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Abstract
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1 Introduction

Weekly main refinancing operations (MROS) are of overwhetirimportance for the monetary
policy implementation of the European Central Bank (ECBie Tiquidity supply in MROs should
ensure that short-term money market rates closely foll@MIRO rates and that their volatility
remains well contained, see e. g. Ejerskov et al. (2008} démtral aim of monetary policy imple-
mentation has never been an easy task. Even before the &iharisis, a puzzling and unintended
upward trend in the spread between the European overnight{Eania) and the MRO rates in-
dicated that the monetary transmission mechanism is nfitisutly understood, see Linzert and
Schmidt (2008). Since the start of the financial crisis, spreads between @®&€Emain refinanc-
ing rates and the money market rates have been huge andemrdlis order to shed more light on
the very beginning of the monetary transmission proceskdretiro area, this paper investigates

how the European money market responds to MRO auction oggom

On the allotment day, the ECB publishes the number of biddetasl allotment and total bids
together with the marginal and the weighted average allotmate of the MRO. All these variables
may contain new information about the expected course ofaoy policy and the situation in the
money market. This paper assesses the role of MROs for thetargriransmission mechanism by

estimating the response of money market rates to the vaagpects of a MRO auction outcome.

Our study can be related to two groups of papers. First, isexggrowing empirical literature
on the dynamics and the volatility of overnight rates. Réesamples include Bartolini and Prati
(2006), Pérez Quirds and Rodriguez Mendizabal (2006)arossi and Zaghini (2009), and Nautz
and Scheithauer (2009). All these contributions invesgigeow distinguishing features of the
central bank’s operational framework influence the behasi@vernight rates. They do not focus
on the response of the overnight rate to auction outcomes.s&ébond group of papers explores
banks’ bidding behavior in central bank auctions, see eimgdrt et al. (2007), Bindseil et al.
(2009), and Cassola et al. (2009). Using individual bidditaga, it can be shown that money
market conditions significantly affect banks’ bidding beba These papers try to explain the

auction outcome but do not consider its repercussions omdmey market.

The current paper fills this gap and explores the impact oEf8B’s MRO auctions on short-

n contrast to earlier estimates of the liquidity effect, even the ECB’s provision of massive excess
liquidity in MROs could not bring the Eonia back to its intended level, see European Central Bank (2006).
In the U.S. the empirical relevance of the liquidity effect is also under debate, see e.g. Carpenter and
Demiralp (2008) and Thornton (2008).



term money market rates in the euro area using both daily @ratday data of overnight rates.
Longer-term Eonia swap rates are employed to examine hoauttions affect market’s expecta-
tions about future Eonia movements. Our results show tleatetbent crisis significantly impeded
the first step of the monetary transmission mechanism. Befgr financial crisis, MRO auction
outcomes helped to stabilize the money market. If e. g. theaspbetween the Eonia and the new
MRO rate was above average, the Eonia would adjust accdydiBimce the outbreak of the crisis,
however, the stabilizing effect of MRO auctions on the Edeigel has disappeared. In contrast,
MRO auction outcomes distorted by safety bids exacerbdiedliisconnection of money market
rates from the policy-intended interest rate level. Thamefour results provide strong support for
the ECB’s decision to re-stabilize banks’ refinancing ctiads by introducing a fixed rate full

allotment policy for the whole maturity spectrum of its refitting operations as of October 2008.

The remainder of the paper is structured as follows. In 8e@i we briefly review the role of
MRO auctions in the operational framework of the ECB and ict@rshe timing of the auctions.
Section 3 introduces the auction variables and discuss@sekpected influence on the money
market. Section 4 presents the empirical results on the dimplaMRO auction outcomes on
money market rates before and during the crisis. Sectiomrerizes our main results and offers

some concluding remarks on the choice of MRO auction forriwatthe post-crisis period.

