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ABSTRACT

This paper analyzes the relationship between long-term liquidity regulatory constraints, profitability, and lending activities in
the EU banking sector. In particular, we examine how Net Stable Funding Ratio (NSFR) liquidity requirements impact the
profitability and the core banking activities of 187 banks. Our findings reveal that higher NSFR levels improve profitability and

asset quality over time rather than immediately. Additionally, NSFR supports loan growth, highlighting the duality of the Basel

III liquidity requirement as a prudential constraint and a performance driver. This study highlights that well-calibrated liquidity

regulations can strengthen the financial system while ensuring a stable credit supply.

JEL Classification: G21, G28

1 | Introduction

The 2008 crisis, which began as a subprime crisis, quickly
transformed into a global illiquidity crisis in the interbank
markets. This undermining of the reputation of banking inter-
mediaries on the markets consequently altered their ability to
find funding sources, particularly wholesale ones. From this
perspective, liquidity risk has been identified as one of the
major factors that contributed to the collapse of several banks
worldwide during the crisis period (Chen et al. 2020;
King 2013). The global financial crisis reminded policymakers
and practitioners that banks' liquidity positions, regulatory
requirements, and performance are closely interdependent
(Ashraf et al. 2016; Veeramoothoo and Hammoudeh 2022).

After the crisis, the liquidity risk was introduced into the pru-
dential supervisory framework by defining two main liquidity
ratios: the Liquidity Coverage Ratio (LCR) (relating to the short-
term resilience of the liquidity risk profile of banks, Basel
Committee on Banking Supervision [BCBS] 2013) and the Net
Stable Funding Ratio (NSFR) (relating to reduce funding risk

over a longer time horizon by requiring banks to fund their
activities with sufficiently stable sources of funding,
BCBS 2014). The NSFR is a key liquidity standard under Basel
III reforms designed to promote the long-term resilience of
banks' funding profiles and enhance financial stability.

The NSFR is defined as the ratio of Available Stable Funding
(ASF) to Required Stable Funding (RSF), with a ratio of at least
100% required, meaning the bank has sufficient stable funding to
cover its funding needs on an ongoing basis. Previous studies on
the impact of NSFR have largely depended on artificially con-
structed measures, considering that the requirement became
mandatory with CRR2 Regulation (e.g., Ashraf et al. 2016;
DeYoung and Jang 2016; Dietrich et al. 2014; Grundke and
Kiihn 2020; King 2013; Nguyen and Nguyen 2022; Papadamou
et al. 2021a, 2021b; Veeramoothoo and Hammoudeh 2022). Most
of these approaches were used before or around the initial
implementation of the NSFR requirement, thus failing to incor-
porate the officially reported regulatory indicators that banks
disclose in their Pillar III reports. To address this gap, our study
uses the NSFR as it is accurately calculated and disclosed by
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banks according to the official Basel regulatory formula. By uti-
lizing this direct regulatory measure, our analysis provides a more
accurate and suitable evaluation of the NSFR's impact.

Furthermore, our study examines a large sample of banks
within the EU banking system, enabling us to comprehensively
investigate the interdependencies among liquidity requirements
expressed by the NSFR, profitability, and core banking activi-
ties, particularly lending. This approach provides valuable in-
sights into the real-world effectiveness of liquidity regulation,
considering that the Basel III standards were developed to en-
hance the stability and resilience of the EU banking sector.

With reference to banks' regulatory liquidity requirements, we
focus on the NSFR. The EU NSFR framework was issued in
June 2019 by means of Regulation (EU) 2019/876 of the Eur-
opean Parliament and of the Council of 20 May 2019 (Capital
Requirements Regulation II—CRR2 Regulation). It applies to
all credit institutions and systemic investment firms in the EU.
This integration ensures that capital not only serves as a buffer
against losses but also underpins banks' long-term funding
stability, reinforcing the overall resilience of the banking sector.
As underlined above, the NSFR requires banks to have a ratio of
ASF to RSF of at least 100%. In other words, the NSFR aims to
calculate the share of ASF through equities and certain li-
abilities related to the RSF. In particular, the NSFR mandates
that ASF (long-term liabilities and equity) covers RSF (illiquid
assets and off-balance exposures) and promotes a more stable
funding structure. This reduces reliance on short-term whole-
sale funding but may limit high-yield asset investments
(BCBS 2014). The NSFR became a binding 100% minimum
requirement in June 2021 under Basel III, with phased imple-
mentation beginning in 2018. Early adoption phases (pre-2021)
enabled banks to adjust their long-term financing formula
gradually, thereby mitigating short-term profitability shocks.
Banks then need to ensure they have sufficient “stable funding”
to match their funding-weighted assets.

The NSFR could be too restrictive a regulatory constraint,
potentially undermining the traditional role of banks in trans-
forming liquidity and maturities, as well as the autonomy of
management in determining the qualitative and quantitative
composition of balance sheet assets and liabilities. In summary,
adhering to the NSFR restricts banks' autonomy in determining
their long-term financing formula frameworks, which affects
their funding costs and, consequently, their income statement
and economic results through various drivers outlined below,
based on our interpretation and study of liquidity and other
management balances.

The NSFR ratio promotes maintaining a higher proportion of
stable, long-term funding, which can be more expensive than
short-term funding, thereby increasing the average funding
cost. It can affect a bank's ability to make profits by reducing the
asset-liability maturity mismatch. Banks may need to adjust
their asset portfolios to align with the longer-term funding
requirements, potentially impacting their net interest margins.
Moreover, the NSFR ratio increases banks' survival probability
by reducing maturity mismatches. Still, it may lower ex post
profitability due to constraints on risk-taking and higher
funding costs for short-term liabilities. Additionally, the NSFR

ratio impacts profitability by altering the spread between
interest income and interest expenses. The corollary of what has
been established above allows us to affirm that: longer-term
loans (e.g., mortgages) become more expensive to fund, poten-
tially reducing credit availability or increasing borrower costs;
the increase in lending activity produces a demand for stable
funding, capital requirements mandatory for credit risk (Capital
Requirements Regulation [CRR] 2013), and so economic
consequences.

