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Operational ITSG-Grace2018 Ty

= I[TSG-Grace series of gravity field solutions are computed at Institute of Geodesy, Graz University of Technology.

» ITSG-Grace2018 GRACE-FO solutions available since November 15, 2019.
Unconstrained monthly solutions: degree/order 60, 96, 120.

= Differences from GRACE processing:
Updated background models,
Revisited parameterization,
In-house ACT1B products for GRACE-D GRACE-FO mission, Source: NASA.
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ITSG-Grace2018 GRACE-FO monthly solutions.




GRACE Follow-On Accelerometer TU

= |nstrument
Three-axis ultra-sensitive electrostatic accelerometer (ONERA)
Two high-sensitive axes: along-track, radial
One less-sensitive axis: cross-track

= ACC Level-1A data:
Large spikes on the measurement, Known as Phantom Accelerations,

Improper response at thruster firing, ACC frame vs. Satellite referance frame.

Degradation of GRACE-D since mode change on June 21, 2018,
= ACT products: Calibrated Accelerometer Data (McCullough et al., 2019)

Model-based thruster responses for GRACE-C and GRACE-D,
GRACE-D: after 2018-06-21 accelerometer transplant data from GRACE-C (Bandikova et al. , 2019) .
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Accelerometer measurments ﬂ-!;-ryz.

= Non-gravitational forces

Aerodynamic force,

Solar radiation pressure (SRP),
o AERO SRP

Earth radiation pressure (ERP),

Thermal radiation pressure (TRP).

= Disturbances due to satellite’s operation/environment

Thruster spikes,

Phantom Accelerations,

. . )
Magnetic torques splkes, ‘!
'l
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Non-gravitational forces acting on a satellite.
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GRACE accelerometer measurments ﬂ'!;U

Acceleration differences between two GRACE

= GRACE-Like mission: Co-orbiting of two satellites,
Both satellites are expected to experience the same forces at
the same position.

= GRACE: Average difference between two ACC measurements
in 2007 after applying time and attitude corrections: 3nm/s?

Penumbra
transition

Penumbra Transitions of satellites,

Low B’ angle: More fluctuation in atmosphere density in direct
sunlight condition (Meyer et al., 2012).
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GRACE-D accelerometer recovery ﬂ'!;U

" from GRACE-C ACT data: GRAC(E;@CHA
. . . Timetag correction
Calibrating and Removing force models and THR events, (OBDH to receiver time) TIM1B

Estimate aerodynamic and TRP force model scales and obtain residuals, Resampling & Gap filling
]

) ) . . . . Timetag correction 1 cLK1B
Transferring the residuals to GRACE-D by applying time and attitude corrections, (receiver time to GPS time)

]
Lagrange Resampling

Adding force models, force model scales and thruster responses of GRACE-D.

Remove model/thruster res. || THR1B
Force model Description source |
Atmospheric force Time variable drag and lift coefficients Krauss (2013) Estimate model corrections || GNV1B
Moe and Moe (2005) ' 1 scats
Solar radiation pressure (SRP) Physical shadow factor, infrared solar flux | Robertson (2015) Transform residuals
Vielberg et al. (2020) '
Montenbruck and Gill Add model /thruster res.
(2001) ’
Earth radiation pressure (ERP) albedo modeling using reflectivity and Rodriguez-Solano et al. CRN Filter
emissivity coefficients of the Earth (2009) I
Thermal radiation pressure (TRP) Surface temprature dependent Wetterer et al. (2014) Rotate AF to SRF

GRACE-D ACT1B
(linear)




GRACE-D accelerometer recovery (TODO)

Improved force models ITSG ACT1B
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Impact on gravity field TU

Grazm
degree variances (2019-09)
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Impact on gravity field

2019-09

ITSG _pre, RMS =13.48 cm

300 km Gaussiuan filter is applied.

2019-09

ITSG, RMS = 11.85 cm
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Postfit residuals

PSD range rate residuals (2019-09)
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Residual Analysis (2018-2019)

argument of latitude

ITSG2018 pre

derivation filtered residuals
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Monthly RMS over the ocean

= Trend and annual signals are reduced and a gaussian filter with 400 km radius is applied.
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Monthly RMS over the ocean Ty

= Trend and annual signals are reduced and a gaussian filter with 400 km radius is applied.

RMS over theocean (annual & trend reduced)
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ITSG monthly solutions are only
based on the observations from
the respective month.
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Impact on low degrees-C20

AC20 x 10-10
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Impact on low degrees-C20

AC20 x 10-10
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Impact on low degrees-C30 TU

Grazm

= Offset with respect to TN-14 values is reduced.

2.4 —=— climatology

1.8 . TN-14
= e = TSG

1.2

o
o)

AC30 x 10-10

3.03—

=1 1 1 =1 1 1 1 1 =1
05 07 09 11 o1 03 05 07 09 11 101 03
2018 2019 2020

>



Impact on low degrees-C30 Ty,

= Offset with respect to TN-14 values is reduced.
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Summary and outlook TU

Grazm

The accuracy of monthly gravity field solutions is extremely sensitive to GRACE-FO accelerometer data quality.
= Alternative ACT1A processing is proposed for recovering GRACE-D accelerometer measurements.
= The ITSG ACT1B products significantly improves estimates of C30 coefficients.

= Using ITSG ACT1B also influences:

= Other low degree zonal coefficients

= Qverall accuracy of monthly gravity field solutions

= Further analysis:

= |deal parametrization of model calibrations

= Improve thruster response modeling
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Beta prime angle Ty

= [ angle: Angle between the normal vector of n orbital plane and Sun-Earth direction r,,, :

f = acos - Tsun
In|. |rsynl p =0
B’ =B —90°
B’ =90 B’ = —90°

Satellite is illuminated at all time

g =0 Satellite is nearly half of its revolution
time in the Earth’s shadow
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