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Abstract 

 
Loans have a vital contribution towards development of economy. It is a fact that its 

non-repayment leads to great loss on banks and country in general. Studying the 

determinants of non-performing loans (NPLs) constitute a favorite subject among 

economists. This study attempts to ascertain the effects of four macroeconomic 

factors on different categories of non-performing loans using a sample for Greece 

during the period 2002-2019. These factors consist of unemployment, inflation, 

economic sentiment index and exchange rate. The aim of this dissertation is to 

contribute to this field of literature by investigating how the rate of default of 

business, consumer and mortgage loans in our country is affected by the above 

factors. In particular, the major purpose of this thesis is to examine these specific 

determinants and show the importance of credit risk management. A Vector 

Autoregression (VAR) approach is used for the analysis in order to be able to forecast 

into the future. Overall, the results indicated that the repayment of loans depends on 

macroeconomic conditions. We concluded that business loans are actually affected by 

changes in the aforementioned macroeconomic variables. Also, consumer and 

mortgage loans seem to be influenced either negatively or positively but we cannot 

draw a general conclusion. 

 

Keywords 

Non-performing loans, Credit risk, Macroeconomic determinants, Time series, Rates 

of default, VAR (Vector Autoregression)  
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Chapter 1  

Theoretical Analysis 
 
In this chapter the issue of Non-Performing Loans (NPLs) is analyzed in a theoretical 

basis. The three series of banking regulations (Basel I, II, and III) are also described. 

Then, there is a reference in the relation of global financial crisis and NPLs, mainly in 

our country.  Continuing our theoretical study we examine the types of risk a bank has 

to deal with, focusing on credit risk. Finally, a literature review is presented at the end 

of this chapter. 

 

1.1 Introduction 
 

The past few years presented one of the most turbulent times for international banking 

system. The global financial crisis was a severe worldwide economic crisis considered 

by many economists to have been the worst crisis for financial markets since 

the Great Depression of the 1930s. Despite the fact that massive bail-outs of financial 

institutions as well as other monetary and fiscal policies were used, a 

worldwide economic downturn followed. More than one decade has passed since its 

outbreak which started in the United States in 2007, nevertheless the consequences 

are still obvious. The Asian markets (China, Hong Kong, Japan, India, etc.) were 

promptly impacted and volatilized after the U.S. sub-prime crisis. Afterwards, in 

European Union, it evolved into a sovereign debt crisis, a crisis in the banking system 

https://en.wikipedia.org/wiki/Economic_crisis
https://en.wikipedia.org/wiki/Financial_crisis
https://en.wikipedia.org/wiki/Great_Depression
https://en.wikipedia.org/wiki/Bailout
https://en.wikipedia.org/wiki/Economic_downturn


https://en.wikipedia.org/wiki/Euro




https://www.worldbank.org/


https://en.wikipedia.org/wiki/Basel_III
https://www.investopedia.com/terms/b/basel_i.asp
https://www.investopedia.com/terms/b/baselii.asp
https://www.investopedia.com/terms/b/baselii.asp






https://corporatefinanceinstitute.com/resources/knowledge/trading-investing/capital-markets/
https://corporatefinanceinstitute.com/resources/careers/jobs/sales-and-trading/


https://www.commerzbank.com/en/nachhaltigkeit/governance/risikomanagement/reputationsrisiko_management/reputationsrisiko_management.html














https://en.wikipedia.org/wiki/Vertex_(graph_theory)
https://en.wikipedia.org/wiki/Glossary_of_graph_theory_terms#edge
https://en.wikipedia.org/wiki/Weight_(mathematics)
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2.1.1 Economic Sentiment Indicator 

 
The Economic Sentiment Indicator (ESI), established in 1985, is a composite 

indicator which consists of five sectoral confidence indicators with different weights 

(https://ec.europa.eu/eurostat/). To be more specific, it includes:  

-industrial confidence indicator (40 %),  

-construction confidence indicator (5 %),  

-services confidence indicator (30 %),  

-consumer confidence indicator (20 %) and  

-retail trade confidence indicator (5 %). 

