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Eva Grmanova', Karol Krajco’
INSURANCE COMPANIES’ EFFICIENCY:
DEA AND MULTIVARIATE ANALYSIS

This article aims to analyse the efficiency of commercial insurance companies at the common
Slovak and Czech insurance market in 2013 by using an econometric approach. The goal is to spe-
cify the regional differences of efficient insurance companies. To specify differences between effi-
cient insurance companies DEA models and multivariate exploratory techniques were applied.
Keywords: insurance company; efficiency, data envelopment analysis; multivariate exploratory
techniques.

EBa IpmanoBa, Kapoas Kpaiino
E®EKTUBHICTb CTPAXOBUX KOMIIAHIU:
AHAJII3 CEPEAJOBUIIA ®YHKIIIOHYBAHHSI
TA BATATO®AKTOPHUMUN AHAJII3

Y cmammi npoanaaizoeano epexmuenicmo po6omu KomMepuiiiHuUX cmpaxoeux KOMnauii Ha
3azaavnomy punxy Uexii ma Caoséawuunu na npuxaadi 2013 poxy. Exonomempuuni 3acoou
3ACMOCOBAHO 3 MEMOI0 GUAGACHHS Pe2iOHAAbHOT cneyugdiKu 6 eheKkmugHoCcmi cmpaxoeux Komna-
Hill. Anaaiz cepedosuwia (YYHKUIOHY6AHHA, @ MAKONC 3ACMOCOGAHO bazamogakxmopHuii anaiiz
BGUKOPUCHIAHO 0451 810CMENCeHHS PI3HULL 6 MeMO00ax 00CAZHEHHA eheKmugHocmi.
Karouosi caosa: cmpaxosa xomnanis, eghekmugnicms; anHaniz cepedosuuya QyHKYIOHY8aAHHS,
mexHoa0eli baeamosapiaHmno2o aHanisy.
Taba. 5. Jlim. 32.

BDpa Ipmanosa, Kapoan Kpaiimo
DODOEKTUBHOCTDb CTPAXOBBIX KOMITAHUMU:
AHAJIN3 CPE/JIbI ®YHKIIMOHUPOBAHUS U
MHOTI'O®AKTOPHBIN AHAJIN3

B cmamve npoanaausuposanst ¢pghexmusnocnov pabomvr KoMMeEPHECKUX CHIPAXOBbIX KOM-
nanuii na oowem potnke Yexuu u Caosaxuu na npumepe 2013 200a. Ixonomempuueckue npuémot
HPUMEHEHDL C UeAbIO Bbl6ACHUS PECUOHANbHOI cneyuduku 6 IghghekmusHocmu cmpaxosvix Kom-
nanuil. Anaau3 cpedvl YyHKUUOHUPOBAHUS, A MAKICE MHO2ODAKMOPHBLI AHAAU3 NPUMEHEHDL 0451
OMICACHCUBAHUA PAHULDBL 8 MEMO0aX 00CMUYCeHU IPhexmugnocmu.
Karouesvie caosa: cmpaxosas Komnanus,; pgexmusHocms,; anHaius cpedvl YyHKUUOHUPOBAHUS,
MexHON02UU MHO208APUAHMHO20 AHANU3A.

Introduction. Global financial crisis, recession and following stagnation of eco-
nomic production and current problems with public finances inevitably change busi-
ness enviroment (Vojtovic et al., 2014). Economic globalization has eliminated trade
barriers, bringing about global cooperation and competition (Ivanova, 2014). The
analysis of economic benefits are a relevant object for research and also a subject for
many discussions (Balciunas et al. 2014). These current trends have resulted in a less
stable business environment and increasing competition, which make insurance
companies make greater efforts to maintain their market positions. They are also
threatened by different risks. These risks can affect the growth of costs for claims
incurred but can also threaten their payments, such as payments of foreign debts.
According to E. Vavrova (2014), there are different types of risks that may endanger
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the payment of debts, namely business risks and territorial/political risks. Insurance
companies react differently to unfavourable conditions and some of them address
these conditions in non-traditional ways.

