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Focus, Goal and Scope 
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, available in printed 

(print ISSN 1849-8531) and electronic (online ISSN 2459-5616) versions. The online version is 

available at the publisher De Gruyter Open website: https://www.degruyter.com/view/j/crebss. 

 

Why subscribe and read 
Croatian Review of Economic, Business and Social Statistics (CREBSS) is a scientific journal that 

promotes both, statistical science and profession, theory and applications. It focuses 

statistical methods developed and applied in economy, business processes and social 

sciences in a very broad meaning. It targets a very wide audience of statisticians, whether 

they are scientists, professionals, educators or students, influencing modern economy, 

business and society. 

Why submit 
The CREBSS journal is a good opportunity for publication of research focusing either on 

statistical theory or on statistical methods applications in economics, business and social 

issues. Areas such as finance and commerce, management, marketing, and also in 

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, sports, leisure, ICT 

and quality issues are welcome. Statistical data collection, processing, compilation, 

dissemination, and data exploration and analysis, with organizations, regions, countries, or 

persons as possible units or levels of the analysis, all might be of interest. Since any interesting 

topic and applications of statistics are welcome, there are no restrictions to subject matters. 

Papers emphasising current concerns regarding statistical theory 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 special interest. It is 

expected that papers are methodologically well sounded, and that real life problems are 

treated, showing novel solutions. 

Our policy is to give feedback to authors as fast as possible. After receiving the paper that is 

prepared according to Author instructions, editorial board will inform the author on 

appropriateness of the paper to the journal within two weeks. The first reviews will be 

delivered within two months, as the latest. Reviews provided are thorough and give to 

author/s clear directions on how to improve the paper. 

Description 
The goal of the CREBSS journal is to demonstrate how statistical science, research design and 

analysis methods play important roles in economy, business and society. The journal targets 

the current issues regarding the official statistics data production, and discusses the broad 

variety of applied statistical problems that might be outcomes of scientific survey research 

design, experimental design or observational study in economy, business and for different 

social issues, respecting the overall turbulent influences caused by the modern ICT and 

software development. 

In this respect, the CREBSS journal fosters the exchange of ideas, experience and knowledge 

among statisticians. 

Papers submitted for publication should be original theoretical, practical and applied 

papers. The journal also publishes case studies describing innovative applications and critical 

reviews of statistical theory. 

The anonymous double-blind peer review by the two independent reviewers is applied to all 

the papers. 
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Abstract 
Unlike the standard unidimensional poverty indices, based mostly on monetary 

poverty measures, multidimensional poverty indices may include numerous non-

monetary poverty indicators. This study utilized fuzzy and Alkire – Foster (AF) and fuzzy 

methodology to assess the poverty level in Bosnia and Herzegovina (B&H) and to 

compare the results with official poverty assessments. In addition to consumption as 

a monetary measure, we constructed AF and fuzzy indices by including numerous 

non-monetary measures that indicate housing quality, possession of durable goods 

and the household structure. AF multidimensional indices for B&H are calculated 

based on data from Household Budget Surveys (2004, 2007 and 2011) and fuzzy 

poverty indices are calculated based on data from HBS 2011. This research has 

found the differences in the values, direction and dynamics between unidimensional 

and multidimensional approaches to poverty measurement. Authors state that it is 

not sufficient to base the creation of more efficient social policies and poverty 

reduction strategies exclusively on unidimensional indices that address just one 

dimension of poverty. 
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Introduction 
Official analysis and estimation of poverty in Bosnia and Herzegovina is based on the 

most comprehensive survey in this country – Household Budget Survey. Since now, 

four waves of the survey were conducted, in 2004, 2007, 2011 and 2015. The datasets 

from the last wave of HBS were not available at the moment of the research. In 

Bosnia and Herzegovina, such as in the most of other countries, evaluation of social 

policies and strategies for reduction of poverty is based on one monetary poverty 

indicator, income or consumption, and corresponding unidimensional poverty 

indices. 

The numerous of studies and researches emphasize poverty as a multidimensional 

phenomenon. The goal of this study is to supplement and enrich official analysis of 

poverty in B&H with the measures that respect multidimensional nature of poverty. 

Aiming to construct multidimensional poverty indices, datasets from HBS 2004, 2007 

and 2011 were analyzed in order to select appropriate monetary and nonmonetary 

poverty indicators. This study utilized two multidimensional poverty indices: adjusted 

headcount ratio based on Alkire – Foster method and fuzzy multidimensional poverty 

index. 

Indices from the class of Alkire – Foster indices are primarily intended to 

multidimensional measurement of poverty. Considering that these indices satisfied 

the most of the axioms for multidimensional poverty measurement, they were 

highlighted in the recent studies of poverty. Their significance is emphasized by 

adopting Alkire – Foster method in construction of Multidimensional Poverty Index 

(MPI). Since 2010, MPI is integral part of UN Human Development Reports. 

Fuzzy set theory is applicable in poverty analysis thanks to the fact that it doesn’t 

treat population units explicitly as poor or nonpoor. Instead of that, there is defined 

the poverty membership function which represents the level of being affected by 

poverty. The advantage of fuzzy poverty indices, in comparison to other poverty 

indices, is absence of requirement for predefined poverty thresholds. Thanks to the 

poverty membership function, each population unit is more or less poor considering 

chosen poverty indicators. The level of poverty across indicators can be aggregate 

into overall level of poverty and thus constructed composite multidimensional 

poverty index. 

Aiming to examine the differences between results obtained by unidimensional 

and multidimensional poverty measurement, unidimensional Foster – Greer – 

Thorbecke indices and two chosen multidimensional indices were compared. This 

study confirmed that there are significant differences in structure and dynamics of 

poverty in Bosnia and Herzegovina, measured by unidimensional and 

multidimensional approach. Accordingly, future policies and strategies for reducing 

of poverty, and especially evaluation of their efficiency, should be based both on 

results unidimensional and multidimensional poverty analysis. 

 

Literature review 
In addition to multidimensional poverty indices obtained by generalization of 

standard unidimensional poverty indices, many authors emphasize the importance 

and advantages of Alkire – Foster (AF) and fuzzy multidimensional indices: Ambrosio, 

Deutsch and Silber (2011), Betti et al., (2006), Alkire and Foster (2007, 2011) and Alkire 

and Santos (2011, 2013). 

Alkire and Foster (2007, 2011) proposed new methodology – family of 

multidimensional poverty indices Mα, for direct poverty measurement. The new 

methodology includes two types of poverty thresholds: first within each indicator and 
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second across the indicators. The aggregation process is based on Foster – Greer – 

Thorbecke poverty measures. Authors emphasize desirable characteristics of new 

multidimensional indices – satisfaction of numerous axioms for multidimensional 

poverty measurement and also possibility of using ordinal poverty indicators. 

Alkire and Santos (2011, 2013) constructed Multidimensional Poverty Index, based 

on Alkire – Foster methodology, for 104 developing countries. MPI includes three 

dimensions of poverty: health, education and standard of living. In this study, for the 

first time, multidimensional poverty is estimated based on micro datasets (household 

surveys). In their second paper (2013) authors analyzed the scope and robustness of 

MPI. Conclusion of this study is that MPI represents reliable measure that can be 

complemented with traditional income based poverty estimates. 

Based on works of Cerioli and Zani (1990) and Cheli and Lemmi (1995), Betti et al. 

(2006) made further methodological conceptualization of totally fuzzy and relative 

approach to multidimensional poverty measurement. They examined choice of 

membership functions, choice of rules for the manipulation with resulting fuzzy sets 

and also the relationship between proposed fuzzy monetary measure and Gini 

coefficient. 

Deutcsch and Silber (2006), based on data on Israeli Census 1995, examined 

differences and similiarities between identification of poverty based on three 

different approaches to fuzzy poverty measurement: totally fuzzy and relative, totally 

fuzzy and Vero & Werquin approach. They identified the significance of poverty 

determinants by using logit regression and Shapley decomposition of marginal 

effects. Ambrosio et al. (2011) conducted similar research based on data in Belgium, 

France, Germany, Italy and Spain. Authors used two fuzzy approaches (totally fuzzy 

and totally fuzzy and relative) such as axiomatic approach (generalization of Foster – 

Greer – Thorbecke indices) of poverty measurement. 

 

Theoretical background 
The aim of this study is to present theoretical background of construction chosen 

multidimensional poverty indices, based on Alkire – Foster and fuzzy sets 

methodology, such as to apply these methods on data in Bosnia and Herzegovina. 

 

Alkire - Foster multidimensional indices 
Alkire and Foster (2007) developed new class of multidimensional poverty indices 

based on Foster-Greer-Thorbecke poverty indices that capture joint distribution of 

deprivation and satisfy a large number of axioms for poverty measurement. UN 

adopted this method 2010 for calculation of Multidimensional Poverty Index (MPI) 

based on indicators of health, education and standard of living. 

Generally, AF method includes different poverty/deprivation indicators and is 

based on overlapping or multiple deprivations by indicators. The observational unit is 

considered as multidimensionally poor if the weighted sum of its deprivations is 

higher than defined poverty threshold. The most common and the simplest AF index 

is adjusted headcount ratio: 

0 0 sM P A  , (1) 

which is the product of multidimensional headcount ratio P0 (the proportion of units 

identified as poor) and the average deprivation share – average poverty intensity 

AS. 

Adjusted headcount ratio shows incidence and intensity of poverty at the same 

time. The advantage of this index is ability to utilize cardinal and ordinal data. 
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The next index from AF class is the adjusted poverty gap index: 

1 0 1 0 1sM M P P A P     . (2) 

It is calculated by multiplying adjusted headcount ratio M0 with the average 

poverty depth across all dimensions - multidimensional poverty gap index P1. M1 

indicates incidence, intensity and depth of poverty and can be calculated based 

on cardinal, but not ordinal data. 

The adjusted squared poverty gap index, or adjusted poverty severity index is 

product of adjusted headcount ratio and multidimensional poverty severity index P2: 

2 0 2 0 2sM M P P A P     . (3) 

Besides depth of poverty, M2 is also sensitive on inequality within poor population. 

Like M1, it cannot be calculated based on ordinal data. 

In practice, indices from AF class of multidimensional poverty indices are 

constructed through several phases.  

In the first phase, identification of poor, the thresholds for each indicator should be 

defined and identified poor units for each indicator. If needed, weights are assigned 

to each indicator and calculated weighted sum by chosen dimensions – indicators. 

It is required to determine overall poverty threshold that relates to number of 

deprivation by indicators, in order to identify multidimensionally poor.  

Proportion of poor units – multidimensional headcount ratio P1 is calculated at the 

second phase, based on deprivation matrix: 

1,
,

0,

ij j

ij ijn m
ij j

x z
D d d

x z


     

where  . (4) 

The average deprivation share AS is determined as the average of (weighted) 

deprivation of poor units. The adjusted headcount ratio M0 is calculated based on P1 

and AS. If data are not ordinal, M1, M2,… can be calculated. 

The indices from AF class allow decomposition by geographic regions, ethnic 

groups or other population classifications and thus enable detection of deprivations 

that are poverty holders within the groups. For policy creators, AF method also 

enables discovering of similar characteristics of poverty within and across the groups, 

which is significant to adjust social assistance programs. 

They are suitable for analysis of poverty dynamics through time series or panel 

data. Thanks to comparability over time, it is easier to spot the effects of social 

policies. For example, if the social policy was directed towards improving education, 

measuring effects through income based indices requires longer period of time. In 

contrast, if the number of enrolled students is included in multidimensional index, the 

effect will be able to observe for much less time.  
 

Multidimensional fuzzy poverty indices 
In set theory, for set 𝐴 ⊆ 𝑌, characteristic or identification function 𝜒𝐴: 𝑌 → {0,1} is 

defined by: 

1,
( ) , .

0,
A

y A
y y Y

y A



 


 (5) 

The term of fuzzy subsets is introduced by Zadeh (1965). Fuzzy subset A of 

nonempty set Y is characterized by membership function: 

 : 0,1A Y  , (6) 

where 𝜇𝐴(𝑦) represents the membership level of element y to fuzzy subset A, for each 

𝑦 ∈ 𝑌. Subset A is determined by set of ordered pairs: 

 ( , ( ),Ay y y Y  . (7) 
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If 𝜇𝐴(𝑦) = 1 then element 𝑦 ∈ 𝑌 completely belongs to fuzzy subset A, and if 𝜇𝐴(𝑦) =
0 then element 𝑦 ∈ 𝑌 completely doesn’t belong to fuzzy subset A. The values 

between 0 and 1 represent intermediate level of membership to fuzzy subset A. 

Fuzzy set approach to multidimensional poverty measurement utilized fuzzy sets 

theory to define poverty membership function which assigns level of poverty to each 

population unit. Let P be fuzzy subset of poor population unit. According to (7) P can 

be defined by: 

 ( , ( )), 1,PP i i i n  , (8) 

where n is population size, i represents population unit, 𝑖 = 1, 𝑛 and 𝜇𝑃(𝑖) represents 

poverty level of unit i or membership level of unit i to poverty fuzzy subset P: 

0,

( ) 1,

(0,1),

P

i

i

i i






if population unit is absolutelynonpoor

if population unit  is partially poor

ifpopulation unit  is absolutely poor . (9) 

Population is usually set of households or individuals (𝑖 = 1, 𝑛) and poverty fuzzy 

subset P is subset of partially or completely poor households or individuals. Assume 

that poverty analysis is based on set of m poverty indicators 𝑦𝑗 , 𝑗 = 1, 𝑚̅̅ ̅̅ ̅̅ .  

The construction of membership function 𝜇𝑃,given in (9), depends on poverty 

indicator type: a) binary (dichotomous), and b) categorical or continuous. Let’s 

define indicator types: 
a)Binary indicators 𝑦𝑗 - The possession of certain durable good (e.g. possession of 

phone line – yes/no) or certain housing characteristics (e.g. running water – yes/no) 

are typical example of binary poverty indicator. In that sense, the units that possess 

certain durable good or housing characteristic are considered as units with lower 

poverty or deprivation risk and vice versa. The value of 1 on given attribute is 

considered as the lowest risk and the value of 0 is considered as the highest risk. For 
each binary indicator 𝑦𝑗, poverty membership function 𝜇𝑃 of unit i to poverty fuzzy 

subset Bj is defined by: 

1, 0( )
( )

0, 1( )

belongs to fuzzy subset doesn't possess good/characterstic

doesn't belong to fuzzy subset -possesses good/characteristic 

if

ifj

ij

B

ij

i B jj

i B jj

y
i

y



 



 , (10) 

where 𝑦𝑖𝑗 is value of binary poverty indicator 𝑦𝑗 of unit i and Bj is poverty fuzzy subset 

that corresponds to indicator 𝑦𝑗. 

b)Categorical or continuous indicators 𝑦𝑗- The most of poverty indicators are 

categorical ordinal or continuous variables. If certain indicator 𝑦𝑗 is categorical, then 

its values can be assigned with the numerical values (e.g. education level: 1 – no 

school, 2 – primary school, etc.). Income and consumption expenditure are typical 

examples of continuous poverty indicators. Suppose that categorical ordinal and 

continuous indicators are arranged in such a way that higher value is considered as 

higher poverty risk. Let 𝑦𝑗𝑚𝑖𝑛 
be the lowest value of 𝑦𝑗 so each unit i with 𝑦𝑗 < 𝑦𝑗𝑚𝑖𝑛 is 

undoubtedly considered as poor and 𝑦𝑗𝑚𝑎𝑥 be the highest value of 𝑦𝑗𝑚𝑖𝑛 so each unit 

i with 𝑦𝑗 > 𝑦𝑗𝑚𝑎𝑥 is undoubtedly considered as nonpoor. The units i that satisfy 

𝑦𝑗𝑚𝑖𝑛 < 𝑦𝑗 < 𝑦𝑗𝑚𝑎𝑥 are considered as partly poor. Cerioli and Zani (1990) proposed 

definition of poverty membership function 𝜇𝑃 of unit i to poverty fuzzy subset Cj that 

corresponds to categorical ordinal or continuous indicator 𝑦𝑗: 
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min

max

min max

max min

max

1, if 0

( ) , if

0, if

j

ij

ij

C ij

ij

y y

y y
i y y y

y y

y y



 



  


 

. (11) 

Aiming to construct composite poverty index, defined values of poverty 

membership function for different types of indicators need to be aggregated. Costa 

and De Angelis (2002, 2008) proposed unidimensional fuzzy poverty index, assigned 

to indicator jy , as weighted average of membership function values for indicator 𝑦𝑗: 

1

1

1

( )
1

( )
j

j j

n

i P n
i

P i Pn
i

i

i

n i

C n i
n

n









 





, (12) 

where ni represents weight assigned to unit i and ∑ 𝑛𝑖
𝑛
𝑖=1 = 𝑛. 

Further, Costa and De Angelis proposed technique for construction 

multidimensional fuzzy poverty index by aggregating unidimensional indices given 

by (12). Multidimensional fuzzy poverty index is defined as the weighted average of 

unidimensional poverty indices 𝐶𝑃𝑗
, 𝑗 = 1, 𝑚̅̅ ̅̅ ̅̅ , as follows: 

1

1

j

m

j P

j

P m

j

j

w C

C

w










, (13) 

where 𝑤𝑗, 𝑗 = 1, 𝑚̅̅ ̅̅ ̅̅  are indicator weights given by: 

1

log 0, 1,

( )
j

j n

i B

i

n
w j m

n i


  


. 

