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1. Mixed actor Analysis 

2. Absolute Gains  
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Fit of the Verhulst function to U.S. crude oil extraction. Note that the peak occurred 1975-8: 
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 :� b�=�'»<��B?�= -���2� «-' ���U
 ��9 .:�%lA  ���U
 <�;�Q(! -B���;� ��H] C!,!�%m
=!%� !� ��!�T k�3L�!� @�!,��  -' ���U
 <�%U;!� �!eE��� " <%B.' 7HH� (Barzegar, 2014: 2).  

 ��H] <�%G�"�e�%2
 ��@��1��8 " :+%X 7)� %� p�L)A!  
 p7; ��.� <%�&mW��!� 7�� .
��(�)� �� Zm"! <�;H�',3 �2�8 _%BH� p7; �� -G�e�� <�;�!,�� _%BH� �� e�A �RA <�;
 ��2;:H�', -' -���,�! ��9 . :PAg k�=!%�@M�BRE 79� C!e�' +%X3  <�+�K
 79� �� b�? �RA

-
��i�� " ��!7A �K��L' Cg  :�<�"�H�  " �+�K
 " :+%X ��%�7' Z2� :�)=�
3 <q%A! <�;
d�m k�=!%� ��eQ��J -H�� <q%A! -���2� @7���A :'!�! �;�U= �2�8 7�79 d�!e�! " �RA <�;


W<���B8! 79� %� Cg k�G)' %�V79 7;!�?  .  
-' �+�K
 " :+%X <�j� -QH;�2; b7X  �!%9 ��  ��! :� C!�
w2J  :� 7�=� <7H�

��1��8  C!%�! 7HA�2; <��.� <��B?�= <�;:� :A�E  d�!e�! <!:B��� " C!e�' :� �=! J��3 
C�G'!  <%�&m12T3 -' �"76' !� <�!%L+!%�c  �!%9 �� b�lA �,�= .:�  <���!%~J %��~
 ,! %�c

" :+%X
 :� <q%A! <�+�K
 W -G�B�1m�zq #!%�VC���9   �!"� " �=��= " :B9!� -FJ�

��1��8 -1)�  �!%9 �� @�=! $�!� %��~
 !� �;��.� -J��?  w��H' _%BH� �� <��B?�= <�;

 " <q%A!:H�F�  p7; <�;��.� ��1��8 <,�=:� :A�E  #!7�7F
 b�\A! C�G'! :� :B�%E 0G9 <!
 �=! $�!� d;�� !� -'�lA) @�(%UH81389 :124( .  

%� ��! ��! �� " :B��� d�!e�! �RA D"%� ,! -9�A <���B8! <�;7'g�� :� C!%�! <�;,��A @7H�
:H�', :\�BA $�1J aK6
 <�;  M;!%� <�%U;!� M5�
�2E!%m ,! -��;97�=! $ . -=�21[�� ��K��'

:B5; � %; :� �=! -L�!%9 :� p�L)' -=��= ���B8! -(!%U�(�rA D%QA �� <! C!%Q�,�� ,! Z
-' D`
  0��A <���B8! �!,�' %��!7T :� �
 7HH�A�97 . 7H',��A -A�FJ ���B8! :� �\Ag ,!


 " C!%�! �RA #!���iW%� �� C!%�! -1?!� �!,�� <��\
 <�;,��A ��'! -A�FJ #��\
 7H��=! 

 <!%� e�A C!%�! @%Q�� <�= ,! "W -X�2BJ! -E7A, ��' <���B8! w��H' :���!� ,��A:H�', @  <�;

-��FA " ����
 :B5; -=�21[�� <,�= 4�HBJ! <! ��� 7;!�? %�&m�A . 

