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"���"�"� �� 7��� ��!�3�5 �,� 2!�� %������������ 4�����% �� �,��� 4!4�� �������
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2!���� ���F� ������� �4�� �,� 9������� !� �� 2,!� "�3,!���" "!<�� �,!� "���.

"�" 2!��� ,!#� �� �!��� !� �"4!3�� �,��� !�� �2� 4������!� 3,!������ ���,��5
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�,� !�����"��� �1 2��<��� �� H���� �,� ����"!���� ������� !�� !44���% �� ��"��!��
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�� ���9�!���$ �� �,� ��2�� ,!�1 �1 �,� 2!�� %������������ ��2�#��5 �,� �����!�

�9��������" �6�3�� 3��������� "��� �� �,�� 3��3������� ���3�5 �,��� ������� "!<�

�,� ���������� �1 �,� 4�DD�� 2,$ ��� 7�%� ��3, ! �"!�� �6�3�� �� �,� ������ ��
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,��� �������� >*'''? ���< !� ��%���3� !44��!3, �� �,� �����5 ,��� � !%.

%���� �,� �"4!3� �1 "���"�" 2!��� %���3��$� I!��!���� �� �,� "���"�" 2!�� ��

!44���% �� ����"!�� ��� �6�3� �� �,� 2!�� %����������� !�% �,� ������ �� ,�"!�

3!4��!�� �,� 4!4�� %��3����� ! "��,�%����$ 2,�3, ��9����� 1�2 ! 4����� !���"4.

����� �� ,�2 !�% 2,��� "���"�" 2!��� !6�3� �,� 2!�� %������������ � �2�

��!�� 4��3�%��� �� !44���%� �,� 7��� ��!�� 3,!�!3����D�� �,� 2!�� %�����������

1�� �!3, �3���"$ �$ ! �"!�� ��"��� �1 4!�!"������ �� �,� ��3��% ��!��5 �,�

%�6����3�� �� �,��� 4!�!"����� !�� ���!��% �� �,� "���"�" 2!�� �� �,!� �3��.

�"$� ����� �!��% �� �,��� ����������� ��H�3� -��!�%�5 ������5 !�% ��"���8F�

>:AA)? !���"4���� �,!� �,� "���"�" 2!�� ,!� �� �6�3� �� �,� �,!4� �1 �,�

2!�� %����������� �� ���,� �1 �,� "���"�"� ����,��"���5 �,� ������� �1 �,�� 4!��

!�� �� ���� 2��, �,� 3��3������ �1 ��� >:AAA? �,!� �,� "���"�" 2!�� �� �,� "!��

3!��� �1 �,� ��3��!�� �� 2!�� %��4������ %����� �,� ���,�����

��8�5 � !�!�$D� �,� ������ �� ,�"!� 3!4��!�� ��� �,�� 4��4���5 �,� ������ ��.

%�8 !���"4���� �1 �������� >:AA&? �� !44���%5 2,�3, ��!��� �,!� !�� 3�"4������

�1 ,�"!� 3!4��!�5 ��3��%��� ���, $�!�� �1 �3,������ !�% �84�����3� !�% ����.

���#�% 3,!�!3�������3�5 3!� �� !�����!��% �� ! ������ ��%�8� ��<� 1�� �,� 2!��

%�����������5 ! �2� ��!�� !44��!3, �� !44���%/ 7���5 ����"!���� ! �"!�� ��"���

�1 4!�!"����� 1�� ! ���.����!� 2!�� 1��3���� 1�� �!3, �3���"$5 �,��5 ���!����
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"���"�" 2!�� �� �,�2� �� ��%�3� �,� ������ �� ,�"!� 3!4��!� �� �,� 2!��

�����#!� 1��" �,� "���"�" �4�� !� ��!�� �2�3� �,� "���"�"� � :'; ��%�3����

�1 �,� "���"�" 2!�� 3!���� �,� 2!�� �1 ! 2��<�� �!����� �,� "���"�" ��1���

�,� ��%�3���� �� 1!�� �$ =;� �,� "���"�" 2!�� 3!� !33���� 1�� "��� �1 �,�

��3��!�� �� �,� ������ �� ,�"!� 3!4��!� �� �,� ��2�� ,!�1 �1 �,� %������������

�,�� �6�3� �� �������$ ���.����!�� � �,�2 �,!� �,�� �84�!��� 2,$ ���5 2,� ���� !

����!� 2!�� �9�!����5 7�%� "�3, ��2�� �6�3��� �,� ������ ��%�8 !���"4���� ��

!� �������!� ���� 1�� �,� %�!���� 2��, �,�� ���.����!���$� �,� ����"!���� �������

�9�!�� ���4�������$ 2��� 2��, �,� ��"��!���� ������� 4�������% �� �������� >*'''?�

�,� %!�! ���% 1�� �,� !�!�$��� 3�#�� �,� �!"� ��"� 4����% !� -��!�%� ���!��

� ��� %!�! �� ���$ 7#� ����3��% $�!�� >:AE(5 :AEA5 :A=&5 :A=A5 :AA:?� ��������

"��� $�!�� �� �,� ���������� %��� ��� !%% "�3, #!��!����5 ���3� ���2��� �,���

$�!��5 �,� 4!����� �� "���"�" 2!��� �� 3���� �� ! ��"� ����%� ��� "��,�

2��%�� 2,��,�� �,� "���"�" �� ��� H��� ! 4��8$ 1�� ��,�� 1!3���� �84�!�����

�,� ���� �� %��4������� �,�� ����� �� ����#!�� �� 4!���3��!� ��3!��� �2� !�����!��#�

�84�!�!����� J�,� %�3���� �� ������D!���� !�% �<��� ��!��% ��3,������3!� 4�������J

!�� 2��� 3�#���% �$ ! ��"� ����%� �� ! 4!���!� ��"�%$ �� �,�� 4�����"5 ������!�

#!��!���� �� !44���% �$ %���������,��� �,� 1��� "!�� �������5 $���%��� �� ���!�

G ������� 8 & $�!�� K *' ��4!�!�� �3���"���� �,���, �,� >1�%��!�? ��"��!�

"���"�" 2!�� �� �,� �!"� !3���� �������5 ��"��!� 2!��� �� �,� ����, !�� &.:'

4��3��� ��2�� �,!� �� �,� ���� �1 �,� 3�����$5 �� �,!� �,� �!"� ��"��!� "���"�"

2!�� ,!� ! "�3, �������� �"4!3� �� �,� 2!�� %����������� �� �,� ����, �,!�

����2,���� �����#��5 �,��� ������!� %�6������!�� !�� ��� 3����!�� �#�� ��"��

�,� ����, �� 3!�3,��� �45 2,��� �,� "�%2��� �� %�3������� � ��"��� �1 ���,

��!�����3!� !�% 4�!��������$ ����� �,�2 �,!� �,� "���"�" 2!�� #!��!��� �� ����<��$

�� 4�3< �4 �,� �6�3� �1 �<��� ��!��% ��3,������3!� 4������� �� %�.������D!����� �

7�% �,!� ! :'; ��%�3���� �� �,� "���"�" 3!���� �,� 2!�� �1 ! 2��<�� �!�����

�,� "���"�" 2!�� �� %�3��!�� �$ =;�

�,� ����3���� �1 �,� 4!4�� �� !� 1����2�� ��3���� * %��3����� �,� ��%���$���

"�%�� !�% �,� ����"!���� "��,�%����$� -!�! !�% ����"!���� ������� 1�� 2!��

%������������ !�% ������ �� ,�"!� 3!4��!� 1�� �!3, �1 �,� *' �3���"��� !��

4�������% �� ��3���� (� �� ��3���� G5 �,� ����"!���� ������� 1�� �,� �"4!3� �1

"���"�" 2!��� !�� %��3����%� ��3���� & 3��3��%�� �$ �#!��!���� �,� �#�%��3�

�� ���!���� �� �,� -�-�� "�%���
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6Wkh yduldqfh ri wkh hvwlpdwlrq huuru _ vdwlv�hv= .dE_e 3 _��T 3�E_e 3 _�o ' Au1 Khqfh/

wkh -2 ri prgho +:, uhodwlyh wr d prgho zlwk wkh h{sodqdwru| yduldeohv ff +ff ehlqj d vxevhw

:(



�h � ��	 � >=?

