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Chapter 1

Introduction

Short-term interest rates play an essential role in the first stages of the mon-
etary transmission channel. This is reflected by the fact that central banks’
decision-making bodies typically debate and decide on the appropriate tar-
get level for the current short-term interest rate. At least de facto, monetary
policy thus is interest rate policy. To steer short-term interest rates in the
interbank money market central banks dispose of a number of monetary pol-
icy instruments, in particular reserve requirements, standing facilities and
open market operations. The rules and procedures governing the use of
these instruments is often referred to as the operational framework for the
implementation of monetary policy.

Unfortunately, the predominant description of monetary policy imple-
mentation in the mainstream literature is subject to widespread misconcep-
tions. The most common misconception is the proposition that monetary
policy actions are (exclusively) effected through open market operations that
alter some quantity such as the level of bank reserves. This view is at odds
with central bank practice of influencing short-term interest rates primarily
through the terms on which reserves are made available. As pointed out by
Disyatat (2008), such misconceptions can have important repercussions on
analyzes at the macroeconomic level. Analyzing the institutional details and
mechanics of monetary policy implementation is thus not only relevant for
understanding the source of central banks’ power to control interest rates,
but it can also cast light on macroeconomic issues such as the monetary
transmission mechanism.

Considering that the implementation of monetary policy is a core task
of any central bank, it might come as a surprise that academic research on
how to control short-term interest rates in an effective and efficient manner
is comparatively scarce. While recent years have witnessed the development
of an increasing number of macroeconomic models that allow to analyze the
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2 Introduction

effects of monetary (or rather: interest rate) policy and to provide guidance
for policy makers, these models typically ignore the first step in the mone-
tary transmission channel by assuming that the short-term interest rate is
perfectly controlled by the central bank. Although this is a valid shortcut
when focusing on the longer-term macroeconomic effects of monetary policy,
the lack of interest in issues regarding the implementation of monetary policy
is regrettable.

However, before doing an injustice to the guild of monetary economists,
one should acknowledge that since the late 1990s research on issues surround-
ing the implementation of monetary policy and how it affects the functioning
of money markets has gained some ground. And due to the disruptions to
interbank money markets during the 2007–2009 financial turmoil and the
ensuing challenges faced by many central banks in implementing monetary
policy, these issues have even attracted the attention by the mass media and
the general public. But despite the soaring public and academic interest, so
far only a few authors have made an attempt to provide a comprehensive
and normative analysis of monetary policy implementation. Indeed, as the
review of related literature in Section 1.2 will reveal, most research is either
purely descriptive or empirical. And the few studies with a more theoretic
and normative approach typically focus only on specific aspects of monetary
policy implementation. By providing a comprehensive, normative analysis of
the operational framework for the implementation of monetary policy, this
study thus intends to contribute to filling an important gap in monetary
economics.

The remainder of this introduction is organized as follows. The next sec-
tion motivates the subject, sets out the objectives and explains the general
approach by which the recommendations for an effective and efficient opera-
tional framework for the implementation of monetary policy will be derived.
The subsequent sections then contain a review of related literature and the
outlook on the remaining chapters.

1.1 Motivation, Objectives and Approach

Having been largely ignored for many decades, monetary policy implementa-
tion has attracted more attention in the academic literature in recent years.
Goodfriend (2002) mentions two factors that might explain this trend. First,
although all major central banks implement monetary policy by manipu-
lating short-term interest rates, it is striking that there remain important
differences in the procedures by which interest rates are managed. Compar-
ing the existing alternatives and exploring new operational frameworks that
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might fare better than the procedures currently in use would thus be of con-
siderable interest. Second, in the late 1990s, some economists began to worry
that progress in information technology and communications, and particu-
larly technological advances in payment systems, could erode central banks’
ability to control interest rates in the future and thereby render monetary
policy ineffective (see Friedman 1999 or King 1999).

The starting point for this study is related to Goodfriend’s first observa-
tion, the remarkable diversity in central banks’ procedures for the implemen-
tation of monetary policy, which is documented in Borio’s (1997) comprehen-
sive survey on monetary policy implementation procedures in 14 industrial
countries. Based on data from 1996, this survey provides an astonishing
picture, both with respect to the operational targets and the operational
frameworks of the reviewed central banks at that time. The operational tar-
get of all but one central bank—the Swiss National Bank—was a short-term
interest rate, but the maturities of the targeted short-term interest rates var-
ied between overnight and three months. Only three central banks officially
announced their current target level, while others used the tender rate for
regular open market operations, the rate of standing facilities or quantity
related variables to signal the stance of monetary policy. Differences were
even more pronounced regarding the operational framework, that is the rules
and procedures governing the use of the central banks’ instruments to control
the selected operational target. For instance, eleven central banks imposed
reserve requirements, but they varied substantially in terms of function, size,
calculation method, remuneration or penalty schemes. All central banks pro-
vided a ceiling for interest rates by means of a standing borrowing facility,
but only four also provided a floor for interest rates by offering a standing
deposit facility. Furthermore, the standing facilities varied greatly in terms
of pricing, access conditions or eligible collateral. Differences were probably
most striking regarding the conduct of open market operations. Although
all central banks made use of different types of operations, including re-
verse transactions such as repurchase agreements or foreign exchange swaps,
outright transactions or the issuance of short-term paper, these operations
exhibited remarkable differences with respect to underlying assets, maturity,
frequency, pricing and settlement procedures.

Since Borio’s survey, all of the reviewed central banks have revised the
rules and procedures for implementing monetary policy. Some amendments
were fundamental, others were more of cosmetic nature. For many European
central banks this process was driven by the introduction of the euro and
the establishment of the European Central Bank (ECB) and the European
System of Central Banks (ESCB). Monetary integration lead to a unified
framework for the implementation of monetary policy, although some minor
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country-specific differences regarding settlement procedures or the collateral
eligible for monetary policy operations still remain. The Federal Reserve re-
formed its borrowing facility—the discount window—and made changes to
reserve requirements as well as to some technical details of its open mar-
ket operations. The Bank of Japan, in its attempt to fight deflationary
pressures, temporarily introduced a quantitative target for banks’ reserve
balances, which could be regarded as a secondary operational target on top
of the zero short-term interest rate target. The Swiss National Bank (SNB)
made substantial modifications to its operating procedures when it revised
its overall framework for monetary policy in 1999. Also, after a number
of smaller adaptations to its procedures now and then, in 2006 the Bank
of England eventually reformed its operational framework in a fundamental
way. And finally, in reaction to the challenges raised by the 2007–2009 finan-
cial crisis, all major central banks had recourse to a range of extraordinary
measures, at least temporarily.

By and large, over the last ten years these changes lead to some conver-
gence of monetary policy implementation procedures across major central
banks. But there remain considerable differences, which raises a number of
questions. For instance, why do some central banks use the overnight rate as
operational target, while others prefer a longer-term money market interest
rate? Why do some central banks rely more heavily on reserve requirements
than others? Why do most central banks provide a borrowing facility but
only some also a deposit facility? Why do some central banks conduct open
market operations very systematically, while the approach of others seems
to be more ad hoc? Or why do some central banks prefer fixed rate tenders,
while others favor variable rate tenders? This set of questions is by no means
comprehensive, and going into more detail it would be possible to identify a
myriad of other (often very subtle) distinctions. As suggested by Goodfriend
(2002), it thus seems natural to evaluate the pros and cons of the various pro-
cedures and, eventually, to distill those features that characterize the optimal
operational framework for the implementation of monetary policy. This is
the purpose of the study at hand.

In principle, the quest for the optimal monetary policy implementation
procedure could be set up as a constrained optimization. To begin with, one
would have to specify the objective function by identifying reasonable goals
that the monetary policy implementation procedure should allow to achieve.
In this study, the following two policy objectives will be postulated. First, the
operational framework should allow tight control of the operational target.
For instance, assuming that the overnight rate is used as the operational
target, actual overnight rates should be in line with the target level (at
least on average) and exhibit relatively low volatility, both intraday and
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from day-to-day. Second, the operational framework should contribute to a
proper functioning of the interbank money market, for instance by providing
commercial banks sufficient incentives to effectively manage their liquidity
and by fostering the development or maintenance of a liquid and competitive
interbank money market. An operational framework that allows to achieve
these objectives to a high degree can be considered as effective. But while
effectiveness is a necessary condition, it is not sufficient, at least in a world of
scarce resources. This is why the operational framework should also allow for
an efficient allocation of resources by minimizing the social costs associated
with the implementation of monetary policy. These social costs include not
only costs borne by the central bank, but also those borne by commercial
banks and even the public at large.

Having defined the arguments of the objective function as well as the rel-
ative weights of these arguments, one would then have to find the operational
framework that maximizes the objective function, taking into account possi-
ble constraints. These constraints may be related to issues such as technical
and operational feasibility, legal restrictions for certain types of operations, or
the degree of development of financial markets in general and money markets
in particular. But unfortunately, in practice the constrained optimization is
doomed to failure, for it is simply too complex to be formulated in rigorous
mathematical terms, let alone that it could be solved analytically. A less
stringent and elegant method would consist in comparing all the theoreti-
cally feasible operational frameworks, but since monetary policy instruments
can be combined in myriads of ways, this approach is also un unfeasible.

Therefore, this study will follow a different approach, which, admittedly,
is less rigorous than the constrained optimization method, but yet suitable
to derive an operational framework that performs well with respect to the
objectives defined above. The approach can be summarized as follows. First,
based on a review of the existing literature on monetary policy implemen-
tation, a thorough analysis of the functioning of the market for reserves
and taking into account the experience of major central banks with their
operational frameworks, we make an educated guess on how the monetary
policy instruments should be specified and combined, proposing a specific
operational framework. Using a dynamic general equilibrium model of the
money market, which allows to analyze how commercial banks’ optimal be-
havior and the dynamics of the equilibrium overnight rate are affected by
institutional features related to the implementation of monetary policy, the
performance of the proposed operational framework is then assessed in terms
of the specified objectives, and compared with the performance of slightly
modified frameworks. This comparison corroborates the suitability of the
proposed operational framework.
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Before moving on, two caveats regarding the general validity and appli-
cability of the findings must be issued. First, given the somewhat heuristic
approach described in the preceding paragraph, it is unlikely that the pro-
posed operational framework will correspond to the globally optimal opera-
tional framework that would emerge as the result of a rigorous constrained
optimization. Nonetheless, the proposed operational framework allows to
achieve the postulated objectives of monetary policy implementation to a
high degree. It can thus be said to be both effective and efficient. The
second caveat pertains to a fundamental assumption and thus the applica-
bility of the results. Throughout the analysis, it will be assumed that the
central bank operates in an environment characterized by well developed
and efficient financial markets, especially money markets. This assumption
is reasonable for advanced countries, and possibly even for many emerging
markets. However, the analysis and the conclusions do not necessarily hold
good for central banks in countries where financial markets are in an earlier
stage of development. Nor are the conclusions directly applicable to situa-
tions when the financial system is under severe stress and money markets
are collapsing due to wide-spread concerns about the soundness of individ-
ual market participants, as experienced during the most acute stages of the
2007–2009 financial crisis. Bearing these caveats in mind, we now turn to a
brief review of related literature.

1.2 Related Literature

Taking into account the vast amount of research on monetary policy in gen-
eral, the literature focusing on the implementation of monetary policy is
readily comprehensible. Probably most remarkable is the lack of textbooks
providing a quick and easy introduction into both the theory and the practice
of monetary policy implementation. Although most textbooks on monetary
theory and policy such as Issing (2003), Mishkin (2004) or Walsh (2003)
typically devote one or two chapters to issues related to the implementation
of monetary policy, these reviews are usually either rather selective or quite
far-off from what central banks actually do in practice. A notable exception
is Bindseil (2004a), who provides not only a detailed and critical account
of the history of monetary policy implementation by the Bank of England,
the Federal Reserve and the Bundesbank (including its successor, the Euro-
pean Central Bank), but also develops a theoretical framework that allows
to analyze and assess alternative operational frameworks. Other useful intro-
ductions to the subject are Allen (2004) and Gray and Talbot (2006), albeit
they are theoretically less stringent.
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Besides these general introductions into monetary policy implementation,
the literature related to and relevant for the present study can be classified
into four broad categories: (i) official information on monetary policy im-
plementation and operational frameworks published by central banks; (ii)
comparative and/or historical reviews of central banks’ operational frame-
works; (iii) research on interbank money markets; and finally, most closely
related to the present study, (iv) research on specific aspects of the opera-
tional framework. The following review is structured along these four cate-
gories. Rather than discussing individual contributions in detail, the review
aims at distilling some general observations.

Official Information by Central Banks

The most important and authoritative source of information on monetary
policy implementation are central banks themselves. These days, basically
all central banks provide some information on how they implement monetary
policy. Relevant information may be found in official documentations or
specific regulations on monetary policy instruments. Many central banks also
release statistical data on the actual use of monetary policy instruments, such
as the results of open market operations or the recourse on standing facilities.
While some statistics may be publicly available on central banks’ websites,
others may be released only via financial information services such as Reuters
or Bloomberg. Furthermore, in annual reports or other regular publications
central banks may inform about the main developments in money markets,
including their own operations.

However, as can be seen from a simple comparison of the information pol-
icy of five major central banks—the Reserve Bank of Australia (RBA), the
European Central Bank (ECB), the Swiss National Bank (SNB), the Bank of
England (BoE), and the Federal Reserve (Fed)1—, the clarity of presentation
as well as the level of detail of information related to monetary policy im-
plementation varies considerably between central banks.2 In terms of clarity
and completeness of the information provided, the ECB and the BoE stand
out from the others. The ECB publishes regularly an updated version of the
“General Documentation on Eurosystem Monetary Policy Instruments and

1For simplicity, the terms ‘Federal Reserve’ or ‘Fed’ will be used interchangeably
throughout this study, without differentiating between the Federal Reserve System or
individual Federal Reserve Banks.

2The following review summarizes the situation as of early 2007. It should be noted that
during the 2007–2009 financial crisis all reviewed central banks made considerable efforts
to improve the information publicly available on issues related to the implementation of
monetary policy and developments in interbank money markets.
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Procedures” (ECB 2006a). This document contains basically everything one
needs to know about the ECB’s approach to monetary policy implementa-
tion, including a detailed description of the main instruments (open market
operations, reserve requirements and standing facilities), eligible counterpar-
ties and eligible assets for credit operations. Major developments in euro
money markets and short-term interest rates are regularly explained in the
ECB’s “Monthly Bulletin”, which also provides detailed statistics on the
conduct of open market operations and the factors affecting the banking sys-
tem’s liquidity position during the reserve maintenance period. In addition,
the ECB’s website provides timely information on money market conditions,
including the ECB’s forecast of autonomous factors affecting the banking
system’s liquidity position.

An easily understandable overview of the BoE’s operational framework is
provided by Mac Gorain (2005) and by the so-called “Red Book” (Bank of
England 2006). While the Red Book’s audience is the interested public, more
detailed information on the rules and procedures governing the various mon-
etary policy instruments and other issues relevant for market participants
are readily available in Bank of England (2005). In the “Quarterly Bulletin”
the BoE further explains the main developments in sterling money markets
and open market operations, although the statistical data is less compre-
hensive than in the case of the ECB. Market participants also benefit from
detailed announcements and explanations related to the BoE’s open market
operations.

Getting the full picture on how monetary policy is implemented by the
other three central banks is more cumbersome, mainly because there is no
single document setting out the operational framework in a transparent and
coherent manner. For instance, while being extremely detailed and compre-
hensive, relevant information on the Fed’s operating procedures is scattered
in various documents and regulations. For instance, rules on the calculation
and maintenance of reserve requirements are contained in Regulation D of
the Federal Reserve Board of Governors, while additional details and exam-
ples on how to file the respective weekly or quarterly reports can be found in
the “Reserve Maintenance Manual” (Federal Reserve System 2006). Terms
and conditions for having access to the Fed’s discount window are governed
in Regulation A of the Federal Reserve Board of Governors and various Op-
erating Circulars. A summary of the different lending programs and links
to various agreements financial institutions are required to sign in order to
establish access to the Fed’s discount window may also be found on a ded-
icated website.3 There is also no single document providing a fully-fledged

3See www.frbdiscountwindow.org.
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description of the various open market operations. However, on the positive
side, it should be noted that the Trading Desk’s annual report provides a
thorough summary on developments in the federal funds market and trends
in the conduct of open market operations (e.g. Federal Reserve Bank of New
York Markets Group 2006). In addition, ample statistics on current open
market operations are made available on the Fed’s website.

In terms of clarity and coherence of published information, the RBA and
the SNB perform similar to the Fed, but the level of detail is somewhat lower.
Rules and procedures of the SNB’s open market operations and its borrowing
facility are contained in specific guidelines (SNB 2006b), while the provisions
for reserve requirements may be found in the National Bank Ordinance.
Information released on the conduct of open market operations is relatively
scarce, as summary results of open market operations are published on a
weekly basis only. Also, separate from a short section on the implementation
of monetary policy in the annual report, the SNB refrains from commenting
on developments in Swiss francs money markets.

RBA (2003) contains a short summary of monetary policy implementation
in Australia, while specific operational notes on the RBA’s website provide
somewhat more detailed information on open market operations and standing
facilities. The RBA also releases some statistical data regarding ongoing open
market operations but, apart from a short explanation of its own operations
in the annual report, it generally abstains from reviewing and commenting
specific developments in money markets.

Comparative and Historical Reviews

Comparisons of central banks’ operational frameworks as well as reviews of
how individual central banks’ procedures have evolved over time are another
valuable source of information to improve our understanding of how mon-
etary policy is implemented in practice. To my knowledge, Borio (1997)
contains the most thorough comparison of alternative operating procedures.
The survey comprehends a cornucopia of very detailed information on the
operational targets and monetary policy instruments of 14 central banks
in industrialized countries.4 It also points out how monetary policy imple-
mentation and the strategic elements of monetary policy are connected and
provides some theoretical background on banks’ reserve demand and how
it is related to the functioning of the interbank large-value payment system.
However, the survey’s most remarkable revelation is the astonishing diversity
of the reviewed operating procedures.

4The survey is based on BIS (1997), which includes detailed descriptions of the opera-
tional frameworks of the reviewed central banks.
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An even more comprehensive but less detailed review of operational frame-
works is contained in Buzeneco and Maino (2007). Their review draws on
a database on monetary policy instruments maintained by the International
Monetary Fund, which in 2004 contained information on central banks in
25 developed, 13 emerging, and 33 developing countries. Not surprisingly,
central banks in developed and emerging countries are found to rely rela-
tively more on market-based instruments such as open market operations
and standing facilities, whereas developing countries still rely to some ex-
tent on direct instruments such as interest rate or credit ceilings, a fact that
is explained by less developed money markets or institutional shortcomings.
Moreover, by documenting the evolution of operational frameworks over time,
the authors are able to identify a number of interesting trends. In particular,
there is evidence that in developing countries the reliance on direct instru-
ments has generally decreased, while in developed countries the instrument
mix has become more diverse.

Focusing on a group of eleven smaller Western European countries, Forss-
bœck and Oxelheim (2007) analyze the relationship between the central
bank’s open market operations and the development of money markets in the
1980s and 1990s. Beyond motives and reasons for financial deregulation that
are valid for the financial sector as a whole, the authors argue that central
banks had additional policy motives for promoting the formation of efficient
money markets. In particular, as previous monetary policy instruments such
as regulations, controls and restrictions became increasingly ineffective or
unavailable, central banks needed an arena in which to conduct open market
operations in order to control the supply of liquidity to the banking system
with more flexibility and with greater accuracy. However, they also docu-
ment a significant degree of heterogeneity with respect to the development
of operational frameworks and the structure of money markets, which is at
least partly explained by ad hoc policy decisions.

A more focused comparison of the ECB and the Fed may be found in
Borio (2001), Blenck et al. (2001) and Bartolini and Prati (2003), with the
former two studies also including the Bank of Japan. These surveys document
a number of similarities and differences in the implementation of monetary
policy. The most notable similarity is the universal use of the overnight rate
as the operational target, whereas the main difference is the relative weight
given to individual monetary policy instruments.5 In particular, in contrast

5In March 2001, the Bank of Japan replaced its traditional operating target, the uncol-
lateralized overnight call rate, by the outstanding balance of the current accounts held by
financial institutions at the Bank of Japan. However, during the whole period of monetary
easing, which ended in March 2006, the Bank of Japan was committed to a zero interest
rate policy. Strictly speaking, the quantitative target for outstanding balances was there-
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to the other two central banks, the Eurosystem’s reserve requirements are
relatively high. The ECB also provides both a borrowing and a deposit fa-
cility, whereas the others only provide a borrowing facility. Reserve require-
ments and standing facilities thus play a more prominent role in the ECB’s
framework. Since these instruments effectively contribute to the smoothing
of short-term interest rates, the ECB is able to follow what Bartolini and
Prati (2003) call a “hands-off” approach regarding open market operations,
conducting regular operations only once a week. In contrast, particularly
due to the low level of reserve requirements in the U.S. the Fed’s approach is
more “hands-on”: In order to keep the federal funds rate close to target, the
banking system’s liquidity needs to be fine-tuned by means of (almost) daily
open market operations. And owing to large shifts in autonomous liquidity
factors relative to the size of Japanese banks’ balances, the Bank of Japan
even conducts several operations a day.

Sellon and Weiner (1997) compare the operating procedures of the Bank
of Canada, the Bank of England and the Reserve Bank of New Zealand. At
that time, these central banks were implementing monetary policy without
reserve requirements.6 As a consequence, they were managing the supply of
reserves rather actively by means of at least daily open market operations. In
Canada, volatility of interest rates was further mitigated by a narrow interest
rate corridor defined by the rates of the standing facilities.7

Pondering on the potential reasons for the observed heterogeneity among
central banks, Blenck et al. (2001) argue that the differences reflect historical
traditions rather than explicit design choices. To the extent this is the case,
careful examination of how operational frameworks have evolved over time
should add to our understanding of current operating procedures. In this
respect, Bindseil (2004a) provides a concise account of the main stages of
development of the operational frameworks of the Bank of England, the Fed
and the Bundesbank, suggesting that the evolutionary path was typically
far from straight-lined and often resembled a process of trial-and-error. One
is left with the impression that over extended periods of time these central
banks did not have a clear concept of how monetary policy should be imple-
mented. This is probably most apparent in the examination of the Fed’s long
lasting seesaw regarding its operational target between 1920 and the end of
the 1980s. During that period, the Fed’s theoretical idea was to steer some
reserve concept, which would then impact via the money multiplier broader

fore only an additional operational target. See Ito (2006) for a critical review of the Bank
of Japan’s experience with the zero interest rate policy and quantitative easing.

6The Bank of England (re-)introduced reserve requirements in 2006.
7A similar corridor system was adopted by the Reserve Bank of New Zealand in 1999

and the Bank of England in 2006.
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monetary aggregates and, eventually, ultimate objectives such as inflation or
economic growth. However, as argued by Bindseil (2004b), strictly following
this so-called “reserve position doctrine” would have led to very high interest
rate volatility. Therefore, with the short exception of the period from 1979
to 1982, the Fed pursued at least an implicit target for the federal funds rate,
although it pretended not to do so.

Other historical reviews of the operating procedures of individual cen-
tral banks are usually included in more comprehensive reviews of a central
bank’s history. For instance, the Fed’s history is documented in Friedman
and Schwartz (1963), Meulendyke (1988, 1992 and 1998) and, more recently,
Meltzer (2003). However, for other central banks, it is more difficult to
find independent and recent historical reviews. If available, they are either
published by central banks themselves (and are therefore often not overly
critical), or they are somewhat outdated. Examples falling into the first
category are Deutsche Bundesbank (1995) and SNB (2007), whereas Sayers’
(1976) review of the Bank of England is an example for the second category.

Research on Interbank Money Markets

Monetary policy is implemented by affecting the conditions that equilibrate
supply of and demand for reserves in the interbank money market. Research
on interbank money markets is thus closely related to the analysis of central
banks’ operational framework. Furthermore, most of the more recent research
on the operational framework builds on modeling approaches that have been
used in research on interbank money markets for quite some time. It is thus
sensible to first discuss this strand of literature.

In the interbank money market, banks borrow and lend reserves at short
maturity among each other, either on an unsecured or secured basis. Banks’
demand for reserves, i.e. balances maintained on accounts with the central
bank, are thus a key element of all money market models. The seminal
work on banks’ liquidity management is Poole (1968) who analyzes a risk-
neutral bank’s demand for reserves in the presence of reserve requirements
and stochastic payment flows.8 From the market’s perspective, the main
proposition is that if banks are required to meet reserve requirements only
on average over a maintenance period lasting several days, and to the ex-
tent that reserves held on any day during the maintenance period are per-
fect substitutes, banks’ optimizing behavior implies that the market clearing
overnight rate on day t must equal the expected overnight rate on day t+1,
and by iteration it must be equal to the overnight rate expected to pre-

8Various extensions of the model suggested by Poole (1968) are discussed in Bal-
tensperger (1980) and Baltensperger and Milde (1987).
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vail on the last day of the maintenance period (day T ). Or more formally:
it = Et it+1 = . . . = Et iT , where it is the overnight rate on day t. According
to this so-called martingale property, overnight rates are expected to remain
constant and any changes in interest rates within a reserve maintenance
period are not predictable. The logic behind the martingale hypothesis is
straightforward: If changes of overnight rates were predictable, banks would
demand more (less) reserves on days with comparatively low (high) rates,
which in turn would put upward (downward) pressure on the overnight rate.
By bidding up low rates and bidding down high rates any predicted differ-
ences between current and future overnight rates would be eliminated. The
martingale property thus corresponds to the only sustainable equilibrium.

However, the martingale property is usually not supported by empirical
evidence on overnight rates in interbank money markets. For instance, in the
case of the U.S. federal funds market, it is well documented that both the
level and the volatility of the federal funds rate follow predictable patterns
over the two-week reserve maintenance period, which starts on a Thursday
and ends two weeks later on so-called Settlement Wednesday (see e.g. Spindt
and Hoffmeister 1988, Hamilton 1996, Furfine 2000 and Bartolini et al. 2001
and 2002). In particular, the federal funds rate tends to fall up through the
second Friday and rises back up towards the end of the maintenance period.
Moreover, while the volatility of the federal funds rate is increasing through-
out the reserve maintenance period and peaks on Settlement Wednesday as
suggested by the simple rational expectations model in Eagle (1995), it also
exhibits additional day-of-the-week and calendar day effects. Non-martingale
behavior and specific volatility patterns have also been documented for euro
overnight rates (see e.g. Cassola and Morana 2003 and Würtz 2003). Fur-
thermore, Prati et al. (2003) and Bartolini and Prati (2006) provide ample
evidence for similar, though not the same, regularities in the mean and the
volatility of overnight rate dynamics in other money markets.9

In the mid 1980s, explaining and rationalizing the deviations from the
martingale property became the topic of interest of various economists. Build-
ing on the analytical framework developed by Poole (1968), many attempts
were made to augment the basic reserve demand model by additional institu-
tional features of the money market microstructure. In retrospect, two inter-
esting developments in this strand of literature stand out. First, it is striking
that until the late 1990s theoretical and empirical research was largely lim-
ited to the U.S. federal funds market, but the advent of the euro seems to

9The papers cited in this paragraph focus on the statistical patterns of overnight interest
rates. See Furfine (1999), Demiralp et al. (2004) and Bartolini et al. (2005) for more details
on the microstructure of the U.S. federal funds market and Hartmann et al. (2001) and
Hartmann and Valla (2008) for the euro money market.
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have spurred interest in the analysis of European money markets. Second,
and more importantly, earlier contributions focused almost exclusively on
the demand side of the market, whereas the supply side, i.e. the way central
banks intervene in the market, was largely neglected. Indeed, while it was
widely recognized that some features of the operational framework such as
specific rules and procedures of reserve requirements and the configuration
of standing facilities affected banks’ demand for reserves—and thus eventu-
ally equilibrium interest rates—, the interaction between commercial banks’
reserve management and the technicalities of the central bank’s liquidity
provision by means of open market operations was hardly paid attention to.
Interestingly, this also changed around the turn of the century, when vari-
ous economists started to integrate the central bank’s liquidity management
more realistically into money market models.

First generation money market models, i.e. those directing attention pri-
marily to the demand side, typically focus on the role and impact of par-
ticular institutional features. Specific attention has been paid to market
frictions such as transaction costs (Kopecky and Tucker 1993, Clouse and
Dow 1999, and Bartolini et al. 2001); reserve accounting conventions such
as the fact that reserve balances held before holidays or weekends count two
or three days or the Fed’s carry-over provisions which allow banks to carry
forward small reserve deficiencies or surpluses into the next maintenance pe-
riod (Spindt and Hoffmeister 1988, Griffiths and Winters 1995); payments
activity in the interbank payment system (Furfine 2000); or penalties on
end-of-day overdrafts (Pérez Quirós and Rodŕıguez Mendizábel 2006). A
common implication of these institutional features is that reserves held on
different days of the maintenance period are not perfectly substitutable and
hence the martingale property of overnight rates may not hold. For instance,
consider the impact of end-of-day overdraft penalties. Assuming that a bank
targets the same end-of-day reserve balances throughout the maintenance
period, the probability of incurring a (costly) end-of-day overdraft would be
the same on any day, but the probability of having (costly) excess reserves
would increase day by day. Moreover, once the bank has accumulated all
required reserves it becomes “locked-in” for the rest of the maintenance pe-
riod. In order to avoid lock-in situations, banks might target somewhat lower
end-of-day reserve balances in the beginning of the maintenance period and
higher balances towards the end (back-loading). Assuming a constant sup-
ply of reserves throughout the maintenance period, back-loading of reserve
demand puts downward pressure on overnight rates in the early days of the
maintenance period and upward pressure towards the end (Pérez Quirós and
Rodŕıguez Mendizábel 2006).
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Second generation money market models allow for a more explicit role of
central bank liquidity management. In the two-period reserve management
model by Nautz (1998), banks may borrow reserves in the interbank money
market on either period, or from the central bank via open market opera-
tions in the second period. As of period one, the repo rate and the amount
that will be allotted by the central bank in the open market operation are
uncertain. As one would expect, banks increase their reserve demand in the
first period if refinancing via the future open market operation is expected
to be more expensive. It is more surprising, however, that the demand of
risk-neutral banks is also increasing in the level of uncertainty about future
refinancing conditions. This suggests that the central bank might influence
current money market conditions by being more or less vague about its in-
tentions for future open market operations.

The interaction between the central bank’s supply of reserves and banks’
optimizing behavior is further analyzed in a number of other papers. For
instance, Bartolini et al. (2002) show how different liquidity management
strategies on the part of the central bank affect the pattern of equilibrium
federal funds rates within a maintenance period. Also, different patterns of
interest rate volatility can be interpreted as a reflection of the confidence
with which market participants view the Fed’s commitment to target the
federal funds rate by offsetting the impact of autonomous liquidity shocks.
Moreover, Bartolini et al. (2001) demonstrate that by increasing the supply of
reserves the central bank is able to dampen the upward pressure on overnight
rates on high-demand days. Furthermore, assuming that the central bank’s
supply of reserves is such that it matches expected demand at an interest
rate consistent with the current target level, Moschitz (2004) finds empirical
support for a significant liquidity effect in the euro overnight market: A
permanent change in reserve supply of one billion euro moves the overnight
rate eight basis points into the opposite direction, although the adjustment
in interest rates is rather sluggish.10 In contrast, purely transitory supply
changes have no effect at all on the overnight rate. This suggests that within
the context of an operational framework that allows for reserve averaging,
the liquidity effect should not be estimated on a daily frequency, but rather
over the whole reserve maintenance period.11

10A change in reserve supply is considered to be permanent if it prevails until the end of
the current maintenance period. Also, in order to appraise the magnitude of the estimated
liquidity effect, note that the level of aggregate reserves in the considered time period was
in the range of 100 to 130 billion euro.

11The importance of adequately taking into account the detailed institutional arrange-
ments of monetary policy implementation when measuring the liquidity effect is further
discussed in Carpenter and Demiralp (2006b and 2008).
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Research on the Operational Framework

For the purposes of this study, research on specific aspects of the operational
framework is the most relevant strand of literature. But although it has been
rapidly growing in recent years, only a handful of studies can claim to be
both normative and comprehensive—in the sense of analyzing the interplay
of different monetary policy instruments—, most notably the textbooks by
Bindseil (2004a) and Neyer (2007) and the papers by Bindseil and Würtz
(2007), Kempa (2007) and Whitesell (2006).

Bindseil (2004a) provides probably the first and to date the most com-
prehensive normative analysis of the operational framework. Based on a
historical review of the operational framework of major central banks, he
demonstrates how the individual monetary policy instruments are closely
related to each other, thereby providing evidence that the operational frame-
work should be analyzed and assessed as a whole. Against the background of
the institutional features of the ECB’s operational framework, Neyer (2007)
develops a model framework which allows to analyze banks’ liquidity man-
agement and the interaction with central bank interventions in the money
market. The framework is used to analyze specific experiences of the euro
area, such as the observed episodes of under- and overbidding in the ECB’s
tender operations, to evaluate a number of recent changes and to propose
further measures to improve the effectiveness of the ECB’s operational frame-
work. Specific attention is paid to the heterogeneity of the European banking
sector and the Eurosystem’s collateral framework for central bank credit op-
erations, two issues that are of particular importance in the context of the
European monetary union.

Combining interest rate corridor systems with different regimes for reserve
requirements, Whitesell (2006) investigates the performance of different the-
oretical operational frameworks. In particular, he stresses the importance
of symmetric opportunity costs in a corridor system. Kempa (2007) uses a
simulation approach to compare the behavior of commercial banks and the
overnight rate under different institutional setups. He is particularly inter-
ested in the impact of different central bank liquidity management strategies
and alternative reserve requirement regimes on commercial banks’ liquidity
management and equilibrium market rates. In another interesting study,
Bindseil and Würtz (2007) provide a classification of monetary policy imple-
mentation approaches, pointing out that there is a continuum of approaches,
with some relying more on open market operations, and others more on
standing facilities. In this respect, they also note that the distinction be-
tween some open market operations and standing facilities is not always as
clear-cut as one might think. For instance, a daily fixed-rate tender with full
allotment is basically the same as a standing borrowing facility.
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With the exception of the literature refered to in the last two paragraphs,
research on the operational framework has typically focused on individual
monetary policy instruments. For instance, the purpose of reserve require-
ments as a means to stabilize banks’ reserve demand and to increase interest-
rate elasticity has been analyzed quite extensively (see e.g. Stevens 1991,
Feinman 1993, and Bindseil 1997). In this respect, a number of authors have
studied the consequences of the pronounced decline in U.S. reserve require-
ments, which set in in the early 1990s (Sellon and Weiner 1996, Clouse and
Elmendorf 1997, and VanHoose and Humphrey 2001).12 Reducing the sen-
sitivity of banks’ demand for reserves to variations in the federal funds rate,
the decline in reserve requirements induced an increase in funds rate volatil-
ity. Demiralp and Farley (2005) demonstrate that in order to contain funds
rate volatility, the Fed gradually increased the frequency of its open market
operations and, if needed, also carried out larger transactions than before.
Since the stabilizing effect of reserve averaging was (partly) lost due to banks’
limited ability to substitute reserves across days of the maintenance period,
the Fed had to offset shocks to banks’ reserves more actively on a day-to-day
basis. On a more general level, Clinton (1997) investigates the implications
of a regime with zero reserve requirements, concluding that in order to ensure
a determinate (potentially zero) demand for reserve balances, other features
of the operational framework would have to be adopted accordingly. Simi-
larly, Davies (1998) shows that periodic reserve requirements that allow for
averaging can have a stabilizing role for overnight rates even when the level
of reserve requirements is zero, provided that end-of-day overdrafts are not
penalized.

Although standing facilities, and in particular borrowing facilities, have
been offered by most central banks for most of the time, they have not re-
ceived much attention in the academic literature. However, in recent years,
the importance of standing facilities for the implementation of monetary pol-
icy seems to have been more widely recognized and a number of authors now
advocate a more prominent role for this instrument in central banks’ oper-
ational framework. In particular, Woodford (2000 and 2001) and Whitesell
(2003) campaign for the so-called corridor or channel system, which is char-
acterized by two standing facilities providing a symmetric corridor around
the overnight target rate. Whenever the central bank adjusts the target rate,
the rates of the standing facilities are shifted correspondingly. Besides pro-
viding a ceiling and a floor to market interest rates, standing facility rates
have a strong influence on market interest rates throughout the maintenance

12The reasons for the decline in reserve requirements in the U.S. are discussed in more
detail in Section 4.2.3.
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period, as market participants’ decisions to borrow or lend funds reflect their
expectations of having recourse to either of the standing facilities. Another
appealing feature of the corridor system is that banks’ demand for reserves
only depends on the relative position of the overnight rate within the range set
by the standing facilities (but not on the absolute level of interest rates), and
hence adjustments in the target rate will not shift the demand for reserves.
Therefore, instead of estimating a demand curve, the central bank only needs
to know banks’ demand for reserves at the target rate. A symmetric corridor
thus facilitates the central bank’s liquidity management considerably.

The bulk of research on monetary policy instruments deals with open
market operations. From a practitioners point of view, two issues are of
paramount importance. First, how much liquidity should the central bank
supply by means of open market operations? And second, how should open
market operations be conducted? Although the first issue is more crucial
than the second, it has received significantly less attention. There are a few
exceptions, though. Bindseil (2000a and 2001) analyzes the interaction be-
tween the central bank and commercial banks assuming different central bank
liquidity management strategies within the context of a simple money market
model. Focusing on the role of autonomous liquidity factors for central bank
liquidity management, he shows that publishing the central bank’s forecasts
of autonomous liquidity factors before open market operations are conducted
is desirable as it allows commercial banks to better extract the central bank’s
operational intentions. However, the result hinges on the assumption that
the central bank has no other means to signal its policy stance. For instance,
if the central bank simply were to announce its intentions by communicat-
ing the target level of interest rates (as most central banks do these days),
commercial banks would not have to extract the policy intentions from, say,
the central bank’s allotment decisions. On a rather general level, Bindseil
et al. (2003) discuss the relationship between commercial banks’ liquidity
management and the central bank’s management of the aggregate level of
reserves available to the banking system. It is argued that in the specific
context of the Eurosystem’s operational framework, which is characterized
by high reserve requirements that allow for averaging over a one-month pe-
riod, short-term interest rates are determined exclusively by the available
aggregate level of reserves relative to reserve requirements. This suggests
that the ECB, in order to control short-term interest rates, may focus only
on aggregate levels, but need not worry about institutional details of the
interbank money market, the distribution of funds among banks or the vol-
ume of payments settled through the interbank payment system. Moreover,
against the background of the general trend of increasing central bank trans-
parency, Carpenter and Demiralp (2006a) investigate how the Fed adjusts
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the supply of reserves in reaction to anticipated changes in the target federal
funds rate and corresponding shifts in reserve demand within a maintenance
period. They present evidence that demand shifts are only partially accom-
modated by the Fed and, consequently, the federal funds rate tends to move
in the direction of an anticipated policy change (so-called announcement ef-
fect). In line with the Fed’s own explanation for incomplete accommodation
(see Federal Reserve Bank of New York Markets Group 2005), they show that
fully offsetting an anticipated rate increase would require to flood the market
with a substantial amount of reserves before and to drain these reserves from
the market after the target change becomes effective. This would leave the
market with very low reserve balances for the remainder of the maintenance
period, so that reserve requirements would loose their stabilizing function
and funds rate volatility would soar up.

As mentioned, there seems to be more academic interest in how open
market operations are or should be conducted. Generally speaking, open
market operations allow central banks to auction off a specific amount of a
homogenous good (reserves), with commercial banks submitting their bids for
that good. The procedure thus resembles a multi-unit auction. Intuitively,
in order to determine the appropriate tender procedure one would thus be
inclined to apply the results of the literature on multi-unit auctions. But as
pointed out by Morgan (2001), the general results on multi-unit auctions are
difficult to apply to open market operations. In particular, while auction the-
ory assumes that the auctioneer—here the central bank—either maximizes
its revenue or aims at an efficient resource allocation, this is not necessarily
the case in the context of open market operations.13 Indeed, other considera-
tions such as the ability to signal the stance of monetary policy, transparency,
operational simplicity, or the perceived fairness of the auction form may also
play a role in the design of the tender procedure.

Against this background, various authors have analyzed the effectiveness
of different tender procedures and allotment rules, and in particular their im-
plications on banks’ bidding behavior. A main driver for these analyzes was
the experience of extreme overbidding in the fixed rate tenders conducted
by the ECB during the first 18 months after the introduction of the euro
in January 1999.14 For instance, Ayuso and Repullo (2003) propose a theo-
retical model of the tender procedures used by the ECB. Analyzing banks’
bidding behavior under both fixed and variable rate tenders, they show that
the equilibrium outcomes depend on the central bank’s preferences. Under

13An auction is considered to be efficient if it puts goods into the hands of the buyers
who value them most.

14A more thorough discussion of the ECB’s experience with overbidding is provided in
Section 4.2.2.
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symmetric preferences, that is when the central bank values positive or neg-
ative deviations of overnight rates from the target rate the same, both auc-
tion formats have the same multiple equilibrium outcomes. However, when
the central bank’s loss function penalizes interbank rates below the target
more heavily, fixed rate tenders have a unique equilibrium characterized by
extreme overbidding. Moreover, even though variable rate tenders have in
general multiple equilibria characterized by varying degrees of overbidding,
they show that an equilibrium without overbidding can be obtained when the
intended total allotment is preannounced by the central bank. Neyer (2003)
also analyzes banks’ bidding behavior and reserve management within the
ECB’s operational framework. She finds that in the case of fixed rate tenders,
(expected) interest rate changes within the maintenance period will lead to
under- and overbidding in the main refinancing operations. Similarly, in case
of variable rate tenders, one should expect to observe underbidding and an
extremely uneven provision of reserves when banks expect the interest rate
to increase within the maintenance period. To overcome these phenomena,
she suggests that refinancing operations should not hang over into the next
maintenance period.

In a series of papers, Välimäki also investigates banks’ bidding behav-
ior under different tender procedures and allotment rules. Focusing on fixed
rate tenders, Välimäki (2001) demonstrates how banks’ optimal bidding is
affected by the central bank’s target—that is whether it pursues an interest
rate target or a liquidity target—and the allotment rule (i.e. full or partial
allotment). In Välimäki (2002a), the overbidding phenomenon is explained
by the positive spread between market interest rates and the ECB’s main re-
financing rate, which resulted from the combination of an expected interest
rate hike and the ECB’s liquidity-oriented allotment decisions. Analyzing
variable rate tenders in a two-day maintenance period, Välimäki (2002b)
shows that the amount of liquidity demanded in the first period depends on
the tender rate expected for the second period. Similarly, in a two-day main-
tenance period model, Bindseil (2002) analyzes the impact of various tender
and allotment rules on banks’ bidding behavior with and without expected
rate changes. He argues that fixed rate tenders would be the adequate choice
under conditions of stable interest rates, whereas the fixed rate tender tends
to have some specific disadvantages relative to variable rate tenders when the
market expects changes in the target rate within the maintenance period.
Furthermore, Bindseil (2005) claims that observed instances of underbidding
or periods of extreme overbidding can be related to central banks’ inadequate
liquidity management and argues for a neutral liquidity management strat-
egy, i.e. the supply of liquidity should be such that the money market rate
equals the minimum bid rate. Finally, Bindseil and Würtz (2007) discuss the
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pros and cons of fixed and variable rate tenders, concluding that the relative
merits of the two may depend on other aspects of the operational framework.

Conclusions

What tells us the literature reviewed in this section regarding the design
of an effective and efficient operational framework for the implementation
of monetary policy? The short and somewhat disillusioning answer is: not
too much. Indeed, the literature provides only limited guidance on how
to best specify and combine the different monetary policy instruments. The
main shortcoming is that the interdependence of monetary policy instruments
and the performance of alternative operational frameworks are hardly ever
scrutinized. Rather, research typically focuses on very specific issues which
are analyzed within the context of a particular operational framework. A
major flaw of this approach is that the results are not generally applicable,
as they do not necessarily hold within the context of another operational
framework. This is nicely illustrated by research on tender procedures for
open market operations. In some circumstances, fixed rate tenders are found
to be unsatisfactory since they can give rise to extreme over- or underbidding,
whereas they perform reasonably well in other circumstances. This suggests
that the effectiveness of individual monetary policy instruments depends at
least to some extent on how other instruments are specified. Recognizing
that the overall performance of an operational framework depends on a large
number of often complex relationships between various features of monetary
policy instruments, a more comprehensive approach thus seems to be more
promising, if not indispensable.

The reviewed literature is also of little help with regard to the criteria by
which the performance of alternative operational frameworks might be com-
pared. Indeed, it remains often unclear what exactly the central bank aims
to achieve by specifying the monetary policy instruments in one way or the
other. But as long as the central bank’s objectives are not explicitly spelled
out, efforts to assess the performance of a specific operational framework or
how it fares in comparison with other frameworks are to no avail.

These shortcomings notwithstanding, the reviewed literature is instruc-
tive in several respects. For instance, descriptions of how central banks im-
plement monetary policy in practice, comparative assessments and historical
reviews of central banks’ operational frameworks are an indispensable source
of information to enhance our understanding of monetary policy implementa-
tion. Also, research on money markets and specific aspects of the operational
framework provides invaluable insights in how to address the relevant ques-
tions analytically. In this respect, the more recent money market models in
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which overnight interest rates are determined by the interaction between the
central bank’s liquidity management and commercial banks’ optimizing be-
havior within the context of a specific operational framework are particularly
useful. This modeling approach will be a key building block in the analytical
part of this study.

1.3 Outline

The remainder of this study is divided into two parts. The first part considers
a wide range of both theoretical and practical issues related with the imple-
mentation of monetary policy. Based on that, the second part introduces
and discusses a number of recommendations for an effective and efficient
operational framework.

Part I - Theoretical and Practical Considerations

Chapter 2 discusses the fundamentals of monetary policy implementation.
In particular, it introduces the terminology and elaborates on the role of
monetary policy implementation within the overall framework of monetary
policy. In addition, this chapter reviews the pros and cons of alternative
operational targets and the motivation for reserve requirements.

Chapter 3 takes a closer look at the market for reserves, which plays a
pivotal role for the implementation of monetary policy. It starts with a dis-
cussion of the role of central bank money as unit of account and generally
accepted means of payment, two characteristics which make it such a unique
asset and from which central banks ultimately derive their ability to control
short-term interest rates. Against that background, commercial banks’ de-
mand for reserves and the central bank’s supply of reserves are analyzed in
some detail. Moreover, Chapter 3 also introduces a modeling framework that
allows to analyze the interaction between banks’ demand for and the central
bank’s supply of reserves.

Chapter 4 reviews and discusses the practical arrangements for the im-
plementation of monetary policy by five major central banks: the Reserve
Bank of Australia, the European Central Bank, the Swiss National Bank,
the Bank of England, and the Federal Reserve. While the cross-sectional
comparison establishes a lot of common ground, it also reveals a number
of striking differences in the way monetary policy is implemented. More-
over, this chapter also discusses the experiences with and adjustments to
operational frameworks over the last decade, including the recent period of
financial crisis.
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Part II - Towards an Effective and Efficient Operational Framework

Chapter 5 first argues that in terms of assessing the performance of any
operational framework three criteria are particularly relevant: (i) the degree
to which the operational framework allows to control the overnight rate;
(ii) the extent to which it contributes to a liquid and competitive interbank
money market; and (iii) the social costs associated with the implementation
of monetary policy. An operational framework which performs well with
respect to the first two criteria is said to be effective, while one that is
associated with low social costs can be considered as efficient.

Chapter 6 introduces an operational framework that performs well in
terms of the above stated criteria. The main features of the proposed oper-
ational framework are condensed in 15 specific recommendations.

Chapter 7 examines the the main features of the proposed operational
framework in more detail. In particular, it analyzes and discusses how the
specific features of reserve requirements, standing facilities and open market
operations are related to each other and why any changes to the proposed
features will negatively affect the performance of the operational framework.

Finally, Chapter 8 summarizes the main conclusions.
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Chapter 2

Fundamentals

This chapter sets the stage for the remainder of this study by introducing
and discussing some fundamentals of monetary policy implementation. Sec-
tion 2.1 starts by providing a definition of what is meant by ‘monetary policy
implementation’ and familiarizing the reader with the relevant terminology.
Section 2.2 reviews the role of monetary policy implementation within the
overall framework of monetary policy. Essentially, it will be argued that
monetary policy consists of a strategic and an operational level, with the op-
erational target providing the nexus between the two. Focusing more closely
on the pros and cons of alternative operational targets, Section 2.3 will then
reveal that the overnight interest rate is the most suitable operational tar-
get. Finally, based on a review of different historical motivations for the
imposition of reserve requirements, Section 2.4 will make the case that apart
from their role as monetary policy instrument, there is no other convincing
motivation. This implies that the rules and procedures governing reserve re-
quirements can focus on promoting the effective and efficient implementation
of monetary policy.

2.1 Terminology

Very often, the implementation of monetary policy is exclusively associated
with the central bank’s day-to-day operations in the money market. These
so-called open market operations allow the central bank to align the supply
of reserves with banks’ demand for reserves such that the resulting equilib-
rium market interest rate is close to the central bank’s target rate. For the
purposes of this study, however, the focus needs to be broader. Indeed, an
isolated analysis of central banks’ conduct of open market operations could
even prove fallacious, since to fully understand how open market operations

27
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affect market interest rates, they need to be related to the other monetary
policy instruments, i.e. reserve requirements and standing facilities. More-
over, although the appropriate day-to-day use of monetary policy instruments
is crucial for achieving central banks’ objectives, the ex ante definition of the
rules and procedures governing the use of these instruments is at least as
important, and intellectually more interesting and challenging. For to the
extent that these rules and procedures are properly defined, the effective use
of the instruments on a day-to-day basis becomes straightforward.

Following Bindseil (2004a), monetary policy implementation thus
consists of the following three elements:

(i) the selection of an operational target;

(ii) the establishment of an operational framework describing the rules and
procedures of the monetary policy instruments used to control the op-
erational target; and

(iii) the day-to-day use of monetary policy instruments.

This definition contains several key terms that will be used throughout this
study: the operational target, the operational framework and the monetary
policy instruments. In the remainder of this section, these terms are de-
fined and briefly explained.1 Defining these terms at the outset is all the
more important because, unfortunately, they are not always precisely and
consistently used. In particular, there is often confusion with respect to the
distinction between the operational target and monetary policy instruments.
For instance, in macroeconomic analysis, the short-term interest rate is often
referred to as the instrument of monetary policy, whereas from the perspec-
tive of monetary policy implementation it is the operational target.

The operational target is an economic variable that the central bank
both wants to control and—at least to a high degree—can control, with con-
trol exerted on a daily basis by the use of its monetary policy instruments.
The operational target thus needs to be both reasonable and feasible. For
an economic variable to be a reasonable operational target, it needs to play
a key role in the monetary transmission mechanism, i.e. there should be a
clear linkage between the operational target and the ultimate objectives of
monetary policy. If there was no such linkage, even perfect control of the
operational target would be useless and the central bank had better choose
another economic variable as operational target. For an economic variable
to be a feasible operational target, it needs to be controllable by the central

1The definitions follow Bindseil (2004a).
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bank. If a specific economic variable plays an important role in the monetary
transmission mechanism and is closely linked with the ultimate objectives,
but the central bank is not able to exert tight control, the said economic
variable is hardly a useful operational target. In practice, short-term interest
rates turn out to meet both criteria rather well. This also explains why most
central banks use a short-term money market interest rate as operational
target, usually the overnight rate.2 The specific target level for the short-
term interest rate is typically set by the monetary policy decision-making
committee for the inter-meeting period, while the central bank’s implemen-
tation desk is responsible for achieving the target on a daily basis by making
appropriate use of the monetary policy instruments. Moreover, it should
be noted that the operational target also plays a key role in central bank
communication. The announced target rate indicates the current stance of
monetary policy, and hints on the future path of the target rate can shape
the market’s expectation regarding future policy.

A monetary policy instrument is a tool that the central bank makes
use of to achieve the intended level of the operational target. In contrast to
the latter, the central bank has perfect control over its instruments.3 Three
monetary policy instruments are widely used by central banks in developed
countries: reserve requirements, open market operations and standing facil-
ities. They are sometimes referred to as indirect or market-based monetary
policy instruments. In the past (and still today in some developing and
emerging countries), central banks often also relied on so-called direct or
administrative controls to implement monetary policy. Typical examples of
direct instruments are interest rate controls and credit ceilings which put up-
per limits on commercial banks’ lending rates or total lending to non-banks,
respectively. Besides being at odds with the principles of a market system,
it is now widely recognized these kind of price or quantity restrictions entail
a number of drawbacks: they imply various market distortions, inhibit com-
petition in the banking sector and provide incentives to conceive measures
to circumvent their effectiveness, and they generally lack the requisite flexi-
bility for effective monetary policy implementation, especially when market
conditions change abruptly. For all these reasons, direct instruments will be
disregarded in this study.4

2Section 2.3 will explain in more detail why the overnight rate is generally considered
to be the most appropriate operational target.

3Note that in macroeconomic monetary policy analysis it is usually assumed that the
central bank has perfect control over the short-term interest rate, hence the short-term
interest rate is often referred to as the monetary policy instrument.

4See Allen (2004) and Buzeneca and Maino (2007) for a discussion of direct controls.
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Reserve requirements impose a minimum level on banks’ reserve ac-
counts with the central bank. Banks may have to comply with reserve re-
quirements either on a daily basis or, more often, as an average over a period
of several days or weeks, the reserve maintenance period. In case of a reserve
deficiency at the end of the reserve maintenance period, the central bank
typically applies a financial penalty. Typically, a bank’s reserve requirement
is calculated by multiplying the reserve ratio for each category of items in
the reserve base with the amount of those items on the bank’s balance sheet.
The reserve base is the sum of the eligible balance sheet items that (in par-
ticular liabilities such as transaction and sight deposits) that constitute the
basis for calculating the reserve requirement of a bank. The reserve ratio
for all eligible balance sheet items may be uniform or differentiated. There
is no restriction on an individual bank’s pattern of fulfillment of its reserve
requirement over the maintenance period. It may spread its reserve holdings
evenly over all days (neutral position), or it may hold comparatively more
reserves in the beginning of the maintenance period (front-loading) or on the
last days (back-loading). Required reserves may be remunerated at or below
market rates, or not at all.

The purpose of reserve requirements is twofold: they increase banks’ de-
mand for reserves and, provided they allow for averaging over the reserve
maintenance period, reserve requirements also increase the interest rate elas-
ticity of reserve demand. Higher demand for reserves than in the absence of
reserve requirements might be desirable for two reasons. First, it enlarges the
structural liquidity deficit of the banking system vis-à-vis the central bank.
In case of a structural liquidity deficit, banks regularly have to refinance
themselves at the central bank, either through open market operations or
at the borrowing facility. Hence, reserve requirements might be a prerequi-
site for other monetary policy instruments to be effective. Second, if reserve
requirements are binding and thus determine the marginal demand for re-
serves, the demand for reserves becomes more predictable, which facilitates
the central bank’s liquidity management. The interest rate elasticity of re-
serve demand can be increased if reserve requirements provide for averaging
over the reserve maintenance period. During the maintenance period, banks
tend to be relatively indifferent about the amount of reserves they hold, pro-
vided that they expect the opportunity cost of holding reserves to be more
or less constant over the remainder of the reserve maintenance period. Thus,
if banks don’t expect any changes of overnight rates, the demand for reserves
would be very elastic around the level of the overnight rate expected to pre-
vail in the future. The increased interest rate elasticity of reserve demand
would help to mitigate the impact of reserve supply shocks on the overnight
rate and hence contribute to a reduction of interest rate volatility.
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Open market operations are monetary policy operations conducted
at the initiative of the central bank. Originally, only outright purchases or
sales of securities were considered as open market operations. Meanwhile,
however, the term is used for any kind of operations that are initiated by
the central bank with the intention to manage the supply of reserves in the
money market, including in particular reverse operations such as repurchase
agreements (repos) or foreign exchange swaps with limited maturity.

Normally, open market operations are conducted in the form of specific
auctions.5 The institutional details of these auctions may differ along several
dimensions such as the type of auction (e.g. fixed rate tender or variable rate
tender), the range of counterparties, the allotment method, the maturity and
the frequency of operations, eligible collateral or settlement procedures. In a
fixed rate tender, the interest rate is pre-announced by the central bank and
banks simply submit the amount they wish to obtain at that interest rate.
Alternatively, in a variable rate tender, banks submit interest rate/quantity
pairs, i.e. they specify which amount they wish to obtain at a specific interest
rate. Aggregating all bids then yields a standard downward-sloping demand
curve. In both auction types, the central bank may announce the total al-
lotment amount either in advance or, more often, after having received all
bids. If aggregate bids exceed the total amount of reserves to be allotted,
bids are only partially satisfied. In fixed rate tenders, the submitted bids are
typically satisfied pro rata. In variable rate tenders, bids with the highest
interest rate are satisfied first and subsequently bids with lower interest rates
are accepted, until the total amount of reserves to be allocated is allotted.6 If
at the marginal interest rate, i.e. the lowest accepted interest rate, aggregate
bids exceed the remaining amount to be allotted, the remaining amount is
allotted pro rata. Moreover, for variable rate tenders, one may distinguish
various sub-variants. In a Dutch auction (or uniform price auction), all suc-
cessful bidders pay the same (marginal) interest rate, whereas in an American
(or multiple price auction) successful bidders pay the interest rate specified
in their bids. Finally, there might be a one-sided restriction to bid rates, e.g.
a minimum bid rate.