  
�*
�� 45
��(" 
 
� $*
6&� �78 $
� �%��  �
&�'() *) 	��(� �!
(�9 $�  

��� -=��= ���B8! :A�.A -112(! -' �G)H' !� C!%6� ��%�7' -1i! <�; �,�= . C!%6� ��%�7'
<��G2; <�Q(! " -=�21[�� ,! -1G9��)8!" �� !� -A�FJ �=��= �� -B���.'   :� u��%' <�;

-' 0G9 w��H' <!%� ���8� 7;� .7�R= ��� w'�J 7H= ��@ -H)� �%U;!�  #}��! -1' ��H'!
76B'Y  M�lH
 C�BH�1� C!�"� �� :� �G�%'g9 7 -A�FJ ���B8! <�;���",�= %� " 7��W
 @�9!�

 C�HP2; %�UV @�;�!,�� d��.E ,! �G�%'g ���2T$�%B5E b!78! " -(�' #�  -A�FJ ���B8! %

 7��W
$79 ��� (World Bank, 2015) .  
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%� :� �=! -)�Uh!:B5; #!%�!&' :� p�L)' 7H� -' Cg ,! 0i�T t��BA " <!  t��BA �5A!�

%
%VS'<  !� ��,�TY  ���B8! <�!&QB=��= %� -HBU' D%QA �� �'! @7H� ��\�! C!%�! <���B8!

 :� _!%U�(�rA -=��=:A�.A <!�!� ��� -=��= ���B8! <�;  -112(!�=! ��� -�!7;! ��H] aK6
 @
$%h�/'%m " �!�9� ��� 7;!�? <! .:� ��h %� _!%U�(�rA -=��= ���B8! <�!&QB=��= @-1� 


 <���B8! Z5�� ,! 4�HBJ! #�"%+W��!� 7�� . :� 7A��KBX! ��! %� -��G�%'g #�'�K' :]%E!
f�; �G�%'g ! �� -�`Bz! :A�E:B5; a�!�
 ,! 0i�T t��BA @�9!� 7;!�/A C!%�  D%QA �� <!

<��G2; d�!e�! :� p�L)' _!%U�(�rA -=��= ���B8! <�!&QB=��=  <�;��FA �� C!%�! <�;
���  79 7;!�? -112(!)Cooper, 2005: 74( .  

 0�16
 -1i! ��6'_!%U�(�rA -=��= ���B8! <�!&QB=��=@|?�9 %�   ��J" -1i! <�;
= �� C�5A! ���B8! " �=����� �=! 012(! .��lBA! @-9%QA ��H] k�=!%��; �;��.� #�U(�L' " 

 #!%�!&' 7A"� �� :� -A!%Q�,�� -'�2
 :12J ,!1+5 @7HB9!� ����.' �1c!  " #!��lBA!
:B=!�? ,�T �� !� $79��\�! a�!�
 ,! <%B.�� <�;Y<%�Q�m  ��� $�!� �!%8 ��? Z�
�21[�� <�; .

QB=��= :� �\Ag ,!LKA %� -HBU' _!%U�(�rA -=��= ���B8! <�!&3:A�] -(��)
   -���B=� <!%� -A,
 %��!7T :�H�eE3  -)�Uh @�=! �G2':� -' %lA ����1L' -'�2
 :� C!%Q�,�� :� 7=�  -H;� <�;

7A�.A 0��A ��? .  
%; @<���B8! <�!&QB=��= D%QA " $�E7�� ��  :6(��' :A�E  !� <!-'   C!�
:� (eH'3 $!�  0T

:H�F� " a�8�  <%�Q�m <!%� <!1r5'3  -K1
 �"76' w��H' |��/
%�� .:A�E C�2; :�  �� :� <!
-' �!,�� �� �!,g #��\
 C�G'!  :� C!�
$!�  w��H' <,�=%��!7T <!%� :(��U' " :6(��' 0T

7�7F
 ,! �!&E " <���B8!<�; 0��A Z�9��Ag 97 �� :� �=! -)�Uh @,�TY  �=��=���  012(!
Q�,�� e�A-' C!% C�G'! w��H' %��!7T :� 7HA!�
  0��A :6(��' <�j� �� %�&m�97A . ��H]

,�T :� �=! Cg <�H)' :� <�%G�"�Y 7A"� �� <�%U;!� ��H'! " �=��= ,! -./� ���B8! 
:B5; #!%�!&' -' 4�56' <! ��9 .  

