
Supplementary Material
A.1 Sensitivity analysis for max gap parameter
The selection of preprocessing parameters is critical to balancing data quality and data quantity. The max gap—the maximum allowed time between consecutive measurements—is particularly important as it dictates which monitoring sites are included in the analysis. To justify our selection of a 21-day max gap, we conduct a sensitivity analysis to evaluate how this parameter affects both model performance and data availability.
We tested max gap values of 14, 21, 28, and 35 days (a 7-day threshold was found to be too restrictive, yielding insufficient data). The results, shown in Figure S1 and Table S1, revealed a crucial trade-off. While model performance (AUC) remains relatively stable across all tested thresholds, data availability changes significantly. For instance, in Experiment I, relaxing the max gap from 14 to 21 days increases the number of training sites from 95 to 119 (+25%) and training data points from 2,732 to 4,468 (+64%).
Although a stricter 14-day max gap showed a marginal improvement in AUC in some experiments, this may be misleading. Such a tight constraint selected for a small subset of atypically well-monitored sites, potentially biased the model and limited its generalizability to the broader, more sparsely monitored network. Therefore, we choose a max gap of 21 days as it represented an optimal compromise. This threshold retained a larger, more representative dataset essential for training a robust and widely applicable model, without any meaningful sacrifice in predictive performance.
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Figure S1: Effect of max gap on the ensemble model performance.


Table S1: Effect of max gap on quality control.
A.2 Spatial distribution of Experiment III data set
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Figure S2: spatial distribution of the sites. Left panel: positive event(at-risk) ratio of Experiment III in each site; Right panel: total event count of Experiment III in each site.
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maxGap positive ratio(train) positive ratio(test) # of sites(train) # of sites(test) # of points(train) # of points(test)
Experiment I 14 0.073 0.150 95 55 2732 802
Experiment I 21 0.074 0.149 119 62 4468 1291
Experiment I 28 0.074 0.151 128 62 4780 1328
Experiment I 35 0.081 0.149 130 63 4886 1357
Experiment II 14 0.077 0.173 166 96 4263 1720
Experiment II 21 0.085 0.174 182 107 8025 2725
Experiment II 28 0.084 0.175 190 115 9125 2888
Experiment II 35 0.088 0.185 192 116 9802 2962
Experiment III 14 0.108 0.206 64 52 926 496
Experiment III 21 0.122 0.177 87 59 1547 803
Experiment III 28 0.124 0.177 93 60 1672 824
Experiment III 35 0.139 0.174 94 61 1721 845
Experiment III(multivariate) 14 0.064 0.097 80 59 1664 1161
Experiment III(multivariate) 21 0.072 0.086 107 69 2760 1873
Experiment III(multivariate) 28 0.075 0.085 114 71 2927 1936
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				maxGap		positive ratio(train)		positive ratio(test)		# of sites(train)		# of sites(test)		# of points(train)		# of points(test)

		Experiment I		14		0.073		0.150		95		55		2732		802

		Experiment I		21		0.074		0.149		119		62		4468		1291

		Experiment I		28		0.074		0.151		128		62		4780		1328

		Experiment I		35		0.081		0.149		130		63		4886		1357

		Experiment II		14		0.077		0.173		166		96		4263		1720

		Experiment II		21		0.085		0.174		182		107		8025		2725

		Experiment II		28		0.084		0.175		190		115		9125		2888

		Experiment II		35		0.088		0.185		192		116		9802		2962

		Experiment III		14		0.108		0.206		64		52		926		496

		Experiment III		21		0.122		0.177		87		59		1547		803

		Experiment III		28		0.124		0.177		93		60		1672		824

		Experiment III		35		0.139		0.174		94		61		1721		845

		Experiment III(multivariate)		14		0.064		0.097		80		59		1664		1161

		Experiment III(multivariate)		21		0.072		0.086		107		69		2760		1873

		Experiment III(multivariate)		28		0.075		0.085		114		71		2927		1936

		Experiment III(multivariate)		35		0.0840840841		0.0833333333		115		74		2997		1992
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