 
But what are confidence indicators? According to Eurostat, confidence indicators are 

arithmetic means of seasonally adjusted balances of answers to a set of questions 

closely related to the reference variable they are supposed to track. For example, 

questions for consumer confidence index may involve financial position and savings 

of participants. The questions are both backward-looking (over the last 12 months) 

and forward-looking (over the next 12 months). Surveys are defined within the Joint 

Harmonised EU Programme of Business and Consumer Surveys. Their aim is to 

reflect the overall perceptions and expectations at individual sector level in a one 

dimensional index. Significant benefits of these indicators are that they are both 

timely and can include information that is known by the survey respondents but not 

yet reflected in aggregate economic variables, such as consumption expenditures, 

employment or GDP. These indexes can capture economic developments 

immediately, since they are available earlier than national accounts or output data and 

are subject only to limited revision. 

 

Although confidence indicators are not straightforward connected with economic 

activity, they seem to be more relevant during crisis periods. In particular, many 

authors underline the special importance of confidence indicators in predicting 

periods of strong fluctuations in the economy, such as recessions and recoveries, or 

during periods of major economic or political shocks. Further, surveys conducted 

have led to the existence of a significant statistical relationship between confidence 

https://ec.europa.eu/eurostat/


https://www.investopedia.com/terms/c/currency.asp
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and Thomakos (2016) choosing one of these two macro variables is sufficient to 

capture the macroeconomic conditions in the economy. A sharp rise of unemployment 

in our data is observed after 2011, when it reaches the value of about 25 percent. The 

unemployment rate is a valuable measure of the mismatches between labor supply and 

demand. It should be mentioned that it is one of the most extensively produced and 

used labour market indicators.  The high and highly persistent unemployment rates 

experienced by many countries and regions both in Europe and the US have attracted 

a significant amount of both theoretical and empirical work. Several surveys indicate 

this macroeconomic factor as one of the most significant for the rise in rates of default 

in recent years. In our analysis, unemployment rate is considered as one of the main 

factors, because we believe that the change in the borrower's financial situation can 

cause major changes in his/her trading behavior towards banks and its debts. In other 

words, as unemployment increases, more and more people it is obvious that are 

unable to meet their debt obligations. 

 

 

 

 4.1.4 Inflation rate 

 
A simple definition of inflation can be the change in the prices of a basket of goods 

and services that are typically purchased by specific groups of households. A more 

sophisticated definition however would be that inflation is a persistent increase in the 

level of consumer prices or alternatively a persistent decline in the purchasing power 

of money, due to an increase in available currency and credit beyond the ratio of 

available goods and services.  Inflation rate is calculated based on Consumer Price 

Index (CPI) and more precisely, it derives from the rate of change in the CPI over a 

given period. The purpose of the CPI is to measure the general level of the prices of 

goods and services supplied by the average Greek household. In particular, it is 

determined by the evolution of certain indicators related to CPI. Each of the these 

indices is evaluated using a sample of prices for a defined set of goods and services 

obtained in, or by residents of, a specific region from a given set of outlets or other 

sources of consumption goods and services. In Greece, the most important categories 

in the consumer price index are food and non-alcoholic beverages, transport, housing 
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for a specified period, or it is under legal action. The exact details of the loan 

repayment status vary according to the terms of the particular loan.  

 

From a macroeconomic standpoint, Zeng (2012) describes non-performing loans as 

"Economic pollution" wanting to emphasize in their negative impact on the social 

prosperity. Keeton and Morris (1987), Meyer and Yeager (2000) and Gambera (2000) 

were some of the first authors try to investigate the impact of macroeconomics factors 

on the quality of banks' assets. Through their research it was found a significant 

relationship between loan quality and the behaviour of certain variables (such as 

unemployment, income, inflation, etc.). Given this aspect, it is understood that the 

reduction of the rate of non-performing loans is possible only by a general recovery of 

the economy. The ratio of non-performing loans to total loans of the Greek banking 

sector (NPLs) is used in our analysis, since it can be considered as a measure of the 

aggregate credit risk of the banks in our country. 

