1 Wkh wudqvplvvlrq frqwudfw zloo sd| wkh frqjhvwlrq fkdujh

zklfk zrxog eh ohylhg ru sdlg rxw iru vxfk d wudqvplvvlrq/ luuhvshfwlyh ri zkhwkhu wkh rzqhu

dfwxdoo| shuirupv wkh wudqvplvvlrq1 Wkh pdunhw ydoxh ri �qdqfldo hqwu|2h{lw uljkwv fruuhvsrqgv

wr wkh h{shfwhg frqjhvwlrq fkdujh1 Wkhuhiruh/ �qdqfldo hqwu|2h{lw uljkwv rqo| vhuyh wr khgjh

djdlqvw xqfhuwdlq frqvwudlqw frvwv1

54 Lq SMP rqo| 43( wr 48( ri wkh hqhuj| dfwxdoo| lv vfkhgxohg wkurxjk wkh vhfxulw| frqvwudlqhg glvsdwfk/ edvhg

gd|0dkhdg/ dqg uhdo wlph pdunhwv xvhg wr vhw orfdwlrqdo sulfhv1 Wkh uhpdlqlqj hqhuj| lv wudghg rq orqjhu whup

+elodwhudo, frqwudfwv1
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Wkh dgydqwdjh ri �qdqfldo hqwu|2h{lw uljkwv ryhu sk|vlfdo hqwu|2h{lw uljkwv lv wkdw wkh| fdq eh

djjuhjdwhg ryhu wlph1 Iru h{dpsoh/ lq wkh SMP �qdqfldo wudqvplvvlrq frqwudfwv duh rqo| gl�hu0

hqwldwhg lq shdn dqg rqh r�0shdn wlphv155 Jhqhudwlrq dqg wudqvplvvlrq vfkhgxohv ri frpsdqlhv

zloo dozd|v ghyldwh voljkwo| iurp wkh �qdqfldo frqwudfw1 Krzhyhu/ frpsdqlhv duh qrw sxqlvkhg

iru wkhvh ghyldwlrqv1 Wkh| rqo| idfh wkh ulvn ri xqh{shfwhg fkdqjhv lq frqjhvwlrq fkdujhv/ hlwkhu

iru wudqvplvvlrqv wkh| shuirup zlwkrxw �qdqfldo hqwu|2h{lw uljkwv/ ru iru �qdqfldo hqwu|2h{lw

uljkwv wkh| rzq zlwkrxw shuiruplqj wkh fruuhvsrqglqj wudqvplvvlrq1 Wkh dgydqwdjh ri �qdqfldo

hqwu|2h{lw uljkwv lv wkdw wkh dprxqw ri gl�huhqw wudqvplvvlrq frqwudfwv wr eh wudghg zrxog eh

uhgxfhg iurp 8761333 wr 6:5 shu |hdu56/ dvvxplqj Hqjodqg dqg Zdohv duh glylghg lqwr 64 }rqhv1

816 Ilqdqfldo hqwu|2h{lw uhgxfh edodqflqj lqwhudfwlrq

Rqh pljkw dvvxph wkdw d ghvljq edvhg rq wudgdeoh frqjhvwlrq frqwudfwv uhtxluhv pruh frqwudfwlqj

lq wkh edodqflqj pdunhw wkdq sk|vlfdo wudqvplvvlrq frqwudfwv/ lqfuhdvlqj frvwv dv jhqhudwlrq

rxwsxw pxvw eh fkdqjhg pruh iuhtxhqwo| dqg e| ohvv  h{leoh jhqhudwruv1 Krzhyhu/ wkh sulfh ri

wudgdeoh frqjhvwlrq frqwudfwv surylghv lqirupdwlrq derxw wkh frqjhvwlrq vlwxdwlrq/ zklfk pdunhw

sduwlflsdqwv douhdg| lqfrusrudwh lqwr wkhlu wudgh ghflvlrqv1 Wkxv/ lq d zruog zlwkrxw xqfhuwdlqw|

dqg zlwk pdunhw srzhu/ wkh VR zrxog qrw kdyh wr lqwhudfw dw doo lq wkh edodqflqj pdunhw1 Lq

wkh iroorzlqj dujxphqw/ zh ljqruh wudqvplvvlrq fkdujhv iru orvvhv=

Frpsdqlhv ghyhors h{shfwdwlrqv derxw ixwxuh frqjhvwlrq ohyhov/ zklfk duh h{suhvvhg lq wkh sulfh

ri �qdqfldo hqwu|2h{lw uljkwv1 Frpsdqlhv kdyh dq lqfhqwlyh wr ex| wkh dprxqw ri �qdqfldo hq0

wu|2h{lw uljkwv fruuhvsrqglqj wr wkh wudqvplvvlrq wkh| shuirup1 Li frpsdq| D xqghu0frqwudfwv

dqg rewdlqv ihzhu hqwu|2h{lw uljkwv wkdq uhtxluhg iru d wudqvplvvlrq/ wkhq frpsdq| E fdq vfkhg0

xoh dq dgglwlrqdo wudqvplvvlrq zlwk wkh uhpdlqlqj hqwu|2h{lw uljkwv1 Pruh wudqvplvvlrqv duh

vfkhgxohg wkdq �qdqfldo hqwu|2h{lw uljkwv duh lvvxhg/ wkhuhiruh wkh frqvwudlqw zloo eh ylrodwhg1

