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Introduction 
This supplement contains additional description of the data processing techniques used to create the volumetric channel water storage measurement presented in the manuscript. It also contains several figures and a table describing the channel water storage : GRACE comparisons and basin characteristics described in our results. 


[bookmark: _Ref39748445][bookmark: _Ref39748578]Text S1 Data creation methods
Statistical reprocessing
Before interpolation, we reprocessed VS data by removing outliers from individual passes before calculating that passes average value. We followed a modified version of the shifting window T test approach outlined in Tourian et, al. (2016). We took all available WSE data from all altimeters on the river, rescaled between 0 and 1, and then used a moving window (scaled to average repeat interval) to flag and remove values outside of 95 % confidence interval (+-2 m). Rescaling is done via formula (s1) Where A is the input array, and inmin and inmax represent the minimum and maximum values of A.
		(s1)

Interpolation
  Our interpolation algorithm is based on bi- linear solution Delaunay triangulation over a space (1 dimensional) time grid of WSE values. Each VS has its time series mean removed, prior to interpolation. We separate WSE data into different groups based on concurrent mission timing before interpolation. We interpolate then combine the resulting interpolation blocks to create a matrix of the entire sampling area over the entire sampling period. We then smooth these anomalies using a penalized least squares approach, with iterative outlier rejection (Garcia, 2010). We then add back a mean river surface WSE for each location based on SRTM, GMTED2010, or ASTER data in that preferential order. Finally, we force data from each time to go downhill in the direction of the mouth of the river using the same linear optimization approach used to create the base line WSEs I GRRATS. 
Width data
For the width component of VCWS, we collected width measurements using   RivWidthCloud (X. Yang et al., 2019), a python tool that uses the google earth engine to classify Landsat scenes, assign channel centerlines and measure width orthogonally to those center lines at 30 m resolution. We assigned points to their nearest 1km section and took a mean value for each section/time combination. We generated missing widths by fitting a piecewise linear regression to observed data where there were at least 10 observation pairs, and correlation of at least 0.5. In cases where these criteria were not met, we used a static mean width value for VCWS calculation. 
Cross sectional area
Finally, we calculated VCWS by using width and WSE observations to estimate cross-sectional area for each daily WSE/width value using the method described in Durand et al., (2014). This cross-sectional area multiplied by the length of river it represented (always 1 km for our product), to generate VCWS in km^3. Further process details and the code used to calculate Cross-sectional area can be found at (https://github.com/mikedurand/SWOTAprimeCalcs).

[image: ]Figure S1. Percentage of grace anomaly measured vs percentage of basin area measured with GRRATS1kd . Each river is labeled and plotted on a color axis representing that river’s mean standard deviation of height.
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Figure S2. Percentage of grace anomaly measured vs PET/P aridity index. Each river is labeled and plotted on a color axis representing that river’s mean standard deviation of height.



[image: ]Figure S3. Percentage of grace anomaly measured vs average slope. Each river is labeled and plotted on a color axis representing that river’s mean standard deviation of height.
	River
	CERES PET [mm/yr]
	P_GPCP[mm/yr]
	slope [cm/km]

	Amazon
	1693.008899
	2347.4245
	5.15

	Amur
	816.9791846
	589.9495
	26.0011

	Ayeyarwada
	-
	-
	7.46

	Columbia
	947.6845517
	624.369
	128

	Congo
	1499.454806
	1525.189
	16.2261

	Ganges-Brahmaputra
	2588.275572
	2529.7055
	12.5284

	Indus
	-
	-
	26.8145

	Kolyma
	-
	-
	21.5973

	Lena
	638.6746406
	417.8155
	33.4106

	Mackenzie
	726.9123686
	418.6185
	38.1867

	Mekong
	1563.827351
	1646.8435
	9.7

	Mississippi
	1086.015324
	870.0505
	18.9583

	Niger
	1424.907487
	700.3255
	9.9

	Ob
	746.0812109
	665.2125
	2.76

	Orinoco
	1808.401645
	2362.499
	13.7215

	Parana
	-
	-
	14.1044

	Sao Francisco
	-
	-
	23.3983

	St Lawrence
	953.605751
	977.324
	7.29

	Tocantins
	1689.378474
	1692.9065
	9.39

	Uruguay
	1334.372676
	1763.899
	8.38

	Volga
	-
	-
	3.18

	Yangtse
	1026.114584
	1086.459
	8.05

	Yenisei
	672.6590957
	492.531
	9.99

	Yukon
	556.0086931
	454.863
	51.6173

	Zambezi
	-
	-
	20.0974



Table S1. Potential evapotranspiration,   precipitation, and slope values from Figures S1,S2,and S3.
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