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ln Ŷt + ln P̂t

( ��+�� �&� � 2��-� � ( � � � ��( � * /

�
 �� ���)4",�� �)' 8�- ( . 2 / - �64 ��; 4",7' �

0 ��� � � �&9 � � � � ( ��� M 2 � � � . � � 2 $Q$,��+ � �8$,� � � *�� � � � (�� � 2 � � ( � 7 ( ����( ��.8� � �1+ � � 2 $�� � � � +�� ��� � � � � � � e / � / ¿ 7
� � �!� �-� ��� 2 )�� � N � � 2 � � ( � /"��� � N � � 2 � � ( � � � *�� �&$,� � � *�$,� ( ���-� ��( ��(�)�� � $�( � � � �!� ��( � 9 ��� ��� � ��� � 4 � ��� �
� � ��$�� � � *�� � � � 3,( D�� � � ��� � ��� � ( ��( � � � � ( � � � �,� ��� � ��� � � � � $�*�� 4 � ��� ��� � ��� � � 9�� 2 �
/
0 ��� � � � � ( � � 7 � �,� 2 �
9 � � � � ( ��� M 2 � � � . � � 2 $E$,� + � � 7
(�$�� � � *1� 2 ) ) � *5� � � � 3�� ��� � ��� � ( ��+ ( � +1+ � 4 � ( � � � � 6 � � � �5� ��� � � ( � � ��� � �
$,� � � *�� � � � 3�)�� � $�( � � � � � * 7 � ��� � � ( � � �
� � �-� 2 � ) 2 ��� � 4 � ��� ��� � �-� � � 9 N � 2 �,. *�" / e ¿ / /�?�� � ( � � * 7 � � �!� � � ( + *
� � ( � ��% & � ��( � & $ ( '�� ( � � � ��.���� � ' 2 � ��� � +5. *;(�)�� � $�( � � � �,� ��( � 9 ��� ��� � ��$,� � � *;� � � � 38/ > � � � � � � � � 7
(5� ��� �1( ��+O� � ��( � �!� � � � 3O� �;� � �1$,� � � *C� � � � 3C� ��( � 9 � �,� � �1� � 4 � ��� �!� � ( ��4 ( � � ( . � � �,. 2 ��� � ��� � � � �
� � � ( + *�� � ( � �!9 � � 6 � ��� ( � � / > � � �&� * )���� �
� � � N � � 2 � � ( � � � *�� �
$�� � � *�� ��� � �-(�)�� � 2 � � ( � � � *�� �
� 2 ��$�� + � � 7
. 2 �-� �-(�) � � )�� � � * 6 � � � �1� �!� ��( � � � 6 � � �1$�� � � � ( � *�9 � � � � ( �8� M 2 � � � . � � 2 $E$,� + � � ��� �19 � � � � ( � 7�( ��� ( �!( �
� � � *�� ��� � 2�+ �-� ��+ � 9 � � � 2���9 � � 6 � ��K � /�:B� ��� �!( ��+�� � ��( � �8� ��( � 9 �-� �8� � �!$,� � � *�� � � � 387 ( D�� � � ��� � �!� � ( �
( � � � � ( � � � �,� 4 � ��� �,� � ��� � � 9 N � 2 �
7 .�� � ( 2�� ��� � �-� � � � � N � 2 �,� � ( ��� $,� � � � � �,� ��(-$�� � � � ( � *�� � � � 3,( D�� � � ��� � �
� � 4 � � � ��� � �-( 9 9 � � 9 ( � ��� ( ) � � ( ��� � � � 38/�� � ��� ��� � ��$�( � 9 � ��( � ) � � + 2�� ��� �8( 9 9 � � 9 ( � ��� ( ) � � ( � � ��� ��+ � 9 � � � 2��
9 � � 6 � ��$�� + � � ��� ��� � � N + � � � � ( � � � 9 7 � � � � �-� ��� ��$�� � ��( � � � $ 6 � � � ��� � � � � � � ��� � �!� ( ) � � ( �8� � � � 3�( ��+�� � 2��
� 2 � ) 2 ��� ��� � � � ��� � � 9 � ��( ��� � 4 � � � 7 � 4 � ��� ��� � ��� � � 9 N � 2 �
/
� 2 )�� � N � � 2 � � ( � � � *1� � � ( � � �!� ��( ��(�� ��( � 9 �,� �5� � ��9 � � 6 � �5� ( � ��� ��� � ��$�� � � *5� � � � 31� � ( 4 � �!� � ��� � ( �

( � � � � ( � � � ��� �
� � ��� � � � � $�*�2 ��( D�� � � � +87�( ��� � ( � ��� ��� � ��� � � 9 N � 2 �
/ L � � � *�� ��� � �-� 2 )8� � N � � 2 � � ( �8� ��� 2 �
$,��+ � � 7
� � ��� ��( � � � � � � ( � � � 9�� � ��$�� � � *19 � � 6 � �5� $,) � � � �-� ��( �!� � ��� � � ( + *5� � ( � �,� � ' ( � � � �5� ( � �,9 � � �-2 )
( � 6 � � � /O:Q� � 9 � � �,� � '�( � � � �O� ( � ��( D�� � � �,9 � � 6 � �O� � 9 ( � � 4 � � * 7�� � 6 � 4 � � 7�.�� � ( 2�� ��� � '�( � � � �B( � � �,( ��(
+ � � � � � � � � ��( � *,� ( =�� �1� ( � ��� � M 2 � � � � 9,� � ( ��� ( � � � � ��� /
��2 $�� � � � ( � � * 7�� � �59 � � 6 � �C� D�� � � ��� �!� � '�( � � � �H( � �5� $�( � �-� �B� 2 ��$�� + � ��� ( � � . � ( � � +O� �O� � � � V �

� � 2 � � � � � � /�0 ��� � � ( � � � 9�� � ��� � � ( + *5� � ( � �,� � '�( � � � �5� ( � ��. * ¿ )�� � � � � � ( 9 ��)�� � � �-)8� �!* � ( � 7�� � + 2�� � �-� � �
( � � 2�( �&9 � � 6 � �;� ( � ��. *O" / " ¿ # )�� � � � � � ( 9 ��)�� � � � �,( ��+O( � )�� � � � � � ( 9 ��)�� � � �,� � 9 � � ��� � '�( � � � �O� ( � � �
� � + 2�� � �&� � �!9 � � 6 � ��� ( � �!. *�" / "  !)�� � � � � � ( 9 �-)�� � � � � /

��� � (:��� ��
 ����*�� 
 ���

:-�-��( �-( � � � ( + *�.�� � �5+ � � � 2�� � � +�� �5� � ��� � � � � + 2�� � � � �
7�� ��+ � F � � � � � �1� ��� � � �,� � '�( � � � �1� � 6 � � � �;( � �
� �
� 4 � ��(�$�( � � � � � *�� �8� � � � � $,� � � � 6 � 2 � +�( 9 � � �-2 )�� ����( ��� $,� � 9 � +,� ��� � �-� � � � � ( � 2 � � / > � � � �-� � 7 � � 6 � 4 � � 7
� � ��.�( � � ��� ��( � ( � � � � � � � � �,� �-� � � ��� � '�( � � � � 6 � � � �O� � � $���� �5.���2 ��+ � � ) 2 � � +8/O?�� � ��� � '�( � � � �;� �,� � $,�
� � ��� � ) �,� ��$�� � � � ( � *5� � '�( � � � � 6 � � � �;� �,+ � � � � ��� �,� � � $ � � ��� � '�( � � � �;$�� ( � 2 � � +5. *O(1� � � �,� ��� � 4 � � 9
� � + � =1� 2�� �5( ��� � �,� ) � / L � � � � 4 � � 7 ( � ��( � � � $�) � ��� ��+ � F � �,� � � ��� � '�( � � � ��� � � � �-� � � � � �-� ��� � �,M 2�( � � � � *
� � � � � *,� �8$,� � � *,� ��� � � 3,� � �-$�� � � *�� � � � 3,� ��� � �-) � � � ��� � 4 � � 7 � ��� �,( ��( 9 9 � � 9 ( � ��� 2 � ) 2 �&+ � $�( ��+�( ��+
� 2 ) ) � *�$,� + � �8� ��+ � � � � � 9 2 � � ��.�� � 6 � � ��) � � � �!$,� 4 � $,� � � �-� ( 2�� � +�. *�+ � $�( ��+�� �-� 2 ) ) � *�� ( � � � � � /
:J� ��( � ( � � � � � � ( � � � � 6 � � � �O) � � .�( . � *5� ��� � $�)�( � � � ��$,� � ��� ��� � ��� = � � � � � 9;+ � F � � � � � ����� � � � � � � � 91� �

� � �5M 2�( � � � � *O� � � � � *;� � ( $�� 6 � � 387�� �,� ��( ��( � *C� ��( � 9 ��� �-) � � � � �,� ��( �C� ��� � ( ��� ��� ��� � � ��� � '�( � � � �O� �
� � � *O( � ��� ( 2�� � +5. *;(�4 ( � � ( � � � �5� ��� � ��� 2 ) ) � *;� ��$,� � � *5� ��(1� � � � ��� ��� � �
� � ��� � $,��� � $,)�� ��� ( � � + �
$,� � � *�+ � $�( ��+�� 2 ��� � � � �
/�:�� � � � + � � 9�� �,( ��( � � � � ��( � � 4 �-. 2 ��$,2�� ����( � � � 6 � �&+ � F � � � � � �
7 ) � � � �!� ��( � 9 � �
� � ��� � � � 2 � �!� � � �!� � '�( � � � ��( ��� ( ��( �&� � � � ��� ��( � 9 � �&( � �!. � � 2 9 � ��( .�� 2 �&. *�4 ( � � ( � � � ����� �8$�� � � *�� 2 ) ) � * /
> � � ��� ( � � � ��+ � F � � � � � ��� � � $��
� � )�� � � ( � � *!� � � � � � � � � � 9!� � ��$�� � � � ( � *!)�� � � � *�) 2 � )8� � � �
� � ��� �&$,� � � *�� 2 ) ) � *
� �,� � � � � � � � ( . � ��. *O� � �1� � � � � ( �&.�( � 38/CA � ��� � �1� ( $���� � ( � � �O� � �1� � ��� � ) �,$�� 9 � ��( � � �1.8��2�� � � 2 ��� � �
� 4 ( � 2�( � � � 9,(,� � � � � ( ��.�( � 38# ��)�� � � � � $�( ��� �!( � +�� � ��� � � � � � � 9�+ � � ) 2 � � �&� � ��� � � � � � 9�� � �!( � � � 2 � � ( . � � � � *,� �
� � ��� � � � � ( �8.�( � 3�� � �-+ � 4 � ( � � � ���&� �
� � ��� � ( + � � � ��� � '�( � � � ��� ( � �!� � � $Q� � ��� ( � 9 � � /
0 �C� � �1� � � � � ( � 2 � ��� �C$�� ( � 2 � � � 9;� � � ��� � '�( � � � � 6 � � �B� � � 2�� � 2 � ( �	��:��Q$�� + � � � 7�� � � ��� � '�( � � � �C� �

+ � F � � +,+ � D�� � � � � � * / > � �-� ��:��C( ) ) � � ( � ��( � � 2 $,� �
� ��( ��$�� 4 � $�� � � �
� ��� 2 � ) 2 � 7 � � '�( � � � ��( ��+�)�� � � � . � *
� � � � �,( 9 9 � � 9 ( � � �!( � �,9 � � � � ( � � +1. *52 ��� � � � � � ( � � +5� � � 2�� � 2 � ( �&� � � � 3 � / �-� ��� � � �;� � � � � �!� �1$,� � � � ( � *
] � ¸ � ��� � ¦ Z ª � � � \1¢ � �>��¢ � � ��� � � � µ ¦ ��� � � �

¿ �



� � � � � *O� �B� � + � ��� �;� � � � ( � ��$�� � �1� ��� � � �,� = ) � � � � � � *C� � ��� �!� � � � �5� � � � 3 ��( ��� 2 ) ) � *C� � � � 3 ����( 4 � � 9
)�� � $�( � � � �8� D�� � � �8� �!� � ��� � 4 � � � � � 2 � ) 2 � /80 ��)�( � � � � 2 � ( � 7 ( � � � ��:��5$,��+ � � �8� � ��� � + � � � +-� �!� � ��� � � � � ( � 2 � �
� � � � 2�+ �,( ��� � ( � ��� 2 � ) 2 ��9 � � 6 � ��( ��+�� � '�( � � � �1( ��+�� � ) � � � � � � � � � ��� ��( � 9 �-� � �&� .�� � � 4 � +�� � '�( � � � �1( �

πt =

∞
∑

i=0

di,1ε
y
t−i +

J
∑

j=2

∞
∑

i=0

di,jε
j
t−i

� � � �

6 � � � � ε
y
t

+ � � � � � ��� � �5� � � 2�� � 2 � ( �-� � � � 3O� �O� 2 � ) 2 ��9 � � 6 � �
7 ε
j
t

� � �
j = 2, . . . , J

( � ��� � � � ��� � � � 3 �
+ � � 4 � � 9�� � ��� ��+ � 9 � � � 2��-4 ( � � ( . � � �!( ��+

di,j

� � ��� � � <�� � � � � �-� �&� � � � ��� � � � 3 �-� �5� � ��$,� 4 � � 9�( 4 � � ( 9 �
� � ) � � � � � � ( � � � ��� ��� .�� � � 4 � +�� � '�( � � � �
/&?�� � �!� � '�( � � � ��� �&� � � �1+ � F � � +�� ��� � � �&� � � � � ( � 2 � ��( �&.�� � � 9,� ��( �
)�( � ��� � $�� ( � 2 � � +!� � '�( � � � � 6 � � � �,� ��� � ��+ 2 �&� ��� 2 ) ) � *�� ��� 2 � ) 2 ��9 � � 6 � ��� � � � 3 � / > � �-M 2 � � � � � � 6 ��( � 7
� ��� � �-� � � � �&��( ��+87 � = ( � � � *�+ � � 4 � �&� � � �-� � '�( � � � ��� ��9 � � � � ( � � *�� � � �&2 ��� )�� � � F � +8/�G�� 6 � 4 � � 7 � ��. � 4 ( � � ( � �
� ��:�� $�� + � � ��� � 4 � � 4 � � 9�� � �-� � �,� � 4 � �
. 2 �!� � �,� ��( � 9 ��� ��� � ��� � '�( � � � �1� ( � ��� � �,� � � � � ��� $�) � � � � � � *1� �
� � �!4 � � 6 � ��( ��� � � �-� � '�( � � � ��� �&9 � � � � ( � � +,. *�$,� � � *�� 2 ) ) � *�� � � � 3 �&K ! /�0 ��+ � � +87 ( �&� � ( � �&� � �&. � 4 ( � � ( � �
� ��:��C$�� + � � ��� = ) � ( � � � � 9�� 2 � ) 2 �&9 � � 6 � ��( ��+,� � � � � $ � % '�� �8� � '�( � � � �
7 � ��� ��+ � <�� 2 � �&� �,� � $���2 ) 6 � � �
(1+ � D�� � � � ��� � � � � ) � � � ( � � � �
/�0 ��� � '�( � � � �5� ��(�$�� � � � ( � *1) � � � � $,� � � �;( ��+5� � ��� D � � � ��� ��� � ( �&� � � � 3 �
( ��� = ) � ( � � � � 9�� ��( � 9 � ��� ��� � ��� � '�( � � � �1� ( � �,( � �,� � � � � � � � � +�� � � 7 6 ��( ��� � � ��� = � � ) �-� � � � 4 ( � � � ���&� ��� � �
$,� � � *�9 � � 6 � �1� ( � �,� � 2 � +�� � �,� � $�( � � � � 9�� � � � 3�� � � � � ��� � ) � � � � � � �O:�� 9 2�( . � * 7�� � � � � � � � � 7�� �1. � 4 ( � � ( � �
� ��:��H$�� + � � �&� � 4 � � 4 � � 9�� � �,� ��( � 9 �!� ��� � �!� � '�( � � � ��� ( � �!� � ��� ( ��� M 2 � 4 ( � � � � � *�+ � F � �,� � � �!� � '�( � � � �
( ��� ��( �!� � $,)�� � � � �-� ��� .�� � � 4 � +�� � '�( � � � � 6 � � � �1� � ��� (�+ 2 �,� ��� � ( ��� � � � 3 ��� �!( ��� ��( �-)�( � � 6 � � � �5� �
� ( 2�� � +�. *�$,� � � � ( � *�� � � � 3 � /
�-� � 78� �&� � �!� � �,$�� � �!� $,)�� � � ( � �!+ � D�� � � ��� �,.�� � 6 � � �5� � ��M 2�( � � � � *1� � � � � *1( ��+1� � ��� ��:���N .�( � � +

+ � F � � � � � ����� ��� � ��� � � ( � $�� � ��� �-� * � � � $�( � � �,� ��) � � + � � � ( . � ��$,� � � � ( � *5)�� � � � *5� �;� � ��) � � � ��� � 4 � � /�0 � 7
� � �!� = ( $�) � � 7�$,� � � � ( � *�)�� � � � *1( � � � $�) � ��� ��� � ( . � � � � ��� 2 � ) 2 �!' 2�� � 2�( � � � ��� 78� 2 ) ) � *5� � � � 3 � 6 � � ��( D�� � �
$,� � � *!� 2 ) ) � *�( ��+-4 � � *-� � 3 � � *!� � ��) � � � ��� � 4 � � � � � � 2 9 �!� � �&� � � � � ( � .�( � 3 �8� � ( � � � � �!� 2 ��� � � � �
/�:�� � � � + � � 9
� ��� � �!� ��:��C� � � � � ( � 2 � ��� � �-� D�� � �&� �8� * � � � $�( � � �&$�� � � � ( � *�)8� � � � *,� � � )�� ��� � �
� �,(�� 2 ) ) � *�� � � � 3�� ��� � �
� � ��� � + � � � +1( �!� � � ��� � '�( � � � �
7
� � ��� ��� �!� �!( �5� ��+ � � � � �!� D�� � �-� �&� ��( �!� � � � 38/�G�� 6 � 4 � � 7�� � ��� * � � � $�( � � �
� � $�)�� � � � �!� ��$�� � � � ( � *�)�� � � � * 6 � 2 � +1� � � � � � . 2 � �,� ��� � � �,� � '�( � � � �;( �!+ � F � � + 6 � � � � �5� � ��M 2�( � � � � *
� � � � � *�� � ( $�� 6 � � 38/
?�� � ( � � * 7&� � � �1� ��� � � � �5� � ��� � ) � ��� ��� � � �1� � '�( � � � �B� ��+ � � � � � � *C$,� ( � 2 � ( . � � /H0 ��+ � � +87�� � �5$�( � �

� � ( � � �C� � ��( ) ) � * � � 9;� � �1� ��:��E( ) ) � � ( � �O� �;� � �1$�� ( � 2 � � $,� � ��� �!� � '�( � � � �C� �,� ��( ��� ��) � � 4 � + � ��(
$,� � � � +1� ��$,� ( � 2 � �,� � 78$,� � �,) � � � � � � � * 7�� ��� � � � $�( � ��� � � �,� � '�( � � � �
/,:�� � � � 2 9 �;� � � �,� � '�( � � � �5� �!� � �
� .�� � � 4 ( . � ��� $,) � � � � ( � � * 78� � � �,� � '�( � � � �;( �!+ � F � � +1� �5� � ��� ��:��R� � � � � ( � 2 � �,��( ��(�+ � � � � ��� � 2 � � � � )�( � �
� ��� 2 ��$,� � � � ( � *�� M 2 � � � . � � 2 $J$,� + � � /�0 ��+ � � +87 � ��� M 2 � � � . � � 2 $J( � �8� ��+ � 9 � � � 2���4 ( � � ( . � � ��� �
� 2 ��$,��+ � �
� ( �5.��,� � ) � � � � � � � +�. *5( �1� � F � � � �,$,� 4 � � 9�( 4 � � ( 9 ��) � ��� � � ��� �&� � � 2�� � 2 � ( ��� � � � 3 � /�0 �5)�( � � � � 2 � ( � 7�� � �
� � '�( � � � ��� � � ��) � � � � � ����( �&� � ��� � � $

πt =

∞
∑

i=0

di,1ε
z
t−i +

∞
∑

i=0

di,2ε
ζ
t−i +

∞
∑

i=0

di,3ε
g
t−i +

∞
∑

i=0

di,4ε
τ
t−i

� � # �

6 � � � � ε
j
t

� � �
j = z, ζ, g, τ

+ � � � � � �
� � �-� � ��� 3!� �!� � � ( � � ( � � � ��) � � + 2�� � � 4 � � * 7 $�� � � *,� 2 ) ) � * 7 9 � 4 � � � $�� � �
� = )8� ��+ � � 2 � �,( ��+�$,� � � *�+ � $�( ��+87 � � � )8� � � � 4 � � * 7�( ��+

di,j

( � ��� � �,� � � � � � )�� ��+ � � 9�� � � <�� � � � � �&� ��� � � � �
� � ��� 3 �
� �,� � �-� � � 2 � � � �,� � ��� � '�( � � � �
/
0 �&� ( ��.��-� � � �,� $,$�� + � ( � � � *�� ��( ��� .�� � � 4 � +!� � '�( � � � ��� ��9 � � � � ( � � +
( �8� � �&� 2 $H� � � � � 2�� � 2 � ( � � � � � 3 � 6 � � � ��( � ��� ��+ � )8� ��+ � � ��( ��( � � � � ( + �
( ��+-� ( 9 � 7 ( �
( � � 2 $,� +-� �!� � �&� ��:��
� � � � � ( � 2 � � / > � �&� � � � � � )�� ��+ � ��� ��� �8� = ( � � 7 � � � �
� ��( � � 2 $,� +-� ��( �
� � �&� � � � 3 �
( � �&( � � �-� � � � � $,)8� � ( � � � 2�� � *
2 ��� � � � � � ( � � +8/ > � � � � � � � � 7 � � � ��� � '�( � � � �
7 ( �8+ � F � � +!� �!� � ��� ��:��;� � � � � ( � 2 � � 7 � � � � � � )�� ��+ ��� ��� 2 �
$,��+ � �
� � � � � �
� �-� � ��� � '�( � � � ��� � � � � � 6 � � � �!� � � 2 � � �
( � � � �
� � � � � � 9�� � �&� � � � 3 �8� ��� � � ( � � ( � � � �8) � � + 2�� � � 4 � � *-� ��� � � �
� � 7 ( � � � � ��( � � 4 � � * 7 � ��� � �-� � � ��� � '�( � � � ��� � � � � � 6 � � � ��� � � 2 � � ��( � � � ��� � � � � � 9,( � � � = � � ) ��� � ��$,� � � *,� 2 ) ) � *
] - ­ � �>� � � ��� � ��� ¦ � �(� � ��½4� � � ±,Z � � � c � � � � � ¬ � \&´ ��� � � � ¦ µ �$� ¦ �>��� � � � ��© �>� � � � � � © � � ¤ � �&¾�© � �(�&��� � � � � � ±$� © � ¾ � ¢© � · � � © � � � ¾4��� ��� � �4© ��� � � ��� � © �4© �&� ¦ �4��� � � ¦ � � ��� � �4� � � � � � ¦ � � �4²���� � � ¢ � �1� ��¤ �>� µ � � � � © ��� ��� � ��� � � � �4� � � � � ��© � � � � �� ¢ ¦ � � � � � ± © � µ�© � · � � © � � � ³4� ¦ � � �>� � µ ��� � ¬ «1� � � ±�¾1� © � ��´  �� �1� � � ¦ ��� � © � ��� � � � � � �1� � � � � � � � ¢ � � � �1© � · � � © � ��© � ��� � � © � µ ¢ ¦ �� ��� � � © �>� ��� � � ¦ ��� � © � ��� � � ��� � � � ��© ��� ¦ � © � ¦ �>� � � ��© � · � � © � � � � ±�� � � � � � ��© �$�&��� � � � � � � � � �&± ��� � � � � ��� � � � � � � � � ��� � �� � � � � µ © � � � �1²,� © � �>� � © �>��© µ � � � � �
_ � � � � � � � �¼© ��� � � ¤ � ¤ � � � � � � ����� � ����� ����� � � � � � ±�¤ � � ��� � © � � ��� � � � © � � �>� � ����¤ � � © �¢ � ��� ¦ � �$� �$� � � ¦ ��� � © � � � ³

e "



A
� 9 2 � � # *5� � $�2 � ( � � +C� � � � � �,� � ��� � ( + � � � �1( ��+C� � � �1� � '�( � � � �B( � � � � + � � 95� �;� � �1��( � � � 6 ( ��+C. � � ( +
+ � F � � � � � �

0 %

1 %

2 %

3 %

4 %

5 %

6 %

7 %

      '79       '81       '83       '85       '87       '89       '91       '93       '95       '97       '99

Inflation Core inflation (broad) Core inflation (narrow)

� � ��� 3 ��� � � � � ��/��5� 6 � � ��� ( � ��� � � ��� � ' ( � � � �5( � � � � + � � 9,� ��� � ��� � � $�� �!+ � F � � � � � �5� � � ��� � '�( � � � �1� �1� � �
. � � ( +�� � ��� �&( ��+�( � � � � + � � 9-� �-� � �&� ( � � � ��+ � F � � � � � ��� � � ��� � '�( � � � ��� �,� � �&��( � � � 6 � � ��� � /�A
� 9 2 � � # � � � 6 �
� � ��� � ( � � � ( � � � ��� ��� � '�( � � � �1( ��+�.�� � �1� � � ��� � '�( � � � �1� � ��� � ) � �&9 � � � � ( � � +�. *�� � ��9 � � � � ( �8� M 2 � � � . � � 2 $
$,��+ � � /

e ¿



� �������,�
� ��� �!�
� 	�� 	��C�&	���� � �����!�
� 	����	��
 �
��� �&�
��	,���

> � ��� + � (,� ��$�� ( � 2 � �,� � � �!� � '�( � � � ��. *�$�� ( ����� ��(�� � � 2�� � 2 � ( �84 � � � � �-( 2 � � � � 9 � � � � � 4 � � � ��:�����$,��+ � �
� ��+ 2 ��� �

�2�( �O( ��+���( � � * � ¿ � � � � / > � � *52�� ��(1� ��:��%$�� + � �&� �1� = ) � ( � �;$�� 4 � $,� � � �!� ��� � ( + � � � �
� � '�( � � � �;. *5� 6 �1� * )�� �!� �-� � � � 3 � 6 � � � �O+ � D�� �,� �O� � � � ��� D�� � �,� �5� 2 � ) 2 � / > � ��� � � � 3 6 � � � �O+ � � 4 � �
� � ��� � � ��� � '�( � � � �5) � � � � � ��� �-� ��( � ( � � � � � � � +�. *1��( 4 � � 9�� ��� D�� � �!� �1� � �,� � 4 � ��� ��� 2 � ) 2 �-� �1� � ��� � � 9 N
� 2 �
/ > � � ��� � � � � � �B+ � � � � � .�� ��� � �1.�( � � ��� � ( � 2 � � ��� �!� � �5� ��:��&N � � ( $�� 6 � � 3O� �B9 � � � � ( �!( ��+O� � 6 � �
� �,2�� � +C. * 
�2�( �H( � + ��( � � *O� �;� + � � � � � *B� � � ��� � '�( � � � �B� �B)�( � � � � 2 � ( � / L � � � � 4 � � 7 6 �1� � 4 � � 6 � � �
4 ( � � � 2���$�� + � F�� ( � � � ���!( ��+1� = � � ��� � � ���-� �	
-2�( �5( ��+���( � � *8# �!( ) ) � � ( � �5� 2 9 9 � � � � +�� �5� � �,� � � � � ( � 2 � � /
> � � ��� � 4 � � 6 � ��� � 9 ( � � � � +O( � � � � + � � 95� �;� � �1� * )��1� �-� � � � � � � � � � ���,� ��( ��� + � � � � � *C� � �1� � � � 3 ��+ � � 4 � � 9
� � � ��� � '�( � � � �
*&� � � 9 N � 2 �1� � � � � � � � � � ����� �1� � ��� � ��� ��� � � � ( ��� ��( � +�( ��+�
-2�( �
� ¿ � � � � 7�� � � 9 N � 2 �1( � 6 � � �
( ��� � � � � $�)�� � ( � � � 2��-� � � � � � � � � � ���!( �!) � � )�� � � +1. * ��( � ��� ¿ � � e �!( ��+5� � � � � � 9 � ( � � � �1� � � � � � � � � � ���!( �!� �
�;( � � � � ¿ � � � � /

��� ���:����������� � � *7����� ��� �

> � ��2 ��+ � � � * � � 9-� + � (-� ��� � �-� ��:��O$�� � � � + � � � 9 *!� �
� � ��4 � � 6 � ��( ��$�� 4 � $�� � � �
� ��� � � � � $,� �&( 9 9 � � 9 ( � � �
� ( �,.8�&$�� + � � � � +,( �
� � � 2 � � � � 9-� � � $%� 2 � � � � ��( ��+�)�( � ��� � � 2�� � 2 � ( � � � � � 3 � / > � 2�� 7 (-4 � � � � ��� �

n
4 ( � � ( . � � �

yt

� � � � � � )�� ��+ � � 9�� ��� � � � ( � ��� � � � � $,� ��( 9 9 � � 9 ( � � ��� ( ��.�� 6 � � � � � ��( ��� � ��� 2 $%� �
( � � )�( � �&( ��+�) � � � � � �
� � ��� 3 ��K ,

yt = ν + A0et + A1et−1 + A2et−2 + A3et−3 + · · · ,
� �  �

6 � � � � Ai

�
i = 0

7
1
7
2
7�/ / / �O( � ��� � � <�� � � � �-$�( � � � � � �!( ��+

et

(�4 � � � � �!� �
n
� � � 2�� � 2 � ( ��� � � � 3 � /!0 ��� �

( � � 2 $,� +�� ��( �-� � � � ��� � � � 3 �&��( 4 � � � � ��� = )�� � � ( � � � �1( ��+1( � �!2 ��� � � � � � ( � � +�( �!( � �
� � ( + �-( ��+�� ( 9 � 6 � � �
(�� � � � � $�)�� � ( � � � 2���� � 4 ( � � ( ��� �!$�( � � � =

E[ete
′

t]
� M 2�( �
� ��� � �,� + � � � � � *�$�( � � � =8/ > � �,( � � 2 $,) � � � ��� ��( �

� � ��� � � 2�� � 2 � ( ��� � � � 3 ��( � ��� � � � � 9 � ��( � 78� / � /,� ��( ��� � ��� � 4 ( � � ( ��� �,$�( � � � =1� M 2�( � �-� � ��� + � � � � � *1$�( � � � =
� ��$,� � � 4 ( � � +�. *�� � ��4 � � 6 � ��( �-� � �,� � � � 3 �-( � ��� = � 9 � � � 2���( ��+1( � � � ��� � � $J� ��+ � )�� ��+ � � �!� � 2 � � � � 7 � / 9�/
� � ��� 3 ��� �,� � ��� 2 ) ) � *�� �8� � � 7 � �,� ( .�� 2 �&) � � + 2�� � � 4 � � * 7 � �,� � �!$,� � � *�� � � � 38/ �-� 4 � ��� ��( �&� � ��� � � � 3 �&( � �
2 ��� � � � � � ( � � +87 � �&+ � � ��� � ��� � � � � � � ��� � �-9 � � � � ( � � � *,� �8� � ��$�� + � � � �,( � � 2 $���� ��( ��� � �!� � 4 ( � � ( ��� �&$�( � � � =
� M 2�( � �-� � ��� + � � � � � *1$�( � � � =5� � ��� ��� �!� �!(�� � $�) � ��� � � $�( � � � ( � � � �1� ��� � ��4 ( � � ( . � � � /�0 �&� � ��� � 2 ��� � � � 3 �
( ��+1� � � <�� � � � � ��� ��� �  � 6 � � ��3 � � 6 �
7 $�� 4 � $�� � � ��� ��� � ��4 ( � � ( . � � ��� � yt

� � 2 � +�.8�,( � � � � . 2 � � +�� ��� � �
+ � D�� � � � �&� � � � � $�� �!� � ��� 3 � /�:�� �
� ��:��B.�( � � +�� � � �!� � '�( � � � ��$�� ( � 2 � � ��2�� �!� � � �&� � ( � 2 � �!� ��+ � � � $�)�� � �
$,� ( � 2 � � +�� � '�( � � � ��� � � ��� � ��� � � ��( ��+�� � � N � � � �!� � $,)�� � � � � /
?�� � ( � � * 7 � � �,� � � 2�� � 2 � ( ��4 � � � � ��$,� 4 � � 9�( 4 � � ( 9 ��� � L :��&� � ) � � � � � � ( � � � ��� �
� �  ��� �&� � �&3 � � 6 �1( ��+

��( ��� �!.���� � � � $�( � � +8/ > � ��� � 2 ��) � � � � � ��� ( �,.��-� � � 4 � � � � � � � *,� � � � $�( � � +�� � � $R� � ��� � + 2�� � +�� � � $R4 � � � � �
( 2 � � � � 9 � � � � � 4 �-$�� + � �

yt = µ + D1yt−1 + D2yt−2 + . . . + Dpyt−p + εt,
� � � �

6 � � � E[εt] = 0
( ��+

E[εtε
′

t] = Σε

( ��+�� � �!� � � <�� � � � ��$�( � � � � � �
Di

/ ��� � ��� ��( ��� � ��� � + 2�� � +�� � � $ � L :
� � ) � � � � � � ( � � � �
7 6 � � � ��� � �!� . � ( � ���&. *�� � 4 � � � � � 9�� � � ��2 ��+ � ��� � ��( � � 2 $,) � � � ��� ��( ��� � ��� * � � � $ � �  �&� �
� � ( . � � 7

yt = ν + εt + C1εt−1 + C2εt−2 + · · ·
� � � �

� �!� � �!� + � � � � � ( �&� �
� �  � /�:��;� + � � � � F�� ( � � � �;) � � . � � $ ( � � � � ��� � ��� ��� � ��� � � 2�� � 2 � ( �&� � � � 3 �
et

( ��+5� � �
� � � 2�� � 2 � ( � � � � $ )�( � ( $,� � � � �

Ai

� � � �  ��( � �&� � �
2 � � M 2 � � *�+ � � � � $,� � � +�. *!� � �&� � � � $�( � �&� ��� � � � /
0 ��+ � � +87
� � � $R� M 2�( � � � ����� �  ��( ��+�� � � �
� �&� ( ��.��-� � � ��� ��( �

εt = A0et

( ��+
Ai = CiA0

� � �
i = 1

7
2
7�/ / / /�G�� ��� � 7

� �&� ��� � ��� � � � � $,)�� � ( � � � 2���� $�)�( � �&$�( � � � =
A0
6 � � � ��� ��2 ��+ � � � � $,� � � +8/�G�� 6 � 4 � � 7 � � ��� �!� �&� �&( � � 2 $,� +

� � � � 2 9 � � 2 �,� ��( ��� � ��2 ��+ � � � * � � 9;� � � 2�� � 2 � ( ��� � ��� 3 �,( � ��� � � � � 9 � ��( � 7�� � ��� � 4 ( � � ( ��� ��$�( � � � =;� �-� � �
� � + 2�� � +1� � � $ ��:�� � � � �

Σε = A0A
′

0

� � � � ( � ����� � $��,� � � � � $�( � � � �5� �1� � ��� � � � � $,)8� � ( � � � 2���� $,)�( � �
$�( � � � =8/80 �!� � + � �8� ��� = ( � � � *-� + � � � � � *-� � �&� � � 2�� � 2 � ( � )�( � ( $�� � � � ��� �

A0

( ��+!� � ��� � M 2 � � � � *-� � �&� � � 2�� � 2 � ( �
] / ²,© � � � ¦ ��� � � ��� ¢ µ � � � � � � © � ± � ¾1��� � � ¦ ���>� � � �>� � � � � � © � ¤ � � �>� � ��� � � � � � � � � �

e e



� � ��� 3 � 78( + + � � � � ��( ��� � � � � $�( � � � �1� �-� � M 2 � � � +1P � /���� �,)�� � � � . � � � � *�� �-� ��� $�)�� � �,� � N � ( � � � +�� � � � � N � 2 ��� �
� � � � � $,)�� � ( � � � 2��-� � � � � � � � � � ����� �5� � ��� $,)�( � �!$�( � � � =

A0

78� / � /,� �1( � � 2 $,��� ��( ��� � � � ( � �;� � � � 3 �-��( 4 �
� ��� $,$�� + � ( � ��� D�� � ��� ��� � $,�-4 ( � � ( . � � � /
:�� � � � � ��)�� � � � . � � � � *,� ��� ��( � � 2 $���� ��( �&� � �-� 2 $�2 � ( � � 4 �-� D�� � �
� ��(�� � � � 3�� �1� � $,��4 ( � � ( . � � �&� ��� � ��� * � � � $Q� �	� � � ��7 � / � /�� ��( �-� � $,�!� � � $,� � ��� ��� � ��� � � 9 N � 2 ��� $�)�( � �
$�( � � � =

A(1) =
∑

∞

i=0
Ai

� M 2�( � ��� � � ��/�:-� � 2 $,) � � � ����� ��� � ��� ( � � � ��� * )��-( � �-� ( � � � +�� � � 9 N � 2 �,� + � � � � � * � � 9
� � � � � � � � � � ��� /���� � � 78� ��( ��� � � � ��( � � 2 $,) � � � ���!( � 6 � � �&( �-� � ��( � � 2 $�) � � � �5� ��( ��� � ��� � � 2�� � 2 � ( �&� � � � 3 �
( � �!� � � � � 9 � ��( �8( � �!� + � � � � � * � � 9�( � � 2 $,) � � � ���&( ��+�� ( � � � �&.���� � � � � +8/

