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Abstract

This paper examines the interday and intraday dynamics of the euro area overnight
money market on the basis of an original set of market activity and liquidity proxies
constructed from both pre- and post-trade data. The empirical literature provides
extensive evidence supporting the rejection of the martingale hypothesis both between
days and within days, primarily for interest rates and volatility. We extend this
analysis and investigate the seasonality of market activity and liquidity in a market
dominated by utilitarian traders. We provide evidence that the FEurosystem's
operational framework and calendar effects cause the observed regular patterns. We
additionally show that utilitarian trading intensifies at the turn of the reserve
maintenance period. The increased un-certainty associated with greater information
asymmetry between market participants when reserve requirements become binding
lead to a deterioration of market liquidity. Our analysis additionally turns out to be
sensitive to the implementation in March 2004 of structural changes to the operational
framework and to the more frequent occurrence of fine-tuning operations since
October 2004.

Keywords: Overnight money market, Eurosystem's operational framework,
seasonality, market microstructure, tick data.

JEL Classification: E43, E58, C22, C32.
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Non-technical summary

In the Eurosystem, the monetary policy is implemented according to the rules
contained in the operational framework. Due to the close connection between
the refinancing operations and the overnight segment of the money market, this
framework is expected to significantly affect the liquidity positions of credit institu-
tions and hence the dynamics of this market. More specifically, the influence of the
framework is expected to be particularly visible on refinancing operation (MRO al-
lotment) days or as reserve requirements eventually become more binding towards
the end of the reserve maintenance period due to the averaging mechanism. In
addition, on specific calendar days such as the end of a month, a quarter or a year,
credit institutions are likely to face unexpected liquidity shocks, hence increasing
their liquidity needs. On such calendar days, banks’ reserves are thus expected to

be more sensitive to both idiosyncratic and aggregate (liquidity) shocks.

On the basis of the order flow captured by the e-MID electronic platform,
this paper examines the existence and statistical significance of regular patterns
in the activity and liquidity of the market for unsecured funds. To this end,
microstructure measures are elaborated for assessing both market activity and
liquidity of the euro area overnight money market. In contrast to previous studies
in the literature, this paper applies measures based on the theoretical discussion

in the microstructure literature.

The first part of our work provides a general assessment of the interday op-
eration of the market over a stylised reserve maintenance period and examines
the evolution of trading activity and transaction costs over the course of a typical
trading day. More specifically, this paper examines whether, despite its specific
design, the overnight segment of the money market exhibits dynamics similar to
what is commonly observed in other countries or under different market structures.
In contrast to earlier studies, the information conveyed by the sign of the transac-
tions, that is, buy or sell, is examined and an extensive assessment of the dynamics
of liquidity in this market is provided for the first time. Since the rules contained
in the operational framework for the implementation of the monetary policy or

the occurrence of specific calendar days are expected to significantly affect the
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behaviour of credit institutions in their management of liquidity, our work next
highlights their influence on the interday and intraday dynamics of the overnight
segment. Finally, we check whether the introduction in March 2004 of structural
changes to the framework or a more frequent recourse to fine-tuning operations
(FTOs) by the central bank since October 2004 have altered the operation of the

market.

Parametric and nonparametric methods provide robust evidence of significant
predictable patterns between days and within days in the activity and liquidity
of the overnight segment. Our findings could notably help banks to assess the
opportunity costs of carrying excess or insufficient reserves over the maintenance
period. In the same vein, as our results point out, effective transaction costs tend
to increase over the trading day. The timing of the decision to trade therefore
also takes on particular importance within the trading day, conditioned upon the
specific needs and level of stress faced by credit institutions. Consistent with
our initial expectation, empirical evidence is additionally provided of a significant
influence of the Eurosystem’s operational framework or the occurrence of specific
calendar days on the dynamics of the market. This influence is most visible over
the last days of the reserve maintenance period, on MRO allotment days, on days
of press conferences or at the end of a month or a quarter. This is also on these
days on which banks are more sensitive to liquidity shocks that the proportion
of utilitarian traders increases in the market. Our results demonstrate that the
introduction of structural changes to the operational framework in March 2004 or
more frequent fine-tuning operations since October 2004 have improved the ability
of credit institutions to manage their liquidity positions in the interbank market.
Against the market-oriented approach promoted by the central bank between its
regular refinancing operations, this latter finding arguably takes on particular

importance.
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1 Introduction

With the start of Stage III of the Economic Monetary Union in Europe, the euro
area money market has become fully integrated between the twelve Member States
sharing the euro.! Within the entire money market, the overnight segment is of
particular interest as the evolution of the related interest rates is mostly condi-
tioned upon the results of the regular refinancing operations conducted by the Eu-
ropean Central Bank (ECB). By nature, this is the segment of the money market
in which credit institutions fill their liquidity needs in the very short run. In many
respects, the operation of this segment is very specific and arguably relatively me-
chanical. The primary objective of these institutions is indeed to smoothly absorb
short-term liquidity shocks and to end the trading day with balanced liquidity po-
sitions. In contrast to most other financial markets, utilitarian trading by nature
dominates speculative motivations to trade. Moreover, this segment differs from
the other segments of the money market as regards the close relationship between
participants, the specific rules and practices for finding liquidity and its specific

over-the-counter (OTC) design.

In the overnight segment, a significant proportion of the transactions indeed
occurs over-the-counter, making the exact terms of most trades imperfectly avail-
able. The information on the transactions executed in this segment of the money
market is thus imperfect, and traditionally based on the daily price and volume of
the euro overnight index average (EONIA) disseminated by the European Bank-
ing Federation on the basis of a survey of the largest banks in the market or
inferred from quotes posted on wire services such as Bloomberg or Reuters. Both
sources nevertheless have significant drawbacks. In the case of EONIA data, its
daily frequency prevents any intraday investigation. Despite the relative stability
of the overnight market on a daily basis, the market may indeed display strong
intraday dynamics not captured by the daily averages. In the case of wire services,
the quotes do not guarantee that transactions will be executed at the quoted lev-

els, and usually cannot be considered as best quotes since they are only mostly

'For homogeneity reasons, Slovenia, which joined the euro area on 1 January 2007, and Cyprus
and Malta, which became member on 1 January 2008, are not included in the data sample of
this study.
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indicative and not extracted from an aggregate order book.

Despite its apparent limited importance in the total daily turnover of the
overnight market, the e-MID electronic platform nevertheless offers the advan-
tage of centralising all transactions executed through its systems. The exact
terms of each transaction are accurately recorded which opens the way for de-
tailed microstructure examinations. Not being, by definition, an OTC segment
of the overnight market, the information on trades is nevertheless representative
of all transactions realised on the e-MID platform. It is also representative of
the overnight segment as the share of the overnight transactions currently repre-
sents more than 85% of e-MID’s total turnover. Compared with the other partial
sources of data for OTC transactions in the overnight market, e-MID data (or more

generally data from the electronic platform) therefore appears more exhaustive.

This paper applies a detailed microstructure analysis based on an original
set of market activity and liquidity proxies built upon e-MID data to examine the
interday and intraday dynamic evolution of the euro area overnight money market.
Although the literature provides theoretical support and empirical evidence of a
rejection of the martingale hypothesis for the federal funds market in the United
States, few studies focus on the dynamics of the euro area overnight money market.
In addition, to the best of our knowledge, earlier studies dealing with e-MID
data or focusing on similar markets abroad (e.g., the federal funds market in the
United States) do not examine the dynamics of market liquidity. In particular, the

information content of the side (buy/sell) of the transactions is never addressed.

The main motivation of this paper is essentially twofold. We first examine the
presence of regular interday and intraday patterns in the activity and liquidity of
the overnight money market. We segment our analysis to identify the influence of
the Eurosystem’s operational framework or specific calendar days on the behaviour
of our measures. Second, we investigate the reaction of the market following the
introduction of structural changes to the operational framework in March 2004 or
more frequent fine-tuning operations (FTOs) since October 2004. In particular,
we look for statistical evidence supporting the observed increase in market activity
and the improvement of market liquidity over the years. This paper also adds to

the microstructure literature with an examination of the dynamics of a market
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dominated by utilitarian traders.

The remainder of this paper is organised as follows. Section 2 briefly recalls
the importance of the overnight segment in the money market, notably from a
monetary policy perspective. Against the backdrop of a short description of the
Eurosystem’s operational framework and the money market in the euro area, this
section also describes the structure of the overnight segment and its peculiarities
with respect to other financial markets. Section 3 presents the features of the
electronic platform in the overnight market and the related available data. It
also briefly reviews a number of studies in the literature dealing with similar
data. Section 4 develops a microstructure approach to investigate the interday and
intraday dynamics of the electronic platform and the significance of the observed
patterns is assessed in a series of parametric and nonparametric tests. Finally,

Section 5 concludes.

2 The role of the overnight segment in the money mar-

ket

Within the money market, which covers maturities from one day to one year, the
overnight market is one particular segment that banks essentially access to fill their
short-term liquidity needs and to end the trading day in a balanced position. In
contrast to other financial markets, their trading is arguably relatively mechanical
and less, if not, driven by speculative motivations. In this respect, most credit
institutions transacting in the overnight segment are utilitarian traders.? As a
direct consequence of their trading, credit institutions indeed receive (or pay) the
interest that is due on their overnight transactions. Their motivation to trade is
nevertheless unrelated to this interest payment: banks come to this market to bal-
ance specific liquidity needs. Although utilitarian traders dominate this segment
of the money market, we cannot however rule out that some informed traders ac-
cess the market with speculative motivations. The proportion of utilitarian traders

is however expected to become more pronounced as reserve requirements become

2See Harris (2003) for a detailed discussion of traders’ motivations. In the author’s classifica-
tion, traders alternatively access markets for profit-motivated reasons.
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more binding and is accordingly expected to impact the dynamics of this market.

In the euro area, the behaviour of credit institutions in the overnight segment is
directly affected by the rules and practices of the Eurosystem’s operational frame-
work designed by the ECB for the implementation of the monetary policy. Before
describing the structure of the overnight money market, we accordingly discuss
the influence of the operational framework on the organisation of the market, the

price dynamics and the nature of the transactions.

2.1 A particular link to the central bank refinancing operations

To achieve its monetary policy objective, the Eurosystem has at its disposal a set
of instruments which constitutes the operational framework necessary to imple-
ment the policy. In this context, the Eurosystem conducts open market operations
(OMOs), offers standing facilities at the end of each day and requires credit insti-

tutions to hold minimum reserves.

