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Multivariate Data Assimilation: 
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Time-Varying MVDA: 
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Is DA Efficient?  
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Methodology:  

Figure 1: The flowchart of the study framework. 
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Study Area:  

Figure 2: Geographical location map of the Bharathapuzha river basin (BRB) along with the depiction of stream networks, 

ASCAT observation grids, and streamflow gauging stations. 
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Univariate SM and Q Assimilation (SC 1 and 2):  
Table 1: Performance statistics of the soil moisture, and streamflow estimation during the open-loop, SMDA, and QDA scenarios.  

Type of  

assimilation 

Scenario 

RMSE 

(mm) 

PBIAS 

(%) 

KGE 

(-) 

R2 

(-) 

RMSE 

(Cumecs) 

PBIAS 

(%) 

KGE 

(-) 

R2 

(-) 

EFF 

(-) 

  Average Soil Moisture Streamflow at Outlet 

Open-loop OL 30.4 60.3 0.29 0.45 158.6 -28.89 0.68 0.76 0 

SMDA SC 1 19.2 -6.56 0.77 0.61 156.6 10.72 0.72 0.78 0.16 

Grid 5 QDA SC 2a 31.6 31.16 0.5 0.54 147.7 -44.6 0.76 0.79 0.18 

Grid 8 QDA SC 2b 29.5 12.8 0.56 0.53 157.5 -45.52 0.72 0.82 0.18 

Both QDA SC 2c 29.1 31.9 0.5 0.53 145.9 -27.97 0.75 0.84 0.2 

Both SMDA and QDA improved the model performance.  

Type of  

assimilation 

Scenario 

RMSE 

(mm) 

PBIAS 

(%) 

KGE 

(-) 

R2 

(-) 

RMSE 

(Cumecs) 

PBIAS 

(%) 

KGE 

(-) 

R2 

(-) 

EFF 

(-) 

  Average Soil Moisture Streamflow at Outlet 

MVDA SC 3 24 32.5 0.53 0.58 121.3 -8.66 0.86 0.83 0.41 

TV-MVDA SC 4 22.4 21.2 0.64 0.61 119.4 -8.28 0.87 0.84 0.42 

Sens-TV-

MVDA 

SC 5 25 31.4 0.52 0.53 129.1 -18.3 0.86 0.83 0.4 

Table 2: Performance statistics of the soil moisture, and streamflow estimation during the MVDA, TV-MVDA, and Sens-TVMDA scenarios.  

However, MVDA (SC 3) improved the model much better than any of the UVDA.  
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Streamflow Estimates and Forecast during MVDA (SC 3 and 4): 

TV-MVDA (SC 4) showed the 
best result suggesting that the 
updating the model parameters 
periodically captured the 
transient nature of the 
catchment. 

Effect of making the parameters 
dynamic (SC 4) did not improve the 
model performance as compared to SC 3 

 

However, it constrained the model well 
during low flows during non-monsoon 
period 

Figure 4: Time series plot showing the streamflow forecast during 

open-loop, MVDA, TV-MVDA, and Sens-TV-MVDA scenarios. 

Figure 3: Time series plot showing the streamflow at the BRB 

outlet (Kumbidi) during open-loop, MVDA, TV-MVDA, and Sens-

TV-MVDA scenarios 
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Sensitivity-based MV Assimilation (SC 5): 

Grids that are spatially closer 
to catchment outlet are more 
sensitive in nature. 

 

Sensitivity-based TV-MVDA 
(SC 5) showed a similar result 
as compared to TV-MVDA (SC 
4). However, it used less than 
30% of SM observations 
across the basin to achieve 
these results.  

Figure 5: Spatial plot showing the % of SM observations used for the assimilation purpose during the 
Sens-TV-MVDA scenario 

Major Contribution: 

Reduced the computational 
burden by more than 60%.  
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Effect of Perturbing the Input Forcings: 

1) δP has more impact on the model error covariance than δPET 

2) At higher perturbation values, TPM started behaving randomly showing poor 
model results. 

Figure 6: Scatter plot showing the variations in the model performance for different perturbations applied to the 

precipitation (δP) and potential evapotranspiration data (δPET) . 