!�!�� ���, 1�� � !�% 1�� ���

� "��������
 ������ ���  ���� �

��� ��� ����

�,� ����"!���� ������� ��1�� �� �,� 
����% ��!���5 �83�4� ��!�<! !�% �!2!���

�,�$ !�� �!��% �4�� �+� %!�! 1�� :AE(5 :AEA5 :A=&5 :A=A !�% :AA:� �,� 1���

"!�� ������� !�� #��2�% !� ��4!�!�� �3���"���� ���3� �,� !�!�$��� �� "���#!��%

�$ �,� 4������!� �6�3� �1 3,!���� �� �,� "���"�" �� ���!��#� 2!���5 %�� ��

������������ ���2��� �$4�� �1 �!���5 �� �� !44��4��!�� �� ,!#� ! �!"4�� �,!�

�� ��4������!��#� �1 �!��� ��4�� �� 4��%�3����� �,���1���5 ! �!"4�� �� ���%

2���,��% ��� �$ 4����� ��� �$ ,���� 2��<�%� �,�� �� %��� �$ %������� ��"� �1

�,� 4!��.��"��� �� �,� �!"4��� � 1���.��"�� �� ��44���% �� 2��< G' ,���� ! 2��<�

� 4!��.��"�� 2��<��� *' ,���� �� %�����% 2��, ! 4���!�����$ �1 ���.,!�1L ! 4!��.

��"�� 2��<��� :' ,���� �� %�����% 2��, ! 4���!�����$ �1 '�E&� ��� ���1.�"4��$�%

4������ !�� %�����%� �����2��� �,�� ����3���� !�% !1��� %������� !�� �����#!�����

1�� 2,�3, ��1��"!���� �� "������5 ! �!"4�� �1 !���� &5''' �����#!����� �� %�!2�

�!�%�"�$ 1�� �!3, �1 �,� *' �3���"���5 $���%��� ! %!�!��� ���!����� !���� :''5'''

�����#!������ �!��� : ��#�� ��"� ��""!�$ ��!�����3� 1�� �!3, �1 �,� *' �3���"���

�� �,� �!"4��� �,� �3���"��� !�� �����% !33��%��� �� �,��� #!��� �1 �
w 5 !�

2��� �� �,� ��!�%!�% 4��3�%��� �,����,��� �,� 4!4��� ,��� �,�� ��%����� ,!�

�,� %��!%#!��!�� �1 "!<��� �� ���� �!�$ �� ��!3� %�2� �,� �6�3�� �$ ��"� ��

������5 �� ,!� �,� !%#!��!�� �1 1!3����!���� �,� 3�"4!����� 1�� %�6����� ��#��� �1

�,� "���"�"� ��� �����#!����� 1�� 2,�3, �lw �� ���� �,!� �
w � � !�� %�����%�

ri f, uhdgv=

-
2 ' �3

_
e�
�
T
3�

3 T
3�
fdf�

T
3�
fo3�

f
�
T
3�
�
_
e
3 Au

_e�
�
T 3� 3 T 3�ffdf�

fT
3�ffo3�f�

fT
3�
�
_e 3 Au

zkhuh wkh whup Au lv wkh fruuhfwlrq iru wkh phdvxuhphqw huuru lq _e1 Wkh vljql�fdqfh ri wkh

dgglwlrqdo yduldeohv lq f fdq eh whvwhg e| d vwdqgdug 8 0whvw/ ghulyhg iurp wklv -2 vwdwlvwlf1

Iru wkh prgho edvhg rq _W/ zh xvh wkh iroorzlqj -2 vwdwlvwlf=

-
2 ' �3

_e�
�
T 3� 3 T 3�(3�fdf�(�3�T 3�(3�fo3�f�(�3�T 3�

�
_e 3 Au

_e�
�
T 3� 3 T 3�ffdf�

fT
3�ffo3�f�

fT
3�
�
_e 3 Au

Vlqfh wkh qxoo0k|srwkhvlv lv qrw qhvwhg lq wkh jhqhudo prgho +vlqfh (| ghshqgv qrq0olqhduo|

rq �6|,/ dq 8 0whvw lv qrw dydlodeoh1

:G



�,��� �����#!����� ���% �� �� ���!��3� �,� ��"��� �1 �����#!����� �,!� ��

%�����% 1�� �,�� 4��4��� �� ��"���%5 !� ���� �� �!��� :� �,� 3����������� �1

������!� #!��!���� �� "���"�" 2!��� ��!�%� ��� �""�%�!���$� �,� :'.&' !�%

&'.A' ��� 2!�� %�6������!�� %�3�"��� �,� ��3��!�� �� 2!�� %��4������ 1��" :AEA

�� :A=A�

��� ��� ���� ����������


������ * 4���� �,� ����"!��% ��� 2!�� %������������ 1�� �,� *' �3���"���� �,�

%����% ����� ��1�� �� �,� %����������� ��3��%��� �,� ���."���"�" 2!�� �����#!.

�����5 ����� � � ��L �,� ����% ����� ��1�� �� �,� %����������� �83��%��� �,� �4�<�

!�% �,� ���"���"�" �����#!�����5 �lw � �
w5 ����� � � �� �,� #����3!� ����

��%�3!��� �,� 4������� �1 �,� "���"�"� �,� 4���!�����$ "!�� �� ���"!��D�% !�

��3, �,!� ���, %�������� 3!� �� %���3��$ 3�"4!��%� ����,��"���5 �,� ��D� �1 �,�

�4�<� �� %�4�3��% �� �,� 7����� ��"4!��% �� �,� C����� "��,�%� ���% �$ -�.

�!�%�5 ������ !�% ��"���8 >:AA)?5 �,� 4��$��"�!� !44��8�"!����� !44���% ,���

$���% ! �"���,�� ��4������!���� �1 �,� %�����$ 1��3����� �,��� 4�3����� ��#�!�

�4�<��5 ��� ���$ !� �,� "���"�" ��� !��� !� ��"� ����% ��"���� 1�� �,� ,����$

2!�� ��<� O& �� O:' 4�� ,���� ,��,�� �,��� �4�<�� !�� ! ��!� 4,���"���� >!

