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Abstract

The dynamics of price explosivity in the whisky market are crucial for investors seeking
portfolio diversification, particularly during periods of global economic instability. This article
examines thirty-one whisky indices, grouped into three market groups (Market Performance
Indices, Distillery Specific Indices, Collector Specific Indices) in terms of the occurrence of
price explosivity periods and their co-explosivity. We use GSADF test to analyze price

explosivity periods by using weekly data from December 31, 2012 to March 25, 2024. We find

2018. Bowmore, Springbank, Glenfarclas Family Cask, Macallan M18 anpd Magallan M25
show the highest level of price explosivity. We also confirm the str
among studied index groups. However, we find that whisky: not prone to price
explosivity during COVID-19 or the Russian aggression in U markets. This
stability makes the whisky market a valuable source o fication in times of

crisis.
Keywords: Whisky investment, price explosiyi F test, xplosivity

1. Introduction

Over the course of human his mankifd has d ed itself to the production of alcohol and

its related products such as whi ol market, investment in whisky has entered

the category of alternative inves

[

recent years, the demand for whisky has increased

PThe whisky investment market falls under the

category of emotiona
dramatically. Acc Scotch Whisky Association, the export value of Scotch Whisky

was worth £6. . In the whisky market, Scotland is considered the market leader

to around 180 overseas markets. Apart from Scotland, recent years
have wi ightficant rise in whisky production in other countries such as America,
Canada and J@pan [4]. The increase in whisky production is based on three factors: the rise in
wealthy cust®mers, rising demand in developing markets, and the increasing wealth of middle-

class customers in the Asia-Pacific region [5].

Importantly, the whisky market is influenced by three groups: investors, collectors and drinkers.
Members of each group have different motivations that influence their purchase decisions. For
instance, the purchase decision of an investor is mainly influenced by the amount of the future
expected rate of return. This should be ensured by the rarity of a given drink, which may be

dependent on a specific brand of a distillery. On the other hand, the motivations of collectors
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may be related to the desire to collect all bottles from a certain distillery or a certain year [6].
Finally, drinkers influence the whisky market through consumption habits, tastes and trends.
Their preferences for specific brands, styles and flavours influence manufacturing, pricing and
marketing strategies. Due to data availability, this study focuses on two main groups: collectors
and investors. In other words, the main target groups are investors and collectors, and distillery-
specific indices and collector-specific indices are used to collect data. The entire analysis was

supplemented with a study of the condition of the broadly understood market U8ing indices from

the Market Performance Indices group, which means that this text should al

for researchers of investment markets and owners or managers emplo

Latvia, Netherlands and Singapore fall under the

whisky market structure is complex, thus an i

The whisky market is considered a 1¢§S matige, iny€stment than that in the wine market.

Nevertheless, these market se investdrs’ attention considerably [9]. Moreover, the

whisky market size was valued bilfion in 2022 and is expected to reach US $110
billion by 2032 [10].gDug to futurggrowth and researcher interest, it is important to address

whether on the whisk et there eXist periods that can be characterised as price explosivity'.

Our main findings are as follows. First, we identify 14 indices (10 Distillery Specific Indices

and 4 Collector Specific Indices) that are immune to explosive price periods. Those indices,
when included in the portfolio, are unlikely to affect portfolio risk significantly and can be
treated as an interesting, safe source of portfolio diversification. Second, we indicate indices

that exhibit short and few periods of price explosivity. The segment solely consists of 8 indices

! The concept of a bubble is hard to pin down in the investment market because there is no agreement on how to
identify one. To avoid this confusion, we use the term ‘price explosivity’ instead, which is less controversial. This
term describes the rapid growth in asset prices [26].
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from the Distillery Specific Indices group. Including these investments in a portfolio may lead
to short-term increases in investment risk. Third, the remaining 9 studied indices are prone to
frequent price increases or decreases. Eventually, including those investments in the portfolio
should be considered after careful risk evaluation. Additionally, we indicate that during events
like COVID-19 and geopolitical tensions do not trigger explosivity, establishing whisky as a
stable investment during instability periods. Finally, co-explosivity relationships occur,

particularly between certain indices, providing information regarding diversification tactics.

