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The object of the article's research is the dynamics of the price of Brent oil.
Relevance of the article due to the fact that in today's world oil prices are an
important economic factor in the world economy in general and on the national
economic systems in particular. The study has been conducted with a complex
fractal analysis, the essence of which is to use a Hearst's rescaled range (R\S)
analysis and methods sequential R\S-analysis, which in the case of the fractal nature
of economic dynamics enables to deepen the knowledge of in conditions of
instability, nonlinearity and uncertainty. As a result of the study of time series of
daily world oil prices for the period from 02.01.2013 to 16.12.2019 as a whole and
for 7 years, it has been revealed, all of them are persistent, have long-term memory
and inertia property. The use of the sequential R\S analysis method allowed for
fuzzy sets of time series memory depths to be constructed and a detailed
retrospective analysis of the dynamics of changes in memory depth characteristics
over the observation period has been made. For this purpose, such system
characteristics are defined as the depth of memory that is most possible; the depth
of memory that is the centre of gravity of the fuzzy set; maximum well depth of
memory has been found; an indicator of information entropy of fuzzy set of depth
of memory; an indicator of the redundancy of the fuzzy set of the depth of memory
as a measure of “noise” in the time series, etc. As a result, the peculiarities of the
dynamics of world oil prices have been revealed and their comparative analysis has
been carried out in the context of years. Recommendations for determining the
forecast horizon have been developed.

HEPEJAITPOI'HO3HE JOC/IIXKEHHA JUHAMIKHA CBITOBUX IIIH HA HA®TY
HA BA3I KOMIIVIEKCHOTI'O ®PAKTAJIBHOI'O AHAJII3Y

Yepepaa C. C., Makcenmko H. K.

3anopizbkuii HayioHanbHULl yHieepcumem
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KurouoBgi ciioBa:

1iHa HA HATy, YaCOBUH P, KOMIUICKCHUN
(pakTaIbHUN aHANi3, METOJ MOCITi0BHOTO
R\S-anaiizy, HediTKa MHOXKHMHA TJIHOWHK
mam’siTi, TOPU30HT MPOTHO3YBaHHS.

OO0’ekTOM JIIOCHi/KEHHs1 CTaTTi € JuHaMika niHu Ha Hadrty Mmapku Brent.
AKTyaJIbHICTh CTaTTi 3yMOBJICHA THM, IO CBITOBI LIHK Ha HA(Ty € BaXKIMBUM
€KOHOMIYHHMM (haKTOPOM BILUTMUBY Ha CBITOBY €KOHOMIKY 3arajioM i Ha HalliOHaJIbHI
eKOHOMIuHI  cucTeMH 30Kkpema. JIOCHJDKEHHST  IpOBEAEHO  3aco0amu
KOMIUIEKCHOTO (h)paKTaJbHOTO aHali3y, CyTHICTh SIKOTO IIOJISITa€ B 3aCTOCYBaHHI
BIJIOMOTO METOJly HOPMOBAHOTO po3Maxy Xepcra i Meroay mociigoBHoro R\S-
aHanizy, SKuil y BUMaAKy (pakTasbHOI NMPUPOIU EKOHOMIYHOI AMHAMIKH Ja€
3MOTY IOTIMOMTH 3HAHHS IIOJO Hei B yMOBaX HECTIHKOCTi, HENiHIHHOCTI H
HEBU3HAYEHOCTI. Y pe3ynbTaTi TOCTiIKEHHSI YaCOBUX PS/IiB MIOJICHHUX CBITOBUX
1iH Ha HadTy 3a nepion 3 02.01.2013 mo 16.12.2019 3aramom Ta B po3pisi 7 pokiB
BUSIBIICHO, 1110 BCi BOHH € MEPCHCTCHTHHMH, MalOTh JOBrOTPHBAILY MaM’STh Ta
BJIACTUBICTh 1HEpIHHOCTI. 3acTocyBaHHs MeToxy mociimoBHoro R\S-anamisy
JTaJIo 3MOTY MOOYIyBaTH HEUiTKI MHOKHHH TIMOMHHU T1aM’sITi 9YacOBUX PSNIB Ta
MPOBECTH JICTAIBHUN PETPOCHEKTHBHUI aHaNi3 AWHAMIKH 3MiH XapaKTepPUCTHK
TIMOWHHU TTaM’SITi BIPOAOBXK MEpioJLy CrocTepeskeHHs. s boro BU3HAYEHO TaKi
CHUCTEMHI XapaKTEPHUCTHKH, SK TIMOWHA IaM’sTi, MO € HAHOULIBII MOXKIIMBOIO;
TMOWHA TaM’ATi, IO € IEHTPOM TSDKIHHS HEYiTKOi MHOXHH; MaKCHMallbHa
rMOWHA TaM’sTi; TOKa3HUK iH(OpMAaIiifHOT EHTPOIii HEYiTKOI MHOXKHHH
TIMOMHN TTaM’sITi; ITOKAa3HUK HAJUIUIIKOBOCTI HEYITKOI MHOXHHH TIHOWHH
mam’siTi K Mipa «3amrymieHocti» YP Ta iH. Y pe3ynbraTi BUSBICHO 0COOIHBOCTI
JIUHAMIKH CBITOBUX IIiH Ha HA()Ty Ta MPOBEJCHO iX MOPIBHAIBHHUI aHATI3 y po3pisi
pokiB. Po3po6iieHO pekoMeHallil 100 BU3HAYEHHS TOPU3OHTY IPOTHO3YBaHHS.

