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Abstract

This article empirically investigates whether the level of non-performing loans
(NPLs) affects the bank lending behaviour using the bank-level data across 42 coun-
tries, spanning over the period from 2000 to 2017. We find a negative and statisti-
cally significant relationship between NPL and bank loan growth. This impact is
not geographically restricted and is confirmed for the EU, non-EU, advanced, and
emerging countries subsamples. We also examine the channels through which
NPLs affect loan growth. Our results show that the association between NPL and
loan growth is more pronounced for well-capitalized banks. We find no evidence
in support of an effect of asset management companies on the negative association
between NPLs and loan growth. In addition, our results are robust with respect to
alternative measure of credit risk and different specifications.

Keywords Bank lending behaviour - Non-performing loans - Macroeconomic
determinants

JEL Classification G21 - C23

Introduction

The global financial crisis of 2008 exposed deteriorating asset quality of European
banks as a possible constraint on financial intermediation and further expansion of
credit. We empirically investigate whether a higher level of NPLs leads to a decrease
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in lending activity, using annual bank financial data across EU and non-EU member
countries for 6,434 banks in the 2000 to 2017 period. Our results show a robust
support that a higher level of NPLs is associated with a reduction in the level of
lending. This finding is statistically significant across several econometric specifica-
tions and robustness test. The result is also economically significant. Specifically,
an increase in the level of NPLs for one standard deviation is associated with an
expected decrease in lending for 0.096 standard deviations.

We find that the negative association between NPLs and bank loan growth is
stronger for well-capitalized banks. A potential explanation could be that the effects
of high levels of NPLs might increase the cost of capital, which might cause lower-
ing bank lending activity. We report no statistical evidence that asset companies’
presence influences the link between non-performing loans and loan growth in a
country. In addition, we show that the effect of NPLs on lending activity is less pro-
nounced during the pre-crisis period. From a policy perspective, these results put
a question mark over facilitating roles of bank resolution tools as well as strength-
ened capital regulation in mitigating the effects of NPL overhang on the provision of
credit.

The rest of the paper is structured as follows. “Literature review, theoretical
framework, and hypothesis development” section reviews the literature and presents
the theoretical framework and hypothesis development. “Data and methodology”
section discusses the data and variables used in our empirical analysis. “Empirical
model” section describes the model and method of estimation. “Results of regres-
sion analysis” section presents the empirical results, whereas “Robustness checks”
section provides robustness checks. “Conclusion” section summarizes our findings
and sets out conclusions.

Literature review, theoretical framework, and hypothesis
development

In an extensive review of the evidence, Aiyar et al. (2015) point out that many coun-
tries in the Southern parts of the Euro area, as well as Eastern and Southeastern
Europe experienced high levels of non-performing loans (NPLs), which impaired
bank lending through profitability, capital, and funding channels. Makri et al. (2014)
find that non-performing loans were strongly correlated with macroeconomic and
bank-specific factors.

The level of NPLs in the Euro area increased substantially during the crisis, from
a low of 2.5% at end-2007 to as high as 7.7% at end-2013. This only declined some-
what to 6.7% by mid-2016 as a result of concerted policy actions taken in a number
of EU member countries, notably on portfolio segments targeting and on- and off-
balance sheet exposures (ECB, Annual report 2016). At the same time, double-digit
pre-crisis credit growth plummeted and never fully recovered, with loan growth
rates only surpassing 2.3% in December 2015 and rising to 4.7% in December 2016.
These co-movements beg the question: to what extent and under which conditions
do NPLs affect bank lending behaviour?
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Conceptually, the relationship between NPLs and bank lending runs in both
directions. On the one hand, lowering lending standards associated with rapid
credit expansion may lead to greater levels of NPLs in the future (Erdinc and Abazi
2014; Shahzad et al. 2019; Chavan and Gambacorta 2019). Koudstaal and Wijnber-
gen (2012) found that banks with more troubled loan portfolios engage in exces-
sive risk-taking behaviour in a study of US banks from 1993 to 2010. Furthermore,
Dell’Ariccia and Marquez (2006) further mention the interaction between the loan
market’s informational structure and bank lending volume, backing a positive asso-
ciation between credit growth and risky loans at the aggregated level. Klein (2013)
along with Keeton (1999) shows that rapid loan growth leads to increased loan
losses. On the other hand, higher levels of NPLs tie down bank capital, reduce bank
net income, and narrow access to funding due to higher perception of risk by mar-
ket participants (Aiyar et al. 2015). Ibrahim and Rizvi (2018) analyse the relation-
ship between credit risk and credit growth for conventional and Islamic banks. They
found that higher credit risk is associated with lower credit growth, regardless of
whether the banks are Islamic or conventional. These factors may in turn constrain
future lending. The focus of our article is on this second relationship, which is par-
ticularly relevant in the aftermath of the last financial crisis.

Our paper is closely related to the study by Cheisa and Mansilla-Ferndndez
(2019), which investigates the impact of NPLs on the cost of capital, lending, and
liquidity supply. Their results revealed that the cost of capital acts as a transmission
channel for the negative effect of NPLs on lending supply and liquidity creation (see
also Cucinelli 2016; Vo 2018; Chavan and Gambacorta 2019). Our contribution is to
look at additional factors through which NPLs may affect bank lending behaviour,
similar to the approach by Thornton and Di Tommaso (2020). Their study found that
bank capital and profitability mitigate the negative effects of NPLs on credit expan-
sion. On top of bank capitalization, we identify the bank size and the presence of
asset management companies, mandated with restructuring NPLs, as additional fac-
tors, conditioning the effects of NPLs on bank lending. Furthermore, we also expand
the geographic and time dimension of research. Whereas earlier studies only used
data for Euro zone banks, we include annual bank balance sheet data of banks from
EU member states and non-member countries over the period 2000-2017 and dis-
tinguish the effects of NPLs in different time periods (before, during, and after the
crisis).