1�3!� 4���� �� 2!�� �!��!�����? �� %�� �� �"4��1�3� ��4������ �� ��3��!�� �,�

�"4!3� �1 �,� "���"�" �� 3��!��$ #������ �� ������ *� �� �,� ����, �� :AEA >�,�

,��,��� "���"�"?5 �,� "�%�� �� !� �,� "���"�"� �� �,� ����,�!��5 �� :A=A

>�,� ��2��� "���"�"?5 �,� %����������� �� ��3��$ ���� �,!4�% 2��, ,!�%�$ !�$

#������ �"4!3� !����% �,� "���"�"�

�,� �"���,��� �1 �,� %����������� !����% �,� �4�<� "!<�� �� ,!�% �� ����

1��" �,� ����"!���� ������� ��3��%��� �4�<� !�% �,� ���."���"�" �����#!�����

2,��,�� �,� ��4�!."���"�" 2!�� %����������� �� ��!��$ !6�3��%5 �� �,!� �� �� H���

! ��!�����3!� !���1!3� �1 �,� �"���,��� �1 �,� �4�<�� �,� ����"!���� ������� �����

���$ �,� ��4�!."���"�" �����#!����� 4��#�%� !� !��2�� �� �,�� �����5 ��� ������

*� �,� �"4!3� �1 �,� "���"�" ��"!��� 3��!��$ #������ �#�� 2,�� �,� �4�<� �����1

�� �83��%�% 1��" �,� %!�!� �,� �83������ �1 �,� ��1� �!�� �1 �,� %����������� ,!�

�� #������ �"4!3� �� �,� ������ !� ���� !� �,� �4�<� �� �"!��5 %��4��� �,� 1!3�

�,!� �� ��"� 3!��� ! �����!���!� ��"��� �1 �����#!����� �� %�����%5 ��� �!��� :�

���$ 2,�� �,� �4�<� �� ,���5 ��<� �� �,� ����, �� :AEA5 �,� ����"!���� �������

%�6�� �� �,� �����#!� H��� !��#� �,� "���"�" %�� �� �,� �"���,��� ��� �1 �,�

�4�<�� �,� ������� �83��%��� �,� �4�<� !�% �,� ���."���"�" 2!�� �����#!�����

:&



!�� �,���1��� "��� ����!���� �,� ��!4� �1 �,� %������������ �!��% �� �,�� �!"4��

!��� ������� �,!� �,��� �� ! %$�!"�3 4!����� �� �,� �"4!3� �1 "���"�" 2!����

�,� "���"�" 2!�� ,!� ���� ��3��!��% �������$ �� :AA:� �,� ��!4,� 1�� �,!�

$�!� !�� �,���1��� 4!���3��!��$ ��1��"!��#� �� �,�� ������ �,� �4�<� ���"� �� ��

�83�4����!��$ �!���5 2,��� �,� �4���.�#�� �6�3� �� �83�4����!��$ �"!��� � ��"4��

�����4���!���� �� �,!� �,� �����!� �6�3� �1 !� ��3��!�� �� �,� "���"�" �� "!���$

�,!� �,� 2!��� �1 2��<��� �!����� ����2 �,� ��2 "���"�" ��1��� �,� ��3��!��

��� ! ���� �� �,��� 4!$ �4 �� �,� ��2 "���"�"� �,� !%H���"��� �1 �,� ���� �1

�,� 2!�� ����3���� �!<�� ��"� ��"�� �,��� %$�!"�3 !�4�3�� 2��� �� ������% ��

�,� ���� �1 �,� 4!4���

�!��� * ����� �,� ��" �1 �,� ��� ��<���,��% 1�� !�� *' �3���"��� 1�� ! �!���

�1 #!���� �1 �� �� �!3, 3!��5 �,� 4��3�%��� 3��#����� �� !� �4��"�" 9��3<�$�

�!3, 1���,�� ��3��!�� �� � $���%� ! �����73!�� �"4��#�"��� >"�!����% 1�� *'

�3���"��� H�����$?5 !� 3!� �� 3��3��%�% 1��" ��<���,��% �!��� ������ ������ ��.

�4�3���� �1 �,� %��!���% ����"!���� ������� 1�� �,� 3!�� 2,��� �,� ���."���"�"

�����#!����� !�� ��3��%�% ��#�!�� �,!� ��3��!���� �,� ��%�� �1 �,� 4��$��"�!�

$���%� ! "��� 4������3�% �4�<� !����% �,� "���"�"� �,�� 7�� �,� �����#!����

�,!� �!3, ��3��!�� �� � $���%� ! "�3, �"!���� �!�� �� ���"� �1 �,� ��� ��<���.

,��% 2,�� �,� �����#!����� !� �� ����2 �,� "���"�" !�� �83��%�%� �,�� �� �,�

"���#!���� 1�� ������� � !� ! ��2�� #!��� 1�� �,��� ����"!������ �,� ����"!����

������� %� ��� ������� ! �!���!� 3��.�6 4���� 1�� �,� ��%�� �1 4��$��"�!��� �,�

!3��!� ��%�� !44���% 1�� �,� !�!�$��� �� �,���1��� !�����!�$5 ��� �,� 3,��3� %���

��� ,!#� ! ��� �"4!3� �� �,� 3��3������� �1 ��!�� * �1 �,� !�!�$����

�,� "���"�" 2!�� 3!� �� �84�3��% �� ,!#� ! �!���� �"4!3� �� �,� 1�"!��

�,!� �� �,� "!�� 2!�� %�����������5 ���3� 2�"�� �!�� �� !#��!�� ��2�� 2!���

�,!� "!���� �����#��5 �,� "!��.1�"!�� 2!�� �!4 ,!� %�3����% �,����,��� �,�

����"!���� 4����%� �,� %�3���� �1 �,� "���"�" ���!��#� �� �,� "�%�!� 2!��

2!� �,���1��� �������� 1�� 1�"!���5 ���3� �,� "�%�!� 2��� �4 1�� �,�� ����4� ���

�,��� ��!����5 ��4!�!�� %������������ !�� ����"!��% 1�� "!��� !�% 1�"!���� ���$

�,� ��4�!."���"�" 2!�� �����#!����� !�� !44���% �� ��%�� �� !#��% 4�����"�

2��, �,� �4�<� 2,�3, ,!#� ���� %��3����% 4��#�����$�

�,� ����"!��% %������������ !�� %�4�3��% �� ������ (� �,� �3���"��� !��

��%���% !33��%��� �� �,� #!��� �1 �
w5 �!��% �� �,� "�%�!� 2!�� 1�� ���,

��8��� �,� #������ �"4!3� �1 �,� "���"�" 2!�� 1�� 1�"!��� �� ����"���� -��

�� �,� �42!�% ����% �� �,� 1�"!�� "�%�!� ���!��#� �� �,� "!�� "�%�!�5 �,�

:)



%�6����3� �� �
w 1�� ���, ��8�� �� "�3, �!���� �� :AE( �,!� �� :AA:� �,�� �6�3�

3!� �� 3��!��$ ��!3�% %�2� �� �,� 7������ �1 �,� �4�<� ,!% ���� ��3��%�% ��

������ (5 �,� �6�3� 2���% ,!#� ���� �#�� ��������� � 3�"4!����� �1 �,� �,!4��

�1 �,� %����������� 1�� 1�"!��� �� �,� ����, �� :AEA !�% �� �,� ����,�!�� �� :A=A

�6��� !� �$��!�� ���� �1 �,� �4���.�#�� �6�3�� �1 3,!���� �� �,� "���"�"� �,�

��!�� * ����"!���� ������� 4�������% �� ��3���� G 2��� !���2 ! 1��"!� �����

��� ��� ����
 �� ���
 �������

�,� ���!� #!��!���� !�� ��3��%�% �� �,� #�3��� �lw 1�� �,� ����"!���� �1 �9�!����

>)?� �����2��� ���4,$ !�% ��3, >:AA'?5 ! �,��% ��%�� ���" 1�� �84�����3� ��

��3��%�%� ��� �%�3!����5 �,� #!��!��� P,��,��� ��!%� !��!���%P !�% 1��� %�""$

#!��!���� !�� ��3��%�%/ ,��, �3,��� 3�"4����%5 !�% *5 G !�% ) $�!�� �1 3��.

���� 3�"4����%�7 ����,��"���5 �,��� !�� %�""��� 1�� "!���!� ��!��� >������ #��

"!����% %�#��3�% 2�%�2�%? 1�� �!3, ��8 !�% ! %�""$ 1�� ��!3<�� ������ �� ���

��3��%�% ��3!��� �1 ��� ��%������� �!����� �� �� �,� 3!�� �1 �,� 2!�� %�������.