(14) 

Multidimensional fuzzy poverty index CP, defined by (14) is monotone increasing 

function of poverty/deprivation level of observational unit. Deterioration of living 

condition, ceteris paribus, will result in increase of CP. The presented method of 

multidimensional fuzzy poverty index definition is totally fuzzy approach. Some 

authors suggest modification of this approach in order to reduce arbitrariness in 

choosing of threshold values for categorical and continuous poverty indicators. The 

new approach, totally fuzzy and relative approach, is proposed by Cheli and Lemmi 

(1995). 

Let Pj be subset of observational units, households or individuals, which are 
classified as poor or deprived considering j-th indicator, j=1,2,…,m. Indicators 𝑦𝑗 , 𝑗 =

1, 𝑚̅̅ ̅̅ ̅̅  are binary, categorical or continuous variables. Let Fj be distribution function of j-

th indicator. The membership function can be defined in two ways, depending of 

relationship between poverty level and values of indicator. In the first case, if poverty 

level increases when values of indicator yj increases, the membership function is 

defined by: 

( ) ( )
jP iji F y  . (15) 

If poverty level decreases when values of indicator yj increases, the membership 

function is defined by: 

( ) 1 ( )
jP iji F y   . (16) 
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Chelli and Lemmi (1995) emphasize that this way in defining membership function 

is less arbitrary comparing to totally fuzzy approach, considering that doesn’t require 

defining of threshold values for categorical and continuous indicators. Also, this 

approach allows definition of relative poverty, which is widely used concept in the 

most of developed countries.  

After determining the poverty level of each observational unit that corresponds 

with j-th indicator (j=1,2,..,m), it is needed to aggregate different indicators of 

poverty/deprivation. The overall membership function of multidimensional poverty 

for i-th observational unit is defined by: 

1

( ) ( )
j

m

P j P

j

i w i 


 . (17) 

Cheli and Lemmi (1995) suggest the following choice of indicator weights: 

 

 
1

1

1
ln

ln

1 lnln

jj

j

j

PP

j m
m

P

j
j P

ff
w

f

f




 



 
 
 
  
 
 
 
 



, (18) 

where 𝜇𝑓𝑃𝑗
=

1

𝑛
∑ 𝜇𝑃𝑗

(𝑖)𝑛
𝑖=1  represents fuzzy proportion of poor population units in 

relation to j-th poverty/deprivation indicator yj. The weights defined by (18) will have 

higher value for indicators with the lower frequency. For example, if the “lack of 

running water” is less frequent than “lack of internet access”, then higher weight will 

be assigned to indicator “lack of running water” than to indicator “lack of internet 

access”. 

The overall fuzzy poverty index CP, based on totally fuzzy and relative approach, is 

defined as the average value of individual values of overall multidimensional poverty 

functions defined by (17), across the population, as follows: 

1

1
( )

n

P P

i

C i
n




  . (19) 

 

Data and results 
As a source of data, this study utilizes datasets from three waves of Household 

Budget Survey in Bosnia and Herzegovina, conducted in 2004, 2007 and 2011. The 

fourth wave of HBS was conducted in 2015, but the datasets are not finally prepared 

and available for the researchers. Datasets contain data collected on the samples 

of more than 7400 households i.e. more than 22000 individuals (household members). 

Basic monetary poverty measure in HBS B&H is equivalised monthly household 

consumption expenditure. 

 

Unidimensional poverty indices 
As a basis for comparisons, authors calculated unidimensional Foster-Greer-

Thorbecke poverty indices, based on equivalised monthly household consumption 

expenditure, for Federation of Bosnia and Herzegovina (FB&H ), Republika Srpska 

(RS), Brčko District (BD) and entire Bosnia and Herzegovina B&H). The results on 

datasets from three waves of HBS are presented in Table 1 and Figure 1. 
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Table 1 Unidimensional Foster-Greer-Thorbecke indices for B&H, FB&H, RS and BD  
 

 

Headcount ratio (P0) 

% 

Poverty gap index (P1) 

% 

Poverty severity index 

(P2) 

2004 2007 2011 2004 2007 2011 2004 2007 2011 

B&H 18.08 18.37 17.15 4.28 4.81 4.32 0.016 0.019 0.017 

FB&H 18.30 16.31 15.96 4.62 4.12 4.25 0.017 0.016 0.011 

RS 18.28 21.67 19.63 3.91 5.96 4.57 0.013 0.024 0.017 

BD 7.81 23.56 12.18 1.19 6.16 2.53 0.003 0.022 0.008 

Source: Authors’ calculation. 

 

According to values of headcount ratio, the percentage of poor in the entire B&H 

had not suffer major changes during the observed period - approximately 18% in 

2004 and 2007 with the tendency of decline in 2011 - approximately 17%. Poverty in 

FB&H is in permanent decline. Deterioration of poverty rate in RS and BD is recorded 

in 2007. In 2011, poverty decreased in these areas, but not under the level in 2004. 
 

Figure 1 Graphical presentation of unidimensional FGT indices 
Source: Authors’ creation. 
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Poverty depth, measured by poverty gap index, recorded close values in the 

observed period in B&H and FB&H, while poverty depth and poverty severity, 

measured by poverty gap and poverty severity indices were the highest in 2007 and 

the lowest in 2004 in RS and BD. Poverty severity was declining during the whole 

period in FB&H but deterioration in RS and BS resulted by increasing of poverty 

severity in B&H in 2007. Only in FB&H poverty severity is lower in 2011 than 2004. 

 

Alkire – Foster adjusted headcount ratio 
For the purposes of this study, multidimensional poverty indices based on AF method 

were calculated based on datasets from HBS 2004, 2007 and 2011. Aiming to cover 

as more as possible relevant characteristics and living standard aspects, the 

following indicators were considered: 

Indicators of housing quality: indoor toilet and bathroom, running water, electricity 

and public sewer and 

Possession of durable goods: electric/wood/gas stove, fridge/freezer, washing 

machine, cleaning equipment (vacuum cleaner, etc.), car, phone or mobile phone, 

TV, DVD or VCR player, HI-FI systems (CD, MP3, etc.), computer and internet access. 

In order to cover monetary aspect of poverty, binary variable poor (yes/no), 

based on equivalised monthly household consumption expenditure and relative 

poverty threshold, is included.  

The percentages of households in B&H, FB&H, RS and BD for 2004, 2007 and 2011, 

that are deprived by individual items, are presented in the Table 2. 

 

Table 2 Percentages of deprivation 

Item/character. 

(% deprived) 

B&H FB&H RS BD 

2004 2007 2011 2004 2007 2011 2004 2007 2011 2004 2007 2011 

Indoor toilet  11.0 6.9 4.8 7.0 4.1 2.4 17.7 12.0 8.9 7.4 5.0 5.2 

Running water 10.5 5.9 14.1 7.7 3.1 4.3 15.4 10.4 30.7 6.2 11.1 31.7 

Electricity 0.5 0.1 0.0 0.4 0.0 0.0 0.7 0.4 0.1 0.0 0.0 0.2 

Public sewer 55.4 52.3 46.8 48.4 44.7 40.1 68.0 66.2 60.0 34.7 42.7 31.9 

Stove 0.2 0.1 0.2 0.2 0.1 0.1 0.1 0.1 0.2 0.0 1.1 0.2 

Fridge/freezer 4.0 2.4 1.3 3.7 1.7 1.0 4.8 3.7 1.9 0.8 0.6 1.7 

Washing machine 20.9 13.9 8.1 17.4 10.5 5.8 26.8 19.9 12.3 15.2 13.3 6.0 

Cleaning equipment 16.7 11.2 5.7 13.9 8.1 3.9 21.9 17.0 9.0 12.0 7.0 5.5 

Car 52.5 48.1 46.4 51.3 46.7 44.5 54.9 50.4 50.0 43.1 47.8 42.1 

Phone, mobile phone 19.9 7.9 4.7 14.8 5.3 3.3 27.6 12.2 7.4 29.9 10.2 3.0 

TV 5.0 3.2 1.6 3.8 2.2 1.0 7.3 5.2 2.8 1.1 1.1 0.9 

DVD, VCR player 54.0 42.9 37.1 48.8 34.8 30.0 63.0 56.9 50.7 45.7 46.4 27.7 

HI-FI systems 56.8 37.2 39.9 45.4 27.8 29.9 75.1 51.8 57.4 62.8 68.3 47.9 

Computer 87.3 74.8 60.4 85.5 71.8 57.4 90.3 79.6 65.6 86.0 82.3 62.8 

Internet access 93.4 81.6 70.2 95.2 87.7 67.8 95.2 91.3 74.5 93.7 94.6 70.3 

Percentage of poor 18.1 18.4 17.2 18.3 16.3 16.0 18.3 21.7 19.6 7.8 23.6 12.2 

Source: Authors’ calculation. 

 

Generally, results show that indicators of housing quality, possession of durable 

goods and percentage of poor are significantly worse in RS compared to FB&H and 

BD. The most of indicators have trend of improvement in the observed period. The 

exception is the percentage of households with running water inside the housing 

unit. That percentage, for RS and BD is above 30% in 2011 although that percentage 

was significantly lower in 2004 and 2007, for both areas. In FB&H, that percentage 

permanently decreases in the observed period. 

Aiming to construct multidimensional indices based on AF method, it is needed to 

determine a set of poverty indicators. Robustness analysis and setting of adequate 
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poverty threshold were performed on the basis on data from 2011. In order to 

determine the overall poverty line, we considered that unidimensional poverty line 

for B&H was 17.15%, and for FB&H, RS and BD it was between 12.18% and 19.63%, in 

2011. Different combinations of input indicator sets were tested: all 16 indicators, 14 

indicators (without possession of computer and internet access) and 12 indicators 

(without possession of computer, internet access, Hi-Fi systems and DVD/VCR 

players). For each combination of indicators, several multidimensional poverty 

thresholds were tested. The robustness analysis was extended with calculation of 

percentages of multidimensional poor based on data from 2004 and 2007, for entire 

B&H and separately for FB&H, RS and BD. 

Based on the analysis of the distribution of number of deprivations for sets of 16, 14 

and 12 indicators and considering general poverty rate in 2011, there were chosen 

following overall poverty thresholds (Table 3). 

 

Table 3 Overall poverty thresholds and the percentage of multidimensionally poor for 

B&H (2011) 
No. of 

indicators 

Overall poverty threshold (Criteria 

for multidimensional poverty) 

% of poor (multidimensional 

headcount ratio) 

16 At least 6 deprivations 20.5% 

14 At least 4 deprivations 21.8% 

12 At least 3 deprivations 17.6% 

Source: Authors’ calculation. 

 

In the cases of three chosen sets of poverty indicators, according to determined 

poverty thresholds, there were calculated multidimensional headcount ratios (the 

percentages of multidimensionally poor) for B&H, FB&H, RS and BD. The results are 

presented in Table 4. 

 

Table 4 The percentages of multidimensionally poor for three sets of poverty 

indicators for B&H, FB&H, RS and BD (2011) 
 % of multidimensionally poor 

 

Area 

% of 

unidimensionally 

poor (consumption) 

16 

indicators 

14 

indicators 

12 

indicators 

B&H 17.2% 20.5% 21.8% 17.6% 

FB&H 16.0% 13.7% 14.5% 11.6% 

RS 19.6% 33.1% 35.4% 28.5% 

BD 12.2% 15.6% 16.2% 15.5% 

Source: Authors’ calculation. 

 

The closest value to the unidimensional poverty rate in B&H was obtained for the 

set of 12 indicators. Also, in a case of RS, the difference between multidimensional 

and unidimensional poverty rate is the lowest for that combination of indicators. That 

was the reason for choosing the set of 12 poverty indicators for construction of 

multidimensional AF poverty index. Adjusted headcount ratio (M0), by AF method, 

was calculated for B&H, FB&H, RS and BD (2004, 2007 and 2011). 

The values of multidimensional headcount ratios P0, average deprivation share 

(poverty intensity) AS and AF adjusted headcount ratios M0 are presented in Table 5. 
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Table 5 Multidimensional P0, As and M0 for B&H, FB&H, RS and BD  
Area Year 2004 Year 2007 Year 2011 

P0 As M0 P0 As M0 P0 As M0 

B&H 0.267 0.426 0.114 0.206 0.421 0.087 0.176 0.376 0.066 

FB&H 0.212 0.403 0.085 0.159 0.387 0.061 0.116 0.351 0.041 

RS 0.360 0.449 0.162 0.289 0.455 0.131 0.285 0.395 0.112 

BD 0.205 0.367 0.075 0.209 0.382 0.080 0.155 0.378 0.059 

Source: Authors’ calculation. 

 

Graphical presentation of calculated values of multidimensional headcount 

ratio, average deprivation share and adjusted headcount ratio is given on Figure 2. 

 

 

 

 
Figure 2 Graphical presentation of multidimensional P0, As i M0 for B&H, FB&H, RS and 

BD (2004, 2007 and 2011) 
Source: Authors’ creation. 

 

Unidimensional poverty indices (Table 1) show deterioration of percentage, depth 

and severity of poverty for RS and BD in 2007 which resulted in deterioration in B&H. 

In contrast, adjusted headcount ratio (M0) shows permanent decreasing of 
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multidimensional poverty in period 2004-2011. The percentage of multidimensionally 

poor, measured by multidimensional headcount ratio (P0), also decreased in all 

areas in the observed period. Intensity of poverty, measured by average deprivation 

share (As) decreased in B&H and FB&H while intensity of poverty was the highest in 

2007, for RS and BD. As well as in the case of unidimensional indices, 

multidimensional poverty and poverty intensity were worse in RS and BD compared 

to FB&H.Generally, unidimensional and multidimensional poverty didn’t show the 

similar dynamics in period 2004 – 2011.  

 

Fuzzy multidimensional index 
Due to complexity of calculation, for the purpose of this study, fuzzy multidimensional 

indices for B&H, FB&H, RS and BD were calculated based on HBS 2011 dataset. In 

order to reduce arbitrariness, totally fuzzy and relative approach was used. Selected 

ten indicators were classified in following groups: 

Housing quality: age of housing unit, housing area (m2) per household member, 

number of household members by room, housing equipment (aggregated: running 

water, heating, electricity and public sewer), durable goods (aggregated possession 

of: stove, fridge, washing machine, cleaning equipment, car, phone or mobile 

phone, TV, DVD/VCR player and computer); 

Financial status: equivalised monthly household consumption expenditure, ratio 

of estimated the lowest income needed and realized monthly consumption 

expenditure; 

Household structure – education, employment, vulnerability: household head 

education, number of employed per household member and number of dependent 

(children and older) per household member. 

In order to determine membership function for each of chosen poverty indicator, 

it is necessary to classify poverty indicators into two classes: (I) class of indicators with 

characteristic that poverty increases if value of poverty indicator increases and (II) 

class with characteristic that poverty decreases if value of poverty indicator 

increases. According to this definition, class (I) consisted of: age of housing unit, 

number of household members per room, housing equipment, durable goods, ratio 

of estimated the lowest income needed and realized monthly consumption 

expenditure and number of dependent per household member. The indicators 

housing equipment and durable goods are defined in such way that higher value of 

indicator represents poorer household. Class (II) consisted of: housing area per 

household member, equivalised monthly household consumption expenditure, 

household head education and number of employed per household member. 

Poverty membership function 𝜇𝑃𝑗
 for indicators that belong to class (I) were 

calculated by using definition (15), since for indicators that belong to class (II), 

definition (16) was used. 

After membership functions were determined for all included indicators, there 

were calculated 𝜇𝑓𝑃𝑗
 - fuzzy proportions of poor households for each indicator, as the 

average value of poverty membership functions across households. By using 

formulas (17), (18) and (19), fuzzy multidimensional poverty indicators were 

constructed. 

Fuzzy proportions of poor households and calculated weights for each of 10 

poverty indicator, such as overall fuzzy multidimensional indices for B&H, FB&H, RS 

and BD are presented in Table 6. 
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Table 6 Fuzzy proportions of poor and fuzzy indices for B&H, FB&H, RS and BD in 2011 
 B&H FB&H RS BD 

Indicator Fuzzy 

proportion 

of poor 

Weight Fuzzy 

proportion 

of poor 

Weight Fuzzy 

proportion 

of poor 

Weight Fuzzy 

proportion 

of poor 

Weight 

Age of h. unit 0.3485 0.0539 0.3454 0.0598 0.3476 0.0641 0.3437 0.0955 

Area/member 0.6688 0.0205 0.6788 0.0218 0.6727 0.0241 0.6774 0.0348 

Members/room 0.0411 0.1625 0.2077 0.0885 0.0625 0.1683 0.3713 0.0886 

H. equipment 0.0643 0.1397 0.0658 0.1532 0.1461 0.1167 0.0483 0.2711 

Durable goods 0.2563 0.0693 0.2194 0.0854 0.2744 0.2744 0.2575 0.1213 

Consumption 0.6551 0.0215 0.6435 0.0248 0.6512 0.0260 0.6438 0.0394 

Lo.income 

/consumption 

0.0003 0.4186 0.0004 0.4389 0.0017 0.3883 0.1780 0.1544 

H. head 

education 

0.6117 0.0250 0.5968 0.0291 0.6122 0.02988 0.6906 0.0443 

No. employed 

/member 

0.7827 0.0125 0.7787 0.0141 0.7826 0.0149 0.7976 0.0202 

No. dependent 

/member 

0.2220 0.0766 0.2232 0.0844 0.2295 0.0893 0.2331 0.1303 

Fuzzy index 0.2132 0.2012 0.2275 0.3690 

Source: Authors’ calculation. 

