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Abstract

The aim of this paper is to examine performance of pension funds in Croatia, or more precisely, to measure the
technical efficiency of mandatory pension funds. The main role of the pension funds is to collect and invest
the money contributed by the employer or the employee during working years until retirement. Therefore,
development of pension funds as institutional investors is especially important for capital markets as well as
for the whole economy. By applying the methodology of data envelopment analysis on a sample of 12 DMUs,
i.e. four mandatory pension funds divided into three categories (A, B or C) for 2015-2018 period, we provide
further evidence on their efficiency level. The results have shown very small differences among relative inef-
ficient pension funds.
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The pension fund industry accumulates a consider-
able number of financial assets and represents an es- Sabina Hodzi¢, PhD
sential element of the sustainable economic growth Assistant Professor
in all developed countries. In the course of late 1990's Faculty of Tourism and Hospitality Management
and early 2000’s, a number of post-transition European University of Rijeka
countries enacted parametric reforms of their pension E-mail: sabinah@fthm.hr
systems because they were incompatible with unfa-
vourable demographic trends, enormous financial Dario Maradin, PhD
pressure and insolvency of public pensions. In addi- Assistant Professor
tion, most of Central and Eastern European countries Faculty of Economics and Business
(CEE)" have implemented systemic pension reforms. University of Rijeka
E-mail: dario.maradin@efri.hr

1 Bulgaria, Estonia, Croatia, Latvia, Lithuania, Hungary, Poland, Romania and Slovakia opted for mandatory private individual schemes.
Contrary to most other CEE countries, Lithuania’s second pillar is voluntary, while Slovakia was the latest of the CEE countries to have cre-
ated a mandatory pillarin 2015.

The Czech Republic and Slovenia are only CEE countries that have not established a funded second pillar. Slovenia introduced mandatory
private occupational schemes (instead of mandatory private individual schemes), that are mandatory for certain sectors and voluntary for
others (Carone et.al. 2016). The Czech Republic pension system relies on first pillar public pensions and voluntary savings in the third pillar.
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The reformed pension systems were based on a three-
pillar model consisting of a reduced public PAYG (Pay-
as-you-go) scheme and newly formed two pillars.
Mandatory second pillar was set up of fully funded
individual accounts of the defined contribution (DC)
type. The third pillar comprised of voluntary retirment
savings, but it still quite underdeveloped.

These new, privately managed financial institutions
become an important part of the financial architecture
for all of these countries. Their growth has been signif-
icantly reduced by the changes in retirement-income
systems triggered by the 2008-2009 financial and eco-
nomic crisis and even more viable with the problems
sparked in public finances. Most of the countries re-
duced the amount of mandatory contributions paid
into the pension funds or changed fund participation
rules (Bielawska, Chton-Dominczak, and Stanko 2017).
The most prominent and publicly argued argument
that led to the change was a claim about the unsatis-
factory level of pension funds’ performance.

In Croatia, the systemic reform of the pension sys-
tem with introduction of mandatory and voluntary
pension funds started in 2002 after various parametric
reforms of public PAYG system.2 It was aimed at diver-
sifying the sources of pension funding, reducing the
public and increasing individual retirement benefits
and making the system financially viable. Besides re-
duced PAYG first pillar, the reform resulted in intro-
duction of second and third pillar privately managed
mandatory and voluntary pension funds. In the fol-
lowing years, mandatory pension funds turned into
most prominent institutional investors in Croatian fi-
nancial system with 1.94 million members and total
assets of HRK 98.1bn at the end of 2018 (HANFA 2018).
Therefore, it is not surprising that there is a great
public interest for their financial performance and
achieved results.

Given that the pension funds are large investors in
the domestic economy, by investing their accumulat-
ing assets in different securities, they can protect jobs
and enhance economic growth. However, they can
achieve that only if they are competitive and success-
ful in means of financial performance.

The performance of pension funds is influenced
by a number of factors that determine yields. Namely,
each pension fund is characterized by its size (mea-
sured by number of members, collected contributions,
net assets), investment structure, operating costs and
investment returns (Vukorepa 2011; Vukorepa 2012).

2 The Croatian government implemented parametric reforms of
the PAYG system in 1998/1999 and afterwords established three-
pillar system with newly formed mandatory and voluntary pen-
sion funds that has been in effect since 2002.
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Nevertheless, in spite of the great interest of the
scientific and professional public, the performance of
pension funds in Croatia is a topic that has been en-
visaged in just a few scientific papers. Bejakovic (2019)
stated that the structure of the existing Croatian pen-
sion system is justified and sustainable with respec
to the analysis and comparison of elaborated returns
and fees of pension funds. The opposite view on the
level of (excessive) operative costs and their justifica-
tion was explored by Bezovan (2019).

