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Chapter 1

Preface and outline of the thesis

“The regulation proposed by the Basel Committee on Banking Supervision
should not be assessed in isolation [...] The changes in the financial system
caused by the regulation will have to be factored in also by the policy
authorities. For central banks, the changes may be far-reaching, ranging from
the transmission mechanism of monetary policy to interactions with several

aspects of the operational frameworks.”
Smaghi, 2010

The global financial crisis in 2007-2009 exposed the absence of adequate
regulation within the banking sector which had built up an excessive amount
of on- and off-balance sheet leverage and had neglected basic principles of
liquidity risk management (Acharya and Richardson, 2009, Adrian and Shin,
2010, Goodhart, 2008). As a response, the Basel Committee on Banking
Supervision presented a revised and augmented regulatory framework. Since
the financial crisis had demonstrated that microprudential regulation is not
sufficient in safeguarding financial stability, the regulators put an emphasizes
on macroprudential policies to improve the resilience of the financial sector.
Key reforms in this respect are the tightening of capital requirements and
the introduction of uniform liquidity requirements (BCBS, 2010).

Regarding the evaluation of this new regulatory framework, Lorenzo Bini
Smaghi, Member of the Executive Board of the European Central Bank,
emphasized in a speech at an international banking conference, that the new
regulatory framework has to be evaluated in the context of other measures.
He also stressed the need to include the new regulatory parameters into

the considerations for other policies, especially monetary policy. How closely
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financial stability and monetary policy are interconnected with each other
had already become apparent during the crisis period.

In the course of the financial crisis, in Europe prolonged by the European
debt crisis, central bankers had to act on financial stability concerns to
ensure the transmission mechanism of monetary policy. Prominent examples
of these interventions are the regime shift of the open market operations of
the European Central Bank (ECB) in 2008 and its Securities Markets Pro-
gramme during the height of the European debt crisis. Both measures were
taken because financial markets were no longer functioning. By providing
additional liquidity to the market, ECB directly contributed to the easing of
the respective situation, supporting financial stability (Garcia-de-Andoain
et al., 2016; Krishnamurthy et al., 2017). These measures are covered by the
umbrella term unconventional monetary policy, which also includes measures
taken after central banks’ policy rates hit the zero lower bound.

The new regulatory framework only contributes to financial stability if it
is successful in improving the resilience of the financial sector. Also monetary
policy is only successful if it can effectively target its overarching goal price
stability. Therefore, the fundamental changes of these closely connected areas
created a large demand for evaluation. While previous to the financial crisis,
the empirical evidence for the interaction of macroeconomic policies and
financial stability was rather scarce (De Graeve et al., 2008), the literature
on the matter has rapidly expanded since then (e.g. Acharya et al., 2019;
Adrian and Shin, 2008; Borio and Zhu, 2012; Drechsler et al., 2016; Koetter,
2019; Tonzer, 2015). However, given the extent and the complexity of the
changes, many questions remain.

This thesis contributes to the discussion on monetary policy and bank-
ing regulation, especially in the context of other macroeconomic policies.
Chapter 2 evaluates the effectiveness of conventional monetary policy in
the post-crisis environment which is heavily influenced by the measures
taken in regard to financial stability, and other unconventional monetary
policy instruments. Chapter 3 and 4 review banking regulation in form of

a liquidity requirement and bank levies in the context of macroeconomic



policies. The results highlight how regulation can be counteracted by other
policy frameworks, contributing to the evaluation of the requirements.
Chapter 5 further contributes to the discussion on the interdependencies of
banking regulation and monetary policy, highlighting that security valuation
and capital regulation reduce the recapitalization effect of unconventional
monetary policy.

In Chapter 2, we investigate whether a reduction in ECB’s deposit facility
rate has successfully prevented banks from storing liquidity as reserves at
the central bank. The post-crisis period is especially interesting for the
effectiveness of this policy rate because it is the interest rate banks earn
on their excess reserve holdings with the central bank. Excess reserves are
a consequence of ECB’s unconventional policy since 2008 and therefore a
recent phenomenon.

The uniform policy rates across Euro area countries can have different
effects across banks, leading to heterogeneous and unforeseen responses.
Thus, we consider the effectiveness of the deposit facility rate across banks’
business models and use the bank-level net interest margin to proxy for a
bank’s interest sensitivity in terms of its business model. In a competitive
environment with decreasing interest rates especially interest income reliant
banks should be concerned with the central bank’s interest rate policy.

Using an interaction model, we find that banks adjust their reserve
holdings in a direct response to changes in the deposit facility rate and
depending on the interest rate sensitivity of their business model. Banks with
higher net interest margins reduce reserve holdings by more if the deposit
facility rate is reduced, following the rational that a high net interest margin
can be associated with a high exposure to a potential decrease of the very
same. We find evidence that the freed up liquidity benefits the loan supply,
supporting monetary policy transmission. These findings remain robust when
accounting for simultaneous adjustments of balance sheet positions and an

array of other tests.
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In sum, the results provide important evidence that conventional mone-
tary policy can work during unconventional times. However, there are limi-
tations to the effectiveness of the conventional monetary policy instrument.
We show that banks’ incentives to reallocate the portfolio are stronger for
banks in non-GIIPS countries. This limited effectiveness of a conventional
monetary policy instrument can be one reason why the ECB has chosen to
extend unconventional monetary policy.

In Chapter 3, we review the interaction effect of bank levies and cor-
porate income taxes (CIT) on bank leverage. Bank levies, which are bank
taxes typically based on non-deposit liabilities, provide incentive to reduce
leverage. Corporate income taxation makes debt financing more attractive
because interest on debt is tax-deductible in most countries but return on
equity is not. Moreover, we study how the design of bank levies affects their
impact upon leverage. The assessment of such regulatory reforms is relevant
given that also on the European level bank levies are applied for example to
finance the Single Resolution Fund. A better understanding of the impact
of bank levies on banks’ capital structure depending on corporate taxation
is also relevant from a financial stability perspective given the crucial role of
bank leverage in the global financial crisis (De Mooij et al., 2013).

For a sample of EU countries for the period 2006-2014, we investigate how
bank leverage is affected by the introduction of regulatory levies depending
on CIT rates. Our estimation yields three key results. First, we confirm
Célérier et al. (2018)’s and Devereux et al. (2015)’s results that the direct
effect of bank levies on bank leverage is negative and statistically significant,
indicating that the incentive of debt funding is reduced. Second, higher CIT
rates mitigate the leverage-reducing effect of bank levies. In countries with
higher CIT rates, the introduction of a bank levy reduces bank leverage less
than in countries with lower CIT rates. Third, for the most elevated CIT
rates, the positive incentive for capitalization is fully counteracted by the
debt bias of taxation. Statistically, this means that the marginal effect for

high CIT countries turns insignificant.



In Chapter 4, I assess whether Euro area banks have adjusted their
collateral pledging behavior with the ECB in response to the introduction of
the liquidity coverage ratio (LCR). The LCR is the first liquidity requirement
implemented on EU-level following Basel III. An altered pledging behavior
indicates that banks have exploited an arbitrage opportunity via the central
bank’s refinancing operations to improve their LCR value. This would
have direct implications for the risk mitigating effect of the regulation and
therefore is of high importance for policy makers.

The arbitrage possibility via the collateral pledged with ECB’s refinanc-
ing operations is present because ECB’s collateral framework includes more,
less liquid assets than the LCR framework. Banks, which can use assets only
for one of the two purposes, can pledge assets which are not LCR eligible,
but ECB eligible as collateral with the central bank and correspondingly
withhold the most liquid assets to be counted into the LCR. Doing so, the
bank can improve its LCR value without altering its liquidity risk profile
simply by adjusting its pledging behavior with the central bank.

Using a proprietary dataset with bank-level information on central bank
collateral, I consider the biggest Euro area banks participating in the
Eurosystem’s refinancing operations before and after the LCR introduction.
I use the existence of national liquidity requirements to proxy for banks’
incentives to exploit the differential treatment of central bank eligible assets.
The conjecture is that in the presence of a preceding national liquidity
regulation, the need to alter the pledging behavior in response to the LCR
introduction is expected to be less pronounced because those banks already
made adjustments to comply with their national liquidity regulation.

Empirically, I find that banks without a national liquidity requirement
decrease the average liquidity profile for marketable collateral by over 30%
in comparison to banks with a preceding national liquidity regulation. This
result supports the hypothesis that banks exploit the arbitrage opportunity
via the central bank’s refinancing operations to improve their LCR value.
Further results regarding non-marketable collateral and the collateral value

do not contradict this finding.
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In Chapter 5, I highlight that security valuation and country-level capital
regulation reduce the recapitalization effect of unconventional monetary
policy. Unconventional monetary policy measures like asset purchase pro-
gramms aim to reduce the yield of certain securities (Cycon and Koetter,
2015; Krishnamurthy et al., 2017). This also increases the market value of
securities already held by financial institutions and adds to their capitaliza-
tion (Acharya et al., 2019; Rodnyansky and Darmouni, 2017). I contribute
to this literature by highlighting two aspects so far not considered in context
with the recapitalization effect.

First, the recapitalization effect depends on the applied valuation method
of the security. Banks use two different valuation methods for the securities
on their balance sheet. From these two methods only securities measured at
fair value can mirror an increase in the market price, while securities valued
at amortized cost are not affected by it.

The second aspect not yet considered by the recapitalization literature
are prudential filters. Prudential filters remove unrealized gains and losses
of a certain group of fair valued securities from banks’ regulatory capital to
reduce its volatility. Thereby, they limit the transmission of the unrealized
price increases to regulatory capital to a subset of fair valued securities.

Considering Acharya et al. (2019)’s work on the Outright Monetary
Transactions announcement, I emphasize the effects of security valuation and
prudential filters on the recapitalization gain. I find that the recapitalization
effect is reduced on average by 20 to 98% compared to the previously
estimated gain. Therefore, I stress that the highlighted aspects have to be
considered to avoid a systematic overestimation of the potential recapital-
ization gain and to estimate potential effects of it to the real economy.

The dissertation is structured as follows. Chapter 2 to 5 represent
the four research papers that conform the main part of the dissertation.
Complementing the general contribution of the dissertation outlined in this
introduction, each chapter carefully addresses its individual contribution to

the literature. Chapter 6 concludes.









Chapter 2

Do conventional monetary policy
instruments matter in

. ° *
unconventional times?

Abstract: This paper investigates how declines in the deposit facility rate
set by the ECB affect euro area banks’ incentives to hold reserves at the
central bank. We find that, in the face of lower deposit rates, banks with
a more interest-sensitive business model are more likely to reduce reserve
holdings and allocate freed-up liquidity to loans. The result is driven by banks
in the non-GIIPS countries of the euro area. This reveals that conventional
monetary policy instruments have limited effects in restoring monetary policy
transmission during times of crisis.

2.1 Introduction

Since the recent financial and sovereign debt crisis, the euro area has faced
continued distress in financial markets and the hampered transmission of
monetary policy. To counter these developments, the European Central Bank
(ECB) has implemented conventional and unconventional policy measures.!
These measures include, among others, low interest rates, longer-term re-
financing operations, and the implementation of asset purchase programs.
Some of these measures such as the Securities Markets Programme (SMP)

aim primarily to maintain the functioning of monetary policy transmission.

Banks have a pivotal role in the transmission mechanism, and they react

“This chapter is co-authored by Manuel Buchholz, Deutsche Bundesbank and Halle
Institute for Economic Research (Contact: manuel.buchholz@bundesbank.de) and Lena
Tonzer, Halle Institute for Economic Research and Martin Luther University Halle-
Wittenberg (Contact: lena.tonzer@iwh-halle.de).

"More specifically, monetary policy in the euro area is implemented by the Eurosystem.
The Eurosystem comprises the European Central Bank (ECB) and the national central
banks (NCBs) of those countries that have adopted the euro. For the sake of brevity, we
use the acronym ECB henceforth.
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to improved credit conditions and other incentives to increase loan supply.
In this regard, whether the ECB succeeds in maintaining the functioning of
monetary policy transmission not least depends on how banks respond to
these measures.

In this paper, we test the effectiveness of conventional monetary policy
during the recent distress period. While an expanding strand of literature has
considered the effects of unconventional monetary policy on bank behavior,
our paper is among the first to assess conventional policy tools across euro
area countries. We focus on the effect of the deposit facility rate on bank
reserves and ask whether the reduction in the policy rate has successfully
prevented banks from storing liquidity as reserves at the ECB. A change
in the deposit facility rate alters returns on a bank’s assets, in particular
reserves, which might in turn induce the bank to reallocate its assets. If
in line with the ECB’s policy, the bank would turn away from holding
reserves to loan granting. Importantly, we test the effectiveness across banks’
business models and different countries for the period 2009-2014 using the
identification strategy applied by Cornett et al. (2011).

Recent developments suggest that there is good reason to assess the
effects of conventional monetary policy. The decline in the deposit facility
rate has been accompanied by a steady increase in banks’ reserve holdings.
Our study shows that, for banks with a more interest-sensitive business
model, declines in the deposit facility rate can succeed in shifting central
bank reserves into loans. However, there are limitations to this conventional
policy instrument because the results mainly apply to banks that are located
in the non-GIIPS? countries. Thus, our findings contribute to the policy
debate on the effectiveness of conventional versus unconventional monetary
policy across euro area countries.

The reserve management of euro area banks has been a particularly in-
teresting topic in recent years. Before the financial crisis, bank reserves were
almost entirely attributable to mandatory reserves. These are determined

by multiplying the reserve ratio by the reserve base. The reserve ratio is

2Euro area countries excluding Greece, Ireland, Ttaly, Portugal and Spain.
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set by the ECB, which also defines the balance sheet items included in the
reserve base. Hence, prior to 2008, the main determinant of reserves was
— conditionally on the reserve base defined by the respective liabilities of
banks — the ECB’s policy regarding reserve requirements. By contrast, Figure
2.1 shows that since 2008, bank reserves have increased above mandatory
requirements and become considerably more volatile. A similar increase
in aggregate excess reserves has been documented for the U.S. banking
system (Kandrac and Schlusche, 2017; Keister and McAndrews, 2009; Martin
et al., 2013). Although the amount of aggregate reserves in the system is
outside of control of the individual bank, the appearance of excess reserves
raises the question of whether a bank engages in an active (excess) reserve
management.

Lowering the deposit facility rate should reduce banks’ incentives to hold
liquidity at the central bank (Arseneau, 2017; Lee, 2016). Large volumes of
excess reserves indicate that banks are withholding or even hoarding liquidity
at the central bank. For the individual bank, these funds might alternatively
be channeled into the real sector and consequently foster economic activity.
Therefore, the ECB has lowered the deposit facility rate repeatedly since
the start of the financial crisis to alter the stance of monetary policy and
restore the monetary transmission mechanism, e.g., through encouraging
loan supply. A decrease in the deposit facility rate can induce cost pressure
for the individual bank and create a “hot potato effect” for liquidity, as
reserves are liquidity holdings that earn very low or negative interest rates
(Keister et al., 2008). Therefore, banks have an incentive to shift liquidity
into more profitable assets — that do not move one-to-one with the deposit
facility rate — rather than to hold reserves. If the deposit facility rate is
effective at altering banks’ incentives to hold reserves, it can be a useful
and transparent tool for reallocating liquidity and fostering monetary policy

transmission.?

3While depressed margins resulting from reduced interest rates might increase banks’
risk taking, also known as the risk taking channel of monetary policy, this is outside the
scope of our analysis (see e.g. Buch et al., 2014; Dell’Ariccia et al., 2017; Heider et al.,
2019; Ioannidou et al., 2014; Jiménez et al., 2014; Lambert and Ueda, 2014; Lamers et al.,
2019; Maddaloni and Peydré, 2011)
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However, uniform policy rates across euro area countries can have differ-
ent effects across banks, leading to heterogeneous and unforeseen responses.?
In particular, banks with a strong focus on interest-sensitive activities due
to a more traditional business model should be particularly concerned with
the ECB’s interest rate policy. Hence, banks that are more reliant on net
interest income — for instance, due to a higher share of loans and deposits —
should be more sensitive to interest rate changes. The reason is that these
banks are more involved in interest-bearing activities, more dependent on the
related income sources, and should therefore be more affected by changes in
interest rates. Also, in a low interest rate environment and in the presence
of competitive pressure, banks have to reduce loan rates but cannot reduce
deposit rates to the same extent (Claessens et al., 2016; Claessens et al.,
2018). The latter point gains in importance in the presence of the zero lower
bound, because negative interest rates cannot be passed through one-to-one
to depositors. Banks with an interest-sensitive business model are thus likely
to be more sensitive to declines in the deposit facility rate.

For identification purposes, we specify an interaction model exploiting
the fact that banks’ responses to policy rates should depend on the interest
sensitivity of the business model. Given that individual banks are unlikely
to influence the ECB’s policy decisions, concerns of reverse causality are
reduced.® Another potential source of endogeneity is that banks might simply
increase loans (and reduce reserves) as they respond to higher demand for
loans following a decline in interest rates. However, in our specification,
such a demand-side effect is ruled out as long as bank-specific demand for
loans does not vary systematically with the net interest margin of banks.%
Therefore, our results show that banks adjust their reserve holdings in direct

response to changes in the deposit facility rate and depending on the interest

4As shown by Garcia-de-Andoain et al. (2016), this argument of uneven effects across
euro area countries also applies to central bank liquidity provision during recent years.

SFurthermore, we show that there are parallel trends across bank and country groups in
the evolution of the interest sensitivity of banks’ business model, which reduces concerns
that our results might be driven by systematic differences across banks or countries.

5To further rule out that demand-side effects drive our result regarding the shift from
reserves to loans, we include several variables to extract effects stemming from the demand
side in a robustness exercise in Section 2.4.5.
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sensitivity of their business model. Importantly, the effect is heterogeneous
across banks: banks with high net interest margins reduce reserve holdings by
more if the deposit facility rate is reduced. This is in line with the rational
that a high net interest margin can be associated with a high exposure
to a potential decrease of the very same. It is also consistent with recent
discussions about the sustainability of interest-sensitive business models in
a low interest rate environment.

As concerns portfolio reallocations, we find that this liquidity freed
up due to declining reserves benefits the loan supply, thus supporting the
functioning of monetary policy. These results remain robust when accounting
for simultaneous adjustments of balance sheet positions and an array of
other tests. In sum, the results provide important evidence that conventional
monetary policy can work during unconventional times. However, there
are limitations to the effectiveness of the conventional monetary policy
instrument: We show that banks’ incentives to reallocate the portfolio are
stronger for banks in non-GIIPS countries. The fact that effectiveness of the
policy instrument is more pronounced for only banks in some countries can
be one reason why the ECB has chosen to extend unconventional monetary
policy beyond 2014.

While our paper looks at the effects of conventional monetary policy
during times of crisis, there is a growing body of literature focusing on un-
conventional monetary policy and its effects on bank behavior (e.g. Acharya
et al., 2019; Chodorow-Reich, 2014; Lambert and Ueda, 2014; Koijen et al.,
2019; Mamatzakis and Bermpei, 2016). Acharya et al. (2019) find a recapital-
izing effect for banks through the announcement of the Outright Monetary
Transactions (OMT) program. This effect is particularly strong for banks
from GIIPS countries, which have benefited from declines in the sovereign
yields of these countries. In response, banks with a larger exposure to
sovereign bond holdings — and thus a relatively larger recapitalization effect
— extended their loan supply. This reaction was particularly pronounced for
poorly capitalized banks and low-quality borrowers. Kandrac and Schlusche

(2017) assess the relationship between unconventional monetary policy in the
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U.S. and banks’ reserve holdings as well as loan and risk-taking behavior. We
complement their work by studying the role of the deposit facility rate for
banks’ reserve holdings, and thereby the effectiveness of a policy instrument
in the hand of central banks, and portfolio reallocation.”

Furthermore, our paper contributes to the literature on the (heteroge-
neous) transmission of unconventional monetary policy (Cycon and Koetter,
2015; Hristov et al., 2014).8 Acharya et al. (2017) provide evidence of an
impaired transmission of monetary policy conditional on banks’ riskiness.
The effect of negative interest rates in the euro area on banks’ risk-taking
behavior was recently analyzed by Heider et al. (2019). These authors
find that banks with a higher deposit share are more inclined to provide
loans to riskier borrowers after the introduction of negative deposit policy
rates. One reason behind this finding may be that banks are reluctant to
shift negative deposit rates onto their depositors. This is in line with the
reasoning put forward by Arseneau (2017), who shows for the U.S. that
banks expect a decline in profits in a low interest rate environment. We
contribute to this literature by focusing on the effectiveness of the deposit
facility rate regarding banks’ balance sheet management and depending on
bank heterogeneities.

Also, our paper contributes to the literature on banks’ liquidity man-
agement. Given liquidity strains in the interbank market, mainly due to a
lack of counterparties considered as solvent, banks might park liquidity as
reserves at the central bank (Heider et al., 2015). For example, Nyborg and
Ostberg (2014) draw a connection between the interbank market situation
and the volume of liquid stocks. They show that tighter conditions in
interbank markets lead banks to “pull back” liquidity by selling (less liquid)
financial assets, thus increasing the volume of (highly) liquid assets. For the

German banking system, Podlich et al. (2017) find that following the Lehman

"Price or yield induced portfolio rebalancing in the context of liquidity are considered by
Albertazzi et al. (2018), Paludkiewicz (2018), Rodnyansky and Darmouni (2017), Tischer
(2018).

8Key studies on the transmission of monetary policy via the bank lending/credit channel
in normal times include, amongst others, Bernanke and Gertler (1995) and Kashyap and
Stein (2000).
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collapse, banks shifted to highly liquid assets, which can be readily converted
into central bank liquidity. Thus, reserve holdings at the central bank can
be part of banks’ liquidity management during times of crisis. Cornett et al.
(2011) analyze U.S. banks’ liquidity management during the recent financial
crisis. They find that banks with more illiquid asset portfolios increased
their liquid assets while they decreased their lending. By linking liquidity
management back to monetary policy, we draw on this literature and take
into account that the effectiveness of monetary policy is likely to depend on
how heterogeneous banks manage their (overall) liquidity.

The paper proceeds as follows. Section 2.2 describes institutional details
and the development of banks’ holdings of central bank reserves. In Section
2.3, we present the regression framework and provide an overview of our
sample and data. Section 2.4 discusses the findings and their implications,

and we conduct robustness tests. The final section concludes.

2.2 Central bank reserves

In this section, we describe the regulatory setting and changes in monetary
policy that drive the evolution of bank reserves. Bank reserves are assets
held by banks at the central bank. In the pre-crisis period, aggregated bank
reserve holdings within the euro area remained stable by below 1% of the
total assets of monetary financial institutions (MFIs). They roughly matched
the mandatory reserves.” This has changed since the start of the financial
crisis. As shown by Figure 2.1, bank reserves have increased above mandatory
requirements and become considerably more volatile. These excess reserves
are the bank reserves we are interested in.

The underlying reasons for the increase in bank reserves and the evolution
of excess reserves are fundamental changes in the liquidity-providing factors
of the euro area in combination with pronounced distress in interbank
markets (see e.g. Abbassi et al., 2014, Acharya and Merrouche, 2012, Afonso

et al., 2011, Ashcraft et al., 2011, Nyborg and Ostberg, 2014). Specifically,

9Also, for the U.S., Kroeger et al. (2018) find evidence of a “reserve-scarcity regime”
before the crisis.
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the switch to the full allotment mechanism for the main refinancing opera-
tions, the introduction of longer-term refinancing operations, as well as the
asset purchase programs and the easing of collateral requirements have led
to a massive supply of liquidity by the central bank.

The emergence of excess reserves also becomes visible when considering
the accounts bank reserves are held at. Bank reserves can be placed in
the current account and the deposit facility at the national central bank.
The current account covers mandatory reserves but can also hold voluntary
(excess) reserves.' The deposit facility covers only voluntary reserves. Figure
2.1 shows the aggregated holdings of euro area banks in the current account
and the deposit facility relative to the total assets of the MFIs of the euro
area.

For the time period before 2012, we can reasonably assume that excess
reserves were held (preferably) in the deposit facility because its yield, the de-
posit facility rate, was higher than the yield on excess reserves in the current
account, which does not bear any interest. Therefore, we can differentiate
approximately between mandatory and excess reserves: mandatory reserves
should equal current account holdings, whereas excess reserves should be
reflected by deposit facility holdings. Thus, from Figure 2.1, we can infer that
the current account holdings, which have been rather constant — as depicted
by the black part of the bars — reflect the mandatory reserves to be held
under the constant reserve requirements ratio of two percent. In contrast,
reserve holdings in the deposit facility, as depicted by the gray part of the
bars, represent the bulk of excess reserves and fluctuate considerably over
time.

In 2012, two events changed the set-up. First, the reserve ratio was halved
from two percent to one percent in January 2012. This becomes visible in the
drop in reserves held in the current account, as depicted by the black bars in

Figure 2.1. Second, the deposit facility rate was reduced to zero percent in

0\Mandatory reserves apply to the following items: overnight deposits, deposits with
agreed maturity up to 2 years, deposits redeemable at notice up to 2 years, debt securities
issued with agreed maturity up to 2 years, and money market paper; see: https://wuw.
ecb.europa.eu/press/pr/date/1998/html/pr981013_3.en.html


https://www.ecb.europa.eu/press/pr/date/1998/html/pr981013_3.en.html
https://www.ecb.europa.eu/press/pr/date/1998/html/pr981013_3.en.html
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July 2012. Due to this second event, it is no longer possible to differentiate
easily between mandatory and excess reserves by simply considering the two
accounts. The reason is that the deposit facility lost its favorable yield over
the current account.'! Nevertheless, this is no longer crucial for our research
because we know for sure that regardless of the account in which banks place
their voluntary reserves, they earn the same rate of interest, the deposit
facility rate. Before the ECB reduced the deposit facility rate even further
in 2014, the equal yield of the two accounts became contractual.'? Figure
2.2 provides a timeline that marks key changes in these policy instruments.

FI1GURE 2.2: Timeline of the ECB’s reserve policy

This graph shows key events regarding changes in the deposit facility rate and reserve
requirements set by the ECB during our sample period from 2009 to 2014. Source: Own
illustration.

Before 2012: Since January 2012:
Reserve ratio: 2% Reserve ratio: 1%
Deposit facility rate > 0% on Since July 2012:
excess reserves in deposit facility Deposit facility rate < 0%
2009 2012 2014
4

The economic significance of reserves becomes clear when one considers
the costs that reserves created in recent years for the euro area banking
system. Since 2013, banks have not earned any additional interest on their
excess reserves. Since 2014, reserves within the euro area have created
interest expenses, which amounted to approximately 68 million euro in
2014, 784 million euro in 2015, and 2.68 billion euro in 2016.'> While these
numbers might be small relative to the size of the overall banking system, it
is reasonable for each individual bank to want to minimize its share of these
costs. The opportunity cost or “hot potato effect” of holding reserves is also

addressed by Keister et al. (2008), as well as Lee (2016).

"This also explains the sharp increase in excess reserves in the current account as shown
in the supplementary material (Figure A.9).

12https ://www.ecb.europa.eu/ecb/legal/pdf/oj_jol_2014_168_r_0015_en_txt.
pdf; Decision of the European Central Bank of 5 June 2014 on the remuneration of
deposits, balances and holdings of excess reserves (ECB/2014/23) (2014/337/EU).

3 Calculations are based on period averages of daily positions.


https://www.ecb.europa.eu/ecb/legal/pdf/oj_jol_2014_168_r_0015_en_txt.pdf
https://www.ecb.europa.eu/ecb/legal/pdf/oj_jol_2014_168_r_0015_en_txt.pdf
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Garcia-de-Andoain et al. (2016) show that central bank liquidity has
replaced the demand for liquidity in the interbank market, whose dysfunc-
tionality is visible in the development of the Euro Overnight Index Average
(Eonia). Figure 2.3 shows the evolution of the ECB’s policy rates since 2005.
In addition to the deposit facility rate, the lending facility rate (which is the
lending counterpart of the deposit facility rate) and the main refinancing rate
are shown. The figure also shows the Eonia rate, which is the average rate
at which banks can borrow money overnight in the interbank market. Prior
to the financial crisis, the Eonia rate fluctuated around the main refinancing
rate and thereby symbolized the transmission of (conventional) monetary
policy via the interbank market. However, for the past eight years, it has
moved closer to the deposit facility rate. Hence, Figure 2.3 shows that the
ECB has implicitly switched from a standard “interest rate corridor system”
to a “floor operating system”.'* This development does not necessarily mean
that banks are now able to obtain refinancing at a much lower rate in
interbank markets. Rather, it is the result of a structural change in the
allocation of liquidity within the euro area.

Prior to the financial crisis, system-wide liquidity was reallocated via the
interbank market, with the ECB injecting only limited amounts of liquidity.
Interbank lending rates varied within the interest rate corridor of the deposit
facility rate and the lending facility rate. Since the introduction of the full
allotment policy in October 2008, banks have been able to receive liquidity
directly from the ECB’s open market operations at the main refinancing rate.
Banks with sufficient central bank collateral, therefore, have no incentive
to pay interest rates higher than the main refinancing rate, which exerts
downward pressure on interbank rates and limits the demand for central
bank money among banks (Garcia-de-Andoain et al., 2016). Banks with
insufficient central bank collateral are unlikely to receive liquidity via the

interbank markets.'® The proximity of Eonia and the deposit facility rate

MThe partial breakdown of interbank markets is also reflected by a decline in the Eonia
volume, as shown in the supplementary material (Figure A.10).

5Given the broad collateral framework of the ECB, scarcity of central bank collateral
is an indicator for solvency problems.
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FicURE 2.3: Key interest rates in the euro area

This graph shows the evolution of ECB policy rates (in %) over the period from January
2005 to January 2016. The three policy rates include the deposit facility rate (deep blue,
solid line), the lending facility rate (light blue, solid line), and the main refinancing rate
(light blue, dashed line). The fourth rate displayed in the graph is the Euro Overnight Index
Average (Eonia) (turquoise, dashed line). Eonia is a reference rate for uncollateralized
overnight interbank lending. The vertical line marks October 2008, the month when the
ECB introduced its fixed rate, full allotment policy. It also highlights the beginning of a
period of continuously decreasing policy rates, which was only temporarily interrupted in
2011. Source: ECB.
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shows that the interbank market is frequented only by very few, highly
secure banks — while many other banks that are not considered as secure
counterparts any more have lost access to funding through the interbank
market.

From a macroeconomic perspective, the amount of liquidity within
the euro area is mostly determined by the monetary policy operations
of the ECB.16 Despite our interest in microeconomic developments, there
is also macroeconomic evidence that liquidity is reallocated among euro
area countries and therefore also among banks. The Bruegel database of
Eurosystem lending operations developed by Pisani-Ferry and Wolff (2012)
provides evidence that, in some countries, the demand for liquidity provided
by the ECB via its main and longer-term refinancing operations changed
considerably over time (Figure A.11). Banks in countries such as Germany

and Luxembourg, where banks find it easier to attract liquidity through

%Keister and McAndrews (2009) give a very good explanation on this for the U.S.
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the interbank market, have reduced their demand for central bank liquidity,
while banks in the GIIPS!” countries have increased their demand consider-
ably.

In sum, three main observations can be made. First, bank (excess)
reserves have increased significantly in recent years, due to fundamental
changes in monetary policy and malfunctioning interbank markets. Second,
the deposit facility rate can be considered the yield paid on excess reserves
and therefore constitutes the main instrument by which the ECB can affect
the excess reserve holdings of the individual bank.'® Third, the liquidity
needs of banks prevail in peripheral euro area countries, as reflected by the di-
vergent use of central bank liquidity. In combination with the malfunctioning
of the interbank market, this implies that the increase in bank reserves stems
mainly from banks in liquidity-rich countries. This might have implications
for the effectiveness of monetary policy transmission in peripheral versus

core euro area countries.

2.3 Estimation framework

To test our research question, we need data on banks’ reserve holdings and
the deposit facility rate over a reasonably long time period for a cross-section
of countries. We thus make use of bank-level data from Bankscope for 17
euro area countries, having the advantage that distorting effects resulting
from different central bank policies are eliminated.!” The sample period
spans 2009-2014 because a fundamental change in the set-up of the main
refinancing operations occurred in 2008, when the ECB switched to the fixed-
rate, full allotment policy. More details on the regression model and the data

are provided in the following.

17Greece, Ireland, Italy, Portugal and Spain

81 the aggregate, the deposit facility rate can affect bank reserves only indirectly via
the demand of liquidity.

19 Austria, Belgium, Cyprus, Estonia, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Malta, Netherlands, Portugal, Slovakia, Slovenia, and Spain. Latvia and
Lithuania are excluded because they joined the euro area only recently.
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2.3.1 Regression model

To analyze the differential effect of the deposit facility rate on banks’ balance
sheet decisions depending on banks’ net interest margins, we use a panel

regression model, which is similar in technical terms to Cornett et al. (2011):

ABalance Sheet Postiion;

=v; i ADFR; x NIM; 2.1
Total Assets;ji—1 Vi T Ut +on t ijt—1 (2.1)

+ asBank CODtrOlSijt_l + €5t

The empirical model measures the change in the balance sheet position
(ABalance Sheet Postiion;j;) of bank i in country j from period t-1 to
period t relative to the overall size of the balance sheet in period t-1
(Total Assets;jt—1). The way in which the dependent variable is constructed
proxies how the respective position on banks’ balance sheets changes relative
to the overall size of the balance sheet (see also, Schandlbauer, 2017).2°
A change in the deposit facility rate alters returns on a bank’s assets, in
particular reserves, which might in turn induce the bank to reallocate its
assets. If in line with the ECB’s policy, the bank would turn away from
holding reserves to loan granting. Consequently, once we find that banks
adapt their reserve holdings, we analyze whether and to what extent they
rebalance their portfolios towards alternative balance sheet positions, such
as liquid assets or loans.?!

To identify the influence of the ECB’s deposit facility rate, we exploit
the fact that the effect of the deposit facility rate should be heterogeneous
across banks. In particular, banks’ responsiveness to changes in interest rates
should depend on the interest sensitivity of the business model, which we
proxy by the net interest margin and explain in greater detail in Section 2.3.2.
Therefore, the empirical model includes an interaction term of the change in
the deposit facility rate (ADFR;) with the bank-specific net interest margin

(NIMjj¢—1). The main coefficient of interest, aq, reflects banks’ sensitivity

20Regardless of the choice of the balance sheet position used as the dependent variable,
we base all regressions on the sample of banks for which we have data on bank reserves.

21To account for simultaneity among balance sheet positions, we check the robustness
of our results by estimating 3SLS regressions in Section 2.4.4
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to changes in the deposit facility rate depending on the net interest margin.
Hence, similar to Cornett et al. (2011), we are interested in the responsiveness
across banks rather than the aggregate effect of changes in the policy rate.

The ECB’s policy is assumed to be exogenous from the perspective of the
individual bank, that is, the probability that the reserve holdings of a single
bank drive the ECB interest rate policy should be negligible. By adding
fixed effects (v; and vj;), we extract any confounding factors embedded in
time-invariant bank characteristics, stemming from common macroeconomic
shocks and time trends in the euro area, or relating to macroeconomic
environment at the country level. To control for other determinants of
banks’ balance sheet decisions, we control for key bank-specific features,
Bank Controls;j;—1, by including the deposits to asset ratio, the size of assets
(in logs), the equity to assets ratio, as well as the return on assets ratio and
the net interest margin. The net interest margin and all other bank-specific
controls are lagged by one period to reduce simultaneity concerns. Standard
errors are clustered at the bank level.

The time span analyzed is characterized by further changes in (un)conven-
tional monetary policy tools such as the main refinancing rate or longer-term
refinancing operations (LTROs). While simultaneous changes affecting banks
in all countries alike are absorbed by time fixed effects, we extend our model
to capture the ECB’s unconventional monetary policy as explained in Section
2.3.3. In robustness tests, we add further variables to control for demand-side

effects in credit markets.

2.3.2 Bank-level data

The yearly bank-level data for 17 euro area countries over the period 2009-
2014 are taken from Bankscope. Using Bankscope data allows studying
balance sheet reallocation across European countries while due to the annual
frequency of the data our analysis provides insights about longer-term
adjustments rather than short-term movements in balance sheet items.

Our baseline sample is determined by the banks in the euro area for
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which we obtain information on central bank reserves.?? This produces a
sample of larger banks that have, on average, lower net interest margins.?3
Regarding our research question, this should work against us in the empirical
analysis. The reason is that larger banks have, on average, a less interest-
sensitive business model because they are less reliant on interest-bearing
activities (Demirgiic-Kunt and Huizinga, 2010; Kasman et al., 2010). As
a consequence, these banks should be affected by the ECB’s interest rate
setting and respond to the proposed mechanism to a minor extent.

We control for outliers by adjusting the sample along the following
dimensions. We only retain banks whose specialization type is indicated as
bank holding company, commercial bank, cooperative bank or savings bank.
We drop bank observations with missing assets, zero assets or zero equity
as well as implausible values for key ratios, for example, if the loan to asset
ratio is larger than one. Finally, all bank-level variables are winsorized at
the one percent level. A detailed description of the data sources is provided
in the appendix, and summary statistics can be found in Table 2.1.%4

We use three different balance sheet positions as the dependent variable

in equation (2.1): (i) bank reserves, (ii) liquid assets, and (iii) total loans.

(i) Bank reserves: Bank reserves are a position on the asset side of
the balance sheet. They can be subdivided into mandatory and excess
reserves, which are held either in the ECB’s deposit facility or in
the current account of the national central banks. From Bankscope,
we obtain the composite position. Given that mandatory reserves
are determined by regulation, banks can only actively manage excess
reserves if we assume that the funding side is relatively stable over
time. Hence, excess reserves are the main component to be affected by

the deposit facility rate.

22The sample stops in 2014 due to the discontinuation of our main data source
(Bankscope).

23In total, the banks in our sample cover 42% of all monetary financial institutions’
assets in the euro area. Data on euro area MFT’s total assets have been taken from the
ECB.

24Summary statistics for the subsample of banks with a net interest margin above or
below the sample average can be found in the supplementary material (Table A.11).
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TABLE 2.1: Summary statistics

This table shows summary statistics of the bank- and country-level variables used in our
analysis. The sample period spans 2009-2014. Source: see data appendix (Section A.1).