In this perspective, this paper aims to explore the impact and
the dynamics of the NSFR, exploring the following research
questions:

1. How does the NSFR affect bank profitability immediately
and over time?

2. To what extent does compliance with the NSFR regulatory
constraint influence banks' lending activity?

This paper is structured as follows: Section 2 provides a sum-
mary of the existing literature on the topic and develops the
research hypothesis. In Section 3, we outline the data and
methodology used in the research. Section 4 presents the em-
pirical findings along with various robustness checks. Finally,
Section 5 offers conclusions and further recommendations.

2 | Literature Review and Hypothesis
Development

The broad topic of bank liquidity management has been widely
discussed in the prior and relevant literature (e.g., Berger and
Bouwman 2009; Cornett et al. 2011; DeYoung and Jang 2016).
The study by Berger and Bouwman (2009) highlighted a lack of
comprehensive measures for liquidity creation, which obstructs
the understanding of how banks' liquidity creation functions
impact the economy. Cornett et al. (2011) examined liquidity risk
management and credit supply during the 2007-2009 financial
crisis, finding that banks' actions to manage the liquidity crisis led
to a decrease in credit supply. The research by DeYoung and Jang
(2016) examines how banks may react to a liquidity standard
similar to the NSFR. It specifically examines how US commercial
banks managed their loans-to-core deposits ratios from 1992 to
2012. The authors conclude that analyzing bank liquidity man-
agement based on the pre-Basel III capital rules may not effec-
tively predict banks' liquidity behaviours under the stricter capital
requirements established by Basel II1.

A part of the literature focused on the relationship between bank
liquidity, systemic risk, and financial stability. Husodo et al.
(2024) find that the LCR significantly reduces bank systemic risk,
while the NSFR is not statistically significant. However, Ly et al.
(2017) show that banks typically adopt an immediate trading
equilibrium in response to the Basel III reform on the NSFR, thus
reducing systemic risk. On the same wave, Li et al. (2025) dem-
onstrate that banks' higher NSFR target levels enhance their
stability, reducing systemic risk. Furthermore, Ashraf et al. (2016)
argue that the NSFR (modified to consider the Islamic banking
industry's unique aspects) positively impacts the financial stability
of Islamic banks.
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Other authors show that bank liquidity conditions can impact
the likelihood of default. Bologna (2015) highlights how struc-
tural funding positions significantly explain the probability of
bank defaults. Similarly, Grundke and Kiihn (2020) demon-
strate that the introduction of LCR and NSFR helps reduce
default risk. However, Hong et al. (2014) find that both the
NSFR and the LCR have limited effects on bank failures.

Another area of research examines the relationship between
liquidity requirements and bank lending. Banerjee and Mio
(2018) demonstrate that tighter liquidity regulation in the UK
has not led banks to reduce the amount of lending to the
nonfinancial sector. Similarly, Papadamou et al. (2021a), using
data from the EU banking sector, demonstrate that low NSFR
banks reduce loan supply in response to higher interest rates
and suggest that compliance with the Basel III liquidity
requirements is likely to have a positive impact on policies
aimed at increasing bank lending. Other authors focus on
African banks. Adesina (2019) finds that both the NSFR and the
LCR have a significantly positive effect on African bank loan
growth rates. However, Mutarindwa et al. (2020) demonstrate
that African banks that comply with the NSFR threshold lend
less than their peers. The study of Roberts et al. (2023), instead,
analyzes the US banking system and focuses on the LCR. The
authors find that LCR banks tighten lending standards.

On the basis of the above literature, we formulate the following
hypothesis.

Hypothesis 1. The liquidity requirements expressed by the
NSEFR are positively associated with EU bank lending.

Furthermore, a strand of literature has explored the association
between bank liquidity and performance, as expressed by profit-
ability. King (2013) considers the NSFR for banks in 15 countries.
The author demonstrates a reduction in net interest margins of
70-88 basis points on average, or approximately 40% of their year-
end 2009 values, suggesting that banks below the ratio need to
increase stable sources of funding and reduce assets that require
funding. More recently, Pak (2020) utilizes annual data from banks
headquartered in the three founding states of the Eurasian Eco-
nomic Union (Russia, Kazakhstan, and Belarus) for the period
2008-2017 and finds that compliance with the minimum level of
the NSFR significantly reduces the net interest margin. The author
suggests that banks could be engaged in noninterest-generating
activities to support profitability. However, a large part of this lit-
erature highlights the existence of a statistically significant and
positive relationship between liquidity and bank profitability.
Concerning the US banking sector, Le et al. (2020) show that a
moderate increase in liquidity reduces bank profit inefficiency (i.e.,
improves efficiency), but excessive liquidity expansion may
increase inefficiency. Nguyen and Nguyen (2022) analyze the ef-
fects of different measures of liquidity on interest margins of a
sample of US commercial banks from 2001 to 2018 and demon-
strate that the NSFR and LCR exercise a positive influence on bank
margins, stressing the costs associated with complying with regu-
latory liquidity standards in the sense that increased costs associ-
ated with strict liquidity requirements are likely to be passed on to
banks' customers in the form of higher interest margins. Similarly,
Veeramoothoo and Hammoudeh (2022) analyzed data from US
commercial banks from the first quarter of 2010 through the third

quarter of 2017. They find a positive and significant relationship
between the LCR, the NSFR, and profitability. Focusing on com-
pany size, the authors demonstrate that small banks are more
vulnerable to LCR. In contrast, big banks are more susceptible to
NSFR, suggesting that liquidity requirements should be tailored
based on bank size and relative bank profitability.

Additionally, other authors have focused on European banks.
Dietrich et al. (2014) analyze a sample of 921 Western European
banks between 1996 and 2010 and demonstrate that lower NSFR
negatively influences profitability measures such as the return on
assets (ROAA), the return on equity (ROAE), and the net interest
margin, even though the funding costs for banks with a lower
NSFR are significantly lower. More recently, Grundke and Kiihn
(2020) investigated different types of German banks and analyzed
the impact of the Basel III liquidity ratios, finding that the
introduction of LCR and NSFR has no unambiguous impact on
banks' equity returns and balance sheet growth. Papadamou et al.
(2021b) focus on NSFR, utilizing a unique data set that includes
all EU banks from 2000 to 2014. They find that the NSFR im-
proves banks' performance and, more importantly, promotes the
stability of the banking sector. To calculate banks' performance,
the authors used the ROAA, the risk-adjusted ROAA, and the
return on risk-adjusted capital.

