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The share of investments in gold and oil using
the example of selected European stock
exchanges- A comparative analysis
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Abstract: In this article, optimal investment portfolios with minimal risk and
maximum efficiency were calculated. The portfolios were designated for ten
selected European stock exchanges, based on the listings of the twenty largest
companies in each of those markets. All calculations were made based on company
shares only, company shares and investments in gold, shares of companies and
investments in crude oil as well as shares of companies and investments in gold and
crude oil. The research hypothesis tested in the study is: The share of alternative
investments in the investment portfolio does not depend on the stock exchange,
but it differs depending on the length of the estimation window used. The study
showed that for most exchanges there were statistically significant differences for
the distribution of the determined weight for alternative investments. However, it
was noted that the longer the estimation window, the greater the number of
exchanges with no differences in the distributions of that weight. In addition, for
portfolios with minimal risk, there were larger differences between the designated
weights of alternative investments than for the same portfolios, which were deter-
mined based on maximizing efficiency. It was also found that the longer the
estimation window, the higher the efficiency of the designated portfolios. Moreover,
the investment in gold had an average weight, in four-element portfolios with

a minimum risk, greater than 60%. Oil investment in the same portfolios had an

average weight of 28%.
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1. Introduction

The purpose of the article is to compare the share of investments in gold and oil in optimal
investment portfolios characterized by minimal risk and maximum efficiency on selected European
stock exchanges. Research conducted in that article answers if a share of investing in gold and crude
oil is the same in different markets, and also how big these weights are. Currently, numerous scientific
studies show that capital markets are closely related, hence it should demonstrate that the share of
investments in gold or oil will be similar for individual national exchanges. Therefore, the study adopts
the following research hypothesis: The share of alternative investments in the investment portfolio
does not depend on the stock exchange, but it differs depending on the length of the estimation
window used. Different gold shares depend on the length of the estimation window, the author
combines with the phenomenon of high volatility that characterizes capital markets. In order to
obtain a reliable answer for the research hypothesis, the study uses the quotations of the top twenty
companies (in terms of capitalization) from each of the capital markets analyzed. Investments in
these companies are referred to as blue-chip investments, which are characterized by a lower risk
than other companies. Therefore, if the research hypothesis regarding the length of the estimation
window is confirmed for this type of company, it can be strongly assumed that it is also true for other
medium and smaller companies, which, in principle, are more volatile than the largest companies
analyzed in this study. Investments in gold and oil were selected to supplement investment portfolios
as representatives of the alternative investment market. Gold is considered a so-called safe haven,
while investment in crude oil belongs to the same category as gold, an investment in commodities. As
is described for example, in Soja (2019) gold is a very good choice for diversifying the portfolio. The
following studies are important for investors especially in times of turmoil in financial markets, as
they should provide an answer as to what should be the share of investment in gold and crude oil in
an optimally constructed investment portfolio and if this share is the same in different markets.

The main contribution of this study is to determine optimal investment portfolios for ten national
exchanges, for different lengths of estimation window and for one common assessment window.
In the study, portfolios with minimal risk and maximum effectiveness were assessed in terms of
efficiency, understood as the ratio of portfolio return to risk. The accepted measure of effective-
ness, in all calculations, is the Sharpe ratio presented in Sharpe (1994). In addition to determining
three-, four- and five-element portfolios, the differences were assessed considering whether the
choice of the estimation window had a significant impact on the results obtained and whether it
was the same for all the exchanges examined, which should be indicated by a strong connection
between capital markets. In addition, an assessment was made of how the inclusion of subse-
quent investments (gold or crude oil as well as gold and crude oil at the same time) affected the
efficiency of investment portfolios. Author also compare obtained results with naive strategy.

The following part of the study is a literature review. Next, the third part describes the data used
in the study and presents the research methodology. The fourth part presents the research results,
which are summarized in the last part of this article.

2. Literature review

Numerous scientific studies have been written about the choice of gold and crude oil as the source
of diversification in investment portfolios. In most of them, researchers assessed whether these
investments constitute so-called safe haven investments in times of turmoil in capital markets.
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Baur and McDermott (2010), found that gold acts as a safe haven in selected European capital
markets and in the US capital market, but the same characteristics were not confirmed for countries
such as Australia, Canada, Japan, and for large emerging capital markets such as Brazil, Russia, China
and India. In the study, the research period was thirty years from 1979 to 2009. The authors used the
daily rate of return for analysis. Importantly, the study emphasized that investment in gold has the
property of reducing losses during a period of turmoil in capital markets.