2 The Role of MRO Auctions in the ECB’s Operational
Framework

2.1 Monetary Policy Implementation

The ECB implements its monetary policy through a framewarkvhich the banking sector op-
erates in a liquidity deficit vis-a-vis the Eurosystem. Teekly main refinancing operations
(MROSs) cover the bulk of banks’ liquidity demand and play givotal role in signalling the mon-
etary policy stance. From June 2000 until October 2008, MR@® conducted as variable rate
tenders, i. e. as price-discriminatory multi-unit auctavhere banks are allowed to submit multi-
ple price-quantity bids. In variable rate tenders the texyrepo rates partially depend on the bids
of the banks and, thus, are not under the ECB’s full contrbkr&fore, the ECB pre-announces a
minimum bid rate. The interest rates actually applied inNtROs can be viewed as the first step
in the transmission of monetary policy and should deterrttiedevel of short-term interest rates

in the euro area’s money market.

Unlike the U. S. Federal Reserve Bank, the ECB has never aoeduan explicit operational



target for its monetary policy implementation, see e. g. B@0g8). However, there is no doubt
that the ECB’s liquidity policy aims at stabilizing the stest money market rate, Eonia, to a level
close to its main refinancing rates, see e.g. Ejerskov e2@08). Figure 1 shows the corridor
in which the Eonia fluctuates between the two standing fasliand the minimum bid rate as its

mid-point.

Figure 1: The interest rate corridor of the ECB
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Notes: The light shaded area refers to the crisis period as of August 9, 2007. The
dashed vertical line represents the ECB’s adoption of the fixed rate tender procedure
with full allotment as of October 15, 2008.

On August 9, 2007 tensions surrounding assets backed by b}rsue mortgages started
to spill over into money markets around the world, leadindiqaidity shortages in the money
market. In the euro area, the overnight rate rose subdtgrfiidlowing an increased liquidity
demand in the overnight market. As a consequence, the EC8aised the amount of liquidity in
its weekly MROs significantly. In order to account for the gbas in the demand and supply of
liquidity in the ECB’s MROs, we allow money markets to resgadtifferently to auction results
after August 2007. Therefore, we explore the link betweerBania and MROs for the crisis and
pre-crisis sample separately. In fact, splitting our savgi August 9, 2007 is also implied by

structural breakpoint tests, see Section B in the Appendix.

After Lehman Brothers filed for bankruptcy on September & the crisis intensified.
Banks became even more reluctant to engage in interbankymoagket trading and relied to
an increasing extent on the ECB’s refinancing operatioresgsg. Hauck and Neyer (2010). On
October 15, 2008 the ECB responded to the exacerbated andiswitched from the variable rate

tender format to a fixed rate full allotment policy, hencesdging the full liquidity demand of the



banking sectof. The information content of an auction outcome is very lighiteder this format:
In a fixed rate tender, the repo rate is pre-announced andRD k&tes are equal by construction.
Moreover, due to full allotment, the cover-to-bid ratio levays one. Therefore, in the following
empirical analysis on the information content of MROs, wallstocus on the variable rate tender
period. Yet, our results may shed light on the rationale tttihe ECB’s switch to the fixed rate

full allotment tender format.

2.2 Measuring the Money Market Response to an MRO Auction Out-
come

In the MROs of the ECB, banks are invited to submit their biderf Monday 3:30 p. m. CET to
Tuesday 9:30 a. m. CET. At Tuesday 11:20 a. m. CET, the ECB agnwates the auction outcome
via its wire service. The response of the money market to aticauoutcome should be reflected
in overnight rates observed immediately after the auctsults are available. Léj andi, be the
market rates validhefore andafter banks are informed about the auction outcomes. The ynone
market response to the auction is then revealeflin= i, — i;,. We measure\: in three ways.
First, in line with the empirical literature, we use dailyt@af the Eonia, the European Over-Night
Index Average published by the ECBEonia rates refer to transactions carried out before the
closing of real-time gross settlement (RTGS) system at 6.00. CET and are published on the
same evening. Since the bulk of money market transacti@nsaaried out after the auction result
is announced, the timing of MROs suggests to use Eonia ratdsmday (;) and Tuesdayif) to

measure the money market reaction to an auction outcome.

If money markets react quickly to new information about tigaitity situation, theaverage
overnight rate at the auction day might be only a poor appnakion fori, and similar problems
may apply toi,. Therefore, in a second specification &f, we use intra-day quotes collected
from Reuters at 9:30 a.m. CET and 11:25 a. m. CETifand1,, respectively. These rates are
very close to the end of bid submission and the announcenighe @uction outcome. Yet the
available intra-day data bears two shortcomings. Firsitlya-day data cover only that part of
the 'over the counter’ (OTC) market trading that is procdsbeough brokers. Thus, transactions

between banks directly are missing. And secondly, in ceht@the daily Eonia data, intra-day

20n March 4, 2010 the ECB announced that the full allotment policy for MROs will be applied at least
until October 2010, see ECB’s press release webpage. For further explanations, refer to European Central
Bank (2010).