On the basis of the above literature, we formulate the following
hypothesis:

Hypothesis 2. The liquidity requirements expressed by the
NSFR are positively associated with EU bank profitability.

3 | Data and Methodology

This section presents the sample of EU banks included in our
analysis and the methodological strategy employed to identify
the relationship between NSFR trends and banks' profitability
and lending activity.

3.1 | Sample Selection

Our empirical analysis considers 187 banks headquartered in the
European Union (see Table Al for details on the sample selected).
The data set comprises an unbalanced panel of yearly observa-
tions from 2019 to 2023, sourced from the Moody's Analytics
BankFocus and Eurostat databases. The research focuses on EU
banks, considering that Basel III standards are part of the EU
Capital Regulatory framework. The analysis starts in 2019, when
the NSFR requirement became mandatory for EU banks follow-
ing the implementation of the CRR2 Regulation. Our study ex-
tends until 2023, encompassing the latest available data.

3.2 | Variables

Our methodological framework explores whether the NSFR is a
key determinant of banks' profitability while defining the reg-
ulatory formula and its impact on lending activity. Thus, ac-
cording to the liquidity formula, the main independent variable
used in the model specification is the NSFR, directly disclosed
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by the banks in the Basel Pillar III requirements. The regulatory
formula defines

Available amount of stable funding (AFS)
Required amount of stable funding (RFS)

X 100 > 100,

NSFR =

where AFS refers to the portion of capital and liabilities that are
expected to remain stable over a 1-year time horizon, and the RFS
is a function of the liquidity characteristics and remaining ma-
turities of the various assets held by the bank, as well as those of
its off-balance sheet exposures. According to the regulatory
requirements, the value of the AFS on the RFS is multiplied by
100. The value of the NSFR should be equal to or greater than 100
on an ongoing basis to be compliant with the Regulatory frame-
work. Considering our main explanatory variables, we first
include the ROAE and the ROAA, as these are the most com-
monly used ratios for a bank's or firm's profitability. They mea-
sure the net income as a percentage of average total equity and as
a percentage of average total assets, respectively. The ratios are
expressed as a percentage. Then, to explore the lending activity,
we consider the commonly used Annual growth of Net Loans
(ALoans) in percentage year-to-year. Moreover, to deepen our
understanding, we also consider the Impaired Loans Ratio (ILR)
as a proxy for the credit risk of a loan's portfolio. Considering our
research hypotheses, we investigate the acceptance or rejection of
the null hypothesis concerning the inexistence of the relationship
between the NSFR and the explanatory variables, since our
hypotheses are consistent with the idea that good long-term
liquidity management contributes to increasing bank profitability in
the long run through lending activity.

Indeed, more stable long-term funding could directly support
lending activity/expansion in terms of its magnitude (loan
growth) and asset quality (ILR), with a lower risk of loan defaults.

We control for differences in the bank size by taking the natural
logarithm of total assets (Size) at the end of the year and the Total
Capital Ratio (TCR), in percentage, as reported according to the
Basel requirements that are largely used in the research (Li
et al. 2025; Mutarindwa et al. 2020) because it measures a bank's
capital adequacy by comparing its eligible capital (Tier 1 + Tier 2)
to total risk-weighted assets (RWA) exposures, which include
credit risk, operational risk, and market risk. As is known, Credit
Risk RWAs are by far the largest component of RWA for most
banks, as their main business is lending activity. Credit risk typ-
ically constitutes 60%-80% of total RWA in banks' TCR, making it
the dominant component, although this percentage varies
depending on a bank's business focus (e.g., retail lending vs.
investment banking). Then, to control the level of coverage of the
portfolio expected credit risk, we take the ratio of Loan Loss
Reserves to Gross Loans. The Loan-to-Deposit (LtD) ratio and the
Leverage ratio are added to control the bank's liquidity risk and
debt level. We also use the bank's funding cost because it is a
consequence of the long-term funding formula adopted by banks,
and therefore, of the NSFR value. This is a critical factor influ-
encing a bank's profitability. The difference between the funding
cost and the interest rate charged on loans (known as the net
interest income) is a major source of profit for banks. Funding
costs in a bank refer to the expenses financial institutions incur to

acquire funds for lending or other business activities. This cost is
typically expressed as the interest rate paid on borrowed funds,
such as deposits, interbank loans, or capital market issuances.
Our methodological framework is a proxy for the bank's long-
term funding cost, obtained by taking the natural logarithm of the
ratio of Total Interest Expenses to Wholesale funding. Finally,
the annual rate of inflation, measured as the percentage change in
the consumer price index (INF_rate), is used as a macroeconomic
and country-level control.

3.3 | Empirical Model

To investigate our main hypothesis concerning the extent to which
the NSFR influences the profitability and the lending activities of
banks, we set our empirical strategy first running a high-
dimensional fixed-effect Ordinary Least Squares (OLS) regression
(Bonfim and Soares 2018; Hou and Lu 2024; P. Wang and
Yang 2024) and then controlling the endogeneity, simultaneity, and
reverse causality between the dependent variables and the inde-
pendent variables, running a high-dimensional fixed-effect instru-
mental variable (IV) two-stage least square (2SLS) (Bednarek
et al. 2021; Dinger et al. 2022; Polidoro et al. 2022). This combined
approach, which utilizes two different methods for model estima-
tion, is widely employed in the finance literature and provides
robustness to the methodology, leveraging the strengths and
potential of both (Williams 2012). For the OLS regression, we em-
ploy the following empirical model, adopting the algorithm pro-
posed by Correia (2017):

J
Yii=aY, 1+ BNSFR 1 + D BX1, + %, + & + &,
j=1

where Y;, denotes the dependent variable of bank i at time ¢,
represented by two profitability measures and two explanatory
variables of the bank's lending activity, along with their lagged
values at time t—1. Notably, profitability is measured by the
ROAE and the ROAA. The lending activity is measured by the
bank's annual loan growth rate (ALoans) and the ILR, which also
represents the expected credit loss on loans. Therefore, the §;, ,_,
is the coefficient of the most interesting variable for our research
hypothesis: the Basel III NSFR reported by bank i at times ¢ and
t—1. X{ ;. is the vector of our bank-level controls listed in
Table A2. At the same time, y;, and &, represent the unobserved
time-invariant and bank-specific fixed effects, respectively, and
the ¢;; term estimates heteroscedasticity-consistent standard er-
rors (Stock and Watson 2008). Considering the two different
model explications, it is possible to define the following equations:

J
ROAE;, = aROAE;_y + BiNSFRy .1 + Y, BX], + %, + & + e,

j=1
@
J .
ROAA;; = aROAA; ;1 + BNSFR; (11 + D, BX{, + ¥, + & + €,

j=1
@)

J
Loans;; = aLoans; 1 + BNSFRy 1 + ), X, +y, + & + &ins

j=1
(3)
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J
ILR;; = aILR; ;1 + BNSFRi 1 + ), BX], +y, + & + €ir.

j=1
“4)

Therefore, for the 2SLS model, we still operate the Correia
(2018) estimator. In the first stage, we predict NSFR; ;;_; using
its progressively expanding moving average from ¢ to t 4+ 4 as an
instrument and the remaining second-stage variables:

7
NSFR -1 = @Y + ), BX], + A;(instrument) + y,, + & + i,
=1

J
Y =aY, 1+ A4NSFR i1 + ). BX{ + v, +6 +e
j=1

The estimators used in this strategy allow the simultaneous incor-
poration of multilevel fixed effects in linear regression (i.e., bank
and time fixed effects). This method also extends traditional IV
regression, which typically does not include absorbed fixed effects or
provide additional standard errors that account for conditional
heteroskedasticity of regression disturbances and serial correlation
of instruments and regression disturbances (Correia 2017, 2018).

4 | Empirical Findings
4.1 | Descriptive Statistics and Univariate
Analysis

This section provides summary statistics of the research variables
used in the empirical analysis throughout the period (2019-2023).
All variables are winsorized at the 1st and 99th percentiles to
mitigate the effect of outliers. Table 1 reports descriptive statistics.

The Basel III NSFR, as directly disclosed by the bank, averages
144.37%, with a minimum value of 104.60% and a maximum of
270%. The value of the NSFR is not the result of our calculations,
but is directly disclosed by banks in the Pillar III reports (using the
official regulatory formula). Notably, all the observed values of
NSFR are above the 100% regulatory threshold, indicating that EU

TABLE 1 | Summary statistics.

banks are fully compliant with liquidity requirements, even though
the standard deviation (29.47%) suggests a moderate level of dis-
persion. Therefore, considering our main explanatory variables, the
average ROAE of 7.41% and ROAA of 0.59% generally reflect a
moderate level of profitability among EU banks. However, high
heterogeneity is observed, with ROAE ranging from a minimum of
—12.48% to a maximum of 41.5% and ROAA from —0.97% to 2.35%,
showing more stability. The standard deviation and the interquartile
range confirm a moderate but dispersed profitability. The average
annual loan growth rate (ALoans) stands at approximately 6%, with
a moderate variation reflected by a standard deviation of 14.44%,
spanning a range from —27.83% to 86.62%. The ILR averages 4.28%,
but with a broad dispersion, suggesting varying credit risk across
banks, despite a limited magnitude (minimum 0.04% and maxi-
mum 42.43%). Among control variables, bank size (measured by the
natural logarithm of the banks' total assets) and the regulatory
capital adequacy (TCR) also exhibit considerable variation across
the sample. The average amount (21.78%) of TCR confirms that the
EU banks are strongly capitalized, with a good resilience perspec-
tive. The LtD ratio, which captures funding structure risk, averages
88.69%, but with considerable variability (45.55%), ranging from
13.91% to 241.20%. The leverage ratio (leverage) has a mean of
13.60% (5.59%), with values ranging from 0.31% to 36.73%, reflecting
varying levels of exposure and capital strength.

The level of Loan Loss Reserves over Gross Loans (LLR_GLoans),
used as a proxy for credit quality and the level of coverage, has a
mean of 2.43%, but with substantial dispersion (2.81%; with a range
of 0%-17.46%), broadly in line with the ILR. Funding Cost averages
0.93%, ranging from 0% to 4.94%, with a relatively tight inter-
quartile range (0.27%-1.18%), indicating generally low but hetero-
geneous funding conditions. Finally, the Inflation rate (INF rate) in
each bank’s country of operation averages 3.82%, with a standard
deviation of 3.54% and a wide range from —1.30% to 19.40%, cap-
turing the diversity of macroeconomic environments across the
sample. Table 2 provides the pairwise correlations among variables,
showing expected significant positive correlations between profit-
ability indicators (ROAE and ROAA) and negative correlations
between profitability measures and ILR. Interestingly, the NSFR
has a positive correlation with profitability and a negative

Variables N Mean Minimum Maximum Median p25 P75 Std. Dev.
ROAE 935 7.412 —12.476 41.5 6.369 3.4 10.019 7.789
ROAA 932 0.588 —-0.973 2.347 0.497 0.25 0.867 0.577
ALoans 932 6.017 —27.827 83.621 4.479 —-0.124 9.304 14.437
ILR 882 4.278 0.043 42.248 2.699 1.613 4.477 6.025
NSFR 935 144.365 104.600 270 138 125 156.6 29.466
Size 935 23.528 20.945 27.37 23.423 22.229 24.744 1.602
TCR 923 21.783 11.900 97.6 19.3 16.73 22.4 10.983
LtD 934 88.691 13.914 241.202 79.032 64.714 93.947 45.548
Leverage 935 13.596 3.010 36.734 12.644 9.745 16.54 5.857
LLR_GLoans 935 2.433 0.000 17.463 1.768 0.634 3.047 2.811
Funding Cost 932 0.928 0.030 4.939 0.592 0.27 1.178 0.975
INF_rate 935 3.815 —1.300 19.4 2.8 1.1 5.9 3.536
European Financial Management, 2025 5
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TABLE 2 | Pairwise correlations.

