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Investing in wine, precious metals and G-7 stock markets — a co-occurrence analysis for

price bubbles

Abstract:

This paper used the GSADF test to determine the periods defined in this paper as price bubbles
in the three markets studied, i.e. the investment wine market, precious metal market and national
stock market indices of G-7 countries. The results obtained enabled the calculation of the values
of the phi correlation coefficients, which served the research objective of assessing the co-
occurrence of price bubbles in the markets analysed. The research period adopted in the study

was December 2003 to March 2022, and the data were examined at a monthly frequency.

Based on the results, it was concluded that the periods of price bubbles in the investment wine
market, relative to the other investments studied, are long and amount to a maximum of 50%
of the time studied. Price bubble periods for investments in the DAX index and the Rhone 100
index or the Rest of the World 60 index will lower the risk of an investment portfolio in times
of greatest turbulence in these markets. In addition, the co-occurrence of price bubbles was not
confirmed for the S&P500 index and the Bordeaux Legends 40 investment. Moreover, no co-
occurrence of price bubbles was identified between investments in most of the wine indices
studied and investments in silver and gold. However, the same phenomenon was not confirmed

for platinum investments.
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1. Introduction

Investments in the wine market are becoming increasingly popular among both individual and
institutional investors (Le Fur et al., 2014). With the development of the London Liv-ex
exchange or the expansion of auction houses' offers of various types of liquor, access to such
investments is easy and attainable for numerous investors (Czupryna & Oleksy, 2018). Hence
the growing number of academic studies devoted to investing in this market, e.g. (Potrykus,
2015a), or the impact of these investments on investment portfolio characteristics such as risk

or rate of return (Masset & Henderson, 2018; Masset & Weisskopf, 2018; Potrykus, 2015b).
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Despite the growing number of scientific studies devoted to the issue of investing in the wine
market, or the broader issue of investing in emotional assets, there is a need to investigate
whether the wine investment market is susceptible to the occurrence of periods that are referred
to in the literature as price bubbles. This is because, as has been shown in previous studies, the
occurrence of a price bubble in any market leads mainly to negative phenomena, from smaller
ones such as negative welfare effect (Su et al., 2020) to larger ones such as a systemic financial
crisis (Brunnermeier et al., 2020). And although it should be assumed that the formation and
bursting of price bubbles in the investment wine market should not lead to the serious
macroeconomic consequences mentioned by Brunnermeier et al., (2020) it is still a noteworthy
problem due to the negative welfare effect. It is also important to address how the potential
occurrence of price bubbles will be related to the occurrence of the same periods in equity
markets or other alternative investments selected. This is a problem related to the issue of
investment portfolio diversification in times of extreme turbulence in the broader investment
markets. Therefore, the determination of whether there are periods of price bubbles in the
investment wine market, in the same periods as in the major equity markets, will demonstrate
the relevance of investing in wines in reducing investment risk, according to the Modern

Portfolio Theory (Markowitz, 1952).

It is necessary to answer whether wine investments can act mainly as a hedge, not as a safe
haven, based on the fact that periods defined as price bubbles in capital markets and wine
markets occur at the same moment. The ability of wine investments to serve as an effective
hedge against capital market movements, in general, is proven in (Bouri, 2015). Bouri also
agrees that wine investment cannot serve as a safe haven, thus, through wine investment, an
investor cannot reduce risk during extreme market shocks. The last cited author also agrees that
his conclusions are aligned with the work of (Bouri, 2014; Sanning et al., 2008). The ability of
wine investment to serve as a hedge, and the lack of safe haven properties are also given in

(Jureviciené & Jakavonyté, 2015; Let & Siemaszkiewicz, 2020).

Such a relation between wine prices and stock market returns, which is a base for the research
questions formulated in this paper, has its theoretical background in the fact that stock market
returns are correlated with wine demand and wine prices (Eyler & Sims, 1999). It was stated in
previous studies (Dimson et al., 2015) that high rates of return in stock markets create a wealth
effect and increase wine investment demand and wine prices, and even investments in the wine
industry sector (Overton & Banks, 2015). Such a mechanism of how the wealth effect from

equities impacts the wine market is presented, for example, in (Jiao, 2017). It can be assumed
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then that price bubbles on stock markets can be a source of price bubbles in the wine investment

market. The analysis prepared below should answer whether such an assumption is true.