��� � ��
 �&��� �
��� *7����� ��*7� ����	 � ��
 ���
��� 
 � � �
��� ��
 ����*�� 
 ���

�� �
 !���4",73 � ( 87,6( ' + - ( / 9 - / 4",7+
� 87. % . ,75��&. %�' � 
�2�( �;( ��+��&( � � *�� ¿ � � � �-( � � 2 $���� ��( �!$�� 4 � $,� � � �-� ��� � '�( � � � �;( � �,� = ) � ( � � � +
. *1� 6 �1� � � 2�� � 2 � ( ��� � � � 3 � 6 � � � �O( � ��+ � � � � � 9 2 � � � � +1. *1� � � � ��� D�� � ��� �5� 2 � ) 2 � *!� � ��F � � �,� � � � 31$�( *
( D�� � �!� � ��� � 4 � ��� �&� 2 � ) 2 �!� �5� � ��� � � 9 N � 2 �
78. 2 ��� � ��� � � � ��+1� ��� � � ��� � ��� 35+ � � �!� � �,P I / > � � � � � � � � 7
� � � � �-� � � 2�� � 2 � ( �8$�� + � ��� � � ��� M 2�( � � � ��� �  � �&� ��9 � 4 � ��. *

[

∆ln Yt

∆πt

]

=

[

ν1

ν2

]

+

∞
∑

j=0

[

a11,j a12,j

a21,j a22,j

] [

e1,t−j

e2,t−j

]

,
� � " �

6 � � � ��� � '�( � � � � πt

( ��+5� 2 � ) 2 �
ln Yt

( � ��0 � ¿ ��. 2 ��� � �,� � � � � � 9 � ( � � +8/ > � ��( � � 2 $�) � � � �;� ��( ��(1� � � �
� � ��� 3�� ��� 2 � ) 2 �-� � 2 � � ( �
� $,) � � � ��� ��( �-� � ��� 2 $,2 � ( � � 4 �,� D�� � �-� ��� � �,� � � � ��+�� � � � 3�� ��� 2 � ) 2 �-� �	� � � ��7
� / � / ∑

∞

j=0
a12,j = 0

/���� � � � � � � 9�� �,� � � � � $�� �-� � � � � *�� � � *�+ � F � ��� � � �!� � '�( � � � ��( �&� ��( �-� � $,)�� � � � ��� �
$,� ( � 2 � � +�� � '�( � � � � 6 � � � �1� ��� 2 � ) 2 �-� � 2 � � ( �8� ��� � ��� � � 9�� 2 �
7 � ��( ��� ��� � ��)�( � �-� � � � � � )�� ��+ � � 9�� ��� � �
� D�� � ��� ��� � ��� � � � ��+�� � � � 3

∆πc
t = ν2 +

∞
∑

j=0

a22,je2,t−j .
� � ¿ �

> 6 �1� � $�( � 3��!( � ��� �O� � + � � /�A
� � � � � *5� �,� � � 2 � +5.���� � � � +87�� ��( ��� �;� � � ��� � ( $,� 6 � � 3;� � � ��� � '�( � � � �
� ��� � � *;� + � � � � F � +;2 )O� �;(5� � ��� � ( � � 7�� / � /;� � � *;� � �1� ��( � 9 ��� �B� � � ��� � '�( � � � �O� �,+ � � � � $,� � � +;. *;� � �
� + � � � � F�� ( � � � ��� � � � $���. 2 ��� � ��� � ��� � 4 � � /�� � � � ��+ � * 7 � � � �&� � '�( � � � ��� ��� + � � � � F � +,. *,( � � 2 $�� � 9�� � �-� 2 )�� � N
� � 2 � � ( � � � *�� ��$�� � � * 7 � �-$,� � �,� )�� � � F�� ( � � *�� ��( �-� ��( � 9 � � 9�� � ��� � � �!� � '�( � � � �1� ( � ��� � � $17 � � �-� = ( $,) � � 7
e � � � " / ��( �&� ��� � � 9 N � 2 ��� D�� � �-� ��� � ��� � 4 � �8� �
� 2 � ) 2 � /
� � 4 ( � � �1( ��+ L ( � � (�� ¿ � � � �,� 2 9 9 � � � � +O(5� � � 9 � � � *C+ � D�� � � � ��� � � 2�� � 2 � ( �&$�� + � ��� � ��� � � ��� � '�( � � � �
/

:�� � � � 2 9 �C� � � *B( � � 2 $��1( ��
�2�( �B( ��+ ��( � � *O� ��( ��$,� 4 � $�� � � ��� �!� � '�( � � � �B( � ��� = ) � ( � � � +C. *C� 6 �
� � � 2�� � 2 � ( �
� � ��� 3 � 7 � � � *�+ � � � � � 9 2 � � ��� � �,� � � � 3 ��( � � � � + � � 9,� ��� � � � ��� � � 9 N � 2 ��� D�� � ��� ��� � '�( � � � ��� � � � � �
( ��+�� � �-� �1� 2 � ) 2 � / > � ��F � � �-� �-� � � N � � � �,� � � � 3�� �1� � � � �!$,� + � �
��( ��� � � *�� � ( ��� � � � � *�� D�� � � �-� �1� � �
� � 4 � �
� ��� � '�( � � � �1� ��� �!S � � '�( � � � �1� � 2 � � ( � # � ��� � ��� � � 9 N � 2 �
7 6 � � � � ( ��� � �,� � � � ��+1� � � � 3�$�( *�� � ' 2 � ��� �
� � ��� � '�( � � � �5� ( � �,)�� � $�( � � � � � *5P K / > � � � � � � � � 7�� � � � �,� � � 2�� � 2 � ( ��$�� + � ��� $,) � � � �-� � ��� � � � � � � � � � �1� ��( �
� � �!� 2 $�2 � ( � � 4 �-� D�� � �&� �8� � �!� � � N � � � �-� � � � 3,� ��� � '�( � � � ��� ��� � � ��7 � / � / ∑

∞

j=0
a21,j = 0

/�?�� � �-� � '�( � � � �
� ��( 9 ( � ��+ � F � � +,. *�� � ¿ � /�G�� 6 � 4 � � 7 � � � ��� � '�( � � � ��� ��� � � ��� ( � �-+ � � ��� � ��� � ) � � � � � ��� � ��� 2 � ) 2 � N � � 2 � � ( �
)�( � ��� �!$�� ( � 2 � � +C� � '�( � � � �B. 2 ��� � ��)�� � $�( � � � ��� � $,)�� � � � � /���� � �5� ��( ��� �H� � � � � ( � ��� �B( � �!� � � � �
� + � � � � F�� ( � � � �1� � � � $�� ��+ � � � 2�� � � +�� ��� � � �&)�( )�� � 7 � � �,� � � � $��!� � � � 4 ( � � ��( ��+ L ( � � (�+ � � �&� � �-( � � 2 $,�
� � 2 � � ( � � � *,� �&� 4 � ��� 2 )�� � N � � 2 � � ( � � � *,� �8$�� � � *,� ��� � ��� � ��� �!+ � F � � +�( .�� 4 � /�G�� 6 � 4 � � 7 ( ��� ��
�2�( ��( ��+
�&( � � *�� � ��� � � � $��!� � � *�+ � � � � $,� � � �&� � �,� ��( � 9 �!� ��� � � �!� � '�( � � � �1( ��+�� � �&� � �&� � 4 � � /

� . ( - ,7' ( . ,75
	�' %�/ ,�3"' ( �!( � � � � ��( ��+ �5� � � � 9 � � � ¿ � � � �&( ��( � * � �!� � � �-� � '�( � � � ��� ��� � � � � � � +���2 � � N
)�� ( �;� � 2 � � � � � �-.�( � � +1� �;(�. � 4 ( � � ( � ��( ��+���� = � � ��+ � � 9�
�2�( �;( ��+��&( � � *8# ��( ) ) � � ( � � �1(�� � � 4 ( � � ( � �
^ <

n2 © � � � � � � � � � �$� � � � � © � � © � � �(� � ��� � � ¦ © � � ��� ��© � � � � © ¢ ± A0
� � ��� � � � � � ± �: 1� ����� © � � � © � � ��� � � ¦ ��� � © � �,� � � ��� � �� � � ¦ � � ¦ � � � � � � � � ��� � � ¦ � � � � � � � � � � ��¾�© � � ¦ � © �4� � � © � � � �>© ��� � � � � n(n+1)/2 © � � � � � � � � � �1� � � � � © � � © � � � �4 1� ¦ � � � � ��� � � � �� ��� � � � © � � n(n − 1)/2 ¢ ¦ � � � � ��� � � � � © � � © � � � �^ Y  �� © � © � � � � © _ � � � © � �&� � � � ���4� � �4� � � ��¤ � � � ¦ � � �&¤ ± � ¢ � � � � � ��� � � � ­ � � ��� � ��­ � � � � � � � ����Z ª � � � \ � � ��� � � � ¦ © � � �8Z � � � � \ �^ ]  �� � ±�� � � � � � �1� � � � � � � � � � © � µ>© � · � � © � ��� � � � � � �4� � � � � � �1¤ ¦ �1´ � � � ��� � � � � ³ © � · � � © � � � ��� © ��© � � � © � � � � © _ � � � © � ��� � � � ���¢ � ��� � ��� � � � ��� � � © � © � ��� ¢ ��� � � ¦ � � ��© � · � � © � ��� � ��¤ � � � ¦ � � ��¤ ±�§1� � ¦ ��Z � � � [ \ �

e �



� *�� � � $�/ > � �,� ( � � � ��� ��� � 2�+ � �-� � ��� ��( � 9 �,� �O(�� � � � � N � � � $E� � � � � � � �!� ( � �
∆Rt

� �;( + + � � � � �5� ��� 2 � ) 2 �
9 � � 6 � �5( ��+�� � '�( � � � �
/-0 �5� � � � � ( � ��� ��
�2�( �5( ��+��&( � � * 7 �!( � � � � �!( ��+��5� � � � 9 � �-F ��+1� 4 � + � ��� ��� ��( �
� � '�( � � � ��� ��� � � ��+ N � � ( � � � ��( � *�( ��+�� � �-(,2 � � ��� � � �&) � � � � � � /�:�� � � � + � � 9 � * 7 .�� � ��� � � � �-� � � 2�� � 2 � ( �8$�� + N
� � ��� � � � ( � ��� � ��� � 4 � �8� ��� � �,+ � � � � ��+ � +�� � '�( � � � ��� ( � �!� ��� � � ( +�� �
� � �,� ��( � 9 �!� ��� � '�( � � � �
/�� � ��� �,:��-A
( ��+�@�� � � � �12 � � �!� � � �-� � � � �!+ ��� � �!� � � � � �-� ��( �!� 2 � ) 2 ��( ��+�� � �,� � � � � � � �!� ( � ��( � ��0 � ¿ � 7 �!( � � � � ��( ��+
�5� � � � 9 � � # ��� � � 4 ( � � ( � ��� � � 2�� � 2 � ( �8$,� + � �8� �





∆ln Yt

∆Rt

πt



 =





ν1

ν2

ν3



 +

∞
∑

j=0





a11,j a12,j a13,j

a21,j a22,j a23,j

a31,j a32,j a33,j









e1,t−j

e2,t−j

e3,t−j



 .
� � e �

0 � '�( � � � ��� ��� � � ��$�� + � ��� ��� � 2���9 � � � � ( � � +,. *,� � � � �!� � � � 3 � 7 (,� 2 ) ) � *�� � ��� 387 (!$,� � � � ( � *,)�� � � � *�� � ��� 3
( ��+1(�� � ( ��+ � $�( ��+1� � � � 38/ > � � � �,� � � � 3 �!+ � D�� ��( � � � � + � � 9�� ���!( � � � � �!( ��+��5� � � � 9 � �-� �1� � � � �!� � � 9 N
� 2 �1� D�� � � ��� �1� � �,� � � � � � � �-� ( � �

Rt

( ��+�� 2 � ) 2 � / > � � *1( � � 2 $,��� ��( �-� � �,� � ( ��+ � $�( ��+1� � ��� 3�� ( �-� �
� � � 9 N � 2 �5� $,)�( � ��� �;� � ��� 2 � ) 2 �,� � 4 � ��� � �,� �5� � ��� � � � � � � ��� ( � � 7 6 � � � � ( ��(�$,� � � � ( � *5)�� � � � *;� � ��� 3
� ( � � � �!� ��( � 9 ��� � ��� � � 9 N � 2 ��� 2 � ) 2 �-� � 4 � � /-A � � $�( � � * 7 � � ��� 2 $,2 � ( � � 4 ��� D�� � � ��� ��� � � � �,� � � � 3 �&� �1� � �
� � � � 4 ( � �&4 ( � � ( . � � �&( � ��� � � ��7 � � ∑

∞

j=0
a12,j = 0

7 ∑
∞

j=0
a13,j = 0

7�( ��+ ∑

∞

j=0
a23,j = 0

/&?�� � �!� � '�( � � � �
� �,+ � F � � +;. * ��( � � � � ��( ��+��;� � � � 9 � ��( ��� ��( �,)�( � �,� ��$�� ( � 2 � � +5� � '�( � � � � 6 � � � �O� �,+ 2 ��� �;� � � � 3 �
6 � � � � 2 �-(,)�� � $�( � � � ��� D�� � ��� ��� 2 � ) 2 � 7 � / � /�$,� � � � ( � *�)�� � � � *�( ��+�� � ( �
+ � $�( ��+�� � � � 3 �

πc
t = ν3 +

∞
∑

j=0

a32,je2,t−j +

∞
∑

j=0

a33,je3,t−j .
� � � �

��� � �-� ��( �&� � � � ��$,� + � � �&+ �,� � �&( � � 2 $��!� 2 )�� � N � � 2 � � ( � � � *,. 2 �&� � �!$�2�� ��� � � ��� � � � � � � � � 4 �-� � 2 � � ( � � � *
� ��$�� � � * / L � � �,) � � � � � � � * 7�� � �,� $�) � � � � ��( � � 2 $�) � � � �1� �-� ��( ��(�� ��� ��( ��+�� � ��( � ��� ��( � 9 ��� ��� � ��) � � � �
� � 4 � ��� ( 2�� � +�. *�(,$�� � � � ( � *�)�� � � � *�� � � � 3���( ��� � � *�� � ( ��� � � � � *�� D�� � � ��� ��� � ��� 2 � ) 2 �-� � 4 � � /�:�� � � � � �
( + 4 ( � � ( 9 �!� � ��( � � � � �-( ��+��5� � � � 9 � � # �-( ) ) � � ( � ��� ��� ��( �!� � � �!� � '�( � � � ��� ��� + � � � � F � +1� � $,) � � � � � * 7 � � �
� � � *C� � �;� ��( � 9 �1� �H� � � ��� � '�( � � � �
/ > � �1$�( � � 6 � ( 3 � � � ��� �!� � � � ��� � � 4 ( � � ( � �5� )8� � � F�� ( � � � �B� ��� ��( �
� � ��� � � N � � ( � � � ��( � � � *�� ��� � ��� � $,� ��( �
� � � � � � � ��� ( � � 6 � � ��� � ��� � '�( � � � ��� ( � �!� ��� � ( � � � ��( � *�� $,) � � � ��� � �
� � � N � � ( � � � ��( � � � *!� ��� � ��� � ( � � � � � � � � ��� ( � � /+�&� � � � $,� � ( � � * 7 � � � ��� ��� � ��4 � � *!) � ( 2�� � . � � � � � � �!( � ��� ¿ � � e � � /

�� �
 � ��4",73 � ( 87, . ,75 9 4",
- ' ; *�4 ( . ,�' 4"87+&( ' + - ( / 9 - / 4",�+
� ' ��. 9 %
- ' ( . ,�5 ��8�+ - / 3 ��� 6 ( � � � � ��( ��+ � 2�� � � 9 � ¿ � �  �
( � � �!� = � � ��+ 
�2�( ��( ��+ ��( � � *8# �
$�� + � � � ��(
� � � 4 ( � � ( � �-� * � � � $%. *�( + + � � 9�� � �!� � � � � N � � � $%� � � � � � � �&� ( � �!( ��(�$,� � � � ( � *,)�� � � � *,� ��+ � � ( � � � /�:�� � � � 2 9 �
� � � *C� � � F � $ � � ��F ��+ � � 95� � ��( � � � � ��( ��+��5� � � � 9 � ��� ��( �,� � ��� � $�� ��( ��� � � � � � � ��� ( � ��� �,0 � ¿ � 7�� � � *
� ( � � � �-� � � � � ��� � �,� * )�� � � � � � ��� ��( �-� � '�( � � � �1� ��� � � N � � ( � � � ��( � * / > ��� ��� � � )�� � ( � �!� � � ��F ��+ � � 9�� �1� � � � �
� � � 2�� � 2 � ( � $�� + � � ��� 6 ( � � � � �&( ��+ � 2�� � � 9,( � � 2 $���� 2 � � � � �&� ��( ��� � ��� � ( � � � � � � � � ��� ( � ��� ��� � ( � � � ��( � * 7 � / � /
� ��( �-� � '�( � � � �5( ��+�� � �,� � $,� ��( �
� � � � � � � �-� ( � �,( � �,� � � � � � 9 � ( � � +8/ > � � ��� � � ( � � � ��� ��� ( 3 � �1� � � ��( � � � 2 � �
. *�� ��� � 2�+ � � 91+ � � � � � � *�� � �,� � ( ��� � � � � � � �-� ( � ��� �1� � � � ��� * � � � $J� �5( + + � � � � �5� ��� 2 � ) 2 �-9 � � 6 � �5( ��+�� � �
� ��( � 9 �!� ��� � �!� � $�� ��( �8� � � � � � � ��� ( � �





∆ln Yt

Rt − πt

∆Rt



 =





ν1

ν2

ν3



 +

∞
∑

j=0





a11,j a12,j a13,j

a21,j a22,j a23,j

a31,j a32,j a33,j









e1,t−j

e2,t−j

e3,t−j



 .
� � � �

> � � � �-� * )8� ��� �
� � ��� 3 ��+ � � 4 �-� � �-4 ( � � ( . � � ��� ��� � � �&� * � � � $�*�(�� 2 ) ) � *�� � � � 387 (!� � ( ��+ � $�( ��+�� � � � 3�( ��+
(�$,� � � � ( � *�)�� � � � *1� � � � 38/ > � �,� � ( ��+ � $�( ��+1� � � � 3�( ��+�$,� � � � ( � *�)�� � � � *�� � � � 31( � �,( � � 2 $�� +�� ��.��
� 2 � ) 2 ��� � 2 � � ( � � ��� � ��� � � 9 N � 2 ��� ∑

