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The insurance market in Croatia is constantly gaining 
importance over the last decades and in 2017 it ac-
counted for 7.03% share in financial intermediaries’ to-
tal assets (Croatian Insurance Bureau, Insurance Market 
in the Republic of Croatia 2017 – Key Facts). It also re-
fers to the product diversification and services offered. 
This has been fuelled with the Croatian accession to the 
EU in July 2013, which is the reason why the authors 
have opted to investigate the competition measured 
with the Boone indicator and its effects on soundness 
of Croatian insurance market. This is done separately 
for the period prior to EU accession (2008 – 2012) as 
well as after the accession to the EU (2013 – 2017). 

Specifically, Croatian insurance industry in this pe-
riod offers especially interesting setting in which to 
investigate both competition and soundness. As part 
of the process of the continuous alignment with the 

acquis communautaire, amendments to the Insurance 
Act regulating to insurance activities in the Republic 
of Croatia were consistently made. This was done with 
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the purpose to ensure total integration of the finan-
cial market of the Republic of Croatia into the single 
European market and to guarantee the uniform ap-
plication of legal provisions in the Republic of Croatia 
and other EU member states. Therefore, prior to the 
accession, all the relevant directives had already been 
implemented in the Croatian legislation, and as of 1 
July 2013, the day of Croatian accession to the EU, all 
EU regulations, including those relating to the insur-
ance market, directly apply in the Republic of Croatia, 
as well. Croatia’s accession to the EU was followed by 
the liberalisation of the insurance market and cross-
border cooperation. This means that insurance com-
panies with the headquarters in Croatia are allowed 
to participate in insurance markets of EU Member 
States either through the free provision of services 
or through the establishment of a branch. Under 
the same conditions, entities from other EU member 
states are allowed to participate in the Croatian insur-
ance market. Therefore, having in mind Croatian ac-
cession to the EU in 2013, insurance directives were 
adopted into Croatian legislation and implemented 
to its full. In this way, Croatian insurance market has 
become a part of the European single insurance mar-
ket. Hence, an increase in competition by removing 
barriers to entry can be expected. For example, Šebjan 
and Tominc (2015 p. 42), while investigating Slovenian 
insurance industry that joined EU in 2005, noticed 
“an increase in competition especially with the emer-
gence of new foreign insurance companies.” The same 
authors also state that time based competition, qual-
ity, product range and services created a more com-
petitive environment.

The soundness of insurers is of great importance 
for the insured since the indemnities that are to be 
paid depend on the reliability of the insurer. It is im-
portant for investors and policyholders since, accord-
ing to Cummins, Rubio-Misas, and Vencappa (2017, p. 
1), citing Das et al. (2003), “…insurance industry has 
significant potential to disrupt the financial system 
and negatively impact the economy”. Moreover, as 
stated by Shim (2015, p. 2), “the relationship between 
changes in market concentration and financial stabil-
ity of insurers is an important question for policy-mak-
ers who develop policies about industry structure in-
cluding M&A guidelines and market competitiveness. 
The empirical evidence on this issue can provide im-
portant implications for insurance regulators who are 
concerned about safety of insurers and seek to ensure 
the financial soundness of insurance market.” Rubio-
Misas and Fernández-Moreno (2017) also confirm that 
the risk of insolvency is of foremost importance for 
both regulators and consumers stating that “regula-
tors are interested in limiting excessive insolvency risk 

to avoid a potential problem of contagion to other in-
surers due to a spike in insurer insolvencies.” It is note-
worthy citing Pasiouras and Gaganis (2013, p. 632) 
stating that “changes in the operating environment of 
insurance firms…combined with the fact that risk is 
by definition an integral part of the insurance indus-
try poses great challenges to policy makers who try to 
endorse regulations that reduce insolvency risk and 
promote confidence in the financial stability of the in-
surance sector.”

The analysis is conducted in two parts. Firstly, we 
estimate the Boone indicator of competition based 
on insurers’ profits (Boone 2008) in Croatian insurance 
market in both analysed periods, i.e. from 2008 till 
2012 and from 2013 till 2017 in order to see how com-
petition has evolved over that time. In other words, we 
wanted to see whether joining the EU and opening up 
of Croatian insurance market to cross-border competi-
tors actually increased competition measured with 
the Boone indicator. Furthermore, we test the impact 
of competition on the performance of efficient insur-
ers, i.e. to see whether competition reallocates profits 
from inefficient to efficient insurers according to the 
efficient structure hypothesis. Secondly, we investigate 
the influence of competition measured by the Boone 
indicator on soundness of Croatian insurance compa-
nies in the pre-accession as well as in the post-acces-
sion period. The authors estimate a balanced panel 
data set with soundness (Z-score) as dependent vari-
able whereas independent variables consist of the 
Boone competition indicator as well as of a set of in-
surance company – specific, insurance industry – spe-
cific and macroeconomic variables. Specifically, the 
authors wanted to test the transmission mechanism 
hypothesis proposed by Shaeck and Cihák (2014) stat-
ing that competition measured by the Boone indica-
tor improves financial stability with efficiency being 
the transmission mechanism through which compa-
nies increase financial stability. 