Our paper builds on and contributes to the banking literature studying the rela-
tionship between bank risks and lending behaviour, in particular loan growth. Sev-
eral papers highlighted this relationship, with the level of NPLs often used as a
proxy for credit portfolio quality. The level of non-performing loans is used as a
proxy for credit portfolio quality (see Kuzucu and Kuzucu 2019; Gulati et al. 2019;
Kabir et al. 2015; Dimitrios et al. 2016; Klein 2013; Ghosh 2015; Louzis et al. 2012;
Salas and Saurina 2002; among others).

In a cross-country study, Louhichi and Boujelbene (2017) showed that the level
of NPLs could be seen as a significant factor negatively affecting bank lending activ-
ity in addition to the relationship between bank capital and lending (see also Jeong
and Jung 2013). In a study of the Japanese banking system, Vithessonthi (2016)
emphasized that the relationship between credit growth and NPLs may be time
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varying: positive before the financial crisis and negative afterwards. These results
could imply that a lower quality of bank assets discourages loan growth whereas
a higher quality encourages it. Vo (2018) found that bank lending behaviour sig-
nificantly depends on bank-specific characteristics and macroeconomic factors in
a study of Vietnamese commercial banks from 2006 to 2015. The effects of bank
risk, measured by credit risk provisions, were insignificant in this study, however.
Cucinelli (2015) documented that credit risk, measured by NPLs and loan loss pro-
visions, negatively impacts bank lending behaviour using data from Italian listed and
non-listed banks during the 2007 to 2013 period. Focusing on the lending behav-
iour of Italian banks before and during the recent financial crisis, Cucinelli (2016)
also showed that a majority of banks that grew faster before the financial crisis
subsequently faced higher levels of NPLs and implemented deeper cuts in lending
activity during the global financial crisis. This again points to a negative relation-
ship between NPLs and lending after the onset of the financial crisis. Using a panel
dataset of banks in 18 Westerns European countries, Merildinen (2016) found that
decrease in lending growth due to the global financial crisis is also contingent upon
the type of bank ownership. In particular, stakeholder-oriented banks (i.e. coopera-
tives and publically owned banks) experienced less pronounced swings in lending
growth.

Whereas the studies above provide an argument for the negative relationship
between NPLs and loan growth, it might be possible to construe an alternative expla-
nation. For example, Louhichi and Boujelbene (2017) found a positive relationship
between NPLs and loan growth during the financial crisis period in a subsample of
conventional (as opposed to Islamic) banks. A potential reason could be that the
tendency of banks to undertake risk and expand the loan portfolio increases in the
case of higher levels of NPLs. In a similar fashion, Eisdorfer (2008) argued that due
to a risk-shifting strategy, financial institutions facing financial contraction are pre-
disposed to increase investment in risky projects or lower quality borrowers. Finally,
Chavan and Gambacorta (2019) studied the procyclical behaviour of the NPL ratio
in the emerging economy of India. Their results revealed that a one-percentage point
increase in loan growth is associated with an increase in the NPL ratio of 4.1%, with
response being higher during economic expansions. The reviewed articles led us to
the following hypothesis:

Hypothesis 1 Non-performing loans are negatively related to loan growth.

Bank size is considered another important determinant of bank lending decisions
(Berger and Udell 2006). Several empirical articles provide different results regard-
ing whether small and large banks react differently in low and high bank riskiness
environment. On the one hand, there is evidence that bank size is negatively asso-
ciated with credit risk and credit growth. Salas and Saurina (2002) found a nega-
tive relationship between bank size and bank credit risk for commercial banks in
Spain using data on commercial and savings banks over the period from 1985 to
1997. They attributed their results to the fact that larger commercial banks in Spain
are substantially more geographically diversified relative to the savings banks.
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Chouchene et al. (2017) found that bank size has a negative impact on bank lend-
ing using 85 French banks from 2005 to 2010 period. This is in line with Schnabl
(2012) findings that an increase in the total asset by 10% causes a 0.1% decrease in
bank lending. In a study of the effects of government ownership on NPLs, Hu et al.
(2004) reported similar results, showing that bank size is negatively related to credit
risk among forty Taiwanese commercial banks during the 1996 to 1999 period.
Laeven et al. (2016) showed that systemic risk is lower and standalone bank returns
are higher in better capitalized banks, with this effect being especially pronounced
for large banks (see also Ranjan and Dhal 2003). Also, KoSak et al. (2015) docu-
mented that larger banks experienced lower credit growth rates than smaller banks
during the years before the financial crisis (see also Peek and Rosengren, 1995). In
a similar vein, Vo (2018) found that smaller banks in Vietnam were riskier during
the financial crisis and generally experienced higher loan growth rates. This led the
author to conclude that smaller banks may even increase lending in a time of crisis
to compensate for the decrease in profitability.

On the other hand, Stein (2002) argued that small banks have a comparative
advantage in lending using soft information whereas large banks dominate in lend-
ing using hard information. However, large and complex banks may rely on soft
information in their lending decisions about small and medium-sized enterprises
when such information can be processed through technical expertise. Similarly,
Berger and Udell (2006) pointed out that conclusions that emphasize the disad-
vantage of large banks in lending to small businesses may be misleading because
they fail to take into account the complexity of the actual lending process, includ-
ing diverse lending technologies and the overall financial structure. This literature
narrative points to a possible positive relationship between bank size and lending.
Taking both literature views into account, the effects of bank size on lending behav-
iour could be ambiguous (either positive or negative). This could mean that lending
behaviour is affected by the quality of the loan portfolio. This led us to the following
hypothesis:

Hypothesis 2 The relationship between NPL and loan growth is influenced by bank
size.

