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TABLE 1	Descriptive statistics for forest soil properties used in this study
	Soil properties
	Abb.
	Unit
	Min
	Mean
	Max
	Std.
	Skew.
	Kurt.

	Saturated SWC
	
	%
	37.2
	60.4
	81.9
	7.9
	-0.2
	-0.3

	SWC at pF1.8
	
	%
	13.6
	32.2
	60.7
	6.8
	0.6
	0.8

	SWC at pF2.7
	
	%
	9.2
	26.3
	50.5
	5.8
	0.5
	0.8

	Sand fraction
	Sand
	%
	3.3
	39.5
	91.0
	16.3
	0.2
	-0.4

	Silt fraction
	Silt
	%
	1.5
	37.6
	87.3
	15.7
	0.6
	0.0

	Clay fraction
	Clay
	%
	2.2
	22.8
	80.3
	10.3
	1.3
	2.4

	Bulk density
	
	g cm-3
	0.4
	1.0
	1.5
	0.2
	0.1
	-0.3

	Organic matter
	OM
	%
	2.1
	11.2
	38.1
	4.5
	1.1
	2.4


Abbreviations: Abb, abbreviation; Std, standard deviation; Skew, skewness; Kurt, kurtosis; SWC, soil water contents. 

TABLE 2	Forest environmental covariates on a national scale
	Environmental
covariates
	Unit
	Description
	Source

	Elevation
	m
	Height above sea level
	DEM

	Topographic position index (TPI)
	-
	Relative topographic position of the central point from elevation differences (De Reu et al., 2013).
	DEM

	Bedrock
	-
	Igneous, sedimentary, metamorphic rock
	GM

	Total soil depth
	cm
	Soil layer depth from surface to bed rock
	FSSM

	Aspect
	°
	Point of the compass
	DEM

	Forest type
	-
	Coniferous, broadleaf, mixed forest
	FTM

	Hardness
	mm
	Hardness and density of the soil layer
	FSSM

	Profile curvature
	-
	Curvature parallel to the direction of the maximum slope. A positive profile curvature value means convex up; and zero means flat surface. From ArcGIS spatial analysis tools (Tesfa, Tarboton, Chandler, & McNamara, 2009)
	DEM

	Slope
	%
	Slope of corresponding point
	DEM

	Plan curvature
	-
	Curvature perpendicular to the direction of the maximum slope. A positive plan curvature value means convex up. From ArcGIS spatial analysis tools (Tesfa, Tarboton, Chandler, & McNamara, 2009)
	DEM

	Topographic wetness index (TWI)
	-
	Steady state wetness index by topographic features
	DEM

	Stone contents
	%
	Stone content ratio in soil horizon
	FSSM

	Upper catchment area
	m2
	Upper catchment area at corresponding point
	DEM

	Soil texture class
	-
	USDA soil texture classes
	FSSM


Abbreviations: DEM, digital elevation map; GM, geologic map; FSSM, forest site and soil map; FTM, forest type map.

TABLE 3	Developed model ID and list of input and target variables
	Model ID
	Used model
	Input variables
	Target variables

	MLR_FEC
	Multiple linear
regression model
	Environmental covariates (Table 2.)
	

	RF_FEC
	Random forest model
	Environmental covariates (Table 2.)
	

	RF_FSP
	Random forest model
	Sand, clay fraction, bulk density, organic matter
	




TABLE 4	Soil water contents differences by bedrock and forest type obtained by ANOVA and post hoc analysis
	Classification
	N
	Pressure head
	SWC
	Post Hoc Analysis
	F-value
	p-value

	Bedrock
	Igneous
	226
	0 ()
	61.31
	B
	19.6
	<0.01

	
	Sedimentary
	303
	
	61.13
	B
	
	

	
	Metamorphic
	424
	
	59.37
	A
	
	

	
	Igneous
	226
	pF1.8
	34.71
	C
	103.5
	<0.01

	
	Sedimentary
	303
	
	33.27
	B
	
	

