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Introduction

With the strong rise of the current solar cycle 25, the number of solar eruptions such as solar flares and coronal mass ejections (CMEs) is also increasing. The SODA
(Satellite Orbit DecAy) forecasting tool is based on an interdisciplinary analysis of space geodetic observations and in-situ solar wind measurements and is part of ESA's
Space Safety Programme (lonospheric Weather 1.161). In the current updated version, the data base covers observations between 2002 — 2024. Therefore, major storms
such as Mother day’s storm in May 2024, are now included in the forecast. Other new features include the prediction of storm induced orbital decay for new altitude layers
(400 km and 450 km). The focus at present is on testing the expansion to new input parameters, so as to avoid an exclusive emphasis on the interplanetary magnetic field
component B,. Also included is the classification of the severity of the expected geomagnetic storm in the form of the NOAA Space Weather G-Scale. In the final version, a
new thermospheric density processing chain will be applied to a wide range of satellites (e.g., CHAMP, GRACE, GRACE-FO, Swarm, TerraSAR-X).

Coronal mass ejections - Event selection

Relationship between d, and the neutral mass density of the atmosphere p  The catalogue maintained by Richardson and Cane [R&C, 4] comprises findings of
Following Vallado [5] the drag acceleration acting on a satellite can be written as CMEs event analysis since 1996 (current status: January 2025); including among
others the arrival times of the shock-sheath region, start and end times of the
magnetic structure (based on the plasma and magnetic field observations) and the
10, minimum value of the geomagnetic disturbance storm time index (Dst). Starting in
2002 the R&C catalogue list more than 400 ICME events, which were analyzed
thoroughly for the establishment of the update SODA forecasting tool v.1.1.
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Relationship between storm induced orbit decay & neutral density p

As stated by Krauss et al. [1] the temporal change of the semi-major axis is given by
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Estimates of the acceleration due to atmospheric drag are based on:
» Accelerometer measurements by CHAMP, GRACE and GRACE-FO of 7] S Risr T T,
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» Kinematic orbits information [2] when operating with satellite missions like M T v i -
Swarm, TerraSAR-X (from 2017 - 2025 simulated attitude data are applied)

Not each event behaves similar. In the case of the Mother days Geomagnetic storm a distinct orbit
As the CME passes the Earth, it causes a density increase, leading the spacecraft to decay is visible. More difficult is the event in the first week of October 2024 since the density partially

experience enhanced drag, and hence, losing on altitude. stays above the pre-defined background level.

Events were not included if:
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» no significant density increase was visible due to a too weak storm

The analysis of the 167 ICME events (+42 %) covers several objectives including: » intensity of the density stayed above the pre-storm level
— impeded the OD calculation

» Correlation between the density increase and the deflection and shape of B, > data gaps occurred in the density estimation during certain storm periods

» Duration between the occurrence of the minimum B, and the orbit decay

Still room for improvement by expanding

DATA PLOT

» Comparison with geomagnetic indices to allow a forecast classification (G-scale) the ICME list to further catalogues. Earth |
. . . magnetic field observations (Kp, Dst) as .- :
The storm-induced orbit decay of SODA ICME events as a function of: J . N ( ) |
well as estimated densities by the GRACE- |
of o —ymonx2ae 70 — y=o009xr055 | FO-1 satellite show strong variations. But
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by Helio4cast Moestl et al. (2017) [3].
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SODA forecasting tool

The forecasting tool SODA (Satellite Orbit DecAy), [1] allows the prediction of the
impact of CME events on the altitude of GRACE-type low-Earth orbiting satellites.
. After downloading real-time data from ACE / DSCOVR the orbit decay calculation is
done. In the new release the -calculation will be based on a singular value
decomposition (SVD). The visualization is made via a Python routine. Top two panels
show the last four days, bottom two panels only the last seven days.
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Further parameters under evaluation: e.g., B, area below 5 nT, mean velocity [km/s],
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Average Lead time. By analyzing the temporal behavior of the B, component
together with the storm-induced orbit decays we derive the time delay for each single
event. On average, a time difference of ~20 hours is obtained, which we define as actually  triggered stable
the average lead time for SODA. Differences in orbital decay start at altitudes 490 km auroral red arcs - visible over
and 400 km. The latter starts on average about 3h 30min earlier. 06-May-24 03-May-24 10-May-24 12-May-24 central Europe.

The SODA service predicted a
highly severe G5 storm which
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