Statement of the problem
In the context of globalization, world oil prices are an
important economic factor influencing the global
economy in general and national economic systems in
particular. The perfection of the energy pricing
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mechanism depends, first of all, on the energy security of
each country. The creation of reliable forecasts of oil
prices is an important component in the development of
state budgets, justification of investment projects,
economic evaluation of oil reserves in the depths and
more. The price of oil is one of the most important factors
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affecting  global  economic  growth, industrial
development, inflation and interest rates, food prices,
poverty and other socio-economic processes.

It should be noted that oil prices have been very volatile in
recent years. This volatility in oil prices causes great
damage to both developing and developed countries. In
particular, high oil costs affect the economy at the macro
level, while temporary low prices delay the necessary
investment in energy. Changing consumer prices also
complicate the use of new business models energy
consumption and finding their replacements. Supply and
cost problems are accompanied by environmental
problems, in which oil also plays a major role.

The importance of oil price forecasting has long been
proven in current scientific literature, as well as in
economic press and programmatic documents. The media
provides unofficial data on the macroeconomic effects of
recent fluctuations in world oil prices. In general, the
importance of global oil price projections stems from the
fact that they are necessary for stakeholders, including
knowledge-intensive industries, investors, financial
corporations and risk managers, as well as for central
banks to measure economic stability. However, the
forecasting of oil prices is complicated by the fact that
their dynamics change over time as a result of the
influence of various fundamental factors such as, for
example, the demand or supply of oil, the volume of
reserves along with others.

Therefore, awareness of the contemporary situation and
make recommendations for selecting relevant methods of
forecasting oil prices is important before the forecast
analysis that aims to identify the characteristics of the
system dynamics of prices that you can evaluate its
features such as instability, nonlinearity and uncertainty.

Analysis of recent studies and publications

The problems of the global energy commodity market
research and volatile oil prices are reflected in numerous
publications domestic and foreign researchers, including
Ya. Vytvytsky [1] O. Kratt, 1. Kirnos in [2] William
Nikonenko [3 ], O.Kohuta [4], O. Bandura [5],
D. Kokurina and G. Melkumov [6], M. Musi [7], and also
in the reviews of world organizations - OPEC (8) ,
UNCTAD [9], MEA (IEA) [10] and others.

Practical and theoretical issues of energy price analysis
and forecasting have been considered, in particular, in the
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works of such scientists as A. Prahovnik , Y. Rudenko,
B. Stogni and , G. Pivnyak , I. Karp [11], V. Bushuyev ,
A. Konoplyanyk , J. Mirkin [12] and other authors.
Substantial works in the field of technical analysis belong
to Western researchers, in particular, R. Colby [13],
A. Elder [14] and others.

