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Abstract of Thesis

This dissertation highlights the usefulness of high-frequency financial (HF) data for both portfolio optimization
and deciphering volatility dynamics in Japanese financial markets.

The first part of the analysis evaluates the economic value of high-frequency (HF)—based covariance estimation in
the context of portfolio construction. By classifying the constituent stocks of the Nikkei 225 according to their
trading frequency, we construct multi-dimensional global minimum variance portfolios stratified by different
liquidity levels. To estimate the HF-based covariance matrix, we employ refresh-time sampling to address
nonsynchronous trading. For densely sampled assets, microstructure noise is mitigated using the realized kernel
estimator and the pre-averaging estimator, while for sparsely sampled assets, the classical 5-minute realized
covariance estimator is applied. The empirical results indicate that both the classical estimator and the
pre-averaging estimator effectively achieve lower portfolio volatility under short-term smoothing, with the
realized covariance estimator exhibiting marginally superior performance. Moreover, portfolio risk levels
systematically decline as trading frequency decreases regardless of the dimension of portfolios, and the
application of smoothing techniques leads to comprehensive improvements in portfolio performance, suggesting a
lack of responsiveness in the Japanese market. Importantly, portfolios constructed using HF-based covariance
estimates overwhelmingly outperform those based on low-frequency (LF) data in terms of risk reduction,
particularly during periods of heightened market volatility.

The second part investigates the presence of rough volatility, a property of volatility dynamics that has attracted
increasing attention in recent years and cannot be adequately captured by conventional volatility models. In
particular, we examine whether the empirically observed roughness of volatility is merely a spurious effect driven
by microstructure noise inherent in high-frequency price data, or whether such rough behavior remains robust
after explicitly accounting for noise effects. Our empirical analysis is based on high-frequency data from the
Nikkei 225 index, together with two representative actively traded individual stocks. Employing several
representative volatility estimation methods, we first construct realized volatility series and subsequently
estimate their Hurst exponents using a nonparametric estimation procedure proposed in the existing literature.
The empirical results demonstrate that, irrespective of the presence of microstructure noise, the estimated Hurst
exponents consistently take low values across different volatility estimators and assets. This finding indicates
that the volatility processes under consideration exhibit pronounced rough behavior that cannot be solely
attributed to market microstructure effects. Overall, our results provide robust empirical support for the
relevance of rough volatility and underscore the importance of incorporating roughness into volatility modeling
frameworks in order to obtain a more accurate and refined understanding of volatility dynamics in financial

markets.
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