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MMOEAHAHHS TPAAUIIITHUX TA AABTEPHATUBHUX IHBECTUIIIN: OLIIHKA PU3UKY
IIOPT®EAS HA OCHOBI ITIAXOAY 13 3BACTOCYBAHHSIM KOITY A

The exponential growth of the alternative assets market over the past decade has unveiled new strategic
opportunities for investors. This progress gives rise to challenges associated with optimizing the capital
allocation between traditional and alternative assets. The article explores the economic problem of
constructing an optimal investment portfolio using the specification method of Markowitz's theoretical
approach to combining these two groups of assets. The starting stage of the research was a correlation
analysis applied to the statistical series of index returns for the period 2015—2019. The analysis revealed
the heterogeneity of the correlation dependency within the studied group. A "rolling window" of 47 weeks
was analyzed to calculate correlations within this framework between indices representing alternative
investments and the traditional S&P500 index. The rolling window provides lines of correlation values.
Significant fluctuations in these lines indicate instability in interdependencies, indirectly justifying the
limitations of using classical correlation and providing a basis for considering other measures, including
copulas. The classical Markowitz approach was applied to find portfolios with minimal risk and an
alternative interpretation. The capital requirements for covering potential losses were calculated for
portfolios selected from traditional investments, alternatives, and their combinations using two
approaches. Within the Markowitz approach, the problem of finding the optimal portfolio in constructing
and analyzing three efficient sets was structured. The obtained results, from a risk perspective, visualize
the potential combination of assets. Based on this, an optimal portfolio was constructed from a
combination of alternative and traditional assets (a portfolio with cryptocurrencies is also considered).
The capital requirements were analyzed using a paired copula construction. The underestimation of the
potential risk of critical losses when calculating CVaR based on historical data was identified. The obtained
results were verified based on historical return data of optimal portfolios from 2020 to 2022.

EKCrOHEeHLUiiHNA pO3BUTOK PUHKY aJibTePHaTUBHUX aKTUBIB MPOTSroM OCTaHHbOIO AEeCATUPIYYS PO3K-
puUBa€ HOBI cTpaTeriyHi MOXIMBOCTI Ans iHBecTopiB. Ljeii nporpec nopoaxye npobsemu, noB '93aHi 3 on-
TUMI3alielo po3noginy kanirtany Mixk TpaguuiiHUMU Ta anbTepHaTUBHUMU aKkTuBamMu. B crartri gocnig-
JXKYETbCSI eKOHOMIYHA 3a4a4a noby[0BM ONTUMAasIbHOIO iHBEeCTULIHOro nopTgessa meTrogqom cneuymngikawii
TeopeTuyHoro nigxony Mapkosiua o komM6iHaLii unx 4BoX rpyn akTueis. BuxigHUm eTanom 4ocCnig>XeHHs
BUCTYINUB KOPensuifiHWiA aHani3, 3aCToCOBaHuU [0 CTaTUCTUYHUX PigiB 4OX0[4HOCTeH iHAeKciB 3a nepion
2015—2019 pp. AHani3 noka3zaB HeO4HOPIAHICTb KOPensUiliHOT 3a5e>XHOCTi B cepeanHi gocnigxyBaHoOT
rpynu. lNpoaHanizoBaHO "pyxome BiKHO" AOBXUWUHOIO 47 TV)XHIB AJ1s1 PO3paxyHKy Kopensuii B Lux Mmexax
MK iHgeKkcamMu Lo nNpeacTaB/IsaioTb aJlbTePHaTUBHI iHBecTuuii Ta Tpaguyivinni iHgekc S&P500. 3Ha4Hi
KOJIMBaHHSA UMX JiHi NOKa3yloTb HecTabislbHCTb B3aEMO3asie)XXHOCTel Ta, onocepenKkoBaHo, CNyrye o6-
rPYHTYBaHHSIM OOMEXXeHOCTi BUKOPUCTaHHS KJIaCUYHOT Kopensuii Ta € nigrpyHTsam Ass1 po3rnsgy iHwux
Mip, 30kpema, Kkonysau. 3acTocoBaHO knacudHui niaxig Mapkosiya Ans 3Haxog)xeHHs rnoptgenis 3
MiHiMasibHUM PU3NKOM Ta asibTEePHATUBHY iHTeprpuTauito. Po3paxoBaHo NnoTpeby B kaniTasni 4ns NOKPUT-
TS MOXJINBUX 36UTKIB rnpu BuGopi noprgeneri 3 TpaguuUiiHux iHBecTuli, anbTepHaTUBHUX Ta iX KOMOI-
Hauivi 3a gsoma nigxogamu. B mexxax 3acTtocyBaHHs nigxoay MapkoBiua 6y/10 CTPYKTYypOBaHoO 3aga4y 3Ha-
XOA>KeHHS1 ONTUMaJsIbHOIro nopTgesist B nodbyaAoBy Ta aHani3 TPbOX e peKTUBHUX MHOXXUH. OTpuMaHi pe3ysb-
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TaTu 3 TOYKU 30PY PUIUKY Bi3yaniayloTb NoTeHuian kombiHauii aktnsie. Ha 4iii ocHOBi no6yaoBaHnui onTu-
MasnbHWii NnopTgesnib 3 KOMOIHaLiTi anbTepHaTUBHUX Ta TPpagULUIRHNX akTUBIB (OKPeMo pOo3r/issHyTO NopT-
¢denb 3 kpuntToBaniotamu). NMpoaHaniaoBaHo NoTpeby B kanitasi 3a 40MOMOIol0 3aCTOCYyBaHHSA KOHCTPYKLiT
i3 napHux konyn. BuaHa4eHO He4OOLiHKY NOTEHYiiHOro pu3nky KpUTUYHUX BTPaT rnpu po3paxyHky CVaR
Ha OCHOBI icTopnyHux gaHnx. BepugikoBaHo oTpuMaHi pe3ysibTat Ha OCHOBI iICTOPUYHUX faHUX [O0XO0L -
HocTi onTumanbHux noprteenevi B2020—2022 pokax.

