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Abstract
We study the effects of interest rate shocks (IRS) on banks’ liquidity creation. A unique
supervisory data set from theDeutscheBundesbank allows identifying banks’ liquidity
creation for the real economy and the effects of banking market competition. Here,
we employ a novel approach to account for IRS that are both unexpected and effective
for a bank’s business model. We find that higher individual pricing power in the
market lowers banks’ liquidity creation, which is in line with theory that monopolistic
firms undersupply the market when utilizing their high pricing power in the bank
competition–liquidity creation nexus. While positive IRS per se lead to an increase in
bank liquidity creation, we find that a high bank-individual pricing power curbs this
impact on liquidity creation significantly. Moreover, we show that monetary policy
was most effective during the global financial crisis and for well-capitalized banks,
whereas periods of low interest rates are characterized by the persistent increase in
liability-side liquidity creation.

Keywords Bank liquidity creation · Unexpected monetary policy · Low interest rate
environment · Financial crisis · Financial markets regulation · Banking market
competition · Dynamic GMM

JEL Classification G21 · G28 · G30 · C23

1 Introduction

There is broad consensus in the literature that the financial system is of utmost impor-
tance for the macroeconomy. In this context, banks’ raison d’être is liquidity creation
for the real economy which must be both sufficiently high not to choke economic
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growth and moderate enough not to cause an overheating of the economy. The main
goal of a central bank is to stabilize the creation of liquidity over the business cycle
through monetary policy. When central banks raise interest rates, liquid deposits flow
out of the banking systembecause banksmay increase spreads on deposits, and thereby
contract lending with stricter responses in areas with higher concentrated bank activ-
ity (Drechsler et al. 2017). On the other hand, banks create more liquidity when asset
market liquidity is raised through transmission of monetary policy. Berger and Bouw-
man (2009) developed a comprehensive measure of liquidity creation by banks that
builds the backbone for empirical research in this topic, thereby they find that liquidity
creation varies substantially across banks. A question that is to be raised is: To what
extend drives the structure of the banking sector, i.e. the regional competition, the
variation of banks’ responses to monetary policy shocks?

This paper aims to answer this question and studies the impact of competition on the
liquidity creation by banks in response to interest rate shocks (IRS) using bank-level
panel data over all German banks. We find that higher individual pricing power in the
market lowers banks’ liquidity creation. An increase in pricing power by 1 percentage
point is associatedwith a decrease in total liquidity creation by 0.053 percentage points
in the long run and is evenmore pronounced in the presence of unexpected interest rate
shocks. The effect is driven by asset-side liquidity creation. This is in line with theory
thatmonopolistic firms undersupply themarketwhen utilizing their high pricing power
in the bank competition–liquidity creation nexus. The implication for a monopolistic
banking market is that banks can price long-term deposits lowly and short-term loans
highly, resulting in high margins. Furthermore, an unexpected effective interest rate
shock by 1 percentage point implies an average increase in total liquidity creation by
0.025 percentage points. An unexpected increase in interest rates causes present value
losses in the short run, but also raises a bank’s profit opportunities and, therefore, per se
leads to higher liquidity creation activities in financial institutions. Banks expand their
position in liquid assets while taking on fewer liquid deposits. But the pass-through of
IRS also depends on the bank-specific level of competition, where we find that a high
bank-individual pricing power curbs this impact on liquidity creation significantly in
the monetary policy–bank competition–liquidity creation nexus. Our results indicate
that banks decide to increase business activities to compensate for the short run present
value loss of equity capital caused by the unexpected IRS and/or to gain from the
more profitable business environment in the medium/long run following a positive
IRS, and vice versa. Effects are in particular more pronounced in times of crisis, in
which banks are forced to counteract, as well as for well capitalized banks as they
are less restricted in their liquidity creation by regulation and supervisory constraints.
Furthermore, we observe a sharp increase in the liquidity creation of banks in the
Low Interest Rate Environment (LIRE) period, which is mainly driven by a rising
liability-side liquidity creation, presumably since the LIRE allows banks to increase
their earnings by transforming long-term loans they issued to excess liquidity on the
liability side—which is, for example, parked overnight at other banks.

This paper contributes to the existing literature in two ways. First, we investi-
gate the interactions of bank competition and monetary policy on liquidity creation.
We measure a bank’s pricing power by the adjusted Lerner index which takes into
account the relative efficiency in the bankingmarket including loan anddepositmarkets
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(Table 1). GMM panel regression analysis accounts for variation over time and across
banks. We follow Berger and Bouwman (2009) and derive the liquidity creation mea-
sure by classifying all bank activities as liquid, semi-liquid, or illiquid based on product
category andmaturity, and decompose them into asset-side liquidity creation, liability-
side liquidity creation, and liquidity creation off the balance sheet (see Table 2).
Liquidity creation reflects bank output better than lending since it takes into account
both assets and liabilities. Second, the paper employs a novel approach to account for
IRS that are both unexpected and effective for a bank’s business model. We define
unexpected shocks as the deviation of the interest spot rate from the previous year’s
implicit forward rate and scale shocks with the bank individual Basel Interest Rate
Coefficient (Basel IRC) to account for interest rate shocks affecting banks differently.
There are several reasons why the effective IRS should be employed instead of a sim-
ple IRS measure not taking into account banks’ business model sensitivity to interest
rates:

(i) the Basel IRC is a valid proxy for a bank’s business model sensitivity to interest
rate risk. Hence, banks with a business model resulting in a high Basel IRC (e.g.
cooperative and savings banks) are also highly affected by an interest rate shock,
while banks with a Basel IRC close to zero (e.g. some private banks) would hardly be
affected by interest risk.

(ii) in the short run positive interest rate shocks induce high present value losses
for banks with interest-rate-sensitive business models, and vice versa. We therefore
hypothesize that the management of a bank with a high Basel IRC has to decide how
to compensate for a short run present value loss after a positive IRS with either an
increase in business activities and liquidity creation, or a shrinking of the balance
sheet.

(iii) in the medium/long run rising interest rates also bear higher profitability for
banks with interest-rate-sensitive business models (e.g. Busch and Memmel (2017),
Claessens et al. (2018)). We therefore hypothesize that the management of a bank
with a high Basel IRC has to decide how much to increase business activities after a
positive IRS in order to gain from the more profitable environment, and vice versa.