This research adds to the literature by providing, 
to the best of authors’ knowledge, the first analysis 
of competition measured with the Boone indicator in 
the insurance industry in a post-transition economy 
such as Croatian as well as its effect on soundness. 
Croatian insurance market has been chosen for sev-
eral reasons. First of all, Croatia has become a part of 
integrated EU market as latest member state and it 
is expected that becoming a part of single European 
market would have effects on the level of competition. 
Its insurance sector is important part of total finan-
cial sector while the adoption of new regulations as a 
part of the process of becoming an EU member state 
has posed challenges but also offered opportunities 
for insurers. Furthermore, efficiency, as an indirect 
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measure of competition, has been largely investigated 
on the sample of European insurance markets (e. g. 
Medved and Kavčič 2012; Fenn et al. 2008; Cummins 
and Rubio-Misas 2006; Cummins, Rubio-Misas, and Zi 
2004; Mahlberg and Url 2003; Cummins and Turchetti 
1996). However, only a few studies have employed the 
Boone indicator in the context of insurance industry. 
E.g. Cummins, Rubio-Misas, and Vencappa (2017) in-
vestigated competition and soundness on the sample 
of 10 European life insurance markets while Bikker and 
van Leuvensteijn (2008) and Bikker (2014) focus on 
Dutch insurance industry. Therefore, our paper tries 
to fill the gap in the already scarce empirical literature 
by providing new evidence on competition and its ef-
fects on financial soundness of insurers in Croatia as 
well as in post-transition economy in general. Another 
contribution to the literature can be found in the fact 
that this paper analyses how competition measured 
with the Boone indicator has evolved and tests its in-
fluence on soundness of Croatian insurance market by 
comparing pre and post-EU accession period.

LITERATURE REVIEW

Cummins, Rubio-Misas, and Vencappa (2017) ana-
lyse relationship between soundness measured with 
a Z-score and competition measured with the Boone 
indicator in a cross – country context, i.e. on the sam-
ple of ten EU life insurance markets in the period 1999 
– 2011. The authors firstly try to understand the evo-
lution of competition after the deregulation process 
and to investigate the link between competition, ef-
ficiency and soundness using insurance-specific and 
country-specific variables. The results of the analysis 
reveal that for most of the countries competition level 
has decreased or remained the same. Furthermore, 
the authors analysed the effects of competition on 
Z-score as well as on each of the three components 
of Z-score. The key findings show that competition 
positively influences soundness, however, this effect is 
less evident for financially healthy insurers. Moreover, 
competition motivates EU life insurance companies to 
hold less capital.

In his investigation of influence of market concen-
tration on financial stability, Shim (2015) employed 
Z-score as a measure of financial stability. The analysis 
is conducted on the sample of U.S. property - liability 
insurance companies over the period 1992 – 2010. 
The author firstly conducts company-wise analy-
sis and additionally performs state-wise analysis. In 
the company-wise analysis the author employs both 
OLS and 2SLS estimation techniques forming models 
with market concentration measured with both net 

premiums written and total assets. The finding of the 
analysis indicates that higher market concentration 
is related with lower financial stability. Furthermore, 
firm-specific variables consisting of size, underwriting 
leverage, form of mutual, geographical and product 
diversification, changes in interest rates as well as se-
vere damages from natural catastrophes have signifi-
cant impact on sound insurance system.

Pasiouras and Gaganis (2013) provide cross-coun-
try empirical study of the relationship between insur-
ers’ soundness measured with Z-score and regulatory 
policies. The authors use a wide range of regulations 
by constructing a capital requirements index, an of-
ficial supervisory power index, a technical provisions 
index, an investment index and a corporate govern-
ance and internal control index controlling for various 
firm-specific and country-level attributes. The analy-
sis is conducted using a dataset of over 1700 insurers 
from 46 countries. The findings are that in some mod-
els capital requirements have a negative impact on in-
surer’s soundness while the power of supervisory au-
thorities and regulation related to technical provisions 
and investment also significantly influence Z-score.

Shim (2011) examines M&A activities, diversifica-
tion and performance in the U. S. property-liability 
insurance industry in the period 1989 – 2004 us-
ing the risk-adjusted ROA, ROE, Z-score and total risk 
measured by earnings volatility as a relevant perfor-
mance measure. Firm features that affect insurers’ per-
formance are included as explanatory variables and 
consist of size, square of firm size, the ratio of equity 
capital to total assets, investment income, geographi-
cal diversity index, distribution system variables, or-
ganizational form dummy, unaffiliated companies 
dummy as well as M&A year dummies. The key results 
when performance is presented with Z-score are that 
mergers and acquisitions have a negative impact on 
the insurer’s financial performance. The same is true 
for product diversity, square of natural logarithm of 
assets and mixed distribution whereas share of com-
mercial line, natural log of assets, equity to total assets 
ratio, brokerage, unaffiliated single firms and mutual 
positively affect Z-score.