Open market operations affect short-term market interest rates via two
channels. The first channel is the classical liquidity effect. By providing more
(less) reserves than banks actually demand, the central bank can put down-
ward (upward) pressure on market interest rates. However, the extent to
which such a liquidity effect exists depends on the interest rate elasticity of

5For simplicity, this paragraph focuses on liquidity-providing open market operations.
Of course, central banks may also make use of liquidity-absorbing open market operations.

6This holds true for open market operations conducted as repos. In case of foreign
exchange swaps, the bids with the lowest swap point quotations are satisfied first.
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banks’ reserve demand and their expectations regarding future market con-
ditions. For instance, if reserve demand exhibits high interest rate elasticity
(e.g. due to reserve requirements that allow for averaging over the mainte-
nance period) and if banks assume that the change in reserve supply is only
temporary and will be fully offset during the remainder of the reserve main-
tenance period, no effect on short-term interest rates is to be expected. In
contrast, if the change in reserve supply is expected to prevail until the end
of the reserve maintenance period, an injection (withdrawal) of reserves by
means of open market operations is likely to reduce (increase) current and
future short-term interest rates.

As a second channel, the central bank may exploit an arbitrage relation-
ship between the conditions by which it provides reserves to market partic-
ipants and market interest rates. In this respect, the policy rate, that is
the interest rate at which the central bank provides (withdraws) reserves to
(from) the market, plays a crucial role. Consider banks’ arbitrage opportu-
nity in case of a fixed rate tender with very short maturity, say one day. As
banks can choose between refinancing themselves for one day by transacting
with the central bank at the policy rate or by borrowing from other banks in
the interbank market at the overnight rate, one would expect the overnight
rate to be closely in line with the policy rate. If it were not, there would be
an arbitrage opportunity. However, in practice, banks’ arbitrage opportunity
is limited by the fact that the central bank is typically not willing to lend
an arbitrary amount at the policy rate. Consequently, short-term market
interest rates may deviate temporarily from the policy rate. The extent to
which the arbitrage channel is relevant for the determination of short-term
interest rates depends on the type of open market operation. For instance,
while the arbitrage relationship is typically strong for repos with short ma-
turities, it is weaker for repos with longer maturities, and even more so for
outright transactions.

By and large, open market operations thus allow the central bank to
manage the level of reserves available to commercial banks. It needs to
be stressed, however, that the supply of reserves is typically not perfectly
controlled by central banks. Indeed, as will be explained in more detail
in Section 3.3.1, there are a number of factors that might affect the level
of banks’ reserves that are not under direct control of the central bank’s
monetary policy implementation desk. To the extent that the impact of these
so-called autonomous liquidity factors on banks’ reserve balances is subject
to uncertainty, these exogenous shifts in reserve supply thus may complicate
the implementation of monetary policy in general and the conduct of open
market operations in particular.
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Standing facilities are monetary policy operations conducted at the dis-
cretion of commercial banks. Two different types of standing facilities may
be distinguished, the borrowing and the deposit facility. The borrowing fa-
cility, sometimes also called marginal lending facility, is a liquidity-providing
facility that allows banks to borrow reserves from the central bank at a pre-
specified interest rate, the borrowing rate (sometimes also called marginal
lending rate). Such borrowing may take place through a discount or a lom-
bard operation. In a discount operation, the bank sells short-term securities
to the central bank but receives only a fraction of the nominal value of the
asset, since the nominal value of the security is discounted at the prevailing
discount rate. The maturity of the loan obtained through the discount fa-
cility depends on the maturity of the discounted security. In contrast, in a
lombard operation, the bank obtains collateralized credit of a standardized
maturity, ordinarily overnight. The lombard credit may be granted against
pledged securities or by means of overnight repos. Today, most borrowing
facilities are lombard facilities. The deposit facility is a liquidity-absorbing
facility that enables banks to deposit end-of-day excess reserves at the central
bank. Excess reserves are usually deposited overnight at a pre-specified inter-
est rate, the deposit rate. Whereas borrowing facilities have a long tradition
at all major central banks, deposit facilities were introduced only recently by
a number of central banks.

The borrowing rate (deposit rate) is typically above (below) the target
level of the overnight rate, so that the two rates constitute a corridor around
the target rate.7 By providing an effective ceiling and a floor to interest
rates the standing facilities thus contribute to limiting interest rate volatil-
ity. This is particularly relevant when the aggregate supply of reserves falls
significantly short of demand or is significantly in excess of demand. In these
circumstances, the possibility to have recourse to standing facilities prevents
an excessive tightening or loosening of money market conditions. Moreover,
the borrowing facility also serves as a safety valve for individual banks that
have experienced an unexpected (temporary) shortage of reserves, for in-
stance due to unusually large net payment outflows. In these situations,
recourse to the borrowing facility allows to avoid end-of-day overdrafts on
reserve accounts or to cover a shortfall in required reserves.

It has to be stressed that the impact of standing facilities on short-term
interest rates typically goes much further than the definition of a fluctuation

7In the past, many central banks also provided borrowing facilities at below market
(subsidized) rates. As these below market borrowing facilities have been abandoned in the
meantime by all major central banks—and this for good reasons—, they will be disregarded
in the remainder of this study, with the exception of Section 4.2.3 which includes a short
discussion on the recent reform of the Federal Reserve’s discount window.
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margin. Indeed, even if standing facilities are not used at all from an ex
post perspective, the borrowing and the deposit rate have a strong influence
ex ante on the determination of interest rates at any time during a reserve
maintenance period. This is due to the fact that at the end of the reserve
maintenance period, the market as a whole will be either short or long of
reserves and will thus have to borrow from the borrowing facility (in case
of an aggregate reserve shortfall) or deposit excess reserves at the deposit
facility (in case of an aggregate reserve surplus).8 On the last day of a
maintenance period lasting T days, the market clearing overnight rate, iT ,
will thus correspond to the weighted average of the borrowing rate ibT and the
deposit rate idT , with the weights reflecting the probabilities of an aggregate
reserve shortfall or surplus, respectively. Or more formally,

iT = P b
T i

b
T + P d

T i
d
T , (2.1)

where P b
T is the probability that the market as a whole will have a reserve

shortfall that needs to be covered by borrowing from the borrowing facility,
P d
T is the probability that the market as a whole will have a reserve surplus,

which will be deposited at the deposit facility, and where P b
T + P d

T = 1.
Moreover, provided that reserves held on any day during the maintenance
period are perfect substitutes, it is possible to show that overnight rates on
earlier days can be expressed as follows:

it = Et[P
b
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T ] + Et[P

d
T i

d
T ], t = 1 . . . T − 1, (2.2)

where Et[Xτ ] is the expected value of variable X at day τ as of day t, with
τ ≥ t. Regarding relationship (2.2), two comments are in order. First, note
that for a given level of reserve requirements, as of day t the probabilities
of a reserve shortfall or surplus depend on the liquidity conditions over the
remainder of the maintenance period. Therefore, in order to assess the prob-
abilities of having recourse to either of the two standing facilities on the last
day of the maintenance period, banks need to take into account not only cur-
rent liquidity conditions in the market, but also future liquidity conditions
during the remainder of the reserve maintenance period, which are affected

8Aggregate recourse to standing facilities is the result of an imbalance between the
banking system’s liquidity needs and the central bank’s supply of reserves. In contrast,
individual recourse to standing facilities is primarily caused by an inadequate or inefficient
distribution of liquidity across banks. It is therefore possible that even when the banking
system as whole has excess reserves, some banks will experience a reserve deficiency which
needs to be covered by borrowing from the borrowing facility.
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by both the central bank’s interventions in terms of open market operations
and autonomous liquidity factors. Second, it needs to be stressed that Equa-
tion (2.2) holds with equality only when reserves are perfectly substitutable
across days; if substitutability is limited, e.g. due to constraints other than
those imposed by reserve requirements, the relationship holds only approxi-
mately.

This last caveat notwithstanding, Equation (2.2) is a good starting point
to understand the functions of the three monetary policy instruments intro-
duced above and how they are related with each other. Essentially, reserve
requirements allow to stabilize the demand for reserves by increasing the
substitutability of reserves across days of the reserve maintenance period,
which is a key condition for Equation (2.2) to hold (approximately). Open
market operations are used to adjust the supply of reserves in the market.
In Equation (2.2), the classical liquidity effect associated with open market
operations is captured by the impact on the (expected) values of P b

T and P d
T .

Finally, the rates of the standing facilities not only put a floor and a ceiling
to the movement of overnight rates, but also have a strong interest rate set-
ting function. In particular, Equation (2.2) establishes that in order to affect
market interest rates, central banks do not necessarily have to change the
supply of liquidity (measured by P b

T and P d
T ), but might simply change the

(expected) rates of standing facilities. Therefore, by appropriately combin-
ing the monetary policy instruments at their disposal, central banks are able
to affect the conditions that equilibrate supply and demand in the interbank
market for reserves, thereby exercising close control on overnight rates.

The operational framework of monetary policy implementation pro-
vides a description of the set of monetary policy instruments that the central
bank intends to use in order to control the operational target and, partic-
ularly, includes detailed rules and procedures for the regular use of these
instruments. A detailed description of monetary policy instruments and the
rules and procedures governing these instruments is necessary since reserve
requirements, standing facilities and open market operations can be speci-
fied and combined in many different ways. The operational framework thus
provides the specific set of instruments, rules and procedures which the cen-
tral bank considers as most appropriate to control the overnight rate. For
instance, if the central bank intends to use repos in its regular open market
operations, the operational framework should precisely lay down the rules
and procedures for the conduct of repos. For instance, it needs to specify the
eligible counterparties, the frequency and maturity of repos, eligible assets,
the tender procedure, the allotment rule or the settlement procedures.

Establishing clear and comprehensive rules and procedures for the use
of monetary policy instruments has several advantages. First, it provides
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guidance to the central bank’s implementation desk on how to implement
monetary policy on a day-to-day basis. The ex ante definition of rules and
procedures also ensures that only a limited number of decisions has to be
taken on a daily basis and that these decisions are not unnecessary complex,
but rather become a matter of routine. Finally, and most importantly, one
should also bear in mind that the intention of monetary policy implementa-
tion is to affect the conditions at which commercial banks trade reserves in
the interbank money market. The equilibrium interest rate at which banks
borrow and lend reserves in the interbank market is the result of money
market participants’ optimizing behavior which will be strongly influenced
by their perception of the central bank’s intentions and future actions. To
effectively manage their reserves, banks thus need a thorough understanding
of the central bank’s approach to control the overnight rate. The publication
of the operational framework is an effective means to enhance transparency
on the central bank’s intentions and its use of monetary policy instruments,
allowing to reduce uncertainty on the part of banks. Therefore, at least to
the extent that less uncertainty on money market conditions goes hand in
hand with less interest rate volatility, increased transparency and predictabil-
ity regarding the implementation of monetary policy is clearly in the central
bank’s interest.

It is expedient to clarify the meaning a few other terms that have been
tacitly introduced in the preceding discussion and that will be used through-
out this study. First, the terms reserves and liquidity will be used inter-
changeably as a shortcut for commercial banks’ reserve balances on their
accounts held with the central bank (reserve account).9 Consequently, the
interbank market for reserves refers to the segment of the money market in
which commercial banks borrow or lend reserves held with the central bank.
Finally, the notion central bank liquidity management is used for the central
bank’s day-to-day provision or absorbtion of liquidity through open market
operations based on its assessment of the banking system’s liquidity needs.

Before moving on, recall that monetary policy implementation consists
of three elements: the selection of the operational target, the establishment
of the operational framework, and the day-to-day use of monetary policy
instruments. Each element calls for specific central bank decisions, but the
decision on the operational framework is clearly the most challenging. In-
deed, regarding the the choice of the operational target, there is no doubt
that the central bank should target a short-term interest rate, preferably
the overnight rate (see Section 2.3). Similarly, under the proviso that an

9The term commercial bank is used to represent any institution that may open a central
bank account and participate in the payment system supported by the central bank.
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appropriate operational framework has been set up, the day-to-day use of
monetary policy instruments is rather straightforward. Therefore, the whole
trick of monetary policy implementation is to define and set up an effective
and efficient operational framework.

2.2 Monetary Policy Implementation within

the Overall Monetary Policy Framework

Although this study focuses on the implementation of monetary policy, it
should be borne in mind that monetary policy implementation is only one
element within the overall framework of monetary policy. In order to explain
how the implementation of monetary policy fits into the broader framework of
monetary policy, and particularly how it relates to the strategic level of mone-
tary policy, this section first recalls how monetary policy instruments and the
operational target—the key variables in monetary policy implementation—
relate to other variables such as intermediate targets, indicator variables or
the ultimate objectives of monetary policy. Moreover, it will be argued that
although the typical separation of monetary policy strategy and implemen-
tation is a useful device to facilitate monetary policy decision-making, the
strategic and operational frameworks should be guided by some common
underlying principles.

It is generally agreed that the ultimate objective of monetary policy is to
safeguard price stability. However, the instruments at the disposal of central
banks are not suited to control prices directly. They rather influence the
development of prices indirectly through various channels, the transmission
mechanism of monetary policy. Since the knowledge about the transmission
mechanism is incomplete, there is no straightforward relationship between
monetary policy instruments and the operational target on the hand—that
is those variables that the central bank controls either perfectly or to a large
extent—, and ultimate objectives on the other hand. In other words, mone-
tary policy decision-makers face considerable uncertainty about the complex
structure of the economy and the effects of their decisions.

In a complex and uncertain environment, reducing the complexity faced
by individual decision-makers is a precondition to make well-considered de-
cisions. In the context of monetary policy, a useful way to reduce the com-
plexity consists in dividing the whole process from instruments to ultimate
objectives into two parts that can be analyzed separately: These parts may
be called monetary policy implementation and monetary policy strategy. The
implementation deals with the relationship between monetary policy instru-
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ments and the operational target, whereas the strategy focuses on the re-
lationship between the operational target, intermediate targets or indicator
variables, and ultimate objectives (see Figure 2.1). One could also say that
the implementation of monetary policy is concerned with money market con-
ditions in the short-run, whereas the monetary policy strategy is concerned
with macroeconomic developments in the medium- to long-run.

Figure 2.1: From Instruments to Objectives

The operational target may be considered as the fulcrum between mon-
etary policy implementation and strategy. From the strategic (macroeco-
nomic) perspective, the operational target is the decision variable. For in-
stance, at the regular meetings of the central bank’s monetary policy decision-
making committee, decisions are made with respect to short-term interest
rates, that is it is decided whether the level of short-term interest rates
should be increased, cut or remain as it is. In contrast, for the implementa-
tion desk, the operational target is, as the term suggests, a target variable
and the implementation officers’ task is to keep the short-term interest rate
at or close to the level that has been set by the decision-making committee.
The separation of responsibilities between decision-making committee and
implementation desk has the advantage that both may restrict their atten-
tion to a specific aspect of monetary policy. Members of the decision-making
committee can focus their attention on choosing the appropriate level for the
short-term interest rate, but they do not have to bother how the short-term
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interest rate is controlled on a day-to-day basis.10 Similarly, the implemen-
tation officers may focus their efforts on achieving the given target, but they
do not have to worry whether the current target level is appropriate from
the macroeconomic perspective.

The separation between monetary policy strategy and implementation
thus leads to a certain reduction of the complexity of the environment and
facilitates decision-making. But the decisions that have to be taken are still
challenging, especially on the strategic level. To further facilitate decision-
making, central banks have developed and make use of decision-making
frameworks, both for strategic decisions and for operational decisions with
respect to the implementation of monetary policy.

The strategic framework or concept typically contains the following ele-
ments. First of all, it lays down the ultimate objective(s) of monetary policy.
For instance, the central bank may commit itself to target an annual infla-
tion rate of the consumer price index of 1–2%. The strategic framework also
pins down the general principles, that is the strategy, of how this objective
should be achieved. The principles largely reflect the central bank’s model
of the monetary transmission mechanism, that is how it believes that the
operational target, intermediate targets (if any) and indicator variables are
linked to its ultimate objectives. The strategic framework thus describes
how relevant information on the the state of the economy is organized to
provide a foundation for monetary policy decisions on the appropriate level
of short-term interest rates. For instance, the central bank may commit it-
self to follow a strategy that is known as inflation forecast targeting. It will
then adjust the short-term interest rate whenever the inflation forecast at a
specific time horizon is not in line with the inflation target. Putting down
the ultimate objectives and general principles on how to achieve these ob-
jectives in a strategic framework has the advantage that once these elements
are agreed upon, they become non-negotiable, at least for a certain period
of time. Although at first sight the set up of a strategic framework thus
may seem to reduce the central bank’s flexibility and room for manoeuvre,
it is nevertheless indispensable to reduce the environment’s complexity to a
manageable level and to allow making well-considered decisions on the ap-
propriate stance of monetary policy. Furthermore, especially in recent years,

10The widespread terminological confusion between monetary policy instruments and
the operational target (see Section 2.1) is likely due to this separation of responsibilities.
In macroeconomic models that focus solely on the strategic level of monetary policy, it
is usually assumed that the central bank has perfect control over the short-term interest
rate and, accordingly, the short-term interest rate is treated as an instrument. However, in
practice, there is no perfect control and the short-term interest rate needs to be considered
as an operational target.
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when transparency of monetary policy and managing the public’s expecta-
tions have become widely recognized as key factors for effective monetary
policy, a coherent and transparent strategic framework may also facilitate
communication with the public in general and allows to explain specific mon-
etary policy decisions in particular.11

In the realm of monetary policy implementation, the decision-making
framework is of course nothing else but the operational framework that was
introduced in Section 2.1. One should note the similarity between the strate-
gic and the operational framework. In the end, both provide rules and pro-
cedures that facilitate regular decision-making, be that on the appropriate
level of the short-term interest rate or on the appropriate use of monetary
policy instruments to keep the short-term interest rate in line with the tar-
get level. Moreover, both frameworks have a long-term character. They are
designed to provide guidance on decision-making over an extended period
of time, without being altered very frequently, at least not in a fundamental
way. Setting up adequate strategic and operational frameworks for monetary
policy is thus of considerable importance to any central bank.

There remains the question to what extent the two frameworks should
be related to each other. One may argue that the strategic and operational
decisions have not much in common and, consequently, the two frameworks
may be designed independently. Indeed, the preceding discussion showed
that it is not only possible but even useful to look at these issues separately.
Nevertheless, one should bear in mind that in the end the operational and
the strategic framework are part of the overall framework of monetary pol-
icy. Therefore, it would be desirable if the design of the operational and
strategic framework reflected some common values or guiding principles. For
instance, if the central bank took the view that a clear and transparent strate-
gic framework is best suited to achieve the ultimate objectives, it would seem
at odds if the operational framework was so complex and non-transparent
that market participants had a hard time guessing about the central bank’s
intentions in the money market. Rather, it would be preferable if the opera-
tional framework was also as clear and transparent as possible. Moreover, as
the design of the strategic framework is without a doubt the more challenging
undertaking, the operational framework should be inspired by the strategic
framework, and not the other way around.

11For a critical review of the theoretical literature on transparency and monetary pol-
icy see Carpenter (2004). On the role of central bank communication and expectations
management see Woodford (2005).



Fundamentals 41

2.3 Selection of the Operational Target

As mentioned in the last section, the operational target may be considered
as the nexus between monetary policy strategy and the implementation of
monetary policy. The selection of the operational target should thus strike
a balance between the needs of both the longer-term macroeconomic issues
of monetary policy and the central bank’s day-to-day operational challenges
when implementing monetary policy in the money market. From the strate-
gic perspective, the operational target should play a significant role in the
early stage of the monetary transmission mechanism; from the operational
perspective, the operational target should be tightly controllable. In the fol-
lowing, we will show that a short-term interest rate, and in particular the
overnight rate, best fits these criteria.

2.3.1 Short-Term Interest Rate versus Monetary Base

As the monopolistic supplier of the monetary base, the central bank can
either control its price, that is the short-term interest rate, or its quantity.
Historically, most central banks have used (or experimented with) various
operational targets, but nowadays a short-term interest rate is almost uni-
versally accepted as the appropriate selection. Although there is currently
broad agreement among central banks, it is nonetheless useful to recall the
arguments for targeting a short-term interest rate rather than the monetary
base or some of its components.

The debate on the appropriate operational target for monetary policy has
a long tradition in monetary economics. The standard analysis goes back to
Poole’s (1970) “theory of optimal instrument choice”.12 While the theoretical
frameworks to analyze this issue differ regarding their sophistication, they
usually include the following elements: a representation of the main macroe-
conomic relationships, such as an IS-LM model; a specific objective function
for the central bank including variables such as the inflation rate and the
variance of output; and two or more economic disturbances such as aggre-
gate demand shocks or shocks to money demand and money multipliers.13

The magnitude of these shocks turns out to be crucial for the choice of the
operational target, for if there were no uncertainties at all about market con-
ditions, it would not matter whether the central bank targets an interest rate
or a quantity. Targeting an interest rate or a quantity would be just two sides

12Note that the term ‘instrument’ is misleading in this context, since the analysis actu-
ally deals with the operational target.

13The original analysis by Poole (1970) and some of the literature that followed over
the subsequent two decades is reviewed by Friedman (1990).
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of the same coin. But in the presence of uncertainties, the general conclusion
is that the operational target should be chosen on the basis of the relative
importance of the disturbances: An interest-rate target is preferable when
shocks to money demand or to money multipliers are relatively large, while
monetary targeting is more attractive if the variance of aggregate demand
shocks is large compared to financial sector volatility. However, as noted by
Bindseil (2004a) and Disyatat (2008), the analysis underlying these results
is substantially flawed due to a number of shortcomings. First, there is a
mix-up of three distinct concepts, namely monetary policy instruments, the
operational target, and the intermediate target of monetary policy. Second,
the analysis does not distinguish between short-term and long-term interest
rates nor between reserve market quantities and (broader) monetary aggre-
gates. And third, the analysis focuses exclusively on macroeconomic shocks,
thereby completely disregarding the more frequent and temporary shocks in
the money market, which typically exhibit no correlation with macroeco-
nomic disturbances. As these are rather severe objections, it follows that
the standard macro-oriented analysis is not suited to make any predications
regarding the appropriateness of interest rate or monetary targeting.

A more promising approach is to analyze the relative importance of in-
terest rates and monetary aggregates in the monetary transmission mecha-
nism. For instance, if monetary policy is deemed to work mainly through
the interest rate channel, it seems natural to target a (short-term) interest
rate. In contrast, if the monetary stimulus is considered to be transmit-
ted mainly through the change in monetary aggregates and, accordingly, the
central bank pursues an intermediate target for some broad monetary ag-
gregate, one might argue that the monetary base is the obvious candidate
as operational target. But even in this second case, there are good reasons
why a central bank better not target the monetary base (see also Bindseil
2004a and 2004b). First, monetary base targeting presupposes a stable and
predictable relationship between the monetary base and broader monetary
aggregates. However, especially when interest rates are close to zero, the
money multiplier is likely to become unstable. Second, strictly pursuing a
specific target for the monetary base inevitably implies considerable volatil-
ity in short-run interest rates. This is because the demand for base money is
subject to stochastic and seasonal fluctuations. At best, the high volatility in
short-term rates will only affect the efficiency of the money market and im-
pede banks’ liquidity management. But there is also the risk that short-term
volatility will be transmitted along the yield curve to longer term interest
rates, which are relevant for economic decisions.

The third and probably most compelling reason why the central bank
should avoid setting a target for the monetary base is related to the simple
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fact that the monetary base cannot be reasonably controlled in the short
run. To see why, remember that the monetary base consists of two com-
ponents: banknotes in circulation and reserves, i.e. banks’ current account
holdings with the central bank. The first component, banknotes in circula-
tion, which typically represents the bulk of the monetary base, is endogenous
and purely demand-driven, at least in the short run. It is hard to see how a
central bank could alter the amount of banknotes in circulation in the short
run, which explains why central banks have no other choice than supplying
whatever amount the public demands (fully elastic supply).14 Banks’ de-
mand for reserves, the second component, is typically determined by reserve
requirements. Assuming a stable demand for banknotes in circulation, con-
sider what would happen if the central bank decided to increase or decrease
its monetary base target. To decrease the monetary base, the central bank
would have to push reserves well below the level of required reserves. As a
reaction, banks would simply increase their recourse to the borrowing facility,
thus leaving the monetary base unaffected.15 On the other hand, an increase
in the monetary base would require the central bank to drown the market
with substantial excess reserves, for instance by outright purchases of securi-
ties. With banks having more reserves than needed, this would immediately
induce strong downward pressure on money market interest rates, so that the
monetary stimulus due to lower interest rates is most likely much stronger
and more immediate than any supposed transmission working through the
increase in the monetary base. The impracticality of monetary base target-
ing also explains why even those central banks that have used some broader
monetary aggregate as intermediate target have typically tended to manage
the supply of (broad) money by way of changes in interest rates. In fact,
there is no fundamental contradiction between targeting the short-term in-
terest rate and an intermediate target for the (broad) money-supply, at least
as long as the demand for (broad) money is elastic with respect to interest
rates and this elasticity remains reasonably stable over time (Rich 1995).

It thus appears that a short-term interest rate remains as the only valid
alternative for the operational target. This conclusion should not merely
be seen as the outcome of a process of elimination, but rather the short-

14One might argue that the central bank could always increase banknotes in circulation
by the famous helicopter drop of cash, but while this metaphor may be a useful pedagocic
device to help explain money’s role in the economy, it is certainly not a practical policy
tool.

15Again, one might argue that the central bank could simply restrict recourse to the
borrowing facility. But a policy that consists of squeezing the market by the imposition of
reserve requirements and the concomitant undersupply of reserves would hardly contribute
to a central bank’s esteem.
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term interest rate is simply the most obvious and appropriate candidate,
and this for a number of reasons. First, given the current understanding
of monetary transmission channel, it is clear that short-term interest rates
play a key role in the early stages of the monetary transmission, especially in
economies that benefit from highly developed and liquid financial markets.
Through a number of arbitrage relationships, short-term interest rates affect
longer-term interest rates, the exchange rate as well as the prices of other
financial assets. From the strategic perspective of monetary policy, it is thus
indisputable that short-term interest rates have much appeal as operational
target. Moreover, it is theoretically intuitive and practically well demon-
strated that central banks have the capacity to control short-term interest
rates rather tightly. Therefore, also from the perspective of monetary policy
implementation, short-term interest rates comply with the key requirement
of a good operational target. In addition, compared to quantitative vari-
ables such as the monetary base, short-term interest rates are much easier
to understand and interpret by the markets as well as the general public.
For instance, it is fairly straightforward to assess what it means when the
central bank increases its target for the short-term interest rate by say 50bp,
whereas it would be much harder to appraise the implications of a decrease
in the target for the monetary base by say 100 million. A short-term interest
rate target thus facilitates central bank communication and, to the extent
that the central bank’s intentions are better understood, it enhances the cen-
tral bank’s transparency and may even contribute to the effectiveness of its
policy. However, it should also be noted that the increased transparency
might involve some reputation risk for the central bank. Indeed, as interest
rates are observable in real-time, it is straightforward to judge whether the
central bank is capable of achieving the announced target. If the target was
permanently missed, this would call into question the central bank’s ability.
Moreover, any deviations between actual and targeted rates might need to be
explained, since otherwise they could be interpreted by the market as signals
of an implicit policy shift. To avoid these circumstances, the central bank
should have in place an operational framework which allows tight control of
interest rates.

2.3.2 Overnight Rate versus Other Short-Term Inter-
est Rates

Having concluded that it is generally preferable to target a short-term interest
rate, there remains the question on which maturity along the yield curve the
central bank should focus. In this respect, one is confronted with an obvious
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trade-off between controllability, that is the degree to which a central bank
might exert control over a specific interest rate, and the relevance of this
interest rate in the monetary transmission channel. In general, the shorter
the maturity, the better the interest rate is controllable, whereas the longer
the maturity, the more the interest rate is relevant for monetary transmission.

From the strategic perspective of monetary policy, it would make sense
to target the short-term interest which is most relevant for monetary trans-
mission. Manna et al. (2001) call this interest rate the trigger variable. They
argue that the trigger variable is likely to vary from central bank to cen-
tral bank, depending on the specific economy’s transmission channel and the
structure of financial markets. But it is clear that relatively longer-term
money market rates such as the one-month or three-month Libor are gener-
ally more relevant for monetary transmission than very short-term interest
rates such as the overnight rate. Indeed, the overnight rate’s relevance is con-
fined to a rather limited set of transactions in the interbank money market,
but apart from that it has no direct bearing on most economic investment
or spending decisions that affect the development of output and prices in
the medium- to long-term. Moreover, because macroeconomic models used
in monetary policy analysis are often calibrated to quarterly data it seems
natural to assume that the short-term interest rate in these models is best
approximated by the three-month Libor. By and large, there is a lot that
speaks in favor of the three-month Libor as trigger variable in monetary
policy.

Of course, it would be very convenient if the trigger variable was at the
same time also the operational target, as this would allow both policy makers
and implementation officers to focus on the same short-term interest rate.
But unfortunately, as will be argued in the following, the use of a longer-
term money market rate as operational target can bring forth a number of
undesirable side effects. Most importantly, it could lead to indeterminacies
and irregularities for interest rates at the very short end of the yield curve.

To see why, note that nominal interest rates are related with each other by
the expectations hypothesis of the term structure of interest rates. Basically,
the expectations hypothesis states that any spot long-term interest rate may
be expressed as an average of expected future short-term (e.g. overnight)
interest rates. In its simplified linear form, the expectation hypothesis implies
that as of day t, any nominal interest rate with maturity of T days may be
written as

it,t+T =
1

T

T−1∑
j=0

Et it+j + ϕt,t+T , (2.3)
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where it+j is the overnight rate on day t + j and ϕt,t+T captures three com-
ponents: the term premium for an interest rate with maturity T as of date
t, the credit risk premium, and the liquidity risk premium.16 For the sake of
simplicity, it will be assumed in the following that this composite premium
is constant. Now assume that the central bank sets a specific target for
the current three-month Libor, e.g. i∗t,t+90 = 3%, and that the three-month
composite premium ϕt,t+90 is 10bp. The fundamental problem with target-
ing the three-month Libor is that there are many different paths of future
overnight rates that fulfil Equation (2.3). For instance, the trajectory of
future overnight rates could be constant, i.e. it+j = 2.9% for j = 0, . . . , 89,
but the trajectory could also be decreasing, increasing, or any other combi-
nation of overnight rates for which the average expected overnight rate over
the next three months is equal to 2.9%. In short, by setting a target for the
three-month Libor, the path of overnight rates is not determined.

For the central bank’s implementation officers, this raises the question
of how to best achieve the 3% target for the current three-month Libor.
Clearly, assuming that the overnight rate can be controlled very tightly, the
most straightforward policy would be to keep overnight rates at a constant
level of 2.9% over the next 90 days (constant overnight rate path). But
this policy only works out if market participants expect the target for the
three-month Libor to remain constant over the next three months. As soon
as there are expected target rate changes, the implementation officers’ job
becomes rather tricky. For instance, assume that market participants ex-
pect the monetary policy committee to raise the target for the three-month
Libor to 3.5% at the next meeting, which is scheduled to take place one
month from now (t + 30), i.e. Et i

∗
t+30,t+120 = 3.5%. According to the con-

stant overnight rate path, the implementation desk would thus have to raise
the level of overnight rates to 3.4% from day t + 30 onwards. But to the
extent that this increase in future overnight rates is correctly anticipated
by market participants, the current three-month Libor would jump immedi-
ately to it,t+90 =

1
90
(30× 2.9% + 60× 3.4%) + 0.1% = 3.33% and then, over

the next 29 days, gradually rise towards the anticipated future target level.
Similarly, an expected cut in the target for the three-month Libor would
induce an immediate drop in the current three-month Libor. Therefore, the
constant overnight rate path, which calls for keeping the overnight rate at
a level such that it = i∗t,t+T − ϕt,t+T , does not allow to achieve the target in
case of expected target changes.

16Note that for simplicity the overnight rate on day t is not denoted as it,t+1 but as it
throughout this study.
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To make things worse, if the market expects the target to be changed,
and if the implementation officers took their job of keeping the three-month
Libor close to the current target serious, there would be perverse implications
for the path of interest rates at the very short end of the yield curve. For
instance, if the market expected an increase in the target for the three-month
Libor, the implementation officers would have to bring about a temporary
decline in current overnight rates in order to offset the effect of the expected
higher future overnight rates. And similarly, if the market expected a future
decrease in the targeted three-month Libor, current overnight rates would
have to rise temporarily. The closer any expected target change comes,
the more extreme these opposing movements at the very short end of the
yield curve would have to be. Stabilization of the targeted three-month
Libor would thus come at the cost of considerable volatility in short-term
interest rates and, coming along with it, impediments to banks’ liquidity
management. Moreover, in periods when the market expects the general
level of interest rates to increase (decrease), it would be rather challenging
for the central bank to explain why it forces very short-term interest rates
to decline (increase). Of course, one might argue that the central bank
does not have to counteract market forces and could simply let the three-
month Libor gradually adjust to the future expected target level. But this
raises two other issues. First, it could then be argued that the central bank
does not really stick to the announced target for the three-month Libor and
the question would be why it has set a specific target in the first place.
And second, persistent deviations between actual and target interest rates
could damage the central bank’s credibility, potentially even undermining
the public’s confidence in the central bank’s willingness or—even worse—its
ability to control interest rates.

Obviously, the preceding line of argument is valid whenever the central
bank targets an interest rate with a maturity longer than overnight. But
before concluding that the overnight rate is indeed the most preferable can-
didate for the operational target, the following three concerns need to be
addressed.

First, there might be a concern that the overnight market segment is
relatively illiquid or prone to collusion, especially if there are only a few
important market players. In these circumstances it might seem more ap-
pealing to target a longer-term money market rate, especially if there is an
active offshore market for this maturity. However, it should be recognized
that market illiquidity and the potential for collusion are not purely ex-
ogenous parameters. Rather, they depend at least partially on the central
bank’s operational framework, and a well-designed operational framework
will certainly be conducive to mitigating or even overcoming these market
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imperfections. To put it differently: If the overnight rate plays an important
role in the central bank’s monetary policy framework, this market segment
will be paid more attention by market participants and hence automatically
become more liquid and competitive.

Critics might also object that when targeting the overnight rate, the cen-
tral bank will have insufficient leverage over the (longer-term) trigger vari-
able, which is by definition more relevant for monetary transmission. The
following considerations seem to rebut this objection. To begin with, the ex-
pectations hypothesis of the term structure suggests that the overnight rate
is very closely linked with other short-term money market rates, including
the trigger variable. Therefore, even when targeting the overnight rate, the
central bank still has sufficient leverage over the somewhat longer-term trig-
ger variable. Moreover, specifying and following a target for the overnight
rate has a potentially beneficial side-effect: In case of expected target rate
changes, movements in the trigger variable will be more gradual. For in-
stance, to the extent that a future increase in the overnight target rate is
correctly anticipated by the market, the longer-term term trigger variable
will gradually move to the higher level well in advance of the actual target
change. Since the trigger variable is by definition more relevant for eco-
nomic decisions, gradual adjustments are preferable to discrete jumps from
one day to the other. Finally, by focusing on the overnight rate and leaving
longer-term money market rates determined by expectations of future mon-
etary policy decisions, the central bank might even exploit the information
revealed by movements in the trigger variable for its own purposes, as it al-
lows to infer the market’s assessment of what the central bank is most likely
to do. Clearly, the validity of these arguments hinges on the assumption
that the market is able to accurately forecast the central bank’s decisions.
But this assumption does not undermine the superiority of an operational
target in terms of the overnight rate, rather it underlines the importance
of conducting monetary policy in a transparent and thus largely predictable
manner.

Finally, it might be argued that targeting the overnight rate is problem-
atic if the composite premium ϕt,t+T is subject to significant changes over
time. Indeed, consider a significant increase in the composite premium, as
for instance witnessed in many money markets during the 2007–2008 finan-
cial crisis.17 Against the backdrop of such market developments, critics might

17Recall that the composite premium ϕt,t+T captures three components: the term pre-
mium, the credit risk premium, and the liquidity risk premium. During the 2007–2008
financial crisis, the sharp increase in the spread between the interest rates on interbank
term loans and overnight rates was mainly due to an increase in the credit and liquidity
risk premium.
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point out that the central bank should try to stabilize longer-term market
rates rather than the overnight rate. While this is true, it does not imply
that the overnight rate is no suitable operational target per se. It rather im-
plies that ceteris paribus the central bank should react to such an increase in
the composite premium as to other shocks that lead to a sudden tightening
of monetary conditions, namely by lowering the overnight target rate. De
facto, a central bank officially targeting a longer-term money market rate
would react the same way, that is its implementation officers would have to
bring about lower overnight rates in order to stabilize the longer-term money
market rates near the target rate. The only difference between a central
bank targeting the overnight rate and a central bank targeting a longer-term
money market rate thus is that the former would have to formally announce
a change in the target rate. There is thus a difference in terms of communi-
cation, but not necessarily in terms of actions.

On balance, the analysis in this section thus suggests that central banks
should use the overnight rate as operational target. But it’s still to be clar-
ified whether to target the interbank overnight deposit rate for unsecured
lending or the interbank overnight repo rate for secured lending. In times of
normal market functioning, the spread between the interbank deposit rate
and the interbank repo rate is small and fairly stable. Hence, it doesn’t
make much difference whether the central bank targets either or the other
rate. There are, however, arguments that speak in favour of targeting the
interbank repo rate. In particular, in case the central bank aims at foster-
ing financial stability by pursuing the objective of developing the secured
market segment, it might have a preference for explicitly targeting the in-
terbank repo rate, as this would give this market segment more relevance
and attention. The benefits of a deep and liquid interbank repo market be-
come particularly apparent in times of market stress, when banks are more
concerned about counterparty credit risk and the unsecured market segment
is likely to dry out. In these circumstances, the deposit rate might become
an unreliable indicator of banks’ true borrowing costs and the spread be-
tween the interbank deposit rate and the interbank repo rate can become
relatively large and more volatile. Moreover, even in normal times, targeting
the interbank repo rate might be particularly sensible if the central bank’s
liquidity management relies strongly on short-term repos with fixed rate ten-
ders. In this case, the central bank is able to exploit the strong arbitrage
relationship between its own (fixed) tender rate and the interbank repo rate,
which certainly contributes to stabilizing the interbank repo rate at or very
close to the tender rate. Despite these apparent advantages of targeting the
interbank overnight repo rate, one should be aware that this rate could be
affected by specific developments in collateral markets. Particularly if the
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pool of generally acceptable collateral is small, there is a risk that short-lived
but generalized shortages of collateral lead to sudden hikes in repo rates.
However, in well developed financial markets with a broad range of generally
acceptable high-quality collateral these risks are fairly small.

2.4 Past and Present Motivations for Reserve

Requirements

Today, there are usually two reasons for the imposition of reserve require-
ments: they increase banks’ structural demand for reserves and, provided
reserve requirements allow for averaging, they also increase the interest rate
elasticity of reserve demand. Both factors facilitate the control of short term
interest rates and hence the implementation of monetary policy. However, it
should be noted that the rationale for the imposition of reserve requirements
has changed over the years, and only recently they have become to be consid-
ered as an instrument primarily facilitating the implementation of monetary
policy (see e.g. Goodfriend and Hargraves 1983, Stevens 1991, Feinman 1993,
Hardy 1993, Sellon and Weiner 1996, Bindseil 1997). The following brief re-
view of the main other motivations for reserve requirements will reveal that
they are generally not well founded, at least in today’s context of highly
developed financial markets. Therefore, when defining the rules and proce-
dures governing reserve requirements, central banks can focus on how they
best support the effective and efficient implementation of monetary policy.

2.4.1 Liquidity Provision and Financial Stability

In many countries, reserve requirements were established in the late nine-
teenth or the early twentieth century as an instrument of prudential banking
regulation. The main motive underlying the imposition of reserve require-
ments was to ensure that banks have sufficient liquidity to convert deposits
into currency. In principle, one would expect banks to hold sufficient liquidity
voluntarily in order to avoid temporary liquidity shortfalls and costly refi-
nancing in case of unexpected high depositor withdrawals. But to the extent
that liquidity is costly and exhibits positive externalities, it is likely that the
level of liquidity held on a voluntary basis is suboptimal from a system-wide
perspective. If so, it is justified to impose specific liquidity requirements on
financial institutions.

To assess whether reserve requirements are suited to contribute to sound
liquidity management and financial stability, it is useful to distinguish whether
the imposition of reserve requirements aims at safeguarding an individual
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bank or the banking system as a whole against unexpected withdrawals of
deposits. Consider first the situation of an individual bank facing an un-
expected withdrawal of deposits. To meet customers’ demand, the bank
needs either currency (if customers want to withdraw deposits at the counter
or ATMs) or reserves (if customers want to transfer their deposits to other
banks). As the bank will always be able to convert reserves into currency
at the central bank (elastic supply of currency), the key issue is whether the
bank has sufficient liquid assets that can be converted into reserves at very
short notice. Note that assets such as government bills, short-term money
market instruments and even government bonds can be readily liquidated,
either by selling them outright, or by using them as collateral for interbank
repos or at the central bank’s borrowing facility. Therefore, to the extent
that liquidity requirements are deemed to be a necessary element of banking
regulation, these requirements should be based on a relatively broad concept
of liquidity (i.e. reserves plus a range of other liquid assets).

Next, consider what happens if there is an outflow of liquidity from the
banking system to non-banks. To the extent that the outflow is expected,
it will be usually accommodated in advance by the central bank by means
of open market operations. To the extent the outflow is unexpected, banks
might first have to have recourse to the borrowing facility, but later on the
outflow will also be accommodated by open market operations. Again, ir-
respective of whether banks’ demand for reserves is met via open market
operations or the borrowing facility, what matters is that banks have suffi-
cient eligible collateral for these transactions. It is not, however, necessary for
banks to maintain a large amount of (required) reserves as a precautionary
buffer stock, particularly if the central bank accepts a wide range of collat-
eral. By and large, it thus seems that reserve requirements sensu stricto are
not suited to address broader liquidity concerns.

2.4.2 Fiscal Policy

Reserve requirements have also been supported for various fiscal reasons. In
particular, reserve requirements may be a means to tax financial services that
are otherwise difficult to tax, most notably the payment services provided
by banks to their customers. Payment services are often not directly priced
but cross-subsidized by below-market interest rates on customers’ deposits.
On the one hand, taxing these services indirectly through reserve require-
ments may allow to avoid that the fiscal system is biased in favor of bank
intermediation. On the other hand, one might argue that most payments are
only the flipside of real-economy transactions, and to the extent that these
transactions are already subject to some sort of taxation, taxing payment
services would cause double taxation.
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From a theoretical perspective, reserve requirements may also be seen as
part of an optimal taxation scheme (Bindseil 1997). From a welfare eco-
nomic perspective, the question then is whether unremunerated reserve re-
quirements constitute an optimal tax. According to the theory of optimal
taxation, at the optimum, the marginal welfare costs of the last unit of tax
revenue are the same for all taxes. Therefore, the question is whether the
marginal welfare costs of reserve requirements, taking into account all pos-
itive and negative effects, correspond to the marginal welfare costs of other
taxes? While a conclusive answer to this question is beyond the scope of this
study, the ease of disintermediation and the mere threat of shifting deposits
to foreign (less taxed) countries suggest that the implicit tax should be low.

In practice, the main fiscal reason for imposing reserve requirements is
more trivial: They are an easy way to raise revenues needed to finance the
central bank’s operations. The mechanism is straightforward. Consider a
permanent increase in reserve requirements. The central bank has two op-
tions to meet banks’ higher demand for reserves. Either it provides these
reserves by purchasing securities outright, in which case it will earn inter-
est on these securities. Or it provides the reserves by means of revolving
repo transactions, for which it will charge banks the prevailing repo rate.
Obviously, the higher the level of reserve requirements and the lower their
remuneration, the higher will be the central bank’s revenue. But it should
be recognized that from the perspective of overall economic efficiency, re-
serve requirements are not a (non-distorting) lump-sum tax for the banking
system. Rather, they imply a number of distorting effects (Angenendt and
Remsperger 1995). First of all, to the extent that reserve requirements are
based on some measure of banks’ liabilities such as short-term deposits, they
involve distortions between reservable and non-reservable liabilities. This
induces banks to develop alternative financial instruments and means of in-
termediating between borrowers and lenders that are not subject to reserve
requirements. In turn, to protect their revenue stream, central banks need
to monitor these developments and take appropriate corrective regulatory
responses. Second, reserve requirements may involve distortions between fi-
nancial institutions. This is particulary true if some institutions are subject
to reserve requirements whereas others, which provide similar financial ser-
vices, are not. But distortions may even arise between different reservable
financial institutions. For instance, if banks differ with respect to their vol-
untary holdings of reserve balances, reserve requirements may not be equally
binding (and costly) for all institutions. A third distortion may arise on an in-
ternational level between financial centers. If the level of reserve requirements
varies among countries, especially deposits with high cross-border mobility
are likely to be shifted to those places where reserve requirements are compar-
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atively low. Together, these distortions imply microeconomic inefficiencies
in terms of resource misallocation. Of course, the extent of the distortions
depends on the level and, more importantly, on the remuneration of reserve
requirements. Therefore, unless the central bank has no other source of in-
come to finance its operations and to maintain financial independence, it is
difficult to justify high and non-remunerated reserve requirements on fiscal
grounds.

2.4.3 Credit and Monetary Control

At certain points in time, and in certain monetary policy frameworks, re-
serve requirements were thought to be useful for controlling the expansion of
bank credit or monetary aggregates. For instance, in the 1930s, the Federal
Reserve considered reserve requirements as an essential tool to control the
expansion of commercial bank credit. And even more recently, during the
credit control program in the 1980s, reserve requirements on certain bank
liabilities were imposed in order to curtail the growth of bank credit (Sellon
and Weiner 1996). In the heyday of monetary targeting during the 1970s and
1980s, reserve requirements were typically motivated by their stabilizing ef-
fect on the money multiplier. With a constant money multiplier, so the idea,
controlling the level of reserves would allow to closely control broader mone-
tary aggregates.18 However, for various reasons (which are beyond the scope
of this study), central banks generally had to refrain from monetary targeting
and now use different policy frameworks. From an operational perspective,
the focus has shifted from reserve targeting to short-term interest rate tar-
geting. Accordingly, the motivation for reserve requirements has shifted from
stabilizing the money multiplier to stabilizing short-term interest rates.

For the sake of completeness one might also note that, theoretically, re-
serve requirements could also be used to actively manage money market
liquidity. By changing either the reserve base or the reserve ratio the central
bank could affect the conditions in the market for reserves and thus induce
changes in short-term interest rates. For instance, holding the supply of
reserves constant and assuming that reserve requirements are binding, an
increase in the reserve ratio would lead to an increase in reserve demand and
would thus induce an increase in market interest rates. However, there are a
number of reasons why central banks better not try to actively manage the
banking system’s liquidity by adjusting reserve ratios (Hardy 1993). In par-
ticular, reserve requirements are relatively clumsy and don’t allow fine-tuning

18See Goodfriend and Hargraves (1983) for a critical assessment of the Federal Reserve’s
experience with credit and monetary control.
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of liquidity or interest rates.19 The interest rate effects of adjustments in re-
serve requirements would be difficult to predict, which is problematic when
targeting interest rates. Also, from a practical perspective, lags in defining
the reserve base and the length of the maintenance period make frequent
adjustments in the reserve ratio or the reserve base impossible. Hence, it is
neither advisable nor feasible to use changes in reserve requirements to man-
age the banking system’s liquidity or to trigger changes in money market
rates.

Overall, this section has revealed that most historical motivations for
reserve requirements are substantially flawed. Especially in the context of
highly developed financial markets, the only convincing reason for imposing
reserve requirements is their stabilizing effects on short-term interest rates.
Hence, reserve requirements should be considered exclusively as an instru-
ment facilitating the implementation of monetary policy.

19For instance, when the Federal Reserve lowered the reserve ratio from 12 to 10 percent
in February 1992 (see also Section 4.2.3), the equivalent of USD 7.3 billion in reserves were
freed up. To have the same expansionary effects, the Fed would have had to buy over USD
7 billion in government securities in open market operations, more than the Fed bought
throughout the year 1991. In order to avoid such a large discrete policy effect, the Fed
had to offset the impact of the decline in reserve requirements by liquidity absorbing open
market operations (Hein and Stewart 2002).



Chapter 3

The Market for Reserves

Essentially, monetary policy implementation is about the central bank’s con-
trol of short-term interest rates by establishing conditions in the market for
reserves that are consistent with the target level for the short-term interest
rate. Compared to other financial markets the market for reserves exhibits
a number of peculiar features. First of all, there are two fundamentally dif-
ferent types of market participants: the central bank and a large number of
commercial banks. Moreover, in analogy to other financial markets such as
those for equities or bonds, one can distinguish between the primary and the
secondary market. In the primary money market, the central bank makes
use of open market operations to provide reserves to or withdraw reserves
from the market, thereby altering the aggregate amount of reserves available
to commercial banks. In the secondary market—which is usually referred to
as the interbank money market—, reserves are borrowed or lent among com-
mercial banks, typically for short maturities of one day up to a few weeks or
months. Whereas in the primary market the central bank acts as a monop-
olistic supplier of reserves, determining the terms and conditions at which it
provides reserves to commercial banks, the interbank market is typically very
competitive and individual banks are thus best described as price takers.

In the market for reserves, central banks and commercial banks pursue
different objectives. Commercial banks aim at satisfying their demand for
reserves at the lowest possible cost, taking into account their need for work-
ing balances in the interbank payment system and various institutional con-
straints such as reserve requirements or penalties for overnight overdrafts on
their reserve account. To do this, they may borrow reserves directly from the
central bank in regular open market operations or via the borrowing facility,
or they participate in the interbank market, where reserves can be borrowed
and lent at current market interest rates.

55
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In contrast, the central bank’s main objective is to keep the interbank
overnight rate close to its target level by making use of its monetary policy
instruments: reserve requirements, standing facilities, and open market oper-
ations. These instruments allow the central bank to affect both the supply of
reserves—e.g. by providing or absorbing reserves through open market oper-
ations and standing facilities—and banks’ demand for reserves, for instance
by imposing reserve requirements.

Given that the central bank is the monopoly supplier of reserves and
even affects banks’ demand for reserves, one might think that keeping the
overnight rate at the intended level should be rather trivial. However, in
practice, there are at least three reasons why this is not the case, each being
attributable to a different source of uncertainty. The first uncertainty is re-
lated to banks’ demand for reserves, which may vary on a day-to-day basis.
From the perspective of the central bank’s monetary policy implementation
desk, uncertainty about the demand for reserves makes it difficult to predict
the amount of reserves which needs to be supplied such that the interbank
market clears at the target rate. Second, the supply of reserves is not only
determined by monetary policy operations, but it is also affected by so called
autonomous liquidity factors. The autonomous liquidity factors are related
to transactions that affect the level of reserves but are not under control
of the implementation desk, and often not even under control of any other
central bank department. Consequently, to the extent that the implementa-
tion desk’s forecast of autonomous liquidity factors is subject to uncertainty,
actual and intended supply of reserves need not necessarily coincide. The
third uncertainty is due to imperfections in the interbank money market.
That is, even if reserve demand was perfectly predictable and the supply of
reserves was under full control, imperfections in the interbank money market
may give rise to unintended interest rate volatility. Indeed, in practice, the
interbank money market may neither be perfectly competitive (e.g. if there
are dominant market players) nor frictionless. In particular, trading usually
involves transaction costs, irrespective of whether the transaction takes place
on a bilateral basis (over-the-counter), through brokers or through multilat-
eral electronic trading systems. For instance, a bank that needs to borrow
reserves may incur search costs to find a counterparty that is willing or able
to lend, especially if there are binding credit lines.

In practice, all three sources of uncertainty are relevant to understanding
the market for reserves and, in particular, the behavior of market participants
and the dynamics of interest rates. However, this study will focus mainly
on the first two uncertainties, which are directly linked with the operational
framework of monetary policy implementation and the central bank’s liq-
uidity management. There are two reasons for doing so. First, although
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incorporating imperfect competition and transaction costs would make the
analysis more realistic, this would come at the cost of significantly higher
complexity, potentially even blurring the role of institutional arrangements
of monetary policy implementation. Second, and more importantly, focusing
on institutional features of the operational framework rather than on market
imperfections is consistent with the findings of Prati, Bartolini and Bertola
(2001). Studying the day-to-day behavior of short-term interest rates in the
G-7 countries as well as in the euro area, they conclude that institutional
arrangements and the central bank’s operational framework are the main
factors determining the dynamics of the overnight rate. Besides, they find
that many of the empirical features of the U.S. federal funds market, which
is the most extensively researched interbank money market, are not robust
to changes in the institutional environment and/or the style of central bank
liquidity management. Therefore, the focus will be on the institutional ar-
rangements that affect the demand for and the supply of reserves, whereas
the microstructure of the interbank money market will be modeled rather
simplistically as a perfectly competitive and frictionless call market.

But before turning our attention to the factors determining the demand
and supply in the market for reserves in Sections 3.2 and 3.3, it is expedient
to take a step back and reflect on two more fundamental issues. First, what
is so special about central banks that they are able to control short-term
interest rates in the first place? And second, given that short-term interest
rates are not very important for most economic decisions, why is the control
of the short-term interest rate nevertheless such a powerful tool of economic
policy? As the discussion in Section 3.1 will reveal, the specific characteristics
of central bank money as a unit of account and means of payment are key to
answering these questions.

3.1 The Role of Central Bank Money

Again: Why are central banks able to control short-term interest rates? And
why do short-term interest rates matter at all? Clearly, there are simple and
straightforward answers to these questions. First of all, one might highlight
the central bank’s role as monopolistic supplier of reserves which enables it to
set the price, that is the interest rate, for this good. Or, as stated by the Bank
of England’s Executive Director for Markets: “We can implement monetary
policy because we are a central bank. We are a central bank essentially
because we are the bankers’ bank. What we have to offer is central bank
money” (Tucker 2004, p. 360). Moreover, the crucial role of short-term
interest rates in the monetary transmission mechanism might be explained
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by the expectations theory of the term structure, which states that long-term
interest rates are equal to the average of expected short-term interest rates.
Therefore, by controlling current short-term interest rate as well as the future
path of these rates, the central bank has a leverage over longer-term interest
rates, which in turn affect various other asset prices and a large number of
economic decisions.

But the validity of these arguments hinges on two conditions. First, there
must be some demand for central bank money or, more precisely, for reserves
at the central bank, and second, a large number of contracting parties within
the economy must denominate their financial obligations in the central bank’s
currency. Consider the consequences if either of these conditions was not ful-
filled. On the one hand, if there was no demand for reserves, the mere ability
to supply reserves would be irrelevant; at least a priori it would be un-
clear how the central bank could control the short-term interest rate. On the
other hand, the control of a currency’s short-term interest rate—and through
the expectations theory also of longer-term interest rates—would be rather
inconsequential if the majority of contracts between economic agents was de-
nominated in another currency. For instance, if all residents of Switzerland
suddenly preferred to contract in euro, the Swiss National Bank’s leverage
over Swiss francs interest rates would have no impact on the Swiss economy,
as only euro interest rates would matter.

It is not difficult to verify that for the time being the two conditions are
clearly fulfilled. At least in industrialized countries with developed financial
markets, banks settle a large number of interbank payments in reserves held
at the central bank, hence generating a positive demand for reserves. More-
over, monetary history demonstrates quite impressively economic agents’ re-
luctance to substitute voluntarily a foreign currency for the domestic cur-
rency. In fact, currency substitution is typically observed only in situations
of a severe loss of confidence in the domestic currency, resulting from episodes
of very high inflation, currency devaluations and/or currency confiscations
(Feige 2003). Nevertheless, some authors have raised the concern that future
developments in information and communication technology, and in partic-
ular in payments technology, could erode central banks’ ability to control
short-term interest rates and, ultimately, render monetary policy ineffective.
For instance, Friedman (1999) questions whether central banks will be able
to maintain their influence over aggregate demand and inflation if the pri-
vate sector’s demand for base money is eroded by advances in information
technology. Similarly, King (1999) proposes that central banks are likely to
have much less influence in the future as new payment arrangements may
come to substitute for current payment systems in which payments are set-
tled through central bank money. These concerns have triggered a lively
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debate among monetary policy theorists and practitioners (see Freedman
2000, Goodhart 2000, Lahdenperä 2001, Meyer 2001, and Woodford 2000
and 2001). By and large, the conclusion is that the concerns are likely to be
overstated. Even in the unlikely scenario of zero demand for central bank
money central banks will retain the ability to control short-term interest
rates, though the procedures by which interest rates are steered might need
to be adjusted. Despite this reassuring conclusion, it is worthwhile to re-
view Friedman’s and King’s concerns and the arguments that put them into
perspective. In particular, it will become clear that the central bank’s role
in monetary policy implementation is inextricably linked to its role as bank
of banks in the payment system. But to fully understand the arguments by
Friedman and King it is necessary to first review some general features of
payment arrangements in advanced monetary economies and the underlying
factors that drive their evolution.

3.1.1 The Evolution of Payment Arrangements

In monetary economies, goods and services are exchanged against some gen-
erally accepted special good: money. But money is not only a medium of
exchange or a means of payment, it also serves as a unit of account so that
the value of every other good or service may be expressed in terms of a
specific amount of money. The functions as means of payment and unit of
account explain why the move from a barter economy to a monetary economy
is accompanied by substantial efficiency gains. First, the establishment of a
generally accepted means of payment eliminates the need for the coincidence
of wants, thereby increasing the number of mutually beneficent exchanges.
Second, the use of a common unit of account dramatically reduces the num-
ber of relative prices and enhances market transparency. Moreover, if the
money is storable, it may also serve as store of value, thereby facilitating the
intertemporal allocation of financial resources.

