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ABSTRACT
This paper investigates the extent of gross premium distributions 
inequality for life and non-life insurance in Croatia in the period 
2000–2012. The number of companies for life insurance was the 
same in 2000 and 2012, at 17. The number of non-life insurance 
companies varied between 16 and 24, and was 20 at the end of 
2012. The Lorenz curve and nine numerical concentration measures 
applied mostly show a slight decrease of a moderate concentration 
for both types of insurance over time, with only the Rosenbluth index 
being an exception, showing a mild increase of concentration. The 
concentration of gross premium is slightly stronger for non-life then 
for life insurance.

The standard errors of the trend models for the entropy indexes 
are smaller, and coefficients of determination are higher for the 
quadratic compared to the linear trend models for both types of 
insurances, life and non-life. Since the forecasts’ quality measures for 
both types of insurance show that the quadratic trend is superior 
compared to the simple linear trend model, it was used for short-term 
forecasting of the entropy indexes. The quadratic trend model gave 
forecasts showing digressive-progressive dynamics for non-life, and 
progressive-digressive for life insurance entropy indexes.

1. Introduction

The insurance market in Croatia began to develop in 1990s. Until then, the insurance 
company Croatia Ltd., as the state insurance institute that used to cover more than 80% of 
risks, had held an explicit monopolistic position in the insurance market. The concentration 
level is the common measure of market power in the industry. The market power defines 
the level of control that only one company or a small number of companies have over key 
decisions in a particular industry.
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The goal of the paper is to study inequality of gross written premium distributions for 
insurance companies in Croatia in the period 2000–2012 for life and non-life insurance. The 
aim is to recognise the number of most significant participants in the insurance industry in 
Croatia as well as the dynamics in the observed period using ten inequality measures for 
measuring gross written premiums of life and non-life insurance concentration.

The following hypotheses can be defined:
Hypothesis 1: Inequality of distribution of gross written insurance premiums in Croatia exists.

Hypothesis 2: The concentration of gross written insurance premiums in Croatia is different for 
life and non-life insurance.

Data used in this paper are gross written premiums of insurance companies in Croatia in 
the period from 2000 to 2012, available in Insurance companies and re-insurance compa-
nies (2013) at the official websites of Croatian insurance companies, the Croatian Financial 
Services Supervisory Agency (HANFA) and the Croatian Insurance Bureau. Ten concen-
tration measures are calculated and/or graphically represented. Free Statistics Software 
available at wessa.net (2014) and Microsoft Excel 2007 are used. After descriptive statistical 
analysis, the regression based trend analysis with ordinary least squares estimators is applied.

There are several papers presenting studies elaborating the concentration or inequality 
of assets and some other financial variables’ distributions over the total number of financial 
institutions as market subjects in Croatia, such as banks (Dumičić, Čeh Časni, & Čibarić, 
2008; Dumičić, Pavković, & Akalović Antić, 2012; Ljubaj, 2005; Tipurić, Kolaković, & 
Dumičić, 2003); investment funds (Morić Milovanović & Galetić, 2005; Valdevit, Čibarić, 
& Žmuk, 2008); pension funds (Bahovec, Dumičić, & Žalac, 2011). A study of the insurance 
markets of the transition countries of Central and Eastern Europe in 1990s is presented by 
Tipurić, Pejić Bach, and Pavić (2008) and Bauer (2012), showing similar results, but these 
results are based on using of only several number of concentration measures.

The main contribution of this paper is in applying a larger number of inequality, i.e. 
concentration measures. Since different features of the applied measures resulted in slightly 
different conclusions about the direction and the extent of gross written premium concen-
tration for both types of insurance, these results are discussed.

2. Characteristics of the insurance market in Croatia

2.1. Croatian insurance market

The highly developed European insurance market has a large share in the total global 
insurance premium volume. The gross domestic product in Croatia in 2010 amounted to 
45,917 million euros, the total assets of the financial sector amounted to 70,024 million 
euros, which is 153% of GDP, and insurance and reinsurance assets amounted to 4,136 
million euros, 5.91% of total financial sector assets. The share of insurance premiums in 
Croatian GDP continued the downward trend that had begun in 2007 and was 2.76% in 
2010 and 2.68% in 2011. In the life insurance segment, its share is 0.71% while in non-life 
insurance segment it amounts to 1.97% (Jakovčević & Krišto, 2012). In comparison to 2010, 
the indicators show a decrease of the importance of the insurance premiums in relation 
to GDP. The above-mentioned shares for Croatia are significantly higher than in Croatia’s 
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eastern neighbouring countries, while in comparison to the developed European Union 
countries Croatia is significantly falling behind.

