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Focus, Goal and Scope of the CREBSS Journal 
 

Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific 

journal published by the Croatian Statistical Association (CSA) in two issues per year.  

Croatian Review of Economic, Business and Social Statistics (CREBSS) is the journal 

focused on statistical methods and techniques applications in economy, business and 

social sciences in a very broad meaning. Journal publishes papers dealing with the 

economic, business and social statistics data collection, processing, compilation, 

dissemination, and analysis with organisations, regions, countries, households or 

persons, etc., as possible levels of analysis. One of the goals of the journal is to discuss 

the current issues regarding the official statistics for data produced by official 

organizations (e.g. national statistical institutes, national banks, ministries, government 

and global organizations). However, also, applied statistical problems might be 

outcomes of scientific surveys, experiments and observations in economy, business 

and social issues.  

The goal of the journal is to demonstrate how statistical thinking, research design and 

statistical analysis play an important role in economy, business and society. Since any 

interesting topic and applications of statistics are welcome, there are no restrictions 

on subject matters. So, important applications of statistical methods in economics and 

finance, business and commerce, management, marketing, agriculture, industry, 

construction, engineering, demography, psychology, sociology, law, politics, opinion 

polling, government, education, biomedical and physical sciences, health and 

medicine, pharmaceutics, kinesiology, ecology, environment, tourism, sport, leisure, 

and ICT are welcome topics. 

Papers emphasising appropriate statistical thinking, current statistical concerns and 

challenging applied problems in multi- and cross-discipline issues, such as 

computational statistics, data mining and pattern recognition, simulation modelling, 

or related to optimization, mathematical programming, etc., resulting with new 

statistical approaches are of interest, too. It is expected that papers are 

methodologically well sounded, and that real life problems are treated, showing novel 

solutions. The CREBSS journal targets a very wide audience of statisticians, whether 

they are scientists, educators, students or professionals.  
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Abstract 
This research is designed to examine the relationship between the capital structure 

and profitability of non-financial firms in Bosnia and Herzegovina during the ten years 

period, from 2003-2012. The goal is to prove the existence of the relationship between 

the firm's capital structure choice and its profitability. The analysis is extended by 

including the debt structure and differentiating between the types of debt such as the 

long-term and the short-term ones. Canonical correlation and multiple regression 

analysis are used. The results of the multivariate canonical correlation analysis provide 

support to a hypothesis that the capital structure and profitability have statistically 

significant relationships. Furthermore, the findings provide support that firms develop 

different patterns of profitability depending on the capital structure choice. We found 

that an increasing proportion of short-term debt and long-term debt in the overall 

liability of the firm reduces its profitability. 
 

Keywords: capital structure, profitability, debt level, multivariate canonical 

correlation, multiple regression. 
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Introduction 
The modality of how firms make their debt-equity choice is one of the most researched 

issues in corporate finance. Financial leverage, as the extent to which the fixed-

income securities (debt and preferred stock) are used in a firm' capital structure, 

concentrates the firm's business risk on its stakeholder. This concentration of business 

risk occurs because the debt holders, who receive fixed interest payment, bear none 

of the business risk (Brigham, Daves, 2010). Nonetheless, many companies use debt to 

leverage their capital in order to increase profits. The companies increase their 
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financial performance by using debt to finance the companies operation. The 

increase in companies' operation is expected to increase the net income. 

Consequently, the equity holder expected that by using more debt, it will increase the 

return on equity (ROE) (Brigham, Houston, 2007).The positive relation between 

financial leverage and operating risk has important implications for the firm’s required 

rate of return. Specifically, to the extent that the additional operating risk resulting from 

debt financing is systematic, the expected rate of return for the firm should be 

increasing in financial leverage. But the effects of that action vary between 

companies. Good corporate governance shows the companies' performance on 

their use of debt to increase their profit (Maher, Anderson, 1999). 

But these relationships vary according to the financing sources. Previous researches 

on the relationship between the capital structure and the performance of firms have 

produced mixed contradictory results. For example, Alemeida and Campello (2006) 

argue that there is a negative relationship between profitability and external 

financing, which includes debt capital. Oppositely, some other school of thought 

believes that more profitable firms should rely on external funds like debt to finance 

their investments. The reason is the tax shields advantage which they could derive 

from debt interest repayment (Graham, 2000). Based on previous empirical studies the 

main conclusion is that leverage can explain returns but the empirical relationship can 

be negative, positive, even weak or non-existent.  

As compared to the developed markets like Europe, America etc. it is found by the 

Eldomiaty (2007) that capital markets are less efficient and suffers from higher level of 

asymmetry in terms of information in emerging and developing markets than capital 

markets in developed countries. The significance of the relation between the capital 

structure and firm performance is influenced by the country of origin of the firm 

(Krishnan, Moyer, 1997). Profitability is not only affected by the use of debt. Other 

internal (e.g. company size, operating decision) as external factors (industry type, 

taxes, interests and other macro factors) also affect the profitability of the companies. 

Results of some studies (Myers, 2001, Eldomiaty, 2007) showed that the capital structure 

is not the only way to explain financial decisions.  

This study was designed to examine the relationship between the capital structure 

and profitability of non-financial firms, firms whose principal activity is the production 

of market goods or non-financial services, in the developing market economies like 

Bosnia and Herzegovina (BiH) during the period of ten years, from 2003-2012. We 

focused only on non-financial firms since they play a major role in the economic 

development of this country. The goal is to prove the existence of the relationship 

between the firm's capital structure choice and its profitability. The analysis is improved 

by including the debt structure, by differentiating between the types of debt such as 

long-term and short-term. As stated above, the crucial decision managers of non-

financial firms face is the debt-equity choice. Among others, this choice is necessary 

for the profit determination of the firm. What this means is that firms that are able to 

make prudent choice between debt and equity would have a competitive 

advantage in the industry. All things being equal, this will maximize profit levels. 

Nonetheless, it is essential for us to recognize that this decision can only be wisely taken 

if and only the firms know how debt policy influences their profitability. To the best of 

the authors 'knowledge this research provides the first attempt to investigate if there 

is a relationship between the capital structure choice and corporate financial 

performance in BiH. This research has undoubtedly deepened understanding of BiH 

firm's profitability. The paper consists of five parts, including the introduction. The 

second part lays out the theoretical explanation of the relation between leverage 

and profitability. Part three is dedicated to the research methodology and data, while 
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part four contains the findings and discussion. The conclusions, limitations of the 

research and direction for future research are presented in the last section. 
 

Explaining the Relation between Leverage and Profitability 
When the Modigliani and Miller (MM), Nobel Prize winning financial economists, 

published their seminal paper in 1958, they argue that the capital structure is irrelevant 

under stringent conditions, including the assumption of no taxes, because it has no 

effect on either the WACC (weighted average cost of capital) or the value of a firm 

(Modigliani, Miller, 1958). Any increase in ROE resulting from financial leverage is 

exactly offset by the increase in risk, (i.e. cost of equity), so WACC is constant. In other 

words, there is no relationship between the level of debt and performances. 

But, when they in added in corporate taxes (Modigliani, Miller, 1963), their model 

leads to the conclusion that a firm's cost of capital is minimized and its value 

maximized, at 100% debt. With corporate taxes, the benefits of financial leverage 

exceed the risk because more EBIT (earnings before interest and taxes) goes to 

investors and less to taxes when leverage is used. This indicates a positive relationship 

between the debt level and firm's performance. In other words, an increase in 

financial leverage would lead to a higher stock return, all else being equal. An 

increase in financial leverage may also decrease the equity values if it increases the 

operating risk of the firm. This is a basic concept in finance, where equity risk is formed 

by two fundamental risks: operating risk and financing risk. Given the operating risk, 

the average returns are increasing with leverage. It implies that financial leverage 

intensify the exposure of equities to priced systematic risks. In MM, the leverage is 

related to returns only because it increases equity betas; the leverage does not have 

an independent effect on returns. This theory ignores bankruptcy costs, which increase 

as more leverage is used.  

But, many empirical research work record that raw returns have a negative, or at 

least flat, relation with financial leverage, and that returns adjusted by traditional 

sources of risks have an even stronger negative relation with leverage. These findings 

are usually enigmatic. However, it is possible that market frictions lead low leverage 

firms to have greater exposures to systematic risks. For instance, companies might 

optimally choose low leverage in response to greater exposure to systematic risks. 

Then, the reinforcement effect of leverage on equity risk could be either diminished or 

prevail (George, Hwang, 2009). Hence, identifying the economic sources of risk that 

justify the empirical evidence concerning the relation between the leverage and 

profitability is an important issue and can help understand firms’ financial decisions 

(Muradoglu, Sivaprasad, 2010). 

 

Methodology 
For the purpose of this study we have chosen to measure the capital structure by the 

debt-to-capital ratio. It measures part of a company's capital (debt plus equity) 

represented by debt. Depending on two different definitions of debt, leverage was 

measured by two variables (Welch, 2011): the financial-debt-to-capital ratio (financial 

leverage) that does not consider non-financial liabilities as debt (PSC1), and the total-

liabilities-to assets ratio (balance sheet leverage) that treats financial and non-

financial liabilities alike (PSC3).  

This study investigates do capital structure decision really matters when it comes to 

profitability on case of Federation BiH (FBiH). Therefore, the empirical method is 

designated to examine the relationship between capital structure choice and 

profitability of the firms under study as direction and intensity of that relationship, 
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simultaneously taking into account the debt structure. The first one was assessed by 

applying the canonical correlation analysis and the latter one by using factor analysis 

and multiple regressions. We used STATA and SPSS 17 software for data analysis. 

The purpose of the canonical correlation analysis is to determine if a significant 

linear relationship exists between two constructs (capital structure and profitability), 

each represented by the set of variables that measure similar constructs, and if a 

relationship exists, how the two sets relate to each other. The capital structure variables 

are labelled as SET 1 and are represented by two debt-to-capital ratios which are 

further divided by debt structure into short and long-term component. The profitability 

variables are labelled as SET 2 and are represented by five ratios: Net profit margin 

(sales), Net profit margin (total revenue), ROTA (return-on-total assets), ROA (return-on-

assets), ROE (return on equity). 

In canonical correlation, there are several variables on both sides and there may 

be several ways to recombine the variables on both sides to relate them to each other 

(Figure 1 and Figure 2). Usually only the first two or three combinations are statistically 

significant and need to be interpreted (Tabachnick, Fidell, 2013). The canonical 

analysis may is exploratory technique that does not imply a causal relationship and 

therefore does not inform nothing on the direction of that relationship.  

 

Financial 

leverage

(PSC1)

Financial 

leverage 

(short-term)  
(PSC1a)

Financial 

leverage 

(long-term)  
(PSC1b)

Net profit margin 1 
(PFP1)

Net profit margin 2 
(PFP4)

ROTA

(PP1)

ROA

(PP2)

ROE

(PFP3)

Canonical variate 
X1

Canonical variate 
Y1

Figure 1 Canonical Model - First Capital Structure Model 
Source: author’s research. 
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Balance-sheet 

leverage

(PSC3)

Balance-sheet 

leverage 

(short-term)  
(PSC3a)

Balance-sheet 

leverage 

(long-term)  
(PSC3b)

Net profit margin 1 

(PFP1)

Net profit margin 2 

(PFP4)

ROTA

(PP1)

ROA

(PP2)

ROE

(PFP3)

Canonical 

variate X1

Canonical 

variate Y1

Figure 2 Canonical Model - Second Capital Structure Model 
Source: author’s research. 

 

Therefore we applied the multiple regressions. In the multiple regressions, the same 

thing happens except that there are several independent variables on the one side 

of the equation and one dependent variable on the other side. The combination of 

variables can be thought of as a dimension among the several variables that predicts 

the dependent variable. We choose to see a model where the profitability plays a 

role of the dependent variable: 

Measure for profitabilityi = a + b11*Short – term Debt Ratio(for financial 

leverage)i + b12*Long – term Debt Ratio(for financial leverage)i + ei, 
(1) 

 

Measure for profitabilityi = a + b21*Short – term Debt Ratio(for balance – sheet 

leverage)i + b22*Long – term Debt Ratio(for balance – sheet leverage)i + ei. 
(2) 

There are two models with short-term and long-term debt ratio like independent 

variables, but leverage is different: financial and balance-sheet). 

 

Results and discussion 
The data are collected for period of 10 years (from 2003 to 2012) using the AFIP 

(Agency for the Financial, IT and Intermediary Services) dataset that maintains a 

comprehensive financial database of all companies operating in the FBiH. The 

canonical correlations are calculated for each year and for overall data collection. 

Total number of observation is 140.766 coming from 14 industries.  

Overall, the first canonical correlation explains about 8.5% of relationships between 

profitability and the first capital structure model, while the second capital structure 

model explains 48.34% of the relationships that is much higher. Both canonical 

correlations are statistically significant, however, for the first capital structure model it 

is practically irrelevant and probably product of high number of observations. First 

canonical correlation between profitability and the first capital structure model 

explains between 5% and 15% in the period of 2003 and 2012, if analysed separately. 

Data mostly shows a trend in increase in canonical correlation value over the years 
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with 14% being explained in 2012. The first canonical correlation between profitability 

and the second capital structure model shows higher correlations than with the first 

capital structure model and total explained variance varying from 45% to 55% over 

the years with 46% explained in 2012. At the level of all companies observed over the 

years all canonical correlations are statistically significant. 

The correlation within the capital structure variables shows that there are high 

correlations between total and short-term debt in both models (0.74 to 0.84 in Model 

I; 0.85 to 0.91 in Model II), while the correlations between total and long-term debt 

(0.46 to 0.65) is medium in size in Model I and very low in Model II (0.06 to 0.22). 

Correlations between the short-term and long-term debt (0.02 to 0.17) are low in both 

models, however in Model II these correlations are somewhat higher and reflect 

negative relationships (-0.15 to -0.28). Over the years, there has been an average flat 

rate in the increase of correlations between the total and short-term debt in both 

models, the correlations between total and long-term debt are increasing over the 

years in both models, while the correlations between the short-term and long-term 

debt increase in Model I and decrease in Model II. 

As both Models contain the same sets of performance variables, the correlations 

matrix is the same for both Models. The correlations between ROTA, ROA, Net profit 

margin (Sales) and ROE are moderately high (0.62 to 0.99) with the increase trend over 

the observed years. Correlations among ROA, Net profit margin (Sales), ROE and Net 

profit margin (Revenue) are very high and indicate possible multicollinearity problems 

(above 0.90).Correlations between the capital structure and profitability variables are 

small and in Model I do not exceed 0.1 while in Model II do not exceed 0.23. The data 

shows a good convergent and discriminative validity. 

Three canonical variates are extracted in both examined models. All three 

canonical variates are statistically significant in Model II, while in Model I first two 

canonical variates are statistically significant over the years, but third canonical 

variate is statistically significant during the half of the observed period, without clear 

tendency. Canonical correlations between first canonical variates are higher in Model 

II (0.58 to 0.74) in comparison with Model I (0.22 to 0.38), indicating that Model II 

provides better description of company profitability based on capital structure. 

