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ABSTRACT
This paper studies the effect of Negative Interest Rates Policies (NIRP) on the perfor-
mance of Eurozone Banks. To this end, we apply a stochastic frontier analysis (SFA)
to a sample of 1446 banks from Eurozone countries for the time period 2010–2018 to
explore how bank profit and cost efficiency are affected by NIRP. We find that NIRP has
a positive effect on profit efficiencywhich ismainly attributed to banks’ efforts to coun-
terbalance the squeezed interest margins by increasing their non interest income and
we also demonstrate that smaller banks and banks facing higher competition aremore
incentivised to enhance their cost efficiency when they operate under NIRP.

ARTICLE HISTORY
Received 3 May 2023
Accepted 30 May 2024

KEYWORDS
Bank performance; negative
interest rate policy; profit
efficiency; cost efficiency

1. Introduction

In the wake of the 2008 global financial crisis, a number of central banks attempted to stimulate their economies
and boost inflation by lowering policy rates below zero. In 2014 the European Central Bank (ECB) reduced for
the first time the deposit facility rate (DFR) below zero by 10 basis points and by September 2019 the DFR stood
at minus 0.5%. The negative DFR implies that banks pay 0.5% per annum on the excess reserves they hold in
the Eurosystem’s deposit facility, potentially exerting pressure on their net interest margins. Banks are a crucial
component of the monetary transmission process and consequently the impact of the Negative Interest Rates
Policies (NIRP) on their performance is an extremely important research question from both an academic and
policy perspective.1

The impact of NIRP on bank performance is a controversial topic, with conflicting results in the extant lit-
erature. As discussed later in the literature review, NIRP can have both negative and positive effects on bank
performance, making the overall direction of the effect theoretically ambiguous. In the extant literature the
impact of NIRP on bank performance has been examined using traditional profitability ratios such as return on
equity (ROE), return on assets (ROA) or other financial statement data related to loan volume and profits.

In this paper, we take a different approach by employing frontier analysis to investigate the effect of nega-
tive interest rate on bank performance. Specifically, we use both profit and cost efficiency as measures of bank
performance. By complementing the analysis of NIRP’s impact on profit efficiency with an examination of cost
efficiency, we gain additional insights into how banks respond to NIRP.

There is an extended literature in banking that endorses the merits of frontier efficiency measures over
simple accounting ratios for measuring banking performance (Arbelo, Arbelo-Perez, and Perez-Gomez 2020;
Berger, Hasan, and Zhou 2009), and views banks as financial intermediaries that transform funds (inputs)
to credit (output) to make a profit. Frontier efficiency measures are considered superior to the traditional
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accounting measures because they benchmark each bank’s relative performance against the ‘best practice fron-
tier’, providing a numerical score that allows for objective performance comparisons (Berger and Humphrey
1997; Berger and Mester 1997). Unlike a narrow focus on accounting outcomes such as profitability, these mea-
sures take into account both the inputs and outputs of the entire production process. In other words, unlike
traditional accounting measures, frontier efficiency accounts for differences in managerial ability across banks
in maximizing revenues and/or controlling costs (Berger, Hunter, and Timme 1993). Therefore, a plausible
explanation for the conflicting results, documented in the literature, regarding the impact of NIRP on bank
performance could be due to the use of traditional accounting measures as proxies of bank performance.

Bank profit efficiency is not a single dimensional concept and is driven by inefficiencies in both cost and
revenue side. Note that a cost efficient bank is not necessarily also profit efficient. For instance, a bank could
attain high cost efficiency attributed to various factors, such as large economies of scale, lower input prices and
the businessmodel employed with regards to the use of inputs that significantly contribute to cost minimization.
Nevertheless, the same bank could adopt a poor pricing policy or a wrong product composition, resulting in a
lower level of profit efficiency compared to its corresponding cost efficiency level. Therefore, both profit and cost
efficiency are useful measures for understanding bank performance and providing additional insights into how
banks respond to NIRP.

To achieve our aim, we use a sample of 1446 banks from all Eurozone countries spanning the years 2010–2018
and employ the Stochastic Frontier Analysis (SFA) to measure the profit and cost efficiency of the Eurozone
banks. In particular, we use the Battese and Coelli (1995) model which allows for the joint estimation of param-
eter values for the stochastic production function and the determinants of bank (in)efficiency in a single-step.
The single-step SFA approach, as indicated by prior studies (Battese and Coelli 1995; Kumbhakar, Parmeter, and
Zelenyuk 2022; Wang and Schmidt 2002), yields consistent estimates in contrast to the two-step approach. The
model includes various bank and macroeconomic covariates as plausible determinants. An indicator variable
that captures the enactment of NIRP is also included. This allows for comparisons of bank efficiency to be made
between the period before the policy rate was lowered below zero and the subsequent period.

The principal findings are as follows. Unconventional monetary policy affects bank efficiency. Specifically,
the reduction of the main policy rate below zero results in improved profit and cost efficiency for the Eurozone
banks under consideration. Furthermore, an examination of the drivers of the positive correlation betweenNIRP
and profit efficiency uncovers that the correlation hinges on the strategies adopted by banks to counteract their
squeezed interest margins. We provide evidence that the favourable impact of NIRP on profit efficiency can
be primarily attributed to the increase in banks’ non-interest income (e.g. fees), followed by a rise in securities
investments.We also find that smaller banks and those facing higher competition aremoremotivated to enhance
cost efficiency when operating under NIRP.

