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Abstract

Natural gas is a key energy source in the global energy system, and its price fluctuations directly influence
energy supply and demand structures, industrial cost allocation, and policy planning. As the use of natural gas
continues to increase in power generation, industrial processes, and residential sectors, price volatility has extended
beyond the market level and has become an important factor affecting corporate risk management, household
expenditure planning, and overall macroeconomic stability. Therefore, constructing forecasting models with high
accuracy and stability is substantially important for decision-making and risk control in energy markets. Existing
studies on natural gas prices have primarily employed traditional time-series and econometric models to analyze
price trends and seasonal cycles. These approaches generally rely on linear assumptions and historical price
extrapolation, resulting in limited responsiveness to structural changes caused by climate variability, inventory
adjustments, and geopolitical events, thereby constraining the forecasting performance. To address these
limitations, this study collected 29 original market variables and incorporated multiple factors, including data
preprocessing and temporal features. Using a decision tree model, the training set (before 2020) achieved a
coefficient of determination (R2) of 0.9769, demonstrating a strong capability to learn historical market pricing

patterns. However, when confronted with structural market changes after 2020 caused by the COVID-19 pandemic
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and the Russia—Ukraine war, the prediction error in the testing set increases substantially (R2 decreases to 0.3743),

resulting in limited forecasting capability. The findings indicate that integrating market dynamic information can

effectively improve the model’s ability to capture price fluctuations and seasonal patterns. Nevertheless, under

structural market changes induced by events such as the pandemic and the Russia—Ukraine war, further

enhancement of the forecasting framework is required.

Keywords: Decision Tree; energy price forecasting; multivariate modeling; natural gas market; decision support
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   R 2 = 1 −    ∑  i = 1 n    (  y i −    y ^ i ) 2   ∑  i = 1 n    (  y i −  y ̄ ) 2
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