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Determinants of non-performing loans in North
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Abstract: This paper aims to examine macroeconomic and bank-specific determi-
nants of non-performing loans (NPLs) in the case of the Republic of North
Macedonia. Following the respective literature review that indicates the GDP and the
unemployment rate as the most relevant macroeconomic variables, and weighted
average interest rate, gross loans, and lagged NPLs as the bank bank-specific ones,
we apply an ARDL bounds testing approach to investigate the determinants of NPLs
of this landlocked, new NATO member country that seeks access to the EU. The
studied period is from the first quarter of 2005 to the second quarter of 2022, which
includes apart from the severe financial crises, i.e. the Global Financial Crisis (GFC) of
2007-2009 and the European Sovereign Debt Crisis of 2010-2012, the Pandemic
Covid-19 period and the Russian Invasion of Ukraine. Our research output provides
statistical evidence that the strongest long-run impact on NPLs comes from
unemployment, GDP and interest rates; while Gross Loans seem not to have any
significant effect. Our findings, holding both in the short- and the long-run, bear
signs that are consistent with the economic theory. Overall, we add in the under-
standing, measuring, and forecasting of NPLs in a country under transition, and
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A nonperforming loan (NPL) is a loan in which the
borrower has not made any payments of princi-
pal or interest for a certain period. In banking,
commercial loans are considered nonperforming
if the borrower is 90 days past due. NPLs occur
during economic hardships and should be used
under a proper credit portfolio assessment. They
are crucial in ensuring each bank’s long-term
solvency and the stability of the banking sector.
Thus, it is important to investigate their deter-
minants, the macroeconomic and the bank-
specific ones, for the case of a landlocked coun-
try under transition, a new NATO member coun-
try, seeking access to EU. The studied period,
including the Global Financial Crisis (2007-2009)
and the European Sovereign Debt Crisis (2010-
2012), the Pandemic and the Russian Invasion of
Ukraine, makes our results valuable to the pol-
icymakers and stakeholders, given that we
understand, measure and forecast their respon-
siveness to specific factors.
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propose corrective macroeconomic policy measures in mitigating the related pres-
sure and shocks, especially under periods of prolonged uncertainty.

Subjects: Economics; Political Economy; Finance

Keywords: Non-performing loans; ARDL bounds testing; cointegration and long run form;
error correction form; unemployment; GDP

Subjects: C10; C32; E40; GO1; G21

1. Introduction

Banks, as has been generally accepted, are considered to be one of the main drivers of economic
progress and are expected to be stable and prudent, especially in periods of increased turbulence;
as reflected on the impact of geopolitical risks on various financial assets (Li et al., 2021; Mitsas
et al.,, 2022), and uncertainty, which impacts macroeconomic and financial variables (Beladi et al.,
2021; Gabauer & Gupta, 2020; Gupta et al.,, 2018; Ma et al., 2021; Al Rababa’a et al., 2022; Zhang
et al., 2021) across countries and markets (Castelnuovo et al., 2017; Kang et al., 2021; Al Rababa’a
et al., 2022), causing various contagion effects (Al-Yahyaee et al., 2019; Boako et al., 2019;
Demiralay & Golitsis, 2021; Guidolin et al., 2019; McMillan, 2019; Triki & Maatoug, 2021).

Thus, during and post the global economic and geopolitical crises, including the Global Financial
Crisis (GFC) of 2007-2009, the European Sovereign Debt Crisis of 2010-2012, the Pandemic Covid-
19 period and the Russian Invasion of Ukraine, banks are monitored closely in ensuring their good
practices (Bitzenis et al., 2015; Golitsis et al.,, 2022). Within such a framework, non-performing
loans (NPLs) should be used under a proper credit portfolio assessment and administration, and
are crucial in ensuring not only each bank’s long-term solvency but the stability of the entire
banking sector.

An open, small and landlocked economy as the Republic of North Macedonia (hereafter referred
to as RNM), with a traditional banking system, that recently joined NATO, and seeks access to EU, is
important to operate in a way that instills confidence and security by sustaining and gaining
credibility; as such, and especially in a prolonged period of increase turbulence, makes it an
interesting case in understanding, measuring and forecasting the responsivenss of NPLs of
a Republic to various pressures. Thus, our interest in researching NPLs in this emerging economy,
at this specific time, is important.

The banking sector in the RNM operates in traditional fashion by gathering deposits and issuing
loans through 15 banks and 2 savings institutions (NBRNM, 2020, 2019; Spaseska et al., 2017).
Within a less developed financial market, loans are the primary channel through which the banks
invest their liquidity surplus. Subsequently, the banking system is tightly requlated by the regula-
tory body, the National Bank of the Republic of North Macedonia [i.e. the Central Bank (NBRNM)],
which imposes operational cautiousness by assigning appropriate capital adequacy ratios. The
level of NPLs in such a banking sector is a clear indicator of banks’ performance and profitability
since NPLs directly affect a banks’ balance. The percentage of NPLs in total loans demonstrates
a banks’ willingness to undertake and manage credit risk. This ratio also signals, however, the risk
awareness and consequently possible profit loss in the context of opportunity cost (Boskovska &
Gligorova, 2014; Jovanovic & Petreski, 2012; Nikolov & Popovska-Kamnar, 2016).

Our research attempts to empirically investigate the relationships amongst NPLs and macro-
economic variables such as GDP, unemployment rate, interest rates, and gross loans. We also add
a dummy variable in further investigating the post-crisis and the related brain drain youth related
migration. By using quarterly data from 2005 (Q1) until 2022 (Q2), and by starting at 2005 not only
due to data availability but because in this year it has been estimated that 20% of university
degree holders emigrated (Janeska et al., 2016), our study, to the best of our knowledge, is the first
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to model the relationships of these variables for this period, for this country, through an ARDL
Bounds testing technique, including, as stated, apart from the severe financial crises of this period,
i.e. the Global Financial Crisis (GFC) of 2007-2009 and the European Sovereign Debt Crisis of 2010-
2012, both the Pandemic Covid-19 period and the Russian Invasion of Ukraine too. Similar papers
were found on the subject of NPLs in North Macedonia, including Poposka (2015) and Nikolov and
Popovska-Kamnar (2016), but their variables are different and they applied descriptive statistics
and classical linear regression. It has to be noted that Kjosevski et al. (2019) have applied an ARDL,
but they have done so under a different specification and for the period of 2003 to 2014. In our
modeling, following the bounds testing approach to co-integration (introduced by Pesaran,
Pesaran et al,, 2001) we examine the short-run and the long-run impact of only statistically
significant selected macroeconomic and financial variables, i.e., of unemployment, GDP, gross
loans, and interest rates, on NPLs, which are all having signs that our consistent with the economic
theory. As expected, this approach is perceived as a better fit to the data set when the sample size
is rather small which it is in our case.

The extended empirical literature on this research area suggests that the macroeconomic and
financial factors strongly affect bank industry performance and vice versa. Additionally, the
expectation of a near-future integration of the country not only in NATO, but the European
Union as well, generates a need in understanding these relationships further in order to manage
more effectively and propose specific policy measures that could mitigate the pressure of the
future fluctuations.

In general, the increase of unemployment, interest rates, and gross loans are expected to
increase the NPL ratio, whereas a GDP increase is expected to drive it down (Gulati et al., 2019;
Naili & Lahrichi, 2020; Saba et al., 2012). The dummy variable, used in the sense to capture both
post-crisis and brain drain youth related migration, is expected to have a negative significant
impact on NPLs, due to the relatively massive migration and repatriation of income earned abroad
(inter alia Kjosevski et al., 2019; Kuzucu & Kuzucu, 2019; Messai & Jouini, 2013; Raddant, 2016;
Tanaskovié¢ & Jandri¢, 2015).

Overall, our research contributes to this area by empirically investigating the NPLs determinants
under investigation in the case of the RNM. Econometric research output for the country is rather
scarce and thus, by examining these macroeconomic relationships econometrically for a period
spanning from 2005 to 2022, the literature will be enriched.

Additionally, the expected accession of the country, as stated, apart from NATO, to EU as well,
could increase further the migration rates in the future years. Subsequently, this investigation
becomes more interesting and prevalent for future policymaking. However, it is also expected, in
a counterbalancing way, that the accession processes may increase investments and expenditure
and thus, in turn, unemployment may decrease (e.g., Fiott, 2017; Gonzdlez et al., 2017). In this
light, this paper, firstly, attempts to aid financial institutions by identifying and measuring the
contributing factors that drive the NPLs over time. Secondly, internal banks’ policies in terms of
loan approval can be amended accordingly in order to have more efficient approval processes
and accurate predictions of possible NPLs. Thirdly, this research will assist policymakers and
stakeholders by providing directions for maintaining stable economic growth, promote macro-
economic stability (for example, via increased foreign exchanges reserves, increased commit-
ment towards the EU path, enhanced credibility, etc.), and stress the necessity of finding ways to
lower the brain drain youth related migration. Furthermore, this study attempts to explain that
unemployment may result in the emigration of skilled labour from the country, leading to the
dearth of quality and skillful bank’s credit personnel, which in its turn may result in high non-
performing loans.

