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AL SCE B Time Series Analyses on the Chinese and International Fossil Fuel
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The dissertation tests the effectiveness of the time-series method with time-varying
parameters for the fossil fuel market. It explores the time-varying issues related to the fossil fuel
market to understand fossil fuel price instability. Sudden shocks such as the 2008 financial crisis
and the COVID-19 pandemic have devastating impacts on energy prices, and decarbonization
influences energy policies. As it is becoming increasingly important to incorporate the effects of
external factors in time-series analyses and to understand how fossil fuel markets are susceptible
to time-varying factors, this dissertation investigates how the fossil fuel markets are affected by
external shocks by applying time-varying components in the time series analyses. For this purpose,
the dissertation conducted time series analyses on fossil fuel data from the following four aspects.

In the first part of this dissertation, it employed the time-varying parameter vector
autoregressive (TVP-VAR) model to examine the pass-through rate of the Chinese Yuan (CNY)
and Japanese Yen (JPY) on the Chinese LNG import price. Given the Chinese exchange rate
reform of 2005 and the Chinese new energy policy of 2013 to switch from coal to imported natural
gas, it examined whether exchange rate fluctuations impact the price stability of imported LNG.
The sample period was from August 2005 to September 2018. The TVP-VAR model was adopted
to verify the pass-through rate of the exchange rates on the LNG import price using the Markov
chain Monte Carlo (MCMC) method. The result indicated that the pass-through rate of JPY on
the Chinese LNG import price was decreasing, while that of the CNY was increasing since

September 2005. Notably, after 2008, the pass-through rate of CNY on Chinese LNG import




prices began to exceed that of JPY. Moreover, the lag effect of the CNY on the Chinese LNG
import price has increased compared to that of JPY since 2005. If any new currency reform of the
CNY is implemented in the future, then the impact of JPY on the Chinese LNG import price could
be reduced, and the lag effect of the CNY on the Chinese LNG import price could become longer.
Therefore, fluctuations in CNY are becoming an important factor in understanding the movements
of Chinese LNG import prices. This implies the significance of considering the effect of the
exchange rate on the energy market when the market is influenced by a monetary reform of the
importing country.

In the second part of the dissertation, it applied the recursive cointegration test to identify the
dynamic relationship between the Chinese domestic coal and international fossil fuel markets from
2000 to 2020. The Chinese coal market accounts for 70% of China’s energy consumption, but
besides its domestic supply, China depends on its coal in the international market. Hence, it
examined how the Chinese domestic coal market is related to international fossil fuel markets to
provide useful information for conducting policies to stabilize coal prices. It found that the
relationship between Chinese coal prices and international coal, natural gas, and crude oil prices
have different trends before and after 2008. It also revealed that the Chinese domestic coal price
was only cointegrated with the prices of international natural gas prices after 2018. These results
indicate that the dynamic relationships between the Chinese domestic coal and international fossil
fuel markets changed within the investigated period. Natural gas is one of the major energy
sources following the 13th Five-Year Plan of China. The stakeholders and policymakers of the
Chinese coal market need to consider the impact of international natural gas prices in identifying
Chinese coal price movements to generate more accurate expectations.

In the third part of the dissertation, it used the recursive cointegration test to examine whether
the dynamic relationship between the Chinese and international fossil markets changed during the
2008 financial crisis and how it changed during the COVID-19 pandemic. The impact of the crises
is analyzed by including the periods affected by the crises as dummy variables in the VAR and
VECM models. Monthly data for the 2000:1 — 2020:12 period was used. The results suggest that
the effects of COVID-19 on the linkages between the Chinese and international fossil fuel markets
are not as evident as in the 2008 financial crisis. The study identifies that the effects of the 2008
financial crisis and the COVID-19 pandemic on the linkages are mostly driven by the impacts of
these crises on Chinese fossil fuel markets. This indicates the importance of controlling the risk
involved in the Chinese fossil fuel market when events such as the 2008 financial crisis and the
COVID-19 pandemic are changing the linkages between the Chinese and international fossil fuel
markets.

Finally, in the fourth part of the dissertation, it employed the Bayesian DCC-MGARCH
models to analyze how the relationship between the fossil fuel and clean energy stock, gold, and

bitcoin market is changing until the COVID-19 pandemic took place. The study used the US daily
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data from January 2, 2019, to February 26,2021, which was divided into pre-during (before 2020)
and post-pandemic crisis periods (after 2020). The study identifies that the Bayesian DCC-
MGARCH model with the skew multivariate generalized error distribution is credible for fossil
fuels, clean energy stocks, gold, bitcoin market to estimate the time-varying conditional
correlations between them. The results suggest that the fossil fuel relationships to clean energy
stock, gold, and bitcoin markets are changing, and they have almost become positively correlated
since the pandemic occurred. Hedging between fossil fuels and other assets is also important to
assure capital for purchasing fossil fuels, which will help stabilize the energy supply. However,
events such as the pandemic could make it difficult for the suppliers of energy to hedge the risk
of changes in the fossil fuel price by combining their portfolios with financial assets, such as gold
and Bitcoin. It is important to foster energy and financial market stability and choose optimal
hedging strategies that minimize the diversification of risk during the pandemic.

Based on the above four parts, the novelty of this dissertation is that it applied three time-
series models to explore the time-varying issues from four perspectives. The dissertation
concludes that the three time-series models such as the Bayesian and recursive cointegration
models are proven to be suitable for the analysis of the fossil fuel market related to time-varying
issues. The dissertation also suggests that the linkages among the energy markets are more likely
to be affected when energy and monetary policies change and exogeneous shocks like the financial
and COVID-19 crises occur. The results of this dissertation provide an important reference for
investors and policymakers related to energy markets and deliver helpful information for those

seeking to supply energy sustainably.
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