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Devwudfw

Zh vwxg| sulfh frqyhujhqfh ehwzhhq wkh gl�huhqw pdunhwv zlwklq wkh ghuhjx0
odwhg Fdoliruqld zkrohvdoh hohfwulflw| lqgxvwu| gxulqj lwv �uvw 5; prqwkv ri rshud0
wlrq1 Sur�w0pd{lpl}lqj wudghuv vkrxog holplqdwh shuvlvwhqw gl�huhqfhv lq wkh sulfh
ri srzhu dfurvv wkh gl�huhqw pdunhwv1 Lqvwlwxwlrqdo lpshglphqwv dqg lqfrpsohwh
xqghuvwdqglqj ri wkh pdunhwv/ krzhyhu/ pd| ghod| ru suhyhqw sulfh frqyhujhqfh1
Zh �qg wkdw wkh wzr ehqfkpdun hohfwulflw| sulfhv lq Fdoliruqld ~ wkh Srzhu H{0
fkdqjh*v gd|0dkhdg sulfh dqg wkh Lqghshqghqw V|vwhp Rshudwru*v uhdo0wlph sulfh ~
kdyh judylwdwhg wrzdug rqh dqrwkhu gxulqj wklv wlph shulrg/ exw vljql�fdqw/ doehlw
ulvn|/ sur�wdeoh wudglqj rssruwxqlwlhv shuvlvw1 D qxpehu ri rwkhu whvwv dovr lqglfdwh
wkdw pdunhw lqh�flhqflhv ghfolqhg ryhu rxu vdpsoh shulrg/ exw kdyh qrw glvdsshduhg1
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�Eruhqvwhlq= Kddv Vfkrro ri Exvlqhvv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|/ Xqlyhuvlw| ri Fdoliruqld Hq0
huj| Lqvwlwxwh/ dqg QEHU1 Hpdlo= eruhqvwhCkddv1ehunhoh|1hgx1 Exvkqhoo= Xqlyhuvlw| ri Fdoliruqld Hq0
huj| Lqvwlwxwh1 Hpdlo= mlpeClhru1Ehunhoh|1hgx1 Nqlwwho= Ghsduwphqw ri Ilqdqfh dqg Hfrqrplfv/ Vfkrro
ri Pdqdjhphqw/ Ervwrq Xqlyhuvlw| dqg Xqlyhuvlw| ri Fdoliruqld Hqhuj| Lqvwlwxwh1 Hpdlo= nqlwwhoCex1hgx1
Zroiudp= Kddv Vfkrro ri Exvlqhvv/ Xqlyhuvlw| ri Fdoliruqld/ Ehunhoh|/ Xqlyhuvlw| ri Fdoliruqld Hqhuj|
Lqvwlwxwh/ dqg QEHU1 Hpdlo= zroiudpCkddv1ehunhoh|1hgx1 Zh duh judwhixo wr Vwhyh Sxoohu/ Hulq Pdqvxu
dqg Fhohvwh Vdudyld iru rxwvwdqglqj uhvhdufk dvvlvwdqfh1 Wklv uhvhdufk zdv sduwldoo| vxssruwhg e| wkh
Fdoliruqld Lqghshqghqw V|vwhp Rshudwru1
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5Ehvvhpelqghu dqg Ohpprq +4<<<, ghyhors d prgho ri wkh ulvn suhplxp lq hohfwulflw| iruzdug frqwudfwv
dqg whvw lw e| dqdo|}lqj wudghv iru Fdoliruqld0Ruhjrq Erughu Q\PH[ ixwxuhv frqwudfwv dqg sulfhv iru gd|0
dkhdg wudghv uhsruwhg wr d pdunhw uhvhdufk �up1 Wkhlu dqdo|vlv fryhuhg zkrohvdoh wudqvdfwlrqv erwk ehiruh
dqg diwhu ghuhjxodwlrq wrrn h�hfw dqg irfxvhg rq wkh khgjlqj ixqfwlrq ri wkh ixwxuhv frqwudfwv1

6Qrwh wkdw wkh glvfxvvlrq lq wklv vhfwlrq uholhv rq wkhuh ehlqj d vx�flhqw qxpehu ri frpshwlwlyh hqwlwlhv
deoh wr wdnh dgydqwdjh ri dq| vsrw2iruzdug sulfh gl�huhqfhv1 Lw grhv qrw uho| rq shuihfw frpshwlwlrq lq wkh
surgxfwlrq ri hohfwulflw|1 Hyhq li frqvlghudeoh pdunhw srzhu h{lvwv lq wkh hohfwulflw| vxsso|/ zh zrxog vwloo
h{shfw qr v|vwhpdwlf sulfh gl�huhqfh ehwzhhq iruzdug dqg h{shfwhg vsrw sulfhv li erwk pdunhwv frqwlqxh
wr vxssruw vljql�fdqw yroxph1
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ì U@? t�44@h�3i |��t _�tU�tt�L? M) hi�h�|�?} E�� t*�}�|*) _�gihi?|*) @t

|�| '|3� �| n 0|c E2�

��ihi 0| �t @ h@?_L4 �@h�@M*i |�@| �@t 4i@? 3ihL @?_ �t �?ULhhi*@|i_ ��|� l|3�� A�@| �tc
0| �?ULhTLh@|it @** Lu |�i t�LU!t |L |�i 4@h!i| |�@| LUU�h Mi|�ii? |� � @?_ |� �L|i |�@|
|��t �4T*�itc @t �@t Mii? |�i U@ti �? �@*�uLh?�@ @?_ i*ti��ihic |�i �@h�@?Ui Lu |�i tTL|
Th�Ui ��** Mi *@h}ih |�@? |�i �@h�@?Ui Lu |�i uLh�@h_ Th�Ui�

� A�i �@*�uLh?�@ ,*iU|h�U�|) �@h!i|

N?*�!i 4Lhi Ui?|h@*�3i_ i*iU|h�U�|) 4@h!i|t t�U� @t |�@| ���U� i �t|i_ �? |�i N?�|i_ k�?}�
_L4 |�hL�}� |�i �bbftc �? �@*�uLh?�@ |�ihi @hi 4@?) @�i?�it |�hL�}� ���U� @}i?|t U@?



D

ti** Lh T�hU�@ti i*iU|h�U@* i?ih})�e `�|�L�| @ u�**) Ui?|h@*�3i_ 4@h!i|c �| �t TLtt�M*i |�@| @
��}��ULt| }i?ih@|Lh UL�*_ Mi LTih@|�?} @?_ ti**�?} �|t L�|T�| ���*i @ *L�ih�ULt| }i?ih@|Lh
t|@?_t �_*i�D �|�iht �@�i @h}�i_ |�@| t�U� �?i�U�i?U�it �L�*_ i�i?|�@**) Mi 4�|�}@|i_ M)
4@h!i| uLhUitc t�U� @t |h@_i @4L?} |�i i �t|�?} 4@h!i|t� W? |��t tiU|�L?c �i L�|*�?i |�i
�@*�uLh?�@ i*iU|h�U�|) 4@h!i| t|h�U|�hi @?_ _�tU�tt �L� |h@_i UL�*_ LUU�h |L ThL�| uhL4
Th�Ui _�gihi?Uit @UhLtt |�i �@h�L�t 4@h!i|t ��|��? |��t t|h�U|�hi�

��� 6Lh�@h_ �@h!i|t

��hhi?|*)c 4Lt| Lu |�i |h@_�?} @U|���|) �? �@*�uLh?�@ LUU�ht L? @ _@)�@�i@_ M@t�t uLh �L�h*)
|h@?t@U|�L?t� A�i �@*�uLh?�@ �L�ih , U�@?}i E�j� h�?t |�i *@h}it| Lu |�iti _@)�@�i@_
4@h!i|t� A�i �j @UUiT|t M�_t uLh |�i �L�h*) t�TT*) @?_ _i4@?_ Lu i*iU|h�U�|) uLh |�i 2e
�L�ht Lu |�i uL**L��?} _@)� A��t _@)�@�i@_ 4@h!i| U*Ltit @| .Gff �� L? |�i Thi��L�t _@)�
#@)�@�i@_ |h@?t@U|�L?t 4@) @*tL Mi hi@U�i_ |�hL�}� L|�ih tU�i_�*�?} ULLh_�?@|Lht E5�t�
LTih@|�?} �? T@h@**i* |L |�i �j� �@?) Lu |�iti _@�*) |h@?t@U|�L?t t�M4�||i_ M) 5�t 4@) �?
u@U| hi�iU| *L?}ih |ih4 |h@?t@U|�L?t |�@| @hi ?L?i|�i*itt t|�** hi^��hi_ |L Mi hit�M4�||i_
|L |�i W?_iTi?_i?| 5)t|i4 �Tih@|Lh EW5�� L? @ _@�*) M@t�t�S

6Lh T�hTLtit Lu |h@?t4�tt�L? Th�U�?}c |�i W5� t)t|i4 �t ?L� _���_i_ �?|L 2e 3L?it�. A�L
3L?itc UL4Th�t�?} ?Lh|�ih? �@*�uLh?�@ E���D�c @?_ tL�|�ih? �@*�uLh?�@ E5��D�c UL?|@�? |�i
L�ih��i*4�?} t�@hi Lu W5� t)t|i4 _i4@?_�H �Lt| Lu |�i L|�ih R3L?it� @hi @U|�@**) �?|ih�
u@Ui TL�?|t Mi|�ii? |�i W5� @?_ t�hhL�?_�?} �|�*�|) t)t|i4t� �** 5�tc �?U*�_�?} |�i �jc
t�M4�| |�i�h Thiuihhi_ i?ih}) tU�i_�*itc �?U*�_�?} |�i *LU@|�L? Lu @** t�TT*) @?_ _i4@?_
tL�hUitc |L |�i W5� M) �fGff �� L? |�i Thi��L�t _@)� A�i W5� �ih��it |�i ui@t�M�*�|)
Lu |�iti @}}hi}@|i_ tU�i_�*it �? *�}�| Lu |h@?t4�tt�L? @?_ L|�ih LTih@|�?} UL?t|h@�?|t� Wu
|�iti Thiuihhi_ tU�i_�*it @hi �?ui@t�M*i MiU@�ti |�i) �L�*_ hit�*| �? �L�t L? |h@?t4�tt�L?
*�?it |�@| i Uii_ |�i U@T@U�|) Lu |�Lti *�?itc |�i? |�i W5� h�?t @? @�U|�L? uLh |�i �ti Lu
UL?t|h@�?i_ |h@?t4�tt�L? �?|ihu@Uit M) �|�*�3�?} tU�i_�*i R@_��t|4i?| M�_t� t�M4�||i_ M)
5�t�b

A�i tU�i_�*i @_��t|4i?| M�_t igiU|��i*) it|@M*�t� i@U� 5�t ��**�?}?itt�|L�T@) uLh |�i
�ti Lu @ UL?}it|i_ |h@?t4�tt�L? �?|ihu@Ui� A�i Thiuihhi_ tU�i_�*it @hi @_��t|i_ @UULh_�?}

7Iru pruh ghwdlohg ghvfulswlrqv ri wkh ydulrxv pdunhwv dqg wkhlu wlplqj/ vhh Erkq/ Nohyrulfn/ dqg
Vwdorq +4<<<, dqg Zrodn/ Qrugkdxv/ dqg Vkdslur +4<<;,1

8Vhh/ iru h{dpsoh/ Vwriw +4<<9,1
9Wkh Dxwrpdwhg Srzhu H{fkdqjh +DS[,/ iru h{dpsoh/ rshudwhv d 49; krxu hqhuj| pdunhw rq d uroolqj

krul}rq1
:Wkh 57wk }rqh/ ]S59/ zdv dgghg gxulqj 4<<<1 Wkh LVR lv fxuuhqwo| uhghvljqlqj lwv frqjhvwlrq pdq0

djhphqw surfhvv dqg wkh dgglwlrq ri vhyhudo qhz sulflqj }rqhv lv olnho| wr eh dq rxwfrph ri wkdw surfhvv1
;Wzr duhdv ri qruwkhuq Fdoliruqld/ wkh Flw| ri Vdq Iudqflvfr dqg Kxperogw Frxqw|/ frpsulvh lqghshq0

ghqw }rqhv iru uholdelolw| sxusrvhv/ exw srzhu lv sulfhg lq wkhvh }rqhv dv li lw zhuh sduw ri wkh vxuurxqglqj
QS48 }rqh1

<Ehiruh wkh LVR wxuqv wr lwv dxfwlrq surfhvv/ wkhuh lv d sulru lwhudwlrq lq zklfk VFv/ rqfh qrwl�hg
ri srwhqwldo frqjhvwlrq/ duh doorzhg wr yroxqwdulo| uhylvh wkhlu vfkhgxohv ehiruh vxeplwwlqj wr wkh LVR
wudqvplvvlrq dxfwlrq1 Lpsruwdqwo|/ wkh S[/ zklfk lv e| idu wkh odujhvw vfkhgxolqj frruglqdwru/ grhv qrw
shuirup wkhvh lwhudwlyh uhylvlrqv wr lwv hqhuj| vfkhgxoh ru wr lwv dgmxvwphqw elgv1



S

|L |�iti M�_tc @?_ @ �?�uLh4 Th�Ui uLh |�i �ti Lu @ UL?}it|i_ �?|ihu@Ui �t ti| @| |�i �t�
@}i �@*�i M�_ M) |�i *@t| 5� ��Lti tU�i_�*i �t @_��t|i_� W? |��t �@) @** 5�t |�@| �@�i
tU�i_�*i_ |h@?t@U|�L?t L�ih @ UL?}it|i_ �?|ihu@Ui T@) |�i t@4i �?�| Th�Ui uLh |�i �ti Lu
|�@| �?|ihu@Ui��f A�i �j |@!it |�iti |h@?t4�tt�L? Th�Uit @?_ �tit |�i4 |L _i|ih4�?i 3L?@*
i?ih}) Th�Uit uLh @** TL�ih |h@_i_ �? |�i �j� A�i _�gihi?Ui Mi|�ii? |�i �j Th�Ui Lu |�L
3L?it �t i^�@* |L |�i W5� |h@?t4�tt�L? U�@h}i uLh TL�ih t��TTi_ �? |�i UL?}it|i_ _�hiU|�L?
Mi|�ii? |�Lti |�L 3L?it� A�i �?@*c @_��t|i_ tU�i_�*it @hi _i|ih4�?i_ M) �Gff �� Lu |�i
Thi��L�t _@)c @*|�L�}� u�h|�ih @_��t|4i?|t 4@) tL4i|�4it Mi TihuLh4i_ M) |�i W5� uLh
hi*�@M�*�|) T�hTLtit �T |L DGff �� |�i Thi��L�t _@)�

W? @__�|�L? |L |�i _@)�@�i@_ 4@h!i|t LTih@|i_ M) |�i �j @?_ L|�ih 5�tc tU�i_�*it
4@) @*tL Mi t�M4�||i_ Lh hi��ti_ �T |L @? �L�h @�i@_ Lu |�i @U|�@* _i*��ih) |�4i� A�i �j
LTih@|it @ R_@)�Lu� 4@h!i| ELh�}�?@**) U@**i_ @? R�L�h�@�i@_� 4@h!i|� |�@| @**L�t |h@_it
@| @ |�4i U*Ltih |Lc M�| t|�** 4@?) �L�ht MiuLhi |�i �L�h Lu LTih@|�L?���

��2 A�i 5TL| �@h!i|

A�i _it�}?iht Lu |�i �@*�uLh?�@ 4@h!i| i?��t�L?i_ |�@| |�i M�*! Lu @** |h@?t@U|�L?t �L�*_
Mi tU�i_�*i_ �? L?i Lu |�i _@)�@�i@_ Lh �L�h�@�i@_ 4@h!i|t� OL�i�ihc t�?Ui i*iU|h�U�|)
�t �ih) ULt|*) |L t|Lhic @?_ 4Lt| UL?t�4iht _L ?L| )i| �@�i @UUitt |Lc *i| @*L?i hitTL?_
|Lc hi@*�|�4i Th�Uitc |�i W5� 4�t| i?t�hi |�@| t�TT*) @?_ _i4@?_ hi4@�? �? UL?|�?�L�t
M@*@?Uic _itT�|i |�i h@?_L4 ��U|�@|�L?t Lu ThL_�U|�L? @?_ UL?t�4T|�L?� �? �4M@*@?Ui
i?ih}) 4@h!i|c h�? M) |�i W5�c �@t Uhi@|i_ |L �@?_*i |�iti _i��@|�L?t� w�!i |�i �jc |�i
�4M@*@?Ui i?ih}) 4@h!i| ti|t @ �?�uLh4 Th�Ui M@ti_ �TL? |�i Lgih Th�Ui Lu |�i 4@h}�?@*
t�TT*�ih�

A�i uLh�@h_ 4@h!i|t �@�i Lu|i? Mii? _itUh�Mi_ @t RT�)t�U@*� TL�ih 4@h!i|tc �? |�i
ti?ti |�@| _i*��ih) Lu TL�ih �t |iU�?�U@**) hi^��hi_ |L u�*�** @ |h@?t@U|�L?� #�h�?} |�i �ht|
T@h| Lu L�h t@4T*i Tih�L_c |�ihi �ihi ?L Ti?@*|�it i T*�U�|*) @ttLU�@|i_ ��|� |��t _i*��ih)
hi^��hi4i?|� � 4@h!i| T@h|�U�T@?| ��Lti _i*��ih) Lh UL?t�4T|�L? Lu TL�ih _i��@|it uhL4
�|t �?@* tU�i_�*i �@t t�4T*) U�@h}i_c Lh T@�_c |�i W5� �4M@*@?Ui i?ih}) Th�Ui uLh |�i �L�h
�? ^�it|�L? _iTi?_�?} L? ��i|�ih |�i 5� |�h?i_ L�| |L Mi �? @ t�Lh| Lh *L?} TLt�|�L? �?
hi@* |�4i� W? |��t ti?tic |�i _@)�@�i@_ @?_ �L�h�@�i@_ tU�i_�*it @hi igiU|��i*) �?@?U�@*
uLh�@h_ TLt�|�L?tc @?_ |�i W5� �4M@*@?Ui i?ih}) 4@h!i| �t |�i �?_ih*)�?} tTL| 4@h!i| �?
���U� TLt�|�L?t �? |�iti uLh�@h_ 4@h!i|t @hi hitL*�i_� 5�?Ui ��}�t| �bc �bbbc �L�i�ihc
|��t t�|�@|�L? �@t U�@?}i_ t*�}�|*)c @t _�tU�tti_ Mi*L��

A@M*i � }��it |�i hi*@|��i �L*�4it Lu |�i _@)�@�i@_c �L�h�@�i@_c @?_ �4M@*@?Ui i?ih})
4@h!i|t uLh |�i 4L?|�t Lu a�*) �bbH |L a�*) 2fff��2 A�iti �}�hit }��i |�i TihUi?|@}i

43Vhh Exvkqhoo dqg Ruhq +4<<:, iru d pruh ghwdlohg ghvfulswlrq ri wudqvplvvlrq sulflqj lq wkh Fdoliruqld
pdunhw1

44Xqwlo Mdqxdu| 4<<</ wkh _krxu0dkhdg% pdunhw rshudwhg rq d uroolqj edvlv/ zlwk hdfk pdunhw forvlqj
wkuhh krxuv ehiruh wkh krxu ri rshudwlrq ehjdq1 Vlqfh wkhq/ wklv kdv ehhq rshudwhg dv d _gd|0ri% pdunhw/
zklfk lv rshq wkuhh wlphv shu gd|/ hdfk wlph fryhulqj gl�huhqw eorfnv ri krxuv wkdw duh derxw 8 wr 45
krxuv lq wkh ixwxuh1 Lq qhlwkhu frq�jxudwlrq kdv wklv pdunhw ehhq sduwlfxoduo| vxffhvvixo= wudglqj yroxphv
kdyh ehhq orz dqg qr wudqvdfwlrqv kdyh wdnhq sodfh iru lq pruh wkdq 58( ri doo krxuv1

45Gdwd zhuh qrw dydlodeoh iru Dsulo0Mxqh 4<<;1



.

Lu i?ih}) |�@| �@t tU�i_�*i_ _@)�@�i@_ uhL4 @** 5�tc |�i TihUi?|@}i tU�i_�*i_ �L�h�
@�i@_c @?_ |�i TihUi?|@}i ThL��_i_ �? |�i hi@*�|�4i �4M@*@?Ui i?ih}) 4@h!i|��� 6Lh
4�U� Lu |�i t|�_) Tih�L_c hi@*�|�4i �L*�4i @�ih@}i @hL�?_ �I Lu |L|@* �L*�4ic M�| |��t
�}�hi �@t U*�4Mi_ |L @t ��}� @t SI _�h�?} |�i tTh�?} @?_ t�44ih Lu 2fff� #�h�?} ��}�
_i4@?_ Tih�L_t �? *@t| ui� 4L?|�t Lu L�h t@4T*i Tih�L_c |�i hi@*�|�4i �4M@*@?Ui i?ih})
4@h!i| �@?_*i_ @t 4�U� @t 2DI Lu |L|@* �L*�4i� A��t ��}� *i�i* Lu hi@*�|�4i �L*�4i �@t
h@�ti_ UL?Uih?t @ML�| t)t|i4 hi*�@M�*�|) @?_ �@t *i_ |L UL?t�_ih@|�L? Lu u�h|�ih igLh|t |L
_�tUL�h@}i hi@*�|�4i |h@?t@U|�L?t�

6�}�hi � }��it @ _�@}h@4 Lu |�i �?|ih@U|�L? Lu |�i �@h�L�t i*iU|h�U�|) ThL_�U| 4@h!i|t �?
|�i �@*�uLh?�@ W5� t)t|i4� A�i W5� �4M@*@?Ui i?ih}) 4@h!i| �@t ?L| �?|i?_i_ |L Mi @ u�**
4@h!i|c M�| �?t|i@_ |L 4@�?|@�? hi*�@M�*�|) �? |�i u@Ui Lu h@?_L4*) ��U|�@|�?} t�TT*) @?_
_i4@?_� �t t�U�c UL?t�4iht _L ?L| @U|��i*) M�_ �?|L |��t 4@h!i|� A�i) U@??L| i T*�U�|*)
M�_ _i4@?_�t�_i @_��t|4i?|t �?|L |�i �4M@*@?Ui i?ih}) 4@h!i|� OL�i�ihc t�?Ui |�ihi �@tc
�?|�* ��}�t| �bbbc ?L i T*�U�| Ti?@*|) uLh _i��@|�?} uhL4 tU�i_�*i_ UL?t�4T|�L?c _i4@?_
UL�*_ T@tt��i*) |@!i @ TLt�|�L? �? |�i �4M@*@?Ui 4@h!i| t�4T*) M) UL?t�4�?} 4Lhi Lh *itt
|�@? �| �@t tU�i_�*i_ |L UL?t�4i� A@M*i 2 }��it |�i @�ih@}i Th�Uit L�ih L�h t@4T*i Tih�L_c
�Th�* �bbH |L a�*) 2fffc �? |�i �j _@)�@�i@_ @?_ W5� hi@*�|�4i uLh |�i �Lh|� E���D�
@?_ 5L�|� E5��D� 3L?it�

5�TT*�iht U@? ti** TL�ih �? |�i �4M@*@?Ui i?ih}) 4@h!i| �? |�hii �@)tG M) @U|��i*) M�_�
_�?} �?|L @? �4M@*@?Ui i?ih}) 4@h!i|c M) T@tt��i*) t�TT*)�?} 4Lhi |�@? �@t tU�i_�*i_c
Lh �? UL?��?U|�L? ��|� |�i t�TT*) Lu @?U�**@h) tih��Uic Lh hitih�ic U@T@U�|)� �hL_�Uiht |�@|
t�4T*) }i?ih@|i 4Lhi |�@? |�i) �ihi UL44�||i_ |L ThL��_i @hi �4T*�U�|*) @}hii�?} |L |@!i
��@|i�ih Th�Ui LM|@�?t �? |�i �4M@*@?Ui i?ih}) 4@h!i|� �hL_�Uiht |�@| M�_ �?|L |�i �4M@*�
@?Ui i?ih}) 4@h!i| U@? U�LLti |L Lgih t�TT*) @| @ }��i? Th�Ui �T |L eD 4�?�|it Th�Lh |L |�i
�L�h Lu ThL_�U|�L?� �Lt| t�TT*�iht Lu hitih�i U@T@U�|) @hi @*tL i*�}�M*i |L i@h? �4M@*@?Ui
i?ih}) hi�i?�it� A�iti Em%�`�� i?ih}) hi�i?�it @hi �? @__�|�L? |L Em%�`� U@T@U�|)
T@)4i?|t i@h?i_ M) t�TT*�iht |�@| UL44�| |L Mi�?} @�@�*@M*i ��|� �@h)�?} hitTL?ti |�4it�
5�TT*�iht |L |�i @?U�**@h) tih��Uit 4@h!i|t t�M4�| |�L�T@h| M�_tG @ Rt|@?_�M)� U@T@U�|)
Th�Ui uLh @ }��i? hitih�i tih��Ui @?_ @? i?ih}) Th�Ui |L Mi T@�_ �? |�i i�i?| |�@| |�i �?�|
�t @U|�@**) U@**i_ �TL? |L }i?ih@|i�

,@U� Lu |�iti |�hii @�i?�it Lu t�TT*) � @?U�**@h) tih��Uitc �4M@*@?Ui 4@h!i| M�_tc
@?_ i Uitt }i?ih@|�L? � �?�L*�it @ _�gihi?| _i}hii Lu @_�@?Ui UL44�|4i?|� A�i M�*! Lu
@?U�**@h) tih��Ui U@T@U�|) �t @U^��hi_ M) |�i W5� L? @ _@)�@�i@_ M@t�tc uL**L��?} |�i �j
@�U|�L?� 5�TT*�iht ��L ��t� |L ti** �4M@*@?Ui i?ih}) |�hL�}� |�i @?U�**@h) tih��Ui U�@??i*
4�t| |�ihiuLhi t�M4�| Lgiht t�Lh|*) @u|ih |�i �j 4@h!i| U*Ltit� �u UL�htic |�i) �@�i |�i
LTTLh|�?�|) |L i@h? hi�i?�it uLh |�i�h t|@?_�M) U@T@U�|)c @t �i** @t i?ih}) ThL_�U|�L?�
5�TT*�iht LT|�?} uLh |�i �4M@*@?Ui i?ih}) U�@??i* U@? �@�| �?|�* eD 4�?�|it Th�Lh |L
|�i �L�h Lu _i*��ih) MiuLhi �?@*�3�?} |�i�h Lgiht� � t�TT*�ih |�@| t�4T*) }i?ih@|it �?
i Uitt Lu �|t tU�i_�*i_ t�TT*) 4@!it |�@| _iU�t�L? L? @ hi@*�|�4i M@t�tc ��|� ?L @_�@?Ui
UL44�|4i?|�

46Wkhvh yroxphv uh�hfw wkh devroxwh gl�huhqfhv ehwzhhq djjuhjdwh �qdo gd|0dkhdg vfkhgxohv +GD,/
krxu0dkhdg vfkhgxohv +KD, dqg dfwxdo uhdo0wlph ordg +UW,1 Wrwdo yroxph/ iurp doo wkuhh vhwv ri pdunhwv
lv phdvxuhg dv GD. mKD�GDm. mUW �KDm1 Devroxwh ydoxhv duh xvhg wr uh�hfw wudglqj wkdw uhyhuvhv
hduolhu srvlwlrqv1
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47Vxssolhuv ri wkh prvw uhvsrqvlyh irup ri uhvhuyh/ uhjxodwlrq ~ zklfk lv xvhg e| wkh LVR iru dxwrpdwhg
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vljql�fdqwo| kljkhu wkdq wkrvh iru rwkhu uhvhuyhv/ uh�hfwlqj wklv orvw uhyhqxh rssruwxqlw|1

48Wklv sudfwlfh prvw olnho| lpsdfwv wkh fdsdflw| sulfhv ri dqfloodu| vhuylfhv pruh wkdq lw grhv wkh pdunhw
fohdulqj lpedodqfh hqhuj| sulfh1 Lq wklv sdshu zh uhvwulfw rxu dqdo|vlv wr wkh uhodwlrqvkls ehwzhhq wkh
iruzdug +S[ gd|0dkhdg, dqg vsrw +LVR uhdo0wlph lpedodqfh, hqhuj| sulfhv1 Wkh uhodwlrqvkls ri sulfhv iru
uhvhuyhv wr wkhvh hqhuj| sulfhv lv dq lpsruwdqw wrslf iru ixwxuh vwxg|1

49Lq d shuihfwo| frpshwlwlyh pdunhw zlwk plqlpdo wudqvdfwlrqv frvwv/ zh zrxog h{shfw wkdw lpedodqfh
hqhuj| elgv/ lq erwk wkh xszdug +lqfuhphqwdo, dqg grzqzdug +ghfuhphqwdo, gluhfwlrqv/ zrxog eh htxdo wr
pdujlqdo surgxfwlrq frvwv1



b

��� �@h!i| �@h|�U�T@?|t

N?*�!i 4Lhi it|@M*�t�i_ UL44L_�|) u�|�hit Lh uLh�@h_ 4@h!i|tc |h@_�?} �? |�i �@*�uLh?�@
i*iU|h�U�|) 4@h!i| �@t �?|i?_i_ |L Mi hit|h�U|i_ |L |�i @U|�@* ThL_�Uiht @?_ T�hU�@tiht
Lu i*iU|h�U�|)� �t t�U�c �| �@t |�L�}�| |�@| |h@_�?} �L�*_ Mi hit|h�U|i_ |L �i_}�?}c @?_
?L| tTiU�*@|��ic @U|���|)� �*|�L�}�c �? hi@*�|)c tTiU�*@|��i |h@_it @hi Uih|@�?*) TLtt�M*ic
U�hhi?| �?t|�|�|�L?@* M@hh�iht *@h}i*) hit|h�U| t�U� @U|���|) |L |�i @U|�@* RT�)t�U@*� 4@h!i|
T@h|�U�T@?|t��. 5�?Ui |�i 4@h!i| �@t LTi?i_c u�h|�ih hit|h�U|�L?t @?_ �?t|�|�|�L?@* M@hh�iht
�@�i Mii? @TT*�i_ �? @? igLh| |L *�4�| tTiU�*@|��i |h@_it� A�iti igLh|t �@�i Mii? 4L|��@|i_
M) @ UL?Uih? |�@| t�U� |h@_it 4�}�| _it|@M�*�3i |�i t)t|i4 @?_ ?i}@|��i*) �4T@U| |�i
hi*�@M�*�|) Lu |�i ?i|�Lh!�

A�i Th�4@h) u�?U|�L? Lu |�i W5� �t |L 4@�?|@�? t)t|i4 hi*�@M�*�|)� �** 5�t |�@| _i@*
��|� |�i W5� @hi t�TTLti_ |L Thiti?| Uhi_�M*i i��_i?Ui Lu |�i @M�*�|) |L T�)t�U@**) _i*��ih
@?_ UL?t�4i @** TL�ih tU�i_�*i_ |�hL�}� |�i W5� t)t|i4c @t �i** @t |�i tTiU��U *LU@|�L?t
��ihi |��t @U|���|) ��** LUU�h� A�ihi �t ?L �@) |L �ih�u) |�@| @ }��i? *i�i* Lu UL?t�4T|�L? �t
UL4T*i|i*) hi@*�t|�Uc M�| t�TT*) hitL�hUit 4�t| Mi tTiU��U@**) �_i?|��i_� ��_t |L ThL��_i
@?U�**@h) tih��Uit @?_ �4M@*@?Ui i?ih}) uhL4 ��|��? |�i W5� t)t|i4 4�t| Mi *�?!i_ |L
tTiU��U }i?ih@|�L? u@U�*�|�it� 5�?Ui |�i W5�<t @M�*�|) |L �ih�u) |�i @�@�*@M�*�|) Lu tTiU��U
ThL_�U|�L? tL�hUit �t *@h}i*) *�4�|i_ |L �|t L�? UL?|hL* @hi@c M�_t |L t�TT*) ThL_�U|�L? @?_
hitih�it uhL4 L�|t�_i |�i W5� t)t|i4 u@Ui 4�U� *itt t|h�?}i?| �ih��U@|�L? hi^��hi4i?|t�

A�i �j @**L�t 4Lhi �i �M�*�|) �? ML|� |�i i*�}�M�*�|) Lu |h@_iht @?_ |�i uLh4 Lu |h@_it�
�j 4@h!i| T@h|�U�T@?|t 4�t| 4ii| �?@?U�@* Uhi_�| hi^��hi4i?|tc M�| ?ii_ ?L| UL?|hL*
@U|�@* t�TT*) hitL�hUit� �giht |L t�TT*) |�hL�}� |�i �j |@!i |�i uLh4 Lu RTLh|uL*�L M�_t�
|�@| @hi hi^��hi_ t�4T*) |L Mi t|h�U|*) �T�@h_ t*LT�?}c T�iUi���ti *�?i@h U�h�it� W? ti||�?}
�|t �?UL?t|h@�?i_ 4@h!i| Th�Ui E��i�c �}?Lh�?} |h@?t4�tt�L? UL?t|h@�?|t�c |�i �j _Lit ?L|
hi^��hi |�i �_i?|�|) Lh *LU@|�L? Lu tTiU��U ThL_�U|�L? Lh UL?t�4T|�L? tL�hUit� �?Ui |�i
�?UL?t|h@�?i_ Th�Ui �t ti|c t�TT*�iht |L |�i �j 4�t| �_i?|�u) |�i�h ThL_�U|�L? tL�hUic i�|�ih
|�i tTiU��U }i?ih@|Lh ��|��? |�i W5� t)t|i4 Lh |�i |h@?t4�tt�L? �?|ihu@Ui L�ih ���U� |�i
t�TT*) ��** Mi �4TLh|i_� �t ��|� |�i W5�c |�ihi �t ?L tTiU��U �ih��U@|�L? Lu |�i @�@�*@M�*�|)
Lu �4TLh| t�TT*)��H

#�h�?} @ uL�h )i@h |h@?t�|�L? Tih�L_ t|@h|�?} �? �bbHc |�i |�hii *@h}i �?�it|Lh L�?i_
�|�*�|�it EW�Nt� �? |�i �@*�uLh?�@ W5� t)t|i4 � �@U��U B@t : ,*iU|h�U E�B:,�c 5L�|�ih?
�@*�uLh?�@ ,_�tL? E5�,�c @?_ 5@? #�i}L B@t : ,*iU|h�U E5#B:,� � @hi hi^��hi_ |L 4ii|
|�i _i4@?_ ?ii_t Lu |�i�h _�t|h�M�|�L? t)t|i4t |�hL�}� T�hU�@tit uhL4 |�i �j��b A��t
hi^��hi4i?| �@t �?|i?_i_ |L �i*T i?t�hi t��U�i?| *�^��_�|) �? |�i �j _@)�@�i@_ 4@h!i|

4:Lq idfw/ iru prvw ri wkh wlph shulrg zh vwxg|/ wkh wkuhh lqyhvwru0rzqhg glvwulexwlrq xwlolwlhv/ zklfk
duh uhvsrqvleoh iru vxsso|lqj wkh exon ri ghpdqg zlwklq wkh LVR v|vwhp/ zhuh qrw doorzhg wr hqwhu lqwr
orqjhu whup vxsso| frqwudfwv ru dq| vxsso| frqwudfwv rxwvlgh ri wkh S[1 Gxulqj wkh vxpphu ri 4<<</ wkh|
zrq dssurydo wr sxufkdvh wkh S[*v orqj0whup ixwxuhv surgxfw/ wkh eorfn iruzdug1 Ehiruh Dxjxvw 4<<</
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4;Wkh LVR lv fxuuhqwo| frqvlghulqj uhylvlqj lwv frqjhvwlrq pdqdjhphqw sudfwlfhv1
4<Dowkrxjk VGJ)H frpsohwhg lwv wudqvlwlrq shulrg lq 4<<</ lwv _pxvw0ex|% uhtxluhphqw zlwk wkh S[

zdv frqwlqxhg lqwr 53331
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53Vhh Erkq/ Nohyrulfn/ dqg Vwdorq +4<<<,/ sdjh 461
54Erkq/ Nohyrulfn/ dqg Vwdorq +4<<<,1
55Wkh LVR lpedodqfh hqhuj| sulfh zdv fdsshg dw '5832PZk zkhq wkh pdunhw rshqhg lq Dsulo ri