Through its open market operations, the Eurosystem steers interest rates,
manages liquidity in the money market and signals the stance of the monetary
policy. Among the four types of open market operations (main and longer-term
refinancing operations, fine-tuning operations and structural operations), the main
refinancing operations (MROs) are the most important as they provide the bulk
of refinancing to the financial sector on a reverse basis and for a maturity of
one week, then followed by the longer-term refinancing operations (LTROs) for a
maturity of three months. Besides these regular operations, the Eurosystem also
offers standing facilities on a daily basis, although at penalty rates, to provide or
absorb overnight liquidity. By construction, the marginal lending rate (applied to
overnight liquidity-providing operations) and the deposit rate (applied to overnight
liquidity-absorbing operations) form a corridor for overnight interest rates. This
corridor encompasses the monetary policy rate decided by the Governing Council
of the ECB on a monthly basis. By requiring credit institutions in the euro
area to hold minimum reserves over a specific period of time, the Eurosystem’s
operational framework additionally aims at stabilising money market interest rates

and creating (or enlarging) a structural liquidity shortage. This period of time
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over which credit institutions have to respect minimum reserves (calculated on the
basis of their own balance sheet), is called the reserve maintenance period (RMP)
and is roughly equivalent to one calendar month. To smooth interest rates, credit
institutions subject to reserve requirements® are however enabled to make use of

averaging provisions.*

Regarding the provision of liquidity to credit institutions, the refinancing op-
erations of the Eurosystem remain the most important source in the overnight
market. The weekly amount injected by the ECB aims at ensuring neutral lig-
uidity conditions (called the benchmark) in the overnight market at the end of
the reserve maintenance period. Liquidity is injected in the banking system in
accordance with the rules contained in the Eurosystem’s operational framework
that was designed to reach the goals assigned to the liquidity policy (see ECB
(2005a) for further details). More precisely, the main features of the liquidity
policy in the Eurosystem are: (i) a direct provision of liquidity with weekly re-
financing operations and (ii) a market-oriented approach between operations to
encourage credit institutions to organise themselves to find the necessary liquidity
on a daily basis to face liquidity shocks. This latter feature appears necessary to
keep alive an overnight money market governed by market dynamics. This con-
cern was reinforced with the introduction of a variable rate tender system in June

2000.

After a short experience with the fixed rate tender system, the ECB intro-
duced a variable rate tender system on 27 June 2000, which de facto reinforced
the market-oriented approach at the beginning of the liquidity provision channel.
Credit institutions eligible for refinancing operations submit bids at variable rates
to the ECB (via the corresponding national central banks within the Eurosys-
tem) with the policy rate (then labelled minimum bid rate) being a floor above

which all bids must be priced.> From 27 June 2000 to 9 March 2004, the ECB

3 According to the Statute of the European System of Central Banks (ESCB), all credit insti-
tutions established in the euro area are subject to the minimum reserve system. These reserves
are remunerated over the RMP at the average of the marginal rate on the Eurosystem’s MROs.
The reserve requirements are determined by the amount of the corresponding institution’s liabil-
ities with a maturity up to two years and exceeding EUR 100,000. For further details, see ECB
(2005a).

4For a detailed description of the features of the Eurosystem’s operational framework, see
ECB (2005a).

5If bids are introduced with prices below the policy rate, that is, the minimum bid rate, these
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conducted its MROs through a variable rate tender procedure with a minimum
(bid) rate at which bids could be submitted to receive central bank liquidity with
a two-week maturity against eligible collateral. The occurrence of underbidding
episodes however resulted in occasional imbalanced liquidity conditions and led to
greater volatility of the interest rate in the overnight market (ECB 2004). Under-
bidding essentially took place in periods where market participants expected key
ECB interest rates to be cut. In this context, banks delayed their accumulation
of reserve holdings to meet required reserves in anticipation of more favourable
interest rate conditions. This created an incentive not to participate in weekly
refinancing operations which have occasionally failed to inject the necessary lig-
uidity to ensure the smooth operation of the banking system, leading to higher

overnight interest rates.

Against this experience, the ECB introduced additional changes to its opera-
tional framework on 10 March 2004 to reduce the operational risks and the neg-
ative effects (notably an increase in the volatility of the overnight rate) implied
by underbidding. First, the maturity of the main refinancing operations (MROs)
was shortened from two weeks to one week (with the bulk of the banking sector’s
liquidity needs being met through single and non-overlapping weekly operations).
Second, the start of the maintenance period for holdings of required reserves was
linked to the timing of the Governing Council meetings at which decisions on pol-
icy rates can be made. Third, it was decided to apply the new level of the key
ECB interest rates set by the Governing Council as of the start of the new reserve
maintenance period.® Finally, when atypical situations occur, the ECB can take
additional measures to smooth the evolution of the overnight interest rate in line
with the policy objective. In this context, two measures taken by the ECB in
the recent past are of particular interest. After 11 October 2004, following an
episode in which the overnight interest rate experienced a marked level of volatil-
ity and departed significantly from the policy rate (after a very high net recourse

to marginal lending), the frequency of fine-tuning operations (FTOs) at the end

bids are simply not considered in the system.

SThe first measure was aimed at better segmenting maintenance periods through non-
overlapping operations, whereas the second and third were intended to eliminate the impact that
expectations of changes in the key ECB rates might have on counterparties’ bidding behaviour
in MROs. See in particular ECB (2003) and ECB (2005b) for more details.
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of reserve maintenance periods increased. In the same vein, on 12 October 2005,
the ECB started allotting more liquidity than justified by the benchmark to limit
the then-prevailing spread between the overnight interest rate and the minimum

bid rate, which had a tendency to increase systematically.

The Eurosystem’s refinancing operations and the overnight money market are
thus closely connected. By the magnitude of its refinancing operations, the cen-
tral bank first directly affects the average level of liquidity in the system, and
hence the level of the overnight interest rate. With the design of its operational
framework, the central bank also promotes a market-oriented approach even at
the tender level, making the realised interest rate at each refinancing operation
the responsibility of credit institutions, reflecting their needs and related uncer-
tainties. Last, the central bank offers safeguards in the system to ensure smooth
and stable developments in the overnight market (through the standing facilities
or exceptional refinancing operations). Against this background, investigations of
the dynamics of the overnight market should not neglect the role of the monetary

policy operational framework.

2.2 Structure of the market

In the overnight (money) market, reserve requirements and autonomous factors are
the two principal elements driving the majority of all transactions between credit
institutions. Whereas reserve requirements are known in advance’, the evolution of
the autonomous factors is more subject to shocks. These factors include banknotes
in circulation, deposits of governments in the national central banks of the euro
area, domestic and foreign assets held by national central banks and other assets.
Even if financial institutions can extrapolate regular trends in the evolution of
most components of the autonomous factors (especially banknotes and government
deposits) from the past behaviour of their customers, these items remain subject
to deviations from regular trends, hence constituting liquidity shocks increasing

the liquidity needs of financial institutions.

"Indeed, the balance sheet data of each institution subject to reserve requirements referring
to the end of a given calendar month are used to calculate the reserve base for the maintenance
period starting in the calendar month two months later (see ECB (2005a)).
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To absorb liquidity shocks and fill their liquidity needs in the short run, finan-
cial institutions essentially have two alternatives. Refinancing operations against
collateral are the first option and provide the bulk of liquidity. These liquidity-
providing operations by the central bank materialise through two channels: the
regular refinancing operations (the MROs and the LTROs) and the non-regular
operations (mostly the FTOs for the time being). In 2006, the weekly amount
provided at MROs averaged EUR, 300 billion while the amount of LTROs was
about EUR 30 billion. These operations are conducted through a variable rate
tender system. At the regular refinancing operations, eligible credit institutions
submit bids at specific prices and are served in function of the liquidity amount
decided by the ECB and according to a principle of decreasing tender rates (i.e.,
the higher the interest rate, the greater the probability of full bid execution).
At each operation, a marginal and a weighted average rate are computed.® The
marginal rate of the most recent MRO settled is used to remunerate the required
reserves. By contrast, at F'TOs, the type of auction depends on the nature of the
operation, with a variable rate tender for liquidity-providing FTOs or a fixed rate
tender for liquidity-absorbing FTOs. However, only a small fraction of credit insti-
tutions established in the euro area can participate in refinancing operations with
the ECB. Indeed, among the 6,297 financial institutions trading in the overnight
market, only 1,967 are eligible for regular refinancing operations.® In practice,
between 340 and 400 institutions participate in the MROs while only 148 institu-
tions participate in LTROs. Similarly, there are usually less than 40 bidders at
FTOs.1°

When banks do not satisfy all their liquidity needs at the central bank refi-
nancing operations (or if they face liquidity shocks between those operations) or
if they are not allowed to participate in the central bank operations, their second
option for finding shortest-maturity liquidity is to trade in the unsecured mar-

ket. According to a survey conducted by the ECB (2007), the unsecured market

8The marginal rate is the interest rate at which the total tender allotment is exhausted (ECB
2005a). The weighted average rate is the weighted average interest rate of all bids served.

“Note also that only 2,749 institutions are eligible for the marginal lending facility against
3,188 for the deposit facility.

°The number of bidders can considerably vary from one operation to another, depending
notably on the nature (providing vs. absorbing) of the operations. For example, only 2 banks
did participate in the liquidity-absorbing FTO conducted by the ECB on 13 March 2007.
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remains primarily an overnight market segment, representing roughly 70% of vol-
umes both in the lending and in the borrowing activities and with an average
daily turnover of EUR 41 billion in 2006. In the unsecured market, one of the
principal references is the euro overnight index average (EONIA), disseminated
by the European Banking Federation (EBF). The EONIA is the weighted average
of all uncollateralised overnight loans made by a panel of the most active banks in
the money market.!'! According to the survey, these transactions are alternatively
conducted via direct (bilateral) trading (representing 56% of the total turnover),

voice brokers (27%) or electronic trading (17%).12

Compared with other financial markets, the unsecured overnight market has
very distinct features. First, the information on the majority of trades is not
centralised, with more than 80% of all transactions occurring over-the-counter
(OTC). Second, the market is highly concentrated: the largest five players ac-
count for around 21% of market activity (36% for the largest ten). Third, given
the close relationship between market participants due to the importance of direct
trading, it is akin to a small world where reputation takes on particular impor-
tance. Fourth, the dynamics of the market is deeply influenced by the rules set
by the monetary policy operational framework, explaining notably the relatively
low volatility over the first weeks of the reserve maintenance period. Fifth, due
to commercial relationships, banks sometimes prefer to deal with other banks in-
stead of having recourse to the central bank facilities.”® Finally, a dichotomy
exists between market participants regarding their liquidity positions, with some
market participants systematically loose (i.e., liquidity providers in the market)

and others systematically tight (liquidity absorbers). The literature additionally

" The other main reference in the euro area money market is the euro interbank offered rate
(EURIBOR) which is the rate prevailing in the interbank market at maturities from one month
to twelve months. Together with the EONIA, the EURIBOR provides uniform price references
from overnight to one year maturities. Besides these main segments, secured cash segments exist
in which liquidity is only provided against equivalent collateral. The two most important related
markets are the repo market and the swap market against foreign currencies, which are mainly
concentrated on maturities up to one month (ECB 2004).

2The volume traded on e-MID however averages 40% of the volume traded by the EONIA
panel over the sample covered by the analysis.

137t may happen for instance that a bank makes a deposit with another bank at the end of
the day at a rate below the ECB’s rate for the deposit facility. However, being rather rare and
not representative by nature of standard trading, such observations have been removed from the
data set (see Section 3). They however highlight the preferencing relationships that sometimes
occur in this segment.
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documents the specific configuration of the interbank system, with large banks
borrowing from a number of smaller creditors (Iori, De Masi, Precup, Gabbi and

Caldarelli 2008).

3 The electronic platform in the euro area overnight

market

In the overnight money market, the only official source of information is the euro
overnight index average (EONIA) disseminated by the European Banking Fed-
eration (EBF) on the basis of a survey of the largest banks transacting in this
segment. The limited information conveyed by the EONIA (weighted average of-
fered price and total volume) and its daily frequency however prevent extensive
examinations of the market. Although the e-MID electronic platform only cap-
tures a fraction of the order flow in the overnight segment, it nevertheless conveys
valuable information on the effective operation of this market. With exhaustive
records of all transactions executed through their systems'#, data extracted from
this platform thus represents a convenient framework for interday or intraday in-
vestigations of the overnight money market in the euro area. Although the accu-
racy of the electronic platform decreases in periods of heightened market pressure
such as the recent financial turmoil, the evidence on the absolute and relative
accuracy of alternative data sets for inferring the dynamics of the whole, mostly
over-the-counter, overnight money market reported in Beaupain and Durré (2008)
highlights the superior performance of the electronic platform. We accordingly
conclude that the picture provided by the platform accurately mirrors the inter-
day and intraday behaviour of the rest of the over-the-counter overnight market
and that such data delivers more accurate microstructure analyses of the overnight

segment.

