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ARTICLE INFO ABSTRACT

JEL classifications: This paper analyses the effect of a negative interest rate policy (NIRP) on profitability and risk
G21 taking in the European banking sector and whether this effect is differentiated according to the
E52 bank business model. Using a dataset of 2596 banks from 29 European countries over the period
E58 2011-2019 and applying a static modelling approach, we conclude that the implementation of
Keywords:

NIRPs lowers the net interest margin and the return on assets of a representative bank by 14.5

basis points and 18.5 basis points, respectively. We also conclude that a decrease in the short-term
o interest rate lowers the net interest margin when interest rates are already negative. In an

Bank profitability . . ) :

Bank risk taking environment of negative interest rates, we do not find that European banks take on more risk and

European banks conclude that the effects of the implementation of NIRPs influence banks’ profitability and risk

taking differently, depending on the business model adopted.

Negative interest rates
Monetary policy

1. Introduction

In the last decade, some central banks around the world, in an attempt to avoid low inflation rates and stimulate economic growth,
resorted to a set of unconventional monetary policy instruments, such as large-scale asset purchases in the form of quantitative easing,
the implementation of negative interest rate policies (NIRPs), as well as policy rate forward guidance. In July 2012, Danmarks
Nationalbank lowered its policy rate to negative values for the first time. Several central banks from other countries (the euro area,
Hungary, Norway, Sweden, Switzerland, Bulgaria, and Japan) adopted the same behaviour.

The implementation of NIRP means that central banks are now charging (instead of paying) interest on the excess reserves that
commercial banks have deposited there, encouraging them to take them back on the balance sheet. This is expected to have positive
effects on economic activity through the increased supply and demand for loans due to the decline in funding costs for both banks and
borrowers (Ceeuré, 2016). However, the effect that NIRPs can have on a bank’s profitability is not so clear (Boungou, 2019).

Low or negative interest rates help to improve banks’ balance sheets and performance, leading to capital gains and a reduction in
loan loss provisions. However, low or negative interest rates can also mean lower net interest margins. This is because bank inter-
mediation is a spread business, based on the difference between interest rates on loans and deposits. When market interest rates fall,
becoming low or even negative, banks may need to drop loan interest rates but are very reluctant to lower deposit rates to negative
levels, especially for retail depositors, compressing the net interest margin (Claessens et al., 2018). Banks know that a negative deposit
interest rate would lead their customers to withdraw their deposits and take them elsewhere. Refusing to pass negative interest rates
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onto customer deposits, banks’ profitability related to maturity transformation will be negatively affected, eroding their equity capital
and deteriorating their financial stability (Zimmermann, 2019). Banks can compensate for the margin decline by increasing fees and
commissions and reducing operating expenses (Scheiber et al., 2016).

The implementation of NIRPs also impacts bank risk taking. First, a decline in the reference interest rate affects banks’ perceptions
of and/or tolerance to risk. Lowering interest rates drives up the value of assets and collateral and, subsequently, banks’ income, thus
raising their risk taking capacity (Borio and Zhu, 2008). If interest rates remain low or negative for long periods, a credit boom will be
highly likely, leading banks to loosen their lending standards and increase credit to riskier clients (Chen et al., 2017). In a context of
lower or negative interest rates, if a bank’s return target is sticky, it will induce the bank’s managers to hold an increasing amount of
risky assets in the search for yield (Rajan, 2005)(Rajan, 2005). Several authors also advocate that the NIRP effect on bank profitability
and risk taking depends on bank-specific characteristics such as size, funding structure, assets repricing, and product line specialization
and that banks adjust their business models in response to this new environment (Boungou, 2019; Molyneux et al., 2019).

Considering the above scenario, the objective of this research is to study the impact of negative interest rates on the profitability
and risk taking of European banks. In particular, the intention is to investigate i) the effects of negative interest rates on banks’ net
interest margin and the remaining items of bank profitability, ii) the effects of negative interest rates on banks’ risk taking, and iii)
lastly, whether these effects are differentiated according to the bank’s business model.

The contribution of this study is threefold. First, there are still very few studies, some of them with contradictory results, that
analyse the impact of some countries’ central banks’ adoption of NIRPs on bank profitability and risk taking. Second, we verify
whether the impacts of changes in interest rates on bank profitability and risk taking are differentiated when interest rates are positive
or negative. Third and, to our best knowledge, for the first time, we investigate whether the impact on bank profitability and risk taking
resulting from the implementation of NIRPs is differentiated according to the business model adopted by the bank.

Banks’ margins and overall profitability are proxied by their net interest margin and return on assets (ROA), respectively. We used
three measures for bank risk taking: the Z-score, as a measure of overall bank risk, the ratio of nonperforming loans (NPLs) as a measure
of credit risk, and, finally, the ratio of risk-weighted assets (RWA) to total assets as a measure of the risk associated with the bank’s
investment strategy. To characterize the interest rate environment, we consider a short-term interest rate, proxied by a three-month
interbank money market interest rate, and the slope of the yield curve measured by the difference between the 10-year Treasury yield
and the three-month interbank money market interest rate.

We used an unbalanced panel data dataset of 2596 banks, with 15119 bank-year observations, operating in 29 European countries
over the period 2011-2019. In the sample period considered, six central banks adopted NIRPs. To investigate the effects of NIRP
adoption on bank profitability and risk taking, two equations are estimated using a fixed effect estimator, and, to mitigate a possible
endogeneity bias and potential omitted variables, explanatory variables are lagged one period and bank and time fixed effects are
included. To identify banks’ business models in European banking and investigate the effects of NIRP adoption on bank profitability
and risk taking, we used k-median clustering to assign each bank to a specific banking business model, given its asset and funding
structure. Based on cluster analysis, we identify four different business models: investment-oriented banks (type I), retail-oriented
banks, investment-oriented banks (type II), and interbank lending-oriented banks.

The main findings indicate that NIRP implementation lowered the net interest margin and overall profitability of European banks
that were affected by that policy. We also find evidence that a decrease in short-term interest rates lowered net interest margins when
interest rates were already negative. The same evidence is not found for the ROA variable. Considering the whole sample, we find no
evidence that European banks increase risk taking with NIRP adoption. The results also allow us to conclude that the effects of the
implementation of NIRPs affect bank profitability and risk taking differently, depending on the business model adopted by the banks.
The net interest margins of banks’ business models whose main source of finance is retail deposits are more negatively affected by NIRP
implementation. Banks’ financial stability and credit risk, across different bank business models, are not shown to be affected by
negative interest rates. Lastly, we conclude that investment-oriented banks (type I) and interbank lending-oriented banks adopt riskier
investment strategies, while retail-oriented banks adopt less risky investment strategies.

The remainder of the paper is organized as follows. Section 2 reviews the literature on the relation between a low or negative
interest rate environment and bank profitability and risk taking. Section 3 describes the econometric methodology and the data used in
the econometric tests. The results are reported and discussed in Sections 4 to 6. Finally, Section 7 concludes the paper and highlights
political implications.

2. Literature review and research hypothesis

In this section, we briefly review the literature on the relationship between a low or negative interest rate environment and bank
behaviour. In the first subsection, we present the literature that analyses the relationship between interest rates and bank profitability.
In the next section, we focus on the relationship between low or negative interest rates and bank risk taking.

2.1. Negative interest rates and bank profitability

How changes in interest rates affect bank performance is a subject that has recently received increased attention, from both a
practical and an academic point of view. The literature argues that the effect of interest rates on banks’ profits will vary by bank,
depending on their interest rate exposure, which, in turn, is a function of their degree of maturity transformation and the use of risk
management techniques, including derivatives (Claessens et al., 2018). According to Borio et al. (2017), changes in the levels of in-
terest rates and the slope of the yield curve affect the various items of bank profitability, that is, the net interest margin, non-interest
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income, and loan loss provisions.

Most theoretical and empirical studies suggest that banks’ net interest margins are lower when interest rates are low. According to
Claessens et al. (2018), this is because, for many types of deposits and other liabilities, banks are reluctant to lower interest rates below
a certain level, since depositors and other creditors can switch to cash forms of savings. When short-term interest rates become
negative, there is a reduction in banks’ net interest margins, since they are unable to pass these interest rates onto their clients’ ap-
plications, given the possibility and even the high probability that clients will invest their savings in alternative financial instruments.
With deposit rates facing a floor, as interest rates decline, bank margins will compress if banks must still pass lower rates onto the asset
side of their balance sheet (Claessens et al., 2018). This market imperfection leads banks to compensate for those losses by selling
complementary products and services in a cross-selling policy and with increased commissions, together with a reduction in costs and
an increase in credit volume.

The slope of the yield curve can also influence the net interest margin (Borio et al., 2017). Specifically, a flat yield curve has a
negative effect on a bank’s net interest margin. Typically, a bank is financed with short-term liabilities in its maturity transformation
activity and invests in assets with longer maturities. If the term premium is close to zero or even negative, the net interest margin will
be compressed. Changes in the slope of the yield curve will also have quantity effects, notably influencing the volume of banks’
fixed-rate mortgages.

Low or negative interest rates can also impact non-interest income and loan loss provisions. Borio et al. (2017) argue a negative
relationship between interest rates and non-interest income through two effects: valuation effects on securities and fees and com-
missions. As interest rates rise, a bank’s ability to generate profits from the net interest margin between loans and applications in-
creases and, as interest rates decrease, the need for banks to generate profits from non-interest income rises. The relationship between
interest rates and loan loss provision is presented by a concave shape: higher rates induce variable-rate loans, increasing stock and debt
service burdens; nevertheless, this relationship is attenuated as rates increase.