The structure is as follows: the next reviews the relevant literature, while Sections 3 and 4
describe the data and methodology employed respectively, and Section 5 presents the empirical
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results. Finally, section 6 includes a discussion of the findings, their implications, limitations of the
research, and concluding remarks.

2. Literature Overview

As economic theory in this research area is excessive and interconnected, our literature review will
focus on the aspects that are specifically aligned with the aforementioned research purposes in
the context of RNM; however, we will briefly review the broader non-performing loans related part
in general and within Europe. Thus, in a European framework initially, the attention of European
regulators, under an extensive financial crisis, including both the Global Financial Crisis (GFC) of
2007-2009 and the European Sovereign Debt Crisis of 2010-2012 and their aftermath, focused
—apart from the lending practices in retail banking— on nonperforming loans (NPLs) and their
management, which affected banks’ balance sheets (Bellotti et al., 2021). Banks’ asset quality
which called for a more effective assessment and more transparent practices, both by the
regulatory bodies and the accounting departments, combined with a period of historically low
interest rates and low bank profitability, eventually drove to a general need for higher provisioning
(Bolognesi et al., 2020).

According to economic theory and the respective literature, as stated, NPLs are mainly driven by
macroeconomic variables, including GDP growth, unemployment, lending interest rate, household
final consumption expenditure and inflation, and bank-related ones, such as bad management,
market structure and banks’ capital to assets (D. Anastasiou et al,, 2019; A. Ghosh, 2015; Louzis
et al.,, 2012; Radivojevi¢ et al., 2019; Roland Beck et al., 2015a). Staehr and Uuskiila (2020) focusing
on macroeconomic and macro-financial factors as leading indicators of NPLs provide similar
evidence for the EU countries, stressing that apart from GDP growth, lower inflation and lower
debt, sustain NPLs at comparatively low levels.

Moving to the focal country, i.e., the RNM, we will insist on the empirical research results, by
analyzing and summarizing them as well. Located in southeast Europe, within the Balkan region,
RNM is landlocked and, as such, has been involved historically in many disputes with neigh-
bouring countries, foreign occupation, and regional alliances. Independence was gained in
1991 from the Yugoslavian Federation and the country became known as the Former
Yugoslav Republic of Macedonia (FYROM) up to the summer of 2018 to early 2019. In
January 2019 the country was renamed the Republic of North Macedonia, once the name
dispute settlement with Greece had taken took place (for comparison reasons between North
Macedonia and Greece for each crisis management see, Bitzenis et al., 2014). The population of
the country is around two million people and is comprised of numerous ethnicities and
nationalities (North Macedonia Country Review, 2018).

2.1. Economy and monetary policy

The RNM gained its monetary independence in 1992 after the disintegration of Yugoslavia.
Monetary policy was primarily conducted by targeting the money supply to lower and stabilize
hyperinflation. This policy did not, however, yield favorable outcomes and resulted, among other
factors, in a negative GDP trend, volatile nominal exchange rates, and decreased foreign exchange
reserves. Consequently, in 1996 the policy was altered by fixing the exchange rate of the domestic
currency (the denar) to the German Deutsche Mark and subsequently to the Euro, providing space
that promoted the desired stability and certainty of the system, which subsequently increased GDP
and foreign reserves (Bogoev, 2009; Golitsis et al.,, 2020, 2021). A conventional peg with small
margins was constructed aiming to protect the small but open economy from external shocks and
this managed to bring inflation down to 3% in 1996. The openness and necessity of trade implied
continuous currency exchange rate regime changes against which the selected policy provided
protection and security (Jovanovic & Petreski, 2012).

After the global financial crisis of 2008, the economic growth in the country depicted decelerat-
ing trends and trajectories. Nonetheless, since the economy was characterized by low levels of
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public debt and a banking sector that favored domestic funding, minor policy changes resulted in
rather quick stabilization of the financial crisis shocks with controlled and acceptable inflation
levels. In the following years, the country experienced rather cautious monetary and fiscal policies,
paired with a highly regulated and stable financial system, which resulted in modest but growing
GDP despite low levels of foreign direct investments (FDIs) and increased public debt. Current GDP
growth is mainly attributed to construction sector growth (North Macedonia Country Review,
2018). Furthermore, the stabilization of inflation appeared from late 2009, indicating that the
monetary policies began to settle down by lowering interest rates. During this period fiscal policy
went along with targets of low levels of budget deficits and the public debt was sustained at 20.6%
of GDP in 2008. After the crisis, the imposed fiscal policy aimed at stimulating output and FDI, and
lower unemployment, by supporting small and medium-size enterprises (SMEs), all resulting in
increased amounts of public debt which reached 30.9% of GDP in 2012 (see Trenovski and
Tashevska, 2015).

The country’s monetary policy is reflected in the Central Bank (CB) bills rate. Inasmuch, CB bills
rate is reflected through political fluctuations, such as the war conflict of 2001, post-global
financial crisis in 2009, and the domestic political crisis of 2016. In all situations, interest rates
were raised accordingly in order to tighten monetary policy and consequently decrease inflation.
CB bills rate were also used by commercial banks to determine their interest rates for both lending
and borrowing and, thus, changes in CB bills rate were followed by respective changes in com-
mercial banks’ rates (Petrevski et al., 2016). Furthermore, as a monetary policy tool, the CB bills
rate represents a clear indicator in terms of preferred lending expansion or retraction used by the
Central Bank (Nenovski et al., 2018). Additionally, the country’s weak capital market could indicate
the importance of using the interest rate as primary monetary policy. Interest rates have success-
fully managed to control the level of foreign reserves and smoothed the foreign exchange rate
related pressures. Despite the pegged exchange rate, however, NBRNM’s monetary policy is kept
independent by targeting inflation. Foreign reserve levels seem to operate through changes in
interest rates, i.e. CB bills rate (Jovanovic & Petreski, 2012), and mainly through Euribor (Golitsis,
2018; Golitsis et al., 2021; Peykov, 2022). Additionally, it has been outlined that by raising interest
rates, inflation is bound to decline while consequently, the fiscal policy will operate as a substitute
resulting in domestic output decline (Petrevski et al., 2016).

Overall, despite all its difficulties, the economy in the RNM is considered, broadly speaking,
a rather stable one, with low but somehow constant growth, stable inflation rates, and a pegged
exchange rate. In addition, as the country joined NATO, and is on the accession path towards the
EU, the economy is expected to expand and comply with higher regulatory standards as required
by the EU.

2.2. RNM Political situation

Political uncertainty has an impact not only on the local business environment in terms of
expanding and investing in new projects but FDI as well, limiting, consequently, potential eco-
nomic growth. The RNM gained its independence from Yugoslavia through a 1991 referendum;
however, it was not recognized by the European Community at the time (presently the European
Union-EU) due to a disagreement with regards to the use of the name “Macedonia” with Greece. In
January 2019, a solution was adopted by all parties involved and thus the country is now
eventually known as the Republic of North Macedonia. It is important to note that under this
final name agreement the country can fully integrate into both NATO and eventually the EU.

Throughout the years that followed in 1991, the country experienced privatization of state
enterprises and ethnic tensions that culminated with the war conflict of 2001. In resolving the
conflict, the budget surplus from privatization was spent resulting in continuously growing budget
deficits from then onwards. The country somehow managed to resolve the crisis by keeping
inflation and budget deficits at satisfactory low levels (North Macedonia Country Review, 2018).
Inasmuch, the budget recorded a 0.6% surplus in 2007 and only a 1% deficit in 2008 namely due
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to increased FDIs at the time (Gaber, 2009). Following the world economic crisis of 2008, and the
inability of the government to secure an invitation for NATO entrance negotiations, major reforms
took place aimed at securing socioeconomic peace in the country (but at the cost of an increased
budget deficit). The nationalist party that governed at the time imposed rather irrational reforms in
an attempt to secure its popularity amongst majority voters. Thus, numerous overpriced non-
capital projects were selected, the number of public sector workers rose substantially, subsidies
were provided for agriculture, start-ups, innovations, and small-medium enterprises, etc., many of
which were related to fictitious or nonexistent investments (North Macedonia Country Review,
2018). The situation culminated with yet another crisis in 2015 when it was discovered that the
government allegedly illegally wire-tapped over 20,000 people. Additionally, a vast array of illegal
actions were discovered, performed by members of the ruling party, presenting the country as
a risky investment opportunity (North Macedonia Country Review, 2018).

2.3. Demography and labor market conditions in RNM

The RNM is not attractive for immigrant workers and generally, it depends on its own population to
drive potential growth. On the contrary, the population has a tendency to relocate to developed
countries. It has been estimated that nearly 20% of university degree holders had immigrated
abroad by 2005 (Janeska et al., 2016). The rather constant increase in immigration projects issues
such as a future lack of innovative thinkers, slower research and development across industries,
and a scarcity of educators for future generations all of which negatively affect economic growth
and prosperity (Janeska et al., 2016; Lozanoska & Dzambaska, 2015).

