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Abstract

The paper examines the risk-adjusted performance of pension funds for six countries
based on country-level Sharpe ratios. Four of the countries are former transition
economies (Croatia, Slovakia, Romania, and Bulgaria), which, together with Sweden,
comprise the EU member states in the dataset. Chile is added as the sixth, non-EU
member country to provide a more internationally balanced sample. Based on monthly
data for the period from July 2015 to December 2024, the statistical significance of
differences in Sharpe ratios is tested for the same risk-categories across countries and
between risk-categories within each country. The Jobson-Korkie-Memmel, Opdyke
and Ledoit-Wolf tests are performed. The results of empirical analysis suggest that the
performance of pension funds in both A and B risk-categories is statistically signifi-
cantly different only in instances when pairwise testing involves Croatia. When com-
paring risk-categories A and B within each country, a statistically significant differ-
ence is found only in Bulgaria.

Keywords: risk-adjusted performance, risk categories of pension funds, transition
economies, statistical significance tests

1 INTRODUCTION

The performance of pension funds is always scrutinised both by the general public
and in academic circles, given the numerous potential concerns which warrant
research and discussion. Frequent research topics, therefore, range from analysing
the problem of their underfunding or retirement income inadequacy risk (see, for
instance, Giron et al., 2018) to (outrage by) fees being charged for their manage-
ment (see, for instance, Dyck, Manoel and Morse, 2022). However, an even
broader view can easily incorporate the pension system design which then includes
the discussions about whether pension funds should be privately or publicly man-
aged, whether there should be more than just one pension fund, and other critiques
of the pension reform conducted around the world', most notably by ILO (2018).
All of the above only adds to the general concern for the prudent management of
pension funds’ assets, which is why the industry is heavily regulated with invest-
ment constraints in place. Thus, pension funds cannot make fully discretionary
decisions on how to allocate the assets under management. However, regulatory
rules differ across countries and may also vary within a country, depending on the
targeted exposure of different types of pension funds.

As presented by Brinson, Singer and Beebower (1991), a fund’s return can gener-
ally be explained by three components: the investment strategy (asset allocation
policy), the timing of investment decisions (market timing), and security selec-
tion. This approach is followed, for instance, by Blake, Lehmann and Timmer-
mann (1999) and Andonov, Bauer and Cremers (2012), with Broeders and de
Haan (2020) adding a fourth component, benchmark selection, to better describe
a fund’s realized return.

! As elaborated in ILO (2018) in the period from 1981 till 2014, 30 countries (14 from South America, 14 from
Europe and 2 from Africa) entirely or partially privatised their public mandatory pension systems.



Taking into account the general principles of institutional money management, as
well as the scrutiny and regulation related to the specificities of pension funds, in
this research, the main goal is to test whether there are statistically significant dif-
ferences in the risk-adjusted performance of the mandatory pension funds. The
focus of this paper is on the former transition economies which participated in the
reform of the pension system leading to the introduction of the fully-funded pen-
sion system pillar. Since the former transition economies in the sample have all
been EU member states for more than ten years, they share not only broadly simi-
lar pension reform blueprints but also comparable structural features which enable
easier comparison of the pension funds risk-categories performance. By compar-
ing the performance of risk-categories A and B across countries, the research pro-
vides insight both regarding the existence of the differences within the same risk-
category and between the two categories. The research findings are not only
important from the regulatory policy perspective but are also related to other
research efforts focusing on efficient portfolio diversification, i.e., advances in
asset allocation for the institutional investors.

2 LITERATURE REVIEW

Analysis of pension funds’ asset management can be placed in the context of
financial research dealing with topics commonly related to institutional investors.
Typically, therefore, a broad overview of research would include efficient portfo-
lio diversification studies such as those by Amenc and Goltz (2013), Amenc et al.
(2014), Cesarone, Scozzari and Tardella (2020) and Martellini and Milhau (2018),
highlighting the need, on the one hand, for efficient exposure to different sources
of systematic risk and, on the other, for effective elimination of idiosyncratic risk.
In this context, the exact exposures to specific asset classes may vary substan-
tially, while the ongoing ability to diversify efficiently is oriented towards maxim-
ising return per unit of risk in the portfolio. In this regard, Giron et al. (2018), in
their analysis of retirement savings portfolio allocation, emphasize that bonds,
relative to equities, will not provide the desired protection because managers may
be unable to react to market changes. Anarkulova, Cederburg and O’Doherty
(2025) go further, arguing that all retirement savings should be invested in equi-
ties, with 50% allocated to the domestic (U.S.) market and 50% to other markets,
adding arguments in favour of the growing consensus on the so-called “death of
the policy portfolio”.

There are also specific topics related to retirement investing, focusing not just on the
accumulation stage of the retirement investing problem but on providing the com-
plete solution to the pension fund beneficiaries. The solution to the decumulation
problem has been closely examined in the papers proposing retirement bonds, such
as Kobor and Muralidhar (2018), and also in papers like Martellini, Milhau and
Mulvey (2019) suggesting that smart target dates strategies can outperform what is
currently being offered in the market. The recent performance of risk-categories A,
B and C pension funds, for instance in Croatia, provides empirical evidence in sup-
port of this strand of research since the risk-category C pension funds were affected
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by the inflation outburst in 2022 the most and were the slowest to recover in the
following years. In other words, the manifestation of a rare combination of factors?
resulted in risk-category A (considered the riskiest category) outperforming both B
and C risk-categories during the fall in 2022 and during the following recovery
years.® Thus, as pointed out by Martellini (2016) efficient diversification should be
used in order to maximise the Sharpe ratio, i.e., maximise the return per unit of risk
of the portfolio, but hedging is the appropriate risk management technique that
should be used to protect the portfolio in times of crisis.

