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Key words: This paper is devoted to the study of statistical characteristics of market
time series, statistical characteristics, dynamics, which is an important task for making effective investment decisions
frequency distribution histogram, Efficient  based on understanding and predicting the behaviour of these markets. One of the
Market Hypothesis, Fractal Market, basic methods is to estimate the statistical characteristics for the price and

Hypothesis, Coherent Market Hypothesis.  profitability time series of the investment tools at the market. In this paper, a
comparative analysis of the statistical characteristics of price time-series of
investment vehicles on the example of three markets: the gold market, the EUR /
USD currency pair and the Bitcoin cryptocurrency are conducted. The most
informative and indicative statistical characteristics are revealed, and frequency
distribution histograms of time series are examined in detail. On this basis, it is
concluded that the conformity of each market with the principles of existing
hypotheses describing the dynamics of the market: Efficient Market Hypothesis,
Fractal Market Hypothesis and Coherent Market Hypothesis. The paper finds that
the foreign exchange market best meets the requirements of an efficient market.
This indicates a concentration of rational investors in the market and a low
probability of making a profit higher than the average market profitability. The
cryptocurrency Bitcoin is a coherent market. It is the least mature market and is
constantly influenced by crowd mood rather than rational investor decisions.
Given the rapid changes in phases and mood in the cryptocurrency market, this
investment vehicle is only recommended for the short-term investment horizon.
Due to the fact that the gold market is more in line with the fractal market
hypothesis, it is better to use fractal analysis methods for investments in exchange
gold. Based on the calculations, practical recommendations were made regarding
the investment prospects for each of the three markets.

HOPIBHSUIBHUIM AHAJII3 CTATUCTUYHUX XAPAKTEPUCTUK YACOBUX PSJIIB L[IHA
IHBECTULIMHUX IHCTPYMEHTIB
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Kurouosi ciioBa: CTaTTioO NPHUCBSYEHO JOCIIHKEHHIO CTATUCTHYHHX XapaKTEPUCTHK IHHAMIKH
9acoBi PS/IH, CTATHCTHYHI XapaKTePHCTUKH, PMHKIB, 110 € B)XITUBUM 3aBJAaHHAM JJIs1 IPUIHATTS epEeKTUBHHUX IHBECTHIIIHHUX
rictTorpama po3mo/iisy 4acToT, rirnoresa pillIeHb Ha OCHOBI PO3YMiHHS Ta Mepef0avyeHHs MOBEAIHKH [IUX PUHKIB. OXHHUM
e(eKTHBHOTO PHHKY, rinoTe3a (ppakTanpHOro i3 0a30BUX METOMAIB JOCIHIDKEHHS € OI[iHKAa CTaTUCTUYHHMX XapaKTEePUCTHK
PHMHKY, TillOTEe3a KOTEPEHTHOTO PUHKY. YaCOBUX PS/IB I[IHW Ta MPUOYTKOBOCTI 1HBECTHUI[IHHMX IHCTPYMEHTIB HA PHHKY.

[IpoBeneHo MOPIBHAJIBHUN aHaNi3 CTATUCTUYHHUX XapaKTEPUCTHK YaCOBHUX PAIIB
[iHA 1HBECTHLIHHUX IHCTPYMEHTIB Ha TMPHUKIAAI TPHOX PHHKIB: PUHKY 30J0Ta,
BamotHoi mapu EUR/USD Ta kpunroBamoTtn biTkoiH. BusiBneno HaitOimbm
iHQOpPMATHBHI Ta TIOKA30Bi CTATUCTUYHI XapaKTEPHCTHKH Ta JIETABHO
PO3TIISTHYTO TiCTOTpaMH PO3MOALITY YacTOT YacoBUX psfiB. Ha mimcraBi mporo
3p0o0JIEHO BHCHOBOK ILOJO BiJIIOBIJTHOCTI KOXKHOTO PHHKY 3acazaM iCHYIOUHX
rinoTe3, 10 ONKUCYIOTh JMHAMIKY PHHKY: TimoTe3i epeKTHBHOTO PUHKY, TiloTe3i
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(pakTaNEHOTO PHMHKY YM TilOTe3i KOTEPEeHTHOTO PHUHKY. YCTaHOBICHO, IIO0
BAJIIOTHHI PHHOK HalKpalle Bianosizae nepexymoBaM edekTrBHOrO puHKy. Le
CBITYUTH MPO 30CEPE/KECHHS HAa PUHKY pPAaL[iOHATBHHX IHBECTOPIB Ta HU3BKY
HMOBIpHICTh OTPHMaHHA NPUOYTKY BHINE HIK CepeqHs NPUOYTKOBICTH PHUHKY.
Punok kpunToBamoT biTko1H € KorepeHTHUM. BiH € HaliMeHII 3pi MM PUHKOM 1
HOCTiIHO TepeOyBae IiJ BIUIMBOM HAacTpOiB HATOBIy, a HE pamiOHAJBHUX
pimens iHBecTopiB. BpaxoByroun mBHIKi 3MiHK y (azax Ta HACTPOSX HAa PHHKY
KPUIITOBAIIOTH, LIl IHBECTHLIMHHUI {HCTPYMEHT MOXe OyTH PEKOMEHIOBaHHM
JMIIe Ha KOPOTKOCTPOKOBOMY T'OPH3OHTI iHBECTYBaHHS. Y 3B’S3Ky 3 THUM, IO
PHUHOK 30JI0Ta OiNBIN BiANOBiAAE rimoTe3i ppaKkTaabHOTO PUHKY, AJIS iHBECTHILIN
B Oip>KOBE 30JI0TO Kpallle 3aCTOCOBYBAaTH MeTOAM (hpakranbHoro axamizy. Ha
MicTaBl MPOBEJCHUX PO3PAXYHKIB HAJAHO MPAKTUYHI PEKOMEHIAIii CTOCOBHO
HEPCIEKTUB iHBECTYBAHHS Ha KOXKHOMY 3 TPOX PHHKIB.

