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Shape-Preserving Embedding of Coronal Hole Sequences for Predicting Radia-
tion Belt Electron Flux Enhancements
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Variability of relativistic electron flux in the Earth’s outer radiation belt is closely linked to solar activity. In particular,
high-speed solar wind streams from solar coronal holes frequently drive flux enhancements, which can cause severe impacts
on geostationary satellites. Predicting such enhancements is therefore a key challenge in both satellite operations and space
weather science.

In this work, we introduce a shape-preserving embedding framework that represents coronal hole dynamics in extreme
ultraviolet (EUV) solar images for machine learning — based prediction of >2 MeV electron flux enhancements. The ap-
proach preserves the spatial morphology of coronal holes while reducing data dimensionality, embedding three-dimensional
image sequences into two-dimensional time — vector arrays suitable for lightweight CNN models. We compare two repre-
sentation strategies— presence/absence and occurrence ratio— and show that embedding quality plays a crucial role in classi-
fication performance.

Experiments using NASA’s SDO/AIA 211 A images (2016 — 2018 for training, 2019 for testing) and GOES-15 rela-
tivistic electron flux measurements reveal that the occurrence ratio embedding combined with a shallow CNN achieves the
best results, with the optimal configuration—4 X 4 grid partitioning, 3 X 3 convolutional kernel, and a 72-hour sequence
length—yielding an F1 score of 0.6098. This demonstrates that, when effectively embedded, coronal hole morphology pro-
vides predictive information about outer radiation belt responses.

Our results indicate that shape-preserving embeddings of solar coronal hole structures can provide a computationally
efficient approach for forecasting radiation belt electron flux enhancements. Future work will extend this method to advanced
temporal architectures such as LSTM (Long Short-Term Memory) and Transformer and explore multimodal integration with
additional solar and geospace parameters, aiming to develop a more general and scalable framework.
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