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Figure S1. The GEDI L4B gridded AGBD product utilized for cross-product consistency screening. Panels illustrate (a) the grid-cell mean AGBD and (b) the associated standard error across China.
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Figure S2. Mitigation of spatial autocorrelation through the filtering and spatial optimization protocol. The Moran’s I decreased significantly from the raw GEDI L4A retrievals (n = 4,205,038; Moran’s I = 0.748) to the retained high-confidence dataset (n = 43,489; Moran’s I = 0.597), representing a reduction of 20.2%.
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Figure S3. Spatial patterns of the multisource environmental covariates employed in the AGBD modeling framework across mainland China. (a-c) Topographic factors, including elevation (ELE), slope (SLP), and aspect (ASP); (d-e) Geographic location, comprising longitude (LON) and latitude (LAT); (f-i) Bioclimatic variables, representing mean annual temperature (MAT), mean annual precipitation (MAP), temperature seasonality (TS), and precipitation seasonality (PS); (j-l) Edaphic properties, including soil pH (PH), clay content (CC), and bulk density (BD); and (m-n) Anthropogenic drivers, represented by population density (PD) and the global human modification (GHM) index. 
Table S1. Summary of GEDI L4A data processing and filtering criteria.
	Processing
	Parameter
	Criterion
	Description

	Quality control
	Quality flag
	L4_quality_flag = 1
	Retain only high-quality biomass estimates verified by the L4A algorithm

	
	Degradation
	Degrade_flag = 0
	Exclude waveforms with degraded geolocation or signal quality

	
	Solar elevation
	Solar_elevation < 0
	Restrict to nighttime observations to minimize solar background noise

	
	Beam sensitivity
	Sensitivity > 0.98
	Ensure sufficient laser energy penetration for ground detection

	Uncertainty filtering
	Elevation
	Elevation > 0 m
	Remove non-physical zero or negative biomass values

	
	Slope
	Slope < 30°
	Filter out estimates with high measurement uncertainty

	
	Biomass range
	L4Ame > 0
	Remove non-physical zero or negative biomass values

	
	Relative uncertainty
	L4Ase / L4Ame < 30%
	Filter out estimates with high measurement uncertainty

	Cross-product consistency
	L4B range
	0 < L4Bme < 3000
	Exclude NoData values and extreme outliers in the reference L4B product

	
	L4B consistency
	L4Ame - L4Bme < 2 × L4Bse
	Retain observations meeting the L4A-L4B consistency criterion

	Spatial resampling
	Spatial grid
	10km spatial grid
	Reduce spatial autocorrelation by resampling to a regular equal-area grid

	
	Grid optimization
	Max sensitivity and min deviation
	Select the single highest-quality representative footprint per grid cell


Note: L4Ame and L4Ase represent the mean AGBD estimate and its prediction standard error at the GEDI L4A footprint level. Correspondingly, L4Bme and L4Bse denote the grid-cell mean AGBD and its standard error for the L4B product.






Table S2. Region-specific optimized hyperparameters for XGBoost models.
	Region
	n_ estimators
	max_depth
	learning_rate
	subsample
	colsample_bytree
	reg_alpha
	reg_lambda

	East
	527
	5
	0.013
	0.84
	0.53
	4.86
	1.44

	South
	1668
	7
	0.006
	0.62
	0.66
	1.57
	1.68

	North
	2421
	8
	0.006
	0.95
	0.55
	2.78
	6.88

	Central
	981
	4
	0.005
	0.52
	0.70
	0.01
	5.52

	Northeast
	1909
	5
	0.007
	0.52
	0.76
	0.27
	4.55

	Northwest
	1787
	6
	0.007
	0.70
	0.52
	3.54
	0.01

	Southwest
	825
	9
	0.008
	0.62
	0.70
	0.09
	4.18

	National
	1216
	7
	0.013
	0.84
	0.59
	0.01
	3.26


Note: n_estimators denotes the number of boosting trees; max_depth is the maximum tree depth; learning_rate represents the step size; subsample and colsample_bytree correspond to the row and feature subsampling ratios; and reg_alpha and reg_lambda are the L1 and L2 regularization strengths, respectively.
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