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Background and Purpose: The non-performing placements and off-balance sheet liabilities are often considered key 
factors that lead to banking crises. Economic and financial crises increase the level of the non-performing placements 
and off-balance sheet liabilities which can cause significant losses for banks. Effective management and regulatory/
supervisory institutions such central banks should be able to recognize and quantify these effects. Therefore, the 
purpose of this study is to empirically determine the existence and the quantitative impact of main Croatian macroeco-
nomic variables on the non-performing placements and off-balance sheet liabilities of Croatian banks in the long and 
short-run. 
Methodology: For this purpose the bounds testing (ARDL) approach for cointegration is applied. The ARDL model is 
performed in two steps. The first step starts with conducting the bounds test for cointegration. In the second step, when 
cointegration is found, the long-run relationship and the associated error correction model are estimated.
Results: The results indicate the existence of stable cointegration relationship between the variables i.e. in the long-
run, an increase in real GDP reduces the level of the non-performing placements and off-balance sheet liabilities of 
Croatian banks wherein an increase in prices, unemployment, interest rate and the depreciation of the Croatian kuna 
exchange rate increases their level. On the other hand, in the short-run the results are rather mixed. 
Conclusion: To avoid crises, effective bank management and regulatory/supervisory institutions should be able to 
recognize and quantify these effects. This is a necessary precondition for implementation of an adequate prudential 
and monetary policy measures for reducing the level of the non-performing placements and off-balance sheet liabili-
ties.
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1    Introduction 

The non-performing loans (NPLs) are often considered as 
a key factor in banking and financial crises in both devel-
oping and developed countries. Economic and financial 
crises increase the level of the NPLs affecting the liquidity 

and profitability of banks and thereby the financial stability 
of the banking systems which in turn can cause significant 
losses for banks. Namely, an increase in the NPLs leads to 
an increase in value adjustment costs and provisions gen-
erating lower profits and profitability bank indicators. The 
loan’s portfolio quality will deteriorate as a result of inter-
nal factors (bank-specific), as well as a result of problems 
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1  For details regarding the bank-specific determinants please see Louzis, Vouldis and Metaxas (2010), Klein (2013), Messai and 
Jouini (2013), Shingjergji (2013), Shingjergji and Shingjergji (2013), Makri, Tsagkanos and Bellas (2014), etc.
2  Credit institution may be established as a bank, savings banks, housing savings bank or an electronic money institution 
(Croatian National Bank, 2008) whereby banks are the largest and most important of all institutions (Croatian National Bank, 
2014). 

that could be generated by the economy developments 
(macroeconomic factors). Although banks have developed 
sophisticated techniques for quantifying ex ante credit risk 
by focusing on the borrower’s idiosyncratic features, the 
ex post credit risk as reflected in the number of the NPLs 
seems to be primarily driven by macroeconomic develop-
ments (Louzis, Vouldis and Metaxas, 2010). Therefore, it 
is common that during difficult economical conditions the 
level of the NPLs increases.

As summarized in Shingjergji and Shingjergji (2013) 
the main reasons of the NPLs growth are as follows: a) 
general reasons: the economical crises consequences; the 
currency depreciation; the ownership problems; the high 
costs of re – financing, b) businesses reasons: the slow-
down in the construction sector; the unstudied expansion 
of businesses; the general lack of liquidity in the market; 
the liquidity problems that go from one business to anoth-
er as a chain; the exports’ contraction; the sales decline 
as a result of the purchasing power reduction; the loans 
overload, c) individuals reasons: the remittance decline; 
the interruption of the employment relationship, especially 
in the private sector; the reduction of personal and familiar 
incomes; the unreliable incomes certificates; the high rate 
of unemployment; the slow pace of wage growth.

Despite mentioned reasons, bank-specific character-
istics such as the quality of management, policy choices, 
size and market power on problem loans also affect the 
number of the NPLs (Louzis, Vouldis and Metaxas, 2010). 
However, the analysis in this paper is primarily focused on 
the macroeconomic determinants and therefore bank-spe-
cific characteristics will not be discussed in details1.

Another important issue stressed by Louzis, Vouldis 
and Metaxas (2010) is that macroeconomic and bank-spe-
cific variables can have a differential impact on the NPLs 
depending on the type of loan. This could be attributed to 
institutional settings creating different incentive structures 
for each type of loan with regards to the costs of bank-
ruptcy. Moreover, differences in the sensitivity of various 
types of the NPLs to macroeconomic developments may 
be linked to differential effects of the business cycle on 
agents’ cash flows and collateralized assets’ values.  

According to the Croatian National Bank (CNB) De-
cision on the classification of placements and off-balance 
sheet liabilities of credit institutions2 placements include 
all financial assets in a form of granted loans, debt instru-
ments and other receivables, classified by a credit institu-
tion into categories of financial instruments, in accordance 
with its business policies, which are designated as “loans 
and receivables” and “held-to maturity investments” while 
off-balance sheet liabilities mean traditional off-balance 

sheet risky items, i.e. liabilities (which do not include the 
contractual value of derivative instruments), the settling of 
which requires or might require an outflow of credit insti-
tution’s cash, on the basis of which, due to uncollectibility 
of the future outflow of credit institution’s funds, the cred-
it institution is exposed to credit risk (issued guarantees, 
opened uncovered letters of credit, letters of guarantee, 
commitments under credit contracts, etc.) (Croatian Na-
tional Bank, 2013).