 

In FB&H, RS and entire B&H, the highest fuzzy proportion of poor was recorded in 

case of indicator number of employed per household member, followed by fuzzy 

proportion of poor for indicators housing area per household member and 

equivalised monthly household consumption expenditure. In case of BD, fuzzy 

proportion of poor for indicator number of employed per household member is also 

the highest one, but on the second place is fuzzy proportion of poor for indicator 

education of household head, which is followed by housing area per household 

member and equivalised monthly household consumption expenditure. 

Overall fuzzy poverty index, in 2011 is significantly higher in BD compared to values 

of this index in FB&H, RS and entire B&H. This result is in contrast to conclusions 

obtained by unidimensional poverty indices that show lower poverty in BD 

compared to other areas, in 2011. Although earlier calculated unidimensional 

indices consider depth and intensity of poverty, it should be noted that these indices 

were calculated according to predefined poverty thresholds. 

Based on datasets form HBS 2011, this study spots the difference between 

measurement of poverty based on predefined poverty thresholds in construction of 

unidimensional poverty indices, and the measurement based on level of poverty 

affiliation in construction of multidimensional fuzzy poverty indices. 
 

Conclusions 
In comparison of results of undidimensional poverty measurement and 

multidimensional poverty measurement in Bosnia and Herzegovina, we concluded 

that adjusted headcount ratio, constructed by Alkire – Foster method, such as 

corresponding poverty intensity measure – the average deprivation share, don’t 

follow dynamics of incidence and intensity of poverty indicated by unidimensional 

poverty measures based on households consumption expenditure. 

In contrast to calculated unidimensional indices, AF adjusted headcount ratio 

indicates permanent decreasing of poverty in a period 2004 – 2011. 

If poverty in Bosnia and Herzegovina is measured without predefined poverty lines 

and classification of households in poor and nonpoor, fuzzy approach for poverty 

measurement indicates significant differences between results based on 

unidimensional indices and multidimensional fuzzy indices. 
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Conclusions based on fuzzy proportions of poor households emphasize proxy 

variable for participation of household in labor force as the variable with the highest 

proportion of poor households. Accordingly, poverty cannot be measured, reduced 

and evaluated without policies that will include progressive employment strategies 

and reducing unemployment rate. 

Although multidimensionality of poverty is undisputed and there is no need to 

prove and confirm, the most of surveys that are used as a base for reducing poverty 

are based almost exclusively on monetary poverty indicators.  

Results obtained in this study, based on data from the most comprehensive survey 

in Bosnia and Herzegovina, undoubtedly confirm that measurement and analysis of 

poverty shouldn’t be based exclusively on monetary indicators and predefined 

poverty thresholds. Also, by including more nonmonetary poverty indicators and by 

reducing of arbitrariness in defining of poverty thresholds, there were obtained 

different structure and dynamics of poverty of Bosnia and Herzegovina compared to 

results of unidimensional analysis. 

According to this conclusion, creation of social policy, strategies for poverty 

reduction and eradication and especially evaluation and measurement of their 

efficiency, shouldn’t be based exclusively on monetary poverty indicators and 

unidimensional poverty indices. In order to create more efficient policies and 

strategies to reduce of poverty, official analysis and researches should be extended 

and enriched with additional indicators and techniques for multidimensional poverty 

measurement and identification. 
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Abstract 
This paper builds upon the Economist’s R-word (recession) index by forming a 

Croatian version of a media news-based economic uncertainty measure. Using the 

web archives of the four major Croatian news portals (Index.hr, Jutarnji list, Večernji 

list and 24 sata), an extensive database of as much as 531107 news articles is 

formed. The R-word index is obtained by calculating the monthly share of recession-

related articles. This way Croatia is placed among the few rare world countries which 

have their own version of this index. It is found that the index is a leading indicator of 

economic activity in Croatia, preceding GDP growth rates by two months. Using 

rolling window correlations, the authors also prove that economic agents react to 

uncertainty shocks in the most intensive manner precisely at the onset of an 

economic crisis, while the correlation decreases in periods of more stable economic 

growth rates. 
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Introduction  
The concept of economic uncertainty dates back to Knight (1921), who separated it 

from the umbrella term risk (a situation in which agents can properly asses the 

probabilities of future events). The so-called Knightian uncertainty paradigm refers to 
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unmeasurable insecurity in which decision-makers cannot evaluate the probability 

distributions of future outcomes. Since the phenomenon itself has been considered 

unmeasurable, the literature has treated it sporadically and strictly descriptively for a 

long period of time. However, since the Great Recession of 2008, the focus of both 

policyholders and the academics has shifted towards uncertainty again. E.g., 

Bernanke (2012) stated that “uncertainties about the situation in Europe and 

especially about the prospects for federal fiscal policy seem to be weighing on the 

spending decisions of households and businesses as well as on financial conditions. 

Such uncertainties will only be increased by discord and delay.” Kose and Terrones 

(2012) similarly notice that recessions characterized by high uncertainty are longer 

and more intense, while recoveries followed by accentuated uncertainty are 

weaker. 

Empirical work on economic uncertainty has also proliferated, yielding several 

valuable quantitative indicators of uncertainty. The Economist (2002) has published 

one of the earliest versions of an economic uncertainty index: the R-word (recession) 

index. It based its assessments on media articles reporting on contractionary 

economic trends. The rationale behind the index is quite straightforward: the higher 

the media coverage, the higher the actual uncertainty level of the economy. 

Several other authors also followed that route and employed media coverage as an 

indicator of overall uncertainty. Some of the examples include Doms and Morin 

(2004), Iselin and Siliverstovs (2013) or the famous Baker, Bloom and Davis (2016) 

economic policy uncertainty index. 

It is no surprise that the researchers focused specifically on the media as the 

source of uncertainty. The momentous impact of media on the behaviour of 

individuals is well established in the literature. The media influences the overall level 

of individual’s happiness (Cuñado, Pérez de Gracia, 2012), it has an impact on their 

voting preferences (Shah et al., 1999), as well as it affects their economic decision-

making (Mullainathan and Shleifer, 2005). Precisely the latter aspect is in the focus 

here. 

This paper bridges the gap between media content and actual economic 

tendencies in Croatia. In that context, the research is founded on Carroll’s (2001) 

epidemiological model, assigning the media the central role in delivering 

macroeconomic information to economic agents. Carroll puts forward a hypothesis 

that (in accordance with the epidemiological models from the field of biomedicine), 

the media play a role of “disease carrier”, i.e. the intermediator of information such 

as unemployment or inflation. Processing such information, economic agents 

generate their perceptions and expectations, which then determine actual 

macroeconomic results on the basis of a self-fulfilling prophecy principle. A similar 

concept is also elaborated by Raynard et al. (2008), who build a holistic theoretical 

model of the inflation generating process on the basis of information transfers 

through (inter alia) the media and word of mouth. 

The main applicative goal of this study is to form and publish the Croatian version 

of the R-word index. The specific hypotheses (in accordance with the predominant 

conclusions of related international studies) are:  

H1: The R-word index can be used as a short-term leading indicator of Croatian 

GDP. 

An economic variable is a leading indicator if its observations up to period t - h 

help to obtain a better estimate of real GDP at time t. The leading indicator is then 

said to have a lead time of h. 
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H2: The relationship between economic uncertainty (measured by the R-word 

index) and the Croatians’ economic confidence is the strongest in recessionary 

episodes.  

The second hypothesis will be tested for five distinct sectors of Croatian economy 

(consumers, industry, construction, retail trade, and the services sector) using data 

gathered through Business and Consumer Surveys (BCS). 

The paper is organised as follows. The next section titled Literature review presents 

a critical review of related empirical studies. The section Research methodology and 

data presents the examined dataset, as well as the methodology of collecting and 

analysing media articles data, while the empirical results are presented in the next 

section. The last section provides the concluding remarks and policy implications, 

together with the recommendations for future research. 

 

Literature review 
This section explains the theoretical foundations for modelling the relationship 

between uncertainty and economic activity, as well as it presents the major 

empirical verifications of the postulated relationship.  

 

Theoretical background of the relationship between uncertainty 

and economic activity 
A sudden stop episode (such as the one in the Great Recession of 2008) leads to an 

abrupt eruption of uncertainty in the system. Kindleberger and Aliber (2011) 

hypothesize that such developments tend to accentuate the importance of 

psychological factors, which can to a large extent determine the duration and 

intensity of the recession. 

In times of high uncertainty, economic agents tend to be risk averse (see Rabin 

and Thaler (2001) for an introduction of the risk aversion concept), which prevents 

investments, weakens entrepreneurial incentives, and discourages the overall 

economic growth.  

The overall effect of uncertainty on both economic sentiment (confidence) and 

economic activity is quite clearly negative. The transmission channels, however, are 

not so clear. The literature identifies two main channels of influence, both of which 

refer to the consumer sector. 

The first one is the wait and see strategy. Eberly (1994) finds that higher revenue 

uncertainty compels the consumers to postpone their car purchases. The 

mechanism itself is easily translated to the consumption of any other durable or non-

essential good. This claim is ultimately confirmed by Bertola, Guiso and Pistaferri 

(2005). Applying a probit model for Italian consumers, they prove that income 

uncertainty lowers the probability of pilling the stock of durable goods. 

The second channel is founded on the well-known precautionary savings motives 

(Carroll, 1992). He postulated that consumer protect themselves from future income 

uncertainty by instantly lowering their household consumption. A general outcome 

of this type of behaviour should be a GDP decline. However, the mechanism itself is 

of strictly short-term nature. Arčabić (2015) provides an empirical description of this 

mechanism for Croatia, proving its short-term characteristics. He found that both 

consumers and firms react to uncertainty shocks by lowering their investments and 

indebtedness. However, this kind of behaviour is only transitory, lasting up to six 

months. 
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A possible third transmission channel (related to the financial sector) is found by 

Fernández-Villaverde et al. (2011). They find that agents in emerging markets (such 

as e.g. Croatia) protect themselves from rising uncertainty by transferring their 

capital to foreign markets.  

The most prominent examples of media-based economic uncertainty indices are 

presented in the next subsection. 

 

Empirical attempts of forming a media-based economic 

uncertainty index 
Considering the prevailing turbulent economic conditions, several uncertainty 

indices have emerged lately, all of which are at least to some extent based on the 

media coverage on relevant economic issues. The R-word index, formed by the 

highly appreciated magazine The Economist (2002), is among the most influential 

ones. This quarterly index counts news articles from Washington Post and New York 

Times which include the word recession. 

  Doms and Morin (2004) form several alternative versions of the same index for the 

USA, augmenting the examined database to as much as 30 newspapers. Using 

various regression specifications and vector autoregression models, the authors 

conclude that uncertainty shocks (measured by the number of recession news 

articles) have a significant, but only short-term effect on consumers’ economic 

sentiment (quantified through the renowned Michigan consumer survey). 

Building upon the Economist’s approach, some other countries have also 

introduced the R-word index for their national economies. HypoVereinsbank (2001) 

has published a German version of the index, which has later on been further 

analysed in a few studies. Bandholz and Funke (2003) dismiss the German R-word 

index as a reliable leading indicator, since it does not provide timely information on 

the German recession in 1992/1993. Grossarth-Maticek and Mayr (2008), however, 

tell a quite different story. Using a probit model, they prove that the R-word index 

correctly dates German recession episodes. 

Iselin and Siliverstovs (2013) quantify a Swiss version of the R-word index, and 

empirically validate its predictive characteristics with respect to GDP growth. The 

most striking results of their study is that the forecasting accuracy of the R-word index 

is the highest during the recent economic crisis. 

Several interesting conclusions arise from the above presented literature review. 

First, all of the so far existing versions of media-based economic uncertainty indices 

are formed and published strictly in highly developed countries. This paper aims to 

put Croatia “on the map” in that context, and make it the first world emerging 

economy to have its own version of a media-based economic uncertainty index. Up 

to this point in time, the analysis of media impact on economic behaviour is almost 

utterly disregarded by the Croatian academia. One of the rare similar studies which 

(at least in a wider context) examine the role of media in governing economic 

processes is done by Sinčić Ćorić and Vuković (2012). Namely, the authors analyse 

the content of articles in newspapers and web portals, dealing with the topic of 

lobbying. However, the literature is completely silent on the issue of interrelationships 

between the media and macroeconomic trends.  

Second, the present studies offer quite mixed evidence on the potential 

usefulness of the R-word index in terms of its leading characteristics. This paper aims 

to analyse where Croatia stands on the matter: is it possible to employ the media 

news articles to form a leading indicator of Croatian economic activity? 
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Research methodology and data 
Although the cause-and-effect chain between the media, uncertainty, and 

economic activity is quite obvious, quantifying a media-based economic 

uncertainty index is a rather difficult task. The next subsection offers a detailed 

explanation of the methodology used to quantify economic uncertainty via media 

reports. 

 

Quantifying the R-word index 
It should be noted that the studies cited in the previous section rely on media reports 

data, gathered from professional media research agencies. This kind of agency 

does not exist in the majority of emerging countries, including Croatia. Hence the 

authors were forced to gather a media reports database by themselves. To be 

specific, the Internet news archives of four highly popular Croatian news portals were 

examined: Index.hr, 24 sata, Jutarnji list and Večernji list. One might raise the question 

of the validity of Internet as the source of news coverage data. A strong argument in 

favour of basing the analysis on Internet data stems from a recent study by the 

Faculty of Political Science Zagreb and Media Metar (2009). They proved that 

Croatians perceive Internet as the convincingly most reliable media platform, 

ranging considerably higher than both the TV and radio. It follows from that the 

Internet should ultimately lead to unbiased estimates of true economic uncertainty in 

the system. 

The selection of these portals is conditioned by two facts. First, all of them are in 

the top 10 most visited Croatian web sites overall (Open Society Foundations, 2012). 

The second reason is that these are the only four web sites for which the authors 

were able to obtain a coherent article archive without any breaks in the examined 

time period.  

A difficulty of this study is that each of the four analysed news portals has a 

different starting date of their archives. To be specific, Index.hr data starts from June 

2005, 24 sata archives start from August 2007, Jutarnji list dates back to May 2009, 

while the database gathered from Večernji list starts from November 2011. Because 

of that, the R-word index was not formed as the absolute monthly number of 

recession-related articles, but as the average monthly share of recession news in the 

total number of news.  

The period of analysis in this study is June 2005 – October 2015. In the analysed 

period, a total of 531,107 news articles were extracted from the four mentioned 

archives. The entire database was then examined using Structured Query Language 

(SQL). An advanced search was performed for joint occurrence of several keywords 

(economic or economy (in Croatian: ekonom, gospodars) and recession, crisis or 

downfall (in Croatian: recesij, recesiv, kriz, pad). The Croatian language has seven 

cases, so only the roots of all keywords were searched since there are numerous 

combinations of all the cases for all examined keywords.  

The authors then performed an in-depth analysis of the search results, yielding a 

final number of 21 793 articles dealing with the issue of recent recession. 

A quarterly version of the R-word index is also obtained to test the hypothesis H1 

(time span of 2005 Q3 – 2015 Q3). Within testing the same hypothesis, real year-on-

year (y-o-y) GDP growth rates are also examined (time span of 2005 Q3 – 2015 Q2). 

The source of GDP data is Eurostat. 

Monthly R-word index and confidence indicators from five separate economic 

sectors are analysed to test the second hypothesis. The period of analysis for this 

hypothesis is conditioned by the commencement of BCS in Croatia. For the 
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consumer surveys, the analysed period is June 2005 – October 2015, while the period 

for the other four BCS sectors is May 2005 – October 2015. BCS data are gathered 

from the European Commission.  

All variables in this study are seasonally adjusted using the ARIMA X12 method, 

which is rather standard in time series analysis. 

The next subsection provides a brief review of BCS data used in testing the second 

hypothesis of the paper. 

 

Methodological foundations of Business and Consumer Surveys 
BCS are qualitative surveys conducted with the aim to provide information on a 

wide range of variables that are useful in monitoring, explaining and forecasting 

changes in the cyclical developments and in detecting the economic cycle turning 

points. BCS are continually being conducted monthly in the manufacturing industry, 

construction, retail trade, services and among consumers. Croatia’s BCS are a part 

of Joint Harmonized EU Programme of BCS from May 2005 (in the consumer sector), 

and from May 2008 in the other four sectors. 

Each BCS variable can be used as a short-term forecasting indicator for the 

corresponding macroeconomic variable. It is of interest here to track primarily the 

direction of changes in a particular variable and in its corresponding referent series 

(e.g. industrial production, private consumption, GDP, etc.). This is important since 

the BCS data are usually available before the corresponding official statistics are 

published. 

BCS provide data on managers’ and consumers’ economic assessments and 

expectations, which are then aggregated and translated into quantitative 

indicators. The most common way to do that is by using response balances 

(Čižmešija, Erjavec, Bahovec, 2010)). Response balance is the difference between 

weighted percentages of positive and negative answers to a particular BCS 

question. It is calculated for all the questions (variables) in the survey. The next step in 

the aggregation of survey results is the calculation of composite confidence 

indicators. 