Although the Croatian insurance market is developing and changing (Jakovčević, 2009), 
specific characteristics are still predominant on the Croatian financial and insurance market 
(Jakovčević & Krišto, 2012). These features are: the financial market is developing, and the 
insurance industry stagnates in comparison to other participants in the financial market; the 
insurance sector is functionally, organisationally and technologically underdeveloped, and 
in 2011 it accounted for 2.6% of Croatian GDP; the offer is focused on non-life insurance, 
and the development of the types of insurance encouraging saving is insufficient. Further, 
there is a significant share of car liability insurance, and a low share of life insurance; there 
is also a high percentage of investment into deposits, loans and real estate; there is also weak 
risk management, unfair competition, a low level of transparency; there are instances of 
bad experiences with claim payouts, and much litigation.

2.2. Overview of insurance companies in Croatia

The number of insurance companies in Croatia changed during the observed period from 
2000 to 2012. As shown in Figure 1, the total number of insurers participating in forming 
the insurance gross premium in 2000 was 26 and in 2012 it slightly increased to 27. The 
number of insurance companies that provided life insurance services in the observed period 
remained the same, i.e. 17 companies at the beginning and at the end of the period, while 
the number of insurance companies providing non-life insurance services reduced from 24 
to 20 in the observed period. It is also noticeable that the number of insurance companies 
active on the market was lowest in 2006. Although the number of insurance companies on 
the market changed throughout the years, the changes were not extreme and are therefore 
insignificant.

In 2012, based on total gross written premiums, the largest insurance companies in 
Croatia were: Croatia Osiguranje Ltd. (29.96% of the total insurance market), Allianz Zagreb 
Ltd. (12.05%), Euroherc Osiguranje Ltd. (10.30%), Jadransko Osiguranje Ltd. (6.94%) and 

Figure 1. the number of insurance companies in croatia in the period 2000–2012, source: Economic 
reports and statistics (2013), croatian insurance Bureau, authors’ calculations.
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Kvarner Vienna Insurance Group Ltd. (4.56%). Based on the gross written premiums for 
non-life insurance, the largest shares are held by the following insurers: Croatia Osiguranje 
Ltd. (35.64%), Euroherc Osiguranje Ltd. (14.85%), Allianz Zagreb Ltd. (10.33%), Jadransko 
Osiguranje Ltd. (9.53%) and Triglav Osiguranje Ltd. (4.24%). Finally, the leading insurers 
in the life insurance segment are: Allianz Zagreb Ltd. (16.66%), Croatia Osiguranje Ltd. 
(14.78%), Merkur Osiguranje Ltd. (10.35%), Grawe Hrvatska Ltd. (10.19%), and Agram 
Životno Osiguranje Ltd. (8.26%).

2.3. Gross premiums of insurance companies in the period from 2000 to 2012

The total gross written premium of insurance companies in 2000 in Croatia amounted to 
4,530,617,000 HRK. Gross premium realised from life insurance amounted to 739,466,000 
HRK, and from non-life insurance to 3,771,438,00 HRK. The largest written premium was 
realised by Croatia Osiguranje Ltd. with 2,337,008,000 HRK, which amounts to 51.58% of the 
total gross premium. In 2012, the total gross written premium rose to 9,037,642,000 HRK. 
Out of that 6,576,454,000 HRK came from non-life insurance premiums, and 2,461,188,000 
HRK from life insurance premiums. The largest premium of 2,707,693,000 HRK was again 
realised by Croatia Osiguranje Ltd., which amounts to 29.96% of the total gross premium. If 
the total insurance premium range per companies is analysed, in 2012 the lowest premium 
amounted to 1,179,000 HRK and the highest amounted to 2,792,782,000 HRK.