Statement of the problem

To understand and predict market behaviour, and to
make effective investment decisions, an important task
is to study the dynamics of markets which selected for
investing. One of the basic methods of the study is to
evaluate the statistical characteristics of the time series
of the investment tool price. Another important indicator
that characterizes the type of dynamics is the shape of
price and profitability, frequency histograms and such
important estimates as volatility, asymmetry, and excess.

According to shape of time series distribution, an
appropriate  hypothesis is established that best
characterizes a given market, and, having decided on the
hypothesis, and, having decided on the hypothesis, it
would be much easier for an investor to predict the price
behaviour of a financial instrument. It should be noted
that one of the prerequisites for the Efficient Market
Hypothesis is the normal (Gaussian) distribution for the
price and profitability of the investment instrument.
Although the fractal market hypothesis does not imply
any particular kind of distribution, it does highlight the
characteristic features that are present in the frequency
distributions of real financial markets. And the Coherent
Market Hypothesis classifies the state of the market into
five phases according to the type of distribution. In
addition, statistical ~characteristics are important
valuation parameters for comparative market analysis.

Analysis of recent studies and publications

For today, the following theories describing the
dynamics of financial markets have become the most
widespread: the Efficient Market Hypothesis (EMN) [1]
— [2], the Fractal Market Hypothesis (FMH) [3] — [4]
and the Coherent Market Hypothesis (CMH) [5].

Despite the fact that the Efficient Market Hypothesis
was formulated in the 1970s, its ideas remain in demand
and are relevant today: in 2013, Eugene Fama, the
founder of the efficient market hypothesis, received the
Nobel Prize for “empirical analysis of asset prices” [6].
According to the hypothesis of efficient markets, the
prices and profitability of financial instruments don't
have memory, that is, independent random variables
with equally distributed increments. It follows from the
central limit theorem that the distribution of a large
number of random independent quantities with
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approximately the same size will be approached to
normal distribution. Therefore, two approaches are used
to diagnose the market dynamics of EMH preconditions:
the first is to perform statistical tests to verify the
independence of events (reviewed by the author in [7]);
the second is to check that the profitable distribution of a
particular market complies with the conditions of normal
distribution [8] - [9].

The shape of the distribution for the profitability time
series plays an important role in the Coherent Market
Hypothesis. The coherent market hypothesis is based on
the construction and study of nonlinear statistical
models, where in terms of the probability density
function of profitability distribution concludes about one
of the five phases in the market: the phase of the random
walk market, the unstable transition market, the chaos
market, the coherence market and the phase of the anti-
persistent market [5].

Although the prerequisites for the fractal market
hypothesis are not based on the investigated time series
distributions, the source [3] highlights the main features
inherent in financial market density distributions (high
value of excesses, “fat tails,” etc.). A detailed study,
evaluation and comparison of these parameters is an
additional tool in making investment decisions.

Obijectives of the article

The purpose of the study is to compare the statistical
characteristics of the price time series for the investment
instruments on the example of three investment markets
(the gold market, the EUR / USD currency market and
Bitcoin cryptocurrency market) to determine the type of
dynamics, the internal laws of operation, predictability
of each market, and provide practical recommendations
on the prospects for investing in each of the three
markets.