����5 �,� 4��3�%��� 9��3<�$ 3��#����� �� !� �4��"�"� �!��� ( ��#�� !� �#��#��2

�1 ��"� <�$ ��!�����3�� �,� ���!��#� "!�����%� �1 �,� 3����������� �1 �!3, �1 �,�

3�"4������ �� �,� ,�"!� 3!4��!� ��%�8 � �� �� !33��%!�3� 2��, �,� ������� 1��"

��%��!�$ 2!�� ������������ �,��� !������� #!��� 3!� �� !44��3�!��% �$ ����3���

�,!� �,� ��!�%!�% %�#�!���� �1 �,� ����%�!�� �� ���"!��D�% �� ����$� �� �,� ����

"�!� �9�!��% ����� �� !� ��%��!�$ 2!�� ���������� �� !���� '�G'5 �,� 3��B3�����

,!#� �� �� "����4���% �$ �,�� ��"��� �� "!<� �,��� 3��B3����� 3�"4!�!��� ��

�,��� �1 ! ��!�%!�% 2!�� �����������8 �,� �"4���% 7��� %���#!��#� �1 �,� 2!��

1��3���� �w ��� �� ��%��% 4�����#� 1�� !�� �����#!�����5 !� ,!� ���� !���"�% ��

��3���� *5 �83�4� 1�� ! �"!�� ��"��� �1 �����#!����� �� �,� �8���"� ���,� �!�� ��

��"� �3���"����

� ,!�%��"� 2!$ �� 4������ �,� ����"!���� ������� �� �� %�4�3� �,� ������ ��

,�"!� 3!4��!� 1�� #!����� 2!�� ��#��� �lw 1�� �!3, �3���"$�9 ���3� �,� ��!�%!�%

7 L xvh wklv vshfl�fdwlrq lqvwhdg ri wkh vwdqgdug vshfl�fdwlrq +|hduv ri hgxfdwlrq dqg lwv

vtxduh dqg odvw judgh frpsohwhg, vlqfh lw |lhogv d ehwwhu �w/ dv fdq eh fkhfnhg e| uxqqlqj dq

ROV uhjuhvvlrq zlwk gxpplhv iru doo |hduv furvvhg zlwk judgh frpsohwhg1 Qrwh wkdw wklv lvvxh

lv lqghshqghqw ri wkh qrq0olqhdulw| ri wkh zdjh htxdwlrq1
8Iroorzlqj wklv uxoh ri wkxpe/ wkh kljk vfkrro07 |hduv ri froohjh zdjh jds lv +xvlqj wkh

hvwlpdwlrq uhvxowv lq wkh �uvw froxpq, def �fHb n �Hf�3 �2..of f�ef ' f��D21 Reylrxvo|/ wklv
uxoh ri wkxpe fdq rqo| |lhog dq dyhudjh dfurvv hfrqrplhv/ vlqfh wkh hvwlpdwlrq uhvxow lqglfdwh

wklv zdjh gl�huhqwldo gl�huv ehwzhhq hfrqrplhv1
9E| htxdwlrq +9, dqg wkh lqyhuvh ixqfwlrq wkhruhp= �
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%�#�!���� �1 �,� ����%�!�� �� ���"!��D�% �� ����$ 2,��� �� �� !���� '�G' �� ��!�%!�%

2!�� �����������5 �,� !#��!�� ������ �� !����% '�G'� � !44�$ ! ���"!��D!���� �1

�,� !#��!�� ������ �� ����$5 �$ %�#�%��� �,� 3!�3��!��% ��"��� �$ '�G'� �,��

4�!3��3� 2��� �� "!���!���% �,����,��� �,� 4!4��� �,� ������� !�� %�4�3��%

�� ������ (� �1 �,� ��!�%!�% ��� ����!� 2!�� �9�!���� 2��� �� !44�$5 �,�� �,�

������ 2���% �� N!�5 ��"�2,��� !����% ����$� �,� 4�3����� ������� �,���1���

�,!� �,��� �� �����!���!� ���.����!���$ �� �,� 2!�� 1��3����� �,�� �"4������� ��

3��7�"�% ��!�����3!��$ �$ �,� �����!���!� !�% ,��,�$ �������3!�� �"4��#�"����

�� �,� �����<���,��% !3,��#�% �$ ��3��!���� �� �� �� �����3���� (�*5 �,� %����%

���� ��1��� �� �,� ����"!���� ������� ����� !�� �����#!�����5 2,��� �,� ����% ���� ��

�!��% �� �,� �����#!����� �83��%��� �,� "���"�" ���$� ��� �,� 1��"�� 3!��5 �,�

������ �� %�4�3��% 1�� �,� 2!�� �����#!� Q.:5:R ���$5 ���3� �����%� �,!� �����#!� �,�

������� ��3�"� ,��,�$ ������!��� %�� �� �,� ��2 ��"��� �1 �����#!������ ��,

�,�� ������3����5 �,� ������ �� 9���� ,��, �� �,� ���."���"�" 2!�� ��!H�3���$ 1��

�,� �3���"��� 2��, ,��, "���"�" 2!���� �,���, �,��� ������� !�� !��� �!��%

�� ! ���!��#��$ ��2 ��"��� �1 �����#!�����5 �,�$ ��N�3� ! ��!� 4,���"����� ���

,��, ��#��� �1 �,� "���"�"5 ��� "���"�" 2!��� 2��<��� !�� 4!�% �����!���!��$

����2 �,� "���"�"� 	$ �,� �"���,��� �1 �,� 2!�� 1��3����5 �,�� ��!���!��� ��

! ,��, ������ H��� ����2 �,� "���"�"�

�!��� ( !��� ����� �,� ��� ��<���,��% �1 �,� "�%�� 1�� %�6����� #!���� �1 ��

�,� #!��� �1 � ����� ��� �� �� ���������#� �� �,� 3,��3� �1 �� ��3��!���� �,�

��%�� �1 �,� 4��$��"�!� $���%� ! �����!���!� ��3��!�� �� �,� ��� ��<���,��%� ��

�� �,� %�����������5 �,��� �� �� �!���!� 3�� �65 ��� !�!�� �,� !3��!� 3,��3�

�1 �,� 4��$��"�!� %��� ��� "!���� "�3, 1�� �,� ��!�� * �������� �����9����

������� 2��� �� �!��% �� � � �� �,� ����"!���� ������� �,�2 �,� ����"!���

1�� � �� �� !��� ��� "�3, !6�3��% �$ �,� �83������ �1 �,� ���."���"�" 2!��

�����#!������ �,� �!������ �3,�%��� �� N!�����% !����% �,� "���"�"5 4��,���

�,� ������ �� ,�"!� 3!4��!� �� ! "�3, ��2�� ��#�� �,!� �� �,� 3!�� 2,��� !��

�����#!����� !�� ��3��%�%5 !� 3!� �� ���� 1��" ������ G� �,�� ������ �� ���!��%

�� �,� 4,���"���� �,!� �,� ������ �� ,�"!� 3!4��!� H�"4� %�2�2!�% 2,��

"�#��� 1��" H��� ����2 �� H��� !��#� �,� "���"�"� 	$ ��3��%��� %!�! 1��"

���, ��%�� �1 �,� "���"�"5 �,�� H�"4 �� �"���,�%5 ��!%��� �� !� �#������"!����

�� �,� �����#!� H��� !��#� �,� "���"�"� ���3�5 �,� ����"!���� ������� �83��%���

�,� ���."���"�" �����#!����� $���% �,� "��� ����!��� !��2��� ���3� �,� ���.

����!���$ �� �,� ������ �� ,�"!� 3!4��!� �� "�3, �"!���� 2� ��� ! "�3, ��2��
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�,� ������ ��%�8 !���"4���� 1�� ,�"!� 3!4��!� �"4���� � �� �� �9�!� !3���� �� ��

1!3�5 �,���, �,� �����!� ����% �� �,� ��"����!���� �1 !�� 3�"4������ �� �%����.

