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Abstract
In March 2015, the Eurosystem launched its QE-programme. The asset purchases induced
a rapid and strong increase in excess reserves, implying a structural liquidity surplus in the
euro area banking sector. Against this background, the first part of this paper analyses
the Eurosystem’s liquidity management during normal times, crisis times and times of
too low inflation. With a focus on the latter, the second part of this paper develops
a relatively simple theoretical model in which banks operate under a structural liquidity
surplus. The model shows that increasing excess reserves have no or even a contractionary
impact on bank loan supply. As the newly created excess reserves are heterogeneously
distributed across euro area countries, the impact of QE on bank loan supply may differ
across countries. Moreover, we derive implications for monetary policy implementation.
Increases in the central bank’s main refinancing rate as well as in the minimum reserve
ratio and decreases in the central bank’s deposit rate develop expansionary effects on loan
supply – contrary to the case in which banks face a structural liquidity deficit.
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Introduction

In March 2015, the Eurosystem1 started implementing its large-scale asset purchase programme – commonly referred to as Quantitative Easing (QE) – to address the risks of a
too prolonged period of low, temporarily even negative, inflation rates since the beginning of 2013. The aim of this programme is to directly lower long-term interest rates
at times when (short-term) monetary policy interest rates are approaching the effective
lower bound, so that it is no longer possible to reach expansionary monetary policy stimuli
through conventional interest rate cuts.2 By directly lowering long-term interest rates, the
Eurosystem wants to improve financing conditions for households and firms so that they
consume and invest more. Hereby, aggregate demand and thus also the price level are
intended to increase until the target inflation rate of less than, but close to, 2% is finally
reached again (European Central Bank, 2015).
There are various channels by which QE may be transmitted to the real economy.3 In
this paper, we focus on the bank lending channel. The focus of early papers dealing with
this channel is on the relationship between bank deposits affected by a monetary policy
shock and bank loan supply (see e.g. Bernanke and Gertler, 1995; Kashyap and Stein,
1995; Mishkin, 1996). However, recent papers also explicitly consider the banking sectors’
excess reserve holdings in this context (see e.g. Rodnyansky and Darmouni, 2017; D’Avino,
2018; Lojschova, 2017). Bank reserves consist of deposits on banks’ current accounts with
the central bank and currency physically held by banks. Excess reserves are defined as the
amount of commercial banks’ current account balances (CAB) at their national central
bank in excess of the minimum reserve requirements (MRR). Excess liquidity is a concept
different from excess reserves and can be significantly larger, since banks’ recourse to the
deposit facility is additionally taken into account in the calculation of excess liquidity.
However, to simplify matters, for our analysis we use the terms excess liquidity and excess
reserves interchangeably. We refer to them as all central bank overnight deposits beyond
1

The term “Eurosystem” stands for the institutions responsible for monetary policy in the euro area,
i.e. the European Central Bank (ECB) and the national central banks in the euro area. To simplify
matters, the terms ECB and Eurosystem are used synonymously in this paper.
2
In January 2015, the interest rate on the ECB’s main refinancing operations (MROs) was already
located at 0.05%, the interest rate on its deposit facility was already negative at -0.2%, and the interest
rate on the marginal lending facility amounted to 0.3% (data source: ECB).
3
For a general description of different possible transmission channels in the context of the Eurosystem’s
large-scale asset purchase programme, see e.g. Deutsche Bundesbank (2016a).
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the MRR and hence do not make a distinction between whether they are held on a current
account or in the deposit facility.
Due to the Eurosystem’s asset purchases on a large scale, the amount of aggregate
excess liquidity in the euro area increased from 200 billion euros in March 2015 to 1.9
trillion euros in December 2018 (corresponding to 17% of the annual euro area GDP).
This excess liquidity is not homogeneously distributed across euro area countries. About
30% of total excess liquidity in the euro area are held solely in Germany, for example
(data source: ECB). Holding excess liquidity is costly. In particular, the kind of “penalty
interest rate” banks have to pay on excess liquidity4 has caused a debate as to whether
commercial banks may have an incentive to expand lending to reduce their costly excess
liquidity holdings (see e.g. Keister and McAndrews, 2019). This is in line with the question
of how far a QE-induced increase in bank deposits, and thus also in costly excess reserve
holdings, leads to higher bank loan supply, i.e. whether there is a bank lending channel of
QE.
The contribution of our paper to this debate is twofold. First, it analyses and compares
the Eurosystem’s liquidity management during normal times, crisis times and times of
too low inflation. Focussing on the latter and considering the specific institutional characteristics of the QE-implementation in the euro area, we describe and analyse in detail the
QE-induced creation of bank reserves and deposits and the causes of their heterogeneous
distribution across euro area countries. Second, focussing on the times of too low inflation,
the paper develops a theoretical model of a banking sector consisting of commercial banks
offering loans to the non-banking sector and a central bank purchasing assets on a large
scale from the non-banking sector. The model allows us to discuss three closely related issues: first, the impact of QE-induced increases in bank reserves and deposits on bank loan
supply; second, the effect of a QE-induced heterogeneous distribution of excess reserves
across banks on bank loan supply; and third, the consequences of a QE-induced structural
liquidity surplus in the banking sector for the implementation of other monetary policy
instruments.

4
Since June 2014 excess liquidity has been remunerated at a negative rate, currently (September
2019) at -0.5%. This interest rate has to be paid independently of whether this liquidity is held in the
Eurosystem’s deposit facility or on current accounts with the Eurosystem.
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With respect to the first issue, we cannot document evidence of the presence of a bank
lending channel in the sense that a QE-induced increase in bank deposits and reserves
implies a positive impact on bank loan supply. We find that increasing excess reserves and
deposits in the euro area banking sector have no or even a contractionary impact on bank
loan supply. The impact will be contractionary if banks face increasing marginal costs of
holding deposits due to, for example, agency or regulatory costs. Following the literature,
we refer to these costs as balance sheet costs (see e.g. Martin et al., 2016). The strength
of the contractionary effect increases in the banks’ holdings of excess reserves. This leads
us to the second issue. The banking sectors’ QE-induced excess reserve holdings differ
significantly across euro area countries. Consequently, increasing marginal balance sheet
costs imply that the negative impact of QE on bank loan supply differs across euro area
member states. Concerning the third issue, our model shows that conventional monetary
policy measures will work in the opposite direction if the banking sector faces – for example,
a QE-induced – structural liquidity surplus instead of a structural liquidity deficit.5 Since
October 2015 the reserves created through the Eurosystem’s large-scale asset purchases
have exceeded the banking sector’s structural liquidity needs. Consequently, banks started
to operate in an environment characterised by structural liquidity surplus. Our model
reveals that in such an environment commercial banks’ incentive to expand their loan
supply will be strengthened if the central bank (i) increases the rate on its MROs, (ii)
implements higher MRR for banks, and (iii) decreases the rate on its deposit facility.
The paper is organised as follows. Section 2 presents related literature. Section 3
proceeds with an overview of commercial banks’ liquidity needs and liquidity provision
by the Eurosystem in normal times, crisis times and in times of too low inflation and,
with a focus on the latter, provides some stylised facts with regard to the effects of
the implementation of the Eurosystem’s QE-programme. Section 4 describes the model
framework and derives banks’ optimal loan supply to the non-banking sector. Implications
for monetary policy implementation are discussed in Section 5. Section 6 concludes.

5

A banking sector facing a structural liquidity deficit has to rely on an ongoing liquidity provision by
the central bank to cover its structural liquidity needs resulting from MRR and autonomous factors. In
the euro area, banks faced such a structural liquidity deficit until October 2015. The Eurosystem provided
the respective liquidity mainly through credit transactions, as its MROs.

3

2

Related Literature

Our paper contributes to two strands of literature. The first strand is primarily related
to the literature on the bank lending channel of monetary policy transmission which is a
subchannel within the credit channel. The credit channel theory states that credit market
frictions, especially in the form of asymmetric information between lenders and borrowers,
amplify conventional interest rate effects. The frictions drive a wedge between the cost of
funds generated internally and the cost of funds raised externally, i.e. there is an external
finance premium.6 According to the credit channel theory, the direct effects of monetary
policy on interest rates are amplified by changes in the external finance premium. The
credit channel theory offers two explanation for this amplification: the balance sheet channel and the bank lending channel. While the former focusses on the impact of monetary
policy on the borrowers’ balance sheets,7 the latter focusses on bank loan supply. The
bank lending channel stresses that, for example, a contractionary monetary policy leads
to a loss of deposits, forcing banks to rely on other, more costly liabilities. The bank loan
supply curve shifts to the left, raising the external finance premium.8
More recent work attempts to assess the effects of central banks’ large-scale asset
purchase programmes (QE) in this context. There are various empirical studies that
investigate the impact of QE on bank lending in general. Examples include Bowman et al.
(2015) for Japan, Garcia-Posada and Marchetti (2016) for Spain, and Rodnyansky and
Darmouni (2017) for the US showing different results. However, only limited attention
6

The external finance premium reflects deadweight costs linked with the principal-agent problem that
typically exists between borrowers and lenders, such as the lender’s expected costs of evaluation and
monitoring, or the “lemons” premium that results from the fact that the borrower has better information
than the lender with regard to its own prospects (Bernanke and Gertler, 1995).
7
The main idea is that, e.g. a contractionary monetary policy deteriorates the borrower’s financial
position (lower cash flow due to higher interest payments, lower collateral value due to declining asset
prices). The deterioration of the financial position increases agency costs, and thus the external finance
premium.
8
For a detailed description and discussion of the credit channel of monetary policy, see e.g. Bernanke
and Blinder (1988) and Bernanke and Gertler (1995). Kashyap and Stein (1995) show that monetary
tightening reduces lending by relatively small banks which have a very simple capital structure and are
financed almost exclusively with deposits and common equity. Analogously, Campello (2002) provides
evidence that contractionary monetary policy reduces the amount of loans made by banks that are unrelated to a large banking group. Kashyap and Stein (2000) and Kashyap et al. (2002) explain the same
mechanisms for banks that hold fewer liquid assets, showing that such banks cannot protect their loan
portfolio against monetary tightening simply by drawing down cash and securities. Kishan and Opiela
(2000) and Gambacorta and Mistrulli (2004) carry out the analysis for banks with higher leverage ratios.
They provide evidence that small, undercapitalised banks may not be able to offset a drain in demand
deposits. Consequently, their loan supply will be more responsive to monetary policy shocks than that of
larger, well-capitalised banks.
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has been paid to assessing whether QE has worked its way through the economy via
the bank lending channel, i.e. whether QE-induced increased levels of bank reserves and
deposits imply an expansion of bank loan suply. For instance, Butt et al. (2014), looking
at the UK experience, do not find significant effects of QE-induced increasing deposits
in banks’ balance sheets on bank lending. They argue that the deposits created through
QE had a rather flighty nature. Giansante et al. (2019) employ a difference-in-differences
estimation to assess the impact of QE-induced increases of bank reserves and deposits on
bank lending. By comparing UK banks that received deposit injections due to the Bank
of England’s asset purchases, with those that did not, they find that “QE-banks” show no
increase in bank lending compared to the “non-QE-banks”. They even find a reduction of
about 50% of customer/retail loans for “QE-banks” compared to “non-QE-banks”.
The second strand of related literature deals with monetary policy implementation.9
There is a long tradition of developing models to analyse monetary policy implementation
in an environment with scarce reserves. The seminal contribution by Poole (1968) posits a
downward-sloping demand curve for reserves and analyses how the Federal Reserve could
target the desired Federal Funds Rate by manipulating the supply of reserves. Poole’s idea
of using a late payment shock, to which banks are exposed to, to introduce uncertainty
into his stochastic bank reserve management model, has been used in various papers.10
However, to date, only very few papers have attempted to study the effects of monetary
policy in an environment with excess reserves, induced, for instance, by the central bank’s
large-scale asset purchases. Examples include Martin et al. (2013, 2016), Ennis (2018),
and Williamson (2019). These papers consider so-called balance sheet costs of commercial
banks. These costs, e.g. in the form of agency or regulatory costs, may occur and increase
if a commercial bank’s balance sheet increases, e.g. as a consequence of the central bank’s
large-scale asset purchases. Developing a general equilibrium macroeconomic model Ennis
(2018) shows that due to these costs sufficiently large asset purchases imply that the tight
link between bank reserves and the price level in the economy reemerges. Williamson
(2019) uses a general equilibrium model with two banking sectors in which one banking
9

