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Central bank forecasts of liquidity factors
and the control of short term interest rates  *

ULRICH BINDSEIL

1. Introduction

In June 2000, the ECB took the decision to start publishing, together
with the announcements of its weekly main refinancing operations,
estimated liquidity needs of the banking system,1 joining for instance
the Bank of Japan which has adopted a similar policy.

The liquidity needs of the banking system, i.e. the needs of the
banking system regarding central bank money that have to be covered
through monetary policy operations, are composed of two main fac-
tors, namely reserve requirements and the so-called autonomous li-
quidity factors, such as banknotes in circulation and government de-
posits. The role of liquidity forecasts in the central bank’s liquidity
management, independently of their publication, can be summarised
as follows. The central bank attempts to provide liquidity through its
open market operations in a way that, after taking into account its
forecast effects of autonomous liquidity factors, counterparties can
fulfil their reserve requirements on average over the reserve mainte-
nance period without systematic recourse to the standing facilities
(e.g. the deposit or marginal lending facilities in the case of the Euro-
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system). If the central bank provides more (less) liquidity than this
benchmark, counterparties will have to use at the end of the reserve
maintenance period the standing facilities, which will push the over-
night rate towards the relevant standing facility rate as soon as this li-
quidity imbalance becomes obvious. More precisely, in an efficient
market, the overnight rate will correspond to the weighted rates of
the standing facilities provided by the central bank, whereby the
weights correspond to the respective probabilities that the market as-
signs to being short or long of liquidity at the end of the reserve main-
tenance period. Models based on this core relationship have been ap-
plied for instance by Angeloni and Prati (1996), Bartolini, Bertola and
Prati (1998), Peres Quiros and Mendizabal (2000), and Bindseil and
Seitz (2001).

The liquidity management practice of the ECB is described in
detail in ECB (2002), which at the same time provides a good general
introduction to central bank liquidity management. The information
policy of the central bank with regard to liquidity management is cru-
cial since it affects expectations of counterparties of being short or
long of liquidity at the end of the maintenance period, and hence the
overnight rate, which plays a core role in the implementation of
monetary policy since it constitutes the basic maturity in the yield
curve. The following Table summarises the information policy of ma-
jor central banks with regard to liquidity management. It includes two
columns for the ECB to allow representing both its old (i.e. pre-June
2000) and new information regime.

TABLE 1

THE PUBLICATION POLICY OF CENTRAL BANKS REGARDING
LIQUIDITY MANAG EMENT VARIABLES

ECB old ECB new Fed Bank of Japan

Autonomous factors
(ex post)

Daily
implicitly

Daily
explicitly

Weekly aver-
ages

Daily

Autonomous factors
(forecasts)

No Yes: forecast
of average un-
til next regu-
lar operation
or end of re-
serve mainte-
nance period

No Yes (one day hori-
zon)

Open market
operations
(allotment volumes)

Yes, after al-
lotment deci-
sions

Yes, after al-
lotment deci-
sion

Weekly aver-
ages

Yes

Standing facilities Yes, daily Yes, daily No Yes
Interest rate target No No Yes No
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As indicated in the Table, the Federal Reserve System publishes,
in contrast to the ECB and the Bank of Japan, directly its overnight
interest rate target. As will become clearer later in the paper, this can
be regarded as some kind of substitute for publishing autonomous fac-
tor forecasts.2 A motivation of this approach adopted in 1995 is given
for instance in Federal Reserve Bank of New York (2000, p. 46). Ac-
cording to it, before 1995, market participants

“closely watched the Desk’s operations to detect policy signals.
The use of open market operations to signal policy changes cre-
ated, at times, considerable complications for the desk, especially
when the funds rate and the reserve estimate gave conflicting sig-
nals […]. The recent disclosure procedures have essentially freed
the desk from the risk that its normal technical or defensive opera-
tions would be misinterpreted as policy moves. Open market op-
erations no longer convey any new information about changes in
the stance of monetary policy.”

The move of the Fed in 1995 was also the result of a longer debate on
the pros and cons of secrecy of monetary policy, as represented for
instance by Tabellini (1987) or Dotsey (1987). In contrast to this
literature, the present paper takes a more micro-economic, purely
money-market oriented approach, focusing exclusively on the very
short end of the implementation of monetary policy.3

The aim of this paper is to provide an analytical framework to
discuss, inter alia, the effects of the publication of forecast liquidity
needs on the volatility and controllability of overnight rates in the
context of the ECB, i.e. in terms of Table 1, the implications of the
switch from ‘ECB old’ to ‘ECB new’. At the same time, it provides a
framework, which would be suitable to discuss all the potential deci-
sions inherent in Table 1. Furthermore, the paper analyses the role of
the quality of the central bank’s liquidity forecasts since, of course,
––––––––––

2 This is the case because, basically, in a signal extraction problem with two un-
observed variables, the publication of any of the two unobserved variables allows to
also have perfect knowledge on the other one. However, it should also be noted that
in the day-to-day implementation of monetary policy, the two alternatives (publica-
tion of an interest rate target vs. the publication of an autonomous factor forecast)
also have various different practical implications, also depending on other aspects of
the adopted operational framework. This paper will not go to the details of compar-
ing the two approaches.