In the subsequent sections of this study, a literature survey was conducted and research
questions resulting from the research gap adopted were posed. In the next step, the data used
for the study were characterised and the methodology used to test the occurrence of price
bubbles, along with assessing their co-occurrence between the markets analysed, was described.
Section four describes the results of the study. In section five, the results obtained were

discussed and summarised.
2. Literature review

The issue of detecting price bubbles is widely covered in scientific studies. However, most of
the scientific publications in this field in recent years refer mainly to raw materials (Potrykus,
2023), including in particular oil (Ajmi et al., 2021; Balcilar et al., 2014; Fantazzini, 2016; Khan
et al., 2022; Khan, Su, Umar, et al., 2021; Oladosu, 2022; Sharma & Escobari, 2018; D. Zhang
et al., 2018; Y. J. Zhang & Yao, 2016), natural gas (Khan et al., 2022; Li et al., 2020; Sharma
& Escobari, 2018; D. Zhang et al., 2018) or gold (Biatkowski et al., 2015; Lucey & O’Connor,
2013; Ozgur et al., 2021; Pan, 2018). Few works have been devoted to studying the occurrence
of price bubbles in the markets for corn and soybeans (Addmmer & Bohl, 2015; Mao et al.,
2021), iron ore (Su et al., 2017), copper (Su et al., 2020) or diamonds (Potrykus, 2022). With
few exceptions (Addmmer & Bohl, 2015; Balcilar et al., 2014; Biatkowski et al., 2015; Lucey
& O’Connor, 2013; Y. J. Zhang & Yao, 2016), the GSADF test is the main research method

practically in each of the referenced studies.

Such a dominant position of the GSADF test as a research method has not been observed in
studies on capital markets that address the issue of the occurrence of price bubbles in these
markets. For example, the study by (WU, 2013), which was devoted to the capital markets of
G-7 countries, showed the non-existence of price bubbles in the Canadian and Japanese
markets. The threshold cointegration test was used as a research method (Enders & Siklos,
2001). The research period adopted in this study is between January 1980 and July 2008, and
monthly data were used to determine the models. In addition to the quotations of the indices,

the study also considers dividends.

However, another study (Ye et al., 2011) addressing the incidence of price bubbles in the stock

markets of G-7 countries used the Fourier unit root test and the nonparametric rank test for
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cointegration. The research period adopted in the study was set from January 2000 to June 2009,
with a monthly frequency. As in the previously cited work, in addition to the index quotations,
the study also included dividends. Using the Fourier unit root test, the authors demonstrated the
absence of price bubbles in the stock market in Canada, France, Italy and the UK. The remaining
three countries were examined using another research approach (nonparametric rank test for
cointegration) and no bubbles were confirmed for these countries either. The final conclusion
in this work is that the existence of price bubbles has not been confirmed for any of G-7

countries.

Different results to those presented above can be found in the study by (Chang & Xu, 2012).
That work confirms the existence of price bubbles for six of the seven countries studied, with
the exception of Canada. Importantly, the research period adopted in this work is identical to
that used in the earlier study, i.e. from January 2000 to June 2009. This result, confirming the
existence of price bubbles in these markets, is evidenced by the use of a different research
approach than in earlier works based on the ADL test for threshold cointegration. The study

also used monthly frequency data.

Despite the literature review, the author of this article did not manage to find more works in
which all the capital markets of G-7 countries are tested for the existence of price bubbles.
Instead, there are a number of works that are devoted to several countries or only one of them,
and often these are G-7 countries. An example of such a study is the work by (Horvéath et al.,
2022), in which the authors, supported by the results of the GSADF test, demonstrated the
existence of price bubbles in the capital markets of four G-7 countries, i.e. the US, Japan, the
UK and France. In this work, the authors used a novel approach to identify the phases of price
bubbles but used different research periods for the markets studied (the last 12 years were not
studied) and selected those with statistical significance of the results of a=0.1 as points for
further analysis. The occurrence of price bubbles in the Japanese stock market was also
confirmed in the study by (Hu & Oxley, 2018). When analysing quarterly data, the authors
demonstrated the existence of price bubbles in the Japanese stock market in the 1980s. This
study also used the GSADF test to identify price bubbles. The same test was used by the authors
of a subsequent study (Nguyen & Waters, 2022) to confirm the existence of price bubbles in
the US stock market. Impressively, the study analysed the S&P500 index at a monthly
frequency from 1871 to 2020. The existence of price bubbles was confirmed in each research
cross-section used due to the occurrence of the Spanish Flu of 1917 and the housing bubble

around 2008. An almost identical conclusion can be drawn in the context of the Dotcom bubble.
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The final conclusion confirming the existence of price bubbles in the US stock market was also

reached by (Harvey et al., 2017; Lee & Phillips, 2016; Phillips et al., 2015).

