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1. Introduction

If we were to try to describe the capital market of the second and third decades 
of the 21st century, one of its distinguishing features would undoubtedly be its 
mass character. The popularization of investments, whether purely speculative 
or not, is clearly discernible to the naked eye. As a result, the capital market has 

-

make investment decisions that do not comply with the accepted standards, seem 
devoid of common sense, break the basic principles of investment hygiene, and 

Apart from the previously mentioned bravado, several options on the mar-
ket allow one to minimize these losses. We are talking about simple tools and 
techniques, such as the skillful use of stop loss orders and complex strategies for 
which derivatives are used. Although the indicated methods of hedging posi-
tions seem to be an effective solution to the problem of incurring losses, they are 
not so everywhere. Investors wishing to invest their capital in the Polish capital 
market have to contend with a shortage of derivatives, which, in contrast to more 

your hands and complicates securing positions accepted on the market. This is 
an essential issue as it contributes to the inhibition of investments made on the 
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Polish stock exchange, thus contributing to the inhibition of the Polish economy. 
Therefore, the purpose of this publication is to indicate how to minimize the risk 

instruments present in the Polish realities.
The article presents considerations regarding models and strategies for op-

timizing investment processes. For the study, an investment portfolio was con-
structed and tested, the sensitivity of which to unfavorable price movements is 
minimal. The construction of the portfolio mentioned above is based on the theory 
of investment portfolio construction presented by H. Markowitz, while the attempt 
to hedge it was carried out by the strategy indicated by J. Hull.

The main research hypothesis of the presented article assumes that, in Pol-
ish conditions and with the use of available investment tools, it is possible to 
construct an investment portfolio to a large extent resistant to unfavorable price 
movements on the market.

2. Literature review

-
tion of current consumption in favor of increased consumption in the future. Its 
implementation is held to be possible thanks to the capital increase over time. 

designed to multiply it. This multiplication of capital is accounted for as a success/

is usually measured by the rate of return, the forms, and the types of which there 
are many variations in the literature (Reilly, Brown, 2001). While the rate of return 

arises when explaining investment risk. It can be interpreted as the probability 
of harm or uncertainty about the effects of the investments made (Knight, 1921). 

the predispositions, skills, and disposition of people implementing investments, 

prices (Podlewski, 2021). In the context of the subject of this publication, the ap-
proach within which investment risk should be described is an objective approach, 
with tools helpful in the investment portfolio management process (Markowitz, 
1952). The given tools include such indicators as, for example, the variance of 
the rate of return or the standard deviation of the rate of return (Hayes, 2021).
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where his task was to determine the appropriate proportions of assets in the port-
folio so as to minimize its exposure to risk measured by the standard deviation 
(Markowitz, 1959). The effectiveness of this model has been tested many times 
over the years, and its use indeed reduces the returns of the portfolio compared 
to alternative portfolios of a similar class, and the application of a given model is 
relatively simple, and its concept is easy to understand (Amu, Millegård, 2009). 
Other studies, however, indicate that the reduced standard deviation of the rate 

translate into investment results. In addition, the expected rate of return of the 
research portfolio shows disproportionately lower values than those characterizing 
alternative portfolios with a higher reading of the standard deviation of the rate 

variance, and covariance of the rate of return are not the only factors determining 
the risk of the investment portfolio, and the model proposed by H. Markowitz 
does not take into account extraordinary situations (Marling, Emanuelsson, 2012). 
What follows, and what has also been empirically demonstrated, is that the 

-
tions in the capital markets, which can be leveled with derivatives (Castellano, 
Giacometti, 2001).

