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Open Loop Run (2003-2023) GRACE " This could be attributed to higher infiltration and low runoff, when the frozen surface becomes more permeable during spring
P P Terrestrial Water Storage = |n March 2023, DA process decreases the TWS (-25 mm), which induces a drop in soil moisture (-29 mm), increases in GW * Inspring 2013, DA mainly redistributes TWS into groundwater storage (-55 mm TWS, -79 mm soil moisture
Spatial resquFion:O.10° x 0.10° = Spatial resolution: 0.10° x 0.10° storage (+4 mm) and smaller increases in the runoff components (+0.6 mm) storage, +22 mm groundwater storage, and +2.3 mm runoff between March and May), with only small
-\rl;n:i:\;:ee::PDrzlcliypitation Evapotranspiration, Snow Water Equivalent (SWE), Surface runoff " DAs shifting the water storage more from soil moisture to deeper groundwater s e
: ' ok ' ' e = DA leads to more negative GW anomaly despite small increases in the absolute GW storage  During spring 2013, the routed streamflow is underestimated, especially during high-flow conditions
Sub-surface runoff, Soil Moisture (SM), Water Table depth, Groundwater (GW), Terrestrial . : 3 :
I o * DA produces modest improvements (DA Bias = -0.23 m?¥s ) in modeled streamflow compared to USGS, but
. Table 1: RRB watershed averaged monthly values of TWS, soil moisture, SWE, GW, and runoff for 2013 spring months (all values in mm) skill remains limited at some gauges

GRACE Data Assimilation Run (2003-2023) ‘ oL DA oL DA oL DA soil, infiltration, channel gradient), and alternative DA constraints across multiple flood/non-flood years
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