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Abstract

In the context of carbon neutrality, accurate carbon price forecasting is crucial for data centers. The nonlinear and non-stationary
nature of carbon price series limits the accuracy of single models. The existing “decomposition-aggregation” paradigm employs
variational mode decomposition (VMD) technology, where the subjective setting of parameters (K, a) affects prediction accuracy.
To address this, we propose the VMD-GA-BiLSTM model. The core innovation lies in introducing a genetic algorithm that
minimizes the average approximate entropy of intrinsic mode components as the fitness function, adaptively optimizing the VMD
parameters K and a to enhance predictability. Subsequently, bidirectional long short-term memory networks (BiLSTM) are utilized
to independently predict each component and aggregate them. Empirical analysis using EU carbon market data demonstrates that the
proposed model outperforms benchmarks including autoregressive integrated moving average (ARIMA), BILSTM, and unoptimized
VMD-BILSTM in both root mean square error (RMSE) and mean absolute error. This study provides a rigorous framework for high-
volatility series prediction and delivers reliable price signals for low-carbon data center scheduling.
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