Key words: alternative investment assets, diversification, portfolio optimization, CVaR, copula, Bitcoin,

cryptocurrency.

KnroyoBi cnoBa: anemepHamuBri inBecmuuititi akmuBu, duBepcugbikauis, onmumizayis nopmabesaro, CVaR,
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PROBLEM STATEMENT

In the modent stock market, there is a persistent trend
of expanding the investment spectrum, driven by the
increasing needs of investors. Traditional assets such as
stocks, bonds, and cash equivalents are now being actively
complemented by alternative assets. Moreover, the
development of Exchange Traded Funds (ETFs) tools
enables the utilization of alternative assets in an ETF form.
As a result, investors have broader opportunities to
combine traditional and alternative assets, creating
diversified investment portfolios. It generates rise new
challenges associated with constructing such portfolios.
The analysis of dependencies between the returns of
traditional and alternative assets often reveals non-
standard patterns. This is explained by the fact that the
response of returns from different traditional and
alternative assets to market factors can be quite diverse.
Under the manifestation of certain market factors, returns
move in the same direction, while under the manifestation
of others, they move in opposite directions. Based on this,
there arises a need for an extensive investigation of
interdependencies compared to correlation. This
underscores the relevance of employing more advanced
measures of return interdependence. One such measure is
copulas, which provide a more accurate assessment of risk
by modeling complex dependencies between random
variables. The copula approach allows for the
consideration of nonlinear relationships and how the risk
of one asset affects the risk of others in a diversified
portfolio. This creates conditions for better analyze for
extreme situations and enables a more precise deter-
mination of capital requirement to cover risks.