MWhen a transaction occurs on the electronic platform, e-MID systems record an exhaustive
set of information related to the deal. The time, price, size and side, that is, buy or sell, of each
transaction is indeed recorded in real time.
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3.1 The platform in practice

The e-MID electronic platform offers access to trading in USD and EUR seg-
ments of the overnight market with maturities ranging from 1 day to 1 year. The
euro segment is open from 7:00:00 to 18:30:00. The period between 18:00:00 and
18:30:00 is the ‘cut-off close period’ for the overnight segment and offers the last
opportunity to realise orders which have to be executed on the same day. For most
maturities traded on the platform, the market distinguishes ‘regular’-sized trades,
which have a minimum quantity of EUR 1.5 million, from ‘large’-sized transac-
tions, for which the minimum size is EUR 100 million. Quantities are entered
and displayed in millions of EUR. Traders willing to transact in the overnight
market can disclose their interest to other market participants by sending ‘pro-
posals’ through the platform. The details of these commitments to trade, that
is, the rate, quantity and side of the transaction, then become visible to other
participants. If the deal appears attractive to a counterparty, a ‘standard order’
is sent to the trader. Automatic execution occurs only if a bid proposal is hit.
For ask-side proposals, credit line checking is first executed, before the transaction
can be manually accepted. However, a trader might, for personal reasons, prefer a
specific counterparty. If this counterparty is not currently proposing to transact,
the trader can either send a ‘request for quotes’ to several counterparties or an
‘issued order’ to a single counterparty. Counterparties respond to a request for
quotes by sending proposals to the trader, which comply with the quantity and
side of the transaction specified in the request. If the trader agrees with one of the
proposals, he can send an ‘order’ to close the deal. If, instead, an order is issued,
which specifies the rate, quantity and side, the selected counterparty can either

accept the terms and close the deal or reject the order.

3.2 The data: Treatment and definition

Transaction data is provided by e-MID and contains records for every trade that
occurred on the electronic platform. From the available data, we extract the
records of overnight transactions (ON and ONL) for the euro segment. As records

of overnight large (ONL) transactions only start on 4 September 2000, we use
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this date as the starting point of our sample. The sample covers the period from
4 September 2000 to 3 May 2007 which represents 1,703 trading days and 348
MRO allotment days spread over 80 reserve maintenance periods (RMPs). Quo-
tation data is extracted from Reuters with the objective of providing an indicative
picture of the information available to market participants before transacting on
the electronic platform. This data comes in the form of 1-minute equally-spaced
records and the sample ranges from 28 November 2000 to 25 April 2007, which
represents 1,637 trading days.

Filters are implemented to identify and remove the erroneous records tradi-
tionally encountered in high-frequency data. A first series of filters is applied to
transaction records, so that a trade is filtered out if: (i) its date, time, price or
quantity is negative or is missing, (ii) its price is lower than the prevailing de-
posit rate or greater than the corresponding lending rate (i.e., beyond the interest
rate corridor defined by the monetary policy operational framework)'®, or (iii)
its direction, that is, buy or sell, is missing. Remaining outliers are detected by
means of a dynamic filter built upon an absolute price variation in excess of 3
standard deviations from its daily average. Similarly, a quote is filtered out on
the condition that: (i) its date, time, bid price or ask price is negative or missing,
(ii) its bid price or ask price is lower than the current deposit rate or is greater
than the corresponding lending rate, or (iii) the bid/ask spread is wider than 25
basis points. In addition to the above filters, since activity appears to start around
08:30:00 and dramatically decrease after 18:00:00, our typical trading session is
assumed to open at 08:30:00 and close at 18:00:00, and records displaying a time
outside this range are removed. Globally, the filters reject just above 1 percent of
all transaction records, and 0.6 percent of all quotes. Our filtered data sets thus
contain 780,740 transaction records and 928,601 records of quotes. In a further
step and for every transaction, we identify the quotes that prevailed on Reuters at

the time when the trade was executed on the electronic platform. We next operate

at the transaction level and compute the following measures of market activity:

Trade Duration. Number of seconds between two consecutive trades (if

executed on the same day) plus 1.

5Note that, as already mentioned, transactions taking place at prices outside the interest rate
corridor are not automatically erroneous records.
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Market Spread. Spread (difference) between the price of a trade and the
prevailing minimum bid rate set by the ECB.

Deviation of Price from the EONIA. Spread (difference) between the
price of a trade and the EONIA of the corresponding day computed by the ECB.

Kyle (1985) identifies three dimensions of market liquidity: tightness, depth
and resiliency. We accordingly add proxies for the tightness dimension of market

liquidity and compute the following liquidity measures:

Traded Half-Spread. Spread (difference) between the price of a trade and

the mid-quote prevailing on Reuters at the time when the transaction occurred!®:

(1)

TS, = D, x <Pt_Bmt+ASkt>

2

where Dy is 1 (-1) if the transaction is a buy (sell), P; is the price of the trade and
Bid; (Asky) is the bid (ask) price that prevailed on Reuters when the transaction

occurred.

Proportional Traded Half-Spread. Traded half-spread expressed as a per-

centage of the Reuters mid-quote:

TS,
(Bid, + Asky)/2

PTS, =100 x (2)
Effective Spread. Symmetric traded spread around the Reuters mid-quote,

therefore assuming a similar transaction cost for buy and sell orders:

3)

Bid, + Ask
ES; =2 x Dy x <Pt—”+‘”>

2

where Dy is 1 (-1) if the transaction is a buy (sell), P, is the price of the trade and
Bid; (Asky) is the bid (ask) price that prevailed on Reuters when the transaction

occurred.

Proportional Effective Spread. Effective spread expressed as a percentage

6 Contrary to Stoll (2000), we use the contemporaneous mid-quote in our calculations of traded
spreads. This is mainly due to the non-speculative nature of the overnight money market docu-
mented in the literature. Therefore, for buy and sell orders separately, our traded spreads provide
an estimate for the average cost at which transactions effectively take place on the platform.
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of the Reuters mid-quote:

ES,

PES, = 100 4
! " (Bidy + Asky)/2 )

Based on quotes alone, we add measures of transaction costs for trades exe-

cuted under the conditions displayed on Reuters:

Quoted Spread. Implicit transaction cost that a trader would pay when

buying at the displayed ask price and directly selling at the quoted bid price:

QSt = (Ask:t — Bldt) (5)

Proportional Quoted Spread. Quoted spread expressed as a percentage of

the quote mid-point.

QS

PRS = i+ ask) 2 (6)

Our measures are subsequently aggregated (averaged) over fixed-length inter-
vals. The direction of the trade recorded by e-MID allows us to investigate poten-
tial asymmetries based upon the aggressor. We therefore duplicate our measures,
where relevant, on the basis of the sign of the transaction, that is, buy or sell. First,
equally-weighted averages, in which an equal weight is assigned to every record,
are applied to create equally-weighted average trade durations (EWTD), market
spreads (EWMS), deviation of prices from the EONIA (EWDPE), half traded
spreads for buy (EWTS.b) and sell orders (EWTS.s), proportional half traded
spreads (EWPTS.b and EWPTS.s), effective spreads (EWES), proportional effec-
tive spreads (EWPES), quoted spreads (EWQS) and proportional quoted spreads
(EWPQS). Second, we use size-weighted averages, in which the weight of a trade is
defined by the quantity exchanged in the transaction, and compute size-weighted
average half traded spreads for buy (SWTS.b) and sell (SWTS.s) transactions, pro-
portional half traded spreads (SWPTS.b and SWPTS.s), effective spreads (SWES)
and proportional effective spreads (SWPES). Additionally, we enlarge our set of
market activity measures with the average quantity per trade (EWQTY), the total
quantity traded over the interval (SUMQTY) and the number of trades over the
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interval (NBTRD). Again, we distinguish between buy and sell orders.'”

Finally, we compute a measure of realised volatility, based on intraday 5-minute

squared returns (Andersen and Bollerslev 1998):

Realised Volatility. Sum of 5-minutes squared returns over interval i:

T
RVOLA; =Y 1}, (7)
t=1

where t = 1, ..., T denotes the #* 5-minute subinterval within interval i and rat =
(pit— pi7t_1)2 is the ¢t" squared return within interval ¢, with p; ; being the interest

rate at which the last transaction of 5-minute subinterval ¢ was executed.8

Descriptive statistics for the daily measures are presented in Table 1. Inter-
estingly, the daily quantity exchanged through sell orders is almost three times
higher than the quantity traded via buy orders. Turning to the number of buy
trades versus sell trades provides further evidence that the electronic platform is
primarily used with the aim of disposing of excessive liquidity, therefore providing,
or selling, liquidity in the market. On average a trade is executed every 73 sec-
onds on the electronic platform, even though some days appear more active, with
a transaction recorded every 40 seconds, while others are very slow, with a trade
every 3 minutes. Transacting through the platform implies an average market
spread of 6 to 7 bps. The bid/ask spread displayed on Reuters screens averages 7
bps, meaning that the implicit cost for transacting in the overnight market is close
to 7 bps. However, turning to the average effective spread, that is, the effective
transaction cost incurred on the platform, the average cost appears to be much

lower. The effective spread is indeed less than 1 bps which could be explained

"SUMQTY represents the total volume traded over a specific interval while SUMQTY.b
(SUMQTY .s) is the total volume traded through buy (sell) orders. Similarly, EWQTY is the av-
erage quantity per trade over the interval whereas EWQTY.b (EWQTY .s) is the average quantity
traded through buy (sell) orders. Both volumes and average trade sizes are expressed in millions
of EUR. Finally, NBTRD is the number of trades executed over a specific interval and, similar to
the above measures, NBTRD.b (NBTRD.s) is the number of buy (sell) trades over the interval.

8When a price for a financial asset is observable, the standard formula for the intraday return
is 7i,t = (pi,t — pit—1), with p;; being the (log) price of the asset with the given maturity at
time t. However, in the special case of the overnight maturity, the corresponding interest rate
could be associated with the (log) price of a (short maturity) zero-coupon bond, explaining the
adjustment made in this paper to calculate the realised volatility compared with the standard
formula for asset prices presented in Andersen and Bollerslev (1998).
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by the bargaining power of traders using the platform. A trader might indeed
contact its preferred counterparty and negotiate price improvements with respect
to the quotes displayed on Reuters. Traded half-spreads on buy trades are on
average positive, implying that buy trades occur above the mid-quote displayed
on Reuters screens. However, traded half-spreads on sell trades are on average
negative, albeit very tight, implying that sell trades are also executed above the

Reuters mid-quote.

Pairwise correlations reported in Tables 2 and 3 give more insight into the
behaviour of our variables. First, the quantity exchanged is negatively correlated
with realised volatility while a positive correlation links volatility and market
activity, measured by the number of transactions, and all spread measures. As
expected, it is thus more costly to trade under stress: the quoted and effective
spreads are positively related to volatility. Second, volume is negatively related
to transaction costs. Finally, the number of trades and transaction costs seem to

move in the same direction.

3.3 Review of the literature

Although the literature provides theoretical and empirical insight into the opera-
tion of the interbank market for funds in general, and the overnight money market

in particular, the focus is largely on the federal funds market in the United States.

