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Observation Model

Geophysical Models
(ESA ESM) for
stochastic prediction -

Kalman Filter
Prediction e Innovation

Which state of the gravity field How well do the observations
does the process model fit to the prediction?
predict?

Kalman Gain Matrix Update

Relative weighting of
observations and prediction
based on covariance matrices

Weighted average of prediction
and observations
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Process Model
Predicts the change

;= Bry_ 1 +w W ~ _/\[(0, Q) of the gravity field
fromt-1 >t

t5
/ 1

State transition matrix Covariance matrix of
the process noise

Geophysical
Models (ESA ESM)

Spatial correlation:

- Where are areas with large
variability?

- How much do nearby points differ?

Stochastic prediction

s X[ 2 Ea B=x X
X; I > Q=X-% X%l

Temporal correlation:
- How fast does a signal
vary at each place?

. mformation,
Only StOChaSt‘:ut used directly

not model out
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Observation Model
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* mean, linear trend and
annual signal removed
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Observation Model Process Model
lt — At.ﬁt + vy Vg v N(O, Rt) Ty = BIEt_l + w w ~ N(O, Q)

Kalman Filter

Prediction G Innovation

Which state of the gravity field How well do the observations
does the process model fit to the prediction?
predict?

Kalman Gain Matrix Update

Relative weighting of
observations and prediction
based on covariance matrices

Weighted average of prediction
and observations
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—— ESA ESM Residuals [
0.15 ]| —— ESA ESM Residuals + corr. noise [ Observation Model Process Model ]
A Iy = Ayry + vy v~ N (0, Ry) xy = Bry_, +w w e~ N(0,Q)
—— Prediction x; )
—— Update x;
0.10 1 i ‘ / Kalman Filter
‘ \ Prediction o Innovation e
Which state of the gravity field How well do the observations
0 l 05 l l N A does thepfgrgic;:s medel fit to the prediction?
T
; Kalman Gain Matrix o Update o
w Relalive weighting ?f. Weighted average of prediction
£ 0.001 Lzesors il i
-0.05 1
il ESA ESM Correlation RMSE
VS.
-0.10
Exemplary grid cell ESA ESM + 0.885 0.023
(Upper Plalatinate, Gelrmany) corr. noise
—0.15 : ; Prediction 0.897 0.018
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Update 0.985 0.007
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Simulated observations

Geophysical models
Radial basis

functions

GNSS

. + Kalman filter implemented for simulated gridded GRACE data
Observations + with realistic correlated errors

uncertainties
Next steps:
* Regional modeling with space localising (radial) basis functions

* Add (simulated) observations from GNSS and gravimeters

Questions? viviana.woehnke@hcu-hamburg.de
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