After summarizing some related literature we proceed as follows. Section 2 dis-
cusses both the institutional background and theGerman bankingmarketwith a special
focus on competition. Section 3 introduces the data and the methodology including
the model specification and the measurement of liquidity creation and competition.
Section 4 presents the results and Sect. 5 concludes.

1.1 Related literature

1.1.1 Bank liquidity creation in the context of monetary policy

Berger et al. (2016) show that there is a need to curb liquidity creation by banks in
the course of capital support measures, as well as by regulatory interventions in the
course of the ongoing monitoring of individual banks. Banks adjust their supply of
loans and liquidity to the real economy directly in response to changes in monetary
policy, thereby affecting the efficacy ofmonetary stimuli. Berger andBouwman (2017)

123



412 T. Kick

find a positive effect on liquidity creation in response to a loosening ofmonetary policy
for small banks. However, the effect is insignificant for medium-sized and large banks,
meaning monetary policy has neither a consistent effect on these banks’ on-balance
nor off-balance sheet liquidity creation. Moreover, they find that the central bank’s
monetary policy impact on bank liquidity creation is crucial in particular during crisis
periods. In contrast, Berger et al. (2016) find effects of monetary policy on liquidity
creation being generally weaker during financial crises compared to normal times.
They argue that banks are not willing to expand their lending during financial crises
due to asymmetric information and a higher level of uncertainty which dampens the
efficacy of a monetary policy loosening.

Building upon the previouswork ofBerger andBouwman (2017), Chatterjee (2015)
argues that monetary policy affects the borrowing costs of banks. The author finds that
monetary policy induces a change in asset market liquidity and credit spreads, which
both are driving factors for bank liquidity creation. This effect is again described
to be more substantial for smaller banks. Pham et al. (2021) examine the effects of
monetary policy on liquidity creation by Vietnamese banks, conditional on the banks’
size. The results resemble those of Berger and Bouwman (2017) for the USmarket, i.e.
contractionary monetary policy leads to a decreasing liquidity creation, and the effect
is more distinct for smaller banks. Also relying on data from the Vietnamese market,
Dang (2022) finds that liquidity creation is boosted after a relaxation of monetary
policy, but greatermarket power and amore diversified funding structuremightweaken
the transmission effects.

1.1.2 Bank liquidity creation and competition

For the question how IRS propagate through the banking system, banks’ price setting
power (and therefore its competitive strength) in the market plays an important role,
first in the transmission into banks’ balance sheets and later as provision of liquidity for
the macroeconomy. Through mergers and acquisitions, the European banking sector
has undergone considerable changes, affecting banks’ ability to set prices. De Guevara
et al. (2005) analyze the evolution of market power and its determinants in the main
banking sectors in Germany, France, the United Kingdom, Italy and Spain during the
period from 1992 to 1999 by calculating the Lerner Index and find considerable cross
country differences as well as a growing trend. While the UK has the greatest relative
margin in setting prices, followed by Italy, France has the least, albeit the Lerner
Index generally increases in all countries. This shows that despite the deregulation
of the European banking system, market power continues to persist. However, there
are contrary ideas about the relationship between competition and banks’ liquidity
supply.According toHannan (1991), bankswith higher pricing power can raise lending
interest rates resulting in a reduction of firms credit demand. Furthermore, facing a
less competitive environment, banks want to enhance their charter values by imposing
higher loan rates and decreasing deposit rates.

All provided arguments result in provision of less liquidity. However, the opposite
can be the case. Jeong and Joh (2011) provide evidence that the banking industry
increases the aggregate loan supply, imposing more systemic risk on the economy
when the market is concentrated. Kick and Prieto (2015) investigate the monetary
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policy–bank competition–stability nexus and find that a low level of competition,
indicated by a high Lerner index1, is associated with a low probability of bank distress
as well as a curbed monetary policy shock pass-through. Drechsler et al. (2017) study
the deposit channel of monetary policy transmission and find that areas with higher
concentration deposit flows were more sensitive to monetary policy rate changes.
Fungáčová et al. (2014) study the effect of bank competition on the lending channel
of monetary policy transmission, observing that higher bank competition fosters the
transmission of monetary policy through the bank lending channel. However, this
effect can only be observed for pre-crisis data. In the context of EU-15 countries,
Maudos and de Guevara (2007) examine the interconnection between market power
in the loan and deposit markets and cost efficiency from 1993 to 2002, reporting both
an increasing degree of market power in the loan market and a shrinking level of
market power in the deposit market. The corresponding welfare loss is estimated to
amount to 0.54% of the European Union countries’ GDP.

Moreover, Carbó et al. (2009) calculate net interest margins, Lerner indices, returns
on assets, H-statistics, and Herfindahl-Hirschman indices for their cross-sectional
study of 14 European countries for a sample period between 1995 and 2001, obtain-
ing contrasting results across countries, within countries and over time. Denmark and
Italy show the highestmargins (4.7% and 3.5%)while Luxembourg and Ireland remain
with the lowest (0.8% and 1.2%). On the other hand, for Denmark and Spain the study
presents the highest Lerner index values (22% and 20%) whereas Luxembourg and the
UK show the lowest (11% and 11%). Similar contrasting results can be observed for
the rest of the measures. Hence, they argue that actual market power in the European
banking market could be stronger than implied by traditional measures.

Horváth et al. (2016) conduct dynamic GMM panel estimations to analyze the
Czech banking market between 2002 and 2010. They find that enhanced competition
has a negative effect on liquidity creation. These findings corroborate the hypothesis
that intensified competition increases the fragility of the banking system as a result
of individual banks’ profit reduction. Horváth et al. (2014) provide evidence for a
negative Granger-causality of tighter capital requirements on liquidity creation, but
the latter one also Granger-causes a reduction in capital.