∞

j=0
a12,j = 0

( ��+ ∑

∞

j=0
a13,j = 0

� / L � � � � 4 � � 7 (-$�� � � � ( � *�)�� � � � *
� � ��� 3�� ��( � � 2 $�� +�� �,��( 4 �!� �+� � � ( ' '�� � & $ �+' �  !�� D�� � ��� ��� 2 � ) 2 �

a13,0 = 0
/

:-��� � � � �&( 2 � � � � � 7 �-� 6 ( � � � � �&( ��+ � 2�� � � 9�+ � F � �-� � � ��� � '�( � � � ��( ��� ��( ��)�( � ��� ��$,� ( � 2 � � +,� � '�( � � � �

e �



6 � � � ��� ��+ 2 ��� ��� � �!� 2 � ) 2 ��� � 2 � � ( �8$�� � � � ( � *�)�� � � � *�( ��+�� � ( �
+ � $�( ��+�� � � � 3

∆πc
t =ν3 + (a32,0 − a22,0)e2,t + (a33,0 − a23,0)e3,t +

∞
∑

j=1

(a32,j + a22,j−1 − a22,j)e2,t−j

+

∞
∑

j=1

(a33,j + a23,j−1 − a23,j)e3,t−j .
� � � �

��� � � 7 � ��( ���-� 6 ( � � � � �-( ��+ � 2�� � � 9�# �&$,��+ � ��( � � 2 $,� �&� � ��� 2 )�� � N � � 2 � � ( � � � *�� ��� � � �!� � '�( � � � �1( ��+�+ � � �
� � � *�� + � � � � � *�� � �,� ��( � 9 �!. 2 ��� � ��� � �!� � 4 � �
� ��� � � �!� � '�( � � � �
/

�� �
 ���&4"/ ,"- ' 3 ( . - / 4", . ,�5�2 4",73 � ( 8�,6( ' + - ( / 9 - / 4",7+
� 2 / � � � � =�� ¿ � � � �&� = � � ��+ �&� � � 
-2�( �1( ��+ �&( � � *�$�� + � �
� ��� 6 ��+ � � � � � � � ����P P /�A
� � � � � * 7 � �,� � ��� � + � � �
(,� � � 4 ( � � ( � ��� * � � � $�7 � ��� � 2 + � � 9�� � �,� � 9 ( � � � � $Q� ��� 2 � ) 2 � 7�� �
� � �,) � � � ��� � 4 � ��( ��+�� ��� � ��$�� � � *�� � � � 38/
G�� ��� � 7
� � � �!$,� + � ��) � � 4 � + � �-(�+ � � � � �!� � � 31.�� � 6 � � �;� � �,$�� � � *5� � ��� 35( �!(�)8� � � � *14 ( � � ( . � ��( ��+5� � � �
� � '�( � � � �
/RG�� 6 � 4 � � 7 � � � =B+ � � ��� � ��� 2 � � � � ��� = ) � � � ��� � � ��� � � 3C� �O� � � � � ) � � ��� � ��� � � 2 � � � /R� � � � ��+ � * 7
� � � =�( � � 2 $�� ��� � ( � � � ��( � � � *�� ��� � �!4 � � � � � � *�� �
$,� � � * 7 � $�) � * � � 9�(,� � � � � � 9 � ( � � � ��� � � ( � � � ��� � � )�.�� � 6 � � �
� 2 � ) 2 � 7�) � � � � �-( ��+�$�� � � * / > � � � � � � � � 7 � � ��� * � � � $E� ��� � 2�+ � � 9�� � �,� � 4 � �
� ��� � � 9 N � � 2 � ) 2 � 7 � � � 9 N � ) � � � � �
( ��+�� � �-� � 4 � ��� �8� � � � � � 9 N � $�� � � *�� � � � 3�� �&+ � � 4 � ��. *�� � �!� � � � 3 6 � � ��) 2 � � � *,� � ( ��� � � � � *,� D�� � � � 7 � ( � � � +
(-) � � � �-� � � � 387 ( ��+�� 6 ��� � $,$�� �,� � � ��+ � 7 (-� � � � � � � � 9 *,� � ��� 3,( ��+,(-$,� � � *,� � � � 38/ > � ��� 6 �,� � � � � ( � � � �
� � � ��+ �&+ � D�� � 6 � � ��� � � )�� � ��� ��� � � � ��� D�� � ��� ��� 2 � ) 2 � / > � ��$�� � � *�� � � � 3,� ��� 2 � ) 2 ��� � 2 � � ( ��� ��� � ��� � � 9
� 2 �
7 6 � � � � ( �&� � �!� � � � � � � � 9 *�� � � � 3�$�( *���( 4 ��(�)8� � $�( � � � ��� D�� � �-� ��� 2 � ) 2 � /
> � ��� � 4 � ��� ��� � � �,� � '�( � � � �1� �-� + � � � � F � + 6 � � � � �5� � ��� � � � � 6 � � 9�� � ( ��� � � � $�� +5� � � 2�� � 2 � ( ��$,� + � ��� � N

� � 2�+ � � 9�� � �,� � ( � � � ��( � *�4 ( � � ( . � � ��� 2 � ) 2 ��9 � � 6 � �
7 � � '�( � � � �1( ��+�� � �!4 � � � � � � *�� �
$,� � � *




∆ln(Yt)
∆ ln(Pt)

(ln(Yt) + ln(Pt) − ln(Mt))



 =





θ1

θ2

θ3



 +

∞
∑

j=0





a11,j a12,j a13,j

a21,j a22,j a23,j

a31,j a32,j a33,j









e1,t−j

e2,t−j

e3,t−j



 .
� � # �

> � �!( � � 2 $�) � � � ��� � ��� � � � � � 9�� � �-� � � 9 N � 2 ��� D�� � �&� ��(!$�� � � � ( � *�� � � � 3�� ��� � �-� � 4 � ��� �8� 2 � ) 2 �&� $,) � � � �
∑

∞

j=0
a12,j = 0

/�� � ��� �-� � �-) � � � �!� � � � 3,��( ��� � � *,� � ( � � � � � � *,� D�� � � ��� ��� � �-� � 4 � ��� �8� 2 � ) 2 �&( ��+�) � � � � � 7
� � ��� 2 $�2 � ( � � 4 ��� D�� � ��� �;� � � � ��4 ( � � ( . � � �!� � � � � ��7
� / � / ∑

∞

j=0
a13,j = 0

( ��+ ∑

∞

j=0
a23,j = 0

/�:-��� �
� � ( � � *1� 4 � � *1� � � � ��$,� + � ��+ � � � 2�� � � +1� � � � 7 � � � =5+ � F � � ��� � � �,� � '�( � � � �;( �!+ � � 4 � �5. *1� � ��� 6 �1� � � � 3 �
6 � � � �1( � ��� 2 � ) 2 �-� � 2 � � ( �
� ��� � ��� � � 9 N � 2 �
7 � ��( �-� ��� � ��$�� � � � ( � *�� � ��� 387 ��( 4 � � 9�(,)8� � $�( � � � �-� D�� � �
� ��� � '�( � � � �
7 ( ��+�(�) � � � ��� � � � 3 6 � � ��� � � *�(�� � ( ��� � � � � *�� D�� � � *

πc
t = θ2 +

∞
∑

j=0

a22,je2,t−j +
∞
∑

j=0

a23,je3,t−j .
� �  �

:-��$,� � ��� ��� � ��� � � � ��( ) ) � � ( � � � �
� �!� � � � $�( � �-� � � �&� � '�( � � � ��) � � � � � � � +�� �,� � � ��� � � � � � �
7 � � � =,� $�) � � � � � � *
( � � 2 $,� �&� � �!� � 2 � � ( � � � *�� �
$,� � � * / P T

^ ^ ½4� � ±�� © ��© � � � © � � � � © _ � � � © � �&� � � � ��� � ¢ � � � � � �1© � · � � © � �&� � � �1¤ � � �&� � � � � � � � �&¤ ±��1� ¤ � � � �
Z � � � ¬ \4� � ��­ © � � � � � ­ � � � � � � �� � ����� � � ��Z � � � c \ �^ ` �4� © �,Z � � � c \ �4¾1� � ¦ � � �&� � ��²(� � � ��Z � � � ¬ \�� � � � � � � �,� ��� � � © ��� � ��� � ��� ± � � � �$�4© ��� � � � �&� � ��� � � � ��� � � � � � �&� � � � © �� � � � © ¢ ± © � µ$� � � � � © � � © � �(� � � ��� � � � � � � ��� � � � � � ��� � ¦ � � � © � ± � © � � �&� � � ��� ¦ � � ¦ �&� � ¦ � � ����� � � ± �&¶ ��� ¦ �&� � � � © � � � © � ��� ¢��4� © � ³ �� � � � � � � �$� ��� © � ¦ � � � � ��� � � �&� � © ��� � � � © � � � � © ¢ ± © � µ�� � � � � © � � © � �$� � ��¤ � � �$© µ � � � � � �

e �



� � �
�
���
��� ���,�Q	��O�
��� �&	���� � �����!�
� 	�� � ���
�

��
���

> � � �,� � � � � � �O+ � � � � � .�� �!� 2 �,$,� � � � +5� �5( � � � � �!� � ��)�� � � � � $�( ��� ��� �-� � � ��� � '�( � � � �;$,� ( � 2 � � ��( ��+5� � �
� � � 2 � � � 6 � � �O( ) ) � � � +5� ��� � ��$,� ( � 2 � � �!� � 4 � � 6 � +1� �5� � ��� ( � ��� � � � � � �
/ > � ��F � � �,� � � )5� �!� �1� � $,2 � ( � �
� � ��� � � � 4 ( � �,� � $��1� � � � � � �5� ��� � 2�+ � � 9O� � � ��� � '�( � � � � �5. *O� 2 �,9 � � � � ( �&� M 2 � � � . � � 2 $ $�� + � � 6 � � �O� � �
)�( � ( $�� � � � ��� ( � � . � ( � � +O� � ��2 � � )�� ( �B+ ( � ( / > � � � ��� � $,�5� � � � � ��( � �1� � � �B� � � � � +O� � ��� � � � ��� � + � ��� �
� � � � 9 � ( � � � �
/
0 ��� $,) � � � � ( �8( ) ) � � � ( � � � ����� �8� � ��� ��:��C� � � � � � M 2 �-� � � � �-) � � N � � � � ��( � ��2�� � +�� �,� � � � 3�� � �
� � � � � � ( � *�� � ��+ � � � � ����� � �-� � �,( ) ) � � � ( . � � � � *�� ��(�� )�� � � F��!� + � � � � F�� ( � � � �1� � � � $,� /�0 � 7 � � �-� = ( $�) � � 7 2 � � �
� � � �
� � � � ��� ��+ � � ( � ��2 ��( $�. � 9 2 � 2�� � *!� � ( ��� � '�( � � � �,� ��� � ( � � � ��( � * 7 � � �-� � � 2 � +�.��-� ( � � � 2 � 6 � � ��( ) ) � * � � 9
� � �,$,��+ � ��� �	
�2�( �5( ��+��&( � � *�� ��( �!) � � � 2 ) )�� � � �!(�+ � D�� � � ��� � N � � ( � � � ��( � *�� � '�( � � � �5� ( � � / > � ��� � � � +
� � � )�� ��� ��� � � � $�( � ��� � �-4 � � � � �&( 2 � � � � 9 � � � � � 4 ��$,� + � � / > � �-� 2 $�.8� �&� ��� ( 9 ��� ��� � 2�+ � +,� ��� � ����:�� 6 � � �
� � � � � ��+ ( � ( N + � )�� ��+ � � ��2�� � � 9!� � �-� � ( ��+ ( � +�� ( 9�� � � � � � � � ��� � � � � � � ( /�A
� ��( � � * 7 6 ��� � � � $�( � ��� � � ��� � '�( � � � �
2�� � � 9�� � ��+ � D�� � � � ��� + � � � � F�� ( � � � �1� � � � $�� �&� � 4 � � 6 � +�� ��� � �!) � � 4 � � 2��&� � � � � � �
/
�5�5� $�) � � *C� � � � �5+ � D�� � � � ��$,� � � � + ��� �O� 4 ( � 2�( � �1� � �5� � $,)�� � � � 9C( ) ) � � ( � � � ��� �O� + � � � � � *H� � � �

� � '�( � � � � 6 � � � � ��� � �!� ��:��B� � ( $,� 6 � � 3+*
(,� � $,)�( � � � � ��� �8� � �-� � 2 �!( ��+�� � � � $�( � � +�� $,) 2 � � �!� � � )�� ��� � � 7
� 2 $�$�( � *�� � ( � � � � � � ��� 4 ( � 2�( � � � 9�� � �,+ � 4 � ( � � � ��.�� � 6 � � �1� � � � $�( � � +1( ��+�� � 2 ��� � � ��� � '�( � � � �5( � 6 � � ��( �
� � �!) � � .�( . � � � � *�� ��(,$,� ( � 2 � � $�� � �&� � � � �&� �
� � ��� � � )8� � � � 4 ��� � � �-� � '�( � � � ��$�� ( � 2 � � /
> � ��( ��( � * � � �-( ��+�� 4 ( � 2�( � � � �1� ��� � �,+ � D�� � � � �!� + � � � � F�� ( � � � �5( ) ) � � ( � � � �-( � ��.�( � � +�� �5+ ( � (�9 � � N

� � ( � � +�. *�� 2 �-9 � � � � ( �8� M 2 � � � . � � 2 $E$,��+ � ��� ��( �-� �!+ � � 4 � �1. *�� � 2 �!� � � � 3 � /-G�� 6 � 4 � � 7�� � ��� ��� � �,$�( � �
� � � � � � � � $ � ��� � ��� ��:��J( ) ) � � ( � �;� ��� ��( �,� � ��� � 2 ��� 2 $�.�� ��� �-� � � � 3 ��� �;� � ��� � � � � $,*5� ��9 � � � � ( � � *
9 � � ( � � �&� ��( ��� � �!� 2 $,.�� �&� �
� � � � 3 ��� ��� � �!� ��:��!7 6 �!( � � ��� � 4 � � � � 9 ( � �-� � �-)�� � � � � $�( ��� �-� �
� � � ��� � '�( N
� � � ��$,� ( � 2 � � � 6 � � ��� � �-� 2 $�.�� ��� �
� � ��� 3 ��� ��� � �!+ ( � (!9 � � � � ( � � � 9!$,��+ � ��� ��� � �!� ( $��-( ��� � �-� 2 $�.�� �
� �
� � ��� 3 ��� ��� � �!� ��:���/ A � ��� ��( �&) 2 � )8� � �-� 6 ��� � ��� 3 ��( � �-� � �&� � � � � ��� ��� � �-� � � � � � � � � ( � $�� + � �8( ��+�(
e N + � $�� ��� � � ��( ��� ��:��H� ��F � � � +�� ��� � ��� � � 2 � � � � 9�� � $,2 � ( � � +�� $�( � ��� ( $,) � ��� ��+ ( � (�+ 2 ��� ��(�$,� � � � ( � *
( ��+;(1� � � � � � � � 9 *;� � � � 38/5A 2 � � � � � $,� � � 7�(�4 � � *5� ( � 9 ��� ( $�) � ��� ��9 � � � � ( � � +5� �5� � 4 � � � � 9 ( � � 6 � � � � � �
)�� � � � � $�( ��� ��+ � F�� � � ��� � � �&� ��� � ��� ��:�� ( ) ) � � ( � � � ��( � ��+ 2 �!� ��� $�( � �
� ( $�) � �!) � � . � � $�� /

��� ��� *�� *����
����� *�� 
 ���

0 �O� � + � �,� �59 � � � � ( � ��� 2 �,.�� ��� � $�( � 3O� ( $,) � ��� � � �5� .�� � � 4 ( � � � ��� 7 6 �1� ( � � 2 � ( � ��� � ��� D�� � � �,� � e � �
� � + � )�� ��+ � � ��� 2�� � � � � � 4 ��+ � ( 6 �!� � � $ � � ��+ � � � � � . 2 � � � �;� ��� � ��� � 2 ��� � � � 3 �!� �;� 2 �,$,� � � � ( � *59 � � � � ( �
� M 2 � � � . � � 2 $J$�� + � � / > � ��F � � � e " "�� � ( � � � ( � � � ���-( � ��� � � �5+ � � � ( � + � +87 � � � $,� ��( � � � 9�� � ��� � ' 2 � ��� ��� ��� � �
� � � � � ( �&� � ( � ��� ��� � ��� � � � � $�*5� �;� � ��� � $���� � � � � � / > � ��� � ( � � �;� �12�� ��(1� ( $,) � ��� � � ��� .�� � � 4 ( � � � ���
� � �!� � ��� � $�2 � ( � � � �5� � 2�+ *�� ��� ��( �-� �-$�( � � � � ��� � �,� � � 9 � �1� �&M 2�( � � � � � *�� � $���� � � � � �-� � 4 � � � � 9�� � ��� L �
)�� � � � + ¿ �  � * 0 � ¿ � � � * 0 �B( ��+�� ��( ��� � � �&� � � �-� � � � 6 � � � � ��� � �-� ( � 9 ��� �
� ( $,) � � ��2�� � +,� ��� � �!� � � �-� � '�( � � � �
� � � � � ( � 2 � � /�0 �5( + + � � � � �1(�� ( $�) � ��� � � ��� .�� � � 4 ( � � � ���&��( ��.�� � �19 � � � � ( � � +�� �1� � �,� ( $�� 6 ( *�( �-( .�� 4 �
� ��� � ��.�( � � ��� �
� � ��9 � � � � ( �8� M 2 � � � . � � 2 $J$,� + � � 6 � � �1� � � *�� 6 ��� � � � 3 ��( D�� � � � � 9�� � ��� � � � � $�* 7 6 � � � �
� � ��� � $�( � � � � 9�� 6 ��� � � � 3 � 7 � � �,9 � 4 � � � $�� � ��� = )�� ��+ � � 2 � �,( ��+�� � ��$�� � � *1+ � $�( ��+�� � � � 387�( � �,� � �-� �
� � � ��/&A � ��� � 4 � � � � 9 ( � � � 9,� � �,)�� � � � � $�( ��� �!� ��( �1� ��:�� ( ) ) � � ( � ��� ��� + � � � � � *1� � � �!� � '�( � � � ��� �1(,4 � � *
� ( � 9 ��� ( $�) � � 7 6 ��( � � �19 � � � � ( � � +5(1� ( $�) � � 6 � � � e � " "�� .�� � � 4 ( � � � ���-.�( � � +5� �;� � ��$,� + � � 6 � � �;� 6 �
� � ��� 3 � /

��� � �:����
 ��
 � 
 *7� ������������
 � � ���7�6� �
	 � 	 *7��� � *�� ��� �����6�"����
 �
�

> �5( ��( � * � ��� � ��) � � )�� � � � � �!� ��� � ��+ ( � (1� � $,2 � ( � � +5� �;� � ��.�( � � �!� ��� � ��9 � � � � ( ��� M 2 � � � . � � 2 $ $�� + � � 7
:�2 9 $,� � � � +��-� � 3 � *5A 2 � � � � � :��-A �!� � � � �-��( 4 �,.8� � �5� ( � � � � +�� 2 �-� ��� � � �!� � �!� � ��� � + � �-� ��� � � � 9 � ( � � � �
� �&� � ��4 ( � � ( . � � � / > � ��:��!AC� � � ����( �!.�� � �;� � � � � �O� � ��� ��� ����( �!.�� � �52�� � +5$,� � �!� � � � �5� �5� $,) � � � � ( �
� � � � ( � � �
/ > � �1� � � 2 � � �,� �-� � � � �1� � � � ��( � ��� � )8� � � � +;� �B:�) )�� ��+ � =C:�/B:�+ + � � � � ��( � � * 7 6 �1)�� � � � � $,� +
� � � � �Q� � � � � � 9 � ( � � � �5� ( � 31� � � � � � � � ��( ��� � � ¿ � � � �-� � ��� � ��� * � � � $��!� �&4 ( � � ( . � � �!� � ��� � + � � � +1. *5� � �
� � � )8� � � � 4 �-� � � �&� � '�( � � � ��� + � � � � F�� ( � � � ��� � � � $�� � /
0 ��� � ��� � � 2 � � ��� ��� � � ��� ( � � � ��� � � ��� ��+ � � ( � �-(!� 2 � � � ( � 387
� / � /1� ��( �,� � ��� 2 $�.�� �,� ��4 ( � � ( . � � �!� ��� M 2�( �&� �5� � ��� 2 $,.�� ��� �-� � � � � � 9 � ( � � � �;� � � ( � � � ��� 7
� � � � 6 � 2 � +
� � + � � ( � �,� � ( � � � ��( � � � *�� ��( � �84 ( � � ( . � � �&� ��� � ��$,� + � ��� � � ��:�) )�� ��+ � = � � � ��� � ��� � � 2 � � � � /
A � ��� � �-.�� ��� � $�( � 3,� ( $,) � ��� � � ��� .�� � � 4 ( � � � ��� 6 ��F ��+�� ��( ��$,� � � *�( ��+,� 2 � ) 2 ��( � ��0 � ¿ � 7 6 � � � � ( �

� � ��� � $�� ��( ��� � � � � � � ��� ( � ��� ��� � ( � � � ��( � * / > � � � ��F ��+ � � 9 ��( � ��� = ( � � � *;� �C� � � � 6 � � �C� � ��� � � � � � � � � ( �

e #



) � � )8� � � � � �!� �&� � ��� � $�2 � ( � � +;+ ( � ( / > � � ��� � � � � ( � � � 6 � � �;� � ��F ��+ � � 95� � ��� � ��� � '�( � � � �;� ( � � *�� �;� � �
.�( � � �!� �&� � ��:��!AB� � � � 6 ��� � ��� � 2�+ ��� ��( ��� � ��� � '�( � � � �5� ( � ��� �!0 � ¿ � 7�( � � � � 2 9 �5� � ��� � � � � $�� �,$,��+ � �
9 � � � � ( � � ��(�� � ( � � � ��( � *�� � '�( � � � ��� ( � � / > � � ��� ( � � � ��� � � 2 � �&� ( ��.���� = ) � ( � � � +,. *,� � �-� � 6 )�� 6 � ��� ��� $�( � �
� ( $�) � � ��� ��2 � � �!� � � �-� � � � ��� �19 � � � � ( �
( ��+�� � ��:��!AO� � � � �-� �1)�( � � � � 2 � ( � P U /!A � �!( � ��� 6 � N&( ��+�� � � � � N
+ � $�� ��� � � ��( �&� ��:��Q� * � � � $�� � � ��( ��� � �
# � � �R� ( � 31� � � ��� ��+ � � ( � � �-� 2 � ��� � � � � � 9 � ( � � � �1� ( � 31� ��+ � � ( � � � 9
� ��( �,� � ��� ��� � 2�+ � +;4 ( � � ( . � � �,( � ��� � ( � � � ��( � *;P X /O� � ��� ��� � $,��� �-� � � � �1� * � � � $���� � 4 � � 4 ��� � ��� � 4 � �&� �
� � �,� � '�( � � � �1� ( � � 7�� � � � �,� 2 � � � $�� �!� � � � � ( + � � ��� � �,� � � 2 � �!� ��� � ��:��!AC� � � �-� � �-� � '�( � � � �
/ > 6 ��� � � � �
� * )�� � � � � � ��� � � � 4 ( � ��� � ��� � $,��� ��� � �-� + � � � � F�� ( � � � ��� � � � $�� � 7 � � ��� � � N � � ( � � � ��( � � � *�� ��� � ��4 � � � � � � *�( ��+
� ��� � ��� � ( �
� � � � � � � �-� ( � �,��( 4 �,( � � ��.�� � �5� � � � � +8/ � � � �1� * )�� � � � � � � 6 � � �,� � � � � � � +1. *1� � ��:��!AC� � � � /
:�9 ( � ��� � � � �!� � � 2 � � ��� � $,) � * 6 � � ��� � �!� � � � � � � � � ( �8) � � )�� � � � � �&� �
� � �,+ ( � (�9 � � � � ( � � � 9,$�� + � � /
V � � �!� � � �-� � � � �!( � �,( � � ��� ( � � � � +�� 2 �!� � ��(�� $�( � �	� � ��� .�� � � 4 ( � � � ��� �-( ��+�4 � � *�� ( � 9 � � e � " "�� .�� � � N

4 ( � � � ��� �&� ( $,) � �!� ��+ ( � (,9 � � � � ( � � +�. *�� � ��$,� � � � ( � *�� M 2 � � � . � � 2 $Q$�� + � ��+ � � 4 � ��� � � *�. *�� 6 ��+ � � � 2 � N
.�( ��� � � 7�(�� � � � � � � � 9 *;( ��+;(�$,� � � *;� 2 ) ) � *;� � ��� 38/ > � ��� � � 2 � � ��� �&� � ��� � � � ��� � �,� � ��� $�( � ��� ( $�) � �
. � � ( + � *�� � ) � � � ( � �-� � �!� � � 2 � � �&� . � ( � � � +�� ��� � �!.�� ��� � $�( � 3�� ( $�) � � 7 ( � � � � 2 9 ��� � �!� � � N � � ( � � � ��( � � � *,� �
� � '�( � � � �,� ��� � ��� � � � � � � +!. *�� � � � � ��� � �-:��-A1� � ��� � � � �O� ( � 3�� � � � / > � 2���.�� � �,� � � � �
� ( � � � �!� � � � 4 � ��� � �
� � 2 ��) � � )�� � � *�� ��� � ��� � '�( � � � �,) � � � � � ��P � /������ � ��.�( � � ��� � � � �-4 � � *�� ( � 9 �-� ( $�) � ��� � ��� � � � ��� � � � 4 � ��� � �
( � �84 ( � � ( . � � ��� � ��� � 2 ��� � + � ��� �
� � � � 9 � ( � � � ��( � � � � 2 9 ��� � �!� � � N � � ( � � � ��( � � � *�� ��$,� � � *�� �&� � � *�� � � � � � � +
� �1( � / . 2 ��� � �-( ¿ / � � 9 � � F�� ( ��� �!� � 4 � � /
> � � � � � � � � 7 6 � � ��(,� � 6 � = � � ) � � � ����� � �!) � � N � � � �&� � � 2 � � ��+ �,� � �&� � � � � ��� � ��( � � 2 $,) � � � ����2 ��+ � � � * � � 9

� � �-� + � � � � F�� ( � � � ��� � � � $,� ��� 2 � � � 9 � � /���� � � � � ��� � �-� * )�� � � � � � ��� ��( ��� � '�( � � � ��� ��� � ( � � � ��( � *,( ��� � M 2 � � � +
. *O� � $,�1� � � � $�� �,� � �,� � ( ��� �,� �,� � � N � � ( � � � ��( � *;( �,� � M 2 � � � +;. *O� � � � ��� � � � $�� �,� �,2 ��( $,. � 9 2 � 2�� � *
� � � � � � � +1� �5� � ��.�� ��� � $�( � 31� ( $,) � � / ��� � *1� � �,F ��+ � � 9�� ��(�� � ( � � � ��( � *�� � $�� ��( ��� � � � � � � �!� ( � ��� ( � � �
+ � 2 . �!� �5� � ��( ) ) � � � ( . � � � � *1� �&� � �,� � � 4 ( � � ( � �,� + � � � � F�� ( � � � �O� � � � $,� �-� � �!( � � � � �,( ��+��5� � � � 9 � �,( ��+
��� 6 ( � � � � ��( ��+ � 2�� � � 9�/ > � ��F ��+ � � 9�� ��( �-� � �,� � ( �
� � � � � � � �-� ( � ��� �-� � ( � � � ��( � *�� �-( � � � � � �-� ��+ � � ( � � � �
� ��( �&� � ��� � � 2 � +�.���� ( � � � 2 � 6 � � ��( ) ) � * � � 9,� � �!� � � 4 ( � � ( � �!� * � � � $Q� � �!( � � � � �-( ��+ �5� � � � 9 � ��� �,� � � � �
� ( $�) � � � /HG-� 6 � 4 � � 7�� � �5( $�. � 9 2 � 2��,� � � 2 � � ��� . � ( � � � +O. *C+ � D�� � � � ��� � � � � 7�( �,� � � � �B� ��� � 2 � � � � � +O� �
� $�) � � � � ( � 6 � � 387 ( ��+,� � ��� ( � 3,� ��)�� 6 � ��� ��2 � � ��� � � ��� � � � ��� $,) � *�� ��( �&(�+ � � � � � � � 6 � � � � � ��� � �-( � � 2 $�) N
� � � ����2 � + � � � * � � 9,( �,� + � � � � F�� ( � � � ��� � � � $,�-( � ��� ( � � � F � +,� ��� � � 7 � ( � � � ��.���.�( � � +�� ��) 2 � � � *�� � ( � � � � � � ( �
� 4 � + � ��� � / > � � ��� � ��� � 2�� � � ��� � $�( � ����4 ( � � +�� �8� � �!� � ��� � + � � ��� � � � ��� )�� � � F�� ( � � � ��� � � � �&( � 6 � � � /�A � �&� ( � �
��:���N $,��+ � � 6 �-� � � � 3 � +�� � �&� � � � + 2�( � �
� ��� � � � � � � 3 � + ( � � � � � � * 7 � � � N � � � $�( � � � *�( ��+,( 2 � � � � � � � � ( � � � �,( ��+
� � 2 ��+�� �,� � � ( ��� ��+ � � ( � � � ����� �
(!$,� � � )�� � � F�� ( � � � �
/
0 ��4 � � 6 � �8� � � ��� ( � �&( ��+,3 � � ) � � 9�� � �!� � ��� � � ��� 6 � � �
� � 9 ( � +�� �,� � �!� � � 4 ( � � ( � � ��( � � � � ��( ��+ �5� � � � 9 � ��� � � � $,�!� ��$,� ��+ 6 �!) � � � � � +�� �,� � 4 � � � � 9 ( � �!� � ��� � � �
� � '�( � � � ��� � � � $�( � � �&� . � ( � � � +�. *�� � ��+ � D�� � � � �-� � � � $�� ��P ! /

��� � � 	 	 ��	 	 ���
���

�� �� ! �&4"; *7. ( / ,73 - %7' 5�/ ��' ( ' ,"-�/ 5�' ,
- / 179 . - / 4", . *7*�( 4". 9 %7' +
A
� � � � 7 6 ��� 4 ( � 2�( � �1� � �1)�� � � � � $�( ��� ��� �!� � �5� � � ��� � '�( � � � �B� � � � $�( � � � �,� 2 � � � � � +O� �B� � � � � � � � / e . *
� � $�)�( � � � 9�� � ��� � � )�� � � � 4 ��� $�) � � � � ( �
� $�) 2 � � ��� � � )�� ��� � ��� ��� � '�( � � � ��� ��(,$�� � � *1( ��+�(�) � � + 2�� � � 4 � � *
� � ��� 3 6 � � �;� � ��� � 2 ��� $�) 2 � � �,� � � )�� ��� � �-9 � � � � ( � � +�. *5� 2 �!� � � � � $,� ��$�� + � � /,0 �5� � + � �!� ��$�( 3 ��� � �
� $,) 2 � � ��� � � )�� ��� ��� 2 ��� � � � ����� � $�)�( � ( . � � 7 6 ��� � ( � ��� � ��� D�� � �,� �-(1$,� � � *O( ��+5) � � + 2�� � � 4 � � *O� � ��� 3
� ��( �!� ( � � ��� � ��� 2 � ) 2 �!� � 4 � ��. * ¿ )8� � � � � �!� � � )�� � � � 4 � � *1� � �,� � '�( � � � �5� ( � �,. * ¿ )8� � � � � � ( 9 �,)�� � � �!� �
� $,)�( � � /�0 ��� � �-� � � � $�( � � +,� � � )�� ��� ��� ��� � ��) � � + 2�� � � 4 � � *�� � ��� 3,� � � � � � *�$�( � � � � ��� � ��� � 2 ��� � � )�� ��� � 7 � � �
� + � � � � F�� ( � � � ��� � � � $,� 6 � 2 � +�M 2�( � � � *�( �&(-)8� � � � . � ��� � � � $�( � � ��� ��� � �!� � � ��� � ' ( � � � ��� ��� � ��. � � ( +,� � ��� � /
0 ��+ � � +87 � � � ( � � � ��( �&� � � ��� � '�( � � � ��� ��� � �-. � � ( +�� � ��� �-� M 2�( � ��$,� ( � 2 � � +,� � '�( � � � ��� = � � 2�+ � � 9�� � ��� D�� � � �
� �
) � � + 2�� � � 4 � � *�� � � � 3 � � � � ��� � � � � � � e / � ��P , /���. 4 � � 2�� � * 7 � �
� � ��� � � � $�( � � +�� � � )�� ��� �-� � � � 4 � � ��� � ��� � 2 �
^ b � � ��� � µ �4¸ � � ¾4� � ��Z � � � � \^ d � � � � � � � � ³ ��� ��� � � �&� � �&¤ � � ��¢ � ¦ � ��� ��� � � © ¤ © ��� � ¾1� ��� � � � � � � µ � ��� � � �&� � ��� � � © � µ�� � � �(� � � � �&© ��� ��� � �4� � ��� � �� © � ¦ � � � © � �$� � ¦ � © � ��Z � � �&� � µ �>¹ ¦ ¤ � © � � � � � � � � � � � � � � � ��¸ � © � � � � � ��Z ª � � � \ \ ��¶ �$µ � � � � � � � � � ¾1� � � � � � � � � � � � ��� � � �$� � � � �� ��� � ��� � � ¢ � � �¼� � � ±�¾1� � � � © ¢ � � ��� � © � � � µ � � � © � ��� � � ��© �1µ � � � � � �>� � � �$� � ��Z � � ��  � � � Z � � � a � � � � c \ \ �^ � �>� � � � � © ����� � � � � � � �>� � � � © � � �$� � � ��� � � ¦ � � � �^ -  �� �(� � � ¦ � � ��� � � � � � � © � µ�� � �(� � µ � � � � � ��� ¢�� � �(� © = � � � � �$¸ ½ �>�¼��� � � � �$� � ��� ¦ ����� � © � � �,© �`�>� � � � � © �`���: 1� �� � ��� © � © � µ&� � � �1� � � ¦ � � ��� � ��� � � © � � ¤ � �>� ��� � � ¦ � � � �^ / �>� � � � � � ��© ��� ¦ � � �>� � � � � � � � �>� � �&� � � © � � ¤ � �>¢ � � �¼� � ��� ¦ � � � � � ¦ � � �$� � � ¦ � � � �

e  



A
� 9 2 � �, * > � 2 ��( ��+�� � � � $�( � � +�� $�) 2 � � �!� � � )�� ��� �!� �
� � '�( � � � �
*�
-2�( ��( ��+ ��( � � *8# ��� � � � $,�

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

 Estimated response  True response
��� � � � 	 � � � � � 	 � � � �$N>O T$h T U V P [ S a�S � P Q�Y$T S Q ] U T Q&R T U [ T Z V�U T Q R T [ V P h T a g�R T U [ T Z V S k T�R X P Z V�_ T h P S V P X Z Q�W U X Y�V O T
R U T � Q O X [ r(^ S a S Z [ T _(k U X j�V O,R S V O4e�N>O T�n k ] U T Q�Q O X j¼V O T�U T Q R X Z Q T$X W�O T S _ a P Z T�P Z \ S V P X Z,V X(S�Y$X Z T g�Q ] R R a g
Q O X [ r�� a T W V&n k ] U T ��S Z _(V X(S�R U X _ ] [ V P h P V g(Q O X [ r�� U P k O V�n k ] U T �&S Q&j�T a a�S Q&V O T�^ X X V Q V U S R R T _�� | � [ X Z n _ T Z [ T
^ S Z _ Q e

A
� 9 2 � � � * > � 2 ��( ��+�� � � � $�( � � +�� $,) 2 � � ��� � � )�� ��� �-� ��� � '�( � � � �
*�:�� 4 ( � � �!( ��+ L ( � � ( # ��� � � � $��

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

 Estimated response  True response��� � � � 	 � � � � � 	 � � � ��f T T�p4P k ] U T$z

� � � )8� ��� �-� ��(!$�� � � � ( � *�� � � � 387 � � ��� � � � $��!M 2�( � � F � �&( �&( ��� � � � $�( � � ��� ��� � � �-� � '�( � � � ��� ��� � �!��( � � � 6
� � ��� � / � � � � + � �&� � �,)�� � � �-� � � � $�( � ��� ��� � ��� $,) 2 � � �,� � � )�� ��� � � 7 6 � 6 � � ��( � � ��� � � 6 � � � � �-.�� � � � � � ( ) )�� +
� � / � � � F�+ � ��� �!� � � � � 4 ( � �&.�( � � +�� � ¿ " " "!� � ) � � � ( � � � ��� � � � �-+ � � ( � � �&� ��� � ��� � � 2 )
7 � � � ��2 � 3 � � � ¿ � �  � � /
> � �,� � � 2 � � �-( � ��) � � � � � � � +�� �5A
� 9 2 � � �! ,� � ¿ e /���= ( $,� � � � 9�� � �,� $,) 2 � � �,� � � )�� ��� ��� 2 ��� � � � ���-� ��(

