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Faculteit Economie en Bedrijfskunde

Acknowledgements
The completion of this PhD thesis is not without the support of many. For that, I
am forever grateful.
First and foremost, I want to express my gratitude to Aerdt Houben. Aerdt, we met
for the first time when I was a Master’s student. I remember vividly how you would
burst into the lecture room a couple of minutes late, urging all students to drink at
least a double espresso before the start of your next lecture. It was right there and then
that you voluntarily started to serve as my mentor and inspired me to become a central
banker. Thank you for that. I am amazed by how you would always welcome me with
open arms, despite me storming into your office at least five times a day. One of your
greatest gifts is your ability to energize and inspire, and I will take that with me for the
rest of my life.
I am equally grateful to my other supervisors Massimo Giuliodori and Jakob de Haan.
Massimo, the amount of time you spend on helping your PhD-students is admirable.
Every week we would go through my work, fiercely discussing the robustness of the
results. Your constructive feedback has taught me to be more reflective, substantially
improving the quality of my work. Since day one, you saw it as your duty to slow me
down, and for that I am thankful. Jakob, what makes you so unique as an academic
is that you are both visionary and pragmatic. You have taught me to focus on the
big picture and that all problems can be solved. During our many talks, you would
always draw my attention to the single most important question: “What makes your
work relevant?” For that, I am thankful.
I am thrilled that Roel Beetsma, Arnoud Boot, Casper van Ewijk, Albert Jan Hummel, Franc Klaassen, Klaas Knot and Jan-Egbert Sturm have accepted to take part in
my PhD committee and read the full manuscript.
I have learned invaluable work principles from my co-authors Jan Willem van den
End, Tom Hudepohl and John Thoolen. Jan Willem, you are like a machine that never
stops producing high-quality output. Your work ethics have motivated me to always
keep pace. Tom, you have always been willing to act as my sounding board, both as
co-author and colleague, helping me to reflect and slow down when required. John, you

are like a big book covering all aspects of monetary operations, and not one technical
question has been left unanswered in my time working with you.
Completing this thesis would not have been possible without the backing of my
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Chapter 1
Introduction

Introduction

1.1

Aim

Financial systems play a key role in the allocation of resources in the economy. A
financial system mobilizes savings, prices risks, allocates capital and absorbs shocks.
These financial services are provided both by banks and markets, but they do so in
different ways. Banks conduct financial intermediation and bear risks on their own
balance sheet, generally on the basis of close relationships with their clients. By contrast,
markets channel resources directly from savers to borrowers and investors, serving as
platforms where equity and debt securities are priced, traded and distributed.
Financial structure − the relative mix of financing by banks and markets − differs
across countries. These differences have grown over time. A century ago, the financial
structure in Europe was only slightly more bank-based than the financial structure in the
United States (see e.g. Langfield and Pagano, 2016). Back then, the amount of market
financing in Europe was almost equal to the financing amount provided by European
banks. However, in the second half of the 20th century, and especially since the 1990s, the
relative share of financing by European banks has increased rapidly. As a result, banks
have become the dominant source of financing in Europe. By contrast, the financial
structure in the United States has remained more diverse, with financing provided more
by markets than banks.
In normal times, having dominant banks and few alternative sources of financing is
not necessarily an issue. Alan Greenspan draws the following analogy: “The lack of a
‘spare tire’ is of no concern if you do not get flat” (Greenspan, 1999). Moreover, bank
financing brings benefits, since relationship lending mitigates information asymmetries
between savers and borrowers (Boot, 2000). But, Greenspan presented an important
general principle: “Multiple alternatives to transform an economy’s savings into capital investment act as backup facilities should the primary form of intermediation fail.”
During financial downturns, bank intermediation may fail because banks reduce lending
in order to deleverage (Ivashina and Scharfstein, 2010, Bocola, 2016). As markets are
generally less developed when banks dominate, they cannot offer an alternative to bank
lending. The reliance on banks as the main financing source is thus risky, potentially
amplifying a fall in the supply of finance during periods of financial stress.
A supply-driven fall in the flow of financing can impede the transmission of mon21

Chapter 1
etary policy and exacerbate an economic downturn. When banks cut back on lending
in times of distress, they may not be able to meet the demand for finance. This makes
conventional monetary policy less effective in influencing the amount of loans for consumption and investment. Accordingly, the European dominance of banks prompted
the Eurosystem − the European Central Bank (ECB) and euro area central banks −
to take specific credit easing and liquidity supporting measures in the wake of both
the Global Financial Crisis of 2008 and the Corona Crisis of 2020. The aim of these
measures is to sustain the flow of financing to the real economy by providing funding
certainty to banks and preventing a rise in credit spreads. As such, these measures support the monetary transmission. They consist of shorter- and longer-term refinancing
operations, and large-scale purchases of private debt issued by banks and non-financial
corporations. Most of the refinancing operations are conducted as fixed rate tenders with
full allotment. Since these measures involve monetary operations other than changes to
the policy interest rates, they are considered ‘unconventional’. In addition, the Eurosystem introduced three other measures of unconventional monetary policy: 1) large-scale
purchases of government bonds, 2) forward guidance on monetary implementation in the
future and 3) negative policy rates. The main purpose of these additional measures is
to reduce the cost of capital by lowering short- and long-term risk-free interest rates.
The goal of this thesis is to investigate the implications of Europe’s bank-based financial structure for the lending channel of monetary policy transmission. The central
question to this research is: have the different measures of unconventional monetary
policy by the Eurosystem been effective in sustaining the flow of finance in Europe’s
bank-based economy? The findings are based on empirical analyses, using unique monetary data. The first part of this study examines whether a bank-based financial structure
has implications for systemic risk, adding to the extensive empirical literature on financial structure and the real economy. Subsequent chapters evaluate the effectiveness of the
different monetary policies in terms of bank performance and lending to the real economy, contributing to a more recent literature on the lending channel of unconventional
monetary policy.
This study has two key takeaways. First, during financial crises, the Eurosystem can
effectively buttress the intermediary function of the financial system when banks cut back
22
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on lending while few alternative financing sources exist. The possibility for a disruption
to the flow of finance is especially large in Europe’s bank-dominant economy, since
bank-based financial structures are found to be associated with more systemic risk than
market-based financial structures. Accordingly, the Eurosystem can support the lending
channel by purchasing non-financial market debt and providing generous refinancing
operations to banks, especially when price incentives are embedded. Further, looking
forward to a prolonged period of negative interest rates in Europe, the Eurosystem can
reduce the detrimental effects of monetary policy on bank performance by targeting the
longer- rather than the shorter-end of the yield curve. This reinforces banks’ lending
capacity. Together, the implementation of credit easing and yield curve targeting can
underpin monetary transmission during financial stress.
Second, while the Eurosystem aims to sustain bank lending in times of financial
stress, the higher level of systemic risk in Europe underscores the need for caution when
stimulating further debt creation and risk taking by banks. To reduce financial stability
risks going forward, more market financing as an alternative to financial intermediation
by banks is necessary. A more diverse financial structure in Europe will reduce the
risk of disruption to lending and attenuate the need for the Eurosystem to step in as a
liquidity provider during financial downturns. In addition, more market financing in the
form of equity will increase the resilience of Europe’s financial system by expanding its
loss-absorbing capacity.

1.2

Outline

This thesis is organized as follows. Chapter 2 investigates the relationship between financial structure and systemic risk. In bank-based financial structures, systemic risk
may be higher because banks are highly leveraged and interconnected institutions with
sizable asset-liability mismatches and direct links to payments systems. By contrast,
systemic risk may be lower in market-based structures since markets channel resources
straight from savers to borrowers, rather than intermediating on separate balance sheets
of leveraged and interconnected institutions with large maturity mismatches. Moreover,
markets are not directly linked to the payments infrastructure and can act as an alternative financing source when bank financing is constrained. This reduces systemic
23
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risk. To empirically explore the relationship between financial structure and systemic
risk, the analysis uses a panel of 22 Organization for Economic Co-operation and Development (OECD) countries from 2000 to 2014. The findings indicate that bank-based
financial structures are associated with higher systemic risk than market-based financial structures. In relatively bank-based financial structures, bank financing is found to
increase systemic risk while market financing decreases systemic risk. By contrast, in
relatively market-based financial structures, bank and market financing do not impact
systemic risk. Together, the results signal that market-based financial structures are
more resilient to systemic risk.
Chapter 3 assesses whether monetary policy impacts bank performance differently in
a positive and negative interest rate environment. Accommodative monetary policy can
reduce bank performance in times of negative interest rates as retail deposit rates are
sticky at zero. This may lower banks’ lending capacity and thus reduce and potentially
even reverse monetary policy stimulus. The goal of this chapter is to identify whether
bank performance reacts differently to changes to the shorter- versus the longer-end of the
yield curve in times of positive and negative interest rates. The analysis measures bank
performance using a forward-looking indicator: bank stock prices. As bank stock prices
reflect all market expectations, including anticipated changes in interest rates, monetary
policy ‘surprises’ to interest rates are identified with high-frequency data around 269
ECB monetary policy announcements from 1999 to 2020. The analysis controls for broad
stock market movements in order to identify the comparative disadvantage banks face in
times of negative interest rates. The findings suggest that in a low and negative interest
rate environment, an unanticipated downward shift in the yield curve and flattening
of the shorter-end of the yield curve persistently reduce the stock prices of especially
deposit-dependent banks. By contrast, a slope surprise to the longer-end of the yield
curve does not impact bank stock prices in a negative interest rate environment. The
results indicate that when market interest rates are negative but deposit rates stuck
at zero, monetary policy instruments that target the longer-end of the yield curve are
less detrimental to bank performance than those that target the shorter-end of the yield
curve.
Chapter 4 analyzes the impact of the Corporate Sector Purchase Programme (CSPP)
24
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on non-financial corporates’ dependence on bank financing. Under the CSPP, the Eurosystem purchases large amounts of corporate debt. Corporates whose debt is purchased
may shift from bank to market financing, because the market liquidity of targeted debt
securities temporarily increases, which reduces their price frictions. As not all eligible
bonds were purchased in the first years of the CSPP and the relative amount of debt
purchased varied, the CSPP’s effect on bank dependence may have been heterogeneous
across eligible corporates. By using confidential microdata on all CSPP purchases, the
contribution of this chapter is to quantify the impact of the CSPP on bank dependence
at the corporate-level. The empirical results suggest a corporate’s dependence on bank
financing decreases almost one-on-one with the accumulated amount of a corporate’s
debt purchased by the Eurosystem over time. The effects vary according to corporates’
interest paid, financial expenses and price-to-book ratio. In addition, the downward effect on bank dependence is largest for those corporates of which most debt is purchased
under the CSPP, relative to their total stock of debt. Essentially, the reduction in the
dependence on bank financing improves corporates’ access to alternative funding sources
and strengthens their financial resilience.
Chapter 5 examines the effectiveness of the Eurosystem’s second series of the Targeted Longer-Term Refinancing Operations (TLTRO-II). The objective of the TLTRO-II
is to stimulate bank credit. The TLTRO-II includes a price incentive for participating
banks to increase their net lending. An increase in net lending relative to outstanding loans, compared to a participant-specific benchmark, results in a lower interest rate
charged by the central bank. The restrictiveness of the benchmark in the TLTRO-II
varies between banks. For the same interest rate discount, some banks are required
to increase their net lending by more than others, relative to outstanding loans. By
implication, the benchmark may impact net lending differently across banks, as a more
restrictive benchmark strengthens the incentive to increase net lending. This chapter
empirically studies the relationship between the TLTRO-II benchmark restrictiveness
and net bank lending. The analysis uses a unique dataset comprising the lending data
that participants were required to provide to the Eurosystem for the calculation of the
TLTRO-II interest rates. The findings show that a more restrictive lending benchmark
results in more overall net lending and net lending to non-financial corporates. However,
25
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a more restrictive benchmark does not lead to more net lending to households. Together,
the results suggest that the design of targeted lending benchmarks can stimulate bank
credit flows to non-financial corporates.
Chapter 6 revisits the Lender of Last Resort (LOLR) function of the central bank.
As a LOLR, central banks provide liquidity support to financial institutions and markets
in various cases of liquidity stress. When the stress is systemic, more financial intermediation by the central bank can preserve the functioning of the financial system. This
supports financial stability and safeguards the transmission of monetary policy. The
LOLR function can be designed in many ways. This chapter evaluates the optimal design of the LOLR function in times of systemic liquidity stress. The analysis compares
the different designs of the LOLR function by central banks in three major jurisdictions:
Europe, the United Kingdom and the United States. Based on these data findings, and
the literature in this field, this study concludes that the central bank should only complement the market when it fails. In the absence of financial market stress, availability
of central bank funding can lead to a dependence on central bank financing, which limits
market discipline and reduces the need for balance sheet restructuring. To prevent central bank dependence, price incentives can be embedded in the LOLR framework and/or
a liquidity insurance facility could be considered.
Finally, chapter 7 summarizes this thesis.

26

Chapter 2
Financial structure and systemic risk

This chapter is based on Bats and Houben (2020)

Financial structure and systemic risk

2.1

Introduction

There is a long-standing debate on the real economic merits of bank-based versus marketbased financial structures. The results have changed over time. The literature published
before 2008 does not favor one particular financial structure over the other. Instead, these
studies find that the degree of financial development and liberalization matters for the
real economy (Demirgüç-Kunt and Levine, 2001c, Levine, 2002, Beck and Levine, 2002,
Demirgüç-Kunt and Maksimovic, 2002, Bekaert et al., 2005) and that bank and market
financing are similarly important for economic growth (Levine and Zervos, 1998, Boyd
and Smith, 1998, World Bank, 2001, Beck and Levine, 2004). However, the literature
published after the global financial crisis of 2008 generally prefers market-based systems.
This is because a financial crisis is economically more severe in bank-based than in
market-based financial structures (Gambacorta et al., 2014). Banks overextend and
misallocate credit in financial upturns and ration credit in financial downturns more
than markets (Pagano et al., 2015). Housing market crises may have a particularly large
impact in bank-based systems, as evidenced by the European banking crisis (Langfield
and Pagano, 2016). When the value of assets that banks use as collateral drops, banks
may deleverage their balance sheet and implement more conservative lending approaches.
This reduces bank financing.
The real economic benefits of a financial structure thus depend on the stability
of the financial system, which can be disrupted by systemic risk. Systemic risk may
be defined as a disruption to the flow of financial services that is (i) caused by an
impairment of all or parts of the financial system; and (ii) has the potential to have
serious negative consequences for the real economy (BIS, FSB and IMF, 2009). As
banks conduct financial intermediation on their own balance sheets, bank financing can
contribute to systemic risk for a number of reasons. First, banks are highly leveraged.
When times are good − that is, when asset values are rising − leveraged institutions
can extract higher returns on their equity. However, when times are bad − that is, when
asset values are falling − these institutions may be required to raise capital, shrink
their balance sheet or de-risk in order to meet regulatory requirements.1 The latter
1
The failure of the UK bank Northern Rock is an example of how sudden de-risking in credit markets
can create problems at highly leveraged banks (Shin, 2009).
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may involve scaling back on higher risk exposures, such as credit to corporates and
mortgages, and shifting to higher rated securitized assets (see for example Bidder et al.,
2018). In a system of leveraged banks, excessive credit growth can lead to banking crises
(Bonfiglioli, 2008, Bekaert et al., 2011, Jordà et al., 2011) as fire sales amplify downturns
(Adrian and Shin, 2014).2 Also, while higher bank leverage induces stronger creditor
discipline, systemic risk rises on account of contagious bank runs prompted by creditors
liquidating their claims (Acharya and Thakor, 2016). Second, the large asset-liability
mismatches of banks’ balance sheets can make them vulnerable to liquidity and interest
rate shocks, and in the extreme to bank runs. This contributes to systemic risk. Third,
banks trade with each other through many markets, intermediaries and payments and
settlement systems. This creates long intermediation chains, adds complexity and leads
banks to be highly interconnected (Craig and von Peter, 2014).3 Interconnectedness is a
key driver of systemic importance (Drehmann and Tarashev, 2013). Due to settlement,
liquidity and funding risk, this interconnectedness can propagate losses through the
financial system, as losses for one bank may cause losses for another. Fourth, banks are
systemic as some of their services are essential to the real economy, but are not readily
substitutable. This applies to the critical economic infrastructure provided by banks,
notably payment and settlement systems.
By contrast, market financing may contribute less to systemic risk, since markets
serve as platforms, directly channeling financial resources between savers and borrowers,
rather than intermediating on separate balance sheets. Markets are thus less dependent on highly leveraged institutions for the financial intermediation process, have more
asset-liability matching, are financially less interconnected and not directly linked to the
payments infrastructure. Markets can also function as an alternative source of financing when bank financing is disrupted (Crouzet, 2018). To the extent market financing
substitutes for bank credit when bank financing tightens, disruptions to the flow of financial services may be smaller and the default probability of the banking system may
be lower. This reduces systemic risk. In this context, studies find that firms substituted
2
High credit growth prior to banking crises may also be associated with strong subsequent growth in
non-performing loans. This was the case for example in Cyprus (Brown et al., 2018).
3
The Financial Stability Board (FSB) identifies systemically important banks using an indicatorbased measurement approach calibrated on the size, interconnectedness, substitutability, cross-border
activity and complexity of banks (BCBS, 2013).
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corporate bonds for bank loans during the financial crisis of 2008 in the United States,
a relatively market-based financial structure (Adrian et al., 2012, Becker and Ivashina,
2014). However, when financing is dominated by banks, borrowers may be dependent
on bank lending and markets have less room to develop and function as a ‘spare tire’
in the financial intermediation process (Greenspan, 1999). By implication, systemic financial crises may be more severe in relatively bank-based financial structures. In fact,
during banking crises, bank-dependent firms undergo larger valuation losses and higher
declines in profitability than firms that have access to public-debt markets (Chava and
Purnanandam, 2011).
Figure 2.1 shows that differences in countries’ financial structure correspond to differences in the short-term dynamics of a banking system’s probability of default. During
the crisis (indicated by the shaded area), the banking system’s default probability increased only little in the United States, which has a relatively market-based financing
system, while it increased substantially in Germany and Japan, which have relatively
bank-based financial systems.4 The default probability of the Japanese banking system
also rose during the dot-com bubble in early 2000. These developments suggest that
differences in financial structure across countries may help to explain differences in the
stability of financial systems.
The goal of this chapter is to empirically explore the relationship between financial
structure and systemic risk. The novelty of this study is not to test the impact of
financial structure on economic growth; the existing empirical literature has already
investigated this for business cycles with or without a financial crisis (e.g. Gambacorta
et al., 2014). Instead, this study seeks to explain the recent changes in the results of
the empirical literature by specifically determining the relationship between financial
structure and systemic risk. Two hypotheses are tested. The first hypothesis is that
bank-based financial structures are associated with higher systemic risk than marketbased financial structures. The second hypothesis is that bank and market financing
no longer relate to systemic risk when the financial structure is primarily market-based.
The hypotheses are based on the relative contribution of bank financing to systemic risk,
4

The level of the reciprocal of the banking system’s Z-score differs between countries because it is
based on individual institutions’ accounting data (Cihák et al., 2012) and national accounting principles
differ worldwide (see also Section 2). To highlight changes rather than levels, Z-scores have been indexed.
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Figure 2.1: Banking systems default probability in bank- and market-based structures
Notes: This figure shows two time-plots of respectively a country’s financial structural and the default
probability of its banking system. Financial structure is represented by the ratio of a country’s bank
credit over the sum of non-financial sector debt and stock market capitalization. The banking system’s
probability of default is measured by the reciprocal of the Z-score of a country’s banking system,
indexed at 2000. The shaded area presents the global financial crisis. The data are from the World
Bank’s Global Financial Development Database (GFDD; July 2018 version).

the ‘spare tire’ view of market financing and the potential impact of financial structure
on the default probability of the banking system.
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Linear, cubic and threshold regression models are estimated for a panel of 22 OECD
countries over the period from 2000 to 2014. All estimations control for unobserved
country and time fixed effects. In a separate robustness check, time fixed effects are
substituted with country*time interacted fixed effects for European countries that experienced sovereign debt stress. The financial structure indicator distinguishes between
the degree of bank, debt market and stock market financing. The systemic risk indicator follows the approach proposed by Acharya et al. (2012), Acharya et al. (2017) and
Brownlees and Engle (2017). This indicator measures the nominal amount of the expected equity capital shortfall of a stock-listed financial institution in case of a financial
crisis. Two other systemic risk indicators are used in separate robustness checks. As an
additional robustness check, generalized method-of-moments (GMM) panel estimations
are employed to address potential endogeneity of the explanatory variables.
The results lead to four key conclusions. First, financial structure relates to systemic risk. Bank-based financial structures are associated with higher systemic risk
than market-based financial structures. Systemic risk rises more than proportionally
when bank financing rises relative to market financing. Second, the relationship between financial structure and systemic risk is non-linear. Systemic risk is minimized
when the financial structure is relatively market-based. Third, bank financing no longer
contributes to systemic risk in relatively market-based financial structures. A diversified
financial structure is thus found to be important. Fourth, from a systemic risk perspective, stock market financing is preferable to debt market financing. This reflects the
contribution of equity’s loss-absorbing capacity to reducing systemic risk. These findings
deserve consideration when designing public policies that impact financial structure.
The rest of this chapter is organized as follows. Sections 2.2 and 2.3 present the
methodology and the data. The empirical results are discussed in Section 2.4. Section
2.5 concludes.

2.2

Methodology

The methodology is based on several econometric techniques. Linear fixed effects regressions estimate the linear effect of financial structure on systemic risk controlling for
unobserved country- and time-specific effects. As a robustness check, GMM panel esti35
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mations address potential endogeneity of the explanatory variables. Cubic and threshold
fixed effects regressions determine whether the relationship between financial structure
and systemic risk is non-linear.
2.2.1

Linear estimations

The baseline regressions draw on the linear relationship between financial structure and
systemic risk:
0

SRISKi,t = βFi,t + γ Xi,t + µi + ηt + εi,t
0

log SRISKi,t = β log Fi,t + γ Xi,t + µi + ηt + εi,t

(2.1)
(2.2)

where SRISKi,t is the systemic risk measure, Fi,t is the financial structure measure, Xi,t
comprises two control variables, µi and ηt are country and time fixed effects respectively,
εi,t is the error term and the subscripts i and t represent the country and time period
respectively. While model (2.1) is a regression in levels, model (2.2) evaluates elasticity
by including the dependent variable and the explanatory variable of interest in logs.
The country and time fixed effects take account of differences between countries and
over time, in aspects such as financial, economic and corporate structure, speed of bank
recapitalization, and the financial crisis. In a separate robustness check, time fixed effects
are substituted with country*time interacted fixed effects for the GIIPS countries (i.e.
Greece, Ireland, Italy, Portugal and Spain) to control for time-varying sovereign debt
stress, which can lead to banking fragility (Acharya et al., 2014, Acharya and Steffen,
2015, Cooper and Nikolov, 2018).5
The systemic risk measure follows the approach proposed by Acharya et al. (2012),
Acharya et al. (2017) and Brownlees and Engle (2017). It measures the nominal amount
of the expected equity capital shortfall of a stock-listed financial institution f in in country i at time t in case of a 40% broad stock market index decline during a 6 month time
period (CSf in,i,t+6months|t ). The extreme scenario of a 40% broad stock market index
decline is justified by the findings of Acharya et al. (2017). They show that the mean
and median stock return of US financial institutions was respectively equal to -47% and
-46% during the global financial crisis. The details are shown in Appendix A.
5
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Sovereign debt stress was particularly acute in Greece (see Alexakis et al., 2018).
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To aggregate the data and to calculate the extent to which the financial system as
a whole is undercapitalized, the sum of the nominal amount of all institutions’ equity
capital shortfall within a country is divided by the sum of the nominal amount of all
institutions’ assets within a country per year:
SRISKi,t =

P

f in CSf in,i,t+6months|t

P

f in Af in,i,t

(2.3)

This ensures that the results are not affected by the relative size of individual banks
and allows countries’ systemic risk values to be compared with each other. Furthermore,
following Acharya et al. (2017), negative capital shortfall values are set at zero before
aggregation, since these values do not reduce systemic risk. This is because in times
of financial stress, a capital surplus in one institution cannot effectively compensate a
capital shortfall in another.
For this study, the capital requirement for European financial institutions is set at
5.5% and for American financial institutions at 8%. These are comparable requirements
due to differences in accounting principles between the institutions from which the data
are obtained: European institutions follow the International Financial Reporting Standards (IFRS) and report derivatives on a gross basis; American institutions follow the
Generally Accepted Accounting Principles (GAAP) and report derivatives on a net basis. Estimates by Engle et al. (2015) suggest that the total assets of large American
institutions would be 40-60% larger under IFRS than under GAAP. If the capital requirement for European institutions were set higher than 5.5%, these institutions would
have to raise relatively more capital than American firms, therefore favoring the latter.
Using SRISKi,t as a measure of systemic risk has several advantages. First, the
calculation of SRISKi,t captures key dimensions considered relevant for systemic risk,
such as an institution’s interconnectedness and leverage. Second, SRISKi,t is a forwardlooking measure as it indicates the degree of systemic risk that has not yet materialized,
but can lead to economic losses in case of a severe financial market downturn. In this
context, Brownlees and Engle (2017) show that SRISKi,t forecasts a significant fall in
industrial production. Third, SRISKi,t is widely used in the literature, which allows
for a comparison between the results of this and other studies.
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However, SRISKi,t also has drawbacks. First, SRISKi,t only includes a subset of a
country’s financial institutions, since the equity capital shortfall can only be calculated
for institutions that are publicly listed and report equity market returns. Nonetheless,
this may be considered a representative subset in terms of a country’s financial structure,
as these are generally institutions that conduct a substantial share of the financing to
the real economy (for instance, SMEs are largely dependent on these institutions for
their financing). Relative to the banking system of all countries in the sample, the ratio
of SRISKi,t institutions’ total assets equals 155%. Finland constitutes the lower bound,
where this ratio equals 45% relative to the Finnish banking system. For the US, the
ratio equals 194% relative to the banking system and 50% relative to the aggregate of
the banking and non-banking system (World Bank data on nonbanks’ assets are only
provided for a few countries). Second, most of the financial institutions included in
the calculation of SRISKi,t are banks. However, for the more market-based financial
structures, a substantial share of the SRISKi,t institutions relates to non-banks. For
example in the US, the share of non-banks is more than half the total, also comprising
insurance, investment and brokerage companies. Third, the capital requirement for
banks may be different from the capital requirement for non-banks. For example, a
difference between the risk density of banks and insurers may require a different capital
requirement threshold. The capital requirements may in fact also vary between banks
and over time, since risk densities are not necessarily linear and regulatory requirements
are to a certain extent tailor-made. Given these complications, this study uses one
constant capital requirement for all financial institutions, fixed over time, recognizing
that this is an approximation.
In view of the caveats of the SRISKi,t measure, this chapter investigates two other
systemic risk measures in separate robustness checks.6 The first measure is CISSi,t , a
composite indicator of systemic stress in the financial system (Holló et al., 2012). In
contrast to SRISKi,t , the calculation of CISSi,t is not economically modelled across institutions, but takes a portfolio theory approach, emphasizing developments in systemic
stress over time. It aggregates market-specific sub-indices based on 15 individual financial stress measures. These sub-indices are all relevant for systemic stress and involve
6
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money, equity, bond and foreign exchange markets. In effect, this measure is backwardlooking, signaling systemic stress that has already materialized. It should be noted that
this composite indicator of systemic stress has only been developed for a limited set of
European countries in the sample. Therefore, CISSi,t only allows a limited comparison
of the differences between bank- and market-based financial structures.
The second measure of systemic risk is a firm’s marginal expected shortfall, M ESi,t ,
and follows the approach proposed by Acharya et al. (2017). This indicator represents
the equal-weighted average of firms’ expected fractional losses conditional on a systemic
event, i.e. when the market portfolio declines by more than 2% in a day. M ESi,t is
different from SRISKi,t , since the systemic event is short-term and lasts only one day,
instead of six months. Moreover, M ESi,t does not take an institution’s leverage into
account. The correlations of M ESi,t and CISSi,t with SRISKi,t are 54% and 48%,
respectively.
The financial structure measure is based on three financing indicators that are commonly used in the literature. It is defined as the ratio of bank credit over the sum of
non-financial sector debt and stock market capitalization:
Fi,t =

Bi,t
DMi,t + SMi,t

(2.4)

where Bi,t is the degree of bank-based financing, defined in terms of bank credit to the
private sector as a ratio of GDP, DMi,t signals the degree of debt market financing
(such as bonds, notes, and debentures) and is defined as the ratio of total non-financial
sector debt market capitalization to GDP, SMi,t reflects the degree of stock market
financing and is defined as the ratio of stock market capitalization to GDP.7 The higher
this bank-to-market financing ratio, the more a financial system is bank-dependent; the
lower this ratio, the more a financial system is market-dependent. Bank credit and nonfinancial debt market capitalization are debt financing indicators whereas stock market
capitalization is an equity financing indicator. The bank credit indicator includes all
non-contingent claims of depository institutions on the private sector, such as loans and
7

An alternative to stock market capitalization is the stock market turnover ratio. However, in contrast
to the other financial structure indicators, the turnover ratio is a flow measure, which does not facilitate
a robust comparison with the other financial structure indicators, which are all stock measures.
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trade credits, and excludes interbank and derivative commitments. The indicator is
thus primarily driven by real economic activity rather than financial sector exposures.
This is because our hypotheses focus on how different ways of financing the real economy
influence systemic risk. The debt indicator excludes financial sector debt to avoid doublecounting: banks that extend credit may finance themselves via debt securities.8
The regressions include two control variables. The first control is for the relative
size of banks (measured by the share of the three largest commercial banks in total
commercial bank assets). Since relatively large banks tend to be less substitutable,
more interconnected and more complex, they represent more systemic risk and are more
likely to receive public support, thereby also inducing moral hazard (Afonso et al., 2014,
Laeven et al., 2014, Langfield et al., 2014). The second control is for the ratio of
banks’ noninterest income to total income. Banks’ noninterest income mainly stems
from capital market activities such as investment banking, trading and securitization
that are not captured in real bank credit. This relates to the finding by Brunnermeier et
al. (2012) that banks with higher non-interest income contribute more to systemic risk.

2.2.2

GMM panel estimations

Both the calculation of the financial structure indicator and the systemic risk measure
are based on stock market values. Moreover, systemic risk may have reverse effects on
the relative size of banks and on the ratio of their noninterest income to total income. A
simultaneity bias can therefore arise when the dependent and explanatory variables are
jointly determined. To address this issue, two-step fixed effects (within group) GMM
panel estimations are carried out using model (2.1) in a separate robustness check. The
estimations are based on Arellano (2003).
The fixed effects GMM estimator is a generalization of the fixed effects instrumental
variable (IV) estimator. The more general GMM estimator starts from the population
moment conditions that the instruments are exogenous:
0

E(Z ε) = 0

(2.5)

8
In our model, using total debt market capitalization produces spurious results for the impact of
market-based debt financing on systemic risk.
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where Z is a vector of instrumental variables. The third and fourth lag of the financial
structure indicator and the control variables are included as instruments, also referred to
as internal instruments. The internal instruments exclude shorter lags, since these may
still be correlated with current observations of system risk; the financial crisis, which
strongly affected the stock market, lasted several years. Longer lags are excluded to
prevent a finite sample bias by an overfitting of instruments in a relatively small sample
size. Shorter and longer lags are included in separate robustness checks. The additional
moment conditions are:
E(Fi,t−s εi,t ) = 0
0

E(Xi,t−s εi,t ) = 0

for

3≤s≤4

(2.6)

for

3≤s≤4

(2.7)

In order to obtain heteroscedasticity-consistent estimations, the weighting matrix uses
White GMM weights. The Sargan test of over-identifying restrictions examines the
validity of all instruments in the regression.

2.2.3

Non-linear estimations

It is questionable whether the relationship between financial structure and systemic risk
is linear. When borrowers are less dependent on banks, market financing can more readily act as an alternative source of financing if bank financing is constrained. Therefore,
the effects of a different financial structure on systemic risk may depend on the degree of
bank financing in that financial structure. To find out whether the relationship between
financial structure and systemic risk is non-linear, the baseline regression is transformed
into a cubic model:
0

2
3
SRISKi,t = β1 Fi,t + β2 Fi,t
+ β3 Fi,t
+ γ Xi,t + µi + ηt + εi,t

(2.8)

Furthermore, a threshold model is constructed following Hansen (1999) that analyzes
whether the separate effects of the bank and market financing indicators on systemic risk
change according to the composition of the financial structure. Bank and market financing may no longer relate to systemic risk when this structure is primarily market-based,
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given that bank financing contributes to systemic risk and market financing provides
‘spare tire’ insurance. To establish a threshold (λ) around the financial structure measure, model (2.9) detects a break between the financing indicators and systemic risk:

SRISKi,t =



β1,1 Bi,t + β1,2 DMi,t + β1,3 SMi,t + γ10 Xi,t + µi + ηt + εi,t

β

2,1 Bi,t

0

+ β2,2 DMi,t + β2,3 SMi,t + γ2 Xi,t + µi + ηt + εi,t

Fi,t > λ
Fi,t ≤ λ
(2.9)

0

0

The slopes of β1,1 , β1,2 , β1,3 , γ1 and β2,1 , β2,2 , β2,3 , γ2 are estimated separately to show
the effect below and above the estimated thresholds. The threshold level is found by
estimating model (2.9) for a range of different threshold values of Fi,t , equal to the
financial structure measure. The threshold value in the regression with the smallest sum
of squared residuals is chosen. Hansen’s (1999) F-test is used to test the significance of
all possible fixed threshold values λ.9 The following constraints are tested:

H0 :





β1,1 = β2,1






β1,2 = β2,2



β = β2,3

 1,3



0

 0

(2.10)

γ1 = γ2

where under null hypothesis H0 the threshold value λ is not identified. To compare the fit
of the two models (a model where λ is identified and one where it is not), Hansen’s (1996)
bootstrap procedure is used to simulate the asymptotic distribution of the following
likelihood ratio test of H0 :
F1 =

S0 − S1 (λ̂)
σ̂ 2

(2.11)

where S0 and S1 (λ̂) denote the sum of squared errors under the null hypothesis of no
threshold and the alternative hypothesis of a threshold respectively.10
9

The estimation and significance tests of the threshold are conducted on data containing no missing
values by interpolating the data as a function of time and do not incorporate fixed effects. However,
the estimation of (2.9) includes country and time fixed effects and an interpolation of the data is not
applied.
10
The bootstrap procedure is repeated 5000 times. P-values constructed from the bootstrap are
asymptotically valid. The percentage of draws for which the simulated F1 value exceeds the actual value
is calculated and the resulting value is the bootstrap estimate of the asymptotic p-value.
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2.3

Descriptive data

The analysis relies on four different data sources. Data for the systemic risk variable
SRISKi,t and the alternative systemic risk variable M ESi,t are provided by New York
University (NYU) Stern’s Volatility Laboratory.11 Data for the alternative systemic risk
variable CISSi,t are taken from the ECB Statistical Data Warehouse (ECB, 2017a).
Data for non-financial debt market capitalization to GDP are obtained from the Bank for
International Settlements (BIS) debt securities statistics. Data for all other independent
variables (bank credit to GDP, stock market capitalization to GDP, the concentration of
a country’s banking sector and banks’ noninterest income to total income) are obtained
from the World Bank’s Global Financial Development Database (GFDD; July 2018
version).12 As the SRISKi,t values start in 2000 and data for banks’ noninterest income
end in 2014, the panel covers the timespan from 2000 to 2014, with yearly observations for
all variables. To distinguish between different financial structures, the main panel focuses
on the following 22 OECD countries for which SRISKi,t data are available: Australia,
Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Japan, Luxembourg, Netherlands, Norway, Poland, Portugal, Spain, Sweden, Turkey,
the United Kingdom and the United States.
As the composite indicator for systemic stress CISSi,t has only been developed for
a more limited set of European countries, this robustness check is based on 15 countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Netherlands, Poland, Portugal, Spain, Sweden and the United Kingdom. The marginal
expected shortfall indicator contains relatively few observations for some countries in the
sample. The robustness check on M ESi,t is therefore based on 18 countries: Australia,
Belgium, Canada, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan,
Netherlands, Norway, Poland, Spain, Sweden, the United Kingdom and the United
States.
Table 2.1 provides summary statistics and a listing of the data sources, including the
indicator codes of the data from the GFDD. Table 2.1 shows that there are missing val11

The group of financial institutions including in the SRISK measure can be found on NYU Stern’s
Volatility Laboratory’s website - https://vlab.stern.nyu.edu/welcome/risk.
12
Data on the ratio of bank credit to GDP for Canada is obtained from the credit statistics of the BIS
since the GFDD provides no bank credit data for Canada after 2008.
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Table 2.1: Descriptive statistics
Variables

Data source

Measurement

Obs

Mean

Std
dev

Min

Max

Dependent variable
Systemic risk
NYU Stern’s V-lab
% of assets
330
1.8
1.6
0.0
5.6
Financial structure
% of non-fin debt and
Bank credit
GFDD.DI.01
stock market cap
297
145.8
102.1
20.7
749.5
GFDD.DI.01
% of GDP
330
94.1
38.6
12.2
211.9
Bank credit
Non-fin debt market cap
BIS
% of GDP
305
11.4
8.8
0.0
52.6
Stock market cap
GFDD.DM.01
% of GDP
322
73.0
40.2
13.8
247.2
Control variable
Noninterest income
GFDD.EI.03
% of income
329
39.9
12.0
14.1
81.3
Concentration banks
GFDD.OI.01
% of assets
326
67.8
20.4
21.4
100.0
Notes: This table presents the descriptive statistics for all variables. The first variable represents the dependent
variable systemic risk and reports the descriptive statistics for a country’s systemic risk per unit of financial asset. The
second, third, fourth and fifth variables are financial structure indicators for bank credit as a percentage of the sum
of non-financial debt and stock market capitalization, bank credit as a percentage of GDP, non-financial debt market
capitalization as a percentage of GDP and stock market capitalization as a percentage of GDP. The last two variables
are control variables banks’ noninterest income as a percentage of banks’ total income and the total assets of the three
largest commercial banks as a percentage of total commercial bank assets.