 

One would probably wonder which the main categories of these loans are. To answer 

the question, a banks' portfolio is usually divided into three categories; mortgage, 

business and consumer loans. These are the categories that will be examined in the 

present analysis. To be more specific, the rates of defaults of each loan category 

describe the three variables of loans. Let us now define each loan category. 

 

 

 

2.2.1 Consumer loans 

 
To begin with, a consumer loan is a loan that is granted to meet personal needs for the 

purpose of obtaining products and services and they should not be related to the 

borrower's potential professional needs. The way they are acquired, their nature and 

the amount granted, and the purpose of obtaining them varies considerably between 

financial institutions. In general, however, consumer loan conditions are analyzed 

below. The amount granted on a consumer loan usually does not exceed EUR 25,000 

and may not exceed 65% of the value of the product or service purchased. The 

difference (at least 35%) is paid by the borrower. Moreover, there are cases where the 
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amount is not given to the customer but is given directly to the merchant from whom 

the loan was financed and sold. However, there are consumer loans that are not 

granted for the purpose of purchasing products and therefore the borrower is not 

required to provide market documents. Consumer loans sometimes include mortgage 

loans, personal loans or even car loans. That is, the borrower seeks a consumer loan 

for the purpose of buying or repairing a home, buying a car or purchasing goods and 

services.  

 

Consumer loans can usually be obtained by all persons, whether employed or self-

employed, who file a tax return. However, the necessary documents and the 

conditions for obtaining a consumer loan may differ between the different financial 

institutions. 

 

 

 

2.2.2 Business loans 

 
Business loans are defined as those that are granted by a financial institution to a 

client, usually a large business, or a small and medium-sized or even freelance 

professional. Every financial institution checks whether a loan can be given to a 

company, since the terms and conditions of the loan usually differ. A business loan is 

given in order to meet certain specific needs depending on the type of borrower. There 

are many purposes for which a business loan can be obtained, as for example the 

purchase of land area, purchase of ready or under construction business premises, 

completion of a business premises, business renovation (upgrades, additions, repairs), 

purchase of business goods, payment of suppliers. Business loans are a type of 

financing a business. Generally, a company in order to meet its specific needs chooses 

through a wide variety of financing methods provided by financial institutions. A loan 

is one of these ways. 
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2.3 Brief Model methodology 
 
The main question this dissertation is going to answer is how the aforementioned 

macroeconomic factors influence the rates of default for the three loan categories. As 

far as the model is concerned, the estimation will be made through the Eviews 

software package and will be based on Vector Autoregression (VAR) model. VAR 

model is an extension of univariate autoregression model to multivariate time series 

data and represents the relationships among a set of variables. It is often used when 

two or more time series influence each other in order to analyze certain aspects of the 

relationships between the variables of interest. That means, the basic requirements in 

order to use VAR are at least two time series (variables) and time series should 

influence each other. Before applying the model, tests for stationarity of the data as 

well as serial correlation of standard errors are performed. Continuing, impulse 

response functions are used in order to interpret the results. Next, a short analysis of 

cointegration testing is performed.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/t-distribution/


https://www.statisticshowto.datasciencecentral.com/unit-root/
https://www.statisticshowto.datasciencecentral.com/stationarity/










https://www.statisticshowto.datasciencecentral.com/what-is-statistical-significance/
https://www.statisticshowto.datasciencecentral.com/goodness-of-fit-test/


https://en.wikipedia.org/wiki/Durbin%E2%80%93Watson_statistic




https://www.r-econometrics.com/timeseries/varintro








http://www.scholarpedia.org/article/Covariance




https://www.statisticshowto.datasciencecentral.com/adf-augmented-dickey-fuller-test/
https://www.statisticshowto.datasciencecentral.com/adf-augmented-dickey-fuller-test/
https://www.statisticshowto.datasciencecentral.com/probability-and-statistics/hypothesis-testing/#WhatisHT
https://www.statisticshowto.datasciencecentral.com/stationarity/
https://www.statisticshowto.datasciencecentral.com/unit-root/


https://en.wikipedia.org/wiki/Stationary_process
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Chapter 4 