The main material of the research

We calculate the main statistical indicators [10] of the
time series (TS) for the selected investment instruments
and check their compliance with the normal distribution.
From the use of statistical analysis tools, the point
estimates values are calculated (Table 1).
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Table 1 - The main point estimates for the price time series of gold, EUR / USD and Bitcoin from January 2012 to

March 2019
Dynamics evaluation indicators Gold Currency pair Bitcoin
EUR/USD
1. Mean 1335,9 1,215 1212,8
2. Median 1285,5 1,2195 390,3
3. Standard deviation 181,25 0,106 2720,5
4. Range 7424 0,3547 19187
5. Coefficient of variation, % 13,6% 8,7% 224%
6. Coefficient of oscillation% 55,6% 29,2% 1582%
7. Frequency distribution histogram
mhﬂummm ________________________________

8. Skewness (asymmetry) 0,99 0,05 3,8
9. Excess kurtosis -0,1 -1,5 15,25

From the distribution histogram and the point estimates
of the time series, we can conclude that none of the given
time series from January 2012 to March 2019 can be
described as a normal distribution, Bitcoin prices are
much more volatile (the variations and oscillations are
ten times higher than the corresponding figures for the
price of gold and currency pair) and Bitcoin price
distribution has an extremely high kurtosis.

The dynamics of gold and currency prices are
characterized by separate periods with different
behaviour of the system (two “heads” of distribution). In
this regard, the separate periods are investigated: for time
series of the gold price is the period from June 2013 to
March 2019; for currency pair — from January 2015 to
March 2019. The main statistical indicators are
summarized in Table 2.

Table 2 - The main point estimates for the price time series of gold and EUR / USD currency pair during the periods

with similar dynamics

Dynamics evaluation indicators Gold from June 2013 to March EUR/USD from January 2015 to
2019 March 2019

1. Mean 1246,9 1,1215
2. Median 1254,9 1,177
3. Standard deviation 74,37 0,045

4. Range 370 0,212

5. Coefficient of variation, % 6% 4%

6. Coefficient of oscillation% 29,7% 18,9%

7. Frequency distribution histogram 1

nnnﬂHH{ LH DHH |:||:||:||:|,:,E,
8. Skewness (asymmetry) -0,48 0,63
9. Excess kurtosis -0,22 -0,01

Since the shape of the distribution and the point estimates
of the given time series cannot uniquely confirm or deny
the hypothesis of normal distribution, a number of
statistical tests are conducted.

Normality testing is performed by several criteria:

1) Comparison of the mean and median. The module
difference between the mean and the median should not
exceed three standard errors of the mean.

2) Comparison of the calculated skewness (asymmetry)
coefficient with the three standard skewness errors.

3) Comparison of the calculated excess Kkurtosis
coefficient with the three standard kurtosis errors.

4) The Kolmogorov-Smirnov test (K-S test or KS test).
5) The Shapiro-Wilk test.
The calculation results are shown in Table 3.

The analysis revealed that, despite the stochastic nature
of the dynamics, neither the TS for the gold price nor the
currency pair TS can be described by a normal
distribution.
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Table 3 - Results of the check for compliance with the normal law of distribution for gold price and EUR / USD time
series for periods with similar dynamics

Gold from June 2013 to March 2019

EUR/USD from January 2015 to

March 2019
Frequency distribution histogram | |80 7 _ 100 7 o
60 % 80 1 %
S >
40 1 8 018
L 40 W&
20 20 4 | ‘ Pocket
0 o AL EAIRLERERAR Do L E T,
D N — NN 0 T O VW N
383332388 8e S 3858399333313/ %
1. Cpmparlson of mean and 8> 6.33 0,0038 < 0,0048 *
median
2. Checking skewness
(asymmetry) [-0,48] > 0,207 [0,63]>0,225
3. Checking kurtosis (excess) |-0,217| < 0,417 * |-0,014|<0,51 *
4. Kolmogorov-Smirnov test p<0,01 p<0,01
5. Shapiro-Wilk test 0=0,000 0=0,000

* - the null hypothesis about normal distribution is not rejected

We conduct similar studies for the profitability time series of the respective investment instruments. The calculation
results of point statistical estimates are shown in Table 4:

Table 4 - The main point estimates for the profitability time series of gold, EUR / USD and Bitcoin from January 2012

to March 2019

Profitability of:
Dynamics evaluation indicators - —
gold currency pair EUR/USD Bitcoin
1. Mean -0,00426 -0,00224 0,449
2. Median 0 0 0,259
3. Standard deviation 0,9746 0,529 4,69
4. Range 141 5,459 67,2
7. Frequency distribution histogram
|:||:| o =.|:| |:|E|_ _otll_
8. Skewness (asymmetry) -0,39 0,181 0,194
9. Kurtosis (excess) 7,85 2,088 9,28

