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Space Weather Phenomena
Rather than the more commonly known weather within our atmosphere (like rain, snow,
heat, and wind), space weather can come in the form of radio blackouts, solar radiation

storms, and geomagnetic storms caused by disturbances from the Sun.

A solar �are is an intense localized eruption of electromagnetic radiation in the Sun’s
atmosphere. Flares occur in active regions and are often, but not always, accompanied by

coronal mass ejections, solar particle events, and other solar phenomena.



What Observation is Available? I

GOES: time series of �are events from the NOAA Geostationary Operational Environmental
Satellites (GOES) �are list.



What Observation is Available? II

2-D photospheric maps of 3 orthogonal magnetic �eld components observed with 1.0
arcsecond spatial resolution (0.5 arcsecond pixel size), time cadence of 12 minutes.



Data Analytic Challenges: Heterogeneity



Data Analytic Challenges: Large Data Volume



Data Analytic Challenges: Extreme, Rare Events



Overview of our work on �are predictions

É Feature Engineering – physics, ML, statistics [Chen et al., 2019, Sun et al., 2021]

É Flare classi�cation and prediction [Jiao et al., 2020, Wang et al., 2020, Sun et al., 2022]

É Models with high dimensional images [Sun et al., 2023]

É Accounting for heterogeneity (Viet Do et al., 2023+)

É Flare dependency characterization (Kochanski et al., 2023+)

É CME and SEP studies [Kasapis et al., 2022, Jivani et al., 2023]

É Operational forecasting – unique challenges (Verma et al., 2023+)



Ongoing and Future Work

É Extreme value theory and GEV regression

É Distribution shift prediction model with solar cycle dependence

É Flare dependency characterization

É Transformation invariance model

É Parallelizable computational algorithms

Operational forecasting: Unique challenges

É Sequential updates based on �are dependency structure

É Uncertainty quanti�cation propagation and data assimilation



References I

Y. Chen, W. B. Manchester, A. O. Hero, G. Toth, B. DuFumier, T. Zhou, X. Wang, H. Zhu, Z. Sun,
and T. I. Gombosi. Identifying solar �are precursors using time series of sdo/hmi
images and sharp parameters. Space Weather, 17(10):1404–1426, 2019.

Z. Jiao, H. Sun, X. Wang, W. Manchester, T. Gombosi, A. Hero, and Y. Chen. Solar �are
intensity prediction with machine learning models. Space Weather, 18(7):
e2020SW002440, 2020.

A. Jivani, N. Sachdeva, Z. Huang, Y. Chen, B. van der Holst, W. Manchester, D. Iong, H. Chen,
S. Zou, X. Huan, et al. Global sensitivity analysis and uncertainty quanti�cation for
background solar wind using the alfvén wave solar atmosphere model. Space Weather,
21(1):e2022SW003262, 2023.

S. Kasapis, L. Zhao, Y. Chen, X. Wang, M. Bobra, and T. Gombosi. Interpretable machine
learning to forecast sep events for solar cycle 23. Space Weather, 20(2):e2021SW002842,
2022.



References II

H. Sun, W. Manchester IV, and Y. Chen. Improved and interpretable solar �are predictions
with spatial and topological features of the polarity inversion line masked
magnetograms. Space Weather, 19(12):e2021SW002837, 2021.

H. Sun, W. Manchester, M. Jin, Y. Liu, and Y. Chen. Tensor gaussian process with contraction
for multi-channel imaging analysis. Proceedings of the 40th International Conference
on Machine Learning, 202:32913–32935, 2023.

Z. Sun, M. G. Bobra, X. Wang, Y. Wang, H. Sun, T. Gombosi, Y. Chen, and A. Hero. Predicting
solar �ares using cnn and lstm on two solar cycles of active region data. The
Astrophysical Journal, 931(2):163, 2022.

X. Wang, Y. Chen, G. Toth, W. B. Manchester, T. I. Gombosi, A. O. Hero, Z. Jiao, H. Sun, M. Jin,
and Y. Liu. Predicting solar �ares with machine learning: Investigating solar cycle
dependence. The Astrophysical Journal, 895(1):3, 2020.



Contact

Link to my personal homepage. Link to my department homepage.

https://yangchenfunstatistics.github.io/yangchen.github.io//
https://lsa.umich.edu/stats/people/faculty/YangChen.html


Other Works in Geo-sciences
É Explainable Sym-H Prediction. Iong, Daniel, Yang Chen, Gabor Toth, Shasha Zou, Tuija Pulkkinen,
Jiaen Ren, Enrico Camporeale, and Tamas Gombosi. "New �ndings from explainable SYM-H forecasting
using gradient boosting machines." Space Weather 20, no. 8 (2022): e2021SW002928.

É Delta-B Prediction. (Iong, McAnear, Chen, Toth et al., forthcoming)

É Global TEC Map Reconstruction.

Q Methodology. Sun, Hu, Zhijun Hua, Jiaen Ren, Shasha Zou, Yuekai Sun, and Yang Chen. "Matrix
completion methods for the total electron content video reconstruction." The Annals of Applied
Statistics 16, no. 3 (2022): 1333-1358.

Q Data Product. Sun, Hu, Yang Chen, Shasha Zou, Jiaen Ren, Yurui Chang, Zihan Wang, and Anthea
Coster. "Complete Global Total Electron Content Map Dataset based on a Video Imputation
Algorithm VISTA." Scienti�c Data 10, no. 1 (2023): 236.

Q Downloading. Sun, H., Ren, J., Chen, Y., Zou, S. (2021). VISTA TEC database [Data set], University of
Michigan - Deep Blue Data. https://doi.org/10.7302/vb27-ez24

https://doi.org/10.7302/vb27-ez24