The remainder of the article is as follows. A review of the literature related to

d“the research
presents

nclusions section.

investing in the

whisky market is presented in the next section. Then, the data are describe

methodology dedicated to the research gap defined above is presente

the conclusions from the analysis, and the entire study is sum

2. Theory

Research on the formation of periods of price explosivi ross a wide range of
markets. The issue of price explosivity in capital m e, has been studied in [11,
12, 13]. The crude oil market is another whic e explosivity field [14, 15,
16] as same as gold market [17, 18, 19]. Another exam ouse market [20, 21]. To the best

of the authors' knowledge, there is no afficle tha es the occurrence of price explosivity

The prior literature in in the alcohol segment, the whisky market ranks as the
second most favo investment purposes [22]. The prime reason for this is the higher
rate of return tifan s ommodity markets. For instance, Moroz and Pecchioli [9] asserted

that rat@,of re vestment in whisky was four times higher during 2015-2018 in

compariSen withyithe e market. Moreover, Borowski and Matusewicz [22], argued that the
values of theW@orrelation coefficients of the whisky market were low (close to zero) compared
with other sfudied capital and commodities markets. Consequently, these features make the
whisky market an appropriate tool for implementing the “buy and hold” investment strategy,

and contribute to the increase in the effectiveness of the investment portfolio.

The study of Le Fur [23] highlighted the fact of an average positive rate of return in the long
term on this market. At the same time, this signals a significant empirical area of variability for
annualised returns. The author states directly that the rates of return on the whisky market

change dramatically from negative to positive, which may encourage speculation on this
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market. It was the results of this study that formed the basis for assessing whether, in the light
of significant fluctuations in rates of return on this market, it is possible to define the existence
of price explosivity (possibly of a speculative origin) and their mutual relationships. Another
conclusion from this study concerns the zero correlation of rates of return between investments
in the whisky market, represented by the individual indices of this market. The study was also
extended to examine cointegration, which occurs to a greater extent between the studied indices
in the short term than in the long term. All of the above-mentioned features indicate the potential

value of investing in whisky from the perspective of diversifying the investmient portfolio.

The fact is that the factors which determine the price in the whisky mark ificantly
different from those that influence prices in traditional investment m
investment markets [4]. The author mentions the fact thagthg p on cycle and the
maturation time of the drink are long as an important factor risi of whisky in

recent years, and therefore in the significant increase in rate market. The recent

indisputable function of diversifying thed nt poitfolio using investments in whisky. The

author concludes that invest in wh

In the determination that influence the ask price of a bottle of whisky Moroz

and Pecchioli [24], he following features as explanatory variables in the

cases), al t. Two variables were used to describe the alcohol content: the first

variable was between 46% and 50%, and the second described the alcohol content above 50%.
Other features include the Murray Score, which determines a point assessment of whisky
quality on a 100-point scale, as well as a definition of the distillery and bottler variabilities.
Importantly, the authors showed that among the variables examined, mixed conclusions can be
drawn regarding the impact of the expert assessment used on the ask price. On the one hand, it
turned out that the Murray Score variable is not a statistically significant variable in the

proposed models, while on the other hand, the authors do not deny the usefulness of this

indicator for novice investors in the whisky market. Additionally, the need to improve the
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Murray Score was emphasised, as well as the fact that it is possible to obtain econometric
models with satisfactory indicators using distillery and bottler variables, which explain the ask

price better than the Murray Score.

Pecchioli and Moroz [25] argued that in the whisky market, a collective reputation effect is
present, and they assume that this is true also after controlling for variables connected to the
distillery’s reputation and the production process of the bottles. In particular, Pecchiolo and

Moroz [25] discovered, for example, that the average age of distilleries within an appellation

impacts the price in a positive way. The authors conclude that their findings¥ate proof of the
existence of collective reputation in the case of geographical appellations in [ market.
Morover, the authors explain that buyers (investors) may consider coll
their knowledge about quality determinants is weak and it i e t to possess such
knowledge. The authors created a dataset for their research con of n 83 thousand

sales records from nine years (2011-2019).

3. Material and methods

3

In this empirical investigation, we examine 314 resentingyprice changes in the whisky

market, which are publicly available on the website ht ww.rarewhisky101.com/indices.

The indices are grouped into three areasyidefine

viations used in the rest of the work are also

of imdices): Rare Whisky Icon 100 Index (RWI100) and

e Market Performance Ind
given in brackets for this g

Vintage 50 In 50).

e Distillery ific In@ices,(DSI): Ardbeg Index, Balvenie Index, Bowmore Index, Brora
Index, Bunnahabhain Index, Caol Ila Index, Clynelish Index,

dronach Index, Glenfarclas Index, Glenfiddich Index, Glenlivet

Index®

e (Collector Specific Indices (CSI): Diageo Special Releases Index, Flora & Fauna Index,
Glenfarclas Family Cask Index, Manager's Dram Index, Macallan M 18 Index, Macallan
M25 Index and Rare Malts Index.