Based on the literature review, few works on the issue of price bubbles in the investment wine
market were also found. The first work that examines the occurrence of price bubbles in the
wine market is the study by (Jovanovic, 2013). The final conclusion of this work is that there
are price bubbles in the market of high-end Bordeaux wines. The rise in the storage-to-
consumption ratio was cited as a phenomenon accompanying the price bubble formation. An
example of another study is also (Czupryna & Oleksy, 2015), in which the authors analyse one
index from the investment wine market - the Liv-ex 50 index. The study was conducted on the
basis of monthly data from 1 December 2001 to 28 February 2015. The study found the
existence of two price bubbles in 2006-2008 and 2010-2011. Among the reasons for price
bubbles in the wine market, the authors point to increased demand from Chinese investors.
Further, the study by (Su & Li, 2020) identified the occurrence of four periods of price bubbles
in the wine market. This work also focuses on one index representing the investment wine
market — the Liv-ex Fine Wine Investables index. The temporal scope of the analysis covers
the period from January 1988 to December 2017. The authors of that work also emphasise that
the issue of price bubbles in the investment wine market is a topic that has not received much
attention from researchers, which was also one of the reasons why that research topic was

undertaken.

In light of the literature review conducted, the following research gap was established: Analysis
of the investment wine market in the context of the occurrence of Multiple Price Bubbles
(MPBs) and their possible co-occurrence with the precious metal and capital markets of G-7
countries. This is because, as shown based on the literature review, no study has been found
that is devoted to studying the occurrence of price bubble periods in the investment wine market
and their connection to capital markets. In addition, it has been shown that any work addressing
bubbles in the investment wine market has focused on single indices and periods of analysis
that do not include data for the past five years. The objectives of the analysis were subordinated
to the research gap thus outlined and were defined as follows. First, it was determined whether
the markets under study have periods of MPB, that is periods when the market value is different
from the fundamental value. The definition of a price bubble as a failure to link the market
value of an asset to its fundamental value is derived from the rational bubble theory (Diba &
Grossman, 1988) and that is the definition that was adopted in the following study. Although

Diba and Grossman's (1988) study concerned capital market investments, the definition adopted
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was also generalised for other asset classes in subsequent studies (Pan, 2018; Pindyck, 1993).
Second, it was determined whether MBP co-occurrence periods could be said to exist for the
investments under study, along with the assessment of the strength and statistical significance
of such a relationship. Third, a comparison was made in terms of the duration of the MBP
periods. Objectives defined in this way will enable the following resulting research questions

to be answered:

RQI: Are there periods of price bubbles in the investment wine market, represented by leading

indices?

RQ2: How can the price bubbles occurring in the investment wine markets be characterised in

terms of duration relative to the other investments analysed?

RQ3: Are there any correlations between indices representing different cross-sections of
investment wines and the G-7 national capital markets indices regarding the co-occurrence of

price bubbles?

RQ4: Are there any correlations between indices representing different cross-sections of

investment wines and investments in precious metals regarding the co-occurrence of price

bubbles?

Knowing the answers to these questions is important for investors who place their funds in these
markets. Based on the results of the analysis below, investment portfolio managers and financial
analysts will be able to assess whether investments in investment wines are valuable in terms
of diversification of the investment portfolio when price bubble periods occur in the analysed
markets. The characterisation of the price bubble periods occurring in the investment wine
market will also make it possible to assess whether the inclusion of these investments in an
investment portfolio contributes to the reduction of investment risk. From a scientific point of
view, the following study makes a theoretical contribution in the context of the possible co-

occurrence of price bubbles in the analysed markets.
3. Data and methodology

For the study, data for nine wine investments, three precious metal investments and seven major
indices for stock markets from G-7 countries was used. Data for wine investments was taken
from the Liv-ex stock exchange website, for commodities investments - from the World Bank

website, and for the stock indices - from investing.com. The exact names of the indices are
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shown in Table 1 in the next section of the study. The selection of these investments was
determined by the research questions. It should be noted here that in the case of investment
wines, the Liv-ex exchange, the data of which was used, publishes the widest range of indices
in this area that reflect investor sentiment. On the other hand, investments in precious metals
were chosen due to their popularity as a safe haven (Baur & Lucey, 2010; Baur & McDermott,
2010) during periods of financial turmoil, which will provide an opportunity to compare wine
investments with another, more recognised category of alternative investments. Moreover, in
the context of being able to make a comparison between wine investments and other forms of
investments, the focus was on the capital markets of G-7 countries, which represent the most

developed capital markets and are the main form of traditional investment.

