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Abstract
We examine the fractal volatility and long-range dependence of Bitcoin, Ethereum, Tether and USD Coin by employing the
continuous wavelet transform, maximal overlap discrete wavelet transform and rescaled range. Our dataset consists of daily
prices spanning from January 2017 through to October 2022, encapsulating pre- and post-epidemic eras. Generally, our
findings suggest that Tether presents the least overall volatility throughout the time-frequency spectrum. USD Coin
demonstrates ephemeral turbulence, contrary to Tether's maturity in influencing market equilibrium through token issuance
and trade responses. In the post-epidemic sample, both stablecoins indicate mean reversion, with USD Coin showing
marginally better efficiency. Conversely, investment tokens display persistent clusters due to retail traders and long-term
fundamental institutions. Although both tokens illustrate multifractal volatility, Ethereum unveils more essence of self-
similarity than Bitcoin. Hence, there is no evidence that Ethereum truly duplicates Bitcoin since policy-related events differ
between them, as both return series move incongruously. Conditional dynamics signify that all cryptocurrencies, except
Tether, were affected by the pandemic transition of COVID-19 and subsequent macroeconomic news. The unconditional
volatility of stablecoins evinces zero-mean errors, antithetical to investment tokens exhibiting annual cycles. The fractal
geometry suggests that investment tokens simulate one-dimensional lines, whereas stablecoins mimic two-dimensional
planes. © 2023 John Wiley & Sons Ltd.

Author Keywords
bitcoin;  cryptocurrency;  efficiency;  Ethereum;  Stablecoin;  token;  volatility;  wavelet

Index Keywords
currency market, financial market, financial system, investment, macroeconomics, wavelet analysis

Funding details
International Islamic University MalaysiaIIUMDEBA23-021-0027

The authors would like to thank the editor and the anonymous reviewers for their constructive comments and insightful
suggestions, which have led to a considerable improvement of this research article. We would like to express our gratitude
to the Department of Business Administration, Kulliyyah of Economics and Management Sciences, International Islamic
University Malaysia, for generously providing the research grant (DEBA23-021-0027).

References
Abakah, E.J., Gil-Alana, L.A., Madigu, G., Romero-Rojo, F.
Volatility persistence in cryptocurrency markets under structural breaks
(2020) International Review of Economics & Finance, 69, pp. 680-691. 

Akyildirim, E., Corbet, S., Lucey, B., Sensoy, A., Yarovaya, L.
The relationship between implied volatility and cryptocurrency returns
(2020) Finance Research Letters, 33. 

Al Guindy, M.
Cryptocurrency price volatility and investor attention
(2021) International Review of Economics and Finance, 76 (May), pp. 556-570. 

Aloosh, A., Ouzan, S.
The psychology of cryptocurrency prices
(2020) Finance Research Letters, 33. 

Al-Yahyaee, K.H., Mensi, W., Ko, H., Yoon, S., Kang, S.H.
Why cryptocurrency markets are inefficient: The impact of liquidity and volatility
(2020) The North American Journal of Economics and Finance, 52. 

2/7/25, 3:14 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1886726458&eid=2-s2.0-85164358456&sort=&clickedL… 1/8



Ante, L., Fiedler, I., Strehle, E.
The influence of stablecoin issuances on cryptocurrency markets
(2021) Finance Research Letters, 41. 

Apergis, N.
COVID-19 and cryptocurrency volatility: Evidence from asymmetric modelling
(2022) Finance Research Letters, 47 (PA). 

Attarzadeh, A., Balcilar, M.
On the dynamic return and volatility connectedness of cryptocurrency, crude oil,
clean energy, and stock markets: A time-varying analysis
(2022) Environmental Science and Pollution Research, 29 (43), pp. 65185-65196. 

Bartos, J.
Does bitcoin follow the hypothesis of efficient market?
(2015) International Journal of Economic Sciences, 4 (2), pp. 10-23. 

Berg, A.
The identity, fungibility and anonymity of money
(2020) Economic Papers, 39 (2), pp. 104-117. 