Credit institutions, which include banks, shall classi-
fy placements into the appropriate risk categories on the 
basis of the debtor’s creditworthiness criteria, debtor’s 
timeliness in meeting their obligations towards a credit in-
stitution and other creditors, and quality of instruments of 
collateral for credit institution’s receivable. Depending on 
the possibilities of collection, i.e. on estimated future cash 
flows, all placements are classified into three broad cate-
gories (regardless of whether exposures are individually 
significant or they belong to a portfolio of small loans). 
First category includes placements for which no objective 
evidence of impairment has been identified on an individ-
ual basis (risk category A). 

Second category includes placements for which objec-
tive evidence of partial impairment has been identified, i.e. 
partly recoverable placements (risk category B, consisting 
of risk sub-categories B-1, B-2 and B-3) while third cate-
gory includes placements for which objective evidence of 
full impairment has been identified, i.e. fully irrecoverable 
placements (risk category C). With respect to the assessed 
possibility of recovering the expected outflow of a credit 
institution for the purpose of settling off-balance sheet li-
abilities, these liabilities are classified into three broader 
categories. First category includes off-balance sheet liabil-
ities for which no outflow of credit institution’s funds is 
expected, or if the outflow occurs, it is expected to be fully 
recovered (risk category A).

Second category includes off-balance sheet liabilities 
for which outflow of credit institution’s funds is expected 
that will not be fully recoverable (risk category B-1, B-2 
and B-3) while third category includes off-balance sheet 
liabilities for which outflow of credit institution’s funds is 
expected that will be fully irrecoverable (risk category C). 
It should be emphasized that loans have the highest share 
in the structure of placements and off-balance sheet lia-
bilities of Croatian banks. For example, on 31 December 
2013 the portfolio of loans and receivables accounted for 
85,6% of total placements and off-balance sheet liabilities 
(of which loans 68,6%) while off-balance sheet liabilities 
accounted for 12,2% (Croatian National Bank, 2014).

During the last two decades Croatian banking system 
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has gone through a tumultuous period. Rapid privatization, 
deregulation and lack of appropriate regulation together 
with two banking crisis in the first decade generated sig-
nificant losses for banks and bank failures. The second de-
cade was mainly characterized by opening of the financial 
and banking market with the arrival of foreign capital and 
banks which led to the enhancement of financial interme-
diation, strong credit growth and consequently to the high-
er level of the non-performing placements and off-balance 
sheet liabilities caused by the recent global recession.

Throughout the entire period, the CNB has implement-
ed a number of prudential and monetary policy measures 
to reduce the level of the non-performing placements and 
off-balance sheet liabilities (Gardó (2008), Galac (2011)). 
Therefore, the main goal of this study is to empirically de-
termine the existence and the quantitative impact of main 
Croatian macroeconomic variables on the non-performing 
placements and off-balance sheet liabilities of Croatian 
banks in the long and short-run.
The rest of the paper is structured as follows. Section 2 re-
fers to the literature review, Section 3 refers to the data and 
methodology, Section 4 presents the result of conducted 
empirical analysis while Section 5 provides a discussion 
and conclusion. 

2    Literature review

There is a vast growing literature analyzing the effects of 
macroeconomic variables on the NPLs. However, the em-
pirical literature related to determinants of the NPLs (i.e. 
the non-performing placements and off-balance sheet lia-
bilities) in Croatia is very scarce. Therefore, the following 
overview of empirical papers in European countries will 
help us to understand the overall effects of the impact of 
main macroeconomic variables on the NPLs. 

Croatian National Bank (2008) analyized the impact 
of the macroeconomic environment on credit risk in Cro-
atia using quarterly data in the period from 1997 to 2007 
and the ordinary least squares (OLS) model. Obtained re-
gression coefficients showed that annual rate of change in 
GDP and the annual rate of change in exchange rate are 
statistically significant and have the expected signs, i.e. the 
depreciation of the domestic currency and the slowdown in 
economic growth are positively correlated with the annual 
rate of change in the NPLs while interest rate is proved 
to be statistically insignificant as well as inflation and the 
level of indebtedness.

Louzis, Vouldis and Metaxas (2010) examined the de-
terminants of the NPLs in the Greek banking sector, sepa-
rately for each type of loan (consumer, business and mort-
gage loans) using quarterly data in the period from March 
2003 to September 2009 and dynamic panel data methods. 
The results indicate that the NPLs in the Greek banking 
system can be explained mainly by macro-fundamentals 
(GDP, unemployment, interest rates) and management 

quality. The real growth is proved to be negatively related 
to changes in the NPLs ratio, while the unemployment rate 
and the real lending rates have a positive impact. 

Erjavec, Cota and Jakšić (2012) employed the Uhlig’s 
sign restriction approach to stress-testing of the Croatian 
banking system using quarterly data in the period from 
June 2000 to June 2010. The analysis is based on a stan-
dard monetary VAR (vector autoregressive) model com-
prising real economic activity, inflation and short-term 
interest rates augmented by the ratio of the NPLs or return 
on average equity. The results suggest a strong sensitivity 
of the Croatian banking sector to macroeconomic shocks. 
More precisely, estimated impulse response functions sug-
gest that all shocks lead to an increase of credit risk (mea-
sured by changes in the rate of the NPLs) and a decrease 
of Croatian banking sector profitability (return on average 
equity).