According to the State Statistical Office, the last census conducted in the country was in 2002.
Ever since, information about the active population has been made based on estimates and
derived from various sources. With a monthly average net wage of around 390€, qualified labor
tends to search for employment abroad. EU countries generally require employment permits or
work visas for non-EU residents, thus securing citizenship and identification documents from some
of the neighboring EU member states is an easier immigration path. Bulgarian citizenship and
passports are being issued to RNM citizens for the sole purpose of smoother EU immigration. It has
been estimated that around 100,000 passports had been issued by the end of 2006 with numbers
growing ever since (Neofotistos, 2009). With respect to statistical records, dual citizenship is not
a record that is kept by the State Statistical Office or any other institution in the country. Thus,
information about migration is generally considered inaccurate since people that emigrate out of
the country do so with dual citizenship documents, usually Bulgarian. Additionally, they are
recorded as Bulgarians in any other statistical records for population movement purposes.

Last, but not least, Bucevska (2010), by examining the migration tendencies of EU candidate
countries to Germany, determined that migration flows to Germany depict constant increases from
the RNM, while Petrevski et al. (2016) determined the average period between graduation and first
employment is around 25 months, with employment being the main migration motivator.

2.4. The RNM Banking Sector

The year 2000 marked the beginning of foreign direct investment (FDI) in the banking sector.
Additionally, FDI contributed to the economy by introducing new practices and by modernizing the
business-related processes (e.g., Bitzenis et al., 2012). Banks primarily issued loans mainly to the
corporate sector constructing portfolios that were not very diverse. Consequently, during the priva-
tization of large state-owned enterprises, many of those faced bankruptcy and thus they were
unable to service the loans issued (Angelova & Boskovska, 2016). Furthermore, the supply of loans
started to focus more on private entities and small-medium enterprises thereby generating major
portfolio diversification. Retail lending increased rapidly during the period 2003-2008, since loan
demand in the retail sector had not been previously met (Cikovic, 2016). Nevertheless, the majority
of loans (66.3% in 2012) were issued by the three largest banks and corporate loans contributed to
more than half of the gross loans outstanding (Boskovska & Gligorova, 2014). In gaining market
share, in a market as limited as this, banks frequently offered benefits in terms of lowering interest
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rates and cost of loans thus making the products attractive to numerous clients. On top of that, loan
products were delivered with a foreign currency clause (usually the Euro) and periods of fixed
interest rates, in an attempt to make them more affordable and attractive (Delova-Jolevska &
Andovski, 2015; Poposka, 2015).

After the 2008 crisis, the NBRNM imposed measures in order to decrease credit activities, such as
obligatory deposits on a monthly level in accordance to current issued loans in the retail segment,
and it also changed its methodology for determining the capital adequacy ratios and higher
required reserves for foreign currency liabilities. Consequently, banks’ credit-issuing policies were
constrained and the focus shifted towards nurturing the quality of the credit portfolios in both
segments and restructuring it when necessary and possible (Boskovska & Gligorova, 2014). In an
effort to facilitate the credit portfolios, manage credit risk more effectively and decrease NPLs,
banks have welcomed the practices of constructing credit derivatives rather than following the
more common way of selling the acquired collateral in order to cover outstanding claims (Sverko
et al., 2010). Until October 2017 the banking system adjusted the interest rates according to the CB
bills rate. Presently, the interest rate used is pegged to a referent value (most commonly the
interest rate on denar deposits without a FX clause and CB bills rate for domestic currency products
and 1 month and 6-month Euribor for products with a euro clause, increased by a predetermined
margin.

2.5. NPLs-classification and current research

Within the banking sector and in accordance with Basel standards, loans are classified as NPLs
when the borrower has not made any payments for the loan obligations (both principal and
interest) for three consecutive months (90 days). In this respect, the credit repayment history of
borrowers is being classified as A, B, C or D, with D being the riskiest category representing NPLs.
This type of classification, which is formed by the Central Bank, following international standards, is
used by the banks as a starting point in their evaluation processes. Furthermore, banks are not
allowed to approve loans to clients classified as credit risk C or worse (Angelova & Boskovska,
2016). In the literature three main categories on the determinants of NPLs are located: macro-
economic, bank-specific and industry-related factors (Naili & Lahrichi, 2020). The most frequently
used factors to gauge the variations of NPLs are briefly discussed below. GDP growth is the primary
indicators to mirror the good status of business cycle. In this sense under good economic condi-
tions households and firms seems to settle their obligations. As Quagliariello (2007) argued, the
NPLs swelled during economic slowdowns and the opposite happens during economic booms. In
the same fashion Nkusu (2011), examined 26 countries spanning between 1998 and 2009, and
found that slower economic growth leads to higher NPLs. Most recent studies lend support to this
argument (Dimitrios Anastasiou et al., 2016; Gulati et al., 2019; Kuzucu & Kuzucu, 2019; Vouldis &
Louzis, 2018). In addition, unemployment seems that rather deteriorate NPLs. A lot of studies gave
agreed upon this macroeconomic determinant and its direct positive linkage to bad loans
(Dimitrios Anastasiou et al., 2016; Jabbouri & Naili, 2019; Klein, 2013; Kuzucu & Kuzucu, 2019;
Rinaldi & Sanchis-Arellano, 2006).

There are several studies that have attempted to identify the relation between inflation and
NPLs. However, their results are highly controversial. Some studies argued that higher inflation
lead to higher levels of NPLs (Amit Ghosh, 2017; Amuakwa-Mensah et al., 2017; Jabbouri &
Naili, 2019; Klein, 2013; Rinaldi & Sanchis-Arellano, 2006). On the contrary, some studies
reports a negative relationship between inflation and NPLs (Gulati et al., 2019; Makri et al,,
2014). Furthermore, interest rates also provide competing evidence that the higher the interest
rates the higher the NPLs rates (Espinoza & Prasad, 2010; Messai & Jouini, 2013; Roland Beck
et al.,, 2015q).

Regarding the evidence based on the specific region, there are several studies investigating the
determinants of NPLs. Keeton (1999) argues that higher credit growth will eventually lead to an

increased number of NPLs if credit growth is guided by increased loan supply rather than loan
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demand. Conversely, credit growth caused by loan demand would imply an overall increase in
economic growth and consequently consumption. Additionally, credit expansion may result in
applications being improperly analyzed and approved by insufficiently trained employees in gen-
erally inefficient processes (Angelova & Boskovska, 2016; Erding & Gurov, 2016). In line with this,
Nikolov and Popovska-Kamnar (2016) provide evidence that NPLs remained stable during periods
of economic growth in the case of RNM, and inflation seems not to be a factor since it is kept stable
by the NBRNM. Delova-Jolevska and Andovski (2015) examined the retail loan portfolio for Croatia,
Serbia, and RNM, arguing that the NPL ratios can be determined by GDP, unemployment, and retail
portfolio structure; econometric models, however, were not constructed and tested in their
research. Also, in these papers, it has to be noted that increasing unemployment was not found
to increase NPLs. Nonetheless, the level of unemployment was considered to be a rather inaccu-
rate representation of the economic reality due to changes in statistical record-keeping and
migration. However, the analysis of Kjosevski et al. (2019) studying RNM during the period
2003Q4 to 2014Q4, provide evidence that unemployment, along with banks’ solvency, have
a positive impact on the rise of non-performing loans. Poposka (2015) empirically examined bank-
specific key determinants of NPLs, defined as spreads of rates between credits and deposits for
both domestic and foreign currency, personnel expenses/non-interest expenses, equity and
reserves/assets, and liquid assets/total assets, and demonstrated a significant correlation amongst
each variable, hence identifying them as major influencers of the level of NPLs in the RNM. Since
NPLs were not significantly correlated to GDP, the methods for dealing with NPLs should be sought
internally within the banking sector.

R. Beck et al. (2015b) tested a series of macroeconomic determinants of NPLs inter alia GDP,
nominal Effective Exchange Rate and Lending Interest Rate across 75 countries during 2005-2015.
Their results depict that these variables significantly affect NPL ratios. With respect to the
neighboring region, Peric and Konjusak (2017) focused on the lag effect of credit expansion on
NPLs in Central and Eastern European countries as a whole concluding that credit expansion
affects NPLs within approximately two years’ time. While Mitrovic (2014) assesses the connection
of both the financial and retail sectors through NPLs within the Balkan countries, the common
financial indiscipline within the retail sector leads to liquidity problems and finally increases NPLs
thus restricting a banks’ lending activities and limiting the possibility of growth, forcing non-
financial companies to finance their growth through financial indiscipline, hence starting the
cycle all over again.