As noted by Boungou (2019), there is currently no consensus on the interest rate effects on bank profitability. On the one hand,
several studies show that low-interest rates have a negative effect on banks’ net margins and overall profitability. Borio et al. (2017)
analyse the influence of monetary policy on bank profitability through the influence on the interest rate structure. The authors found a
concave relationship between the level of interest rates and the slope of the yield curve, associated with higher net income. This
relationship is particularly strong at very low levels of nominal rates. The authors also find a negative relationship between interest
rates and non-interest income, which seems to indicate a search for alternative channels that ensure bank profitability. Claessens et al.
(2018), using a sample of 3385 banks from 47 countries between 2005 and 2013, find that low interest rates have a significantly
greater impact on banks’ net interest margins than high interest rates. The impact is greater on interest income than on interest
expense, and banks with short maturity balance sheets are more affected than those with long maturity balance sheets. The effects on
bank profitability are not so pronounced, because banks mitigate the negative effect of low interest rates on net interest margin by
cutting costs and generating more non-interest income, such as fees and commissions and valuation gains. Similar conclusions are
drawn by Genay and Podjasek (2014); Busch and Memmel (2017), and Bikker and Vervliet (2018).

On the other hand, some authors find opposite effects of low (negative) interest rates on bank profitability. Scheiber et al. (2016), in
an investigation of the profitability of banks in three European countries (Denmark, Sweden, and Switzerland) during a period of very
low and negative interest rates (2010-2015), conclude that negative interest rates have thus far not resulted in a significant reduction
in bank profitability or, particularly, net interest margins. Similar results are found by Madaschi and Pablos Nuevo (2017) for Swedish
and Danish banks. Altavilla et al. (2017) analyse eurozone banks over the period 2000-2016 and conclude that monetary policy easing
—a decrease in short-term interest rates and/or a flattening of the yield curve - is not associated with lower bank profits. Their analysis
indicates that the main items of bank profitability are asymmetrically affected by accommodative monetary conditions, with a positive
impact on loan loss provisions and non-interest income largely offsetting the negative impact on net interest income. Finally, we
reference the study of Lopez et al. (2020), who, using data on 5200 banks from 27 advanced European and Asian countries over the
period 2010-2017, conclude that banks offset interest income losses under negative rates with lower deposit expenses and gains in
non-interest income, including fees and capital gains. However, the authors emphasize that there is no guarantee that the gains to
non-interest bank income are sustainable over long periods.

Some authors emphasize the fact that the impact of low (negative) interest rates on profitability varies depending on a set of bank
characteristics. Molyneux et al. (2020) reinforce the existence of specific characteristics that significantly influence the relationship
between negative interest rates and bank margins, as follows: bank size, banks’ funding structure and business model, including assets
repricing, and product line specialization. Bank size could explain the reduced elasticity of net interest margins to interest rate
volatility. The funding structure is important, because, when policy rates turn negative, banks that rely on deposit funding are
reluctant to reduce deposit rates, trying to keep their funding base, avoiding passing negative rates onto depositors. The business model
can provide different degrees of sensitivity to interest rate risk. This risk is different for a real estate mortgage specialist bank,
compared to a bank that holds mostly floating interest rate loans.

Considering the difficulty that banks have in obtaining non-interest income that compensates for interest income losses under a
negative interest rate scenario, the following hypotheses are formulated.

Hypothesis I. An NIRP leads to a drop in banks’ net interest margins and profitability.

Hypothesis II. The effects of a change in interest rates on banks’ net interest margins and profitability are differentiated when an NIRP is
implemented.

Because the evidence shows that the effect of adopting an NIRP can be differentiated depending on the bank’s business model, we
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still formulate the following hypothesis.
Hypothesis III. The effect of an NIRP on profitability depends on the bank’s business model.

2.2. Negative interest rates and bank risk taking

Unconventional monetary policies, including quantitative easing, as well as policy rate guidance promoted by central banks to
provide economic stimulus in an economic stagnation environment, have led to negative interest rates with impacts on bank risk
taking.

The relationship between low interest rates and bank risk taking has been presented in the literature within a risk taking channel
that shows the way that changes in monetary policy affect the risk perceptions or risk tolerance of finance intermediaries (Rajan, 2005;
Borio and Zhu, 2008; Adrian et al., 2010). The risk taking channel can operate i) through the way banks measure risk, through their
impact on valuations, incomes, and cash flows (Borio and Zhu, 2008; Adrian and Shin, 2009), and ii) through an increase in the search
for yield (Rajan, 2005). Analysing the way banks measure risk, we find that low interest rates provide an increase in asset and collateral
values, decreasing risk perception by reducing asset price volatility. Adrian and Shin (2009) emphasize that, after an unusually long
period of low interest rates, in which leveraged positions may have built up, small changes in the monetary policy stance will have an
amplified impact on the repricing of risk and on liquidity conditions. Search for yield is related to the commitment to produce certain
levels of nominal rates of return that cannot be ensured by an environment of low or even negative interest rates and low returns on
government bonds.

Rajan (2005) justifies the willingness of asset managers to take on more risks with three reasons: contractual, behavioural, and
institutional. The author states that, when interest rates are low, the yields on risk-free assets are also low and banks tend to invest in
risky assets, providing a higher yield. This behaviour is reinforced by the replication of investment decisions by peers, a phenomenon
known as herding. This phenomenon is complemented by the so-called money illusion, according to which investors may ignore the
fact that nominal interest rates can decline to compensate for lower inflation.

Andries et al. (2015) emphasize the dual effect of monetary policy on the credit supply of banks, the credit channel presented by
Arteta et al. (2016), namely, i) the increase in the collateral and cash flows of borrowers provided by low interest rates through the
balance sheet channel, which allows increases on supply loans, and ii) the search for other financing sources by banks in response to the
threat of deposit withdrawals under low interest rates. The higher costs related to these other financing sources implies an extra cost
that ends up reducing the credit supply.

Altunbas et al. (2014) state, in addition, that bank risk can also be influenced by communication policies, with a moral hazard
problem. Monetary policy easing perceptions of bad economic outcomes can lower the expectations of large downside risks and
encourage liquidity risk taking. This leads to the low interest rate paradox introduced by Maddaloni and Peydro (2011), according to
which, when interest rates are low, credit risk and liquidity risk increase, as does the likelihood of a financial crisis. The interaction
between finance, behavioural finance, and macroeconomics associated with the risk taking channel of monetary policy has been
justified because it captures the measurement and management of risk, as well as the effects of monetary policy on banks’ risk per-
ceptions and incentives, and because excessive bank risk taking has effects on the general equilibrium, respectively (Andries et al.,
2015). Complementing the moral hazard problem, monetary policy will have an impact on the adverse selection problem, considering
the decreasing incentive of weakening banks to screen and monitor loan applicants (Dell’Ariccia et al., 2014).

In terms of empirical studies, Jiménez et al. (2014) test for the existence of a risk taking channel for Spain. According to the authors,
low interest rates affect the risk of Spanish banks’ loan portfolio as follows: i) in the short term, low interest rates reduce the probability
of default of outstanding loans and ii) in the medium term, banks tend to take on more risk, loosening their lending standards and
lending to borrowers with bad credit history. loannidou et al. (2009) reach the same conclusion in investigating the impact of changes
in monetary policy rates on loan pricing in Bolivia. They note a negative relationship between the interest rate and loan risk. They also
conclude that banks increase the number of new risky loans and reduce the rates they charge to riskier borrowers relative to less risky
ones.

Several studies in the risk taking literature explain how the interest rate structure encourages excessive risk taking by banks. For
some authors, the effects of interest rates on risk taking depend on the profitability level of banks (Repullo, 2004; Martynova et al.,
2019), and for others on banks’ capitalization levels (Jiménez et al., 2014; Dell’ Ariccia et al., 2017). Studies that investigate the effects
of NIRPs on bank risk taking are still limited, with contradictory results.

Heider et al. (2018), using loan-level information for Europe over the period from January 2013 to December 2015, conclude that
the introduction of negative policy rates by the European Central Bank in mid-2014 led to more risk taking and less lending by euro
area banks, potentially posing a risk to financial stability with lending by high-deposit banks. Basten and Mariathasan (2018) analyse
the effect of negative monetary policy rates on banks, using detailed supervisory information from Switzerland, namely, comparing
changes in the behaviour of banks that had different fractions of their central bank reserves exempt from negative rates. They conclude
that more affected banks reduced costly reserves and bond financing while maintaining non-negative deposit rates and larger deposit
ratios. With higher fees and interest income, banks compensate for squeezed liability margins, but increase credit and interest rate risk.
Boungou (2020) analyse — to the best of our knowledge for the first time — the effects of negative rates on the risk taking of banks
operating in the 28 member countries of the European Union. The author concludes that negative interest rates contributed to a
reduction in bank risk taking. During the implementation period of negative rates, banks took on less risk, particularly by reducing the
share of NPLs. Boungou (2019) finds no encouragement of banks to take more risk, despite a reduction in interest margins.

These contradictory results justify the present investigation and, considering the explanations above, the following hypotheses to
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test are formulated.
Hypothesis IV. NIRPs leads to greater bank risk taking.
Hypothesis V. The effect of a change in interest rates on bank risk taking is differentiated under NIRPs.

Lucas et al. (2019), in an empirical study of 208 European banks between 2008Q1 and 2015Q4, identify six distinct business models
and conclude that changes in the slope of the yield curve change in terms of average business model characteristics. A bank’s risk
response is therefore expected to be differentiated depending on its business model (Schwaab, 2017). This leads us to formulate the
following additional research hypothesis.

Hypothesis VI. The effect of an NIRP on bank risk taking depends on the bank’s business model.
3. Methodology and data

In this section, we introduce the methodology and empirical models that allow for an analysis of the impacts of the adoption of
NIRPs by some central banks on profitability and risk taking in European banks. For this purpose, profitability and risk taking measures
are defined and discussed. The variables used to characterize the interest rate environment are also specified. To investigate whether
these impacts are differentiated according to the bank’s business model, we also describe the methodology that allows us to allocate
banks to different business models.

