
We sincerely thank the reviewer for the thoughtful and constructive comments. We wholeheartedly agree with this valuable 

suggestion and have substantially enhanced model interpretability through comprehensive SHAP (SHapley Additive 

exPlanations) analysis, which we believe provides deeper physical insights than attention weight visualization alone (Joo et al., 

2023). We have added Section 4.3 with the following interpretability components. 

Feature Importance Quantification (Figure 14a-b) 

We have calculated SHAP values (Lundberg and Lee, 2017) for all input features to quantify their contributions to RST 

predictions under different weather conditions: 

General Conditions (Figure 14a): Air temperature emerges as the most influential feature, contributing 38.09% of model 

importance, which is physically consistent with heat conduction being the primary mechanism of pavement temperature 

variation. Wind speed, relative humidity, and precipitation follow in importance (22.23%, 20.70%, 18.99% respectively), 

reflecting their roles in convective heat transfer, evaporative cooling, and thermal property modification. 

Precipitation Events (Figure 14b): Under rainy conditions, the contribution distribution shifts significantly, with humidity 

and precipitation importance increasing substantially (22.67%, 19.21%). This adaptive weighting validates the model's ability 

to recognize regime-specific physical processes. 

Feature-Value-Impact Relationship (Figure 14cd) 

We have visualized SHAP bee swarm plots to reveal how feature values influence predictions: 

Air Temperature: Red points (high temperature values) concentrate on positive SHAP values (increasing RST prediction), 

confirming the physically expected positive correlation driven by heat conduction principles. 

Relative Humidity & Precipitation: Red points (high values) predominantly appear on negative SHAP values, indicating 

that elevated humidity and precipitation exert cooling effects on road surfaces. This is mechanistically consistent with: 

Enhanced evaporative cooling under high-humidity conditions. Thermal properties of precipitation events (latent heat 

absorption during phase transitions). Increased thermal conductivity of wet pavement reducing surface temperature 

Physical Validation: The observation that humidity and precipitation contributions intensify under rainy conditions (Figure 

14d) demonstrates the model adaptively weights information sources based on current weather regimes, providing mechanistic 

insight beyond simple attention weight visualization. 

  

  

Figure 14: Global (a, c) and precipitation event (b, d) feature importance of variables and SHAP results. 

These additions substantially enhance the physical interpretability and scientific insight of the proposed approach, as 

recommended by the reviewer. 
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