Looking overall insurance industry, as shown in Figure 2, in the period from 2000 to 
2008 the Croatian insurance market experienced a noticeable rise of the gross written 
premium for insurance of 113.5%. In 2012, there was a fall of 6.6% in total compared to 
2009. In total, there was still a significant rise of 99.47% in the gross written premium in 
2012 compared to 2000.

Figure 2. Gross written premiums of insurance companies in croatia in the period 2000–2012, in hRk. 
source: Economic reports and statistics (2013), croatian insurance Bureau, authors’ calculations.
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3. Measuring concentration for insurance gross written premiums in Croatia 
in the period 2000–2012

3.1. Concentration measures features

The concept of concentration is one of the basic elements of the analysis of competitive-
ness and market structures, i.e. the market power in an individual industry (Bikker, 2004). 
Concentration is used in relation to the control of a certain economic growth or activity. 
Concentration occurs when a minor segment of the total number of subjects monitoring 
a resource monitors the major part of the total resource.

In this paper, the authors decided to apply ten different concentration measures, and to 
study their dynamics over time from 2000 to 2012, in order to recognise whether all of them 
support the same conclusion for each type of insurance, life and non-life. Table 1 lists the 
most important characteristics of these measures, defined in e.g. Martić (1986).

In this paper, concentration measures will be used for calculating concentration on the 
insurance market in Croatia in the period 2000–2012. For calculating concentration meas-
ures individual data for the gross written premiums per insurance companies in Croatia 
were used separately for life and non-life insurance. A higher level of concentration implies 
that a minor number of big companies realise a significant share of the industry’s sales. The 
opposite also applies; the lower industry concentration indicates the existence of a larger 
number of relatively small companies. Table 1 provides an overview of used measures and 
the interpretation of their meanings.

Table 1. the review of the concentration measures characteristics.

source: authors’ creation.

Index name Symbol and interval value Index value interpretation 
concentration ratio of the order r 1/n ≤ cr ≤ 1 the concentration ratio value (for r insurance 

companies with the highest gross premiums) is 
close to 0 when there are many identical insur-

ance companies on the market, and its value is 1 
when the sum of insurance gross premiums of r 

subjects with the highest gross premiums makes 
the entire insurance industry. 

Lorenz curve 0 ≤ Ft ≤ 1 concentration of the insurance gross premiums 
increases as the curve distances from the line of 

perfect equality. 
Gini coefficient 0 ≤ G ≤ 1 as the concentration of insurance gross premiums 

increases, the Gini coefficient value increases as 
well. in the case of total market inequality, its 

value is 1.
Entropy 0 ≤ h ≤ log2n a higher entropy (h) value indicates a smaller 

concentration of insurance gross premiums. in 
case of a monopoly the value of h is 0. 

herfindhal-hirschman index 1/n ≤ hhi ≤ 1 a higher hhi value indicates a higher concentra-
tion of insurance gross premiums. in case of an 

insurance market monopoly, its value is 1. 
hall-tideman index 0 ≤ hti ≤ 1 When hti or Ri equals 0, a large number of insur-

ance companies of the same size exist, while the 
value 1 indicates a pure market monopoly. 

Rosenbluth index 0 ≤ Ri ≤ 1
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3.2. Calculated concentration measures for life insurance gross premium

The Table 2 presents all calculated measures of the life insurance gross premium concentra-
tion in Croatia in the period 2000 to 2012, according to formulas given in Martić (1986).

Concentration ratios C2 and C5 were calculated for the largest two and the largest five 
life insurance companies in Croatia. The results show that the concentration ratio C2 for life 
insurance in 2012 fell (31.4%) in comparison to 2000 when it had its highest value (38.8%), 
with the same number of active insurance companies in the market. In the same period, the 
concentration ratio C5 also decreased from 79.73% in 2000 to 60.24% in 2012.

Furthermore, based on the results in Table 2, it is evident that the Herfindhal-Hirschman 
index (HHI) value for life insurance in the observed period decreased. It amounted to a 
relatively high 0.154 in 2000 when it reached its maximum level, leading to the conclusion 
that the Croatian life insurance market at the time was mildly concentrated, i.e. there was 
an oligopoly market structure. A value of HHI higher than 0.1 had been present in the life 
insurance market up to 2008. Since 2009, it decreased below 1 to 0.095, which indicates a 
decrease in concentration and the life insurance market. Since 2009 life insurance market, 
fragmentation is enabling the total gross premium for life insurance to be distributed among 
an increasing number of insurance companies.