Pdujlqdo frvwv ri frqvwudlqw uhvroyh duh zhdno| prqrwrqlfdoo| lqfuhdvlqj> wkhuhiruh/ uhvroylqj

wkh frqvwudlqw lqgxfhv kljkhu pdujlqdo frvwv wkdq wkh h{shfwhg frvwv ri frqvwudlqw uhvroxwlrq

h{suhvvhg lq wkh �qdqfldo hqwu|2h{lw uljkwv1 Wkxv/ hqwu|2h{lw frqjhvwlrq fkdujhv zloo eh deryh

wkh sulfh ri wkh �qdqfldo hqwu|2h{lw frqwudfwv1 Ilup D wkhuhiruh orvhv iurp xqghu0frqwudfwlqj1

Wkh vdph dujxphqw dssolhv li frpsdq| D ryhu0frqwudfwv lqvwhdg ri pdwfklqj frqwudfwv zlwk lwv

wudqvplvvlrq sodq1 Wkh sulfh ri �qdqfldo hqwu|2h{lw uljkwv zloo eh kljkhu wkdq wkh pdujlqdo frvwv

iru vxevhtxhqwo| uhprylqj d pdujlqdo ylrodwlrq1

Ilupv rqo| vfkhgxoh wudqvplvvlrqv li wkh hqhuj| sulfh gl�huhqfh ehwzhhq ruljlq dqg ghvwlqdwlrq

lv kljkhu wkdq wkh frvwv ri rewdlqlqj wkh �qdqfldo hqwu|2h{lw uljkwv1 Frpsohwh pdunhwv dqg qr

xqfhuwdlqw| lpso| wkdw wkh sulfh ri wkh �qdqfldo hqwu|2h{lw uljkwv h{dfwo| pdwfkhv wkh vxevhtxhqw

hqwu|2h{lw frqjhvwlrq fkdujhv1 Dv qr xqsur�wdeoh hqhuj| wudghv zhuh shuiruphg/ wkh �qdqfldo

hqwu|2h{lw uljkwv/ dqg wkhuhiruh htxdoo| wkh hqwu|2h{lw frqjhvwlrq fkdujhv iru doo wudqvplvvlrqv/

55kwws=22zzz1smp1frp2hqhuj|2iwu2grzqordgv2iwudxfxj1sgi
56Dozd|v dvvxplqj 64 }rqhv/ exw uhgxflqj wkh dprxqw ri frqwudfwv iurp 7;-698 wr 5 +shdn2r� shdn, wlphv 45

prqwkv/ dvvxplqj wkdw zhhnhqgv fdq eh vxevxphg xqghu r� shdn wlphv1
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duh qhyhu deryh wkh sulfh gl�huhqfh ehwzhhq ruljlq dqg ghvwlqdwlrq1 Wkhuhiruh/ qr elgv ri frp0

sdqlhv lq wkh edodqflqj pdunhw zloo eh dffhswhg dqg wkhuhiruh wkh VR zloo qrw uhvfkhgxoh dq|

wudqvplvvlrq1 Sxw lw wkh rwkhu zd| durxqg= li wkh VR zhuh wr uhvfkhgxoh lq wkh edodqflqj pdu0

nhw/ wkhq pdunhw sduwlflsdqwv pxvw kdyh kdg lqfruuhfw h{shfwdwlrqv derxw hqwu|2h{lw frqjhvwlrq

fkdujhv/ zklfk lv qrw srvvleoh lq d zruog ri shuihfw lqirupdwlrq/ frpsohwh pdunhwv dqg qr pdunhw

srzhu1

Lq uhdolw|/ zh idfh xqfhuwdlqw|1 Ixuwkhupruh/ exqgolqj ri �qdqfldo hqwu|2h{lw uljkwv ryhu vhyhudo

wlph shulrgv idlov wkh frpsohwh pdunhwv dvvxpswlrq1 Wkhuhiruh/ wkh VR zloo qhhg wr lqwhudfw lq

wkh edodqflqj pdunhw wr fruuhfw iru huuruv gxh wr erwk h�hfwv1 Krzhyhu/ wkh dprxqw ri frqvwudlqw

uhvroxwlrq uhtxluhg lq wkh edodqflqj pdunhw lv orz dv d uhvxow ri wkh lqirupdwlrq surylghg lq wkh