Olaya Bonilla (2012) analyzed the main macroeco-
nomic determinants of the NPLs in Italy and Spain using 
monthly data in the period from January 2004 to March 
2012 and the ordinary least squares (OLS) model. Ob-
tained results indicate that in both Spain and Italy, the mac-
roeconomic variables are strong determinants of the NPLs. 
However, of the five explanatory variables used, i.e. credit 
growth, wage, inflation, unemployment and GDP, only 
unemployment, wage and GDP turned out to be statisti-
cally significant. Unemployment is found to be positively 
correlated with the NPLs in both countries while wage is 
neutral. Regarding GDP results are mixed, i.e. the GDP is 
found to be negatively correlated with the NPLs in Spain 
and positively correlated in Italy.

Moinescu (2012) analyzed the determinants of the 
NPLs in Central and Eastern European Countries using an-
nual data in the period from 2003 to 2011, conditional risk 
model and dynamic panel regressions with fixed effects. 
Obtained results suggest that the NPLs ratio is significant-
ly adjusting to economic developments while inflation, 
exchange rate changes and three month money market in-
terest rate exercise positive effects.

Beck, Jakubik and Piloiu (2013) analyzed the macro-
economic determinants of the NPLs across 75 countries 
using annual data in the period from 2000 to 2010 and 
panel estimation techniques. According to panel estimates, 
real GDP growth, share prices, the exchange rate, and the 
lending interest rate significantly affect the NPLs ratios. 
Regarding the exchange rates, the direction of the effect 
depends on the extent of foreign exchange lending to un-
hedged borrowers which is particularly high in countries 
with pegged or managed exchange rates while regarding 
share prices, the impact is found to be larger in countries 
which have a large stock market relative to GDP. 

Bošnjak, Novak and Šverko (2013) analyzed the mac-
roeconomic shocks effect on the NPLs level in Croatia as 
a small open economy in the period from 1997 to 2012 
using the VAR (vector autoregressive) model. They found 
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the negative correlation between the GDP growth level 
and the NPLs ratio.

Klein (2013) investigated the NPLs in Central, Eastern 
and South-Eastern Europe (CESEE) using annual data in 
the period from 1998 to 2011 and a panel VAR (vector au-
toregression) analysis. The results indicate that the level of 
the NPLs can be attributed to both macroeconomic condi-
tions and banks’ specific factors, although the latter set of 
factors is found to have a relatively low explanatory power. 
Obtained results suggest that higher unemployment rate, 
exchange rate depreciation (against the euro) and higher 
inflation contribute to higher NPLs while higher Euro ar-
ea’s GDP growth results in lower NPLs. Higher global risk 
aversion (VIX) was also found to increase the NPLs. The 
impact of bank-specific factors suggest that equity-to-asset 
ratio and return on equity (ROE) are negatively correlated 
with the NPLs while excessive lending (measured by loan-
to-asset ratio and the past growth rate of banks’ lending) 
leads to higher NPLs. 

Messai and Jouini (2013) investigated the determinants 
(macroeconomic and bank-specific variables) of the NPLs 
for a sample of 85 banks in three countries (Italy, Greece 
and Spain) in the period from 2004 to 2008 using the panel 
data method. The results suggest that the improvement in 
the real economy is generating a reduction in the NPLs 
portfolios. Concerning the unemployment and real interest 
rate, there is a positive and significant relationship with the 
ratio of the NPLs while there is a significant and negative 
relationship between the return on assets (ROA) and the 
amount of the NPLs. Finally, the results indicate a posi-
tive and significant relationship between the variable loans 
losses reserves and the NPLs.

Shingjergji (2013) analyzed the impact of the main 
macroeconomic variables on the NPLs level in the Al-
banian banking system using quarterly data in the period 
from 2005 to 2012 and a simple regression model. Ob-
tained results indicate a positive relationship between the 
GDP growth and the NPLs ratio what is contrary to inter-
national evidence. The inflation rate is found to be nega-
tively related with the NPLs ratio while there is a positive 
relationship between the base interest rate of four quarters 
lag and the NPLs ratio in time t. Also, the results suggest 
the existence of a positive relationship between foreign ex-
change rate Euro/ALL and the NPLs ratio. 

Shingjergji and Shingjergji (2013) analyzed the NPLs 
in the Albanian banking system for the period from March 
2000 to March 2012 using a simple regression model. 
They found that the effect of the macroeconomic situation 
plays an important role in the determination of the NPLs. 
The results indicate a positive relationship between the ra-
tio of the loans on the bank’s assets and the NPLs while the 
relationship between the real interest rate and the ratio of 
the NPLs is found to be weak. Furthermore, there is a pos-
itive relationship between the growth of the loans and the 
NPLs while the real exchange rate is found to be positively 

related with the NPLs according to which the international 
competition of a country is an important determinant of 
the credit risk. Hence obtained results indicate a negative 
relationship between the NPLs and the GDP but a positive 
effect in the time of GDPt-1. Finally, there is a negative re-
lationship between the inflation and the NPLs. The credit 
growth, inflation and the growth in GDP are found to be 
insignificant in explaining the NPLs in Albania.

