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 ������� ����� ������� ��� �$���� �� 
	�	���
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 ����������
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��������
� ��	�������	 �	� �	"�����	� ��� �
�� �� �$����� �� ������,������ �����,
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� ��� �$���� �	 ��������� �	"�����	� �	 ���� ������
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 �&�������	

�	� "������ �&���
�� �� ��
�������	 ��������� =	 ����	� ��� ��
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���  ��� �&���
�� ��� /�����
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������ ���������	 ����
��� ��� �������
��� ������ ���� ��� 	�� ����� ��"����� �� �	,
������	���� ������
��� �	���� ���
�� �� �� ��

� ��
�,
	�	��� �� ���� ������ �������
���������� ���� �� ����	���

� ��� ���� ��������	 �� ���� ��������� �� >��
����� �	�
C����� -122+. ����� �	
	���
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�"�� �	������	���� ������	� ��� ������ ���� ���"�
� ���	
�� �������
�� -�	 ��� ���� ����
 ����� ����� ������	� ���� �� ������ ���	 ��� ����
��� �	,
������ ����� ��.� /	 ��� ����� ��	�� ��� ����� ���� �� ��� �� ���� ��� ����
 	����� ��
�	������	���� ��	���	�� 7� �� 	�� ��	����� �	 �	������	�� ����
�� �� ������	� ���
��,
��
� ���� ��� ��@���� ����� ���
� �� 
��� �� ��� ���� �	������	���� �������� ���������
�
�	 ��� ������ ���
� ��� 	�� ��	������	 �� �	������	���� -�	� ����� 
���	� ����� 	�� �����
�� �����
�. ��� ��"�	 ���� ���
�� �� ����	 ��������	�� �;; ���
 ���� ���� ����
�� ����
�&�
����
� �� �	�������	� �	������	����9 �	�
����� 
���� ����
� �	� ��	�������	� ����"���
���� ���� 	�� ���	�� ��� ����	���
 ��	���� ���������� �� ��� ����
�

����� ��	��"��� �� ��� ��

���	� ������
 ���������	 ��	����	 -H��-�. � 6. ���
��� �	�����,
�	� �����	�
 ��������	� ������
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�	 � ������� �� ��� ��
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"	�� ��� ������ ��� �	�� ����� �� � �	
�������� �����	�� 9� ������	�� ���
���	���	�� ��	����	� 	� �������������� ���  	��� ������ ���������� �)���� 	�
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�
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	��� �	 	�����	� ������������� ��	�!� �	 ���� �
	���	�� �����"���
�	�������� 	� � 	�� ������� �������	� ��	
 ��� ������ ����� ��	�	
���� $�
��		�� ����
���� ������ "���� 	� ������ ���� 1����	����� ��������2� �������
�'����	� ����
���	�� 	� ���������� �	 ��������� ������� 1��	 � �� &���� C2�
�� �������� �� ��� ������ ��������	� �� 8����	� @�� "��	 ��	 D��� �����"��
�	������� �	 ��� ������������ ���������� ����� 	�� ����
�����%���	��  ����

���� ���� ��� �����
 �� ���"�� ��	��� ��� ��������������� :���	���� �	 ���
������������� ��	�! ��� ��	 � �� &���� �� ��� �	 ��� �����	�	�� ��	�! ��
&���� I���

��7��	 �	������	����9 	�� ����� ������������ �����
� �	� ��� �����	�
 ���� ���"� ��,
����� ��� ����� ��� ��� ����	� �� 
�	��	� �� ���	��� ��	����� ��
��� �	 ��� C ���� ���
��"� 
��� �$��� �	 ��� ����	� ��� ������
 ���	 �	 ��� 4�,C ����� 0����� �	� C���	���
-5665. ��
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	�	�� �������E�
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"�	� ��� ����
 �	
����� �� �����	����� ��� �&,���� ��
����	����� ����� ��� ������� �� ��� �	�	��������� �����
���� ����� ����� ��� 	��� =	 �������
��� �� ����� �
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��7� �� 	�� �&���	� ��� �
���
 ��������������� �� ��� ��	������ ���������� ��� �����,
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��� �� �
���
 �	�����
��� �� �	�������	��� ��� ���

 �����	�

����� ����
 �� ��
"�� �� ��� ������ �� �	�������	�� ���Æ���	� -��� ����	 �������,
�����	 ������.� 7� ���
�F� ����
� !�
��9� ( �J � �������� ����� ��� �"��
��
� �� ���
�������� -����BKK�����������,���
�	���K���
K���
K���
�������.� ��� �����
�� ������,

�.
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���	� ��� �	��	���� ������
��� ��� ������"�� "� �'����	�� 1.�2
�	 1.�2� 1.�2 �� ��� D���� �'����	� 	� �	����	���� �	���
���	� ������� ��	

1�C2� ��� �	�����	��� �	 ��� 98 �'����	� 	� � -������� 
	���� 1.I2 �	 1.�2
��� ��
	�� ��� ��
� �� �'����	�� 1��2� 1��2� ��� 1�=2 �� ��� �	�� 
	����

1=�2 �� ��� �	���������%�� �����	� 	� ��� ��	�����	� ������	�� 1=�2 �� ���
�	�����	� �	� ��"	� 
��!�� �'����"���
 ������� ��	
 1�I2 ��� 1.�2� 1=.2 ��
��� <� -�������� 0������� ����� 1��2� 1==2 ��� 1=@2�  ���� ������"� ���
��	����	� 	� ��� ����� �����"���� ��� ��� ��
� �� 1�@2 ��� 1�.2 �� ��� �	��

	����

1=C2 �� ��� A������ �'����	� ��#���� ��� ������	����� "�� ��� ��� �	
����
��� ���� �������� ������  ����  � 	
�� ��� �	�����	��� �
�������	�� 	�����	�
	� ��� ������ ������	� ����� 1=�2 �� ��� ��#����	� 	� ��� ������	� ����� 1=I2
������"�� �	����	���� 
	��� ��
��� ������� ��	
 1��2� ��� �	�����	��� �	
��� NB �'����	� 	� � -������� 
	���� 1=�2 �� ��� 
	������ �	���� ����
������� ��	
 1.=2�  ���� ���	 �������"�� ��� ��	�! ��	���� �	������� ���
�	
���� �������� �����

1=�2 ��� 1@�2 ��� ��� ��	�! ��	������ �	������� ��� �����	�	�� ����
����
1��� ��
� �� 1�2 �� ��� �	�� 
	���2 ��� �	����
��� �
��������� 1��� ��
� ��
1.@2 �"	��2� ������������� <	�� ���� ��� 	� ��� ����� ����	
 �����"��� �� ���

	���� ���� �

�
�� ��� �

�
�� ��� ���	�������� ������ �������� 	� �	���
�	����	�����
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7���� ���  �	�� �	���������%�� 
	��� �"	���  � �	����� �	
� '�����������
�
����
���� �� ���� �����	�� ��  � ��� �	� ��� �	�� 
	��� �"	���  � �����
�
�
��� ��� ����	���� 	� �����"��� �	 �
	���	�� ��	�!�� 9� ������	��  �
��������� ��� ���	�� 
	
��� ��	������� 	� ��� 
	��� ���� �� ��� ��������
�������	�� ��� ��	�� �	�������	��  ��� 	����� 1���� 3402� ��� �
�
��� �	 
 ��� ����� ��	������� �	�����	�� �	 ��	�� 	"������ �� ��� ������ ��������
�����

 �� ���������
#��
��

A���� 	� ����  � ��� ����
���� ������ �	 ����"���� ��� 
	��� �	 ������� ��	��
	
�� �� � �����  � ��		�� ���
 "���� 	� ������ ���� 1����	����� ��������2�
��������'����	� ����
���	�� 	� "� ��������� �	 ��������� �������� � ���� 	�
	�� ��	��� ������ �	� ��� "����
��! ����
�����%���	� �� ��	 � �� &���� C�
8	
� ����������� ����
�����%���	�� ��� ��������� ����� �� 8����	� C�.�

8����������� ������ 	� ��� ������ 	� �	����	�� �	���
���	�� �	��	����
#
�� ������
���� ��� 	���� �
	���	�� �
���������� 1��� �
��������� 	� ���
�	����
��� ����	� �� ��� 
	���2 �� ��� �	��� �
��������� 	� ��� ��	�	
� ���
�����
���� �� ����	����� �������� 	� ����� ������ �� ��� �������� <���	��� ���
�	���� 	��� ��� ����	� ��	
 ����56� �	 .���56��  ����  � ��!� �� 	�� 
���
��
��� ����	���� *�� ������� ������ �� ��� ��� ����������	� ���� 	� ��������
Æ� ��� ���������� �� �������� 	��� 	�� ��
��� ����	�� ����� ��� /������ ���
0����	�� 1.��.2 �����  ���� �� �	��������� ��	
 ��� <���	��� ���	�����

/	����	���� ����	��� ����	��  1E ���2� �� ��� �	 ����C �	��	 ��� ?�!���
1����2 ��� 8	�(�
� 1���I2� �� �� �����  ��� ��� �������� ���� "�������
����� 1:;&2 
	���� ��� ����
���� 	� ������� ���������� �� �����
���� "� ���
������������ ������	� 	� ��
� �����  	�!���> ��.�� �� ��� ����	����� ������� ��
������  ���� �
����� � ��"	� ������ ���������� 	� .�I=I�

*�� ����
���� 	� ����� ����!������ +� �� ��� �	 ��IC�  ���� �
����� ����
����� ��(���
���� 	���� 	� ������� 	��� ����� �	�� ����	�� 1� ����2� *���
����� ����  ����� ��� ����� 	� ����
���	� ������� �	� ��� <� -��������
0������� ����� ���������� "� A���� ��� $�����"� 1.��.2 ����� �������� �����
*�� ������������ ���������� 	� ��� ����� 	� ������� 1�2 �	 ��� ����	 	� �������

��� �	 ������� ��	�! 1���2 �� ��� �	 ��.C �	��	 ��� ;33�

$� ��!� ��� ������������ ���������� 	� ��� �
������ #����� ���
��
 1
2
 ��� ������� �	 ��� ����	 	� ������� �	 ���  	��� 1�2�  ���� �����
��� ���

��)��� ������ 1236 -����
� ������ 1226. ��� 	�� �"��
��
� �	 ��� 	�� ���	���� -122G
�4 . ����	��� 4����	�
  ����	���

.�



�)���������� 	� ��� #������� ���������	�� �� ���C �	��	 ��� ;33��� �
	��
��� ��������� �	�����	�� �	������� ;33�� ��	��� 	� ���� ����� ��� ���� � �� .
��� ���� 
 �� �������� .�� "���� �	����� *���� �	�����	�� ���	 	)�� � ��	��
#� �	 ����	����� �������� �� ����� ��  ������ $� ���	 �	��	 ;33 �� �������
��� �������� ���� 	� �������������� 
� �	 ���I.��

*�� ����
����� �������� �	 ��� 
	������ �	���� ���� ��� �
	���	�� ��	�!
��	������ ��� ��� ����� "� ����
���	�� $� ����
��� ��� �	���� ������	� �����
��	� 1=�2 ����� ��� 	�������� ���� ���� ��� ��� <���	��� ���	���� ���� ���
������� "� ��� /	����!�0����	�� 1/02 #���� 	��� 	�� ��
��� ����	���� $�
���	 ����
��� ��� #����	���� ���	���������� ����
���� 	� ��� ��	�! ��	������
�	������� �	��� ����	� ��	��������� ��� �
	���	�� �
����������� �� ��� ��
������������� ����� ���� ���������� ��	
 ��� <���	��� ���	�������	�� $� ���
��� ��� �������� ���	�� �� ����� ����
���	�� �	 ��� �������� �������	�� 	� ���
���	����	�� �� ��� �	�����	����� ��	�! ��	������� 3�� 3� ��� 3��

 �� $�%���� ���%�����

$� ���� �
�
��� ��� ����	���� 	� ���  �	�� 
	��� �	 ����� ����� 	� ��	�!�>
� 
	������ �	���� ��	�!� � �����	�	�� ��	�! 1�	 �	��� ����	� ��	���������2
��� � ��
��� ��	�! 1�	 �
	���	�� �
����������2� &���� � �	 �� ��	 ���
������� �	� ���� ���� 	� ��	�!�

A����  � �
�
��� ��� �)���� 	� 
	������ �	����� ���� ��	�� 	� � �	����
��	�!  ����  	�!� ���	��� 	�� �����#�� �	���� ���� �	���	����� ��� �	
����

���;; ��"� ���� "�
�� ����� �	 � �������� 	�������
 ��
����	 �� ��� ������
 ��	�����,
�	� ����
�� ������	 �	������	���� �	� 
	�	���
 �	������������ ����� �� ��� 	�� ��� ��
�������
� �	 ��� ���� ����
�

�� ������	� �� ��� ���"���� ���	���� -1283 �4 . 4����	�
  ����	��� ��� ���������

�"����� �� � ���� 1236 �� 1223 
���
 ���� �� 1�235� /	 ��� ����� ��	�� ��� ���������

�"����� �� ��� ������ ������	 ��� �"����� ��	������� 
�	��	� ���� �	� ��� �Æ���
 ������	�
���� �� �		��

� 5I1 -
�	� ����. �� 1II -����� ����. ����� ���	���

��C�

���	� >
����� �� �
� -1223. �	� ���	�	�� �	� ;���
�� -5666.� �� �������� ���
����������� 
�� 
�� �	� ��� ���	� ��� ��	���
�F�� ������ �� ����	�� -;((.� ��� �	����,
��	� ��� �	�
���� � ��	���	�� �
�� 1,I 
��� �� 
��,��$���	��� ���
 ;)?� ��� 
��,��$���	���
;)? ��'����� �	� ��� ��

 ����� C�� ��� �&������ ������ ����� 
�"�
� �� ���� ��� ������
������ -�	� ����. 
��� �� ��� ���
�F�� �����

��7� ��
��
��� ��� ����
 ������ ��������"���� ��� �� ���������	� �������� -�� 
. ������
�	���� ���� ���
 ;)? �	 
���������� �	� ��� �&���	��� �&��	�������� ��� �� ���������	�
�������
� ��	�������	 �	� ��������� 
&�� �	"�����	� ���� ;)? �	 ���
 ������

��C�

���	� ���� �� ��� ��> 
����������� �� �������� ��� 
���,����� ������������"�
��������� ��"��	�	� �� -�	� ��. ���	� 
�"�
 ���� -����	� 
���������. �������� ���� �
��	���	� �	� � 
�	��� ���	� ����� 7� ��	 �
���	���"�
� ��� ��� �?,

���,�����	��� ����
�� ������� ����� ��"�� ���� ���

�� ��������� -����	� 6�< �	� 6�8. ���	 ����� ����

�
��
������� �	 ��� 
����������
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�������� ����� �� &���� �� � ���������� �	���� ��	�! ������ ��� ���� ��������
���� ��  ��� �� ��� �	
���� �������� �����  ���� ������ ��� 
��� ���� �����"���
�	 ����	�� �� ��
	�� ��� ��
�  �� �� ��	�� �� ��� �	�� 
	����  ���� �� ��
��� ���� �������� ���� ���� ��	����� ��� �
	���	�� 
	������ �	���� ��	�!�
9� ������	�� ��� ����	���� 	� �����"��� ����	����� ���� ���� �� 
	��� ���
������	� ��� ��
	�� ������"�� ���	����������

*�� ����	���� �	 ��� �����	�	�� ��	�! �� &���� � ��� ��)����� ��	
 ��	��
	� ��� �	�� 
	���� 7���� 	�� ����
�����%���	��  ��� � �	������ �����	�	��
��	�! ���� ��� ��	�	
�� �������������� ���  	��� �	�� �	� �
��	�� "�� ���
����	������ *��� �� ������ "������ ��� �	���� ������	� ������	� �	���������
��� �	������ �)���� 	� ��� ��	�!� ��� ������ "������ �� �
�����	� 	� ���

��!�� ��� �	 ����� ����!����� ������ ��� ���� ���� �	 � ���� 	� ������� ��
���
� 	� ��� ������ ����� 	� 	����� �		�� �	 ������������� *�� �
������ #�
����� ���
��
 ���� ��
���� ��� ��
��� �	� ������� �� ��� A� �����  ����
�	��������� ������ ���� �
���#�� ��� �	������ ����	���� 	� ������
��� ���
���� 340� *�����	��� ��� �����	�	�� ��	�! �� ���� �
���#�� �� ��� A� �����
 ���� �� ��� ������� 	� ��� 	���	
� �� ��� �	�� 
	�����	

� �	������ ��
��� ��	�! ���	 "		��� ���� 340 ��� ������
���� ����	���
��� ���� 	� ��� �������� ���� �	��������� ���� �)���� 
�!��� ��� ��������� 
	��
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��� �	  ��� ����� ��	������� �	�����	�� �	
��	�� 	"������ �� ��� ������ �������� ����� ����������� �� &���� �� <	�� ����
��� ����	
 �����"��� �� 	�� 
	��� ��� ��� ���	����	�� �� ��� ����� ��	�!
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��/	 ��� ����� ��	�� �������
��9 ��
���� �����"�� ������� �����
���9 ��	���
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����� ��
�	� �� �������
�� �	������� �������	��� �� ��� �&��	���	 �� ��� �������

�	4��� ���� ���� ������� ����	�� �	 ��� ����������F����	� �������

� ���� �� ��� ��
���
�������	 �	� ����� ������	��� ������ =	 �;;� ��� ��
��� �������	 �� ������ �� ��� �� F���
-�������. �	� ��	��� 
��� ��� ����� ������� ��� ����	�
��� ������ ��� �
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���� 	� ��� 
	���� &���� �� ��	 � �������� �������	��
��� ��	�� �	�������	��  ��� ���� 340 	� ��� �	�����	����� /0�#������ ������
�� "	�� ��� <	�A� ��� A� ����� 	� ��� 
	����  ����  � ��������� �������
������� 9� ������	��  � ���	 �������� ��	����������� 	�� ������� ��
������
������  ���� ���� ��� �	������ 	� � �	
����� ����
�� ���� 	��� ��� ���� �C
����	�� 	� 	�� ��
���� $� ���� ��������� ��
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�
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��� ������ �� ���� ��� A� ���� ��	����� 
	�� �	������ �	��	����
������
��� 1��� �������� �������	�� ��	 � �� &���� ��� �� @�=�2 ���� ���
<	�A� ���� 1=�=�2� ��� �	�����	��� 
	�� ��	���� �	 ��� ������ ���� 1C�=. ��
&���� �2 ��	��� ����� � ������ "�� ��	��� *�� ��
��� �������� ���	� 	� ���
��
�����	��"���� 
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Chart 1

Actual Data

(1) Standard deviations

Real GDP 1.32 <1.00> 1.10 <1.00> 0.94 <1.00> 1.27 <1.00>

Corporate fixed investment 3.88 <2.94> 5.32 <4.82> 4.10 <4.38> 6.44 <5.06>

Private consumption 1.03 <0.78> 0.96 <0.87> 0.82 <0.88> 1.10 <0.86>
Total working hours 1.25 <0.94> 0.62 <0.56> 0.56 <0.60> 0.68 <0.54>
Inflation rate 1.14 <0.86> 1.74 <1.58> 2.08 <2.23> 1.30 <1.02>
Monetary aggregate 1.02 <0.77> 1.61 <1.46> 1.79 <1.92> 1.40 <1.10>
Nominal interest rate 1.44 <1.09> 1.02 <0.92> 0.81 <0.86> 0.63 <0.50>

(2) Cross correlations with GDP
   1. U.S.A.

-4 -3 -2 -1 0 1 2 3 4
Real GDP 0.19 0.42 0.63 0.84 1.00 0.84 0.63 0.42 0.19
Corporate fixed investment -0.15 0.01 0.24 0.48 0.70 0.79 0.77 0.64 0.42

Private consumption 0.44 0.60 0.70 0.80 0.83 0.67 0.50 0.31 0.12
Total working hours 0.06 0.31 0.55 0.78 0.93 0.89 0.75 0.58 0.37
Inflation rate -0.24 0.00 0.14 0.25 0.33 0.40 0.37 0.43 0.38
Monetary aggregate 0.14 0.11 0.08 0.03 -0.06 -0.14 -0.13 -0.09 -0.07

Nominal interest rate -0.41 -0.24 -0.05 0.26 0.44 0.46 0.45 0.51 0.39

   2. Japan
-4 -3 -2 -1 0 1 2 3 4

Real GDP 0.35 0.57 0.61 0.73 1.00 0.73 0.61 0.57 0.35
Corporate fixed investment 0.18 0.32 0.49 0.65 0.77 0.79 0.80 0.73 0.59
Private consumption 0.23 0.44 0.29 0.24 0.65 0.25 0.12 0.20 0.07
Total working hours 0.36 0.51 0.59 0.64 0.65 0.65 0.55 0.44 0.25
Inflation rate 0.08 0.14 0.22 0.21 0.11 0.36 0.30 0.26 0.24
Monetary aggregate 0.47 0.55 0.61 0.64 0.62 0.59 0.51 0.42 0.37

Nominal interest rate 0.07 0.20 0.29 0.35 0.43 0.49 0.52 0.50 0.42

< Lead GDP Lag GDP >

Notes:

1. Period: 1980/Q1-2001/Q1
2. All variables are in logarithms (except Inflation rate and Nominal interest rate) and have been

detrended by the Hodrick-Prescott (HP) filter (λ=1600).

3. GDP, Investment, Consumption, and working hours are real and per-capita base. 
4. Inflation rate (rate of change in GDP deflator) and Nominal interest rate (Japan: call rate,

US: federal funds rate) are annual rates.
5. Numbers <…> in table (1) represent the relative volatility to GDP.

6. Shaded sells in tables (2) represent the peak.
Sources

Japan: National Accounts, Labor Force Survey, Bank of Japan.
U.S.: National Income and Product Accounts, Monthly Labor Review, Federal Reserve Bank.

U.S.A.
1980/Q1-1990/Q4 1991/Q1-2001/Q1

Japan



Chart 2

Sketch of the Whole Model

Government

Money supply
Tax collection

Households

Deposit with Final output goods Final output goods
riskless interest rate Profits of retailers

Labor supply

Intermediaries Retailers

Lending with Output good Final output goods
auditing costs

Entrepreneurs

Capital good

Capital Producers

* The part enclosed by the dotted lines (with shaded agents) is the core model. 

Perfect competition.
Uncertain returns.
Risk neutral.
Net worth accumulation.

Optimizing consumption,
labor supply, and real money balances.

Perfect competition

Monopolistic competition.
Sticky pricing.

Perfect competition.
Perfect diversification
  on individual risks.



Chart 3

Sketch of the Optimal Contract

(1) Situation without Auditing Costs (No Financial Accelerator case)

(2) Situation with Auditing Costs (Financial Accelerator case)

  Explanations:
1. Normalizing enterpreneurs' purchasing capital to unity.
2. The ex-post returns are distributed uniformly here. 
3. The expected rate of returns, F, and the interest rate, R, are taken as given here.
4. The optimal contracting rule maxmaizes enterpreneurs' share subject to the condition

that intermediaries' expected returns of lending less monitoring costs (the average
of shaded area) must be equal to the interest rate.

