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Abstract

In this paper a heuristic approach, which solely relies on risk parameter estimation, is pursued
to estimate the efficient benchmark in the Croatian stock market. Optimisation method focused
on risk parity is employed allowing investors to diversify risk by relying on equal risk contribu-
tion to achieve optimal portfolio diversification. Six different benchmarks related to risk parity
method variations and covariance matrix estimations are examined in order to compare their
performance with the capitalization-weighted counterpart. This allows insight regarding the po-
tential sources of differences in their risk-reward characteristics. Results in this study are based
on 28 out-of-sample estimations in the period from April 2005 to March 2019. The findings do not
show evidence of risk parity method being able to provide exposure to rewarded risk factors in
the Croatian stock market. Moreover, regarding the diversification of unrewarded risks even the
benchmark portfolio with the lowest reported volatility is more volatile than the CROBEX bench-
mark. However, if only expansion sub-period is analysed all examined benchmarks outperform
the CROBEX benchmark with the factor risk parity portfolio based on two or more components
reporting the lowest volatility. Overall the results show that risk parity portfolios do outperform
the equally-weighted benchmark and that assuming equal correlations of portfolio constituents
or applying statistical shrinkage method for their estimation yields better results than relying on
the principal components analysis.
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1. INTRODUCTION

Since the optimal market portfolio is unobserv-
able in the real world, it has become standard
practice to approximate the market portfolio
by stock market indices that are based on mar-
ket capitalization. Another reason why indices
based on market capitalization are used as an
approximation in practice is related to the fact
that it is relatively easy to trade a portfolio con-
structed in this way. The research by Haugen &
Baker (1991) and Grinold (1992) revealed that
stock indices based on market capitalization are
not efficient i.e. they do not provide adequate
compensation for the systematic risk to the in-
vestor. Since research on developed financial
markets has shown that indices based on mar-
ket capitalization are not necessarily efficient,
in the last two decades, new approaches have
been developed that should offer investors
indices that are more efficient. With such ap-
proaches, known as the “Smart beta” strategies,
it is possible to create a portfolio with better
performance than a comparable index based on
the market capitalization (cap-weighted bench-
mark).

However, indices created with “Smart beta”
strategies expose investors to new risk factors.
The type of systematic risk exposure depends
on the chosen construction method. Specific
risk exposure depends on the trade-off between
parameter estimation risk and optimality risk
(Amenc, Goltz & Martellini, 2013, p. 10). Since
the estimation of the benchmark with maxi-
mum Sharpe ratio (the most desirable portfo-
lio with no optimality risk but highest possible
estimation risk) did not yield significant results
in the out-of-sample analysis performed in the
Croatian stock market (Dolinar, Zorici¢ & Kozul,
2017), different approaches to estimate the
benchmark are taken in this research. The un-
derlying motivation being that better results
can be achieved by deviating from optimality
conditions which is compensated by lower esti-
mation risk.

In this research risk parity method is used
which presents a heuristic (naive) approach for
the construction of the portfolio. Due to limited
diversification possibilities with the naive strat-
egy where each constituent has the same weight

Z.LOVRETIN GOLUBIC, D. DOLINAR, D. ZORICIC

in the portfolio (equally-weighted benchmark,
EW), Maillard, Roncalli & Teiletche (2010) com-
bined two heuristic approaches (global mini-
mum variance, GMV and EW) into the risk parity
strategy. Such a strategy uses risk to determine
the weight of each constituent in the portfolio
(Maillard et al., 2010, p. 1-2) and mimics the
diversification effect of a portfolio with equal
weights of the constituents by taking into ac-
count individual and joint contributions to port-
folio risk. Furthermore, if this diversification
approach is pursued by applying the principal
component analysis (PCA) to try to capture the
unobservable (implicit) underlying risk factors
of the portfolio, factor risk parity portfolio can
be estimated (Martellini & Milhau, 2018). By
constructing such a portfolio equal risk contri-
bution (ERC) is also achieved. Since the risk fac-
tors, which should contribute to portfolio risk
equally, may or may not be rewarded one can
hope that the approach will not only decrease
exposure to unrewarded risk factors (diversi-
fy away undesired risks) but also increase ex-
posure to rewarded risk factors relative to the
cap-weighted benchmark. Also, in this research
the performance of the portfolio based on factor
risk parity is compared to the risk parity port-
folios based on standard covariance historical
sample estimators and improved ones based on
statistical shrinkage method following the re-
search of Ledoit & Wolf (2004).

The rest of the paper is structured as follows.
The second section gives a literature review and
the third section describes the methodology and
data used in this research. The empirical part is
covered in the fourth section with the conclu-
sion given in the final, fifth section.