Bikker and van Leuvensteijn (2008) explore com-
petition and efficiency on the sample of Dutch life in-
surance industry. Regarding competition, the authors 
use five indirect measurement approaches consisting 
of tight oligopoly analysis, the scale efficiency level, 
the x-efficiency level, the profit margin and the Boone 
indicator. Estimates of the Boone indicator imply 
weak competition in the life insurance industry com-
pared to the manufacturing and services industries. 
Moreover, all five competition indicators used in the 
analysis indicate weakening of competition.
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DESCRIPTION OF VARIABLES
The dependent variable used in the model, i.e. the 
soundness of insurance markets is represented with 
Z-score, an accounting measure of financial stabil-
ity that has been used in insurance sector (Cummins, 
Rubio-Misas, and Vencappa 2017; Shim 2015; 
Pasiouras and Gaganis 2013; Shim 2011) and, to a 
much larger extent, in the banking sector (Schaeck 
and Cihák 2014; Bourkhis and Nabi 2013; Demirgüç-
Kunt and Detragiache 2011; Demirgüç-Kunt and 
Huizinga 2010; Laeven and Levine 2009).

Insurance soundness as dependent variable is pre-
sented with Z-score expressed by following equation:

(1)

where ROA is a measure of profitability and stands for 
return on assets. E/A is a measure of capitalization, i.e. 
equity to assets ratio. If the capital ratio increases, to-
gether with profitability, Z-score will increase as well 
indicating better soundness or lower probability of 
default (Shim 2015). Therefore, it can be observed as 
a measure of financial strength. Moreover, σROA rep-
resents the return of volatility expressed by the stand-
ard deviation of return on assets. According to Shim 
(2011, p. 125), Z-score is a proxy measure of the like-
lihood of insurer insolvency and a function of the in-
surer’s profit ratio, the variation in that profit ratio, and 
the equity capital available to absorb that variation. 
Moreover, Stiroh and Rumble (2006, p. 2138) state that 
it measures the number of standard deviations that 
profits must fall to drive a company into default. The 
Z-score is inversely related to the probability of failure, 
with higher Z-score suggesting a lower probability of 
default. Shim (2015) notes that the Z-score increases as 
an insurers’ profitability and capital ratio increase, and 
the Z-score declines with increasing volatility of asset 
returns. Moreover, following Cummins, Rubio-Misas, 
and Vencappa (2017) and Pasiouras and Gaganis 
(2013) approach, we use the natural logarithm of the 
Z-score to control for non-linear effects and outliers.

Independent variable employed in the analysis is 
indirect measure of competition, the Boone indica-
tor (Boone), based on the concept that competition 
rewards efficiency and penalises inefficiency, accord-
ing to the efficient structure hypothesis. In competitive 
markets, efficient firms perform better and, according 
to Bikker and van Leuvensteijn (2008, p. 2071), the 
Boone indicator measures the extent to which effi-
ciency differences between firms are translated into 
performance differences. The same authors also em-
phasize the advantage of the Boone indicator that 
is reflected in the fact that “it is more directly linked 

to competition than measures such as scale econo-
mies and X-inefficiency or … misleading measures 
as the concentration ratio” or moreover, as stated by 
Cummins, Rubio-Misas, and Vencappa (2017, p. 3), 
“…direct measures of competition traditionally em-
ployed in the industrial organisation literature such 
as the Herfindahl-Hirschman index, concentration ra-
tios…are known to suffer from theoretical and empiri-
cal difficulties.”

When testing the impact of competition on the 
performance of efficient insurers, this variable is ex-
pected to have negative sign because relatively ef-
ficient firms make higher profits, i.e., according to 
the efficient structure hypothesis, competition real-
locates profits from inefficient to efficient insurers. 
Specifically, as stated by Cummins, Rubio-Misas, and 
Vencappa (2017, p. 18), lower (more negative) values 
of the Boone indicator imply stronger competition.

When investigating the influence of competition 
measured by the Boone indicator on soundness of 
Croatian insurance we expect it to have a negative 
sign indicating positive influence of competition on 
soundness as found by Cummins, Rubio-Misas, and 
Vencappa (2017) providing support to the transmis-
sion mechanism hypothesis.

Furthermore, several control variables at firm-level, 
industry-level and macroeconomic variables are in-
cluded in the analysis. Their description and expect-
ed influence on dependent variable are described in 
rows below.