3 However, Section 4.2.2. will briefly put in perspective a result of this paper
relative to a result of the previous, more macro-economic literature.
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the role of the publication of liquidity forecasts cannot be seen inde-
pendently of their quality. Bindseil (2000) provided the intuition of
the signal extraction solution for the case of a reserve maintenance pe-
riod with 2 days. After introducing the model (Section 2), the present
paper first assumes a one-day maintenance period, the simplicity of
which allows deriving exact solutions for most of the problems and a
series of propositions (Section 3). It then also investigates again the
case of a two-day maintenance period, whereby, again, exact solutions
can be derived under some specific assumptions (Section 4).

2. The model

Before proceeding, the basic framework of the model is briefly ex-
posed, which is basically the same for all cases discussed subsequently.
The following sequence of events during the reserve maintenance pe-
riod is assumed: First, the central bank conducts its open market op-
erations. The allotment amount mt (which is at the same time the
amount of outstanding open market operations) is immediately pub-
lished. If relevant, the central bank publishes its forecast of autono-
mous liquidity factors together with the tender announcement. Sec-
ond, the inter-bank market on day 1 takes place and the overnight rate
is fixed that clears the market. Third, the realisation of autonomous
factors of day 1 takes place and is published. In case of a two day
maintenance period, the preceding two steps take place again on the
second day. Finally, the banks take recourse to standing facilities to
cover the liquidity imbalance accumulated over the reserve mainte-
nance period.

The limitation to the cases of a one or two day maintenance pe-
riod, contrasting with actual maintenance periods of e.g. 14 days (Fed)
or one month (ECB) was made for the sake of simplicity.4 The as-

––––––––––
4 The simplification is legitimate especially in so far as the period before the last

open market operation of the reserve maintenance period is in general relatively
‘uninteresting’ from the point of view of autonomous factor forecasting. For instance,
the ECB has the reputation that it normally compensates any autonomous factor
shocks that it had not anticipated in the preceding operation through its next allot-
ment decisions, if any remains within the same reserve maintenance period. Hence,
autonomous factor shocks before the last allotment decision of the maintenance pe-
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sumption that no open market operation takes place on the second
day reflects the fact that central banks, which operate in a system with
reserve requirements and averaging and regular open market opera-
tions, often do not have such an operation on the very last day of the
maintenance period. For instance, the ECB (and previously the Bun-
desbank) has a weekly open market operation, such that the number
of days between the last allotment decision of the reserve maintenance
period and the end of the maintenance period can vary between five
and one business days. The important fact captured by the model is
that there is a period after the last open market operation of the main-
tenance period in which news on autonomous factor shocks are re-
vealed and affect the perception of liquidity conditions by market par-
ticipants.

Autonomous liquidity factors are assumed, for the sake of simplic-
ity, to be white noise, i.e. at=et+ht, with et , ht being identically and
independently normal distributed random variables with an expected va-
lue of zero and variances s2

e1Î [0,1], s2

h1=1–s2

e1, s
2

e2Î [0,1], s2

h2=1–s2

e2,
(in the two day case t = 1, 2; in the one-day case, t = 1). Obviously,
the total variance of autonomous factors per day is standardised to 1
in the model. The central bank is assumed to have perfect forecasts of
ε , but it has no prior information on h. The higher s2

e1, the better is
thus the quality of liquidity forecasts of the central bank for the
autonomous factors on day 1. Note that it is assumed that autono-
mous factor shocks are not auto-correlated. Both the assumptions of a
total variance of autonomous factor shocks of 1 and of the absence of
auto-correlation simplify the notation and calculus substantially,
without however affecting the crucial conclusions of the note.5 Banks
are assumed to have no prior information on any of the two variables.
This assumption seems to be in contrast to the Hayekian idea of in-

––––––––––
riod are normally of negligible influence on the overnight rate (see Bindseil and Seitz
2001 or ECB 2002).

5 In reality, autonomous factor shocks exhibit some degree of auto-correlation.
In the model, this auto-correlation would be extracted both by the central bank and
by commercial banks, such that any shock would rightly be interpreted as also con-
taining information on subsequent shocks, such that the effective news content for li-
quidity conditions until the end of the reserve maintenance period would be different.
Correspondingly, the interest rate effect would be somewhat different. However, the
underlying logic of the model would not change. Setting the total variance of
autonomous factors to one allows reducing the number of parameters of the model,
again without loss of generality.
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formation as being dispersed among many individual actors within the
economy. However, it appears in central bank practice that indeed the
central bank has practically always superior knowledge relative to
market players with regard to anticipating autonomous liquidity fac-
tor flows,6 and that for instance it never obtains information that is
valuable in terms of autonomous factor forecasting out of the bids
submitted by banks in open market operations.7 The assumptions of
the model naturally also imply that information asymmetries between
market participants are not relevant. Generally, market participants
are assumed to operate under perfect competition, such that inter-
bank interest rates reflect competitively the publicly available infor-
mation.

In the following two sections (Sections 3 and 4), it is assumed
that the central bank has an overnight interest rate target that may
change over time. From the point of view of the market, the interest
rate target of the central bank contains some unpredictable elements.
This is modelled by assuming that from the point of view of the mar-
ket, the interest rate target i* is symmetrically distributed around
i*=0.5 with a density function fi* (i*) with "i*Ï] 0,1 [: fi*(i*)=0. The
value of i* for the reserve maintenance period is drawn before the
start of the reserve maintenance period.