3. Data

The selected macroeconomic explanatory variables of the NPLs are: GDP in the local currency
(denar) and the unemployment rate (UN)Y; bank industry-specific variables included are the total
volume of gross loans issued to non-financial entities (GL) and weighted average interest rate (INT)
offered by commercial banks to non-financial entities (Available at the appendix; Figure A1)? Data
were collected from the official sites of the NBRNM (www.nbrm.mk) and the State Statistical Office
(www.stat.gov.mk), on a quarterly basis for the period 2005(Q1)-2022(Q2), totaling 70 observa-
tions. The period was determined as such, apart from data availability, due to the intention to
avoid the data disturbances connected with the war conflict of 2001. The variables of GDP and of
gross loans to non-financial entities are available in current denar prices and logarithms are
utilized, whereas NPL, unemployment rate, and interest rate are in percentages. In Table 1, we
include the descriptive statistics of the investigated variables both in level and in their first
difference (Available at the appendix; Figure A2), including the correlation matrix of all variables
at level.

Indicatively, it is worth reporting that the unemployment rate in the Republic of North
Macedonia fell for the seventh consecutive quarter to 14.8% in the first quarter of 2022, compared
to 16% a year ago, which is the lowest jobless rate since comparable data began in 2004 (the start
date of our study is 2005), meaning that the country has renewed its jobless rate record low.® The
number of unemployed persons declined by 31.2 thousand to 119.6 thousand, and the number of
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employed also dropped by 102 thousand to 691.4 thousand. Meanwhile, the labour force partici-
pation rate edged down to 55.3% from 56% a year ago (State Statistical Office of the Republic of
North Macedonia, 2022). Also, there is value to add that the minimum value of NPLs is the most
recent one, and it is equal to 2.98%, while all variables, excluding gross loans, according to the
Jarque-Bera statistics, are normally distributed at a 0.05 level of significance.

Finally, the dummy variable was constructed in an attempt to mainly capture the influences of
increasing migration to EU countries. According to Gujarati (2009), and as known, dummy variables
are generally used for quantifying certain qualitative factors. In terms of our research, the dummy
variable essentially divides the data sample into migration, not present (0) and migration present
(1). Following different time periods and various tests, the dummy, assigned with value 1, even-
tually starts from 2007(Q1) and onwards denoting, for example, the entrance of Bulgaria in the EU,
which, as stated, provided to RNM citizens the ability to use Bulgarian passports. Subsequently, the
Bulgaria EU entry led to a relatively massive outward migration wave which was further boosted by
or could be attributed to, the crisis and post-crisis effects within the country. Additionally, the
dummy variable could be responsible for capturing the overall political changes and the broader
dissatisfaction of the citizens of the country which further impact factors related to the migration
decision-making processes.*

4. Methodology: The bounds testing co-integration approach. An ARDL

Provided that all variables are integrated either of order zero or one (i.e. two and not three levels of
integration are present, and no variable is I(2)), and once the co-integrating relations are detected
within the bounds testing (ARDL) approach, we can examine the long-run impact of the selected
macroeconomic and financial variables to NPLs. This approach is perceived as a better fit to the
data set when the sample size is rather small, which is in our case (our data span is from 2005 to
2022). The ARDL on the bounds testing co-integration form, introduced, as stated, by Pesaran et al.
(2001), can be written as such:

Ay = fo + X Bidyr-i + X VM + X 5kDXot  + OoYe-1 + O1X1e-1 + 02 Xot-1 + €¢ (1

where, 6; are the long-run multipliers, f, is the drift, and e; is the white noise error. This form is
called by Pesaran et al. (2001) as a “conditional Error Correction Model (ECM)” and in practice is an
“unrestricted ECM”, or an “unconstrained ECM”. An F-test will be used to test the following
hypothesis, i.e., Ho: o = 8; = 8, = 0; against the alternative that Ho is not true. A rejection of Hy
implies that a long-run relationship.

On top of that, and apart from the fact that the primary focus of our investigation is to detect
the various country-specific key factors that NPLs are dependent on, thus allowing us to focus on
one equation only, the Autoregressive Distributed Lag (ARDL) co-integration approach is chosen for
the following additional reasons. First, it is a rather simple technique as opposed, for example, to
multivariate co-integration procedures including the Johansen and Juselius (1990) technique,
given that co-integrating equations can be estimated by OLS once the lag order is identified.
Second, no pretesting is needed, including the stationarity tests, given that the level of integration
of the variables could be of any order provided, for the given though bound testing nature of the
test (i.e., the procedure cannot be performed in the presence of I(2) series; see Ouattara, 2004).

5. Empirical findings

5.1. Unit root tests

The ARDL specification is founded on the assumption that the incorporated variables are either
stationary in level or in their first difference. Thus, in testing, whether each variable is stationary,
the ADF equation is estimated and the respective ADF t-statistic is compared at 1%, 5%, and 10%
levels of significance and the respective pseudo-t critical values. The ADF regression functions, for
each variable, are also being tested in having (or not) statistically significant intercepts, intercepts,
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and deterministic trends, or none of the above. The null hypothesis (i.e., Ho: unit root is present)
can be rejected if the ADF statistic is lower than the pseudo-t-critical value for any given level of
significance or if the probability is lower than the respective level of significance (Gujarati, 2009).

The unit root ADF tests applied, suggest that at the 0.05 level of significance NPL is integrated of
order one (i.e., NPL~I(1)), while UN~I(1), LGDP~I(1), INT~I(1) and LGL~I(2).

Still, given that LGL is integrated of order zero at a 0.10 level of significance, we proceeded with
the Zivot-Andrews unit root test which incorporates possible structural breaks (Eric & Donald,
2002). Based on this more sensitive and robust unit root test, the following table was generated
(see Table 2), which allows us to conclude on the level of integration providing grounds for the
application of the bounds testing co-integration ARDL approach where no variable can be I(2).
Note that the Null hypothesis is that the investigated variable in level has a unit root with
a structural break in both the intercept and trend for all variables, excluding LGL which has
a unit root with a structural break in intercept, while the Null hypothesis for the first differenced
variables is that it has a unit root with a structural break in the intercept for the UN and
a structural break in both the intercept and trend for dLGDP.

Probability values are calculated from a standard t-distribution and do not take into account the
breakpoint selection process

For the given outcome, presented in Table 2 for variables in level, NPL,INT, LGDP and LGL are
integrated either of order zero or of order one (at 0.01 level of significance and/or at 0.05 level of
significance (for more detailed results see the appendix; Tables and Figures 5.1-5.7), and UN is
having a probability value a bit higher than this level. Thus, we have taken the first difference of
UN, and according to the Zivot-Andrews Unit root test for dUN, with a structural break in the
intercept, we have generated a t-statistic equal to =7.6507 and a probability value of 0.0479, which
indicates that the series is stationary in its first difference (UN~I(1)), at 0.05 level of significance.
The unit root tests on the first differenced variables are also applied for LGDP, checking the
stationarity properties of this variable at 0.05 level of significance too; the t-statistic equals to
-4.5562 and the probability value is 0.0158, indicating that the series is stationary in its first
difference at 0.05 level of significance as well

Thus, overall, based on the above Zivot-Andrews Unit root test and the respective results, we
have certainly grounds to proceed with the use of the bounds testing co-integration ARDL
approach, given that all variables are integrated either of order zero or one (i.e. there are two
and not three levels of integration present, and no variable is integrated of order two, i.e. 1(2)).

5.2. The bounds testing co-integration ARDL results

Provided that we have discussed the nature and the reasons to use the bounds testing co-
integration ARDL approach, and given that the estimation of the number of cointegrating vectors
is not a prerequisite for applying it, we can proceed with the interpretation of the results, once we
state the reasons why this estimation is not a prerequisite: First, the ARDL bounds testing approach
can be based solely on its own mechanisms (i.e. the bounds F-test, the bounds t-test and the test
on the joint significance of the coefficients of the first lag of the independent variables) in order to
reliably identify the existence of a long-run relationship between the variables under examination.
Second, the ARDL bounds testing approach can identify the existence of long-run relationships in
any mixture of I(0) and I(1) variables, in contrast to the Johansen cointegration test which requires
the use of I(1) and cointegrated variables only.

Thus, in order to ensure that we have captured the long-run impact of the selected macroeco-
nomic and financial variables to NPLs, we need to ensure that the F-test will lead to a rejection of the
following hypothesis as expected Hp: 6y = 61 = 0, = 65 = 6, = 0) (see the provided equation 2).
A rejection of Hy, as stated, indicates that a long-run relationship between the variables is present.
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Table 2. Zivot-Andrews Unit root test for LNPL, LUN, LINT, LGDP, LGL, and their first differences

Variable t-statistic Prob. * Variable t-statistic Prob. *
NPL -3.5755 0.0000 dNPL
UN -3.688 0.0583 dUN -7.6507 0.0479
INT -4.900 0.0023 dINT
LGDP -3.278 0.0499 dLGDP —4.5562 0.0158
LGL -4.295 0.0002 d LGL

The estimated F-statistic is equal to 18.6097, which means, for the Critical values Bounds provided in
Table 3, that Hy can be rejected, at 0.10, 0.05, 0.025 and 0.01 levels of significance, because the
F-statistic is greater than the I(1) bound.

