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The impact of macroeconomic variables on the evolution of the credit risk rate

1. Introduction

The sensitivity of non-performing (bad) loans dependent of the evolution of
macroeconomic indicators varies from one sector to another, the economic sectors
the most exposed to this process being those for which the banking system is
financing an important part of the working capital, but also the demand for
products / services provided.

According to Derelioglu and Gurgen (2011) and Boss et al. (2009) the credit risk
analysis aims to reduce future losses by estimating the potential risk and
eliminating the newly proposed credit if the risk is greater than a defined tolerance
value. In this respect, it is essential to identify the main factors determining this
risk in order to manage it effectively.

The lending activity is not without risks and can generate non-performing loans,
resulting from risk mismanagement. Non-performing loans occur when there are
delays in the reimbursement and recovery of arrears, and the payment of assumed
liabilities is not secured or is partially secured.

European supervisory authorities consider that a loan is non-performing when it
has been more than 90 days without the debtor paying the agreed instalments. The
level of non-performing loans should be at a level as low as possible due to the
impact on bank profitability. This goal can be achieved only by a conservative
lending policy practiced in line with the economic conditions and the financial
environment and through an appropriate risk classification.

Of course, the origin of non-performing (bad) loans should not be sought
exclusively in macroeconomic variables. The policies adopted by individual banks,
particularly those relating to the increase in efficiency and the risk management,
significantly influence the evolution of non-performing loans.

The study aims to outline a framework for highlighting the macroeconomic
influences on the credit risk. The paper examines the macroeconomic conditions
that have a significant impact on credit risk, proposing to familiarize the
international public with the understanding of the aspects proposed in the analysis
for the case of Romania. Thus, the paper analyzes the aggregate rate of the credit
risk and the macroeconomic data of Romania for the period under review. As the
study shows, the most significant influence on credit risk is the exchange rate, but
the interest rate and the gross domestic product also have a significant impact. It
should be stressed that an increase in the interest rate could be determined by a
decision taken by the National Bank of Romania to increase the monetary policy
interest rate in order to moderate the inflationary pressure.
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Taking into account the results of the statistical tests, the macroeconomic variables
underlying the analysis play an important role in the financial stability of the
monetary and banking system, the severe deterioration of one of them influencing
the credit risk.

The paper proposes both a statistical and a qualitative study. The expected outcome
of the qualitative analysis is to show the influence of the credit risk on the capital
supporting a bank’s activity. A loss from a bad credit is indirectly translated into a
capital deficit through provisioning. Under these circumstances, capital increases
have as their primary motivation the increase in credit risk due to non-performing
loans and the recognition of loss. The study may be a starting point for research in
the field of accounting since the credit risk rate has an indirect influence on the
available capital, which implies that an increase in the level of non-performing
loans leads to a higher level of credit risk specific provisions, thus reflecting a
balance sheet expense and a loss in the profit and loss account and available
capital. Thus, research results can be used to model the dynamics of some elements
of the balance sheet of commercial companies through macroeconomic variables.

The research results have both practical applicability, as a basis for stress tests and
for forecasting purposes, and also implications in economic policies, outlining the
effects of credit risk through the macroeconomic environment. Further to the study
in this article, a related analysis will look at identifying a causal relationship
between macroeconomic variables and the capital of financial institutions.

The study is structured on several sections, ending with the main conclusions and
future directions of analysis. After the introductory concepts, the paper presents, in
the second section, the review of the specialized literature, and in section no. 3
describes the methodology of the research and presents the used data, detailing
both the economic reasoning and the statistical records which led to the selection of
explanatory variables. In the fourth section we synthesized the main aspects of the
empirical research, this section dealing with data analysis and the presentation of
the results obtained. The paper ends with the presentation of the conclusions and of
the future directions of research within section no.5.