4<<;1 Wkh fds zdv udlvhg wr ':832PZk lq wkh idoo ri 4<<</ dqg vxevhtxhqwo| orzhuhg djdlq lq 5333 ~
wr '8332PZk dw wkh ehjlqqlqj ri Mxo| dqg '5832PZk dw wkh ehjlqqlqj ri Dxjxvw ~ lq uhvsrqvh wr wkh
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�@h�@M*i |�@| �t i^�@* |L L?i �u |�i W5� Th�Ui �@t ��}�ih �? |�i Thi��L�t 4L?|�c tL |�@|
|�i |h@_�?} h�*i �?_�U@|it |�@| |�i |h@_ih t�L�*_ M�) �? |�i �j @?_ ti** �? |�i W5� @?_
?i}@|��i L?i �u |�i |h@_�?} h�*i �?_�U@|it T�hU�@tit t�L�*_ Mi 4@_i �? |�i W5� @?_ t@*it
�? |�i �j�2b A@M*i EH� t�44@h�3it |�i ULi�U�i?|t @?_ |�t|@|�t|�Ut uhL4 �?U*�_�?} |��t
�@h�@M*i �? @ tTiU��U@|�L? Lu i^�@|�L? ED� ��|�L�| @?) 4L?|� _�44�it� A�i �ht| UL*�4?
hiTLh|t hit�*|t uhL4 tTiU��U@|�L?t |�@| �?U*�_i_ @** |�i?|)�i�}�| 4L?|�tc ���*i |�i tiUL?_c
|��h_ @?_ uL�h|� UL*�4?t hiTLh| |it|t L? |�i Mi}�??�?}c 4�__*i @?_ i?_ Lu L�h _@|@ ti|�
�L?t�_ih�?} |�i i?|�hi |�4i Tih�L_c |�i |�t|@|�t|�U @hi }hi@|ih |�@? 2 �? @** tTiU��U@|�L?t
i UiT| |�i *@|i �L�ht �? |�i 5L�|� E��ihi �| �t ?i@h*) 2�c t�}}it|�?} |�@| |�i |�i t�4T*i
|h@_�?} h�*i ThL_�Uit TLt�|��i @?_ t|@|�t|�U@**) t�}?��U@?| ThL�|t uLh |�hii L�| Lu uL�h �L�h�
3L?i UL4M�?@|�L?t� 6Lh �?t|@?Uic |�i |h@_ih �L�*_ �@�i 4@_i @? @�ih@}i ThL�| Lu m2�Df
Tih �`� |h@_i_ �? |�i �Lh|� _�h�?} i@h*) �L�ht� A�i hit�*|t L? |�i |�hii tiT@h@|i |�4i
Tih�L_tc �L�i�ihc t�}}it| |�@| |�ihi �ihi ui�ih LTTLh|�?�|�it |L ThL�| uhL4 |�i t�4T*i
h�*i 4Lhi hiUi?|*)�
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TABLE 4

Dependent Var: ISO-PX OLS Coef OLS SE OLS P-value OLS Coef OLS SE OLS P-value
Early Early Early Late Late Late

Year Month Zone Hrs 1-6 Hrs 1-6 Hrs 1-6 Hrs 8-24 Hrs 8-24 Hrs 8-24
1998 April NP15 -3.571 2.706 0.187 -1.556 6.511 0.811
1998 May NP15 -1.876 2.662 0.481 -2.860 6.405 0.655
1998 June NP15 -1.153 2.706 0.670 -4.856 6.511 0.456
1998 July NP15 -6.133 2.662 0.022 -4.203 6.405 0.512
1998 August NP15 0.280 2.662 0.916 9.206 6.405 0.151
1998 September NP15 3.517 2.706 0.194 8.255 6.511 0.205
1998 October NP15 8.922 2.706 0.001 6.776 6.511 0.298
1998 November NP15 3.717 2.706 0.170 3.108 6.511 0.633
1998 December NP15 -3.681 2.662 0.167 0.432 6.405 0.946
1999 January NP15 -1.321 2.662 0.620 -2.194 6.405 0.732
1999 February NP15 -1.052 2.801 0.707 0.178 6.740 0.979
1999 March NP15 -1.934 2.662 0.468 1.218 6.405 0.849
1999 April NP15 -0.341 2.706 0.900 1.787 6.511 0.784
1999 May NP15 -2.364 2.662 0.375 -4.793 6.405 0.455
1999 June NP15 -2.706 2.706 0.318 -2.007 6.511 0.758
1999 July NP15 -11.289 2.662 0.000 -9.278 6.405 0.148
1999 August NP15 -2.021 2.662 0.448 3.382 6.405 0.598
1999 September NP15 0.764 2.706 0.778 2.464 6.511 0.705
1999 October NP15 -0.968 2.662 0.716 7.758 6.405 0.226
1999 November NP15 6.637 2.706 0.014 11.420 6.511 0.080
1999 December NP15 1.506 2.662 0.572 3.481 6.405 0.587
2000 January NP15 1.364 2.662 0.609 1.968 6.405 0.759
2000 February NP15 1.080 2.753 0.695 -1.203 6.622 0.856
2000 March NP15 -2.039 2.662 0.444 1.785 6.405 0.781
2000 April NP15 -1.714 2.706 0.527 3.100 6.511 0.634
2000 May NP15 14.348 2.662 0.000 6.546 6.405 0.307
2000 June NP15 11.805 2.706 0.000 3.966 6.511 0.543
2000 July NP15 22.663 2.662 0.000 36.134 6.405 0.000

1998 April SP15 -4.249 2.294 0.064 -1.578 6.345 0.804
1998 May SP15 -1.876 2.257 0.406 -1.767 6.242 0.777
1998 June SP15 -1.114 2.294 0.627 -4.994 6.345 0.431
1998 July SP15 -5.794 2.257 0.010 -5.354 6.242 0.391
1998 August SP15 -3.398 2.257 0.132 6.389 6.242 0.306
1998 September SP15 -1.475 2.294 0.520 3.310 6.345 0.602
1998 October SP15 2.406 2.294 0.295 4.381 6.345 0.490
1998 November SP15 2.489 2.294 0.278 0.815 6.345 0.898
1998 December SP15 -1.397 2.257 0.536 -0.275 6.242 0.965
1999 January SP15 -0.300 2.257 0.894 -2.009 6.242 0.748
1999 February SP15 -1.030 2.374 0.664 0.171 6.567 0.979
1999 March SP15 -1.110 2.257 0.623 1.274 6.242 0.838
1999 April SP15 -0.341 2.294 0.882 1.679 6.345 0.791
1999 May SP15 -2.330 2.257 0.302 -4.793 6.242 0.443
1999 June SP15 -1.960 2.294 0.393 -1.965 6.345 0.757
1999 July SP15 -7.089 2.257 0.002 -7.857 6.242 0.208
1999 August SP15 -3.300 2.257 0.144 3.677 6.242 0.556
1999 September SP15 -0.136 2.294 0.953 5.340 6.345 0.400
1999 October SP15 -2.649 2.257 0.241 4.465 6.242 0.475
1999 November SP15 -2.558 2.294 0.265 4.299 6.345 0.498
1999 December SP15 5.007 2.257 0.027 3.445 6.242 0.581
2000 January SP15 1.788 2.257 0.428 0.788 6.242 0.900
2000 February SP15 1.529 2.333 0.513 -2.035 6.453 0.753
2000 March SP15 -1.736 2.257 0.442 0.268 6.242 0.966
2000 April SP15 -1.356 2.294 0.555 9.648 6.345 0.129
2000 May SP15 10.849 2.257 0.000 16.162 6.242 0.010
2000 June SP15 16.686 2.294 0.000 0.081 6.345 0.990
2000 July SP15 3.567 2.257 0.114 7.747 6.242 0.215



TABLE 5

Dependent Variable: ISO-PX OLS Coef Percent of ISO N-W SE N-W P-value OLS Coef Percent of ISO N-W SE N-W P-value
Early Early Early Early Late Late Late Late