ANALYSIS OF LATEST RESEARCH
AND PUBLICATIONS

Recent publications have explored the topic of
alternative investment assets by M. Anson [1], L. Swedroe,
D. Kizer [2], and V. Debski [3], who presented varying
perspectives on defining the concept of alternative
investment assets. A. Dorsey [4], D. Chorafas [5], F. Ste-
fanini [6], T. Schneeweis, and D. Pescatore [7] developed
their classifications of assets falling into this category. In
their works, K. Leitner [8] and E. Sokolowska [9] highli-
ghted the peculiarities of such investment instruments. The
specifics of investing in alternative investment assets were
investigated by Mundi, Kumar [10] Fischer, Lind-Braucher
[11]J. Mulvey, Woo Chang Kim [12], A. Clark [13]. R. Da-
rabi, M. Baghban [14]. Allen, McAleer and Singh applying
Vine copula to Risk Measurement and Risk Modelling [15].

FORMULATION OF THE OBJECTIVES
OF THE ARTICLE (TASK STATEMENT)

The purpose of the article is to study the nature and
effectiveness of diversification through the combination
of alternative and traditional investments. This research
aims to establish the efficiency of such diversification by
employing advanced econometric and mathematical tools,
specifically copulas, to provide a more accurate asse-
ssment of capital requirements forrisk coverage in these
diversified portfolios. This approach aims to enhance our
understanding of the quantitative aspects of diversified
investment strategies and contribute to the development
of more precise risk management methodologies in the
financial domain.

SUMMARY OF THE MAIN RESEARCH
MATERIAL

The alternative investment market has demonstrated
growth over the past decade. For instance, the research
company Preqin [16] claims that the overall value of
alternative assets more than doubled between 2015 and
2021 and is projected to reach $23 trillion by 2026 (re-
presenting 12% of the global investment market in 2021).
The growth occurs both overall and within each specific
class of alternative investment assets. According to the
specialized platform Propel(X) [17], the average return on
such assets is 9% annually.

The examination of alternative assets gives rise to
discussions regarding the conceptualization of this term.
The analysis of the concept of alternative investments
reveals differences in scientific and professional literature.
In literature, two main approaches are most commonly used
todefine this concept. The first approach involves defining
alternative assets from an "excluding" perspective:
alternative investment assets are those that do not belong
to traditional asset classes (stocks, bonds, and depositary
bank instruments) [9]. The second approach defining
alternative assets from an "including". In particular, five
main groups of alternative investments are identified: real
assets, hedge funds, commodities, private equity, and
structured products [3].

As mentioned earlier, investing in alternative assets
is complicated for investors due to the partial connection
with physical assets. This has led to the creation of a
special investment instrument — Exchange-Traded Fund
(ETF), which formally corresponds to traditional stock
assets in operational management. These funds provide
investors with the opportunity to access various markets
and sectors by investing in a single financial instrument




Table 1. Correlation matrix of traditional and alternative investment assets

investors use alternative
investments to allocate

S&P Usnfctzd &P | oo Si:d their investments across
S&P S&P S&P S&P GSCI1 States GSCI Oil & Private S&P GSCI diffe rent asset Classes to
500 600 400 GSCI  |Energy & Precious . Agriculture ..
| REIT Gas | Equity reduce overall portfolio risk
Metals (USD) Metals Index
S&P 300 T00.00% and balance profit potential
S&P 600 86,73% | 100,00% under various market con-
S&P 400 92,91% {96,57% |100,00% ditions. First of all, it is
S&P GSCI 39.91% |42,66% |41,54% |100,00%
S&P GSCI 39,37% |41,10% |40,30% |98.83% | 100,00% necessary to analyze the
Energy & Metals degree of correlation bet-
2&[’ Uél}lit;(rl 78,58% |78,48% |83,20% |32,45% |31,07% |100,00% ween the selected indices’
tates . . .« .
(USD) bothin individual cases and
S&P GSCI 2,56% |2,66% |1,71% |18,14% |16,54% |7.87% | 100,00% across the "traditional" and
Precious Metals "alternative" categories.
S&P Oil & Gas | 61,12% |70,55% |68,79% |71,25% |70,78% |49,86% |3.45% | 100,00% .
Exploration & Table 1represents it.
Production Correlations between
1 0, 0, 0, 0, 0, 0, 0, 0, 0,
}S’ficfa'il;tzglity 84.91% |82,97% |87,08% |41,32% |40.60% |76,71% |2.62% |63,75% |100,00% assets are calculated based
S&P GSCI 12,15% |17,50% |15,08% |41,69% |29,04% |1331% |13,50% |24,75% |13,80% | 100,00% on the weekly returns of the
Agriculture relevant indices for a

Source: compiled and calculated by the author based on [18].

that represents a diverse portfolio of assets. One of the
key advantages of using ETFs for investing in alternative
assets is easy access to these markets without the need
for direct acquisition or management of individual assets.
This makes investing in alternative assets more accessible
and convenient for a wide range of investors, as ETFs are
traded on the stock exchange and can be bought and sold
just like shares of traditional companies.

