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Abstract [ Objective ]  Large-scale population movements during holidays can cause significant fluctuations in urban water
consumption. Traditional water consumption prediction models fail to accurately capture this trend, resulting in insufficient prediction
accuracy and reliability, which affects the scientific formulation of water production plans during holidays and constrains the scheduling
efficiency of water supply systems. This paper aims to construct a holiday water consumption prediction method that effectively
integrates population dynamic information, providing theoretical and technical support for the development of urban smart water systems
and scientific scheduling. [ Methods] This paper proposed a prediction model based on the Transformer architecture, which employed
a multi-head attention mechanism to capture dependencies in water usage patterns during holidays. A population migration index was
introduced as a key feature. The model was trained and validated using actual water consumption data from the May Day and National
Day in City F in 2024, and compared with a baseline Transformer model that did not incorporate population migration features.
[Results| The prediction results showed that the Transformer model integrated with population migration features performed
excellently in holiday water consumption prediction tasks, demonstrating a dynamic capture capability for holiday population
movements. The prediction R* increased from 0. 80 in the baseline model to 0.99, significantly outperforming traditional models that
did not incorporate population migration features, effectively improving the accuracy of water consumption prediction. [ Conclusion |

Incorporating population migration data into the Transformer model serves as an effective approach to enhance the accuracy of holiday
water consumption prediction. It addresses the shortcomings of traditional prediction models in fitting water consumption peak variations

during holidays and exhibits strong practicality and promotion value. This paper provides new insights for short-term water demand
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forecasting in urban smart water systems and holds significant theoretical and practical reference values for ensuring water supply

security during holidays and optimizing water resource scheduling.
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Fig.3 Pearson Correlation Heatmap among Various Features
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Fig.4 Changes of Daily Water Consumption and Relative Migration Indexes during May Day and National Day Holidays in 2024
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Fig.5 Chart of the May Day and National Day Holiday Effect in 2024
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Fig. 6 Forecasted Water Consumption without Migration Data
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Fig. 7 Water Consumption Prediction with Population Migration Data
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Fig. 8 Temporal Analysis of SHAP Values for the 2024 National Day Water Consumption Forecast Model
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