Table 2.2: Correlation matrix
Variables

Bank credit

Debt market
cap

Stock market
cap

Noninterest
income

Concentration
banks

Bank credit
1.000
Non-fin debt market cap
0.038
1.000
Stock market cap
0.052
0.510
1.000
Noninterest income
-0.004
0.224
0.208
1.000
Concentration banks
0.224
-0.318
-0.164
-0.038
1.000
Notes: This table presents the correlation matrix for all independent variables in the fixed effects and threshold regression
models. The variables are: bank credit as a percentage of GDP, non-financial debt market capitalization as a percentage
of GDP, stock market capitalization as a percentage of GDP, banks’ noninterest income as a percentage of banks’ total
income and the total assets of the three largest commercial banks as a percentage of total commercial bank assets.

ues for the independent variables. For non-financial debt market capitalization, missing
values relate mostly to Ireland, Luxembourg, and Turkey. For stock market capitalization, the GFDD does not provide data for the last two years in Denmark, Finland,
Sweden and the United Kingdom. Importantly, there are no missing gaps in the data
series of countries. To see how the missing values impact the results, the regressions
are also estimated on a complete panel dataset, where missing values of all independent
variables are replaced with multiple sets of simulated values using multiple imputation.
The imputation is repeated 20 times and involves 2000 iterations. Table 2.2 provides a
correlation matrix.
To illustrate the difference in financial structures and systemic risk between countries and their evolution over time, Figure 2.2 presents time-plots for the ratio of bank
credit to the sum of non-financial debt and stock market capitalization (Panel A), the
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ratio of bank credit to GDP (Panel B), the ratio of non-financial debt market capitalization to GDP (Panel C) and the ratio of stock market capitalization to GDP (Panel D).
The time-plots for the European average are based on the 16 European countries in the
sample: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy,
Luxembourg, Netherlands, Norway, Poland, Portugal, Spain and Sweden. The United
Kingdom is treated separately. The shaded time-plots for the European bound present
the minimum and maximum observations of the European countries with financial structures larger than 5% of the European total (these countries are France, Germany, Italy,
Netherlands, Spain and Sweden). Table 2.1 and Figure 2.2 show that there is sufficient time variation in all financial structure indicator variables for all coefficients to be
identified.
Panel A shows that the European financial structure is bank-based and that the
American and Canadian financial structures are market-based. The other countries are
in the middle. Panel B shows that the United Kingdom experienced a sharp rise in
bank credit preceding the financial crisis and a sharp decline thereafter. This explains
the evolution of the financial structure ratio for the United Kingdom in Panel A. Bank
credit to GDP is also high for the European maximum bound (Spain). It is lowest for
Turkey and the United States. The European average is in the upper half. Panel C
demonstrates that non-financial debt market capitalization to GDP is highest in the
United States, Canada and the United Kingdom. It is lower in Europe and Turkey.
During the crisis, non-financial debt financing increased substantially in almost all
countries. This signals the importance of market-based debt financing in times of financial distress. Panel D shows that stock market capitalization to GDP is particularly low
in Turkey, and to a lesser extent also in Europe. Stock market capitalization to GDP
is highest in the United States, Canada and the United Kingdom. Figure 2.2 indicates
that the composition of the financial structure is dependent on the degree of both bank
and market financing. While the United States has a relatively high degree of market
financing, and Europe a relatively high degree of bank financing, the United Kingdom
has both.
Figure 2.3 presents a time-plot of systemic risk as a percentage of financial institutions’ total assets. The data show that systemic risk rose in both bank-based and
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Figure 2.2: Financial structure
Notes: This figure shows time-plots for the ratio of bank credit to non-financial debt and stock market
capitalization, the ratio of bank credit to GDP, the ratio of non-financial debt market capitalization to
GDP and the ratio of stock market capitalization to GDP. The time-plots for the European average are
based on the following 16 countries: Austria, Belgium, Denmark, Finland, France, Germany, Greece,
Ireland, Italy, Luxembourg, Netherlands, Norway, Poland, Portugal, Spain and Sweden. The United
Kingdom is plotted separately. The shaded area presents the minimum and maximum observations
of the European countries with financial structures larger than 5% of the European total (France,
Germany, Netherlands, Spain and Sweden).

46

Financial structure and systemic risk

6

5

4

3

2

1

0

2000

2001

2002

2003

European bound

2004

2005

United States

2007

2008

European average

2006

UK

2009
Japan

2010

2011

Australia

2012
Turkey

2013

2014

Canada

Figure 2.3: Systemic risk
Notes: This figure shows time-plots of a country’s systemic risk as a percentage of its financial institutions’ total assets. The time-plot for the European average is based on the following 16 countries:
Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Norway, Poland, Portugal, Spain and Sweden. The United Kingdom is plotted separately.
The shaded area presents the minimum and maximum observations of the European countries with
financial structures larger than 5% of the European total (France, Germany, Italy, Netherlands, Spain
and Sweden).

market-based financial structures during 2006-2008. After the financial crisis however,
market-based economies, such as the United States, Australia, Canada, and to a lesser
extent the United Kingdom, experienced a decrease in systemic risk. By contrast, systemic risk remained elevated for several years in Europe and Japan, which are relatively
bank-based.

2.4

Results

This section presents the results of the linear and non-linear estimations.
2.4.1

Linear estimations

Table 2.3 presents the estimations for models (2.1) and (2.2). Country fixed effects are
excluded in the first two columns. The table also reports the outcomes of multicollinear47
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ity tests. The severity of multicollinearity is measured via the variance inflation factor
(VIF).13 The VIF of the bank-to-market financing ratio equals 3.56 and 1.22 for model
(2.1) and (2.2), respectively. Therefore, multicollinearity does not create major issues for
the results. Additionally, Table 2.2 shows no strong correlations. All regressions include
robust standard errors clustered at the country level.
The results indicate there is a relationship between financial structure and systemic
risk. The bank-to-market financing ratio increases the systemic risk measure at the
1% significance level in all columns, indicating that bank-based financial structures are
associated with higher systemic risk and market-based financial structures are associated with lower systemic risk.14 The effect of the bank-to-market financing ratio on
systemic risk remains statistically significant when the time fixed effects are substituted
with country*time interacted fixed effects for Greece, Ireland, Italy, Portugal and Spain
(available upon request). The results differ from those of Langfield and Pagano (2016),
who find no significant effects of financial structure on systemic risk outside crisis dummies. Columns 1 and 2 show that excluding country fixed effects does not change the
results. Columns 5 and 6 show that systemic risk increases more than proportionally
when bank financing rises relative to market financing. Note that in case of SRISKi,t ,
44 observations equal zero; the log of these observations is undefined and they are thus
excluded in columns 3 and 4. Regressing SRISKi,t (without taking the log) on the log
of the bank-to-market ratio gives statistically similar results (available upon request).
Furthermore, including the concentration of the banking sector as an interaction
with the financial structure indicator does not give significant results (available upon
request). This suggests that the relationship between financial structure and systemic
risk is not dependent on the concentration of the banking sector. The regressions are
also estimated on a complete panel dataset, using multiple imputation to replace missing
values. Similar to Table 2.1, the bank-to-market financing ratio and bank credit are
significantly associated with higher systemic risk (available upon request).
To check whether the exogenous component of financial structure is significantly
associated with systemic risk, Table A.1 in the Appendix presents fixed effects GMM
13

Non-linear variables are excluded in the calculation of the VIF.
Figure 2.3 shows that Australia, Japan and Turkey are outliers with respect to systemic risk, but
they do not drive the results. Excluding these countries from the sample does not change the outcomes.
14
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Table 2.3: The linear relationship between financial structure and systemic risk
Regressors
Bank-to-market financing ratio
Bank-to-market financing ratio (log)

SRISK
0.0055***
(0.0009)

Dependent variable
SRISK
SRISK
0.0058***
0.0061***
(0.0010)
(0.0009)

-0.0034
(0.0087)
0.0058
(0.0093)

Banking sector concentration
Banks’ noninterest income
Country fixed effects
Time fixed effects

SRISK
0.0057***
(0.0008)

No
Yes

No
Yes

-0.0010
(0.0095)
0.0051
(0.0091)
Yes
Yes

Yes
Yes

SRISK(log) SRISK(log)
1.1452***
(0.2163)

1.1852***
(0.2191)
0.0496
(1.1742)
-0.6625
(0.9468)

Yes
Yes

Yes
Yes

R-sqr(within)1
0.750
0.750
0.750
0.794
0.439
0.442
N
297
293
297
293
251
249
1.28
2.76
1.28
2.76
1.03
2.96
Mean VIF2
Bank-to-market financing ratio VIF3
3.08
3.56
3.08
3.56
1.22
1.43
Notes: This table presents the fixed effects estimations for models (2.1) and (2.2). The dependent variable is systemic
risk per unit of financial asset and the log of systemic risk per unit of financial asset. Robust standard errors clustered
at the country level are given in parentheses. All columns control for time fixed effects. The last four columns also
control for country fixed effects. In addition, columns 2, 4 and 6 control for banking sector concentration and banks’
noninterest income to total income. Columns 1 to 4 show the linear effects of the bank-to-market financing ratio on
systemic risk and columns 5 and 6 show the effects of the log of the bank-to-market financing ratio on the log of systemic
risk. Significance levels: * p<0.1, ** p<0.05, *** p<0.01. 1 Regressing systemic risk on lagged regressors changes the
R-squared and coefficients little, but excluding time dummies more than halves the R-squared. 2 Reports the mean VIF
of all variables (including control variables and time dummies) to quantify the severity of multicollinearity. 3 Reports
the VIF of the bank-to-market financing ratio to quantify the severity of multicollinearity.

panel estimations for model (2.1). This chapter uses a heteroscedasticity-consistent
GMM estimator. The last row in Table B.1 reports the p-values from the Sargan test of
over-identifying restrictions. The null hypothesis that the instruments are valid cannot
be rejected in both columns. The regressions include White standard errors. The GMM
estimations suggest that bank-based financial structures are associated with higher systemic risk and that market-based financial structures are associated with lower systemic
risk. The bank-to-market financing ratio increases systemic risk at the 1% significant
level. Including shorter or longer lags of the internal instruments produces statistically
similar results (available upon request). The results validate the results of the fixed
effects estimations in Table 2.3. As an additional robustness check, the effect of the
bank-to-market financing ratio is tested on two alternative indicators for systemic risk:
M ESi,t and CISSi,t . Similar to Table 2.3, fixed effects estimations (Table A.2 in the
Appendix) and fixed effects GMM estimations (Table A.3 in the Appendix) show that
bank-based financial structures are associated with higher systemic risk and market49
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based financial structures are associated with lower systemic risk.15
2.4.2

Non-linear estimations

Table 2.4 presents the estimations for the non-linear model (2.8). The VIF outcomes
are similar to those in Table 2.3, as non-linear variables are excluded in the calculation
of the VIF. All regressions include robust standard errors clustered at the country level.
The results suggest that a cubic relationship exists between financial structure and
systemic risk. Both the squared and cubic term of the financial structure measure are
statistically significant at the 5% level when the control variables are excluded and at
the 10% level (but close to 5%) when they are included. The signs of the slopes show
that the relationship is concave. The relationship is more clearly illustrated in Figure
2.4, where the vertical axis represents the predicted value of the systemic risk measure
and the horizontal axis indicates the financial structure measure.16 The figure shows
that, in terms of systemic risk, countries benefit from more bank financing to the extent
that the ratio of bank credit to non-financial debt and stock market capitalization is
below 1. Above 1, systemic risk rises. This is indicated by the vertical dotted line. This
suggest that a threshold exists beyond which the effect of financial structure on systemic
risk changes.
To detect why a threshold exists around the financial structure measure, Table 2.5
shows the results for the structural break model (2.9). All regressions include robust
standard errors clustered at the country level and control for country and time fixed
effects. The null hypothesis of no threshold effect is rejected using Hansen’s (1999)
F-test and Hansen’s (1996) bootstrap procedure with a p-value lower than 1% for the
threshold regression in column 1, which excludes the control variables. A break in the
data is thereby detected. The null hypothesis of no threshold cannot be rejected for the
threshold regression in column 2, which includes the control variables.
The slopes and constants are estimated separately for the bank-to-market financing
ratio above and below/equal to its threshold value. Table 2.5 indicates that bank financ15

The first two lags of the explanatory variables are included as instruments in the fixed effects GMM
estimations.
16
The financial structure measure is larger than 6 for three observations. These are excluded from
Figure 2.4.
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Table 2.4: The non-linear relationship between financial structure and systemic risk
Regressors
Bank-to-market financing ratio
Bank-to-market financing ratio (squared)
Bank-to-market financing ratio (cubic)
Banking sector concentration

SRISK
-0.0099
(0.0075)
0.0051**
(0.0023)
-0.0004**
(0.0002)

Banks’ noninterest income
Country fixed effects
Time fixed effects

Yes
Yes

Dependent variable

SRISK
-0.0094
(0.0089)
0.0051*
(0.0027)
-0.005*
(0.0002)
-0.0040
(0.0102)
0.0078
(0.0089)
Yes
Yes

R-sqr(within)1
0.763
0.763
N
297
293
Mean VIF2
1.28
2.76
Bank-to-market financing ratio VIF3
3.08
3.56
Notes: This table presents the non-linear fixed effects estimations for model (2.8). The dependent variable is systemic
risk per unit of financial asset. Robust standard errors clustered at the country level are given in parentheses. Both
columns control for country and time fixed effects. Column 2 controls for banking sector concentration and banks’
noninterest income to total income. Both columns show the linear, squared and cubed effects of the bank-to-market
financing ratio on systemic risk. Significance levels: * p<0.1, ** p<0.05, *** p<0.01. 1 Regressing systemic risk on
lagged regressors changes the R-squared and coefficients little, but excluding time fixed effects more than halves the
R-squared. 2 Reports the VIF of all variables (including control variables and time dummies; excluding non-linear
variables) to quantify the severity of multicollinearity. 3 Reports the VIF of the bank-to-market financing ratio to
quantify the severity of multicollinearity.
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Figure 2.4: Non-linear relationship between financial structure and systemic risk
Notes: This figure shows the non-linear relationship between financial structure and the predicted
value of systemic risk as estimated by model (2.8). The vertical axis represents the predicted value of
systemic risk as a percentage of financial institutions’ total assets. The horizontal axis is the ratio of
bank credit to non-financial debt and stock market capitalization. The plotted lines reflect the cubic
estimations in Table 2.4. The vertical line indicates that systemic risk is minimized when the ratio of
bank credit to non-financial debt and stock market capitalization is slightly above 1.

ing does not impact systemic risk when the bank-to-market financing ratio is below 122%
and 137%, respectively. Thus, some bank financing may be seen as desirable, for instance
to cater for small and medium-sized enterprises that face excessive costs when accessing
market-based financing. When the bank-to-market financing ratio is above 122% and
137%, the relationship between bank financing and systemic risk turns positive and is
statistically significant. In short, the positive association between bank financing and
systemic risk is negligible when the financial structure is relatively market-based.
Financing via debt securities has no significant effect on systemic risk above the
threshold value. Below the threshold value, debt market financing decreases systemic
risk when the control variables are excluded. By contrast, stock market financing does
not impact systemic risk below the threshold value. Above the threshold value, stock
market financing reduces systemic risk, significant at the 1% level.17 This suggests
17
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that, in financial structures with large banking systems, the potential contribution of
market-based finance to lower systemic risk primarily stems from stock market finance.
Table 2.5: Financial structure and the effects of financing indicators on systemic risk
Regressors
Threshold (λ)1
Fi,t > λ
Bank credit
Non-financial debt market capitalization
Stock market capitalization
Banking sector concentration

SRISK
1.2222

Fi,t ≤ λ
Bank credit
Non-financial debt market capitalization
Stock market capitalization
Banking sector concentration

0.0301***
(0.0056)
-0.0111
(0.0386)
-0.0542***
(0.0086)
-0.0035
(0.0129)
0.0147
(0.0151)

Yes
Yes

Yes
Yes

-0.0109
(0.0125)
-0.0329**
(0.0136)
-0.0046
(0.0035)

-0.0078
(0.0123)
0.0017
(0.0102)
-0.0074
(0.0053)
-0.0037
(0.0098)
-0.0014
(0.0059)

Yes
Yes

Yes
Yes

Banks’ noninterest income
Country fixed effects
Time fixed effects

SRISK
1.3708

0.0245***
(0.0060)
-0.0269
(0.0442)
-0.0492***
(0.0081)

Banks’ noninterest income
Country fixed effects
Time fixed effects

Dependent variable

Bootstrap P-value2
0.00
0.29
N for Fi,t > λ
151
117
N for Fi,t ≤ λ
163
176
Notes: This table presents the fixed effects estimations for model (2.9). The dependent variable is systemic risk per unit
of financial asset. Robust standard errors clustered at the country level are given in parentheses. Both columns show
the effects of the bank and market financing indicators on systemic risk and control for banking sector concentration,
banks’ noninterest income to total income, country and time fixed effects. Significance levels: * p<0.1, ** p<0.05, ***
p<0.01. 1 The threshold is bank credit to non-financial sector debt and stock market capitalization. 2 Reports p-values
from Hansen’s (1996) bootstrap procedure for the null hypothesis (10) with a bootstrap sample of 5000.

The results of the threshold regressions suggest that bank financing no longer contributes to systemic risk in relatively market-based financial structures. This chapter
finds that this may be caused by a lower probability of default of the banking system
in more market-based financial structures, in line with Figure 2.1. Table A.4 in the Appendix regresses several indicators of the default probability of the banking system on
(Claessens, 2016).
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the right hand side of equation (2.1). The results suggest that bank-dependent financial
structures are, at the country level, negatively associated with the banking system’s regulatory capital to risk weighted assets, bank Z-score (% before tax), Net Interest Margin
(NIM) and Return on Assets (ROA). The greater resilience of market-based financial
structures to systemic risk therefore seems to stem from both bank and market financing. The insignificant effect of bank financing on systemic risk in relatively market-based
financial structures is not explained by the asset portfolio composition nor the degree of
competition within the banking system. Table A.5 in the Appendix regresses additional
indicators on the right hand side of equation (2.1).18 The results suggest that financial
structure is, at the country level, not associated with the degree of banks’ nonperforming
loans to gross loans (NPLs) and liquid assets to deposits and short-term funding. The
same holds for the Lerner index measuring the degree of monopoly power and the Boone
indicator measuring competition within a country’s banking system.

2.5

Conclusion

Financial structure matters. Bank financing may contribute more to systemic risk than
market financing, due to its more leveraged nature, larger asset-liability mismatches
and greater interconnectedness. Moreover, markets can provide ‘spare tire’ insurance
against problems within the banking sector turning into economy-wide distress. This
reduces the depth and length of a systemic crisis. Indeed, the data show that systemic
risk decreased relatively quickly after the financial crisis of 2008 in more market-based
financial structures, when compared to more bank-based financial structures. The less
dominant banks are, the easier banks’ financial intermediation can be substituted for by
markets.
The greater systemicness of bank-based financial structures is evident in data on financial structures since the turn of the century; while bank financing and bank-based financial structures are associated with higher systemic risk, market financing and marketbased financial structures are associated with lower systemic risk. Moreover, the results
confirm that from a systemic risk perspective, stock market financing is to be preferred
18

The indicators used as dependent variables in Table B.4 and Table B.5 are all obtained from
the GFDD (July 2018 version). The indicator codes are respectively: GFDD.SI.05, GFDD.SI.01,
GFDD.EI.01, GFDD.EI.09, GFDD.SI.02, GFDD.SI.06, GFDD.OI.04 and GFDD.OI.05.
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over debt market financing. However, bank financing no longer contributes to systemic
risk when the financial structure is relatively market-based. Diversity within the financial sector is thus important. The recent empirical literature on the effects of financial
structure on economic growth shows that market-based financial structures outperform
bank-based financial structures once the data cover the period spanning the financial
crisis of 2008. The relationship between financial structure and systemic risk helps to
explain this economic underperformance in times of financial instability.
The findings indicate that market-based financial structures are more resilient in
terms of systemic risk. Bank-based financial structures may increase their resilience to
systemic risk by reducing the share of bank financing and by further developing their
bond and especially stock markets. The design of financial sector and fiscal policies can
take this into account. The introduction of the European capital markets union is a case
in point. However, financial structures are path dependent and changes require time.
The findings may also be relevant for regulators. Regulation may reduce banks’ contribution to systemic risk by requiring decreases in leverage, asset-liability mismatches
and financial interconnectedness. Adjustments in regulatory requirements change the
inherent contribution of different financial structures to systemic risk. In particular,
the recently tightened regulatory framework for banks, including higher capital requirements, new liquidity requirements and bail-in rules, may make banks more resilient and
systemically less relevant. By the same token, the systemicness of market financing may
increase when shadow banking systems involve more leverage, maturity transformation
and interlinkages with banks. Further research should determine to what extent these
changes lower the contribution of bank financing and raise the contribution of market
financing to systemic risk.
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2.6

Appendix A

The expected equity capital shortfall
The expected capital shortfall is defined as:
CSf in,i,t+6months|t = Et [θAf in,i,t+6months − Wf in,i,t+6months |M arketdeclinet:t+6months ]
(A.1)
where Af in,i,t+6months and Wf in,i,t+6months denote the value of assets and equity of a
financial institution f in in country i at time t + 6months respectively, and θ is a prudential ratio of equity to assets. This prudential ratio represents the fraction of assets
that satisfies the minimum unweighted capital requirement, which is in line with the
non-risk based leverage ratio introduced under Basel III.
To account for differences between book and market values in equation (A.1), the
quasi-market value of assets (Af in,i,t+6months ) is defined as the book value of assets
(BAf in,i,t+6months ) plus the difference between the market value of equity (Wf in,i,t+6months )
and the book value of equity (BWf in,i,t+6months ):
Af in,i,t+6months = BAf in,i,t+6months + (Wf in,i,t+6months − BWf in,i,t+6months )

(A.2)

which can be rewritten as:
Af in,i,t+6months = Df in,i,t+6months + Wf in,i,t+6months

(A.3)

where the book value of debt is Df in,i,t+6months = BAf in,i,t+6months +BWf in,i,t+6months .19
Substituting identity (A.3) into equation (A.1) gives:
CSf in,i,t+6months|t = Et [θDf in,i,t+6months −(1−θ)Wf in,i,t+6months |M arketdeclinet:t+6months ]
(A.4)
Assuming the book value of debt is not affected by the crisis and remains constant in
19

In case of bank stress tests, the book value of assets (BA) falls with the value of expected loan
portfolio losses. Note that the book value of debt (D) is unaffected, as the book value of equity (BW)
fully absorbs this shock.
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the short run implies that:
Et [Df in,i,t+6months |M arketdeclinet:t+6months ] = Df in,i,t

(A.5)

Hence equation (A.4) can be rewritten as:


CSf in,i,t+6months|t = θ(Lf in,i,t − 1) − (1 − θ)Et



Wf in,i,t+6months
Wf in,i,t


|M arketdeclinet:t+6months

(A.6)

Wf in,i,t

where Lf in,i,t = Af in,i,t /Wf in,i,t denotes a financial institution’s leverage, so that Df in,i,t =
(Lf in,i,t − 1)Wf in,i,t .20 The equity capital shortfall is thus dependent on the financial
leverage of an institution and the long-run marginal expected shortfall of an institution’s
return in the hypothetical event of a 40% broad stock market index decline.
To construct the long-run marginal expected shortfall predictions, 6-month arithmetic returns of the institution and the broad market index are simulated many times
using a GARCH-DCC model (Engle, 2002, 2009), conditional on the information set
at time t. The long-run marginal expected shortfall is then the average of the fractional equity returns of the institution whenever the broad market return fell by 40%
over the 6-month time period. As the book value of debt is unaffected by the crisis, an
institution’s equity falls by the long-run marginal expected shortfall. A more detailed
description of this simulation is presented in Brownlees and Engle (2017).

20
The assumption that the book value of debt is not affected by a financial crisis will be violated in
the extreme scenario of a bail-in, in which creditors absorb losses.
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Robustness checks and additional regression output
Table A.1: GMM panel estimations
Regressors
Bank-to-market financing ratio
Banking sector concentration

SRISK
0.0060**
(0.0024)

Banks’ noninterest income
Country fixed effects
Time fixed effects

Yes
Yes

Dependent variable

SRISK
0.0083**
(0.0035)
-0.0090
(0.0288)
0.0393
(0.0420)
Yes
Yes

N
209
203
Sargan test1
0.28
0.41
Notes: This table presents the fixed effects GMM panel estimations for the robustness check as described in Section
2.4.1. The dependent variable is systemic risk per unit of financial asset. White standard errors are given in parentheses.
The third and fourth lag of the explanatory variables are included as instruments. The regressions control for time and
country fixed effects in both columns. Both columns show the effect of the bank-to-market financing ratio on systemic
risk. Column 2 controls for banking sector concentration and banks’ noninterest income to total income. Significance
levels: * p<0.1, ** p<0.05, *** p<0.01. 1 Reports p-values from the Sargan test for the null hypothesis that the
instruments are valid.
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Table A.2: Linear fixed effects estimations
Regressors
Bank-to-market financing ratio
Banking sector concentration
Banks’ noninterest income

MES
0.0042*
(0.0020)
0.0373
(0.0430)
0.0026
(0.0153)

Country fixed effects
Time fixed effects

Dependent variable

Yes
Yes

CISS
0.0810***
(0.0179)
-0.0133
(0.1790)
-0.1601
(0.2042)
Yes
Yes

R-sqr (within)
0.080
0.664
N
245
196
Mean VIF1
2.69
3.20
Bank-to-market financing ratio VIF2
3.42
4.01
Notes: This table presents the fixed effects estimations for the robustness checks as described in Section 2.4.1. The
dependent variables are MES and CISS. Robust standard errors clustered at the country level are given in parentheses.
The regressions control for time and country fixed effects in both columns. Both columns show the effect of the bankto-market financing ratio on systemic risk and control for banking sector concentration and banks’ noninterest income
to total income. Significance levels: * p<0.1, ** p<0.05, *** p<0.01. 1 Reports the mean VIF of all variables (including
control variables) to quantify the severity of multicollinearity. 2 Reports the VIF of the bank-to-market financing ratio
to quantify the severity of multicollinearity.

Table A.3: GMM panl estimations
Regressors
Bank-to-market financing ratio
Banking sector concentration
Banks’ noninterest income
Country fixed effects
Time fixed effects

MES
0.0019*
(0.0011)
0.0183
(0.0123)
-0.0255
(0.0264)
Yes
Yes

Dependent variable

CISS
0.1113***
(0.0233)
-0.3731
(0.2677)
0.2592
(0.3395)
Yes
Yes

N
207
171
Sargan test1
0.05
0.41
Notes: This table presents the fixed effects GMM estimations for the robustness checks as described in Section 2.4.1.
The dependent variables are MES and CISS. White standard errors are given in parentheses. The first two lags of the
explanatory variables are included as instruments. The regressions control for time and country fixed effects in both
columns. Both columns show the effect of the bank-to-market financing ratio on systemic risk and control for banking
sector concentration, banks’ noninterest income to total income. Significance levels: * p<0.1, ** p<0.05, *** p<0.01. 1
Reports p-values from the Sargan test for the null hypothesis that the instruments are valid.
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Table A.4: Financial structure and the probability of default of the banking system
Regressors
Bank-to-market financing ratio
Banking sector concentration
Banks’ noninterest income
Country fixed effects
Time fixed effects

Bank capital
-0.8508***
(0.2377)
3.1875
(2.2727)
2.2983**
(1.0364)
Yes
Yes

Dependent variable
Z-score
Net interest
-1.5093**
-0.2766***
(0.6664)
(0.0508)
-6.1765
-0.1425
(5.9439)
(0.7388)
0.4844
-0.6403
(5.6117)
(0.4550)
Yes
Yes

Yes
Yes

ROA
-0.7638***
(0.1716)
-1.4339
(1.1014)
-1.0705
(0.9006)
Yes
Yes

R-sqr (within)
0.472
0.193
0.315
0.420
290
293
293
291
N
Mean VIF1
2.78
2.76
2.76
2.82
Highest VIF2
3.54
3.56
3.56
3.88
Notes: This table presents the fixed effects estimations for the relationship between financial structure and probability
of default of the banking system as described in Section 2.4.2. The dependent variables are, at the country level, the
bank regulatory capital to risk-weighted assets, Bank Z-score, bank NIM, ROA. Robust standard errors clustered at
the country level are given in parentheses. All columns control for banking sector concentration, banks’ noninterest
income to total income, country and time fixed effects. Columns 1, 2, 3 and 4 show the effects of the bank-to-market
financing ratio on the bank regulatory capital to risk-weighted assets, Bank Z-score, bank net interest margin and ROA,
respectively. Significance levels: * p<0.1, ** p<0.05, *** p<0.01. 1 Reports the mean VIF of all variables (including
control variables) to quantify the severity of multicollinearity.
2 Reports the VIF of the bank-to-market financing ratio to quantify the severity of multicollinearity.

Table A.5: Financial structure and the asset portfolio and banking market competition
Regressors
Bank-to-market financing ratio
Banking sector concentration
Banks’ noninterest income
Country fixed effects
Time fixed effects

NPLs
1.1937
(1.2028)
4.9970
(4.1201)
3.4513
(3.0088)
Yes
Yes

Dependent variable
Liquid assets
Lerner index
-2.2007
-0.0044
(1.5959)
(0.0187)
29.9153
-0.0116
(21.6370)
(0.1038)
35.9036*
-0.0330
(19.5431)
(0.0966)
Yes
Yes

Yes
Yes

Boone indicator
-0.0808
(0.0776)
1.3622
(1.4511)
-1.3987
(1.1762)
Yes
Yes

R-sqr (within)
0.247
0.130
0.127
0.051
N
285
293
276
290
Mean VIF1
2.77
2.76
2.80
2.77
Highest VIF2
3.59
3.56
4.10
3.56
Notes: This table presents the fixed effects estimations for the relationship between financial structure and the asset
portfolio composition, and competition within the banking system as described in Section 2.4.2. The dependent variables
are, at the country level, the bank nonperforming loans to gross loans (NPLs), liquid assets to deposits and short
term funding, Lerner index and Boone indicator. Robust standard errors clustered at the country level are given in
parentheses. All columns control for banking sector concentration, banks’ noninterest income to total income, country
and time fixed effects. Columns 1, 2, 3 and 4 show the effects of the bank-to-market financing ratio on the NPLs, liquid
assets to deposits and short term funding, Lerner index and Boone indicator, respectively. Significance levels: * p<0.1,
** p<0.05, *** p<0.01. 1 Reports the mean VIF of all variables (including control variables) to quantify the severity of
multicollinearity. 2 Reports the VIF of the bank-to-market financing ratio to quantify the severity of multicollinearity.

60

Chapter 3
Monetary policy and bank performance in times of
negative interest rates

This chapter is based on Bats, Giuliodori and Houben (2020)

Monetary policy and bank performance in times of negative interest rates

3.1

Introduction

Over the past 40 years, interest rates have steadily declined worldwide, recently turning negative in Europe and Japan (Figure 3.1). In Europe and Japan, interest rates
are expected to remain negative and yield curves flat for long. A prolonged period of
negative interest rates has implications for the performance of banks, as retail deposit
rates are sticky at the zero lower bound. In a negative interest rate environment, additional rate cuts may reduce bank profits, particularly if these endure. This can lead to
financial instability (Porcellacchia, 2020) and ‘reverse’ accommodative monetary policy
by reducing the lending capacity of capital-constrained banks (Borio and Gambacorta,
2017, Brunnermeier and Koby, 2018, Cavallino and Sandri, 2018, Gropp et al., 2019,
Gomez et al., 2020).
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Figure 3.1: 10-year government bond yield developments
Notes: This figure shows developments in the 10-year government bond yields for Germany, Japan and
the United States. Data source: Federal Reserve Bank of St. Louis.

Despite retail customers’ ability to clear their sight deposit balances at any point
in time, retail deposits are a stable funding source for banks and thus have a positive
duration. Hoffmann et al. (2019) estimate the average duration of retail sight deposits
at 2 years. In practice, banks replicate portfolios of fixed-rate assets that match the
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estimated duration of their deposit liabilities (Kalkbrener and Willing, 2004) using interest rate swaps (Jarrow and van Deventer, 1998). The difference between the swap
and deposit rate represents the deposit margin (Figure 3.2, bracket C). While banks
may supply loans with an average duration longer than their replicating portfolio (Figure 3.2, bracket B), the remaining interest rate exposure is generally hedged (Chaudron,
2018, Drechsler et al., 2018, Hoffmann et al., 2019). In addition, banks earn a lending
margin, defined as the difference between the rate on lending and swap contracts with
an equivalent average duration (Figure 3.2, bracket A).1 The relationship between swap
rates at different maturities is identified as the swap curve, which is the equivalent of a
risk-free yield curve.

Interest rate

Lending

A: Lending margin

B: Duration mismatch

C: Deposit margin

Deposits
Average duration

Figure 3.2: The net interest margin
Notes: This figure illustrates banks’ net interest margin in a nominal interest rate environment with
a positively sloped yield curve. The vertical axis represents the interest rate. The horizontal axis
is the average duration. To match the duration of deposit liabilities, banks use replicating portfolios
equivalent to particular interest rate swaps. The difference between the swap and deposit rates represents
the deposit margin (bracket C). The difference between the swap and lending rates is the lending
margin (bracket A). The interest rate exposure resulting from the duration mismatch between replicating
portfolios and lending (bracket B) is generally hedged.

1
For banks that rely on deposit funding, the deposit and lending margin make up the net interest
margin.
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Monetary policy shapes the yield curve in different ways (see also Altavilla et al.,
2019b). First, changing the central bank’s policy rate affects interest rates with maturities up to 1 to 2 years. However, a policy rate cut in negative territory may influence
interest rates with maturities up to 5 years almost equivalently, if it signals the effective
lower bound on interest rates is lower than previously perceived by market participants
(Lane, 2019). Second, providing forward guidance on a central bank’s future monetary
policy intentions generates most effect on interest rates with maturities between 2 and 5
years. Third, offering central bank longer-term refinancing operations, which fund banks
for periods up to 4 years, influences interest rates with maturities up to 4 years. Fourth,
purchasing long-term bonds under quantitative easing (QE) policies mostly impacts interest rates with maturities of 5 years and longer. Fifth, targeting longer-term interest
rates under yield curve control (YCC) policies, as implemented by the Bank of Japan,
affects interest rates with maturities of around 10 years.2
As a result of retail deposit rates bound at zero, monetary policy effects on the yield
curve can hurt bank performance and impede the monetary transmission when policy
rates are negative.3 This is the deposits channel of monetary policy (Drechsler et al.,
2017). When the yield curve shifts downward in a negative interest rate environment, the
deposit margin shrinks and eventually turns negative (Figure 3.3, Panel A). Subsequent
yield curve flattening can turn the deposit margin even more negative, despite banks
hedging the remaining interest rate exposure, as banks match the duration of deposits
with replicating portfolios (Figure 3.3, Panel B). However, the deposit margin may be
less affected if only the longer-end of the yield curve flattens (Figure 3.3, Panel C). By
contrast, yield curve changes do not necessarily affect the lending margin. The lending
margin mainly represents a credit risk premium and is not constrained in a negative
interest rate environment. While the lending margin temporarily increases thanks to a
delayed decline in interest income on account of banks’ fixed rate assets having a longer
2

While short-term interest rates have not been driven far in negative territory, the Bank of Japan has
effectively steered the 10-year yield to flatten the longer-end of the curve. The Australian Reserve Bank
has also undertaken YCC, albeit their intention was to reinforce the central bank’s forward guidance by
targeting shorter-term interest rates.
3
Bank performance not only depends on the net interest margin, since a share of bank revenue stems
from fee income. As such, banks may try to offset interest income losses under a low and negative interest
rate regime by shifting towards more fee-related activities, as well as by charging higher fees (Borio et
al., 2019, Lopez et al., 2020)
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duration (i.e. accruing capital gains), it is expected to return to its original size over
time.
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0%

Panel C: Yield curve targeting
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Figure 3.3: Monetary policy and the deposit margin when interest rates are negative
Notes: This figure depicts the stylized impact of a negative interest rate environment on banks’ deposit
margins. The vertical axis represents the interest rate. The horizontal axis is the average duration. In
this figure, deposit rates are bound at zero. Panel A shows deposit margins permanently shrink and turn
negative following a downward parallel yield curve shift into a negative interest rate territory. Panel B
shows that in a negative interest rate environment, yield curve flattening makes deposit margins even
more negative, since sight deposits effectively have a duration larger than 0. Panel C indicates that in
times of negative interest rates, deposit margins are less affected when only the longer-end of the yield
curve flattens.