The research period adopted in the study results from the availability of data used for the
analysis, obtained from the Liv-ex exchange, and covers the period from December 2003 to
March 2022. The analysis used monthly data. Again, this was affected by the availability of
data from the Liv-ex exchange, with 220 monthly observations being available for each of the
nineteen investments. The length of the time series is important in setting the parameters for
the Generalized Supremum Augmented Dickey-Fuller (GSADF) test, which was used to assess

the occurrence as well as determine the beginning and end of periods called price bubbles.

The GSADF test (Phillips et al., 2015) is a modified version of the SADF test (Phillips et al.,
2011), which in turn is derived from a test that examines the stationarity of the ADF time series
(Dickey & Fuller, 1979). As the study shows, the GSADF test is currently the best form of
testing the occurrence of price bubbles because its design considers the moving end window of
the test but also different values for determining the beginning of the test window, as
highlighted in the study by (Caspi, 2017). In addition, the GSADF test has the advantage over
its predecessors in that it does not lose its power when the time series consists of multiple
observations and there is more than one price bubble (Khan, Su, & Rehman, 2021). These
features are important in the context of the length of the research period (220 observations)

assumed in this study.

The process of testing the occurrence of price bubbles (GSADF test) and their determination

over time (BSADF test) can be expressed by the following formulas (Phillips et al., 2015):

GSADF (1) = sup ADE*

12€[19,1],11€[0,15 7]
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BSADF, (ry) = sup ADF.?

r1€[0,r5—19]
Where:
ro — minimum length of the test window,
1 — start of the test window,
12 - end of the test window,
ADF - the value of the statistic for a "standard" ADF test.

After determining the periods of price bubbles, the analysis of their co-occurrence was carried
out for those investments for which their occurrence was confirmed. A value of one was
assigned for all those months classified as price bubble periods and a value of zero for the
remaining months. The phi correlation coefficient was calculated for the variables determined
in this way. It was decided to use this measure to assess co-dependence since it is optimal for
two dichotomous variables (Akoglu, 2018). The phi coefficient ranges from —1 to +1, with
negative numbers representing negative relationships, zero representing no relationship, and
positive numbers representing positive relationships (Allen, 2017). In addition to calculating
the value of the phi coefficient, the statistical significance of the relationships was also

evaluated.
4. Research results

Based on the study and the results of the GSADF test, the existence of numerous price bubbles
was identified in all indices that represent investments in investment wines and precious metals.
For the major stock indices, that existence was confirmed for the US, Germany and Italy. The
significance of the result obtained for these exchanges was 1%, 5% and 10% respectively, while
the statistical significance of 1% was obtained for all indices representing the investment wine
market. Table 1 shows the detailed results of the study, along with the critical values obtained

using Monte Carlo simulations, with the number of repetitions being ten thousand.

Table 1 Results of the study — occurrence of multiple price bubbles

No. | Variable ADF | SADF | GSADF | Comment (base: GSADF
test)

1 Critical value sig. level 90 -0.45 | 1.09 | 1.85

2 Critical value sig. level 95 -0.08 | 1.38 | 211
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3 Critical value sig. level 99 0.59 | 1.93 |266