Our study contributes to the extant literature that investigates the impact of NIRP on bank performance. The
results emanating from this literature are rather mixed. As we explain in more detail in Section 2, the first strand
of the literature highlights the adverse effects of NIRP on bank performance. This is primarily attributed to the
lower bound constraint on deposits that leads to a squeeze in the net interest margin (e.g. Borio, Gambacorta,
and Hofmann 2017; Claessens, Coleman, and Donnelly 2017). In contrast, the second strand presents evidence
suggesting that banks counterbalance or mitigate the negative effects on net interest margin by adopting alter-
native strategies. These strategies include increasing fees (Altavilla et al. 2019; Arce et al. 2018; Lopez, Rose, and
Spiegel 2018), enhancing their risk profile (Arce et al. 2018; Boungou 2019) or experiencing positive effects on
loan loss provisions (Altavilla, Boucinha, and Peydró 2018). We extend this literature by examining the effect
of NIRP on bank efficiency, differentiating our approach from existing studies that primarily rely on account-
ing measures of bank performance. Our approach offers significant advantages over simple accounting ratios
in gauging bank performance. In line with certain prior empirical studies, we find strong support for a positive
association between NIRP and bank performance as measured by profit and cost efficiency.

The remainder of the paper proceeds as follows. Section 2 provides a literature background of the effects
of NIRP on bank performance and of efficiency for measuring bank performance. Section 3 examines the
methodology applied and the data used for the empirical analysis. Section 4 discusses results, Section 5 pro-
vides a robustness check of our model and the last section concludes and presents the implications of the
study.
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2. Background discussion

In this section, we first provide a review of the literature on the effects of NIRP on bank performance. Sub-
sequently, we offer a brief discussion of the literature that utilizes efficiency as a measure for assessing bank
performance.

2.1. NIRP effects

In the extant literature, the impact of NIRP on bank performance has been examined using traditional financial
ratios and according to the empirical results so far there is no consensus as to whether the impact is positive or
negative. Below we provide a literature review of the relevant studies.

Negative effects of NIRP may arise if banks are reluctant to pass through the negative policy rates to their
deposit rates, particularly when constrained by a lower bound. Several studies emphasize the detrimental effects
of NIRP on bank performance under such circumstances, underscoring the significance of the lower bound
constraint on deposit rates. Borio, Gambacorta, and Hofmann (2017) and Claessens, Coleman, and Donnelly
(2017) document that stickiness on deposit rates results in squeezed net interest ratemargins, leading to a reduc-
tion in interest income and, consequently, a negative impact on profitability. Heider, Saidi, and Schepens (2019)
also claim that banks heavily reliant on deposit funding experience a more pronounced negative impact from
NIRP. This is attributed to their inability or reluctance to pass on negative rates to depositors, resulting in a
deterioration of their net worth.

Under this strand of literature, Eggertsson et al. (2019) show theoretically and confirm empirically that nega-
tive policy rates do not pass through to retail household deposits and consequently negative rates tend to reduce
bank profitability. In the same spirit, Abadi, Brunnermeier, and Koby (2023) demonstrate that the decrease of
interest rates below a certain threshold could lower bank net worth, increase funding costs and have negative
effects on bank profitability. They show theoretically that if the policy rate falls below a certain threshold a fur-
ther decrease of the policy rate can cause a deterioration of bank’s net worth because the decline in bank’s net
interest income outweighs the positive effect from an increase in capital gains. Finally, Acharya et al. (2019) and
Heider, Saidi, and Schepens (2019) find that excessive risk taking can result in increased loan loss provisions and
subsequently impaired profitability. They provide evidence that under NIRP, banks in search for higher yields
tend to give credit to impaired firms, thus ending up taking more risk.

Nevertheless, there are several studies showing that banks, in an attempt to alleviate the adverse effects of
NIRP on their performance, implement a range of strategies. These strategies are designed to either offset the
negative impacts or, in some cases, enhance overall performance. Consequently, NIRP can lead to neutral or
even positive effects on bank performance. For instance, Altavilla, Boucinha, and Peydró (2018) use data from
Eurozone banks and find that while NIRP negatively impacts interest income, this is counterbalanced by positive
effects on loan loss provisions and non-interest income. Several studies (Arce et al. 2018; Grandi andGuille 2023;
Lopez, Rose, and Spiegel 2018) suggest that banks offset losses in interest income and reduced interest margins
by capital gains or through increases in fees.

The extant literature also identifies additional channels through which banks mitigate the adverse effects of
NIRP on their performance. Banks may opt for safer assets by granting loans with shorter maturities and lower
loan size to improve their capital ratios (Arce et al. 2018). Alternatively, they may improve their risk profile by
focusing on better asset quality (Boungou 2019), deleverage their balance sheets, and invest in safer, more liquid
assets (Bongiovanni et al. 2019). Another approach involves increasing lending through portfolio rebalancing
from liquid assets to credit, aiming for higher yields andmore risk (Bottero et al. 2019; Demiralp, Eisenschmidt,
and Vlassopoulos 2019; Grandi and Guille 2023). Altavilla et al. (2019) suggest that, in a NIRP environment,
banks may strategically reallocate their assets by decreasing liquid assets to mitigate the relative increase in the
cost of deposits.

To sum up, the literature findings regarding the impact of NIRP on bank performance are conflicting and in
each study there are several factors that can contribute to the bank’s ability to counterbalance or not the adverse
effects of NIRP on profitability. Note that none of the existing studies examines the effect of NIRP on either the
cost or profit efficiency of banks.
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In our empirical analysis, we assess the impact of NIRP on bank efficiency considering both profit and
cost dimensions. More specifically, we investigate whether NIRP exert an adverse effect on profit efficiency
and if this detrimental influence can be moderated by the adoption of alternative strategies by banks aimed
at mitigating or ameliorating the challenges posed by NIRP to their performance. We also test whether NIRP
have an adverse impact on cost efficiency and examine if this impact can be attributed to bank-specific
characteristics.