The transition from barter to a monetary exchange economy can thus be
explained by economic agents’ pursuit of ever more efficient ways of organiz-
ing trade (Padoa-Schioppa 2004). This process, which was enabled by the
underlying forces of technological progress, competition and regulation, has
affected both the means of payment and the settlement arrangements that
govern how the means of payment is actually transferred. For instance, the
means of payment has first evolved from early commodity monies such as
salt or cowrie shells to precious metals such as gold or silver.1 Then, only

1See Manning et al. (2010), Chapter 2, for a more detailed discussion on the origins of
money.



60 The Market for Reserves

about 200 years ago, commodity currencies were gradually replaced by paper
currency (although initially backed by gold), which can be thought of as the
starting point for the development of modern monetary systems.2 Moreover,
while only a few hundred years ago it was common that virtually all trans-
actions were settled by means of face-to-face exchanges of money between
the involved parties, today economic agents may choose from a wide range of
different payment mechanisms, ranging from traditional face-to-face trans-
fers of banknotes and coins to rather novel mechanisms such as transfers
of account-based money initiated through the internet or by means of cell
phones. This process of innovation in payment arrangements has not come
to an end; to the contrary, technological progress—especially in information
and communication technology—is extremely fast and will undoubtedly en-
able the introduction of ever more efficient and safer payment arrangements.

While we can only guess how future payment arrangements may look like,
it is certainly useful to take stock of current payment systems.3 Although
the details of current payment systems in industrialized economies vary from
country to country, they share three common features: (i) the prevalence of
fiat money, (ii) the coexistence of central bank money and commercial bank
money, and (iii) a layered, pyramid-like structure.

By definition, fiat money is not convertible into nor backed by any com-
modity that has some inherent value.4 Nevertheless, it fulfills all functions
typically associated with money: unit of account, means of payment, and
store of value. Within a currency area, the unit of account is defined in
terms of the central bank’s liabilities. For instance, the unit of account in
the United States is the US dollar, whereas in Switzerland it is the Swiss
franc; both are liabilities of the respective central banks. However, money—
both in the sense of means of payment and store of value—consists not only
of the central bank’s liabilities, i.e. central bank money in form of cash (ban-
knotes and coins) or reserves, but also comprises so-called commercial bank
money. Under this heading, one may subsume a broad range of financial
assets such as sight deposits or money market deposits at commercial banks
or shares held in money market mutual funds. The common element of these

2However, apparently the first issuer of paper money on a fiat standard was Kublai
Khan in the Mongol Empire of the twelfth century. This paper money was generally
accepted because Khan had the power to put to death those who didn’t (Manning et al.
2010).

3In the following, the notion of a ‘payment system’ refers to the totality of payment
arrangements that allow the discharge of financial obligations denominated in a specific
currency.

4In countries with a currency board, domestic currency is fully backed by foreign cur-
rency, e.g. the US dollar. However, the foreign currency itself is fiat.
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financial assets is that they provide payment services, that is they might be
transferred from debtors to creditors in order to discharge financial obliga-
tions. It is important to note that the various components of the money stock
share the same nominal value and are accepted as interchangeable forms of
one and the same currency.

The coexistence of central bank money and commercial bank money goes
hand in hand with the layered, pyramid-like structure of the payment sys-
tem.5 At the apex of the pyramid is the central bank, which provides accounts
and payment services to commercial banks. A significant part of interbank
transactions is typically settled in large-value payment systems operated by
central banks.6 At the same time, commercial banks provide payment ser-
vices to non-banks such as firms and individuals.7 To this end, commercial
banks provide transaction accounts to non-banks and offer various retail pay-
ment systems and payment instruments that allow non-banks to discharge
their financial obligations.8 This layered structure implies that several in-
stitutions may be involved in settling a single transaction. For instance, a
debtor who holds an account with Bank A may instruct his bank to trans-
fer some money to its creditor who holds an account with Bank B. In the
simplest case, both Bank A and Bank B are participants to the payment
system operated by the central bank so that Bank A may simply transfer
the corresponding amount to Bank B, which will then credit the creditor’s
account. However, if Bank B does not directly participate in the payment
system but uses instead Bank C as its correspondent bank, Bank A will first
make a payment to Bank C via the payment system (i.e. using central bank
money), which will then credit Bank B’s account (using commercial bank
money). Ultimately, Bank B will then credit the creditor’s account. The ex-
ample thus demonstrates that “central and commercial bank money coexist
in a delicate equilibrium, where they are substitutable and complementary
at the same time” (Padoa-Schioppa 2004, p. 123).

The layered structure of modern payment arrangements, and in particular
the role of the central bank as settlement institution for interbank payments,
is closely related with the advent of fiat money and the foundation of mod-
ern central banks in the late 19th and early 20th century (Goodhart 1988,

5The coexistence of central bank money and commercial bank money is explored in
more detail in BIS (2003).

6In some countries, such as Canada or Switzerland, the central bank only provides the
settlement accounts while the large-value payment system is operated by a private sector
company on behalf of the central bank. For a detailed overview of the functioning of
large-value payment systems see BIS (2005).

7In recent years, an increasing number of non-financial institutions has entered the
payments market by offering specific payments services to firms and individuals.

8For a detailed overview of retail payment systems and payment instruments see BIS
(1999 and 2000).
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Giannini 1995, Padoa-Schioppa 2004). Before central banks were founded,
commercial banks first used to settle their mutual obligations on a bilat-
eral basis. As the number of banks and interbank payments increased, it
soon became more efficient to settle on a multilateral basis, with a central
clearinghouse acting as settlement institution. In multilateral settlement ar-
rangements, bilateral obligations are discharged by transferring the liabilities
of a third party. For example, if Bank A has a claim on Bank B, the latter
may discharge its obligation by means of a transfer of balances at the central
clearinghouse. Bank A’s initial claim on Bank B is thus simply substituted
by a new claim on the clearinghouse, i.e. the liabilities of the clearinghouse
provide the function of the settlement asset. While multilateral private-sector
settlement arrangements were more efficient than bilateral settlement, they
were also prone to crisis and financial instability. Especially the advent of fiat
money increased the need for more trustworthy settlement institutions that
were able to provide a safe settlement asset. In many countries, these devel-
opments led to the foundation of government-backed institutions that gradu-
ally became recognizable as modern central banks; in other countries existing
banks with government support were given new responsibilities. Quite often,
this process was accompanied by the replacement of various competing cur-
rencies by a single (monopoly) currency that was issued by the central bank
and whose unit of account was determined in terms of the central bank’s
liabilities. Moreover, to foster general acceptance, specific regulations were
usually imposed that declared the central bank’s liabilities as legal tender.9

The layered structure of payment arrangements was—and still is—fostered
by central banks’ policies to restrict access to their accounts to banks or other
regulated financial institutions. This policy allows central banks to avoid un-
due credit risk and is thus mainly a reflection of their own risk management
which aims at protecting the balance sheet’s integrity. Another reason for
restricting access is related to competitive issues, as broadening access to non-
banks might undermine commercial banks’ role in the provision of payments
services to non-banks. Alternatively, one could also support the view that
the hierarchical structure reflects an efficient market arrangement, in which
different institutions focus on those activities where they have a comparative
advantage.

9Legal tender is defined as those means of payment which everyone must accept for the
settlement of a monetary obligation within a currency area. However, by the freedom-of-
contract principle, counterparties can agree to contract in another unit of account and/or
to accept other means of payment. Hence, the role of legal tender provisions in the
determination of the unit of account should not be overstated. See Buiter (2007) for a
critical assessment of this so-called ‘legal restrictions theory’ of the determination of the
unit of account.
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Notwithstanding the coexistence of and the high degree of substitutability
between central bank money and commercial bank money, it is important to
note that in a fiat monetary system the two assets differ in a fundamental
way. The acceptance of commercial bank money as means of payment or
store of value is closely linked to the fact that banks promise convertibility
of deposits into central bank money at fixed parity, and one needs to be
aware that, at any time, there is a risk that a commercial bank cannot live
up to this promise. In other words, while central bank money as well as
commercial bank money exhibit the same currency-specific macroeconomic
risk (loss of purchasing power due to inflation or devaluation), commercial
bank money is also afflicted with a specific microeconomic risk, namely the
solvency of a particular bank (Giovanoli 1993). Indeed, in the event of an
insolvency, depositors do not have the possibility to sort out their claims on
the insolvent bank from the estate.10 Therefore, a deposit with a financially
unsound bank is certainly not equivalent to a deposit with a AAA-rated
bank; there are thus as many commercial bank monies as there are banks.
This also explains why central bank money and commercial bank money are
not entirely fungible. It is the absence of microeconomic credit risk which
makes central bank money the safest settlement asset within the respective
currency area. In conjunction with the central bank’s competitive neutrality
and its capacity to provide an infinite amount of liquidity when needed (i.e.
in periods of distress) the safety of central bank money also explains why
commercial banks generally prefer to settle especially large-value interbank
payments in the books of the central bank.

The preceding description of current payment arrangements and how they
have evolved over time is rather stylized and does not pay due attention to
the experiences of individual countries. Nevertheless, it provides sufficient
background to address the concerns raised by Friedman and King regarding
future developments in payments technology and their likely impact on pay-
ment arrangements. Looking ahead, two scenarios that could adversely affect
central banks’ ability to implement monetary policy might be distinguished.
The first is the decline and eventual disappearance of the demand for central
bank money, particularly for reserves. The second scenario is the emergence
of a non-monetary exchange economy in which payment arrangements differ
in a much more fundamental way from today’s arrangements. These scenar-
ios are not mutually exclusive, but the second (more extreme) scenario seems
to be placed in a much more distant future.

10In contrast, dematerialized securities held with an insolvent bank can be sorted out
from the estate.
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3.1.2 Monetary Policy Implementation without any
Demand for Central Bank Money

Current procedures for the implementation of monetary policy depend on
some positive demand for central bank money. This raises two questions
which will be addressed in the following. First, how likely is it that the de-
mand for central bank money declines and eventually disappears altogether?
Second, what would a zero demand for central bank money imply for the
implementation of monetary policy?

Now, one may distinguish two forms of central bank money: physical cash
and account-based reserves. Not much has been said so far about physical
cash, i.e. banknotes and coins issued by the central bank (or the government).
The reason is that although it typically makes up by far the bigger share in
the monetary base, cash is irrelevant for the implementation of monetary
policy. Hence, even if those voices that predict the complete substitution of
cash by new means of payment such as electronic money turn out to be right,
this would leave the central bank’s ability to control short-term interest rates
unaffected. The only implications would be a reduction in the monetary base
and a decline in seigniorage, two effects that could even be offset, at least
partially, if central banks issued their own electronic money.

It is thus sufficient to restrict the analysis to the prospects of banks’ de-
mand for reserves. As will be explained in more detail in Section 3.2, this
demand stems from two factors: banks’ need for liquidity to settle payments
in the interbank payment system and compulsory reserve requirements, with
the marginal demand determined by the larger of the two. Therefore, as long
as reserve requirements are in place, it is hard to see how banks’ demand
could be driven to zero. Surely, banks may be very innovative in order to
reduce their reserve requirements, especially if reserves are not remunerated
and imply significant opportunity costs. For instance, in recent years banks
in the United States have substantially reduced their required reserves by the
introduction of so-called sweep accounts that allow to shift customers’ funds
more rapidly from retail transaction accounts subject to reserve requirements
to savings accounts exempt from reserve requirements (Bennett and Hilton
1997, VanHoose and Humphrey 2001). Non-bank deposits in form of trans-
action accounts and consequently the size of reserve requirements might also
be substantially reduced by the adoption of new payment arrangements. But
a decline in required reserves can be easily avoided, either by remunerating
reserve requirements (which would reduce or eliminate banks’ incentives to
circumvent reserve requirements) or by reforming the methods used to com-
pute reserve requirements (which would eliminate the possibility to reduce
the level of required reserves). Indeed, in recent years, a growing number of
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central banks has started to remunerate required reserves at or close to mar-
ket interest rates and some have adopted alternative computation methods
that no longer relate reserve requirements to the size of banks’ transaction
accounts or other liabilities.

The preceding arguments notwithstanding, assume that for whatever rea-
son reserve requirements became an ineffective instrument and banks’ de-
mand for reserves would thus solely be determined by their need to settle
payments in the interbank payment system. Is it conceivable that the pay-
ments related demand for reserves shrinks to zero? To analyze this question,
it is necessary to precisely define what is meant by zero demand. Two cases
might be distinguished. In the first case banks continue to use central bank
money as means of payment in the interbank payment system but their de-
mand for end-of-day reserves is zero. In other words, there would only be a
demand for intraday liquidity provided by the central bank. In the second
case, there would be neither an intraday nor end-of-day demand for reserves
since banks prefer other means of payment for settling their interbank pay-
ments. Let us consider the two cases in turn.

The first case—zero demand for end-of-day reserves—seems not overly
unlikely. Indeed, in today’s large-value payment systems banks’ payments
related demand for reserves is primarily a demand for intraday liquidity.
To enhance payment system efficiency, central banks usually provide unre-
stricted intraday liquidity at zero interest rate, provided that intraday cred-
its are collateralized. In the absence of reserve requirements, end-of-day
balances provide no specific (payment) services and any positive end-of-day
balances would only be due to unpredictable payment flows during the day. If
there was no uncertainty about payment flows and the interbank market was
fully efficient, each bank could target (and in fact achieve) a zero end-of-day
reserve balance. Therefore, future technological developments that reduce
payments uncertainty will undoubtedly lead to a decline in the demand for
end-of-day reserves, and in the limit the demand will be zero.

However, during the day banks’ reserve balances would still fluctuate be-
cause of outgoing and incoming payments and they would have to borrow
or lend reserves in the (overnight) interbank market to adjust their end-of-
day position. Provided that the operational framework for monetary policy
implementation is such that the leverage over interest rates does not de-
pend on some positive demand for end-of-day reserves, central banks could
still have control over the short-term interest rate. Indeed, as will be shown
in more detail in later chapters, standing facilities and open market opera-
tions would still be powerful instruments to exert close control over interest
rates. Specifically, the borrowing and deposit rates would constitute a cor-
ridor within which market interest rates would fluctuate and open market
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operations could be used to exploit the liquidity effect. In an extreme sce-
nario, the central bank could even fix the deposit rate and the borrowing rate
at the same level. While such a measure would crowd out the overnight in-
terbank market for reserves, it would allow to perfectly control the overnight
rate.11

The second case to be analyzed is where banks prefer to settle their
mutual obligations in another means of payment. It was mentioned before
that settling payments in central bank money implies some non-negligible
benefits in terms of risk reduction. A complete crowding out of the central
bank payment system by a private-sector payment system which settles in
an alternative means of payment issued by a private-sector institution will
thus only take place if higher risks are outweighed by other benefits. Such
benefits could stem from the provision of payment services at a significantly
lower cost or from more practical arrangements for settling payments.

Banks’ total costs of settling payments may be split into direct costs of
using a payment system (e.g. fees or transaction costs that cover the resource
costs for setting up and operating the payment system’s technical infrastruc-
ture) and liquidity costs, i.e. opportunity costs from maintaining reserves at
the central bank or the private-sector means of payment at the private-sector
settlement institution. Assuming that the functionalities of the competing
central bank and private-sector payment systems are the same, direct costs
are likely to be independent of the operator of the payment system.12 There-
fore, banks would switch to the private-sector payment system only if liquid-
ity costs in the central bank payment system were sufficiently higher. The
costs of liquidity depend on the amount of liquidity that is needed to settle
payments and the opportunity costs of liquidity. Provided that the central
bank offers intraday liquidity free of interest (as most central banks do) and
remunerates end-of-day reserve balances at a competitive market rate (as a
few central banks already do and others could easily do), it is hard to see why
liquidity costs in the central bank payment system should be higher than in
a private-sector payment system. Therefore, it is unlikely that banks will
switch to a private-sector payment system for cost-related reasons.

Alternatively, banks may prefer the private-sector payment system be-
cause it is more practical or provides superior functionality. For instance, the
private-sector payment system could be more convenient to use, have longer
operating hours, or it might offer additional features such as multi-currency

11To the extent that there is uncertainty about future deposit and borrowing rates, there
would still be a role for longer-term money market transactions.

12Note that if the private-sector is deemed to be more efficient and cost-effective in the
provision of payment services, the central bank could outsource the technical operation to
some private-sector company while still providing the means of payment.
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capability. In practice, this possibility cannot be excluded. However, there
is no compelling argument why a central bank payment system should not
be able to provide the same functionalities, at least if the central bank en-
deavors to take into account banks’ preferences and to provide those services
the market demands.

By and large, it is thus rather unlikely that the use of reserves as a means
of payment will be completely crowded out by private-sector payment sys-
tems. Nevertheless, for the sake of completeness, assume that settlement
accounts at the central banks ceased to be of any relevance for settling pay-
ments. Would this imply the end of monetary policy as we know it? Not
necessarily, as even in this situation the central bank would continue to be
able to control the short-term interest rate, at least provided that (i) the
unit of account which is used in private contracts remains to be defined in
terms of the central bank’s liabilities, and (ii) the private-sector settlement
institution promises convertibility of the private-sector settlement asset into
central bank money at fixed parity. If these conditions are met, the cen-
tral bank could control the overnight interest rate paid on the private-sector
settlement asset by providing a borrowing and a deposit facility for central
bank money. Indeed, if the overnight interest rate for the private-sector set-
tlement asset fell below the level of the central bank’s deposit rate, banks
would convert private-sector settlement assets into central bank money and
deposit these balances at the central bank. Similarly, if the overnight inter-
est rate for the private-sector settlement asset was above the central bank’s
borrowing rate, banks would have recourse to the central bank’s borrowing
facility and convert central bank balances into the private-sector settlement
asset. Therefore, even if central bank money was not used at all to settle
payments, the interest rates of the standing facilities would still constitute
the upper and lower bound for overnight interest rates in the market as a
whole. Moreover, the two conditions are not very restrictive. For one thing,
it was already mentioned that it is very unlikely that economic agents switch
to using another unit of account. For the other thing, as long as the cen-
tral bank’s liabilities remain the unit of account, it is hard to imagine that
a private-sector settlement asset not promising (and maintaining) convert-
ibility at fixed parity would be widely accepted. As the settlement asset
would be considered too risky, banks would either revert to using central
bank money or start using another private-sector settlement asset which is
convertible at fixed parity.

Yet, again for the sake of completeness, assume that the private-sector
settlement institution would be able to establish its settlement asset as a truly
fiat money, i.e. without making it convertible into central bank money or any
other asset. The private-sector settlement institution would then become de
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facto a central bank and over time its monetary policy would determine the
inflation rate and the value of its currency in terms of other currencies, i.e.
the exchange rate. One could imagine competing private-sector institutions
providing their own currencies so that there would be multiple price levels
and a number of exchange rates. Although future technological advances
will certainly reduce the costs of handling multiple currencies and prices,
there is probably still a long way to go before the costs of doing so become
negligible. From the perspective of monetary policy, the reemergence of such
private monies is not much of a concern, as these monies would have to be
managed extremely well in order to successfully compete with the central
bank’s currency and to be accepted by the public at large.

3.1.3 Monetary Policy Implementation in a Non-
Monetary Exchange Economy

In the previous section, it was assumed that financial obligations are settled
by transferring financial assets from the payor to the payee on the accounts of
a settlement institution, be that the central bank or any private-sector settle-
ment institution. However, what Friedman and King seem to have in mind
when they predict the end of monetary policy is the advent of fundamen-
tally different payment arrangements, enabled by developments in informa-
tion communication and technology. Their vision is a world that resembles
a non-monetary exchange economy, where financial obligations are settled
in real-time by transferring wealth from one electronic account to another
and a separate means of payment (money) would no longer be needed. The
accounts could be either maintained in a central supercomputer or in decen-
tralized record devices, as it is the case today for network e-money. Any
financial or real asset for which there is a real-time market-clearing price
could be used as settlement asset.

Such an arrangement would be highly efficient; transaction costs related
to the settlement of financial obligations would be essentially zero. This
vision resembles very much the neoclassical model of an exchange economy, in
which goods are exchanged without the need for a generally accepted means
of payment nor a unit of account to facilitate these exchanges. Indeed, in
a pure exchange economy à la Arrow-Debreu there is no need for money,
neither as unit of account nor as means of payment.

In this visionary world, there is also no role for monetary policy (and
therefore no need for implementing monetary policy). Should we be con-
cerned about it? Absolutely not.13 Ultimately, the goal of monetary policy

13However, you might be concerned in case you are a central bank employee expecting
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as we know it today is to minimize the adverse impacts of various distortions
related with nominal rigidities in a monetary economy. If the economy moves
towards the described frictionless pure exchange economy, monetary policy
becomes meaningless, simply because the goal that it tries to achieve has
already been achieved. This is as good as it gets. But since there is quite
a long way to go before this vision comes true, examining monetary policy
implementation in more detail is still a worthwhile undertaking.

3.2 The Demand for Reserves

Analyzing banks’ demand for reserves is crucial to apprehend the function-
ing of the market for reserves and some of the challenges related to the
implementation of monetary policy. Two demand factors are usually distin-
guished: working balances and reserve requirements (see e.g. Borio 1997).
Working balances refer to those reserves which a bank needs to settle finan-
cial obligations in the interbank large-value payment system (LVPS), whereas
reserve requirements may be considered as a constraint for a bank’s liquidity
management over the reserve maintenance period. Obviously, the demand
stemming from reserve requirements is a demand for end-of-day reserve bal-
ances. Similarly, if the LVPS settles payments on a net basis at the end of
the day (deferred net settlement or DNS), working balances are also needed
exclusively at the end of the day. The effective or marginal demand for end-
of-day reserve balances is then simply determined by the larger of the two
demand factors.

However, over the last 10–15 years, in most countries traditional DNS
systems have been superseded by real-time gross settlement (RTGS) and
hybrid payment systems (Bech an Hobijn 2007). In these systems, payments
are settled continuously during the day and the demand for working balances
thus is a demand for intraday liquidity. Taking into consideration these
technological developments, it is imperative to clearly distinguish between
the demand for intraday liquidity and the demand for end-of-day reserves.
Therefore, in Section 3.2.1, we will first analyze banks’ demand for intraday
liquidity in the context of current LVPS and how it is met by different sources
of liquidity. A key finding will be that—without reserve requirements—banks
will find it optimal to meet their intraday liquidity needs by intraday credits
from the central bank and target zero end-of-day reserve balances. Section
3.2.2 will then analyze the demand for end-of-day reserve balances in the
presence of reserve requirements.

this vision to come true before retiring.
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3.2.1 The Demand for Intraday Liquidity

Settlement procedures of individual large-value payment systems (LVPS) dif-
fer in many respects.14 Yet, current LVPS of industrialized countries have
in common that payments are settled on an individual basis in real-time,
thereby providing intraday finality. While this allows to reduce credit risk
(and ultimately also systemic risk), it has the drawback that liquidity is
needed throughout the day, giving rise to banks’ demand for intraday liq-
uidity. As the notion suggests, intraday liquidity is non-substitutable across
days. In other words, if a bank needs to settle payments on a particular value
day, liquidity is needed precisely on this day, and neither on the previous nor
on the following day.15 Therefore, it suffices to focus on a single day in order
to analyze the demand for intraday liquidity and banks’ intraday liquidity
management.

A bank’s intraday liquidity management seeks at settling all payments
at the lowest possible cost. To get an idea of this task, it is helpful to first
consider the different sources of intraday liquidity and the associated funding
costs on any given day t, assuming that there are no reserve requirements
and that reserves held overnight with the central bank are remunerated at
the deposit rate.

– Initial reserve balance: The first source of intraday liquidity are bal-
ances held at the opening of the payment system. A bank’s initial re-
serve balance, Rbod

t , is equal to the end-of-day balance on t− 1. While
end-of-day balances earn the deposit rate idt−1, they could have been lent
in the interbank market at the prevailing overnight rate it−1. Marginal
funding costs associated with the initial reserve balance Rbod

t thus cor-
respond to it−1 − idt−1.

– Intraday credits : To facilitate settlement of payments in the LVPS,
central banks typically offer unrestricted intraday credits (K), either
against pledged securities or by means of intraday repos. Although
intraday credits are usually free of interest, they entail opportunity

14Bank for International Settlements (2005) provides a comprehensive overview of the
design of LVPS in the G-10 countries.

15In fact, there is a trend that particular payments need to be settled not only at a
particular value day, but at specific points in time during the day. For instance, par-
ticipants to the Continuous Linked Settlement (CLS) system, a multi-currency payment
system that allows to settle foreign exchange transactions on a payment-versus-payment
basis, need to fund their account with CLS Bank by means of hourly payments between
7 and 12 a.m. CET. These payments are effected through the domestic RTGS systems of
the CLS-eligible currencies.
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costs in terms of collateral.16 Provided the central bank accepts a
wide range of collateral, the collateral cost c for an incremental unit of
intraday credits is relatively small, typically a few basis points.

– Incoming payments : A major source of intraday liquidity in current
LVPS are funds received from other banks, which can be used imme-
diately to settle a bank’s own payments. Incoming payments entail no
funding costs at all.

– Open market operations : Banks may satisfy their intraday liquidity
needs by participating in liquidity-providing open market operations,
provided such operations are conducted on the particular day. Because
open market operations have a maturity of at least one day, these
transactions not only provide intraday liquidity but also increase banks’
end-of-day reserve balances which are remunerated at the deposit rate
idt . Denoting the central bank’s tender rate as icbt , the marginal funding
costs of open market operations are icbt − idt .

– Interbank market : Intraday liquidity needs may be satisfied by borrow-
ing reserves overnight in the interbank money market at the prevailing
overnight rate it. As these borrowings increase end-of-day reserve bal-
ances, the associated marginal funding costs are it − idt .

Assuming that payments of total value Pt need to be settled in the LVPS, let
us analyze how much intraday liquidity Λt banks will demand and how these
liquidity needs will be funded. First note that incoming payments are the
only source of intraday liquidity which entails no funding costs, so that banks
are expected to recycle incoming funds as quickly as possible. Indeed, if banks
were able to recycle liquidity an infinite number of times between their reserve
accounts, only an arbitrarily small amount of liquidity would be required to
settle Pt. The associated liquidity funding costs would then be essentially
zero and the payment system’s turnover ratio τt, defined as the ratio between
Pt and Λt, would tend to infinity.17 However, in practice this strategy would

16Martin (2004) and Martin and McAndrews (2008) argue that the central bank’s pro-
vision of collateralized intraday credits at zero interest cost is part of an optimal payments
policy. In particular, it improves the smooth functioning of the payment system by re-
ducing banks’ incentives to strategically delay sending payments and it guarantees that
payment system participants with high liquidity needs will not bear a heavy cost. More-
over, Bhattacharya et al. (2007) argue that the zero cost policy naturally arises as an
application of the Friedman rule.

17In practice, the amount of intraday liquidity available in the LVPS may vary during
the day. Hence, Λt should be interpreted as a measure of the average amount of intraday
liquidity available to banks on day t.
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involve prohibitively high liquidity management costs, because banks would
have to split their payments into (infinitely) small installments, monitor and
synchronize payment flows, etc. In other words, while recycling funds as often
as possible reduces intraday liquidity needs and hence funding costs, funds
cannot be recycled arbitrarily often without incurring liquidity management
costs. Banks will thus have to balance the costs of liquidity funding and
liquidity management.

Moreover, while any LVPS needs a certain amount of intraday liquidity
to run smoothly, it is evident that every bank has an incentive to free-ride on
other banks’ liquidity. That is, from the perspective of an individual bank,
funding costs can be minimized by waiting for incoming payments from other
banks. But since no bank would ever raise (costly) intraday liquidity in the
first place, this strategy cannot be an equilibrium. In practice, to mitigate
or even eliminate the incentives to free-ride on other banks’ liquidity, many
LVPS have implemented measures such as through-put guidelines, which re-
quire banks to settle a certain share of their payments obligations by a specific
point in time, or time-dependent fee structures promoting early settlement of
payments. In the following, it will thus be assumed that free-riding is not an
issue and every bank raises intraday liquidity in proportion to its payment
obligations.

It should also be noted that even if banks do not engage in any liquid-
ity management activities, the design of current LVPS allows to achieve a
turnover ratio of τ̄t > 1, where τ̄t may be considered as a measure of a pay-
ment system’s liquidity efficiency at a specific point in time.18 Implicitly,
τ̄t defines the minimum amount of intraday liquidity Λt = Pt/τ̄t that needs
to be funded by the other four sources of liquidity. But while an individual
bank may fund part or all of its intraday liquidity needs by borrowing in the
interbank market, this is not possible for the market as a whole, because the
interbank market only redistributes a given quantity of liquidity. Therefore,
there remain only three funding sources—intraday credits, open market op-
erations, and the initial reserve balance—and of course banks will prefer the
cheapest one, which is determined by min[c, icbt −idt , it−1−idt−1]. In most situa-
tions marginal collateral costs c are lower than the spread between overnight
interest rates or the tender rate and the deposit rate (i.e. min[·] = c) and
banks will thus meet their intraday liquidity needs exclusively by means of
intraday credits. Minimising funding costs thus implies Kt = Λt = Pt/τ̄t.

18Over time, a payment system’s liquidity efficiency may increase due to technological
progress. For instance, in recent years, τ̄t has been raised in many LVPS by the im-
plementation of innovative liquidity-saving mechanisms such as bilateral or multilateral
offsetting.
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If it refrains from active liquidity management, bank i’s funding costs
are thus equal to cKi,t, with Ki,t = Pi,t/τ̄t. But the need for intraday cred-
its and thus funding costs may be reduced by liquidity management mea-
sures such as real-time monitoring of payment flows, queue management
or the synchronization of incoming and outgoing payments. In particu-
lar, assume the bank has the ability to raise its individual turnover ratio
τi,t ≡ Pi,t/Λi,t above τ̄t at increasing marginal liquidity management costs.
The bank’s liquidity management cost function f(τi,t) can then be sum-
marized as follows: f(τi,t) = 0 for τi,t ≤ τ̄t; f(τi,t) > 0 for τi,t > τ̄t, with
∂f/∂τi,t > 0 and ∂2f/∂τi,t > 0. Furthermore, from the definition of τi,t it
follows that ∂f/∂Λi,t < 0. For a given value of Pi,t, liquidity management
costs are thus decreasing in the quantity of intraday liquidity and they are
zero if Λi,t ≥ Pi,t/τ̄t.

Taking into account that optimal funding of intraday liquidity needs im-
plies Λi,t = Ki,t, the optimal quantity of intraday credits is then determined
by minimizing the sum of collateral cost and liquidity management cost, i.e.

min
Ki,t

[
cKi,t + f

(
Pi,t

Ki,t

)]
. (3.1)

The first order condition is c = −∂f/∂Ki,t, which implies that the optimum
is characterized by the equality of marginal collateral costs and the reduc-
tion of liquidity management costs associated with an incremental unit of
intraday credits. Or, to put it differently, a bank should increase its liquid-
ity management efforts as long as marginal liquidity management costs are
outweighed by lower collateral costs for intraday credits.

The relationship between liquidity funding costs and liquidity manage-
ment costs is illustrated in Figure 3.1. The functional form of the liquidity
management cost function is assumed to be f(τi,t) = (τi,t− τ̄t)2, and the other
relevant parameter values are τ̄t = 10, Pi,t = 10 billion, and c = 5bp. Total
intraday liquidity costs are then minimized by acquiring intraday credits of
around 434 million.

Some additional comments are in order. First, the result that optimal
intraday liquidity management implies Rbod

i,t = Reod
i,t−1 = 0 hinges on the as-

sumptions that there is no uncertainty about payment obligations and that
reserve requirements are zero. Under which circumstances and to what ex-
tent this result will be affected by relaxing these assumptions will be studied
below. However, note that whenever Rbod

i,t > 0—irrespective of whether it is
optimal to target a positive end-of-day reserve balance or because the bank
was unable to achieve a zero end-of-day reserve balance—, the demand for
intraday credits on t is simply reduced by Rbod

i,t . Also, should Rbod
i,t be larger
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than Pi,t/τ̄t, the bank’s demand for intraday credits would shrink to zero.
This can be easily seen by substituting Rbod

i,t +Ki,t into the denominator of
the liquidity management cost function f(·) in Equation (3.1).19

Moreover, because optimal funding requires that the demand for intraday
liquidity is exclusively met by intraday credits, the sole purpose of banks’
participation in the interbank market or in open market operations is to
adjust end-of-day reserve balances. An important corollary of this result is
that in the analysis of banks’ behavior in the interbank market and in open
market operations it is sufficient to focus on banks’ demand for end-of-day
reserve balances.

Figure 3.1: Intraday Liquidity Cost

3.2.2 The Demand for End-of-Day Reserve Balances

There are four factors explaining why banks might target positive end-of-day
reserve balances. First, reserves might be needed to meet reserve require-
ments. Second, in case of uncertainty about payment flows, reserves might
serve as a buffer against (costly) end-of-day overdrafts. Third, if reserves are
remunerated, they might be held voluntarily for investment purposes. And

19Because Ki,t ≥ 0, Rbod
i,t ≥ Pi,t/τ̄t implies τi,t ≤ τ̄t, so that f(·) = 0. The cost function

is then minimized at the corner solution Ki,t = 0.
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finally, end-of-day reserve balances provide (intraday) liquidity services in
the LVPS the next day.

But as shown above, holding end-of-day balances for liquidity services
in the LVPS is not compatible with optimal intraday liquidity management.
Moreover, even if required reserves are remunerated at or close to market
interest rates, excess reserves are typically remunerated well below market
rates (e.g. at the deposit rate, which provides a floor to market rates). From
an investment perspective, it is thus more profitable to lend funds overnight
in the interbank money market than holding excess reserves. Consequently,
there remain only two pertinent reasons for targeting positive end-of-day
reserve balances: reserve requirements and uncertainty about payment flows.

The seminal model to study commercial banks’ reserve demand under re-
serve requirements and uncertainty about payments was introduced by Poole
(1968). Focusing only on a single bank, the original model makes two simpli-
fying assumptions. First, abstracting from the role of the interbank market,
the interest rate at which the bank might borrow or lend reserves is assumed
to be determined exogenously. Second, the (aggregate) supply of reserves is
also exogenous, that is the role of the central bank’s liquidity management
is not explicitly modeled. Clearly, both factors will need to be endogenized
in order to analyze how alternative operational frameworks affect banks’ de-
mand for reserves and the determination of equilibrium overnight rates. The
following analysis of reserve demand differs from Poole’s model in that it
incorporates an interbank market where the overnight rate is determined as
the equilibrium result of banks’ borrowing and lending decisions. However,
to better focus on various peculiarities of the demand side of the market the
assumption that the supply of reserves is exogenous will be maintained, at
least initially.

The analysis is structured in two parts. First, it will be assumed that the
reserve maintenance period lasts only one day. The model is then extended
to a multi-day reserve maintenance period that allows for averaging.

One-Day Reserve Maintenance Period

The model’s main assumptions and the timing of events are summarized in
the first subsection, the subsequent subsections then analyze the borrowing
or lending decision of an individual bank and the implications for the market
clearing interest rate in the interbank market.

Assumptions and Timing of Events

The central bank’s operational framework is characterized by reserve require-
ments that need to be fulfilled on a daily basis (i.e. there is no averaging),
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with bank i’s reserve requirement on day t being denoted Di,t > 0.20 More-
over, the central bank provides two standing facilities, a borrowing facility
at rate ibt > 0 and a deposit facility at rate idt ≥ 0, with ibt > idt . Required
reserves are not remunerated but any reserve deficiency is penalized at rate
ipt > ibt .

The interbank market for reserves is a perfectly competitive, frictionless
call market, where banks may borrow (Bi,t > 0) or lend (Bi,t < 0) funds
between each other at the market clearing overnight rate it.

21 The market
is populated by a set N = {1, 2, . . . , n} of identical, risk-neutral and profit-
maximizing banks, where n is large.

In the course of the day, every bank faces two so-called cumulated liquid-
ity shocks, εMi,t and ε

A
i,t, which both affect its reserve balance. Both shocks

are normally distributed with mean zero, that is εMi,t ∼ N(0, σ2
εM ) and εAi,t ∼

N(0, σ2
εA). The shocks are said to be cumulated since they capture the im-

pact on the bank’s reserves of both idiosyncratic and autonomous liquidity
shocks.22

Figure 3.2: Timing of Events

As depicted in Figure 3.2, the timing of events during the day is as fol-
lows. At the beginning of the day, the payment system opens and any funds
borrowed from or deposited into the standing facilities on the previous day
are immediately reversed. Bank i’s reserve balance at the beginning of the
settlement day thus is Rbod

i,t = Reod
i,t−1 − SFi,t−1, where R

eod
i,t denotes bank i’s

end-of-day reserve balance and SFi,t is the net recourse to standing facilities
on day t (see also below). In the morning, the bank then incurs the first
liquidity shock, εMi,t . At noon, the bank may borrow or lend reserves in the
interbank money market at the prevailing equilibrium overnight rate it. At
the same time, any funds borrowed (lent) in the interbank money market on

20In subsequent sections that allow for averaging of reserve requirements over a multi-
day maintenance period, Di,t is interpreted as the reserve deficiency on day t, i.e. the total
amount of reserves the bank needs to hold over the remainder of the maintenance period.

21Appendix A.1.1 discusses the rationale for these assumptions in more detail.
22Appendix A.1.2 elaborates on the assumptions underlying the specific modeling of

payment uncertainty and liquidity shocks.
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the previous day are repaid (received). In the afternoon, the second liquid-
ity shock, εAi,t, is realized and the payment system closes. The bank’s reserve
balance at that time is Rpsc

i,t = Rbod
i,t +Bi,t−Bi,t−1+ ε̂

M
i,t+ ε̂

A
i,t, where ε̂

M
i,t and ε̂

A
i,t

are the realized liquidity shocks and Bi,t−1 is predetermined. For simplicity,
it will be assumed in the following that Bi,t−1 = 0. Once the payment system
is closed, the bank may have recourse to the standing facilities, i.e. it may
borrow from the borrowing facility (BFi,t > 0) or it may deposit (excess)
reserves in the deposit facility (DFi,t > 0), so that net recourse to stand-
ing facilities is SFi,t = BFi,t − DFi,t. Bank i’s end-of-day reserve balance
thus is Reod

i,t = Rpsc
i,t + SFi,t and it is said to have met reserve requirements if

Reod
i,t ≥ Di,t.

Optimal Bank Behavior

The model’s simple set-up allows us to analyze the impact of reserve require-
ments and payments uncertainty on banks’ demand for end-of-day reserve
balances and money market participation by means of a representative bank.
The bank faces two decision problems. At noon, it needs to decide on the
amount of reserves to be borrowed or lent in the interbank money market;
and after the payment system has closed, it has to decide on the optimal use
of standing facilities.

Once the payment system is closed, there is no uncertainty left so that
optimal recourse to standing facilities is trivial. Three cases may be dis-
tinguished, depending on whether Rpsc

i,t is equal, larger or smaller than the
reserve requirement:

(1) Rpsc
i,t = Di,t

The bank meets reserve requirements precisely and there is no need for
having recourse to either of the standing facilities.

(2) Rpsc
i,t > Di,t

The bank has more reserves than required and it will deposit excess
reserves into the deposit facility, i.e. DFi,t = Rpsc

i,t −Di,t.

(3) Rpsc
i,t < Di,t

In order to avoid a reserve deficiency the bank will borrow the necessary
amount from the borrowing facility, i.e. BFi,t = Di,t −Rpsc

i,t .

Of course, recourse to standing facilities entails opportunity costs. For
instance, excess reserves earn only the deposit rate idt , which is (usually) less
than what the bank could have earned by lending these funds overnight in
the interbank money market. Similarly, if the bank needs to borrow from
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the borrowing facility in order to avoid a reserve deficiency, this is (usually)
more costly than if it had borrowed these funds overnight in the interbank
money market. Ex post, opportunity costs are thus equal to DFi,t(it − idt )
and BFi,t(i

b
t − it), respectively. The bank’s challenge then is that ex ante,

that is at the time of market clearing, it does not yet know the realization of
the second liquidity shock; the bank thus faces uncertainty about its reserve
position after the close of the payment system.

At the time of market clearing, the bank needs to decide on the amount
to be borrowed or lent in the interbank money market, taking into account
the direct borrowing costs (or lending revenues) as well as the impact on
the reserve position after the close of the payment system and hence on the
likelihood of whether it will have to use either of the two standing facilities.
Obviously, the probability of ending up with excess reserves (or a reserve
deficiency) is an increasing (decreasing) function of the amount borrowed in
the market. Note that the reserve position after the close of the payment
system can be written as Rpsc

i,t = Rmc
i,t +Bi,t + εAi,t, where R

mc
i,t = Rbod

i,t + ε̂Mi,t is
the reserve position the bank observes just before it enters the market. The
probability of a reserve deficiency after the close of the payment system can
thus be written as Pr[εAi,t ≤ Di,t −Rmc

i,t −Bi,t], or alternatively as ΓεA(Di,t −
Rmc

i,t − Bi,t), where ΓεA denotes the cumulative distribution function of the
afternoon liquidity shock. The bank’s value or expected profit function thus
takes the following form:

Vi,t = max
Bi,t

Et(Πi,t) = −itBi,t − Et(ci,t), (3.2)

where the first term reflects the costs (revenues) from borrowing (lending)
reserves in the market and ci,t is the opportunity cost associated with the use
of standing facilities. Note that at the time of market clearing the expected
opportunity costs can be written as

Et(ci,t) = ibt
∫ Di,t−Rmc

i,t −Bi,t

−∞

(
Di,t −Rmc

i,t −Bi,t − εAi,t
)
ψ(εA)

− idt
∫∞
Di,t−Rmc

i,t −Bi,t

(
Rmc

i,t +Bi,t + εAi,t −Di,t

)
ψ(εA)

where ψ(εA) is used as a shortcut for γεA(ε
A) dεA.

As shown in Appendix 2.1, the first order condition for profit maximiza-
tion in Equation (3.2) yields

Bi,t = (Di,t −Rmc
i,t )− Γ−1

εA

(
it − idt
ibt − idt

)
, (3.3)
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where Γ−1 is the inverse of the cumulative distribution function. For idt ≤
it ≤ ibt the argument of the function Γ−1

εA
(·) is in the interval [0, 1] and bank

i’s borrowing function is thus well defined.23

The first term on the right hand side of Equation (3.3) reveals that op-
timal borrowing depends on the reserve position just before market clearing
in relation to the reserve requirement. For instance, the larger the gap be-
tween the reserve requirement and the current reserve position, the more the
bank will borrow in the interbank market. As a consequence, two banks that
are subject to the same reserve requirement but have different reserve posi-
tions prior to market clearing—for instance because they had different initial
balances or because they experienced different realizations of the morning liq-
uidity shock—will have the same reserve positions just after market clearing
if they borrow according to Equation (3.3). Accordingly, prior to the real-
ization of the afternoon liquidity shock, they will have the same—optimal—
probabilities of having recourse to either of the two standing facilities. The
interbank market thus serves to optimally distribute available reserves among
banks.

The comparative statics of Equation (3.3) reveal that, as expected, bor-
rowing decreases with the level of the overnight rate, i.e.

∂Bi,t

∂it
= − σεA

κφ
(

Bi,t+Rmc
i,t −Di,t

σ
εA

) < 0,

where φ(·) is the probability density function of a standard normal variable
and κ = ibt−idt is the spread between the borrowing rate and the deposit rate.
In particular, borrowing depends on the position of the overnight rate within
the corridor defined by the two standing facilities and the degree of payment
uncertainty. This is shown in Figure 3.3, where it is assumed that the deposit
rate and the borrowing rate are 3% and 5% respectively and, for simplicity,
Rmc

i,t = Di,t. Whenever the overnight rate is exactly in the middle of the
interest rate corridor, that is if it = (ibt + idt )/2, optimal borrowing is zero,
irrespective of the level of payment uncertainty. In other words, the bank
borrows in the market that amount of reserves which is necessary to target
zero end-of-day excess reserves (Et

[
Rpsc

i,t −Di,t

]
= 0). In contrast, whenever

the overnight rate is above or below the middle of the corridor, optimal
borrowing depends on the degree of payment uncertainty. For instance, if
the overnight rate is in the lower part of the corridor, optimal borrowing

23For any random variable x ∼ N(µx, σ
2
x), the inverse of the cumulative distribution

function, Γ−1
x (a), is well defined over the support a ∈ [0, 1], increasing in a and Γ−1

x (0.5) =
µx.
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increases with the level of payment uncertainty. Similarly, if the overnight
rate is in the upper part of the corridor, optimal lending increases with the
level of payment uncertainty. To put it differently: The higher the payment
uncertainty, the higher the elasticity of reserve demand.

Figure 3.3: Payment Uncertainty and Optimal Borrowing
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It is also important to stress that for a given width of the interest rate
corridor and a specific degree of payment uncertainty, optimal borrowing
depends only on the relative position of the overnight rate within the corridor
but not on the absolute level of either of these rates. For instance, in the
example above with deposit and borrowing rates of 3% and 5% respectively,
optimal borrowing at an overnight rate of say 4.5% would be exactly the
same as if the standing facility rates and the overnight rate were all shifted
up or down in parallel by 1%.

The Market Clearing Interest Rate

We now turn to the determination of the equilibrium overnight rate, that is
the price at which supply of and demand for reserves in the interbank market
coincide. In this respect, note that the model’s assumptions regarding the
market microstructure imply that the the market clearing interest rate is
easily obtained by averaging Equation (3.3) over all banks and applying
the market clearing condition

∑
iBi,t = 0. Denoting Dt = 1

n

∑
iDi,t and

Rmc
t = 1

n

∑
iR

mc
i,t as the per capita reserve deficiency and the per capita

reserve balance at the time of market clearing24, respectively, the market
clearing overnight rate is

24Note that we have assumed that n, the number of banks, is large but finite. If there was
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it = ibt ΓεA (Dt −Rmc
t ) + idt [1− ΓεA (Dt −Rmc

t )] . (3.4)

The equilibrium overnight rate thus equals the weighted average of the bor-
rowing rate and the deposit rate, with the weights corresponding to the
probabilities of the representative bank having a reserve deficiency or excess
reserves after the closing of the payment system, respectively. Equation (3.4)
also reveals that the market clearing overnight rate lies exactly in the middle
of the corridor defined by the standing facilities if and only if Rmc

t = Dt.
Whenever the amount of reserves available to the banks is below the level
of reserve requirements, the overnight rate tends to be in the upper part
of the corridor, whereas the overnight rate tends to be in the lower part if
the amount of reserves exceeds reserve requirements. In line with the classic
liquidity effect, the overnight rate is thus a decreasing function of Rmc

t .
It is instructive to explore how the probabilities of a reserve deficiency and

excess reserves—and consequently the equilibrium overnight rate—depend on
the degree of payment uncertainty, which is captured by the variance of the
afternoon liquidity shock. The relationship between payment uncertainty and
the equilibrium interest rate is illustrated in Figure 3.4 for different values of
Gmc

t = Rmc
t −Dt.

With the exception of the special case when Gmc
t = 0, the degree of

payment uncertainty apparently affects the market clearing interest rate.
For instance, for Gmc

t = −20, the red line shows how the market clearing
overnight rate decreases with the degree of payment uncertainty. The ex-
planation is as follows. On the one hand, in case of relatively low payment
uncertainty, it is unlikely that the afternoon liquidity shock will turn out
to be sufficiently large to lift the bank’s reserve position above the level of
required reserves. It is thus very likely that banks end up with a reserve
deficiency (i.e. Rpsc

i,t < Di,t), which will have to be covered by borrowing from
the borrowing facility. Therefore, banks are willing to borrow funds in the
interbank money market even if the overnight rate they have to pay is only
marginally below the central bank’s borrowing rate. On the other hand, in
case of relatively high payment uncertainty, the probability of realizing a liq-
uidity shock which is sufficiently large to avoid a reserve deficiency is higher.
As a consequence, banks bid less aggressively for funds and the market clear-
ing overnight rate is closer to the middle of the corridor.25 Vice versa, when

a continuum of banks with measure one, i.e. i ∈ [0, 1], the per capita reserve deficiency
and the per capita reserve balance at the time of market clearing would be defined as

Dt =
∫ 1

0
Di,t d and Rmc

t =
∫ 1

0
Rmc

i,t d.
25For instance, with Di,t = 100 and Rmc

i,t = 80, a bank’s probability of incurring a
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Figure 3.4: Payment Uncertainty and the Market Clearing Interest Rate
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where G
t
mc = R

t
mc − D

t

Rmc
t is larger than required reserves (see e.g. the yellow line), high payment

uncertainty implies that a reserve deficiency is more likely than in case of
low payment uncertainty, and hence the market clearing overnight rate tends
to be closer to the middle of the corridor. Finally, in the special case when
Rmc

t = Dt and hence Gmc
t = 0 (see the blue line), the probabilities of in-

curring a reserve deficiency or ending up with excess reserves are both 0.5,
irrespective of whether payment uncertainty is low or high. Therefore, in this
case, the market clearing overnight rate is simply (ibt + idt )/2. The impact of
very low and very high payment uncertainty on the market clearing overnight
rate can also be summarized as follows:

lim
σ
εA

→0
ΓεA(Dt −Rmc

t ) =


0 for Rmc

t > Dt and hence it = idt ,

0.5 for Rmc
t = Dt and hence it =

ibt+idt
2
,

1 for Rmc
t < Dt and hence it = ibt ,

and

lim
σ
εA

→∞
ΓεA(Dt −Rmc

t ) = 0.5 for Rmc
t R Dt and hence it =

ibt + idt
2

.

reserve deficiency after the close of the payment system is 0.977 for σεA = 10, whereas for
σεA = 100 the probability is only 0.579. The associated market clearing overnight rates
are 4.95% and 4.16%, respectively.
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Reserve Maintenance Period with Averaging

We now turn to the more interesting case in which reserve requirements have
to be complied with on average over a T -day reserve maintenance period.
On every day t = 1, 2, . . . , T , the bank has to decide on borrowing or lending
in the interbank market. Just before market clearing on day t, the bank’s
situation can be summarized by two state variables: the remaining reserve
deficiency, Di,t, and the current reserve position, Rmc

i,t . These state variables,
which can be summarized as Si,t = (Di,t, R

mc
i,t ), evolve according to the fol-

lowing processes:

Di,t = max[0, Di,t−1 −Reod
i,t−1], t = 2, . . . , T, (3.5)

and

Rmc
i,t = Rmc

i,t−1 + ε̂Ai,t−1 + ε̂Mi,t . (3.6)

Regarding the process in (3.5), note that the total reserve requirement for the
maintenance period, Di,1, is exogenous and reserve requirements are met if
Di,T+1 = 0. Also, once the deficiency is zero it remains zero for the remainder
of the maintenance period. The bank is then said to be “locked-in” and any
additional reserves held overnight are excess reserves. Regarding the process
in (3.6), it is important to note that neither borrowing or lending in the
interbank market nor the potential recourse to either of the standing facilities
on day t affect the bank’s reserve position at the time of market clearing on
day t+ 1. Indeed, since these transactions have overnight maturity and any
funds are returned before market clearing the following day, they only affect
the end-of-day reserve position on day t. The intertemporal evolution of Rmc

i,t

is therefore an exogenous process, driven solely by the realizations of the
cumulated liquidity shocks.

In general, a bank’s decisions and expected profits will not only depend
on Si,t but also on market-wide factors, which at the time of market clearing
on day t is captured by the state variables St = (Dt, R

mc
t ), the per capita

reserve deficiency and the per capita reserve position. Note that the per
capita state variables evolve according to the following processes:

Dt = max[0, Dt−1 −Reod
t−1], t = 2, . . . , T,

and
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Rmc
t = Rmc

t−1 + η̂At−1 + η̂Mt ,

where η̂At−1 and η̂
M
t are the realized per capita autonomous liquidity shocks.26

The timing of events in the course of the day is the same as in the previous
section (see Figure 3.2). However, banks face an additional constraint due
to the fact that overnight overdrafts are not allowed. In order to avoid
overdrafts, a bank will have to borrow from the borrowing facility whenever
Rpsc

i,t < 0, irrespective of whether reserve requirements have been already
fulfilled or not. For simplicity, the rates for the standing facilities are assumed
to be constant throughout the reserve maintenance period, so that we can
simply write ib and id for the the borrowing and the deposit rate, respectively.

Last Day of the Reserve Maintenance Period

On the last day of the reserve maintenance period, the analysis is very similar
as in the case of a one-day reserve maintenance period. The value or expected
profit function is

Vi,T (Si,T , ST ) = max
Bi,T

ET (Πi,T ) = −iTBi,T − ET (ci,T ) , (3.7)

with

ET (ci,T ) = ib
∫ Di,T−Rmc

i,T−Bi,T

−∞

(
Di,T −Rmc

i,T −Bi,T − εAi,T
)
ψ(εA)

− id
∫∞
Di,T−Rmc

i,T−Bi,T

(
Rmc

i,T +Bi,T + εAi,T −Di,T

)
ψ(εA).

The first order condition then readily yields

Bi,T = Bi,T (Si,T , ST ) = (Di,T −Rmc
i,T )− Γ−1

εA

(
iT − id

ib − id

)
(3.8)

and the market clearing overnight rate is

iT = iT (ST ) = ib ΓεA (DT −Rmc
T ) + id [1− ΓεA (DT −Rmc

T )] . (3.9)

26Note that by definition the idiosyncratic components of cumulated liquidity shocks
cancel each other out, so that the per capita cumulated liquidity shock is equal to the
per capita autonomous liquidity shock (e.g. ε̂At−1 = η̂At−1). See Appendix A.1.2 for further
explanations.
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The interpretation and the comparative statics of Equations (3.8) and (3.9)
are the same as in the case of the one-day reserve maintenance period above.
Moreover, one might ask: What is the marginal value of starting day T with
an additional unit of reserves or a lower reserve deficiency? Substituting
optimal borrowing from Equation (3.8) into the value function (3.7), it is
easy to see that

∂Vi,T (Si,T , ST )

∂Rmc
i,T

= −∂Vi,T (Si,T , ST )

∂Di,T

= iT . (3.10)

This result is quite intuitive: Assuming that the bank is a net lender in
the market on day T , an additional unit of reserves might be loaned out
in the market, earning the market interest rate iT . Similarly, if the reserve
deficiency is one unit lower, the bank might lend one unit more in the market,
also earning the market interest rate iT .

It should be stressed that these results do not depend on whether an
individual bank or even the market as a whole starts day T with a positive
or a zero reserve deficiency. For instance, if Di,T = 0, it is still optimal for
bank i to borrow in the market according to Equation (3.8), as doing so will
minimize the expected opportunity costs of ending the day either with an
overdraft or excess reserves. Also, even if Di,T = 0 ∀ i and hence DT = 0,
the market clearing interest rate is still determined according to Equation
(3.9). That is, even if all banks have satisfied their reserve requirement
for the current maintenance period by the end of the penultimate day, the
equilibrium overnight rate on day T may be well above the floor set by id,
at least if the per capita level of reserves in the market is sufficiently low
and there is a positive probability that some banks will incur an end-of-day
overdraft.

Previous Days

We now turn to the analysis of banks’ behavior and the implications for mar-
ket clearing overnight rates on earlier days in the reserve maintenance period.
In general, the value function in Bellman’s equation takes the following form:

Vi,t(Si,t, St) = max
Bi,t

Et(Πi,t + Vi,t+1), (3.11)

where

Πi,t = −itBi,t − ci,t
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is the profit in period t and

Et(ci,t) = ib
∫ −Rmc

i,t −Bi,t

−∞

(
−Rmc

i,t −Bi,t − εAi,t
)
γεA(ε

A) dεA

− id
∫∞
Di,t−Rmc

i,t −Bi,t

(
Rmc

i,t +Bi,t + εAi,t −Di,t

)
γεA(ε

A) dεA.
(3.12)

The first term in Equation (3.12) is the cost of an overdraft at the end of day
t, whereas the second term reflects the cost that arises if the bank ends up
with reserves in excess of its reserve deficiency. From an ex post perspective,
the bank incurs an overdraft if the afternoon liquidity shock is sufficiently
small (so that Rpsc

i,t < 0), and it ends up with excess reserves if the shock is
sufficiently large (so that Rpsc

i,t > Di,t). In case the realization of εAi,t falls in
between, the bank will not use either of the standing facilities so that ci,t = 0.

In the following it is necessary to differentiate whether the bank starts
day t with a zero or a positive reserve deficiency. Let us first analyze the
situation in which it has a zero reserve deficiency (Di,t = 0). In this case,
borrowing or lending an additional unit in the market affects only Πi,t, but
not Vi,t+1. Indeed, since the reserve requirement is already fulfilled (so that
Di,t+1 = 0) and funds borrowed or lent on t have to be returned the next day
(so that Rmc

i,t+1 does not depend on Bi,t), the bank’s value function on t + 1
is not affected, that is

∂Et(Vi,t+1)

∂Bi,t

∣∣∣∣
Di,t=0

= 0.

Moreover, it is readily verified that

− ∂Et(ci,t)

∂Bi,t

∣∣∣∣
Di,t=0

= ib ΓεA
(
−Rmc

i,t −Bi,t

)
+ id

[
1− ΓεA

(
−Rmc

i,t −Bi,t

)]
.

The first order condition for the maximization problem in Equation (3.11)
thus yields

Bi,t = −Rmc
i,t − Γ−1

εA

(
it − id

ib − id

)
. (3.13)

Furthermore, if Di,t = 0 ∀i, the market clearing interest rate on day t is

it = ib ΓεA (−Rmc
t ) + id [1− ΓεA (−Rmc

t )] .
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Therefore, if all banks are locked-in by the end of day t−1, overnight rates on
the remaining days of the maintenance period depend solely on the respective
per capita level of reserves on these days.

Now assume that Di,t > 0. Contrary to the case before, the decision on
Bi,t now affects Di,t+1 and thus the value function on t + 1. In particular,
depending on the realization of the shock εAi,t, which directly affects Rpsc

i,t , the
reserve position after closing of the payment system, Vi,t+1(Si,t+1;St+1) may
take the following values:

Vi,t+1(·) =


Vi,t+1(Di,t, R

mc
i,t+1;St+1) if Rpsc

i,t < 0,

Vi,t+1(Di,t −Rpsc
i,t , R

mc
i,t+1;St+1) if 0 < Rpsc

i,t < Di,t,

Vi,t+1(0, R
mc
i,t+1;St+1) if Rpsc

i,t > Di,t.