For a survey, see e.g. Friedman and Kuttner (2011). By describing and discussing different parts of a
central bank’s operational framework, Bindseil (2014) gives a broad survey of monetary policy implementation in times of non-crisis and crisis.
10
See e.g. Furfine (2000), Bindseil et al. (2006), Whitesell (2006), Bech and Monnet (2016), and Bucher
et al. (2019).
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sector is exposed to balance sheet costs due to capital requirements. He shows, inter
alia, that then the large-scale asset purchases can have redistributive effects and reduce
welfare. The work by Martin et al. (2016), which is a very close reference to our paper,
finds that due to bank balance sheet costs, large-scale asset purchases by the central
bank may reduce bank lending. In their model, the government issues a fixed amount of
bonds which are bought by the central bank and by households. The central bank funds
its government bond purchases by issuing an equal amount of reserves. Households are
endowed with a fixed amount of wealth which they invest in deposits, government bonds
and/or storage. Households buy all the bonds not being purchased by the central bank.
As long as commercial banks face no additional costs related to their deposit holdings
and thus to the size of their balance sheet (balance sheet costs), the households’ return
on deposits is higher than their return on storage. Consequently, households invest the
difference between their total wealth and their government bond holdings only in deposits,
they hold no storage. An increase in the central bank’s purchases of government bonds
thus implies an increase in reserves, a decrease in the households’ bond purchases and thus
an increase in deposits. The increase in the households’ deposits is equal to the increase
in reserves issued by the central bank. The quantity of bank loans remains constant.
However, if banks face balance sheet costs, they pass on these costs to the households by
paying a lower return on deposits. For sufficiently large bond purchases by the central bank
and thus sufficiently large reserves and deposit holdings, the balance sheet costs become
so high and the return on deposits so low that households prefer to hold storage instead
of deposits. In this case, bank reserves increase more than deposits and, considering the
bank balance sheet constraint, hence partially crowd out bank lending. In contrast to the
paper by Martin et al. (2016), we consider that the central bank as well as commercial
banks create money in the form of deposits. Commercial banks create deposits by granting
loans to the non-banking sector, the central creates deposits by purchasing bonds from the
non-banking sector (QE). The induced increases in bank deposits imply higher balance
sheet costs for banks. As a result, banks will reduce their loan supply to avoid additional
increases in costly deposits.

6

Our paper combines these two described strands of literature. The novelty of our
paper is that it provides a detailed description of the consequences of the specific QE
implementation in the euro area for the commercial banks’ liquidity situation which
constitutes the base of a theoretical model that we develop. Considering main elements
of the Eurosystem’s operational framework, the model allows us to analyse the impact of
QE-induced increasing excess liquidity on bank loan supply, as well as the implications
for the implementation of conventional monetary policy instruments in an environment
characterised by a structural liquidity surplus in the banking sector.

We show that

QE-induced increases in excess liquidity have no or a contractionary effect on bank loan
supply and that, for instance, increases in the minimum reserve ratio and the MRO-rate
as well as decreases in the deposit rate incentivise banks to expand their loan supply –
contrary to the situation in which banks face a structural liquidity deficit.

3

Liquidity Needs of the Euro Area Banking Sector and
Liquidity Provision by the Eurosystem

The Eurosystem’s large-scale asset purchases (QE) led to the creation of bank reserves
and bank deposits. This implied that since October 2015 the euro area banking sector
has faced a structural liquidity surplus. The newly created reserves and deposits are
heterogeneously distributed across euro area countries. Both the structural surplus and
the heterogeneous distribution has important implications for bank loan supply and for
the effects of conventional monetary policy as revealed by our model analysis in Section
4. To get a better understanding of the institutional environment thus used in Section 4,
Section 3.4 describes and analyses in detail how bank reserves and deposits are created
in the context of the Eurosystem’s QE-programme and why they are heterogeneously
distributed across euro area countries. To emphasise the importance of the QE-induced
change in the institutional environment for the euro area banks’ liquidity management
and thus for their loan supply as well as for the effects of conventional monetary policy,
Section 3.1 gives a brief overview of the euro area banking sector’s liquidity needs in

7

general, whereas Section 3.2 and Section 3.3 briefly describe the banks’ specific liquidity
needs and the liquidity provision by the Eurosystem before QE was introduced.

3.1

Liquidity Needs of the Euro Area Banking Sector

In the euro area, the banking sectors’ needs for reserves primarily result from the MRR
imposed by the ECB and so-called autonomous factors. Note that MRR are remunerated
at the ECB’s main refinancing rate. Autonomous liquidity factors can be divided into
liquidity providing factors, such as net foreign assets, and absorbing factors, such as banknotes in circulation or government deposits. They are called autonomous factors since
they are beyond the control of the ECB. Instead, they are determined by the behaviour
of the public or by institutional arrangements. In the euro area, net autonomous factors
are positive, i.e. the sum of liquidity absorbing factors is larger than the sum of liquidity providing factors. MRR and positive net autonomous factors imply a structural need
for reserves of the euro area banking sector. Interbank transactions due to, for example,
deposit transfers between customers of different banks, are settled to a large part via the
banks’ reserve accounts at the central bank. Consequently, a bank may end up with a
reserve deficit, another bank with a surplus. If there is a functioning interbank market
for reserves, banks will be able to balance their different individual liquidity needs, i.e.
there will be no need for reserves going beyond the structural need of the banking sector.
However, if the interbank market does not function properly, banks with a liquidity deficit
have to take recourse to the central bank’s lending facility. The Eurosystem offers two
standing facilities, a lending facility and a deposit facility, which allow banks to balance
their overnight liquidity needs with the rate on the deposit facility being lower than the
rate on the lending facility. To avoid the relatively costly use of the lending facility, banks
may want to hold precautionary liquidity. This means that there may be a demand for
reserves beyond the structural need due to MRR and autonomous factors.11
The reasons why banks want to hold reserves (MRR, cash withdrawals, precautionary
liquidity) reveal that bank deposits are a crucial determinant of bank demand for reserves:
bank deposits determine the reserve requirements; they determine the cash withdrawals,
11
Developing a theoretical model, Bucher et al. (2019) show that interbank market frictions may imply
that banks will start to hold precautionary liquidity.
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as people usually want to hold cash and deposits in a certain ratio; and they determine the
demand for precautionary liquidity, as usually banks’ demand for precautionary liquidity
increases in their deposits (see Bucher et al. (2019)). When granting loans, commercial
banks create deposits. This means that granting loans goes along with an increase in
demand for reserves. This creates a link between monetary policy and bank loan supply,
as the central bank, being the monopoly producer of reserves, determines the costs of
reserves and the quantity of reserves available to the banking sector.

3.2

Normal Times

Until the collapse of the investment bank Lehman Brothers in September 2008, a period to
which we refer to as “normal times”, the interbank market functioned properly and thus
allowed for an efficient distribution of reserves across banks, in principle. The liquidity
needs of the euro area banking sector thus corresponded to its structural liquidity deficit
resulting from MRR and autonomous factors. There was no need for additional reserves,
e.g. for precautionary holdings of liquidity due to a malfunctioning interbank market
(Eser et al., 2012). Until September 2008, the Eurosystem provided the banking sector
in principle with reserves in amounts equal to the banking sector’s structural liquidity
deficit. It provided this liquidity mainly through its MROs. MROs are regular liquidityproviding credit transactions with a frequency and maturity of typically one week. These
credit transactions have to be based on adequate collateral. The interest rate on these
credit operations is the MRO-rate. The interest rates on the two central bank’s standing
facilities form a corridor around the MRO-rate, see Figure 1.12

12
For a general documentation on the implementation of standard monetary policy by the Eurosystem,
see European Central Bank (2012a).
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Figure 1: ECB key interest rates and the euro overnight unsecured interbank rate (on a
daily basis, in %). Data Source: ECB.
Figure 2 illustrates the development of the Eurosystem’s balance sheet since 2008.
Components providing liquidity to the banking sector are indicated in the upper area,
whereas liquidity absorbing components are mapped in the lower area. Prior to September
2008, the banking sector’s structural liquidity deficit (pink line) was quite perfectly covered
by the ECB’s open market operations (blue line) so that liquidity conditions in the euro
area were balanced.
The facts that, first, the Eurosystem almost exactly satisfied the banking sector’s
aggregate liquidity needs and that, second, a functioning interbank market smoothly
redistributed reserves between banks with an individual surplus and those with an individual deficit, implied that prior to September 2008 neither the lending nor the deposit
facility were used systematically and that the interbank rate (EONIA)13 fluctuated closely
around the MRO-rate (see Figure 1). Consequently, there were two main monetary policy
instruments influencing bank loan supply in the euro area: the MROs, as the MRO-rate
determined the costs of borrowing the necessary reserves, and the MRR, as the reserve
ratio determined the necessary quantity of reserves. In such a “normal-times scenario”,
an increase in the MRO-rate and/or the reserve ratio makes granting bank loans more
13
The EONIA (Euro OverNight Index Average) is the effective overnight reference rate for the euro
area. It is computed as a weighted average of overnight unsecured lending transactions between banks in
the euro area interbank market.
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costly, i.e. it is a contractionary monetary policy impulse. The rates on the central bank’s
facilities serve to stabilise the interbank rate but they have no systematic effect on bank
loan supply.
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Figure 2: Liquidity provision and absorption through the Eurosystem – The central bank’s
balance sheet including volumes of non-standard monetary policy measures (on a daily
basis, in billion euros). Data Source: ECB.

