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Abstract: Regulatory actions aimed the sustainable development force
ordinary traders, policymakers, institutional investors to develop new
types of risk management strategies, seek better decision-making
processes that would allow them more effectively reallocate funds when
trading and investing in energy markets such as oil and gas. Due to their
supply and demand, they are presented to non-equilibrium, chaotic,
long-range dependent, etc. Oil and gas play an important role not only in
the financial markets, but they are important in many goods and services,
and their extensive usage leads to environmental damage. Thus, the
dynamics of the corresponding energy-related indices is a useful
indicator of the current environmental development, and their modeling
is of paramount importance. We have addressed one of the methods of
multifractal analysis which is known as Detrended Cross-Correlation
Analysis (DCCA) and its multifractal extension (MF-DCCA) to get
reliable and efficient indicators of critical events in the oil and gas
markets. For example, we have taken daily data of Henry Hub natural
gas spot prices (US$/MMBTU), WTI spot prices (US$/BBL), and
Europe Brent spot prices (US$/BBL) from 7 February 1997 to 14
December 2021. Regarding their (multifractal) cross-correlations, we get

such indicators as the DCCA coefficient Pocen the cross-correlation

Hurst exponent, the maximal, minimal, and mean singularity strength,
the width of multifractality, and its asymmetry with the usage of sliding
window approach. Our empirical results present that all of the presented
indicators respond characteristically during crashes and can be
effectively used for modeling current and further perspectives in energy
markets and sustainable development indices. These results may be
useful for regulators, governments, institutional investors who invest or
trade in energy-related markets. This will help them to develop portfolios
for better decision-making processes during worldwide trends aimed at
improving sustainable development. In the future, on the basis of such
indicators of the cross-correlation and multifractal properties, it will be
possible to create highly reliable risk management systems that will
allow to identify and forecast crashes more precisely.

Keywords: sustainable development, analysis, modeling, indicators,
energy markets.
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Introduction

The introduction should briefly place the study in a broad context and highlight why it is
important. It should define the purpose of the work and its significance. The current state of the
research field should be carefully reviewed and key publications cited. Please highlight
controversial and diverging hypotheses when necessary. Finally, briefly mention the main aim of the
work and highlight the principal conclusions. As far as possible, please keep the introduction
comprehensible to scientists outside your particular field of research.

Materials and Methods

The Materials and Methods should be described with sufficient details to allow others to
replicate and build on the published results. Please note that the publication of your manuscript
implicates that you must make all materials, data, computer code, and protocols associated with the
publication available to readers. New methods and protocols should be described in detail while
well-established methods can be briefly described and appropriately cited.

Results
This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental conclusions

that can be drawn.

All figures and tables should be cited in the main text as Figure 1, Table 1, etc.
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Figure 1. This is a figure. Schemes follow the same formatting.

Table 1. This is a table. Tables should be placed in the main text near to the first time they are
cited.

Title 1 Title 2 Title 3
entry 1 data data
entry 2 data data !

! Tables may have a footer.

The text continues here (Figure 2 and Table 2).

(a) (b)

Figure 2. This is a figure. Schemes follow another format. If there are multiple panels, they
should be listed as: (a) Description of what is contained in the first panel; (b) Description of what is
contained in the second panel. Figures should be placed in the main text near to the first time they
are cited.

Table 2. This is a table. Tables should be placed in the main text near to the first time they are
cited.

Title 1 Title 2 Title 3 Title 4
data data data
entry 1 * data data data
data data data
data data data
entry 2 data data data
data data data
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* Tables may have a footer.
This is example 1 of an equation:

a=1,(1)

the text following an equation need not be a new paragraph. Please punctuate equations as
regular text.
This is example 2 of an equation:

a=b+ct+d+et+f+g+h+r+s+t+tut+tv+wt+x+y+z(2)

the text following an equation need not be a new paragraph. Please punctuate equations as
regular text.

Conclusions

A conclusion wraps up your final thoughts and main points, making it clear that they've
reached the end of your content.

Conflicts of interest

Declare conflicts of interest or state «The authors declare no conflict of interest». Authors
must identify and declare any personal circumstances or interest that may be perceived as
inappropriately influencing the representation or interpretation of reported research results.