The following two assumptions are made solely for the purpose
of a simpler representation, but have no relevance for the results ob-
tained. Firstly, the rate of the deposit facility is set to zero and the rate
of the marginal lending facility is set to one. Secondly, reserve require-
ments and the demand for excess reserves are zero. However, the aver-
aging capacity provided by the reserve requirement system is unlim-
ited (i.e. in the case of the two day reserve maintenance period, banks
can go overdraft on the first day without having to take recourse to
standing facilities).8

––––––––––
6 In the sense that the information available to market participants has no value

added relative to the information available to the ECB.
7 The conjecture that central banks extract valuable information held by market

participants from the bids submitted by banks in open market operations has been
put forward for instance by Nautz (1997).

8 This assumption of unlimited averaging capacities is crucial to obtain, as in the
present model, the martingale property of overnight interest rates in its pure form
(see below). In reality, as has been shown by Peres Quiros and Mendizabal (2000) for
the euro area, the martingale property is fulfilled to a large extent, but not perfectly.
They explain this observation by limited averaging capacities at the level of the indi-
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The following simple theory of the relationship between liquid-
ity and overnight rates forms the starting point of this paper. Assume
for the sake of simplicity the one day case. Like many other markets,
the market for reserves is interesting owing to its uncertainty. Assume
for a moment that there is no uncertainty concerning either autono-
mous factors or the liquidity supply through open market operations
in the remainder of the reserve maintenance period. In this setting, re-
serves are obviously either short or long in relation to reserve re-
quirements, in which case the marginal utility of funds obtained in the
inter-bank market, and therefore their price, either rises to the mar-
ginal lending rate or drops to the deposit rate. The overnight rate
would therefore correspond, under the assumption of perfect fore-
sight with regard to liquidity conditions, to one of the standing facil-
ity rates relevant at the end of the maintenance period. One may call
(m – a) the ‘non-borrowed’ reserves, to use a term applied usually in
the US (here and in the following, I drop, for the sake of simplicity,
the index ‘1’ in case of the one period model). The only interest rate
elastic elements of the market equilibrium condition for bank deposits
with the central bank, the standing facilities, have the following func-
tional form, assuming perfect inter-bank markets (where L is the re-
course to the marginal lending facility and D is the recourse to the de-
posit facility):

∀i < 1:       L(i) = 0

∀i > 1:       L(i) = ∞

i = 1:        L(i) = a – m

∀i > 0:       D(i) = 0

∀i < 0:       D(i) = ∞

i = 0:        D(i) = m – a

(1)

The overnight interest rate that clears the market for central
bank deposits is then determined by:

m + [L(i) – D(i)] – a = 0 (2)

Now consider the more interesting case in which the liquidity
supply and the rates of the standing facilities are uncertain in the sense
that the banking sector has a collective subjective density function for
the relevant liquidity factors in its mind. The basic relationship be-

––––––––––
vidual banks which imply that banks should have a preference for back-loading their
reserve fulfilment within the reserve maintenance period.
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tween quantities and prices (overnight rates) under the assumptions
made above (especially the one of perfect inter-bank markets and large
reserve requirements) is then described by the following equation, in
which fm–a is the density function the money market participants as-
signs during the trading session to the random variable m – a:

0

i = 1P(‘short’) + 0P(‘long’) = P(‘short’) = � f(m–a) (z)dz (3)
–∞

In words: the overnight rates on any day will correspond to the
weighted expected rates of the two standing facilities, the weights
being the respective probabilities that the market will be short or long
at the end of the maintenance period before having recourse to
standing facilities. It should be noted that this also implies the
martingale property of the overnight interest rate within the reserve
maintenance period, i.e. that the overnight rate on any day cor-
responds to the expected overnight rates on the following days of the
same reserve maintenance period. This property holds under the
assumptions of the model outlined above, but it should be kept in
mind that some of these assumptions, and hence the martingale
property, have also been questioned in the literature.9 Since the
deposit facility rate is set to zero and the marginal lending rate to one,
the overnight rate will simply correspond to the likelihood of a
shortage of non-borrowed funds. Expectations, i.e. the subjective
density function fm–a the banking sector assigns to the non-borrowed
reserves m – a, will obviously be crucial.

Of course, all assumptions of the model constitute simplifica-
tions of reality. The maintenance period is much longer in the case of
the ECB than one or two days. There are several operations in the
maintenance period. Autonomous factors are not revealed suddenly at
the end of the day, but more smoothly in the course of the day. Nev-
ertheless, the model allows to represent the main elements which de-
termine the relationship between liquidity management, information
policy and overnight rates. Therefore it allows improving our assess-

––––––––––
9 For a discussion of the martingale property of overnight rates, an empirical

analysis for the US, and a tentative model to explain the observed deviations from it,
see Hamilton (1996). For an empirical analysis of the euro area, and a different, leaner
explanatory model, see Peres Quiros and Mendizabal (2000).
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ment of inevitable policy decisions such as to publish forecasts of li-
quidity needs or not, and to what extent a central bank should invest
into the quality of its liquidity forecasts.