3!� >��3��%��� �,� �������#�% 3�"4�����?5 C!�D !�% ���4,$ >:AA*? !�% @�,�5

���4,$ !�% +���3� >:AA(? ,!#� %�3�"����% %�6����3�� �� �,� ��"��� �1 �,� ����

�� �,� ������ �� �%�3!���� !�% �84�����3�� �,� ������ ��%�8 !���"4���� 3!����

�� �84�3��% �� ,��% �����!��$� �� 3!� ���$ �� �84�3��% �� 3�#�� ! �����!���!�

�,!�� �1 �,� #!��!���� �� �,� ������� �� ,�"!� 3!4��!� ���2��� �3���"���� �,�

!���"4���� 3!� �� �����% �$ %�#�%��� �,� �!"4�� �1 *' �3���"��� �� ! ��"���

�1 ������� !�% ����"!���� ��4!�!�� � 1�� �!3, ������� �2� ��!�����3� �1 �,�� �$4�

!�� 3!�3��!��%5 7��� 1�� �!3, ������ ��4!�!���$5 !�% ��3��%�$ 1�� �!3, $�!�� �,�

��" �1 ��� ��<���,��%� 1�� �!3, ������ !�% 1�� �!3, $�!� !�� ��4����% �� �!���

(� ���,���, �,� ������3����� �1 �,� �F� ����� �9�!� !3���� ������� �� $�!�� !��

3��!��$ ��H�3��% !� 3��#������!� ��#��� �1 �����73!�3�5 �,� ������� �,�2 �,� ������

��%�8 !���"4���� �� 4��#�%� ! ��!���!��� %��3��4���� �1 �,� %!�!� �,� ��3��!��

�� �,� ��� ��<���,��% �,!� 3!� �� ���!���% �$ �!����� �,� ��%�� �1 4��$��"�!� �

�$ * �� �,� ��� ,!�% >�����%�3��� * 8 *' K G' !%%�����!� 4!�!"�����? !�% �$

!���2��� ��4!�!�� #�3���� 1�� �!3, ������ �� $�!� �� �,� ��,�� ,!�% >�����%�3���

( 8 :* K () !�% G 8 :* K G= ���4�3��#��$ !%%�����!� 4!�!"�����? !�� �1 �,�

�!"� ��%�� �1 "!�����%�5 �#�� ��!����� 1��" � � �5 ��� �!��� (� ���3�5 �,�

������ ��%�8 !���"4���� �� ���� ,!�"1�� �,!� �,� ��!�%!�% ����!���$ !���"4����

�� "��� �!������ �9�!������ ��4!�!�� ����"!���� 1�� ���, ��8�� �,�2� �,!� �,�

������ ��%�8 !���"4���� %��� ! ������ H�� 1�� ���, ��8�� ��4!�!���$5 !��,���,

�� �� ����� ��� ��!�����3!��$ !33�4�!���� �� !�� 3!���5 �,� ��3��!�� �1 �,� ��� ��<���.

,��% 4�� �����#!���� �$ %��44��� �,� ������ ��%�8 !���"4���� �� !���� '�''&5

��!���!���� �� ! ��%�3���� �1 �,� ��!�%!�% %�#�!���� �1 �,� ����%�!�� �$ '�& ;�

	�$��% �,� %�6����3� ���2��� "!��� !�% 1�"!���5 �,� ��H�3���� �1 �,� ������

��%�8 !���"4���� �� %�� �� ! �!��� ��"��� �1 �"!�� %�#�!�����5 1�� �8!"4�� %�1.

1����3�� �� ��"��� �� �,� 3,!���� �� ������ �� �84�����3� !�% �� �%�3!����5 ��

3,!���� �� �,� 3��#!���� �1 �,� �84�����3� 4��7��� �� �� �,���1��� %�B3��� �� ����

2,!� �� �,� �6�3� �1 �,��� %�#�!����� 1�� ��� ����"!���� ������� �� ��!�� *� � 3!�

�,��< �1 �� �""�%�!�� ��!��� 1�� 2,$ �,�$ "��,� �����%�3� ! �$���"!��3 ��!��

��#�� �,� �!��� 4�!3��3!� !%#!��!��� �1 ����� ! ������ ��%�8 "�%��5 �� 4!���3��!�
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�,!� 2� ,!#� ! ������ �!�� �1 ������ �� ,�"!� 3!4��!� �����!% �1 ��4!�!�� �!���

1�� �!3, 3,!�!3�������35 !�% ��#�� �,!� �,� !���"4���� �� !�"��� �!���7�%5 � 1���

�!1� �� !44�$ �� !� ! ��!���!��� !44��8�"!����

�  ���� �! ��� �$��� �� ��
��� �����

��� "��������
 ������

�,� #!��!���� �� �,� 4!�!"����� ���2��� �,� *' �3���"��� 2��� �� ���% �� ��.

��"!�� "�%��� >E? !�% >=?5 !�% �� !�!�$D� �,� �6�3� �1 3,!����� �,� "���"�"

�� 2!�� %����������� !�% ������ �� ,�"!� 3!4��!�� �!��� *5 4!��� �� ��4���� �,�

�O>+W�{,O.��!�����3� 1�� �,� ���� ,$4��,���� �,!� �
w %��� ��� !6�3� �,� 2!��

%������������ � %� �,!� 1�� ��8 3!���/ ! ������ �����3�4�5 $�!� %�""���5 ������

%�""���5 !� �����3�4� 4��� ����� %�����$:5 $�!� !�% ������ %�""��� ��"���!.

������$5 !�% �,� �!���� 4��� ����� %�����$ >2��, � ����� *5 )5 &5 (5 A5 !�% :'

���4�3��#��$?� �,��� ����.��!�����3� 3��7�" �,� �"4�������� 1��" ������� * !�%

( �,!� "���"�" 2!��� !�� !� �"4���!�� %����"��!�� �1 �,� 2!�� %������������

�,� ���� ,$4��,���� �� ��H�3��% !� !�� 3��#������!� ��#��� �1 �����73!�3� �� "���

3!���5 !� ���� !� 2� %� ��� ��3��%� $�!� !�% ������ %�""��� ��"���!������$ !�%

�83�4� 1�� "!��� 2,�� 2� %� ��� ��3��%� $�!� %�""���� �44!�����$5 ���, ��"�

!�% �4!��!� #!��!���� 3��������� �� ����"!���� �1 �,� �6�3� �1 �
w� �,� �����

����� ���$ �,� ��4�! "���"�" 2!�� �����#!����� !�� 4!���3��!��$ ����#!��5 ���3�

�,�$ 4��#�%� ! %���3� ���� �1 -��!�%�5 ������5 !�% ��"���8F� >:AA)? !���"4����

�,!� �,� !��#� "���"�" 4!�� �1 �,� 2!�� %����������� �� ��!6�3��% �$ �,� "��.

�"�"� �,�� !���"4���� �� ��H�3��% �$ �,� %!�!5 �83�4� 1�� 1�"!��� 2,�� ���,

������ !�% $�!� %�""��� !�� ��3��%�%� ����������� 1�� �,� �6�3�� �1 �<���.��!��%

��3,������3!� 4������� �$ !%%��� $�!� %�""��� �"4��#�� �,� �%����73!���� �1

�,� �6�3� �1 "���"�" 2!��� 1�� "!���� �,�� �������� �,!� �,� "���"�" 2!��

�� ��� ! 4��8$ 1�� �<���.��!��% ��3,������3!� 4�������� � 3�"���!���� �1 $�!� !�%

������ %�""��� �84�!��� #����!��$ !�� �,� #!��!�3� 1�� 1�"!��� >!� 3!� �� ����

1��" �,� �5 ��!�����3�?5 �� �,!� �,��� �� �� 2!$ �� ���!����, �,� �"4!3� �1 "��.