4 Bordeaux 500 -0.81 | 856 |8.56 Rejects HO at 1%
significance level (***)

5 Bordeaux Legends 40 -1.17 | 7.00 | 7.00 Rejects HO at 1%
significance level (***)

6 Burgundy 150 5.05 5.8 6.74 Rejects HO at 1%
significance level (***)

7 Champagne 50 6.40 6.4 8.81 Rejects HO at 1%
significance level (***)

8 Italy 100 260 |26 5.48 Rejects HO at 1%
significance level (***)

9 Liv ex Fine Wine 100 -0.71 1998 |9.98 Rejects HO at 1%
significance level (***)

10 Liv ex Fine Wine 1000 -1.47 | 8.69 | 8.69 Rejects HO at 1%
significance level (***)

11 Rest of the World 60 225 225 |4.79 Rejects HO at 1%
significance level (***)

12 Rhone 100 1.13 1.35 |3.99 Rejects HO at 1%
significance level (***)

13 Gold -0.75 436 |4.36 Rejects HO at 1%
significance level (***)

14 Platinum -1.92 298 |3.30 Rejects HO at 1%
significance level (***)

15 Silver -1.81 | 422 |442 Rejects HO at 1%
significance level (***)

16 CAC France -1.08 | 1.01 1.35 Cannot reject HO

17 DAX Germany -0.82 243 |243 Rejects HO at 5%
significance level (**)

18 FTSE 350 United Kingdom |-1.68 | 135 |1.35 Cannot reject HO

19 FTSE Italia -1.40 1092 |2.10 Rejects HO at 10%
significance level (*)

20 Nikkei 225 Japan -0.33 | 0.82 1.71 Cannot reject HO

21 S&P Canada -0.40 | 045 |1.25 Cannot reject HO

22 S&P500 USA 1.79 273 |2.73 Rejects HO at 1%

significance level

Source: Author's own elaboration.

Based on the data in Table 1, it can be concluded that bubbles are not shown to exist for the

four primary stock market indices for G-7 countries. The countries for which the phenomenon

was not confirmed were Canada, France, Japan and the United Kingdom (In Table 1 those

countries are written in bold). Therefore, the indices for these countries and, additionally, the

FTSE index for Italy have been excluded from further analysis due to the low statistical

significance of that result.

The periods diagnosed as bubble periods are shown graphically in Figure 1 below.
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Figure 1 Temporal identification of the detected price bubbles for which the statistical

significance of the result was at least a=0.05.
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Source: Author's own elaboration.

Based on the data presented in Figure 1, it can be concluded that the longest periods of price
bubbles occur for the analysed investments in wine for which it is possible to indicate three
main periods in which almost all the indices were quoted inconsistently with their fundamental
value. Shorter periods of price bubbles were recorded for investments in precious metals, while

the fewest of such periods were diagnosed in quotations of the main price indices for Germany.

In Table 2, to extend the information presented in Figure 1, all periods indicated as price bubbles

were described for each analysed data series.

Table 2. Results of the study — start and end points of each period defined as a price bubble,

with its duration

No. |Index From ... to... (Iength in months)

from Apr-2006 to Oct-2008 (30); from Nov-2010 to Sep-2011 (10);
from Jul-2016 to Oct-2018 (27); from Mar-2020 to Apr-2020 (1);

1 | Bordeaux 500 | from Aug-2021 to ongoing (8);

from Apr-2006 to Sep-2008 (29); from Oct-2010 to Jul-2011 (9);
Bordeaux | from Jul-2016 to May-2017 (10); from Jun-2017 to Apr-2018 (10);
2 Legends 40 | from May-2018 to Jan-2019 (8); from Jan-2022 to ongoing (3);
from Aug-2006 to Mar-2009 (31); from Apr-2009 to May-2009 (1);
from Jan-2011 to Jul-2012 (18); from Jul-2016 to Feb-2020 (43);

3 | Burgundy 150 | from Jun-2021 to ongoing (10);
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from May-2006 to Jun-2006 (1); from Oct-2006 to Feb-2007 (4);
from Mar-2007 to Dec-2008 (21); from Sep-2016 to May-2019 (32);
Champagne | from Aug-2019 to Nov-2019 (3); from Sep-2020 to Oct-2020 (1);
4 50 from Nov-2020 to Dec-2020 (1); from Jan-2021 to ongoing (15);
from Jan-2008 to Dec-2008 (11); from Apr-2009 to Jun-2009 (2);
from Sep-2009 to Jan-2010 (4); from Aug-2013 to Oct-2013 (2);
from Aug-2016 to Jan-2018 (17); from Feb-2018 to Mar-2018 (1);
5 Italy 100 from Aug-2021 to ongoing (8);
Liv-ex Fine | from Apr-2006 to Sep-2008 (29); from Dec-2010 to Jul-2011 (7);
6 Wine 100 | from Jul-2016 to Jan-2018 (18); from Apr-2021 to ongoing (12);
Liv-ex Fine |from Apr-2006 to Oct-2008 (30); from Sep-2010 to Sep-2011 (12);
7 Wine 1000 | from Jun-2016 to Nov-2019 (41); from May-2021 to Feb-2022 (9);
from Apr-2007 to Jun-2007 (2); from Jan-2008 to May-2008 (4);
from Jun-2008 to Jul-2008 (1); from Sep-2008 to Nov-2008 (2);
Rest of the | from Dec-2008 to Mar-2009 (3); from May-2009 to Jun-2009 (1);
8 World 60 | from Sep-2016 to Jan-2019 (28); from Oct-2021 to ongoing (6);
from Oct-2006 to Nov-2006 (1); from Jan-2008 to Jul-2008 (6);
from Aug-2008 to Sep-2008 (1); from Feb-2009 to Mar-2009 (1);
from Apr-2009 to May-2009 (1); from Feb-2010 to Mar-2010 (1);
from Jun-2011 to Jul-2011 (1); from Mar-2017 to Jul-2017 (4);
9 Rhone 100 | from Jul-2021 to ongoing (9);
from Apr-2006 to Jun-2006 (2); from Jul-2006 to Aug-2006 (1);
from Nov-2007 to Dec-2007 (1); from Jan-2008 to May-2008 (4);
from Oct-2010 to Jan-2011 (3); from Mar-2011 to Dec-2011 (9);
from Feb-2012 to Mar-2012 (1); from May-2020 to Jun-2020 (1);
10 Gold from Jul-2020 to Nov-2020 (4);
11 Platinum from Apr-2006 to Sep-2006 (5); from Jan-2008 to Jul-2008 (6);
from Apr-2006 to Jun-2006 (2); from Mar-2008 to Apr-2008 (1);
from Dec-2010 to Jun-2011 (6); from Jul-2011 to Sep-2011 (2);
12 Silver from Aug-2020 to Sep-2020 (1);
DAX
13 Germany | from Apr-2006 to Jun-2006 (2); from Oct-2006 to Nov-2007 (13);
from Jan-2007 to Feb-2007 (1); from Apr-2007 to Jun-2007 (2);
from Oct-2008 to Mar-2009 (5); from Jan-2018 to Feb-2018 (1);
from Aug-2018 to Oct-2018 (2); from Dec-2020 to Jan-2021 (1);
14 | S&P500 USA | from Feb-2021 to (14);