Data for all indices are available on a weekly basis, with new data published every Monday.
The time period for all examined indices spans from December 31, 2012 to March 25, 2024,

corresponding to 587 measurements for each data series. It should be noted that
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https://www.rarewhisky101.com/indices also provides data for 9 other indices, which were not
analysed in this empirical investigation due to either having a shorter time series (Japanese 100
Index, Single Grain 100 Index, Karuizawa Index, Yamazaki Index, Balvenie Tun 1401 Index,
Game of Thrones Index, Hanyu Cards Index, Macallan ESC. Single Cask Index) or a different
data frequency (RW Apex 1000). In line with the approach taken by [26], we drop these indices

to ensure the analysis covers the longest possible time range.

To better illustrate the research data, Table 1 presents basic descriptive statistics for logarithmic

Table 1 Descriptive statistics of whisky indices

Desc.rip.tive Mean Star.ldqrd Kurtosis  Skewness
statistics Deviation
MSCI World 0.16% 2.24% 9.89 -0.77 3 15.49%
RWI100 0.22% 1.42% 5.75 1.04 9.73%
V50 0.22% 1.33% 79.92 6.41 19.38%
Ardbeg 0.17% 1.90% 14.68 1.52 16.07%
Balvenie 0.24% 2.39% 23.73 -15.21% 21.55%
Bowmore 0.26% 1.55% 14.37 -6.98% 10.65%
Brora 0.29% 2.38% 26.49 3. -10.03% 20.24%
Bruichladdich 0.15% 2.38% 1.0 25.90% -12.00% 13.90%
Bunnahabhain  0.18% 2.50% .94 30.81% -11.33% 19.48%
Caol Ila 0.17% 1.02 31.03% -14.99% 16.05%
Clynelish 2.65 46.77% -15.33% 31.44%

Dalmore 8.49 4159%  -636%  35.23%
Glendronach 3.16 2921%  -10.19%  19.01%
Glenfarclas 0.33 36.22%  -18.88%  17.33%
Glenfiddich 0.50 22.14%  -12.85%  9.29%
Glenlivet 2.12 19.39%  -7.62%  11.77%
Glenmorangie 5.95 -0.32 19.12%  -10.40% 8.71%
Hi : 13.06 2.10 23.83%  -838%  15.45%
Lagav . 5.55 0.40 21.60%  -12.08%  9.52%
Laphroaig 12.97 2.06 22.88%  -71.79%  15.09%
Macallan 16.45 2.27 2237%  -5.82%  16.55%
Port Ellen OB 55.62 0.67  97.07%  -51.47%  45.60%
Rosebank 76.14 4.54 85.26%  -33.12% 52.14%
Springbank 15.90 3.04 16.58%  -6.96% 9.62%
Talisker 16.45 0.97 27.69%  -14.94%  12.75%
E;?faes"essf’emal 021%  2.26% 24.41 1.61 39.81% -17.86%  21.94%
Flora & Fauna  0.08%  2.47% 12.93 1.12 32.42%  -13.72%  18.70%
Glenfarclas

. 0.34% 2.96% 174.73 10.80 63.41%  -10.62% 52.79%
Family Cask
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Manager's

Do 0.17%  4.40% 11.44 0.60 5476%  -25.77%  28.99%
Macallan MI8  031%  1.86% 6.07 1.17 1930%  -9.31% 9.99%
Macallan M25  025%  1.55% 5.0 1.17 13.54%  -4.91% 8.63%
Ej:XMa“S 021%  1.47% 21.63 2.82 1924%  -4.60% 14.64%

Notes: This table provides details of summary statistics of 31 whisky indices and MSCI World
Index, containing the information of mean, standard deviation, range, minimum, and maximum
value.

Based on the data from Table 1, it can be concluded that in terms of the ayerage logarithmic

return ranging from 0.08% to 0.34%. In the case of investment risk, it ca

following indices were also characterised by high risk, measured by

rates of return, exceeding 3 percentage points: Rosebank, PortgEll

there are no indices from the Market Performance Indices grou e indices from
this group are characterised by the lowest investment risk, CXOC percentage points,

which proves the low risk on the broad whisky magket. THhe ed indices are classified

well as the values of the minimum and 70 f return. For comparison purposes, we

also include in Table 1, in th. t row,\data for th CI World Index. The values for MSCI

indicate that, in general, MSCI SC s an investment with a lower average rate of

return and higher investment risk, y standard deviation and range.