Canonical cross loadings between the capital structure variables and canonical 

variates of profitability indicate a low relationship within Model I (loadings between 

0.01 and 0.34) while in Model II, canonical loadings are consistently high over the years 

and vary from 0.66 to 0.73 for total debt and 0.58 to 0.64 for short-term debt. Long-

term debts do not have high loadings with canonical variate 1 of company's 

profitability. All relationships are negative, indicating that a higher canonical variate 

results in profitability of companies with a lower total and short-term debt. 

The first canonical variate of company's Profitability has general low loadings with 

profitability proxies in Model I (0.00 to 0.91), and somewhat higher loadings within the 

Model II (0.01 to 0.22). Over the years, there is a general trend of increasing 

relationships between the first canonical variate and profitability indicators in Model 

II, while in Model I the trend is flat. In both models the higher results in First canonical 

variate have companies with low ROE (contributing the most to the total score of 

canonical variate) and the higher remaining profitability indicators (for some years 

some indicators have loading lower than 0.1, but in most of years it is over 0.2).  

High second canonical variate is in companies with lower ROTA, higher ROA and 

higher ROE. A high third canonical variate is in companies with low results on all five 

Profitability indicators. Interpretation of the second and the third canonical variates 

are consistent over the years and canonical variates of profitability in Model II have 

similar interpretation as in Model I. Canonical cross loadings between profitability 
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proxies and canonical variates of company capital structure indicate a low 

relationship within both tested Models. Cross loadings are somewhat higher in Model 

II (0.01 to 0.22) in comparison with Model I (0.01 to 0.09). 

The first canonical variate of capital structure explains a high proportion of variance 

of the capital structure proxies in both models (0.31 to 0.44 with the trend of increase 

over the years).While the first canonical variate of company's profitability explains low 

proportion of the capital structure variance Model II (0.03 to 0.07) and Model I (0.002 

to 0.007). During some years, the explained variance grows. However, the growth is 

not consistent in time (contributed by third canonical variate only). 

The performed canonical analysis provides us with the information on the existence 

of the relationship between profitability and the capital structure. However, we used 

multiple regressions, in order to get an accurate picture of the direction and the 

intensity of that relationship, when we looked at the profitability as a dependent and 

the capital structure as an independent variable. Since we have five measures of 

profitability, the first step was a factor analysis to unify all those measures into a single 

factor (the first factor, which in the rotated factor model represents a 38.89% of the 

total variability) whose factor scores are used as a dependent variable for profitability. 

Furthermore, this paper employed different measures of capital structure in terms 

of debt maturity, such as short-term debt and long-term debt, in order to investigate 

the effect of the debt structure on corporate performance. Investigating the effect of 

the capital structure on corporate performance using two accounting measures is 

also valuable as it provides evidence about whether the non-financial debt is 

important or not. Therefore, the dependent variable was the factor scores for 

profitability while long-term and short-term component of the capital structure are 

taken as independent variables (Table 1). 

 

Table 1 Multiple Regressions - Factor Scores for Profitability (as Dependent Variable) 
Factor scores for profitability 

Model R b p 

Financial 

leverage 

Short-term Debt Ratio 0.012 

(p=0.000) 

0.024 0.026 

Long-term Debt Ratio -.050 0.000 

Balance-sheet 

leverage 

Short-term Debt Ratio 0.054 

(p=0.000) 

-.022 0.000 

Long-term Debt Ratio -.071 0.000 

Source: author’s research. 

 

When we look at leverage only in financial terms, the regression results showed that 

coefficient b is positive and p value is lower than 0.05, what indicate a significantly 

positive relationship between the short-term debt ratio and profitability. At the same 

time, there is a negative relationship between the long-term debt ratio and 

profitability (coefficient b is negative and p value is lower than 0.05). This implies that, 

during the period under study, the long-term financial leverage did not bring about 

profitability. Then the multiple regression models were created with the same 

independent variables, but the individual measures of profitability are taken as a 

dependent variable (Tables 2 – 6). 
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Table 2 Multiple Regressions - Net Profit Margin 1 (as Dependent Variable) 
Net profit margin 1 

Model R b p 

Financial 

leverage 

Short-term Debt Ratio 0.101 

(p=0.000) 

-.094 0.000 

Long-term Debt Ratio -.053 0.000 

Balance-sheet 

leverage 

Short-term Debt Ratio 0.266 

(p=0.000) 

-.286 0.000 

Long-term Debt Ratio -.086 0.000 

Source: author’s research. 

 

Table 3 Multiple Regressions - Net Profit Margin 2 (as Dependent Variable) 
Net profit margin 2 

Model R b p 

Financial 

leverage 

Short-term Debt Ratio 0.096 

(p=0.000) 

-.093 0.000 

Long-term Debt Ratio -.042 0.000 

Balance-sheet 

leverage 

Short-term Debt Ratio 0.265 

(p=0.000) 

-.282 0.000 

Long-term Debt Ratio -.076 0.000 

Source: author’s research. 

 

Table 4 Multiple Regressions - ROTA (as Dependent Variable) 
ROTA 

Model R b p 

Financial 

leverage 

Short-term Debt Ratio 0.064 

(p=0.000) 

-.061 0.000 

Long-term Debt Ratio 0.037 0.000 

Balance-sheet 

leverage 

Short-term Debt Ratio 0.278 

(p=0.000) 

-.279 0.000 

Long-term Debt Ratio 0.001 0.973 

Source: author’s research. 

 

Table 5 Multiple Regressions - ROA (as Dependent Variable) 
ROA 

Model R b p 

Financial 

leverage 

Short-term Debt Ratio 0.101 

(p=0.000) 

-.094 0.000 

Long-term Debt Ratio -.053 0.000 

Balance-sheet 

leverage 

Short-term Debt Ratio 0.294 

(p=0.000) 

-.276 0.000 

Long-term Debt Ratio -.078 0.000 

Source: author’s research. 

 

Table 6 Multiple Regressions - ROE (as Dependent Variable) 
ROE 

Model R b p 

Financial 

leverage 

Short-term Debt Ratio 0.069 

(p=0.000) 

0.079 0.000 

Long-term Debt Ratio -.002 0.590 

Balance-sheet 

leverage 

Short-term Debt Ratio 0.144 

(p=0.000) 

0.165 0.000 

Long-term Debt Ratio 0.041 0.000 

Source: author’s research. 

 

When looking at the coefficient of determination (squared R value from tables), the 

profitability ratios have the following ascending order: ROA, Net Profit Margin 1, Net 

Profit Margin 2, ROTA, ROE. The first three measures show the same pattern in terms of 

their relationship with the capital structure choice. For both accounting measures, 

there is a significantly negative relationship between the short and the long-term debt 

ratios and profitability. This presupposes that as the leverage increases, the profitability 

expressed through ROA, Net Profit Margin (Sales), Net Profit Margin (Revenue) 

decreases. This implies that firms should rather consider internal sources of finance 
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rather than external borrowings, if they want to enhance their profitability. ROTA and 

ROE showed contraversary results and they were not all significantly related. 

Concerning the relationship between ROTA and short-term debt ratio, it was found 

that ROTA was negatively and significantly related to short-term debt ratio (bROTA,11=–

0.061, pROTA,11<0.05, bROTA,21=–0.279, pROTA,21<0.05). At the same time, it was positevely 

and significantly related to the long-term financial debt ratio (bROTA,12=0.037, 

pROTA,12<0.05) and positively but insignificantly related to the long-term balance sheet 

ratio (bROTA,22=0.001, pROTA,22>0.05). The results also shows that the ROE was positively 

and significanlty related to the short-term debt ratio for both capital structure 

measures (bROE,11=0.079, pROE,11<0.05, bROE,21=0.165, pROE,21<0.05) and therefore 

increasing the short-term debt will lead to increase in profitability. In terms of long-term 

debt ratio, ROE was negatively and insignificantly related to the long-term financial 

debt ratio (bROE,12=-0.002, pROE,12>0.05), but positively and significantly related to the 

long-term balance-sheet debt ratio (bROE,22=0.041, pROE,22<0.05).  

 

Conclusions 
Though three canonical variates are statistically significant in the explanation of 

relationships between profitability and leverage, but only the first canonical variate 

explains the practically usable size of variance of both profitability and leverage. 

Obviously, the canonical correlations between the first canonical variates are higher 

in Model II in comparison with Model I, indicating that Model II provides better 

description of company profitability based on capital structure. Both canonical 

correlations are statistically significant, however, for the first capital structure Model it 

is practically irrelevant and probably product of a high number of observations. 

Therefore, we take into consideration only the interpretation of the Model II that 

indicates the companies should preferably decrease their short term debt financing 

as it lowers firm’s financial performance. Analysis of relationships between canonical 

variates of the capital structure and profitability also revealed that a much better 

relationship is explained if observing the canonical variates in comparison with 

correlations between the capital structure and profitability proxies 

The results of the multivariate canonical correlation analysis provide support to the 

hypotheses that the capital structure and profitability have statistically significant 

relationships. Furthermore, the findings provide support that firms develop different 

patterns of profitability depending on the capital structure. Finding of the research 

indicate that there are three statistically significant structures of relationships 

(combinations of relationships) between profitability and the capital structure.  

The following relationships between profitability and the capital structure are found: 

the companies with a lower total debt and short term debt are more likely to have a 

lower ROE while retaining other's profitability indicators on a higher level. This can be 

also be interpreted vice versa and is applicable to both models. In Model I, the 

companies with a lower total debt, the short term debt and long term debt are more 

likely to have a lower ROTA, higher ROA and ROE, while in Model II, the companies 

with a lower long term debt and higher values of short term debt are more likely to 

have lower ROTA, higher ROA and ROE. In Model I, the companies with a lower total 

and short term debt, but higher long term debt are more likely to have lower results 

on all five profitability indicators, while in Model II the companies with higher total, short 

and long term debt are more likely to have lower results on all five profitability 

indicators. Interpretations are consistent over the years.  

The conducted canonical analysis does not ensure causality interpretation, but one 

can argue that the capital structure comes before gaining profitability in the 

establishment of the company and therefore, the causality relationships can be 
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expected. We performed the multiple regressions where a dependent variable is the 

profitability and independent variables are from the capital structure. The dominance 

of the short-term debt is evident whereby the measures of profitability cannot be used 

interchangeably. When looking at the coefficient of determination, the profitability 

ratios have the following ascending order: ROA, Net Profit Margin 1, Net Profit Margin 

2, ROTA, ROE. This finding can help a stakeholder to choose the appropriate measure 

of profitability to evaluate and analze the firm's financial status. 

This study has several limitations. There is a criticism that the firm-level financial data 

collected by the government agency tend to be inaccurate because of firms 

underreporting and misreporting their true financial position to government authorities 

to avoid taxation and government interference. However, in BiH datasets collected 

by the government are the only available source of firms' financial data. In terms of 

assessing the link between the profitability and the leverage, the key limitation is that 

we neglected other factors that can affect profitability. Isolation and observation of 

interdependence of only two variables, although in theory possible, is rather simplified 

view of the practice. Especially if one of these variables is profitability, which is 

influenced, besides the capital structure, by a number of factors, both internal and 

external, such as the firm size, age, growth, risk, tax rate and factors specific to the 

sector of economic activity and macroeconomic environment of the country. 

Recommendation for future research would be to include a larger number of 

variables that affect profitability in order to accurately and precisely detect the 

relationship between financial leverage and profitability. 
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Abstract 
Foreign and larger banks in Croatia are generally considered to be more cost efficient 

compared with domestic and smaller banks. However, those views are often based 

on data from financial statements that can be misleading due to simultaneous 

consolidation process on the market and the existence of economies of scale. To 

contribute to the Croatian banking efficiency literature, we construct a panel of 

individual bank data for 1994-2014 period and conduct a frontier analysis to calculate 

bank specific X-efficiency. Our results suggest that efficiency scores depend on the 

cost definition as domestic and smaller banks are more efficient in managing 

administrative costs compared with foreign and larger banks but equally efficient in 

managing total costs. Results indicate that average bank relative efficiency increased 

on two occasions: one in the late 90s in the period of banking crisis and subsequent 

"market cleansing" and to a lesser extent in the period marked with financial crisis. 

Although the differences between bank cost efficiencies seem small, we conclude 

that the area is worth further research as significant gains in bank earnings could be 

achieved by increasing efficiency. 
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Introduction 
Data from financial statements suggests that the efficiency of banking sector in 

Croatia increased in the last 20 years. Indeed, banks were able to collect significantly 

more deposits per unit of labour used and in the same time increase asset per 

employee. Together this decreased cost to income ratio, which is often used for bank 

efficiency approximation (Figure 1). It is also often believed that the entrance of 

foreign owners led to bank efficiency increase as know-how in cost management 

started to transfer from foreign owners to newly acquired banks. The data shows that 

standard aggregate efficiency indicators all record constant improvements after the 

entrance of foreign investors. However, the entrance of foreign players on the market 

increased market concentration, which stimulated standard efficiency indicators due 

to economies of scale. Therefore, efficiency gains observed through indicators from 

financial statements could to a large extent be influenced by economies of scale 

while actual cost efficiency could be independent on bank ownership structure or 

bank size (Figure 1). Therefore, it could be the case that the efficiency of banks did 

not improve over time, and that the financial crisis did not cause banks to be more 
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efficient, it simply speeded up the process of consolidation on the market. In addition, 

the data from financial statements does not allow for conclusions about real 

(empirical) bank efficiency as it cannot control for bank size or the prices bank has to 

pay on the market. Considering that empirical indicators are rather data consuming 

and technically challenging to calculate researchers often use various approaches 

with rather inconsistent results. Therefore, a significant part of economic practice 

approaches the question of bank efficiency with caution and the question of bank 

efficiency is often sidelined in research, especially in CEE countries where data quality 

was until recently one of the constraints for researching this area.  

In the Croatian banking context, researchers have examined issues of bank 

efficiency often in context of specific historic periods marked with privatisation, 

ownership transfer or regulatory changes. Kraft and Tirtoroglu (1998) used Stochastic 

Frontier Approach on 1994 and 1995 data to estimate efficiencies for old vs. new and 

state vs. private banks. They concluded that new banks seem to be more X-inefficient 

and more scale-inefficient than either old privatized banks or old state banks. 