Białkowski, J.
Cryptocurrencies in institutional investors' portfolios: Evidence from industry stop-
loss rules
(2020) Economics Letters, 191. 

Bouri, E., Lau, C.K., Lucey, B., Roubaud, D.
Trading volume and the predictability of return and volatility in the cryptocurrency
market
(2019) Finance Research Letters, 29, pp. 340-346. 

Bouri, E., Lucey, B., Roubaud, D.
The volatility surprise of leading cryptocurrencies: Transitory and permanent
linkages
(2020) Finance Research Letters, 33. 

Brauneis, A., Mestel, R., Theissen, E.
What drives the liquidity of cryptocurrencies? A long-term analysis
(2020) Finance Research Letters, 39. 

Browne, R.
(2020) PayPal gets into crypto with new features for trading and shopping. CNBC, 

Bucko, J., Palová, D., Vejačka, M.
Security and Trust in Cryptocurrencies
(2015) Central European Conference in Finance and Economics, 2017, pp. 98-107. 

Burggraf, T., Rudolf, M.
Cryptocurrencies and the low volatility anomaly
(2020) Finance Research Letters, 40. 

Burrus, C.S., Gopinath, R., Guo, H.
(2015) Wavelets and wavelet transforms, 
C. S. Burrus, (Ed.),, Rice University

Caporale, M.G., Gil-alana, L., Plastun, A.
Persistence in the cryptocurrency market
(2018) Research in International Business and Finance, 46 (January), pp. 141-148. 

Celeste, V., Corbet, S., Gurdgiev, C.
Fractal dynamics and wavelet analysis: Deep volatility and return properties of

2/7/25, 3:14 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1886726458&eid=2-s2.0-85164358456&sort=&clickedL… 2/8



bitcoin, Ethereum and ripple
(2020) The Quarterly Review of Economics and Finance, 76, pp. 310-324. 

(2022) CDC museum Covid-19 timeline. Centers for Disease Control and Prevention, 

Cheikh, N.B., Zaied, Y.B., Chevallier, J.
Asymmetric volatility in cryptocurrency markets: New evidence from smooth
transition GARCH models
(2020) Finance Research Letters, 35. 

Chen, Y., Wang, J.
Multifractal characterization of urban form and growth: The case of Beijing
(2013) Environment and Planning B: Planning and Design, 40 (5), pp. 884-904. 

(2021) Beeple, The first 5000 days. Christies, 

Ciaian, P., Rajcaniova, M., Kancs, D.A.
The economics of BitCoin price formation
(2015) Applied Economics, 48 (19), pp. 1799-1815. 

(2021) Release number 8450–21, CFTC, 

Corbet, S., Cumming, D.J., Lucey, B.M., Peat, M., Vigne, S.A.
The destabilising effects of cryptocurrency cybercriminality
(2020) Economics Letters, 191. 

Corbet, S., Hou, Y.G., Hu, Y., Larkin, C., Lucey, B., Oxley, L.
Cryptocurrency liquidity and volatility interrelationships during the COVID-19
pandemic
(2022) Finance Research Letters, 45 (May 2021). 

Corbet, S., Larkin, C., Lucey, B.M., Meegan, A., Yarovaya, L.
The impact of macroeconomic news on bitcoin returns
(2020) The European Journal of Finance, 26 (14), pp. 1396-1416. 

Corbet, S., Lucey, B., Peat, M., Vigne, S.
Bitcoin futures—What use are they?
(2018) Economics Letters, 172, pp. 23-27. 

(2022) In re Tether and Bitfinex crypto asset litigation, No. 19 Civ. 9236 (S.D.N.Y.).
CourtListener, 

Delfin-Vidal, R., Romero-Meléndez, G.
The fractal nature of bitcoin: Evidence from wavelet power spectra
(2016) Trends in Mathematical Economics, pp. 73-98. 

Demir, E., Bilgin, M.H., Karabulut, G., Doker, A.C.
The relationship between cryptocurrencies and COVID-19 pandemic
(2020) Eurasian Economic Review, 10 (3), pp. 349-360. 