Other strands of research can primarily be classified into two groups. The first one,
related to the countries that have introduced a fully-funded pension system pillar
through pension reform, is concerned with whether the pension funds’ manage-
ment was able to deliver the expected risk-adjusted returns for the citizens. Such
studies include research like the one performed by Mittelstaedt and Olsen (2003)
for Chile, De la Torre Torres et al. (2015) for Mexico, Kompa and Witkowska
(2015) for Poland, and Novakovi¢ (2015) for Croatia. The second one includes
conducting cross-country studies encompassing research questions beyond the
skill of a pension fund manager. Within this group, the work of Antolin (2008),
Walker and Iglesias-Palau (2010) and Foo and Witkowska (2016) provide over-
views of pension funds’ performance in the US, Europe and OECD countries
while discussing the role of regulation, investment strategies and even market
structure when exploring the risk-adjusted performance differences across coun-
tries. Studies by Bohl, Lischewski and Voronkova (2011) and Kupcik and Gott-
wald (2017) also analyse the risk-adjusted performance in multiple countries,
focusing on the assessment of differences and sources of outperformance. Also,
Boon et al. (2014) and Boon et al. (2018) study a multicountry panel dataset and
focus on the assessment of regulation on pension fund performance by employing
panel regression models. Lastly, Afanador, Davis and Pedraza Morales (2021)
focus on the effects of international diversification on performance, relying on the
CAPM-based approach, showing that it increases returns, albeit with higher risk.
Although there are economic reasons for “home bias,” i.e., a preference for
domestic investments, the study suggests that it is often driven by regulatory bar-
riers and limited availability of instruments, which hinder international diversifi-
cation. The paper, among other cases, analyses portfolios and returns in Bulgaria,
Romania, Slovakia, and Chile, concluding that pension funds in Slovakia have the
highest share of foreign investments, that this share is lower in Bulgaria and
Romania, and that it is optimal in Chile.

All the above-mentioned research relies, among other risk-adjusted performance
measures, on the Sharpe ratio. However, none of the research papers performing
cross-country studies analyse the statistical significance of the Sharpe ratio differ-
ences by employing the testing methodology which is commonly used in research

2 Prolonged period of low and even negative interest rates on the government bonds with the best credit rating
followed by a surge in inflation.
3 Available at: https://www.hanfa.hr/statistika/financijski-pokazatelji/mirex/?from=12.02.2026.&t0=16.02.2026.



papers analysing the performance of investment funds, e.g., mutual funds and
hedge funds. Papers, for instance, by Eling and Faust (2010) and Auer and Schuh-
macher (2013) employing the Ledoit-Wolf and Jobson-Korkie-Memmel tests can
be considered as such examples. Therefore, the contribution of this paper to the
existing literature is twofold. On the one hand, this research follows Boon et al.
(2014) in using the country-level aggregate pension funds’ Sharpe ratios but
employs the Jobson-Korkie-Memmel, Opdyke and Ledoit-Wolf tests in order to
test the statistical significance of risk-adjusted performance of pension funds in
the analysed countries. In this sense, this paper improves the analysis of pension
funds’ performance presented in the papers of, for instance, Bohl, Lischewski and
Voronkova (2011) and Kup¢ik and Gottwald (2017). On the other hand, this paper
improves the performance analysis not just by adding the statistical testing meth-
odology but by conducting the analysis on a data sample which resembles the
approach by Afanador, Davis and Pedraza Morales (2021).

The aim of the paper is, therefore, to compare the risk-adjusted performance of
pension funds within the EU member states and particularly in the case of today’s
EU member states which belong to the group of former EU transition economies.
Given that the sample in this study focuses on the transition economies (Slovakia,
Romania, Bulgaria and Croatia), the potential findings related to differences in the
pension funds’ performance can in this case be more easily explained. Namely,
considering the comparable legal frameworks, social protection arrangements,
and the role and design of mandatory funded pension schemes, the potential dif-
ferences for the same risk-categories of pension funds can be attributed mostly to
the investment strategies employed or to the quality of management, which is an
attempt to improve on the challenges discussed by Walker and Iglesias-Palau
(2010) in their research. Moreover, in order to test whether there are performance
differences between the pension funds of EU and non-EU countries, Chilean pen-
sion funds were included in the research sample. Also, the EU sample contains
data on Swedish pension funds with Sweden being an EU member country that
has not adopted the euro nor is it expected to adopt it in the foreseeable future.
Thus, aside from Chilean funds, Swedish and Bulgarian* pension funds operate
from outside the euro area, therefore making their Eurozone investments more
international than in the case of the rest of the EU sample. Any detected perfor-
mance differences between the pension funds from countries included in the sam-
ple can also be discussed in this context, following the research by Afanador,
Davis and Pedraza Morales (2021). Also, in relation to the previous research, by
comparing the risk-adjusted performance between different risk-categories of
pension funds, this study provides additional evidence regarding the potential
change in the regulatory framework as suggested by Anarkulova, Cederburg and
O’Doherty (2025) and Giron et al. (2018).

* Bulgaria has joined the Eurozone on 1 January 2026, but the data sample includes data only up to Decem-
ber 2024.