3.1. Profitability and risk taking measures

To measure a bank’s profitability,' two main indicators are considered: the net interest margin, defined as the difference between
interest-earning assets and interest-bearing liabilities, divided by total earning assets, and the ROA, a common performance measure,
defined as the ratio of net income over total assets. Because monetary policy also has an impact on other items of profit (Borio et al.,
2017), in addition to net interest margin, we also study the effect of an NIRP on net fees and commissions, net trading income, and
other operating revenues and, finally, on loan loss provisions.”

Considering the different risk channels of monetary policy identified in the literature review, we consider the following three
measures of risk (e.g. Boungou, 2020):

(i) To measure credit risk in the literature, the NPL ratio (Andries et al., 2015; Dell’Ariccia et al., 2017; de Mendonca and de
Moraes, 2018), defined as the NPL divided by gross loans, and the ratio of loan loss provisions to gross loans (de Moraes et al.,
2016; De Mendonca and de Moraes, 2018; Montes et al., 2021) are often used as a proxy. Because, during the period under
study, there was an increase in loan loss provisions due to a tightening in the regulation rules by the European regulatory
authorities, we use the NPL ratio to measure the credit risk.

(ii) We consider also the ratio of RWA over total assets (De Nicolo et al., 2010; Khan et al., 2017). In a context of reduced interest
rates, the search for yield effect leads banks to adopt riskier investment strategies, increasing their exposure to risk and,
consequently, this ratio.

(iii) Lastly, we consider the Z-score’ ratio as a measure of solvency risk (Chen et al., 2017). This ratio is estimated as the sum of
current ROA with the ratio of equity to assets divided by the standard deviation of ROA (6goa ). The idea behind the Z-score is
that a bank becomes insolvent when its current losses exhaust all its equity. Thus, a lower Z-score implies a greater risk of
insolvency (Ngambou Djatche, 2019).

3.2. Interest rate environment measures

This study is concerned with the impact the adoption of NIRPs by some central banks in Europe has had on bank profitability and
risk taking. To this end, the following variables are considered: a short-term interest rate, the slope of the yield curve, and a dummy
variable reflecting whether an NIRP has been adopted or not.

For the short-term interest rate, we use the three-month interbank money market interest rate (Delis and Kouretas, 2011; Bikker
and Vervliet, 2018). We prefer an interbank money market interest rate to the central bank’s policy rate, because the former reflects
more appropriately the adoption of unconventional monetary policy measures. Making the same assumption as in the literature, that
the short-term interest rate reflects the general interest rate level, we expect i) lower interest rates to decrease banks’ net interest
margins, ii) lower interest rates to increase risk exposure, and iii) this impact to be stronger when interest rates are already low or
negative.

The slope of the yield curve, which also helps control for the effects of unconventional monetary policy measures, is approximated

! Similar measures are considered by Borio et al. (2017) and Boungou (2019).

2 All these variables are considered in our models as a percentage of total assets.

3 Because the literature indicates that the Z-score is highly skewed, we used a natural logarithmic transformation.

4 Because the sample period covered by the present investigation is relatively short, we assume that ozoa is constant and given by the standard
deviation of the ROA in the period under analysis.
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Fig. 1. Evolution of the central bank’s policy rate in European countries that adopted NIRPs (2011-2019).

by the difference between the 10-year Treasury yield and the three-month interbank money market interest rate (e.g. Borio et al., 2017;
Claessens et al., 2018). Because of the maturity transformation function performed by banks, a positive correlation is expected between
banks’ profits or net interest margins and the slope of the yield curve (Alessandri and Nelson, 2015).

Finally, to characterize the interest rate environment, we consider a dummy variable to reflect whether the central bank of the
country where the bank is based adopted an NIPR or not. Fig. 1 shows the evolution of the central bank’s policy rate® in European
countries that adopted NIRPs.

3.3. Model specifications and the estimation method

To study the effects of interest rates on bank profitability and risk taking due to the adoption of NIRPs, we consider the following
models:

Vi = Po + Py *iri—1 + P, * slope,_y + Py * NIRP,_y + 7, * Xey1 + 7, %« Wy +p; + 6 + € 1)
Vi = Qo + ay * ir_y + oy * slope,_y + a3 ¥ NIRP,_,*ir,_; + a4 % NIRP,_xslope,_y +y, * Xy_1 + 7, * Wy +p; + 6, + € (2)

where, for bank i and year t, y; alternatively represents either the bank’s profitability or risk taking measures defined above; ir;
represents the short-term interest rate; slope, represents the slope of the yield curve; NIRP, takes the value of one if the country where
the bank is based adopted an NIRP in year t, and zero otherwise; X;; and W, represent vectors of bank-specific and macroeconomic
variables, respectively; and y; and &, represent bank-specific effects and time fixed effects, respectively. In all regressions, we follow
Borio et al. (2017) and Leroy and Lucotte (2017), lagging explanatory variables by one period and including bank and time fixed effects
to mitigate potential endogeneity bias. Both equations are estimated using a fixed effect estimator, and, in the statistical inference,
robust standard errors clustered at the bank level are used to take into account autocorrelation and/or heteroscedasticity.

For the profitability models, we expect 3 < 0 in Eq. (1), meaning that the adoption of NIRPs will put pressure on the bank’s net
interest margin and profitability (Hypothesis I). Considering Eq. (2), the marginal effect of a change in the short-term interest rate on
net interest margins and profitability is given by a; — az + a3 — a4 if NIRP was implemented, and by a; — a2 if NIRP was not
implemented.® So, according to Hypothesis II, it is expected that a3 — a4 # 0, meaning that a change in short-term interest rates will
lead to a change in banks’ net interest margins and profitability, whether an NIRP was implemented or not.

For risk taking models, using similar reasoning, according to Hypothesis IV, it is expected that 3 < 0 if the risk measure is the Z-
score, and f; > 0 if the risk is measured by the NPL ratio or the ratio of RWA to total assets. According to Hypothesis V, we expect
az — 04 96 0.

To control for the possible effects of other determinants of bank profitability and risk taking, we include the following bank-specific
variables in vector Xj. First, we consider bank size, measured by the natural logarithm of total assets. According to Goddard et al.
(2004), a bank’s size positively influences its profitability through the realization of economies of scale. However, as suggested by
Demirgiic-Kunt et al. (2004), large, efficient banks could apply lower spreads to customers through increasing returns to scale. The

5 The central bank’s policy rate refers to the main deposit policy rate in most cases and to the main refinancing rate for the Riksbank. No historical
data are reported for Bulgaria due to lack of availability.

6 Remember that the variable slope; is given by the difference between the long-term interest rate and the short-term interest rate (ir;). Using Eq.
(2), the marginal effect of the short-run interest rate (ir;) on the dependent variable (y;) is given by the partial derivative of y; of the order ir,. When
an NIRP is not implemented (NIRP = 0), this effect is given by a; — a2, whereas, when NIRP is implemented (NIRP = 1), this effect is given by a; —
az+ a3 — 4.
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Table 1

NIRP announcements.
Country Central bank Policy rate Date Rate (%)
Bulgaria Central Bank of Hungary Overnight deposit rate January 2016 —0.30
Denmark Danmarks Nationalbank 1-week certificate deposit rate July 2012 —0.20
Eurozone European Central Bank Overnight deposit facility rate June 2014 -0.10
Hungary Magyar Nemzeti Bank Overnight deposit rate March 2016 —0.05
Sweden Sveriges Riksbank 1-week repo rate February 2015 —0.10
Switzerland Swiss National Bank Overnight sight deposit rate December 2014 —0.25

Sources: The central banks in question.

effect of bank size on profitability is thus unclear. The same conclusion can be drawn regarding the relationship between the bank’s size
and risk. On the one hand, managers of large banks could be tempted to adopt higher-risk policies in case governments are prepared to
bail out large problematic banks (Demirgiic-Kunt and Huizinga, 2013); on the other hand, larger banks can achieve economies of scale
that allow them to be more stable than small banks (Williamson, 1986).

We employ several variables to control for bank risk aversion, credit risk, and bank operating efficiency. We used capitalization,
measured by the ratio of equity over total assets, to proxy for bank risk aversion. Given their risk aversion, we expected that better-
capitalized banks will require higher margins and take on less risk (Berger, 1995; Bikker and Vervliet, 2018). Credit risk is measured by
the NPL ratio. We expect that banks with higher credit risk will apply a premium to margins (Molyneux et al., 2019) and exhibit higher
overall risk.” Bank management inefficiency is measured using the cost-to-income ratio. As noted by Molyneux et al. (2019), a bank’s
inefficient management translates into lower margins and profit and, consequently, more risk.

To control for the impact of bank business models, we also consider a bank’s asset composition, measured by the loans-to-asset ratio,
as a determinant of its profitability and risk taking; the bank’s funding structure, measured by the share of wholesale funding; and the
diversity of its income, measured by its non-interest income share (Bikker and Vervliet, 2018; Molyneux et al., 2019).

The banking literature suggests that the macroeconomic environment in which banks operate can have effects on their behaviour.
Thus, both the structure of the banking sector and the economic environment can affect bank profitability and risk taking. As Boungou
(2019), we considered real gross domestic product (GDP) growth and the inflation rate to characterize macroeconomic conditions. To
measure the impact of market structure on bank profitability and risk taking, we used the Herfindahl-Hirschman Index (HHI; see Chen
et al., 2017), which is measured as the sum of the squares of individual banks’ market share in total banking assets, to proxy for the
average concentration level of the banking sector. A HHI close to one indicates greater concentration.

In Table Al of the Appendix, we present a detailed description of all the variables used in the current investigation, as well as the
different sources of information used.

To analyse the research hypotheses III and VI, we first need to identify the different business models in European banking and,
second, allocate each bank in our sample to one of the identified business models. For this purpose, following the methodology adopted
by Hryckiewicz and Koztowski (2017) and Roengpitya et al. (2017), we use k-median® clustering to assign each bank to a specific
banking business model, given its asset and funding structure.