Variable No. of obs. Mean Std. dev. Min Max
Bank-specific variables

A Reserves; to Total Assets;—1 (in %) 1978 -0.01 2.82 -18.42 17.96
A Liquid Assets; (excl. Reserves)

to Total Assets:—1 (in %) 1978 -0.59 6.79 -26.68 29.24
A Loans; to Total Assets;—1 (in %) 1976 -0.38 7.04 -25.19 33.49
A Total Assets; to Total Assets;—1(in %) 1978 -1.54 1342 -56.71 36.75
Net Interest Margin (in %) 1978 1.99 1.41 0.09 16.35
Deposits to Total Assets (in %) 1977 54.16  23.14 0.49 94.61
In Assets 1978 15.91 1.74 9.61 19.69
Equity to Total Assets (in %) 1978 9.02 6.81 1.48 68.81
Return on Assets (in %) 1978 0.58 1.17 -4.60  8.40
Loans to Total Assets (in %) 1976 57.67  20.56 2.06 9240
Net Interest Income to Total Assets (in %) 1978 1.85 1.20 0.08 12.58
Net Fees and Commissions to

Total Assets (in %) 1975 0.84 0.92 -0.36 9.2
Total Regulatory Capital Ratio (in %) 1355 16.59 7.99 6.78 62.81
Liquid Assets to Total Assets (in %) 1978 18.95  18.02 0.96 84.16
Gov. Debt Holdings to Total Assets (in %) 1562 7.91 8.88 0.00 45.25
A (Agg. Loans; - Own Loans;)/

(Agg. Assets;—1 - Own Assets;—1) (in %) 1975 -0.39 441  -19.24 1749
HighCapitalGroup (0/1) 1453 0.31 0.46 0.00 1.00
HighNIMbanks (0/1) 1978 036 048  0.00 1.00
Country-specific variables

A 10-Year Government Bond Yield (in pp) 1945 -0.41 0.73 -2.04 235
A Share of ECB-Funded Bank

Liabilities (in pp) 1959 0.01 1.67 -2.38  5.20
MRO & LTRO to MFT’s Total

Assets (in %) 1746 0.0026  0.0027 0.0003 0.0094
A Firms’ Credit Demand (Index) 1921 2.39 15.60 -31.25 30.00
A Overall Credit Standards (Index) 1532 -4.85  13.48 -40  27.08
A MFIs’ Cost of Borrowing for

Non-Financial Corporations (in pp) 1978 -0.42 0.80 -2.59  1.00
GIIPS (0/1) 1978 024 043 0.0 1.00
FEuro area

A Deposit Facility Rate (in pp) 1978 -0.43 0.83 -2.53  0.25
A Main Refinancing Rate (in pp) 1978 -0.55 0.82 -2.62  0.25

This assumption is supported by the aggregate data of the ECB, which

indicate that mandatory reserves do not fluctuate much over time.

Rather, they are determined by the regulatory reserve ratio, which

defines how many reserves banks have to hold (Figure 2.1). Knowing

that mandatory reserves equal the reserve ratio times banks’ deposits,

we implicitly control for the level of mandatory reserves by including

banks’ deposits to assets ratio as explanatory variable in the empirical

analysis.
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A further advantage is that the regulatory reserve ratio remains
constant over a long period of time. One exception is the reduction
in the reserve ratio in January 2012 from two to one percent. We
control for this change in the following regression analysis. Figure 2.4
shows that despite this decline in the reserve ratio, the average share of
reserves for the banks in our sample has remained rather stable, which

also holds across subgroups.

FIGURE 2.4: Evolution of the average reserve ratio

This graph shows the average share of reserves to total assets (in %) of our sample of
banks for the period from 2009 to 2014. In panel a), we show the average pattern across
all sample countries (blue, solid line), GIIPS countries (red, dashed line), and non-GIIPS
countries (green, dotted line). In panel b), we show the average pattern across all banks
(blue, solid line), banks with an average net interest margin (NIM) below (green, dotted
line), or equal to/above (red, dashed line) the sample mean of the net interest margin.
Source: Bankscope.

a) Average reserve ratio: GIIPS vs. non-GIIPS banks
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If banks respond to the ECB’s policy rate and change their reserve
holdings, the immediate question is this: to which other asset position is
this freed-up liquidity allocated? Hence, we consider portfolio positions that
are crucial for the transmission of monetary policy, including liquid assets

(excluding reserves) and total loans.
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(i)

(iii)

b) Average reserve ratio: high NIM vs. low NIM banks

2009 2010 2011 2012 2013 2014
Year
—o— AllBanks ——@ —- High NIM
e  LowNIM

Liquid assets: Bank reserves are a subcomponent of the position
“liquid assets” and can even be considered the most liquid assets a bank
can hold. Therefore, a natural response to lowering yields on reserves
might be to switch to other liquid asset positions. Hence, we analyze
the effect of the ECB’s policy on liquid assets, excluding reserves, to
test whether banks switch from reserves to other liquid assets. This
would impede the transmission of the ECB’s monetary policy because

banks would not reallocate the liquidity from reserves to loans.

Total loans: Finally, we consider the portfolio position the ECB wants
to indirectly affect with its policy interventions, that is, bank loans. By
considering the indirect effect of the deposit facility rate on the change
in loans relative to the balance sheet total of the preceding period, we
test whether the traditional lending channel of monetary policy works.

description

The interest sensitivity of banks’ business models is approximated by

the net interest margin, defined as net interest income relative to average

earning assets (in percent). From Figure 2.5, it can be observed that the
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average net interest margin has been relatively constant over the sample
period, with some evidence of a downward trend. There seems to be no
systematic difference between banks in GIIPS and non-GIIPS countries.

FIGURE 2.5: Net interest margin over time

This graph shows the average net interest margin (NIM, in %) of our sample of banks for
the period from 2009 to 2014. In panel a), we show the average pattern across all sample
countries (blue, solid line), GIIPS countries (red, dashed line), and non-GIIPS countries
(green, dotted line). In panel b), we show the average pattern across all banks (blue, solid
line), banks with an average net interest margin (NIM) below (green, dotted line), or equal
to/above (red, dashed line) the sample mean of the net interest margin. Source: Bankscope.

a) Net interest margin: GIIPS vs. non-GIIPS banks
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We expect banks to be affected differentially by changes in the deposit
facility rate depending on their reliance on interest-bearing activities like
traditional lending and deposit-taking and the relevance of the income
accrued therefrom (Arseneau, 2017; Borio et al., 2017; Busch and Memmel,
2017; Claessens et al., 2016; Gambacorta and Marques-Ibanez, 2011; Genay,
2014; Nucera et al., 2017). If banks have a more traditional business model
and thus rely more on net income from interest-bearing activities, they
should be more concerned with changes in the underlying policy rates.
Obviously, the net interest margin as a proxy for the interest sensitivity

of the business model is not free of critique, and in Section 2.4.3, we conduct
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b) Net interest margin: high NIM vs. low NIM banks
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robustness tests with alternative proxies. Nevertheless, its usage is supported
by the following considerations.

First, the hypothesis that banks with a more traditional and thus
interest-sensitive business model are more concerned about the low interest
rate policy can be traced back to Samuelson (1945), who argues that bank
performance is affected by declining interest rates because lending rates are
more elastic than deposit rates. This is even more true if banks are faced
with interest rates at the zero lower bound or even extending into negative
territory. As such, Dombret et al. (2019) emphasize that low policy rates can
place substantial pressure on German banks due to their focus on interest
income. Thus, the net interest margin should not only proxy the extent to
which banks generate profits from average earning assets; it should also cause
differential responses to the ECB’s interest rate policy.

Second, the interpretation of the net interest margin as a proxy for the
interest sensitivity of banks’ business models is supported by Lepetit et al.
(2008), who find that banks with a higher income share in commissions
and fees have smaller net interest rate margins. Nguyen (2012) accounts

for potential endogeneity between non-interest income and the net interest
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margin, and also finds a significant negative relationship between both
variables. In addition, central banks, regulators, and academics have recently
emphasized the role of the net interest margin in the context of the current
low interest rate policy (Ampudia, Heuvel, et al., 2019; Claessens et al.,
2016).25 Hence, the higher the level of the net interest margin, the higher
the exposure to a potential decrease of the very same and thus the need
to defend the margin level through a more sensitive reaction to changes in
policy rates.

Finally, compared to “simple” balance sheet based measures, the net
interest margin has the advantage that it not only captures whether banks
have a more traditional business model (and hence a higher interest sen-
sitivity) but also the exposure to interest rates on the asset and liability
site is jointly as well as the maturity structure of assets and liabilities is
implicitly accounted for. Still we can show that the net interest margin relates
well to other proxies capturing banks’ reliance on interest-sensitive business
activities. To compare the net interest margin to alternative measures of
banks’ reliance on interest-dependent activities, we define two groups of
banks: we take the sample average of the net interest margin and define a
dummy variable that takes a value of one for banks with a net interest margin
higher than the sample average, and zero otherwise. This dummy variable
thus differentiates between banks with and without a strong reliance on an
interest-sensitive business model. Figure 2.6 depicts the average of the a) net
interest margin, b) bank size, c) loan share, d) deposit share, ) net interest
income share, and f) net fees and commissions, differentiating between banks
with an, on average, high net interest margin (dummy variable equals one)
and banks for which the dummy variable equals zero.

The rather stable pattern of the net interest margin from Figure 2.5 can
also be observed within the two groups of banks with on average higher

or lower net interest margins (Panel b). Similar to Figure 2.5 focusing on

*Phttps://www.federalreserve.gov/econresdata/notes/ifdp-notes /2016 /low-for-
long-interest-rates-and-net-interest-margins-of-banks-in-advanced-foreign-economies-
20160411.html,  http://www.faz.net/aktuell/finanzen/meine-finanzen/sparen-und-geld-
anlegen /abhaengigkeit-von-zinserstraegen-aufseher-erhoehen-den-druck-auf-die-banken-
14291634.html


https://www.federalreserve.gov/econresdata/notes/ifdp-notes/2016/low-for-long-interest-rates-and-net-interest-margins-of-banks-in-advanced-foreign-economies-20160411.html
https://www.federalreserve.gov/econresdata/notes/ifdp-notes/2016/low-for-long-interest-rates-and-net-interest-margins-of-banks-in-advanced-foreign-economies-20160411.html
https://www.federalreserve.gov/econresdata/notes/ifdp-notes/2016/low-for-long-interest-rates-and-net-interest-margins-of-banks-in-advanced-foreign-economies-20160411.html
http://www.faz.net/aktuell/finanzen/meine-finanzen/sparen-und-geld-anlegen/abhaengigkeit-von-zinserstraegen-aufseher-erhoehen-den-druck-auf-die-banken-14291634.html
http://www.faz.net/aktuell/finanzen/meine-finanzen/sparen-und-geld-anlegen/abhaengigkeit-von-zinserstraegen-aufseher-erhoehen-den-druck-auf-die-banken-14291634.html
http://www.faz.net/aktuell/finanzen/meine-finanzen/sparen-und-geld-anlegen/abhaengigkeit-von-zinserstraegen-aufseher-erhoehen-den-druck-auf-die-banken-14291634.html
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FIGURE 2.6: Heterogeneity of banks by net interest margin

This graph shows the average amount of a) the net interest margin, b) bank size (total
assets in billion USD), c) the loan share, d) the deposit share, e) the net interest income
share, and f) the net fees and commissions share of our sample of banks and the period from
2009 to 2014. The sample is decomposed into banks with an average net interest margin
(NIM) below (0) or equal to/above (1) the sample mean of the net interest margin. Source:
Bankscope.
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the evolution of the net interest margin across different bank groups and
despite the difference in levels, there seems to be a parallel trend in the
averaged series. This reduces concerns that systematic differences over time
between more and less affected banks drive our results. Banks that are,
on average, more dependent on interest-generating activities captured by
a higher net interest margin are, on average and as commonly observed,
smaller regarding balance sheet size, more involved in the traditional lending

and deposit taking business, have a higher share of net interest income to
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total assets, and a smaller share of net fees and commissions (despite that
this variable tends to be very volatile).

In line with these observations, banks with a more interest-sensitive
business model differ regarding the composition of their portfolios, as seen in
Figure 2.7. These banks show a larger share of loans to total assets reflecting
a more traditional business model. In contrast, banks with lower net interest
margins have a higher share of liquid assets on their balance sheets.

FIGURE 2.7: Bank portfolio composition by net interest margin

This graph shows the average composition of the balance sheet (in %) of our sample of
banks for the period from 2009 to 2014. The sample is decomposed into banks with an
average net interest margin (NIM) below (0) or equal to/above (1) the sample mean of
the net interest margin. Source: Bankscope.
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We add further explanatory variables that control for banks’ reliance
on deposit funding, calculated as the deposits to total assets ratio, and for
banks’ size, measured as the log of total assets. Additionally, we control for
bank capitalization by including the equity to assets ratio, and we control for
profitability captured by the return on assets. The correlations in Table 2.2
show that larger banks seem to have a lower net interest margin (Demirgiic-
Kunt and Huizinga, 2010; Kasman et al., 2010). Furthermore, changes in one
of the subcomponents of banks’ portfolios correlate positively with changes

in the total balance sheet scaled by total assets in the previous period.



TABLE 2.2: Correlation matrix: bank-level variables

This table shows the correlation matrix for the bank-level variables used in our analysis. The sample period spans 2009-2014. Source: Bankscope.
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2.3.3 Country-level data

To evaluate the effects of the ECB’s conventional monetary policy, we collect
data on key policy rates as provided by the ECB.?6 Our main variable of
interest is the deposit facility rate. The pattern of the deposit facility rate
becomes visible in Figure 2.3, and it can be observed that the policy rate is
actively managed by the ECB. The deposit facility rate has also got public
attention more recently. For instance, the Financial Times (2016) stated that
“The deposit rate charged on bank reserves parked in the coffers of the ECB
has, along with quantitative easing, become one of the most important pillars
of Eurozone monetary policy.”"

We complement the data set by adding the main refinancing rate because
it might also affect banks’ balance sheet decisions. The inclusion of the main
refinancing rate helps monitor the effects of changes in lending rates and
control for potential effects of changes in the spread between the borrowing
and the lending rate. The main refinancing rate is preferred over the lending
“counterpart” of the deposit facility (the marginal lending facility) because
the main refinancing operations are the most frequent (conventional) source
of liquidity provision in the euro area. It is important to note that the main
refinancing rate has an indirect effect on banks’ reserve holdings due to
its effect on the aggregated supply of reserves within the system. However,
the weekly accessible and (nearly) unlimited liquidity supply by the ECB
via its open market operations makes it unlikely that the same banks that
constantly hold excess reserves request additional funding via the main

refinancing rate at the same time.

26The policy rates are included in the regression analysis as first difference. To aggregate
policy rates to the yearly frequency, we calculate weighted averages, where the weights are
based on the fraction of days for which a rate has been set. The reasoning is that the
annual change in banks’ balance sheet position should be the outcome of how long a rate
has prevailed.

2"Lowering the deposit facility rate closely follows the policy applied by the Danish
central bank, with the important difference that the ECB offers fewer possibilities to
evade the negative deposit facility rate when holding reserves. For example, the Danish
central bank did not exert penalty rates on the current account. See e.g. http://bruegel.
org/2014/06/negative-deposit-rates-the-danish-experience/


http://bruegel.org/2014/06/negative-deposit-rates-the-danish-experience/
http://bruegel.org/2014/06/negative-deposit-rates-the-danish-experience/
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Controls for unconventional monetary policy include the share of ECB-
funded bank liabilities to total liabilities?® , the 10-year government bond
yield, and the reliance on ECB refinancing operations. By including the
share of ECB-funded bank liabilities capturing the aggregate usage of ECB
liquidity across all monetary financial institutions in a country, we control for
country-specific effects of unconventional monetary policy measures of the
ECB, such as the switch to the fixed-rate, full allotment policy or changes in
collateral requirements. Both measures led to an increase in liquidity access
for euro area banks and, therefore, might have had an influence on how banks
allocate their funds.?”

The change in the government bond yield controls for the effects of the
extensive securities markets programs or public sector purchase programs of
the ECB. When the ECB buys extensive amounts of government bonds —
also through the national central banks in the euro area — banks are affected
in two ways. First, the value of the government bonds increases because there
is additional demand. This drives up the price of government bonds already
held by banks. Acharya et al. (2019) describe this development observed after
the announcement of the OMT program as “backdoor recapitalization”. The
second way in which the public sector purchase programs affect banks is by
depressing the yield of government bonds. This makes them less attractive
for future investment and might induce banks to reallocate their portfolios.
We furthermore control for these channels in the regressions by adding the
share of government debt holdings at the bank level.?"

Finally, we use information provided by Pisani-Ferry and Wolff (2012)
to construct a more explicit measure at the country level capturing the

exposure to both LTROs and main refinancing operations (MROs). Similarly

28The share of ECB-funded bank liabilities captures all loans granted by the European
System of Central Banks (ESCB) relative to the total liabilities of a country’s monetary
financial institutions (MFIs). The total liabilities do not cover capital, reserves or remaining
liabilities, and the MFIs do not include the ESCB itself or money market funds. Source:
http://sdw.ecb.europa.eu/reports.do?node=1000003383

9By controlling for effects of unconventional monetary policy, we also check for supply
effects in line with the theory of Cukierman (2016) concerning the source of bank reserves.

30This variable is only available for a subset of banks such that it is not included in the
baseline model.


http://sdw.ecb.europa.eu/reports.do?node=1000003383
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to the data used in Daetz et al. (2018), this dataset is based on hand-
collected information on country’s uptake of LTROs and MROs derived from
national central bank websites. Figure 2.8 shows that these proxy variables
for unconventional monetary policy not only vary substantially over time
but also do so across country groups when comparing the average pattern
of GIIPS countries to the other countries in the sample. Summary statistics
are provided in Table 2.1. A correlation table of the country-level variables

can be found in Table 2.3.

F1cURE 2.8: Controls for unconventional monetary policy

This graph shows in panel a) the average change in the ECB-funded share of monetary
financial institutions’ liabilities (in percentage points) of our sample of countries for the
period from 2009 to 2014. Panel b) shows the average change in government bond yields
(in percentage points). Panel ¢) shows banks’ share of government bonds in total assets (in
percent). Panel d) shows the average ECB’s refinancing operations to monetary financial
institutions’ assets (in percent). We show the average pattern across all sample countries
(blue, solid line), GIIPS countries (red, dashed line), and non-GIIPS countries (green,
dotted line). Source: Bankscope, ECB, Main Economic Indicators, OECD, Pisani-Ferry
and Wolff (2012).
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b) Change in government bond yields
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2.4 Empirical analysis

In this section, we first show that changing the deposit facility rate results in
portfolio reallocations depending on the interest sensitivity of banks’ business

models. We then investigate which banks in which countries drive our results
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d) ECB refinancing operations to monetary financial institutions’ total assets
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TABLE 2.3: Correlation matrix: country-level variables

This table shows the correlation matrix for country-level variables used in our analysis.
The sample period spans 2009-2014. Source: see data appendix (Section A.1).

A 10-Year Government Bond Yield (in pp)
A Share of ECB-Funded Bank Liabilities (in pp)
MRO & LTRO to MFI’s Total Assets (in %)

A Firms’ Credit Demand (Index)
A Overall Credit Standards (Index)
Non-Financial Corporations (in pp)

A MFIs’ Cost of Borrowing for

s
n
=
S

A 10-Year Government Bond Yield (in pp) 1

A Share of ECB-Funded Bank Liabilities (in pp)  0.40 1

MRO & LTRO to MFI’s Total Assets (in %) -0.08  0.38 1

A Firms’ Credit Demand (Index) -0.19 -0.36  0.04 1

A Overall Credit Standards (Index) 0.13  0.07 -0.04 -0.30 1

A MFIs’ Cost of Borrowing for

Non-Financial Corporations (in pp) 0.33 -0.02 0.04 -0.13 0.58 1

GIIPS (0/1) 0.04 025 070 0.04 -0.10 0.03 1

and conduct further robustness tests to account for alternative business
model measures, simultaneity of balance sheet positions, and potentially

confounding factors.
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2.4.1 Baseline results

The results in Table 2.4 show that, in the face of a lower deposit rate, banks
with a more interest-sensitive business model, as reflected by a higher net
interest margin, reduce reserves by more than banks with a lower net interest
margin. Thus, banks with a higher net interest margin are more sensitive
to changes in the deposit facility rate, that is, banks’ liquidity holdings in
the form of reserves at the central bank increase less (more) in response to
negative (positive) changes in the deposit facility rate. This is in line with
the hypothesis that banks with an interest-sensitive business model are hit
more severely by — and are thus more responsive to — the low interest rate
policy of the ECB. Consequently, this result complements existing literature
on unconventional monetary policy showing that effects are heterogeneous
depending on banks’ liquidity and balance sheet management (e.g. Acharya
et al., 2019).3!

A noteworthy feature is that the heterogeneous effect seems unsurprising
in the context of unconventional monetary policies, as those policies can
be differentially applied across banks. By contrast, monetary policy rates,
such as the deposit facility rate, apply uniformly to all banks, and our result
shows that this policy instrument effectively targets some banks more than
others. This is in line with the study by Heider et al. (2019), who focus on the
introduction of negative deposit rates and find that effects are heterogeneous
along the distribution of banks’ deposit ratio. We investigate this point in
more detail below.

Based on the size of the coefficient in Column (1), we can assess the
economic significance of the effect. For a bank with a one-standard-deviation-
higher net interest margin (1.4), the effect of the change in the deposit facility

rate on the dependent variable is higher by approximately 2.3 percentage

31To evaluate whether the effect of a change in the deposit facility rate goes in a
reasonable direction, we rerun the regression model excluding time fixed effects but
including the deposit facility rate as such. Figure A.12 in the supplementary material
depicts the marginal effect of a change in the deposit facility rate on reserves conditional
on banks’ net interest margin. An increase in the deposit facility rate has a positive effect
on banks’ reserve holdings; this effect increases and turns statistically significant for banks
with a relatively high net interest margin. However, given that no time fixed effects are
included, this estimation has to be taken with caution.
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TABLE 2.4: Baseline model

This table shows regression results obtained from estimating equation (2.1) for a sample of
euro area banks. The estimation period spans 2009-2014. The dependent variable is given
in the column header. The variables at the bank level are included with a lag. Bank and
country-time fixed effects are included. Standard errors are clustered at the bank level.

wHkHEand * indicate significance at the 1%, 5%, and 10% level, respectively.

1) (2) (3) (4)
A Bank Reserves; ALiquid Assets; ALoans; AAssets;
Explan. Var. Dep. Var. Assets;_1 Assets;_1 Assets;—1 Assets;_1
A Deposit Facility Rate;
X Net Interest Margin;_1 1.603*** 2.123 -3.255%** 2.987
(0.546) (1.932) (0.871)  (2.519)
Net Interest Margin,_q 0.050 1.060%** -0.201 1.288
(0.090) (0.417) (0.350) (0.953)
Deposits to Assets:—1 -0.021 0.139%** 0.094**  (.4471%*%*
(0.022) (0.051) (0.044) (0.092)
In Assets;—1 -2.770%* -13.513*** -2.834  -22.832%**
(1.275) (2.947) (1.932)  (4.723)
Equity to Assets;—1 -0.043 -0.263** 0.204 0.009
(0.042) (0.129) (0.142)  (0.270)
Return on Assets;_1 -0.211* 0.487** 0.331 0.842*
(0.118) (0.241) (0.251)  (0.494)
A Main Refinancing Rate;
x Net Interest Marging—q -1.461*** -2.308 3.572%F% 2,690
(0.532) (1.938) (0.837)  (2.523)
Country-Time Fixed Effects Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes
Observations 1978 1978 1976 1978
R-squared 0.18 0.24 0.48 0.48
Number of Banks 516 516 515 516

points. This differential effect can be considered economically meaningful, as
it amounts to approximately 80% of the standard deviation of the dependent
variable (2.8).32

It is important to note that banks’ sensitivity to the deposit facility rate
depending on the net interest margin is almost negligible in economic terms
if the change in the deposit facility and the main refinancing rate coincide.
The reason is the similar size of the coefficients of the interaction terms.
If the rate changes would coincide throughout, we would expect to find no
effect as the cost-revenue trade-off and resulting balance sheet reallocation
decisions should not be affected. However, this is not the case throughout
the period and we find effects. This goes back to the fact that the annualized

changes of the two rates can differ, which reduces multicollinearity issues.

32The result is also economically significant bearing in mind that reserve holdings were
almost constant before the crisis.
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Considering the time period on which our analysis is based, rates have been
changed 13 times and four times, i.e., in 30% of the cases, these changes did
not coincide.?® From a statistical point of view, the coefficients estimates are
identified based on the dissimilar variation in the two rates. From a policy
perspective, this implies the important result that only dissimilar changes
in the borrowing and the lending rate, leading to an increase or decrease in
the interest rate corridor, have economically significant effects.

Given that banks change their reserve holdings as a response to changes
in the deposit facility rate and conditional on their business model, we are
interested to know which asset positions the liquidity is reallocated into.
In line with this consideration, Christensen and Krogstrup (2018) discuss
the evidence of a “reserve-induced portfolio balance channel”. Therefore, we
repeat the calculations in Columns (2)-(4) wherein the dependent variable
now represents other balance sheet positions such as liquid assets, loans, and
total assets.

Opposite to reserves, we find that changes in the deposit facility rate
do not significantly influence banks’ sensitivity regarding their decisions to
hold liquid assets (Table 2.4, Column 2). This implies that banks with a
more interest-sensitive business model do not significantly reallocate more
liquidity to liquid assets in response to a change in the deposit facility rate.
Hence, we do not find significant evidence that monetary policy transmission
is impeded. Also, the result does not yield any evidence for the hypothesis
that banks, which cannot pass on declines in interest margins to customers
due to competitive pressure, invest in more profitable and liquid assets other
than loans, thereby generating risks in the financial system, for example, by
fueling asset price bubbles.

By contrast, banks with a more interest-sensitive business model tend

to increase (decrease) their loans by more given a decrease (increase) in the

33In our sample period, deposit facility rate (DFR) and main refinancing rate (MRR)
were changed differently on 21 January 2009, 13 May 2009, 8 May 2013, and 13 Nov 2013.
Given that we calculate weighted averages for the DFR and the MRR, where the weights
are based on the fraction of days for which a rate has been set, the changes in both rates
entering the regression differ four times (2009 and 2013 because DFR and MRR were
changed differently and 2010 and 2014 because we use the weighted average annual rate).
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deposit facility rate, as reflected by the negative and significant coefficient
of the interaction term (Table 2.4, Column 3).3* This finding implies that a
reduction in the deposit facility rate can eventually translate into changes
in the loan supply by banks. The results are in line with the finding of
a “reserve-induced portfolio balance channel” by Kandrac and Schlusche
(2017), who show for the U.S. that loan growth has been higher in regions
with higher reserve holdings. Furthermore, it supports the notion that, in
principle, a conventional instrument such as the deposit facility rate can
effectively foster monetary policy transmission — even during times when
unconventional measures are used.

However, our results show that the effect is heterogeneous across banks.
The manner in which a reduction in the deposit facility rate translates into
a higher loan supply in the aggregate therefore critically depends on the
structure of the banking system and, in particular, on the extent to which
banks rely on an interest-sensitive business model. To obtain a complete
picture, we also examine the growth of banks’ total assets (Column 4).
In doing so, we want to check whether changes in the different portfolio
positions are due to portfolio rebalancing or due to a change in total assets,
whereas the insignificant coefficient of the interaction term is in favor of the
former.

Obviously, there are other changes in monetary policy during the con-
sidered time period, which might confound our results. Thus, we extend the
baseline estimation in two dimensions:3°

As concerns the first extension, we run additional tests controlling for
key changes in monetary policy by dependent variable (Table 2.5 a)-c)).
The baseline model is presented in Column (1), in Column (2), we exclude

the year 2009 from the estimations. The reason is that in this year the

31For a bank with a one-standard-deviation-higher net interest margin (1.4), the effect
of the change in the deposit facility rate on the dependent variable is stronger by
approximately 4.6 percentage points, which amounts to approximately 65% of the standard
deviation of the dependent variable (7.0).

35The results of the following robustness tests for total assets can be found in the
supplementary material (Tables A.12 & A.13). As a further robustness test, we controlled
for differences in growth rates of banks by including the lagged growth rate of assets,
results are available upon request.
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deposit facility rate showed the largest drop and we want to rule out that our
results are simply driven by that, whereas our coefficient of interest remains
significant.?¢ In Column (3), we control for the change in the reserve ratio
in 2012 by including an interaction between the deposit ratio and a dummy
variable that takes a value of one for the period 2012-2014 and zero otherwise.

TABLE 2.5: Alternative channels of monetary policy

This table shows regression results obtained from estimating equation (2.1) for a sample
of euro area banks. The estimation period spans 2009-2014. The dependent variable is
given in the column header. Column (1) shows the baseline model. Column (2) excludes
the year 2009. Column (3) controls for the change in the reserve ratio in 2012. Column
(4) controls for the deposit facility reaching the zero lower bound and turning negative.
Column (5) conducts a horse race with the deposit share as a relevant channel of the
deposit facility rate. Control variables at the bank level are included in the estimation but
not reported. The variables at the bank level are included with a lag. Bank and country-
time fixed effects are included. Standard errors are clustered at the bank level. *** **
and * indicate significance at the 1%, 5%, and 10% level, respectively.

a) Reserves

(1) (2) 3) (4) (5)
Explan. Var. Dep. Var. A Bank Reserves; /Assets:—1

A Deposit Facility Rate:
x Net Interest Marging—q  1.603*** 1.354* 1.577**%* 1.563*** 1.610***

(0.546) (0.796) (0.536) (0.539)  (0.546)
Deposits to Assets;—1

X Dummy 2012 -0.004
(0.010)
Deposits to Assets;—1
X Dummy 2014 0.014
(0.010)
A Deposit Facility Rate
X Deposits to Assets;_1 0.002
(0.003)
Controls Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1978 1722 1978 1978 1978
R-squared 0.18 0.17 0.18 0.18 0.18
Number of Banks 516 497 516 516 516

In Column (4), we account for the fact that from 2014 on interest rates
entered negative territory and interact the deposit ratio and a dummy

variable that takes a value of one for the year 2014 and zero otherwise.

36In Table A.15, we refine this test by sequentially narrowing down the sample period.
While the coefficient is of similar magnitude across samples, it slightly loses significance
over time, which makes sense as otherwise there would have been no need for the central
bank to adopt other measures. Still, the coefficient of the interaction term of the deposit
facility rate and the net interest margin in Column (4) of Table A.15 has a p-value of
0.180.
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b) Liquid assets (excl. reserves)

(1) (2) 3) (4) (5)
Explan. Var. Dep. Var. A Liquid Assets; /Assets;_1

A Deposit Facility Rate
X Net Interest Margin:_; 2.123 0.488 1.990 2.003 2.187

(1.932)  (1.672)  (1.946) (1.931)  (1.922)
Deposits to Assets:—1

X Dummy 2012 -0.020
(0.022)
Deposits to Assets:—1
x Dummy 2014 0.042
(0.032)
A Deposit Facility Rate;
x Deposits to Assets;—1 0.017
(0.011)
Controls Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1,978 1,722 1,978 1,978 1,978
R-squared 0.24 0.22 0.24 0.24 0.24
Number of Banks 516 497 516 516 516
c¢) Loans

(1) (2) (3) (4) (5)
Explan. Var. Dep. Var. A Loans; /Assets;—1

A Deposit Facility Rate;
x Net Interest Margin;_; -3.255%*¥* _3 375¥** _3.240%** _3.266%** _3.270***

(0.871)  (0.934)  (0.894)  (0.878)  (0.875)
Deposits to Assets;—1

x Dummy 2012 0.002
(0.014)
Deposits to Assets:—1
X Dummy 2014 0.004
(0.018)
A Deposit Facility Ratet
x Deposits to Assets;—1 -0.004
(0.010)
Controls Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1,976 1,720 1,976 1,976 1,976
R-squared 0.48 0.47 0.49 0.49 0.49
Number of Banks 515 496 515 515 515

While this approach follows the idea by Heider et al. (2019), it is limited due
to the fact that our sample period stops in 2014 such that longer-run balance
sheet effects are less likely to occur in our setting. Column (4) reveals that
results are robust to this alternative channel. This seems plausible due to

the before mentioned circumstance that the deposit facility rate only turned
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negative in 2014.

Finally, we conduct a horse race with the “deposit channel” by adding
to the baseline model an interaction between the deposit ratio and the
deposit facility rate (Column 5). If it would be the deposit share that is
the key channel that transmits changes in the deposit facility rate to banks’
balance sheet positions, then this term should become significant while the
interaction with the net interest margin should lose significance. Results
reveal that this is not the case providing evidence that the net interest margin
has explanatory power.

As concerns the second extension, we control more specifically for uncon-
ventional monetary policy related to refinancing operations and asset pur-
chase programs and possible channels through which it might affect banks’
portfolio decisions (Tables 2.6 a) - ¢)). To do so, we add alternative measures
for or channels of unconventional monetary policy such as government bond
yields (Column 2) or the share of ECB-funded liabilities (Column 3).

Also, banks’ government debt holdings play an important role when it
comes to unconventional monetary policy (Carpinelli and Crosignani, 2017).
For example, Crosignani et al. (2019) show that demand for sovereign debt
increased due to its role as collateral in the context of the ECB’s LTROs.
However, even without adjusting sovereign debt in the balance sheet, the
literature has shown that banks with higher exposures benefited from the
OMT program due to capital gains (Acharya et al., 2019; Acharya et al.,
2018; Krishnamurthy et al., 2017). Thus, we collect banks’ government debt
holdings as provided by Bankscope to test whether our results remain robust
when controlling for this potential confounding channel of unconventional
monetary policy (Column 4).37
Finally, Column (5) shows results when controlling for a country’s uptake

of LTROs and MROs. It can be seen that our main result remains robust

3T"We have also included a triple interaction between our interaction term of interest and
banks’ government debt holdings and find that the change in the deposit facility rate is
channeled via the net interest margin while this effect does not differ between banks with
a lower and banks with a higher exposure to sovereigns (Table A.16). Also controlling for
business cycle dynamics by adding interactions of the net interest margin with indicators
for the recent development of the business cycle (GDP growth and inflation) left our main
result intact (results available upon request).
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TABLE 2.6: Unconventional monetary policy

This table shows regression results obtained from estimating equation (2.1) for a sample of
euro area banks. The estimation period spans 2009-2014. The dependent variable is given
in the column header. Column (1) shows the baseline model. Columns (2)-(5) include
controls for the ECB’s unconventional monetary policy, which are interacted with the net
interest margin. Control variables at the bank level are included in the estimation but not
reported. The variables at the bank level are included with a lag. Bank and country-time
fixed effects are included. Standard errors are clustered at the bank level. *** ** and *
indicate significance at the 1%, 5%, and 10% level, respectively.

a) Reserves

(1) (2) (3) (4) (5)
Explan. Var. Dep. Var. A Bank Reserves; /Assets;—1

A Deposit Facility Rate;
x Net Interest Margin; 1 1.603*%** 1.775%** 1.532%%* 1.705%* 1.691**

(0.546)  (0.648)  (0.557) (0.665) (0.734)
A 10-Year Government Bond Yield;

X Net Interest Margin;_; -0.001
(0.106)
A Share of ECB-Funded Bank Liabilities;
x Net Interest Margin:_1 -0.032
(0.055)
Gov. Debt Holdings to Total Assets;_1
X Net Interest Margin:_1 0.010
(0.031)
Gov. Debt Holdings to Total Assets;_1 0.051
(0.075)
MRO & LTRO to MFI’s Total Assets;
X Net Interest Margin:_1 -9.285
(43.721)
Controls Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1978 1,945 1,959 1,514 1,746
R-squared 0.18 0.18 0.18 0.24 0.14
Number of Banks 516 511 515 428 465

while, given a higher usage of these programs, banks with a more traditional
business model as proxied by the net interest margin are more sensitive

regarding their loan supply.?®

2.4.2 Heterogeneities

Market fragmentation in the euro area that is mirrored, for example, by
diverging risk premia across countries, has been a key concern for poli-

cymakers since the start of the sovereign debt crisis. This might result

38 As a final check of potential confounding effects of unconventional monetary policy, we
exploit that confounding effects are of higher importance in countries with more excessive
exposure to unconventional monetary policy measures. In Table A.17, we thus use the
controls for unconventional monetary policy and exclude countries from the analysis that
lie in the 75th percentile of the distribution.
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b) Liquid assets (excl. reserves)
nm @ 6 @ 6
Explan. Var. Dep. Var. A Liquid Assets; /Assets;_1
A Deposit Facility Rate
x Net Interest Margin;_1 2.123 1.116 2.814 3.878** 2.709
(1.932) (2.322) (2.016) (1.853) (3.574)
A 10-Year Government Bond Yield;
x Net Interest Marging_1 -0.453*
(0.263)
A Share of ECB-Funded Bank Liabilities;
x Net Interest Margin;_1 0.254*
(0.130)
Gov. Debt Holdings to Total Assets;—1
x Net Interest Margin;_1 -0.108**
(0.047)
Gov. Debt Holdings to Total Assets;—1 0.293**
(0.120)
MRO & LTRO to MFTI’s Total Assets;
X Net Interest Margin; 115.806
(151.938)
Controls Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1,978 1,945 1,959 1,514 1,746
R-squared 0.24 0.23 0.23 0.28 0.25
Number of Banks 516 511 515 428 465
¢) Loans
1) (2) (3) (4) (5)
Explan. Var. Dep. Var. A Loans; /Assets:—1
A Deposit Facility Ratet
X Net Interest Marging_ -3.255% % _2 443%* _3 FETH*F D QTIFk* _3 746%**
(0.871)  (1.200) (0.864)  (1.107)  (1.201)
A 10-Year Government Bond Yield:
x Net Interest Margin;_1 0.290**
(0.147)
A Share of ECB-Funded Bank
Liabilities; x Net Interest Margin;_1 -0.132*
(0.070)
Gov. Debt Holdings to Total
Assets;—1 x Net Interest Margin;_1 -0.032
(0.041)
Gov. Debt Holdings to Total Assets:—1 0.288***
(0.091)
MRO & LTRO to MFI’s Total Assets
x Net Interest Margin;_1 171.293*
(95.993)
Controls Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1,976 1,943 1,957 1,514 1,744
R-squared 0.48 0.48 0.49 0.55 0.49
Number of Banks 515 510 514 428 464
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in differential access to liquidity. For example, Abbassi et al. (2014) find
that the sovereign debt crisis made it more difficult for banks located in
peripheral countries to access liquidity in interbank markets. To test for
heterogeneities across euro area countries, Table 2.7 shows the results for
the baseline model estimated with a triple interaction to test whether banks
in GIIPS countries react differently. It can be seen that the effect of the
interaction term (ADFR; x NIM;_;) differs significantly between GIIPS and
non-GIIPs banks. In non-GIIPS countries, banks with a higher net interest
margin are more sensitive to a decline in the deposit facility rate and respond
by lowering reserves (Column 1) and increasing loans (Column 4). This re-
allocative effect is reduced in GIIPS countries.

Various reasons may be driving this result. From an economic viewpoint,
market fragmentation, in particular the divergence of borrowing costs across
countries and differences in liquidity needs, might explain the higher sensi-
tivity for the sample of non-GIIPS countries.

Banks in GIIPS countries might suffer from weak fundamentals that
reduce the extent to which they can access interbank markets and crimp
their flexibility to adjust to the ECB’s monetary policy. Thus, banks in non-
GIIPS countries will behave differently than those in GIIPS countries with
regard to their liquidity demand and reserve holdings. While the former
deposit excess reserves at the central bank, the latter fulfill their liquidity
needs by borrowing from the central bank. The central bank is preferred over
the interbank market because funding is provided at lower costs than in the
interbank market, which discriminates across countries and demands a risk
premium. Hence, it is not surprising that the economic effect on reserves is
stronger for non-GIIPS countries, given that banks in those countries are
much more likely to hold reserves, and are thus affected by the interest paid
on this asset position.3?