2.2. Banking efficiency

Banking efficiency is based on the frontier analysis approach which identifies the best practice frontier and
benchmarks institutions against it on the basis of their respective efficiency, and objectively provides a numerical
efficiency value and ranking (Berger andHumphrey 1997). There are several methods for estimating the frontier
efficiency, with data envelopment analysis (DEA) (Charnes, Cooper, and Rhodes 1978) being the most popular
non-parametric approach and stochastic frontier analysis (SFA) (Aigner, Lovell, and Schmidt 1977) the most
widely used parametric one (Abreu, Kimura, and Sobreiro (2019), Sharma, Sharma, and Barua (2013), Albert
et al. (2019) and Ahmad et al. (2020)).

While SFA requires the correct specification of the frontier’s functional form and the distribution of the inef-
ficiency term, it does accommodate statistical noise in the observed deviations from the estimated frontier, a
flexibility not afforded by DEA. This distinction in the characteristics of the two estimators is further reflected
in their asymptotic properties. Specifically, DEA exhibits a slower convergence rate compared to SFA, indicative
of the curse of dimensionality that impacts non-parametric estimators (Simar and Wilson 2000). Another sig-
nificant distinction lies in the fact that SFA allows modelling the determinants of inefficiency concurrently with
the efficient frontier in single stage. In contrast, DEA employs the widely-used ‘two-stage’ approach, where effi-
ciency estimates are regressed on explanatory variables in a second-stage analysis. Despite the popularity of this
two-stage approach in the empirical literature, an ongoing debate persists regarding the appropriate estimator
for the second stage and the correctmeans for inference (Banker andNatarajan 2008; Chronopoulos, Girardone,
and Nankervis 2015; Simar and Wilson 2007; 2011).

Banking efficiency is related to profit or/and cost efficiency and thus is not a single-dimensional concept.
Profit efficiency refers to a bank’s ability to manage its resources in order to produce outputs and ultimately
make profits. It is considered to be more appropriate to measure firm performance than traditional financial or
accounting measures since it is resource based and encompasses a benchmarking approach by comparing firm
performance to themost efficient firm (Arbelo, Arbelo-Perez, and Perez-Gomez 2020). Cost efficiency estimates
how a bank improves its performance by adjusting its cost to produce the maximum output with the minimum
input.

The main determinants of banking efficiency found in the extant literature can be categorized into 3 groups:
(1) bank-specific variables such as size, market share, bank profitability, capital adequacy, liquidity, asset quality
and risk, (2) macro and financial variables such as GDP growth rate, inflation, fiscal deficit and stock market
capitalization and (3) regulatory variables such as supervisory regimes, banking regulations, regulatory and
financial reforms.

Regarding the use of banking efficiency as a variable of interest, most studies in this area employ cost or/and
profit efficiency scores as dependent variables in their model specifications and examine their determinants.

For example, studies in the extant literature examine how banking efficiency is affected by bank-specific
characteristics (Molyneux, Reghezza, and Xie 2019; Servin, Lensink, and Ber 2012), regulatory reforms
(Casu and Molyneux 2003; Holló and Nagy 2006), supervisory regimes (Chortareas, Girardone, and Ven-
touri 2012b; Barth et al. 2013), market structure (Chortareas, Kapetanios, and Ventouri 2016; Leroy and
Lucotte 2016) and ownership structure (Altunbas, Evans, and Molyneux 2001; Bonin, Hasan, and Wachtel
2005). Also, other studies examine the relationship between bank efficiency and bank risk (Chortareas, Girar-
done, and Ventouri 2011; Fiordelisi, Marques-Ibanez, and Molyneux 2011) and how banking efficiency is
affected by specific events such as the global financial crisis of 2008 (Fujii et al. 2018; Kolia and Papadopoulos
2020).
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3. Methodology and data

3.1. Methodology

We employ the Stochastic Frontier Analysis (SFA), initially proposed by Aigner, Lovell, and Schmidt (1977), to
measure the banking efficiency of Eurozone banks in our sample. Specifically, we adopt the Battese and Coelli
(1995) approach that allows to simultaneously estimate both the parameters of the frontier function and the
determinants of (in)efficiency in a single step. In contrast to the two-step approach, our single-step analysis
yields consistent estimates (see Battese and Coelli 1995; Wang and Schmidt 2002). Our model specifies a bank’s
profitability (or cost, as we will explore later) in terms of a deterministic kernel and two error terms. Formally,
the profit frontier model can be written as:

LnPROFITit = f (wit ,Qit , ;β) − uit + vit (1)

uit = zitδ + kit (2)

EFFit = exp(−uit) (3)

i = 1, 2, . . . ..N and t = 1, 2 . . . .T

whereLnPROFITit is the natural logarithmof pre-tax profits of bank i at time t,wit is a vector of input prices,Qit is
a vector of outputs and β is a vector of parameters to be estimated. The first error component uit ∼ N+(zitδ, σ 2

u )
is a one-sided error term, which captures inefficiency, and follows a truncated normal distribution. The second
error component vit ∼ N(0, σ 2

v ) is a two-sided error term intended to capture the effects of statistical noise.
Moreover, we assume that each uit is distributed independently from each vit . The term zit is a vector of variables
which may influence the efficiency of banks, δ is a vector of unknown parameters to be estimated and k it is
defined by the truncation of the normal distribution with zero mean and variance σ 2 such that the point of
truncation is −zitδ (Battese and Coelli 1995). The SFA approach maintains that inefficiencies, uit , reduce bank
profits below the stochastic frontier or best practice levels. That is, in case uit = 0 the bankmaximizes its profits,
whereas when uit > 0 the bank operates below the frontier (i.e. it suffers from inefficiency). Profit efficiency,
denoted as EFFit, is obtained from expression (3) and ranges from 0 to 1, with 1 indicating full efficiency.

The profit frontier is estimated in terms of outputs and input prices under the alternative profit efficiency
concept (Berger and Mester 1997).2 Under this concept, efficiency is measured by how close a bank comes to
earning maximum profits taking output levels and input prices as given while letting output prices free to vary
and affect profits.