Empirical analysis 
This chapter includes the basic part of this dissertation. The steps followed in order to 

reach conclusions about the relationship between a group of certain macroeconomic 

variables and the rates of NPLs were theoretically described in the previous chapter. 

The above steps as well as data used for this purpose are analyzed in this chapter 

through Eviews software. The results of each test are further explained below. 

 
4.1 Data 
 

The data used for this analysis have been taken from the official website of Bank of 

Greece (https://www.bankofgreece.gr/), OECD statistics website 

(https://stats.oecd.org/), as well as Thomson Reuters Datastream. In particular, as far 

as the rates of the three categories of NPLs are concerned, they have been exported 

from the website of Bank of Greece. Inflation and unemployment data have been 

taken from OECD statistics website and finally, the rest data that are related to 

Economic Sentiment Index and Exchange rate was collected from Thomson Reuters 

Datastream database (which is a global financial and macroeconomic data platform). 

Quarterly data have been used for the present analysis. The data selected refer to 

Greece for the time period from the last quarter of 2002 (2002 Q4) till the first quarter 

of 2019 (2019 Q1), since it is the largest time period that the data for all time series 

https://www.bankofgreece.gr/
https://stats.oecd.org/






https://www.statisticshowto.datasciencecentral.com/stationarity/
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4.6 Lag Length Estimation 
 
Before we proceed to the interpretation of our Vector Autoregressive model we need 

to determine the appropriate number of lags. In this section, we will establish whether 

the fact that we used two lags in the VAR is sufficient to capture all the dynamics in 

the changes of our variables. In general, lag structures identify the time delay of the 

response to independent variables. Assuming either unnecessarily large or small 

enough lag length can lead us to fallacious results. It is therefore, useful to have 

certain procedures or criteria for choosing the adequate lag order.  

 

In order to choose the optimal number of lags for VAR model, different information 

criteria are employed, such as Akaike, Schwarz and Hannan-Quinn. It is important to 

highlight that the inclusion of lagged values helps to avoid inference and estimations 

problems. As we will observe in the next part of this analysis, when VAR estimates 

are printed there are some more regression outputs. The regression results at the 

bottom part of the regression table are related to the estimates of the VAR system 

itself. The values of Akaike and Schwarz information criteria are also printed in this 

table and refer to the VAR model. Considering the size of our sample - that is rather 

small - the most appropriate criterion for our dataset is Akaike (AIC). Focusing on a 

statistical approach, these criteria help us decide how many lags should be included in 

our autoregressive model. Given the fact that the test for serial correlation has already 

been performed, a constraint for using no more than three lags is applied to the 

software, regarding the number of lags to include in the VAR model. AIC indicates 

that the proper lag order is three (Figure 4.6.1). However, if we had not taken into 

account the results obtained from serial correlation test, a certainly larger number of 

optimal lags would have been emerged. As it is obvious, including many lags leads to 

loss of our observations and many other difficulties, analyzed in the former chapter. 

The presence of the asterisk sign (*) in Figure 4.6.1 indicates the optimal lag length 

for each criterion. As we can observe the lag order varies among the different criteria 

applied. We will focus on the results of AIC, which indicate that the required number 

of lags for our model is three. So, we will continue our analysis using a VAR model 

with three lags, denoted as VAR(3), of our data. In other words, three lags are 
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Moving to the next figure (Figure 4.6.2), we will interpret the reaction of each loan 

category to an unexpected shock in the variable of inflation. The first graph 

illustrates that the response of business loans gradually increases from the first 

period till the end of the time horizon depicted in the graph. We can observe that a 

shock to inflation will have a positive impact on business loans, meaning an increase 

in the inflation rate will lead to higher rate of default for this loan type. This is also 

reasonable and consistent with the economic theory. 