Matek and Radakovi¢ (2015) found that active
management of mandatory pension funds in Croatia
has added on average 77 basis points of return per
year during the period from 2005-2014. They identi-
fied the main obstacle for the performance assess-
ment of pension funds in lack of publicly available
and investible total return benchmark indices for the
Croatian market. Novakovi¢ (2015) also concluded
that Croatian pension funds outperformed the cus-
tomized external benchmarks on a risk-adjusted ba-
sis and for the period from 2002-2013. In the study
from 2016 (Matek, Luka¢, and Repac) authors found
that there are significant differences for the four fund
managers investment skills. Nevertheless, all pension
funds have achieved a rate of return superior to the
risk free-rate and have consequently exhibited posi-
tive Sharpe ratios. This is in line with previous stud-
ies of Antolin (2008) and Novakovi¢ (2015) consider-
ing their findings of outperforming the customized
external benchmarks on a risk-adjusted basis. These
studies used positive Sortino ratios, i.e. a rate of re-
turn superior to the inflation rate increased by a mar-
gin of 2 percentage points per year. Novakovi¢ (2015)
also used the Sharpe ratios, the information ratio and
the Treynor ratio to rank and compare pension funds
portfolio performances. In addition to these gener-
ally accepted measures of pension funds performance
i.e. investment performance ratios, risk adjusted rati-
os and artificially constructed benchmarks, the mea-
surement of technical efficiency by Data Envelopment
Analysis (DEA) method could be used as an alternative
benchmarking tool. Moreover, Rii Zamuee (2015, p.
216) reveals DEA as more reliable and unique compa-
red to traditional measurements based on investment
returns.

We choose to measure and evaluate technical effi-
ciency because it is a principal element in economic
performance of different business units, either in pro-
ductive or financial industries. Technical efficiency
can be defined as an ability to produce the greatest
possible range of outputs with the minimum possible
range of inputs. Technically efficient unit is the one
that is not able to increase its production without con-
suming more resources, or reduce the use of at least
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one input while maintaining the same level of produc-
tion (Farrell, 1957).

This paper aims to fill the gap of literature on ef-
ficiency of pension funds in Croatia by examining the
technical efficiency of four mandatory pension funds3
divided into three categories (A, B or C) by applying
DEA. This study is the first analysis of the technical ef-
ficiency of Croatian mandatory pension funds to the
best of the authors’ knowledge.

The authors analyzed the annual data provided
by Croatian Financial Services Supervisor Agency
(HANFA) for the period 2015-2018. The period before
2015 was not taken into account due to data avail-
ability for 12 mandatory pension funds which are be-
ing analyzed. Namely, before 2014 there were only
four mandatory pension companies operating in the
Republic of Croatia managing one mandatory pen-
sion fund. In 2014, new legislative framework come
into force and enabled a mandatory pension fund be-
longing to one of the categories A, B or C. Three cat-
egories differ with respect to the duration of the fund
membership until the retirement of the member, i.e.
investment strategies and risk taken.

Hypothesis states that when evaluating the techni-
cal efficiency of pension funds it is possible to deter-
mine that there are very small differences in perfor-
mance of analyzed mandatory pension funds in the
Republic of Croatia. The contribution of this research
lies in the analysis of the performance of all mandato-
ry pension funds divided into categories (A, B or C), in
order to investigate the ability of pension industry to
preserve contributors saving and add sufficient return
as display of strengthening the financial sustainability
of pension systems.

The remainder of this paper is organized as follows.
The second section briefly reviews literature findings
on efficiency of financial institutions, especially for
the pension funds. In the third part of the paper, we
carry out an analysis of the structure and features of
Croatian pension system, with an emphasis to char-
acteristics and performance of mandatory pension
funds. The fourth section focuses on describing the
data set and used methodology of data envelopment
analysis. The fifth section reveals the empirical results
while the conclusion provides summarize, limitations
and recommendation for further research.

3 Four mandatory pension companies operating in the Republic
of Croatia managed one mandatory pension fund belonging to
each of the categories A, Bor C.
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2. EFFICIENCY OF FINANCIAL INSTITUTIONS: A
LITERATURE REVIEW

In the literature many studies have been con-
ducted in evaluating efficiency of various financial
institutions in the European countries and abroad
using DEA methodlogy (Berger and Humphrey 1997;
Emrouznejad and Cabanda 2014; Serrano Cinca, Mar
Molinero, and Fuertes Callén 2016). By observing only
banking institutions, recent studies are Sherman and
Gold (1985), Jemri¢ and Vujci¢ (2002), Memi¢ and
Skalji¢-Memi¢ (2013), Repkova (2014), Tuskan and
Stojanovic (2016), Bucevska and Hadzi Misheva (2017),
Cerovi¢, Sulji¢ Nikolaj and Maradin (2017), Maradin,
Olgi¢ Drazenovi¢ and Benkovi¢ (2018), Novickyté and
Drozdz (2018), and Jurcevi¢ and Mihelja Zaja (2013)
identified and compared the efficiency measurement
results of 30 banks and 19 insurance companies in the
period before and after the onset of recent economic
crisis (2005-2010) in the Republic of Croatia.

Although lots of studies in evaluating relative effi-
ciency of banking institutions in various countries us-
ing DEA methodology have been conducted, only few
of them can be found evaluating other financial in-
stitutions i.e. insurance companies (Barros, Nektarios,
and Assaf 2010; Turkan, Polat, and Gunay 2012; Jarraya
and Bouri 2014; Micajkova 2015; Eling and Schaper
2017; Grmanova and Strunz 2017; Eling and Jia 2018)
investment funds (Guo, Ma, and Zhou 2012; Basso and
Funari 2014; Lulewicz-Sas and Kilon 2014; Gardijan
and Kristo 2017; Sdnchez-Gonzalez, Sarto, and Vicente
2017; Allevi et al. 2019) and pension funds.

