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#5,=*2%>N 3#;* )%+ =*+, .&% ,%#--#5; 5+K K+--* h&% *#,+2%)$1#5; +M#*2#5; &5+*h
2& +M7-&%+ .&%G ,+L+-&7 )5, 7%&,=$+ &#- &% 5)2=%)- ;)*N

()1+% ?=;J+* 85$NU 7=B-#*J+* 2J#* L)%#)B-+ &5 ) 4&52J-> B)*#* .&% ) ;%&=7
&. dR $&=52%#+* )5, &5 ) K++1-> B)*#* .&% P: )5, ])5),)N CK& ,# +%+52 $-)**#'
!$)2#&5* )%+ )L)#-)B-+ .&% 2J+ ,)2)j %#;* =*+, &5*J&%+ )5, & *J&%+ )5, %#;* =*+,
.&% $%=,+ &#- )5, 5)2=%)- ;)* 7%&,=$2#&5N CJ+ .&%4+% #* )L)#-)B-+ *#5$+ E)5'F\OU
)5, 2J+ -)22+% #* )L)#-)B-+ *#5$+ E)5'F\\RN &̂% 2J#* 7)7+% K+ c=*2 .&$=* &5 2J+
5=4B+% &. &#- %#;* 2J)2 )%+ =*+, #5 $%=,+ &#- 7%&,=$2#&5N CJ#* #* B+$)=*+ 2J+
%+-)2#&5*J#7 B+2K++5 2J+ 5=4B+% &. %#;* =*+, .&% $%=,+ &#- )5, 2J&*+ =*+, .&%
5)2=%)- ;)* #* 5&2 ,#%+$2N ")%1+2* .&% B&2J 7%&,=$2* )%+ 5&2 2J+ *)4+ )5, .&--&K
,# +%+52 ,>5)4#$*N !5 #52+%+*2#5; .)$2 2J)2 #--=*2%)2+* 2J#* ,#*2#5$2#&5 #* 2J)2
2J+ $&%%+-)2#&5 .&% 2J+ 4&52J'&5'4&52J L)%#)2#&5* B+2K++5 $%=,+ )5, 5)2=%)-
;)* 7%&,=$2#&5 #* 'FTlG )5, #. K+ =*+ ) >+)%'&5'>+)% L)%#)2#&5 2J#* $&+ $#+52 #*
&5-> FUlN

()1+% ?=;J+* 85$NG %+;#*2+%* )2 2J+ $&=52%> -+L+- 2J+ 5=4B+% &. %&2)%> %#;*RG
2J+*+ )%+ 5&2 2J+ &5-> 2>7+ &. %#;* )L)#-)B-+ #5 2J+ 4)%1+2 B=2 2J+> )%+ $+%2)#5->
2J+ 4&*2 =*+, K&%-,K#,+N CJ+ -)22+% 7%&B-+4 #* 5&2 #47&%2)52 4+2J&,&-&;#$)-->
B=2 #2 %+,=$+* 2J+ 5=4B+% &. $&=52%#+* 2& B+ =*+,N /+ 2J+5 1+72 2J&*+ $&=52%#+*
K#2J .=-- ,)2) )L)#-)B#-#2> )5, +-#4#5)2+ 2J&*+ K#2J 7&*#2#L+ &#- 7%&,=$2#&5 K#2J
5& %&2)%> ,%#--#5; )$2#L#2>N CJ#* )--&K* =* 2& *2=,> ) *=B;%&=7 &. He $&=52%#+*N

&̂% 2J+ 7%&,=$2#&5 *+%#+* K+ =*+ 2J+ "09: ,)2)B)*+G 7%&L#,+, B> 2J+ 852+%'
5)2#&5)- 65+%;> !;+5$> Z86![N CJ+> 2%)$1 7%&,=$2#&5 &5 ) 4&52J-> B)*#* .&%
2J+ B=-1 &. K&%-,K#,+ &#- 7%&,=$#5; $&=52%#+*N 0#- 7%&,=$2#&5 #5 2J#* ,)2)B)*+
#5$-=,+*j $%=,+ &#-G 5&5'$&5L+52#&5)- &#- )5, 5)2=%)- ;)* -#Y=#,* ZD<g[N /+ ,+'
$#,+, +M$-=,+ 2J+ D<g B+$)=*+ 2J+> )%+ $)72=%+, =*#5; ,# +%+52 4+2J&,* &2J+%
2J)5 $%=,+ &#- %#;*N

CJ+ 7%#$+ *+%#+* 2J)2 K+ =*+ #* 2J+ /C8 7%&L#,+, &5 ) 4&52J-> B)*#* B> 2J+
65+%;> 85.&%4)2#&5 !,4#5#*2%)2#&5 Z68![ )5, ,+")2+, =*#5; 2J+ P: ]f8 K#2J
HII\ )* B)*+ >+)%N

UJ227_SS#5L+*2&%N*J)%+J&-,+%N$&4SBJ#S%#;i$&=52*S%$i#5,+MN$.4
R!$$&%,#5; 2& ()1+% ?=;J+* 85$NG ) %&2)%> %#; %&2)2+* 2J+ ,%#-- 7#7+ .%&4 *=%.)$+ 2& ,%#-- )

5+K K+-- Z&% *#,+2%)$1#5; )5 +M#*2#5; &5+[ 2& +M7-&%+ .&%G ,+L+-&7 )5, 7%&,=$+ &#- &% 5)2=%)-
;)*N
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^#5)--> K+ =*+ ) 4&52J-> #5,+M &. ;-&B)- %+)- +$&5&4#$ )$2#L#2> 7%&L#,+,
B> @#-#)5 ZHII\[N CJ#* #5,+M K)* ,+*#;5+, 2& $)72=%+ *J#.2 #5 2J+ ,+4)5, .&%
#5,=*2%#)- $&44&,#2#+* #5 ;-&B)- B=*#5+** 4)%1+2* B)*+, &5 &$+)5 2%)5*7&%2)2#&5
%)2+*N

CJ=*G &=% KJ&-+ 2#4+ *7)5 .&% +)$J $&=52%> )5, +)$J L)%#)B-+ #* F\\R_IFh
HII\_FHN

4 52&#+*&6.$7 &*, 8%+,-'$.9.$7
9=%#5; 2J+ K#52+% *+)*&5 #2m* #47&**#B-+ .&% *&4+ $&=52%#+* ,=+ 2& $-#4)2#$
$&5,#2#&5* 2& #5$%+)*+ &% +L+5 2& 4)#52)#5 2J+ 5=4B+% &. &#- %#;* $&5*2)52N CJ#*
#* 2J+ $)*+ .&% +M)47-+ &. ])5),) )5, D&%K)>G 2K& #47&%2)52 $&=52%#+* &=2*#,+
2J+ 0f6] ;%&=7N ^#;=%+ F )5, H *J&K* 2J+ +L&-=2#&5 #5 2J+ 5=4B+% &. %#;* #5
B&2J $&=52%#+*G *J&K#5; ) $-+)% *+)*&5)- 7)22+%5N

!* $)5 B+ +)*#-> *++5G 2J+%+ #* 2%+4+5,&=* *+)*&5)-#2> #5 B&2J &. 2J+*+ *+'
%#+*N =̂%2J+%4&%+G 2J+%+ +M#*2* *+)*&5)-#2> #5 2J+ 7%#$+ &. &#- )* K+--N (+$)=*+
B&2J *+)*&5)-#2#+* )%+ >+)%->G #. 2J+ *+)*&5)- $&47&5+52 )%+ 5&2 7+%.+$2-> *>5'
$J%&5#A+, )$%&** $&=52%#+*G +*2#4)2+* &. 2J+ ,+-)> )%+ c=*2 $)72=%#5; 2J+ ,+*'
*>5$J%&5#A)2#&5 &. 2J+ *+)*&5)- $&47&5+52*N &̂% #5*2)5$+G )**=4+ 2J)2 &5+
*+%#+* +M7+%#+5$+* ) 7#$1 #5 9+$+4B+%G KJ#-+ 2J+ &2J+% 7#$1* =7 #5 ")%$JN 8.
2J+ *+)*&5)- $&47&5+52 #* *2%&5; +5&=;J a *& *2%&5; 2J)2 #2 $)5 B+ 2%#L#)-->
,+2+$2+, B> *2)%#5; )2 2J+ 7%+L#&=* !;=%+* a 2J+5 2J+ +*2#4)2#&5 &. 2J+ ,+-)>
K#-- )$2=)--> &5-> +*2#4)2+ 2J+ ,+-)> #5 2J+ *+)*&5)- $&47&5+52* a %)2J+% 2J)5
+*2#4)2#5; 2J+ 2%=+ +$&5&4#$ ,+-)> ,=+ 2& 2+$J5#$)- -#4#2)2#&5*N

C& ,+)- K#2J 2J#* 7%&B-+4G )-- &=% *+%#+* )%+ *2&$J)*2#$ *+)*&5)--> ),c=*2+,
=*#5; 2J+ C%)4&S:+)2* 4+2J&,&-&;>N /+ $-+)5 2J+ ,)2) .%&4 )-- 2J+ >+)%->
*+)*&5)-#2> )5, +*2#4)2+ 2J+ %+-)2#&5*J#7 &5 2J&*+ *-&K+% 4&L#5; $&47&5+52*
&. 7%#$+*G 7%&,=$2#&5G )5, ,%#--#5;N

n85*+%2 ^#;=%+ Fo

n85*+%2 ^#;=%+ Ho

!5&2J+% #47&%2)52 2&7#$ 2J)2 )%#*+* #5 *2=,#+* &. 2J+ #5L+*24+52 ,+$#*#&5 #5
2J+ &#- *+$2&% #* 2J+ +MJ)=*2#B#-#2> &. 2J+ %+*+%L&#%*N f%&,=$2#&5 #5 ) ;#L+5 !+-,
*J&=-, $+2+%#* 7)%#B=* .&--&K )5 #5L+%*+ P *J)7+ 7%&,=$2#&5 .=5$2#&5G #N+NG 2J+
"&K 7+% =5#2 &. 2#4+ #5$%+)*+* =52#- 7+)1 7%&,=$2#&5 #* %+)$J+, 2J+5 ,+$-#5+ K#2J
2J+ *)4+ -+L+- &. #5L+*24+52N CJ=*G &5$+ 7+)1 7%&,=$2#&5 #* %+)$J+,G $%=,+ &#-
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7%&,=$2#&5 )2 %+*+%L&#% -+L+- >#+-,* ,+$%+)*#5; %+2=%5*N !2 2J)2 7&#52G #5$%+)*#5;
#5L+*24+52* )%+ %+Y=#%+, 2& 4)#52)#5 7%&,=$2#&5 7+% =5#2 &. 2#4+ )**=4#5;
$&5*2)52 2+$J5&-&;#+*N f%&,=$2#L#2> #5$%+)*+* ,=+ 2& 2+$J5&-&;> #47%&L+4+52*
$&=-, J)L+ )5 & *+22#5; + +$2 &5 2J+ 5)2=%)- ,+$-#5+ &. ) %+*+%L&#% &5$+ #2 J)*
%+)$J+, 7+)1 7%&,=$2#&5N 85*2#2=2#&5)- $J)5;+* $&=-, J)L+ 7&2+52#)- #47)$2 )*
K+--N