The empirical literature shows that a low and negative interest rate environment has
negative effects on the performance of banks (see e.g. Borio et al., 2017, Claessens et
al., 2018, Eggertsson et al., 2019, Heider, et al., 2019), though some studies claim the
adverse implications for bank performance are limited (see e.g. Altavilla et al., 2018,
Lopez et al., 2018, Altavilla et al., 2019a). These studies measure bank performance
using balance sheet and income statement items such as the net interest margin, lending
and profitability. The advantage of these measures is that they are based on actual
reported bank performance data. However, their caveat is that they are backwardlooking and do not reflect the full impact of negative interest rates, which takes time
to materialize. Backward-looking measures only respond to a drop in the interest rate
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with a lag due to banks’ capital gains on fixed rate assets. In terms of the sustainability
of bank profits, backward-looking indicators may in fact be biased; several studies show
that banks temporarily respond to negative interest rates by increasing their lending
volumes (Basten and Mariathasan, 2018, Bottero et al., 2019, Demiralp et al., 2019,
Tan, 2019), but a prolonged negative interest rate environment may require banks to
eventually increase lending margins (see also Eggertson et al., 2019), which will reduce
their lending volumes, market share and profits.
To address these caveats, this chapter explores the impact of negative interest rates
on bank performance using a forward-looking indicator: bank stock prices. These reflect
the market valuation of banks’ equity based on the expected future discounted cash flows
at any given time. As such, they provide a forward-looking indicator of the impact of
interest rate changes on bank performance. A drop (rise) in bank stock prices following
a change in the interest rate or slope of the yield curve indicates that investors expect
lower (higher) future discounted cash flows. Stock prices can therefore be considered a
‘summary measure’ of bank performance (Ampudia and van den Heuvel, 2018). As bank
stock prices may anticipate changes to the yield curve in the future, this chapter identifies
unanticipated interest rate changes with high-frequency data around 269 ECB monetary
policy announcements from January 1999 to January 2020. The analysis focuses on the
Eurosystem since the interest rate environment has been more negative in the euro area
than in other major currency areas.
Three recent papers have also analyzed the effect of unanticipated interest rate
changes around monetary policy announcements on bank stock prices.4 English et al.
(2018) look at the US in a positive interest rate environment and show that bank stock
prices drop when the yield curve unexpectedly shifts upwards or steepens. This may
reflect banks’ hedging activity and a combination of capital losses on longer-term assets,
higher discount rates on future earnings, higher expected credit losses and/or lower anticipated economic activity due to monetary tightening. Hong and Kandrac (2018) look
at Japan and show that bank stock prices dropped by more than 5% on the day the Bank
4

Several other studies use high-frequency data for the identification of unanticipated interest rate
changes, but they do not explore the impact on bank stock prices (Bagliano and Favero, 1999, Kuttner,
2001, Cochrane and Piazzesi, 2002, Faust et al., 2004, Bernanke and Kuttner, 2005, Gürkaynak et al.,
2005, Piazzesi and Swanson, 2008, Gertler and Karadi, 2015, Nakamura and Steinsson, 2018).
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of Japan announced their negative interest rate policy. Ampudia and van den Heuvel
(2018) focus on Europe and find that a drop in the 1-month interest rate, holding the
2-year yield constant, increases bank stock prices in a positive interest rate environment,
but reduces bank stock prices in a low and negative rate environment. The findings of
the latter two papers are consistent with banks’ decreased future profits due to a reduction in the net interest margin when the interest rate environment turns negative.
Conversely, however, Ampudia and van den Heuvel (2018) show that an unanticipated
flattening of the 2-year yield curve increases European bank stock prices in times of
negative interest rates. This may indicate that banks’ deposit margin is affected not
only by targeting up to 2-year yields, but also up to 5-year yields, since the duration
of retail deposits reaches up to 5 years.5 In addition, European bank stock prices may
increase in response to lower discount rates on future earnings and/or higher anticipated
economic activity due to monetary easing.
The contribution of this study to the above papers is threefold. First, this chapter
investigates whether bank stock prices react differently to changes to the shorter- versus
the longer-end of the yield curve in times of positive and negative interest rates. The
above literature indicates that the effects of yield curve changes on bank stock prices
depend on the interest rate environment. This has implications for monetary policy
making. But monetary policy has different instruments and central banks can intervene
on different segments of the yield curve. For example, large-scale purchases of longerterm assets can be designed such that only the longer-end of the yield curve is targeted,
leaving shorter-term interest rates relatively unchanged. This may reduce the adverse
impact of monetary policy on bank performance in a negative interest rate environment.
By the same token, the adverse effects on bank stock prices of a downward shift and
flattening of the entire yield curve may stem mostly from changes to shorter-end up to
the 5-year yield.
Second, rolling regressions are employed to provide insight into how the impact of
monetary policy accrues over time in a negative interest rate environment. Compared
to the state-dependent model applied by Ampudia and van den Heuvel (2018), a rolling
5
Hoffmann et al. (2019) show the duration of retail deposits can be larger than 2 years, because they
estimate the mean and standard deviation of retail deposits’ duration at 2 and 1.6 years, respectively.
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regression model can provide a quantification of how bank stock prices become affected
as the interest rate environment changes. The negative impact of a rate drop on bank
performance likely magnifies over time when interest rates remain negative for longer.
Moreover, rolling estimations can show whether a drop in the interest rate already reduces bank performance in a low but positive interest rate environment due to shrinking
deposit margins. To gauge the persistence of the effects, rolling local projections are
used.
Third, in contrast to the above papers, this study identifies the specific disadvantage banks face in times of negative interest rates by controlling for broad stock market
movements. While the monetary policy surprises in the above papers do not necessarily reflect structural macroeconomic developments (Gertler and Karadi, 2015), they do
generate endogenous signaling effects when they represent unexpected changes to the
macroeconomic outlook (Jarociński and Karadi, 2020). This impacts stock prices in
general. In addition, a drop in the interest rate may increase stock prices when it leads
to capital gains, a decrease in future discount rates and/or equity premiums, and an
increase in economic activity (see also Bernanke and Kuttner, 2005). This contrasts
with the potential negative effect of interest rate reductions specifically on bank stock
prices when banks’ expected future cash flows decline as a result of deposit margins
turning negative. To address these identification issues, this chapter analyzes the effect
of monetary policy surprises on bank stock prices while controlling for broad stock market prices. The broad stock market is assumed to also react to unexpected interest rate
changes and their resulting macroeconomic signaling effects, while being insensitive to
the specific additional negative effect of interest rate declines, which banks face in times
of negative interest rates.
The results show that a low and especially negative interest rate environment hurts
bank stock prices. Controlling for the broad stock market, negative surprises to the
level and shorter-end slope of the yield curve have large adverse effects on bank stock
prices once the interest rate environment is negative. Local projections indicate that
in the negative interest rate period, the effects persist in the days after the monetary
policy announcement. Banks thus face a disadvantage when interest rates are negative.
The data on individual bank stock prices suggest this is the result of the lower bound
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on deposit rates. First, while the relative capitalization of banks does not influence the
results in times of negative interest rates, the effects are significantly larger for banks
that are relatively dependent on deposit funding. From this perspective, the deposits
channel is found to dominate the capital channel of monetary policy when interest rates
are negative. Second, the effects are also more persistent for banks that are relatively
dependent on deposit funding. Third, a negative surprise to the longer- rather than the
shorter-end of the yield curve does not reduce bank stock prices in times of negative
interest rates. Together, these results signal that a lowering of longer-term interest
rates is less detrimental to bank stock performance than a lowering of short-term rates
in a negative interest rate environment. The findings are robust to sample changes
and alternative specifications that address potential concerns related to asymmetric and
dynamic effects.
The rest of the chapter is organized as follows. Section 3.2 describes the data.
Section 3.3 presents the empirical methodology. The main results and robustness checks
are discussed in Section 3.4. Section 3.5 concludes.

3.2

Data

Unanticipated changes (i.e. surprises) in interest rates and stock prices are identified with
high-frequency data around 269 ECB monetary policy announcements. The data stem
from the Euro Area Monetary Policy Event-Study Database by Altavilla et al. (2019b)
and cover the period from January 1999 to January 2020. This chapter considers the
beginning of 2009 as the start of the low interest rate environment. During that time,
the DFR was cut to 1% and the 1-month OIS rate dropped below 1.25%. This is in
line with Claessens et al. (2018), who denote the interest rate environment as “low”
once risk-free short-term interest rates are below 1.25%. Moreover, rolling regression
estimations allow different cutoffs to define a low interest rate environment. June, 2014
is considered as the start of the negative interest rate environment. This is when the
ECB announced the introduction of a negative interest rate policy by lowering the rate
on its deposit facility for banks (DFR) to -0.1%.6 In September 2014, when the DFR
6
While the monetary policy announcement took place on June 5, 2014, the measure took effect 6
days later, on June 11, 2014.
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was reduced to -0.2%, the 1-month Overnight Index Swap (OIS) rate turned negative
(Figure 3.4). By the end of the sample period, longer-term interest rates also became
negative, as indicated by developments in the 10-year German government bond yield
(Figure 3.1).
The surprises are measured as the difference between the median quote 10 to 20
minutes before the press release and 10 to 20 minutes after the press conference, or
alternatively, 15 to 25 minutes after the press release if no press conference took place.7
The press release is at 13:45, followed by the press conference starting at 14:30 and ending
at 15:30. Including the press conference in the monetary event window is essential, as
interest rates and stock prices may react to new monetary information revealed at the
Q&A session during this event.
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Figure 3.4: 1-month OIS rate developments
Notes: This figure shows developments in the 1-month OIS rate for the euro area. The data show that
since 2014, the short-term interest rate is negative in the euro area. Data source: Bloomberg.

The frequency of ECB monetary policy announcements has changed during the sample. From January 1999 until November 2001, the ECB announced monetary policy
decisions twice a month. Every first decision of the month was accompanied by a press
7
Measurement outcomes of the surprises are relatively insensitive to changes in the measurement
windows (Altavilla et al., 2019b).
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conference. Between November 2001 and January 2015, monetary policy announcements
occurred on the first Thursday of each month only, generally accompanied by a press
conference.8 Since January 2015, announcements of ECB monetary policy decisions take
place every 6 weeks on Thursdays.9
The measures of the interest rate surprises are the intraday changes in the 1-month
OIS rate, the difference between the 5-year German government bond and 1-month OIS
rate, and the difference between the 10- and 5-year German government bond rate.
These measures are respectively categorized as changes in the level, shorter-end slope
and longer-end slope of the yield curve (also in the remainder of this study).10 Figure
3.5 plots the interest rate surprises around the monetary policy decisions. While longer
OIS rates are considered a better proxy for identifying the risk-free yield curve, highfrequency data on the 5- and 10-year OIS rates are only available from, respectively,
August and July 2011. By way of alternative, German government bond rates are
used, as they generally do not comprise a credit risk premium. While Schlepper et al.
(2017) show that German government bond rates have incorporated a small scarcity
premium since the implementation of the Asset Purchase Programme (APP) in 2015,
this endogeneity issue is likely to be negligible since the surprises are intraday. Moreover,
the correlation between movements in the slopes of OIS and German yield curves are
above 0.9. Consistently, a separate robustness check shows the results are similar when
the German rates are substituted with 5- and 10-year OIS rates for the period after
August 2011.
The measures of the stock price surprises are the intraday changes in the logs of
the European bank stock index (SX7E) and broad stock market index (STOXX50E).
The SX7E and STOXX50E are capitalization-weighted indices that respectively track
the stock prices of 24 large banking groups, and 50 large financial and non-financial
corporations in the euro area.11 The volatility of the SX7E relative to the volatility
of the STOXX50E is considered the equity beta of bank stocks. Table 3.1 displays the
8

Exceptions are provided by Ehrmann and Fratzscher (2009).
Altavilla et al. (2019b) summarize the details.
10
Despite deposits’ average duration of 2 years, the end of the shorter-end slope of the yield curve is
set to the 5-year interest rate. This is to account for the share of deposits with a duration larger than
2, which generally are matched with replicating asset portfolios of a similar duration; a drop in the 2to 5-year interest rates is then still expected to reduce deposit margins in a low rate environment.
11
The SX7E and STOXX50E are reviewed periodically.
9
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Figure 3.5: Interest rate surprises around monetary policy decisions
Notes: This figure shows interest rate surprises around every monetary policy decision between January
1999 and January 2020. The surprises measure intraday changes in the 1-month OIS rate (Panel A), the
difference between the 5-year German government bond rate and the 1-month OIS rate (Panel B), and
the difference between the 10-year German government bonds rate and the 1-month OIS rate (Panel C).
All intraday changes are measured as the difference between the median quote 10 to 20 minutes before
the monetary policy press release and 10 to 20 minutes after the ECB press conference, or alternatively,
15 to 25 minutes after the monetary policy press release if no press conference took place. Data source:
Euro Area Monetary Policy Event-Study Database by Altavilla et al. (2019b).

banks included in the SX7E in the last years of the sample period, when the interest rate
environment is negative. The last three columns show the average ratios of customer
deposits to total assets, and total and Tier 1 capital to total risk-weighted assets during
the negative interest rate environment; i.e. between 2014 and 2019.12 Data on customer
deposits include current accounts, demand deposits and time deposits from households
and non-bank corporations.13 Interbank deposits are excluded. The balance sheet data
are from the annual reports published by each individual bank. Except for Natixis, the
share of customer deposit funding is above 25% for all banks. Figure 3.6 plots the price12
This chapter is not interested in the degree of deposit funding relative to loans, since that is a liquidity
rather than a funding indicator; wholesale and retail banks may have relatively similar loan-to-deposit
ratios, while differing significantly in terms of dependence on deposit funding.
13
Since not all banks report data on retail deposits in their annual reports, Table 3.1 does not include
these data.
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to-book ratio of the SX7E. The data show that the performance of European banks has
deteriorated since the great financial crisis. Compared to the period before 2008, the
price-to-book ratio of the SX7E reduced by 75%.
Table 3.1: SX7E banks and their average share of deposit and capital funding
Banks
Country Customer deposit ratio Total capital ratio
Tier 1 capital ratio
1
ABN AMRO
NL
0.60
0.24
0.18
2
Banco BPM
IT
0.55
0.16
0.13
3
Bank of Ireland
IR
0.62
0.19
0.16
4
Bankinter
ES
0.61
0.13
0.12
5
BAWAG Group
AT
0.66
0.16
0.14
6
BBVA
ES
0.54
0.15
0.13
7
BNP Paribas
FR
0.37
0.14
0.13
8
Caixabank
ES
0.54
0.16
0.13
9
Commerzbank
DE
0.51
0.17
0.14
10 Crédit Agricole
FR
0.34
0.19
0.14
11 Deutsche Bank
DE
0.32
0.17
0.16
12 Erste Bank
AT
0.67
0.18
0.13
13 Finecobank
IT
0.89
0.25
0.25
14 ING Group
NL
0.63
0.18
0.16
15 Intesa
IT
0.39
0.17
0.15
16 KBC Group
BE
0.54
0.20
0.17
17 Mediobanca
IT
0.27
0.16
0.13
18 Natixis
FR
0.11
0.15
0.13
19 Raiffeisen Bank
AT
0.61
0.18
0.14
20 Sabadell
ES
0.63
0.14
0.13
21 Santander
ES
0.50
0.14
0.13
22 Soc. Générale
FR
0.30
0.17
0.14
23 UBI
IT
0.51
0.15
0.12
24 UniCredit
IT
0.53
0.15
0.13
Notes: This table presents the average ratios of customer deposits to assets, and total and Tier 1 capital
to risk-weighted assets of 24 European banks between 2014 and 2019. Together, these banks make
up the European capitalization-weighted bank stock index (SX7E) during the last years of the sample
period (the index is reviewed periodically). The deposit data include current accounts, demand deposits
and time deposits from households and non-bank corporations. Interbank deposits are excluded. The
balance sheet data are from the annual reports published by each individual bank.

Table 3.2 shows the descriptive statistics of the interest rate and stock price surprises
(respectively in basis and percentage points) in times of positive (r>0) and negative
(r<0) interest rates.14 A general observation stands out. The standard deviations of
the interest rate surprises other than the surprise to the 5- to 10-year slope are lower in
the negative than the positive interest rate environment. This suggests that, to some
extent, the magnitude of the rate surprises decreases over time as interest rates reach
and fall below the zero lower bound. A similar pattern is observed in Figure 3.5.
Further to the surprise data, two types of daily stock price data from Bloomberg are
analyzed. These additional series of stock price data cover the period from January 2000
14
The interest rate period is considered positive (negative) the period before (after) the monetary
policy announcement in June 2014.
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Figure 3.6: Developments in the price-to-book ratio of the SX7E
Notes: This figure shows developments in the price-to-book ratio of the SX7E. The data show that
European banks are performing worse compared to before the great financial crisis of 2008. The data
are from Bloomberg.

to January 2020 and represent end-of-day index quotes (i.e., after the press conference
ending at 15:30). First, to check the persistence of the effects, daily developments in the
SX7E and STOXX50E are studied the days after the monetary policy announcements.
Second, together with their average customer deposit ratios, the individual stock prices
of the banks presented in Table 3.1 are examined to check the impact of banks’ relative
dependence on deposit funding; a negative interest rate environment may have more
adverse implications for banks that are relatively dependent on deposit funding.15 The
analysis also accounts for the impact of banks’ total and Tier 1 capital ratios, as Brei
et al. (2019) find that especially low capitalized banks shift from interest-generating
15
The data on customer deposits include deposits from non-bank corporates. A caveat is that rates on
deposits from non-bank corporates have to a small extent dropped below zero during the sample period,
thus potentially preventing deposit margins turning negative in some occasions. While individual balance
sheet data exist on the retail deposits of individual bank subsidiaries (e.g. the IBSI database by the ECB),
these databases do not include data on all bank subsidiaries of the banking groups in the sample. Using
this incomplete data would therefore generate identification issues; data on bank stock prices relate to
each individual banking group on aggregate (i.e. including all subsidiaries). Given these complications,
this chapter uses customer deposits from households and non-bank corporations, recognizing this is an
approximation of a bank’s relative dependence on retail deposits.
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Table 3.2: Descriptive statistics of the surprise data
Variables

Sample period

Obs
Median
Mean
Std Dev
Min
Max
r>0 r<0 r>0
r<0
r>0
r<0 r>0 r<0
r>0
r<0
r>0 r<0
SX7E
01.1999-01.2020 221
48 -0.07 0.01 -0.16 -0.04 0.89 1.23 -6.81
-3.13
3.02 3.02
STOXX50E
01.1999-01.2020 221
48 -0.07 0.06 -0.09 0.00 0.60 0.85 -2.77
-3.65
1.83 2.01
1-month rate OIS
01.1999-01.2020 221
48
0.00 0.00 -0.06 0.14 4.44 1.63 -35.00 -5.60 17.00 5.18
5-year slope DE
01.1999-01.2020 221
48
0.00 -0.63 0.07 -0.29 5.23 2.89 -18.15 -5.87 32.20 9.93
5- to 10-year slope DE 01.1999-01.2020 221
48
0.00 0.00 0.05 -0.19 2.15 2.61 -8.35 -11.00 12.80 7.35
08.2011-01.2020 34
48 -1.02 -0.45 -0.81 -0.24 4.35 2.40 -8.00
-4.99
9.25 7.79
5-year slope OIS
5- to 10-year slope OIS 08.2011-01.2020 34
48
0.36 -0.09 0.48 -0.06 2.27 1.61 -5.00
-6.05
8.60 3.71
Notes: This table presents the descriptive statistics of the monetary policy surprises. The first two variables represent the
intraday surprises to the bank stock and broad stock market index, respectively. The last five variables are the intraday
surprises to the 1-month OIS rate, the difference between the 5-year German government bond rate and the 1-month OIS
rate, the difference between the 10- and 5-year German government bond rate, the difference between the 5-year and 1-month
OIS rate, and the difference between the 10- and 5-year OIS rate, respectively. The second column shows for which sample
period the surprise data are available. The descriptive statistics are shown in times of positive (r>0) and negative (r<0)
policy interest rates (DFR) separately. The interest rate period is considered positive (negative) the period before (after) the
monetary policy announcement in June 2014. Data source: Euro Area Monetary Policy Event-Study Database by Altavilla
et al. (2019b).

towards more fee-related and trading activities in response to low interest rates. In
addition, motivated by recent findings that the deposits channel of monetary policy
dominates in countries with relatively low deposit rates (Bittner et al., 2020), this analysis checks for differences in the effects on stock prices of banks headquartered in low
versus high interest rate countries.16 These are respectively the 12 banks in Austria,
Belgium, France, Germany and the Netherlands versus the 12 banks in Ireland, Italy
and Spain.
Last, similar to Ampudia and van den Heuvel (2018), announcements related to
(Targeted) Longer-Term Refinancing Operations ((T)LTROs) are controlled for using
binary data, equal to 1 on days of announcement and 0 otherwise. (T)LTROs provide
banks with certainty over attractive funding, which enhances their performance relative
to the broad market.17

3.3

Empirical methodology

Rolling regression estimations are employed to analyze the effects of changes to the level
and slope of the yield curve on the bank stock index and individual bank stock prices
16
However, different from Bittner et al. (2020), the institutions this chapter analyzes are generally
banking groups that are active internationally across Europe.
17
At the bank-level, the actual amount borrowed under the (T)LTROs is not controlled for, since this
information is not publicly available and thus does not influence bank stock prices during the monetary
policy announcements.
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in times of positive and negative interest rates. Using a rolling window allows for a
quantification of how bank stock prices react over time as interest rates drop and turn
negative. Local projections based on Jordà (2005) are estimated to check the persistence
of these effects the days after the monetary policy decisions.
3.3.1

Effects on the bank stock index

To determine the immediate effects on the bank stock index of a parallel shift and flattening of the shorter- and longer-end of the yield curve, rolling estimations are employed
on the following baseline regression model:
5y−1m
∆SX7Ed = α + β1 ∆Rate1m
+ β3 ∆Slope10y−5y
+ β4 ∆ST OXX50d
d + β2 ∆Sloped
d

(3.1)

+β5 (T )LT ROd + d

where ∆SX7Ed represents intraday movements in the log of the bank stock index,
5y−1m
denotes the surprise to the
∆Rate1m
d indicates the 1-month rate surprise, ∆Sloped

difference between the 5-year interest rate and 1-month rate, ∆Slope10y−5y
represents
d
the surprise to the difference between the 10-year and 5-year interest rate, ∆ST OXX50d
indicates intraday movements in the log of the broad stock market index, (T )LT ROd is
a dummy variable that indicates Eurosystem announcements regarding (T)LTROs, d
is the error term, and the subscript d denotes one of the 269 days of monetary policy
announcements between 1999 and 2020. In a separate robustness check, the first lag of
the dependent variable is included on the right-hand side of the equation to control for
dynamic effects.
The coefficient of the 1-month rate surprise estimates the effect of a level surprise to
the yield curve, since movements in the shorter- and longer-end slope of the yield curve
are held constant. The estimations are done over fixed windows of 48 observations, such
that the last window covers the maximum period from the introduction of the ECB’s
negative interest rate policy in June 2014 until the most recent available date in the
sample. The window size thus maximizes the number of observations over the negative
interest rate period in the sample. The fixed windows move by 1 observation each
time (also in the other rolling estimations of this chapter). The size of the estimation
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window is changed in a separate robustness check. The estimated rolling coefficient of
the variable controlling for broad stock market movements can be interpreted as the
equity-beta of bank stocks.
Two additional robustness checks are performed using model (3.1). First, for the
period after August 2011, German interest rate surprises are substituted with OIS rate
surprises, since these are considered a better proxy for identifying the risk-free yield
curve. Second, the extent of asymmetry in the effects is analyzed, because stock market
prices may react differently to positive versus negative surprises to the yield curve. For
example, accommodative monetary policy surprises, associated with worsening economic
conditions, may have larger signalling effects on investors’ expectations than monetary
policy tightening. To check for asymmetric effects, rolling estimations are performed
using an augmented version of model (3.1):

1m
1m
1m
∆SX7Ed = α + β1,positive (∆Rate1m
d ∗ P ositived ) + β1,negative (∆Rated ∗ N egatived )

)
∗ N egative5y−1m
) + β2,negative (∆Slope5y−1m
+β2,positive (∆Sloped5y−1m ∗ P ositive5y−1m
d
d
d
)
∗ N egative10y−5y
) + β3,negative (∆Slope10y−5y
∗ P ositive10y−5y
+β3,positive (∆Slope10y−5y
d
d
d
d

(3.2)

+β4 ∆ST OXX50d + β5 (T )LT ROd + d

5y−1m
5y−1m
where positive1m
, positive10y−5y
and negative1m
, negative10y−5y
t , positivet
t , negativet
t
t

represent dummies that respectively indicate whether the surprises are positive or negative. The rolling Z-test is used to test the significance of the difference between the
coefficient estimates for positive and negative surprises.
To determine the persistence of the effects the days after the monetary policy announcements, rolling local projections are estimated using model (3.3):

SX7Et+h − SX7Et−1 = αh + β1,h ∆Rate1m
+ β2,h ∆Slope5y−1m
+ β3,h ∆Slope10y−5y
t
t
t

(3.3)

+β4,h (ST OXX50t+h − ST OXX50t−1 ) + β5,h (T )LT ROt + t+h

for h = 1 and 4, where SX7Et+h −SX7Et−1 and ST OXX50t+h −ST OXX50t−1 respectively indicate end-of-day changes in the log of the bank stock and broad stock market
5y−1m
index, Rate1m
and Slopet10y−5y represent the interest rate surprises on the
t , Slopet
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days of announcement and zero otherwise, and the subscripts t and h respectively denote
the daily time period and forecast horizon. The estimations are run over fixed windows
of 1461 observations, such that the last window covers the maximum period from the
introduction of the ECB’s negative interest rate policy in June 2014 until the most recent available date in the sample. The forecast horizon length is changed in a separate
robustness check (also using models (3.4) and (3.5) of this chapter). The projections are
local at each forecast horizon and accordingly account for changes in the broad stock
market. This is central in identifying the effects of surprises to the yield curve on bank
stock prices as a result of shrinking deposit margins, since interest rate changes also
impact future discount rates and equity premiums, and generate endogenous signalling
effects affecting all banks.
3.3.2

Effects on individual bank stock prices

The effects of surprises to the yield curve on the bank stock index may be driven by the
largest banks, as the SX7E is capitalization-weighted. Moreover, unobserved differences
between banks may influence the results. To determine the average effects of yield curve
surprises on individual bank stock prices, rolling fixed effects panel local projections are
performed using the following specification:
Banki,t+h − Banki,t−1 = αh + β1,h ∆Rate1m
+ β2,h ∆Slope5y−1m
+ β3,h ∆Slope10y−5y
t
t
t

(3.4)

+β4,h (ST OXX50t+h − ST OXX50t−1 ) + β5,h (T )LT ROt + µi + i,t+h

for h = 0, 1 and 4, where Banki,t+h − Banki,t−1 indicates end-of-day changes in the log
of individual bank stock prices, µi represents bank fixed effects that capture unobserved
differences between banks, and the subscript i denotes each one of the 24 banks captured
by the SX7E presented in Table 3.1. The estimations are run over fixed windows of
1461 observations, such that the last window covers the maximum period from the
introduction of the ECB’s negative interest rate policy in June 2014 until the most
recent available date in the sample.
The effects of yield curve surprises on bank stock prices may depend on banks’ relative
share of customer deposit funding. A change in the deposit margin likely has larger effects
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on the performance of banks relatively dependent on deposit funding. To account for
this, rolling panel local projections are estimated using a model that includes interactions
between the interest rate surprises and two dummies that respectively indicate whether
a bank is relatively dependent or independent on deposit funding:
Banki,t+h − Banki,t−1 = αh + β1,high,h (∆Rate1m
∗ Highi ) + β1,low,h (∆Rate1m
∗ Lowi )
t
t
+β2,high,h (∆Slope5y−1m
∗ Highi ) + β2,low,h (∆Slope5y−1m
∗ Lowi )
t
t
+β3,high,h (∆Slope10y−5y
∗ Highi ) + β3,low,h (∆Slope10y−5y
∗ Lowi )
t
t

(3.5)

+β4,h (ST OXX50t+h − ST OXX50t−1 ) + β5,h (T )LT ROt + µi + i,t+h

for h = 0, 1 and 4, and where Highi and Lowi represent dummies that respectively
indicate whether, during 2014 and 2019, the average ratio of customer deposits to assets of bank i is higher or lower than the time-invariant sample median. Again, the
estimations are run over fixed windows of 1461 observations, such that the last window
covers the maximum period from the introduction of the ECB’s negative interest rate
policy in June 2014 until the most recent available date in the sample. The two dummies
in model (3.5) are also substituted with dummies that respectively indicate whether a
bank is relatively capitalized or not (looking at both total and Tier 1 capital ratios), and
whether a bank is headquartered in a country with relatively low (i.e. Austria, Belgium,
France, Germany or the Netherlands) or high interest rates (Ireland, Italy or Spain).
However, the results show that in the negative interest rate period, the effects on stock
prices of relatively capitalized and undercapitalized banks, and of banks headquartered
in low and high interest rate countries, are not significantly different from each other
(available upon request).

3.4

Results

This section presents the main results and discusses the robustness check.
3.4.1

Effects on the bank stock index

Figures 3.7 and 3.8 present estimations for model (3.1), rolled over fixed windows of
48 observations. The dotted lines represent the 90% confidence interval (also in the
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remainder of this study). Newey-West standard errors robust to heteroscedasticity and
autocorrelation up to the third lag are used.
The results suggest that in a positive interest rate environment, a level surprise to
the yield curve does not impact the bank stock index when movements in the broad
stock market are held constant (Figure 3.7, Panel A). Investors thus do not foresee that
banks face a disadvantage compared to the broad stock market following a surprise to the
level of the yield curve in times of positive interest rates. Bank stock index movements
are then solely associated with broader stock market movements. Figure 3.8 shows the
estimated rolling coefficient of the broad stock market index is highly significant over
the entire sample period. The effects change in a low interest rate environment. Once
the low interest rate environment enters the sample period, a level surprise starts to
significantly impact the bank stock index. During the period of low but positive interest
rates, a parallel 10-basis-points drop in the yield curve decreases the bank stock index by
around 0.5 percentage points. The magnitude of this effect increases as the interest rate
environment turns negative. By the end of the sample period, a parallel 10-basis-points
drop in the yield curve decreases the bank stock index by around 2 percentage points.
The effect becomes statistically significant after the low interest rate environment enters
the sample period.
A broadly similar pattern is identified looking at the rolling effect on the bank stock
index of an unanticipated change to the 1-month to 5-year slope of the yield curve
(Figure 3.7, Panel B). This shorter-end slope surprise has no effect on the bank stock
index in times of positive interest rates, but significantly impacts the bank stock index
during periods of low and especially negative interest rates, while accounting for banks’
equity-beta. Relative to the 1-month rate, a 10-basis-points drop in the 5-year rate
decreases the bank stock index by around 0.5 percentage points in the environment of
low but positive interest rates. Once the rate environments turns negative, a negative
shorter-end slope surprise of 10 basis points decreases the bank stock index by around 2
percentage points. This effect is statistically significant in the low and negative interest
rate environment
By contrast, the rolling effect on the bank stock index of a surprise to the slope of
the longer-end of the yield curve follows a different pattern (Figure 3.7, Panel C). While
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Figure 3.7: Effects of yield curve surprises on the bank stock index at announcement
Notes: This figure shows the rolling estimations for model (3.1). The estimations are run over fixed
windows of 48 observations, such that the last window covers the maximum period from the introduction
of the ECB’s negative interest rate policy in June 2014 until the most recent available date in the sample.
As monetary Eurosystem meetings occur less frequently over time, the fixed window period widens. The
dependent variable measures intraday movements in the log of the bank stock index (SX7E). Panel A
shows the rolling effect of a level surprise to the yield curve. Panel B shows the rolling effect of a surprise
to the difference between the 5-year and 1-month rate. Panel C shows the rolling effect of a surprise to
the difference between the 10- and 5-year rate. Intraday movements in the log of the broad stock market
index (STOXX50) and (T)LTRO announcements are controlled for. The dotted lines represent the 90%
confidence interval using Newey-West standard errors robust to heteroscedasticity and autocorrelation
up to the third lag.
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Figure 3.8: Effect of the broad stock market on the bank stock index at announcement
Notes: This figure shows the rolling effect of the broad stock market index on the bank stock index, as
estimated by model (3.1). See also the Notes to Figure 3.7.

controlling for broad stock market movements, a slope surprise to the 5- to 10-year yield
curve affects the bank stock index when the interest rate environment is low but positive.
Relative to the 5-year rate, a drop in the 10-year rate of 10 basis points decreases the
bank stock index by around 1 percentage point, statistically significant in the estimation
windows covering 2007 to 2012. However, when the interest rate environment turns
negative by the end of the sample period, the effect on the bank stock index of a slope
surprise to the longer-end of the yield disappears both economically and statistically.
As a robustness check, Figure 3.9 presents rolling estimations for model (3.1), substituting the German government bond rates with longer-term OIS rates for the period
after August 2011. The results confirm the effects of a level and shorter-end slope surprise on the bank stock index are significant when interest rates are negative. In the last
windows, either a 10-basis-points drop in the level or flattening of the shorter-end slope
of the yield curve reduces bank stock prices by around 2 percentage points (Figure 3.9,
Panels A and B). By contrast, longer-end slope surprises do not significantly impact the
bank stock index in the later estimation windows (Figure 3.9, Panel C).
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Figure 3.9: Effects of OIS yield curve surprises on the bank stock index at announcement
Notes: This figure shows the rolling estimations for model (3.1), substituting the German government
bond rates with longer-term OIS rates. See also the Notes to Figure 3.7.
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Figure 3.10: Asymmetric effects of yield curve surprises on bank stocks at announcement
Notes: This figure shows the rolling estimations for model (3.2). Panel A shows the rolling effect of a
positive (β1,positive ) and negative (β1,negative ) level surprise to the yield curve. Panel B shows the rolling
effect of a positive (β1,positive ) and negative (β1,negative ) surprise to the difference between the 5-year
and 1-month rate. Panel C shows the rolling effect of a positive (β1,positive ) and negative (β1,negative )
surprise to the difference between the 10- and 5-year rate. See also the Notes to Figure 3.7.

