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Feasibility Study of Solar Flare Prediction Using Observational Data-Driven

MHD Simulations
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(INiigata University

We examined the applicability of observational data-driven MHD simulations to flare prediction. The data-driven MHD
simulations adopt the time series of the observed magnetograms as the bottom boundary condition to reproduce the time
evolution of the three-dimensional magnetic field. Since the data-driven method uses the magnetogram data beyond the
simulation time, it has been employed to reproduce already-observed flare events in the past. However, its applicability
to future flare prediction is unclear since we cannot obtain future magnetograms. In this study, we investigated whether a
flare can be reproduced in the simulations even if the input of observed magnetogram was stopped before the actual flare
onset time. The target event was the X1.7 class flare that occurred in the NOAA AR 13663 at 02:22 UT on 3 May 2024.
We employed an electric-field-driven method, in which the electric fields (velocity fields) were derived from the time series
magnetograms to use as the boundary inputs. We compared two different models: in one model (Model 0), the electric field
was fixed to zero after the final observed time, and in the other model (Model 1), the electric field at the final observed time
was continued to input with an exponentially decaying magnitude on the 12 min timescale. For each model, we varied the
final observed time to 82 min, 70 min, 58 min, 46 min, and 34 min prior to the actual flare onset time. As a result, in Model
0, the flare was not reproduced when the final observed time was 70 min or earlier. In Model 1, the flare was reproduced in
all cases; however, the released energy was smaller as the final observed time was earlier. These results suggest that Model 1
is more suitable for extending the leading time of flare prediction. Quantitative prediction of flare energy remains a topic for
future studies.
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