3. The steering of overnight rates by the central bank: the one
day case

Assume now the case of a one-day maintenance period and that, when
deciding on the open market operation volume, the central bank
chooses

},i*i|)am(E*)ii(Emin{argm 0
*
0

22 ε=ε=−+−θ= (4)

with θÎÂ+ and i*
0, ε0 specific realisations of the random variables i, ε,

respectively (in the rest of the paper, variables with a ‘0’ index will
always refer to specific realisations of random variables). In words: the
central bank chooses an allotment volume m that minimises a loss
function defined as the weighted sum of the expected squared
differences of overnight market rates from its target rate and of the
expected squared end of maintenance period liquidity imbalance.
Normally (i.e. under non-perfect autonomous factor forecasts), the
steering of interest rates will not be perfect as long as θ does not tend
to infinity, i.e. if the central bank aims independently at keeping the
imbalance of liquidity at the end of the maintenance period limited.

As will be shown below (proposition 2), the second term in the
objective function of the central bank, i.e. the one referring to the end
of the reserve maintenance period liquidity imbalance, is necessary in
order to motivate that the central bank does not, in the one period
case, simply ignore its forecasts of autonomous factors. Why should
liquidity at the end of the reserve maintenance period be relevant for
the central bank independently from interest rates? Recourse to stand-
ing facilities is costly for counterparties, and as it normally does not
hit all counterparties in the same way, the ones affected most may
have to carry a substantive cost. This unavoidably raises criticism to-
wards the central bank for not ensuring ‘orderly’ market conditions.
It could indeed be argued that large recourse to standing facilities at
the end of the maintenance period either reflects miserable liquidity
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forecasts of the central bank, or that the central bank deliberately
provided an amount of liquidity to the market that was inadequate
and that imposed undue costs to the banking system. In the two day
maintenance period case (Section 4), the liquidity term in the loss
function is dropped for the sake of simplicity since it is no longer
needed to motivate the use of autonomous factor forecasts. In any
case, it should be an objective of the central bank secondary to the
control of the overnight rate, and if it is even altogether rejected, then
proposition 2 becomes relevant.

In the two following sections, the cases of non-public and pub-
lished autonomous factor forecasts will be treated subsequently.

3.1. If the central bank does not publish its autonomous factor estimates

In this case, the market equilibrium is characterised by the following
pair of equations.

m = arg min{θE(i – i*)2 + E(m – a)2  i* = i*0, ε  = ε0}
i = P(m – a < 0  m = m0)

(5)

In words: the central bank minimises its loss function knowing both
its interest rate target and its autonomous factor forecast, while the
market participants, who determine the actual overnight rates, only
observe the amount allotted by the central bank.

Unfortunately, characterising the resulting equilibrium is not
straightforward. The relationship between the variables which remain
unobserved to the market (i*

0, ε0) and the observed ones (m0), i.e. the
signal extraction problem, is not linear. No simple analytical solution
is available for this equilibrium problem. Approaching the problem
from the point of view of the theory of fixed-point theorems also does
not provide easy help. By substituting, one obtains an equation m=f
(m) with f : R→R a function for which one has to find a fixed point.
However, the function cannot be characterised sufficiently in order to
allow the application of the standard fixed point theorems used in
economics such as the one of Brouwer. Even if one would manage to
describe some elements of the equilibrium point, its properties would
be far from obvious, especially in a noisy environment such as the one
of real money markets. Independently from this conclusion, it is clear
that the central bank will not perfectly steer rates if it also cares inde-
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pendently about quantities and if it makes use of non-published
autonomous factor forecasts.

3.2. If the central bank publishes its autonomous factors

The following proposition suggests that the publication of autono-
mous factors allows the central bank to steer interest rates in a precise
way while making full use of its autonomous factor forecasts in order
to minimise the end of maintenance period liquidity imbalance.

Proposition 1: In the one day case, publishing autonomous factors
allows the central bank to perfectly steer the overnight rate, inde-
pendently of the quality of liquidity forecasts. At the same time, it
allows the central bank to reduce the expected value of the squared
end of maintenance period liquidity imbalance to the minimum
that can be achieved with a perfect steering of interest rates, for a
given quality of liquidity forecasts.

If the central bank publishes its autonomous factors, interest
rates are determined as follows:

)0(Fdx)x(f),mm|0am(Pi ),mm|am(

0

),mm|am(00 0000 ε=ε=−
∞−

ε=ε=− ==ε=ε=<−= ∫ (6)

where f(m–a|m=m0, e=e0) is the density function of (m – a | m = m0, e = e0)
and F(m–a|m=m0, e=e0) is its cumulative distribution.

To characterise the behavioural equilibrium between the market
and the central bank in this case, assume that the central bank makes
use of the following additive allotment strategy: m0=e0+g (i*), i.e. the
allotted amount is composed of two additive components, one com-
pensating the published expected value of autonomous factors, while
the other maps the interest rate target into a liquidity target. The exis-
tence and exact shape of such a mapping allowing for a perfect interest
rate steering will be shown in the Annex 2, as well as the fact that
there is no other allotment rule allowing also for a perfect steering of
interest rates that allows achieving a smaller expected squared end of
reserve maintenance period recourse to standing facilities.