3.3

Crisis Times

During the financial crisis, which peaked in September 2008 with the collapse of Lehman
Brothers, and during the subsequent sovereign debt crisis, the banks’ aggregate demand
for reserves significantly exceeded their structural need for reserves. One reason was that
increased levels of distrust and risk perception plus increased informational asymmetries
led to funding stress in the banking sector. Especially during the sovereign debt crisis, capital flight from banks in lower-rated countries to banks in higher-rated countries
(“safe-haven-flows” and “flight-to-quality-phenomena”) led to funding stress in the banking sectors of lower-rated countries. To substitute for the loss in market-based funding,
11

banks in lower-rated countries participated more significantly in the Eurosystem’s refinancing operations. Another reason for the banks’ aggregate demand for reserves going
beyond their structural need for reserves was that the overnight interbank market was no
longer functioning properly.14 Also, due to increased levels of distrust and risk perception
as well as increased informational asymmetries, banks with a surplus of liquidity refused
to lend in the interbank market to banks with a liquidity deficit. The use of the central
bank’s deposit facility was instead the more attractive alternative for potential interbank
lenders. Moreover, as the interbank market was no longer able to smoothly redistribute
liquidity, banks generally built up liquidity buffers. They wanted to hold more reserves
than necessary to fulfill the MRR and to cope with autonomous factors, i.e. they started to
hold liquidity for precautionary reasons. The Eurosystem fully satisfied the increased demand for reserves (subject to collateral availability) by implementing a set of non-standard
monetary policy measures such as fixed rate tender procedures with full allotment in its
refinancing operations from October 2008 onwards as well as by launching two three-year
longer-term refinancing operations (LTROs) in the years 2011 and 2012.15 As a result,
aggregate excess liquidity started to emerge.
The costs and benefits of holding precautionary liquidity are determined by the rates
on the central bank’s facilities. As banks create deposits by granting loans and since the
demand for precautionary liquidity increases in bank deposits, the rates on the central
bank’s facilities have an influence on bank loan supply. With its facilities the Eurosystem
thus had, besides the MROs and the MRR, a further instrument at hand to influence
bank loan supply during that crisis time. In such a “crisis-time scenario”, narrowing the
corridor that the rates on the facilities form around the MRO-rate decreases the costs of
holding precautionary liquidity, so that an increase in the rate on the deposit facility has
a positive impact on bank loan supply.16
Figure 2 illustrates the strong increases in the recourse to the deposit facility (green
line), in the liquidity provided through open market operations (blue line) and the in14
For a recent documentation on stress in the overnight interbank market in the euro area over the
course of the financial and sovereign debt crisis in Europe, see e.g. Frutos et al. (2016).
15
For a description of the implementation of monetary policy by the Eurosystem in response to the
financial and sovereign debt crisis, see e.g. European Central Bank (2009, 2010, 2011, 2012b, 2014).
16
For a theoretical analysis of the consequences of interbank market friction-induced holdings of precautionary liquidity on bank loan supply and monetary policy implementation, see Bucher et al. (2019).
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creased levels of excess liquidity (grey shadowed area). Excess liquidity is the sum of
commercial banks’ current account balances at their national central bank in excess of
the MRR (red line) plus their recourse to the deposit facility of the ECB (green line). It
should be noted that the creation of excess liquidity during the financial crisis and the
sovereign debt crisis was entirely demand-driven (Baldo et al., 2017): the ECB satisfied
the increased liquidity demand of the banking sector. Until the beginning of 2015 most
banks made use of the LTROs premature repayment option which is represented in Figure
2 by a decrease in banks’ current account holdings. As a consequence, reserves in excess
of the structural liquidity deficit of the banking sector decreased significantly.
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Figure 3: Accumulation of excess liquidity at specific national central banks in billion
euros (maintenance period averages, vertical line indicates the APP start).
Data Source: Eurosystem.
Figure 3 reveals that during crisis times excess liquidity was heterogeneously distributed across euro area countries. The main driver for the heterogeneous distribution of
excess liquidity was capital flight (so-called “flight-to-quality” phenomena or “safe-havenflows”) from lower-rated euro area countries towards higher-rated euro area countries such
as in particular Germany, the Netherlands and France. Domestic households and firms,
financial and non-financial, in lower-rated countries preferred to hold their deposits abroad
and at the same time foreign households and firms, financial and non-financial, refused to
provide (further) liquidity due to increased levels of risk and distrust. As a result, banks
13

in lower-rated countries were concerned by difficulties in financing themselves. Fundingstressed banks in these countries participated more significantly in the Eurosystem’s refinancing operations to close emerging funding gaps and to build up liquidity buffers. The
total amount of excess liquidity increased. However, the provided liquidity accumulated
via cross-border flows of this liquidity from lower-rated countries towards higher-rated
countries in countries that were least concerned by the crisis, thereby inducing a heterogeneous distribution of this excess liquidity.17

3.4
3.4.1

Times of “Too Low” Inflation
Implementation of QE

Due to a persistently low inflation rate in the euro area and monetary policy rates approaching their effective lower bound,18 the ECB’s Governing Council announced the
implementation of the so-called Expanded Asset Purchase Programme (APP) in January
2015. The aim of this non-standard monetary policy measure is to safeguard the Eurosystem’s primary objective of price stability and to ensure an appropriate monetary
policy transmission mechanism (European Central Bank, 2015). The APP includes all
programmes under which both private and public sector securities are purchased. It consists of the Corporate Sector Purchase Programme (CSPP), the Public Sector Purchase
Programme (PSPP), the Asset-Backed Securities Purchase Programme (ABSPP) and the
Third Covered Bond Purchase Programme (CBPP3). The PSPP represents by far the
largest component of the APP covering a share of approximately 83% of all bought securities under the APP (European Central Bank, 2019a). The ECB’s Governing Council
stressed that it intends to carry out securities purchases until a sustained adjustment in
the path of inflation is reached that is consistent with its aim to achieve inflation rates
below, but close to, 2% over the medium term (European Central Bank, 2017).19
17
For a more detailed description of the heterogeneous distribution of excess liquidity across euro area
countries during the financial and sovereign debt crisis, see Baldo et al. (2017).
18
In January 2015 the MRO-rate was already at 0.05% and the rate on the deposit facility at -0.02%
(see Figure 1).
19
Initially, between March 2015 and March 2016 the monthly volume of net purchases of public and
private securities amounted to 60 billion euros. It then increased to 80 billion euros between April 2016
and March 2017. From April 2017 until December 2017 it declined again to 60 billion euros. Between
January and September 2018 monthly net purchases to the value of 30 billion euros were conducted. After
September 2018 the monthly pace of net asset purchases was reduced to 15 billion euros until the end of
December 2018, when net asset purchases were stopped for the time being. In September 2019 the ECB’s
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3.4.2

QE-Induced Creation of Excess Liquidity

When paying for the acquired APP securities, the Eurosystem creates reserves, meaning
that the amount of central bank liquidity in the financial system, and therefore already
existing excess liquidity, mechanically increase. From the launch of the APP in March
2015 until December 2018, aggregate excess liquidity increased from 200 billion euros to
1.9 trillion euros (see grey area in Figure 2). The dark green line in Figure 2 demonstrates
that since July 2016 the liquidity exclusively created through the asset purchases within
the PSPP has already overcompensated the structural liquidity needs of the banking sector
and has hence continuously pushed up the level of aggregate excess liquidity (grey area).20
This implied that since October/November 2015 the euro area banking sector has been
operating in an environment characterised by a structural liquidity surplus. This means
that from this date onwards, banks have not had to rely on the central bank’s refinancing
operations anymore to cover their structural liquidity deficit resulting from MRR and
autonomous factors.21 The banking sector has no longer been able to entirely eliminate
excess liquidity by decreasing its borrowing from the ECB. Even if no bank borrowed
from the ECB, there would still be excess liquidity despite banks’ increased liquidity
needs resulting from net autonomous factors.22 In contrast to the surge of excess liquidity
during the financial and sovereign debt crisis, the surge of excess liquidity within the APP
period cannot be interpreted primarily as an indicator of financial market stress but is a
result of the APP. Compared with the period of the financial and sovereign debt crisis, the

Governing Council decided to relaunch the APP by purchasing again private and public sector securities at
a monthly net volume of 20 billion euros. For further technical information concerning the implementation
of the APP, see e.g. European Central Bank (2019c).
20
The three dotted lines represent the other components of the APP. They obviously play a subordinate
role compared with the PSPP volume.
21
We determine the date on which the euro area banking sector was exposed to a structural liquidity
surplus for the first time by calculating the net liquidity effect from MRR, autonomous factors and the
ECB’s monetary policy portfolio (consisting of the SMP, CBPP1, CBPP2, CBPP3, ABSPP, PSPP, CSPP).
A negative value indicates that the scope of the monetary policy portfolio already exceeds banks’ structural
liquidity needs so that banks, in general, would not need to demand additional liquidity in open market
operations to cover their liquidity needs. This was the case, for the first time, in October 2015.
22
The reasons for the persistent increase in net autonomous factors since January 2016 are numerous.
First, shrinking net currency reserves and the temporal appreciation of the euro against the dollar decreased the value of net foreign assets which reduced the liquidity providing component of autonomous
factors. Second, banknotes in circulation and government deposits increased which enlarged the liquidity
absorbing component of autonomous factors so that, in sum, net autonomous factors increased (Deutsche
Bundesbank, 2018; European Central Bank, 2018).
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creation of excess liquidity under the APP is a supply-driven phenomenon (Baldo et al.,
2017).

3.4.3

Heterogeneous Distribution of Excess Liquidity

Figure 3 demonstrates that also during the APP period, i.e. since 2015, excess liquidity
has been heterogeneously distributed across euro area countries. About 30% of total excess
liquidity is held exclusively in Germany. Alvarez et al. (2017) and Baldo et al. (2017) show
that excess liquidity predominantly accumulates in Germany, the Netherlands, France,
Finland and Luxembourg with about 80-90% of total excess liquidity being held in these
countries, whereas holdings of excess liquidity in Italy, Portugal or Spain, for example, are
much less pronounced. The reason for this heterogeneous distribution of excess liquidity
across euro area countries is threefold.
First, within the PSPP, national central banks purchase domestic government bonds
in accordance with their share in the ECB’s capital key.23 Since Germany and France are
most concerned by the ECB’s capital key with 26% and 20% respectively, excess liquidity
accumulates especially in these two countries (European Central Bank, 2019b). The second
reason for excess liquidity accumulating mostly in Germany is that the ECB itself (with
a share of 10% of the total PSPP purchase volume) purchases securities under the PSPP
and that, as a technical particularity, the ECB’s transactions are carried out through the
Deutsche Bundesbank. The third reason is that the APP transactions are predominantly
settled via only a few financial centres or financial gateways, in which the APP-induced
creation of reserves consequently takes place. Thus, most of the excess liquidity created
through the APP purchases accumulates in only a few countries (Baldo et al., 2017).
With respect to the latter, on which we focus in this paper, consider the following
example for illustrative purposes (see Figure 4): the Banca d’Italia purchases Italian government bonds from a counterparty24 resident outside the euro area. In order to participate
in this cross-border transaction, the counterparty needs access to the TARGET2 payment
23
Bonds issued by recognised agencies, regional and local governments, international organisations and
multilateral development banks located in the euro area are also allowed to be purchased under the PSPP
but play a far less significant role in this context (European Central Bank, 2019a).
24
APP counterparties are defined as the set of financial institutions from which central banks directly
purchase securities. Very often, counterparties act as intermediaries for initial, underlying security owners
(Eisenschmidt et al., 2017).
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system.25 As an example, we consider a UK-based counterparty that uses a correspondent
German bank as an access point for TARGET2.26 In this case, the securities purchase of
the Banca d’Italia implies that both the Banca d’Italia and the Bundesbank are involved
in a cross-border payment transaction leading to an increase in reserves in the German
banking sector. This process can be described in detail as follows. The Banca d’Italia obtains the respective amount of government bonds and the UK-APP counterparty’s deposits
increase at the expense of its government bond holdings. As the UK-APP counterparty
has its deposit account with a German commercial bank, the reserves of the German commercial bank, and thus the respective liability item of the Bundesbank’s balance sheet,
increase. The offsetting asset item of the Bundesbank’s balance sheet is a TARGET2
claim on the ECB. The Banca d’Italia, on the other hand, has a TARGET2 liability towards the ECB. The increase in the Bundesbank’s positive TARGET2 balances and the
increase in the excess reserves of the German banking sector are thus a consequence of the
bond purchases by the Banca d’Italia from non-domestic counterparties which have their
deposit account with a German commercial bank. The consolidated balance sheet of the
Eurosystem demonstrates that the Eurosystem’s government bond holdings and reserves
in the euro area have increased.
This example thus illustrates that the location of the TARGET2 account of banks
selling securities to the Eurosystem is most indicative of the likely point of origin of
QE-induced reserves and thus excess liquidity. Due to the fact that most of the non-euro
area APP counterparties access TARGET2 via the Bundesbank, Germany absorbs a large
share of the liquidity created through the asset purchases within the Eurosystem’s PSPP.