355

YOLOHIS DI'1dnd

am
8 <
ZJ’
5z
> 0
zZ
EP
Z 5
m N
>z
z Z
z7
_<P
v Q
Iz
[eRe)
H 2
S
= a
Z >
Z2
g5
Zz w
o >
c @
z >
gz
“ o
=9
= Z
39
ER
2=
Z 5
oA
Z

2]
o
=
|
Q
=
&
]
Q
Z
5
&
5]
u
>
1]
&
=
ISl
=
&
1]
S
jes)
>
Zz
=
2
>
1]
]
e}
z
3
=
=
|
&
=
&
P4
a
o2}
1]



VINIIZ "LVAYOH VAH

1dAd .SANNA NOISNAd 40 SISATYNY HAILVIVAWNOD

7HS INVOIAINOIS S¥THL TV :SARILNNOD d4.1D3T1dS
AVA ANV SVEVLTY DIAC

(SHONTYTAAIA O1LVY dd

3 DATA AND METHODS

3.1 DATA

As already explained in the previous section, the selection of countries included in the
analysis was based on the objective of analysing pension systems that share compara-
ble structural features and a common history of pension reform. According to assess-
ments by international financial institutions and organisations, such as the World Bank
(see, for instance, Hinz et al. (2010); OECD (2023), ILO (2018)) and additionally
supported by “pension maps” presented in Schneider, Petrova and Becker (2021),
Croatia, Slovakia, Romania, and Bulgaria exhibit substantial similarity in their legal
frameworks, social protection arrangements and the role and design of mandatory
funded pension schemes among EU transition economies. In addition, Sweden is
included in the sample as a non-eurozone EU member state, which represents a
mature, developed pension system that introduced funded pension savings several
decades earlier than the former European transition economies. With one of the largest
pension sectors in Europe relative to GDP, Sweden offers a relevant benchmark for
comparison®. Chile is also included as a globally significant case of an extensive pen-
sion reform and a reference model for many European transition countries.

Pension funds in the selected countries are grouped into three risk-categories (A,
B, and C) although they do not necessarily use those labels. For the purposes of
this analysis, pension funds in the sample are classified either according to the
target investment structure specified in each fund’s prospectus or according to
their current exposure to different asset classes, depending on which of these
sources is available. Category A funds have a medium-to-high risk profile with
high equity exposure (70 to 100%). Category B funds are moderately conserva-
tive, with risk between A and C. Category C funds are the most conservative, with
little or no equity exposure (below 20%). This results in a sample consisting of 23
category A funds, 26 category B funds, and 18 category C funds. Given that,
according to these classification criteria, there are no risk-category C funds in
Romania and Bulgaria, the data and methodology described further, for the pur-
pose of statistical risk-adjusted performance testing, is applied only to the risk-
category A and B funds in pairwise tests.®

For each of these funds, monthly data on the unit value and the net asset value
(NAV)” were collected for the period from July 2015 until 31 December 2024, and
the corresponding time series of monthly returns and excess returns were calcu-
lated. Based on the time series of monthly excess returns, the Sharpe ratios® for
each country’s risk-category pension funds were computed in the pairwise testing

* Due to the unavailability of complete data for all Swedish pension funds, the analysis relies on a representative
subset managed by Alecta, one of the largest pension providers in Europe.
¢ The available risk-category C data collected (at an annual frequency) was used for the purpose of initial analysis
presented in table 1 at the beginning of the section of the paper presenting findings.
7 Pension funds in Bulgaria and Sweden do not publish monthly NAV data. For these countries, OECD data
on NAV, published on an annual basis, are used in the analysis.

R, -R,

P

8SR = , where R P is the average return of the portfolio, R r is the risk-free rate of return, and o P is

the standard deviation of portfolio returns.



described in the following section. To enable meaningful cross-country compari-
sons, data on returns, i.e., excess returns are weighted by NAV, using weights
based on each fund’s NAV relative to the total NAV of all funds in the same cate-
gory within that country. In this way, weighted averages are obtained that reflect
the share of each fund’s assets in the total assets of all funds belonging to the same
category in a given country, with the notable exception in the case of Bulgaria and
Sweden due to the fact that the NAV data for these two countries are only availa-
ble at the annual frequency. Therefore, in the case of those two countries the
monthly returns and excess returns calculation correspond to the calculations for
other countries, but the weighted averages are calculated by equally weighting the
monthly returns of funds in the risk-category. The risk-free rate is represented by the
constantly available short-term reference rate on 3-month government securities.

3.2 METHODOLOGY

To test the differences in risk-adjusted performance, three tests designed specifi-
cally for the pairwise performance comparison of investments based on the Sharpe
ratio are used. They enable the evaluation of whether the observed differences in
risk-adjusted returns are statistically significant and allow for a systematic assess-
ment of the relationship between the targeted risk profile of a fund and its realised
outcomes, measured through returns and volatility. The same tests are used both
to compare Sharpe ratios of the same category of pension funds across countries
and between category A and category B funds within each country.