Still, on the ARDL literature (Kripfganz & Schneider, 2020; McNown et al., 2018; Sam et al., 2019)
the bounds F-test alone appears that it cannot provide full evidence about the existence of a long-
run relationship between a set of variables. Specifically, the rejection of the aforementioned Ho
hypothesis (8o = 8; = 8, = 83 = 6, = 0) cannot exclude the following two possibilities that imply no
long-run relationship between the variables under examination:

(1) The possibility that 8, = 0, while at least one of 8,4, 6,, 83, 6, is different from zero (6, is the
coefficient of the first lag of the dependent variable, while 64, 6,, 83, 8, are the coefficients of the
first lag of the independent variables). This possibility cannot be excluded by checking visually
the p-value of the long-run coefficient of the first lag of the dependent variable NPL in Table 4
(Estimated ARDL Coefficients). Subsequently, a reliable way to exclude this possibility is by
performing the “bounds t-test”, described in Pesaran et al. (2001). As in the case of the
F-statistic used in the bounds F-test, Pesaran et al. (2001) provide two sets of critical values
for the t-statistic, one that assumes that all variables are I1(0) and another that assumes that all
variables are I(1). Thus, the bounds t-test is performed, by using the above critical values for the
t-statistic, in a similar manner as the bounds F-test, confirming the previous results.®

(2) The possibility that 8y # 0, while 6, = 6, = 65 = 8, = 0. This possibility can be excluded if at
least one of the long-run coefficients of the independent variables is statistically different from
zero, which is our case. Particularly, in Table 4 (Estimated ARDL Coefficients), the long-run coeffi-
cients of the independent variables LGDP and UN are statistically significant at 0.10, even though
the long-run coefficients of the remaining two independent variables (i.e. LGL and INT, respec-
tively) are not.

Now that we have established that the long-run co-integration relation exists we can estimate
and interpret the bounds testing co-integration ARDL equation, which in our case is the following:

ANPL; = o+ X BANPLe 1 + X 7jAUN; ¢ + X 8(AINT,  + X e;ALGDP, | + ¥ ALGL
+ OoNPL;_1 + 6:LUN;_1 + 0,LINT;_1 + 03LGDP;_1 + 0,LGL_1 + € (2)

where, ¢; are the long-run multipliers, f, is the drift, and e; \ is the white noise error. This equation
is estimated by an ARDL(1,3,2,2,0) specification, which is the long-run form, also known as the
Error Correction form.” The results, once we repeat that NPL is the dependent variable, are
reported in Table 4, where only the statistically significant results are reported. It is important to
stress though that the cointegrating equation is significant and bears a negative sign as expected
(see Table 4). The value of coefficient of CointEq(-1), being —1.10001, suggests that the speed of
adjustment towards a long-run equilibrium is 110% or differently stated, the “system” adjusts or
corrects its previous period disequilibrium at a speed of 110% within the period of one quarter. The
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Table 3. The ARDL Critical Value Bounds

Significance 1(0) Bound I(1) Bound
10% 2.45 3.52
5% 2.86 4.01
2.5% 3.25 4.49
1% 3.74 5.06

t-statistic of the cointegrating equation is equal to —10.0035, and it is statistically significant, which
gives statistical grounds to support that these findings hold in population as well.

Thus, according to Table 4, there appears to be a long-run relationship between economic growth,
unemployment, interest rates, and non-performing loans with all variables bearing signs that are
consistent with the economic theory. Specifically, the estimated coefficients are statistically signifi-
cant and show that a long-run relationship exists and runs from economic growth to non-performing
loans; showing NPLs are overresponsive to the GDP growth of the country; with the negative sign
being consistent with the economic theory; a result and an interpretation that act, for the given
robustness of the model, as a solid forecast mechanism, that stresses also the long transition of the
country that managed to drove NPLs down, from a historical high of 16.1% to the current historical
low of 2.98%. Also, to proceed, and in line with economic theory as well, a 1% increase in unemploy-
ment (UN) increases NPLs by 0.64%, and vice versa. Last but not least, a 1% increase of interest rates
leads to a 3.47% increase of the current LNPLs, a finding which holds even at the 0.01 significance
level, and shows that the variable under investigation is over-sensitive to the monetary policy conduct
of the country and the changing values of the interest rate.

As far as the short-run results are concerned (according to the results on Table 5), the strongest,
statistically speaking, outcomes are the ones running from past unemployment, past interest
rates, and the current and lagged GDP to non-performing loans. Specifically, in the short run,
a 1% increase of UN lead to an increase of NPL by 0.46% after two-quarters, and by 0.40% in
three-quarters, and vice versa. The highest coefficients of all in the short-run are the 2.12 of the
lagged interest rates, which suggests, that a 1% increase of INT, increases — as expected from the
economic theory — NPLs by 2.12% after two-quarters, a finding which holds almost at a 0.01
significance level; and the coefficient of GDP which drives NPLs substantially as well. It has to be
noted that both lagged and the contemporaneous short run GDP bear estimated signs that make
economic sense, in terms of the time-profile responsiveness of NPLs to GDP changes.

These findings are further supported by the Wald tests, and the respective F and Chi-squared
statistics (presented on Table 5). Specifically, by focusing on the joint significance of the ARDL
results in the short-run, we have statistical grounds to support that unemployment, both the
contemporaneous and from the past, jointly influence NPLs; interest rates, both the contempora-
neous and the past ones, jointly influence NPLs as well, which is also the case for the GDP, which in
its turn jointly impacts NPLs.

6. Discussion and conclusions

This research has attempted to analyze the determinants of non-performing loans of the non-financial
sector in North Macedonia from 2005(Q1) to 2022(Q2). In accordance with the research objectives set,
we have applied an ARDL, to investigate the determinants of NPL. By developing this model, we have
contributed to the existing research by capturing and modeling both the short- and the long-run co-
integrating relations of the employed variables. Once all necessary tests were performed, we have
managed to produce a robust model that allowed us to support that GDP, Unemployment, and interest
rates are the main drivers of NPLs in the RNM both in the short and in the long run.
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Table 4. Estimated ARDL Coefficients (in the short and the long run)

Variable Coefficient Standard Error t-statistic Probability
D(UN(-1) -0.8599 0.1873 —4.5910*** 0.0000
D(UN(-2) -0.3972 0.1536 -2.5859** 0.0125
D(INT(-1)) -2.1233 0.7004 -3.0314*** 0.0038
D(LGDP) -2.6862 0.6364 —4.2211%* 0.0001
DLGDP(-1) 1.8279 0.6639 2.7532%*+ 0.0081
LUN(-1) 0.6417 0.3192 2.0100** 0.0495
LINT(-1) 3.4731 1.0474 3.3161** 0.0017
LGDP(-1) —-6.7075 2.5174 —-2.6645" 0.0102
CointEq(-1) -1.1001 0.10997 -10.0035*** 0.0000
R-squared 0.6538

F-statistic 13.4531 0.0000
DW-statistic 1.9816

Diagnostics F-statistic Probability

BG 1.2226 0.3030

BPG 1.3102 0.2407

Ramsey RESET test 0.1537 0.6966

Jarque-Bera 1.827103 0.401019

*** denotes 0.01 significance level, ** 0.05 significance level, * 0.10 significance level. The R-squared and the
diagnostics are based on the long-run form, also known as the Error Correction form. (Detailed results are available
at the appendix; see tables 6-9).

Table 5. Estimated ARDL Coefficients (in the short-run only)

Variable Coefficient Standard Error t-statistic Probability
D(UN(=2) 0.4627 0.1895 24411 0.0180
D(UN(-3) 0.3972 0.1804 2.2011* 0.0321
D(INT(-1)) 1.5288 0.7892 1.9370* 0.0581
D(INT(-2)) 2.1233 0.8049 2.6381* 0.0109
D(LGDP) -2.6863 1.0354 —2.5944** 0.0122
DLGDP(-1) —-2.8648 1.1537 —2.4832* 0.0162
DLGDP(-2) -1.8279 1.0223 -1.7880* 0.0795
Variable(s) F-value Chi?-value Probability value of | Probability value of
of Wald test of Wald test F chi?

C(2),C(3),C(4),C(5) 3.1101* 12.4404** 0.0226 0.0144
C(6),C(7),C(8) 4.2936%** 12.8808*** 0.0087 0.0049
C(9),C(10),C(11), 2.7848** 8.3543** 0.0497 0.0392

*** denotes 0.01 significance level, ** 0.05 significance level, * 0.10 significance level. The short-run ARDL is a 1,3,2,2,0.
The ordering of the variables, in relation to the reported lags, is as stated on the table above. Moving to joint
significance under the Wald test, C(2)—-C(5) on Unemployment, C(6)—C(8) on interest rates, and C(9)-C(11) on GDP. C
(1) is the lagged NPL and C(13) are the Gross loans C(12) and are insignificant (available at the appendix). Also,
Residual and Stability diagnostics are consistent with the econometric expectations and this model is robust as well
(for more details see the Appendix; Tables 10-11, respectively).

