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SUMMARY CONCEPTUAL FRAMEWORK

Freshwater is influenced by compound climate multi-hazards and Case study: Veneto Region, ltaly CLIMATE
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(1) EXPLAINABLE Al TO UNDERSTAND RISK DRIVERS FOR RIVER ECOLOGICAL STATUS IN MULTI-HAZARD CONTEXTS

(Nguyen et al., under review)

METHODOLOGICAL WORKFLOW SHAP dependence reveals thresholds and synergies among drivers.
Temporal data | — Static data « Capturing non-linear interactions between extreme climate events, vulnerabilities, and exposures.
N I * Yielding insight into which factors most shift predicted impacts, clarifies regime boundaries for intervention design and
. ewemewer targeted adaptation planning.
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« SHAP provides local/global attributions to identify the most verage summer temperature (.C)
influential drivers and interaction dynami CS [Each point is an observation with its feature value on the x-axis and SHAP contribution to predicted impact on the y-axis; color encodes an interacting driver. Curves and dashed
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(2) HYBRID GRAPH NEURAL NETWORK (GNN) FOR RIVER ECOLOGICAL STATUS PREDICTION

UNDER CLIMATE AND LAND USE CHANGE SCENARIOS

(Nguyen et al., in preparation)

From sparse observations to graph learning: A heterogeneous river system with data
gaps is modeled as a direct, clustered graph. This topology lets the model propagate The hybrid GNN outperforms other models: Across calibration and residual plots, predictions lie

signals along hydrological connections and learn status patterns despite missing data. closest to the 1:1 line with the narrowest 95% bands, indicating the best calibration and precision
(RMSE=0.028, MAE=0.02, R?2=0.98). Residuals stay centered near zero over most of the range, unlike
GNN, XGBoost, and MLP, which show range compression (overpredict low, underpredict high) and
larger uncertainty.
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