In [15] the authors of this article analyse the dynamics of
world prices for oil and natural gas for the period from
January 1986 to May 2010. With an applying statistical
methods and methods of complex fractal analysis enabled
to make it possible to confirm hypothesis of nonlinearity
price dynamics for oil, its fractal nature, and also obtained
some characteristics of the depth of memory inherent in it,
and to conduct a comparative analysis of the predictability
of the relevant prices. In [16] the author suggested
systematization characteristics economic dynamics in
conditions of instability, nonlinearity and uncertainty in
the form of quantitative assessment based on figures
obtained from the use of complex fractal analysis. On
maintenance of complex fractal analysis involves the use
of a known method of normalized swing Hurst (traditional
R\S-analysis) [17] and method consistent R\S-analysis
[18], which in the case of the fractal nature of economic
dynamics enables to deepen the knowledge about it in
terms of instability, nonlinearity and uncertainty.

However, a thorough retrospective analysis of the
dynamics of oil prices over the past decade has not been
conducted.

Obijectives of the article

The purpose of the work is before the forecast is the study
of the dynamics of world prices for crude oil Brent using
tools of complex fractal analysis to determine its
characteristics and developing recommendations to
determine the horizon forecasting.

The main material of the research

The object of the study is time series (TS) G that daily
world prices for crude oil Brent for the period 02.01.2013
t0 12.16.2019 [19] (Fig. 1).

To detect possible changes in the character dynamics
during the period under review, the experiments and the
dynamics of prices in each year separately, that is,
consider splitting TS G into parts, G = U233 G;, where
G;- the value of world Brent oil prices over the year

i, i =2013,2019.
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Fig. 1. The dynamics of quotations for Brent crude in the period from 02.01.2013 to 16.12.2019 (TS G)
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Considering the results of the study [15], we will consider
TS G and G;, i = 2013,2019, as such, which have a
fractal structure and are characterized by long-term
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memory [17, 18]. This is ensured by Hearst's rescaled
range (R\S) analysis, which, together with the mixing
procedure, is the content of the first stage of complex
fractal analysis (table 1).

Table 1 - Value index Hearst for TS G and G;, i = 2013,2019 oil prices

Time series of oil prices
Hearst indicator
G 62013 62014 62015 62016 GZOl7 G2018 GZOl9
H 0,9230 0,9311 0,8694 0,9269 0,9382 0,8942 0,8706 0,8824
H. . 0,6114 0,6238 0,6263 0,6197 0,6220 0,6004 0,6394 0,6094
after mixing

Belonging values of b index Hearst H to the interval
[0,8694; 0,9382] together with the values of this indicator
after conducting the test for the mixing of the levels of the
time series (Hpyix € [0,6004; 0,6394] — indicates an
irregularity) allows to state that the time series of the oil
prices being investigated are persistent and have long-term
memory

The second stage of complex fractal analysis makes it
possible to obtain quantitative characteristics of the TS
memory depth by applying the method of sequential R\S
analysis [18]. Recall that with units this method is to build
a family of S(G) time series of offset for the start of the
time series and applying iterative procedure analysis of
relevant each time along with the family of S(G) H -
trajectory and R\S -trajectory the purpose determining the
"breakpoint” of the corresponding R\S-trajectory from the
trend. This "breakpoint” signals the loss of TS the
beginning of the TS, and the number | of the
corresponding TS level can be selected as a lower estimate
of the depth of memory about the beginning of the TS of
the family S(G). We also recall [16] that the application of
this method allows to take into account the changing
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nature of price dynamics, to identify the set of cycles
(quasicycles) that are characteristic of the TS under study.
To assess the depth of memory for the TS G in general the
defined in [18] procedure formed fuzzy set L(G), by pair
wise combining a pair of elements [ elements and
corresponding s their values w (1) membership function,
that is

LX) ={ (L) ), Tel® }. 1)

where

L’ =supp L(X)={l. eN,i=12,....
— fuzzy set carrier.

The estimation of the depth of memory for the whole
series reflects the uncertainty generated by the external
and internal effects on the dynamics being investigated.
Construct fuzzy sets memory depth for each of the
considered time series G and G;, i = 2013,2019 in oil
prices. The results are presented in Fig. 2 and 3.