Additionally, the significant result for the change in loans scaled by total

39Figure A.13 shows different uses of central bank liquidity across euro area countries.
Figure A.15 in the supplementary material provides some additional evidence of these
differences by showing reserve holdings/borrowing of domestic MFIs at/from the national
central bank for Germany and Spain (see also Vari, 2019).
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TABLE 2.7: Country heterogeneity

This table shows regression results obtained from estimating equation (2.1) for a sample of
euro area banks. The estimation period spans 2009-2014. The dependent variable is given
in the column header. A triple interaction term between the deposit facility rate, the net
interest margin and a dummy variable (GIIPS) being one for a GIIPS country and zero
otherwise is included. The variables at the bank level are included with a lag. Bank and
country-time fixed effects are included. Standard errors are clustered at the bank level.
Rk ** and * indicate significance at the 1%, 5%, and 10% level, respectively.

1) 2) 3) (1)
A Bank Reserves; ALiquid Assets; ALoans; AAssets;
Explan. Var. Dep. Var. Assetsi_1 Assetsi_1 Assets;—1 Assetsi_1
A Deposit Facility Rate;
x Net Interest Margin,_1 1.694%** 2.214 -3.462%** 2.832
(0.548) (1.913) (0.828)  (2.392)
A Deposit Facility Rate;
x GIIPS -0.466 2.251 -1.634 3.829
(0.476) (2.519) (1.804)  (4.017)
A Deposit Facility Ratet
X Net Interest Margin;
x GIIPS -0.452%* -0.535 0.785* 0.130
(0.198) (0.351) (0.439)  (0.784)
Net Interest Margin:—1
x GIIPS -0.135 0.673 2.718* 6.763**
(0.586) (1.559) (1.630)  (3.351)
Net Interest Marging 1 0.037 0.979*** -0.375 0.762
(0.089) (0.371) (0.265) (0.622)
Deposits to Assets;_1 -0.025 0.134%** 0.104%*  (0.448%**
(0.022) (0.051) (0.044) (0.090)
In Assets;_1 -2.824%** -13.568*** -2.712  -22.744***
(1.271) (2.954) (1.929)  (4.735)
Equity to Assets:—1 -0.048 -0.269** 0.208 0.005
(0.041) (0.129) (0.142)  (0.267)
Return on Assets;_1 -0.223* 0.448* 0.285 0.657
(0.120) (0.240) (0.257) (0.489)
A Main Refinancing Rate;
x Net Interest Margin,_q -1.482%** -2.304 3.700*** -2.444
(0.535) (1.925) (0.809) (2.387)
Country-Time Fixed Effects Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes
Observations 1978 1978 1976 1978
R-squared 0.18 0.24 0.49 0.48
Number of Banks 516 516 515 516

assets of the previous period is retained and larger (in absolute terms) for the
non-GIIPS sample. This suggests that the effects are mainly driven by banks
in countries that have only been affected by the recent financial and sovereign
debt crisis to a minor extent, and it adds another dimension of heterogeneity
with respect to the transmission channel of monetary policy. Similar results
are found by Al-Eyd and Berkmen (2013), showing that monetary policy

transmission is hampered in stressed countries of the euro area.
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Hence, the deposit facility rate seems to be more effective in non-GIIPS
countries. One obvious reason, as discussed above, is that banks in those
countries have a higher share of reserves and are thus more affected by
declines in the respective yield. Another reason may be that banks are less
capital-constrained in those countries, with the result that they are able to
transform reserves into loans with the objective of earning higher interest
but without fearing that they may become constrained by regulatory capital
requirements. Along these lines, we test whether our results depend on banks’
regulatory capital by adding a triple interaction including the change in the
deposit rate, the net interest margin and a dummy variable taking a value
of one if a bank has, on average, a regulatory capital ratio larger than the
sample mean and zero otherwise. Table A.18 reveals that capitalization plays
a minor role and does not result into differentially significant effects. We do
not find that banks with a high capital ratio show a different sensitivity than

banks with a low capital ratio.

2.4.3 Alternative proxies for interest sensitivity of banks’

business model

In this section, we test whether the results depend on the choice of the
net interest margin as a proxy for the interest sensitivity of banks’ business
model. We replace the net interest margin with four alternative measures.
First, the loan share is a direct measure to capture reliance on traditional
lending business, and indirectly interest income. Second, the net interest
income share in total assets reflects the importance of net interest income
relative to banks’ balance sheet size. Third, we use the ratio of net fees and
commissions to total assets, whereas banks with higher values might find it
easier to recur to alternative sources of income excluding net interest income
and would thus be less sensitive to interest rate changes. Fourth, the deposit
share captures reliance on retail funding.

The results in Table 2.8 reveal that despite changing the proxy for the

interest sensitivity of banks’ business model, our main conclusions remain
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valid. Following a decrease in the deposit facility rate, banks with a higher
loan share, and respectively, a higher net interest income share, decrease
reserve holdings and increase lending. We find opposite effects when inter-
acting the deposit facility rate with banks’ net fees and commissions ratio.
This corroborates the previous results because the variable is defined such
that higher values would indicate a less interest-sensitive business model.

The only exception is the deposit share as following an increase (decrease)
in the deposit facility rate, banks’ with a higher deposit share expand
(reduce) their balance sheet, which affects all balance sheet items. These
results follow in a broader sense the argumentation by Heider et al. (2019)
namely that lowering deposit rates affects lending heterogeneously depending
on banks’ deposit share. For their setting, which is in various dimensions
different to ours, the authors find that especially during a period of negative
deposit rates, banks’ with a higher share of deposits face relatively higher
funding costs with negative implications for net worth. They show that
“high-deposit banks” are more likely to reduce lending (and to take on more
risks). Hence, via the “deposit channel”, we find a shrinkage of the balance
sheet but not portfolio rebalancing from reserves into other assets.4’

To verify whether the “deposit channel” interacts with our results, we
include a triple interaction with the deposit share (Table A.19). We see that
the coefficient of the triple interaction term is very small such that the share
of deposits is of minor importance for the transmission of the deposit facility
rate to banks’ portfolio reallocation channeled via the net interest margin

(see also Section 2.4.1 for further tests on the “deposit channel”).

2.4.4 Simultaneous equations

To account for the simultaneity between the individual balance sheet posi-
tions, we repeat the previous calculation by running 3SLS estimations.*! This

estimation strategy controls for the endogeneity of balance sheet positions

4ODrechsler et al. (2017) study the link between monetary policy and households’ deposit
holdings at banks.

41This estimation method has been applied by, e.g., Elyasiani and Zhang (2015), Horvath
(2013), and Shim (2013). An IV approach has also been chosen by Kandrac and Schlusche
(2017) for a related question based on U.S. data.
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TABLE 2.8: Alternative proxies for interest sensitivity of business model

This table shows regression results obtained from estimating a modified equation (2.1) for
a sample of euro area banks. The estimation period is 2009-2014. The dependent variable
is given in the column header. The policy rates are interacted with a) net interest margin,
b) loan share, ¢) net interest income share, d) net fees and commissions share, and e)
deposit share. Control variables at the bank level are included in the estimation but not
reported. The variables at the bank level are included with a lag. Bank and country-time
fixed effects are included. Standard errors are clustered at the bank level. *** ** and *
indicate significance at the 1%, 5%, and 10% level, respectively.

(1) @ 3 (4)
A Bank Reserves; ALiquid Assets; ALoans; AAssetst

Explan. Var. Dep. Var. Assets; 1 Assets; 1 Assets; 1 Assets;_1

a) Net Interest Margin

A Deposit Facility Rate;

x Net Interest Marging_1 1.603*** 2.123 -3.255%** 2.987
(0.546) (1.932) (0.871) (2.519)

Observations 1,978 1,978 1,976 1,978

R-squared 0.18 0.24 0.48 0.48

Number of Banks 516 516 515 516

b) Loans to Total Assets

A Deposit Facility Rate;

x Loans to Total Assets;_1 0.114%** 0.292%** -0.504***  _0.056
(0.041) (0.111) (0.062)  (0.164)

Observations 1,977 1,977 1,976 1,977

R-squared 0.18 0.26 0.56 0.48

Number of Banks 515 515 515 515

¢) Net Interest Income to Total Assets

A Deposit Facility Rate; x Net

Interest Income to Total Assets;_1 1.758*** 1.480 -4.493*%** 1.167
(0.647) (2.287) (0.920) (3.034)

Observations 1,978 1,978 1,976 1,978

R-squared 0.18 0.24 0.49 0.48

Number of Banks 516 516 515 516

d) Net Fees and Commissions to Total Assets
A Deposit Facility Rate: x Net Fees

and Commissions to Total Assetss_1 -1.824% -1.190 3.263** 4.436
(0.942) (1.846) (1.290)  (3.505)
Observations 1,974 1,974 1,972 1,974
R-squared 0.18 0.23 0.49 0.48
Number of Banks 515 515 514 515

e) Deposits to Total Assets
A Deposit Facility Rate;

xDeposits to Total Assets:_1 0.061* 0.221%* 0.137*  0.661***
(0.034) (0.105) (0.071) (0.151)
Observations 1,978 1,978 1,976 1,978
R-squared 0.17 0.24 0.48 0.49
Number of Banks 516 516 515 516
Controls Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes

and the simultaneous correlations of error terms across equations. Given that
correlations across equations are taken into account, this approach yields
more efficient estimates than a 2SLS approach. From an economic point of

view, we can account for the fact that changes in the deposit facility rate
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should have a direct effect on banks’ reserve holdings, particularly for banks
with a more interest-sensitive business model. Indirect effects emerge as soon
as banks reallocate reserves into other asset-side positions. This is mirrored
in the set-up of the system of equations:

The first stage regression is equal to equation (2.1) with reserves as
the dependent variable, which is instrumented with the interaction term
between the change in the deposit facility rate and the net interest margin.
In the second stage, the dependent variable is either liquid assets or loans.
In contrast to the baseline model, the interaction term of the deposit facility
rate and the net interest margin is no longer included. Instead, the second
stage regression controls for the effect of changes in banks’ reserve holdings
relative to total assets by including the predicted value of reserves that has
been obtained by the first stage regression.

The results of these estimations can be found in Table 2.9. Column (1)
shows the first stage regression with reserves as the dependent variable for
the full sample. As is to be expected, for the first stage regression, the
results of the 3SLS estimation are close to the previous results obtained
by OLS estimations (Table 2.4, Column 1). The interaction term of the
change in the deposit facility rate and the net interest margin remains
positive and significant.*> In the second stage estimation, we obtain a
negative and highly significant coefficient of the predicted value of reserves
on loans (Column 3). Hence, in line with our baseline results, banks’ lending
decisions are negatively affected by an increasing share of reserve holdings
on banks’ balance sheets. Vice versa, this provides evidence for a reallocation
of freed-up reserves into loans and supports our results obtained from OLS
estimations.

The simultaneous estimations allow obtaining a more nuanced view on
the economic magnitude of portfolio reallocations. From Column (1) of Table
2.9, we obtain that following a typical decline in the deposit facility rate by

25 basis points, a bank with an average net interest margin reduces reserves

42We cannot apply overidentification tests to evaluate the validity of the instrument
because we have only one instrument for the endogenous variable.
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TABLE 2.9: Simultaneous equations (3SLS)

This table shows regression results obtained from estimating the baseline specification in a
set-up of simultaneous equations. The estimation sample covers euro area banks and the
period 2009-2014. In Column (1), the estimates of the first stage regression with reserves as
the dependent variable are shown. Columns (2) and (3) show the estimates of the second
stage estimations with liquid assets (excl. reserves) and loans as dependent variables.
Here, the predicted value for reserves as derived from the first stage regression is included.
The estimates for liquid assets and loans are obtained by running two separate 3SLS
estimations. The variables at the bank level are included with a lag. Bank and country-
time fixed effects are included. Standard errors are clustered at the bank level. *** **
and * indicate significance at the 1%, 5%, and 10% level, respectively.

(1) (2) (3)
A Bank Reserves;  ALiquid Assets; ALoans;
Explan. Var. Dep. Var. Assets;_1 Assets;_1 Assets;_1
A Deposit Facility Rate;
x Net Interest Margin;_1 1.6471%%*
(0.411)
Net Interest Margin:—1 -0.010 0.864** -0.216
(0.142) (0.380) (0.364)
Deposits to Assetss—1 -0.026** 0.154*** 0.052
(0.013) (0.039) (0.037)
In Assets;—1 -2.703%** -10.010%** S7.611%**
(0.578) (2.078) (1.988)
Equity to Assets:_1 -0.006 -0.191 0.203*
(0.044) (0.119) (0.114)
Return on Assets;_1 -0.236%** 0.699** -0.067
(0.085) (0.277) (0.265)
A Main Refinancing Rate;
x Net Interest Margin;_1 -1.628%** -0.519** 0.220
(0.405) (0.246) (0.236)
Estimate(A Bank
Reserves; /Assets:—1) 1.254* -1.782%**
(0.672) (0.643)
Country-Time Fixed Effects Yes Yes Yes
Bank Fixed Effects Yes Yes Yes
Observations 1976 1976 1976
P-value of chi?-test 0.0000 0.0000 0.0000
Number of Banks 515 515 515

by 0.82 percentage points. In turn, Column (3) reveals that a decline in
estimated reserve holdings by one percentage point leads to an increase
in loans by 1.8 percentage points. This result implies that a reduction in
the deposit facility rate results in an over proportional increase in loans
compared to the decline in reserves. The reason can be seen from Column
(2): when accounting for simultaneity, banks also shrink down their liquid
asset position following reduced incentives to hold reserves due to a lower
interest rate. This is confirmed in unreported regressions when exchanging

the dependent variable in Column (1) by adding reserves and liquid assets



2.4. Empirical analysis 55

together. Explaining loan supply by the then estimated change in the
combined liquid asset position, it turns out that following a decline in the
deposit facility rate, there is a positive effect on loans that is, however,
smaller than unity.

Estimating a simultaneous equation model helps taking into account
simultaneous adjustment of balance sheet items. Still a potential concern
can arise because the net interest margin might be correlated with lending.
However, we do not look at the net interest margin as such but interact
it with the change in the deposit facility rate. Assuming that the deposit
facility rate is exogenous from the perspective of the individual bank, recent
literature argues that the interaction term including one exogenous and one
endogenous variable delivers consistent results (Bun and Harrison, 2019;
Dreher et al., 2015; Nizalova and Murtazashvili, 2016; Nunn and Qian, 2014;
Nunn and Qian, 2012). We have to assume in such a case that the net interest
margin is the main channel through which the deposit facility rate affects
portfolio rebalancing decisions and we test for the relevance of other channels
of monetary policy (Table A.14). It is also to note that the net interest margin
is relatively stable over time (Figure 2.5) while the deposit facility rate is
significantly lowered such that a significant coefficient should be driven by
the change in the deposit facility rate and its effect on loan supply.*

To check the validity of the instrument, in Table A.20, we test whether
our instrument is useful by drawing on the exclusion restriction (Angrist
et al., 2010). We start by testing our 3SLS model for a subset of countries,
for which the instrument can be plausibly assumed to not work. We assume
that in countries with low reserves, the proposed channel should be irrelevant
and thus the instrument weak. This should apply to the GIIPS countries
(see Figure 2.4). Column (1) shows results when reserves is the dependent
variable, which is explained by the interaction term (ADFR; x NIM;_;),

whereas the coefficient of this term should not be significant. Also the

43To reduce simultaneity concerns, we conducted further tests interacting the deposit
facility rate with banks’ average net interest margin over the sample period, which did
not affect the robustness of our results. As market power might drive the relation between
loan supply and net interest margins, we have excluded banks with an asset share in the
75th percentile of the distribution and results remain robust (available upon request).
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estimated change in reserves as obtained from Column (1) should not show
a significant coefficient for loans as dependent variable (Column 2). Finally,
in the reduced form and for loans as dependent variable, the coefficient of
the interaction term should not be significant (Column 3), which is indeed

the case.

2.4.5 Loan demand

Finally, we address concerns of demand-side effects for loans. Assuming
that banks are not identical in their net interest margins, the set-up of our
regression model separates demand from supply-side effects by making use
of heterogeneous responses by banks to changes in the deposit facility rate
along the distribution of the net interest margin. The inclusion of country-
time fixed effects extracts demand side effects at the country level that affect
all banks alike.** To further rule out that demand-side effects drive our result
in the loan regression, in Table 2.10, we include several variables to extract
effects stemming from the demand side.

These variables include firms’ credit demand (Column 2) and overall
credit standards (Column 3) from the bank lending survey of the ECB. In
Column (4), we control for the borrowing costs of non-financial corporations,
assuming that higher borrowing costs relate to declines in demand for credit.
In Column (5), we draw on related literature and calculate a demand control
by taking the growth rate of loans relative to total assets by all banks in
country j excluding bank i. This approach is similar to Aiyar (2012) whereas
due to limitations of Bankscope we cannot calculate this loan growth rate
based on the exposure of a bank to specific credit segments in a country.
Nevertheless, it might be a more specific demand control than country-time
fixed effects as it is calculated from bank-level loan data. When including
this demand control, the coefficient of interest loses most in magnitude (in
absolute terms) compared to previous tests, but across all specifications, it

remains significant.

“1Results remain robust when inserting bank specialization-time fixed effects into the
model, which should trace out time-varying demand side effects common to a banking
group (available upon request).
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TABLE 2.10: Loan demand

This table shows robustness tests for the baseline specification (Column 1). The estimation
sample covers euro area banks and the period 2009-2014. The dependent variable is the
change in loans to assets in the preceding period. In Column (2), firms’ credit demand
(backward looking) from the ECB Bank Lending Survey is controlled for. In Column (3),
overall credit standards (backward looking) from the BLS are controlled for. Column (4)
includes the change in MFIs’ cost of borrowing for non-financial corporations. In Column
(5), a demand control following Aiyar (2012) is included. It is defined as A (Agg. Loans;
- Own Loans:)/(Agg. Assets;—1 - Own Assets;—1), whereas aggregate loans are defined at
the country level and own loans refers to loans of bank i in that country at time t. The
variables at the bank level are included with a lag. Bank and country-time fixed effects,
respectively bank and time fixed effects, are included. Standard errors are clustered at the
bank level. *** ** and * indicate significance at the 1%, 5%, and 10% level, respectively.

(1) (2) (3) (4) (5)
A Loans; /Assets:—1

Explan. Var. Dep. Var.

A Deposit Facility Rate

x Net Interest Margin;_1 -3.255%** _3.205%* -3.632*** _3.150*** -3.013***

(0.871)  (1.540) (1.262) (0.884) (0.758)
Net Interest Marging 1 -0.201 -0.235 0.906 -0.197 -0.003
(0.350)  (0.364)  (0.893) (0.338) (0.422)
Deposits to Assets;_1 0.094%* 0.054 0.060 0.094** 0.080*
(0.044)  (0.047)  (0.049) (0.044) (0.042)
In Assets;_1 -2.834 -2.849 -2.227 -2.767 -2.791
(1.932)  (2.035) (2.077) (1.930) (1.731)
Equity to Assets:—1 0.204 0.218 0.185 0.202 0.169
(0.142)  (0.149) (0.164) (0.142) (0.143)
Return on Assets;_1 0.331 0.238 0.225 0.313 0.353
(0.251)  (0.257)  (0.277) (0.250) (0.261)
A Main Refinancing Rate;
x Net Interest Marging_1 3.572%KK  3.383**  3.943*** 3 5R4FHKK  3.380***
(0.837)  (1.440) (1.196) (0.830) (0.763)
A Firms’ Credit Demand;
X Net Interest Margin:_1 -0.001
(0.012)
A Overall Credit Standards;
X Net Interest Margin:_1 -0.002
(0.017)
A MFIs’ Cost of Borrowing
for Non-Financial;
X Net Interest Margin;—1 -0.194
(0.242)
A (Agg. Loans; - Own Loans;)/
(Agg. Assets;—1 - Own Assets;—1) 0.382%**
(0.081)
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1,976 1,976 1,530 1,976 1,976
R-squared 0.48 0.48 0.45 0.48 0.41
Number of Banks 515 496 402 515 515

2.5 Concluding remarks

This paper studies the effects of a conventional monetary policy instrument,

the deposit facility rate, on euro area banks’ portfolio management over
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the period 2009-2014, while taking into account the interest sensitivity of
banks’ business model. Lowering the deposit facility rate should reduce
banks’ incentives to hold reserves at the central bank due to lower interest
earnings and can thus induce portfolio reallocation.

Our results show that, first, the higher the interest sensitivity of banks’
business model, captured by the net interest margin, the more banks reduce
reserve holdings when facing a decline in the deposit facility rate. This shows
that a common monetary policy can result in different outcomes across banks
and thereby across countries depending on the characteristics of the banking
sector.

Second, in the presence of excess reserves, we find evidence that the
deposit facility rate has reallocation effects that can play an important
role for the transmission of monetary policy: banks with a more interest-
sensitive business model show a positive sensitivity to decreasing policy rates
regarding changes in the loan position.

Third, effects are most pronounced for banks in non-GIIPS countries of
the euro area. This reveals that conventional monetary policy instruments
have limited effects in restoring monetary policy transmission during times

of crisis.
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Appendix A

A.1 Data appendix

Variable

Description

Data Source

Bank-specific variables

A Reserves to Total

Change in a bank’s reserve holdings
between period t and t-1 relative to

Assets of t-1 (in %) total assets of period t-1 Bankscope
Change in a bank’s liquid assets (excl.

A Liquid Assets (excl. Reserves) | bank reserves) between period t and t-1

to Total Assets of t-1 (in %) relative to total assets of period t-1 Bankscope
Change in a bank’s loans between

A Loans to Total period t and t-1 relative to total assets

Assets of t-1 (in %) of period t-1 Bankscope

A Assets to Total

Assets of t-1 (in %) Annual growth of total bank assets Bankscope
(Interest income—interest expense)/

Net Interest Margin (in %) average earning assets Bankscope

In Assets | Log of total assets (in US$ million) | Bankscope
Bank’s total deposits relative to total

Deposits to Total Assets (in %) | assets Bankscope
Bank’s total equity relative to total

Equity to Total Assets (in %) assets Bankscope
Operating profit relative to average

Return on Assets (in %) assets Bankscope

Net Fees and Commissions to Net fees and commissions relative

Total Assets (in %) to total assets Bankscope

Net Interest Income Net interest income relative to total

to Total Assets (in %) assets Bankscope
Total regulatory capital relative to total

Total Regulatory Capital (in %) | assets Bankscope

Loans to Total Assets (in %) | Loans relative to total assets | Bankscope

Gov. Debt Holdings Government debt holdings relative to

to Total Assetst (in %) total assets Bankscope

Liquid Assets to Total Assets

(in %) Liquid assets relative to total assets Bankscope

A (Agg. Loans; - Own Loans)/ Change in agg. net loans excl. own

(Agg. Assets;—1 - Own loans in t relative to agg. total assets

Assetst—1) (in %) excl. own total assets of period t-1 Bankscope
Dummy variable being one for banks
with an average capital ratio higher
than or equal to the sample average

HighCapitalGroup (0/1) (16.21 %) Bankscope
Dummy variable being one for banks
with an average net interest margin
higher than or equal to the sample

High Net Interest Margin (0/1) | average (2.06%) Bankscope

Country-specific variables

A 10 Year Government Bond
Yield (in percentage points)

First difference of the yield
for 10-year government bonds

Main Economic
Indicator, OECD
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Data appendix (continued)
Variable ‘ Description ‘ Data Source

Country-specific variables (continued)

A Share of ECB-Funded Bank
Liabilities (in percentage points)

First difference of the ECB-funded
share of monetary financial institutions’

liabilities (excluding reserves, capital
and remaining liabilities)

ECB

A Firms’ Credit Demand
(diffusion index)

First difference of firms overall credit
demand for past quarter,

annual average, diffusion index where
positive values correspond to increase
in demand

Bank Lending
Survey, ECB

A Overall Credit Standards
(diffusion index)

First difference of overall credit
standards for firms for past quarter,

annual average, diffusion index where
positive values correspond to tightening
of standards

Bank Lending
Survey, ECB

MRO & LTRO to MFTI’s

Average main and longer-term
refinancing operations divided by

Pisani-Ferry and
Wolff (2012);

Total Assetst (in %) assets of monetary financial institutions Eurostat

A MFrS CO.St of Borrov&{ing for First difference of cost of borrowing

Non-Financial Corporations of new business for non-financial

(in percentage points) corporations ECB
Dummy variable being one for banks in

GIIPS (0/1) Greece, Italy, Ireland, Portugal, and Spain

FEuro area rates

A Deposit Facility Rate First difference of the deposit facility

(in percentage points) rate, a policy rate of the ECB ECB

A Main Refinancing Rate First difference of the main refinancing

(in percentage points) rate, a policy rate of the ECB ECB

A.2 Figures
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FIGURE A.9: Excess reserve holdings in the euro area

This figure shows monthly values of “total excess reserves of credit institutions subject
to minimum reserve requirements in the euro area” (in billion Euro) hold in the current
account for the period January 2008-July 2012 and August 2012-December 2014. Excess
reserves increase in January 2012 due to a decline in the reserve ratio from 2% to 1%. In
July 2012, the deposit facility rate was set to zero such that the deposit facility lost the
favorable yield over the current account explaining the increase in excess reserves in the
current account (whereas previously excess reserves have mainly been stored in the deposit
facility). Source: European Central Bank.
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FIGURE A.10: Eonia volume

This figure shows the daily Eonia volume of overnight lending in billion Euro from
01.01.2008 to 31.12.2014. Source: European Central Bank.

80




F1GURE A.11: Usage of euro system main and longer-term refinancing operations

This graph shows countries’ usage of the main refinancing operations and the longer-term refinancing operations in billion Euro for the period from January 2003 to January

2016. Graph and data are taken from the Bruegel database of Eurosystem lending operations as developed in Pisani-Ferry and Wolff (2012).
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FIGURE A.12: Marginal effect of a change in the deposit facility rate

This graph shows the marginal effect on reserves holdings (in %) of the change in the
deposit facility rate conditional on a bank’s net interest margin (in %). The estimation is
based on a sample of euro area banks and the period 2009-2014. The model is specified as
in equation (2.1) with the exception that time fixed effects are excluded and the change in
the deposit facility rate as such is included in the regressions. The marginal effect (solid
line) is surrounded by 90% confidence bands (dotted lines). Source: own calculations.
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FIGURE A.13: Excess reserve holdings in the euro area

This figure shows the reserves hold by domestic monetary financial institutions (MFIs) at
their national central bank (red, solid line) as well as the loans provided from the national
central bank to the domestic MFIs (blue, dotted line) in billion Euro for the period from
January 2003 to October 2016. Panel a) refers to the German banking system and data are
obtained from the Deutsche Bundesbank. Panel b) refers to the Spanish banking system
and data are obtained from the Banco de Espana.

a) Germany

430
400
3350

5 300
250 -
% 200
E 150 -
G
100
50

'} T T T T T T T T T T T T T T T T T T T T T T T T T T T

e o S

N
S L S

&S

=== Loans to MFIs == Deposits of MFIs

b) Spain

=== Loans to MFIs === Deposits of MFIs

A.3 Tables



8L°0 cq'0- 8G¢T 68°0 19°0- 0cL 80 Gg0- 8L61 (dd ur) eyey Sunueuyey urely v

6L°0 6€°0- 8¢T1T 06°0 67°0- 0zL €8°0 €7°0- 8161 (dd ur) oyey Lyoeq ysodeq v

DVILD OUNT

170 2T0 8G¢T 91°0 62°0 0TL €70 v2'0 8L61 (1/0) sdI1D

LL°0 0%°0- 8¢T1T €8°0 a¥°0- 0gL 08°0 er0- 8161 (dd ur) suorjerodio)) [eouLU{-UON 10] BuImOLIOH JO 1500 STAIN V

€8°CT 887~ 126 ev vl 87 S09 8V'€1 h eest (xopuy) sprepuelg HUpoI) [[BLAQ V
67°GT 16'C 6221 Lre1 91 269 09°¢1 6£C 1261 (xopuy) puewd NPaI) SUWLIL]
9000 ¥200°0 €C1T 62000 €00°0 €29 L8000 9200°0 VLT (% ur) 983088y TeIQT, S IAN 03 OUIT %8 OHIN
€e'1 11°0- Lvel 18T 12°0 4av) 191 10°0 6261 (dd ur) senyiqery syueq pepung-goOH Jo dreys v

99°0 ¥7°0- 8€TT €8°0 9¢°0- LOL €L°0 7°0- eT61 (dd ur) pEIX pUOY JUOWUIGAOY) T€OX-OT

§2]qDI4D0. 2Y102ds-Aujunoy)

9%°0 0€°0 298 L¥0 €60 16S 9%°0 1€°0 €Syl (1/0) dnopreydenysry

0Z'¥ 16°0- 9¢gT aLv 81°0- 61 137 6€°0- GL6T (% ur) (T-3s3088y UMQ - [-)s3essy “83y)/(isuro] umQ - ysueo] ‘83y) v

L9'8 €L 6.6 716 88'8 €8¢ 88'8 16°L T9sT (% ur) sjessy [e30], 03 SSUIP[OH 392(] "A0D)

€7°0C LE°1T 89C1T 6911 ILvT 0g.L c0'sT G6'8T 8161 (% 1) syessy [e30, 03 s3esSY pmbr
66°L 8491 V6L 008 09°91 19¢ 66°L 6991 aget (% ur) oryey [ende) L101eMB0Y [el0,

80T 180 8¢z1 ¢g0 8L°0 L1L 260 780 GL6T (% ur) s3e8SY [BIQL, O} SUOISSIWIWIO)) PUE S99, JON

290 9e'T 89TT €91 0L 0z.L 0T'T a8'T 8161 (% ur) s3esSY [RI0T, 03 BW0OU] ISPIPIU] JON

88°CC idias 9geT [ARd! €2°€9 0T. 9¢°0¢ L9°LG 9261 (% ur) sjessy [ejo], 03 suroT]
20T 67°0 89TT 8¢'T €L°0 0z LT'T 890 8161 (% ur) syessy uo wmjey

899 6£'8 8¢TT 16'9 AN 0TL 18'9 20’6 8L61 (% ur) sjessy [ejo], 03 Aymbyy

¥9'1 ge91 89T1T g9l AN 0zL VLT 16°GT 8161 83088y U]

GL'ET 0T'6¥ 1621 G061 86°29 0TL V1'€T 9T'vg LL6T (% ur) syessy [egog, 03 sysoda(y
8g°0 el 8GeT 98'1 L6°C 0TL Wi 66°1 8L61 (% ur) urdrepy jsorou] joN

9T'¥T v9°C- 84¢1T 611 6€°0 0TL eret ve1- 8L6T (% ur) 1-983088Y [IQ], 0 183088V [BI0],
199 78°0- 9921 78L 17°0 0ZL v0'L 8€°0- 9.61 (% ur) 1-189088Y IO, 0} IsUROT Y/

L8 6L 0- 8¢TT €9 0€°0- 0z 6L°9 6970 8161 (% ur) T-15398SY [@I0], 03 (S9AISSY “[0X9) 483988y pmbr v

€Le 10°0 8¢z T 86°C c0°0- 0L 8T 10°0- 8161 (% ur) T-1S39SSY [B30, 03 1SPAIPSOY Y

53190400, 21Y102dS-yUDL

"AOD "PIS UBDJN 'S0 JO 'ON  ‘Adp ‘PIS  UBIJN 'S0 JO 'ON  ‘Adp ‘PI§ U\ ‘SO JO "ON a[qeLIRA
Sueq WIN M0 sxyueq NIN USIH ordureg [mg

xtpuadde (1Y worjoeg) xrpuadde eyep oos :904n0g "1oded o) ur xipuadde
®IRD O} 99S ‘SO[(BLIBA 9T} UO UOIRULIOJUT SIOW 10, "UISIRUI }$0199Ul 19U o1} Jo urawr ojdures oy} oaoqe /o) [enbo 10 ‘mo[aq (NIN) UISIew 1soI0jul jou o3eIoAe UR )M SHUR(Q

10§ se [[om se opdures [[1J 91} I0] UMOYS dIe SONISIIBIS FT0G-600¢ sueds porrod ojdures oy, "SISA[RUE INO UI POST SO[(RLIBA [OAS[-XUR(] JO SOTISIJR)S ATRUIMUNS SMOYS 9[(e)} SIYT,

UISIRW JS9I9YUT 19U Aq SO[(eLIeA A9 JO SOIIsTIR)S ATewruung 11y @I19V],

99

Aorfod Arejouowr pue soAlosol yueg ‘g Ioidey))



A.3. Tables 67

TABLE A.12: Alternative channels of monetary policy: total assets

This table shows regression results obtained from estimating equation (2.1) for a sample
of euro area banks. The estimation period spans 2009-2014. The dependent variable is
given in the column header. Column (1) shows the baseline model. Column (2) excludes
the year 2009. Column (3) controls for the change in the reserve ratio in 2012. Column
(4) controls for the deposit facility reaching the zero lower bound and turning negative.
Column (5) conducts a horse race with the deposit share as a relevant channel of the
deposit facility rate. Control variables at the bank level are included in the estimation but
not reported. The variables at the bank level are included with a lag. Bank and country-
time fixed effects are included. Standard errors are clustered at the bank level. *** **
and * indicate significance at the 1%, 5%, and 10% level, respectively.
(1) () ®3) (4) (5)
Explan. Var. Dep. Var. A Assets; /Assets;—1

A Deposit Facility Rate;
x Net Interest Margin:— 2.987 0.090 2.978 2.652 3.023

(2.519)  (2.651) (2.549)  (2.503)  (2.515)
Deposits to Assets:—1

X Dummy 2012 -0.001
(0.035)
Deposits to Assets:—1
x Dummy 2014 0.117%**
(0.042)
A Deposit Facility Rate;
x Deposits to Assets;—1 0.009
(0.016)
Controls Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1,978 1,722 1,978 1,978 1,978
R-squared 0.48 0.47 0.48 0.49 0.48

Number of Banks 516 497 516 516 516
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TABLE A.13: Unconventional monetary policy: total assets

This table shows regression results obtained from estimating equation (2.1) for a sample of
euro area banks. The estimation period spans 2009-2014. The dependent variable is given
in the column header. Column (1) shows the baseline model. Columns (2)-(5) include
controls for the ECB’s unconventional monetary policy, which are interacted with the net
interest margin. Control variables at the bank level are included in the estimation but not
reported. The variables at the bank level are included with a lag. Bank and country-time
fixed effects are included. Standard errors are clustered at the bank level. *** ** and *
indicate significance at the 1%, 5%, and 10% level, respectively.

(1) (2) (3) (4) (5)
Explan. Var. Dep. Var. A Assets; /Assetsi—1

A Deposit Facility Rate

X Net Interest Marging_ 2.987 3.326 2.816 6.217** 5.261
(2.519) (3.096) (2.489) (2.508) (4.704)

A 10-Year Government Bond Yield;

X Net Interest Margin_1 -0.493
(0.539)
A Share of ECB-Funded Bank
Liabilities; x Net Interest Margin;_ -0.040
(0.188)
Gov. Debt Holdings to Total
Assets;—1 x Net Interest Margin,_1 -0.030
(0.069)
Gov. Debt Holdings to Total Assets:—1 0.317*
(0.191)
MRO & LTRO to MFTI’s Total Assets;
X Net Interest Margin:_ 515.073**
(240.432)
Country-Time Fixed Effects Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes
Observations 1,978 1,945 1,959 1,514 1,746
R-squared 0.48 0.48 0.48 0.57 0.48

Number of Banks 516 511 515 428 465




TABLE A.14: Confounding channels of monetary policy

This table shows regression results obtained from estimating equation (2.1) for a sample of euro area banks. The estimation period spans 2009-2014. The dependent variable is given in the
column header. Panel a) shows the results for reserves as the dependent variable, panel b) for liquid assets, panel c) for loans. Alternative channels of monetary policy based on banks’
balance sheet data are added to the baseline model. Control variables at the bank level are included in the estimation but not reported. The variables at the bank level are included with
a lag. Bank and country-time fixed effects are included. Standard errors are clustered at the bank level. *** ** and * indicate significance at the 1%, 5%, and 10% level, respectively.

a) Reserves

1) (2) (3) 4) (5) (6) (M
Explan. Var. Dep. Var. A Bank Reserves; /Assets;_1
A Deposit Facility Rate; x Net Interest Marging_1 1.603***  1.610***  1.629%F*  1.633***  1.625%**  1.517** 1.351%*
(0.546) (0.546) (0.550) (0.553) (0.548) (0.645) (0.547)
A Deposit Facility Rate; x Deposits to Assets;_1 0.002
(0.003)
A Deposit Facility Rate; X In Assets;—1 0.095
(0.075)
A Deposit Facility Rater x Equity to Assets;—1 -0.013
(0.010)
A Deposit Facility Rate; x Return on Assets;—1 -0.052
(0.081)
Regulatory Capital Ratios—1 -0.075
(0.063)
A Deposit Facility Rate; x Regulatory Capital Ratios—1 0.011
(0.025)
Liquid Assets to Assets;_1 -0.110%***
(0.030)
A Deposit Facility Rate; x Liquid Assets to Assets;_1 -0.004
(0.006)
Controls Yes Yes Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes Yes Yes
Observations 1,978 1,978 1,978 1,978 1,978 1,316 1,978
R-squared 0.18 0.18 0.18 0.18 0.18 0.27 0.2
Number of Banks 516 516 516 516 516 389 516
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¢) Loans
(1) (2) (3) (4) (5) (6) (7)
Explan. Var. Dep. Var. A Loans; /Assets¢—1
A Deposit Facility Rate; x Net Interest Marging_1 -3.255%FF L3 270%k*  _3.204%**  _3.201FFF  _3.219%%k  _4.616%*FF -2.952%F*
(0.871) (0.875) (0.878) (0.871) (0.883) (0.740) (0.883)
A Deposit Facility Rate; x Deposits to Assets;—1 -0.004
(0.010)
A Deposit Facility Rate; x In Assets;_1 0.204
(0.150)
A Deposit Facility Rate; x Equity to Assets;—1 0.017
(0.037)
A Deposit Facility Rate; x Return on Assets:—1 -0.094
(0.232)
Regulatory Capital Ratio;—1 0.094
(0.127)
A Deposit Facility Rate; x Regulatory Capital Ratios—1 0.046*
(0.027)
Liquid Assets to Assets;_1 0.106**
(0.048)
A Deposit Facility Rate; x Liquid Assets to Assets;—1 0.031**
(0.012)
Controls Yes Yes Yes Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes Yes Yes Yes
Observations 1,976 1,976 1,976 1,976 1,976 1,315 1,976
R-squared 0.48 0.48 0.49 0.48 0.48 0.54 0.49
Number of Banks 515 515 515 515 515 389 515

So[qel, €'V

1.
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TABLE A.15: Sample period

This table shows regression results obtained from estimating equation (2.1) for a sample of
euro area banks. The baseline estimation period spans 2009-2014. The dependent variable
is given in bold and by dependent variable we show results when narrowing down the
sample period towards a period in which unconventional monetary policy was used more
extensively as indicated in the column header. Control variables at the bank level are
included in the estimation but not reported. The variables at the bank level are included
with a lag. Bank and country-time fixed effects are included. Standard errors are clustered
at the bank level. ¥** ** and * indicate significance at the 1%, 5%, and 10% level,
respectively.