Research on the efficiency of pension funds are
rare; there are just a few scientific articles focused on
measuring the efficiency of pension funds, especially
for the countries of Central and Eastern Europe. By
examining the influence of reforms on Polish pension
funds, Kucharski (2016) analyzed 13 open pension
funds (OPF) and indicated a strong decrease of effi-
ciency indicators in most OPF caused by the outflow
of members and less effective use of transferred con-
tributions. The author also used DEA methodology to
examine the efficiency of pension funds in new legal
situation in Poland. Therefore, the quarterly change
in the number of members and the value of contribu-
tions were used as inputs, while for outputs, the mean
value of an accounting unit and the financial result of
the fund. Rii Zamuee (2015) measured and evaluated
the relative financial efficiency of 79 pension funds in
Namibia during the period 2010-2014. To obtain em-
pirical results, four inputs (retirement funding contri-
butions, administration costs, investment costs and
total fund expenses) and three outputs (fund credits
at the end of 5 years, investment returns and average
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fund assets) were used as DEA variables. The research
findings reveal that most of the pension funds are op-
erating below the efficiency frontier set by the efficient
peers. Furthermore, the efficiency results also indicate
that funds have relatively low efficiency scores com-
pared to Kenya and Australia. Kurtaran, Karakaya, and
Dagh (2013) analyzed improvement of private pen-
sion system in Turkey for the period 2004-2011 by ap-
plying DEA methodology. To obtain efficiency scores,
two inputs (number of employees representing the
labor force and total assets representing capital) and
two outputs (total premiums collecting representing
the income obtained by company and number of con-
tracts representing the number of participants) were
used. Based on efficiency scores, it was concluded that
a large-scaled company group had lower efficiency
than a small-scaled company group and domestic
companies had lower efficiency than foreign com-
panies. The main reason for inefficiency was their in-
ability to operate in optimal scale due to financial cri-
sis. Medeiros Garcia (2010) evaluated and ranked 12
Portuguese pension funds management companies
according to their change in total productivity for the
period 1994-2007. The inputs (value of pensions paid
by the company to the beneficiaries, number of equiv-
alent workers, book value of net assets, contribution
received from sponsors and individuals) and outputs
(number of funds managed by the company, value of
the funds managed by the company, profits earned by
the company and number of participants in the funds)
were used in DEA methodology. Empirical results en-
compass several combinations of efficiency change,
signifying that pension funds management compa-
nies with the poorest performances should change
their managerial procedures, and that adjustment
have to be based on the improvement of technical ef-
ficiency, as well as technological change. Miszczyrska
and Miszczynski (2007) examined the technical ef-
ficiency of 15 open pension funds in Poland for the
period 2004-2006. To evaluate the efficiency of open
pension funds the output oriented DEA methodology
were applied with selected inputs (number of mem-
bers, operating costs per capita) and outputs (net as-
sets, result of investments, accounting unit’s values).
The executed research on efficiency and its changes
over time confirms that two funds (Commercial Union
and Nationale Nederlanden) remain the leaders in
the market of pension funds, and almost all funds op-
erated within the area of increasing returns to scale.
Additionally, the efficiency of almost all pension funds
increased period by period (growth in efficiency by
1.5-25.3%). Mavlutova, Titova, and Fomins (2016) ex-
amined the efficiency of private voluntary pension
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schemes in order to provide appropriate pension level
in actual financial markets situation. They found that
Latvian government is obliged to stimulate Latvian
securities market development in order to achieve
the Latvian population pension saving investment.
Ozbek (2015) investigated the performance of 19 pri-
vate pension companies in Turkey in the period 2010-
2014 by applying efficiency analysis technique with
output satisficing. In the study, three inputs (number
of staff employed, total assets and total shareholders’
equity) and two outputs (premium production and
pension contracts) were used. According to the ana-
lyzed literature, the above mentioned studies applied
DEA methodology in analysing efficiency of pension
funds and other financial institutions. This is a non-
parametric method that allows creation of ranking of
decision-making units (DMUs) (in our case mandatory
pension funds) indicating the units that could achieve
higher outputs at given inputs. If the result of DMUs is
equal to 1.0 this means that DMUs is efficient, in other
case, when DMUs have efficiency results smaller than
1.0, it is inefficient unit. Technical efficiency measures
the ability of DMUs to produce maximal output from a
given set of inputs. According to Yannick, Hongzhong,
and Thierry (2016) there are two principles of techni-
cal efficiency - output oriented and input oriented.
The output oriented “measure the ability of a produc-
tion unit to get the maximum outputs possible with a
given combination of inputs and production technol-
ogy, while the input oriented measures its ability to
achieve a given output level with the smallest quanti-
ties possible of inputs” (p. 200). Except DEA, stochastic
frontier analysis (SFA) also measure efficieny of DMUs.
The difference between these two methods are that
DEA assumes no errors and deviations from the effi-
cient frontier rather they are entirely assumed to be
due to inefficieny, and SFA requires specification of
functional form for the frontier and assumption about
the distributions of the random error and inefficiency
error terms. Based on all above explained, we applied
DEA methodology to measure efficiency of four man-
datory pension funds divided into three categories in
Croatia with most commonly used input and output
variables as in mentioned studies. Moreover, a precise
conclusion about the efficiency of pension funds can
not be drawn, since it depends in the most of the cas-
es on economic development of a country and pen-
sion funds.
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3. PENSION FUNDS IN CROATIA

