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1. Introduction
The ponential growth of BitCoin and other cryptocurrenégea phenomenon that has

attraced considerablattention



2. Literature Review

As already mentioned above, thmgmtocurrency marketas only been in existence for a
few years, and therefore only a handful of studies have been carridtiRatrawy et
al. (2017) provide a comprehensive analysfs1469 cryptocurrenciegonsidering
various issues such agarket shareand turnoverCheung et al. (2@), Dwyer (2014),
Bouoiyour and Selm(2015)and Carrick (2016show that thismarket is muchmore
volatile than otherddalaburda and Gandal (201dnaly its degree of competitiveness
Urquhart (2016) and Bartos (201fecus on efficiency finding evidence for and against
respectively Anomalies in the cryptocurrency markate examired by Kurihara and

Fukushima (20171in04 511.7(nd )-39(a)-5(g)10(a)4(inst)-amin



3. Data and Methodology

We focus on the fouwrryptacurrencies with the highest market capitatienand longest



2. This period is divided into contiguouUssubperiods with length n, such
thatA, = N, then each superiod is identified ak, given the fact thaa=1, 2, 3. . . A.
Each elemenl, is represented dsx with k=1, 2, 3. . . N. For eachl; with lengthn

the average, is defined as:

n
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3. Accumulated deviationXx . from the averages, for each suiperiodl,

are defined as:

k
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The range is defined as the maximum indgxminus the minimunX ,, within

each sukperiod (,):
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4, The standard deviatiog,_ is calculated for each stgeriodla:
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7. The least square method is used to estimate the eqladidR / S) = log
(c) + H*log (n). The slopeof the regression line is an estimate of the Hurst expdfent
(Hurst, 1951).

The Hurst exponenlies in theinterval [0, 1] On the basis aheH valuesthree
categories can be identifiedhe series are antipersistent returns are negaely
correlated( 7 + ); the seriesare randomyeturns are uncorrelated, there is no
memory in the seriefH = 0.5); theseriesare persistent, returns are highly correlated,
there is memory in price dynamics (0.5+ ”

To analye the dynamics of market persistence we asslidingwindow
approach.The procedure is the following: having obtained the first value of the Hurst
exponent (for example, for the date 01.04.2004 using data for the period from
01.01.20040 31.03.2004), each of the following ones is calculated by shifting forward
WKH SGDWD ZLQGRZ" ZKHUH WKH VL]H RI WKH VKLIW GHS
and a sufficient number of estimates is required to analyse thevéimieg behaviour
of theHurst exponent. For example, if the shift equals 10, the second value is cdlculate
for 10.04.2004 and characterssthe market over the period 10.01.2004 till 09.04.2004,
and so on.

In addition wealso employ I(d) techniques fdhe log prices seriesboth

parametic and semiparametritNote that the differeneg parameter d is related toe

Hurst exponetial described above through






The dynamic R/S analysis show®e evolution over time of persistence in the

cryptocurreny market(see Figure 1)

50, data window=300)

Figure 1: Results of thedynamic R/S analysis (step
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As can be seen the degree efgstence varies over the timend fluctuates
around itsaverageTime variation isparticularly evident in the case hitecoin, with
the exponentroping significantly from 0.7 in 2013 to 0.50 in 2017. Thepresents
evidence in favaor of the Adaptive Market Hypothesis (see Lo, 19fr details) and
also of efficieng increasing over timdn the case of Litecoin the market was initially
rather inefficient, but after -3 years it became more liquignd the number of
participants trade volumesnd efficiency alincreasd.

Nextwe estimate an I(d) model specified as
y¢ D B x, @ BY9% u, t 1,2.., (9)
and testhe null hypothesis:
Hyo: d  d,, (10)

in (9) for d



Table 3 Estimates of d and confidence bands for the case of no autocorrelation
Log series No terms
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errors, aime trend is required foriioin and Daslbut not for the other two series. As
before, he estimates of d are withthe I(1) interval for all serieexcept Rople, for
which theestimateof d is significantly higher tharl, which impliesa high degree of

persistence

Table 5: Estimates of d and confidence bands for the case of autocorrelation
Log series No terms An intercept A linear time trend
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Ripple

Dash

Depending on the bandwidth parametdrs éstimates of d are withthe 1(1)
interval or above 1Therefore there is strong evidence thaan reversiomoes not

occur, which suggests market inefficiency.

5. Conclusions

This paper uses R/S analysis and fractional integrdbog-memory
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cryptocurrencymarketis still inefficient, but is becoming less so. This is especially true
of theLitecoin market, where the Hurst exponent dropped considerably over time

The results obtained using I(d) methods are less conclissinge the estimated
values of d ardigher than but not significantly different froinin a number of cases,
the main exception being Rippler which the parametricestimate of d is sigficantly
higher than 1. Theesniparametrid(d) results are very sensitive toetlthoice of the
bandwidth parameteand market inefficiencis found in a number afases

Persistencemplies predictability and thereforeepresentsedence of market
inefficiency, suggesting thatend trading strategies can be used to generate mbhor

profits in the cryptocurrency market.
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