However, authors emphasize that the relationship between profitability and efficiency 

between banks in Croatia is statistically weak. Jemrić and Vujčić (2002) used Data 

Envelopment analysis to conclude that (between 1995 and 2000) foreign-owned 

banks are on average more efficient compared with domestic banks and that new 

banks are more efficient than old ones. Authors also find strong equalization in terms 

of average efficiency in the Croatian banking market, both between peer groups and 

within peer groups of banks. Kraft, Payne and Hofler (2006) used a flexible Fourier cost 

function to show that new and privatized banks are not necessarily the most efficient 

in the period from 1994-2000. In addition, according to their results, privatisation does 

not seem to be influencing cost efficiency of banks. However, higher cost efficiency is 

connected with lower bank default probability. Finally, Arisis (2010) in cross-country 

study and Huljak (2015) in country level study calculated cost efficiency of banks in 

Croatia to find evidence of Quiet-life hypothesis: market power having a negative, 

although economically weak, influence on bank efficiency.  

The motive of this research is to calculate empirical efficiency of banks in Croatia, 

but also to provide more explanation on the methodology and perhaps clear some 

of the reasons why research done so far resulted in inconsistent results. In addition, the 

data set is relatively long, and enables putting the efficiency results in economic and 

historical context and observe bank efficiency over the business cycle. Therefore, we 

contribute to the literature on bank efficiency in Croatia by calculating an empirical 

measure of bank efficiency for the period 1994-2014, which gives us the opportunity 

to compare the results with some earlier work on this matter but also test some of the 

“common knowledge” on this subject. 

This paper is organized as follows: After introduction, literature overview and 

traditional aggregate indicators of bank efficiency in Croatia in Section 1, Section 2 

explains the data and the methodology. Section 3 displays and elaborates the results, 

while Section 4 concludes.  

 

Data and methodology 
The groundwork for firm-level efficiency measurement was laid by Farrell (1957), who 

provided useful information on how to define firm efficiency as a concept, and how 

to calculate efficiency measures. However, the concept of X-efficiency was 

developed later on by Leibenstein (1966) while questioning the assumptions in 

postulating non-allocative type of efficiency within firm. Eventually, he showed that 

firms were neither always internally efficient nor always maximizing their profits 
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because of inherent inefficiency that is not of allocative nature and which was called 

X-efficiency (XE).  

Over the years, two main approaches were developed for firm efficiency 

calculation: parametric and non-parametric with the difference being that 

parametric methods assume functional form of the frontier up front, while non-

parametric methods use linear programming techniques and assume that random 

error equals zero, neglecting the importance of specification of the individually best 

practice frontier. Since only parametric models allow for hypothesis testing, more 

recent literature is more inclined to parametric models. To minimize the problem of 

confusing inefficiencies from random error, parametric models usually estimate a 

transcendental log function that allows returns to scale to change with input or output 

proportions so that the estimated cost curve can have a familiar U-shape. However, 

within the parametric approach the assumption on the distribution of random errors 

has to be made for which purpose researchers usually chose between Stochastic 

Frontier Approach (SFA) and Distribution Free Approach (DFA). SFA determines the 

functional form for the cost, inputs and prices up front and by using this approach; 

researchers accept that inefficiencies are half-normally distributed, while errors have 

a normal distribution. DFA on the other hand separates the inefficiencies from random 

errors in a different way, as it makes no strong assumption about regarding their 

distribution. 

The application of the frontier methods on banking sector was to a large extent 

pioneered by Berger (1993) who calculated the XE for United States banks by utilizing 

a Distribution free approach (DFA) under the assumption that banks efficiencies are 

relatively stable over time. In addition, Berger, Hunter and Timme (1993) indicated that 

X-inefficiencies in bank industry account for more than 20 percent of all banking costs, 

while scale and scope efficiencies together make up to 5 percent. We follow Berger 

and Hannan (1998) who used DFA to calculate bank XE by measuring the closeness 

of the bank costs to the minimum costs for the bank’s output that could be achieved 

on the market. To estimate efficiency authors assume that the cost function has a 

composite error term that includes both inefficiencies (deviations from the efficient 

frontier) and random error. The difficulty in estimating efficiency in practice is in 

drawing the line between the two. The key assumption of DFA is that cost differences 

owing to inefficiency are relatively stable and should persist over time, while those 

owing to random error will average out over time and become zero. The bank that 

could achieve that minimum represents efficiency frontier and all the other banks are 

compared to that bank. We apply the DFA method to panel data and estimate a 

regression of trans-log cost function to create statistical connections between costs 

and observed levels of bank data variables (bank products and input prices). The 

residuals of these cross-section regressions are assumed to contain random 

measurement error, temporary variations in costs, and persistent but unknown cost 

differences attributed to inefficiency. Averaging each banks' residual across a long 

enough period of time across separate cross-section regressions reduces normally 

distributed error from trans-log function to minimal levels leaving only average 

inefficiency. We follow De Young (1997) who calculated that six years of separate 

cross-section regressions is needed for random error to approach zero. This is the 

reason why we excluded banks for which the regression does not result with at least 

six years of residuals. 

One has to be aware of the limits of the DFA approach as the measure derived 

from this method is of a relative nature and therefore is scaled to the most efficient 

bank. Consequently, no easy-to-use-aggregate number can be achieved and used 

for commenting the absolute efficiency of banks, as it was not known what was 
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happening with the most efficient bank. Other limit arises from the fact that DFA has 

to be applied on periods and therefore conclusions cannot be drawn separately for 

years. Finally, it should be noted that data-truncating procedure is important for any 

frontier analysis results. The more data is trimmed or winsorized, the higher the 

efficiency scores will result as differences between average bank and most efficient 

bank reduce. 

For the XE calculation, we use standard trans-log cost function with three inputs 

(financial capital, labour and physical capital) and three outputs (investments, loans 

and fees revenue): 
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where subscripts n is the nth input and m denotes the mth output, i is ith bank, C is cost, 

Y is bank product and W is input price. 

For the DFA method, a vector cost function is modified, as the error term is 

decomposed: 

itiititit vuYWC lnln),ln(ln  , (2) 

 

where iuln  is inefficiency and itvln is measurement error. 

To calculate efficiency, we average the residuals from equation (2) for each bank 

over the six years. This average residual, is an estimate of ln(xi) , given that the random 

errors ln(vit) will tend to cancel each other out for each firm separately in the 

averaging. We transform ln( iû ) into a normalized measure of efficiency: 

)ˆlnˆexp(ln min ii uuXE  , (3) 

 

where iû is the average residual from trans-log function for each bank and min 

indicates the minimum for all i. 

This is an estimate of the ratio of costs for the most efficient bank in the sample to 

bank i costs for bank i combination of outputs and input prices. This corresponds with 

the conventional notion of efficiency as the ratio of the minimum resources needed 

for production to the resources actually used, and ranges over (0, 1], with higher 

values indicating greater efficiency. 

On the issue of cost definition, there is no consensus in the literature as authors use 

different definitions ranging from only administrative costs to total costs including 

interest costs and sometimes even loan loss provisions. However, it should be noted 

that using a different cost definition would require a different interpretation and 

therefore the results of different researches cannot be easily compared. Having this in 

mind, we calculate our XE using two definitions of costs: narrow (administrative costs) 

and broad (total costs). However, we do not include loan loss provisions in total costs, 

as we believe that these costs are the result of credit risk management and not cost 

management. In addition, besides, loan loss provisions from today result from decisions 

made in the past. 
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Table 1 Descriptive statistics for the variables 

Variables Description 
Num. 

of obs. 
Mean 

St. 

Dev. 
Min. Max. 

LN_OC – Log of 

Administrative cost 

Sum of employee costs, 

depreciation and other 

administrative costs 

847 10.5 1.5 4.0 14.3 

LC_TC – Log of Total 

cost including 

interest cost 

Administrative cost plus cost 

of fees and other non-

interest costs plus interest 

costs 

826 11.5 1.6 5.2 15.5 

LC_Y1 – Log of 

Investments 

Placements in securities 847 13.3 1.8 5.5 18.1 

LN_Y2 – Log of Loans Placements in total loans 822 12.9 1.9 6.3 17.3 

LN_Y3 – Log of Fee 

income 

Fees charged 825 9.5 1.8 3.4 13.9 

Ln_W1 –Log of Price 

of funds 

Interest costs to total 

deposits 

846 -3.0 0.5 -6.0 -1.4 

Ln_W2 – Log of Price 

of labour 

Employee costs to assets 841 -5.6 0.7 -10.4 -3.6 

LN_W3 – Log of Price 

of physical assets 

Administrative cost other 

than employee costs to non-

interest bearing assets 

846 -4.0 0.6 -8.8 -2.5 

Source: Authors' calculation based on CNB data. 

 

The initial sample includes unbalanced panel with 72 banks over 21 years (1994 - 

2014) making 876 observations overall. Out of 72, 27 banks were present on the market 

at the end of 2014 out of which 23 banks were present in the whole sample. The data 

is collected from statistical and supervisory reports gathered by the Croatian National 

Bank. The data set is skewed as the number of banks in the sample decreases over 

time, with the biggest reduction recorded at the beginning of the sample in late 

nineties when the banking crisis occurred. After 2002, the decrease in the number of 

banks is continuous but steady and was mostly the result of merger activities. 

Therefore, after 2002, the structure of the banking system remained relatively stable 

with concentration levels similar to today’s levels and with foreign institutions owning 

around 90% of the banking sector assets. In order to compare the results within the 

banking sector as well as to compare the results with earlier research on this topic, the 

following groups of banks could be recognized: small banks (banks with market share 

lower than 1%), big banks (banks with market share higher or equal to 1%), domestic 

banks (banks whose more than 50% of shares is owned by non-government residents), 

foreign banks (banks whose more than 50% of shares is owned by non-residents), and 

government owned banks (banks whose more than 50% of shares is owned by 

domestic government or agencies). In the whole sample, the majority of bank-year 

observations refer to smaller banks (569 compared with 278 for bigger bangs). In 

addition, majority of bank-year observations refer to domestic owned banks (486 

compared to 256 for foreign-owned banks and 96 for government owned banks). 

In addition, to remove the outliers from the sample all banks with the implicit interest 

cost of 50% or more were removed from the sample. Further on, banks with negative 

costs of physical assets or with depreciation higher than 40% of physical assets were 

removed, as well. As a result, 28 bank-year observations were removed and our 

sample after data trimming consists of 848 bank-year observations Table 1). Because 

of DFA method nature, which requires at least six-year periods we average only the 

residuals for banks that were present on the market for at least six years. This leads to 

further reduction of the number of observations and we therefore derive 476 XE results 

from 814 residuals. Regarding the model specification, researchers usually use panel 
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OLS for calculating efficiency scores via DFA. We use panel OLS and panel regression 

with fixed effects for each bank to ensure the robustness of results. We apply Hausman 

test (1978) for discriminating between random and fixed effects. 

 

Results 
As explained earlier, standard efficiency indicators from financial statements suggest 

that bank cost efficiency in Croatia increased in the1994-2014 sample (Figure 1). In 

addition, standard efficiency indicators would suggest that larger institutions are more 

efficient. However, empirical efficiency indicators show different dynamics and 

different bank ranking. Our results confirm that bank efficiency scores depend largely 

on the definition of efficiency used. Our mean XE amounts to 0.75-0.79 for 

administrative costs and 0.81-0.84 for total costs depending on the model 

specification (Table 2). Therefore, on average, most efficient bank on the market 

could offer the same service with the same input prices as average bank by using 75-

79 percent of its administrative costs and 81-84 percent of its total costs. Our results 

also suggest that the XE differences between banks in Croatia are relatively stable 

over time (Figure 2 and Appendix Table A2). 

 

 
Figure 1 Selected banking sector indicators 

Source: Authors' calculation based on CNB data. 

Note: Market instability index is calculated according to Hymer and Pashigan (1962). It is the 

sum of all changes of market shares in a year.  

 

Compared with other research results using frontier analysis, our XE results are similar 

with results from Kraft and Tirtiroglu (1998) and Ariss (2010). Kraft and Tirtioglu (1998) 

calculated an average XE for banks in Croatia of around 0.75-0.80 for 1994 and 1995. 

Our results for total cost efficiency for the 1994-1999 period are 0.81-0.84. Ariss (2010) 

calculated efficiency for Croatia of 0.83 for 1999-2005 periods, which is close to our 

result of 0.85. The differences between our results and comparable research result are 

due to different approach in data trimming and different time horizon used. 
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Table 2 XE descriptive statistics 

Variable Obs. Mean Std. Dev. Min Max 

Administrative costs – OLS 476 0.79 0.08 0.48 1 

Administrative costs – F.E. 476 0.75 0.10 0.43 1 

Total costs - OLS 472 0.81 0.09 0.52 1 

Total costs - F.E. 472 0.84 0.09 0.45 1 

Source: Authors' calculation based on CNB data. 

Note: OLS stands for Ordinary least squares and F.E. stands for fixed effects. 

 

The fact that the differences are larger in administrative than total cost efficiency 

could be due to a couple of factors. First, the differences between banks in Croatia 

regarding business strategy are substantial; some banks are more focused on 

corporate, some on natural persons and some are universal in full meaning of the 

word. Therefore, the distribution network that initiates the majority of administrative 

costs is quite different between banking groups. Also, since administrative costs are 

relatively small (some 2.5 percent of total assets), it is possible some banks believe that 

they can afford to be more “comfortable” in managing them.  

 

 
Figure 2 Medial (left) and weighted average (right) bank efficiency 

Source: Authors' calculation based on CNB data. 

 

Even though one should keep in mind that XE is a relative indicator and that by 

using the DFA it can be only calculated for periods and not years, it is still possible to 

show a time dimension of bank efficiency. This can be done by showing the regression 

for six-year periods. Having this in mind, we can conclude that, relative to the most 

efficient bank on the market, cost efficiency was relatively high from the 1994-1999 to 

1997-2002 which could related with the process of market cleansing when less efficient 

banks left the market. After this period, efficiency started to decrease from the period 

1997-2002 which lasted until 1999-2004 period. After that period, efficiency increased 

and remained stable until 2006-2011 when total costs efficiency increased. Therefore, 

although we see some relative efficiency gains during the financial crisis on total costs 

level, on administrative costs level, the efficiency remained unchanged. 

Having more detailed information on bank level allows us to compare the 

efficiencies between banking groups. Our results suggest that bank size does not seem 

to be a determinant of bank efficiency as we see no difference between bigger or 

smaller banks total cost efficiency. Regarding administrative cost efficiency, smaller 

banks are actually more efficient (Table 3). However, it is worth mentioning that one 

of the advantages of XE is the fact that it is not influenced by economies of scale and 
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therefore we are able to learn more about cost management without it being masked 

by bank balance sheet size. Therefore, XE concept "allows" smaller banks to be more 

efficient even though all the efficiency indicators from financial statements (cost to 

income, labour to deposits, and assets per employee) would suggest that larger banks 

are more efficient. Differences regarding the ownership suggest that domestic banks 

are more efficient on administrative level, while on the total costs level, banks are 

equally efficient, regardless of the ownership structure.  