Reinsurance ratio (re) is calculated as share of 
premium ceded to reinsurance in total gross written 
premium. It is included in the analysis as a firm level 
variable and its influence on soundness of an insur-
ance company is uncertain. It is expected to have posi-
tive effect on soundness of insurance companies since 
reinsurance reduces insolvency risk and strengthens 
the financial viability of insurance firms (Cummins et 
al. 2008, p. 1). However, transferring risk to reinsurers 
comes at a certain cost. Kim et al. (1995) investigated 
how reinsurance is related to insolvencies of insurers 
finding, in some models, that the more the insurer 
is exposed to its reinsurer, the more it is exposed to 
the negative financial influence of a reinsurer failure. 
Therefore, the negative influence of this variable on 
the soundness of insurers might be expected as well. 
Finally, as stated by Weiss and Choi (2008, p. 143), 
reinsurance might increase cost, leading to higher 
prices and/or lower profit. On the contrary, if reinsur-
ance activities considerably improve diversification of 
risk among the policyholder pool, reinsurance might 
reduce price and profit because of lower net pooling 
risk.
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Size (ln_assets) variable is another firm-specific 
variable often employed in insurance empirical re-
search (e.g. Cummins, Rubio-Misas, and Vencappa 
2017; Rubio-Misas and Fernández-Moreno 2017; Shim 
2015; Weiss and Choi 2008; Wand, Jeng, and Peng 
2007; Shiu 2004; Adams and Buckle 2003; O’Sullivan 
and Diacon 2003; Cummins, Tennyson, and Weiss 
1999). According to Shiu (2004, p. 1083), who inves-
tigated determinants of insurance companies’ per-
formance, large insurance companies usually have a 
greater ability for dealing with adverse market oscil-
lations and can recruit capable employees with pro-
fessional knowledge rather easily resulting in better 
performance. Moreover, Adams and Buckle (2003, p. 
135) add that large corporate size enables insurers 
to successfully diversify their assumed risks and react 
more quickly to fluctuations in market environments. 
As stated by Cummins and Nini (2002, p. 29), firm size 
is expected to be positively related to efficiency if 
larger firms have lower insolvency risk and/or are able 
to earn higher revenues because size conveys market 
power. However, there are opposite arguments as well. 
The same authors, citing Pi and Timme (1993), em-
phasize that financial performance could be inversely 
associated to company size since it often becomes 
more difficult for owners to efficiently and effectively 
monitor managers as company grows. Furthermore, 
financial performance could be negatively affected in 
large organizations due to the diseconomies of scale. 
In the end, Adams and Buckle (2003, p. 135) state that 
most of the recent empirical evidence for internation-
al insurance markets suggest that larger companies 
outperform smaller ones. Since the positive relation 
between firm size and performance is theoretically 
supported by the economies of scale concept, we ex-
pect its positive impact on soundness of insurers.

Premium to surplus ratio (prem_surplus) has 
been included in the analysis following Cummins, 
Rubio-Misas, and Vencappa (2017), Shim (2015); 
Cummins and Nini (2002) and Cummins, Weiss, and Zi 
(1999) in order to capture financial aspect of the insur-
ance companies’ activities. It is calculated as the net 
premium to equity, i.e. surplus representing an insur-
ance leverage ratio. It is used to measure the capacity 
of an insurance company to underwrite new policies. 
A low premium to equity ratio is considered a sign of 
financial strength because the insurer is using its ca-
pacity to write more policies. On the contrary, a higher 
premium to surplus ratio indicates that the insurer has 
lower capacity. Therefore, the negative effect of this 
variable on soundness of an insurer is expected.

Gross written premium growth (gwp_growth) 
is measured as percentage change in gross written 

premium of each insurer in each year calculated as 

Rubio-Misas and Fernández-Moreno (2017) while 
evaluating determinants of insurer regulatory sol-
vency ratio included premium growth variable stat-
ing that premium growth without a parallel equity 
capital growth increases the insurer insolvency risk. 
Furthermore, Chen and Wong (2004, p. 471) state that 
„being too obsessed with growth can lead to self-de-
struction as other important objectives might be ne-
glected”. Therefore, we expect negative influence of 
this variable on soundness of insurance companies.

Variable ownership (own) was introduced in the 
model as a dummy variable taking the value 1 if an 
insurer is domestically owned and 0 if an insurer is 
in foreign ownership (more than 50% controlled by 
foreign shareholders). This industry-specific or struc-
ture variable was employed since insurance sector in 
Croatia is characterised by the high percentage of as-
sets in foreign ownership and the authors wanted to 
find its influence on soundness of insurers. We expect 
foreign owned insurance companies to have positive 
impact on soundness since a reason why firms invest 
abroad lies in the fact that they possess superior capa-
bilities (Majumdar, 1997, p. 234). The author adds that 
the possession of these capabilities may lead a firm 
to exhibit greater performance compared to domes-
tically-controlled firms. Kozak (2011) finds that the in-
crease of foreign ownership positively contributes to 
the insurance companies` profitability on the sample 
of Polish insurance companies.

Control variable included in the model in order 
to capture for macroeconomic conditions is infla-
tion rate (inf), specifically, average CPI year-on-year 
inflation rate, following Cummins, Rubio-Misas, and 
Vencappa (2017, p. 18) who state that better econom-
ic conditions as reflected in lower inflation level are ex-
pected to increase competition and we consequently 
expect its negative effect on soundness of an insurer. 
Moreover, Pasiouras and Gaganis (2013) use the infla-
tion rate as a proxy for monetary instability. According 
to Demirgüç-Kunt and Detragiache (1998) this vari-
able is likely to be associated with high nominal inter-
est rates and it may proxy macroeconomic misman-
agement, which unfavourably affects the economy. 
Moreover, it provides evidence on whether the local 
currency provides a stable measure of value in long-
term contracting (Demirgüç-Kunt and Maksimovic 
1999, p. 304) which is particularly important in life in-
surance that is long-term in nature.