On competition and bank liquidity creation Jiang et al. (2019) show that deregula-
tory reforms in the U.S. interbank market, which resulted in an increasing degree of
competition, increased asset-side driven liquidity creation. Tran et al. (2016) find that
liquidity creation has a negative relationship with a bank’s performance, but a positive
with regulatory capital, which holds true mainly for small banks. Ippolito et al. (2016)
state that increasing competition can induce a risk reduction by the bank, and Boot and
Thakor (2000) present evidence that more interbank competition goes along with an
increasing amount of relationship loans. Hence, the findings also suggest an increment
in liquidity creation.

Schaeck and Cihák (2012) find that competition increases banks’ capital holdings,
and also Schaeck and Cihák (2014) find for European countries that bank risk is
negatively affected by market competition. In addition, Boyd et al. (2007) show that

1 Note that for different concepts of competition, i.e. using the Boone indicator (Boone 2008) instead of
the Lerner index, the outcomes change.
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less-concentrated banking markets are characterized by lower Z-scores. Jiménez et al.
(2013) find no relationship betweenmarket concentration and credit risk, but a positive
effect of competition on credit risk. At the same time, however, more competition also
reduces banks’ exposure to risk (e.g. Beck et al. (2006) and Schaeck et al. (2009)).
All in all, there exists only a rather limited body of literature that evaluates the direct
interconnectionbetween liquidity creation and thedegree of competition in the banking
market.

2 Institutional background and the german bankingmarket

We study the effects of unexpected IRS on banks’ liquidity creation based on a set
of supervisory microdata. The German system of universal banks with its three pil-
lars including commercial banks, savings banks and cooperative banks constitutes an
excellent laboratory to investigate this research question. The commercial bank sec-
tor comprises medium-sized private regional banks and large internationally active
institutions, the savings bank sector is composed of medium-sized savings banks as
well as large Landesbanks as money center banks, which are owned by governments
at the city-, county-, or state-level, and the cooperative bank sector includes rather
small cooperative banks as well as a few large money center banks. All three pillars
differ in ownership structure, geographical reach and core business model (Brunner
et al. 2004; Kick et al. 2016). The regional demarcation principle only allows savings
and cooperative banks to operate in geographically segmented markets which limits
these banks’ activities to their designated regions usually consisting of one or a limited
number of multiple adjoining counties (Berger et al. 2016). Furthermore, the regional
demarcation principle ensures that savings and cooperative banks do not engage in
competition with each other since they should carry out their public responsibilities
and serve the interest of their owners, respectively. In comparison to the private sector,
this also means that savings and cooperative banks are not strictly profit maximizing.
Over the last two decades, the German banking system has been subject to funda-
mental changes (see e.g. Koetter (2013)). Hence, in the German banking market the
number of universal banks has decreased from 3228 banks in 1999 to 1593 banks in
2017 while aggregate total assets have increased from 4662 billion euros in 1999 to
6589 billion euros in 2017.2

2 In 2017 there were 263 Commercial banks (47.5% of total assets), 13 Mortgage banks (3.5% of total
assets), 399 Savings banks and Landesbanks (31.3% of total assets), and 918 Cooperative banks (17.8% of
total assets) while in 1999 there were 328 Commercial banks (27.8% of total assets), 33 Mortgage banks
(17.1% of total assets), 607 Savings banks and Landesbanks (39.7% of total assets), and 2260 Cooperative
banks (15.5% of total assets); see Deutsche Bundesbank (2018a) and Deutsche Bundesbank (1999). Note
that there are also specialized banks such as Credit institutions with special functions as well as Building
and loan associations in Germany which are not included in this study.
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3 Data andmethodology

3.1 Data

Weuse annual data provided by theDeutsche Bundesbankwhich contains all universal
banks operating in Germany between 1999 and 2017. A specific bank is excluded from
the analyses if it has either no loans outstanding, zero deposits, or balance sheet items
with negative values. Mergers and acquisitions (M&A) are treated in the conventional
way which means that we artificially create a “new bank” independent of the pre-
M&A entities, which starts operating in the M&A year. In addition, we winsorize
each variable at the 2% and 98% quantile to account for outliers. Preparing the data set
according to these constraints results in a sample with 26,534 bank-year observations
for 2,914 banks described in Table 3.

3.2 Measuring liquidity creation

In our analysis, we adopt the measure of liquidity creation introduced by Berger and
Bouwman (2009) in a slightly modified form. It is based on the notion that liquidity
is created when illiquid assets are transformed into liquid liabilities. The procedure is
divided into three steps as illustrated in Table 2. In the first step, all bank activities are
classified as liquid, semi-liquid, or illiquid based on product category and maturity.
In a second step, weights are assigned to each activity according to the classification
in step 1. A bank creates more liquidity the more illiquid assets and liquid liabilities
are contained in its balance sheet. Hence, a positive weight (1

/
2) is attributed to these

activities. On the contrary, a negative weight (−1
/
2) is assigned to liquid assets and

illiquid liabilities. Semi-liquid assets and liabilities are weighted with zero. Off the
balance sheet, a weight of 1

/
2 is assigned to illiquid guarantees. In step 3, all bank

activities are combined as classified in step 1 and weighted in step 2. Three different
measures can be calculated according to whether asset-side or liability-side liquidity
creation as well as off-balance sheet activities are considered. The weights of ±1

/
2

are used because liquidity is only half determined by the source or use of funds alone
(Berger and Bouwman (2009)).

In order to get a more detailed view on howmonetary policy and competition affect
banks’ liquidity creation, the various components of liquidity creation are analyzed.
FollowingBerger et al. (2016), we split total liquidity creation into asset-side, liability-
side, and off-balance sheet liquidity creation.

3.3 Measuringmarket power and competition

For the measures of market power and competition, we resort to the methodology
used in Kick and Prieto (2015). The Lerner index is applied to measure the degree of
pricing power on the bank level. It represents the markup of prices over marginal costs.
Since marginal costs cannot be observed directly, they have been estimated based on
a stochastic frontier analysis panel approach similar to the approaches used in Koetter

123



416 T. Kick

et al. (2012), Kick et al. (2015), and Kick and Prieto (2015).3 Consequently, we
estimate a translog cost function taking into account funding, labor, and fixed capital
as factor inputs. Customer loans, business loans, and securities represent a bank’s
possible outputs. Equity capital is included since it can be used to fund income-
generating output and also seizes disparate risk attitudes. In addition, time trends are
included to control for changes in the production technology of a bank. The Lerner
index is a measure of a bank’s individual pricing power in the overall banking market
including loan and deposit markets.

