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ABSTRACT

A Model of the Open Market Operations
of the European Central Bank*

We construct a model to analyse the two types of tender procedures used by
the European Central Bank (ECB) in its open market operations. We assume
that the ECB minimizes the expected value of a loss function that depends on
the quadratic difference between the inter-bank rate and a target interest rate
that characterizes the stance of monetary policy. We show that when the loss
function penalizes more heavily inter-bank rates below the target, fixed rate
tenders have a unique equilibrium characterized by extreme overbidding. We
also show that variable rate tenders have multiple equilibria characterized by
varying degrees of overbidding, and that in these tenders an equilibrium
without overbidding can be obtained by pre-announcing the intended liquidity
injection. Finally, our empirical analysis supports the assumption of an
asymmetric loss function for the ECB.
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NON-TECHNICAL SUMMARY

The monetary policy instruments chosen by the European Central Bank (ECB)
in order to implement its monetary policy are (i) minimum required reserves,
(ii) open market operations, and (iii) standing facilities. The reserve
requirement helps to ensure that the Euro area banking system has an
aggregate liquidity deficit that is covered mainly by the major refinancing
operations. These are liquidity-providing collateralized open market
transactions with a weekly frequency and a maturity of two weeks.

The main refinancing operations can be conducted via either fixed rate or
variable rate tenders. In fixed rate tenders the ECB announces an interest rate
and the banks bid the amount of liquidity they want to borrow at this rate. If the
aggregate amount bid exceeds the amount of liquidity that the ECB wants to
provide, each bank receives a pro rata share of this liquidity. In variable rate
tenders, the banks bid the amounts they want to borrow and the interest rates
they are willing to pay. In this case, bids with successively lower interest rates
are accepted until the total liquidity to be allotted is exhausted.

From the beginning of the Monetary Union in January 1999 until June 2000
the main refinancing operations were conducted via fixed rate tenders. A
striking feature of these tenders was the very high degree of overbidding by
the banks. In particular, the median allotment ratio (i.e. the ratio between the
allotted amount and the total amount bid) during this period was 6.10%, with a
minimum value of only 0.87%. In fact, the decision to switch to variable rate
tenders taken by the Governing Council of the ECB in June 2000 was justified
as “...a response to the severe overbidding which has developed in the
context of the current fixed rate tender procedure.”

This Paper proposes a theoretical model of the tender procedures used by the
ECB in order to analyse the equilibrium behaviour of the banks under fixed
and variable rate tenders. The model has two novel features. First, in contrast
with the standard multiple-unit-auction set-up, we assume that the seller (the
central bank) does not want to maximize revenue. Instead, we postulate an
objective function that depends on the deviations between the inter-bank rate
and a target rate that characterizes the stance of monetary policy. Second, we
assume that there is an efficient inter-bank market in which the banks can
always get liquidity, so their objective in participating in the central bank
tenders is not to cover their liquidity needs but to profit from differentials
between the inter-bank rate and the tender rate.

The framework put forward is useful for analysing a number of issues like the
source of the overbidding in fixed rate tenders; the differences between single
variable rate tenders (also known as uniform or Dutch) and multiple variable
rate tenders (also known as discriminatory or American); and the possible
effects of announcing the desired liquidity injection prior to the tender.



Alternative tender procedures like, for instance, a fixed rate tender in which
the central bank commits to satisfy 100% of the bids of the banks at the target
rate, can be analysed as well.

We show that when the central bank is more concerned about inter-bank rates
below the target than about inter-bank rates above the target (i.e. when its
objective function is asymmetric), fixed rate tenders have a unique equilibrium
characterized by extreme overbidding. The reason for this result is simple: the
central bank tries to avoid low inter-bank rates by restricting the supply of
liquidity, and this opens a differential between the average inter-bank rate and
the tender rate, which the banks try to exploit by increasing the size of their
bid. In contrast, variable rate tenders allow the banks to compete away this
differential by offering higher rates, so in equilibrium they will be indifferent as
to the amount bid (as long as the aggregate bid is sufficiently large to
accommodate the central bank’s desired liquidity injection). In addition, we
show that in this latter case the set of equilibrium outcomes becomes larger
(and even includes an equilibrium without overbidding) when the central bank
announces its intended liquidity injection prior to the tender.