To check for asymmetry in the effects of the baseline estimation, Figure 3.10 presents
rolling estimations using model (3.2). The p-values of the rolling Z-test for the significance of the difference between the coefficient estimates for positive and negative sur87
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Figure 3.11: Statistical difference between positive and negative surprises
Notes: This figure shows the rolling p-values of the Z-test for the significance of asymmetry in the effects
of model (3.2). ‘Level surprise’ represents the rolling test outcome for H0 : β1,positive = β1,negative .
‘shorter-end slope surprise’ represents the rolling test outcome for H0 : β2,positive = β2,negative . ‘longerend slope surprise’ represents the rolling test outcome for H0 : β3,positive = β3,negative . The dashed
horizontal line represents the 10% significance level. See also the Notes to Figure 3.7.

prises are displayed in Figure 3.11. The results indicate that the pattern of the rolling
effects of a level and shorter-end slope surprise look relatively similar for positive and
negative surprises. Both a positive and negative surprise to the level and shorter-end
slope of the yield curve have relatively similar significant effects on bank stock prices
once the interest rate environment turns negative (Figure 3.10, Panels A and B). Figure
3.11 shows that these effects are not statistically different from each other in times of
negative interest rates. This is in line with the results of Altavilla et al. (2019b) who
find no evidence for asymmetric responses of European financial market variables to
positive and negative surprises. However, when the interest rate environment is negative, asymmetry is observed in the effects of longer-end slope surprises on the bank
stock index. While negative surprises have no significant effects, the bank stock index
reacts significantly to a positive longer-end slope surprise (Figure 3.10, Panel C). The
difference between these two effects is statistically significant in times of negative interest
rates (Figure 3.11). This result again indicates that a flattening of the longer-end slope
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of the yield curve does not influence bank stock prices when interest rates are negative.
To check the persistence of the effects on the bank stock index, Figures 3.12 and
3.13 present local projections using model (3.3), showing the cumulative effects when the
forecast horizon is 1 and 4 days, respectively. The estimations are run over fixed windows
of 1461 observations. Together with the effects at announcement, the estimations analyze
the persistence of the effects over an entire working week. Newey-West standard errors
robust to heteroscedasticity and autocorrelation up to the ninth lag are used. The results
suggest that in a negative interest rate environment, the effects on the bank stock index
of a surprise to the level and shorter-end slope of the yield curve are persistent. When
the interest rate environment is low but positive, the effects are not persistent.
On the first day after the announcement, the effects of a level and shorter-end slope
surprise on the bank stock index are economically and statistically significant during the
negative interest rate period (Figure 3.12, Panel A). When the interest rate environment
is negative, a parallel downward yield curve shift of 10 basis points significantly decreases
the bank stock index by more than 2 percentage points the next day. In times of low but
positive interest rates, the effect of a level surprise on the bank stock index is insignificant
the day after the announcement. Similarly, the first day after the announcement, a 10basis-points drop in the 5-year rate relative to the 1-month rate decreases the bank stock
index by 2.5 percentage points when the rate environment is negative (Figure 3.12, Panel
B). This effect is significant at the 1% level in the last estimation windows. In a low but
positive interest rate environment, the effect of a longer-end slope surprise is also found
to significantly persist the first day after the announcement, but this effect disappears
and becomes insignificant once interest rates turn negative (Figure 3.12, Panel C).
While reversing to some degree, the effects of a level and shorter-end slope surprise
on the bank stock index persist the fourth day after the announcement in a negative
interest rate environment. When the interest rate environment is negative, a parallel
downward yield curve shift of 10 basis points decreases the bank stock index by around
1 percentage point the fourth day after the announcement. This is about half the size of
the announcement effect. These local projections are only significant at the 10% level in
a few estimation windows however (Figure 3.13, Panel A). In times of low but positive
interest rates, the effect of a level surprise remains insignificant. The effect of a shorter89
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Figure 3.12: Cumulative effects on the bank stock index 1 day after announcement
Notes: This figure shows the rolling local projections for model (3.3) when the forecast horizon is 1 day.
The estimations are run over fixed windows of 1461 observations, such that the last window covers the
maximum period from the introduction of the ECB’s negative interest rate policy in June 2014 until
the most recent available date in the sample. The dependent variable measures end-of-day movements
in the log of the bank stock index (SX7E). End-of-day movements in the log of the broad stock market
index (STOXX50) and (T)LTRO announcements are controlled for. Newey-West standard errors robust
to heteroscedasticity and autocorrelation up to the ninth lag are used. See also the Notes to Figure 3.7.
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Figure 3.13: Cumulative effects on the bank stock index 4 days after announcement
Notes: This figure shows the rolling local projections for model (3.3) when the forecast horizon is 4
days. See also the Notes to Figure 3.12.
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end slope surprise on the bank stock index is significantly positive the fourth day after
the announcement in all estimation windows during the negative interest rate period.
Economically, the bank stock index remains 2 percentage points lower the fourth day
after a 10-basis-points drop in the 5-year rate relative to the 1-month rate (Figure 3.13,
Panel B). By contrast, the fourth day after the announcement in a low but positive
interest rate environment, a shorter-end slope surprise no longer affects the bank stock
index. Similar to previous estimations, the effect of a longer-end slope surprise on the
bank stock index remains insignificant the fourth day after the announcement (Figure
3.13, Panel C). Also, substituting the German government bond rates with longer-term
OIS rates does not change the persistence of the effects (available upon request).
3.4.2

Effects on individual bank stock prices

As the bank stock index is capitalization-weighted, the previous results may be driven
by the largest banks. Moreover, unobserved differences between banks may drive the
results. To analyze the average effects of yield curve surprises on individual bank stock
prices, Figures 3.14, 3.15 and 3.16 present the rolling panel local projections using model
(3.4) with bank fixed effects. The figures show the cumulative effects when the forecast
horizon is 0, 1 and 4 days, respectively. The estimations are run over fixed windows of
1461 observations. Robust standard errors clustered at the bank-level are used.
The results indicate that at announcement, a surprise to the level, shorter-end slope
and longer-end slope of the yield curve significantly affects bank stock prices once the low
interest rate environment enters the sample period.18 In times of negative interest rates,
the effects of the level and shorter-end slope surprise remain statistically significant,
while the effect of a longer-end slope surprise turns insignificant in the last estimation
windows.19 A parallel 10-basis-points drop in the yield curve decreases bank stock prices
by around 1.5 percentage points in both a low but positive and negative interest rate
18

These effects may in part also reflect the European banking and sovereign debt crisis. To the extent
monetary policy surprises amplify the adverse effects of financial and sovereign debt stress on bank
balance sheets, banks may face a disadvantage compared to the broader market. By contrast, as most
European financial markets stabilized by the end of 2012, and the post-crisis implementation of new
macroprudential policies further buttressed the banking sector’s resilience, financial and sovereign debt
stress are less of an explanation for monetary policy effects in times of negative interest rates.
19
The bank fixed effects are significantly different from zero in almost all estimation windows (also in
the remainder of this chapter).

92

Monetary policy and bank performance in times of negative interest rates

Panel A: Level surprise

0.2

Coefficient

Negative rate
environment enters
sample period

Low rate
environment enters
sample period

0.3

0.1
0
-0.1

Panel B: Shorter-end slope surprise

0.3

Coefficient

0.2
0.1
0
-0.1

Panel C: Longer-end slope surprise

0.5

Coefficient

0.3
0.1
-0.1

2014/2020

2013/2019

2012/2018

2011/2017

2010/2016

2009/2015

2009/2014

2008/2013

2007/2012

2006/2011

2005/2011

2004/2010

2003/2009

2002/2008

2001/2007

2000/2006

2000/2005

-0.3

Figure 3.14: Effects of yield curve surprises on bank stocks at announcement
Notes: This figure shows the rolling panel estimations for model (3.4) on the day of the monetary policy
announcement. Robust standard errors clustered at the bank-level are used. See also the Notes to
Figure 3.12.
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Figure 3.15: Cumulative effects on bank stocks 1 day after announcement
Notes: This figure shows the rolling panel local projections for model (3.4) when the forecast horizon is
1 day. See also the Notes to Figure 3.14.

environment (Figure 3.14, Panel A). Relative to the 1-month rate, a 10-basis-points
drop in the 5-year rate also decreases bank stock prices by around 1.5 percentage points
in the low but positive and negative interest rate environment (Figure 3.14, Panel B).
Relative to the 5-year rate, a 10-basis-points drop in the 10-year rate decreases bank
stock prices by around 3 percentage points in times of low but positive interest rates
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Figure 3.16: Cumulative effects on bank stocks 4 days after announcement
Notes: This figure shows the rolling panel local projections for model (3.4) when the forecast horizon is
4 days. See also the Notes to Figure 3.14.
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(Figure 3.14, Panel C). However, as the interest rate environment becomes negative, the
effect of a longer-end slope surprise on bank stock prices decreases and eventually turns
insignificant.
Turning to the 1- and 4-day projections, the results show the effects of a level and
shorter-end slope surprise on individual bank stock prices are persistent when the interest
rate environment is negative. In times of low but positive interest rates, individual
bank stock prices also react significantly to a level and slope surprise the day after
the announcement. However, the significance of these effects disappears the fourth day
after the monetary policy decision took place. This suggests that the effects of a level
and slope surprise on bank stock prices are not persistent when interest rates are low
but still positive. By contrast, when the interest rate environment is negative, bank
stock prices remain 1.5 percentage points lower the first and fourth day after a parallel
downward yield curve shift of 10 basis points (Figure 3.15 and Figure 3.16, Panel A).
Similarly, in the last estimation windows when the interest rate environment is negative,
individual bank stock prices remain 2 to 3 percentage points lower on the first and fourth
day after a 10-basis-points drop in the 5-year rate relative to the 1-month rate (Figure
3.15 and Figure 3.16, Panel B). These local projections are significant in all estimation
windows after the negative interest rate environment enters the sample period. While
bank stock prices also react significantly to longer-end slope surprises the first day after
the announcement in a low but positive interest rate environment, this effect turns
insignificant on the fourth day (Figure 3.15 and 3.16, Panel C). In the estimation windows
that include the start of the negative interest rate environment, a significant effect is
observed the fourth day after a longer-end slope surprise, but this effect decreases both
economically and statistically as the interest rate environment turns more negative.
3.4.3

Effects on stock prices of banks relatively dependent on deposits

In times of low and negative interest rates, yield curve surprises are expected to have
larger effects on stock prices of banks that are relatively dependent on deposit funding.
This is because the performance of these banks is likely to be more affected by changes
to the deposit margin than the performance of banks with a relatively small share of
deposit funding. To identify this deposits channel of monetary policy, Figures 3.17, 3.18
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and 3.19 display the rolling panel local projections using model (3.5). This model analyzes differences between the effects of yield curve surprises on stock prices of banks
relatively dependent and independent on deposit funding. The figures show the cumulative effects when the forecast horizon is 0, 1 and 4 days, respectively. The significance
of the difference between the coefficient estimates for banks relatively dependent and
independent on deposit funding is tested using a rolling Z-test.
The results indicate that once the interest rate environment is negative, the effects
on stock prices of a level and shorter-end slope surprise are larger for banks relatively
dependent on deposit funding. When interest rates are negative, a 10-basis-points parallel shift in the yield curve and flattening of the shorter-end of the yield curve reduce
stock prices of deposit-dependent banks by around 2 percentage points (Figure 3.17,
Panels A and B). Stock prices of banks that are less dependent on deposit funding only
drop by around 1 percentage point in times of negative interest rates. These effects are
statistically significant. By contrast, longer-end slope surprises are not found to have
different effects on the two types of banks’ stock prices in a negative interest rate environment (Figure 3.17, Panel C). In this environment, the effects of longer-end slope
surprises on bank stock prices are insignificant for both high and low deposit-dependent
banks. When interest rates are low but positive, the effects of the yield curve surprises
are relatively similar for both groups of banks. Stock prices fall by around 1.5 to 2
percentage points in response to a 10-basis-points parallel drop in the yield curve and
flattening of the shorter-end of the yield curve. A downward longer-end slope surprise
of 10 basis points reduces stock prices of banks by around 3 percentage points. These
effects are statistically significant.
Figures 3.18 and 3.19 show that the effects of a level and shorter-end slope surprise
on stock prices of banks more dependent on deposit funding are persistent, especially in
times of negative interest rates. The first and fourth day after a parallel yield curve shift
of 10 basis points in a low but positive and negative interest rate environment, stock
prices of banks relatively dependent on deposit funding are lower by 2 to 3 and 2 to 5
percentage points, respectively (Figures 3.18 and 19, 3.Panel A). The first and fourth
day after a 10-basis-points drop in the 5-year rate relative to the 1-month rate, stock
prices of banks relatively dependent on deposit funding are lower by 2 to 4 percentage
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Figure 3.17: Effects of yield curve surprises on bank stocks at announcement
Notes: This figure shows the rolling panel estimations for model (3.5) on the day of the monetary
policy announcement. The dependent variable measures end-of-day movements in the log of individual
bank stocks. Panel A shows the rolling effect of a level surprise to the yield curve for banks relatively
dependent (β1,high,0 ) and independent (β1,low,0 ) on deposit funding. Panel B shows the rolling effect of a
surprise to the difference between the 5-year and 1-month rate for banks relatively dependent (β2,high,0 )
and independent (β2,low,0 ) on deposit funding. Panel C shows the rolling effect of a surprise to the
difference between the 10- and 5-year rate for banks relatively dependent (β3,high,0 ) and independent
(β3,low,0 ) on deposit funding. End-of-day movements in the log of the broad stock market index,
(T)LTRO announcements and bank fixed effects are controlled for. See also the Notes to Figure 3.14.
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Figure 3.18: Cumulative effects on bank stocks 1 day after announcement
Notes: This figure shows the rolling panel local projections for model (3.5) when the forecast horizon is
1 day. See also the Notes to Figure 3.17.
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points (Figure 3.18 and Figure 3.19, Panel B). These local projections are statistically
significant when the negative interest rate environment enters the sample. During the
period of low but positive interest rates, these effects are only significant in some of the
estimation windows. Similarly, the effect of a longer-end slope surprise on stock prices of
bank relatively dependent on deposit funding persists the first and fourth day after the
announcement in a low but positive rate environment. However, these effects diminish
as the negative interest rate environment enters the sample period. The first and fourth
day after a 10-basis-points drop in the 10-year rate relative to the 1-month rate, stock
prices of banks relatively dependent on deposit funding are 1 percentage point lower in
the last estimation windows (Figure 3.18 and Figure 3.19, Panel C). These estimations
are significant in most of the last estimation windows.
When analyzing the stock prices of banks that are less dependent on deposit funding,
the local projections look different. The effect of a level surprise on stock prices of
deposit-independent banks persists the first day after the announcement, but reverses the
fourth day after the announcement. The effect of shorter- and longer-end slope surprises
on stock prices of banks relatively independent on deposit funding also disappear the
fourth day after the announcement in the low but positive interest rate environment.
However, the effect of shorter-end slope surprises persists the fourth day when the interest
rate environment is negative. The fourth day after a 10-basis-points drop in the 5-year
rate relative to the 1-month rate, stock prices of banks relatively independent on deposit
funding remain 1 percentage point lower in the last estimation windows (Figure 3.19,
Panel B). This effect is statistically significant.
Figure 3.20 shows the p-values of the rolling Z-test for the significance of the difference between the coefficient estimates for banks more and less dependent on deposit
funding. The forecast horizon is 0 days in Panel A, 1 day in Panel B and 4 days in
Panel C. The horizontal dashed line represents the 10% significance level. The results
show that in case of level and shorter-end slope surprises in times of negative interest
rates, the effects on stock prices of relatively deposit-dependent and -independent banks
are statistically different from each other for all forecast horizons. The effects of longerend slope surprises are not statistically different from each other at announcement, but
become significantly different the first and fourth day after the announcement.
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Figure 3.19: Cumulative effects on bank stocks 4 days after announcement
Notes: This figure shows the rolling panel local projections for model (3.5) when the forecast horizon is
4 days. See also the Notes to Figure 3.17.
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Figure 3.20: Statistical difference between deposit-dependent and -independent banks
Notes: This figure shows the rolling p-values of the Z-test for the significance of the difference between
the coefficient estimates of model (3.5) for banks relatively dependent and independent on deposit
funding. The forecast horizon is 0 days in Panel A, 1 day in Panel B and 4 days in Panel C. ‘Level
surprise’ represents the rolling test outcome for H0 : β1,high,h = β1,low,h for h = 0, 1 and 4. ‘shorter-end
slope surprise’ represents the rolling test outcome for H0 : β2,high,h = β2,low,h for h = 0, 1 and 4.
‘longer-end slope surprise’ represents the rolling test outcome for H0 : β3,high,h = β3,low,h for h = 0, 1
and 4. The dashed horizontal line represents the 10% significance level.
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3.4.4

Other robustness checks

Several other robustness checks are performed (all available upon request). First, all
models are augmented with the first lag of the dependent variable on the right-hand
side of the equation to address potential concerns that the relationship is dynamic. The
estimated coefficients of the lagged dependent variable are close to zero and the main
results remain unaffected, both statistically and economically. This is in line with the
view that stock prices are forward-looking, reflecting the market valuation of equity
based on the expected future discounted cash flow at any time. Second, the size of
the rolling estimation windows is changed using all models. Increasing the number of
observations yields similar results. Decreasing the number of observations also gives
similar results, except that the fourth day after a surprise to the level of the yield curve,
the effect on bank stock prices reverses. The fourth day after an unanticipated flattening
of the shorter-end of the yield curve, bank stock prices remain significantly lower. Third,
the forecast horizon is extended with several days in models (3.3), (3.4) and (3.5). The
persistence of the effects remains.

3.5

Conclusion

A prolonged period of negative interest rates has implications for the performance of
banks, as retail deposit rates are stuck at zero. This chapter investigates whether bank
stock prices react differently to changes to the shorter- versus the longer-end of the
yield curve in times of negative interest rates. Unanticipated interest rate changes are
identified with high-frequency data around 269 ECB monetary policy announcements
from January 1999 to January 2020.
The results indicate that negative interest rates matter for bank stock prices. Controlling for broad stock market movements, an unanticipated downward shift in the yield
curve and flattening of the shorter-end of the yield curve resulting from monetary policy
announcements persistently reduce bank stock prices in a low and especially negative
interest rate environment. Bank stocks thus face a disadvantage compared to the broad
stock market when interest rates are negative. This is consistent with the deposits channel of monetary policy. Three sets of results reinforce this conclusion. First, once the
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interest rate environment turns negative, level and shorter-end slope surprises have a
larger effect on stock prices of banks that are relatively dependent on deposit funding.
In such an environment, deposit margins may turn negative as a result of sticky deposit
rates, which impacts the performance of deposit-dependent banks. Second, the days
after the announcement, the effects are also more persistent for banks that are relatively
dependent on deposit funding. Third, flattening the longer-end of the yield curve does
not generate significant effects on bank stock prices in times of negative interest rates.
Deposit margins may remain relatively unaffected when targeting only the longer-end
slope of the yield curve due to the relatively low average duration of deposits.
Looking forward, a prolonged period of negative interest rates may be expected to
hurt bank performance. This may reduce bank lending and hamper the transmission of
monetary policy stimulus. The design of monetary policy can take this into account.
The findings suggest that distortions stemming from deposit rates bound at zero are
lower when targeting the longer- rather than the shorter-end of the yield curve in a
negative interest rate environment. From this perspective, QE and YCC deserve special
consideration when interest rates are negative and further monetary accommodation is
called for.
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Eurosystem corporate sector purchases and bank
dependence

This chapter is based on Bats (2020)

Eurosystem corporate sector purchases and bank dependence

4.1

Introduction

Banks are a major financing source for non-financial corporations, especially those that
are small or medium in size. Banks can overcome information asymmetry problems that
are costly for markets (Boot, 2000). However, banks are leveraged institutions that may
have to shrink their balance sheet during financial or sovereign crises (see e.g. Bocola,
2016).1 This may reduce bank lending (Ivashina and Scharfstein, 2010, Gambacorta and
Marques-Ibanez, 2011, Abbassi et al., 2016, Kurz and Kleimeier, 2019), deteriorate the
performance of bank-dependent corporates (Chava and Purnanandam, 2011, Acharya
et al., 2018, Farinha et al., 2019), decrease employment growth and capital spending at
these corporates (Campello et al., 2010, Chodorow-Reich, 2014, Cingano et al., 2016)
and exacerbate an economic downturn. Systemic risk and output costs of financial crises
are relatively high in bank-based economies (see e.g. Gambacorta et al., 2014 and Bats
and Houben, 2020). By implication, corporates’ dependence on banks can undermine
real economic activity in a bank-deleveraging environment when few alternative sources
of financing exist.
Market financing can mitigate real economic losses during banking crises by acting
as an alternative when bank financing is disrupted (Adrian et al., 2013, Becker and
Ivashina, 2014, Crouzet, 2017, Grjebine et al., 2018). This ‘spare tire’ effect makes market financing less volatile and pro-cyclical than bank financing (Korajczyk and Levy,
2003, Levy and Hennessy, 2007, Covas and Den Haan, 2011, Becker and Ivashina, 2014).
However, markets have limited scope to develop and function as a spare tire when bank
financing dominates (Greenspan, 1999).2 The substitution from bank to market credit
may therefore be smaller in relatively bank-based financial structures such as in Europe
(Langfield and Pagano, 2016), sustaining the bank dependence of European corporates.
Especially smaller corporates face a comparative disadvantage in financial structures
with relatively underdeveloped financial markets, as they pay premia for primary issuances of new debt. This is because secondary corporate bond market transactions
remain costly for trade sizes that are relatively small (Edwards et al., 2007) and have
1

A bank’s leverage is related to its survival probability during crises (Berger and Bouwman, 2013).
Moreover, market fragmentation may limit cross-border financing within capital markets, as is the
case in Europe (Horny et al., 2018).
2
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low transparency (Bessembinder and Maxwell, 2008). Any shift to more market financing on the aggregate level may thus be driven by the largest corporates, which generally
have the lowest relative issuance costs and better access to capital markets.
To ease financing conditions in Europe, the Eurosystem launched the CSPP in the
first half of 2016. The CSPP is part of the Asset Purchase Programme (APP), which
was launched in 2015.3 Under the CSPP, the Eurosystem purchases large amounts of
investment-grade euro-denominated corporate bonds in primary and secondary markets.
Purchases involve bonds issued by corporates established in the euro area. Corporates
cannot initiate transactions under the CSPP; the Eurosystem decides which corporate
bonds will be purchased. Issuing eligible debt does therefore not necessarily imply that
it will be purchased by the Eurosystem. In primary markets, banks function as brokers
by intermediating between issuing corporates and investors. Banks function as dealers
in secondary markets, intermediating between non-bank sellers and the Eurosystem, as
banks generally hold relatively little corporate debt on their own balance sheets; GrosseRueschkamp et al. (2019) show that corporate debt securities account for 0.5% of assets
of banks in the eurozone. The eligibility of small-sized bonds allows the Eurosystem
to also purchase bonds issued by relatively small corporates. The net corporate bond
purchases were temporarily ended between December 2018 and November 2019, but the
Eurosystem continued to reinvest the principal payments from all redeeming corporate
bonds during that time (ECB, 2019).
With the CSPP, the Eurosystem entered the corporate debt market as a new priceinsensitive buyer and changed the relative demand for corporate debt. This puts downward pressure on corporate bond yields.4 Several studies find that the CSPP tightens
corporate bond yields (Cecchetti, 2017, Abidi and Miquel-Flores, 2018, Todorov, 2019,
Arce et al., 2020).5 In addition, the Eurosystem’s Public Sector Purchase Programme
(PSPP) impacts corporate bond yields via portfolio rebalancing (see e.g. Albertazzi et
al., 2018; see also Gagnon et al., 2011 and Krishnamurthy and Vissing-Jorgensen, 2011
3

In addition to the CSPP, the APP consists of the Public Sector Purchase Programme (PSPP),
Asset-Backed Securities Purchase Programme (ABSPP) and third Covered Bond Purchase Programme
(CBPP3). Together, they make up the quantitative easing policy of the Eurosystem.
4
Corporate bond yields had risen in prior years, partly on account of stress in the sovereign debt
market during the European sovereign debt crisis of 2010-2012 (Bedendo and Colla, 2015).
5
Similarly, Boneva et al. (2018) find that the Bank of England’s corporate bond purchase scheme
effectively reduces corporate bond spreads.
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for portfolio rebalancing effects in the United States). As a result, corporates may be
incentivized to substitute bank financing with market debt financing, leading to a shift
in corporates’ funding structure over time. Indeed, the ECB has established that, at the
aggregate level, corporates have shifted from bank to market financing as a consequence
of tightening corporate bond spreads since the start of the CSPP (ECB, 2018).
The downward pressure on corporate bond yields is a market-wide phenomenon that
may impact the financing conditions of all corporates within countries and rating classes.
But the CSPP also creates effects at the micro-level, temporarily increasing the market
liquidity of corporate debt securities purchased under the CSPP and decreasing their
price frictions (theory on this is provided by D’Amico and King, 2013).6 The effect of the
CSPP on bank dependence may therefore be heterogeneous across corporates, depending
on whether a corporate’s debt is purchased under the CSPP. Figure 4.1 accordingly shows
that corporates whose debt is purchased under the CSPP reduced their dependence on
bank financing. By contrast, corporates with access to capital markets, but whose debt
is not purchased under the CSPP, did not reduce their dependence on banks.
Indeed, eligible corporates started to increase their bond issuance (De Santis and
Zaghini, 2019) and substitute bank loans with market debt after the announcement of
the CSPP (Grosse-Reuschkamp et al., 2019, Arce et al., 2020). This also benefits noneligible corporates or corporates that do not have access to market debt financing, as
freed up balance sheet space leads banks to increase their lending to these corporates (see
also Betz and De Santis, 2019). However, when the treatment criterion is based solely on
bond eligibility, estimating the effect of the CSPP on corporate funding structures brings
about a quantification issue. This is because not all eligible bonds have been purchased
in the first years of the CSPP and the relative amount of eligible debt purchased varies
between corporates. A corporate’s incentive to substitute bank loans with other forms of
debt depends on the relative amount of its debt purchased by the ECB, considering that
purchasing bonds increases their market liquidity and reduces price frictions. The latter
is reflected in the findings by Zaghini (2019), who shows that yield spreads on corporate
bonds purchased under the CSPP have reduced by more than the spreads on corporate
6

Similarly, the Bank of England’s corporate bond purchase scheme and the Federal Reserve Bank’s
Treasury purchase program improve the liquidity conditions of purchased bonds (Christensen and Gillan,
2019, Boneva et al., 2019).
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Figure 4.1: Corporates’ dependence on bank financing
Notes: This figure shows that the mean of bank loans over total debt of corporates whose debt is
not purchased by the Eurosystem has remained relatively stable, even after the introduction of the
CSPP. By contrast, the mean of bank loans over total debt of corporates whose debt is purchased by
the Eurosystem has reduced, especially after the start of the CSPP. The ratio of bank loans over total
debt is considered an indicator for a corporate’s dependence on bank financing. The end-of-year data
(represented by the dots) stem from the microdata panel used in the rest of this chapter.

bonds that were eligible, but not (yet) purchased by the Eurosystem. The CSPP’s effect
on bank dependence may thus be heterogeneous across eligible corporates. Moreover, a
corporate’s ability to reduce its dependence on bank financing may also be determined
by factors such as its individual financing costs and market valuation. As such, GrosseReuschkamp et al. (2019) and Arce et al. (2020) measure the CSPP’s average impact
on the funding structure of the group of eligible corporates.
The contribution of this chapter is to solve the quantification issue of the above
papers, by using more extended and confidential data on all CSPP purchases and corporate financial statements. This dataset allows for basing the treatment criterion on the
accumulated amount of a corporate’s debt purchased under the CSPP, thereby quanti112
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fying the impact of CSPP purchases on a corporate’s bank dependence. In addition, this
chapter takes into account corporate-specific characteristics that influence a corporate’s
ability to attract market funding. The main hypothesis tested is that a corporate’s
dependence on bank financing decreases with the accumulated amount of its debt purchased by the Eurosystem over time.
To explore the corporate-level effect that stems from increasing the market liquidity
of debt securities purchased under the CSPP, regression models are estimated over a
microdata panel of 672 non-financial corporations headquartered in the euro area. These
corporations are relatively homogeneous in terms of asset size and all have access to
capital markets. The estimations make use of several fixed effects specifications, which
include interacted fixed effects to control for changes in corporate bond yields over
time and across countries and sectors. As a robustness check, generalized methodof-moments (GMM) panel estimations are employed on a dynamic model to address
potential concerns that the relationship is endogenous and/or dynamic.
The estimations lead to several key findings. First, the CSPP reduces the bank dependence of non-financial corporates. Corporates whose debt is purchased under the
CSPP reduce dependence on bank financing one-on-one with the accumulated amount
of debt purchased over time. Second, these corporates only change their funding structure, because the CSPP does not increase a corporate’s total debt. This indicates that
corporates whose debt is purchased under the CSPP are not financially constrained,
which is in line with recent findings that the CSPP does not lead to new investment
by eligible corporates (e.g. Grosse-Reuschkamp et al., 2019, Todorov, 2019). Third,
the effect on a corporate’s funding structure depends on its financing costs. Corporates
only reduce their dependence on bank financing when they face relatively high interest
payments or financial expenses. Fourth, the market valuation of a corporate determines
whether the CSPP reduces a corporate’s dependence on banks. Corporates only substitute bank loans with other forms of debt when they have a relatively high price-to-book
ratio. Fifth, the effect of the CSPP on a corporate’s bank dependence is non-linearly
related to the relative accumulated amount of debt purchased; the downward effect on
bank dependence is largest for those corporates of which most debt is purchased under
the CSPP, relative to their total stock of debt. This suggests that market liquidity ef113
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fects, which reduce price frictions and incentivize the substitution from bank financing
to other forms of financing, increase when more of the same type of debt is purchased.
The findings are robust to several alternative specifications and data changes.
The rest of this chapter is organized as follows. Section 4.2 discusses the methodology.
Section 4.3 describes the data. The empirical results are discussed in Section 4.4. Section
4.5 discusses the results of the robustness checks. Section 4.6 concludes.

4.2

Methodology

To analyze the impact of the accumulated Eurosystem corporate sector purchases on a
corporate’s bank dependence, several fixed effects regression models are estimated. The
first model estimates the linear effect of the CSPP on a corporate’s bank dependence.
This is considered the baseline model. The second model augments the baseline model
with several interaction variables that account for the influence of a corporate’s financing
costs and price-to-book ratio. The third model transforms the baseline model into a
cubic model to determine whether the CSPP’s effect on a corporate’s bank dependence
is non-linearly dependent on the relative accumulated amount of debt purchased.
4.2.1

CSPP’s effect on a corporate’s bank dependence

The following baseline regression model is estimated:
0

0

BDi,j,s,t = α + β CSP Pi,s,j,t + ζ Xi,j,s,t + µi,j,s + ηt + κs,t + νj,t + εi,j,s,t

(4.1)

where BDi,j,s,t is the measure for a corporate’s bank dependence, CSP Pi,s,j,t represents
two CSPP indicators, Xi,j,s,t is a set of corporate-specific control variables, µi,j,s denotes
time-invariant fixed effects (either corporate, country or sector fixed effects), ηt , κs,t and
νj,t are time, sector*time and country*time fixed effects respectively, εi,j,s,t is the error
term and the subscripts i, j, s and t denote the corporation, country, sector and time
period, respectively. As structural changes in a corporate’s funding structure take time,
the time period is yearly.
The dummies µi,j,s and ηt capture unobserved differences between corporates, countries and sectors, and over time, reflecting e.g. differences in corporate structure and
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size, macro-economic and financial structure developments, developments in European
capital markets, flattening of the the corporate bond yield curve and M&A activity.7
The sector*time and country*time fixed effects take account of unobserved time-varying
sector- and country-specific characteristics, such as a sector’s and country’s demand for
credit, and changes in corporate bond yields across sectors and countries. These fixed
effects thus contribute to the identification of the CSPP’s effect on a corporate’s bank
dependence stemming from increased market liquidity.8 The time, sector*time and country*time fixed effects are included separately to prevent multicollinearity issues in the
two-dimensional panel data.
This chapter is interested in the degree of bank funding relative to debt financing,
rather than total financing (debt + equity financing). Corporate-specific bank dependence is therefore measured by the ratio of bank loans over total debt liabilities.9 This
indicator is not affected by changes on the asset side of the balance sheet. If total assets
would be used as a denominator, changes in equity would lead to incorrect signals that
a corporate changed its degree of bank funding relative to total debt financing. As a
robustness check, the bank dependence indicator is substituted with the ratio of bank
loans over total assets (also using the other models of this chapter).
The CSPP is represented by two indicators. The first indicator is defined as the
ratio of a corporate’s nominal debt purchased under the CSPP over a corporate’s total
debt liabilities.10 The yearly nominal CSPP purchases exclude a corporate’s redeeming
bonds in that year. The indicator thus represents the Eurosystem’s total amount of
claims on a corporate by the end of the year. This chapter is also interested in whether
the Eurosystem’s yearly flow of purchases influences a corporate’s funding structure. The
second CSPP indicator is therefore defined as the first difference of the former CSPP
indicator.
In addition to the fixed effects, the model includes several time-varying corporatespecific control variables similar to Becker and Ivashina (2014) and Acharya et al. (2018):
7

Larger corporates are generally more involved in M&A’s, which may result in new debt issuance.
For a more extensive explanation on how to interpret interacted fixed effects, see Khwaja and Mian
(2008).
9
Non-bank loans are not included in the numerator.
10
When a corporate’s debt has not been purchased under the CSPP, the CSPP indicator equals 0 in
that period.
8
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long-term debt over total assets and total debt over equity control for leverage, the total
net amount of Property, Plant and Equipment (PPE) over total assets controls for
the net value of tangible collateral, ROA using net income controls for performance,
retained earnings over total assets controls for dependence on internal financing and
the interest coverage ratio controls for the rating (Standard & Poor’s assigns ratings on
the basis of coverage ratios, see e.g. Standard & Poor’s, 2006).11 This chapter uses the
four-year rolling median Earnings Before Interest, Taxes, Depreciation and Amortization
(EBITDA) over the four-year median rolling interest paid as an indicator for the coverage
ratio. Applying a four-year rolling median corrects for negative values of interest paid;
negative denominator values misspecify the value of the coverage ratio. The series are
extrapolated over time to make up for the missing values that result from the rolling
median. As an alternative, the negative values of the denominator are set to zero in a
separate robustness check. Together, the above variables control for factors that may
influence the supply of funding, such as a corporate’s creditworthiness.
Total debt is included as the denominator in both the bank dependence and CSPP
indicators. A simultaneity bias can therefore arise when a corporate’s stock of bank
loans and debt purchased under the CSPP are jointly determined. This can occur when
the Eurosystem is more inclined to purchase debt of a corporate that has recently shifted
to market financing, since new debt issuance is generally associated with higher liquidity. However, estimating fixed effects regressions with instrumental variables to address
these endogeneity concerns leads to inconsistent estimations when the instruments are
weakly exogenous in samples with short time periods (Wooldridge, 2002, Arellano, 2003,
Cameron and Trivedi, 2005). Moreover, the relationship between a corporate’s bank
dependence and the CSPP may be dynamic. Fixed effects estimations cannot account
for dynamics in samples with short time periods since the Nickell bias becomes relatively large. Therefore, in a separate robustness check, two-step system GMM panel
estimations are carried out on a dynamic version of model (4.1):
0

0

BDi,j,s,t = α+γBDi,j,s,t−1 +β CSP Pi,s,j,t +ζ Xi,j,s,t +µi,j,s +ηt +κs,t +νj,t +εi,j,s,t (4.2)
11
The interest coverage ratio is used as an alternative control for the rating, since not all corporates
in the sample are rated; not all corporates are publicly listed while having access to capital markets.
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where the first lag of the bank dependence indicator is included on the right-hand side
of the equation.12 The estimations are based on Arellano and Bond (1991) and Arellano
and Bover (1995). Unobserved corporate-specific effects are eliminated by taking the
first difference of equation (4.2). It is assumed that the CSPP indicators and all other
right-hand side variables are weakly exogenous, i.e. that they may be correlated with
lagged observations of a corporate’s bank dependence, but are uncorrelated with current
and future realizations of the error term. To address this, the first lag of the right-hand
side variables of model (4.2) are included as instruments for the regression in differences,
also referred to as internal instruments.13 The system GMM estimator combines the
regression in first-differences with the original regression in levels. In contrast to the
difference GMM estimator, the system GMM estimator increases the efficiency and reduces a potential finite sample bias (Blundell and Bond, 1998). The regression in levels
includes the first lag of the difference of the CSPP indicators and all control variables as
instruments. These instruments are appropriate under the assumption that the righthand side variables may be correlated with the time-invariant fixed effects when the
right-hand side variables are in levels, but not when they are in differences (see Arellano
and Bover, 1995). The time, sector*time and country*time dummies are included as
exogenous instruments in the system of regressions.
In an additional robustness check, the model controls for linear and quadratic trends,
specifically for corporates whose debt is purchased under the CSPP (also using the other
models of this chapter). The linear and quadratic trend variables are set to zero for
corporates whose debt is not purchased under the CSPP. Controlling for treatmentspecific trends seems necessary, as Figure 4.1 suggests that the dependence on banks
of corporates whose debt is purchased by the Eurosystem already decreased in the first
years of the sample period (although this downward trend reversed partly during 20122015). By contrast, the bank dependence of corporates whose debt is not purchased
under the CSPP remained relatively stable over time. This chapter also includes linear
and quadratic trends that are homogeneous across all corporates in the sample.
12

Sector*time fixed effects for the sectors related to biotechnology and life sciences, and waste management and treatment are excluded. These sectors have relatively few observations (see Table 3) which
leads to multicollinearity issues in the regression.
13
The instruments are not collapsed, meaning an instrument is created for each time period.
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Changes in the bank dependence indicator can stem from either changes in bank loans
(numerator) or total debt (denominator). To focus on the numerator effect, fixed effects
estimations are performed on a regression model that includes the log of a corporate’s
bank loans as the dependent variable:
0

0

Log( BLi,j,s,t ) = α + β CSP Pi,s,j,t + ζ Xi,j,s,t + µi,j,s + ηt + κs,t + νj,t + εi,j,s,t

(4.3)

where Log( BLi,j,s,t ) represents the log of a corporate’s bank loan liabilities. This loglinear model estimates the effects of the CSPP indicators on the percentage change in
a corporate’s stock of bank loans. To focus on the denominator effect, fixed effects
estimations are employed on a regression model that includes the log of a corporate’s
total debt as the dependent variable:
0

0

Log( T Di,j,s,t ) = α + β CSP Pi,s,j,t + ζ Xi,j,s,t + µi,j,s + ηt + κs,t + νj,t + εi,j,s,t

(4.4)

where Log( T Di,j,s,t ) represents the log of a corporate’s total debt liabilities. This loglinear model estimates the effects of the CSPP indicators on the percentage change in a
corporate’s total debt.