Therefore, we may write

Et [Vi,t+1(Si,t+1;St+1)] =
∫ −Rmc

i,t −Bi,t

−∞ Et

[
Vi,t+1(Di,t, R

mc
i,t+1;St+1)

]
ψ(εA)

+
∫ Di,t−Rmc

i,t −Bi,t

−Rmc
i,t −Bi,t

Et

[
Vi,t+1(Di,t −Rmc

i,t −Bi,t − εAi,t, R
mc
i,t+1;St+1)

]
ψ(εA)

+
∫∞
Di,t−Rmc

i,t −Bi,t
Et

[
Vi,t+1(0, R

mc
i,t+1;St+1)

]
ψ(εA)

so that

∂Et[Vi,t+1(·)]
∂Bi,t

=
∂Et[Vi,t+1(·)])

∂Di,t+1
· ∂Di,t+1

∂Bi,t

= −
∫ Di,t−Rmc

i,t −Bi,t

−Rmc
i,t −Bi,t

∂Et[Vi,t+1(Di,t+1,R
mc
i,t+1;St+1)]

∂Di,t+1
γεA(ε

A) dεA.

The first order condition to the optimization problem in Equation (3.11) then
is

it = ϕ1
i,t i

b + ϕ3
i,t i

d

−
∫ Di,t−Rmc

i,t −Bi,t

−Rmc
i,t −Bi,t

∂Et[Vi,t+1(Di,t+1,R
mc
i,t+1;St+1)]

∂Di,t+1
γεA(ε

A) dεA,
(3.14)

where ϕ1
i,t = ΓεA

(
−Rmc

i,t −Bi,t

)
and ϕ3

i,t = ΓεA
(
Rmc

i,t +Bi,t −Di,t

)
are the

probabilities of incurring on day t an end-of-day overdraft or excess reserves,
respectively. Regarding the third term on the right hand side, note that
the integrand −∂Et [Vi,t+1(·)] /∂Di,t+1 measures the impact of a marginally
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lower reserve deficiency on t+ 1 on future profits. From Equation (3.10) we
already know that for t + 1 = T , −∂Et [Vi,T (·)] /∂Di,T = Et(iT ). However,
for t+ 1 < T , the impact of a lower reserve deficiency is twofold. First, with
probability ϕ3

i,t+1 the bank will accumulate excess reserves on t+1 and remain
locked-in until the end of the maintenance period (i.e. Di,τ = 0 for τ ≥ t+ 2
and thus −∂Et [Vi,t+2(·)] /∂Di,t+2 = 0). In this case, the value of starting day
t+1 with a marginally lower reserve deficiency is id. Second, in all other cir-
cumstances, the lower reserve deficiency will be carried over into the next day
with the impact on future profits being captured by −∂Et [Vi,t+2(·)] /∂Di,t+2.
Therefore, the law of motion of ∂Et [Vi,t+1(·)] /∂Di,t+1 can be written as

∂Et[Vi,t+1(·)]
∂Di,t+1

= −ϕ3
i,t+1 i

d

+
∫ Di,t+1−Rmc

i,t+1−Bi,t+1

−∞
∂Et[Vi,t+2(·)]

∂Di,t+2
γεA(ε

A) dεA,

for t+ 1 ≤ T − 1, and

∂Et[Vi,T (·)]
∂Di,T

= −Et (iT ) .

(3.15)

The first order condition in Equation (3.14) implicitly defines bank i’s
demand for reserves in the market. The intuition is straightforward: When
deciding on the amount to be borrowed in the market, the bank equates
the marginal cost of borrowing an additional unit of reserves, which is the
current market interest rate it, to its marginal value. The marginal value
is a weighted average of the value of an additional unit of reserves after the
realization of the shock εAi,t:

(1) In case the bank incurs an end-of-day overdraft, which happens with
probability ϕ1

i,t, the marginal value is equal to ib since it will have
to borrow one unit of reserves less from the central bank’s borrowing
facility.

(2) In case the bank ends up with excess reserves, which happens with
probability ϕ3

i,t, the marginal value is id since it will be able to deposit
an additional unit of reserves in the central bank’s deposit facility.

(3) In intermediate cases, which happen with probability ϕ2
i,t = 1−ϕ1

i,t−ϕ3
i,t,

the bank accumulates reserves without having recourse to either of the
two standing facilities. The marginal value of an additional unit of
reserves is then measured by the impact of a lower reserve deficiency
on future profits, captured by the expression −∂Et [Vi,t+1(·)] /∂Di,t+1.
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Unfortunately, Equation (3.14) does not allow to compute the value of a
bank’s optimal borrowing explicitly, nor is it possible to derive the explicit
market clearing condition. Rather, in general, optimal borrowing and the
market clearing condition must be derived using numerical methods. Never-
theless, a closer inspection of the first order condition allows to draw some
interesting qualitative conclusions regarding both the dynamics of overnight
rates and the pattern of banks’ reserve demand within the maintenance pe-
riod.

Intertemporal Dynamics of the Overnight Rate

First of all, note that for t = T − 1, the first order condition (3.14) simplifies
to

iT−1 = ϕ1
i,T−1 i

b + ϕ3
i,T−1 i

d + ϕ2
i,T−1ET−1 (iT ) ,

thus establishing a close link between the overnight rate on T − 1 and the
overnight rate expected to prevail on the last day of the maintenance period.
In particular, provided the probabilities of both an overdraft and excess re-
serves on T − 1 are negligible, it is readily verified that the overnight rate is
expected to follow—at least approximately—a martingale, i.e. ET−1 (iT ) ≃
iT−1. Moreover, as shown in Appendix A.2.2, by recursively substituting the
law of motion in Equation (3.15) into Equation (3.14), for t < T − 1 the first
order condition can be reformulated as

it = ϕ1
i,t i

b

+
[
ϕ3
i,t + ϕ2

i,tϕ
3
i,t+1 + ϕ2

i,t

∑T−1
τ=t+2

(
ϕ3
i,τ

∏τ−1
s=t+1

(
1− ϕ3

i,s

))]
id

+ ϕ2
i,t

∏T−1
τ=t+1

(
1− ϕ3

i,τ

)
Et (iT ) .

(3.16)

The overnight rate on day t thus depends on: (i) ϕ1
i,t, the probability of

incurring an overdraft on day t, (ii) ϕ2
i,t, the probability of not having recourse

to either of the two standing facilities on day t, and (iii) {ϕ3
i,τ}T−1

τ=t , that is
the daily probabilities of becoming locked in between t and T − 1. Again,
provided the probabilities of incurring an overdraft and becoming locked-in
before the last day of the maintenance period are negligibly small, Equation
(3.16) reveals that it ≃ Et (iT ), i.e. within the reserve maintenance period
the overnight rate follows approximately a martingale.

Under the martingale hypothesis, the overnight rate on day t equals the
overnight rate that is expected to prevail on the last day of the maintenance
period. Therefore, from Equation (3.9) it is obvious that it depends on the
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expected values of DT and Rmc
T . Specifically, and as shown in Appendix

A.2.3, in combination with Equation (3.9) the martingale hypothesis implies
that

it ≃ Et (iT ) = ibΦ

(
µt√
1 + σ2

t

)
+ id

[
1− Φ

(
µt√
1 + σ2

t

)]
, (3.17)

where

µt ≡ Et

(
DT −Rmc

T

σεA

)
=
Dt − (T − t+ 1)Rmc

t

σεA

and

σ2
t ≡ V art

(
DT −Rmc

T

σεA

)
=

∑T−t
j=1

[
j2σ2

ηM + (j + 1)2σ2
ηA

]
σ2
εA

are the expectation and the variance of the standardized per capita reserve
shortfall or surplus on day T , with information as of market clearing on
day t.27 Apparently, the expected standardized reserve shortfall (or sur-
plus) depends exclusively on the current per capita reserve balance (Rmc

t )
and the current per capita reserve deficiency (Dt); the variance reflects the
uncertainty about the effective values of Rmc

T and DT , which is due to the
autonomous liquidity shocks that will be realized after market clearing on
day t. Clearly, the larger the variance of the individual autonomous liquidity
shocks, the more uncertainty there is about the reserve shortfall (or surplus)
that will prevail on day T .

Looking at a specific example allows to gain some further insights on these
results, so assume that Equation (3.17) is evaluated for t = 7 and T = 10.
Then, it is obvious that the overnight rate i7 is in the upper (lower) part
of the interest rate corridor, whenever there is an expected reserve shortfall
(surplus); it is exactly in the middle if and only if µ7 = 0.

Moreover, to see how interest rates depend on the relative size of au-
tonomous and cumulated liquidity shocks, assume that the variances of the
autonomous liquidity shocks are equal to one (σ2

ηM = σ2
ηA = 1). It is then pos-

sible to show that if µ7 > 0 and hence i7 >
ib+id

2
, µ7/

√
1 + σ2

7—the argument
in the cumulative distribution function in Equation (3.17)—is decreasing in

27If µt > 0, there is an expected reserve shortfall; if µt < 0, there is an expected reserve
surplus.
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σ2
εA . This implies that for a given size of the expected reserve shortfall, an

increase in σ2
εA will push i7 down towards the middle of the interest rate

corridor. Similarly, if µ7 < 0, an increase in σ2
εA will push i7 up towards the

middle of the corridor.
Finally, note that σ2

t is a decreasing function of t, which reflects the
fact that the closer one gets to the end of the maintenance period, the less
uncertainty there is about the market conditions that will prevail on day T .
This trivial result has a less obvious corollary, namely that the overnight
rate might change from one day to the other, even though the expectation
regarding the market conditions on the last day of the maintenance period
remains unaltered. To see why, assume that as of day 7 there is an expected
reserve shortfall (µ7 > 0) and that the realized autonomous liquidity shocks
η̂A7 and η̂M8 are such that µ8 = µ7. Then, since σ2

7 > σ2
8, it follows that

µ7/
√

1 + σ2
7 < µ8/

√
1 + σ2

8 and thus E7(i10) < E8(i10). The intuition of this
result is related to the fact that between market clearing on days 7 and 8
some uncertainty is removed. Therefore, although the size of the predicted
reserve shortfall has not changed, by the time of market clearing on day
8 it has become more likely that the predicted reserve shortfall for day 10
will effectively materialize, simply because there remain fewer autonomous
liquidity shocks that could turn the predicted reserve shortfall into a reserve
surplus. This, in turn, is correctly captured by an increase in the overnight
rate from day 7 to day 8.

The Pattern of Reserve Demand

Intuitively, the pattern of banks’ reserve demand over the maintenance period
is closely related with the evolution of the measures associated with the prob-
abilities of having recourse to either of the standing facilities. To get a better
understanding of this relationship, let us assume for the time being that de-
mand for reserves is constant, in which case banks would intend to meet re-
serve requirements by holding the same end-of-day balances throughout the
maintenance period. For instance, on the first day of the maintenance pe-
riod, bank i would then choose Bi,1 such that the expected end-of-day reserve
balance is Di,1/T . As time goes on, the bank would adjust the target end-of-
day balance in reaction to realized liquidity shocks, but for a given reserve
deficiency Di,t, it would simply borrow or lend the amount of reserves which
is necessary to bring the target end-of-day balance in line with the average
reserve deficiency, or more formally: Et

(
Rpsc

i,t

)
= Rmc

i,t +Bi,t = Di,t/(T−t+1).

With a constant demand for reserves, it follows that Et

(
Rpsc

i,t

)
= Et

(
Rpsc

i,τ

)
,

for τ = t + 1, . . . T . Hence, as of market clearing on day t, the probability
of incurring an end-of-day overdraft on any of the remaining days within the
maintenance period is the same, i.e. ϕ1

i,t = ϕ1
i,τ . The measure of that proba-

bility depends on the level of the target end-of-day reserve balance relative
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to the standard deviation of the cumulated afternoon liquidity shock. In
particular, note that if Et

(
Rpsc

i,t

)
> 3 σεA , then ϕ

1
i,t is essentially zero.

It is straightforward to show that the constant reserve demand allows to
minimize the expected borrowing costs associated with end-of-day overdrafts
over the whole maintenance period (see proof in Appendix A.2.4). But this
reserve demand pattern also implies that the probability of becoming locked-
in is increasing over time (i.e. ϕ3

i,t+1 ≥ ϕ3
i,t). Indeed, at the beginning of the

maintenance period, it is very unlikely that the bank ends up with excess
reserves (i.e. ϕ3

i,t ≃ 0 for t≪ T ). But as the bank accumulates reserves over
time, the remaining reserve deficiency is getting smaller and consequently,
towards the end of the maintenance period, the probability of realizing a
liquidity shock sufficiently large to become locked-in is getting higher. In
case the reserve deficiency effectively becomes zero before the end of the
maintenance period, the bank looses the ability for intertemporal optimiza-
tion. Henceforth, reserve demand is determined by Equation (3.13) and the
bank will either incur an end-of-day overdraft or accumulate further excess
reserves, both of which is costly. Expected profits over the remainder of the
maintenance period are thus lower than if the bank was not locked-in.

Clearly, the likelihood of becoming locked-in could be reduced by postpon-
ing reserve demand, that is by targeting relatively lower end-of-day reserve
balances in the beginning of the maintenance period and relatively higher
end-of-day reserve balances towards the end (so called back-loading). How-
ever, the incentives for back-loading are curtailed by two factors. First, as any
other deviation from the constant reserve demand pattern, back-loading im-
plies higher expected borrowing costs associated with end-of-day overdrafts.
For instance, if a bank was to reduce the target end-of-day balance during
the first days of the maintenance period to very low levels, the probabil-
ity of being affected by a negative liquidity shock that is sufficiently large
to induce an end-of-day overdraft would increase significantly. Second, to
the extent that shifts in reserve demand are not perfectly accommodated
by corresponding shifts in reserve supply, significant back-loading would put
downward pressure on overnight rates in the beginning of the maintenance
period and upward pressure towards the end; the overnight rate would thus
exhibit a predictable upward trend.28 To exploit these predictable changes
in borrowing costs, banks would shift reserve demand towards the beginning
of the maintenance periods, thereby counteracting the initial back-loading.

28Note that in this section, reserve supply is assumed to be an exogenous process,
driven solely by autonomous liquidity shocks. As these shocks have mean zero, the supply
of reserves is expected to remain constant.
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Still, if back-loading led to predictable changes in overnight rates, the
martingale hypothesis would clearly be rebutted. It needs to be stressed,
however, that the (approximate) martingale property of overnight rates rests
was established under the assumption that the probabilities of incurring an
end-of-day overdraft or becoming locked-in are negligible, and if this is the
case, there is no incentive for back-loading reserve demand in the first place.
Now, whether it is reasonable to assume that these probabilities are negligible
depends on the size of cumulated afternoon liquidity shocks in relation to
the level of reserve requirements.29 If reserve requirements are relatively
low, a bank’s target end-of-day balances are also low and it is thus more
likely that, on any day during the maintenance period, a negative liquidity
shock of given size will cause an end-of-day overdraft. Similarly, with low
reserve requirements, it is more likely that a bank becomes locked-in due to a
large positive liquidity shock, especially towards the end of the maintenance
period when the remaining reserve deficiency is getting smaller. In contrast,
when reserve requirements and thus also the target end-of-day balances are
relatively high, overdrafts as well as lock-in situations occur less frequently,
it at all.

Table 3.1: Reserve Requirements and Recourse to Standing Facilities

Total Reserve Requirement (Di,1)

500 1,000 2,000 3,000 4,000

t ϕ1
i,t ϕ3

i,t ϕ1
i,t ϕ3

i,t ϕ1
i,t ϕ3

i,t ϕ1
i,t ϕ3

i,t ϕ1
i,t ϕ3

i,t

1 .306 .000 .158 .000 .023 .000 .001 .000 .000 .000
2 .318 .001 .162 .000 .024 .000 .001 .000 .000 .000
3 .328 .013 .167 .000 .025 .000 .001 .000 .000 .000
4 .339 .042 .172 .000 .025 .000 .002 .000 .000 .000
5 .353 .092 .179 .002 .027 .000 .002 .000 .000 .000
6 .367 .159 .187 .010 .030 .000 .002 .000 .000 .000
7 .383 .238 .197 .038 .033 .000 .003 .000 .000 .000
8 .397 .325 .215 .104 .040 .003 .004 .000 .000 .000
9 .410 .411 .240 .238 .055 .056 .008 .008 .001 .001
10 .500 .500 .499 .501 .500 .500 .499 .501 .498 .502

Notes:

ϕ1
i,t: Probability that bank i has recourse to the borrowing facility on day t.

ϕ3
i,t: Probability that bank i has recourse to the deposit facility on day t.

29Note that what matters is the size of a bank’s cumulated afternoon liquidity shocks,
and not the size of autonomous liquidity shocks.
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The relationship between reserve requirements and the recourse to stand-
ing facilities is evident in Table 3.1, which summarizes the results of a simu-
lation exercise. Holding the standard deviation of the cumulated afternoon
liquidity shock constant at 100 and assuming that the bank has a constant
demand for reserves, the probabilities of having recourse to either of the
standing facilities on any day during a ten-day maintenance period were es-
timated for different levels of reserve requirements. 100’000 maintenance
periods were simulated for each level of reserve requirement. The simulation
results allow to draw a number of conclusions. First, for a given level of
reserve requirements, the probability of using the deposit facility increases
over time. This is because as the reserve deficiency is getting smaller, the
likelihood of incurring a sufficiently large positive liquidity shock increases
day by day. Second, for a given level of reserve requirements, the proba-
bility of having recourse to the borrowing facility also increases over time.
Note that this is a direct consequence of the first observation: If the bank
gets locked-in—which becomes more likely in the course of the maintenance
period—, the target end-of-day balance is set to zero and the (conditional)
probability for incurring an overdraft is .5 on all remaining days. Third, on
any day other than the last day of the maintenance period, the probability of
an overdraft decreases with the level of reserve requirements. For instance,
if total reserve requirements are 500, on day one the bank’s target balance is
50 and the associated overdraft probability is about .306. In contrast, when
the total requirement is 4,000 and the day one target balance thus is 400, the
probability of an end-of-day overdraft is essentially zero. Fourth, on any day
other than the last day of the maintenance period, the probability of excess
reserves decreases with the level of reserve requirements. For instance, on
day 9, with total reserve requirements of 1,000, the bank will have excess
reserves in about 23.8% of all maintenance periods, whereas when the total
requirement is 3,000, the corresponding figure is only .8%. Fifth, on the last
day of the maintenance period, the probabilities of having recourse to the
borrowing or the deposit facility are .5, irrespective of the level of reserve re-
quirements or whether the bank is locked-in or not. This is because the bank
will target zero excess reserves, and due to the symmetric liquidity shocks
the chances that it will end up with a reserve shortfall or excess reserves
are fifty-fifty. Finally, and maybe most importantly, Table 3.1 shows that if
the average daily reserve requirement exceeds the standard deviation of the
cumulated afternoon liquidity shocks by a factor of three or more, the prob-
abilities of having recourse to either of the standing facilities on days other
than the last day of the maintenance period are negligible. Therefore, pro-
vided that reserve requirements are relatively high, one may conclude that,
first, it is reasonable to assume that banks’ demand for end-of-day balances



The Market for Reserves 95

is fairly constant over the maintenance period, and second, the martingale
hypothesis provides a good approximation for the intertemporal dynamics of
the overnight rate.

3.3 The Supply of Reserves

Having analyzed in detail the factors that determine banks’ demand for re-
serves and the market clearing overnight rate in the interbank money market,
we now need to take a closer look at the supply side of the market for re-
serves. Section 3.3.1 starts by analyzing the central bank’s balance sheet,
which will allow us to better understand how monetary policy operations
and autonomous liquidity factors affect the level of banks’ reserves with the
central bank. Subsequently, Section 3.3.2 discusses some practical aspects
of central banks’ liquidity management and demonstrates how the money
market model developed in Section 3.2.2 can be augmented by integrating
the central bank’s open market operations.

3.3.1 The Central Bank’s Balance Sheet

As discussed in Section 3.1, the central bank’s influence on monetary condi-
tions is ultimately derived from its monopoly on the supply of central bank
money and, in particular, on the supply of reserves. To understand the factors
that determine the supply of reserves it is essential to understand the central
bank’s balance sheet.30 Because central banks’ balance sheets typically differ
from each other not only in terms of numbers but also in the positions or
items which are included, the detailed analysis of a particular balance sheet
requires often substantial knowledge about the operations and the peculiari-
ties of the respective central bank. Nevertheless, any central bank’s balance
sheet may be simplified by regrouping all items into four main categories:
(i) autonomous liquidity factors, (ii) open market operations, (iii) standing
facilities, and, as a residual, (iv) banks’ reserves with the central bank. Table
3.2 illustrates such a stylized balance sheet.
For the implementation of monetary policy, the most important item in the
balance sheet is banks’ reserves with the central bank (D.1). Obviously, D.1
is affected by all monetary policy operations, i.e. open market operations
and the use of standing facilities. For instance, the provision of liquidity to

30The relationship between central banks’ balance sheets and monetary policy implemen-
tation is also reviewed in Allen (2004), Bindseil (2004a) and Borio (1997). The balance
sheet of the ECB is analyzed by Bindseil and Seitz (2001), the Fed’s balance sheet by
Hamilton (1998) and Fullwiler (2003).
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Table 3.2: Stylized Central Bank Balance Sheet

A. Autonomous liquidity factors

A.1 Foreign assets (incl. gold) A.4 Banknotes in circulation
A.2 Investment assets A.5 Government deposits
A.3 Other assets A.6 Capital and reserves

A.7 Other liabilities

B. Open market operations

Liquidity providing operations Liquidity absorbing operations
B.1 Reverse operations B.4 Reverse operations
B.2 Securities held outright B.5 Issued debt certificates
B.3 Other B.6 Other

C. Standing facilities

C.1 Borrowing facility C.2 Deposit facility

D. Residual

D.1 Banks’ reserves
– Required reserves
– Excess reserves

the banking sector by means of a repo transaction implies a simultaneous
increase in B.1 and D.1. In this respect, a useful concept to summarize all
factors that influence banks’ reserves and which are under the control of the
central bank’s implementation desk is the net policy position (NPP). In terms
of the stylized balance sheet in Table 3.2, the NPP can be written as

NPP = (B.1 + B.2 + B.3)− (B.4 + B.5 + B.6) + C.1− C.2.

The NPP is sometimes also referred to as the banking system’s liquidity
position vis-à-vis the central bank. A structural liquidity deficit—which is
equivalent to a positive NPP—is often regarded as desirable for the imple-
mentation of monetary policy. A structural liquidity deficit implies that
commercial banks will typically have a positive demand for reserves, so that
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the central bank can easily stipulate the terms on which it is willing to supply
reserves via open market operations. In contrast, when there is structural
liquidity surplus, the marginal demand for reserves is zero or negative and
the central bank needs to withdraw reserves from the market. In these cir-
cumstances, the central bank can still exert influence on monetary conditions
as marginal taker of central bank money, for instance by absorbing liquidity
from the market by selling securities outright or by means of reverse repos.
However, since commercial banks have no obligation to buy the securities
which the central bank offers or to engage in reverse repos at the proposed
conditions, the central bank’s influence on short-term interest rates might be
less powerful as in the case when there is a liquidity shortage in the bank-
ing system. Therefore, to the extent that a central bank prefers to conduct
liquidity-providing rather than liquidity-absorbing open market operations,
a structural liquidity deficit is desirable because it ensures that banks need
to refinance themselves regularly by borrowing from the central bank.

A straightforward way to increase the structural liquidity deficit is by es-
tablishing or increasing reserve requirements.31 However, it should be noted
that even in the case of a structural liquidity surplus the central bank may
be able to conduct regular liquidity-providing short-term open market oper-
ations, provided it engages in liquidity-absorbing long-term open market op-
erations. For instance, by issuing debt certificates with long maturity (which
increases B.5) or by selling securities outright (which decreases B.2) it is pos-
sible to withdraw liquidity from the banking system for an extended period of
time or even permanently, respectively. Liquidity can then be re-injected by
means of regular short-term open market operations such as repos. There-
fore, in practice it might be useful to distinguish between short-term and
long-term operations, with short-term operations defined as all operations
with a maturity of less than one or three months.

It is important to note that the level of banks’ reserves is affected not only
by monetary policy operations but also by so-called autonomous liquidity
factors, which summarize the items on the central bank’s balance sheet that
reflect other central bank functions such as the issuance of banknotes, the
management of foreign assets or the banking services provided for the trea-
sury and other government entities. A distinguishing feature of autonomous
liquidity factors thus is that they are determined neither by the central bank’s
implementation desk nor its counterparties for monetary policy operations.
Rather, they depend on either the behavior of the public, as in the case of

31An increase in reserve requirements implies a one-for-one increase in banks’ demand
for reserves, which can then be satisfied by liquidity-injecting open market operations
(simultaneous increase in D.1 and B.1 or B.2).
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banknotes in circulation, or institutional arrangements that are not under
control of the implementation desk, as is often the case for government de-
posits. The underlying transactions, however, affect banks’ reserve holdings
in the same way as liquidity-providing or liquidity-absorbing monetary policy
operations. The autonomous liquidity position (ALP) may be defined as the
sum of all autonomous liquidity factors, considered as an asset, i.e.

ALP = (A.1 + A.2 + A.3)− (A.4 + A.5 + A.6 + A.7).

By definition of the balance sheet, the level of banks’ reserves can thus be
written as

D.1 = NPP + ALP.

The effect of autonomous liquidity factors on reserves may be illustrated
by two examples: banknotes in circulation and government deposits. Ban-
knotes in circulation is often the largest liability on central banks’ balance
sheets, reflecting their function as issuer of currency. If, for example, the
public’s demand for banknotes increases, the public will procure itself with
banknotes by withdrawing cash at commercial banks’ counters or ATMs.
When commercial banks’ stock of vault cash falls to a critical level, they
will have to exchange reserves for banknotes at the central bank in order
to replenish their vaults and to satisfy their customers’ demand. Central
banks’ supply of banknotes is usually fully elastic, that is banks’ demand for
banknotes is always satisfied, provided they have sufficient funds on their re-
serve accounts to pay for. The increase in the public’s demand for banknotes
thus eventually leads to a substitution of two liabilities on the central bank’s
balance sheet: the item banknotes in circulation (A.4) is credited and the
item banks’ reserves (D.1) is debited.32 What matters for the implementa-
tion of monetary policy is that higher demand for banknotes has reduced the
amount of reserves available to the banking system as a whole, although no
monetary policy operations have been conducted.

The second example refers to government deposits. Central banks often
provide various banking services to the government’s treasury or other public
agencies.33 In particular, the government maintains an account at the central

32Vice versa, the transaction involves a simple asset substitution on commercial banks’
balance sheets, i.e. the item banknotes increases whereas the item reserves with the central
bank decreases.

33In some countries, commercial banks rather than the central bank provide banking
services to the government.
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bank which it may use for all or part of its financial transactions with the
private sector. The collection of taxes provides a good example. Usually,
taxable persons pay their tax liabilities by instructing their bank to transfer
the due amount of money to the government. As a result, the government’s
account at the central bank (A.5) is credited while banks’ reserves (D.1) is
debited. The amount of reserves available to the banking system has thus
decreased. Other regular government operations that affect the level of com-
mercial banks’ reserves are issuances and redemptions of government debt,
coupon payments on government debt, payments related to the purchase of
goods and services by the public sector, the payment of wages to government
employees, or transfers related to social security benefits.

For many central banks, autonomous liquidity factors represent the prin-
cipal source of uncertainty in the assessment of the banking system’s liquidity
needs. One of the main tasks of the implementation desk thus is to forecast
these factors as accurately as possible.34 Forecasts of the individual balance
sheet items are made in different ways and with varying degrees of accuracy.
For instance, banknotes in circulation are typically forecast by statistical
methods, taking into account that the demand for banknotes exhibits differ-
ent patterns and trends. In many countries, one may observe within-week
patterns (demand typically rises before weekends), seasonal patterns (de-
mand usually rises before Christmas or other national holidays and during
the main summer holiday season) or a continuing upward trend reflecting eco-
nomic growth. For the item government deposits, the implementation desk
often needs to rely on the Ministry of Finance for the forecast. But while
the Ministry of Finance has full control over (the timing) of its outgoing
payments, there is often significant uncertainty both on the level and on the
timing of incoming payments such as tax revenues. Forecasts of government
deposits are therefore often inaccurate, even at very short horizons. Other
items such as float may depend on the characteristics of the payment system
and the public’s spending patterns. Float is created whenever the crediting
and debiting of banks’ reserve accounts related to inter-bank payments do
not occur simultaneously.35 This is typically the case for cheque transactions.
In the United States, where cheques are still a very popular retail payment
instrument and the Federal Reserve plays an important role in cheque clear-
ing, float is a significant source of uncertainty regarding autonomous liquidity

34Some central banks provide detailed account on developments of autonomous liquidity
factors and their predictability. A good example is the Federal Reserve Bank of New
York’s annual report on domestic market operations (see e.g. Federal Reserve of New
York Markets Group 2007). Bindseil and Seitz (2001) provide a descriptive as well as an
econometric time series analysis of some autonomous liquidity factors of the ECB.

35In Table 3.2, float is included in the item A.3 (Other assets).
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factors. As physical cheques often need to be delivered by airplane all over
the country, float may raise in case of severe weather conditions. At times,
implementation officers may thus be urged to watch the weather channel in
order to improve their forecast of autonomous liquidity factors.

However, not all changes to autonomous liquidity factors come as a sur-
prise, at least at horizons of less than a few days. For instance, if the central
bank’s asset managers buy or sell bonds or equities to adjust the investment
portfolio or if the central bank intervenes in the foreign exchange market,
these transactions typically settle with a lag of two or three days. Provided
there is an efficient information flow between different central bank depart-
ments, the implementation desk is thus able to anticipate these autonomous
liquidity factors and their effects on reserves very precisely, at least at short
horizons. However, at longer horizons the forecasts of these items are typi-
cally also subject to substantial uncertainty.

To illustrate the magnitude to which uncertainty about autonomous liq-
uidity factors may complicate monetary policy implementation in practice,
Table 3.3 shows the daily changes of autonomous liquidity factors in the Fed’s
balance sheet as well as the implementation desk’s daily forecast misses in
2006. These figures indicate that, on average, daily forecast misses were
slightly below USD 1 billion, but the peak was higher than USD 7 billion.
These absolute values should be seen against the backdrop of the level of to-
tal reserves, which in 2006 were around USD 14.7 billion (of which USD 13.1
billion required reserves and USD 1.6 billion excess reserves). On days when
the impact of autonomous liquidity factors on reserves is overestimated (and
hence the level of actual reserve balances falls short of the predicted value),
it is thus possible that aggregate reserves fall to about half of their usual
level. As the Fed’s implementation desk guesstimates that the level of aggre-
gate balances necessary to maintain a liquid federal funds market is around
USD 11 billion, significant forecast misses thus have the potential to intro-
duce an elevated risk of market illiquidity and temporary upward pressure on
overnight rates (Federal Reserve Bank of New York Markets Group 2007).

In contrast to the Fed, which focuses primarily on one-day forecasts of au-
tonomous liquidity factors, the ECB needs accurate forecasts over a one week
horizon. This is because unlike the Fed, which conducts open market oper-
ations almost daily, the ECB’s main refinancing operations are conducted
only once per week (see also Section 4.1.5). Of course, the forecasting ability
declines with the length of the forecast horizon. In the case of the ECB,
the standard deviation of the one-day forecast error of autonomous liquidity
factors is only EUR 700 million, but for a horizon of six business days the
standard deviation of the accumulated forecast error amounts to EUR 9.2
billion; and on some occasions, the one-week forecast error exceeds EUR 25
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Table 3.3: Daily Changes and Forecast Misses in the Federal Reserve’s Au-
tonomous Liquidity Factors in 2006 (in million US dollars)

Daily Change Daily Forecast Miss

Average Maximum Average Maximum

Banknotes in circulation 927 3,112 186 1,281
Government deposits 585 6,945 404 7,040
Foreign RP pool∗ 805 5,666 176 1,106
Float 1,192 6,853 629 5,624

Net Value∗∗ 1,887 11,747 854 7,524

Source: Federal Reserve Bank of New York Markets Group (2007), Table 2.
∗ The foreign RP pool is an overnight repurchase agreement between the Federal

Reserve System and foreign central banks and international account customers.
The pool is offered to customers as an investment vehicle to help meet their cash
management needs.

∗∗ Net value reflects offsetting movements and forecast misses of all autonomous liq-
uidity factors.

billion (ECB 2006b, González-Páramo 2007). Although these figures need
to be put into perspective by the high level of aggregate reserve balances of
roughly EUR 170 billion, it is clear that large forecast errors have the poten-
tial to affect liquidity conditions in the money market and short-term market
rates, especially towards the end of reserve maintenance periods. This is why
in November 2004 the ECB has started to conduct additional fine-tuning op-
erations on the last day of the maintenance period, with the aim to offset the
potential liquidity imbalances due to forecast errors (see also Section 4.2.2).

3.3.2 Central Bank Liquidity Management

The central bank’s liquidity management is a key element of monetary policy
implementation. Essentially, central bank liquidity management involves the
assessment of the banking system’s demand for liquidity at the intended level
of short-term interest rates and, based on that assessment, the provision or
absorption of liquidity by means of open market operations. In this section,
we will discuss some practical issues related to central bank liquidity man-
agement and augment the money market model developed in Section 3.2.2
by including the central bank’s supply of reserves more explicitly. But before
that, it is expedient to briefly address a more fundamental question: Why
is it that central banks not only determine the price at which liquidity is
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provided to the market, but also the quantity? Autonomous liquidity factors
play a key role in answering that question.

Rationale

For a start, one might argue that if the central bank’s sole concern is the
control of the overnight rate, it could simply conduct open market operations
as fixed rate tenders (with the policy rate set equal to the overnight target
rate) and pre-commit to allot the full amount of bids. The rationale for this
so-called full allotment variant would be as follows: When bidding for reserves
in the fixed rate tender, banks balance the associated cost—which is equal to
the target rate—with the expected cost of borrowing reserves in the interbank
market. If they bid for more (less) reserves than the market as a whole needs
to balance supply and demand in the interbank market at the target rate, the
overnight rate will tend to be below (above) the target rate. It would then
be less costly to bid less (more) in the tender and borrow more (less) in the
interbank market. Hence, in equilibrium, banks are expected to bid exactly
that amount at which the costs of borrowing from the central bank and the
costs of borrowing in the interbank market are equal; the expected overnight
rate would thus be equal to the target rate. This raises the question why, in
practice, the total allotment is determined by central banks (discretionary
allotment policy).36 The answer is that for the full allotment policy to be
preferable, two conditions need to be met: First, banks must have a better
forecast of autonomous liquidity factors than the central bank, and second,
banks must be able to coordinate their bids. In the following, we will argue
that both conditions are usually not met.

Regarding the first condition, Hayek’s insight that information is dis-
persed among many economic agents would suggest prima facie that banks
as a group should be able to come up with a better forecast of autonomous
liquidity factors than the central bank. However, there are a number of rea-
sons why in the case under consideration the implementation desk’s forecast
is most likely more accurate. First, the implementation desk has privileged
(or private) information about the central bank’s own financial transactions
and about the government’s payments, two key autonomous liquidity factors.
Moreover, since adequate forecasts of autonomous liquidity factors are of
greater importance to the central bank than to individual banks, one should
expect that the central bank is inclined to invest more resources into fore-
casting these factors. Finally, even if all commercial banks had very reliable
information on how they were going to be affected by autonomous liquid-

36The full allotment variant was applied, however, by the Bundesbank in the 1950s and
by the Bank of Finland in the years preceding 1999 (Bindseil and Nyborg 2008).
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ity factors individually, there is no mechanism in place that easily allows to
aggregate the scattered information.

The second condition relates to the inherent coordination problem in
the bidding process. Indeed, even if banks knew the amount to bid for on
aggregate—irrespective of whether they come up with the better forecast of
autonomous liquidity factors or the central bank publishes its own (superior)
forecast ex ante—it remains unclear how they would ensure that the sum of
individual bids coincides with the intended level. Altogether, it thus seems
that both conditions are hardly ever met in practice and, consequently, it is
preferable to have the central bank determine the amount of reserves to be
supplied to the market. Otherwise, there is a high risk that banks bid for way
too much or little than the market actually needs, with corresponding adverse
impact on interest rate volatility. Having thus established that managing the
aggregate supply of reserves is a core central bank function, the remainder
of this section will examine some practical issues of central bank liquidity
management by means of a numerical example.

Practical Issues

Consider a central bank that conducts regular open market operations by
means of weekly repos with one week maturity. The amount of liquidity
provided (or absorbed) thus affects banks’ reserve balances for one week. In
order to determine the size of the operation, the implementation desk needs
to assess banks’ demand for reserves and how supply factors will evolve over
the next week. The main factor relevant for banks’ demand for reserves are
reserve requirements, whereas the main factors that will affect the supply
of reserves are autonomous liquidity factors and repos which mature in the
course of the relevant time horizon.

Assume further that the reserve maintenance period lasts 30 days, ag-
gregate (total) reserve requirements are 3,000, banks’ aggregate reserve de-
ficiency (ARD) at the end of the 23th day is 750, and the central bank’s
balance sheet can be summarized as follows: ALP = −57, NPP = 150, and
thus D.1 = 93. On the 24th day of the maintenance period, a Wednesday,
a repo transaction matures, withdrawing 75 reserves. On the same day, the
implementation desk is about to conduct the last regular repo transaction
before the end of the current reserve maintenance period. The implemen-
tation desk’s forecast of the autonomous liquidity position until the end of
the reserve maintenance period is summarized in the second column in Ta-
ble 3.4. Moreover, assuming that the maturing repo is simply rolled over,
in which case the net policy position remains constant throughout the re-
mainder of the reserve maintenance period (see third column), columns four
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and five show how the level of reserves and the aggregate reserve deficiency
are expected to evolve. Also note that reserves held on Fridays count three
times towards the fulfillment of reserve requirements and that, for simplicity,
banks’ recourse to standing facilities is expected to be zero.

Table 3.4: Liquidity Forecasts

Expected Expected Expected Expected

Day within RMP ALP NPP reserves ARD

24 (Wed) −60 150 90 660

25 (Thu) −62 150 88 572
26 (Fri) −67 150 83 323
29 (Mon) −67 150 83 240
30 (Tue) −64 150 86 154

Notes: RMP: reserve maintenance period. ALP: autonomous liquidity position. NPP:
net policy position. ARD: aggregate reserve deficiency (at the end of the day).

Since aggregate reserve balances at the end of the 23th day are relatively
low compared with the aggregate reserve deficiency, and since the (expected)
decrease in the autonomous liquidity position will drain further reserves,
banks are expected to terminate the reserve maintenance period with a re-
serve shortfall of 154.37 Whether such a significant reserve shortfall is in line
with the central bank’s interest rate target depends on the overall opera-
tional framework for monetary policy implementation. For instance, assume
that the operational framework is such that overnight rates stay at or near
the target rate only if the expected reserve shortfall is zero. Then, given
the forecast of the autonomous liquidity position, the implementation desk
should seek to conduct a repo transaction of size 97 on day 24. Taking into
account the maturing transaction of size 75, this transaction would inject
additional 22 reserves over the remainder of the maintenance period, exactly
what is needed to achieve a zero reserve shortfall.

As a matter of course, if the forecasts of autonomous liquidity factors
turn out to be wrong, there will be either too few or too many reserves in
the market, with corresponding impact on short-term interest rates. For in-
stance, if over the relevant time period autonomous liquidity factors drain
less reserves than anticipated, there will be a reserve surplus and short-term

37Of course, from an ex post perspective, on the last day of the maintenance period
banks would use the borrowing facility in order to cover the reserve shortfall, thereby
increasing the net policy position and the level of reserves in Table 3.4.
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interest rates will tend to fall below the target level. This explains why cen-
tral banks devote considerable resources to forecasting autonomous liquidity
factors. In general, the time horizon over which autonomous liquidity fac-
tors need to be forecast will depend on various details of the operational
framework such as the length of the reserve maintenance period and the fre-
quency and maturity of regular open market operations. For instance, the
appropriate forecast horizon increases with the length of the reserve main-
tenance period and decreases with the frequency of regular operations, with
the minimum horizon being at least as long as the time period between two
consecutive regular open market operations.

The preceding discussion highlights the crucial role of central bank liquid-
ity management for effective monetary policy implementation. In particular,
it shows that in order to maintain control of short-term interest rates the im-
plementation desk may need to pursue a specific reserves supply path, which
is typically implemented by means of adequately structured and sized open
market operations. But even though the implementation desk may have a
clear view of how the level of reserves should evolve, especially within a re-
serve maintenance period, the intended reserve supply path should not be
confounded with the central bank’s operational target. Rather, it merely
reflects the fact that, taking all other elements of the operational framework
as given, there is a straightforward inverse relationship between the level of
reserves and the overnight interest rate, i.e. the central bank’s true opera-
tional target. Pursuing a specific reserves supply path is thus not an end
itself, but only a means to an end. Indeed, the level of reserves as such is
not of great economic importance, quite contrary to the level of short-term
interest rates. For instance, consider what would happen in case the level of
required reserves and thus the demand for reserves were to double from one
maintenance period to the other. All else equal, the implementation desk
would simply increase the intended reserve supply path by a factor of two.
To the extent that doing so is indispensable to maintain the overnight rate at
the (unaltered) target level, the doubling of reserve balances as such has no
major economic consequences, and on no account should it be considered as
a relaxation of the monetary policy stance. Therefore, changes in the supply
of reserves cannot and should not be interpreted independently, rather they
need to be analyzed within the context of a specific operational framework.

Augmenting the Money Market Model

In the money market model developed in Section 3.2.2, the central bank’s role
in determining the supply of reserves was left aside. Although this allowed to
better focus on some demand-side related issues, it goes without saying that
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any comprehensive model of the money market needs to take due account of
the impact of central bank’s open market operations on money market condi-
tions and, in particular, on banks’ expectation formation and their behavior.
Indeed, to the extent that the operational framework allows for intertempo-
ral arbitrage (e.g. due to averaging provisions), banks’ behavior—and thus
also the equilibrium overnight rate—is strongly affected by their expectations
about the central bank’s future operations.

In order to model explicitly the role of central banks in general and of
open market operations in particular, we need to make a few assumptions
and introduce some additional notation. Regarding the timing of open mar-
ket operations, it seems reasonable to assume that they take place after the
opening of the payment system but before realization of the morning liquid-
ity shock (see Figure 3.5). This is in line with most central banks’ practice
of conducting their operations early in the morning. For convenience, but
without affecting any of the results, it is further assumed that open mar-
ket operations are settled without any delay and at the same time as any
maturing repos.

Figure 3.5: Timing of Events

A repo transaction between the central bank and bank i conducted on
day t and maturing m days later is denoted as Li

t,t+m; the corresponding per
capita repo transaction thus is Lt,t+m = 1

n

∑
i L

i
t,t+m. Moreover, also on a per

capita basis, the sum of all repo transactions conducted earlier but maturing
on day t is denoted as L̄t =

∑∞
j=1 Lt−j,t. The net per capita impact of open

market operations on the supply of reserves on day t thus is Lt,t+m − L̄t.
38

Furthermore, all open market operations are conducted as fixed rate tenders,
with iomo

t,t+m denoting the tender rate for a repo with m-day maturity.
The implementation desk is assumed to pursue a so-called neutral allot-

ment policy. An allotment is said to be neutral if the allotted amount of
reserves is such that the expected overnight rate equals the current overnight

38Note that it is assumed that the central bank does not conduct repos with different
maturities on the same day. However, this does not imply that the maturity must be the
same every day.
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target rate i∗t ∈ [id, ib]. To the extent that different paths of reserve supply
are in line with the neutral allotment policy, it is further assumed that the
implementation desk has a preference for supplying reserves as smoothly as
possible over the remainder of a reserve maintenance period. Finally, the im-
plementation desk’s allotment policy is assumed to be known by all banks,
which is a reasonable assumption for any central bank that has published the
details of its operational framework.

One-Day Reserve Maintenance Period

With a one-day reserve maintenance period, it is natural to assume that the
implementation desk adjusts the supply of reserves on a daily basis by means
of overnight repos. The size of the repo transaction directly affects Rmc

t and
thus the market clearing overnight rate, which is determined according to
Equation (3.4). But due to the autonomous liquidity shock in the morning,
which is realized only after the central bank’s open market operation, Rmc

t

and thus also the overnight rate are stochastic in nature and cannot be
perfectly controlled. The implementation desk’s objective thus is to chose
the (neutral) allotment Ln

t,t+1 such that the overnight rate is expected to
trade at the target rate, i.e. Eto(it) = i∗t , where Eto reflects that expectations
are conditioned on information available at the time of conducting the open
market operation on day t. As shown in Appendix A.2.5, the neutral (per
capita) allotment then is

Ln
t,t+1 = L̄t +Dt −Rbod

t − Φ−1

(
i∗t − id

ib − id

)
σεA

√
1 +

σ2
ηA

σ2
εA

. (3.18)

Three observations are noteworthy. First, the higher the target rate is located
within the corridor corridor defined by the two standing facilities, the less
liquidity the central bank needs to supply; the neutral allotment is thus
decreasing in i∗t . Second, in case the target rate corresponds to the midpoint
of the interest rate corridor, the last term on the right hand side of Equation
(3.18) is zero and the implementation desk’s task in determining the neutral
allotment is considerably simplified. In particular, and in contrast to when i∗t
is either below or above the midpoint, the central bank does not need to know
the variances of the various liquidity shocks in order to achieve—at least on
average—the target overnight rate. This explains why having two standing
facilities that provide a symmetric corridor around the overnight target rate
is an attractive feature of an operational framework. Third, consider briefly
how the neutral allotment would change if the autonomous liquidity shock

ηMt had a non-zero mean, i.e. ηMt ∼ N
(
µηM , σ

2
ηM

)
. In case the autonomous



108 The Market for Reserves

liquidity shock is expected drain (inject) reserves, its impact would be easily
offset by a one-to-one increase increase (decrease) in the neutral allotment:

Ln
t,t+1 = L̄t +Dt −Rbod

t − µηM − Φ−1

(
i∗t − id

ib − id

)
σεA

√
1 +

σ2
ηA

σ2
εA

.

Having established what the neutral allotment is, there remains the ques-
tion whether the central bank is also able to implement that allotment, that
is whether banks’ aggregate bids in the tender are at least as high as the ag-
gregate neutral allotment. Indeed, as will be shown in more detail in Chapter
7.3, with fixed rate tenders, this is generally the case, provided that the ten-
der rate does not exceed the target rate, i.e. iomo

t,t+1 ≤ i∗t . The explanation is
straightforward. Consider first the case where iomo

t,t+1 > i∗t . Since the central
bank will allot whatever is required to bring the expected overnight rate in
line with the target rate, for any bank individually it would be profitable not
to participate in the tender but to borrow later on at the lower rate in the
interbank market. As a result, there will be underbidding and the imple-
mentation desk will not be able to allot the neutral amount. By comparison,
when iomo

t,t+1 < i∗t , there will be strong overbidding since borrowing from the
central bank is cheaper than the expected interbank rate. Finally, when
iomo
t,t+1 = i∗t , banks are indifferent between borrowing from the central bank
or in the market. However, they know that if bids fall short of Ln

t,t+1, the
market rate will exceed the target rate; it is thus preferable to bid sufficiently
high so that the neutral allotment can be implemented.

Reserve Maintenance Period with Averaging

To investigate central bank liquidity management in the case of reserve av-
eraging, assume that the maintenance period lasts T days and the imple-
mentation desk conducts repo transactions with maturity of m days on a
regular basis. To ease the exposition, assume further that there are no
weekends or other holidays, T/m is an integer, repos are conducted on days
1, 1 +m, 1 + 2m, . . . , T + 1−m, and the implementation desk has a prefer-
ence for a stable reserve supply path. Moreover, the overnight target rate as
well as the borrowing and the deposit rate are not changed throughout the
maintenance period. Then, provided that the overnight rate follows at least
approximately a martingale, it can then be shown that the neutral allotment
is (see Appendix A.2.6)

Ln
t,t+m = L̄t +

Dt

T − t+ 1
−Rbod

t − Φ−1

(
i∗ − id

ib − id

)
σεA
√

1 + σ2
t , (3.19)
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where

σ2
t =

T−t−1∑
j=1

j2σ2
ηM +

T−t−1∑
j=2

j2σ2
ηA .

Again, if the target rate coincides with the midpoint of the interest rate
corridor defined by the standing facilities, the last term on the right hand side
of Equation (3.19) is zero and the implementation desk’s neutral allotment
reduces to

Ln
t,t+m = L̄t +

Dt

T − t+ 1
−Rbod

t .

What are the implications for the dynamics of overnight rates? First
of all, note that before the last open market operation is conducted, the
overnight rate is simply equal to the target rate. Indeed, as long as there is
no reason to doubt that the implementation desk will allot reserves according
to Equation (3.19) on T+1−m, the overnight rate expected to prevail on day
T equals the target rate and thus, by the virtue of arbitrage, prior overnight
rates should also be equal to the target rate. However, once the last open
market operation has taken place, the overnight rate should reflect the impact
of autonomous liquidity factor shocks on the expected reserve shortfall or
surplus on the last day of the maintenance period. For instance, if there
are negative shocks to autonomous liquidity factors, banks will anticipate a
reserve shortfall, which will be immediately reflected by a rise in the current
overnight rate. The extent of that rise in overnight rates will depend both
on the size of the realized shocks and on the variance of (future) liquidity
shocks. The volatility pattern of overnight rates through the maintenance
period is thus quite simple: Volatility is zero throughout day T −m, and it
starts to increase as of day T +1−m, reaching the peak on day T . Of course,
by conducting another open market operation on day T (e.g. an overnight
repo transaction), the implementation desk could further curb interest rate
volatility: Overnight rates would then be flat at the target rate throughout
T − 1, and only the last day of the maintenance period would see some
potential deviation of the overnight rate from the target rate.
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3.4 Conclusions

This chapter has reviewed the main elements and peculiarities of the market
for reserves. In particular, the discussion has focused on the factors that
determine commercial banks’ demand for intraday liquidity and end-of-day
reserves, banks’ behavior in the interbank money market and how central
banks manage the supply of reserves. Moreover, this chapter has introduced
an analytical framework that allows to study the link between banks’ demand
for and the central bank’s supply of reserves and how they jointly affect
the market clearing (overnight) interest rate. In the following, the main
conclusions for the implementation of monetary policy in general and for the
design of an effective and efficient operational framework in particular are
summarized.

First, based on the analysis of modern payment arrangements and, in
particular, the functioning of large-value payment systems, it is evident that
banks meet their payment related demand for intraday liquidity primarily by
means of (typically interest free) intraday credits. This implies that banks’
participation in the interbank money market and in the central bank’s open
market operations is primarily motivated by their need to manage their end-
of-day reserve positions.

Second, banks’ demand for end-of-day reserve balances stems exclusively
from reserve requirements and the uncertainty about payment flows. More-
over, the pattern of banks’ intertemporal reserve demand depends crucially
on various institutional features of the operational framework. In particular,
important elements affecting the demand for reserves are the level of reserve
requirements, whether reserve requirements allow for averaging over the re-
serve maintenance period, the costs associated with reserve deficiencies and
end-of-day overdrafts, the conditions for borrowing (depositing) reserves from
the borrowing facility (at the deposit facility), and banks’ expectations re-
garding the central bank’s supply of reserves within the reserve maintenance
period.

Third, due to intertemporal arbitrage and banks’ optimizing behavior,
overnight interest rates within a reserve maintenance period are closely linked.
In particular, the overnight rate exhibits an (approximate) martingale be-
havior if the probabilities of incurring an end-of-day overdraft or becoming
locked-in before the last day of the maintenance period are negligible. This
is the case if the level of reserve requirements is sufficiently high in relation
to the daily liquidity or payment shocks faced by individual banks.

Fourth, on the supply side, autonomous liquidity factors affect the supply
of reserves and hence might interfere with the central bank’s liquidity man-
agement. When determining the size of open market operations needed in
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order to keep the overnight rate at or near the target rate, the implementation
desk needs to accurately take into account the impact of autonomous liquid-
ity factors as well as banks’ demand pattern for reserves. In this respect,
an important finding is that—under the assumption that banks’ liquidity
shocks are symmetrically distributed—the central bank’s liquidity manage-
ment is considerably facilitated if the overnight target rate corresponds to
the midpoint of the interest rate corridor defined by the standing facilities.

Overall, the theoretical and practical considerations reviewed in this chap-
ter thus provide various valuable hints regarding the design of an effective
and efficient operational framework. The next chapter, which takes a closer
look at central banks’ practical arrangements for monetary policy implemen-
tation, will provide further useful indications.
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Chapter 4

The Operational Framework of
Major Central Banks

The preceding chapters have analyzed some fundamental issues regarding
monetary policy implementation from a rather general and theoretical per-
spective. An in-depth analysis of how monetary policy is implemented in
practice is thus the logical next step. But given that the universe of cen-
tral banks is relatively large, any review of existing arrangements needs to
be limited to a manageable number of central banks. As the purpose of
this study is to propose an effective and efficient operational framework for
central banks operating in well developed financial markets, it is clear that
attention should be directed only on central banks of countries or currency
areas for which this criteria is fulfilled. Moreover, the selection of central
banks to be reviewed should be such that it includes to the extent possible
different approaches to monetary policy implementation. For these reasons,
this chapter focuses on the operational framework of the following five central
banks: the Reserve Bank of Australia (RBA), the European Central Bank
(ECB), the Swiss National Bank (SNB), the Bank of England (BoE), and
the Federal Reserve System (Fed).

The survey proceeds in three steps, going back and forth in time. First,
Section 4.1 provides a cross-sectional overview of the arrangements in place
at the beginning of 2007, that is just before the financial turmoil set in. Most
notably, this overview reveals some astonishing differences between the five
operational frameworks. Then, recognizing that some of these differences
have historical reasons, Section 4.2 goes back in time and reviews each cen-
tral bank’s experience with the implementation of monetary policy during
the years prior to 2007, with particular emphasis on those episodes that even-
tually led to changes to specific operational frameworks. Finally, Section 4.3
reviews the most recent experiences and lessons learned during the financial
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crisis. Together, these reviews of the different arrangements and the experi-
ences in both normal times and during times of severe market stress provide
a number of valuable insights for the design of an effective and efficient op-
erational framework. These findings are summarized in Section 4.4.

4.1 Cross-Sectional Overview

This section reviews and compares the arrangements for monetary policy
implementation by the selected central banks, reflecting the situation as of
early 2007. The review is structured along the main elements of the op-
erational framework. The first subsection reviews the operational targets,
the following subsections then take a closer look at the institutional details
of monetary policy instruments, i.e. reserve requirements, standing facilities
and open market operations.

4.1.1 Operational Targets

A short-term interest rate is used as operational target by all five central
banks (see Table 4.1). This corroborates the view that de facto monetary
policy is interest rate policy. Three central banks (RBA, BoE and the Fed)
officially use the overnight rate as operational target.1 The ECB is also under-
stood to target the overnight rate, although it has never formally announced
any operational target. However, given that the EONIA (Euro OverNight
Index Average) is the only reference rate calculated in the euro area, one
may conclude that at least de facto the overnight rate serves as the ECB’s
operational target. This view is supported by the first ECB’s annual re-
port, where it says that allotment decisions in open market operations were
oriented towards ensuring an average interbank overnight rate close to the
tender rate (ECB 1999). The only central bank not focusing on overnight
rates is the SNB, which instead targets a longer-term money market interest
rate, the three-month Libor in Swiss francs.

It is worth emphasizing some differences in terms of communication and
signalling of the monetary policy stance. The RBA, the BoE and the Fed
explicitly announce the current target for the overnight rate. For instance,
after each meeting of the Federal Open Market Committee (FOMC), the
Fed announces the current federal funds rate target. In contrast, the ECB’s
policy stance is signalled by means of official interest rates, i.e. the ECB’s

1In some currency areas the overnight rate may be labeled differently. In particular, it
is called interbank cash rate in Australia, Euro OverNight Index Average (EONIA) in the
euro area, and federal funds rate in the United States.
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Governing Council announces the current rates for the standing facilities and
the minimum bid rate for participating in open market operations. But to
the extent that the overnight rate is closely linked to the minimum bid rate,
the target level for the overnight rate can be inferred straightforwardly. Fi-
nally, instead of announcing a specific target level, the SNB indicates a target
range of 100bp for the three-month Libor. However, the SNB’s policy state-
ments typically specify that it intends to keep the three-month Libor near the
midpoint of the target range.2 The relatively wide target range reflects the
fact that the three-month Libor is affected by interest rate expectations and,
consequently, is less directly controllable than an interest rate with shorter
maturity, say the overnight rate. Moreover, being the central bank of a small
and very open economy, the SNB has often stressed that by the announce-
ment of a wide target range, it has more leeway to react flexibly to exchange
rate shocks without signalling an immediate change in its monetary policy
stance (see e.g. Baltensperger, Hildebrand and Jordan 2007).

Usually, target rates are changed only on the occasion of scheduled mon-
etary policy meetings. The frequency of these meetings varies from monthly
(RBA, ECB and BoE) to quarterly (SNB). The Fed’s FOMC meets eight
times a year, i.e. roughly every six to seven weeks. However, all central
banks reserve the right to adjust the target rate at any time, e.g. in reaction
to market turbulence or if there is a sudden change in the perception of the
overall economic situation or outlook.