Makri, Tsagkanos and Bellas (2014) analyzed the fac-
tors (macro and micro variables) affecting the NPLs of Eu-
rozone’s banking systems in the period from 2000 to 2008 
using the difference generalized method of the moments 
(GMM difference) estimation. Their findings reveal strong 
correlations between the NPLs and various macroeconom-
ic and bank-specific factors. In particular, bank-specific 
variables capital ratio (bank capital and reserves to total 
assets) and ROE (return on equity) are negatively cor-
related while the NPLt-1 is positively associated with loan 
quality. In addition, macroeconomic variables public debt 
as % of GDP and unemployment were also found to be 
positively and significantly related to the NPLs. Annual 
percentage growth rate of GDP denoted a significant neg-
ative relationship while ROA, loans to deposit ratio, the 
budget deficit/surplus as a percentage of GDP and annual 
average inflation did not show any significant impact on 
the NPLs ratio.

Škarica (2014) analyzed the determinants of the changes 
in the NPLs ratio in selected European emerging markets 
(Bulgaria, Croatia, Czech Republic, Hungary, Latvia, 
Romania and Slovakia) using quarterly data in the period 
from September 2007 to September 2012 and a panel data 
techniques. The results suggest that the primary cause of 
high levels of the NPLs is the economic slowdown, which 
is evident from statistically significant and economically 
large coefficients on GDP, unemployment and the inflation 
rate.

Croatian National Bank (2015) estimated various mac-
roeconomic credit risk models for the corporate and the 
household sector in Croatia using quarterly data in the 
period from March 2004 to december 2013 and the ordi-
nary least squares (OLS) models. For the corporate sector, 
the results show that favorable macroeconomic condi-
tions (measured by economic growth) or increase in pric-
es (measured by inflation and real estate prices) through 
an increase in corporate income reduces the share of the 
non-performing placements and off-balance sheet liabili-
ties. In contrast, an increase in interest rates or exchange 
rate depreciation against the euro increases the burden of 
loan repayment and increases the share of the non-per-
forming placements and off-balance sheet liabilities as 
well as the rise in unemployment rate. For the household 
sector, the results show that exchange rate depreciation 
against the euro or the growth of interest rates on housing 
loans and EURIBOR lead to an increase in the share of the 
non-performing placements and off-balance sheet liabili-
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1 
3  The non-performing placements and off-balance sheet liabilities are calculated as the share of placements and off-balance sheet 
liabilities classified in risk categories B-1, B-2, B-3 and C in total placements and off-balance sheet liabilities. Since CNB does not 
announce quarterly data on the share of the non-performing placements and off-balance sheet liabilities in total placements and 
off-balance sheet liabilities from 1997, but only annual, the annual data are interpolated into quarterly using the “interpolate higher 
frequency values” method. To check the robustness, interpolated values are then compared with the quarterly data on the share of 
the non-performing loans to total gross loans for the period from June 2006 till June 2014 taken from the International Financial 
Statistics – Financial soundness indicators database (International Financial Statistics, 2014). The similarity in their movements is 
clearly visible suggesting the acceptability of the applied interpolation method. Likewise, the CNB announce the quarterly data on 
partly recoverable and fully irrecoverable loans only since December 2008.
4  Represents the number of unemployed persons.
5  Data on interest rate on kuna credits indexed to foreign currency are taken as a proxy variable for interest rate on credits/place-
ments since CNB does not announce overall average interest rate on credits/placements of Croatian banks.
6  The largest number of granted credits/placements by Croatian banks is in kuna indexed to euro (or in euros) (Croatian National 
Bank, 2014a).

ties. The same is valid in the case of rising unemployment 
or in terms of general economic slowdown. In contrast, a 
higher level of real estate prices lowers the share of the 
non-performing placements and off-balance sheet liabili-
ties. 

3    Data and methodtology 

The purpose of this paper is to determine the impact of main 
Croatian macroeconomic variables on the non-performing 
placements and off-balance sheet liabilities of Croatian 
banks by using the bounds testing (ARDL) approach for 
cointegration of time series. Data of six selected variables 

are observed on a quarterly basis in the period from March 
1997 to September 2013 and Figure 1 shows their move-
ment, i.e. the movement of the non-performing placements 
and off-balance sheet liabilities (RISK_bc)3, real GDP in-
dex (RGDP), consumer price index (CPI), unemployment 
index (UNEMP)4, interest rate on kuna credits indexed to 
foreign currency (INT_c)5 and the nominal exchange rate 
of Croatian kuna against the euro (HRK_EUR)6. Data are 
taken from the Croatian National Bank (Croatian National 
Bank, 2014b, 2014c), the International Financial Statistics 
(International Financial Statistics, 2014a) and the Institute 
of Economics, Zagreb (The Institute of Economics, Za-
greb, 2014) databases.

Figure 1: Non-performing placements and off-balance sheet liabilities (in percentage), real GDP index (2005=100), consumer 
price index (2005=100), unemployment index (2005=100), interest rate on kuna credits indexed to foreign currency (in percent-
age) and the nominal exchange rate of Croatian kuna against the euro.
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7  Using the Arima X-13 method.
8  In the analysis Gretl (Cottrell and Lucchetti, 2007), EViews (IHS Global Inc., 2014) and Microfit 5.01 (Pesaran and Pesaran, 
2009) econometric software were used.