8,+)-->G K+ K&=-, K)52 2& ,+L+-&7 )5 +M7+%#4+52 )2 2J+ 4#$%& -+L+- Z7%&B)B->
)2 2J+ !+-, -+L+-[ #5 KJ#$J K+ $)5 *2=,> Y=+*2#&5* *=$J )* 2J+ )$2=)- $J)5;+ #5
2J+ 5=4B+% &. )$2#L+ &#- %#;* ,=+ 2& +M&;+5&=* $J)5;+* #5 2J+ &#- 7%#$+G J&-,#5;
+L+%>2J#5; +-*+ $&5*2)52G &% 2J+ $J)5;+ #5 2J+ 7%&,=$2#&5 &. &#- ,=+ 2& $J)5;+* #5
2J+ 5=4B+% &. &#- %#;*N CJ)2 K#-- )--&K =* 2& +*2#4)2+ 2J+ 7%#$+ +-)*2#$#2> &. 2J+
#5L+*24+52 #5 5+K %#;*G 2J+ +M)$2 ,+-)>G )5, 2J+ 7%&,=$2#L#2> &. +)$J %#; %+*7+$'
2#L+->N (=2 2J+*+ ;+&-&;#$)-G 2+$J5&-&;#$)-G )5, #5*2#2=2#&5)- $&52+47&%)5+&=*
& *+22#5; + +$2* 4)1+ )5 #,+)- +M7+%#4+52 #47&**#B-+N

CJ+%+ )%+ 5& %+)*&5* 2& B+-#+L+ 2J)2 $&=52%> #5*2#2=2#&5)- )5, ;+&-&;#$)-
J+2+%&;+5+#2> )%+ 5+;-#;#B-+N 0#- 7%&,=$#5; $&=52%#+* #5 !.%#$) )%+ %+-)2#L+->
>&=5; #5 2J+ &#- #5,=*2%> KJ#-+ 2J+ 0f6] $&=52%#+* )5, *&4+ 7%&,=$+%* &=2*#,+
0f6]G *=$J )* 66NPP &% "+M#$&G J)L+ B++5 7%&,=$#5; .&% 4&%+ 2J)5 FII >+)%*N

^#;=%+ T )5, U *J&K* 2J+ Y=&2#+52 &. 2J+ 7%&,=$2#&5 &. $%=,+ &#- )5, 2J+
5=4B+% &. $%=,+ &#- %#;* #5 "pM#$& )5, P5#2+, :2)2+* %+*7+$2#L+->N (&2J *+%#+*
K+%+ +M7%+**+, #5 -&;*G *+)*&5)--> ),c=*2+, )5, 2J+5 !-2+%+, =*#5; 2J+ ?&,%#$1'
f%+*$&22 7%&$+,=%+N

n85*+%2 ^#;=%+ To

n85*+%2 ^#;=%+ Uo

CJ#* #* ) L+%> *#47-+ *2)2#*2#$N /+ c=*2 ,#L#,+, 2J+ 7%&,=$2#&5 #5 +)$J
%+;#&5 B> 2J+ 5=4B+% &. )$2#L+ ,%#--#5; %#;*N !* $)5 B+ *++5 2J+%+ #* ) *#;5#!$)52
"=$2=)2#&5 #5 2J+ V7%&,=$2#L#2>X &. +)$J ,%#--N 82 #* #47&%2)52 2& %+4+4B+% 2J)2
2J#* #* ) *2>-#A+, $)-$=-)2#&5 &. 7%&,=$2#L#2>N (+$)=*+ 2J+%+ #* ) ,+-)> B+2K++5
,%#--#5; )5, )$2=)- 7%&,=$2#&5G #. ) $&=52%> ,+*#%+* 2& #5$%+)*+ 7%&,=$2#&5G #2
5++,* 2& ,%#-- !%*2G 7%&,=$#5; ) ,%&7 #5 &L+%)-- 7%&,=$2#L#2> B+.&%+ 7%&,=$2#&5
)$2=)--> &$$=%*N ?&K+L+%G 2J+ 7&#52 K+ K)52 2& J#;J-#;J2 #* 2J)2 7%&,=$2#L#2>
,%&7* J)L+ 2%+5,+, .&% ) -&5; 2#4+ #5 2J#* #5,=*2%>G )5, 2J+*+ 2%+5,* J)L+
#47&%2)52 #47-#$)2#&5* #5 2J+ +*2#4)2#&5 &. J&K ,%#--#5; ) +$2* 7%&,=$2#&5N

C+$J5#$)--> *7+)1#5;G 2J#* #* ) %+;%+**#&5 K#2J %)5,&4 $&+ $#+52*G KJ+%+ 2J+
$&+ $#+52* )%+ 2%+5,#5;G )5, *=$J 2%+5, *++4* 2& B+ $&%%+-)2+, K#2J 2J+ 7%#$+
&. &#- K+ &B*+%L+ a 5&2 7+%.+$2-> $&%%+-)2+, B=2 $&%%+-)2+, +5&=;J 2& #5$%+)*+
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2J+ 7&**#B#-#2> 2J)2 ) *7=%#&=* %+-)2#&5*J#7 4#;J2 B+ .&=5,N CJ#* *J&K* 2J)2
7%&,=$2#&5 7+% %#; J)* *J#.2+, 2J%&=;J 2#4+G )5, 2J+ 2#4#5; )5, *+L+%#2> .&%
2J#* 7%&B-+4 #* 5&2 2J+ *)4+ )$%&** $&=52%#+* )5, +L+5 %+;#&5*N

85 ),,#2#&5G ,+$-#5#5; #5 7%&,=$2#L#2> )$%&** $&=52%#+* J)* 5&2 B++5 $&5*2)52
2J%&=;J 2#4+G +L+5 .&% 2J+ 2#4+ *7)5 )L)#-)B-+N CJ#* .)$2 )-*& J)* #47&%2)52 #4'
7-#$)2#&5* #5 2J+ +*2#4)2#&5 &. 2J+ ,%#--#5;a7%&,=$2#&5 %+-)2#&5*J#7N <#L+5 2J)2
7&2+52#)- 7%&B-+4G K+ 5++, 2& #,+52#.> )2 2J+ $&=52%> -+L+- #. 2J+ 7%&,=$2#L#2>
7+% )$2#L+ %#; J)* %+4)#5+, *2)B-+ ,=%#5; 2J+ 7+%#&, *2=,#+, &% #. #2 J)* $J)5;+,
&L+% 2#4+N

C& #--=*2%)2+ 2J#* .)$2G K+ $&5*2%=$2 2J+ Y=&2#+52 &. 2J+ 7%&,=$2#&5 &. $%=,+
&#- Z [ )5, 2J+ 5=4B+% &. $%=,+ &#- %#;* Z [ #5 +L+%> $&=52%> G K#2J 2J+ &Bc+$2#L+
2& 2+*2 2J+ 5=-- J>7&2J+*#* 2J)2 7%&,=$2#&5 7+% %#; J)* B++5 *2)B-+ ,=%#5; 2J+
7+%#&, =*#5; 2J+ .&--&K#5; +Y=)2#&5

! ! " " " ZF[

!5, K+ K#-- 2%> 2& !5, +L#,+5$+ );)#5*2 2J)2 J>7&2J+*#* B> #,+52#.>#5; *#;'
5#!$)52 $J)5;+* #5 2J+ 2#4+ 2%+5, $&+ $#+52N CJ+ ,)2+ .&% )5 7&2+52#)- $J)5;+
K+%+ *+-+$2+, 4#5#4#A#5; 2J+ *=4 &. *Y=)%+ +%%&%* Z::6[ .&% 2J+ .&--&K#5; %+'
;%+**#&5

! ! " " " # " ZH[

3+*=-2* &. +*2#4)2#5; +Y=)2#&5 H =*#5; 2J+ 2#4+ B%+)1 2J)2 4#5#4#A+ 2J+ ::6
)%+ 7%+*+52+, #5 C)B-+ FN

n85*+%2 C)B-+ Fo

!-- B%+)1* K+%+ *2)2#*2#$)--> *#;5#!$)52G )5, .&% +)$J $&=52%> 6YNH #47%&L+*
3H *2)2#*2#$* KJ+5 $&47)%+, K#2J 2J&*+ &B2)#5+, .%&4 6YNFN

/J)2 2J#* *#47-+ +M+%$#*+ 2+--* =* #* 2J)2 ;#L+5 )-- 2J+*+ $J)5;+* #5 7%&,=$'
2#L#2> KJ#$J )%+ 5&2 J&4&;+5+&=* )$%&** $&=52%#+* h#5 *+L+%#2>G 4);5#2=,+ )5,
&%#;#5d h 2J+ 7%&B-+4 &. +*2#4)2#&5 *J&=-, B+ ),,%+**+, )2 2J+ $&=52%> -+L+-N

C& ),,%+** 2J#* 7%&B-+4G &=% #,+52#!$)2#&5 *2%)2+;> #* B)*+, &5 2K& $%=$#)-
B=2 #52=#2#L+ )5, B%&),-> )$$+72+, )**=472#&5*N ^#%*2G &=% 7%&,=$2#&5G #5L+*2'
4+52 )5, 7%#$+ L)%#)B-+* $)5 B+ ,+$&47&*+, #52& 2J%++ ,# +%+52 $&47&5+52*j

d3+)*&5* )%+ ,#L+%*+j .%&4 ;+&-&;#$)-G 2+$J5&-&;#$)- &% +L+5 #5*2#2=2#&5)- #2 #* 7&**#B-+ 2&
&B*+%L+ B%+)1* #5 7%&,=$2#L#2> 2%+5,*N
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&5+ 2J)2 $)72=%+* 2J+ *+)*&5)- 7)22+%5 Z!! [G ) -&5;'2+%4 2%+5, Z" [G )5, *J&%2
2+%4 4)%1+2 "=$2=)2#&5* Z# [N Z:++ +Y=)2#&5 T[N

! ZT[

0=% *+$&5, )**=472#&5 #* 2J)2 )5> #5*2#2=2#&5)-G 2+$J5&-&;#$)- &% ;+&-&;#$)-
$J)5;+ K#-- ) +$2 2J+ *+$&5, $&47&5+52 #5 2J+ 5=4B+% &. %#;*G #N+NG 2J+ -&5;'2+%4
2%+5,N