(1) (2) (3) (4)
2009-2014  2010-2014  2011-2014  2012-2014

Explan. Var. Dep. Var. A Bank Reserves; /Assets:_1

A Deposit Facility Rate;
x Net Interest Margin;_1 1.603%** 1.354* 1.578%* 1.277
(0.546) (0.796) (0.859) (0.880)

Observations 1,978 1,722 1,436 1,140
R-squared 0.18 0.17 0.16 0.14
Number of Banks 516 497 478 456
Explan. Var. Dep. Var. A Liquid Assets; /Assets;_;

A Deposit Facility Ratet
X Net Interest Marging_1 2.123 0.488 0.086 0.901
(1.932) (1.672) (1.680) (1.784)

Observations 1,978 1,722 1,436 1,140
R-squared 0.24 0.22 0.23 0.26
Number of Banks 516 497 478 456
Explan. Var. Dep. Var. A Loans; /Assets;_1

A Deposit Facility Rate;

x Net Interest Margin;_q -3.255%¥F  _3 375wk _4 122%F* |3 943%**

(0.871) (0.934) (0.998) (1.091)
Observations 1,976 1,720 1,434 1,138
R-squared 0.48 0.47 0.54 0.66
Number of Banks 515 496 477 455
Explan. Var. Dep. Var. A Assets; /Assets;_1

A Deposit Facility Rate:

x Net Interest Margin;_1 2.987 0.090 -0.457 2.180
(2.519) (2.651) (2.629) (2.844)
Observations 1,978 1,722 1,436 1,140
R-squared 0.48 0.47 0.53 0.64
Number of Banks 516 497 478 456
Controls Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes

Bank Fixed Effects Yes Yes Yes Yes
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TABLE A.16: Triple interaction with government debt holdings

This table shows regression results obtained from estimating equation (2.1) for a sample of
euro area banks. The estimation period spans 2009-2014. The dependent variable is given
in the column header. A triple interaction term between the deposit facility rate, the net
interest margin and a dummy variable (GIIPS) being one for a GIIPS country and zero
otherwise is included. The variables at the bank level are included with a lag. Bank and
country-time fixed effects are included. Standard errors are clustered at the bank level.
Rk ** and * indicate significance at the 1%, 5%, and 10% level, respectively.

(1) (2) 3) (4)
A Bank Reserves; ALiquid Assets; ALoans;  AAssets:
Explan. Var. Dep. Var. Assets;_1 Assets;_1 Assetss—1 Assetsi_1
A Deposit Facility Rate;
x Net Interest Margin;_1 1.893%** 3.852%* -2.942%*  §.316**
(0.686) (1.860) (1.166) (2.546)
Gov. Debt Holdings to
Total Assets;_1 0.075 0.292** 0.293*** 0.330
(0.081) (0.127) (0.100)  (0.204)
A Deposit Facility Rate;
X Gov. Debt Holdings to
Total Assets;_1 0.070 0.021 0.033 0.037
(0.071) (0.058) (0.055)  (0.105)
Net Interest Margin:_1
x Gov. Debt Holdings to
Total Assets;—1 0.002 -0.098* -0.026 -0.034
(0.033) (0.051) (0.047) (0.073)
A Deposit Facility Rate;
X Net Interest Margin,_;
X Gov. Debt Holdings to
Total Assets;—1 -0.025 0.019 0.007 -0.013
(0.024) (0.024) (0.034)  (0.054)
Net Interest Margin:—1 -0.403 2.631%* 1.001 3.160*
(0.439) (1.124) (0.972)  (1.815)
Deposits to Assets;_1 -0.009 0.013 0.035 0.261***
(0.026) (0.054) (0.055) (0.084)
In Assets;_1 -1.674 -17.130%** -6.108** -31.563***
(1.279) (3.272) (2.490)  (5.304)
Equity to Assets;—; 0.039 -0.098 0.346** 0.342
(0.062) (0.103) (0.153) (0.291)
Return on Assets;_1 -0.241 0.338 -0.021 0.094
(0.164) (0.218) (0.271)  (0.407)
A Main Refinancing Rate
x Net Interest Marging_1 -1.876%** -3.805** 3.467F**% 5. T55**
(0.595) (1.807) (1.060) (2.495)
Country-Time Fixed Effects Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes
Observations 1,514 1,514 1,514 1,514
R-squared 0.24 0.28 0.55 0.57

Number of Banks 428 428 428 428
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TABLE A.17: Unconventional monetary policy and outliers

This table shows regression results obtained from estimating equation (2.1) for a sample
of euro area banks. The estimation period spans 2009-2014. The dependent variable is
given in bold and by dependent variable we show results when excluding the top 25th
percentile of banks (Column 2)/ countries (Columns 3 - 4) with respect to the measure for
unconventional monetary policy as indicated in the column header. Control variables at
the bank level are included in the estimation but not reported. The variables at the bank
level are included with a lag. Bank and country-time fixed effects are included. Standard
errors are clustered at the bank level. *** ** and * indicate significance at the 1%, 5%,
and 10% level, respectively.

(1) (2) 3) (4)
Excluding top 25th percentile of
ECB funded
Government liabilities
Baseline  bond holders MRO users holder
Explan. Var. Dep. Var. A Bank Reserves; /Assets:_1
A Deposit Facility Rate;
x Net Interest Margin;_1 1.603*** 1.548%%* 1.764%** 1.738%%*
(0.546) (0.562) (0.593) (0.588)
Observations 1,978 1,588 1,549 1,532
R-squared 0.18 0.23 0.18 0.18
Number of Banks 516 436 433 411
Explan. Var. Dep. Var. A Liquid Assets; /Assets;_1
A Deposit Facility Rate;
X Net Interest Margin:_1 2.123 2.022 2.523 2.594
(1.932) (1.942) (2.002) (2.020)
Observations 1,978 1,588 1,549 1,532
R-squared 0.24 0.26 0.25 0.25
Number of Banks 516 436 433 411
Explan. Var. Dep. Var. A Loans; /Assets;_
A Deposit Facility Rate
x Net Interest Margin;_1 -3.255%** -3.208*** -3.271 % -3.1471%**
(0.871) (0.938) (0.914) (0.920)
Observations 1,976 1,586 1,547 1,530
R-squared 0.48 0.52 0.49 0.49
Number of Banks 515 435 432 410
Explan. Var. Dep. Var. A Assets; /Assets;_:
A Deposit Facility Rate;
X Net Interest Margin;_1 2.987 1.560 2.172 2.447
(2.519) (2.214) (2.229) (2.270)
Observations 1,978 1,588 1,549 1,532
R-squared 0.48 0.53 0.50 0.50
Number of Banks 516 436 433 411
Controls Yes Yes Yes Yes
Country-Time Fixed Effects Yes Yes Yes Yes

Bank Fixed Effects Yes Yes Yes Yes
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TABLE A.18: The role of capitalization

This table shows regression results obtained from estimating equation (2.1) for a sample of
euro area banks. The estimation period spans 2009-2014. The dependent variable is given
in the column header. A triple interaction term between the deposit facility rate, the net
interest margin and a dummy variable (HighCapitalGroup) being one for banks with an
average capital ratio larger than the sample mean and zero otherwise is included. The
variables at the bank level are included with a lag. Bank and country-time fixed effects
are included. Standard errors are clustered at the bank level. *** ** and * indicate
significance at the 1%, 5%, and 10% level, respectively.

(1) 2) 3) (4)
A Bank Reserves; ALiquid Assets; ALoans; AAssets;
Explan. Var. Dep. Var. Assets;_1 Assets;_1 Assets;_1  Assets;_1
A Deposit Facility Rate;
X Net Interest Margin;_1 1.814%** 2.074 -4.419%** 1.453
(0.685) (2.310) (0.863) (2.857)
A Deposit Facility Ratet
x HighCapitalGroup -0.146 1.321 1.152 1.580
(0.315) (0.995) (1.071) (1.521)
A Deposit Facility Rate
X Net Interest Margin_1
x HighCapitalGroup 0.013 -0.374 -0.194 -0.666
(0.142) (0.312) (0.519) (0.598)
Net Interest Marging_1
x HighCapitalGroup 0.978 0.925 -1.144 -1.576
(0.626) (1.358) (1.495) (2.599)
Net Interest Margin,_1 -0.598 2.304** 1.477 5.514***
(0.392) (0.916) (0.960)  (1.821)
Deposits to Assets;_1 -0.020 0.089* 0.106**  0.415%**
(0.025) (0.050) (0.046) (0.088)
In Assets;—1 -2.837* -12.718*%* -0.560 -17.575%**
(1.618) (3.683) (2.058) (5.342)
Equity to Assets:—1 -0.009 -0.331** 0.321%* 0.410
(0.059) (0.143) (0.161)  (0.282)
Return on Assets;_1 -0.266* 0.450* 0.382 0.934*
(0.137) (0.255) (0.255) (0.510)
A Main Refinancing Rate;
x Net Interest Margin;_1 -1.676** -1.869 4.804*** -0.572
(0.666) (2.244) (0.765) (2.704)
Country-Time Fixed Effects Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes
Observations 1,453 1,453 1,452 1,453
R-squared 0.23 0.23 0.53 0.50

Number of Banks 397 397 397 397
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TABLE A.19: Triple interaction with deposit share

This table shows regression results obtained from estimating equation (2.1) for a sample of
euro area banks. The estimation period spans 2009-2014. The dependent variable is given
in the column header. Compared to the baseline results, a control for banks’ deposits to
total assets, which is also interacted with the net interest margin and the change in the
deposit facility rate, is included. The variables at the bank level are included with a lag.
Bank and country-time fixed effects are included. Standard errors are clustered at the bank
level. ¥** ** and * indicate significance at the 1%, 5%, and 10% level, respectively.

1) (2) 3) (4)
A Bank Reserves; A Liquid Assets; A Loans; A Assetst
Explan. Var. Dep. Var. Assets;_1 Assets;_1 Assets;—1 Assetsi_1
A Deposit Facility Ratet
X Net Interest Marging_1 1.698*** 2.264 -3.014%** 4.223%*
(0.562) (1.961) (0.971) (2.528)
A Deposit Facility Rate;
X Deposits to Assets;_1 0.012* 0.025 0.025* 0.068**
(0.007) (0.020) (0.014) (0.029)
Net Interest Marging 1
X Deposits to Assets:—1 0.001 0.000 0.001 -0.035
(0.004) (0.016) (0.010) (0.022)
A Deposit Facility Rate:
X Net Interest Margin;_;
X Deposits to Assets;_1 -0.004 -0.004 -0.012%**  _0.026***
(0.003) (0.006) (0.004) (0.009)
Net Interest Margin_1 -0.024 1.007 -0.344 2.960*
(0.218) (0.894) (0.653) (1.512)
Deposits to Assets:—1 -0.022 0.150** 0.089* 0.527***
(0.025) (0.067) (0.048) (0.109)
In Assetsi_1 -2.797%* -13.859*** -2.720 -22.592%**
(1.282) (2.973) (1.955)  (4.742)
Equity to Assets:—1 -0.045 -0.255% 0.192 0.026
(0.041) (0.130) (0.144)  (0.265)
Return on Assets¢_1 -0.223* 0.502** 0.280 0.663
(0.124) (0.249) (0.256) (0.489)
A Main Refinancing Rate;
x Net Interest Marging_1 -1.457*** -2.356 3.600*** -3.085
(0.536) (1.947) (0.867) (2.509)
Country-Time Fixed Effects Yes Yes Yes Yes
Bank Fixed Effects Yes Yes Yes Yes
Observations 1,978 1,978 1,976 1,978
R-squared 0.18 0.24 0.49 0.48

Number of Banks 516 516 515 516
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TABLE A.20: Loans and net interest margin: exclusion restriction

This table shows regression results obtained from estimating the baseline specification
in a set-up of simultaneous equations. The estimation sample covers euro area banks
of GIIPS countries and the period 2009-2014. In Column (1), the estimates of the first
stage regression with reserves as the dependent variable are shown. Column (2) shows
the estimates of the second stage estimation with loans as dependent variable. Here, the
predicted value for reserves as derived from the first stage regression is included. Column
(3) shows the reduced form estimation. The variables at the bank level are included with a
lag. Bank and country-time fixed effects are included. Standard errors are clustered at the
bank level. ¥** ** and * indicate significance at the 1%, 5%, and 10% level, respectively.

(1) (2) (3)
A Bank Reserves; ALoans; A Loans;
Explan. Var. Dep. Var. Assets;_1 Assets;—1  Assets;_1
A Deposit Facility Rate
X Net Interest Margin;_; -0.184 -2.281
(0.984) (2.481)
Net Interest Margin;_; -0.243 4.787 0.061
(0.383) (17.944) (0.056)
Deposits to Assetst—1 0.035 -0.376 -3.918
(0.022) (2.475) (2.743)
In Assets;—1 -0.788 5.863 0.299*
(1.088) (56.015) (0.160)
Equity to Assets:—1 0.021 0.033 0.408
(0.063) (1.510) (0.272)
Return on Assets;_1 0.021 0.149 1.772*
(0.108) (1.950) (0.966)
A Main Refinancing Rate;
X Net Interest Margin:_ -0.081 4.203 3.203
(0.983) (17.815) (2.478)
Estimate(A Bank
Reserves; /Assets:—1) 12.409
(67.607)
Country-Time Fixed Effects Yes Yes Yes
Bank Fixed Effects Yes Yes Yes
Observations 1976 1976 1976
P-value of chi?-test 0.0000 1.0000 0.0000

Number of Banks 163 163 163
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Chapter 3

Interactions between bank levies
and corporate taxes: How is bank
leverage affected?”

Abstract: Regulatory bank levies set incentives for banks to reduce leverage.

At the same time, corporate income taxation makes funding through debt
more attractive. In this paper, we explore how regulatory levies affect bank
capital structure, depending on corporate income taxation. Based on bank
balance sheet data from 2006 to 2014 for a panel of EU-banks, our analysis
yields three main results: The introduction of bank levies leads to lower
leverage as liabilities become more expensive. This effect is weaker the more
elevated corporate income tazxes are. In countries charging very high corporate
income taxes, the incentives of bank levies to reduce leverage turn ineffective.
Thus, bank levies can counteract the debt bias of taxation only partially.

3.1 Introduction

Regulatory bank levies provide incentives for banks to reduce leverage,
as they are typically designed as a tax on liabilities. At the same time,
corporate income taxation makes funding through debt more attractive,
because interest on debt is tax-deductible in most countries while return on
equity is not. In this paper, we ask how effective regulatory bank levies are in
reducing bank leverage, depending on the corporate income tax (CIT) rate.
Moreover, we study how the design of bank levies affects their impact upon
leverage. As the European Banking Union also uses bank levies to finance

the Single Resolution Fund, evidence regarding the impact of bank levies on

“This chapter is co-authored by Franziska Bremus, German Institute for Economic Re-
search (Contact: foremus@diw.de) and Lena Tonzer, Halle Institute for Economic Research
and Martin Luther University Halle-Wittenberg (Contact: lena.tonzer@iwh-halle.de).
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bank behavior conditional on the corporate tax environment contributes to
the assessment of such regulatory reforms.

The literature shows that corporate income taxes affect bank capital
structure (De Mooij and Keen, 2016) and that banks exposed to regulatory
levies strengthen capitalization (Célérier et al., 2018; Devereux et al., 2015).
However, empirical evidence on the interaction effects between regulatory
and corporate taxes is so far missing. Against the background of the evalu-
ation of changes in banking regulations and potential interactions between
different policy interventions (FSB, 2017), this paper aims at filling this
gap. Our goal is to investigate what role regulatory bank levies play in
counteracting the debt bias of taxation. A better understanding of the impact
of bank levies on bank capital structure, depending on corporate taxation,
is crucial given that the debt bias of taxation is shown to not only increase
leverage of both non-financial and financial firms, but also the probability of
systemic banking crises (De Mooij et al., 2013).

In the aftermath of the global financial crisis, many European countries
introduced regulatory levies, the goal being to internalize banks’ contribution
to systemic risk. On the one hand, bank levies are aimed at establishing
funds to finance the restructuring and resolution of banks in distress. On the
other hand, banks’ funding composition should be influenced by taxing non-
deposit liabilities of banks, thereby setting an incentive for lower leverage
and funding risk. Given the opposite incentives for higher bank leverage
that result from corporate taxation, the goal of this paper is to better
understand the interaction effects between regulatory and corporate taxes,
thus understanding the consequences for the effectiveness of bank levies as a
tool to increase financial stability through a less risky bank capital structure.

Using bank-level balance sheet data for EU-countries over the 2006 —
2014 period, we investigate how bank leverage is affected by the introduc-
tion of regulatory levies, depending on CIT rates. The regression analysis
yields three key insights. First, we confirm findings from previous literature
(Célérier et al., 2018; Devereux et al., 2015) that the direct effect of bank

levies on leverage is negative and statistically significant. Banks in countries
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where a levy is introduced, such that debt funding becomes more expensive,
show lower leverage than banks that are not subject to a levy. Second, higher
CIT rates mitigate the leverage-reducing effect of bank levies. In countries
with higher CIT rates, an introduction of a bank levy reduces leverage less
than in countries with lower tax rates. Third, and lastly, for the most elevated
CIT rates, the positive incentives of bank levies on capitalization are not
large enough to counteract the debt bias of taxation. Indeed, the effect of
a bank levy turns statistically insignificant in high-corporate income tax
countries, such that the goal of fostering financial stability through lower
leverage cannot be fulfilled by the regulatory tax.

Our analysis bridges and, thus, contributes to two strands of the litera-
ture. A first set of related studies deals with the implications of the intro-
duction of regulatory bank levies since the global financial crisis. Exploiting
variation in bank levies in the European Union (EU) across countries, banks
and time, Devereux et al. (2015) present empirical evidence that banks
exposed to regulatory levies increase their equity ratio, thus reducing funding
risk. At the same time, portfolio risk is shown to increase. Concentrating on
different bank-level outcome variables, Buch et al. (2016) show that loan
supply and deposit rates were, on average, not significantly affected by the
introduction of the bank levy in Germany. However, the most affected banks
reduced loan supply and deposit rates while raising lending rates. An increase
in lending rates is also found after the introduction of the Hungarian levy by
Capelle-Blancard and Havrylchyk (2017). For a sample of EU banks, Kogler
(2018) finds that banks pass the levies through to customers via higher
lending rates while keeping deposit rates constant. This effect is weaker for
the well-capitalized banks that are less exposed to the levies.! Our analysis
differs from these studies as we focus, besides the direct impact of levies on

bank leverage, on the interactions between bank levies and the CIT.

Kogler (2018) discusses theoretically the interaction effects between corporate taxation
and levies for the pass-through of bank levies to customers in terms of lending rate
increases. If the levy payment is not tax deductible, as in Germany or the UK, the pass-
through is expected to be stronger than in countries where the levy payment can be
deducted so that double taxation is prevented.
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A second strand of literature investigates the relationship between cor-
porate income taxation and leverage. As summarized in a meta-study by
Feld et al. (2013), the design of the corporate tax system is an important
determinant of non-financial firms’ capital structure. Typically, tax systems
incentivize leveraging since interest paid on debt is tax-deductible whereas
the return on equity is not. To lower their tax burden, firms tilt their
capital structure more toward debt than they would in the absence of this
tax preference for debt. The positive effect of the CIT on leverage is well
established in the literature.? Findings by Heider and Ljungqvist (2015)
suggest asymmetric effects of tax rates on leverage: U.S. firms’ leverage
responds to tax increases, but not to tax cuts.

As banks face different funding decisions than non-financial firms and are
subject to regulatory capital requirements, they were typically excluded from
the analysis of capital structures pre-crisis. Yet, Gropp and Heider (2010)
show that, as long as banks hold more capital than required by regulation,
the drivers of capital structure are similar for financial and non-financial
firms. Still, banks tend to be more leveraged than non-financial firms. Berg
and Gider (2017) find that this difference is largely explained by lower asset
side risk of banks due to diversification.

Regarding the role of CIT for bank capital structure, a small but growing
literature concludes that the debt bias of taxation also affects financial firms.
Comparing the tax sensitivity of banks’ and non-banks’ capital structure,
Heckemeyer, Mooij, et al. (2017) find similar values for both groups of firms.
However, the tax sensitivity differs across firm size and leverage. While larger
and capital-tight banks react less to tax changes, the relationship between
tax rates and the size of non-banks is found to be U-shaped. De Mooij and
Keen (2016) argue that capital buffers that are typically above regulatory
capital requirements leave scope for taxes to affect bank leverage. Based on

bank balance sheet data for 82 countries, they confirm that banks’ reaction

2For an overview, see Bremus and Huber (2016). Another but less related strand
of literature analyzes whether and how much corporate income taxes are shifted to
customers (see e.g. Banerji et al., 2018, Capelle-Blancard and Havrylchyk, 2014) and how
securitization is affected by the CIT (Gong et al., 2015).



3.1. Introduction 83

to taxation is, on average, similar to that of non-financial firms and that large
banks are less tax-sensitive than small ones.? Related studies for the United
States (Milonas, 2018; Schandlbauer, 2017) confirm a significant impact
of tax changes on bank leverage, which differs across bank characteristics
like capitalization and size. Using Italian data, Gambacorta et al. (2017)
provide evidence that banks reduce leverage following tax reductions and
that non-deposit liabilities decline more than deposits. Focusing on the
capital structure of multinational banks, Gu et al. (2015) show that the
debt bias of taxation also affects bank subsidiaries and that international
tax differences lead to debt shifting to countries with high taxes.

Shifting the focus from CIT to the effects of bank levies and of “Al-
lowances for Corporate Equity” (ACE), Célérier et al. (2018) find that tax re-
forms that make leverage more expensive increase bank capitalization, while
simultaneously promoting lending. Regarding tax reforms, they exploit, on
the one hand, that several countries have reduced the tax discrimination
against equity by allowing for a deduction of a notional interest rate for
equity through ACEs, while others have not. On the other hand, they also
exploit the introduction of bank levies that increase the total cost of capital,
since liabilities are taxed, thus becoming more expensive. In a similar vein,
Schepens (2016) presents evidence that the capitalization of Belgian banks
significantly increased after implementation of an ACE in 2006.

While the discussed studies analyze the effects of CIT and of regulatory
taxes separately, we contribute to the literature by estimating the effects
of introducing bank levies, depending on CIT rates. By examining the
interaction effects between regulatory and corporate income taxes, we aim
at gauging how far bank levies can counteract the debt bias of taxation.
The remainder of the paper is structured as follows. In the following Section
3.2, we explain the theoretical link between bank leverage and taxes, both
corporate income taxes and bank levies. Section 3.3 describes both the

data used and its sources as well as our empirical model specification. We

SHemmelgarn and Teichmann (2014) find smaller, but also statistically significant,
effects of CIT-changes on bank leverage.
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discuss the regression results and several robustness tests in Section 3.4,

while Section 3.5 concludes and presents potential policy implications.

3.2 Bank leverage and taxes

Both corporate income taxes and bank levies are related to bank leverage.
The expenses of bank levies that are designed as a tax on liabilities typically

increase with the amount of wholesale funding and leverage:*

Bank levy expenses = (3.1)

Levy rate x (Total liabilities — Customer deposits — Equity)

Consequently, the cost of debt (or: leverage) increases, making debt funding
less attractive. Bank levies target exclusively the financial sector, especially
credit institutions. In the aftermath of the global financial crisis, bank levies
were introduced as an instrument to establish resolution funds to finance
the resolution and restructuring of banks in distress (e.g. Cyprus, Germany,
Latvia, and Sweden). In addition, countries opting for a bank levy that taxes
wholesale funding aimed at reducing systemic risk by providing incentives
for banks to shift from an over-reliance on short-term interbank financing
to more stable funding sources such as customer deposits and equity capital
(Kogler, 2018). Along these lines, Devereux et al. (2015) present a theoretical
model of bank leverage, a tax on liabilities, and bank capital requirements
where banks maximize the expected return to shareholders by choosing,
among others, the optimal level of total debt (or leverage, as the amount of
total assets is kept fixed for simplicity). In that framework, banks react to
an increase in the tax on debt by reducing leverage. Similarly, in the model
by Keen (2018), optimal leverage falls the higher the levy is, since the cost of
leverage increases. These considerations lead to our first testable hypothesis:

Hypothesis 1: A bank levy on debt incentivizes banks to reduce leverage.

1See appendix Bl for a detailed overview on which countries use wholesale liabilities as
a tax base for their bank levy and Section 3.3.2 for more information on the data.
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In contrast to bank levies, corporate income taxes are a general instru-
ment targeting the non-financial as well as the financial sector. The main
objective is to generate revenues for the public sector. Given that interest
payments on debt are tax deductible, expenses due to corporate income taxes

amount to

CIT expenses = CIT ratex (3.2)

(Net income before taxes & interest — Interest payments on debt).

There is no explicit aim to target the behavior of taxed entities as concerns
their capital structure. Nevertheless the empirical and theoretical literature
documents that higher CIT rates set incentives for both non-financial firms
and banks to increase leverage in order to lower tax expenses (Feld et al.,
2013; Gropp and Heider, 2010; De Mooij and Keen, 2016; Langedijk et al.,
2015). This debt bias of taxation results from the fact that interest rate
costs for external debt are generally tax deductible, and thereby reduce the
taxable net income of a company, whereas interest on equity is not.

As shown in the model of corporate income taxes and bank leverage
presented by De Mooij and Keen (2016), if banks optimally choose total
debt in a world with capital requirements, they borrow up to the point
where the expected costs of violating the capital requirement equals the tax
advantage of debt. The model implies that higher tax rates result in banks
increasing their optimal amount of debt. The marginal tax benefit of debt
increases in the corporate income tax rate, thus increasing the optimal level
of debt if tax rates rise. We can thus form the second hypothesis:

Hypothesis 2: Bank leverage is higher the more elevated corporate

income tax rates are.

Due to opposing effects of corporate income tax rates and bank levies on
leverage, the question arises of whether there is an interconnection between
corporate income taxes, bank levies and bank leverage. If this is the case,
it bears important policy implications. In particular, considering the case

that the leverage-reducing effect of a bank levy taxing wholesale funding
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interacts reversely with the debt bias of taxation of the corporate income
tax. In such a context, the effectiveness of the regulatory policy instrument
cannot be guaranteed. Due to the hypothesized effects above, we suspect
that the negative effect of bank levies on leverage can potentially be lowered
conditional on the height of the corporate income tax:

Hypothesis 3: The leverage-reducing effect of bank levies is counteracted

by the size of the corporate income tax rate.

In what follows, we empirically analyze the nexus between regulatory

and corporate taxation and its effect on bank leverage.

3.3 Data and methodology

In order to shed light on the effect of bank levies on leverage, depending
on the prevailing CIT, we construct a linked micro-macro dataset that
connects bank balance sheet variables with country-level information on
the introduction and design of bank levies, as well as CIT rates. The
baseline sample covers 2,771 banks in 27 EU-countries over the 2006-2014
period, which yields 10,774 bank-year observations. The sample period ends
in 2014 because, since 2015, banks in EU member states participating in
the European Banking Union must make levy contributions to the Single
Resolution Fund. We next describe our dataset and some key features of
the variables of interest, before discussing our estimation and identification

strategy.

3.3.1 Bank-level data

Annual balance sheet and income statements for banks in 27 EU member
states were obtained from Bankscope by Bureau van Dijk for the 2006 —
2014 period.® In order to clean the data from misreporting and outliers, we
apply several standard screens. We eliminate bank observations if negative

values of equity, assets, and loans are reported or when the loans-to-assets

5We do not cover all 28 EU-countries as Croatian banks do not report all control
variables included in the regression equation and, therefore, drop out of the sample.
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or the equity-to-assets ratio exceeds one. Further, only banks with at least
three observations across the sample period are kept. Following De Mooij
and Keen (2016) and Kogler (2018), we consider unconsolidated accounts
that end at national borders and to which national tax rates and in general
also regulatory bank levies apply. That is, we include observations with
Bankscope consolidation codes Ul (unconsolidated statement with no con-
solidated companion) and U2 (unconsolidated statement with a consolidated
companion). In terms of bank business models, our baseline sample includes
bank holdings and holding companies, commercial banks, cooperative banks,
and savings banks. In order to prevent outliers from affecting our results, we
winsorize all bank-level variables at the top and bottom 1%-percentile.
Following the banking literature, our dependent variable, leverage of bank
i in year t, is defined as liabilities divided by total assets (Berg and Gider,
2017; Gropp and Heider, 2010; Gu et al., 2015). Figure 3.1 illustrates that
at the sample median, leverage has followed a slight upward trend between
2007 and 2013, with the highly leveraged banks (75th percentile) showing
a rather stable leverage ratio, while leverage trended upwards for lower-
leverage banks (25th percentile). The standard bank-level control variables
that gauge bank size, profitability, and risk are also sourced from Bankscope.
Appendix B1 provides a detailed data description of all variables used in the
regression analysis. Table 3.1 reports summary statistics for our baseline
regression sample. The sample mean of bank leverage, as measured by total
liabilities to total assets, is 90%, varying between 8.5 and 98%. Regarding the
unconditional correlations between the bank-level variables included in the
regression model below, Table 3.2 reveals that leverage is higher for larger

banks and lower for more profitable and more risky banks in our sample.

3.3.2 Country-level data

Information on bank levies, like the year of the introduction and the tax
base, is taken from Devereux et al. (2015) and double-checked with the
ECB’s Macroprudential Policies Evaluation Database by Budnik and Kleibl

(2018). We also verify whether countries have implemented a bank levy in
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FI1GURE 3.1: Evolution of bank leverage

This figure illustrates the evolution of bank leverage as measured by total liabilities to
total assets for the sample median as well as the 25th and 75th percentile.
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TABLE 3.1: Descriptive statistics

These descriptive statistics are based on the baseline regression sample (Table 3.4, Column
1). The sample period spans 2006-2014. Source: See data description in appendix B.1.

Obs Mean SD  Median  Min Max
Bank-level variables
Total liabilities to total assets (in %) 10,774 89.56 5.98  90.69 8.46  98.01
Lag of In(total assets) 10,774  6.96  1.81 6.70 327  12.35
Lag of return on assets (in %) 10,774  0.75  1.07 0.78 -4.55  6.00
Lag of impaired loans (in %) 10,774  6.82  6.45 4.95 0.09  39.04
Country-level variables
Bank levy (0/1 dummy) 10,774  0.42  0.49 0.00 0.00 1.00
Corporate tax rate (in %) 10,774 30.17 5.11  30.94 10.00  40.36
GDP growth (in %) 10,774  0.11 2.44 0.59 -14.81 11.62
Inflation (in %) 10,774  1.78  1.27 1.60 -1.71 15.24
Supervisory forbearance discretion (0-4) 10,774  1.31  1.03 1.00 0.00 4.00
Factors mitigating moral hazard (0-4) 10,774  1.79  0.55 2.00 0.00 3.00

those years not covered by Devereux et al. (2015). Detailed information on

the data source by country is provided in appendix B.2.

In our baseline regressions, we include 27 EU-countries and construct

a dichotomous variable that equals one if a bank levy is in place in a

given country and year, and zero otherwise. Appendix B.2 contains detailed

information on the countries that implemented the levy, the implementation

year, and the tax base. The majority of countries implemented a levy in
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TABLE 3.2: Cross-correlations

This table shows correlation coefficients between the variables used in the regression
models. The sample period spans 2006-2014. Source: See data description in appendix

B.1.

Total liabilities to total assets (in %)

Bank levy (0/1 dummy)
Corporate tax rate (in %)

GDP growth (in %)
Inflation (in %)

Supervisory forbearance discretion (0-4)
Factors mitigating moral hazard (0-4)

Lag of return on assets (in %)
Lag of impaired loans (in %)

Lag of In(total assets)

Total liabilities to total assets (in %)

Bank levy (0/1 dummy)
Corporate tax rate (in %)
GDP growth (in %)

Inflation (in %)

Lag of In(total assets)

Lag of return on assets (in %)
Lag of impaired loans (in %)
Supervisory forbearance discretion (0-4) | -0.16
Factors mitigating moral hazard (0-4) 0.16

—

0.06
0.01
-0.02
0.23
-0.13
-0.13

0.00 1

0.25 -0.06
-0.25 -0.14
-0.05 -0.01
0.12  0.11
-0.21  -0.2
-0.33  0.06
-0.09  0.44

0.07 1

0.05  0.02
0.10  0.05
-0.09  -0.04
-0.06  0.05
-0.09 -0.04

-0.05 1

-0.12  -0.33 1

0.16 -0.01 0.02 1

-0.03 0.04 0.02 -025 1

2011, while others adopted it earlier or later. As shown in Table 3.3, prior

to 2009, no banks included in our sample were subject to a levy, whereas in

2011, about one-third of the banks had to pay levies. The share of affected

banks increased to 73% at the end of our sample period. The timing is in

line with the start of policy discussion about the implementation of levies to

finance restructuring funds and internalize banks’ contribution to systemic

risk after the financial crisis (IMF, 2010).

TABLE 3.3: Distribution of bank observations by years

This table presents the number and fraction of banks in the baseline sample that are
subject to a levy and the ones that are not by sample year. Source: Own calculations.

Number of bank

Share of bank observations

observations with levy

Year without levy with levy  total by year accumulated
2006 251 0 251 0% 0%
2007 754 0 754 0% 0%
2008 836 0 836 0% 0%
2009 894 59 953 6% 2%
2010 914 64 978 7% 3%
2011 674 353 1,027 34% 10%
2012 693 804 1,497 54% 20%
2013 667 1,546 2,213 70% 33%
2014 609 1,656 2,265 73% 42%
Total 6,292 4,482 10,774
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Among the 17 countries that have introduced a bank levy within our
sample period, the majority implemented the levy design as suggested by
the IMF (2010), namely as a tax on liabilities (i.e. total assets less equity)
minus deposits. With this levy design, all non-deposit liabilities are taxed,
thus making leverage more expensive. Appendix B.2 reveals that there
are, however, seven European countries that chose different levy designs.®
In Hungary and Slovenia, for example, the levy is paid on total assets,
whereas in France the minimum equity requirement is used as the tax base.
Given the heterogeneity of the design of levies and the resulting differences
in incentives set for capital structure, we restrict the “treatment group”
in further regression exercises to the countries that impose the standard
“liabilities minus deposits (L — D)” design.”

Information on corporate income taxes is obtained from the Oxford
Centre of Business Taxation.® The corporate income tax rate for country
¢ in year t is computed as the sum of the federal tax rate and the local
tax rate taking into account surcharge and deductibility of local taxes. As
shown by the summary statistics in Table 3.1, while the average CIT in our
sample is 30%, the range of tax rates varies quite substantially between 10%
(Bulgaria, Cyprus) and 40% (Spain). This variation is useful in the following
empirical analysis as it helps identify the differential effects of regulatory
bank levies depending on the existing CIT. Correlation coefficients (Table
3.2) show weakly positive relationships between banks’ liabilities to assets
and both the bank levy dummy variable and the CIT rate.

Further country-level control variables, like GDP growth and inflation
or regulatory variables, come from the International Financial Statistics and

from Barth et al. (2013).

5Poland only implemented a levy in 2016.

"See Kogler (2018) for a description of different levy designs in Europe.

Shttps://www.sbs.ox.ac.uk/faculty-research/tax/publications/data; missing
information for Latvia, Lithuania, Malta and Cyprus is added from Devereux et al. (2015)
and KPMG (2014).
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3.3.3 Regression model

In order to analyze how the introduction of bank levies affects bank capital
structure, depending on the prevailing CIT, we estimate the following

regression equation

LAt = o + v + BrLevye + BoCITe + BsLevyey x CITy (3.3)

+ BaXict—1 + B5Yer + €ict

using a panel fixed-effects estimator. The dependent variable, bank leverage
of bank 7 in country c at time ¢, is defined as the ratio of liabilities (total
assets minus equity) to total assets (LA;c). The main explanatory variables
of interest are Levy., a dummy variable that equals one if a bank levy is
in place in country c¢ at time ¢, and CIT;, the corporate income tax rate
in country c at time t. Capturing bank levies by a country-specific dummy
variable is a very crude proxy and ignores that some countries implement
different levy designs and exclude, for example, small banks from the levy.
Thus, in Section 3.4.2, we assess in more detail the role of the levy design
and, in further robustness tests, we restrict the sample to include only larger
banks.

Based on theoretical considerations and empirical results from previous
literature, we expect the direct effect of a bank levy on leverage, 51, to be
negative, whereas the direct effect of CIT, s, is supposed to be positive.
The total effect of bank levies on leverage, depending on the CIT, is given
by 1+pP3+CIT. To investigate how effective bank levies are at counteracting
the debt bias of taxation, our coefficient of interest is 33, i.e. the interaction
effect between the bank levy and the corporate income tax rate. Supposed
that leverage is lower for banks that are affected by a levy relative to banks
that are not (57 < 0), then the larger and positive 3 is, the more the
leverage-reducing effect from the levy is mitigated with higher CIT rates.

The vector X;.—1 contains bank characteristics, all lagged by one year
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to account for potential simultaneity concerns.” Following the literature,
we include the log of total assets (in million USD) and the square of the
log of total assets to control for bank size, the return on assets (in %) to
measure profitability, and the ratio of non-performing loans to gross loans
(in %) as a measure of bank risk. The term Y,; summarizes annual GDP
growth, inflation, and regulatory variables, that is, country-level controls.
Common time trends in the data are accounted for by including yearly time
dummies (7). To control for unobserved time-invariant bank characteristics,
all regression models include a set of bank fixed effects («;). Thereby, we
can test whether banks subject to a levy changed their leverage compared
to banks not affected by a levy with similar bank-level and country-level
characteristics. Robust standard errors are clustered at the bank level.

For our identification of effects, we exploit variation in the introduction of
bank levies across countries and time. Importantly, during our sample period,
changes in bank capital regulation, like the stepwise implementation of Basel
IIT that started in 2013, also affected the choice of bank capital structure.
As we control for observed and unobserved bank and country characteristics,
it is nevertheless reasonable to suppose that two otherwise similar banks —
one located in an EU-country that introduced a levy and the other located
in an EU country without levies — are affected similarly by regulatory and
institutional changes at the EU-level.!? Furthermore, as we outline below,
most changes become only effective after 2014. To control for the fact that
existing regulatory standards are enforced differently across EU-countries
and that differences in the strength of moral hazards can impact leverage,
we add two variables reflecting banking regulation in country c at time ¢,
namely supervisory forbearance discretion and various factors mitigating
moral hazard. Potential concerns about endogeneity are discussed in Section

3.4.3.

9Due to the fact that we lag the control variables by one period, our estimation covers
the dependent variable for the years 2006-2014 and links it to bank-level control variables
based on 2005-2013.

1071 robustness tests, we exclude the years after 2012 that are most likely to be influenced
by regulatory changes or the announcement thereof. In addition, we add bank group-
and-time fixed effects to control for different exposure of banks to changes in regulation
depending on their capital ratio.
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3.4 Regression results

This section discusses estimation results for the baseline sample including
bank observations from EU-countries, using banks from those countries
that introduced a levy as the treatment group and the remaining banks
as the control group. We then limit the sample to countries with a more
homogenous levy design, before testing the robustness of our findings with

respect to additional changes in the sample composition.

