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Abstract
As global energy market volatility intensifies and China advances its sustainable energy transition,
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international oil prices exert significant influences on the higher-moment tail dependence and risk
transmission of China’s energy-metal financial markets. Using daily data from 2005~2024, this
study employs higher-moment risk measures, quantile VAR networks, and quantile-on-quantile
regression to construct a multi-dimensional framework covering traditional energy, new energy,
and metal markets. We analyze the dynamic effects of oil prices on tail dependence in returns, vol-
atility, skewness, and kurtosis across different quantiles and capture time-varying spillovers under
major events through rolling-window estimation. The results reveal fat-tailed and skewed return
distributions, a U-shaped spillover pattern, and extreme-state total spillovers reaching 80%~90%.
Traditional energy and base metals act as net transmitters, while new energy and rare earths are
net receivers. Extreme oil price shocks show clear asymmetry, with crashes weakening low-tail de-
pendence and surges strengthening high-tail dependence. These findings provide important evi-
dence for sustainable portfolio construction, green-energy risk management, and policymaking in
support of China’s energy transition.
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Figure 1. Volatility of international oil prices and China’s energy sector index during major events
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Table 1. Descriptive statistics

= 1. kgt

e ¥l ] i U JEg FrifkZ JB test ADF
Oil 0.01 9.39 —0.42 3.94 1.78 3149.76™" —-15.89""
Coal 0.02 13.54 —-0.20 2.69 2.32 1438.27" -15.63""
Gas 0.02 11.76 —0.45 3.88 2.31 3067.94™" -16.39""
Hydropower 0.04 7.96 —0.40 5.70 1.48 6410.11°" -15.35""
Photovoltaic 0.01 9.50 —0.58 3.02 2.41 2025.54™" -15.79"
Wind 0.02 11.74 —-0.52 3.11 2.32 2090.18™" -15.26""
Nonferrous Metals 0.03 9.18 -0.41 2.39 2.29 1241.01™ -15.74"*
Precious Metals 0.04 10.98 -0.17 2.07 3.28 848.49™ -16.57""
Rare Earths 0.08 18.95 0.18 2.02 3.29 817.99™" -16.11""*
Oil 0.01 9.39 —0.42 3.94 1.78 3149.76™"" —-15.89"
Coal 0.02 13.54 —0.20 2.69 2.32 1438.27"* -15.63""
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Figure 2. Total spillover index of returns, volatility, skewness, and kurtosis
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Figure 3. Static return spillover connectivity
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Figure 4. Net spillover connectivity network
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Figure 5. Asymmetric effects of international oil prices on higher-moment tail dependence of China’s energy-metal sector
under different market conditions
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