CJ+ C%)4&':+)2* 7%&$+,=%+ )--&K* =* 2& $)72=%+ 2J+ *+)*&5)- 7)22+%5 &. 2J+
*+%#+* KJ#-+ 2J+ -&5;'2+%4 2%+5, K#-- B+ $)72=%+, =*#5; 2J+ ?&,%#$1'f%+*$&22
!-2+%N (> +M2%)$2#5; 2J+*+ 2K& $&47&5+52* .%&4 2J+ -&; &. 2J+ 2#4+ *+%#+*G K+
K#-- B+ )B-+ 2& *2=,> 4)%1+2 4&L+4+52* #5 2J+ ,)2) )5, 2& #,+52#.> 2J+ ,>5)4#$
B+J)L#&% &. #52+%+*2N

: 8%26.;.*&%7 6++< &$ $12 "&#.' %26&$.+*#1.=# .*
$12 ,&$&

!* #5 2J+ 7%&,=$2#&5 &. )5> &2J+% $&44&,#2>G #5 2J+ &#- #5,=*2%> 2J+%+ #* )
$#%$=-)% $)=*)2#&5 7%#$+*'#5L+*24+52'*=77->N CJ#* %+-)2#&5*J#7 #* 5&2 $&52+47&'
%)5+&=*G J&K+L+%N CJ+ &#- #5,=*2%> .)$+* ;+&;%)7J#$)-G 2+$J5#$)- )5, 7&-#2#$)-
B)%%#+%* 2J)2 4)> ,+-)> 2J+ 2#4+ -); B+2K++5 2J+ ,+$#*#&5* 2& #5L+*2 )5, 2J+
2#4+ KJ+5 7J>*#$)- #5L+*24+52* )$2=)--> B+;#5*N =̂%2J+%4&%+G 5+K #5L+*24+52
,&+* 5&2 >#+-, $%=,+ &#- Z&% 5)2=%)- ;)*[ #44+,#)2+->G B=2 K#2J ) -); KJ#-+ 2J+
),+Y=)2+ #5.%)*2%=$2=%+ #* B=#-2N ^#5)-->G +M2%)$2+, $%=,+ 2)1+* 2#4+ 2& %+)$J
2J+ 4)%1+2* a )-2J&=;J )2 4&52J-> .%+Y=+5$#+* 2J#* 4#;J2 B+ #47+%$+72#B-+N !*
$)5 B+ +M7+$2+, 2J+*+ -);* L)%> *#;5#!$)52-> )4&5; $&=52%#+*G 7%&L#5$+*G )5,
!+-,*N

0=% ;&)- #5 2J#* *+$2#&5 #* 2& #,+52#.> 2J+ ,#%+$2#&5 &. 2J+ $)=*)-#2> #5 K&%-,
$%=,+ &#- 7%&,=$2#&5N CJ#* #* 2J+ $)=*)-#2> B+2K++5 $J)5;+* #5 7%#$+*G #5L+*24+52
#5 ,%#--#5;G )5, 7%&,=$2#&5N CJ#* )77%&)$J %+*2* &5 2J+ )**=472#&5 &. 2J+ -);;+,
%+-)2#&5*J#7 B+2K++5 ,%#--#5; )5, 7%&,=$2#&5G KJ#$J #* )2 2J+ $&%+ &. 2J+ 2+$J5#$)-
-#4#2)2#&5* .)$+, B> 2J+ &#- #5,=*2%>N

0=% !%*2 *2+7 #* 2J+5 2& *2=,> KJ)2 .&%$+* ,%#L+ $J)5;+* #5 2J+ 5=4B+% &. &#-
%#;* )%&=5, 2J+ K&%-,N ! ,+$#*#&5 2& #5$%+)*+ ,%#--#5; )$2#L#2> *J&=-, B+ B)*+,
#5 2J+ .=2=%+ 7%&!2)B#-#2> &. 2J&*+ #5L+*24+52*N CJ=*G J#;J+% 7%#$+* *J&=-, -+),
2& -)%;+% #5L+*24+52* #. 2J&*+ #5$%+)*+* )%+ 7+%$+#L+, )* %+-)2#L+-> 7+%4)5+52 a
&% #5 &2J+% K&%,*G #. 2J+ 4+)5 %+L+%*#&5 #* *4)-- +5&=;J *=$J 2J)2 ) J#;J+% 7%#$+
&. &#- #47-#+* 2J)2 &#- 7%#$+* K#-- %+4)#5 J#;J .&% *+L+%)- 4&52J*eN

e 85,++,G 2J+ +L#,+5$+ &5 2J+ $J)%)$2+%#*2#$* &. 2J+ *2&$J)*2#$ 7%&$+** .&% &#- #5,#$)2+* 2J)2
+#2J+% &#- 7%#$+* .&--&K ) %)5,&4 K)-1 a 4+)5#5; 2J)2 7%#$+ 4&L+4+52* )%+ 7+%4)5+52 a &%
2J)2 2J+ &#- 7%#$+ J)* ) L+%> *-&K 4+)5 %+L+%*#&5 K#2J J)-.'-#L+* -)%;+% 2J)5 T >+)%*N
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CJ+5G &=% 5+M2 *2+7 K&=-, B+ 2& *2=,> 2J+ %+*7&5*+ &. $%=,+ &#- 7%&,=$2#&5
2& $J)5;+* #5 2J+ 5=4B+% &. )$2#L+ %#;* )2 2J+ $&=52%> -+L+-N P5,+% 2J+ )*'
*=472#&5 2J)2 2J+%+ #* 5& *7)%+ $)7)$#2>G #N+N )-- 7%&,=$2#L+ $)7)$#2> #* =*+, )2
.=-- *=*2)#5)B-+ 7&2+52#)-G K+ +M7+$2 ) 7&*#2#L+ %+-)2#&5 B+2K++5 B&2J L)%#)B-+*N
=̂%2J+%4&%+G 2J#* %+-)2#&5 *J&=-, 5+L+% B+#5; $&52+47&%)5+&=*N

!-- &=% L)%#)B-+* )%+ #5 -+L+-* )5, +M7%+**+, #5 -&;*G *2&$J)*2#$)--> *+)*&5)-->
),c=*2+, ZK#2J C%)4& :+)2*[ )5, ,+'2%+5,+, Z=*#5; 2J+ ?&,%#$1'f%+*$&22 !-2+%[N
g+2* ,+5&2+ 2J+ -&; -+L+- &. $%=,+ &#- 7%&,=$2#&5 )5, 2J+ -&; -+L+- #5 2J+
5=4B+% &. &#- %#;* )5, 2J+ &#- 7%#$+ +M7%+**+, #5 %+)- 2+%4*N

:>( 8%.'2# &*, )*92#$;2*$ .* ?.@#

!* K+ 7%+L#&=*-> *)#,G 2J+ ,+$#*#&5 2& #5$%+)*+ ,%#--#5; )$2#L#2> *J&=-, B+ B)*+,
#5 2J+ .=2=%+ 7%&!2)B#-#2> &. 2J&*+ #5L+*24+52*N ]&5*+Y=+52->G J#;J+% 7%#$+*
*J&=-, -+), 2& -)%;+% #5L+*24+52* #. 2J&*+ #5$%+)*+* )%+ 7+%$+#L+, )* %+-)2#L+->
7+%4)5+52N

C& *2=,> 2J#* %+-)2#&5G K+ 7%&7&*+ ) ,>5)4#$ +Y=)2#&5 .&% 2J+ 5=4B+% &.
$%=,+ &#- %#;* Z:++ +Y=)2#&5 U[ )5, *#4=-)2+ ) 7+%4)5+52 FIIl #5$%+)*+ #5 2J+
$%=,+ &#- 7%#$+ 2& &B*+%L+ 2J+ %+*7&5*+ ).2+% Td 4&52J #5 2J+ 5=4B+% &. &#- %#;*O N
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!5 #47&%2)52 *=Bc+$2 2& B+ )K)%+ #* 2J+ %+L+%*+ $)=*)-#2> .%&4 ;-&B)- 4)$%&'
+$&5&4#$ );;%+;)2+* 2& 2J+ 7%#$+ &. &#-N CJ%++ )%;=4+52* *J&=-, B+ 4),+ )2 2J#*
7&#52N ^#%*2G 2J+%+ #* ) $-+)% ,#*2#5$2#&5 B+2K++5 KJ)2 #* $&5*#,+%+, )* ) ;-&B)-
4)$%&+$&5&4#$ );;%+;)2+ )5, &=% L)%#)B-+ &. #52+%+*2G #N+NG 2J+ -&; 5=4B+% &.
%#;* #5 ) 7)%2#$=-)% $&=52%>G KJ#$J #5 )5> $)*+ %+7%+*+52* c=*2 &5+ 7)%2#$=-)%
*+$2&% &. 2J+ +$&5&4> )5, 2J=* #2* #5"=+5$+ &L+% ) ;-&B)- +Y=#-#B%#=4 7%#$+G #*
-#4#2+,N

:+$&5,G )* 7&#52+, &=2 B> @#-#)5 ZHIIO[G *2%#$2 +M&;+5+#2> #* 5&2 %+Y=#%+,
.&% +*2#4)2#5; )5 +Y=)2#&5 *=$J )* 6YNUG B=2 2J)2 #55&L)2#&5* 2& 2J+ &#- 7%#$+
*+%#+* )%+ 7%+,+2+%4#5+, K#2J %+*7+$2 2& 2J+ L)%#)B-+ &. #52+%+*2N (> K&%1#5;
K#2J 4&52J-> ,)2) .++,B)$1 B+2K++5 L)%#)B-+* $&=-, B+ 2%+)2+, )* 5+;-#;#B-+N

^#5)-->G $J)5;+* #5 2J+ 5=4B+% &. &#- %#;* K#-- ) +$2 ,#%+$2-> 2J+ *=77-> &.
$%=,+ &#-G B=2 2J#* + +$2 #* 5&2 $&52+47&%)5+&=* ,=+ 2& 2J+ 7%&7&*+, 2+$J5&'
-&;#$)- %+*2%#$2#&5G 2J=* 4&52J-> .++,B)$1 B+2K++5 2J+ 5=4B+% &. &#- %#;* )5,
+5+%;> 7%#$+ #* $&5$+72=)--> 4#*-+),#5;N