 

Table 3 Average XE scores by bank types  

  

Banking 

sector 

average 

Banking 

sector 

weight. 

average 

Banking 

sector 

median 

Domestic 

banks 

median 

Foreign 

banks 

median 

Big 

banks 

median 

Small 

banks 

median 

Admin. costs - F.E. 0.75 0.72 0.75 0.78 0.70 0.70 0.77 
Admin. costs - OLS 0.79 0.79 0.79 0.81 0.77 0.78 0.80 
Total costs - F.E. 0.84 0.85 0.84 0.85 0.85 0.84 0.85 
Total costs - OLS 0.82 0.82 0.81 0.81 0.82 0.81 0.82 

Source: Authors' calculation based on CNB data. 

Note: OLS stands for Ordinary least squares and F.E. stands for fixed effects. 

 

Having conducted a bank-level research allows us to describe the characteristics 

of the most efficient banks. Regarding the administrative costs, our frontier banks are 

banks with rather small average market share of just 0.3% and they are domestically 

owned. Two out of three most efficient banks in managing administrative costs are still 

present today, but even the ones that left the market, did so because they were 

merged with larger bank, not due to bankruptcy. In addition, banks that are most 

efficient in managing administrative costs have average loans to assets ratio of 

around 64%, which is higher, compared with the average bank. On the other hand, 

the ratio of equity to assets of these banks is rather high in the whole sample (around 

21%). Finally, with average profitability of assets (ROA) of around 0.5-1.0 percent these 

banks are recording average profitability. On the other hand, banks that represent a 

group of most efficient bank in total costs management have a rather different 

characteristics. Those banks are usually somewhat bigger compared with banks that 

are most efficient in managing administrative costs and have a market share of 

around 0.7 and 2.1 percent. However, banks most efficient in managing total costs 

did record a couple of defaults, but the incidence was still below average. Those 

banks also have a relatively high loan to asset ratio as well equity to asset ratio (Table 

4). 

It is interesting to notice that most efficient banks in managing administrative costs 

usually pay a significantly higher price for funds (higher implicit interest rate on 

liabilities) compared with most efficient banks in managing total costs. This should not 

come as a surprise when we acknowledge that liabilities are the most important inputs 

for banks and if they pay higher price for this input, they will be motivated to increase 

the efficiency. As shown in the appendix (Table A2), the correlation between 

administrative and total cost efficiency is only moderate, at around 0.5.Finally, 

government owned banks did not show up on efficiency frontier in our research. 

However, to be fair, there are only a few government owned banks in our initial data 

set and there are only 95 bank year observations, which allowed for 40 XE measures. 
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Table 4 Average XE scores by bank types  

Variable 
Total 

sample 

Admin. costs 

frontier - OLS 

Admin. 

costs 

frontier - F.E. 

Total 

costs 

frontier - 

OLS 

Total costs 

frontier - 

F.E. 

Domestic 58.0% 100.0% 100.0% 68.8% 81.3% 

Foreign 30.5% 0.0% 0.0% 31.3% 18.8% 

Government owned 11.5% 0.0% 0.0% 0.0% 0.0% 

Big 32.8% 0.0% 0.0% 18.8% 6.3% 

Small 67.2% 100.0% 100.0% 81.3% 93.8% 

Market share 2.5% 0.3% 0.3% 2.1% 0.7% 

Present today 71.1% 68.8% 68.8% 87.5% 81.3% 

Defaulted 10.7% 0.0% 0.0% 6.3% 6.3% 

Merged 14.8% 31.3% 31.3% 6.3% 12.5% 

Equity to assets 18.8% 21.5% 20.5% 22.2% 24.8% 

ROA 0.6% 1.0% 0.5% 1.9% 1.9% 

Loans to assets 59.7% 63.7% 63.1% 66.3% 64.6% 

Price of funds 5.5% 5.7% 5.8% 5.0% 4.9% 

Price of physical assets 0.5% 0.3% 0.3% 0.4% 0.5% 

Price of labour 2.0% 1.4% 1.5% 1.0% 1.4% 

Source: Authors' calculation based on CNB data. 

 

Although the differences between XE of banks seem rather small at first, a careful 

look at the data offers a different view. To show the impact of potential increase of 

efficiency on bank profitability, we calculate the potential costs savings the following 

way: 

Cost_savings=(1-XE)*Costs, (4) 

where XE is X-efficiency, and costs are administrative or total costs in absolute terms. 

The rationale for this formula is simple; if bank has XE score of 0.85 it means that the 

most efficient bank on the market would be able to offer the same services and pay 

the same input prices while generating only 85% of its costs. Therefore, 15% is the 

potential costs savings for the bank. 

 

 
Figure 3 ROA with cost efficiency equal to most efficient bank 

Source: Authors' calculation based on CNB data. 

 

Our results suggest that if all banks increased their efficiency in managing 

administrative costs to the level of the most efficient bank, costs savings could amount 

to 0.2% of assets on average in last twenty years. If the same simulation is applied to 

total costs management then the costs saving could amount to 1.2% of assets on 
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average. In addition, it is worth mentioning that this costs savings would be repeated 

each year and would significantly increase banks ROA and capital levels. Therefore, 

bank cost efficiency should be monitored more carefully; as costs saved are potential 

earnings and potential earnings are potential capital (Figure 3).  

 

Conclusions 
Although domestic and smaller banks better results in administrative costs 

management seems surprising, one should be aware of the fact that administrative 

costs represent a relatively small portion of total costs. Therefore, smaller and domestic 

banks that pay higher interest cost perhaps find it necessary to keep every 

manageable cost under control. Regarding total costs efficiency, we find no 

significant differences between banks regarding size or ownership from 1994-2014. 

Since our measure is a relative one, better than expected cost management of 

smaller and domestic banks could result from specific circumstances of bigger and 

foreign owned banks. Managing larger institutions is harder as they are involved in 

operations that are more complicated. In addition, banks with more market power 

have a higher franchise value, which they protect via more stringent credit risk 

management or with strategically focused activities that can appear as cost 

inefficiency. 

Our results on bank efficiency in Croatia are comparable to other research on the 

matter, especially ones using trans-log cost functions and frontier analysis (DFA or SFA). 

Average and medial bank is relatively close to the most efficient bank, however, 

although it may seem that differences in cost efficiencies are small and that the 

potential earnings on costs are small, should all banks increase their efficiency to the 

level of most efficient bank, bank ROA could be increased noticeably. Moreover, 

even though it is not realistic to expect that all banks increase their efficiency to the 

frontier, the result show that further work on the issues of bank efficiency could be 

beneficial. This is especially obvious when we consider the fact that cost savings refer 

to each year, so on cumulative level significant gains for earnings could be achieved. 

By increasing the ROA, those savings could increase capital adequacy (providing that 

the earnings be retained) or owners' welfare (providing that the dividends be 

distributed). 

While commenting on the results of all efficiency research based on frontier 

analysis, one has to have in mind the specificity of efficiency measure. XE shows the 

relative ability of a management to keep the costs, given prices and quantities of 

inputs, relatively close to the best cost-managing bank on the market. Therefore, the 

fact that smaller banks usually pay higher price for input as well as that they benefit 

less from the economies of scale plays no technical role with this measure. Higher than 

expected average XE of smaller banks could be a result of the fact that they think 

twice before spending money while bigger banks can act strategically or enjoy the 

“quiet life” of larger institution. Combined with better credit-risk management, they 

perhaps do not feel the pressure to worry about administrative costs that much. 

Our results also suggest that depending on the scope of cost definition, efficiency 

can differ although we derive comparable results by using different model 

specification (panel OLS or panel with effects). This is important as different authors 

use different definition of cost as well as model specification, which makes their result 

less comparable. It is also worth mentioning that data truncation can play an 

important role in efficiency scores. In our research, we removed the banks that had a 

“suspicious” data in the beginning and therefore no further trimming was needed 

when we averaged the residuals. However, some authors run the regression first, and 

then trim the banks with extreme residuals. Different data truncation rules also lead to 
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different results as more rigorous truncating rules will reduce the differences between 

observed banks and efficiency scores will be closer to one. 

To conclude, our results are opposite to the general impression that larger and 

foreign owned banks are more efficient or that banks "increased their efficiency after 

the financial crisis started", however they are still comparable with some earlier 

research based on the similar techniques. Looking at the average and weighted 

average scores, relative efficiency did increase after 2005-2010 but nothing to suggest 

some major strategic changes in the cost management practices. Going further, our 

research could serve as a motivation for other bank level research on Croatian 

banking sector. Therefore, cost inefficiencies are making the life of bank managers 

more comfortable, but in the same time, owners' welfare could be suffering which 

opens the question of agency theory in Croatian banking sector. In addition, it should 

be kept in mind that XE is only one of the empirically based efficiency of the individual 

bank. Only by calculating scale and scope efficiency as well as XE, one can have a 

clear picture about cost efficiency of banks. 
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Appendix 
 

Table A1 Trans-log function results 

  

  

Administrative costs Total costs 

OLS F.E. OLS F.E. 

ln(y1) 0.39 *** 0.36 *** 0.98 *** 0.89 *** 

ln(y2) 0.41 *** 0.31 *** 0.46 *** 0.13   

ln(y3) 0.06   0.01   -0.22 * 0.09   

ln(w1) -0.14   -0.08   0.05   0.27 * 

ln(w2) 0.67 *** 0.37 *** 0.71 *** 0.49 *** 

ln(w3) 0.21   0.17   0.37   0.57 ** 

ln_y1*ln_y1/2 0.19 *** 0.16 *** 0.23 *** 0.16 *** 

ln_y2*ln_y2/2 0.19 *** 0.17 *** 0.18 *** 0.16 *** 

ln_y3*ln_y3/2 -0.02 * -0.06 *** 0.08 *** 0.06 *** 

ln_w1*ln_w1/2 0.07 *** 0.04   0.08 ** 0.12 *** 

ln_w2*ln_w2/2 0.09 *** 0.07 *** 0.05 *** 0.04 *** 

ln_w3*ln_w3/2 0.23 *** 0.26 *** 0.29 *** 0.25 *** 

ln_y1*ln_y2/2 -0.36 *** -0.32 *** -0.37 *** -0.25 *** 

ln_y1*ln_y3/2 0.02   0.07 *** -0.12 *** -0.06 * 

ln_y2*ln_y3/2 -0.02   0.01   -0.02   -0.08 *** 

ln_w1*ln_w2/2 0.02   0.02   0.08 ** 0.04   

ln_w1*ln_w3/2 -0.04   -0.06   -0.10   0.01   

ln_w2*ln_w3/2 -0.19 *** -0.22 *** -0.17 *** -0.17 *** 

ln_y1*ln_w1/2 -0.06   -0.09 ** 0.06   0.11 ** 

ln_y1*ln_w2 -0.07 *** -0.02   -0.09 *** -0.05 ** 

ln_y1*ln_w3 0.17 *** 0.12 *** 0.23 *** 0.17 *** 

ln_y2*ln_w1 0.06 *** 0.05 *** 0.03   0.01   

ln_y2*ln_w2 0.01   -0.01   0.02   0.00   

ln_y2*ln_w3 -0.02   -0.01   -0.08 *** -0.07 ** 

ln_y3*ln_w1 -0.01   0.01   -0.02   -0.03 ** 

ln_y3*ln_w2 0.06 *** 0.02 ** 0.04 *** 0.03 * 

ln_y3*ln_w3 -0.13 *** -0.06 *** -0.17 *** -0.10 *** 

_cons 2.74 *** 3.05 *** 0.83   2.12 *** 

R-square 0.99   0.99   0.98   0.98   

N. of obs. 814   814   812   812   

Source: Authors' calculation based on CNB data, 

Note: * p<0.05, ** p<0.01, *** p<0.001, OLS stands for Ordinary least squares and F.E. stands for 

fixed effects. 
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Table A2 XE scores correlates 

  

Admin. 

costs - F.E 

Admin. 

costs - OLS 

Total costs - 

F.E. 

Total costs - 

OLS 

Admin. costs - F.E 1.00       

Admin costs - OLS 0.90 1.00     

Total costs - F.E. 0.53 0.50 1.00   

Total costs - OLS 0.46 0.48 0.87 1.00 

Source: Authors' calculation based on CNB data. 

Note: OLS stands for Ordinary least squares and F.E. stands for fixed effects. 

 

Table A3 XE results for administrative costs 

  

 

Banking 

sector 

average 

Banking 

sector 

weighted 

average 

Banking 

sector 

median 

Domestic 

banks 

median 

Foreign 

banks 

median 

Big 

banks 

median 

Small 

banks 

median 

OLS        

1994-1999 0.76 0.76 0.76 0.76 0.70 0.78 0.75 

1995-2000 0.77 0.77 0.77 0.78 0.73 0.77 0.77 

1996-2001 0.80 0.77 0.80 0.82 0.78 0.78 0.81 

1997-2002 0.79 0.78 0.81 0.81 0.79 0.78 0.82 

1998-2003 0.81 0.79 0.83 0.84 0.78 0.78 0.84 

1999-2004 0.77 0.74 0.77 0.78 0.72 0.71 0.78 

2000-2005 0.81 0.78 0.80 0.84 0.77 0.77 0.81 

2001-2006 0.82 0.79 0.81 0.85 0.79 0.78 0.82 

2002-2007 0.80 0.79 0.80 0.83 0.78 0.79 0.82 

2003-2008 0.80 0.79 0.79 0.83 0.77 0.78 0.82 

2004-2009 0.80 0.81 0.80 0.83 0.78 0.80 0.82 

2005-2010 0.80 0.81 0.80 0.81 0.78 0.80 0.81 

2006-2011 0.79 0.81 0.78 0.79 0.77 0.78 0.78 

2007-2012 0.78 0.80 0.77 0.79 0.76 0.78 0.77 

2008-2013 0.78 0.81 0.77 0.79 0.76 0.78 0.77 

2009-2014 0.79 0.82 0.78 0.77 0.78 0.78 0.78 

F.E.        

1994-1999 0.73 0.71 0.75 0.76 0.67 0.72 0.75 

1995-2000 0.74 0.72 0.75 0.78 0.69 0.74 0.77 

1996-2001 0.77 0.72 0.78 0.80 0.72 0.73 0.80 

1997-2002 0.76 0.73 0.78 0.81 0.73 0.73 0.80 

1998-2003 0.79 0.74 0.80 0.83 0.73 0.73 0.82 

1999-2004 0.75 0.69 0.74 0.80 0.67 0.67 0.78 

2000-2005 0.77 0.72 0.76 0.82 0.71 0.69 0.80 

2001-2006 0.75 0.70 0.74 0.81 0.70 0.69 0.78 

2002-2007 0.74 0.70 0.73 0.79 0.69 0.68 0.77 

2003-2008 0.74 0.70 0.74 0.78 0.68 0.68 0.77 

2004-2009 0.74 0.71 0.74 0.77 0.70 0.70 0.76 

2005-2010 0.75 0.72 0.74 0.78 0.70 0.70 0.77 

2006-2011 0.74 0.72 0.74 0.76 0.70 0.70 0.75 

2007-2012 0.74 0.72 0.72 0.76 0.69 0.69 0.74 

2008-2013 0.73 0.72 0.72 0.77 0.70 0.69 0.75 

2009-2014 0.74 0.72 0.73 0.72 0.74 0.69 0.75 

Source: Authors' calculation based on CNB data. 