The objective of this k-median clustering is to group banks with similar asset and funding structures into the same cluster and those
with different characteristics into different clusters. The k-median approach identifies a cluster by minimizing the differences between
the individual financial variables of different banks using the Manhattan distance, as follows:

K
S = Z !x,:f - medk,-‘ 3)

k=1 x;€Cy

where K is the number of clusters, x; is the observation of the j financial variables for bank i used in the cluster analysis, C is the k th
cluster, and medy; is the median cluster k. For our analysis, we perform the grouping based on earning asset structures and liability
sources. Among bank asset structures, we distinguish the following positions: loans to customers and loans and advances to banks and
trading securities, all scaled by bank total assets. Among bank funding sources, we distinguish between customer deposits and
wholesale funding.” Additionally, because the adoption of NIRPs could cause banks to change their business model, we allow our
sample banks to modify their banking business models throughout the sample period.

To ensure a good compromise between the homogeneity within each cluster and the number of clusters selected, we use the pseudo-
F-index proposed by Calinski and Harabasz (1974) to help us decide.'® To evaluate the robustness of clustering by considering how
well the clusters are separated and how compact they are, we used the silhouette coefficient. This measure ranges from -1 to +1, where
a high value indicates that the bank is well matched to its cluster and poorly matched to neighbouring clusters (Rousseeuw, 1987).

7 In the risk taking model in which the dependent variable is the NPL ratio, for methodological reasons, this variable is not considered an
explanatory variable.

8 We prefer k-median clustering to k-mean clustering, because medians are less sensitive to outliers than means are.

9 This item includes bank deposits, debt securities, repurchase agreements, and subordinated liabilities.

10 we should select the number of clusters that maximize the pseudo-F-index.
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3.3.1. Sample description and data statistics

In our investigation, we use an unbalanced panel data of European banks, covering the period from 2011 to 2019, from the
following 29 countries: 18 countries that, at the end of 2019, belonged to the eurozone, ! Bulgaria, Croatia, the Czech Republic,
Denmark, Hungary, Norway, Poland, Romania, Sweden, Switzerland, and the United Kingdom. In these countries, six central banks
adopted NIRPs. Table 1 summarizes information on the date and level of the policy rates at which the six central banks first adopted an
NIRP.

Specific information about bank variables was obtained from Moody’s Analytics BankFocus, with all data converted to euros.
Historical information about the short-term interest rate, the 10-year Treasury yield, the GDP growth rate, and the inflation rate were
obtained from Thomson Datastream. Finally, the HHI is computed using data on banks’ total assets available from Moody’s Analytics
BankFocus database.

After excluding banks missing data or with implausible data for the variables used, we obtain a final unbalanced panel data sample
of 2596 banks,'® with 15,119 bank-year observations, 8743 corresponding to the period after the implementation of NIRPs by the
central banks.

The descriptive statistics of the variables used in the main regressions are reported in Table 2, distinguishing the pre-NIRP period
from the NIRP period. As we can see, the adoption of NIRPs by several central banks in Europe resulted in a considerable decrease in
short-term interest rates. Namely, on average, short-term interest rates fell by 143.1 basis points (bps), from 1.142 % to -0.289 %.
There was also a sharp decline in long-term interest rates from the pre-NIRP period to the NIRP period, smoothing the yield curve, with
its slope’s mean value decreasing from 2.456 to 1.375. This latter movement can be explained by the various asset purchase programs
implemented by several central banks during the period under analysis.

Because of the decrease in short-term interest rates and the slope of the yield curve, the mean value of the net interest margin
decreased by 39.9 bps from the pre-NIRP period to the NIRP period, from 2.289 % to 1.890 %. The mean value of the ROA registered
only a slight decrease, from 0.386 % to 0.342 %, from one period to the other. This less pronounced decrease in the ROA can be partly
explained by a less severe loan loss provision policy and an increase in the mean value of other operating revenues: the mean value of
loan loss provisions relative to total assets decreased from 0.365 % in the period pre-NIRP to 0.204 % in the NIRP period, while the
other operating revenues in total assets increased from 0.223 % to 0.360 %.

Looking at risk taking measures, we can conclude that banks took on less risk in the NIRP period. From the pre-NIRP period to the
NIRP period, the mean value of the natural logarithm of the Z-score, a proxy for overall bank risk, increased from 4.283 to 4.737. The
mean value of the NPL ratio, a proxy for credit risk, decreased from 6.759 % to 5.343 % from the pre-NIRP period to the NIRP period.
Lastly, the mean value of the ratio of RWA to total assets also decreased, which indicates that, on average, banks adopted less risky
investment strategies in the NIRP period. Thus, the preliminary evidence does not allow us to conclude that bank risk taking increased
with the implementation of NIRPs.

To test for the existence of unit roots in the variables of the panel data, we consider the battery of tests proposed by Choi (2001).
Because our panel data are unbalanced and contain gaps, we perform the unit-root Fisher test.'* The results allow us to reject the null
hypothesis of all panels containing unit roots and to conclude that all the series are stationary at least for some panels.

12

4. Effects of negative interest rates on bank profitability

In this section, we present the estimation results of Egs. (1) and (2) that allow us to analyse the effects of NIRP adoption on the
profitability of European banks. Table 3 shows the results for the net interest margin and the ROA. The analysis of columns (1) and (3),
namely, the estimation results obtained for the parameter f;, allow us to conclude that, in the European countries where NIRPs were
implemented, banks’ net interest margin, as well their overall profitability, measured by their ROA, suffered substantial reductions,
corroborating our research hypothesis I. We can conclude that, in the NIRP period, the net interest margin and the ROA decreased, on
average, by 14.5 bps and 18.5 bps, respectively, in line with the results obtained by Campmas (2020).

Looking at the other items that influence overall profitability (see the estimation results for parameter 5 in columns (1) and (3) of
Tables A2 and A3 in the Appendix), we can conclude that the adoption of NIRPs raised the weight of fees and commissions charged by
banks. Contrary to our expectations, in countries where NIRPs were implemented, the weight of net trading income on total assets
decreased and the weight of loan loss provisions increased. These results could be a consequence of a tightening in the regulation rules
by the European regulatory authorities in the last decade, requiring greater provisioning and less risky investment strategies. The
adoption of an NIRP was not shown to have a statistically significant impact on the weight of other operating income in a bank’s total
assets.

Turning our attention to the effect that changes in short-term interest rates can have on the net interest margin and overall
profitability, we conclude that this effect differs depending on whether an NIRP was implemented or not (see the results of the hy-

11 We did not include the banks of Estonia, because some macroeconomic data were not available.

12 We consider all commercial banks, savings banks, real estate and mortgage banks, cooperative banks, and bank holdings and holding companies
with at least two years of data. We consider consolidated accounts when available, and unconsolidated accounts for individual banks. We exclude all
domestic bank subsidiaries (to avoid data duplication) and holding companies with residual bank activity.

13 Note that the sample used is dominated by German banks, which represent 48.57% of the total number of banks, followed by Italian banks, with
16.80%.

4 To carry out this test, different versions can be used. This research uses the Py, statistic. For more details, see Choi (2001).



Table 2
Descriptive statistics.
Pre-NIRP period NIRP period

Variables Obs. Mean S.D. Min Max Obs. Mean S.D. Min Max t-Test Unit-root Fisher test
Panel A: Bank profitability measures and items
Net interest margin 6376 2.289 0.842 0.190 8.400 8743 1.890 0.669 0.150 8.440 —31.345%** 48.844**
ROA 6376 0.386 0.677 —7.650 7.070 8743 0.342 0.792 —9.450 57.910 —3.684*** 48.435%**
Panel B: Items that influence bank profitability
Net fees and commissions 6376 0.670 0.885 —1.852 38.416 8743 0.683 0.651 —0.681 21.429 0.977 66.089%**
Net trading income 6376 0.168 0.469 -1.891 13.193 8743 0.117 0.385 -2.271 11.452
Other operating revenues 6376 0.223 0.427 —2.364 9.731 8743 0.360 5.050 —3.851 401.989
Loan loss provisions 6376 0.365 0.746 —5.060 10.450 8743 0.204 0.515 -2.99 17.12
Panel C: Bank risk taking measures
Ln(Z-score) 6376 4.283 1.784 —2.407 41.686 8743 4.737 1.871 —2.305 41.734
NPL ratio 6376 6.759 7.195 0.000 58.730 8743 5.343 7.376 0.000 100.000 —11.820%** 38.725%**
RWA/total assets 6376 56.787 14.484 0.040 99.870 8743 53.066 13.648 5.880 97.880 —15.980%** 54.152%**
Panel D: Interest rate environment measures
Short-term interest rate 146 1.142 1.243 —0.027 6.867 109 —0.289 0.178 —0.955 —0.013 —13.724%** 63.636%**
Slope of the yield curve 146 2.456 2.794 —0.569 23.064 109 1.375 1.468 0.070 10.252 —3.993%%* 123.249%**
Panel E: Bank-specific variables
Size 6376 7.097 2.044 2.944 14.588 8743 6.904 1.880 2.398 14.588 60.770%**
Capitalization 6376 9.577 3.622 0.180 69.300 8743 10.189 3.655 0.900 67.540 46.542%**
Inefficiency 6376 65.752 13.337 6.430 99.930 8743 69.745 12.267 13.700 100.000 71.299%**
Liquidity 6376 20.961 15.314 0.230 94.680 8743 19.936 15.651 0.310 87.320
Share of wholesale funding 6376 25.398 17.757 0.000 96.030 8743 18.805 14.936 0.000 99.130
Asset composition 6376 62.198 15.637 2.540 97.830 8743 61.461 14.943 4.850 98.230 39.340%**
Non-interest income share 6376 32.608 12.639 0.030 98.800 8743 37.243 12.714 0.200 99.090 56.061***
Panel F: Country variables
Real GDP growth 146 1.637 2.532 -9.132 8.706 109 2.852 2.788 —0.438 25.163 72.165%**
Inflation 146 1.719 1.487 —1.545 5.789 109 0.955 1.016 -1.736 3.723
HHI 146 0.105 0.064 0.027 0.388 109 0.125 0.070 0.025 0.316