�qdqfldo pdunhw1

817 Pdunhw srzhu frqvlghudwlrqv

D fxuuhqwo| glvfxvvhg wrslf lv wkh h�hfw ri wudqvplvvlrq frqwudfwv rq wkh h{huflvh ri pdunhw srzhu

e| hohfwulflw| jhqhudwruv1 Zkloh Vwriw ^4;` wlwohv dq duwlfoh �Krz �qdqfldo wudqvplvvlrq frqwudfwv

fxue pdunhw srzhu ^lq d wzr qrgh qhwzrun`� Mrvnrz dqg Wluro ^45` jlyh h{dpsohv iru vlwxdwlrqv

zkhq kroglqj ri wudqvplvvlrq frqwudfwv hqkdqfh pdunhw srzhu dv zhoo dv iru vlwxdwlrqv zkhq

frqwudfwv plwljdwh pdunhw srzhu1 Jloehuw/ Qhxkr� dqg Qhzehu| +GDH plphr/ Pdufk 5335,

vkrz wkdw wkh doorfdwlrq surfhvv ri wudqvplvvlrq frqwudfwv/ luuhvshfwlyh ri zkhwkhu sk|vlfdo ru

�qdqfldo/ lv fuxfldo1 Lq wkh wzr0qrgh fdvh li wkh jhqhudwruv zlwk pdunhw srzhu duh orfdwhg dw

dq lpsruw frqvwudlqhg qrgh/ lw lv dozd|v xqghvludeoh wr doorz wkhp wr uhwdlq hqwu| uljkwv iru

wkh h{sruwlqj qrgh1 Lw lv dovr xqghvludeoh wr doorz wkhp sduwlflsdwh lq wkh dxfwlrq iru hqwu|

uljkwv dw wkh h{sruwlqj qrgh zkhuh wklv lv sd|0elg/ ru zkhuh wkhuh lv olnho| wr eh dv|pphwulf

lqirupdwlrq idyrxulqj wkh jhqhudwruv1 Hyhq xqghu wkh lghdo flufxpvwdqfhv ri shuihfwo| lqiruphg

duelwudjhxuv dqg d vlqjoh0sulfh dxfwlrq/ zkloh wkhuh lv qr kdup lq doorzlqj jhqhudwruv wr elg/

wkhuh lv dovr qr ehqh�w1 Qru gr wkh jhqhudwruv ehqh�w iurp elgglqj hyhq lq wkh sd|0elg fdvh/ dv

doo wkh dgglwlrqdo glvwruwlrqdu| uhyhqxh lv vhfxuhg e| wkh wudqvplvvlrq frpsdq|1 Rq wkh rwkhu

kdqg/ li wkh jhqhudwruv zlwk pdunhw srzhu duh orfdwhg dw dq h{sruw frqvwudlqhg qrgh/ wkhlu elgv

iru hqwu| uljkwv doorz wkhp wr suhfrpplw wr dgglwlrqdo rxwsxw dqg uhgxfh sulfhv dw wkh h{sruwlqj

qrgh/ wr wkh ehqh�w ri frqvxphuv wkhuh1

Lq d wkuhh0qrgh qhwzrun +dqg zlwk pruh qrghv,/ wudqvplvvlrq hqwu| uljkwv fdq hqkdqfh pdunhw

srzhu hyhq zkhq wkh| fruuhvsrqg wr rzq surgxfwlrq/ li orrs0 rzv lpso| wkdw rxwsxw fkdqjhv

kdyh d eljjhu lpsdfw rq wkh sulfh dw wkh uhihuhqfh qrgh wkdq dw wkh hqwu| qrgh1 Wkh lpsolfdwlrq ri

wklv dqdo|vlv lv/ wkdw wkh uhihuhqfh qrgh iru hqwu|2h{lw uljkwv +�qdqfldo ru sk|vlfdo, pdwwhuv/ dqg

vkrxog eh fkrvhq vxfk wkdw lw kdv wkh sulfh ohdvw lq xhqfhg e| dq| jhqhudwru*v rxwsxw ghflvlrq1

Jhqhudwruv vkrxog wkhq eh uhvwulfwhg wr hqwu| uljkwv fruuhvsrqglqj wr wkhlu hqhuj| surgxfwlrq1