2. LITERATURE REVIEW

According to the Modern Portfolio Theory
(MPT), holding the market portfolio is the op-
timal investment strategy for an investor. Such
a market portfolio represents the best possible
choice thus being efficient. According to the
most famous asset pricing theory, the Capital
Asset Pricing Model (CAPM), all investors de-
sire to hold the same, optimal portfolio, and the
weights of investments in such an optimal port-
folio are equal to those of the market portfolio
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(Amenc, Goltz & Le Sourd, 2006, p. 26). Since
a true market portfolio is not observable, it is
subject of an approximation in practice. Various
proxy portfolios were used in the research, both
related to different markets and types of assets.
The earliest research used a proxy for the mar-
ket portfolio indices that included only stocks,
and such practice is still most often used today.

Stambaugh (1982) included both consumer
goods and real estate, which resulted in an ef-
ficient index. The same could lead to the con-
clusion that the more different types of assets
are included in the index the more efficient such
portfolio is and we get closer to the real market
portfolio. This is however refuted by the re-
search of Shanken (1985, 1987), Brown & Brown
(1987), and Jagannathan & Wang (1996). Even
though several types ofassetsare included in the
proxy, the results are either inconclusive or such
an index is not efficient. Black, Jensen & Scholes
(1972), Fama & MacBeth (1973), Gibbons (1982),
Zhou (1981), Gibbons, Ross & Shanken (1989),
Harvey & Zhou (1990), Kandel, McCulloch &
Stambaugh (1995), and Fama & French (2006)
included all stocks listed on the stock exchange
in their research. When it comes to the method
used to construct the proxy portfolio, research
by Haugen & Baker (1991) and Grinold (1992)
showed that stock indices based on market cap-
italization are not efficient. Black et al. (1972),
Fama & MacBeth (1973), Gibbons (1982), Shan-
ken (1985, 1987), and Amenc et al. (2006) used
the naive method by assigning equal weights to
all stocks in the portfolio which resulted in out-
performing the cap-weighted benchmark.

Since customary use of the capitaliza-
tion-weighted stock market indices as a proxy
for the market portfolio yielded significantly
suboptimal results, new approaches have been
developed. “Smart beta” strategies can be de-
fined in various ways. Malkiel (2014, p. 127)
states that “Smart beta” is a technique to en-
hance returns by assuming additional risk. Al-
though the main aim of the “Smart beta” strat-
egies is to address the basic shortcomings of
indices based on market capitalization (expo-
sure to unrewarded risk factors and high con-
centration in individual stocks), Amenc, Goltz,
Lodh & Martellini (2014) highlight that this is
incomplete. Alongside efficient diversification

of unrewarded factors, the efficient exposure to
rewarded risk factors (sometimes referred to as
»smart factor investing“) needs to be considered
in order to address the second shortcoming of
the market cap-weighted benchmarks. “Smart
beta” benchmark therefore aims to diversify and
thusincrease the exposure to rewarded risk fac-
tors while diversifying away unrewarded risks.

Based on the MPT, the optimal portfolio regard-
ing diversification of unrewarded risk factors
for an investor is the Maximum Sharpe Ratio
(MSR) portfolio since it maximizes the inves-
tor’s risk-reward ratio. However, estimating
the MSR portfolio is the most challenging since
three parameters need to be estimated (returns,
volatilities, and correlations between the stock
returns). Because of that, other “Smart beta”
strategies are focused on the reduction of the
estimation risk while accepting certain degree
of optimality risk to eliminate the unrewarded
risk factors but also to increase the diversifica-
tion of the rewarded risk factors. Choueifaty &
Coignard (2008) created a portfolio that has a
maximum diversification ratio (MDR) in order
to estimate a maximally diversified portfolio.
Estimation of the benchmark with minimum
variance, GMV, has a clear built-in bias towards
low-volatility stocks which can lead to overex-
posure to low-volatility industry sectors (Chan,
Karceski & Lakonishok, 1999). In order to solve
that issue, Christoffersen, Errunza, Jacobs &
Langlois (2012) used the assumption that the
volatilities between stocks are equal through-
out the portfolio and create a maximum decor-
relation benchmark (MDC). With the combi-
nation of two heuristic approaches (GMV and
EW), Maillard et al. (2010) pursued a risk parity
strategy that allows investors to target certain
levels of risk and share risk throughout the en-
tire investment portfolio as a proxy for optimal
portfolio diversification.