(1) >0}

L(G)={(4;0,8),(5;0,16),(6;0,32),
(7:0,64),(8;0.48),(9:0,64),
(11;0,32),(12;0,16),(37;0,16),
(45:0,16)}

L(G2013)={(4:0,2),(6;0,4),(7;0,2),
(8;0,2),(9;0,8),(10;0,8),(11,0,2),
(13;0,2),(16;0,4),(17;0,2),(24;0,4),
(29;0,2)}
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L(G2014)={(3:0,8),(4;0,6),(6;0,2),
(8;0,4),(10;0,2),(11;0,2),(12;0,4),
(13;0,2), (15,0,6),(16;0,2),(17;0,2),
(18;0,2),(34;0,2)}

L(G2015)={(3;0,64),(4;0,8),
(5:0.8), (6:0,48),(7:0.16),(8:0,32),
(9:0,32),(10:0,16),(11:0,16),
(12:0,32),(13:0,16),(14:0,16),
(16:0,16),(17:0,16),(18:0,16)}.

Fig. 2. Fuzzy sets of TS memory depth G and G;, i = 2013,2015 oil prices
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L(G2016)= ={(3:0,27),(4,0,53),(5;0,8),
(6;0,53),(8;0,8),(9;0,53),

(10;0,8), (13;0,53),(15;0,27),
(19;0,27),(20;0,27),(21;0,27),
(26;0,53)}

L(G2017)={(3;0,4),(4;0,8),(5;0,4),
(6;0,4),(8;0,2),(9;0,2)(10;0,8),
(12;0,2), (14,0,2),(15;0,2),
(18;0,2),(33;0,4)}

L(G2018)= {(1;0,04),(3;0,48),(4;0,8),
(5;0,68),(6;0,28),(7;0,12), (8;0,2)(10;0,04)}
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L(G2019)= {(1;0,7),(3;0,8),(4,0,6),
(5;0,6),(6;0,5),(7;0,3),
(8;0,15)(9;0,1)}.

Fig. 3. Fuzzy sets of TS G;, i = 2016,2019 memory depth oil prices

Comparative analysis of fuzzy s sets memory depth of
each of the considered time series G and G;, i=
2013,2019 oil prices allows the following conclusions:
1) behavioural characteristics TS G generally can not
serve as a benchmark to assess each of its segments G;, i =
2013,2019. This conclusion follows in particular from the
fact that the TS G is characterized uyetsya considerable
volatility (value u(4) = 0,8) in contradistinction to TS
G2013 OF Gyo1g, TOr which the value p(3) v 1(4) does not
exceed 0,2.

2) during the studied period, price behaviour has changed
significantly in different years: 2013 and 2018 were the

0.8
— 0,7
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a)

The results of complex fractal analysis create the
conditions for a more detailed analysis of the memory
characteristics of the time series being analysed. We
define other system characteristics [16] ST, namely: the
depth of memory, which is the most possible (IH3); the
depth of memory, which is the centre of gravity of the
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most "calm™ in the sense of long-term memory. Although
their characteristics are also different: 2013 is trendier
with a characteristic memory depth [ =9 and [ = 10, in
contradistinction to 2018 with the most characteristic
memory depth [ = 6.

3) the particular instability differs between 2014, 2015,
2017 and 2019 (characteristic of these years is the
presence of short cycles (length [ = 3 or [ = 4).

The dynamics of changes in the characteristics of the TS
memory depth are presented in Fig. 4

3
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b)
Fig. 4. Dynamics of change in fuzzy sets of the depth of memory of CR oil prices over 7 years: 2013 -2019:
a) spatial dynamics; b) change map

fuzzy set (ICT); maximum in depth of occurring memory
(Imax); the depth of memory, which is the center of
gravity of the significant (by a predefined degree of
significance €) levels for the set (1eCT); the regularity of
the detected pattern in terms of significance ¢ ; indicator
of information entropy of fuzzy set of depth of memory
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(Hentrop_L); an indicator of the information entropy of a
significant part of fuzzy set of depth of memory
(Heentrop_L); an indicator of the redundancy of a fuzzy
set of depth of memory (SH(G)), which can be considered
as a measure “noise” of TS.
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Summary results of calculations are definite indicators of
estimation of system characteristics of dynamics of the TS
G in general and its components G;, i = 2013,2019 are
shown in Table. 2.