Derivatives allow us to effectively reduce the total risk of a portfolio, regard-

of this, it is reasonable to use derivatives to hedge positions taken on the capital 

worth paying particular attention to options that, using appropriate speculative 
strategies, such as strangles or straddles, can bring outstanding results at a rela-
tively small cost (Kownatzki et al. 2021). However, apart from the issues of stock 
market speculation, one of the basic strategies protecting the portfolio against 
price collapses is the so-called protective put consisting of the purchase of put 

the price of the protected assets falls below predetermined values, compensating 
for the losses (McMillan, 2002). Protective put, otherwise known as hold stock, 
buy put. However, it does not work in speculative strategies aimed at achieving 

(Dash et al. 2008).
Considering all of the above, an attempt to build a portfolio with minimal risk 

will be carried out by constructing an effective portfolio with the lowest possible 
standard deviation of the rate of return and hedging it with derivatives, using 
the protective put strategy.
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3. Research methodology

The purpose of this paper is to attempt to build a portfolio with minimal risk, 
which is to verify the hypothesis that it is possible in Polish conditions to construct 
an investment portfolio which is to a large extent resistant to unfavorable price 
movements on the market and that hedging an investment portfolio with the 
use of the derivatives market is compelling. As one can easily guess, building an 
investment portfolio is a complicated process with many successive stages. One 

serving the purpose of appropriately diversifying the constructed portfolio. The 

investment process was H. Markowitz, who not only made the observation above 

optimal way. A given model is the foundation of portfolio analysis.
The study’s main hypothesis assumes that it is possible to construct an 

investment portfolio in Polish conditions which is to a large extent resistant to 
unfavorable price movements on the market. Therefore the construction of the 
research portfolio will be based on the theories of H. Markowitz, the application 
of which will increase the probability of the assumption adopted. The aim of one of 

portfolio, which is such a portfolio, which, with the expected rate of return, is 
characterized by the lowest possible risk or, for the selected risk level, maximizes 
the potential rate of return. The constructed portfolio had a one-year investment 

shares are included in the WIG20 index. The selection consisted of companies 
with the highest capitalization on February 1, 2022, whose stock exchange debut 
took place in 2007 at the latest.

The conditions mentioned above were met by the following companies: Po-

The next step after the selection was the estimated annual rates of return 

shares of all selected companies were traded and ending with the current year. 
What follows the research period of the conducted study was seventeen years. If 
February 1 fell on a non-trading day, i.e., Saturday or Sunday, the closing prices 
from the last session were used to estimate. On the basis of the calculated returns, 
the variance and standard deviation of the rates of return of selected instruments 

of the standard deviation it assumed.
The next step was to examine the interdependence of companies, measured 

by the correlation of rates of return. And all this is to use the given ratios and 
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values to carry out a portfolio analysis to build an effective portfolio according 
to H. Markowitz’s multi-company portfolio theory, with an initial value of one 
million zlotys.

After constructing the portfolio, its expected rate of return and standard 
deviation were determined. Then, it was assessed by comparing it to other six 
portfolios with the same expected rate of return but different, randomly selected 
shares of assets forming it. The comparison consisted in juxtaposing the standard 

described portfolios.
Unfortunately, obtaining a portfolio with the minimum standard deviation 

value while maintaining the highest investment potential measured by the rate 
of return does not exhaust the topic of building a portfolio with minimal risk. 

the derivatives market, allows one to effectively reduce the total risk of a port-
folio, regardless of whether the losses resulting from the impact of systematic or 

the Polish stock exchange, designed to protect the portfolio against the loss of its 
value in the event of unfavorable price movements on the market. This procedure 

using derivatives present in the Polish market is effective.
As described earlier, the portfolio was hedged against impairment using 

-
tions existing in Poland are those based on the WIG20 index, the constructed 
portfolio was hedged with these options after examining the relationship between 
the concerned portfolio and the WIG20 index. After the protection was made, 
a simulation showed its method and effectiveness.

The methodology of the entire study is presented in the Figure 1.

Figure 1. Scheme presenting the methods of the conducted research

Source: own elaboration
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4. Research outcome

To start constructing a portfolio with minimal risk, it is essential to determine 
the risk of the assets included in the portfolio at the beginning. According to 
H. Markowitz’s multi-company portfolio theory, the risk of investment instru-
ments that make up a portfolio is determined by their standard deviations. To 
know these, one must make a series of calculations enabling a given estimate. 
Therefore, the arithmetic average of the rates of return of all instruments included 
in the portfolio from February 1, 2006, to February 1, 2022 should be calculated 

are worth interpreting. The following tables (Tabs 1, 2) present the results of the 
estimates and their interpretation.