Over the past two decades, mandatory pension
funds have become the fastest growing financial in-
stitutions which have completely changed the land-
scape of Croatian financial system. The domination
of banks is threaten by the rapid and steady growth
of pension funds, evolving from newly formed finan-
cial institutions in 2002 to the second financial indus-
try in Croatia today. Hence, pension reform was the
strongest trigger for the development of non-bank
intermediation in Croatia (Olgi¢ Drazenovi¢, Prohaska,
and Sulji¢ 2015). According to the analysis of HANFA
(2018), by the end of 2018, assets of mandatory pen-
sion funds stood at HRK 98.1bn which positioned
mandatory pension funds as the largest and, with re-
spect to investment potential, the most significant in-
stitutions in the financial services sector. The relative
importance of mandatory pension funds in the total
assets of Croatian financial system amounted to 17%
(at the end of the 2018) while banks possess 67% of
the total assets.

Pension funds were introduced in Croatia in 2002.
Since then, the Croatian pension system exists in a
form of a combined «three pillar» system, i.e. the es-
tablishment and management of mandatory and vol-
untary pension funds. Former PAYG public pension
system (first pillar) was complemented by privately-
managed two pension pillars based on individual
capitalized savings. The second pillar involves manda-
tory “defined contribution” pension funds. Third pillar
is a voluntary supplementary scheme including both
open-end funds for citizens and closed-end funds
sponsored by employers, trade unions or other pro-
fessional associations (Vukorepa 2012) which are not
analyzed in this paper.

All mandatory pension funds are run by one of the
four existing management companies which were set
up by the few biggest banks and insurance companies
in Croatia. Consequently, a rather small number of as-
set managers operate in a highly interconnected en-
vironment. The institutional framework also includes
the supervisory authority of HANFA, the depository
bank and Central Registry of Affiliates (REGOS) as a
public administration institution related to all aspects
of pension insurance based on individual capitalized
savings. REGOS's primary task is to collect contribu-
tions for members of mandatory pension funds and to
keep records of the number and balance of personal
retirement accounts.

In the wake of 2008-2009 financial and economic
crises, Croatian pension scheme was struggling with
insufficient rates of returns and reduced growth in
assets consequently with reduced public support. By
the amendments to the law, a life-cycle investment

86

model was introduced in 2014 by the definition of
three mandatory pension funds categories of differ-
ent risk profile, i.e. different investment strategies.
The idea is based on premises that riskier investments
with high returns are suitable for younger people at
the beginning of the accumulation phase while for
members that are approaching the retirement age,
security of investment is more important than high
returns (Kovacevi¢ and Latkovi¢ 2015). Each of the
management companies offers three sub-funds to
the system participants depending on their investor
profile and risk preferences: category A (aggressive), B
(balanced) and C (conservative). Category A fund has
the highest risk profile, the category C fund may not
create exposure to the equity markets and the model
B fund can be considered as a fund with a moderately
conservative risk profile. Since introduction of three
funds categories in 2014, the majority of members still
remained in the category B, as presented in Table 1.
Less than 1% of total assets relate to category A, while
the largest share, as much as 94.4% consists of assets
of category B funds. Given that category A and C funds
have only been operating five years, it is too early to
estimate the yields of OMFs of these categories over a
longer period. However, the yield from the start of op-
erations of category A funds is slightly higher (7,04%)
than that of category C funds (6%), which reflects their
increased risk.

Taking into account pension funds investment pol-
icy and given regulatory framework, Croatian funds
are very cautious and oriented toward domestic debt
market. The 2007 amendments introduced more lib-
eral investment limits in line with the European Union
legislation but the portfolio structure remained very
similar in the following years. The majority of assets
(89% in 2018) is invested in the securities of domestic
issuers, whereby the largest component of investment
portfolios is domestic public debt (government bonds
69%). Therefore, one can observe that pension funds
are too attached to the financial position of the state
and overly exposed to the risk of the government
bond market. Investment in equities and foreign mar-
kets are rather small, because of the lack of specialist
experience and the reluctance for greater flexibility
and investment dynamics. One of the possible expla-
nation is tacit collusion and conflict of interest (Sonje
2011) Furthermore, corporate debt market in Croatia
is dominated by bank-based lending and yields on
government bonds are attractively high. Differences
in investment strategies across funds are very small
and available performance measurements are proven
to be inadequate and not transparent enough (Sonje
2011; Novakovi¢ 2015; Matek and Radakovi¢ 2015).