3The Eonia is based on a panel of approx. 50 banks with the highest business volume in the euro area
money market, see http://www.euribor.org.



data only refer to unbinding quotes rather than actual aetiens.

A third approximation ofAi uses daily data of Eonia swap rates with one-week maturity
obtained from Reuters. Because MROs are conducted only @aneeek, the one-week Eonia
swap rate cannot be affected by expectations about futwgoauoutcomes at an auction day.
Since March 2008, the announcement of Eonia swap rates hageth from 4:30 p.m. CET to 11
a.m. CET. In line with the timing of MROs, the definition 4fi is adjusted accordingly.

Starting with the first price-discriminatory multi-unit eion on June 27, 2000 we have col-
lected 434 auctions until October 14, 2008. The intra-ddg @aonly available for December 4,
2000 to June 17, 2008. For the sake of comparability, we wiil all our regressions from De-
cember 4, 2000 to June 17, 2008. At the end of the reserve emaimte period, when no further
MRO will be conducted, liquidity shortages or excess resgman lead to dramatic increases of
overnight rate volatility. It is well understood by the matkhat these seasonal interest rate fluc-
tuations are temporary and unrelated to monetary poliayatdg see e. g. Nautz and Offermanns
(2008). To ensure that our results will not depend on thesl&gnia movements at the very last
day of the reserve period, we excluded the auctions perfbraihéhose particular days from our
regressiond. After these sample adjustments, we are left with 282 and 88ams before and

during the crisis, respectively.

3 The MRO Auction Outcomes: Variables and Predictions

On the allotment day, the ECB publishes (i) the marginal ¢atg of the MRO, (ii) the quantity
weighted average rate.f) of all successful bids, (iii) total bids and total allotntgnand (iv) the
number of bidders. All these variables may contain new mfition about the situation in the

money market and the policy-intended interest rate level.

Themarginal rate or stop-out rate of a MRQ,,, depends on both, banks’ bidding behavior
and the ECB’s allotment decision. In any case, deviatiorte@mMmarginal rate from the overnight
rate valid immediately before the auction, — i;, should imply that the overnight ratg adjusts
accordingly. In an error-correction type adjustment eignadf A¢, the coefficient of-,, — i, is

expected to be positive.

4For the sake of robustness, two further observations were identified as outliers: the MRO with anoma-
lous allotment one week after the terrorist attack on September 11, 2001 and the MRO distorted by the
announcement of the six-month supplementary operation in April 2008.



Before the crisis, theveighted average rate of a MRO,r,,,, used to be only a few basis points
above the marginal rate. By contrast, after August 200MMtR® spready,, —r,,,, increased up to
30 basis points, see Figure A.1. The MRO spread can be larg@daeasons. On the one hand, it
may indicate that the bulk of bids had been submitted ativelsithigh rates because the demand
for liquidity had been stronger than expected. Particyliarthe recent financial crisis, banks faced
a great uncertainty regarding their future liquidity sttaa. According to Cassola et al. (2009),
banks submitted more aggressive bids in order to make sarghily receive at least a minimum
level of liquidity. On the other hand, large MRO spreads meyeal bidders’ uncertainty about
the auction’s marginal rate, see e. g. Valimaki (2008)e Tritreased heterogeneity of values for
liquidity revealed by the auction and the failure of the ibenk market to lead to an efficient
allocation of liquidity among banks in the course of theisrinade it very difficult to forecast the
marginal rate of MRO auctions. For both reasons, a MRO anctuealing a large MRO spread

should lead to an upward pressure on the overnight rate.

The cover-to-bid ratio, CBR, of a MRO is defined as the ratio between the ECB'’s total al-
lotment and the banks’ total bid volume, compare Figure A&ge cover-to-bid ratios indicate
that banks received a lot of refinancing relative to theirsbi®ne might expect that overnight
rates should always decrease with increasing cover-toalios. However, as Linzert et al. (2007)
already emphasized, a low cover-to-bid ratio only leads tmey market tensions if it resulted
from banks’ misperceptions of the marginal rate and theasan in the money market. If banks
bid seriously and the marginal rate of the MRO simply excddunks’ willingness to pay, a low

cover-to-bid ratio will not necessarily lead to increasovgrnight rates.