The same author in second paper Baur and Lucey (2010), also analyzed two European markets
(capital markets in the UK and Germany) and the capital market in the USA. It was also empha-
sized here that investment in gold is a hedge investment for capital markets. In addition, the
authors concluded that in times of turmoil in the financial markets, investment in gold acts as
a safe haven (within 15 days after the market has fallen sharply) but only for the stock market and
not for the bond market. The research period adopted in the study was 1995-2005.

The same two European capital markets were analyzed in the study by Anand and Madhogaria
(2012). The authors focused on determining the correlation between the investment in gold and
the main indices on the capital markets. The relationship between these variables was defined as
weak, meaning that investment in gold can be seen as an investment to diversify the portfolio. The
study was conducted in the period 2002-2011. In addition to these markets, the capital markets in
the USA, Japan, India and China were also analyzed.

A study focussed on UK capital market Ciner et al. (2013), emphasized that gold can be seen as an
investment protecting against sudden turmoil in analyzed market. The authors also studied the US
capital market during the period 1990-2010. In addition to investment in gold, investment in crude oil
was also assessed, for which the above properties of the hedging investment could not be confirmed.

The role of gold in the context of a single capital market was also analyzed in the study by
Potrykus (2015). In this work the author analyzed whether gold can be seen as a safe haven in the
context of the Warsaw Stock Exchange (WSE). Based on the research conducted, it was shown that
investment in US dollars in gold is an example of a diversifying investment for WSE. This means
that there was no moderate positive correlation between the rates of return on these investments
in the long run. Furthermore, the investment in gold recorded in Polish zloty is an example of
a hedging investment for the Polish capital market. It can, therefore, be concluded that the
investment in gold, included in the investment portfolio consisting mainly of shares listed on the
WSE contributed to reducing the risk of such a portfolio. This was evidenced by the negative values
of the Pearson linear correlation coefficient between the rates of return on these investments. The
research period adopted in this study was 1995-2015.

Investments in gold and crude oil were also assessed in the context of capital markets in the
paper by Smiech and Papiez (2017). The final conclusions of this work were that the investment in
gold had the qualities of an investment made on the capital market in normal market conditions.
Importantly, the assessment was made in several sub-periods in the 1995-2015 research period.
In addition, the authors noted that gold is positively correlated with bonds while investment in oil
is negatively correlated.

Accordingly, research into the strong connections in capital markets can be found in the
following papers.

The integration of selected stock markets in Europe was studied by Majewska and Olbrys (2017).
The authors analyzed six capital markets, three in developed economies (the United Kingdom,
France and Germany), and three in developing economies (Poland, Czech Republic and Hungary).
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The research period adopted in the work was 1993 to 2015. The work emphasized that there was
no basis to reject the null hypothesis about the progressive integration of the markets studied.
A statistically significant increase in this integration was noticed especially after the accession of
the developing economies to the European Union. Moreover, stronger integration was recorded for
the developed markets group than for the developing markets group. Also, in the 2007-2008 crisis,
a different value for the integration indicator was recorded than in the pre-crisis period.

The connection of capital markets in times of crisis is also included in the study by Das et al.
(2019). The final conclusions of this work point to the heterogeneous impact of global crises on the
time-varying value of links between the US stock market and its counterparts in the G7 group. This
work analyzes the capital markets of the most developed economies in the world. The main
research period adopted in the study is 1863-2010. The authors emphasize that the correlation
value of the US stock market and other markets researched increased significantly in the period
1950-2010. There was no such strong interconnection before this period. Furthermore, financial
crises increase the relationship between the markets studied. This relationship was observed in
particular for the UK and US markets and for the US and Japan markets. A similar effect on
correlations was also observed for France, Germany and Italy, but this effect was not statistically
significant. Different effects were observed only for the US and Canadian markets.

Increased connections between capital markets in selected European countries are also pre-
sented in the study by Gjika and Horvath (2013). The authors emphasize that the correlation
between stock markets in Central Europe and between Central Europe vis-a-vis the euro area are
strong. Importantly, the strength of these connections increases over time. The correlation
increases particularly during periods of financial crisis, which limits the benefits of diversification
during market turmoil. The study analyzed the period 2001-2011. Similar conclusions indicating an
increase in the dependence of stock markets in times of crisis are drawn from the study by Yang
et al. (2014), which explores a larger sample of capital markets.