25

TARGET (Trans-European Automated Real-time Gross Settlement Express Transfer System) balances are intra-Eurosystem assets and liabilities on the central banks’ balance sheets. They typically
result from net cross-border payments in the form of central bank reserves via the TARGET2 payment
system. TARGET2 is the real-time gross settlement system owned and operated by the Eurosystem. It
settles euro-denominated payments continuously on an individual transaction-by-transaction basis without
netting (Eisenschmidt et al., 2017).
26
Around 50% of the overall purchase volume is conducted with UK-based banks that access TARGET2
via the Deutsche Bundesbank (Alvarez et al., 2017).
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Figure 4: APP implementation – Stylised balance sheets of key financial market participants.
Note in this context that around 80% of APP purchases by volume were purchased from
counterparties that are not resident in the same country as the purchasing national central
bank, and about 50% of APP purchases by volume occurred with counterparties belonging
to banking groups whose head institution was located outside the euro area, most of
them being resident in the UK (Baldo et al., 2017). Note that this third reason for the
heterogeneous distribution of excess liquidity is closely connected to the development of
the TARGET balances that rose with the strong increase in excess liquidity during the
APP period.27

3.4.4

Creation of Bank Deposits

Figure 4 also shows that the increase in excess reserves of the commercial bank that has
the TARGET2 access (in our example the German commercial bank), is in line with an
increase in deposits of that bank. If the Italian central bank buys Italian government
bonds from a UK counterparty, and if this counterparty has its TARGET2 access via a
German commercial bank, the German bank will receive the respective payment in the
form of reserves from the Italian central bank via the German central bank and will credit
the amount on the counterparty’s deposit account. Consequently, the asset purchase of
the Italian central bank implies the creation of deposits in the German banking sector.

27

For details see e.g. (Eisenschmidt et al., 2017).
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If a national central bank purchases assets from the domestic money-holding sector
– principally private households and private corporations – domestic bank deposits are
created. If, for example, the Italian central bank buys government bonds from the Italian non-banking private sector, the commercial bank of the respective household/firm
is involved. The commercial bank will receive the respective payment in the form of
reserves from the Italian central bank and will credit the respective amount to the household’s/firm’s current account, i.e. the deposits of the Italian banking sector will increase
(see also Deutsche Bundesbank, 2016b).
Consequently, if the Eurosystem buys government bonds from the non-banking sector,
the deposits and reserves of the euro area banking sector will increase. If the assets are
bought by a national central bank from the domestic non-banking sector, reserves and
deposits in the domestic banking sector will increase. If they are bought outside the
respective country, reserves and bank deposits will increase in the banking sector of that
country in which the respective counterparty (or its bank) has access to the TARGET2
system. Note that in the ECB statistics, here, the MFI balance sheet statistics including
the Eurosystem, QE purchases of government bonds from the non-banking sector lead to
an increase in the item “securities-based lending to euro area general government” on the
asset side of the consolidated balance sheet of the MFI sector. We argued above that on
the liability side the purchases imply an increase in bank deposits. However, the MFI
statistics distinguish between bank deposits of euro area and non-euro area residents. If
the seller is a resident of the euro area, the liability item “deposits of euro area residents
held at euro area commercial banks” will be affected. If the seller is a non-euro area
resident, the liability item “liabilities of euro area MFIs (excluding the Eurosystem)
towards non-euro area residents” will be concerned (see also Avdjiev et al., 2019; Deutsche
Bundesbank, 2016b). Both items have increased since 2015 which indicates the positive
relationship between QE-asset purchases and the increase in deposits of euro area and
non-euro area residents at euro area commercial banks. Note that the “liabilities of euro
area MFIs (excluding the Eurosystem) towards non-euro area residents” have especially
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shown a pronounced increase since 2015.28

4

Model

The aim of our model analysis is to shed some light on how QE-induced increases in
bank reserves and deposits affect bank loan supply and to discuss the implications of
these increases for the implementation of monetary policy instruments other than QE.
The model reveals that the QE-induced increases in reserves and deposits have no, or a
contractionary effect, on bank loan supply. The effect will be contractionary if banks are
facing increasing marginal balance sheet costs. Furthermore, the model shows that these
costs in combination with a specific implementation of QE imply that the impact of this
monetary policy measure on loan supply differs across banks. Moreover, the model reveals
that conventional monetary policy measures, such as changes in key central bank interest
rates and in the required reserve ratio, will have the exact opposite effect on bank loan
supply if banks operate under a structural liquidity surplus instead of a respective deficit.

4.1

Institutional Environment

Our model considers main institutional aspects described in the previous sections relevant
for euro area banks: banks are required to hold minimum reserves and have to cope with
cash withdrawals, i.e. the banking sector faces a structural need for reserves. However,
there are excess reserves in the banking sector which imply that banks do not have to
borrow additional liquidity from the central bank. The structural need for reserves can be
more than satisfied by the already existing reserves in the banking sector, i.e. banks operate in an environment characterised by a structural liquidity surplus. The QE-induced
large amounts of excess reserves in the euro area banking sector imply that neither the
interbank market for reserves nor the Eurosystem’s MROs play a significant role for the
banks’ liquidity management anymore.29 Therefore, we refrain from modelling an inter28
For the respective time series see Deutsche Bundesbank statistics at: https://www.bundesbank.de/
dynamic/action/en/statistics/time-series-databases/time-series-databases/745564/745564?
listId=outstanding_amounts_30 and https://www.bundesbank.de/dynamic/action/en/statistics/
time-series-databases/time-series-databases/745564/745564?listId=outstanding_amounts_49.
29
The aggregate trading volume in the overnight interbank market currently (September 2019) amounts
to 2 billion euros while it fluctuated around 30 billion euros in January 2015. The volume of the ECB’s main
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bank market or refinancing operations with the central bank. In our model, the central
bank buys assets from the non-banking sector on a large scale (QE). These asset purchases imply the creation of bank reserves and deposits. The structural liquidity surplus
in the banking sector increases. In an extension of our model, we also consider the case
in which two national central banks (within a currency union) buy government bonds
from institutions outside the union, whereas the settlement of both purchases takes place
in only one country. Consequently, in our model analysis, we also capture the case of
a QE-induced heterogeneous distribution of bank reserves and deposits across euro area
countries described in Sections 3.4.3 and 3.4.4.

4.2

Setup

In our economy there is a central bank, a continuum of measure one of risk-neutral commercial banks and a large number of bank customers. In a first step, we assume that all
commercial banks are identical, which allows us to consider one representative commercial
bank. Bank customers can be divided into households, firms and foreign investors. For
the sake of simplicity, we subsume them under the term non-banking sector.
Our model is a one-period model. At the beginning of this period, the non-banking
sector is endowed with an amount of government bonds B. Within the period, the central
bank buys the government bonds from the non-banking sector (QE). These asset purchases
imply an increase in the bank’s reserve holdings R as well as in its deposits DQE , i.e. they
imply the creation of money (see also Section 3.4.4).30 Note that this creation of money in
the form of deposits by the central bank does not take place when conventional monetary
policy instruments are employed. Then, only commercial banks create money in the form
of deposits by granting loans to the non-banking sector. One part of the newly created

refinancing operations decreased from about 300 billion euros at the peaks of the financial and sovereign
debt crisis to 120 billion euros in January 2015 and to currently (September 2019) below 5.5 billion euros
(data source: ECB).
30
Euro area statistics distinguish between bank deposits of euro area and non-euro area residents (see
Section 3.4.4). However, in our model we do not make this distinction – DQE are QE-created bank deposits
independently of their owner.
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money remains as deposits DQE in the banking sector, the other part is withdrawn as
cash C QE , so that

B = C QE + DQE .

(1)

The non-banking sector wants to hold cash and deposits in a certain ratio. This currency
ratio is given by b = C QE /DQE , i.e.

C QE = bDQE .

(2)

B
.
1+b

(3)

Considering (1) and (2), we get

DQE =

The bank makes loans L to the non-banking sector by crediting the respective amount
to the deposit account, i.e. the commercial banks also create money. Consequently, the
non-banking sector’s deposits increase. One part of these deposits remains as deposits DL
in the banking sector, the other part is withdrawn as cash C L , so that

L = C L + DL .

(4)

Again, the non-banking sector wants to hold cash and deposits in a certain ratio. This
currency ratio is given by b = C L /DL , i.e.,31

C L = bDL .

(5)

L
.
1+b

(6)

Considering (4) and (5), we get

DL =

31

Note that b =

C
D

=

CL
DL

=

C QE
D QE

.
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For the bank’s total deposits D we thus have

D = DL + DQE .

(7)

Figure 5 illustrates the change in the balance sheets during the period under consideration:

DQE

DQE

DL

DL

DQE

DQE

Figure 5: Change in balance sheet positions of financial market participants.
At the beginning of the period, the non-banking sector (NBS) is endowed with bonds
B. In a next step, by implementing QE the central bank buys these bonds, which leads
to an increase in bank deposits DQE and bank reserve holdings R. Furthermore, there
is an increase in the currency in circulation C. Next, the bank makes loans L to the
non-banking sector. As the bank credits the respective amount to its customers’ deposit
accounts, bank deposits (DL ) increase again. This induces higher MRR for the bank so
that the bank’s excess reserves decrease. Currency in circulation increases as well, since a
certain proportion of the created deposits is withdrawn as cash by the bank’s customers.
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Managing deposits is costly for the bank. These costs are assumed to increase in D at
an incremental rate:
1
G = γD2 .
2

(8)

This captures the idea of existing agency and/or regulatory costs, e.g. requirements for
capital or leverage ratios.32 As these costs increase in D and thus in the size of the bank’s
balance sheet, we follow Martin et al. (2016) and refer to them as balance sheet costs.
Managing loans generates costs
1
F = qL2
2

(9)

for a bank. The quadratic form of this cost function captures the idea that loans differ in
their complexity so that the bank adds the least complex loans to its portfolio first.
The bank is required to hold compulsory deposits on its account with the central bank.
These required reserves depend on the bank’s deposits D and the required reserve ratio r
which is set by the central bank:

RR = rD.

(10)

The bank’s total reserve holdings R consist of required reserves RR and excess reserves
ER, i.e.

R = RR + ER.

(11)

The asset side of the bank’s balance sheet thus consists of loans and reserves, the liability
side of deposits:

L+R=D

(12)

32
Using a theoretical model, Martin et al. (2013) already showed that marginal bank balance sheet costs
increase due to costly equity requirements.
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Considering this balance sheet constraint and (3), (6), (7), (10) and (11), we get

ER =

1−r
b+r
B−
L,
1+b
1+b

(13)

i.e. excess reserves increase in the asset purchases B by the central bank and decrease in
the commercial bank’s lending to the non-banking sector L. The strength of these effects
are determined by the currency and reserve ratio.
We denote the interest rate on loans L by iL > 0, the interest rate that the central
bank pays on required reserves RR by iRO , and the deposit rate at which the central bank
remunerates excess reserves ER by iDF , where iL > iRO > iDF .33

4.3

Optimal Bank Loan Supply

The bank seeks to maximise its profit Π by deciding on its loan supply. The bank’s
objective function thus becomes

max Π =
L

=

iL L − F + iRO RR + iDF ER − iD D − G
1
i L − qL2 + iRO r
2
L

D

−i



B+L
1+b





1
− γ
2

B+L
1+b





B+L
1+b

DF

+i




1−r
b+r
B−
L
1+b
1+b

2
.