Until March 2004, banks anticipated future rate cuts of ti&BEon several occasions and,
therefore, simply refrained from bidding. As a result, bsirtiotal bid volume was so low that
the ECB could not allot the intended volume of reserves. BuUanhks’ underbidding, the cover-
to-bid ratio peaked to one but due to the lack of reservesnaylet rates increased sharply at the
auction day. In order to stop the disturbing strategic lrigdiehavior of banks, the ECB adjusted
its operational framework in March 2004. Reducing the MRQurity from two to one week
and synchronizing its interest rate decisions with therveseequirement periods ensured that
auction results are not affected by banks’ expectationatdhture policy rates, see e. g. European
Central Bank (2003). To avoid that our results are driven mgeubidding episodes, we exclude
these observations from the following regressions andavio a different information content of

cover-to-bid ratios before and after March 2004.



The number of bidders in MROs has significantly declined since June 2000, see Ei§LB.
Following e. g. Bindseil et al. (2009), we estimated the neferimation contained in the number
of bidders, i. e. the unexpected part in this variable, egiptpa univariate forecast equation, see
Section C in the Appendix. Note that alternative forecast de-trending methods would not
affect our results in a significant way. In case of a surpgisinarge number of bidders which

should reveal an unexpectedly high demand for refinandiegovernight rate should increase.

Daily autonomous liquidity factors and reserve requiretsealrive banks’ liquidity needs.
Since June 2000, the ECB uses weekly autonomous factoraiiseto rationalize its current allot-
ment decision and to determine its benchmark allotmentctifad autonomous factors are higher
than the ECB’s benchmark allotment calculation would ssggée liquidity situation should be
tight leading to tensions in the overnight rate, see Linaad Schmidt (2008). Therefore, the
difference betweenpdated forecasts and forecasted autonomous factors, AAF', should be in-
cluded as a control variable in the empirical analysis oflithie between MROs and the money
market. While the ECB’s forecast of autonomous factors mkmto the banks before the MRO
auction is conducted, the updated values are provided altitenent day together with the MRO
auction results, between 11:15 a. m. CET and 11:20 a. m. Cii&refore, we would expedd AF'

to increase daily overnight rates.

4 The Response of Money Market Rates to MRO Auction
Outcomes

Our empirical results on the information content of the E€BIRO auctions are based on the

following error-correction type adjustment equation foe money market rate,

Aiy = c+a(rm —ip)e+ B(rw —rm)t

+ YcCBR;+ vBBi + YAAAF; + &4, (1)

where for each auction Ai; = 7, —1%+ denotes the change of the money market rate immediately
after the MRO auction results have been publishednd determine the impact of the marginal
(r») and the weighted average MRO ratg, ) on the Eonia.a = 0 implies that the Eonia is
disconnected from both MRO rates, since there is neitheqatfiterium relation with the marginal
nor with the weighted average MRO rate. In casexof 0 andS = 0, there is an equilibrium
relation between the levels of the Eonia and the marginal wdtile the weighted average rate

plays no additional rolew = 3 # 0 implies thato(r,, — i) + a(ry — rm) = a(ry — ). In this



case, the overnight rate is predominantly affected by thighted average MRO rat&” BR and
B denote the auction’s cover to bid ratio and the unexpectedrmpthe number of biddersh AF'
controls for news concerning autonomous factors. AccgrtinSection 3, the expected signs of

the coefficients arec < 0,vp > 0,v4 > 0.