Note: OLS stands for Ordinary least squares and F.E. stands for fixed effects. 
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Table A4 XE results for total costs 

  

 

Banking 

sector 

average 

Banking 

sector 

weighted 

average 

Banking 

sector 

median 

Domestic 

banks 

median 

Foreign 

banks 

median 

Big 

banks 

median 

Small 

banks 

median 

OLS        

1994-1999 0.81 0.84 0.79 0.78 0.89 0.79 0.80 

1995-2000 0.86 0.89 0.86 0.84 0.87 0.86 0.85 

1996-2001 0.88 0.90 0.89 0.86 0.93 0.88 0.89 

1997-2002 0.87 0.90 0.88 0.85 0.92 0.92 0.85 

1998-2003 0.79 0.80 0.78 0.77 0.78 0.80 0.77 

1999-2004 0.72 0.72 0.71 0.70 0.70 0.70 0.71 

2000-2005 0.78 0.78 0.77 0.77 0.78 0.76 0.77 

2001-2006 0.80 0.80 0.80 0.80 0.81 0.78 0.80 

2002-2007 0.79 0.80 0.80 0.80 0.80 0.79 0.80 

2003-2008 0.79 0.79 0.80 0.81 0.79 0.79 0.81 

2004-2009 0.78 0.78 0.79 0.80 0.79 0.78 0.81 

2005-2010 0.79 0.78 0.79 0.79 0.79 0.78 0.79 

2006-2011 0.82 0.81 0.81 0.82 0.80 0.80 0.81 

2007-2012 0.84 0.84 0.83 0.87 0.82 0.83 0.84 

2008-2013 0.86 0.85 0.85 0.87 0.85 0.85 0.87 

2009-2014 0.88 0.86 0.85 0.86 0.85 0.84 0.87 

F.E.        

1994-1999 0.83 0.84 0.83 0.82 0.89 0.82 0.83 

1995-2000 0.85 0.88 0.87 0.86 0.85 0.85 0.87 

1996-2001 0.84 0.85 0.86 0.85 0.88 0.86 0.86 

1997-2002 0.85 0.87 0.87 0.85 0.88 0.88 0.83 

1998-2003 0.80 0.81 0.80 0.80 0.80 0.81 0.79 

1999-2004 0.80 0.80 0.79 0.80 0.78 0.79 0.79 

2000-2005 0.85 0.86 0.85 0.84 0.86 0.84 0.85 

2001-2006 0.86 0.87 0.87 0.87 0.87 0.85 0.87 

2002-2007 0.84 0.85 0.85 0.85 0.85 0.85 0.85 

2003-2008 0.84 0.85 0.85 0.85 0.85 0.84 0.85 

2004-2009 0.82 0.83 0.84 0.84 0.84 0.84 0.84 

2005-2010 0.82 0.82 0.82 0.81 0.82 0.82 0.82 

2006-2011 0.85 0.84 0.84 0.85 0.84 0.85 0.83 

2007-2012 0.88 0.87 0.87 0.91 0.86 0.86 0.88 

2008-2013 0.88 0.87 0.86 0.89 0.86 0.86 0.89 

2009-2014 0.87 0.85 0.84 0.85 0.84 0.84 0.88 

Source: Authors' calculation based on CNB data. 

Note: OLS stands for Ordinary least squares and F.E. stands for fixed effects. 
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Figure A1 Averaged residuals histograms 

Source: Authors' calculation based on CNB data. 

 

 

 

 
Figure A2 XE histograms 

Source: Authors' calculation based on CNB data. 
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Abstract 
Investors are interested in sector diversification on stock markets among other 

important portfolio topics. This paper looks at five sector indices on Croatian capital 

market as an example of a small, relatively illiquid market. Sector indices have been 

constructed at the beginning of 2013 and since then there is a lack of studies, which 

focus on sector diversification on Zagreb Stock Exchange (ZSE). Thus, the purpose of 

this paper is to evaluate the recent dynamics of risk and performance of five sector 

indices on ZSE by employing MGARCH (Multivariate Generalized Autoregressive 

Conditional Heteroskedasticity) models empirically. Output from the analysis is used to 

form guidance for investors on Croatian capital market. The results indicate that in the 

observed period from February 4th 2013 to October 13th 2015 portfolios based on 

MGARCH methodology outperform other portfolios in terms return and risk. Thus, it is 

advisable to use this methodology when making portfolio selection. 
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Introduction 
There exist many different models and methods in quantitative finance today in order 

to give answers to different investors’ questions. Many of them are developed in order 

to explain different financial market special features, which differentiate them from 

other markets. Investors deal with portfolio rebalancing and risks on a daily basis and 

that is why they need high quality information on financial assets movements 

regarding return and risk. In the last three decades, there has been a rise of special 

class of financial econometrics models, which are found to capture financial market 

co-movements of returns and volatilities – MGARCH (Multivariate Generalized 

Autoregressive Conditional Heteroskedasticity) models successfully. These models 

have become very popular in modeling because of their abilities to capture financial 

market dynamics better compared to other (mostly linear) models (see Aielli 2013, 

Alexander 2008, Lüketpohl 2006). Moreover, they have been used extensively in the 

past decade for financial and other assets such as stocks, bonds, exchange rates, 

commodities, etc. Developed markets were the first ones explored, which is not 

surprising due to the great number of assets, which could be analyzed on them. In the 

last couple of years, markets in development are in the spotlight as well. However, by 

looking at the previous literature, it can be seen that the majority of the papers either 
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test for presence of co-movements of returns and volatilities in one country by using 

MGARCH models or they focus on volatility spillovers between countries (Baumöhl, 

Liócsa, 2014, Longin, Solnik, 2001, Gelos, Sahay, 2001, Horvath, Petrovski, 2013, 

Kenaurgios, Samitas, 2011, Syallignakis, Kouretas, 2011, Wang, Moore, 2008). Baumöhl 

and Liócsa (2014) looked at 8 European emerging markets and MSCI World market 

index for the period from 2000 to 2012. They focused on asymmetry and the results 

indicated that there exists asymmetry in volatility on few markets, but the asymmetry 

in correlations is existed only on one market. Longin and Solnik (2001) focused on 7 

countries in the period 1960-1990. The main result in their analysis was that return 

correlations were not constant over time. As volatility gets bigger on markets, the 

correlation rises. Gelos and Sahay (2001) examined financial comovements of 

European transition economies and found structural breaks on exchange markets. 

Horvath and Petrovski (2013) also focused on similar countries (Czech Republic, 

Hungary, Poland, Croatia, Macedonia and Serbia). The period they looked was 2006 

to 2011, and found that CEE countries were more correlated than South Eastern 

European countries. Kenaurgios and Samitas (2011) were interested in five Balkan 

emerging markets and European developed markets, along with the US market. It was 

found that long run cointegration between Balkan and developed markets, as well as 

among Balkan markets themselves. Syallignakis and Kouretas (2011) have examined 

7 CEE countries, US, German and Russian market in the period from 1997 to 2009. Main 

results indicated that market correlations rise in crisis. Moreover, CEE markets are 

exposed to external shocks from developed markets. Wang and Moore (2008) also 

focused on three CEE markets. In the period from 1994 to 2006, it was found that 

correlations rise in crisis periods.  

There is a lack of studies, which try to utilize the results from these models in order to 

give guidance to (potential) investors on how to act on financial markets. This 

guidance is very important in portfolio management because investors are focused 

on achieving returns, as well as on managing risks. If they are able to model and 

financial asset risks and returns, it will enable them to form trading strategies which 

could beat the market. Any possibility which could provide achieving above average 

returns and (or) minimize risks is more than welcome on financial markets. This is 

especially true in times when financial crisis occurs. MGARCH methodology could be 

very helpful in giving some answers to such questions. In that way, this study is going 

to utilize aforementioned methodology in order to analyze financial asset risk and 

return in a more detailed way compared to standard GARCH methodology when 

analyzing financial assets. More information on financial assets is always welcomed in 

portfolio analysis when making investment decisions. 

Every time a financial crisis hits the markets, the focus of academics and investors is 

shifted again more towards risks and performances of financial assets. The last crisis in 

2008 has affected many markets and investors became more prudent after it. This is 

especially true for the Croatian capital market (Škrinjarić, Besek, 2014). Analysis in this 

study is going to look at the Croatian market as an example of a small illiquid market 

and try to fill the gap in existing research. Up until now, the majority of research on 

Croatian capital market has implicitly assumed that performance measures, return 

and risk co-movements were not dynamic over time. This can be seen by observing 

models in which only averages over the entire period have been used in the analysis 

(see Škrinjarć, Besek, 2014, for an overview of previous literature). Only two papers up 

until now have used MGARCH models in order to give answers to some of the 

mentioned issues. Škrinjarić (2015) focused on time varying betas on Croatian capital 

market, whilst Škrinjarić and Šego (2015) focused only on two assets: stocks and bonds. 

Thus, the purpose of this paper is to use advantages of dynamics in MGARCH models 
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in order to estimate changing performance and risk measures on Zagreb Stock 

Exchange in a more detailed way. In that way, recommendations can be made 

regarding optimal portfolio investing and managing risks. Previous foreign literature, 

which utilizes this methodology, mostly focuses on investors as international investors. 

However, sector diversification is important to investors as well, but there exists a 

scarcity of papers, which observe sector diversification (Hassan, Malik, 2007, Ho, Tsui, 

2004, Katzke, 2013, Righia, Ceretta, 2012). Hassan and Malik (2007) looked ad US 

sectors in the period from 1992 to 2005. They found significant transmissions of 

volatilities in six sectors. The methodology they used was found useful for forecasting 

and improving the accuracy of asset pricing models. Ho and Tsui (2004) focused on 

sector indices in Japan and found asymmetric effects in volatilities, volatility 

persistence in the period from 1983 to 2003. Katzke (2013) analyzed economic sectors 

in South Africa in the period 2002-2013. He found that domestic and global uncertainty 

influence short run dynamics of comovements between the sectors. Righia and 

Ceretta (2012) examined financial and consumer sector on Brazilian stock market from 

2008 to 2010. The results indicated that there exists bilateral transmission of volatility. All 

of these papers concluded that MGARCH methodology is useful in portfolio selection. 

However, they do not provide concrete guidance on how, when and in which 

financial asset to invest in order to conduct successful portfolio management.  

This study is going to focus on sector diversification in order to explore optimal 

portfolio possibilities on Croatian capital market in a dynamic context. Moreover, it will 

try to give useful guidance on how to successfully manage portfolios on Zagreb Stock 

Exchange. The paper is structured as follows. Second section explains the 

methodology used in the study. Section three reports the results from the empirical 

analysis, and final, fourth section concludes the paper with recommendations based 

upon previous results. 

 

Methodology 
Models within MGARCH methodology assume that volatilities of financial asset returns 

have affect one on another, which is based upon the previous experience of 

researchers on financial markets. Thus, it is assumed that financial returns and their 

volatilities move together and MGARCH models capture these dynamics over time 

(Longin, Solnik, 1995, 2001). There exist a great number of different models within this 

methodology, but this paper is utilizing the Dynamic and Constant Conditional 

Correlation models (DCC, CCC) because previous research on these topics has found 

them to be successful in capturing financial markets movements. Moreover, first two 

generations of MGARCH models require estimation of a greater number of 

parameters, which could make the estimation procedure infeasible. DCC and CCC 

models are more parsimonious and that is why they are popular.  

Bollerslev (1990) developed the CCC model in which it is assumed that the 

correlations between financial asset returns are constant: 

1
2
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 , (1) 

in which rt is the (m,1) vector of returns, 𝚯 (m,k) matrix of parameters, xt (k,1) vector of 

independent variables, εt (m,1) vector of innovation processes. 1/2
t  is the Cholesky 

factor (m,m) matrix of the conditional covariance matrix Ωt (m,m), ut is (m,1) vector of 

normal i.i.d. innovations, Dt (m,m) diagonal matrix of conditional variances and R is 

(m,m) positive definite unconditional correlation matrix. Usually, the assumption of 
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multivariate normal distribution of ut are made, because correctly specifying the 

conditional mean and variances results with consistent estimates (Engle, 2009). 

Variances in matrix Dt are modeled by univariate GARCH (1,1) models: 
2 2 2
, 0, 1, , 1 1, , 1i t i i i t i i t         . In order for conditional variances to be positive, it must hold 

that: α0,i>0, α1,i≥0 and β1,i≥0; and in order for them to be finite, it must hold that 

α1,i+β1,i<1.  

Since it is often not reasonable to assume that correlations between financial asset 

returns are constant, Engle (2002) developed the DCC model: 
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where Rt is (m,m) matrix of conditional correlations. Qt is (m,m) variance and 

covariance matrix of standardized innovations, t  (m,1) vector of standardized 

innovations, t  D-1εt, and R (m,m) positive definite unconditional correlation matrix. 

The dynamics of conditional correlations is defined by nonnegative scalars θ1 and θ2. 

It must hold θ1+θ2<1 for the model to be stationary (Engle, 2002, 2009). Ding and Engle 

(2004) add that standardized innovations satisfy E( t t
  )=Im, where Im is the identity 

matrix, Cov( 2 2
, ,,i t j t  )=0 i≠j, and Cov( 2 2

, ,,i t j t k  
)=0, k>0. It can easily be seen that if θ1=θ2=0 

holds, DCC model becomes CCC model. Models are estimated in two steps: in the 

first step, univariate GARCH models are estimated with respect to alphas and betas. 

In the second step, the rest of the model is estimated with estimated parameters from 

the first step, with respect to θ1 and θ2. For more details see Aielli (2013), Alexander 

(2008), Ang, Chen (2005), Bollerslev (1990), Bollerslev, Wooldridge (1992), Lüketpohl 

(2006). 