The main problems of pension funds in Croatia, as
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Table 1: Mandatory pension funds in Croatia in period 2015-2018

2015 2016 2017 2018
Number of funds 12 12 12 12
Number of fund members 1,731,181 1,784,169 1,844,272 1,936,261
Category A 5,094 5,369 5,874 6,273
Category B 1,707,104 1,755,823 1,810,704 1,896,361
Category C 18,983 22,977 27,694 33,627
Total contributions (HRK 000) 56,009,813 61,348,342 67,011,806 73,191,233
Net assets
(in HRK 000) 74,004,667 84,179,365 91,924,545 98,126,194
Category A 416,563 506,297 589,546 652,895
Category B 71,351,783 80,624,190 87,374,803 92,633,969
Category C 2,236,322 3,048,878 3,960,196 4,839,330
Return Mirex 7.60% 8.72% 4.57% 1.60%
Category A 9.12% 11.80% 4.57% 0.84%
Category B 6.90% 6.94% 3.06% 1.02%
Category C 6.78% 7.43% 6.08% 2.94%

Source: HANFA 2018

well as in other CEE countries, are as follows (Bakker
and Gross 2004; Sonje 2011; Olgi¢ Drazenovic,
Prohaska, and Sulji¢ 2015, Kovacevi¢ and Latkovi¢
2015):

- their size related to the shallow and narrow
capital market (disproportion between huge
demand for “blue chip” securities and available
listings),

- ownership and interest relationships be-
tween banks and pension fund management
companies,

- quantitative regulatory restrictions as the only
means of regulating pension funds and lack of
funds portfolio diversification,

- high exposure to country risk given prevailing
investing in domestic government bonds,

- insufficient competition (to promote maximiza-
tion of long-run net returns at acceptable level
of risk),

- the problem of transparent measurement of
pension fund performance (vulnerability to
populism and ad hoc policy measures).

The presence of pension funds has undoubt-
edly had a crucial influence on the development of
Croatian capital market. Favorable developments
were reflected in the increased orientation to the fi-
nancing of public debt in the country both in foreign
currencies and in Kuna. Also, during the pre-crisis pe-
riod, the market has emerged corporate and munici-
pal bonds and commercial papers, and also a number
of initial public offerings. After 2007, the presence of
pension funds was almost the only source of securi-
ties demand. Despite these positive influences, the

South East European Journal of Economics and Business, Volume 14 (2) 2019

Croatian capital market can still be assessed as illiquid,
shallow and narrow.

4. DATAAND METHODOLOGY

In Croatia, there are only 4 mandatory pension
funds (MPF) divided into three categories each A, B,
C - PBZ Croatia osiguranje category A (PBZ MPF A),
PBZ Croatia osiguranje category B (PBZ MPF B), PBZ
Croatia osiguranje category C (PBZ MPF C), Raiffeisen
category A (R MPF A), Raiffeisen category B (R MPF B),
Raiffeisen category C (R MPF C), AZ category A (AZ
MPF A), AZ category B (AZ MPF B), AZ category C (AZ
MPF C), Erste Plavi category A (E MPF A), Erste Plavi
category B (E MPF B), Erste Plavi category C (E MPF C).
Therefore, the analysis is based on 12 DMUs represen-
ting 100% of the Croatian mandatory pension funds
industry.

DEA is widely used methodology to calculate ef-
ficiency of numerous DMUs operating in similar con-
ditions. DEA methodology allows comparison of se-
lected units/entities (DMUs) with the best ones in the
sector, i.e., with entities achieving the highest level of
efficiency. With this methodology, it is also possible to
determine the sources of financial institutions’ inef-
ficiency and to have an impact on their elimination.
In order to obtain the technical efficiency scores, two
inputs and two outputs were applied, as presented in
Table 2.

The data were collected from publicly accessible
source — HANFA monthly reports based annually, and
its statistics are presented in Table 3.
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Table 2: Definition of variables

Variables

Description

Entry fees transferred to mandatory pen-

calculated as a percentage of paid in contributions, calculat-
ed and paid to pension funds by Central Office of Insurance

funds

Net assets of analysed mandatory pension

sion funds
Inputs (Regos)
P . I based on individual capitalized savings calculated and paid in
Net pension contributions transferred to . .
. accordance with the rate determined by law and reduced by
mandatory pension funds )
a mandatory pension funds entry fee
The values of mandatory pension funds
units of account
Outputs

Table 3: Statistics of inputs and outputs data in the DEA model for 2015-2018

Max 12,268.87 1,922,205.56 224.19 28,444,271.52
Min 34.18 4,597.55 107.22 54,602.02
2015 Average 2,983.99 430,019.94 146.94 6,167,055.57
SD 4,32347 649,002.71 49.81 9,366,568.35
Max 12,588.66 1,964,915.94 242.30 31,670,436.02
Min 38.66 4,793.94 115.08 67,302.22
2016 Average 3,090.52 444,877 .44 159.69 7,014,947.06
SD 4,427.86 665,011.41 52.23 10,486,096.40
Max 13,225.48 2,054,844.68 254.80 33,646,266.90
Min 41.29 5,119.94 122.07 79,708.37
2017 Average 3,283.42 471,955.33 166.80 7,660,378.76
SD 4,659.44 697,678.18 52.91 11,257,873.83
Max 14,311.41 2,203,531.16 254.56 35,625,951.19
Min 4845 6,007.82 126.08 87,927.57
2018 Average 3,591.41 514,952.25 169.08 8,177,182.80
SD 5,050.63 752,607.91 52.72 11,892,697.69