Note: The table shows the variable descriptive statistics. Panel A provides information on bank profitability, Panel B lists information about items that influence bank profitability, Panel C contains
information on bank risk taking, Panel D includes information about short-term interest rates and the yield curve, and Panel E reports bank-specific variables. Panel F shows the information on country-
specific variables. The t-test refers to the sample value of the test statistic for comparing the means in the two periods analysed. The unit-root Fisher test, proposed by Choi (2001), is used to test the null
hypothesis of all the panels containing unit roots against the alternative hypothesis of at least one panel being stationary. *, **, and *** indicate statistical significance at the 10 %, 5 % and 1 % levels,
respectively.
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Table 3
Effect of interest rates and NIRPs on the net interest margin and ROA.
Net interest margin Return on assets
(€D 2) 3) [©)]
L.Short-term interest rate 0.043 0.031 —0.300%* —0.337*%*
(0.033) (0.035) (0.146) (0.157)
L.Slope of the yield curve —0.025%* —0.019** 0.051%** 0.068**
(0.010) (0.010) (0.023) (0.027)
L.NIRP —0.145%** —0.185%**
(0.026) (0.062)
L.NIRP * Short-term interest rate 0.132%* 0.529%**
(0.067) (0.188)
L.NIRP * Slope of the yield curve 0.013 0.085
(0.009) (0.059)
L.Size —0.325%%* —0.329%%* —0.298%** —0.297***
(0.052) (0.053) (0.085) (0.084)
L.Capitalization 0.003 0.003 0.010 0.012
(0.007) (0.007) (0.010) (0.011)
L.Inefficiency —0.004*** —0.005%** 0.001 0.000
(0.001) (0.001) (0.003) (0.003)
L.NPL ratio 0.005%** 0.005** —0.007 —0.009*
(0.002) (0.002) (0.006) (0.005)
L.Share of wholesale funding —0.007%** —0.007%** 0.001 0.002
(0.001) (0.001) (0.005) (0.005)
L.Asset composition 0.010%** 0.010%** —0.017%** —0.010%**
(0.001) (0.001) (0.003) (0.002)
L.Non-interest income share —0.014%** —0.014%** —0.002 —0.002
(0.001) (0.001) (0.002) (0.002)
L.Real GDP growth 0.018%** 0.018%** 0.016* 0.009
(0.005) (0.009) (0.011)
L.Inflation * 0.034*** —0.001 —0.005
(0.007) (0.007) (0.021) (0.024)
L.HHI —0.518%* —1.256%** 0.575 —0.620
(0.248) (0.208) (0.576) (0.422)
Constant 4.526%** 4.519%** 3.251%** 3.163%**
(0.418) (0.420) (0.716) (0.694)
Research hypotheses:
H1[; =0] —2.966*
H2[as — a4 = 0] 1.735%* 2.269%*
Additional hypotheses:
ap—az =0 1.511 —2.675%**
a —az+az—ag =0 2.989%** 0.422
Number of observations 12,050 12,050 12,050 12,050
Number of banks 2562 2562 2562 2562
R-Squared 0.497 0.492 0.027 0.030
F-Test 206.66*** 191.44%** 5.71%** 5.10%**

Note: This table shows the results of the effects of the adoption of NIRPs and interest rates on banks’ net interest margins and ROA. In all regressions,
explanatory variables are lagged one period (L is a lag operator), and we include bank and time fixed effects to attenuate potential endogeneity issues.
Rows “Research hypotheses” and “Additional hypotheses” report the t-statistics for the respective null hypotheses. Robust standard errors clustered at
the bank level are reported below their coefficient estimates. *, **, and *** indicate statistical significance at the 10 %, 5 % and 1 % levels,
respectively.

pothesis testing that az — a4 = 0 in columns (2) and (4) of Table 3). This validates our research hypothesis II, and these results are in
line with those of Claessens et al. (2018) in a study on the effect of short-term interest rates on the net interest margin and the ROA,
distinguishing between low- and high-interest rate environments. Namely, it can be concluded that an additional decrease in
short-term interest rates in the NIRP period had a negative impact on banks’ net interest margins. Nonetheless, this impact was not
statistically significant in the pre-NIRP period (see the additional hypothesis rows in Table 3). Regarding the effect of a decrease in
short-term interest rates on overall profitability, as measured by the ROA, we conclude that this effect was positive in the pre-NIRP
period, not being statistically significant in the NIRP period. This is because, during the NIRP period, banks faced with a decrease
in short-term interest rates and offset the decrease in the net interest margin and the increase in provisions for loan losses with in-
creases in net fees and commissions (see the additional hypothesis rows in Tables A2 and A3 in the Appendix). In the pre-NIRP period,
the increase in ROA motivated by the decrease in short-term interest rates is partially explained by the decrease in loan loss provisions,
given the lower probability of default of borrowers when the interest rates dropped.

The other items net trading income and other operating revenues that could have an impact on the ROA as a result of a change in
short-term interest rates did not prove to be statistically significant, neither in the pre-NIRP period nor in the NIRP period (see the
additional hypothesis rows in Tables A2 and A3 of the Appendix).
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Table 4
Effect of interest rates and NIRPs on bank risk taking.
Ln(Z-score) NPL ratio RWA/total assets
@™ 2) 3) [©)] 5) (6)
L.Short-term interest rate —0.045 —0.050 1.029%* 1.117%* 1.030%* 1.131%*
(0.031) (0.033) (0.487) (0.537) (0.458) (0.461)
L.Slope of the yield curve 0.018** 0.014** —0.641%** —0.715%** 0.977%*** 0.725%**
(0.007) (0.007) (0.149) (0.167) (0.207) (0.185)
L.NIRP —-0.015 0.269 0.666
(0.014) (0.320) (0.417)
L.NIRP * Short-term int.rate 0.037 —1.425* —2.747%**
(0.040) (0.824) (0.912)
L.NIRP * Slope yield curve —0.026%** —0.425%** —1.627%***
(0.007) (0.164) (0.254)
L.Size —0.114%** —0.111%** 0.132 0.129 0.491
(0.027) (0.027) (0.493) (0.498) (0.866)
L.Capitalization 0.045%*** 0.043*** —0.042 —0.056 0.615%**
(0.005) (0.005) (0.069) (0.069)
L.Inefficiency —0.001%** —0.001%** —0.029%** —0.028%**
(0.000) (0.000) (0.007) (0.007)
L.NPL ratio —0.004** —0.003**
(0.001) (0.001) (0.038)
L.Share wholesale funding 0.001%** 0.001 0.068%** 0.064*** 0.046**
(0.001) (0.001) (0.011) (0.011) (0.020) (0.020)
L.Asset composition 0.000 0.000 0.000 —0.003 0.274%** 0.269%**
(0.001) (0.001) (0.014) (0.014) (0.028) (0.027)
L.Non-interest income share —0.001* —0.001** 0.035%** 0.034%** 0.005 0.001
(0.001) (0.001) (-0.01) (-0.01) (0.016) (0.016)
L.Real GDP growth 0.002 0.005** —0.174%** —0.134** 0.183%* 0.326%**
(0.002) (0.002) (0.067) (0.081) (0.090)
L.Inflation —0.002 0.000 —0.327%*** 0.020 (0.165)
(0.004) (0.004) (0.092) (0.097) (0.140) (0.141)
L.HHI —0.373%%* —0.240%* —17.632%** —14.218%** 8.868* 22.062%**
(0.117) (0.108) (2.677) (2.277) (4.782) (4.486)
Constant 5.091%** 5.095%** 5.906 6.371 21.499%** 22.344x**
(0.222) (0.223) (3.966) (4.023) (7.425) (7.586)
Research hypotheses:
H4 3 = 0] —1.056 0,840 1.597
H5 [a3 — a4 = 0] 1.510 —1.181 —1.205
Additional hypotheses:
ap—az =0 —2.055%* 3.597*** 0.929
a—az+az—ag =0 —0.064 1.579 —0.816
Number of observations 12,050 12,050 12,050 12,050 12,050 12,050
Number of banks 2562 2562 2562 2562 2562 2562
R-Squared 0.204 0.209 0.182 0.186 0.238 0.252
F-Test 31.74%** 36.73%** 42.387*** 44.126%** 46.01%** 48.41***

Note: This table shows the results of the effects of the adoption of NIRP and interest rates on bank risk taking. In all regressions, explanatory variables
are lagged one period (L is a lag operator), and we include bank and time fixed effects to attenuate potential endogeneity issues. Rows “Research
hypotheses” and “Additional hypotheses™ report the t-statistics for the respective hypotheses. Robust standard errors clustered at the bank level are

reported below their coefficient estimates. *, **, and *** indicate statistical significance at the 10 %, 5 %, and 1 % levels, respectively.

Discussing now the impact of the other control variables on bank profitability, we find a negative and statistically significant
relationship between the net interest margin and the ROA with bank size, indicating that larger banks present lower levels of prof-
itability. We also conclude that less efficient banks, where the wholesale funding share is greater and with high diversification in
income sources, have lower net interest margins, in line with our expectations. Banks with a higher level of credit risk exposure have
higher net interest margins as expected. Asset composition, measured by the weight of loans to customers in total assets, positively
influences the net interest margin, but negatively influences the ROA. This means that banks more oriented towards lending to their
customers have a lower ROA.

In terms of the effects that macroeconomic variables have on banks’ net interest margins, we conclude that both economic growth
and inflation have, as expected, a positive effect on the net interest margin. Contrary to expectations, we find that, in countries with
higher levels of bank concentration, the net interest margin is lower. The macroeconomic variables considered in the study do not have
a statistically significant influence on overall profitability.