Funding

Please add: «This research received no external funding» or «This research was funded by
NAME OF FUNDER, grant number 000.000». Check carefully that the details given are accurate
and use the standard spelling of funding agency names. Any errors may affect your future funding.

Authors contribution

For research articles with several authors, a short paragraph specifying their individual
contributions must be provided. The following statements should be used “Conceptualization, X.X.
and Y.Y.; methodology, X.X.; software, X.X.; validation, X.X., Y.Y..; formal analysis, X.X.;
resources, X.X.; analis data, X.X.; visualization, X.X.; supervision, X.X.; project administration,
X.X.; funding acquisition, Y.Y. All authors have read and agreed to the published version of the
manuscript.” Please turn to the CRediT taxonomy for the term explanation. Authorship must be
limited to those who have contributed substantially to the work reported.
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HasBa

Im's [Tpi3Buine
HaykoBe 3BaHHs, BUeHMI cTyniHb, YHiBepcuteT, Micto, Kpaina
e-mail: e-mail@e-mail.com

ORCID ID: 0000-0000-0000-0000

Anoranisi: O6car tekcry 1600 - 1800 3makiB (3 mpomyckamu). s HOCTITHUIBKUX CTaTei
aHOTallii MOBMHHI JaBaTH pEJIEBAaHTHUN oOmsAA poOOTH. MM HACTIHHO PEKOMEHAYEMO aBTOpam
BUKOPUCTOBYBaTH TaKUi CTWJIb CTPYKTYpPOBAaHUX aHOTaIlH, aine O6e3 3aronoBkiB: (1) IlepeaymoBu:
Po3MicTiTh UTaHHSA, SIKE PO3MIAJAETHCS, Y IIMPOKOMY KOHTEKCTI Ta BUCBITIITh METY JOCIIKEHHS;
(2) Mertoau: KOPOTKO OMHMIINITH OCHOBHI MeToau abo 3acTocoBaHl MeToAM JiKyBaHHS; (3)
Pesynbraru: y3araqibHUTH OCHOBHI BUCHOBKH CTaTTi; (4) BUCHOBKH: BKaXiTh OCHOBHI BHCHOBKHU
abo iHTepnperarlii. AHoTallisi Mae OyTH 00’ €KTUBHUM BiJIOOpa)KEHHSIM CTaTTi, HE TIOBUHHA MICTHTH
pe3ynbTariB, HE BUKJIAQJAEHUX 1 HE OOIPYHTOBAaHMX B OCHOBHOMY TEKCTi, 1 HE TIIOBHHHA
nepeoIbIITyBaTH OCHOBHI BUCHOBKH.

KurouoBi cioBa: xirouoBe ciioBo 1; kimodoBe ciioBo 2; kirouoBe ciioBo 3 (Ilepenivite Big 1’ sITH 10
JIECATH BIAMOBITHUX KIIOYOBUX CIiB, CHeNU(PIUHUX [UIsI CTaTTi, aje JIOCUTh MOIIUPECHUX Y
MpeIMEeTHIN AUCUHUILTIHI.)

Beryn (Introduction)

VY Berymi citiJi KOPOTKO MOMICTUTH AOCTIIKEHHS B IIUPOKUNA KOHTEKCT 1 MIAKPECIUTH, YOMY
BOHO BaXJIMBe. Y HbOMY Mae€ OyTH BU3HAYeHO MeTy poOotu Ta ii 3HadeHHs. I[loTouHumii cran
JOCIITHUIIBKOI Taxy3i CliJi peTeIbHO MEeperIsiHYyTH Ta LUTYBAaTH KIIO4OBI MyOsikauii. bynp macka,
BUJIUIITH CYNEpeusuBi Ta po301KHI IioTe3u, KoM e HeoOxiaHo. HacaMkiHelb KOpOTKO BU3HAUTE
OCHOBHY MeTy poOOTH Ta BHUIUIITH OCHOBHI BHUCHOBKHM. Hackiabku 1ie MOXJIMBO, OyIb Jiacka,
3p0o0iTh BCTYII 3pO3yMUTUM JUIsl BACHUX 1032 MEXKAaMHU BaIllOi rayry3i J0CHiKEHb.
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Marepiaau Ta metoau (Materials and Methods)