The main objective of insurance companies is making profit. It is also important
for them to perform their business efficiently on a long-term basis. This can be
achieved by an appropriate combination of inputs and outputs. Insurance companies
strive to minimize their inputs and maximize their outputs. Insurance companies with
the best combination of inputs and outputs are considered efficient. Efficiency can be
achieved on the basis of different combinations of inputs and outputs and therefore
there may be differences or similarities among them. By using a procedure that
enables the assessment of similarities and differences among efficient insurance com-
panies it is possible to detect some extreme cases when an insurance company
achieved efficiency by an unusual combination of inputs and outputs. Some authors
(Cinca et al., 2011) call them "individualists".

Literature review. The first DEA model was developed by A. Charnes et al.
(1978). Several authors have dealt with the theory and use of DEA models since the
publication of this first work. In 1997 A.N. Berger and D.B. Humbhrey described the
results of 130 studies from 21 countries all over the world, including those dealing
with the efficiency of insurance companies. Most studies analyzing the efficiency of
insurance companies were carried out by the authors from the USA. DEA models are
used to measure the efficiency of insurance companies at national insurance markets
as well as to evaluate the efficiency of insurance companies at common insurance
markets. N.M. Saad et al. (2006) measured the efficiency of insurance companies in
Malaysia. S. Diacon (2001) evaluated the efficiency of insurance companies from 6
European countries — France, Germany, Italy, the Netherlands, Switzerland and the
United Kingdom.

These studies focused on the efficiency of all insurance companies or they con-
centrate on specific groups of insurance companies, e.g. life insurance companies.
D. Lasaite et al. (2004) evaluated the efficiency of insurance companies in Czech
Republic and did not distinguish whether they are life insurance, non-life or com-
bined insurance companies. J.D. Cummins et al. (1999) evaluated the efficiency of
life insurance companies in the US. The efficiency score in DEA models depends on
the number and choice of indicators both on the input and output sides. One
approach focusing on the issue of choosing inputs and outputs is combining DEA
models with multidimensional exploration techniques, mainly with factor analysis,
principal component analysis and cluster analysis. J. Zhu (1998) used a combination
of DEA models and PCA to evaluate the efficiency of 18 Chinese cities. He compared
the results for 3 sets. The first set was based on two inputs: investment in fixed assets
by state owned enterprises; foreign funds actually used and 3 outputs: total industrial
output value; total value of retail sales; handling capacity of coastal ports. He applied
DEA models and 6 output/input ratios to use PCA. In the second and third set he
used 3 inputs: labor; working fund; investment; and 3 outputs: gross industrial output
value; profit and taxis and retail sales. He created output/input ratios and used PCA.
In each of the sets he compared the resulting DEA scores and PCA scores.

Similarly, C.S. Cinca et al. (2004) applied DEA and PCA to evaluate the effi-
ciency of Chinese cities. They created 21 different combinations of models, in each
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model there was at least one input and one output, and they express the level of effi-
ciency using DEA for each city in each model. They applied PCA and cluster analy-
sis on the efficiency score of each city in each model. C.S. Cinca et al. (2011) ana-
lyzed the efficiency of the US banks. They used a combination of 3 inputs: number of
employees, physical capital, deposits; and 3 outputs: interest and non-interest
income, deposits and loans. They applied DEA and exploratory multivariate tech-
niques and stated that the combination of DEA results and multivariate statistical
context enables more than just an estimation of efficiency. One of the benefits is that
it is possible to identify various paths to efficiency followed by different institutions.

The objective of the analysis. The subject of our analysis was commercial insur-
ance companies in Slovakia and in Czech Republic. Slovakia and Czechia formed a
common state and after they split, they followed their own direction of economic and
social development (Ivanova et al., 2014). Long joint history of these countries is the
prerequisite for the comparison of results in different areas of economic life after their
separation, insurance being no exception. In this article we analyzed the efficiency of
15 insurance companies from Czech Republic and 14 insurance companies from
Slovakia.

