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Abstract: To address the difficulty of a single prediction model in simultaneously characterizing linear trends, nonlinear
relationships, feature interactions, and long-term temporal dependencies in data, as well as its insufficient prediction
stability under sample fluctuations, abnormal disturbances, and distribution changes, this paper proposes a data prediction
method based on heterogeneous base learners and two-layer stacking. First, missing value imputation, outlier correction,
standardization, and sliding-window reconstruction are performed on the original data. Second, the autoregressive integrated
moving average model, support vector regression, random forest, and long short-term memory network are selected as base
learners to extract linear, nonlinear, combined-feature, and temporal-dependency information, respectively. Third, time-
series cross-validation is used to generate out-of-fold predictions, and the prediction results of the base models, key original
features, and error statistics are jointly input into the XGBoost meta-learner to achieve nonlinear weighting and residual
correction. Finally, validation is conducted on a controllable simulation dataset containing 8,760 samples. The results show
that the proposed model achieves a mean absolute error, root mean square error, and mean absolute percentage error of 2.41,
3.18, and 2.76%, respectively, with a coefficient of determination reaching 0.968, and its overall performance is superior to
that of individual models and simple weighted fusion models. The study indicates that a multi-model fusion method based on
model diversity and a leakage-free training mechanism can improve the accuracy, robustness, and generalization ability of
complex data prediction.
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