4.2.2

The influence of financing costs and the price-to-book ratio

The extent to which the CSPP incentivizes corporates to substitute bank loans with other
forms of debt may depend on the relative amount of a corporate’s financing costs. This is
because CSPP’s negative effect on a corporate’s cost of debt may be larger when higher
interest rates or financial expenses are associated with higher price frictions of debt.
Model (4.1) is therefore augmented with an interaction between the CSPP indicators
and two separate dummy variables that indicate whether a corporate pays relatively
high or low amounts of interest, or faces relatively high or low financial expenses:
0

BDi,j,s,t = α + βhigh ( CSP Pi,s,j,t ∗ HighCostsi,j,s,t )
0

0

+βlow ( CSP Pi,s,j,t ∗ LowCostsi,j,s,t ) + ζ Xi,j,s,t
+µi,j,s + ηt + κs,t + νj,t + εi,j,s,t
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where HighCostsi,j,s,t and LowCostsi,j,s,t denote dummies that respectively indicate
when a corporate pays amounts of interest higher or lower than the time-invariant sample
median, or is subject to financial expenses (i.e. expenses incurred from owning or renting
financial assets such as interest expenses, finance charges and financial asset write-offs)
higher or lower than the sample median. The control variables take account of factors
that may explain differences between financing costs, such as a corporate’s credit risk.
The ability of a corporate to reduce its dependence on bank financing may also
be influenced by the market’s valuation of a corporate. Corporates with a relatively
high price-to-book ratio are better able to attract additional forms of debt funding. To
analyze the influence of a corporate’s price-to-book ratio, fixed effects estimations are
employed on the following model:
0

BDi,j,s,t = α + βhigh ( CSP Pi,s,j,t ∗ HighP Bi,j,s,t )
0

0

+βlow ( CSP Pi,s,j,t ∗ LowP Bi,j,s,t ) + ζ Xi,j,s,t

(4.6)

+µi,j,s + ηt + κs,t + νj,t + εi,j,s,t
where HighP Bi,j,s,t and LowP Bi,j,s,t denote dummies that respectively indicate when
a corporate has a price-to-book ratio higher or lower than the sample median.

4.2.3

CSPP’s non-linear effect on a corporate’s bank dependence

The effect of CSPP purchases on a corporate’s bank dependence may be non-linearly
dependent on the relative accumulated amount of debt purchased. This is because
market liquidity effects are likely to be larger when more of the same type of debt
is purchased, which reduces price frictions and increases the incentives for corporates
to substitute bank financing with other forms of financing. The following model is
estimated to examine whether the relationship between the CSPP and a corporate’s
bank dependence is non-linear:
2
3
BDi,j,s,t = α + β1 CSP Pi,s,j,t + β2 CSP Pi,s,j,t
+ β3 CSP Pi,s,j,t
0

+ζ Xi,j,s,t + µi,j,s + ηt + κs,t + νj,t + εi,j,s,t

(4.7)
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2
3
where CSP Pi,s,j,t , CSP Pi,s,j,t
and CSP Pi,s,j,t
denote the indicator for the relative accu-

mulated amount of debt purchased under the CSPP in linear, squared and cubic terms,
respectively.

4.3

Data

The analysis uses a yearly microdata panel from 2010 until 2018. The panel includes
672 non-financial corporates with access to capital markets headquartered in euro area
countries. All individual corporate balance sheet data (including data for the control
variables) are taken from the Orbis database by Bureau van Dijk. Additional information
on corporates’ debt and equity issuance activity, as well as the structure between ultimate
parent companies and their subsidiaries (needed to examine the impact of the CSPP)
are obtained from Bloomberg. Data on all Eurosystem CSPP purchases are retrieved
from the Eurosystem portfolio management system.14
To construct the panel, data on all the active euro area non-financial corporations
in the Orbis database are taken as long as they have a known value for their stock
of bank loans at least once in the sample period. The individual corporate financial
statement data are then merged with the CSPP data from the Eurosystem portfolio
management system. Under the CSPP, debt from two types of corporates has been
purchased. The first type constitutes ultimate parent companies. For these corporates,
the CSPP data are matched with the corporate financial statement data, unless Orbis
has no data for these corporates. The second type consists of subsidiaries. For these
corporates, two steps are followed for the integration of the datasets. First, the ultimate
parent is matched with all corporates that are subsidiaries and of which debt has been
purchased under the CSPP. Second, for each parent company and subsidiary, it is checked
whether they are included in the Orbis dataset. Three scenarios exist for matching
the data of these corporates. First, if the subsidiary is not a special financing vehicle
and Orbis provides data for both the ultimate parent and its subsidiary, the CSPP
data are matched with the subsidiary and the ultimate parent is dropped to prevent
double-counting. Second, if the subsidiary is a special finance vehicle, the CSPP data
14
The details of all trades conducted under the APP are registered in the Eurosystem portfolio management system. This trade system is used by the ECB and all national central banks in the Eurosystem.
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are matched with the ultimate parent and the subsidiary is dropped from the sample.
Third, in case Orbis provides data for either the ultimate parent or subsidiary only, the
CSPP data are matched with the Orbis data irrespective of whether the corporate is an
ultimate parent or subsidiary. 9 corporates have been dropped in the first two scenarios.
In the sample, debt has been purchased from 126 corporates under the CSPP.15 This
group of corporates is denoted as the treatment group in the sample. The group of
corporates whose debt is not purchased under the CSPP is considered the control group.
Of the treatment group, 62 corporates have at least once paid interest higher than the
sample median, 58 corporates have at least once faced financial expenses higher than the
sample median and 77 corporates have at least once a price-to-book ratio higher than
the sample median. This is relevant, because the estimation of models (4.5) and (4.6)
requires that treated corporates have observations for the interaction variables above
and below the sample median.
Of each corporate in the treatment group, the mean of total assets is larger than
the 7th decile of the sample mean amount of total assets. To make the treatment and
control group relatively homogeneous in terms of asset size, each corporate with a mean
amount of total assets smaller than the 8th decile has been deleted from the panel. This
yields 546 corporations in the control group. Over the entire sample, the mean amount
of each corporate’s total assets is above 600 million euros. Importantly, all corporations
in the sample have access to capital markets, as they satisfy at least one of the following
conditions: 1) the corporate is or has been publicly listed; 2) the corporate has at
least once issued equity; 3) the corporate has at least once issued debt in a form other
than a bank loan. Moreover, as these corporates are relatively large, they likely face
relatively low issuance costs. The estimation of the CSPP’s effect on a corporate’s bank
dependence requires that corporates without access to capital markets are excluded;
including corporates without access to capital markets creates endogeneity issues, as
substituting bank loans with other forms of debt is either relatively costly or practically
impossible for these corporates. In addition, this chapter follows the approach by Fama
and French (1992, 2001) and excludes the 72 observations with negative book equity
15

Since the start of the CSPP, the Eurosystem has purchased corporate debt of more than 200 ultimate
parent companies. Due to data availability restrictions, the sample does not include all corporates of
which debt has been purchased under the CSPP.
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0.19

0.07
0.08
3.86

0.22

0.00
-0.21
0.00

0.00

0.00
-2.62
0.00

0.00

0.14
0.17
24.07

0.83

3.14
2.99
188.26

0.95

Table 4.1: Descriptive statistics

0.23

0.01
0.03
1.84

Control

0.16

0.03
0.02
2.01

Max

0.17
0.02
0.01
1.92

Treatment

0.08
0.02
0.01
1.37

Min
Treatment Control

3,707
0.02
0.01
1.41

Std Dev
Treatment Control

Measurement
920
4,418
4,436
3,932

Mean
Treatment Control

Variables
Bank loans over debt
1,074
1,077
968

Median
Treatment Control

Dependent variable
Bank dependence
Interest paid over debt
Financial expenses over assets
Market to book value

Obs
Treatment Control

Interaction variables
Interest paid
Financial expenses
P/B ratio

Control variables
Leverage (D/A)
Long-term debt over assets
1,077
4,437
0.25
0.20
0.26
0.21
0.14
0.15
0.00
0.00
0.87
0.99
Leverage (E/D)
Equity over debt
1,077
4,437
0.55
0.63
0.69
1.49
1.14
11.37
0.03
0.00
21.93
645.02
PPE
Net PPE over assets
1,070
4,394
0.23
0.19
0.26
0.24
0.21
0.21
0.00
0.00
0.92
0.96
ROA
Net income over assets
1,077
4,434
0.04
0.03
0.04
0.03
0.04
0.06
-0.12
-0.76
0.42
0.68
Retained earnings
Retained earnings over assets
983
4,217
0.08
0.08
0.12
0.13
0.15
0.27
-1.12
-5.80
0.64
2.54
Coverage ratio
EBITDA over interest paid
1,080
4,437
6.16
6.19
7.98
17.07
7.00
53.41
-11.80
-661.73
53.03
832.34
Notes: This table presents descriptive statistics for all variables, except for the CSPP indicator due to the confidentiality of the non-public CSPP data. The second column shows how the indicator
variables are measured. The first variable represents the dependent variable which indicates bank dependence. The next three variables are used in models (4.5) and (4.6) and respectively indicate
interest paid, financial expenses and the price-to-book ratio. The last six variables are corporate-specific control variables that indicate leverage, the total net amount of PPE, ROA, retained earnings
and the coverage ratio. The last variable is measured as the four-year rolling median EBITDA over the four-year median rolling interest paid and controls for a corporate’s rating. The series for
the coverage ratio are extrapolated over time to make up for the missing values that result from the rolling median.

Table 4.2: Correlation matrix

Variables
CSPP Interest paid Expenses P/B ratio Leverage (D/A) Leverage (E/D) PPE ROA Retained earnings Coverage ratio
CSPP
1.00
Interest paid
-0.03
1.00
Expenses
-0.06
0.36
1.00
P/B ratio
0.00
0.00
0.04
Leverage (D/A)
0.12
0.24
0.15
0.00
1.00
Leverage (E/D)
-0.01
0.06
-0.14
-0.03
-0.15
1.00
PPE
0.02
0.09
0.10
-0.06
0.17
-0.08
1.00
ROA
0.03
-0.19
-0.47
0.17
-0.22
0.07
-0.04 1.00
0.00
-0.11
-0.18
-0.07
-0.22
0.07
0.04 0.34
1.00
Retained earnings
Coverage ratio
-0.03
-0.17
-0.06
0.20
-0.26
0.01
-0.01 0.29
0.15
1.00
Notes: This table presents the correlation matrix for all independent variables. The variables are a corporate’s debt purchased under the CSPP over a
corporate’s total debt, interest paid over total debt, financial expenses over total assets, the price-to-book ratio, long-term debt over total assets, total
shareholder’s equity over total debt, the total net amount of property, plant and equipment over total assets, net income over total assets, retained earnings
over total assets, the four-year rolling median EBITDA over the four-year median rolling interest paid and controls for a corporate’s rating (extrapolated
over time).
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values from the sample. As a robustness check, similar estimations are performed on a
sample that includes the relatively smaller corporates and the observations with negative
book equity values.
Table 4.1 shows the descriptive statistics of all the variables for the treatment and the
control group separately. The summary statistics on the CSPP variables are excluded
due to the strict data confidentiality. Table 4.1 shows that the median values of the
explanatory variables are relatively similar for the treatment and control group. The
exception is the dependent variable; compared to the treatment group, the median of
bank loans over total debt is more than twice as large in the control group (see also Figure
4.1). This suggests that corporates whose debt is purchased under the CSPP are less
dependent on bank financing than the corporates whose debt is not purchased. Table 4.2
provides a correlation matrix. The correlation between the explanatory variables is low.
Also, the financial costs indicators and the price-to-book ratio are not highly correlated,
which indicates that equations (4.5) and (4.6) model different information sets.
Table 4.3 presents the descriptive statistics on total assets by sector and shows how
asset size is distributed over the different sectors. There are 27 sectors in total. All
sectors other than sectors 2, 6, 7 and 25 contain more than 50 observations. The restriction on the degrees of freedom is thus limited when including sector*time fixed effects.
Table 4.3 demonstrates that the mean of the asset size is heterogeneous across sectors.
The communication, transport manufacturing and utilities sectors include the largest
corporates in terms of asset size. Smaller corporates operate in agriculture, horticulture
& livestock and waste management & treatment.
The corporates whose debt is purchased under the CSPP are headquartered in the
following countries: Austria, Belgium, Finland, France, Germany, Ireland, Italy, Luxembourg, the Netherlands, Portugal and Spain. These corporates are active in the following
sectors: 3, 4, 5, 7, 8, 9, 10, 11, 12, 14, 17, 19, 20, 21, 22, 23, 24, 26, 27. The other euro
area countries and sectors do not include corporates whose debt is purchased by the Eurosystem. The main reason for the exclusion of some countries is that the credit quality
of corporates headquartered in these countries is considered non-eligible for the CSPP.
Those countries and sectors that do not include corporates whose debt is purchased by
the Eurosystem have been dropped from the sample in a separate robustness check.
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Table 4.3: Descriptive statistics on total assets by sector
Sectors
Obs Mean (Bn) Std dev (Bn)
1
Agriculture, horticulture & livestock
84
1.74
7.79
18
2.17
1.85
2
Biotechnology & life sciences
3
Business services
320
4.88
17.00
520
10.10
17.70
4
Chemicals, petroleum, rubber & plastic
5
Communications
235
23.30
38.00
6
Computer hardware
27
4.05
2.84
7
Computer software
44
3.51
2.53
295
10.50
13.20
8
Construction
9
Food & tobacco manufacturing
238
7.58
28.60
10 Industrial, electric & electronic machinery
642
7.80
18.30
11 Leather, stone, clay & glass products
132
9.65
13.10
12 Media & broadcasting
127
2.98
2.80
13 Metals & metal products
180
6.26
8.20
14 Mining & extraction
167
17.10
31.30
54
1.89
0.65
15 Miscellaneous manufacturing
16 Printing & publishing
91
3.23
2.90
17 Property services
533
4.41
7.09
18 Public administration, education & health social services 63
3.13
2.50
19 Retail
210
6.40
9.88
20 Textiles & clothing manufacturing
93
14.50
22.10
21 Transport, freight & storage
364
9.45
13.00
22 Transport manufacturing
268
41.50
77.50
23 Travel, personal & leisure
171
3.73
4.12
24 Utilities
368
29.40
54.40
25 Waste management & treatment
9
0.77
0.78
26 Wholesale
166
3.44
3.08
27 Wood, furniture & paper manufacturing
106
4.11
4.76
Notes: This table presents the descriptive statistics on the total assets variable per sector. The
mean and standard deviation are given in EUR billions. Asset size is heterogeneous across the
sectors. The communication, transport manufacturing and utilities sectors include the largest
corporates in terms of asset size. Smaller corporates operate in agriculture, horticulture &
livestock and waste management treatment.
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4.4

Results

This section presents the main results.

4.4.1

CSPP’s effect on a corporate’s bank dependence

Table 4.4 presents the estimations for model (4.1). Robust standard errors clustered at
the corporate level are used (also in the remainder of this chapter). It shows the effects
of the accumulation and yearly flow of corporate debt purchases on a corporate’s bank
dependence. The results suggest that a corporate’s bank dependence is significantly
reduced if its debt measured relative to its total debt liabilities is purchased under the
CSPP. The effects are significant at the 1% to 5% significance level in all columns.
The estimations control for unobserved sector- and country-specific time variation and
are thus robust to corporate bond yield developments within countries and sectors.16
Columns 1 to 3 suggest that a corporate’s ratio of bank loans to total debt decreases
almost one-on-one with the accumulated amount of a corporate’s debt purchased by the
Eurosystem over time. This indicates that the CSPP causes corporates to substitute
bank loans with other forms of debt. Columns 4 to 6 show that the effect of the yearly
flow of CSPP purchases on a corporate’s ratio of bank loans to total debt is even larger
than one.
The previous estimations may be biased to the extent a corporate’s debt purchased
under the CSPP and stock of bank loans are jointly determined. Moreover, the relationship between a corporate’s bank dependence and the CSPP may be dynamic.
Therefore, as a robustness check, Table B.1 in the Appendix presents two-step system
GMM panel estimations for model (4.2) and reports the p-values from the Sargan test of
over-identifying restrictions and the Arellano-Bond AR(2) test. At the 10% significance
level, the null hypothesis of valid instruments and no second-order serial correlation is
rejected in the first and fourth column, but cannot be rejected in the other four columns.
The GMM results indicate that the accumulation and yearly flow of CSPP purchases
reduce a corporate’s bank dependence at the 1% significance level in all columns. These
16

The effects of the time, sector*time and country*time dummies are significantly negative across
sectors and countries, and over time (not shown in Table 4.4). This may indicate the impact of decreasing
corporate bond yields on corporates’ bank dependence over time.
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Table 4.4: CSPP’s effect on bank dependence
Regressors
CSPP aggregate
CSPP flow
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

1
-0.89**
(0.38)

2
-0.98***
(0.37)

3
-0.99***
(0.36)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

4

5

6

-1.18**
(0.52)

-1.34**
(0.53)

-1.19**
(0.54)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.27
0.27
0.26
0.26
0.26
0.25
4,216
4,216
4,216
3,706
3,706
3,706
N
Notes: This table presents the fixed effects estimations for model (4.1). The dependent variable is bank loans over total
debt and indicates a corporate’s bank dependence. Robust standard errors clustered at the corporate level are given in
parentheses. Columns 1 to 3 show the effect of the accumulated corporate debt purchases by the Eurosystem. Columns
4 to 6 present the effect of the yearly flow of corporate debt purchases by the Eurosystem. All columns include the
following corporate-specific control variables: long-term debt over total assets, total shareholders’ equity over total debt,
total net amount of property, plant and equipment over total assets, net income over total assets, retained earnings over
total assets, the four-year rolling median EBITDA over the four-year median rolling interest paid. Columns 1 and 4
control for corporate and time fixed effects. Columns 2 and 5 control for country, sector and time fixed effects. Columns
3 and 6 control for corporate, country*time and sector*time fixed effects. Significance levels: * p<0.1, ** p<0.05, ***
p<0.01.

estimations thus statistically validate the results of model (4.1). The values of the coefficients are close to -2 in the first three columns, suggesting that a corporate’s stock of
bank loans is reduced by more than its accumulated debt purchased under the CSPP.
The negative effect on a corporate’s bank dependence is even larger when looking at the
yearly flow of CSPP purchases. The values of the coefficients estimates range between
-2.4 and -2.8 in the last three columns. The effects of the CSPP indicators are statistically similar when including longer lags of all the right-hand side variables in levels and
differences as internal instruments in the system of regressions (available upon request).
As explained in the data section, corporates whose debt is purchased under the CSPP
are headquartered in only part of the countries in the sample. This is because the credit
quality of corporates headquartered in some euro area countries is considered non-eligible
for the CSPP. Similarly, these corporates are active in only part of the sectors in the
sample. To check whether including these respective countries and sectors does not
drive the results, model (4.1) is also estimated on a sample that excludes countries and
sectors with no CSPP activity. The results are presented in Table B.2 and Table B.3 in
the Appendix. The results are relatively similar to the results in Table 4.4.
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Table 4.5: CSPP’s effect on the log of bank loans
Regressors
CSPP aggregate
CSPP flow
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

1
-5.87**
(2.26)

2
-5.07***
(2.20)

3
-6.87***
(2.42)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

4

5

6

-8.72**
(3.45)

-7.43**
(3.39)

-8.63**
(3.78)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.18
0.18
0.18
0.17
0.17
0.17
N
4,036
4,036
4,036
3,547
3,547
3,547
Notes: This table presents the fixed effects estimations for model (4.3). The dependent variable is the log of a corporate’s
stock of bank loans. Robust standard errors clustered at the corporate level are given in parentheses. Columns 1 to 3
show the effect of the accumulated corporate debt purchases by the Eurosystem. Columns 4 to 6 present the effect of the
yearly flow of corporate debt purchases by the Eurosystem. All columns include the following corporate-specific control
variables: long-term debt over total assets, total shareholders’ equity over total debt, total net amount of property,
plant and equipment over total assets, net income over total assets, retained earnings over total assets, the four-year
rolling median EBITDA over the four-year median rolling interest paid. Columns 1 and 4 control for corporate and time
fixed effects. Columns 2 and 5 control for country, sector and time fixed effects. Columns 3 and 6 control for corporate,
country*time and sector*time fixed effects. Significance levels: * p<0.1, ** p<0.05, *** p<0.01.

Changes in the bank dependence ratio could stem from either decreases in bank loans
or increases in total debt. To focus on developments in a corporate’s bank loans as a
result of the CSPP (i.e. the numerator-effect), Table 4.5 presents the estimations for
model (4.3), where the dependent variable is the log of a corporate’s stock of bank loans.
The explanatory variables are similar to model (4.1). The results show that corporates
reduce their stock of bank loans when their debt is purchased under the CSPP. The
statistical significance varies between the 1% and 5% level in all columns. In line with
the results of Table 4.4, the effects of the yearly flow of purchases are larger than the
effects of the accumulation of debt purchases. The first three columns suggest that
purchasing 5% of a corporate’s total debt liabilities over time results in a decrease in a
corporate’s bank loans of at least 25%. The last three columns show that purchasing 5%
of a corporate’s total debt liabilities in a year leads corporates to reduce their dependence
on bank financing with at least 37%.17
To focus on developments in a corporate’s total debt as a result of the CSPP (i.e.
the denominator-effect), Table 4.6 presents the estimations for model (4.4), where the
17
These effects seem relatively large, but note that a corporate’s total debt liabilities also includes
(bank) loans and non-marketable debt, which cannot be purchased by the Eurosystem.
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Table 4.6: CSPP’s effect on the log of total debt
Regressors
CSPP aggregate
CSPP flow
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

1
0.07
(0.64)

2
0.32
(0.64)

3
0.00
(0.68)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

4

5

6

-1.12
(0.95)

-0.73
(1.00)

-0.95
(1.04)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.27
0.27
0.22
0.25
0.24
0.20
N
4,985
4,985
4,985
4,429
4,429
4,429
Notes: This table presents the fixed effects estimations for model (4.4). The dependent variable is the log of a corporate’s
stock of total debt. Robust standard errors clustered at the corporate level are given in parentheses. Columns 1 to 3
show the effect of the accumulated corporate debt purchases by the Eurosystem. Columns 4 to 6 present the effect of the
yearly flow of corporate debt purchases by the Eurosystem. All columns include the following corporate-specific control
variables: long-term debt over total assets, total shareholders’ equity over total debt, total net amount of property,
plant and equipment over total assets, net income over total assets, retained earnings over total assets, the four-year
rolling median EBITDA over the four-year median rolling interest paid. Columns 1 and 4 control for corporate and time
fixed effects. Columns 2 and 5 control for country, sector and time fixed effects. Columns 3 and 6 control for corporate,
country*time and sector*time fixed effects. Significance levels: * p<0.1, ** p<0.05, *** p<0.01.

dependent variable is the log of a corporate’s total debt. The explanatory variables are
similar to model (4.1). The results show that the CSPP does not impact the stock of a
corporate’s total debt. Combined with the previous results, this suggests that purchases
under the CSPP leads corporates to become less dependent on bank financing.

4.4.2

The influence of financing costs and the price-to-book ratio

The effect of the CSPP on corporates substituting bank loans with other forms of debt
may depend on a corporate’s financing costs. To analyze the influence of a corporate’s
relative financing costs, Tables 4.7 and 4.8 present the estimations for model (4.5).
Table 4.7 shows that a corporate’s bank dependence is significantly reduced if its debt
is purchased under the CSPP and it pays relatively high amounts of interest. Columns
1 to 3 suggest that when a corporate pays relatively high amounts of interest, its ratio
of bank loans to total debt decreases with a factor of 2 compared to the accumulated
amount of a corporate’s debt purchased by the Eurosystem over time. The effects are
statistically significant at the 1% level. Columns 4 to 6 show that the effect of the yearly
purchases on a corporate’s bank dependence is slightly smaller; when corporates pay
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Table 4.7: CSPP’s effect when paying high versus low amounts of interest
Regressors
CSPP aggregate * high interest paid
CSPP aggregate * low interest paid
CSPP flow * high interest paid

1
-1.84***
(0.51)
-0.34
(0.34)

2
-1.92***
(0.49)
-0.44
(0.37)

3
-2.02***
(0.47)
-0.40
(0.33)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

CSPP flow * low interest paid
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

4

5

6

-1.62**
(0.65)
-0.91*
(0.51)

-1.75***
(0.65)
-1.09**
(0.53)

-1.56**
(0.64)
-0.91*
(0.52)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.28
0.28
0.26
0.26
0.26
0.25
4,211
4,211
4,211
3,663
3,663
3,663
N
Notes: This table presents the fixed effects estimations for model (4.5). The dependent variable is bank loans over total
debt and indicates a corporate’s bank dependence. Robust standard errors clustered at the corporate level are given
in parentheses. Columns 1 to 3 show the effect of the accumulated corporate debt purchases by the Eurosystem for
corporates which paid relatively high and low amounts of interest. Columns 4 to 6 present the effect of the yearly flow of
corporate debt purchases by the Eurosystem for corporates which paid relatively high and low amounts of interest. All
columns include the following corporate-specific control variables: long-term debt over total assets, total shareholders’
equity over total debt, total net amount of property, plant and equipment over total assets, net income over total assets,
retained earnings over total assets, the four-year rolling median EBITDA over the four-year median rolling interest paid.
Columns 1 and 4 control for corporate and time fixed effects. Columns 2 and 5 control for country, sector and time
fixed effects. Columns 3 and 6 control for corporate, country*time and sector*time fixed effects. Significance levels: *
p<0.1, ** p<0.05, *** p<0.01.

relatively high amounts of interest, the CSPP reduces their bank loans over total debt
ratio with a factor of around 1.6 in a year. The effects are statistically significant at the 1
to 5% level. By contrast, the total amount of Eurosystem claims on a corporate does not
significantly reduce a corporate’s bank dependence when it pays relatively low amounts
of interest. This supports the view that corporates substituting bank loans with other
debt funding is a result of price incentives. However, the yearly flow of purchases does
impact a corporate’s dependence on bank financing when it pays relatively low amounts
of interest, although the negative effect is smaller and less significant. When corporates
pay relatively low amounts of interest, the CSPP flow reduces their bank loans over total
debt ratio with a factor between 0.9 and 1.1 in a year. These effects are statistically
significant at the 5 to 10% level.
Table 4.8 shows that a corporate’s bank dependence is significantly reduced if its debt
is purchased under the CSPP and it faces relatively high financial expenses. Columns
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Table 4.8: CSPP’s effect when facing high versus low financial expenses
Regressors
CSPP aggregate * high expenses
CSPP aggregate * low expenses
CSPP flow * high expenses

1
-1.97***
(0.58)
-0.29
(0.40)

2
-2.05***
(0.56)
-0.38
(0.39)

3
-2.19***
(0.50)
-0.33
(0.38)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

CSPP flow * low expenses
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

4

5

6

-1.99**
(0.78)
-0.83
(0.58)

-2.17***
(0.77)
-0.98
(0.60)

-1.93***
(0.75)
-0.87
(0.60)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.29
0.29
0.28
0.25
0.25
0.24
4,207
4,207
4,207
3,660
3,660
3,660
N
Notes: This table presents the fixed effects estimations for model (4.5). The dependent variable is bank loans over total
debt and indicates a corporate’s bank dependence. Robust standard errors clustered at the corporate level are given
in parentheses. Columns 1 to 3 show the effect of the accumulated corporate debt purchases by the Eurosystem for
corporates which faced relatively high and low financial expenses. Columns 4 to 6 present the effect of the yearly flow of
corporate debt purchases by the Eurosystem for corporates which faced relatively high and low financial expenses. All
columns include the following corporate-specific control variables: long-term debt over total assets, total shareholders’
equity over total debt, total net amount of property, plant and equipment over total assets, net income over total assets,
retained earnings over total assets, the four-year rolling median EBITDA over the four-year median rolling interest paid.
Columns 1 and 4 control for corporate and time fixed effects. Columns 2 and 5 control for country, sector and time
fixed effects. Columns 3 and 6 control for corporate, country*time and sector*time fixed effects. Significance levels: *
p<0.1, ** p<0.05, *** p<0.01.

1 to 3 suggest that when a corporate faces relatively high financial expenses, its ratio
of bank loans to total debt increases two-on-one with the accumulated amount of a
corporate’s debt purchased by the Eurosystem over time. These effects are statistically
significant at the 1% level. Columns 4 to 6 show that the effect of the yearly Eurosystem
purchases on a corporate’s bank dependence is roughly the same size; when corporates
face relatively high financial expenses, the CSPP reduces their bank loans over total
debt ratio with a factor of around 2 in a year. These effects are statistically significant
at the 1% level in columns 5 and 6, and at the 5% level in column 4 (but close to the
1% significance level). The CSPP does not reduce a corporate’s bank dependence when
it faces relatively low financial expenses.
This chapter is also interested in whether the market valuation of a corporate influences a corporate’s ability to reduce its dependence on bank financing. Table 4.9
therefore presents the estimations for model (4.6). The results show that a corporate’s
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Table 4.9: CSPP’s effect when the price-to-book ratio is high and low
Regressors
CSPP aggregate * high price-to-book
CSPP aggregate * low price-to-book
CSPP flow * high price-to-book

1
-1.05***
(0.37)
-0.15
(0.61)

2
-1.17***
(0.37)
-0.32
(0.57)

3
-1.07***
(0.38)
-0.29
(0.54)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

CSPP flow * low price-to-book
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

4

5

6

-1.21**
(0.49)
-0.15
(0.45)

-1.41***
(0.50)
-0.39
(0.46)

-1.23**
(0.50)
-0.27
(0.46)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.27
0.26
0.26
0.26
0.26
0.25
3,789
3,789
3,789
3,274
3,274
3,274
N
Notes: This table presents the fixed effects estimations for model (4.6). The dependent variable is bank loans over total
debt and indicates a corporate’s bank dependence. Robust standard errors clustered at the corporate level are given
in parentheses. Columns 1 to 3 show the effect of the accumulated corporate debt purchases by the Eurosystem for
corporates which have a relatively high and low price-to-book ratio. Columns 4 to 6 present the effect of the yearly flow of
corporate debt purchases by the Eurosystem for corporates which have a relatively high and low price-to-book ratio. All
columns include the following corporate-specific control variables: long-term debt over total assets, total shareholders’
equity over total debt, total net amount of property, plant and equipment over total assets, net income over total assets,
retained earnings over total assets, the four-year rolling median EBITDA over the four-year median rolling interest paid.
Columns 1 and 4 control for corporate and time fixed effects. Columns 2 and 5 control for country, sector and time
fixed effects. Columns 3 and 6 control for corporate, country*time and sector*time fixed effects. Significance levels: *
p<0.1, ** p<0.05, *** p<0.01.

bank dependence is significantly reduced if its debt is purchased under the CSPP and it
has a relatively high price-to-book ratio. Columns 1 to 3 suggest that when a corporate
has a relatively high price-to-book ratio, its ratio of bank loans to total debt decreases
one-on-one with the accumulated amount of a corporate’s debt purchased by the Eurosystem over time. These effects are statistically significant at the 1% level. Columns
4 to 6 show that the effect of the yearly Eurosystem purchases on a corporate’s bank
dependence is slightly larger; when corporates have a relatively high price-to-book ratio,
the CSPP reduces their bank loans over total debt ratio with a factor between 1.2 and
1.4 in a year. These effects are statistically significant at the 1% to 5% significance level.
The CSPP does not reduce a corporate’s bank dependence when it has a relatively low
price-to-book ratio. This shows that the market’s valuation of a corporate may to some
extent determine the dependence of a corporate on bank financing.
131

Chapter 4

4.4.3

CSPP’s non-linear effect on a corporate’s bank dependence

Further to the previous results, the effect of CSPP purchases on a corporate’s bank
dependence may be non-linearly dependent on the relative accumulated amount of debt
purchased. This is because market liquidity effects are likely to be larger when more of
the same type of debt is purchased, which reduces price frictions and strengthens corporates’ incentives to substitute bank financing with other financing forms. To examine
whether such nonlinearities exist, Table 4.10 shows the estimations for model (4.7). This
model includes the CSPP indicator of the accumulated purchases in linear, squared and
cubic terms. The results indicate that a cubic relationship exists.18 The effects are
statistically significant at the 1% level.
The estimations in column 1 of Table 4.10 are illustrated in Figure 4.2, while Figure
4.3 depicts the marginal effect.19 The horizontal axis represents the CSPP indicator in
both figures. The vertical axis is the predicted value of bank dependence in Figure 4.2
and the marginal effect in Figure 4.3. The dotted lines represent the 95% confidence
interval. The figures show that the bank dependence of a corporate is reduced as soon
as some of that corporate’s debt is purchased. This could reflect an announcement
or signaling effect, as starting to purchase a corporate’s debt signals that its debt is
targeted for the CSPP. However, the effect on bank dependence diminishes and even
disappears as more debt is purchased. The marginal effect turns negative again once
the Eurosystem has purchased almost 10% of a corporate’s total debt. This may be
explained by CSPP’s increasing effect on the market liquidity of corporate debt. To the
extent the market liquidity of a corporate’s debt securities continues to increase as more
of its debt is purchased by the Eurosystem, the negative effect on a corporate’s bank
dependence may be enhanced.

18

Excluding the CSPP indicator in cubic terms shows that a quadratic relationship does not exist
(available upon request).
19
The illustrations of the estimations in the other columns look very similar.
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Table 4.10: CSPP’s non-linear effect on bank dependence
Regressors
CSPP aggregate
CSPP aggregate (squared)
CSPP aggregate (cubic)
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

1
-3.36***
(0.92)
58.96***
(19.66)
-286.49***
(88.01)

2
-3.81***
(0.91)
64.44***
(19.47)
-302.98***
(86.88)

3
-3.02***
(0.93)
48.98**
(19.32)
-240.98***
(89.04)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.28
0.28
0.26
N
4,216
4,216
4,216
Notes: This table presents the fixed effects estimations for model (4.7). The dependent variable is bank loans over total
debt and indicates a corporate’s bank dependence. Robust standard errors clustered at the corporate level are given in
parentheses. Columns 1 to 3 show the cubic effect of the accumulated corporate debt purchases by the Eurosystem. All
columns include the following corporate-specific control variables: long-term debt over total assets, total shareholders’
equity over total debt, total net amount of property, plant and equipment over total assets, net income over total assets,
retained earnings over total assets, the four-year rolling median EBITDA over the four-year median rolling interest paid.
Column 1 controls for corporate and time fixed effects. Column 2 controls for country, sector and time fixed effects.
Column 3 controls for corporate, country*time and sector*time fixed effects. Significance levels: * p<0.1, ** p<0.05,
*** p<0.01.

4.4.4

Other robustness checks

Several other robustness checks have been performed (all available upon request). First,
all models have been augmented with trend variables that account for linear and quadratic
trends for corporates whose debt is purchased under the CSPP. As an alternative, the
models have also been augmented with linear and quadratic trends that are homogeneous
across the treatment and control group. The results remain statistically and economically similar, even when the estimations control for treatment-specific trends. Second,
the dependent variable is substituted with an alternative indicator of a corporate’s bank
dependence, measured as bank loans over total assets. These estimations yield statistically similar results. Third, as an alternative to applying a four-year rolling median to
the interest coverage ratio, setting negative values of this control variable’s denominator
to zero gives statistically and economically similar results. Excluding this control variable also gives similar results. Fourth, similar estimations have been employed using the
more heterogeneous control group that includes the relatively small firms and observa133
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Figure 4.2: Relationship between CSPP and bank dependence (Table 4.10; column 1)
Notes: This figure shows the non-linear relationship between the accumulated debt purchases under
the CSPP and the predicted value of bank dependence as estimated by model (4.7). The vertical
axis represents the predicted value of a corporate’s bank loans over total debt. The horizontal
axis is the ratio of a corporate’s debt purchased under the CSPP over a corporate’s total debt.
The plotted line reflects the estimations in column 1 of Table 4.10, controlling for corporate and
time fixed effects, but excluding country, country*time and sector*time fixed effects to prevent
multicollinearity issues. The dotted lines represent the 95% confidence interval.
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Figure 4.3: Marginal effect of the CSPP on bank dependence (Table 4.10; column 1)
Notes: This figure shows the marginal effect of the accumulated debt purchases under the CSPP on
the predicted value of bank dependence as estimated by model (4.7). The vertical axis represents
the marginal effect on the predicted value of a corporate’s bank loans over total debt. The horizontal
axis is the ratio of a corporate’s debt purchased under the CSPP over a corporate’s total debt. The
plotted line reflects the first order derivative of model (4.7) with respect to the CSPP indicator,
controlling for corporate and time fixed effects, but excluding country, country*time and sector*time
fixed effects to prevent multicollinearity issues. The dotted lines represent the 95% confidence
interval.
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tions with negative book values of equity. This control group includes 2,116 non-financial
corporations, many of which have not yet entered the capital market. These results are
also statistically similar.