5. Optimally chosen  ratio of borrowing (a) is increasing function of F/R.

F

aR

Observed
 (with Costs)

Not Observed

45°

Auditing Costs
(Proportional to Returns)

Enterprenuers'
ex-post Returns

Repayment to
Intermediaries

(< Low Returns)        Enterprenuers' ex-post Returns        (High Returns >)

(a: Ratio of
     Borrowing
 R: Interest Rate)

(Expected Rate
       of Returns)

(< Low Returns)         Enterprenuers' ex-post Returns        (High Returns >)

(Expected Rate
       of Returns
 = Interest Rate)

45°

F=R

aR

a×45°

(a: Ratio of
     Borrowing
 R: Interest Rate)

Repayment to
Intermediaries

Intermediaries'
Share

Enterprenuers'
Share

Enterprenuers'
ex-post Returns

Intermediaries observe all enterprenuers' ex-post returns.
(without auditing costs)



Chart 4

Static Financial Accelerator Effects

(1) No Financial Accelerator (FA) case

  (2) Financial Accelerator (FA) case

Monetary
   Policy

Capital

Rate of Return

Return to Capital

Cost of Funds

  R
(=F )

Monetary
   Policy

Capital

Rate of Return

Return to Capital
Cost of Funds

Entrepreneurs'
 Net Worth

Entrepreneurs'
 Net Worth

  R

  F



Chart 5

The Notation of Variables and Parameter Values

Yt Real GDP, Output Xt (Gross) Mark-up Rate
Ct Private Consumption At Total Factor Productivity
It Corporate Fixed Investment Ht Labor Input Hours
Gt Government Expenditure Wt Real Wage per Hour
Rt (Gross) Real Interest Rate Rn

t (Gross) Nominal Interest Rate
Ft (Gross) Rate of Returns Pt Prices Level
Qt Price of Capital Good P*

t Optimal Price of Retailers
Kt Capital Π t (Gross) Inflation Rate
Nt Net Worth Mt Money

C/Y 0.538+ …… Steady-State Consumption Share in GDP
I/Y 0.155+ …… Steady-State Investment Share in GDP
G/Y 0.308+ …… Steady-State Exogenous Expenditures Share in GDP
β 0.995* …… Discout factor of Households
R ----- …… Steady-State Real Gross Interest Rate  ( =1/β)
γ 0.9728* …… Survival Rate of Enterpreneurs
χ 2+ …… Steady-State Ratio of Capital to Net Worth ( =K/N)
S 1.005+ …… Steady-State External Finance Premium ( =F/R)
ψ 0.05* …… Steady-State Elasticity of S to χ ( =S '(χ)/S(χ))

α 0.358+ …… Capital Share
δ 0.021+ …… Depreciation Rate of Capital
υ 0.8+ …… = (1-δ ) / {(1-δ )+αY/(XK)}
ϕ 0.25* …… Steady-State Elasticity of I/K to Q ( =Φ ''(I/K)/Φ '(I/K))

ηh 2.737+ …… Elasticity of Labor Supply to Wage
ξ,  ζ ----- …… Parameter on Household Utility
θ 0.75* …… Parameter on Price Stickiness
λ ----- …… = θ -1 (1-θ) (1-θβ )
ε ----- …… Parameter on Steady-State Markup
νy 0.084@ …… Parameter on Monetary Policy Rule for Output Gap
νp 0.004@ …… Parameter on Monetary Policy Rule for Price Level
ρn 0.920@ …… AR(1) Parameter on Monetary Policy Rule
ρa 0.870@ …… AR(1) Parameter on Technology Shock
ρg 0.877@ …… AR(1) Parameter on Demand Shock
σn 0.104@ …… Standard Deviation of the Monetary Policy Shock
σa 0.890@ …… Standard Deviation of the Technology Shock
σg 1.275@ …… Standard Deviation of the Demand Shock

Notes:
1. Uppercase variables denote level, and lowercase variables denote percentage deviations from

 the stedy-state. Uppercase variables without time subscripts denote the steady-state values.
2. Values with + are based on actual data (historical averages), with * on references to

preceding studies, and with @ on single-equation estimation.



Chart 6

Responses to Monetary Policy Shock (The Core Model)

[Condition] Giving a positive (tightning) monetary policy shock to the real interest rate 
     consisting of annually 1% deviation from the steady-state only in the 1st quarter.

(1) No-FA case

(2) FA case

Note: Interest rate and Expected rate of return are annual rates.
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Chart 7

Responses to Technology Shock (The Core Model)

[Condition] Giving a positive technology shock consisting of 1% deviation from the steady-state 
     only in the 1st quarter.

(1) No-FA case

(2) FA case

Note: Interest rate and Expected rate of return are annual rates.
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Chart 8

Responses to Monetary Policy Shock (The Whole Model)

[Condition] Giving a positive (tightning) monetary policy shock to the nominal interest rate 
     consisting of annually 1% deviation from the steady-state only in the 1st quarter.

(1) No-FA case

(2) FA case

Note: Interest rate, Expected rate of return, and Inflation rate are annual rates.
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Chart 9

Responses to Technology Shock (The Whole Model)

[Condition] Giving a positive technology shock consisting of 1% deviation from the steady-state 
     only in the 1st quarter.

(1) No-FA case

(2) FA case

Note: Interest rate, Expected rate of return, and Inflation rate are annual rates.
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Chart 10

Responses to Demand Shock (The Whole Model)

[Condition] Giving a positive demand shock consisting of 1% deviation from the steady-state 
     only in the 1st quarter.