Source: Author's own elaboration.

Table 2 presents all periods which were detected as price bubbles, based on the GSADF test.
Each price-bubble period is described by its start and end points. In parentheses, the duration
for each particular price bubble is given. The duration is given in months since monthly data
were analysed. If the detected price-bubble period was not finished on the end day of the
analysis, then the last price bubble has the description “ongoing”. It should be emphasised that
the data from Table 2 are a base for the co-occurrence analysis prepared below. The basic

descriptive statistics, i.e., the total value of the months identified as periods of price bubbles,

along with their percentage shares in the study period, are shown in Table 3.

Table 3 Characteristics of periods defined as price bubbles
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Total length of Percentage of Longest
all periods price bubble Number of all duration of a
No. Index defined as price | periodsinthe | periods defined single price
bubbles length of the | as price bubbles bubble
[months] period studied [months]
1| Bordeaux 500 80 36.4% 5 30
2 | Bordeaux Legends 40 74 33.6% 6 29
3| Burgundy 150 107 48.6% 5 43
4 | Champagne 50 85 38.6% 8 32
5] Italy 100 51 23.2% 7 17
6 | Liv-ex Fine Wine 100 69 31.4% 4 29
7 | Liv-ex Fine Wine 1000 96 43.6% 4 41
8 | Rest of the World 60 54 24.5% 8 28
9| Rhone 100 33 15.0% 9 9
10| Gold 35 15.9% 9 9
11| Platinum 13 5.9% 2 6
12| Silver 17 7.7% 5 6
13 | DAX (Germany) 17 7.7% 2 13
14| S&P500 (USA) 32 14,5% 7 14

Source: Author's own elaboration.

The data constitute the basis of the conclusion that periods of price bubbles occur more
frequently and last longer on average in the investment wine market than in the other markets
under analysis. Among wine investments, the smallest percentage of price bubble periods
during the study was observed in the case of the Rhone 100 index, which was also found to
have the highest number of such periods. This investment is thus characterised by frequent yet
short periods of price bubbles. With regard to the percentage duration of the periods analysed,
the Rhone 100 index exhibits similar characteristics to gold investments and the S&P 500 index.
Furthermore, the data support the conclusion that investments in raw materials are characterised

by much shorter periods of price bubbles than investments in the investment wine market.

In the subsequent stage, the co-occurrence of price bubbles in the analysed markets was
examined by means of the calculated values of the phi coefficients. The results of this study,
along with their statistical significance, are given in Table 4 (if the result is not statistically
significant it is given in bold). The data presented in Table 4 allow assessing whether the

markets studied are linked in terms of the co-occurrence of price bubbles.