Frqvxphuv dqg wkhlu uhsuhvhqwdwlyhv zrxog ex| h{lw uljkwv1 Vxfk d srolf| plqlplvhv wkh ulvn

wkdw wudqvplvvlrq frqwudfwv hqkdqfh pdunhw srzhu zkloh hqvxulqj wkdw wkh| surylgh ulvn khgjlqj

vhuylfhv dqg surylgh lqirupdwlrq iru qhwzrun h{sdqvlrq1
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818 Frqfoxvlrq

Orfdwlrq0vshfl�f frqjhvwlrq fkdujhv khgjhg zlwk �qdqfldo hqwu|2h{lw vroyh wkh sureohpv ri lp0

solflw frqjhvwlrq wuhdwphqw/ qdpho| lqh!flhqw glvsdwfk/ lqfruuhfw vljqdov iru orfdwlrq ri qhz

jhqhudwlrq idflolwlhv dqg srvvleo| hqkdqfhphqw ri orfdwlrqdo pdunhw srzhu1 Orfdwlrq0vshfl�f

hqhuj| fkdujhv doorz wkh VR wr froohfw wkh vdph wudqvplvvlrq uhqw dv wkh dxfwlrq ri sk|vlfdo

wudqvplvvlrq frqwudfwv1 Lq rughu wr plqlplvh wkhlu h{srvxuh wr frqjhvwlrq frvwv pdunhw sduwlfl0

sdqwv zloo sduwlflsdwh lq wkh edodqflqj pdunhw wr doorz uhvroxwlrq ri wudqvplvvlrq frqvwudlqwv dw

ohdvw frvwv1 Wklv vkrxog doorz iru wkh plqlpdo frvw frqvwudlqw uhvroxwlrq dqg zloo lq d orqj whup

dssurdfk d qrgdo0sulflqj ghvljq1 Lq rughu wr plqlplvh wkh ulvn wkdw wudqvplvvlrq frqwudfwv hq0

kdqfh pdunhw srzhu/ wkh �qdqfldo hqwu|2h{lw uljkwv vkrxog eh gh�qhg uhodwlyh wr wkh qrgh zklfk

kdv d sulfh ohdvw lq xhqfhg e| dq| jhqhudwru*v rxwsxw ghflvlrq1

Wkh iroorzlqj sureohpv ri sk|vlfdo wudqvplvvlrq frqwudfwv duh uhvroyhg=

Wkh dprxqw ri uhtxluhg frqwudfw w|shv lv uhgxfhg iurp 8761333 wr 6:5 shu |hdu li wkh vdph }rqdo

uhvroxwlrq lv pdlqwdlqhg1 Wklv doorzv iru oltxlg pdunhwv1 Oltxlg pdunhwv uhgxfh wudqvdfwlrq frvwv/

doorz iru h!flhqw duelwudjh dqg uhpryh wkh srvvlelolw| ri yhuwlfdoo|0lqwhjudwhg ru odujh jhqhudwruv

sur�wlqj iurp djjuhjdwlrq1 Qrw rqo| lv wkh oltxlglw| ri �qdqfldo hqwu|2h{lw uljkwv kljkhu wkdq

wkdw ri sk|vlfdo hqwu|2h{lw uljkwv/ exw ohvv oltxlglw| lv uhtxluhg/ ehfdxvh frpsdqlhv gr qrw qhhg

wr frqwlqxrxvo| dgmxvw wkhlu hqhuj| srvlwlrqv zlwk hqwu|2h{lw uljkwv1 Zkhuhdv xqghu sk|vlfdo

frqwudfwv/ frpsdqlhv kdyh wr sd| �qhv iru lpedodqfh ehwzhhq hqhuj| wudqvplvvlrq dqg sk|vlfdo

frqwudfwv/ xqghu �qdqfldo frqwudfwv/ frpsdqlhv rqo| idfh ulvn iru lpedodqfh ehwzhhq wudqvplwwhg

hqhuj| dqg �qdqfldo hqwu|2h{lw uljkwv1

Sk|vlfdo wudqvplvvlrq frqwudfwv glvfulplqdwh lq idyrxu ri odujh frpsdqlhv1 Odujh frpsdqlhv fdq

djjuhjdwh lpedodqfhv ri wkhlu jhqhudwlrq dqg ghpdqg0frqwudfwv vxfk wkdw wkh| sduwo| fdqfho1 Dv

d uhvxow ri wklv djjuhjdwlrq/ odujh frpsdqlhv kdyh ihzhu lqwhudfwlrqv lq wkh lpedodqfh pdunhw/

dqg wkhuhiruh sd| ihzhu �qhv iru lpedodqfhv1 Hqwu|2h{lw frqjhvwlrq fkdujhv duh v|pphwulf vxfk

wkdw wkh hqwu| fkdujh dw d orfdwlrq lv h{dfwo| wkh qhjdwlyh ri wkh h{lw fkdujh1 Wkh rqo| dgydqwdjh