4.5

Conclusion

The CSPP impacts the funding structure of non-financial corporations. The large-scale
corporate debt purchases by the Eurosystem reduce the dependence on bank financing
of corporates whose debt is purchased. Purchasing corporate bonds on a large-scale
improves the market liquidity of the assets purchased. This reduces price frictions and
incentivizes corporates to shift to financing sources other than banks. While the Eurosystem also directly supports bank financing via covered bond purchases and longer-term
refinancing operations, corporate debt purchases seem to have the strongest influence on
corporates’ funding structure.
However, the extent to which a corporate substitutes bank loans with other forms of
debt depends on its financing costs. The CSPP only incentivizes those corporates which
are subject to relatively high amounts of interest or financial expenses. The market’s
valuation of a corporate also plays a role in the impact of the CSPP on a corporate’s
bank dependence. The CSPP only reduces the bank dependence of corporates which
have a relatively high price-to-book ratio. The market’s valuation of a corporate thus
influences a corporate’s ability to switch to other forms of financing.
The findings are encouraging, as corporates’ reliance on bank funding can have negative implications. Banks are leveraged institutions which may have to reduce bank
lending during financial or sovereign crises. This deteriorates the performance of bankdependent corporates and may have adverse real economic implications, such as a drop
in the employment growth rate at these corporates. Other forms of financing can mitigate these real economic losses by acting as an alternative to bank credit. Reducing the
dependence on bank financing can improve corporates’ access to alternative financing
sources. Over time, markets are likely to become more developed when banks are less
dominant, making market financing more attractive. The design of financial sector and
fiscal policies can take this into account and make the effect of the CSPP more persistent.
The introduction of the European capital markets union is a case in point.
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4.6

Appendix B
Table B.1: CSPP’s instrumented effect on bank dependence using GMM

Regressors
CSPP aggregate
CSPP flow
Lagged bank loans over debt
Corporate controls
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

1
-2.01***
(0.38)

2
-1.87***
(0.38)

3
-2.06***
(0.37)

4

5

6

0.39***
(0.06)

-2.82***
(0.90)
0.42***
(0.06)

-2.57***
(0.90)
0.42***
(0.07)

-2.38**
(0.96)
0.42***
(0.06)

0.41***
(0.06)

0.40***
(0.07)

Yes
Yes
No
No

Yes
No
Yes
No

Yes
No
No
Yes

Yes
Yes
No
No

Yes
No
Yes
No

Yes
No
No
Yes

N
3,538
3,538
3,538
3,538
3,538
3,538
0.02
0.82
0.44
0.01
0.48
0.17
Sargan test
Arellano-Bond AR(2) test
0.36
0.00
0.75
0.57
0.44
1.00
Notes: This table presents the GMM estimations for model (4.2). The dependent variable is bank loans over total
debt and indicates a corporate’s bank dependence. Robust standard errors clustered at the corporate level are given in
parentheses. Columns 1 to 3 show the effect of the accumulated corporate debt purchases by the Eurosystem. Columns
4 to 6 present the effect of the yearly flow of corporate debt purchases by the Eurosystem. All columns include the
following corporate-specific control variables: long-term debt over total assets, total shareholders’ equity over total debt,
total net amount of property, plant and equipment over total assets, net income over total assets, retained earnings
over total assets, the four-year rolling median EBITDA over the four-year median rolling interest paid. Columns 1
and 4 control for corporate and time fixed effects. Columns 2 and 5 control for country*time fixed effects. Columns
3 and 6 control for sector*time fixed effects. The first lag of all right-hand side variables are included as internal
instruments in levels and differences in the system of regressions. The time, sector*time and country*time dummies are
included as exogenous instruments in the system of regressions. The table reports the p-values from the Sargan test of
over-identifying restrictions and the Arellano-Bond AR(2) test. Significance levels: * p<0.1, ** p<0.05, *** p<0.01.

137

Chapter 4
Table B.2: Excluding countries with no CSPP activity
Regressors
CSPP aggregate
CSPP flow
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

1
-0.89**
(0.38)

2
-0.99***
(0.37)

3
-0.98***
(0.36)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

4

5

6

-1.17**
(0.52)

-1.37**
(0.53)

-1.19**
(0.54)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.28
0.28
0.27
0.27
0.26
0.26
4,009
4,009
4,009
3,527
3,527
3,527
N
Notes: This table presents the fixed effects estimations for model (4.1) over a sample that excludes corporates headquartered in countries with no CSPP activity. The dependent variable is bank loans over total debt and indicates a
corporate’s bank dependence. Robust standard errors clustered at the corporate level are given in parentheses. Columns
1 to 3 show the effect of the accumulated corporate debt purchases by the Eurosystem. Columns 4 to 6 present the
effect of the yearly flow of corporate debt purchases by the Eurosystem. All columns include the following corporatespecific control variables: long-term debt over total assets, total shareholders’ equity over total debt, total net amount
of property, plant and equipment over total assets, net income over total assets, retained earnings over total assets, the
four-year rolling median EBITDA over the four-year median rolling interest paid. Columns 1 and 4 control for corporate
and time fixed effects. Columns 2 and 5 control for country, sector and time fixed effects. Columns 3 and 6 control for
corporate, country*time and sector*time fixed effects. Significance levels: * p<0.1, ** p<0.05, *** p<0.01.

Table B.3: Excluding sectors with no CSPP activity
Regressors
CSPP aggregate
CSPP flow
Corporate controls
Corporate fixed effects
Country fixed effects
Sector fixed effects
Time fixed effects
Country*time fixed effects
Sector*time fixed effects

1
-0.90**
(0.38)

2
-0.99***
(0.37)

3
-0.99***
(0.36)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

4

5

6

-1.19**
(0.52)

-1.35**
(0.54)

-1.18**
(0.54)

Yes
Yes
No
No
Yes
No
No

Yes
No
Yes
Yes
Yes
No
No

Yes
Yes
No
No
No
Yes
Yes

R-sqr (within)
0.26
0.26
0.25
0.25
0.24
0.24
N
3,812
3,812
3,812
3,358
3,358
3,358
Notes: This table presents the fixed effects estimations for model (4.1) over a sample that excludes corporates active in
sectors with no CSPP activity. The dependent variable is bank loans over total debt and indicates a corporate’s bank
dependence. Robust standard errors clustered at the corporate level are given in parentheses. Columns 1 to 3 show
the effect of the accumulated corporate debt purchases by the Eurosystem. Columns 4 to 6 present the effect of the
yearly flow of corporate debt purchases by the Eurosystem. All columns include the following corporate-specific control
variables: long-term debt over total assets, total shareholders’ equity over total debt, total net amount of property,
plant and equipment over total assets, net income over total assets, retained earnings over total assets, the four-year
rolling median EBITDA over the four-year median rolling interest paid. Columns 1 and 4 control for corporate and time
fixed effects. Columns 2 and 5 control for country, sector and time fixed effects. Columns 3 and 6 control for corporate,
country*time and sector*time fixed effects. Significance levels: * p<0.1, ** p<0.05, *** p<0.01.
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The effectiveness of targeted credit easing by the
Eurosystem

This chapter is based on Bats and Hudepohl (2019)

The effectiveness of targeted credit easing by the Eurosystem

5.1

Introduction

As part of its unconventional policies, the Eurosystem has implemented three series of
Targeted Longer-Term Refinancing Operations (TLTRO-I in 2014, TLTRO-II in 2016
and TLTRO-III in 2019, respectively). The objective of the TLTROs is to stimulate bank
lending to the real economy. TLTROs offer attractive funding to banks for periods up to
four years. They are ‘targeted’ credit easing operations, since the amount that banks can
borrow is linked to the stock of loans to non-financial corporates and households; banks
with larger claims on the real economy were allowed to borrow more in the TLTROs
than banks with smaller claims. Prior to the TLTROs, the Eurosystem also conducted
untargeted longer-term refinancing operations to support bank lending.1
Recent literature has examined the effectiveness of these Eurosystem operations by
comparing credit supply developments of partpicipants versus non-participants. Both
untargeted (Andrade et al., 2015, Darracq-Paries and De Santis, 2015, Garcia-Posada
and Marchetti, 2015, Casiraghi et al., 2016, Boeckx et al., 2017, De Haan et al., 2017,
Jasova et al., 2018) and targeted (Altavilla et al., 2016, Balfoussia and Gibson 2016,
Benetton and Fantino 2018) long-term refinancing operations by the Eurosystem supported bank lending to the real economy. However, untargeted operations also created
unintended effects, such as carry trades through government bond purchases (Carpinelli
and Crosignani, 2017, Crosignani et al., 2019, De Haan et al., 2019). Untargeted longterm central bank funding can incentivize banks to purchase government bonds, which
they can pledge as collateral for central bank loans (Van der Kwaak, 2017). By contrast,
De Haan et al. (2019) highlight the benefits of targeted credit easing and show that the
TLTRO-I did not generate carry trades. The effectiveness of credit easing by the central
bank thus depends on its design. Banks may be better incentivized to extend credit
when their lending behavior is targeted.
The TLTRO-II and TLTRO-III create an extra incentive for credit easing, since the
interest rate is linked to a participant’s net lending. An increase in net lending relative
to outstanding loans, compared to a participant-specific benchmark, results in a lower
1

The Eurosystem conducted three 12-month longer-term refinancing operations (LTROs) in 2009 and
one 12-month LTRO in 2011, followed by 36-month Very Long-Term Refinancing Operations (VLTROs)
in 2011 and 2012. See Bats et al. (2018) for an overview of all Eurosystem’s unconventional liquidity
measures in the global financial crisis.
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interest rate charged by the central bank. The resulting interest rate lies between the
rate of the main refinancing operations (MRO) and the deposit facility (DF), respectively
0 and -0.4 percent at the start of the TLTRO-II.2 Banks that beat the benchmark thus
receive cheaper funding for their TLTRO liabilities.3 Indeed, the ECB (2017b) and Laine
(2019) have suggested that the TLTRO-II has supported bank lending to non-financial
corporates.4
The restrictiveness of the benchmark in the second and third TLTRO series varies
between banks. For the same interest rate discount, some banks are required to increase
their net lending by more than others, relative to outstanding loans. By implication,
the TLTRO-II and TLTRO-III benchmark may impact net lending differently across
banks, as a more restrictive benchmark strengthens the incentive to increase net lending.
The contribution of this chapter is to empirically study the relationship between the
restrictiveness of the participant-specific benchmark and net lending by participating
banks. Different from the literature, this study does not compare credit supply by
participants versus non-participants, but explores whether the benchmark restrictiveness
impacts bank lending within the group of TLTRO-II participants. The hypothesis tested
is that the benchmark restrictiveness is positively associated with net lending by banks
and seek to explore whether the design of targeted credit easing operations can influence
bank credit flows. The analysis focuses specifically on the TLTRO-II.
Fixed effects regressions are estimated using a unique microdata panel of all participating banks in the TLTRO-II from January 2015 until January 2018. The dataset
includes the lending data that participants provided to their national central bank for
the calculation of the TLTRO-II interest rates. The estimations lead to several findings.
First, a more restrictive benchmark results in more total net lending and net lending to
non-financial corporates by relatively large banks. Banks that are relatively large and
face the most restrictive benchmark increase their net lending relative to outstanding
2

The MRO and DF are, respectively, the one-week liquidity-providing operation and the overnight
standing facility for banks.
3
This is in contrast with the targeted credit easing operation of the Bank of England − the extension
of the funding for lending scheme − where participants were penalized for lending declines via interest
rate increases (BoE, 2016).
4
The evidence provided by the ECB is based on a comparison of lending behavior between TLTRO
participants and non-participants at the aggregate level (ECB, 2017). Laine (2019) compares participants
and non-participants at the bank level.
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loans to the real economy with 9 to 16 percentage points. Second, the benchmark restrictiveness does not impact total lending by relatively small banks. Third, there exists
a weak positive relationship between the benchmark restrictiveness and net lending to
non-financial corporates by relatively small banks. Last, a more restrictive benchmark
does not lead to more net lending to households. These results are robust to several
alternative specifications.
The rest of this chapter is organized as follows. Section 5.2 discusses the TLTROII benchmark methodology and calculation of the TLTRO-II interest rate. Section 5.3
presents the methodology and data. Section 5.4 offers the results. Section 5.5 concludes.

5.2

Benchmark methodology and TLTRO-II interest rate calculation

The TLTRO-II interest rate is based on a participant’s net lending to non-financial
corporates and households relative to a participant-specific lending benchmark. Loans
for house purchases are excluded (also in the remainder of this study, unless explicitly
mentioned). The benchmark is based on the participant’s net lending to non-financial
corporates and households in the first reference period from February 2015 to January
2016. The restrictiveness of the benchmark differs between institutions that had positive
or negative net lending in the run up to the TLTRO-II. The value of the benchmark
equals outstanding loans in January 2016 for participants whose net lending was positive.
For participants whose net lending was negative, the benchmark equals the sum of
outstanding loans in January 2016 and the net lending amount in the first reference
period (Figure 5.1 illustrates; the Appendix provides further details). The deviation
of a participant’s outstanding amount of loans from the benchmark at the end of the
second reference period determines the interest rate. The second reference period is from
February 2016 to January 2018. There are three possible outcomes:
1. If the outstanding amount of loans at the end of the second reference period does
not exceed the benchmark, the interest rate equals the MRO rate.
2. If the deviation from the benchmark is positive, but smaller than 2.5 percent, the
interest rate equals a proportionally determined rate between the MRO and the
DF rate.
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3. If the deviation from the benchmark exceeds 2.5 percent, the interest rate equals
the DF rate.

Outstanding loans start 1st
reference period (Feb 2015)

Outstanding loans start 2nd
reference period (Jan 2016)

Outstanding loans end 2nd
reference period (Jan 2018)

Sum of outstanding loans

Benchmark

x

x
Benchmark

Figure 5.1: Participant-specific lending benchmark of TLTRO-II
Notes: This figure illustrates the TLTRO-II benchmark methodology for participants experiencing
positive and negative net lending in the first reference period. The benchmark is based on the
participant’s net lending to non-financial corporates and households in the first reference period
(February 2015 − January 2016). The value of the benchmark equals outstanding loans in January
2016 for participants whose net lending was positive and equals outstanding loans in January 2016
minus the net lending amount for participants whose net lending was negative.

5.3

Methodology and data

A fixed effects regression model estimates the effect of the restrictiveness of the TLTROII benchmark on net lending. Four dependent variables are used. The first three variables
are net lending relative to outstanding loans in January 2016 for:
1. households (HHi,j,t );
2. non-financial corporates (N F Ci,j,t );
3. households and non-financial corporates (Ti,j,t ).
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The fourth dependent variable is net lending to households relative to total net lending
to households including loans for house purchases (HPi,j,t ) and indicates the extent to
which loans included in the benchmark increase more than loans excluded from the
benchmark. The subscripts i, j and t denote the participating bank, country and the
two reference periods, respectively.
The following regression model is estimated:
0

N Li,j,t = βT LT ROi,j,t + γ Xj,t + ζZi,j,t + ti,j,t + µi,j + εi,j,t

(5.1)

where N Li,j,t comprises the set of HHi,j,t , N F Ci,j,t , Ti,j,t and HPi,j,t , T LT ROi,j,t represents the indicator for the TLTRO-II benchmark restrictiveness, Xj,t comprises the set
of country-specific controls, Zi,j,t are bank-specific control variables, ti,j,t represents a
bank-specific linear time trend, µi,j are time-invariant fixed effects and εi,j,t is the error
term.
The benchmark restrictiveness indicator equals 0 in the first reference period. This
is because the TLTRO-II benchmark is not yet binding in the first reference period, de
facto implying zero restrictiveness. In the second reference period, the indicator equals
the ratio of the benchmark value to the sum of outstanding non-financial corporate
and household loans at the end of the first reference period; the value lies between 0
and 1 (higher values indicate a more binding constraint). Note that the indicator is a
predetermined regressor, since the benchmark’s restrictiveness is based on a bank’s past
performance in terms of credit supply (see Section 5.2). This implies that the effects
are underestimated, i.e. the effects are generally larger than the models suggest (see the
Appendix).
As the benchmark restrictiveness is based on a bank’s past amount of net lending,
an omitted variable bias can occur when a bank’s net lending is (partially) determined
by its net lending behavior in the past. To control for this, the regressions include two
control variables that take account of bank-specific trend growth in credit supply. The
first variable is a linear time trend that is positive for banks with positive net lending
in the first reference period and negative for banks with negative net lending in the
first reference period. The second variable is a bank’s 1-year growth rate in outstanding
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loans to households and non-financial corporates, lagged by one year per reference period
(captured by Zi,j,t ).
Also note that the calculation of the benchmark restrictiveness differs between banks
with positive and negative net lending before the start of the TLTRO-II; while the restrictiveness varies for banks with negative net lending in the first reference period, the
restrictiveness equals 1 for all banks with positive net lending in the first reference period, independent of their net lending size in the first reference period. This difference is
eliminated in a separate robustness check that assumes a bank’s benchmark restrictiveness proportionally rises above 1 according to the bank’s positive amount of net lending
(Figure 5.5 in Section 5.5 illustrates this).
In addition, the regressions address demand-effects and indexation by including
country-specific control variables: the quarterly-average of GDP growth, the monthlyaverage of growth in the total industrial production index (excluding construction; seasonally adjusted), the monthly-average of an economic sentiment indicator and the
monthly-average of HICP inflation. Financial shocks are controlled for by including
a country-specific sovereign risk (SRSK) variable that proxies a sovereign’s default probability. The regressions also control for real economic demand by including the monthlyaverage of bank-specific lending interest rates on 1- to 5-year bank loans. Last, bank
fixed effects are included to take account of differences between banks, such as their
corporate structure, bank capitalization, funding stress and the amount borrowed under TLTRO-II.5 The bank fixed effects are substituted with country fixed effects in a
separate robustness check.
The analysis relies on different data sources. For data on lending to the first three
groups of borrowers and the calculation of the participant-specific benchmark, the data
that participants provided to their national central bank for the calculation of the
TLTRO-II interest rates are used. This dataset allows for calculating the benchmark
restrictiveness of all participating banks in the TLTRO-II. Data for the last group of
borrowers are obtained from the ECB’s Individual Balance Sheet Items (IBSI) database,
since loans for house purchases are excluded from the benchmark calculation (see Sec5

Bank fixed effects prevent a potential underestimation of the effects of the benchmark restrictiveness
indicator; a less restrictive benchmark may incentivize banks to increase their total take-up in the
TLTRO-II, de facto resulting in larger net lending increases.
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tion 2). Data for the growth rates in outstanding loans prior the two reference periods
are also taken from the IBSI database, since participants were not required to provide
this data to their national central bank for the calculation of the TLTRO-II interest
rates. All country-specific variables that control for demand-effects and indexation are
obtained from Eurostat. The country-specific variable SRSK is provided by Bloomberg.
The bank-specific lending rates are obtained from the ECB’s interest rates statistics
(IMIR) database.
The total panel includes all 755 participating banks and the two reference time
periods. There are no missing values for HHi,j,t , N F Ci,j,t and Ti,j,t .6 However, bankspecific control variable data that stem from the IBSI and IMIR database are only
available for 116 banks. This is because not all participants report in the IBSI and IMIR
database. Regression models without controlling for bank-specific control variables are
therefore also estimated. The sample is split into small and large banks, based on the
median of banks’ outstanding loans in January 2016.7 Figure 5.2 shows that the size
of participating banks is highly skewed.8 Therefore, the top 50 largest banks are also
analyzed separately; they have balance sheet sizes larger than 40 billion euros and make
up 57 percent of the panel’s outstanding loans in January 2016.
To illustrate the evolution of net lending, Figure 5.3 presents the sum of all participants’ net lending to non-financial corporates and households in the first and second
reference period by country, as well as the total sample sum. Due to confidentiality of the
data, the sum of net lending of participants in Cyprus, Estonia, Lithuania, Latvia and
Malta are plotted under ‘Other’. The figure shows that net lending to non-financial corporates and households increased in most countries. There are two exceptions. First, the
sum of net lending to non-financial corporates decreased in some or all of the countries
6

Note that the values of HHi,j,t , N F Ci,j,t and Ti,j,t are set to 0 when their denominators and
numerators are both equal to 0. For 2 observations of HHi,j,t however, the denominator equals 0 while
the numerator is positive. This is because two banks experience positive net lending to households in
the second reference period while they had no loans outstanding to households by the end of the first
reference period. As these banks did in fact increase their net lending to households relative to their
outstanding households loans, these ratios are set to 10 (i.e. 1000%). However, leaving these observations
undefined (i.e. excluding these observations from the sample), does not change the results.
7
Outstanding loans are used as an indicator for banks’ balance sheet size, as data on total assets is
not provided for all participating banks.
8
The y-axis represents the sum of a bank’s outstanding loans to households and non-financial corporates. The actual values are not shown due to confidentiality.

149

Chapter 5

Figure 5.2: Quantile plot of banks’ size
Notes: This figure shows the distribution of the sum of bank’s outstanding loans to households and
non-financial corporates between February 2015 and January 2018. The straight line represents an
equal distribution. The distribution has 1,510 observations and includes all 755 banks.

under ‘Other’. Second, net lending to households decreased in Greece.
Of all participants, 530 banks have experienced positive net lending in the first reference period and thus face the most restrictive benchmark; their benchmark restrictiveness indicator equals 1 in the second reference period. The benchmark restrictiveness
indicator is smaller than 1 for the other 225 banks in the second reference period. Table
5.1 shows the descriptive statistics of the benchmark restrictiveness indicator for banks
with negative net lending in the first reference period (additional descriptive statistics
are not provided due to data confidentiality issues). The descriptive statistics show that
the restrictiveness indicator varies between 0 and 0.99.
While a selection effect emerges when banks have only participated in the TLTROII if they knew ex ante that they were likely to beat the benchmark, the results are
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Total

Austria
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0
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1
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0

1

1

0
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100

2

3

10
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1

4
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2

150

Finland

1

2

Other
0,2

0
-0,2

0,5

-0,5

0

10

-1

1

2

1

2

-0,4

0

1

2

1

2

Net lending to non-financial corporates

-0,6

1

2

1

2

1

2

1

2

Net lending to households

Figure 5.3: Net lending per reference period by country
Notes: This figure shows evolution of the sum of all participants’ net lending to non-financial corporates and households by country, as well as the total sample sum. The x-axis represents the two
reference periods. The y-axis represents the net lending volumes in EUR billions. Due to confidentiality of the data, the sum of net lending of participants in Cyprus, Estonia, Lithuania, Latvia and
Malta are plotted under ‘Other’, which ensures a minimum of 4 participating banks per chart.

not subject to this selection bias; the estimations examine the relationship between the
benchmark restrictiveness and bank net lending within the group of TLTRO-II participants. This study does not analyze the effectiveness of the TLTRO-II by comparing
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Table 5.1: Restrictiveness for banks with negative net lending in the 1st reference period
Variable
Obs
Mean
Std. Dev.
Min
Max
Benchmark restrictiveness indicator
225
0.917
0.167
0.000
0.999
Notes: This table presents the descriptive statistics of the benchmark restrictiveness indicator in the second reference
period for banks with negative net lending in the first reference period. Of the 755 participants, 225 banks experienced
negative net lending in the first reference period and have a benchmark restrictiveness indicator that is smaller than 1.
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More
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Figure 5.4: Benchmark deviations for participants receiving DF rate
Notes: This figure shows the benchmark deviations for participants receiving the interest rate on the
central bank’s deposit facility (i.e. participants that have deviated by more than 2.5 percent from the
TLTRO-II benchmark). There are in total 596 participants that fully beat the benchmark.

participants and non-participants. Moreover, in terms of bank credit size, more than 70
percent of all Eurosystem Monetary Financial Institutions (MFIs) participated in the
TLTRO-II.9 Any selection effect is therefore likely to be small. Also, deviations from
the benchmark tend to be much larger than the required 2.5 percent for participants
receiving the DF rate (see Figure 5.4).10 This suggests that the benchmark was not a
major hurdle for banks to receive the DF rate.

9

Aggregated Balance Sheet Items (BSI) data from the ECB statistical data warehouse shows that
relative to total outstanding loans to non-financial corporates in the Eurosystem, the percentage of
participants’ outstanding loans to non-financial corporates equals 73 percent.
10
More than 75 percent of all participants have fully beaten the benchmark.
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5.4

Results

The estimations refer to all participating banks, for banks with outstanding loans below
and above the sample median, and for the 50 largest banks. All regressions include
HAC standard errors. The results suggest that a more restrictive TLTRO-II benchmark
is associated with more total net lending and net lending to non-financial corporates by
relatively large banks (see Tables 5.2 and 5.3). Relatively large banks that face the most
restrictive benchmark increase their total net lending relative to outstanding loans with
9 to 13 percentage points. Net lending to non-financial corporates by relatively large
banks increased with 13 to 16 percentage points relative to outstanding loans. These
effects are significant at the 1 percent confidence level.11
Despite the positive evolution of net lending to households (as illustrated in Figure
5.3), the results suggest that the benchmark restrictiveness indicator is not related to net
lending to households by relatively large banks. The estimations show no positive significant effects on net lending to households by large banks, both as a ratio of outstanding
loans to households and relative to net lending to households including loans for house
purchases (see Tables 5.2 and 5.3). The insignificant effects on net lending to households
may be explained by a potential difference between the interest rate elasticities of bank
credit for non-financial firms and households. Banks are more likely to increase their net
lending to non-financial corporates than to households in case the interest rate elasticity
of credit is lower for households than for non-financial corporates.
For banks with outstanding loans below the sample median, the results show a positive relationship between the benchmark restrictiveness and net lending to non-financial
corporates exists, significant at the 10% level (see Table 5.4). Conversely, the results
show that the benchmark restrictiveness is negatively associated with net lending to
households by relatively small banks. For the entire sample, the positive effects on total
net lending and net lending to non-financial corporates relative to outstanding loans in
January 2016 remain statistically significant and increase to 12 and 27 percentage points,
respectively (see Table 5.5).
The heterogeneous calculation of the benchmark’s restrictiveness between banks with
11
Similar results are found when bank fixed effects are substituted with country fixed effects in these
estimations (available upon request).
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Table 5.2: Results for banks with outstanding loans above the sample median
Regressors
Benchmark
restrictiveness
Country controls
Bank controls
Bank fixed effects
Time trend

HHi,j,t
-0.043
(0.079)

HHi,j,t
0.024
(0.054)

N F Ci,j,t
0.156***
(0.040)

Yes
No
Yes
Yes

Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Dependent variable
N F Ci,j,t
Ti,j,t
0.139***
0.088***
(0.041)
(0.027)
Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Ti,j,t
0.115***
(0.029)

HPi,j,t
-102.636
(106.539)

HPi,j,t
-332.240
(311.174)

Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Yes
Yes
Yes
Yes

R-sqr(within)
0.015
0.133
0.072
0.317
0.098
0.316
0.025
0.121
N
754
212
754
212
754
212
211
203
Notes: This table presents fixed effects estimations for model (5.1) for banks with outstanding loans above the sample
median. The dependent variables are net lending to households as a ratio of outstanding household loans in January
2016 (HHi,j,t ), net lending to non-financial corporates as a ratio of outstanding non-financial corporate loans in January
2016 (N F Ci,j,t ), the total sum of net lending to households and non-financial corporates as a ratio of the total sum
of outstanding non-financial corporate and household loans in January 2016 (Ti,j,t ) and net lending to households as a
ratio of net lending to households including loans for house purchases in January 2016 (HPi,j,t ). HAC standard errors
are given in parentheses. The following country-specific control variables are included in all columns: the quarterlyaverage of GDP growth, the monthly-average of a total industrial production index growth (excluding construction;
seasonally adjusted), the monthly-average of an economic sentiment indicator, the monthly-average of HICP inflation
and the monthly-average of an indicator for a sovereign’s default probability. In addition, the regressions control for
bank-specific linear trend growth in all columns. Columns 2, 4, 6 and 8 also control for real economic demand by
including the monthly-average of bank-specific lending interest rates on 1- to 5-year bank loans and for bank-specific
1-year growth rates in outstanding loans, lagged by one year per reference period. All columns include bank fixed effects.
Significance levels: * p<0.1, ** p<0.05, *** p<0.01.

Table 5.3: Results for the 50 largest banks
Regressors
Benchmark
restrictiveness
Country controls
Bank controls
Bank fixed effects
Time trend

HHi,j,t
-0.036
(0.046)

HHi,j,t
-0.070
(0.055)

N F Ci,j,t
0.137***
(0.039)

Yes
No
Yes
Yes

Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Dependent variable
N F Ci,j,t
Ti,j,t
0.160***
0.118***
(0.042)
(0.032)
Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Ti,j,t
0.130**
(0.038)

HPi,j,t
-150.680
(180.828)

HPi,j,t
-981.884
(696.272)

Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Yes
Yes
Yes
Yes

R-sqr(within)
0.134
0.156
0.522
0.551
0.469
0.474
0.047
0.356
N
100
93
100
93
100
93
91
91
Notes: This table presents fixed effects estimations for model (5.1) for the 50 largest banks. The dependent variables
are net lending to households as a ratio of outstanding household loans in January 2016 (HHi,j,t ), net lending to
non-financial corporates as a ratio of outstanding non-financial corporate loans in January 2016 (N F Ci,j,t ), the total
sum of net lending to households and non-financial corporates as a ratio of the total sum of outstanding non-financial
corporate and household loans in January 2016 (Ti,j,t ) and net lending to households as a ratio of net lending to
households including loans for house purchases in January 2016 (HPi,j,t ). HAC standard errors are given in parentheses.
The following country-specific control variables are included in all columns: the quarterly-average of GDP growth,
the monthly-average of a total industrial production index growth (excluding construction; seasonally adjusted), the
monthly-average of an economic sentiment indicator, the monthly-average of HICP inflation and the monthly-average
of an indicator for a sovereign’s default probability. In addition, the regressions control for bank-specific linear trend
growth in all columns. Columns 2, 4, 6 and 8 also control for real economic demand by including the monthly-average of
bank-specific lending interest rates on 1- to 5-year bank loans and for bank-specific 1-year growth rates in outstanding
loans, lagged by one year per reference period. All columns include bank fixed effects. Significance levels: * p<0.1, **
p<0.05, *** p<0.01.
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Table 5.4: Results for banks with outstanding loans below the sample median
Regressors
Benchmark
restrictiveness
Country controls
Bank controls
Bank fixed effects
Time trend

HHi,j,t
-0.922**
(0.460)

Dependent variable
N F Ci,j,t
0.492*
(0.274)

Ti,j,t
0.227
(0.252)

Yes
No
Yes
Yes

Yes
No
Yes
Yes

Yes
No
Yes
Yes

R-sqr(within)
0.279
0.105
0.051
N
756
756
756
Notes: This table presents fixed effects estimations for model (5.1) for banks with outstanding loans below the sample
median. The dependent variables are net lending to households as a ratio of outstanding household loans in January
2016 (HHi,j,t ), net lending to non-financial corporates as a ratio of outstanding non-financial corporate loans in January
2016 (N F Ci,j,t ) and the total sum of net lending to households and non-financial corporates as a ratio of the total sum of
outstanding non-financial corporate and household loans in January 2016 (Ti,j,t ). Net lending to households as a ratio of
outstanding household loans including loans for house purchases is not depicted as there are almost no observations for
banks with outstanding loans below the sample median. HAC standard errors are given in parentheses. The following
country-specific control variables are included in all columns: the quarterly-average of GDP growth, the monthly-average
of a total industrial production index growth (excluding construction; seasonally adjusted), the monthly-average of an
economic sentiment indicator, the monthly-average of HICP inflation and the monthly-average of an indicator for a
sovereign’s default probability. In addition, the regressions control for bank-specific linear trend growth in all columns.
The regressions do not control for bank-specific lending interest rates, since there are too little observations for small
banks. All columns include bank fixed effects. Significance levels: * p<0.1, ** p<0.05, *** p<0.01.

Table 5.5: Results for total panel
Regressors
Benchmark
restrictiveness
Country controls
Bank controls
Bank fixed effects
Time trend

HHi,j,t
-0.312*
(0.189)

HHi,j,t
0.057
(0.056)

N F Ci,j,t
0.273***
(0.080)

Yes
No
Yes
Yes

Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Dependent variable
N F Ci,j,t
Ti,j,t
0.129***
0.123*
(0.042)
(0.069)
Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Ti,j,t
0.114***
(0.031)

HPi,j,t
-102.438
(106.029)

HPi,j,t
-301.792
(287.263)

Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Yes
Yes
Yes
Yes

R-sqr(within)
0.127
0.182
0.076
0.333
0.051
0.331
0.023
0.101
N
1510
218
1510
218
1510
218
215
207
Notes: This table presents fixed effects estimations for (5.1) for the total panel. The dependent variables are net
lending to households as a ratio of outstanding household loans in January 2016 (HHi,j,t ), net lending to non-financial
corporates as a ratio of outstanding non-financial corporate loans in January 2016 (N F Ci,j,t ), the total sum of net
lending to households and non-financial corporates as a ratio of the total sum of outstanding non-financial corporate and
household loans in January 2016 (Ti,j,t ) and net lending to households as a ratio of net lending to households including
loans for house purchases in January 2016 (HPi,j,t ). HAC standard errors are given in parentheses. The following
country-specific control variables are included in all columns: the quarterly-average of GDP growth, the monthly-average
of a total industrial production index growth (excluding construction; seasonally adjusted), the monthly-average of an
economic sentiment indicator, the monthly-average of HICP inflation and the monthly-average of an indicator for a
sovereign’s default probability. In addition, the regressions control for bank-specific linear trend growth in all columns.
Columns 2, 4, 6 and 8 also control for real economic demand by including the monthly-average of bank-specific lending
interest rates on 1- to 5-year bank loans and for bank-specific 1-year growth rates in outstanding loans, lagged by one
year per reference period. All columns include bank fixed effects. Significance levels: * p<0.1, ** p<0.05, *** p<0.01.
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positive and negative net lending in the first reference period is resolved in a separate
robustness check (see Section 5.3 for an explanation). It is assumed that the benchmark
restrictiveness indicator proportionally rises above 1 when net lending in the first reference period is positive. This indicator thus controls for a potential net lending trend
across all participating banks homogeneously (see Figure 5.5). The results are similar
(see Tables 5.6-5.8). A more restrictive benchmark is associated with more total net
lending and net lending to non-financial corporates, even when banks are required to
beat their own positive net lending trend. For the top 50 largest banks, the effects
are statistically significant at the 1% level in all columns. For the other samples, the
statistical significance varies between the 1 to 5 percent confidence level.
Outstanding loans start 1st
reference period (Feb 2015)

Outstanding loans start 2nd
reference period (Jan 2016)

Outstanding loans end 2nd
reference period (Jan 2018)

Sum of outstanding loans

Assumed benchmark
x

x

x

x
Benchmark

Figure 5.5: Homogeneous participant-specific lending benchmark of TLTRO-II
Notes: This figure illustrates the robustness check approach to account for the heterogeneous calculation of the benchmark’s restrictiveness between banks with positive and negative net lending in the
first reference period (see Section 5.3 for an explanation). The difference between the groups of banks
is eliminated by assuming a bank’s benchmark restrictiveness proportionally rises above 1 according
to the amount of the bank’s positive net lending in the first reference period. The benchmark is based
on the participant’s net lending to non-financial corporates and households in the first reference period
(February 2015 − January 2016). The value of the benchmark equals outstanding loans in January
2016 plus the net lending amount for both groups.
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Table 5.6: Results for banks with outstanding loans above the sample median (Robustness check)
Regressors
Benchmark
restrictiveness adjusted
Country controls
Bank controls
Bank fixed effects
Time trend

N F Ci,j,t
0.417**
(0.203)
Yes
No
Yes
Yes

Dependent variable
N F Ci,j,t
Ti,j,t
0.214**
0.246**
(0.091)
(0.111)
Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Ti,j,t
0.194**
(0.086)
Yes
Yes
Yes
Yes

R-sqr(within)
0.184
0.408
0.209
0.430
N
754
212
754
212
Notes: This table presents the results of the robustness check as described in the main text for banks with outstanding
loans above the sample median. The fixed effects estimations use an alternative specification for the benchmark restrictiveness indicator model (5.1). The dependent variables are net lending net lending to non-financial corporates as a ratio
of outstanding non-financial corporate loans in January 2016 (N F Ci,j,t ) and the total sum of net lending to households
and non-financial corporates as a ratio of the total sum of outstanding non-financial corporate and household loans in
January 2016 (Ti,j,t ). HAC standard errors are given in parentheses. The following country-specific control variables
are included in all columns: the quarterly-average of GDP growth, the monthly-average of a total industrial production
index growth (excluding construction; seasonally adjusted), the monthly-average of an economic sentiment indicator,
the monthly-average of HICP inflation and the monthly-average of an indicator for a sovereign’s default probability. In
addition, the regressions control for bank-specific linear trend growth in all columns. Columns 2 and 4 also control for
real economic demand by including the monthly-average of bank-specific lending interest rates on 1- to 5-year bank loans
and for bank-specific 1-year growth rates in outstanding loans, lagged by one year per reference period. All columns
include bank fixed effects. Significance levels: * p<0.1, ** p<0.05, *** p<0.01

Table 5.7: Results for the 50 largest banks (Robustness check)
Regressors
Benchmark
restrictiveness adjusted
Country controls
Bank controls
Bank fixed effects
Time trend

N F Ci,j,t
0.138***
(0.037)
Yes
No
Yes
Yes

Dependent variable
N F Ci,j,t
Ti,j,t
0.159***
0.119***
(0.040)
(0.031)
Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Ti,j,t
0.130***
(0.035)
Yes
Yes
Yes
Yes