2. Literature review

Most empirical studies examine the influence of macroeconomic indicators on the
non-performing loans. Mcwayizeni (2016) studied the impact of macroeconomic
variables on non-performing loans, concluding that variables such as GDP, interest
rate, exchange rate, public debt, sovereign debt, unemployment, the volume of
imports, the volume of exports, have a significant influence on the dynamics of
non-performing loans in emerging economies, but do not have a notable influence
in the case of developed economies.
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Gaganis et al.(2010) show that there are four main criteria of banking stability:
regulations, other attributes of the banking and financial sector, the institutional
framework and the macroeconomic conditions. Thus, the GDP growth not only
reduces the rate of non-performing loans, but it may delay the emergence of
banking crises. Figlewski et al.(2012) state that the macroeconomic factors have a
significant impact on the solvency of companies. These authors group the
macroeconomic risk factors into three large classes:
1. Factors related to general macroeconomic conditions (unemployment rate,
inflation, etc.)
2. Factors related to the direction in which the economy is evolving (a real
GDP growth, changes in the consumer behavior, etc.)
3. Factors relating to conditions in the financial markets (interest rates, listing
/ delisting, etc.).

As far as the category of macroeconomic indicators with the greatest impact on
credit risk is concerned, the views are divided. There are studies that claim that the
dynamics of the real economy has the greatest impact on credit risk, while other
authors have come to the conclusion that monetary factors have the greatest impact
on the likelihood of non-reimbursement.

Thus, Makri and Papadatos (2016) suggest that the macroeconomic environment
(public debt, unemployment, inflation) appears to be closely linked to the
repayment of loans in arrears, and Makri et al. (2014) concluded that the
macroeconomic variables have a significant influence on non-performing loans in
the Euro area.

Following the same direction, Makri (2015) argues that in the analysis carried out
in Greece, the probability of non-reimbursement at maturity of loans is influenced
by unemployment, public debt, GDP, inflation, outstanding loan, capital adequacy,
liquidity and profitability. Skala (2014) studied the factors influencing the credit
policy of 356 commercial banks in Poland in the period from 2006 to 2012,
highlighting the fact that the macroeconomic indicators have a strong impact on the
non-performing credits.

If a bank can establish a link between the macroeconomic environment and
systematic credit risk factors, this knowledge may help in assessing and managing
the portfolio credit risk over time and may prove useful in dynamic credit risk
management circumstances in which default scenarios can occur over a variety of
economic conditions. Alessi et al. (2014) analyzed the setting up of provisions for
loan impairment in the case of Italian commercial banks for the period from 2006
to 2012, revealing that the provisions for impairment are positively associated with
the non-performing loan rate and the loan/assets ratio.
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Some researchers (Diaz & Olivero, 2011; Duican & Pop, 2015; Fainstein &
Novikov, 2011; Festic et al., 2011; Fiori et al., 2007; Leitao, 2012; Mileris, 2012,
2014; Virolainen, 2004; Yeyati, 2010) have found relations between the
macroeconomic factors and non-performing loans in the banking system. The
amount of past non-performing loans interact with the macroeconomic changes and
indicate that banks with more non-performing loans are more affected by the macro
shocks. The results suggest that non-performing loans increase across banks as
macroeconomic risks rise. However, the interaction terms and the macroeconomic
factors are highly correlated, so it is difficult to disentangle the independent effects
of each macroeconomic variable. Generally, banks with a higher exposure to
macroeconomic risk are expected to experience larger non-performing loans.
Istrate et al. (2016) consider that the number of debtors to credit is influenced by
the interest rate, meaning that an increase in interest rates on the interbank market
determines an increase in the probability of default at maturity of loans contracted,
while the destination of loans contracted (equipment, treasury) does not
significantly influence PD.

On the other hand, Castro (2013) determined based on a model of panel data that
the credit risk is significantly influenced by the macroeconomic environment.
Thus, the credit risk increases with the decrease in the GDP, the share price, but
decreases with the increase in the unemployment rate or the real exchange rate
appreciation. Berge and Boye (2007) state that as determinants of non-quality of
lending and, implicitly, of bank loans, respectively of recording of NPLs by
creditor banks, should be considered the very lack of quality or performance in the
activities of the credit contract parties.

Most of banking crisis theories are based on changes in economic fundamentals as
a natural consequence of business cycles, with credit growing procyclically. Credit
grows rapidly when the economy is booming, as investors turn more optimistic
about the future and lending standards deteriorate. When the economic growth
slows down, this causes a collapse in crediting. The macroeconomic origins of
banking crises lie in unsustainable macro policies and global financial conditions.