(1) No-FA case

(2) FA case

Note: Interest rate, Expected rate of return, and Inflation rate are annual rates.
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Chart 11

Results of the Model (by Calculation)

(1) Standard deviations

Real GDP 1.02 <1.00> 1.07 <1.00>
Corporate fixed investment 3.36 <3.31> 4.36 <4.07>

Private consumption 1.06 <1.04> 1.03 <0.96>

Total working hours 2.17 <2.13> 2.32 <2.17>
Inflation rate 2.28 <2.24> 2.26 <2.11>
Monetary aggregate 1.65 <1.63> 1.56 <1.45>
Nominal interest rate 0.50 <0.49> 0.50 <0.47>

(2) Cross correlations with GDP
   1. No-FA case

-4 -3 -2 -1 0 1 2 3 4
Real GDP -0.04 0.12 0.37 0.75 1.00 0.75 0.37 0.12 -0.04
Corporate fixed investment -0.06 0.04 0.19 0.44 0.83 0.81 0.39 0.12 -0.04
Private consumption 0.01 0.16 0.38 0.72 0.70 0.38 0.17 0.03 -0.05

Total working hours -0.31 -0.24 -0.06 0.33 0.62 0.51 0.29 0.15 0.06
Inflation rate -0.24 -0.16 0.04 0.44 0.55 0.33 0.17 0.07 0.01
Monetary aggregate -0.35 -0.31 -0.14 0.26 0.45 0.35 0.26 0.19 0.13
Nominal interest rate 0.24 0.15 -0.06 -0.46 -0.62 -0.43 -0.28 -0.17 -0.08

   2. FA case
-4 -3 -2 -1 0 1 2 3 4

Real GDP -0.06 0.10 0.34 0.73 1.00 0.73 0.34 0.10 -0.06

Corporate fixed investment -0.15 -0.06 0.09 0.37 0.84 0.76 0.38 0.14 -0.01
Private consumption 0.08 0.22 0.43 0.73 0.59 0.26 0.06 -0.06 -0.12
Total working hours -0.27 -0.19 0.01 0.42 0.67 0.52 0.27 0.12 0.02
Inflation rate -0.18 -0.08 0.14 0.56 0.55 0.29 0.10 0.00 -0.06
Monetary aggregate -0.32 -0.24 -0.03 0.40 0.52 0.39 0.28 0.19 0.12
Nominal interest rate 0.22 0.10 -0.13 -0.57 -0.66 -0.45 -0.29 -0.17 -0.08

< Lead GDP Lag GDP >

Notes:
1. All variables are percentage deviations from their steady-state values and have been

detrended by the Hodrick-Prescott (HP) filter (λ=1600).

2. Inflation rate and Nominal interest rate are annual rates.
3. Numbers <…> in table (1) represent the relative volatility to GDP.
4. Shaded sells in tables (2) represent the peak.

No-FA case FA case



Chart 12

Results of the Model (by Simulation)

(1) Standard deviations
No-FA case FA case

Real GDP 0.93 (0.13) <1.00> 1.05 (0.15) <1.00>
Corporate fixed investment 3.17 (0.35) <3.39> 4.32 (0.51) <4.10>

Private consumption 0.98 (0.13) <1.05> 1.00 (0.13) <0.95>

Total working hours 2.12 (0.22) <2.26> 2.26 (0.32) <2.15>
Inflation rate 2.24 (0.21) <2.39> 2.23 (0.28) <2.12>
Monetary aggregate 1.59 (0.20) <1.70> 1.52 (0.21) <1.44>
Nominal interest rate 0.48 (0.06) <0.51> 0.49 (0.07) <0.46>

(2) Cross correlations with GDP
   1. No-FA case

-4 -3 -2 -1 0 1 2 3 4
Real GDP -0.11 0.03 0.28 0.71 1.00 0.71 0.28 0.03 -0.11

(0.13) (0.15) (0.14) (0.07) (0.00) (0.07) (0.14) (0.15) (0.13)
Corporate fixed investment -0.12 -0.03 0.12 0.38 0.82 0.79 0.32 0.04 -0.11

(0.13) (0.14) (0.15) (0.13) (0.04) (0.05) (0.13) (0.15) (0.12)
Private consumption -0.06 0.08 0.31 0.69 0.68 0.31 0.09 -0.04 -0.11

(0.15) (0.15) (0.13) (0.08) (0.09) (0.15) (0.17) (0.16) (0.15)
Total working hours -0.29 -0.24 -0.06 0.36 0.65 0.52 0.26 0.10 0.00

(0.13) (0.14) (0.16) (0.14) (0.10) (0.12) (0.15) (0.17) (0.18)
Inflation rate -0.23 -0.16 0.04 0.47 0.58 0.33 0.14 0.02 -0.04

(0.14) (0.14) (0.14) (0.11) (0.11) (0.15) (0.17) (0.16) (0.15)
Monetary aggregate -0.37 -0.34 -0.17 0.27 0.48 0.36 0.26 0.18 0.12

(0.15) (0.14) (0.13) (0.13) (0.13) (0.14) (0.16) (0.17) (0.18)
Nominal interest rate 0.29 0.22 0.01 -0.44 -0.62 -0.41 -0.26 -0.15 -0.07

(0.14) (0.13) (0.12) (0.10) (0.10) (0.13) (0.17) (0.17) (0.17)

   2. FA case
-4 -3 -2 -1 0 1 2 3 4

Real GDP -0.10 0.04 0.29 0.71 1.00 0.71 0.29 0.04 -0.10

(0.14) (0.14) (0.13) (0.07) (0.00) (0.07) (0.13) (0.14) (0.14)
Corporate fixed investment -0.18 -0.10 0.05 0.34 0.84 0.75 0.34 0.10 -0.04

(0.14) (0.13) (0.13) (0.11) (0.04) (0.06) (0.13) (0.14) (0.13)
Private consumption 0.04 0.18 0.41 0.74 0.59 0.23 0.04 -0.08 -0.14

(0.14) (0.15) (0.14) (0.10) (0.11) (0.14) (0.14) (0.15) (0.16)
Total working hours -0.29 -0.22 -0.02 0.42 0.67 0.50 0.24 0.08 0.00