) � ��+ 2�� � � 4 � � *�� � � � 387 6 ��F ��+�� ��( �-� � �,( ) ) � � ( � ��� ��
-2�( �1( ��+ �&( � � *87 � � 4 ( � � ��( ��+ L ( � � (�( ��+�.�� � �
( ) ) � � ( � � � ��� � ��( � � � � ��( ��+ �5� � � � 9 � �&� ( � �8� ��� ( ) � 2 � �-� � ��� � 9 ��( ��+�� � � �!� �
� � �!� � 2 �!� � � )�� ��� � � / L � � �
� �
� � �!� � $,�!� � ��� � 2 �!� $,) 2 � � �!� � � )�� ��� �!� �&� 2 � � � + �!� � ��� � � F�+ � ��� �-.8� 2 ��+ � / > � �!� ( � �&� ��( ��� � � � � 4 ( � � �
( ��+ L ( � � ( # ��( ��+ ��( � � � � ��( ��+��;� � � � 9 � � # ��� � � � $���� � ��� � � � $�( � � +5� � � )�� ��� ��� � � 4 � � 9 � �!� �1� � ��� � 2 �
� � � )8� ��� �!� �&� � �-� 2 � ) � � � � � 9�7�� � ��� ��� � '�( � � � ��� �1� � �,+ ( � (�9 � � � � ( � � � 9�$,��+ � �
� �-� � ( � � � ��( � *�( ��+�� � ��F � � �
� � � � $���� $,)�� � � �,� ��( �,) � ��+ 2�� � � 4 � � *O� � ��� 3 ����( 4 ��� � � *;� � ( ��� � � � � *;� D�� � � �,� �O� � '�( � � � �
7 6 � � � � ( ��� � �
� � � � �!( � � 2 $,� ��(�� � ( � � � ��( � *�� � '�( � � � ��� ( � � / > � �!$�� + � � �&� � � � � =�( ��+ �-� 6 ( � � � � �-( ��+ � 2�� � � 9,)�� � � � � $
� � ��� � + � � ( . � *�.8� � � � � /�:���� � ( � �!� � ��� � 2 ��� � � )�� ��� �,� �!� � 4 � � � +1. *5� � ��� � � F�+ � ��� ��.�( ��+ ��( ��+1� � ��� � � �
( ��+�� � 9 ��� ��� � ��� � � � � ( �
� D�� � �-� ��� � �,� � ��� 3�� ��� � '�( � � � ��� ��� � � � 4 � � � +8/ ��4 � �1� � ��9 � � � � ( �
� ��( )���� ��� � �
� $,) 2 � � ��� � � )�� ��� �!� 2 ��� � � � �1� �-( ) ) � � = � $�( � � +8/�� 2 � ) � � � � � 9 � * 7 � � ��� � � 9 N � 2 ��� � � )�� ��� �!� ��� � ����� 6 ( � � � � �
( ��+ � 2�� � � 9!$�� + � ��� � � 2 � ����� � � � � ��7 ( � � � � 2 9 �,� � �-$,� + � ��+ � � ��� � ��� $,)�� � �-� � ( � � � ��( � � � *�� ��� � �-� � '�( � � � �
� ( � � / > � ��M 2�( � � � ( � � 4 ��� � � 2 � � �!� � ��� � ��� $,) 2 � � ��� � � )�� ��� � �-� �5(�$,� � � � ( � *5� � � � 3;( � ��4 � � *5� � $�� � ( ��� �
� � � � �!� � 9 ( � + � � 9�� � �!) � � + 2�� � � 4 � � *�� � � � 38/�G�� 6 � 4 � � 7 � � �!9 � � � � ( ��� $�) � � � � � � ��� ��� ��( �&� � �!� � � � $,� ����( 4 �
9 � � ( � � �-+ � <�� 2 � � � � �&� ��� � � � 4 � �&� � ��� D�� � � �&� ��(�$�� � � � ( � *�� � � � 3�� ��( ��� ��(,) � � + 2�� � � 4 � � *�� � � � 38/
:-��(�� � � � ��+1)�� � � � � $�( ��� ��� � � � 7 6 ��� � 4 � � � � 9 ( � �,� � �,$�� ( � 2 � � $,� � �-� � � � � � 78� / � /�� � ��+ � D�� � � ��� �,.�� N

e �



A
� 9 2 � � � * > � 2 �,( ��+�� � � � $�( � � +�� $,) 2 � � ��� � � )�� ��� �!� �
� � '�( � � � �
* �!( � � � � �-( ��+ �5� � � � 9 � � # ��� � � � $��!� �1(
e N + � $�� ��� � � ��( �
� * � � � $

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

-0,4

-0,3

-0,2

-0,1

0,0

0,1

0,2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

 Estimated response  True response��� � � � 	 � � � � � 	 � � � ��f T T�p4P k ] U T$z

A
� 9 2 � � ¿ " * > � 2 �,( ��+�� � � � $�( � � +�� $�) 2 � � ��� � � )�� ��� ��� ��� � '�( � � � �
* �!( � � � � �!( ��+��5� � � � 9 � � # �-� � � � $,�,� �
( � N + � $�� ��� � � ��( �
� * � � � $

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

 Estimated response  True response��� � � � 	 � � � � � 	 � � � ��f T T�p4P k ] U T$z

A
� 9 2 � � ¿ ¿ * > � 2 ��( ��+�� � � � $�( � � +�� $�) 2 � � �!� � � )�� ��� �!� �
� � '�( � � � �
*��-� 6 ( � � � � �-( ��+ � 2�� � � 9�# ��� � � � $��

-3.0

-2.0

-1.0

0.0

1.0

2.0

3.0

4.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

-1.5

-1.0

-0.5

0.0

0.5

1.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

 Estimated response  True response��� � � � 	 � � � � � 	 � � � ��f T T�p4P k ] U T$z

e �



A
� 9 2 � � ¿ e * > � 2 ��( ��+�� � � � $�( � � +�� $�) 2 � � �!� � � )�� ��� �!� �
� � '�( � � � �
* � � � =8# ��� � � � $��

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

 Estimated response  True response��� � � � 	 � � � � � 	 � � � ��f T T�p4P k ] U T$z

A
� 9 2 � � ¿ � *�?���( � 9 �&� � � � 2 ��( ��+!� � � � $�( � � +,� � � ��� � '�( � � � � �!. � � ( +�� � ��� � ) � * 
-2�( �,( ��+ ��( � � *8# ��� � � � $,�

-2%

-1%

0%

1%

2%

3%

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

 Estimated core inflation  True core inflation

-2%

-1%

0%

1%

2%

3%

1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

Measurement error��� � � � 	 � � � � � 	 � � � ��N�O T�] Z P V Q&X Z�V O T�h T U V P [ S a�S � P Q�S U T�R T U [ T Z V S k T�R X P Z V Q e�� Z \ S V P X Z,P Q&Y�T S Q ] U T _(P Z,R T U [ T Z V
X Z�S Z,S Z Z ] S a ^ S Q P Q e

� 6 � � �C� � ��� � 2 �5( ��+;� � � � $�( � � +O� � � ��� � '�( � � � �C� � ��� ( � �C� �-� � ��$�� � � � + � / > � ��$,� ( � 2 � � $�� � ��� � � � �
��( �-.�� � �;� ( � � 2 � ( � � +1� � �!� � ��� � 4 � �&( � 6 � � �&( �-� � ��� ��( � 9 �,� ��� � � ��� � '�( � � � �
/,A � �!� � � � �,� + � � � � F�� ( � � � �
� � � � $�� � 6 � � � ��� + � � � � � *�� � � *,� � �!� ��( � 9 ��. 2 ��� � ��� � �-� � 4 � ��� �8� � � ��� � '�( � � � �
7 6 �-� � ��� � � 2�� � � +,� � �-� � 4 � �
( � � 2 $,� � 91� ��( �,� � ��� ( $�) � ��$�� ( �O� � � ' $ � % " � '�� � '�( � � � �;� M 2�( � ��� � ��� ( $�) � ��$�� ( �O� �-� � � ��� � '�( � � � �
/
A
� 9 2 � � ¿ � � � � 2�� � � ( � � �&� � ��$,� ( � 2 � � $�� � ��� � � � � �&� � ��� � � 
�2�( �1( ��+ �&( � � *�( ) ) � � ( � �
/
��� �,� 2 � ) � � � � � 9 � * 7�� � � �!F 9 2 � ��� � � 6 �-� ��( �!� � ��+ � � � � � . 2 � � � �5� �&$,� ( � 2 � � $�� � �!� � � � � �-� ��� � ( � � � ��( � * /

> � � � � � � � � 7�� � ��� ( �;( � � � � �-� � �,)8� � � � � $�( ��� �,� ��+ � D�� � � � ��� � � �,� � '�( � � � �5$,� ( � 2 � � �-. *5� ��( � ( � � � � � � � � � �
� �8� � �-$,� ( � 2 � � $�� � ��� � � � �&+ � � � � � . 2 � � � �
7 � 2�� ��( ��� � �-$,� ( ��( .�� � � 2 � �!+ � 4 � ( � � � �
7 � � �-� � � ��$�� ( ��� M 2�( � �
� � � � �-( ��+�� � ��) � � .�( . � � � � � � �&� �
$�� ( � 2 � � $,� � ��� � � � � ��� =�� � � + � � 9�(,� � � � ( � �1� � � � /

� "



A
� 9 2 � � ¿ � *���� � � ( ��� �!$�� ( � 2 � � �&� � ��. � � ( +�� � � �!� � '�( � � � �1� � ��� � ) �

0.00

0.25

0.50

0.75

1.00

CPI Álvarez
and Matea

          
trivariate

          
bivariate

                 
2-dim.

Blix Quah and
Vahey

Dewachter
and Lustig

Gartner and Wehinger

��� � � � 	 � � � � ��	 � � � ��N�O P [ r`a P Z T Q�Q O X j�V O T�Y$T S Z�S ^ Q X a ] V T(_ T h P S V P X Z`X W�T Q V P Y(S V T _,W U X Y¯V U ] T�[ X U T�P Z \ S V P X Z4i
j>O T U T S Q1V O P Z$a P Z T Q1Q O X j�V O T>U X X V1Y�T S Z�Q l ] S U T _�T U U X U e�N�O T�_ T h P S V P X Z Q�S U T�[ S a [ ] a S V T _�W X U>S Z Z ] S a P Q T _�P Z \ S V P X Z
U S V T Q�^ S Q T _�X Z�y � � �(U T R a P [ S V P X Z Q e(f X a P _,a P Z T Q�Q O X j¼V O T$_ P Q V S Z [ T$Y$T S Q ] U T Q�W X U�a T h T a�[ X Y$R S U P Q X Z Q i4j>O T U T S Q
V O T�_ S Q O T _�a P Z T Q�Q O X j:V O T�_ P Q V S Z [ T�j>O T Z([ X Y�R S U P Z k$[ O S Z k T Q�X W1^ U X S _�[ X U T�P Z \ S V P X Z4e

> � �!( 4 � � ( 9 ��$�� ( ��( .�� � � 2 � �-+ � 4 � ( � � � ��( � 6 � � ��( ��� � �-� � ��� � � ��$,� ( ��� M 2�( � � +,� � � � �&( � �-� ( � � 2 � ( � � +
� �,(-� � $�2 � ( � � � ��� = )�� � � $,� � �
� � ��� ( � ��� � ¿ " " "&9 � � � � ( � � +!� ( $,) � � �8� � � �-� .�� � � 4 ( � � � ���
( ��+!� � � �,( 4 � � ( 9 � +
( � � � � ��( � �
� ( $,) � � ��T � /�A
� 9 2 � � ¿ ��) � � � � � � �&� � � 2 � � ��� � ��� � ��. � � ( +�� � � ��� � '�( � � � �1� � ��� � ) � /-?�� $,)�( � � � 9
� � ��$�� ( � 2 � � $,� � �,� � � � � ��� � ��� � ����( � � � 6 � � ��� � ) ��* � � � + ��M 2�( � � � ( � � 4 � � *;� � �1� ( $,��� � � 2 � � � 7&( � � � � 2 9 �
� � ��� � � �,� �&� � �,$�� ( � 2 � � $,� � �-� � � � � �-� �-� 4 � �5� ( � 9 � �-T I / � � � � + � �-� � ��� � ( � � � � � � �!� � �!� � ��� � � �,� � '�( � � � �
$,� ( � 2 � � � 7&� � �1F 9 2 � �1� � � 6 �,� � �5$,� ( �B( .�� � � 2 � �5+ � 4 � ( � � � �H( ��+O� � � ��$,� ( �B� M 2�( � � +O� � � � ��� � ��� � �
+ � � � ( ��� ��.�� � 6 � � ��� � ( + � � � �!� �!?�@�0�� � '�( � � � �1( ��+�� � � �!� � '�( � � � ��� � �-� � $,)�( � � � � �
/�� 2�� �1(�� � $�)�( � � � � �
� � � 6 � 7 6 � � � � � �&( ��+,. *�� � 6 $�2�� ��� � �-� � ) � � � � � � ( � � +�� ��:��C$,� � � � + ��� $,) � � 4 ��� ��� � � ����( � 4 ��$,� ( � 2 � �
� �
S � � � ��� � '�( � � � �
# T K / � 2�+ 9 � � 9�. *,� � �-( .�� � � 2 � ��$�� ( � 2 � � $,� � ��� � � � � ��( ��+,� � �-� � � ��$,� ( ��� M 2�( � ��� � � � � 7
� � �-$�� � � � +�� ����� 6 ( � � � � ��( ��+ � 2�� � � 9�� 2 � )�� � � � � $���� � �-� � � � �&( ) ) � � ( � � � � /���� � � 7 � � 6 � 4 � � 7 � ��( �&� 4 � �
6 � � �5� � � �!$�� � � � +5� � ��� 4 � � N�� ��2 ��+ � � � � � � $�( � � �!� �;( 4 � � ( 9 �,� � �+� � $ � % '�� �&. � � ( +5� � � �,� � '�( � � � �;. *
$,� � ��� ��( ��" / � � )�� � � � � � ( 9 ��)�� � � � � 7 ( ��+!� � ��% ' # ' % � � . � � ( +�� � � ��� � '�( � � � ��. *!$�� � �&� ��( �," / � )�� � � � � � ( 9 �
)�� � � � � /�:&� � � � + � � 9,� �,� � � � �!� � � � � � � (!� � �!$,� � � � +�� � � � 4 ( � � �!( � + L ( � � (!)8� � � � � $�� 6 � � � � /��-��( 4 � � ( 9 �
� � � � ��� � � ��� � '�( � � � ��� � � � $�( � �&� �
� 4 � � 6 � � � ��� ��( ��� � �&��( � 4 �&( ) ) � � ( � � 6 � � � ��� � � � $�( � � �
� � � ��. *!� � ( + � � � �
� � '�( � � � �
/
A
� ��( � � * 7 .�( � � +�� ��� � ��� ( $�� ¿ " " "�� ( $,) � � ��2�� � +�� �,� � � � $�( � �-� � �!� = )8� � � � +�( .�� � � 2 � �-$�� ( � 2 � � $,� � �

� � � � � � 6 �,( � � ��� � ��� � � 2�� � � +�� � ��� $,) � � � � ( �
) � � .�( . � � � � *1+ � � � � � . 2 � � � ��� ��� � ��$�� ( � 2 � � $,� � ��� � � � � � / > � �
) � � .�( . � � � � � � ��� ��$,� ( � 2 � � $�� � ��� � � � � �
� = � � � + � � 9,� � � � ( � �,4 ( � 2 � ��( � �-+ � ) � � � � +�� ��A
� 9 2 � � ¿ � � � ��� � �-� � 4 � �
( ��+�� �1A
� 9 2 � � ¿ # � � ��� � ��� ��( � 9 �!� ��. � � ( +�� � � �-� � '�( � � � ��T P /
> � ��9 � ( ) ���8� � � 6 � ��( �
( � � � + � � � � F�� ( � � � �!$�� � � � + �8)�� � � � � $ M 2 � � �&� � $�� � ( �8� � �
4 � � *-� � 6 ( ��+-� � � ( � � 4 � � *

� � 9 �C$,� ( � 2 � � $�� � �,� � � � � � /OG�� 6 � 4 � � 7�� � � � ��( ) )8� ( �,� �;.���� � $�( � 3 ( . � ��+ � D�� � � ��� � �,� �C� � ��� ( � 9 ��� �
$,� ( � 2 � � $�� � ��� � � � � �&� ��( �-( � ��� �
� � � � � � � ��� ��$,� � � � ( � *�)�� � � � * 7 � ��( ��� ��.�� � 6 � � �1" / � / ( ��+ ¿ / " / / > � �
) � � .�( . � � � � *,� �8(!$�� ( � 2 � � $,� � ��� � � � ��� = � � � + � � 9 ¿ / 6 � � ��� � � � $�( � � � 9�� � �-� � 4 � ��� �8. � � ( +�� � � ��� � '�( � � � �
` <  �� �&� � µ�� � � � �>� ¢4� � � ¦ � � � � � ± © � µ$� � � � � �&� ¦ � � � � µ � � � � © � ����� � � � © �>� � � ��� � � � � � � �>� � � ��� � � µ � � � � � � � �(� � ��� � � � �>­ � �� � � ��� � ��� � �1¾1��µ � � � � � � � �$ª � a&� ¤ � � � � � � © � � � � � © � � � � � © � µ�� � ��_ � � �1ª � �>© ��� � � � �1� �&� � © ��© � � � ��� � ±&© � · ¦ � � � �>� ¢ � � ��© � © � © � �� � � � ��� ¢ � � �>� � � � � �&± �` Y ��� � � © � �>� � ��� � � � � � �$© ���>� � � � � © �$§��` ] ��� � � � � � � �1© ��� � © �4��� � � � � � � � � � © ��� � � � �4� ¢ � � � �>© � · � � © � ��¤ � � � ��� ��� ¦ � � � ±�� � � � �1� � � � © � � � � © � ¢ � � ��� � © � � � � ¦ � ��� �4� � �� � © ����� ����� � �$� ��� � ����� � © � � � � � � ¢ � � �¼� � � � � � ±�� ��� � �&§1� ¶1© � � � � ¢ � � © � � �>� � ��� � � � ��� � � � © � � � � � © � � � © ¤ ¦ � © � �$� ¢ � � � � ¦ ��� �� � © � � ��© ��� � µ � � � � � � � �` ^ ��� � � © � � �$� � � ¦ � � � � � � � �&¢ � ��� � �>� � � � � ¾�� � � � � � ��� ¢ � � � ��© � · � � © � � � � � �$¤ ��¢ � ¦ � �$© ����� � � � � © ��§>�

� ¿



A
� 9 2 � � ¿ � *
@�� � .�( . � � � � *�� �
$,� ( � 2 � � $�� � ��� � � � � *�?�� � �!� � '�( � � � �

0

20

40

60

80

100

0.1 0.5 1 1.5 2 2.5 3

 Quah and Vahey  Gartner and Wehinger (bivariate)
 Gartner and Wehinger (trivariate)  Dewachter and Lustig
 Blix  CPI
 Álvarez and Matea

A
� 9 2 � � ¿ # *
@�� � .�( . � � � � *�� �
$�� ( � 2 � � $,� � ��� � � � � *�?���( � 9 �!� ��� � � �!� � '�( � � � �

0

20

40

60

80

100

0.1 0.5 1 1.5 2 2.5 3

 Quah and Vahey  Gartner and Wehinger (bivariate)
 Gartner and Wehinger (trivariate)  Dewachter and Lustig
 Blix  CPI
 Álvarez and Matea