The periods in which index valuc”deviated from the fundamental value were determined

according to the methodolo
in the works ab for the
ecting pr

ribed in [19, 27, 28]. Transforming the approach described
ds of the whisky market, the value of the indices examined in this

articleyaef] on this market, can be written as follows:
P,=P/ +B, (1)
where:
Pi— is the level of an analysed index at time “t” published in https://www.rarewhisky101.com/,
Ptf —is a fundamental component, a fundamental level of an analysed index at time "t",

Bt —is a explosivity component, a explosivity factor in an analysed index at time “t”.
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If Bt # 0, there is a price explosivity in the whisky market represented by a certain index.
Moreover, if B; < 0, then there is a negative explosivity in the market, and for B; > 0, there is a
positive explosivity in the market. The price explosivity component can be expressed as

follows:

B, = E, [Bt+1] (2)

1+r

This means that the occurrence of a price explosivity is possible only in period "t" if the

maintenance of this component at a level higher than in the given period i o assumed by
market participants in the next period, i.e. "t+1". The higher level of the exp mponent
in the period "t+1" is additionally estimated considering the discount f:

"r" 1s the investor's assumed rate of return.

emergence and formation of a price explosivity compo [ i nt from zero. These
include "herding behaviour" [29], attention cascad edia [30], over-optimism
or over-pessimism [31], or speculative tradin gasons for the formation of
be diagnosed using the GSADF
ller, described in the work [33]. The

price explosivity (or price explosivity) of vafious orig

test, i.e. Generalised Supremum Augmented

nowfhas price explosivity is described in [34]. The

author showed that the GSADF dominant method of detecting price explosivity in

compared to its previ 1 DF and ADF, include the detection of multiple price
wer of the test for long time series [35]. The above factors

are the key rea why thiSiresearch methodology was chosen in this work.

The ba S test®tatistic formula is given below:

GSADF (ry) = sup ADEF? (3)

12€[r0,1],71 €[0,12—1¢]
where:

10 - the minimum length of the test window,
rl - the start of the test window,
r2 - the end of the test window,

ADF - the value of the statistic for the Augmented Dickey-Fuller test [36].
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If the value of the test statistic for the tested time series exceeds the value of the critical statistic,
which in this work was obtained using Monte Carlo simulations with the number of repetitions
equal to 5,000, then it can be assumed that there is at least one price explosivity in the tested
time series. It should be emphasised that all calculations in this work were performed using the
R program, and the main package that was the basis for detecting periods of price explosivity
was the "exuber" package [37]. Importantly, the period of price explosivity or the price

explosivity includes periods whose minimum duration is at least 3 analysed periods (i.e. three

weeks). Such a minimum period has also been previously defined, for example, in the work

[38].

prepared. The value of one was assigned to those time units existence of price

explosivity was demonstrated based on the GSADF test, an ero otherwise.

Indices for which the occurrence of multiple price explosi » irmed were omitted
from this analysis. The matrix prepared in this way constitute f\data for performing logistic
regression in order to examine co-explosivity bet acd indices. The econometric

model that was used to examine co-explosivify can b

where:

Y — is a dependent var,

Xt — represents afget of variables (the number of variables is connected with the
analysed groupgfo , ket Performance Indices),

An identical procedure for finding evidence of co-explosivity is used in [26, 39]. To obtain
models with the best fit, assessed by the McFadden R? statistic [40], we use the backward-
elimination rule for the stepwise regression method, which, for the number of explanatory

variables that we use, is an adequate method for our purpose [41].

4. Results and discussion



279 4.1. Price explosivity on whisky market — GSADF test results

280  Based on the analysis, it was demonstrated for the 15 examined indices that there was at least
281  one price explosivity at a level of statistical significance equal to at least a = 0.05. For fifteen
282  indices, no such periods were found, and for the one tested time series (Bunnahabhain), the
283  statistical significance of the obtained result was o = 0.10. The names of the studied indices
284  divided into three areas, along with the statistical significance of the obtained results, are

285  presented in Table 2.

Table 2: Price explosivity in market performance indices, distillery spe@
collector specific indices

Index group 1% 5% 10%
Market v
Performance  (RWI100, V50)

Indices
Balvenie,
Bruichladdich,
(Bowm_o e Caol Ila
Distillery Clynelish, (Brora, Glenfarclas,

Specific Glendronach, Dalmor.e, (Bun ain) Glenmorangie, 22
di Macallan, Glenfiddic Hichland Park
Indices Springbank, Glenlivet) & L
Talisker) Lagavulin,
Laphroaig, Port
Ellen OB.,
Rosebank)

(Diageo Special

Collector Releases, Flora &
Specific Fauna, Manager's 7
Indices Dram, Rare Malts
Index)

Total 4 1 15 31
No ccurrence of price explosivity in the three studied groups of indices,
inclu ance indices, distillery specific indices, and collector specific indices.