Eagle (1995) and Bartolini, Bertola and Prati (2001) identify predictable in-
terday patterns characterised by an increase in volatility around the end of the
maintenance period. Griffiths and Winters (1995) provide similar evidence of sea-
sonal volatility patterns arising at the turn of the maintenance period or on days
preceding a market close. The authors also support the findings of Spindt and
Hoffmeister (1988) of an increase in volatility at the end of the trading day. Before
them, Ho and Saunders (1985) introduce a model of the demand for funds in which
the expected level of excess reserves and the degree of risk aversion condition a
bank’s demand. This, according to the authors, explains the different behaviour

of large (liquidity-absorbing) versus small (liquidity-providing) banks.

Turning to intraday data reinforces the evidence of predictable patterns: Van-
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Hoose (1991) or Cyree and Winters (2001), among others, lend support to the
presence of regular intraday patterns in the US market for funds. Bartolini,
Gudell, Hilton and Schwarz (2005) conduct a thorough examination of the intra-
day patterns of market activity in the federal funds market and provide evidence
of predictable patterns in the market. They notably show that market activity
is essentially U-shaped over a typical trading day while remaining broadly stable
over the maintenance period. Their results similarly point to increased volatility
at the end of the trading day, associated with lower rates. Finally, their analysis
of settlement versus non-settlement days or days based on payment flows does not

yield conclusive evidence of statistically different intraday dynamics.

Several studies thus model and empirically test the management of liquidity
by banks over the reserve maintenance period or within a typical day. More
specifically, the interaction between liquidity management and the behaviour of the
overnight market is extensively examined. In a number of theoretical models, the
risk aversion of banks (VanHoose (1991) or Ratti (1980), among others), rational
expectations (Eagle 1995) or the impact of information and noncontinuous trading

(Cyree and Winters 2001) support the empirical patterns.

If the literature provides extensive evidence of a rejection of the martingale
hypothesis for the federal funds market, with a major focus on interest rates and
volatility'?, similar analysis for European markets is however more limited. The
gain of interest for this type of analysis in Europe has been renewed and reinforced
with the introduction of the euro for which the then-prevailing 12 money markets
in the European countries sharing the European single currency have merged into
a single vast market. In addition, the evidence reported in Prati, Bartolini and
Bertola (2003) suggests that the market for funds in the euro area shares some
similar patterns with the federal funds market: both markets are indeed found to

be significantly impacted by institutional and calendar effects.

The limited number of studies focusing on the overnight segment of the euro
area money market arguably results from its over-the-counter (OTC) nature, for

which data is not easily available. Several studies indeed almost exclusively rely

9Some authors, e.g., Bartolini et al. (2001) or Cyree and Winters (2001), additionally identify
regular patterns in volumes or trading activity. These aspects do however benefit from much less
attention.
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on daily EONIA data or quotations posted on wire services such as Reuters or
Bloomberg. The availability of detailed data on the transactions executed through
the e-MID platform however opens the way for extensive microstructure exami-
nations. In the literature, a number of studies examines the operation of the
platform and the trading behaviour of banks. Precup, Iori and Gabbi (2005) and
Tori et al. (2008) apply methods of statistical mechanics of complex networks to
investigate the Italian segment of the overnight market. The size of credit institu-
tions influences their management of liquidity and the structure of the connections
between banks has evolved over the period from January 1999 to December 2002,
with banks with a high degree of network more likely to be connected to banks
with a low degree (Precup et al. 2005). In the same vein, the results in Iori et al.
(2008) suggest that the banking network in the Italian overnight market is fairly
random, and preferencing rather limited. The authors also find little evidence of
participating banks able to exploit short-term profit opportunities by borrowing
from some and lending to others over the course of a single day. An analysis
of common factors in trading behaviour in the Italian overnight market over the
period 1999-2002 points to the emergence of groups of banks with similar trading
strategies (communities) at the end of the reserve maintenance period (Iori, Reno,

De Masi and Caldarelli 2007).

The electronic platform additionally provides insight into the intraday opera-
tion of the market. Assuming that banks are risk averse, Angelini (2000) derives
theoretical conditions according to which the percentage of trades performed ear-
lier in the trading day is expected to be larger on days when interest rate volatility
increases. Empirical tests based on hourly data for the Italian interbank market
over the period 1993-1996 confirm these theoretical predictions. An examination of
similar data for various European countries over the period 1999-2000 shows that,
except in Italy, market activity intensifies on specific days (especially on Tuesdays
where repo auctions by the ECB take place and on Thursdays corresponding to
Governing Council meetings) and that a quick and efficient reallocation of funds
follows the auction (Hartmann, Manna and Manzanares 2001). On the basis of
e-MID data for the period 1999-2004, Angelini and Vacca (2004) test the mar-
tingale hypothesis in the overnight market and the related assumption that the
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interest rate sensitivity of banks’ demand for funds should be infinite. Consis-
tent with Angelini (2002), they find little evidence of the martingale hypothesis,
rejecting in particular the hypothesis of an infinite elasticity of the demand for
reserves. The authors additionally show that banks facing borrowing constraints
in the interbank market tend to be less interest rate sensitive, while higher risk
seems to be associated with lower interest rate reactivity. Similarly, Barucci, Im-
penna and Reno (2004) provide evidence against the martingale hypothesis for the
period from 4 January 1999 to 31 August 2001, notably at the end of the reserve
maintenance period and on specific calendar days (e.g., at the end of a month)
where the overnight interest rate exhibits predictable patterns. Their results also
suggest that interest rate announcements by the ECB tend to increase volatility
and volumes in the market. Palombini (2003) shows that trading volumes are
more impacted by institutional factors, hence explaining that the volatility of the
overnight interest rate is weakly influenced by trading volume in the Italian inter-
bank market over the period 2000-2002. Finally, Baglioni and Monticini (2006)
investigate the intraday patterns of the overnight rate using tick data from e-MID
from 2 January 2003 to 31 December 2004. From the observed intraday patterns,
it appears that the hourly interest rate is a function of the intraday term structure

of the overnight rate, supporting the absence of arbitrage opportunities.

With regular patterns identified in the interday and intraday behaviour of in-
terest rates and volatility, the overnight money market is thus subject to seasonal
patterns similar to stock or derivatives markets. In such markets, interday season-
ality in returns (Lakonishok and Smidt 1988), market activity (Lakonishok and
Maberly 1990), volumes, volatility or spreads (Foster and Viswanathan 1990) is
indeed extensively documented. The martingale hypothesis is similarly rejected
within days with evidence of predictable intraday patterns in returns (Wood,
Mclnish and Ord 1985), volumes (Jain and Joh 1988, Admati and Pfleiderer 1988,
Foster and Viswanathan 1993) or spreads (McInish and Wood 1992, Chan, Christie
and Schultz 1995, Chan, Chung and Johnson 1995).

This paper does however add to the existing literature by investigating season-
ality in an extensive set of market activity and liquidity variables. In addition, our

analysis assesses the influence of the operational framework or specific calendar
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effects on the behaviour of our measures. Finally, we examine the impact of the
implementation in March 2004 of structural changes to the operational framework
or of a more frequent occurrence of fine-tuning operations (FTOs) since October

2004 on the interday and intraday dynamics of this market.

4 Microstructure analysis

In this section, we examine the dynamics of the electronic segment of the overnight
money market on the basis of our proxies for market quality and liquidity con-
structed from pre- and post-trade information. The objective of our analysis is
essentially twofold. First, we compare the actual trading dynamics of this seg-
ment with the theoretical behaviour expected from market microstructure theory
or with empirical patterns highlighted in earlier studies. Second, we examine the
statistical significance of the observed patterns and the presence of breaks over
the sample. Our analysis starts with an investigation of the interday dynamics.

Then, the presence and stability of regular intraday patterns are analysed.

Given the strong connection between the design of the Eurosystem’s opera-
tional framework and the behaviour of banks on the overnight money market,
we condition our analysis on four subsamples. Sample 1 covers the period from
4 September 2000 to 9 March 2004 and is representative of the former design
of the operational framework. Structural changes to the operational framework
became effective on 10 March 2004. The subsample from 10 March 2004 to 3
May 2007 (hereafter Sample 2) accordingly covers the period of the current oper-
ational framework. Finally, within this latter subperiod, we further distinguish (i)
the period from 10 March 2004 to 11 October 2004 (Sample 2a) with almost no
fine-tuning operations (FTOs) at the end of the maintenance period and (ii) the
period from 12 October 2004 to 3 May 2007 (Sample 2b) characterised by a more

frequent occurrence of FTOs.?0

2ONote that only one FTO occurred in the period between 10 March and 11 October 2004,
whereas 24 FTOs took place in the second subsample (including 9 liquidity-providing and 15
liquidity-absorbing operations).
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4.1 The methodology

A robust analysis of the dynamics of our microstructure proxies for trading activity
and market liquidity is provided by parametric and nonparametric methods. Both
types of tests indeed appear complementary to ascertain the robustness of our
conclusions (Hamilton 1996). On the one hand, given the averaging mechanism to
fulfil reserve requirements, the volatility of market variables is generally confined
to the end of the RMPs when minimum reserve constraints become binding. Over
the last days of the period, credit institutions therefore tend to be more sensitive
to liquidity shocks. Ordinary least squares (OLS) estimations might consequently
be misleading with strong significance caused by few outliers in periods of relative
stability. Although this issue is attenuated with tick data (contrary to the daily
frequency used in Andrews (1991)), it nevertheless appears necessary to check
the robustness of OLS estimates with additional nonparametric tests. On the
other hand, OLS regressions allow us to specify models conditioned upon specific

variables expected to be the source of regular interday or intraday patterns.

Based on heteroskedastic and autocorrelation consistent (HAC) estimators
(Andrews 1991), our parametric tests boil down to estimating the following static

univariate equation:

Xt = D;ﬁ + & (8)

where X; denotes the microstructure proxy and Dy is a set of dummy variables
capturing its expected interday or intraday dynamics (with the corresponding
estimated coefficients in (). The significance of the observed patterns is then

examined by means of Wald tests.

Regular patterns are expected to be caused by the rules contained in the
Eurosystem’s operational framework or ‘calendar effects’. The Eurosystem’s op-
erational framework, which defines the implementation of the monetary policy, is
indeed expected to influence the behaviour of our proxies on specific days. More

precisely, in this paper, we examine the influence of (i) MRO allotment days, (ii)
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last days of the RMP?!, (iii) the very last open day of the period, (iv) the week
before the holding of a press conference, and (v) the day of the press conference??.
Calendar effects such as the end of a month, a quarter or a year additionally repre-
sent days on which banks usually need more liquidity to absorb specific movements
and are thus more sensitive to liquidity shocks. From a market microstructure per-
spective, the proportion of utilitarian traders is expected to increase significantly
on such days, leading to a larger number of transactions being executed. At the
same time, peaks in market volatility should point to an increase in information

asymmetry which would give rise to wider bid/ask spreads quoted by banks taking

part in the operation of the overnight money market.

To assess the robustness of the conclusions provided by our Wald tests, eleven
nonparametric tests of mean, median and variance equality are additionally con-
ducted. The null hypothesis of mean equality is examined in a series of t-tests and
ANOVA F-statistics. Wilcoxon-Mann-Whitney, Chi-square, Kruskal-Wallis and
van der Waerden tests of median equality are additionally performed. Finally,
variance equality is assessed by means of F-, Siegel-Tukey, Barlett, Levene and

Brown-Forsythe tests.??

4.2 Interday patterns®
4.2.1 Empirical interday patterns

In this section, the presence of predictable interday patterns is examined. Figures
1 to 7 illustrate the behaviour of our measures of market activity and liquidity over

a stylised reserve maintenance period. The horizontal axis denotes the number of

21The last days are defined as the days between the last main refinancing operation (MRO)
allotment and the last day of the RMP.