Variables (&) (2 3 @ ©) (6) Q) ® 9) (10) (a1 @2
(1) ROAE 1.000

(2) ROAA 0.843* 1.000

(3) ALoans 0.137¢*  0.086*  1.000

(4) ILR —0.137* —0.128* —0.005 1.000

(5) NSFR 0.135*  0.119* 0.035 —0.017 1.000

(6) Size —0.059 —0.153* —0.099* —0.229* —0.170* 1.000

(7) TCR —0.043 —0.006 —0.073* —0.196* 0.173* 0.092* 1.000

(8) LtD —0.084* —0.060 —0.063 —0.186* —0.401* 0.201* 0.320* 1.000

(9) Leverage 0.001 —-0.277* 0.131* -0.091* —0.071* 0.285* 0.214* 0.330* 1.000

(10) LLR_GLoans —0.090* —0.026 —0.017 0.883* 0.068* —0.232* —0.173* —0.235* —0.231* 1.000

(11) Funding Cost  0.047 0.047 —0.097* —0.032 —0.131* 0.198* 0.168* 0.248* 0.024 —0.066* 1.000

(12) INF_rate 0.234*  0.197* —0.085* —0.111* 0.077* 0.018 0.005 —0.006 —0.028 —0.081* 0.253* 1.000

Note: This table reports the correlation matrix for the dependent, explanatory, and bank-

available in Table A2.

level control variables employed in the panel regressions. Variable descriptions are

***Statistically significant at the 1% level, **statistically significant at the 5% level, and * statistically significant at the 10% level.

correlation with funding costs, which supports the hypothesis that
stable funding enhances economic outcomes. The high correlation
(0.883) between ILR and loan loss reserves (LLR_GLoans) high-
lights that provisions closely track asset quality deterioration.

In addition to the correlation coefficients presented in Table 2,
which are used to assess multicollinearity, we also examine the
tolerance and variance inflation factors shown in Table 3. Re-
viewing both Tables 2 and 3, it becomes clear that our preliminary
analyses eliminate the possibility of a multicollinearity issue.

These univariate results provide initial evidence supporting our
hypotheses, indicating significant relationships among liquidity
regulation, bank profitability, and lending activities, which will
be further examined in multivariate regressions.

4.2 | Baseline Results and Robustness

We present baseline results from estimates of Equations (1)-(4)
in Table 4. In Panel A, we present the results of the high-
dimensional fixed-effects OLS model, using our main depen-
dent variables: ROAE, ROAA, ALoans, and ILR. We control for
bank and time-fixed effects to account for unobserved time-
invariant and bank-specific characteristics simultaneously. In
Panel B, we further control the impact of the leading inde-
pendent variable lagged by one period.

With these estimations, we focus on the magnitude, sign, and
significance of the NSFR coefficients to confirm or reject our
hypothesis related to the extent to which NSFR influences
banks' profitability, by the way of the lending activity, such as
the core activity of banks, while controlling for bank-specific
and country-level variables, including macroeconomic condi-
tions and bank and time unobserved fixed effects.

First, the results of the first estimation in Panel A show a positive
and significant relationship between the NSFR;, and the equity

TABLE 3 | Diagnostics of multicollinearity.

Variable VIF Tolerance
NSFR 1.40 0.72
Size 1.19 0.84
TCR 1.31 0.76
LtD 1.63 0.61
Leverage 1.23 0.81
LLR_GLoans 1.14 0.88
Funding Cost 1.21 0.83
INF_rate 1.10 0.91
Mean VIF 1.27

Note: This table reports variance inflation factors (VIF) and tolerance tests of
multicollinearity for the explanatory variables and bank-level controls. The values
of VIF in the table are less than 10, and the values of Tolerance in the table are
also greater than 0, signifying no multicollinearity.

profitability (at 5% level), while a positive but marginally significant
(at 10% level) relationship with the asset profitability. Thus, the
effect of the funding structure on the banks' profitability is not
statistically strong if we consider the ROAA, probably due to the
difference in the ratios' construction and/or the potential en-
dogeneity of the explanatory variable. These preliminary results are
consistent with the previous literature, which did not find a clear
causality between the level of funding and the banks' profitability
(Dietrich et al. 2014; King 2013; X. Wang 2023; Wei et al. 2017) and
in contrast with Pak (2020) and Mergaerts and Vander Vennet
(2016) showing there is no significant effect of the funding structure
on the ROAA.

Regarding the lending activity, in the Panel A estimations, there
is no significant relationship between the bank's NSFR;,, and
credit intermediation, as represented by the annual loan growth
rate, meaning that we cannot conclude that funding stability
directly affects lending expansion. This supports our hypothesis
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TABLE 4 | Ordinary least squares estimations of the NSFR on the banks' profitability and lending activity.
Panel A Panel B
@ () 3) 4) 5) (6) () (8)
Variables ROAE ROAA Lending ILR ROAE ROAA Lending ILR
ROAE;,,_, —0.127 —0.127
(0.092) (0.092)
ROAA;,;_1 —0.107 —0.108
(0.084) (0.083)
ALoans;,,_, —0.160** —0.170%**
(0.065) (0.064)
ILR;,; 0.163%** 0.156%**
(0.037) (0.003)
NSFR;,; 0.034%* 0.002* 0.071 —0.012%**
(0.015) (0.001) (0.046) (0.004)
NSFR;,;_1 0.032%* 0.003%#* 0.086* —0.008***
(0.014) (0.001) (0.046) (0.003)
Size;,; 6.102%%* 0.409** 7.739 0.927 6.871%%* 0.469%* 9.585 0.666
(2.193) (0.201) (10.755) (0.699) (2.311) (0.201) (10.597) (0.676)
TCR;,, —0.014 0.012 —0.712%** —0.025 0.014 0.013* —0.665%** —0.044*
(0.088) (0.007) (0.245) (0.024) (0.088) (0.008) (0.240) (0.023)
LtD;,, —0.025 —0.001 0.157** —0.002 —-0.027 —0.001 0.156™* —0.001
(0.017) (0.001) (0.079) (0.005) (0.018) (0.002) (0.076) (0.006)
Leverage;,, —0.696*** —0.039*** 0.279 —0.040 —0.709*** —0.041%** 0.246 —0.041
(0.263) (0.014) (0.451) (0.025) (0.265) (0.014) (0.459) (0.026)
LLR _GLoans;,; —1.311%** —0.098*** —1.063 1.267*** —1.372%** —0.105%** —1.228%* 1.293%**
(0.374) (0.033) (0.741) (0.096) (0.373) (0.033) (0.708) (0.099)
FundingCost;,, —0.675%* —0.067** 0.038 0.307*** —0.641** —0.062** 0.151 0.305%**
(0.296) (0.029) (1.005) (0.064) (0.296) (0.028) (0.973) (0.065)
INF_rate 0.149 0.015 —0.463 —0.017 0.126 0.013 —0.526* —0.012
(0.119) (0.010) (0.328) (0.024) (0.125) (0.010) (0.314) (0.024)
Observations 738 735 738 692 735 735 735 692
Adjusted-R? 0.746 0.666 0.746 0.983 0.669 0.489 0.492 0.983
Bank fixed effect Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the estimations of the high-dimensional fixed-effects panel regression based on Equations (1)-(4), where the dependent variables are the return on
equity (ROAE), the return on assets (ROAA), the annual loan growth rate (ALoans), and the impaired loans ratio (ILR). NSFR;,,_, is the one-period lag of the main
explanatory variable. ROAE;,;_,, ROAA;,—1, ALoans;,_,, ILR;,.—, are the lags of the dependent variables. Other variable descriptions are available in Table A2. Robust