4.1 The Connection between the Eonia and the MRO rates before the
Financial Crisis

Table 1 shows the results obtained for the change of the Bomesponse to a MRO auction
outcome. In the pre-crisis sample, the estimates indicatigraficant and plausibly signed re-
sponse of the overnight rate to the newly announced mainarefing rates. Irrespective of the
interest rate measur&, > 0 implies an error-correction type level relationship bedwéhe Eonia
and MRO rates. Specifically, for the daily and intra-day Boéta, Wald tests cannot reject the
null-hypothesis thatv = 8. This suggests that the weighted average MRO rate, not thgimah
rate, governs the level of the overnight rate. For the onekwgonia swap rates, the relevant in-
formation revealed by MRO rates is contained in the margiatd. In fact, the corresponding
adjustment coefficient = 0.8586 is very close to one. Thus, news about the marginal MRO
rate strongly influence market's expectations about théezainthe following week. In line with
the central role of MROs in the transmission process of nasgigiolicy, the evidence in favor of
an error-correction type adjustment of the Eonia confirmas kRO auctions stabilized the Eonia

before the crisis.

The results obtained for the impact of the cover-to-bidor&tiB R are also in line with expec-
tations. Before the introduction of the new operationaffesvork in 2004, results concerning the
significance and sign of the estimatéB R coefficients are mixed which reflects the distortions
in the C BR implied by banks’ strategic bidding behavior. After Mardd02, the ECB'’s reform
apparently re-established the information content’@ Rs about banks’ liquidity situation. Ac-
cording to our estimates, an increase of the cover-to-tid by ten percentage points decreases

the Eonia by about 0.5 basis points.

Further plausible, yet less significant results are obthfoethe number of bidders. For daily
data, we estimate that an unexpected increase of the nuribielders by 100 would decrease the
Eonia by about 3 basis points. The results obtained\dr", the variable reflecting news about
autonomous factors, are more puzzling. Although the ECBalvaays been eager to estimate and
publish its forecasts on autonomous factors on a regulas,bé®e evidence on the information

content of this variable for the money market is rather weak.



Table 1: The Money Market Response to a MRO Outcome

Auction Variables

Money Market Response (Aiy)

Ait = C+Oé(7°m — ib)t +B(Tw — Tm)t +’YCCBRt +’YBBt +’YAAAF,§ + €t

Pre—Crisis: June 2000 - August 2007

Crisis: August 2007 - October 2008

Daily Eonia

Intra Day Data

1-Week Eonia Daily Eonia Intra Day Data

1-Week Eonia

Swap Rates Swap Rates
(o — 1p) 0.5190*** 0.2655*** 0.8587*** —0.0725 0.0583 —0.0050
[0.1301] [0.0921] [0.1209] [0.0687] [0.0674] [0.0795]
(ro —Tm) 0.5166** 0.2953* 0.1467 1.4565* 1.9740*** 0.7891*
[0.2354] [0.1539] [0.2295] [0.8733] [0.7260] [0.4014]
Cover-to-Bid Ratio (CBR)
before March 2004 0.0922***  —0.0287** —0.0036
[0.0318] [0.0119] [0.0221]
after March 2004 —0.0649** —0.0541** —0.0287 —0.2359* —0.2523* —0.2395***
[0.0295] [0.0223] [0.0285] [0.1227] [0.1379] [0.0600]
Number of Bidders (B) 0.0003* 0.0001 0.0000 0.0012*** 0.0005 0.0034*
[0.0002] [0.0001] [0.0010] [0.0003] [0.0003] [0.0017]
Autonomous Factors (AAF) 0.0009** 0.0002 —0.0006*** 0.0015* 0.0001 —0.0002
[0.0004] [0.0003] [0.0002] [0.0009] [0.0012] [0.0007]
Obs. 282 282 282 33 33 33
R? 0.58 0.45 0.65 0.72 0.41 0.40
Wald tests of parameter equality: Hy: o= vs Hy: a# (3
p-value 0.98 0.82 0.00 0.08 0.01 0.05

Notes: *** ** * indicate significance at the 1%, 5%, 10% level. Newey-West HAC standard errors in parentheses. The index ¢ denotes the number
of the MROs covering the period December 2000 to June 2008.



4.2 The Disconnection between the Eonia and the MRO Rates during
the Financial Crisis

For the crisis period, the results for the empirical reladltip between the Eonia and the MRO
rates are shown in the right panel of Table 1. They differ fiiiwse obtained for the pre-crisis
period in two important aspects. First, the estimates intipat the Eonia and the effective key
interest rates of the ECB have been disconnected. There $gyniicant error-correction type
adjustment of the Eonia to the level of the MRO rates in theicmperiod, i.ea = 0. As a
conseqguence, MRO rates failed to stabilize the Eonia intisesc Second, according to the large
and significant estimates forthe main information revealed by MRO auctions is now corgdin

in the spread between the MRO rates — r,,,) and not in their levels.