22Press conference days are the days on which the Governing Council of the ECB meets to
decide upon the level of the key policy interest rates.

Z3For more details on the tests used and performed in EViews, see Sheskin (1997) for the median
equality tests (for the Chi-square test, see also Conover (1980)). For the variance equality tests,
see Conover, Johnson and Johnson (1981) for a general description; see also Sheskin (1997) (for
the Siegel-Tukey test) and Levene (1960) (for the Levene test).

24For space reasons, the results from the nonparametric tests are mainly presented since they
are largely similar to the parametric Wald tests based on OLS regressions. Only different results
or other relations tested in the OLS framework are discussed. For similar reasons, we do not
report the results of the t-tests for mean equality or the F-test for variance equality. Those
results remain however available upon request.
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days before the end of the period (occurring on day 0).2° Main refinancing oper-
ation (MRO) allotments are denoted by a vertical line, that is, MRO allotments
take place 3, 8, 13 and 18 days before the end of our sytlised period before 10
March 2004, and 5, 10 and 15 days before the end of the stylised period after 10
March 2004. In addition, after 10 March 2004, the last day of the period is (almost
always) an allotment day. Figures 3 to 5 compare the evolution of traded volumes,

average trade sizes and number of transactions between buy and sell trades.

Against the background of the design of the Eurosystem’s operational frame-
work, market activity is expected to intensify towards the end of the RMP when
utilitarian trading becomes more pronounced. Facilitated by the averaging mech-
anism, the underlying intuition is that banks trading in the overnight market to
eventually fulfil their own reserve requirements at the end of the RMP should
face two types of liquidity shocks: idiosyncratic (individual) and aggregate shocks
(impacting the aggregate level of liquidity in the overnight market). While banks
observe their own shocks in real time, they are less able to assess the magnitude
of the aggregate shocks, if any, supported by other banks. Both types of shocks
however raise market uncertainty about the evolution of liquidity conditions, es-
pecially at the end of the RMP when reserve requirements become binding.26 We
accordingly expect market activity to be more pronounced towards the end of
the RMP, with increased volatility in trade parameters. This intuition, developed
in the theoretical models of Pérez Quirés and Rodriguez Mendizabal (2006) and
Gaspar, Pérez Quirds and Rodriguez Mendizébal (2008), is supported by empiri-
cal evidence in the Eurosystem (see, e.g., Angelini (2000) or Bartolini and Prati
(2003)). In this context, we check whether trading dynamics on e-MID confirm

earlier studies.

As reported in Figures 1 to 5, market activity indeed intensifies over the RMP,

25Note that we only consider the days for which at least 15 observations are available. This
partly leads us to consider only 5 days between MROs as a longer period between 2 consecutive
MROs is unusual and therefore not representative of the actual pattern. For similar reasons, the
last days period before 10 March 2004 (after 10 March 2004) is built upon the last 3 (5) days of
the period.

26 At the beginning of the RMP, these shocks can be easily absorbed by currents accounts of
banks held at central banks on account of the averaging mechanism for reserves requirements.
Note also that in case of noncompliance with the requirements, banks are subject to a significant
payment according to the criteria described in ECB (2005a).
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with notably the number of trades and the realised volatility of the overnight
interest rate reaching a peak on the last day of the period. The total volume
exchanged nevertheless decreases on the last day. The imbalance between buy
and sell orders decreases markedly over the last days. As expected, the duration
between trades declines significantly over the last days, as the uncertainty of banks
to end the RMP in a balanced position increases. The market spread follows a
similar path with a decrease towards the end of the period. It is also during the
last days that the deviation of e-MID transaction prices from the actual EONIA
increases. Such empirical patterns are consistent with theoretical predictions and

remain valid across our subsamples.

In active markets characterised by a significant increase in the proportion of
utilitarian traders, liquidity appears to deteriorate, with larger transaction costs
paid by participating banks against the background of lower total volume. Spreads
also appear to increase when realised volatility is higher. We conjecture that, con-
sistent with the literature, information asymmetry increases at the turn of the
period, which results in wider spreads posted by market participants. Figure 6 ex-
hibits the evolution of our liquidity measures over our stylised RMP. Quoted (i.e.,
EWQS and EWPQS) and effective (i.e., EWES, EWPES, SWES and SWPES)
spreads appear to increase towards the end of the RMP. Although those spreads
exhibit little variation until the last MRO allotment of the period, transacting on
the last days of the period eventually becomes more costly, with the last open day
of the period being the most expensive day. Apart from a greater stability of ef-
fective spreads during the non-last days, no significant change is observed after 10
March 2004 (Figure 7). This analysis extends to traded spreads. However, after
the implementation of the changes to the operational framework, traded spreads
for buy and sell orders evolve in opposite directions on non-last days, before start-
ing a common increase over the last days of the RMP. Over non-last days, traded
spreads for buy orders broadly follow an inverted U-shaped path, while traded
spreads for sell orders exhibit a regular U-shaped pattern. This picture is not

affected by the frequency of FTOs.

Market liquidity additionally deteriorates on Tuesdays, that is, on allotment

days, as well as before the weekend, where quoted, effective and traded spreads
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increase. A similar pattern is observed on non-last and last days of the RMP,

although, as already discussed, our spread measures widen over the last days.

4.2.2 Statistical tests of observed interday patterns

Market activity. Over the period from 4 September 2000 to 10 March 2004,
that is, Sample 1, our tests confirm that the Eurosystem’s operational framework
and the occurrence of specific calendar days significantly impact the behaviour of
market activity. A summary of the significance of the patterns in our proxies for

market activity is presented in Table 6.

Table 10 reports the test statistics for equality between last and non-last days.
The equality between the last open day of a period and the other days is addition-
ally examined in Table 14. Market activity peaks around the end of the reserve
maintenance period: the number of transactions (NBTRD) and realised volatility
(RVOLA) are significantly higher while the exchanged quantities (SUMQTY and
EWQTY) or the duration between trades (EWTD) significantly decrease. In ad-
dition, the imbalance between buy and sell trades (IMBAL) significantly decreases
during the last days. Similarly, a significantly reduced market spread (EWMS) is

observed around the end of the period.

The evidence presented in Table 12 suggests that market activity is however
not affected by MRO allotments. Weak evidence nevertheless points to a slight
increase in total volumes (SUMQTY) or realised volatility (RVOLA) on such days.
By contrast, market activity remains stable in the neighbourhood of a press con-

ference (see Tables 16 and 18).

Calendar effects are examined in Tables 20 and 22 where evidence suggests
that market activity differs significantly at the end of a month or a quarter. In
particular, the results from our nonparametric tests confirm that the number of
trades (NBTRD) is significantly higher on such days with significantly lower aver-
age quantities per trade (EWQTY). The average market spread (EWMS) widens
at the end of a month or a quarter. Finally, we note that market activity fluctu-
ates over a typical week, notably with the number of trades (NBTRD) increasing

significantly before the weekend.
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Our findings thus confirm that banks tend to be more sensitive to liquidity
developments on specific days either because they face larger payments or because
the minimum reserve constraints eventually become binding. The increased num-
ber of transactions executed on such days and the lower duration between trades
also confirm that utilitarian trading intensifies as banks become more sensitive to
liquidity shocks. The stronger reactiveness of banks to liquidity shocks on such
days also results in inflated realised volatility suggesting an increase in information

asymmetry.

Although the above analysis is broadly confirmed in Sample 2, the implemen-
tation of structural changes to the operational framework brings slightly different
conclusions. First, evidence reported in Table 13 suggests that MRO allotments
now affect market activity with a significant increase in the number of transac-
tions (NBTRD) and realised volatility (RVOLA), while the average quantity per
trade (EWQTY) and the average duration between trades (EWTD) are signifi-
cantly reduced. We conjecture that, in Sample 2, MRO allotments tend to raise

the proportion of utilitarian traders in the market.

Second, the interday dynamics over the last days (Table 11) or on the last
day (Table 15) remain broadly unchanged in Sample 2. Trading volume remains
stable over the period, with the exception of the last day where it significantly
drops at the time when the imbalance between buy and sell trades becomes less

pronounced.

Third, the total volume exchanged through the electronic platform (SUMQTY)
now significantly drops on specific calendar days such as the end of a month (Table
21) or a quarter (Table 23) while the number of transactions (NBTRD) does not

appear significantly different on such days.

Fourth, the pattern of trade duration over the RMP remains broadly un-

changed with a lower duration on days where the reactiveness of banks is higher.

Market liquidity. The examination of our spread-based liquidity proxies
lends additional support to the above analysis. A summary of the statistical
significance of the seasonality in our measures of market liquidity is provided in

Table 9. As reported in Tables 10 and 14, before 10 March 2004 (i.e., Sample
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1), all spread measures significantly increase over the last days of the RMP. More
specifically, our liquidity proxies are significantly larger on the last open day of the
RMP than on any other day of the period. We thus conclude that it is significantly
more costly to trade during the last days, with the last open day of the period
being the most expensive day of the RMP.

We observe that MRO allotments do not influence the magnitude of our lig-
uidity measures (Table 12). This result is consistent with the observation that
market activity is not different on allotment days than on the other days of the
period. Therefore, transacting in the overnight money market on allotment days

is not more costly than trading on the other days of the period.

Finally, apart from mixed evidence regarding the quoted spread (the propor-
tional quoted spread decreases while the quoted spread increases), we find no
evidence of a change in liquidity conditions in anticipation of a press conference

(Table 16) nor on the day of the conference (Table 18).

The results presented in Table 20 suggest that the end of a month does not
clearly alter market liquidity: only the quoted spread (EWQS) and the effective
spreads (EWES, EWPES but also SWES and SWPES) significantly increase. A
separate examination of traded spreads for buy and sell orders does not suggest
the presence of significant differences at the turn of a month: buy and sell orders
are thus subject to similar transaction costs on the last day of a month than on
any other day. However, as reported in Table 22, all but one liquidity measure

(the traded spread for buy orders) are significantly larger at the end of a quarter.

A comparison of weekdays shows that liquidity remains stable over a typical
week except during the last days where it fluctuates more between days (EWQS,
EWES, EWPES and SWES reject the test of mean equality at the 5% level).

After 10 March 2004 (i.e., Sample 2), liquidity conditions are significantly
altered on allotment days where the magnitude of almost all our measures signif-
icantly increase (Table 13). Only the size-weighted (proportional) traded spreads
for sell orders (i.e., SWTS.s and SWPTS.s) are unaffected by the increased activity
observed on allotment days. While, as before the introduction of the current oper-

ational framework, market liquidity remains unchanged before a press conference

ECB

Working Paper Series No 988
December 2008




m

ECB

(Table 17), evidence now suggests that a larger cost is paid by banks transacting
on the day of the press conference (Table 19). The changing market conditions at
the end of the RMP may partially explain the observed higher costs. Addition-
ally, no significant change in liquidity occurs at the end of the month (Table 21)
while only the EWQS and traded spreads for buy orders (EWTS.b and SWTS.b)
remain significantly higher at the end of a quarter after the implementation of the
current operational framework (Table 23). Finally, we note the increased insta-
bility of liquidity between days of a typical week in Sample 2. Apart from mixed
evidence on the relative stability of traded spreads for sell orders between days,
almost all measures reject the null hypothesis of equality between days of a week

over non-last or last days.