Louzis et al. (2012) examined the determinants of non-performing loans in the
Greek banking sector, differentiated for each category of loans (consumer,
corporate, mortgage loans). Assuming that both the macroeconomic indicators and
the credit conditions affect the credit quality, the authors concluded that for all
categories of loans the non-performing credit rate can be explained by the
evolution of macroeconomic variables (GDP, unemployment, public debt, etc.) and
the quality of management, mortgage credits being less sensitive to changes in
macroeconomic indicators.

Derbali’s study (2011) revealed a positive association between inflation and bank
profitability. High inflation is generally associated with high interest rates, and
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therefore, high revenue. However, if inflation is not anticipated and banks are slow
in adjusting interest rates, there is the possibility of a rapid growth of expenditure
compared to banking revenue and therefore bank profitability can be negatively
affected. Buch et al. (2014) analyzed the relationship between the macroeconomic
variables and the credit policy in the US, investigating how banks under analysis
perceive analyzed macroeconomic shocks, concluding that banks perceive shocks
differently, depending on size, capitalization, liquidity.

The scientific literature analysis confirmed the importance of considering the
systemic risk factors on credit risk in banks, because the loan portfolio quality is
often strongly related to macroeconomic conditions. Pestova and Mamonov (2014)
found that the most negative influence over the credit quality in Russia have had
the macroeconomic conditions. The results obtained have highlighted the
importance of macro-prudential regulations for improving the financial stability of
the Russian banking system.

A preliminary conclusion drawn from most studies using the GDP growth rate as
primary indicator of macroeconomic conditions and sustainability of the debt of a
large group of borrowers indicates that a GDP rate growth translated by higher
revenue determines a higher probability of repayment of loans by borrowers.
Although the studies refer to the international environment, we believe that the
macroeconomic factors influence the credit risk rate for Romania as well.
However, the information available for the Romanian banking environment is not
sufficiently well synthesized given that the National Bank of Romania does not
disclose all prudential indicators.

2. Considerations on research methodology

The methodological solutions applied to identify a simplified functional form of
macroeconomic models of credit risk measurement are based on multivariate
regressions, estimated independently or simultaneously in equations. This research
aims to assess the impact of the macroeconomic indicators under analysis on the
deterioration of the loan portfolio. Work methodology is based on the analysis and
interpretation of statistical results, the variables considered being analyzed using
the multiple linear regression.

The empirical analysis is based on a set of annual data that allows the assessment
of the process of repayment of loans contracted by non-financial corporations, with
the aim of explaining the influence that independent variables have on the credit
risk (the dependent variable). The empirical analysis is based on a set of data having
an annual frequency, which allows the assessment of the process of reimbursement
of loans contracted by non-financial companies.
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To capture the global economic conditions on the reimbursement behavior of
companies in various economic sectors, the sensitivity of bank loan non-
reimbursement rates to the dynamics of macroeconomic variables was studied
distinctively in four distinct major business sectors: agriculture, construction, trade
and services. Business sectors retained in the analysis are relevant to the national
economy.

In order to carry out the research, the following question was formulated: Can the
credit risk be predicted based on the evolution of macroeconomic variables? The
conceptual model of the credit risk rate prediction system assumes that the
functional relationship between the endogenous variable and the set of explanatory
indicators is described by the logit function. The analysis covers annual frequency
data from the period from 2009 to 2015, available on the websites of the National
Institute of Statistics and the National Bank of Romania.

For research purposes, we used:
o The ,credit risk rate” dependent variable as it appears in the
aggregated indicators for credit institutions on the website of the
National Bank of Romania, expressed as a proportion of gross
exposure on loans and interest classified under ,,doubtful” and ,,loss”
in total loans and classified interest (excluding off balance sheet items)
-Y.
To quantify the credit risk, the National Bank of Romania used the credit risk rate
to define the ratio between the gross exposure of non-bank loans classified as loss
or doubtful and the total amount of loans classified as non-bank loans excluding
off-balance sheet items. According to the prudential regulations of the National
Bank of Romania, only loans for which minimum capital requirements for credit
risk are categorized, at the individual level, according to the standard approach, the
remainder of the portfolio being exempted from classification (for banks using the
internal rating models).The credit risk rate is a more restrictive indicator of the loan
portfolio quality than the non-performing loans share. If a loan is considered non-
performing if the debt service exceeds 90 days, the credit risk rate includes in
addition the loans/interest with an outstanding debt service of less than 90 days,
and the classification criteria also include the financial performance of the debtor
and the principle of downgrading by contamination.?
o The independent variables that were divided into two groups:
1. Variables of the real economy:
— gross value added — X3
— intermediate consumption — X;
— branch level production — X3