R-sqr(within)
0.542
0.571
0.482
0.487
N
100
93
100
93
Notes: This table presents the results of the robustness check as described in the main text for the 50 largest banks.
These fixed effects estimations use an alternative specification for the benchmark restrictiveness indicator in model (5.1).
The dependent variables are net lending net lending to non-financial corporates as a ratio of outstanding non-financial
corporate loans in January 2016 (N F Ci,j,t ) and the total sum of net lending to households and non-financial corporates
as a ratio of the total sum of outstanding non-financial corporate and household loans in January 2016 (Ti,j,t ). HAC
standard errors are given in parentheses. The following country-specific control variables are included in all columns:
the quarterly-average of GDP growth, the monthly-average of a total industrial production index growth (excluding
construction; seasonally adjusted), the monthly-average of an economic sentiment indicator, the monthly-average of
HICP inflation and the monthly-average of an indicator for a sovereign’s default probability. In addition, the regressions
control for bank-specific linear trend growth in all columns. Columns 2 and 4 also control for real economic demand by
including the monthly-average of bank-specific lending interest rates on 1- to 5-year bank loans and for bank-specific
1-year growth rates in outstanding loans, lagged by one year per reference period. All columns include bank fixed effects.
Significance levels: * p<0.1, ** p<0.05, *** p<0.01
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Table 5.8: Results for total panel (Robustness check)
Regressors
Benchmark
restrictiveness adjusted
Country controls
Bank controls
Bank fixed effects
Time trend

N F Ci,j,t
0.397***
(0.147)
Yes
No
Yes
Yes

Dependent variable
N F Ci,j,t
Ti,j,t
0.200**
0.311***
(0.092)
(0.120)
Yes
Yes
Yes
Yes

Yes
No
Yes
Yes

Ti,j,t
0.188**
(0.087)
Yes
Yes
Yes
Yes

R-sqr(within)
0.107
0.419
0.118
0.437
N
1510
218
1510
218
Notes: This table presents the results of the robustness check as described in the main text for the total panel. These
fixed effects estimations use an alternative specification for the benchmark restrictiveness indicator in model (5.1).
The dependent variables are net lending net lending to non-financial corporates as a ratio of outstanding non-financial
corporate loans in January 2016 (N F Ci,j,t ) and the total sum of net lending to households and non-financial corporates
as a ratio of the total sum of outstanding non-financial corporate and household loans in January 2016 (Ti,j,t ). HAC
standard errors are given in parentheses. The following country-specific control variables are included in all columns:
the quarterly-average of GDP growth, the monthly-average of a total industrial production index growth (excluding
construction; seasonally adjusted), the monthly-average of an economic sentiment indicator, the monthly-average of
HICP inflation and the monthly-average of an indicator for a sovereign’s default probability. In addition, the regressions
control for bank-specific linear trend growth in all columns. Columns 2 and 4 also control for real economic demand by
including the monthly-average of bank-specific lending interest rates on 1- to 5-year bank loans and for bank-specific
1-year growth rates in outstanding loans, lagged by one year per reference period. All columns include bank fixed effects.
Significance levels: * p<0.1, ** p<0.05, *** p<0.01

5.5

Conclusion

This study uses unique microdata and sheds light on the success of the lending benchmark in the Eurosystem’s TLTRO-II. A more restrictive lending benchmark results in
more total net lending and net lending to non-financial corporates, especially by relatively large banks. The large banks make up the largest share in total bank credit supply
and are most relevant for the bank lending channel. Providing interest rate discounts
on the basis of participant-specific lending benchmarks is thus an effective credit easing
instrument.
The findings are relevant for monetary policy makers. The design and restrictiveness of targeted lending benchmarks can influence bank credit flows. Increasing the
restrictiveness of participant-specific lending benchmarks stimulates net lending. The
restrictiveness of the TLTRO-II benchmark did not impact net lending to households,
however. Further, lending benchmarks targeted specifically on households may resolve
this. Moreover, negative lending benchmarks which penalize credit flows to certain
groups of borrowers may even restrict bank lending to particular borrowers, but this
cannot be tested.
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5.6

Appendix C

The TLTRO-II benchmark and calculation of the interest rate
A participant’s TLTRO-II interest rate is conditional on the following outstanding
amount benchmark:
Benchmarki = OLi,Jan16 + min(N Li,F eb15−Jan16 , 0)

(C.1)

where Benchmarki represents the outstanding amount benchmark, OLi,Jan16 is the
amount of eligible loans outstanding in January 2016, N Li,F eb15−Jan16 is the amount
of eligible net lending during the first reference period (Feb 2015 − Jan 2016), and the
subscript i represents the TLTRO-II participant.
The performance of a TLTRO-II participant is measured by summing OLi,Jan16 and
a participant’s eligible net lending in the second reference period (Feb 2016 − Jan 2018).
This is defined as:
LSi = OLi,Jan16 + N Li,F eb16−Jan18

(C.2)

where LSi represents the amount of eligible loans outstanding after the second reference
period and N Li,F eb16−Jan18 is eligible net lending during the second reference period.
A performance measure calculates the percentage deviations of LSi from Benchmarki :
P Mi =

(LSi − Benchmarki )
∗ 100
Benchmarki

(C.3)

where P Mi is the performance measure. Ratio (C.3) does not hold when Benchmarki
equals zero. P Mi is then assumed to equal 2.5.12
Finally, the TLTRO-II interest rate is based on P Mi and has three outcomes:
1. If P Mi 0, then ri = rM RO
2. If P Mi ≥ 2.5, then ri = rDF
3. If 0 < P Mi < 2.5, then ri = rM RO −
12

(rM RO −rDF )∗P Mi
2.5

In the data, this only applies to two banks, however.
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where ri is the TLTRO-II interest rate, and rM RO and rDF respectively represent the
rate on the MRO and DF of the Eurosystem.
Proof of an underestimation of the results
Consider a simplified form of the fixed effects model in this chapter:
Yi,j,t = βT LT ROi,j,t + µi,j + εi,j,t

(C.4)

This regression runs over the two reference periods of the TLTRO-II. Performing fixed
effects estimations over two time periods implies employing cross-sectional regressions
in first differences:
∆Yi,j,t = β∆T LT ROi,j,t + ∆εi,j,t

(C.5)

The covariance between the benchmark indicator and the dependent variable can be
defined as:
Cov(∆T LT ROi,j,t , ∆εi,j,t ) = Cov(T LT ROi,j,2 − T LT ROi,j,1 , εi,j,2 − εi,j,1 )
= Cov(T LT ROi,j,1 , εi,j,2 ) − Cov(T LT ROi,j,2 , εi,j,1 )

(C.6)

where Cov(T LT ROi,j,1 , εi,j,2 ) = 0. The second benchmark indicator’s outcome in the
second period, T LT ROi,j,2 , depends on the dependent variable in the first period;
the benchmark’s restrictiveness increases with a bank’s net lending (see Section 2).
T LT ROi,j,2 is thus a predetermined regressor and the covariance between these two
is positive:
Cov(T LT ROi,j,2 , Yi,j,1 ) > 0

(C.7)

By implication, the covariance between the benchmark indicator in the second period
and the error term in the first period is positive:
Cov(T LT ROi,j,2 , εi,j,1 ) > 0

(C.8)

The results are thus underestimated:
Cov(∆T LT ROi,j,t , εi,j,t ) < 0
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Chapter 6
Revisiting the central bank’s lender of last resort function

This chapter is based on Bats, Thoolen and Van den End (2018)

Revisiting the central bank’s lender of last resort function

6.1

Introduction

During the global financial crisis which started in 2007 (henceforth: crisis), central banks
provided extended liquidity support, both to individual institutions and financial markets
more broadly. These measures were taken as part of the LOLR function of the central
bank, which can be activated in response to various kinds of liquidity risk. In times of
systemic liquidity stress, when markets do not function properly and liquidity buffers
fall short, a larger intermediary role of the central bank is warranted. Extended liquidity
supply by the central bank can then underpin the intermediary function of the financial
system to ensure the continuation of critical economic processes. In a systemic crisis,
supporting financial stability is tantamount to safeguarding the monetary transmission
process and thus, ultimately, also ensuring price stability.
The LOLR function can be designed and integrated in the set of monetary policy
instruments and procedures of the central bank (the operational framework) in various
ways. This chapter analyzes the differences in liquidity supply in the major jurisdictions
during and after a period of systemic liquidity stress and explores the optimal design
of the LOLR function. The data show that in the US and the UK the use of central
bank facilities was reduced in tandem with the decline in market liquidity stress, while
the demand for Eurosystem operations remained high for a prolonged period. A deeper
analysis of the use of Eurosystem refinancing operations during the crisis reveals that the
distribution of liquidity supply was highly concentrated; a small fraction of Eurosystem
counterparties received relatively large amounts of refinancing. Moreover, it appears
that some banks have persistently used the Eurosystem refinancing facilities, even in
more benign market conditions.
Based on these findings and on the literature in this field, this study concludes that
liquidity supply by the central bank should only complement the market when the market
fails to properly distribute liquidity. In these situations of market failure, there should be
no uncertainty about the availability of LOLR and stigma related to systemic liquidity
support should be avoided. However, systemic liquidity support should only be provided
temporarily, since the lack of an exit strategy for central bank liquidity supply distorts
the incentives of banks and delays a return to normal market conditions and a smaller
intermediary role of the central bank.
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Based on these features, three alternatives for the future design of the LOLR function
are compared. A Fixed Rate Full Allotment (FRFA) policy (as currently applied by the
Eurosystem) is a very effective instrument when markets become dysfunctional, but can
make banks dependent on central bank funding for a prolonged period of time. To
prevent this, incentives can be embedded in the operational framework to discourage
over-proportional use of the monetary policy operations and/or a designated Liquidity
Insurance Facility could be considered. While the former keeps the LOLR function
(largely) integrated in the regular monetary policy framework, the latter represents a
separate facility that can be activated in times of systemic liquidity stress, with special
terms and conditions. It is argued that both have their pros and cons.
This chapter is structured as follows. Section 6.2 presents the concept of LOLR
and some long-standing principles related to its use. Section 6.3 provides lessons from
the crisis on extended liquidity supply and analyzes the use of Eurosystem refinancing
operations during the crisis, after which Section 6.4 provides new insights on the longstanding LOLR principles. Based on this, Section 6.5 compares three alternatives for
designing the LOLR function.

6.2
6.2.1

LOLR: Concept and guiding principles
Value added

The LOLR function adds value in several ways. Providing liquidity support to institutions that are solvent but illiquid avoids losses associated with the insolvency of a
viable institution. LOLR support can also have wider benefits, since bank failures usually come with negative externalities for the economy and the financial system. These
can be mitigated if LOLR resolves market failures which may affect financial stability
and monetary transmission, such as a break-down of liquidity distribution by interbank
markets. The crisis was a clear example of this. High uncertainty about counterparty
risk and about the availability of funding liquidity led to a massive hoarding of liquidity
by banks. While this was a rational response from the perspective of individual market participants, their collective behavior led to the drying up of market liquidity and
impaired the functioning of banks. Markets were no longer able to distribute liquidity
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through the system, which can be assumed to represent a serious market failure with
potential downside risks for financial stability, monetary transmission and the economy.
These conditions triggered central banks worldwide to intervene. By extending LOLR
support, the Eurosystem complemented − or to some extent even replaced − the market
when it failed. Research confirms that by supporting monetary transmission and credit
supply, the long-term refinancing operations of the Eurosystem contributed to economic
growth (see for instance Darracq-Paries et al. (2015) and Cahn et al. (2017)).
6.2.2

LOLR concept

Apart from conducting monetary policy, central banks perform a vital role as LOLR,
providing liquidity support to individual institutions and/or financial markets, with the
aim to prevent instability of the financial system.
LOLR can be defined in a narrow and in a broad sense. According to the narrow
concept, as used by Goodhart (1999), LOLR refers to bilateral central bank lending to
individual banks that experience liquidity problems (in the Eurosystem referred to as
“emergency liquidity assistance”). He argues that liquidity provision via open market
operations (OMOs), to calm markets, should not be considered as LOLR, since in practice it is not possible to distinguish to what extent the OMOs are carried out as part
of the LOLR function (“LOLR-OMO”) and to what extent not (“non-LOLR-OMO”).
In his view, this makes the concept effectively non-operational. Others (e.g. Bindseil,
2016) use a broader LOLR-concept and typically refer to LOLR as liquidity support to
the (banking) system as a whole, considering bilateral liquidity assistance to individual
institutions as a special type of LOLR. Some hold the view that the central bank should
only provide liquidity insurance via open market operations and not lend bilaterally,
which is the so called “Richmond Fed view” (Tucker, 2014). This study assumes a broad
definition of LOLR, in particular the provision of central bank liquidity (or assets that
could be used as collateral in money market transactions) for the purpose of addressing
exceptional, temporary liquidity shortages of financial institutions, which can be caused
by market-wide or institution specific stress.
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As a starting point for the analysis, the framework proposed by Cecchetti and Disyatat (2010) is used. They distinguish three kinds of liquidity shortages, each calling for
a different type of liquidity support:
1. Shortage of central bank reserves at specific institutions due to frictional payment
shocks. This type of liquidity shortage occurs when banks are faced with a sudden and unexpected shortage of funds, of which the underlying cause is typically
technical in nature. Banks then run the risk of being unable to fulfill immediate
payment obligations, potentially creating a gridlock in the payments system. Such
shortages, caused by problems which are largely transitory, can be addressed by
central bank “standing facilities”.
2. Acute shortage of funding liquidity at specific institutions. This type of shortage
may occur when a financial institution loses market access, which may be related to
concerns with respect to the institution itself. In such cases of idiosyncratic risk,
liquidity shortages of otherwise solvent banks may be alleviated by temporary
bilateral liquidity assistance by the central bank. This special type of LOLR can
serve as bridge financing, buying time for a more structural solution.
3. Systemic shortage of funding and market liquidity. In this case there is market-wide
liquidity stress, stemming from market failures. This may result in a sudden drying
up of liquidity in financial markets, with serious consequences for both financial
stability and the real economy. To prevent this from happening, the central bank
can provide system-wide liquidity support. By this the central bank can safeguard
the intermediary function of the financial system to ensure the continuation of
critical economic functions.
These three types of liquidity shortages do not always occur in isolation and interdependencies exist: one type of liquidity shortage may trigger or reinforce another type.
An idiosyncratic liquidity shock that hits one institution may turn into systemic liquidity stress through contagion effects. The (possible) failure of one bank may lead to runs
on other banks with similar characteristics or interdependencies (interbank exposures).
The remainder of this study focuses on the third type of liquidity shortage, which is
related to systemic risk.
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6.2.3

Long-standing LOLR principles

Principles underlying the LOLR policies of central banks were first developed in the
19th century, leading to the “classical doctrine” of Henry Thornton (1802) and Walter
Bagehot (1873). In the spirit of Bagehot, central banks should take decisive action
to stem a liquidity crisis while avoiding unnecessary risks for the central bank, by (1)
lending freely (2) at higher rates (3) to solvent counterparties (4) against good collateral.
Although some of the details of this classical theory remain controversial, the basic
principles are still widely used in some way or other:
1. The central bank should lend freely and without limit. In the spirit of Bagehot the
central bank should do whatever it takes to prevent a liquidity crisis. If the central
bank refrains from providing liquidity, the crisis would not abate. The central bank
has a natural role as LOLR: it is not liquidity constrained and has an unlimited
capacity to supply reserve money.
2. In accordance with the “last resort” objective, the central bank should lend at backstop rates. This is sometimes translated into lending at “penalty rates”. As set
out by Goodhart (1999), this is an incorrect translation: in Bagehot’s work no
reference is made to “penalty rates”. Bagehot proposes that as a rule “loans should
be made at a very high rate of interest. This will operate as a heavy fine on unreasonable timidity, and will prevent the greatest number of applications by persons
who do not require it”. This implies that the central bank should raise the rate
early in the panic and apply a higher rate than that prevailing in normal times,
but not necessarily above the prevailing market rate. Otherwise this could make
the LOLR function ineffective. If the central bank is not prepared to lend on reasonable terms, no one else will, aggravating the situation. In accordance with this
principle, central banks should apply backstop prices when providing system-wide
liquidity support.
3. Central banks should only lend to solvent, but illiquid, banks. Although Bagehot’s criterion for protecting the central bank against risks did not depend on
the individual borrower but on the security (in Bagehot’s time the money market
operated through the discounting of bills), it is in the spirit of Bagehot to only
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provide liquidity support to solvent banks. This prerequisite shields the central
bank’s balance sheet from losses and mitigates moral hazard issues. Another argument against lending to insolvent banks is that providing solvency support is
generally considered a task of the elected government (ultimately, losses are for the
tax payer) and outside the mandate of the central bank. In some jurisdictions, like
the European Union, central banks are legally not allowed to provide liquidity to
insolvent institutions, as this would be considered non-compliant with the prohibition of monetary financing. At the same time, whereas there are good arguments
to only provide liquidity to solvent institutions, such principles may be difficult
to operationalize in practice. Banks generally face liquidity problems when their
solvency is in question. When a bank is not able to fund itself in the market,
its solvency is likely also in doubt. The question is whether the central bank is
able to properly assess an institution’s solvency during such periods. Goodhart
(1999) argues that in practice it is often impossible to distinguish clearly between
illiquidity and insolvency.
4. Central banks should lend against good collateral (“safety principle”), but not
tighten their collateral framework during the crisis (“inertia principle”). Central
banks should lend against good collateral to protect themselves against (credit)
risk. The collateral accepted should always be sufficient to cover anticipated losses
at that point in time. Central banks, however, must avoid pro-cyclicality and
should not impose additional restrictions during a crisis. Bagehot himself argued
that during a crisis the central bank should maintain its risk control framework
inert. This implies that the central bank should not restrict the set of eligible collateral or respond to a deterioration of asset liquidity and/or quality by increasing
haircuts, as private market participants would tend to do. The central bank should
abstain from such restrictive measures not only for market stability reasons, but
also because such measures would increase (not reduce) the financial risks of the
central bank: “Only the brave plan is the safe plan” (Bagehot, 1873, p. 201). Some
(e.g. Buiter and Sibert, 2007) even advocate for active additional risk taking. The
justification is that the marginal social returns of risk-taking by the central bank
increase substantially during a crisis (Bindseil, 2014, p. 249).
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Table 6.1: Applying the LOLR principles to the three kinds of liquidity shortages
Type of liquidity shortage
Shortage of central bank
reserves at specific
institutions due to frictional
payment shocks

Shortage of funding liquidity
at specific institutions

Systemic shortage of funding
and market liquidity

Instrument

Standing facility

Bilateral liquidity assistance

System-wide liquidity
assistance

Purpose

Avoid gridlock in payments
system

Avoid contagion to the
financial system

Avoid breakdown of financial
markets

Policy response

LOLR principles
Ambiguity of access

No

Yes

No

Pricing

Penalty rate (corridor)

Penalty rate (surcharge)

Backstop rate

Collateral

Assets that meet the central
bank’s collateral criteria for
refinancing operations

Low quality, illiquid assets
(or uncollateralized with
State guarantee)

High/medium quality, liquid
and illiquid assets

Counterparties solvency

Counterparties that are
financially sound

Solvent financial institutions

Solvent financial institutions

Table 6.1 summarizes how these basic principles can be applied to the LOLR instruments that are available to address the three types of liquidity shortage distinguished in
Section 6.2.2. It shows that the principles may lead to somewhat different outcomes for
the central bank’s LOLR approach, depending on the type of liquidity problem.
6.2.4

Moral hazard

By acting as a LOLR the central bank de facto provides liquidity insurance to banks.
As with other insurances, this may lead to moral hazard behavior. Knowing that there
is always an ultimate backstop available, banks may be less incentivized to self-insure
against liquidity risk. Furthermore, liquidity insurance may result in excessive risk taking
and as such increase the likelihood of future crises. To avoid such behavior, central banks
have generally adopted a policy of “constructive ambiguity”, leaving some uncertainty
whether and under what conditions the backstop would be activated. While this leaves
LOLR support to the discretion of the central bank, it is not in line with Bagehot,
who emphasized that the central bank should show that it is prepared to lend freely
to prevent panic. The benefits of preventing panic, by showing its readiness to act as
LOLR, will outweigh the costs of moral hazard (which might be mitigated by enhanced
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regulation and supervision). This is especially true for systemic risks, when there is a
natural role for the central bank to lend freely. For bilateral liquidity assistance, the
central bank may keep in place some constructive ambiguity, by signaling that it will be
at the central bank’s discretion to decide whether in case of institution-specific liquidity
problems liquidity assistance should be provided (which may not be provided when there
is no risk of contagion).

6.3
6.3.1

Experiences during the crisis
The major central banks and their role as LOLR

During the global financial crisis, the major central banks provided large amounts of
liquidity assistance, both to individual institutions and financial markets more broadly.
The way liquidity support was provided differed across central banks. In a number of
cases, central banks developed new facilities at short notice to deal with widespread
liquidity shortages. Others made use of existing system-wide facilities available to implement monetary policy; on occasion, these facilities required some modifications to
fit the expanded purpose (CGFS, 2017). The Eurosystem belongs to the latter category. It implemented a FRFA policy and extended its refinancing operations in terms of
maturity, collateral criteria and availability, at market rates. This aimed at addressing
systemic liquidity stress in the money market and − in a later stage of the crisis − at
alleviating funding strains on banks, thereby supporting banks’ credit supply.
The Fed and BoE, on the other hand, belong to the group of central banks that
developed new and distinct facilities to provide liquidity support to a wider set of
counterparties (see Box 6.1). The Fed had a relatively small set of counterparties. It
introduced two new facilities to provide extended liquidity support to depository
institutions as well as to primary dealers that were facing liquidity tensions in the
triparty repurchase agreement market.

The BoE introduced three dedicated

facilities which explicitly separated liquidity insurance from the monetary policy
framework.

The facilities included incentives for counterparties to manage

their liquidity primarily through private markets in normal times.
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Box 6.1: Liquidity facilities of central banks in the global financial crisis
Eurosystem
In an immediate response to the stress in the money markets in 2007, Eurosystem
refinancing operations were conducted more frequently. Furthermore, the time
pattern of liquidity provision was changed to enable banks to fulfill their reserve
requirements earlier in the maintenance period. As the central bank still determined the total liquidity supply, banks placed bids well above the marginal rate
to reduce their allotment uncertainty (Eisenschmidt et al., 2009). From October
2008 onward, the Eurosystem removed this uncertainty by carrying out the oneweek MROs and the three-month longer-term refinancing operations (LTROs)
through a fixed rate full allotment policy.a This aimed at addressing systemic
liquidity risk in the interbank money market, which had become dysfunctional
after the Lehman collapse. In contrast to Bagehot’s pricing principle, the fixed
rate was not priced as a backstop. Going beyond the principle not to tighten the
collateral framework during crises (see Section 6.2), the Eurosystem expanded
the (already relatively broad) collateral framework to facilitate broad access to
the extended liquidity supply. In later stages of the crisis the maturity of the
Longer-Term Refinancing Operations (LTROs) was extended. Three 12-month
LTRO’s were conducted in 2009 and one 12-month LTRO in 2011, followed by
36-month VLTROs in December 2011 and March 2012. Lastly, the Eurosystem
carried out a first series of 8 and a second series of 4 targeted 27- to 48-month
Targeted Longer-Term Refinancing Operations (TLTRO-I and TLTRO-II, respectively) in order to support credit supply to the real economy. Figure 6.1 shows
the demand driven allotted amounts in all refinancing operations (the gross cumulative monthly change in liquidity provision), together with the money market
spread as an indicator of market-wide liquidity stress. The ellipses indicate that
the allotted amounts remained high, even in times when the London Interbank
Offered Rate (Libor) − OIS spread indicator showed relatively low levels of stress
in the interbank money market.
a
Implementing a fixed rate full allotment policy implies that information on bidding behavior
is reduced to bid volumes, since tender rates are fixed. Rising discrepancies between the marginal
tender rates and bid rates can provide some valuable information on market conditions however.
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Figure 6.1: Eurosystem’s refinancing operations and money market spread
This figure presents the total allotted amounts in all Eurosystem refinancing operations, together
with the Euro area Libor-OIS spread as an indicator of market-wide liquidity stress. It shows the
gross cumulative monthly change in total liquidity provision by Eurosystem refinancing operations and does not net for redemptions. This is considered Eurosystem’s best LOLR indicator,
since it shows financial markets’ gross response to market stress under a FRFA regime. The
outstanding amounts are not shown, which are a less accurate indicator of the central bank’s
response to market stress, and is to a large extent driven by the credit easing operations, such as
the TLTROs. All refinancing operations are plotted, because the Eurosystem fulfills the LOLR
function by using its regular framework. The figure shows that the demand for Eurosystem refinancing remained high in times of low market-wide liquidity stress, as indicated by the ellipses.
Source: ECB and Bloomberg.

Federal Reserve System
The Federal Reserve System (Fed) introduced a new Term Auction Facility (TAF)
in December 2007, available to all depository institutions which previously only
had access to the discount window. In addition, a Primary Dealer Credit Facility
(PDCF) was set up in March 2008 to provide overnight collateralized liquidity
to primary dealers that were facing liquidity tensions in the triparty repurchase
agreement market; a repo market in which all services after the trade, such as
collateral selection, payment and settlement, are outsourced to a third-party
agent. In response to improving financial market conditions, the TAF and the
PDCF were closed in the first quarter of 2010. Figure 6.2 presents the allotted
amounts of the TAF and PDCF, together with the US money market spread.
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Figure 6.2: Liquidity facilities and money market spread in the US
This figure presents the total allotted amounts in the TAF and PDCF of the Fed, together with
the US Libor-OIS spread as an indicator of market-wide liquidity stress. It shows the gross
cumulative monthly change in liquidity provision by the Fed’s TAF and PDCF and does not net
for redemptions. The outstanding amounts are not shown, which are a less accurate indicator
of the central bank’s response to market stress. The demand for both facilities increased during
market-wide liquidity stress and decreased accordingly. Source: Fed and Bloomberg.

Bank of England
The BoE introduced three liquidity insurance facilities − the Indexed Long-Term
Repo (ILTR) facility, the Discount Window Facility (DWF) and the Contingent
Term Repo Facility (CTRF). The first facility involves monthly ILTR operations
with a 6-month maturity established for banks, building societies and
broker-dealers. The second facility provides liquidity to banks, building societies,
broker-dealers, and central counterparties (CCPs) that need funding in response
to specific or market-wide shocks.

To incentivize repayment when DWF

borrowing is no longer needed and to control for overreliance of banks, the fee
reflects the borrowing size of banks and building societies. The cost of borrowing
from the DWF is constant up to 5% of participants’ Eligible Liabilities (ELs).
Above 5% the average cost of borrowing rises with the participants’ ELs; the
more participants borrow, the higher their rates. For broker-dealers and CCPs,
the borrowing costs are bilaterally agreed upon, dependent on the collateral used
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and the borrowing size. The third facility, the CTRF, is a contingent liquidity
facility which alleviates extreme market-wide stress and is also accessible to banks,
building societies and broker-dealers. The CTRF provides liquidity against the
widest collateral at any time, term and price. Figure 6.3 shows the allotted
amounts of the ILTR and CTRF, together with the UK money market spread.
The latest data published by the BoE show that there was no borrowing under
the DWF between its introduction and September 2016.
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Figure 6.3: Liquidity facilities and money market spread in the UK
This figure presents the total allotted amounts in the ILTR and CTRF of the BoE, together
with the UK Libor-OIS spread as an indicator of market-wide liquidity stress. It shows the gross
cumulative monthly change in liquidity provision by the BoE’s ILTR and CTRF and does not net
for redemptions. It does not show the outstanding amounts, which are a less accurate indicator
of the central bank’s response to market stress. The demand for the ILTR and CTRF facilities
increased during market-wide liquidity stress and decreased accordingly. There was no borrowing
under the DWF between its introduction and July 2016. Source: BoE and Bloomberg.

facilities were used, except for the Discount Window Facility (DWF) by the BoE. Aggregate data on DWF drawings shows that it has not been used between its introduction
and September 2016, possibly reflecting concerns of stigma. The BoE publishes this
data with 5-quarter lags, which would reduce the potential for stigma.
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6.3.2

Use of Eurosystem liquidity

During the financial turmoil of mid-2007, bids per tender in the refinancing operations
of the Eurosystem rose substantially, as did, the number of bidders (Eisenschmidt et al.,
2009). After this first stage of the liquidity crisis, the demand for central bank liquidity
by euro area banks remained high, also in periods when money market stress diminished,
such as in 2010 and from 2012 onwards (indicated by the circles in Figure 6.1). This
was catered for by the FRFA policy and differs from the situation in the US and UK,
where the use of central bank liquidity facilities decreased in tandem with diminished
market stress (Figures 6.2 and 6.3).1 The Eurosystem’s extended liquidity supply was
distinct from the Fed’s and BoE’s operations because of two reasons: i) the sovereign
debt crisis that emerged in the euro area from 2010 onwards and ii) the use of refinancing
operations not just to address liquidity stress, but also to support bank credit supply
(e.g. the TLTROs, which offered attractive long-term funding conditions to banks to
further ease private sector credit conditions).
To analyze banks’ use of Eurosystem liquidity in more detail, data on the liquidityproviding operations of the Eurosystem are explored, containing the amounts allotted
to individual counterparties bidding in the tender operations.2 More specifically, the
analysis looks at the distribution of liquidity supply and the enrolment of banks in
short-term (MRO) and long-term (LTRO, VLTRO and TLTRO) operations.
Two key conclusions appear from the data. First, liquidity supply is highly skewed
across banks. The data show that a small fraction of banks received very large amounts
of refinancing relative to their minimum reserve requirements (the upper-right end of the
curve in Figure 6.4 shows the small fraction of banks receiving the lion share of central
bank liquidity). Figure 6.5 shows that this distribution remained skewed over time, as
indicated by the persistently high Gini coefficient. Both graphs confirm that a few banks
drew relatively large amounts in the Eurosystem’s refinancing operations.3 In contrast
1

This can partly be explained by the liquidity supply in the US and UK via Quantitative Easing
(QE) programs.
2
The data comprises the monetary tender operations of all the national central banks of the Eurosystem. An analysis of the same type of data can be found in Eisenschmidt et al. (2009).
3
One could argue that the skewness is driven by outliers in the data. For example, some counterparties
consist of subsidiaries with very small MRRs which bid in the refinancing operations in the name of all
their subsidiaries. This is not the case, however, since the skewness is present over the entire distribution.
Conducting a quantile plot of solely the MRO shows the same skewed distribution.
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Figure 6.4: Distribution of central bank liquidity over euro area banks
This figure shows the distribution of the total allotted amount in all refinancing operations conducted
between November 2008 and July 2017 (before this period no data are available). To account for banks’
bid volumes relative to their size, the allotted amount is divided by that specific bank’s minimum
reserve requirement (MRR) in 2012 (midpoint of the sample period). Extreme outliers are accounted
for by removing data greater than the 99th percentile. The dotted line represents an equal distribution
in case of no skewness. The distribution of the variable allotted amount divided by MRR has 74,743
observations and includes 1,819 counterparties.

to discount window facility of the Bank of England (BoE), the Eurosystem did not charge
higher rates for greater usage (see Box 6.1). Second, short-term central bank funding has
been persistently used, also in benign market conditions. Since the start of the financial
crisis, some euro area banks have persistently used the MROs, even when money market
stress was relatively low.4 Figure 6.6 shows the percentage of all counterparties that
4
Before the crisis, banks persistently bid in the MROs and the average number of bids per bank was
around 1.5. However, since FRFA was not implemented at that time, only those banks bidding the
highest individual bid rate received allotment. Eisenschmidt et al. (2009) show that banks did not bid
aggressively before the start of the financial turmoil, as the spread between the individual average bid
rates and the marginal rate remained small.
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persistently enrolled in the 7-day MROs with relatively high bid volumes. It shows that
in times of high money market stress (2008-2009), counterparties bid persistently more
than in times when the money market functioned relatively well (2010-2011). However,
reliance on central bank funding decreased relatively faster in the first compared to the
latter period. This suggests that certain banks kept taking recourse to the refinancing
facilities of the Eurosystem, even under more benign market conditions.
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Figure 6.5: Gini coefficient of liquidity allotted by the Eurosystem
This figure shows the Gini coefficient of the distribution of allotted amounts to Eurosystem banks in
all refinancing operations issued between 2008 and mid-2017. It measures the statistical dispersion
of the Eurosystem refinancing distribution of all participating banks. An increase in the Gini coefficient represents a greater dispersion such that a smaller fraction of banks receives larger amounts of
refinancing. The approach follows Lerman and Yitzhaki (1985) and Stark et al. (1986). To account
for banks’ bid volumes relative to their size, the allotted amount is divided by that specific bank’s
minimum reserve requirement (MRR) in 2012 (midpoint of the sample period). Extreme outliers are
accounted for by removing data greater than the 99th percentile. Figure 6.5 shows the coefficient
for every tender starting in November 2008 as a monthly moving average. The distribution includes
1,819 counterparties.

Furthermore, some banks have bid in more than one of the long-term refinancing
facilities (the 1-year LTRO, the VLTRO, and the TLTRO facilities). Figure 6.7 shows
that more than 20% of all counterparties have bid in at least two out of the three longterm operations. A few banks used all three facilities for their long-term funding. This
confirms the conclusion from Figure 6.4 that a small fraction of banks relies heavily
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Figure 6.6: Persistently bidding more than the median in all weekly MRO operations
This figure illustrates the persistent use of the Eurosystem 7-day MROs in 2008/2009 and 2010/2011.
The 1,819 counterparties in the sample consist of all counterparties that made use of at least one of
the refinancing operations between November 2008 and July 2017. To account for persistence, the
analysis looks at all sequenced 7-day MRO enrolments in specific years. To account for banks’ bid
volumes relative to their size, the allotted amount is divided by a specific bank’s minimum reserve
requirement (MRR) in 2012 (midpoint of the sample period). The reserve coefficient in the calculation
of the MRR has not been adjusted in the period between 2008 and 2012 and should therefore not
affect the proportionality of the analysis. Persistent enrolments are then presented for those banks
bidding more than the distribution’s 50th percentile in all 7-day operations, equal to a volume of 5.1
times the MRR. Due to the presence of outliers, the distribution leaves out the 99st percentile.

on central bank liquidity (also reflecting the roll-over from one long-term refinancing
operation in another one). It should be noted that the TLTROs are not a typical LOLR
instrument, but a so-called credit easing instrument, in that it offers long-term funding
to banks in order to stimulate bank lending to the real economy. The TLTROs are
nonetheless included in the analysis as they also represent an instrument through which
banks rely on central bank liquidity for a prolonged period of time.
To summarize, the empirical analysis of the use of MROs and LTROs since the
financial crisis shows that i) the distribution of liquidity supplied by the Eurosystem has
been highly concentrated with a few banks; and ii) some banks have persistently used
the Eurosystem refinancing operations, even under benign market conditions.
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Figure 6.7: Sequential use of TLTROs, VLTROs and 1-year LTROs
This figure shows the sequential use of the TLTRO, VLTRO and 1-year LTRO, in particular it shows
the use of either the TLTRO, VLTRO, or 1-year LTRO facility (1/3), the use of two out of these three
facilities (2/3), and the use of all three facilities (3/3). To account for banks’ bid volumes relative
to their size, the allotted amount is divided by that specific bank’s MRR in 2012 (midpoint of the
sample period). Persistent enrolments are then presented for those banks bidding more than the
distribution’s 50th percentile in all long-term operations, equal to a volume of 3.6 times the MRR.
Due to the presence of outliers, the distribution leaves out the 99st percentile.

6.3.3

Implications

Central bank liquidity support addressed systemic liquidity stress, while the provision of
term funding has reduced banks’ funding uncertainty. This has supported credit supply
to households and non-financial corporations. However, prolonged reliance on central
bank funding has drawbacks:
• Discouragement of market funding. Extended liquidity supply at easier conditions
raises the risk that banks get used to these conditions and reduces the incentives
for banks to replace central bank funding with market funding. This may delay
the return to a situation where liquidity is primarily distributed by market forces.
There is an endogeneity issue as well, since the dependence on the central bank
increases the longer the extended liquidity support is in place. This makes it more
difficult to withdraw liquidity support, even more so if withdrawal may lead to
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cliff effects and funding constraints of banks. This may also negatively impact
the flexibility of monetary policy, for example if tighter liquidity conditions are
needed for the purpose of the monetary stance. Financial stability issues could
then interfere with the monetary policy objective of price stability. Prolonged
central bank funding also exposes the central bank to more risks than necessary
• Reduced incentives for structural adjustments. The availability of central bank
financing limits market discipline and reduces the need for balance sheet restructuring. Easy financing conditions enable banks to roll-over non-performing loans,
delay necessary changes to their business models and avoid recognizing losses on
exposures to non-viable enterprises. Figure 6.8 suggests that there is a link between non-performing loans of euro area banks and central bank finance.5 The
risk of keeping nonviable business models afloat is at odds with the long-standing
principle that central banks should only lend to solvent, but illiquid, banks (see
Section 6.2). Moreover, it reduces the potential to finance productive activities
in the economy. One example of this is that ample central bank funding encouraged risk shifting and carry trades through government bond purchases by weakly
capitalized banks (Acharya and Steffen, 2012; Drechsler et al., 2016).
• Higher asset encumbrance. Another drawback is that large dependence on central
bank funding consumes a substantial part of the collateral of banks. In the past
five years 7 to 10% of total assets of euro area banks has been used as collateral
in refinancing operations of the Eurosystem. The asset encumbrance related to
central bank credit reduces the possibilities for additional borrowing by banks,
which can escalate liquidity problems faster. More generally, large dependence
on central bank funding can obscure underlying liquidity or solvency problems of
financial institutions. Prolonged liquidity support can also adversely interact with
the resolution of non-viable banks.6
5

The correlation between non-performing loans and central bank finance is more complex than the
figure suggests, since many other factors than central bank finance may influence the non-performing
loan ratio of banks (such as country-specific bankruptcy procedures and business cycles)
6
The availability of central bank liquidity, mainly in the form of bilateral liquidity assistance, could
effectively postpone the determination of ‘Failing or Likely to Fail’, while reducing the availability of
collateral during and after resolution (Knot, 2017). Apart from asset encumbrance owing to ELA and
refinancing operations, the Eurosystem has supplied high-quality liquid assets (i.e. central bank reserves)
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The trade-off between the intended and potential unintended effects of prolonged and
extensive liquidity support is ultimately a policy choice. Underlying principles should
guide such considerations, as they can contribute to an optimal implementation of the
LOLR function. The next section elaborates on this.
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Figure 6.8: Central bank finance and non-performance loans of euro area banks
This figure presents a scatter plot of non-performing loans and central bank funding. Central bank
funding is expressed as a percentage of total assets and non-performing loans as a percentage of total
loans (respectively the maximum over 2008Q4 − 2017Q1 and the period average). The correlation
coefficient between the relative amount of central bank funding and non-performing loans in a country
is 0.74 (+0.48 excluding GR and CY). Source: ECB.