Given the key role in these results of the asymmetry of the objective function
of the central bank, in the last section of the Paper we use data from the 76
fixed rate tenders conducted by the ECB during the period January 1999 –
June 2000 to estimate it. The results indicate that the asymmetry parameter of
the objective function of the ECB is significantly different from zero, which is
consistent with the extreme overbidding behaviour of the banks in these
tenders.

In addition, the switch to variable rate tenders that took place in June 2000
provides a natural experiment to further test our theoretical results. We show
that the evidence on the behaviour of the marginal interest rate of the 9
American auctions conducted during the period June – August 2000 is in line
with the predictions of the model.
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����	 ����� ���� ���� �� ���5��� �� ����	 ������ ������ � ������� �	������

�� ���	 ��� �8��� � �=���� �� ��������� ��� � � ��� ���	��� 	��� ��		�������� ��

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

�� ����� ��� 	��������� �� ��� 	������ ��	�� ����	����� ������� ���� ���� �����"

�	�� ��	 ��� ���� 	���! � ������ ������� ���
 ��� ��
� �� ���������� �� ��� �����	

� �� � � � ����	�������� � ������ ������ ������� ��� ��
� �$���� ����� ��		�"

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

� �� � � ���� ��� �����
 ���  ���� ������ � �� � � ������� %� ���� ����� ��� ����

������� ��� �� ������	� �		�	� ��� �"����� �� ��� ���"���� ���� �� ��� ���� �
�������
� � � ������� ��� ����	����� � � ��� ��� ��� ������ �#� �	� 	���	����

����� �� �������� �� � � ����� �� ��	 ��� ��	�� )����	
 *+++ " )��� ,---�
� � ��	��	"3 � � ���� � � ���� � � ������
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��� ���	 ������� �� ����� ,� �����
 ��� ���� ��������� 	�����! � � ���������


�	����	 ���� #�	�� ��� ���	���	� ��� ���� �
������� �� � �
����	� ���� ������� ��	

��� ��� ��� �� 	�5������ ���� �� � ��������� ����� �� *1�

'�� �	���� ���� ��� �� ���� ����� ����� 	������ � ���� ���
 �� ��� ����

��� ������� ��� ���� ����� �	�� ?������	 *+++ ���� )��� ,---� ��� ��� 	����

��� ���	��� 	��� �� ��� ��� 	�������� ���	����� � ��� ��������� �� ��� �$����

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

�� �	���"���� ���	 ������� ��	 �����
� ���	��
 ������ �� �� �	� �	����	� ��

���	���� 	����� �� �����  �����	 ��	 ������� �� � ��
 �� ����� �
 ��� �8���� ���

�	�� 	� �� ����� ,� 	���	�� ��� 	������ ��	 � ������ ���� �$������ ��� ���� ��	 ���

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

�� ��� 
��	 *+++ �  ��� ���	�  �	� � � ���	��� 	��� ������� �� ������� ���� .�

� ����� ,�� ��� �	�� ������ �� ����� ,� ���� ��	��	"3 �� ��� ���	���� 	����  ���

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

�����	� ��� ��
� �$���� ��� ���� ��
� �� ��� ���������� ��	���� ��� ��� ��
�  ���

��� �	�������� �������

����� �� �������� �� � � ����� ��
��	 ��� ��	�� )����	
 *+++ " )��� ,--- ����	 ����	����� ��������

� � ��	��	"3 � � ���� � � ���� � � ������
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(���� �	�� ����� ,� �� ����	 ��� �	�� �	 ��� ������ 	� �� ����� ,� 	������ ���

�������� ����� �� �� �� �$��������� ����� ���	��� 	��� ������� �� ���� �� �����	�

��� �� � ���� ���������
 �8�	��� �	�� #�	� ��$���� ��	 ��� *+++ ������  ��� ���
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��� ��
� �� ���������� �� ��� �����	 �	� ������	���� ;����  � ��� �����
 	�5��� ���

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

. ��	� �	��� ���� �� ��� ���� �
�������  � � ��� �� ��	��	��� �
 �$������

��� �	�� �	��	 ������� ���� ���	����	#�� ��� ������ ������ �� ��� ����	�� ����

���� A���� *�!