For illustration purposes, Figure 4.1 illustrates the target rates and the
effective money market interest rates in the five currencies under scrutiny over
the last few years.3 Even without any statistical analysis, three phenomena
are visible with the naked eye. First of all, all central banks seem to have been
quite successful in keeping money market interest rates close to the target
level, at least on average. Second, in some currencies the volatility of market
rates is apparently larger than in others. And third, for some currencies
such as the pound sterling, there seem to be structural breaks in terms of
money market volatility. This chapter’s review of operational frameworks
will contribute to understand these and other interesting phenomena.

2The only exception occurred during the near zero interest rate period from March
2003 until June 2004, when the SNB temporarily reduced the target range to 75bp and
intended to hold the three-month Libor in the lower part, i.e. at around 25bp.

3In line with the SNB’s policy statements, the (inofficial) target for the CHF three-
month Libor is assumed to be the midpoint of the announced target range (except for
the period from 6 March 2003 until 16 June 2004, when the SNB intended to keep the
CHF three-month Libor in the lower part of the target range). For the ECB, the target
is assumed to be the announced policy rate (minimum bid rate).
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Figure 4.1: Official Target and Money Market Interest Rates
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Table 4.1: Key Features of Operational Targets

RBA ECB SNB BoE Fed

Type

– Short-term interest rate • • • • •
– Other

Maturity
– Overnight • •1 • •
– Other •1

Precision
– Point target • •1 • •
– Target range •2

Communication
– Explicit announcement • •3 • •
– Tender rate •
– Standing facilities •
Frequency of monetary 1m1 1m 3m 1m 6w
policy decisions

Notes:

RBA: 1First Tuesday of every month, except in January.

ECB: 1Not explicitly communicated.

SNB: 1Three-month Libor. 2Range of 100bp. 3SNB announces in which area of the
range it intends to keep the three-month Libor.

4.1.2 The Use of Monetary Policy Instruments

At the outset of the following review of the three monetary policy instru-
ments, it is important to stress some fundamental differences in the use of
these instruments by the five selected central banks. Most notably, and in
contrast to the other central banks, the RBA does not impose reserve re-
quirements (see Table 4.2). Australian banks’ reserves at the RBA are thus
entirely voluntary reserves or excess reserves, maintained for the sole purpose
of facilitating the settlement of payments.

Moreover, there are is some disparity regarding the reliance on standing
facilities. While all central banks have in place a borrowing facility, only
three (RBA, ECB and BoE) also provide a facility to deposit (excess) re-
serves. Finally, open market operations are used by all central banks, but
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as the detailed analysis will show, the specific use varies from one central
bank to another, particularly with respect to the frequency and maturity of
operations.

Table 4.2: Use of Monetary Policy Instruments

RBA ECB SNB BoE Fed

Reserve requirements • • • •

Standing facilities
– Borrowing facility • • • • •
– Deposit facility • • •
Open market operations • • • • •

4.1.3 Reserve Requirements

Within our sample, four central banks make use of reserve requirements
(ECB, SNB, BoE and Fed). However, the following comparison of the reserve
requirement regimes adopted by these central banks will reveal some fine
distinctions, notably in terms of the purpose of reserve requirements, the
calculation and fulfillment of reserve requirements, the remuneration policy
and the penalties applied in case of reserve deficiencies (see also Table 4.3).

Purpose

With respect to the rationale for the imposition of reserve requirements,
all central banks emphasize that their primary purpose is to facilitate the
implementation of monetary policy. Particularly acknowledged is reserve
requirements’ potential to create or enlarge the demand for reserves and to
increase the interest rate elasticity of reserve demand. Moreover, all central
banks allow reserves that are maintained (overnight) for reserve requirement
purposes to be used (intraday) for the settlement of payments in the LVPS.
Reserve requirements thus contribute—at least indirectly—to the smooth
functioning of the LVPS by ensuring a minimum level of liquidity.

Although seigniorage would be another potential reason for imposing re-
serve requirements, no central bank officially refers to this function. Nev-
ertheless, for the SNB and the Fed, which both refrain from remunerating
required reserves, rasing revenue may be at least a welcome side-effect.
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Table 4.3: Key Features of Reserve Requirements

ECB SNB BoE Fed

Purpose

– Monetary policy implementation • • • •
– Settlement of payments • • • •
– Seigniorage • •
Method of calculation
– Based on balance sheet • • 1 •1
– Reserve ratio (in %) 2 2.5 1 0–10
– Calculation period end-m end-m1 2w

Fulfillment
– Averaging • • • •
– Point target • •
– Flexible target •2 •2
– Length of maintenance period ∼1m 1m ∼1m 2w
– End-day of maintenance period var.1 19th var.3 Wed
– Lag of maintenance period >1m2 20d 2d 16d

Eligible assets
– Reserves • • • •
– Vault cash • •3

Remuneration •3 •4 4

Financial penalties •4 •2 •5 •5

Notes:

ECB: 1Maintenance periods end the day before monetary policy decisions become
effective. 2Balance sheet data referring to the end of a given calendar month
are used to determine the reserve base for the maintenance period starting
in the calendar month two months later. 3Average rate on main refinancing
operations. 4Minimum bid rate plus 2.5%.

SNB: 1Average of the end of the three months preceding the reserve maintenance
period. 2Average one-month Libor during the reserve maintenance period plus
3%.

BoE: 1Reserve target is determined by banks. 2Range of ± 1% around reserve tar-
get. 3Maintenance periods end the day before monetary policy decisions are
announced. 4Repo rate. 5Twice the repo rate.

Fed: 1Banks may voluntarily commit in advance to hold additional clearing balances.
2Allowance to carry-over a reserve deficiency or surplus of up to 4% into the next
maintenance period. 3Applied with a lag of one reserve maintenance period.
4Voluntary clearing balances earn implicit interest in the form of earnings credits
against charges for Federal Reserve priced services, such as check processing and
cash shipments. 5Primary credit rate plus 1%.
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Finally, one should also mention two other potential economic functions
of reserve requirements, namely prudential reasons and the control of broad
money. While these functions are often mentioned in economic textbooks
(see also Chapter 4.1.3), neither of them is used by the reviewed central
banks to justify reserve requirements.

Method of Calculation

Traditionally, reserve requirements have been determined in relation to banks’
balance sheet items, particularly (short-term) liabilities. While the ECB, the
SNB and the Fed still rely on balance sheet data to establish banks’ reserve
requirements, this is no longer the case in the United Kingdom, where the
BoE has recently moved to a regime of voluntary reserve commitments.

The ECB applies a 2% reserve ratio on deposits (overnight deposits, de-
posits with agreed maturity up to two years or redeemable at notice up
to two years) and debt securities with agreed maturity up to two years,
provided these are not vis-à-vis other institutions subject to reserve require-
ments. In the case of the SNB, a reserve ratio of 2.5% applies to the following
balance sheet items: liabilities arising from money market paper maturing
within three months; liabilities vis-à-vis banks payable on sight or matur-
ing within three months provided these banks are not themselves subject to
reserve requirements; 20 percent of all liabilities vis-à-vis customers in the
form of savings or deposits; other liabilities vis-à-vis customers payable on
sight or maturing within three months; and medium-term bank-issued notes
maturing within three months. In the U.S., the reserve base is defined as
net transaction accounts, which equal total transaction accounts (demand
deposits, automatic transfer service accounts, NOW accounts, share draft
accounts, telephone or pre-authorized transfer accounts, ineligible bankers
acceptances, and obligations issued by affiliates maturing in seven days or
less) less amounts due from other depository institutions and less cash items
in the process of collection. The reserve ratio depends on the amount of net
transaction accounts at the depository institution: It is 0% for net transac-
tion accounts up to USD 8.5 million (reserve requirement exemption amount),
3% for net transaction accounts between USD 8.5–45.8 million (low reserve
tranche), and 10% for net transaction accounts of more than USD 45.8 mil-
lion.4 In addition to required reserve balances, banks may contract with the
Fed to hold more balances to facilitate the settlement of transactions through
their accounts. These balances are called contractual clearing balances. Total

4The thresholds of the reserve requirement exemption amount and the low reserve
tranche are adjusted on an annual basis in accordance with the provisions of Section
19(b)(11)(B) and 19(b)(2) of the Federal Reserve Act, respectively.
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reserve requirements thus comprise a regulatory component (required reserve
balances) and a voluntary component (contractual clearing balances).

There are also subtle differences concerning the calculation period for
the reserve base. In the U.S., the reserve base is defined in terms of daily
averages of reservable liabilities over a two week period ending 17 days before
the start of the reserve maintenance period. By contrast, the ECB and SNB
take into account end-of-month data only: In the euro area, balance sheet
data referring to the end of a given calender month are used to determine
the reserve base for the reserve maintenance period starting in the calendar
month two months later; in Switzerland, the reserve base is defined as the
average of the reservable liabilities at the end of the three months preceding
the current reserve maintenance period.

In contrast to the other central banks, reserve requirements in the U.K.
are not calculated in relation to specific balance sheet items. Rather, the
BoE applies a system of voluntary reserve commitments, which allows banks
to decide on the level of reserves they need to hold with the BoE, in the
light of their view of possible shocks to payment flows and their capacity
to manage their need for intraday and overnight liquidity by controlling the
pattern of incoming and outgoing payments in the interbank payment sys-
tem.5 Banks have to commit to their reserve target no later than two working
days before the start of the reserve maintenance period. Hence, despite all
the disparities in calculating reserve requirements, the four central banks’
regimes have one important element in common, namely that the calculation
period precedes the reserve maintenance period (lagged reserve accounting)
and, consequently, reserve requirements are known at the beginning of the
reserve maintenance period.

Irrespective of the various calculation methods, from the perspective of
monetary policy implementtion what matters in the end is the resulting level
of reserves that banks are obliged to maintain (or voluntarily maintain in the
case of banks in the U.K.). For instance, for the last reserve maintenance
period in 2006, the total reserve requirement of Swiss banks was CHF 8.3
billion, whereas the corresponding value for banks in the euro area amounted
to EUR 172.5 billion. Clearly, as the Swiss financial system is much smaller
than the financial system of the euro area, these figures need to be qualified
by some measure that serves as a proxy for the size of the financial system.
Moreover, as will be shown below, a comparison of total reserve requirements
can be misleading due to the fact that in some countries reserve requirements

5However, this decision is not completely free, as the BoE reserves the right to apply a
specific minimum threshold and a ceiling. Initially, the minimum threshold was nil, while
for each bank the reserve target ceiling was the higher of GBP 1 billion and 2% of the
institution’s deposits (excluding deposits with other banks).
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may be satisfied not only by reserves but also by vault cash. Where this is
possible, the effective reserve requirement—that is the level of reserves that
needs to be maintained in the form of reserve balances with the central
bank—is de facto smaller than it appears at first sight.

Fulfillment

With regard to the fulfillment of reserve requirements, the most notable
feature is that all central banks allow for averaging of reserves over the reserve
maintenance period. But while in the euro area and in Switzerland banks
have to maintain a specific amount of reserves over the maintenance period,
the regimes in the Anglo-Saxon countries allow for more flexibility. A target
band of± 1% around the reserve target applies in the U.K., while banks in the
U.S. may make use of so-called carry-over provisions, which allow to carry-
over a reserve deficiency or surplus of up to 4% into the next maintenance
period. Moreover, contractual clearing balances are subject to a band of plus
or minus the greater of USD 25,000 or two percent of the contracted level.

The reserve maintenance period as such also exhibits some disparities. In
the case of the SNB and the Fed, reserve maintenance periods have a fixed
length based on calendar dates: In Switzerland, it lasts one month, starting
on the 20th of one month and ending on the 19th of the following month;
in the U.S., it lasts two weeks, starting on a Thursday and ending on the
Wednesday two weeks later. In contrast, reserve maintenance periods in the
U.K. and in the euro area are aligned with monetary policy meetings: Reserve
maintenance periods begin when monetary policy decisions are announced
or become effective, respectively, and they last until the next meeting of the
monetary policy decision-making committee is scheduled.6 As a result, the
length of reserve maintenance periods is to some extent variable.

Another remarkable distinction is related to the assets eligible to fulfill
reserve requirements. Of course, balances held with the central bank (re-
serves) are eligible in all currency areas. But as noted above, in Switzerland
and the U.S. vault cash is also accepted. As only reserves matter for the
implementation of monetary policy, the eligibility of vault cash may be con-
sidered as a factor reducing the effective reserve requirement. This is partic-
ularly true for the U.S., where vault cash is applied with a lag of one reserve
maintenance period, i.e. vault cash available to satisfy reserve requirements
in the current reserve maintenance period is based on vault cash held dur-
ing the previous reserve maintenance period. This provision ensures that

6Note that in terms of policy rates applied to open market operations, the BoE’s
monetary policy decisions become effective on the day of their announcement, whereas
the ECB’s decisions become effective with a one day lag.
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the level of reserve balances to be held with the Fed—the effective reserve
requirement—is known with certainty at the beginning of the maintenance
period. In contrast, in Switzerland vault cash is applied contemporaneously.
As the precise level of applicable vault cash is typically not known until the
end of the maintenance period, the eligibility of vault cash introduces an ele-
ment of uncertainty with regard to the level of effective reserve requirements,
complicating both the banks’ reserve management and the SNB’s liquidity
management.

Focusing on the last reserve maintenance period in 2006, Table 4.4 pro-
vides an overview of the level of reserve requirements in the four currency
areas.7 It appears that taking into account the eligibility of vault cash implies
a substantial reduction in effective reserve requirements in both Switzerland
and the U.S. In particular, the Fed’s effective reserve requirement is less than
one sixth of the total reserve requirement. In order to allow a comparison of
effective reserve requirements, the absolute values are related to three alter-
native measures that account for the size of the respective financial system:
banks’ total assets, M1, and the daily turnover in the main large-value pay-
ment system. While the resulting percentage values are difficult to interpret
as such, all measures lead to the same conclusion: Effective reserve require-
ments are clearly highest in the euro area, somewhat lower in the U.K., and
significantly lower in Switzerland and the U.S. Comparing the Eurosystem’s
and the Fed’s effective reserve requirements, the former are found to exceed
the latter by a factor of 11 to 33, depending on the measure used.

Examining the level of banks’ total and excess reserves is also instructive
(see Table 4.4, rows 4 and 5).8 In the euro area and in the U.K., the level
of excess reserves is very small, indicating that effective reserve requirements
are binding for all banks and thus the determining factor for banks’ reserve
demand. This seems not to be the case in Switzerland and in the U.S., where
banks maintain much more reserves than needed. For instance, total reserves
held by Swiss banks exceed effective reserve requirements by more than 40%.
This indicates that effective reserve requirements are not sufficiently high to
be binding for all Swiss banks. Indeed, an in-depth analysis of the Swiss
reserve requirement data reveals that especially smaller and medium size
banks maintain significant excess reserves.9 For many of these institutions,
applicable vault cash exceeds the total reserve requirement, so that the effec-

7The respective maintenance periods were: 7 November to 12 December for the ECB;
20 November to 19 December for the SNB; 9 November to 6 December for the BoE; and
6 to 20 December for the Fed.

8In Table 4.4, the definition of ‘excess reserves’ deviates from the standard definition,
since it is calculated with respect to the effective and not the total reserve requirement.

9The relevant bank specific data is not publicly available.
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Table 4.4: Level of Reserve Requirements

ECB SNB BoE Fed

1 Total reserve requirement1 172.5 8.3 17.1 38.7

2 Applied vault cash1 0 4.8 0 32.9
3 Effective reserve requirement1 (1 – 2) 172.5 3.5 17.1 5.8

– in % of banks’ total assets2 0.66 0.11 0.33 0.06
– in % of M12 4.69 1.27 2.05 0.42
– in % of daily turnover in LVPS3 8.24 1.98 7.40 0.25

4 Total reserves1 173.2 5.1 17.1 7.2
5 Excess reserves1 (4 – 3) 0.7 1.6 0 1.4

– in % of effective reserve requirements 0.41 43.59 0.01 24.98

Sources: Central bank websites.

Notes:
1 In billion of local currency.
2 As of end of 2006.
3 2006 daily averages of the main large-value payment systems settling in central bank

money in each currency area, i.e. Target, SIC, CHAPS and Fedwire.

tive reserve requirement is zero. These banks hold excess reserves either to
avoid end-of-day overdraft penalties or for payments purposes in the LVPS,
or both. But to the extent that the demand for excess reserves is relatively
unstable over time and hence difficult to predict, the assessment of the bank-
ing system’s liquidity needs becomes more challenging, thus complicating the
central bank’s liquidity management. From the perspective of monetary pol-
icy implementation, the level of reserve requirements is therefore suboptimal.

Remuneration and Financial Penalties

In terms of remunerating required reserves, two policies can be distinguished.
On the one hand, both the ECB and the BoE remunerate reserve require-
ments at the (average) rate of their main refinancing operations during the re-
serve maintenance period, thereby essentially eliminating banks’ opportunity
costs of holding required reserves. These two central banks also remunerate
excess reserves, albeit at a lower rate (see more below on deposit facilities).
On the other hand, neither required nor excess reserves are remunerated by
the Fed and the SNB. In the U.S., however, voluntary clearing balances earn
implicit interest in the form of earnings credits against charges for Federal
Reserve priced services such as check processing and cash shipments. More-
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over, in September 2006, U.S. Congress passed legislation that authorizes
the Federal Reserve to pay interest on banks’ reserve balances, at a rate not
to exceed the general level of short-term interest rates. These changes were
originally thought to become effective only in October 2011 (Federal Reserve
Bank of New York Markets Group 2007, Ennis and Weinberg 2007), but dur-
ing the financial crisis the authority to pay interest was accelerated by three
years (see also Section 4.3).

In case of a bank’s non-compliance with reserve requirements, all central
banks apply financial penalties to the reserve deficiency. The ECB is entitled
to charge a payment of up to 5% above the marginal lending rate or up to two
times the marginal lending rate; in practice, the penalty is set 2.5% above
the minimum bid rate. The penalty rate applied by the SNB is 3% above
the average one-month Libor during the reserve maintenance period, and the
BoE charges twice the current repo rate. In the U.S., the penalty regime is
somewhat more intricate. Deficiencies in required reserve balances beyond
carryover provisions are penalized at a rate 1% above the primary credit
rate in effect on the first day of the calendar month in which the deficiency
occurs (the primary credit rate is set 1% above the federal funds rate target,
see Section 4.1.4). In addition, deficiencies in contractual clearing balances
beyond the clearing band up to 20 percent of the level of contractual clearing
balances are charged a penalty of 2%, and deficiencies greater than 20 percent
are charged a penalty of 4%. Balances in a bank’s account at the Fed are
first applied to required reserve balances and subsequently used to satisfy
contractual clearing balances.

In practice, however, these penalty rates are only of limited relevance,
since all central banks allow financial institutions to cover potential reserve
deficiencies by borrowing from the borrowing facilities. As the borrowing
rates are below the penalty rates for reserve deficiencies, banks rather have
recourse to the borrowing facility than incurring more costly reserve defi-
ciencies. Therefore, non-compliance with reserve requirements occurs hardly
ever, and if it does, it is typically due to a bank’s miscalculation.10

4.1.4 Standing Facilities

As mentioned at the outset, the operational frameworks of the reviewed cen-
tral banks rely on standing facilities to varying degrees. While all five central
banks provide a borrowing facility, only three also provide a deposit facility

10In Switzerland, such miscalculation may occur due to the contemporaneous applicabil-
ity of vault cash, which implies that a bank may not know the effective reserve requirement
by the end of the maintenance period.
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(RBA, ECB and BoE). The characteristics of these facilities are summarized
in Tables 4.5 and 4.6.

Borrowing Facility

All borrowing facilities are ‘above market facilities’, thereby providing a ceil-
ing to short-term (overnight) interest rates. At first sight it might seem ob-
vious that the borrowing rate is set above market rates, as otherwise banks
would refinance themselves exclusively by borrowing reserves from the cen-
tral bank’s facility rather than from other market participants. However, at
least until very recently, a number of central banks used to provide ‘below
market facilities’.11 The most prominent example of a below market facility
used to be the Fed’s discount window, which only as recently as 2003 was
transformed into an above market facility (see also Section 4.2.3).12

As above market facilities, the main function of borrowing facilities is to
put a ceiling on market rates. Besides that, the borrowing facilities also serve
as a safety valve: Banks with temporary liquidity shortages may turn to the
borrowing facility to bridge their liquidity needs. In the case of the ECB,
standing facilities are also used to signal the stance of monetary policy.

Borrowing rates may be posted or floating: The borrowing rate is said to
be posted if it is set as a fixed mark-up above an official interest rate such
as the target overnight rate (RBA, Fed) or the minimum bid rate for regular
open market operations (BoE, ECB); the borrowing rate is floating if it is
set as a fixed mark-up above a market interest rate. Within our sample, the
only central bank using a floating borrowing rate is the SNB, which sets the
rate of its liquidity shortage financing facility in relation to the overnight
rate. The mark-ups vary from 25bp (RBA) to 200bp (SNB), with the ECB
and the Fed lying in between (100bp). A special case is the U.K., where
the mark-up is usually 100bp, with the exception of the last day a reserve
maintenance period, when it is only 25bp.

11Table 13 in Borio (1997) lists eight below market facilities, among others in Germany,
Switzerland and the U.S. However, already at that time, some of these facilities were de
facto deactivated.

12The Fed’s current discount window is still somewhat special as it consists of three
lending programs: primary credit, secondary credit, and seasonal credit. Only financial
institutions considered to be in generally sound financial conditions qualify for primary
credit, which is in practice the main borrowing facility. Financial institutions not eligible
for primary credit may be granted secondary credit. Credit extended under the secondary
credit program is granted at a rate above the primary credit rate. Furthermore, the Fed
may extend seasonal credit for periods longer than those permitted under primary credit
to assist a smaller institution in meeting regular needs for funds arising from expected
patterns of movement in its deposits and loans.
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The maturity of credit extensions through the borrowing facilities is typ-
ically overnight. The Fed may grant primary credits up to a few weeks, but
usually banks’ refinancing needs are limited to overnight. Credits are either
granted by means of repo transactions or as collateralized loans. All central
banks accept a wide range of collateral, including both public and private
sector securities. Moreover, with the exception of the SNB, all central banks
allow banks to borrow as much as they like, provided they have sufficient
collateral. Swiss banks must apply in advance for a limit; eligible collateral
must be held at all times in a specific custody cover account at the Swiss
central securities depository.

Deposit Facility

For all three central banks providing a deposit facility, the main motivation
is the same: setting a floor for short-term (overnight) interest rates. Besides
that, the ECB’s deposit rate has an additional role in signalling the stance
of monetary policy.

In all cases, deposit rates are set at a fixed discount below official interest
rates such as the target overnight rate (RBA) or the minimum bid rate for
regular open market operations (BoE, ECB). For all three central banks, the
deposit facility’s discount is of the same magnitude as the the borrowing
facility’s mark-up. Together, borrowing and deposit facilities thus provide
for a symmetric corridor around the target overnight rate or the minimum
bid rates for regular open market operations, respectively.

Finally, one may note some minor technical differences. The ECB and
the BoE require banks to actively shift any excess reserves into a dedicated
(interest-earning) deposit account. In contrast, settlement balances held
overnight by Australian banks automatically earn interest at the deposit
rate. The RBA’s interest-earning settlement balances are thus functionally
equivalent to a deposit facility, albeit banks do not have to actually transfer
funds into a dedicated deposit account.
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Table 4.5: Key Features of Borrowing Facilities

RBA1 ECB1 SNB1 BoE1 Fed1

Type

– Above market • • • • •
– Below market

Purpose
– Market ceiling • • • • •
– Safety valve • • • • •
– Signalling •
Pricing
– Posted •2 •2 •2 •2
– Floating •2
– Mark-up (in bp) 25 100 200 25/1003 100

Maturity
– Overnight • • • • •
– Other •3

Technical form
– Repo • • • •
– Collateralized loan • •
Eligible collateral
– Public sector securities • • • • •
– Private sector securities •3 • • • •
Limits (other than collateral) •3 •4

Notes:

RBA: 1Overnight repurchase agreement facility. 2Cash rate target. 3Only bank ac-
cepted bills of exchange and negotiable certificates of deposit accepted or issues
by certain eligible banks.

ECB: 1Marginal lending facility. 2Minimum bid rate.

SNB: 1Liquidity shortage financing facility. 2Repo overnight index. 3Each counter-
party must apply in advance for a limit. Once approved, the limit must be
covered with eligible collateral.

BoE: 1Borrowing facility. 2Repo rate. 325bp on last day of reserve maintenance
period; 100bp on all other days.

Fed: 1Discount window, which consists of three lending programs: primary credit,
secondary credit and seasonal credit. This table refers only to primary
credit. 2Federal funds rate target. 3Overnight loans are standard, but longer-
terms may be offered. 4Only financial institutions in sound financial condi-
tions (CAMELS rating 1 or 2) qualify for primary credits. Institutions with
CAMELS rating 3 would be eligible if supplementary information suggested
that they were generally sound.
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Table 4.6: Key Features of Deposit Facilities

RBA ECB BoE

Purpose

– Market floor • • •
– Signalling •
Pricing
– Posted •1 •1 •1
– Floating
– Discount (in bp) 25 100 25/1002

Maturity
– Overnight • • •
– Other

Technical form
– Unsecured deposit • •
– Interest-earning settlement balances •

Notes:

RBA: 1Target cash rate.

ECB: 1Minimum bid rate.

BoE: 1Repo rate. 225bp on last day of reserve maintenance period; 100bp on all
other days.

4.1.5 Open Market Operations

At least in theory, there are almost no limits in how open market operations
can be set up and conducted. Therefore, it should not come as a surprise
that the differences of the operational frameworks are most pronounced with
respect to open market operations.

Table 4.7 provides an overview of the general types of open market opera-
tions currently used by the selected central banks, both routinely and rarely
(if at all).13 It is evident that all central banks rely predominantly on repo

13It needs to be stressed that the focus is on operations that are conducted in order
to manage the banking system’s liquidity position. In addition to these monetary policy
related operations, central banks may engage in market transactions in order to adjust
the structure of their domestic or foreign financial assets (reserve management). Although
these transactions are functionally similar to monetary policy related operations and also
affect the amount of reserves held by banks, they should not be confounded with open
market operations.
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transactions, with maturities varying from overnight, to short-term (here de-
fined as repos with maturity from two days up to one month) to longer-term
(here defined as repos with maturity from one month up to one year). The
Fed, though also mainly relying on repos for the provision of federal funds, is
the only central bank that regularly conducts securities outright transactions.
Also, foreign exchange swaps are still widely used by the RBA.

Table 4.7: Use of Different Open Market Operations

RBA ECB SNB BoE Fed

Overnight repos • ∗ ∗ • •
Short-term repos • • • • •
Longer-term repos • • ∗ • ∗
Securities outright transactions ∗ ∗ ∗ •
FX outright transactions ∗
FX swaps • ∗ ∗
Issuance of debt certificates ∗ ∗
Collection of fixed term deposits ∗ ∗
Derivatives transactions ∗

• Routinely used

∗ Rarely used (if at all)

Despite the manifest preference for repos to manage the supply of re-
serves, central banks usually reserve the possibility to make use of other
types of open market operations if deemed appropriate. A notable example
is the SNB, whose guidelines on monetary policy instruments specify a wide
range of open market operations, including securities outright transactions,
foreign exchange outright transactions and swaps, the issuance of debt certifi-
cates, the collection of fixed term deposits, and even the possibility to create,
purchase or sell derivatives on receivables, securities, precious metals or pairs
of currencies. In practice, however, these alternative open market operations
are hardly ever used and repo transactions are the rule. The following review
thus focuses exclusively on central banks’ liquidity management by means of
routine repo transactions (see Table 4.8).

Although differing in many respects, it is noteworthy that the central
banks’ approaches to liquidity management feature two commonalities. First,
all central banks apply a mix of different maturities for their routine repo
transactions: all make use of overnight repos, albeit the ECB and the SNB
less often than the others; all make regular use of short-term repos; and
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three central banks (RBA, ECB and BoE) regularly also conduct longer-
term repos. The use of different maturities may be explained by the economic
function of these transactions. Generally, the purpose of longer-term repos
is to (partially) satisfy banks’ structural or longer-term refinancing needs.
Longer-term repos are thus often an alternative to outright purchases or
sales of securities. As a matter of fact, the reason why the Fed does not
regularly make use of longer-term repos is that it prefers to meet banks’
structural refinancing needs by outright securities transactions. Short-term
repos are usually geared towards gross-tuning the supply of reserves, i.e. these
transactions are designed to ensure that banks have sufficient liquidity over
a horizon of a few days up to two or three weeks. Finally, overnight repos,
and to some extent also short-term repos with maturities of one week or less,
are mainly used for fine-tuning the supply of liquidity on a day-to-day basis.
However, in practice it is not always possible to clearly distinguish between
basic refinancing and gross-tuning operations or between gross-tuning and
fine-tuning repos. Hence, the respective indications in Table 4.8 should be
interpreted with some caution.

Another common feature revealed by 4.8 is the striking preference for
liquidity providing operations. Although it is straightforward to arrange
liquidity absorbing repos, only the BoE stands ready to withdraw liquidity
by means of overnight repos on a regular basis (see below). The other central
banks might also conduct liquidity absorbing fine-tuning operations, but they
do so only very rarely or by means of other instruments such as the collection
of fixed term deposits. Overall, this corroborates the view that central banks
generally prefer to operate in an environment where banks face a structural
liquidity deficit and hence need to borrow regularly from the central bank.

Apart from these common features, individual central banks’ approaches
to manage the supply of liquidity by means of repo transactions are quite dif-
ferent, ranging from rather discretionary to very rule-based and systematic.
This is most evident by focusing on the frequency and maturity of central
bank operations (see Table 4.8). The RBA’s approach is rather discretionary
and pragmatic. Operating on a daily basis, it determines the maturity of
operations on a case by case basis. As shown in Figure 4.2, maturities vary
from overnight to three months, with no systematic pattern being discern-
able, maybe with the exception of a slight preference for one-, two-, three-,
and four-week maturities. Moreover, using variable rate tenders, the amount
to be allotted on a specific day may be distributed over different maturities
based on the attractiveness of all bids relative to market interest rates for
each maturity. This also explains why the number of operations in 2006 sums
up to 992.
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Table 4.8: Key Features of Routine Repo Transactions

RBA ECB SNB BoE Fed

O S L S L S O S L O S

Purpose

– Basic refinancing • • • • • • •
– Gross tuning • • • • • • •
– Fine tuning • • • • •
Liquidity impact
– Providing • • • • • • • • • • •
– Absorbing 1 1 1 1 •
Frequency
– Periodical w m d m1 w m
– Ad hoc •2 •2 •2 •1 •1

Maturity
– Fixed 1w 3m 1w1 1d 1w 2 1d
– Variable •2 •2 •2 2

Tender procedure
– Fixed rate • • •
– Variable rate •3 •3 •3 •2 • •3 •3 •3

Settlement lag 0 0 3 1 1 2 0 0 1 0 0

O: Overnight repos. S: Short-term repos. L: Long-term repos

Notes:

RBA: 1Only occasionally. 2Daily operations, but the maturity is determined ad hoc.
Very rarely, second round operations may be undertaken in response to un-
expected shocks to autonomous factors. 3The allotment amount may be dis-
tributed over different maturities based on the attractiveness of all bids relative
to market interest rates for each maturity.

ECB: 1Theoretically possible, but in practice never done. 2 Variable rate tender with
minimum bid rate.

SNB: 1Rarely also maturities of two or three weeks.

BoE: 1On the last day of each reserve maintenance period. 23, 6, 9 and 12 months.
3Discriminatory price auction.

Fed: 1Almost daily. 22–14 days. 3Discriminatory price auction.
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Figure 4.2: Maturities of RBA’s Repo Transactions in 2006

In stark contrast, the ECB’s approach is very systematic and rule-based.
An important part of banks’ refinancing needs is satisfied by monthly re-
pos with a fixed maturity of three months (so-called longer-term refinancing
operations). Additional refinancing as well as gross- and some fine-tuning
is done through weekly repos with one-week maturity (so-called main refi-
nancing operations). Thus, whenever one repo matures, the next repo is
settled, so that only one main refinancing operation is outstanding at any
time. Variable rate tenders are used for both longer-term and main refinanc-
ing operations, but for the main refinancing operation a minimum bid rate
applies. In addition, the ECB may also provide additional liquidity by means
of fine-tuning overnight repos at the end of reserve maintenance periods (not
shown in Table 4.8, see also the discussion in Section 4.2.2).

The BoE’s approach exhibits many similarities with the one of the ECB.
There are also monthly longer-term operations (albeit with maturities of
three, six, nine and twelve months) and weekly short-term operations with
one-week maturity. However, the BoE is committed to conduct an addi-
tional overnight repo on the last day of each reserve maintenance period.
This transaction, which might be liquidity providing or absorbing, aims to
ensure that the supply of reserves corresponds to the amount needed by
the banking system to satisfy reserve requirements, thereby reducing the
potential pressure on overnight rates that might be induced by a mismatch
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between reserve demand and supply. A fixed rate tender procedure is applied
for both overnight and short-term operations, whereas longer-term repos are
conducted by means of discriminatory price auctions.

The approach to liquidity management followed by the Fed and the SNB
is less discretionary than the one of the RBA, but also less systematic than
in the case of the ECB or the BoE. The Fed operates almost daily, with
maturities typically from overnight to two weeks. For instance, in 2006, the
Fed arranged repos on all but eight business days, including 203 overnight
repos, 44 repos with maturities between 2 and 13 days, and weekly (every
Thursday) repos with 14-days maturity. Different maturities may be offered
on the same day. All operations are conducted by means of discriminatory
price auctions.

The SNB conducts repo transactions almost every day, with a preference
for one-week maturity. Occasionally, overnight repos or two- or three-week
repos are auctioned off, too. For instance, in 2006 the SNB conducted 3
overnight, 242 one-week and 10 two-week repos. With respect to one-week
repos, it is interesting to note that although the SNB relies on fixed rate
tenders only, the tender rate may be altered between official changes in the
target rate. Indeed, the tender rate varies quite often from one day to an-
other by a few basis points, as depicted in Figure 4.3. This is true both in
times of relatively stable market conditions (e.g. during 2005) and in times
of gradual target changes (e.g. during 2006 and early 2007). As the changes
in one-week repo rates are small and temporary, it is unlikely that they have
a significant impact on the three month Libor. Therefore, especially in times
of rather stable interest rates such as in 2005, they might be interpreted
as the SNB’s reaction to specific distortions in short-term money markets.
Moreover, Figure 4.3 reveals that during the process of gradual interest rate
increases, which started in December 2005, the tender rate was systemati-
cally increased before the target rate was officially changed. There are two
mutually not excluding explanations for this behavior. First, the increase in
tender rates could be interpreted as signals to the market, indicating that the
SNB is likely to increase the target rate at the next monetary policy meeting.
Second, the episode illustrates a practical problem when using a longer-term
money market interest rate as operational target (see also Section 2.3.2).
Because the target changes were widely anticipated by market participants,
the three month Libor tended to trade close to the new expected rate well
before the target change was eventually announced. Had the SNB kept the
one-week tender rate constant at lower levels, the spread between the three
month Libor and the tender rate would have increased over time. In order
to lend funds at more attractive interest rates in the longer-term interbank
money market, banks would have tried to borrow an increasing amount of
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the relatively cheap short-term funds offered by the SNB. As a consequence,
the SNB would have been faced with significant overbidding in its tender
operations.

Figure 4.3: SNB Tender Rates

On a more technical note, one may also observe that the settlement lag,
which measures the lag between the time the auction takes place and the
time the transaction is eventually settled, varies between zero and three days
(see last row in Table 4.8). For instance, the ECB’s operations are settled
the day after the auctions take place, so the settlement lag is one day. The
ECB’s weekly main refinancing operations, which are concluded on Tuesdays,
are thus settled on Wednesdays and mature the following Wednesdays. For
other central banks the settlement lag may depend on the maturity of the
transactions, with the settlement lag being typically longer for repos with
longer maturities. For instance, the SNB’s overnight repos are settled on a
same-day basis, whereas one-week repos have a settlement lag of two days.

More importantly, routine repo transactions of the five central banks also
differ with respect to the range of eligible collateral (see Table 4.9). Some
central banks may only accept government securities, while others also ac-
cept a more or less broad range of private sector securities and/or securities
denominated in foreign currencies. As regards counterparties, arrangements
also vary considerably. A special case is the Fed, which typically operates
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only with 20 large securities dealers. In contrast, the ECB’s range of po-
tential counterparties includes all the institutions that are subject to reserve
requirements, although fine-tuning operations may be restricted to a subset
of these institutions. It may be also noteworthy that the SNB is the only
central bank which routinely deals with foreign institutions.

Table 4.9: Collateral and Counterparties for Routine Repo Transactions

RBA ECB SNB BoE Fed

Eligible collateral

– Government sector securities • •1 •1 • •2
– Private sector securities •1 •1 •1
– FX denominated securities •3 •4

Counterparties
– Banks5 • • •1 •
– Securities firms • •1 •6
– Foreign institutions •7

Notes:
1 Selected.
2 Including agencies.
3 Mainly euro denominated securities, but also other currencies.
4 Euro.
5 The precise coverage varies from country to country.
6 Primary dealers.
7 Provided they participate to both the Swiss Interbank Clearing (SIC) system

and the Eurex repo trading platform.

Finally, central banks’ policies regarding the transparency about open
market operations is also of particular interest (see Table 4.10). In this re-
spect, one may distinguish between ex ante and ex post information. Ex
ante information refers to relevant data that is announced ahead of tender
operations and which can be used by banks when making their bidding de-
cisions. Ex post information refers to the release of relevant data regarding
the results of tender operations.

The selected central banks have in common that they release rather de-
tailed information on the results of tender operations. This is true both for
data on relevant quantities (e.g. total bids submitted and accepted) and,
where applicable, for data on relevant interest rates (e.g. high and low rates
of bids submitted and weighted average or marginal rates of bids accepted).
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There is, however, less conformity regarding the dissemination of information
in advance of tender operations.

Table 4.10: Transparency of Operations

RBA ECB SNB BoE Fed

Ex ante information

– Total reserve requirement n/a • • • •
– Residual reserve requirement n/a • •
– Forecast autonomous liquidity factors • • •
– Forecast total allotment •
Ex post information
– Total bids submitted • • • • •
– Total bids accepted • • • • •
– Rates submitted • • n/a n/a •
– Rates accepted • • n/a n/a •

4.2 Experiences and Adjustments Before the

Financial Crisis

Over the last decade or so, adjustments to operational frameworks of the se-
lected central banks were the rule rather than the exception, and the future
will certainly bring further modifications. Although some changes were of a
rather technical nature and had only a limited impact, others were more sub-
stantial. On two occasions, central banks even undertook a complete reform
of their arrangements for the implementation of monetary policy. Reviewing
the selected central banks’ recent experience and trying to understand why
and how they have adjusted their operational frameworks is thus a worth-
while endeavor, complementing the snapshot of current arrangements taken
in the preceding section.

4.2.1 Reserve Bank of Australia

In terms of interest rate control, the RBA’s operational framework has been
remarkably successful. This is apparent from Figure 4.4, which depicts the
spread of the interbank cash rate to the target rate. While the spread was
typically only a few basis points before 2002, it has become even smaller
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through time, and since 2002 the cash rate coincides with the target rate on
almost every day. The remarkably low interest rate volatility is astonishing,
particularly since the RBA’s operational framework does not provide for
interest rate stabilizing reserve requirements.

Different factors seem to contribute to the cash rate’s stability.14 The
first key element in interest rate stabilization are the standing facilities that
provide for a narrow interest rate corridor of ± 25bp around the target rate.
Moreover, the RBA is very actively managing the banking system’s liquidity
by means of daily open market operations. The RBA puts a lot of resources
into forecasting autonomous liquidity factors and to ensure surprises con-
cerning daily movements in system liquidity are rare. In particular, it liaises
daily with market participants in order to find out whether there is some
change in the demand for settlement balances from individual institutions.
These investigations are facilitated by the small number of participants hold-
ing a settlement account with the RBA (around 60 institutions). Finally, and
most interestingly, it is likely that when dealing with one another financial
institutions acknowledge that they are playing a multi-period game where
they may be a borrower one day and a lender the next day. So even if there
is an overall liquidity shortage or excess due to unexpected autonomous liq-
uidity factors on a given day, financial institutions may simply refrain from
asking (or paying) a cash rate that deviates significantly from the target rate.
In the specific case of the Australian dollar money market, two arguments
militate in favor of this multi-period game hypothesis. First, as the number
of market participants is small, the likelihood of retaliation is comparatively
higher than in other money markets; Australian banks thus may not want
to exploit their peers’ need to borrow or lend liquidity. Second, the RBA’s
active liquidity management implies that any excess or shortage of reserves
is expected to be offset by the following day at the latest. No bank should
thus face an excess or shortage of reserves for a sustained period.

Given the RBA’s strong leverage over money market rates, it is not sur-
prising that the operational framework has been characterized by a very high
institutional stability over the last decade or so. In fact, one has to go back as
far as to the early 1990s to track down the last major change. At that time,
open market operations were conducted largely by outright transactions in
short-dated government securities, but the RBA then started to continuously
increase the share of repos at the cost of outright transactions. In 2005/06,
the latter accounted for less than 2% of all open market operations.15 As in

14The following explanation is based on private correspondence with John Broadbent,
Head of Domestic Markets at the Reserve Bank of Australia.

15The RBA’s financial year ends on 30 June.
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Figure 4.4: Spread of AUD Cash Rate to Target Rate

many other countries, this shift was mainly motivated by the greater flexibil-
ity in terms of liquidity management provided by repos, but it also reflects
the repo market’s greater liquidity and the reduced supply of so-called Com-
monwealth Government Securities (CGS) on issue (RBA 2003).

Three other developments are noteworthy. First, reacting to the limited
supply of CGS, the list of eligible securities for repos was expanded on several
occasions between 1997 and 2004. The range of securities in which the RBA
is prepared to deal now includes domestic bank instruments (bank bills and
certificates of deposit issued by selected banks) and a broader range of foreign
government and supranational paper (RBA 2003 and 2006). Second, in stark
contrast to most other central banks, the use of foreign exchange swaps has
reclaimed some popularity in recent years. The increasing use of foreign
exchange swaps is related to the remarkable expansion of the RBA’s balance
sheet by more than 75 percent within four years, with the majority of this
expansion owing to higher Government deposits. By buying an increased
amount of foreign exchange under swap agreements the RBA replenished
the funds withdrawn from the money market by the increase in Government
deposits. This allowed to confine the pressure on domestic securities market
that would have been incurred had the RBA simply increased the volume of
its repo transactions (RBA 2006). Finally, in 2003, in an effort to enhance
transparency, the RBA started to publish more information regarding its
open market operations. It now releases information on the total value of
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open market operations, the weighted average rate, the cut-off rate and the
value of all repos by maturity (RBA 2003).

4.2.2 European Central Bank

When the ECB became operational on 1 January 1999, its operational frame-
work for monetary policy implementation succeeded the frameworks that had
been previously in place at the national central banks constituting the Euro-
pean System of Central Banks (ESCB). Benefitting from the experiences of
monetary policy implementation of its predecessors, but yet unencumbered
by history and legacies of previous policies, the ECB was able to build on
those elements that had proven to be effective within the euro area coun-
tries. It is therefore not surprising that by and large the ECB’s operational
framework has been functioning rather well.

Nevertheless, over time two particular problems became apparent: ex-
treme overbidding in the ECB’s main refinancing operations and the impact
of expected changes in official interest rates on counterparties’ bidding be-
havior and current short-term interest rates. The first problem was resolved
by switching from fixed rate tenders to variable rate tenders in June 2000
(ECB 2000), the second was addressed a few years later by two complemen-
tary measures: The beginning of reserve maintenance periods was aligned
with the dates of the Governing Council’s meetings and the maturity of the
main refinancing operations was shortened from two weeks to one week (ECB
2005). Investigating these amendments and to what extent they enhanced
market efficiency, is a worthwhile undertaking as it allows to demonstrate
some of the practical intricacies of monetary policy implementation.

The Phenomenon of Extreme Overbidding

Initially, the ECB’s weekly main refinancing operations were conducted as
fixed rate tenders: The ECB announced the rate at which it was willing
to lend for the maturity of two weeks and banks submitted their individual
bids bi, indicating how much liquidity they were willing to borrow at that
rate. After collection of all the bids, the ECB decided on the total allotment
(A). If aggregate bids B ≡

∑
i bi were lower or equal than A, each bank’s

bid would be fully satisfied. In contrast, if aggregate bids exceeded the total
amount to be allotted (B > A), banks’ bids were satisfied on a pro rata basis.
Thus, in general, bank i was allotted ai = Qbi, where Q = min(1, A/B) is
the allotment ratio.

Figure 4.5 shows how the allotment ratio of the weekly main refinancing
operations evolved from January 1999 until December 2000. From the very
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Figure 4.5: Allotment Ratio in ECB Tenders

beginning, the allotment ratio had been rather low, typically around 10%.
The allotment ratio declined somewhat throughout most of 1999, stabilized
at a higher (but still low) level towards the end of the year, but only to
return quickly to a sharply declining trend during the first half of 2000. This
downswing was induced by banks’ ever increasing bids in tender operations.
On 7 June 2000, total bids reached an all time high of nearly EUR 8.5 trillion.
With the ECB allotting only EUR 75 billion, the allotment ratio was thus
less than 1%.

Three different explanations have been put forward for the phenomenon
of extreme overbidding: the “rate hike hypothesis”, the “tight liquidity hy-
pothesis” and the “rationing hypothesis”. The rate hike hypothesis is related
to the interest rate environment that prevailed at that time (ECB 2000 and
Bindseil 2005). Between November 1999 and June 2000 the ECB raised the
tender rate on five occasions from an initial level of 2.5% to 4.25%. These
rate hikes were widely expected by market participants and it is clear that
in an environment of increasing interest rate expectations banks will try to
refinance themselves as much as possible before rates are increased. This is
particularly true when the tender rate is expected to be raised within the
current reserve maintenance period. Moreover, as the total allotment is de-
termined by the central bank, banks anticipate that their bids will be rationed
and will thus exaggerate the true demand for liquidity. Ultimately, this may
give rise to the observed extreme overbidding. Reciprocally, the expectation
of falling interest rates might lead to underbidding in fixed rate tenders. A
situation of underbidding occurred on 7 April 1999, when demand was so low
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that the ECB was not able to allot the intended amount. The tender was
conducted only two days before the ECB decided to cut official interest rates
by 50bp, a decision that was widely expected by market participants. With
the imminent expected rate cut and still more than two weeks to the end
of the reserve maintenance period, banks’ expected to be able to refinance
themselves later on at lower rates and their bidding was very cautious.

The tight liquidity hypothesis is related to the ECB’s allotment policy.
Ayuso and Repullo (2003) argue that on average the ECB’s supply of reserves
fell short of banks’ true demand. As a result, the spread between short-term
market rates and the ECB’s tender rate was constantly significantly above
its natural level.16 To benefit from the large spread between market rates
and tender rates, banks overbid in the ECB’s tender operations.

Finally, the rationing hypothesis is derived from theoretical models show-
ing that overbidding in fixed rate tenders may occur even if interest rates
are not expected to increase or if the spread between market rates and the
tender rate is on average at its natural level. Reasons for overbidding may
be the risk of being squeezed in the market after the tender (Nyborg and
Strebulaev 2001) or the mere probability of being rationed in the tender and
not receiving the full amount demanded (Ehrhart 2001).

The three conjectures are mutually not exclusive and it is likely that all
have contributed their share to the observed extreme overbidding. This is
corroborated by the empirical analysis of Nautz and Oechssler (2006), who
conclude that none of the three theories alone can explain the overbidding
phenomenon. Moreover, what is particularly striking is not the overbid-
ding per se, but the bidding dynamics. The gradual exaggeration of reserve
demand may be explained by a myopic bidding strategy where each bank
simply assumes that bids of all other banks from the previous tender re-
main unchanged (Nautz and Oechssler 2003). Another explanation for the
observed bidding dynamics is based on the assumption of increasing costs of
overbidding (Bindseil 2005). Indeed, as a bank could end up with much more
liquidity than it actually needs, overbidding is risky and implies two types
of costs. First, since repos require collateral, it is likely that the bank would
not have sufficient low-opportunity cost collateral at hand; the (excessive) bid
would thus have to be covered with expensive collateral. Second, the bank
may encounter difficulties in placing its surplus liquidity in the market, e.g.
due to credit limits. These costs thus may explain why overbidding started at
moderate levels and only gradually degenerated into extreme exaggerations.

16As borrowing and lending in the euro interbank market typically occur on a non-
secured basis, the natural spread between short-term market rates and the ECB’s repo
rate reflects the opportunity cost of collateral.
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Eventually, as of 28 June 2000, the ECB reacted to the extreme over-
bidding by replacing fixed rate tenders with variable rate tenders with a
minimum bid rate. The new tender procedure brought about an immedi-
ate sharp decline in banks’ bidding and, accordingly, allotment ratios rose to
more normal levels. Within the context of the ECB’s operational framework,
the switch to variable rate tenders thus turned out to be a suitable measure
to address the issue of extreme overbidding.

The Impact of Expected Rate Changes

Even so, the June 2000 amendment to tender procedures did not resolve the
more general issue that, especially towards the end of a maintenance period,
bidding behavior and overnight rates can be affected by expected changes
in official interest rates in the current maintenance period. This issue was
addressed only in March 2004 when the ECB adopted two seemingly small
changes to its operational framework, one concerning the timing of the re-
serve maintenance period and the other the maturity of the main refinancing
operations.

In the original operational framework, reserve maintenance periods lasted
one month, always starting on the 24th of each month and ending on the
23rd of the following month. The weekly main refinancing operations had
a two-weeks maturity. In combination, these features implied that in peri-
ods marked by plummeting interest rate expectations, banks were inclined
to underbid and the total allotment fell short of the ECB’s intentions. Un-
derbidding occurred on eleven occasions, and most of these were related to
expected interest rate cuts. For instance, on 7 November 2001, the minimum
bid rate was 3.75% but the market expected the ECB’s Governing Council
to cut the minimum bid rate on 9 November 2001, and, as a matter of fact,
official interest rates were slashed by 50bp.17 It is clear that banks were not
willing to refinance themselves for two weeks at the current minimum bid rate
since they expected cheaper conditions on the main refinancing operations
later on during the same reserve maintenance period.

Furthermore, in periods marked by expected interest rate hikes, short-
term market rates as well as the marginal rate of the main refinancing op-
erations often deviated significantly from the minimum bid rate. This is
illustrated in the upper part of Figure 4.6, which shows the EONIA rate
and official interest rates (fixed rate and minimum bid rate, respectively)
for the period from October 1999 to December 2000. During this period,

17The market’s expectations for rate cuts or hikes may be measured by the spread
between the three month EURIBOR and the (minimum bid) tender rate. On 7 November
2001, the spread was –37 bp.
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official interest rates were raised in seven steps from 2.5% to 4.75% and it is
conspicuous that overnight rates usually jumped to the higher levels several
days before the rate hikes were effectively announced.

Apparently, the ECB became more and more uncomfortable with these
effects, not least because they could call into question its ability to tightly
steer overnight rates. Therefore, to alleviate the problem, in March 2004 the
ECB adopted two complementary measures. First, reserve maintenance pe-
riods were synchronized with the timing of monetary policy decisions. The
beginning of each reserve maintenance period now coincides with the day
after the policy meeting of the ECB’s Governing Council, that is when the
first main refinancing operation for which the new minimum bid rate applies
is settled. The second measure was to shorten the maturity of the weekly
main refinancing operations from two weeks to one week. These tenders are
typically settled on Wednesdays and mature one week later, i.e. also on a
Wednesday. As reserve maintenance periods also start on Wednesdays, the
shortening implies that no operation conducted in one maintenance period
ever hangs over into the subsequent maintenance period; banks’ bidding be-
havior is thus no longer affected by their expectations of future monetary
policy decisions. As is evident from the lower part of Figure 4.6, these mea-
sures proved to be quite effective in 2006 and early 2007, another period
characterized by widely expected interest rate hikes.

In principle, the measures implemented in March 2004 could have created
another problem. In the revised framework, the time interval between the
day the last main refinancing operation of the maintenance period is settled
and the end of the maintenance period is always six business days. Previ-
ously, time interval varied between one and six business days, so on average
it was considerably shorter. To the extent that forecasting autonomous liq-
uidity factors is more challenging for longer periods, the longer time interval
might cause more serious aggregate liquidity imbalances at the end of the
maintenance period and, correspondingly, higher volatility in money market
interest rates. Indeed, in the months following the changes to the operational
framework in March 2004, anomalous large spikes in market rates were occa-
sionally observed on the days preceding the end of the maintenance period.
In order to counteract the potentially larger liquidity imbalances, the ECB
has been conducting fine-tuning operations on the last day of the mainte-
nance period on a more regular basis since November 2004 (ECB 2006b,
Jardet and Le Fol 2007).18 In 2005 and 2006 the ECB conducted 9 and 11

18In case of an aggregate liquidity shortage, the ECB provides liquidity by means of
an overnight repo (variable rate tender with a minimum bid rate), whereas in case of a
liquidity surplus, liquidity is absorbed by the collection of fixed-term (overnight) deposits
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fine-tuning operations at the end of reserve maintenance periods. By way of
comparison, between January 1999 and autumn 2004, a total of only nine
fine-tuning operations was conducted and—with one exception—they took
place on days other than the last of the maintenance period, typically in
reaction to temporary distortions in the money market. For instance, sub-
sequent to the terrorist attacks on 11 September 2001 in the U.S., the ECB
provided additional liquidity by means of fine-tuning operations on 12 and
13 September 2001.

To date, the ECB’s experiences with the additional fine-tuning operations
have been rather positive. In particular, the occasional large spikes in the
EONIA spread on the last day of a maintenance period have been reduced
significantly. Between April and October 2004, the (absolute) spread was on
average 39bp, and on three occasions it exceeded 50bp. In comparison, af-
ter the introduction of regular fine-tuning operations, the average (absolute)
spread fell to 9bp, and—with one exception—it never exceeded 25bp. More-
over, the fine-tuning operations also had a soothing effect on the volatility of
the EONIA on prior days: The average standard deviation of daily changes
in the EONIA for the six business days following the last main refinancing
operation dwindled from 12 to 3.2bp (ECB 2006b).

Overall, the ECB’s institutional changes unveil the interaction and in-
terdependence of different elements of the operational framework. In par-
ticular, to tackle the perceived problem of expected rate changes the ECB
had to amend specific features of both reserve requirements (the timing of
the maintenance period) and open market operations (the maturity of oper-
ations). Moreover, some explanations for the observed extreme overbidding
suggest that the problem was not related to the use of fixed rate tenders per
se, but was caused by an inadequate timing of these operations (i.e. because
open market operations were maturing in the next maintenance period only).
Hence, the problem of extreme overbidding in fixed rate tenders could have
been sorted out by other measures than switching to variable rate tenders.
In particular, it is highly probable that the measures implemented in 2004
would have been suited to address the issue of extreme overbidding.

earning the minimum bid rate. Both liquidity providing and absorbing operations are
conducted as quick tenders, which are executed within 90 minutes from the announcement
of the operations.



146 The Operational Framework of Major Central Banks

Figure 4.6: EONIA and Official Interest Rates
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4.2.3 Federal Reserve System

The evolution of the Fed’s implementation of monetary policy provides an-
other interesting case study. Indeed, over the last years, all major elements
of the Fed’s operational framework have been modified at least once. The
following review expounds the main changes one by one.

Operational Target

These days, even people relatively unfamiliar with monetary policy know
that the federal funds rate serves as the Fed’s operational target. However,
this has not always been the case and it is quite instructive to review the
Fed’s policy in terms of operational targets over the last three decades.

From 1974 to 1979, the Fed was implicitly targeting the federal funds
rate, intervening in the market whenever the federal funds rate moved out
of a very narrow band. In the following decade, interest rate targeting was
abandoned in favor of a quantitative reserve target. First, from 1979–1982,
the Fed pursued a target for non-borrowed reserves, i.e. reserves held by
banks minus borrowed reserves.19 The adoption of this procedure caused a
significant increase in the volatility of short-term interest rates. What’s more,
non-borrowed reserve targeting turned out to be very impractical and even
confusing and was thus discarded rather quickly. Then, from 1983–1989, the
Fed officially pursued a borrowed reserves target. In practice, however, the
focus gradually shifted back toward attaining a specified level of the federal
funds rate, a process that was largely completed by the end of the decade.
But it was only in early 1994 when the Fed eventually decided to publicly
announce the current federal funds rate target. Before, market participants
had to infer the intended federal funds rate from the conditions at which the
Fed was conducting its open market operations.

Reserve Requirements

With respect to reserve requirements, two developments are noteworthy: the
decline in the level of reserve requirements during the 1990s and the move
from (almost) contemporaneous reserve accounting to lagged reserve account-
ing in 1998 (Federal Reserve System 1998).

At first, the decline in reserve requirements was the result of two cuts
in reserve requirement ratios: In December 1990, the required reserve ratio
on non-transaction accounts was pared from 3 percent to zero, and in April

19According to the Fed’s terminology, non-borrowed reserves refer to reserves provided
through open market operations, whereas borrowed reserves refer to banks’ recourse to
the discount window.
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1992, the requirement on transaction deposits was trimmed from 12 percent
to 10 percent. The intention of these cuts was to put banks in a better
position for credit extension (Feinman 1993). As a result, required reserves
fell first by roughly USD 12 billion, about one sixth of their initial level, and
then by another USD 6 billion (see Figure 4.7). Taking into account the
slight increase in applied vault cash, the (relative) effect on required reserve
balances was more pronounced: From November 1990 to May 1992 they fell
by more than a third, from USD 32 billion to USD 20 billion. In subsequent
years, required reserves—and required reserve balances—dwindled further
due to banks’ increasing use of so-called ‘sweep account’ arrangements, i.e.
the practice to transfer funds in customers’ retail checking accounts overnight
into savings accounts not subject to reserve requirements (Anderson and
Rasche 2001). While depositors retain the ability to utilize their transaction
accounts for making payments or withdrawals, this practice allows banks to
scale down reserve requirements. As argued by Bennett and Hilton (1997),
most of the decline in required reserve balances from USD 28.3 billion in
December 1993 to roughly USD 10 billion in early 1997 can be attributed to
the spread of sweeps. Altogether, the sharp decline in reserve requirements
was thus only partially the result of the Fed’s deliberate policy decision; the
lion’s share was attributable to banks’ efforts to reduce the opportunity costs
associated with non-remunerated reserves.