3.4 Measuring interest rate shocks

We measure interest rate shocks as the deviation of the 1-year Bund rate from its
previous year’s implicit forward rate in monthly averages. The 1-year Bund rate is
short enough to reflect the interest rate shocks, but also sufficiently long to capture not
only changes in interest rates, but also from other potential drivers such as European
Central Bank’s full allotment policy, asset purchasing programs, and operations. The
monthly averaging allows a bank’s balance sheet exposure to be treated over a full year.
We differentiate between unexpected interest rate shocks versus effective unexpected
interest rate shocks, with the latter accounting for the extent a bank’s business model
is exposed to interest rate risk by scaling them with the Basel IRC. The Basel IRC
is a standardized indicator for a bank’s interest rate risk in the banking book, taking
into account all material banking book positions that carry interest rate risk.4 That
is, all on-balance sheet and off-balance sheet transactions feed into the calculations,
includingmargin income, derivatives, and liquidity reserve (e.g.DeutscheBundesbank
(2012)). The IRC is computed as the banking book exposures as the percentage of total
funds due to an increase or decrease of 200 basis points of the yield curve for each
bank separately. Here, the median bank suffers from the +200 bp interest rate shock
with a present value loss equaling roughly one fifth of its equity capital—with large
businessmodel-driven deviations between private banks (small effects), savings banks,
and cooperative banks (large effects) (e.g. Deutsche Bundesbank (2018b)). Thus, the
weightingofmonetary policymeasureswith the absolute value of theBasel IRCgives
us the bank-specific effective unexpected IRS (see Table 1 for a detailed description).
Drechsler et al. (2018) find that banks hedge their interest rate risk through maturity
transformations. In order to mitigate potential endogeneity issues the average value
of Basel IRC is taken, while the liquidity creation is calculated based on the end-year
balance sheet.

3.5 Identification issues

In order to examine the effect of effective unexpected IRS on a bank’s liquidity cre-
ation and the relation to pricing power and competition, we use a panel regression
model in which the Effective Unexpected IRS is specified. This is the superior

3 A detailed description of the Lerner index can be found in the Appendix in Sect. A.1.
4 Since 2011, the Basel IRC is reported to the Deutsche Bundesbank on a bank-by-bank basis.
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Table 1 Variable Description

Dependent variables

Total LC Total liquidity creation scaled by total assets (in %); see
also Table 2

Asset- Side LC Asset-side liquidity creation scaled by total assets
(in %); see also Table 2

Liability- Side LC Liability-side liquidity creation scaled by total assets
(in %); see also Table 2

Off- Balance Sheet LC Liquidity creation off the balance sheet scaled by total
assets (in %); see also Table 2

Dummy Variables for Sample-Splits

LIRE Dummy Low interest rate environment (LIRE) dummy
identifying the years 2012-2017

Crisis Dummy Crisis dummy identifying the years 2007–2009
(“financial and economic crisis”)

CAR Dummy Dummy for well and poorly capitalized banks split by
the median of capital adequacy ratio (CAR). CAR is
defined by Tier 1 capital divided by risk-weighted
assets. The split is done by the average CAR over the
years 1999-2017 (i.e. banks are not allowed to change
from one to the other CAR regime over the sample
period)

Pricing Power and Monetary Policy Variables

Lerner Index Inefficiency-adjusted Lerner index (i.e. calculated net of
cost and income inefficiencies in the production
process) derived from a stochastic frontier analysis;
this measure represents the markups of prices over
marginal costs and therefore reflects a bank’s price
setting power in the market

Unexpected IRS Unexpected interest rate shock. Deviation of the 1-year
Bund rate (monthly averages) from its previous year’s
implicit forward rate (monthly averages). Here, the
monthly averaging allows a bank’s balance sheets
exposure to be treated over a full year

Basel IRC The Basel Interest Rate Coefficient measures the
banking book exposures as the percentage of total
funds due to an increase or decrease of 200 basis
points of the yield curve (the largest exposure of both
scenarios) for each bank separately. Therefore, the
Basel IRC is a standard measure for bank’s interest
rate risk sensitivity

Effective Unexpected

IRS

Effective unexpected interest rate shock. Deviation of
the 1-year Bund rate (monthly averages) from its
previous year’s implicit forward rate (monthly
averages) times the absolute value of a bank’s Basel
IRC. Here, the monthly averaging allows a bank’s
balance sheets exposure to be treated over a full year
while weighting the unexpected interest rate shock
with the Basel IRC accounts for how much a bank’s
business model is exposed to interest rate risk
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Table 1 continued

Lerner x Unexpected

IRS

Interaction term of Lerner index (Lerner Index) and
the unexpected interest rate shock (Unexpected IRS)

Lerner x Effective

Unexpected IRS

Interaction term of Lerner index (Lerner Index) and
the effective unexpected interest rate shock
(Effective Unexpected IRS)

Bank-Specific Control Variables

Bank Size Log (ln) of total assets

Sector HHI Herfindahl-Hirschman index (HHI) of the domestic loan
portfolio (in %). 27-sector classification; higher values
indicate a higher concentration in the domestic loan
portfolio

Share Fee Income Fee income over total operative income (in %); it
includes interest income, fee income and trading
income

NPL Ratio Non-performing loans over customer loans (in %)

Controls for Bank-Individual Effects and Demand Effects

GDP Growth Output growth (real GDP) in the relevant market (in %);
i.e. county-level for savings banks, cooperative banks,
regional commercial banks; state-level for
Landesbanks; federal-level for central cooperative
banks and large private banks

Bank Fixed Effects Bank fixed effects to control for the effects of any
observed or unobserved factors that affect a bank’s
liquidity creation on average

Year Fixed Effects Year dummies to control for average effects observed for
all banks in a particular year (i.e. the general economic
situation (“business cycle”) and demand effects)

model specification as the Effective Unexpected IRS varies in the cross-section
and time (while, for example, theUnexpected IRS has only a time dimension) which
allows to control for time fixed effects in accounting for a bank’s business model reac-
tion in the interest rate pass-through. Therefore, we estimate a dynamic specification
of liquidity creation by the two-step GMM estimator, including time fixed effects
in addition to bank fixed effects, an array of bank-specific variables accounting for
business characteristics, and output growth (real GDP) in the relevant market.5 Being
able to specify fixed effects along time and cross-sectional dimension contrasts our
identification from previous studies such as Horváth et al. (2014) and Horváth et al.
(2016).