6.1. Empirical findings discussion

Overall, we have applied numerous econometric tests to generate our results. Following an ARDL
and an ARDL Bounds testing approach, introduced by Pesaran et al. (2001), and in accordance with
the econometric modeling, as it is evident for example, on Gujarati (2009), Kirchgéssner and
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Wolters (2007), Johansen and Juselius (1990), and Verbeek (2004), our research questions, in
consolidating our results, can be answered as follows:

» GDP is found to have a negative and a statistically significant impact on NPLs, which is in line with
the economic theory and holds both in the short-run and in the long-run.

» Unemployment rate was found to influence NPLs in the short-run and in the long run with the sign
being also as expected from the economic theory (i.e. a positive one).

* The Interest rates have a positive short-run and long-run impact on NPLs.

+ Gross loans were found to have no impact on NPLs either in the shortor the long run.

6.2. Suggestions for practice, future research, and limitations

Even though recently the ratio of NPLs in the RNM is at a favorable level (NBRNM, 2020, 2019),
our research is useful in foreseeing and thus preparing for future NPLs. It could be used for
forecasting and economic policymaking purposes too. Specifically, the regulatory bodies can
foresee potential increases in NPLs and act accordingly in order to provide national stability
and proceed with the necessary mitigating measures. Also, within this context, banks are
obliged to access the credit risk accurately and to instill confidence in the system by practicing
prudent loan approval policies.

A main outcome of our study is related to the responsiveness of RNM NPLs to interest rates which
appear to be over-reactive. Thus, there is a need for enhanced surveillance and macro-financial
monitoring to ensure prudent policymaking. Movement towards EU and NATO integration will assist in
driving this forward. This will aid in maintaining stable economic growth, promoting macroeconomic
stability (e.g., via increased foreign exchange reserves, increased commitment towards the EU path, and
enhanced credibility, etc. Such a policy blend will aid in stressing the necessity of finding ways to lower
brain drain related migration.

Finally, concerning further research, focus could be placed on migration-related statistics
that could help us in capturing the impact of the brain-drain and the related impact of
remittances to the overall economy too. Thus, even though this study has contributed in
explaining that unemployment may result in the emigration of skilled labour force from the
country, leading to the dearth of quality and skillful bank’s credit personnel, which in its turn
may result in high non-performing loans, still, this is a finding that calls for further research.

Thus, attention should be given, following the example of neighboring countries, such as Bulgaria and
Croatia, which underwent the process of EU integration, in capturing and predicting the out-flows of the
labor force and in-flows of capital and remittances that could be eventually twisted or counter-balanced
in line with the country’s EU integration process.
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quarter of 2022; we have used extrapolation to acquire
the Q2 of 2022 value.

4. On the final specification, the dummy variable gener-
ated statistically significant results and the sign is as
expected (i.e., it has an adverse impact on NPLs).

5. It has to be noted that even though the use of the
cointegrating ARDL approach is reasonable, as stated,
when there is a mix of I(0) and I(1) series, this does not
apply when it is the dependent variable that is I(0). In
our case, the dependent variable, NPL, is I (1) accord-
ing to the ADF unit root test, but according to the
Zivot-Andrews is not. Thus, according to the asymp-
totic theory developed in the paper of Pesaran,
Pesaran et al. (2001), which provides a simple univari-
ate framework for testing the existence of a single
level relationship between y; and x; when it is not
known with certainty whether the regressors are
purely 1(0), purely I(1) or mutually cointegrated, our
results may not be fully reliable because
a “degenerate case” might arise. This apart from
leading to a difficulty in interpretation (e.g., as mani-
fest in the 100% reversion each period), could question
the reliability of the statistical results.

6. Available at the Appendix.

7. Prior to the implementation of the model, a decision
on the maximal number of lags to be included is
required. We have chosen 4 (note that our data is
quarterly). The decision on the optimal number of lags
is made based on Akaike Information Criterion, AIC.
Still, using the general-to-specific modeling frame-
work, we developed models with varying numbers of
lags for the determinants differentiated (equal number
of lags for all determinants) ending up to the reported
specification. Also, in terms of the post-estimation
tests, it has to be noted that the BG test for serial
correlation failed to reject the respective null hypoth-
esis of autocorrelation, and furthermore, the residuals
follow a normal distribution (see the JB statistic on
Table 4), do not display heteroscedasticity (according
to BPG test), and there is no specification bias,
according to Ramsey Reset test, as well. The CUSUM
test supports further the stability of the model; the
CUSUM and the CUSUM of squares remains between
the 5% critical bounds, which provides statistical evi-
dence on the stability of the parameters. The results
are provided on Table 4. We have also applied a short-
run ARDL(1,3,2,2,0). For more details see the appendix.
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Appendix

Figure Al. Variables in level. 40
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Table and Figure 5.1. Zivot-Andrews unit root test on NPL

Zivot-Andrews Unit Root Test
Date: 08/30/22 Time: 12:08

Sample: 2005Q1 2022Q2

Included observations: 70

Null Hypothesis: NPL has a unit root with a structural break in both the intercept and trend

Chosen lag length: 2 (maximum lags: &)

Chosen break point: 2016Q2

t-Statistic Prob. *
Zivot-Andrews test statistic -3.575502 7.37E-07
1% critical value: -5.57
5% critical value: -5.08
10% critical value: —4.82

* Probability values are calculated from a standard t-distribution and do not take into account the breakpoint
selection process
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Table and Figure 5.2. Zivot-Andrews unit root test on unemployment

Zivot-Andrews Unit Root Test
Date: 08/30/22 Time: 12:08
Sample: 2005Q1 2022Q2

Included observations: 70

Null Hypothesis: UNEMPLOYMENT has a unit root with a structural break in both the intercept and trend

Chosen lag length: 2 (maximum lags: &)

Chosen break point: 2011Q1

t-Statistic Prob. *
Zivot-Andrews test statistic -3.687974 0.058355
1% critical value: -5.57
5% critical value: -5.08
10% critical value: —4.82

* Probability values are calculated from a standard t-distribution and do not take into account the breakpoint
selection process
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Table and Figure 5.3. Zivot-Andrews unit root test on interest rates

Zivot-Andrews Unit Root Test
Date: 08/30/22 Time: 12:08
Sample: 2005Q1 2022Q2

Included observations: 70

Null Hypothesis: INTEREST has a unit root with a structural break in both the intercept and trend

Chosen lag length: 2 (maximum lags: &)

Chosen break point: 2019Q1

t-Statistic Prob. *
Zivot-Andrews test statistic -4.900227 0.002316
1% critical value: -5.57
5% critical value: -5.08
10% critical value: —4.82

* Probability values are calculated from a standard t-distribution and do not take into account the breakpoint
selection process
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Table and Figure 5.4. Zivot-Andrews Unit Root Test on LGDP

Zivot-Andrews Unit Root Test

Date: 08/30/22 Time: 12:08

Sample: 2005Q1 2022Q2

Included observations: 70

Null Hypothesis: LGDP has a unit root with a structural break in both the intercept and trend

Chosen lag length: 4 (maximum lags: &)

Chosen break point: 2015Q3

t-Statistic Prob. *
Zivot-Andrews test statistic -3.277821 0.049959
1% critical value: -5.57
5% critical value: -5.08
10% critical value: —4.82

* Probability values are calculated from a standard t-distribution and do not take into account the breakpoint

selection process
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Table and Figure 5.5. Zivot-Andrews unit root test on LGross_Loans

Zivot-Andrews Unit Root Test
Date: 08/30/22 Time: 12:08
Sample: 2005Q1 2022Q2

Included observations: 70

Null Hypothesis: LGROSS_LOANS has a unit root with a structural break in the intercept

Chosen lag length: 2 (maximum lags: &)

Chosen break point: 2016Q1

t-Statistic Prob. *
Zivot-Andrews test statistic —-4.295073 0.000174
1% critical value: -5.34
5% critical value: -4.93
10% critical value: -4.58

* Probability values are calculated from a standard t-distribution and do not take into account the breakpoint
selection process

Zivot-Andrew Breakpoints

3

4

e

2006 2008 2010 2012 2014 2016 2018 2020 2022

Page 26 of 40



Golitsis et al., Cogent Business & Management (2022), 9: 2140488 :&-: Cogent o b us in ess & mana g ement
https://doi.org/10.1080/23311975.2022.2140488

Table and Figure 5.6. Zivot-Andrews unit root test on dUnemployment

Zivot-Andrews Unit Root Test

Date: 08/30/22 Time: 13:08
Sample: 2005Q1 2022Q2

Included observations: 70

Null Hypothesis: DUNEMPLOYMENT has a unit root with a structural break in the intercept

Chosen lag length: 1 (maximum lags: &)