These developments thus confirm that market participants fully benefit from
the averaging mechanism for reserve fulfilment as they appear more active towards
the end of the RMP. From this particular perspective, trading dynamics on e-MID
is similar to other financial markets. As a robustness check, we adjust our mea-
sures of total volume (SUMQTY), average trade size (EWQTY), number of trades
(NBTRD) and trade imbalance (IMBAL) for the presence of a time trend in the
exchanged quantities (increasing trend) and number of transactions (decreasing
trend). The above conclusions are reinforced. The only noticeable difference is ob-
served in the neighbourhood of a press conference in Sample 1 where the quantities

and the number of transactions become subject to significant pressure.

Changes to the operational framework and more frequent FTOs.
The equality of the distribution of our proxies before and after 10 March 2004 is
additionally examined in Table 24 and the impact of more frequent fine-tuning
operations (FTOs) is presented in Table 25, with the associated test statistics

reported in Table 26.2” The main conclusions are summarised as follows.

First, our results suggest that the changes introduced to the Eurosystem’s
operational framework led to an improvement in market activity in overnight
segments such as e-MID. Between Samples 1 and 2, the total volume exchanged

through the e-MID platform (SUMQTY) has significantly increased. Although

2TThe test statistics for SUMQTY, EWQTY, NBTRD and IMBAL presented in Tables 24 and
26 are corrected for the significant time trend observed in the quantities and number of trades
executed on the e-MID platform over the corresponding period.
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the null hypothesis of an equal number of trades (NBTRD) executed daily on
the platform before and after 10 March 2004 cannot be rejected, the average
quantity per trade (EWQTY) has significantly increased with the introduction of
the current operational framework. More frequent fine-tuning operations have not
altered the daily total quantity traded nor the number of trades: both distributions
remain unchanged between Samples 2a and 2b. Weak evidence however suggests
that the average quantity per trade increases with a more frequent occurrence of
FTOs. Additionally, the imbalance between buy and sell trades (IMBAL) does

not vary over time.

Second, the realised volatility (RVOLA) of the overnight interest rate on e-
MID significantly decreases after 10 March 2004, from a level of 0.087 in Sample
1 to 0.052 in Sample 2. More frequent FTOs do not however further reduce the
daily volatility in the market: as reported in Table 26, our nonparametric tests
fail to reject the null hypothesis of mean equality between Samples 2a and 2b. As
suggested by the test statistics for mean and variance equality, the reactiveness
of the overnight interest rate has increased with the occurrence of more frequent
FTOs. As regards Samples 2a and 2b, both results in terms of mean and variance
equality are interesting as differences with previous results in the literature could
be explained by the nature of the underlying asset used to estimate the realised
volatility measure (see Section 3). We conjecture that the increased reactiveness
under a regime of more frequent FTOs is linked to nonlinearities in the overnight
interest rate as a function of liquidity. The nonlinearity of this function would im-
ply that, around the mid-point of the standing facility corridor (i.e., the minimum
bid rate), the curve is less elastic than closer to the standing facility rates. In that
case, even subdued departures from an equilibrium level for liquidity may involve
sharper fluctuations of market interest rates around the minimum bid rate, hence

increasing the volatility of the overnight interest rate.

Third, the duration between trades increases over time, with an average of
66.57 seconds in Sample 1 rising to 79.16 seconds in Sample 2. This tendency
continues in Sample 2 where a trade is executed every 74.39 seconds in Sample
2a against 80.26 seconds on average in Sample 2b. We conjecture that the longer

duration does not necessarily reflect weaker activity on the e-MID platform but
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is the result of a larger average quantity per trade. Finally, the observed market

spread (EWMS) of 6 bps does not significantly change over time.

Spread-based liquidity measures provide further evidence of improved liquidity
conditions under the current operational framework. While quoted spreads aver-
aged 8.47 bps before 10 March 2004, they now fluctuate around the significantly
lower level of 5.53 bps. In addition, market liquidity has continued to improve
with the introduction of more frequent fine-tuning operations (FTOs). A com-
parison of liquidity proxies before and after 12 October 2004 provides evidence
of significantly reduced quoted spreads (EWQS and EWPQS) under the period
of more frequent FTOs. After 12 October 2004, size-weighted effective spreads
reject the null hypothesis of equality while equally-weighted effective spreads do
not. Although average transaction costs (EWES and EWPES) remain unchanged
with a more frequent occurrence of FTOs, price improvements are nevertheless

stronger for large orders than for small orders in Sample 2b.

Overall, the introduction of structural changes to the Eurosystem’s operational
framework has thus improved the quality of the overnight money market, with a
significantly higher market activity associated with significantly lower transaction

costs.

4.3 Intraday patterns
4.3.1 Empirical intraday patterns

Intraday examinations of the overnight money market are particularly relevant
given the very short maturity of this segment. Whereas daily observations of the
overnight market might suggest high stability of parameters such as interest rates
or volumes in the long run, intraday analyses could nevertheless reveal strong
market dynamics hidden behind the daily averages. It thus appears particularly
interesting to check whether the earlier findings for the Italian segment of the
overnight market or for other market structures also extend to the whole euro

area overnight market.

The behaviour of our proxies for market activity and liquidity over a stylised
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trading day is presented in Figures 8 to 14. The Figures make use of 30-minute
averages to derive the intraday pattern of our measures. The relative intraday
behaviour of buy and sell transactions is additionally illustrated in Figures 10 to

12.

Figures 8 to 12 show that the total volume exchanged is broadly U-shaped over
the trading day, with market activity recording a trough at lunchtime. The average
transaction size is nevertheless slightly higher on average at this time of day. When
activity resumes in the afternoon, the number of transactions rises whereas the
size of each trade tends to be smaller. This behaviour of more sequential trades,
consistent with an increasing volatility over the day, likely reflects the increased
uncertainty faced by market participants regarding price developments and the
availability of liquidity in the afternoon as liquidity appears to diminish. We also
note that the imbalance between buy and sell trades is more pronounced in the
morning. This imbalance reduces significantly in the early afternoon and almost
disappears when the market closes. The market spread and the deviation of e-
MID transaction prices from the EONIA decrease almost linearly throughout the
day. However, e-MID transaction prices appear higher than the EONIA in the
morning and lower than the EONIA for the rest of the trading day. Again, these

general patterns do not differ considerably from one sample to another.

In spite of its specific features, the overnight money market thus exhibits in-
traday dynamics similar to other market structures. U-shaped volumes are indeed
consistent with their intraday pattern on the NYSE (Jain and Joh 1988) or on
Nasdaq (Chan, Christie and Schultz 1995) and the negative relation between the
total volume exchanged and the volatility of the market highlighted in our Figures
is also in line with the findings for the NYSE in Foster and Viswanathan (1993).

The intraday dynamics of market liquidity before 10 March 2004 is illustrated
in Figure 13. Although the magnitude of quoted spreads does not vary much over
a typical trading day, our other liquidity proxies confirm that the timing of the
decision to trade determines the cost effectively paid on the transaction. Although
quoted spreads vary over the day, their range remains narrow (no more than 0.7
bps for EWQS). Effective spreads (EWES and SWPES) follow a J-pattern over

the day, with a decrease in the morning from the opening level and a subsequent
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increase until the end of the day. Transacting at the end of the day yields the
largest effective costs of the day, consistent with the fact that banks transact more
near the close of trading when their information regarding their reserve needs is
more exhaustive. Turning to traded spreads for buy (EWTS.b and SWPTS.b) and
sell (EWTS.s and SWPTS.s) trades shows that the cost of buy trades decreases
almost linearly throughout the day (before increasing near the close of trading)

while the cost paid on sell transactions increases.

The observed deterioration of liquidity as market activity intensifies and the J-
pattern of transaction costs (approximated by our effective spreads) over a stylised
trading day is consistent with the findings in McInish and Wood (1992) where the
authors investigate the dynamics of spreads quoted on the NYSE. In the overnight
money market, the intraday behaviour of market liquidity thus closely replicates

its dynamics under other market structures.

As shown in Figure 14, the implementation of the current operational frame-
work on 10 March 2004 has not altered the behaviour of quoted spreads, which
remain broadly stable over the day. The most noticeable difference is arguably the
fact that quoted spreads now more closely follow the expected U-shaped pattern
over the trading day (see, e.g., Chan, Chung and Johnson (1995)). In Sample
2, the positive relation between quoted spreads and volumes, consistent with the
findings in Foster and Viswanathan (1993), additionally becomes more obvious.
The J-pattern in effective spreads still persists with however much lower spreads
on average: effective transaction costs have thus decreased since 10 March 2004.
Finally, although we observe a lower cost paid by liquidity-providing banks, that
is, banks transacting with sell orders, the behaviour of traded spreads for buy or-
ders is now much more unstable, with larger spreads being paid and a noticeable

decrease near the close of trading.

Our initial analysis thus provides evidence of strong and persistent intraday
patterns arising from the behaviour of banks in their quest for liquidity as well
as from the operation of the market. Trading indeed appears to take place more
heavily around both ends of the the trading day, and less activity is observed in the
middle of the day as banks either have already balanced their liquidity positions

or are waiting for more complete information about their liquidity needs for the
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day.

4.3.2 Statistical tests of observed intraday patterns

The investigation of the statistical significance of the observed intraday patterns
leads us to conduct two series of tests. First, we test the null hypotheses of mean,
median and variance equality between 30-minute intraday intervals on specific
days, that is, we check the empirical validity of these null hypotheses (i) on all
days, (ii) on all allotment days, (iii) on the last allotment days of the RMP, (iv) on
all allotment days excluding the last allotment of the RMP, (v) on the last open
days of the RMP, (vi) on non-last days, (vii) on press conference days and finally,
(viii) on non-press conference days. Similar tests of equality between a morning
(08:30:00-12:00:00), a mid-day (12:00:01-15:00:00) and an afternoon (15:00:01-

18:00:00) session are additionally performed.?®

Second, we investigate the equality of individual intraday intervals between
days, with a particular focus on (i) last allotment days and other allotments days,
(ii) the last days or (iii) the last open day of the RMP and the other days of
the period, and finally, (iv) the press conference days and the other days. The
purpose of this second series of tests is therefore to check the null hypotheses of
mean, median and variance equality of our proxies for market activity and liquidity

over the same intraday interval, but across specific days.

We additionally adjust our data to isolate the intraday pattern caused by
the behaviour of participating banks from the dynamics resulting from a purely
mechanical operation of the market. Our proxies are accordingly standardised
by the observed mean and standard deviation of the corresponding interval. The
deseasonalised measure X,B corresponding to the observed measure X;; recorded

on day t = 1,...,7T over interval i is defined as:

X~ X;
Xh="= (9)

8i

where X; is the sample mean of X, for intraday interval ¢ and s; is the sample

28For space reasons, we essentially comment the results for the null hypothesis of mean equality,
as the median and variance equality tests roughly provide similar conclusions.
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standard deviation of X;; for interval ¢. Subsequent test statistics are computed

on the basis of the standardised measures.

Market activity. Our tests of intraday market activity are reported in Tables
27 (before 10 March 2004) and 28 (after 10 March 2004). The evidence reported in
the Tables confirms the presence of significant intraday patterns in market activity
in both samples, in line with earlier results in the literature (see, for instance,
Barucci et al. (2004) or Palombini (2003)). With the exception of the market
spread (EWMS) and volatility (RVOLA), the null hypothesis that the mean value
of our measures of market activity is equal between the morning, the midday and
the afternoon sessions is indeed strongly rejected in all cases (i.e., in Samples 1
and 2, but also in Samples 2a and 2b). This result is further confirmed by our

tests based on 30-minute intervals.