Another control variable encompassed by the 
model in order to reflect macroeconomic environment 
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is GDP growth rate (GDP_growth). A more thorough 
review when GDP growth rate is used to represent 
economic growth is provided in paper by Chirwa and 
Odhiambo (2016). As suggested by Pasiouras and 
Gaganis (2013, p. 635), citing Demirgüc-Kunt and 
Detragiache (1998), „problems in the financial sector 
are more likely to emerge when the growth is low“. 
If the macroeconomic environment worsens, this 
may cause a threat to soundness of financial compa-
nies, therefore, positive influence of this variable is 
expected.

SAMPLE CONSTRUCTION AND DATA SOURCES

Our sample consists of all licensed insurance compa-
nies (life, non-life and composite) that operated in the 
periods of the analysis, i.e. in 2008 - 2012 and in 2013-
2017 period. Those companies that have not been 
operating in each year of the observed period were 
omitted from the analysis. Our final research sample 
relating to the pre-EU accession period consists of 13 
companies making a total of 87% of the market or 65 
observations while the research sample relating to the 
post-EU accession period consists of 19 companies 
per year making a total of 98% of the market in 2017 
or 95 observations. Furthermore, it refers to domestic 
activities only whereas reinsurance companies have 
been omitted from the analysis. 

The authors calculated all firm specific and indus-
try specific variables used in this research using the 
data from different sources. Specifically, the data on 
total assets, total gross written premium and net prof-
it after taxes are sourced from regular publications 
by Croatian Financial Services Supervisory Agency 
(HANFA). Data on net incurred claims, operating ex-
penses, net premiums, net investment income, pre-
miums ceded to reinsurance and equity capital were 
manually collected form insurers’ annual reports 
publicly available through Croatian Financial Agency 
(FINA). Moreover, the data for dummy variable own-
ership were taken from annual reports published by 
Croatian Insurance Bureau (HUO). Finally, the data 
on average CPI year-on-year inflation rate and GDP 
growth rate have been taken directly from Croatian 
National Bank (HNB) web pages.

EMPIRICAL FINDINGS

First step in an empirical research was to calculate the 
Boone indicator. We follow Cummins, Rubio-Misas, 
and Vencappa (2017) approach with the Boone indi-
cator being empirically constructed form the modified 

regression equation:

      (2)

where Πit is the profit of the insurer i in year t as a 
proportion of its total assets, the Boone indicator is 
presented by the parameter β, acit is average variable 
costs serving as a proxy for marginal costs, while εit is 
the error term. This modified regression equation uses 
average costs as a proxy for marginal costs following 
Cummins, Rubio-Misas, and Vencappa (2017), Shaeck 
and Cihák (2014) and Bikker and van Leuvensteijn 
(2008) approach since marginal costs cannot be ob-
served directly. With the aim of constructing variables 
in the above mentioned equation we have employed 
Cummins, Rubio-Misas, and Vencappa (2017) ap-
proach and we measure profits as the difference be-
tween variable revenues and variable costs divided by 
total assets. Furthermore, average variable costs are 
represented by variable costs to variable revenues ra-
tio with variable costs consisting of the net incurred 
claims and operating expenses while variable reve-
nues is the sum of net premiums and net investment 
income. Linear regression was conducted for every 
year from 2008 to 2017 and results are presented with 
Table 1.

Table 1 shows that the values of the Boone indi-
cator, which were estimated using linear regression, 
were statistically significant in each year of the analy-
sis encompassing pre- and post-EU accession period. 
It ranges from -0.2536 in 2016 and 0.4142 in 2010 re-
spectively. Having in mind that lower the value of the 
Boone indicator the higher the competition, it can be 
observed that competition levels have considerably 

Table 1: Values of the Boone Indicator in the Croatian 
Insurance Industry in the Pre-EU and Post-EU Accession 
Period 