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

B��� ����	��� �� ��	 ����� ��� �����
 �	����� �
 ��� ����	�� ���� � ���� ���"

��	� ���	�� � � ������� �� ��� ����� 	�  � ��� �������  �
 ��� 4���	��#�� (�����

�� (������ �4((� ���� �� ���	������ � �������� ��� ��� �����
 �8������
 �	�"

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

����	����� ������� ������	�� � ����� ,� �	� �����	#�� � ����� >�� %� ��� �����

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

��� ������		�������� ��� �"����� �� ��� ���"���� ���� �� ��� ���� �
�������  � �

������� ��� ����	�����  � ��� ��� �"����� �� ��� B�	��� ����� ��� ��� ������ �#��

����� �� �������� �� ��� ���<� ���� ������� ��	�����	 

��	 ��� ��	�� )����	
 *+++ " )��� ,---�

� � ��	��	"3 � � ���� � � ���� � � �����
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���	� �	� �� ���������� �8�	����� � ��� ��������� 	������ � ��� ���	 ������� ��

����� >! ��� ���� �
������� �� � �
����	� ���� ������� ��	 ��� ��� ��� �� 	�5������

��� ��� ���	������ ������ ���� ��� B�	��� ����  ����� �=����
� ��� ���	����

���������� �8�	���� � ��� �������� ����� ��  ���� ��	��	"3 ������� *� ���

���� �������� ,"J� � ��� �� ��� ���� ����� �� 	���	��� � ����� ,�� ��� ���	���

�8�	����� ��� ��� ��	��	"3 ��� ��� 	��� �� ��� ��� 	�������� ���	����� � *>

��A�� �� � ���� 	��� �� �%� ��
� �
� �� %��� 
�-������� �	�
����� ���������� �� ��
���� ���� �� ���
�%�� �� ��% �� �%���� ��8���� �� ��%�
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���� ������  ��� ��� �8�	����� ��� ��� ���� ��� ��� 	��� � ���
 3 �	 2 ����

������ %� �	��	 �� 	������#� ��� �8�	����  ��� ��	 ������  � 	���	� � ����

����	 ����� ��  � ��� ��	��	 �����

�� �����  �����	 ��	 ������� ��  ��
 �� ����� �
 �$��������� �� ������� �

��� ������ �� ������	
 ����
 �� ��	�����	 ���	��� 	��� ��	������� ����� >� 	���	��

��� 	������ ��	 ��� ���� ������� �� � ����� ,�! ��� �	�� 	� �$������ ��� ���� ��	

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

�� ��� 
��	 *+++� .� ����	�� ����� �	�� ����� >� �� ����� >� 	������ �� ��� ��	
���� �� ��� �����  � ��� ���� 	�5��� ��� ���� �
������� �� � �
����	� ���� �������

��	 ��� ��� ��� � *-1 ��������� �������

����� �� �������� �� ��� ���<� ���� ������� ��	�����	 

��	 ��� ��	�� )����	
 *+++ " )��� ,--- ����	 ����	����� ��������

� � ��	��	"3 � � ���� � � ���� � � �����
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.�� � ���� ��� ���	��� ������� � ���������  �� �� �$�������� �� ��� ���	��"

��� �
 ��� ����� � ��� �$�� 	��� �����	� ��������� �
 ��� ��� ���� )��� ,---

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

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

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

�8�	����� ��� ��� ����� � � 	�����

.� ����� � ��� %��	�������� ��� �����	 �
���� ���� �
 ��� ��� � �� ���

	�������� ���	�����  �� ������� �� ��	���� 	��� �.��	���� �����	� � )��� ,---�
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%� �� �	��� 	������� ��� ��� ����� ���� ��� � ��� �� ��	���� 	��� �����	� ������

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


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

�	������� �� ��	 ����	����� ������

%�  ��� ����� �  � ���� �� ��� ������� �� ��	�� ������ ��������� �� ��	

����
�� �� ��	���� 	��� �����	�! �� ��� ��	���� ������ 	��� ������ �� ����� �� ���

�$������ ���	���� 	���� �� ��� ��	���� 	��� ������ ������  �� ��� ���	��� 	������

��� �� ��� ���	�� �� ���	����� ������ �� ������	 ���� ����	 �$�� 	��� �����	��

%� ������� ������� ���� ��� ���� ������� �� ��� ����	�� ���� � ��� ����	�� �
 ���

������ � ��� �����	 �
���� ���� ���� ��� ��	�����	  � ��� ������ ��� �8�	����

��� ��� ��� ��	���� ��� ��� ����� �� 	��� ������ �� ����� �� ��� �8�	����

��� ��� ��� �$������ ���	���� 	��� ��� ��� �����	 	��� �	�	 �� ��� �������

��� ������� �� ����� �	������� ��	 ��� �	�� + ��	���� 	��� �����	� ��������� �


��� ��� � �� ����� �� /	��� ��� ���� ��	��� ��� ��� ��� ���	���� 	��� ���	 ��� ��
�

�� ���������� �� ��� �����	� ��� ��� ��	���� ������ 	��� ��� ���� 2 ���� ����� ��	

��� *" ��� ��	��	� ��� "* ���� ���� ��	 ����� ����� ���	�� �	� ������	 ���� �����

����	��� ����	 ��� �	����� �
����� ��� ��� ��� ��	 ���� � ���������
 #�	�� B������

��� ���� �8�	���� ��� ��� ��� ���	��� ��� ��� ��	���� ������ 	��� ��� ���
 ����

* ���� ����� ��� � ��	����
 ������ ���� ���  ���� ���� �$������ � ��	 ������ ��

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

	��� ��� ���� J+�*-1�  ��� � 2 ���� ����	 ���� ��� ��		�������� ���	� ��	 ���

��	�� ����	 �$�� 	��� �����	�� /����
� ��� ���� ��	��� ��� ��� ��� ��	���� ���

��� ����� �� 	��� ��� ���� 3 ���� ������  ��� � � ���  �� ��� ��������

������ �� � � ����� ,�� ;����  � �������� ���� ��� ������� ��������� �� ��	 �	�� ���

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

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

* (��	���
�# �����%�

:� ���� ��������� � ����� �� ��� �����	 �	�����	�� ���� �
 ��� ��� � �� ����

��	��� ���	������ ��� ����� ��� � � ����� �����	��� /	��  � �������#� ���

������ 
�� �� �� ������� ���
��� ���
�� 
�� � ����� ��=����� �� ��		���� +� �� � ��
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������	 �� ��� ����	�� ���� �
 ���������� �� ��5����� ������� ���� ������� ��

��� �������� ��� ��� ��� ���	���� 	��� ��� � ��	��� 	��� ���� ���	����	#�� ���

������ �� ������	
 ����
� B�����  � ������ ���� ���	� � �� �=���� ���	����

��	��� �  ��� ��� ����� ��� �� �
� ��� �����
� �� ���	 ��5����� � ��	�������

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

�8�	������ ��� ��� ��� ���	���� 	��� ��� ��� �����	 	����

��� ����
�� ��� � ����  ��� ��� ����	�� ���� � ��	� �����	��� ����� ���	"

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

�� ��5����� ������� � ��
����	��� �$�� 	��� �����	� ���� � ����� �����	��

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

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

��� ����� � �8�	����� ��� ��� ��� �$������ ���	���� 	��� ��� ��� �����	 	���

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

���� 	��� �����	� ���� ��� ����� �� ������� � �
 ��� �8�	����� �
 �8�	�� ����	

	����� �� � �����	�� ���
  �� �� ��8�	��� �� �� ��� ������ �� ��� ���� �� ���

���	����� �� � ��=�����
 ��	�� �� ����������� ��� ����	�� ����<� ���	�� �����


�5�������

'�	 ���	��� ����
�� ����� �� ��� �$�� 	��� �����	� ��������� �
 ��� ���
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