As for the analysis performed on the Croatian
capital market, most of the research focuses on
the efficiency of the CROBEX index, the largest
and oldest stock index in the Croatian capital
market’. Research findings of Zori¢i¢, Dolinar

! The CROBEX index is not based solely on market
capitalization. The weights of individual compo-
nents in the index are determined based on the



& Kozul (2014) and Bili¢ Marjanovi¢, Beljo &
Devci¢ (2017) for the Croatian market suggest
that the CROBEX index is not efficient which is
in line with the research performed for the de-
veloped financial market. Habibovi¢, Zorici¢
& Lovretin Golubi¢ (2017) tested the efficien-
cy of the CROBEX and the CROBEX10 indices
and the research showed that the distance of
the CROBEX10 index from its efficient frontier
is shorter than in the case of the CROBEX in-
dex, which points to its higher efficiency. How-
ever, regardless of the higher efficiency, the
CROBEX10 index offers fewer opportunities for
diversification due to a smaller number of con-
stituents.

Motivated by the fact that the cap-weighted
benchmark is not efficient i.e., does not provide
adequate compensation for the systematic risk
to the investor, some “Smart beta” strategies
have been tested on the Croatian stock market.
The attempt to estimate the MSR portfolio didn’t
yield a superior portfolio that could outperform
the cap-weighted benchmark on the Croatian
stock market (Dolinar et al., 2017). One of the
reasons for that could be the estimation of the
expected return since such estimations are
considered noisier compared to the risk esti-
mates. In addition, it becomes more challenging
to estimate the expected return in the unde-
veloped and less liquid market as Croatian one
as shown in the research by Dolinar, Zorici¢ &
Lovretin Golubi¢ (2019). Therefore, the focus of
the research has been shifted to the estimation
of some other sub-optimal portfolios with less
estimation risk. In research by Zorici¢, Dolinar
& Lovretin Golubi¢ (2018) estimated GMV port-
folios outperformed the MSR portfolio but still
didn’t outperform the cap-weighted benchmark.
The same paper confirmed the dominance of the
enhanced method for the estimation of covari-
ance matrix, statistical shrinkage, which works
even in undeveloped and illiquid settings com-
pared to usage of standard sample covariance.
Therefore, by taking the outcomes from previ-
ous research performed for the Croatian stock
market and with the motivation to estimate the

free float market capitalization and the weight of
individual stock is additionally limited to 10%. The
CROBEX index is a price index, which means that
dividends are not included in its calculation.
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portfolio that could outperform the cap-weight-
ed counterpart, this research is using (factor)
risk parity method. Compared to the GMV port-
folio, the main task will not be to minimize the
portfolio risk but to increase the efficiency of
risk exposure on the undeveloped and less lig-
uid Croatian stock market.

3. METHODOLOGY AND DATA

This research covers 64 stocks that were listed
on the Zagreb Stock Exchange (ZSE) and includ-
ed in the CROBEX index at some point in time
during the observation period from April 2005
to March 20192 A total of 28 regular revisions
of the CROBEX index were considered in which
the number of constituents of the CROBEX index
varied from 17 to 32 stocks (with an average of
25) in the observed period. The estimation pro-
cess is based on monthly total excess returns?
for the last 3 years (36 months) for each stock.
The out-of-sample performance for comparison
with the performance of the CROBEX index is
based on semi-annual returns*.

The proposed benchmark indices tested in this
research are created using several strategies:
starting with the most naive one, the equal-
ly-weighted strategy (EW), then diversified risk
parity strategy (DRP), and risk parity strategy
(RP). The diversified risk parity method uses
an inversely proportional approach to risk by
giving a smaller weight to components with
higher volatility (or risk) and a larger weight
to components with lower volatility. In such a
portfolio, the risk contribution of each constit-
uent is equal. Still, it is a naive approach since
the correlations of the constituent’s returns are
not taken into account i.e. they are considered

2 The observation period ends in 2019 so the effect of
COVID pandemic is not taken into account.

3 Total return includes both capital gain and div-
idend yield (where applicable). Excess return is
the return above the risk-free rate. As a proxy for
the risk-free rate is used the yield on the Croatian
three-month treasury bill at the moment of issuing
(denominated in local currency).