�"�" 2!���� ��2�#��5 !� �83������ ������3���� 1�� ������ �6�3�� �� !33�4�!���

>� ���� ��� � ����?� ���3�5 �,� "���"�" 3!� �84�!�� !�� �,� �����������!� #!��.

!���� �� �,� 2!�� %������������ 
���� %�����$ �!�� 3���������� �����!���!��$ ��

:Ghshqglqj rq wkh gdwd xvhg/ zh dsso| wkh xqlrq ghqvlw| iru doo zrunhuv/ iru pdohv/ ri iru
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*'



�,� �84�!�!���� �� !�� 3!��� �83�4� 1�� 1�"!���5 H�%��% 1��" �,� ��3��!�� �� �,�

�5 ��!�����3� ��2�#��5 ��8� �� ����� %�����$5 "���"�" 2!��� ��"!�� �"4���!���

� 3�"4!����� �1 �,� �5 ��!�����3� �� �!��� *5 4!��� �5 1�� �,� !44��4��!��
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w �#�� "��� �������$5 1�� !��
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;Zkhq xvlqj wkh hvwlpdwlrq uhvxowv iru wkh glvwulexwlrqv h{foxglqj wkh vxe0plqlpxp re0

vhuydwlrqv iru wkh fdofxodwlrq ri wkh 43083 gl�huhqwldov/ zh qhhg dgglwlrqdo lqirupdwlrq rq wkh

idfwxdo dqg frxqwhuidfwxdo suredelolw| pdvv lq wkh vslnh dqg wkh ohiw wdlo1 Wkhvh duh fdofxodwhg

iurp wkh uhjuhvvlrqv uhsruwhg lq wkh xsshu sdqho ri Wdeoh 81 Wkh shufhqwdjh ri zrunhuv lq wkh

vslnh +gh�qhg dv= �6| 031338 	 ��| 	 �6| .31338, dqg ehorz wkh plqlpxp +��| 	 �6|

031338, lv uhjuhvvhg rq dq lqwhufhsw/ �6| dqg lwv vtxduh1 Wkh orzhu -2 iru wkh vslnh lv gxh wr

wzr rxwolhu revhuydwlrqv iru 4<:6/ uhodwhg wr vwdwh ohyho plqlpxp zdjh uhjxodwlrqv h{fhhglqj

wkh ihghudo plqlpxp lq odujh vwdwhv Qhz \run/ Qhz Mhuvh| dqg Fdoliruqld +Qhxpdun dqg

Zdvfkhu/ 4<<5,1 Iru reylrxv uhdvrqv/ wkh phdvxuhphqw ri wkh vslnh lv yhu| vhqvlwlyh wr wkh

fruuhfw ydoxh iru �6|1 Khqfh/ wkh forvh �w ri wklv uhjuhvvlrq iru wkh rwkhu 4; uhjlrqv vwurqjo|

vxjjhvwv wkdw vwdwh plqlpxp zdjhv duh qrw yhu| lpsruwdqw wkhuh1
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43Wkh kljk ydoxhv ri wkhvh hodvwlflwlhv pljkw eh gxh wr wkh idfw wkdw dq lqfuhdvh lq wkh

plqlpxp zdjh/ ohdglqj wr dq lqfuhdvh lq ^6|/ lv olnho| wr |lhog vxevwlwxwlrq iurp zrunhuv zlwk

^�| mxvw ehorz wkh qhz ^6| wr zrunhuv zlwk ^�| mxvw deryh ^6|1 Wkh vxsso| ri wkh odwwhu jurxs

lv olnho| wr jr xs gxh wkhlu kljkhu sd|1
44Htxdwlrq +9, dqg +;, fdq eh frpelqhg wr |lhog d prgho ri wkh irup=
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Wdnlqj wkh wrwdo gl�huhqwldo dqg vhwwlqj _@
|
dqg _^�| htxdo wr }hur |lhogv=
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Wkh fdofxodwlrq ri wkh ixoo vwdqgdug huuru ri wklv vwdwlvwlf lv fxpehuvrph/ vlqfh hvwlpdwhg

frh!flhqwv vkrz xs erwk lq wkh qxphudwru +k�&, dqg lq wkh ghqrplqdwru +@We
&|
,1 Krzhyhu/ wkh

huuru lq @We
&|

lv ri plqru lpsruwdqfh uhodwlyh wr wkdw lq k�&/ dv iroorzv iurp wkh hvwlpdwlrq uhvxowv

iru htxdwlrq +;,/ zkhuh j2 lv pxfk odujhu wkdq xqlw|/ vr wkdw wkh hvwlpdwlrq huuru lq @We
&|

lv vpdoo

uhodwlyh wr rwkhu udqgrp glvwxuedqfhv1 L wkhuhiruh ljqruh wkh udqgrpqhvv ri wkh frh!flhqwv lq

ghqrplqdwru1 Wkh vwdqgdug huuru ri wkh qrplqdwru fdq eh fdofxodwhg vwudljkwiruzdugo| iurp

wkh fryduldqfh pdwul{ ri wkh JOV hvwlpdwru ri k�&/ vlqfh wkh qxphudwru lv d olqhdu frpelqdwlrq

ri wkhvh frh!flhqwv1
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Table 1: Summary statistics for the economies in the sample

# obs. % < % in

 spike spike

year region all all male female all male female all male female all all all male female all male female

1979 South 4776 4759 2814 1945 4233 2618 1615 0.545 0.727 0.312 0.059        0.051        0.545  0.693  0.312  0.693  0.611  0.608  
1973 South 4962 4938 2917 2021 4492 2759 1733 0.629 0.811 0.414 0.068        0.023        0.598  0.613  0.478  0.693  0.665  0.592  
1979 Northeast 4823 4803 2867 1936 4452 2750 1702 0.640 0.822 0.387 0.045        0.028        0.606  0.663  0.387  0.618  0.598  0.590  
1979 Midwest 5003 4979 3002 1977 4591 2855 1736 0.651 0.878 0.352 0.045        0.033        0.617  0.706  0.352  0.613  0.542  0.598  
1991 South 5000 4989 2580 2409 4624 2438 2186 0.708 0.856 0.572 0.038        0.035        0.651  0.693  0.549  0.753  0.742  0.722  
1979 West 5073 5049 3044 2005 4695 2919 1776 0.727 0.909 0.439 0.043        0.027        0.693  0.721  0.439  0.629  0.552  0.575  
1985 South 4781 4773 2645 2128 4425 2526 1899 0.737 0.887 0.583 0.031        0.042        0.665  0.709  0.583  0.762  0.727  0.644  
1991 Midwest 5000 4985 2670 2315 4670 2554 2116 0.791 0.951 0.607 0.034        0.029        0.680  0.788  0.573  0.719  0.670  0.683  
1985 Midwest 4804 4792 2761 2031 4490 2649 1841 0.842 1.023 0.601 0.030        0.033        0.729  0.797  0.572  0.657  0.580  0.664  
1973 Northeast 5047 5034 3232 1802 4895 3190 1705 0.852 0.989 0.589 0.022        0.005        0.629  0.559  0.444  0.627  0.621  0.550  
1973 Midwest 5011 4991 3202 1789 4753 3124 1629 0.852 1.012 0.560 0.035        0.012        0.629  0.623  0.519  0.575  0.533  0.529  
1991 West 5000 4992 2769 2223 4734 2670 2064 0.856 0.951 0.722 0.024        0.027        0.693  0.788  0.658  0.741  0.741  0.710  
1989 South 5000 4988 2609 2379 4783 2536 2247 0.864 1.002 0.737 0.020        0.021        0.687  0.707  0.624  0.730  0.733  0.675  
1985 Northeast 4758 4746 2679 2067 4546 2591 1955 0.871 1.053 0.714 0.023        0.019        0.693  0.758  0.601  0.709  0.640  0.603  
1973 West 5004 4987 3179 1808 4823 3110 1713 0.911 1.061 0.629 0.025        0.007        0.688  0.721  0.539  0.572  0.548  0.531  
1985 West 4969 4957 2872 2085 4721 2773 1948 0.911 1.094 0.737 0.022        0.025        0.734  0.856  0.630  0.692  0.603  0.608  
1991 Northeast 5000 4988 2740 2248 4809 2662 2147 0.936 1.073 0.804 0.025        0.011        0.704  0.728  0.642  0.708  0.699  0.670  
1989 Midwest 5000 4989 2697 2292 4803 2634 2169 0.957 1.094 0.775 0.020        0.018        0.739  0.693  0.610  0.693  0.693  0.643  
1989 West 5000 4989 2800 2189 4862 2747 2115 0.988 1.147 0.806 0.014        0.011        0.742  0.842  0.604  0.726  0.650  0.693  
1989 Northeast 5000 4992 2747 2245 4898 2715 2183 1.094 1.189 0.916 0.014        0.005        0.693  0.671  0.621  0.693  0.709  0.678  

Economies ordered by the level of the minimum wage relative to the median (all observations).