ri djjuhjdwlrq lq wkh suhvhqfh ri �qdqfldo frqwudfwv lv wkdw ulvn lv uhgxfhg1 Wkhuhiruh/ �qdqfldo

hqwu|2h{lw uljkwv glvfulplqdwh ohvv wkdq sk|vlfdo wudqvplvvlrq frqwudfwv1

Sk|vlfdo wudqvplvvlrq frqwudfwv kdyh vr idu/ wr p| xqghuvwdqglqj/ qrw ehhq lpsohphqwhg vxffhvv0

ixoo| lq kljko| phvkhg qhwzrunv zkhuhdv vrph �qdqfldo wudqvplvvlrq frqwudfwv edvhg rq qrgdo

sulflqj kdyh ehhq vxffhvvixoo| lpsohphqwhg lq wkh SMP vlqfh 4<<<1

Uhihuhqfhv

^4` V1 U1 Edfnhupdq/ V1 M1 Udvvhqwl/ dqg Y1 O1 Vplwk1 H!flhqf| dqg lqfrph vkduhv lq kljk

ghpdqg hqhuj| qhwzrunv= Zkr uhfhlyhv wkh frqjhvwlrq uhqwv zkhq d olqh lv frqvwudlqhgB

Hfrqrplf Vflhqfh Oderudwru|/ Xqlyhuvlw| ri Dul}rqd/ 4<<:1
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^5` U1 H1 Erkq/ P1 F1 Fdudpdqlv/ dqg I1 F1 Vfkzhssh1 Rswlpdo sulflqj lq hohfwulfdo qhwzrunv

ryhu vsdfh dqg wlph1 Udqg Mrxuqdo ri Hfrqrplfv/ 48/ Qr 6=693�6:9/ 4<;71

^6` V1 Eruhqvwhlq/ M1 Exvkqhoo/ dqg F1 U1 Nqlwwho1 Pdunhw srzhu lq hohfwulflw| pdunhwv= Eh|rqg

frqfhqwudwlrq phdvxuhv1 Wkh Hqhuj| Mrxuqdo/ 53/ Qr1 7=98�;;/ 4<<<1

^7` V1 Eruhqvwhlq/ M1 Exvkqhoo/ dqg V1 Vwriw1 Wkh frpshwlwlyh h�hfwv ri wudqvplvvlrq fdsdflw| lq

d ghuhjxodwhg hohfwulflw| lqgxvwu|1 UDQG Mrxuqdo ri Hfrqrplfv/ 64/ Qr1 5=5<7�658/ 53331

^8` K10S1 Fkdr dqg V1 Shfn1 D pdunhw phfkdqlvp iru hohfwulf srzhu wudqvplvvlrq1 Mrxuqdo ri

Uhjxodwru| Hfrqrplfv/ 43+4,=58�93/ 4<<91

^9` U1 Frdvh1 Wkh sureohp ri vrfldo frvw1 Wkh Mrxuqdo ri Odz dqg Hfrqrplfv/ 4=4�77/ 4<931

^:` U1 Idqj dqg D1 Gdylg1 Wudqvplvvlrq frqjhvwlrq pdqdjhphqw lq dq hohfwulflw| pdunhw1 LHHH

Wudqvdfwlrqv rq Srzhu V|vwhpv/ 47+6,=;::�;;6/ 4<<<1

^;` U1 Juhhq1 Hohfwulflw| wudqvplvvlrq sulflqj= Dq lqwhuqdwlrqdo frpsdulvrq1 GDH/ Mxo| 4<<:1

^<` V1 P1 Kduyh| dqg Z1 Z1 Krjdq1 Qrgdo dqg }rqdo frqjhvwlrq pdqdjhphqw dqg wkh h{huflvh

ri pdunhw srzhu1 Kduydug Xqlyhuvlw|/ 53331

^43` Z1 Z1 Krjdq1 Frqwudfw qhwzrunv iru hohfwulf srzhu wudqvplvvlrq1 Mrxuqdo ri Uhjxodwru|

Hfrqrplfv/ +7,=544�575/ 4<<51

^44` Z1 Z1 Krjdq1 Iorzjdwh uljkwv dqg zurqjv1 Fhqwhu iru Exvlqhvv dqg Jryhuqphqw/ Kduydug/

53331

^45` S1 O1 Mrvnrz dqg M1 Wluroh1 Wudqvplvvlrq uljkwv dqg pdunhw srzhu rq hohfwulf srzhu qhwzrunv1