5. Effects of negative interest rates on bank risk taking

Table 4 presents the estimation results of Egs. (1) and (2) that allow for the analysis of the effect of the adoption of NIRPs on bank
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Table 5
Business model identification based on banks’ asset structures and their sources of financing.

Business model

Variable

Model I Model I Model IIT Model IV
Variables used in the cluster analysis (% of total assets):
Loans to customers 63.62 76.60 53.03 51.41
Loans and advances to banks 8.40 5.58 7.26 31.45
Trading securities 22.11 13.45 35.25 12.04
Customer deposits 43.40 72.06 76.89 77.46
Wholesale funding 41.69 15.58 10.80 9.74
Other variables (% of operational revenues except for total assets):
Total assets (in millions €) 71,320 8419 3715 6744
Net interest margin 61.10 67.96 64.03 60.94
Net fees and commissions 22.49 21.30 22.70 26.17
Net trading income 10.54 1.67 3.17 3.18
Other operational revenues 5.87 9.07 10.11 9.71
Number of banks 628 1288 1180 355

Note: This table shows the mean values of the variables listed for each business model.

risk taking. As can be seen, regardless of the risk taking indicator considered, we verify that the adoption of NIRPs in some European
countries did not have any impact on bank risk taking. These results do not allow us to validate our research hypothesis IV, indicating
that the adoption of NIRPs in some countries in Europe did not lead banks to adopt riskier investment strategies.

The analysis of the estimation results presented in columns (2), (4), and (6) in Table 4 allows the following conclusions to be drawn:

15 In the pre-NIRP period, a decrease in short-term interest rates had a positive effect on the Z-score and a negative effect on the
NPL ratio, both statistically significant at the 5 % significance level.'® In the same period, the short-term interest rate did not
have a statistically significant effect on the ratio of RWA to total assets. This means that, in an environment of low but positive
interest rates, further decreases in short-term interest rates decrease the probability of default of borrowers on bank loans,
decreasing credit risk, as measured by the NPL ratio and the solvency risk of the bank measured by the Z-score. In this context,
there seems to be no evidence of the so-called search for yield effect and loosening lending standards.

16 In the NIRP period, a decrease in short-term interest rates has no statistically significant effect on the Z-score, NPL ratio, or the
ratio of RWA to total assets.'® This means that, in an environment of negative interest rates, additional decreases in short-term
interest rates do not lead banks to take on more risk.

The conclusions above partially confirm research hypothesis V, since a decline in short-term interest rates, in a context in which
they are still in positive territory, reduces the solvency and credit risks, while the same is not true when interest rates are in negative
territory. However, when we test if a3 — as = 0, we do not reject the null hypothesis for the three indicators of risk taking used,
allowing us to conclude that the effect of a change in interest rates on bank risk taking is not different, whether an NIRP is implemented
or not. This contradiction in the results can be partly explained by the fact that, when short-term interest rates are positive, the slope is
higher than when they are negative and by the presence of multicollinearity.

Looking at the effect of the other control variables on banks’ risk taking, we can conclude that smaller banks, which are better
capitalized, more efficient, less exposed to non-interest income and credit risk, show greater financial stability, as measured by the Z-
score, which is in line with our expectations. We also conclude that banks that operate in more concentrated markets exhibit less
financial stability.

Regarding exposure to credit risk, as measured by the NPL ratio, we conclude that the most efficient banks have lower credit risk,
while banks with a higher share of wholesale funding and non-interest income are more exposed to default’s risk. Economic growth,
inflation, and increased banking concentration have a positive, statistically significant effect on credit risk, decreasing the NPL ratio.

Lastly, we can conclude that banks that are better capitalized, more exposed to credit risk, and with high loan-to-asset ratios follow
riskier investment strategies, as measured by RWA over total assets. Higher economic growth and greater banking concentration also
lead to greater risk taking by banks.

6. Effects of NIRPs on different bank business models

To study whether the effects of implementing an NIRP on profitability and risk taking depend on the business model adopted by the
bank, we used the methodology described in Section 3. Based on banks’ asset structures and their sources of financing, using cluster
analysis, we conclude that the optimal number of business models to use in our sample is four. These four business models are
characterized in Table 5 by the set of characteristics listed there. We designate the four business models as follows.

15 The null hypothesis a; — a; = 0 is rejected at the 5% significance level for the Ln(Z-score) and NPL ratio variables.
16 The null hypothesis a1 — a2 + a3 — a4 = 0 is not rejected at the 10% significance level for the variables Ln(Z-score), NPL ratio, and RWA to total
assets.
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Table 6
Effect of interest rates and NIRPs on the net interest margin and ROA by business model.
Net interest margin Return on assets
Bank business model Explanatory variables
@ 2) 3) [€)]
L.Short-term interest rate 0.129* 0.118 0.203** 0.223**
(0.070) (0.074) (0.099) (0.106)
L.Slope of the yield curve 0.017 0.011 0.155%** 0.148%**
(0.018) (0.019) (0.044) (0.038)
L.NIRP 0.095 —-0.011
(0.058) (0.082)
L.NIRP * Short-term interest rate —0.066 —0.049
(0.142) (0.211)
Investment-oriented banks, type I L.NIRP * Slope of the yield curve 0.029** 0.083**
(0.014) (0.038)
Research hypotheses:
H1 [; = 0] 1.639 —0.135
H2 [a3 — a4 = 0] —0.661 —0.594
Additional hypotheses:
o —az =0 1.619 0.727
o —axt+az—ag =0 0.110 -0.327
Number of observations 2481 2481 2481 2481
L.Short-term interest rate —0.041 —0.061 0.050 0.044
(0.047) (0.049) (0.079) (0.088)
L.Slope of the yield curve —0.016 —0.012 0.036 0.045
(0.021) (0.021) (0.062) (0.060)
L.NIRP —0.055
(0.032) (0.052)
L.NIRP * Short-term interest rate 0.155%** 0.162
(0.063) (0.121)
Retail-oriented banks L.NIRP * Slope of the yield curve —0.033* 0.139
(0.017) (0.103)
Research hypotheses:
H1 [ = 0] —5.110%%* -1.070
H2 [a3 — a4 = 0] 2.817%%* 0.188
Additional hypotheses:
a —ay =0 —1.124 —0.006
ar—az+az—ag =0 2.231%* 0.265
Number of observations 4313 4313 4313 4313
L.Short-term interest rate 0.042 0.013 -0.218 —0.301
(0.066) (0.069) (0.197) (0.224)
L.Slope of the yield curve —0.048%** —0.031 0.028 —0.010
(0.018) (0.019) (0.047) (0.049)
L.NIRP —0.226%** -0.279
(0.205)
L.NIRP * Short-term interest rate 0.062 0.488
(0.181) (0.367)
Investment-oriented banks, type II 0.040 —0.1507
(0.027) (0.048)
Research hypotheses:
H1 [p; = 0] ~1.631
H2 [o3 —as = 0] 0.118 1.702*
Additional hypotheses:
a—az =0 0.679 -1.315
a —ax+az—ag =0 0.370 1.378
Number of observations 4305 4305 4305 4305
L.Short-term interest rate 0.207%** 0.176%** -0.211 —0.302
(0.057) (0.067) (0.256) (0.253)
L.Slope of the yield curve 0.017 0.051* 0.124 0.156**
(0.029) (0.030) (0.075) (0.075)
L.NIRP —0.322%** —-0.326
(0.114) (0.740)
Interbank lending-oriented banks L.NIRP * Short-term interest rate 0.596%** 1.045
(0.244) (0.655)
L.NIRP * Slope of the yield curve —0.103%** —0.040
(0.020) (0.057)
Research hypotheses:
H1 [p3 = 0] —0.441

2.870%** 1.638

(continued on next page)
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Table 6 (continued)

Net interest margin Return on assets
Bank business model Explanatory variables
@® (2 3 ()]
H2 [a3 — a4 = 0]
Additional hypotheses:
a —az =0 1.631 —1.755*
a—az+az—ag =0 3.786%** 1.015
Number of observations 951 951 951 951

Note: This table shows the (partial) results of the effects of the adoption of NIRPs and interest rates on banks’ net interest margins and ROA by business
model. In all regressions, explanatory variables are lagged one period (L is a lag operator), and we include bank and time fixed effects to attenuate
potential endogeneity issues. Rows “Research hypothesis” and “Additional hypothesis” report the t-statistics for the respective hypotheses. Robust
standard errors clustered at the bank level are reported below their coefficient estimates. *, **, and *** indicate statistical significance at the 10 %, 5
%, and 1 % levels, respectively.

- Investment-oriented banks, type I (Model I): Large banks with diversified funding sources that engage in substantial trading
activities and whose trading income has a relatively high weight on operational revenues.

Retail-oriented banks (Model II): Midsize banks whose main source of financing is customer deposits and that are highly oriented
towards lending to customers. Their major sources of operating revenues are net interest margins and net fees and commissions.
Investment-oriented banks, type II (Model III): Small banks whose main source of financing is customer deposits and that
engage in substantial trading activities. Their major sources of operating revenues are net interest margins and net fees and
commissions.

Interbank lending-oriented banks (Model IV): Midsize banks whose main source of financing is customer deposits and that are
highly oriented towards lending to other banks. Their major sources of operating revenues are net interest margins and net fees and
commissions.

After identifying the different bank business models in our sample, we study the effects of the implementation of NIRPs on the
profitability and risk taking of each model. Regarding the effects of short-term interest rates and NIRPs on profitability, Table 6 reports
the (partial) estimation results of Egs. (1) and (2) for the net interest margin (columns (1) and (2)) and the ROA (columns (3) and (4).

