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 9 

GRACE assimilation impact on water fluxes 10 

Here, we further investigate the impact of assimilating GRACE data using AUKF and Kalman-Takens 11 

filtering approaches on non-assimilated variables. For this purpose, we use additional datasets 12 

including TRMM-3B43 precipitation (TRMM; Huffman et al., 2007), MOD16 evaporation (Mu et al., 13 

2011), and water discharge data from the Australian Bureau of Meteorology to analyze the 14 

assimilation impact on water fluxes over the Murray-Darling Basin. The analysis is carried out at a 15 

monthly scale after assimilating the GRACE TWS data every 5 days. While the state vector in our 16 

assimilation schemes includes only soil moisture, vegetation, snow, surface, and groundwater 17 

storages, which are updated with the GRACE TWS, due to the model formulation, assimilation updates 18 

can still be transferred to non-assimilated variables such as model discharge during forecasting. This, 19 

however, is not the case for the applied Kalman-Takens method because this implementation, in 20 

contrast with AUKF, does not rely on physical laws and only updates the analyzed state variables. We 21 

calculate the correlation between the AUKF analysis water discharge time series and those from the 22 

in-situ data over the Murray-Darling Basin. The average correlation after data assimilation decreases 23 

from 0.92 (for the open-loop run) to 0.88. The Kalman-Takens method is not subject to this 24 

assimilation artifact. To better understand the situation, Figure 1 plots the water fluxes and imbalance 25 

calculated using the water balance equation (i.e., water storage changes = precipitation – evaporation 26 

- discharge).  27 

 28 



 29 
Figure 1 Average precipitation, evaporation, in-situ water discharge (a) and water storage changes from AUKF and the 30 

Kalman-Takens (b). (c) shows imbalance from each filtering technique. 31 

 32 

Using satellite-derived precipitation, evaporation, in-situ water discharge (shown in Figure 1a), and 33 

water storage changes from the assimilation solutions (cf. Figure 1b), imbalance time series are 34 

calculated for each filter (cf. Figure 1c). As it can be seen in Figure 1c, applying the Kalman-Takens 35 

generally leads to less imbalance. The average absolute imbalance from the Kalman-Takens filter is 36 

21.48 mm, which is 9.81 mm smaller than that of AUKF. This can be explained by the fact that AUKF 37 

uses model equations for integrating applied TWS increments to the assimilated state variables 38 

forward in time. This allows the model to redistribute these increments between assimilated and non-39 

assimilated state variables, which as shown in Figure 1 can lead to the larger imbalance compared to 40 

the Kalman-Takens filter. 41 