Year The Boone 
indicator p value R-squared

Pr
e-

EU
 a

cc
es

-
si

on
 p

er
io

d

2008 0.1763 0.0000 88.76%

2009 0.3589 0.0000 65.76%

2010 0.4142 0.0000 68.25%

2011 0.1155 0.0000 57.17%

2012 0.3150 0.0000 97.37%

Po
st

-E
U

 a
cc

es
-

si
on

 p
er

io
d

2013 -0.1689 0.0000 79.96%

2014 -0.1555 0.0000 84.88%

2015 -0.1746 0.0000 91.58%

2016 -0.2536 0.0000 95.85%

2017 -0.1718 0.0000 89.17%

Source: authors’ calculations
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increased after the accession to the EU. Becoming a 
part of a single EU market followed by a decline in bar-
riers to entry exposing insurance companies to higher 
cross-border competition has led to an increase of 
competition. Specifically, in each year in the post-EU 
accession period the Boone indicator achieves nega-
tive values reflecting the fact that more efficient in-
surer (with lower average costs) makes higher profits. 
On the contrary, the opposite is found on the sample 
of insurance companies that operated in the period 
prior to the accession to EU, when positive coefficients 
of the Boone indicator were obtained indicating lower 
competition. Although, as stated by Van Leuvensteijn 
et al. (2011) it is not uncommon to find positive val-
ues of the Boone indicator and there is no specified 
threshold to categorize a market as being competi-
tive or not. E.g. Cummins, Rubio-Misas, and Vencappa 
(2017) have found positive values of the Boone indica-
tor for Swedish insurance market in the period 1999 – 
2011 as well as Van Leuvensteijn et al. (2011) for some 
years in Japanese, French, Dutch and UK loan markets. 
The dynamics of the Boone indicator over time are 
also shown by Figure 1.

The particularly low level of the Boone indicator in 
2016 indicating the highest level of competition can 
be explained by the increase in profits in this particu-
lar year. On the contrary, rationale for the highest level 
of the Boone indicator, i.e. the lowest level of compe-
tition achieved in 2010 is in line with a wave of con-
solidations that occur in 2010 helping to foster a less 
competitive environment.

After estimating the Boone indicator, the next step 
in the research was to employ static panel analysis 

where we investigated the influence of independent 
variables on soundness of insurance companies, i.e. 
on dependent variable Z-score. For the purpose of 
econometric data analysis, we employed static bal-
anced panel data analysis. Model (3) forms the basis of 
our estimation.

(3)

where:
- Yit is a measure of soundness for insurer i at time t, 

presented with the Z-score.
- Xit are k independent variables including the 

Boone indicator, reinsurance ratio, size, premium to 
surplus ratio, gross written premium growth, own-
ership, inflation rate and GDP growth rate, εit is the 
disturbance with zi being the unobserved insurance-
specific effect and uit being the idiosyncratic error. The 
presented model is a one-way error component re-
gression model where  and inde-
pendent of 

We follow Schaeck and Cihák (2014) and Cummins, 
Rubio-Misas, and Vencappa (2017) approach using a 
three-year rolling window for σROA, i.e. to calculate the 
2013 Z-scores we use data from 2011-2013 period and 
so on. This is to allow for variation in the denomina-
tor of the Z-score since it avoids that the Z-scores are 
exclusively driven by variation in the levels of capital 
and profitability.

Descriptive statistics for all variables used in the 

Figure 1: Dynamics of the Boone Indicator in the Croatian Insurance Industry in the Pre-EU and Post-EU Accession Period

                             

Source: authors’ calculations
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research are provided in Table 2 and Table 3 separately 
for pre- and post-EU accession period. 

Since the use of independent variables can lead to 
distorted and unrealistic valuation of contributions of 
individual independent variables when explaining the 
dependent variable, before panel data analysis was 
conducted, multicollinearity was tested. We have used 
variance inflation factors (VIFs) to check for multicol-
linearity. Since a variable whose VIF values are greater 
than 5 may indicate a certain degree of collinearity, we 
can see from tables 4 and 5, that there is no multicol-
linearity problem between independent variables so 
none of the independent variables was omitted from 
the further analysis. This relates to both pre- and post–
EU accession period.

After examining problem of multicollinearity be-
tween independent variables, we tested the pres-
ence of heteroscedasticity. If the error terms do not 
have constant variance, they are heteroskedastic. If 
the heteroscedasticity is present, the standard errors 
are biased. This can lead to bias in test statistics and 

confidence intervals. To test the presence of hetero-
scedasticity Breusch-Pagan test for heteroscedasticity 
was fitted in research. The results of Breusch-Pagan 
test are given in Tables 6 and 7.

The result of Breusch-Pagan test for heteroscedas-
ticity shows that heteroscedasticity is not present. 

Table 3: Descriptive Statistics of the Variables in the Post-EU Accession Period (2013-2017)

Variable Obs Mean Std. Dev. Min Max

lnZ 95 3,8808 1,3242 0,8031 7,7735

Boone 95 -0,1849 0,0352 -0,2536 -0,1555

ln_assets 95 20,3964 1,6587 17,5200 23,0000

re 95 0,1165 0,1437 0,0001 0,8277

prem_surplus 95 0,9212 0,5929 0,0013 2,4754

gwp_growth 95 0,1596 0,7560 -0,9053 6,6673

own 95 0,3789 0,4877 0,0000 1,0000

inf 95 0,0030 0,0120 -0,0110 0,0220

GDP_growth 95 0,0164 0,0164 -0,0050 0,0350

Source: authors’ calculations

Table 2: Descriptive Statistics of the Variables in the Pre-EU Accession Period (2008-2012)