2 According to the National Bank of Romania
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2. Monetary variables:
— EUR/RON exchange rate — X4
— ROBOR with a maturity of six months — Xs
The analyzed data are shown in Table 1:

Table 1. Database with analyzed variables

Real economy Monetary factors
e oduction Lgfﬁﬁgg%ﬁ S o value eExléE;ﬁgiN ROBOR 6M ﬁgiif
rate rate
(%o p.a) (%o p.a) (%o p.a) (%o p.a) (% p.a)
X1 X2 X3 Xq Xs Y
Agriculture
2009 0.857 0.867 0.847 3.337 0.078 0.040
2010 1.196 1.187 1.207 3.682 0.131 0.065
2011 0.969 0.971 0.967 4.237 0.117 0.152
2012 0.888 0.836 0.945 4.209 0.072 0.208
2013 1.084 1.037 1.139 4.237 0.065 0.232
2014 0.775 0.811 0.739 4.456 0.057 0.299
2015 1.276 1.223 1.337 4.419 0.046 0.321
Construction
2009 1.341 1.343 1.339 3.337 0.078 0.040
2010 1.260 1.259 1.262 3.682 0.131 0.065
2011 0.911 0.921 0.901 4.237 0.117 0.152
2012 1.123 1.265 0.955 4.209 0.072 0.208
2013 0.903 0.957 0.809 4.237 0.065 0.232
2014 0.974 0.966 0.989 4.456 0.057 0.299
2015 0.956 0.913 1.044 4.419 0.046 0.321
Trade
2009 1.158 1.161 1.157 3.337 0.078 0.040
2010 1.142 1.177 1.119 3.682 0.131 0.065
2011 0.863 0.856 0.868 4.237 0.117 0.152
2012 1.176 1.266 1.115 4.209 0.072 0.208
2013 1.062 1.036 1.128 4.237 0.065 0.232
2014 1.258 1.135 1.647 4.456 0.057 0.299
2015 0.884 1.001 0.673 4.419 0.046 0.321
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Transport

2009 1.056 1.058 1.054 3.337 0.078 0.040
2010 1.060 1.071 1.052 3.682 0.131 0.065
2011 0.956 0.999 0.920 4.237 0.117 0.152
2012 0.921 0.954 0.893 4.209 0.072 0.208
2013 0.984 1.068 0.890 4.237 0.065 0.232
2014 1.034 0.970 1.131 4.456 0.057 0.299
2015 1.072 1.097 1.041 4.419 0.046 0.321

Source: http://www.bnr.ro, http://www.insse.ro and author’s processing

4. Data analysis based on empirical research

In order to study the impact of the macroeconomic indicators evolution on the
credit risk, using the panel data methodology, there were estimated some equations
for determining the credit risk depending on the variables of real economy and
monetary factors.

The period for which the analysis is conducted is 2009-2015, using series of annual
frequency for the selected indicators. To facilitate interpretation of the coefficients
obtained from the regression, the econometric analysis is performed on logarithmic
series.

The independent variable coefficient indicates the percent by which the Y
dependent variable changes when the Xj: independent variables change by 1
percent. In the selection of specifications of the credit risk analysis models, we
started from estimating the equation system. Given the complexity of the
researched phenomenon and the objective limits on the coverage over time of the
available information, the multivariate procedure of selection of the determinants
aimed at building a reasonable number of models that encompass a diversity as
high as possible of the independent variables.

In order to study the impact of independent variables on the credit risk, empirical
correlations have been made between the dependent variable and the independent
variables, the econometric analysis being performed by logarithmic series, for
facilitating interpretation of obtained results.