OCJ#* %+*7&5*+ $&%%+*7&5,* 2& 2J+ *&-=2#&5 &. 2J+ ,# +%+5$+ +Y=)2#&5 7%&7&*+, )5, #2 *J&=-,
%+"+$2 ) *2+),> *2)2+N

FI



C)B-+ H 7%+*+52* ) *=44)%> &. 2J+ %+*=-2* .&% +)$J $&=52%>N f&#52 +*2#4)2+
%+"+$2* 2J+ -&5; %=5 %+*7&5*+ #5 2J+ 5=4B+% &. $%=,+ &#- %#;*N P*=)- *2)2#*2#$*
K+%+ $)-$=-)2+, =*#5; B&&2*2%)77#5; 4+2J&,*\N

n85*+%2 C)B-+ Ho

C)B-+ H J#;J-#;J2 2J)2 .&% )-4&*2 )-- $&=52%#+* *2=,#+, 2J+ %+*7&5*+ #5 2J+
5=4B+% &. &#- %#; 2& ) 7+%4)5+52 #5$%+)*+ #5 2J+ 7%#$+ &. &#- K&=-, B+ 7&*#2#L+N
&̂% 2J&*+ .+K $&=52%#+* K#2J ) 5+;)2#L+ 7&#52 +*2#4)2+ %+*=-2* )%+ L+%> $-&*+ 2&
A+%&N C)B-+ )-*& %+"+$2* 2J)2 .&% D&5'0f6] $&=52%#+* ,&=B-#5; 2J+ &#- 7%#$+
Z$&52%&--#5; .&% -&5; 2+%4 2%+5,* )5, *+)*&5)-#2>[ K#-- #5$%+)*+ 7+%4)5+52-> 2J+
5=4B+% &. &#- %#;* #5 FNFlG .&% 0f6] $&=52%#+* 2J)2 !;=%+ #* INdl KJ#-+ .&%
06]9 $&=52%#+* 2J+ #5$%+)*+ #* FNTlN CJ+ .)$2 2J)2 0f6]* %+*7&5*+ #* $-&*+
2& J)-. 2& 2J)2 &. &2J+% ;%&=7* #* *=77&%2#5; +L#,+5$+ &. $&--=*#L+ B+J)L#&%N

&̂% #--=*2%)2#L+ 7=%7&*+* ^#;=%+ R ,#*7-)>* 2J+ +L&-=2#&5 &. 2J+ $-)#4+, %+'
*7&5*+ .&% ])5),)N

n85*+%2 ^#;=%+ Ro

82 #* )-*& #47&%2)52 2& J#;J-#;J2 2J)2 2J+ 4);5#2=,+ &. 2J+*+ -&5;'2+%4 + +$2*
)%+ c=*2 &5+ 7)%2 &. 2J+ *2&%>N CJ+ ,>5)4#$* )5, 2#4#5; &. 2J+ %+*7&5*+ )%+ )-*&
&. $-+)% #47&%2)5$+ #5 ) $&47-+M 4)%1+2 )* 2J+ &5+ &. 2J+ $%=,+ &#-N g#2+%)2=%+
J)L+ $-)#4+, 2J)2 2J+ 4)%1+2 .)$+ *J&%2'%=5 %#;#,#2#+* n?)4#-2&5 ZHII\[G :4#2J
ZHII\[o *& 2J)2 2J+ VKJ+5X Y=+*2#&5* )%+ )-*& $%=$#)-N

CJ+%+.&%+G K+ 2%> 2& )5*K+% 2J+ .&--&K#5; Y=+*2#&5G J&K 4)5> 7+%#&,* )%+
5++,+, 2& )$J#+L+ J)-. &. 2J+ -&5; %=5 + +$2 +*2#4)2+, .&% &#- #5L+*24+52W CJ+*+
+*2#4)2+* )%+ $)--+, ?)-.'-#L+* )5, C)B-+ T *J&K* 2J+ %+*=-2* .&% &=% ;%&=7 &.
$&=52%#+*N

n85*+%2 C)B-+ To

3+*=-2* %)5;+ .%&4 FhFF 4&52J 5++,+, 2& )$J#+L+ J)-. &. 2J+ -&5;'2+%4
+ +$2 +*2#4)2+, #5 C)B-+ HN !L+%);+* )$%&** ;%&=7* )%+ 4&%+ J&4&;+5+&=* 2J)5
#5 2J+ 7%+L#&=* $)*+G %+*=-2#5; .&% D&5'07+$ $&=52%#+* ) 7+%#&, &. RNd 4&52J*G
0f6]* RNT 4&52J* )5, .&% 2J+ 06]9 UNR 4&52J*N

\]&5!,+5$+ 852+%L)-* .&% FI )5, \I 7+%$+52#-+ %+*7+$2#L+->G KJ+%+ $)-$=-)2+, =*#5; B&&2'
*2%)77#5; 4+2J&,*N

FF



/J)2 2J#* 2)B-+ *=;;+*2 #* 2J)2 K+ *J&=-, 5&2 +M7+$2 2J)2 2J+ 5=4B+% &.
&#- %#;* #N+NG 2J+ !%*2 7J)*+ .&% ) $&=52%> 2& +M7)5, #2* $%=,+ &#- 7%&,=$2#&5G 2&
%+*7&5, #44+,#)2+-> 2& $J)5;+* #5 &#- 7%#$+ +L+5 #. 2J&*+ $J)5;+* )%+ $&5*#,+%+,
7+%4)5+52N

:>/ )*92#$;2*$ .* ?.@# &*, 8%+,-'$.+*

!5&2J+% #47&%2)52 h)5, $%=$#)-h %+-)2#&5 #* 2J)2 B+2K++5 2J+ 5=4B+% &. %#;*
)5, 2J+ 7%&,=$2#&5 &. $%=,+ &#-N (+$)=*+ 2J+ + $#+5$> &. &#- %#;* J)* *J#.2+,
2J%&=;J 2#4+G )5, 2J+ 7%&,=$2#&5 4#M )4&5; %+;#&5* J)* )-*& $J)5;+, *#;5#.'
#$)52->G 2J+ %+-)2#&5*J#7 B+2K++5 %#;* )5, 7%&,=$2#&5 #* =5*2)B-+ )5, ,# $=-2
2& !5,N =̂%2J+%4&%+G 2J+%+ #* L+%> ,#L+%*+ $&47-+M#2> #5 2J+ ,%#--#5; $&5,#2#&5*
.%&4 ,++7 K)2+% ,++7 ,%#--#5; 2& *J)--&K &5*J&%+ ,%#--#5;N

C& #5$%+)*+ 2J+ 7%&,=$2#&5 &. $%=,+ &#-G 2J+ 7)$+ &. ,%#--#5; 2& B%#5; 5+K
&#- K+-- &5 -#5+ *J&=-, B+ #5$%+)*+, !%*2N !;)#5G ,+5&2+ )* 2J+ -&; -+L+- &.
$%=,+ &#- 7%&,=$2#&5 )5, 2J+ -&; -+L+- #5 2J+ 5=4B+% &. &#- %#;*N CJ+ $-)#4+,
%+-)2#&5 #* 2J)2 #N

C& *2=,> 2J+ *7++, )5, 4);5#2=,+ &. 2J#* %+-)2#&5G K+ 7%&7&*+ ) ,>5)4#$
+Y=)2#&5 .&% 2J+ 7%&,=$2#&5 &. $%=,+ &#- Z:++ +Y=)2#&5 R[N /+ 2J+5 *#4=-)2+ )
7+%4)5+52 FIIl #5$%+)*+ #5 2J+ 5=4B+% &. $%=,+ &#- %#;* 2& &B*+%L+ 2J+ %+*7&5*+
).2+% Td 4&52J #5 2J+ &#- 7%&,=$2#&5FIN
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3+L+%*+ $)=*)-#2> #* $&5$+72=)--> )5, +47#%#$)--> ),,%+**+* =*#5; *#4#-)%
)%;=4+52* 2J)5 2J&*+ #5 2J+ 7%+L#&=* $)*+N 0#- 7%&,=$2#&5 K#-- ) +$2 2J+ 5=4B+%
&. &#- %#;* &5-> 2J%&=;J 2J+ + +$2 &5 &#- 7%#$+*G B=2 2J)2 %+-)2#&5*J#7 #* 5&2
$&52+47&%)5+&=*N <#L+5 2J)2 *2%#$2 +M&;+5+#2> #* 5&2 %+Y=#%+, .&% +*2#4)2#5;
)5 +Y=)2#&5 *=$J )* 6YNRG K+ +M7-&#2 2J+ .)$2 2J)2 2J+%+ #* ) ,+-)>+, 2#4+ B+2K++5
+)$J *2)2+ 2& c=*2#.> 2J)2 #55&L)2#&5* #5 2J+ 5=4B+% &. &#- %#;* )%+ 7%+,+2+%4#5+,
K#2J %+*7+$2 2& 2J+ L)%#)B-+ &. #52+%+*2N

/+ 2J+5 +*2#4)2+ 6YNR .&% +)$J $&=52%> )5, $&47=2+ 2J+ #47=-*+ %+*7&5*+
.=5$2#&5* )**=4#5; ) 7+%4)5+52 #5$%+)*+ ZFIIl[ #5 2J+ 5=4B+% &. $%=,+ &#-
%#;*N C)B-+ U 7%+*+52* ) *=44)%> &. 2J+ %+*=-2* .&% +)$J $&=52%>N f&#52 +*2#4)2+
%+"+$2* 2J+ -&5; %=5 %+*7&5*+ #5 2J+ 5=4B+% &. $%=,+ &#- %#;*N

n85*+%2 C)B-+ Uo

FICJ#* %+*7&5*+ $&%%+*7&5,* 2& 2J+ *&-=2#&5 &. 2J+ ,# +%+5$+ +Y=)2#&5 7%&7&*+, )5, #2 *J&=-,
%+"+$2 ) *2+),> *2)2+N
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:&4+ 5+;)2#L+ *#;5* )%+ .=5,* +*7+$#)--> .&% 0f6] $&=52%#+* )5, $&=52%#+*
2J)2 4)%;#5)--> $&52%#B=2+ 2& );;%+;)2+ $%=,+ &#- 7%&,=$2#&5N ?&K+L+%G 4&*2 &.
2J+ $&=52%#+* 7%+*+52 ) $-+)% 7&*#2#L+ %+*7&5*+ 2& )5 #5$%+)*+ #5 2J+ 5=4B+% &.
&#- %#;*N

!5 #47&%2)52 7&#52 2& J#;J-#;J2 #* 2J)2 &=% L)%#)B-+ &. $%=,+ &#- 7%&,=$2#&5G
>2G #* )5 &B*+%L)B-+ L)%#)B-+ 2J)2 %+"+$2* 2J+ )$2=)- 5=4B+% &. $%=,+ &#- B)%%+-*
,+-#L+%+, 2& 4)%1+2*N "&*2 &. 0f6] $&=52%#+*G J&K+L+%G +M7)5, 2J+ 5=4B+% &.
%#;* 2& #5$%+)*+ 7&2+52#)- $)7)$#2>G KJ#$J #* 5&2 &B*+%L)B-+N