During the crisis, huge MRO spreads inflated by safety bidedtby banks’ uncertainty about
their refinancing conditions increased the Eonia and ekated the disconnection of money mar-
ket rates from the policy-intended interest rate level. Harp contrast to their stabilizing effect
before the crisis, the outcomes of MRO auctions thus cartitbto de-stabilize money market
rates. In a vicious circle, a large MRO spread increased theakzimpaired banks’ refinancing
conditions and hence created even higher MRO spreads. Wnofi¢hese problems, our empir-
ical results strongly support the ECB'’s decision to redfimbbanks’ refinancing conditions by

introducing a fixed rate full allotment policy in its MROs asCctober 2008.

Probably reflecting the decreasing role of the main refimancites, the estimated adjustment
equation of the Eonia indicates a growing importance of gfimancing volumes allotted in the
MRO auctions. According to the estimates, an increase irctver-to-bid ratioC BR by 10
percentage points would lower the Eonia by roughly 2.5 haaists. Note that a stronger effect

on the Eonia can also be observed for the number of bidders.

4.3 MRO Auctions and Longer-Term Interest Rates during the Crisis

In October 2008, the ECB stopped the de-stabilizing efféth® MRO spread by switching the
MRO auction format from variable rate to fixed rate tendergh\viull allotment. In a fixed rate
tender with full allotment, all information about the MRQated refinancing conditions is already
pre-announced. The new auction format ensures that the-tm¥éd ratio equals one and that
the MRO spread is zero by construction. According to ouneies for the Eonia, both measures

have contributed to improve banks’ refinancing conditions.

However, the ECB took additional, even more unconventiomahsures to stabilize the situ-

10



ation in the money market. Before the crisis, the ECB was velyctant to give strong signals
about the policy-intended level of longer-term money mar&tes. As a consequence, longer-term
refinancing operations (LTROs) have always been conductedréable rate tenders without min-
imum bid rate, see Linzert et al. (2007). Since October 206@&ever, the fixed rate full allotment
policy has been also applied to the ECB'’s longer-term refimgnoperations. Moreover, while
the maximum maturity of LTROs has been three month beforectisés, the ECB additionally
introduced LTROs with maturities of one, six and even twehanths. In order to shed more light
on the rationale behind these measures, we investigatdertibe de-stabilizing effects of MROs

observed for the Eonia can also be found for longer-term mamerket rates.

To that aim, we adopt the empirical approach of the previegtians and regress the change
of longer-term Eonia swap rates at an auction day on theblagaharacterizing the MRO auction
outcome. The Eonia swap market is the most important darvatarket segment in the euro area,
see Durré (2006). The change of the Eonia swap rate at thiauway should reflect the impact
of the auction outcome on market's expectations aboutdufionia rates, see Taylor and Williams
(2009).

The results obtained for the swap rates are very similar asettobtained for the Eonia for
all maturities under consideration, compare Table 1 andeTablIn particular, there is clear ev-
idence suggesting the absence of a stabilizing level oglship between the longer-term money
market rates and the MRO rates, ice= 0. As expected, longer-term money market rates re-
act stronger to news about the future path of short-terrs rael less to its current level. It is
more striking, however, that large MRO spredds — r,,,) led also to significant and presumably

policy-unintended increases of the longer-term money etaekes, i.e5 > 0.

It is well-known that interest rate expectations affect tidding behavior and, thereby, the
results of MRO auctions, see e. g. Bindseil et al. (2009). él@x; Table 2 shows that - vice versa
- MRO auctions can reveal information that may also affeatksainterest rate expectations.
The significant response of longer-term swap rates sugtiedtthe large MRO spreads observed
until October 2008 even de-stabilized longer-term moneyketarates. These results provide
strong support for the ECB’s switch to the fixed rate full aient policy even in its longer-term

refinancing operations.