There are a large number of composite indicators derived from BCS. In 

accordance with the harmonised EU methodology (European Commission, 2016), 

five indicators are selected: one from the consumer survey and four from the 

business survey. The Consumer Confidence Indicator (CCI) is a simple average of 

seasonally adjusted balances of four variables: financial position of households, 

general economic situation, unemployment expectations (with inverted sign) and 

saving over the next 12 months. CCI provides information on consumers’ spending 

and savings intentions, as well as their perception of the prevailing economic 

conditions, which heavily influence their every-day decisions. The Industrial 

Confidence Indicator (ICI) is an indicator of business climate in the manufacturing 

industry. It is calculated as a simple average of seasonally adjusted balances of 

three variables: order books, production expectations and the stock of finished 

products (with a negative sign). The Construction Confidence Indicator (BCI) is a 

composite indicator, which expresses construction managers’ expectations and 

assessments. It is as a simple average of seasonally adjusted balances of two 

variables: order books and production expectations. A composite indicator derived 

from the retail trade survey is called the Retail Trade Confidence Indicator (RTCI). It is 

defined as a simple average of seasonally adjusted balances of present business 

position, assessment of stock of finished products and business expectations. The 

Services Confidence Indicator (SCI) is a simple average of seasonally adjusted 
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balances of the past business situation, turnover over the past three months and 

expected demand. 

 

Empirical results and discussion 
The principal contribution of this paper is the publication of Croatian R-word index, 

which is depicted in Figure 1 in the original form (not seasonally adjusted). 

 

 
Figure 1 Croatian R-word index 

Source: authors’ calculation. 

 

One can easily observe that the first three years of the examined period are 

characterized by extremely low levels of economic uncertainty (i.e. small share of 

recession-related articles in the news media). This is conditioned by the fact that 

Croatia witnessed solid economic growth rates in the period of 2000-2007. However, 

an abrupt jump (structural break) is evident at the dawn of the recent economic 

crisis. The R-word index more than doubles in August 2008 in comparison to the 

previous month (an increase from 0.0076 to 0.0165). At that point, the news media 

started to extensively report on the collapse of the real estate market and the 

potential bankruptcy of several large investment banks in the USA. Since Croatia is a 

small open economy, it was quite clear that the subsequent cause-and-effect chain 

will ultimately results in a drastic fall of aggregate demand and push the domestic 

(Croatian) market into a recession. Although the official confirmation of the 

recession came from the Croatian Bureau of Statistics in as late as 2009 Q1, the 

media reports unambiguously reflected the rising uncertainty in the economic 

system. An informal corroboration of turbulent economic conditions came from the 

former Croatian Prime Minister (PM) Ivo Sanader. In his famous interview, he 

admitted that Croatia is “hanging by a thread” (Večernji list, 2008). The next hike of 

the R-word index is documented in July 2009, with a value of 0.0680. This finding can 

largely be attributed to Sanader’s resignation as PM. Another important event 

happened during the same month. Jadranka Kosor took the PM’s office and 

introduced the economic recovery program (manifested through rising value added 

tax and the introduction of the so-called crisis tax).  

Considering the fact that Croatia has recorded the longest negative economic 

streak in modern European history (Jutarnji list, 2014) (12 consecutive quarters of 
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negative GDP growth), it is no surprise that the R-word index has a long-term rising 

trend ever since the dawn of economic crisis up until 2015. The overall maximum of 

uncertainty is achieved in October 2015 (R-word index equals 0.0784). This means 

that as much as 7.84% of all media articles in that month (dealing with a wide range 

of topics, from gossips to science) are attributed to contractionary economic trends. 

One might want to put the hereby given frequency of recession-related articles in a 

wider context and compare it to the frequencies of articles dealing with other 

topics. However, to the best of the authors’ knowledge, no such analysis has been 

performed up to this point in time. Elezović (2012) did the only remotely similar study, 

examining the frequencies of various topics in newspapers cover pages. 

A plausible explanation of this extremely high figure stems from the concurrent 

parliamentary electios. During the campaign, a variety of alternative economic 

policy prospects were presented to the public by a range of political parties, ranging 

from neoliberal (pro-market) policies to neo-Marxist and anti-capitalist movements. 

Hence, an extreme level of economic uncertainty comes as a logical consequence.  

In order to question the first hypothesis of the paper, the authors of similar studies 

employed advanced statistical methods such as vector autoregression models 

(Doms and Morin, 2004), autoregressive distributed lag models (Iselin and Siliverstovs, 

2013), probit regressions (Grossarth-Maticek and Mayr, 2008), etc. However, being an 

emerging country, Croatia has archive data only for the last 10 years (at most). If 

one wanted to quantify the relationship between the R-word index and GDP in 

Croatia, one would have to obtain a quarterly version of the former variable. 

Following this approach, the present study resulted in only 40 quarterly observations 

of GDP and the R-word index (2005 Q3-2015 Q2). This limitation has restricted the 

authors to use rather simple explorative analysis. 

Regarding the first hypothesis of the paper, it is crucial to inspect whether the R-

word index leads (precedes) GDP, and by what lead time. With that in mind, the two 

examined variables are graphically presented in Figure 2. 

 

 

Figure 2 Croatian R-word index (quarterly) and y-o-y GDP growth rates 
Source: authors’ calculation. 

 

It is evident that the two series are strongly negatively correlated. As postulated, 
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coincides with a decrease in economic activity. The evidence is so strong that the 

two series almost look like a mirror image of one another. Judging from this figure, 

one can hardly draw any conclusions about the potential leading characteristics of 

the R-word index. 

Researchers often rely on correlation analysis for various lag lengths in order to 

question the “true” leading characteristics of a particular indicator with respect to its 

reference macroeconomic series (e.g. Goldrian, Lindlbauer, Nerb, 2001). The 

correlation coefficients (r) of GDP and various lags of the R-word index (h=0, ... ,8) 

are calculated and presented in Table 1 in order to resolve that issue. 

 

Table 1 Correlation coefficients between the R-word index and Croatian GDP for 

various leading times 

h 0 1 2 3 4 5 6 7 8 

r  -0.9284 -0.8888 -0.8296 -0.7554 -0.6596 -0.6061 -0.5326 -0.4600 -0.4179 

Source: authors’ calculations. 

 

It is again easily concluded that the quarterly R-word index and GDP growth rates 

exhibit a strong negative correlation. The highest correlation coefficient (in absolute 

terms) is obtained for the contemporaneous relationship between the two variables. 

This inference is also confirmed by Granger causality tests, where no causality is 

found for the specification with the optimal number of lags being chosen according 

to the Akaike information criterion. 

It can, therefore, be inferred that the R-word index does not have pronounced 

leading characteristics. However, note that the R-word index can be published at 

the sole end of each month, while the quarterly GDP statistics are published with a 

substantial time lag. For example, Eurostat published the GDP figure for 2015 Q2 as 

late as September 8, 2015. This publication lag of more than two months provides 

considerable added value for the R-word index, and validates it as a leading 

indicator of GDP. In essence, this means that the R-word index leads GDP by two 

months. 

Measuring the ability of some leading indicator to forecast another 

macroeconomic variable is often conducted using the confusion matrix (see e.g. 

European Commission (2016)). It should be noted that the stated methodology 

analyses the forecasting of direction of change for a particular variable (not its 

intensity of change) using leading indicators. 

Table 2 shows a confusion matrix (with absolute frequencies) for the quarterly R-

word index and Croatian y-o-y GDP growth rates. This way it can be inspected 

whether the R-word index helps to anticipate the direction of change of GDP in 

Croatia. 

 

Table 2 Confusion matrix 

Predicted 
Realised 

Total 
Rise Fall 

Rise 9 9 18 

Fall 5 16 21 

Total 14 25 39 

Source: authors’ calculations. 

 

A cautionary note should be highlighted here: uncertainty and GDP should 

theoretically be (and indeed are) negatively correlated. Because of that, a fall in 

uncertainty corresponds to a predicted rise of GDP. In other words, a realised rise of 
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y-o-y GDP growth rate is correctly predicted by a fall in the uncertainty index (R-

word index) in the current quarter in comparison to the previous one. Predicted and 

realised changes of y-o-y GDP growth rate are presented in Table 2. The 

corresponding confusion rate (CR) is calculated according to the expression: 

 
frrf nn

n
CR 

1
, (1) 

where n  is the number of forecasts (39 in this study), while frn  and rfn  are the off-

diagonal elements of the confusion matrix. It is straightforward to obtain the value of 

3590.0CR  from Table 2. This means that a rise/fall of the R-word index indicates (in 

the period analysed in the study) the wrong direction of change in the GDP growth 

rate only in about 36% of cases. On the other hand, in the vast majority of cases 

(64%), the R-word index helps to anticipate the changes of GDP movements’ 

direction. 

This corroborates the first hypothesis of the paper. However, the R-word index can 

be used as a strictly short-term leading indicator of Croatian economic activity. 

The second hypothesis of the paper is tested using centred 2-years rolling window 

correlation coefficients (24 monthly observations). This simple, but very illustrative 

technique, allows the authors to gain insight into the time dynamics of the 

relationship between the R-word index and individual BCS confidence indicators. In 

essence, this means that the correlation coefficient at time t is obtained by 

correlating the observations from time t-12 to t+11 of both examined series. The 

purpose of this analysis is to examine whether economic agents react to uncertainty 

shocks differently in times of recession and prosperity. The rolling window correlation 

analysis is firstly done for CCI and the R-word index, as shown in Figure 3.  

 

 

Figure 3 Rolling window correlations of CCI and the R-word index  
Source: authors’ calculation. 

 

Several inferences can be highlighted here. First, the relationship between the two 

observed variables is negative throughout almost the entire observed period. 

Correlation is the strongest (in absolute terms) at the dawn of the Great Recession of 

2008 (a value of -0.8737 is documented in September 2008). The correlation 

substantially moves to the positive territory only within two separate periods. In May 

2011 it reaches a maximum value of 0.2975, which can completely be attributed to 
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the documented positive economic growth rates (for the first time after 2008). At 

that point, the consumers were obviously convinced that the recession came to its 

end. This was evidently not the case, and the economy shortly sank back to 

negative growth rates in 2012. The relationship remained rather stable up until 2014, 

when it was again boosted on the account of economic growth. It is therefore 

apparent that the correlation cyclically follows GDP movements. 

Figure 4 presents the rolling window correlations of BCI and the R-word index. 

 

 

Figure 4 Rolling window correlations of BCI and the R-word index 

Source: authors’ calculation. 

 

One technical disadvantage is evident here. All Croatian BCS data (except for 

the consumer sector) are available form as late as May 2008. Since the 2-year 

centred rolling window correlation entails 12 observations before the centre one, this 

has shortened the observed period to the starting point of June 2009. Therefore, the 

analysis is abridged for the observations at the sole dawn of economic crisis. 

Nevertheless, Figure 4 vividly shows that the correlation of the R-word index and BCI 

is the strongest in 2009, within the first recession wave. Afterwards it fluctuates around 

zero and takes a strong upward trend, defying the official macroeconomic statistics. 

Despite the fact that the volume of construction works was on the downward trend 

throughout the examined period (Croatian Bureau of Statistics, 2014), construction 

sector managers obviously felt that the recession would end before it actually did. 

Hence, they became more and more optimistic about future prospects of their 

sector (see Appendix). Since uncertainty also exhibit a long-term upward trend in the 

examined period, it is obvious that the correlation between the two series has also 

increased.  

Figure 5 shows the rolling window correlation between ICI and the R-word index. 
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Figure 5 Rolling window correlations of ICI and the R-word index 

Source: authors’ calculation. 

 

A very similar pattern is also observed in the manufacturing industry sector. The 

strongest correlation is again found at the beginning of the recent crisis. Afterwards 

the correlation fluctuates around -0.4 and then takes a strong upward swing. 

Although the industrial sector recorded negative growth rates in 2013, managers 

have anticipated a near turning point of the economic cycle. Since uncertainty 

(measured by the R-word index) also grew in 2013, the final outcome was a rise in 

the correlation between the two series. 

In the same manner, Figures 6 and 7 depict the correlations of the R-word index 

vs. RTCI and SCI (respectively). 

 

 

Figure 6 Rolling window correlations of RTCI and the R-word index 

Source: authors’ calculation. 
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Exactly the same cyclical developments are vivid in both the retail trade and 

services sectors. Two variables of interest exhibit the strongest correlation in mid-2009. 

After the following several years of stagnation, the correlation then takes a strong 

upswing in 2013. 

 

 

Figure 7 Rolling window correlations of SCI and the R-word index 

Source: authors’ calculation. 

 

An important conclusion can be uniformly drawn from Figures 3-7. The relationship 

between economic confidence and the uncertainty level is of different sign and 

magnitude in different phases of the economic cycle. Very similar results are also 

obtained by using 3-year centred rolling window correlations. These results are left 

out here for brevity purposes, but can be obtained from the authors upon request. 

Economic agents seem to react to uncertainty shocks the most intensively in the 

onset of economic crisis. This is completely in line with the work of Garner (1991). He 

finds that consumer confidence can produce accurate predictions of households’ 

purchases only in the conditions of a sudden (unexpected) economic downfall 

(such as the Gulf War recession in the USA). This is specifically what happened in 

Croatia. Economic agents were not fully aware of the possible depth and longevity 

of the recent crisis in the mid-2008. Although Croatia witnessed a double-dip 

recession (with the second downfall occurring in 2012-2015), the correlation between 

economic confidence and uncertainty newer again became as strong as it was in 

2008. This time the slump was (at least to some extent) expected and the final effect 

was not so pronounced. On the contrary, the obtained correlations even became 

positive for all sectors except the consumers.  

At the sole end, an additional robustness check is provided by inspecting the 

rolling window correlations between GDP y-o-y growth rates and the quarterly 

version of the R-word index. The obtained results are shown in Figure 8. 
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Figure 8 Rolling window correlations of GDP and the quarterly R-word index 

Source: authors’ calculation. 

 

Very similar behaviour is observed once again. The strongest correlation is 

recorded in mid-2008 (in accordance with Garner’s (1991) premise). After several 

years of mild fluctuations, the correlation skyrockets into positive territory in 2014. This 

has anticipated the near end of recession: despite the again rising and politically 

motivated economic uncertainty (parliamentary elections in 2015), the GDP figures 

start to indicate first signs of recovery. Since the economic sentiment of all five BCS 

sectors present a similar pattern (Figures 3-7), it is no surprise that the aggregate 

measure of economic activity also behaves in the same way. 

This way the second hypothesis of the paper is also confirmed. 

 

Conclusion 
The largest benefit of this study is that it resulted in a media-based economic 

uncertainty indicator for the Croatian economy: the R-word index. A coherent 

database of news media articles is established. The database is set up so that it is 

automatically refreshed each month. This way, the R-word index can easily be 

extended by additional monthly observations, and regularly published. The 

introduction of R-word index significantly augments the Croatian system of 

coincident and leading macroeconomic indicators, which have until now been 

almost entirely based on the efforts of researchers from The Institute of Economics, 

Zagreb (see e.g. Bačić, Vizek (2006) or Rašić Bakarić, Tkalec, Vizek (2015)). 

In the context of this paper, the media articles database is searched by keywords 

related to the economic crisis, but the concept can easily be translated to any other 

social science field (sociologic, economic, demographic, etc.). Therefore, the 

contribution of this study is manifold and long-term. 

This paper also adds to the literature by examining the (mostly neglected in the 

literature) time variability of the relationship between uncertainty and economic 

sentiment. It is firmly corroborated that the correlation between the two variables is 

the strongest in the sole onset of the economic crisis. This brings the researchers to a 

very important policy implication. In order to provide a coherent and effective crisis 

management strategy, the policyholders need to react promptly to the very first 

signs of recession. A concise public communication strategy needs to be 
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articulated, highlighting the economic tools and measures which will be undertaken 

to fight the crisis, together with an explicit time frame for these steps. This way no 

additional uncertainty will be generated in the system, economic agents will be fully 

informed and (to a large extent) able to foresee future macro and microeconomic 

conditions. In the end, this will ensure more efficient resource allocation, prevent the 

a priori fear of investing and possibly generate considerable economic gains. 

An evident shortcoming of this study is that it does not take into account other 

popular media (TV and the radio news data). However, that kind of database does 

not currently exist in Croatia. This disables the authors to widen their analysis to a 

multi-media framework. 

Further research would certainly entail longer time series of R-word index data. This 

would than enable more rigorous statistical analysis and possibly shed some light on 

the causal interrelationship among the examined variables. 
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Figure A1 Consumer Confidence Indicator 

Source: European Commission. 
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Figure A2 Construction Confidence Indicator 

Source: European Commission. 

 

 

 

Figure A3 Industry Confidence Indicator 

Source: European Commission. 
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Figure A4 Retail Trade Confidence Indicator 

Source: European Commission. 

 

 

 

Figure A5 Services Confidence Indicator 

Source: European Commission. 
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Abstract 
Since the endogenous growth model appeared in the economic theory, taxation 

has been considered as one of the key determinants of the economic growth. In the 

public finance theory, taxation is considered to have a negative impact on 

economic growth, which is explained by implications of tax revenues distortions on 

the economic activity. This assumption has been investigated by many empirical 

studies. The aim of this paper is to analyse the impact of personal income taxation 

on economic conditions in Croatia in the long-run. After providing a brief insight into 

the economic and the public finance theory regarding taxation and economic 

growth, previous relevant research is presented. The empirical analysis of the impact 

of personal income taxation on economic conditions in Croatia is conducted using 

the Johansen cointegration approach. The existence of cointegration is examined 

and the error correction model is estimated using monthly data from January 2000 to 

March 2016. The results of the research show that personal income taxation in 

Croatia has a significant negative impact on the economic growth in the long-run, 

which is in line with the economic theory and relevant empirical research. 
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Introduction 
Economic growth is one of the most important concepts in economic theory. 