It can be concluded that in the one-day case, the publication of
autonomous factors allows the central bank to better achieve its aims
than in the case of private autonomous factors. Specifically, it makes
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the signal extraction problem simple and allows hence the establish-
ment of a transparent behavioural equilibrium between the central
bank and counterparties in which the central bank can precisely steer
market expectations and hence overnight rates, while at the same time
minimise the expected recourse to standing facilities at the end of the
reserve maintenance period.

It follows from the reasoning above that the central bank can of
course also achieve a perfect steering of interest rates without a publi-
cation of autonomous factor forecasts if it simply ignores its private
knowledge about them, which is equivalent to setting s2

e=0. The cost
of this strategy is that the variance of end of maintenance period im-
balances is higher than in case of published and used forecasts, namely
by the actual value of s2

e. As expressed in the following proposition,
this is a non-dominated strategy if the central bank only aims at steer-
ing interest rates.

Proposition 2. In the one-day maintenance period case, the central
bank can ignore its private autonomous factor forecast if it exclu-
sively aims at targeting the overnight interest rate. Indeed, it can
then achieve a perfect steering of interest rates.

The proof of the proposition follows immediately from proposi-
tion 1, which stated that a perfect steering of the overnight rate is pos-
sible independently of the quality of liquidity forecasts. Ignoring
autonomous factors is equivalent to setting the quality of their fore-
cast to zero. As will also be shown later, the result is specific to the as-
sumed one-day reserve maintenance period. If another day would fol-
low, the volatility of the liquidity situation would be translated into a
volatility of overnight rates on subsequent days.

4. A two day reserve maintenance period with an open market
operation in the morning of day 1

As in the previous section, the two cases of private and published
autonomous factors are treated subsequently. We assume that the
central bank focuses in its optimisation primarily on the interest rate
on the first day. We will then see that the quality of the steering on
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the second day depends on the quality and publication of liquidity
forecasts. This approach is motivated in more detail in Section 4.2 and
it is shown that it is there equivalent to focus on both days simulta-
neously.

4.1. The case of private autonomous factor forecasts

Again, we consider first the case with private, but used fore-
casts of autonomous factors. Adopting the notation m=(m1+m2)/2;
a=(a1+a2)/2, the general problem of the central bank becomes:










==<−=

=<−=
=ε=εε=ε−=

)aa,mm|0am(Pi

)mm|0am(Pi

}ii,,|*)ii(Emin{argm

0,1102

01

*
0

*
0,220,11

2
1

(7)

As in the one-day case, it is not obvious to characterise the solu-
tion to this problem and to show the existence and uniqueness of the
resulting equilibrium. Of course, some kind of equilibrium was ob-
served when the ECB applied this policy. But it seems that we cannot
easily describe this equilibrium in theoretical terms. We therefore
limit again the detailed discussion to the case where the central bank
publishes its autonomous factors.

4.2. If the central bank publishes its autonomous factor forecasts

It is now assumed that the central bank publishes its autonomous
factor forecasts. Two cases are distinguished. In the first, the central
bank publishes forecasts individually for the two days. In the second,
the central bank publishes a forecast only for the average autonomous
factors on the two days, which comes close to what the ECB has been
doing since July 2000. We account for the possibility that the quality
of liquidity forecasts declines, i.e. we distinguish explicitly between
the qualities of forecasts at the two different time horizons, whereby
we expect that the quality of liquidity forecasts may not increase
when the horizon lengthens: 1³s2

e1 ³s2

e2 ³0. In both cases, the analysis
of the steering of interest rates will proceed as follows: first, it will be
shown that the interest rate on the first day can be steered perfectly
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and it will be assumed that the central bank indeed follows the
strategy to aim in the first place at perfectly steering the first day’s
interest rate. Then, the resulting variance of the interest rate on the
second day will be quantified under both approaches. It will also be
shown that the interest rate will follow in any case a martingale. This
property indeed allows focusing only on strategies of the central bank
to steer in the first place the interest rate on the first day. Obviously,
if the interest rate follows a martingale, the best steering of interest
rates on the first day also minimises, independently of the way
autonomous factor forecasts are published, the variance of the interest
rate relative to the target on the second day.

4.2.1. The central bank publishes individual autonomous factor
forecasts for each remaining day of the reserve maintenance
period

Assuming, as discussed, that the central bank focuses primarily on the
first day, its optimisation problem is, under this publication scheme,
as follows:
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Similarly to the case of the one day maintenance period, it can easily
be  shown  that  the  allotment  strategy  g (i*

0)+e1,0+e2,0  with γ (i
*
0)  =

√2 – σ2
ε1 – σ2

ε2 φ
–1

 (1 – i
*
0) allows for a perfect  steering  of  the  interest

rate on the first day. Similarly to the one day maintenance period
case, the better the qualities of liquidity forecasts at the different
horizons, the smaller the expected squared recourse to standing faci-
lities. Denoting by g1–σ2

ε1
 the density of a normal distribution with

expected value zero and variance 1–s2

e1, the expected interest rate on
day 2 will be:

E1 (i2) = E P(m – a < 0  m = m0, a1 = a1,0, ε 1 = ε 1,0, ε 2 = ε 2,0)
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As should have been expected on the basis of the assumptions of the
model, the martingale property holds for any values of s2

e1 and for any
value of γ, i.e. that:10
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The martingale property shows that two effects exactly compen-
sate for any combinations of quality of liquidity forecasts: the first ef-
fect consists in the reduction of residual uncertainty between the two
market sessions, i.e. the decrease of the denominator in the cumulative
Gauss function implies that interest rates should approach more and
more the corridor rate which is closer to the target rate. In other
words: assuming that future autonomous factors correspond to their
expected value (zero), the steepening of the cumulative Gauss function
relating to the vanishing of uncertainty should map any liquidity im-
balance closer and closer to a standing facility rate. The second effect,
which compensates the first one, is due to the increasing uncertainty
relating to past autonomous factors when approaching the end of the
reserve maintenance period. The bigger this uncertainty, the more
relevant the convexity of the cumulative Gauss function becomes
when the expectation is built over all possible values of autonomous
factors on the first day. Furthermore, one could say that the convex-
ity of the cumulative Gauss function increases when the remaining
uncertainty vanishes and it steepens correspondingly.

As suggested by Bartolini, Bertola and Prati (2000), the variance
of interest rates will however increase when approaching the end of
the reserve maintenance period. Here, two effects go in the same di-
––––––––––

10 The property has been verified through calculations of various examples in
Mathematica. The Mathematica code underlying this and other calculus in the paper
can be obtained from the author.
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rection: the autonomous factor shocks on day 1 impact on the interest
rate, and the related vanishing of uncertainty steepens the cumulative
density function such that liquidity imbalances are mapped more
strongly into deviations of rates from the mid point of the corridor set
by standing facilities rates. The variance of interest rates on day 2 is
defined as:
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Chart 1 on page 32 draws for i*
0=0.7 the variance of the devia-

tion of interest rates on day 2 from targets, var(i2 – i*
0) for s2

e1 = 0.8 for
different values of s2

e2 £ 0.8. The function increases monotonously in
the quality of the liquidity forecasts for the second day. This is intui-
tive in so far as a good quality of forecasts for the second day implies
little residual uncertainty regarding autonomous factors, and hence a
strong impact of news regarding the expected liquidity situation on
interest rates.

Chart 2 draws, again for i*0=0.7 the function var(i2 – i*
0) of s2

e2 £
0.1 for s2

e2 = 0.1. The function decreases monotonously in the quality
of the liquidity forecasts for the first day. This is again intuitive in so
far as a good quality of forecasts for the first day implies that only lit-
tle news are likely to have emerged between the first and the second
day’s money market session, and there are hence little reasons for a
change in the market interest rate. One may conclude that in the two
maintenance period model with a separate publication of autonomous
factor forecasts for each day, the following proposition holds:

Proposition 3: To achieve the best control of overnight rates also
on the second day of the reserve maintenance period, the central
bank, which publishes separately its autonomous factor forecasts
for the two days, should invest all resources devoted to autono-
mous factor forecasting into the forecasting of autonomous factors
on the first day of the maintenance period, and none into the fore-
casting on the second day.

The proof of the proposition is provided in the Annex 2. Propo-
sition 3 contradicts a possible first intuition that the central bank
should invest its resources equally into the forecasting of auto-
nomous factors on the different days of the maintenance period. But

{ [ ] } (η1) dη1
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of course, a central bank may also wish to minimise the expected
squared recourse to standing facilities at the end of the reserve main-
tenance period, which would argue in favour of a more equal alloca-
tion of resources to forecasting autonomous liquidity factors on the
two days.

4.2.2. The central bank publishes only an average autonomous factor
forecast for both days

The ECB decided on 8 June 2000 to publish a forecast of the average
of autonomous factors in the relevant period. In the proposed model
of a two day reserve maintenance period, this means that the central
bank publishes only one figure, namely e=(e1+e2)/2, instead of the
two separate autonomous factors. For the central bank’s allotment
decision on the first day, nothing changes, since counterparties can
still extract precisely the liquidity target from the allotment volume
and the forecast of autonomous factors. However, things change on
the second day, when the banks wonder in how far the central bank
anticipated the autonomous factor shock on day 1.

The central bank’s optimisation problem, again taking the ap-
proach to first focus on the interest rate on the first day of the main-
tenance period, becomes:
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Obviously, the same result regarding the optimal allotment
strategy as in the case of publication of separate autonomous factor
figures is obtained. However, things are different on the second day of
the reserve maintenance period. The interest rate on day 2 equals
P(m–a<0|m=m0,  a1=a1,0, e1+e2=e1,0+e2,0), with m–a=g (i*0)+ e1+e2–
(e1+h1+e2+h2)= g (i*0)–h1–h2. While the liquidity target =g (i*0) can be
calculated by market participants precisely on the first day, the non-
anticipated autonomous factor component on the first day is, in con-
trast to the case of a separate publication of autonomous factor fore-
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casts, not exactly known on day 2. Nevertheless, counterparties can
extract some information regarding the non-anticipated autonomous
factor development on day 1 from the observed variables. This signal
extraction problem can be represented in its linear matrix form as
z=Λx, where z is the vector of observed and x the vector of unob-
served variables with:
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We are looking for the matrix of signal extraction coefficients
such that x̂=Bz. As shown in Bindseil (2000), B=[LE(xx')L']