UDQG Mrxuqdo ri Hfrqrplfv/ 64 Qr1 6=783�7;:/ 53331

^46` G1 Qhzehu|1 Sulydwlvdwlrq/ Uhvwuxfwxulqj dqg Uhjxodwlrq ri Qhwzrun Xwlolwlhv1 PLW Suhvv/

53331

^47` G1 P1 Qhzehu|1 Frpshwlwlrq/ frqwudfwv/ dqg hqwu| lq wkh hohfwulflw| vsrw pdunhw1 UDQG

Mrxuqdo ri Hfrqrplfv/ 5< +7,=:59�:7</ 4<<;1

^48` R1 ri Jdv dqg H1 Pdunhwv1 Wudqvplvvlrq dffhvv dqg orvvhv xqghu qhwd/ d frqvxowdwlrq grfx0

phqw/ Pd| 53341

^49` H1 W1 V1 Rshudwruv1 Hydoxdwlrq ri frqjhvwlrq pdqdjhphqw phwkrgv iru furvv0erughu wudqv0

plvvlrq1 Ioruhqfh Uhjxodwruv Phhwlqj/ 4<<<1

^4:` O1 H1 Ux�1 Iorzjdwhv/ frqwlqjhqf|0frqvwudlqhg glvsdwfk/ dqg wudqvplvvlrq uljkwv1 Wkh

Hohfwulflw| Mrxuqdo/ Mdqxdu|2Iheuxdu|=67�88/ 53341

^4;` V1 Vwriw1 Ilqdqfldo wudqvplvvlrq uljkwv phhw frxuqrw= Krz wffv fxue pdunhw srzhu1 Hqhuj|

Mrxuqdo/ 53+4,/ 4<<<1
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D Frpsdulvrq ri �up srlqw0wr0srlqw dqg hqwu|2h{lw uljkwv

Lq GF dssur{lpdwlrq/ d frqvwudlqhg hohfwulflw| qhwzrun zlwk srlqw0wr0srlqw wudqvplvvlrq frq0

wudfwv fdq eh suhvhqwhg dv iroorzv1 F6 jlyhv wkh pd{lpxp dprxqw ri hqhuj| wkdw fdq eh

wudqvplwwhg rq d olqn p= Wkh sursruwlrqdolw| idfwruv �6�c� vxppdulvh wkh uhvlvwdqfh ri olqnv dqg

ghvfuleh wkh sursruwlrq ri wkh  rz iurp qrgh l wr qrgh m> sdvvlqj ryhu olqn p1 Wkh qhw dprxqw

ri �up srlqw0wr0srlqw frqwudfwv zklfk duh xvhg iru wudqvplvvlrqv iurp qrgh l wr qrgh m lv L�c� 1

Wkh iroorzlqj htxdwlrq ghvfulehv frqvwudlqwv rq wkh dprxqw ri wudqvplvvlrq frqwudfwv zklfk fdq

eh xvhg=

�F6 �
[

�c�c�	�

�6�c� � L�c� � F6 +4,

Lq d vlplodu dssur{lpdwlrq iru qrgdo hqwu| uljkwv/ zh xvh wkh vdph wudqvplvvlrq frqvwudlqwv F61

Wkh sursruwlrqdolw| idfwruv �6� duh edvhg rq wkh uhvlvwdqfh ri doo olqnv lq wkh qhwzrun1 Wkh|

ghvfuleh krz qhw lq rzv I� lq qrgh l lq xhqfh wkh ordg rq frqvwudlqhg olqn p1

�F6 �
[

�

�6� � I� � F6 +5,

Dvvxplqj }hur wudqvplvvlrq orvvhv/ wkh qhw dprxqw ri hohfwulf hqhuj| lqvhuwhg lqwr wkh wudqvplv0

vlrq v|vwhp lv }hur +
S

�
I� @ 3,1 Rqh uhpdlqlqj qhw lq rz I� fdq eh ghgxfhg li doo rwkhu lq rzv

duh nqrzq +I� ;m 9@ l,1 Lw zrxog vx!fh wr gh�qh qrgdo dffhvv uljkwv iru doo exw rqh qrgh1 Zh

qhyhuwkhohvv sursrvh wr gh�qh qrgdo dffhvv uljkwv iru doo qrghv lq rughu wr wuhdw doo qrghv htxdoo|1