(14)

The first term of the objective function shows the bank’s interest revenues from making
loans to the non-banking sector. The second term describes its management costs. The
third and fourth terms reflect the bank’s interest revenues/costs from holding reserves.
The fifth term represents the bank’s interest costs from paying a return on deposits to
its customers. The last term describes the bank’s balance sheet costs. Solving the optimisation problem, the first-order condition (FOC) for the optimal loan supply is given
by
∂Π
r
b+r
1
B + L∗ !
= iL − qL∗ + iRO
− iDF
− iD
−γ
=0.
∂L
1+b
1+b
1+b
(1 + b)2

(15)

33
To allow for iL ≤ 0 would not change our model results, but for the sake of simplicity we assume that
iL > 0, as it allows us to speak only of interest revenues and avoids talking about revenues/costs in this
context.
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The first term of the FOC reflects the direct marginal interest revenues from granting
loans, the second term the marginal costs in the form of management costs. Granting
loans, the bank credits the respective amount to its customers’ deposit accounts, i.e. it
creates money. For those newly created deposits which are not withdrawn as cash, the
bank has to hold required reserves which are remunerated at iRO . The third term thus
represents indirect marginal interest revenues (or marginal interest costs if iRO < 0) of
granting loans in the form of interest revenues (costs) from holding required reserves.
These marginal interest revenues (costs) increase in the reserve ratio r and decrease in the
currency ratio b: If a bank grants one additional unit of loan, it creates in a first step one
additional unit of deposits. However, as a part of these deposits is withdrawn, required
reserve holdings only increase by r/(1 + b) per unit of loan. The fourth term of equation
(15) represents either marginal costs of granting loans in the form of opportunity costs
or marginal revenues of granting loans in the form of avoided interest payments: As the
additional required reserve holdings and the cash withdrawals are met by reducing the
bank’s excess reserves, there will be some kind of opportunity costs of granting loans in
the form of a loss in interest revenues on holding excess reserves if iDF > 0. However, if
iDF < 0, granting loans allows the bank to reduce interest costs combined with holding
excess reserves. These costs/revenues also increase in b and r as increasing currency and/or
reserve ratios imply a decrease in excess reserve holdings. The fifth term comprises the
bank’s marginal interest costs of granting loans in the form of interest payments to its
depositors. Again, by granting one more unit of loans, the bank creates in a first step one
more unit of deposits. For the proportion of this newly created unit of deposits that is not
withdrawn as cash, the bank has to pay interest at the rate iD to the non-banking sector.
Obviously, these interest costs decrease in b. Moreover, for the proportion of the created
unit of deposits that is not withdrawn, the bank is exposed to balance sheet costs. The
respective marginal costs of granting loans are captured by the last term.
Solving (15) for L∗ we obtain the bank’s optimal loan supply:
L∗ =

r iRO (1 + b)
iDF (b + r)(1 + b)
iL (1 + b)2
+
−
q(1 + b)2 + γ q(1 + b)2 + γ
q(1 + b)2 + γ
−

iD (1 + b)
γB
−
.
q(1 + b)2 + γ q(1 + b)2 + γ
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(16)

4.4

Monetary Policy and Bank Loan Supply

In the following, we analyze how monetary policy affects bank loan supply. Our model
captures four main elements of the ECB’s monetary policy toolkit: the large-scale asset
purchases (QE), the minimum reserve ratio, the MRO-rate, and the deposit rate. By
using comparative statics, we examine how the bank’s optimal loan supply is affected by
changes in these variables. Starting with QE, its impact on bank loan supply is captured
by the first derivative of L∗ (·) with respect to B:
∂L∗
γ
=−
<0.
∂B
q(1 + b)2 + γ

(17)

Implementing QE, the central bank purchases government bonds from the non-banking
sector which leads to an increase in B on the asset side of the central bank’s balance sheet
and in R on the liabilities side (see Figure 5). The negative impact of QE on bank loan
supply results from the bank’s balance sheet costs. If we abstain from such costs (γ = 0),
QE will not have any effect on bank loan supply. However, the existence of balance sheet
costs implies that the commercial bank’s marginal costs of granting loans will increase if
the central bank purchases government bonds as these purchases imply the creation of
costly deposits. Hence, the bank reduces its loan supply.
For the impact of a change in the minimum reserve ratio on bank loan supply, we get
(iRO − iDF )(1 + b)
∂L∗
=
>0.
∂r
q(1 + b)2 + γ

(18)

The effect of an increase in the reserve ratio on the bank’s optimal loan supply is positive.
This means that an increase in this ratio is an expansionary monetary policy impulse,
i.e. changes in the reserve ratio will have the exact opposite effect on bank loan supply
if the banking sector faces a structural liquidity surplus instead of a respective deficit.
The explanation is as follows. An increase in bank lending implies the creation of bank
deposits for which the bank is required to hold reserves. Since ER = R − RR , the bank’s
excess reserves decrease when required reserves increase. Consequently, an increase in
loans implies a reserve shifting from excess reserves to required reserves. As the latter are
remunerated at a strictly higher rate (iRO > iDF ), this reserve shifting, that goes hand in
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hand with granting more loans, is beneficial. An increase in r means a higher, beneficial
reserve shifting and thus implies an increase in marginal revenues of granting loans in the
form of higher interest revenues (or lower interest costs)34 of holding reserves. Obviously,
the strength of this beneficial reserve shifting effect on bank loan supply increases with
the spread between iRO and iDF , so that we get that

∂L∗
(1 + b)(b + r)
=−
<0
∂iDF
q(1 + b)2 + γ

(19)

∂L∗
r(1 + b)
=
>0.
RO
∂i
q(1 + b)2 + γ

(20)

and

Note that the effect of a change in iDF on L∗ is stronger the higher r is, as then granting
one more unit of loans results in a more pronounced decline in excess reserves. In the
same vein the effect also increases in b. If there were neither cash withdrawals nor MRR
(b = r = 0), there would not be any impact of increases in iDF on L∗ , since granting more
loans would then not affect excess reserve holdings. The positive impact of an increase in
iRO on L∗ decreases in b, since increasing cash withdrawals provoke decreasing deposits
and hence also decreasing required reserve holdings and thus declining interest revenues.

4.5

Consideration of Heterogeneity

So far we have assumed identical commercial banks. This means that all banks were affected in the same way by the central bank’s large-scale asset purchases, i.e. all banks faced
the same increase in deposits D and excess reserves ER due to the central bank’s asset
purchases B. This allowed us to model the commercial banking sector as a representative
entity. However, in Section 3.4.3, we showed that in the euro area, banks were affected
differently by the Eurosystem’s large-scale asset purchases and, in particular, there were
country-specific differences.

34
This reserve shifting implies marginal revenues of granting loans in the form of lower interest costs if
iDF < 0 and if |iDF | > |iRO |.
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In a next step we account for this heterogeneity. As argued in Section 3.4.3, the Eurosystem’s asset purchases from non-domestic (predominantly even non-euro area) counterparties result in liquidity creation in only a few financial centres, implying a heterogeneous distribution of excess liquidity across euro area countries. For example, with respect
to the German banking sector, the creation of excess liquidity, and hence also the creation
of deposits, exceeds the level one would expect according to the asset purchases conducted
by the Deutsche Bundesbank. By contrast, with regard to the Italian banking sector, the
creation of reserves and deposits is below the level corresponding to asset purchases conducted by the Banca d’Italia. To capture this phenomenon in our model, we consider two
banking sectors. One banking sector represents the banking sector of euro area countries
that are home to financial centres. The banking sector of these countries is characterised
by an increase in the amounts of excess reserves and deposits going beyond the corresponding level of asset purchases conducted by their respective national central banks.
We refer to these countries as high-liquidity countries. The other banking sector belongs
to countries that are not home to financial centres, which implies that banks in these
countries are not selected as TARGET2 access point by counterparties that are resident
in non-euro area countries. The banking sector of these countries is characterised by an
increase in the amounts of excess reserves and deposits that is below the according level of
asset purchases by their national central banks. We refer to these countries as low-liquidity
countries. For simplification reasons, we consider one representative high-liquidity country and one representative low-liquidity country each endowed with a central bank and a
commercial bank representing the country’s commercial banking sector. We denote the
QE-created amount of deposits in the high-liquidity country by D

QE

, and those created in

the banking sector of the low-liquidity country by DQE respectively. Both national central
banks buy assets equal to an amount B from the non-banking sector, and both national
central banks buy a share 0 ≤ β < 1 of these assets from counterparties not residing in
one of the two countries. For the deposits created in both countries we then obtain

DQE =

B
βB
B
+
=
(1 + β) ,
1+b 1+b
1+b
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(21)

and

DQE =

B
βB
B
−
=
(1 − β) .
1+b 1+b
1+b

(22)

The first term of equation (21) represents the deposits created in the high-liquidity country
due to the asset purchases by its central bank. Note that it plays no role that a share
β of these assets is purchased from residents outside one of the two countries, as these
residents hold their deposit account in the high-liquidity country. The second term of
(21) represents those deposits created in the high-liquidity country because of the asset
purchases of the central bank of the low-liquidity country as a number of the respective
counterparties have their account with the bank in the high-liquidity country. The first
term of (22) represents all the deposits created through the asset purchases by the central
bank of the low-liquidity country. However, a part of these deposits is created in the highliquidity country as the share β of total asset purchases is bought from counterparties
having their deposit account in the other country. This part of the newly created deposits
is represented by the second term of (22).
Again, each commercial bank maximises its profit Π by deciding on its loan supply.
Hence, the bank’s adjusted objective function in the respective banking sector now becomes

max Π =
L

1
i L − qL2 + iRO r
2
L

−iD





B(1 + β) + L
1+b

B(1 + β) + L
1+b



1
− γ
2





DF



+i


(1 − r)(1 + β)
b+r
B−
L
1+b
1+b

B(1 + β) + L
1+b

2





,

(23)

and

max Π =
L

1
i L − qL2 + iRO r
2
L

−i

D





B(1 − β) + L
1+b

B(1 − β) + L
1+b



1
− γ
2



DF

+i

B(1 − β) + L
1+b

30


(1 − r)(1 − β)
b+r
B−
L
1+b
1+b

2
(24)

respectively. Accordingly, for the optimal loan supply of the representative bank of the
high-liquidity country we obtain

L∗ =

iL (1 + b)2 + r iRO (1 + b) − iDF (b + r)(1 + b) − iD (1 + b) − γB(1 + β)
,
q(1 + b)2 + γ

(25)

and for the representative bank of the low-liquidity country
L∗ =

iL (1 + b)2 + r iRO (1 + b) − iDF (b + r)(1 + b) − iD (1 + b) − γB(1 − β)
q(1 + b)2 + γ

(26)

respectively. We are now able to compare the impact of QE on the loan supply of the two
banks. Building the partial derivative of L∗ (·) w.r.t. B, we obtain
∂L∗
γ(1 + β)
=−
<0,
∂B
q(1 + b)2 + γ

(27)

∂L∗
γ(1 − β)
=−
<0.
∂B
q(1 + b)2 + γ

(28)

and

The effect of QE on the loan supply of both banks is still negative. If the central bank
purchases one more unit of government bonds, the amount of deposits in the banking
sector will increase. Consequently, the marginal costs of granting loans in the form of
balance sheet costs increase in both banking sectors, so that the bank in both the highliquidity and the low-liquidity country will reduce its loan supply. However, the extent of
this effect differs between both countries. As the increase in deposits is higher in the highliquidity country than in the low-liquidity country, the negative effect is stronger in the
former country, as revealed by equations (27) and (28). Obviously, the greater β, which
means the greater the share of government bonds purchased from residents outside the
considered countries, the larger the decrease in loan supply in the high-liquidity country
and the smaller the decrease in the low-liquidity country:
γ
∂ 2 L∗
=−
<0,
∂B ∂β
q(1 + b)2 + γ
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(29)

∂ 2 L∗
γ
=
>0.
∂B ∂β
q(1 + b)2 + γ

5

(30)

Implications for Monetary Policy in the Euro Area

Based on the previous findings, we discuss two issues with respect to monetary policy
in the euro area. First, we discuss the existence of a possible bank lending channel
of the Eurosystem’s large-scale asset purchases. Second, we analyse consequences of
the QE-induced structural liquidity surplus in the euro area banking sector for the
implementation of monetary policy instruments other than QE.