–1LE(xx').
We thus obtain:
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The matrix of signal extraction coefficients is:
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Therefore, we obtain as best estimator for h1:
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The uncertainty in this estimate, var(h1|m=m0, a1=a1,0, e1+e2=
e1,0+e2,0), corresponds to the relevant element in the variance covari-
ance matrix of the estimated unobserved variables, which is: E[(x̂–x)
(x̂–x)'] = E[(B'Lx–x)(B'Lx–x)'] = B'LE(xx')L'B–sB'LE(xx') + E(xx'). Since
the expression is rather lengthy, it is not displayed here. The interest
rate on day 2 of the maintenance period will be:
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The expected value of the interest rate on day 2 will be:
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Again, calculations verify that the martingale property holds,
namely that "i*

0, "s2

e1, "s2

e2:E1(i2)=E1(i1)=i*
0. The variance of the inter-

est rate on day 2 in this regime will be:
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The following charts (chart 1 and 2) also display the variance of
the difference between the interest rate on day 2 and the central
bank’s target of 0.7 for the case of a publication of a forecast of aver-
age autonomous factors over the forecasting horizon. The charts al-
low comparing directly this case with the previously treated one of a
separate publication of autonomous factor forecasts for every single
day. As could be expected, publishing a forecast of an average of ind i-
vidual daily figures does not make a big difference if one of the fore-
cast qualities is much higher than the other, since the average then
contains nearly the same information as the forecast for the day for
which the forecast is much better. In contrast, the variance of day 2
interest rates is systematically lower if both qualities of autonomous
factor forecasts are relevant, such that averaging dissipates informa-
tion. Furthermore, the U-shaped form of the variance function dis-
played in chart 1 is noteworthy. In contrast to the case of published
individual autonomous factors, one cannot conclude in the case of a
published average that investing no resources into forecasting of
autonomous factors on day 2 is necessarily best (if the central bank
does not care about the expected squared recourse to standing facili-
ties).

{ [ ]}
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CHART 1
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The results suggested by the charts are summarised in the fol-
lowing proposition.

Proposition 4: The publication of an average of forecast autono-
mous factors unambiguously improves the steering of interest rates
on the second day of the maintenance period, relative to the sepa-
rate publication of autonomous factor forecasts for the two days.

No formal proof is provided. However, beyond the numerical
evidence presented above, the proposition is rather intuitive as the
uncertainty regarding the end of maintenance period liquidity situa-
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tion is identical under both approaches on day 1 of the maintenance
period, while the reduction of uncertainty implied by the publication
of the value of autonomous factors on the first day is stronger under
the separate publication (under a separate publication, at the start of
the second market session, the banks know perfectly the forecast er-
ror of the central bank for the autonomous factors on day 1, while
they only have a noisy estimate if an average forecast has been pub-
lished). Hence, the innovation induced by news is stronger under a
separate publication, and since the steering of rates was perfect on day
1, the steering on day 2 is better under an average publication. Since
the publication of an average appears in any case to be simpler, one
may conclude from this analysis that there are good reasons for a cen-
tral bank to publish an average of forecast autonomous factors instead
of separate forecasts for single days, as also decided by the ECB. One
should note the relation of this result with a result of a former litera-
ture represented for instance by Dotsey (1987). This literature also
modelled lack of information as an additional random variable which
makes the signal extraction of market players less precise and hence
tends to reduce the reaction of asset prices to the arrival of new in-
formation. Through this channel, additional uncertainty reduces also
in these models the unconditional variance of asset prices (see also Ta-
bellini 1987, p. 426).

Finally, chart 2 also suggests the following proposition, which is
straightforward to prove in both cases analysed above (separate and
average publication):

Proposition 5 : A perfect steering of overnight rates on both days of
the maintenance period through the open market operation in the
morning of day 1 is possible if and only if the forecast of autono-
mous factors for day 1 is perfect, i.e. if s

2

e1
=1.

The intuition of this proposition is also evident: if forecasts of
autonomous factors are perfect for day 1, then no news can emerge
between the 2 market sessions, and the uncertainty regarding the end
of the reserve maintenance period also remains unchanged throughout
the maintenance period.11

––––––––––
11 The proof of the proposition is immediate by inserting s2

e1
=1 into the formu-

las for i1 and i2.
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5. Conclusions

A simple model of the interaction between central bank liquidity
management and the setting of the overnight rate in the money
market was presented, which allowed addressing analytically the
recently decided publication of estimates of autonomous liquidity
factors by the European Central Bank. It was shown, in the context of
the model, that the main practical advantage of the publication of
forecasts of autonomous factors is that it makes the signal extraction
problem with regard to the central bank’s intentions trivial and hence
allows establishing a transparent behavioural equilibrium between the
central bank and the money market. In this equilibrium, the central
bank can perfectly steer overnight rates at least on the day of the open
market operation, with the smallest possible variance of imbalances of
liquidity at the end of the maintenance period. The two day model
also allowed to analyse whether a central bank should publish sepa-
rately autonomous factor forecasts for single days of the reserve
maintenance period, or whether it should publish only a forecast
average, such as done by the ECB since July 2000. The model suggests
unambiguously that the approach adopted by the ECB allows for a
better steering of interest rates on the second day.