Variable Obs Mean Std. Dev. Min Max

lnZ 65 3,4448 1,5444 0,0458 6,7968

Boone 65 0,2760 0,1133 0,1155 0,4142

ln_assets 65 20,8384 1,1700 18,1190 22,8219

re 65 0,0981 0,1164 0,0000 0,4118

prem_surplus 65 1,9483 1,1953 0,0008 6,6841

gwp_growth 65 0,0602 0,3209 -0,1238 2,4981

own 65 0,5538 0,5010 0,0000 1,0000

inf 65 0,0306 0,1699 0,0110 0,0610

GDP_growth 65 -0,0188 0,0310 -0,0730 0,0200

Source: authors’ calculations

Table 4: Test for Multicollinearity using VIFs in the Pre-EU 
Accession Period (2008-2012)

Variable VIF 1/VIF

Boone 1.77 0.564010

ln_assets 1.24 0.808564

re 1.73 0.576953

prem_surplus 1.22 0.817977

gwp_growth 1.29 0.775863

own 1.80 0.555379

inf 1.62 0.617599

GDP_growth 1.75 0.571609

Source: authors’ calculations
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After examining the multicollinearity problem and 
heteroscedasticity, static panel with fixed effects and 
static panel with random effects were employed in 
the research. Hausman test shows that the most ap-
propriate model in the pre-EU accession period was 
static panel model with random effects whereas in the 
post-EU accession period was static panel model with 
fixed effects. Table 8 shows the results of the analysis.

The results of the analysis relating to the pre-EU ac-
cession period show that variables that significantly 
influence soundness of insurance companies are pre-
mium to surplus ratio and inflation rate. Specifically, 
inflation rate is having positive effect whereas pre-
mium to surplus ratio has negative impact on sound-
ness. The negative effect of premium to surplus ratio 
on soundness of insurance companies is expected 
since its lower values reflect the capacity of an insur-
ance company to underwrite new policies as its finan-
cial strength. In other words, when premiums increase 
with a corresponding increase in policyholders’ sur-
plus, the capacity of the insurer to write new policies 

is increasing. Its negative influence on Z-score is also 
confirmed by Cummins, Rubio-Misas, and Vencappa 
(2017) and Shim (2015). Contrary to our expectations, 
inflation rate positively influences soundness. This can 
be explained by the fact that higher inflation rates 
might lead to irrational pricing and subsequently high 
levels of premiums written and profits. The same is 
found by Cummins, Rubio-Misas, and Vencappa (2017) 
although its influence is not statistically significant 
whereas its negative influence is found by Pasiouras 
and Gaganis (2013). It is important to note that com-
petition measured with the Boone indicator as well as 
size of the insurer, use of reinsurance, premium and 
GDP growth as well as ownership do not influence in-
surers’ soundness in pre-EU accession period.

The results of the analysis relating to the post-EU 
accession period reveal that variables having statisti-
cally significant influence on soundness of insurance 

Table 5: Test for Multicollinearity using VIFs in the Post-EU 
Accession Period (2013-2017)

Variable VIF 1/VIF

Boone 1.97 0.508597

ln_assets 1.09 0.916220

re 1.05 0.948555

prem_surplus 1.06 0.943722

gwp_growth 1.11 0.899761

own 1.06 0.946125

inf 1.61 0.619867

GDP_growth 2.01 0.496453

Source: authors’ calculations

Table 6: Tests for Heteroscedasticity in the Pre-EU Accession 
Period (2008-2012)

Tests chi2 p value

Breusch-Pagan 0.18 0.6732

Source: authors’ calculations

Table 7: Tests for Heteroscedasticity in the Post-EU Accession 
Period (2013-2017)

Tests chi2 p value

Breusch-Pagan 1.40 0.2361

Source: authors’ calculations

Table 8: Parameter Estimates of Static Panel Model

Pre-EU Accession 
Period

Post-EU Accession 
Period

Boone 1.623555
(1.553353)

3.040563
(3.359805)

ln_assets -0.0479183
(0.2139803)

-0.329966
(0.4713864)

re 1.261647
(2.650838)

-0.9255606*
(0.5226914)

prem_surplu -0.4566575***
(0.1539544)

-0.0855169
(0.3105307)

gwp_growth 0.0722179
(0.5021237)

-0.0614958
(0.1483031)

own 0.8953841
(0.6260799)

-1.043182
(0.9623119)

inf 20.47096**
(10.1053)

2.249667
(8.932313)

GDP_growth -0.3300498
(5.632292)

18.3569**
(7.779113)

cons 3.628345
(4.608837)

11.47828
(9.674611)

R2 within 0.1404 0.1397

R2 between 0.6236 0.0817

R2 overall 0.4006 0.0241

Hausman test
chi = 7.71 chi = 17.35

p value = 0.4627 p value = 0.0039

*,**,*** Statistically significant at the; 10%, 5%, 1% level, re-
spectively. Standard errors are between parentheses.