Results from these models can be used in a number of ways. This paper is focused 

on performance measures of indices on Croatian stock market. That is why we are 

focusing on beta, Sharpe ratio, RAPA measure, Treynor ratio, Jensen’s alpha and 

Value at Risk. Beta is a well known concept from CAPM model (Sharpe, 1964, Lintner, 

1965). Here, we assume that it is time varying, defined as the following ratio: 

 , , ,
, 2

,

cov ,i t i t M t

i t

M t

r r



 , (3) 

where βi,t is time varying beta of i-th stock, ri,t excess return on the i-th stock and rM,t 

excess market return in time t. Jensen’s alpha (1967) is also a concept from CAPM 

model in which it is defined as abnormal return of financial asset (or portfolio) over 

theoretical expected return. It is calculated as follows: 

, , , ,i t i t i t M tr r   . (4) 

Sharpe ratio (1966) is another measure of performance, in which the excess return 

is standardized by return’s standard deviation: 

,
,

,

i t

i t

i t

r
Sharpe


 . (5) 

It gives information on how much individual stock (or index) achieves return by given 

one percent level of risk. RAPA ratio (Modigliani, 1997) is a modification of the Sharpe 

ratio, by using standard deviation of stock market return as a modification factor: 
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, , ,i t i t M tRAPA Sharpe   . (6) 

It also measures risk-adjusted performance, but here we also adjust for stock market 

risk as well. Treynor ratio (Treynor, 1965) is a risk adjusted measure as well, similar to the 

Sharpe ratio. This ratio standardizes returns by using beta as a measure of risk 

(systematic risk only): 

,
,

,

i t

i t

i t

r
Treynor


 . (7) 

Finally, Value at Risk measure will be considered as a concept of measuring 

maximal loss investors can face in certain time period with level of certainty 𝛾: 
1

, , ,(1 ) ( )i t i t i tVaR E r     , (8) 

where 1  is the inverse distribution function of standardized normally distributed 

random variable (see Alexander, 2008, for the derivation of expression (8)). All of the 

mentioned measures are often used as guidance on how to invest funds into different 

financial assets. However, in the past literature, they were used as static measures in 

the majority cases. Next section is going to look at all of these measures on a daily 

basis because of financial market dynamics. 

 

Empirical research 
For the purpose of the empirical research, daily data on five sector indices and stock 

market index CROBEX has been collected from ZSE (2015) for the period from February 

4th 2013 to October 13th 2015. Data on 91 day Treasury bill interest rates has been 

collected from GFD (Global Financial Data, 2015) and excess returns have been 

calculated by extracting the 91 day Treasury bill interest rate from the original return 

series. Broad indices were considered as guidance for what is happening in each 

sector on the market, as previous research uses such indices as well. Moreover, a short 

time span is used because these indices are calculated since the beginning of 2013 

and no other data on them is available before that date. 

 

Table 1 Descriptive statistics of each sector 
Sector / 

statistics 
Mean Median Max. Min. 

Standard 

deviation 
Skewness Kurtosis 

Crobex -0.0002 -0.0004 0.018 -0.030 0.005 -0.118 5.002 

Industry -4.17∙10-5 5.68∙10-5 0.071 -0.100 0.013 -0.571 1.078 

Construction -0.001 -0.002 0.077 -0.099 0.017 0.160 5.694 

Food -0.0005 -0.0004 0.044 -0.043 0.008 0.272 5.933 

Transportation -9.28∙10-5 -0.0007 0.047 -0.055 0.013 0.161 3.816 

Tourism 0.001 0.001 0.079 -0.060 0.013 0.652 7.011 

Source: author’s calculation. 
 

First of all, descriptive statistics was calculated for each return series and the results 

are given in Table 1. If we observe the descriptive statistics for the entire period for 

each return series, several conclusions can be made. On average, construction sector 

had the biggest loss and tourism was the only sector with the average positive return. 

Only three sectors performed better than the stock market (industry and 

transportation, besides tourism). Most volatile sector was construction by comparing 

standard deviations, and the market as a whole was safer compared to individual 

sectors. Coefficients of skewness and kurtosis give information on the occurrence of 

extreme positive and negative returns: tourism was once again better compared to 

other sectors and the market because investors could have achieved greater above 
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average returns compared to extreme below average ones. However, the 

information given in Table 1 is only averaged. 

Before estimating models described in the previous section, unit root tests were 

performed on all return series and all returns were found to be stationary on usual levels 

of significance. DCC GARCH (1,1) has been estimated for each sector and index 

CROBEX. However, parameters 1̂  and 2̂  were found to be statistically not significant 

for industry, construction and transportation sector. That is why CCC GARCH (1,1) has 
been estimated for those three sectors. Moreover, parameter 1̂  in univariate GARCH 

(1,1) specification of transportation return was found to be negative so GARCH (0,1) 

has been estimated in that case. Detailed results from estimation are given in Table 2. 

As it can be seen, sector returns, which react mostly to market innovation shocks, are 

industry and food sector (alphas 1,ˆ
i ). Most persistent volatilities are those of 

transportation and tourism. These conclusions can be seen on Figures 1-5, which show 

conditional variances of each return series from estimated models in Table 2. This is 

useful information for portfolio risk managing when a shock occurs on the market. 

Those sectors with persistent volatility could be avoided when external shock hits the 

market. 

 

Table 2 MGARCH estimation results for each sector 
 CROBEX Industry Construction Food Transportation Tourism 

ˆ
i  -0.0002 -4.35∙10-5 -0.001* -0.001* -0.0001 0.001*** 

0,ˆ
i  1.3∙10-6 ** 3.21∙10-5 *** 6.30∙10-5 *** 6.35∙10-6 ** 2.5∙10-5 1.41∙10-5 

1,ˆ
i  0.033 *** 0.130 *** 0.111 *** 0.120 *** - 0.091 ** 

1,
ˆ

i  0.913 *** 0.685 *** 0.677 *** 0.792 *** 0.854 ** 0.824 *** 

,ˆ
i crobex  - 0.404 *** 0.275 *** - 0.274 *** - 

1,
ˆ

i  - - - 0.036 ** - 0.034 *** 

2,
ˆ

i  - - - 0.864 *** - 0.932 *** 

Log L - 4630.07 4397.68 4937.74 4564.15 4599.00 

SIC - -13.754 -13.060 -14.653 -13.577 -13.642 

HQIC - -13.791 -13.097 -14.699 -13.606 -13.687 

AIC - -13.815 -13.120 -14.728 -13.624 -13.716 

Note: ˆ
i  is the estimated value of average return, 0,ˆ

i , 1,ˆ
i  and 1,

ˆ
i  parameters in univariate GARCH 

specifications, ,ˆ
i crobex  estimated correlation coefficient for each sector and CROBEX and 1,

ˆ
i  and 2,

ˆ
i  

are estimated parameters in DCC GARCH (1,1) models. Log L stands for log likelihood, SIC, HQIC and AIC 

stand for Schwartz, Hannan-Quinn and Akaike information criteria respectively. *, ** and *** stand for 

statistical significance on 10%, 5% and 1% level respectively. Tests for multivariate autocorrelation of 

standardized returns and multivariate heteroskedasticity of standardized returns up to lag 30 have shown 

that there is no autocorrelation and no heteroskedasticity on usual levels of significance. Correlation 

coefficients of standardized residuals, covariances and covariances between squared residuals up to 

lag 30 of standardized residuals are not statistically significant. Strict positivity of variances is ensured by 

positive values of estimated parameters in univariate GARCH equations. Conditional variances are finite 

which is ensured by the condition 1, 1,
ˆˆ 1i i    in each univariate GARCH equation. 

Source: author’s calculation.  
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Figure 1 Conditional variance of construction return series 

Source: author’s calculation. 

 

 
Figure 2 Conditional variance of food return series 

Source: author’s calculation. 

 

 
Figure 3 Conditional variance of industry return series 

Source: author’s calculation. 
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Figure 4 Conditional variance of tourism return series 

Source: author’s calculation. 

 

 
Figure 5 Conditional variance of transportation return series 

Source: author’s calculation. 

 

Estimated results can now be used to calculate time varying performance 

measures for each sector return. First of all, CAPM betas have been calculated as 

ratios given in (3) and are shown on Figures 6-10. It can be seen that industry and 

construction betas are most volatile in the observed period, which could attract 

aggressive investors. On the other hand, transportation and food betas show that 

these sectors were more attractive for conservative investors. 



  

 

 

35 

Croatian Review of Economic, Business and Social Statistics (CREBSS) Vol. 1, No. 1-2, 2015 

 
Figure 6 Time varying CAPM beta for construction sector 

Source: author’s calculation. 

 

 
Figure 7 Time varying CAPM beta for food sector 

Source: author’s calculation. 

 

 
Figure 8 Time varying CAPM beta for industry sector 

Source: author’s calculation. 
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Figure 9 Time varying CAPM beta for tourism sector 

Source: author’s calculation. 

 

 
Figure 10 Time varying CAPM beta for tourism sector 

Source: author’s calculation. 

 

Next, other performance measures given in (4)-(8) have been calculated in order 

to compare five sectors and descriptive statistics for each measure is summarized in 

Table 2. First of all, the Sharpe ratio indicates that on average, tourism sector had the 

biggest standardized return, which means that this sector achieved the biggest return 

on equal level or risk compared to others. Greatest standardized return could have 

been achieved in construction sector (which is not surprising due to its aggressiveness) 

and transportation sector provided minimal loss (again, not surprising because it was 

found to be conservative). RAPA measure gives us similar conclusions, since it is 

calculated by using the Sharpe ratio. However, it considers sector's relative riskiness to 

stock market risk and in that way, it is more comparable among sectors. By observing 

sector alphas, tourism is again the best performing sector, whilst the most of benefits 

could have been achieved in construction sector in good times (positive alpha) and 

food sector in bad times (realizing smaller losses with least negative alpha). The Treynor 

ratio takes into account systematic risk compared to Sharpe ratio. That is why 

conclusions for best and worst sector differ. Since food sector was found to be 
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conservative, it is not surprising that looking at Value at Risk, it provided the least loss 

for potential investors. 

Overall, looking at sectors, which performed worst, construction and industry, had 

such performance that although investors could benefit from them in good times, they 

could achieve great losses as well. This is not surprising due to the results from MGARCH 

models in which it was found that these sectors are most aggressive ones. Ones that 

are more conservative were food, tourism and transportation. This is in accordance 

with conclusions given in Škrinjarić (2015). Inclusive, the analysis based upon Table 3 

can provide useful guidance on a daily basis in order to minimize risks and to achieve 

above average returns. 

 

Table 3 Descriptive statistics of performance measures 
Measure Statistics Construction Food Industry Tourism Transportation 

Sharpe 

ratio 

Mean -0.075 -0.058 -0.003 0.114 -0.006 

Maximum 4.370 4.126 4.291 4.120 3.563 

Minimum -5.521 -5.482 -8.731 -6.101 -4.088 

Alpha 

Mean -0.001 
-

0.0004 
0.0002 0.002 7.03∙10-5 

Maximum 0.079 0.037 0.0634 0.076 0.046 

Minimum -0.092 -0.029 -0.096 -0.051 -0.038 

Rapa 

Mean -0.0004 
-

0.0003 
4.35∙10-5 0.0007 1.87∙10-5 

Maximum 0.021 0.029 0.022 0.028 0.019 

Minimum -0.027 -0.024 -0.039 -0.027 -0.018 

Treynor 

Mean -0.001 -0.001 0.0001 0.0006 8.41∙10-5 

Maximum 0.075 0.090 0.055 0.456 0.069 

Minimum -0.099 -0.089 -0.097 -0.570 -0.065 

VaR 
Mean -0.029 -0.014 -0.021 -0.019 -0.021 

Maximal loss -0.128 -0.056 -0.119 -0.091 -0.077 

Note: bolded numbers indicate the best sector and italic ones indicate the worst sector. 

Source: author’s calculation. 

 

Furthermore, a couple of portfolios have been simulated in order to compare their 

performances based upon the results from MGARCH methodology. Return on CROBEX 

is used as a representative of market return in order to have a benchmark to compare 

MGARCH portfolios. Average portfolio is used as a benchmark as well as a simple 

trading strategy. In that way, CROBEX and average portfolio represent trading 

strategies in which investors do not take into account the dynamics in return and 

volatilities. Three portfolios have been simulated based upon the results in Table 1: 

aggressive one, in which investor holds two aggressive indices: industry and 

construction, conservative one, in which investor holds tourism, food and 

transportation sectors; and the beta based portfolio in which investor holds the index 

with the greatest beta when the market is bullish and when the market is bearish, he 

holds the index with the smallest beta. All performance measures, which have been 

calculated for each sector return, have been calculated for portfolios as well, and are 

given in Table 4. By looking at the results, it seems that the conservative portfolio 

outperformed others based upon almost all measures (beta and VaR are exceptions). 

The worst portfolio was the aggressive one. Moreover, majority of the portfolios 

outperform the stock market return as well. However, these results are only averaged, 

so another comparison has been made, by making a distinction of the market on 

bearish and bullish. The results are given in Table 5 and Table 6. 
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Table 4 Average performance of simulated portfolios 

 
Portfolio 

Average Aggressive Conservative Beta based CROBEX 

Return -0.0001 -0.0006 0.0003 0.0002 -0.0002 

Beta 0.7474 0.9809 0.5918 0.7317 1.0000 

Sharpe -0.0052 -0.0380 0.0167 -0.0201 -0.0468 

RAPA 0.0000 -0.0002 0.0001 0.0000 - 

Treynor -0.0003 -0.0006 -0.0001 -0.0026 - 

VaR -0.0210 -0.0251 -0.0183 -0.0227 -0.0086 

Alpha 0.0001 -0.0004 0.0004 -0.0002 0.0000 

Note: bolded numbers indicate the best sector and italic ones indicate the worst sector. 

Source: author’s calculation. 

 

Table 5 Performance of simulated portfolios in bear market 

 
Portfolio 

Average Aggressive Conservative Beta based CROBEX 

Return -0.0029 -0.0015 -0.0004 -0.0026 -0.0039 

Beta 0.7525 0.9848 0.5977 0.4092 1.0000 

Sharpe -0.0649 -0.0982 -0.0427 -1.1023 -0.7701 

RAPA -0.0003 -0.0005 -0.0002 -0.0056 - 

Treynor -0.0017 -0.0017 -0.0017 -0.0262 - 

VaR -0.0218 -0.0260 -0.0190 -0.0389 -0.0122 

Alpha -0.0003 -0.0009 0.0001 -0.0140 0.0000 

Note: bolded numbers indicate the best sector and italic ones indicate the worst sector. 

Source: author’s calculation. 

 

Table 6 Performance of simulated portfolios in bull market 

 
Portfolio 

Average Aggressive Conservative Beta based CROBEX 

Return 0.0031 0.0004 0.0011 0.0034 0.0040 

Beta 0.7417 0.9765 0.5852 1.0909 1.0000 

Sharpe 0.0614 0.0290 0.0830 1.1853 0.7616 

RAPA 0.0004 0.0002 0.0005 0.0062 - 

Treynor 0.0012 0.0005 0.0017 0.0238 - 

VaR -0.0202 -0.0242 -0.0175 -0.0047 -0.0045 

Alpha 0.0005 0.0001 0.0008 0.0152 0.0000 

Note: bolded numbers indicate the best sector and italic ones indicate the worst sector. 

Source: author’s calculation. 