The first test employed is based on the following test statistic proposed by Jobson
and Korkie (1981 and 1985):

= (1
Zg \/5

and @ is defined by the following equation:

0= l|:20'l.20'5 -20,0,0, + l,u,.zof + l,ufo;z —M(oﬁ +olo) )} (2)
T 2 2 20,0,

where §R: is the Sharpe ratio difference® estimator between investments i and n,
and @ is the variance of the asymptotic distribution of the Sharpe ratio statistic
which is assumed to be normal and where x4 denotes excess returns and o standard
deviation or correlation of the analysed investments and T is the sample size.
Under the null hypothesis that the two Sharpe ratios are equal, a significant test
value indicates a statistically meaningful difference in risk-adjusted performance
between the investments, or in the case of this study — pension funds. In his paper,
Memmel (2003) corrected the formula for @ which caused the formula to underes-
timate the asymptotic variance and simplified the formula'®, resulting in a formula

° In their paper, Jobson and Korkie (1981) actually refer to the transformed difference statistic, which is fur-
ther explained in the original paper and is omitted here in order to be concise.
10 Pi; in the formula denotes the correlation coefficient between the analysed investments.

]
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for what is known as Jobson-Korkie-Memmel (JKM) test which is widely used in
the finance literature for performance comparison. The JKM test formula as pre-
sented in, for instance, Auer and Schuhmacher (2013) is:

KM = SR,Z— SR, :
1 SR> SR (3)
—(2*(1-p, )+ —=—+—=—p; *SR *SR
\/T ( ( pl] ) 2 2 plj ’ ")

Due to the limitations of the JKM test, arising from the fact that the test is only
valid for the normal distribution of returns and when returns do not exhibit serial
correlation (as elaborated in detail in for example, Ledoit and Wolf, 2008), other
tests were introduced. In this paper, therefore, the Opdyke (2007) test was also
used which allows for non-normal return distributions and serially correlated
returns. The test statistic is calculated by the standard formula referring to the
Sharpe ratio difference estimator in the numerator and its standard error in the
denominator:

SR —SR,
Opdyke = L L

1, &~ )
T *(og +0g% —2*Cov(SR;,SR,)

where the symbols defined previously retain the same meaning. On the other
hand, the E;; estimators for the investments i and » are calculated according to a
specific formula explicitly accounting for skewness and kurtosis in returns, there-
fore providing a generalization of earlier tests by relaxing the normality assump-
tion which is presented and discussed in detail in Opdyke (2007). Finally, the
Ledoit-Wolf test assesses the statistical significance of the differences between the
two investments by addressing the limitations of both non-normality and serial
correlation of returns, which is appropriate even in the case of smaller data sam-
ples. The test is based on the same standard formula for the test statistic as pre-
sented in equation (4). However, unlike in the previous tests, in order to provide a
robust standard error, the standard error estimator is not provided analytically but
is calculated by relying on the time-series block bootstrap approach as presented
in Ledoit and Wolf (2008): 853-855!,

4 RESEARCH FINDINGS

This section of the paper is divided into two parts. The first part performs initial
analysis and reports descriptive statistics and tests related to the normality of dis-
tribution and serial correlation of the analysed data. The second part presents the
main research findings related to the testing of the Sharpe ratio differences.

"' In the same paper, Ledoit and Wolf (2008) also propose and test the Heteroskedasticity and Autocorrela-
tion Consistent (HAC) which is similar to the Opdyke (2007) test. Due to the mentioned similarity and con-
clusions in the Ledoit and Wolf (2008) paper, which favour the time-series block bootstrap approach for the
typical (smaller) financial sample sizes, in this paper we refer to the Ledoit and Wolf (LW) test and use the
time-series block bootstrap approach for calculating the standard error.



4.1 INITIAL ANALYSIS

To provide an initial overview of pension fund performance, table 1 presents
returns, volatilities, and Sharpe ratios for the analysed period across the three fund
categories. This descriptive comparison serves as the basis for the subsequent
significance testing of Sharpe ratio differences.

TABLE 1
Annual average return, volatility, and Sharpe ratio of pension funds for the analysed
period

Categories
A B C

Country Return Volatility Sharpe Return Volatility Sharpe Return Volatility Sharpe

(%) (%) ratio (%) (%) ratio (%) (%) ratio
HR 831 5.92 112 485 3.76 109 355 2.26 1.07
SVK 9.46 16.24 0.60 437 897 044 034 233 -0.21
RO 5.67 5.36 050 534 521 0.45 - - -
BG 2.82 3.76 0.68 212 4.96 0.37 - - -
CHI 7.98 11.67 0.59 7.24 8.12 072 607 7.80 0.60
SWE 5.68 8.61 0.77  4.66 6.72 072 201 3.13 0.50

Note: Country abbreviations are as follows: HR — Croatia, SVK — Slovakia, RO — Romania, BG
— Bulgaria, CHI — Chile, SWE — Sweden.

Source: Authors’ research.

Based on the results in table 1, it can be seen that returns are always the highest in
risk-category A and the lowest in risk-category C, while volatility is also the high-
est in risk-category A and the lowest in risk-category C, except in the case of
Bulgarian pension funds, where volatility is higher in risk-category B than in risk-
category A. Sharpe ratios are higher across the analysed countries in risk-category
A compared with risk-categories B and C, and are the lowest in risk-category C
with the exception of Chilean funds, where risk-category B funds achieved a
higher Sharpe ratio than risk-category A funds. Also, the Sharpe ratios for all three
risk-categories seem to be substantially higher in the case of Croatian pension
funds relative to other countries. In risk-category A Swedish and Bulgarian funds
also stand out, while Swedish and Chilean funds stand out in the risk-category B.
Risk-category C, unfortunately, lacks data for the Romanian and Bulgarian funds
as already mentioned in section 2.1. Moreover, as shown here, the Slovakian risk-
category C funds stand out with a negative Sharpe ratio.