 

As far as the response of consumer loans is concerned, there is not a general 

conclusion. To be more specific, the second graph of Figure 4.6.2 shows that there is 

a decline for the first two periods and the impact is negative. Then, a small increase 

takes place before a decrease till the end of the first year (4th quarter). It is worth 

mentioning that a sharp increase occurs during the 5th period when the blue line 

reaches its maximum value. Thereafter, we can see that the impact of the shock will 

cause consumer loans to decrease up to the 7th quarter and remain in the negative 

region till the 8th quarter. Then it tends to increase before it finally declines in the 

last period. 

 

The last graph of this Figure indicates the shock does not seem to be absorbed by 

mortgage loans in the near future and it takes a long time for it to start converging. 

In particular, the effect is initially negative until the 4th quarter when it hits its steady 

state value. Beyond the 5th quarter, the results are pretty much the same with 

consumer loans, since mortgages rise above its steady state value and remain in the 

positive region for the next period. After that, a decline and then an increase take 

place again leading to a decrease two and a half years (10th period) after the 

appearance of the shock. In other words, shocks to inflation will have asymmetric 

impacts on the rate of default of mortgage loans. However, one can result the shock 

seems to be absorbed after two and a half years (Figure 4.6.5). 
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endogenous variables. Essentially, VD helps us to determine the proportion of 

forecast error variance in one variable explained by innovations in itself and the other 

variables. It should be mentioned that even though the ordering of the variables is 

important, the results did not significantly change with different ordering for the 

variables in the model. The results of this technique are usually represented in table 

form. The forecast time horizon, which is shown in the first column of each table, 

is 10 periods meaning 10 quarters (same as IRFs). The following columns show the 

percentage of the predicted variation from each shock. 

 

Figure 4.7 depicts three tables which correspond to each loan category. To be more 

specific, the first table indicates how much (in percentage points) a shock to one 

variable impacts the (variance of the) forecast error of the rate of default of business 

loans. It should be noted that own series shocks usually explain most of the error 

variance, although the shock will also affect the other variables in the system.  

It is easily observed that in the second period the percentage of variance explained by 

own shock for business loans declines to about 93.5 percent and continues falling 

until it ends with an average of around 82 percent at the end of the 10th quarter. 

Moreover, in the second period the fraction of business loans (in fact we mean their 

rate of default) forecast error variance attributable to variations in the variable of 

unemployment is about 2%. Then this rate increases from the third quarter and by the 

end of the 10th period, the contribution averages around 10.2 percent. Lower 

percentages are shown for the other variables of the system. 

Continuing to the next table we can observe the corresponding results for the rate of 

default of consumer loans. In the first row it is shown that the percentage of variance 

explained by its own shock is approximately 91.5 percent, while the rest 8.5 percent is 

explained by business loans. Let us now move to the 5th period, where the variance of 

inflation accounts for about 8.8 percent and it is the next higher percentage after the 

variable itself. It then increases reaching an average value of 7.9 percent at the end of 

the last quarter. At this time, the interpretation of the variability in the forecast error 

of consumer loans (in their equation), when a shock to the variable of economic 

sentiment index takes place, is about 11.3 percent. However, own series shocks 

explain most of the error variance in the equation of consumer loans since it is about 

48 percent. 







81 
 

above-mentioned variables. It was also found that Granger causality exists between 

macroeconomic variables, nevertheless it is beyond the scope the present analysis.  
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Figure 4.3.3: Augmented Dickey-Fuller test for the first differences of the Rate of 

Default of Consumer Loans. 