	
	Metamorphic
	424
	
	30.15
	A
	
	

	
	Igneous
	226
	pF2.7
	28.46
	C
	137.2
	<0.01

	
	Sedimentary
	303
	
	27.62
	B
	
	

	
	Metamorphic
	424
	
	24.17
	A
	
	

	Bedrock
	Coniferous
	409
	0 ()
	58.02
	A
	76.34
	<0.01

	
	Broadleaf
	417
	
	63.11
	B
	
	

	
	Mixed
	127
	
	59.10
	A
	
	

	
	Coniferous
	409
	pF1.8
	30.34
	A
	67.72
	<0.01

	
	Broadleaf
	417
	
	34.29
	B
	
	

	
	Mixed
	127
	
	31.52
	A
	
	

	
	Coniferous
	409
	pF2.7
	24.65
	A
	71.66
	<0.01

	
	Broadleaf
	417
	
	28.11
	B
	
	

	
	Mixed
	127
	
	25.54
	A
	
	


Note: N is the number of soil samples, SWC is soil water contents (%). Bedrock and forest type exhibit significant differences in soil water contents in all pressure heads (0, pF1.8, pF2.7). Post hoc analysis was conducted with Tukey’s method. ANOVA was conducted with the R statistic software version 4.0.3.

TABLE 5	Summary statistics of estimates of hyperparameters
	Model ID
	Input data
	Target data
	max_depth
	max_features
	n_estimates

	RF_FEC
	Environmental covariates
	
	12.8 (3.6)
	0.56 (0.16)
	81.8 (17.1)

	
	
	
	11.2 (2.9)
	0.51 (0.16)
	83.6 (15.9)

	
	
	
	11.7 (2.9)
	0.50 (0.12)
	82.0 (17.0)

	RF_FSP
	Soil properties
	
	8.3 (2.5)
	0.42 (0.28)
	76.3 (22.3)

	
	
	
	7.4 (2.4)
	0.85 (0.18)
	76.4 (22.7)

	
	
	
	9.2 (2.9)
	0.82 (0.16)
	82.1 (18.0)


Note: The estimated means and standard deviation (in parentheses) of 1,000 learned model hyperparameters by RRSSV method are reported. 

TABLE 6	Performance evaluations of multiple linear regression and random forest model
	Pressure head
	MLR_FEC
	RF_FEC
	RF_FSP

	
	Training
	Test
	Training
	Test
	Training
	Test

	
	R2
	RM
	R2
	RM
	R2
	RM
	R2
	RM
	R2
	RM
	R2
	RM

	
	Mean
	0.54
	5.31
	0.32
	6.94
	0.90
	2.74
	0.47
	5.75
	0.82
	3.39
	0.58
	5.15

	
	STD
	0.01
	0.07
	0.07
	0.87
	0.05
	0.51
	0.05
	0.28
	0.08
	0.65
	0.05
	0.33

	
	Mean
	0.56
	4.54
	0.34
	5.98
	0.91
	2.35
	0.49
	4.88
	0.78
	3.31
	0.49
	4.89

	
	STD
	0.01
	0.07
	0.09
	1.12
	0.04
	0.39
	0.06
	0.30
	0.09
	0.63
	0.06
	0.31

	
	Mean
	0.63
	3.54
	0.44
	4.67
	0.92
	1.79
	0.58
	3.77
	0.87
	2.19
	0.57
	3.82

	
	STD
	0.01
	0.05
	0.10
	0.97
	0.03
	0.27
	0.05
	0.21
	0.05
	0.40
	0.05
	0.23


Note: MLR is multiple linear regression model, RF is random forest model, EC is environmental covariates, SP is soil properties, C is calibration, RM is root mean square error, STD is standard deviation. Performances were evaluated 1,000 times with different calibration and test dataset. Bold values have highest R squared, lowest RMSE, and lowest standard deviation value in each training and test phase. 
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