Achieving the steady GDP growth is one of the most important goals of every 

country. Before 1980s, technological progress and increase of population were 

considered to have most significant impact on economic growth. The development 

of endogenous growth theory has opened new possibilities of exploring the effects 

of endogenous determinants, such as taxation, on economic growth. The impact of 

taxation on economic growth significantly depends on the structure of tax system in 

the country (Alinaghi, 2015). 

In public finance theory, it is considered that taxes have negative impact on 

economic growth. It is the consequence of distortions which taxes impose on 

individuals’ behaviour, such as their decisions about savings, spending and leisure 

(Kesner-Škreb, 1999). Taxes are considered to bring inefficiency into the economy in 

form of deadweight loss (Rosen, 1998). In macroeconomic theory, there are two 

models which are often used to explain the impact of taxation on economic growth: 

neoclassical growth model and endogenous growth model. Neoclassical growth 

model implies that the long-run growth rate is defined as the rate of technical 

progress and population growth. Furthermore, according to neoclassical model, 

taxation has an impact on economic growth in short-run, but not in the long-run 

(Belaney et al., 2001). This model has been used until 1980s, when the endogenous 

growth model appeared in macroeconomic theory. The most famous endogenous 

growth model introduced by Barro (1990) and King and Rebelo (1990) assumes that 

taxes and public expenditures can determine both the output level and the steady 

state growth rate (Alinaghi, 2015). Endogenous growth model implies that the 

impact of fiscal policy on growth depends on the structure and level of taxation 

(Belaney et al., 2001). It also points out that growth is stimulated by the decisions of 

economic agents concerning accumulation of physical and human capital (Kesner-

Škreb, 1999). Most researchers assume that the endogenous growth model explains 

growth better due to the fact that in the neoclassical model taxes do not have 

permanent effects on GDP growth per capita (Alinaghi, 2015). Karras (1999) 

researched the impact of tax rate on economic growth for a panel of 11 OECD 

countries in order to test theoretical framework of endogenous and neoclassical 

growth models. The main difference between endogenous and neoclassical model 

is related to the fact that increase in tax rate will permanently diminish economic 

growth in endogenous model, while in neoclassical model change in tax rate affects 

economic growth only temporarily and it has permanent impact only on steady-

state GDP per capita. Karas (1999) empirically confirmed the neoclassical growth 

model is more suitable for observed countries. 

This research is primarily focused on the impact of personal income tax on 

economic development in Croatia. Income tax is accepted not only as a possible 

instrument of raising the required public revenue, but also as an essential fiscal 

instrument for managing the economy (Burgess, 1993). The aim of this research is to 

assess whether the income taxation has significant impact on economic conditions 

in Croatia and to assess the direction of the estimated impact. The research 

hypothesis is that the personal income taxation significantly impacts economic 

development in Croatia in long-run. 

The outline of the paper is following: firstly, the brief literature review is provided; 

and after that the empirical analysis of the impact of personal income taxation on 

economic conditions in Croatia is conducted. Finally, main conclusions and 

limitations of the research are stated. 
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The existing research on the impact of personal income 

taxation on economic conditions 
Most of the existing empirical research provides different results concerning the 

impact of taxation on economic growth. There are few problems which disable 

comparability of results of different studies: different coverage of taxes in different 

countries, problems concerning measuring specific tax variables, complex 

interactions of fiscal variables, difficulties concerning segregation of the impact of 

other variables which effect growth from the impact of fiscal variables, sensitivity of 

quantitative results on elasticity parameter estimations (Kesner-Škreb, 1999). Alinaghi 

(2015) analyses taxes and economic growth in OECD countries and also points out 

that important characteristics which can explain difference of results across studies 

are the different measures and types of taxes, various data structures available in 

cross country studies, different control variables included in the model, different 

econometric methodologies used and groups of countries included in the research. 

The decrease in personal income taxation have the prospective to increase 

economic growth by stimulating individuals to work, invest and save, what refers to 

substitution effect (Gale, Samwick, 2016). While substitution effect of tax cuts will 

increase saving and labour supply, the impact of tax cuts on supply side of the 

economy is ambiguous due to additional effects. Namely, this refers to the income 

effect (Gale, Samwick, 2016). Taxes decrease the disposable income for individuals 

and can possibly diminish their engagement in productive economic activity (Gale, 

Samwick, 2016). Furthermore, the decrease in income tax cuts which is not 

accompanied by decreased government spending is likely to increase the budget 

deficit. The higher deficit will lead to lower national saving and higher interest rates, 

what will impact investment negatively. The net effect of the tax cut on economic 

growth is therefore unresolved and depends on the structure of the tax cut and the 

timing and structure of its financing (Gale, Samwick, 2016). If tax cuts do not lead to 

the expected economic growth, tax revenues could decrease and put higher 

pressure on the budget deficit, lower national saving, and lead to decreased future 

economic activity (Engen, Skinner, 1996). According to Gale and Samwick (2016), 

long persistent tax cuts financed by higher deficits will probably to reduce national 

income in the long-run. On the contrary, according to their simulation, cuts in 

income tax rates that are financed by spending cuts can have positive impacts on 

economic growth. Furthermore, Jaimovich and Rebelo (2015) propose the non-linear 

model for the analysis of the impact of taxation on economic growth, which is based 

on the assumption that low or moderate tax rates have lower impact on economic 

growth. Furthermore, as tax rates rise, their marginal impact on growth increases. 

These effects on growth are the consequence of heterogeneity in entrepreneurial 

ability. 

The majority of previous studies has shown negative relation between taxes and 

economic growth, what is in line with public finance theory. Taufik and Imbarine 

(2012) investigate the inconsistent effects of tax structures on economic 

development and show that taxes on income, profit and capital gain negatively 

affect both low and high income countries. Arnold (2008) has conducted panel 

data analysis using Pooled Mean Group estimator for 21 OECD countries in order to 

examine the effects of tax structures on economic growth. The mentioned research 

has shown that income taxes lead to lower economic growth than taxes on property 

and consumption, and corporate income taxes have the most negative effect on 

economic growth. Karras and Furceri (2009) examined the impact of tax changes on 

economic growth in 19 European countries. The results of the research imply that 
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increase in taxes by 1% leads to decrease in real GDP per capita by 0.5% to 1.2% in 

the long-run. Furthermore, Jaimovich and Rebelo (2015) propose the non-linear 

model for the analysis of the impact of taxation on economic growth, which is based 

on the assumption that low or moderate tax rates have lower impact on economic 

growth. Furthermore, as tax rates rise, their marginal impact on growth increases. 

These effects on growth are the consequence of heterogeneity in entrepreneurial 

ability. Kotlan and Machova (2013) examined the impact of tax burden on the 

economic growth in OECD countries and found the significant negative impact. 

Maček (2014) has verified the negative relation between economic growth and 

personal income taxes, corporate taxation and social security contributions in OECD 

countries. 

Bonu and Pedro Motau (2009) concluded that lower tax rates lead to economic 

development in Botswana. Keho (2013) conducted econometric analysis to 

investigate the impact of tax structure on economic growth in Cote d’Ivoire and 

concluded that increasing tax burden leads to reduced economic growth. 

However, the analysis has shown that increase in indirect taxes and decrease in 

direct taxes could have a positive impact on economic growth. 

The part of previous empirical research points to the positive or negligible impact 

of taxation on economic growth. Ojong and Myles (2000) concluded that the effect 

of taxation on economic growth, if it exists, is relatively minor. Slemrod (2003) 

suggests that raising taxes and using the obtained revenues for education and 

infrastructure would increase economic growth. Tajumah (2014) analysed the 

impact of revenue on economic growth in Ghana using vector autoregression 

approach and Johansen cointegration procedure. The mentioned research pointed 

to the positive short run and long run impact of taxation on economic growth. 

Anthony and Akripo (2016) analyse the impact of tax revenue on economic growth 

in Nigeria and show that an increase in personal income tax leads to increased 

economic growth. Chang (2017) assessed the impact of tax structure on economic 

growth in China using liner regression analysis. The mentioned research points to the 

result that increase in local tax revenue will have a positive impact on economic 

growth in China. 

 

The empirical analysis of the impact of personal income 

taxation on economic conditions in Croatia 
This section of is divided into three subchapters. First subchapter explains data used 

in analysis and used approximations. Second subchapter gives a brief insight into 

vector error correction model and cointegration analysis. In third part of this chapter, 

the empirical analysis of the impact of personal income tax on economic 

development is conducted. 

 

Data 
Monthly data on volume indices of industrial production, 2010=100 are used to 

approximate the output. This approximation is used due to the fact that data on 

gross domestic product are published quarterly and volume indices of production 

are published monthly, with the aim of preserving degrees of freedom and reliability 

of econometric analysis. The same approximation of output is also used in Dumičić 

and Čibarić (2010) and Dumičić et al. (2010). Regarding the data on personal 

income tax revenues, data are derived from Croatian Ministry of Finance State 

Budget (Ministry of Finance, 2016). Monthly seasonally adjusted logarithmic data on 

these variables for the period from January 2000 to March 2016 were used in 
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cointegration analysis. The seasonal adjustment is conducted using X-13 ARIMA 

SEATS adjustment method (see U. S. Census Bureau, 2016). Data for April 2004 and 

December 2012 were missing and therefore the interpolation of missing data is done 

using cubic spline interpolation method in software MATLAB R2014a. For cubic spline 

interpolation, every two consecutive points are connected by the part of the graph 

of the polynomial of the third degree. For more detailed description of the method 

of cubic spline see Sastry (2012). 

Moreover, since both analysed time series exhibit trend component, Hodrick and 

Prescott (1980, 1997) filter is used for trend component removal. Hodrick-Prescott 

filter is a commonly used method for the removal of trend component of economic 

time series. Hodrick and Prescott (1997) suggest that the observed time series consists 

of cyclical and trend components. Furthermore, it is assumed that there is no 

seasonal component of time series, and that the seasonal component is removed in 

the process of preparing the data for empirical analysis. Hodrick and Prescott filter is 

often used in macroeconomics to obtain smoothed estimates of the long-run trend 

component of a series (Palić, 2015). In this research, the value of the smoothing 

parameter is set to λ = 14400 in line with the original values of Hodrick and Prescott 

(1980, 1997) for monthly data. In order to conduct empirical analysis, seasonally 

adjusted detrended (HP filtered) logarithmic values of tax revenues (denoted by T) 

and industrial production (denoted by Y) are used. 

The Johansen cointegration method is used to examine the existence of 

cointegration among income tax revenues and industrial production in Croatia. The 

error correction model and long-run cointegrating equation are explained in next 

chapter. 

 

Vector error correction model and cointegration analysis 
The Johansen approach to cointegration is described in brief in this subchapter. If 

the set of economic variables is observed, the long-run equilibrium can be written as: 

0 tt eZ , (1) 

where   is matrix of parameters, tZ  is vector consisted of n economic variables, te  is 

vector of innovations or vector of stationary random variables (Bahovec, Erjavec, 

2009). The equilibrium is reached if 0 tZ . In that case, the deviation from the long-

run equilibrium is given by: 

tt Ze  , (2) 

If the long-run equilibrium is reached, the deviation te  is described to be a stationary 

process. It has to be emphasized that there are some differences between long-run 

equilibrium definition of economic theorists and of econometricians. Economic 

theorists use this term in the sense of equality between actual and desired state of 

economic variables. In econometric sense, the term refers to the long-run 

relationship between non-stationary variables. Cointegration does not require the 

long-run equilibrium to be the result of a market mechanism or behavior of 

individuals (see, for example, Palić et al., 2016). 

The vector error correction model is given by: 

tktktkttt eZZZZZ   12211 ... , (3) 

where IAAA iii   11 ... , IAAA kkk   11 ... , kAAA ,...,, 21  are square 

matrices of the order n, k is the lag length, and 1,...,2,1  ki . In the equation (3) the 
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term ktZ   is observed as the long-run part of the model, whereas the short-run is 

presented by 





1

1

k

i

iti Z  (Bahovec, Erjavec, 2009). In order to determine the number 

of cointegration relations, the rank of matrix   must be observed. There are three 

possible situations. If matrix   is a zero-matrix, the cointegration is not present. If 

matrix   is of full rank or the rank is equal to the number of variables in the model 

(rank is equal to n), it is said that the process is stationary. If the rank of matrix   is not 

full or the rank is lower than the number of variables in the model (rank is lower than 

n), the matrix   can be written as: 

' , (4) 

where   is the matrix of error correction speed (speed of variables needed to return 

in equilibrium),   is the cointegration matrix (contains the parameters of long-run 

equations). Both matrices,   and  , are of rank rn  . Consequently, there are r  

cointegration relations between variables. In order to determine the number of 

cointegration relations, the maximum eigenvalue test and trace test are conducted. 

For the detailed explanation of maximum eigenvalue test and trace test see 

Bahovec, Erjavec (2009) and Enders (2015). 

 

The estimation the long-run equation for the impact of personal 

income taxation on economic conditions in Croatia 
In order to test whether personal income taxes and output are cointegrated, 

Johansen cointegration test is conducted using EViews 8. Prior to model estimation, 

the existence of deterministic components (trend and constant) is selected. Due to 

the fact that trend is removed from both variables, the model in which constant is 

present only in cointegrating equation, and trend does not exist neither in vector 

error correction model nor in cointegrating equation, is selected for the analysis. This 

model is very often used in the analysis of financial variables (Bahovec, Erjavec, 

2009). 

The number of cointegrating relations is examined using the maximum 

eigenvalue test and trace test. Tests are conducted until the first time the null 

hypothesis cannot be rejected. The results of both tests are presented in Table 1. 

 

Table 1 Determining the number of cointegrating relations (trace test and maximum 

eigenvalue test) 
Hypothesized 

number of 

cointegrating 

equations 

Eigenvalue 
Trace 

statistic 

0.01 Critical 

value (trace 

statistic) 

Max-

eigen 

statistic 

0.01 Critical 

value 

(max-eigen 

statistic) 

0 0.205 57.813 19.937* 18.520 17.234* 

1 0.073 14.339 6.635* 6.635 10.666* 

Note: The star *denotes rejection of null hypothesis at 1% significance 

Source: Authors’ calculation. 
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The cointegration among two observed variables exists at 1% significance. Both 

tests point to the existence two cointegrating relations. It is important to note that first 

cointegrating vector is mostly correlated with the stationary part of the model 

(Johansen, Juselius, 1990). Based on this fact, cointegration relation, i.e. long-run 

equation (with t-statistics in brackets) is given by: 

 860.6

T230.1003.0Y




. (5) 

Therefore, in the long-run personal income tax is significant in explaining output. 

Moreover, the long-run impact of personal income tax deviation is negative, what is 

in line with previous empirical research and economic theory. Regarding the 

correction of disequilibrium, the error correction term (ECT) obtained on the basis of 

the equation (5) equals -0.8755, whereat corresponding t-statistics equals -6.803 and 

points to the significance of error correction term. The negative sign of ECT points to 

the conclusion that variables return to equilibrium, while its absolute value is related 

to the adjustment speed. Therefore, 87.55% of disequilibrium is corrected in each 

months and output returns to the equilibrium level for approximately 1.14 month. 

The diagnostics of the model adequacy is also conducted. Firstly, White 

heteroskedasticity test is conducted for long-run model. The chi-square test statistic 

equals 49.459, with corresponding p-value of 0.649, suggesting that the null 

hypothesis of homoscedasticity cannot be rejected at any reasonable significance 

level. Moreover, the LM test of autocorrelation is conducted. At 1% significance level 

the null hypothesis of no autocorrelation of residuals cannot be rejected up to lag 

length k=12, since all corresponding empirical significance levels are more than 0.01. 

Therefore, stated diagnostic tests show that stated model is appropriate. 

 

Conclusion 
The impact of taxation on economic growth has been permanent question in 

economic theory for decades. Since the endogenous model appeared in 

economic theory, researchers have put effort in analysing the effect of taxation on 

economic growth. The previous empirical research has shown conflicting results, 

what is mostly the consequence of different data used in analysis, different 

econometrics methodologies used, different structure of taxation in different 

countries and problems concerning measuring specific tax variables. The effect of 

taxation on economic growth largely depends on structure and level of taxation. In 

this research the long-run impact of personal income tax on economic development 

is examined. The analysis is conducted using Johansen cointegration approach. 

Since the eigenvalue and trace tests show the existence of cointegration among 

taxes and industrial production, the long-run cointegration equation is estimated. In 

the long-run personal income taxation has significant and negative impact on 

economic development. This result is in line with economic theory and previous 

empirical research. 