11
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Table 2: The Longer-Term Money Market Response to a MRO Outcome during the Crisis

Auction Variables

Response of longer-term money market rates (Ad;)

Ait = C+Oé(7°m — ib)t +B(Tw — Tm)t +’YCCBRt +’YBBt +’YAAAF,§ + €t

Crisis: August 2007 - June 2008

1-Month Eonia

3—-Month Eonia

6—Month Eonia

12-Month Eonia

Swap Rates Swap Rates Swap Rates Swap Rates
(o — 1p) —0.0050 0.0582 0.0570 0.0425
[0.0400] [0.0460] [0.0528] [0.0426]
(ro —Tm) 0.5848*** 0.6537** 0.7844** 1.3251**
[0.1829] [0.2589)] [0.3213] [0.5366]
Cover-to-Bid Ratio (CBR) —0.1341** —0.0868*** —0.0669 —0.1458*
[0.0304] [0.00313] [0.0570] [0.0866]
Number of Bidders (B) 0.0002** 0.0003*** 0.0002* 0.0005**
[0.0001] [0.0001] [0.0001] [0.0002]
Autonomous Factors (AAF) 0.0001 0.0003 0.0001 —0.0002
[0.0003] [0.0004] [0.0005] [0.0008]
Obs. 33 33 33 33
R? 0.53 0.35 0.21 0.25

Notes: For further explanations, see Table 1.



5 Concluding Remarks

The interest rates applied in the main refinancing operat{MROs) of the ECB constitute the
very beginning of the monetary transmission process in tle area. For the implementation
of monetary policy, the connection between the main refimgn@tes and the short-term interest
rates in the money market is of particular importance. le hwith their predominant role for
monetary policy implementation, the results of MRO aucishould have a strong and stabilizing
impact on money market conditions. This paper assessedpieieal relationship between MRO
auctions and the money market by investigating the respohssoney market rates to MRO

auction outcomes.

Our results show that the financial crisis distorted thetiaiahip between MROs and the
money market in two important ways. First, we find that thel®f money market rates has been
disconnected from MRO rates since the outbreak of the drisfaigust 2007. In contrast to the
pre-crisis period, MRO auction outcomes fail to stabilizenay market rates during the financial
crisis. This implies that the first step of the transmissibarmel of monetary policy has been

interrupted.

The second change in the relationship between MRO auctimhthe money market concerns
the role of the MRO spread, i. e. the difference between thghted average and the marginal
MRO rate. While MRO spreads have been typically small betbescrisis, in the crisis MRO
spreads were inflated by safety bids reflecting the increasedrtainty of banks about their re-
financing conditions. In contrast to the stabilizing impatMRO auctions before the crisis, the
response of money market rates to the MRO spreads de-atabithoney market conditions by
exacerbating the disconnection of money market rates frenpolicy-intended interest rate level.
This self-enforcing destabilization is also found for lengerm money market rates. Both find-
ings strongly support the ECB'’s decision made in OctobeB200e-stabilize banks’ refinancing
conditions by adopting a fixed rate full allotment policy ta MROs and also in its longer-term

refinancing operations (LTROS).

The ECB has repeatedly emphasized that the conduct of MRGigeakrate tenders with full
allotment’ can only be a temporary measure in response thirtaecial crisis, see e. g. European
Central Bank (2010). How should the ECB perform its MRO aurdtiafter the crisis? According
to the empirical auction literature the optimal choice @& guction format is not obvious. In par-

ticular, the ECB experienced that the rationing of bids inxedirate tendewithoutfull allotment
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led to an escalating overbidding problem, i. e. banks irsinggy exaggerated their bid volumes to
circumvent the rationing, see Nautz and Oechssler (2086)uhe 2000, the ECB stopped banks’
overbidding by switching to a price-discriminatory vat@late tender format. Since successful
banks 'pay what they bid’, the effective refinancing ratdedf across banks. This paper demon-
strated that - particularly in times of market stress - lavtjeO spreads, defined as the difference
between the weighted average and marginal MRO rate, majafléize money market rates in
a significant way. It is therefore worth noting that the pritiecriminatory variable rate tender is
not the only option of the ECB. In particular, the Dutch or getitive auction format, where each
successful bidder pays the marginal rate and, thus, MRGdgrare zero by construction, could

be an alternative to the ECB’s standard variable rate tender
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A Figures

Figure A.1: The spread between the MRO rates (in percent)
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Notes: The MRO spread is defined as the difference between the weighted average
and marginal MRO rate. Since the daily dataset has been pared down to the auction
relevant days, the drawn data has not a daily frequency. The x-axis, therefore, refers
to respective auction t. The light shaded area refers to the crisis period as of August
9, 2007.