Saeedian et al. (2019), explore the links between 40 stock markets. The authors note that the
strength of the relationship is affected by geographical location and ultimately present three
groups of similar markets. These are East Asia, Europe and the continent of America, respectively.
The markets that are not assigned to any group are Ching, Iran, Pakistan, Qatar, Saudi Arabia, and
Sri Lanka. The research period is from 2000 to 2015.

In the light of the literature research, which emphasizes the significant connections between
stock markets, the shares of investments in gold and/or oil in investment portfolios should be
similar in all analyzed markets. The author of this publication did not manage to reach a study
analyzing the differences between the share of investments in gold and oil between selected
European stock markets and depending on the assumed length of the estimation window. The
following studies should, therefore, fill this gap.

3. Research methodology and data characteristics

The study used data for ten selected European stock exchanges. The twenty largest companies in
terms of capitalization were selected for each stock exchange, for which all possible combinations
of three-element portfolios were created. Portfolios of two types have been designated due to the
investment objective, portfolios with minimal risk and maximum efficiency. For each of these
portfolios, it was examined how the effectiveness measured by the Sharpe coefficient was shaped.
The portfolio composition was determined based on the assumptions of Harry Max Markowitz’s
portfolio theory. The most important assumptions of this theory are described by the following
formula Jajuga and Jajuga (2006), Sharpe (1994), and Markowitz (1952):
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For the calculations, two additional assumptions were made Debski (2007):
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where
ip—portfolio rate of return,
ik—rate of return from investment “k”,
wk—share (weight) of investment “k” in the portfolio,
op—portfolio risk (standard deviation of the rate of return),
ok—risk of investment “k” (standard deviation of the rate of return),
pkm—coefficient of correlation of return rates on investment “k” and investment “m”,
Sp—effectiveness measure (Sharpe ratio),
if—risk-free rate of return,
n—number of investments in portfolio.

The study assumed that the risk-free rate of return was 2% per year. All returns used were
calculated as daily logarithmic returns. The work set out three-element portfolios consisting only
of traditional investments (the portfolios have been marked as the “only traditional” strategy). In
addition, four-element portfolios were designated, which consisted of three traditional invest-
ments and investments in gold (the portfolios were marked as “only gold”) and three traditional
investments and crude oil (the portfolios were marked as “only crude oil”). In the last group of five-
element portfolios examined, the effectiveness of three traditional investments as well as gold and
crude oil were examined (the portfolios were marked as “gold and crude oil”).

The research period adopted in the study was 01.01.2016 to 30.06.2019 and was divided into
two windows, the so-called estimation window and an evaluation window. The data obtained in
the estimation window was used to determine the optimal weights for each investment portfolio
with maximum effectiveness (maximum Sharpe ratio) and minimal risk (minimum standard
deviation). Based on the data from the assessment window, the effectiveness of investment
portfolios was assessed using weights determined on the basis of the data from the estimation
window. However, different lengths were assumed for the estimation window and weights were
determined for four such windows, which were in the following date ranges:
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+01.01.2016-31.12.2017 period marked as “1617”
+01.07.2016-31.12.2017 period marked as “16h17”
+ 01.01.2017-31.12.2017 period marked as “17”

+ 01.07.2017-31.12.2017 period marked as “17 h”

The assessment window was always from 01.01.2018 to 30.06.2019. As mentioned at the
beginning, the work analyzed the shares of the largest companies listed on selected European
stock exchanges for investments in gold and oil. Data on the analyzed investments, together with
the data source, are presented in Annex A. The twenty largest companies were selected for each
stock exchange for which data was available in the research period. The companies were selected
based on their capitalization value at the end of the 2019 year.

The results for all designated portfolios were compared with the results for the naive strategy
(all shares of each investments in portfolio are equal) achieved for the evaluation window. In total,
45,600 portfolios for the naive strategy were analyzed in the paper. For each index of 4,560
portfolios, the strategies adopted (“only traditional”; “only gold”; “only crude oil”; “gold and
crude oil”) number 1,140 which is the number of all possible three-element combinations out of
twenty (largest companies) because so many companies were analyzed in each market.