Wklv lv dgydqwdjhrxv zkhq lpsohphqwlqj dffhvv uljkw sulflqj lq d ihghudo hqylurqphqw dqg dv dq

dffrxqwlqj ghylfh wr ghwhuplqh zkhwkhu doo wudqvdfwlrqv kdyh ehhq forvhg1 Wkh uhgxqgdqw dffhvv

uljkw fuhdwhv rqh ghjuhh ri iuhhgrp doorzlqj iru d vkliwlqj ryhudoo sulfh ohyho iru dffhvv uljkwv1 Wkh

sulfh ohyho fdq eh �{hg e| vhwwlqj wkh sulfh iru dffhvv uljkwv wr rqh duelwudulo|0fkrvhq uhihuhqfh

qrgh1 D fkdqjh ri wkh uhihuhqfh qrgh ru sulfh ohyho fkdqjhv wkh sulfhv ri doo frqwudfwv/ exw wkh

wrwdo sulfh ri d sdlu ri frqwudfwv uhsuhvhqwlqj rqh hqhuj| wudqvplvvlrq zloo vwd| frqvwdqw/ ehlqj

wkh gl�huhqfh ehwzhhq wkh wzr hqwu|2h{lw sulfhv1

Zh �uvw suryh wkdw srlqw0wr0srlqw wudqvplvvlrq uljkwv uhsuhvhqw wkh vdph xqghuo|lqj sk|vlfdo

vwuxfwxuh dv qrgdo dffhvv uljkwv1 Lq �jxuh 7/ wkuhh wudqvplvvlrqv ri lghqwlfdo hqhuj| duh dvvxphg/

iurp qrgh l wr qrgh m/ iurp qrgh m wr qrgh n dqg iurp qrgh n wr qrgh l1 Wkh  rzv hqwhulqj dqg

ohdylqj hdfk qrgh fdqfho hdfk rwkhu vxfk wkdw qr hohfwulf hqhuj| lv wudqvplwwhg lq wkh v|vwhp dqg

wkh qhw  rzv rq doo olqnv duh }hur1 Wklv lpsolhv wkdw ordg  rzv fuhdwhg e| d wudqvplvvlrq iurp

qrgh l wr qrgh m zrxog eh qxool�hg e| wzr lghqwlfdo wudqvplvvlrqv iurp qrgh m wr n dqg n wr l1

Wkh ordg  rzv uhvxowlqj iurp wkh wudqvplvvlrq iurp qrgh l wr m frxog dovr kdyh ehhq qxool�hg e|

d lghqwlfdo wudqvplvvlrq iurp qrgh m wr l1 Lw fdq eh frqfoxghg wkdw d wudqvplvvlrq iurp qrgh m

wr l kdv wkh vdph h�hfw rq wkh qhwzrun dv wzr lghqwlfdo wudqvplvvlrqv iurp qrgh m wr n dqg qrgh

n wr l1
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zone i

zone j

zone k

Iljxuh 7= Wkuhh lghqwlfdo  rzv uhvxow lq qhw }hur  rz lq wkh qhwzrun1 D wudqvplvvlrq iurp }rqh

m wr l kdv wkh vdph h�hfw rq wkh qhwzrun dv wzr lghqwlfdo wudqvplvvlrqv iurp }rqh m wr n dqg

}rqh n wr l1

Iurp wkh suhylrxv dujxphqw iroorzv wkdw dq| wudqvplvvlrq L�c� fdq eh uhsodfhg e| wzr wudqv0

plvvlrqv L�c& dqg L&c� 1 Dgglqj wrjhwkhu wudqvplvvlrqv zklfk ruljlqdwhg lq l dqg vxewudfwlqj

wudqvplvvlrqv zklfk hqg lq l/ zh rewdlq wkh qhw qrgdo dffhvv lq qrgh l=

I� @
[

� �'�

L�c� �
[

� �'�

L�c� +6,

Wklv suryhv wkdw �up srlqw0wr0srlqw frqwudfwv fdq eh h{suhvvhg dv qrgdo dffhvv frqwudfwv1

Lq d vhfrqg/ vwhs qrgdo dffhvv uljkwv duh h{suhvvhg dv srlqw0wr0srlqw frqwudfwv1 Iru d hqhuj|

wudqvplvvlrq/ dffhvv uljkwv wr lqvhuw hqhuj| lqwr qrgh m dqg dffhvv uljkwv wr zlwkgudz hqhuj|

iurp qrgh l duh rewdlqhg1 Wkh vdph  rzv zrxog eh revhuyhg li d wudqvplvvlrq iurp qrgh l wr

n dqg d wudqvplvvlrq iurp qrgh n wr m zhuh vxshulpsrvhg1 Wkhuhiruh/ wkh VR frxog/ lqvwhdg ri

lvvxlqj dffhvv uljkwv wr qrgh l dqg m> lvvxh srlqw0wr0srlqw frqwudfwv iurp qrgh l wr n dqg iurp

qrgh n wr m1 Li zh gh�qh dq duelwudu| uhihuhqfh qrgh n> wkhq qrgdo dffhvv uljkwv wr d qrgh l