> spike> wmin-1

# obs.# obs.

10-50 50-90

log wage diff. (data)

-log min .wage



Table 2: Estimation results for the distribution, various values of L

L Log L. R21) Log L. R2 Log L. R2 Log L. R2

4 -783,832.37 0.15 -749,735.10 0.27 -413,278.51 0.03 -274,324.54 0.48
5 -783,674.07 0.14 -749,689.41 0.24 -413,214.52 0.06 -274,301.94 0.52
6 -783,283.46 0.17 -749,631.50 0.19 -413,159.16 0.05 -274,287.34 0.50
7 -783,123.59 0.33 -749,588.25 0.18 -413,089.31 0.04 -274,267.48 0.49

I 8 -782,962.54 0.30 -749,540.41 0.18 -413,062.75 0.04 -274,239.15 0.47
9 -782,681.99 0.22 -749,496.20 0.19 -413,040.27 0.07 -274,220.45 0.46

10 -782,618.24 0.35
11 -782,534.72 0.33
12 -782,352.42 0.27

L = 12 L = 9 L = 9 L = 9

F-test2) (p)3) R2 F-test (p) R2 F-test (p) R2 F-test (p) R2

FL 3.99 (5) 0.20 1.79 (1) 0.10 0.64 0.04 6.79 (5) 0.35

II FL,year 5.91 (5) 0.71 4.14 (5) 0.73 5.77 (5) 0.76 1.34 0.87

FL, region 4.08 (5) 0.50 2.36 (4) 0.37 1.65 (4) 0.35 8.60 (5) 0.53

FL, union 5.77 (5) 0.40 2.46 (3) 0.35 1.25 0.49 8.19 (5) 0.44

FL, year region 1.30 0.87 2.10 (2) 0.88 3.17 (5) 0.93 0.67 0.97

FL, all 0.74 0.88 1.30 0.89 1.91 (1) 0.93 0.42 0.99

Notes:
1) The R2 statistics in panel I refer to models where d is used as the endogenous variable, where the R2 and F-statistics in panel II use d2.
2) The H0

 for the first F-statistic is a model with L dummies, the second with 5L dummies (for each year), the third with 4L dummies (for each region), the fourth with 
2L dummies (intercept and union density), the fifth with 8L dummies (years and regions), and the ninth with 9L dummies (also including union density). The 
alternative hypothesis includes the minimum wage.
3) Significance levels of the F-tests: (1) = .10-.05; (2) = .05-.025; (3) = .025-.010; (4) = .10-.005; (5) < .005.

all obs. obs. > wmin obs. > wmin (males) obs. > wmin (females)



Table 3: Estimation results for the return to human capital, various values of K

K Log L. R2 Log L. R2 Log L. R2 Log L. R2

3 37,200.34    0.39    43,670.57   0.60    23,680.86 0.36    21,188.80   0.83        
4 37,307.32    0.36    44,802.11   0.51    24,190.20 0.35    21,757.82   0.76        
5 37,428.45    0.35    46,113.08   0.72    24,834.28 0.48    22,456.14   0.84        

I 6 37,489.79    0.35    46,565.05   0.73    24,999.83 0.51    22,704.26   0.87        
7 37,993.14    0.32    47,091.76   0.74    25,263.63 0.53    23,026.73   0.84        
8 38,182.75    0.35    47,298.97   0.75    25,336.29 0.55    23,146.21   0.87        
9 38,295.38    0.43    47,734.22   0.71    25,549.83 0.50    23,400.54   0.84        

K = 9 K = 4 K = 4 K = 4

Years separate 38,755.20    45,237.63   24,334.76 21,852.78   
Regions separate 38,531.00    45,016.89   24,306.10 21,844.86   

F-test (p) R2 F-test (p) R2 F-test (p) R2 F-test (p) R2
FK 9.33 (5) 0.36    16.32          (5) 0.48    9.15          (5) 0.35    43.65          (5) 0.72        

II FK,year 16.67 (5) 0.83    24.07          (5) 0.84    33.72        (5) 0.75    19.77          (5) 0.90        
FK,region 5.78 (5) 0.56    13.51          (5) 0.64    5.99          (5) 0.30    46.10          (5) 0.80        
FK, union 11.26 (5) 0.50    19.58          (5) 0.58    14.14        (5) 0.56    44.89          (5) 0.75        
FK,year region 3.57 (5) 0.95    6.04            (5) 0.92    9.63          (5) 0.96    4.00            (5) 0.93        
FK,all 2.76 (5) 0.96    5.55            (5) 0.93    7.41          (5) 0.97    4.06            (5) 0.94        

Beta coeff. std. err. coeff. std. err. coeff. std. err. coeff. std. err.

e/100   10.107 0.163 10.261 0.170 11.650 0.238 10.264 0.251
(e/100)2 -27.089 0.758 -28.999 0.800 -30.116 1.067 -34.005 1.241
(e/100)3 19.601 1.007 24.073 1.079 22.154 1.406 33.873 1.711
grade   0.089 0.003 0.087 0.003 0.097 0.004 0.079 0.005
high sco 0.277 0.012 0.256 0.013 0.219 0.016 0.351 0.021

III 2 y coll 0.467 0.019 0.457 0.020 0.320 0.025 0.665 0.032
4 y coll 0.803 0.023 0.791 0.024 0.645 0.030 1.015 0.039
6 y coll 0.957 0.030 0.983 0.030 0.752 0.037 1.376 0.051
fem/sing -0.933 0.009 -0.907 0.009 -0.064 0.012
mal/sing -0.494 0.011 -0.463 0.011 -0.318 0.013
fem/mar -0.795 0.009 -0.760 0.009
black   -0.147 0.012 -0.155 0.012 -0.282 0.017 -0.040 0.017
5) see Table 2, but replace L by K and d by a.

obs. > wmin (males)all obs. obs. > wmin (females)obs. > wmin



Table 4: Summary statistics for the effect of minimum wages for 20 economies, factual and counterfactual for the mean minimum wage

year region fact. c.f. fact. c.f. fact. c.f. fact. c.f. fact. c.f. fact. c.f.

