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SUMMARY

The Space Weather Modeling Framework (SWMF) is a mature first-principles model. It contains
the Michigan Geospace model that provides short-term forecast of global and local magnetic
perturbations at NOAA’s Space Weather Prediction Center. With the support of the NSF SWQU
grant PHY-2027555, we are developing the next generation SWMF that uses first-principles models
from the Sun to Earth in combination with uncertainty quantification (UQ) and data assimilation (DA)
to provide long term (1 day or longer) probabilistic forecast of space weather impacts. The Michigan
Sun-to-Earth Model (MSTEM) consists of an ensemble of about 20 simulations with varied
parameters using an experimental design based on UQ and DA analysis of many hundreds of
simulations of past events. The best performing ensemble members are selected based on
comparison with available data, including in-situ observations of the background solar wind and
coronal white light images of the coronal mass ejection (CME). After pruning, the ensemble is
replenished with new members using varied parameters of the CME model and the Geospace
model. The final ensemble will provide a probabilistic forecast of geospace impacts. To make this
approach more feasible, we are porting the computationally most expensive BATSRUS model to
GPUs. The Geospace model runs about 100-150 times faster on single V100 GPU than on a state-
of-the-art intel CPU core. We are currently porting the Alfven Wave Solar atmosphere Model
(AWSoM) to multiple GPUs.
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