Finally, the main limitations of the conducted empirical research are mostly 

related to approximation of data used in model. Data used to approximate the 

output are monthly volume indices of industrial production, while personal income 

taxation is approximated by monthly personal income tax revenues. Furthermore, in 

this research the bivariate econometric model is used. In future research other forms 

of taxation as well as other macroeconomic variables should be included in 

cointegration analysis as possible determinants of economic development. 
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Abstract 
According to the agency theory, debt brings discipline to management and 

therefore, one way of reducing agency costs is by increasing the level of 

indebtedness. Even though there are a number of specificities of banks as 

corporations, this agency theory postulate should still be valid. This research is 

motivated by the need to understand microeconomics of banking better, which 

could be especially rewarding in CEE countries where the issues of credit risk, bank 

capital and corporate governance are specific. Accordingly, by testing the 

disciplinary role of debt in Croatian banks, we contribute to the still scarce literature 

on bank governance in Croatia. We operationalise the research by first generating 

an efficiency measure which we believe adequately represents management 

efforts and ability to maximize the value of owners’ investment. In the next step, we 

explore the relation between banks' efficiency and leverage. Our results do not 

indicate that debt generally creates a discipline mechanism for bank managers in 

Croatia. 
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Introduction 
The asymmetry of information between owners and management is perhaps more 

pronounced in the banking industry than in other sectors. Bank managers have 

access to far more information about the clients and the bank itself than bank 

owners. At the same time, access to public safety nets makes the question of 

information asymmetry even more sensitive. Having that in mind, it should come as 

no surprise that banks are highly regulated with their capital levels monitored closely. 

But besides the “physics” behind the monitoring of optimal capital levels in terms of 

risk management, little attention is usually paid to the “chemistry” of the relationship 

between bank owners and the ones making the every-day decision on optimal 

levels of leverage in terms of maximising bank's profits. 

The question of capital structure and agency costs in banking industry is also 

important from the perspective of the whole economy, as this industry provides 

credit to the real sector and therefore enhances economic growth. However, this 

issue is even more important in banking sectors of CEE countries where the pressure 

on bank capital is increased due to higher credit and market risks. Also, banks in CEE 

countries are predominantly foreign owned with large international financial groups 

usually holding the majority of banking sector capital. Therefore, the determination 

of foreign owners to keep their investment in CEE banks is usually monitored with 

care, especially in crisis years. 

Like most of the CEE banking sectors, Croatian banking sector is predominately 

owned by foreign financial institutions that hold around 90% of banking sector assets. 

Also, the banking sector is becoming more concentrated with the departure of 

smaller and usually domestically-owned banks, mostly via mergers. The capital ratios 

in Croatian banking sector are high with total capital ratio amounting to 20.9% at 

end 2015. The major contributor to the increase in banks' capital adequacy after 

2008 is the decrease of risk weighted assets, with the capital levels remaining high 

due to the relatively high retained earnings, while recapitalisations in form of inflow 

of fresh capital were generally absent from 2008 onwards. 

Given the importance of bank capital and the potential of agency theory in 

helping to explain the relationship between managers and owners, the lack of 

research so far on agency theory in Croatian banking sector context, seems 

unjustified. Also, with banks deleveraging towards their foreign owners in Croatia 

after 2008 it becomes interesting to question whether debt disciplines bank 

managers. We therefore contribute to the literature on Croatian banking sector and 

agency theory in banking by testing whether increased leverage disciplines 

managers as the agency theory would suggest, causing the reduction in agency 

costs. 

After introduction and literature overview we explain the rationale for using bank 

specific profit efficiency measure derived from Data Envelopment Analysis (DEA), 

which consists of cost and revenue efficiency. The advantage of this measure 

compared with financial ratios or indicators derived from stock market is that it can 

control for firm-specific factors outside the control of management that are not part 

of agency costs (Berger and di Patti, 2006). After this step, we explain data and 

methodology and proceed by testing the connection between bank leverage and 

profit / cost / revenue efficiency using a Panel Tobit regression. After presenting the 

results, we conclude and offer recommendation of further research. 

All of the calculations are carried out in R programming language with the help of 

Benchmarking package developed by Bogetoft and Otto (2015). In the next step, 

regression analysis was carried out in Stata 13. 
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Literature overview 
One of the pillars of agency theory is financing structure dilemma. As Dobbin and 

Jung (2010) suggest, the agency cost associated with turning over management to 

non-owners stems from three propensities of management: a) to sacrifice profitability 

as to minimize the risk of firm failure, b) to over-reward themselves and drain profits 

and c) pursue short-term strategies that will benefit management rather than long-

term strategies that will benefit shareholders. Accordingly, there are three strategies 

available in order to reduce agency costs: a) turning management into 

shareholders, b) forcing management to pay dividends, which will force them to 

issue new stock to open themselves up to additional shareholder monitoring and c) 

according to Jensen and Meckling (1976), take on debt. Debt should moderate the 

conflict of interests between shareholders and managers because managers would 

take on debt only when they are convinced that they can achieve rates of return 

that exceed cost of debt. Therefore, shareholders should prefer firm using debt as it 

shows that management is convinced that new projects will pay off. Shareholders 

would also prefer debt financing to new stock issuance as it can multiply their 

potential returns. 

The relationship of capital structure and firm performance is often the subject of 

research. The foundations for this topic were laid down by Modigliani and Miler 

(1958), Modigliani and Miler (1963), Myres (1977), Jensen and Meckling (1976), 

Grossman and Hart (1982). Even though these papers managed to establish the 

relationship between leverage and performance, and popularize the agency topic 

in general, they were conducted from the perspective of non-financial companies. 

Even though banks and financial corporations in general are highly leveraged and 

strictly regulated, according to the agency theory, increasing leverage should 

provide discipline for their managers as well. Work of Berger and Bonaccorsi di Patti 

(2006) represents a significant empirical and methodological contribution to the 

literature of agency costs of debt in banking sector. Using a comprehensive 

methodology and custom-made indicator of bank profit efficiency, based on 

Distribution-free approach, authors show that agency costs are lower when bank 

leverage is increased. Similar methodology was applied on Australian deposit takers 

by Skopjak and Luo (2012) who concluded that on lower levels of leverage 

increasing leverage contributes to the higher profit efficiency of banks, however, 

consistent with the theory, on higher end of leverage distribution, increasing 

leverage increases the financial distress costs and outweighs the gains from 

increased managerial effort. Admati and Hellwig (2013) discuss the bank leverage 

from the long-term social welfare stance and conclude that leverage should be 

lower. 

As Berger and Bonaccorsi di Patti (2006) mention, empirical evidence on the 

agency costs hypothesis in financial literature is inconclusive. Most of the tests rely on 

finding the relationship between firm performance and capital (or leverage) levels 

and other control variables. However, inability of researchers to create a universal 

measure of manager’s effort often leads to the inconsistent results. A part of these 

inconsistencies comes from using a sub-optimal variable for measuring manager’s 

effort: either ratios derived from financial statements (like simple return on assets) or 

stock market data (like stock market returns). Simple profitability ratios, like ROA as 

well as stock market returns can't separate managerial effort from other exogenous 

factors. The goal of this research is also to help explain those inconstancies. 
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Measuring bank performance 
Our research goal requires a measure of managerial effort in running a bank. We do 

not use profitability ratios (like ROA, ROE) because we believe that they do not show 

managerial effort correctly as they depend on many different factors that are not 

under managerial influence. The most important driver of bank profitability in crisis is 

credit risk (via impairment costs arising from the increased levels of non-performing 

loans). However, it is not obvious which part of the loan portfolio should be attributed 

to the current management decisions and which belongs in the legacy domain. 

Also, those profitability measures are dependent of the economies of scale and the 

prices each bank faces which are not totally under control of the management. 

Therefore, we believe that more appropriate indicator for our research is 

efficiency measure that will consider the prices the banks are facing as exogenous. 

Having this in mind, we are faced with the choice between two approaches of 

estimating banks' profit efficiency, more concretely between linear programming 

DEA method and parametric frontier analysis by means of SFA method. However, 

parametric frontier analysis is more data demanding which would lead to fewer 

observations in our case. We therefore, use Data envelopment analysis to derive 

bank specific profit efficiency measure that consists of cost and revenue efficiency. 

Our bank-specific efficiency calculation is implemented in four steps. First, we 

calculate optimal (maximal) attainable revenue for each bank, based on the 

observed prices of banks’ outputs and their selected combination of outputs. 

Secondly, based on the observed costs of inputs Croatian banks use in production 

process and their selected combination of outputs, we calculate optimal (minimal) 

attainable costs. Thirdly, given the evaluated optimal revenues and expenses, we 

calculate optimal attainable profit for every observed bank, which is used as 

benchmark and compared to observed banks’ profits in the calculation of profit 

efficiency. Finally, we use the profit efficiency as a measure of banks’ performance, 

where the appearance of inefficiency is to a certain extent attributed to the 

existence agency costs. 

Optimal revenues are calculated using the DEA (Data Envelopment Analysis) 

method that employs techniques of linear programming in order to find the 

combination of outputs which maximises banks’ revenues while simultaneously 

assuring that the estimated combination of outputs can be attained by the 

observed bank. Optimal costs are calculated using the same linear programming 

techniques by estimating the combination of inputs that minimises costs of banks’ 

production process. This method is viewed as optimal due to its flexibility which arises 

from the fact that as a nonparametric method it requires significantly less a priori 

model assumptions and does not request explicit mathematical form specification of 

the production function that is often a challenging proposition when banks are 

observed. Additionally, it is capable of handling multiple input, multiple output 

characterisations of production processes and enables quantification of inefficiency 

for every evaluated unit. Notable characteristic of DEA model is that it is 

deterministic and therefore it ignores the presence of random noise in data and it 

assumes that every variation in data carries some information about inefficiency of 

observed bank. This feature of DEA method should be taken into account when 

selecting input and outputs of production as any random variation in the data would 

be reflected in the efficiency measure. It should be also mentioned that DEA based 

efficiency measures are upward biased due to the fact that it estimates an empiric 

frontier composed of observed values of other banks and therefore it could be lower 

than theoretical frontier that is theoretically possible to attain. In multiple input - 

multiple output environment, we estimate the technical frontier (best production 
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practice) for every observed bank using the extreme point method which lies on the 

assumption that if one bank can produce a certain level of outputs from a certain 

level of inputs, then any other bank of similar size would also be able to do so. If we 

allow the creation of composite banks from existing ones (by including the convexity 

assumption), then we are able to construct the frontier for every possible 

combination of inputs and outputs. Efficiency measure will be estimated by 

comparing the observed input-output combination of each bank with its frontier 

solution. 

As Table 1 shows, we observe bank as entity that transforms inputs (funds, labour 

and physical assets) into outputs (gross loans and investments) under the various 

circumstances using various money intermediation practices and different long term 

"production" strategies. In other words, we view bank's business process as a "black 

box" where we can measure inputs, outputs and external factors while the very 

mechanics of production process remains unknown. In that context we will define 

bank b,(b = 1, … , K) as an ordered set of its inputs and outputs (Equation 1): 

Bankb = (xb, yb), xb ∈ ℝ+
3 , yb ∈ ℝ+

2 , (1) 

where K is a number of banks present in the market at observed time period (year). 

 

Table 1 Variables used in calculation 
Variable Name Description 

Input 1(𝑥1) Labour Number of employees 

Input 2 (𝑥2) Physical assets Physical assets reported on bank’s balance sheet 

Input 3 (𝑥3) Funds (financing resources) Deposits and short term credits 

Output 1 (𝑦1) Gross loans Loans before impairments and write-offs 

Output 2 (𝑦2) Investments Other assets (total ass. less gross loans and fixed ass.) 

Cost 1(𝑐1) Cost of labour Wage per employee 

Cost 2 (𝑐2) Amortisation Amortisation of physical assets 

Cost 3 (𝑐3) Interest expenses Interest expense per unit of funds 

Price1 (𝑝1) Interest income Interest income per unit of gross loans 

Price 2 (𝑝2) Other non-interest income Other non-interest income per unit of investments 

Source: Authors’ depiction. 

 

Every DEA based analysis of efficiency and production possibilities is founded on 

the notion of production technology which gives us insight on how are inputs and 

outputs related, how we can substitute one input with another, or how level of 

outputs depends on level of inputs. The basic assumption of efficiency analysis is 

based on the notion that all banks share mutual technology that is defined by 

technology set (Equation 2): 

T = {(x, y) ∈ ℝ+
m × ℝ+

n  | x can produce y}, (2) 

where m is number of inputs and n is number of outputs used in production process. 

It can be seen from the definition of technology set that it contains the all of the 

observed values that banks realized in the observed period. In order to make relative 

comparison of banks with their theoretical frontier, technology set will be expanded 

by including two additional properties: free disposability of inputs and outputs and 

convexity. Free disposability property assumes that banks can discard unnecessary 

inputs as well as unwanted outputs for free. Convexity property assumes that if two 

different production technologies are accessible than every linear combination of 

those technologies is also accessible. 

In order to make comparison of banks of different sizes, technology set has to 

satisfy returns to scale assumption that can be defined in general terms as γ −returns 

to scale shown in Equation 3: 

(x, y) ∈ T,κ ∈ Γ(γ) ⇒ κ ⋅ (x, y) ∈ T,, (3) 
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where Γ(γ) is a set of possible scaling factors that depends on the choice of scaling 

possibilities. Our model will use the variable returns to scale (VRS) assumption where  

Γ(γ) = {1}. Therefore, the technology set will be defined as in Equation 4: 

T = {(x, y) ∈ ℝ+
m × ℝ+

n  | x ≥ ∑ λkxkK
k=1 ,  y ≤ ∑ λkykK

k=1 ,  ∑ λkK
k=1 = 1, λk ≥ 0,  k = 1, … , K}. (4) 

First question that we need to address is to estimate how much revenue each 

bank would be able to generate if it was revenue efficient, given their observed 

inputs mix. To assess the possible improvement in terms of income generated by 

outputs, we need to include the price dimension into consideration. We assume that 

the prices of individual outputs in the given year are the same for all banks in the 

sample and are equal to observed income generated per unit of output on 
aggregate level. We can therefore for bank b (b = 1, … , K) estimate the optimal 

revenue that is attainable within the technology T in the year 𝑡 (𝑡 = 1994, … ,2015), by 

solving the following linear programming (LP) problem with 𝐾 + 2 variables (as 

depicted in Equations 5-8): 

𝑚𝑎𝑥
𝑦1,𝑡,𝑦2,𝑡,𝜆1,…,𝜆𝐾

𝑟𝑡
𝑏 = 𝑝1,𝑡 ∙ 𝑦1,𝑡 + 𝑝2,𝑡 ∙ y2,t, (5) 

𝑠. 𝑡.   𝑥𝑖,𝑡
𝑏 ≥ ∑ 𝜆𝑘𝑥𝑖,𝑡

𝑘𝐾
𝑘=1 ,    𝑖 = 1,2,3;   𝑡 = 1994, … ,2015, (6) 

𝑦𝑗,𝑡 ≤ ∑ 𝜆𝑘𝑦𝑗,𝑡
𝑘𝐾

𝑘=1 ,    𝑗 = 1,2, 𝑡 = 1994, … 2015 , (7) 

∑ 𝜆𝑘𝐾
𝑘=1 = 1, 𝜆𝑘 ∈ ℝ+, (8) 

where 𝑝𝑗,𝑡 , (𝑗 = 1,2) is a price of output 𝑦𝑗 in the year t, 𝑥𝑖,𝑡
𝑘  is observed level of input I 

of the bank k in the year t, 𝑦𝑗,𝑡
𝑘  is observed level of output j of the bank k in the year t. 

In this linear problem we maximise goal function which measures optimal revenues 

attainable within the technology T. It is ensured that the bank b is able to produce 

revenue-optimal combination of outputs 𝑦̃𝑡
𝑏 by requiring that (𝑥𝑡

𝑏 , 𝑦̃𝑡
𝑏) ∈ 𝑇 which is 

secured by conditioning that there is a convex combination of observed production 

plans that (weakly) dominates revenue-optimal production plan (𝑥𝑡
𝑏 , 𝑦̃𝑡

𝑏) of bank b. 

Possible improvements on the cost side for bank 𝑏 (b = 1, … , K) in the year 𝑡 (𝑡 =
1994, … ,2015), are calculated in the same way, by solving LP problem that finds 

optimal cost-minimising input combination 𝑥̃𝑡
𝑏that is able to produce observed 

output mix𝑦𝑡
𝑏 (as depicted in Equations 9-12): 

min
𝑥1,𝑡,𝑥2,𝑡,𝑥3,𝑡,𝜆1,…,𝜆𝐾

𝑐𝑡
𝑏 = 𝑐1,𝑡 ∙ 𝑥1,𝑡 + 𝑐2,𝑡 ∙ 𝑥2,𝑡 + 𝑐3,𝑡 ∙ 𝑥3,𝑡, (9) 

𝑠. 𝑡.   𝑥𝑖,𝑡 ≥ ∑ 𝜆𝑘𝑥𝑖,𝑡
𝑘𝐾

𝑘=1 ,    𝑖 = 1,2,3, 𝑡 = 1994, … 2015, (10) 

𝑦𝑗,𝑡
𝑏 ≤ ∑ 𝜆𝑘𝑦𝑗,𝑡

𝑘𝐾
𝑘=1 ,    𝑗 = 1,2, 𝑡 = 1994, … ,2015, (11) 

∑ 𝜆𝑘𝐾
𝑘=1 = 1, 𝜆 ∈ ℝ+

𝐾, (12) 

where 𝑐𝑖,𝑡, (𝑖 = 1,2,3) is a price of output 𝑥𝑖,𝑡 in the year t, 𝑥𝑖,𝑡
𝑘  is observed level of input I 

of the bank k in the year t, 𝑦𝑗,𝑡
𝑘  is observed level of output j of the bank k in the year t. 