To analyze interdependencies between traditional and
alternative investment assets, S&P agency indices
representing each category were used. Using indices only
from S&P allows you to get a comprehensive view of the
stock market through the use of standardized and widely
recognized indicators that reflect the movements of
various sectors and companies as a whole. We chose 3
indices representing traditional assets and 7 alternative
ones. Their list can be found in Table 1[18].

The period chosen for the study is from 2015 to 2019.
This selection was based on several objective factors that
determined the optimality and adequacy of the
investigated time frame. Firstly, the use of weekly data
for the specified period allows for the formation of a
sample of values for each of the included indexes. Weekly
data provide a clearer picture of overall trends and
patterns, assisting investors in synthesizing and
understanding price movements over a more weighted time
period. Secondly, the selected period is characterized by
relative economic stability and lacks anomalous periods,
such as unforeseen financial or economic crises, like the
COVID-19 pandemic.

Alternative investment assets may have lower
correlation with traditional financial markets, such as
stocks and bonds. This means that their prices may react
differently to economic and market changes compared to
traditional assets. Including alternative assets ina portfolio
allows investors to reduce overall risk. Such differences
are caused by the varied nature of income for these assets.
As a result of the distinct origin and species diversity,
alternative assets have a low correlation with traditional
asset classes, meaning they demonstrate less dependence
on the market movements of stocks or bonds. Thus,

10-year period (November

2013 — November 2023).
Thus, the average correlation between traditional indices
was 0,9207. At the same time, this indicator for exclusively
alternative assets is 0,3625. The average indicator for the
entire sample is 0,4725. This indicates not only a
significantly lower dependence between traditional and
alternative investment assets as a whole, but also the
multidirectional nature of returns between individual
classes of alternative assets. If we consider the sliding
correlation between the series of alternative investment
assets and the most popular traditional S&P 500 index with
astep of 47 (which corresponds to the average number of
weekly data points available from 2015 to 2022), as
presented in Figure 1, it can be asserted that the correlation
in these pairs is not constant throughout the entire
investigated period. Moreover, some series exhibit
significant periods of negative correlation.

In our analysis, we consider two major categories of
assets: traditional and alternative. For each category, we
will construct an efficient set of portfolios consisting of
assets from that class and determine therisk level for each
of the return levels.One of the key tools for analyzing
portfolios is the Markowitz model, which allows you to
determine the optimal balance between risk and
profitability based on statistical data on the movement of
asset prices. This model is used to construct efficient sets
of portfolios representing different combinations of assets
[19].

After determining the characteristics of individual
assets, we proceed to the construction of the two-factor
Markowitz optimization problem[19]. With the help of this
optimization, we determine the portfolio that minimizes
the risk (standard deviation of the return) at a given level
of return.

The Markowitz model is based on a quadratic formula
for portfolio risk:

0% = Yy X, w005 p;;
o? — the variance of the portfolio;
w,Taw, — the weights of assets in the portfolio;
oTac— the standard deviations of individual assets;
p, — the coefficient of covariance between assets.