A similar picture is provided by an analysis focusing on specific days. Only
the market spread (EWMS) and realised volatility (RVOLA) fail to reject the
null of equality between intraday intervals while the average quantity per trade
(EWQTY), the total volume (SUMQTY), the number of trades (NBTRD), the im-
balance between buy and sell trades (IMBAL), and the average duration between
trades (EWTD) significantly differ from one intraday interval to another over al-
lotment days, press conference days or the last days of the RMP. We conjecture
that the intraday pattern is reinforced on days when market activity intensifies.
This conclusion remains broadly valid across all subsamples. Consistent with the
nature of the changes made to the operational framework, all market activity mea-
sures exhibit a flat pattern on press conference days after 10 March 2004: the null
of mean equality between intervals is indeed never rejected on such days. Market
activity additionally appears more stable over regular allotment days. Evidence
however suggests that the role played by the last MRO allotment of the period has
changed in Sample 2, with a rejection of the null of equality for the total volume

(SUMQTY) and the average trade size (EWQTY).

Market liquidity. Turning to our liquidity proxies in Tables 29 (Sample
1) and 30 (Sample 2) brings somewhat different conclusions. If the equality of
average transaction costs (quoted and traded spreads) over a typical day is also

rejected whatever the length of the intraday intervals (i.e., 3 hours or 30 minutes),
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effective spreads exhibit greater stability over the day, as the null hypothesis is
never rejected in Sample 1. On allotment days, the intraday pattern of our lig-
uidity measures flattens: only the traded spreads for sell transactions reject the
null of mean equality. This turns out to be due to the specific behaviour of those
spreads on non-last allotment days while the null is never rejected on the last allot-
ment day of the RMP. On last days, no significant difference is observed between
quoted spreads (i.e., EWQS and EWPQS) over the day. The null hypothesis of
mean equality is however rejected by the other liquidity measures. This holds true
on the last open day of the RMP. On last days, traded spreads for buy orders (i.e.,
EWTS.b, SWTS.b, EWPTS.b and SWPTS.b) exhibit a quasi-linearly decreasing
pattern over the day while traded spreads for sell orders (EWTS.s, SWTS.s, EW-
PTS.s and SWPTS.s) exhibit a quasi-linearly increasing pattern. Finally, market
liquidity is flat on press conference days (the null is again never rejected). The
implementation of the current operational framework has not significantly altered
the intraday dynamics of market liquidity in the overnight market. Only last days
(and to a lesser extent, last open days of the RMP) exhibit changing liquidity con-
ditions: quoted spreads are now much more unstable over the day, while mixed
evidence suggests that traded spreads converge to greater stability on those days.
Our results additionally suggest that the period before 12 October 2004 acts as a

transition period between Samples 1 and 2b.
We next examine the stability (i.e., equality) of the patterns across days.2”

MRO allotment days. On the basis of 30-minute intervals, we first compare
the intraday dynamics between last and non-last MRO allotment days. From 4
September 2000 to 9 March 2004 (i.e., Sample 1), the 30-minute average quan-
tity per trade (EWQTY) exchanged through the platform or the trade imbalance
(IMBAL) do not appear statistically different between the 2 groups of allotments.
This result holds true for the total volume (SUMQTY) and the number of trades
(NBTRD), with the sole exception of the sub-interval from 11:00:01 to 11:30:00
during which the total quantity traded (number of trades) is lower (higher) on
last allotment days compared with non-last allotment days. Similarly, the null of

equality is never rejected for realised volatility (RVOLA), market spread (EWMS)

29Due to the space constraints, we do not report the values for the tests statistics. The results
remain available upon request.
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and trade duration (EWTD). By contrast, in Sample 2, the null of mean equality
is rejected for specific intraday intervals, which demonstrates the increased im-
portance of the last MRO allotment. The average quantity per trade (EWQTY)
significantly changes on last allotment days over the intervals from 10:30:01 to
11:30:00 and from 16:30:01 to 17:30:00 due to different total quantities exchanged

over these intervals.

In Sample 1, quoted spreads (EWQS), and to a lesser extent, effective spreads
(EWES), significantly widen on last allotment days around the announcement
of the outcome of the MRO allotment. Over the rest of the day, there is no
significant difference between last and non-last allotment days. Proportional
quoted spreads (EWPQS) nevertheless fail to confirm this analysis which demon-
strates that around MRO announcements banks might indeed quote wider absolute
spreads but those spreads remain proportional to the interest rate prevailing in
the market. No major difference in traded spreads is observed between last and
non-last allotments over the morning and early afternoon. These spreads nev-
ertheless flatten more during the afternoon on last allotment days than on the
other allotment days. After 10 March 2004, the announcement of MRO results
no longer alters quoted or effective spreads. Significant differences only appear at
both ends of the trading day, when market activity is weaker. With more frequent
FTOs, evidence suggests that traded spreads for buy orders vary slightly around

the announcement of the outcome of the last MRO of the period.

Last days. Second, the stability of the intraday trading dynamics between
last and non-last days is assessed. The hypothesis of mean equality is strongly
rejected for mean quantity, market spread, realised volatility and trade duration
in Samples 1 and 2. The average quantity per trade (EWQTY) significantly drops
on last days in almost all 30-minute intraday intervals in Sample 1 (and in most
intraday intervals in Sample 2). A closer look at the data suggests that the lower
quantity per trade essentially comes from liquidity providers less willing (or able)
to provide liquidity when reserve requirements become binding and when the un-
certainty about future liquidity increases. This finding is also consistent with the
increase in utilitarian trading observed at the turn of the period. The number of

trades (NBTRD) increases on last days in both samples whereas the total quantity
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traded (SUMQTY) remains broadly unchanged. Similarly, in Samples 1 and 2,
intraday realised volatility (RVOLA) is significantly larger over the last days than
over the other days of the RMP whereas the duration between trades (EWTD) and
the market spread (EWMS) are significantly lower. Whereas utilitarian trading
increases when reserve requirements eventually become binding, market partici-
pants also tend to spread their liquidity needs in a larger number of transactions
as uncertainty increases, in line with the assumption of risk aversion (notably in
terms of interest rate uncertainty) developed in Angelini (2000). With more fre-
quent FTOs, the decrease in the average quantity per trade is mostly confined to
the end of the trading day. Additional tests conducted between the last day of
the period and the other days support this analysis.

An examination of our proxies for market liquidity between last and non-last
days confirms the impact of increased uncertainty associated with information
asymmetry on transaction costs at the turn of the period. In Sample 1, quoted
spreads (EWQS and EWPQS) significantly widen for every 30-minute interval on
the last days of the period, consistent with the increased uncertainty expected
around the end of the period. Similarly, larger effective transaction costs, ap-
proximated by the effective spreads, are paid by banks transacting on the last
days of the period. The timing of operation does not appear to impact effective
transaction costs as higher effective spreads are observed throughout the trading
day. Although 30-minute proportional traded spreads for buy orders are signif-
icantly wider on last days, evidence suggests that 30-minute traded spreads for
sell orders are significantly tighter over the morning before becoming significantly
wider for most of the afternoon. Liquidity absorbers therefore incur higher costs
on last days, whatever their timing of operation, while liquidity providers have
an opportunity to transact at lower costs during the morning before facing in-
creased transaction costs over most of the afternoon. In Sample 2, the intraday
behaviour of our liquidity measures becomes more homogenous as all measures
are now significantly higher for most 30-minute intervals on the last days of the
period. Further tests of the intraday behaviour on the last open day of the reserve
maintenance period bring similar conclusions. The picture is broadly equivalent

between Samples 2a and 2b.
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Press conference days. We finally assess the influence of a press confer-
ence on the intraday dynamics of the overnight segment. In Sample 1, the null
hypothesis of mean equality between press conference days and the other days
is rejected for the majority of our market activity variables on the specific in-
traday intervals corresponding to the timing of the policy announcement or the
beginning of the press conference. Trading patterns are therefore altered by the
holding of the Governing Council meeting due to the uncertainty surrounding the
future path of the key ECB interest rates. Market activity generally decreases over
the intervals from 13:30:01 to 14:30:00 on press conference days with significantly
lower average quantities (EWQTY) and volumes (SUMQTY) compared with the
other days. By contrast, the number of trades (NBTRD) and realised volatility
(RVOLA) are significantly higher reflecting the uncertainty surrounding policy
decisions. This increased uncertainty also results in a larger trade imbalance (IM-
BAL). Only the market spread (EWMS) remains unaffected by the holding of the
conference. In Sample 2, the null hypothesis of mean equality is however never
rejected. Consistent with the nature of the changes, after the implementation of
the current operational framework, intraday market dynamics is thus unaffected
by the conference. A separate examination of Samples 2a and 2b confirms this

analysis.

Spread-based liquidity measures support the finding that the overnight mar-
ket is impacted by the higher level of uncertainty surrounding press conferences in
Sample 1. We conjecture that uncertainty increases the adverse selection compo-
nent of the spreads. Before 10 March 2004, mixed evidence suggests that quoted
spreads are significantly wider at the time of the press conference. However, in
the neighbourhood of a press conference, effective spreads do not significantly
deviate from the levels observed on the other days. This finding is further con-
firmed by the traded spreads that fail to provide conclusive evidence of significant
deviations caused by the conference. In Sample 2, quoted spreads do not suffer
any change due to a press conference. However, after 12 October 2004, effective
spreads significantly widen in anticipation of the press conference and this higher
level is maintained until the end of the conference. Traded spreads for buy orders

significantly tighten around a press conference, while wider traded spreads for sell
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orders are observed over most of the trading day. This latter picture is not altered
under a regime of more frequent FTOs. Liquidity is thus bought at a lower cost

during the press conference but sold at a larger cost over most of the trading day.

5 Concluding remarks

In this paper, we use parametric and nonparametric methods to examine the be-
haviour of trading activity and market liquidity in the overnight segment of the
euro area money market. We first look for evidence of the presence of interday
seasonality in the market and assess the statistical significance of the observed reg-
ular patterns. In line with theoretical predictions, market activity intensifies when
banks exhibit greater sensitivity to liquidity shocks. Market activity peaks on spe-
cific days such as the last days of the reserve maintenance period, of which the last
day of the period is the most active day, but also at the end of a month or a quar-
ter. Our analysis points out that the rules for the implementation of the monetary
policy contained in the Eurosystem’s operational framework and the occurrence
of specific calendar days alter the proportion of utilitarian traders in the overnight
money market. The larger number of trades, the lower average quantities traded,
the slightly lower volumes associated with changing market spreads, the higher
realised volatility and the lower duration between consecutive transactions indeed
demonstrate that utilitarian trading becomes more pronounced. Larger spreads
are accordingly observed on last days, with the last open day being the most ex-
pensive day of the maintenance period, or at the end of a quarter. Market liquidity
therefore deteriorates under the influence of increased uncertainty and information
asymmetry between market participants. Liquidity is flat over weekdays, except
over the last days where it becomes much more unstable. The introduction of
the current operational framework on 10 March 2004 has not radically altered
the observed patterns. Market activity has nevertheless improved in Sample 2,
coupled with a significantly lower level of volatility while transaction costs have
become increasingly unstable between the days of a typical week. A more frequent
occurrence of fine-tuning operations (FTOs) has increased the reactiveness of the

overnight money market while allowing market liquidity to improve (evidence is
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reported of a significant drop of average quoted spreads between Samples 1 and

2, but also, between Samples 2a and 2b).