In the case of optimizations, the number of designated portfolios is 364,800, as there are
182,400 portfolios each for strategies with minimal risk and for strategies with maximum effec-
tiveness. A total of 45,600 portfolios were designated, being 1,140 for each of the four strategies
(due to the assumed length of the estimation window), for each of the ten markets analyzed. In
total, 410,400 investment portfolios were determined in the work for portfolio theory and the naive
strategy, which were the basis for the results and conclusions of the research presented below.

The analyzed markets were chosen by the following key. Nine of ten markets are classified as
developed markets. The last one (Warsaw Stock Exchange) is classified as an emerging market
(source: MSCI market classification https://www.msci.com/market-classification). Such a sample can
also answer if the emerging market is the one with the highest alternative investment shares, and can
be classified as a market with the highest differences when comparing to other analyzed markets.

The Kruskall-Wallis test was used to assess whether there were differences between the
shares of alternative investments in individual markets. The set of hypotheses tested in the study
was written as Aczel (2000):

HO: There are no differences between the distributions of calculated shares for analyzed
investments

H1: There are at least two groups of investments that do not have the same distributions for
shares of analyzed investments.

It can, therefore, be concluded that the null hypothesis assumes stochastic homogeneity of
the compared distributions, and the alternative hypothesis stochastic heterogeneity is found for at
least two distributions Ruxton and Beauchamp (2008). Adoption of an alternative hypothesis will
mean that there is, for at least one test group, a tendency to accept higher (or lower) shares for
analyzed alternative investment than for other groups. This can also be written as follows:
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HO: F1(X) = Fz(X) = ... = Fk(X)

H1: 340 mineain Fm(X)#Fn(X)
Where,
k—means the number of groups compared (10 groups were analyzed in the study),
Fj (x)—means the distribution function for the weights determined for the j-th market.

The test was carried out for the significance level of a = 0.05. All calculations were carried out in
the Statistica program. The Kruskal-Wallis test statistics are calculated from the formula Chan and
Walmsley (1997):

Where,
H—value of statistics,
nj—size of j-th group,
Rj—the sum of ranks of the j-th group.

The above statistics have an asymptotic x2 distribution with k-1 degrees of freedom. If the
calculated value of statistics is greater than the critical value read from the tables, then the null
hypothesis is rejected (this will mean that there are no differences between the distributions), in
favor of the alternative hypothesis (there are at least two groups of investments that do not have
such same distributions). When the value of test statistics is less than the critical value, there is no
basis to reject the null hypothesis Stanisz (2006).

4. Research results

Table 1 shows the average efficiency for all designated portfolios with minimal risk. The data
presented in Table 1 are presented for each of the exchanges examined, for each strategy and for
each analyzed length of the estimation window separately.

In addition, the figures on a black background indicate whether the average efficiency value
obtained using Markowitz’s portfolio theory proved to be higher than the same value obtained for
the naive strategy. The data presented are average values for all designated portfolios for the given
conditions. In the case of portfolios with minimal risk it was noted that for investment strategies
involving the construction of an investment portfolio consisting of gold and three stock companies,
and three stock companies, gold and oil, regardless of the length of the estimation window, the use of
portfolio theory obtained, on average, higher efficiency values than for a naive strategy. There was no
exception here because the same regularity appeared for all the analyzed exchanges. For three-
element portfolios consisting only of shares of listed companies, as well as of three shares of listed
companies and investments in oil, it was no longer possible to draw such unambiguous conclusions. It
turned out that portfolios containing oil were more effective than the naive strategy, and for portfolios
consisting only of traditional investments, the most frequent occurrences were that the naive strategy
proved to be more effective than the portfolios built using Markowitz’s theory. However, it can be seen
that the longer the estimation window, the higher the efficiency and the lower the chance that the
portfolios based on portfolio theory will be less effective than the naive strategy.
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Table 2 presents, in contrast, the average efficiency value for portfolios in which this portfolio
parameter was optimized. As before, the value of efficiency is presented against a black background if
it was lower than for a naive strategy. The results obtained in combination with the strategy are
different for these portfolios than for the previously discussed portfolios with minimal risk. First, for
the portfolios in Table 2, it can be seen that for the short estimation window, portfolio theory has
proved sometimes more effective than a naive strategy. The situations where a naive strategy turned
out to be more effective than portfolio theory were recorded for an estimation window length of
one year and marked as “17”. For this estimation window, it has been noted six times that naive
strategy proved to be more effective than portfolio theory. This happened seven times for the longest
estimation window marked “1617” and ten times for the estimation window marked as 17 h, and this
situation occurred as many as 23 times for the estimation window marked as 16h17. This last
observation is particularly surprising because the evaluation window was symmetrical (same length)
to the estimation window (16h17), which had the lowest results in terms of efficiency.