It is noticeable that most of the series have two break 
points. First, at the end of the 90s mainly due to the intro-
duction of VAT, second banking crises, democratic elec-
tions and second, during 2008 due to the spill over effect 
of global crisis on the Croatian economy. Likewise, it is 
visible that the increase in the non-performing placements 
and off-balance sheet liabilities is accompanied by decline 
in GDP, rising unemployment, rising interest rate and the 
depreciation of the exchange rate.

Commonly, higher real GDP usually translates into 
higher income which improves the debt servicing capacity 
of borrowers and lowers the level of the non-performing 
placements and off-balance sheet liabilities. The impact of 
inflation may be twofold. Higher inflation can make debt 
servicing easier by reducing the real value of the loan but 
it can also reduce the borrowers’ real income when wages 
are sticky. Additionally, in the case of floating interest rate, 
higher inflation can also lead to higher interest rates. An in-
crease in the unemployment is expected to influence neg-
atively the cash flow of households and increase their debt 
burden which in turn raises the level of the non-performing 
placements and off-balance sheet liabilities.

Similarly, it is expected that an increase in unemploy-
ment may signal a decrease in production and a drop in 
demand for firms which may lead to a decrease in reve-
nues and deterioration in the debt condition. In the case 
of floating interest rate, an increase in interest rate should 
increase debt burden caused from rising interest rate pay-
ments which would ultimately lead to a higher level of the 
non-performing placements and off-balance sheet liabili-
ties. The exchange rate depreciation might have a nega-
tive impact on the borrowers’ asset quality, especially in 
countries with a large amount of lending in foreign cur-
rency which, as in the case of rising interest rate, affects 
the ability to service the debt and therefore could lead to a 
higher level of the non-performing placements and off-bal-
ance sheet liabilities. This is especially emphasized in pe-
riods of crisis when due to insufficient foreign exchange 
reserves, currency depreciations increases the debt servic-
ing costs in local currency terms for borrowers with loans 
denominated in foreign currency. 

To estimate the non-performing placements and 
off-balance sheet liabilities equation the ARDL modeling 

approach is used. Due to its advantages the approach was 
popularized with the works of Pesaran, Shin and Smith 
(1996) and Pesaran and Shin (1999). The main advantage 
of this approach is that it can be applied irrespective of 
whether the regressors are I(0) or I(1) and can avoid the 
pre-testing problems associated with the standard cointe-
gration analysis which requires identification of the order 
of integration. In fact, other cointegration techniques such 
as residual-based methods or Maximum Likelihood ap-
proaches presume that variables under consideration are 
first-difference stationary (or are integrated of order 1). 
Likewise, it is well known that underlying standard unit 
root tests have low power, i.e. they often cannot distin-
guish between true unit-root processes and near unit-root 
processes. Insight into Figure 1 indicates that certain vari-
able(s) may be stationary in levels (integrated of order I(0)) 
and therefore the use of the ARDL modeling approach is 
found to be suitable. 

The ARDL model is performed in two steps. The first 
step starts with conducting the bounds test for cointegra-
tion. In the second step, when cointegration is found, the 
long-run relationship and the associated error correction 
model are estimated. 

4    Results

Before proceeding with the bounds test, it is necessary to 
examine the properties of the time series, i.e. the degree 
of integration because it is very important to determine 
whether the variables are integrated of order n = 0, 1, 2 
as to avoid spurious results. In the presence of I(2) vari-
ables the computed F-statistic and W-statistic are not valid 
because the bounds test is based on the assumption that 
the variables are I(0) or I(1). To do so, ADF test (Dick-
ey and Fuller, 1979), PP test (Phillips and Perron, 1988) 
and KPSS test (Kwiatkowski, Phillips, Schmidt and Shin, 
1992) are considered. To eliminate the influence of sea-
sonal factors all series were seasonally adjusted7. Further-
more, all variables, excluding the non-performing place-
ments and off-balance sheet liabilities and interest rate, 
are expressed in logarithms. Results of unit root tests are 
showed in Table 18.
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Variable
and test

Level First difference

Constant Constant 
and trend Constant Constant 

and trend

ADF test t-stat.