Existence of a Bank Lending Channel
In Sections 3 and 4 we show that if central banks purchase assets, e.g. government bonds,
from commercial banks or from the non-banking sector, excess reserves and bank deposits
will increase. The literature survey in Section 2 reveals that traditional approaches to
the bank lending channel investigate how bank loan supply responds to monetary shocks
that affect the quantity of deposits and thus the liability side of banks’ balance sheet.
However, recent papers also explicitly consider the asset side of banks’ balance sheets
when investigating how bank loan supply responds to QE-induced increases in excess
reserves. For instance, as already pointed out in the literature survey, Lojschova (2017)
argues that in the euro area excess reserves are remunerated at a relatively low rate and
that banks may therefore benefit from an expansion of lending to reduce their costly excess
reserve holdings. This is what she refers to as a bank lending channel.
However, referring to our model results, such a bank lending channel does not exist
for the euro area. The Eurosystem’s large-scale asset purchases actually increase excess
reserves and deposits, but this has no or even a negative effect on bank loan supply.
For the negative effect, the banks’ increasing marginal costs of holding deposits (balance
sheet costs), due to, for example, regulatory issues or agency costs, play a crucial role.
Granting loans implies the creation of deposits. Consequently, the balance sheet costs are
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one component of the increasing marginal costs of granting loans. The central bank’s asset
purchases imply increasing deposits and hence also increasing marginal costs of granting
loans and therefore a reduction in loan supply.
If marginal costs of holding deposits are constant, asset purchases will have no impact
on bank loan supply as they do not influence the bank’s marginal costs or revenues of
granting loans (see equation (15)). Note that even a negative interest rate on excess
reserve holdings will not incentivise banks to grant more loans if they face a QE-induced
increase in costly excess reserves as, in the absence of increasing marginal balance sheet
costs, larger quantities of excess reserves and deposits do not affect marginal costs or
revenues of granting loans.
Furthermore, the APP-induced increased excess reserves are heterogeneously distributed across euro area countries (see Section 3.4.3). Concerning our model results,
the extent of the negative effect on bank loan supply therefore varies across euro area
countries. Countries exposed to larger amounts of excess reserves and bank deposits
consequently face larger balance sheet costs and are therefore more concerned by the
negative impact on loan supply (see Section 4.5).

Consequences for Monetary Policy Implementation: MRO-Rate
With respect to the implementation of monetary policy instruments other than QE in
the euro area, we can infer from our model results that main elements of the ECB’s
monetary policy toolkit affect bank loan supply differently in times when the banking
sector is exposed to a structural liquidity surplus instead of a structural liquidity deficit.
If the banking sector faces a structural liquidity deficit, banks have to rely on an ongoing
liquidity provision by the central bank to cover cash withdrawals and MRR.35 This means
that an increase in the MRO-rate – the rate which is applied on the ECB’s refinancing
operations as well as on required reserve holdings – has a strictly negative impact on
bank loan supply as banks’ funding costs in the ECB’s refinancing operations increase.
However, when banks face a structural liquidity surplus, they no longer need to take part
in refinancing operations so that a higher MRO-rate just positively affects their returns
35
Note that when discussing the tools of monetary policy, traditional textbooks usually consider a
structural liquidity deficit (see e.g. Mishkin (2018, Section 15)).

33

from fulfilling their MRR. Since this implies increasing marginal revenues of granting
loans (see Section 4), banks will expand their loan supply. Consequently, according to our
model results, the ECB must increase rather than decrease the MRO-rate to boost bank
loan supply in times when the banking sector is exposed to a structural liquidity surplus.

Consequences for Monetary Policy Implementation: Minimum Reserve Ratio
MRR imply a structural demand for reserves (see Section 3). If the euro area banking sector operates under a structural liquidity deficit, it will borrow the respective reserves from
the ECB’s MROs. Credit expansion leads to the creation of deposits for which banks are
required to hold (costly) reserves. Although minimum reserve holdings are remunerated
at the same rate at which the respective liquidity is borrowed from the Eurosystem (the
MRO-rate), holding required reserves is costly as central bank credits have to be based
on adequate collateral, i.e. additional costs in the form of collateral costs accrue. Consequently, increasing the minimum reserve ratio will have a contractionary impact on bank
loan supply. Also, the simple money multiplier underscores the traditionally assumed contractionary impulse of an increase in the minimum reserve ratio. Neglecting the currency
holdings of the non-banking sector (b = 0), the money multiplier is defined as

1
r

. For

a given amount of reserves (R) supplied by the central bank, the whole banking sector
can hold a maximum amount of deposits equal to D = 1r R . Taking into account a bank
balance sheet constraint D = L + R, the maximum amount of loans the banking sector
can provide is restricted to L = ( 1−r
r )R . A higher reserve ratio implies that for any given
amount of reserves (monetary base), banks can create fewer deposits, i.e. they make fewer
loans.
However, we can infer from our model results that in the presence of a structural
liquidity surplus in the banking sector, the negative relationship between the reserve
ratio and bank loan supply no longer exists.36

An increase in the minimum reserve

ratio implies an increase in banks’ structural liquidity needs. But as the banking sector
operates under a structural liquidity surplus, there is no need for banks to take part in
the ECB’s refinancing operations to cover such risen liquidity needs. On the contrary,
36
The absence of the traditional money-multiplier effect in the case that banks face a structural liquidity
surplus, is also discussed by Keister and McAndrews (2019).
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the increased minimum reserve ratio implies that banks have to increase their holdings
of required reserves at the expense of excess reserve holdings. This reserve shifting is
beneficial as required reserves are remunerated at a higher rate than excess reserves,
i.e. indirect marginal interest revenues of granting loans increase, so that banks expand
their loan supply. Therefore, an increase in the minimum reserve ratio corresponds to
an expansionary monetary policy impulse. Consequently, the ECB must increase rather
than decrease the minimum reserve ratio to boost bank loan supply at times when banks
face a structural liquidity surplus.

Consequences for Monetary Policy Implementation: Deposit Rate
Alternatively, or complementarily, the ECB can reduce its deposit rate – the rate at
which excess reserve holdings are remunerated. In an environment characterised by a
structural liquidity surplus, the deposit rate has a different meaning and effect than in
an environment characterised by a structural liquidity deficit. If there is a structural
liquidity deficit which is (exactly) covered by the central bank’s MROs and if there is
furthermore a functioning interbank market, the deposit rate will have no systematic
effect on bank loan supply. If the interbank market does not function properly, banks
will hold precautionary liquidity. The respective amount increases in their loan supply.
A decrease in the deposit rate makes holding precautionary liquidity more expensive and
thus has a negative impact on bank loan supply (Bucher et al., 2019). However, if the
banking sector faces a structural liquidity surplus, an increase in the deposit rate will
negatively affect bank loan supply. The incentive to reduce the excess reserve holdings by
granting more loans decreases, since the opportunity costs of granting loans increase (if
iDF > 0) or since avoided (penalty) interest payments decrease (if iDF < 0).37

37
However, note that an increase in loan supply will not decrease excess reserve holdings to the same
extent. For example, assuming a minimum reserve ratio of 1% and cash withdrawals in the amount of
14%, Bucher and Neyer (2016) show that granting a loan in the amount of 100 euros, the bank creates an
additional structural need for reserves amounting to 15 euros. Thus, to entirely eliminate excess reserve
holdings, the bank must grant an amount of loans that is almost seven times greater than the amount of
its excess reserve holdings.
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6

Summary

In March 2015, the Eurosystem started implementing its large-scale asset purchase programme, also known as quantitative easing (QE), to address the risks of a too prolonged
period of low or even negative inflation rates since the beginning of 2013. As a consequence
of these asset purchases, excess liquidity and deposits held by the euro area commercial
banking sector increased to unprecedented levels.
The large quantity of excess liquidity has generated a great amount of concern and
debate. However, there is little analysis of whether and to what extent excess liquidity
affects bank loan supply, i.e. whether there is a bank lending channel in the sense that
QE-induced increases in bank reserves and deposits have a positive impact on bank loan
supply. Against this background, the first part of this paper describes and analyses the
Eurosystem’s liquidity management in normal times, in crisis times and in times of too
low inflation. Focussing on the latter, the QE-induced creation of bank reserves and bank
deposits as well as their heterogeneous distribution across euro area countries are analysed.
Building on this analysis, the paper’s second part develops a theoretical model of the euro
area banking sector. Using this model we show that large quantities of excess liquidity
and deposits have no or even a contractionary impact on bank loan supply. The effect will
be contractionary if banks face increasing marginal costs of holding deposits, for example,
due to agency or regulatory costs.
As – due to the Eurosystem’s large-scale asset purchases – the newly created excess
reserves and deposits are heterogeneously distributed among euro area member states,
the impact of QE on bank loan supply may differ across countries. Banks in countries
that are exposed to larger amounts of excess liquidity and deposits consequently have
larger marginal costs of holding deposits. Banks in those countries will decrease their loan
supply to a greater extent than banks in countries with less pronounced amounts of excess
liquidity and deposits.
Since October 2015, the reserves exclusively provided through the Eurosystem’s
large-scale asset purchases have exceeded the banking sector’s structural liquidity needs
resulting from MRR and autonomous factors.

Consequently, since then banks have

operated in an environment characterised by a structural liquidity surplus. This has

36

important implications for monetary policy implementation in the euro area. Increases in
the central bank’s MRO-rate as well as in the minimum reserve ratio, and/or decreases
in the central bank’s deposit rate, develop expansionary effects on bank loan supply –
contrary to the case in which banks are exposed to a structural liquidity deficit.