The next table shows the average shares of investments in gold and investments in oil depend-
ing on the length of the estimation window and broken down into portfolios with minimal risk and
maximum efficiency.

Based on the data in Table 3, it can be concluded that in the four-element portfolios the designated
share of investments in gold was much higher than the average share of investments in oil for
portfolios with minimal risk. At the same time, it was not possible to indicate at least one estimation
window or stock exchange for which it would be different. Importantly, the share of investment in
gold also accounted for more than half of the value of designated weights in these portfolios. For
maximum-efficiency portfolios, there were no such explicit conclusions; the share of investments in oil
was higher than for those with minimal risk. In the case of gold, there was no such dependence, which
was mainly influenced by the results from the 16h17 estimation window, for which very low values of
the share of investment in gold in the designated portfolios were observed. For this estimation
window, an average rate of return lower than zero was noted, which influenced such a low share of
this investment in portfolios with maximum efficiency.

An increase in the share of investments in crude oil and a decrease in the share of investments
in gold was also recorded in the portfolios with maximum efficiency, but in five-element portfolios.
Also, in these portfolios, a high share of investments in gold was observed in portfolios with
minimal risk and a low share of investments in crude oil. Looking at results presented in Tables
3 and 4 it is very difficult to assess if significant differences in the share of alternative investments
in portfolios exist due to the stock exchanges examined.

To examine whether there were statistical differences between the shares for investments in gold and
crude oil, a series of Kruskal-Wallis tests were conducted between the subject exchanges. Portfolios with
minimal risk and maximum efficiency were analyzed separately. The table shows the exchanges for
which there was no reason to reject the null hypothesis assuming no differences in the distribution of
calculated shares for the researched investments.

Most of the assessed stock exchanges had different designated shares for the alternative
investments in the optimal portfolios examined. Therefore, despite the strong links between
stock markets indicated on the basis of literature studies, the determination of weights for the
alternative investments studied should be conducted individually for each stock exchange. Certain
relationships that cause the shares of the subject alternative investments to be similar between
stock exchanges are presented below.
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Based on the data presented in Table 5, it can be concluded that the longer the estimation window
then the greater the number of exchanges, with the fewer differences were found in the distribution
of fixed weights for gold and oil. In the case of four-element portfolios, this relationship was very
strong. For portfolios with minimal risk, it can be clearly stated that the longer the estimation window,
the more the differences in the share of investment in gold and investment in oil between individual
exchanges become blurred. With short windows, there were few estimations of such similarities
between the analyzed exchanges or for the shortest estimation window they did not occur at all. For
maximum performance portfolios, this relationship was also observed, but it was no longer as
pronounced as for the minimum risk portfolios, as confirmed by the number of exchanges presented
in Table 5. Furthermore, for maximum efficiency portfolios, there were on average four times as many
exchanges for which statistically significant differences were observed for the designated weights
than in the case of portfolios with minimal risk.

A similar relationship also exists for five-element portfolios. In this case, it was also noted that there
were more exchanges for maximum efficiency portfolios for which there were no significant differences in
the determined distribution of investment shares in gold and silver than in the case of portfolios with
minimal risk. For these portfolios, however, the strong relationship between the longer estimation window
and the increasing number of exchanges for which there were no differences in the analyzed distributions
cannot be confirmed. For portfolios with minimal risk, this number is fixed, and the length of the estimation
window has no clear impact on it. However, for portfolios with maximum efficiency, it can be stated that
the longer the estimation window, the more exchanges for which there are no differences in the
distribution of shares for the examined alternative investments, however, the strength of this relationship
is weaker than in the case of the four-element portfolios discussed earlier.