Inputs and outputs are selected under the intermediation approach (Sealey Jr and Limdley 1977) as in most
studies that investigate the effects of regulatory policies on banking efficiency. According to this approach, banks
are perceived as financial intermediaries that transfer financial resources from agents with fund surplus to those
with fund deficit, by using deposits, labour and capital to produce loans and other earning assets (Chortar-
eas, Girardone, and Ventouri 2013). We assume that banks have 3 outputs (Q): Total Loans (Q1), Other Earning
Assets (Q2) andNon-Interest Income (Q3). Following Clarks and Siems (2002) and Lozano-Vivas and Pasiouras
(2010), among others, we use Q3 (non-interest income) as a proxy for banks’ off-balance sheet (OBS) activ-
ity.3 Given that a substantial portion of banking activities occurs off-balance sheet, omitting these transactions
from our analysis could result in a mischaracterization of the frontier function, potentially introducing bias into
efficiency estimates. Such bias may unfairly penalize banks that are heavily involved in OBS activities.

Regarding inputs, we adopt the common practice under the intermediation approach and assume that banks
use deposits, labour and capital. Given the input selection, we use the following 3 input prices: Cost of funds
calculated as the ratio of interest expense to total deposits (W1), labour cost calculated as the ratio of personnel
expenses to total assets (W2) and operating cost calculated by dividing operating expenses (excluding personnel
expenses) by fixed assets (W3). We also include Total Equity (EQ) in the frontier function as a proxy for risk
preferences (Andries and Ursu 2016; Gaganis and Pasiouras 2013; Lozano-Vivas and Pasiouras 2010).

To estimate the inefficiency model, as presented in Equation (2), specific variables were selected as deter-
minants of inefficiency. NIRP is a dummy variable indicating the existence of negative policy rates and has a
value of 0 for the pre NIRP period (2010–2013) and a value of 1 for the period (2014–2018). Following recent
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studies, GDP per capita is selected to control for macroeconomic conditions.4 The variable CONC is a measure
of banking concentration to control for cross-country differences in the national structure and competitive con-
ditions of the banking sector (Andries and Ursu 2016).5 Four bank-specific variables are selected as relevant to
the transmission mechanism of NIRP. These variables are Total Capital Ratio to reflect bank capital adequacy
(CAP), Net Interest Margin (NIM),6 a risk variable calculated as Loan Loss Provisions/Total Loans (RISK) and
the size of the bank in terms of Total assets (SIZE).7 Also, a time trend T is included to account for technological
changes (T = 1 for 2010, T = 2 for 2011 . . . .T = 9 for 2018).

We use the multiproduct-translog specification, as in several recent studies (e.g. Andries and Ursu 2016;
Gaganis and Pasiouras 2013; Safiullaha and Shamsuddinb 2019) which results in the following frontier model:

ln
PROFIT
w3it

= a0 + a1ln
(
w1it

w3it

)
+ a2ln

(
w2it

w3it

)
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+ b1
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2
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)
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1
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2 + b12 ln
(
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(
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(
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+ b35 ln(Q1it)ln(Q3it) + b45 ln(Q2it)ln(Q3it) + d1ln(eq) − uit + vit (4)

Profit, cost of funds (W1) and labour cost (W2) are normalized by operating cost (W3) to ensure the linear
homogeneity in input prices. To examine the determinants of inefficiency, uit is specified as follows:

uit = z0 + z1T + z2CONC + z3GDP + z4NIRP + z5NIM + z6CAP + z7SIZE + z8RISK (5)

3.2. Data

The empirical analysis utilizes data sourced from the S&P Market Intelligence (MI) and macroeconomic vari-
ables retrieved from Eurostat. We select institutions subject to Minimum Reserves Requirements, classified as
‘Credit Institutions’ with the country of origin listed as ‘EURO AREA’ on the ECB website.

We exclude those banks with missing, negative or zero values for inputs or outputs or missing values for
any other variable used in the model. Finally, we trim the two variables (Loan Loss Provisions and Total Capital
Ratio) between the 5th and 95th percentile to remove outliers. The final sample consists of an unbalanced dataset
of 10,851 observations and comprises 1,446 banks from the Eurozone countries for which data for at least 4 years
are available during the 2010–2018 period. The time span 2010–2018 was selected to achieve equal number of
years before and after 2014 when DFR turned negative for the first time. In Table 1, we present some descriptive
information and summary statistics of the variables used in the model.

Figure 1 depicts themean values of deposits, loans and other earning assets per year.We notice that the values
of these values increased after 2014when the first cut of the deposit facility rate took place. Based on these values,
it appears that banks continued their main operation of accumulating deposits and granting loans or investing
in securities, without any significant disturbance due to the NIRP. Figure 2 plots Loan Loss Provisions for the
period 2010-2018. Loan Loss Provisions do not display an upward trend after 2014 suggesting that banks did
not grant loans to more risky clients because of the NIRP.

Figure 3 plots the NIM for the time period 2010–2018. In line with previous studies, the graph shows that
the NIM has indeed been squeezed by negative interest rate policies. Figure 4 plots non-interest income and
profits per year. Profits display an upward trend after the implementation of NIRP and the graph provides some
preliminary evidence that the increase in profits can be attributed to non-interest income such as fees. Overall,
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Table 1. Descriptive information and summary statistics.