Figure 4.7: Components of Reserve and Account Balances at the Fed
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Concomitant with the decline in reserve requirements many banks—
especially smaller, local banks—became effectively unbound by reserve re-
quirements, since their holdings of applicable vault cash exceeded reserve
requirements (Bennett and Peristiani 2002). As banks need a certain level
of reserves for payment purposes in the interbank payment system, many of
these banks reacted by increasing the level of (voluntary) contractual clearing
balances. As mentioned in Section 4.1.3, contractual clearing balances differ
from reserve requirements in two ways: they earn implicit interest and they
are hold voluntarily (although once contracted, they need to be maintained
over the maintenance period). The introduction of sweep arrangements thus
led to a partial substitution of unremunerated required reserve balances for
remunerated required clearing balances. But the surge in contractual clear-
ing balances was not sufficient to avoid an overall decline in the level of total
requirements, i.e. the sum of required and contractual reserve balances.

The developments in the early 1990s thus provide an interesting case
study as they allow to analyze the effects of the level of (total) reserve re-
quirements on interest rate volatility. The hypothesis is that to the extent
that a fall in (required) reserves makes the demand for reserves less sensi-
tive to changes in the overnight rate, one would expect an increase in the
volatility of overnight rates. Indeed, in an empirical investigation, VanHoose
and Humphrey (2001) find that lower reserve balances were associated with
significantly higher funds rate volatility. However, the significance is lost af-
ter March 1994, when the Fed began announcing the current federal funds
rate target. The authors conclude that the explicit announcement had an
alleviating effect on market uncertainty and funds rate volatility. But other
factors might also have played a decisive role. For instance, it is quite likely
that over time banks improved their reserve management. Moreover, as will
be discussed below, in the mid 1990s, the Fed started to gradually increase
the frequency of its open market operations, which allowed to offset shocks
to autonomous liquidity factors more quickly.

In July 1998, the Fed switched from (almost) contemporaneous to lagged
reserve accounting, a regime which is still in place today. Under the prior
regime, which had been adopted in February 1984, reserve requirements were
known with certainty only two days before the end of the concurrent reserve
maintenance period. On previous days, both commercial banks and the
Fed had to rely on estimates. Particularly in the mid 1990s, the estimation
of reserve requirements became increasingly difficult, largely because of the
above-mentioned implementation of retail sweep programs by many banks.
By increasing uncertainty regarding the demand for reserves, the regime of
contemporaneous reserve accounting complicated both the banks’ and the
Fed’ liquidity management and was considered to be a major source of inter-
est rate volatility.



150 The Operational Framework of Major Central Banks

Against the background of these practical complications, one may won-
der why contemporaneous reserve accounting had been introduced in 1984 in
the first place. At that time, monetary aggregates played a more prominent
role in the Fed’s monetary policy framework. By reducing the lag between
computing and holding required reserves, the intention was to strengthen
the linkage between reserves held by depository institutions and the money
supply (Goodfriend 1984). But by 1984 non-borrowed reserve targeting had
already been replaced by borrowed reserve targeting, and since there is no
obvious link between reserve requirements and borrowed reserves, the case for
introducing contemporaneous reserve accounting seems to have been rather
weak from the very beginning. Be that as it may, by returning to lagged
reserve accounting in 1998, the Fed pursued two objectives. By reducing
uncertainty about individual reserve requirements, the new regime ought to
ease banks’ reserve management. And similarly, the availability of more
timely and accurate information on the likely demand for reserves within the
maintenance period ought to facilitate the Fed’s planning of open market
operations. Indeed, analyzing the effects of this policy shift, Kotomin and
Winters (2007) find empirical evidence for a smoother behavior of the federal
funds rate throughout the reserve maintenance period in terms of both the
level and volatility. In particular, since the return to lagged reserve account-
ing, the well-documented spikes in the federal funds rate on the last day of
the maintenance period have all but disappeared.

Standing Facilities

From a historical perspective, the reform of the discount window, which be-
came effective on 9 January 2003, is without any doubt the biggest change
to the Fed’s operational framework in recent years. Ever since the Fed be-
came operational in 1914, the discount window had been operated as a below
market facility. The fact that banks were able to obtain funds at the dis-
count window at rates consistently lower than market interest rates gave rise
to a number of problems (Furfine 2003, Madigan and Nelson 2002, Peris-
tiani 1998).20 Most importantly, since discount window loans were offered
at below-market rates, intense supervisory scrutiny and moral suasion was
necessary to confine banks’ use of such loans. The Fed also had to monitor
that funds borrowed from the discount window were not lent in the interbank
market, which would have allowed to realize arbitrage profits. These efforts
proved to be quite effective and over time discount window loans fell to rather
low levels. Moreover, particulary in response to the uncertainty caused by the

20Bindseil (2004a) provides a detailed account of the history of the discount window.
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crisis of savings and loan associations and the soaring failures of commercial
bank failures in the 1980s, market participants perceived that lending from
the discount window would send a negative signal to the Federal Reserve,
bank supervisors, and eventually the market at large. As a result, borrowing
from the discount window had become so unpredictable that, by the end of
1987, the Fed was compelled to reduce its reliance on borrowed reserves as
operational target. But even after the Fed’s switchback to explicit federal
funds rate targeting, banks’ unwillingness to borrow from the discount win-
dow continued to be a concern for the following reasons. First, due to the
associated stigmatization, the discount window had become rather ineffec-
tive in supporting financial markets when it was needed the most, that is
during periods of financial stress. And second, volatility of the federal funds
rate was higher than it would have been had the discount window properly
performed its role as a marginal source of reserves for the overall banking
system and as a safety valve for individual banks facing temporary liquidity
shortages.

Eventually, the Fed amended the discount window by transforming it into
an above-market borrowing facility. In an early evaluation of the experience
with the revised facility, Furfine (2003) finds empirical evidence that borrow-
ing from the credit facility was far lower than could have been expected given
the cross-sectional variation in interest rates paid in the federal funds mar-
ket. Apparently, some banks preferred to borrow in the market at rates above
the Fed’s borrowing rate. This suggests that—at least initially—the Fed’s
attempt to remove the stigma associated with borrowing form the previous
discount facility was not successful. Moreover, the episode reveals that at
times banks may be sluggish in adopting their behavior to a new institutional
environment.

Open Market Operations

Over the last few years, the Fed’s approach to conducting open market oper-
ations has been fairly stable. Nevertheless, minor changes have taken place,
even though sometimes they became apparent only gradually. For example,
over time the Fed increased the frequency of open market operations. While
in the first half of the 1990s overnight or short-term repos were arranged on
average on six out of ten days, in 2006 the Fed conducted such transactions
on all but eight business days (Bartolini and Prati 2003, Federal Reserve
Bank of New York Markets Group 2007). The higher frequency of short-
term repos may be explained by the Fed’s ambition to counter the surge in
federal funds rate volatility, which was mainly due to the decline in reserve
requirements in the early 1990s. This argument is corroborated by the fact
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that the increase in the number of operations was much more pronounced for
overnight repos than for short-term and longer-term repos. Since the decline
in reserve requirements implied that the Fed had to focus more closely on
ensuring that total balances are sufficient to meet banks’ payment-related
reserve demand on a day-by-day basis, the increasing use of overnight repos
is not surprising (Demiralp and Farley 2005).

Various other amendments to open market operations were predominantly
of technical nature. In 1997 and again in 1999 the timing of open market
operations was shifted ahead by one hour to 10.30 a.m. and then to 9.30 a.m.,
respectively. This allowed to allay the problems of thinness in the repo mar-
ket that could limit the Fed’s ability to inject the desired amount of reserves.
Indeed, the Fed often found it difficult to implement large operations, in good
part because the collateral needed to execute repos was not freely available
(Bartolini and Prati 2006). To further alleviate this problem, in October 1999
the Fed broadened the range of eligible collateral for repos. At the same time,
but in order to enhance transparency, the Fed started to disclose more infor-
mation on its current open market operations by immediately releasing data
on the total volume of propositions submitted, the weighted average rate
of accepted propositions, the high and low rates submitted, and the cut-off
rate (Federal Reserve Bank of New York Markets Group 2000). In December
2002, in an attempt to conduct open market operations in accordance with
standard market practice, the Fed replaced matched sale-purchase transac-
tions with reverse repos. While fundamentally equivalent to the former, the
latter are more commonly used in financial markets.21 Also, in September
2003, the maturity of the weekly longer term repos was reduced from 28 to
14 days, allowing the Fed to align the provision of reserves more precisely
with expected movements in autonomous factors and banks’ demand for re-
serves over the two-week reserve maintenance period (Federal Reserve Bank
of New York Markets Group 2004). Finally, in 2006, the Fed rolled out a new
electronic auction system for both temporary and permanent open market
operations in 2006 (Federal Reserve Bank of New York Markets Group 2007).
The new system allowed for improved operational processes (e.g. a shorter
timeframe for submitting tenders) and faster dissemination of information
on operations to the public.

In consideration of the frequent modifications, one is tempted to contend
that the evolution of the Fed’s operational framework bears resemblance
to a process of trial and error. A more optimistic interpretation would be
that the numerous amendments merely reflect the Fed’s effort to attune the

21Matched sale-purchase transactions and reverse repos differ only in terms of their
accounting treatment.
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operational framework incessantly to rapidly developing financial markets.
Most likely, both explanations contain a grain of truth.

4.2.4 Bank of England

Section 4.1 provided a snapshot of the Bank of England’s operational frame-
work as of early 2007. Had the snapshot been taken one year earlier, the
resulting picture would have been quite different. Indeed, the BoE’s oper-
ational framework was fundamentally reformed in May 2006. Before, the
implementation of monetary policy in the U.K. had been characterized by
the following three features (Tucker 2004). First, as sterling settlement banks
simply had to maintain non-negative balances with the BoE at the close of
each business day, reserve requirements did not play any role. Second, to en-
sure that settlement banks were able to achieve the zero end-of-day reserves
target, every day the BoE conducted at least two and sometimes even more
rounds of open market operations with two-week maturity at the fixed repo
rate. Third, overnight lending and deposit facilities provided for a symmetric
interest rate corridor of ±100bp around the repo rate.

Besides the complexity introduced by the frequent open market opera-
tions, the main problem associated with the previous framework was the high
volatility of overnight interest rates—both from day to day and intraday. In
the years prior to the reform, the BoE had already adopted several mea-
sures to reduce interest rate volatility and to enhance the efficiency of the
sterling money market (Sellon and Weiner 1997, Tucker 2004, Vila Wetherilt
2003), albeit with limited success. In 1996, the BoE removed restrictions
on participation in open market operations and various tax and regulatory
impediments. In conjunction with broadening the pool of eligible collateral
by including repo of gilts, this allowed for the development of a liquid gilt
repo market and the gradual replacement of outright purchases or sales of
eligible bank bills and sterling Treasury bills with repos. Transparency of
open market operations was enhanced by dealing at the official policy rate
and the announcement of more auction-related information. Furthermore,
to put a ceiling on interest rates, a lending facility was established in 1998;
the introduction of a deposit facility followed three years later. Together,
the standing facilities provided for an interest rate corridor of ±100bp, but
their rate setting function was limited as access to these facilities remained
reserved to a small number of settlement banks.

These measures notwithstanding, the volatility of short-term interest
rates remained high by international standards, obscuring monetary policy
and making sterling money markets unpredictable and unattractive. The
comparatively high volatility in sterling money markets is illustrated in Fig-
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ure 4.8 which depicts the folded cumulative distributions of the spread be-
tween sterling overnight rates and the BoE’s policy rate as well as similar
spreads for the US dollar and the Euro for the three-year period starting in
January 2003.22 The distributions are folded at the median so that cumula-
tive probabilities for values above (below) the median are indicated by the
right-hand (left-hand) scale.

Figure 4.8: Folded Cumulative Distributions of Interest Rate Spreads

Dissatisfied with the functioning of the money market, in 2004 the BoE
launched the project that eventually lead to the mentioned reform of its op-
erational framework (Clews 2005). To recall, the key elements of the revised
operational framework, which became effective in May 2006, are:

– the alignment of reserve maintenance periods with the timing of mon-
etary policy decisions,

– voluntary reserve requirements, which allow banks to set their own
reserves target for each reserve maintenance period,

22For the US dollar, the spread is defined as the difference between the federal funds
rate and the federal funds rate target; for the euro, the spread is defined as the difference
between EONIA and the ECB’s minimum bid rate.
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– remuneration of reserves at the BoE’s official repo rate, provided re-
serves are within a range of ± 1% around the reserve target,

– standing facilities that provide for a symmetric interest rate corridor
around the official repo rate, with the width of the corridor being 50
basis points on the last day of the maintenance period and 200 basis
points on other days,

– the conduct of open market operations each week and on the last day
of the reserve maintenance period, in order to ensure that the supply
of reserves is as close as possible to the level that will enable banks to
meet their reserve targets.

Since its introduction, the BoE’s experience with the revised operational
framework has been fairly good. In particular, three aspects are worth high-
lighting. First, the new framework allowed to significantly curb volatility in
sterling short-term interest rates, especially before the financial turmoil set
in (see Figure 4.9).

Figure 4.9: Spread of GBP Overnight Interest Rates to Bank Rate

Second, the increase in interest rate volatility towards the end of reserve
maintenance periods, which is typical for most reserve requirement regimes
that allow for averaging, is not discernible in the data for sterling overnight
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rates. From May 2006 to September 2008, that is during the first 28 reserve
maintenance periods after the introduction of the new operational framework,
the absolute spread of the overnight rate to the official target rate on the last
day of the reserve maintenance period was on average only 3 basis points and
at most 11 basis points. This is likely attributable to the reserve target range,
which increases interest rate elasticity of reserve demand on the last days of
a reserve maintenance period. Furthermore, Figure 4.10 indicates that banks
made effective use of their ability to freely determine their reserves targets. In
particular, when faced with heightened uncertainty about potential liquidity
outflows during the financial crisis, banks have raised their reserve targets
and hence their precautionary balances.

Figure 4.10: Aggregate Reserve Targets of UK Banks

4.2.5 Swiss National Bank

The SNB provides an interesting case study to illustrate the nexus between
the strategic and the operational level of monetary policy (see discussion
in Section 2.2). In particular, it exemplifies how changes to the strategic
framework are reflected in the operational framework.

On the strategic level of monetary policy, the SNB had been one of the
most prominent advocates of monetary targeting for many years. In particu-
lar, between 1980 and 1999 the SNB pursued an intermediate target defined
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in terms of the seasonally adjusted monetary base; until 1990 the SNB set
annual growth targets, in 1991 it shifted to a medium-term targeting strategy
(Rich 2007). During that period, reserves held by banks on their accounts
with the SNB (giro deposits) served as the operational target. To steer the
level of giro deposits, the SNB relied mainly on weekly foreign exchange
swaps which had maturities of typically one to six months. As of 1998,
foreign exchange swaps were gradually replaced by repos.

Over time, two problems associated with the SNB’s monetary policy
framework became apparent. First, especially in the second half of the 1990s,
the monetary base became more and more distorted, loosing its significance
as a leading indicator for future inflation. As a consequence, the SNB paid
increasing attention to other indicators such as economic conditions, the ex-
change rate and, particularly, M3. The second problem was related to the
operational target. The SNB was aware that strictly following the target set
for giro deposits would have resulted in high short-term interest rate volatil-
ity. Therefore, in practice, the SNB followed a hybrid approach, allowing
deviations from the path set for giro deposits in order to avoid excessive
interest rate volatility and to limit deviations of short-term market interest
rates from an implicit interest rate target.23

Becoming increasingly dissatisfied, the SNB eventually adopted a new
monetary policy framework as of the beginning of 2000 (Swiss National Bank
2000). The new framework is based on three elements. The first pillar is the
explicit definition of price stability, which is considered to be achieved with
an annual inflation rate of less than 2% measured by the consumer price
index. The second pillar is a medium-term inflation forecast which serves
as the basis for monetary policy adjustments. Finally, the third element is
the reliance on the three-month Libor as operational target for day-to-day
monetary policy implementation.

The most significant modification to the operational framework thus con-
sisted in the replacement of a quantity based operational target (giro de-
posits) with an explicit interest rate target (three-month Libor). Moreover,
the SNB entirely abandoned the use of foreign exchange swaps; ever since
regular open market operations have been conducted exclusively in the form
of repos. Also, for the sake of completeness, one might mention that the SNB
decided not to fix the discount rate any longer. However, de facto the SNB
had stopped carrying out discount operations already back in 1993.

23Note that since September 1993, the SNB’s economic staff had to prepare internal
guidelines on the path of interest rates considered to be consistent with the Governing
Board’s planned course of actions. These guidelines were used for managing the banking
system’s liquidity (Rich 2007).
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Since the reform in 2000, the operational framework was amended twice.
In January 2005, a new regulation on reserve requirements succeeded the pre-
vious cash liquidity provisions (Swiss National Bank 2005). Amendments re-
lated to both eligible assets and the definition of liabilities subject to reserve
requirements. Eligible assets were confined to include giro deposits, ban-
knotes and coins in circulation; before, also credit balances at Postfinance—
the financial arm of Swiss Post—and credit balances at one of the clearing
centers recognized by the Swiss Federal Banking Commission were eligible. It
remains unclear, however, why eligibility was not restricted to giro deposits
only. Indeed, pursuant to article 17 paragraph 21 of the National Bank Act
and the explanatory notes, the (sole) purpose of reserve requirements’ is to
facilitate the functioning of the money market and the implementation of
monetary policy by ensuring a stable demand for reserves and limiting inter-
est rate volatility (Swiss Federal Council 2002). The eligibility of banknotes
and coins is thus clearly inconsistent with the stated purpose of reserve re-
quirements.

During 2005, traditional Lombard loans were phased out and replaced
by special-rate repos (Swiss National Bank 2006a).24 With the introduction
of special-rate repos, the pool of eligible collateral for having recourse to
the standing facility was broadened and harmonized with all other monetary
policy operations. Moreover, operational procedures were standardized and
now allow for more efficient collateral management.

Within our sample of selected central banks, the SNB is the only one
using a longer-term money market rate as operational target. In this respect,
two questions are of particular interest. First, to what extent was the SNB
able to effectively control the three-month Libor? And second, what were
the implications for shorter term money market interest rates, particularly
the overnight rate? Figure 4.11 reveals that the SNB managed to keep the
three-month Libor within the defined target range of 100bp at any point
in time. Especially during times of stable interest rates, such as in 2005,
the three-month Libor traded very closely to the intended (inofficial) target
level. However, in line with the expectations theory of the term structure, in
times of interest rates hikes or cuts, the three-month Libor tended to move to
the anticipated future target level well in advance of official monetary policy
decisions. Regarding the short end of the yield curve, Figure 4.11 indicates
that overnight rates—here measured by the repo overnight index—exhibit
rather high volatility. Besides the fact that the SNB is not particularly

24As marginal lending facilities, Lombard loans and special-rate repos perform the same
economic function. However, they differ regarding practical arrangements. While Lombard
loans are advances against pre-pledged collateral, the execution and settlement arrange-
ments for special-rate repos are similar to regular repo transactions.
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focusing on overnight rates, this is most likely due to institutional features
of Swiss reserve requirements (generally low level with many banks fulfilling
reserve requirements by vault cash only), which complicate the forecast of
banks’ demand for reserves on a day-to-day basis. Accordingly, temporary
shocks to either the demand or the supply of reserves are directly translated
into overnight rates.

Figure 4.11: CHF Interest Rates

Quite contrary to the Bank of England, the SNB does not seem to be
overly worried about the high volatility of short-term interest rates, at any
rate it has never officially raised such concerns nor has it actively tried to
do something about it. Nevertheless, the potential problems associated with
high short-term interest rate volatility are similar for the Swiss franc as for
the pound sterling. In particular, it complicates commercial banks’ reserve
management and may prevent potential market participants from market
entrance in the first place.

4.3 Experiences and Adjustments During the

Financial Crisis

In the course of 2007, the global financial system came increasingly under
stress. Originating in the US subprime mortgage market, the crisis unfolded
like shock waves, quickly affecting many other market segments. While some
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developments, such as the drying out of the asset-backed commercial paper
market, increased banks’ uncertainty about their future funding needs, other
developments, such as the wide-spread write-downs and losses due to the
repricing of mortgage-backed securities and other assets, led to mounting
concerns about counterparty credit risk as well as banks’ ability to meet
potentially higher funding needs in a timely fashion and at a reasonable cost.
As a result, many market participants started to hoard liquidity and cut
back on lending to each other, with devastating effects on market liquidity
in money markets, especially in the United States and in Europe. As of
August 2007, the liquidity tensions in money markets started to hamper
the implementation of monetary policy and called for responses by central
banks.25

Although the tensions were palpable in all segments of the money market,
they were most severe for longer maturities, such as the one-month or three-
month segments. Evidence for these tensions in term markets is provided
by the spread between the Libor and corresponding overnight index swap
(OIS) rates. For instance, the three-month Libor-OIS spread measures the
difference between what is charged for a three-month (uncollateralized) loan
in the London interbank market and the average of expected overnight rates
over the term of a three-month swap. This spread, which mainly reflects the
credit and liquidity premium on unsecured money market transactions, can
be considered as an indicator of the health of the (term) money market. As
can be seen from Figure 4.12, (term) money markets experienced four waves
of tension: the first in September 2007, the second around the end of 2007,
the third in March 2008, and the fourth in the wake of the mid-September
2008 failure of Lehman Brothers. While the Libor-OIS spreads used to hover
around a few basis points before August 2007, they reached peak levels of
more than 100 basis points for some currencies during the first three waves,
and even significantly higher peaks during the fourth and hitherto most acute
wave.

In reaction to the financial crisis and its impact on the real economy,
major central banks responded by introducing a number of unconventional
measures, which fall into three broad categories: (i) the provision of liquidity
to banks on extraordinary terms to alleviate pressures in the interbank money
market; (ii) intervention in selected credit markets to support secondary mar-
ket liquidity and/or credit supply; and (iii) outright asset purchases aimed

25For a detailed analysis of the origins and the key characteristics of the 2007-2009 finan-
cial turmoil see, for instance, the Overview section of the September 2007 and subsequent
issues of the BIS Quarterly Review. Moreover, see Brunnermeier (2009) for a discussion of
the mechanisms that explain why market liquidity—which was at a historically high level
just before the onset of the financial turmoil—can evaporate so quickly.
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Figure 4.12: Risk Premium in Money Markets

at easing monetary conditions beyond what could be achieved by policy rate
cuts. The remainder of this Section focuses on the first category, which has
the closest link to the implementation of monetary policy.

From the perspective of monetary policy implementation, the financial
market turbulences entailed two fundamental challenges for central banks
(Borio and Nelson 2008). The first consisted in implementing the given policy
stance (i.e. keeping overnight rates near the policy targets), whereas the
second challenge was to promote more orderly conditions in term interbank
money markets.26

The measures taken by major central banks to deal with these challenges
during the first year of the financial crisis are described and explained in
detail in CGFS (2008) and Borio and Nelson (2008) and summarized in
Table 4.11.27 Interestingly, all key elements of the operational framework
were adjusted by at least one of the five central banks included in our survey.
The most visible adjustments were related to the conduct of open market

26From a broader monetary policy perspective, another challenge was the decision
whether—and if yes to what extent—to adjust the monetary policy stance in reaction
to (a) the deteriorating macroeconomic outlook triggered by the financial turmoil and (b)
the increased stress in the financial system. However, this issue is beyond the scope of this
study.

27Annex 1 of CGFS (2008) provides a particularly useful chronology of central banks’
actions.
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operations. In particular, all central banks engaged in both exceptional fine-
tuning and exceptional long-term operations. While the long-term operations
usually intended to alleviate tensions in term markets (e.g. by reducing banks’
funding uncertainty), the (short-term) fine-tuning operations typically aimed
at removing imbalances in the overnight segment and overcoming frictions in
the distribution of reserves. These operations were exceptional in the sense
that they were either outside the regular schedule (both in terms of frequency
and maturity) or in significantly larger than usual amounts.

Table 4.11: Measures Taken in Response to the Financial Turmoil

RBA ECB SNB BoE Fed

Exceptional fine-tuning operations • • • • •
Exceptional long-term operations • • • • •
Front-loading of reserves • •
Changes to tender procedure • •
New instruments to drain liquidity • • •
Changes to reserve requirements • •
Changes to standing facilities • • • • •
Broadening of eligible collateral • • 1 • •
Broadening of counterparties •2 •
Introducing/increasing securities lending • •

Source: Central banks.

Notes:
1 The broadening on 1 October 2007 was not linked to the financial turmoil.
2 Only for four special auctions of term funding, for which there were no bids.

While all surveyed central banks faced similar (yet in their extent dif-
ferent) challenges, their measures taken in response to the market turmoil
varied considerably, partly reflecting the pre-crisis differences in their opera-
tional frameworks. As the US financial system was undoubtedly hit hardest
by the financial turmoil, it is not surprising that the list of measures taken by
the Fed is longer than the list of any other central bank. Indeed, as the crisis
unfolded, the Fed implemented a series of measures to improve market liq-
uidity and market functioning in the US dollar money market. In particular,
besides the mentioned exceptional fine-tuning and long-term operations, the
Fed introduced a number of new credit and liquidity facilities. In December
2007, the Fed introduced the Term Auction Facility (TAF), which provided
for biweekly auctions of one-month loans against discount window collateral
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to a very wide range of banks.28 Later in March 2008, with the intention
of encouraging the smooth functioning of repo markets, the Fed introduced
two new facilities for primary dealers, the Term Securities Lending Facility
(TSLF) and the Primary Dealer Credit Facility (PDCF). The TSLF allowed
primary dealers to borrow US treasury securities for up to 28 days against
certain agency-guaranteed and other high-quality private mortgage-backed
securities. The PDCF offered primary dealers overnight discount window
loans against certain investment grade debts securities as well as collateral
for regular open market operations.29 Eventually, at the summit of the crisis
after the failure of Lehman Brothers, the Fed introduced another range of
facilities, with the intention to facilitate access to funding liquidity for par-
ticular market participants. These facilities included three commercial paper
facilities—the Commercial Paper Funding Facility (CPFF), the Asset-Backed
Commercial Paper Money Market Mutual Fund Lending Facility (AMLF),
and the Money Market Investor Funding Facility (MMIFF)—and the Term
Asset-Backed Securities Loan Facility (TALF).30 Most of these facilities ex-
pired in the late 2009 or early 2010.

In addition, the Fed also modified the terms of the discount window,
both by extending the term for borrowing from overnight to 30 days (with
the possibility for renewal) and by reducing the premium on the primary
credit or discount rate in two steps from 100 to 25 basis points. Also, in
October 2008, the Fed started to pay interest on both required and excess
reserves. Initially, the interest rate paid on required reserve balances equaled
the average targeted federal funds rate over each reserve maintenance period
less 10 basis points, and the interest rate on excess reserves was set at the
lowest targeted federal funds rate for each reserve maintenance period less 75
basis points. But when the federal funds rate target was lowered and funds
rate started to trade close to zero, these spreads were also reduced to zero,
meaning that the rate paid on required and excess reserves would generally
be at the current target rate.31 By and large, these measures have altered—
temporarily—several dimensions of the Fed’s liquidity provision: they have

28The range of collateral eligible for discount window loans is much broader than for
the Fed’s regular open market operations. For more details on the TAF see Armantier,
Krieger and McAndrews (2008).

29Note that prior to the introduction of the PDCF the Fed had not extended discount
window loans to non-depository institutions since the 1930s.

30See Federal Reserve Bank of New York Markets Group (2009) for a short description
of these facilities.

31The Financial Services Regulatory Relief Act of 2006 originally authorized the Fed to
begin paying interest on reserve balances beginning 1 October 2011, but the Emergency
Economic Stabilization Act of 2008 allowed the Fed to accelerate the effective date by
three years.



164 The Operational Framework of Major Central Banks

lengthened the duration of access to liquidity, they have broadened the types
of eligible collateral, they have expanded the range of eligible counterparties
for some activities, and they have reduced the cost of borrowing from the
Fed relative to market rates.

Both the ECB and the SNB adjusted the pattern of reserve supply within
individual maintenance periods, systematically providing relatively more liq-
uidity at the beginning and withdrawing liquidity towards the end of the
maintenance period. This front-loading was intended to reduce banks’ con-
cerns about their ability to meet reserve requirements. Moreover, in view of
the dysfunctional nature of the interbank markets at the peak of the crisis,
these two central banks also altered the tender procedure for their refinanc-
ing operations. In mid-October 2008, the ECB switched back to fixed rate
tenders and decided to (at least temporarily) increase its intermediation role
by satisfying 100% of counterparties’ bids in both the main and the longer-
term refinancing operations. Similarly, the SNB also adopted a full allotment
policy at the end of October 2008. Furthermore, in October 2008, the ECB
decided to reduce the width of the corridor formed by the two standing facil-
ities from 200 to 100 basis points. Similarly, the SNB reduced the mark-up
of the liquidity-shortage financing facility from 200 to 50 basis points as of
January 2009. In addition, the SNB started to issue its own bills, which
allows it to easily drain larger amounts of liquidity from the market in case
of need.

In the United Kingdom, the BoE provided more flexibility to banks’ re-
serve management by increasing the ceiling on reserve targets and broadening
the band around these targets, while at the same time the banks took the
opportunity offered by the voluntary reserve requirement regime to set higher
targets for their reserve balances. As the crisis unfolded, in April 2008 the
BoE introduced the Special Liquidity Scheme, enabling banks to swap some
mortgage-backed and other securities for UK Treasury bills, and later on,
after the Lehman bankruptcy, it established the Discount Window Facility,
from which banks are able to borrow gilts against a wide range of collat-
eral. Moreover, also in October 2008, the BoE altered the terms for access
to standing facilities by reducing the interest rate corridor from 200 to 50
basis points and by limiting the disclosure of the use of the standing facilities.
The second measure is intended to remove the stigma in using the facilities.
Finally, the Bank of England also started to issue its own short-term bills to
drain large quantities of reserves from the market.

Down under, the RBA also made a number of changes to its operating
procedures (Debelle 2008). First of all, as a reaction to banks’ higher demand
for precautionary settlement balances, the RBA allowed these balances to
significantly increase. While banks’ settlement balances had hovered around
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AUD 750 million for a number of years prior to the onset of the financial
crisis, these balances surged to roughly AUD 5 billion during the first three
waves of tension, and they peaked at AUD 10 billion in September and
Ocotober 2008. Also, in an effort to provide greater certainty of term funding
to financial institutions, the RBA increased the average maturity of its repo
transactions. While these measures allowed to alleviate some pressure in term
funding markets, the significant and unprecedented increase in settlement
balances raised concerns about potential disruptions to the functioning of
the short-term interbank market and downward pressures on the cash rate.
To relieve this tension in the overnight cash market, in September 2008 the
RBA introduced a new term deposit facility, which allows institutions to
move some of the funds that otherwise would have sat in their (overnight)
settlement accounts to a longer maturity of either 7 or 14 days. In other
words, the RBA lent out the money long-term (to support term markets),
and at the same time it stood ready to take it back at a shorter-term (to
avoid disruptions to the cash market).

Despite the fact that during the financial turmoil some central banks en-
tered new territory by doing things they had never done before, the arguably
most notable measure was the intensified cooperation between central banks.
In particular, on 12 December 2007 the Fed announced to put in place a US
dollar swap line with the ECB and the SNB, which allowed these central
banks to provide US dollar funding to their domestic counterparties on sev-
eral occasions, thereby alleviating the specific US dollar funding shortages
faced by some non-US institutions. With the intensification and spread of
US dollar shortages after the failure of Lehman Brothers, the Fed’s swap lines
grew in number from 2 to 14, and the previously existing maximum limits
for the SNB, ECB, BoE and Bank of Japan were lifted in mid-October 2008
to allow them to conduct full-allotment US dollar operations at fixed rates.
Moreover, ECB and SNB established similar swap-lines with other central
banks to facilitate the distribution of euros and Swiss francs, respectively.

Against the backdrop of all these adjustments to the operational frame-
works, it needs to be assessed whether they were effective in terms keeping
overnight rates near the policy targets and promoting more orderly condi-
tions in term interbank money markets. Overall, the results are mixed. The
adjustments were certainly effective in terms of stabilizing market rates near
target rates, as is evident from Figure 4.13. Although at the outset of the
crisis the volatility of market rates was for some currencies higher than nor-
mal, central banks seem to have regained control relatively quickly, at least
until Lehman’s failure.

It is more difficult, however, to make the case that the measures also
affected the term markets such as the one- or three-month segments as in-



166 The Operational Framework of Major Central Banks

Figure 4.13: Interest Rate Control During the Financial Turmoil

tended, simply because observable spreads such as the three-month Libor-
OIS spread contain two major components—the credit risk premium and the
liquidity risk premium.32 While both anecdotal evidence and preliminary em-
pirical studies such as Michaud and Upper (2008) suggest that the observed
increase in risk premia in the interbank money market since August 2007 was
due to both credit and liquidity factors, it is most likely that central banks’
measures were at least to some extent successful in terms of mitigating the
liquidity premium.33 This view is corroborated by preliminary findings on
the effects of the Fed’s TAF (McAndrews, Sarkar and Wang 2008). In other
words, without central banks’ forceful interventions the tensions in (term)
money markets would have been even more severe.

On a more critical note, however, one should point out two worrying
developments. First, some of the measures taken by central banks led to
rapid and strong growth in central banks’ balance sheets. At least in those

32For the sake of completeness, one should also refer to the term premium as a third
component. However, in money market rates the term premium is generally believed to
be small and not much affected by the financial turmoil.

33Note that all the central bank measures discussed in this section are geared to reduce
the liquidity risk premium, whereas there is not much central banks can do to affect the
credit risk premium (with the exception of bailing out failing institutions, but that would
be the topic for another study).
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situations where this can be traced back to central banks providing reserves
against more risky assets or standing ready to swap liquid or high-quality
assets against illiquid, more risky or difficult to value assets, this went hand in
hand with a worsening risk profile of central banks’ balance sheets. Although
the long-term implications of these expanded and more risky balance sheets
are not yet fully understood, it appears that restoring the integrity of central
banks’ balance sheets must be given high priority once the crisis has receded.

Second, against the backdrop of dysfunctional interbank markets, central
banks have increasingly taken over the role of private markets by directly
intermediating between financial institutions. While in most cases this was
a necessary short-term measure to prevent the collapse of individual institu-
tions or even the financial system as a whole, there is a risk that increased
central bank intermediation may weaken banks’ incentives to resume their
intermediation function in the medium- or long-term. Indeed, as long as it
is possible to borrow large or even unlimited amounts from the central bank
at rates close to the target rate, there is no incentive for banks to try to
raise funds from the market. Similarly, by allowing banks to deposit (excess)
reserve balances at near-zero opportunity cost with the central bank, there is
no incentive to lend out these funds to other market participants. Unless cen-
tral banks define a clear exit strategy, these emergency measures thus have
the potential to perpetuate the dysfunction of the interbank money market.

4.4 Conclusions

This chapter has reviewed the operational framework of five major central
banks. The bulk of this review has focused on the characteristics of and
the experiences with the operational frameworks during periods of regular
money market conditions. Against the backdrop of the recent tensions and
disruptions in major money markets, this emphasis may seem inappropriate.
But it should not be forgotten that for most of the time financial markets
perform rather efficiently, which is particularly true for money markets. And
since sooner or later the perfect storm will subside and money markets will
gradually return to normality, it would not be advisable to ignore the lessons
that can be learned from calmer periods. This is why the following conclu-
sions are primarily drawn from Sections 4.1 and 4.2. But before turning to
these conclusions, let us briefly consider the main lessons from central banks’
actions during the crisis.

In this respect, the most obvious lesson is that during times of significant
stress in the financial system, central banks will do whatever is needed to
calm the situation and to prevent money markets from collapsing, no matter



168 The Operational Framework of Major Central Banks

whether the requisite measures to do so are in line with their previous convic-
tions and procedures. Clearly, many of the adjustments discussed in Section
4.3 were only temporary. Nevertheless, it is important that the operational
framework for monetary policy implementation in normal times provides suf-
ficient flexibility in order to be able to quickly react in case of need and to
take appropriate measures without undue delay. For instance, during the
crisis it became evident that some central banks’ capacity to drain liquid-
ity by means of regular open market operations was limited by the existing
size and composition of their balance sheet. New instruments, such as the
issuance of non-monetary (short-term) liabilities, thus had to be introduced
at short notice. Similarly, collateral swaps or the provision of liquidity in a
foreign currency may not be an integral part of a central bank’s arsenal in
normal times, but the operational framework should nonetheless provide for
the adoption of such measures when needed.

Turning to the lessons from the pre-crisis era, the two main conclusions
that emerge from the review in this chapter can be summarized as follows:
First, the different elements of an operational framework are strongly in-
tertwined and interdependent. And second, despite the fact that there is a
lot of common ground between central banks’ approaches to monetary pol-
icy implementation, there persists considerable heterogeneity regarding the
detailed operational frameworks.

The review in this chapter has forcefully demonstrated that the different
elements of an operational framework are strongly intertwined and interde-
pendent. Whether a particular feature makes sense thus often depends on
the context and the configuration of other elements. By way of example, the
assessment of the pros and cons of alternative tender procedures to auction
off liquidity might lead to different conclusions, depending on whether the
maturity of open market operations is aligned with the timing of monetary
policy decisions or not. If the policy rate is expected to be cut or raised
before the current operation’s maturity date, fixed rate tenders can give rise
to undesirable consequences such as underbidding or extreme overbidding;
otherwise, fixed rate tenders might work perfectly fine and, compared to vari-
able rate tenders, they offer advantages in terms of simplicity, transparency
and signalling. It thus follows that one should refrain from focusing the
analysis on one or two isolated elements; the alleged conclusions could easily
prove fallacious in a different context. Moreover, before altering a specific
operational framework, one should bear in mind that changing one particular
element—be that the length of the reserve maintenance period, the frequency
of open market operations, or the mark-up of the borrowing facility—might
have unintended repercussions for the functioning of the operational frame-
work as a whole, potentially necessitating further changes to other elements.
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For instance, a significant reduction in reserve requirements might only be
expedient if accompanied by more frequent open market operations, as oth-
erwise the increase in interest rate elasticity of reserve demand could lead
to unintended volatility of day-to-day overnight rates. Altogether, this sug-
gests that the design of a properly functioning operational framework is a
challenging and delicate undertaking. And those who are responsible for
the operational framework are well-advised to take into account as many
theoretical considerations and practical experiences as possible.

This chapter has also documented a certain degree of conformity in cen-
tral banks’ operational frameworks. Generally speaking, the common de-
nominator is that monetary policy is implemented through a combination of
market-oriented instruments, which—by affecting the supply and demand in
the market for reserves—are geared to controlling short-term interest rates,
typically the overnight rate. In terms of liquidity management, all central
banks aim at offsetting the impact of autonomous liquidity factors and to
provide whatever amount of reserves is needed to balance the market at the
target overnight rate. The generally preferred instrument for adjusting the
supply of reserve are short-term repos. Further consensus refers to the uni-
versal provision of a borrowing facility, which acts both as an insurance to
temporary liquidity shortages and as ceiling for overnight rates.

Moreover, comparing current arrangements with the situation ten years
ago allows to discern a number of trends. Regarding the relative importance
attached to the different monetary policy instruments, many central banks
now seem to rely more heavily on standing facilities, both for signalling the
stance of monetary policy and for limiting money market volatility (the lat-
ter is particularly relevant where standing facilities provide caps and floors
to money market rates). Furthermore, among those central banks that rely
on reserve requirements, there is a tendency to reduce or even eliminate as-
sociated opportunity costs by remunerating required reserves. Indeed, while
the ECB has been remunerating required reserves ever since its inception in
1999, the Bank of England and the Federal Reserve started to do so more
recently. Another development suited to reduce banks’ (opportunity) costs
is the significant expansion in terms of collateral eligible for open market
operations. Finally, there is a certain trend towards more transparency and
improved communication. In particular, most central banks nowadays are
much clearer on what their operational target is and how they intend to
achieve it. They also provide their counterparties with more relevant data
or information, e.g. on their own liquidity forecasts, reserve maintenance,
excess reserves or the results of tender operations. Besides higher standards
for central bank accountability, the enhanced transparency reflects the in-
sight that managing the market’s expectation is crucial for ensuring orderly
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conditions in the interbank money market and for effective stabilization of
short-term interest rates at or near the target level. It needs to be stressed,
however, that full transparency about operations is not necessarily optimal.
Especially in times of market stress, disclosure of sensitive information such
as the recourse on standing facilities or even the provision of emergency liq-
uidity assistance to a particular bank can be more harmful than useful. This
explains why some central banks have become more cautious regarding the
immediate publication of such data during the financial crisis.

Notwithstanding the aforementioned common ground and general trends,
central banks’ institutional arrangements of monetary policy implementation
continue to exhibit considerable differences. Of course, a certain degree of
heterogeneity is not surprising per se. On the contrary, given the countless
possibilities how monetary policy instruments can be specified and combined,
it would be a sheer coincidence if two central banks followed identical pro-
cedures. What is amazing, however, is that operational frameworks differ
from each other in vital points. In particular, it seems that the effectiveness
of individual monetary policy instruments is appraised quite differently. For
some central banks, such as the ECB or the Bank of England, standing facil-
ities and reserve requirements play a prominent role, whereas for others this
is less the case. For instance, while non-existing in Australia, reserve require-
ments’ effectiveness is significantly retrenched in both Switzerland and the
U.S., partly because the level of reserve requirements is too low to be binding
for all banks, partly because vault cash is eligible for meeting reserve require-
ments. With respect to open market operations, differences are less apparent
at first sight, but the detailed examination of how central banks manage the
banking system’s liquidity reveals a broad spectrum of approaches. On the
one hand, the ECB’s and the Bank of England’s liquidity management is
very systematic and rule-based, with frequencies, maturities and conditions
of open market operations being determined and announced well in advance.
On the other hand, the Reserve Bank of Australia’s operations are subject to
much more discretion. The enumeration of such differences could be easily
extended.

Which factors might explain the observed heterogeneity? To begin with,
one might argue that the differences in operational frameworks are a mere
reflection of the respective financial systems’ particularities. But although it
is undisputed that the financial systems and in particular the money markets
of the reviewed currencies have their peculiarities, this argument is not very
convincing. Indeed, the causality runs rather the other way round, i.e. it is
more likely that the money market’s peculiarities reflect the way monetary
policy is implemented. The pound sterling money market provides a good
example underpinning this hypothesis. Before the Bank of England’s reform
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in 2006, the U.K. money market was dominated by a few market partici-
pants and characterized by very high volatility in short-term interest rates.
Once the new operational framework became effective, the functioning of the
money market improved rapidly.

Another reason for some of the observed heterogeneity could be related
to varying degrees of institutional inertia in the reviewed currency areas. In-
stitutional inertia is high if, for whatever reason, the central bank’s ability
to implement major amendments or reforms is limited. In that case, amend-
ments to the operational framework will be only gradual; to implement major
changes or even comprehensive reforms, it would take much more dissatisfac-
tion with the current situation than in the case of low institutional inertia.
The Federal Reserve provides a good example for this kind of institutional in-
ertia. For instance, even though the inexpedience of the former below-market
discount window had been widely recognized for decades, it was displaced
only in 2003 by a more typical above-market borrowing facility.

Yet another explanation might be that central banks have spent relatively
little resources on research related to the implementation of monetary pol-
icy. This conjecture is supported by the non-existence of a general framework
that would allow to analyze in detail the advantages and disadvantages of
alternative operational frameworks. Indeed, as already mentioned in Section
1.1, the development of a normative theory on monetary policy implementa-
tion is still in its infancy. The second part of this study thus shall contribute
to filling this gap by establishing specific recommendations for an effective
and efficient operational framework.
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Chapter 5

Objectives and Principles

The remarkable heterogeneity of central banks’ operational frameworks doc-
umented in the previous chapter raises the question whether there is an
‘optimal’ operational framework. But as discussed in Section 1.1, the rigor-
ous derivation of an optimal operational framework is condemned to failure
for various theoretical and practical reasons. The ambition of this study is
thus more humble: to come up with an operational framework that is both
effective and efficient. But before presenting and discussing such an opera-
tional framework in the subsequent chapters, this chapter will clarify what
is meant by ‘effective’ and ‘efficient’.

In terms of effectiveness, it will be argued that monetary policy imple-
mentation should pursue two main policy objectives: tight control of the
operational target (i.e. the overnight rate) and a liquid and competitive in-
terbank money market. An operational framework is said to be effective if
it permits to achieve these policy objectives to a high degree. Moreover, the
operational framework should also allow for an efficient resource allocation.
From a welfare perspective, the most appropriate criterion to measure effi-
ciency are social costs caused by the operational framework. That is, the
lower the social costs attributed to an operational framework, the more ef-
ficient it is. Effectiveness and efficiency are thus translated into three—to a
large extent measurable—concrete policy objectives: (i) tight control of the
overnight rate, (ii) a liquid and competitive interbank money market, and
(iii) low social costs.

In the following, Section 5.1 will discuss the three policy objectives in
more detail. Moreover, Section 5.2 will argue that in order to achieve these
policy objectives, an operational framework should adhere to a number of
principles. These principles will guide the central bank in designing the
operational framework, particularly as they allow to narrow down the set of
potential frameworks.
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5.1 Policy Objectives

In recent years, most central banks have paid increasing attention to being
transparent about the ultimate objectives of monetary policy. This is partic-
ularly true for those central banks that are committed to inflation targeting
or some variant of it, such as inflation forecast targeting. The definition and
the public announcement of the objectives—e.g. in form of a target infla-
tion rate—are considered to be essential for two reasons. First, transparency
about the objectives of monetary policy is a prerequisite for adequate cen-
tral bank accountability, an aspect that has gained in importance due to
central banks’ increasing independence. Second, and more importantly, by
announcing the (inflation) target, central banks intend to anchor the public’s
expectations and to enhance the effectiveness of monetary policy.

There is less transparency, however, about the objectives central banks
pursue with respect to the implementation of monetary policy. Of course,
most central banks announce a specific target level for the operational target.
But besides that, it is less clear which—if any—other objectives central banks
might pursue. An exception is the Bank of England, who has publicly an-
nounced four specific objectives (Bank of England 2006): (i) Overnight rates
should be in line with the Bank’s official rate and short-term market interest
rates should exhibit very limited day-to-day or intraday volatility; (ii) an
efficient, safe and flexible framework for banking system liquidity manage-
ment; (iii) a simple, straightforward and transparent operational framework,
and (iv) competitive and fair sterling money markets. Another exception is
the ECB, whose objectives may be summarized as follows: (i) influencing
money market interest rates; and (ii) ensuring the proper functioning of the
money market. Besides that, the ECB mentions that the operational frame-
work is designed in accordance with a number of guiding principles, such as
operational efficiency, equal treatment and harmonization, decentralized im-
plementation, simplicity, transparency, continuity, safety and cost efficiency.1

Some of these objectives, such as those related to the control of interest
rates and the proper functioning of the money market, are straightforward
and will be taken up below as well. Moreover, it seems that the ECB’s
distinction between policy objectives and guiding principles has some merit.
For instance, it remains unclear why transparency should be an objective of
monetary policy implementation. As in the case of the strategic framework
of monetary policy, transparency is only a means to an end, rather than an
end in itself. Therefore, in the following, a clear distinction will be made

1Interestingly, the objectives and guiding principles are stated only on the ECB’s web-
site, but they are not included in the otherwise very detailed general documentation on
the Eurosystem’s monetary policy instruments and procedures (ECB 2006a).
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between actual policy objectives on the one hand, and guiding principles
that are conducive to achieving these objectives on the other hand.

5.1.1 Tight Control of the Overnight Rate

The ability to influence short-term interest rate with high precision is at the
heart of monetary policy implementation. Nobody would thus challenge that
tight control of the overnight rate (which is assumed to be the operational
target) is the most important objective of monetary policy implementation.
But what does tight control really mean? First of all, it requires that the
mean overnight rate equals the target rate, that is any deviations of effective
rates from the target rate must cancel each other over time. Moreover, be-
sides the mean, the volatility of overnight rates also needs to be taken into
account. Indeed, even if the mean overnight rate is equal to the target rate,
effective overnight rates might temporarily deviate more or less significantly
from the target rate. The lower the frequency and the magnitude of these
deviations, the tighter is the control of interest rates. Therefore, in practice,
the extent of interest rate control can be measured by two simple statistics:
the mean and the volatility of overnight rates.

In order to reinforce the importance of tight interest rate control, consider
the detrimental effects of persistent deviations from the target rate and ex-
cessive interest rate volatility, respectively. First of all, persistent deviations
of overnight rates from the announced target are likely to raise doubts in
the market and the economy as a whole about both the effective and the in-
tended monetary policy stance. As a consequence, the market’s expectations
on future target rate changes might change, with unintentional immediate
effects on longer-term interest rates. Moreover, if the mean overnight rate
were consistently above or below the target rate, this spread would be trans-
mitted along the yield curve into longer-term interest rates. Monetary policy
would then be either more expansive or more restrictive than intended by
policy makers. Also, persistent deviations from the announced target would
undermine the market’s belief in the central bank’s ability to steer short-
term interest rates. The associated loss of reputation might even impair the
central bank’s credibility in other domains.

While low or moderate volatility in overnight and other short-term inter-
est rates might not be much of a concern, it is beyond doubt that excessive
volatility can have rather harmful consequences. To begin with, as the central
bank is considered to be responsible for ensuring orderly market conditions
in short-term money markets, it might face a reputation problem if volatility
in money market interest rates is inordinately high. Furthermore, excessive
volatility in overnight rates might deter some financial institutions from ac-
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tive participation in the interbank money market. In particular, if lucrative
participation in a money market characterized by high interest rate volatility
seems to require special expertise and therefore a disproportionate commit-
ment of market intelligence, smaller and foreign institutions with compar-
atively lower trading volumes might refrain from participation at all. By
the same token, high volatility and unpredictability in overnight rates might
reduce the incentives for market-making in this market segment, resulting
in less liquid overnight markets and temporary frictions in the market-wide
distribution of liquidity. In turn, this would increase banks’ funding risks and
liquidity management costs. Moreover, the development of related market
segments such as the overnight indexed swap (OIS) market might also be
impeded.

Perhaps the most serious concern is that excessive volatility in overnight
or other short-term money market interest rates could be transmitted along
the yield curve, causing excessive volatility in longer-term interest ratesd and
other financial assets. By influencing spending and investment decisions, this
could have distorting effects on real economic activity (Sellon and Weiner
1997). However, empirical evidence on the extent of volatility transmission
along the yield curve is inconclusive. For instance, while the transmission of
volatility into longer-term interest rates has been rejected for the U.K. (Vila
Wetherilt 2003), it has been confirmed for euro interest rates, at least for
shorter maturities (Cassola and Morana 2003, Durré and Nardelli 2006).

Finally, it needs to be stressed that even though the ability to influence
short-term interest rates with high precision is the most important objec-
tive of monetary policy implementation, it is not the only one. In fact, if it
were, establishing an effective operational framework would be straightfor-
ward: The central bank could easily peg the interest rate at the target level
by (i) providing a borrowing and a deposit facility, (ii) setting the borrow-
ing rate and the deposit rate equal to the target rate, and (iii) announcing
that commercial banks are permitted to borrow or to deposit an unlimited
amount of reserves at these facilities. However, in practice, such an opera-
tional framework has never been used, the reason being that a zero interest
rate corridor would completely crowd out the interbank money market. In-
deed, no bank with a reserve surplus would ever be able to lend funds at
an interest rate higher than the overnight target rate, and similarly no bank
with a reserve shortfall would ever be able to borrow funds at an interest rate
lower than the overnight target rate. Instead of searching for other banks
with opposing funding needs, banks would simply rely on the central bank’s
standing facilities for borrowing (depositing) needed (surplus) funds. Trad-
ing would cease and the interbank market collapse. In the next section, it
will be shown that a complete breakdown of the interbank money market
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would have a number of serious consequences. Preserving and promoting
a well-functioning interbank money market is thus the second objective of
monetary policy implementation.

5.1.2 Liquid and Competitive Money Markets

The vital role of money markets for the financial system becomes most ev-
ident in times when they cease functioning. In this respect, the experience
with the severe disruptions to major money markets during the 2007–2008
financial crisis should be sufficient to explain why—to the extent possible—
the operational framework for the implementation of monetary policy should
contribute to liquid and competitive interbank money markets and underpin
incentives for banks to manage liquidity risk prudently. This notwithstand-
ing, let us briefly explore what it actually means to have a competitive and
liquid interbank money market, and why the central bank should have a keen
interest in the proper functioning of this market.

The interbank money market can be said to be liquid and competitive if
it permits banks to easily borrow or lend an arbitrary amount of funds at
fair and predictable prices (i.e. interest rates) and at low transaction costs.
A well-functioning money market thus allows offsetting short-term liquidity
needs or surpluses, no matter whether these liquidity imbalances result from
a bank’s deliberate position taking or from customers’ stochastic payment
flows. High trading volumes, low bid-ask spreads, and a moderate level of
interest rate volatility are typical features of liquid and competitive money
markets. Clearly, a large number of market participants, the presence of
several market makers, the absence of dominant market players and a high
degree of transparency are conducive to a liquid, competitive and thus well-
functioning interbank money market.

A liquid and competitive short-term money market provides several ad-
vantages. First of all, contributing to the efficient distribution of funds be-
tween market participants, it prevents the central bank from becoming any
bank’s lender of first resort. Indeed, if borrowing from other (liquidity abun-
dant) banks is not possible or at least severely inhibited by market frictions,
banks with short-term liquidity needs have no alternative to falling back
on the central bank, either by borrowing more in open market operations
or from standing facilities. In the presence of an illiquid interbank money
market, the central bank thus can’t help providing liquidity to banks with
short-term funding needs either way; otherwise these banks would run into
serious liquidity problems or, by desperately seeking funds in the dried-out
market, they would bid up overnight rates to levels not in line with the cen-
tral bank’s target rate. Also, as banks’ short-term liquidity imbalances can
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be rather large, the need for additional liquidity provision by means of open
market operations or via standing facilities would be significant. The associ-
ated expansion of the central bank’s balance sheet would raise either of the
following concerns: On the one hand, if additional short-term lending is not
or not adequately collateralized, the central bank could be exposed to ex-
cessive credit risk vis-à-vis its counterparties, especially if they are perceived
to be financially unsound. On the other hand, if lending is adequately col-
lateralized, the mere size of banks’ incremental collateral requirements could
severely strain the market for collateral, with unintended consequences for
the pricing of financial assets. Both concerns are resolved if the interbank
money market is sufficiently liquid. In that case, the central bank only has
to worry about providing the adequate aggregate amount of liquidity, while
the interbank market will ensure that these funds are efficiently distributed
between financial institutions.

Market discipline is another reason why central banks should have a keen
interest in liquid and competitive interbank money markets. As argued by
Rochet and Tirole (1996), by generating incentives for lending banks to
screen and monitor borrowing banks, interbank exposures may contribute
to prudent market behavior and reduce the risk of bank failures and finan-
cial instability. Therefore, to the extent that banks are provided with proper
incentives to identify the risks of other banks, they can perform a comple-
mentary task to banking supervisors and rating agencies.2 Regulators then
may rely on market signals to identify those banks which the market per-
ceives as comparatively risky. Even more, as banks anticipate that they will
face pricing effects and quantity rationing in the interbank money market if
they are perceived to be too risky by their peers, they have an incentive to
reduce their riskiness in the first place. A well-functioning interbank money
market thus may contribute to a generally sound banking system, which, in
turn, is a precondition for effective transmission of monetary policy.

Last but not least, a liquid and competitive interbank money market goes
usually hand in hand with a low level of interest rate volatility and is thus
instrumental to achieving the central bank’s primary policy objective: tight
control of interest rates. As a matter of fact, both objectives—tight interest
rate control and a well-functioning money market—are mutually reinforcing:
If interest rate control is tight, the interbank market should become more
liquid and competitive; and in turn, if the interbank market is liquid and
competitive, it is easier to exert tight interest rate control.

2Empirical evidence supporting the market discipline hypothesis in the U.S. federal
funds market is documented by Furfine (2001) and King (2008), and for central and eastern
European interbank markets by Dinger and von Hagen (2008).
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5.1.3 Low Social Costs

With tight control of the overnight rate and a well-functioning interbank
money market being the two main policy objectives of monetary policy im-
plementation, the adequacy of any operational framework should be assessed
by the extent to which it allows achieving these goals. However, it is quite
likely that many different operational frameworks permit to achieve these
objectives to the same or at least a similar degree. In order to discriminate
between these frameworks, it is useful to pay attention to another factor:
the efficient allocation of resources. In the present context, an operational
framework is said to be efficient if—for a given degree of achievement of the
two main policy objectives—it causes the lowest social costs. Thus, if two or
more operational frameworks perform similarly well in terms of their effec-
tiveness, efficiency considerations call for choosing the framework that causes
the lowest social costs.