286

287  As shown 1 , for indices that belong to the area of Market Performance Indices and

288  represent a dly understood part of the analysed market, it can be said that there are price
289  explosivity on the whisky market?. In the case of the next two groups of indices examined, this
290  market is heterogeneous. It was not found that the number of DSI and CSI indices was
291  significantly larger regarding indices for which the occurrence of price explosivity was
292  confirmed than for those indices where such a phenomenon was not observed. For the DSI

293  indices group, the number of such indices is similar, i.e. for 10 indices, the occurrence of periods

2 We present a comparative analysis of ADF, SADF, and GSADF test results for 31 indices in Appendix Table A.1.
We also show a graphical analysis of price explosivity in market performance indices, distillery specific indices,
and collector specific indices in Appendix B.
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of multiple price explosivity was confirmed at a significance level of at least a = 0.05, and for
12 indices from this group, such a phenomenon was not confirmed. In the CSI group, this share
was 3 indices and 4 indices, respectively. This is therefore a signal to investors and analysts of
alternative investment markets that the whisky market is diverse in terms of the occurrence of
price explosivity. Only for the MPI group indices can it be said that this is a market exposed to
price explosivity. Detailed studies containing the values of test statistics (also for the ADF and
SADEF tests) for all tested indices along with the critical values for the GSADF test are presented

in Appendix A.

In the next part of the work, only 15 tested indices were further analysed, being se,for which
the occurrence of multiple price explosivity periods were found at leas

significance equal to a = 0.05. Figure 1 below shows the pesio

were found for these indices.

RWI100 h
V50 7
Bowmore b
Brora A
Clynelish 7
Dalmore 7
Glendronach A
Glenfiddich b
Glenlivet b
Macallan A
Springbank 7
Talisker B I FR A IR AU NN IS A ) R S

Glenfarclas Family Cask

Macallan M18 b

Macallan M25 b

2[]I'|4 2[]I'IB 2E]I18 2L'JI2E] 2[]I22 2024

Figure. 1 De)tamping procedure for indices with the occurrence of price explosivity at least

at 0=0.05, minimum duration = 3.

The results of the data-stamping procedure are shown in Figure 1. The shaded periods are those
indicated as periods with the occurrence of price explosivity. Additionally, there are two
horizontal lines on the chart that separate the studied index groups from each other, so that the
indices from the MPI group are placed at the top of the chart, then the DSI group in the middle
part of the figure and the indices from the CSI group at the bottom (Figure 1). Places that are
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shaded on the chart may indicate irrational investing [42, 43], so according to formula (1), these

are periods for which the value of the explosivity component is different from zero.

For the indices from the Market Performance Indices group, the first diagnosed price
explosivity period concerns the V50 index, starting on 2016-08-08 and lasting continuously
until 2019-05-20, for 145 weeks. During this period, the index initially gains 89.9%, reaching
a peak on 2018-10-01, and then loses 2.9% of its value over the remaining period of price

explosivity. The second diagnosed price explosivity period for this index lasts for 9 weeks, from

analysed index from this group (RWI100), 5 periods of price explosivity, longer thamthree time
units, were finally detected. The first such period starts on 2016-09-
until 2017-02-20. Two subsequent periods start in 2017, the
2017-09-25, and the second starts on 2017-11-13, but ends on

which is 9.5% of the research perio hNdices jyepresenting the main whisky market

experienced price explosivit the same time 69.2% of the research period for these

e time.

The two remaifiing long periods of price explosivity began on 2021-01-18 and on 2021-08-16.
Equally long, uninterrupted periods of price explosivity were also identified for the Bowmore
and Macallan indices. These three distilleries are characterised by the longest periods of price
explosivity. Figure 1 also confirms that only short (a maximum of 4 weeks) and few (a
maximum of two) periods of price explosivity were detected for the Clynelish, Glenfiddich and

Talisker indices.
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These three indices differ significantly from the Springbank, Bowmore and Macallan indices
in terms of the occurrence of price explosivity. Despite these significant differences between
the indicated groups of indices due to the number and characteristics of price explosivity
periods, it should be noted that for 33.4% of the research period, price explosivity were detected
simultaneously for at least two indices from the DSI group. This situation also occurred for
22.1% and 9.9% of the research period for the simultaneous occurrence of price explosivity for

three and four indices, respectively. For 9 weeks (7 times in 2018 and once in 2017 and 2016),

price explosivity co-occurred for five indices, being the highest value obtained for the DSI

group.
In the group of Collector Specific Indices, the most homogeneous res ) ddue to
the occurrence and length of periods of price explosivity. In the case acallan M18 and
Macallan M25 indices, two periods of price explosivity wer nos ndex. For the

til 2018-05-07, for
112 weeks, during which it increased its value by acallan M25 index, the
longer price explosivity started on 2016-03-21 a d for{l>0 weeks until 2019-02-04,
during which period the index change was 9 8%. Thelongest price explosivity

period for the Glenfarclas Family Cask 3 015-07-06 and ended after 145 weeks

occurrence of price e
observations of M an chioli [9], who also indicated this period as extremely profitable
for investors. k

umbcgy of lectors in east Asia, the opening of the online platform

Whisky t the rising numbers of new auction houses interested in the whisky
market [44].“Bhe occurrence of such long periods of price explosivity is also consistent with
conclusions about the significant variability of rates of return obtained on this market. The
above results are also the basis for examining the co-occurrence of price explosivity using

logistic regression.