Source: Authors’ calculation

The approach in this study is to verify empirically
the technical efficiency among 12 mandatory pen-
sion funds in Croatia. By applying MaxDEA software,
Version 7, we calculate the efficiency scores of the
input and output variables as well as scale efficiency
for the each observed year in the period 2015-2018.
Methods of efficiency measurement can be divided
into three main categories, such as ratio indicators,
parametric and nonparametric methods. In line with
economic theory, Data Envelopment Analysis and
Free Disposal Hull are nonparametric methods. Farrell
(1957) defines and analyzes two concepts of efficien-
cy. Technical (productive) efficiency indicates the ability
of the company to maximize output from the available
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or given level of inputs. The second efficiency concept
implies price (allocative) efficiency, which indicates the
ability of the company to use different inputs in an
optimal ratio, given their prices and production tech-
nology. If the company is perfectly efficient, or if both
technical and price efficiency is satisfied, then overall
(economic) efficiency is achieved. In this study only the
technical efficiency is evaluated, because it is more
precisely and prevalent for business performance of
the financial institutions to measure and investigate
the productive efficiency instead of the price effi-
ciency. In 1957, Farrell laid down the foundations of
efficiency, which was later developed by Charnes, Cooper
and Rhodes (1978). One of the basic DEA models is the
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model of Charnes, Cooper, and Rhodes (CCR) which
measure efficiency under the assumption of constant re-
turn to scale, which is later extended with Banker, Charnes,
and Cooper (BCC) (1984) to allow variable return to scale.
This is a nonparametric linear programming method
for assessing the relative efficiency of DMUs assuming
no random mistakes. Under this method, the DMU is
relatively efficient if the input-oriented optimal solu-
tion or the output-oriented optimal solution is equal
to one. The efficiency curves created units that are rel-
atively efficient compared to other observed units, by
maximizing their output variables with specified input
variables. It is composed of units that utilize resources
in the best possible way in order to achieve outputs.
This curve also represents the goal the inefficient units
are seeking to achieve. Inefficient units may achieve
their efficiency by representing their inputs and out-
puts values on the curve.

CCR Model

This model implies constant returns-to-scale, which
means that output variables increase proportionally
with input variables. Therefore, DMUs are operating
at optimal scale and allow for estimation of the over-
all technical efficiency without variations in returns to
scale. It is supposed there are n DMUs converting m
inputs (x;, 1,2,.., m) into s outputs (y,, r=1,2,.., s). The
idea behind the CCR model is to form a virtual input
(V1X10+ .. + ViXomo) @nd virtual output (uyy1,+... + Ugys,)
for each DMU; included the analysis, using output
weights (u,)(r=1,...,s) and input weights (v;) (i = 1,...,m).

This model is specified as follows:

N

Z uryr()

max Gozrfnli (1)
Z ViXio
i=

i=1

Subject to:
N
Z uryrj
r=1

m
Z ViXij
i=1

<1 [ j=12,...,n] @

U, U9 ey Ug 2 05V, v, vy 20 3)
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The constraints within this model specify that the
ratio of output to input should not exceed 1 for each
DMU. In addition, the objective is to get assigned
weights by which the ratio is maximized for a particu-
lar DMU that is being analyzed. The optimal value is 1
due to the set-up of the actual constraints.

BCC Model

This model is another commonly used DEA model
based on the assumption of variable (increasing or
decreasing) returns-to-scale. Unlike the CCR model,
which is represented by a straight line, this model is
represented by a convex efficiency frontier. Therefore,
it differs from the CCR model only in that it includes
convexity constraints:

A=1,1,20 v
jZ] J J J (4)

In order to determine which DMUs operate at
maximum scale or not, scale efficiency has been cal-
culated. Scale efficiency is determined for each DMUs
in every model as follows:

 PBexs
~ TEyns )

SE

Where:

TEcgs is the technical efficiency of a DMUs under
constant returns to scale; and

TEygs is the technical efficiency of a DMUs under
variable returns to scale.

If the value of SE=1, then the DMUs is scale effi-
cient, meaning that it operates at maximum scale.

5. EMPIRICAL RESULTS AND DISCUSSION

By providing DEA methodology, technical effi-
ciency among 12 mandatory pension funds in Croatia
were estimated. In Table 4, the efficiency scores of CCR
model are presented.

