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The Prediction and Spillovers Effects of Asset Returns' Higher-Order Moments
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In recent years, the complexity of global financial markets has increased significantly, driven by rapid
technological advances, globalization, and an ever-changing economic landscape. Traditional financial
models, which have predominantly relied on first and second moments—mean and variance—struggle to fully
capture the range of market dynamics. While these models are useful under stable conditions, they fail to
account for periods of heightened volatility, extreme price movements, or sudden shocks in the market. As
financial markets become more interconnected, influenced by non-continuous factors such as abrupt policy
changes, geopolitical events, and crises, there is an increasing need to incorporate higher-order moments—
such as skewness, kurtosis, and volatility—into financial models to account for the asymmetric and fat-tailed
nature of asset returns.

Higher-order moments like skewness and kurtosis are essential for understanding the full spectrum of
asset price behavior, particularly in markets that exhibit fat-tailed distributions. These distributions reflect the
likelihood of extreme, albeit infrequent, shocks in the market. For example, in equity markets, skewness has
been shown to influence both asset pricing and risk management strategies, with investors often drawn to assets
exhibiting positive skewness, which are viewed as offering lottery-like returns. Kurtosis, on the other hand,
captures the presence of extreme events, highlighting the importance of tail risk. These higher-order moments
have been crucial in improving financial risk modeling, especially when predicting market volatility and risk
during periods of extreme market fluctuations.

An emerging asset class that significantly contributes to the evolving financial landscape
is cryptocurrencies, particularly Bitcoin. In May 2025, Bitcoin's price surpassed $100,000, a significant
milestone that underscores its continued relevance and appeal. Considering Bitcoin's total supply is capped at
21 million coins, its scarcity, combined with sustained high demand, continues to fuel investor interest and
market speculation. Bitcoin’s high volatility and fat-tailed distribution of returns make it a crucial asset for
understanding spillovers between traditional and digital markets. As Bitcoin continues to mature, its influence
on financial markets has grown, particularly during periods of market stress. The rise of Bitcoin has introduced
new dynamics in risk transmission, requiring models that go beyond traditional mean-variance approaches to
account for higher-order moments. As cryptocurrencies like Bitcoin gain increasing relevance in the global
financial ecosystem, their spillover effects across traditional markets become an important area of research,
particularly during times of heightened uncertainty and volatility.

Chapter 2 of this paper focuses on the predictive effects of higher-order moments, with particular
emphasis on skewness. The offshore and onshore RMB exchange rate markets provide a useful case study for
examining the role of higher-order moments in financial prediction analysis. The offshore RMB market in
Hong Kong has become an essential hub for RMB trading, particularly after the 2015 "8.11" exchange rate
reform, which introduced a more market-driven determination of the RMB’s central parity rate. Using an
autoregressive (AR) model, this chapter examines how skewness in the offshore-onshore RMB price spread
can predict future price spread movements. The study uses robust statistical techniques such as cumulative
mean-square prediction error (CSPE) and structural breakpoint analysis. The findings indicate that skewness
has substantial predictive power, particularly in the short term, and is highly effective in forecasting directional
changes in the RMB price spread, especially within a 1-month rolling window.




Chapter 3 shifts focus to short-term spillover effects, specifically examining the spillover impact of
Bitcoin's higher-order moments on traditional financial markets, such as stock indices and foreign exchange
rates. By employing generalized impulse response functions (GIRF) and Granger causality analysis, this
chapter investigates how Bitcoin’s volatility, jumps, skewness and kurtosis spill over into the U.S., Chinese,
and Japanese markets, using high frequency 5-minutes data. The results suggest that Bitcoin's volatility and
jumps have a significant influence on stock and FX markets, particularly during periods of heightened market
stress. The findings highlight the complex nature of these spillovers, with asymmetric transmission observed
in the short-term, particularly in the U.S. market, where Bitcoin exhibits stronger bidirectional spillovers with
the S&P 500.

In Chapter 4, the study examines the long-term spillover effects of Bitcoin’s higher-order moments,
focusing on the influence of Bitcoin on traditional financial markets over a longer horizon. Using long-term
rolling monthly windows, this chapter explores the interactions between Bitcoin and stocks, bonds and
exchange rate in the U.S., China, and Japan. The results show that long-term spillovers are more persistent,
with significant effects in markets with fewer regulatory constraints, such as the U.S. The findings emphasize
that Bitcoin’s influence on traditional markets in the U.S. is stronger compared to China and Japan, where
regulatory controls limit the full extent of these spillovers. However, in more regulated markets, such as China,
Bitcoin’s spillover effects are delayed, highlighting the influence of market regulations on risk transmission.

This paper provides valuable insights into the role of higher-order moments, specifically skewness, in
forecasting the offshore-onshore RMB price spread and the spillover effects of Bitcoin’s higher-order
moments on traditional financial markets. The findings underscore the importance of incorporating higher-
order moments into financial models to better understand market dynamics and risk transmission,
particularly taking the fast-developing Bitcoin market into portfolios. Furthermore, the research offers
important policy implications, particularly in developing targeted regulatory frameworks for cryptocurrencies
like Bitcoin, as well as understanding cross-market linkages during times of financial instability.
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