6.4

New insights on LOLR principles

Against the background of the experiences during the crisis, especially with managing
systemic liquidity risk, this section revisits the longstanding principles of the LOLR
function discussed in Section 6.2. Central bank operations during the global financial
crisis provided novel experiences with regard to the management of systemic liquidity
risk. These experiences shed new light on some of the long-standing principles of LOLR
and call for revisiting them.
to the banking system through QE.
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6.4.1

Optimal LOLR

The first reason for revisiting the long-standing principles is that the prolonged liquidity
supply by the Eurosystem seems to have led to a suboptimal implementation of the
LOLR function. Bindseil (2016, p. 37-38) notes that “an optimal LOLR strengthens
the ability of the financial system to provide maturity and liquidity transformation as
services to society. At the same time, putting some limits to the LOLR role is beneficial
for society, to have some protection against information asymmetries and moral hazard,
to avoid relying excessively on the abilities of supervisors and auditors, and generally to
preserve stronger incentives to maintain funding market access and thereby market discipline.” This suggests that the optimal LOLR function is more limited than a situation
in which solvent banks can refinance all their assets with the central bank, but more
extensive than a minimum bound at which banks can only obtain central bank liquidity
against risk-free collateral.
The underlying assumption of optimal LOLR is that − in the absence of financial
stress − markets are better positioned to provide an efficient allocation of resources,
given the information advantages and risk management capacities of market participants.
Market forces will also have a disciplining influence on borrowers, as terms and conditions
of the liquidity supply will be tailored to the borrowers’ risk profile. During the financial
crisis, the Eurosystem has largely fulfilled its LOLR function through stretching its
regular monetary policy operational framework. It has expanded the use of monetary
instruments in terms of size, duration and risk absorption, the latter for instance by
relaxing the collateral standards. This has lifted the LOLR function above the minimum
bound and has increased the footprint of the central bank in financial markets. This can
be illustrated by the increased remaining weighted average maturity of the Eurosystem’s
refinancing operations in Figure 6.9. It shows that the central bank has taken over part
of the maturity transformation function from the private market.
While extensive LOLR support is a useful complement to the market in case of
substantial market failures, in normal market conditions the central bank’s footprint
should be as small as possible. Indeed, according to the Treaty on the Functioning
of the European Union, the central bank should support a market-based allocation of
resources (ECB, 2011). From this it follows that central bank liquidity provision should
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Figure 6.9: Central bank finance and non-performance loans of banks, euro area
This figure presents the 30-day moving average of the daily remaining weighted average maturity in
years of the total allotted amounts in all Eurosystem refinancing operations. The calculation assumes
that the operations mature linearly. The peaks in the weighted average maturity are caused by the
VLTROs and TLTROs. Source: ECB.

be time-varying and state-dependent.
6.4.2

Lessons from the crisis

The second reason to revisit the long-standing LOLR principles is that the financial
system is now larger, more complex and interconnected than at the time those principles
were developed (in the 19th century). In this context, the recent crisis has provided some
additional lessons for LOLR support.
• No uncertainty. A lesson of the crisis is that in case of system-wide liquidity
stress there should be no uncertainty about the availability of liquidity assistance.
This confirms the long-standing principle that the central bank should lend freely
and without limit to prevent or counter a crisis. The central bank’s readiness to
act as LOLR ex ante contributes to the ability of the financial system to provide
maturity and liquidity transformation services (Bindseil, 2016). Ambiguity on
liquidity support by the central bank, should the need arise, can exacerbate a crisis.
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It can also create time-inconsistencies if additional liquidity has to be provided in
the end (Domanski at al., 2014). Moreover, owing to the measures taken during the
crisis, constructive ambiguity (to mitigate moral hazard) may not work anymore,
as based on past experience the market will expect the central bank to provide
additional liquidity in case of a systemic crisis. When dealing with systemic risks,
the central bank may therefore want to be more transparent by signaling that it
will act as LOLR to avoid a systemic liquidity crisis.
• Temporary. Another lesson of the crisis is that LOLR support should be catalytic
to restoring market functioning (Tucker, 2014). The lack of an exit strategy for the
extended liquidity facilities of the Eurosystem over the past decade has distorted
the incentives of banks and delayed a return to normal market conditions. To
address those issues, LOLR support should be temporary, with a well-defined exit
strategy and a pricing at backstop rates.7 This will provide incentives for structural
adjustment by borrowers, avoid prolonged and unwarranted risk shifting to the
central bank.
• Avoid stigma. Another insight from the crisis is that stigma should be avoided in
case of systemic liquidity support, as it can impede the use of central bank facilities.
Stigma is most challenging when liquidity is provided via instruments outside the
scope of monetary policy. An example of this is the DWF of the BoE, which
has remained unused by market participants (see Box 6.1). Providing systemwide liquidity assistance via regular monetary operations reduces the likelihood of
stigma, since most banks may access those facilities in normal times. Moreover,
the literature points out that stigma can be reduced by announcing clear eligibility
criteria, goals, and careful disclosure policy (Dobler et al., 2016).
• Consider non-banks. In today’s complex and interconnected financial system, the
role of non-banks has become more systemic. Liquidity problems at these institutions may aggravate a systemic liquidity crisis. This raises the question of whether
liquidity insurance should be offered to non-banks, such as CCPs, see Dobler et al.
7
While standing facilities, such as the Eurosystem’s marginal lending facility, are also continuously
available to banks, its use should also be temporary for the reasons mentioned in this section.
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(2016). Liquidity insurance to a new set of (sometimes loosely regulated) entities
would raise moral hazard risk. To limit this risk, non-banks that would have access
to LOLR support should be subject to enhanced supervision, to ensure that their
liquidity risks are adequately managed.8

6.5

Alternative designs of the LOLR function

This chapter compares three alternatives for designing the LOLR function, based on the
insights presented in Section 6.4. The first would be to integrate the LOLR function
in the regular monetary policy operational framework by conducting fixed rate tender
procedures with full allotment, as implemented during the crisis by the Eurosystem (see
Box 6.1). This provides certainty on funding availability and limits stigma, but can
make banks unduly reliant on central bank liquidity (see Section 6.5.1).
The drawbacks associated with a (prolonged) reliance on the central bank could be
avoided by embedding incentives to discourage over-proportional use (see Section 6.5.2).
In this alternative approach, the central bank finds a balance between unrestricted access
and keeping in place incentives to ensure that liquidity support is temporary and more
evenly distributed.
Another alternative would be to separate the LOLR function from the regular monetary policy operational framework by introducing a “Liquidity Insurance Facility”, as
the BoE has done, with special terms and conditions that provide incentives to institutions to only make use of the facility temporarily (see Section 6.5.3). The central bank
pre-commits itself to activate the facility in case of systemic stress to ensure limited
ambiguity about availability. Finally, a combination of the two alternative approaches
is possible: a liquidity insurance facility with incentives to discourage over-proportional
use.

8
In the Eurosystem, CCPs are under supervision and oversight; other non-banks such as Money
Market Funds (MMFs) are loosely regulated.
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6.5.1

Monetary policy framework with fixed rate full allotment

Concept
A fixed rate full allotment policy provides central bank funding via the monetary operation framework in case of substantial market failures. The operations are conducted on
a regular basis and the full allotment procedure gives counterparties maximum funding
certainty at a fixed price.
Merits of a FRFA policy
By implementing a FRFA policy, the central bank fulfills the LOLR function by using its
regular operational framework. The central bank is always ready to expand its liquidity
supply in crisis times and counterparties are familiar with the procedures. This limits
the complexity of the LOLR function design. Stigma should not be a concern, since
a broad range of counterparties regularly makes use of the OMOs. Furthermore, the
FRFA policy implies no ambiguity on the availability of central bank funding, due to
the unlimited liquidity supply. This eliminates funding uncertainty for banks.
Drawbacks of a FRFA policy
While a decision to switch to a full allotment procedure in times of systemic liquidity
stress can be swiftly taken, the phasing out is more complicated. As long as the FRFA
policy is in place, counterparties are less incentivized to make structural adjustments
and reduce their borrowings. Banks can therefore become dependent on central bank
funding (see Section 6.3 for the implications of overreliance on central bank funding).
When a group of banks relies heavily on central bank funding, it is more complicated
for the central bank to reduce liquidity support to the banking system once market
conditions improve. Institutions without market access would then be redirected to the
more expensive central bank’s marginal lending facility. The related higher borrowing
rate could pose a serious challenge for these already troubled banks. This postpones the
return to normal market conditions and impedes a smooth transition from central bank
to money market funding in normal times. Furthermore, because FRFA is implemented
in the existing operational monetary policy framework, it is difficult to distinguish the
multiple purposes of the regular operations (LOLR versus steering rates). One single
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framework is used for monetary operations in normal times and in times of stress. This
creates the risk that the regular framework is stretched too much for too long.
6.5.2

Monetary policy framework with incentives against over-reliance

Concept
To prevent that banks become dependent on central bank liquidity, financial incentives
against disproportional reliance on the central bank can be embedded in the design of
the operational framework. This would restore some of the price incentives that disappear when the central bank provides unlimited liquidity for a fixed price below the
market. Bindseil (2014, 2016) illustrates how such a framework could be designed in
practice. Banks would be made subject to an interest rate surcharge based on the overproportionality of their central bank borrowing, measured over a certain period. To
measure proportionality, a bank’s use of central bank liquidity would be related to its
total balance sheet size (or, alternatively, to its minimum reserve requirements). This ratio is then compared to that of the banking system as a whole. For the over-proportional
part of the borrowing, a surcharge would be applied. The surcharge could kick-in after
a certain period and the surcharge rate could increase over time, in order to specifically
disincentivize persistent disproportional usage. To implement this, the surcharge could
be calculated ex post in relation to the average recourse to central bank credit over a
certain period.
Merits of surcharges in case of over-reliance
By introducing surcharges in its operational framework, the central bank can disincentivize excessive and prolonged reliance of individual banks on central bank credit,
without restricting the normal use of the LOLR operations. The advantage is that the
instrument by definition focuses on the problem itself, dissuading overreliance. The central bank should be less concerned with counterparties taking substantial recourse to its
monetary operations in situations of liquidity stress.
To some extent the central bank may rely on regulation and supervision to avoid
overreliance. The supervisor could ask questions or apply supervisory measures once
the reliance on central bank liquidity/funding becomes relatively large. However, this
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did not prevent a number of banks in the Eurosystem becoming persistent users in the
tender operations (see Section 6.3.2). Furthermore, it could be argued that the central
bank itself has its own responsibility and should have its own instruments to prevent
overreliance.
When surcharges are introduced to address potential overreliance on the central bank
by individual institutions, system-wide liquidity support can be provided via the regular
operational monetary policy framework. This has certain advantages. There will be less
uncertainty about the availability of liquidity (especially under a full allotment regime),
as the liquidity provision is far less dependent on an activation procedure with an uncertain outcome. The central bank is operationally ready to extend its liquidity supply
via regular (and therefore familiar) operations. Furthermore, stigma is not a concern,
since liquidity is provided via the regular open market operations, which are used by a
large number of market participants.
Drawbacks of surcharges in case of over-reliance
Embedding these surcharges in the regular monetary policy framework introduces more
operational complexity. Central banks need to develop an appropriate methodology for
measuring the over-proportionality of banks’ borrowing. This requires a continuous monitoring of banks’ balance sheets. Similar to the FRFA policy, this option keeps the LOLR
function largely integrated in the existing operational monetary policy framework. Integrating surcharges for over-proportional use in the regular framework strengthens price
incentives for banks, but will only be effective when markets are functioning properly
and banks are price sensitive.
6.5.3

A liquidity insurance facility for crisis times

Concept
Via a liquidity insurance facility, distinct from the regular monetary policy operations,
the central bank would provide system-wide liquidity insurance to financial institutions
in situations of systemic liquidity stress. Liquidity insurance operations would be carried out to underpin the monetary policy transmission process. The facility would be
activated when the central bank sees a need for it, based on an assessment of systemic
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liquidity risk. For this purpose, certain systemic risk indicators can be used. The terms
and conditions for the insurance facility would be different from those in the regular
operations. In practical terms, this implies that the central bank would operate with
segregated collateral pools: for liquidity insurance operations the central bank would accept a broader collateral set. This way, it can accommodate a larger demand for central
bank reserves in times of systemic liquidity stress.
Merits of a liquidity insurance facility
One of the advantages of providing liquidity insurance via a special facility is that this
can prevent the regular monetary policy operational framework from being stretched
too much and too long. This could also facilitate the discontinuation of LOLR once the
money market situation improves. When the LOLR function is separated from regular
operations, the collateral set for the latter can be (much) narrower, since these no longer
need to accommodate higher volumes of refinancing operations in stressed markets. By
applying different terms and conditions, the central bank can give incentives to counterparties to only make use of the facility as long as markets are dysfunctional. This
implies that the central bank would only provide system-wide liquidity insurance in case
of substantial market failures. In normal times, the footprint of the central bank in
markets would be more limited, since the facility would be priced as a backstop. With
a liquidity insurance facility, the central bank would have an additional tool that can
be used for specific purposes. This would avoid the regular operations from being used
for multiple purposes (steering interest rates and safeguarding the transmission process)
and the separation between these purposes getting blurred. A blurred separation is
undesirable, since it obstructs the discontinuation of LOLR once money markets are
functioning again (see Section 6.3).
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Box 6.2: A liquidity insurance facility in the operational framework
A liquidity insurance facility could have the following characteristics.
• Specific purpose. The central bank could introduce a separate liquidity insurance facility based on its current mandate for price stability. The liquidity insurance operations would be carried out to support market functioning
and financial stability, thereby underpinning the robustness of the monetary
transmission mechanism in times of market stress, thus serving a crucial role
in the central bank’s efforts to maintain price stability.
• Availability. As there should be no ambiguity on the willingness of the
central bank to act as LOLR, the central bank would provide ex ante transparency on when the facility would be activated. The central bank would
develop comprehensive indicators of systemic liquidity stress, which could
be used as a trigger for activating the facility.
• Avoiding stigma. Communication would emphasize that the facility is there
to address systemic risks (not idiosyncratic risk), to avoid undue restraint on
the part of counterparties when accessing the facility. The facilities’ terms
and conditions would be made transparent ex ante. This helps to counter
stigma and facilitates operational readiness.
• Modalities of liquidity provision. To provide maximum certainty to the
market on the availability of central bank liquidity in times of stress, a
full allotment procedure would be applied, in which the liquidity provision
is determined by the demand of counterparties. The liquidity insurance
facility could offer liquidity at longer terms (6 months/1 year, exceptionally
longer), against a wide range of collateral (see below). This would provide
maximum certainty to counterparties on their term liquidity/funding.
• Collateral. In principle, all assets (incl. non-marketable assets) the central
bank is able to value and risk-control could be accepted as collateral in the
liquidity insurance facility. The central bank would communicate ex ante
what collateral would be accepted for the liquidity insurance operations.
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Operating with a relatively lean balance sheet in normal times, the collateral
set for the liquidity insurance facility could be broader than the regular list
of assets eligible as collateral in normal monetary operations.
• Pricing. The facility would be priced as a backstop to incentivize counterparties to only make temporary use of the facility, as long as the market
is dysfunctional. Under a full allotment regime (i.e. the central bank is
rate setter), this could be implemented by adding a spread to the risk free
rate, which consists of a normal liquidity/ term premium and an add-on
(in line with Bagehot’s principle of lending at high rates). This creates
built-in incentives to only use the insurance facility when market rates are
elevated above normal levels. Such a design would facilitate an automatic
exit when the market starts functioning again. To avoid stigma, the central
bank should not penalize the use via a surcharge on the prevailing market
rates, as this would signal that the central bank discourages usage. This
does not preclude that the central bank can set more stringent conditions
for counterparties that make disproportionate use of the facility (see below).
• More stringent conditions to avoid over-proportional usage. To avoid counterparties becoming reliant on central bank credit and to incentivize a swift
return to the market as soon as market conditions improve, the central bank
could set more stringent conditions for extensive reliance on this facility. It
could also set stricter governance rules for these counterparties (e.g. require
funding plans) or apply a rate add-on in case of structural over-proportional
borrowing (combining the liquidity insurance facility with a surcharge for
over-proportional use, as presented in Section 6.5.1).
• Eligible counterparties. Only solvent counterparties would be granted access
to the insurance facility. For banks, the same strict counterparty criteria
would be applied as in the regular monetary operations. In case it would be
decided to also grant access to systemically relevant non-banks (e.g. CCPs)
this would require that the institution is supervised and that the central
bank can ascertain on an ongoing basis that the institution is solvent.
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When liquidity support is provided via a special facility, the central bank may consider to grant access to a wider set of counterparties. Besides banks, systemically relevant
non-banks (e.g. CCPs) could also be granted access. Whether there is a need to grant
certain non-banks access to a liquidity insurance facility, and which type of institutions
should be granted access, very much depends on the financial structure in a jurisdiction.
In the UK, next to CCPs, broker dealers and building societies have also been granted
access to the liquidity insurance framework of the BoE.
Drawbacks of a liquidity insurance facility
A potential drawback of a liquidity insurance facility is that counterparties may be uncertain about its availability. Taking systemic liquidity stress as a trigger for extended
liquidity supply would introduce financial stability in the central bank reaction function.
This may create ambiguity about the circumstances under which the facility would be
activated. To counter this, the central bank should communicate that in times of systemic liquidity stress the facility will be open, and preferably go a step further and also
provide clarity on what indicators will be used.9 The ex ante identification of systemic
liquidity stress indicators is not straightforward, however, since systemic crises differ
in nature. This raises particular challenges for communication, since by activating and
de-activating the facility the central bank signals its assessment of the severity of the
crisis, which could influence the evolvement of the crisis.
A special facility creates a greater risk of stigma (see also the DWF in Section 6.3.1).
The central bank should thus communicate that the liquidity insurance facility is not
meant for individual institutions which need solvency support, and it should therefore
apply solvency criteria which are as strict as those for the monetary policy operations:
“Developing a reputation, whether valid or invalid, for being prepared to lend to insolvent
firms undermines the purpose and effectiveness of the LOLR. This is the essence of the
stigma problem” (Tucker, 2014, p. 20). Furthermore, not publishing data on the use of
special liquidity facilities can further reduce the risk of stigma.

9

An example of indicators of systemic risk is provided by the risk dashboard of the European Systemic
Risk Board (ESRB), which is a set of quantitative and qualitative indicators of systemic risk in the EU
financial system (published each quarter on https://www.esrb.europa.eu/pub/rd/html/index.en.html)
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6.5.4

Comparison

The three alternatives differ in terms of the policy discretion of the central bank. While
the setup and activation of the liquidity insurance facility would largely be in the hands
of the central bank, the features of a FRFA policy and an over-proportional surcharge
are integrated in the regular monetary operational framework. They are to a large extent
pre-determined.
Table 6.2 shows the different LOLR-designs and their desirable features in terms
of the LOLR function. The choice between the alternatives depends on the features
the central bank deems most important and the jurisdiction’s institutional context. A
built-in LOLR function with FRFA is preferred when stigma is considered relatively
problematic and availability of liquidity support should be predictable in times of systemic liquidity stress. In case disproportional reliance on central bank funding is deemed
most problematic, the central bank should opt for a framework with surcharges for overproportional use. This limits the prolonged availability of liquidity and mitigates the
risk that the framework is stretched too much and for too long. It occupies the middle ground between the FRFA framework and a separate liquidity insurance facility, in
which the central bank only complements the market when it fails, as the facility would
only be activated in times of systemic liquidity stress. This separate liquidity insurance
facility is preferred when the central bank desires a more limited footprint in normal
times, leaving allocation decisions to market forces. In this context, the facilities’ design
is catalytic to restoring market functioning, as it provides incentives for counterparties
to only make use of the facility as long as there is stress in the market. Moreover, a
separate liquidity insurance facility is also preferred in case the central bank foresees the
need to provide liquidity support to systemically relevant non-banks.
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Desirable features of the
LOLR function

Central bank complements the
market when it fails.

Liquidity insurance is catalytic to
restoring market functioning.
Disproportional use is
disincentivized.

Stigma is minimized.

–

+

-

Only banks have access to the
operational monetary framework,
as in normal times non-banks do
not play an important role in the
transmission process.

The framework makes liquidity
available, but includes financial
incentives against disproportional
use.

The framework sends a signal that
overproportional use of central
bank facilities is discouraged. This
should also be addressed via
communication.

Over-proportional use can be
discouraged by applying a rate
add-on above a certain
proportionality threshold.

There is a risk that the normal
framework is stretched too much
and for too long in times of market
stress, but the over-proportional
surcharge mitigates this risk.

LOLR via monetary policy
framework with surcharges for
over-proportional use

-

Besides banks, also systemically
relevant nonbanks could be granted
++ access to the liquidity insurance
facility.

-

-

As the facility needs to be
activated, there may be some
uncertainty about availability. To
minimize this, the central bank
should be clear on how the facility
will be activated in times of stress,
by providing ex ante transparency
on the terms and conditions of the
facility.

With a separate facility there is
more risk of stigma. This should be
addressed via communication: it
should be emphasized that the
facility is meant to address
systemic liquidity risks and not for
institutions in need of solvency
support. Use of the facility should
not be discouraged via a surcharge
above market rates.

Back stop pricing will be applied to
incentivize counterparties to only
make use of the facility as long as
the market is dysfunctional.
++
Surcharges can be incorporated in
the design to prevent overreliance
by individual institutions.

The facility will only be activated
in times of systemic liquidity stress.
In normal times the central bank
++
has a limited footprint in financial
markets.

Liquidity insurance facility

+

+

-

A separate facility and segregated
collateral pools increases the
complexity of the liquidity
framework.
An over-proportional surcharge
introduces more complexity.

Table 6.2: Three alternatives for the design of the LOLR function

–

When liquidity support is provided
via the monetary policy operations,
there is a risk that the normal
framework is stretched too much
and for too long in times of market
stress.

LOLR via monetary policy
framework with FRFA

–

Counterparties may not be
incentivized to take structural
adjustments and reduce their
borrowings. This may postpone the
return to normal market
conditions.

OMOs are conducted on a regular
basis and are therefore available on
a continuous basis (assuming a full
allotment regime providing
maximum certainty).

As a broad range of institutions
make use of OMOs (not just those
with extraordinary liquidity needs),
++
stigma should in principle not be a
concern.

++

Only banks have access to the
operational monetary framework,
as in normal times non-banks do
not play an important role in the
transmission process.

The availability of liquidity support
in times of systemic liquidity stress
is predictable.

Non-banks contributing to systemic
risk have access to liquidity
support.

–

The framework is not too complex.

The central bank is operationally
ready to expand liquidity supply.
++ Counterparties are familiar with
the procedures.
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Summary
This thesis presents empirical work on the lending channel of monetary policy and the
role of financial structure in Europe. Europe’s financial structure is heavily bank-based,
which has implications for the transmission of monetary policy. When banks are dominant and few alternative sources of financing exist, the risk of a disruption to the flow
of financing is relatively large. Accordingly, the bias towards banks in Europe prompted
the Eurosystem to implement several credit easing and liquidity supporting measures in
the wake of the Great Financial Crisis of 2008. Have these measures helped to sustain
the flow of finance to the real economy? In short, this thesis finds the answer is yes.
Using confidential monetary data, the results of this research suggest that the Eurosystem has supported the lending channel in different ways. First, Eurosystem purchases of
corporate bonds are shown to have contributed to a more diversified financial structure
by reducing larger corporates’ dependence on bank financing. Reducing the dependence
on bank financing has improved corporates’ access to alternative financing sources in
Europe. Over time, markets are likely to become more developed when banks are less
dominant, making market financing more attractive. Second, by offering longer-term
refinancing operations to banks against an interest rate that is based on their lending
activity, participating banks have been incentivized to increase their lending to nonfinancial corporates. Providing interest rate discounts on the basis of participant-specific
lending benchmarks is thus found to be an effective credit easing instrument. Third, the
Eurosystem has effectively buttressed the intermediary function of the European financial system. By providing unlimited amounts of shorter- and longer-term refinancing
to banks against a fixed interest rate, the Eurosystem has addressed systemic liquidity
stress, alleviated bank funding strains and supported bank credit supply.
But this thesis also shows that there are lessons to be drawn. First, looking forward
to what is likely to be a prolonged period of negative interest rates, the Eurosystem
may minimize the distortive effects of monetary policy stimulus on bank performance
by specifically targeting longer-term interest rates. By contrast, reducing shorter-term
interest rates in an interest rate environment that is already negative may be expected to
substantially hurt the performance of banks as retail deposit rates are stuck at zero. In
turn, weaker bank performance may reduce bank lending and hamper the transmission
of monetary policy. Second, to incentivize banks to increase their lending, the Eurosys201
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tem can make the price incentives in the TLTROs more ambitious. Specifically, raising
the lending benchmarks, which participants have to beat in order to receive an interest
rate discount, evidently stimulates lending activity. Third, to prevent dependence on
central bank financing after a period of systemic liquidity stress, price incentives can be
embedded in the LOLR framework and/or a liquidity insurance facility can be considered. A dependence on central bank financing limits market discipline and reduces the
need for balance sheet restructuring.
While the objective of the Eurosystem’s credit easing and liquidity supporting measures is to sustain bank credit supply, this thesis highlights another consideration. Stimulating debt creation and risk taking by banks increases the risk of financial instability
in Europe’s bank-based financial system. This is because bank-based financial structures are found to be associated with more systemic risk than market-based financial
structures. In relatively bank-based financial structures, bank financing increases systemic risk while market financing decreases systemic risk. By contrast, in relatively
market-based financial structures, bank and market financing do not impact systemic
risk. Therefore, to foster the flow of finance in adverse circumstances, Europe needs a
more diverse financial structure. More market financing as an alternative to bank financing will diminish any disruption to lending and reduce the need for the Eurosystem
to provide liquidity support. Beyond this, a larger share of equity finance will boost
Europe’s loss-absorbing capacity, thereby lowering the risk of disruptions to finance. In
this context, it is shown that differences in the liquidity provision by the Eurosystem
and the Fed reflect differences in financial structure. While the Fed has provided liquidity support to its market-based financial system only in times of financial stress, the
Eurosystem has provided continuous liquidity support to its dominant banking system
ever since the start of the crisis in 2008.
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Andrade, P., Cahn, C., Fraisse, H., Mésonnier, J.-S., 2015. Can the provision of longterm liquidity help to avoid a credit crunch? Evidence from the Eurosystem’s LTROs.
Banque de France Working Paper 540.
Arce, O., Gimeno, R., Mayordomo, S., 2020. Making room for the needy: the creditreallocation effects of the ECB’s corporate QE. Review of Finance, forthcoming.
Arellano, M., 2003. Panel data econometrics. Advanced texts in econometrics. Oxford University Press.
Arellano, M., Bond, S.R., 1991. Some tests of specification for panel data: Monte Carlo
evidence and an application to employment equations. Review of Economic Studies 58,
277-297.
Arellano, M., Bover, O., 1995. Another look at the instrumental variable estimation
of error-components models. Journal of Econometrics 68, 29-52.
BoE, 2016. Terms and conditions for the funding for lending scheme.
Bagehot, W., 1873. A Description of the Money Market, Henry S. King Co., 2 (1).
Bagliano, F.C., Favero, C.A., 1999. Information from financial markets and VAR measures for monetary policy. European Economic Review 43 (4-6), 825-837.
Basten, C. Mariathasan, M., 2018. How banks respond to negative interest rates: Evidence from the Swiss exemption threshold. CESifo Working Paper 6901.
208

Bats, J.V., 2020. Corporates’ dependence on banks: The impact of ECB corporate sector purchases. De Nederlandsche Bank Working Paper 667.
Bats, J.V., Giuliodori, M., Houben, A.C.F.J., 2020. Monetary policy effects in times
of negative interest rates: What do bank stock prices tell us? De Nederlandsche Bank
Working Paper. De Nederlandsche Bank Working Paper 694.
Bats, J.V., Houben, A.C.F.J., 2020. Bank-based versus market-based financing: Implications for systemic risk. Journal of Banking and Finance 114, 105776.
Bats, J.V., Hudepohl, T.S.M., 2019. Impact of targeted credit easing by the ECB:
Bank-level evidence. De Nederlandsche Bank Working Paper 631.
Bats, J.V., Thoolen, J., Van den End, J.W., 2018. Revisiting the central bank’s lender
of last resort function. De Nederlandsche Bank Occasional Studies 16 (4).
BCBS, 2013. Global systemically important banks: updated assessment methodology
and the higher loss absorbency requirement. Bank for International Settlements.
Beck, T., Levine, R., 2002. Industry growth and capital accumulation: does having
a market- or bank-based system matter? Journal of Financial Economics 64 (2), 147180.
Beck, T., Levine, R., 2004. Stock markets, banks and growth: panel evidence. Journal
of Banking and Finance 28, 423-442.
Becker, B., Ivashina, V., 2014. Cyclicality of credit supply: Firm level evidence. Journal
of Monetary Economics 62, 76-93.
Bedendo, M., Colla, P., 2015. Sovereign and corporate credit risk: Evidence from the
Eurozone. Journal of Corporate Finance 33, 34-52.
Bekaert, G., Harvey, C.R., Lundblad, C., 2005. Does financial liberalization spur
growth? Journal of Financial Economics 77 (1), 3-55.
Bekaert, G., Harvey, C.R., Lundblad, C., 2011. Financial openness and productivity. World Development 39, 1-19.
Benetton, M., Fantino, D., 2018. Competition and the pass-through of unconventional
monetary policy: evidence from the TLTROs. Bank of Italy Working Paper 1187.
Berger, A.N., Bouwman, C.H.S., 2013. How does capital affect bank performance during
financial crises? Journal of Financial Economics 109 (1), 146-176.
209

Bernanke, B.S., Kuttner, K.N., 2005. What explains the stock market’s reaction to
Federal Reserve policy? Journal of Finance 60 (3), 1221-1257.
Bessembinder, H., Maxwell, W., 2008. Markets: transparency and the corporate bond
market. Journal of Economic Perspectives 22 (2), 217-234.
Betz, F., De Santis, R.A., 2019. ECB corporate QE and the loan supply to bankdependent firms. European Central Bank Working Paper 2314.
Bidder, R.M., Krainer, J.R., Shapiro, A.H., 2018. De-leveraging or de-risking? How
banks cope with loss. Federal Reserve Bank of San Francisco Working Paper 2017-03.
Bindseil, U., 2014. Monetary Policy Operations and the Financial System, Oxford University Press, 1.
Bindseil, U., 2016. Evaluating monetary implementation frameworks, Presentation given
at the 40th Economic Policy Symposium of the Federal Reserve Bank of Kansas, Jackson
Hole, WY.
BIS, 2017. Debt securities statistics. Available at: https://www.bis.org/statistics/secstats.htm.
BIS, FSB, IMF, 2009. Guidance to assess the systemic importance of financial institutions, markets and instruments: initial considerations. Report to the G-20 Finance
Ministers and Central Bank Governors.
Bittner, C., Bonfim, D., Heider, F., Saidi, F., Schepens, G., Soares, C., 2020. Why
so negative? The effect of monetary policy on bank credit supply across the euro area.
Mimeo.
Blundell, R., Bond S.R., 1998. Initial conditions and moment restrictions in dynamic
panel data models. Journal of Econometrics 87, 115-143.
Bocola, L., 2016. The pass-through of sovereign risk. Journal of Political Economy
124 (4), 879-926.
Boeckx, J., De Sola Perea, M., Peersman, G., 2017. The transmission mechanism of
credit support policies in the euro area. CESifo Working Paper 6442.
Boneva, L., De Roure, C., Morley B., 2018. The impact of the Bank of England’s
Corporate Bond Purchase Scheme on yield spreads. Bank of England Working Paper
719.

210

Boneva, L., Elliott, D., Kaminska, I., Linton, O., McLaren, N., Morley, B., 2019. The
impact of QE on liquidity: evidence from the UK Corporate Bond Purchase Scheme.
Bank of England Working Paper 782.
Bonfiglioli, A., 2008. Financial integration, productivity and capital accumulation. Journal of International Economics 76 (2), 337-355.
Boot, A., 2000. Relationship banking: what do we know? Journal of Financial Intermediation 9 (1), 7-25.
Borio, C., Gambacorta, L., 2017. Monetary policy and bank lending in a low interest rate environment: Diminishing effectiveness? Journal of Macroeconomics 54 (B),
217-231.
Borio, C., Gambacorta, L., Hofmann, B., 2017. The influence of monetary policy on
bank profitability. International Finance 20 (1), 48-63.
Bottero, M., Minoiu, C., Peydro, J.-L., Polo, A., Presbitero, A.F., Sette, E., 2019.
Negative monetary policy rates and portfolio rebalancing: Evidence from credit register
data. International Monetary Fund Working Paper 19/44, International Monetary Fund.
Boyd, J.H., Smith, B.D., 1998. The evolution of debt and equity markets in economic
development. Economic Theory 12, 519-60.
Brei, M., Borio, C., Gambacorta, L., 2019. Bank intermediation activity in a low interest
rate environment. Bank for International Settlements Working Papers 807.
Brown, S., Demetriou D., Theodossiou, P., 2018. Banking crisis in Cyprus: Causes,
consequences and recent developments. Multinational Finance Journal 22, 63-118.
Brownlees, C.T., Engle, R.F., 2017. SRISK: A conditional capital shortfall measure
of systemic risk. The Review of Financial Studies 30, pp 48-79
Brunnermeier, M.K., Dong, N.G., Palia, D., 2012. Banks’ non-interest income and
systemic risk. AFA 2012 Chicago Meetings Paper.
Brunnermeier, M.K. Koby, Y., 2018. The reversal interest rate, National Bureau of
Economic Research Working Paper 25406.
Buiter, W. Sibert, A., 2007. The central bank as market maker of last resort − I,
http://blogs.ft.com/maverecon/2007/08/the-centralbanhtml/axzz2wFuzNII6.

211

Cahn, C., Matheron, J., Sahuc, J.G., 2017. Assessing the Macroeconomic Effects of
LTROs during the Great Recession, Journal of Money, Credit and Banking, 49 (7),
1443-1482.
Cameron, A.C., Trivedi, P.K., 2005. Microeconometrics. Methods and applications.
Cambrdige University Press.
Campello, M., Graham, J.R., Harvey, C.R., 2010. The real effects of financial constraints: Evidence from a financial crisis. Journal of Financial Economics 97 (3), 470-487.
Carpinelli, L., Crosignani, M., 2017. The effect of central bank liquidity injections
on bank credit supply. Finance and Economics Discussion Series 2017-038, Board of
Governors of the Federal Reserve System.
Casiraghi, M., Gaiotti, E., Rodano, L., Secchi, A., 2016. ECB unconventional monetary policy and the Italian economy during the sovereign debt crisis. International
Journal of Central Banking 12 (2), 269-315.
Cavallino, P., Sandri, D., 2018. The expansionary lower bound: Contractionary monetary easing and the trilemma. International Monetary Fund Working Paper 18/236.
Cecchetti, S., 2017. A quantitative analysis of risk premia in the corporate bond market.
Bank of Italy Working Paper 1141.
Cecchetti, S.G., Disyatat, P., 2010. Central bank tools and liquidity shortages, Federal Reserve Bank of New York Economic Policy Review August 2010.
CGFS, 2017. Designing frameworks for central bank liquidity assistance: addressing
new challenges, report submitted by a Working Group on Policy Challenges and Open
Issues in Liquidity Assistance (WGLA).
Chaudron, R., 2018. Bank’s interest rate risk and profitability in a prolonged environment of low interest rates. Journal of Banking and Finance 89, 94-104.
Chava, S., Purnanandam, A., 2011. The effect of banking crisis on bank-dependent
borrowers. Journal of Financial Economics 99, 116-135.
Chodorow-Reich, G., 2014. The employment effects of credit market disruptions: firmlevel evidence from the 2008-9 financial crisis. The Quarterly Journal of Economics, 129
(1), 1-59.
Christensen, J., Gillan, J., 2018. Does quantitative easing affect market liquidity? Federal Reserve Bank of San Francisco Working Paper 2013-26.
212
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Jordà, Ò., 2005. Estimation and inference of impulse responses by local projections.
The American Economic Review 95, 161-182.
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