Variable name Definition Units Mean St. Dev

Frontier Variables
PROFIT Pre-tax profits Million EUR 11.872 35.189
Q1 Total loans Million EUR 1,419 3,120
Q2 Other earning assets Million EUR 421 1,290
Q3 Non-interest income Million EUR 19.322 54.856
W1 Interest expense/Deposits Ratio 0.014 0.015
W2 Personnel expenses/Total assets Ratio 0.012 0.004
W3 Operating expenses/Fixed assets Ratio 2.862 37.949
EQ Total Equity Million EUR 173.013 387.260

Inefficiency Variables
GDP GDP per Capita EURO per Capita 33,042 5,823
CONC Banking Concentration Ratio (%) 16.916 19.045
CAP Total Capital Ratio Ratio (%) 18.241 4.277
NIM Net interest margin Ratio (%) 2.179 0.682
SIZE 1 for 0bn < total assets ≤ 1bn, 2 for

1bn < total assets ≤ 10bn and 3 for
10bn < total assets

Ordinal 1.431 0.576

RISK Provisions/Total Loans Ratio (%) 0.241 0.663

Note: This table reports summary statistics of the variables used in the empirical analysis.

Figure 1. Average deposits, loans and other earning assets per year.

the trends depicted in the graphs offer tentative evidence that the margin squeeze following NIRP does not
appear to be detrimental to performance of banks operating in the Eurozone.

4. Results

Table 2 presents the results of estimating Equations (4) and (5) simultaneously in a single step using the Battese
and Coelli (1995) approach. All parameter estimates are statistically significant at a confidence level of at least
5%. The Gamma estimate, calculated as σ 2/σ 2

s , shows the proportion of total variance (σ 2
s ) that is attributed
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Figure 2. Average loan loss provisions per year.

Figure 3. Average NIM per year.

to the inefficiency model variance (σ 2). Here, the gamma estimate is close to 1, indicating that the inefficiency
effects are likely to be highly significant for our analysis (Battese and Coelli 1995).

Mean efficiency for the whole sample is 0.68 which is comparable to other studies (e.g. Gaganis and Pasiouras
2013; Lozano-Vivas and Pasiouras 2010; Pasiouras, Tanna, and Zopounidis 2009). By examining the mean effi-
ciencies per year shown in Table 3, we can see that profit efficiency was relatively stable in the first years following
the implementation of NIRP (2014-2018). This is a first indication that NIRP did not negatively affect banks’
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Figure 4. Average non-interest income and profits per year.

profit efficiency. This indication is also supported by the negative sign of NIRP. The negative sign implies that
NIRP has a positive effect on profit efficiency, as we will explain more thoroughly below.

The estimated coefficients of the frontier estimation, as and bs, are hard to interpret under the translog spec-
ification and because of this, they are not presented in most papers. However, if we want to make a rough
interpretation, we can look at the mean elasticities of inputs and outputs (logged and normalized as in (4))
presented in Table 4. It seems that Labour Cost and Loans have the largest impact on Profits, which is sensible
since higher labour cost implies higher labour productivity and efficiency and high loan volumes result in higher
interest income.

Turning to the coefficient estimates of the inefficiency model, we see that the coefficient on NIRP, the vari-
able of interest, enters the model negatively and is statistically significant at the 1% level. The negative sign on
the coefficient and the corresponding confidence interval implies that the presence of NIRP decreases profit
inefficiency or, conversely, increases profit efficiency.

We also control for macroeconomic conditions and the market structure of the banking sector in each coun-
try included in our analysis. In line with prior studies (Andries and Ursu 2016; Gaganis and Pasiouras 2013),
both GDP per capita and CONC enter the inefficiency model with negative and statistically significant coeffi-
cients. Regarding our bank-specific control variables, SIZE, NIM and CAP enter the model with a negative and
statistically significant coefficient, while RISK enters the regression with a positive and statistically significant
coefficient.

Focusing on the bank-specific variables, our results could be intuitively explained as follows. NIM is expected
to positively affect bank efficiency because it is an indication of how efficiently the bank transforms deposits
into loans and accumulates profits by this procedure. With regards to CAP and SIZE, larger banks and banks
with high capital adequacy tend to be more profit efficient due to larger economies of scale and lower cost of
funding respectively. Finally in relation to RISK, profit efficiency is expected to decrease in case of high loan loss
provisions which have a direct negative impact on profit accumulation.

Our results so far suggest that negative interest rates do not have detrimental effects on bank performance.
Next, we investigate whether banks counterbalance the squeezed net interest margins by adopting alternative
strategies. To this end, we examine three such strategies. First, we consider the case in which banks boost their
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Table 2. Estimated parameters of the Profit efficiency model.

Estimate Std. Error

a_0 8.0143∗∗∗ 0.6107
a_1 0.9942∗∗∗ 0.0884
a_2 −0.204∗∗ 0.0905
a_3 −2.0014∗∗∗ 0.1369
a_4 0.2751∗∗∗ 0.0658
a_5 1.3674∗∗∗ 0.1043
b_1_1 0.1598∗∗∗ 0.0097
b_1_2 −0.1731∗∗∗ 0.0100
b_1_3 −0.1422∗∗∗ 0.0117
b_1_4 0.0385∗∗∗ 0.0053
b_1_5 0.0631∗∗∗ 0.0106
b_2_2 0.1911∗∗∗ 0.0124
b_2_3 0.2188∗∗∗ 0.0123
b_2_4 −0.0485∗∗∗ 0.0058
b_2_5 −0.1568∗∗∗ 0.0114
b_3_3 0.5378∗∗∗ 0.0216
b_3_4 −0.086∗∗∗ 0.0097
b_3_5 −0.3871∗∗∗ 0.0166
b_4_4 0.0449∗∗∗ 0.0043
b_4_5 0.0391∗∗∗ 0.0078
b_5_5 0.319∗∗∗ 0.0171
d_1 0.6661∗∗∗ 0.0194
Z0 14.697∗∗∗ 2.3616
Z1 (T) 0.2126∗∗ 0.1084
Z2 (CONC) −0.0286∗∗∗ 0.0103
Z3 (GDP) −0.0002∗∗∗ 0,0000
Z4 (NIRP) −2.5565∗∗∗ 0.3601
Z5 (NIM) −8.1105∗∗∗ 1.3551
Z6 (CAP) −0.1907∗∗∗ 0.0361
Z7 (SIZE) −2.1609∗∗∗ 0.3729
Z8 (RISK) 2.143∗∗∗ 0.2784
sigmaSq 8.2543∗∗∗ 1.4426
gamma 0.9791∗∗∗ 0.0038

Notes: This table reports the results of the estimation of themodel presented in
(4) and (5). The dependent variable is the logarithmic form of pre-tax profits
normalized by operating cost and the parameters are estimated by the max-
imum likelihood method.