Chosen break point: 2013Q1

t-Statistic Prob. *
Zivot-Andrews test statistic -7.650728 0.047902
1% critical value: -5.34
5% critical value: -4.93
10% critical value: -4.58

* Probability values are calculated from a standard t-distribution and do not take into account the breakpoint
selection process
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Table and Figure 5.7. Zivot-Andrews unit root test on dLGDP
Zivot-Andrews Unit Root Test

Date: 08/30/22 Time: 13:08

Sample: 2005Q1 2022Q2

Included observations: 70

Null Hypothesis: DLGDP has a unit root with a structural break in both the intercept and trend

Chosen lag length: 3 (maximum lags: 4)

Chosen break point: 2019Q3

t-Statistic Prob. *
Zivot-Andrews test statistic -4.556190 0.015762
1% critical value: -5.57
5% critical value: -5.08
10% critical value: —-4.82

* Probability values are calculated from a standard t-distribution and do not take into account the breakpoint

selection process
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Table 6. The ARDL results in the short-run
Dependent Variable: DNPL

Method: ARDL

Date: 08/30/22 Time: 15:37
Sample (adjusted): 2006Q1 2022Q2
Included observations: 66 after adjustments
Maximum dependent lags: 1 (Automatic selection)
Model selection method: Akaike info criterion (AIC)
Dynamic regressors (4 lags, automatic): DUNEMPLOYMENT
DINTEREST DLGDP DLGROSS_LOANS

Fixed regressors: C

Number of models evaluated: 625
Selected Model: ARDL(1, 3, 2, 2, 0)
Note: final equation sample is larger than selection sample

Variable Coefficient ~ Std. Error  t-Statistic ~ Prob.*
DNPL(-1) -0.100102 0.123648 -0.809574 0.4218
DUNEMPLOYMENT  -0.114675  0.184961 -0.619996 0.5379
DUNEMPLOYMENT(-1) -0.039255  0.202188 -0.194153 0.8468
DUNEMPLOYMENT(-2) 0.462679  0.189535  2.441135  0.0180
DUNEMPLOYMENT(-3) 0.397188 0.180452 2.201073 0.0321
DINTEREST 0.168739  0.775101 0.217699  0.8285
DINTEREST(-1) 1.528773 0.789227 1.937052 0.0581
DINTEREST(-2) 2.123277 0.804861 2.638067 0.0109
DLGDP -2.686248 1.035414  -2.594371 0.0122
DLGDP(-1) -2.864825 1.153660 -2.483249  0.0162
DLGDP(-2) -1.827887 1.022285 -1.788040 0.0795
DLGROSS_LOANS -2.349377 3.470376 -0.676980 0.5014
C 0.576631 0.202108  2.853091 0.0062
R-squared 0.374595 Mean dependent var -0.182121
Adjusted R-squared 0.232993 S.D. dependent var 0.722735
S.E. of regression 0.632964  Akaike info criterion 2.097769
Sum squared resid 21.23408 Schwarz criterion 2.529065
Log likelihood -56.22638 Hannan-Quinn criter. 2.268194
F-statistic 2.645420 Durbin-Watson stat 1.981599
Prob(F-statistic) 0.007515

*Note: p-values and any subsequent tests do not account for model

selection.
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Table 7. On the ARDL results in the short-run. The Wald tests

Wald Test:
Equation: Untitled

Test Statistic Value df Probability
t-statistic -0.809574 53 0.4218
F-statistic 0.655410 (1, 53) 0.4218
Chi-square 0.655410 1 0.4182

Null Hypothesis: C(1)=0
Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.

C(1) -0.100102  0.123648

Restrictions are linear in coefficients.

C(1) is the lagged NPL and is statistically insignificant.

Wald Test:

Equation: Untitled

Test Statistic Value df Probability
F-statistic 3.110106 (4, 53) 0.0226
Chi-square 12.44042 4 0.0144

Null Hypothesis: C(2)=C(3)=C(4)=C(5)=0
Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.

2) -0.114675  0.184961
3) -0.039255  0.202188
4) 0.462679  0.189535
5) 0.397188  0.180452

Restrictions are linear in coefficients.

Thus, unemployment, the contemporaneous and from the past jointly influence NPLs.
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Wald Test:

Equation: Untitled

Test Statistic Value df Probability
F-statistic 4.293593 (3, 53) 0.0087
Chi-square 12.88078 3 0.0049

Null Hypothesis: C(6)=C(7)=C(8)=0
Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.
C(6) 0.168739  0.775101
C(7) 1.528773  0.789227
C(8) 2123277  0.804861

Restrictions are linear in coefficients.

Thus, interest rates, both the contemporaneous and the past ones, jointly influence NPLs.
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Wald Test:

Equation: Untitled

Test Statistic Value df Probability
F-statistic 2.784774 (3, 53) 0.0497
Chi-square 8.354322 3 0.0392

Null Hypothesis: C(9)=C(10)=C(11)=0
Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.

C(9)
C(10)
c(11)

-2.686248  1.035414
-2.864825  1.153660
-1.827887  1.022285

Restrictions are linear in coefficients.

Thus, GDP, both the contemporaneous and the past ones, jointly influence NPLs.

Wald Test:

Equation: Untitled

Test Statistic Value df Probability
t-statistic -0.676980 53 0.5014
F-statistic 0.458303 (1, 53) 0.5014
Chi-square 0.458303 1 0.4984

Null Hypothesis: C(12)=0
Null Hypothesis Summary:

Normalized Restriction (= 0) Value Std. Err.

C(12) -2.349377  3.470376

Restrictions are linear in coefficients.

Thus, Gross Loans does not influence NPLs.
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Table 8. On the ARDL Long Run form and bound tests

ARDL Long Run Form and Bounds Test
Dependent Variable: D(DNPL)

Selected Model: ARDL(1, 3, 2, 2, 0)

Case 3: Unrestricted Constant and No Trend
Date: 08/30/22 Time: 15:55

Sample: 2005Q1 2022Q2

Included observations: 66

Conditional Error Correction Regression

Variable Coefficient ~ Std. Error  t-Statistic ~ Prob.
C 0.576631 0.202108 2.853091 0.0062
DNPL(-1)* -1.100102 0.123648 -8.897048 0.0000
DUNEMPLOYMENT(-1)  0.705936 0.345139 2.045367 0.0458
DINTEREST(-1) 3.820789 1.168950 3.268564 0.0019
DLGDP(-1) -7.378960 2.622215 -2.814017 0.0069

DLGROSS_LOANS**  -2.349377  3.470376 -0.676980  0.5014
D(DUNEMPLOYMENT) -0.114675  0.184961 -0.619996  0.5379
D(DUNEMPLOYMENT... -0.859867  0.249078 -3.452194  0.0011
D(DUNEMPLOYMENT... -0.397188  0.180452 -2.201073  0.0321

D(DINTEREST) 0.168739  0.775101 0.217699  0.8285
D(DINTEREST(-1)) -2.123277  0.804861 -2.638067  0.0109
D(DLGDP) -2.686248 1.035414  -2.594371 0.0122
D(DLGDP(-1)) 1.827887 1.022285 1.788040  0.0795

* p-value incompatible with t-Bounds distribution.
** Variable interpreted as Z= Z(-1) + D(2).

Levels Equation
Case 3: Unrestricted Constant and No Trend

Variable Coefficient ~ Std. Error  t-Statistic  Prob.
DUNEMPLOYMENT 0.641701 0.319248 2.010040 0.0495
DINTEREST 3.473122 1.047361 3.316069 0.0017
DLGDP -6.707522 2.517406 -2.664457 0.0102

DLGROSS_LOANS -2.135599  3.104695 -0.687861 0.4945

EC = DNPL - (0.6417*DUNEMPLOYMENT + 3.4731*DINTEREST -6.7075
*DLGDP -2.1356*"DLGROSS_LOANS)
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F-Bounds Test

Null Hypothesis: No levels relationship

Test Statistic Value Signif. 1(0) I(1)
Asymptotic: n=1000
F-statistic 18.60966 10% 2.45 3.52
k 4 5% 2.86 4.01
2.5% 3.25 4.49
1% 3.74 5.06
Actual Sample Size 66 Finite Sample: n=70
10% 2.552 3.648
5% 3.022 4.256
1% 4.098 5.57
Finite Sample: n=65
10% 2.574 3.682
5% 3.068 4.274
1% 4.188 5.694

t-Bounds Test

Null Hypothesis: No levels relationship

Test Statistic Value Signif. 1(0) (1)
t-statistic -8.897048 10% -2.57 -3.66
5% -2.86 -3.99

2.5% -3.13 -4.26

1% -3.43 -46
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Table 9. Cointegration and Long run form or Error Correction form

ARDL Error Correction Regression
Dependent Variable: D(DNPL)

Selected Model: ARDL(1, 3, 2, 2, 0)

Case 3: Unrestricted Constant and No Trend
Date: 08/30/22 Time: 16:08

Sample: 2005Q1 2022Q2
Included observations: 66

ECM Regression
Case 3: Unrestricted Constant and No Trend
Variable Coefficient ~ Std. Error  t-Statistic ~ Prob.