standard errors are in parentheses.
*p<0.1; **p <0.05; **p <0.01.

regarding the increase in loans and coverage ratio, indicating a
stable rise in funding.

Therefore, there is a strong and significant negative relationship (at
the 1% level) with the quality of lending, denoted by the ILR. This
relationship highlights the importance and the need for stable
funding in managing and reducing credit risk. This could be due to
greater financial resilience or stricter credit standards. This per-
spective aligns with the broader regulatory rationale behind the
NSFR, which aims to enhance the financial system's stability by
encouraging banks to balance their assets and liabilities and to

utilize more reliable, long-term funding sources for their structural
assets.

Therefore, the results in Panel B present an alternative perspective
when we examine the potential endogeneity of the NSFR;, in
relation to banks' profitability and lending measures, using a one-
period lag. The results show a positive and highly significant
relationship (at the 5% and 1% levels, respectively, for the two
specifications in columns 5 and 6) between the NSFR;,,_;, and the
banks' profitability. Specifically, a higher NSFR indicates that banks
maintain a stable funding structure over time, thereby mitigating
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the risk associated with sudden liquidity shocks and ensuring the
resilience and stability of banks over a long-term horizon. The
positive effect can be attributed to the fact that stable funding
reduces the need for emergency liquidity measures, which lowers
financing costs and may lead to improved profitability in the long
run. These results support the idea that liquidity creation enhances
bank profitability (Duan and Niu 2020; Papadamou et al. 2021b;
Veeramoothoo and Hammoudeh 2022).

The results suggest that the relationship between NSFR and prof-
itability is likely more influenced by the previous year's NSFR levels
rather than an immediate effect. It is evident from the stronger and
more significant coefficients when using a one-lag period of NSFR,
indicating that the impact of liquidity regulation on bank profit-
ability materializes over time rather than instantly, according to Le
et al. (2020), who suggest lagged NSFR has a positive relationship
with profit efficiency. This finding aligns with the idea that ad-
justments in liquidity management and funding structures take
time to influence financial performance, reinforcing the impor-
tance of considering lagged effects in regulatory impact assess-
ments. Banks with higher NSFR seem more cost-effective in
mobilizing external funding over short periods. Therefore, banks
with a higher NSFR are more efficient in their financial interme-
diation processes, as they are better at managing liquidity and
maintaining a balanced composition of assets and liabilities com-
pared to banks with a lower NSFR (Le et al. 2020). This also
supports our hypothesis that the regulatory formula establishes the
necessity for stable funding, which directly influences the bank's
economic outcomes. However, our findings differ significantly
from those of Dietrich et al. (2014), suggesting that the NSFR has
no significant effect on accounting profitability, including ROAA,
ROAE, and net interest margin.

Furthermore, looking at the model specification concerning the
credit intermediation in Panel B (columns 7 and 8), the results
highlight an improvement in the magnitude and the statistical
significance of the coefficient for the lending growth (at the 10%
level) and confirm the strong significance of the magnitude of the
impaired loans coefficient (at 1% level). Consequently, banks with
more stable funding structures in the past are more likely to
increase lending activity in the present. This finding reinforces the
notion that funding stability improves banks' capacity to provide
credit over time. In addition, the lagged NSFR remains negatively
and significantly associated with the ratio of impaired loans, con-
firming that greater funding stability contributes to a reduction in
future expected credit risk (impairments) and improves asset
quality, thereby decreasing the credit risk capital ratio. Overall,
these findings underline the forward-looking benefits of maintain-
ing a strong funding profile for both lending activities and risk
management.

The results are consistent with those of Adesina (2019) and
Papadamou et al. (2021a), who found that liquidity regulatory
requirements have a significant positive impact on bank loan
growth rates. Additionally, the results indicate that NSFR mit-
igates the adverse effects of poor loan portfolio performance on
these growth rates.

As expected, among the control variables, in both Panels A and B,
and the profitability model specifications (columns 1-2 and 5-6),
we also find that the banks' profitability is positively and

significantly associated with bank size. At the same time, the
relationship with leverage, loan loss reserves, and the cost of
funding is negative. This aspect confirms that increasing financial
risk and credit provisions can diminish performance, and higher
long-term funding costs reduce returns, emphasizing the necessity
of effectively managing borrowing expenses for long-term funding.
Considering the sign of the funding cost, it is consistent with the
idea that NSFR requires banks to maintain stable funding, which
can result in higher funding costs. Since assets and liabilities vary
in their stability, banks may need to rely more on expensive
funding sources, such as long-term deposits or senior unsecured
debt, to comply with NSFR requirements. This shift can squeeze
profit margins, particularly for banks with limited access to stable
funding options. The interpretation of controls is quite different in
columns (3)-(4) and (7)~(8). The coverage ratio (LLR to gross
loans) is negatively associated with loan growth and strongly pos-
itively associated with impaired loans, indicating that higher credit
risk provisions are linked to slower credit expansion and poorer
asset quality. The TCR exhibits a negative and significant rela-
tionship with loan growth, possibly reflecting more conservative
lending policies in macroeconomic contexts of stagnation that
hinder lending activity expansion. Lastly, funding cost is positively
associated with impaired loans, highlighting that more expensive
funding may coincide with higher credit risk, while it has no
meaningful impact on loan growth. Overall, these control variables
capture important dimensions of bank behaviour and credit risk,
even if their effects vary across outcomes.