The efficiency score of commercial insurance companies was expressed from the
inputs: 1) the cost of claims incurred; 2) operating costs; and from the outputs: a) pre-
mium; b) revenues from financial investments. The values of the indicators of insur-
ance companies in Slovak Republic were gathered from the Annual Report of Allianz
— Slovenska poist’ovna, a.s., Annual Report of CSOB Poist’ovna, a.s., Annual Report
of Generali poist’ovna, a.s., Annual Report of ING Zivotna poist’ovna, a.s., Annual
Report of KOMUNALNA poist’ovna, a.s., Annual Report of KOOPERATIVA
poist’ovna, a.s., Annual Report of MetLife Amslico poist’ovna, a.s., Annual Report
of Poist’ovna Cardif Slovakia, a.s., Annual Report of Poist’ovna Postovej banky, a.s.,
Annual Report of Poist’ovna Slovenskej sporitel’ne, a.s., Annual Report of Rapid life
zivotna poist’ovna, a.s., Annual Report of Union poist’ovna, a.s., Annual Report of
UNIQA poist’ovna, a.s., Annual Report of Wustenrot poist’ovna, a.s.

Values of the indicators of insurance companies in Czech Republic were from the
database of Czech Insurance Association for 2013.

The objective of this paper was to analyse the efficiency of commercial insurance
companies at the common Slovak and Czech insurance market in 2013 with the aim
to specify differences between efficient insurance companies. We expressed efficien-
cy scores for all the analyzed insurance companies using a model with all inputs and
all outputs (basic model), as well as using the models with different combinations of
inputs and outputs, each model having at least one input and at least one output.

Methodology. DEA models express the efficiency score of all the subjects ana-
lyzed. DEA models enable the differentiation between efficient and inefficient sub-
jects. There are several types of DEA models. Basic DEA models include BCC mod-
els based on the assumption of variable returns to scale. DEA models use linear pro-
gramming for the transformation of multiple inputs into multiple outputs. They con-
struct a nonparametric data envelopment that is convex in BCC models. DM Us that
are part of the data envelopment are efficient. DM Us that are not part of data envel-
opment are inefficient. The efficiency of inefficient DM Us is expressed by the effi-
ciency score in relation to data envelopment (Cooper et al., 2006). Efficient subjects
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have an efficiency score equal to 1. Inefficient DM Us have an efficiency score differ-
ent from 1. BCC models can be oriented on inputs or outputs. In input-oriented BCC
models, DMUs have an efficiency score less than or equal to 1. The efficiency score
of an inefficient DMU in the input-oriented model reflects how much inputs must be
reduced so that DM U becomes efficient. The lower the value of DMU is than 1, the
more distant DMU is from data envelopment.

As mentioned above, the number of inputs and outputs and their selection is not
clear. In our analysis we followed (Zhu, 1998; Cinca et al., 2004) and we created the
models that was the result of the combination of all inputs and outputs, each model
had one input and at least one output.

J. Zhu (1998) and C.S. Cinca et al. (2004) showed one possibility of using the
expression of the efficiency score in all models. It is the possibility to compare
whether an efficient insurance company is not efficient only because of an excellent
result for one of the indicators. For example, if an insurance company has low value
of the efficiency score only in models that do not include the first input, than it can
be concluded that insurance company had a good performance with respect to the
ratios that measure the input utilization by the first input (Cinca et al., 2004). The
principal component analysis and factor analysis are used to determine extreme va-
lues, respectively similarities between efficiency scores. Efficiency scores in various
models are considered to be variables and DMUs are considered to be cases.