5 Note that we refrain from specifying additional macroeconomic variables without variation in the
cross-section, as the business cycle effects are already captured by the time fixed effects, and to avoid
misspecification from perfect collinearity with those effects.
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3.6 Model specification

We use the following panel regression models in which Unexpected IRS (1) and
Effective Unexpected IRS (2) are specified separately. While Model 2 is the
superior specification as it allows to control for time fixed effects due to cross-sectional
variation in Effective Unexpected IRS, Model 1 is contrasted to show the bias
from an inferior model specification.6

LCi,t = β0 + β1LCi,t−1 + β2Lerneri,t + β3Unexpected I RSt−1

+ β4Lerneri,t × Unexpected I RSt−1 + B ′
5Controlsi,t + γ Banki + εi,t

(1)

LCi,t = β0 + β1LCi,t−1 + β2Lerneri,t + β3E f f ectiveUnexpected I RSi,t−1

+ β4Lerneri,t × E f f ectiveUnexpected I RSi,t−1 + B ′
5Controlsi,t

+ γ Banki + δY eart + εi,t (2)

LC
i,t

represents total liquidity creation or liquidity creation in terms of one of its
components, asset-side, liability-side and off-balance sheet liquidity creation, scaled
by total assets at bank i from year t-1 to year t in %. To account for dynamics in liq-
uidity creation, one lag of the dependent variable LCi,t−1 is included. The coefficient
β2 captures the effect of the competition measure utilized, namely the inefficiency-
adjusted Lerner index, measuring the pricing power of individual banks. Parameter
β3 describes the effect of the different types of IRS being contrasted. We run all
regressions with the unexpected IRS and the effective unexpected IRS to highlight its
significance in isolating the importance of exposure. The main coefficient of interest
is β4, representing the interaction term of the applied competition measure and the
IRS. The vector B5 represents the control variables’ influence on a bank’s liquidity cre-
ation. The regression approach controls for bank-specific variables taking into account
business model-related characteristics such as Bank Size, Sector HHI (%), Share
Fee Income (%), andNPL Ratio (%). Furthermore,GDP Growth (%), bank fixed
effects, Banki , and year fixed effects (only Model 2), Yeart , control for the effects
of any observed or unobserved factors that affect a bank’s liquidity creation on aver-
age, as well as the general economic and financial situation7 and demand effects.8

The dynamic specification of liquidity creation is estimated by the two-step GMM
estimator proposed by Arellano and Bond (1991) with a finite sample correction in
the spirit of Windmeijer (2005). Instead of first differences the orthogonal deviations
transformation is applied to maximize the sample size for the used panel data set with
gaps. Throughout all regressions, we report the first-order and second-order autocor-
relation tests and the Hansen J-statistics to examine correct lag length specification
and the overidentification restrictions. For both the second-order autocorrelation test
and the Hansen J-statistics, the null hypotheses cannot be rejected in the models of

6 For comparability reasons Model 1 and 2 are based on the same dynamic GMM regression model where
diagnostics are calibrated on Model 2 which induces some misspecification for Model 1 (i.e. p-values for
the AR(2) are often low).
7 E.g. European Central Bank’s policy changes.
8 A detailed variable description is given in Table 1.

123



420 T. Kick

main interest, which indicates that the models are well specified and the instruments
are valid.

3.7 Descriptive statistics

Table 3 presents summary statistics for the total liquidity creation measure and its
components, sample split dummies, pricing power and competition measures, mon-
etary policy indicators, as well as control variables, distinguishing between different
sub-samples. Panel A shows descriptive statistics for the total number of banks in
the sample. We find that banks on average created liquidity of 23.21% based on the
preferred total liquidity creation measure. Distinguishing between the different com-
ponents of total liquidity creation, asset-side liquidity creation amounts on average to
12.18%, liability-side liquidity creation corresponds on average to 8.11%, and liquid-
ity creation off the balance sheet is on average allotted to an amount of 2.78%. For
the whole sample period, the Lerner index mean equals 0.30. The control variables
provide a more detailed insight into the composition of the utilized data set. The banks
in our sample are characterized by mean Bank Size of 19.91 (e443.408 million) and
an average Sector HHI value of 12.82%. Furthermore, their average Share Fee

Income adds up to 14.47% whereas their mean NPL Ratio is 4.00%. The average
GDP Growth within the sample period amounts to 1.55%.

Panel B discriminates betweenwell and poorly capitalized bankswith total liquidity
creation averaging 20.02% versus 26.38%, showing higher liquidity creation (mainly
driven by asset-side liquidity creation) for banks with capital adequate ratios below
median. The pricing power (measured by theLerner index) does not differ substantially
between well and poorly capitalized banks.

Panel C distinguishes between periods of normal times, periods characterized by
financial crises and periods in which banks were confronted with a low interest rate
environment. The LIRE dummy and CRISIS dummy depicted in Panel A indicate
that 31% and 21% of the sample are characterized by periods attributed with LIRE
and financial crises, respectively. Interestingly, in LIRE years average total liquidity
creation increases to 27.01%which ismainly driven by liability-side liquidity creation.
Also in LIRE times a severe increase in individual banks’ pricing power can be noticed
which is indicated by an average Lerner index of 0.40 in comparison with 0.28 in non-
LIRE and non-crisis times.

Panels D and E show descriptive statistics for robustness checks removing both
banks with capital support measures (mainly provided by bankers associations insur-
ance schemes) on their balance sheets and banks with turnovers in their executive
boards, respectively.