The normalised Gini coefficient (G*) decreased in the observed period, but it sank below 
the borderline of 0.5 only in 2004 and it rose above it again in 2008. Its lowest value of 0.383 
was, as well as the Gini coefficient (G), in 2006. Based on a normalised Gini coefficient, 
one can conclude there was no significant concentration on the life insurance market in 
the observed period since 2004, except for 2008.

Table 2 shows that the Theil’s entropy (H) and the normalised entropy (H*) value for 
life insurance gross premium throughout the observed period increased moderately while 
maximum entropy (Hmax) values were approximately unchanged, with the exception of the 
year 2006 when the maximum entropy was at its minimum of 2.639. Since the entropy value 
is negatively correlated with the concentration level in the industry, due to the observed 
increase of entropy measures it can be concluded that the concentration of gross premium 

Table 2. overview of concentration measures for life insurance gross premiums in croatia in the period 
2000–2012.

source: Economic reports and statistics (2013), croatian insurance Bureau, authors’ calculations.

Year

Concentration 
ratios

Herfindhal- 
Hirschman 

index
Normalised 

Gini Entropy

Hall- 
Tideman 

index
Rosenbluth 

index

Number 
of  

insurers

C2 C5 HHI G* H Hmax H* HTI RI n
2000 0.388 0.797 0.154 0.662 2.135 2.833 0.754 0.153 0.036 17
2001 0.354 0.729 0.124 0.560 2.301 2.773 0.830 0.132 0.041 16
2002 0.330 0.700 0.102 0.500 2.456 2.833 0.867 0.122 0.042 17
2003 0.317 0.684 0.108 0.525 2.414 2.833 0.852 0.116 0.039 17
2004 0.302 0.664 0.103 0.471 2.443 2.773 0.881 0.112 0.043 16
2005 0.302 0.648 0.102 0.459 2.461 2.773 0.888 0.110 0.044 16
2006 0.301 0.610 0.101 0.383 2.426 2.639 0.919 0.111 0.053 14
2007 0.312 0.611 0.098 0.402 2.479 2.708 0.915 0.108 0.051 15
2008 0.310 0.612 0.120 0.531 2.404 2.833 0.848 0.109 0.040 17
2009 0.278 0.581 0.095 0.438 2.470 2.773 0.891 0.106 0.044 16
2010 0.281 0.573 0.092 0.418 2.505 2.773 0.904 0.103 0.045 16
2011 0.294 0.583 0.094 0.429 2.498 2.773 0.901 0.105 0.045 16
2012 0.314 0.602 0.098 0.481 2.484 2.833 0.877 0.098 0.040 17
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for life insurance in the observed period decreased. The normalised entropy had its max-
imum value in 2006 and the entropy measure in 2010 indicating the lowest concentration 
of life insurance gross premiums in those years. On the other hand, the minimum entropy 
measure values were in 2000 indicating the highest concentration of life insurance gross 
premiums in that year.

Furthermore, the Hall-Tideman (HTI) concentration index is the highest in 2000 when 
it amounted to 0.1525 while it was at its lowest in 2011 with the value of 0.1045. In the 
period from 2000 to 2012, the HTI dropped from 0.1525 to 0.0984, i.e. it went closer to 
zero, implying that there was a fall in concentration on the life insurance market. Based on 
an HTI index close to zero, one can conclude that there is no monopoly on life insurance 
market, and there is a significant number of insurance companies of the same size.

The Rosenbluth index (RI) of gross premiums for life insurance had the lowest value in 
2000 and the highest in 2006. For RI there is no regular tendency to increase or decrease 
within the observed period, but it did change slightly over the years, with the exception of 
the period from 2006 to 2008 when a significantly pronounced decrease of gross premiums 
for life insurance was observed.