Factor analysis reduces variables to common factors (latent variables), which are
fewer in number. They are a linear combination of original variables. At the same time
they are mutually uncorrelated. The first major common factor expresses the greatest
amount of information of original variables. The second common factor expresses the
greatest amount of information of original variables that were not expressed by the
first factor etc. The factors are normalized, i.e. their arithmetic mean is 0 and their
standard deviation is 1. Interpretation of common factors requires values and corre-
lations marks between common factors and original variables, i.e. factor loadings.
Based on the values of factor loadings, variables that correlate most closely with the
factor are determined for each factor. Values acquired by the factors for individual
objects are called factor scores. The factor score for each object is the combined score
of each factor. Several techniques are used to determine the number of factors. In our
analysis we will use the threshold value for our own numbers. We will choose only the
factors with their own number greater than one. Factor extraction can be made using
several methods. In our analysis we will use the method of principal components. This
method considers common variance and looks for latent variables containing small
specific variance and error variance (Meloun et al., 2012). Factor analysis will be car-
ried out in "Statistica".

Key research findings. At the beginning of the analysis we expressed descriptive
statistics of the indicators and descriptive statistics of the efficiency score in the basic
model. Several comparisons result from the descriptive statistics of the analyzed
parameters are shown in Table 1. Insurance premium had the highest value of the
arithmetic mean; revenues from financial investments had the lowest value. Insurance
premium had the greatest variability expressed by standard deviation. Revenues from
financial investments had higher standard deviation than operating costs. The medi-
an of all the indicators was lower than the arithmetic mean.
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Czech insurance company "Kooperativa pojist’ovna", a.s. had the highest value
of the indicator insurance premium at the common Slovak and Czech insurance mar-
ket. The second was "Ceska pojist’ovna", a.s. In Slovakia the highest value of the
insurance premium had the insurance company "Allianz-Slovenska poist’ovna", a.s.
It is ranked third at the common Slovak and Czech market. The minimum insurance
premium had the life insurance company "Rapid life zivotna poist’ovna", a.s. The
second was "Poist’ovna Postovej banky", a.s.

Table 1. Descriptive statistics, 2013, authors’ presentation using "Statistica”

Mean, Median, Min, Max, Standard

ths EUR | ths EUR | ths EUR | ths EUR | deviation

Cost of claims incurred 135465.7 | 73187 2287.0 | 668899.0 | 174675.1
Operating costs 54807.3 | 27651.0 | 2147.0 | 231064.0 | 62288.6
Insurance premium 201089.5 | 119984.0 | 3852.0 | 991726.0 | 241977.6
Revenues from financial investments | 45119.8 | 17225.0 349.0 | 322772.0 | 70912.7

The highest values of the indicator revenues from financial investments got
"Ceska pojist’ovna", a.s. from Czech Republic. "Kooperativa pojist’ovna", a.s. was the
second. In Slovak Republic "Allianz-Slovenska poist’ovna”, a.s. reached the highest
value. It was ranked third at the common Slovak and Czech insurance market.
"Cardif Slovakia", a.s. had the lowest values of revenues from financial investments.

In the next step we expressed the estimated efficiency score of commercial insur-
ance companies at the common market in 9 models using DEA. We used the EMS
program. Model characteristics: The efficiency score was expressed in the input-ori-
ented BCC model considering variable returns to scale. Models were designated
according to the inputs and outputs used. For example, model designation 12a indi-
cates that the input 1) cost of claims incurred 2) operating costs and the output
a) insurance premium were used. The efficiency score expressed in EMS of all insur-
ance companies was analyzed using 9 models, Table 3. 8 out of 29 companies were
efficient in the basic model, which is 27.6%, out of which 6 insurance companies were
from Czech Republic, which is 40% of the number of insurance companies in Czech
Republic, and 2 insurance companies were from Slovakia, which is 14.3%.
Descriptive statistics of the efficiency score in the model with all inputs and outputs
is listed in Table 2.