Figure 1 contrasts how liquidity creation, competition and unexpected effective IRS
have evolved from 2001 to 2017. Panel (a) reveals a liability-side driven increase in
average total liquidity creation in the LIRE period. Here, the increase in the liability-
side driven liquidity, which occurs by transforming illiquid assets to liquid liabilities,
is conducted by banks to potentially induce an increase in the banks’ earnings, given
that the LIRE allows banks to store excess liquidity at other banks at feasible condi-
tions. Simultaneously, banks face decreasing potential losses from outstanding loans
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Fig. 1 Liquidity Creation, Competition, Effective Unexpected IRS

to conditions detrimental for the bank given the LIRE. Also, as presented in Panel (b),
banks’ pricing power (measured by the Lerner index) increases sharply in the LIRE
which is mainly driven by a halving of marginal costs and a reduction of banks in the
market by about 14% from 2011 to 2017. That is, universal banks in Germany react to
LIRE with cost-cuttings and restructuring mergers.9 In addition, we contrast effective
unexpected IRS, which appears to be negative for almost the whole 2001–2017 period,
with total liquidity creation (Panel (c)) and with the Lerner index (Panel (d)), where
both indicators tend to evolve in opposite directions.

4 Results

The following subsections provide a detailed discussion of the main results as well as
the outcome from various sample splits. Also, in further robustness checks possible
identification concerns are addressed and the validity of the results is confirmed.

9 Note that there is a broad body of literature that gauges market power and the degree of competitiveness
in the German banking industry. Koetter (2013) documents Lerner indices equal to 0.39 on average in which
large commercial banks and central savings and cooperative banks overshadow the market power of other
banks with mean markups between 0.58 and 0.76. Until 2001, no sizable change in price markups can be
observed before market power increases gradually in the run-up to the global financial crisis starting in
2007. During the financial crisis, bank’s average revenues diminished whereas their marginal cost remained
constant leading to a contraction in markups. After the crisis, marginal costs declined which resulted in a
sharp increase in market power. Koetter and Poghosyan (2009) depict a similar evolution of market power
for the German banking system based on latent group-specific Lerner index estimates. Analyzing a sample
period from 1994 to 2004, they show that small and government-owned banks face less market power than
commercial banks (which can extract larger rents due to close customer ties) where they report a mean
(unadjusted) Lerner index for Germany of 0.19. Buch et al. (2013) report mean Lerner indices of 0.23 for
the German bank sector between 2003 and 2006 highlighting smaller values of market power for banks
with foreign branches.
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4.1 Main results

Table 4 shows the main results of the dynamic GMM panel regressions including
bank fixed effects and year fixed effects. Our results indicate that banks decide to
increase business activities to compensate for the short run present value loss of equity
capital caused by the unexpected IRS10 and/or gain from the more profitable business
environment in the medium/long run following a positive IRS, and vice versa.

Panel A depicts that Total LC is characterized by persistency with a coefficient
for lagged liquidity creation around 0.8 for all banks in the sample when employing
the most appropriate Model 2 specification taking into account the effective unex-
pected IRS and year fixed effects. Here, also the coefficients of the Lerner Index

are significantly negative confirming the view that higher individual pricing power in
the market lowers those banks’ liquidity creation.11 This is in line with theory that
monopolistic firms (in contrast to perfect competition) undersupply the market when
utilizing their high pricing power. These results are in contrast to Horváth et al. (2016)
who find a positive and significant effect of the Lerner index on liquidity creation in
the Czech banking market between 2002 and 2010. We differ from this study in terms
of banking market12 and time period, but also that bank fixed and time fixed effects
are key in our identification strategy. From Model 1, for example, we see that in a
model specification without time fixed effects the significance of the Lerner index
disappears. Our findings on competition and bank liquidity creation also differ from
Jiang et al. (2019), who provide evidence for a positive relationship between compe-
tition and a reduced liquidity creation. However, their results are based on regulatory
induced competition, while our study measures competition in terms of banks’ pricing
power. Additionally, their results are mainly based on evidence from the US interbank
reforms with data from 1984 to 2006. Hence, the asset-side driven liquidity creation is
of greater importance, rather than the liability-side driven liquidity creation following
a period of low interest rates, as described in our study.

Moreover, a positive effective unexpected IRS leads to a significant increase in
liquidity creation, and vice versa.While an unexpected increase in interest rates causes
present value losses in the short run, it also raises a bank’s profit opportunities and
therefore leads to higher liquidity creation activities in financial institutions. But the
effect of IRS also depends on the bank-specific level of competition. The negative
coefficient on the interaction termofLerner index and effective unexpected IRS reveals
that a high bank-individual pricing power (measured by the Lerner index) curbs this
impact on liquidity creation significantly.

10 The median bank suffers from the +200 bp interest rate shock with a present value loss of roughly one
fifth of its equity capital, with large business model-driven deviations between private banks (small effects)
and savings banks and cooperative banks (large effects).
11 The coefficients on the Lerner index are insignificant for Model 1 as in this specification no year fixed
effects can be included due to perfect multicollinearity with Unexpected IRS.
12 Following Horváth et al. (2016) there is a particular high share of foreign owned banks in the Czech
banking market and thus, foreign influence may dominate domestic bank competition characteristics. In
addition, as the impact of the financial crisis on the Czech financial system was limited, it is reasonable to
assume that the positive effect of bank competition on liquidity creation is not weakened as it would happen
in a more affected economy.
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The first and the second columns of Panel A contrast results from unexpected versus
effective unexpected IRS.13 The second column shows that an increase in Effective

Unexpected IRS by one percentage point increases Total LC ceteris paribus by
0.025 percentage points. Considering the interaction terms with the competition mea-
sure, the interaction with the Lerner index demonstrates statistical significance at
the 1% level. The remaining control variables’ coefficients for Bank Size, Sector
HHI (%), Share Fee Income (%), NPL Ratio (%), and GDP Growth are in line
with expectations, with a bank’s size and its income sources (proxied by fee income
over total income) highly significant in almost all regressions based on the relevant
Model 2 specification. Berger and Bouwman (2017) show that monetary policy loos-
ening results in higher liquidity creation for small banks during normal times but the
effect is less prominent for periods of crisis. One major takeaway from the interaction
of policy rates and competition is the strong correlation between liquidity creation and
monetary policy in the financial crisis period. This correlation indicates how banks
respond to changes in monetary policy, but most important it also reveals how banks
with high market power respond in a crisis. Table 4 shows that the main coefficient of
interest (on the interaction term) is driven primarily by the crisis period sample and is
only marginally significant in non-crisis years. Therefore, an alternative interpretation
of the full sample result is that low policy rates are implemented in response to a
financial crisis when lending drastically declines (and banks with high interest rate
risk exposure are more affected by crises).