Effron, O.
(2020) Square just bought $50 million in Bitcoin, CNN business. CNN, 

(2022) The EEA is all about possibilities, 

Enyi, J., Le, N.
(2018) The legal nature of cryptocurrencies in the US and the applicable rules (pp. 1–5), 

Eom, Y.
Kimchi premium and speculative trading in bitcoin
(2020) Finance Research Letters, 38. 

2/7/25, 3:14 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1886726458&eid=2-s2.0-85164358456&sort=&clickedL… 3/8



(2022) The Merge, Ethereum, 

Fama, E.F.
Efficient capital markets: A review of theory and empirical work
(1970) The Journal of Finance, 25 (2), pp. 383-417. 

Fang, T., Su, Z., Yin, L.
Economic fundamentals or investor perceptions? The role of uncertainty in
predicting long-term cryptocurrency volatility
(2020) International Review of Financial Analysis, 71. 

Feng, W., Wang, Y., Zhang, Z.
Informed trading in the bitcoin market
(2017) Finance Research Letters, 26, pp. 63-70. 

Fernandes, L.H.S., Bouri, E., Silva, J.W.L., Bejan, L., de Araujo, F.H.A.
The resilience of cryptocurrency market efficiency to COVID-19 shock
(2022) Physica A: Statistical Mechanics and its Applications, 607. 

Ftiti, Z., Louhichi, W., Ben Ameur, H.
Cryptocurrency volatility forecasting: What can we learn from the first wave of the
COVID-19 outbreak?
(2021) Annals of Operations Research, pp. 1-26. 

Gradojevic, N., Tsiakas, I.
Volatility cascades in cryptocurrency trading
(2021) Journal of Empirical Finance, 62 (January 2020), pp. 252-265. 

Griffin, J.M., Shams, A.
Is bitcoin really untethered?
(2018) SSRN Electronic Journal, 

Grinsted, A., Moore, J.C., Jevrejeva, S.
Application of the cross wavelet transform and wavelet coherence to geophysical
time series
(2004) Nonlinear Processes in Geophysics, 11, pp. 561-566. 

Grobys, K., Huynh, T.L.D.
When tether says “JUMP!” bitcoin asks “how low?”
(2022) Finance Research Letters, 47 (PA). 

Hairudin, A., Sifat, I.M., Mohamad, A., Yusof, Y.
Cryptocurrencies: A survey on acceptance, governance and market dynamics
(2020) International Journal of Finance & Economics, 27 (4), pp. 4633-4659. 

Härdle, W.K., Harvey, C.R., Reule, R.C.G.
Understanding cryptocurrencies
(2020) Journal of Financial Econometrics, 18 (2), pp. 181-208. 

Higgins, S.
(2017) Bitfinex sues Wells Fargo over bank transfer freeze. Coindesk, 

Hurst, H.E.
The problem of long-term storage in reservoirs
(1956) International Association of Scientific Hydrology. Bulletin, 1 (3), pp. 13-27. 

Hurst, H.E., Black, R.P., Simaika, Y.M.
(1965) Long-term storage: An experimental study, 
Constable

In, F., Kim, S.
(2013) An introduction to wavelet theory in finance: A wavelet multiscale approach, 

2/7/25, 3:14 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1886726458&eid=2-s2.0-85164358456&sort=&clickedL… 4/8



A. Nyugen, (Ed.),, World Scientific Publishing Co. Pte. Ltd

Jia, Y., Liu, Y., Yan, S.
Higher moments, extreme returns, and cross–section of cryptocurrency returns
(2020) Finance Research Letters, 39. 

Kakinaka, S., Umeno, K.
Cryptocurrency market efficiency in short- and long-term horizons during COVID-
19: An asymmetric multifractal analysis approach
(2022) Finance Research Letters, 46. 

Katsiampa, P., Corbet, S., Lucey, B.
High frequency volatility co-movements in cryptocurrency markets
(2019) Journal of International Financial Markets, Institutions and Money, 62, pp. 35-52. 

Kim, W., Lee, J., Kang, K.
The effects of the introduction of bitcoin futures on the volatility of bitcoin returns
(2020) Finance Research Letters, 33. 