ANNEX 1

Excerpt of the press release of the ECB of 16 June 2000, “Switch to vari-
able rate tenders in main refinancing operations: some technical details”

At its meeting on 8 June 2000 the Governing Council of the ECB decided
that, starting from the operation to be settled on 28 June 2000, the main refi-
nancing operations of the Eurosystem will be conducted as variable rate ten-
ders, using the multiple rate auction procedure. […] The tender announce-
ment will include, in addition to the standard information, […] an indication
of the expected liquidity needs of the banking system. This indication refers
to an average for the period from the day of announcement until (and includ-
ing) the day before the settlement of the following main refinancing opera-
tion. If this time interval goes beyond the end of a reserve maintenance pe-
riod, an estimate of the average liquidity needs until the end of the reserve
maintenance period will also be provided. An estimate of the liquidity needs
of the banking system is necessarily surrounded by a significant degree of un-
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certainty. The ECB provides its estimates to the best of its knowledge at the
time of publication, drawing from the information provided by national cen-
tral banks. It should also be stressed that the ECB bases its allotment deci-
sions on a number of factors, including, but not limited to, the expected li-
quidity needs of the banking system.

The liquidity needs are defined as the average, over the relevant period,
of the daily sum of reserve requirements and of all factors other than mone-
tary policy operations of the Eurosystem which affect the banking system’s
liquidity (the so-called autonomous factors, e.g. banknotes and government
deposits with the Eurosystem; see the box in each issue of the ECB Monthly
Bulletin entitled “Monetary policy operations and liquidity conditions in the
reserve maintenance period ending on ...”, for instance pages 18 to 19 in the
June 2000 issue). The ECB pages providing daily information on liquidity
conditions will display ex post data on liquidity factors other than monetary
policy operations, to allow counterparties easily to assess the deviation of ac-
tual figures from the published estimates.

ANNEX 2

Proofs of propositions

Proof of Proposition 1

First, it needs to be shown that there exists a central bank allotment strategy
of the type m0=e0+g(i*) that allows for a perfect steering of interest rates.
Note that F(m–a|m=m0 , e=e0) is the cumulative distribution function of an
N(m0–e0, 1–s

2

e) distributed random variable since E(m–a |m=m0, e=e0)  =
E[m0–(e0+h)] = E(m0–e0) and Var (m–a |m=m0, e=e0) = Var (h)=1–s

2

e).
Hence, one can write:
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This relationship can be used by the central bank to steer interest rates. The
central bank has simply to choose an allotment volume corresponding to the
sum of the expected autonomous factor and the i* quantile of a normal dis-
tribution with variance 1–s

2

e:
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If the central bank adopts this allotment policy, the allotted amounts do not
reveal anything that would not already be known to counterparties, such
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that the assumptions made above regarding the signal extraction remain va-
lid. Hence, we obtain a behavioural equilibrium between the market and the
central bank in which the central bank can perfectly steer overnight rates in
this equilibrium.

Secondly, one needs to show that the set of alternative allotment strate-
gies allowing for a perfect steering of interest rates is limited to the one in
which the central bank deviates from the one proposed above by reducing
the quality of its liquidity forecasts. Define as the set of possible allotment
strategies the set of functions m0=m0(e0, i*, w), whereby ω  represents all the
other variables that the central bank may define as being relevant for its al-
lotment decisions. Obviously, any allotment rule, which would allow other
variables to be relevant, would by definition not allow for a perfect steering
of interest rates. We can hence restrict the set of strategies conducive at a per-
fect steering of interest rates to the set of strategies defined by m0=m0(e0, i*).
This set of strategies may alternatively be represented by the set m0=m'0(e0,
i*)+e0. Substituting this into the interest rate determining formula above, it
appears that the autonomous factor forecast e0 in m'0(e0, i*) will introduce the
same noise into the interest rate as any other further random variable, since
the actual effect of the autonomous factor forecast has already been included
in the linear component of the allotment function outside m'0(e0, i*). There-
fore, a perfect steering of interest rates will only be possible for functions of
the form m0= m'0 (i*)+e0, whereby the exact form of this function has been
derived above.

Finally, it has to be shown that this allotment strategy minimises the
expected squared variance of the recourse to standing facility at the end of the
reserve maintenance period if the central bank makes full use of its autono-
mous factor forecasts. The expected squared recourse to standing facilities
expected before the interest rate target becomes known is Var (m–a)=
Var [e0+g(i*)–e0–h]=Var [g(i0*)]+Var (h). Both terms increase if the central
bank does not make full use of its autonomous factor forecast.

Proof of Proposition 3

The proof proceeds in two parts.
First, it is shown that for any given forecast quality for the autonomous

factors on day 1, improving the forecast quality for day 2 is counterproduc-
tive as it increases volatility of interest rates on day 2. Consider the formula
of var (i). The quality of autonomous factor forecasts for day 2, s

2

e2, is only
present in the term
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which obviously,  "i0*, "h1, increases monotonously with s
2

e2. This property
is preserved if the term is squared and if the weighted integral over all values
of h1 are taken, which then yields the formula for the variance.

Secondly, it has to be shown that for any given forecast quality for the
autonomous factors on day 2, improving the forecast quality for day 1 re-
duces the volatility of interest rates on day 2. This is immediately obvious
from the formula for the variance of interest rates on day 2.
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