RISK_bc -2,626681 -0,550282 -3,454801 -3,859671

LRGDP -2,591288 -0,635113 -7,362762 -8,060082

LCPI -1,802498 -2,854339 -6,099540 -6,337248

LUNEMP -2,275613 -2,346289 -2,916046 -2,891983

INT_c -2,822790 -1,601455 -3,052388 -5,513523

LHRK_EUR -3,475072 -3,480993 -9,835292 -9,812855

PP test Adj. t-stat.
RISK_bc -0,610804 -0,479300 -2,737515 -2,741657

LRGDP -2,516777 -0,628339 -7,416385 -8,060082

LCPI -1,924224 -2,589940 -6,109552 -6,343777

LUNEMP -1,615074 -1,686818 -3,084209 -3,061512

INT_c -5,439495 -3,308471 -8,085694 -9,161500

LHRK_EUR -3,061879 -2,965309 -9,731328 -9,724186

KPSS test LM-stat.
RISK_bc 0,220282 0,221723 0,308312 0,158098

LRGDP 0,857204 0,255326 0,587882 0,054115

LCPI 1,062408 0,098679 0,259430 0,082948

LUNEMP 0,213998 0,127554 0,152319 0,151863

INT_c 0,773581 0,258391 0,809867 0,189454

LHRK_EUR 0,112511 0,113616 0,164800 0,130391

Perron test t-stat. 
INT_c -3,914783 -3,473898 -7,163239 -7,409441

 -4,676848 -4,224615 -11,00350 -11,09568

Table 1: Unit root tests9. Source: Authors calculations

1 

9  Note: “L” indicates logarithm of the variable. For the implementation of ADF test the Akaike information criterion has been 
implemented. ADF test critical values (MacKinnon, 1996); constant: 1% level (-3,49), 5% level (-2,89), 10% level (-2,58); con-
stant and trend: 1% level (-4,04), 5% level (-3,45), 10% level (-3,15). PP test critical values (MacKinnon, 1996): constant: 1% 
level (-3,49), 5% level (-2,89), 10% level (-2,58); constant and trend: 1% level (-4,04), 5% level (-3,45), 10% level (-3,15). KPSS 
asymptotic critical values (Kwiatkowski-Phillips-Schmidt-Shin, 1992); constant: 1% level (0,739), 5% level (0,463), 10% level 
(0,347); constant and trend: 1% level (0,216), 5% level (0,146), 10% level (0,119). Perron test critical values (Perron, 1997): 
constant: 1% level (-5,92), 5% level (-5,23), 10% level (-4,92); constant and trend: 1% level (-6,32), 5% level (-5,59), 10% level 
(-5,29).
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It is noticeable that ADF test, PP test and KPSS test in-
dicate a possible stationarity of the interest rate and the 
exchange rate in levels. However, considering that series 
might have brakes (Graph 1), Perron test (Perron, 1997) 
for series with structural break is performed and presented 
in Table 1. The results clearly reject this possibility. There-
fore, for the purposes of the analysis it can be concluded 
that all the series are integrated of order I(1), i.e. they are 
stationary in their first differences. 

As stated before, the first step of ARDL approach starts 
with conducting the bounds test for cointegration. There-
fore, the long-run relationship between the variables is 
tested by computing the F-statistic and W-statistic for test-
ing the significance of the lagged levels of the variables in 
the error correction form of the underlying ARDL model. 
Since the observations are quarterly given, the maximum 
order of lags in the ARDL model is 4 and furthermore, the 
trend is included10.

The error correction version of the ARDL (5, 5, 5, 5, 5, 
5) model is defined as follows:

       
     (1)
where δ1, δ2, δ3, δ4, δ5 and δ6 are the long-run multipliers, bi, 
di, ei, fi, gi and hi are the short-run dynamic coefficients, a0 
is the intercept term, t is a deterministic time trend while ut 
are serially uncorrelated residuals with zero mean.

The current values of dLRGDP, dLCPI, dLUNEMP, 
dINT_c and dLHRK_EUR are excluded since it is not pos-
sible to know a priori whether LRGDP, LCPI, LUNEMP, 
INT_c and LHRK_EUR are the “long-run forcing” vari-
ables for the non-performing placements and off-balance 
sheet liabilities (RISK_bc).

Next, F-test and W-test are conducted for the joint hy-
pothesis that the lagged levels of the variables in Equation 
(1) are zero:

H0: δ1 = δ2 = δ3 = δ4 = δ5 = δ6 = 0
     (2)

against the alternative hypothesis that at least one lagged 
level variable is non-zero:

H1: δ1 ≠ 0, δ2 ≠ 0, δ3 ≠ 0, δ4 ≠ 0, δ5 ≠ 0, δ6 ≠ 0
     (3)
Computed F-statistic and W-statistic should be compared 
with the critical values in Pesaran, Smith and Shin (1996). 
The distributions of F-statistic and W-statistic for testing 
the existence of the level relationship in the ARDL mod-
el are non-standard and must be computed by stochastic 
simulations. Two sets of asymptotic critical values are pro-
vided; one set assuming that all the variables in the model 
are I(1) and another set assuming that they are all I(0). If 
the computed F-statistic and W-statistic exceed the upper 
bound, the null hypothesis of no long-run relationship can 
be rejected without needing to know whether the variables 
are I(0) or I(1), or fractionally integrated.

If they fall below the lower bound, the null hypothesis 
of no long-run relationship can be accepted without need-
ing to know whether the variables are I(0) or I(1), or frac-
tionally integrated. Finally, if they fall between these two 
bounds, the result is inconclusive and depends on whether 
the variables are I(0) or I(1), and so the unit root tests on 
the variables may be carried out. For the sake of the anal-
ysis, F-statistic and W-statistic together with their critical 
value bounds at 90 and 95 percent levels are computed au-
tomatically through the program procedure and are sum-
marized in the Table 2.

Since the computed F-statistic and W-statistic exceed 
the upper bounds, the null hypothesis of no long-run re-
lationship between RISK_bc, LRGDP, LCPI, LUNEMP, 
INT_c and LHRK_EUR can be rejected irrespective of 
the order of their integration. The results also suggest that 
LRGDP, LCPI, LUNEMP, INT_c and LHRK_EUR can be 
treated as the “long-run forcing” variables for the expla-
nation of the non-performing placements and off-balance 
sheet liabilities (RISK_bc). 

In the second step, the ARDL long-run model is esti-
mated using the AIC11. Table 3 summarizes the diagnostic 
tests of the selected ARDL (2, 4, 4, 3, 4, 3) non-performing 
placements and off-balance sheet liabilities equation.