Year Month Zone Hrs 1-6 Hrs 1-6 Hrs 1-6 Hrs 1-6 Hrs 8-24 Hrs 8-24 Hrs 8-24 Hrs 8-24
1998 April NP15 -3.571 0.322 1.831 0.051 -1.556 0.065 1.127 0.168
1998 May NP15 -1.876 0.857 0.821 0.023 -2.860 0.234 1.428 0.045
1998 June NP15 -1.153 0.766 0.461 0.013 -4.856 0.431 1.905 0.011
1998 July NP15 -6.133 0.524 1.554 0.000 -4.203 0.122 4.555 0.357
1998 August NP15 0.280 0.012 1.215 0.818 9.206 0.169 4.519 0.042
1998 September NP15 3.517 0.128 1.040 0.001 8.255 0.178 4.301 0.055
1998 October NP15 8.922 0.276 1.208 0.000 6.776 0.187 1.264 0.000
1998 November NP15 3.717 0.134 1.180 0.002 3.108 0.098 0.833 0.000
1998 December NP15 -3.681 0.155 2.444 0.132 0.432 0.014 2.266 0.849
1999 January NP15 -1.321 0.092 1.034 0.202 -2.194 0.101 0.689 0.002
1999 February NP15 -1.052 0.086 0.568 0.064 0.178 0.008 0.478 0.710
1999 March NP15 -1.934 0.163 0.931 0.038 1.218 0.053 1.033 0.238
1999 April NP15 -0.341 0.020 0.860 0.692 1.787 0.063 2.637 0.498
1999 May NP15 -2.364 0.205 1.190 0.047 -4.793 0.207 1.356 0.000
1999 June NP15 -2.706 0.364 1.113 0.015 -2.007 0.072 3.607 0.578
1999 July NP15 -11.289 1.409 4.662 0.016 -9.278 0.329 4.848 0.056
1999 August NP15 -2.021 0.104 1.454 0.165 3.382 0.078 5.718 0.554
1999 September NP15 0.764 0.025 1.730 0.659 2.464 0.055 5.123 0.631
1999 October NP15 -0.968 0.027 3.094 0.754 7.758 0.110 8.045 0.335
1999 November NP15 6.637 0.195 3.128 0.034 11.420 0.215 4.768 0.017
1999 December NP15 1.506 0.059 1.678 0.370 3.481 0.099 1.100 0.002
2000 January NP15 1.364 0.051 1.616 0.399 1.968 0.056 1.411 0.163
2000 February NP15 1.080 0.040 1.334 0.418 -1.203 0.040 1.437 0.403
2000 March NP15 -2.039 0.102 1.157 0.079 1.785 0.056 1.372 0.194
2000 April NP15 -1.714 0.130 2.062 0.406 3.100 0.092 3.769 0.411
2000 May NP15 14.348 0.365 3.820 0.000 6.546 0.105 11.081 0.555
2000 June NP15 11.805 0.186 7.157 0.099 3.966 0.025 31.250 0.899
2000 July NP15 22.663 0.314 9.693 0.020 36.134 0.263 12.073 0.003

1998 April SP15 -4.249 0.409 1.707 0.013 -1.578 0.066 1.127 0.162
1998 May SP15 -1.876 0.857 0.821 0.023 -1.767 0.133 2.059 0.391
1998 June SP15 -1.114 0.741 0.454 0.014 -4.994 0.443 1.799 0.006
1998 July SP15 -5.794 0.497 1.595 0.000 -5.354 0.156 4.789 0.264
1998 August SP15 -3.398 0.187 1.580 0.032 6.389 0.119 4.794 0.183
1998 September SP15 -1.475 0.076 1.741 0.397 3.310 0.080 3.814 0.386
1998 October SP15 2.406 0.152 1.666 0.149 4.381 0.137 1.389 0.002
1998 November SP15 2.489 0.183 1.254 0.048 0.815 0.029 0.668 0.223
1998 December SP15 -1.397 0.087 1.569 0.373 -0.275 0.009 2.150 0.898
1999 January SP15 -0.300 0.022 1.138 0.792 -2.009 0.093 0.694 0.004
1999 February SP15 -1.030 0.084 0.566 0.069 0.171 0.008 0.478 0.721
1999 March SP15 -1.110 0.094 0.946 0.241 1.274 0.055 1.016 0.210
1999 April SP15 -0.341 0.020 0.860 0.692 1.679 0.059 2.647 0.526
1999 May SP15 -2.330 0.202 1.181 0.049 -4.793 0.207 1.356 0.000
1999 June SP15 -1.960 0.264 1.063 0.066 -1.965 0.071 3.637 0.589
1999 July SP15 -7.089 0.885 4.083 0.083 -7.857 0.279 5.438 0.149
1999 August SP15 -3.300 0.205 1.735 0.058 3.677 0.088 4.894 0.453
1999 September SP15 -0.136 0.008 2.162 0.950 5.340 0.136 5.827 0.360
1999 October SP15 -2.649 0.100 2.082 0.204 4.465 0.092 4.090 0.275
1999 November SP15 -2.558 0.175 3.686 0.488 4.299 0.111 2.450 0.080
1999 December SP15 5.007 0.199 2.230 0.025 3.445 0.100 1.097 0.002
2000 January SP15 1.788 0.072 1.720 0.299 0.788 0.024 1.363 0.563
2000 February SP15 1.529 0.058 1.629 0.348 -2.035 0.069 1.508 0.177
2000 March SP15 -1.736 0.090 1.283 0.176 0.268 0.008 1.279 0.834
2000 April SP15 -1.356 0.103 1.958 0.489 9.648 0.208 7.601 0.205
2000 May SP15 10.849 0.313 2.969 0.000 16.162 0.198 14.170 0.254
2000 June SP15 16.686 0.319 5.467 0.002 0.081 0.001 28.929 0.998
2000 July SP15 3.567 0.076 5.565 0.522 7.747 0.056 12.147 0.524



TABLE 6

Dependent Variable: ISO+R-PX OLS Coef Percent of ISO N-W SE N-W P-value OLS Coef Percent of ISO N-W SE N-W P-value
Early Early Early Early Late Late Late Late

Year Month Zone Hrs 1-6 Hrs 1-6 Hrs 1-6 Hrs 1-6 Hrs 8-24 Hrs 1-6 Hrs 8-24 Hrs 8-24
1998 April NP15 4.293 0.388 1.837 0.020 6.366 0.266 1.110 0.000
1998 May NP15 6.020 2.749 0.822 0.000 5.065 0.414 1.428 0.000
1998 June NP15 1.701 1.131 0.681 0.013 -0.645 0.057 1.694 0.703
1998 July NP15 -2.357 0.202 1.743 0.177 22.111 0.643 8.007 0.006
1998 August NP15 2.190 0.093 1.026 0.033 57.315 1.054 14.098 0.000
1998 September NP15 3.937 0.144 1.057 0.000 24.506 0.529 10.355 0.018
1998 October NP15 8.922 0.276 1.208 0.000 7.315 0.202 1.254 0.000
1998 November NP15 3.717 0.134 1.180 0.002 3.859 0.122 0.839 0.000
1998 December NP15 -3.681 0.155 2.444 0.132 3.376 0.106 2.865 0.239
1999 January NP15 -1.321 0.092 1.034 0.202 -1.232 0.057 0.690 0.075
1999 February NP15 -1.052 0.086 0.568 0.064 1.242 0.058 0.474 0.009
1999 March NP15 -1.934 0.163 0.931 0.038 2.030 0.088 1.037 0.051
1999 April NP15 -0.341 0.020 0.860 0.692 3.915 0.137 2.469 0.113
1999 May NP15 -2.364 0.205 1.190 0.047 -2.545 0.110 1.394 0.068
1999 June NP15 -2.706 0.364 1.113 0.015 -0.102 0.004 4.114 0.980
1999 July NP15 -11.289 1.409 4.662 0.016 2.372 0.084 7.246 0.743
1999 August NP15 -2.017 0.104 1.454 0.166 9.485 0.219 8.115 0.243
1999 September NP15 0.777 0.025 1.729 0.653 7.484 0.166 6.459 0.247
1999 October NP15 -0.958 0.027 3.094 0.757 20.341 0.288 5.557 0.000
1999 November NP15 6.647 0.195 3.128 0.034 13.101 0.247 4.879 0.007
1999 December NP15 1.515 0.059 1.678 0.367 3.990 0.113 1.115 0.000
2000 January NP15 1.374 0.051 1.616 0.396 2.283 0.064 1.399 0.103
2000 February NP15 1.089 0.041 1.334 0.414 -0.542 0.018 1.333 0.684
2000 March NP15 -2.029 0.101 1.157 0.080 2.698 0.084 1.484 0.069
2000 April NP15 -1.709 0.130 2.062 0.407 3.780 0.112 3.870 0.329
2000 May NP15 14.355 0.365 3.819 0.000 26.330 0.421 13.535 0.052
2000 June NP15 11.933 0.188 7.155 0.096 102.675 0.643 54.967 0.062
2000 July NP15 22.702 0.315 9.700 0.019 47.878 0.348 14.756 0.001