Bibliography
Alvarez, I., F. Casavecchia, M. De Luca, A. Duering, F. Eser, C. Helmus, C. Hemous,
N. Herrala, J. Jakovicka, M. Lo Russo, F. Pasqualone, M. Rubens, R. Soares, and
F. Zennaro (2017). The use of the Eurosystem’s monetary policy instruments and
operational framework since 2012. ECB Occasional Paper Series 188, May 2017 .
Avdjiev, S., M. Everett, and H. S. Shin (2019). Following the imprint of the ECB’s asset
purchase programme on global bond and deposit flows. BIS Quaterly Review, March
2019 , 69–81.
Baldo, L., B. Hallinger, C. Helmus, N. Herrala, D. Martins, F. Mohing, F. Petroulakis,
M. Resinek, O. Vergote, B. Usciati, and Y. Wang (2017). The distribution of excess
liquidity in the euro area. ECB Occasional Paper Series 200, November 2017 .
Bech, M. and C. Monnet (2016). A search-based model of the interbank money market
and monetary policy implementation. Journal of Economic Theory 164, 32–67.
Bernanke, B. S. and A. S. Blinder (1988). Credit, money, and aggregate demand. American
Economic Review 78, 435–439.
Bernanke, B. S. and M. Gertler (1995). Inside the black box: The credit channel of
monetary policy transmission. Journal of Economic Perspectives 9 (4), 27–48.
Bindseil, U. (2014). Monetary policy operations and the financial system. Oxford University Press, Oxford .
Bindseil, U., G. Camba-Mendez, A. Hirsch, and B. Weller (2006). Excess reserves and
the implementation of monetary policy of the ECB. Journal of Policy Modeling 28 (5),
491–510.
Bowman, D., F. Cai, S. Davies, and S. Kamin (2015). Quantitative easing and bank
lending: Evidence from Japan. Journal of International Money and Finance 57, 15–30.
Bucher, M., A. Hauck, and U. Neyer (2019). Interbank market friction-induced holdings
of precautionary liquidity - implications for bank loan supply and monetary policy
implementation. Economic Theory, forthcoming.
Bucher, M. and U. Neyer (2016). The influence of the Eurosystem’s deposit rate on bank
loan supply. Credit and Capital Markets 49, 221–244.
Butt, N., R. Churm, M. F. McMahon, A. Morotz, and J. F. Schanz (2014). QE and the
bank lending channel in the United Kingdom. Bank of England Working Paper, No.
511 .
37

Campello, M. (2002). Internal capital markets in financial conglomerates: Evidence from
small bank responses to monetary policy. The Journal of Finance 57 (6), 2773–2805.
D’Avino, C. (2018). Quantitative easing, global banks and the international bank lending
channel. Economic Modelling 71, 234–246.
Deutsche Bundesbank (2016a). The macroeconomic impact of quantitative easing in the
euro area. Deutsche Bundesbank Monthly Report, June 2016 , 29–54.
Deutsche Bundesbank (2016b). Monetary policy and banking business. Deutsche Bundesbank Monthly Report, November 2016 , 20–38.
Deutsche Bundesbank (2018). Monetary policy and banking business. Deutsche Bundesbank Monthly Report, August 2018 , 21–38.
Eisenschmidt, J., D. Kedan, M. Schmitz, R. Adalid, and P. Papsdorf (2017). The Eurosystem’s asset purchase programme and TARGET balances. ECB Occasional Paper
Series 196, September 2017 .
Ennis, H. M. (2018). A simple general equilibrium model of large excess reserves. Journal
of Monetary Economics 98, 50–56.
Eser, F., M. C. Amaro, S. Iacobelli, and M. Rubens (2012). The use of the Eurosystem’s
monetary policy instruments and operational framework since 2009. ECB Occasional
Paper Series 135, August 2012 .
European Central Bank (2009). The implementation of monetary policy since August
2007. ECB Monthly Bulletin, July 2009 , 75–89.
European Central Bank (2010). The ECB’s response to the financial crisis. ECB Monthly
Bulletin, October 2010 , 59–74.
European Central Bank (2011). The ECB’s non-standard measures – impact and phasingout. ECB Monthly Bulletin, July 2011 , 55–69.
European Central Bank (2012a). The implementation of monetary policy in the euro area.
General documentation on Eurosystem monetary policy instruments and procedures.
European Central Bank, Frankfurt a.M., 2012 .
European Central Bank (2012b). Monetary policy measures decided by the governing
council on 6 September 2012. ECB Monthly Bulletin, September 2012 , 7–11.
European Central Bank (2014). The targeted longer-term refinancing operation of September 2014. ECB Monthly Bulletin, October 2014 , 21–23.
European Central Bank (2015). ECB announces Expanded Asset Purchase Programme.
Press release, 22 January 2015 .
European Central Bank (2017). Monetary policy decisions. Press release, 26 October
2017 .
European Central Bank (2018). Liquidity conditions and monetary policy operations in
the period from 31 January to 2 May 2018. ECB Economic Bulletin 4, June 2018 .
European Central Bank (2019a). Asset purchase programmes. https://www.ecb.europa.
eu/mopo/implement/omt/html/index.en.html. [Online; accessed 16-January-2019].
38

European Central Bank (2019b). Capital subscription. https://www.ecb.europa.eu/
ecb/orga/capital/html/index.en.html. [Online; accessed 16-January-2019].
European Central Bank (2019c). Taking stock of the Eurosystem’s asset purchase programme after the end of net asset purchases. ECB Economic Bulletin 2, March 2019 .
Friedman, B. M. and K. N. Kuttner (2011). Implementation of monetary policy: How do
central banks set interest rates? Handbook of Monetary Economics 3, 1345–1438.
Frutos, J. C., C. Garcia-de Andoain, F. Heider, and P. Papsdorf (2016). Stressed interbank
markets: Evidence from the European financial and sovereign debt crisis. ECB Working
Paper 1925.
Furfine, C. H. (2000). Interbank payments and the daily federal funds rate. Journal of
Monetary Economics 46 (2), 535–553.
Gambacorta, L. and P. E. Mistrulli (2004). Does bank capital affect lending behavior?
Journal of Financial Intermediation 13 (4), 436–457.
Garcia-Posada, M. and M. Marchetti (2016). The bank lending channel of unconventional
monetary policy: The impact of the VLTROs on credit supply in Spain. Economic
Modelling 58, 427–441.
Giansante, S., M. Fatouh, and S. Ongena (2019). Does quantitative easing boost bank
lending to the real economy or cause other bank asset reallocation? The case of the
UK. mimeo.
Kashyap, A. K., R. Rajan, and J. C. Stein (2002). Banks as liquidity providers: An explanation for the coexistence of lending and deposit-taking. The Journal of Finance 57 (1),
33–73.
Kashyap, A. K. and J. C. Stein (1995). The impact of monetary policy on bank balance
sheets. Carnegie-Rochester Conference Series on Public Policy 42, 151–195.
Kashyap, A. K. and J. C. Stein (2000). What do a million observations on banks say about
the transmission of monetary policy? American Economic Review 90 (3), 407–428.
Keister, T. and J. McAndrews (2019). Why are banks holding so many excess reserves?
Current Issues in Economics and Finance 15 (8).
Kishan, R. P. and T. P. Opiela (2000). Bank size, bank capital, and the bank lending
channel. Journal of Money, Credit, and Banking 32 (1).
Lojschova, A. (2017). Did quantitative easing boost bank lending? The Slovak experience.
Research Department, National Bank of Slovakia.
Martin, A., J. McAndrews, A. Palida, and D. Skeie (2013). Federal Reserve tools for
managing rates and reserves. Federal Reserve Bank of New York, Staff Report No. 642 .
Martin, A., J. McAndrews, and D. Skeie (2016). Bank lending in times of large bank
reserves. International Journal of Central Banking 12 (4), 193–222.
Mishkin, F. S. (1996). The channels of monetary transmission: Lessons for monetary
policy. NBER Working Paper Series 5464.

39

Mishkin, F. S. (2018). The economics of money, banking, and financial markets. Pearson
12th edition.
Poole, W. (1968). Commercial bank reserve management in a stochastic model: Implications for monetary policy. The Journal of Finance 23 (5), 769–791.
Rodnyansky, A. and O. M. Darmouni (2017). The effects of quantitative easing on bank
lending behavior. The Review of Financial Studies 30 (11), 3858–3887.
Whitesell, W. (2006). Interest rate corridors and reserves. Journal of Monetary economics 53 (6), 1177–1195.
Williamson, S. D. (2019). Interest on reserves, interbank lending, and monetary policy.
Journal of Monetary Economics 101, 14–30.

40

PREVIOUS DISCUSSION PAPERS
325

Horst, Maximilian and Neyer, Ulrike, The Impact of Quantitative Easing on Bank Loan
Supply and Monetary Policy Implementation in the Euro Area, September 2019.

324

Neyer, Ulrike and Stempel, Daniel, Macroeconomic Effects of Gender Discrimination,
September 2019.

323

Stiebale, Joel and Szücs, Florian, Mergers and Market Power: Evidence from Rivals’
Responses in European Markets, September 2019.

322

Henkel, Marcel, Seidel, Tobias and Suedekum, Jens, Fiscal Transfers in the Spatial
Economy, September 2019.

321

Korff, Alex and Steffen, Nico, Economic Preferences and Trade Outcomes,
August 2019.

320

Kohler, Wilhelm and Wrona, Jens, Trade in Tasks: Revisiting the Wage and
Employment Effects of Offshoring, July 2019.

319

Cobb-Clark, Deborah A., Dahmann, Sarah C., Kamhöfer, Daniel A. and SchildbergHörisch, Hannah, Self-Control: Determinants, Life Outcomes and Intergenerational
Implications, July 2019.

318

Jeitschko, Thomas D., Withers, John A., Dynamic Regulation Revisited: Signal
Dampening, Experimentation and the Ratchet Effect, July 2019.

317

Jeitschko, Thomas D., Kim, Soo Jin and Yankelevich, Aleksandr, Zero-Rating and
Vertical Content Foreclosure, July 2019.

316

Kamhöfer, Daniel A. und Westphal, Matthias, Fertility Effects of College Education:
Evidence from the German Educational Expansion, July 2019.

315

Bodnar, Olivia, Fremerey, Melinda, Normann, Hans-Theo and Schad, Jannika, The
Effects of Private Damage Claims on Cartel Stability: Experimental Evidence,
June 2019.

314

Baumann, Florian and Rasch, Alexander, Injunctions Against False Advertising,
June 2019.

313

Hunold, Matthias and Muthers, Johannes, Spatial Competition and Price
Discrimination with Capacity Constraints, May 2019 (First Version June 2017 under
the title “Capacity Constraints, Price Discrimination, Inefficient Competition and
Subcontracting”).

312

Creane, Anthony, Jeitschko, Thomas D. and Sim, Kyoungbo, Welfare Effects of
Certification under Latent Adverse Selection, March 2019.

311

Bataille, Marc, Bodnar, Olivia, Alexander Steinmetz and Thorwarth, Susanne,
Screening Instruments for Monitoring Market Power – The Return on Withholding
Capacity Index (RWC), March 2019.
Published in: Energy Economics, 81 (2019), pp. 227-237.

310

Dertwinkel-Kalt, Markus and Köster, Mats, Salience and Skewness Preferences,
March 2019.
Forthcoming in: Journal of the European Economic Association.

309

Hunold, Matthias and Schlütter, Frank, Vertical Financial Interest and Corporate
Influence, February 2019.

308

Sabatino, Lorien and Sapi, Geza, Online Privacy and Market Structure: Theory and
Evidence, February 2019.

307

Izhak, Olena, Extra Costs of Integrity: Pharmacy Markups and Generic Substitution in
Finland, January 2019.

306

Herr, Annika and Normann, Hans-Theo, How Much Priority Bonus Should be Given to
Registered Organ Donors? An Experimental Analysis, December 2018.
Published in: Journal of Economic Behavior and Organization, 158 (2019), pp.367-378.

305

Egger, Hartmut and Fischer, Christian, Increasing Resistance to Globalization: The
Role of Trade in Tasks, December 2018.

304

Dertwinkel-Kalt, Markus, Köster, Mats and Peiseler, Florian, Attention-Driven Demand
for Bonus Contracts, October 2018.
Published in: European Economic Review, 115 (2019), pp.1-24.

303

Bachmann, Ronald and Bechara, Peggy, The Importance of Two-Sided
Heterogeneity for the Cyclicality of Labour Market Dynamics, October 2018.
Forthcoming in: The Manchester School.

302

Hunold, Matthias, Hüschelrath, Kai, Laitenberger, Ulrich and Muthers, Johannes,
Competition, Collusion and Spatial Sales Patterns – Theory and Evidence,
September 2018.

301

Neyer, Ulrike and Sterzel, André, Preferential Treatment of Government Bonds in
Liquidity Regulation – Implications for Bank Behaviour and Financial Stability,
September 2018.

300

Hunold, Matthias, Kesler, Reinhold and Laitenberger, Ulrich, Hotel Rankings of Online
Travel Agents, Channel Pricing and Consumer Protection, September 2018
(First Version February 2017).