Table 2. Descriptive statistics of efficiency score, authors’

Mean Median Standard deviation
Slovak and Czech Republics 0.70717 0.73930 0.24751
Czech Republic 0.79001 0.82370 0.24577
Slovak Republic 0.61841 0.51665 0.22471

The arithmetic mean of the efficiency score in the basic model for Czechia was
greater than the arithmetic mean of the efficiency score of insurance companies in
Slovakia. Variability in the efficiency score of insurance companies expressed as a
standard deviation was smaller in Slovak Republic. The share of efficient insurance
companies in the basic model at Czech insurance market was higher than the share of
efficient insurance companies at Slovak insurance market. In the next step, we
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express the efficiency scores in all the models for all insurance companies analyzed.
The efficiency score we expressed by J. Jablonsky et al. (2004: 84). We used the EMS
program. We can derive several conclusions from the values of efficiency scores in all
the models. "Kooperativa pojist’ovna”, a.s. was efficient in all models. "Komercni
pojist’ovna”, a.s. had a value less than 1 only in model 1b. Its value was 0.92. "BNP
Paribas Cardif Pojist’ovna", a.s. had a very low value of the efficiency score in models
2a, 2b and 2ab. In other models, its efficiency score equalled to 1. It can be conclud-
ed that "BNP Paribas Cardif Pojist’ovna”, a.s. only had good performance with
respect to the ratios that measure input utilization by the first input — claims incurred.
Similarly, "MAXIMA pojist’ovna”, a.s. had a very low value of the efficiency score in
models 2a, 2b and 2ab. In Slovak Republic, low efficiency scores in models 2a, 2b and
2ab had "Poist’ovna Postovej banky", a.s. "Rapid life zivotna poist’ovna", a.s. had low
efficiency scores in la, 1b and lab. It can be concluded that "Rapid life zivotna
poist’ovna", a.s. only had a good performance with respect to the ratios that measure
input utilization by the second input — operating costs.

In the next step we looked for similarities, respectively differences among insur-
ance companies based on their efficiency scores. The correlation matrix of the values
of the efficiency score in individual models is presented in Table 4. The correlation
coefficients were not small. The highest value of the correlation coefficient had mod-
els 12b and 1b. The lowest value of the correlation coefficient had models 2a and 1b.

Table 4. Correlation matrix, authors’ presentation using "Statistica”

12ab lab 2ab 12a 12b la 1b 2a 2b
12ab 1.00 0.92 0.58 0.91 0.81 0.77 0.78 0.47 0.61
lab 0.92 1.00 0.43 0.80 0.72 0.88 0.80 0.27 0.48
2ab 0.58 0.43 1.00 0.49 0.49 0.30 0.43 0.88 0.86
12a 0.91 0.80 0.49 1.00 0.66 0.85 0.59 0.55 0.46
12b 0.81 0.72 0.49 0.66 1.00 0.51 0.95 0.33 0.76
la 0.77 0.88 0.30 0.85 0.51 1.00 0.59 0.31 0.28
1b 0.78 0.80 0.43 0.59 0.95 0.59 1.00 0.23 0.69
2a 0.47 0.27 0.88 0.55 0.33 0.31 0.23 1.00 0.69
2b 0.61 0.48 0.86 0.46 0.76 0.28 0.69 0.69 1.00
In bold are correlations the significant at 0.05.

We expressed our own numbers by applying factor analysis and extracting prin-
cipal components. The first and second own value was greater than 1. Two factors
explain 84.39% of variability. The first factor explains 66.47% of the total variability
and the second factor explains 17.92%. In the interpretation of the factors identified
it is important to assess correlations between the factors created and original variables
— factor loadings. Factor scores for all the insurance companies enabled us to identi-
fy similarities between them and also identify extreme values. The factor scores for
both factors are in Table 5. Insurance companies are indicated by the order in
Table 3.

The lowest score of the first factor and high score of the second factor had insur-
ance company ranked 10, i.e. "Kooperativa pojist’ovna", a.s. and also ranked 11
"Komercni pojist’ovna”, a.s. The highest value of the factor score of the first factor
had the insurance company ranked 9 (Table 3), i.e. "ING Zivotni pojist’ovna" N.V.
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Table 5. Factor scores, authors’ presentation using "Statistica”