(1),
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possible loss in a given time
interval and at a certain level of
confidence. Conditional Value
at Risk is an extension of VaR
that determines the average
value of losses if they exceed
the VaR value at a certain
confidence level. CVaR
expresses the conditional average value of losses,
assuming that they exceed the calculated VaR value.
Both metrics are used to assess risk in financial
instruments, but VaR simplistically indicates the
potential maximum loss, while CVaR complements this
by looking at the average loss if the VaR level is
exceeded. These metrics help make risk management
decisions and build the necessary capital reserve [22].
In our case, the calculated indicators mean what value
with a probability of 95% will not exceed the losses
from investing in these investment portfolios. For the
purposes of our study, CVaR more accurately describes
the capital reserve levels. Therefore, it is more
appropriate to choose CVaR as the target metric. To
determine the capital reserve under risk, we will
construct portfolios with minimal risk separately for
traditional and alternative investment assets. A
practical calculation of the shares of each asset in the
portfolio with the lowest risk is carried out with the help
of the "Solver" add-in for Microsoft Excel, based on the
above-mentioned Markowitz approach. The target
indicator of the portfolio, which we minimize, is
standard deviation in first approach and CVaR in second
(maximize).

Despite the risk assessment methodology provided
by the Markowitz model, it has certain drawbacks that
do not fully account for interdependencies among
assets within the portfolio, especially in specific parts
of the distribution. This may lead to insufficient
accuracy in estimating the overall portfolio risk. To
obtain a more precise and realistic risk assessment, it
is proposed to use an approach based on copulas. A
copula is a statistical tool that allows modeling
dependencies between different variables in
probability distributions. In mathematical terms, a
copula is expressed through the probability
distribution function for each variable and their joint

++eees S&P GSCI Precious Metals

S&P GSCI Energy & Metals

—— S&P Oil & Gas Exploration & Production Select Industry Index
= = S&P Listed Private Equity Index

— S& P GSCI Agriculture

Fig. 1. Sliding correlation of alternative investment assets and S&P 500

index with a step of 47.

Source: Calculated by the author based on [18].

distribution function, reflecting their mutual
dependence. The copula formula looks as follows:
Cluy, up, uz . ty) = C(F(x1), F5(x2), .., B (%)) (2),

C — formula of copula;

U, u, u,..u,— marginal distribution functions;

F.(x,), F,(x,),..., F (x,) — probabilities of the values
of the respective variables.

Vine copulas utilize a parameter system based on
the sequential application of bivariate copulas.
Typically, this parameter system is represented in the
form of a tree, reflecting the relationships between
variables. In each node of the tree, a bivariate copula
is defined to model the dependence between variables.
Usually, a different type of copula is used for each
node, allowing for a better representation of diverse
forms of dependence between variables. There is no
formal universal formula for vine copulas due to their
complexity and variability. Each copula in vine copulas
is represented by its parameters, which account for
the specific relationship between particular variables.
This forms a construction of pairwise copulas — an
approach to modeling dependence between many
variables using a set of multivariate copulas, allowing
for a better modeling of complex dependencies
between different pairs of variables. This approach
considers the variety of dependencies between
variables in complex data, making the model more
flexible and accurate. Using the pairwise copula
construction for calculating CVaR provides more
accurate and reliable portfolio risk results. This is
explained by the fact that CVaR calculated based on
copulas more accurately captures the dependencies
between assets in the portfolio than the traditional
Markowitz method. Therefore, its use allows for a more
comprehensive and realistic depiction of the overall
risk of the investment portfolio, enabling a more
accurate assessment of the capital reserve amount. A




Table 2. Risk indicators of low risk portfolios
(optimized by standard deviation)
by class of included assets

Combination
Traditional | Alternatives | Portfoliol+ | with low risk
(Portfolio 1) | (Portfolio 2) Portfolio2 (of all
indexes)
Mean 0,21% 0,10% 0,11% 0,11%
95% CVaR
Markowitz -5,65% -2,52% -2,49% -2,50%
Approach
95% CVaR
Copula -5,78% -3,38% -3,34% -3,29%
Approach

Source: calculated by the author based on [18].