 #����!$��RB=! ���'  ,! 7��� !� <��F2J �=��� " -J��? �=��= C!�!eE��� <�=
-./� C!%�! -=��= C��, �� 7�7J ��)8!" ,! �%� -K1
 . @-J��? �=��= " -=��= C��,

�%� 7;!�? ��\�! !� ��? ��? <��' k�G)A! . 7��� !� -J��? �=��= " -=��= C��,
#�"%+ " -12X �=��= @-'`X! �=��= k�G)A!  w��H' ��'W
 <!%� ��.� Z� <�%U;!� <�;

�5A!� -1' .:B5; C!%6� :� -L�!%9 ��  $"%E <�;��.� " C!%�!  �!"� �� <!1+5 $79 ��\�! 
-' @�=! :B5; ��KT *�+�' C!�
 �K�!�' <!  ,! -./� !� s%B.' 02X 3'�A%� " �Aq 3'�A

$y�!  -A�T"� �("� -J��? �=��= <�;:� ��"g ��29 . �� <�%G�"� ��H]dG2.�  <�;
��� �=��= �� b�=%'  :lT`' 012(!-' ��9 .dG2.�  �; ��J" ��:�%�6H' ��;�' �%�C�9 @
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 e�A -F��.' -'�2X #��i��?�!�7A .7HH�7�(�
 <�;��.�Y <%�E!%� -=��= �!7B8! ,! :� �RA 
7A�!���?%�@ �1c!  %�E!%� _%BH� " :L1= :� 0��2
7A�!� . ,! -./� �;��.� ��! 0�(� ��2; :�

 <!%� !� ��? 7'g��)=�
3,�T Y  @-J��? �=��= �� ��RA:� -' ��� 7A%�E .:� %Q�� #��UX@ 
 ��H]7H�!%�$%F� p7; �� <-��A!�
 ,! <%�E �=��= <!%J! <!%� �; <�;'S %V <�j� ��

<�%U;!� -' b�\A! �%�E)Bech, 2012: 73(.  
»-A�', -1?!� ��B?�= �� �("� :�:���2BX! ,! D!  %�!%� �� -��Q/=�m b7X " �!7B8! @�RA

:�} #�U(�L'H� @79�� �!���?%� *�2BJ! <�; :� p�L)' e�A -J��? �=��= ��B�� " d
$%F�  <%�E " _�G��!� <�;�Q(! ,!:1��K' -' :A���J��9. ��RB=! -��A!�
 :� �=! �G2' :L1=Y 

b!78! ,! :H�F� �;79�� -GB' k%B=� �� �!e�! "  .b!78! ��! �;-' !�  ��G2
 <!%� -9`
 C!�

�5A!� �=�"%� C!%Q�,��{�? <�K� <!%� :� -A!%Q�,�� -' :B5�!" �=�!%� p%h :� �7A�9 .

$"`X -' -J��? �=��= _%BH� Cg %�$��9 " M�;�R' k�=!%� 7A!�
��9 _�2X! <%�5R
 <�; .
:KLH' #�78 ,! :A��'�"�? �� :� -A!%Q�,��-' �!���?%� <!7A�9@ " :L1= _�G9! -'�2
 ,! 

-' $%F�  �6' _%BH�7A%�E «)Dahl, 1997: 36(.  
%� ��H]!�� <7H� :� �=! Cg %QA�»����� *�2J! C!7K�Y @4�1L' %'! Z� :]  ��F� :� �5�

 dG2.� %\H'��9 .-' <"� -A�', %'! ��!  %Q�� p%h :� 7H� <��.��m p%h Z� :� 7;�
���("! �� 7��� -E7A, %Q�� p%h :� �=! �"�� ��! %� p%h Z� :GH�! �� @7H� �K�!�' "! <�;

-' 7�7F
 !� "!7H� .dG2.� ��H]�; <$%J�.'  @�;!&' C��' #��`B?! ,! :B=�?%� <e�'g
IH;%�  C�FJ @�;-H��D,�! @�; $��9 " �;�=! -E7A, <�; .$7�7m ��H] �1c! 0�(� " :��m -��;

dG2.� -1i! 7HB5; �; .$7�7m ��!B?�=%� �;3-X�2BJ!  !$"%E @�!%�! :� 7A �("� " �;  ,! @�;
b�lA  <�;!� �2A " ��%)
 <!%� ����2A:�%\
 :� C�-' $��RB=! C�.��;7HH� «)Bennett, 2014: 

115(.  
 C!%�! 7HA�2; -��;��.� <�%U;!� <�!&QB=��= �� _!%U�(�rA ���B8! ��2;!:� :A�E  <!