Table 3 contains the basic descriptive characteristics for the diagnosed periods of price
explosivity. The following columns, containing the name of the group of examined indices and

the name of the index, also present the number of detected price explosivity periods, their
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average duration, total duration in weeks, the maximum length of a single period and the % of

the time during which price explosivity occurred.

Table 3: Characteristics of price explosivity

Grou Average Sum of Max % of
p Index Count [Weeks] Duration Duration total
[Weeks] [Weeks] time
MPI RWI100 5 16 80 26 13,6%
MPI V50 3 52 157 145 26,7%
DSI Bowmore 4 38 150 25,6%
DSI Brora 4 7 29 4.9%
DSI Clynelish 2 4 8 1,4%

DSI Dalmore 10 9 91 15,5%
DSI Glendronach 3 11 32 2 %
DSI Glenfiddich 1 3 3 ,5%
DSI Glenlivet 3 5 2.,4%
DSI Macallan 5 23 11 19,8%
8 40 54,0%
1
8

DSI Springbank

DSI Talisker 3 3 0,5%
Glenfarclas o

CSI Family Cask 25 145 33,6%
Macallan o

CSI MI8 2 5 5 112 19,6%
Macallan 0

CSI M25 2 155 150 26,4%

Notes: This table provides gdetai haracter of price explosivity, containing the

OC (0]

ratiOn, max. duration, % of total time, price

Based on the data i
Glenfiddich, Glenli Talisker“indices (all of which are from the DSI group) are

characterised by s

um sum of duration for all detected periods is 32) and few
classi as price explosivity. The total duration of diagnosed periods of
ot exceed 6% of the research period, and the average length of such a
does not exceed 6 weeks. These indices are therefore an interesting
nvestors who allow only short-term significant price fluctuations and accept

moderate investment risk.

For the Dalmore and RWI100 indices, a significant number of periods of price explosivity were
recorded, but they are not long-lasting. The average duration of price explosivity for these
indices is 9 and 16 weeks, respectively. These indices experienced extreme fluctuations for an

almost identical percentage of the time observed. This value is approximately 15%.
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Additionally, the maximum length for a single identified price explosivity is 26 (RWI100) and
32 (Dalmore) weeks.

The remaining indices, i.e. Bowmore, Glenfarclas Family Cask, Macallan, Macallan M18,
Macallan M25, Springbank and V50, are characterised by over or almost 20% of an occurrence
of periods of price explosivity in the total time of the analysed time series. The Springbank
index turned out to be record-breaking in this respect, for which the share exceeded 54%. What

these indices have in common, is the fact that, the total periods of price explosivity for these

indices lasted for over 115 weeks. In this set of indices, the four indices, Bowimore, Macallan
M18, Macallan M25, V50, are worth attention due to the fact that a small etween 1
and 4) of price explosivity were observed, but for usually very long

duration exceeding 38 weeks.

4.2. Co-explosivity in whisky indices

In the next step of the study, the co-occurrence of diagri@ %

s of price explosivity was
analysed using logistic regression. The constructi cO models was carried out
within each of the index groups separately. Thi %\1 ata from the same group of
indices were used as explanatory variables fOfa given natory variable. Due to the small
number of considered indices, from th@ Marke ance Indices and Collector Specific
res

Indices groups, the results of t argypresefited jointly in Table 4.

Table 4: Logistic regression res or ket performance indices and collector specific
indices
WIL0 Glenfarclas Family Macallan Macallan
Cask M18 M25
2.239
R 0 (0.268)
skoksk
239
V50 (0.268)
skoksk
2.197 2915
Glenfarclas
Family Cask (O}i}j) (O,,;iiz)
2.197 4.384
Macallan M18 (0.517) (0.566)
skskok skokok
2.915 4.384
Macallan M25 (0.352) (0.566)
skeksk skksk
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413
414

415
416
417
418
419
420
421
422
423
424
425

426
427
428

429

-2.828  -1.391 -1.9 -5.387 -3.460

0.21)  (0.111) (0.143) (0.584) (0.287)
COIlSt skkk skkk kksk skkk Kok
McFadden R? 0.166 0.114 0.434 0.638 0.631

Notes: This table presents the results of co-explosivity in market performance indices and collector
specific indices. The symbols "***"; "k, %" denote statistical significance at the 0.01, 0.05 and 0.10
levels, respectively.