Table 3 Risk indicators of low risk portfolios
(optimized by CVaR) by class of included assets

Combination
Traditional Alternatives | Portfoliol+ | with low risk
(Portfolio 1) | (Portfolio 2) | Portfolio2 (of all
indexes)
Mean 0,21% 0,09% 0,10% 0,13%
95% CVaR o o o o
Markowitz Approach -5,65% -2,46% -2,46% -2,44%
0,
95% CVaR Copula | g 7q0, 3,39% 336%  |-3.26%
Approach

Source: calculated by the author based on [18].

portfolio of traditional assets with minimal risk is
100% composed of the S&P500 index. A potfolio of
alternative investments assets consists of REIT,
agriculture, precious metals and privat equity indexes.
At the same time, the relative novelty of the alternative
assets category is often accompanied by a lack of full
understanding of which assets belong to traditional
and which to alternative. In view of this, it is advisable
to consider a minimum risk portfolio not by separately
selecting a portfolio based on all available components,
but based on a combination of portfolios 1 and 2. This
optimal portfolio will consist of 11.08% from portfolio
1 and 82.98% from portfolio 2 based on alternative
investments. The calculated risk indicators for the
three portfolios with minimal risk are shown in Table
2.

The application of such an approach provides
investors with transparency in the relationship
between selected portfolios of traditional and
alternative assets. Additionally, calculating CVaR
based on a copula approach allows for a more accurate
assessment of the capital at risk. As seen in the table,
even the application of a simple combination of two
portfolios with minimal risk allows for a more effective
diversification of the traditional investment portfolio.
However, the approach of constructing a minimum-risk
portfolio based on 10 available assets shows an even
more efficient result.

When CVaR value is used as a target indicator, the
trend in general remains similar. This indicates a positive
effect of diversification regardless of the chosen measure
of risk (Table 3).

However, a more traditional task from the point of view
of investors is the construction of so-called "optimal"
portfolios. We optimized investment portfolios of relevant
samples using the Sharpe ratio. The Sharpe ratio is a metric
used to assess the risk-return of a portfolio or a specific

asset. It measures the excess of return over the risk-free
rate relative to the total risk of an investment.

Sharpe Ratio = (3),

%p

R_— portfolio (or asset) return;

, — risk-free rate (the return rate of bonds with a
long-term maturity is usually used);

o, — the standard deviation of a portfolio's (or
asset's) return.

This ratio compares the level of return an investor
receives with the level of risk he takes and takes into
account the risk-free rate, which is considered the main
relative measure [20]. The higher the value of the Sharpe
ratio, the better the investor compensates for the risk by
accepting this level of profitability in the portfolio.
Practically, the maximization of the Sharpe ratio was also
carried out through the "Solver" add-on. Maximization of
the Sharpe ratio allows finding optimal combinations of
investment portfolios. We built optimal portfolios from
the point of view of the risk /return ratio for each of the
individual asset categories (traditional, alternative and
their combinations). The optimal portfolios for alternative
assets consists of precious metals and private equity
indexes. The combined optimal portfolio consists of
S&P500 and precious metals indexes. The optimal portfolio
based on traditional assets is unchanged and is 100% of
the S&P500. Also, we have formed an optimal portfolio
with the possibility of investing in cryptocurrencies
(Bitcoin or BTC). The obtained result significantly
increases the average profitability of the portfolio, but at
the same time — causes significantly higher capital
requirments (determined by both approaches). Risk
indicators for optimal portfolios are shown in Table 4.

Therefore, the value of CVaR calculated on the basis
of copulas for each of the individual portfolios is greater
than the similar indicator determined on the basis of the
Markowitz approach. Thus, the amount of capital at risk
that must be reserved is higher. The least significant
difference is characteristic of the portfolio of traditional
assets, however, it should be noted that the portfolio
consists of a single asset, so the application of the copula
approach is not fully relevant for this specific case. To
check the practicality of this calculation, the expected risk
indicators were compared with the historical CVaR values
of these portfolios in 2020—2022. This period is quite
indicative, as it equates to a significant crisis period in
the economy associated with the COVID-19 pandemic and
the Russian-Ukrainian war. The calculation of the required
amount of capital reserve is carried out using CVaR. Thus,
for the optimal portfolio of traditional assets, this value
was -(-8.86%), for alternative — (-8.49%), for the
combined portfolio — (-5.48%), for the combined
portfolio with BTC — (-8,55%). This difference for the
combined portfolio is caused by the low correlation
between alternative and traditional assets in COVID-19.
(Fig.1)