Second, we examine the statistical significance of regular intraday patterns in
the market. We apply similar parametric and nonparametric methods to check the
empirical validity of the null hypotheses of equality of our proxies between intra-
day intervals on specific days. Consistent with Barucci et al. (2004) or Palombini
(2003), we find strong evidence supporting the presence of intraday patterns in
the activity and liquidity of the market. In spite of its specific features, the in-
traday dynamics of the overnight money market remains very similar to what is
traditionally observed in other market structures (e.g., NYSE or Nasdaq). Mar-
ket activity fluctuates throughout the day on allotment days, on press conference
days and on the last days of a maintenance period. We conjecture that on such
days, credit institutions are faced with increased pressure for finding liquidity in
the overnight market. Liquidity exhibits similar intraday patterns, with quoted
and traded spreads rejecting the null of equality over the day. Although liquidity
appears flat over allotment or press conference days, it exhibits greater intraday
instability at the turn of the period where effective and traded spreads fluctuate
over the day. More frequent FTOs have not altered the existing liquidity con-
ditions: only intraday quoted spreads become more volatile over the last days.
Unlike the patterns observed for the other specific days, the intensified market
dynamics observed on press conference days (with higher realised volatility and
lower volume) does not result in a deterioration of liquidity (i.e., larger transaction

costs).

Finally, we examine the stability of the intraday patterns across days. A
comparison of market activity and liquidity between last and non-last allotment
days suggests that intraday market activity changes between these allotments with
lower volumes and less transactions executed on the day of the last MRO allotment
of the period. Intraday realised volatility, market spread, trade imbalance and
trade duration do not appear significantly different between the two allotments.
Market liquidity, on the other hand, deteriorates around the announcement of
the outcome of the last MRO of the period. This effect does however disappear
after 10 March 2004. We next compare the intraday trading dynamics between
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last and non-last days. The increased uncertainty expected around the end of the
maintenance period results in significantly lower average quantities traded, more
transactions and a higher realised volatility, in line with the assumption of risk
aversion for participating banks developed in Angelini (2000). Liquidity deterio-
rates on last days, with inflated quoted spreads, meaning that larger transaction
costs are paid by credit institutions transacting near the end of the period. This
result holds true on the last open day of the period. Again, the implementation of
the current operational framework has not radically altered the existing liquidity
conditions. The examination of the impact of the holding of a press conference on
our market activity and liquidity proxies concludes our analysis. Market activity
decreases at the time of the conference, with however more trades being executed.
Realised volatility similarly increases which highlights the higher level of uncer-
tainty surrounding the press conference. Consistent with the segmentation implied
by the current design of the Eurosystem’s operational framework, this effect com-
pletely vanishes after 10 March 2004. Significantly wider quoted spreads at the
time of the conference in Sample 1 denote a deterioration of liquidity conditions.
Nevertheless, effective and traded spreads do not confirm this analysis, meaning
that, although larger spreads are indeed quoted by banks, effective transaction
costs do not deviate from their usual levels. In Sample 2, the situation is re-
versed, quoted spreads remain stable while evidence suggests that larger costs are
indeed paid by credit institutions transacting around the conference, supported

by a significant increase in the effective spreads.

In summary, the interday and intraday patterns of trading activity and mar-
ket liquidity tend to support the expected relations between liquidity provision
and uncertainty in the market on specific days or on specific intraday intervals
when banks become more sensitive to unexpected shocks. In particular, liquidity
decreases, transacting becomes more costly and volatility increases during these
periods. The system however continues to operate effectively with limited price
impact. As the electronic platform is only one of the channels competing for the
provision of liquidity, the observed market dynamics could however simply reflect
a consistent use of all possible channels by market participants, possibly switching

channels depending on market conditions.
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Table 1: Descriptive Statistics for Aggregate Measures of Market Activity and
Liquidity — Full Sample

Aggregate Measures of Market Activity

Variable Sub-Sample Mean Median  Std Dev. Max Min Obs.
SUMQTY Buy & Sell  16,734.55 15,884.36  4,850.34  40,764.50 4,015.40 1,703
SUMQTY.b Buy 4,466.30  4,264.35  1,665.65 14,500.00 530.00 1,703
SUMQTY.s  Sell 12,268.26  11,464.05  4,526.30  38,325.00 3,485.40 1,703
EWQTY Buy & Sell 38.0502 36.2107 13.9291 93.7115 12.6278 1,703
EWQTY.b Buy 35.1889 32.1043 14.7067 118.8525 12.1327 1,703
EWQTY s Sell 39.0758 36.6904 14.9933  103.5811 11.1766 1,703
NBTRD Buy & Sell 458.45 453.00 80.42 818.00 148.00 1,703
NBTRD.b Buy 136.78 129.00 51.45 441.00 19.00 1,703
NBTRD.s Sell 321.67 319.00 58.18 575.00 110.00 1,703
RVOLA Buy & Sell 0.0706 0.0088 0.2717 4.2191 0.0012 1,703
EWTD Buy & Sell 72.5390 70.8980 14.7520 197.8364 40.8595 1,703
EWMS Buy & Sell 0.0631 0.0598 0.1258 0.9929 -0.6946 1,703
EWDPE Buy & Sell -0.0062 -0.0046 0.0191 0.2019 -0.2241 1,703
IMBAL Buy & Sell -7,801.96  -7,134.19  4,795.59 6,421.89 -35,885.50 1,703
Aggregate Measures of Market Liquidity
Variable Sub-Sample Mean Median  Std Dev. Max Min Obs.
EWQS Buy & Sell 0.0702 0.0726 0.0223 0.1709 0.0216 1,637
EWPQS Buy & Sell 2.6042 2.5644 0.9736 8.8040 0.6508 1,637
EWES Buy & Sell 0.0061 0.0024 0.0221 0.2640 -0.1483 1,637
SWES Buy & Sell 0.0024 0.0003 0.0180 0.2422 -0.1465 1,637
EWPES Buy & Sell 0.1967 0.0883 0.7563 9.0669 -4.3791 1,637
SWPES Buy & Sell 0.0716 0.0092 0.5731 7.0127 -2.6117 1,637
EWTS.b Buy 0.0145 0.0119 0.0213 0.2464 -0.1536 1,637
SWTS.b Buy 0.0141 0.0120 0.0193 0.2520 -0.1428 1,637
EWTS.s Sell -0.0018 -0.0034 0.0208 0.2372 -0.1771 1,637
SWTS.s Sell -0.0037 -0.0045 0.0159 0.2084 -0.1416 1,637
EWPTS.b Buy 0.5600 0.4464 0.8522 13.2696 -4.4288 1,637
SWPTS.b Buy 0.5332 0.4479 0.6624 8.1349 -4.1284 1,637
EWPTS.s Sell -0.0901 -0.1269 0.6948 6.8706 -5.6551 1,637
SWPTS.s Sell -0.1495 -0.1732 0.4973 6.0331 -3.0504 1,637

SUMQTY is the total volume exchanged over a day, SUMQTY.b (SUMQTY .s) is the total volume
exchange through buy (sell) orders over a day. EWQTY is the average volume per trade, EWQTY.b
(EWQTY .s) is the average volume per buy (sell) trade. NBTRD is the total number of trades over
a day, NBTRD.b (NBTRD.s) is the total number of buy (sell) trades over a day. RVOLA is our
realised volatility measure. EWTD is the average duration (time) between two consecutive trades.
EWMS is the average market spread per trade. EWDPE is the average deviation of the transaction
price from the EONIA of the corresponding day. IMBAL is an indicator of the imbalance between
buy and sell orders. SUMQTY, SUMQTY.b, SUMQTY.s, EWQTY, EWQTY.s, EWQTY.s and
IMBAL are expressed in millions of EUR. EW(P)QS is the equally-weighted average (proportional)
quoted spread. EW (P)ES is the equally-weighted average (proportional) effective spread. SW(P)ES
is the size-weighted average (proportional) effective spread. EW(P)TS.b is the equally-weighted
average (proportional) traded spread for buy trades and EW(P)TS.s is the equally-weighted average
(proportional) traded spread for sell trades. SW(P)TS.b is the size-weighted average (proportional)
traded spread for buy trades and SW(P)TS.s is the size-weighted (proportional) traded spread for
sell trades.
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Figure 3: Interday Patterns for Total Volume of Buy and Sell Trades — Before
(Left) and After (Right) 10 March 2004. The solid (dashed) line plots the evolution
of the volume of sell (buy) trades over a typical RMP. The vertical dashed lines
denote the MRO allotment days.
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Figure 4: Interday Patterns for Average Size of Buy and Sell Trades — Before (Left)
and After (Right) 10 March 2004. The solid (dashed) line plots the evolution of
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denote the MRO allotment days.
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Figure 5: Interday Patterns for the Number of Buy and Sell Trades — Before (Left)
and After (Right) 10 March 2004. The solid (dashed) line plots the evolution of
the number of sell (buy) trades over a typical RMP. The vertical dashed lines
denote the MRO allotment days.

Working Paper Series No 988

}
n December 2008



i

Equally —Weighted Proportional Quoted Spread (EWPQS)

3.900

Equally —Weighted Quoted Spread (EWQS)

3.550
3.200

2850

0

1

2120 19 18 177 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Size —Weighted Proportional Effective Spread (SWPES)

T
0

T
1

Spread for Sell Trades (EWTS.s)

0.800
0.575+
0.350-
01254

T
2120 19 18 177 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Equally —Weighted Traded

0.027
0.0194
0.0104
0.002

Size —Weighted Proportional Traded Spread for Sell Trades (SWPTS.s)

0.210
0.090

0

1

21 20 19 18 177 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Equally —Weighted Effective Spread (EWES)

T
0

T
1

T
2120 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2

(EWTS.b)

ighted Traded Spread for Buy Trades

Wei

Lo

WPTS.b)

roportional Traded Spread for Buy Trades (S!

0112
0103+
0.095
0.086

.077

0.

0.060
0.045
0.030
0.015+

Equally —

0.043
0.034
0.0174

0.026

Size —Weighted Pi

1.600
1.250
0.900

0.550

0

2120 19 18 17 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1

0

1

21 20 19 18 177 16 15 14 13 12 1 10 9 8 7 6 5 4 3 2

10 March 2004 (Sample 1). The vertical dashed lines denote the MRO allotment

Figure 6: Interday Patterns for Aggregate Measures of Market Liquidity — Before
days.
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Figure 7: Interday Patterns for Aggregate Measures of Market Liquidity — After
10 March 2004 (Sample 2). The vertical dashed lines denote the MRO allotment
days.
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Figure 8: Intraday Patterns for Aggregate Measures of Market Activity — Before
10 March 2004 (Sample 1)
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Figure 9: Intraday Patterns for Aggregate Measures of Market Activity — After
10 March 2004 (Sample 2)
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Total Volume (SUMQTY) — Buy versus Sell Total Volume (SUMQTY) — Buy versus Sell
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Figure 10: Intraday Patterns for the Total Volume of Buy and Sell Trades —
Before (Left) and After (Right) 10 March 2004. The solid (dashed) line plots the
evolution of the total volume of sell (buy) trades over a typical day.
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Figure 11: Intraday Patterns for the Average Size of Buy and Sell Trades — Before
(Left) and After (Right) 10 March 2004. The solid (dashed) line plots the evolution
of the average size of sell (buy) trades over a typical day.
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Figure 12: Intraday Patterns for the Number of Buy and Sell Trades — Before (Left)
and After (Right) 10 March 2004. The solid (dashed) line plots the evolution of
the number of sell (buy) trades over a typical day.
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Figure 13: Intraday Patterns for Aggregate Measures of Market, Liquidity — Before
10 March 2004 (Sample 1)
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Figure 14: Intraday Patterns for Aggregate Measures of Market Liquidity — After
10 March 2004 (Sample 2)
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