The difference between the Panels A and B estimations suggests
further addressing the potential risk of endogeneity and reverse
causality of the NSFR;,, ; variable on banks' profitability,
which should misrepresent the magnitude and the significance
of the variable coefficient in the OLS estimations. According to
Ashraf et al. (2016), OLS model estimation becomes inefficient
and underestimates the error variance in such situations. This
results in inflated ¢ statistics, which may lead to the erroneous
rejection of the null hypothesis.

In this regard, Table 5 addresses the potential endogeneity using
a 2SLS estimation. The results in Panels C and D confirm the
endogeneity hypothesis by showing a change in the magnitude,
and sometimes in the significance, of the NSFR,;,,,,_; coefficient,
and confirming that OLS underestimated the true effect on the
dependent variable, biasing the estimations.

By analyzing the estimations, we highlight the Kleibergen-
Paap-Wald F statistic of the first-stage weak identification test
(Kleibergen and Paap 2006; Kleibergen and Schaffer 2007). This
statistic rejects the underidentification hypothesis and exceeds the
Stock and Yogo (2005) critical value (16.38) for a maximum size
distortion of 10%. This also ensures that the instrument is suffi-
ciently strong. The Sanderson and Windmeijer (2016) test confirms
the absence of underidentification and the use of a strong instru-
ment within the model estimations.

The 2SLS estimations show that the explanatory variables now
become strongly statistically significant in all the model explana-
tions, increasing the magnitude of the coefficients. Specifically,
when correcting for potential endogeneity, omitted variables, and
reverse causality, the lending estimation in column (3) becomes
statistically significant compared to the OLS, reinforcing all the
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TABLE 5 | Two-stage least square estimations of the NSFR on the banks' profitability and lending activity.
Panel C Panel D
@ () 3) 4) 5) (6) () (8)
Variables ROAE ROAA Lending ILR ROAE ROAA Lending ILR
ROAE;,; 1 —0.128* —0.129
(0.078) (0.079)
ROAA;,;_1 —0.108 —0.110
(0.091) (0.089)
ALoans;,; —0.153** —0.176%**
(0.065) (0.065)
ILR;,; 1 0.1627%** 0.144%#*
(0.033) (0.035)
NSFR;,; 0.052%* 0.004*** 0.177%** —0.016***
(0.023) (0.002) (0.052) (0.005)
NSFR;,;_1 0.056%* 0.005%#* 0.188* —0.018%**
(0.026) (0.002) (0.054) (0.006)
Size;,; 5.894*** 0.382%** 6.537 1.003 7177 0.489%* 10.825 0.569
(2.037) (0.194) (10.972) (0.736) (2.304) (0.195) (10.540) (0.653)
TCR;,, —0.034 0.009 —0.828%*** —0.015 0.007 0.013* —0.701%** —0.039*
(0.090) (0.007) (0.246) (0.025) (0.090) (0.008) (0.245) (0.023)
LtD;,, —0.023 —0.001 0.169* —0.002 —-0.025 —0.001 0.166™* —0.001
(0.017) (0.001) (0.089) (0.005) (0.017) (0.002) (0.082) (0.006)
Leverage;,, —0.704%*** —0.040%*** 0.224 —0.037 —0.731%** —0.043%** 0.164 —0.032
(0.255) (0.013) (0.428) (0.025) (0.262) (0.013) (0.441) (0.026)
LLR _GLoans;,; —1.315%** —0.099*** —1.095 1.269%*** —1.425%** —0.108%*** —1.448* 1.333%**
(0.374) (0.033) (0.795) (0.098) (0.364) (0.032) (0.750) (0.106)
FundingCost;,, —0.649** —0.063** 0.196 0.299%** —0.578* —0.057** 0.411 0.282%*
(0.289) (0.028) (1.010) (0.065) (0.295) (0.027) (1.071) (0.069)
INF _rate;,; 0.143 0.014 —0.505 —0.016 0.100 0.011 —0.635* —0.001
(0.123) (0.010) (0.338) (0.025) (0.132) (0.011) (0.332) (0.024)
Observations 738 735 738 692 735 735 735 692
KP 35.95%* 35.87%** 38.97%* 34.18%** 52.62%** 52.59%** 52.62%** 47.95%**
SwW 282.83%k* 279.89%** 277.41%F* 279.33%k* 146.98*** 145.90%** 147.37%%* 128.59
Bank fixed effect Yes Yes Yes Yes Yes Yes Yes Yes
Year fixed effect Yes Yes Yes Yes Yes Yes Yes Yes

Note: This table reports the estimations of the high-dimensional fixed-effects panel regression based on Equations (1)-(4), where the dependent variables are the return on equity
(ROAE), the return on assets (ROAA), the annual loan growth rate (ALoans), and the impaired loans ratio (ILR). NSFR;,,_; is the one-period lag of the main explanatory variable.
ROAE;,._1, ROAA;,._1, ALoans;,,_,, ILR;,,_; are the lags of the dependent variables. KP is the chi-squared statistic of the Lagrange multiplier test for underidentification (Kleibergen
and Paap 2006). SW is the F statistic of the Wald test for weak identification (Sanderson and Windmeijer 2016). Other variable descriptions are available in Table A2. Results of the
first-stage regressions are not reported for brevity. Robust and heteroskedasticity—autocorrelation-consistent standard errors are in parentheses.