Factor 1 Factor 2
Allianz pojist’ovna, a.s. -1.48800 0.46855
AXA zivotni pojist’ovna, a.s. 0.17346 -1.18512
BNP Paribas Cardif Pojist’ovna, a.s. -0.99172 -2.32916
Ceska pojist’ovna, a.s. -0.45215 0.79102
Ceska podnikatelska pojist’ovna, a.s. -0.75793 -0.17203
CSOB Pojist’ovna, a.s. clen holdingu CSOB 1.03307 0.68581
ERGO pojist’ovna, a.s. 0.01152 0.47291
Hasicska vzajemna pojist’ovna, a.s. -0.84971 0.24652
ING Zivotni pojist’ovna N.V., pobocka pro Ceskou republiku 1.31537 0.55932
Kooperativa pojist’ovna, a.s. -1.99972 0.95753
Komercni pojist’ovna, a.s. -1.96447 0.99053
MAXIMA pojist’ovna, a.s. -0.89252 -1.16903
MetLife pojist’ovna a.s. 0.87375 0.29918
Pojist’ovna Ceske sporitelny, a.s., Vienna Insurance Group -0.08437 1.03932
UNIQA pojist’ovna, a.s. 0.27086 -0.48359
Allianz - Slovenska poist’ovna, a.s. -0.08384 -0.99909
CSOB Poist’ovna, a.s. 0.17825 -1.04932
Generali poist’ovna, a.s. 1.18123 -0.28482
ING Zivotna poist’ovna, a.s. 0.99151 0.29925
KOMUNALNA poist’ovna, a.s. Vienna Insurance Group 1.14299 0.82958
KOOPERATIVA poist’ovna, a.s. Vienna Insurance Group 0.46386 0.80360
MetLife Amslico poist’ovna, a.s. 0.93264 -0.12062
Poist’ovna Cardif Slovakia, a.s. -0.24646 -0.80724
Poist’ovna Postovej banky, a. s. -1.13288 -1.85226
Poist’ovna Slovenskej sporitel’ne, a.s. Vienna Insurance Group 0.83752 1.12607
Rapid life zivotna poist’ovna, a.s. -1.24181 2.20589
Union poist’ovna, a.s. 0.92787 -0.18883
UNIQA poist’ovna, a.s. 0.88312 -0.71925
Wustenrot poist’ovna, a.s. 0.96857 -0.41471

The values of the factor score and graphical representation show that 1 insurance
company had significantly different values of the factor score. It was "Rapid life ziv-
otna poist’ovna”, a.s. This insurance company reached low values of efficiency in
models lab, la, 1b. It was efficient in other models. When adding variable 2 to mo-
dels lab, la, 1b. This insurance company became efficient. Thus, operating costs of
this insurance company are extremely low as compared to its other inputs and out-
puts. No other efficient insurance company in Slovakia or Czechia had extremely dif-
ferent values of the factor score. Based on this finding we can conclude there are dif-
ferences between efficient insurance companies. Unusual values of combinations of
inputs and outputs were found for the efficient insurance company "Rapid life zivot-
na poist’ovna", a.s. Similar conclusions can be drawn on the basis of cluster analysis
in "Statistica". We also see that the most similar values had "Kooperativa pojistovna",
a.s. and "Komercni pojistovna", a.s. The second most similar values had "MetLife
Amslico poist’ovna”, a.s. and "Union poist’ovna", a.s. Both achieved low values of the
efficiency score in all the models.
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Conclusions. Combination of DEA and multivariate exploration techniques can
be used in various analyses of practical significance. One of its appliations is specifi-
cation of differences between efficient companies. At the common Slovak and Czech
insurance market in 2013 there was a bigger share of efficient insurance companies
from Czech Republic. There were also insurance companies that are efficient only
because of an excellent result of one of the indicators as well as insurance companies
that reached efficiency by an unusual combination of inputs and outputs.

The results presented here have some limitations. The data were gathered from a
variety of sources that may have minor differences in the methodology of expressing
the indicators. The values used are for one year only. It would be of great importance
to carry out long-term observation. The results for individual years could be com-
pared with each other or it could be identified whether it is possible to apply them in
benchmarking or to predict the development of insurance companies efficiency.
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