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Table S1 Chosen hyperparameters after hyperparameter optimization, for training the XGBoost model for flood susceptibility mapping.
	Parameter name
	Chosen value
	Description (scale: low → high)

	tree_method
	hist
	Uses histogram-based algorithm for split finding. More efficient than exact; scales well to large datasets.

	device
	cuda:0
	Specifies GPU device for training. Ensures computations run on the first GPU for acceleration.

	objective
	binary:logistic
	Configures the model for binary classification with logistic regression, outputting probabilities between 0–1.

	eval_metric
	logloss
	Evaluation metric: logarithmic loss. Lower values indicate better fit, penalizing confident but wrong predictions.

	learning_rate
	0.11
	Step size shrinkage (η). Controls how much each tree contributes. Low = slower but stable; high = faster but risk overfitting.

	max_depth
	13
	Maximum depth of each decision tree. Low = shallow, captures broad patterns; high = complex, risk of overfitting.

	subsample
	0.85
	Fraction of samples used per tree. Low = stronger regularization (prevents overfitting); high = closer to full dataset.

	colsample_bytree
	0.9
	Fraction of features used per tree. Low = more randomness, higher regularization; high = more features, risk overfitting.

	gamma
	0.0028
	Minimum loss reduction required for a split. Low = model makes many small splits; high = conservative, fewer splits.

	reg_alpha
	3.6
	L1 regularization term on weights. Low = less penalty, more complex model; high = encourages sparsity (simpler model).

	reg_lambda
	0.46
	L2 regularization term on weights. Low = weaker penalty; high = stronger penalty, smoother weight distribution.

	verbosity
	1
	Logging level. 0 = silent, 1 = warnings/errors, higher = more detailed logs.

	random_state
	RANDOM_STATE
	Seed for reproducibility. Ensures consistent results across training runs.





Table S2 Details of the Earth observation and geospatial datasets used for preparing Flood Conditioning Factors (FCFs)
	Dataset
	Role in GFSM
	Access 
	License OR Source

	Aqueduct Flood Hazard Maps v2
	Training labels: 5-year riverine/coastal baseline inundation
	https://developers.google.com/earth-engine/datasets/catalog/WRI_Aqueduct_Flood_Hazard_Maps_V2
	Public WRI dataset;

	FABDEM 30 m
	DEM, slope, aspect; terrain basis
	https://doi.org/10.5523/bris.25wfy0f9ukoge2gs7a5mqpq2j7
	https://doi.org/10.1088/1748-9326/ac4d4f

	HAND 30 m
	Height above nearest drainage
	https://registry.opendata.aws/glo-30-hand/
	Public dataset

	GPM IMERG
	Rainfall frequency, 2014–2024
	https://developers.google.com/earth-engine/datasets/catalog/NASA_GPM_L3_IMERG_V07
	https://doi.org/10.7927/H4VD6WCT Date Accessed: 2025-06-21

	gROADS v1
	Distance to roads
	https://www.earthdata.nasa.gov/data/catalog/esdis-ciesin-sedac-groads-v1-1.0
	NASA SEDAC dataset citation

	OSM-derived water layer
	Distance to water bodies
	https://hydro.iis.u-tokyo.ac.jp/~yamadai/OSM_water/
	OSM Water Layer is available for download at IIS U-Tokyo webpage: http://hydro.iis.u-tokyo.ac.jp/~yamadai/OSM_water/

	Sentinel-2 NDVI
	NDVI/vegetation indicator
	https://registry.opendata.aws/esa-worldcover-vito-composites/
	ESA WorldCover Sentinel-1 and Sentinel-2 10m Annual Composites

	Köppen-Geiger climate classification
	Subdivision of large countries into climate units
	https://datacatalog.worldbank.org/search/dataset/0042325/world-maps-of-the-k-ppen-geiger-climate-classification
	https://doi.org/10.1038/sdata.2018.214

	Sentinel-2/HLS tiling grid
	100 km tile system
	https://hls.gsfc.nasa.gov/wp-content/uploads/2016/03/S2A_OPER_GIP_TILPAR_MPC__20151209T095117_V20150622T000000_21000101T000000_B00.kml
	https://hls.gsfc.nasa.gov/products-description/tiling-system/