Source: authors’ calculation
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companies are share of reinsurance and GDP growth. 
Specifically, use of reinsurance has negative influence 
on soundness of insurance companies whereas, as 
expected, GDP growth rate positively affects sound-
ness in the period 2013-2017. Regarding the negative 
influence of reinsurance on financial stability of insur-
ance companies, this can be explained by the fact that 
shifting risk to reinsurers is costly and insurance com-
panies utilizing more reinsurance are not financially 
sounder. This is also confirmed by Shim (2015) while 
Cummins et al. (2008) suggest that reinsurance in-
creases significantly the costs of producing insurance 
services. Furthermore, Rubio-Misas and Fernández-
Moreno (2017) analysing the financial strength of 
Spanish insurers employed several factors including 
the use of reinsurance finding its negative influence 
on the level of the regulatory solvency ratio. Since 
GDP growth rate stands for a general indicator of eco-
nomic development, its positive and statistically sig-
nificant influence on insurers’ soundness suggest that 
in robust macroeconomic environment characterised 
by higher GDP growth rates, it is less likely that prob-
lems in insurance will occur. This is also supported 
by findings by Pasiouras and Gaganis (2013), Fu, Lin, 
and Molyneux (2014) and Cummins, Rubio-Misas, and 
Vencappa (2017). Other variables, such as Boone indi-
cator, size, premium to surplus ratio, premium growth, 
ownership and inflation do not significantly deter-
mine the soundness of insurance companies in the 
period after accession to the EU.

ROBUSTNESS CHECKS

The authors subject their findings to robustness test. 
When calculating Z-score we have initially employed a 
three-year rolling window for calculation of standard 
deviation of ROA. As a robustness test, the authors 
follow Pasiouras and Gaganis (2013) approach and 
re-estimate the model using a four-year rolling win-
dow. Although, using a longer period for calculation 
of standard deviation of ROA might result in more re-
liable Z-score, the negative consequence is inevitable 
loss of observations since it is difficult to meet the re-
quirement of having, for example, eight years of con-
tinuous information per insurer.

The analysis reveals that main results are robust to 
using a four-year rolling window, i.e. the results are 
similar to those obtained when using a three-year roll-
ing window as presented with Table 9. 

Specifically, the results of robustness test relating 
to the pre-EU accession period are identical to those 
when using three-year rolling window, i.e. premium 
to surplus ratio and inflation rate have statistically 

significant influence on soundness. Moreover, the re-
sults of robustness check relating to the post-EU ac-
cession period are similar to the results when three-
year rolling window has been employed with only 
GDP growth variable being statistically significant and 
positively influencing soundness of insurers.

CONCLUSION

After years of efforts and challenging accession ne-
gations, the Republic of Croatia has finally joined the 
European Union as of 1st of July 2013. The accession to 
the EU has undoubtfully brought many changes espe-
cially in the regulatory environment since Croatia has 
become a part of single European market and barri-
ers to entry have diminished. It is expected that this 
would be reflected in the level of competition in the 

Table 9: Results of the Robustness Checks 

Pre-EU Accession 
Period

Post-EU Accession 
Period

Boone
1.242538

(1.162807)
-2.481344
(4.234831)

ln_assets
-0.125147

(0.1903986)
-0.1605716
(0.3260937)

re
-0.1449944
(2.414862)

-0.7668641
(1.235355)

prem_surplu
-0.3812924***

(0.1227104)
-0.2902453
(0.3418437)

gwp_growth
-0.1479949
(0.3814828)

-0.6687597
(0.9152054)

own
0.7566086

(0.5671378)
-0.6387362
(0.5128552)

inf
13.30479**
(7.640037)

12.3491
(11.41682)

GDP_growth
-1.967062
(4.212654)

18.17051***
(9.649369)

cons
5.363163

(4.075629)
7.264684

(7.319875)

R2 within 0.1616 0.1711

R2 between 0.4909 0.2897

R2 overall 0.3961 0.2186

Hausman test
chi = 11.63 chi = 3.90

p value = 0.1687 p value = 0.7907

*,**,*** Statistically significant at the; 10%, 5%, 1% level, re-
spectively. Standard errors are between parentheses.

Source: authors’ calculation
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insurance market that is the focus of our research. The 
competitive pressure on insurers has increased over 
the decades due to numerous reasons, but after July 
2013 Croatian insurance companies are facing pres-
sure from the global insurance community.

When measuring the level of competition, a novel 
approach, not largely exploited in the insurance em-
pirical literature, introduced by Boone (2008) has been 
applied. The dynamics of the level of competition in 
the post accession years have not taken the uniform 
direction, but it clearly shows an increase in compe-
tition after joining the EU. It also shows that compe-
tition rewards efficiency. However, its influence on 
soundness was not significant in period relating to 
both pre- and post- EU accession. On the contrary, 
premium to surplus and inflation rate significantly af-
fect soundness in the years preceding EU accession 
while after joining EU use of reinsurance and GDP 
growth are found to play significant role in determin-
ing insurers soundness. 

With these findings, the authors hope to provide 
useful insights for both insurance industry supervi-
sors and practitioners into what determines sound 
insurance market. Moreover, since the process of EU 
expansion would probably continue, it might be inter-
esting to see how competition changes in new mem-
ber states as well. As a suggestion for future research, 
the authors might consider the use of other variables 
as potential determinants of insurers’ soundness while 
the cross-country comparison might be useful as well.
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