Koutmos, D.
Return and volatility spillovers among cryptocurrencies
(2018) Economics Letters, 173, pp. 122-127. 

Kovach, S.
(2021) Tesla buys $1.5 billion in bitcoin, plans to accept it as payment, 
CNBC

Kozlowski, S.E., Puleo, M.R., Zhou, J.
Cryptocurrency return reversals
(2020) Applied Economics Letters, 1-7, pp. 887-893. 

Kristoufek, L.
Fractal markets hypothesis and the global financial crisis: Wavelet power evidence
(2012) Advances in Complex Systems, 15 (6), pp. 1-11. 

Kristoufek, L.
BitCoin meets Google trends and Wikipedia: Quantifying the relationship between
phenomena of the internet era
(2013) Scientific Reports, 3, pp. 1-7. 

Kristoufek, L.
Tethered, or untethered? On the interplay between stablecoins and major
cryptoassets
(2021) Finance Research Letters, 43 (January). 

Kumar, A.S., Anandarao, S.
Volatility spillover in crypto-currency markets: Some evidences from GARCH and
wavelet analysis
(2019) Physica A: Statistical Mechanics and its Applications, 524, pp. 448-458. 

Kyriazis, N.A.
Herding behaviour in digital currency markets: An integrated survey and empirical
estimation
(2020) Heliyon, 6 (8). 

Leirvik, T.
Cryptocurrency returns and the volatility of liquidity
(2022) Finance Research Letters, 44 (March). 

Leising, M.
(2018) It's getting harder to pump up prices in cryptocurrency markets, Bloomberg, 

2/7/25, 3:14 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1886726458&eid=2-s2.0-85164358456&sort=&clickedL… 5/8



Liu, J., Serletis, A.
Volatility in the cryptocurrency market
(2019) Open Economies Review, 30 (4), pp. 779-811. 

Lo, A.W.
Reconciling efficient markets with behavioral finance: The adaptive markets
hypothesis
(2005) Journal of Investment Consulting, 7 (2), pp. 21-44. 

López-Cabarcos, M.Á., Pérez-Pico, A.M., Piñeiro-Chousa, J., Šević, A.
Bitcoin volatility, stock market and investor sentiment. Are they connected?
(2020) Finance Research Letters, 38. 

Lucey, B.M., Vigne, S.A., Yarovaya, L., Wang, Y.
The cryptocurrency uncertainty index
(2022) Finance Research Letters, 45 (May). 

Lyons, R.K., Viswanath-Natraj, G.
What keeps Stablecoins stable?
(2021) SSRN Electronic Journal, 

Ma, F., Liang, C., Ma, Y., Wahab, M.
Cryptocurrency volatility forecasting: A Markov regime-switching MIDAS approach
(2020) Journal of Forecasting, 39, pp. 1277-1290. 

Mandelbrot, B.B.
Statistical methodology for nonperiodic cycles: From the covariance to R/S analysis
(1972) Annals of economic and social measurement, 1, pp. 259-290. 
S. V. Berg, (Ed.),, National Bureau of Economic Research

Mandelbrot, B.B., Hudson, R.L.
(2006) The (mis)behavior of markets: A fractal view of financial turbulence, 
Basic Books

Miura, R., Pichl, L., Kaizoji, T.
(2019) Artificial neural networks for realised volatility prediction in cryptocurrency time
series. Advances in Neural Networks–ISNN 2019 Lecture Notes in Computer Science,
165-172, 

Naeem, M.A., Bouri, E., Peng, Z., Shahzad, S.J.H., Vo, X.V.
Asymmetric efficiency of cryptocurrencies during COVID19
(2021) Physica A: Statistical Mechanics and its Applications, 565. 

Nagy, B.Z., Benedek, B.
Higher co-moments and adjusted Sharpe ratios for cryptocurrencies
(2020) Finance Research Letters, 39. 

Nakamoto, S.
(2008) Bitcoin: A peer-to-peer electronic cash system. United States sentencing
commission, 

Noda, A.
On the evolution of cryptocurrency market efficiency
(2021) Applied Economics Letters, 28 (6), pp. 433-439. 