However, in order to draw a conclusion based on the collected dataset, the next
step of the research assesses whether the differences identified in the initial analy-
sis are statistically significant by conducting the tests presented in the section of
the paper referring to the methodology (2.2). Considering the importance of the
data characteristics regarding the proposed testing, the findings regarding normal-
ity and serial correlation of analysed time series are presented in tables 2 and 3.
The results of the conducted Shapiro-Wilk and Jarque-Bera tests in table 2 both
clearly show that only two (A and B risk-category pension funds in Sweden,
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denoted by SWE A and SWE B) out of the twelve-time series of excess returns in
the data sample seem to be normally distributed.

(U®)
N
o

TABLE 2
Results of normality testing based on Shapiro-Wilk and Jarque-Bera tests

% Country and Skewness Excess Shapiro-Wilk  SW Jarque-Bera JB
TE0 risk-category Kurtosis Stat p-value Stat p-value
:: g HR A -1.858 7.989 0.880***  (0.000) 365.596***  (0.000)
g HR B -1.260 2.999 0.923***  (0.000) 72.252*%** (0.000)

SVK A -1.135 6.449 0.892***  (0.000) 220.078***  (0.000)
SVK B -1.677 10.303 0.840***  (0.000) 552.806***  (0.000)
ROA -0.543 2316 0.962***  (0.003) 30.808***  (0.000)
ROB -0.567 2.183 0.963***  (0.003) 28.498***  (0.000)

o BGA 0.048 3.562 0.935***  (0.000) 59.784***  (0.000)

; BGB -1.464 4.924 0.898***  (0.000) 154.514***  (0.000)

E CHIA -0.714 4.222 0.938***  (0.000) 93.511***  (0.000)

S CHIB -0.692 4255 0.947***  (0.000) 94.247***  (0.000)

z SWE A -0.313 0.347 0.987 (0.369) 2415 (0.299)

g SWE B -0.336 0.386 0.984 (0.195) 2.834 (0.242)

Note: Asterisks ***, ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Source: Authors’ research.

Regarding serial correlation, the analysed time series exhibit better performance
with the first-order serial correlation being present only in the A and B risk-cate-
gory pension funds in Slovakia (at 1% and 5% statistical significance levels,
respectively, denoted by SVK A and SVK B) and in the case of Chilean risk-cate-
gory A pension funds (at 10% statistical significance, denoted by CHI A).

NI GONVINYOAIAd .SANNA NOISNAd 40 SISATVNY JAILVIVINOD

(SHONTYTAAIA OLLVYE AdUVHS LNVIIAINDIS FYFHL T4V ‘SATIINNOD d4.1DITdS
DIDNRIOZ OAVA ANV SVEVLITY DIAOTI

TABLE 3
Results of serial correlation testing

rCl:l‘("‘cgtye;'::'y Durbin-Watson ACF (Lag1) Ljung-Box Stat LB p-value
HR A 1.835 -0.030 0.103 (0.748)
HR B 1.849 -0.029 0.099 (0.752)
SVK A 2.483 -0.294 10.040%** (0.002)
SVK B 2.428 -0.235 6.412%% (0.011)
RO A 1.863 0.046 0.248 (0.618)
RO B 1.866 0.049 0273 (0.601)
BGA 2.026 -0.104 1.260 (0.262)
BG B 1.856 0.051 0.305 (0.581)
CHIA 2.266 -0.168 3.284% (0.070)
CHI B 2.138 0.118 1.626 (0.202)
SWE A 2.055 -0.085 0.839 (0.360)
SWE B 2.075 -0.093 0.997 (0.318)

Note: Asterisks ***, ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Source: Authors’ research.



4.2 SHARPE RATIO PERFORMANCE TESTING

The first part of the Sharpe ratio differences testing is related to the performance
testing between the same risk-categories of funds across the analysed countries.
The results of the pairwise testing are therefore presented in matrix form' in
tables 4 and 5 — with table 4 referring to the results of tests for risk-category A and

table 5 for risk-category B.

TABLE 4

Results of Sharpe ratio differences testing for risk-category A

‘HR SVK RO BG CHI SWE
JKM: 1.976%*  JKM: 2.505%*  JKM: 1.211 JKM: 1.995%*  JKM: 1.964%*
(0.048) 0.012) (0.226) (0.046) (0.050)
HR _ Opdyke: 1.925*  Opdyke: 2.069** Opdyke: 1.197  Opdyke: 1.947*  Opdyke: 1.483
(0.054) (0.039) (0.231) (0.052) (0.138)
LW:3.187**  LW: 3.360%* LW: 1.667 LW: 2.010% LW: 1.775
(0.010) (0.012) (0.108) (0.060) (0.104)
JKM: 0.337 JKM: 0478 JKM: 0.149 JKM: -0.294
(0.736) (0.633) (0.881) (0.769)
SVK _ Opdyke: 0392 Opdyke: -0.668 ~ Opdyke: 0.219  Opdyke: -0.399
(0.695) (0.504) (0.827) (0.690)
LW: 0.466 LW: -0.747 LW:0.271 LW: -0.636
L (0.658) (0.494) (0.812) (0.562)
JKM: -0.922 JKM: -0.210 JKM: -0.707
(0.356) (0.834) (0.479)
RO _ Opdyke:-1.106  Opdyke: -0.208  Opdyke: -0.708
(0.269) (0.835) (0.479)
LW:-1.618 LW: -0.257 LW: -0.730
- (0.114) (0.782) (0.544)
JKM: 0.596 JKM: 0.227
(0.551) (0.820)
BG Opdyke: 0.754  Opdyke: 0.276
(0.451) (0.782)
LW: 0.862 LW:0.321
- (0.424) (0.750)
JKM: -0.500
0.617)
Opdyke: -0.582
CHI (0.560)
LW: -0.951
L (0.466)
SWE -

Note: Each cell reports the test statistic followed by the corresponding p-value in brackets (with

JKM referring to the Jobson-Korkie-Memmel and LW to the Ledoit-Wolf test).