4.2 Well versus poorly capitalized banks

Both regressions are repeatedwith different sub-samples. Banks are split by themedian
of the Capital Adequacy Ratio, defined by Tier 1 Capital over Risk-Weighted
Assets. Panel B in Table 4 presents the results for banks considered to be well ver-
sus poorly capitalized. One finding is that the negative impact of pricing power on
liquidity creation is significantly greater for poorly capitalized banks than for well cap-
italized banks in the Model 2 specification (employing the effective unexpected IRS),
whereas the effect of pricing power remains insignificant for both subsamples of the
Model 1 specification (employing the simple unexpected IRS). This becomes a partic-
ularly crucial feature in the context of a bank’s economic condition. It is striking that
in both model specifications the effects of the (effective) unexpected IRS on total liq-
uidity creation are significantly stronger for well capitalized banks, while significance
disappears for poorly capitalized banks. This indicates that, following an interest rate
shock, both more and less healthy banks adjust their total liquidity creation subject
to different objectives (such as profit maximization in an imperfect banking market)
and restrictions (such as regulatory and supervisory constraints). Taking into account
banks’ actual interest rate risk in the banking book (as measured by the Basel IRC)
well capitalized banks increase Total LC in response to a monetary policy shock
whereas this effect is still curbed by banks’ high price markups stemming from operat-
ing in rather monopolistic markets. One has to distinguish between different objectives

13 Note that multiplying the unexpected IRS with the absolute value of a bank’s Basel IRC scales the
effective unexpected IRS on average by factor 20.
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of liquidity creation for banks in different economic conditions. Looking at the sig-
nificantly stronger negative Lerner index reaction of poorly capitalized banks in the
Model 2 specification, a non-healthy bank exhibiting a relatively strong market posi-
tion, but with lesser degrees of freedom in capital management, could come under
pressure to operate with a lower liquidity creation in order to prevent the violation of
regulatory capital requirements.

4.3 Normal times, crisis and low interest rate environment

Panel C in Table 4 presents the regression results for sample splits by periods. The
years 2007 to 2009, which are characterized by the global financial crisis, normal
times, and the low interest environment that began 2012 are analyzed separately. A
look on the effects of effective unexpected IRS on total liquidity creation reveals that
monetary policywasmore effective during crisis years—in contrast to only unexpected
IRS which shows a similar reaction not only during crisis years, but also in the LIRE
period. Also for non-LIRE years the interaction term of Lerner index and effective
unexpected IRS is in linewith the findings from the full sample—that liquidity creation
caused by effective unexpected IRS is curbed by a high pricing power in the market,
while this effect disappears in LIRE years. As for the full sample in our preferred
Model 2 specification, in each regime being analyzed (normal times vs. crisis vs. LIRE)
a higher degree of competition (i.e. low bank individual pricing and market power)
fosters the efficacy ofmonetary policy and therefore supports banks’ liquidity creation.
In addition, one can observe that, if the banking market becomes more competitive,
the efficacy of monetary policy on banks’ liquidity creation increases.

4.4 Liquidity creation and its components

In the following, liquidity creation is split into its components in order to obtain a
more detailed perspective. Asset-side and liability-side liquidity creation and liquidity
creation off the balance sheet enter the regressions as dependent variables separately.
The results are presented in Table 5. In the Model 2 specification, Asset- Side LC

shows the same pattern as Total LC. On the one hand, positive IRS increase asset-
side liquidity creation and, on the other hand, lower degrees of pricing power in the
market (and therefore more efficient competitive environments) increase asset-side
liquidity creation significantly. Addressing liability-side liquidity creation, different
results with respect to the Lerner index can be observed. Interestingly, a higher bank-
individualmarket power goes alongwith a significant increase in liability-side liquidity
creation, which is in line with the assumption that banks use a high pricing power in
the market to create additional liquidity on the liability-side (instead of the asset-side,
or off the balance sheet). In addition, also the coefficient of the interaction term of
Lerner index and effective unexpected IRS turns to a positive sign which means that a
positive IRS on banks’ liability-side increases liquidity creation for banks with higher
individual pricing power in the market, and vice versa. Regarding off-balance sheet
liquidity creation, results are in line with both Total LC and Asset- Side LC for
our preferred Model 2 specification employing the effective unexpected IRS.
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4.5 Robustness tests

Following Berger et al. (2016), we perform further tests to check the robustness of the
results in Table 6. The baseline regression is estimated again for sub-samples excluding
either bank-year observations with capital support measures (provided by the bankers
associations’ protection schemes to member institutions in severe distress) or exhibit-
ing turnovers in the respective bank’s executive board. While Panel D presents the
regression results for the sample excluding observations which are subject to capital
support measures, Panel E is divided into three specifications to distinguish between
board turnovers either in the same year, within the last two years, or within the last
three years of each bank-year observation. Turnovers in the board of a bank and capital
injections are eligible to influence a bank’s liquidity creation. Since the regressions
do not control for these effects, we test the influence of these events on the baseline
coefficients by omitting the relevant observations. The results are in line with those
from the baseline model. The coefficients of main interest are statistically significant
and show the expected signs.

5 Conclusion

This paper investigates how effective unexpected interest rate shocks influence banks’
liquidity creation and which role a bank’s pricing power in the market plays in this
transmission process. In order to identify these effects we use data from universal
banks in Germany comprising private-sector, public-sector, and cooperative banks.
The Lerner Index, as a measure of a bank’s individual pricing power, is implemented
to account for different degrees of competition. For identifying the dynamic behavior
of liquidity creation we rely on dynamic GMM panel estimations that are robust to
several robustness checks. We find several important results.