&̂% 2J+ %+*2 &. $)*+*G +*7+$#)--> .&% D&5'0f6] )5, 06]9 $&=52%#+*G 2J+
%+-)2#&5*J#7 B+2K++5 2J+ 5=4B+% &. %#;* )5, $%=,+ &#- 7%&,=$2#&5 #* *2%&5; )5,
7&*#2#L+N <%&=7 $&47)%#*&5 *=;;+*2 2J)2 B> ,&=B-#5; 2J+ 5=4B+% &. &#- %#;*G 2J+
#5$%+)*+ #5 $%=,+ &#- 7%&,=$2#&5 K#-- B+ )%&=5, UNHl .&% 2J+ D&5'0f6] ;%&=7
)5, eNHl .&% 2J+ 06]9N

&̂% #--=*2%)2#L+ 7=%7&*+* ^#;=%+ d ,#*7-)>* 2J+ +L&-=2#&5 &. 2J+ $-)#4+, %+'
*7&5*+ .&% P5#2+, :2)2+*N

n85*+%2 ^#;=%+ do

?)-.ag#L+* K+%+ )-*& $)-$=-)2+, .&% 2J+ 3#;* 2& ]%=,+ 0#- 7%&,=$2#&5 %+-)'
2#&5*J#7N CJ+ %)5;+ )$%&** $&=52%#+* .&% 2J#* *2)2#*2#$* #* HhHR 4&52J 2& &B*+%L+
J)-. &. 2J+ + +$2 2J)2 K#-- #5,=$+ ) 7+%4)5+52 #5$%+)*+ #5 2J+ 5=4B+% &. &#- %#;*N
!-2J&=;J J+2+%&;+5+#2> #5 2J+ %+*7&5*+ #* +M7+$2+,G 2J+%+ #* ) 4+)5 &. R 4&52J
#5 +L+%> ;%&=7 2& &B*+%L+ J)L+ &. 2J+ -&5; %=5 + +$2N C)B-+ R *J&K* 2J+ %+*=-2*
.&% 2J+ HO $&=52%#+* K#2J )L)#-)B-+ ,)2)N

n85*+%2 C)B-+ Ro

A ! B.'%+CD&#2, B+,26 E+% F+%6, G.6 B&%<2$
85 2J+ 7%+L#&=* *+$2#&5 K+ J)L+ 7%+*+52+, +L#,+5$+ &. 2K& %+-)2#&5* 2J)2 .=-->
$J)%)$2+%#A+ 2J+ 4&*2 #47&%2)52 7)%2 &. 2J+ 7+2%&-+=4 #5,=*2%>N CJ+ !%*2 %+'
-)2#&5 #* 2J)2 B+2K++5 &#- 7%#$+* )5, ,%#--#5; )$2#L#2>G 4+)*=%+, )* 2J+ 5=4B+%
&. )$2#L+ $%=,+ &#- %#;*G )5, 2J+ *+$&5, %+-)2#&5 #* 2J)2 B+2K++5 ,%#--#5; )$2#L#2>
)5, !5)- $%=,+ &#- 7%&,=$2#&5N CJ#* +L#,+5$+ K)* 7%+*+52+, )2 2J+ $&=52%> -+L+-N

85 ),,#2#&5 2& B&2J %+-)2#&5*G K+ J#;J-#;J2 2J+ $&47-#$)2#&5* 2J)2 $&=-, )%#*+
+47#%#$)--> ,=+ 2& 7%&B-+4* &. *+)*&5)-#2> )5, +MJ)=*2#&5 &. 2J+ 5)2=%)- %+'
*&=%$+N
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0=% #52+52#&5 K)* 2& *=77&%2 ) $J)#5 &. $)=*)-#2> .%+Y=+52-> $-)#4+, B>
+5;#5++%* ZB=2 *& .)% 5&2 7%+L#&=*-> 2+*2+,[ #5 KJ#$J 2J+ ;&-, 7%+4#*+ #* 2J)2
#5 &%,+% 2& +M7)5, 2J+ 7%&,=$2#&5 &. $%=,+ &#-G !%*2 #2 #* 5++,+, 2& +M7)5, 2J+
5=4B+% &. &#- %#;*G #N+NG ,%#-- 4&%+N

CJ#* 2+$J5&-&;#$)- %+*2%#$2#&5 $%+)2+* ) *+Y=+52#)- )77%&)$J 2J)2 )--&K* =*
2& #,+52#.> *&4+ +M$-=*#&5 %+*2%#$2#&5* Z7)%)4+2+%* K#2J A+%& L)-=+[ 2J)2 &$$=%
)2 2J+ 4#$%& -+L+- 2J)2 *J&=-, B+ 2%)5*-)2+, #52& 2J+ *2%=$2=%)- 4)$%& B+J)L#&%
&. 2J+ #5,=*2%>N !,,#2#&5)-->G #2 J+-7* =* 2& )L&#, ),'J&$ %+*2%#$2#&5* .%+Y=+52->
.&=5, #5 2J+ -#2+%)2=%+N

85 2J+ +5,G &=% &Bc+$2#L+ #* 2& B+ )B-+ 2& +*2#4)2+ KJ)2 )%+ 2J+ ,+2+%4#5)52*
&. 2J+ 7%#$+ &. &#-N ?&K 4=$J &. 2J+ 4&L+4+52 #* ,=+ 2& *=77-> ,#*%=72#&5*G
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4+)5#5;N (&&2*2%)77+, $&5!,+5$+ #52+%L)-* )%+ )-*& 7%+*+52+,N

!-- !;=%+* $)5 B+ %+), )* .&--&K*j $&-=45* %+7%+*+52 ) *2%=$2=%)- *J&$1
Z#55&L)2#&5[ #5 2J+ L)%#)B-+ &. #52+%+*2 Z1++7#5; +L+%>2J#5; +-*+ $&5*2)52[ KJ#-+
%&K* $)72=%+ 2J+ ) +$2+, L)%#)B-+G .&% +M)47-+G $+--(" ") #5 ^#;=%+ e %+7%+*+52*
2J+ $%=,+ &#- 7%#$+ %+*7&5*+ 2& =5)52#$#7)2+, +L+52* 2J)2 $)55&2 B+ $)72=%+ B>
2J+ ,>5)4#$ *2%=$2=%+ &. 2J+ 7%#$+ +Y=)2#&5G 2J#* #* KJ)2 #* $)--+, ) *J&$1N 85
&2J+% K&%,*G 2J+ *J&$1 2& 2J+ 7%#$+ L)%#)B-+ Z!%*2 L)%#)B-+[ #* )5 #5$%+)*+ #5 2J+
7%#$+ K#2J +L+%>2J#5; +-*+ +Y=)- a 7%&,=$2#&5 )5, ,+4)5, #5$-=,+,N CJ+%+.&%+G
2J)2 *J&$1 4#;J2 B+ $)72=%#5; 2J+ B=BB-+ $&47&5+52N

]+--(# ") #* 2J+ $%=,+ &#- 7%&,=$2#&5 %+*7&5*+ L)%#)B-+ Z*+$&5, L)%#)B-+[ 2& )
*J&$1 #5 2J+ 7%#$+ K#2J +L+%>2J#5; +-*+ +Y=)- a #5$-=,#5; 2J+ 5=4B+% &. $%=,+ &#-
%#;*N <#L+5 2J)2 &=% )**=472#&5 #* 2J)2 $%=,+ &#- 7%#$+ ) +$2* $%=,+ &#- 7%&,=$'
2#&5 &5-> 2J%&=;J 2J+ 5=4B+% &. %#;*G #2 #* +M7+$2+, 2J)2 2J+ ;%)7J $&%%+*7&5,#5;
2& $+--(# ") "=$2=)2+ )%&=5, A+%&N ]+--(' ") #* 2J+ %+*7&5*+ #5 2J+ 5=4B+% &. %#;*
Z2J#%, L)%#)B-+[ 2& ) *J&$1 #5 2J+ 7%#$+ L)%#)B-+ K#2J +L+%>2J#5; +-*+ +Y=)- a
#5$-=,#5; $%=,+ &#- 7%&,=$2#&5N /+ *J&=-, +M7+$2 $+--(' ") 2& J)L+ ) 7&*#2#L+
%+*7&5*+ B=2 K+ *J&=-, 1++7 #5 4#5, 2J)2j Z)[ )-- *J&$1* )%+ 2%)5*#2&%>G ZB[ )--
*J&$1* J)L+ ) *2)5,)%, ,+L#)2#&5 &. 4);5#2=,+N ]+--(& ") #* 2J+ K&%-, %+)- )$2#L'
#2> %+*7&5*+ Z.&=%2J L)%#)B-+[ 2& ) *J&$1 #5 2J+ 7%#$+ L)%#)B-+ K#2J +L+%>2J#5;
+-*+ +Y=)- a #5$-=,#5; $%=,+ &#- 7%&,=$2#&5 )5, 5=4B+% &. %#;*N 3&K H $)72=%+*

FO3+4+4B+% 2J)2 2J+ %+,=$+ .&%4 %+*#,=)-* $)5 B+ +M7%+**+, )* ! !
" G *& 2J)2

7%+'4=-2#7->#5; B&2J *#,+* B> " K+ &B2)#5 N

F\



2J+ %+*7&5*+ 2& +)$J L)%#)B-+ &. #52+%+*2 2& ) *J&$1 #5 2J+ $%=,+ &#- 7%&,=$2#&5
1++7#5; +L+%>2J#5; +Y=)-G #5$-=,#5; 7%#$+* )5, 2J+ 5=4B+% &. $%=,+ &#- %#;*G )5,
*& &5N

^#;=%+* e )5, O 7%+*+52* 847=-*+'3+*7&5*+ .=5$2#&5* .&% P: )5, :)=,# !%)'
B#) %+*7+$2#L+->N :++ !77+5,#M ] 2& &B2)#5 2J+ %+*2 &. 2J+4N

n85*+%2 ^#;=%+ eo

n85*+%2 ^#;=%+ Oo

!-- &=% #47=-*+ %+*7&5*+ .=5$2#&5* $)5 B+ #52+%7%+2+, )* l &. #5$%+)*+S,+$%+)*+
#5 2J+ L)%#)B-+ &. #52+%+*2 Zr')M#*[N ?&%#A&52)- )M#* %+7%+*+52* 2#4+ J&%#A&5 #5
4&52J*N

/#2J &5-> *4)-- ,# +%+5$+*G )-- 4&,+-* J)L+ ) *#4#-)% B+J)L#&% #5 2J+#% %+'
*7&5*+ 2& ,# +%+52 *J&$1* 2J)2 4)> J)77+5 #5 2J+ K&%-, &#- 4)%1+2*N :&4+ &.
2J+4 2J)2 ,+*+%L+ 2& B+ J#;J-#;J2+, )%+ 2J+ .&--&K#5;j

