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ATMOSPHERIC DENSITY ESTIMATION FROM ACCELEROMETER DATA AND
NON-GRAVITATIONAL FORCE MODELING APPLIED TO REPLACE GRACE-FO’S BROKEN
ACCELEROMETER IN GRAVITY FIELD DETERMINATION.

Abstract

The neutral mass density of the upper atmosphere can be determined by orbit and accelerometer data
from Low Earth Orbit (LEO) satellites. Especially the accelerometers of geodetic satellites, measuring the
non-gravitational accelerations acting on these satellites, are a very useful observation for precise density
estimation, also on very short time scales. Currently, due to the lac of direct measurements, the most
accurate atmospheric density estimates are computed from such data.

The principle idea of the procedure is quite simple. By modelling all radiative non-gravitational forces
the drag acceleration is computed by subtracting it from the measured accelerometer data. Subsequently,
the density can be computed with a sufficiently modelled drag coefficient of the satellite. Prior to that, the
accelerometer data has to be calibrated. Therefore a tailored dynamic POD method to obtain physical
calibration parameters is needed.

Besides the use of these data for the generation of semi-empirical thermosphere models and the vali-
dation of physical numeric models, we applied this strategy to compute artificial accelerometer data for
the second GRACE-FO satellite, whose accelerometer broke shortly after launch. For the mission’s main
objective, the monthly Gravity Field Recovery (GFR) of Earth, the accelerometer data are a crucial ob-
servation. The GRACE-FO satellites are following each other in a polar, circular orbit with a distance of
about 200 km. We estimate the density with the accelerometer of the first satellite and ’transplant’ it to
the second satellite by a time-shift. All radiative forces and the drag coeflicients are modelled with the
attitude of each individual satellite and detailed Finite Element Models (FEM). The resulting artificial
accelerometer product can then be used in the GFR process.

The resulting gravity fields allow us to validate the estimated density and our modelling based on the
quality of the gravity fields, where different metrics exists, as well as solutions from different institutions
for direct comparison. We show our precise modelling approach of the radiative forces (from radiation
of Sun, Earth albedo and thermal and thermal radiation of the satellite itself) and the drag coefficient,
all based on detailed satellite FEM. We show how different modelling strategies, affect the estimated
atmospheric density and the estimated gravity fields.