Generally speaking, it should be said that the HHI, the RI and the entropy H belong 
to the same group of concentration indices (Jacquemin, 1987). All these three indices are 
used to measure the concentration percentage shares of individual subjects in the insurance 
market. However, indices differ in terms of highlighting different aspects of the market 
structure. The HH index gives weight to large insurers, while the entropy index H tends 
to emphasise small insurers in shaping the overall index. Moreover, the RI includes not 
only the proportion of the insurers’ market, but also the rank of the insurers as the market 
subjects. Thus, HH index is relatively insensitive to changes in the proportion of smaller 
insurers, while the RI reacts strongly, because it gives different importance to small insurers. 
In this study, only the RI indicates an increase in concentration for both life and non-life 
insurance gross premiums over the observed period.

Table 3. overview of concentration measures for non-life insurance gross premiums in croatia in the 
period 2000–2012.

source: Economic reports and statistics (2013), croatian insurance Bureau, authors’ calculations.

Year

Concentration 
ratios

Herfindhal- 
Hirschman 

index
Normalised 

Gini Entropy

Hall- 
Tideman 

index
Rosenbluth 

index

Number 
of  

insurers

C2 C5 HHI G* H Hmax H* HTI RI n
2000 0.687 0.836 0.124 0.662 2.445 3.178 0.769 0.198 0.023 24
2001 0.680 0.853 0.137 0.667 2.279 2.996 0.761 0.222 0.032 20
2002 0.660 0.842 0.132 0.633 2.313 2.944 0.785 0.210 0.032 19
2003 0.647 0.833 0.125 0.618 2.390 2.996 0.798 0.195 0.030 20
2004 0.637 0.841 0.152 0.684 2.231 2.996 0.745 0.199 0.029 20
2005 0.622 0.846 0.162 0.683 2.140 2.890 0.740 0.203 0.032 18
2006 0.594 0.826 0.152 0.627 2.169 2.773 0.782 0.192 0.037 16
2007 0.571 0.809 0.135 0.611 2.257 2.833. 0.797 0.178 0.035 17
2008 0.556 0.793 0.129 0.596 2.337 2.890 0.809 0.164 0.033 18
2009 0.538 0.774 0.114 0.543 2.428 2.890 0.840 0.156 0.036 18
2010 0.524 0.761 0.116 0.584 2.408 2.944 0.818 0.149 0.032 19
2011 0.514 0.755 0.114 0.592 2.433 2.996 0.812 0.143 0.030 20
2012 0.505 0.746 0.120 0.597 2.423 2.996 0.809 0.139 0.031 20
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3.3. Calculated concentration measures for non-life insurance gross premium

Table 3 presents all calculated measures of the gross premium concentration for non-life 
insurance in Croatia in the period from 2000 to 2012.

In 2000, when there were 24 insurers providing non-life insurance services in the mar-
ket, the ratio C2 equals 68.66% while in 2012 its value decreased to a still high 50.49%. The 
ratio C5 amounted to a high 85.33% in 2001, and fell to 74.59% in 2012. The values of both 
concentration ratios C2 and C5 show a high concentration on the non-life insurance market 
in Croatia during the completely observed period.

In addition, on the non-life insurance market, the value of the indicator HHI reached its 
maximum in 2005 when it amounted to 0.162, which was the closest to the borderline of 
0.18 indicating a high concentration on the market. During the observed 12-year period, 
the HHI values neither fell below 0.114 nor rose above 0.162, i.e. they remained within the 
limits that define the oligopoly market structure on the non-life insurance market. Finally, 
based on the HHI values, which were above 0.1 throughout the entire period, one can 
conclude that the non-life insurance market is moderately concentrated.

The normalised Gini coefficient (G*) for non-life insurance decreased from 0.662 in 2000 
to 0.597 in 2012 indicating a decrease of concentration of the gross premium for non-life 
insurance. However, based on G* it can also be concluded that there is a large concentration 
of gross premium on the non-life insurance market taking into consideration the calculated 
values which were above 0.5 throughout the observed period. It had its highest value of 
0.684 in 2004, while its lowest value amounted to 0.543 in 2009.

Table 3 shows a fall of the entropy (H) and the maximum entropy (Hmax) value for 
the non-life insurance gross premium when comparing the beginning and the end of the 
observed period. The value of normalised entropy (H*) shows a slight increase.

The measure HTI of the non-life insurance gross premium shows a visible fall from its 
highest value of 0.2217 in 2001 to its lowest value of 0.1318 in 2012, which also testifies to 
the non-life insurance market fragmentation in the observed period.