The third strand of research pertains to the role of bank capital in determining
bank lending behaviour. The main role of bank capital is to help banks cover any
losses and insulate them from the propagation of financial shocks and potential insol-
vency (KoSak et al. 2015). From this point of view, more capitalized banks could
expand their lending and experience rapid loan growth compared to less capitalized
loans. Carlson et al. (2013) found that the positive association between capital ratios
and bank lending growth is stronger for banks that experienced loan contraction as
opposed to the banks that experienced loan growth using data from the Reports of
Income and Condition in the period from 2001 to 2011. Focusing on 125 countries
over the period of 1998-2010, Deli and Hasan (2017) showed that in general, capital
stringency has a negative effect on loan growth. However, this effect is less pro-
nounced for well-capitalized banks and is completely offset for banks with an equity
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capital ratio equal to 11%. Similarly, Abdul-Karim et al. (2014) analysed Islamic
and conventional banks in 14 Organization of Islamic Conference (OIC) countries
over the 1999-2009 period and found that when banks are better capitalized, they
are not constrained by regulatory capital adequacy ratio (CAR) requirements, and
their lending and borrowing capacity are less impacted by changes in the level of
capital. Gambacorta and Shin (2018) found that a 1-percentage point increase in the
equity-to-total assets ratio is associated with a 0.6 percentage point increase in lend-
ing growth per year. These findings indicate that a larger capital base reduces the
banks’ financial constraint, allowing them to grant more loans to the economy (see
also Cantt et al. 2019) and provide the grounds for our third hypothesis:

Hypothesis 3 The link between NPL and loan growth is influenced by bank capital.

Asset management companies (AMCs) are considered one of the main recovery
and resolution tools to deal with problematic loan portfolios of distressed banks
(Gandrud and Hallerberg 2014). The objective of AMCs is to separate non-perform-
ing and healthy assets. Mandated with acquiring and managing banks’ non-perform-
ing assets, AMCs have played a valuable role in bank rehabilitation in the euro area
after the crisis (Lehmann 2017). Lehmann (2017) argued that a large proportion
of NPLs ties up banks’ capital and discourages credit supply. Marin¢ et al. (2014)
showed that the level of stringency of capital regulation varies substantially across
the EU countries. Gandrud and Hallerberg (2014) showed that banks burdened by
distressed and delinquent assets are unable to further supply loans to the economy.
In this context, the purpose of AMCs is to stabilize the banking system, reduce the
pressure on bank balance sheets, and enable the banks to restart financial intermedi-
ation. Based on the abovementioned arguments, we can expect AMCs to be a mod-
erating factor in the relationship between credit risk and bank lending behaviour,
which leads us to our last hypothesis:

Hypothesis 4 The link between non-performing loans and loan growth is less pro-
nounced for the banks in the presence of asset management companies.

Data and methodology
Data description

We conduct our analysis using annual bank-level data retrieved from the Fitch
Connect database. The sample period ranges from 2000 to 2017. Our sample
includes commercial, savings, and co-operative banks from the EU member states
and non-EU countries. We only use data on non-consolidated bank financial
statements to consider the behaviour of individual bank subsidiaries. We include
active and inactive banks for which data are available for at least five consecu-
tive years. We remove negative values for non-performing loans, total assets, and
loans to customer deposits and winsorize’ the remaining dataset at 1% interval
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Table 1 Descriptive statistics

Variables Obs. Mean Std. Dev. Min Max

Dependent variable

AlogGL (%) 68,927 6.362 20.807 - 744 105
Bank-specific variables

Bank size 79,060 7.139 2.435 0.095 19.889
NPL (%) 32,554 6.378 8.531 0 50.250
Capitalization (%) 79,069 11.698 13.279 0.920 87.110
Deposits/assets (%) 75,274 63.590 21.774 0.220 92.250
ROAE (%) 74,153 9.084 13.533 —49.530 63.370
LLP (%) 68,441 0.801 1.791 —3.130 12.540
NIM (%) 73,732 2416 1.372 - 0.060 9.290
Crisis 79,098 0.166 0.372 0 1
Macroeconomic indicators

GDP growth (%) 79,049 1.547 2.354 -5.619 8.240
RIR (%) 21,780 3.049 3.033 —12.283 11.800
Bank type variables

Commercial dummy 78,944 0.363 0.481 0 1
Co-operative dummy 78,944 0.382 0.486 0 1
Savings dummy 78,944 0.255 0.436 0 1

Source Fitch Connect database, World Bank-World Development Indicators and our own calculations

The sample covers the period from 2000 to 2017. The bank variables are the loan growth rate (AlogGL),
Bank size—natural logarithm of total assets, NPL—non-performing loans, Capitalization—total equity
as a proportion of total assets, Deposits/Assets—total deposits as a proportion of total assets, ROAE—
return on average equity, LLP—Iloan loss provision divided by gross loans, NIM—net interest margin,
Crisis—dummy variable for the global financial crisis. The macroeconomic indicators are as follows:
GDP growth ratio, RIR—real interest rate. The definitions of the variables are provided in Table 9 in
Appendix

to eliminate extreme values. Based on this initial screening, our final sample is
an unbalanced panel composed of 6,434 banks with 79,098 observations in 42
countries. All explanatory variables are lagged by one period to avoid endogene-
ity bias (see Cantero-Saiz et al. 2014). We augment bank-level data with mac-
roeconomic indicators from various sources. Macroeconomic data are obtained
from the World Bank (World Development Indicators and International Financial
Statistics).