1998 April SP15 3.615 0.348 1.717 0.036 6.344 0.265 1.109 0.000
1998 May SP15 6.020 2.749 0.822 0.000 6.158 0.462 2.064 0.003
1998 June SP15 1.738 1.155 0.671 0.010 -1.018 0.090 1.674 0.543
1998 July SP15 -5.037 0.432 1.620 0.002 157.396 4.597 94.489 0.096
1998 August SP15 -1.789 0.098 1.548 0.248 55.125 1.024 14.392 0.000
1998 September SP15 -1.069 0.055 1.763 0.545 19.887 0.480 9.976 0.047
1998 October SP15 2.406 0.152 1.666 0.149 4.920 0.153 1.387 0.000
1998 November SP15 2.489 0.183 1.254 0.048 1.566 0.056 0.684 0.022
1998 December SP15 -1.397 0.087 1.569 0.373 2.672 0.090 2.778 0.336
1999 January SP15 -0.300 0.022 1.138 0.792 -1.048 0.048 0.692 0.131
1999 February SP15 -1.030 0.084 0.566 0.069 1.235 0.058 0.474 0.009
1999 March SP15 -1.110 0.094 0.946 0.241 2.085 0.090 1.020 0.041
1999 April SP15 -0.341 0.020 0.860 0.692 3.807 0.134 2.472 0.124
1999 May SP15 -2.330 0.202 1.181 0.049 -2.576 0.111 1.391 0.064
1999 June SP15 -1.960 0.264 1.063 0.066 -0.103 0.004 4.143 0.980
1999 July SP15 -7.089 0.885 4.083 0.083 3.794 0.135 7.812 0.627
1999 August SP15 -3.296 0.205 1.735 0.058 9.781 0.233 7.408 0.187
1999 September SP15 -0.126 0.007 2.162 0.954 8.260 0.211 6.433 0.200
1999 October SP15 -2.639 0.100 2.082 0.205 10.092 0.208 4.568 0.027
1999 November SP15 -2.548 0.174 3.686 0.490 5.679 0.147 2.594 0.029
1999 December SP15 5.016 0.199 2.230 0.025 3.977 0.115 1.104 0.000
2000 January SP15 1.798 0.072 1.720 0.296 1.128 0.034 1.357 0.406
2000 February SP15 1.538 0.059 1.629 0.345 -1.374 0.046 1.416 0.332
2000 March SP15 -1.726 0.090 1.283 0.179 1.305 0.041 1.360 0.338
2000 April SP15 -1.351 0.103 1.958 0.490 10.409 0.225 7.562 0.169
2000 May SP15 10.856 0.313 2.968 0.000 35.951 0.440 15.783 0.023
2000 June SP15 16.814 0.322 5.477 0.002 98.790 0.656 53.017 0.063
2000 July SP15 3.607 0.076 5.568 0.517 21.348 0.154 13.093 0.103



TABLE 7

Dependent Variable: ISO-PX Average Average Average Average 
|Percent of ISO| P-value |Percent of ISO| P-Value 

Period Zone Early Early Late Late
April-December 1998 NP15 0.353 0.116 0.166 0.170
January-August 1999 NP15 0.336 0.148 0.116 0.376
Sept 1999-July 2000 NP15 0.327 0.233 0.122 0.365

April-December 1998 SP15 0.354 0.117 0.130 0.279
January-August 1999 SP15 0.222 0.256 0.107 0.332
Sept 1999-July 2000 SP15 0.137 0.318 0.091 0.388

Dependent Variable: ISO+R-PX Average Average Average Average 
|Percent of ISO| P-value |Percent of ISO| P-Value 

Period Zone Early Early Early Late
April-December 1998 NP15 0.586 0.042 0.377 0.107
January-August 1999 NP15 0.305 0.155 0.095 0.285
Sept 1999-July 2000 NP15 0.136 0.293 0.228 0.141

April-December 1998 SP15 0.584 0.157 0.802 0.116
January-August 1999 SP15 0.222 0.256 0.102 0.270
Sept 1999-July 2000 SP15 0.138 0.318 0.207 0.154



TABLE 8

PROFITABILITY OF TRADING RULES April-Dec April-Dec Jan-Aug Jan-Aug Sept 1999- Sept 1999-
BY MONTH All Months All Months 1998 1998 1999 1999 July 2000 July 2000

Avg Profit Avg Profit Avg Profit Avg Profit
Speculative Trader per MWh t-stat per MWh t-stat per MWh t-stat per MWh t-stat
North Early 2.50 3.73 2.64 4.58 2.91 3.78 2.13 1.48
North Late 4.56 2.93 2.61 2.27 0.74 0.73 8.41 2.41
South Early 1.77 3.35 1.56 2.91 1.98 2.95 1.79 1.62
South Late 2.75 1.96 1.72 1.53 1.13 1.06 4.52 1.45
Representative Trader
North Early 2.06 3.56 1.52 3.02 NA NA 3.78 2.91
North Late 4.24 2.83 2.28 3.34 -0.54 -1.18 8.73 2.53
South Early 1.05 2.65 0.13 0.49 NA NA 2.39 2.63
South Late 2.25 1.68 1.01 1.72 -0.25 -0.57 4.75 1.53

NA = Not Applicable.  The average ISO-PX price difference was negative during all months, so the trading rule does not generate any profits.

April-Dec April-Dec Jan-Aug Jan-Aug Sept 1999- Sept 1999-
BY WEEK All Weeks All Weeks 1998 1998 1999 1999 July 2000 July 2000

Avg Profit Avg Profit Avg Profit Avg Profit
Speculative Trader per MWh t-stat per MWh t-stat per MWh t-stat per MWh t-stat
North Early 3.15 4.83 3.09 5.73 1.88 2.37 4.04 2.81
North Late 3.87 2.56 3.21 3.19 0.44 0.44 6.62 1.89
South Early 1.74 3.48 1.37 2.60 0.44 0.63 2.87 2.75
South Late 2.40 1.77 1.90 1.91 0.45 0.43 4.07 1.30
Representative Trader
North Early 2.31 4.11 1.57 3.46 -0.51 -3.35 4.74 3.67
North Late 3.82 3.06 2.43 3.25 -0.69 -1.93 7.84 2.67
South Early 0.97 2.70 -0.09 -0.42 -0.77 -3.44 2.93 3.56
South Late 2.03 1.84 1.03 1.51 -0.59 -1.63 4.53 1.73



TABLE 9

EFFECT OF LAGGED PRICE DIFFERENCES

Full Full Jan-Aug Jan-Aug Sep 1999- Sep 1999-
Sample Sample 1998 1998 1999 1999 July 2000 July 2000

ONE-DAY LAG Coefficient SE Coefficient SE Coefficient SE Coefficient SE
North Early 0.47 0.09 0.44 0.06 0.23 0.10 0.49 0.11
North Late 0.32 0.08 0.40 0.08 0.44 0.08 0.30 0.09
South Early 0.18 0.09 0.34 0.07 0.18 0.07 0.13 0.11
South Late 0.31 0.08 0.31 0.07 0.47 0.10 0.30 0.09

TWO-DAY LAG
North Early 0.29 0.17 0.26 0.07 -0.10 0.07 0.34 0.23
North Late -0.14 0.11 0.04 0.07 -0.09 0.11 -0.17 0.12
South Early 0.05 0.08 0.16 0.07 -0.16 0.08 0.04 0.10
South Late -0.20 0.10 -0.07 0.08 -0.08 0.13 -0.22 0.11
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Figure 1: California ISO Product Markets