Table 4. The value of the phi coefficient of the analysed data series for which price bubbles

were found.
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Variable

Liv-ex Fine Wine 1

100

Liv-ex Fine Wine 0.73 1

1000 (***)

Bordeaux 500 ((153) (E)kf f ) 1

Bordeaux Legends | 0.76 | 0.79 | 0.86 1

40 (%) | (%) | (***)
0.56 | 0.72 | 0.66 | 0.6

Burgundy 150 (FF%) | (%) | (F**) | (***) 1
0.57 | 0.69 | 0.62 | 0.58 | 0.61

Champagne 50 (%) | (FH) | (F%5) | (F2%) | ($*%) 1
0.46 | 0.30 | 0.37 | 0.27 | 0.38 | 0.32

Rhone 100 (%) | (H) | (R | (RRF) | (0F%) | (***) 1

N o A A EA L P

Rest of the World | 0.39 | 0.48 | 0.53 | 0.56 | 0.56 | 0.61 | 0.41 | 0.64

Gold ((1*23) (233) ((1*2:1) (E)kff) 0.10 (-0.04| 0.06 [-0.09|-0.10| 1

. 0.28 | 0.26 | 0.31 | 0.26 0.62

Silver (kxk) | (Rrn) | (ran) | (exk) 0.09 |-0.05| 0.07 |-0.08 | -0.09 (k%%) 1

. 0.37 | 0.28 | 0.33 | 0.35 0.16 | 0.27 | 0.18 | 0.17 | 0.42 | 0.29

Platinum (FF%) | (%) | (F**) | ($**) 0.10 (F%) | (%) | (%) | (2%) | (2**) | (***) 1
0.43|10.33|0.38|0.41|0.20| 0.33 -0.16 0.14

DAX (Germany) (rwk) | (ern) | (o) | prny [ (ony | en) -0.03 () -0.05| 0.06 | 0.11 (%) 1
0.22 | 0.18 | 0.20 0.27 | 0.44 | 0.22 | 0.17 | 0.36 |-0.18|-0.12| - |0.12

S&P500 (USA) (%) | (%) | (***) 0.06 () | (%) | (%) | (%%) | (***) | (***)| (*) [0.10] (*) 1

Source: Author's own elaboration.

Based on the data presented in Table 4, the co-occurrence of price bubbles for the S&P 500 and

Bordeaux Legends 40 indices cannot be confirmed. By combining these two investments in an

investment portfolio, the risk will be reduced during periods of investment market turmoil and

such a portfolio will be protected from extreme changes in rates of return. A similar effect can

be achieved by linking the S&P 500 index to silver, platinum or the German DAX index.

The same pattern of the absence of co-occurrence of price bubbles was also observed for the

DAX index against the Rhone 100 and Rest of the World 60 indices. The combination of these

two investments from the wine market and the DAX index will result in a decrease in the

variance of the rate of return of such an investment portfolio during financial market crises.
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This consistency in relation to the DAX index was also confirmed for gold and silver

investments.

With regard to the Burgundy 150 index, the lack of co-occurrence of price bubbles was
observed between this index and all the raw materials analysed in this paper, i.e. gold, silver
and platinum. Similar properties in relation to gold and silver were found for the Champagne
50, Rhone 100, Italy 100, Rest of the World 60 indices. This means that investments in raw
materials, combined with the indices representing the investment wine market, are desirable
elements of an investment portfolio ensuring that investment risk is minimised. In the case of
other investment pairs under study, a positive and statistically significant phi coefficient was
recorded, suggesting that price bubbles defined in this paper appear in such markets during the
same periods. Thus, it is not advisable to combine these investments in a portfolio to minimise

investment risk as measured, for example, by the standard deviation of the rate of return.
S. Discussion and Conclusions

The analysis undertaken showed that the investment wine market is characterised by periods in
which its estimated value deviates from its fundamental value. Moreover, the determined
periods of price bubbles in the investment wine market are longer than in the case of other
investments studied. Apart from the Rhone 100 index, the examined investment wine indices
were distinguished by the occurrence of periods of price bubbles for a minimum of 20% of the
studied time. The highest time percentage of nearly 50%, in which the periods of price bubbles
occurred, was observed for Burgundy 150 and Liv-ex Fine Wine 1000. Such long periods of
price bubbles as those found in the investment wine market, during which the market value
deviates from the fundamental value, should be linked to the fact that wine investments are
emotional investments. According to the papers by (Fernandez-Perez et al., 2019; Masset et al.,
2021), it is the emotional aspect of the investments that leads to more frequent periods of price
bubbles compared to capital markets. After all, the emotions associated with investing in
collectibles, which include investment wines, lead to irrational behaviour that causes the market
value of the investment to deviate from its fundamental value over a long period of time.
Moreover, the failure of wine investments to generate regular dividends leads to a more frequent
occurrence of price bubble periods in that market (Masset et al., 2021). What further reinforces
periods of price bubbles in the investment wine market is the increased interest of investors
from China and broader emerging markets (Czupryna & Oleksy, 2015; Su & Li, 2020). In the