The implementation of monetary policy occasions a wide range of costs.
Some of these costs are borne by the central bank, others by commercial
banks or even the public at large. For instance, the technical infrastructure
needed for monetary policy implementation is a major expense factor. It
includes the development, investment, maintenance and ongoing operating
costs of different systems or platforms, such as the trading or auctioning
system for open market operations and the post-trading market infrastruc-
tures for settling payments and securities transactions.3 Another important
cost factor is related to human resources. For the central bank, forecast-
ing autonomous liquidity factors and conducting open market operations
requires staff in both the front-office and the back-office. Similar cost issues
arise for commercial banks’ liquidity management, which requires staff for
liquidity analysis and planning, market intelligence, trading and settlement
of transactions with the central bank and in the interbank money market.4

Moreover, the implementation of monetary policy may also imply less tan-
gible social costs, such as allocative inefficiencies due to distortions induced
by the rules and procedures of the operational framework. For instance, the
non-remuneration of reserve requirements might imply suboptimal portfolio
allocation or induce banks to invest in (socially wasteful) measures to reduce

3The post-trading market infrastructures are typically used also for other purposes,
but a certain share of their total cost is attributable to the implementation of monetary
policy. To what extent these costs are borne by the central bank or commercial banks
(e.g. in form of transaction fees) may depend on the specific circumstances.

4Banks do not have to invest resources in liquidity management. However, they face a
trade-off between investing resources into liquidity management on the one hand, and the
costs associated with suboptimal end-of-day liquidity positions or unsettled transactions
on the other hand (Bindseil and Nyborg 2008).
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the level of required reserves.5 Moreover, the central bank’s outright hold-
ings of securities or its collateral policy might have distorting effects on the
relative prices of financial assets.

Clearly, these costs depend on how monetary policy is implemented. For
instance, the higher the frequency of open market operations, the higher
the labor costs for both the central bank and commercial banks. Also, the
resources that commercial banks will have to spend on market intelligence
will likely depend on the central bank’s tender procedure for open market
operations. In particular, bidding in variable rate tenders is more demanding
and requires more expertise and knowledge about current and future market
conditions than bidding in fixed rate tenders.6 Moreover, the degree of trans-
parency on central bank liquidity management will likely affect the resources
banks spend on forecasting future central bank actions. The more opaque the
central bank’s procedures, the more banks will have to spend on analyzing
and interpreting the central bank’s actions, on reading messages in say the
allotment decisions, and on anticipating future operations. Furthermore, the
degree of complexity of the rules and procedures governing reserve require-
ments will have a corresponding impact on the cost of computing required
reserves and banks’ activities to circumvent reserve requirements.

There are also important intertemporal trade-offs, particulary between
investment costs and ongoing operating costs. For instance, setting up in-
frastructures that allow for standardized and highly automated trading and
post-trading processes causes significant investments, but once established,
efficient infrastructures will imply less manual interventions and thus lower
ongoing operational costs and risks. Whether these investments ultimately
pay off will depend on a range of factors, such as the size of the financial
system and the relative factor costs. Finally, one might mention that even
minor modifications such as changes to the auction format for open market
operations or new rules for computing reserve requirements need to be under-
stood, assessed and implemented by many market participants. Any change
to an operational framework is thus likely to cause considerable learning and
adaptation costs, both for the central bank and, more importantly, for a large
number of commercial banks.

Although the preceding enumeration of different cost factors is by no
means comprehensive, it suggests that measuring total social costs associ-

5Note that the interest foregone on banks’ non-remunerated reserves accrues as profit
to the central bank and thus involves no direct social costs.

6In variable rate tenders, less informed banks run the risk of either bidding too low an
interest rate (in which case they will not be allocated any funds and they might have to
borrow at higher costs in the interbank market) or bidding too high an interest rate (in
which case they will pay too much for the allotted amount).
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ated with a specific operational framework is a formidable task. Therefore,
instead of measuring the costs induced by an operational framework directly,
we will follow an indirect approach and postulate a number of guiding prin-
ciples. The idea is that any operational framework that adheres to these
principles will cause relatively low social costs. Moreover, as will be argued,
complying with these principles also contributes to achieving the two other
policy objectives. A welcome side effect of postulating these principles thus
is that they allow to narrow down the set of contemplable operational frame-
works.

5.2 Guiding Principles

This section postulates a number of guiding principles, adherence to which
will be conducive to achieving the policy objectives set out above. As ar-
gued below, the operational framework should be characterized by a high
degree of simplicity, transparency and neutrality, and from an intertemporal
perspective, it should exhibit a high degree of continuity. In addition, the
infrastructure used for the implementation of monetary policy should provide
for a high degree of operational reliability and security.

Simplicity

First and foremost, the operational framework should be simple and straight-
forward. The rules and procedures governing the use of monetary policy in-
struments should dispense with any unnecessary complexities, as they would
only raise the social costs associated with the implementation of monetary
policy in some way or the other. Simplicity—at least to the extent possible—
is thus a precondition for the efficient allocation of resources and, as further
demonstrated below, also contributes to the achievement of the other policy
objectives.

Transparency

The rules and procedures of the operational framework as well as the cen-
tral bank’s actual use of monetary policy instruments should be transpar-
ent, both ex ante and ex post. Ex ante transparency requires the central
bank to disclose its policy objectives (e.g. tight interest rate control, liq-
uid and competitive money markets, and low social costs) and to explain
how the design of the operational framework contributes to achieving these
objectives. Moreover, the definition of largely rule-based (rather than dis-
cretionary) procedures and the timely release of any information that might
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facilitate commercial banks’ liquidity management are suited to heighten ex
ante transparency. In addition, ex post transparency requires the timely
disclosure of any relevant information on central bank operations and the
achievement of policy objectives (accountability).

In conjunction with simplicity, a high degree of transparency fosters mar-
ket participants’ ability to understand the working of the operational frame-
work and to anticipate as well as comprehend the central bank’s operations.
By eliminating undue uncertainty on the part of commercial banks, simplicity
and transparency are thus conducive to achieving all three policy objectives.

Neutrality

The operational framework should be neutral in the sense that the rules and
procedures (i) minimize distorting effects on relative prices of financial assets
and the longer-term yield curve (market neutrality) and (ii) ensure equitable
treatment of all market participants (competitive neutrality).

Market distortions may result from the central bank’s portfolio choices,
the specification of open market operations or the collateral policy. For in-
stance, relative prices of financial assets might be affected by the central
bank’s outright holdings of specific securities and, in particular, by outright
purchases or sales of securities in the primary or secondary market. To the
extent that the central bank has a choice of satisfying banks’ structural liq-
uidity needs by means of outright holdings or reverse operations, it seems
that reverse operations are preferable for two reasons. First, because owner-
ship of the underlying assets is not affected in reverse operations, the price
of a security will be less distorted than if the security were bought or sold
outright. Moreover, in outright transactions, the central bank would have
to make a decision on the maturity of the instrument purchased or sold,
thereby potentially affecting the yield curve at that maturity. However, es-
pecially in cases where the banking system’s structural liquidity deficit is
large and increasing over time (e.g. due to an increase in the public’s de-
mand for currency), it is difficult to provide liquidity exclusively by means
of repo transactions, as the size of these transactions would have to increase
perpetually. Most likely, the central bank will then find it more convenient
to provide a significant amount of liquidity via outright holdings of securi-
ties. In this case, to minimize the impact on prices and liquidity of financial
assets, the central bank should strive to hold a well diversified portfolio of
liquid securities with varying maturities.7

7One should also note that to the extent that the slope of the yield curve is positive,
providing liquidity by means of outright holdings of longer-term securities generates, on
average, higher revenues than providing liquidity by means of short-term repos.
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Another channel through which securities prices might be affected is the
central bank’s collateral policy. Indeed, it is quite likely that there is a
premium on securities eligible for central bank operations, or to put it differ-
ently, that non-eligible securities trade at a discount. Such distorting effects
are minimized if a relatively wide range of collateral is accepted and if the
riskiness of the different types of collateral is reflected by the application of
adequate haircuts.

As for competitive neutrality, it is obvious that some market participants
are placed at a disadvantage in case the central bank decided to deal only
with certain counterparties or in case the collateral policy were biased in favor
of a particular group of banks. The specification of open market operations
and the collateral policy thus seem to be crucial in ensuring competitive
neutrality. In particular, in terms of open market operations, competitive
neutrality would call for tender-based reverse operations, with a relatively
simple auction form (e.g. fixed rate tender) and the admission of all interested
parties. Moreover, accepting a wide range of eligible collateral should also
contribute to minimize any distortions between different types of banks and
to promote a level playing field.

Continuity

As mentioned in Section 5.1, even minor changes to the operational frame-
work have the potential to cause significant adaptation and learning costs,
both for the central bank and all commercial banks. Moreover, any modi-
fication to the rules and procedures could adversely affect the effectiveness
of monetary policy implementation, at least transitionally. This is because
it usually takes some time to fully apprehend the impact of changes to the
operational framework. To keep the social costs at bay as well as to avoid
unnecessary uncertainty about the working of the operational framework, the
central bank should thus strive for a high degree of continuity in the manner
it implements monetary policy.

As a matter of course, this principle should not be abused as an excuse for
sticking longer than necessary to a conspicuously flawed operational frame-
work. Rather, it implies that the operational framework should be carefully
designed in the first place, so as to minimize the need for future amendments.
And in case amendments become necessary nonetheless, they should be im-
plemented only after thorough examination of their potential implications.

Operational Reliability and Security

While the preceding four guiding principles bear on the rules and procedures
governing the instruments of monetary policy, the last principle refers to the
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business processes and the underlying information and communication tech-
nology (ICT) used to implement monetary policy. For obvious reasons, the
relevant business processes and the critical ICT have to be operationally reli-
able and secure. For instance, the implementation of monetary policy would
be severely hampered if relevant business processes such as open market op-
erations could not be conducted or settled as planned, e.g. due to technical
issues with the underlying technical infrastructure, a failure of the commu-
nication network or the lack of qualified staff. Also, there must be not the
slightest doubt about the confidentiality and integrity of any data exchanged
between the central bank and commercial banks.

Let alone for efficiency reasons, the use of standardized and automated
processes is instrumental to achieving a high degree of operational reliability
and security. Of course, one might object that the reliance on automated
processes and thus the smooth functioning of the underlying ICT leads to
an increase in operational risk. However, it should be noted that automated
processes are less error-prone than manual processes and interventions and,
moreover, operational risks can be mitigated and controlled by the implemen-
tation of appropriate measures (e.g. redundant infrastructure or periodically
tested back-up and contingency procedures).

In practice, central banks should pay due attention to all guiding prin-
ciples. However, for the purposes of this study, which aims at proposing
an effective and efficient operational framework, the first three principles—
simplicity, transparency and neutrality—are the most relevant. The fourth
principle—continuity—is particularly important from an intertemporal per-
spective, which is beyond the scope of this study. And as mentioned, the
last principle—operational reliability and security—is not directly related to
the operational framework as such, but refers to the underlying technical
infrastructure and the relevant business processes.



Chapter 6

The Recommended Operational
Framework

The preceding chapter has postulated three main policy objectives associ-
ated with monetary policy implementation, i.e. tight control of the overnight
rate, liquid and competitive money markets, and low social costs. In addi-
tion, it was contended that in order to achieve these objectives the opera-
tional framework for the implementation of monetary policy should adhere
to a number of guiding principles. In particular, the operational framework
should be simple, transparent and neutral. The detailed description of the
objectives and guiding principles is an important step towards a normative
analysis of monetary policy implementation, as establishing a common un-
derstanding on what monetary policy implementation should achieve (and
what it should not achieve) is a precondition for assessing the pros and cons
of currently applied operational frameworks, for their further development
and for devising alternative (potentially preferable) operational frameworks.

The main purpose of this study is to propose an effective and efficient
operational framework, i.e. one that performs well in terms of the stated pol-
icy objectives. In this respect, the first part of this study provides a wealth
of useful insights on how individual monetary policy instruments should be
specified and how they should fit together. Based on these findings, the
key elements of such an operational framework are sketched in Section 6.1.
Section 6.2 then provides an initial assessment of the proposed operational
framework against the policy objectives. The rationale for many of the spe-
cific recommendations will then be further studied in Chapter 7.
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6.1 Overview

The core elements of the proposed operational framework are summarized
by 15 recommendations. While most of these recommendations govern the
rules and procedures for the three monetary policy instruments, i.e. reserve
requirements, standing facilities, and open market operations, the last three
recommendations are of a more general nature and relevant for several (or
all) instruments. In addition, it needs to be stressed that the recommended
operational framework takes for granted that the central bank’s operational
target is set in terms of a specific target for the overnight rate (see Section
2.3).

Reserve Requirements

R-1 Averaging. Reserve requirements allow for averaging over the reserve
maintenance period.

R-2 Timing of reserve maintenance periods. Reserve maintenance
periods are aligned with the timing of monetary policy decisions such that
(regular) changes in the overnight target rate become effective on the first
day of a new reserve maintenance period.

R-3 Reserve target range. Prior to the beginning of a reserve mainte-
nance period, the central bank sets for each bank the reserve target and a
symmetric range around the reserve target. Reserve targets are sufficiently
high and the reserve target range is sufficiently wide to absorb the impact of
shocks to banks’ liquidity and autonomous liquidity factors.

R-4 Remuneration. Required reserves are remunerated at the level of
the central bank’s average tender rate for short-term repos over the current
reserve maintenance period. Any excess reserves are remunerated at the
deposit rate, while any reserve shortfalls must be covered by borrowing from
the borrowing facility.

Standing Facilities

R-5 Borrowing facility. The central bank provides a borrowing facility,
which allows banks to borrow reserves overnight at their discretion at the
prevailing borrowing rate against eligible collateral. Borrowed reserves are
applied to required reserves.

R-6 Deposit facility. The central bank provides a deposit facility, which
allows banks to deposit reserves overnight at their discretion at the prevailing
deposit rate. Deposited reserves are not applied to required reserves.
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R-7 Symmetric interest rate corridor. The borrowing rate and the de-
posit rate provide for a symmetric interest rate corridor around the overnight
target rate. The width of the corridor is set such that it strikes the ap-
propriate balance between the objectives of tight control of the overnight
rate (which calls for a relatively narrow corridor) and liquid and competitive
money markets (which calls for a relatively wide corridor).

Open Market Operations

R-8 Liquidity Management Strategy. The central bank undertakes to
provide the amount of liquidity the banking system needs to comply with
aggregate reserve targets over the reserve maintenance period. Within the
reserve maintenance period, the central bank aims at smoothing the day-to-
day provision of liquidity.

R-9 Regular operations. The central bank provides or absorbs liquidity
primarily by means of the following regular open market operations:

– long-term repos for basic refinancing, conducted monthly with maturity
of three or six months;

– short-term repos for managing liquidity within the reserve maintenance
period, conducted weekly with maturity of one week (the maturity of
the last short-term repo within a reserve maintenance period may need
to be adjusted in order to ensure that the repo matures on the first day
of the next reserve maintenance period);

– overnight repos for liquidity fine-tuning, conducted on the last day of
the reserve maintenance period.

R-10 Occasional operations. The central bank may conduct the follow-
ing open market operations as needed:

– securities outright transactions to accommodate permanent changes in
autonomous liquidity factors;

– overnight or short-term repos to offset major unanticipated temporary
changes in autonomous liquidity factors on any day within the reserve
maintenance period.

R-11 Exceptional operations. To deal with exceptional circumstances,
the central bank disposes of arrangements that allow to drain large quantities
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of reserves (e.g. by issuing non-monetary liabilities), to conduct collateral
swaps and to provide liquidity in the most important foreign currencies.

R-12 Tender procedures. The central bank conducts short-term and
overnight repos as fixed rate tenders, with the tender rate set equal to the
current overnight target rate. The central bank conducts long-term repos as
variable rate tenders (uniform price auctions without minimum bid rate). In
both tender procedures the central bank pre-announces the total intended
allotment. In the event of overbidding, liquidity is allotted on a pro-rata
basis, with a maximum allotment ratio applying for any bidder.

Miscellaneous

R-13 Scope. All participants to the interbank large-value payment system
are subject to reserve requirements, have access to the standing facilities,
and are eligible counterparties for open market operations.

R-14 Collateral Framework. The central bank accepts a wide range of
collateral and applies risk-based valuation haircuts.

R-15 Documentation. The central bank publishes a general documen-
tation on the operational framework, explaining in detail the rules and pro-
cedures governing the use of the relevant monetary policy instruments, both
in normal and exceptional circumstances.

6.2 Appraisal

The rationale for as well as further considerations regarding the specific rec-
ommendations outlined above will be discussed in Chapter 7. However, be-
fore going into the details, a more general discussion of the proposed frame-
work is warranted. To this end, this section first shows how the key elements
of the recommended operational framework can be captured in a modified
version of the money market model developed in Chapter 3. Based on that
model and further considerations, it will then be established that the recom-
mended operational framework allows to achieve the stated policy objectives
to a very high degree.

6.2.1 Modeling

In Chapter 3, a rather general model of the money market has been intro-
duced that allows to study the interaction of banks’ demand for reserves and
the central bank’s supply of reserves. In particular, it was shown how banks’
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demand for reserves in the interbank money market and, by implication, the
market clearing overnight rate are affected by various institutional features
of the operational framework, such as the specific configuration of reserve
requirements, standing facilities, and banks’ expectation regarding the terms
and conditions of the central bank’s open market operations within the re-
serve maintenance period. In terms of the notation introduced in Chapter
3, the specific features of the recommended operational framework can be
summarized as follows.

First, regarding reserve requirements, note that reserve maintenance pe-
riods are aligned with the timing of monetary policy decisions. This implies
that the length of the reserve maintenance period, measured as the number of
days t = 1, . . . , T , may vary. For instance, if the monetary policy committee
meets monthly on the second Wednesday, the implication would be that the
reserve maintenance period may last 28 or 35 days. More importantly, the
recommended operational framework provides for a symmetric range around
the reserve target. Denoting bank i’s reserve target at the beginning of the
reserve maintenance period as Di,1, the reserve target range can then be writ-
ten as [(1− λ)Di,1, (1 + λ)Di,1], where λ is the allowed percentage deviation
from the reserve target.1 The bank complies with reserve requirements if the
accumulated end-of-day reserve balances over the reserve maintenance period
fall within that range. In that case, the accumulated reserve balances are re-
munerated at the average tender rate for short-term repos, which equals the
current overnight target rate i∗. In case the accumulated reserve balances
fall short of (1 − λ)Di,1, the bank needs to borrow the shortfall from the
borrowing facility; in case accumulated reserves exceed (1 + λ)Di,1, excess
reserves can be deposited at the deposit facility.

Second, in terms of standing facilities, the symmetric interest rate corridor
around the current overnight target rate implies that the borrowing rate
and the deposit rate can be written as ibt = i∗t + ω/2 and idt = i∗t − ω/2,
respectively, where ω is the width of the interest rate corridor. Moreover,
since the analysis is restricted to one maintenance period and the overnight
target rate is (typically) not changed within reserve maintenance periods, we
may simply write i∗, ib and id.

Third, with respect to open market operations, the central bank’s liq-
uidity management strategy calls for providing the market with sufficient re-
serves to comply with the aggregate reserve target and to smooth the day-to-
day provision of liquidity as much as possible. Ideally, the path of per capita
end-of-day reserve balances would thus be Reod

1 = Reod
2 = . . . = Reod

T = D1/T .

1Similarly, the per capita reserve target and the per capita reserve target range are D1

and [(1− λ)D1, (1 + λ)D1], respectively.
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Assuming that the shocks to autonomous liquidity factors have mean zero
and that there is no long-term repo maturing during the current reserve
maintenance period, the regular weekly short-term repos have the follow-
ing optimal allotments. The first one-week repo, to be conducted on the
very first day of the reserve maintenance period, should have a per capita
allotment of L1,8 = L̄1 + D1/T − Rbod

1 . With this allotment, the expected
end-of-day reserve balances throughout the first week of the reserve main-
tenance period are D1/T . Of course, to the extent that the realized shocks
to autonomous liquidity factors are non-zero, the actual end-of-day reserve
balances will deviate from the optimal path. By the beginning of the second
week, the remaining per capita reserve deficiency is D8 and, ideally, the per
capita end-of-day reserve balances over the remainder of the reserve mainte-
nance period would now be Reod

8 = . . . = Reod
T = D8/(T − 7). The required

allotment then is L8,15 = L̄8+D8/(T −7)−Rbod
8 , and so on for the remaining

weekly repos. Eventually, on the last day of the reserve maintenance period,
the remaining per capita reserve deficiency is DT and the optimal allotment
of the fine-tuning overnight repo is LT,T+1 = DT −Rbod

T .

6.2.2 Assessment Against the Policy Objectives

Objective 1: Tight Control of the Overnight Rate

First and foremost, the recommended operational framework needs to be
assessed against the extent to which it allows to control the operational
target, which is defined as a specific target for the interbank overnight repo
rate. The money market model developed in Chapter 3, which captures both
banks’ demand for reserves in the interbank money market and the central
bank’s attempts to manage the aggregate supply of reserves by means of
open market operations, is well suited to carry out this assessment. As in
Chapter 3, equilibrium overnight rates in the interbank money market (which
are derived from banks’ optimal borrowing decisions) and the central bank’s
optimal allotment decisions in open market operations can be calculated by
means of backward induction.

From a bank’s perspective, the value of an additional unit of reserves at
the end of the reserve maintenance period is id (in case of excess reserves), ib

(in case of a reserve shortfall), or i∗ (in case the accumulated reserve balances
are within the reserve target range). Correspondingly, at the time of market
clearing on day T , i.e. before the cumulated afternoon liquidity shock is
realized, any bank’s demand for reserves depends on its assessment of the
probabilities of incurring excess reserves, a reserve shortfall, or being within
the reserve target range. The probabilities attached to these three states
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depend on the bank’s remaining reserve deficiency Di,T , its reserve position
before market clearing Rmc

i,T , and the variance of the cumulated afternoon
liquidity shock εAi,T .

Assuming that at the beginning of day T each bank’s level of accumulated
reserves lies below the lower bound of the reserve target range (i.e. Di,T >
λDi,1,∀i), the market clearing interest rate is

iT = ΓεA (DT − λD1 −Rmc
T ) ib

+ [1− ΓεA (DT + λD1 −Rmc
T )] id

+ [ΓεA (DT + λD1 −Rmc
T )− ΓεA (DT − λD1 −Rmc

T )] i∗,

(6.1)

where DT is the per capita reserve deficiency at the beginning of day T .
The market clearing overnight rate iT thus is a weighted average of the three
possible values of an additional unit of reserves, with the weights reflecting
the probabilities of ending the reserve maintenance period with accumulated
reserves that (i) fall short of the lower bound of the reserve target range (ii)
exceed the upper bound of the reserve target range, and (iii) lie within the
reserve target range.

By the same logic, on the penultimate day of the reserve maintenance
period, the market clearing interest rate is a weighted average of the bor-
rowing rate, the deposit rate, and the interest rate expected to prevail on
the last day of the reserve maintenance period, with the weights reflecting
the probabilities of (i) being overdrawn at the end of the day, (ii) exceeding
the upper bound of the reserve target range, and (iii) avoiding both standing
facilities. More formally, the overnight rate on T − 1 thus is:

iT−1 = ΓεA
(
−Rmc

T−1

)
ib +

[
1− ΓεA

(
DT−1 + λD1 −Rmc

T−1

)]
id

+
[
ΓεA

(
DT−1 + λD1 −Rmc

T−1

)
− ΓεA

(
−Rmc

T−1

)]
ET−1(iT ).

(6.2)

What can we say about the measure of the respective probabilities and
hence the market clearing rate T − 1? First, note that if the reserve targets
are sufficiently high compared to the size of banks’ liquidity shocks as recom-
mended in recommendation R-3, the demand for end-of-day reserve balances
over the reserve maintenance period is fairly constant (see the discussion
in Section 3.2.2). Moreover, R-8 calls for a fairly smooth supply of reserves
during the reserve maintenance period. If these conditions are met, the prob-
ability that banks are being forced into either of the standing facilities on the
penultimate day is close to zero, and hence iT−1 ≈ ET−1(iT ). By implication,
the same holds true for the previous days, so that the martingale property
holds approximately, i.e.

it ≈ Et(iT ), for t = 1, . . . , T − 1. (6.3)
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In order to maintain overnight rates at or near the target rate throughout
the reserve maintenance period, it is imperative that the (expected) market
clearing overnight rate on day T equals the target rate. Equation (6.1) reveals
that iT is equal or very close to i∗ whenever the term |DT − Rmc

T | is small.
If the per capita reserve balances at the time of market clearing Rmc

T exceed
(fall short of) the remaining per capita reserve deficiency DT , iT tends to
be below (above) the target rate i∗. However, as shown in Figure 6.1, the
interest rate effects of such deviations are mitigated by the reserve target
range.

Figure 6.1: Market Clearing Overnight Rate on the Last Day of the Reserve
Maintenance Period
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The underlying assumptions in Figure 6.1 are as follows: the reserve
maintenance period lasts 28 days; the per capita reserve target isD1 = 2, 800;
the remaining per capita reserve deficiency at the beginning of day T is
DT = 100; and the standard deviation of the cumulated afternoon liquidity
shock is σεA = 20. Moreover, the reserve target range is either zero (blue
line) or 2% of the per capita reserve target (red line). The effect of the
reserve target range is striking: In case the per capita reserve balances at
the time of market clearing deviate from the remaining reserve deficiency,
the impact on the overnight rate is significantly smaller than without reserve
target range. Establishing a reserve target range as recommended in R-3 is
thus an effective device to mitigate or even avoid the usual spikes in overnight
rates at the end of reserve maintenance periods.

Besides the reserve target range, a number of other features of the recom-
mended operational framework play an essential part in contributing to tight
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interest rate control. To facilitate the discussion of these features and how
they are related to each other, it is useful to distinguish between demand
and supply factors.

Regarding the factors that affect the demand for (end-of-day) reserve bal-
ances, the first key element are sufficiently high reserve requirements (R-3).
In combination with the averaging provision (R-1) high reserve requirements
increase the interest rate elasticity of reserve demand and reduce the prob-
abilities of having recourse to either of the standing facilities throughout
the reserve maintenance period. The remuneration of required reserves at
the current target rate (R-4) and the symmetric interest rate corridor estab-
lished by the standing facilities (R-7) imply symmetric opportunity costs of
reserve deficiencies and excess reserves. As a result of this symmetry, it is
optimal for banks to target the mid-point of their reserve target range, i.e.
the reserve target. Moreover, the timing of the reserve maintenance period
(R-2) is such that expected future target rate changes do not affect banks’
reserve demand pattern within the reserve maintenance period. Together, all
these features then imply that the martingale property holds. Finally, on the
last day of the reserve maintenance period, the reserve target range (R-3)
provides banks with some flexibility in complying with reserve requirements
and reduces the probability of having recourse to either of the standing facili-
ties. This increases the interest rate elasticity of reserve demand and reduces
or even eliminates the typical end-of-maintenance-period spikes in overnight
rates.

On the supply side, the central bank’s liquidity management strategy, in
particular the commitment to undertake within the current reserve mainte-
nance period those open market operations that are required for banks to
be able to comply with reserve requirements (R-8), has a stabilizing effect
on banks’ interest rate expectations and, due to the martingale property, on
overnight rates throughout the reserve maintenance period. As banks antic-
ipate that shocks to autonomous liquidity factors will be offset by the next
regular open market operation at the latest, temporary small deviations from
the smooth supply of reserves do not translate into corresponding interest
rate movements. And the impact of larger shocks to autonomous liquidity
factors can be offset immediately by means of occasional fine-tuning oper-
ations (R-10). Moreover, the regular fine-tuning operation on the last day
of the reserve maintenance period (R-9) allows to ensure that the aggregate
supply of reserves over the reserve maintenance period is as close as possible
to the aggregate reserve target. Furthermore, the terms on which the cen-
tral bank makes reserves available play a crucial role in anchoring overnight
rates at or near the target rate. In particular, the tender procedure used
for regular and occasional short-term and overnight repos contributes to an-
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choring overnight interest rates at the current target rate (R-12). Providing
liquidity to the market by means of fixed rate tenders at the current target
rate provides not only a clear signal on the central bank’s intention to keep
interbank rates at or close to the target rate, but it also allows to exploit
the arbitrage relationship between the tender rate and market interest rates.
Finally, the recommended operational framework exhibits various features
that support central bank liquidity management. In particular, the assess-
ment of the banking system’s liquidity needs is facilitated by the fact that
all participants to the interbank large-value payment system are subject to
high and binding reserve requirements (R-3 and R-13) and by the symmetric
interest rate corridor (R-7). These features entail that aggregate demand
for reserves is well anchored at the aggregate reserve target, irrespective of
the level of interest rates or the variance of liquidity shocks. Moreover, the
predictability of autonomous liquidity factors is facilitated by applying re-
serve requirements to all participants to the interbank large-value payment
system.

The interaction of all these features allows to anchor the overnight rate
at the current target rate. The recommended operational framework thus
allows the central bank to exert very tight control of overnight rates.

Objective 2: Liquid and Competitive Money Markets

Even though reserve requirements are fairly high and the reserve target range
provides additional insurance against unintended reserve shortfalls or ex-
cess reserves, the recommended operational framework encourages banks to
actively manage their end-of-day reserve balances throughout the reserve
maintenance period. In particular, note that the central bank’s liquidity
management aims only at offsetting the impact of shocks to autonomous
liquidity factors, whereas banks are also subject to idiosyncratic liquidity
shocks. As noticed in Section 3.2.2, with relatively high reserve requirements
and overnight rates following (at least approximately) a martingale process,
banks’ cost-minimizing strategy is to target a constant level of end-of-day
reserve balances throughout the reserve maintenance period. This strategy
requires to actively offset the impact of idiosyncratic liquidity shocks on a
day-to-day basis, with corresponding positive effects on money market liq-
uidity: Banks having experienced an unexpected inflow of liquidity will try
to lend these funds to other banks in the interbank market, while banks con-
fronted with an unexpected outflow of funds will undertake to borrow these
funds. The interbank money market thus performs a crucial role in redis-
tributing reserves from liquidity-abundant to liquidity-scarce banks, for the
benefit of both.
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There are a number of other features that favor liquid and competitive
money markets. In particular, the rules and procedures of the operational
framework are fairly simple and highly transparent. These characteristics,
which are further supported by a detailed documentation (R-15), directly
contribute to fair and predictable market conditions, thereby ensuring broad
market participation. Fair competition is also promoted by granting all banks
access to the central bank’s open market operations and standing facilities
(R-13). This ensures that no bank is (fully) dependent on the provision of
liquidity by other banks. Moreover, potential market cornering by one or
a few larger banks is prohibited (or at least severely impeded) by setting a
maximum allotment for individual bidders in open market operations (R-12).

All in all, it can thus be concluded that the recommended operational
framework is suited for ensuring liquid and competitive money markets.

Objective 3: Low Social Costs

It is more difficult to assess the social costs associated with the recommended
operational framework. However, as argued in Section 5.1.3, instead of mea-
suring social costs directly (which would be a formidable task), they can be
gauged indirectly by means of the guiding principles set out in Section 5.2.

A first indication regarding the good performance in terms of social costs
is given by the high degree of simplicity and transparency of the recom-
mended operational framework. Indeed, the rules and procedures governing
the use of the monetary policy instruments are straightforward, well attuned
to each other, and limited to what is needed for effective monetary policy
implementation. By keeping the operational framework as simple and trans-
parent as possible, direct resource costs (both for the central bank and for
commercial banks) are kept to a minimum. Above all, the operational frame-
work ensures that liquidity management is made as simple and transparent as
possible, both for the central bank and commercial banks, thereby avoiding
unnecessary liquidity management costs and risks. From the central bank’s
perspective, the assessment of banks’ demand for reserves is facilitated by
the relatively high reserve requirements (R-8) and the symmetric interest
rate corridor (R-7), which ensure that the demand for reserves is fairly sta-
ble throughout the reserve maintenance period and neither affected by the
general level of interest rates nor by the uncertainty about liquidity shocks.
From the banks’ perspective, liquidity management is tremendously facili-
tated by the central bank’s commitment to provide the amount of liquidity
needed to comply with aggregate reserve targets and to smooth the supply of
liquidity within the reserve maintenance period. This commitment implies
that banks do not have to engage in socially wasteful guessing about any
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hidden signals in the central bank’s open market operations, nor do they
have to estimate the impact of shocks to autonomous liquidity factors, as
they will be offset by the end of the reserve maintenance period at the latest.

The recommended operational framework also exhibits a number of fea-
tures that allow to minimize the resource costs associated with potential
distortions. This is probably most visible regarding the rules and procedures
governing reserve requirements, where potential distortions are minimized
by remunerating required reserves at the current tender rate for short-term
repos (R-4). In combination with the acceptance of a wide range of collateral
(R-14), this policy basically reduces banks’ opportunity costs of complying
with reserve requirements to zero, thereby eliminating the socially wasteful
efforts to circumvent reserve requirements. Moreover, the principle of market
neutrality is upheld by accepting a broad range of collateral and applying
risk-based haircuts (R-14). And potential competitive distortions are mini-
mized by granting broad access to all central bank operations (R-13) at equal
conditions.

Altogether, the recommended operational framework thus performs rather
well in terms of social costs, in particular when compared to most of the ar-
rangements currently in place.



Chapter 7

Discussion

The preceding chapter has sketched the main features of a particular opera-
tional framework and argued that this framework is both effective and effi-
cient, in the sense that it allows to achieve the identified policy objectives—
tight control of the overnight rate, liquid and competitive money markets,
and low social costs—to a high degree. This chapter examines some of the
main features of the proposed operational framework in more detail.

By subjecting the operational operational framework to critical scrutiny,
we pursue several objectives. First, the detailed discussion should contribute
to apprehend the rationale underlying the individual recommendations and
to understand how they are related to each other. At the same time, this will
enhance the comprehension of how the recommended operational framework
works as a whole. Moreover, the discussion intends to substantiate the con-
tended benefits of the recommended operational framework in comparison
with other frameworks.

As it is impossible to compare the proposed operational framework with
all other potentially feasible frameworks, the analysis is confined to a com-
parison with fairly similar other frameworks. That is, the performance of
the recommended operational framework is compared to the performance of
alternative frameworks that differ from the recommended framework only
with respect to certain features. If altering a particular feature impairs the
performance, the recommended operational framework is preferable. This
approach is suitable to analyze a wide range of issues, including why reserve
requirements should be relatively high and what relatively high means; why
it makes sense to allow for a reserve target range and to align the timing of
the reserve maintenance period with monetary policy decisions; why stand-
ing facilities should provide for a symmetric interest rate corridor; or why
short-term repos should be conducted as fixed-rate tenders.

199
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The discussion is structured along the three monetary policy instruments.
Reserve requirements are analyzed in Section 7.1, standing facilities in Sec-
tion 7.2, and open market operations in Section 7.3.

7.1 Reserve Requirements

Provided they are suitably specified, reserve requirements contribute to the
effective and efficient implementation of monetary policy. In particular, by
ensuring and stabilizing the demand for reserve balances and by increasing
the interest rate elasticity of reserve demand, they contribute to lower in-
terest rate volatility. Section 6.1 included four particular recommendations
regarding the specification of reserve requirements, namely on averaging (R-
1), on the timing of reserve maintenance periods (R-2), on the reserve target
range (R-3), and on remuneration (R-4). Below, these recommendations are
discussed in more detail. Before that, however, the next subsection takes up
an often ignored yet fundamental issue, namely the scope of application of
reserve requirements (see also recommendation R-13 in Section 6.1).

7.1.1 Scope of Application

Who should be subject to reserve requirements in the first place? This obvi-
ously depends on the purpose of reserve requirements. As discussed in Section
2.4, the motivation for reserve requirements has changed over time. For in-
stance, originally, reserve requirements were seen primarily as an instrument
of prudential banking regulation, and the purpose of reserve requirements
was to ensure that banks maintain sufficient liquidity to convert customers’
deposits into currency. Hence, at that time, it made sense to impose reserve
requirements on all deposit-taking institutions and to determine the level of
required reserves in relation to their (short-term) liabilities.

Today, it is widely acknowledged that the sole purpose of reserve require-
ments is to facilitate the implementation of monetary policy. In particular,
to the extent that the demand for central bank reserve balances is subject to
fluctuation and difficult to predict, (binding) reserve requirements contribute
to stabilizing the demand for reserves, thereby improving the central bank’s
forecast of aggregate demand and facilitating liquidity management. This im-
plies that, ideally, all institutions which maintain an account with the central
bank should be subject to reserve requirements, irrespective of whether they
are deposit-taking institutions or not, or whether they are located domes-
tically or abroad. The reasoning is obvious: If all these institutions were
subject to binding reserve requirements, and if all these institutions had an
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incentive to achieve their reserve targets with high precision—as is the case
under the recommended operational framework—, this would, first of all, fa-
cilitate the central bank’s assessment of aggregate reserve demand. Moreover,
compared to a situation where only deposit-taking institutions are subject to
reserve requirements, there would also be less payment flows between reserv-
able and non-reservable institutions, and hence potentially smaller shocks
to autonomous liquidity factors. To the extent that shocks to autonomous
liquidity factors have the potential to affect the supply of reserves and thus
money market conditions, any measures that limit their size are conducive
to monetary policy implementation.

In practice, it can be difficult to subject all institutions which maintain an
account with the central bank to reserve requirements. This is particularly
true for institutions such as foreign central banks, international or suprana-
tional organizations, and government agencies, for which many central banks
provide accounts and at least some payment services. However, it is certainly
possible to impose reserve requirements on all private-sector institutions par-
ticipating in the large-value payment system, e.g. by stipulating compliance
with reserve requirements as a condition for granting access to the large-value
payment system.

The main benefit of subjecting as many reserve account holders as possible
to (binding) reserve requirements lies in reducing the size of the shocks to
autonomous liquidity factors. In terms of the money market model, this
benefit can be exemplified by considering the last day of the maintenance
period. On that day, in the morning, the central bank observes the level of
reserve balances Rbod

T and the remaining reserve deficiency DT , and it knows
that the market interest rate will be determined according to Equation (6.1),
i.e.

iT = ΓεA (DT − λD1 −Rmc
T ) ib

+ [1− ΓεA (DT + λD1 −Rmc
T )] id

+ [ΓεA (DT + λD1 −Rmc
T )− ΓεA (DT − λD1 −Rmc

T )] i∗.

(7.1)

At the time the central bank needs to decide on the size of the fine-tuning
overnight repo LT,T+1, R

mc
T = Rbod

T + LT,T+1 + ηMT is a random variable with
mean Rbod

T + LT,T+1 and variance σ̃2
ηM (see Appendix A.1.2). In order to

maximize the probability that the (expected) overnight rate iT will equal the
target rate i∗, the central bank should set LT,T+1 such that ET (R

mc
T ) = DT ,

which implies LT,T+1 = DT − Rbod
T . In that case, DT − Rmc

T = −ηMT , and
once the autonomous liquidity shock in the morning has been realized, the
equilibrium overnight rate iT will be
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iT = ΓεA
(
−λD1 − η̂MT

)
ib

+
[
1− ΓεA

(
λD1 − η̂MT

)]
id

+
[
ΓεA

(
λD1 − η̂MT

)
− ΓεA

(
−λD1 − η̂MT

)]
i∗.

(7.2)

The impact of the realized autonomous liquidity shock η̂MT on iT is shown
in Figure 7.1, where the underlying assumptions are T = 28, D1 = 2, 800,
σεA = 20, ib = 5%, id = 3%, and λ is either 0, 1 or 2 percent.

Figure 7.1: Impact of Autonomous Liquidity Shocks on the Market Clearing
Overnight Rate on Day T
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As one would expect, negative shocks, which drain reserves from the
market, will push the overnight rate towards the borrowing rate ib, whereas
positive shocks, which add reserves to the market, will push the overnight
rate towards the deposit rate id. However, for a given size of η̂MT , these
effects are decreasing in λ. That is, the larger the reserve target range, the
smaller is the impact of autonomous liquidity shocks on the market clearing
overnight rate. We will come back to this point in Section 7.1.4. What
matters here is that smaller autonomous liquidity shocks allow more effective
interest rate control. Therefore, taking measures that reduce their size—
such as subjecting as many reserve account holders to reserve requirements—
enhances the performance of the operational framework.1

1Of course, all institutions subject to reserve requirements must be able to manage
their reserves. This is why these institutions should also be given access to the standing
facilities and be eligible for open market operations (see recommendation R-13).
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Because the shocks to autonomous liquidity factors have the potential
to interfere with central bank liquidity management, they matter not only
on the last day of the reserve maintenance period but also before. Indeed,
the larger the shocks to autonomous liquidity factors, the more difficult it is
for the central bank to smooth the day-to-day provision of liquidity within
the reserve maintenance period (see R-8). If the shocks are large relative to
the daily average required level of reserves (measured by D1/T ), the smooth
provision of reserves throughout the reserve maintenance period might ne-
cessitate either an increase in the frequency of regular short-term repos or
the frequent conduct of occasional overnight or short-term repos to offset the
impact of these shocks. Therefore, also from this perspective, reducing the
size of the shocks to autonomous liquidity factors is beneficial.

7.1.2 Averaging

In order to increase the elasticity of reserve demand and hence to unfold
their full potential as a monetary policy instrument, reserve requirements
should allow for averaging over a reserve maintenance period. The bene-
fits of reserve averaging become apparent by comparing the recommended
operational framework with a similar operational framework, which differs
only with respect to one element, namely that the reserve maintenance pe-
riod is shortened to one day. In terms of the analysis within the context of
the money market model, this means setting T = 1. Each day could then
be considered as the last day of the reserve maintenance period and, conse-
quently, each day the overnight interest rate would be determined according
to Equation (7.1).

A one-day reserve maintenance period affects the performance of the op-
erational framework as follows. First, if the central bank were to refrain
from daily fine-tuning overnight repos and conduct only the regular weekly
short-term repos, the shocks to autonomous liquidity factors between these
operations would directly affect overnight rates (because there is no possibil-
ity that these shocks will be offset later on in the current reserve maintenance
period). In contrast, in the case of averaging over a multi-day reserve main-
tenance period, these shocks have a very limited impact on current overnight
rates (if any impact at all), as banks rightly expect that the shocks will be
offset later on by the central bank’s open market operations.

Moreover, even if the central bank were to conduct daily fine-tuning
overnight repos, there would be an increase in interest rate volatility, un-
less the reserve target range is extremely wide. But too wide a reserve target
range might have a detrimental impact on the liquidity of the money market,
as banks would have little incentives to adjust their reserve positions by trad-



204 Discussion

ing in the interbank money market (see Section 7.1.4). And as the conduct of
open market operations is not free of cost (both for the central bank and its
counterparties), daily overnight repos would cause higher social costs than
in the recommended operational framework. Without an averaging provision
the operational framework thus performs worse with respect to each of the
three policy objectives. Recommendation R-1 thus is uncontested.

7.1.3 Timing of Reserve Maintenance Periods

The review of major central banks’ practical experiences with their opera-
tional frameworks in Chapter 4 has shown that the precise timing of reserve
maintenance periods matters. The reason is straightforward. If the reserve
maintenance period is longer than one day (which is unavoidable to benefit
from averaging), commercial banks will try to exploit any arbitrage opportu-
nities within the reserve maintenance period. If banks expect overnight rates
to be higher (lower) later on during the reserve maintenance period, they will
want to front-load (back-load) their reserve holdings and adjust their borrow-
ing or lending in the interbank money market accordingly. Such arbitrage is
important to establish the martingale property of overnight rates.

At the same time, the exploitation of expected target rate changes raises
some issues in terms of banks’ bidding behavior in the central bank’s open
market operations. If banks expect to obtain funds from the central bank at
a lower price later on during the same reserve maintenance period, they will
refrain from bidding today (underbidding). And vice versa, if banks expect
to receive funds from the central bank only at a higher price later on during
the same maintenance period, they will try to borrow as much as possible
today (overbidding). Both situations are undesirable. On the one hand,
in case of underbidding, banks will find themselves short of reserves, which
might give rise to tensions in the interbank money market and hence might
necessitate additional fine-tuning operations. On the other hand, in case of
(extreme) overbidding, the allocation of funds to individual bidders can be
rather arbitrary. Some banks (those who bid most aggressively because they
expected others to do the same) may end up being allocated way too many
funds, while other banks (those who bid according to their true demand) may
receive much less than what they actually need. Of course, such imbalances
can be offset by redistributing reserves in the interbank money market, but
in case some banks find it difficult to borrow or lend large amounts, these
imbalances can cause tensions in the money market.

The detrimental effects of expected target rate changes on banks’ bidding
behavior are easily avoided by three complementary measures. The first mea-
sure is to align the end of reserve maintenance periods with the timing of
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monetary policy decisions (see recommendation R-2). As monetary policy
decisions are typically taken and communicated on scheduled and publicly
announced dates, it is straightforward to determine the reserve maintenance
periods such that they expire right before potential target rate changes be-
come effective. The second measure is to ensure that regular short-term open
market operations mature before the potential target rate change becomes
effective (i.e. before or at the first day of the next maintenance period, see
R-9). And finally, the third measure is to set the tender rate in regular
short-term operations equal to the current target rate (see R-12).

Two further comments on the timing of reserve maintenance periods are
appropriate. First, regarding the appropriate length of maintenance periods,
the interval between scheduled monetary policy decisions provides an upper
bound to the length of the reserve maintenance period. For instance, if
monetary policy decisions are taken every four weeks, it is not possible to
have longer reserve maintenance periods. It is, however, feasible to have
more than one reserve maintenance period between two scheduled meetings.
Although the benefits of averaging would speak in favor of having longer
rather than shorter reserve maintenance periods, having two or more reserve
maintenance periods between two scheduled monetary policy meetings may
make sense if this interval is fairly long, say if monetary policy decisions are
taken on a quarterly basis only.

Second, even though central banks take their monetary policy decisions
usually on scheduled dates, they do not (and should not) commit to never
change the target rate between these dates. Therefore, one might argue that
the issues arising from expected target changes within reserve maintenance
periods cannot be fully eliminated by aligning reserve maintenance periods
with the timing of regular monetary policy decisions. But this argument
can be easily rebutted. First, most central banks’ monetary policy commit-
tees meet quite often, typically once a month. Even in times of heightened
uncertainty about economic developments there are thus frequent opportu-
nities to adjust the stance of monetary policy if deemed necessary. The need
for changing the target rate between scheduled monetary policy meetings
should thus be very limited. Moreover, should the need to change the tar-
get rate before the next scheduled meeting arise nonetheless, it is typically
due to a major shock, which was (by definition) not foreseeable, neither by
the central bank nor by market participants. By way of example, after the
2001 terrorist attacks on the World Trade Center in New York a number of
central banks slashed their target rates without waiting for the next sched-
uled policy meeting. As these (unscheduled) target rate changes had not
been anticipated, they did not affect market participants’ bidding behavior
in the open market operations preceding the terrorist attacks. It follows that
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recommendation R-2 is an indispensable feature of an effective and efficient
operational framework.

7.1.4 Reserve Target and Reserve Target Range

This section addresses two issues, the appropriate level for a bank’s reserve
target and the appropriate size of the target range around banks’ reserve
targets. In the money market model, the first is captured by Di,1 and the
latter by the parameter λ.

Reserve Target

The specification of reserve requirements is critical for their effectiveness and
efficiency as a monetary policy instrument. The level of reserve requirements—
here measured by a bank’s reserve target Di,1—is an important dimension of
this specification.

On the one hand, too low reserve requirements would compromise their
effectiveness in terms of stabilizing the demand for reserves, which in turn
would complicate the implementation desk’s assessment of the banking sys-
tem’s liquidity needs on a day-to-day basis. Also, low reserve requirements—
and hence low reserve balances—would imply that banks experiencing suffi-
ciently large liquidity shocks would have to rely frequently on either of the
standing facilities.

On the other hand, too high reserve requirements can cause distortions
and inefficiencies. For instance, even if reserve requirements are remunerated,
distortions may arise if in order to comply with reserve requirements banks
need to deviate significantly from their optimal portfolio allocation, e.g. if
they have to hold more central bank eligible collateral than they would oth-
erwise. Therefore, even though reserve requirements need to be sufficiently
high to support the effective implementation of monetary policy, they should
not be unduly high.

To determine the appropriate level of reserve requirements, one needs
to be clear about their purpose. From the perspective of the implementa-
tion desk, reserve requirements should contribute to a stable and predictable
reserve demand throughout the reserve maintenance period. Ideally, banks
should be inclined to hold the same amount of end-of-day reserves on any day.
That is, there should be no incentive for either front-loading or back-loading
reserve demand within the maintenance period. In this case, forecasting
banks’ demand for reserves is straightforward and the implementation desk
only has to make sure that the supply of reserves matches the demand. More-
over, under these circumstances, the overnight rate exhibits the martingale
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property. Then, if banks expect the overnight rate to be equal to the target
rate on the last day of the maintenance period, the equilibrium overnight
rate on previous days should also be equal to the target rate.

What does this imply for the appropriate level of reserve targets? As dis-
cussed at the end of Section 3.2.2, in order to ensure that banks’ demand for
end-of-day reserve balances is fairly constant throughout the reserve main-
tenance period, reserve requirements need to be high enough to absorb the
impact of potential liquidity shocks. As the impact of liquidity shocks experi-
enced before market clearing can be offset in the interbank money market on
the same day, the only shock that matters in this context is a bank’s cumu-
lated liquidity shock in the afternoon (εAi,t). If the distribution of these shocks
is known, it is straightforward to determine the level of the reserve target Di,1

such that the probability that the bank will have to have recourse to either of
the two standing facilities on any day is extremely low. For instance, assum-
ing normally distributed liquidity shocks, setting Di,1/T ≥ 4σεA is sufficient
to avoid any incentives for front- or back-loading reserve demand (see Table
3.1). The appropriate level for a bank’s reserve target is thus linked to the
standard deviation of the bank’s cumulated liquidity shock in the afternoon
and the length of the maintenance period.

Having established the appropriate theoretical level of reserve require-
ments, there remains the practical issue of implemention. Today, in most
countries reserve requirements are still computed based on banks’ (short-
term) liabilities, a remnant from the times when reserve requirements served
other purposes (see the discussion in Section 2.4). However, it is unlikely that
this practice is suited to establish appropriate reserve targets in the sense of
the discussion above. Alternatives are thus needed, and some approaches are
discussed in the following.

Ideally, the central bank would have the possibility to set each bank’s
reserve target based on the empirical data of the bank’s liquidity shocks. If
adequate data is not available, it could rely on proxy measures, such as a
bank’s turnover in the large-value payment system. This proxy works if a
bank’s turnover and the size of its liquidity shocks are positively correlated.
Banks’ reserve targets could then be set as a fraction of their turnover in the
large-value payment system.

Another possibility consists in having reserve targets determined by the
banks themselves. Indeed, since reserve requirements are remunerated and do
not impose any significant opportunity costs, it is in a bank’s own interest
to set the reserve target sufficiently high so that reserve requirements can
perform their role as shock absorber, facilitate liquidity management and
prevent it from having recourse to costly standing facilities.
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The two proposals might also be combined. The central bank could deter-
mine the minimum reserve target based on empirical data on banks’ liquidity
shocks or banks’ turnover in the payment system, while banks retain the pos-
sibility to set higher reserve targets if they believe that the one determined
by the central bank is not sufficiently high. Of course, there may be other
approaches to establish banks’ reserve targets. But since the method as such
does not really matter, in the following, it will simply be assumed that reserve
targets are appropriate, without further specifying the approach in detail.

Reserve Target Range

As shown in Section 6.2.2, establishing a reserve target range allows to mit-
igate or even avoid the usual spikes in overnight rates at the end of reserve
maintenance periods. Without a reserve target range, such spikes arise when-
ever the central bank’s forecast of autonomous liquidity factors deviates from
the actual realization. In the model, these deviations are captured by the
autonomous liquidity shock in the morning (ηMT ).

From Equation (6.1) and Figure 6.1 it is also evident that the larger the
target range (i.e. the larger the parameter λ), the higher is the interest rate
elasticity on day T . In other words, the red curve becomes flatter and the
impact of an autonomous liquidity shock of given size on the market clearing
overnight rate iT becomes smaller.

This would speak in favor of setting the target range as wide as possible.
However, too wide a target range is likely to have a detrimental effect on the
liquidity of the interbank money market. To see why, assume that T = 28,
Di,1 = 2, 800, σεA = 20 and λ can be either zero or 3%. Now consider a
bank that has started the last day of the reserve maintenance period with
a reserve deficiency of Di,T = 100 and, just before market clearing, has a
reserve balance of Rmc

i,T = 80. If there is no target range (λ = 0), the bank
should borrow 20 in the market so that the expected end-of-day position
equals the reserve deficiency, in which case the expected cost of having ac-
cess to the standing facilities at the end of the day are minimized. But if
λ = .03, there is much less incentive for the bank to offset the imbalance
between Di,T and Rmc

i,T , as it is very likely that the reserve position at the
end of the day, Reod

i,T = Rmc
i,T + εAi,T , will be sufficient to comply with reserve

requirements. Indeed, note that in general the bank complies with reserve
requirements as long as Di,T+1 ∈ [−λDi,1;λDi,1], where Di,T+1 = Di,T −Reod

i,T .
In the particular numerical example, it complies with reserve requirements
if Di,T+1 ∈ [−84; 84], or alternatively, if Reod

i,T ∈ [16; 184]. In other words,
as long as εAi,T turns out to be in the interval [−64; 104], the bank will meet
reserve requirements and will not have to use either of the two standing fa-
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cilities. For the assumed standard deviation of εAi,T this is very likely to be
the case and hence there is no need for the bank to borrow in the market.

One might object that even though the probability of not complying
with reserve requirements is very low in the above example, it is not zero
and hence borrowing in the money market the amount necessary so that the
bank expects to meet the reserve target as closely as possible still provides
a marginal benefit. This is true in the context of the money market model,
which for simplicity abstracts from any transaction costs. However, to the
extent that in practice any borrowing or lending activities in the money
market imply some form of transaction costs, there will be situations where
these transaction costs outweigh the benefits from participating in the money
market. As a result, the interbank money market would become less liquid.
Too wide a reserve target range would thus compromise the objective of
liquid money markets.

When determining the reserve target range—that is setting the parameter
λ in the money market model—one thus needs to strike the right balance
between the contribution to effective interest rate control and the impact
on money market liquidity. In practice, the appropriate λ is a function
of the variance of the autonomous liquidity shock in the morning (σ̃2

ηM ),

the variance of the cumulated liquidity shock in the afternoon (σ2
ηA), and

transaction costs. In particular, λ should be increasing in σ̃2
ηM and σ2

ηA , but
decreasing in transaction costs.

7.1.5 Remuneration

The remuneration of reserve requirements, and the consequences if a bank
does not comply with them, is another factor affecting the effectiveness and
efficiency of monetary policy implementation. In terms of efficiency, it is
widely acknowledged that in order to minimize the potential distortions as-
sociated with reserve requirements—and hence to minimize the social costs
associated with the implementation of monetary policy—, opportunity costs
of required reserves should be eliminated.

In the recommended operational framework required reserves are remu-
nerated at the level of the central bank’s average tender rate for short-term
repos over the current reserve maintenance period. At the same time, the
average tender rate for short-term repos is equal to the target overnight rate
i∗, at least as long as the central bank does not change the target rate within
the reserve maintenance period. In that case, the recommended remunera-
tion policy eliminates basically any opportunity costs associated with reserve
requirements. This is because for the banks as a group, the central bank is
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the only source of reserves, and these reserves are provided to the banks
primarily by means of short-term repos. In the recommended operational
framework, the cost of borrowing these reserves is equal to the (fixed) tender
rate, which in turn equals the target rate. By remunerating required reserves
at the tender rate, banks are fully reimbursed for the costs associated with
borrowing reserves from the central bank and opportunity costs are thus
eliminated.

Closely related is the question of what happens if a bank does not com-
ply with reserve requirements. In the recommended operational framework, a
bank complies with reserve requirements if the sum of end-of-day reserve bal-
ances over the reserve maintenance period is within the reserve target range,
or alternatively, if at the end of the reserve maintenance period the bank’s
reserve deficiency is such that Di,T+1 ∈ [−λDi,1;λDi,1]. If the bank’s accu-
mulated reserve balances fall short of the lower bound of the reserve target
range (Di,T+1 < −λDi,1), the bank will have to borrow the reserve deficiency
at the borrowing facility at rate ib. And if accumulated reserve balances are
larger than the upper bound of the reserve target range (Di,T+1 > λDi,1),
the bank will have to deposit excess reserves in the deposit facility, earning
the deposit rate id.

The crucial point of this arrangement is that reserve shortfalls and excess
reserves have the same opportunity costs. This is because the remuneration
of any reserves that fall within the reserve target range is equal to the target
rate i∗ and the standing facilities provide for a symmetric corridor around
i∗, so that we can write id = i∗ − ω/2 and ib = i∗ + ω/2. The opportunity
cost of excess reserves or of a reserve shortfall thus is ω/2. Given that the
reserve target range is symmetric around the reserve target, the symmetry
of opportunity cost implies that each bank has the incentive to achieve the
reserve target as closely as possible, as this maximizes the probability that
it will end the reserve maintenance period within the reserve target range
(and thus does not have to incur any opportunity cost related to the access
to standing facilities). To put it differently: On the last day of the reserve
maintenance period, a bank should borrow or lend in the market the amount
necessary such that E(Reod

i,T ) = Di,T and hence E(Di,T+1) = 0. In turn, this
implies that the implementation desk’s fine-tuning overnight repo transaction
should be such that E(DT+1) = 0.
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7.2 Standing Facilities

Standing facilities that provide for a symmetric interest rate corridor around
the overnight target rate are a crucial element of the recommended opera-
tional framework. This section first recalls the rationale of this arrangement
and then discusses the pros and cons of having a larger or smaller spread
between the two standing facility rates.