(0.15) (0.13) (0.14) (0.11) (0.09) (0.13) (0.17) (0.18) (0.17)
Inflation rate -0.19 -0.10 0.13 0.57 0.54 0.26 0.07 -0.02 -0.07

(0.14) (0.14) (0.14) (0.11) (0.11) (0.15) (0.17) (0.16) (0.15)
Monetary aggregate -0.33 -0.27 -0.06 0.41 0.53 0.37 0.25 0.17 0.09

(0.16) (0.17) (0.18) (0.17) (0.17) (0.18) (0.19) (0.19) (0.19)

Nominal interest rate 0.25 0.15 -0.10 -0.57 -0.66 -0.43 -0.26 -0.14 -0.04
(0.15) (0.17) (0.17) (0.13) (0.13) (0.16) (0.17) (0.17) (0.18)

Notes: Numbers (…) represent the simulation-based sample standard error for the above moment.



Chart 13

Variance Decomposition

(1) Decomposition
   1. No-FA case

Real GDP 1.02 (1.00) 0.79 (0.61) 0.51 (0.26) 0.38 (0.14)

Corporate fixed investment 3.36 (1.00) 2.87 (0.73) 1.71 (0.26) 0.31 (0.01)
Private consumption 1.06 (1.00) 0.86 (0.67) 0.54 (0.26) 0.28 (0.07)
Total working hours 2.17 (1.00) 1.25 (0.33) 1.67 (0.59) 0.59 (0.07)
Inflation rate 2.28 (1.00) 1.45 (0.40) 1.75 (0.59) 0.11 (0.00)
Monetary aggregate 1.65 (1.00) 1.55 (0.87) 0.53 (0.10) 0.25 (0.02)
Nominal interest rate 0.50 (1.00) 0.50 (0.99) 0.05 (0.01) 0.03 (0.00)

   2. FA case

Real GDP 1.07 (1.00) 0.88 (0.68) 0.47 (0.19) 0.39 (0.13)

Corporate fixed investment 4.36 (1.00) 3.89 (0.80) 1.88 (0.19) 0.53 (0.01)
Private consumption 1.03 (1.00) 0.79 (0.58) 0.59 (0.33) 0.31 (0.09)
Total working hours 2.32 (1.00) 1.40 (0.37) 1.74 (0.56) 0.61 (0.07)
Inflation rate 2.26 (1.00) 1.45 (0.41) 1.74 (0.59) 0.11 (0.00)

Monetary aggregate 1.56 (1.00) 1.47 (0.89) 0.44 (0.08) 0.28 (0.03)
Nominal interest rate 0.50 (1.00) 0.50 (0.99) 0.04 (0.01) 0.03 (0.00)

(2) Varying Composition (FA case)

Real GDP 1.07 <1.00> 1.07 <1.00> 1.07 <1.00> 1.07 <1.00>
Corporate fixed investment 4.36 <4.07> 4.73 <4.42> 4.31 <4.02> 1.45 <1.35>
Private consumption 1.03 <0.96> 0.95 <0.89> 1.35 <1.26> 0.86 <0.80>

Total working hours 2.32 <2.17> 1.71 <1.59> 3.99 <3.72> 1.68 <1.56>
Inflation rate 2.26 <2.11> 1.76 <1.64> 3.97 <3.71> 0.30 <0.28>
Monetary aggregate 1.56 <1.45> 1.78 <1.66> 1.01 <0.94> 0.75 <0.70>
Nominal interest rate 0.50 <0.47> 0.60 <0.56> 0.10 <0.09> 0.09 <0.08>

Notes:
1. Each value is the standard deviation by calculation. (See footnotes in Chart 11.)
2. Numbers (…) in table (1) represent the share of the variance caused by each shock in

the variance caused by all shocks.

3. Numbers <…> in table (2) represent the relative volatility to GDP.

(σg=1.275)

Technology shock Demand shock

(σn=0.104) (σa=0.890)

All shocks Monetary shock

Monetary shock Technology shockAll shocks Demand shock

Technology shock Demand shock

(Benchmark) (σn=0.104) (σa=0.890) (σg=1.275)

(Benchmark) (σn=0.1265) (σa=2.035) (σg=3.495)
All Shocks Monetary shock

(Benchmark)



Chart 14

Varying Parameter Values

(1) Ratio of internal funds

(Benchmark) (Benchmark)

25% 50% 75% 25% 50% 75%

Real GDP 1.02 1.02 1.02 1.18 1.07 1.01
Corporate fixed investment 3.36 3.36 3.36 5.13 4.36 3.77
Private consumption 1.06 1.06 1.06 1.02 1.03 1.04
Total working hours 2.17 2.17 2.17 2.47 2.32 2.21
Inflation rate 2.28 2.28 2.28 2.31 2.26 2.22
Monetary aggregate 1.65 1.65 1.65 1.59 1.56 1.56
Nominal interest rate 0.50 0.50 0.50 0.50 0.50 0.50

< External Internal > < External Internal >
        funds funds           funds funds   

(2) Price stickiness

(Benchmark) (Benchmark)
θ=0.9 θ=0.75 θ=0.65 θ=0.9 θ=0.75 θ=0.65

Real GDP 1.47 1.02 0.93 1.70 1.07 0.93
Corporate fixed investment 6.65 3.36 2.60 8.72 4.36 2.92
Private consumption 1.07 1.06 1.04 1.00 1.03 1.04
Total working hours 3.21 2.17 1.70 3.58 2.32 1.77

Inflation rate 0.67 2.28 3.23 0.65 2.26 3.21
Monetary aggregate 1.35 1.65 1.76 1.25 1.56 1.68
Nominal interest rate 0.49 0.50 0.51 0.49 0.50 0.51

< Sticky Flexible > < Sticky Flexible >

(3) Elasticity of labor supply to wage

(Benchmark) (Benchmark)
ηh=∞ ηh=2.737 ηh=0.035 ηh=∞ ηh=2.737 ηh=0.035

Real GDP 1.05 1.02 0.98 1.11 1.07 0.94
Corporate fixed investment 3.47 3.36 3.12 4.40 4.36 1.98
Private consumption 1.07 1.06 1.26 1.03 1.03 1.93
Total working hours 2.28 2.17 0.75 2.43 2.32 0.61
Inflation rate 1.91 2.28 7.50 1.86 2.26 7.63
Monetary aggregate 1.62 1.65 2.02 1.54 1.56 1.73
Nominal interest rate 0.50 0.50 0.53 0.50 0.50 0.53

< Elastic Inelastic > < Elastic Inelastic >

Note: Each value is the standard deviation by calculation. (See footnotes in Chart 11.)