" ]%=,+ &#- 7%&,=$2#&5 )77+)%* 2& B+ L+%> #5+-)*2#$ #5 2J+ *+5*+ 2J)2G #2 %+'
*7&5*+ 2& ,# +%+52 *J&$1* Z&% #55&L)2#&5*[ #5 )-- 4&,+-* "=$2=)2+* )%&=5,
A+%&N

" :#4#-)%->G 2J+ %+*7&5*+ 2& &#- 7%#$+* 2& =5)52#$#7)2+, *J&$1* #5 &#- 7%&,=$'
2#&5 #* *4)-- )5, ,# +%* )$%&** 4&,+-*N

" (&2J !5,#5;* )%+ $&5*#*2+52 K#2J 7%+L#&=* -#2+%)2=%+ )5, 2J+> $&=-, B+ 2J+
%+*=-2 &.j Z)[ 2J+ 4);5#2=,+ &. 2J+ *J&$1 2J)2 #* )**=4+, Z#2m* 5+L+% *#4#-)%
2& )5 &#- +4B)%;& .%&4 !%)B#$ $&=52%#+*[G ZB[ CJ+ %+*7&5*+ &. $%=,+ &#-
#5L+52&%#+*N

" ^#5)-->G #2 #* &. &=% #52+%+*2 2J)2 2J+ *J&$1 2& 2J+ 7%#$+ L)%#)B-+ Z!%*2
L)%#)B-+[ K#2J +L+%>2J#5; +-*+ +Y=)- a 7%&,=$2#&5 )5, ,+4)5, #5$-=,+,G
#5 )-- !L+ 4&,+-* #* 7&*#2#L+ B=2 2%)5*#2&%> #5 2J+ *J&%2 2+%4N CJ+%+.&%+G
2J#* #* +L#,+5$+ )5> B=BB-+ $&47&5+52 #5 2J+ &#- 7%#$+ ,#*)77+)% #5 )%&=5,
O 4&52J*

HI



H>4 J&%.&*'2 32'+;=+#.$.+*

f%+L#&=* *=B*+$2#&5 )--&K+, =* 2& 2%)$+ &=2 2J+ 2#4+ 7)2J &. 2J+ + +$2* &. *2%=$'
2=%)- *J&$1* #5 &=% *>*2+4N k)%#)5$+ ,+$&47&*#2#&5 &5 2J+ &2J+% J)5,G )--&K
=* 2& $)-$=-)2+ 2J+ $&52%#B=2#&5 &. +)$J &%2J&;&5)-#A+, #55&L)2#&5 2& 2J+ 4+)5
*Y=)%+ +%%&% &. 2J+ 5'*2+7 )J+), .&%+$)*2 .&% +)$J +Y=)2#&5N CJ#* 1#5, &. )5)->*#*
$&47-+4+52* #47=-*+'%+*7&5*+ .=5$2#&5* #5 2J+ *+5*+ 2J)2 #2 J+-7* =* 2& +L)-=)2+
#. )5> *+Y=+5$+ +L&-L+* #5,+7+5,+52-> &. *2%=$2=%)- *J&$1*N

C)B-+* e )5, O 7%+*+52* 2J+ L)%#)5$+ ,+$&47&*#2#&5 .&% 2J+ P: )5, :)=,#
!%)B#) 4&,+- %+*7+$2#L+->N :++ !77+5,#M 9 2& &B2)#5 2J+ %+*2 &. 2J+4N

n85*+%2 C)B-+ eo

n85*+%2 C)B-+ Oo

k)%#)5$+ ,+$&47&*#2#&5* $)5 B+ #52+%7%+2+, )* 2J+ L)%#)5$+ 7+%$+52);+ #5 2J+
5'*2+7 .&%+$)*2 )22%#B=2)B-+ 2& +)$J &%2J&;&5)- *J&$1 Z*2%=$2=%)- +%%&%*[N :&4+
&B*+%L)2#&5 ,+*+%L+* 2& B+ J#;J-#;J2+, )B&=2 2J+4j

" CJ+ L)%#)5$+ Z5&2 7&#52 +*2#4)2+[ &. %+)- &#- 7%#$+ #* ;%),=)--> +M7-)#5+,
B> &2J+% 2J)5 #2* V&K5X *J&$1* #5 2J+ -&5; 2+%4N 85 *=4G 2J+ %+*2 &.
2J+ *2%=$2=%)- #55&L)2#&5* +M7-)#5 )%&=5, HRhRI l Z,+7+5,#5; &5 2J+
4&,+- 2J)2 K+ $J&&*+[N CJ#* %+*=-2 #* 7)%2#$=-)%-> #47&%2)52 B+$)=*+ &.
2J+ &B*+%L+, L&-)2#-#2> 2J)2 #* &B*+%L+, #5 2J#* $&44&,#2>N f%+L#&=*->G
K+ J)L+ $-)#4+, 2J)2 2J+ *J&$1 2& 2J+ 7%#$+ L)%#)B-+ h+L+%>2J#5; +-*+
+Y=)-h ;#L+* ) 7&*#2#L+ B=2 2%)5*#2&%> %+*7&5*+ #5 2J+ %+)- &#- 7%#$+ #5 2J+
*J&%2 2+%4N :+$&5,G 2J+ *)4+ *J&$1 *++4* 2& +M7-)#5G )2 4&*2G eRl &.
-&5;'2+%4 L&-)2#-#2>N 82m* )-*& %+-+L)52 2& $&5*#,+% 2J)2 &=% 4&,+- ,& 5&2
#5$-=,+ #5L+52&%> 4&L+4+52*N

" 3+)- $%=,+ &#- 7%#$+ *++4* 2& +M7-)#5 )%&=5, FehTU l &. 2J+ %#;* L&-)2#-#2>
#5 2J+ -&5; %=5G KJ#-+ THhdI l *++4* 2& B+ +M7-)#5+, B> #2m* V&K5X *J&$1*N

" f%+L#&=*-> K+ $-)#4+, 2J)2 $%=,+ &#- 7%&,=$2#&5 )77+)%* 2& B+ L+%> #5'
+-)*2#$ #5 2J+ *+5*+ 2J)2 #2 %+*7&5*+ 2& ,# +%+52 *J&$1* Z&% #55&L)2#&5*[ #5
)-- 4&,+-* "=$2=)2+ )%&=5, A+%&N 85 ),,#2#&5 2& 2J)2 %+*=-2G #2* L&-)2#-#2>
#5 2J+ -&5; %=5 #* +M7-)#5+, )%&=5, FOhRT l B> *2%=$2=%)- *J&$1* &2J+%
2J)5 2J&*+ &. 2J+ 7%&,=$2#&5 +Y=)2#&5N 9# +%+5$+* #5 L&-)2#-#2> #5 2J+ 7%&'
,=$2#&5 .&%+$)*2 4#;J2 B+ 2J+ %+*=-2 &. 2J+ J+2+%&;+5+#2> #5 2J+ 7%&,=$2#&5
4#M )4&5; %+;#&5* )5,S&% ,#L+%*#2> #5 ,%#--#5;

HF



H>: 012 &*&$+;7 +E $12 +.6 =%.'2 "-""62

:& .)% K+ J)L+ 7%+*+52+, 2K& #47&%2)52 %+*=-2* $&5$+%5#5; 2J+ *J&%2 %=5 B+'
J)L#&% &. 2J+ &#- 7%#$+N CJ+ !%*2 &5+ #* 2J)2 KJ+5 $&52%&--#5; .&% 2J+ *2%=$2=%)-
,>5)4#$ &. 2J+ &#- 4)%1+2G ) 7=%+ #55&L)2#&5 #5 2J+ &#- 7%#$+ Z#N+N ) *J&$1 2& 2J+
7%#$+ L)%#)B-+ !"#"$%& '($%)*&[ 2%)5*-)2+* #52& ) 7&*#2#L+ B=2 2%)5*#2&%> + +$2 #5
2J+ %+)- &#- 7%#$+N CJ#* 1#5, &. *J&$1 5&2 +M7-)#5+, B> 2J+ .=5,)4+52)-* &. 2J+
4)%1+2 #* KJ)2 K+ $)--+, 2J+ sB=BB-+ $&47&5+52sN

CJ+ *+$&5, %+*=-2 #* 2J)2 2J+ L&-)2#-#2> &. 2J+ &#- 7%#$+ #* J+)L#-> ,+7+5,+52
&5 #2* &K5 B+J)L#&% #5 2J+ *J&%2 %=5G #N+NG #5,+7+5,+52 &. 2J+ *2%=$2=%+ &. 2J+
4)%1+2G B=2 #5 2J+ 4+,#=4 )5, -&5; %=5G 2J+> )%+ 2#+, 2&;+2J+%N

0=% 5+M2 *2+7 #* 2J+5 2& #5L+*2#;)2+ KJ)2 1#5,* &. *J&$1* J)L+ &$$=%%+, #5
2J+ 7)*2 *& 2J)2 K+ $)5 .&%4=-)2+ ) $&5*#*2+52 *2&%> 2& *=77&%2 Z&% %+c+$2[ 2J+
sB=BB-+ J>7&2J+*#*s #5 &#- 7%#$+N

8. 2J+ *7+$=-)2#&5 #5 2J+ !5)5$#)- 4)%1+2* #* %+*7&5*#B-+ Z&% 7)%2-> %+*7&5*#'
B-+[ .&% 2J+ &#- 7%#$+ #5$%+)*+ ,=%#5; 2J+ F\\O'HIIO 7+%#&, ZKJ+5 2J+> #5$%+)*+,
2+5.&-,[G K+ *J&=-, B+ )B-+ 2& *++5 ) $&52#5==4 &. 7%#$+ *J&$1* 2J)2 *=77&%2
2J)2 *2&%>N

^#;=%+ \ 7%+*+52 2J+ 4&52J-> +L&-=2#&5 &. 2J+ *2%=$2=%)- *J&$1* #47-#+, B>
&=% 4&,+-N f)5+- ! *J&K* 2J+ *2%=$2=%)- %+*#,=)-* .&% 2J+ 7%#$+ +Y=)2#&5 &. &=%
4&,+-G f)5+- ( 2J+ T'4&52J $=4=-)2#L+ *=4 &. 2J)2 *+%#+* )5, f)5+- ] 2J+
FH'4&52J $=4=-)2#L+ *=4N

n85*+%2 ^#;=%+ \o

CJ+> 4#;J2 -&&1 ,# +%+52G B=2 )-- 2J%++ 7)5+-* *J&K =* ) L+%> $&5*#*2+52
*2&%>N :2%=$2=%)- 7%#$+ *J&$1* J)L+ "=$2=)2+, )%&=5, A+%& K#2J#5 4&52J* &.
,# +%+5$+N CJ+> )%+ L+%> L&-)2#-+N "=$J 4&%+ #47&%2)52G J&K+L+%G #* 2J)2
2J+*+ *J&$1* )%+ *+%#)--> $&%%+-)2+, #5 2J+ *J&%2 2+%4N !* #2 #* &B*+%L+, #5
7)5+-* ( )5, ] &. ^#;=%+ \G #5 *&4+ 7+%#&,* #* 7&**#B-+ 2& &B*+%L+ ) $&52#5==4
&. 7&*#2#L+S5+;)2#L+ &#- *J&$1* 2J)2 J)L+ ) +$2+, 2J+ &B*+%L+, &#- 7%#$+G B=2
7J+5&4+5) #* &5-> &B*+%L+, #5 2#4+ 7+%#&,* 2J)2 -)*2 2K& >+)%* )2 4&*2N