3.4.1 Determinants of bank leverage

Table 3.4 reports the regression results from estimating equation 3.3. Con-
firming previous findings from the literature, the results point to a negative
effect of levies on bank leverage, while leverage is positively related to CIT
rates. On the one hand, banks in countries that have introduced bank levies
reduce leverage relative to other banks, given that most countries implement
a levy scheme making debt funding more expensive. On the other hand,
banks facing higher CIT rates have higher liabilities to assets ratios due to
the debt bias of taxation. The estimated interaction effect between regulatory
and corporate taxes, 3, is positive: This finding suggests that if a country
introduces a bank levy, higher CIT rates mitigate the leverage-reducing effect
of the levy.

The estimated direct effect of the bank levy dummy in Column (4) implies
that for banks in countries with a bank levy in place, the liabilities to assets
ratio is 4.5 percentage points lower than for the other banks, on average, if
CIT = 0. Given the sample mean of 89.5%, this corresponds to a reduction
in leverage of 5% at the sample mean. Regarding the coefficient on CIT,
we find that an increase in the CIT rate of one standard deviation (5.1 pp)
translates into an increase in leverage of 0.5 percentage points if no levy is
in place (Levy = 0). When it comes to the total marginal effect of bank
levies, depending on the CIT, the estimated coefficients suggest that at the
sample mean of the CIT (30.2%), the introduction of a bank levy reduces

bank leverage by only 0.4 percentage points. Thus, the introduction of a bank
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TABLE 3.4: Determinants of bank leverage

This table shows regression results based on the empirical specification of equation (3.3)
for a sample of European banks. The estimation period covers 2006-2014. The dependent
variable is total liabilities relative to total assets (in %). Bank levy is a country-level
dummy variable that is one if a bank levy is in place and zero otherwise. Corporate tax
rate is a continuous variable, also defined at the country level. All models include bank-
level and country-level controls, as well as bank and time fixed effects. Bank-level controls
are included with a lag and standard errors are clustered at the bank level. *** ** and *
indicate significance at the 1%, 5%, and 10% level, respectively.

(1) (2) 3) (4)

Total liabilities to total assets;

Bank levy; -0.532 -0.750** -4.520%**
(0.335)  (0.345)  (0.867)

Corporate tax rate; 0.176%** 0.097**
(0.044)  (0.043)

Corporate tax rate; * Bank levy; 0.135%**
(0.027)

GDP growth; 0.038 0.055 0.083** 0.102**
(0.046)  (0.043)  (0.042)  (0.043)
Inflation; 0.116 0.126* 0.117 0.047
(0.075)  (0.076)  (0.077)  (0.074)

Ln total assets;_1 6.940***  6.812%**  7.239%**k 7 449%**
(1.886)  (1.854)  (1.878)  (1.885)

Ln total assets?_; -0.213%%  _0.208*%*  -0.239%*F  _0.251**
(0.107)  (0.105)  (0.106)  (0.107)

Return on assets;_1 -0.290*%**  _0.285%**  _(.283***  _(0.290***
(0.063)  (0.063)  (0.064)  (0.065)
Impaired loans;_1 -0.011 -0.013 -0.011 -0.005
(0.021)  (0.020)  (0.021)  (0.021)

Supervisory forbearance discretion;  -0.387*** -0.286 -0.435%*%  -0.624***
(0.145)  (0.191)  (0.185)  (0.194)
Factors mitigating moral hazard. 0.461 0.399 0.384 0.372

(0.375) (0.355)  (0.359) (0.344)

Time fixed effects Yes Yes Yes Yes
Bank fixed effects Yes Yes Yes Yes
Number of observations 10,774 10,774 10,774 10,774
R-squared 0.068 0.069 0.073 0.079
Number of banks 2,771 2,771 2,771 2,771

levy only goes a small way in promoting a more stable bank capital structure
in EU-countries with average CIT rates. For the countries with the lowest
CIT rates in the sample (10%), the corresponding marginal effect amounts
to -3.2 percentage points, whereas it is weakly positive for the maximum
observed CIT rate (40.4%).

Figure 3.2 (a) shows the whole range of marginal effects of bank levies on
leverage, depending on CIT rates based on Table 3.4, Column 4. It illustrates
that the leverage-reducing effect of bank levies is most pronounced for banks

in countries with low CIT rates. The higher the CIT rate, the smaller the
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favorable effect — from a regulatory perspective — of bank levies becomes.
For the highest CIT rates in our sample, the sign of the effect changes. This
positive but only weakly statistically significant marginal effect is mainly
driven by the comparison of French and Spanish banks (subject to levies)
with Italian banks (no levy). All three countries have high CIT rates and
the positive effect of the levies is plausible, since the tax base in France and
Spain is minimum equity requirements and deposits, respectively, rather than
non-deposit liabilities. Thus, the baseline model points into an important
direction for further analysis, namely that interaction effects between bank
levies and CIT rates vary with the design of the bank levy.

The estimated coefficients on the control variables are in line with the
related literature. Bank leverage increases with bank size, but this effect
levels off and turns negative for the largest banks. Higher profitability
allows banks to accumulate equity, such that leverage declines. Bank risk, as
measured by the ratio of non-performing loans to gross loans, inflation, and
institutions mitigating moral hazard, do not seem to systematically affect
leverage, whereas leverage tends to be higher during booms but lower in
countries where supervisors have less discretion if banks violate the laws

(higher values of the variable “supervisory forbearance discretion”).

3.4.2 The importance of the levy design

Since the design of bank levies differs across countries, in a next step,
we split the regression sample according to the tax base of the levy. For
those banks subject to a levy designed as a liabilities tax (L-D), theory
predicts a negative link with leverage as a liabilities tax makes debt financing
more expensive (Devereux et al., 2015). However, for banks affected by
levies with a different tax base, like risk-weighted or total assets (Finland,
Hungary, Slovenia), deposits (Cyprus, Ireland, Spain), or minimum capital
requirements (France), the impact on leverage is not clear. To account for
different levy regimes, we exclude, for example, bank observations of those
countries that implemented a levy but did not design it as a liabilities tax

over the whole sample period (compare also appendix B.2).
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F1GURE 3.2: Marginal effects

This figure plots the marginal effects of levies (bank levy = 1 versus bank levy = 0) on bank
leverage for the different observations of corporate income taxes (left hand side). On the
right hand side, the fraction of observations for the histogram of corporate income taxes
can be read. While subplot (a) shows the marginal effects for the entire country sample,
subplot (b) summarizes the findings for the sample including countries where “liabilities
minus deposits (L-D)” is the tax base of the levy. Source: Own calculations.
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The estimation results in Table 3.5 reveal that our baseline results are
driven by banks subject to a levy in the form of a liabilities tax. The leverage-
reducing direct effect of the bank levy becomes stronger when excluding

countries with different tax bases that provide mixed incentives for bank
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capital structure (Column 2). Further, the positive and significant effects
of CIT and of the interaction term between the levy and CIT on leverage
remain intact. In contrast, in countries where the levy design differs and is
not focused on making debt funding more expensive, levies are ineffective at
promoting a more stable bank capital structure, no matter how low or high

the corporate tax rates are (Columns 3 — 5).
TABLE 3.5: Determinants of bank leverage, depending on levy design

This table shows regression results based on the empirical specification of equation (3.3).
The estimation period covers 2006-2014. The dependent variable is total liabilities relative
to total assets (in %). Bank levy is a country-level dummy variable that is one if a bank levy
is in place and zero otherwise. Corporate tax rate is a continuous variable, also defined
at the country level. Column (1) repeats the baseline results from Table 3.4, Column
(4). Columns (2)-(5) show the estimates for subgroups with regard to the levy design. As
indicated in the column header, the estimation sample covers countries with the respective
levy tax base and countries that never implemented a levy. All models include bank-level
and country-level controls, as well as bank and time fixed effects. Bank-level controls are
included with a lag and standard errors are clustered at the bank level. *** ** and *
indicate significance at the 1%, 5%, and 10% level, respectively.

1) ) ®3) (4) (&)
Tax base:
Bascli Tax base: RWA or Tax base: Tax base:
aselme L-D minimum deposits  total assets

equity requ.

Bank levy; -4.520%%*  _5.590%** -1.839 -1.293 3.356
(0.867) (1.807) (4.261) (1.297) (6.93)
Corporate tax rate; 0.097** 0.167*** -0.071 0.022 -0.174%*
(0.043) (0.062) (0.049) (0.102) (0.069)
Corporate tax rate; * Bank levy; 0.135%** 0.134* 0.077 0.002 -0.169
(0.027) (0.074) (0.125) (0.04) (0.35)
GDP growth, 0.102** 0.122%** 0.046 0.211%* 0.056
(0.043) (0.045) (0.035) (0.088) (0.039)
Inflation, 0.047 0.075 0.197*** -0.332* 0.174%*
(0.074) (0.067) (0.075) (0.193) (0.074)
Ln total assets;—1 T.449%F* 7 643%F* 6.484%** 6.514%** 6.462%**
(1.885) (1.937) (1.464) (1.683) (1.578)
Ln total assets?_; -0.251%* -0.233%* -0.221%* -0.198* -0.196**
(0.107) (0.109) (0.089) (0.113) (0.099)
Return on assets;—1 -0.290%**  _(.230%** -0.243%%* -0.260%**%  _0.278%**
(0.065) (0.066) (0.07) (0.078) (0.076)
Impaired loans;—1 -0.005 -0.011 0.028 0.015 0.014
(0.021) (0.022) (0.022) (0.024) (0.022)
Supervisory forbearance discretion; — -0.624***  -0.704*** -0.601%** -L701FFF -0.565%FF
(0.194) (0.181) (0.19) (0.481) (0.184)
Factors mitigating moral hazard, 0.372 0.623* -0.008 -0.878 0.393
(0.344) (0.373) (0.376) (0.692) (0.438)
Time fixed effects Yes Yes Yes Yes Yes
Bank fixed effects Yes Yes Yes Yes Yes
Number of observations 10,774 9,180 6,228 5,456 5,213
R-squared 0.079 0.158 0.174 0.096 0.214
Number of banks 2,771 2,451 1,018 938 851

Figure 3.2 (b) illustrates the marginal effect of a levy on bank liabilities on
leverage, depending on the corporate income tax rate. Compared to Figure

3.2 (a), the estimations exclude all countries implementing a levy with a tax
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base other than liabilities minus deposits. It confirms the previous finding
that bank levies reduce leverage more, the lower CIT rates are and, hence, the
lower the debt bias of taxation is. However, in countries with high CIT rates,
bank levies are an ineffective tool for positively influencing capitalization.
Their marginal effect is statistically insignificant in these cases. Thus, the
leverage-reducing effect of bank levies is more pronounced for the L-D design,
i.e. for pure liabilities taxes.

In terms of economic significance, the estimated effects of the levy for the
L-D-sample are — unsurprisingly — a bit larger compared to the effects for
the full sample including all levy types: Table 3.5, Column (2) reveals that
leverage is 5.6 percentage points lower in countries with a liabilities tax in
place. For those countries with the lowest CIT rates in the sample (10%), a
levy leads to a reduction in leverage of 4.3 percentage points, whereas under
the highest CIT rates (37%), a tax on liabilities still somewhat mitigates
leverage (-0.6 percentage points relative to banks not subject to a levy).
Thus, when comparing the results from Tables 3.4 and 3.5, it appears that
bank levies that are designed as a tax on liabilities are more efficient in
incentivizing a more stable bank funding structure, even for higher CIT
rates.

Overall, the estimation results point to a favorable effect of bank levies on
capitalization and this is the more so, the smaller the debt bias of taxation.
For very high CIT rates, the resulting incentives for debt financing exceed
the incentives from the bank levy to reduce leverage, such that the overall
effect of the levies turns insignificant in these countries. Not surprisingly,
the strengths of the levy-effect and, hence, its effectiveness to foster financial

stability through lower leverage depends on levy design.

3.4.3 Potential sources of endogeneity

Regarding potential endogeneity issues, one could be concerned about reverse
causality, meaning that high bank leverage drives the introduction of bank
levies. However, this would imply a positive link between leverage and the

introduction of bank levies, whereas we find a negative relationship between
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the two variables. Thus, our estimates would be biased downwards, such that
they reflect a conservative estimate of the effect of levies on leverage if we do
not fully control for reverse causality. Additionally, many countries did not
primarily aim at influencing bank capital structure with the introduction
of bank levies, but rather at filling bank resolution and restructuring funds.
Lastly, we consider leverage at the bank level but control for the introduction
of the levy at the country level. This approach lowers concerns about reverse
causality as individual banks might not drive the outcome of the regulatory
process.

A further concern could be related to anticipation effects. For example,
anticipating the introduction of bank levies, banks might, pre-introduction,
lower leverage ratios in order to reduce regulatory costs. However, as bank
levies were introduced quickly in most countries after first political discussion
(see Section 3.3.2) and partially refer to balance sheets of years preceding
the introduction (see e.g. Buch et al., 2016, Devereux et al., 2015), it is
unlikely that banks already adjusted their capital structure before the intro-
duction. Again, such anticipatory adjustments would rather bias our results
downwards because we would underestimate the full decline in leverage.

Finally, with respect to confounding factors that influenced bank capital
structure at the same time as levies, we control for a large set of potential
candidates. Disruptions due to the financial crisis, the European sovereign
debt crisis, and expansionary monetary policy affecting all banks alike are
captured by time fixed effects. Country-level macroeconomic developments,
which obviously differed across the sample countries, and differences in the
stance of regulation in the banking sector are controlled for by including
a corresponding set of variables and country-level regulatory controls as
described above.

As a response to the financial crisis, the regulatory framework has been
reformed substantially with potential effects on banks’ capital structure.
However, our sample ends in 2014, whereas regulatory changes with respect
to capital and liquidity requirements under Basel III were subsequently

phased-in. Also, as concerns the establishment of the European Banking
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Union - one of the key regulatory changes in Europe after the financial and
sovereign debt crisis - Koetter et al. (2019) show that many countries are
delaying the implementation of the directives underlying the implementation
of the European Banking Union into national law. Still, to control for shocks
in the context of financial and regulatory reforms after the crisis that may
affect specific bank groups differently, in robustness checks discussed in
Section 3.4.4, we add interactions of bank group and year fixed effects, where
banks are categorized according to their capital ratio (Devereux et al., 2015;

Kogler, 2018).

3.4.4 Robustness tests

We run several robustness checks in order to test the sensitivity of our
results with respect to levy design, bank group-specific shocks and sample
composition. Table 3.6 summarizes the main findings.

We first assess whether changes in the levy rate as well as the timing of
the introduction of the levy impacts on our findings. Table 3.6 reveals that
our baseline results (Table 3.4, Column 4) are driven by banks in countries
with an increasing levy rate over time (Column 2)!! and by banks that were
subject to bank levies early on (2012 or earlier) (Columns 2 and 6). When
restricting the analysis to banks in countries that introduced the levy after
2011 or after 2012 only, the effects of the levy and of the CIT turn statistically
insignificant (Columns 3 and 5). This result might reflect that levies have
been most effective in countries implementing them relatively quickly after

first political discussions such that banks could not adjust ex ante.

Sweden increased its levy rate in 2011 from 0.018% of non-deposit liabilities to 0.036%.
Austria, Cyprus, France, Hungary, Latvia, and the United Kingdom have also increased
their levy rate since introducing it (Budnik and Kleibl, 2018).



TABLE 3.6: Robustness checks

This table shows regression results based on the empirical specification of equation (3.3). The estimation period covers 2006-2014 if not indicated otherwise. The dependent
variable is total liabilities relative to total assets (in %). Bank levy is a country-level dummy variable that is one if a bank levy is in place and zero otherwise. Corporate
tax rate is a continuous variable, also defined at the country level. For comparison, the baseline results from Table 3.4 are reported in Column (1). Column (2) restricts
the sample to banks in countries increasing the levy rate over time, while Columns (3)-(6) present results for subsamples of countries that introduced levies relatively early
or later. In Column (7), we add interactions of bank group and time fixed effects. Bank groups are based on the quartiles of bank equity ratios to the baseline model. All
models include bank-level and country-level controls, as well as bank and time fixed effects. Bank-level controls are included with a lag and standard errors are clustered at
the bank level. ¥** ** and * indicate significance at the 1%, 5%, and 10% level, respectively.

(1) (2) (3) (4) (5) (6) (7)

Levy Levy Levy Levy With bank

Baseline 111; (\:/r;?":‘?eg introduced mSB(i(%ugfd introduced lnggci(%ugred group-time
after 2011 carlier after 2012 carlier FE
Bank levy; -4.520%*%*  _6.984*** -0.991 -4.455%** -0.485 -4.429%** -1.848%**
(0.867) (1.385) (2.537) (0.902) (4.463) (0.858) (0.614)
Corporate tax rate; 0.097** 0.108%* 0.015 0.086* 0.010 0.087** 0.134%**
(0.043) (0.044) (0.090) (0.044) (0.111) (0.043) (0.039)
Corporate tax rate; * Bank levy;  0.135%** 0.204%** -0.002 0.121%** -0.017 0.121%** 0.059***
(0.027) (0.039) (0.075) (0.027) (0.126) (0.026) (0.019)
Controls Yes Yes Yes Yes Yes Yes Yes
Bank fixed effects Yes Yes Yes Yes Yes Yes Yes
Time fixed effects Yes Yes Yes Yes Yes Yes Yes
Bank group-time fixed effects No No No No No No Yes
Number of observations 10,774 7,151 5,475 10,400 5,404 10,471 10,774
R-squared 0.068 0.157 0.093 0.127 0.093 0.126 0.238
Number of banks 2,771 1,196 940 2,660 925 2,675 2,771

S9[NSo.I UOISSOIFOY “F°&

10T



102 Chapter 3. Interactions of bank levies and CIT on bank leverage

Second, since adjustments in leverage due to changes in financial regula-
tions or responses to the global financial crisis may have been heterogeneous
across banks with different capitalization, we follow Devereux et al. (2015)
and Kogler (2018) and account for bank group-specific time trends. For that
goal, dummy variables are computed for each quartile of the equity ratio
for the entire sample and are then interacted with year dummies. Adding
these bank group-time fixed effects does not affect the sign or statistical
significance of the baseline results, but reduces the size of the coefficient on
the bank levy dummy as well as the coefficient on the interaction with the
CIT rate (Column 7).

Appendix B.3 provides additional estimations to test the sensitivity of
our results with respect to the included banks, countries, and time. The
latter point is especially important considering that our sample includes
a non-crisis period, the financial and sovereign debt crisis episode and a
period characterized by the re-regulation of the European banking sector
with potentially different underlying dynamics in the banking system. When
splitting the sample into different time periods to rule out that unobserved
common factors drive our result, it appears that the results are statistically
significant for the period after 2007 (Column 2) and for different sub-periods
excluding the year 2014 to control for the introduction of macroprudential
policy measures (Columns 3 and 4). Yet, the size of the estimated coefficients
of the bank levy dummy and of the interaction term with CIT is smaller in
more recent years when compared to the baseline result. This finding is in
line with previous results suggesting that bank levies are most effective in
reducing leverage depending on the CIT in countries implementing levies
relatively early.

To test whether the composition of banks and countries matters for our
results, we account for the fact that in many countries, smaller banks face
exemptions from the levy; e.g. in Austria (balance sheet size smaller than
1 billion Euros) and Germany (tax base smaller than 300 million Euros).
Similarly, positions within entities belonging to a bank holding company

often face a special levy treatment. These banks might thus have no or
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different incentives to adjust their capital structure in order to lower levy
payments. Excluding bank holding companies (Column 5) or small banks
with assets below the 25th percentile (Column 6) leaves the key mechanism
unaffected, even though the direct effect of the CIT rate turns statistically
insignificant. This is also the case when restricting the sample to Euro area
countries,'? and thus reducing confounding factors due to a different stance
of monetary policy, in Column (7) — probably because the variation in CIT

rates is significantly smaller among these countries than for the entire EU.

3.5 Conclusion

The goal of this paper is to analyze how the introduction of bank levies can
reduce leverage of European banks, depending on the prevailing corporate
income tax (CIT) rate. While corporate income taxes introduce a debt bias,
bank levies can have opposite effects on banks’ capital structure if, for
example, equity is excluded from the tax base. Given substantial changes
in the regulatory framework in Europe, including the introduction of a
European bank levy to finance the Single Resolution Fund, understanding
such interaction effects among regulatory and corporate income taxes is of
utmost importance.

Our analysis reveals that bank levies promote a more stable bank capital
structure with potentially positive effects for financial stability. However,
this favorable effect is weaker, the higher the CIT rate that a bank is subject
to and, hence, the stronger the debt bias of taxation. For EU-countries
charging very high CIT rates, the leverage-reducing effect of bank levies turns
ineffective because the incentives to use debt financing that result from the
CIT system outweigh the opposite incentives set by the levies. Thus, there
are non-negligible interaction effects between regulatory taxes and corporate
taxes that should be taken into consideration when thinking about the goals

and effectiveness of changes in one tax or the other.

2The Euro area (EA) dummy varies across time and includes the 18 countries that
joined the EA prior to 2015.
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We also show that the effectiveness of the levies as a tool to decrease
leverage depends crucially upon levy design. Again, the leverage-reducing
effect of bank levies taxing liabilities weakens with a higher debt bias
of taxation. Not surprisingly, bank levies that tax bank liabilities reduce
leverage, whereas levies with different tax bases like total assets, deposits,
or minimum equity requirements do not show systematic effects upon bank
capital structure. The latter tax schemes, hence, tend to serve primarily
the goal of filling resolution funds only. Our analysis reveals that, ceteris
paribus, a reduction of systemic risk due to less wholesale financing and a
better capital base is most likely in case bank levies target the liability side
and are implemented in an environment of limited debt bias of taxation.

This result has the important policy implication that financial regulators
should also have an eye on the specific design of regulatory levies and the
interaction with other taxation schemes. In a broader context, our results
imply that before introducing new regulation to target a specific outcome in
banks’ behavior, regulators have to assess possible interaction effects with
(non-)regulatory measures that are found to impact the targeted variable.

Otherwise, regulatory effectiveness cannot be guaranteed.
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Appendix B

B.1 Data description

Variable ‘ Description ‘ Source
Bank-specific variables
Total liabilities Total liabilities relative to total assets

S Bankscope
to total assets (in %)
Ln total assets ‘ Log of total assets (in US$ million) ‘ Bankscope
Return on assets (in %) ‘ Operating profit relative to average assets ‘ Bankscope
Impaired loans (in %) ‘ Impaired loans relative to gross loans ‘ Bankscope

Country-specific variables

Bank levy (0/1 dummy)

Dummy variable that is 1 if a bank
levy is in place and 0 otherwise

Bank levy tax base:
L-D (0/1 dummy)

Dummy variable that is 1 if the bank
levy in place uses the difference of
liabilities (=total assets - equity) and
deposits as tax base to calculate the levy

Bank levy tax base:
deposit based
(0/1 dummy)

Dummy variable that is 1 if the bank
levy in place uses deposits as tax base
to calculate the levy

Bank levy tax base:
RWA or minimum
equity requirement
(0/1 dummy)

Dummy variable that is 1 if the bank
levy in place uses risk-weighted assets
or minimum equity requirements as tax
base to calculate the levy

Bank levy tax base:
total assets
(0/1 dummy)

Dummy variable that is 1 if the bank
levy in place uses total assets as tax base
to calculate the levy

Based on Devereux et al. (2015),
ECB’s Macroprudential Policies
Evaluation Database by
Budnik and Kleibl (2018),
Kogler (2018), Twarowska (2016),
Ernest and Young (2016)

Increasing levy rate
(0/1 dummy)

Dummy variable that is 1 if the bank
levy rate was increased after the
introduction

ECB’s Macroprudential Policies
Evaluation Database by
Budnik and Kleibl (2018)

Corporate tax rate

(in %)

Sum of federal tax rate, local tax rate
taking into account surcharge and
deductibility of local taxes

Oxford University Centre for
Business Taxation, KPMG (2014),
Devereux et al. (2015)

GDP growth (in %)

Annual growth of GDP

Inflation (in %)

Annual inflation rate

International Financial
Statistics, IMF

Supervisory forbearance
discretion (0-4)

Whether the supervisory authorities may
engage in forbearance when confronted
with violations of laws and regulation or
other imprudent behavior (0-4, with higher
values indicate less supervisory discretion)

Barth et al. (2013)

Factors mitigating
moral hazard (0-4)

The degree to which moral hazard exists
(0-4, higher values indicate greater
mitigation of moral hazard)

Barth et al. (2013)

Euro area
(0/1 dummy)

Dummy variable that is 1 if the country
is a member state of the Euro area in a
given year
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B.2 Country sample and tax base

This table presents the country samples depending on the tax base applied for the levy.
Countries in bold font are those that introduced a levy, while the other countries did
not have a levy in place during our sample period (2006-2014). In the second column, the
L-D sample is shown including only countries in which the tax base is “Liabilities (=total
assets — equity) — deposits (L-D)” and countries without a levy. The third column shows
the year when the levy was implemented. The broad definition of the tax base is indicated
in the fourth column. The final column shows the source of the information in those cases
we draw on information beyond the one provided in Devereux et al. (2015) and the ECB’s
Macroprudential Policies Evaluation Database by Budnik and Kleibl (2018).

Source (if additional to:

Baseline sample  L-D sample Implementation  Tazx base Devereux et al., 2015;
Budnik and Kleibl, 2018)

Austria Austria 2011 L-D
Belgium Belgium 2012 L-D
Bulgaria Bulgaria No levy No levy
Cyprus - 2011 Deposits
Czech Czech No levy No levy
Republic Republic
Denmark Denmark No levy No levy
Estonia Estonia No levy No levy
Finland - 2013 Risk-weighted Twarowska (2016)
assets
France - 2011 Minimum equity
requirement
Germany Germany 2011 L-D
Greece Greece No levy No levy
Hungary - 2010 Total assets
Ireland - 2014 Deposits
ITtaly Italy No levy No levy
Latvia Latvia 2011 L-D
Luthuania Luthuania No levy No levy
Luxembourg Luxembourg No levy No levy
Malta Malta No levy No levy
Netherlands Netherlands 2012 L-D
Poland Poland No levy No levy
Portugal Portugal 2011 L-D
Romania Romania 2011 L-D
Slovakia Slovakia 2012 L-D
Slovenia - 2011 Total assets
Spain - 2014 Deposits http://www.elexica.com/
en/legal-topics/tax/09-
Sweden Sweden 2009 L-D spain-new-tax-on-bank-deposits
United United 2011 L-D

Kingdom Kingdom



http://www.elexica.com/en/legal-topics/tax/09-spain-new-tax-on-bank-deposits
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Chapter 4

Does liquidity regulation impede
the liquidity profile of collateral?

Abstract: We analyze the pledging behavior of Euro area banks during
the introduction of the liquidity coverage ratio (LCR). The LCR considers
only a subset of central bank eligible assets and thereby offers banks an
arbitrage opportunity to improve their requlatory ratio by altering their
collateral pledging with the European Central Bank. We use the eristence
of national liquidity requirements to proxy for banks’ incentives to exploit
this differential treatment of central bank eligible assets. Using security-level
information on collateral pledged with the central bank, we find that banks
without a preceding national liquidity requirement pledge more and less liquid
collateral than banks with a preceding national liquidity requirement after the
LCR introduction. We attribute the difference across banks to a preparation
effect of the liquidity regulation on the national level.

4.1 Introduction

Following the global financial crisis 2007/2008, the need for profound changes
in financial supervision was addressed by the introduction of new regulatory
measures. Given the central role of liquidity during the crisis, these measures
include standards on liquidity. The liquidity coverage ratio (LCR) was intro-
duced in October 2015 as the first of two quantitative liquidity standards.
The LCR measures the liquidity resilience of institutions for the next 30
days in case of a stress scenario by setting the liquidity buffer in relation to
the expected net cash outflow.

In this paper, we examine whether the introduction of the LCR had
adverse effects on the liquidity profile and the quantity of collateral pledged
with the European Central Bank (ECB) to secure its refinancing operations.

Whereas the collateral framework of the ECB is one of the broadest among
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central banks world wide, the LCR framework takes into account only the
most liquid of these ECB eligible assets. Such differential treatment of ECB
eligible assets creates the possibility to improve the LCR by simply pledging
assets as collateral that are considered illiquid according to the LCR, while
withholding assets eligible for the LCR. Assets are only included in the LCR
calculation if they are not encumbered via any kind of banking activity.
Hence, banks face the trade-off to use a liquid asset eligible under the LCR
framework for the LCR or within the scope of another banking activity, for
example to secure a refinancing operation. In addition to the differential
treatment of ECB eligible assets, the LCR framework directly favors central
bank funding over other refinancing sources by assigning a zero percent
outflow rate. Because this regulatory design creates an incentive to increase
central bank funding and to complement the estimation on the collateral
liquidity profile, we also consider quantity effects of the LCR introduction
on collateral pledged with the central bank.

Investigating whether banks exploit the arbitrage opportunity via the
central bank to improve their LCR is crucial for the policy evaluation of
the liquidity requirement. The LCR is meant to promote banks’ resilience
to liquidity shocks and to reduce the reliance on the central bank. However,
if banks use the arbitrage opportunity to alter their LCR value rather than
to improve their liquidity risk profile, the arbitrage possibility could leave
the LCR being ineffective or increase reliance on the central bank. Hence,
this research bears important implications for policy makers regarding the
potential risk mitigating effect of the regulation.

We use a proprietary dataset with bank-level information on central bank
collateral. These collateral data are based on security-level information and
are complemented by regulatory data at the bank level. To identify the effect
of the LCR introduction on pledged collateral, we exploit the existence of
national liquidity requirements in some Euro area countries. These national
regulations preceded the EU-level LCR and have resemblance to it. We
hypothesize that banks without preceding national liquidity requirement

alter their pledging behavior more extensively than banks with a preceding
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national liquidity requirement in reaction to the LCR introduction. The
conjecture is that in the presence of a preceding national liquidity regulation,
the need to alter the pledging behavior in response to the LCR introduc-
tion is expected to be less pronounced because those banks already made
adjustments to comply with their national liquidity regulation. Thus, we
have less reason to expect that these banks with a national requirement
exploit the differential regulatory treatment in terms of pledging less liquid
collateral or making use of the preferential treatment of central bank funding
by increasing the refinancing through the central bank.

To measure a potential reaction in the pledging behavior of banks, we use
the natural logarithm of the collateral value as a quantity measure. Whereas
we exclude the haircut for the quantity measure, we use it to estimate
collateral liquidity by calculating the weighted average haircut of pledged
collateral. The haircut depends on the price volatility and uncertainty
associated with the valuation of the collateral.! Therefore, haircuts are
smaller for more liquid assets like those considered within the LCR. Because
only marketable assets are potentially LCR eligible, we subdivide the total
of pledged collateral into marketable and non-marketable assets. Marketable
assets include securities, while non-marketable assets comprise, for example,
credit claims.

Empirically, we find evidence that banks react to the LCR implementa-
tion by altering their pledging behavior with the central bank. The two main
findings are that banks without a national liquidity requirement decrease
the liquidity profile and increase the quantity of pledged collateral relative
to banks that already faced a national liquidity regulation before the intro-
duction of the EU-level LCR. For the collateral liquidity profile we find two
opposing effects. While the average liquidity profile for marketable collateral
decreases by over 30% for banks without national liquidity requirement,
the liquidity of non-marketable assets increases by 8.4%. The decrease in

marketable collateral liquidity supports the hypothesis that banks without

'Bindseil et al. (2017)
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national liquidity requirement have a higher incentive to exploit the regu-
latory friction by substituting liquid with less liquid collateral. Given that
non-marketable collateral is LCR ineligible, an improvement in its average
liquidity is no contradiction to our hypothesis but could be driven by the
corresponding increase in pledged non-marketable collateral. Banks without
a national liquidity requirement increase the collateral value of pledged
non-marketable assets by 6% in comparison to banks with a preceding
national liquidity regulation. Given that non-marketable assets are not
considered under the LCR framework, this result suggests that banks either
increased their central bank funding with LCR ineligible assets or increased
their overcollateralization. For marketable assets, we find no statistically
significant results concerning the quantity of pledged collateral.

To our knowledge, this paper is the first to consider the effect of liquidity
regulation on central bank collateral. It is also one of the first to consider
the effect of the LCR implementation at the EU level. Our work is closest
to Fuhrer et al. (2017)’s study on the LCR introduction in Switzerland.
Whereas we focus on the effect on banks’ pledging behavior with the central
bank, Fuhrer et al. (2017) provide empirical evidence of a security price
premium for assets considered under the LCR framework as suggested by
Stein (2013). They examine the friction of assets considered by the LCR
framework and all other assets on the market, whereas we concentrate on
the differentiation of LCR eligible and ineligible assets within the collateral
framework. Their theoretical analysis hints that the premium is driven by
additional demand for these assets, the elasticity of the asset supply, and the
possibility of banks to reduce net cash outflows.

Another side effect of liquidity regulation is considered by Bonner and
Eijffinger (2016), who find for the Dutch interbank market that liquidity
requirements seem to increase long-term borrowing, lending rates and long-
term interbank loans. These findings support Bech and Keister (2017)’s
theoretical model on the externalities of liquidity regulation, which stresses
the influence of liquidity regulation on market conditions and the interest

rate and by that affects monetary policy implementation. However, since the
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introduction of the full allotment policy in 2008, Bech and Keister (2017)’s
model no longer applies to the monetary policy transmission of the Euro area
given that the policy rate is no longer implemented through the interbank
market. As we show, this shift in the regime to implement monetary policy
does not imply that liquidity regulation has no effect on monetary policy.
We also contribute to the rather small literature on central bank collateral
pledging. Within this strand of literature this paper is closest to Drechsler
et al. (2016) and Fecht et al. (2016). Like them, we consider the collateral
pledged with the central bank. Whereas we consider the effect of the LCR
introduction, Drechsler et al. (2016) and Fecht et al. (2016) study the
implementation of the full allotment policy of the ECB in 2008. In contrast
to our country-level identification, they provide evidence that weaker banks
use lower quality collateral and demand disproportionally more central bank
funding. Fecht et al. (2016) highlight the possibility of an implicit support
of weaker banks and the limited use of lower quality collateral outside of
Eurosystem operations as reasons for using lower quality collateral for central
bank operations. One of these reasons is the default risk of the lender as
stressed by Ewerhart and Tapking (2008). In a repurchase transaction, the
lender is protected against the default of the borrower via the provision of
collateral. To minimize the risk that the transaction is too low collateralised
due to price fluctuations of the underlying collateral, appropriate haircuts
are applied. However, in case the lender defaults, the borrower faces the
problem that very high haircuts were applied and the loss of the collateral
is higher than the principal amount of the transaction. Our finding, that
the LCR induces banks to pledge lower quality collateral indicates another
source of asymmetric opportunity costs of pledging collateral with the central
bank. Also for the pre-crisis period, Bindseil et al. (2009) find evidence
that opportunity costs differ across collateral types when studying the main
refinancing operations of the ECB for a 1-year period in 2000/2001. Hence,
asymmetric opportunity costs do not seem to be per se a phenomenon of the
unconventional monetary policy of the ECB. Cassola and Koulischer (2019)

propose a theory of collateral choice to assess how changes in collateral policy
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of the central bank influence the collateral type pledged by banks and banks’
funding choice. The results suggest that an increase in haircuts applied to
collateral belonging to a specific asset class reduces the use of this particular
group of assets.

The perspective of the central bank is described by Bindseil and Lamoot
(2011), who stress the trade-off between the social benefits due to a broad
collateral framework versus the social costs potentially associated with it.
While Choi et al. (2017), Cassola and Koulischer (2019), and Koulischer and
Struyven (2014) highlight the positive effect of a broad collateral framework
on market functionality, De Roure (2016) finds an premium of securities
eligible as central bank collateral. Similar to Fuhrer et al. (2017)’s approach
for LCR eligible assets, De Roure (2016) provides empirical evidence for
the distortion of markets due to the collateral policy of the central bank.
Also Kacperczyk et al. (2017) show that central bank eligibility itself is a
determinant of a safe asset. Such effects on money and asset markets may
reduce market discipline and can create distortions in the real economy like
the overproduction of illiquid real assets (Nyborg, 2016; Nyborg, 2017). We
focus on the interaction effects of the regulatory LCR framework and the
collateral framework which is no externality of the collateral framework per
se but the result of the differential treatment of assets by the two frameworks.

The remainder of this paper is organized as follows. Section 4.2 provides
information on the institutional background relevant for this paper. It
describes the set up of the LCR and ECB’s refinancing operations and em-
phasizes the friction between the relevant frameworks. Also the identification
strategy is described. In Section 4.3, we present the measurement and data,
as well as the empirical specifications to estimate the effect of the LCR
introduction on bank’s pledging behavior. We discuss our results in Section

4.4 and present robustness checks in Section 4.5. We conclude in Section 4.6.
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4.2 Institutional setting

4.2.1 Liquidity coverage ratio

The liquidity coverage ratio (LCR) determines the amount of banks’ liquidity
buffer relative to their expected net cash outflows for the next 30 days. It
was introduced with a minimum of 60% in October 2015, followed by an
increase to 70% in January 2016, and 80% in January 2017. Banks need to
adhere to the final minimum requirement of 100% by January 2018. The
regulation applies to all EU credit institutions.?

In the context of the LCR the liquidity buffer is referred to as the sum
of high quality liquid assets (HQLA) held by the respective bank:

High Quality Liquid Assets
E[Net cash outflow]spdays

Liquidity Coverage Ratio =

HQLA are defined in the legal framework of the LCR and include assets
like reserves, marketable government, and central bank securities, but also
corporate debt securities of non-financial institutions and covered bonds.3
The amount of HQLA is calculated based on the market values of the
individual assets which are adjusted by respective haircuts. To calculate the
expected net cash outflow, liquidity inflows and outflows are evaluated for
a 30 day stress period. Outflows and inflows are calculated by multiplying
balance sheet and off-balance sheet holdings with a maturity lower than 30
days with inflow /outflow rates assigned to them.* These rates are also defined
in the LCR framework. They are based on a combination of idiosyncratic and
market wide stress scenarios. To improve their LCRs, banks can consequently
either increase their HQLA holdings by altering their asset side or opt for
funding sources with lower outflow rates.

It is important to note that HQLA are only considered for regulatory
purposes if they are not encumbered via any kind of banking activity. Hence,

with the introduction of the LCR, banks face the trade-off to use a liquid

2Commission Delegated Regulation (CDR) (EU) 2015/61 of 10 October 2014
3For more details consider title 2, chapter 2 of the CDR, (EU) 2015/61.
*For more details consider title 3 of the CDR (EU) 2015/61.
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asset eligible under the LCR, framework as HQLA or within another banking

activity, for example to secure a refinancing operation.

4.2.2 Central bank refinancing operations

Since the introduction of the full allotment policy in October 2008, European
financial institutions can receive unlimited amounts of liquidity at the main
refinancing rate and against adequate collateral during the weekly auctions
of the ECB. Like in an ordinary repurchase transaction the borrower (bank)
must provide a sufficient amount of collateral to the lender (central bank) at
the start date. At the end date of the transaction the borrowed amount plus
interest payments are returned to the lender, while the collateral is returned
to the borrower (see Figure 4.1).