Table 1 provides the descriptive statistics of the variables included in our anal-
ysis. First, we present results for the bank-specific variables. The average annual
loan growth rate (AlogGL) in our sample is 6.4%, ranging from — 74.4% to 105%.
The mean share of impaired loans (NPL) is 6.378% with a standard deviation
8.531%, ranging from 0% to 50.25%. The average logarithm of total assets (Bank
Size) is 7.139, ranging from 0.095 to 19.889. Its substantial variation underscores
the importance of bank size differences in the banking system. Bank capitali-
zation ratio has a mean of 11.698% with a standard deviation of 13.279%, the
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deposits to assets ratio has a mean 63.59%, whereas the average loan loss provi-
sion ratio is 0.80%. The average net interest margin (NIM) is 2.416% and the
mean return on average equity (ROAE) is 9.084%, ranging from — 0.06% to 9.29%
and from —49.53% to 63.37%, respectively.

Second, we include two country-level indicators, namely GDP growth and the
real interest rate (RIR), to control for the changes in macroeconomic conditions dur-
ing the business cycle. The averages for GDP growth and RIR in our sample are
1.547% and 3.049%, respectively. Furthermore, we note that some countries have
negative GDP growth with a minimum value of — 5.69%, which is reflective of the
fact that our sample period includes the global recession after the financial crisis.
Finally, the averages of the bank type dummy variables denote the shares of each
bank type (commercial, co-operative, and savings bank) in the total sample.

In Table 2, we present the correlations between our key variables. These correla-
tions are generally in line with the underlying economic theory. Furthermore, cor-
relations among our independent variables (all variables, except AlogGL) are below
0.8, implying no presence of multicollinearity among the variables in our base
model (O’Brien 2007). We recognize that NPL is significantly negatively correlated
with loan growth, real interest rate, deposits to total assets ratio, and the return on
average equity. The correlations between loan growth, bank size, and GDP growth
are positive and highly significant. Capitalization is significantly positively corre-
lated with the loan growth rate.

Empirical model

Our baseline model investigates the impact of non-performing loans on loan growth,
controlling for the effects of bank-specific variables and country-level indicators.
In line with the recent literature on bank lending determinants in panel data stud-
ies (e.g. see Salas and Saurina 2002; Kosak et al. 2015), our model is specified as
follows:

AlogLG;;, = a; + pAlogLG,;,_ + BNPL;;, | + yBank;;,_,

1
+ 6Macro;,_; + dBankType; M

1jt

+ 0Year, + ¢,
where q; is the intercept, whereas p, §, v, 6, 0, and 6 are the coefficient vectors.

Our dependent variable, A log LG; i is the loan growth rate for bank i, located
in country j, in year ¢ (see Sanfilippo-Azofra et al. 2018; Kosak et al. 2015; Laeven
and Majnoni 2003; Gambacorta and Mistrulli 2004). Our main explanatory variable,
NPL,;,_;, represents the non-performing loans ratio, measured by total impaired
loans over total gross loans for bank i, located in country j, in year ¢ — 1. In line
with Louzis et al. (2012), Tarchouna et al. (2017), Vithessonthi (2016), and Ghosh
(2015), we use the NPL ratio as a measure of credit portfolio quality. An increase in
the value of the ratio represents a worsening quality of the loan portfolio. We expect
the NPL ratio to have a negative effect on loan growth. We also include the one-year
lagged dependent variable (A log LG, ;,_;) in our model to capture the persistence of
loan growth rates.

¥

iii—1



Page90of26 7

Non-performing loans and bank lending behaviour

K[oAnoadsal ‘STOAJ] % (0] PUB ‘%G ‘%] U3 I8 QOUBOYTUSIS BIIPUL 4 PUB ‘4 e

Q)BI )SAINUI [BAI—Y Y

‘onel YIMOoIS J(ID :SMO[[OJ SB dIe SIOJEIIPUI JIWOUOJI0IORW Y], ‘UISIew Jsarojur Jou—AN ‘Ainbs oferoae uo wInor—gyOy ‘s19sse (.10} jo uoniodoxd e se Aymba
re10—uonezifeyde) ‘sjasse [€103 Jo uoniodoid e se syisodop [€10) -s1assy/soda( ‘S1osse [810) JO WiyILIeSO] [BINJeU—aZIS Yueq ‘Sueo] Surwiojlod-uou—gN ‘sueo| ssoid
JO IM0IS—TDSO[Y [OpOW A} UT Pasn dIe YOIYM SI[qeLIeA A9y o) U9am)dq XIIjew Uuone[ariod ay) syprodar o[qe) oy, "/ 107 03 000g woiy porrad oy s10a00 ofdwres oy,

SUOTJB[NO[ED UMO INQ) 224108

00'1 ##5:£0°0 — 100 — #45£0°0 — #460'0 — #4900 ##5£90°0 — #45£0°0 ##450°0 — A
00T #5xL0°0 V10 #5x€0°0 #5xC0°0 #%x50°0 w170 — #5170 nmoI3 4Jao
001 #5x%£0°0 sxxL1°0 #%%90°0 %%x90°0 — %5910 55710 NIN
00'T #5xL0°0 — #5700 #5xC0°0 w8k LE0 — ##x90°0 gvOod
00°1 ##59€°0 — #45L0°0 — ##5£C°0 ##%80°0 uoneziende)
00T #5010 — 5P 10 — %100 — s1essy/sysoda
00'1 #%x90°0 #4900 9zIS Nueqg
00'1 s 170 — TdN
00'T 10301V
qrd QAoIs Jaon ININ AVOY  uonezieyde) s1essy/sysoda( 9ZI§ yueqg TdN O30V