%; :� �=! ��F.' <�%U;!� <�!&QB=��= @<���B8! M�%6
 :A�E-' �!%8 %�VW
 �6
 !�  7;�. 
�A%� -1i! ��6' :� C!%�! 7HA�2; -��;��.�:'  !� ��? <�%U;!� <�!&QB=��= " <���B8! <e��

-' M�lH
 �RA <�;7'g�� k�=!%� 7'g�� :� -L�!%9 �� @7HH�C�9:A�.A �� @7��� d;��   ,! -��;
�"� <���B8! 7'g�� ��U2� " w��H' ��U2�: -' "� 7A�9 . <�!&QB=��= <�;�Q(! �� %��~


-' !� �;��.� ��! -B�H'! " <�%U;!�  ,! -)��
 C!�
(��)'3 -(!%U�(�rA ����;� �� <���B8! 
�5A!�.   

 :6(��''�=! �G2  _!%U�(�rA <���B8! <�!&QB=��= :� u��%' <�;���",�= a�%h ,!
��9 0i�T .:B5; -=�21[��  <!H�',3  !� :6(��':� ��"g ��J" . :� -
����! " M�;�R' ,! <���5�
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:B5; -=�21[�� 7A"� �� _�r5' #�'�K'  �%L' <!-' HH�7@ :A�.A ��  :� u��%' <�;» *�2J!
-K�!�
 «��!� -QH;�2; -'�2X <�!&QB=��= �� . " -=��= $�E7��:�  �� !%Q12X $�E7�� $y�"
�/.'3  �=��=:�  -=�21[�� 7A"� �� a�!�
 *�2J! �� <���, �F��.' @#�HG2' %H; C!�HX

:B5;  $"%E <�;��.� " C!%�! <!1+5��!�  .2B=��= %H; -9%QA ��H] k�=!%� "� �� C!�!7
���' �=! :BRFA :$"%E ��!7; 7H',��A C!�!72B=��= :GAg _"! w+�' ,! �!&E <!%� �; <%�E  <�;

 0�RH':� :6(��' <�= o�BU5A <!7A�!7��m  . <�!%�! ��H] @%Q�� <�= ,! 7��� #�X!7�! 7HA!�B�
 :� -�!7;! <!%� !� -=��=o!%;��-B9g   %�&m�A@�=!� :  7A�"g ��J"(Khajehpour, 2014: 4).  

<���B8! " -J��? �=��= C!�!eE��� @-'�2X <�!&QB=��= 7A"� ��@ 02X <�!,g 
:2;  ��? <�%U;!� p!7;! aK6
 <!%� :UA�J7A�!7A .:�  -J��? �=��= #!��GB�! <%�E���

 <�;7H�!%� :� p�L)'��X< ,�=< -L�!%9 ��  �!"� C�G'!  :� ��� 7;!�? %�&m$"`X �!�! %�Y 
= C!�!eE���:A�.A @-1?!� �=��:H�', " �;  �=��= <�j� �� <�%U;!� 0'�)
 <�Q(! ,! -��;

��� 79�� :B9!� ��J" e�A 012(! . D`
:2; UA�J3:KLH' %Q�,�� Z�   :� :J�
 C"7� <!
0G9 <7H�  �6' �� #�78 <�;:KLH' ��1L' t��BA :� -A�FJ C!%Q�,�� dH� <�;7H�!%� " <!- 
 %\H'9 7;!�/A 7) " C��'2;C!��G @1393 :275( . 