Omane-Adjepong, M., Alagidede, P., Akosah, N.K.
Wavelet time-scale persistence analysis of cryptocurrency market returns and
volatility
(2019) Physica A: Statistical Mechanics and its Applications, 514, pp. 105-120. 

Pesaran, B., Pesaran, M.H.
(2009) Time series econometrics: Using microfit 5.0, 

2/7/25, 3:14 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1886726458&eid=2-s2.0-85164358456&sort=&clickedL… 6/8



Oxford University Press

Peters, E.E.
(1994) Fractal market analysis: Applying chaos theory to investment and economics, 
John Wiley & Sons, Inc

Qiao, X., Zhu, H., Hau, L.
Time-frequency co-movement of cryptocurrency return and volatility: Evidence from
wavelet coherence analysis
(2020) International Review of Financial Analysis, 71. 

Saggu, A.
The intraday bitcoin response to tether minting and burning events: Asymmetry,
investor sentiment, and “whale alerts” on twitter
(2022) Finance Research Letters, 49. 

Saiedi, E., Broström, A., Ruiz, F.
Global drivers of cryptocurrency infrastructure adoption
(2020) Small Business Economics, 57, pp. 353-406. 

Silahli, B., Dingec, K.D., Cifter, A., Aydin, N.
Portfolio value-at-risk with two-sided Weibull distribution: Evidence from
cryptocurrency markets
(2020) Finance Research Letters, 38. 

(2017) Tether critical announcement, Tether, 

(2019) Tether response to flawed paper by griffin and shams, Tether, 

Urquhart, A.
The inefficiency of bitcoin
(2016) Economics Letters, 148, pp. 80-82. 

Vidal-Tomás, D.
Which cryptocurrency data sources should scholars use?
(2022) International Review of Financial Analysis, 81. 

Walther, T., Klein, T., Bouri, E.
Exogenous drivers of bitcoin and cryptocurrency volatility–A mixed data sampling
approach to forecasting
(2019) Journal of International Financial Markets, Institutions and Money, 63. 

Wei, W.C.
The impact of tether grants on bitcoin
(2018) Economics Letters, 171, pp. 19-22. 

Wijk, D.V.
(2013) What can be expected from the bitcoin?, 
Erasmus Universiteit Rotterdam

Wilson, T.
(2021) Bitcoin slumps 8% as it heads for bruising monthly drop, Reuters, 

Yaya, O.S., Ogbonna, A.E., Mudida, R., Abu, N.
Market efficiency and volatility persistence of cryptocurrency during pre- and post-
crash periods of bitcoin: Evidence based on fractional integration
(2020) International Journal of Finance & Economics, 26, pp. 1318-1335. 

Yen, K.C., Cheng, H.P.
Economic policy uncertainty and cryptocurrency volatility
(2021) Finance Research Letters, 38 (January). 

2/7/25, 3:14 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1886726458&eid=2-s2.0-85164358456&sort=&clickedL… 7/8



Yi, S., Xu, Z., Wang, G.
Volatility connectedness in the cryptocurrency market: Is bitcoin a dominant
cryptocurrency?
(2018) International Review of Financial Analysis, 60, pp. 98-114. 

Yin, L., Nie, J., Han, L.
Understanding cryptocurrency volatility: The role of oil market shocks
(2021) International Review of Economics and Finance, 72 (December 2020), pp. 233-
253. 

Correspondence Address
Mohamad A.; Department of Finance, Jalan Gombak, Malaysia; email: dr@azharmohamad.asia

Publisher: John Wiley and Sons Ltd

ISSN: 10769307
Language of Original Document: English
Abbreviated Source Title: Int. J. Financ. Econ.
2-s2.0-85164358456
Document Type: Article
Publication Stage: Final
Source: Scopus

Copyright © 2025 Elsevier B.V. All rights reserved. Scopus® is a registered
trademark of Elsevier B.V.

2/7/25, 3:14 PM Scopus - Print Document

https://www.scopus.com/citation/print.uri?origin=recordpage&sid=&src=s&stateKey=OFD_1886726458&eid=2-s2.0-85164358456&sort=&clickedL… 8/8