Looking at the effects of the implementation of NIRPs in some European countries, we can conclude that, except for investment-
oriented banks (type I), all other banks saw their net interest margin decrease (in columns (1) and (3) of Table 6, see the results for the
hypothesis test of f3 = 0). In particular, it appears that the greater the weight of customer deposits in the bank’s financing, the greater
the negative impact on the bank’s net interest margin. In interbank lending-oriented banks, where customer deposits represent, on
average, 77.46 % of funding sources and loans and advances to banks represent 31.45 % of investments, the net interest margin, on
average, dropped by 32.2 bps as a result of the implementation of the NIRP. This happened because banks that adopt this business
model were forced to lower interest rates on bank loans without being able to lower interest rates on customer deposits, given their
reluctance to lower the latter to negative values. It can also be seen that, when interest rates are already in negative territory, an
additional drop puts greater pressure on the net interest margin of retail- and interbank lending-oriented banks (in columns (2) and (4)
of Table 6, see the results for the hypothesis test of a; — az + as —aq = 0).

In analysing the effect of interest rates and NIRPs on overall profitability, as measured by the ROA, there seems to be no difference
between the pre-NIRP period and the NIRP period across different bank business models.'”

Table 7 reports the (partial) estimation results of Egs. (1) and (2) for the effects of short-term interest rates and NIRPs on bank risk
taking. Looking at the research and additional hypothesis rows in columns (1) and (2), we can conclude that the adoption of NIRPs did
not affect banks’ financial stability, as measured by the Z-score, regardless of their business model. Only for interbank lending-oriented
banks can we conclude that the effect of short-term interest rates on banks’ financial stability, as measured by the Z-score, differs
depending on whether an NIRP was implemented or not. Namely, we find that decreases in short-term interest rates increase financial
stability when these rates are positive and have no impact when they are already negative.

We also conclude that the adoption of NIRPs did not have a different impact on the credit risk of the different bank business models
identified (see the research hypothesis and additional hypothesis rows in columns (3) and (4) of Table 7). Only for investment-oriented
banks of type II and for interbank lending-oriented banks can we conclude that a decrease in short-term interest rates causes a decrease
in credit risk when interest rates are positive, which does not happen when they are already negative. For investment-oriented banks of
type I, we can conclude that, when the interest rates are negative, a decrease in short-term interest rates leads to a decrease in credit
risk. However, the same is not true when the interest rates are positive.

Lastly, looking at column (5) of Table 7, we can conclude that, in the NIRP period, investment-oriented banks (type I) and interbank

17 For the four bank business models considered, we concluded that, for the conventional significance levels, the null hypothesis of 5 = 0 is not
rejected. The hypothesis of a3 — a4 = 0 is only rejected if we consider a significance level of 10% and for Investment-oriented banks type II. For the
others business models, that hypothesis was never rejected [in columns (2) and (4) of Table 6, see results for the hypothesis tests of a3 — as = 0].
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Table 7
Effect of interest rates and NIRPs on bank risk taking by business model.
Ln(Z-score) NPL ratio RWA/total assets
Business model Explanatory variables
1) (2) 3) 4 %) 6)
L.Short-term interest rate 0.014 0.014 —1.032 —1.291 0.414 0.438
(0.020) (0.020) (0.725) (0.799) (1.002) (1.000)
L.Slope of the yield curve 0.023* 0.024* —1.811%*** —1.803%** 0.383 0.324
(0.012) (0.013) (0.273) (0.259) (0.474) (0.501)
L.NIRP —0.007 —0.066 2.780%**
(0.031) (0.618) (1.008)
L.NIRP * Short-term interest rate —0.001 2.245 —5.882%**
(0.078) (1.752) (2.579)
Investment-oriented banks, type I L.NIRP * Slope of the yield curve —0.014 0.142 —0.681
(0.014) (0.274) (0.477)
Research hypotheses:
H3 [f3 = 0] ~0.220 ~0.108 2.757%%%
H4 (a3 —aq = 0] 0.162 1.188 —1.997++
Additional hypotheses:
a—az =0 —0.063 0.659 0.133
o —azt+az—ag =0 0.035 1.762* —2.041%*
Number of observations (Banks) 2481 2481 2481 2481 2481 2481
L.Short-term interest rate 0.026 0.027 0.088 0.013 1.311%** 1.125*%
(0.018) (0.021) (0.418) (0.493) (0.641) (0.682)
L.Slope of the yield curve 0.022* 0.021* —0.028 —0.041 0.835%** 0.759%*
(0.013) (0.012) (0.325) (0.329) (0.360) (0.363)
L.NIRP 0.008 -0.136 —0.960*
(0.012) (0.254) (0.531)
L.NIRP * Short-term interest rate —0.029 0.282 —0.064
(0.025) (0.640) (1.035)
Retail-oriented banks L.NIRP * Slope of the yield curve —0.022* —0.269 —1.983%**
(0.013) (0.252) (0.436)
Research hypotheses:
H3 [ = 0] 0.710 ~0.536 -1.807*
H4 [a3 — a4 = 0] —0.253 0.816 1.700*
Additional hypotheses:
a—az =0 0.339 0.122 0.562
o —azt+az—ag =0 —0.040 1.359 2.265%*
Number of observations 4313 4313 4313 4313 4313 4313
L.Short-term interest rate —0.021 —0.042 1.089 1.307* —0.488 —0.639
(0.050) (0.060) (0.681) (0.740) (0.707) (0.684)
L.Slope of the yield curve 0.016 —0.004 -0.217 —0.265 1.421%** 0.874**
(0.012) (0.012) (0.305) (0.321) (0.404) (0.409)
L.NIRP —-0.070 0.896 —-0.019
(0.058) (1.107) (0.677)
L.NIRP * Short-term interest rate 0.031 —2.164 —2.150
(0.099) (2.086) (1.837)
Investment-oriented banks, type II L.NIRP * Slope of the yield curve —0.073%** -0.121 —1.941%**
(0.013) (0.284) (0.431)
Research hypotheses:
H3 [ = 0] ~1.202 0.809 -0.028
H4 [a3 — a4 = 0] 1.014 —0.969 -0.118
Additional hypotheses:
a—az =0 —0.705 2.541%* —2.306%*
o —azt+az—ag =0 1.046 —0.265 —0.992
Number of observations 4305 4305 4305 4305 4305 4305
L.Short-term interest rate —0.016 —0.029 3.942%** 4.266%** 0.501 2.091
(0.053) (0.056) (1.937) (2.312) (1.379) (1.843)
L.Slope of the yield curve 0.057%* 0.068%* —0.533 —0.468 2.170* 2.122%
(0.026) (0.027) (0.488) (0.489) (1.121) (1.171)
L.NIRP -0.107 —0.782 4.865%*
(0.113) (2.824) (2.246)
Interbank lending-oriented banks L.NIRP * Short-term interest rate 0.207* —2.387 —9.640
(0.112) (6.293) (6.132)
L.NIRP * Slope of the yield curve —0.029%* —0.540 —1.471%**
(0.014) (0.349) (0.543)
Research hypotheses:
H3 [ = 0] -0.953 -0.277 2.166**
1.994%* —0.294 —1.338

(continued on next page)
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Table 7 (continued)

Ln(Z-score) NPL ratio RWA/total assets
Business model Explanatory variables

@ @ 3) @ 5 (6)
H4 (a3 — as = 0]
Additional hypotheses:
a—az =0 —1.710% 1.954* —0.014
a —az+az—ag =0 1.455 0.616 —1.429
Number of observations 951 951 951 951 951 951

Note: This table shows the partial results of the effects of the adoption of NIRPs and interest rates on bank risk taking by business model. In all
regressions, explanatory variables are lagged one period (L is a lag operator), and we include bank and time fixed effects to attenuate potential
endogeneity issues. Rows “Research hypotheses” and “Additional hypotheses” report the t-statistics for the respective hypotheses. Robust standard
errors clustered at the bank level are reported below their coefficient estimates. *, **, and *** indicate statistical significance at the 10 %, 5 %, and 1 %
levels, respectively.

lending-oriented banks adopted riskier investment strategies,'® in line with the idea of search for yield presented by Rajan (2005). On
the contrary, in the NIRP period, retail-oriented banks implemented less risky strategies. Regarding column (6), we also verify that,
when interest rates are already in negative territory, an additional drop leads investment-oriented banks (type I) to increase their risk
exposure, while retail-oriented banks reduce their risk exposure.'® When interest rates are in positive territory, we verify that, if
short-term interest rates decline, investment-oriented banks of type II increment their risk exposure.?’

From the analysis, we can conclude for research hypotheses III and VI that the effect of an NIRP on the net interest margin and the
risk associated with the investment strategy adopted, measured by the RWA to total assets, is influenced by the business model adopted
by the bank. With regard to overall profitability, credit risk, and financial stability, that dependency is not so evident.

7. Conclusions

Since 2012, several central banks have implemented NIRPs, with the intention of boosting economic activity and fighting low
inflation rates, by facilitating an increase in the supply of bank loans. These policies generated controversy, with the most sceptical
pointing to several factors that could affect bank financial stability and raising doubts about the transmission mechanism from negative
policy rates to higher levels of bank lending.

This investigation studies the effect of negative interest rates on bank profitability and risk taking. Using a sample of 2596 banks
from European countries over the period 2011-2019, we conclude that NIRP implementation lowered the net interest margin of a
representative bank by 14.5 bps. Despite the rise in the weight of fees and commissions charged by banks, the decrease of the weight of
net trading income and the increase of the weight of loan loss provisions led the overall profitability of a representative bank, as
measured by the ROA, to decrease by 18.5 bps.

We also conclude that, when interest rates were already negative, a decrease in short-term interest rates lowered the net interest
margin, but did not affect the ROA. In this scenario, banks tried to compensate for the decrease in the net interest margin with a more
pronounced increase in net fees and commissions. When interest rates were in positive territory, decreases in short-term interest did
not affect the net interest margin, but increased the ROA, given the lower loan loss provisions.

Despite the negative effect that the implementation of NIRP had on the net interest margin, we do not find that European banks, on
average, increased risk taking. We also conclude that, in an environment of negative interest rates, additional decreases in short-term
interest rates did not lead banks to take on more risk; that is, there is no evidence of the search for yield effect.