* Only capital gain is considered since the CROBEX
index is a price index and it doesn’t take into ac-
count dividend yield. Also, risk free rate is not sub-
tracted in this case.
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as being equal. The weight of each constituent
in the portfolio is calculated using the following
formula:

O'l'_l

W, =i
l ot 1

where o, is the standard deviation of the return
of each constituent. However, the correlations
cannotbe ignored, therefore, the strategy which
should be referred to as the true risk parity or
simply - risk parity takes them into account. In
such a portfolio, the risk contribution of each
constituent is also equal. If all constituents had
correlation coefficients with each other equal
to one, the risk parity and the diversified risk
parity would yield the same results. However,
correlations between the returns are usually
not equal to one. If the diversified risk parity
method was used, the constituent which has the
negative correlation coefficient with the rest of
the constituents and high volatility would have
a smaller weight in the portfolio and the bene-
fits of diversification present due to the nega-
tive correlation coefficient would not be used. In
this case, it is more correct to use the risk parity
method, given the fact that such a method, after
taking into account the volatility of the constit-
uent, assigns a greater weight to components
with low correlations. Portfolio volatility o(w)
can be defined as a function of the weights vec-
tor of the standard deviations and correlations
of the constituent’s returns (Kind & Poonia,
2015, p. 70-71):

oc(w) =vw' 2w =
S (2)
= z wiof + Z 2 WiW;p;j0;0;
i i j#i

where Q is the covariance matrix of the constit-
uent’s returns and w is the weights vector. Since
o(w) is ahomogeneous function of degree 1 over
w, from Euler’s theorem for the homogeneous
functions it follows:

N
o(w) = Z o;(w) (3)

i=1
oi(w) =w; - dy,0(w) = % 4)

where 0,(w) can be interpreted as a contribution
of constituent i to the total portfolio risk. Equal
risk parity means that o (w) = oj(w) for all i and

jor o;(w) = % In order to find the optimal

weights for the constituents in the risk parity
portfolio, the following non-linear optimization
is applied:

N
w;* =arg minz [wi —
w

i=1

with the constraint:

o(w)?
(nw)l-N] ©)

2wi=1 6)

N
i=1
where w¥ is the optimal weight of the constitu-
ent in the risk parity portfolio, Q is the estimat-
ed covariance matrix of the returns of constit-
uents using historical sample estimators and N
is the number of constituents i.e. stock in each
composed risk parity portfolio that corresponds
to the number of CROBEX index constituents in
each revision.

The standard statistical method for the covari-
ance matrix estimation refers to the collection
of historical data on stock returns and the cal-
culation of the covariance matrix based on such
historical data sample. Such an assessment of-
ten involves estimation errors. Estimates within
the covariance matrix can be extreme values be-
cause they are subject to an extreme amount of
estimation errors in case of large portfolios (Le-
doit & Wolf, 2004, p. 110). Such a phenomenon
is called “error-maximization”. For this reason,
in order to better estimate the covariance ma-
trix, besides using historical sample estimators,
principal component analysis and random ma-
trix theory or statistical shrinkage can be used.
In this paper, two methods are used: principal
component analysis, resulting in a risk parity
portfolio in the factor space, referred to as fac-
tor risk parity (FRP portfolio), and statistical
shrinkage, resulting in a risk parity portfolio re-
ferred to as “shrinked” risk parity portfolio (SRP
portfolio).

The principal component analysis is based on
the spectral decomposition of the covariance
matrix which aims to explain the covariance



structure using only a few linear combinations
of original stochastic variables that will form a
new set of (unobservable) components (Amenc,
Goltz, Martellini & Retkowsky, 2011, p. 56). The
result of the conducted principal component
analysis is the factor loading matrix B used for
the estimation of the matrix of returns in the
factor space (matrix F). After the estimation of
the factor returns, the covariance matrix of fac-
tor returns A is calculated. Multiplying factor
loadings ﬁ,-,- from the matrix B and eigenvalues
/\l.]. from the covariance matrix of factor returns
A, covariance matrix of stock returns X is ob-
tained, for the certain number of components m:

Bll BlM 211 0 0 Bll :BIM !
Z=| .. P . H 0 A, O o Paz (7)
ﬁNI ﬁNM 0 0 AMM .BNl BNM
X =BAB” (8)

The statistical shrinkage method reduces the
estimation error by pulling the most extreme
coefficients towards more central values. The
procedure is expressed by the following formula
(Dolinar et al., 2017, p. 16; Ledoit & Wolf, 2004,
p. 113):

L=6F+(1-6)S (9)

where ¥ represents the estimation of the true
covariance matrix of the expected returns, §
represents the sample covariance matrix of re-
turns and F represents the covariance matrix
estimator called shrinkage target. To simplify
the matrix F, work of Ledoit & Wolf (2004) is
followed and the constant correlation model®
is applied. 6§ represents the shrinkage constant
which is used for minimization of the expected
value of loss in the process of estimation of the
true covariance matrix and is calculated by ap-
plying the formulas below (Ledoit & Wolf, 2004,
p.117-118):

5 = max {0, min {—, 1}} (10)

g=r"P (11)

> The average of all the sample correlations is used as
the estimator of common constant correlation and
the matrix F represents the sample constant-corre-
lation covariance matrix of returns.
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= 211211 {%Z;[(ﬁ.t =) (e —1) = Sij]z} (12)

p= Zilﬁ” * Zilzlym {Z (ﬁg’giiif + \/i‘%ij)} (13)
7= Zj’:lz:;l(fij - Sij)z (14)
Diiij = %Z;l {[(ri,t - fi)z - Sii] (e = 7) (e — 75) = Sij]} (1 5)

where s; represents values from the sample co-
variance matrix S, fl.}. represents values from the
sample constant-correlation covariance matrix
F, and u is the average correlation coefficient of
stock returns in the sample.