4 ( � � � � 6 � � �B� � �5� + � � � � F�� ( � � � �H� � � � $,�5.�� � 6 � � � ¿ ¿ / � / ( ��+ � " / � / ( � +B� � ��(;$�� ( � 2 � � $,� � ��� � � � �
� = � � � + � � 95" / � / .�� � 6 � � ��� e / � / ( ��+ # " / # / /�A
� 9 2 � � ¿ � ( ��+;A
� 9 2 � � ¿ # � � � 6 � ��( � ��� 6 ( � � � � ��( ��+
� 2�� � � 9�� = � � . � � �!� � �,� � 6 � � �!) � � .�( . � � � � � � �-� ��$�� ( � 2 � � $,� � �!� � � � � 7�� � � � � 6 � +�. *

-2�( �5( ��+���( � � *5( ��+
� � � =8/��5� � � ��� ��( � �
� ��� � ��� � � � $���� � � � 4 ( � � �,( ��+ L ( � � ( 6 � � � �5+ � � ��� � �-� 4 � �1� $,) � � 4 ��� ��� � ��?�@�0 /
> � � �!� ( � 3 � � 9�� � � + � 7 6 � � � � � ��� � �,2�� � �!� � �,� � 4 � ��� �!� � ��� ��( � 9 ��� �&� � � �,� � '�( � � � �;( �-� � ��� � � � $�( � � � �
� ( � 9 � � /
�-4 � � ( � �&( ��+5( � � � � + � � 9�� �5( � �&� � � � � � � (�� � ����� 6 ( � � � � �,( ��+ � 2�� � � 95� � � � $���� � � $��!� ��� 2 � )�� � � � � $

( � ��� � � � ��� � � � $�� � 7 6 � � � � ( ��� � �,� � 9 � � ( ��
�2�( �;( ��+��&( � � *1$,� � � � +5( ��+�� � � � � � =5( ) ) � � ( � �1)�� � � � � $
� � � � ��+�.�� � � /
> � ��� � ( � � � 6 � *O� � $���� ��� � ��� + � � � � F�� ( � � � �C� � � � $,� ��)�� � � � � $ .�� � � � ��� ��( �;� � � � � ��� ��� � ��� � � ( � /

� e



� 2 � ) � � � � � 9 � *;� � �5( � � 2 $,) � � � ����� � 9 ( � + � � 95� � ��� � + � ��� �-� � � � 9 � ( � � � �O� �-� � �14 ( � � ( . � � ��� � � $��,� �5) � ( *
(1$�� � � ��� � � � / > � ��$�� � � � + �,� � ��� 6 ( � � � � ��( ��+ � 2�� � � 9;( ��+ 
-2�( �C( ��+
�&( � � *O( � � 2 $���.�� � �C� � � N
� � ( � � � ��( � � � *�� ��� � '�( � � � �1( ��+�� � ��� � � $�� �-$,� � � � +�( � � ��( � � 2 $�� ��� � ��� � � N � � ( � � � ��( � � � *�� ��� � ��� � $�� ��( �
� � � � � � � �-� ( � � 78( � � � � 2 9 �1.�� � �5� � � � � �-( � �,� � ( � � � ��( � *�� �1� 2 �!� � $�2 � ( � � � �
/���� 4 � � � � � � � � � 7 � � � � �,$,� � � � + �
� 2 � )�� � � � � $Q� � ��. � 4 ( � � ( � �!$,� + � �8� � �!( � � � � �-( ��+ �5� � � � 9 � �-� ��( ��� ��.�( � � +�� ��� � �,� � � � � � �&� � $,�,� � � � � �
) � � )8� � � � � � /
A 2 � � � � � $�� � � 7 ( �,� $,) � � � � �&( � � 2 $,) � � � �,� � $�� � ��( ) ) � � ( � � � �8� �
� ��( �&� � � �&� � '�( � � � �,� ��� 2 � ) 2 ��� � 2 � � ( �

� ��( � � � � �,( ��+
�5� � � � 9 � ��( ��+ � � � = ��� ��� 4 � �C� 2 )8� � N � � 2 � � ( � � 
-2�( �O( ��+
��( � � *;( ��+��-� 6 ( � � � � ��( ��+
� 2�� � � 9 � / � � � ��( � � 2 $,) � � � ����( � �&� � ��� ( � � � F � +�. *!� � �-+ ( � (�9 � � � � ( � � � 9-$,� + � � /���� 4 � � � � � � � � � 7 � 6 �!� � � � �
$,��+ � � �&� $�)�� � � � 9,� 4 � �1� 2 )�� � N � � 2 � � ( � � � *�� ��� 6 ( � � � � �!( ��+ � 2�� � � 9�( ��+�
�2�( �1( ��+ ��( � � * ��� 2 � )�� � � � � $
� � ��$�� + � � � 6 � � � ��� � � *�� � M 2 � � ��� � 2 � � ( � � � * / > � ��$�� + � � 6 � � � ��+ � � ��� � � � � � ��) � � � 2 ) )�� � �&� � 2 � � ( � � � *�� � �
� 2 )8� � � � 2 � � ( � � � * 7 ��( $,� � *,� � �-$�� + � � � � � � 4 ( � � �!( ��+ L ( � � ( 7 � ��� � �-� � � � ����( ��+�)�� � � � � $�� 6 � � � ��� �
( � � /
�-� �-� � ( � � ��� � �&� � �-)�� � �&)�� � � � � $�( ��� ��� �8� � �-� ( � �&$,��+ � ��$,� 9 � ��.8�-� � �!( � � 2 $,) � � � ��� ��( �&� � �-� � � *,� � �
� � ��� 3�+ � � 4 � � 9�� � � ��� � '�( � � � ����( �-(,)�� � $�( � � � ��� D�� � ��� ��� � '�( � � � �
/�G�� 6 � 4 � � 7 � �1� � �,+ ( � ( N 9 � � � � ( � � � 9
$,��+ � �8� � '�( � � � ��� ��� � ( � � � ��( � *�( ��+�� ��� � ��� 3�( D�� � � ��� � '�( � � � ��)�� � $�( � � � � � * / > � � � � � � � � 7 � � ��+ ( � (,+ � � �
� � ��)�� � $,� ��� ��+ � � � � � 9 2 � � ��� � ��� � � � 3 ��( � � � � + � � 9,� ��� � � ��� � � � � � � � �
/
�-2 ��� � � 2 � � ��( � � �5� ��+ � � ( � ��� ��( ��� � �1) � � � � � � � �O� �!� � � ��� � '�( � � � �C� � � � $�( � � ��+ � � �,� � ��� � � � � � ( � � � *

� $,) � � 4 ��� �!� ��� ��.�( � � +O� �B(5� � � 4 ( � � ( � ��� ��� � � ( +O� ��(5. � 4 ( � � ( � �1� * � � � $�7 6 � � �C� � �5( � � 2�( �-+ ( � (;( � �
9 � � � � ( � � +5. *5� � 2 ��� � � � 3 � /5A � �,� = ( $�) � � 7�.�� � �;$�� + � � ��� � ��( � � � � ��( ��+��;� � � � 9 � �,)�� � � � � $ � � ( � � *
� + � � � � � ( � � * /
A
� ��( � � * 7�� � � ��� ��( �,� � ���-� 6 ( � � � � �,( ��+ � 2�� � � 91$�� + � �&� � � ( � � ��(1� � � � +;( � � 2 $�) � � � � 6 � � � �O� ��� � �

4 ( � � +�� ��� � �!� � 2 �!$�� + � � 7 ��( $,� � *�� ��( �-(�$�� � � � ( � *,)8� � � � *�� � � � 3���( �&� �,� $�$,� + � ( � �!� D�� � ��� ��� 2 � ) 2 � /
> � 2�� 7 9 2 � + � +,. *,� � ��� 2 $�.�� ��� �
( � � 2 $�) � � � � ��� ��( �&( � ��� � ��� 2 ) )�� � � � +,. *�� � �!+ ( � ( N 9 � � � � ( � � � 9-$�� + � � 7
� � � 6 � 2 � +�� = )�� � ��� � � �-� 6 ( � � � � �!( ��+ � 2�� � � 9�$,��+ � �8� ��)�� � � � � $Q$�2�� � 6 � � � �!� ��( ��� �-( � � 2�( � � *�+ � � � /
:�)�( � ��� � � $R� � ��� ( � ��� ��( ��� � $,��$,� ( � 2 � � ��� �8� � � �&� � '�( � � � ��� � � $R� �!.���.�� � � � ��� ��( ��� � � � � � 7 6 ��F ��+

� ��( �!� 4 � �1� � ��.�� � �!$,� � � � +1� �!4 � � *�� $�) � � � � � � / �C� � �;2�� � � 9�� � � ��� 6 ( � � � � ��( ��+ � 2�� � � 9�$,� � � � +1� �
$,� ( � 2 � �!� � �,� ��( � 9 �!� ��. � � ( +�� � � �!� � '�( � � � ��� � e � / � ��( � �
� ( � � �&� � ��� � 2 �,� ��( � 9 �!� ��� � � �!� � '�( � � � ��� �
� 4 � � N
� ��2 ��+ � � � � � � $�( � � +,. *�( �&� � ( � ��" / � )8� � � � � � ( 9 �-)�� � � � � /�A 2 � � � � � $�� � � 7 � ��� � + � �&� ��.��!� � ( � � ��( . � *
� � � � ( � �1� ��( �-� � �,� � � ��� � '�( � � � �1� ( � ����( �-� ��( � 9 � +�( �!( � � 7�� � ��� � � � $�( � � +1� ��( � 9 ��� ��� � ��� � � ��� � '�( � � � �
� ( � ��$�2�� �-.���� � � � ��� ��(�� 2 � ��)�� � � � � � ( 9 ��)�� � � �-T T / �&� � ( � � � � 9�� ��( �!� � ��� � � ��� � '�( � � � �1$�� ( � 2 � � ����( 4 �
.�� � ��� � � � $�( � � +,� ��(!� � $,�!� � � � � ��� � ) � � � � � � � � 9,(!)�� � � ��+�� � e "!* � ( � � 6 � � � � 2 ��� � ( � � ��( � � � *�� ��� � � 2�� � 2 � ( �
. � � ( 3 � 7 � � ��2 � � � � � ( � � � *!� �,( � � 2�( � ( ) ) � � � ( � � � ���8� �
� � 3 � � *!� �!.��&� 4 � ��� ( � 9 � � / > � ��� � � �&� � � � �&2 ��� � � � ( � � � *
6 � � ��� � 9 ( � +�� �,� � �,� � � �-� � '�( � � � �1� 2 9 9 � � � �&� ��( ��� � �!$�� ( � 2 � � ��� � 4 � � 6 � +�� ��� � � �&)�( )�� ��( � �!� � �&2�� � � 2 �
� � �-$,� � � � ( � *�)�� � � � *�) 2 � )�� � � � /

�� �� ���
/ ;:872 . - / 4",�+ � 4 ()5�/ ��' ( ' ,"-�+ . ;:*�2 ' + ��#�( 8�':; 4
57' 2�5�( / 0"' , � �6- � 4 + %74
9 ��+ 4",72 �

�-� �1$�( � �B� � � � � � � � $ � ��� ��:��J$,� + � � ��� �,� ��( ��� � � *C� � � *C( � � � 6 � � ��(5� 2 $�.�� ��� �!� � � � 3 ��� M 2�( �-� �
� � ��� 2 $�.�� �,� ��4 ( � � ( . � � �!� �;� � ��� � � � $�( � � +;� * � � � $�7�. 2 ��� � ( �,� � ��� � 2 ��� 2 $�.8� �,� �-� � ��� 3 ��( D�� � � � � 9
� � �,� � � � � $�* 6 � � �&( � � 2�( � � *�.��,$,2�� �5� ( � 9 � � / > ��� 4 ( � 2�( � �,� � �,� D�� � �!� �&+ � 4 � ( � � � ����� ��� � �,� 2 $�.8� �!� �
� � ��� 3 �
� �,� � ��� � � � $�( � � +,� * � � � $ � � � $R� � ��� � 2 ��� 2 $�.�� ��� �8� � ��� 3 � 7 6 ��� ( 4 �-� ( � � � � +!� 2 �&( �,� = )�� � � $,� � �
.�( � � +,� ��+ ( � (!9 � � � � ( � � +,. *,� 2 �&9 � � � � ( ��� M 2 � � � . � � 2 $%$,� + � � 6 � � ��� �&� ��� � � *�+ � � 4 � ��. *,� 6 �,� � � � 3 � 7 (
) � ��+ 2�� � � 4 � � *,( ��+�(-$�� � � *,� 2 ) ) � *�� � ��� 38/�A � ��� � � ��� = )�� � � $,� � � 6 �-� � � � � �&� � � e N + � $,� ��� � � ��( � ��( � � � � �
( ��+��5� � � � 9 � �!$,� � � � +�.�� � ( 2�� ��� �-� ��� ( � 9 � � *�.�( � � +�� �14 ( � � +1( � � 2 $,) � � � ����� � 9 ( � + � � 9�� � ��� � $,��� � � � � �
) � � )8� � � � � �
( ��+�$�� � � � *!) � � � 2 ) )�� � � �8� ��( ��� � � �&� � '�( � � � �,� �
� � 2 � � ( � . 2 ��� � ��� 2 )8� � � � 2 � � ( � / > � �&� $�) 2 � � �
� � � )8� ��� � ��� �
� � '�( � � � �1( � �!+ � ) � � � � +�� �1A
� 9 2 � � ¿  /
> � �-� � � )8� ��� ��� �8� � '�( � � � ��� �,(!) � � + 2�� � � 4 � � *�� � � � 3,� � ��� � �!+ ( � (!9 � � � � ( � � +,. *�( ��� � � � � $,� �&$,��+ � �

+ � � 4 � ��. *�� 6 �,� � � � 3 ��� ��.�� � � � ��� ( ) � 2 � � +,. *,� � � e N + � $,� ��� � � ��( � ��( � � � � �&( ��+ �5� � � � 9 � �&$,� � � � +,� � ( �
� � �,� � ��+ ( � (�9 � � � � ( � � +5. *5� � ��$,��+ � ��+ � � 4 � �;. *5� � 2 ��� � � � 3 � /1A 2 � � � � � $,� � � 7�� � ��� � 2 ��� � � )�� ��� ��� �
� � '�( � � � �;� ��� � 4 � � � +1. *5� � ��� � � F�+ � ��� ��� � � � � 4 ( � �!� �&� � ��� $,) � � � � ( ��� � � )�� ��� �,� �O� ( � ��� ��� � ��� � 2 � * e N
+ � $�� ��� � � ��( �8� * � � � $1/
0 ��( ) )�� ( � ��� ��( �&( � � ��� � �-$,� ( ��( .�� � � 2 � �!+ � 4 � ( � � � �
7 � � �-� � � ��$�� ( ��� M 2�( � �-� � � � �
` ` ®$� � �&� � � � © � � � ± � © ��� � � � ��� ��� � . � � ��� � �&� ± � � � � � � © �&� ���-c 	¼� � � � �4� � � ��� � �&� � � �&© � · � � © � ��� � � �&� � ��� © � � ��� � � � � � � �� ¦ � © � µ�� � �>� � � � � ¦ � � � � � � � � �>� � � © ��� � � ��� � � ��© � · � � © � �$� ¦ � �1� � � � µ ��¤ ±�� � ¦ µ � � ±$�&¢ ¦ � � � � � � � � � � µ �&� � © � �

� �



A
� 9 2 � � ¿  * > � 2 �,( ��+�� � � � $�( � � +�� $�) 2 � � ��� � � )�� ��� ��� ��� � '�( � � � �
* �!( � � � � �!( ��+��5� � � � 9 � � # �-� � � � $,�,� �
(,� � 2 � * e N + � $,� ��� � � ��( �8� * � � � $

-2

-1

0

1

2

3

4

5

6

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

 Estimated response  True response��� � � � 	 � � � � � 	 � � � 
 �&f T T�p4P k ] U T�z

A
� 9 2 � � ¿ � * > � 2 �,( ��+�� � � � $�( � � +�� $�) 2 � � ��� � � )�� ��� ��� ��� � '�( � � � �
* �!( � � � � �!( ��+��5� � � � 9 � � # �-� � � � $,�,� �
(,� � 2 � * e N + � $,� ��� � � ��( �8� * � � � $ � � ( � 9 ��� ( $�) � � �

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28

 Estimated response  True response��� � � � 	 � � � � � 	 � � � 
 �&f T T�p4P k ] U T�z

( ��+�� � �-) � � .�( . � � � � *,� �
$,� ( � 2 � � $�� � �&� � � � ��� $,) � � 4 �!� � � 9 � � � *�� �8� � �!� � 2 �-� 2 $,.�� ��� �
� � ��� 3 ��� $�) � � 9 � � 9
� ��� � �!� � � � � $�*�� M 2�( � �&� � �!� 2 $�.�� ��� ��� � � � 3 �&� ��� � ��� ��:��H$�� + � ��� � � / :�) )�� ��+ � =1?�� /
: F ��( �
� = )8� � � $�� � ����( ��.�� � �5� ( � � � � +�� 2 �-� ��( � � � � ��� � �,� � ��� � � � 4 � � *�� ��� � �,)�� � � � � $�( ��� �!� ��(�� � � �

� � '�( � � � ��$,� ( � 2 � �-� ��� � ��� ( $,) � ��� � � � / �5�!� � � � � � $�( � � +�� � � ��( � � � � �-( ��+ �5� � � � 9 � ��$,� + � �8� �1(�4 � � *
� ( � 9 �,� ( $,) � �,� � e � " ",� .�� � � 4 ( � � � ����9 � � � � ( � � +�. *1� � �,$,��+ � ��+ � � 4 � �1. *�� 6 �1� � � � 3 � / > � �,� � � � $�( � � +
� $,) 2 � � �-� � � )�� ��� ��� �8� � '�( � � � ��� �,(!) � � + 2�� � � 4 � � *�� � � � 3�� ( ) � 2 � � ��� � �-� � 2 �-� � � )�� ��� �-.�� � � � �&� ��� � � $���� �
� � 9 �5( ��+1� � � �,� ��( �1� �1� � ��� $�( � ��� ( $�) � ��� A
� 9 2 � � ¿ � �-( � � � �-� � ��� � 2 � � �1)�� � � � +8/!A � �-� � �,F � � �!)�� � � ��+ �
� � ��� � 2 ��� � � )�� ��� ��� ��� � � 6 � � ��� � ) � � � ( � � +5� �O� � ��.�( � � ��� ��� � � �,� + � � � � F�� ( � � � �O$,� � � � +;� 4 � �O� �C� ( � �
� �-(�4 � � *1� ( � 9 ��� ( $,) � � / > � ��$�� ( �O( .�� � � 2 � ��+ � 4 � ( � � � �;.�� � 6 � � �O� � � � $�( � � +O( ��+5� � 2 ��� � 4 � �&� �-� � � �
� � '�( � � � ��� ��� � � ��4 � � *,� ( � 9 �-� ( $,) � ��� ��" / # � )�� � � � � � ( 9 ��)�� � � � ��( ��+�� � ��� � � ��$,� ( ��� M 2�( � � +,� � � � �&" / � � /
A � ��$,� � �!� ��( � � # / � �
� � ��� � $,� 7 � � ��� � � � $�( � ��� �
� � ��� � 4 � �8� ��� � � �!� � '�( � � � �1+ � 4 � ( � � �&. *�( ��� � ( � ��" / �
)�� � � � � � ( 9 ��)8� � � �&� � � $%� � �!( � � 2 ( �8� � � �-� � '�( � � � �
/�G�� ��� � 7 � 4 � � 6 � � ��� 2 .�� � ( � � � ( � � *�$,� � ��� � � � � $�( � � � �
� ��� � �!+ ( � (!9 � � � � ( � � � 9!) � � � � ��.�� � � $�� ��( 4 ( � � ( . � � 7 � � �!� � � ��� � '�( � � � ��� � � � $�( � � ��+ ��� � �&.�� � � $,�-$�2�� �
$,� � �!) � � � � � � / > � � � �!� � � 2 � � �&� ( � � ��� 2 .�� � ( � � � ( �
+ � 2 . � ��( .�� 2 ��� � �!2�� � � 2 � � � � ��� ��( ��� � ( � ��� � �!. � 4 ( � � ( � �
� ��:�� ( ) ) � � ( � � � �&� �,� � ��$,� ( � 2 � � $�� � ��� ��� � � �!� � '�( � � � �
/

