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The uncertainty characterisation in temporal gravity field recovery plays a crucial role for providing consistent and reliable information on mass change. Here, we study gravity field determination from GRACE Follow-On satellite-to-satellite tracking data using the inter-satellite link of the K-Band Ranging System
and kinematic positions of the satellites as observations and pseudo-observations, respectively. We compute our solutions in a Least-Squares Adjustment with the Celestial Mechanics Approach, where - next to orbit, accelerometer and gravity field parameters - a set of nuisance parameters, i.e., constrained

Piece-wise Constant Accelerations (PCAs), are estimated to account for any kind of unknown deficiencies. In addition, an empirical observation noise model is derived from post-fit residuals and applied as observation data weighting. We extend the noise modelling by introducing daily spherical harmonic

coefficients as another set of nuisance parameters, which are constrained according to uncertainty information about the Atmospheric and Oceanic De-aliasing (AOD, AOe07 variance-covariance information from Shihora et al. 2023).

Gravity Field Recovery with the CMA

We make use of the Celestial Mechanics Approach (CMA), which is implemented in the Bernese
GNSS Software (Dach et al. 2015), treating the gravity field recovery as generalised orbit
determination problem. The orbits of the two GRACE Follow-On satellites are jointly estimated in
daily orbital arcs together with accelerometer calibration parameters and the sought-after gravity
field coefficients. Characteristic for the CMA is the additional co-estimation of pseudo-stochastic
parameters (nuisance parameters) to absorb unknown deficiencies in the modelling. The time-
variable gravity field recovery relies on a set of a priori force models, which account for gravity
variations that cannot be resolved by the time-resolution of monthly gravity fields.

Force models
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Figure 1. Parametrisation and background force modelling in the gravity field recovery process.

Noise Modelling in the CMA

To account for uncertainties in the observations and deficiencies in the background force models
different methods are applied:

® Introducing constrained piecewise-constant accelerations (Jaggi 2007). Their standard deviation
(constraint) is treated as being approximately known and is refined with Variance Component
Estimation (VCE, Lasser 2023).

* An empirical noise model derived from serial correlation of post-fit residuals (Ellmer 2018, Lasser
2023).

multiples per 0.8
- revolution | -

ol AR - - -

observation
weight matrix

0.02

e}
o

-0.05

-0.02

0 1000 2000 3000 4000 &h

epoch Aty

Figure 2. Empirically derived covariance function based on post-fit residuals and thereof compiled

covariance matrix.

e In this contribution: Extending the parameter space further by constrained arc-wise spherical
harmonic coefficients.

Including AOD uncertainties

Uncertainties in the AOD are introduced into the least-squares adjustment by extending the
parameter space with additional arc-wise spherical harmonic coefficients (gravity field parameters).
Their impact is confined by variance information provided in the AOe07 (varOl) model. No
covariance information is used.

The additional AOerr parameters are

® co-estimated up to d/o=100 (10197 additional parameters) per arc and
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Figure 3. Sketch of additional parameters to
account for uncertainties given in the AOe07
product and the corresponding design matrix A.

The variances given in the AOe07 model feature mostly long-wavelength content, even though given
up to d/o=180. To verify the magnitude of the variances used for constraining the AOerr parameters,
VCE is performed on a reduced resolution of the the arc-wise
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Figure 4. Triangle of variances up to

d/o=100 as given in the AOe07 model. their increment is zero on average to keep the monthly

gravity field coefficients representative for the monthly mean. Figure 5 gives the variations of the ¢z
coefficient around the monthly mean, exemplarily for January 2019.
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Figure 5. Timeseries of variations of the ¢y, coefficient for January 2019. The estimation is constrained to the
monthly mean.

Results

Including additional arc-wise gravity field parameters constrained by the AOe07 variance information
yields improved monthly gravity field solutions. Figure 6 shows a comparison using the metric of
RMS over the open oceans for all adopted noise modelling techniques. The numbers are expressed in
geoid heights. Not taking any dedicated attempt to compensate for deficiencies (yellow line) yields
an inferior quality, the numbers are out of range of this plot.

Keeping the green curve as reference, the co-estimation of AOerr parameters yields a mean
improvement of about 15%. To compare, the empirical noise model leads to an average
improvement of 38%.

4 - = COST-G RLO02
w/o PCA (> 4 cm)
— v/ PCA
1.5 m— + AQerr
. - €D COV
= M/\
S 1
—_— —/\’\
-— - -
05| = mmem e e e - = - - -~ T ~_.-
0

Jan Feb Mar Apr May  Jun Jul Aug Sep Oct Nov  Dec
2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019 2019

Figure 6. RMS over the oceans expressed in geoid heights w.r.t. the GOCO06s model (Kvas, 2018) for the
noise modelling with piece-wise constant accelerations (PCAs), adding constrained arc-wise gravity field
parameters (AOerr) and employing an empirical noise model. The dashed black line representing the
performance of the model from the COmbination Service for Time-variable Gravity fields (COST-G) serves as
reference.
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