7.2.1 Symmetric Interest Rate Corridor

The main advantage of having a symmetric interest rate corridor around the
overnight target rate is straightforward: It tremendously facilitates the cen-
tral bank’s liquidity management. As revealed on many occasions throughout
this study, this is because a symmetric interest rate corridor makes banks’
demand for reserves very predictable, especially if the level of reserve re-
quirements is sufficiently high. Most notably, with a symmetric interest rate
corridor, the demand for reserves does not depend on the general level of in-
terest rates. Hence, an increase or decrease in the overnight target rate (and
accordingly in the standing facility rates) does not affect banks’ demand for
reserves. Rather, since opportunity costs of reserve shortfalls and excess re-
serves are the same, banks’ demand for reserves is well-anchored at the level
of the reserve target.

The benefit of a symmetric interest rate corridor is most evident on the
last day of the reserve maintenance period. Assuming for simplicity that the
reserve target range is zero, recall from Equation (3.19) that the implementa-
tion desk’s neutral allotment for the overnight fine-tuning operation on day
T is

Ln
T,T+1 = LT +DT −Rbod

T − Φ−1

(
i∗ − id

ib − id

)
σεA . (7.3)

In case of a symmetric interest rate corridor, it follows that Φ−1
(

i∗−id

ib−id

)
= 0,

so that the last term on the right hand side of Equation (7.3) disappears.
The neutral allotment then is simply Ln

T,T+1 = LT + DT − Rbod
T , which can

be easily implemented.
In contrast, assume a non-symmetric interest rate corridor. This is the

case if, for instance, there is no deposit facility, which is equivalent to setting
id = 0. The neutral allotment on day T then is

Ln
T,T+1 = LT +DT −Rbod

T − Φ−1

(
i∗

ib

)
σεA . (7.4)
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The last term on the right hand side of Equation (7.4) disappears only if
ib = 2 i∗. If the borrowing rate is set as a fixed markup over the overnight
target rate, this will be the case only by chance. In all other situations,
the last term will not disappear and complicate the implementation desk’s
fine-tuning operation, as the precise distribution of the cumulated liquidity
shock in the afternoon needs to be known to implement the neutral allotment.
Moreover, even if the precise distribution were known, it is apparent that the
neutral allotment would depend on the general level of interest rates. To see
this, write ib = i∗ + ω/2 so that the neutral allotment becomes

Ln
T,T+1 = LT +DT −Rbod

T − Φ−1

(
i∗

i∗ + ω/2

)
σεA . (7.5)

Setting ω/2 = 1% and assuming for simplicity that LT + DT − Rbod
T = 0,

Figure 7.2 shows, for two different values of σεA , how the neutral allotment
varies with the level of the overnight target rate.

Figure 7.2: Neutral Allotment with Non-Symmetric Interest Rate Corridor
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In this example, the implementation desk will have to inject (absorb)
reserves, whenever i∗ is smaller (higher) than 1%. For instance, if the target
rate were equal to 3%, the neutral allotment would be Ln

T,T+1 = −6.7 (for
σεA = 10) or Ln

T,T+1 = −13.5 (for σεA = 20), respectively. Moreover, only in
the special case where i∗ = 1%, in which case there would be a symmetric
interest rate corridor, the neutral allotment would not depend on the variance
of the cumulated liquidity shock in the afternoon.
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7.2.2 The Width of the Interest Rate Corridor

Having established that a symmetric interest rate corridor is undeniably a
desirable feature of the recommended operational framework, the spread be-
tween the standing facility rates remains to be determined. As will become
clear from the following discussion, the decision on the spread will have to
trade-off two of the policy objectives set out in Section 5.1. On the one hand,
tight interest-rate control would speak in favor of having a very narrow in-
terest rate corridor. On the other, money market liquidity will benefit from
a large spread between the borrowing and the deposit rate.

The first part of this trade-off is straightforward. The two standing facil-
ities provide a natural corridor for interbank money market overnight rates.
No bank would ever pay more than the borrowing rate, and no bank would
ever accept less than the deposit rate. The smaller the width between the
two standing facility rates, the smaller thus is the range of feasible interest
rates in the interbank money market. In the extreme case, when the spread
is zero and the borrowing and the deposit rate coincide with the overnight
target rate, banks would never transact with each other at any other rate
than the target rate and there would be perfect interest rate control.

However, in case there is a zero spread between the standing facility
rates, it remains unclear why banks should transact with each other in the
first place. Rather than borrowing reserves from or lending reserves to other
banks, any bank could simply use the standing facilities to adjust its reserve
position as needed at the end of the day. This is because the opportunity costs
of having recourse to these facilities would be zero (note that the opportunity
cost for a bank having recourse to the borrowing facility is the difference
between ib and the overnight interest rate it would have paid earlier on in
the interbank money market; similarly, the opportunity cost for using the
deposit facility is the difference between the overnight interest rate it would
have been paid in the interbank money market and id). The extreme example
of a zero interest rate corridor thus reveals that money market liquidity is
affected by the width of the interest rate corridor. The smaller the width,
the lesser banks’ incentives to actively manage their reserve positions, as the
opportunity costs of having recourse to the standing facilities decrease.2

As a zero spread inevitably leads to a dysfunctional money market, it
cannot be optimal. But how wide does the interest rate corridor have to

2Allen (2007) discusses a related issue associated with too narrow an interest rate
corridor. If banks are confident that their cash flow management can be carried out
relatively cheaply by transacting with the central bank, they will reduce their efforts in
forecasting their own cash flows, which is likely to be unconducive to prudent (liquidity)
risk management.
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be to ensure a liquid money market? In the context of the money market
model, which abstracts from transaction costs, even a very small spread
would be sufficient to provide banks sufficient incentives to actively manage
their reserve positions in the interbank money market. In practice, however,
the existence of transaction costs implies that opportunity costs of having
recourse to the standing facilities need to be sufficiently large to ensure a
liquid money market. It is thus likely that a liquid money market can only be
established if the interest rate corridor is sufficiently wide. But paradoxically,
at the same time, a liquid money market is likely to reduce transaction costs,
in which case a rather narrow interest rate corridor would provide sufficient
incentives for banks to actively manage their positions in the interbank money
market. The optimal width of the interest rate corridor thus remains largely
an empirical question and it might not necessarily be the same across different
money markets.

To get a better feeling for what the appropriate spread in absolute terms
might be, assume that each interbank money market transaction involves
fixed transactions costs of 50. Further, assume that on day T a bank enters
the market with a reserve position that is 5 million short of its preferred
position and that it could borrow this amount in the market at the current
overnight target rate i∗. Does it pay off to borrow 5 million in the money
market? Or should the bank rather sit and wait and cover the (expected)
shortfall at the borrowing facility at rate ib = i∗ + ω/2? In the first case,
the cost of borrowing in the market is C1 = 50 + 5,000,000·i∗

100·360 . In the second
case, the (expected) cost of borrowing from the borrowing facility is C2 =
5,000,000·(i∗+ω/2)

100·360 . Some simple arithmetic then reveals that C2 > C1 for ω >
72 bp. Therefore, only if the interest rate corridor is sufficiently wide—in the
example it would have to be more than 72 bp—the bank would fare better
by borrowing in the market.

7.3 Open Market Operations

Regarding the central bank’s open market operations, it is useful to distin-
guish two issues. First, the liquidity management strategy, which determines
the amount and pattern of liquidity to be provided to the banking system.
And second, the type of operations used for the provision of liquidity. This
section focuses first on the recommended liquidity management strategy and
then discusses how this strategy can be implemented by a combination of
regular repo transactions with different maturities. Finally, this section also
provides the rationale for occasional and exceptional other transactions.
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7.3.1 Liquidity Management Strategy

According to recommendation R-8, the central bank’s liquidity management
strategy consists of two pillars. First, the central bank should undertake to
provide the amount of liquidity the banking system needs to comply with
aggregate reserve targets over the reserve maintenance period. And sec-
ond, within the reserve maintenance period, the central bank should aim at
smoothing the day-to-day provision of liquidity.

The rationale for this strategy is straightforward from the inspection of
Equations (6.1) and (6.2). On the last day of the maintenance period, the
first element of the strategy implies that the central bank commits to set
LT,T+1 = DT −Rbod

T , in which case the banks’ probabilities of having recourse
to either of the standing facilities are the same and hence the expected market
clearing overnight rate as of the time when the open market operation takes
place is i∗. If the central bank were to provide more (less) liquidity, this
would increase (decrease) the probability of having recourse to the deposit
(borrowing) facility, pushing the expected overnight rate above (below) the
target rate. Also, note that simply implementing LT,T+1 = DT −Rbod

T is not
sufficient. Rather, the central bank needs to commit to do so ex ante, as only
this commitment ensures that on previous days market participants expect
that iT will equal the target rate.

The second element—smoothing the day-to-day provision of liquidity—
contributes to avoiding situations where banks expect that they will have to
use either of the standing facilities on previous days, as would be the case
if at the end of the day they incurred an overdraft or experienced excess
reserves. While a sufficiently high level of reserve requirements serves as
a buffer to absorb the impact of ordinary shocks to autonomous liquidity
factors, these situations could nevertheless arise in the case of very large
shocks to autonomous liquidity factors that are not offset by the central bank
sufficiently quickly. It does not mean, however, that all ordinary autonomous
liquidity shocks must be offset on a daily basis and, typically, it will be
sufficient to offset liquidity imbalances on a weekly basis.

7.3.2 Regular Operations

The liquidity management strategy described above can be implemented in
many different ways. Recommendation R-9 suggests to rely on a specific
combination of regular long-term, short-term and overnight repos. Other
relevant operational factors relate to the tender procedure (recommendation
R-12), the counterparties eligible for open market operations (recommenda-
tion R-13), and the collateral framework (recommendation R-14).
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Type

Using repo transactions as regular open market operations provides a number
of advantages (CGFS 1999, Bindseil and Würtz 2007). First and foremost,
repos allow to manage liquidity in a flexible and precise manner, as their
main features (amount, maturity, frequency, tender procedure) can be tai-
lored according to liquidity conditions. In particular, repos not only allow to
provide liquidity, but also to withdraw liquidity from the market, either by
not renewing all or some fraction of maturing repos (provided the maturity
structure is tailored to do so), or by conducting reverse repos.3 In addition,
repos carry low credit risk, have no or very limited impact on the prices of
underlying securities (at least in the case of general collateral repos with rel-
atively short maturity), and utilize established markets accessible to a broad
range of financial institutions.

Structure

The suggested structure of regular operations distinguishes between long-
term, short-term and overnight repos. These repos serve different functions.

The fine-tuning overnight repo on the last day of the reserve mainte-
nance period aims at bringing in line the supply of liquidity with the amount
of liquidity needed by the banking system to comply with reserve require-
ments. As mentioned before, in order to maximize the probability that the
(expected) overnight rate iT will equal the target rate i∗, the size of this repo
transaction is LT,T+1 = DT − Rbod

T . This operation can be either liquidity
providing or liquidity absorbing. While the size of this transaction might be
small, its importance cannot be underestimated, as the ex ante commitment
to offset any liquidity imbalance before the end of the reserve maintenance
period exerts a very strong influence on banks’ interest rate expectations and
contributes significantly to keep the overnight rate at or very near the target
rate throughout the reserve maintenance period.

The bulk of liquidity needed by the banking system is provided by means
of short-term and longer-term repos, but the two have different functions.
On the one hand, three- or six-months repos are useful to provide a certain
amount of liquidity on a longer-term basis (basic refinancing). The advan-
tage of longer-term repos is mainly operational: Instead of rolling over all
the liquidity by more frequent short-term repos, the same effect in terms

3Note, however, that reverse repos may not be suitable to withdraw large amounts of
liquidity, as the central bank may be collateral constrained. It is thus recommended that
the central bank has at its disposal other liquidity-absorbing instruments that can be used
in exceptional circumstances.
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of liquidity provision can be achieved by less frequent longer-term repos.
Depending on the arrangements in place for clearing and settling repo trans-
actions, this can also reduce settlement risks (CPSS 2010). On the other
hand, a certain amount of liquidity needs to be provided by means of regular
short-term repos, as they provide more flexibility to react to short-term liq-
uidity imbalances. There is, however, no general rule to determine how much
liquidity should be provided by long-term and short-term repos, respectively.
Depending on the circumstances, some central banks will find it preferable
to provide a relatively large share of liquidity by means of long-term repos,
whereas other will provide the bulk of liquidity by means of short-term repos.

The appropriate frequency and maturity of short-term repos depends on
various factors, including the timing and length of the reserve maintenance
period, the level of reserve requirements, the variance of the shocks to au-
tonomous liquidity factors, and the transactions costs (for both the central
bank and banks) associated with the conduct of open market operations.
Most importantly, the frequency-maturity structure must ensure that short-
term repos do not span over the end of the maintenance period (which is
linked to the timing of monetary policy decisions), which could cause over-
or underbidding in the event of expected target rate changes. Moreover, as
short-term repos should allow to offset any liquidity imbalances due to or-
dinary shocks to autonomous liquidity factors, it follows that—in order to
ensure a sufficiently smooth supply of liquidity throughout the reserve main-
tenance period—short-term repos must be conducted frequently if the level
of reserve requirements is low or if the variance of shocks to autonomous
liquidity factors is high. In the context of the recommended operational
framework, where reserve requirements are relatively high compared to the
size of liquidity shocks, it seems that weekly repos with a maturity of one
week strike the right balance between the need to be able to react quickly
to liquidity imbalances (which would call for frequent operations) and the
intention to minimize transaction costs (which would call for less frequent
operations). Assuming that the reserve maintenance period lasts four weeks,
the central bank would thus conduct each week one short-term repo with
maturity of seven days, with the last one maturing on the first day of the
next reserve maintenance period.

Tender Procedure

Whether it is preferable to use fixed rate or variable rate tenders cannot be
generally stated, as they both have advantages and disadvantages (Bindseil
and Würtz 2007). The prime advantage of fixed rate tenders is that they
provide a strong signal on the monetary policy stance and can be considered
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as an implicit pre-commitment to keep the overnight rate near the tender
rate. Fixed rate tenders also seem to be logically more consistent with the
concept of interest rate steering, especially if the tender rate is set equal
to the target rate. Moreover, bidding in fixed rate tenders is simpler than
in variable rate tenders, which reduces the risk of putting less sophisticated
bidders at a disadvantage. However, a major drawback of fixed rate tenders
is that they can give rise to underbidding or extreme overbidding in the event
that market participants expect the target rate to be changed before the repo
matures.

Variable rate tenders are usually seen as a more efficient allocation mech-
anism, as banks can express their relative preferences for funds in their bids.
However, to the extent that there exists an efficient interbank market, achiev-
ing an efficient allocation of reserves does not seem to be a major concern in
central banks’ open market operations. Moreover, the phenomena of under-
and overbidding are less likely in variable rate tenders, although underbid-
ding would still be possible if a minimum bid rate applies. A major drawback
of variable rate tenders is that the variations in the (marginal) bid rate can
be misinterpreted as a policy signal by the central bank. This is particularly
the case if the allotment volume is not pre-announced, in which case it will
be unclear to the market whether the central bank, when deciding on the
allotment, cares about the resulting interest rate.

While both fixed and variable rate tenders thus have their merits, it
seems that in the context of the recommended operational framework regu-
lar short-term as well as the fine-tuning overnight repos are better conducted
as fixed rate tenders (see recommendation R-12). This is because the main
concern with fixed rate tenders—the underbidding or extreme overbidding—
is avoided by the specific frequency-maturity structure, which ensures that
short-term repos never span into the next reserve maintenance period. More-
over, to further reduce the incentives for extreme overbidding (which could
be related to the attempt of cornering the market), the central bank may
set a maximum allotment ratio for any bidder. In the event of overbidding,
which will likely occur to some extent nonetheless, reserves will simply be
allotted on a pro-rata basis.

Fixed rate tenders are not advisable, however, for longer-term repos,
where banks’ bidding behavior will be affected inevitably by expected target
rate changes. This is why these operations should be conducted as variable
rate tenders (without minimum bid rate). To avoid any confusion and to en-
sure that all market participants understand that the resulting marginal rate
does not reflect any policy signal by the central bank but rather banks’ own
interest rate expectations, the central bank should take appropriate mea-
sures such as pre-announcing the intended allotment. Moreover, for reasons
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of equal treatment of banks the variable rate tender should be conducted as
uniform price auction.

Eligible Counterparties

The operational framework also needs to specify the range of counterparties
the central bank is willing to transact with. According to recommendation
R-13, all institutions that participate to the large-value payment system and
are subject to reserve requirements should be eligible counterparties for open
market operations. This is because these institutions must be able to ac-
tively manage their reserves, and access to the central bank’s open market
operations is crucial to that end.

Having a broad range of eligible counterparties has other benefits, too.
In particular, from a liquidity risk management perspective, the broader the
range of counterparties with access to open market operations (including
standing facilities), the broader the provision of funding liquidity risk in-
surance to the banking system as a whole. Even in the interbank market,
banks might be more willing to transact with counterparties that have access
to the central bank than with counterparties that don’t. Providing access
to a broad range of counterparties can thus be beneficial to liquidity in the
interbank market.

Collateral Framework

Economically, repos are loans secured by collateral. A central bank’s collat-
eral framework describes the type of collateral it is willing to accept and how
this collateral will be valued. The primary function of the collateral is to pro-
tect the central bank against financial losses in the event of a counterparty’s
default. In theory, the principal objective of ensuring a very high degree of
protection against financial losses could be achieved in two ways: (i) either
by only accepting assets with a very low credit, market and liquidity risk; or
(ii) by accepting a wider range of collateral, with varying degrees of credit,
market and liquidity risk, but applying sufficiently high valuation haircuts
(Cheun et al. 2009). In practice, a central bank’s collateral framework will
also reflect a number of other factors, including any legal restrictions imposed
by the central bank’s statute (although these statutes are not carved in stone
and can be amended in case of need), the legal certainty about the transfer of
the collateral to the central bank and the central bank’s ability to liquidate
the assets in case of a counterparty default, the outstanding volume of cer-
tain assets, the availability of information on the pricing and credit quality
of the assets, or the costs involved with the transfer of collateral (Bindseil
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and Papadia 2006). All these factors suggest that the specification of a com-
prehensive collateral framework is a formidable task and hence out of the
scope of this study. This notwithstanding, it seems that two elements are
particularly crucial: the acceptance of a broad range of collateral and the
application of risk-based haircuts (see recommendation R-14).

The central bank’s decision to accept a certain asset as collateral can
increase this asset’s liquidity and raise its value in the secondary market
relative to non-eligible assets. By accepting a relatively broad range of col-
lateral the central bank can thus minimize distorting effects on relative prices
in financial markets (market neutrality). At the same time, a broad range
of eligible collateral would generally increase the level of banks’ liquidity
insurance, facilitate banks’ collateral management as well as reduce banks’
potential opportunity costs associated with the collateral they hold to partici-
pate in open market operations. It should be noted that the range of eligible
collateral can be broadened in many dimensions, e.g. in terms of type of
assets (debt securities, equities, bank loans, etc.), type of issuer/debtor (cen-
tral government, other government entities, corporates, banks, supranational
institutions, etc.), issuer residence (domestic, foreign), credit standards for
issuer or asset, or the denomination currency (domestic, foreign).

While accepting a broad range of collateral clearly has some benefits, it
can also increase the risks to the central bank. To mitigate these risks to an
acceptable level, but also for the sake of preserving market neutrality, the
relative riskiness of different collateral must be reflected by the application
of appropriate valuation haircuts.4 Failing that, banks would have an incen-
tive to collateralize repo transactions with the central bank with the least
attractive assets, i.e. typically those assets that are deemed to be the most
risky or that cannot be used for other purposes. This race to the bottom
can be prevented by the application of appropriate valuation haircuts, which
will typically take into account the asset’s price volatility and the prospective
liquidation time, but may also reflect different degrees of credit quality.5 In
theory, the haircuts should be set such that distortions are minimized and
banks are indifferent regarding the assets they provide as collateral. It needs
to be acknowledged, however, that in practice this can be very challenging
and the collateral framework will need to strike a balance between precision
and simplicity.

4Other typical risk mitigation measures are margin calls (which are triggered if the
collateral value, after the application of the haircut, falls below a certain trigger level) and
the imposition of limits on the use of collateral from certain issuers or on the use of certain
types of collateral.

5Alternatively, to protect against credit risk, the central bank may set a minimum
credit quality threshold.
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7.3.3 Occasional and Exceptional Operations

Most of the time, the regular open market operations described above will
be sufficient to manage liquidity efficiently and effectively. However, the
operational framework should provide enough flexibility to deal adequately
with unusual situations. Depending on the likelihood of such situations, one
may distinguish between occasional and exceptional operations.

Occasional operations are operations the central bank will probably con-
duct several times a year, but the timing of which cannot be scheduled (see
recommendation R-10). Typical examples are ad hoc overnight or short-term
repos to offset major unanticipated temporary changes in autonomous liquid-
ity factors, which, if not offset immediately, could affect the smooth supply
of reserves within the reserve maintenance period and hence market interest
rates. Moreover, there might be the need from time to time to accommo-
date permanent changes in autonomous liquidity factors. For instance, in the
event of a permanent increase in the level of currency in circulation (which
reduces the level of reserves banks hold with the central bank accordingly),
there will be a permanent decrease in the banking system’s autonomous
liquidity position. In principle, this could be accommodated by a corre-
sponding permanent increase in the size of regular short-term or long-term
repos. However, it might be preferable to keep the size of regular operations
roughly constant and to accommodate such a permanent shift by purchasing
securities outright in the market and keeping them on the central bank’s
balance sheet until maturity. Hence, the operational framework also needs
to specify the instruments the central bank will use to accommodate perma-
nent changes in autonomous liquidity factors. While these transactions are
not directly related to the implementation of monetary policy, they should
nevertheless be considered as part of a central bank’s operational framework.

Exceptional operations are operations the central bank will probably not
have to conduct for several years but only in very rare and extreme cir-
cumstances (see recommendation R-11). As a matter of fact, the 2007-2009
financial crisis has demonstrated that circumstances can arise in which cen-
tral banks need to engage in transactions that they usually would not do.
While it is in the nature of exceptional circumstances that they cannot be
foreseen, it seems that as a precautionary measure central banks should be
prepared—both contractually and operationally—to implement at least a
number of exceptional operations in case of need. At a minimum, arrange-
ments should be in place that allow, within a reasonable time period, to
drain large quantities of reserves (which might not be possible by reverse
repos alone), to conduct collateral swaps and to provide liquidity in the most
important foreign currencies. Obviously, at least the last operation would
typically require the coordination and cooperation between central banks.
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Chapter 8

Concluding Remarks

Today, most central banks use a short-term interest rate, usually the overnight
rate, as operational target to implement monetary policy. To steer the
overnight rate towards the target level, central banks typically make use
of three monetary policy instruments: reserve requirements, standing facil-
ities and open market operations. The rules and procedures governing the
use of these instruments are often referred to as the operational framework
of monetary policy implementation.

While at first sight major central banks’ operational frameworks exhibit a
number of similarities, a closer inspection reveals considerable heterogeneity
in the institutional arrangements used for the implementation of monetary
policy. Most notably, significant differences exist regarding the relative im-
portance and the specification of the three commonly used monetary policy
instruments. Moreover, central banks’ practical experience with their op-
erational frameworks provides evidence that even minor differences in the
specification of individual monetary policy instruments and how they inter-
act with each other can affect the effectiveness of monetary policy imple-
mentation. Therefore, there arises the question whether some operational
frameworks are preferable to others, and ultimately, whether there is an op-
timal operational framework.

Against that background, it is surprising that the normative analysis
of monetary policy implementation is in the early stages of development.
There is, in particular, no comprehensive analytical framework to assess the
performance of alternative operational frameworks. The aim of this study
was to contribute to filling this gap and, hopefully, to sensitize both central
bank practitioners and interested academics for the relevance of this topic.

The three most important general conclusions from this study may be
summarized as follows:
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(i) A clear definition of the objectives a central bank pursues in imple-
menting monetary policy is a prerequisite for any normative analysis of
the operational framework. In this respect, this study has postulated
three criteria for assessing the performance of an operational frame-
work. First and foremost, the operational framework should provide
the central bank the ability to control the overnight rate with high
precision. Second, the operational framework should contribute to a
liquid and competitive interbank money market. And third, the oper-
ational framework should minimize the social costs associated with the
implementation of monetary policy.

(ii) An appropriate model of the money market is indispensable for a com-
prehensive normative analysis of the operational framework. In this
respect, the money market model developed and used for the purposes
of this study exhibits two crucial features. First, the model allows to
analyze the impact of different institutional arrangements for the im-
plementation of monetary policy on banks’ behavior in the interbank
money market and the market clearing overnight rate. Second, reflect-
ing the importance of payments in the interbank large-value payment
system as a major source of uncertainty in banks’ liquidity manage-
ment, the model explicitly distinguishes between the impact of banks’
idiosyncratic liquidity shocks and shocks to autonomous liquidity fac-
tors, a distinction often missing in other money market models.

(iii) The different elements of an operational framework are strongly inter-
twined and interdependent. Consequently, the operational framework
needs to be looked at in a comprehensive manner. Some features or
specifications may make sense in the context of a particular framework,
but not in another. For instance, it is not possible to generally con-
clude whether open market operations should be conducted as fixed
rate tenders or as variable rate tenders, as the relative advantages and
disadvantages of the two tender procedures depend on a range of other
institutional features.

More specifically, this study has strived to outline a stylized operational
framework that allows to achieve the three aforementioned objectives to a
high degree. Although the applied method does not allow to derive the op-
timal operational framework, it is fair to say that the proposed operational
framework provides a solid basis for the effective and efficient implementa-
tion of monetary policy. In this regard, the following rules and procedures
governing the use of monetary policy instruments have been found to be
critical. First, reserve requirements should be sufficiently high in relation to
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the size of liquidity shocks and provide for a symmetric target range around
bank-specific reserve targets. Moreover, reserve requirements should be re-
munerated and the reserve maintenance period be aligned with the timing
of monetary policy decisions. Second, standing facilities should provide for
a symmetric interest rate corridor around the overnight target rate, with
the width of the corridor being set such that it strikes the right balance
between the objectives of tight interest rate control and a liquid and com-
petitive money market. Third, the central bank should commit to provide
the amount of liquidity needed for the banking system to comply with re-
serve requirements and make use of a combination of regular long-term and
short-term repos, added by a fine-tuning overnight repo at the end of each
reserve maintenance period. While the long-term repos should be conducted
as variable rate tenders, the regular short-term repos should be conducted
as fixed rate tenders and mature before the next monetary policy decision.

Finally, it is worth reiterating the benefits of a transparent operational
framework. Making publicly available the rules and procedures governing the
individual monetary policy instruments and how they are related with each
other in a simple and coherent manner will foster market participants’ under-
standing of the central bank’s operational decisions and actions, contributing
to a more predictable and hence more effective implementation of monetary
policy. Moreover, the recent financial crisis has forcefully demonstrated that
in times of severe market stress central banks may be forced to take uncon-
ventional measures, that is measures they would not adopt in normal times.
The operational framework should thus also provide sufficient guidance on
how the central bank intends to deal with exceptional circumstances.
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Appendix A

Technical Appendix

A.1 Modeling Assumptions

A number of modeling assumptions made in the analytical parts of this study
are motivated below. These assumptions concern mainly the modeling of the
interbank market for reserves as a perfectly competitive and frictionless call
market and the specific modeling of payment uncertainty.

A.1.1 The Interbank Market for Reserves

Throughout the analysis, the interbank market for reserves is assumed to be a
perfectly competitive and frictionless call market. This assumption is clearly
at odds with what one observes in practice. Indeed, interbank money mar-
kets are typically not perfectly competitive, particularly if there are dominant
market participants. Moreover, trading usually involves frictions in terms of
transaction costs, irrespective of whether trading takes place on a bilateral
basis (over-the-counter), through brokers or through multilateral electronic
trading systems. For instance, a bank that needs to borrow reserves may in-
cur search costs to find a counterparty that is willing or able to lend reserves,
especially if there are binding credit lines. And finally, the microstructure of
the market for reserves is usually characterized by continuous trading, with
banks borrowing or lending reserves at any time during the day.

So why do we abstract from these issues? The answer is straightforward:
In order to focus on the relationship between the central bank’s operational
framework for monetary policy implementation and the behavior of commer-
cial banks in the market for reserves, the relationship between banks—that
is: their interaction in the interbank market—has to be modeled in a rela-
tively simple way. Incorporating market frictions such as transaction costs or
imperfect competition into an environment that allows for continuous trad-
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ing would certainly bring the model closer to reality, but not only would
this come at the cost of significantly higher analytical complexity, it would
also blur the vision on the role of institutional arrangements of monetary
policy implementation. Moreover, focusing on institutional features of the
operational framework rather than on market frictions is consistent with
the findings by Prati, Bartolini and Bertola (2001). Studying the day-to-
day behavior of short-term interest rates in the G-7 countries as well as in
the euro area, these authors conclude that institutional arrangements and
the central bank’s operational framework are the main factors shaping the
dynamics of the overnight rate. Besides, they find that many of the empiri-
cal features of the U.S. federal funds market, which is the most extensively
researched interbank money market, are not robust to changes in the insti-
tutional environment and/or the style of central bank liquidity management.
Furthermore, a continuous trading model would be particularly useful if we
were interested in studying the intraday behavior of the overnight rate. How-
ever, from the perspective of monetary policy implementation, the intraday
dynamics of interest rates are not a major concern, at least as long as on
average interest rates are close to the central bank’s target rate and intraday
volatility is not excessively high. Overall, these considerations support our
approach of modeling the interbank market in a rather simple way.

When the interbank market is modeled as a call market, it is important
to make a reasonable assumption on the timing of market clearing. Indeed,
in conjunction with the degree of payment uncertainty, the timing assump-
tion affects the precision by which banks are able to achieve their target for
end-of-day reserve balances. For example, if the market clears shortly be-
fore the closing of the payment system, the remaining payment uncertainty,
which is captured in the model by the variance of the cumulated liquid-
ity shock in the afternoon, is relatively low and, consequently, banks will
be able to achieve their desired end-of-day reserve balance rather precisely
by borrowing or lending the necessary amount of reserves in the interbank
market. By contrast, if market clearing takes place early in the day, there
is a substantial amount of post-trading payment uncertainty, which implies
that actual end-of-day reserve balances might be considerably above or be-
low target. Empirical evidence on intraday trading activity in (continuous)
overnight money markets indicates that significant trading takes place both
in the morning and in the afternoon, with lower activity around midday. For
instance, in the U.S. federal funds market trading volume as well as trading
intensity are high in the morning between 8:30 and 10 a.m. they dip from
the late morning through mid-afternoon, and they peak late in the afternoon
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(Bartolini et al. 2005). In the Italian electronic broker market MID1, trading
volumes in the overnight market segment show a similar two-hump shaped
pattern, with trading activity highest in the morning from 9–11 a.m. and in
the afternoon from 3–5 p.m. (Hartmann, Manna and Manzanares 2001). In
other euro area countries, quoting frequencies, which are likely to be closely
correlated with trading volumes, exhibit a similar pattern. High market ac-
tivity in the morning may be explained by market participants’ reaction to
news accumulated overnight, whereas high trading activity in the late af-
ternoon is most likely a reflection of banks’ desire to adjust their reserve
balances prior to the closing of the payment system (Angelini 2000).2 The
empirical results thus indicate that when the interbank market is modeled as
a call market, the timing should be such that it implies substantial payment
uncertainty both before and after market clearing.

A.1.2 Payment Uncertainty

In practice, banks face substantial uncertainty with respect to their payment
flows, with the degree of uncertainty depending on the type of payments. On
the one hand, some payments are perfectly predictable because the underly-
ing transactions were concluded one or more days in advance. An instructive
example are securities transactions which are typically settled with a lag of
three days, that is if securities are bought or sold on day t, the delivery
of securities in the securities settlement system and the settlement of the
cash leg in the large-value payment system (LVPS) take place only on day
t+3. Similarly, foreign exchange (spot) transactions are typically settled on
a t + 2 basis. Therefore, payments related to securities or foreign exchange
transactions can be anticipated almost perfectly. But even for these trans-
actions, there remains some uncertainty, especially with respect to incoming
payments, as a bank can never be sure that its counterparty will discharge
its obligations in time. On the other hand, there are payments that cannot
be predicted at all. Pertinent examples are incoming payments on behalf of a
bank’s customers, or payments that are initiated by a bank’s own customers
on settlement day only. Yet another source of uncertainty are operational

1The Italian electronic broker market MID (Market for Interbank Deposits) covers
virtually the entire domestic overnight deposit market in Italy. Participants include a
large number of Italian banks and a few foreign banks. When the respective offered and
bid rates and quantities match, transactions between members are clinched automatically.
See Hartmann, Manna and Manzanares (2001) for more details on MID.

2The observed pattern of trading activity is also consistent with the following explana-
tion: Activity is high in the morning since traders have just arrived in the office and are
raring to go, it is low around noon since traders have gone for lunch, and it peaks again
in the afternoon since traders need to justify their outrageous salaries.



230 Technical Appendix

disruptions occurring either at the core of the payment system or at the level
of individual payment system participants. For instance, participants might
be unable to make payments due to internal hard- or software failures or due
to a loss of connectivity to the LVPS. As a consequence, payments may not
settle as expected, especially if operational disruptions occur late in the day.
On the whole, a bank hence does not know ex ante the value of payments
that needs to be settled, and it faces even more uncertainty regarding the
value of incoming payments.

Since payments are settled in the LVPS throughout the day on a con-
tinuous basis, an individual bank’s payment uncertainty may be modeled
as a sequence of many payment or liquidity shocks, i.e. {εji,t}Kj=1, where ε

j
i,t

represents an unexpected inflow (εji,t > 0) or outflow (εji,t < 0) of funds on
bank i’s reserve account. For simplicity, assume that these payment shocks
are normally distributed white noise shocks, that is they are independently
and identically distributed with mean zero and variance σ2

ε . Throughout the
day, one liquidity shock after the other is realized and eventually, by the
closing of the payment system, any remaining uncertainty on the cumulated
impact of these shocks on the bank’s end-of-day reserve position will have
been removed.

It is important to clearly distinguish between two types of liquidity shocks:
idiosyncratic and autonomous liquidity shocks. Idiosyncratic liquidity shocks
refer to unexpected payments between two banks (or anticipated payments
between two banks that fail to settle, for instance due to operational prob-
lems). Any idiosyncratic liquidity shock implies a redistribution of reserves
between banks, without affecting the aggregate quantity of reserves available
to the banking system as a whole. By contrast, autonomous liquidity shocks
refer to unexpected payments between a bank and any non-bank participant
to the LVPS (in particular the central bank or the treasury). The distin-
guishing feature of autonomous liquidity shocks thus is that they alter the
amount of reserves to the banking system as a whole.3

For an individual bank’s reserve demand it makes no different whether
a liquidity shock is of one type or the other. For instance, in case of an
unexpected outflow of funds, a bank will generally try to offset the induced
change in its reserve position by borrowing more in the interbank market
for reserves, irrespective of whether the outflow was due to an idiosyncratic
or an autonomous liquidity shock. However, to the extent that the quan-
tity of reserves available to the banking system affects the market clearing
interest rate, differentiating between the two types of payment shocks is es-

3Autonomous liquidity shocks are thus closely related to the concept of autonomous
liquidity factors which is discussed in more detail in Section 3.3.
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sential to understand the link between uncertainty on payment flows and
the dynamics of interest rates. In terms of the model, this differentiation is
easily achieved by assigning each element of {εji,t}Kj=1 to one of two separate

sequences, {υji,t}Lj=1 and {ηji,t}Pj=1, where υ
j
i,t and η

j
i,t are the idiosyncratic and

autonomous liquidity shocks of bank i, respectively, and L+P = K. Suppos-
ing that market clearing takes place between the realization of υli,t and υ

l+1
i,t

and ηpi,t and η
p+1
i,t , respectively, it is then possible to define the following liq-

uidity shocks:

1. Idiosyncratic liquidity shock in the morning :

– υMi,t ≡
∑l

j=1 υ
j
i,t, where υ

M
i,t ∼ N

(
0, σ2

υM

)
and σ2

υM = lσ2
υj .

– υMt ≡ 1
n

∑n
i=1 υ

M
i,t = 0.

2. Autonomous liquidity shock in the morning :

– ηMi,t ≡
∑p

j=1 η
j
i,t, where η

M
i,t ∼ N

(
0, σ2

ηM

)
and σ2

ηM = pσ2
ηj .

– ηMt ≡ 1
n

∑n
i=1 η

M
i,t , where η

M
t ∼ N

(
0, σ̃2

ηM

)
and σ̃2

ηM = σ2
ηM/n.

3. Cumulated liquidity shock in the morning :

– εMi,t ≡ ηMi,t + υMi,t , where ε
M
i,t ∼ N

(
0, σ2

εM

)
and σ2

εM = σ2
ηM + σ2

υM .

– εMt ≡ 1
n

∑n
i=1 ε

M
i,t = ηMt .

4. Idiosyncratic liquidity shock in the afternoon:

– υAi,t ≡
∑L

j=l+1 υ
j
i,t, where υ

A
i,t ∼ N

(
0, σ2

υA

)
and σ2

υA = (L− l)σ2
υj .

– υAt ≡ 1
n

∑n
i=1 υ

A
i,t = 0.

5. Autonomous liquidity shock in the afternoon:

– ηAi,t ≡
∑P

j=p+1 η
j
i,t, where η

A
i,t ∼ N

(
0, σ2

ηA

)
and σ2

ηA = (P − p)σ2
ηj .

– ηAt ≡ 1
n

∑n
i=1 η

A
i,t, where η

A
t ∼ N

(
0, σ̃2

ηA

)
, and σ̃2

ηA = σ2
ηA/n.

6. Cumulated liquidity shock in the afternoon:

– εAi,t ≡ ηAi,t + υAi,t, where ε
A
i,t ∼ N

(
0, σ2

εA

)
and σ2

εA = σ2
ηA + σ2

υA .

– εAt ≡ 1
n

∑n
i=1 ε

A
i,t = ηAt .
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As these liquidity shocks show up in many places in this study, a few ad-
ditional comments are in order. First, note that the idiosyncratic liquidity
shock in the morning (afternoon) simply adds up all the individual under-
lying idiosyncratic liquidity shocks before (after) market clearing. Similarly,
the autonomous liquidity shock in the morning (afternoon) adds up all the in-
dividual underlying autonomous liquidity shocks before (after) market clear-
ing. Also, since the underlying shocks {εji,t}Kj=1 are independently distributed,
υMi,t , υ

A
i,t, η

M
i,t and ηAi,t are mutually independent.

Moreover, the summation of idiosyncratic liquidity shocks over all banks
is necessarily zero, because by definition any idiosyncratic liquidity shock to
bank i is compensated by an idiosyncratic liquidity shock with opposite sign
to bank j ̸= i.4 In contrast, summing up the autonomous liquidity shocks
typically yields a non-zero value. Ex post, the realizations of ηMt and ηAt ,
that is the average or per capita autonomous liquidity shocks, thus may be
positive or negative, and, as a consequence, so are the per capita cumulated
liquidity shocks εMt and εAt .

A.2 Derivations

A.2.1 Equation (3.3)

Bank i’s profit maximization problem is

maxBi,t
Et(Πi,t) = −itBi,t

− ibt
∫ Di,t−Rmc

i,t −Bi,t

−∞

(
Di,t −Rmc

i,t −Bi,t − εAi,t
)
ψ(εA)

+ idt
∫∞
Di,t−Rmc

i,t −Bi,t

(
Rmc

i,t +Bi,t + εAi,t −Di,t

)
ψ(εA)

(A.1)

where ψ(εA) serves as a shortcut for γεA(ε
A) dεA. Integrating by parts, the

integral in the second term of (A.1) can be written as

∫ Di,t−Rmc
i,t −Bi,t

−∞

(
Di,t −Rmc

i,t −Bi,t − εAi,t
)
ψ(εA)

= ΓεA(ε
A
i,t)
(
Di,t −Rmc

i,t −Bi,t − εAi,t
)
|Di,t−Rmc

i,t −Bi,t

−∞

+
∫ Di,t−Rmc

i,t −Bi,t

−∞ ΓεA(ε
A
i,t) dε

A
i,t

(A.2)

where the first term on the right hand side is equal to zero. Similarly, the
integral in the third term of (A.1) can be reformulated as

4Note that the term idiosyncratic is therefore somewhat misleading.
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∫∞
Di,t−Rmc

i,t −Bi,t

(
Rmc

i,t +Bi,t + εAi,t −Di,t

)
ψ(εA)

=
∫∞
−∞

(
Rmc

i,t +Bi,t + εAi,t −Di,t

)
ψ(εA)

−
∫ Di,t−Rmc

i,t −Bi,t

−∞

(
Rmc

i,t +Bi,t −Di,t + εAi,t
)
ψ(εA)

= Rmc
i,t +Bi,t −Di,t +

∫ Di,t−Rmc
i,t −Bi,t

−∞ ΓεA(ε
A
i,t) dε

A
i,t.

(A.3)

Substituting these terms into (A.1), the profit maximization problem be-
comes

maxBi,t
Et(Πi,t) = idt (R

mc
i,t −Di,t)− (it − idt )Bi,t

− (ibt − idt )
∫ Di,t−Rmc

i,t −Bi,t

−∞ ΓεA(ε
A
i,t) dε

A
i,t.

(A.4)

The first order condition for the profit maximization problem in (A.4) then
yields

ΓεA(Di,t −Rmc
i,t −Bi,t) =

it − idt
ibt − idt

, (A.5)

which implies that expected profits are maximized when borrowing is

Bi,t = Di,t −Rmc
i,t − Γ−1

εA

(
it − idt
ibt − idt

)
. (A.6)

A.2.2 Equation (3.16)

Note that if εAi,t < (Di,t − Rmc
i,t − Bi,t), then ∂Et [Vi,t+1(·)] /∂Di,t+1 does not

depend on εAi,t and hence∫ Di,t−Rmc
i,t −Bi,t

−Rmc
i,t −Bi,t

∂Et [Vi,t+1(·)]
∂Di,t+1

γεA(ε
A) dεA = ϕ2

i,t

∂Et [Vi,t+1(·)]
∂Di,t+1

, (A.7)

where ϕ2
i,t is the probability of not using the standing facilities on t. Moreover,

the law of motion in Equation (3.15) is

∂Et [Vi,t+1(·)]
∂Di,t+1

= −ϕ3
i,t+1 i

d+

∫ Di,t+1−Rmc
i,t+1−Bi,t+1

−∞

∂Et [Vi,t+2(·)]
∂Di,t+2

γεA(ε
A) dεA.
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Denoting for convenience Qi,τ = Di,τ − Rmc
i,τ − Bi,τ and ψ = γεA(ε

A) dεA,
recursive substitution of ∂Et [Vi,τ (·)] /∂Di,τ for τ = t+ 2, . . . , T yields

∂Et[Vi,t+1(·)]
∂Di,t+1

= −ϕ3
i,t+1 i

d +
∫ Qi,t+1

−∞
∂Et[Vi,t+2(·)]

∂Di,t+2
ψ

= −ϕ3
i,t+1 i

d +
∫ Qi,t+1

−∞

[
−ϕ3

i,t+2 i
d +

∫ Qi,t+2

−∞
∂Et[Vi,t+3(·)]

∂Di,t+3
ψ
]
ψ

= . . .

= −ϕ3
i,t+1 i

d − (1− ϕ3
i,t+1)ϕ

3
i,t+2 i

d

− (1− ϕ3
i,t+1)(1− ϕ3

i,t+2)ϕ
3
i,t+3 i

d

− . . .− (1− ϕ3
i,t+1) . . . (1− ϕ3

i,T−2)ϕ
3
i,T−1 i

d

+
∫ Qi,t+1

−∞

∫ Qi,t+2

−∞ · · ·
∫ Qi,T−1

−∞
∂Et[Vi,T (·)]

∂Di,T
ψ · · ·ψ

Since−Et [∂Vi,T ] /∂Di,T = Et [iT ] the last term simplifies to−(1−ϕ3
i,t+1) · · · (1−

ϕ3
i,T−1)Et [iT ]. Summarizing we obtain

−∂Et[Vi,t+1(·)]
∂Di,t+1

=
[
ϕ3
i,t+1 +

∑T−1
τ=t+2

(
ϕ3
i,τ

∏τ−1
s=t+1

(
1− ϕ3

i,s

))]
id

+
∏T−1

τ=t+1(1− ϕ3
i,τ )Et [iT ] .

Equation (3.16) then follows straightforwardly.

A.2.3 Equation (3.17)

The derivation of Equation (3.17) proceeds in three steps. First note that
Equation (3.9) can be reformulated as

iT = ibΦ

(
DT −Rmc

T

σεA

)
+ id

[
1− Φ

(
DT −Rmc

T

σεA

)]
, (A.8)

that DT and Rmc
T can be written as

DT = Dt − (T − t)Rmc
t − (T − t)ηAt −

T−t−1∑
j=1

(T − t− j)(ηMt+j + ηAt+j) (A.9)

and
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Rmc
T = Rmc

t +
T−t∑
j=1

(
ηMt+j + ηAt+j−1

)
, (A.10)

so that we have

DT −Rmc
T = Dt − (T − t+ 1)Rmc

t

−
∑T−t−1

j=0 (T − t+ 1− j)ηAt+j −
∑T−t

j=1 (T − t+ 1− j)ηMt+j.

Accordingly, at the time of market clearing on day t, Xt =
DT−Rmc

T

σ
εA

can be

interpreted as a normally distributed random variable with mean

µt =
Dt − (T − t+ 1)Rmc

t

σεA
(A.11)

and variance

σ2
t =

∑T−t
j=1

[
j2σ2

ηM + (j + 1)2σ2
ηA

]
σ2
εA

. (A.12)

Second, because the cumulative distribution function Φ(·) is a non-linear
function Jensen’s inequality implies that E (Φ(X)) ̸= Φ(E(X)). However,
one can show that if X ∼ N(µ, σ2) and Y ∼ (0, 1), with X and Y indepen-
dent, then

E (Φ(X)) ≡ E(Pr[Y ≤ X]) = Φ

(
µ√

1 + σ2

)
. (A.13)

Third, applying Equation (A.13) to the martingale hypothesis it ≃ Et(iT ),
and using the results in Equations (A.11) and (A.12), Equation (3.17) follows
immediately.

A.2.4 Minimizing Expected Borrowing Costs

Lemma 1. Assume bank i’s intertemporal reserve demand over the main-
tenance period with length T ≥ 2 is characterized by targeting a constant
level of end-of-day balances, that is, on any day t it chooses Bi,t such that
Et

[
Rpsc

i,t

]
= Di,t/(T − t + 1). The expected total borrowing costs over the

remainder of the reserve maintenance period, Et [TBCi,t], are then smaller
than for any other pattern of intertemporal reserve demand that satisfies
Di,T+1 = 0.
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In the following, we prove Lemma 1 for t = 1, but the generalization
to subsequent days in the reserve maintenance period is straightforward.
To start with, note that the constant reserve demand pattern implies that
E1

[
Rpsc

i,τ

]
= (1/T )Di,1 for τ = 1 . . . T . As of the beginning of the maintenance

period, the expected borrowing costs on day τ are thus

E1 [BCi,τ ] = − ib
∫ −(1/T )Di,1

−∞

(
(1/T )Di,1 + εAi,τ

)
γεA(ε

A) dεA

= ib
∫ −(1/T )Di,1

−∞ ΓεA(ε
A
i,τ ) dε

A

and expected total borrowing costs over the whole maintenance period are
thus

E1 [TBCi,1] = T ib
∫ −(1/T )Di,1

−∞
ΓεA(ε

A
i,τ ) dε

A. (A.14)

Consider now the consequence of a slight deviation from the constant
reserve demand pattern. In particular, assume that the bank targets a
marginally lower end-of-day balance on day l and a marginally higher end-
of-day balance on day h, that is E1

[
Rpsc

i,l

]
= (1/T )Di,1 − ∆, E1

[
Rpsc

i,h

]
=

(1/T )Di,1 + ∆, and E1

[
Rpsc

i,τ

]
= (1/T )Di,1 for τ ̸= (l, h). Expected borrow-

ing costs are then:

E1 [BCi,l] = ib
∫ −(1/T )Di,1+∆

−∞ ΓεA(ε
A
i,l) dε

A,

E1 [BCi,h] = ib
∫ −(1/T )Di,1−∆

−∞ ΓεA(ε
A
i,h) dε

A,

E1 [BCi,τ ] = ib
∫ −(1/T )Di,1

−∞ ΓεA(ε
A
i,τ ) dε

A for τ ̸= (l, h).

Now note that∫ −(1/T )Di,1+∆

−∞ ΓεA(ε
A
i,l) dε

A =
∫ −(1/T )Di,1

−∞ ΓεA(ε
A
i,l) dε

A

+
∫ −(1/T )Di,1+∆

−(1/T )Di,1
ΓεA(ε

A
i,l) dε

A

and

∫ −(1/T )Di,1−∆

−∞ ΓεA(ε
A
i,h) dε

A =
∫ −(1/T )Di,1

−∞ ΓεA(ε
A
i,h) dε

A

−
∫ −(1/T )Di,1

−(1/T )Di,1−∆
ΓεA(ε

A
i,h) dε

A.
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Expected total borrowing costs associated with the slightly altered reserve
demand pattern are thus

E1

[
T̃BCi,1

]
= E1 [TBCi,1]

+
∫ −(1/T )Di,1+∆

−(1/T )Di,1
ΓεA(ε

A
i,l) dε

A −
∫ −(1/T )Di,1

−(1/T )Di,1−∆
ΓεA(ε

A
i,h) dε

A.

(A.15)

Now note that the cumulative distribution function ΓεA(·) is strictly increas-
ing, i.e. Γ′

εA(·) > 0, so that

∫ −(1/T )Di,1+∆

−(1/T )Di,1

ΓεA(ε
A
i,l) dε

A >

∫ −(1/T )Di,1

−(1/T )Di,1−∆

ΓεA(ε
A
i,h) dε

A.

It then follows that E1 [TBCi,1] < E1

[
T̃BC i,1

]
.

A.2.5 Equation (3.18)

Reformulating Equation (3.4), the market clearing overnight rate can be
written as

it = id + (ib − id) Φ

(
Dt −Rmc

t

σεA

)
. (A.16)

As of to, the time when the open market operation is conducted, Dt is known
but Rmc

t = Rbod
t +Lt,t+1− L̄t+η

M
t is a random variable. Choosing the neutral

allotment Ln
t,t+1 such that Eto(it) = i∗t then implies that

i∗t−id

ib−id
= Eto

[
Φ
(

Dt−Rbod
t −Ln

t,t+1+L̄t−ηMt
σ
εA

)]
= Φ

(
µ√
1+σ2

) (A.17)

where

µ =
Dt −Rbod

t − Ln
t,t+1 + L̄t

σεA

and

σ2 =
σ2
ηA

σ2
εA

.
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Solving Equation (A.17) for Ln
t,t+1 then yields

Ln
t,t+1 = Dt −Rbod

t + L̄t − Φ−1

(
i∗t − id

ib − id

)
σεA

√
1 +

σ2
ηA

σ2
εA

. (A.18)

A.2.6 Equation (3.19)

Implementing the neutral allotment requires to chose Lt,t+m such that Eto(iT ) =
i∗, where the market clearing overnight rate on T is known to be

iT = id + (ib − id) Φ

(
DT −Rmc

T

σεA

)
. (A.19)

Now, note that at the time when the last operation within the reserve
maintenance period is conducted, there is only one allotment for which
E(T+1−m)o(iT ) = i∗. In contrast, at the time of earlier operations, there
is an infinite number of reserve supply paths that allow to achieve the in-
terest rate target. In order to have a unique solution, it is thus assumed
that the implementation desk has a preference for a smooth reserve supply
path and that it will therefore chose Lt,t+m such that the anticipated size of
future open market operations is equal to the size of the current operation,
e.g. Eto(Lt+m,t+2m) = Lt,t+m.

Then, note that as of to, the time when the open market operation is
conducted on day t, DT and Rmc

T are random variables that can be written
as follows:

Rmc
T = Rbod

t + Lt,t+m − L̄t +
T−t−1∑
j=0

(
ηMt+j + ηAt+j

)
+ ηMT

and

DT = Dt − (T − t)(Rbod
t + Lt,t+m − L̄t)

−
∑T−t−1

j=0 (T − t− j)
(
ηMt+j + ηAt+j

)
.

Accordingly, as of to, Xt =
DT−Rmc

T

σ
εA

can be interpreted as a normally dis-

tributed random variable with mean

µt =
Dt − (T − t+ 1)

(
Rbod

t + Lt,t+m − L̄t

)
σεA

(A.20)
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and variance

σ2
t =

T−t−1∑
j=1

j2σ2
ηM +

T−t−1∑
j=2

j2σ2
ηA . (A.21)

Applying the relationship in Equation (A.13), Equation (3.19) follows imme-
diately.
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Durré, Alain, and Stefano Nardelli. 2006. “Volatility in the Euro Area
Money Market: Effects from the Monetary Policy Operational Framework.”
Working Paper, European Central Bank.

Deutsche Bundesbank. 1995. “The Monetary Policy of the Deutsche Bun-
desbank.” Deutsche Bundesbank, Frankfurt am Main.

Eagle, David. 1995. “Federal Funds Rate Volatility and the Reserve Main-
tenance Period.” Review of Financial Economics 4(2), 157–170.

Ennis, Huberto M., and John A. Weinberg. 2007. “Interest on Reserves and
Daylight Credit.” Federal Reserve Bank of Richmond Economic Quarterly
93(2), 111–142.

European Central Bank (ECB). 1999. “Annual Report.” Frankfurt a.M.

European Central Bank (ECB). 2000. “The Switch to Variable Rate Tenders
in the Main Refinancing Operations.” Monthly Bulletin, July 2000, 37–42.

European Central Bank (ECB). 2005. “Initial Experience with the Changes
to the Eurosystem’s Operational Framework for Monetary Policy Implemen-
tation.” Monthly Bulletin, February 2005, 65–71.

European Central Bank (ECB). 2006a. “General Documentation on Eurosys-
tem Monetary Policy Instruments and Procedures.” Frankfurt am Main.



Bibliography 247

European Central Bank (ECB). 2006b. “The Eurosystem’s Experience with
Fine-Tuning Operations at the End of the Reserve Maintenance Period.”
Monthly Bulletin, November 2006, 83–91.

Ehrhart, Karl-Martin. 2001. “European Central Bank Operations: An Ex-
perimental of the Fixed Rate Tender.” Journal of International Money and
Finance 20, 871–894.

Federal Reserve Bank of New York Markets Group. 2000. “Domestic Market
Operations During 1999.” Federal Reserve Bank of New York, New York.

Federal Reserve Bank of New York Markets Group. 2004. “Domestic Market
Operations During 2003.” Federal Reserve Bank of New York, New York.

Federal Reserve Bank of New York Markets Group. 2005. “Domestic Market
Operations During 2004.” Federal Reserve Bank of New York, New York.

Federal Reserve Bank of New York Markets Group. 2006. “Domestic Market
Operations During 2005.” Federal Reserve Bank of New York, New York.

Federal Reserve Bank of New York Markets Group. 2007. “Domestic Market
Operations During 2006.” Federal Reserve Bank of New York, New York.

Federal Reserve Bank of New York Markets Group. 2009. “Domestic Market
Operations During 2008.” Federal Reserve Bank of New York, New York.

Federal Reserve System. 1998. “Reserve Requirements of Depository Insti-
tutions.” Press Release by the Board of Governors of the Federal Reserve
System, 24 March 1998.

Federal Reserve System. 2006. “Reserve Maintenance Manual.”

Feige, Edgar L. 2003. “Dynamics of Currency Substitution, Asset Substitu-
tion and De Facto Dollarisation and Euroisation in Transition Countries.”
Comparative Economic Studies 45(3), 358-383.

Feinman, Joshua. 1993. “Reserve Requirements: History, Current Practice,
and Potential Reform.” Federal Reserve Bulletin June 1993, 569–589.

Forssbœck, Jens, and Lars Oxelheim. 2007. “The Interplay between Money
Market Development and Changes in Monetary Policy Operations in Small
European Countries, 1980–2000.” In: Mayes, David G., and Jan Toporowski
(eds.), Open Market Operations and Financial Markets, Routledge, New
York, 120–152.

Freedman, Charles. 2000. “Monetary Policy Implementation: Past, Present
and Future - Will Electronic Money Lead to the Eventual Demise of Central
Banking?” International Finance 3(2), 211-227.



248 Bibliography

Friedman, Benjamin M. 1990. “Targets and Instruments of Monetary Pol-
icy.” In: Friedman, Benjamin M. and F. H. Haan (eds.), Handbook of Mon-
etary Economics Vol. II, North-Holland, Amsterdam, 1185–1230.

Friedman, Benjamin M. 1999. “The Future of Monetary Policy: The Central
Bank as an Army with only a Signal Corpse.” International Finance 2(3),
321–338.

Friedman, Milton, and Anna Jacobsen Schwartz. 1963. “A Monetary History
of the United States, 1867–1960.” Princeton University Press, Princeton.

Fullwiler, Scott T. 2003. “Timeliness and the Fed’s Daily Tactics.” Journal
of Economic Issues 37(4), 851–880.

Furfine, Craig H. 1999. “The Microstructure of the Federal Funds Market.”
Financial Markets, Institutions & Instruments 8(5), 24–42.

Furfine, Craig H. 2000. “Interbank Payments and the Daily Federal Funds
Rate.” Journal of Monetary Economics 46(2), 535–535.

Furfine, Craig H. 2001. “Banks as Monitors of Other Banks: Evidence from
the Overnight Federal Funds Market.” The Journal of Business 74(1), 33–
57.

Furfine, Craig H. 2003. “Standing Facilities and Interbank Borrowing: Ev-
idence from the Federal Reserve’s New Discount Window.” International
Finance 6(3), 329–347.

Giovanoli, Mario. 1993. “Bargeld—Buchgeld—Zentralbankgeld: Einheit
oder Vielfalt im Geldbegriff?” Festschrift für Beat Kleiner, Schulthess Poly-
graphischer Verlag, Zürich.
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