Based on banks’ asset structures and their sources of financing, using cluster analysis, we identify four different business models:
investment-oriented banks (type I), retail-oriented banks, investment-oriented banks (type II), and interbank lending—oriented banks.

Our study leads us to conclude that, except for investment-oriented banks (type I), all other banks saw their net interest margin
decrease with the implementation of NIRPs. This is particularly true for those banks whose main source of finance was retail deposits.
We also conclude that, when interest rates were already in negative territory, an additional drop put greater pressure on the net interest
margin of retail- and interbank lending-oriented banks. Looking at the effect of interest rates and NIRPs on the ROA, we find no
differences between the pre-NIRP period and the NIRP period across different bank business models.

The analysis also allows us to conclude that the implementation of NIRPs did not affect bank financial stability or credit risk,
regardless of the bank business model. Lastly, we conclude that investment-oriented banks (type I) and interbank lending-oriented
banks adopted riskier investment strategies, while retail-oriented banks adopted less risky investment strategies.

The empirical results of this study suggest that the regulatory and supervisory entities of European banking systems should give
special emphasis to the monitoring of the profitability and risk taking of those bank that were the most affected by the introduction of
NIRPs.

18 For these two groups of banks, we conclude that the parameter f3, is statistically significant and its estimate is positive, which allows us to
conclude that those banks in the NIRP period adopted riskier investment strategies.

19 For these two groups of banks and for conventional significance levels, we reject the null hypothesis of a; — az + a3 — as = 0.

20 For this group of banks and for conventional significance levels, we reject the null hypothesis of a; — as = 0.
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Appendix A
Table Al
Variables definitions and data sources.
Variable Units Description Source
Bank profitability:
Net interest margin percentage Difference between interest-earning assets and interest-bearing liabilities, divided by BankFocus database
total earning assets
Return on assets percentage Net income divided by total assets BankFocus database
Net fees and percentage Net fees and commissions divided by total assets BankFocus database
commissions
Net trading income percentage Net trading income divided by total assets BankFocus database
Other operating percentage Other operating revenues divided by total assets BankFocus database
revenues
Loan loss provisions percentage Loan loss provisions divided by total assets BankFocus database
Bank risk-taking:
Ln(Z-score) logarithm The Z-score is computed as the ratio between the ratio of the sum of the expected ROA  BankFocus database and
and equity to total assets and the standard deviation of the ROA own calculations
NPL ratio percentage NPL divided by gross loans BankFocus database
RWA/Total assets percentage RWA divided by total assets BankFocus database
Bank-specific variables:
Size logarithm Natural logarithm of total assets BankFocus database
Capitalization percentage Equity divided by total assets BankFocus database
Inefficiency percentage Cost-to-income ratio, computed as the ratio of operating expenses on the net operating ~ BankFocus database
income
Liquidity percentage Liquid assets divided by total assets BankFocus database
Share of wholesale percentage Wholesale funding divided by total funding BankFocus database
funding
Asset composition percentage Loans and advances to customers divided by total assets BankFocus database
Non-interest income percentage Non-interest income divided by operating revenues BankFocus database

share

Interest rate environment measures:

Short-term interest
rate

Slope of yield curve

NIRP

Country variables:
Real GDP growth
Inflation

HHI (assets)

percentage

percentage
Dummy
variable

percentage
percentage
units

3-month interbank rate

Difference between the 10-year Treasury yield and the 3-month interbank rate
Takes the value of 1 if an NIRP was adopted, and O otherwise

Yearly growth rate of the real GDP
Yearly growth rate of the consumer price index
Measure of market concentration

Thomson Datastream

Thomson Datastream
Central banks

Thomson Datastream
Thomson Datastream
BankFocus database and
own calculations

17



M.C. Lopez-Penabad et al. Research in International Business and Finance 60 (2022) 101597

Table A2
Effect of interest rates and NIRPs on net fees and commission income and net trading income.
Net fees and commissions Net trading income
(€] 2) 3 [€)]
L.Short-term interest rate 0.012 0.025 0.027 0.027
(0.014) (0.015) (0.020) (0.021)
L.Slope of the yield curve 0.005 0.003 0.031%** 0.017*
(0.007) (0.007) (0.009) (0.009)
L.NIRP 0.081%** —0.052%**
(0.022) (0.017)
L.NIRP * Short-term interest rate —0.134%*** —0.125%**
(0.038) (0.042)
L.NIRP * Slope of the yield curve 0.007 —0.106%**
(0.009) (0.015)
L.Size —0.055 —0.056* 0.043 0.045
(0.034) (0.034) (0.050) (0.048)
L.Capitalization 0.015 0.015 0.014** 0.010*
(0.015) (0.015) (0.006) (0.006)
L.Inefficiency 0.000 0.000 —0.002%** —0.002%**
(0.001) (0.001) (0.000) (0.000)
L.NPL ratio 0.004** 0.004%* —0.004* —0.002
(0.002) (0.002) (0.002) (0.002)
L.Share of wholesale funding —0.003** —0.003** —0.021%** —0.011**
(0.001) (0.001) (0.005) (0.004)
L.Asset composition 0.000 0.000 —0.003** —0.003**
(0.001) (0.001) (0.001) (0.001)
L.Non-interest income share 0.001** 0.002%* 0.005%*** 0.004***
(0.001) (0.001) (0.001) (0.001)
L.Real GDP growth 0.007* 0.005 —0.021%** —0.011**
(0.004) (0.004) (0.005)
L.Inflation 0.003 0.001 —0.030%**
(0.004) (0.005) (0.006) (0.006)
L.HHI —0.065 0.211 —0.538%** —0.123
(0.257) (0.194) (0.163) (0.138)
Constant 0.819%** 0.829%** —0.122 —0.063
(0.292) (0.293) (0.410) (0.403)
Research hypotheses:
H1[ps = 0] 3.727%%* —3.048 %%
H2[as — a4 = 0] —3.723%%* ~0.458
Additional hypotheses:
ap—ay =0 1.474 0.500
ap —az+az—as =0 —3.350%** —0.256
Number of observations 12,050 12,050 12,050 12,050
Number of banks 2562 2562 2562 2562
R-Squared 0.038 0.037 0.102 0.126
F-Test 11.83%** 11.06%** 23.71%*%* 25.70%**

Note: This table shows the results of the effects of the adoption of NIRPs and interest rates on net fees and commissions income and net trading
income. In all regressions, explanatory variables are lagged one period (L is a lag operator), and we include bank and time fixed effects to attenuate
potential endogeneity issues. Rows “Research hypotheses” and “Additional hypotheses” report the t-statistics for the respective hypotheses. Robust
standard errors clustered at the bank level are reported below their coefficient estimates. *, **, and *** indicate statistical significance at the 10 %, 5
%, and 1 % levels, respectively.

Table A3
Effect of interest rates and NIRPs on other operating revenues and loan loss provisions.
Other operating revenues Loan loss provisions
m 2) ®3) [€)]
L. Short-term interest rate —0.121 —0.140 0.208%*** 0.342%**
(0.106) (0.123) (0.095) (0.100)
L.Slope of the yield curve —0.206 —0.222 -0.013 —0.041*
(0.163) (0.175) (0.021) (0.024)
L.NIRP —0.321 0.103**
(0.239) (0.049)
L.NIRP * Short-term interest rate —0.003 —0.748%**
(0.075) (0.139)
L.NIRP * Slope of the yield curve -0.176 —0.180%**

(continued on next page)
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Table A3 (continued)

Other operating revenues Loan loss provisions
@ (2) 3) 4
(0.131) (0.057)
L.Size —0.159* —0.160* 0.259%** 0.254%**
(0.082) (0.082) (0.082) (0.080)
L.Capitalization 0.003 —0.003 0.008 0.003
(0.005) (0.009) (0.012) (0.013)
L.Inefficiency 0.003*** 0.003*** —0.003*** —0.003***
(0.001) (0.001) (0.001) (0.001)
L.NPL ratio 0.001 0.004 0.000 0.004
(0.002) (0.003) (0.006) (0.005)
L.Share of wholesale funding 0.003 0.002 0.009* 0.007%**
(0.003) (0.002) (0.002) (0.003)
L.Asset composition 0.000 —0.002 0.013%** 0.012%**
(0.002) (0.002) (0.003) (0.002)
L.Non-interest income share 0.001 —0.001 —0.001 —0.001
(0.001) (0.003) (0.001) (0.001)
L.Real GDP growth —0.155 —0.136 —0.031%** —0.014*
(0.119) (0.105) (0.007) (0.008)
L.Inflation 0.087 0.109 —0.012 0.003
(0.068) (0.084) (0.018) (0.017)
L.HHI 8.890 8.530 —0.686* 0.636*
(6.836) (6.561) (0.388) (0.361)
Constant 1.265%* 1.359*%* —2.484%** —2.322%%*
(0.597) (0.655) (0.695) (0.669)
Research hypotheses:
H1 [f; = 0] ~1.340 2.079%*
H2 [a3 — aq = 0] 1.022 —4.145%%x
Additional hypotheses:
a —az =0 1.386 3.862%**
a—az+az—as =0 1.157 —2.323**
Number of observations 12,050 12,050 12,050 12,050
Number of banks 2562 2562 2562 2562
R-Squared 0.007 0.008 0.095 0.123
F-Test 2.00%** 2.02%%* 16.61%** 16.69%**

Note: This table shows the results of the effects of the adoption of NIRPs and interest rates on other operating revenues and loan loss provisions. In all
regressions, explanatory variables are lagged one period (L is a lag operator), and we include bank and time fixed effects to attenuate potential
endogeneity issues. Rows “Research hypotheses” and “Additional hypotheses” report the t-statistics for the respective hypotheses. Robust standard
errors clustered at the bank level are reported below their coefficient estimates. *, **, and *** indicate statistical significance at the 10 %, 5 %, and 1 %
levels, respectively.
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