fruuhvsrqg wr d srlqw0wr0srlqw frqwudfw iurp qrgh l wr n1 Qrgdo dffhvv uljkwv lq wkh qrwdwlrq ri

srlqw0wr0srlqw frqwudfwv duh jlyhq lq htxdwlrq 71

L�c& @ I� ;l 9@ m L�c� @ 3 ;l> m m 9@ n +7,

Hdfk dssurdfk vxevxphv wkh rwkhu/ wkhuhiruh/ qrgdo dffhvv uljkwv dqg srlqw0wr0srlqw frqwudfwv

uhsuhvhqw wkh vdph sk|vlfdo frqvwudlqwv1 Wklv revhuydwlrq frqwudvwv zlwk wkh xvxdo hfrqrplf

shuvshfwlyh wkdw wudqvsruw frvwv duh uhodwhg wr wkh urxwh fkrvhq iru wkh wudqvsruw1

E Wudglqj VR yv1 uhvwudlqw VR

Wkh wkuhh0qrgh qhwzrun lq �jxuh 8 looxvwudwhv wkdw d wudglqj VR fdq xvh wkh v|vwhp pruh h!0

flhqwo|1 Lq wkh lqlwldo dxfwlrq ri wudqvplvvlrq uljkwv/ ghpdqg dw qrghv wzr dqg wkuhh lv xqnqrzq>

wkhuhiruh/ wkh wudqvplvvlrq rshudwru dxfwlrqv rqh xqlw ri wudqvplvvlrq uljkwv iurp jhqhudwlrq dw

qrgh rqh wr ghpdqg dw qrgh wzr dqg wkuhh1 Lq wkh h{dpsoh/ ghpdqg dw qrgh wkuhh wxuqv rxw

wr eh kljkhu wkdq ghpdqg dw qrgh wzr1 Pdunhw sduwlflsdqwv fdqqrw uhfrpelqh h{lvwlqj wudqv0

plvvlrq uljkwv wr uhdfw wr wklv vlwxdwlrq1 Wkh elqglqj wudqvplvvlrq frqvwudlqw suhyhqwv wkh VR
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Flow < 1

node 1
 p=1

node 3
p=4.5-I3

node 2
p=2-I2

Price

Initial Assignment

After SO swapped 

Net import  û Welfare

Node 1 2 3 1 2 3 1 2 3

1 1 3.5 -2 1 1

1 2 3 -1.5 0 1.5 0 -.5 .625

Price

Initial Assignment

After SO swapped 

Quantity Rev

Contract 1-2 1-3 2-3

0 2.5 2.5 1 1 0 2.5

1 2 1 .5 1 .5 3

1-2 1-3 2-3 TotPhysical constraint

Flow 1-2 +    Flow 1-3 +    Flow 2-3 < 11
3

2
3

1
3

Iljxuh 8= Wkuhh qrgh qhwzrun zlwk rqh wudqvplvvlrq frqvwudlqw/ jhqhudwlrq zlwk frqvwdqw frvwv

dw qrgh rqh dqg ghpdqg dw qrgh wzr dqg wkuhh1 Wkh lqlwldo dvvljqphqw ri wudqvplvvlrq uljkwv

fdq rqo| eh lpsuryhg xsrq li wkh v|vwhp rshudwru fdq wudgh wudqvplvvlrq uljkwv1

iurp lvvxlqj dgglwlrqdo uljkwv iru wudqvplvvlrq wr qrgh wkuhh xqohvv h{lvwlqj uljkwv duh uhwxuqhg1

Krzhyhu/ pdunhw sduwlflsdqwv zloo qrw uhwxuq wudqvplvvlrq uljkwv iurp qrgh rqh wr qrgh wzr/

ehfdxvh wkh| nqrz wkdw uljkwv duh dvvrfldwhg zlwk d srvlwlyh ydoxh ri rqh diwhu uhfrq�jxudwlrq1

Wkh vlwxdwlrq fdq eh uhvroyhg/ li wkh VR ex|v uljkwv iru wudqvplvvlrq iurp qrgh rqh wr qrgh wzr

dw wkh h{shfwhg sulfh ri uljkwv iru wudqvplvvlrqv iurp qrgh wzr wr qrgh wkuhh1 Pdunhw sduwlfl0

sdqwv zloo dffhsw wkh ghdo dqg wkh VR pdnhv qr orvvhv zkhq vxevhtxhqwo| vhoolqj wkh uhfrq�jxuhg

uljkwv1 Lq wkh qxphulfdo h{dpsoh/ frqvxphu jdlqv duh lqfuhdvhg e| 31458 xqlwv dqg 318 xqlwv ri

dgglwlrqdo wudqvplvvlrq uhyhqxh duh froohfwhg/ vr wrwdo zhoiduh fkdqjh lv .319581
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