After the covariance matrix is estimated using
principal component analysis and statistical
shrinkage method, the optimization procedure
is equivalent to the one described in equation
(5), where instead of the covariance matrix of
stock returns 2 new estimated covariance ma-
trix of stock returns X is used and the bench-
marks are denoted as FRP portfolio and SRP
portfolio respectively. In addition, the number
of components from PCA should be determined
and for that purpose, Kaiser’s rule is used which
retains principal components that have an ei-
genvalue greater than 1. Based on that, FRP 1
and FRP 2 portfolios are distinguished, mean-
ing that the analysis is carried out based on one
component, and more components, respectively.

4. EMPIRICAL RESULTS

Estimation of EW, DRP, RP, FRP 1, FRP 2 and
SRP portfolio is always performed for the actu-
al composition of the CROBEX index. For each
revision new set of inputs is estimated: estima-
tion of the covariance matrix, marginal and total
risk contribution as well as a new out-of-sample
output: time-series of returns of the newly esti-
mated benchmark. Estimation of the covariance
matrix, marginal and total risk contribution of
each stock to the total portfolio risk is calculat-
ed for each revision based on the previous three
years, i.e. 36 months. Since a total of 14 years
are included in the research, rebalancing of the
portfolio is performed 28 times for each bench-
mark. Weights obtained by the optimization
process are used for the estimation of monthly
returns of EW, DRP, RP, FRP 1, FRP 2, and SRP
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Table 1. Performance and robustness of the estimated out-of-sample benchmarks for the entire
observation period

Benchmark EW DRP
Return -3.29% -2.06%
Entire o . .
observation Volatility 24.18% 22.62%
period Risk-reward
(March 2005 ratio -0.136 -0.091
- March
2019) Modified risk-

-0.00794 -0.00467

reward ratio®

Source: Authors’ calculation

portfolios for the next 6 months out-of-sample
thus estimating the time-series of returns of the
of the proposed benchmark indices. Their per-
formance is compared with the performance of
the counterpart based on the market capitaliza-
tion — the CROBEX index. As a key performance
measure, the risk-reward ratio is used. Report-
ed portfolio returns refer to the geometric aver-
age and were calculated based on semi-annual
returns while volatility refers to the standard
deviation of the semi-annual returns.

If the entire observation period is considered,
the Table 1 results expose the failure of all of
the benchmarks’ out-of-sample estimation for
the analysed data. This is in line with previous
research performed out-of-sample on the Croa-
tian stock market for MSR benchmark estima-
tion, for a similar observation period (Dolinar et

® Due to the appearance of the negative values of
portfolio returns in the observed period, the ratio
is modified as proposed by Israelsen (2005). When
negative returns are present, the risk-reward ratio
should be modified in order to accurately meas-
ure the performance of a portfolio. If two portfo-
lios exhibit the same negative return, a portfolio
with larger volatility could be favoured, since its
risk-reward ratio will be higher, i.e. less negative.
Therefore, the modified risk-reward ratio is used by

adding an exponent to its denominator as follows:
R

o WI;(R’Q)' where o, is the standard devia-

tign of portfolio return (volatility measure) and R,

is portfolio return. When portfolio return is positive

there is no difference between the standard and

modified risk-reward ratio.

RP FRP 1 FRP 2 SRP CROBEX
-3.12% -2.89% -3.37% -1.96% -0.35%
23.49% | 2357% @ 2244% @ 22.60% 21.86%
-0.133 -0.122 -0.150 -0.087 -0.016

-0.00733 -0.00680 -0.00757 -0.00442 -0.00077

al.,, 2017). Generally, out-of-sample estimation is
very sensitive to parameters used as inputs and
may involve large estimation errors. Even though
applied strategies have considerably less pa-
rameter estimation risk as opposed to optimal-
ity risk, they didn’t succeed to produce bench-
marks with better performance compared to the
CROBEX index. A significant drop in benchmarks’
return and increase of volatility in the case of all
except DRP and SRP benchmarks, dismisses any
possibility of outperforming the CROBEX index.