Very interesting results of efficiency scores are
found by observing each year for each DMU (manda-
tory pension fund). In the observed period 2015-2018,
according to the efficiency scores, the best year was
2015 where five pension funds (PBZ MPF A, R MPF C,
AZ MPF C, E MPF A and E MPF C) achieved score 1. The
interesting fact is also that among them, two pension
funds are from the same fund, i.e. Erste Plavi category
A (E MPF A) and Erste Plavi category C (E MPF C). In the
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Table 4: Results of CCR Model later period, only three pension funds achieved ef-

2015 2016 2017 2018 ficiency score of 1.
PBZMPFA | 1.000 0.981 0.924 0.046 The empirical analysis showed different effi-
PBZ MPF B 0601 0598 0557 0530 ciency scores for BCC Model. The results are pre-
PBZMPFC | 0923 0.927 0.913 0.912 sented in Table 5. ,
R MPF A 0.800 0789 0.812 0.802 In the same time period 2015-2018, among ob-
R MPF B 0,654 0644 0.619 0.594 served pension funds there are only few of them
R MPF C 1.000 0985 0.963 0.960 with scores lower than 1, i.e. that are relatively in-
AZMPEA | 0857 0.881 0.861 0.909 efficient. These are PBZ MPF B, PBZ MPF C, R MPF
AZ MPF B 0,684 0672 0.639 0621 A, R MPF B and AZ MPF A in 2015 and 2016, while
AZ MPF C 1.000 1.000 1.000 1.000 in 2017 and 2018 the results are the same except
E MPF A 1.000 1.000 1.000 1.000 that R MPF B is evaluated as relatively efficient.
E MPF B 0623 0610 0579 0537 The mandatory pension funds that operate at
E MPE C 1.000 1.000 1.000 1.000 maximum score are presented in Table 6.

By observing scale efficiency scores for each
year and pension fund, the results displayed that in
2015 there were five pension funds (PBZ MPF A, R
MPF C, AZ MPF C, E MPF A, E MPF C) that achieved

Source: Authors’ calculation

Table 5: Results of BCC Model score 1, and in the later years, only three pension
funds (AZ MPF C, E MPF A, E MPF C) had the same
2015 2016 2017 2018 score 1. Based on this analysis, we can say that
PBZ MPF A 1.000 1.000 1.000 1.000 they operated at maximum score for the observed
PBZ MPF B 0.931 0.947 0.927 0.935 years, i.e. that they operated fully efficient with the
PBZ MPF C 0.972 0.963 0.956 0.956 observed minimum inputs the maximum outputs
R MPF A 0.993 0.947 0.972 0.963 are generated.
R MPF B 0.986 0.994 1.000 1.000 It is not possible to estimate the performance
R MPF C 1.000 1.000 1.000 1.000 of the observed pension funds concerning the
AZ MPF A 0.998 0.992 0.980 0.968 returns to scale, i.e. constant and variable returns
AZ MPF B 1.000 1.000 1.000 1.000 to scale. In that case, it is important to evaluate
AZ MPF C 1.000 1.000 1.000 1.000 the relative efficiency with the use of constant
E MPF A 1.000 1.000 1.000 1.000 (CCR model) and variable (BCC model) returns
E MPF B 1.000 1.000 1.000 1.000 to scale, as we have already presented in Table 4
E MPF C 1.000 1.000 1.000 1.000 and Table 5. The following Table 7 summarizes the

above-mentioned.

Table 7 shows the results of the relative effi-
ciency of 12 mandatory pension funds evaluated
by the CCR model and the BCC model. There is a
Table 6: Scores of scale efficiency significant difference in the number of efficient

Source: Authors’ calculation

pension funds assessed with the use of BCC mod-
U1 ZUIE A AV el. For example, there are 166% more efficient
PBZMPFA | 1.000 0.981 0.924 0.946 funds in the BCC model than in the CCR model in
PBZ MPF B 0.645 0.632 0.601 0.567 2017 and 2018. Additionally, the average result of
PBZ MPF C 0.950 0.962 0.955 0.954 efficiency is higher with variable returns, than with
R MPF A 0.806 0.832 0.835 0.833 constant returns to scale. This implies that pension
R MPE B 0.663 0.648 0.619 0.594 funds operated under variable returns to scale.
R MPE C 1.000 0.985 0.963 0.960 After deﬁning the variable returns to Scale, it
AZ MPE A 0859 0.888 0.879 0939 is necessary to sglect the model with re;pect to
A7 MPE B 0684 0672 0.639 0621 orlentatlop. In‘ or{enteql models thg main target
AZ MPE C 1.000 1.000 1.000 1.000 of evalgatlon is elther input reductlpn or output
expansion. Input-oriented models aim to reduce
EMPFA 1.000 1.000 1.000 1.000 input resources to the efficient frontier as far as
EMPFB 0.623 0.610 0.579 0.537 possible while the output remains at the current
EMPF C 1.000 1.000 1.000 1.000 level. Output-oriented models maximize output
Source: Authors’ calculation levels in existing input capacities. In this paper,
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Table 7: Relative efficiency with the use of constant and variable returns to scale

2015 2016 2017 2018
Results of the relative efficiency CCR BCC CCR BCC CCR BCC CCR BCC
No. of efficient DMUs 5 7 3 7 3 8 3 8
No. of inefficient DMUs 7 5 9 5 9 4 9 4
Average result of the efficiency 0.845 0.99 0.84 0.987 0.822 0.986 0.818 0.985
Max. result of the efficiency 1 1 1 1 1 1 1 1
Min. result of the efficiency 0.601 0.931 0.598 0.947 0.557 0.927 0.53 0.935
Source: Authors’ calculation
Table 8: Projections of relatively inefficient pension funds
2015 2016 2017 2018

Change of Change of Change of Change of

the output | Change of | the output | Change of | the output | Change of | the output | Change of
DMU valuesof | the output | valuesof | theoutput | valuesof | theoutput | valuesof | the output