1979 South 0.492  0.513  0.527    0.667  0.702  0.681  0.419  0.509  0.527   0.561  0.439  0.436  
1973 South 0.518  0.532  0.587    0.625  0.684  0.716  0.510  0.536  0.489   0.509  0.484  0.513  
1979 Northeast 0.490  0.502  0.592    0.638  0.638  0.660  0.466  0.517  0.482   0.486  0.425  0.442  
1979 Midwest 0.488  0.495  0.619    0.662  0.617  0.623  0.463  0.521  0.517   0.508  0.390  0.401  
1991 South 0.532  0.540  0.613    0.656  0.752  0.746  0.462  0.489  0.567   0.590  0.482  0.478  
1979 West 0.507  0.512  0.649    0.684  0.654  0.646  0.462  0.495  0.540   0.537  0.400  0.403  
1985 South 0.535  0.542  0.644    0.680  0.748  0.747  0.502  0.526  0.564   0.575  0.471  0.462  
1991 Midwest 0.537  0.541  0.673    0.684  0.714  0.714  0.492  0.501  0.573   0.575  0.459  0.459  
1985 Midwest 0.535  0.522  0.718    0.703  0.657  0.651  0.544  0.536  0.565   0.566  0.407  0.409  
1973 Northeast 0.475  0.474  0.588    0.587  0.627  0.621  0.480  0.478  0.451   0.449  0.424  0.421  
1973 Midwest 0.480  0.477  0.658    0.658  0.568  0.562  0.547  0.545  0.436   0.438  0.391  0.387  
1991 West 0.563  0.555  0.701    0.677  0.759  0.762  0.481  0.465  0.599   0.597  0.482  0.479  
1989 South 0.538  0.532  0.658    0.641  0.740  0.741  0.512  0.499  0.558   0.553  0.480  0.481  
1985 Northeast 0.523  0.528  0.683    0.674  0.696  0.703  0.556  0.547  0.514   0.512  0.442  0.444  
1973 West 0.498  0.492  0.699    0.683  0.574  0.568  0.552  0.535  0.462   0.470  0.392  0.382  
1985 West 0.534  0.539  0.735    0.700  0.686  0.716  0.556  0.522  0.573   0.577  0.419  0.432  
1991 Northeast 0.536  0.529  0.686    0.668  0.701  0.691  0.543  0.520  0.539   0.535  0.456  0.450  
1989 Midwest 0.544  0.529  0.711    0.674  0.704  0.696  0.558  0.524  0.546   0.543  0.463  0.464  
1989 West 0.554  0.536  0.724    0.626  0.714  0.741  0.529  0.469  0.589   0.588  0.459  0.467  
1989 Northeast 0.530  0.515  0.669    0.639  0.702  0.672  0.551  0.528  0.519   0.500  0.459  0.465  

std. dev. all obs. 0.026  0.022  0.055    0.028  0.055  0.058  0.042  0.024  0.046   0.048  0.033  0.035  
obs. > wmin 0.056    0.039  0.056  0.058  0.041  0.013  0.048   0.045  0.039  0.043  
obs. > wmin (males) 0.069    0.058  0.071  0.072  0.044  0.027  0.052   0.045  0.054  0.055  
obs. > wmin (females) 0.103    0.032  0.060  0.054  0.043  0.018  0.066   0.036  0.028  0.050  

fact. = factual minimum wage
c.f. = counter factual minimum wage qa = white without education and experience

qb = white with high school
qc = white with six years of college
qd = white with six year of college and twenty years experience

qd-qestd. dev. (w) 50-90% diff.(w)10-50% diff. (w) qc-qbqb-qa



Table 5: Regressions of share of observations in spike and below spike and of implied number of truncated observations

coeff. std. err. coeff. std. err. coeff. std. err. coeff. std. err. coeff. std. err. coeff. std. err.

intercept 0.182 0.035 0.204 0.057 0.155 0.024 0.085 0.052 0.034 0.079 0.101 0.036
wmin -0.282 0.089 -0.315 0.120 -0.234 0.082 -0.082 0.131 -0.001 0.166 -0.136 0.126
wmin^2 0.117 0.055 0.128 0.062 0.093 0.068 0.008 0.080 -0.019 0.086 0.042 0.104

R2 0.853 0.788 0.847 0.583 0.346 0.538

spike plus below spike as a share of above   implied number of truncated observations
                   spike observations       as a share of above spike observations
          all        male       female            all       male        female
coeff. std.err. coeff. std.err. coeff. std.err. coeff. std.err. coeff. std.err. coeff. std.err.

wmin 0.184 0.015 0.115 0.015 0.255 0.024 0.407 0.074 0.459 0.156 0.794 0.130

male female
share observations below spikeshare of observations in spike

all male female all



Table 6: Minimum wages and the rise of income dispersion 1979-1989

std.
year(y. wmin) dev.(w) 10-50 50-90 qa - qb qb - qc qc - qd

all obs.
1979(1979) 0.494 0.597 0.653 0.453 0.516 0.414
1989(1989) 0.542 0.691 0.715 0.537 0.553 0.465
1989(1979) 0.504 0.554 0.701 0.458 0.537 0.472

obs. > wmin
1979(1979) 0.596 0.646 0.329 0.498 0.441
1989(1989) 0.693 0.713 0.426 0.563 0.485
1989(1979) 0.579 0.702 0.311 0.543 0.518

males
1979(1979) 0.675 0.573 0.364 0.419 0.515
1989(1989) 0.741 0.686 0.439 0.491 0.600
1989(1979) 0.630 0.684 0.329 0.439 0.614

females
1979(1979) 0.364 0.580 0.208 0.457 0.415
1989(1989) 0.606 0.666 0.322 0.608 0.420
1989(1979) 0.362 0.596 0.196 0.449 0.546

qa = white without education and experience
qb = white with high school
qc = white with six years of college
qd = white with six year of college and twenty years experience

log wage diff. log wage diff. by skill



Table 7: The effect of the minimum wage on the return to education in various subsamples

Subsample R2 min.wage return2) in return2) in return in

20 economies 1) 1979 1989 1979
(min. wage 1989)

1. all men 0.057 0.0559 0.0815 0.0632

2. like 1., but excl. 0.141 0.0582 0.0988 0.0736
experience ����

3. like 2., but excl. 0.456 0.0640 0.0909 0.0853
years of education >14

4. like 3., but excl. 0.479 0.0640 0.0917 0.0861
years of education <6

1) R2 from a regression of the return to education on an intercept and the real minimum wage;
the returns to education are taken from 20 regressions (one for each economy) with a cubic
in experience and dummies for black and family status.
2) mean value across 4 regions.

Table 8: Standard deviation of factual and counterfactual log wage differentials for qa - qb 1) for males.

Method Factual Counterfactual R2  2)

1. obs. > wmin, K = 4 0.044 0.027 0.62

2. obs. > wmin, K = 1 0.036 0.029 0.35

3. all obs., K = 1 0.035 0.032 0.16

1)  See also Table 5.
2) R2 = 1 - factual2/counterfactual2



Figure 1: Truncation and general equilibrium effect of an increase in the minimum 
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Figure 2: Log wage distribution, estimation results

Solid line: exclusive wage observations in the spike and below.

Dotted line: including observations below the spike.
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Figure 3: Log wage distributions for males and females separately, estimation results

Solid line: females

Dotted line: males
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Figure 4: Return on human capital by log wage level, estimation results

Solid line: excluding wage observations in the spike and below.

Dotted line: inclusive observations below the spike.

The vertical line indicates the minimum wage.
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Figure 5: Log wage distributions, factual and counter factual estimation results include all observations

Solid line: factual density.

Regular dotted line: counter factual with the average minimum wage.

Dotted line with long and short stripes: counter factual with the lowest and highest minimum wage.
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Figure 6: Log wage distributions, factual and counter factual for males and females separately

Solid line: factual density.

Regular dotted line: counter factual with the average minimum wage.

Dotted line with long and short stripes: counter factual with the lowest and highest minimum wage.
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Figure 7: Return on human capital by log wage level, factual and counterfactuals.
                  Estimation results include all observations.

Solid line: factual density.

Regular dotted line: counter factual with the average minimum wage.

Dotted line with long and short stripes: counter factual with the lowest and highest minimum wage.
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Figure 8: Effect of a change in minimum on wages by the log wage level of the worker before the change.
                  Estimation results include all observations.
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