� �



��� 	���� � 
��
� 	����

0 ��� � � �8)�( )�� � 6 ����( 4 ��� � 4 � � � � 9 ( � � +-� � ��)�� � � � � $�( ��� ��� � � ��:��&N .�( � � +-$�� ( � 2 � � ��� � � � � ��� � '�( � � � �
/
� � ��� �
� � � ��� � '�( � � � �;� ��� � �,� $,) � � � � ( � � *5� .�� � � 4 ( . � � 7 6 ����( 4 ��+ � 4 � � � )�� +O(�$�� � � � ( � *59 � � � � ( �&� M 2 � � � . � � 2 $
$,��+ � ��� � 6 � � � � 6 ��� ( �C+ � F � �1� � � ��� � '�( � � � �C( ��+;� .�� � � 4 ��� � ��� � � � � � )�� ��+ � � 95� � � � � ��� �B� � � � � ( � � � �
� � $�2 � ( � � � ��� /QA 2 � � � � � $,� � � 7-� � � ��� � � �5� � '�( � � � �H� � ��� � ) ��� � � � � � )�� ��+ ��� �O� ��( ��2�� � +B� �H� � �;� ��:��
� � � � � ( � 2 � � / �-� D�� � � � ��� + � � � � F�� ( � � � �H� � � � $�� ��� � ��� � � �1� � '�( � � � �H� ��( ����( 4 �5.�� � �B) � � )�� � � +O� �B� � � �
� � � � � ( � 2 � � 7���( 4 �,.�� � �;( ) ) � � � +1� ��� � $,��� � � � � �-9 � � � � ( � � +�. *1� 2 �-$�� + � � / �5�,��( 4 ��( ��( � * � � + 6 � � � � � �
� � �,� � � � $�� ��� 2�� � � � +�� ��� � � � 4 � � � � 9,� � ��� � 2 �,� � � �!� � '�( � � � �1� � � � � � /�0 ��� 2 � � � +�� 2 ��� ��( ��� ��� � � �-� � � � � � 9
� � ��� � � ��� � '�( � � � �;� � � � $�( � � ��( � ��4 � � *1� $�) � � � � � ��( ��+5� � � � � � � � �,2 � � � 3 � � *5� �1.���2�� � � 2 ��� � ��$,� � � � ( � *
)�� � � � * /
> � � ��� � � 2 � ��� � � 2 � � � ( � � ��� � ��) � � . � � $��
� ��2�� � � 9!� � �!� ��:��C( ) ) � � ( � �,� ��� � �-� � � � � = ��� �8� � � ��� � '�( � � � �

$,� ( � 2 � � $�� � � /HA ( 2�� ��( ��+ � � � )�� ��� ¿ � �  �,( ��+B?�� � � � *C( ��+ � 6 * � ��� ¿ � � � ����( 4 ��)�� � � � � +O� 2 ��� ��( �
( ) ) � � � ( � � � ���&� �
� ��:��&N $�� + � � �&� � � *�� ��� � � 9 N � 2 ��� + � � � � � * � � 9�� � � � � � � � � � ����� �&� ��� � $���� � � � � ��) � � )�� � � � � �
6 � � � �O( � ��� � � � � �,� $�)�� � � � . � ��� ��� � � � � � � � � *;+ � <�� 2 � ��� �1� � � � /��-2 �,� � 2�+ *;� � � 6 ��M 2�( � � � � ( � � 4 � � *5� � 6
� = � � � � � 9�� ��:��&N .�( � � +�� � � �!� � '�( � � � ��$,� ( � 2 � � ��( � ��( D�� � � � +�. *�+ � )�( � � 2 � � �&� � � $Q� � � � ��( � � 2 $,) � � � ��� /
0 ��� 2 ��� = )�� � � $,� � � � 7 6 �-� � � 6 � ��( ��� � �-� � ( ��+ ( � +�.�( � � � � *�� ��� � � � ��+ � � �
� � �&� � ��� � 2�� � 4 � � *�� � � � � �&( � *

� � � � �&� � � � ( . � ��( � � 2 $,) � � � ���82 ��+ � � � * � � 9-� � ��+ � D�� � � � ��� ��:���N .�( � � +�� � � ��� � '�( � � � ��$�� ( � 2 � � � / � ( � � +!� �
) 2 � � � *�� � ( � � � � � � ( � � 4 � + � ��� ��� ��� � � $���� � � � � � � � �&� $,)8� � � � . � �&� �,+ � � � + � 6 � � � � � �&( � *,� ��� � ��� + � � � � F�� ( � � � �
� � � � $�� �-� �-� � ��( ) ) � � � ( . � � /,G�� ��� � 7
( � � � � 2 9 �1� ( � �1� �&� � ��� � ��� � + � � � +�� + � � � � F�� ( � � � �5� � � � $,� �-� � � ( � � �
( �&� � ( � �&� � �!( � � 2 $,) � � � �
7 6 � � � ��� ��� � ��� ( � � � F � +,. *�� � �!+ ( � ( N 9 � � � � ( � � � 9!$�� + � � 7 � � � � �!+ � )�( � � 2 � � �&( � �
� � 3 � � *�� �,� � $�( � ��2 � � � � � � � + 6 � � ��� � � � $�( � � � 9�� � � �-� � '�( � � � ��� � � $Q� � ( �
+ ( � ( /
> � �,( � � 2�( �
� � � �!� ��� � ��$,� ( � 2 � � $�� � ��� � � � ��� � � ( � � *�+ � )�� ��+ ��� ��� � �,+ ( � (,9 � � � � ( � � � 9,$�� + � � / > � �

+ ( � (-� �,� � � ��� � 2�+ *���( 4 �&.�� � �,9 � � � � ( � � +!. *,(-$,� � � � ( � *!� M 2 � � � . � � 2 $R$,� + � � � ��( ����( �
.�� � ��+ � � � 9 � � +�� �
$,� � ��� 6 �!� . � � � � � 4 � � /��-�,� � �&� � ����( ��+�� �&� � � 2 � +!� � ' � � ��� � ��) � � )8� � � � � �
� � M 2 � � � +�. *�� � ��� + � � � � F�� ( � � � �
� � � � $�� �
� � ��� � � �&� � '�( � � � �,( ��� � � � � � *�( �
)�� � � � . � � /����,� � �&� � � � ����( ��+!� ��� � � 2 � +!) � � 4 � + �&(-� � � � � � � � � ( � � *
� � ��� � � � � � �-� � � � � ) � � � ( � � � ��� ����2 � � )�� ( �1� � $��,� � � � � � /&0 �1� � � �!� � � � ��� � ��$�� + � ��( ��+�� � ��� � � 2 � � ��� ��� � � �
� � 2 + *�( � �!� $�) � � � � ( � � *�� � � � 4 ( � ��( ��+�� ( � ��� �,� � �,� ��:���N .�( � � +�� � � �!� � '�( � � � ��$,� � � � + � /
��� 4 � � � � � � � � � 7�(�� ��:��&N .�( � � +1� � � ��� � '�( � � � �1$,� ( � 2 � �!$�( *�)�� � � � � $J.�� � � � �-� ��( �1� 2 �-� � � 2 � � �-� 2 9 N

9 � � � 78� �&� � �!2 ��+ � � � * � � 91( � � 2 $,) � � � ���!� = ( � � � *1$�( � � �;� � ��) � � )�� � � � � �!� �&� � ��+ ( � ( N 9 � � � � ( � � � 9�) � � � � � � /
�&� )�� � � ( � � * 7�� � ��� ( � �,� ��( ��� 2 �,$�� + � �&� � ( � 2 � � ��� � � N � � 2 � � ( � � � *5� ��$�� � � * 7 6 � � � � ( ��� � ( � � *;( � �&� ��� � �
� � ��� � + � � � +5� ��:��&N .�( � � +;� � � �,� � '�( � � � �;$,� ( � 2 � � ��( � � 2 $,��� � 2 � � ( � � � * 7
$�( *1��( 4 ��(�� � 9 � � F�� ( � ��� D�� � �
� ��� � �!� � � ��� �8� � �-$�� ( � 2 � � $�� � ��� � � � � / > � � � � � � � � 7 � 2 � 2 � �-� � � � ( � � ��� � � 2 � +�� � 4 � � � � 9 ( � �-� � �-� � . 2�� � � � � �
� �
� 2 �&F ��+ � � 9 �&� 2 � � � � � /�A � � $J(!$�� � � � ( � *,)8� � � � *�)�� � � )8� � � � 4 �-� �&� �&� 4 � ��$,� � �-� � � � � � � � � � 9�� ��+ � 4 � � � )
� + � � � � F�� ( � � � �1� � � � $�� � 6 � � �1( �1( � � � ) � ( . � �!)�� � � � � $�( ��� �-� � �-(�. � � ( +�� ( � 9 �-� �
$�� + � � � /

� �



��� ��� � �
	�	!� ����� �&	�� �,�������
�!��� 	�� �����8�
��� 	�� �
� � 
�� �!����� �
� � � �
���
� ���

> ( . � � e *�:�2 9 $�� � � � +���� � 3 � * N A 2 � � � ��� � � ��� � ��� � $���� � � � � ��9 � � � � ( � � +�. *�� � ��$,� + � � 6 � � ��� � 2 �-� � � � 3 �
��( � � ( . � � ��� � � � $,� � � � � � �!� � � $��

k t
N � � ( � � � � � � ?�� � � � � ( �84 ( � 2 � � � / �

ln Y c, t
"

−3.15 −3.461
ln M c, t

�
−3.00 −3.463

ln P c, t
�

−2.49 −3.463
R c

�
−4.77∗∗ −2.896

∆ ln P c
�

−2.45 −2.896

∆ ln Y c
e

−6.57∗∗ −2.896
∆ ln M c

"
−11.55∗∗ −2.896

∆∆ ln P c
�

−6.57∗∗ −2.896

R − ∆ln P c
�

−4.99∗∗ −2.896
(ln Y − ln P − lnM) c, t

e
−3.35∗ −2.896

��� � % $ �+$ ( � & ��� � ( ' ! �
k
� ��� � �-� 2 $�.�� ��� �8� ( 9 9 � +,+ � D�� � � ��� � ��� ��� � 2�+ � +,� ��� � � �-A
	 :��!A1� � � ��� ( � � � � + � � 9

� ��� � �-� � 9 � � � �&� � 9 � � F�� ( � ��� 2 $,.�� �&� ��� ( 9 � 6 � � ��(!$�( = � $,2 $R� � � � ( 9 � � � � �-( ��+
�-� ��+ � � ( � �-� � 9 � � F�� ( ��� �
( ��( ¿ / ( ��+ � / � � 4 � � 7&� � � )�� � � � 4 � � * /H?�� � � � � ( ��4 ( � 2 � ��( � ��� � � $ L ( � W!� � � � � � ¿ � � ¿ � /

c
+ � � � � � ��(

� � ��� � ( � ��( ��+
t
(�� � � � ( ��� � � ��+8/ > � ��� ( $,) � ��� � � �!� � � �,� .�� � � 4 ( � � � ��� /

> ( . � � � *�:�2 9 $�� � � � +��-� � 3 � * N A 2 � � � � > � � �&� � ��� � $,�,� � � � � �&9 � � � � ( � � +�. *�� � �!$�� + � � 6 � � ��� 6 ��� � � � 3 �
��( � � ( . � � �-� � � � $�� � � � � � �-� � � $��

k t
N � � ( � � � � � � ?�� � � � � ( ��4 ( � 2 � � � / �

ln Y c, t
�

−2.29 −3.463
ln M c, t

�
−2.65 −3.463

R c
"

−9.32∗∗ −2.895
∆ ln P c

�
−1.62 −2.896

∆ ln Y c
�

−3.85∗∗ −2.896
∆ ln M c

�
−2.28 −2.896

∆∆ ln P c
�

−7.44∗∗ −2.896

∆∆ ln M c
�

−8.29∗∗ −2.896
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��( � � ( . � � ��� � � � $,� � � � � � �!� � � $��

k t
N � � ( � � � � � � ?�� � � � � ( �84 ( � 2 � � � / �

ln Y c, t
¿ �

−3.33 −3.414
ln M c, t

#
−3.76∗ −3.414

R c
e

−23.81∗∗ −2.863
∆ ln P c

�
−16.82∗∗ −2.863

��� � % $ �+$ ( � & ��� � ( ' ! �-� � � > ( . � � e 7 � � ��� ( $,) � ��� � � � 7 � � 6 � 4 � � 7 � � e � " "!� .�� � � 4 ( � � � ��� /

� #



��
�
�

�
	��
��

���%
����
�8�Q
����
�8
�
��
�

�� � � ��� �	 � � 
� �� � 
 � � � � 
 � �� 
 � �� � � �� � � � � 
 � �� 
 � �� � � �� � �

� 
 �� � 
 �� � � 
 �� �� � � � � � 	 �� �	 � �� � 
� ��	 ��  ! " � � � � � � � �	 � # � 
$ ��  % " � � 	 �� �	 � �� � 
� ��	 ��  ! "

�& & 	 �� � � '� � �( ��  % "a ) 
* � 	 
� � � �	 
* � 	 
� � � +� � � 
 � ��  , " ) 
 * � 	 
� � �

'� 	 
� ) � � � ∆ lnY - ∆∆ lnP ∆ lnY - ∆ lnP ∆ lnY - ∆R - ∆ lnY - (R− ∆ lnP ) - ∆ lnY - ∆ lnP - ∆ lnY - ∆ lnP ∆ lnY - ∆ lnP
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$,� ( � 2 � � $�� � ��� � � � �-+ � � � � � . 2 � � � �
�(T S Q ] U T Y�T Z V�T U U X U a

v�X U T�P Z \ S V P X Z([ X Z [ T R V
0.10 0.50 1.00 1.50 2.00 2.50 3.00

��c��~d&��f o
� ��� a T h T a Z S U U X j

92.0 62.0 32.6 14.1 5.0 1.4 0.3 0.80 1.00^ U X S _
91.8 60.5 30.1 12.4 4.0 1.0 0.2 0.76 0.96[ O S Z k T Z S U U X j
91.4 58.5 27.4 10.3 3.0 0.6 0.1 0.72 0.92^ U X S _
90.2 53.7 22.0 6.7 1.4 0.2 0.0 0.64 0.80� � � � � 	 �	� � � � ��
 � 
 
 � �a T h T a Z S U U X j
90.2 54.0 22.3 6.8 1.5 0.2 0.0 0.64 0.80^ U X S _
88.7 47.9 16.0 3.6 0.5 0.0 0.0 0.56 0.68[ O S Z k T Z S U U X j
88.7 47.9 16.2 4.0 0.7 0.1 0.0 0.56 0.72^ U X S _
83.8 31.3 5.7 0.7 0.0 0.0 0.0 0.40 0.48� � � � � � ��� 	 ����� � � ��
 � 
 
 
 �a T h T a Z S U U X j
91.8 61.5 31.7 13.2 4.4 1.2 0.2 0.80 1.00^ U X S _
91.8 60.6 30.5 12.3 4.0 1.1 0.2 0.80 0.96[ O S Z k T Z S U U X j
90.6 55.7 24.2 8.0 2.0 0.3 0.0 0.68 0.84^ U X S _
90.7 55.5 23.8 7.9 1.8 0.3 0.0 0.68 0.84
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 � � 	 � � ��� � � �a T h T a Z S U U X j

90.9 56.6 25.3 8.9 2.4 0.5 0.0 0.68 0.88^ U X S _
89.8 53.3 21.8 7.1 1.8 0.3 0.0 0.64 0.80[ O S Z k T Z S U U X j
90.4 54.8 23.0 7.3 1.8 0.3 0.0 0.68 0.84^ U X S _
89.4 50.0 18.8 5.2 1.1 0.1 0.0 0.60 0.76

� � � � ��� 	 
 � � 	 � � ��� � � � � � � � � 
 � � � � 
 ba T h T a
89.03 49.46 18.36 5.34 1.20 0.20 0.03 0.60 0.76[ O S Z k T
87.48 43.90 13.52 3.11 0.53 0.06 0.01 0.56 0.68
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 � � 	 � � ��� � � �a T h T a Z S U U X j
90.9 56.7 25.8 9.3 2.5 0.5 0.1 0.72 0.88^ U X S _
89.9 53.5 22.3 7.2 1.8 0.3 0.0 0.68 0.84[ O S Z k T Z S U U X j
90.2 54.3 22.8 7.3 1.8 0.3 0.0 0.68 0.84^ U X S _
89.0 49.0 17.4 4.6 0.8 0.1 0.0 0.60 0.76� � ��� � � � � ��� 	 ��� � 
 � � ��
 � 
 
 � �a T h T a Z S U U X j
88.4 47.1 15.6 3.7 0.7 0.1 0.0 0.56 0.69^ U X S _
87.4 42.3 11.3 2.2 0.3 0.1 0.0 0.50 0.62[ O S Z k T Z S U U X j
85.8 38.6 10.2 2.0 0.3 0.0 0.0 0.48 0.59^ U X S _
80.9 24.3 3.0 0.3 0.0 0.0 0.0 0.35 0.43 �� � �!
 � 
 
 � �a T h T a Z S U U X j
90.0 53.2 21.8 7.1 2.1 0.7 0.3 0.68 0.80^ U X S _
88.7 48.7 18.0 5.4 1.6 0.6 0.3 0.60 0.76[ O S Z k T Z S U U X j
89.4 51.2 19.8 5.8 1.2 0.2 0.0 0.60 0.76^ U X S _
87.5 44.2 13.6 3.2 0.5 0.0 0.0 0.52 0.68
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