FIGURE 4.1: Refinancing operations with the central bank

The figure shows the transactions of a central bank refinancing operation. From the start
date onwards, the bank has to provide central bank eligible collateral to the central bank
to secure the amount of central bank money received from the same. On the end date, the
bank is free to withdraw its collateral after repaying the principal amount and the interest
obligations to the central bank.

Start date: Collateral .
Bank |, " Central bank
) Central bank money
End date: , Collateral
Bank . Central bank

Central bank money

Within the Eurosystem, all assets pledged as collateral with the central
bank belong to the collateral pool of the respective bank. Put differently,
banks do not pledge one particular asset to secure a certain amount of
funding, but the value of the collateral pool has to cover the face value
of central bank refinancing operations.

Assets pledged with the central bank as collateral need to be eligible for
the collateral framework. The collateral value of asset i is the asset price
at date t times one minus the assigned haircut.® In contrast to the asset

price, haircuts are not revalued every business day but are fairly stable over

5Collateral value;; = asset price;, * (1 — haircut:)
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time. The haircut is a percentage discount to account for the risk of loss that
the asset possess and is applied to protect the Eurosystem against financial
losses in case the collateral has to be realized due to an default of the counter-
party. Counter-party risk is not considered in haircut considerations but is
indirectly included by applying counter-party eligibility criteria (Bindseil
et al., 2017).

The asset price is the price of the business day preceding the valuation
day. For marketable assets, like ECB debt certificates and other marketable
debt instruments, the asset price is usually the most reliable market price.”
However, for non-marketable assets like credit claims, retail mortgage-backed
debt instruments and fixed-term deposits from eligible counter-parties either
a theoretical model calculates the asset price or the outstanding amount is
used as such.®

Bindseil et al. (2017), Nyborg (2016), Nyborg (2017), BIS Markets
Committee and others (2013), and Eberl and Weber (2014) provide detailed

discussions on ECB’s collateral framework and risk mitigation procedures.

4.2.3 Friction and identification

Our research question is motivated by the friction of the ECB’s collateral
framework and the assets considered as HQLA within the LCR framework.
While the collateral framework covers a broad range of marketable assets and
non-marketable assets, the LCR framework considers only the most liquid
marketable assets as HQLA.

The differentiation of assets in HQLA and non-HQLA creates additional
regulatory value for HQLA (Fuhrer et al., 2017). Given that the distinction is
also present within the collateral framework, the increase in regulatory value
also affects banks’ pledging behavior with the central bank. Instead of using
HQLA to secure central bank operations, banks have an incentive to keep

HQLA unencumbered to let them be counted into the LCR. While the LCR

SFor details: https://www.ecb.europa.eu/ecb/legal/pdf/celex_3201600032_en_txt.pdt.

"For details: http://www.ecb.europa.eu/paym/coll/standards/marketable/html/index.en.
html.

8For details: http://www.ecb.europa.eu/paym/coll/standards/nonmarketable/html/index.
en.html.


https://www.ecb.europa.eu/ecb/legal/pdf/celex_32016o0032_en_txt.pdf
http://www.ecb.europa.eu/paym/coll/standards/marketable/html/index.en.html
http://www.ecb.europa.eu/paym/coll/standards/marketable/html/index.en.html
http://www.ecb.europa.eu/paym/coll/standards/nonmarketable/html/index.en.html
http://www.ecb.europa.eu/paym/coll/standards/nonmarketable/html/index.en.html

118 Chapter 4. Liquidity regulation and collateral

regulation framework punishes the switch to less liquid collateral with other
counter-parties by increasing the outflow rate, and therefore the denominator
of the LCR, the outflow rate for central bank operations is independent of
the underlying collateral.? Therefore, it is reasonable to expect that with the
introduction of the LCR banks are more likely to pledge non-HQLA instead
of HQLA to secure central bank operations.

In addition to this friction induced mechanism there is another potential
channel affecting the pledging behavior of banks with the central bank.
Regulators consider central bank funding as 100% stable and therefore assign
an outflow rate of 0%. In contrast, other refinancing sources considered secure
like stable retail deposits, have an outflow rate of at least 5% and outflow
rates for operational deposits are not below 25%. Hence, the introduction of
the LCR and the variation in outflow rates across different funding sources
can induce banks to switch from high-outflow-rate-funding sources to funding
sources with lower outflow rates and by that increasing its LCR via reducing
the denominator of the ratio. The substitution of funding sources would have
an direct effect on the quantity of collateral pledged with the central bank
and could have an indirect effect on the liquidity profile of collateral.

Summing up, the introduction of the LCR in the context of the ECB’s
collateral framework can influence the pledging behavior of banks with the
central bank via the incentive to substitute HQLA with non-HQLA and the
substitution of funding sources.

These arbitrage opportunities undermine the effectiveness of liquidity
regulation, given that the intention of liquidity regulation is to reduce the
reliance on central bank funding in times of economic stress. The reason for
this issue is the problematic distinction between structural and regulatory
liquidity needs. Turning to the central bank to demand funding, a bank
might want to satisfy regular funding needs due to business activities, not

to exploit the arbitrage opportunity of the LCR framework. Treating central

91f a bank switches its collateral from HQLA to non-HQLA to secure non-central bank
funding source, the applied outflow rate increases to 100 %. Short-term funding secured
by HQLA has outflow rates of only 0% to 50%. For further details on the exact outflow
rates consider Article 28 of the Commission Delegated Regulation (EU) 2015/61.
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bank funding stricter within the LCR framework is also not reasonable as it
is a secure funding source especially in times of distress. Hence, to avoid that
banks face even more costs due to liquidity regulation, central bank funding
is preferentially treated.!® Bindseil and Lamoot (2011) give an extensive
description and discussion of the separate treatment of liquidity regulation
and the central bank’s operational framework and the unwanted interactions
stemming from it.

To identify the potential effect of this friction, we exploit the fact that
in 12 out of 19 Euro area countries the EU-wide LCR was preceded by
a national liquidity requirement comparable to the EU-level counterpart
(Figure C.2 in the appendix). The national regulation either has or had
a time horizon of 30 days or a similar calculation of liquid assets, cash
outflows, and inflows. We assume that in the presence of a preceding national
liquidity regulation the need to alter the pledging behavior in response to
the LCR introduction is less pronounced because those banks already made
adjustments, for example reducing their liquidity risk profile or altering
the pledging behavior, to comply with their national liquidity regulation.
Thus, we have less reason to expect that these banks with national liquidity
requirement exploit the differential regulatory treatment.

Although national liquidity requirements are not exogenous to the lig-
uidity holdings of the national banking sector, they are far less endogenous
than individual liquidity indicators like the LCR value itself. To control for
effects of differences in the regulatory design of the liquidity requirements,
we control for the regulatory toughness and the intensity of the LCR

introduction in Section 4.4.3.

%Tn the theoretical literature, Stein (2013) suggests to use central bank funding to cap
the tax of liquidity regulation. However, the author does not comment on the consequences.
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4.3 Method and data

4.3.1 Measurement and data

We obtain data of banks’ pledging behavior from the ECB. At weekly
frequency, we observe which bank pledged what kind of asset on the security
level. These information are combined with regulatory bank-level data of the
Single Supervisory Mechanism (SSM).

To evaluate the pledging behavior of banks, we consider the liquidity
profile and the quantity of the collateral pool. Similar to Fecht et al. (2016)
and Drechsler et al. (2016), we measure the liquidity profile of collateral using
the weighted average haircut for each bank’s collateral pool in time ¢. The
advantage of using the weighted average haircut is that it is available for
marketable and non-marketable collateral. Given that haircuts are meant
to reduce the probability of losses in case the borrower defaults and the
collateral has to be liquidated, less liquid assets like non-HQLA have higher
haircuts than more liquid assets like HQLA.

The quantity of pledged collateral is measured by the natural logarithm
of the total value of the collateral pool, which is the sum of all assets
pledged as collateral excluding haircuts. The collateral value is not the exact
amount of requested central bank funding, but is closely connected to it.
Disparity arises because banks tend to pledge more collateral than needed
to secure the principal amount of the central bank loan. In the private
market so called overcollateralization is used to reduce refinancing costs.
In the context of central bank funding, overcollateralization has no effect on
the required interest rate, but is likely done to account for variations in the
daily valuations of the pledged collateral. Also fluctuations in the demand
for central bank funding can lead to overcollateralization, if the respective
bank does not adjust its pledged collateral accordingly.'! Collateral pledged
with the central bank is legally encumbered. As mentioned in Section 4.2.1,

encumbered assets cannot be sold until the debt is satisfied or used to

HEor example, banks with a significant demand for intraday credit are likely to hold
substantial end-of-day overcollateralization.
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secure other transactions. Hence, banks have an incentive to limit their
overcollateralization. Also the legal framework of the LCR claims that HQLA
can not be encumbered. Despite this legal requirement, in practice, assets
pledged with the central bank in excess to the required amount of collateral
are included in the calculation of the LCR, provided these assets are HQLA.
Thereby, non-HQLA are considered first and only if this amount is not
sufficient to secure the credit claim of the central bank, HQLA are considered
as collateral. This practice can limit the incentive of banks to substitute
their HQLA within the collateral pool with non-HQLA due to the LCR
introduction. They can simply add a sufficient amount of non-HQLA and by
that increase overcollateralization to the extend that the HQLA included in
the collateral pool is not needed to secure the refinancing operation with the
central bank. Whether this practice is reasonable in the sense of an efficient
use of assets could be questioned, however, it can not be ruled out with
certainty. Hence, the quantity of collateral is no exact proxy for the quantity
of central bank funding because we can not distinguish whether a change in
the amount of pledged collateral value is due to a change in central bank
funding or a change in overcollateralization. However, in both cases the effect
of the LCR introduction on the quantity of collateral is of interest for us
because it either indicates whether banks take advantage of the preferential
treatment of central bank funding or complements the results for collateral
liquidity profile. An increase in overcollateralization because non-HQLA is
added but HQLA is not withdrawn, can lead to an underestimation of the
effect of the LCR introduction with the remaining HQLA in the collateral
pool diluting the change in the weighted average liquidity. In general, the
estimates on the quantity of pledged assets complement our results because
a change in the quantity offers alternative explanations for the change in the
collateral liquidity profile next to the substitution of collateral. For example,
the liquidity profile decreases when banks withdraw the most liquid assets
first, or add less liquid assets to their collateral pool.

We distinguish the collateral pool into the sub-categories marketable

and non-marketable collateral because non-marketable collateral is never
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considered to be a HQLA, while marketable collateral can be both. Hence,
considering marketable and non-marketable collateral separately disentan-
gles potentially contrary effects.

Our sample covers 77 banks supervised by the SSM that hold a collateral
pool to back their borrowings during our sample period. Since our covariates
are end of quarter measures, we use the latest available weekly observation
within the respective quarter. The amount of collateral pledged by our
sample banks covers approximately 47% of collateral value pledged with the
ECB for the two sample periods.!? This magnitude is reasonable given that
only the largest and most significant banks of the Euro area are supervised by
the SSM. Our baseline specification considers two cross-sections, the second
quarter of 2015 and the first quarter of 2016. We exclude the intermediate
period, Q3 and Q4 2015, to control for anticipation effects, which are likely
because of the end-of-period set up of our data. Q3 2015 is likely to show
anticipation effects as the regulation came into force on the 1st of October
2015.13 Therefore, it is likely that banks already adjusted their pledging
behavior end of September. The period Q4 2015 is excluded because it is
likely to show anticipation effects of the first LCR increase in January 2016,
when the minimum threshold was increased from 60% to 70%.'4 To avoid
the uncertainty that estimated effects are due to the LCR introduction or
due to anticipation effects of the following increase in the LCR requirement,
we consider both events as one treatment and consider Q1 2016 as the first
post-treatment period.

We restrict our baseline sample to two cross-sections to reduce the
possibility of confounding events. In Section 4.5 we test how sensitive our es-
timates are regarding the sample period by extending the two cross-sections
to a panel as well as including the treatment period. Furthermore we include

bank-level controls from the harmonized reporting standards, the common

120ur end of quarter aggregate divided by the average of the three end of month
observations over the respective quarter. The aggregate data are available here: https:
//www.ecb.europa.eu/paym/coll/charts/html/index.en.html.

13 Article 39, Commission Delegated Regulation (EU) 2015/61

1 Article 38, Commission Delegated Regulation (EU) 2015/61


https://www.ecb.europa.eu/paym/coll/charts/html/index.en.html.
https://www.ecb.europa.eu/paym/coll/charts/html/index.en.html.
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solvency reporting (COREP) and the financial reporting (FINREP), of the
SSM.

As stressed in Section 4.2.3, banks are defined in two groups: banks
with no national liquidity requirement (NNLR) and banks with national
liquidity requirement. Table 4.1 presents mean and standard deviation for
each group per pre- and post-treatment period as well as the difference,
and the statistical significance of the difference of the pre- and post-period.
For the two pre-treatment samples, we find no significant differences in the
covariates. For the post-treatment period, covariates remain to be not signifi-
cantly different except for capital ratio and deposits of financial institutions.
For the left-hand side variables, we find that in the pre-treatment period
only marketable collateral value is significantly different for NNLR and
non-NNLR banks, while all the liquidity profile measures are significantly
different in the post-treatment-period. More details on individual variable

definitions are provided in the appendix by Table C.8.
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4.3.2 Empirical specification

With the implementation of the LCR, we hypothesize that banks have an
incentive to alter their collateral pledging behavior with the central bank
as it offers the possibility to improve the regulatory ratio and thereby ease
the regulatory burden. To identify the effect of the EU-wide introduction
on banks’ pledging behavior we use country-level information on national
liquidity requirements preceding to the EU-wide LCR implementation and
employ a difference-in-difference set up. To evaluate the pledging behavior
of banks, we consider the average weighted haircut of pledged securities for
bank 7 of country j in period ¢ and the natural logarithm of the amount
of collateral after haircuts pledged by bank i of country j in period t as

dependent variable (Yj;¢).

Yije = o + oy + v X1 (4.1)

+ B1NoNational Liquidity Requirement; x PostLC Ry + €;5¢

The binary dummy variable NoNational Liquidity Requirement; is one
if country j did not have some kind of liquidity requirement comparable
to the EU-level LCR and zero if there was or still is a national liquidity
regulation in place. The main coefficient of interest, 31, is showing the differ-
ential effect of the LCR introduction (PostLC R;) on banks without national
liquidity requirement (NoNationalLiquidityRequirement;). PostLCR; is
a time dummy, which is equal to one for the post-treatment period(s). We
control for bank fixed effects, «;, time fixed effects, a4, and cluster standard
errors at the bank level. All covariates (X;;—1) are lagged by one period to
reduce simultaneity concerns. Because this does not solve the issue of possible
reverse causality, our estimates should be interpreted as correlations.

In a second step, we control for country and bank-specific effects by
extending the interaction term with a third indicator variable. As a place-

holder, this variable is named Treated;;;. It is either defined on the bank
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level i or the country level j.

Yit = ai + a + v Xir—1 + B1PostLC Ry x T'reated, (4.2)
+ B2 PostLCR; * NoN ational Liquidity Requirement;

+ B3 PostLC Ry x T'reated;;; * NoN ational Liquidity Requirement; + €;j

As for the baseline specification, we include bank and time fixed effects and

cluster standard errors at the bank level.

4.4 Results

Due to the differential treatment of identical assets under the collateral
framework and the LCR regulation, as well as the preferential treatment
of central bank operations within the LCR framework, banks have the
opportunity to reduce the regulatory burden of the LCR implementation

by altering their pledging behavior with the central bank.

4.4.1 Do banks alter the liquidity profile of pledged collat-

eral?

Using the pre-treatment period Q2 2015 and the post-treatment period
Q1 2016 to estimate the effect of the EU-wide LCR introduction, we first
consider the liquidity measure as dependent variable. The results are shown
by Table 4.2.

We find no macro-level evidence of the LCR introduction by regressing
only the treatment dummy, PostLC Ry, on the collateral haircut. Column
(1) shows that for the haircut no statistically significant effect of the LCR
introduction can be estimated. The same applies to the group indicator,
NNLR;, (Column 2). When estimating the difference-in-difference specifi-
cation of equation (4.1) without controlling for observables or unobservables,
the individual effects of the two indicators, as well as the interaction term
remain insignificant (Column 3). However, the low (within) R-squared of

this model indicates a high level of noise within the data. Therefore, we
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extend our analysis by controlling for bank-specific characteristics in Column
(4) and by including bank and quarter fixed effects in Column (5). The
regression model shown by Column (4) controls for bank size, capital ratio,
returns on assets, loan ratio, debt instruments, interest income, deposits
of financial institutions, household deposits, and interest expenses.'® For
the specification with bank controls the coefficient of the LCR-introduction
indicator is statistically significant. The effect of 3 percentage points accounts
on average to a rise of 25% in the weighted average haircut (Column 4). An
increase in the weighted average haircut represent a decrease in the collateral
liquidity profile. The interaction coefficient of the NNLR indicator and the
treatment dummy remains insignificant in Column (4) and continues to have
no statistical relevance, also when we control for unobservables by including
bank and time fixed effects (Column 5 and 6). Unobservables like asset
purchase programs (APPs) or changes in the collateral framework affect
banks’ asset holdings and, therefore, are very likely to have an effect on
banks’ pledging behavior with the central bank. Hence, it is reasonable to
account for them in our estimation.

When disaggregating the overall collateral liquidity measure in mar-
ketable haircut and non-marketable haircut and including bank-level con-
trols, we estimate a highly significant correlation of the LCR introduction
indicator for the haircut of marketable collateral (Column 7). This result
suggests that the average haircut of marketable collateral increased after

the LCR introduction. However, the national liquidity regulation indicator

15While the literature provides ambiguous results concerning the relevance of bank
size on banks’ liquidity holdings (Deléchat et al., 2014; Kashyap et al., 2002; Aspachs
et al., 2005), Drechsler et al. (2016) provide strong evidence for the significance of banks’
capitalization for the magnitude of central bank funding as well as the quality of pledged
collateral. Controlling for return on assets, we follow the lender of last resort literature
and the argumentation that central banks should lend to “illiquid but solvent” banks
(Choi et al., 2017; Rochet and Vives, 2004; Deléchat et al., 2014). Given that alternative
adjustment strategies can reduce the need to alter the pledging behavior of a bank, we
control for changes in banks asset holdings by including loan ratio, debt instruments, and
interest income. To control for changes in the quality of bank holdings is also important
because collateral liquidity could be directly affected by changes of the same. Besides
increasing their relative HQLA holdings, banks can reduce the denominator of the ratio by
decreasing the expected outflows. Therefore, we include deposits of financial institutions,
household deposits, and interest expenses, to control for changes in refinancing sources
considered stable (household deposits) or unstable (deposits of financial institutions)
within the LCR framework (Bindseil, 2013; Cornett et al., 2011). For a detailed definition
of the variables refer back to Table C.8 in the appendix.
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seems to be of no statistical relevance (Column 8). Estimating the
difference-in-difference specification with time and bank fixed effects, we
find evidence that banks with no preceding national liquidity requirement
increased their marketable haircut by nearly 1.8 percentage points more
than banks with a preceding national liquidity regulation after the LCR
implementation (Column 9). With respect to the mean of the sample, the
estimated effect accounts to an increase of over 30% in the marketable
haircut. This estimate is in line with our hypothesis that NNLR banks have
a higher incentive to switch to less liquid collateral, exploiting the arbitrage
opportunity of central bank collateral pledging. For the haircut of non-
marketable collateral, we find no macro-level effect of the LCR introduction
or the national regulation indicator (Column 10 and 11). For the specification
of equation (4.1), we estimate a decrease of -2.7 percentage points (Column
12). With a mean of more than 32 percentage points, this result accounts to
a decrease of 8.4% in the average non-marketable haircut. The high mean of
the non-marketable haircut is not necessarily due to a lower overall quality of
non-marketable collateral compared to marketable collateral but is instead
due to the valuation (nominal amount for non-marketable assets) method
and the lower liquidity of non-marketable assets in general.

These estimates support the hypothesis that the LCR introduction
creates an incentive for banks to pledge less liquid collateral. The findings
are also in line with the assumption that banks without preceding national
liquidity requirement are more responsive than banks with preceding na-
tional regulation. While the finding of the drastic decrease in the liquidity of
marketable collateral of NNLR banks is straight forward, the improvement of
the average liquidity of non-marketable collateral is not. However, given that
non-marketable assets are never HQLA, we can state that the improvement
in the liquidity of non-marketable collateral is no contradiction of the

hypothesis.
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4.4.2 Do banks alter the quantity of pledged collateral?

We repeat our estimations for the liquidity profile of pledged collateral with
the natural logarithm of the amount of pledged collateral after haircuts as
dependent variable to evaluate whether the introduction of the LCR had an
effect on collateral quantity.

We find no macro-level evidence for an effect of the LCR introduction,
PostLC Ry, on the total collateral value as shown in Column (1) of Table 4.3.
Also the absence of a preceding national liquidity requirement, N NLR;, is
not of statistical significance for the quantity measure (Column 2). When also
including the interaction term of the two indicator variables, the individual
terms, as well as the interaction term remain insignificant as shown by
Column (3). Like for the liquidity measure, the estimated (within) R-squared
is very small. To control for the noise in the data, we again include the bank
controls used for collateral liquidity profile. The estimates in Column (4)
show that the interaction term and the individual terms of the two indicators
remain insignificant when including bank controls. However, the estimate
for the interaction term is highly significant for the regression with the fixed
effects shown in Column (5). Including time and bank fixed effects, as well
as covariates, the interaction term remains highly significant.

As for the liquidity profile of collateral, we distinguish between mar-
ketable and non-marketable collateral. We find no macro-level effect of the
LCR introduction on the marketable collateral value (Column 7), but a
significant effect of the national regulation indicator (Column 8). This result
suggests that NNLR banks seem to pledge on average approximately 9%
more marketable collateral than banks with a preceding national liquidity
requirement. Given that we do not control for unobservables, this estimate
should not be overstated. However, it supports our assumption that banks
with preceding national regulation already made adjustments in response to
the national regulation, either in their liquidity risk profile or by altering

their pledging behavior.



This table examines the effect of the EU-level LCR introduction on the collateral value pledged with the ECB. The reported effects are estimated based on the empirical specification
of equation (4.1) for the two cross-sections Q2 2015 and Q1 2016. Collateral value is the natural logarithm of the total collateral minus the respective haircut (Columns 1-6). Marketable
(Columns 7-9) and non-marketable (Columns 10-12) collateral value are the respective measures for the two sub-categories of the collateral aggregate. PostLCR is an indicator variable
for the period after the EU-level LCR introduction. NNLR is one for countries with no preceding national liquidity requirement. Included bank controls are the logarithm of total assets,
capital ratio, return on assets, loan ratio, debt instruments, interest income, deposits of financial institution, household deposits and interest expense. All covariates are lagged by one

TABLE 4.3: Quantity of pledged collateral

quarter. Standard errors are clustered at the bank level and are reported in brackets. *** p<0.01, ** p<0.05, * p<0.1.

1) (2) (3) 4) (5) (6) (7) (8) 9) (10) (11) (12)
VARIABLES Collateral value Marketable collateral value Non-marketable collateral value
PostLCR 0.163 -0.010 0.115 0.069 0.278%*
(0.131) (0.142)  (0.093) (0.093) (0.142)
NNLR 0.635 0.445 0.188 0.671** -0.061
(0.391)  (0.449) (0.287) (0.334) (0.417)
PostLCR#NNLR 0.392 0.179 0.154%**  (0.143** 0.084 0.426%**
(0.271)  (0.175) (0.051) (0.061) (0.069) (0.089)
R-squared 0.00 0.03 0.04 0.79 0.11 0.18 0.51 0.53 0.21 0.62 0.62 0.48
Bank controls No No No Yes No Yes Yes Yes Yes Yes Yes Yes
Bank FE No No No No Yes Yes No No Yes No No Yes
Time FE No No No No Yes Yes No No Yes No No Yes
Number of banks s s 7 7 s s 76 76 76 54 54 54
Number of obs. NNLR=1 70 70 70 70 70 70 69 69 69 51 51 51
Observations 150 150 150 150 150 150 149 149 149 104 104 104
Dependent variable
Mean 8.16 8.16 8.16 8.16 8.16 8.16 7.83 7.83 7.83 6.85 6.85 6.85
Std. dev. 1.83 1.83 1.83 1.83 1.83 1.83 2.12 2.12 2.12 1.69 1.69 1.69
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For the marketable collateral value, we find no statistically significant
effect of the interaction of the NNLR indicator and the LCR-introduction
indicator when estimating the specification of equation (4.1) (Column 9). For
non-marketable collateral value as dependent variable, the LCR introduction
dummy is statistically significant, while the group indicator is not (Column
10 and 11). These estimates suggest that banks increased the value of
non-marketable collateral on average by over 4% in response to the LCR
introduction, but that there is no fundamental difference for NNLR and non-
NNLR banks. As mentioned before, given that we do not control for time and
bank specific fixed effects, the estimates of the individual coefficients of the
indicator variables should be considered with care. Column (12) shows that
estimating the specification of equation (4.1), we find that the interaction
coefficient is highly significant for non-marketable collateral value.

The estimates in Column (6), (9), and (12) indicate that NNLR banks
increased the collateral value pledged with the ECB in comparison to non-
NNLR banks during the LCR introduction. This increase in collateral value
seems to be driven by non-marketable collateral. In terms of economical
significance, banks increase the non-marketable collateral value pledged with
the central bank by approximately 6% more than banks with a preceding
national liquidity requirement. The results complement our estimations for
the liquidity measure of pledged collateral. The estimated improvement in
the weighted average liquidity of the non-marketable collateral could be
driven by the increase in pledged collateral. Because we can not distinguish
whether the increase in pledged collateral is driven by an increase in
central bank funding or overcollateralization, we can not be sure that the
preferential treatment of central bank funding within the LCR framework
has enhanced the demand for central bank funding backed by non-HQLA.
If the estimated increase in the quantity of pledged collateral is due to
overcollateralization, this would have implications for the results on the
collateral liquidity profile. With HQLA remaining in the collateral pool, the
estimated effect of the added non-HQLA on the weighted average liquidity

of the collateral pool is weaker, compared to if the HQLA are withdrawn
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and substituted by non-HQLA. Therefore, the estimated effect of the LCR
introduction on the liquidity profile of pledged (and required) collateral could
be underestimated with an increase in overcollateralization. Both cases, the
increase in overcollateralization and the increase in central bank funding, do
not stand in contrast to our hypothesis.

Concerning the preparation effect of the national liquidity requirement,
we find evidence that banks with a preceding national liquidity requirement

pledge less marketable collateral compared to NNLR banks.

4.4.3 Heterogeneities

Since certain countries were more exposed than others to the financial crisis
and the sovereign debt crisis, we extent our analysis by controlling for
the so called GIIPS countries, Greece, Ireland, Italy, Portugal, and Spain.
While time fixed effects control for uniform factors across banks, the GIIPS
indicator accounts for differences across the two country groups, GIIPS and
non-GIIPS. Such a group specific confounding factor is for example the
unconventional monetary policy of the ECB, especially the APPs. Table
4.4 reports the estimates for marketable, and non-marketable haircut and

the marketable and non-marketable collateral value.

For the marketable haircut we estimate no significant GIIPS specific effect of
the LCR introduction and the LCR~introduction-NNLR interaction estimate
is in line with the baseline result (Column 1). Column (2) shows that the
previously estimated relative reduction in the non-marketable haircut of
NNLR banks in response to the LCR introduction is driven by NNLR-
GIIPS banks. This is not surprising given that more than 40% of the
observations are from NNLR-GIIPS banks (Italy, Portugal, or Spain). Only
for marketable collateral (Column 3), we find a weakly significant effect of the
triple interaction but no statistically significant effect for the non-marketable
collateral value (Column 4). These results contrast with our baseline results

which indicate an increase in non-marketable collateral value.
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TABLE 4.4: Country heterogeneity: GIIPS

This table examines the effect of the EU-level LCR introduction on haircut and collateral value
of assets pledged with the ECB, while controlling for a specific group of countries. The reported
effects are estimated based on the empirical specification of equation (4.2) for the two cross-sections
Q2 2015 and Q1 2016. PostLCR is zero for the earlier period and one for the later period. NNLR
is one for countries with no preceding national liquidity requirement. GIIPS is one if the bank
originates in Greece, Ireland, Italy, Portugal or Spain. All columns include bank and time fixed
effects, as well as bank controls. All covariates are lagged by one quarter. Standard errors are
clustered at the bank level and are reported in brackets. *** p<0.01, ** p<0.05, * p<0.1.

(1) (2) 3) (4)

Marketable  Non-marketable Marketable Non-marketable

VARIABLES haircut haircut collateral value  collateral value
PostLCR#NNLR#GIIPS -2.078 -5.283** 0.400* 0.246
(1.714) (2.352) (0.236) (0.220)
PostLCR#NNLR 2.190%* 0.443 -0.071 0.186
(1.063) (1.798) (0.154) (0.135)
PostLCR#GIIPS 1.780 1.879 -0.227 0.053
(1.305) (1.180) (0.168) (0.164)
R-squared 0.55 0.40 0.26 0.51
Bank controls Yes Yes Yes Yes
Bank FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Number of banks 76 54 76 54
Number of obs. NNLR=1 69 51 69 51
Number of obs. GIIPS=1 68 56 68 56
Observations 149 104 149 104
Dependent variable
Mean 5.76 32.39 7.83 6.85
Std. dev. 5.89 14.90 2.12 1.69

Until the final minimum requirement was reached in January 2018,
member states could maintain or introduce national liquidity regulations
in addition to the LCR.'® To control for this, we specify an indicator
called toughness (T'H). TH is equal to one if the bank faces a national
liquidity requirement even after the LCR was introduced. Table C.9 in the
appendix provides further details on which country kept/reviewed to keep
its national liquidity requirements. Since we are not aware of a country to
have introduced a new national regulation for the implementation period
of the LCR, the triple interaction term of equation (4.2) drops out. The
estimated results are reported by Table 4.5. For all dependent variables,
the estimated LCR-introduction-NNLR interaction effects are consistent
with the baseline results. Only for the non-marketable haircut, we estimate
a (weakly) significant negative effect of the LCR introduction for banks
with an additional national liquidity requirement (Column 2). Although the

finding for the non-marketable haircut is difficult to rationalize, the estimates

Paragraph 5, article 412, CRR 2013
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provide no evidence that the retention of a national liquidity requirement is
of high relevance for banks reaction to the LCR introduction.
TABLE 4.5: Regulatory design: toughness

This table examines the effect of the EU-level LCR introduction on haircut and collateral value
of assets pledged with the ECB, while considering whether the national liquidity regulation is still
in place during the transition period. The reported effects are estimated based on the empirical
specification of equation (4.2) for the two cross-sections Q2 2015 and Q1 2016. PostLCR is zero
for the earlier period and one for the later period. NNLR is one for countries with no preceding
national liquidity requirement. TH is one if the country where the bank originates keeps the
national liquidity requirement in place parallel to the LCR. All columns include bank and time
fixed effects, as well as bank controls. All covariates are lagged by one quarter. Standard errors
are clustered at the bank level and are reported in brackets. *** p<0.01, ** p<0.05, * p<0.1.

1) (2) 3) (4)

Marketable  Non-marketable Marketable Non-marketable

VARIABLES haircut haircut collateral value  collateral value
PostLCR#NNLR 2.300%** -5.485%** 0.037 0.543%**
(0.694) (1.761) (0.058) (0.148)
PostLCR#TH 0.705 -3.514%* -0.063 0.149
(0.735) (1.786) (0.071) (0.155)
R-squared 0.54 0.42 0.21 0.49
Bank controls Yes Yes Yes Yes
Bank FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Number of banks 76 54 76 54
Number of obs. NNLR=1 69 51 69 51
Number of obs. TH=1 64 43 64 43
Observations 149 104 149 104
Dependent variable
Mean 5.76 32.39 7.83 6.85
Std. dev. 5.89 14.90 2.12 1.69

Besides their national liquidity regulation, countries have the discretion
to introduce the LCR immediately with 100% rather than opting for the
step wise introduction.'” Introducing the LCR with 100% is called front-
loading and can be considered a harsher implementation strategy as it puts
additional burden on affected banks. We control for the potential effect of
front-loading by introducing the indicator F'L. F'L is one if a country requires
a LCR minimum of 100% from its banks from October 2015 onwards. Table
C.9 (appendix) provides country specific details. The estimates reported in
Table 4.6 show that front-loading seems to have no NNLR-LCR-introduction
specific effect on the liquidity profile or the quantity of pledged collateral.
The estimated effects for the LCR-introduction-NNLR interaction term are

consistent with the baseline results. Only for the non-marketable haircut,

"Paragraph 1, article 38 of the Commission Delegated Regulation (EU) 2015/61. For
details regarding the step wise introduction see Figure C.6 in the appendix.
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we estimate a positive and significant effect of the LCR-introduction-front-
loading interaction (Column 2). This result supports the hypothesis that
front-loading puts additional pressure on affected banks.

TABLE 4.6: Regulatory design: front-loading

This table examines the effect of the EU-level LCR introduction on haircut and collateral value
of assets pledged with the ECB, while controlling for the intensity of the LCR introduction. The
reported effects are estimated based on the empirical specification of equation (4.2) for the two
cross-sections Q2 2015 and Q1 2016. PostLCR is zero for the earlier period and one for the later
period. NNLR is one for countries with no preceding national liquidity requirement. FL is one if
the country where the bank originates introduces the LCR with 100% instead of 60%. All columns
include bank and time fixed effects, as well as bank controls. All covariates are lagged by one
quarter. Standard errors are clustered at the bank level and are reported in brackets. *** p<0.01,
** p<0.05, * p<0.1.

(1) (2) (3) (4)
Marketable  Non-marketable Marketable Non-marketable

VARIABLES haircut haircut collateral value collateral value
PostLCR#NNLR#FL 1.449 1.656 -0.155 -0.427
(2.034) (2.931) (0.362) (0.310)
PostLCR#NNLR 1.597** -2.512%%* 0.094 0.439%**
(0.624) (0.940) (0.079) (0.102)
PostLCR#FL -0.316 5.038%* -0.019 -0.012
(1.236) (1.932) (0.079) (0.142)
R-squared 0.54 0.48 0.22 0.50
Bank controls Yes Yes Yes Yes
Bank FE Yes Yes Yes Yes
Time FE Yes Yes Yes Yes
Number of banks 76 54 76 54
Number of obs. =1 69 51 69 51
Number of obs. FL=1 23 7 23 7
Observations 149 104 149 104
Dependent variable
Mean 5.76 32.39 7.83 6.85
Std. dev. 5.89 14.90 2.12 1.69

While the results of marketable collateral are very consistent, the findings

for non-marketable collateral show that multiple effects are at work.

4.5 Robustness

To test whether certain countries drive the results, we include one country
specific-LCR-introduction dummy at a time in the empirical specification.
We find that the estimates of the LCR-introduction-NNLR-interaction
coefficient are in line with the baseline results for marketable haircut,
non-marketable haircut, marketable collateral value and non-marketable
collateral value (Table C.10 in the appendix). The coefficient estimates
of the respective country specific LCR-introduction-NNLR~interaction is

only occasionally significant. The results are also robust when excluding
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one country after another from the sample (Table C.11 in the appendix)
except for the specification with the non-marketable haircut as dependent
variable when Italy is excluded. In this case the interaction effect is no longer
significant but remains negative. This result is likely due to the substantial
reduction in observations from 104 to only 80 observations.

The possibility to improve the LCR by exploiting the friction of the
collateral framework and assets considered as HQLA is open to every
bank with access to the Eurosystem’s refinancing operations. However, the
incentive to do so might differ for the individual bank. Fecht et al. (2016) and
Drechsler et al. (2016) provide evidence that especially weaker banks exploit
the credit-risk loophole of central bank refinancing operations by requesting
a greater quantity of funding and by pledging riskier collateral.

With the introduction of the LCR the relative opportunity costs to pledge
HQLA instead of non-HQLA increases. The magnitude of this change in
evaluations depends on the individual situation of the bank. A less solvent
or liquidity constraint bank might be more heavily hit by the regulatory
shock of the LCR implementation, while a collateral scarce bank might not
have the opportunity to exploit the friction of the two frameworks in the first
place. Figure C.3, C.4, and C.5 in the appendix show the marginal effects
of the triple interaction term PostLC R-NNLR-Treated when Treated is
defined based on the bank characteristics z-score, risk adjusted returns, or
risk density.'® The three figures show that our baseline results are unlikely
to be driven by banks with certain bank characteristics like a high risk
to default (low z-score), low financial stability (low risk adjusted returns),
or a high liquidity need/low ratio of central bank eligible assets (high risk
density).

In our estimations we solely consider two cross-sections to avoid con-
founding events. Potential confounding factors are changes in the collateral
framework, APPs, targeted longer-term refinancing operations (TLTROs),

and other regulatory or monetary policy events. Confounding factors which

8To limit the number of graphs, we consider only the collateral value and the haircut
of marketable and non-marketable collateral as dependent variables.



138 Chapter 4. Liquidity regulation and collateral

equally affect all sample banks are captured by the included time fixed
effects. However, bank specific differences in the effect of those factors
are not considered. Concerning the collateral framework, we are aware of
only one change during our sample period. Since November 2015 non-
marketable debt instruments backed by eligible credit claims can be used
to secure refinancing operations with the ECB.' This particular change in
the collateral framework affects the eligibility of non-marketable collateral
and therefore can only influence our estimates concerning the total and non-
marketable collateral measures. Other than this change, we are not aware of
any changes in the collateral framework, and also of no change concerning the
applied haircuts or the evaluation techniques. Like changes in the collateral
framework, APPs affect the amount and composition of central bank eligible
asset holdings of banks. Considering that our sample covers only very large
banks, we can expect that all sample banks are affected by the APPs and that
these uniform effects are captured by time fixed effects. A likely difference
in the effect of APPs on sample banks is between crisis and non-crisis
banks. For such a GIIPS specific effect of the APPs, we control in Section
4.4.3. A similar argumentation can be applied to banks’ participation in
TLTROs. TLTROs could affect our results because they provide an incentive
to increase central bank funding due to their long maturity (up to four years)
and attractive interest rates. TLTROs were first introduced in September
2014 and from then on were exercised with a quarterly frequency throughout
our sample period. In addition to time fixed effects, we control for bank
specific differences in regard to the TLTROs by including the loan share in
banks’ balance sheets within our regressions. Doing so is relevant because the
amount that banks can borrow is linked to the amount of loans they provide
to non-financial corporations and households. In addition, Bock et al. (2018)
provide evidence that TLTRO funding was used to replace other, shorter

maturity refinancing operations like the longer-term refinancing operations

19 Alvarez et al. (2017) and Bindseil et al. (2017)
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and not so much to increase central bank funding.?® Furthermore, we are
not aware of other regulatory events occurring during the sample period and
affecting banks’ asset holdings or their decision on what to pledge with the
central bank.