Diagnostic tests suggest that the model is adequately 
estimated and that the conclusions of the model are ac-
ceptable. The level relationship, i.e. the long-run ARDL (2, 
4, 4, 3, 4, 3) non-performing placements and off-balance 
sheet liabilities equation is presented in Table 4.

Estimated long-run coefficients are generally statisti-
cally significant and have expected signs. It is evident that 

1 

10  The comparison of the information criterions (R-BAR Squared Criterion, AIC – Akaike Information Criterion, SBC – Schwarz 
Bayesian Criterion and HQ – Hannan-Quinn Criterion) showed that higher values of the information criterion achieve models that 
include a trend.
11  The model using the AIC is estimated since it provides higher values of the information criterion and smaller estimated stan-
dard errors in comparison with the SBC and H-Q criterion while the R-BAR Squared criterion selects the same model as the AIC.
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F-statistic 95% Lower Bound 95% Upper Bound 90% Lower Bound 90% Upper Bound

20,4243 3,4101 4,6497 2,8850 4,0291

W-statistic 95% Lower Bound 95% Upper Bound 90% Lower Bound 90% Upper Bound

122,5461 20,4607 27,8984 17,3101 24,1749

Test Statistics LM Version F Version

Serial Correlation: 
Lagrange multiplier test of residual serial correlation

CHSQ(4) = 2,8853, 

Prob. = 0,577

F(4,32) = 0,38398, 

Prob. = 0,818

Functional Form: 
Ramsey’s RESET test using the square of the fitted values

CHSQ(1) = 1,8179, 

Prob. = 0,178

F(1,35) = 1,0399, 

Prob. = 0,315

Normality: 
Based on a test of skewness and kurtosis of residuals

CHSQ(2) = 2,2994, 

Prob. = 0,317
- 

Heteroscedasticity: 
Based on the regression of squared residuals on squared fitted values

CHSQ(1) = 0,59748, 

Prob. = 0,440

F(1,61) = 0,58405, 

Prob. = 0,448

Table 2: Testing for existence of a level relationship among the variables in the ARDL model12. Source: Authors calculations.

Table 3: Diagnostic tests of the ARDL (2, 4, 4, 3, 4, 3) non-performing placements and off-balance sheet liabilities equation

Table 4: Estimated long-run coefficients of the ARDL (2, 4, 4, 3, 4, 3) non-performing placements and off-balance sheet liabilities 
equation13. Source: Authors calculations.

Dependent variable: RISK_BC

Coefficient Std. Error T-Ratio Prob.

LRGDP -0,19038 0,026701 -7,1303 0,000

LCPI 0,031397 0,072838 0,43105 0,669

LUNEMP 0,028766 0,010644 2,7027 0,010

INT_c 0,75895 0,12663 5,9932 0,000

LHRK_EUR 0,14531 0,040312 3,6046 0,001

INPT 0,21434 0,22654 0,94614 0,350

TREND 0,0021827 0,4989E-3 4,3754 0,000

1 

12  Note: The critical value bounds are computed by stochastic simulations using 20.000 replications.
13  Note: “L” indicates logarithm of the variable.
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an increase in real GDP reduces the level of the non-per-
forming placements and off-balance sheet liabilities of 
Croatian banks wherein an increase in unemployment, 
prices, interest rate and the depreciation of the Croatian 
kuna exchange rate lowers their level. The prices are found 
to be insignificant in the long-run which is not surprising 
since in the past period inflation in Croatia was very stable 
because of the efforts of the CNB in the maintenance the 
price stability. Calculated t-ratios suggest that real GDP 
is the most significant factor in determining the non-per-

forming placements and off-balance sheet liabilities equa-
tion, which is followed by interest rate, exchange rate and 
unemployment. 

Therefore, performed econometric analysis suggests 
that real GDP was the main driver of the non-perform-
ing placements and off-balance sheet liabilities in Croatia 
during the past years. As so, a drop in economic activity 
is the most important risk for bank asset quality. The er-
ror correction representation of the ARDL (2, 4, 4, 3, 4, 
3) model together with the model statistics is presented in 

Dependent variable: dRISK_BC
Coefficient Std. Error T-Ratio Prob.

dRISK_BC_1 0,59324 0,076097 7,7958 0,000
dLRGDP -0,020968 0,0057123 -3,6707 0,001

dLRGDP_1 0,030364 0,0075716 4,0103 0,000
dLRGDP_2 0,020947 0,0064151 3,2653 0,002

dLRRGDP_3 0,017086 0,0060512 2,8236 0,007
dLCPI 0,013167 0,022719 0,57955 0,565

dLCPI_1 -0,030767 0,020080 -1,5322 0,133
dLCPI_2 0,0062578 0,019029 0,32886 0,744
dLCPI_3 0,043424 0,018165 2,3906 0,021

dLUNEMP 0,0074935 0,0065537 1,1434 0,260
dLUNEMP_1 -0,013277 0,0071674 -1,8524 0,071
dLUNEMP_2 -0,0082213 0,0065868 -1,2481 0,219

dINT_c 0,12425 0,057665 2,1546 0,037
dINT_c_1 -0,10367 0,056421 -1,8374 0,073
dINT_c_2 -0,12640 0,052888 -2,3900 0,022
dINT_c_3 -0,053387 0,044457 -1,2009 0,237

dLHRK_EUR 0,0025783 0,010740 0,24006 0,811
dLHRK_EUR_1 -0,028729 0,010947 -2,6244 0,012
dLHRK_EUR_2 -0,024193 0,0094681 -2,5552 0,014

dTREND 0,6505E-3 0,1698E-3 3,8313 0,000
ecm(-1) -0,29801 0,030027 -9,9248 0,000

R-Squared = 0,98441 R-Bar-Squared = 0,97315
S.E. of Regression = 0,6828E-3 F-Stat. F(21,41) = 108,2388, Prob. = 0.000

