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Orbits of human assets such as satellites, crewed spacecraft and stations in low-Earth orbit (LEO)
are very sensitive to the highly dynamic environment in which they fly. Atmospheric drag caused
by the interaction between the orbiting object and the local thermospheric neutral mass density
affects the satellite’s lifetime and orbital tracking, which becomes increasingly inaccurate or
uncertain with storm intensity. Given the planned increase of government and private satellite
presence in LEO, the need for accurate density predictions for collision avoidance and lifetime
optimization, particularly during extreme events, has become an urgent matter and requires
comprehensive international collaboration. Additionally, long-term solar activity models and
historical data suggest that the solar activity will significantly increase in the following years and
decades. In this presentation, we briefly summarize the main achievements in the research of
thermospheric density response to magnetic storms occurring particularly after the launching of
many satellites with state-of-the-art accelerometers for density determination (CHAMP, GRACE,
GOCE, Swarm). We argue that specification models (e.g., HASDM) perform reasonably well during
storm main and recovery phases of extreme storms, but forecasting models (e.g., JB2008) do not
perform well throughout the storm cycle. We will discuss how forecasting models can be improved
by looking into two directions: first, to the past, by adapting historical extreme storm datasets for
density predictions, and second, to the future, by facilitating the assimilation of large-scale data
sets that will be collected in future events. We invite the community to the discussion on the
possible use of several hundreds of satellites with lower resolution density measurements along
with data assimilation schemes or the use of ~100 high precision tracked satellites as a more
effective approach for future density determinations.
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