PFunitsof | netassets | PFunitsof | netassets | PFunitsof | netassets | PFunitsof | netassets

account account account account

AZ MPF A 0.243% 0.243% 0.759% 0.759% 2.046% 2.046% 3.277% 3.277%
R MPF A 0.664% 0.664% 5.564% 5.564% 2.875% 2.875% 3.847% 3.847%
R MPF B 1.379% 1.379% 0.639% 0.639% - - - -
PBZ MPF C 2.934% 2.934% 3.821% 3.821% 4.64% 4.64% 4.586% 4.586%
PBZ MPF B 7.391% 7.391% 5.61% 5.61% 7.872% 7.872% 6.916% 6.916%

Source: Authors’ calculation

the evaluation of relative efficiency is carried out us-
ing the BCC output-oriented model, i.e. holding inputs
constant, values of pension funds units of account
and net assets as outputs need to be maximized. The
output-oriented model is used because it is more ap-
propriate, by the authors opinion, to interpret the re-
search results considering the efficiency of pension
funds (by increasing output values while maintaining
current inputs).

Besides ensuring the current level of relative effi-
ciency of mandatory pension funds, DEA method can
also provide information on how to eliminate relative
inefficiency by identifying sources and amounts of in-
efficiencies. This presents Table 8 with projections or
necessary improvements of relatively inefficient pen-
sion funds to become efficient.

Table 8 gives an overview of all relatively inefficient
pension funds in Croatia and required changes or pro-
jections of certain variables in order to achieve a rela-
tive full efficiency, i.e.,, the suggested enhancements
of output values. Taken into consideration that the
output-oriented model is applied, relative efficiency
is achieved by increasing output values while main-
taining current inputs. This means that the lowest
rated pension fund PBZ MPF B, to become relatively
efficient, should increase output amounts, i.e., output

South East European Journal of Economics and Business, Volume 14 (2) 2019

values of pension funds units of account and output
net assets, each by 6.916% for the latest observed
year. It is necessary to point out that the pension fund
R MPF B was relatively efficient in 2017 and 2018, un-
like in 2015 and 2016.

Although the research has shown that there are
differences in relative efficiency of pension funds, and
that four pension funds (2017 and 2018) and five pen-
sion funds (2015 and 2016) are evaluated as relatively
inefficient, it can be concluded that those differences
are very small. Furthermore, for 2015 and 2016, most
of the pension funds (58%) are doing business within
the efficiency frontier. In 2017 and 2018, over 66% of
pension funds are efficient. All the above shows that
the market is very homogeneous and that pension
funds have the stable membership within the similar
investment strategy and opportunistic behavior. Due
to the fact that members are not interested in transfer-
ring to another pension fund, they may be perceived
as passive. This kind of behavior further emphasizes
the lack of pension market competitiveness.

According to Markovi¢ Hribernik and Jakopanec
(2012), the preference of pension funds towards a
more conservative investment approach is explained
with the rule of a minimum guaranteed return. Based
on The mandatory pension fund Act (2014), pension
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companies have to set aside a guarantee deposit that
would be activated if the average annual yield of the
pension fund through the period of three calendar
years is smaller than the guaranteed yield. Matek and
Gali¢ (2017) considered that as the evidence of herd-
ing behavior between fund managers as pension fund
management companies could further reduce the
risk of activation of the guarantee scheme by aligning
their portfolios with competitors. Therefore, pension
funds in Croatia can be marked as highly intercon-
nected group of institutional investors.

6. CONCLUSION

The efficiency of pension systems in the world, and
also in Croatia has significant impact on economic
growth and social cohesion. The aim is to improve the
welfare of people during retirement by stimulating
them to make long-term savings. Investment system
and individual retirement savings help government to
create new jobs and to ensure social security, to pro-
mote individual financial responsibility and to boost
economic growth.

The activity and performance of pension funds in
Croatia is in the focus of public interest, especially in
terms of achieved results and performance in given
terms. Particulary that is the case for the annual re-
turns and costs of the mandatory pension funds.

Based on the observed results, we can conlude that
among 12 mandatory pension funds, only five pen-
sion funds (PBZ MPF A, R MPF C, AZ MPF C, E MPF A,
E MPF C) achieved scale efficiency for the period from
2015 to 2018, meaning that they operated at maxi-
mum score in 2015. By analysing CCR and BCC model,
we found that there are 166% more efficient funds
in the BCC model than in the CCR model in 2017 and
2018. Results reveal that mandatory pension funds
tend to act similarly due to legal investment restric-
tions, herding behaviour and pension funds intercon-
nection, prescribed minimum guaranteed return and
lack of pension market competitiveness in Croatia.
The limitations of this research are in limited number
of mandatory pension funds, where we were not able
to use more input and output variables in empirical
analysis due to DEA limitations. Moreover, taking into
account the different classification of funds by the law
amandments in 2014, the number of funds has in-
creased from 4 to 12. Our recommendation for futher
research will be to examine efficiency of all pension
funds in Croatia (mandatory and voluntary) and com-
pare it with selected European countries, especially
those countries that implemented systemic three-pil-
lar pension reform.
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