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How do we process thermosphere data products!?

Accelerometers and GPS reveivers on satellites provide information about aerodynamic accelerations, which are controlled by density and wind in the upper at-
mosphere.With the help of High-Fidelity satellite geometries and rarefied gas simulatons, we can retrieve this information from the satellite data. These data are
further processed using satellite position and attitude to provide information on the local atmosphere. So far, data sets are available for the CHAMP, GRACE,
GOCE and Swarm satellites. In order to enhance products fidelity, it is important to estimate the gas-surface interactions (GSI) parameters. One of these crucial
parameters is the energy accommodation coefficient (Qg), which provides a tangibile value for the exchanged energy in the collisions between atmospheric parti-
cles and satellite surfaces. This study shows the influence of the energy accommodation coefficient on thermospheric products.The selection of accurate GSI pa-
rameters will provide improved thermospheric data and satellite drag estimations.
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Density and wind data sets

- Gas-Surface Interactions modelling

The use of accelerometers allows for high resolution observations of the thermosphere.The following plots show the newly derived winds and densities (SPARTA)

for CHAMP. Comparisons with the previous generation data (Panels), and HWM-07 (for winds) and NRLMSISE-00 (for densities) models are represented in the

diagrams. For the cross-track wind, data are available for three periods. Two energy accommodation coefficients (1.00, 0.60) are available in the figures.The neutral G O C E
density is directly connected with the geomagnetic activity.Varying the value of accommodation coefficient a different behaviour with respect to models is ob-

tained. The density data turn out to agree less well with the NRLMSISE-00 model for low values of accommodation coefficients, whereas the opposite behaviour is
achieved for winds and HWM-07. The highly accurate data sets offer the opportunity to investigate special gecomagnetic activities. The follow-

ing plots show the vertical wind (only available for GOCE) and neutral density in the thermosphere during
the April 2010 geomagnetic storm. Especially at the onset of the storm, on 5 April, a clear peak can be ob-
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CHAMP winds between: 2002-01-01, 2005-01-01; a; = 1.00 E served in the vertical wind.The neutral density responds directly to this vertical wind peak, as high density
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satellites provided data with many anoma-
lies. The development and production of
GPS-derived accelerations has been nec-
essary for density processing. Swarm GPS
measurements have been converted to
accelerations using a precise orbit deter-
mination approach.A Kalman filter ap-
proach was used to compute acceleration {
data, which are available as the L2 ACCx- ’ |
POD product. In a second step, GPS-ac- o | | ' “ ” |

celerations are converted into thermo- DJJFMAMJJASONDJFMAMUJJASONDJFMAMUJJASOND|JFMAMUJIJASONTD|JFMAMUJIJ A

sphere neutral density data (L2 DNSx- 2014 2015 2016 2017 2018

POD products) using the high-fidelity ge- Solar EUV proxy (F,,-) and geomagnetic activity index (ap)
ometry information. The following figures o I O

provide an overview of the processed
data for Swarm-C. Density increments
due to solar and geomagnetic activity can —100
be detected, as well as local time, seasonal
and latitude effects.
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impact on density and wind if analyzed in comparison with 0.95 {— Swarm-A (-C)| EJ) 0 H—~——~d—J - |- |- -, : h,\,\,‘_'.fk _
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In order to find a suitable value to process new products, two =
studies are currently under investigation. The first one is focused Eﬁf ~1.05
on long period density ratios with respect to NRLMSISE-00, the < E \ /L
second investigates the density ratio between Swarm A and C E N
within attitude manoeuvres. From preliminary results, lower %‘ |
values of Energy accommodation coefficients might be needed 5 —— - —— -
with respect to the currently adopted value of 0.93. 0.7 . . ! ! ! ! ! ! ! 8
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 A
Future work is going to provide a better estimate of gas-surface ag l-] 5 0.95 . . . . . / . . . \ |
thfif.?frrfdﬂiﬁTﬁﬂeﬁoﬁfh will mprove current therme: Long periods include data within 2003-2004 for CHAMP & GRACE, 2010-2012 for ! e S !
GOCE and 7/2013-1/2015 for Swarm. Looking at the plot above, it is possible to find
different intersections and a nearly constant density ratio bandwidth for a_ lower Swarm A & C manoeuvres between 13-15 May 2014 provide interesting results. Assuming a uniform ac-
than 0.60.Values higher than 0.93 show a larger range in density ratios. commodation coefficient, the intersections suggest optimal values for a. below the currently used value

of 0.93 converging to a value around 0.83.
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