By combining optimal levels of revenues 𝑟̃𝑡
𝑏 and costs 𝑐̃𝑡

𝑏 and comparing them to 

observed levels of revenues and costs, we can calculate the optimal profit (Equation 

13) 𝑝̃𝑡
𝑏 bank b would be able to attain in the year t if it was profit efficient as: 

𝑝̃𝑡
𝑏 = 𝑟̃𝑡

𝑏 − 𝑐̃𝑡
𝑏 . (13) 

Furthermore, by comparing the observed profit 𝑝𝑡
𝑏 with the optimal profit 𝑝̃𝑡

𝑏 bank 

could have attained, we can create a measure of profit efficiency (Equation 14) of 

bank b in year t as: 

𝑃𝐸𝑡
𝑏 =

𝑝𝑡
𝑏

𝑝̃𝑡
𝑏 =

𝑟𝑡
𝑏−𝑐𝑡

𝑏

𝑟̃𝑡
𝑏−𝑐𝑡̃

𝑏, (14) 

where 𝑟𝑡
𝑏denotes the revenues of the bank b in year t and 𝑐𝑡

𝑏denotes the costs of the 

bank b in year t. 

 



  

 

 

51 

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

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 3, No. 1, 2017, pp. 45-62 

 

Data and methodology 
Our initial sample for research is an unbalanced panel of 72 banks over 22 years 

(1994 - 2015) making 904 observations overall, which was after the exclusion of outlier 

observations reduced to 825 observations. Out of 72, 26 banks were present on the 

market at the end of 2015, 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 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 during the still 

ongoing process of market consolidation. Therefore, after 2002, the structure of the 

banking system and our sample remained relatively stable with concentration levels 

similar to today’s levels and with foreign institutions owning around 90% of the 

banking sector total assets. 

Having a comprehensive measure of bank profit efficiency allows us to test 

agency theory also by using its elements separately: revenue efficiency and cost 

efficiency. Finally it should be mentioned that finding the statistically significant 

connection between leverage and bank efficiency is not enough to test the agency 

cost of debt, but that relationship should also be tested on different levels of 

leverage. As the agency theory suggests, increasing leverage should increase 

efficiency. 

 

Variables 
Our set of independent variables can be grouped into four categories (Table 2). 

Banks specific variables describe individual bank data that we believe can influence 

profit efficiency. Profit efficiency (PREFF) is our dependent variable calculated from 

DEA. Leverage (LEVER) shows the ratio of deposits and short-term loans to total assets 

and represents our main independent variable. According to agency theory, the 

estimated coefficient related to this variable should be positive, as greater leverage 

should discipline managers’ to act more in sync with shareholders’ expectations and 

therefore increase banks' profit efficiency. Also, we expect that higher credit risk 

(CR_RISK) should motivate efficiency as management might want to support 

profitability with efficiency gains to protect the capital burdened with loan losses. 

Finally, we include bank size (LN_SIZE) measured as natural logarithm of assets, as we 

expect larger banks to be more profit efficient as they can benefit from economies 

of scale but also have more resources available to form a superior business strategy.  

Structural and macro variables represent exogenous variables influencing profit 

efficiency. Herfinhal-Hirschman index (HHI) measures the concentration level of a 

certain market with sum of squared market shares for each company. We expect 

HHI to negatively influence bank profit efficiency as higher concentration decreases 

the competition and reduces the need of managers to extract maximum effort. 

Although it would be possible to calculate market power measures, it should be 

noted that the majority of market power measures (like Lerner index) include 

profitability which could cause endogeneity problem. GAP represents the difference 

between actual and potential economic growth. We expect negative relationship 

between GAP and cost efficiency and positive between GAP and revenue 

efficiency. However, at this point we do not know how this will influence profit 

efficiency. 
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Table 2 Variables used in the model estimation 
Symbol Definition Exp. sign Mean Std. Dev. Min Max 

Dependent variable 

PREFF 
Profit efficiency (closeness of a bank to the most 

profit efficient bank on the market) (rel.) 
 

0.41 0.36 -0.92 1.00 

REFF 
Revenue efficiency (closeness of a bank to the 

most revenue efficient bank on the market) (rel.) 
 

0.71 0.19 0.14 1.00 

CEFF 
Cost efficiency (closeness of a bank to the most 

cost efficient bank on the market) (rel.) 
 

0.74 0.20 0.19 1.00 

Inputs for calculating PREFF, CEFF, REFF 

EMPL 
Labour input calculated as: number of employees 

(abs.) 

 465.69 884.33 5.00 4715.00 

FUNDS 
Funds input calculated as: deposits and short-term 

loans (ln abs.) 

 13.53 1.93 7.17 18.19 

PHY_AS 
Physical assets input calculated as: assets with 

physical dimension ( ln abs.) 

 10.14 1.71 1.79 14.04 

PR_FUN 
Price of funds calculated as: interest costs / 

(deposits + short-term loans) (rel.) 

 0.06 0.24 0.00 7.23 

PR_LAB 
Price of labour calculated as: cost of labour / 

number of employees (rel.) 

 131.93 68.41 0.00 1191.26 

PR_PHY 
Price of physical assets: depreciation / physical 

assets (rel.) 

 0.24 0.52 0.00 9.06 

LOANS 
Total granted loans calculated as: gross loans (net 

loans + loan loss reserves) (ln abs.) 

 13.43 1.87 5.46 18.17 

INV 
Investments calculated as: all bank assets besides 

physical assets and loans (ln abs) 

 12.85 1.95 6.34 17.40 

Explanatory variables in efficiency model 

Bank specific variables 

LEVER 
Leverage indicator calculated as: (total deposits 

and total short-term loans) / total assets (rel.) 
+ 

0.80 0.17 0.00 1.01 

LEVER_SQ Square of LEVER +/- 0.34 0.10 0.00 0.51 

CR_RISK 
Credit risk (total value adjustments to total assets) 

(rel.) 
+ 

0.02 0.04 -0.12 0.59 

LN_SIZE Natural logarithm of bank assets (ln abs.) + 13.83 1.85 8.79 18.49 

Structural and macro variables 

HHI 

Herfindahl-Hirschman index of bank assets 

concentration calculated as sum of squared 

market shares in each year (abs.) 

- 

0.13 0.02 0.00 0.16 

DUM_1998 

Dummy variable indicating the year 1998 when 

banking sector recorded significant losses as a 

result of banking crisis (bin.) 

+/- 

0.07 0.25 0.00 1.00 

DUM_2015 

Dummy variable indicating the year 2015 when as 

a result of Swiss franc loan conversion banking 

sector recorded significant losses and as a result 

leverage increased (bin.) 

+/- 

0.03 0.17 0.00 1.00 

GAP 

Log of output gap calculated as: log ((absolute 

value of lowest real GDP growth rate in whole 

sample) + real GDP growth in a year)) (ln rel.) 

+/- 

0.10 0.03 0.00 0.14 

Governance related variables 

DUM_OWN 
Dummy variable indicating that bank is managed 

by owners (bin.) 
+ 

0.32 0.47 0.00 1.00 

DUM_DIS 
Dummy variable indicating that the ownership of 

bank equity is disperse (bin.) 
- 

0.26 0.44 0.00 1.00 

DUM_FOR 
Dummy variable indicating that bank is foreign 

owned (bin.) 
+/- 

0.31 0.46 0.00 1.00 

DUM_GOV 
Dummy indicating that bank is government owned 

(bin.) 
+/- 

0.11 0.31 0.00 1.00 

Source: Authors’ depiction. 

 

Dummy variables for 1998 and 2015 are included because banking sector 

recorded significant losses in those rather specific years: in 1998 due to the banking 

crisis and in 2015 due to the Swiss franc conversion. Those specific one-off events 

might have triggered managers to increase efforts and perhaps deviate from usual 

effort. We do not include dummy variable for the year 2008, as beginning of the 

global financial crisis was not reflected in the profitability of banks in Croatia (as 
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shown in Figure A1 in Appendix). Finally, governance related variables represent a 

vector of dummy variables explaining bank characteristics that could possibly 

influence agency costs. We expect that banks that are being run by owners have 

higher profit efficiency, as by definition in theory, they have no agency costs. On the 

other hand, in case that the ownership of bank is dispersed, and all shareholders 

have 25% or less equity, we expect agency costs to be higher and therefore PREFF 

lower. We also expect that owners residency could be a factor in bank PREFF and 

we therefore include a dummy variable for foreign and government owned banks, 

as we expect that foreign owners possess the business know-how which enables 

foreign owned banks to be relatively more profitable than their domestic 

competitors. 

 

The model 
We test agency costs hypothesis by regressing bank specific profit efficiency on the 

leverage indicator and other control variables (Equation 15): 

𝐸𝐹𝐹𝑖𝑡 = 𝛽 ∙ 𝑥𝑖𝑡 + 𝜀𝑖𝑡, (15) 

where 𝐸𝐹𝐹𝑖𝑡 is a measure of bank i`s profit, cost or revenue efficiency in the year t, 𝛽 

is a vector of coefficients, 𝑥𝑖𝑡 is a vector of control variables observed in year t for the 

bank i and 𝜀𝑖𝑡 is a normally distributed error term (𝜀𝑖𝑡~𝑁(0, 𝜎2)) (Table A2 in Appendix 

shows the correlation matrix between control variables). 

Having in mind that our dependent variable is censored and can reach a 

maximum value of 1 and that there is a noticeable number of observations that, due 

to the construction of DEA model, take that border value, we employ a censored 

regression linear model proposed by Tobin (1958) which is more known as Tobit 

model. Tobit model is designed to estimate linear relationship between variables 

when there is censoring in the dependent variable. In our case, data can take 

values of 1 and less, therefore, our data is left censored or censored from bellow 

(Equation 16). It supposes that there is a latent variable 𝑦̅𝑖𝑡 that linearly depends on 
𝑥𝑖𝑡: 

𝑦̅𝑖𝑡 = 𝑥𝑖𝑡 ∙ 𝛽 + 𝜀𝑖𝑡 ,, (16) 

and by which the dependant variable of the model can be defined as in Equation 

17: 

𝑃𝑅𝐸𝐹𝐹𝑖𝑡 = {
𝑦̅𝑖𝑡    𝑖𝑓 𝑦̅𝑖𝑡 < 1
1   𝑖𝑓 𝑦̅𝑖𝑡  ≥ 1

. (17) 

Parameters of the model (𝛽) are estimated by the maximum likelihood (ML) 

method which maximises the log-likelihood function. Assuming that the disturbance 

term 𝜀𝑡
𝑖 follows a normal distribution with mean 0 and variance𝜎2, the log-likelihood 

function is defined as in Equation 18: 

ℓ(𝛽, 𝜎2) = ∑ 𝑙𝑜𝑔Φ (
𝑥𝑖𝑡∙𝛽𝑡−1

𝜎
) +𝑖:𝑃𝑅𝐸𝐹𝐹𝑖𝑡=1 ∑ [𝑙𝑜𝑔𝜙 (

𝑃𝑅𝐸𝐹𝐹𝑖𝑡−𝑥𝑖𝑡∙𝛽𝑡

𝜎
) − 𝑙𝑜𝑔𝜎]𝑖:𝑃𝑅𝐸𝐹𝐹𝑖𝑡<1 , (18) 

where 𝜙(∙) and Φ(∙) denote the probability density function and the cumulative 

distribution function of the standard normal distribution. 

 

Results 
Standard bank performance indicators reveal that Croatian banking sector went 

through three different periods from 1994 onwards (Figure A1 in Appendix). The first 

period from 1994 to 1999 was characterised by high volatility in bank market 

structure as the number of banks initially increased and reached 60 in 1997. 

However, with the increase in the number of banks, the number of problems within 

the banking sector accumulated, which was masked with high interest rates that 

provided temporary shelter for banks with lower efficiency and inferior credit risk 
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management. In late nineties banking crises lead to large bank losses bringing ROA 

to around -2% and subsequently triggering the process of market cleansing. In the 

second period, 2000-2008, banking sector enjoyed a period of moderation as profits 

were reasonably high (ROA 1.4% on average) and losses related to credit risk were 

relatively low as the rigorous process of reclassification of loan portfolio from the crisis 

of 1998 created a solid basis for following growth. The number of banks continued to 

decrease, primarily as a result of market consolidation. Also, net interest margin 

stabilized in this period at levels around 2.5% to 3.0%, comparable with today’s level. 

Finally, in years 2009-2015 the financial crisis left its mark on the banking sector with 

credit risk costs increasing from 2008 onwards. Unlike the crisis in late 90’s, credit 

losses were initially lower but the process lasted longer which was caused by 

prolonged period of slow economic activity. In 2015, credit losses increased further 

with Swiss franc conversion costs bringing ROA to the levels even lower than the ones 

recorded in the period of bank crisis at around -1.5%. 

Our measure of banks’ profit efficiency is not that volatile as ROA as the majority 

of profitability dynamics comes from credit risk and other activities not under direct 

influence of management decisions (Figure 1). On average, from 1994 to 2015 

aggregate bank profit efficiency did increase from around 60% to around 80%. This 

means that banking sector managed to generate just 60% of profits that most 

efficient bank on market could achieve controlling for the size and prices. By 2015, 

this ratio increased to 80% reflecting improvements in efficiency. It should be noted 

that mean profit efficiency also increased by around 20 percentage points, starting 

at around 30% in 1994 and finishing around 50% in 2015, mean profit efficiency 

amounted to 40% most of the time. 

In the same time, the leverage of banks was more stable and with far less 

differences between banks. The volatility of leverage indicator in late nineties is a 

reflection of instability caused by banking crisis as leverage increased when banks 

faced losses and saw their capital decrease (histogram of bank leverage is given in 

Figure A2 in Appendix). After 1998, bank leverage recorded a period of growth that 

was interrupted by two years of stronger recapitalisations (2006 and 2008). After 

2008, there were no recapitalisations, and with domestic deposits continuing to 

grow, leverage was increasing. In 2015, due to high costs of Swiss franc loans 

conversion, leverage increased as recognised losses decreased bank capital. 

Our results show that the higher leverage ratio is generally associated with lower 

profit efficiency which is in contrast with the Agency theory (Table 3). Our results are 

consistent and robust in all model specifications. In our full specifications model, 1 

percentage point increase in leverage would in fact lead to decrease of bank profit 

efficiency by 1.1 percentage points. Bank size is a positive determinant of profit 

efficiency as size allows banks more manoeuvring space. Regarding the structural 

and macro variables, higher market concentration, measured with HHI, is negatively 

connected with profit efficiency which is in line with the quiet-life hypothesis. 

Regarding governance related variables, profit efficiency seems to be positively 

connected with owners running the bank which is in line with the agency theory. In 

fact, if owners take full control of the company, then agency costs should by 

definition amount 0. Also, disperse ownership is as expected negatively connected 

with profit efficiency. Finally, foreign ownership seems to be positively contributing to 

bank profit efficiency. 
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Figure 1 Efficiency measures and leverages (weighted mean) 

Legend: LEVER – leverage, REFF – Revenue efficiency, PREFF – Profit efficiency, CEFF – Cost 

efficiency  

Source: Authors’ calculation based on HNB data. 

 

Having a comprehensive measure of bank efficiency (profit efficiency) allows us 

to use its components for testing the agency cost of debt (Table 4). The rationale for 

this approach is the fact that bank revenue efficiency is less under the control of 

bank managers than bank cost efficiency. Although our measures are designed not 

to include credit risk materialisation in revenue efficiency considerations, credit risk is 

still present as lower credit quality decreases interest income. It is due to this reason 

why the majority of bank efficiency research actually refers to the bank cost 

efficiency calculation. 

 

Table 3 Econometric model results for profit efficiency 

 

Bank specific Structural and 

macro 

Corporate 

Governance 

Full specification 

model 

LEVER -0.935**   -1.070*** 

LEVER_SQ -0.423   0.171 

CR_RISK 0.679*   0.475 

LN_SIZE 0.153***   0.136*** 

HHI  -1.575  -1.444 

DUM_1998  -0.022  0.061 

DUM_2015  0.11  0.065 

GAP  -0.850*  0.908** 

DUM_OWN   0.075* 0.123*** 

DUM_DIS   -0.164*** -0.095*** 

DUM_FOR   0.312*** 0.138*** 

DUM_GOV   0.156*** 0.05 

CONSTANT -0.821*** 0.705*** 0.329*** -0.631*** 

Statistics     

N. Of obs. 825 825 816 816 

Multiple 

correlation 

coefficient 

0.31 0.01 0.20 0.37 

Legend: * p<0.05; ** p<0.01; *** p<0.001 

Source: Authors’ calculation. 
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As expected, judging by the multiple correlation coefficients, model explaining 

revenue efficiency has lower goodness of fit compared with model explaining cost 

efficiency. On the whole sample leverage has a significant negative sign, however 

according to the theory, this relationship is not necessarily linear and therefore, we 

also use squared value of leverage. The square value of leverage has a significant 

positive sign indicating that the relationship between leverage and cost efficiency 

indeed is not linear and that the relationship changes at very high leverage. 

Therefore, after certain point, increasing the leverage is connected with the increase 

of cost efficiency. 
 