so[qerreA Aoy Suowe XIIjew UONB[AII0) ¢ d|qeL



7 Page100f26 A.Gjeci et al.

We account for several bank-specific control variables in the Bank; ;,_; matrix. We
use the natural logarithm of total assets for bank i, located in country j, in year ¢ at
the end of each year Banksize,;,. The expected relationship between bank size and
lending is ambiguous and could be either positive (see Thornton and Di Tommaso
2020; Abdul-Karim et al. 2014; Hau et al. 2013) or negative (see Fang et al. 2020;
Vo 2018; Kosak et al. 2015; Puri et al. 2011). Capitalization;;, is the ratio of equity
over total assets for bank i, located in country j, in year z. According to Foos et al.
(2010) and Kishan and Opiela (2006) banks that are more solvent play an important
role in lending. Thus, a positive relationship is expected. Deposits/Assets;;, is the
ratio of total customer deposits over total assets for bank i, located in country j, in
year 1. ROAE,;, is the return on average equity for each bank i, located in country j,
in year t. We use ROAE as a proxy for management efficiency (Bonin et al. 2005)
and expect its relationship with loan growth to be positive (Iwanicz-Drozdowska
and Witkowski 2016). We use ROAE due to the observed increase in the equity cap-
ital of banks on the global market (see Iwanicz-Drozdowska and Witkowski 2016;
Athanasoglou et al. 2008; among others). NIM, ;, stands for the net interest margin
for bank i, located in country j, in year z. We use NIM as a measure of core bank
profitability (Iwanicz-Drozdowska and Witkowski 2016).

Additionally, we control for the impact of macroeconomic factors in the
Macro, ;,_, matrix, which includes two country-level indicators. GDPgrowth;,
denotes the annual percentage growth rate of GDP in country j, in year ¢ and
serves as a proxy for credit demand as mentioned in Klein (2013) and Gam-
bacorta and Mistrulli (2004). We expect a positive relationship between loan
growth and GDP growth. RIR;, is the real interest rate in a country j, at time 7.

Finally, we account for different bank specializations in the BankType;;,
matrix. The dummy variables included in this matrix distinguish commercial,
co-operative, and savings banks basted on ownership and organizational char-
acteristics of banks (commercial dummy;, co-operative dummy;, and savings
dummy;); Year, denotes yearly dummy variables to control for unobserved time
specific effects; ¢, ;, represents the error term. The standard errors are robust and
clustered at the bank level.

We setup two data estimation approaches. First, we use the fixed and random
effects estimators with robust standard errors to account for unobserved hetero-
geneity across banks (Micco and Panizza 2006; Carlson et al. 2013). Second, we
use system generalized method of moments (GMM) estimator for dynamic panel
data (see Arellano and Bover 1995; Blundell and Bond 1998) to resolve endoge-
neity issues and to obtain consistent and efficient estimates. We use lags of 1 up
to 3 as instruments for our explanatory variables in order to address the problem
of endogeneity. We use the Hansen J specification test to test the overall validity
of the instruments which confirms the consistency of our estimation results. We
test the assumption of serially uncorrelated errors for the first-order autocorrela-
tion AR(1) and the second-order autocorrelation AR(2) (see Arellano and Bond
1991; Roodman 2006; Baum et al. 2003; Baum 2006). The null hypothesis of the
second-order serial correlation AR(2) is that the errors in the first-differenced
equation exhibit no second-order serial correlation. We confirm the validity of
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instruments chosen and no presence of the second-order autocorrelation which
indicates that our GMM estimate coefficients are consistent and unbiased.

Results of regression analysis
Baseline results

We begin our analysis by estimating the baseline regression in (1) using both RE,
FE, and GMM models (see Table 3). We use Hausman test (Hausman 1978) to
choose between FE or RE estimator. Hausman specification test leds to a rejection of
the RE in favour of the FE specification (with Prob > chi2(25)=0.0000 <0.05). The
estimated regression coefficient between the NPL ratio and loan growth is negative
and statistically significant in all specifications. The NPL coefficient ranges from
0.00235 for GMM to 0.00270 for FE. This result confirms our Hypothesis 1 and
is consistent with the results of previous studies (Cucinelli 2015, 2016; Louhichi
and Boujelbene 2016). The result is also economically significant. For example, in
model (3), a one standard deviation increase of the NPL ratio is associated with an
expected 0.096 standard deviations decrease of the loan growth rate (where 0.096
equals to the estimated NPL regression coefficient, 0.00235, multiplied by the stand-
ard deviation of NPL, 8.531, and divided by the standard deviation of loan growth,
0.208). Furthermore, the positive and significant coefficient of the lagged dependent
variable is also in line with expectations and reflects persistence in the growth of
loans (Table 3, column 3).

Our results in Table 3 also confirm that both bank-specific variables and macro-
economic indicators are important determinants of bank lending behaviour. Bank
size is positively and significantly (at 5% level) related with loan growth in the static
specification (the coefficient is insignificant, but still positive in the dynamic speci-
fication). This indicates that larger banks experience higher credit growth rates than
small banks. The deposit-to-assets ratio coefficient is positive and significant in all
estimations. The same is true for the capitalization coefficient. Higher capital ratios
are related to increased bank lending activity, as banks with more equity capital are
less constrained by regulatory capital requirements. This finding is consistent with
those of previous studies (see Foos et al. 2010). Return on average equity and net
interest margin coefficients are significant and positive in all estimations. The last
result reveals that increased bank profitability, which may be associated with effec-
tive management practices, is conducive for bank lending activity.