5. Conclusions

Based on the research, it can be concluded that the use of Markowitz’s portfolio theory produces
better investment results than using a naive strategy. At the same time, portfolio theory gives
better results for portfolios with a risk minimization investment objective than for portfolios with
maximum efficiency. Although, also for this second investment goal, it can be stated that portfolio
theory enables obtaining better results than using a naive strategy. In addition, the extension of
investment portfolios to gold or gold and oil allowed for higher efficiency than for portfolios
without alternative investments or for portfolios with oil only. It was also confirmed that, on
average, for all the exchanges examined, the longer the estimation window, the higher the
efficiency of designated portfolios with lower risk.

With reference to the adopted research hypothesis, it cannot be unequivocally answered
whether it is proved. It transpired that the longer the estimation window, the more exchanges
have similar shares in investments in gold or investments in oil. For shorter windows, the estima-
tions of similarities in the shares of these alternative investments are declining. The research also
shows that the construction of portfolios with maximum efficiency causes an increase in the
number of exchanges for which the shares of investments in gold or oil will be devoid of
statistically significant differences. On the other hand, the design of portfolios with minimal risk
limits the occurrence of similarities in the distribution of investment shares in gold and oil between
the exchanges examined. Designation of portfolios with maximum efficiency will, therefore, result
in alternative investment shares being closer to each other regardless of the exchange concerned.
Additionally, the determination of portfolios with minimal risk leads to statistically significant
differences in the designated shares for the analyzed investments in gold and oil. The effects
described above were stronger for four-element portfolios than for five-element portfolios.

Despite the strong connection between capital markets, the research indicates that in the construc-
tion of the investment portfolio between various national stock exchanges there are significantly
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statistical differences for the shares of such investments as gold or oil. An investor from the German
stock exchange should set a gold share at a different level than an investor from Polish, Portugese and
French exchanges. What is also surprising is the fact that the alternative investments examined
constitute a significant part of the designated investment portfolios. An investment in gold accounts
for four-element portfolios with a minimum risk of over 60% of its value. Oil investment in the same
portfolios has an average share of 28%. In the case of portfolios with maximum efficiency, the share of
investments in crude oil is about 48% and 43% for investments in gold. Similar relationships, i.e.
a greater share of gold in portfolios with minimal risk and smaller share of oil, also occur in portfolios
with maximum efficiency in five-element portfolios. Such results indicate that shares of alternative
investments can be the main part of an investment portfolio not only the supplement of it. What is
more, so high weights of alternative investments point that those investments have better investment
characteristics (rate of return, risk) than analyzed in this article traditional investment. These high

shares can be the basis for further research.
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ANNEX A

Table 1. Characteristics of data sources

No.

Stock Exchange/
Investment

Source of data

Names of companies
analyzed

Vienna Stock Exchange

https://www.wienerborse.
at/en/

ERSTE GROUP BANK AG,
OMV AG, VERBUND AG KAT.
A, RAIFFEISEN BANK
INTERNAT. AG,
VOESTALPINE AG,
WIENERBERGER AG,
ANDRITZ AG, IMMOFINANZ
AG, CA IMMOBILIEN
ANLAGEN AG, PORR AG,
OESTERREICHISCHE POST
AG, LENZING AG, UNIQA
INSURANCE GROUP AG,

S IMMO AG, TELEKOM
AUSTRIA AG, VIENNA
INSURANCE GROUP AG,
SCHOELLER-BLECKMANN
OILFIELD EQUIPMENT AG,
DO & CO
AKTIENGESELLSCHAFT,
AT&S AUSTRIA TECH.
&SYSTEMTECH., FACC AG

Euronext Brussels

https://live.euronext.com/
en/

AB INBEV, ACKERMANS V.
HAAREN, AGEAS, APERAM,
ARGENX SE, BARCO,
COFINIMMO, COLRUYT,
GALAPAGOS, GBL, ING
GROEP N.V., KBC, ONTEX
GROUP, PROXIMUS, SOFINA,
SOLVAY, TELENET GROUP,
UCB, UMICORE, WDP

Euronext Paris

https://live.euronext.com/
en/

AIR LIQUIDE, AIRBUS, AXA,
BNP PARIBAS ACT.A,
DANONE, DASSAULT
SYSTEMES, ENGIE,
ESSILORLUXOTTICA,
KERING, L'OREAL, LVMH,
MICHELIN, ORANGE,
PERNOD RICARD, SAFRAN,
SANOFI, SCHNEIDER
ELECTRIC, TOTAL, VINCI,
VIVENDI