∗ , ∗∗ , and ∗∗∗ denote significance at the 10%, 5%, and 1% levels, respectively.

Table 3. Mean profit and cost efficiency per year.

Year
Mean Profit

efficiency score
Mean Cost

efficiency score

2010 0.699 0.891
2011 0.697 0.891
2012 0.672 0.896
2013 0.668 0.905
2014 0.690 0.919
2015 0.683 0.916
2016 0.687 0.912
2017 0.691 0.907
2018 0.661 0.903

Note: This table reports the mean profit efficiency score per year.

income through fee-generating activities to offset the impact of negative interest rates on their net interest mar-
gins. In order to do so, we interact fee income (FEES) with NIRP and incorporate this term in Equation (5).
The results are presented in column 1 of Table 5. As in Table 2, the coefficient on NIRP enters negatively and
significantly. The coefficient on the interaction term also enters the regression negatively and significantly. This
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Table 4. Mean elasticities per input price or output.

Cost of funds
ln

(
w1it
w3it

) Labour Cost
ln

(
w2it
w3it

)
Loans ln(Q1it )

Other earning
assets ln(Q2it)

Non-Interest
Income ln(Q3it)

0.161 0.686 0.372 0.050 −0.084

Notes: This table reports themean elasticities of all the input and output variables in the context of the Battese
and Coelli (1995) model, using the multiproduct-translog specification.

Table 5. Estimated parameters of the Profit efficiency models.

Model (1) (2) (3) (4)

Intercept 11.739∗∗∗ 14.03535∗∗∗ 14.03241∗∗∗ 12.053∗∗∗
(1.7179) (3.40572) (1.82933) (1.9181)

T 0.18211∗∗∗ 0.20403 0.21348∗∗∗ 0.1764∗∗
(0.05551) (0.12949) (0.06685) (0.08155)

CONC −0.01355∗∗ −0.03641∗∗∗ −0.02551∗∗∗ −0.01263∗
(0.00616) (0.0115) (0.00746) (0.00652)

GDP −0.00015∗∗∗ −0.00024∗∗∗ −0.0002∗∗∗ −0.00016∗∗∗
(0.00003) (0.00007) (0.00003) (0.00002)

NIRP −2.0502∗∗∗ −1.40718∗∗ -3.01339∗∗∗ −1.7825
(0.19362) (0.60015) (0.45407) (1.2904)

NIM −7.7362∗∗∗ −7.92855∗∗∗ −8.01825∗∗∗ −7.6414∗∗∗
(1.0959) (1.69802) (1.26596) (1.3887)

CAP −0.15505∗∗∗ −0.17459∗∗∗ −0.19197∗∗∗ −0.16344∗∗∗
(0.03228) (0.06038) (0.03387) (0.02309)

SIZE −1.7563∗∗∗ −1.14836∗∗∗ −2.18947∗∗∗ −2.1147∗∗∗
(0.20676) (0.34378) (0.29338) (0,31076)

RISK 2.0396∗∗∗ 2.11527∗∗∗ 2.16101∗∗∗ 2.0733∗∗∗
(0.21278) (0.32979) (0.25899) (0.22522)

NIRP∗FEES −0.0122∗∗∗
(0.003256)

NIRP∗SEC −0.00251∗∗∗
(0.0009)

NIRP∗LIC 0.36918∗∗∗
(0.09515)

NIRP∗NIM −0.2668
(0.4577)

Notes: The table presents the estimated coefficients of the four extensions to the baseline ineffi-
ciency model presented in Equation (5), after incorporating interaction terms of NIRP with FEES,
SEC, LIQ and NIM. Standard errors are reported in parentheses. The dependent variable is profit
inefficiency. The parameters are estimated by the maximum likelihood method.

∗ , ∗∗ , and ∗∗∗ denote significance at the 10%, 5%, and 1% levels, respectively.

suggests that banks that successfully boost fee income through fee-generating activities amid the introduction
of NIRP tend to enhance their profit efficiency.

Second, we investigate whether banks that increase their securities portfolio can moderate the effect of NIRP
on their profit efficiency. More specifically, we use the size of a bank’s securities portfolio (SEC), and we interact
it with NIRP and include it in Equation (5). The results are tabulated in column 2 of Table 5. The negative and
statistically significant coefficient associated with the interaction term in themodel suggests that banks adopting
this strategy during the introduction of NIRP are likely to see improvements in their profit efficiency.

Third, we investigate whether changes in bank liquidity creation could moderate the effect of NIRP on their
profit efficiency. Banks’ pivotal role in the economy involves creating liquidity, primarily by funding less liquid
assets using more liquid liabilities (Berger and Bouwman 2009). Recent evidence suggests that the response of
bank lending to a negative policy rate depends on their funding structure (Eggertsson et al. 2019). To account
for these dynamics we define liquidity creation (LIC) as a ratio of loans (relatively illiquid assets) to deposits
(relatively liquid liabilities). Subsequently, we interact LIC with NIRP and include it in Equation (5), with the
results reported in column 3 of Table 5. The coefficient on the interaction term is positive and statistically sig-
nificant. This result suggests that following the implementation of NIRP, which compressed banks’ net interest
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Table 6. Estimated parameters of the cost inefficiency model.