Next, we turn to the effect of macroeconomic indicators. The results in Table 3
suggest that loan growth is positively and highly significantly correlated with GDP
growth, and negatively and highly significantly correlated with the real interest rate.
This implies that better economic conditions positively affect credit growth. This
result corroborates the empirical findings by Louhichi et al. (2017), Vithessonthi
(2016), and Dell’Ariccia and Marquez (2006).

e
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Table 3 The relationship between NPL and loan growth: the total sample with different estimation meth-
ods

Dependent variable: (1) 2) 3)

AlogGL

Intercept —0.00456 —0.376%*
(—0.24) (—2.45)

Bank-specific variables

Lagged AlogGL;,; 0.130%%*%*

(4.93)

NPL,; ., — 0.00323*** — 0.00270%** — 0.00235%**
(—=7.31) (—4.78) (—5.96)

Bank Size;, ; 0.00337%%* 0.0448** 0.00122
(2.24) (2.44) (1.29)

Deposits/Assets; , ; 0.000603*x** 0.000607* 0.000535%**
(2.92) (1.71) (3.43)

Capitalization, , 0.00209%%** 0.00528%** 0.000592
(2.73) 4.17) (0.93)

ROAE; ; 0.000702%** 0.000501** 0.000578%**
(3.09) (2.14) (2.42)

NIM; ; 0.0173%** 0.0244%** 0.0111%**
(5.10) (4.86) (3.56)

Macroeconomic indicators

GDP growth, , , 0.00766*** 0.00878*** 0.00688%***
(5.00) (5.00) (4.63)

RIR;,; — 0.00872%** — 0.00931%**%* — 0.00649%**
(—6.29) (=5.71) (—4.53)

Coefficient estimates RE FE GMM

No. obs 12,295 12,295 11,353

R-squared within 0.1407 0.1503

Hansen J statistic (p value) 69.66 (0.074)

AB test AR(2) (p value) — 0.04 (0.966)

Dummies year Yes Yes Yes

Dummy account standards Yes Yes Yes

Source Our own calculations

The sample covers the period from 2000 to 2017. The dependent variable is the loans growth rate
(AlogGL). The estimation methods are RE, FE, and GMM. The regressions include year dummies and
dummy account standards. AR(2) reports the p-values for the null hypothesis that the errors in the first
regression exhibit no second-order serial correlation. The independent variables are lagged one period.
Robust-standard errors in parenthesis are clustered at the level of banks

##x %% and * indicate significance at the 1%, 5%, and 10% levels, respectively
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Channels through which NPL affects bank lending behaviour

Having identified the main determinants of loan growth, we analyse the interac-
tion terms between the non-performing loans and bank-specific variables in order
to investigate the channels through which the level of NPLs impacts the loan
growth. We introduce three interaction terms: non-performing loans and bank
size, non-performing loans and bank capitalization, and non-performing loans
and asset management companies. The results of these additional regressions
are presented in Table 4. In line with our previous findings, the level of NPLs is
negatively and significantly related to the level of loan growth. All bank-specific
variables and macroeconomic indicators are similar to those in the basic model
specification.

The interaction term between the level of NPLs and bank size is negatively
related to the level of loan growth but the relationship is only statistically significant
in column 1 but not in column 2. The results provide some evidence that the effects
of a higher level of NPLs on loan growth are more pronounced for larger banks but
the results are not conclusive because of statistical insignificance of the interaction
term in column 2. Therefore, we cannot doubtlessly confirm Hypothesis 2.

The interaction term between the level of NPLs and bank capitalization is also
negatively and significantly related to the level of loan growth. At first take, this
result is counter-intuitive, since it implies that the negative effect of NPLs on loan
growth rate is more pronounced for better capitalized banks. However, this may
be due to the possibility that higher bank capital ratios (on a non-weighted basis)
are a reflection of the underlying loan portfolio risks. Banks with riskier loan
portfolios have higher levels of NPLs and require more capital to cover loan loss
provisions and adhere to capital adequacy standards. In such a situation, more
capitalized banks in the presence of NPLs may actually be more reluctant to fur-
ther extend risky loans. This provides ground to support our Hypothesis 3. The
results for bank size and capitalization channels also imply that lending behaviour
of larger and better capitalized banks is more procyclical with respect to non-
performing loans relative to smaller and less capitalized banks.

To control for the impact of asset management companies on lending growth,
we also include an AMC dummy variable, which takes the value of 1 for countries
that have an asset management company present in a given year or the value of 0
for countries without an asset management company in a given year. We interact
this variable with the level of NPLs. We find that the interaction term between
NPL and AMC is statistically insignificant, suggesting no evidence related to
loan growth level. This finding does not provide support to Hypothesis 4.

Bank lending behaviour and NPLs in different regions
To assess the impact of non-performing loans on loan growth in different geo-

graphic regions, four subsample regressions were computed, separately for banks
in EU countries, non-EU countries, advanced economies, and emerging economies.

e
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Table 5 NPL and loan growth in different regions

Dependent variable: €)) 2) 3) “4)

AlogGL EU Non-EU Advanced Emerging

Lagged AlogGL;,; 0.168%%*%* 0.0884* 0.101%** 0.227%%*
(5.79) (1.91) (3.67) (3.80)

Bank-specific variables

NPL;,, — 0.00237%** — 0.00227**%* — 0.00314%** — 0.00180%**
(—4.72) (-3.02) (- 6.63) (—2.98)

Bank size;, ; 0.000610 0.00479%* 0.00257** —0.000175
(0.48) (2.14) (2.05) (—0.08)

Deposits/assets; ,_; 0.000444** 0.000216 0.000399%* 0.000457
(2.52) (0.63) (2.28) (1.25)

Capitalization;  ; 0.000841 0.000709 0.000155 0.00133
(0.96) (0.98) (0.20) (1.56)

ROAE; 0.000296 0.00110%** 0.0000195 0.000849%*
(0.92) (4.11) (0.08) (2.40)

NIM; 0.00367 0.0177%** 0.0117%* 0.00448
(0.89) (3.49) (2.26) (1.11)