context of increasing inflationary pressure in the global economy from 2022 onwards, a
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continuation of price bubbles in the investment wine markets, or tangible investments in
general, is to be expected. Due to the occurrence of long price bubble periods in the analysed
market and the likelihood that this trend will continue, the following recommendation can be
made to limit the phenomenon. One way to reduce the length and frequency of price bubbles,
as reported by (Dimson et al., 2015), would be to develop a short sale in the investment wine

market.

Interestingly, for investments in raw materials, which also belong to the alternative investment
market, the occurrence of long periods of price bubbles has not been confirmed. The author of
this study associates this situation with the fact that investments in precious metal are not
included in the group of emotional investments. In addition, (Fernandez-Perez et al., 2019) also
note that wine investments are prone to the occurrence of price bubbles due to low market
liquidity, high transaction costs and information asymmetry, as well as that these characteristics

are not relevant in the precious metal market, similarly to the capital markets.

This study also supports the conclusion that ambiguous results were observed for wine
investments and the G-7 national stock market indices. Firstly, in the case of stock market
indices from countries such as Canada, France, Japan, the UK and Italy, the occurrence of price
bubbles was not recorded for the selected methodology. Therefore, it is not possible to speak
of strength and direction with regard to the co-occurrence of price bubbles in those markets and
the analysed investment wine indices. The price bubble periods confirmed to exist in the
German and the US stock exchange were not found to coincide with identical periods for the
Rhone 100 and Rest of the World 60 indices in the case of the DAX stock exchange, as well as
the Bordeaux Legends 40 and S&P500 indices. For those pairs, the calculated co-occurrence
measure was statistically insignificant, indicating that there was no correlation between the
existence of price bubble periods in those markets. This is a valuable finding for investors,
which emphasises the opportunity to diversify a traditional portfolio consisting of shares of
companies listed on the said stock exchanges and the wine investments. The advantages of
investment portfolio diversification through wine investments are mentioned, for example, by
(Sanning et al., 2008). However, no such advantages can be found in the combination of the
other wine indices and capital markets in the US and Germany. The phi value was generally
low in the case of other wine market indices, but it was also positive and statistically significant,
which makes those indices insufficient for the effective diversification of the investment

portfolio in times of market turmoil. On that basis, therefore, it cannot be concluded that every
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wine investment hedges an investment portfolio during periods of capital market turbulence,

which has not been emphasised in academic research to date.

Similarly, inconclusive findings with regard to the co-occurrence of price bubbles were noted
for the investments in the wines under study and the investments in the analysed precious
metals. The absence of statistically significant relationship was observed in the case of platinum
investments, but only when compared to the Burgundy 150 index. This is a surprising
conclusion, given the fact that the periods of price bubbles in the platinum market were among
the shortest and least frequent in the study. The fact that the platinum market has little exposure
to periods of price bubbles was also discussed in the study by (Wahab & Adewuyi, 2021).

With regard to investment in gold and silver, the lack of any link between price bubble periods
was demonstrated for the Burgundy 150, Champagne 50, Rhone 100, Italy 100 and Rest of the
World 60 indices. Therefore, a combination of those investments in a portfolio will contribute
to its resilience to extreme fluctuations in rates of returns, as they are not characterised by the
occurrence of analysed periods at the same time. The same cannot be said for other indices
under study, namely the Liv-ex Fine Wine 100, Liv-ex Fine Wine 1000, Bordeaux 500 and
Bordeaux Legends 40, since in their case, as well as for gold and silver indices, there is a
statistically significant positive relationship in terms of the co-occurrence of price bubble

periods.

The aforementioned conclusions are undoubtedly crucial for investors, investment portfolio
managers, analysts and broadly-defined stakeholders in the investment wine market. The
presented results provided an answer to the question posed by the aforementioned stakeholder
groups regarding the suitability of wine investment in the diversification of investment
portfolios in times of extreme rates of returns. In subsequent steps, it may be interesting to study
the co-occurrence of price bubbles in other collectible markets (art, old cars, sports cards or
postage stamps) along with wine investment or the stock market indices of the selected
countries. In future research, the source of price bubbles detected in this study should also be
investigated. Moreover, the same analysis should be prepared using a different frequency of

data.
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