Table 1

Risk of selected investment instruments

No. Symbol Arithmetic mean rate 
of return [%] Return variance [%]

The standard 
deviation of the rate 

of return [%]

1 PKO 6.474 8.846 29.741

2 SPL 13.765 19.365 44.006

3 PEO 4.162 14.330 37.854

4 PGN 5.891 6.024 24.544

5 KGH 23.043 54.981 74.149

Source: own elaboration

Table 2

Research outcome interpretation

No. Symbol Lowest rate of return expected 
[%]

Expected highest rate of return 
[%]

1 PKO 36.216

2 SPL 57.770

3 PEO 42.017

4 PGN 30.435

5 KGH 97.192

Source: own elaboration
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The next stage of the conducted research is the recognition of the interdepen-
dence of the rates of return of selected investment instruments. This is important 
because the given instruments will create one portfolio which will be determined 
by the price reaction of some assets to the change in the prices of others. Therefore, 
the estimation of the level and type of interdependence will allow the selection 
of individual shares to minimize the risk of the optimally constructed portfolio.

The determination of the relationship described above will be carried out by 
using the indicator, which is the Pearson linear correlation. The calculation results 
for all pairs of companies in the portfolio are presented in Table 3.

Table 3

Measurement of the relationship between the rates of return of selected stocks

No. Pair Covariance Correlation

1 PKO & SPL 0.117 0.892

2 PKO & PEO 0.096 0.849

3 PKO & PGN 0.001 0.016

4 PKO & KGH 0.071 0.324

5 SPL & PEO 0.148 0.885

6 SPL & PGN

7 SPL & KGH 0.140 0.428

8 PEO & PGN

9 PEO & KGH 0.052 0.186

10 PGN & KGH 0.050 0.277

Source: own elaboration

-

value. For example, the result obtained for the PKO/SPL pair shows a very high 
correlation between the two companies share prices. This allows us to conclude 
that the given assets show almost identical price movements. Table 4 presents 
the interpretation for all pairs.
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Table 4

Interpretation of the obtained results

No. Pair Correla-
tion Interpretation of the sign Value interpretation

1 PKO & 
SPL 0.892

Positive sign. As one 
company grows, the other 
also grows. When one goes 
down, the other goes down 

as well

Very strong relation, price 
movements of the examined 

assets are
almost identical

2 PKO & 
PEO 0.849

Positive sign. As one 
company grows, the other 
also grows. When one goes 
down, the other goes down 

as well

Very strong relation, price 
movements of the examined 

assets are
almost identical

3 PKO & 
PGN 0.016

Positive sign. As one 
company grows, the other 
also grows. When one goes 
down, the other goes down 

as well

Very weak relation, price 
movements of the examined 

assets are practically
unrelated

4 PKO & 
KGH 0.324

Positive sign. As one 
company grows, the other 
also grows. When one goes 
down, the other goes down 

as well

Weak relation, price 
movements of the examined 
assets show little connection

5 SPL & 
PEO 0.885

Positive sign. As one 
company grows, the other 
also grows. When one goes 
down, the other goes down 

as well

Very strong relation, price 
movements of the examined 

assets are
almost identical

6 SPL & 
PGN

Negative sign. When one 
company goes up, the 

other goes down. When the 

increases

Very weak relation, price 
movements of the examined 

assets are practically
unrelated

7 SPL & 
KGH 0.428

Negative sign. When one 
company goes up, the 

other goes down. When the 

increases

The relation is moderate, 
the price movements of the 

examined assets are

each other
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8 PEO & 
PGN

Negative sign. When one 
company goes up, the 

other goes down. When the 

increases

Very weak relation, price 
movements of the examined 

assets are practically
unrelated

9 PEO & 
KGH 0.186

Positive sign. As one 
company grows, the other 
also grows. When one goes 
down, the other goes down 

as well

Very weak relation, price 
movements of the examined 

assets are practically
unrelated

10 PGN & 
KGH 0.277

Positive sign. As one 
company grows, the other 
also grows. When one goes 
down, the other goes down 

as well

Weak relation, price 
movements of the examined 
assets show little connection

Source: own elaboration

The obtained results show that the level of dependence between the share 
prices of selected companies is ambiguous. The portfolio will be built of both 
assets closely related to each other and those for which there is no correlation.