For the non-life, insurance gross premium the measure RI also had its lowest value in 
2000 amounting to 0.0233, and the highest value in 2006 amounting to 0.0374. From 2009 
to the end of the observed period, there was a moderate fall of the measure RI for the non-
life insurance gross premium, which is in accordance with the moderate increase of the 
number of insurers in the period in question.

The comparison of the RI values at the beginning and the end of the observed period 
testifies on the moderate rise of the index for both types of insurance.

3.4. The Lorenz curve

This section of the paper shows representations of the Lorenz curve for life and non-life 
insurance in selected years.

Figure 3, for life insurance gross premium in 2000 and 2012, shows the Lorenz curve 
approaching the line of perfect equality in 2012 more closely than in 2000. That leads to 
the conclusion that the concentration of the life insurance gross premium decreased in the 
observed period.

Figure 4 shows that the Lorenz curve for non-life insurance gross premium was more 
distant from the line of perfect equality in 2000 than in 2012. This indicates that there was 
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a decrease of concentration of the gross premium for non-life insurance in the observed 
period.

When comparing the Lorenz curves for gross premiums for life and non-life insurance 
for 2012, based on Figure 3 and Figure 4, the Lorenz curves show that the concentration of 
gross premiums for life insurance is lower than for non-life.

4. Trend modelling for the entropy index for gross premiums of life and non-
life insurance in Croatia in the period 2000–2012

4.1. Estimated quadratic trend models and forecasts

Theil’s entropy is a measure of the amount of unused energy in a closed thermodynamic 
system, introduced into the economy by Henry Theil (Cowell, 2003), who took the measure 
of entropy in information theory, using as a measure of diversification, i.e. concentration 
or inequality.

With the aim of describing the concentration dynamics, two regression-based trend 
models were applied for estimating and forecasting the dynamics of entropy measures for 

Figure 3. Lorenz curve for gross premium for life insurance in croatia 2000 and 2012. source: Economic 
reports and statistics (2013), croatian insurance Bureau, authors’ calculations.

Figure 4. Lorenz curve for gross premium for non-life insurance in croatia 2000 and 2012. source: Economic 
reports and statistics (2013), croatian insurance Bureau, authors’ calculations.
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Table 4. Forecast measures for trend models for the gross premium entropy by types of insurances in 
croatia for the period 2000–2012.

source: Economic reports and statistics (2013), croatian insurance Bureau, authors’ calculations.

  LIFE NON-LIFE

FORECASTQUALITYMEASURE Linear trend Quadratic trend Linear trend Quadratic trend
maPE 2.147 1.681 3.415 2.405
maD 0.051 0.040 0.078 0.056
msD 0.005 0.003 0.009 0.005
R2 0.513 0.698 0.089 0.554
s.E. 0.074 0.061 0.104 0.077

Table 5. the quadratic trend of entropy for life insurance gross premium in croatia, annual data in the 
period 2000–2012.

source: author’s calculation.

Y qadratic trend=2.173 + 0.066t - 0.00t2 

  Coefficients Standard Error t Stat P-value
intercept 2.173 0,060 36.512 0.000
t 0,066 0.020 3.363 0.007
t^2 −0.003 0.001 −2.479 0.033

Figure 5. the quadratic trend of entropy for life insurance gross premium in croatia in the period 2000–
2012 and forecasts for 2013 and 2014. source: Economic reports and statistics (2013), croatian insurance 
Bureau, authors’ calculations.

Table 6. the quadratic trend of entropy for non-life insurance gross premium in croatia, annual data in 
the period 2000–2012.

source: authors’ calculation.

Y qadratic trend= 2.465 - 0.069t + 0.006t2 

  Coefficients Standard Error t Stat P-value
intercept 2.465 0.075 32.841 0.000
t −0.069 0.025 −2.815 0.018
t^2 0.006 0.002 3.228 0.009
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both life and non-life insurance gross written premiums. For the purpose of choosing a 
better forecasting model, Table 4 presents a comparison of measures of representativeness 
of the simple linear and the quadratic trend models applied, both based on ordinary least 
squares estimators for the regression coefficients. Since all forecasts’ quality measures, such 
as Mean Absolute Percentage Error (MAPE), Mean Absolute Deviation (MAD) and Mean 
Squared Deviation (MSD) for both types of insurance are smaller for the quadratic type 
of trend model, this model is superior in comparison to the simple linear trend model. 
Therefore, it is used for short-term forecasting.