First, when employing themost appropriate model specification taking into account
the effective unexpected IRS and year fixed effects, we find that higher individual
pricing power in the market lowers banks’ liquidity creation, which is in line with
theory that monopolistic firms undersupply the market when utilizing their high pric-
ing power in the bank competition–liquidity creation nexus. Here, pricing long-term
deposits lowly and short-term loans highly provide high margins in a monopolistic
banking market. In addition, while an unexpected increase in interest rates causes
present value losses in the short run, at the same time it raises a bank’s profit opportu-
nities in the medium/long run and, therefore, per se leads to higher liquidity creation
activities in financial institutions. But the pass-through of IRS also depends on the
bank-specific level of competition, where we find that a high bank-individual pricing
power (measured by the Lerner index) curbs this impact of effective unexpected IRS
on liquidity creation significantly in the monetary policy–bank competition–liquidity
creation nexus.

Second, the negative impact of pricing power on liquidity creation is greater for
poorly capitalized banks than for well capitalized banks. This indicates that, follow-
ing an interest rate shock, both more and less healthy banks adjust their total liquidity
creation subject to different objectives (such as profit maximization in an imperfect
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banking market) and restrictions (such as regulatory and supervisory constraints). As
for the effective adaption of the unexpected IRS, the effects are driven by asset-side
and off-balance sheet liquidity creation while liability-side liquidity creation shows
opposite effects—which is in line with the observation that banks use a high pric-
ing power in the market to create additional liquidity on the liability-side. However,
similar conclusions cannot be drawn when the simple unexpected IRS specification
is employed, given that the overall effect of pricing power on liquidity creation is
insignificant in this specification.

Third, we have noticed a sharp increase in liability-side driven liquidity creation
during periods of low interest rates, which caused the total liquidity creation by banks
to increase significantly in the same period as well. Given the improved opportunities
for banks to store excess deposits at other banks with little cost (while old, illiquid
assets may prove detrimental to the bank) the creation of additional liability-side
liquidity creation may be caused by the decreased opportunity cost for the bank to
possess excess liquidity.

Lastly, we show that monetary policy was most effective during the global financial
crisis.

Given the important role of both monetary policy and bank liquidity creation for
the macroeconomy, the findings on the bank competition–liquidity creation nexus and
the monetary policy–bank competition–liquidity creation nexus provide new insights
into the debates about the optimal design of efficient financial markets.
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Appendix

A.1 Lerner index

Complementary to the derivation in Kick et al. (2015), an efficiency-adjusted Lerner
index is used in order to measure market power. It is defined as the mark-up (price
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minus marginal costs) over the level of the output price. Since marginal costs cannot
be observed directly, a translog cost function is estimated. The translog cost function
has total operating costs (TOC) as the dependent variable. The total output (TOUT)
of a bank is defined as the sum of loan and security portfolios.14

ln T OCi,t = γ + γO ln T OU Tit + 1

2
γO O (ln T OU Tit )

2 +
3∑

h=1

γh lnwhit

+1

2

3∑

h=1
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m=1

γhm lnwhit lnwmit +
3∑

h=1

γhO lnwhit ln T OU Tit

+γE ln Eqit + 1

2
γE E (ln Eqit )

2 + γE O ln Eqit ln T OU Tit

+
3∑

h=1

γhE lnwhit ln Eqit + γT T r + 1

2
γT T (T r)2

+γT O T r ln T OU Tit +
3∑

h=1

γT h T r lnwhit

+γT Eq T r ln Eqit + εi t . (A.1)

In linewith themajority of the literature, we assume that three different inputs generate
a bank’s output, namely borrowed funds, labor, and physical capital.We take borrowed
funds as an input rather than an output of the banking firm in order to stay consistent
with the financial intermediation approach (Sealey and Lindley (1977)). Furthermore,
as suggested by Mester (1997), equity capital is included because it can be used to
fund income-generating output and additionally represents disparate risk attitudes. By
including time trends, technical change in a bank’s production technology is captured.
In order to deal with outliers, input prices are winsorized at the upper and lower
percentile. Homogeneity of degree one in input prices is imposed by dividing the
price of labor and physical capital as well as total operating costs by the price of
borrowed funds. Output prices are assumed to be exogenously determined and given
by total revenues over total assets.

Marginal costs mcit are derived from

mcit = [
γO + γO O ln T OU Tit +

3∑

h=1

γhO lnwhit

+ γE O ln Eqit + γT O T r
] T OCit

T OU Tit
.

(A.2)

The translog cost function is estimated based on a stochastic frontier analysis panel
approach similar to the approaches used in Koetter et al. (2012), Kick et al. (2015),
and Kick and Prieto (2015). In this estimation, cost inefficiency is defined as the

14 For a detailed description of the Lerner index variables, see Table 7.
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Table 7 Variables lerner index estimation

Variable name Description

TOC Total Operating Cost Sum of interest, fee and administrative expenses

TOUT Total Output Total earning output measured
as the sum of interest-bearing
assets and securities

w1 Cost of Fixed Assets Other administrative expenses excluding
personnel expenses

w2 Cost of Labor Personnel expenditure over number of full-time
employee equivalents

w3 Cost of Borrowed

Funds

Interest expenses over total interest-paying
liabilities

Eq Total Capital Total equity capital

Tr Time Trend Time trend starting with zero

PBT Profits Before Tax Profit before tax

difference between potential minimum and observed costs. The error term εi t consists
of two parts. On the one hand, vi t captures the random error term and is assumed to
be i.i.d. normally distributed with mean zero and variance σv . On the other hand, the
component uit describes the systematic deviation from the optimal cost structure due
to inefficiency and is assumed to be i.i.d. with a truncated-normal distribution and a
variance σu . It is assumed that σv and σu are independent of each other. Maximum
likelihood methods (see e.g. Battese and Coelli (1988), Orea and Kumbhakar (2004),
and Greene (2005)) are applied to estimate Eq. (A.1).

The Lerner index can alternatively be calculated as AR−MC
AR , where AR represents

average revenues and equals average profit plus average costs. In order to also integrate
profit inefficiencies into theLerner index, total operating costs are substituted by profits
before tax (PBT). Using predicted total operating costs and profits before tax from
these estimations, the Lerner index is calculated as

PBT + TOC − MC × TOUT

PBT + TOC
(A.3)

Variables included in the estimation of the Lerner index are described in Table 7.
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