Based on the results obtained, an attempt will be made to construct an effec-
tive portfolio with minimal risk. All the ratios calculated so far will be merged to 
create a kind of “resultant” of their characteristics, allowing to minimize the risk of 
investing in selected assets while maximizing the investment potential measured 
by the rate of return. The merge above will be obtained by combining the estimated 
data in the matrix proposed by H. Markowitz. Its transcript is presented below:

PKO SPL PEO PGN KGH

PKO 0.177 0.233 0.191 0.002 0.143 1

SPL 0.233 0.387 0.295 0.279 1

PEO 0.191 0.295 0.287 0.105 1

PGN 0.002 0.120 0.101 1

KGH 0.143 0.279 0.105 0.101 1.100 1

0.177 0.233 0.191 0.002 0.143 1

Table 4 cont.
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After constructing the matrix above, create an inverse matrix to multiply it 
by a vector with n+1
last one is unity. This will create a vector with dimension n+ n 
components are shared in the constructed portfolio. In the case of the wallet, the 
construction of which is the subject of this article, the vector appears as follows:

0.377

0.356

0.576

0.001

Taking into account the fact that the initial value of the portfolio assumed in 
the assumptions should be 1 million PLN, the shares of the companies selected 
for its construction, both in percentage and amount terms, are presented in the 
Table 5. 

Table 5

Shares of selected companies in the investment portfolio

No. Symbol Percentage share [%]

1 PKO 37.7 377 194.08 

2 SPL

3 PEO 35.5 355 826.33 

4 PGN 57.6 576 286.77 

5 KGH 0.1 1 005.21 

 Sum 100.000 1 000 000.00 

Source: own elaboration

appearing with the shares of Santander Bank Polska. The outstanding reading 
should be interpreted so that it is recommended to make the so-called short sale 
in the case of the indicated assets.
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It is also worth explaining that the above shares are only theoretical values that 
may differ from the actual shares. The given situation’s determinants are selected 
companies’ share prices on February 1, 2022. To estimate the number of shares 

share shown above should be divided by their price. The result obtained may 
cause consternation because with a high degree of probability, it will not be an 
integer. Therefore, it should be rounded down, which will result in determining 
the previously searched value. In the case of the considered portfolio, the actual 
shares are as presented in the Table 6.

Table 6

The actual shares of selected companies in the investment portfolio

No. Symbol Number of shares Percentage share 
[%]

1 PKO 7858 377 184.00 37.718

2 SPL

3 PEO 2598 355 796.10 35.580

4 PGN 108 324 576 283.68 57.628

5 KGH 7 999.25 0.100

Total: 117 907 1 000 239.03 100.024

Source: own elaboration

To evaluate the constructed portfolio, four indicators characterizing it should 
be calculated and compared to other portfolios with similar investment potential. 

of volatility, and Sharpe ratio. The Table 7 presents a list of six portfolios with 
a given expected rate of return of 3.074% (the expected rate of return obtained 
by the research portfolio), with randomly selected shares of selected companies 
totaling nearly 100%. It allows you to evaluate the constructed portfolio against 
others of the same class.

As one can see, the Table 7 clearly shows that the constructed portfolio is 
of the highest quality compared to the other six portfolios. This is supported by 

Sharpe index’s highest value. 
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According to the theory of H. Markowitz, a constructed portfolio is a port-
folio for which it is impossible to create another one, which with the same risk 
could achieve a higher expected rate of return or lower risk for a given rate of 
return. In addition, a portfolio built with the same assets but with a more minor 
standard deviation will have a disproportionately low rate of return compared to 
a constructed portfolio. Thus, its investment potential would be zero and devoid 
of any attractiveness.

Despite achieving the set goal, the range in which the rate of return on invest-

It is worth noting that the mentioned range is only a theoretical outline because 
it is impossible to predict the market behavior that may affect selected assets so 
that the actual annual rate of return will reach a result outside the established 
limits. The situation would be acceptable if it were a result higher than 20.935%, 

exceeding the designated range. To prevent this, the portfolio will be hedged 
with derivatives.