 

 

 
Figure 4.3.4: Augmented Dickey-Fuller test for the second differences of the Rate of 

Default of Consumer Loans. It is shown that the variable of consumer loans is 

stationary only after taking second differences. 

 

 

 

Figure 4.3.5: Augmented Dickey-Fuller test for Rate of Default of Mortgage Loans. 
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Figure 4.3.6: Augmented Dickey-Fuller test for first differences for the Rate of 

Default of Mortgage Loans. 

 

 

Figure 4.3.7: Augmented Dickey-Fuller test for second differences of the Rate of 

Default of Mortgage Loans. The variable is stationary after this transformation. 

 

 

Figure 4.3.8: Augmented Dickey-Fuller test for the variable of Unemployment rate. 
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Figure 4.3.9: Augmented Dickey-Fuller test for first differences of Unemployment 

rate. 

 

 

 
Figure 4.3.10: Augmented Dickey-Fuller test for second differences of 

Unemployment rate. 

 

 

 
Figure 4.3.11: Augmented Dickey-Fuller test for the variable of Inflation rate. 
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Figure 4.3.12: Augmented Dickey-Fuller test for first differences of Inflation rate. 

 

 

 
Figure 4.3.13: Augmented Dickey-Fuller test for the change of Economic Sentiment 

Index. 

 

 

 
Figure 4.3.14: Augmented Dickey-Fuller test for the first differences of change of 

Economic Sentiment Index. 
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Figure 4.3.15: Augmented Dickey-Fuller test for the variable of Exchange rate. 

 

 

 

 
Figure 4.3.16: Augmented Dickey-Fuller test for the first differences of Exchange 

rate. 

 

 

 

 
Figure 4.1: The rate of default (RD) of consumer loans is illustrated in this figure. The 

graph on the left hand side presents the RD before any transformation (non 

stationary), while the right hand side graph presents the corresponding rate after 

taking second differences of the variable (stationary). 
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Figure 4.2: The rate of default (RD) of mortgage loans is illustrated in this figure. The 

graph on the left hand side presents the RD before any transformation (non 

stationary), while the right hand side graph presents the corresponding rate after 

taking second differences of the variable (stationary). 

 

 
Figure 4.3: The rate of default (RD) of business loans is illustrated in this figure. This 

variable was found to be stationary without any transformation. 
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Figure 4.4: This figure presents the macroeconomic variables after their final 

transformations in order to become stationary (unemployment rate in 2nd differences, 

inflation rate, economic sentiment index and exchange rate in 1st differences).  
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A.2 Output Tables 

 

 
Figure 4.5.1: This figure presents the output of Breusch-Godfrey test for serial 

correlation of the error terms. 

 

 

 

 

 

 

Figure 4.6: This figure presents the results of the optimal lag length (denoted with an 

asterisk) using Akaike, Schwarz and Hannan-Quinn information criteria. 
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Figure 4.7.1: The VAR estimates are represented in this figure. All variables included 

in the model are stationary and there are three lags of each variable. 
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Figure 4.7.2-a: Roots of the characteristic polynomial are represented in this figure 
(modulus is the absolute value of our roots, since there may be complex roots). It is 
apparent that all the eigenvalues of our VAR(3) model are smaller than unity and thus 
our system is stationary. 

 
Figure 4.7.2-b: This figure represents the roots of the characteristic polynomial in a 
graph. All roots lie inside the unit circle and thus our system is stationary. 
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Figure 4.7: This figure presents the results of Variance Decomposition regarding the 

rate of default of business, consumer and mortgage loans. 
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Figure 4.8.1: This figure presents pair-wise Granger causality tests between the 

variables included in our model. 
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Figurem4.8.2: This figure presents the VAR Granger Causality / Block Exogeneity 
tests. 
 
 
 
 
 
 
 
 
 

 
Figure 4.6.5: This figure presents the output graphs from Impulse Response Functions 

(IRFs). The macroeconomic factors describe the impulses while rates of default stand 

for responses. 
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