The matrix of correlation of the analyzed variables (Table 2) shows that high
values of credit risk are associated with exchange rate movements in all four
industry sectors under analysis, as evidenced by the positive correlation between
the rate of credit risk and the exchange rate.

On the other hand, the negative values of the correlation between the credit risk
rate and production in the case of enterprises working in agriculture, respectively
production, intermediate consumption, gross value added in the case of trade,
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construction and transport, show that the high values of the independent variables
are associated with a low credit risk, while the low values of the independent

variables are associated with a high credit risk.

Table 2. Matrix of correlation of the analyzed variables

AGRICULTURE

Intermediat Gross Credi
Productio e Exchang ROBOR -
n consumptio value e rate 6M t risk
0 P added rate
Production 1
Intermediate
consumption -0.258 1
Gross value added -0.304 0.940 1
Exchange rate -0.825 0.025 009 1
ROBOR 6M 0.030 0.103 0.011 -0.482 1
Credit risk rate -0.751 0.016 0.113 0,957 -0.635 1
TRADE
Intermediat .
Productio e Gross Exchang ROBOR Cre_d|
n consumptio value e rate 6M U risk
n P added rate
Production 1
Intermediate
consumption 0.867 1
Gross value added 0.891 0.552 1
Exchange rate -0.309 -0.362 0135 1
ROBOR 6M -0.029 -0.105 0.059 -0.482 1
Credit risk rate -0.241 -0.259 0.123 0.979 -0.635 1
CONSTRUCTION
Intermediat Gross Credi
Productio e Exchang ROBOR )
n consumptio value e rate 6M t risk
n P added rate
Production 1
Intermediate
consumption 0.330 1
Gross value added 0.865 0.209 1
Exchange rate -0.880 -0.401 0791 1
ROBOR 6M 0.360 0.292 0.157 -0.482 1
Credit risk rate -0.842 -0.435 0.752 0.942 -0.635 1
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TRANSPORT
Intermediat -
Productio e Gross Exchang ROBOR Cre_d|
n consumptio value e rate 6M t risk
n P added rate
Production 1
Intermediate
consumption 0.687 1
Gross value added 0.834 0.175 1
Exchange rate -0.345 -0.337 0211 1
ROBOR 6M -0.183 -0.062 0.177 -0.482 1
Credit risk rate -0.286 -0.272 0.186 0,965 -0.635 1

In order to show the dependence between the selected variables in the chosen time
frame, we estimated the regression model in Excel. The multiple correlation
between variables shows that there is a strong link between the credit risk rate and
the analyzed macroeconomic variables in all four business sectors (Table 3).

Table 3. Estimate of the regression model

Agriculture  Trade Construction  Transport
SUMMARY OUTPUT
Regression Statistics
Multiple R 0.999 0.998 0.999 0.999
R Square 0.999 0.996 0.999 0.999
Adjusted R Square 0.994 0.980 0.997 0.996
Standard Error 0.025 0.048 0.016 0.020
years 7 7 7 7

Taking into account the results of the statistical tests, the macroeconomic variables
underlying the analysis play an important role in the financial stability of the
monetary and banking system, the severe deterioration of one of them influencing
the credit risk rate. On the other hand, considering the specificity of the Romanian
market, a raised R? is not entirely unusual. Looking at the results, we see that the
rate of credit risk is influenced in more than 99% of cases by the macro variables
analyzed in all sectors under study (R Square > 99%).

Of course, the results obtained are not surprising at all. As presented in Section no.
2, authors such as McwayizeniThwala(2016), Makri et al. (2014), Skala (2014), or
Figlewski et al. (2012), concluded that macroeconomic indicators have a
significant impact on credit risk.Studies on the impact of macroeconomic variables
on the evolution of the credit risk rate are converging; the conclusion drawn from
most studies is that macroeconomic variables have a significant influence on the
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evolution of the credit risk. Of these, the most significant impact on credit risk is
the exchange rate, but also the variables such as interest rate and GDP.

