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Geophysical Models 
(ESA ESM) for 
stochastic prediction

Kalman Filter
Prediction 1

Which state of the gravity field 
does the process model 

predict?

Innovation 2

How well do the observations 
fit to the prediction?

Kalman Gain Matrix 3

Relative weighting of 
observations and prediction 

based on covariance matrices

Update 4

Weighted average of prediction 
and observations

Observation Model
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To be discussed
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Kalman Filter Time Series

Exemplary grid cell
(Bavaria, Germany)

ESA ESM
vs.

Correlation
[ - ]

RMSD
[ cm ]

GRACE + corr. noise 0.75 2.7

KF: GRACE only 0.89 2.0



Viviana Woehnke 15EGU General Assembly 2023

Kalman Filter Time Series

Exemplary grid cell
(Bavaria, Germany)

ESA ESM
vs.

Correlation
[ - ]

RMSD
[ cm ]

GRACE + corr. noise 0.75 2.7

KF: GRACE only 0.89 2.0

KF: GRACE + GNSS 0.92 1.7
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Summary and Outlook

High resolution water storage 
change

Upper Elbe basin

Radial basis 
functions

Geophysical models

Hydro Atmo Ocean

Simulated observations

Process modelKalman filter
• Regional modeling with space localizing (radial) basis functions 

implemented in Kalman filter
• Kalman filter implemented for data combination of simulated 

GRACE and GNSS data

Next steps:
• GNSS error model and relative weighting (GRACE vs. GNSS) to 

be discussed
• Introduce real GRACE and GNSS data
• Add (simulated) observations from gravimeters

Questions?  viviana.woehnke@hcu-hamburg.de

Radial basis 
functions

We thank the DFG for funding this
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