Also, as is shown in Table 4, the standard errors (SE) are smaller for the quadratic com-
pared to the linear trend models for both types of insurances, life and non-life. The coeffi-
cients of determination R2 are also indicating that both quadratic trend models explained 
larger part of the total sum of squares compared to the linear trend model, nearly 70% for 
life, and 55% for non-life insurance.

Therefore, in the following part of the paper, the quadratic trend is first applied to the 
entropy measure for life insurance, and the analysis results are presented in Table 5. The 
results show that both the first and the second order terms in the trend model are statistically 
significant at 5% significance level.

Application of the quadratic trend model (Figure 5) clearly shows that the change of 
entropy measure for life insurance gross premiums is not constant, which is also supported 
by the estimated quadratic trend regression coefficients. Namely, the entropy measure H 
for life insurance gross premiums increased in the first year by 0.066 on average. However, 
that increase did not continue because the entropy measure on average decreased by 0.007 
annually. Therefore, the entropy measure for life insurance is characterised by a progres-
sive-digressive trend (Figure 5). For short-term forecasting, in the following years 2013 
and 2014, a fall in the life insurance concentration is anticipated. The trend coefficient of 
determination R2 shows that the quadratic trend model explains 69.83% of the total sum 
of squares. According to the estimated trend standard deviation and the trend coefficient 

Figure 6. the quadratic trend of entropy for non-life insurance gross premium in croatia in the period 
2000–2012 and forecasts for 2013 and 2014. source: Economic reports and statistics (2013), croatian 
insurance Bureau, authors’ calculations.
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of variation, the average deviation of empirical values for the entropy from the trend values 
of entropy amounts to 0.0608, i.e. 2.51%, indicating that the estimated trend is quite well 
representative.

For non-life insurance, the quadratic trend model results for the entropy measure are 
presented in Table 6, showing that both the first and the second order terms in the trend 
model are statistically significant at 5% significance level.

Unlike the entropy measure for life insurance gross premiums,which is characterised by 
a progressive-digressive trend, when it comes to the entropy measure for non-life insurance 
gross premiums the situation is the opposite. Namely, the entropy measure for non-life 
insurance fell in the first year by 0.0695 on average. However, that fall was not constant 
because the entropy measure in the rest of the observed period on average increased by 0.011 
annually. Therefore, the entropy measure for non-life insurance gross premiums might be 
well described with the quadratic trend characterised by a digressive-progressive tendency 
(Table 6, Figure 6). For the purpose of the short-term forecasting, in the following years, 2013 
and 2014, a fall in the non-life insurance gross premiums concentration was anticipated, as 
given in Figure 6. The trend coefficient of determination R2 shows that the quadratic trend 
model, which indicates the medium representativeness of the model, explains 55.38% of 
the total sum of squares. For the non-life insurance gross premiums entropy, according to 
the estimated trend standard deviation and the trend coefficient of variation, the average 
deviation of the entropy measure empirical values from the trend values amounts to 0.0767, 
i.e. 3.30%, %, indicating that the estimated trend is highly representative.

4.2. Comparison of descriptive statistics of entropy index for life and non-life 
insurance gross premiums

Table 7 gives the descriptive statistics for entropy indexes. In addition, comparison of the 
features of dynamics of the gross written premiums for each type of insurance in Croatia 
in the period 2000–2012 is commented upon. The progressive-digressive trend for life and 
digressive-progressive for non-life insurance gross premiums influence the direction of the 
short term forecasts, shown in Figure 5 and Figure 6 for the time horizon τ=2.

Table 7. the descriptive statistics and the tendency for the entropy for life and non-life insurance gross 
premiums in croatia in the period 2000–2012 and forecasts for 2014.

source: authors’ calculation.

