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Supporting information includes references for Table 1 and Table 2. 


Table 1. A summary of common (but not all inclusive) in situ and profile sensor errors, as root mean squared error (RMSE), stated from the manufacturer and determined by researchers using the factory standard coefficients and soil-specific calibrations. 
	In situ Sensors
	
	
	Freq. (MHz)
	
	RMSE (m3/m3)
	

	
	Company
	Type1
	
	Output2
	Stated
	Standard calibration
	Soil specific
	Reference

	10HS
	Meter
	Cap.
	70
	V
	0.03
	0.073, 0.053
	0.013, 0.012
	[1], [2]

	5TEd
	Decagon
	Cap.
	70
	Ka, EC, T
	0.03
	0.040, 0.039
	0.026, 0.013
	[1], [3]

	CS616
	CSI
	TLO
	175
	period
	0.025
	0.057,0.129, 0.073
	 -, 0.025, 0.063
	[4], [1], [5]

	
	
	
	
	
	
	0.140, 0.157
	0.027, 0.016
	[6], [3]

	CS650/655
	CSI
	TLO
	175
	Ka, EC, T
	0.03
	0.073, 0.078
	0.025, 0.022
	[7], [3]

	Digital TDT
	Acclima
	TDT
	1230
	Ka, EC, T
	0.02
	0.049, 0.080
	-, 0.025
	[4], [5]

	EC-5d
	Decagon
	Cap.
	70
	V
	0.03
	-, 0.054
	0.013, 0.025
	[8], [3]

	Field Connect
	J. Deere
	Cap.
	
	
	
	0.083
	0.026
	[3]

	Hydra Probe
	Stevens
	Imp.
	50
	Ka, EC, T
	0.01
	0.073, 0.033, 0.048
	0.056, 0.022, 0.028
	[9], [10], [1]

	
	
	
	
	
	
	0.040, 0.102, 0.010
	0.029, 0.013, -
	[5], [3], [11]

	SM150/300
	Delta-T
	Imp.
	100
	V, T
	0.03
	0.037
	0.014
	[1]

	TDR100d/ TDR200
	Campbell
	TDR
	1450
	Ka, EC
	-
	0.042, 0.023
	-, 0.022
	[4], [1]

	TDR315
	Acclima
	TDR
	
	
	-
	0.050, 0.020
	0.016, -
	[3], [11]

	Theta Probe
	Delta-T
	Imp.
	100
	V
	0.01
	0.066, 0.029, 0.030
	-, 0.015, 0.028
	[4], [1], [5]

	Trime-PICO
	IMKO
	TDR
	1000
	V
	-
	0.042, -
	0.023, 0.044
	[5], [12]

	Wet
	Delta-T
	Cap.
	20
	Ka, EC, T
	0.03
	0.041, 0.034
	0.029, 0.025
	[13], [1]

	Profile Sensors

	AquaCheck
	–
	Cap.
	
	
	-
	0.163
	0.013
	[3]

	Diviner 2000
	Sentek
	Cap.
	250
	counts
	-
	0.030–0.053, -
	0.025, 0.018-0.044
	[14], [15]

	EasyAg
	Sentek
	Cap.
	
	–
	0.06
	-
	-
	

	EnviroSCAN
	Sentek
	Cap.
	75
	count
	
	0.018 – 0.073, -
	0.020, 0.021-0.051
	[14], [15]

	Gro-Point
	ESI
	TDT
	
	current
	
	
	
	

	PR2/6
	Delta-T
	Cap.
	100
	V
	0.04
	0.091–1.30, -
	0.027, 0.024–0.063
	[14], [15]

	SoilVUE-10
	Campbell
	TDR
	1450
	Ka, EC, T
	0.02
	
	
	

	Trime-T3
	IMKO
	TDR
	
	time (ps)
	0.03
	0.051- 070
	0.020
	[14]


dDiscontinued sensor, - indicates no value stated in reference. 
1Sensor type: Cap., capacitance; Imp., impedance; TLO, transmission line oscillator; TDR, time domain reflectometry. 
2Sensor outputs includes Ka, dielectric permittivity; EC, electrical conductivity; T, temperature; V, analog voltage; time in picoseconds; and periods or pulse counts. 
[bookmark: _Ref60845440]Table 2. The soil moisture products derived from space-borne platforms and operational1 land surface models. References are available in supplemental information.
	Satellite Soil Moisture Missions
	
	
	
	
	

	Mission
	Duration
	Coverage
	Revisit time
	Band
	Spatial Resolution
	Reference

	AMSR-E (JAXA)
	2002-2011
	Global
	1 day
	X/C
	10-50 km
	[16]

	Aquarius 
	2011-2015
	Global 
	8 days
	L
	100 km
	[17]

	ASCAT
	2009-pres.
	Global 
	2-3 days
	C
	25 km
	[18]

	CYGNSS
	2017-pres.
	Mid-latitudes
	Week-Month
	L
	1-3 km
	[19, 20]

	GCOM-W (AMSR2)
	2012-pres.
	Global 
	2-3 days
	X/S
	25 km
	[21]

	Grace/Grace-FO
	2002-pres.
	Global
	30 days
	K-band Ranging 
	200 km
	[22]

	NISAR
	202?-?
	Global
	12 days
	L/S
	200 m
	[23]

	Sentinel-1 (ESA)
	2015-pres,
2015-pres,
	Europe 
Global index
	3-8 days
1 day
	C
C
	1 km
0.1 degree
	[24]

	SMAP (NASA)
	2015-pres.
	Global 
	2-3 days
	L
	3 km/9 km/36 km
	[25, 26]

	SMOS (ESA)
	2009-pres.
	Global 
	2-3 days
	L
	25 km
	[27, 28]

	WindSat (DoD)
	2003-2020?
	Global 
	8 days
	X 
	25 km
	[29]

	Operational Land Surface Models
	
	
	
	
	

	Product
	Models
	Coverage
	Time
	Agency
	Spatial Resolution
	Reference

	NLDAS-2
	Noah, Mosaic, SAC, VIC 
	CONUS
	1979 - pres.
	NASA
	0.125 degree (~15 km)
	[30]

	WLDAS
	Noah-MP
	Western US
	1979 - pres.
	NASA
	0.01 degree (~1 km)
	[31]

	National Water Model
	WRF-Hydro
	CONUS
	Short, med, long forecasts
	NOAA
	1 km and 250 m
	[32]

	National Hydrologic Model
	PRMS
	CONUS
	1980 - pres.
	USGS
	1 km  
	[33]


1Operational implies continuous simulations in near-real time for use operationally by a number of federal services like flood forecasting, drought mitigation, and weather forecasting.  
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