  
:.��; +����,��!  �
�� )
-%.� $*�/0%�
�� *) ���(�<� $"
�  

08!7T #�"%+ %� _!%U�(�rA -=��= ���B8! 
 #!7�7F
 <,�=W��!� 7�� . <%Q�,�� %; �1c!
-' D`
 :H�', �
 7H� :H�F� <�; 
�78 <,�=d:� <�%U;!� 0'�)
 a�%h ,! !�  ��"g ��J" . ��

��B8! <�!&QB=��=,��B'! ,! -?%� _!%U�(�rA -=��= �<�;-' 4%c C�FJ :� $79�LX!   7A!�

:H�', � !� $7H�g #!7�7F
 d;�� <!%� b,} <�;: ��"g ��J" .$"%E -L�!%9 ��H] ��  <�;

:l��6' :X�2\' " �G�%'g ���  <�;0�z!%=!  ,! �
 �9!� 7H;!�? <%B2� D`
 ��6'
b!78! " -2J�F
 <�;���",�= <�;H'!�%m 3 $%F� C!%�! :�1X -'�lA 7A�9 7H') Ackerman, 2012: 

75( .  
-' 4�56' -�`KX C!%Q�,�� �;��.� :� �\Ag ,!  :� u��%' <�;���",�= ,! @7A�9» :H�e;

$7��� " «-' $%F� 7A%�E .-' !� $7��� " :H�e; �%G�"� %', �� C!�
Y �� :� �5A!� -��;�Q(! 
�L)' _!%U�(�rA -=��= ���B8! <�!&QB=��=��� 7;!�? :\�BA :� p .%� ��! ��! @7H�

 _!%U�(�rA -=��= ���B8! <�!&QB=��=H�',3 0G9 dH� <%�E :� !� -��; -' ��J"  :� ��"g
 :� p�L)'»$��F�� dH� <�;�Q(!«1��� 7;!�?  .b!78! b�\A! C�G'! -L�!%9 ��H] �� <�; 

���� 7;!�? d;�� C!%�! :�1X -2J�F
 .  

                                                           
1. Pump-priming model 
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�= ���B8! <�!&QB=��= _7'$e�QA! :� �=! Cg :� p�L)' _!%U�(�rA -=�  -2J�F
 <�;
%� �� -��+!!-K�!�
 7H�!� -' :B?�H9 _�K)'%�c !7B�! �� :�  ��9@-' :�J�
  7H� . <�;�Q(!

$%F� 7H',��A <�%U;!� dH�  <�B=!� �� Z�
�21[�� dH� <�;�Q(! " Z�
!%�"��� 7X!�8 ,! <%�E
��� 7;!�? ��8� C!%Q�,�� <,�=7X�KB' .� C!%�! -J��? �=��= <�;7A"� -L�!%9 ��H] �

<��G2; dH� 7H',��A :UA�J7H] a�%h ,! :A���J ��� 7;!�? <�%U;!� -�!%E . �� :� -A!�!eE���
 <�%U;!� " -B�H'! @-J��? �=��= p!7;! aK6
 Z�
!%�"��� <�Q(! ,!-' $%F�  D`
 @7A%�E

 7H;!�?%� �� !� -'`=! <��F2J Z�
�21[�� <�;7A"� �
$7X�8 @-A�A�8 M�;�R' k�=!% " !%E
:A}�r5'  !%J! " ���U
 � 7HH)Aronoff, 2014: 74( .  

MF' ,! -G�  -' !� _!%U�(�rA -=��= ���B8! <�!&QB=��= :� u��%' #�X�+�' ��%
  �� C!�

��� " -./�%V! :� u��%' #�X�+�' �� u�U
�!! 0�16
 <7'%�� . -=��= ���B8! <�!&QB=��=

� _!%U�(�rA%� �! 0��"g ��" a�!�
 7H�2015 :��.' »%�} -H6H' « <���B8! <�!&QB=��= ��
08!7T �5� <!%� :���J ��\�! <�H)' :� :� �=! -' -A}�h C�', �� -\��7
 <�; 79�� .

$�1J <�%G�"� ��H] -' C�.A !� <���B8! <�!&QB=��= ,! -��;  0'�X !� 08!7T ��= :� 7;�
C!%6� -1i! ��;-��� 7HA�2; -' b��
 " � 7A!� . �� -K�!�
 *�2J! -L�!%9 ��H] ��
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