As one can see, the table above clearly shows that the constructed portfolio 
is of the highest quality compared to the other six portfolios. This is supported 

Sharpe index’s highest value. According to the theory of H. Markowitz, a con-
structed portfolio is a portfolio for which it is impossible to create another one, 
which with the same risk could achieve a higher expected rate of return or lower 
risk for a given rate of return. In addition, a portfolio built with the same assets 
but with a more minor standard deviation will have a disproportionately low 
rate of return compared to a constructed portfolio. Thus, its investment potential 
would be zero and devoid of any attractiveness.

Despite achieving the set goal, the range in which the rate of return on invest-

It is worth noting that the mentioned range is only a theoretical outline because 
it is impossible to predict the market behavior that may affect selected assets so 
that the actual annual rate of return will reach a result outside the established 
limits. The situation would be acceptable if it were a result higher than 20.935%, 

exceeding the designated range. To prevent this, the portfolio will be hedged 
with derivatives.

Considering the prevailing conditions in the Polish market, options are 
the best derivatives used to protect the portfolio against the loss of value. 
This hedging can be performed using the protective put strategy, a typical port-
folio hedging strategy that takes a long position in put options for the indicated 
assets. Unfortunately, the problem with the Polish capital market is that it has 
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limited derivatives market, which allows you to take positions only 

to hedge, as taking any position in options that directly protect the assets used to 
create the portfolio is impossible. As a result, hedging should be done indirectly, 
using options on the WIG20 index. In a given situation, the WIG20 index should 
be considered a market portfolio in which the hypothetical portfolio constructed 

of the instruments studied, which will allow us to build an appropriate strategy. 

A negative value of the obtained result indicates that the rate of return of the 
examined portfolio reacts inversely to the rate of return resulting from changes 
in the WIG20 index price. This means that when the index’s return increases, 
the portfolio’s return decreases, and vice versa. In addition, the absolute value 

-
amined portfolio over time are more rapid than those resulting from the change 
in the WIG20 index price.

Having all the information gathered so far, it is possible to establish a portfo-
lio hedging strategy. To do this, you need to perform a few simple mathematical 
operations. Because this strategy will be an indirect strategy, you should start with 
an attempt to hedge a market portfolio with an initial value of one million zlotys. 
The collateral will be exercised with options whose redemption date will be clos-
est on February 1, 2022, to the end of the investment horizon of the hypothetical 
portfolio, i.e., February 1, 2023. Options meet this requirement with a redemption 
date of December 2022. Taking into account the fact that on February 1, 2022, the 
closing price of the WIG20 index was 2,224.28, the “closest” out-of-money op-
tion that can be used to implement a hedging strategy is OW20X222100 with the 
strike price 2100. Notably, the options using which hedging strategy should be 
implemented should be out of the money or at the money at the time of construct-

exercise of given options, and thus the amount the premium for their acquisition 
is small. The phrase “closest” option used earlier means that its exercise price 
should be close to the current price of the hedged asset so that the hedge starts 

Another crucial step in constructing a strategy for hedging the hypothetical 
portfolio is determining the multiplier that characterizes the options on the Polish 
market. In the case of options on the WIG20 index, the multiplier is 10. Thus, each 
decrease or increase of the index by one point changes the value of the contract 
by 10 PLN. When a given value is known, it should be multiplied by the WIG20 
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index price from 01/02/2022 to determine the value of one option contract. In the 
case of the WIG20 index, the value of one contract is 22,242.8 PLN.

Consequently, entering into a single contract protects such a portfolio value. 

initial value by the result obtained above. In the case of the examined portfolio, 
the estimated effect is close to 45. As a result, to hedge a market portfolio with an 
initial value of 1,000,000 PLN, one should take a long position in 45 put options 
with an exercise price of 2,100.

