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Aiming at the problems of insufficient uncertainty quantification and weak decision supportin joint
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operational POL support demand forecasting, this paper proposes a probabilistic forecasting and
decision-making framework based on Bayesian Ridge Regression. The framework outputs a poste-
rior predictive distribution to achieve scientific quantification of forecasting risk. Furthermore, by
integrating a military loss function with the posterior distribution, it constructs a Bayesian optimal
quantile decision model that can be adjusted according to risk preference. Case studies demon-
strate that, compared with ridge regression, the proposed framework not only maintains slightly
better point-forecast accuracy and higher stability, but also provides better-calibrated prediction
intervals, thereby significantly reducing the integrated cost of decisions. This research offers an in-
tegrated theoretical and methodological support for joint operational POL support, combining fore-
casting reliability, uncertainty transparency, and decision adaptability, and helps to promote the
shift of support mode from experience-based decision-making reliant on point estimates to proac-
tive optimization based on risk quantification.
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Table 2. Statistical description of the POL demand dataset
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Figure 1. Correlation coefficients between features and between features and response variables
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Figure 2. Variance inflation factors of feature variables
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Figure 3. Scatter comparison plot of predicted demand versus actual demand on the test set
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Figure 4. Comparative histogram of residual distributions on the test set
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Figure 5. Performance comparison on the test set under different sample sizes (data split ratio: 8:2)
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Figure 6. Performance comparison on the test set under different data splits (sample size: 252)
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Figure 7. Prediction interval calibration analysis: coverage rate(left) and interval width(right)
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Table 6. Comparison of support effectiveness under different decision-making strategies
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