Borse Frankfurt

https://www.boerse-
frankfurt.de

SAP SE, ALLIANZ SE,
SIEMENS AG, VOLKSWAGEN
AG VZ, DEUTSCHE TELEKOM
AG, BAYER AG, BASF SE,
ADIDAS AG, DAIMLER AG,
BMW AG ST, HENKEL AG &
CO. KGAA VZ, DEUTSCHE
POST AG, MUNCHENER
RUCK AG, BEIERSDORF
AKTIENGESELLSCHAFT,
DEUTSCHE BORSE AG,
CONTINENTAL AG,
FRESENIUS SE & CO. KGAA,
VONOVIA SE, INFINEON

TECHNOLOGIES AG, E.ON SE

(Continued)
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Table 1. (Continued)

No.

Stock Exchange/
Investment

Source of data

Names of companies
analyzed

Oslo Bers

https://www.oslobors.no/
ob_eng

EQUINOR, TELENOR, DNB,
YARA INTERNATIONAL,
MOWI, AKER BP,
GJENSIDIGE FORSIKRING,
ORKLA, NORSK HYDRO,
SALMAR, AKER, TOMRA
SYSTEMS, LER@Y SEAFOOD
GROUP, SUBSEA 7,
SCHIBSTED SER. A, TGS-
NOPEC GEOPHYSICAL
COMPANY, STOREBRAND,
BAKKAFROST, DNO, BW
OFFSHORE LIMITED

Copenhagen Stock
Exchange

http://www.nasdagomxnor
dic.com

AMBU, CARLSBERG B, CHR.
HANSEN HOLDING,
COLOPLAST B, DANSKE
BANK, DEMANT, DSV,
GENMAB, GN STORE NORD,
1SS, JYSKE BANK,
LUNDBECK, A.P. M@LLER—
M/RSK B, NOVO NORDISK
B, NOVOZYMES B,
PANDORA, ROYAL
UNIBREW, SIMCORP, TRYG,
VESTAS WIND SYSTEMS

Helsinki Stock Exchange

http://www.nasdagomxnor
dic.com

ELISA OYJ, FORTUM OYJ,
HUHTAMAKI OVJ,
KONECRANES OYJ, KEMIRA
OYJ, KESKO OYJ B, KONE
OYJ, METSO OYJ, NORDEA
BANK ABP, NESTE OVJ,
NOKIA OYJ, ORION OVJ B,
OUTOKUMPU OVJ, SAMPO
OYJ A, STORA ENSO OYJ R,
TELIA COMPANY, NOKIAN
RENKAAT OYJ, UPM-
KYMMENE OVJ, VALMET
OYJ, WARTSILA OYJ ABP

Stockholm Stock Exchange

http://www.nasdagomxnor
dic.com

ABB LTD, ALFA LAVAL,
AUTOLIV SDB, ASSA ABLOY
B, ATLAS COPCO A, ATLAS
COPCO B, ASTRAZENECA,
ERICSSON B, HEXAGON B,
HENNES & MAURITZ B,
INVESTOR B, NORDEA BANK
ABP, SANDVIK, SCA B, SEB
A, SKF B, SWEDBANK A,
TELE2 B, TELIA COMPANY,
VOLVO B

Euronext Lisbon

https://live.euronext.com/
en/

ALTRI SGPS, B.COM.
PORTUGUES, CORTICEIRA
AMORIM, CTT CORREIOS
PORT, EDP, EDP
RENOVAVEIS, GALP
ENERGIA-NOM, J.MARTINS,
SGPS, MOTA ENGIL, NOS,
SGPS, PHAROL, RAMADA,
REN, SEMAPA, SONAE,
SONAE CAPITAL, THE
NAVIGATOR COMP,
SONAECOM,SGPS,
NOVABASE,SGPS, BENFICA

(Continued)
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No. Stock Exchange/ Source of data Names of companies
Investment analyzed
10 Warsaw Stock Exchange http://infostrefa.com/ ALIOR, CCC, CDPROJEKT,

CYFRPLSAT, ENERGA,
EUROCASH, JSW, KGHM,
LOTOS, LPP, MBANK,
ORANGEPL, PEKAO, PGE,
PGNIG, PKNORLEN, PKOBP,
PZU, SANPL, TAURONPE

11 Gold http://www.lbma.org.uk/ X

12 Crude oil https://www.opec.org/ X

Source: Own calculations.
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