Asterisks *¥** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Source: Authors’ research.

12 Due to symmetry, only half of the results in the table are reported.
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The test results in table 4 show that a statistically significant difference in the Sharpe
ratios in risk-category A is predominantly present in the case of Croatian pension
funds (HR). In the analysed time period, the difference seems to be statistically sig-
nificant relative to the Slovak (SVK), Romanian (RO) and Chilean (CHI) pension
funds based on all three tests and at least at the 10% level. In the case of the relative
performance of Croatian and Swedish pension funds both Opdyke and Ledoit-Wolf
tests do not find the Sharpe ratio statistically significantly different at the usual sig-
nificance levels, which is important due to the non-normal distribution of the data
related to the Croatian pension funds. All the other pairwise tests, surprisingly, do
not provide any evidence of statistically significant performance differences when
measured by the Sharpe ratio in the analysed time period.

TABLE 5
Results of Sharpe ratio differences testing for risk-category B

HR  SVK RO BG CHI SWE
JKM: 2.370%*  JKM: 2.279%*  JKM: 3.160%**  JKM: 1.226 JKM: 1.766*
(0.018) (0.023) (0.002) (0.220) (0.077)
HR  Opdyke: 2.725%** Opdyke: 2.106** Opdyke: 2.943*** Opdyke: 1.141 ~ Opdyke: 1.532
(0.006) (0.035) (0.003) (0.254) (0.125)
LW: 2.044* LW:2.280%*  LW:2.843%** LW: 1.228 LW: 1.640*
(0.088) (0.032) (0.012) (0.274) (0.090)
JKM:-0.052  JKM: 0.108 JKM: -0.920 JKM: -0.813
(0.959) 0.914) (0.358) 0.416)
SVK ~ Opdyke:-0.063  Opdyke:0.140 ~ Opdyke:-1.160  Opdyke: -1.011
(0.950) (0.889) (0.246) 0312)
LW:-0.092 LW: 0.160 LW:-1.268 LW:-1.375
7 (0.922) (0.916) (0.270) (0.350)
JKM: 0.169 JKM: -0.827 JKM: -0.803
(0.866) (0.408) (0.422)
RO ~ Opdyke:0.167  Opdyke: -0.781 ~ Opdyke: -0.812
(0.867) (0.435) (0.417)
LW: 0.239 LW:-0.849 LW:-0.816
7 (0.816) (0.432) (0.520)
JKM: -1.114 JKM: -1.379
(0.265) (0.168)
BG Opdyke: -1.173  Opdyke: -1.363
(0.241) (0.173)
LW: -0.974 LW: -1.240
7 (0.390) (0.290)
JKM: 0.101
(0.919)
Opdyke: 0.107
CHI (0.915)
LW: 0.107
- (0.908)
SWE -

Note: Each cell reports the test statistic followed by the corresponding p-value in brackets (with
JKM referring to the Jobson-Korkie-Memmel and LW to the Ledoit-Wolf test).

Asterisks *** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Source: Authors’research.



As shown in table 5, the test results for risk-category B funds are quite similar to
those in the previous analysis, with statistically significant differences in Sharpe
ratios found in all instances relative to Croatian pension funds (HR). The difference
in this case is that no significant difference is detected relative to Chilean funds
(CHI), but a significant difference relative to Bulgarian funds (BG) emerges across
all three tests (most notably on Ledoit-Wolf at the 5% significance level). Also, even
the difference relative to Swedish funds (SWE) proved to be statistically significant
at the 10% level (albeit just barely with the p-value of 0.09).

In order to further explore the source of outperformance among Croatian pension
funds, based solely on the available dataset of excess returns time series, the fol-
lowing figures 1 and 2 present the breakdown of pension funds’ performance per
country and year for each analysed risk-category. As can be seen in both charts,
Croatian pension funds outperform other countries in the sample on average in
2015, 2016 and 2022" in terms of excess return. In other years, recorded returns
are better than those of most other countries, leading to lower overall volatility
over the analysed period and resulting in outperformance.

FiGure 1
Average excess returns for risk-category A funds by country and year (in %)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
B RH B SVK RO ® BG CHI SWE

Source: Authors’ research.

13 In 2022 the highest excess return is actually related to the lowest loss.
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FIGURE 2
Average excess returns for risk-category B funds by country and year (in %)

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

B RH B SVK RO B BG CHI SWE

Source: Authors’research.

The performance presented in figures 1 and 2 can be briefly supplemented by
elaborating on the evolution of the structure of investments of Croatian pension
funds. When looking at the structure of assets of Croatian pension funds in table
6, it can be noted that at the end of 2015 and 2016 the structure of assets of both
risk-categories of Croatian pension funds was vastly dominated by domestic
investments. For risk-category A, they were around 80%, while for risk-category
B they were well above the 80%. The difference between the two was in the com-
position, with domestic government bonds accounting for more than 70% of
assets in the case of risk-category B, while holding at close to but below 50% in
the case of risk-category A. The rest was primarily invested in the domestic stock
market, which therefore accounted for just slightly more than 10% in risk-cate-
gory B, but on the other hand made up 20-30% for risk-category A.