Descriptive statistics

Entropy H for gross written premium

H for Life H for non-life
median 2,46 2,34
average 2000–2012 2,41 2,33
standard Deviation 0,10 0,11
coefficient of variation 2000–2012 4,17% 4,50%

The (best fitted) quadratic trend 
tendency description:

Progressive-digressive 
Digressive-progressive 

h value in 2000 2.14 2.44
h value in 2012 2.48 (smaller concentration compared 

to 2000)
2.42(higher concentration compared 

to 2000)
Quadratic trend forecasted value of h 

in 2014
2.40(expected higher concentration 

compared to 2012)
2.60(expected smaller concentration 

compared to 2012)
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Having in mind that if H equals 0 there is a monopoly, and the higher the entropy 
index (H) the smaller the concentration of insurance gross premiums, the quadratic trend 
forecasted value H=2.60 for the non-life gross written premium in Croatia in 2014 means 
the further decrease of concentration for that kind of insurance. Just the opposite would 
happen to life gross written premiums in Croatia based on the same period data and the 
same regression forecasting model.

5. Conclusion

In the beginning of the twenty-first century the Croatian insurance market, showing a mod-
erate level of market concentration, is not as developed as the western European market, 
and it is a small market with a great number of mutually competitive insurers. In order to 
present the tendency of concentration of gross written premiums of insurance companies 
in Croatia in the period from 2000 to 2012, the analysis of ten inequality measures as a time 
series was conducted. In the observed period, the market fragmented, showing decreased 
concentration.

The Croatian life insurance market is less concentrated in 2012 than in 2000.
For life insurance gross premiums, many calculated concentration measures and the 

Lorenz curve confirm this decrease of concentration, with the exception of maximum 
entropy, which indicates the stagnation, and the Rosenbluth index, which shows a mild 
increase, of life insurance gross premiums concentration. The number of insurance com-
panies that sold life insurance did not change greatly, the smallest number of companies 
was 14 in 2006, but in 2000 and at the end of 2012 there were an equal number of them 
(17). However, the number of insurers did not change in 2012 compared to 2000, so, the 
conclusion that ‘the changing number of insurers’ might be reason for the decreased con-
centration in the period 2000–2012 does not hold.

On the non-life insurance market, the situation was very similar and the majority of cal-
culated concentration measures, as well as the Lorenz curve, indicate a lower concentration 
of gross premiums in 2012 than in 2000. On the other hand, the entropy and the maximum 
entropy as well as the Rosenbluth index indicated the slight increase in concentration of 
non-life gross premiums in the same period. Slightly more insurers are competing in the 
non-life insurance market then in the life insurance market. The number of companies 
selling non-life insurance in that period was mostly between 16 and 24, while at the end of 
2012 there were 20 insurers.

The concentration ratio C2 for life insurance in 2012 fell (1/3) in comparison to 2000 
when it had its highest value (2/5) with the same number of active insurance companies 
at the market. In the same period, the concentration ratio C5 also decreased from 80% in 
2000 to 60% in 2012. However, despite the decrease, the amounts of C5 above 60% indicate 
a relatively high concentration in the hands of five strongest life insurance market players.

The concentration ratio C2 for non-life insurance shows a constant downwards trend 
for portion of two strongest insurers in total gross premium for this type of insurance in 
the observed period. In 2000, when there were 24 insurers providing non-life insurance 
services and the ratio C2 equals 70% while in 2012 its value decreased to a still high 50%. 
The concentration ratio C5 also showed an important portion of five strongest insurers in 
total gross premium for non-life insurance in the observed period. The ratio C5 amounted 
to the highest 85% in 2001, and it fell to 75% in 2012. The values of both concentration 
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ratios, C2 and C5, show a high concentration on the non-life insurance market in Croatia 
during the completely observed period.

The comparison of the indicator RI at the beginning and the end of the observed period 
testifies on the moderate rise of the index for both types of insurance, but despite that the 
values are very close to zero and there is no increase of monopoly on those markets.

Finally, both research hypotheses are proven. Since the existing inequality of distribution 
of gross written insurance premiums in Croatia in the period 2000 to 2012 is recognised, 
Hypothesis 1 may be accepted. It is found that concentration of gross written insurance 
premiums is higher for non-life than that for life insurance, so Hypothesis 2 is also proven. 
Based on the quadratic trend model forecasting of the entropy indexes, the dynamics is 
shown to be digressive-progressive for non-life, and progressive-digressive for life insurance.
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