In addition to presenting the results for the entire
period for which the analysis is carried out, to
test the robustness of the results, the entire ob-
servation period is divided into several sub-peri-
ods’. Results are presented in the Table 2.

Due to significant changes and fluctuations in
the financial market, robustness analysis re-

7 The expansion period is considered to last until the
end of the first revision in 2007 (September 2007)
since if the following CROBEX revision is included
CROBEX return falls and volatility increases. The
rest of the observation period is considered the
post-expansion period. The post-expansion period
is further divided into two sub-periods. The crisis
period which begins with the second revision in
2007 (September 2007) and lasts to the end of the
second revision in 2015 (March 2016) is charac-
terised by CROBEX revision periods leading to the
lowest CROBEX return accompanied by the highest
volatility. The post-crisis period lasts from the first
revision in 2016 (March 2016) until the end of the
observation period (until the end of the second re-
vision in 2018, i.e. until March 2019).
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Table 2. Robustness analysis of the estimated out-of-sample benchmark indices

Benchmark ‘ EW ‘ DRP ‘ RP ‘ FRP 1 ‘ FRP 2 ‘ SRP ‘CROBEX
Return 21.28%  2151%  20.91%  22.03%  18.06% 21.69%  19.89%
Expansion  Volatility 12.94%  1243% 13.54%  1435% 12.07% 13.12%  15.92%
(March
2005-  Riskreward 1.645 1.731 1.544 1.535 1.497 1.654 1.249
Septem- ratio
ber 2007) e .
Modified risk-re- ) C/hes 173106 1.54411 1.53517 149674 1.65366 1.24942
ward ratio
Return 110.07%  -8.67% = -9.63% = -9.64% = -9.65% = -8.46%  -6.20%
Crisis  Volatility 25.50% = 23.93% = 24.85% 24.23%  23.78%  23.72%  23.60%
(Septem-
ber 2007  Risk-reward 0395  -0362  -0387  -0.398 = -0406  -0357  -0.263
_March ratio
2016) e 4
Modified risk-re- ) 0067 002075 -0.02392 002335 -0.02296 -0.02007 -0.01463
ward ratio
Return 159%  -026% = -1.92%  -1.53%  -1.08% = -053%  1.37%
Post-crisis  Volatility 17.74%  1451%  1596%  17.22%  17.42%  14.79%  12.15%
(March
2016~ Riskreward 0090  -0018  -0120  -0.089  -0.062  -0.036  0.113
March ratio
2019) o
Modified risk-re- - 09065 000037 -0.00306 -0.00264 -0.00188 -0.00078 0.11317

ward ratio

Source: Authors’ calculation

sults allow additional insight. In the expansion
period, all estimated benchmarks succeeded to
produce a portfolio with better performance
compared to the cap-weighted benchmark. In all
cases, the average return is higher and volatility
is decreased relative to CROBEX with the notable
exception of the FRP 2 benchmark for which the
return is lower. The main aim of the risk parity
method is not to minimize the portfolio risk yet
to ensure risk control (i.e. increase efficiency of
risk exposure) by aiming to achieve an equal con-
tribution of risk to the portfolio risk. Although,
the FRP 2 benchmark stands out regarding the
portfolio volatility reduction it is outperformed
by all other benchmarks in terms of overall per-
formance measured by the risk-reward ratio,
with DRP and SRP benchmark portfolios leading
the way. While it seems that FRP 2, as the factor
risk parity benchmark based on two or more
components, is able to capture and diversify the
unrewarded risk factors it doesn’t seem to offer

exposure to rewarded risk factors. Therefore, the
biggest reduction in volatility is accompanied by
the substantial reduction in return. Even though
risk reduction in the case of other benchmarks is
not as pronounced, they seem to offer exposure
to additional sources of risk premium outper-
forming the CROBEX even inrespectto the return
achieved in the expansion period.

However, in the following sub-periods all the
benchmarks prove to be unable to capture ei-
ther rewarded or unrewarded risk factors fail-
ing to outperform the cap-weighted benchmark
both regarding risk and return. The surprising
lack of increase in efficiency related to the effi-
cient diversification of unrewarded risk factors
even in the case of FRP 2 can be explained by
the fact that principal factors are often hard to
interpret and are unstable across different pe-
riods (Carli, Deguest & Martellini, 2014). The
reduction in return of the analysed portfolios



A heuristic approach to the estimation of an efficient benchmark in the Croatian stock market 11

EKONOMSKI PREGLED, 76 (1) 3-14 (2025)

on the other hand seems much more challenging
since, unlike in the case of volatility, none of the
benchmarks come even close to the CROBEX in
the crisis period. Overall, the analysis of sub-pe-
riods confirms the dominance of the DRP and
SRP benchmarks already noted in the results
presented in the Table 1.