]&5*#*2+5$> .&% ) *2&%> 2J)2 $-)#4* 2J)2 *7+$=-)2#&5 #5 2J+ !5)5$#)- 4)%1+2*
,%&L+ 2J+ F\\O'HIIO &#- 7%#$+ #5$%+)*+ %+Y=#%+* ) 4=$J *2%&5;+% +L#,+5$+G KJ#$J
K+ ,& 5&2 .&=5,N

=̂%2J+%4&%+G KJ)2 K&=-, J)77+5 #. K+ K+%+ )B-+ 2& *+2 )-- 2J#* *2%=$2=%)-
7%#$+ *J&$1* 2& A+%&W /#-- 2J+ &B*+%L+, &#- 7%#$+ ,# +% 2&& 4=$J .%&4 2J#*
J>7&2J+2#$)- *$+5)%#&W CJ#* #* )-*& )5 +M+%$#*+ 2J)2 K+ $)5 *#4=-)2+ B> *+22#5;

HH



2J+ !%*2 $&-=45 &. 2J+ 4)2%#M &. *2%=$2=%)- %+*#,=)-* 2& A+%& )5, 2J+5 %+'
B=#-, ) ,# +%+52 *+%#+* .&% 2J+ %+)- &#- 7%#$+N ^#;=%+ FI *J&K* =* 2J+ %+*=-2 &.
2J)2 +M+%$#*+ =*#5; ,)2) &5 7%&,=$2#&5 )5, #5L+*24+52 #5 66NPPG 2J+ K&%-,
4&*2 #47&%2)52 &#- $&5*=4+%G )5, :)=,# !%)B#)G 2J+ K&%-, 4&*2 #47&%2)52 &#-
7%&,=$+%N CJ+ L+%2#$)- )M+ %+7%+*+52* 2J+ 7+%$+52);+ ,+L#)2#&5 &. 2J+ *2%=$2=%)-
s5& B=BB-+s 7%#$+ .%&4 2J+ &B*+%L+, %+)- 7%#$+ &. &#- Z*+)*&5)--> ),c=*2+, )5,
,+'2%+5,+,[N

n85*+%2 ^#;=%+ FIo

(&2J *+%#+* *J)%+ ) $&%%+-)2#&5 $&+ $#+52 &. INOeG KJ#$J *=;;+*2 2J)2 $&5$-='
*#&5* *J&=-, B+ L+%> *#4#-)% =*#5; +#2J+% $&=52%>G )* #5 .)$2 2J+> ,&N \Ol &. 2J+
,+L#)2#&5* &. 2J+ *2%=$2=%)- s5& B=BB-+s 7%#$+ .%&4 2J+ &B*+%L+, &#- 7%#$+ %)5;+
B+2K++5 ZtUIlj 'UIl[ =*#5; ,)2) .%&4 2J+ P: )5, \dl =*#5; ,)2) .%&4 :)=,#
!%)B#)N 8. K+ %+,=$+ 2J+ #52+%L)- 2& ZtTIlj 'TIl[ K+ *2#-- &B*+%L+ 2J)2 \Ul
&. 2J+ L)%#)2#&5* B+2K++5 B&2J *+%#+* -#+* &5 2J)2 %)5;+ .&% 2J+ P: 4&,+- )5,
\Hl #5 2J+ :)=,# !%)B#) "&,+-N CJ+ 4)M )5, 4#5 L)%#)2#&5 2J)2 K+ &B*+%L+
)%+ .&=5, &5 E=5'HIIO ZU\NUFl[ )5, !B%'HII\ ZUdNUUl[G B&2J .&% 2J+ 4&,+- &.
:)=,# !%)B#)N

CJ+*+ %+*=-2* *=;;+*2 2J)2G #. 2J+%+ #* #5 .)$2 ) *7+$=-)2#L+ B=BB-+ #5 2J+ &#-
7%#$+G #2* + +$2 #* B&=5,+, B&2J #5 4);5#2=,+ )5, #5 2#4+'J&%#A&5N CJ#* #* *&
B+$)=*+ K+ )%+ )**=4#5; 2J)2 )-- *2%=$2=%)- +%%&%* #5 2J+ 7%#$+ +Y=)2#&5 )%+ ,=+
2& *7+$=-)2#L+ 4&L+4+52*N

=̂%2J+%4&%+G K+ ,#L#,+, 2J#* FR'>+)% 7+%#&, #52& 2J%++ +Y=)- *=B'7+%#&,*
$&%%+*7&5,#5; 2J+ >+)%* F\\d'HIIIG HIIF'HIIR )5, HIId'HIFIG )5, $)-$=-)2+ 2J+
4+)5 ,+L#)2#&5 )5, L)%#)5$+ .&% +)$J *=B'7+%#&, .&% +)$J 4&,+-N P*#5; P:
,)2)G 2J+ 4+)5 L)%#)2#&5 .&% +)$J 7+%#&, K+%+_ TNRlG 'UNUl )5, 'INOlG KJ#-+ .&%
:)=,# !%)B#) 2J+ 4+)5 ,# +%+5$+* K+%+ UNHlG 'HNOl )5, 'UNHlN

05 2J+ &2J+% J)5,G 2J+ L)%#)5$+ &. 2J+ ,# +%+5$+ B+2K++5 B&2J *+%#+* J)* +M'
7+%#+5$+, ) *#;5#!$)52 #5$%+)*+N &̂% 2J+ HIIF'HIIR 7+%#&, 2J+ L)%#)5$+ K)* FNFd
2#4+* 2J+ &5+ &B*+%L+, ,=%#5; F\\d'HIIIG KJ#-+ 2J+ L)%#)5$+ &B*+%L+, ,=%#5;
HIId'HIFI K)* HNTe 2#4+* 2J+ &B*+%L+, #5 2J+ !%*2 *=B'7+%#&,N CJ+*+ +*2#4)2+*
)%+ *-#;J2-> J#;J+% #. K+ =*+ ,)2) .%&4 :)=,# !%)B#)N

C& $&5$-=,+G ^#;=%+ FF 7%+*+52* 2J+ %+)- &#- 7%#$+ #5 $&5*2)52 P:Q ZHIFI[
*+)*&5)--> ),c=*2+, )5, 2J+ *2%=$2=%)- s5& B=BB-+s *+%#+* $&5*2%=$2+, =*#5; ,)2)
.%&4 2J+ P:G #5$-=,#5; 2J+#% -&5;'%=5 2%+5,N/+ 2J+5 ,#L#,+, 2J#* FR'>+)% 7+%#&,
#52& 2J%++ +Y=)- *=B'7+%#&,* $&%%+*7&5,#5; 2J+ >+)%* F\\d'HIIIG HIIF'HIIR )5,
HIId'HIFIN CJ+ ,# +%+5$+* &. B&2J *+%#+* ,=%#5; 2J+*+ *=B'7+%#&,* *J&K =* 2K&
#47&%2)52 .)$2*N ^#%*2G 2J+ 4+)5 ,# +%+5$+ B+2K++5 2J+ *+%#+* J)* %+4)#5+,
*2)B-+N &̂% 2J+ F\\d'HIId 2J+ 4+)5 ,# +%+5$+ K)* TNRlG .&% 2J+ HIIF'HIIR #2

HT



K)* 'UNUl KJ#-+ .&% 2J+ HIId'HIFI #2 K)* &5-> 'INOlN :+$&5,G 2J+ L)%#)5$+ &.
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Figure 1: Canada number of crude oil rigs

Source: Backer Hughes Inc.
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Figure 2: Norway number of crude oil rigs
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Figure 7. Impulse Response Functions, US Model 
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Figure 8. Impulse Response Functions, Saudi Arabia Model 
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Figure 9. Price Equation Structural Residuals (in logs), US Model 
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Panel A Montly Structural Price Residuals 
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Source: IEA and own calculations

Figure 10. "No bubble" oil price deviations from observed oil price (S.A. and detrended).                                                     
US and Saudi Arabia Models
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Figure 11. Observed WTI (SA) and No-Bubble WTI, Constant 2010 US$. US  Model

Source: IEA, BLS  and own calculations
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Country Constant Slope Break date Slope after break R2

NOR 3.043 -0.004 Oct-01 0.002 0.938
GBR 2.563 0.002 Jan-04 -0.002 0.728
Egy 2.570 -0.007 Apr-03 0.002 0.986
KWT 4.384 -0.012 Jan-00 0.005 0.981
OMN 2.507 -0.003 Mar-04 -0.001 0.992
QAT 3.635 -0.007 May-01 0.006 0.459
SAU 3.433 -0.003 Oct-03 -0.003 0.973
SYR 2.604 0.000 Aug-99 -0.001 0.887
YEM 5.200 -0.031 Apr-04 0.009 0.930
DZA 5.399 -0.036 Jan-03 0.014 0.825
AGO 2.829 0.018 Aug-06 -0.004 0.982
NGA 2.936 0.058 Feb-08 0.012 0.988
ARG 1.648 0.003 Jan-01 -0.004 0.726
BRA 2.312 0.000 Nov-11 -0.002 0.857
COL 2.403 0.002 Jun-04 -0.005 0.847
ECU 2.999 -0.010 Jan-05 0.003 0.953
MEX 2.376 -0.002 Nov-01 -0.002 0.964
VEN 1.706 0.004 Feb-05 -0.001 0.940
AUS 3.105 0.012 Apr-02 -0.015 0.826
IND 1.655 0.002 Jan-03 -0.003 0.772
IDN 2.136 -0.004 Aug-01 0.001 0.960
MYS 2.726 -0.014 Jul-03 0.005 0.875
MMR 0.692 0.001 Nov-98 0.001 0.991
CHN 4.756 -0.008 Feb-03 -0.004 0.983
VNM 2.895 0.003 Apr-07 0.002 0.878
USA 1.539 0.002 Apr-04 -0.002 0.729
CAN 0.096 0.020 May-04 -0.008
UAE 2.660 0.003 Sep-01 0.001 0.982

Table 1: Break test in the trend of production per rig relation



 
 
 
 