 

Bear market is in line when stock market returns are negative, and opposite is valid 

for the bull market. If we want to know if a portfolio is superior to others on the market, 

we should look at its performance when the market is falling or rising. As it can be seen 

in Table 5 and Table 6, conservative portfolio outperforms others when the market is 

bearish, while beta based portfolio is best when the market is bullish. Overall, 

aggressive portfolio is showing the worst results. This means that in the observed period, 

on the Croatian capital market when the market was falling, it was better to be 

conservative in order to lose less compared to others. Moreover, it was favorable to 

base the portfolio upon time varying betas in order to gain the most. These strategies 

outperformed the market return and the average portfolio return in the whole 

observed period. Thus, results indicate that using output from MGARCH methodology 

is very helpful and useful when forming trading strategies on stock markets. In that way, 

(potential) investors could benefit by achieving greater returns compared to the 

market return and other trading strategies, which do not take time varying 
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performance measures into account. Moreover, they could manage risks more 

efficiently by using information from time varying risk measures.  

Investors are advised to use return and risk measures on a daily basis, by applying 

MGARCH methodology. In that way, they could achieve better returns compared to 

the market return and other trading strategies. Moreover, they could manage 

portfolio risk in a better way compared to trading strategies, which do not consider 

MGARCH methodology. 

 

Conclusions 
This paper deals with questions regarding successful portfolio formation in terms of 

good returns and managing risks. Previous literature showed that financial asset’s 

returns and volatilities could be successfully modeled by using MGARCH 

methodology. However, there exists scarcity of papers, which utilize the results from 

this methodology in order to form trading strategies with portfolios, which could beat 

the market. This paper is an attempt to do such analysis. In that way, performance 

and risk measures have been calculated on a daily basis in order to rank sector indices 

on Zagreb Stock Exchange. Based upon the results from dynamic returns and 

volatilities, indices were classified as aggressive or conservative. Moreover, a couple 

of portfolios have been constructed and trading strategies have been simulated in 

order to compare their performances. The results indicate that using information from 

dynamics of MGARCH models is useful when forming trading strategies. Portfolios 

formed based upon the output from this methodology have outperformed the market 

as a whole, as well as average portfolios, in terms of return and risk. Thus, using this 

methodology could enhance portfolio selection and enable investor to achieve 

better results compared to trading strategies, which do not take into account 

mentioned dynamics. However, there were some pitfalls in this study. A relatively short 

time span was considered because sector indices are measured since 2013 in Croatia. 

Moreover, only broad indices have been observed. Investors are interested in specific 

stocks and future research is going to include assets that are more specific. 

Furthermore, analysis was performed with the assumption of no transaction costs, 

which could be very high on illiquid markets. That is why future work is going to include 

this problem as well. However, the preliminary analysis done in this paper is in 

accordance with previous literature on this topic, which provides us a good starting 

point for further research. 
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Abstract 
The average expected duration of human life is rising because of different reasons. 

On the other hand, not only the duration, but the quality of life level is important, too. 

The higher the quality of life level, the citizens’ happiness and satisfaction levels are 

higher, which has positive impact on the development and operating of an economy. 

The goal of this paper is to identify groups of European countries, using statistical 

hierarchical cluster analysis, by using the quality of life indicators, and to recognise 

differences in quality of life levels. The quality of life is measured by using seven 

different indicators. The conducted statistical hierarchical cluster analysis is based on 

the Ward’s clustering method, and squared Euclidean distances. The results of 

conducted statistical hierarchical cluster analysis enabled recognizing of three 

different groups of European countries: old European Union member states, new 

European Union members, and non-European Union member states. The analysis has 

revealed that the old European Union member states seem to have in average higher 

quality of life level than the new European Union member states. Furthermore, the 

European Union member states have in average higher quality of live level than non-

European Union members do. The results indicate that quality of life levels and 

economic development levels are connected. 
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Introduction 
The quality of life variables started to be officially observed in the sixties and early 

seventies of the 20th century (Noll, 2004). Since then many scientist at different 

institutions have been observing the quality of life level using variety of different 

indicators. Usage of many indicators to describe one composite phenomenon, such 

as the quality of life, illustrates the complexity and issues in setting unique definition of 

what quality of life is. This problem is present at both, countries and local levels, too 

(Greenwood, 2001). 

According to Diener and Suh (1997), researchers usually used social indicators, 

subjective well-being measures and economic indices to define and measure quality 

of life. These indicators are based on three different philosophical approaches and 
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because of that, each group of indicators has information that is not contained in 

another one. The first approach describes characteristics of the quality life that are 

dictated by normative ideals, the second approach is based on the satisfaction of 

preferences, whereas the third approach takes into account of the experience of 

individuals (Constanza et al., 2007). Of course, each group of indicators has some 

strengths and weaknesses. Due to use of different approaches, the comparability of 

quality of life levels between them is very low. 

Eurostat is monitoring the quality of life using nine following “dimensions” such as: 

material living conditions; productive or main activity; health; education; leisure and 

social interactions; economic and physical safety; governance and basic rights; 

natural and living environment; and overall experience of life (Eurostat, 2015). Each of 

these “dimensions” is consisted of selected relevant statistical indicators. On the other 

side, OECD describes the quality of life as the set of non-monetary attributes of 

individuals, their opportunities and life chances. Furthermore, according to OECD the 

quality of life has intrinsic value under different cultures and contexts (OECD, 2011). 

OECD observes quality of life using 11 “dimensions”: housing; income and wealth; jobs 

and earnings; social connections; education and skills; environmental quality; civic 

engagement and government; health status; subjective well-being; personal security; 

and work and life. 

As opposite to Eurostat and OECD, Economist Intelligence Unit uses only nine 

indicators to describe the quality of life: material wellbeing; health; political stability 

and security; family life; community life; climate and geography; job security; political 

freedom; and gender equality (Economist Intelligence Unit, 2004). For the sake of 

standardization and increased comparability, the simpler approach to quality of life 

by using smaller number of carefully selected indicators instead of using many of them 

is preferred (Tonon, 2015). Therefore, in this paper only seven carefully selected 

underived quality of life indicators are used. 

In the quality of life analysis, the method of statistical clustering is often used. Krupka 

et al. (2013) observed quality of life problem in 17 member states of European 

Monetary Union. By using cluster analysis, they have recognized countries with high, 

average and low standards of living. Grein, Sethi and Tatum (2010) used cluster 

analysis in order to reduce the complexity and to explore relationships between 

countries. In the research, except quality of life variables, they used economic, 

technological, cultural and demographic variables, also. Hirschberg, Maasoumi, and 

Slottje (1991) used different statistical cluster analysis methods to explore different ways 

and levels for clustering of 23 diverse variables, which can be used to describe quality 

of life in a country. The conclusions from that study the same authors, Hirschberg, 

Maasoumi, and Slottje (2001) observed quality of life in the United States of America 

by using statistical clustering approach, too. The statistical clustering is especially often 

applied when quality of life is observed in the health research (Nagel et al., 2001, 

Hayashi et al., 2011, Pakran, Riyaz, Nandakumar, 2011). 

The aim of this paper is to inspect quality of life levels in European countries and to 

compare the achieved quality of life levels between the observed countries. The 

European Union is thought to be union of high-developed countries because of strict 

criteria, which a country must fulfil in order to join the union (see i.e. European 

Commission, 2015). Furthermore, the European Union member states are often divided 

on the “old”, which joined the European Union before 2000, and on the “new” ones, 

which joined the European Union after the 2000 (Toshkov et al., 2014). So, the research 

question is, are there some differences in quality of life levels between the old and the 

new European Union member states or not. In addition, it is a question, are there some 

differences in quality of life levels when the European Union member states and other 
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European countries, which are outside of the European Union, are compared. 

Consequently, the following research hypotheses are formed:  

H1… The old European Union member states have in average higher quality of life 

level than the new European Union member states. 

H2… The European Union member states have in average higher quality of live level 

than non-European Union member states.  

After brief introduction, data and methods used are described in the chapter 2. In 

the chapter 3, descriptive analysis and outlier detection of seven selected quality of 

life indicators are conducted. According to selected quality of life indicators, 34 

European countries are clustered using statistical hierarchical cluster analysis in the 

chapter 4. The comparison of quality of life levels between old, new and non-

European Union member states is conducted.  

 

Data and methods 
The quality of life should be examined by observing different variables that cover all 

aspects of life, having significant impact on its quality. Therefore, here are allocated 

overall seven variables or quality of life indicators, and these are: the Purchasing Power 

Index, the Safety Index, the Health Care Index, the Consumer Price Index, the Property 

Price to Income Ratio, the Traffic Commute Time Index, and the Pollution Index. All 

selected variables are objective quality of life indicators, which should ensure high 

comparability in the future studies (Noll, 2004, Georgiou, Hancock, 2009). In order to 

select the variables the European Union, the results of Survey on Income and Living 

Conditions (EU-SILC) was studied (Insee, 2010). Since only objective quality of life 

indicators were selected, the following four objective quality of life areas were 

covered: living conditions, economic strain, health, and working conditions. In 

comparison to EU-SILC, the following three subjective quality of life areas were not 

covered: social networks, social participation, and education (Smedt, 2015). In Table 

1, the list of selected quality of life indicators according covered quality of life areas is 

given. Despite of the small number of included quality of life indicators, and omitting 

of subjective quality of life indicators, it is believed that selected variables together will 

ensure a quite good quality of life level estimation in a country.  

 

Table 1 Selected quality of life indicators and quality of life areas, which they cover 
Selected quality of life 

indicators 

Covered quality of life 

areas 

Purchasing Power Index Economic strain 

Safety Index Living conditions 

Health Care Index Health 

Consumer Price Index Economic strain 

Property Price to Income Ratio Living conditions 

Traffic Commute Time Index Working conditions 

Pollution Index Health 

Source: author. 

 

The Purchasing Power Index gives relative purchasing power of goods and services 

of residents in a country for the average wage in that city. Originally, this measure is 

given at the city level. Therefore, the used base for indices values comparisons is New 

York City (Numbeo, 2015a).  

The Safety Index is an estimation of overall level of safety in a given country. The 

Safety Index is standardized on scale from 0 to 100. If the Safety Index is closer to 0, the 
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residents consider their country very unsafe. On the other side, the high Safety Index 

values show that observed country is considered to be very safe (Numbeo, 2015b).  

The Health Care Index shows the overall quality level of the whole health care 

systems in a country. The Health Care Index is also standardized into the [0,100] 

interval. The closer the value of the Health Care Index to 100, the higher the health 

care system quality level by residents is considered (Numbeo, 2015c).  

The Consumer Price Index is a relative indicator of consumer goods price. It includes 

groceries, restaurants, transportation and utilities, but does not include 

accommodation expenses. As the Purchasing Power Index, the Consumer Price Index 

values are also compared to the New York City (Numbeo, 2015a).  

The Price to Income Ratio measures the apartment purchase affordability in a 

country. It takes into account net disposable family income, which is estimated as one 

and half of an average net salary. In addition, it is assumed that the size of an 

apartment is 90 square meters, which price per square meter is defined as an average 

of the apartment price in the city centre and outside of the city centre (Numbeo, 

2015e).  

The Traffic Commute Time Index shows average one-way time needed commuters 

to travel from home to the job, or vice versa. The Traffic Commute Time Index is 

expressed in minutes (Numbeo, 2015f).  

The Pollution Index is used to estimate the overall pollution in a country. The Pollution 

Index includes many pollution types, but the highest weights are given to air and water 

pollution. Because of easier interpretation, the Pollution Index can have values from 0 

to 100. The lower the Pollution Index value, the lower the pollution level is considered 

(Numbeo, 2015d). 

The data for all seven observed quality of life indicators are collected for overall 34 

European countries in 2015 (Numbeo, 2015g). The research includes 14 old European 

Union member states (Austria, Belgium, Denmark, Finland, France, Germany, Greece, 

Ireland, Italy, Netherlands, Portugal, Spain, Sweden, the United Kingdom), 11 new 

European Union member states (Bulgaria, Croatia, the Czech Republic, Estonia, 

Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, Slovenia), and 9 European 

countries which are not European Union members (Belarus, Bosnia and Herzegovina, 

the Former Yugoslav Republic of Macedonia (FYROM), Moldova, Norway, Russia, 

Serbia, Switzerland, Ukraine). Firstly conducted, descriptive statistical analysis includes 

outliers detection.  

According to Jain (2010), the cluster analysis is the formal study of methods and 

procedures for grouping the objects according to measured intrinsic characteristics 

or similarity. In this paper, the hierarchical clustering is applied. In the agglomerative 

hierarchical procedure, all objects are initially put in separate clusters. According to 

difference size between objects, in the next step(s), they are joined into the new 

cluster. In the final step, all the objects are in the same cluster. In clustering the Ward’s 

method and the squared Euclidean distances are used (Everitt, Landau, Leese, 2001). 

After that, the clusters means for each observed variable are calculated with a 

purpose of comparing the quality of life levels between clusters. 

 

 

Descriptive and outlier analysis of selected quality of life 

indicators 
Each quality of life indicator is focused on only one, often very narrow, quality of area. 

Consequently, different quality of life indicators lead to different ranking of countries. 

In other words, using one quality of life indicator a country could be very good placed, 
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and it can be stated that residents in this country have high quality of life level. On the 

other hand, another quality of life indicator value could lead to conclusion that the 

same country has low quality of life level. In Table 2, top five European countries with 

the highest achieved quality of life level according to seven selected quality of life 

indicators in 2015 are listed. 

 

Table 2 Top five European countries with the highest quality of life level according to 

selected quality of life indicators in 2015 

Variable / Indicator Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 

Purchasing Power Index Switzerla. Germany Sweden Denmark Austria 

Safety Index Denmark Austria Switzerla. Estonia Germany 

Health Care Index France Denmark Austria Belgium Sweden 

Consumer Price Index Moldova FYROM Ukraine BIH Romania 

Property Price to Income Ratio Denmark Ireland Netherla. Belgium Germany 

Traffic Commute Time Index Slovenia BIH Estonia Latvia Moldova 

Pollution Index Finland Sweden Estonia Norway Switzerla. 

Source: author. 

 

Country rankings, given in Table 1, confirmed that each quality of life indicator 

different ranks countries according their quality of life level. Still, it can be noticed that 

some countries are appearing more often in the top five ranking than the others. The 

most number of ranking in top five European countries according to the quality of life 

indicators has Denmark, which appeared there four times. Austria, Estonia, Germany, 

Sweden and Switzerland have been ranked three times in the top five European 

countries according to observed quality of life indicators. 

 

Table 3 Top five European countries with the lowest quality of life level according to 

selected quality of life indicators in 2015 
Variable / Indicator Rank 1 Rank 2 Rank 3 Rank 4 Rank 5 

Purchasing Power Index Moldova Ukraine FYROM Belarus Russia 

Safety Index Russia France Moldova Ukraine Ireland 

Health Care Index FYROM Ukraine Belarus Romania Ireland 

Consumer Price Index Switzerla. Norway Denmark UK Ireland 

Property Price to Income Ratio Ukraine Moldova Serbia Belarus FYROM 

Traffic Commute Time Index Russia Ukraine Italy Netherla. Poland 

Pollution Index FYROM Russia Ukraine Bulgaria BIH 

Source: author. 