The results of this research, therefore, do not
provide evidence of more efficient diversifica-
tion relative to the cap-weighted benchmark
based on the ERC approach regardless of the co-
variance estimation method for the tested risk
parity portfolios. There doesn’t seem to be any
evidence of exposure to rewarded risk factors
in particular, while the capture of unrewarded
risk factors doesn’t seem to be robust enough
to be reflected in the benchmark portfolios’ vol-
atility in the ERC approach. The results indicate
that the estimation of covariances is poor enough
that they don’t even have to be estimated. Name-
ly, the DRP benchmark which doesn’t require the
estimation of covariances and relies on historical
sample estimators for variances matches closely
the performance of the SRP portfolio which relies
on their estimation by applying the statistical
shrinkage method. When considering these re-
sults one should also take into account that a pa-
per by Zorici¢, Dolinar & Lovretin Golubi¢ (2018)
showed that GMV portfolios based on statistical
shrinkage estimation of covariances yield superi-
or results to the ones based on historical sample
estimators. Therefore, the results of this paper
suggest that in order to rely on the risk parity
portfolios and ERC approach in the illiquid and
undeveloped market, enhancement of the PCA
method should be pursued. For instance, the min-
imum linear torsion (MLT) method proposed by
Meucci, Santangelo & Deguest (2015) and Martel-
lini & Milhau (2018) could be further examined in
such environment due to its advantages regard-
ing the ability to capture and interpret the under-
lying (rewarded and unrewarded) risk factors.

In order to complete this analysis, a comment
should be added in respect of the (de)concen-
tration® of estimated benchmarks. Research has
shown that the cap-weighted benchmarks in

8 The concentration level of the portfolio is calculat-
ed by using the following equation:

Concentration = (N - XX, w?)™L.

the developed markets are limiting exposure to
long-term rewarded risk factors and are highly
concentrated implying that the exposure to un-
rewarded risk factors is also inefficient (Amenc
et al.,, 2006). When it comes to the cap-weighted
index on the Croatian stock market, however, the
deconcentration is relatively high. Therefore,
the naive strategy maximizing deconcentration,
i.e. EW benchmark, does not outperform the
cap-weighted benchmark. However, it is interest-
ing to note that all other benchmarks which focus
on ERC (and not EW) also result in higher decon-
centration (in the range of 78.85% to 87.12%)
relative to CROBEX (52.8%). The stated levels
correspond to effective number of stocks in the
range of 19.32 - 21.25 on average as opposed to
12.81 related to CROBEX index. Previous papers
such as Zorici¢ etal. (2018) and Zorici¢, Dolinar &
Lovretin Golubi¢ (2020) have shown that the an-
alysed benchmark portfolios were unable to beat
the CROBEX index when the optimisation ap-
proach lead to higher concentrations of the pro-
posed benchmarks. In this paper the optimisa-
tion approach lead to multiple benchmarks, with
deconcentrations falling in the range between
the CROBEX and the EW portfolio, however they
are still unable to outperform the CROBEX index.
This provokes the question whether the concen-
tration of the estimated benchmark should be
abandoned as an argument for the (un)success of
such benchmark to outperform the cap-weight-
ed benchmark on the Croatian stock market or
even more enhanced estimation methods should
be tested taking into account the specifics of the
Croatian stock market.

5. CONCLUSION

This research deals with the estimation of an ef-
ficient benchmark in the Croatian stock market
by pursuing the heuristic approach where the
weights of constituents are determined based
on individual and joint contributions to portfolio
risk. By constructing an RP portfolio, the inten-
tion is to construct a portfolio based on ERC prin-
ciple in the hope of diversifying away unrewarded
risks while also providing exposure to rewarded
risks. Since underlying risk exposures are unob-
servable in nature, in order to improve the ability
of capturing them factor risk parity portfolios are
used by employing the PCA method. In this re-
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search the performance of FRP portfolios and RP
portfolios based on historical sample estimators
and improved covariance estimators relying on
statistical shrinkage method is compared.

The results have shown that all estimated bench-
marks succeeded to produce a portfolio with bet-
ter performance compared to the cap-weighted
benchmark only during the expansion period.
The DRP portfolio which doesn’t take into ac-
count correlations of constituents’ returns and is
based on historical sample estimators dominates
other benchmarks. Itis closely followed by the RP
benchmark relying on improved covariance ma-
trix estimation, the statistical shrinkage (the SRP
benchmark). Thus, results for the expansion pe-
riod provide for the investors an insight into the
possibility of estimation of benchmarks with bet-
ter performance compared to the cap-weighted
counterpart on the Croatian stock market. This
leads them to their utmost goal and that is a high-
er risk-reward ratio with efficient diversification
of unrewarded risk factors. However, investors
should be aware that the conditions on the Cro-
atian stock market are far from those present at
the time of expansion so their strategy should be
adaptable to market conditions.