Marepianu Ta MeTOOM TOBHHHI OyTHM ONMCaHI 3 JIOCTaTHbOI KUIBKICTIO JeTajiel, 1mob
JIO3BOJIUTH 1HIIMM IIOBTOPIOBATH Ta LUTYBaTH OMYOJIKOBaHI pe3yiabTaTH. 3BEpHITH yBary, IO
myOJTiKaIlisl Baloro PyKoMHUCY mepeadadyae, M0 BU MOBUHHI HaJATH YATAa4aM yCl Marepiajiu, JaHi,
KOMIT FOTEpHUH KOJI 1 MPOTOKOJIM, MOB’s3aHi 3 myOmikaiiietro. HoBi MeTonu Ta MpOTOKOIM MOBHUHHI
OyTH JeTajdbHO OMHCaHi, TOAl K O00pe BIAOMI METOAM MOXKYTh OyTH KOPOTKO OIMCaHI Ta
BIJMOBIAHUM YMHOM I{UTOBaHI.

PesyabraTtn (Results)

[e#t po3min MOXKHA PO3AUIMTH HA IMi/13arojOBKU. BiH MOBHHEH HaJaBaTU CTUCIHHA 1 TOYHMIA
OIHC EKCIIEPUMEHTAIIBHUX PE3YNbTaTIB, X IHTEPIPETAllil0, a TAKOXK EKCIIEpUMEHTaIbHI BUCHOBKH,
SIK1 MOXKHA 3pOOUTH.

Bucnosku (Conclusions)

[TincyMkoBa 4acTHHA 3aBEpIIIyeE Ballli OCTAHHI TyMKHU Ta OCHOBHI MOMEHTH, JJAaI04H 3pPO3YMITH,
110 BOHU JTOCSTVIN KIHIISI BAIlIOTO BMICTY.
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KOH(ITIKTY 1HTepeciB». ABTOpU MMOBHHHI BU3HAYMTHU Ta 3aBUTH HPO Oyab-siKi 0COOUCTI 00CTaBUHU
9M IHTEpECH, SKI MOXYTh CHPHUHAMATHCS SK HEHAJNSKHUH BIUIMB Ha TPEICTABICHHS YU
IHTepHpeTalliio MOBIAOMICHUX PE3yJbTaTiB T1OCIIIKEHHS.

®inancysanns (Funding)
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nocnipkeHHs ¢inancysanocs HA3BA ®YHIIATOPA, nomep rpanty 000.000». YBaxHO nepesipre,
Yy HaJaHl JaHI TOYHI Ta BHUKOPUCTOBYHTE odiliiiHe HamucaHHSA Ha3B (iHAHCOBUX YCTaHOB.
Bynb-siki MOMUJIKE MOXYTh BIUIMHYTH Ha Balle MaiiOyTHE (iHaHCYBaHHS.

Bnecoxk aBTopiB (Authors contribution)

JUIs MOCHITHUIIBKUX CTaTel 3 JCKiIbKOMa aBTOpaMH HEOOXiTHO HagaTW KOPOTKWH ad3arl i3
3a3HaYEHHSIM iXHBOTO 1HIWBIAyalbHOTO BHECKY. Ciii BUKOPHCTOBYBATH HACTYITHI TBEPIKEHHS
«Konnenryamzamis, X.X. ta Y.Y.; meronuka, X.X.; nmporpamue 3abesmnedcHHs, X.X.; MepeBipKa,
X.X., Y.Y..; dopmanbHmii anani3, X.X.; pecypcu, X.X.; aHamituuni gani, X.X.; Bizyam3zanis, X.X.;
Harsag, X.X.; anMiHicTpamiss mpoekty, X.X.; orpumanHs ¢inancyBaHHS, Y.Y. VYci aBropH
MPOYMTANM Ta TOTOIWIKCS 3 OMyONiKOBAaHOIO BEpCi€l0 pykomucy». byab jacka, 3BEpHITHCSA 10
CRediT taxonomy Juis MOSICHEHHSI TEPMiHy. ABTOPCTBO Mae€ OOMEXYBATHCS JIUIIE TUMH, XTO BHIC
3HAYHUI BHECOK Yy pOOOTY, MPO SAKY MOBIAOMIISETHCS.
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