Another source of possible bias concerning our estimations is the practice
of pledging too much collateral. Overcollateralization is already mention in
Section 4.3.1 in regard to the informative value of the variable collateral
value. We expect excess collateral to reduce the volatility of the liquidity
profile and the quantity of pledged collateral. In this regard, the change in
the weighted average haircut is likely to be underestimated, given that banks
are more likely to pledge less liquid collateral in excess already. The change
in quantity of pledged collateral could also be underestimated because the
magnitude of excess collateral could be reduced if the overall demand of
central bank funding increases.

To test how sensitive our results are concerning the sample period, we
extend our sample period to multiple pre- and post-treatment periods. The
pre-treatment period can be extended by one additional quarter and con-
sequently varies between Q1 2015 and Q2 2015. The post-treatment period
can be extended until Q4 2016. Hence, the post-treatment period covers up
to four quarters. Table 4.7 reports only the interaction results of the LCR
introduction indicator and the NNLR indicator for the total, marketable,
and non-marketable haircut, and collateral value. The respective and varying
sample periods used for the estimations are specified in the lower part of the
table. The baseline estimates with the pre-treatment period Q2 2015 and the
post-treatment period Q1 2016 are shown in Column (2). The specification
with the longest sample period is Column (7), employing the two quarters
Q1 and Q2 2015 as pre-treatment period and the entire year 2016 as post-
treatment period. Table 4.7 shows that all estimates are consistent with our
baseline results. The interaction effect on the total haircut is positive and

partly significant (Part A). For the marketable haircut, we find positive and

20Chart 9 in Bock et al. (2018) shows the aggregate evolution and composition of ECB’s
refinancing operations. With regard to our (post) sample period, the 6th and 7th operation
of TLTRO-I are most relevant.
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highly significant interaction effects for all sample period variations (Part
B), while the interaction coefficient for the non-marketable haircut is highly
significant and negative (Part C). For the total collateral value, we find
positive and highly significant effects (Part D). The coefficient of interest
is positive but not significant for the marketable collateral value (Part E),
except when using Q1 and Q2 2015 as pre-treatment period and Q1 2016 as
only post-treatment quarter (Column 1). Part (F) shows that the interaction
coefficient is highly significant for all sample period variations for the non-
marketable collateral value. The magnitude of the estimated effects is also

very stable.

The estimations shown in Table 4.7 exclude the treatment periods Q3 and
Q4 2015. To consider the effect of the treatment period on our results,
we rerun our estimations including the two quarters. Given that the LCR
was introduced in October 1st, 2015, Q3 2015 is considered within the pre-
treatment period, while Q4 2015 is included in the post-treatment period.
In this set up, the start of the pre-treatment period varies between the
first quarter of 2015 until the third quarter of 2015, while the end of
the post-treatment period varies from Q4 2015 until Q4 2016. The results
confirm our earlier findings. The interaction term coefficient for the aggregate
haircut remains insignificant but highly significant and negative for the non-
marketable haircut. For the marketable haircut the estimated interaction
term is positive and significant, unless only Q4 2015 is considered as
post-treatment period. These results strongly indicate that there was an
anticipation effect. Also the results for collateral quantity support previous
estimates with the interaction term for total collateral remaining positive
and mostly significant. The difference in difference effect for marketable
collateral remains insignificant and positive, as well as highly significant for
non-marketable collateral. Results are reported by Table C.13 in the online

appendix.
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TABLE 4.7: Panel

This table reports the interaction effect of estimating the empirical specification of equation (4.1)
for different sample periods. The respective sample period is indicated in the lower part of the
table. Like for the baseline specification the treatment period Q3 and Q4 2015 are excluded in all

estimations. *** p<0.01, ** p<0.05, * p<0.1.

(1) ‘ (2 (3) (4) (3) (6) (7 (8)
Baseline
(A) Haircut
PostLCR#NNLR 0.743 0.905 1.139 1.489%* 1.765* 2.142%* 1.621 1.446
(0.742) (0.770) (0.788) (0.816) (0.985) (1.013) (1.186) (1.333)
Observations 222 150 296 224 370 298 444 372
R-squared 0.14 0.36 0.08 0.15 0.08 0.09 0.09 0.07
Dependent var.
Mean 12.41 12.21 12.31 12.15 12.35 12.23 12.42 12.35
Std. dev. 11.56 11.03 11.10 10.56 10.82 10.35 10.70 10.29
(B) Marketable haircut
PostLCR#NNLR  1.469** 1.767*** 1.966%**  2.380%** 2.473%**  2.792%¥* 2. 746%** 2.955%**
(0.620) (0.600) (0.681) (0.717) (0.824) (0.892) (0.948) (1.030)
Observations 220 149 294 223 368 297 442 371
R-squared 0.38 0.54 0.17 0.17 0.15 0.13 0.14 0.12
Dependent var.
Mean 5.60 5.76 5.75 5.91 5.91 6.06 6.04 6.19
Std. dev. 5.88 5.89 5.41 5.25 5.16 4.97 5.08 4.90
(©) Non-marketable haircut
PostLCR#NNLR -2.338%* -2.722%%* -2.801%*  -2.700%* -3.337*** _2.862%** -2.834** -3.143%*
(1.086) (0.996) (1.117) (1.050) (1.163) (0.983) (1.266) (1.358)
Observations 157 104 209 156 259 206 310 257
R-squared 0.21 0.35 0.20 0.24 0.18 0.24 0.16 0.15
Dependent var.
Mean 32.83 32.39 32.53 32.13 32.39 32.05 32.24 31.94
Std. dev. 15.04 14.90 14.87 14.70 14.80 14.65 14.71 14.57
(D) Collateral value
PostLCR#NNLR  0.207*** 0.143%* 0.276***  0.220%**  (0.200***  (.238%** (.342%** (.325%**
(0.066) (0.061) (0.069) (0.068) (0.088) (0.086) (0.104) (0.114)
Observations 222 150 296 224 370 298 444 372
R-squared 0.19 0.18 0.16 0.11 0.15 0.11 0.17 0.14
Dependent var.
Mean 8.15 8.16 8.17 8.18 8.15 8.15 8.12 8.12
Std. dev. 1.87 1.83 1.86 1.83 1.90 1.89 1.92 1.91
(E) Marketable collateral value
PostLCR#NNLR 0.151%* 0.084 0.125 0.047 0.125 0.059 0.151 0.094
(0.072) (0.069) (0.114) (0.126) (0.140) (0.147) (0.154) (0.157)
Observations 220 149 294 223 368 297 442 371
R-squared 0.15 0.21 0.03 0.02 0.02 0.02 0.03 0.04
Dependent var.
Mean 7.80 7.83 7.84 7.87 7.82 7.84 7.80 7.81
Std. dev. 2.24 2.12 2.16 2.05 2.15 2.07 2.14 2.07
(F) Non-marketable collateral value
PostLCR#NNLR  0.475%*** 0.426*** 0.474***  0.416%** 0.482***  (0.385%** (.492%** (.442%**
(0.101) (0.089) (0.106) (0.093) (0.128) (0.106) (0.143) (0.143)
Observations 157 104 209 156 259 206 310 257
R-squared 0.36 0.48 0.32 0.38 0.25 0.28 0.18 0.18
Dependent var.
Mean 6.86 6.85 6.86 6.86 6.88 6.89 6.89 6.90
Std. dev. 1.70 1.69 1.73 1.73 1.73 1.73 1.72 1.72
Startperiod Q1 2015 Q2 2015 Q12015 Q22015 Q12015 Q22015 Q12015 Q2 2015
Endperiod Q1 2016 Q1 2016 Q22016 Q22016 Q32016 Q32016 Q42016 Q4 2016

4.6 Conclusion

In this paper, we study whether the introduction of the LCR had adverse
effects on the liquidity profile and the quantity of collateral provided by
banks to secure central bank refinancing operations. The change in the
liquidity profile of collateral is triggered by a differential treatment of assets
by the LCR framework and the collateral framework. Whereas, the change in
the quantity of collateral either indicates an increase in central bank funding

motivated by the preferential treatment of central bank funding over other



142 Chapter 4. Liquidity regulation and collateral

funding sources or an increase in overcollateralization due to the calculation
practice of the LCR. We use the existence of national liquidity requirements
to proxy for banks’ incentives to exploit these differential treatments.

For banks without national liquidity requirement, the weighted average
haircut of marketable collateral increases by more than 30% after the
LCR introduction compared to banks with national liquidity requirement.
For non-marketable collateral, we find a decrease of 8.4% in the weighted
average haircut, which could be driven by the corresponding increase in
non-marketable collateral value of 6%. These results support our hypothesis
that banks without preceding national liquidity requirement have a higher
incentive to exploit the differential treatments in response to the LCR
introduction and also indicate that banks take advantage of the differential
treatments to improve their LCR value, without altering their liquidity
risk profile or by just increasing their reliance on the central bank. This
is a relevant finding given that such a development reduces the regulatory
effectiveness of the LCR.

Our estimates are robust when controlling for one-country-specific effects
and when extending the sample period from the two cross sections of the
baseline specification to a panel, including and excluding the treatment
period. We find no strong indications that our results are driven by less
solvent banks. Also controlling for the regulatory design does not affect
our previous results. However, we can not exclude the possibility that our
results are affected by the APPs, TLTROs, or other changes affecting banks’
asset holdings. Changes in the collateral framework are unlikely to exert
a confounding effect, given that there was only a minor change for non-

marketable collateral.
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Appendix C

C.1 Figures

F1cure C.2: National liquidity requirements

Countries with no national liquidity requirement (NNLR) were not exposed to a national
liquidity requirement with features comparable to the LCR. Similarities to the LCR could
be regarding the time horizon of the ratio or the calculation of the ratio components
HQLA, outflow or inflows.

|:| Countries with national liquidity requirement (NNLR=0)
- Countries with no national liquidity requirement (NNLR=1)

|:| No data

Data source: GISCO - Eurostat (European Commission)



b= WD [BUCBU OU ¢ 3|US0ISD YIX == 340057 'P3IEaIL L= W37 |BUCHBU OU 7§ 5|jUS0Rd Uiy => SJ005-Z :PSIBSIL
dnosf ps1ESg SUYSE O] S|US0RY dnaosf ps1esn Suysp O] 3|1US0Ed

4 08 04 09 05 oF 0E 0g 0k 4 0e 04 09 05 0F 0E 0g 0L
5‘3 | 1 1 L L 1 1 L L L. gD K L L 1 1 L L 1 L L.
w 0
T rTTIT T rTTTTT 3
S T T T et OO mre e | 3 S8 TrEET HMH‘ -
e e : T - liotHese
=0 o el m
o I H [ Lol 2, [[{LEETLT [HU l L 3
— — '®] = Fin O
~Ne - ~Ne -
23 s 28
D& = 2= =
® naliey sjgelsyiew-uou abesane paybiap Uo 12843 ®  glhaJley JalUe snjea [elale||ol sjgesyew-uou Jo Boq uo 1283

b= WD [BUCBU OU ¢ 3|US0ISD YIX == 340057 'P3IEaIL L= W37 |BUCHBU OU 7§ 5|jUS0Rd Uiy => SJ005-Z :PSIBSIL

dnosf ps1ESg SUYSE O] S|NUS0RH dnaosf ps1esg suysp O] 3|1US0EL

. 08 04 09 03 oF 0E 0g 0k . 08 04 09 0§ 0F 0E 0z 0L
ED | 1 1 L L 1 1 L L . gD | 1 L 1 1 L L 1 1 B éb
w )
281 m 23 L
=O = 2o I TT] L+ 5
s [l Jll
s | b o Sg [fTITILLIIIEEAHIIITIT I
=S 11]L [LITEEEEEILT LI 5 g =l s 11 Foo
=] @ 0 I . L
EE=K L o =k L e
9‘ (=) 9‘ o

n2liey sjqelaxiew sbesane pajybispn uo 12843 SIN2JIEY JBUE SNn[eA [elale||02 sjqelayiew o 6o uo joau3

"“UMOUS ST [RAISIUI 90UBPYUOD 9 GE 9AI109dSaI 9} SojeWII)Se T8 oY) JO Yoes 104 “(g'F) uoryenba Suimol[o] S[OIIU0D JUR( SB [[oM S ‘S108]Jo poXy
oW} puR Yueq SUIPN[OUI PajeIsULS ale sajewl)se oy ], -ojdures porrad ojdures-o1d a1y Jo arjusdtad Yyx oY) o) renbs Jo xayfews st (GT0g 10O [1MUN FT0Z €0)) 2100s-Z poliad
ordures-oxd s)1 J1 ‘T=pojeol], 9 0) PAIOPISUOD ST JUR( Y 'SIX®-A JUSLI 0} AQ UMOYS ST P[OYSOI) 9A1300dSaI oY, ‘SIXe-X 91} JO o[1juadIod oY) AQ PoUTULIO)OP ON[RA P[OYSOIY) UR
U0 pase( PaeuIso ST pajead], "(SIxe-£ 9Jo[) oINseall [RI)R[[00 9A1109dSal 81 UO UOIIORISIUI Potedl],~H TNN-YDTIS0d 9} JO S109]jo [RUISIRUI Pojetl)se o) moy[s sydelsd asat(J,

91008-Z UO PISE] POYBAL], JO SPIOYSAIYY d1juenIad JUSIDHIP 10 saanseswl L)rguenb pue Aypmbi] uo uorpoetajur o[dLry Jo $00H0 [CUISIRIN €' HUNDL

4!

[eIoge[[09 pur uoremasor Aypmbry - 1oidey))



FiGurge C.4: Marginal effect of triple interaction on liquidity and quantity measures for different percentile thresholds of Treated based on risk adjusted returns

These graphs show the estimated marginal effects of the PostLCR-NNLR-Treated interaction on the respective collateral measure (left y-axis). Treated is estimated based on
an threshold value determined by the percentile of the x-axis. The respective threshold is shown by the right y-axis. A bank is considered to be Treated=1, if its pre-sample
period risk adjusted returns (Q3 2014 until Q1 2015) is smaller or equal to the Xth percentile of the pre-sample period sample. The estimates are generated including
bank and time fixed effects, as well as bank controls following equation (4.2). For each of the 81 estimates the respective 95% confidence interval is shown.

Effect on Log of marketable collateral value after haircuts Effect on Weighted average marketable haircut
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FIGURE C.6: Timeline of LCR introduction in EU

As described by paragraph 1, article 38 of the Commission Delegated Regulation (EU)
2015/61, the LCR introduction followed a step-wise implementation. Countries could also
opt for a so called front-loading approach by introducing the LCR directly with 100% in
October 2015. These countries are listed by Table C.9.

LCR requirement 60% 70% 80% 100%

Oct. 2015 Jan. 2015 Jan. 2016 Jan. 2017

C.2 Tables
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TABLE C.9: Categorization of countries

Notes: * indicates whose national liquidity requirements are still in place/ currently under review
and will be maintained until 2018, © indicates which country introduces the EU-wide LCR with
100% in October 2015 instead of using the step wise introduction.

With preceding national Without preceding national

liquidity regulation liquidity regulation
NNLR =0 NNLR =1
Belgium® Austria®
Cyprus*® Estonia®
Germany* Finland
France Ttaly
Greece* Luxembourg
Ireland* Portugal
Latvia* Spain
Lithuania®

Malta*

Netherlands*®

Slovenia*

Slovakia*
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TABLE C.10: Country-specific LCR introduction effect

This table reports the interaction effects of estimating the empirical specification of equation (4.2) with
Treated=1 for one country at a time. The triple interaction drops out due to collinearity. Row (1) repeats
the baseline results from Table 4.3 and 4.2. *** p<0.01, ** p<0.05, * p<0.1.

@) (2) 3 (@)
Marketable Non-marketable Marketable Non-marketable
VARIABLES haircut haircut collateral value collateral value
(1) PostLCR#NNLR 1.767*** -2.722%** 0.084 0.426%**
(0.600) (0.996) (0.069) (0.089)
PostLCR#Austria®” 1.002 7.458%%* -0.249 -0.441%*
@) (2.159) (2.214) (0.446) (0.193)
PostLCR#NNLR 1.711%%* -2.954%%* 0.098 0.440%**
(0.605) (1.005) (0.061) (0.093)
PostLCR#Belgium D -2.683%** 7.989%** 0.092 0.049
@) (0.577) (1.159) (0.098) (0.115)
PostLCR#NNLR 1.577** -2.280%* 0.091 0.429%**
(0.604) (0.921) (0.073) (0.094)
PostLCR#Cyprus 1.660 -0.102
() (2.415) (0.081)
PostLCR#NNLR 1.927%%* 0.075
(0.599) (0.072)
PostLCR#Estonia® 1.639 0.199
) (2.214) (0.323)
PostLCR#NNLR 1.725%** 0.079
(0.605) (0.072)
PostLCR#FinlandD 0.827 1.011 -0.257%* -0.253
©) (2.392) (1.237) (0.108) (0.168)
PostLCR#NNLR 1.690%** -2.858%** 0.108 0.460%**
(0.616) (1.024) (0.071) (0.093)
PostLCR#FranceD 0.411 1.412 0.094 -0.203
™ (0.704) (2.018) (0.083) (0.238)
PostLCR#NNLR 1.817%** -2.537%* 0.096 0.400***
(0.647) (1.077) (0.073) (0.090)
PostLCR#Germany -0.505 -2.865%* -0.007 0.155
®) (0.793) (1.402) (0.092) (0.125)
PostLCR#NNLR 1.635%* -3.782%** 0.083 0.484%**
(0.641) (1.019) (0.077) (0.103)
PostLCR#GreeceD 1.543 2.311 -0.203 -0.316
©) (1.219) (1.887) (0.190) (0.202)
PostLCR#NNLR 1.805%** -2.478%* 0.079 0.393%**
(0.603) (1.014) (0.069) (0.094)
PostLCR#IrelandD 1.707 0.772 -0.220 0.333%**
(10) (1.754) (1.119) (0.223) (0.093)
PostLCR#NNLR 1.915%** -2.670%* 0.065 0.449%**
(0.581) (1.023) (0.069) (0.091)
PostLC‘R#ItalyD -1.181 -0.778 0.171%* 0.212%*
an) (1.009) (1.228) (0.078) (0.090)
PostLCR#NNLR 2.208%** -2.298% 0.020 0.311%**
(0.639) (1.158) (0.078) (0.091)
PostLCR#LatviaD 0.427 0.588***
(12) (0.538) (0.085)
PostLCR#NNLR 1.783%** 0.106
(0.616) (0.068)
PostLCR#LithuaniaD -0.412 2.589 -0.086 -0.169
(13) (1.296) (1.842) (0.168) (0.216)
PostLCR#NNLR 1.745%** -2.650%* 0.080 0.422%**
(0.619) (1.002) (0.071) (0.093)
PostLCR#LuxembourgD -1.361 -0.024
(19) (0.831) (0.197)
PostLCR#NNLR 1.867*** 0.086
(0.644) (0.071)
PostLCR#MaltaD -2.093% -1.243 -0.239% -0.865%**
(15) (1.166) (1.282) (0.129) (0.087)
PostLCR#NNLR 1.665%** -2.78TH*H 0.073 0.381%**
(0.614) (1.042) (0.071) (0.079)
PostLCR#Netherlands? -0.686 0.123%*
(16) (0.436) (0.050)
PostLCR#NNLR 1.747%%* 0.088
(0.610) (0.070)
PostLCR#PortugalD 0.621 -2.592%* -0.046 0.027
an (1.551) (1.254) (0.085) (0.164)
PostLCR#NNLR 1.707*%* -2.601%* 0.089 0.425%**
(0.609) (0.997) (0.071) (0.090)
PostLCR#SloveniaD 0.370 0.016 -0.151 0.053
(18) (1.322) (1.243) (0.158) (0.099)
PostLCR#NNLR 1.790%** -2.720%* 0.075 0.432%**
(0.615) (1.048) (0.071) (0.097)
PostLCR#SlovakiaD -0.752 -0.370 0.299 0.234
(19) (0.788) (1.684) (0.315) (0.169)
PostLCR#NNLR 1.686%*** -2.751%* 0.117* 0.445%**
(0.635) (1.085) (0.066) (0.098)
PostLCR#SpainD 0.758 0.175 -0.045 -0.124
(20) (0.808) (1.449) (0.090) (0.103)
PostLCR#NNLR 1.552%* -2.764%* 0.097 0.457%**
(0.720) (1.115) (0.074) (0.096)




C.2. Tables 151

TABLE C.11: Excluding individual countries

This table reports the interaction effect of estimating the empirical specification of equation (4.1)

for different samples. Row (1) reports the estimated interaction effects of the baseline sample
already presented by Table 4.3 and 4.2. Row (2) to (20) report the estimates when the indicated
country is excluded from the estimation sample. *** p<0.01, ** p<0.05, * p<0.1.

&S @) 3) ()
Marketable Non-marketable Marketable Non-marketable
VARIABLES haircut haircut collateral value collateral value
Baseline PostLCR#NNLR 1.767*** -2.722%** 0.084 0.426%**
o (0.600) (0.996) (0.069) (0.089)
Observations 149 104 149 104
‘W /o Austria PostLCR#NNLR 1.665%** -2.954%** 0.088 0.440%***
@) (0.601) (1.002) (0.064) (0.092)
Observations 145 101 145 101
W /o Belgium PostLCR#NNLR 1.575%* -2.280** 0.091 0.429%**
) (0.602) (0.917) (0.073) (0.094)
Observations 145 102 145 102
‘W /o Cyprus PostLCR#NNLR 1.784%** 0.063
) (0.608) (0.071)
Observations 143 143
‘W /o Estonia PostLCR#NNLR 1.725%** 0.079
) (0.604) (0.072)
Observations 146 146
W /o Finland PostLCR#NNLR 1.769%** -2.839%** 0.110 0.467***
) (0.612) (1.025) (0.071) (0.094)
Observations 145 100 145 100
‘W /o France PostLCR#NNLR 1.819%** -2.533%* 0.096 0.411%**
™ (0.647) (1.071) (0.073) (0.090)
Observations 141 98 141 98
‘W /o Germany PostLCR#NNLR 1.655%* -4.205%** 0.086 0.474%%*
@) (0.648) (1.053) (0.078) (0.095)
Observations 125 82 125 82
‘W /o Greece PostLCR#NNLR 1.725%** -2.283%* 0.073 0.394%**
© (0.596) (0.997) (0.069) (0.097)
Observations 141 96 141 96
W /o Ireland PostLCR#NNLR 1.926%** -2.662** 0.073 0.448%***
(10) (0.579) (1.024) (0.066) (0.091)
Observations 143 100 143 100
‘W /o Italy PostLCR#NNLR 2.243%** -1.821 0.014 0.284%%*
(11) (0.633) (1.225) (0.079) (0.089)
Observations 125 80 125 80
‘W /o Latvia PostLCR#NNLR 1.783%** 0.106
a2) (0.614) (0.068)
Observations 146 146
‘W /o Lithuania PostLCR#NNLR 1.714%%* -2.650** 0.082 0.422%**
(14) (0.623) (0.997) (0.070) (0.093)
Observations 145 102 145 102
‘W /o Luxembourg PostLCR#NNLR 1.874%** 0.079
a3) (0.651) (0.070)
Observations 145 145
‘W /o Malta PostLCR#NNLR 1.674%** -2.78THHH 0.071 0.381%**
(5) (0.613) (1.038) (0.072) (0.078)
Observations 145 102 145 102
‘W /o Netherlands PostLCR#NNLR 1.747%%* 0.088
(16) (0.608) (0.070)
Observations 147 147
‘W /o Portugal PostLCR#NNLR 1.718%%* -2.591%* 0.087 0.426%%*
an (0.608) (0.991) (0.071) (0.090)
Observations 141 99 141 99
‘W /o Slovakia PostLCR#NNLR 1.678%** -2.751%* 0.110* 0.445%**
(18) (0.634) (1.080) (0.065) (0.098)
Observations 143 102 143 102
‘W /o Slovenia PostLCR#NNLR 1.783%** -2.718%* 0.076 0.432%**
19) (0.613) (1.046) (0.071) (0.096)
Observations 144 99 144 99
‘W /o Spain PostLCR#NNLR 1.651%* -2.887** 0.096 0.489%***
(20) (0.728) (1.185) (0.074) (0.105)

Observations 127 89 127 89
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C.3 Online appendix



TABLE C.12: Correlation matrix

This table reports the correlation matrix for our baseline sample, the cross-sections Q2 2015 and Q1 2016. The covariates used in our estimations are here also included being lagged.
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Collateral value 1.00
Marketable collateral value 0.80 1.00
Non-marketable collateral value 0.79 0.33 1.00
Haircut 0.03 -0.11 0.23 1.00
Marketable haircut -0.01 0.00 0.29 0.51 1.00
Non-marketable haircut 0.05 0.10 0.16 0.65 0.03 1.00
Log of total assets 0.86 0.68 0.72 0.07  -0.07 0.04 1.00
Capital ratio -0.45 -0.38 -0.30 -0.29 -0.16 -0.43 -0.35 1.00
Loan ratio -0.22  -0.05 -0.12 0.15 0.09 0.16 -0.26  0.10 1.00
Debt instruments -0.10 -0.12 -0.21 -0.32 -0.26 -0.18 -0.15 -0.13 -0.61 1.00
Interest Income 0.08 0.13 0.11 0.17 0.19 0.08 0.04 -0.08 0.29 -0.13 1.00
Deposits of fin. Institutions 0.07 0.08 -0.14 0.02 -0.11 -0.21 0.17 0.02 0.04 -0.09 0.05 1.00
Household deposits -0.36  -0.24 -0.23 -0.01 0.18 0.05 -0.39 0.10 0.32 0.00 0.08 -0.57 1.00
Interest expense 0.29 0.30 0.23 0.15 0.11 0.06 0.30 -0.18 0.14 -0.08 0.78 0.37 -0.26 1.00
ROA -0.13 -0.15 0.03 -0.10 -0.03 -0.30 -0.08 0.22 0.03 0.11 0.24 0.07 0.03 0.18 1.00
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Chapter 5

Obstacles of monetary policy’s
stealth recapitalization

Abstract: Unconventional monetary policy measures like asset purchase
programms aim to reduce the yield of certain securities and thereby alter the
tnvestment behavior of financial institutions. This increases the market value
of securities already held by the institutions and adds to their equity positions.
This paper highlights that the extent of this recapitalization effect crucially
depends on the securities’ accounting, valuation methods, and country level
capital regulation. Securities meant to be held until maturity are measured
at amortized costs and do not transmit changes in market prices to the
institution’s balance sheet. This restricts the recapitalization effect to assets
measured at fair value. The effect is further reduced by so called prudential
filters which neutralize the effect of unrealized gains of certain securities on
banks’ regulatory capital.

5.1 Introduction

In response to the financial crisis, central banks introduced unconventional
monetary policy measures like asset purchase programms to counter the
corresponding downturn of the economy and to overcome the issue of the
zero lower bound. These measures put upward pressure on security prices and
affect financial institutions in two ways: They generate gains by increasing
the value of securities already held by them, and they make targeted
securities less profitable investments by reducing their yield.

The reduction in the yield of high quality securities puts downward pres-
sure on interest rates, thereby improving borrowing and financing conditions
for the real economy. This channel of unconventional monetary policy is
investigated among others by Cycon and Koetter (2015), Gagnon et al.
(2011), Grosse-Rueschkamp et al. (2017), and Koetter (2019).
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The gain in value of securities held by financial institutions adds to
the capitalization of these institutions. It is therefore referred to as stealth
recapitalization, a term coined by Brunnermeier and Sannikov (2016), who
provide a theoretical framework for the channel. Empirical evidence for
the recapitalization effect is provided for example by Chakraborty et al.
(2019), Chodorow-Reich (2014), and Rodnyansky and Darmouni (2017) for
the United States, and by Acharya et al. (2019) and Andrade et al. (2016)
for the EU. They also investigate the transmission of the effect to the real
economy.

This paper highlights two aspects so far not considered in context with
the recapitalization effect. Replicating Acharya et al. (2019)’s estimates of
the recapitalization effect of ECB’s Outright Monetary Transactions (OMT)
announcements in 2012, we show that the recapitalization gain is reduced
by 20 to 98% compared to the previously estimated gain when security
valuation and national capital regulations in form of prudential filters are
factored in. Following these estimates the literature should consider the
valuation method and the effect of prudential filters in context with stealth
recapitalization to avoid a systematic overestimation of the recapitalization
gain and to estimate potential effects of it to the real economy.

The security valuation method applied when measuring the value of
securities on banks’ balance sheets depends on the purpose of the security
and its accounting class. If a security is bought to be held until it matures,
it is classified into the held-to-maturity (HtM) portfolio and assessed at
amortized cost. If a security is meant to be traded in the short term, it
is sorted into the held-for-trading (HfT) class and measured at fair value.
In case the purpose is not clear yet, the bank can choose the hybrid
category available-for-sale (AfS) whose assets are also evaluated at fair value.
Following this taxonomy, only securities categorized as HfT or AfS mirror
an increase in the security price. Table 5.1 provides an overview of the

accounting categories and the corresponding valuation methods.!

'For simplicity, the category “designated at fair value through profit or loss” (dFV)
is not considered in detail. It usually includes derivatives and shares all relevant features



5.1. Introduction 159

TABLE 5.1: Security accounting, valuation, and G&L recognition

. Subsequent Recognition of unrealized
Accounting category .
measurement gains and losses
Held for trading Fair value Income statement
Held to maturity Amortized cost Income statement
Available for sale Fair value Other comprehensive income

Figure 5.1 shows that only around 60% of banks’ EU government debt
holdings are continuously valued.
FIGURE 5.1: EU government debt holdings by security valuation method

EU government holdings by valuation method from banks considered in the capital exercise 2011
(65 banks), the stress test 2014 (123 banks), the transparency exercise 2015 (105 banks), and the
stress test 2016 (51 banks) provided by the European Banking Authority (EBA).
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Data source: EBA

Reclassifying securities from the HtM category to other classes is limited
to insignificant amounts.? In case of a violation, the bank taints its HtM
portfolio on the group level for two financial years. This step exposes the
bank to market developments like a rise in interest rates and therefore, can
be considered a credible threat.

The second aspect not yet considered by the recapitalization literature
are prudential filters. Prudential filters remove unrealized gains and losses
of AfS securities from banks’ other comprehensive income (OCI). Under

Basel II this was meant to reduce volatility and uncertainty from bank’s

with the HfT class. In the following, assets considered as dFV are included in the HfT
category.

2In rare circumstances like the financial crisis banks are allowed to reclassify larger
amounts (Fiechter, 2011; Bischof et al., 2012).
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regulatory capital which includes OCI (Allen and Carletti, 2008; Chisnall,
2001; Heaton et al., 2010). Following the CEBS? guidelines, EU countries
could opt between two approaches. The asymmetric approach fully subtracts
unrealized losses of AfS debt securities from capital and adds unrealized gains
only partially to Tier2 capital. The neutralization approach recognizes nei-
ther unrealized gains nor unrealized losses (CEBS, 2007). Hence, depending
on the country specific approach, banks can not or only partially benefit
from unrealized gains originating from AfS securities. For a varying sample
of significant banks, Figure 5.2 shows, that up to 80% of fair valued EU
government debt is categorized as AfS. Even though Basel III/CRR removes
national prudential filters step by step from 2014 onwards, prudential filters
will remain relevant because countries are able to opt to keep prudential
filter in place for central government debt.*
FIGURE 5.2: Fair valued EU government debt holdings by accounting class

Share of fair valued EU government holdings by accounting category from banks considered in the

capital exercise 2011 (65 banks), the stress test 2014 (123 banks), the transparency exercise 2015
(105 banks), and the stress test 2016 (51 banks) provided by the European Banking Authority
(EBA).
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By highlighting the relevance of fair value accounting for the recapital-
ization effect, we also contribute to the discussion on securities valuation

method. On one hand, the historic cost regime is criticized to be inefficient

3The Committee of European Banking Supervisors (CEBS) preceeded the European
Banking Authority (EBA).

‘http://www.eba.europa.eu/supervisory-convergence/supervisory-disclosure/
options-and-national-discretions


http://www.eba.europa.eu/supervisory-convergence/supervisory-disclosure/options-and-national-discretions
http://www.eba.europa.eu/supervisory-convergence/supervisory-disclosure/options-and-national-discretions
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because it ignores price signals. On the other hand, fair value measurement
can distort the informational content of prices by adding a non-fundamental
component to price fluctuations (Laux and Leuz, 2009; Plantin et al., 2008).

To the prudential filter literature we contribute by describing its inter-
action effect with unconventional monetary policy. While prudential filters
reduce the volatility of regulatory capital (Argimén et al., 2018), they also
exclude unrealized gains which could be considered more stable because they
originate from central banks’ market interventions as highlighted by the
recapitalization literature.

In the following the effects of security valuation and prudential filters on
the recapitalization effect are quantified considering Acharya et al. (2019)’s
work on the OMT announcements by ECB president Mario Draghi in 2012.
The study is especially suited because it quantifies the effect using freely
available data. If not noted otherwise, we follow Acharya et al. (2019).

Differences to the study are summarized in appendix D.2.

5.2 Data and methodology

We use the detailed breakdown of banks’ sovereign debt holdings from
EBA’s 2011 capital exercise. In addition, we employ bond price data from
Datastream and bank-level information from Bureau van Dijk’s Bankscope.®
In a first step we replicate the so called OMT windfall gain, the recapital-
ization effect of the OMT announcement, using all EU government debt
holdings.® We sum the bond price changes of the three OMT announce-
ment days (July 26, August 2, and September 6 of 2012) and multiply
them for each maturity, m, and country, ¢, with the respective bank-level

sovereign debt holdings (SovereignDebtpe,). Summing the country-specific

®Acharya et al. (2019) use bank-level data from SNL.

5Tn summer 2012, ECB president Mario Draghi announced the introduction of the OMT
program. With the program being activated by a specific country, ECB is allowed to buy
a potentially unlimited amount of government bonds from the respective country in the
secondary market. In connection with the announcement, Draghi also stated, “[...] the ECB
is ready to do whatever it takes to preserve the euro. And believe me, it will be enough”.
This and following statements had significant effects on government bond prices as shown
by Altavilla et al., 2014, Krishnamurthy and Vissing-Jorgensen, 2011, and Szczerbowicz
et al., 2015.
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gains from all EU sovereigns and dividing the total by the bank’s total equity

(TotalEquityy ), results to the bank-level OMT windfall gain:

OMTWindfallGain, = (5.1)
> em SovereignDebt,.,,, * AccBondPriceChanges,.,,,

TotalEquity,

We extend Acharya et al. (2019)’s work by repeating the calculation using
only the fair valued sovereign debt holdings. The effect of prudential filters is
also considered by reviewing the effect separately for AfS and HfT securities.

In a second step, we estimate whether the change in magnitude has an

effect on the estimation results.

ALoansp,:+1 = f1 * OMTWindfallGaing, * PostOMT; 4 v % Xy (5.2)

+ Firm Cluster,, * Quarter-Year, | + Firm Cluster,, * Banky + Upmi41

The regression tests whether banks with higher OMT windfall gains
(OMTWindfallGainy) extended more credit after the OMT announcement
(PostOMT}). We concentrate on Acharya et al., 2019’s preferred version of
the model and consider the effect on existing borrowers (intensive margin),
measured with the change in log loan volume of bank b in quarter ¢ to firm
cluster m (A Loanspy¢41). We include firm cluster-time fixed effects, firm
cluster-bank fixed effects, and bank controls (Xj). The annual frequency of
the bank controls is adjusted to the quarterly frequency of the sample using

linear exploration. Standard errors are clustered on the bank level.

5.3 Results

Following equation (5.1), we estimate the OMT windfall gains. Like Acharya
et al. (2019), we report the mean of the estimated OMT windfall gains
for the subsets of non-GIIPS and GIIPS banks (Panel A of Table 5.2).
Column (1) shows the estimates using the total sovereign debt holdings.

For non-GIIPS banks we estimate a slightly negative recapitalization effect
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of -0.41% of equity. For GITPS banks we measure a gain of 8.80% of equity.
The negative effect for non-GIIPS banks originates mostly from German
and British banks and the fact that Bund and Gilt prices slightly decreased
after the announcement. Column (2) records the recapitalization estimates
considering only fair valued securities. For GIIPS banks, the gain is reduced
by nearly a third to 6.04% of equity compared to the previously estimated
effect. The gain for non-GIIPS banks increases slightly to 0.02% of equity.
This is most likely because German and British banks, but also other
banks hold large shares of their home sovereign debt exposure in their HtM
portfolios (see Table D.5 in the appendix). The difference in the windfall
gain between non-GIIPS and GIIPS banks is significant for both calculations
which is likely due to the significant difference in total and fair valued-GIIPS
sovereign holdings (Panel B). For GIIPS banks the difference between the
two windfall gain versions (total and fair value) is significant too (Column
3). Consequently, the valuation of securities should be considered when

calculating the actual recapitalization effect.

Prudential filters also have the potential to reduce the recapitalization effect.
Given that the estimated windfall gain is concentrated within GIIPS banks,
we focus on the three remaining GIIPS countries: Italy, Portugal, and Spain.”
All three countries employ the neutralization approach, which means that
neither unrealized losses nor unrealized gains of AfS debt securities are
included in regulatory capital. Panel A of Table 5.3 disentangles the fair
value-windfall gain (Column 1) into the two fair value categories AfS and
HfT (Column 2 and 3). It shows that the estimated (fair value) windfall gain
originates mostly in the AfS portfolio of the GIIPS banks (>90%). This is

because the majority of sovereign debt is categorized as AfS, rather than

HfT, as shown by Panel B and Figure 5.2.

"Irish and Greek banks are dropped by Acharya et al. (2019) because their local
sovereign bonds were not actively traded at the time of the OMT announcement and local
sovereign bonds made up the majority of the banks’ sovereign debt holdings. Therefore,
they concluded that a calculation of an OMT windfall gain was not possible.
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TABLE 5.2: OMT windfall gain and sovereign bond holdings: total vs. fair valued

Column (1) and (2) of Panel A report the OMT windfall gain estimates based on equation
(5.1). Standard errors are reported in parentheses. For Column (1) we use the total of
bank-level EU sovereign debt holdings and for Column (2) only the fair valued debt is
considered. Column (3) of Panel A reports the t-values for the difference of the values in
Column (1) and (2). Panel B reports the bank specific sovereign debt holdings of GIIPS
countries (in %). Column (1) shows the total of GIIPS holdings, while Column (2) reports
only fair values GIIPS holdings. Column (3) reports the t-value for the different values of
GIIPS holdings. The sample includes 13 GIIPS banks and 36 non-GIIPS banks. In the
appendix D.2; we provide a comparison of our estimates in Panel A, Column (1) to the
results of Acharya et al. (2019).
A. OMT windfall gain (in %)

(1) (2) ®3)
A la Acharya et al. (2019)  Fair valued only  t-test

Non-GIIPS banks -0.41 0.02 1.50
(2.25) (0.70)

GIIPS banks 8.80 6.04 -4.65
(8.62) (7.73)

t-test -3.81 -2.80

B. Sovereign bond holdings (in %)
Total GIIPS Fair valued GIIPS

Assets Assets t-test

Non-GIIPS banks 0.66 0.24 2.57
(1.13) (0.53)

GIIPS banks 9.13 6.20 4.90
(3.39) (3.62)

t-test -8.85 -5.91

However, prudential filters only apply to unrealized gains and losses.
If the bank decides to realize the accumulated gain/loss of a certain AfS
security, it can simply sell the respective AfS security. In this case the realized
gain/ loss is recognized via the income statement and affects regulatory
capital. Because of this possibility, and given that countries using the
asymmetrical approach partially include unrealized gains from AfS debt
securities, one can not entirely exclude a recapitalization effect via AfS
securities.® Hence, the actual recapitalization effect lies somewhere between
the HfT only effect and the effect measured for all fair valued securities.