The results from Table 4 constitute the basis for determining the co-occurrence of periods of

price explosivity in the individual analysed index groups. The model built for the Rare Whisky

Table 5 presents the results of logistic ssign for the Distillery Specific Indices group. In

this group, a total of ten indi sed for which the occurrence of price explosivity

was confirmed.

Table 5: Results fro i ion for distillery specific indices

almore Glendronach Glenlivet Macallan Springbank

-1.839 1.850 2.390 2.340
Bowmore (0.650) (0.687)  (0.303) (0.376)
skesksk skesksk skesksk sk
-2.410 1.942 2.143
Brora (1.045) (0.533) (0.566)
ek skesksk skesksk
-2.378 2.194 1.856
Dalmore (1.049) (0.628)  (0.355)
kek skeskok skesksk
-1.481 1.619 0.757
Glendronach  (0.696) (0.537) (0.403)
k3 skskok %

1.231
Glenlivet (0.630)
*
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432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454

2.532 1.932  1.951 3.276

Macallan (0.289) (0.412) (0.268) (0.736)
skkk kkk kkk skkk
2.293 0.787 3.453
Springbank  (0.376) (0.394) (0.764)
skkk Kk skkk
3351 -3.531  -2.266 -3.183 5552 5866  -0.576
(0.340) (0.289)  (0.16) 0.307)  (0.658) (0.772)  (0.106)
COIlSt skkk kkk kkk skkk skkk skkk skkk
McFadden 0385  0.139  0.153 0.083 0.238 0,486 0.250

R2

Notes: This table presents the results of co-explosivity in distillery specific indi8
s Ak Y denote statistical significance at the 0.01, 0.05 and 0.10 levels, re

The symbols

Based on the results presented in Table 5, it can be concluded that the i

level considered, i.e. o = 0.01. For the

period increases the probabiliti of pri

Springbank indices. For the interactions with three other indices were
recorded. The first of such indices ronach index, in the case of which the occurrence
of price explosivity in bility of price explosivity for the Brora and Springbank
indices and reduc bility for the Bowmore index. For the Springbank index, there
were three int
for ncreases the probability of price explosivity forming for the
Bowmo and Macallan indices. Last two indices connected with three other
indecies in se of co-explosivity are Bowmore and Brora. The most resistant indices to the
co-occurrenc@of price explosivity with other examined indices turned out to be the Clynelish,
Glenfiddich and Talisker indices. For these indices, when they were explanatory variables, no
statistically significant explanatory variables were observed (except for the intercept term).
These three indices also did not prove to be statistically significant explanatory variables for
any of the other indices. For this reason, Table 5 does not contain columns and rows for these

indices. This is primarily due to the fact that for these indices the fewest and shortest periods of
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price explosivity were observed, which in turn made it impossible to determine the co-

occurrence of price explosivity with other indices.

5. Conclusion
This study explores the crucial dynamics of price explosivity within the whisky market, which
holds particular significance for investor seeking to diversify their portfolios, especially amidst
global economic uncertainties. It investigates thirty-one whisky indices categorized into three

groups, Market Performance Indices, Distillery Specific Indices, and Collector Specific Indices,

regarding the occurrence of periods marked by sudden price changes. We analyie these periods
by applying the GSDAF test on a weekly data from December 31, 2012 to M 024. Our
main findings for investors and collectors in the whisky market can b

The results show that nearly half of the analyzed indices ¢ t rrence of periods

defined as price explosivity at a significance level of at least ur results, we

divide the studied market into three segments based on pri€e explosi aracteristics.

The first segment comprises indices that have not s price explosivity. Within
de Ardbeg, Bruichladdich,

n, Laphroaig, Port Ellen OB., and

this category, there are 10 Distillery Specific
Caol Ila, Glenfarclas, Glenmorangie, Highlan
Rosebank. Additionally, there are four ifidices ector Specific Indices: Diageo Special
Releases, Flora & Fauna, Ma argMalts Index. This highlights the presence of
investment opportunities in the ket that have remained immune to sudden price

fluctuations. These 1 integrated into a portfolio, are unlikely to significantly

explosivity [4

The second segment comprises the indices that exhibit short and few periods of price
explosivity. The segment solely consists of indices from the Distillery Specific Indices group,
including Balvenie, Brora, Bunnahabhain, Clynelish, Glendronach, Glenfiddich, Glenlivet, and
Talisker. Integrating these investments from the whisky market into a portfolio may
consequently lead to short-term increases in investment risk. The other whisky market indices

exhibit price explosivity, which exceeded a minimum of 10% of the research period, up to
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almost 55% of this time in the case of the Springbank index. Consequently, these indices yield
significant results, reflecting notable price increases or decreases. However, these current
findings align with research on investment wines, particularly regarding the percentage of time
exhibiting price explosivity [45, 46]. Importantly, similar to best wines where price explosivity
is confirmed for well-known varieties such as high-end Bordeaux wines [47], the longest
periods of price explosivity are currently observed for the distilleries with the largest market

share (Macallan, Springbank and Bowmore) or brands (Macallan M18 and Macallan M25).