Macroeconomic indicators

GDP growth, , , 0.00184 0.00735%** 0.00290 0.00456%*
(0.71) (2.69) (0.90) (2.28)

RIR;,, 0.000359 — 0.0108%** —0.00180 — 0.00773%**
(0.12) (-5.59) (—0.42) (—4.92)

Coefficient estimates GMM GMM GMM GMM

No. obs 7906 3447 9578 1775

Hansen J statistic(P value) 61.35 (0.229) 67.50 (0.103) 57.63 (0.343) 28.34 (0.393)

AB test AR(2) (P value) 0.70 (0.484) —0.31 (0.759) —0.37(0.710) 0.87 (0.386)

Dummies year Yes Yes Yes Yes

Dummy account standards Yes Yes Yes Yes

Source Our own calculations

The sample covers the period from 2000 to 2017. The dependent variable is the loans growth rate
(AlogGL). The estimation method is GMM. The regressions include year dummies and dummy account
standards. AR(2) reports the p-values for the null hypothesis that the errors in the first regression exhibit
no second-order serial correlation. The independent variables are lagged one period. Robust-standard

errors in parenthesis are clustered at the level of banks

##% k% and * indicate significance at the 1%, 5%, and 10% levels, respectively

The model estimates are presented in Table 5 for each region based on the system
GMM estimator. In all subsamples, the impact of non-performing loans on the level
of bank lending is negative and statistically significant. This shows that the effect
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of non-performing loans remains a crucial problem for bank lending across differ-
ent regions and economies. The coefficient is also larger (in absolute terms) for the
advanced economies, indicating that the advanced economies may be more prone
to credit cycles as a result of NPLs. This may be related to greater overall level of
financialization of advanced economies relative to emerging economies.

Bank lending behaviour and NPLs during and after the global financial crisis

The effect of the global financial crisis radically changed the perception of credit
risk. To account for this structural break, we divide the analysis into a pre-crisis
(2000-2007), crisis (2008-2010), and post-crisis (2011-2017) period to identify
how the global financial crisis might have affected the association between NPLs
and credit growth (see Allen et al. 2017). The results of the estimated models are
presented in Table 6. The effect of NPL on loan growth is negative and significant
in all three subperiods. The interaction term of NPL with the pre-crisis dummy vari-
able is significantly negative, indicating that before the crisis period the negative
effect of NPLs on credit growth is more pronounced. The interaction terms of NPL
with the crisis and post-crisis period dummy are not significant.

Robustness checks
Alternative credit risk measurement

In our first robustness check, we use loan loss provision (LLP) as an alternative credit
risk variable instead of NPLs. We find a negative and significant relationship between
loan loss provision and loan growth. The magnitude of the impact is higher than the
NPL impact, and it is equal to 0.00683 in the fixed effect model.' This indicates that
an increase in the level of LLP has a negative impact on bank lending activity. The
finding is consistent with the results of Kosak et al. (2015) and Cucinelli (2016). Other
control variables remain unchanged under this alternative credit risk measurement
specification relative to our baseline model. The results are presented in Table 7.

Subsample of commercial banks

Finally, we perform a robustness check using the subsample of commercial
banks only. The results remain largely unchanged. The non-performing loans are

! The impact of NPL on growth lending in the fixed effect model is 0.0027, see Table 4.

e
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Table 6 NPL and loan growth before, during, and after global financial crisis

Dependent variable: €))] 2) 3)

AlogGL

Lagged AlogGL;,; 0.126%** 0.122%%* 0.122%:%%*
(4.80) (4.67) (4.63)

Bank-specific variables

NPL;,, — 0.00201 *** — 0.00232%** —0.00184%**
(=5.61) (=6.11) (—2.62)

Bank size;, ; 0.000459 0.000459 0.000541
(0.48) (0.48) (0.56)

Deposits/assets, , ; 0.000498*** 0.000489%** 0.000474%**
(3.16) (3.07) (2.99)

Capitalization;  ; 0.000407 0.000275 0.000233
(0.65) 0.43) 0.37)

ROAE; 0.000626%** 0.000561%* 0.000561%*
(2.66) (2.35) (2.37)

NIM; 0.0107*** 0.0116%** 0.0114%**
(3.37) (3.64) (3.56)

Macroeconomic indicators

GDP growth, , , 0.00631%** 0.00590%** 0.00584**%*
4.17) (3.90) (3.78)

RIR;,; — 0.00556%** — 0.00553*** — 0.00563***
(= 3.65) (=359 (—3.66)

NPL*BEFORE GFC — 0.00413***
(-3.02)

NPL*DURING GFC — 0.000659

(= 0.96)
NPL*AFTER GFC —0.000726
(- 1.12)

Coefficient estimates GMM GMM GMM

No. obs 10,813 10,813 10,813

Hansen J statistic(P value) 69.68 (0.072) 69.93 (0.071) 69.60 (0.075)

AB test AR(2) (P value) —0.28 (0.782) —0.26 (0.793) —0.41 (0.679)

Dummies year Yes Yes Yes

Dummy account standards Yes Yes Yes

Source Our own calculations

The sample covers the period from 2000 to 2017. The dependent variable is the loans growth rate
(AlogGL).The estimation method is GMM. The regressions include year dummies and dummy account
standards. AR(2) reports the P values for the null hypothesis that the errors in the first regression exhibit
no second-order serial correlation. The independent variables are lagged one period. Robust-standard

errors in parenthesis are clustered at the level of banks

##k Rk and * indicate significance at the 1%, 5%, and 10% levels, respectively

e
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Table 7 Estimation results of

alternative credit risk Dependent variable: M @

AlogGL

Intercept — 0.0368* — 0.190**
(- 1.92) (—=2.13)