To collect further empirical evidence, we estimate equation (5.2). Table

5.4 reports the estimates for the OMT windfall gain-PostOMT dummy

8From our sample Austria, Denmark, Finland, and Sweden use the asymmetric ap-
proach. In contrast to Belgium, France, Germany, Italy, Luxembourg, Netherlands, Nor-
way, Poland, Portugal, Spain, and the United Kingdom using the neutralization approach.
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TABLE 5.3: OMT windfall gain and sovereign bond holdings: AfS and HfT

Panel A reports the OMT windfall estimates based on equation (5.1) using the respective
amounts of government debt. Column (1) is based on all EU government debt measured
at fair value. Column (2) and (3) use the EU government debt classified as AfS and HfT.
Panel B shows the respective GIIPS government debt holdings by fair value measurement
(Column 1), AfS accounting category (Column 2), and HfT accounting category (Column
3). The HIT class also includes effects/ holdings from assets categorized as dFV. The sam-
ple includes 13 GIIPS banks and 36 non-GIIPS banks. Standard errors are in parentheses.

A. OMT windfall gain (in %)

(1 (2) (3)
Fair valued only AfS only HfT only

Non-GIIPS banks 0.02 0.11 -0.10
(0.70) (0.60) (0.35)
GIIPS banks 6.04 5.63 0.41
(7.73) (7.71) (0.49)

B. Sovereign bond holdings (in %)
Fair valued GIIPS AfS GIIPS HfT GIIPS

Assets Assets Assets
Non-GIIPS banks 0.24 0.21 0.03

(0.53) (0.53) (0.08)
GIIPS banks 6.20 5.46 0.74

(3.62) (3.22) (0.90)

interactions. We include the bank-level controls logarithm of total assets,
return to assets, equity to assets, and non performing loans to equity. Due
to data availability, we cannot control for firm specific features like rating as
done by Acharya et al. (2019). In Column (1) and (2), we use firm’s country
of incorporation and industry to form firm clusters. Following the least re-
strictive specification we include firm-cluster fixed effects, quarter-year fixed
effects and bank fixed effects. For both interactions we estimate positive and
significant results. As expected, the effect for the fair value effect is larger,
indicating that the estimate for the OMTWindfallGain”* is driven by fair
valued securities. These results remain robust when including the average of
the pre-OMT interest premium on Libor/Euribor to proxy for firms’ rating
when forming firm clusters. The estimate for the OMTWindfallGain°* in
Column (3) is comparable with the effect estimated by Acharya et al. (2019),
amounting to a 1.25% increase in loan volume per 1 percentage point of OMT
windfall gain. The interaction effect for OMTWindfallGain®"" indicates an
increase in 1.51% in newly allocated loan volume per percentage point of the

recapitalization effect (Column 4).
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Both OMT effects lose their significance when we switch to Acharya
et al. (2019) most restrictive model using firm-cluster-bank fixed effects and
firm-cluster-time fixed effects. Other than that, the point estimates remain
consistent with the previous results. As for the previous two specifications,
the coefficient for the total OMT gain is significantly smaller than for the
fair value estimate (Column 5 and 6).

While our results are insightful, they are not necessarily comparable to
Acharya et al. (2019)’s estimates given that they control for more firm and
bank-specific factors, and have a much smaller sample (see appendix D.2 for
a comparison). However, our estimates highlight that fair valued securities
instead of the total of respective securities should be considered to measure
the potential recapitalization effect. Due to prudential filters the gain could
be further reduced which could lead to a systematic overestimation of the

recapitalization gain.

5.4 Conclusion

This paper highlights two relevant factors affecting the magnitude of the
recapitalization effect of unconventional monetary policy. Only securities
mirroring the market price transmit the increase in security prices to
financial institutions’ balance sheets. Therefore, the valuation method of
securities determined by the accounting category have to be considered when
estimating the magnitude of the effect. The effect is further reduced by so
called prudential filters which (partly) exclude the unrealized gains and losses
from fair valued AfS securities from banks’ regulatory capital.

Due to this taxonomy, the actual recapitalization effect can be reduced
essentially as shown with the example of Acharya et al. (2019)’s work on
the OMT announcements in 2012. Applying the highlighted restrictions, we
find that the average recapitalization effect most likely varies between 0.04%
and 1.62% of equity, instead of the previously estimated average of 2.02%
of equity of the sample banks. To avoid a systematic overestimation of the

potential recapitalization gain and to estimate potential effects of it to the
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real economy, the literature should consider the valuation method and the

effect of prudential filters in context with stealth recapitalization.
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Appendix D
D.1 Tables

TABLE D.5: EU government holdings and home exposure

Notes: Based on 49 banks in Q2 2012 covered by the EBA capital exercise 2011 and
considered by Acharya et al. (2019), for simplicity HfT also includes assets part of the
category dFV. Standard errors are reported in parentheses.

‘ All banks ‘ Non-GIIPS banks ‘ GIIPS banks

EU government debt to total assets (in %)

Total 8.83 8.49 9.77
(6.25) (7.06) (3.11)
Fair valued 4.21 3.34 6.61
(3.11) (2.48) (3.50)
AfS 2.97 1.98 5.74
(2.79) (1.86) (3.13)
HIT 1.23 1.36 0.88
(1.74) (1.95) (0.91)

Home exposure to total assets (in %)

Total 6.33 5.47 8.72
(5.31) (5.71) (3.02)
Fair valued 2.95 1.90 5.87

(2.88) (1.88) (3.22)
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D.2 Comparison to Acharya et al. (2019)

To test whether our replication deviates significantly from Acharya et al.
(2019)’s estimates, we run a t-test for the mean of the sample, as well as the
subsamples (see Table D.6). For the entire sample and the GIIPS subsample
we find no significant difference between the means (on the 95th significance
level). However, our estimates for the non-GIIPS’s windfall gain seem to
be significantly lower. This could be due to multiple reasons. One source of
difference could be the bond price series. We might use different series than
Acharya et al. (2019). Even if we use the same series, they could have been
updated since Acharya et al. (2019) collected them. Other differences are
that for bank-specific information we use Bankscope, while Acharya et al.
(2019) use SNL data.

TABLE D.6: OMT windfall gain (in %)

Acharya et al., 2019 report the means of the OMT windfall gain for the subsamples of
GIIPS (13 banks) and non-GIIPS (36 banks). In a working paper version, CERP discussion
paper 12005, they list the individual OMT effects, therefore we can consider the mean for
the entire sample (49 banks). Standard deviations are reported in parentheses.

(1) (2) 3)

Acharya et al. (2019) Own calculations  t-test for difference

Non-GIIPS banks 1.14 -0.43 3.63
(1.71) (2.25)

GIIPS banks 7.95 8.80 -0.47
(4.00) (8.62)

All banks 2.94 2.02 1.58

(3.92) (6.26)
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Chapter 6

Concluding remarks

The financial crisis and the European debt crisis triggered substantial
changes in banking regulation and monetary policy. While the rise in
regulation aimed to increase the resilience of the financial sector against
future shocks, central bankers introduced new policy instruments, initially
to tackle already existing financial stability concerns and later also due to
the zero lower bound. The fundamental changes in both areas created a great
need of analysis. This thesis contributes to the evaluation of monetary policy
during the post crisis period, as well as to the understanding of interactions
between macroeconomic policies and banking regulation.

Chapter 2 investigates whether a decreasing deposit facility rate is an
effective tool to reduce banks’ incentives to hold reserves at the central
bank. We find that banks with a more interest-sensitive business model
are more likely to reduce their reserve holdings in response to a decreasing
deposit facility rate. We also find evidence that the liquidity is re-allocated
to loans, contributing to monetary policy transmission. However, this effect
is driven by non-GIIPS countries, which highlights the limited effectiveness
of conventional monetary policy and the need for further - unconventional -
instruments.

Chapter 3 puts light on the interaction effect of bank levies and corporate
income taxes on bank leverage. We find evidence that bank levies have
a positive effect on banks’ capitalization. However, this effect is weaker
the more elevated corporate income taxes are. In countries with very high

corporate income taxes, the positive effect on banks’ capitalization becomes
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ineffective. These findings are valuable for regulators and fiscal policy makers
especially in regard to financial stability. While financial stability might
be only a minor aspect in the considerations for corporate income taxes,
regulators have to be aware of them when choosing a bank levy to affect
bank leverage.

Chapter 4 considers whether Euro-area banks have adjusted their collat-
eral pledging behavior with the central bank in response to the introduction
of the liquidity coverage ratio (LCR). An altered pledging behavior could
indicate that banks exploit an arbitrage possibility via the central bank to
improve their LCR value. Using the existence of preceding national liquidity
requirements to proxy for the incentive of exploiting the arbitrage possibility,
I find evidence that banks have reduced the liquidity profile of marketable
assets pledged with the central bank. This result indicates that banks made
use of the arbitrage possibility, which reduces the risk mitigating effect
of the regulation. Supervisors and regulators should take this finding into
consideration when evaluating banks’ liquidity risk profile and the effect of
the regulation.

Chapter 5 highlights that banks’ security valuation and country-level
capital regulation, which both depend on the accounting category of the
security, reduce the recapitalization effect of unconventional monetary policy.
For central bankers and researchers this finding is important to avoid
a systematic overestimation of the recapitalization gain and to properly
estimate potential effects of it to the real economy.

This thesis provides useful insights for the ongoing regulatory debate, as
well as for the conduct of monetary policy. It highlights how macroeconomic
policies, especially monetary policy, and banking regulation interact. In the

evaluation and decision making process this needs to be considered.









177

Bibliography

Abbassi, Puriya et al. “Cross-border liquidity, relationships and monetary
policy: Evidence from the Euro area interbank crisis”. In: mimeo (2014).

Acharya, Viral V and Ouarda Merrouche. “Precautionary hoarding of liquid-
ity and interbank markets: Evidence from the subprime crisis”. In: Review
of Finance 17.1 (2012), pp. 107-160.

Acharya, Viral V and Matthew Richardson. “Causes of the financial crisis”.
In: Critical Review 21.2-3 (2009), pp. 195-210.

Acharya, Viral V et al. “Does the lack of financial stability impair the
transmission of monetary policy?” In: mimeo (2017).

Acharya, Viral V, Diane Pierret, and Sascha Steffen. “Lender of last resort,
buyer of last resort, and a fear of fire sales in the sovereign bond market”.
In: mimeo (2018).

Acharya, Viral V et al. “Whatever it takes: The real effects of unconventional
monetary policy”. In: The Review of Financial Studies 32.9 (2019), pp. 3366—
3411.

Adrian, Tobias and Hyun Song Shin. “Financial intermediaries, financial
stability, and monetary policy”. In: FRB of New York staff report 346 (2008).

Adrian, Tobias and Hyun Song Shin. “Liquidity and leverage”. In: Journal
of Financial Intermediation 19.3 (2010), pp. 418-437.

Afonso, Gara, Anna Kovner, and Antoinette Schoar. “Stressed, not frozen:
The federal funds market in the financial crisis”. In: The Journal of Finance
66.4 (2011), pp. 1109-1139.

Aiyar, Shekhar. “From financial crisis to great recession: The role of global-
ized banks”. In: American Economic Review 102.3 (2012), pp. 225-30.

Al-Eyd, Mr AJ and Pelin Berkmen. Fragmentation and monetary policy in
the euro area. 13-208. International Monetary Fund, 2013.

Albertazzi, Ugo, Bo Becker, and Miguel Boucinha. “Portfolio rebalancing
and the transmission of large-scale asset programmes: evidence from the
euro area”. In: mimeo (2018).

Allen, Franklin and Elena Carletti. “Mark-to-market accounting and lig-
uidity pricing”. In: Journal of Accounting and Economics 45.2-3 (2008),
pp. 358-378.

Altavilla, Carlo, Domenico Giannone, and Michele Lenza. “The financial and
macroeconomic effects of OMT announcements”. In: ECB Working Paper
No. 1707 (2014).

Alvarez, Inmaculada et al. “The use of the Eurosystem’s monetary policy
instruments and operational framework since 2012”. In: ECB Occasional
Paper (2017).



178 BIBLIOGRAPHY

Ampudia, Miguel, Skander J Van den Heuvel, et al. Monetary Policy and
Bank Equity Values in a Time of Low and Negative Interest Rates. Tech. rep.
Board of Governors of the Federal Reserve System (US), 2019.

Andrade, Philippe et al. “The ECB’s asset purchase programme: an early
assessment”. In: ECB Working Paper (2016).

Angrist, Joshua, Victor Lavy, and Analia Schlosser. “Multiple experiments
for the causal link between the quantity and quality of children”. In: Journal
of Labor Economics 28.4 (2010), pp. 773-824.

Argimén, Isabel, Michel Dietsch, and Angel Estrada. “Prudential filters,
portfolio composition at fair value and capital ratios in European banks”.
In: Journal of Financial Stability 39 (2018), pp. 187-208.

Arseneau, David M. “How would US banks fare in a negative interest rate
environment?” In: mimeo (2017).

Ashcraft, Adam, James McAndrews, and David Skeie. “Precautionary re-
serves and the interbank market”. In: Journal of Money, Credit and Banking
43 (2011), pp. 311-348.

Aspachs, Oriol, Erlend W Nier, and Muriel Tiesset. “Liquidity, banking
regulation and the macroeconomy”. In: mimeo (2005).

Banerji, Sanjay et al. “Taxation and Financial Intermediation: Evidence from
a Quasi-Natural Experiment”. In: mimeo (2018).

Barth, James R et al. “Do bank regulation, supervision and monitoring
enhance or impede bank efficiency?” In: Journal of Banking & Finance 37.8
(2013), pp. 2879-2892.

BCBS. Basel III: A global regulatory framework for more resilient banks and
banking systems. Basel Committee of Banking Supervision. Dec. 2010.

Bech, Morten and Todd Keister. “Liquidity regulation and the implemen-
tation of monetary policy”. In: Journal of Monetary Economics 92 (2017),
pp. 64-77.

Berg, Tobias and Jasmin Gider. “What explains the difference in leverage
between banks and nonbanks?” In: Journal of Financial and Quantitative
Analysis 52.6 (2017), pp. 2677-2702.

Bernanke, Ben S and Mark Gertler. “Inside the black box: the credit channel
of monetary policy transmission”. In: Journal of Economic Perspectives 9.4
(1995), pp. 27-48.

Bindseil, Ulrich. “Central bank collateral, asset fire sales, regulation and
liquidity”. In: ECB Working Paper (2013).

Bindseil, Ulrich and Jeroen Lamoot. “The Basel III framework for liquidity
standards and monetary policy”. In: mimeo (2011).

Bindseil, Ulrich, Kjell G Nyborg, and Ilya A Strebulaev. “Repo auctions
and the market for liquidity”. In: Journal of Money, Credit and Banking
41.7 (2009), pp. 1391-1421.

Bindseil, Ulrich et al. “The Eurosystem collateral framework explained”. In:
ECB Occasional Paper (2017).

BIS Markets Committee and others. “Central Bank Collateral Frameworks
and Practices”. In: Report by a Study Group established by the BIS Markets
Committee (2013).



BIBLIOGRAPHY 179

Bischof, Jannis, Ulf Briiggemann, and Holger Daske. “Fair value reclassifi-
cations of financial assets during the financial crisis”. In: mimeo (2012).

Bock, Alexander et al. “The use of the Eurosystem’s monetary policy
instruments and its monetary policy implementation framework Q2 2016-Q4
20177, In: ECB Occasional Paper (2018).

Bonner, Clemens and Sylvester C. W. Eijffinger. “The Impact of Liquidity
Regulation on Bank Intermediation”. In: Review of Finance (2016).

Borio, Claudio and Haibin Zhu. “Capital regulation, risk-taking and mone-
tary policy: a missing link in the transmission mechanism?” In: Journal of
Financial Stability (2012).

Borio, Claudio, Leonardo Gambacorta, and Boris Hofmann. “The influence
of monetary policy on bank profitability”. In: International Finance (2017).

Bremus, Franziska and Jeremias Huber. “Corporate Taxation, Leverage, and
Macroeconomic Stability”. In: mimeo (2016).

Brunnermeier, Markus K and Yuliy Sannikov. “The I theory of money”. In:
mimeo (2016).

Buch, Claudia M, Sandra Eickmeier, and Esteban Prieto. “In search for
yield? Survey-based evidence on bank risk taking”. In: Journal of Economic
Dynamics and Control (2014).

Buch, Claudia M, Bjérn Hilberg, and Lena Tonzer. “Taxing Banks: An
Evaluation of the German Bank Levy”. In: Journal of Banking & Finance
(2016).

Budnik, Katarzyna Barbara and Johannes Kleibl. “Macroprudential Reg-
ulation in the FKuropean Union in 1995-2014: Introducing a new Data Set
on Policy Actions of a Macroprudential Nature”. In: ECB Working Paper
(2018).

Bun, Maurice JG and Teresa D Harrison. “OLS and IV estimation of
regression models including endogenous interaction terms”. In: Econometric
Reviews 38.7 (2019), pp. 814-827.

Busch, Ramona and Christoph Memmel. “Banks’ net interest margin and the
level of interest rates”. In: Credit and Capital Markets 50.3 (2017), pp. 363~
392.

Capelle-Blancard, Gunther and Olena Havrylchyk. “12 The Ability of Banks
to Shift Corporate Income Taxes to Customers”. In: Taxation and Regulation
of the Financial Sector (2014), p. 253.

Capelle-Blancard, Gunther and Olena Havrylchyk. “Incidence of bank levy
and bank market power”. In: Review of Finance 21.3 (2017), pp. 1023-1046.

Carpinelli, Luisa and Matteo Crosignani. “The effect of central bank liquidity
injections on bank credit supply”. In: mimeo (2017).

Cassola, Nuno and Francois Koulischer. “The collateral channel of open
market operations”. In: Journal of Financial Stability 41 (2019), pp. 73-90.

CEBS. Analytical report on prudential filters for requlatory capital. Commit-
tee of Kuropean Banking Supervisors. Oct. 2007.

Célérier, Claire, Thomas Kick, and Steven Ongena. “Taxing Bank Leverage:
The Effects on Bank Capital Structure, Credit Supply and Risk-Taking”.
In: mimeo (2018).



180 BIBLIOGRAPHY

Chakraborty, Indraneel, Itay Goldstein, and Andrew MacKinlay. “Monetary
stimulus and bank lending”. In: Journal of Financial Economics (2019).
forthcoming.

Chisnall, Paul. “Fair value accounting—an industry view”. In: Balance Sheet
9.1 (2001), pp. 27-33.

Chodorow-Reich, Gabriel. “Effects of unconventional monetary policy on
financial institutions”. In: mimeo (2014).

Choi, Dong Beom, Joao AC Santos, and Tanju Yorulmazer. “A Theory of
Collateral for the Lender of Last Resort”. In: mimeo (2017).

Christensen, Jens HE and Signe Krogstrup. “Transmission of quantitative
easing: The role of central bank reserves”. In: The Economic Journal 129.617
(2018), pp. 249-272.

Claessens, S, N Coleman, and M Donnely. “Low interest rates and bank’s
net interest margins”. In: voxeu 18.05 (2016).

Claessens, Stijn, Nicholas Coleman, and Michael Donnelly. ““Low-For-Long”
interest rates and banks’ interest margins and profitability: Cross-country
evidence”. In: Journal of Financial Intermediation 35 (2018), pp. 1-16.

Cornett, Marcia Millon et al. “Liquidity risk management and credit supply
in the financial crisis”. In: Journal of Financial Economics 101.2 (2011),
pp- 297-312.

Crosignani, Matteo, Miguel Faria-e Castro, and Luis Fonseca. “The (unin-
tended?) consequences of the largest liquidity injection ever”. In: Journal of
Monetary Economics (2019).

Cukierman, A. “Global Crisis in the US vs the Eurozone: Banks and
monetary policy”. In: voxeu (2016).

Cycon, Lisa and Michael Koetter. “Monetary policy under the microscope:
Intra-bank transmission of asset purchase programs of the ECB”. In: mimeo
(2015).

Daetz, Stine Louise et al. “Can central banks boost corporate investment:
Evidence from the ECB liquidity injections”. In: mimeo (2018).

De Graeve, Ferre, Thomas Kick, and Michael Koetter. “Monetary policy and
financial (in) stability: An integrated micro—macro approach”. In: Journal of
Financial Stability 4.3 (2008), pp. 205-231.

De Mooij, Ruud A and Michael Keen. “Debt, taxes, and banks”. In: Journal
of Money, Credit and Banking 48.1 (2016), pp. 5-33.

De Mooij, Ruud A, Mr Michael Keen, and Mr Masanori Orihara. “Taxation,
bank leverage, and financial crises”. In: mimeo (2013).

De Roure, Calebe. “Fire buys of central bank collateral assets”. In: mimeo
(2016).
Deléchat, Corinne et al. “The determinants of banks’ liquidity buffers in

Central America”. In: mimeo (2014).

Dell’ Ariccia, Giovanni, Luc Laeven, and Gustavo A Suarez. “Bank leverage
and monetary policy’s risk-taking channel: evidence from the United States”.
In: The Journal of Finance 72.2 (2017), pp. 613-654.



BIBLIOGRAPHY 181

Demirgii¢-Kunt, Asli and Harry Huizinga. “Bank activity and funding strate-
gies: The impact on risk and returns”. In: Journal of Financial Economics
98.3 (2010), pp. 626-650.

Devereux, Michael, Niels Johannesen, and John Vella. “Can Taxes tame the
Banks? Evidence from European Bank Levies”. In: mimeo (2015).

Dombret, Andreas, Yalin Giindiiz, and Jérg Rocholl. “Will German banks
earn their cost of capital?” In: Contemporary Economic Policy 37.1 (2019),
pp. 156-169.

Drechsler, Itamar, Alexi Savov, and Philipp Schnabl. “The deposits channel
of monetary policy”. In: The Quarterly Journal of Economics 132.4 (2017),
pp- 1819-1876.

Drechsler, Itamar et al. “Who borrows from the lender of last resort?” In:
The Journal of Finance 71.5 (2016), pp. 1933-1974.

Dreher, Axel, Anna Minasyan, and Peter Nunnenkamp. “Government ide-
ology in donor and recipient countries: Does ideological proximity matter
for the effectiveness of aid?” In: European Economic Review 79 (2015),
pp. 80-92.

Eberl, Jakob and Christopher Weber. “ECB collateral criteria: A narrative
database 2001-2013”. In: mimeo (2014).

Elyasiani, Elyas and Ling Zhang. “Bank holding company performance, risk,
and “busy” board of directors”. In: Journal of Banking & Finance 60 (2015),
pp. 239-251.

Ernest and Young. Poland imposes Bank and Insurance Levy as of 1 Febru-
ary 2016. Global Tax Alert 20 January 2016. https://www.ey.com/gl/en/
services/tax/international-tax/alert--poland-imposes-bank-and-
insurance-levy-as-of-1-february-2016. 2016.

Ewerhart, Christian and Jens Tapking. “Repo markets, counterparty risk,
and the 2007/2008 liquidity crisis”. In: ECB Working Paper (2008).

Fecht, Falko et al. “Collateral, central bank repos, and systemic arbitrage”.
In: mimeo (2016).

Feld, Lars P, Jost H Heckemeyer, and Michael Overesch. “Capital Structure
Choice and Company Taxation: A Meta-Study”. In: Journal of Banking &
Finance (2013).

Fiechter, Peter. “Reclassification of financial assets under IAS 39: Impact on
European banks’ financial statements”. In: Accounting in Europe 8.1 (2011),
pp- 49-67.

FSB. Proposed Framework for Post - Implementation FEvaluation of the
Effects of the G20 Financial Regulatory Reforms. Financial Stability Board.
2017.

Fuhrer, Lucas Marc, Benjamin Miiller, and Luzian Steiner. “The liquidity
coverage ratio and security prices”. In: Journal of Banking & Finance 75
(2017), pp. 292-311.

Gagnon, Joseph et al. “The financial market effects of the Federal Reserve’s
large-scale asset purchases”. In: International Journal of Central Banking
(2011).


https://www.ey.com/gl/en/services/tax/international-tax/alert--poland-imposes-bank-and-insurance-levy-as-of-1-february-2016
https://www.ey.com/gl/en/services/tax/international-tax/alert--poland-imposes-bank-and-insurance-levy-as-of-1-february-2016
https://www.ey.com/gl/en/services/tax/international-tax/alert--poland-imposes-bank-and-insurance-levy-as-of-1-february-2016

182 BIBLIOGRAPHY

Gambacorta, Leonardo and David Marques-Ibanez. “The bank lending chan-
nel: lessons from the crisis”. In: Economic Policy 26.66 (2011), pp. 135-182.

Gambacorta, Leonardo et al. “The Effects of Tax on Bank Liability Struc-
ture”. In: BIS Working Paper (2017).

Garcia-de-Andoain, Carlos et al. “Lending-of-last-resort is as lending-of-
last-resort does: Central bank liquidity provision and interbank market
functioning in the euro area”. In: Journal of Financial Intermediation 28
(2016), pp. 32-47.

Genay, Hesna. “What is the impact of a low interest rate environment on
bank profitability?” In: Chicago Fed Letter 324 (2014), p. 1.

Gong, Di, Shiwei Hu, and Jenny E Ligthart. “Does corporate income taxation
affect securitization? Evidence from OECD banks”. In: Journal of Financial
Services Research 48.3 (2015), pp. 193-213.

Goodhart, Charles AE. “The regulatory response to the financial crisis”. In:
Journal of Financial Stability 4.4 (2008), pp. 351-358.

Gropp, Reint and Florian Heider. “The determinants of bank capital struc-
ture”. In: Review of Finance 14.4 (2010), pp. 587-622.

Grosse-Rueschkamp, Benjamin, Sascha Steffen, and Daniel Streitz. “Cutting
Out the Middleman: The ECB as Corporate Bond Investor”. In: mimeo
(2017).

Gu, Grace Weishi, Ruud de Mooij, and Tigran Poghosyan. “Taxation and
leverage in international banking”. In: International Tax and Public Finance
22.2 (2015), pp. 177-200.

Heaton, John C, Deborah Lucas, and Robert L. McDonald. “Is mark-to-
market accounting destabilizing? Analysis and implications for policy”. In:
Journal of Monetary Economics 57.1 (2010), pp. 64-75.

Heckemeyer, Jost, Ruud de Mooij, et al. “Taxation and corporate debt: Are
banks any different”. In: National Tax Journal 70.1 (2017), pp. 53-76.

Heider, Florian and Alexander Ljungqvist. “As certain as debt and taxes:
Estimating the tax sensitivity of leverage from state tax changes”. In: Journal
of Financial Economics 118.3 (2015), pp. 684-712.

Heider, Florian, Farzad Saidi, and Glenn Schepens. “Life below zero: Bank
lending under negative policy rates”. In: The Review of Financial Studies
32.10 (2019), pp. 3728-3761.

Heider, Florian, Marie Hoerova, and Cornelia Holthausen. “Liquidity hoard-
ing and interbank market rates: The role of counterparty risk”. In: Journal
of Financial Economics 118.2 (2015), pp. 336-354.

Hemmelgarn, Thomas and Daniel Teichmann. “Tax reforms and the capital
structure of banks”. In: International Tax and Public Finance 21.4 (2014),
pp. 645-693.

Horvath, Balint. “The impact of taxation on bank leverage and asset risk”.
In: mimeo (2013).

Hristov, Nikolay, Oliver Hiilsewig, and Timo Wollmershéuser. “The interest
rate pass-through in the Euro area during the global financial crisis”. In:
Journal of Banking & Finance (2014), pp. 104-119.



BIBLIOGRAPHY 183

IMF. Financial Sector Tazation: The IMF’s Report to the G-20 and Back-
ground Material. International Monetary Fund. 2010.

Ioannidou, Vasso, Steven Ongena, and José-Luis Peydré. “Monetary policy,
risk-taking, and pricing: Evidence from a quasi-natural experiment”. In:
Review of Finance 19.1 (2014), pp. 95-144.

Jiménez, Gabriel et al. “Hazardous times for monetary policy: What do
twenty-three million bank loans say about the effects of monetary policy on
credit risk-taking?” In: Econometrica 82.2 (2014), pp. 463-505.

Kacperczyk, Marcin T, Christophe Perignon, and Guillaume Vuillemey. “The
private production of safe assets”. In: mimeo (2017).

Kandrac, John and Bernd Schlusche. “Quantitative easing and bank risk
taking: evidence from lending”. In: mimeo (2017).

Kashyap, Anil K and Jeremy C Stein. “What do a million observations
on banks say about the transmission of monetary policy?” In: American
Economic Review 90.3 (2000), pp. 407-428.

Kashyap, Anil K, Raghuram Rajan, and Jeremy C Stein. “Banks as liquidity
providers: An explanation for the coexistence of lending and deposit-taking”.
In: The Journal of Finance 57.1 (2002), pp. 33-73.

Kasman, Adnan et al. “Consolidation and commercial bank net interest
margins: Evidence from the old and new European Union members and
candidate countries”. In: Economic Modelling (2010).

Keen, Michael. “Bank Taxes, Bailouts and Financial Crises”. In: Finan-
zArchiv: Public Finance Analysis 74.1 (2018), pp. 4-33.

Keister, Todd and James McAndrews. “Why are banks holding so many
excess reserves?” In: Current Issues in Economics and Finance 15.8 (2009).

Keister, Todd, Antoine Martin, and James McAndrews. “Divorcing money
from monetary policy”. In: Economic Policy Review 14.2 (2008).

Khwaja, Asim [jaz and Atif Mian. “Tracing the impact of bank liquidity
shocks: Evidence from an emerging market”. In: American Economic Review
98.4 (2008), pp. 1413-42.

Koetter, Michael. “Lending Effects of the ECB’s Asset Purchases”. In:
Journal of Monetary Economics (2019).

Koetter, Michael, Thomas Krause, and Lena Tonzer. “Delay Determinants of
European Banking Union Implementation”. In: European Journal of Political
Economy 58 (2019), pp. 1-20.

Kogler, Michael. “On the Incidence of Bank Levies: Theory and Evidence”.
In: International Tax and Public Finance, (2018).

Koijen, Ralph SJ et al. “Inspecting the mechanism of quantitative easing in
the euro area”. In: mimeo (2019).

Koulischer, Francois and Daan Struyven. “Central bank liquidity provision
and collateral quality”. In: Journal of Banking & Finance 49 (2014), pp. 113—
130.

KPMG. Corporate and Indirect Tax Rate Survey 2014. https://home .
kpmg.com/xx/en/home/services/tax.html. 2014.


https://home.kpmg.com/xx/en/home/services/tax.html
https://home.kpmg.com/xx/en/home/services/tax.html

184 BIBLIOGRAPHY

Krishnamurthy, Arvind and Annette Vissing-Jorgensen. “The effects of
quantitative easing on interest rates: channels and implications for policy”.
In: mimeo (2011).

Krishnamurthy, Arvind, Stefan Nagel, and Annette Vissing-Jorgensen. “ECB
policies involving government bond purchases: Impact and channels”. In:
Review of Finance 22.1 (2017), pp. 1-44.

Kroeger, Alexander, John McGowan, and Asani Sarkar. “The pre-crisis
monetary policy implementation framework”. In: Economic Policy Review

(2018).

Lambert, Frederic and Kenichi Ueda. “The effects of unconventional mone-
tary policies on bank soundness”. In: mimeo (2014).

Lamers, Martien et al. “The Tradeoff between Monetary Policy and Bank
Stability”. In: International Journal of Central Banking 15.2 (2019), pp. 1-
42.

Langedijk, Sven et al. “Debt bias in corporate income taxation and the costs
of banking crises”. In: mimeo (2015).

Laux, Christian and Christian Leuz. “The crisis of fair-value accounting:
Making sense of the recent debate”. In: Accounting, Organizations and
Society 34.6-7 (2009), pp. 826-834.

Lee, Jiho. “Corridor System and Interest Rates: Volatility and Asymmetry”.
In: Journal of Money, Credit and Banking (2016).

Lepetit, Laetitia et al. “The expansion of services in European banking:
Implications for loan pricing and interest margins”. In: Journal of Banking
& Finance 32.11 (2008), pp. 2325-2335.

Maddaloni, Angela and José-Luis Peydro. “Bank risk-taking, securitization,
supervision, and low interest rates: Evidence from the Euro-area and the
US lending standards”. In: The Review of Financial Studies 24.6 (2011),
pp. 2121-2165.

Mamatzakis, Emmanuel and Theodora Bermpei. “What is the effect of
unconventional monetary policy on bank performance?” In: Journal of
International Money and Finance 67 (2016), pp. 239-263.

Martin, Antoine, James McAndrews, and David Skeie. “Bank lending in
times of large bank reserves”. In: Federal Reserve Bank of New York Staff
Reports 497 (2013).

Milonas, Kristoffer. “Bank taxes, leverage, and risk”. In: Journal of Financial
Services Research 54.2 (2018), pp. 145-177.

Nguyen, James. “The relationship between net interest margin and nonin-
terest income using a system estimation approach”. In: Journal of Banking
& Finance 36.9 (2012), pp. 2429-2437.

Nizalova, Olena Y and Irina Murtazashvili. “Exogenous treatment and
endogenous factors: Vanishing of omitted variable bias on the interaction
term”. In: Journal of Econometric Methods 5.1 (2016), pp. 71-77.

Nucera, Federico et al. “Do negative interest rates make banks less safe?”
In: Economics Letters 159 (2017), pp. 112-115.

Nunn, Nathan and Nancy Qian. “Aiding conflict: The impact of US food aid
on civil war”. In: mimeo (2012).



BIBLIOGRAPHY 185

Nunn, Nathan and Nancy Qian. “US food aid and civil conflict”. In:
American Economic Review 104.6 (2014), pp. 1630-66.

Nyborg, Kjell G. “Central bank collateral frameworks”. In: Journal of
Banking & Finance 76 (2017), pp. 198-214.

Nyborg, Kjell G. Collateral frameworks: The open secret of central banks.
Cambridge University Press, 2016.

Nyborg, Kjell G and Per Ostberg. “Money and liquidity in financial mar-
kets”. In: Journal of Financial Economics 112.1 (2014), pp. 30-52.

Paludkiewicz, Karol. “Unconventional monetary policy, bank lending, and
security holdings: The yield-induced portfolio rebalancing channel”. In:
mimeo (2018).

Pisani-Ferry, Jean and Guntram B Wolff. “Propping up Europe?” In: Bruegel
Policy Contribution 2012/07, April 2012 (2012).

Plantin, Guillaume, Haresh Sapra, and Hyun Song Shin. “Marking-to-
market: panacea or Pandora’s box?” In: Journal of Accounting Research
46.2 (2008), pp. 435-460.

Podlich, Natalia, Isabel Schnabel, and Johannes Tischer. “Banks’ trading
after the Lehman crisis: The role of unconventional monetary policy”. In:
mimeo (2017).

Rochet, Jean-Charles and Xavier Vives. “Coordination failures and the
lender of last resort: was Bagehot right after all?” In: Journal of the European
Economic Association (2004).

Rodnyansky, Alexander and Olivier M Darmouni. “The effects of quantita-
tive easing on bank lending behavior”. In: The Review of Financial Studies
30.11 (2017), pp. 3858-3887.

Samuelson, Paul A. “The effect of interest rate increases on the banking
system”. In: The American Economic Review 35.1 (1945), pp. 16-27.

Schandlbauer, Alexander. “How do financial institutions react to a tax
increase?” In: Journal of Financial Intermediation 30 (2017), pp. 86-106.

Schepens, Glenn. “Taxes and bank capital structure”. In: Journal of Finan-
cial Economics 120.3 (2016), pp. 585-600.

Shim, Jeungbo. “Bank capital buffer and portfolio risk: The influence of
business cycle and revenue diversification”. In: Journal of Banking & Finance
37.3 (2013), pp. 761-772.

Smaghi, Lorenzo Bini. Basel III and monetary policy. Speech at the Interna-
tional Banking Conference “Matching Stability and Performance: the Impact
of New Regulations on Financial Intermediary Management”. 2010.

Stein, Jeremy C. “Liquidity regulation and central banking”. In: Speech at
the" Finding the Right Balance" 2018 Credit Markets Symposium sponsored
by the Federal Reserve Bank of Richmond, Charlotte, North Carolina. 2013.

Szczerbowicz, Urszula et al. “The ECB unconventional monetary policies:
have they lowered market borrowing costs for banks and governments?” In:
International Journal of Central Banking 11.4 (2015), pp. 91-127.

Tischer, Johannes. “Quantitative easing, portfolio rebalancing and credit
growth: Micro evidence from Germany”. In: mimeo (2018).



186 BIBLIOGRAPHY

Tonzer, Lena. “Cross-border interbank networks, banking risk and conta-
gion”. In: Journal of Financial Stability 18 (2015), pp. 19-32.

Twarowska, Malgorzata. “Taxation of Financial Sector—Risk Assessment
Based on the Experiences of Selected Countries”. In: Managing Innovation
and Diversity in Knowledge Society Through Turbulent Time: Proceedings
of the MakeLearn and TIIM Joint International Conference 2016. ToKnow-
Press. 2016.

Vari, Miklos. “Monetary policy transmission with interbank market frag-
mentation”. In: Journal of Money, Credit and Banking (2019).






	Preface and outline of the thesis
	Do conventional monetary policy instruments matter in unconventional times?
	Introduction
	Central bank reserves
	Estimation framework
	Regression model
	Bank-level data
	Country-level data

	Empirical analysis
	Baseline results
	Heterogeneities
	Alternative proxies for interest sensitivity of banks' business model
	Simultaneous equations
	Loan demand

	Concluding remarks
	Appendix A
	Data appendix
	Figures
	Tables

	Interactions between bank levies and corporate taxes: How is bank leverage affected?
	Introduction
	Bank leverage and taxes
	Data and methodology
	Bank-level data
	Country-level data
	Regression model

	Regression results
	Determinants of bank leverage
	The importance of the levy design
	Potential sources of endogeneity
	Robustness tests

	Conclusion
	Appendix B
	Data description
	Country sample and tax base
	Additional robustness checks

	Does liquidity regulation impede the liquidity profile of collateral?
	Introduction
	Institutional setting
	Liquidity coverage ratio
	Central bank refinancing operations
	Friction and identification

	Method and data
	Measurement and data
	Empirical specification

	Results
	Do banks alter the liquidity profile of pledged collateral?
	Do banks alter the quantity of pledged collateral?
	Heterogeneities

	Robustness
	Conclusion
	Appendix C
	Figures
	Tables
	Online appendix

	Obstacles of monetary policy's stealth recapitalization
	Introduction
	Data and methodology
	Results
	Conclusion
	Appendix D
	Tables
	Comparison to Acharya et al. (2019)

	Concluding remarks
	Bibliography