TABLE 6
The structure of assets of Croatian pension funds (% of total assets, end of period)

Risk-category

A B

Investments* 2015 2016 2022 2024 2015 2016 2022 2024
Domestic 78 81 61 51 85 88 73 62

Shares and GDRs 23 31 24 17 11 13 13 15

Government bonds 49 46 29 24 71 71 57 43
Foreign 21 14 30 47 14 10 24 37

Shares 12 12 12 14 9 7 9 9

Government bonds 0 0 4 13 0 0 4 15

Undertakings for collective

investment in transferable securities 8 2 12 14 5 2 9 9

and open investment funds

*Both categories include more asset classes than shown in this table. They were omitted in order
to present the changes in the dominant asset classes more clearly.

Source: Authors’research based on data from the Croatian Financial Services Supervisory Agency."

14 Data available for download at: https://www.hanfa.hr/statistika/mirovinski-fondovi/.


https://www.hanfa.hr/statistika/mirovinski-fondovi/

For both risk-categories, the share of domestic investments decreased steadily in
the following years dropping to slightly above 60% and 50% at the end of 2022
and 2024, respectively, for risk-category A and close to 70% and 60% for the same
years for risk-category B. However, in the same period exposure to domestic
stocks increased steadily in risk-category B reaching 15% at the end of 2024 while
decreasing steadily to 17% at the end of the same year for risk-category A. At the
same time, exposure to foreign markets in terms of foreign stock investments
remained roughly stable, in the 12-14% range for risk-category A and 7-9% for
risk-category B. However, both risk-categories increased exposure to foreign gov-
ernment bonds from 0% during the 2015-2016 period to 4% at the end of 2022 and
eventually to 13% for the risk-category A and 15% for the risk-category B at the
end of 2024. Furthermore, the share of foreign investments held through open
investment funds rose from 8% to 14% for risk-category A and from 5% to 9% for
risk-category B between the end of 2015 and the end of 2024.

Based on the provided data, the most likely factor driving the performance of Croa-
tian pension funds is the exposure to domestic government bonds. This is supported
by the fact that Croatia returned to the investment grade credit rating in 2019 which
was followed by the COVID-19 pandemic in 2020. It is less clear how much direct
investment in foreign government bonds and exposure to foreign markets through
open investment funds contributed to performance in the post-pandemic period.

The second part of the Sharpe ratio differences testing is related to the performance
testing between A and B fund risk-categories within the same country. The results of
the pairwise testing for the six analysed countries are presented in table 7 below.

TABLE 7
Results of Sharpe ratio differences testing within countries — risk-category A vs. B

Sharpe ratio

Country JKM Opdyke LW difference
HRAvs HR B (o(.)éilzl) (096?07) (0951)25353 0.067
SVK A vs. SVK B (o% '1‘;85 (01' ‘136936) (01' 434429; 0.177
ROAvs. ROB (ol. ii635) (01. '136872) (01. .143663) 0.047
L R
CHI A vs. CHI B (;)1.;;523) &;ﬁi ((')g(gg -0.146
SWE A vs. SWE B (0%58?% ( 09'55933‘; (09647747) 0.019

Note: Each cell reports the test statistic followed by the corresponding p-value brackets (with
JKM referring to the Jobson-Korkie-Memmel and LW to the Ledoit-Wolf test).

Asterisks *¥** ** and * denote significance at the 1%, 5%, and 10% levels, respectively.

Source: Authors’ research.
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The reported results show that, in the analysed period, the p-values are greater
than the 0.1 threshold for all the analysed countries except for Bulgaria (BG A vs
BG B), for which a statistically significant difference is detected based on the
Opdyke and Ledoit-Wolf tests at the 10% and 5%, respectively. For other coun-
tries, even in the case of Slovakia (SVK), which exhibits the second largest differ-
ence in Sharpe ratios of 0.1773 (after the 0.3736 for Bulgaria), no evidence of a
statistically significant difference between the performance of risk-category A vs.
risk-category B funds, as measured by the Sharpe ratio, is found. Thus, the differ-
ences in the target risk profile between these two categories do not provide evi-
dence of a statistically significant difference in risk-adjusted returns for five out of
six analysed countries.

In order to provide a comprehensive analysis, table 8 reports Sharpe ratio differ-
ences for all the conducted pairwise tests, along with corresponding significance
level of the difference according to the Ledoit-Wolf test. The table clearly demon-
strates the role that the Sharpe ratio difference plays in the statistical significance
testing. In this sense the magnitude of outperformance of the Croatian pension
funds relative to other countries as the underlying factor of statistical significance
of Sharpe ratio differences becomes obvious. Results in table 8 reveal that, there-
fore, as expected, the Sharpe ratios of Croatian pension funds of risk-category A
significantly differ from those of other countries’ risk-category B funds due to,
generally, an even larger difference than in the case when the same risk-categories
were compared. When the same risk-categories were compared, the Sharpe ratio
differences stood in the range of 0.5568 — 0.6713 and 0.4174 — 0.6929 for the risk-
categories A and B, respectively. When Croatian pension fund risk-category A and
other countries’ risk-category B are compared, the difference spikes above the 0.7
level with the exceptions of Sweden, for which the difference stands at 0.4845,
and for Chile,'® with a difference of 0.4565, which is not even found to be statisti-
cally significant. Lastly, it can be noted that even the Sharpe ratio differences
between the Croatian pension funds’ risk-category B show large and, therefore,
statistically significant differences when compared to the Slovakian and Roma-
nian risk-category A funds. It is interesting to note that even when risk-category A
is compared to risk-category B there are no recorded cases of a statistically sig-
nificant difference in any of the analysed pairwise tests across countries in the
sample with Sharpe ratio differences rarely reaching the magnitude of 0.3 in abso-
lute terms.