Figure A.2: The MRO’s cover-to-bid ratio
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Notes: The aggregate bid volume and total allotment are in EUR billions. The black
dashed line represents the introduction of the new operational framework as of March
2004. For further explanations, see Figure A.1.
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Figure A.3: The number of bidders in MROs
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Notes: For further explanations, see Figure A.1 and Figure A.2.

Figure A.4: Updated forecasts minus forecasted autonomous factors around MROs (in
EUR billions)
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Notes: For further explanations, see Figure A.1 and Figure A.2
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B Structural break test

This section uses structural break tests to investigatehg&héhe financial crisis had a significant
impact on the relationship between the ECB’s MRO auctiorss tae money market. To that
aim, the Quandt-Andrews test for unknown breakpoints idiegigo the error-correction type
adjustment equation of the Eonia, compare equdtion

Aiy = c+a(rm —ip)t+ B(rw —Tm)t
+ YcCBR;+ vBBi + YAAAF; + ¢4,

We test whether there has been a break in the equation pamamet, 5, vz, andy 4 for the full
sample from June 27, 2000 to October 14, 200&he Quandt-Andrews test is based on standard
F-statistics, see Andrews (1993 ax F denotes the maximum of the individuBtstatistics
while the Ave statistic refers to their average. Since the break pointksown, the asymptotic
distribution of both test statistics are non standard anbde on the number of coefficients that
are allowed to break and on the fraction of the sample thatamaed® Approximate asymptotic
p-values are calculated following Hansen (1997).

Table B.1: Quandt-Andrews unknown breakpoint test

Statistic Daily Eonia Intra Day Data
Max F (08/09/2007) 19.06 17.77
[0.0556] 0.0878]
Ave F 11.54 13.22
[0.0047] 0.0012]

Notes: Estimated break date and approximate asymptotic p-values in
line with Hansen (1997) in parenthesis. Test sample: June 27, 2000
to October 14, 2008 for daily Eonia and December 4, 2000 to June 17,
2008 for intra day data. Number of breaks compared: 318 and 284,
respectively.

The results confirm that the role of MRO auctions for the momeyket has significantly
changed since the start of the financial crisis. For botHy daid intra-day data, thé/ax F
statistics chooses the first MRO auction after the outbré#tikeocrisis as the main candidate for a
significant break point.

®Note that we already accounted a structural change in the role of CBR stirred by the reform of the
ECB’s operational framework as of March 2004. Therefore, we have excluded ¢ from the test.

SNote that the distributions become degenerate as the first period tested approaches the beginning of
the equation sample, or the end period approaches the end of the equation sample. To compensate for this
behavior it is generally suggested to exclude the end of the equation sample from the testing procedure.
Following Andrews (1993), we apply a symmetric ”trimming” of 5%.
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C Forecast equation of number of bidders

Following e.g. Bindseil et al. (2009) and Linzert et al. (ZDOwe estimate the unexpected part
in the number of bidders by regressing the number of biddeskih the current auctiom on the

number of bidders in previous auctions. With respect to tianges in seasonality and maturity in
the ECB’s operational framework as of March 2004, we estntia¢ forecast equations for each

subperiod separately:

BOlAFramework — _ 19 83 4 0.39 B;_; + 0.52 By_s (2)
(7.7) (0.05) (0.05)
_ 73.98DtUnderbid + 92.45DtUlederbid + 21.07D£712derbid’
(15.90) (93.08) (16.17)

with R? = 0.86 for the sample prior to March 2004 and

pNewlramework 101 61 4 0.72 B;_1, (3)
(27.54)  (0.08)

with R? = 0.52 after March 2004 until October 2008. Newey-West HAC staddzrors
are reported in parentheseB! "% is a dummy variable wher®Yderbid — 1 captures the
underbidding episodes that occurred in auctidn The bi-weekly and weekly maturity of the
MROs before and after March 2004, respectively, suggestshhice of the lag structure.

"The underbidding events refer to the MROs on 13 Feb, 10 Apr, 9 Oct and 6 Nov 2001, 3 Dec and 17
Dec 2002, 3 Mar, 3 Jun and 25 Nov 2003 and 20 Feb , see Bindseil (2004).
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