Mean of Dependent Variable = 0,8464E-3 S.D. of Dependent Variable = 0,0041667
Residual Sum of Squares = 0,1678E-4 Equation Log-likelihood = 387,4642

Akaike Info. Criterion = 360,4642 Schwarz Bayesian Criterion = 331,5319
DW-statistic = 1,8228

Table 5: Error correction representation of the ARDL (2, 4, 4, 3, 4, 3) non-performing placements and off-balance sheet liabilities 
equation14. Source: Authors calculations.

1 

14  Note: “d” indicates first difference, while “L” indicates logarithm of the variable.
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Table 5.
It is evident that changes in the first, second and third 

lag in Real GDP (dLRGDP_1, dLRGDP_2 and dLRRG-
DP_3), except a change in the current lag (dLRGDP) 
which is statistically significant and negative, have sta-
tistically significant and positive effect on the change in 
the non-performing placements and off-balance sheet li-
abilities (dRISK_BC). Regarding prices, only a change in 
the third lag (dLPRICE_3) has a statistically significant 
and positive effect on the change in the non-performing 
placements and off-balance sheet liabilities (dRISK_BC). 
Onwards, only a change in the first lag of unemployment 
(dLUNEMP_1) has a statistically significant and negative 
effect on the change in the non-performing placements and 
off-balance sheet liabilities (dRISK_BC). 

Change in the current lag of interest rate (dINT_c) 
which is positive, has statistically significant effect on the 
change in the non-performing placements and off-balance 
sheet liabilities (dRISK_BC) while changes in other lags 
(dINT_c_1 and dINT_c_2), except the change in the third 
lag (dINT_c_3), have statistically significant and neg-
ative effect. Finally, changes in the first and second lag 
of the Croatian kuna exchange rate (dLHRK_EUR_1 and 
dLHRK_EUR_2) have statistically significant and positive 
effect on the change in the non-performing placements and 
off-balance sheet liabilities (dRISK_BC) while the change 
in the current lag (dLHRK_EUR) is insignificant. 

Likewise, it is noticeable that almost all coefficients, 
except those beside changes in interest rate, are very small. 
The error correction coefficient (ecm(-1)) is statistically 
highly significant, has the correct sign and suggests a mod-
erate speed of convergence to the long-run equilibrium. 
Nearly 30% of the disequilibria of the previous quarter’s 
shock adjust back to the long-run equilibrium in the cur-
rent quarter.

5    Discussion and conclusion

Conducted empirical analysis confirmed the theoretical 
assumptions and is evident that obtained results support 
other work in this area as previously discussed in the lit-
erature review. Obtained results indicate the existence of 
stable cointegration relationship between the variables i.e. 
in the long-run, an increase in real GDP reduces the level 
of the non-performing placements and off-balance sheet 
liabilities of Croatian banks wherein an increase in prices 
(although found to be insignificant), unemployment, inter-
est rate and the depreciation of the Croatian kuna exchange 
rate increases their level. On the other hand, in the short-
run the results are rather mixed. In addition, results suggest 
that real GDP was the most significant factor in determin-
ing the non-performing placements and off-balance sheet 
liabilities equation. 

According to these findings, it can be concluded that 
main Croatian macroeconomic variables affect the level 

of the non-performing placements and off-balance sheet 
liabilities which are often considered as a key factor in 
banking and financial crises. To avoid crises, effective 
bank management and regulatory/supervisory institutions 
should be able to recognize and quantify these effects. 
This is a necessary precondition for implementation of 
an adequate prudential and monetary policy measures for 
reducing the level of the non-performing placements and 
off-balance sheet liabilities and in boosting the economic 
activity. Of course, the increase in economic activity does 
not only depend on just stated measures but requires active 
inclusion of all economic participants.

The findings in this paper, especially the results re-
garding the statistical relationship between main macro-
economic variables and the non-performing placements 
and off-balance sheet liabilities, may be used to develop 
a framework for better measuring and assessing credit risk 
as an important element of Croatian financial stability. 
Furthermore, contribution is also reflected in improving of 
existing macroeconomic credit risk models developed by 
the CNB or individual credit institutions and for improving 
analytical framework in testing the resistance of Croatian 
credit institutions on different shocks.

At the end, it is necessary to mention that this anal-
ysis has limitations namely because it does not take into 
account all (or other) variables that affect the non-per-
forming placements and off-balance sheet liabilities, both 
at the macro and micro level. Also, the unavailability of 
higher-frequency data and relatively short time period may 
affect the reliability and accuracy of the results. Another 
limitation is that applied methodology does not take into 
account possible nonlinear effects which may be signifi-
cant and therefore could affect the results. In the future, the 
model proposed in this paper can be extended with a larger 
set of external (macroeconomic) and internal (bank-spe-
cific) variables, including exogenous macroeconomic vari-
ables which affect Croatian economy and banking sector 
from abroad. 
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