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Figure S1: Correlation between catchment attributes (Table 1) and model performance, i.e. runoff (Eq. 2, left panel), soil moisture
(Eq. 5, middle panel) and snow cover (Eq. 6, right panel), obtained from multiple objective calibration to satellite soil moisture
(ASCAT), satellite snow cover (MODIS) and runoff (Var 3 of Table 4, SSM+SCM-+runoff) in the calibration period 2000-2010. Cool
and warm colors represent positive and negative correlations, respectively. Bold print indicates significance with p-value lower than

0.05.
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Figure S2: Correlation between catchment attributes (Table 1) and model performance, i.e. runoff (Eq. 2, left panel), soil moisture
(Eg. 5, middle panel) and snow cover (Eq. 6, right panel), obtained from multiple objective calibration to satellite soil moisture
(ASCAT), satellite snow cover (MODIS) and runoff (Var 3 of Table 5, SSM+SCM-+runoff) in the validation period 2010-2014. Cool
and warm colors represent positive and negative correlations, respectively. Bold print indicates significance with p-value lower than
0.05.
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Figure S3: Correlation between catchment attributes (Table 1) and model performance, i.e. runoff (Eq. 2, left panel), soil moisture
(Eg. 5, middle panel) and snow cover (Eq. 6, right panel), obtained from multiple objective calibration to satellite soil moisture
(ASCAT) and runoff (Var 1 of Table 4, SSM+runoff) in the calibration period 2000-2010. Cool and warm colors represent positive
and negative correlations, respectively. Bold print indicates significance with p-value lower than 0.05.
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Figure S4: Correlation between catchment attributes (Table 1) and model performance, i.e. runoff (Eq. 2, left panel), soil moisture
(Eg. 5, middle panel) and snow cover (Eq. 6, right panel), obtained from multiple objective calibration to satellite soil moisture
(ASCAT) and runoff (Var 1 of Table 5, SSM+runoff) in the validation period 2010-2014. Cool and warm colors represent positive
and negative correlations, respectively. Bold print indicates significance with p-value lower than 0.05.
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Figure S5: Correlation between catchment attributes (Table 1) and model performance, i.e. runoff (Eq. 2, left panel), soil moisture
(Eg. 5, middle panel) and snow cover (Eg. 6, right panel), obtained from multiple objective calibration to satellite snow cover
(MODIS) and runoff (Var 2 of Table 4, SCM+runoff) in the calibration period 2000-2010. Cool and warm colors represent positive
and negative correlations, respectively. Bold print indicates significance with p-value lower than 0.05.
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Figure S6: Correlation between catchment attributes (Table 1) and model performance, i.e. runoff (Eq. 2, left panel), soil moisture
(Eg. 5, middle panel) and snow cover (Eg. 6, right panel), obtained from multiple objective calibration to satellite snow cover
(MODIS) and runoff (Var 2 of Table 5, SSM+SCM-+runoff) in the validation period 2010-2014. Cool and warm colors represent
positive and negative correlations, respectively. Bold print indicates significance with p-value lower than 0.05.
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Figure S7: Distributions of mean catchment elevation (MELE) and percentage of arable land (AP) for the groups of catchments with
(blue) and without (red) runoff model efficiency improvement in the validation period when including soil moisture and snow data
in the calibration.
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Figure S8: Distributions of mean catchment elevation (MELE) and percentage of arable land (AP) for the groups of catchments with
(blue) and without (red) soil moisture model efficiency improvement in the validation period when including soil moisture and snow
data in the calibration



Table S1. Normalized Difference Snow Index (NDSI) threshold for snow cover mapping from Tong et al. (2020)

Agua Jan Feb | Mar | Apr | May |[Jun | Jul Aug | Sep | Oct | Nov | Dec
below | non-forest 036 | 0.34 | 036 | 0.67 |0.98 | 097 |089 |0.96 |[0.84 |0.67 | 043 |041
900 m | coniferous forest | 0.17 | 0.24 | 0.34 | 050 | 063 |[0.66 | 0.79 | 0.77 | 092 | 047 | 0.42 | 0.26
as.l. other forest 032 {029 (029 |[082 (070 |0.78 |0.75 [0.89 |090 |0.80 |0.47 |0.30
over non-forest 022 [ 018 | 028 | 049 (067 |091 |089 [091 |0.71 | 043 | 045 | 0.26
900 m | coniferous forest | 0.20 | 0.14 | 0.29 | 0.49 |0.74 | 086 | 0.82 |0.87 |082 |049 |043 |0.25
as.l. other forest 0.17 {012 |0.13 | 050 (083 | 074 |0.77 | 058 |0.69 |044 | 046 | 0.20
Terra Jan Feb | Mar | Apr | May |[Jun | Jul Aug | Sep | Oct | Nov | Dec
below | non-forest 032 {030 | 037 |057 (074 |078 | 082 |0.85 |082 |052 |041 |0.36
900 m | coniferous forest | 0.30 | 0.19 | 0.29 | 034 |[0.72 {080 |0.65 |0.93 |0.61 |056 |0.31 |0.34
a.s.l. other forest 022 {019 (029 |086 |[0.78 |0.64 |0.78 |0.74 | 065 | 0.65 | 040 | 0.31
over non-forest 021 | 0.16 |0.20 | 044 |060 | 090 |0.77 |0.70 |0.84 | 054 | 035 | 0.27
900 m | coniferous forest | 0.16 | 0.12 | 0.22 | 0.40 | 0.65 | 0.78 | 0.80 | 0.76 | 0.78 | 0.47 | 0.37 | 0.20
as.l. other forest 0.10 | 0.11 | 0.10 | 0.17 | 053 |0.16 | 0.26 |0.69 |0.67 |0.31 | 0.31 |0.22