299

Odenkirchen, Johannes, Pricing Behavior in Partial Cartels, September 2018.

298

Mori, Tomoya and Wrona, Jens, Inter-city Trade, September 2018.

297

Rasch, Alexander, Thöne, Miriam and Wenzel, Tobias, Drip Pricing and its
Regulation: Experimental Evidence, August 2018.

296

Fourberg, Niklas, Let’s Lock Them in: Collusion under Consumer Switching Costs,
August 2018.

295

Peiseler, Florian, Rasch, Alexander and Shekhar, Shiva, Private Information, Price
Discrimination, and Collusion, August 2018.

294

Altmann, Steffen, Falk, Armin, Heidhues, Paul, Jayaraman, Rajshri and Teirlinck,
Marrit, Defaults and Donations: Evidence from a Field Experiment, July 2018.
Forthcoming in: Review of Economics and Statistics.

293

Stiebale, Joel and Vencappa, Dev, Import Competition and Vertical Integration:
Evidence from India, July 2018.

292

Bachmann, Ronald, Cim, Merve and Green, Colin, Long-run Patterns of Labour
Market Polarisation: Evidence from German Micro Data, May 2018.
Published in: British Journal of Industrial Relations, 57 (2019), pp. 350-376.

291

Chen, Si and Schildberg-Hörisch, Hannah, Looking at the Bright Side: The Motivation
Value of Overconfidence, May 2018.

290

Knauth, Florian and Wrona, Jens, There and Back Again: A Simple Theory of
Planned Return Migration, May 2018.

289

Fonseca, Miguel A., Li, Yan and Normann, Hans-Theo, Why Factors Facilitating
Collusion May Not Predict Cartel Occurrence – Experimental Evidence, May 2018.
Published in: Southern Economic Journal, 85 (2018), pp. 255-275.

288

Benesch, Christine, Loretz, Simon, Stadelmann, David and Thomas, Tobias, Media
Coverage and Immigration Worries: Econometric Evidence, April 2018.
Published in: Journal of Economic Behavior & Organization, 160 (2019), pp. 52-67.

287

Dewenter, Ralf, Linder, Melissa and Thomas, Tobias, Can Media Drive the
Electorate? The Impact of Media Coverage on Party Affiliation and Voting Intentions,
April 2018.
Published in: European Journal of Political Economy, 58 (2019), pp. 245-261.

286

Jeitschko, Thomas D., Kim, Soo Jin and Yankelevich, Aleksandr, A Cautionary Note
on Using Hotelling Models in Platform Markets, April 2018.

285

Baye, Irina, Reiz, Tim and Sapi, Geza, Customer Recognition and Mobile GeoTargeting, March 2018.

284

Schaefer, Maximilian, Sapi, Geza and Lorincz, Szabolcs, The Effect of Big Data on
Recommendation Quality. The Example of Internet Search, March 2018.

283

Fischer, Christian and Normann, Hans-Theo, Collusion and Bargaining in Asymmetric
Cournot Duopoly – An Experiment, October 2018 (First Version March 2018).
Published in: European Economic Review, 111 (2019), pp.360-379.

282

Friese, Maria, Heimeshoff, Ulrich and Klein, Gordon, Property Rights and Transaction
Costs – The Role of Ownership and Organization in German Public Service Provision,
February 2018.

281

Hunold, Matthias and Shekhar, Shiva, Supply Chain Innovations and Partial
Ownership, February 2018.

280

Rickert, Dennis, Schain, Jan Philip and Stiebale, Joel, Local Market Structure and
Consumer Prices: Evidence from a Retail Merger, January 2018.

279

Dertwinkel-Kalt, Markus and Wenzel, Tobias, Focusing and Framing of Risky
Alternatives, December 2017.
Published in: Journal of Economic Behavior & Organization, 159 (2019), pp.289-304.

278

Hunold, Matthias, Kesler, Reinhold, Laitenberger, Ulrich and Schlütter, Frank,
Evaluation of Best Price Clauses in Online Hotel Booking, December 2017
(First Version October 2016).
Published in: International Journal of Industrial Organization, 61 (2019), pp. 542-571.

277

Haucap, Justus, Thomas, Tobias and Wohlrabe, Klaus, Publication Performance vs.
Influence: On the Questionable Value of Quality Weighted Publication Rankings,
December 2017.

276

Haucap, Justus, The Rule of Law and the Emergence of Market Exchange: A New
Institutional Economic Perspective, December 2017.
Published in: von Alemann, U., D. Briesen & L. Q. Khanh (eds.), The State of Law:
Comparative Perspectives on the Rule of Law, Düsseldorf University Press: Düsseldorf 2017,
pp. 143-172.

275

Neyer, Ulrike and Sterzel, André, Capital Requirements for Government Bonds –
Implications for Bank Behaviour and Financial Stability, December 2017.

274

Deckers, Thomas, Falk, Armin, Kosse, Fabian, Pinger, Pia and Schildberg-Hörisch,
Hannah, Socio-Economic Status and Inequalities in Children’s IQ and Economic
Preferences, November 2017.

273

Defever, Fabrice, Fischer, Christian and Suedekum, Jens, Supplier Search and
Re-matching in Global Sourcing – Theory and Evidence from China, November 2017.

272

Thomas, Tobias, Heß, Moritz and Wagner, Gert G., Reluctant to Reform? A Note on
Risk-Loving Politicians and Bureaucrats, October 2017.
Published in: Review of Economics, 68 (2017), pp. 167-179.

271

Caprice, Stéphane and Shekhar, Shiva, Negative Consumer Value and Loss Leading,
October 2017.

270

Emch, Eric, Jeitschko, Thomas D. and Zhou, Arthur, What Past U.S. Agency Actions
Say About Complexity in Merger Remedies, With an Application to Generic Drug
Divestitures, October 2017.
Published in: Competition: The Journal of the Antitrust, UCL and Privacy Section of the
California Lawyers Association, 27 (2017/18), pp. 87-104.

269

Goeddeke, Anna, Haucap, Justus, Herr, Annika and Wey, Christian, Flexibility in
Wage Setting Under the Threat of Relocation, September 2017.
Published in: Labour: Review of Labour Economics and Industrial Relations, 32 (2018),
pp. 1-22.

268

Haucap, Justus, Merger Effects on Innovation: A Rationale for Stricter Merger
Control?, September 2017.
Published in: Concurrences: Competition Law Review, 4 (2017), pp.16-21.

267

Brunner, Daniel, Heiss, Florian, Romahn, André and Weiser, Constantin, Reliable
Estimation of Random Coefficient Logit Demand Models, September 2017.

266

Kosse, Fabian, Deckers, Thomas, Schildberg-Hörisch, Hannah and Falk, Armin,
The Formation of Prosociality: Causal Evidence on the Role of Social Environment,
July 2017.
Forthcoming in: Journal of Political Economy.

265

Friehe, Tim and Schildberg-Hörisch, Hannah, Predicting Norm Enforcement: The
Individual and Joint Predictive Power of Economic Preferences, Personality, and
Self-Control, July 2017.
Published in: European Journal of Law and Economics, 45 (2018), pp. 127-146

264

Friehe, Tim and Schildberg-Hörisch, Hannah, Self-Control and Crime Revisited:
Disentangling the Effect of Self-Control on Risk Taking and Antisocial Behavior,
July 2017.
Published in: European Journal of Law and Economics, 45 (2018), pp. 127-146.

263

Golsteyn, Bart and Schildberg-Hörisch, Hannah, Challenges in Research on
Preferences and Personality Traits: Measurement, Stability, and Inference,
July 2017.
Published in: Journal of Economic Psychology, 60 (2017), pp. 1-6.

262

Lange, Mirjam R.J., Tariff Diversity and Competition Policy – Drivers for Broadband
Adoption in the European Union, July 2017.
Published in: Journal of Regulatory Economics, 52 (2017), pp. 285-312.

261

Reisinger, Markus and Thomes, Tim Paul, Manufacturer Collusion: Strategic
Implications of the Channel Structure, July 2017.
Published in: Journal of Economics & Management Strategy, 26 (2017), pp. 923-954.

260

Shekhar, Shiva and Wey, Christian, Uncertain Merger Synergies, Passive Partial
Ownership, and Merger Control, July 2017.

259

Link, Thomas and Neyer, Ulrike, Friction-Induced Interbank Rate Volatility under
Alternative Interest Corridor Systems, July 2017.

258

Diermeier, Matthias, Goecke, Henry, Niehues, Judith and Thomas, Tobias, Impact of
Inequality-Related Media Coverage on the Concerns of the Citizens, July 2017.

257

Stiebale, Joel and Wößner, Nicole, M&As, Investment and Financing Constraints,
July 2017.

256

Wellmann, Nicolas, OTT-Messaging and Mobile Telecommunication: A Joint
Market? – An Empirical Approach, July 2017.
Forthcoming in: Telecommunications Policy under the title “Are OTT Messaging and Mobile
Telecommunication an Interrelated Market? An Empirical Analysis“.

255

Ciani, Andrea and Imbruno, Michele, Microeconomic Mechanisms Behind Export
Spillovers from FDI: Evidence from Bulgaria, June 2017.
Published in: Review of World Economics, 153 (2017), pp. 704-734.

254

Hunold, Matthias and Muthers, Johannes, Spatial Competition with Capacity
Constraints and Subcontracting, October 2018 (First Version June 2017 under the
title “Capacity Constraints, Price Discrimination, Inefficient Competition and
Subcontracting”).

253

Dertwinkel-Kalt, Markus and Köster, Mats, Salient Compromises in the Newsvendor
Game, June 2017.
Published in: Journal of Economic Behavior & Organization, 141 (2017), pp. 301-315.

252

Siekmann, Manuel, Characteristics, Causes, and Price Effects: Empirical Evidence of
Intraday Edgeworth Cycles, May, 2017.

251

Benndorf, Volker, Moellers, Claudia and Normann, Hans-Theo, Experienced vs.
Inexperienced Participants in the Lab: Do they Behave Differently?, May 2017.
Published in: Journal of the Economic Science Association, 3 (2017), pp.12-25.

250

Hunold, Matthias, Backward Ownership, Uniform Pricing and Entry Deterrence,
May 2017.

249

Kreickemeier, Udo and Wrona, Jens, Industrialisation and the Big Push in a Global
Economy, May 2017.

248

Dertwinkel-Kalt, Markus and Köster, Mats, Local Thinking and Skewness
Preferences, April 2017.

247

Shekhar, Shiva, Homing Choice and Platform Pricing Strategy, March 2017.

246

Manasakis, Constantine, Mitrokostas, Evangelos and Petrakis, Emmanuel, Strategic
Corporate Social Responsibility by a Multinational Firm, March 2017.
Published in: Review of International Economics, 26 (2018), pp. 709-720.

245

Ciani, Andrea, Income Inequality and the Quality of Imports, March 2017.

244

Bonnet, Céline and Schain, Jan Philip, An Empirical Analysis of Mergers: Efficiency
Gains and Impact on Consumer Prices, February 2017.

243

Benndorf, Volker and Martinez-Martinez, Ismael, Perturbed Best Response Dynamics
in a Hawk-Dove Game, January 2017.
Published in: Economics Letters, 153 (2017), pp. 61-64.

242

Dauth, Wolfgang, Findeisen, Sebastian and Suedekum, Jens, Trade and
Manufacturing Jobs in Germany, January 2017.
Published in: American Economic Review, Papers & Proceedings, 107 (2017), pp. 337-342.

Older discussion papers can be found online at: http://ideas.repec.org/s/zbw/dicedp.html

ISSN 2190-9938 (online)
ISBN 978-3-86304-324-7