No-FA case FA case

FA case

No-FA case FA case

No-FA case



Chart 15

Alternative Monetary Policy Rules

(1) Varying parameterization (the price-level reaction rule)
   1. No-FA case Benchmark

ννy 0.000 0.084 0.000 0.084 1.000 2.000 0.084 0.084 2.000
ννp 0.000 0.000 0.004 0.004 0.000 0.000 1.000 2.000 2.000

Real GDP 1.21 1.03 1.19 1.02 0.99 0.90 0.96 0.98 0.67

Corporate fixed investment 3.91 3.46 3.81 3.36 4.45 4.39 2.73 2.83 1.79
Private consumption 1.20 1.07 1.18 1.06 1.22 1.20 1.01 1.04 0.84
Total working hours 2.10 2.23 2.05 2.17 2.97 2.90 1.09 1.00 1.21
Inflation rate 2.11 2.37 2.03 2.28 4.06 4.42 0.60 0.44 1.07
Monetary aggregate 1.81 1.72 1.76 1.65 2.61 2.81 0.98 1.03 0.71
Nominal interest rate 0.54 0.50 0.54 0.50 0.78 1.29 0.47 0.46 0.41

   2. FA case Benchmark
ννy 0.000 0.084 0.000 0.084 1.000 2.000 0.084 0.084 2.000

ννp 0.000 0.000 0.004 0.004 0.004 0.004 1.000 2.000 2.000

Real GDP 1.34 1.09 1.31 1.07 0.86 0.77 0.96 0.99 0.63
Corporate fixed investment 5.25 4.49 5.10 4.36 5.01 4.91 2.78 2.90 1.49
Private consumption 1.19 1.04 1.17 1.03 1.01 1.00 1.02 1.05 0.88
Total working hours 2.38 2.38 2.32 2.32 2.77 2.69 1.13 1.02 1.21

Inflation rate 2.24 2.34 2.16 2.26 3.39 3.63 0.61 0.45 1.04
Monetary aggregate 1.81 1.60 1.76 1.56 2.00 2.15 0.98 1.03 0.72
Nominal interest rate 0.54 0.50 0.54 0.50 0.69 1.08 0.47 0.45 0.41

(2) Considering the reaction to inflation

ννy 0.084 0.084 0.084 0.084 0.084 0.084 0.084 0.084
ννp 0.000 0.000 0.000 0.004 0.000 0.000 0.000 0.004

ννππ 0.000 0.500 2.000 2.000 0.000 0.500 2.000 2.000

Real GDP 1.03 1.12 (0.95) 0.95 1.09 1.19 (1.02) 1.01
Corporate fixed investment 3.46 3.88 (2.90) 2.86 4.49 5.16 (3.85) 3.76
Private consumption 1.07 1.16 (0.99) 0.98 1.04 1.10 (0.99) 0.99
Total working hours 2.23 2.45 (1.84) 1.81 2.38 2.62 (2.04) 2.00

Inflation rate 2.37 2.78 (2.01) 1.95 2.34 2.74 (2.11) 2.05
Monetary aggregate 1.72 1.95 (1.31) 1.28 1.60 1.81 (1.31) 1.29
Nominal interest rate 0.50 0.43 (0.42) 0.41 0.50 0.43 (0.42) 0.42

Notes:
1. Each value is the standard deviation by calculation. (See footnotes in Chart 11.)

2. (…) in table (2) are calculated regardless of the indeterminacy of the steady state equilibrium.

FA caseNo-FA case



Chart 16

Alternative Monetary Policy Rules

Notes:
1. The standard deviations of GDP and Inflation for each parameterization of

our benchmark price-level reaction rule in both No-FA and FA cases (tables (1) 
in Chart 15) are plotted.

2. (…. , ....) represents the set of reaction parameter values (νy  , νp).
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Chart 17

Responses to Bubble Process

[Condition] Generating a bubble that begins with one percentage point increase
     above the fundamental value in the 1st quarter and bursts in the 5th quarter.

(1) No-FA case

(2) FA case

���� 0.00 0.03 0.02

Note: Real Interest rate is an annual rate.
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Chart 18

Adding Bubble Effects

Real GDP 1.02 <1.00> 1.02 <1.00> 1.07 <1.00> 1.14 <1.00>
Corporate Fixed Investment 3.36 <3.31> 3.41 <3.34> 4.36 <4.07> 5.20 <4.55>
Private Consumption 1.06 <1.04> 1.06 <1.04> 1.03 <0.96> 1.06 <0.93>
Total Working Hours 2.17 <2.13> 2.17 <2.13> 2.32 <2.17> 2.39 <2.10>
Price Level 2.28 <2.24> 2.28 <2.23> 2.26 <2.11> 2.27 <1.99>
Monetary Aggregate 1.65 <1.63> 1.65 <1.62> 1.56 <1.45> 1.58 <1.39>
Nominal Interest Rate 0.50 <0.49> 0.50 <0.49> 0.50 <0.47> 0.50 <0.44>

Notes:
1. Each value is the standard deviation by calculation. (See footnotes in Chart 11.)
2. Numbers <…> represent the relative volatility to GDP.

FA case
Benchmark Adding Bubble

No-FA case
Benchmark Adding Bubble
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