Table 2 - Values of oil price dynamics indicators for the period from 02.01.2013 to 16.12.2019

Indicators The price of ail
G 62013 62014— 62015 62016 62017 62018 62019
I3 4 9,10 3 5 5,8,10 4,10 6 5
lcr 10 12 11 8 11 10 5 5
Imax 45 29 34 18 26 33 10 10
€ 0,4 0,4 0,3 0,3 0,5 0,4 0,3 0,3
Fer 7 12 8 6 10 9 5 5
the :jaég(;;r)e'e of O,_83 0,_67 0,_64 0,_74 0,'79 O,'73 0._97 O._98
typicality High High High High High High High High
Hentrop_L 0,8668 1,6056 1,7743 1,9192 1,7209 1,6249 0,8584 0,9498
Hentrop_L 0,4253 0,6304 0,6598 0,7515 0,9573 0,789 0,7469 0,7720
SH(G), 0,5092 0,6073 0,6281 0,6084 0,4434 0,5144 0,4373 0,7071
degree of noise| Average Low Low Low Average Average Average Low

The analysis of the results of the study of the
characteristics of fuzzy sets L(G) and L(G;) time series

memory depths G Ta G;, i = 2013,2019, oil prices make
it possible to reach the following conclusions:

a) slight variability except TS G demonstrate TS G414,
G015 Ta G,gq: Tor their dy ing characteristic and are, on
the one hand, the presence of predominantly short (I =
3,1 =4 Al =5) cycles (quasicycles), on the other hand,
there is a significant discrepancy between the most
commonly found memory depths (lx3) and centres of
gravity of the plural L(G;) - values lcr and Icr
(significant). ). This range of possible values of depth is
quite wide (the values | max ) and the greatest uncertainty
behaviour (on a variety of behaviours) by the information
entropy of a fuzzy set of memory depths (Hentop L) a
number of dynamics turned out for TS Gygq5
(Hentop_1=1,9192). Restricting a fuzzy set of memory
depths only to significant levels leads to a sharp reduction
in uncertainty, but the presence of short cycles
significantly affects the overall estimate;

b) relatively stable inertial (quiet) dynamics is
characteristic of TS G,9;3 and G,p44: the length of
quasicycles is determined by the indices lus , lcr, Fer,
which either coincide or differ by one unit and acquire
values from the segment [9; 12]. This length of possible
trend allows this indicator to be used as an acceptable
forecasting horizon of two weeks;

c) special attention is needed in the last two years — TS
G,018 and G,414. FoOr the dynamics of the price of oil in
these years are characterized by a relatively low degree of
uncertainty (entropy values Hentrop 1 and Héentrop 1), @ high
degree of typicality 7.(G), compared to a wide range of
values for possible lengths of quasicycles (Imax=10). In this
case luz, ler, I¥er coincide (or almost coincide), but acquire
the value of 1=5. This means that during the last two years,
the oil market has been volatile and price inertia has taken
place over the course of a week, which is likely to end with

a change in trend (price spike) and then a week's inertia
again.
Conclusions

The before forecast research of the dynamics of
the dynamics of world oil prices of the Brent brand using
the tools of complex fractal analysis revealed the
peculiarity of it and which are as follows:

a) all-time series of oil prices (G and G;, i = 2013,2019),
what is investigated is inherent in the trend or inertia
property. This means that over a period of time, it is likely
that the series will preserve the acquired direction of
motion, and this property should be taken into account
when selecting the prediction method,;

b) the time during which the price has the property to keep
the acquired direction of movement is not constant. It
changes under the influence of certain (fundamental and
other) significant factors. This effect is reflected in the
change in the depth-of-memory characteristics of the time
series. Therefore, when determining the parameters of a
method of predicting intended at it for long-term time
series, it is advisable to have the results of monitoring to
modify the characteristics of the dynamics that are typical
of the period immediately preceding prediction. Thus, for
the purpose of forecasting the price of oil of the Brent
brand since the beginning of 2020, there is no sense in
constructing a day forecast for a period exceeding 5
periods. If you increase the forecast horizon with such a
value, there is a high probability of a significant increase
in the forecast error.

Prospects for further research toward a perfection before
the forecast analysis of the dynamics of world prices for
crude oil Brent, in our opinion, is the attraction phase
analysis tools for quantitative evaluation of the oscillation
amplitude b of prices within the identified available
quasicycles and research centres trajectory of quasicycles.
It is reasonable and exploration towards identifying the
impact of fundamental factors to change the
characteristics and dynamics of prices on oil.
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