Bank-specific variables

LLP;,_, — 0.00477%** — 0.00683***
(—2.75) (—3.46)

Bank size;,_; 0.00225 0.0182*
(1.49) (1.72)

Deposits/assets; ,_; 0.000521%* 0.000705%*
(2.49) (1.97)

Capitalization, ,_, 0.00181%*** 0.00343***
(3.15) (3.61)

ROAE,,_, 0.000704%** 0.000433*
(3.18) (1.77)

NIV, ,_, 0.0158%** 0.0196%**
(5.18) (4.07)

Macroeconomic indicators

GDP growth,,_; 0.0103%** 0.00844***
(7.69) (5.52)

RIR;, , — 0.0102%** —0.0113%**
(—8.34) (—7.96)

Coefficient estimates RE FE

No. obs 15,381 15,381

R-squared within 0.133 0.136

Dummies year Yes Yes

Dummy account standards Yes Yes

Source Our own calculations

The sample covers the period from 2000 to 2017. The dependent
variable is the loans growth rate (AlogGL). The estimation methods
are RE, and FE. The regressions include year dummies and dummy
account standards. Robust-standard errors in parenthesis are clus-

tered at the level of banks

#Hk ok and * indicate significance at the 1%, 5%, and 10% levels,

respectively

negatively and significantly related to bank lending in both estimation methods (FE
and GMM). This confirms the view that commercial banks reduce their lending at

higher NPL levels (Table 8).
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Table 8 Estimation results of Dependent variable: ) )
commercial bank
AlogGL
Intercept —0.527*
(- 1.94)
Bank-specific variables
Lagged AlogGL;; 0.123%%%
(2.93)
NPL;,_; — 0.00308*** — 0.00237%**
(—3.83) (—4.03)
Bank Size;,_; 0.0429 0.00432%%*
(1.52) (1.98)
Deposits/assets; ,_; 0.00141** 0.000866%**
(2.19) (3.38)
Capitalization;,_, 0.00568%** 0.00127
(3.58) (1.34)
ROAE,,_, 0.000475 0.000333
(1.27) (0.74)
NIV, 0.0269%** 0.0143%%*
(4.38) (3.37)
Macroeconomic indicators
GDP growth, ,_; 0.00787%** 0.00548%***
(3.52) (3.00)
RIR;,; — 0.00839%** — 0.00660%***
(—4.80) (—4.03)
Coefficient estimates FE GMM
No. obs 4073 3807
R-squared within 0.163

Hansen J statistic(P value)
AB test AR(2) (P value)
Dummies year Yes

Dummy account standards Yes

66.37 (0.120)
—0.76 (0.445)
Yes

Yes

Source Our own calculations

The sample covers the period from 2000 to 2017. The dependent vari-
able is the loans growth rate (AlogGL).The estimation methods are
FE and GMM. The regressions include year dummies and dummy
account standards. AR(2) reports the p-values for the null hypothesis
that the errors in the first regression exhibit no second-order serial
correlation. The independent variables are lagged one period. Robust-
standard errors in parenthesis are clustered at the level of banks

wHk ok and * indicate significance at the 1%, 5%, and 10% levels,

respectively
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Conclusion

In this article, we evaluate the relationship between non-performing loans and
bank lending behaviour. Our analysis is based on a sample of 6434 banks distrib-
uted across 42 EU and non-EU member countries and observed over the period from
2000 to 2017. We find a significant and negative impact of non-performing loans on
bank lending, indicating that higher levels of NPLs are associated with a reduction of
credit growth. Furthermore, our empirical results provide evidence that other bank-
specific variables and macroeconomic determinants affect bank lending behaviour.

We find some evidence that the association between NPLs and bank lending is
stronger for well-capitalized banks. The better capitalized the bank is, the higher
the relationship between NPL and lending growth. This finding suggests that
well-capitalized banks tend to behave more procyclically than weakly capitalized,
expanding their loan portfolio faster in times of low NPLs and contracting it fur-
ther in times of high NPLs.

We also analyse the role of asset management companies on the impact of
NPLs on loan growth. We find no statistical evidence that the link between NPLs
and loan growth is less pronounced for banks operating in countries where an
AMC is present. This puts a question mark over the role of AMCs as a policy tool
to kick-start bank lending in a high NPL environment.

Appendix

See Tables 9 and 10.
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Table 10 Number of banks and observations used in the study, 2000-2017

Country Banks Obs. Country Banks Obs.
Albania 15 165 Latvia 24 320
Austria 657 6279 Lithuania 13 165
Belarus 23 204 Luxemburg 120 1444
Belgium 70 844 North Macedonia 9 107
Bosnia and Herzegovina 26 383 Malta 13 169
Bulgaria 25 329 Moldova 15 171
Croatia 41 591 Montenegro 13 141
Cyprus 18 184 Netherlands 49 562
Czech Republic 31 377 Norway 173 2031
Denmark 120 1531 Poland 117 969
Estonia 7 85 Portugal 133 992
Finland 82 544 Romania 30 380
France 349 4362 Serbia 40 473
Germany 1974 28,977 Slovakia 17 194
Greece 20 216 Slovenia 18 242
Hungary 129 863 Spain 249 2653
Iceland 14 116 Sweden 111 1431
Ireland 37 426 Switzerland 416 5544
Israel 9 146 Turkey 70 600
Italy 742 10,010 Ukraine 187 1127
Kosovo 4 49 United Kingdom 224 2702

Funding Funding was provided by Javna Agencija za Raziskovalno Dejavnost RS (Grant No.
P5-0161) and Erasmus Mundus project Green Tech WB (Grant No. 551984-EM-1-2014-1-ES-ERA
MUNDUS-EMA2).
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