Results reveal that the PCA method does not suc-
cessfully capture underlying risk factors in the
illiquid and undeveloped financial market cor-
roborating the findings of Zorici¢ et al. (2020).
Since according to Carli et al. (2014) the principal
factors are hard to interpret and are often un-
stable across different periods further research
should be focused on enhanced methods like the
MLT proposed by Meucci etal. (2015) and Martel-
lini & Milhau (2018). Overall, the findings of this
research do not provide evidence of more effi-
cient diversification relative to the cap-weighted
benchmark based on the ERC approach regard-
less of the covariance estimation method. The
exposure to additional rewarded risk factors
seems to be lacking while diversifying away the
unrewarded risk factors doesn’t seem to be ro-
bust enough. Unlike in other similar research
papers, such as Zorici¢ et al. (2018) and Zorici¢
et al. (2020), due to the ERC approach pursued
in this paper the proposed benchmark portfolios
result in substantially lower portfolio concentra-
tions relative to the CROBEX benchmark. How-
ever, the tested portfolios were unsuccessful in

Z.LOVRETIN GOLUBIC, D. DOLINAR, D. ZORICIC

outperforming the cap-weighted benchmark in
all instances, therefore supporting the view that
better parameter estimation techniques should
be in focus of future research rather than portfo-
lio concentration issues.

Finally, this research has its limitations. One of
the limitations is the negligence of transaction
costs that come when rebalancing portfolios. The
goal of this paper was never to deploy an efficient
marketable benchmark in real life. The goal was
to confirm that cap-weighted indices are gener-
ally inefficient, as shown in studies for the devel-
oped markets, and thatrisk parity schemes might
overperform (at least in perfect conditions). Con-
trary to expectation, our research showed that
even if there were no frictions on the market, the
risk parity portfolio would underperform, i.e. the
cap-weighted index shows superior performance
for the whole observation period.
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Heuristicki pristup procjeni efikasnog benchmark indeksa
na hrvatskom dioni¢ckom trzistu

Sazetak

U radu se primjenjuje heuristicki princip koji se isklju¢ivo temelji na procjeni parametara rizika kako bi
se procijenio efikasan benchmark indeks na hrvatskom dionickom trZistu. Metoda optimizacije koja se
primjenjuje usmjerena je na paritet rizika. Kako bi se postigla optimalna diverzifikacija portfolija paritet
rizika omogucuje investitorima diverzifikaciju rizika kroz jednak doprinos promatranih dionica u riziku
ukupnog portfoliija. U radu se ispituje Sest razli¢itih indeksa povezanih s varijacijama metode parite-
ta rizika i procjenama matrice kovarijanci kako bi se njihove performanse usporedile s indeksom koji se
temelji na trZisnoj kapitalizaciji. Na taj nacin omogucen je uvid u potencijalne izvore razlika u njihovim
karakteristikama mjereno odnosom rizika i nagrade. IstraZivanje se temelji na 28 procjena izvan uzorka
za razdoblje od travnja 2005. godine do oZujka 2019. godine. Rezultati ne pokazuju da bi metoda pariteta
rizika mogla omoguditi izloZenost nagradenim faktorima rizika na hrvatskom trZistu dionica. Stovise,
vezano uz diverzifikaciju nenagradenih faktora rizika, ¢ak je i benchmark indeks s najniZom volatilnoscu
volatilniji u odnosu na indeks CROBEX. Medutim, ako se analizira samo razdoblje ekspanzije unutar uku-
pnog promatranog razdoblja, svi procijenjeni benchmark indeksi ostvaruju bolje performanse u odnosu
na indeks CROBEX pri cemu portfolio procijenjen metodom faktorskog pariteta rizika koji se temelji na
dvije ili viSe komponenti pokazuje najniZu volatilnost. Opcenito, rezultati istraZivanja pokazuju kako in-
deksi temeljeni na paritetu rizika nadmasuju performanse indeksa s jednakim udjelima sastavnica te da
pretpostavka o jednakim korelacijama sastavnica indeksa ili primjena metode statistickog saZzimanja za
njihovu procjenu daje bolje rezultate od koristenja metode glavnih komponenti.

Klju¢ne rijeci: procjena efikasnog benchmark indeksa; paritet rizika; faktorski paritet rizika; metoda
glavnih komponenti; statisticko saZimanje; upravljanje imovinom