The values of the statistical tests show that the obtained model meets the
requirements of a good econometric performance. The dataset used was proved to
be correct both from the point of view of the validation of the correlation
coefficients and the compliance with the significance threshold (the probability
associated with the t test is lower than the most restrictive relevance level (1%) and
the probability associated with the F test shows that at least one of the regression
coefficients is significant from the statistical point of view).Next, we carried out
the analysis of data series using the EViews software application to determine the
correlation between the credit risk and the analyzed variables, the analysis result
being presented in Table 4.

Table 4. Research results in relation to the independent variables

Agriculture Trade Construction Transport
Std. Std. Std.
Coefficient Std. Error CoefficientError  CoefficientError  Coefficient Error

Real economy
Production -0.041 0.029 5.065 13.990 0.648 0.256 82307 34.214

Intermediate
consumption

VAB 0.494 0.366 -1.697 4501 -0.734 0.212  -37.064  15.249
Monetary conditions

-0.625 0.447 -2.484 7.941 -0.176 0.102  -48.469  20.233

0.772 7.200 1.372  6.255 0.358 7.340 0.442
Exchange rate

ROBOR 6M 0.562 0.121 0.314 0.285 0.511 0.053 0.099 0.169

The research results highlight the fact that the dynamics of the credit risk is
influenced mainly by the evolution of monetary factors. Thus, an increase in the
exchange rate determines an increase in the credit risk by 54.59% for enterprises
operating in agriculture, 72% in trade, 62.55% in construction and 73.40% in the
case of transport companies. Instead, for enterprises operating in the transport field,
the credit risk rate is strongly influenced by the dynamics of the real economy, as
demonstrated by the coefficients calculated for this business sector.

Unlike the results obtained in this research, Moinescu and Codirlasu (2013) said in
the study entitled "Sectoral dynamics of the bad loans rate: economic and monetary
landmarks", that real economy dynamics is the main vector of the evolution of
arrears at the level of the loan portfolio granted to non-financial corporations, the
monetary pressure induced by monetary conditions being a secondary element,
with the exception of the construction sector.

On the other hand, Trenca and Benyovszki (2008) using a credit risk model to
determine the influence of macroeconomic factors (GDP growth rate, real interest
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rate, exchange rate) on default rates of the Romanian corporate sector (industry,
services, construction, agriculture) over the period 2002-2007, concluded that the
interest rate has a major impact on credit risk.

Both the dependent variable and the independent variables are expressed in natural
logarithms, indicating the percent by which the dependent variable changes to a 1%
increase in the independent variables. Thus, a 1% increase in production shall
cause a decrease in the credit risk by 4.09% for enterprises operating in agriculture,
while in the case of enterprises operating in the other sectors, the increase of
production shall not determine the decrease of the credit risk rate. At the same
time, the increase in the intermediate consumption determines the decrease in the
credit risk rate in all business sectors, while the increase in the gross value added
reduces the credit risk rate for enterprises in trade, construction and transport
sector, but not for those in the agricultural sector. As per the monetary factors, it
can be noticed that the credit risk increases with the increase in the exchange rate
and the interest rate in all analyzed sectors.

5. Conclusions and directions for future research

The econometric results suggest that the real economy and the monetary factors
influence the evolution of the credit risk rate in all four analyzed industry sectors.
As future lines of research, we suggest introducing more macro variables in the
analysis, variables that influence the probability of default.

The credit risk is one of the most important risks that the banks are facing, which is
why in recent years focus was set on the adoption of banking business patterns, in
order to enable financial institutions to develop an effective framework for risk
assessment, but without putting profitability at risk.

The development and application of techniques for managing the credit risk is an
old concern that has evolved from techniques such as exposure assessment, to limit
excessive focus on a single borrower, business sector or industry branch, to modern
techniques such as transactions with swaps and options, tailored to this risk. Banks
should identify and assess the degree of risk that accompanies each credit
application, and where the risk is high it will be reflected in the credit conditions
(high interest rate). The degree of risk associated with a firm or a credit granted for
that company is determined both by internal factors and external factors among
which the company operates (macroeconomic factors).The global economy
evolution, but also the current developments in the Romanian economy commit to
a policy of careful risk measurement to achieve acceptable returns in the future,
given the influence that the bank may suffer from competing external factors.
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