Table 4 Econometric model results for cost and revenue efficiency 

 

Cost efficiency Revenue efficiency 
Bank 

specific 

Structural 

and macro 

Governance Full model Bank 

specific 

Structural 

and macro 

Governance Full model 

LEVER -0.720***   -0.767*** -0.679**   -0.627** 

LEVER_SQ 0.347   0.569* -0.149   0.046 

CR_RISK 0.176   0.234 0.28   0.253 

LN_SIZE 0.073***   0.061*** 0.071***   0.053*** 

HHI  -0.876  -0.870*  -0.028  0.041 

DUM_1998  -0.094**  -0.057*  -0.012  0.017 

DUM_2015  0.113**  0.089**  0.093  0.079 

GAP  -1.044***  -0.382*  -0.172  0.352 

DUM_OWN    0.045**   0.022 0.026 

DUM_DIS    -0.041**   -0.120*** -0.083*** 

DUM_FOR    0.046**   0.138*** 0.075*** 

DUM_GOV    0.015   0.061** 0.027 

CONSTANT 0.160* 0.931***  0.419*** 0.367*** 0.772*** 0.734*** 0.458*** 

Statistics         

N. Of obs. 813 813 804 804 808 808 799 799 

Multiple 

correlation 

coefficient 

0.27 0.06 0.10 0.31 0.21 0.01 0.18 0.27 

Legend: * p<0.05; ** p<0.01; *** p<0.001 

Source: Authors’ calculation. 

 
The discrepancies between actual and predicted values for all three models are 

satisfyingly low (six, three and four percentage points on average for profit, cost and 

revenue efficiency) which is illustrated in Figures 2-4. 
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Figure 2 Comparison of actual and predicted values of profit efficiency 

Legend: PREFF – Profit efficiency 

Source: Authors’ calculation. 

 

 
Figure 3 Comparison of actual and predicted values of cost efficiency 

Legend: CEFF – Cost efficiency  

Source: Authors’ calculation. 

 

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

PREFF - predicted weighted mean

PREFF - weighted mean

PREFF - predicted mean

PREFF - mean

0.00

0.10

0.20

0.30

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1
9

9
4

1
9

9
5

1
9

9
6

1
9

9
7

1
9

9
8

1
9

9
9

2
0

0
0

2
0

0
1

2
0

0
2

2
0

0
3

2
0

0
4

2
0

0
5

2
0

0
6

2
0

0
7

2
0

0
8

2
0

0
9

2
0

1
0

2
0

1
1

2
0

1
2

2
0

1
3

2
0

1
4

2
0

1
5

CEFF - weighted mean

CEFF - predicted weighted mean

CEFF - mean

CEFF - predicted mean



  

 

 

58 

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

UDK: 33;519,2; DOI: 10.1515/crebss; ISSN 1849-8531 (Print); ISSN 2459-5616 (Online) 

 

 

Vol. 3, No. 1, 2017, pp. 45-62 

 

 
Figure 4: Comparison of actual and predicted values of revenue efficiency 

Legend: REFF – Revenue efficiency 

Source: Authors’ calculation. 

 

 
Figure 5 Scatter diagram between cost efficiency and leverage with quadratic fitted 

line 
Source: Authors’ calculation. 

 
Finally, using the whole sample for estimation of relationship between leverage 

and cost efficiency can be misleading for multiple reasons. First, our sample includes 

observations when banks just entered into the market and for the first year they were 

financed almost exclusively through equity. Second, in some cases, when banks 

were in the process of leaving the market their leverage ratio was reduced to 

unusually high levels as they were gradually reducing their liabilities. Therefore, it 

makes sense to observe the relationship between leverage and cost efficiency on 
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the leverage levels more typical for banks in Croatia (over 80%), which results in 

reduction of observations by 100. By increasing leverage from 80% to 90% the cost 

efficiency is increasing leaving some room for agency theory to be valid on that part 

of the sample. However, on leverage levels higher than 90%, the relationship 

changes and increasing the leverage results with decreased cost efficiency (Figure 

5). Although our sample includes 21 years, the number of observations is still rather 

low, which does not allow for strong and definite statements about the validity of 

agency theory in the long run. 

 

Conclusions 
Although we acknowledge that banking industry is specific; highly leveraged and 

strictly regulated, its specificity is not the reason why the agency theory should not 

be valid. In this research we tested whether increasing debt leads to increased 

efficiency in Croatian banking sector in the period from 1994-2015. In order to 

operationalize the research a measure of profit efficiency consisting of cost and 

revenue efficiency was created and used as a proxy measure of manager effort. 

Initially, we found no evidence of existence of such costs as profit efficiency seems 

to be negatively correlated with leverage. 

By looking into the relationship between leverage and cost efficiency we found 

some evidence that agency theory may hold on "normal" levels of bank leverage 

(between 80% and 90%). In this range of leverage, increasing the leverage increases 

the cost efficiency of a bank. Our research is therefore to a certain extent 

comparable with the one provided by Berger and Bonaccorsi di Patti (2006), 

however there are a couple of significant differences between the two researches. 

Since we had far less observations at disposal, we were more inclined to use a linear 

programming technique to derive a profit efficiency measure. Also, some of the 

governance related variables in our study were constructed in form of dummy 

variables as we have no time series of equity share of managers for Croatian banks 

as disposal. 

Regarding the specificity of Croatian banking market, it is important to mention 

that although banks in Croatia are public corporations and generally are traded at 

the stock exchange, they are usually owned by one dominant shareholder making 

the free-float as well as liquidity of their shares rather low. This is the reason why a lot 

of research related to agency theory is restricted for Croatian banking industry as 

certain variables are impossible to construct in consistent fashion (like Tobin q for 

franchise value). Having a rather undeveloped local capital market, banks in 

Croatia are used to "living without it", financing their operations directly either via 

owners (equity and debt) or in most cases from domestic non-financial sector 

deposits. Also, it is worth mentioning that often the decisions on bank leverage were 

made outside of the banks. For instance in 2006 and 2008 when Croatian national 

bank increased the risk weights for FX placements towards un-hedged borrowers, 

banks responded by recapitalisation. However, after 2008, there have been no 

significant recapitalisations on the market and dividend pay-out ratio has increased 

which together with reducing of deposits and loans from owners is actually creating 

disinvestment on the market. 

Additional research efforts would surely be welcomed in this area as further 

consolidation of the market is expected. A more detailed data on bank governance 

is possible to extract but would require a survey type of analysis going back into the 

past. Also, it could be beneficial to broaden the scope of the research and include 

either more financial institutions from Croatia (housing banks, insurers, etc.) or include 

institutions from other country perhaps making a CEE banks sample or EU sample of 
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banks. Also, finding the relationship between bank leverage and efficiency, is not 

enough for testing the agency theory in banking industry as there are other theories 

explaining the relationship between those two phenomena as well (efficiency-risk 

hypothesis and the franchise-value hypothesis). Therefore, additional models should 

be constructed and accompanied by separate causality tests. 
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Appendix 
 

 
Figure A1: Selected indicators of bank performance 

Source: Authors` creation. 
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Figure A2: Bank leverage histogram 

Source: Authors` creation. 

 
Table A1: Correlation matrix between control variables 

 LEVER LEVER_SQ CR_RISK LN_SIZE HHI DUM_1998 

LEVER 1.00      

LEVER_SQ 0.98 1.00     

CR_RISK -0.11 -0.11 1.00    

LN_SIZE 0.62 0.65 -0.12 1.00   

HHI -0.01 0.01 -0.09 0.03 1.00  

DUM_1998 -0.05 -0.06 0.30 -0.09 -0.50 1.00 

DUM_2015 0.09 0.10 0.02 0.13 0.16 -0.05 

GAP -0.19 -0.19 0.01 -0.29 -0.04 -0.06 

DUM_OWN -0.28 -0.32 0.07 -0.41 -0.02 0.01 

DUM_DIS 0.19 0.19 0.04 -0.08 0.01 0.06 

DUM_FOR 0.07 0.09 -0.06 0.43 0.03 -0.09 

DUM_GOV 0.10 0.12 0.01 0.12 0.03 0.01 

 DUM_2015 GAP DUM_OWN DUM_DIS DUM_FOR DUM_GOV 

LEVER       

LEVER_SQ       

CR_RISK       

LN_SIZE       

HHI       

DUM_1998       

DUM_2015 1.00      

GAP -0.15 1.00     

DUM_OWN -0.03 0.03 1.00    

DUM_DIS -0.02 0.11 -0.15 1.00   

DUM_FOR 0.09 -0.22 -0.34 -0.21 1.00  

DUM_GOV -0.02 0.10 -0.17 0.00 -0.24 1.00 

Source: Authors` calculation. 
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Instructions for Authors 
Original, not yet published scientific and highly professional papers in English should be provided. 

Prior to the main text of the paper, the Author(s) information (Institution, affiliation, address, and e-mail 

address), Abstract, Keywords, JEL classification, and Acknowledgments (if needed) have to be 

provided. At the end, after the Conclusions and References, the Appendices, if needed, and the 

authors’ short CVs should be given (at max. 600 characters with spacing). 
 

Abstract should be should be brief and clear giving the point; up to 250 words contain the following 

information: 

 Maximum title length is 15 words. Title should be concise, informative and accurate. 

 The paper should include the following: introduction to the research problem and goal, with 

theoretical background; literature review; precise research methodology description (data and 

methods); the main results with discussion; and conclusions; ending with references. Necessary 

tables and charts, as well as formulas, should be included. The expected scientific contribution 

and usefulness of the paper, as well as limitations of the research, should be mentioned. The 

Harvard referencing style should be followed. 

 Length of the paper should be from 3,000 to 8,000 words.  

 research problem and objective of the research, 

 methodology short description (data and methods),  

 the main results/ findings with discussion, and  

 conclusions. 

 Maximum 6 keywords are allowed, ordered alphabetically. 

 JEL classification of the paper should be submitted according to the classification scheme available 

at the link http://www.aeaweb.org/jel/jel_class_system.php 

 If applicable, Acknowledgments may be added before proceeding to the chapter Introduction.  

 Curriculum Vitae (CV) of the author(s) should be provided at the end of the text with max. length of 

200 words. 

 

The following sections of the CREBSS paper are recommended: 

 Introduction (should contain clear description of the research problem, goal and hypothesis) 

 Literature Review (should be relevant and recent with Harvard referencing style) 

 Research Methodology  

 Data (should be fully defined in space and time, with precise measurement units and data 

sources) 

 Methods (authors should mention only necessary notation, formulas and steps when 

describing methods and developing models) 

 Results / Findings and Discussion (clear interpretations of the results should be given; limitations of the 

research should be mentioned; it should be emphasised if there would be any new contribution of 

the paper; are there any further research that might be suggested) 

 Conclusions (brief summary of the most important results and contribution; usefulness and 

recommendations should be mentioned) 

 References (referencing must strictly follow the recommendations for Harvard style see the template) 

The CREBSS paper template is available online at De Gruyter Open website: 

https://www.degruyter.com/view/supplement/s24595616_Paper_Template.pdf  

 

Authors should send their papers to the e-mail address: journal@hsd-stat.hr 

 

Papers double-blindly reviewed and accepted by two independent reviewers are published in this 

journal.  

https://www.degruyter.com/view/j/crebss
http://www.aeaweb.org/jel/jel_class_system.php
https://www.degruyter.com/view/supplement/s24595616_Paper_Template.pdf
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Ethical Policy  
Publication Ethics and Publication Malpractice Statement 
For all parties involved in the act of publishing (the author, the journal editor(s), the peer reviewer and 

the publisher) it is necessary to agree upon standards of expected ethical behaviour. The ethics 

statements for Croatian Review of Economic, Business and Social Statistics are based on the Committee 

on Publication Ethics (COPE) Best Practice Guidelines for Journal Editors. 

Editor Responsibilities 

Accountability 

The editor of a peer-reviewed journal is responsible for deciding which articles submitted to the journal 

should be published, and is accountable for everything published in the journal. In making these 

decisions, the editor may be guided by the policies of the journal’s editorial board as well as by legal 

requirements regarding libel, copyright infringement and plagiarism. The editor may confer with other 

editors or reviewers when making publication decisions. The editor should maintain the integrity of the 

academic record, preclude business needs from compromising intellectual and ethical standards, and 

always be willing to publish corrections, clarifications, retractions and apologies when needed. 

Fairness 

The editor should evaluate manuscripts for intellectual content without regard to race, gender, sexual 

orientation, religious belief, ethnic origin, citizenship, or political philosophy of the author(s). The editor 

will not disclose any information about a manuscript under consideration to anyone other than the 

author(s), reviewers and potential reviewers, and in some instances the editorial board members, as 

appropriate. 

Confidentiality 

The editor and any editorial staff must not disclose any information about a submitted manuscript to 

anyone other than the corresponding author, reviewers, potential reviewers, other editorial advisers, 

and the publisher, as appropriate. 

Disclosure, conflicts of interest, and other issues 

The editor will be guided by COPE’s Guidelines for Retracting Articles when considering retracting, 

issuing expressions of concern about, and issuing corrections pertaining to articles that have been 

published in Croatian Review of Economic, Business and Social Statistics. Unpublished materials 

disclosed in a submitted manuscript must not be used in an editor’s own research without the express 

written consent of the author. Privileged information or ideas obtained through peer review must be 

kept confidential and not used for personal advantage. The editor is committed to ensuring that 

advertising, reprint or other commercial revenue has no impact or influence on editorial decisions. 

The editor should seek so ensure a fair and appropriate peer review process. Editors should recuse 

themselves (i.e. should ask a co-editor, associate editor or other member of the editorial board instead 

to review and consider) from considering manuscripts in which they have conflicts of interest resulting 

from competitive, collaborative, or other relationships or connections with any of the authors, 

companies, or (possibly) institutions connected to the papers. Editors should require all contributors to 

disclose relevant competing interests and publish corrections if competing interests are revealed after 

publication. If needed, other appropriate action should be taken, such as the publication of a 

retraction or expression of concern. 

Involvement and cooperation in investigations 

Editors should guard the integrity of the published record by issuing corrections and retractions when 

needed and pursuing suspected or alleged research and publication misconduct. Editors should pursue 

reviewer and editorial misconduct. An editor should take reasonably responsive measures when ethical 

complaints have been presented concerning a submitted manuscript or published paper. 

 

Reviewer Responsibilities 

Contribution to editorial decisions 

Peer review assists the editor in making editorial decisions and, through the editorial communication 

with the author, may assist the author in improving the manuscript. 

Promptness 
Any invited referee who feels unqualified to review the research reported in a manuscript or knows that 

its timely review will be impossible should immediately notify the editor so that alternative reviewers can 

be contacted. 
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Confidentiality 
Any manuscripts received for review must be treated as confidential documents. They must not be 

shown to or discussed with others except if authorized by the editor. 

Standards of objectivity 
Reviews should be conducted objectively. Personal criticism of the author is inacceptable. Referees 

should express their views clearly with appropriate supporting arguments. 

Acknowledgement of sources 
Reviewers should identify relevant published work that has not been cited by the authors. Any 

statement that an observation, derivation, or argument had been previously reported should be 

accompanied by the relevant citation. A reviewer should also call to the editor's attention any 

substantial similarity or overlap between the manuscript under consideration and any other published 

data of which they have personal knowledge. 

Disclosure and conflict of interest 
Privileged information or ideas obtained through peer review must be kept confidential and not used 

for personal advantage. Reviewers should not consider evaluating manuscripts in which they have 

conflicts of interest resulting from competitive, collaborative, or other relationships or connections with 

any of the authors, companies, or institutions connected to the submission. 

 

Author Responsibilities 
Reporting standards 
Authors reporting results of original research should present an accurate account of the work 

performed as well as an objective discussion of its significance. Underlying data should be represented 

accurately in the manuscript. A paper should contain sufficient detail and references to permit others 

to replicate the work. Fraudulent or knowingly inaccurate statements constitute unethical behaviour 

and are unacceptable.  

Originality and Plagiarism  
The authors should ensure that they have written entirely original works, and if the authors have used the 

work and/or words of others that this has been appropriately cited or quoted.  

Multiple, redundant or concurrent publication  
An author should not in general publish manuscripts describing essentially the same research in more 

than one journal or primary publication. Parallel submission of the same manuscript to more than one 

journal constitutes unethical publishing behaviour and is unacceptable. 

Acknowledgement of sources 
Proper acknowledgment of the work of others must always be given. Authors should also cite 

publications that have been influential in determining the nature of the reported work. 

Authorship of a manuscript 
Authorship should be limited to those who have made a significant contribution to the conception, 

design, execution, or interpretation of the reported study. All those who have made significant 

contributions should be listed as co-authors. Where there are others who have participated in certain 

substantive aspects of the research project, they should be named in an Acknowledgement section. 

The corresponding author should ensure that all appropriate co-authors (according to the above 

definition), and no inappropriate co-authors are included in the author list of the manuscript, and that 

all co-authors have seen and approved the final version of the paper and have agreed to its 

submission for publication. 

Hazards and human or animal subjects 
If the work involves chemicals, procedures or equipment that have any unusual hazards inherent in their 

use, the authors must clearly identify these in the manuscript. 

Disclosure and conflicts of interest 
All authors should disclose in their manuscript any financial or other substantive conflict of interest that 

might be constructed to influence the results or their interpretation in the manuscript. All sources of 

financial support for the project should be disclosed. 

Fundamental errors in published works 
When an author discovers a significant error or inaccuracy in his/her own published work, it is the 

author’s obligation to promptly notify the journal’s editor or publisher and cooperate with them either to 

retract the paper or to publish an appropriate erratum. 

Publisher’s confirmation 
In cases of alleged or proven scientific misconduct, fraudulent publication or plagiarism the publisher, in 

close collaboration with the editors, will take all appropriate measures to clarify the situation and to 

amend the article in question. This includes the prompt publication of an erratum or, in the most severe 

cases, the complete retraction of the affected work.  
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