*p <0; **p <0.05; **p <0.01.

coefficients. The relationship between the NSFR and its one-period
lag indicates that stronger and more persistent funding stability is
positively associated with bank profitability. In particular, higher
levels of NSFR, both currently and over time, are linked to signif-
icant improvements in ROAE and ROAA, suggesting that stable
funding conditions translate into more efficient use of capital and
resources. Moreover, when considering banks' lending dynamics,
the evidence is even stronger: a more robust NSFR position today
and in the previous period corresponds to a marked acceleration in

loan growth, coupled with better asset quality. This supports the
view that stable funding does not merely enhance profitability but
also fosters lending expansion and healthier credit portfolios. The
increase in the magnitude and significance of the coefficients
suggests that the OLS results were likely due to endogeneity bias.
On the other hand, we can still confirm across all specifications
that the effect of NSFR (and its lag) on asset quality is consistently
negative and statistically significant (at 1% level), indicating that
higher NSFR leads to fewer impaired loans. The other bank-level
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controls persist in their effects, slightly improving the magnitude of
all the coefficients.

5 | Conclusions and Further Remarks

This study examines the relationship between the banks' NSFR
liquidity requirement and their performance in terms of profit-
ability and lending activities, using a panel of 187 EU banks. On
the basis of the Basel III requirements and the EU regulatory
framework, we consider banks' financial information starting from
2019, when the NSFR requirement became mandatory for EU
banks due to the implementation of the CRR2 Regulation.

We combined two approaches largely used in the finance lit-
erature to investigate our hypotheses concerning the extent to
which the NSFR influences profitability and lending. Our em-
pirical strategy involves running a high-dimensional fixed-
effects OLS regression, controlling for endogeneity, simultane-
ity, and reverse causality between the dependent and inde-
pendent variables, and then running a high-dimensional fixed-
effects IV 2SLS. This approach provides robustness to the
methodology by combining its strengths and potential.

Our findings provide robust empirical evidence that higher
levels of NSFR are positively associated with bank profitability
(particularly ROAE) and contribute to improved asset quality by
reducing the impaired loan ratio. The effects become more
pronounced and statistically significant when the NSFR is
considered with a one-period lag, rather than having an
immediate impact. This suggests that the benefits of a stable
funding structure tend to emerge over time. It indicates that the
liquidity structural ratio influences economic performance with
a delay, as banks gradually adjust their balance sheets and
calibrate the relation between assets and liabilities.

In contrast, the immediate effect of NSFR on loan growth appears
to be limited under OLS estimation, but becomes significant and
economically meaningful once potential endogeneity is addressed.
The 2SLS results reveal that a one percentage point increase in
NSFR (both current and lagged) is associated with a sizable
increase in loan growth, suggesting that stable funding enhances
banks' ability to expand credit supply. Moreover, consistent nega-
tive effects on impaired loans across specifications confirm that
stronger funding profiles contribute to better credit risk mitigation
and asset quality. It could be due to their greater financial resilience
or stricter credit standards among well-funded banks.

These findings align with the broader regulatory rationale
behind the NSFR, which aims to improve the financial system's
stability by encouraging banks to maintain a balance between
assets and liabilities and use more reliable, long-term funding
sources for their structural assets.

Moreover, these results underline the dual role of the NSFR.
While designed as a prudential regulatory tool, it also indirectly
promotes profitability and credit stability by incentivizing
longer-term funding strategies. Notably, the findings highlight
the relevance of considering lagged effects in regulatory impact
assessments, as liquidity adjustments do not translate into
immediate performance outcomes.

In conclusion, this study confirms that the NSFR regulatory
constraint, interpreted as a structural financial formula, affects
both the profitability and the magnitude of banks’ lending
activity. These findings have significant policy implications:
when well-calibrated, liquidity regulation can support the
banking sector's resilience without compromising its lending
function. From this perspective, the bank's liquidity risk man-
agement process can consider these results as a key driver to
redefine the interaction between short-term and long-term
liquidity profiles and other banks' functions/activities.

Our research is not without limitations. We analyze a sample of EU
banks, considering that the NSFR requirement is mandatory for
EU credit institutions. Moreover, our analysis includes a limited
period that ranges from 2019 to 2023, as the NSFR requirement
follows the implementation of the CRR2 Regulation.

Future studies, utilizing newer and more abundant data, can build
upon and validate our findings, paving the way for additional
empirical research on the relationship between long-term liquidity
regulatory constraints, profitability, and lending activities in the
banking sector. In addition, future research may explore the
interaction between the NSFR and other regulatory tools/require-
ments (e.g., LCR, capital buffers) and/or another internal liquidity
ratio (such as the cash capital position or structural liquidity ratio),
as well as cross-country implementation and impact heterogeneity.
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Appendix

TABLE Al | Sample selection.

Search step Selection criteria

Step results

Country selection European Union (27). 11,944
Bank specialization Only institutions from Moody's Analytics BankFocus specialization groups: 9740

Commercial bank; Savings bank; Cooperative bank; Real estate and mortgage finance

institution; Specialized governmental credit institution; Bank holding company.
Size/significance The total assets exceed USD 1 billion, or the institution is among the top 10 in terms of 2109
total assets in its respective country.
Basel III net stable funding All entities with a known value of NSFR (as reported) starting from 2019 until 2023. 260
ratio (NSFR) This step ensures obtaining a strongly balanced panel without missing observations.
Consolidation code All entities that provide consolidated statements when available, and otherwise the 187
unconsolidated ones, to avoid double-counting (Hoxha 2013).
TABLE A2 | Definition of variables.

Variable Definition Source

Dependent variables

ROAE Return on Average Equity (%), obtained as the net income as a percent of average total equity.
ROAA Return on Average Asset (%), obtained as the net income as a percent of average assets.
ALoans Annual growth of Net Loans (%).

ILR Impaired Loans Ratio (%), as reported by the bank.

Key independent variable

NSFR Basel III Net Stable Funding Ratio (%), as reported according to the Basel requirements.

Bank-level control variables

Size The bank size is measured by the natural logarithm of the total assets.
TCR Total Capital adequacy ratio (%), as reported according to the Basel requirements.
LtD Loan-to-Deposits ratio (%), calculated by the gross loans amount and advances to customers

over customer deposits.

Leverage Liabilities to Total Shareholders' Equity (%).
LLR_Impaired Loan Loss Reserves/Impaired Loans (%)

A proxy of the bank's long-term funding cost obtained by the natural logarithm of the ratio of
Total Interest Expenses over the Wholesale funding.

Funding Cost

Country-level and macroeconomic control

INF_rate The annual rate of inflation measured as the percentage change in the consumer price index.

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Moody's Analytics
BankFocus

Eurostat database
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