Knowing how many options contracts are needed to hedge the market port-
folio, this knowledge can be translated into a previously constructed hypothetical 
portfolio. To see the number of options that can hedge a given portfolio, one 

of the portfolio. This practice is based on the assumption that each change in 
the value of the market portfolio by one point affects the change in the value 

 

So, to hedge the hypothetical portfolio, you need to take positions in 61 op-
tions. Due to the negative sign before the obtained result, it is known that the 
position taken should be opposite to the originally intended one. So it would be 
best to take a long position in call options. Revising the above assumptions, the 
option that will be used to achieve the set goal will be the call option OW20L222300, 
with an exercise price of 2300. It was selected for hedging because it is an out-
the-money option, the exercise price is close to the current one on a given day, 
and the level of the WIG20 index. The premium for a given option is 101.36 PLN. 
Thus, taking a position in 61 options will incur costs of 6,161.66 PLN.

Is the developed strategy effective? The answer to this question is pro-
vided by the simulation presented below in the Table 8, which, depending on 
the level of the WIG20 index price, illustrates the behavior of the hypothetical 

study of this article.
As shown in the table above, the applied strategy brings the expected results, 

-
ing this strategy lowers the rate of return when the prices of purchased shares 
increase and the portfolio’s value increases. This is the execution price of the op-
tion hedge, related to incurring costs generated by paying a premium for taking 
a position in 61 call options.
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5. Summary

This paper aims to answer whether an individual investor operating in Polish 
conditions can construct an investment portfolio, optimizing the investment pro-
cess while reducing the total risk to a minimum. The main emphasis in creating the 
publication was on pragmatism and practice so that the tools available in the Polish 
market; could be used most effectively. As the study results showed, the goal set 
at the beginning was achieved, and the implementation itself leaves no illusions 

the portfolio has the highest possible investment potential, measured by the rate 

against current market slumps. To summarize the above argument, this work 
is a model that allows for the implementation of stock exchange investments in 
a responsible, safe, and conscious manner, presented step by step.

Despite the achievement of the adopted objectives, it is worth explaining a few 
-

the research portfolio. Building an investment portfolio is a complicated process 
consisting of consecutive steps. The choice of investment instruments needed to 

subject of this work and not wanting to lose it, the method of selecting investment 

included in the WIG20 index, with the highest capitalization on February 1, 2022, 
whose stock exchange debut took place in 2007 at the latest.

An issue that raises doubts may be the period selected for the selection, 

series provides a more extensive series of statistical data to validate the results 
of the calculations. Therefore, the history of stock trading must be well-spent. 
On the other hand, a given interval can only set the selection border a little in 
the past, as this would narrow down the pool of instruments available for test-
ing. This is due to the relatively short period of operation of the Warsaw Stock 

to the results obtained in the study.
Another element worth explaining is why the portfolio was built with only 

and securing the portfolio and its effectiveness. The transparency of estimates and 
calculations dictates the decision to build a portfolio using a limited number of 
companies shares.
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the hedging strategy. Why were options for this purpose, not futures contracts 
available on the Polish capital market, for assets building the portfolio? Well, 
futures contracts would compensate for the losses incurred by the portfolio while 
generating identical ones when its value increases. As a result, the portfolio would 
be deprived of its earning potential, maintaining a value close to its original value 
throughout the investment period, regardless of the prices of the instruments that 
make it up over time. As a result, there are better choices than the use of futures 
contracts. It is much more reasonable to use options that, apart from the costs 
associated with taking the position, will not generate any other expenses while 
compensating for the potential decline in the portfolio’s value at critical moments.

Finally, it is worth noting that, due to the limited choice of derivatives, the 
portfolio was hedged with options for assets other than those used to construct 
the portfolio. As a result, the security used in the study is also adequate out-
side the capital market. It can increase optimization in securing transactions in 
metals, energy resources, agricultural products, and other goods traded on stock 
exchanges. Therefore, it makes the analyzed strategy universal and can be used 
by many recipients.
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Summary
This paper explores the evolving nature of the capital market in the second and third decades 
of the 21st century, characterized by its widespread accessibility to individual investors. How-

the study investigates practical methods to minimize risk, focusing on the limited availability 
of derivatives in the Polish capital market. The research develops and tests an investment port-
folio, drawing on Markowitz’s portfolio construction theory and Hull’s hedging strategy. The 

Polish conditions using available tools and strategies.

: G10, G11, 

Keywords: 


