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Before performing machine learning methods, we have tried multiple linear (ML)
regression methods. Figures S1 and S2 give the scatter plots and the accuracy metrics
for each year based on numerical variables. We found that the R® ranged from
0.16—0.68 for TWS and 0.09-0.46 for GLDAS. The correlation coefficient (CC)



ranged from 0.43-0.82 for TWS and 0.30—0.68 for GLDAS, whilst the RMSE ranged
from 0.76—5.41 for TWS and 1.00—2.98 for GLDAS. The accuracy of the ML models
in each year is low except 2008, and it can not be used for downscaling.
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Figure S1. Scatterplots and regression fits of the testing dataset of TWS using multiple linear regression
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Figure S2. Scatterplots and regression fits of the testing dataset of GLDAS using multiple linear
regression and the original dataset from 2004-2016.
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Figure S3 The spatial distribution of 906 clusters using mean shift clustering analysis based on monthly

CSR-MS TWS.
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Figure S4 Scatterplots and regression fits of the testing dataset of TWS using XGBoost and the original
dataset for 2004—2016 based on CSR-MS 906 clusters analysis.
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Figure S5 Scatterplots and regression fits of the testing dataset of TWS using RF and the original
dataset for 2004—2016 based on CSR-MS 906 clusters analysis.

Figures 56-513 give scatterplots and variable importance measures for TWS and GLDAS

based on RF and XGBoost methods using CSR TELLUS GRACE data for 2004-2016.
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Figure S6 Scatterplots and regression fits of the testing dataset of TWS using XGBoost method.
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Figure S7 Plots of the variable importance measure (Cover metric of the number of observation related
to this feature (%Cover)) for the XGBoost-modeled TWS from 2004-2016.
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Figure S8 Scatterplots and regression fits of the testing dataset of TWS using RF method.
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Figure S9 Plots of the variable importance measure (increase in the mean square error (%IncMSE)) for
the RF-modeled TWS from 2004-2016.
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Figure S10 Scatterplots and regression fits of testing dataset of GLDAS using XGBoost method.
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Figure S11 Plots of the variable importance measure (Cover metric of the number of observation
related to this feature (%Cover)) for the XGBoost-modeled GLDAS from 2004-2016.
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Figure S12 Scatterplots and regression fits of the testing dataset of GLDAS using RF method.



RF GLDAS 2004 RF GLDAS 2005
Lst - rre |-
pre |- DEM- [
oeM - site |-
<ay |- clay{ [
Lrccr 1 LsT |-
Lusp |- I slope [
sileq DO GDP+ [
slopeq LTccr |
soil | | NDVI4 [
Popy LUSDY
Novi{ Popq
GDP | soil T
0 200 30 40 50 0 20 40 60
%IncMSE %IncMSE
RF GLDAS 2007 RF GLDAS 2008
rre |- [ pre| T 11
clay{ I peM |- [
DEM- Lrccr 1
LUsDq clay |-
sileq cor -
slope [ LsT |-
Gpp+ stope [
Popy L Lusp | [
LsT |- [ siltq
LTCCF NDVIH
NDVI4 [ soilq [
soil {- | Popd [
0 20 40 0 10 20 30 40
%IncMSE %IncMSE

RF GLDAS 2006

DEM -

Pre

silt -

LST A

clay A

slope 4

LTCCF A

GDP A

LUSD

NDVI 1

Pop

soil 4

=
»
S
S
S

%IncMSE

RF GLDAS 2009

LST A

DEM -

clay 4

slope -

silt o

Pre

LUSD -

NDVI A

GDP A

LTCCF -

Pop

soil 4

=
w
S
Y
S

%IncMSE

o
S



RF GLDAS 2010 RF GLDAS 2011
rre - rop |-
clay |- [ DLUSR
peM - siltq
Lst - clay{

LUsb pre |-

NDVI4 [ GDP+ [

LTCCFq L LSTH
sile4 [ slopeq [
slopeq [ NDVI4 [

Popy LTCCF [
soil 1 LUsb
GDP{ L soilq T
0 20 40 0 20 40 60
%IncMSE %IncMSE
RF GLDAS 2013 RF GLDAS 2014
rre |- peM -
LsT |- cay |- [
peM |- [ LsT -
sile 1 - [ rre |-
clay |- [ slope| [T
siope - | Lrccr |-
Novi - Lusp |
pop- S Novi - -
soil |- | sitt | |
Lusp - Pop{
Lrccr - soil |- [
GpP+ [ Gop+ [
0 10 20 30 40 0 10 20 30 40 50
%IncMSE %IncMSE

RF GLDAS 2012

DEM -

clay A

LST A

silt o

Pre -

slope 4

Pop A

LUSD

GDP A

LTCCF -

NDVI A

soil 4

=

10

20 30
%IncMSE

RF GLDAS 2015

40

n
S

DEM -

Pre

clay 4

slope -

LST A

silt -

LTCCF -

GDP A

NDVI A

Pop

soil 4

LUSD

=

wJ
=

%IncMSE

FN
S



RF GLDAS 2016

DEM -

Pre -

clay 4

NDVI A

LST A

slope 1

GDP +

silt 4

Pop 4

LTCCF A

LUSD

soil o

T T T T T T
0 10 20 30 40 50
%IncMSE

Figure S13 Plots of the variable importance measure (increase in the mean square error (%IncMSE))
for the RF-modeled GLDAS from 2004-2016.