For a more detailed study, the profitability distribution
histograms of the respective investment instruments are
compared with the normal distribution curve (Figure 1).

distribution characteristics that researchers are faced with

Figure 1 shows two typical disparities in the normal

when studying real economic series. Firstly, it is a high
kurtosis, and secondly, the so-called “fat tails.”
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Fig. 1. Frequency histogram in comparison with the normal distribution curve for time-series profitability of: a) gold;
b) EUR /USD currency pair; ¢) Bitcoin
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According to the law of normal distribution, 99.7% of all
events are in the interval [p— 30; p+ 30]. Table 5
shows the actual number of events that are outside the
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interval [p— 30; p+ 30] compared to the allowed
number of such events n in the total number of events N
of each time series according to the normal distribution.

Table 5 - Comparison of the actual number for events beyond the interval [u-3c; p + 30] with the maximum allowable

number of such events according normal distribution

nl <p-3c n2 > pt3c nl+n2
Gold
10 13 23
EUR/USD currency pair
6 11 17
Bitcoin
27 20 47
where nl, n2, n is the number of actual events, n is the maximum allowed number of events for normal distribution in
intervals {< u—30
>u+ 30

According to the five mentioned above criteria, the TS of profitability are checked for compliance with the normal
distribution. The results are shown in Table 6.

Table 6 - Results of the check for compliance with the normal law of distribution for gold price, EUR / USD and

Bitcoin time series for periods from January 2012 to March 2019

Profitability of:

cg&eg;:zggr currency pair EUR/USD | currency pair EUR/USD
#eﬁ?gzpa“son of mean and 1-0,00426| < 0,072 * 1-0,00224/<0,039 * 0.4491>0,3
?ésifrfr%t't?g)s"ew”ess -0,39| > 0,183 10,1806 < 0,183 * 0,19] > 0,156
3. Checking excess kurtosis |7,845| > 0,366 |2,088| > 0,366 [9,28| > 0,312
4. Kolmogorov-Smirnov test p<0,01 p<0,01 p<0,01
5. Shapiro-Wilk test p=0,000 p=0,000 p=0,000

* - the null hypothesis about normal distribution is not rejected

As can be seen from the table, no time series fully meets
the conditions of normal distribution, and the main
statistical indicators of investment instruments differ
significantly from each other.

Conclusions

Comparing the results obtained from the analysis of point
statistical characteristics and the estimation of conformity
to the normal distribution, it can be noted that the Bitcoin
time series is characterized by a very high value of
variation, moreover, this series is the least consistent
with the properties of normal distribution, and such
anomalies as high excess kurtosis and “fat tails” are most
clearly expressed. Bitcoin cryptocurrency dynamics are
most consistent with the Coherent Market Hypothesis.
There are several completely different periods (phases) in
this market: before 2017, the rate of change was minimal,
2017 was a year of incredible growth and excitement,

and in 2018, overvalued assets began to decline. The
Bitcoin market is the least mature market and is
influenced by crowd moods rather than rational investor
decisions. Given the rapid changes in phases and market
sentiment, this investment tool is only recommended in
the short-term investment horizon. In addition, it should
be noted that, on the one hand, this instrument is risky for
the investor (high volatility of the market and rapid
changes in trends), and on the other hand, gives the
opportunity to earn additional profit in the short-term
investment.

The EUR / USD currency pair is best described by the
Efficient Market Hypothesis. Despite the significant
inconsistencies and deviations, the time series of the
currency is the closest to a normal distribution compared
to the time series of gold and Bitcoin. In addition, this
time series is characterized by the lowest volatility, the
excess kurtosis and the smallest “fat tails.” All this

53


https://en.wikipedia.org/wiki/Skewness

Bulletin of Zaporizhzhia National University. Economic sciences. M 3 (43), 2019

indicates a concentration of rational investors in the
market and a low probability of making a profit higher
than the average market profitability. Therefore, it is
inappropriate to use technical analysis tools to operate in
this market (according to the EMH, the time series does
not have memory and previous prices are unrelated to
future ones), attention should be paid to the study of
long-term trends and the analysis of fundamental factors.

ISSN 2414-0287

For the gold market, there is no such dramatic change in
mood and crowd effect as for Bitcoin, however,
deviations from the normal distribution are also much
larger than in the currency market. According to [3], high
excess kurtosis and “fat tails” are an indication of a
fractal market that focuses on investors with different
investment horizons, therefore, it is recommended to use
nonlinear dynamics and fractal analysis tools [10] to
work in the gold market.
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