Estimate Std. Error

Z0 −59.568∗ 35.124
Z1 (T) 0.6236∗ 0.3336
Z2 (CONC) 0.8596∗∗ 0.4346
Z3 (GDP) −0.0002∗ 0.0001
Z4 (NIRP) −18.854∗∗ 8.7794
Z5 (NIM) −19.081∗∗ 8.048
Z6 (CAP) −1.1405∗∗ 0.4743
Z7 (SIZE) 4.2977∗∗ 2.0713
Z8 (RISK) −5.8951∗∗ 2.6298

Notes: The table reports the results of the estimation of the inefficiency model
presented in Equation (5), using Total Cost instead of Profit as the dependent vari-
able in Equation (4). The parameters are estimated by the maximum likelihood
method.

∗ , ∗∗ , and ∗∗∗ denote significance at the 10%, 5%, and 1% levels, respectively.

margins, those banks that adjusted their liquidity creation by reducing lending funded by deposits experienced
a positive shift in their profit efficiency. To further shed light on this relationship and the fact that banks, for
accumulating profits, turn to other strategies than generating income through interests during NIRP, we replace
LIC with NIM, which proxies for the profits generated from banks’ financial intermediation activities, and re-
estimate Equation (5). The results of this analysis are presented in column 4 of Table 5. Although the coefficient
on NIRP is similar to that tabulated in Table 2 in terms of significance and magnitude, the coefficient on the
interaction term is not statistically significant.

Concluding, the empirical evidence suggests that the positive effect of NIRP on profit efficiency can be
attributed mainly to banks’ efforts to moderate the negative NIRP effects on their profitability by adopting alter-
native strategies, other than the core profit-generating activity of loan funding by deposits. We document that
banks improve their performance by increasing their fees income and their investments in securities. In this
regard, they intend to counterbalance the squeezed net interest income via increasing their non interest income
instead and to mitigate the increased cost of holding deposits due to negative rates. This obviously leads to
improved profit efficiency and increased profits.

5. Cost efficiency

Our results thus far suggest that NIRP has a positive effect on the profit efficiency of banks. To gain a deeper
understanding of the effects of NIRP we also employ the concept of cost efficiency. Cost efficiency provides an
estimate of how efficiently a bank improves its performance by adjusting its cost to produce a given level of
output with the minimum input. Thus, investigating NIRP effects on cost efficiency could provide additional
insight on how banks react in response to squeezed interest margins and complement our analysis so far.

The cost function uses essentially the specification of the profit function as presented in Equations (4) and
(5) with the following alterations. PROFIT is replaced by COST, which is calculated as the sum of the interest
and operating expenses and the inefficiency term becomes positive. The explanatory variables of the model
remain unaltered. Estimation of the cost efficiency model produces an estimate of cost efficiency (CEFF) for all
banks in the sample, which encompasses a combination of two types of inefficiencies. Allocative inefficiencies,
due to suboptimal reactions to changes in input prices, and technical inefficiencies arising from excessive use
of inputs to produce the observed output bundle. Thus, for example a CEFF of 0.9 would mean that a bank
uses 90 percent of its resources efficiently relative to a best-practice bank. The estimated coefficients of the cost
inefficiency model are presented in Table 6, while the mean of the efficiency scores per year are tabulated in
Table 3 together with profit efficiency scores.

Themean cost efficiency of the entire sample is 0.9, a number comparable to other studies (Lozano-Vivas and
Pasiouras 2010; Maudos and Pastor 2003; Safiullaha and Shamsuddinb 2019) and it seems to be stable without
significant variation after 2014. Focusing onNIRP, the variable of interest, the relevant coefficient is both negative
and statistically significant at the 1% significance level. Consequently, the presence of NIRP seems to positively
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Table 7. Estimated parameters of the cost efficiency models.

Model (1) (2) (3)

Intercept −73.126∗ −61.022∗∗ −73.107∗∗∗
(42.396) (26.849) (22.639)

T 0.88715∗ 0.72428∗∗ 0.91888∗∗∗
(0.5048) (0.34281) (0.25684)

CONC 1.0359∗∗ 0.87905∗∗∗ 1.3587∗∗∗
(0.52324) (0.3369) (0.39069)

GDP −0.00032∗ −0.00029∗∗ −0.00074∗∗∗
(0.00017) (0.00014) (0.00023)

NIRP −22.895∗∗ −21.586∗∗∗ −93.831∗∗∗
(11.049) (7.4767) (26.746)

NIM −22.313∗∗ −19.853∗∗∗ −48.359∗∗∗
(9.2624) (6.021) (13.478)

CAP −1.3584∗∗ −1.1823∗∗∗ −2.575∗∗∗
(0.57676) (0.38161) (0.67937)

SIZE 5.5326∗ 5.2626∗∗∗ 7.395∗∗∗
(2.8303) (1.9184) (2.2144)

RISK −7.5717∗∗ −6.5356∗∗∗ −11.278∗∗∗
(3.1202) (2.1444) (3.1949)

NIRP∗RISK 0.07739
(0.3402)

NIRP∗SIZE 0.38574∗∗∗
(0.01449)

NIRP∗CONC 0.88414∗∗∗
(0.2493)

Notes: The table presents the estimated coefficients of the four extensions to the
baseline inefficiencymodel presented in Equation (5), after incorporating interaction
terms of NIRPwith RISK, SIZE, and CONC. Standard errors are reported in parentheses.
The dependent variable is cost inefficiency.

