SODA — a forecast service to predict storm induced satellite orbit decays
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Abstract

With the strong rise of the current solar cycle 25 also the number of solar eruptions, like solar flares, interplanetary coronal mass ejections (ICMEs), increases. These solar
events have the capability to trigger geomagnetic storms, which may disrupt and damage satellites in space as well as technical infrastructure on Earth. The forecasting tool
SODA (Satellite Orbit DecAy) is based on an interdisciplinary analysis of geodetic observations and solar wind in-situ measurements. It allows the prediction of the impact of
CME events on the altitude of low Earth orbiting satellites with a lead time of 15 hours. To calculate the storm induced orbit decay, we analyzed 299 CME events over a period of
15 years. Appropriated variations in the thermospheric neutral mass density, were derived from measurements of the CHAMP, GRACE and SWARM satellite missions. In
addition, we investigated deviations in the magnetic field component B, measured by the ACE and the DSCOVR spacecraft at the L1 point. The analysis of the CME induced
orbit decays and the interplanetary magnetic field showed a strong correlation as well as a time delay between the CME and the associated thermospheric response. This
correlation is implemented in the real time forecasting tool SODA, which is integrated in the ESA Space Safety Program (lonospheric Weather Expert Service Center; 1.161).
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Figure 1: Green lines in both panels corresponds to the orbit decay while the gray shaded area represents After downloading real-time ﬂ"G'U SODA — Satellite Orbit DecAy
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the SODA forecasting tool we decided to use 120 events. hours. z
Events were not included if: Figure 4: Forecast of OD for Starlink event in i 5
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Figure 2: Distinct structures can be distinguished such as shock-sheath (blue), leading edge (yellow), and  Figure 5: Comparison of post processed thermospheric densities using SWARM-A data, and densities
magnetic structure (green). The magnetic structure with its strong and smoothly rotating magnetic field is from the DTM2020 model [1] by using predicted values for input indices (3h & 24h). Right: Table 1:

the structure which is most directly related to the orbit decay of satellites. Validation of SODA predictions.
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