C 0.576631 0.095756  6.021900  0.0000
D(DUNEMPLOYMENT) -0.114675  0.149399 -0.767579  0.4461
D(DUNEMPLOYMENT... -0.859867  0.187292 -4.591038  0.0000
D(DUNEMPLOYMENT... -0.397188  0.153595 -2.585940  0.0125
D(DINTEREST) 0.168739  0.635781 0.265404  0.7917
D(DINTEREST(-1)) -2.123277  0.700439 -3.031350  0.0038
D(DLGDP) -2.686248  0.636393 -4.221055  0.0001
D(DLGDP(-1)) 1.827887  0.663903  2.753245  0.0081
CointEq(-1)* -1.100102  0.109971 -10.00354  0.0000
R-squared 0.653758 Mean dependent var -0.012879
Adjusted R-squared 0.605163 S.D. dependent var 0.971338
S.E. of regression 0.610350 Akaike info criterion 1.976557
Sum squared resid 21.23408 Schwarz criterion 2.275146
Log likelihood -56.22638 Hannan-Quinn criter. 2.094544
F-statistic 13.45312  Durbin-Watson stat 1.981599

Prob(F-statistic) 0.000000

* p-value incompatible with t-Bounds distribution.

F-Bounds Test

Null Hypothesis: No levels relationship

Test Statistic Value Signif. 1(0) I(1)
F-statistic 18.60966 10% 245 3.52
k 4 5% 2.86 4.01
2.5% 3.25 4.49

1% 3.74 5.06

t-Bounds Test Null Hypothesis: No levels relationship
Test Statistic Value Signif. 1(0) I(1)
t-statistic -10.00354 10% -2.57 -3.66
5% -2.86 -3.99

2.5% -3.13 -4.26

1% -3.43 -4.6

The cointegration equation is significant and bears a negative sign:

CointEq(-1)*  -1.100102

0.109971

-10.00354

0.0000
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Table 10. On residual diagnostics

Breusch-Godfrey Serial Correlation LM Test:
Null hypothesis: No serial correlation at up to 2 lags

F-statistic 1.222582  Prob. F(2,51) 0.3030
Obs*R-squared 3.019558 Prob. Chi-Square(2) 0.2210

Test Equation:

Dependent Variable: RESID

Method: ARDL

Date: 08/30/22 Time: 16:59

Sample: 2006Q1 2022Q2

Included observations: 66

Presample missing value lagged residuals set to zero.

Variable Coefficient  Std. Error  t-Statistic Prob.

DNPL(-1) 0.030426  0.264167  0.115177  0.9088
DUNEMPLOYMENT  -0.020759  0.184690 -0.112397  0.9109
DUNEMPLOYMENT(-1) 0.038540  0.208965  0.184435  0.8544
DUNEMPLOYMENT(-2) -0.027674  0.192926  -0.143441 0.8865
DUNEMPLOYMENT(-3) -0.006329  0.193352 -0.032736  0.9740

DINTEREST -0.108344  0.851670 -0.127214  0.8993
DINTEREST(-1) -0.143348  0.822346 -0.174316  0.8623
DINTEREST(-2) -0.049110  0.941895 -0.052140  0.9586

DLGDP 0.078897 1.042859  0.075654  0.9400
DLGDP(-1) 0.114449 1.167280  0.098048  0.9223
DLGDP(-2) 0.014967 1.022078  0.014644  0.9884

DLGROSS_LOANS 0.764234  3.547099  0.215453  0.8303
C -0.063919  0.207083 -0.260373  0.7956
RESID(-1) -0.017465  0.303905 -0.057470  0.9544
RESID(-2) 0.227933  0.146182 1.5659239  0.1251
R-squared 0.045751 Mean dependent var 6.14E-17
Adjusted R-squared -0.216200 S.D. dependent var 0.571558
S.E. of regression 0.630322  Akaike info criterion 2.111545
Sum squared resid 20.26260 Schwarz criterion 2.609193
Log likelihood -54.68097  Hannan-Quinn criter. 2.308189
F-statistic 0.174655  Durbin-Watson stat 1.992237
Prob(F-statistic) 0.999537
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Heteroskedasticity Test: Breusch-Pagan-Godfrey
Null hypothesis: Homoskedasticity

F-statistic 1.310176  Prob. F(12,53) 0.2407
Obs*R-squared 15.09935 Prob. Chi-Square(12) 0.2360
Scaled explained SS 36.07650 Prob. Chi-Square(12) 0.0003

Test Equation:

Dependent Variable: RESID”2
Method: Least Squares

Date: 08/30/22 Time: 16:58
Sample: 2006Q1 2022Q2
Included observations: 66

Variable Coefficient ~ Std. Error  t-Statistic Prob.
C 0.064420 0.274052 0.235066 0.8151
DNPL(-1) 0.082130 0.167663 0.489849 0.6263

DUNEMPLOYMENT  -0.104541 0.250802 -0.416825  0.6785
DUNEMPLOYMENT(-1)  0.317681 0.274161 1.168738  0.2518
DUNEMPLOYMENT(-2) -0.370737  0.257003 -1.442538  0.1550
DUNEMPLOYMENT(-3) -0.556352  0.244687 -2.273724  0.0271

DINTEREST 0.159270 1.051014  0.151539  0.8801
DINTEREST(-1) -0.291116 1.070169 -0.272028  0.7867
DINTEREST(-2) -2.611043 1.091368 -2.392448  0.0203

DLGDP 1.435082 1.403992 1.022144  0.3114
DLGDP(-1) 1.087074 1.564330  0.694914  0.4901
DLGDP(-2) 0.484119 1.386190  0.349244  0.7283

DLGROSS_LOANS  -10.36236  4.705731 -2.202073  0.0320
R-squared 0.228778 Mean dependent var 0.321728
Adjusted R-squared 0.054162 S.D. dependent var 0.882513
S.E. of regression 0.858281  Akaike info criterion 2.706805
Sum squared resid 39.04222 Schwarz criterion 3.138101
Log likelihood -76.32458 Hannan-Quinn criter. 2.877231
F-statistic 1.310176  Durbin-Watson stat 2.137570
Prob(F-statistic) 0.240731
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Table 11. On stability diagnostics

Ramsey RESET Test

Equation: UNTITLED

Omitted Variables: Squares of fitted values

Specification: DNPL DNPL(-1) DUNEMPLOYMENT
DUNEMPLOYMENT(-1) DUNEMPLOYMENT(-2)
DUNEMPLOYMENT(-3) DINTEREST DINTEREST(-1)
DINTEREST(-2) DLGDP DLGDP(-1) DLGDP(-2)
DLGROSS_LOANS C

Value df Probability -
t-statistic 0.392059 52 0.6966
F-statistic 0.153710 (1, 52) 0.6966
Likelihood ratio 0.194806 1 0.6589
F-test summary:

um of Sq. df Mean Squares

Test SSR 0.062582 1 0.062582
Restricted SSR 21.23408 53 0.400643
Unrestricted SSR 21.17149 52 0.407144
LR test summary:

Value
Restricted LogL -56.22638
Unrestricted LogL -56.12897

Unrestricted Test Equation:
Dependent Variable: DNPL
Method: Least Squares
Date: 08/30/22 Time: 17:04
Sample: 2006Q1 2022Q2
Included observations: 66

Variable Coefficient  Std. Error  t-Statistic Prob.

DNPL(-1) -0.090485 0.127038 -0.712269  0.4795
DUNEMPLOYMENT  -0.103979  0.188441 -0.551783  0.5835
DUNEMPLOYMENT(-1) -0.029249  0.205413 -0.142393  0.8873
DUNEMPLOYMENT(-2) 0.430302 0.208149 2.067279  0.0437
DUNEMPLOYMENT(-3) 0.385458 0.184354 2.090865  0.0414
DINTEREST 0.214244  0.789938 0.271216  0.7873
DINTEREST(-1) 1.515321 0.796344 1.902847  0.0626
DINTEREST(-2) 1.986260 0.883430 2.248350  0.0288

DLGDP -2.524897  1.121985 -2.250384 0.0287
DLGDP(-1) -2.688372  1.247032 -2.155816 0.0357
DLGDP(-2) -1.702650 1.078917 -1.578110  0.1206

DLGROSS_LOANS -2.184552  3.523589 -0.619979  0.5380
C 0.575223  0.203772 2.822867  0.0067
FITTED"2 -0.115657  0.294998 -0.392059 0.6966
R-squared 0.376438 Mean dependentvar  -0.182121
Adjusted R-squared 0.220547 S.D. dependent var 0.722735
S.E. of regression 0.638078 Akaike info criterion 2.125120
Sum squared resid 21.17149  Schwarz criterion 2.589593
Log likelihood -56.12897  Hannan-Quinn criter. ~ 2.308655
F-statistic 2.414758 Durbin-Watson stat 1.994975
Prob(F-statistic) 0.012445
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