This suggests that price explosivity is more pronounced in well-known afd valued indices
compared to the broader market. This correlates with the investment

experienced investors, who prioritize reputation when making investment dé

An interesting findings arises from data-stamping analysis. Th fprice explosivity

-19 outbreak

falls between 2016 and 2018. However, during subsequent cri

evidence of price

We also analyse the co-explos s where the GSDAF test procedure indicates

at least one statistically significa losivity period. Specifically, for the main indices,

the presence of price RWI100 index increases the probability of such periods

occurring in the V35 and viceversa. Similarly, within the Collector Specific Indices

group for Glenfarclas Famil , Macallan M 18 and Macallan M25, the occurrence of price
explosivity periods in one Jindex heightens the probability of similar events in the two other

indice

The Bowmorgand Macallan indices experience price explosivity alongside four other indices.

When price osivity occur in the Bowmore index, it increases the probability of occurrence
in the Glenlivet, Macallan and Springbank indices, while decreases in the Glendronach index.
Similarly, for the Macallan index, when price explosivity occurs, it increases the probability of
price explosivity in the Bowmore, Brora, Dalmore and Springbank indices. However, the
Clynelish, Glenfiddich and Talisker indices are less affected by co-occurring price explosivity.
Therefore, the findings provide valuable insights to investors diversifying their portfolios. This

diversification can serve as a hedge during periods of economic uncertainty. Additionally,
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considering the lack of price explosivity during crises like the COVID-19 outbreak can inform

decisions on portfolio diversification strategies.
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659  Appendices

660 A. ADF, SADF, and GSADF test results for 31 indices

661  Table A.1 The values of the obtained test statistics along with the significance level of the
662  obtained results

No. Group Index ADF SADF GSADF Significance level

for GSADF

1 MPI  RWII100 -1,44 1,88 2,79 ook
2 MPI V50 -0,92 3,70 3,87 ook
3 DSI Ardbeg -1,06 1,08 1,42 ns
4 DSI Balvenie -0,92 1,22 2,21 *
5 DSI Bowmore -1,06 4,32 4,39 4
6 DSI Brora -0,95 1,85 2,52

7 DSI Bruichladdich -1,52 1,33 1,58

8 DSI Bunnahabhain -1,41 0,85 2,06

9 DSI Caol Ila -1,22 1,54 ns
10 DSI Clynelish -0,63 2,44 ke
11 DSI Dalmore -0,64 2,49 6 **
12 DSI Glendronach -0,35 1,68 *HE
13 DSI Glenfarclas -1,63 1,0 ns
14 DSI Glenfiddich -1,93 0, ok
15 DSI Glenlivet -1,28 3 **
16 DSI Glenmorangie ,89 ns
17 DSI Highland Park 1,70 ns
18 DSI Lagavulin 1,80 ns
19 DSI Laphroaig 1,75 ns
20 DSI Macallan 5,66 ok
21  DSI Port Ellen OB. -2] -0,04 0,97 ns
22 DSI Rose -1,16 1,38 1,54 ns
23  DSI Spring 0,59 445 4,45 ok
24  DSI Tali§ker -0,90 1,16 2,90 ok

Di i
25 CSI €ases -1,09 0,48 1,29 ns
26 Fl a -2,06 -0,54 1,70 ns
len as Family

27 -1,06 4,08 4,08 Hokk
28 s Dram -1,40 1,60 1,60 ns
29 CSI -0,84 6,49 6,49 ok
30 CSI Macallan M25 -0,97 4,39 4,68 Hokok
31 CSI Rare Malts Index -1,11 1,36 1,93 ns

663  Notes: The statistical significance of the test was determined by comparing the critical values
664  for the GSADF test, which were obtained using Monte Carlo simulations with the number of
665  repetitions equal to 5,000. If the value of the test statistic for the GSADF test exceeded the value
666  of 1.996, 2.259 or 2.786, it corresponded to a significance level of 0.1, 0.05 and 0.01,
667  respectively.

668



A. Graphical presentation of price explosivity in market performance indices, distillery specific indices, and collector specific indices
Figure. B. 1 GSADF test results
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Notes: The blue line shows the individual index, the shaded areas represent explosive episodes. The dashed line indicates the test critical value.