Although these values exceeded the expected risk
under both approaches, the CVaR value calculated on the
basis of the copula approach is closer for all three individual
portfolios, and the significant difference is caused by the
suddenness of the crisis period. Separately, we note that
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the indicator for the combined portfolio showed
significantly better results, which emphasizes the
effectiveness of diversifying portfolios with the help of
alternative investment assets even in crisis periods. The
application of a copula-based approach allowed for a more
accurate assessment of capital needs for each of the
portfolios reviewed, which was confirmed by comparing
with the corresponding CVaR values for the years 2020—
22. Thus, the approach based on copulas is characterized
by a lower tolerance for risk, so it is more suitable for
calculating the capital requirement [21].

Conclusions and prospects for further research in this
area. The market of alternative investments has been
actively developing inrecent years — both quantitatively —
towards the growth of capitalization of already existing
assets, and qualitatively — due to the appearance of
technically new investment objects. The reason for this
development is the growing need for them from investors.
The reason for such popularity lies in the opportunities for
portfolio diversification that these assets provide. The
article analyzes the dependence of returns on individual
indices representing traditional and alternative investment
assets. Two approaches were used for this. The first
approach is to build a general correlation matrix on the
basic interval of the study. The obtained results confirm
that the dependence between traditional and alternative
investment assets is quite low. Also, low correlation is
characteristic of the relationships between individual
classes of alternative assets. In addition, a 47-week "rolling
window" was considered to calculate the correlation within
these ranges between the S&P500 index and each of the
alternative indices. Rolling of such window provides lines
fo correlations value. Significant fluctuations in the graphs
of sliding correlation and significant periods for certain
indices with its negative value show the instability of
interdependencies, which indirectly serves as a
justification for the limitations of using classical
correlation for portfolio diversification and future risk
assessment. This is the basis for considering other
measures, in particular, the copula. Based on the indices
mentioned above, efficient sets of portfolios with minimal
risk from traditional and alternative assets were
constructed. To build such portfolios, the principle of
Markowitz optimization with the minimization of the
standard deviation and the approach based on the
maximization of the CVaR value were used. Two
approaches to building a combined portfolio with minimal
risk were analyzed separately: through combining
portfolios with minimal risk from traditional and alternative
assets and based on the available set of all assets. For all
four resulting portfolios, the construction of paired
copulas was applied, which allows for a more accurate
assessment of the relationship between individual assets
included in the portfolio and, accordingly, the value of the
capital requirement.

The obtained results confirm the positive effect of
diversification, as the CVaR values for the combined
portfolios (both according to the historical and copula
approaches) are better than the corresponding values of
the portfolios of traditional and alternative investment
assets separately. Also, for all portfolios, the value of
CVaR calculated using the copula approach is less than

Table 4. Risk indicators of optimized portfolios
by class of included assets

Traditional Alternatives | Combination ngsﬁlgf;gn

Mean 0,21% 0,14% 0,17% 0,53%

95% CVaR -5,25%
Markowitz | -5,65% -3,08% -3,01%

Approach

95% CVaR -7,14%
Copula -5,78% -4,99% -4,15%

Approach

Source: calculated by the author based on [18].

the historical value, which indicates a possible
underestimation of the risk of these portfolios.
Additionally, four optimal portfolios were constructed
using the Sharpe ratio: based on traditional assets,
alternative assets, their combination and combitaion with
cryptocurrency. As with the portfolios with minimal risk,
the trends towards a lower CVaR value for the copula
approach persist. To verify the obtained results, we
calculated the value of the capital requirement for optimal
portfolios in 2020—2022. The verification showed that
the value of CVaR, estimated using the copula approach,
determined the capital requirement in the described
periods much more accurately, which indicates the higher
accuracy of this method of evaluation. Additionally, we
note that the inclusion of cryptocurrency assets in the
portfolio significantly increases the profitability of the
portfolio, but at the same time, due to significant
volatility, increases capital requirements. Further
research should be directed to the development of
portfolio optimization methods directly using the copula
approach.
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