∗ , ∗∗ , and ∗∗∗ denote significance at the 10%, 5%, and 1% levels, respectively.

affect both bank cost and profit efficiency. The remaining variables enter the inefficiency model with statistical
significance, at least at the 10% significant level. The variables T, GDP, NIM and CAP seem to exert the same
effects on cost inefficiency as on profit inefficiency, since they exhibit the same coefficient signs in both specifi-
cations. The variables CONC, SIZE and RISK have opposite signs compared to the profit inefficiency model as
presented in Table 2. Bank concentration (CONC) and SIZE seem to increase cost inefficiency, whereas RISK
decreases it. These results suggest that banks operating in less competitivemarkets, as proxied by a concentration
measure, are more immune to the adverse NIRP effects on interest margins and therefore are less incentivised to
improve their cost efficiency. Following Huljak, Martin, and Moccero (2019), the negative effect of size on cost
efficiency could be explained by the fact the large banks tend to have more complex business models that are
less cost efficient and put more emphasis on market power rather than on cost minimization. Also large banks
typically face higher monitoring and screening costs for retaining their large loan portfolios. Regarding RISK,
banks with large provisions face serious impediments with regards to their profitability due to higher funding
costs. Thus, the enhancement of their cost efficiencymay be a way to counterbalance the adverse effects of worse
asset quality.

To shedmore light on the relationship betweenNIRP and cost efficiencywe extend our basicmodel presented
in Table 6 by using additional specifications that, capture interactions of the NIRP dummy with the following
explanatory variables: RISK, SIZE, and CONC. The results are presented in Table 7.

The coefficients of the interaction terms presented in columns 2 and 3 of Table 7 are statistically signifi-
cant, indicating that the effect of NIRP on cost inefficiency depends on bank size and bank concentration. More
specifically, the interaction terms of SIZE and CONCwith NIRP exhibit a positive sign, as presented in columns
2 and 3 respectively. This results imply that under NIRP banks operating in markets of higher concentration
are not urged to moderate the negative NIRP effects by increasing their cost efficiency due to lack of competi-
tion. Moreover, the sign of the interaction term between SIZE and NIRP suggests that also larger banks are less
motivated to increase their cost efficiency during the NIRP period. Regarding the RISK variable, the coefficient
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of its interaction term with NIRP is not statistically significant as shown in column 1 of Table 7. Therefore, no
conclusions could be drawn with respect to any potential effects on cost efficiency.

Concluding, the empirical analysis suggests that underNIRP smaller banks and banks facing higher competi-
tion are more inclined to increase their cost efficient. The fact that the adopted specification produces efficiency
scores both in terms of profit and cost efficiency that are comparable to the related literature ensures the validity
of ourmodel. Also, the variable ofNIRPhas a negative sign under both alternatives, strengthening the conclusion
that the existence of NIRP positively affects bank efficiency as a measure of bank performance.

6. Conclusion

NIRP have been applied by Central Banks as a monetary policy tool in order to mitigate the effects of the 2008
global financial crisis. Banks have a prominent role in the transmission of monetary policy to the real economy
and consequently a crucial question occurs regarding how bank performance is affected under NIRP.

There is extensive literature on the implications of the NIRP on bank performance. However, the relevant
studies investigate these effects by using purely financial or accounting indicators ignoring how efficiently a
bank uses its resources and its relative performance against its peers. This paper aims at filling this literature gap
by using bank efficiency as a more holistic approach to study the effects of NIRP on bank performance.

Using a sample of 1,446 banks from the Eurozone countries during the 2010–2018 period, we apply stochastic
frontier analysis to get profit and cost efficiencies scores in a single step by allowing banking efficiency to be
directly influenced by specific firm and country attributes. We find that NIRP increase profit efficiency and
we suggest that this positive effect is attributed to banks’ efforts to mitigate the squeezed net interest margins
by increasing their non interest income and their investments in securities. Furthermore, we document that
smaller banks and banks facing higher competition are more incentivised to enhance their cost efficiency when
they operate under NIRP.

One limitation of the present study is that it concentrates solely on Eurozone banks, excluding those from
countries such as Sweden, Japan, Switzerland, andDenmark wheremonetary authorities have also implemented
NIRP. A compelling avenue for future research would involve investigating how Eurozone banks, particularly
those most impacted by NIRP, have adapted to the substantial rise in ECB interest rates that commenced in
2022. This broader exploration could offer valuable insights into the nuanced responses of Eurozone banks to
changing monetary conditions.

From a policy standpoint, the enhancement of a bank’s (cost) efficiency under NIRP is a favourable outcome
and warrants consideration by policymakers in their assessments of monetary policy effectiveness. However, the
empirical discovery that banks alleviate squeezed net interest margins by augmenting investments in securities
implies potential unintended consequences. This approach may pose a risk to banks’ solvency and financial
stability if the increased purchase of securities elevates interest rate risk, and exposes banks to potential mark-to-
market losses, especially in a high-interest-rate environment. Policymakers should therefore weigh the positive
impact on profit efficiency against these potential risks when evaluating the overall implications of NIRP.

Notes

1. In July 2009 Riksbank, Sweden’s central bank, became the first to move its policy rates below zero. Subsequently, policy rates
were also lowered below zero in Denmark (July 2012), Switzerland (January 2015) and Japan (February 2016).

2. There is also the standard profit function where profit frontier is specified in terms of input and output prices. In this latter
concept output quantities are free to vary. We choose to apply the alternative concept because, according to Berger and Mester
(1997), it is preferable where there are substantial differences in the banking services quality and when output markets are not
perfectly competitive

3. The variable Other Earning Assets (Q2) is proxied by the variable Total Securities which is available in our database.
4. GDP refers to GDP per capita of each bank’s country of origin per year
5. CONC is the Percentage share of the three largest banks, ranked according to assets, to the sum of the assets of all the banks in

that banking system of each country at year t.
6. NIM is calculated as Net Interest Income/Average Assets.
7. SIZE is an ordinal variable taking the following values: 1 if 0< total assets ≤ 1bn, 2 if 1< total assets ≤ 10bn and 3 if 10< total

assets.
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