 

According to Table 2, the top five positions are mostly occupied from the Northern 

and Western European countries. On the other hand, Table 3 reveals that the last five 

positions, according to values of selected quality of life indicators in 2015, are usually 

held by the Eastern European countries. At six of seven observed quality of life 

indicators Ukraine was placed on one of five last positions. According to observed 

quality of life indicators, the values for Russia and the Former Yugoslav Republic of 

Macedonia (FYROM) were placed four times at one of five last positions. It has to be 

emphasized that in Table 2 the countries are ranked from the highest quality of life 

level to the lower one. In Table 3, countries are ranked from the lowest quality of life 

level to the higher one. 
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Table 4 Basic descriptive statistics of selected quality of life indicators in 2015, n=34 

European countries 

Variable / Indicator 

Statistics 

Mean 
Stand. 

dev. 

Coeff. 

of var. 

Media

n 
Min Max 

Purchasing Power Index 68.70 30.42 44.28 60.86 23.70 146.51 

Safety Index 62.73 7.95 12.67 64.05 48.67 74.29 

Health Care Index 62.63 12.02 19.19 65.70 35.12 82.58 

Consumer Price Index 66.98 23.40 34.94 61.56 34.72 126.03 

Property Price to Income Ratio 10.55 3.39 32.18 9.69 5.02 17.38 

Traffic Commute Time Index 30.07 5.39 17.91 30.45 18.82 47.08 

Pollution Index 42.57 16.60 39.00 44.15 14.91 82.31 

Source: author. 

 

Table 4 shows basic descriptive statistics results for each of seven observed quality 

of life indicators in 34 European countries in 2015. The coefficient of variation for the 

Purchasing Power Index shows the highest differences in quality of life among the 

observed countries. High level of data variation is also present at Pollution Index, 

Consumer Price Index and at Property Price to Income Ratio. 

Observed quality of life indicators use different metrics and are given in different 

measures. Because of that, the direct comparison between the quality of life 

indicators cannot be done. Therefore, all data at each quality of life indicator are 

standardized. Figure 1 shows the multiple Box-Plot based on respected z-scores.  

 

 

 
Figure 1 Box-Plots of selected quality of life indicators, standardized values, in 2015, 

n=34 European countries 
Source: author. 

 

Box-Plots, given in Figure 1, have shown that there only one data can be considered 

as an outlier. According to the Traffic Commute Time Index commuters in Russia in 
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average spent 47.08 minutes in one way commuting. That is 3.16 standard deviations 

more than the average one way commuting time is in observed 34 European 

countries. This result suggests that Russia should be omitted from the further analysis. 

Still, it has been estimated that this outlier should not have serious impact on the results 

of the further analysis. Because of that, it has been decided not to omit Russia. 

 

Hierarchical cluster analysis of selected European 

countries using selected quality of life indicators 
In order to group countries according to theirs quality of life levels, the statistical 

hierarchical cluster analysis approach is used. The analysis was performed using the 

standardized values of all seven observed quality of life indicators, the Ward’s linkage, 

and the squared Euclidean distances.  

The dendrogram of conducted hierarchical cluster analysis is shown in Figure 2, 

whereas the members list of each cluster is given in Table 5.  

 

 

 
Figure 2 Dendrogram of 34 European countries clustered according to seven 

selected quality of life indicators, standardized values, in 2015, Ward’s clustering 

method, and squared Euclidean distances 
Source: author. 

 

  



  

 

 

49 

Croatian Review of Economic, Business and Social Statistics (CREBSS) Vol. 1, No. 1-2, 2015 

Table 5 Classification of 34 European countries according to selected quality of life 

indicators, standardized values, in 2015, Ward’s clustering method, and squared 

Euclidean distances 
Cluster A – old EU 

members (13 countries) 

Cluster B – new EU members 

(13 countries) 

Cluster C – other countries 

(8 countries) 

Austria, Belgium, Denmark, 

Finland, France, Germany, 

Ireland, Italy, Netherlands, 

Norway*, Sweden, 

Switzerland*, United 

Kingdom 

Bulgaria, Croatia, Czech 

Republic, Estonia, Greece*, 

Hungary, Latvia, Lithuania, 

Poland, Portugal*, Slovakia, 

Slovenia, Spain* 

Belarus, Bosnia and 

Herzegovina, FYROM, 

Moldova, Romania*, 

Russia, Serbia, Ukraine 

Notice: with * are marked countries which, according to defined classification of countries in 

Chapter 2, should be in another cluster. 

Source: author. 

 

If the linkage distances are observed, according to the dendrogram in Figure 2, 

three main clusters can be recognized. Furthermore, the solution with three clusters is 

chosen because of an intuitive interpretation of clusters. In that way differences 

between clusters with high quality of life level countries, medium quality of life level 

countries, and low quality of life level countries are recognised. However, it is not 

known which cluster contains countries with the highest quality of life level, and which 

one with the lowest quality of life. Because of that, the quality of life indicators means 

for countries in each cluster are calculated, as shown in Table 6. 

 

Table 6 Means of selected quality of life indicators for countries in each cluster, 

unstandardized data, in 2015 

Variable / Indicator 
Cluster A Cluster B Cluster C 

Mean Rank Mean Rank Mean Rank 

Purchasing Power Index 102.39 1 55.27 2 35.78 3 

Safety Index 63.40 2 64.96 1 58.01 3 

Health Care Index 72.12 1 62.29 2 47.76 3 

Consumer Price Index 92.27 3 55.73 2 44.19 1 

Property Price to Income Ratio 7.79 1 10.39 2 15.27 3 

Traffic Commute Time Index 29.93 2 29.04 1 31.98 3 

Pollution Index 32.79 1 40.62 2 61.62 3 

Source: author. 

 

The three separated clusters of countries are labelled as clusters A, B and C. If the 

clusters means are observed, countries in cluster A are, according to quality of life 

level, ranked on the first place at four observed quality of life indicators. The countries 

in cluster A have in average the highest consumer prices (according to Consumer 

Price Index). Also, these countries have a little bit less safer environment and a little bit 

longer average commuting one way time than the countries in cluster B (according 

to Traffic Commute Time Index). Nevertheless, in general, it could be concluded that 

countries in cluster A have the highest quality of life level in compare to countries in 

other two clusters. From 13 countries in this cluster, there are 11 old European Union 

member states whereas two countries are not the European Union members. Because 

of that, it has been concluded that this cluster is representing old European Union 

member states, and so, it will be observed in the further analysis. 

If the Traffic Commute Time Index is observed, it can be concluded that countries 

in cluster B have the lowest average commuting one-way time. Furthermore, the 

safety level in average is the highest in countries that are in cluster B. At all other 

observed quality of life indicators, countries in cluster B are placed on the second 
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place. Consequently, it can be concluded that countries in cluster B have medium 

quality of life level. Cluster B is consisted, in vast majority, of 10 the new European Union 

member states. In Cluster B there are three old European Union member states also. 

Consequently, this cluster is going to represent this group of countries in the further 

analysis.  

Obviously, countries in cluster C have the lowest quality of life level in comparison 

to countries in previous two clusters. The only thing, which is positive in countries in 

cluster C, is that, according to Consumer Price Index, they have in average the lowest 

consumer prices. The cluster C includes seven countries, which are not the European 

Union member states, and one country, which is the new European Union member 

state. Because of that, it has been decided that this cluster is going to represent the 

group of countries, which are not European Union member states (yet). 

According to conducted ranking, which is provided in Table 6, it can be concluded 

that the old European Union member states have in average higher quality of live level 

than the new European Union member states. Furthermore, it can be said that the 

European Union member states have in average higher quality of live level than non-

European Union member states is true statement. Regarding given results it can be 

concluded that both research hypotheses could be accepted. However, in order to 

make conclusions, some additional analyses must be conducted and presented in 

the following chapter. 

 

Comparison of attained quality of life level between 

clusters of selected European countries 
The conducted statistical hierarchical cluster analysis grouped countries into the 

clusters and enabled making some initial ranking of countries according to their 

quality of life level. In order to determine if there are statistically significant differences 

for given average values of identified clusters, the ANOVA analysis was conducted 

(Table 7). 

 

Table 7 One-way analysis of variance based on clusters means of selected quality of 

life indicators, degrees of freedom for numerator 2 and for denominator 31 

Variable / Indicator 
Means 

F-ratio p-value 
Cluster A Cluster B Cluster C 

Purchasing Power Index 102.39 55.27 35.78 83.649 0.0000 

Safety Index 63.40 64.96 58.01 2.098 0.1398 

Health Care Index 72.12 62.29 47.76 24.990 0.0000 

Consumer Price Index 92.27 55.73 44.19 55.318 0.0000 

Property Price to Income Ratio 7.79 10.39 15.27 41.877 0.0000 

Traffic Commute Time Index 29.93 29.04 31.98 0.735 0.4877 

Pollution Index 32.79 40.62 61.62 13.266 0.0000 

Source: author. 

 

In one-way analysis of variance tests under the null hypothesis it is assumed that all 

sample means are equal whereas under the alternative hypothesis it is assumed that 

there is at least one sample mean which is statistically significant different than the 

others (Field, 2009). Under the null hypothesis here, it is assumed that all cluster means 

are equal observing each quality of life indicator separately.  

According to the results of one-way analysis of variance, at significance level of 5%, 

it can be concluded that there is no statistically significant difference in means 

between clusters when the Safety Index and the Traffic Commute Time Index 

respectively are observed. At all other quality of life indicators, at significance level of 
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5%, there is at least one cluster mean, which is significantly different than are the other 

means. 

The conducted one-way analysis of variance has shown statistically significant 

differences in quality of life level at five from seven quality of life indicators. The 

problem is that the one-way analysis of variance cannot show which means are 

different. Consequently, the clusters cannot be ranked according to their quality of 

life level. Because of that additionally have 95% confidence intervals for means for 

each cluster and observed quality of life indicators constructed and shown in Table 8.  

 

Table 8 Confidence intervals for means for selected quality of life indicators in 

European countries grouped into the three clusters, confidence level 95%, in 2015 

Variable / Indicator 

Cluster A Cluster B Cluster C 

Lower 

limit 

Upper 

limit 

Lower 

limit 

Upper 

limit 

Lower 

limit 

Upper 

limit 

Purchasing Power Index 95.37 109.41 48.25 62.29 26.83 44.73 

Safety Index 59.05 67.75 60.60 69.31 52.46 63.56 

Health Care Index 67.78 76.46 57.95 66.63 42.22 53.29 

Consumer Price Index 85.88 98.66 49.34 62.12 36.04 52.33 

Property Price to Income Ratio 6.76 8.82 9.36 11.42 13.96 16.58 

Traffic Commute Time Index 26.85 33.00 25.96 32.11 28.06 35.90 

Pollution Index 25.68 39.91 33.51 47.74 52.55 70.69 

Source: author. 

 

The calculated 95% confidence intervals for clusters means are mutually 

compared. If the 95% confidence intervals for cluster means at certain variable are 

overlapping, it has been concluded that there is no statistically significant difference 

in means between these clusters at that variable. The one-way analysis of variance 

results are confirmed by overlapping means of all three clusters at the Safety Index 

and the Traffic Commute Time Index. The 95% confidence intervals for clusters means 

are not overlapped at the Purchasing Power Index, the Health Care Index, and the 

Property Price to Income Ratio. At the Consumer Price Index, 95% confidence intervals 

of means at clusters B and C are overlapped, whereas at the Pollution Index 95% 

confidence intervals of means at clusters A and B are overlapped. 

In order to make final conclusion about the first research hypothesis 95% 

confidence intervals of means at clusters A, in which are the old European Union 

member states, and B, in which are the new European Union member states, are 

compared. At the Safety Index, the Traffic Commute Time Index, and the Pollution 

Index 95% confidence intervals of means at clusters A and B are overlapped. These 

results suggest that there is no statistically significant difference in quality of life level 

when those quality of life indicators are observed. At the Purchasing Power Index, the 

Health Care Index, and the Property Price to Income the 95% confidence intervals of 

means have shown statistically significant higher quality of life level in cluster A in 

compare to the cluster B. On the other hand, the 95% confidence intervals of means 

at the Consumer Price Index favours more cluster B than cluster A. All in overall, it can 

be concluded that the old European Union member states have in average higher 

quality of live level than the new European Union member states. In other words, the 

first research hypothesis has been accepted. 

The second research hypothesis is going to be inspected by comparing 95% 

confidence intervals of means of clusters A and B, in which there are European Union 

member states, with cluster C, which represents non-European Union member states. 

Like before, it was seen, at the Safety Index and the Traffic Commute Time Index 95% 

confidence intervals of means of all clusters are overlapping. Therefore, there is no 
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statistically significant difference in quality of life levels in European Union member 

states and non-European Union member states if only those two quality of life 

indicators are observed. The Consumer Price Index 95% confidence intervals of means 

show that the quality of life level is higher in non-European Union member states than 

in European Union member states. However, the remaining quality of life indicators 

show that the quality of life level is higher in European Union member states than in 

non-European Union member states. Consequently, the second research hypothesis 

is accepted, which means that the European Union member states have in average 

higher quality of live level than non-European Union member states. 

 

Conclusions 
From their beginnings, people are striving to achieve higher quality of life level. 

Unfortunately, the differences in quality of life levels are dramatically high when 

countries around the Globe are compared. It is not necessary to make global 

comparison to see the huge differences. The problem of unequal quality of life level is 

also obvious when only European countries are observed.  

The quality of life level could be measured by using different data and different 

analysis approaches: firstly, by using many different variables in order to group them 

and get meaningful units, and then making conclusions about the achieved quality 

of life levels, and secondly, by using of parsimony approach, with carefully selected 

variables, which can successfully describe the quality of life in a country, too.  

In this paper, the second approach was applied and therefore seven quality of life 

indicators were used to determine quality of life levels in 34 European countries. These 

research settings are different from previous research, and, because of that, direct 

comparison of results is not possible. Using hierarchical cluster analysis three clusters of 

countries were recognized: the old European Union member states, the new European 

Union member states, and the non-European Union member states. Conducted one-

way analysis of variance and confidence intervals of mean have shown that in 

average the highest quality of life level is in the old European Union member states. 

On the other hand, in average the lowest quality of life level came out to be in non-

European Union member states.  

In this paper, only selected 34 European countries were observed. Because of that 

in the further research, all European countries should be included in the analysis. 

Another limitation of the research is that only data for 2015 are used. In order to get 

better insight into the quality of life levels, it is recommended to observe theirs 

developments in European countries through the time for, at least, ten consecutive 

years. The main limitation of the paper is the restricted selection of the quality of life 

indicators. The subjective quality of life indicators should be taken into account in the 

further research, too. 
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