Country Point Estimate SD 10pct 90pct Affiliation

AGO 0.011 0.008 0.000 0.021 OPEC

ARG 0.015 0.010 0.003 0.028 Non-OPEC

AUS 0.014 0.012 0.000 0.029 OECD, Non-OPEC

BRA 0.013 0.006 0.006 0.020 Non-OPEC

CAN 0.011 0.007 0.002 0.019 OECD, Non-OPEC

CHN 0.006 0.009 -0.006 0.017 Non-OPEC

COL 0.020 0.009 0.007 0.029 Non-OPEC

DZA -0.001 0.007 -0.010 0.007 OPEC

ECU 0.011 0.007 0.000 0.020 OPEC*

EGY 0.017 0.007 0.007 0.026 Non-OPEC

GBR 0.027 0.013 0.011 0.043 OECD, Non-OPEC

IDN 0.008 0.008 -0.002 0.017 OPEC**

IND -0.003 0.007 -0.011 0.006 Non-OPEC

KWT -0.020 0.017 -0.040 0.001 OPEC

MEX -0.007 0.012 -0.020 0.007 OECD, Non-OPEC

MMR 0.003 0.009 -0.006 0.015

MYS 0.003 0.006 -0.005 0.010

NGA 0.007 0.012 -0.008 0.023 OPEC

NOR 0.011 0.003 0.007 0.014 OECD, Non-OPEC

OMN 0.001 0.004 -0.004 0.007 Non-OPEC

QAT 0.021 0.017 0.001 0.040 OPEC

SAU 0.008 0.010 -0.003 0.021 OPEC

SYR 0.000 0.003 -0.003 0.003 Non-OPEC

UAE 0.004 0.003 0.000 0.007 OPEC

USA 0.023 0.009 0.012 0.033 OECD, Non-OPEC

VEN 0.016 0.006 0.009 0.024 OPEC

VNM 0.003 0.006 -0.003 0.011

YEM 0.003 0.006 -0.005 0.011

*From December 1992 until October 2007, Ecuador suspended its membership.

 **Indonesia suspended its membership effective January 2009.

Table 2: Long Run effect in the number of rigs in response to a permanent increase in the 
oil price (Point Estimate can be interpreted as %)



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Country Point Estimate SD 25pct 75pct 10pct 90pct Affiliation

AGO 3 1.176 2 3 1 4 OPEC

ARG 5 1.411 4 5 3 6 Non-OPEC

AUS 2 0.623 2 3 2 3 OECD, Non-OPEC

BRA 8 2.921 4 9 3 11 Non-OPEC

CAN 4 0.753 3 4 2 4 OECD, Non-OPEC

CHN 4 1.263 3 4 2 5 Non-OPEC

COL 5 1.969 3 5 2 7 Non-OPEC

DZA 5 1.795 3 6 3 7 OPEC

ECU 3 0.798 2 3 2 4 OPEC*

EGY 9 3.047 5 9 4 11 Non-OPEC

GBR 6 2.044 4 6 3 8 OECD, Non-OPEC

IDN 5 1.450 4 5 3 6 OPEC**

IND 7 2.253 5 8 4 10 Non-OPEC

KWT 11 2.993 8 12 6 14 OPEC

MEX 9 2.795 5 9 4 11 OECD, Non-OPEC

MMR 10 2.721 6 10 5 12

MYS 3 1.220 2 3 1 4

NGA 5 1.829 4 6 3 7 OPEC

NOR 1 0.144 1 1 1 1 OECD, Non-OPEC

OMN 6 1.812 4 6 3 7 Non-OPEC

QAT 6 2.131 4 7 3 8 OPEC

SAU 8 2.674 5 9 4 11 OPEC

SYR 7 2.196 4 7 3 9 Non-OPEC

UAE 3 1.069 2 3 2 4 OPEC

USA 5 1.466 4 6 3 7 OECD, Non-OPEC

VEN 4 1.274 3 5 3 6 OPEC

VNM 3 0.781 2 3 2 3

YEM 4 0.773 3 4 2 4

Table 3: Months needed to achieve half of the long-term response



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Country Point Estimate SD 10pct 90pct Affiliation

AGO 0.017 0.080 -0.070 0.130 OPEC

ARG 0.156 0.056 0.082 0.218 Non-OPEC

AUS -0.055 0.068 -0.143 0.029 OECD, Non-OPEC

BRA 0.239 0.076 0.123 0.312 Non-OPEC

CAN 0.161 0.099 0.028 0.269 OECD, Non-OPEC

CHN 0.002 0.017 -0.024 0.021 Non-OPEC

COL 0.041 0.083 -0.069 0.140 Non-OPEC

DZA -0.053 0.120 -0.255 0.041 OPEC

ECU -0.187 0.122 -0.329 -0.041 OPEC*

EGY -0.051 0.088 -0.149 0.054 Non-OPEC

GBR 0.096 0.062 0.020 0.180 OECD, Non-OPEC

IDN 0.001 0.047 -0.072 0.044 OPEC**

IND -0.016 0.048 -0.078 0.046 Non-OPEC

KWT 0.063 0.055 -0.013 0.127 OPEC

MEX 0.039 0.044 -0.019 0.093 OECD, Non-OPEC

MMR -0.234 0.323 -0.676 0.141

MYS -0.067 0.063 -0.139 0.015

NGA -0.195 0.094 -0.303 -0.070 OPEC

NOR 0.143 0.109 0.003 0.277 OECD, Non-OPEC

OMN 0.130 0.148 -0.045 0.309 Non-OPEC

QAT 0.049 0.066 -0.023 0.136 OPEC

SAU -0.014 0.067 -0.092 0.078 OPEC

SYR -0.346 0.283 -0.737 -0.054 Non-OPEC

UAE 0.152 0.230 -0.148 0.419 OPEC

USA 0.046 0.048 -0.005 0.104 OECD, Non-OPEC

VEN -0.042 0.112 -0.185 0.091 OPEC

VNM -0.104 0.267 -0.494 0.185

YEM -0.042 0.046 -0.099 0.016

*From December 1992 until October 2007, Ecuador suspended its membership.

 **Indonesia suspended its membership effective January 2009.

Table 4: Long Run effect in the crude oil production in response to a permanent increase 
in the number of oil rigs (Point Estimate can be interpreted as %)



 
 
 
 
 
 
 
 

 

Country Point Estimate SD 25pct 75pct 10pct 90pct Affiliation

AGO 5 1.550 4 5 3 7 OPEC

ARG 9 2.516 5 9 4 11 Non-OPEC

AUS 3 1.489 2 3 1 5 OECD, Non-OPEC

BRA 4 1.514 3 5 2 6 Non-OPEC

CAN 6 2.663 2 6 2 8 OECD, Non-OPEC

CHN 2 0.787 2 2 1 3 Non-OPEC

COL 5 1.628 3 5 2 6 Non-OPEC

DZA 7 2.276 5 8 4 10 OPEC

ECU 7 2.531 4 8 3 10 OPEC*

EGY 8 2.416 5 9 4 11 Non-OPEC

GBR 5 1.720 3 5 2 6 OECD, Non-OPEC

IDN 6 2.444 4 8 3 9 OPEC**

IND 2 0.532 2 2 2 3 Non-OPEC

KWT 4 0.888 4 5 3 5 OPEC

MEX 5 1.619 3 5 2 6 OECD, Non-OPEC

MMR 25 1.031 25 25 24 26

MYS 6 1.850 4 6 3 8

NGA 7 2.551 3 7 2 9 OPEC

NOR 4 1.468 2 4 2 5 OECD, Non-OPEC

OMN 9 2.909 4 9 3 11 Non-OPEC

QAT 4 1.071 3 4 3 5 OPEC

SAU 3 0.740 3 3 2 4 OPEC

SYR 17 3.261 12 17 10 18 Non-OPEC

UAE 5 1.439 4 5 3 6 OPEC

USA 8 2.727 5 8 3 11 OECD, Non-OPEC

VEN 5 1.430 4 6 4 7 OPEC

VNM 6 2.166 4 7 4 9

YEM 5 1.413 4 5 3 7

Table 5. Month needed to achieve half of the long-term response

US SAU OECD Non-OPEC OPEC World

ln(yt) -0.103 0.020 -0.518 -2.465 0.400 -2.211
dt 0.439 0.122 0.045 0.016 0.130 0.060

ln(rt) 0.033 -0.021 0.013 0.004 0.023 0.014

ln(pt) 0.104 -0.121 0.049 0.052 -0.052 0.008

ln(pt) -0.101 0.087 0.114 0.097 0.162 0.091
ln(yt) 0.379 -0.170 -0.414 -1.725 0.564 -1.556

Oil price equation

Crude oil production equation

Crude oil rigs equation

World Activity Index equation

Table 6. Maximum Likelihood Estimation of contemporaneous relations



 
 

 
 
 
 
 
 
 

Month Pt Yt Rt Dt

1 95.62 0.01 0.00 4.38

6 74.48 0.31 2.30 22.91

12 62.98 12.52 4.99 19.51

24 50.48 24.80 11.82 12.89

Month Pt Yt Rt Dt

1 0.05 97.81 2.14 0.00

6 2.40 91.26 6.05 0.29

12 2.32 87.88 6.74 3.06

24 3.85 82.20 7.07 6.87

Month Pt Yt Rt Dt

1 2.42 0.00 97.47 0.11

6 39.64 0.52 45.09 14.75

12 36.42 3.37 34.75 25.46

24 33.04 11.97 32.67 22.32

Month Pt Yt Rt Dt

1 0.00 0.50 0.01 99.49

6 3.20 2.55 2.76 91.49

12 23.89 2.54 2.43 71.14

24 35.00 11.09 6.05 47.85

Crude oil price equation

Crude oil production equation

Crude oil rigs equation

World real activity

 Table 7. Variance Decomposition Percentage. US Model



 
 
 
 
 
 
 
 
 
 
 

Month Pt Yt Rt Dt

1 99.09 0.00 0.00 0.91

6 82.31 5.17 0.61 11.91

12 71.75 15.28 1.52 11.45

24 66.58 20.77 3.61 9.04

Month Pt Yt Rt Dt

1 0.01 99.54 0.45 0.00

6 9.33 84.20 1.04 5.43

12 9.96 76.50 6.40 7.14

24 12.79 74.00 7.39 5.82

Month Pt Yt Rt Dt

1 1.90 0.00 98.08 0.02

6 2.02 1.76 88.66 7.56

12 9.51 2.37 81.80 6.31

24 17.18 7.17 70.48 5.17

Month Pt Yt Rt Dt

1 1.18 0.34 0.00 98.48

6 4.18 3.02 2.66 90.13

12 14.66 2.78 3.06 79.50

24 23.60 3.21 2.33 70.86

Crude oil price equation

Crude oil production equation

Crude oil rigs equation

World real activity

Table 8. Variance Decomposition Percentage. SAU Model