'3 As can be noted in table 1, the Sharpe ratio of risk-category B in Chile is higher than that of risk-category
A. This anomaly causes the difference in Sharpe ratios between Croatian and Chilean pension funds of risk-
category A to be statistically significant, while proving insignificant when risk-categories A and B of the same
countries are compared.
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5 CONCLUSION

The research study presented in this paper focuses on the performance of pension
funds by comparing their risk-adjusted performance based on the Sharpe ratio at
the country level for the A and B pension fund risk-categories. Studies in this field
are not only important due to the frequent criticisms of the pension reform in the
transition economies and the general concerns related to the sustainability of fully
funded (nowadays primarily defined contribution) pension systems, but also in an
attempt to shed light on possible differences in the pension fund management
across countries and in order to attempt to steer the improvement of the industry’s
regulatory framework. In this sense, the research tested Sharpe ratio differences
by comparing the performance of the same risk-categories of pension funds across
countries and within each country, by comparing performances between the two
risk-categories. The research findings for the six analysed countries point out the
statistically significant Sharpe ratio differences in the case of Croatian pension
funds relative to other countries in both analysed risk-categories. The detected
statistically significant outperformance in the analysed period stems from rela-
tively high average excess returns which exhibit overall low volatility in the ana-
lysed period relative to the other countries. In the case of other countries, no sta-
tistically significant difference in performance is found, even when the risk-cate-
gory A versus B funds across other countries are compared. When comparing
risk-categories A and B within each country, the statistically significant difference
in Sharpe ratios is found only in the case of Bulgaria highlighting the lack of evi-
dence that would support the existence of a difference in risk-adjusted returns
between the A and B risk-categories, regardless of their different risk profile target.

The findings of this study point to the surprising finding that there seems to be no
major evidence of differences in risk-adjusted performance across countries, even
when comparing the five EU member states in the sample with Chile or the four
former transition economies in Eastern Europe in the sample with Sweden. It
would, however, be worthwhile looking into the evolution of the portfolio struc-
ture of the Croatian pension funds and other analysed countries in order to better
understand the sources of the detected statistically significant differences between
Croatian pension funds and other countries. Such analysis would provide addi-
tional evidence that could be used to draw further conclusions about factors driv-
ing the pension funds’ performance. Additionally, it could be noted that higher
returns by pension funds in Slovakia and Chile, which are accompanied by higher
volatilities, as shown in the initial analysis in this study (table 1), could be
explained by a greater share of foreign investments (international diversification)
based on the findings by Afanador, Davis and Pedraza Morales (2021). However,
as shown in the initial analysis, the increased returns are offset by an increase in
volatility and result in similar Sharpe ratios, for which consequently no significant
differences are found in testing. Therefore, no effect noted by Afanador, Davis and
Pedraza Morales (2021) can be corroborated in this research. Furthermore, the
consistent lack of statistically significant differences in performance between A
and B risk-categories within countries (with the notable exception of Bulgaria)



implies that future changes to the regulatory framework could move away from
the current understanding of the system of risk-categories, corroborating the views
in Giron et al. (2018) and Anarkulova, Cederburg and O’Doherty (2025) who
advocate abandoning the “policy portfolio”. In this sense, risk-categories focusing
on providing efficient diversification should strive to achieve the highest possible
Sharpe ratio. While it could be argued that it is possible to achieve Sharpe ratios
of similar values related to different risk-categories such that one risk-category
exhibits higher volatility (and higher corresponding return) and the other exhibits
lower volatility (and lower corresponding return), even low-risk efficiently diver-
sified portfolios fail to offer protection in times of crisis because hedging (not
efficient diversification) is the appropriate risk management technique to address
the issue as pointed out by Martellini (2016). Although the empirical analysis in
this research did not include the risk-category C funds due to the lack of data, their
recent performance in Croatia, as discussed in the literature review, provides

empirical evidence consistent with this observation.

The limitations of this research include primarily the relatively small sample
related to the number of countries included, but also the monthly data available
related to the period of slightly less than ten years. Future research could expand
both the monthly time series and the number of countries by including more
developed countries in the sample and by making the sample more geographically
diverse. Furthermore, when undertaking this task, future research should take into
account the limitations of relying on the Sharpe ratio for such analysis, as elabo-
rated in Walker and Iglesias-Palau (2010), given that the levels of risk-free interest
rates and investment opportunities differ across large datasets. Also, future
research could, for this purpose, rely on panel regressions instead of pairwise
tests, as in Boon et al. (2014) and Boon, Briére and Rigot (2018). The results of
such future research, together with the future research focused on the analysis of
portfolio structure across different countries, could provide a comprehensive
overview of factors driving the performance of pension funds. This would help
design a more efficient and sustainable fully-funded pension system, increasing
public confidence in the overall pension system.
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