Global Earth Magnetic Field Modeling and Forecasting
with Spherical Harmonics Decomposition
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PROBLEM SETTING SPHERICAL HARMONICS

Motivation RECONSTRUCTION BASED FORECASTING
Geoeflectiveness characterizes impact of solar storms on terres- Data e

tial systems, defined on a global scale through “geomagnetic in- 1. SuperMAG [1] measurements (data from 2013) e kb AN

dices” that give an indication of activity. Driven by geomagnet- 2 . MHD simulation (OpenGGCM) for same dates P T / _ 4 [
ic field perturbations, measured by ground magnetometers on MHD: Original T8 LI SIS ey = 2 S Sampled

Earth’s surface. Model: GRU-based RNN to MLP

Input: 25 mins long past Solar Wind data {2 |
Output: Spherical Harmonics of global geomagentic perturba-

16.0 (6.0

Cha"enge tions of 20 minutes into the future.
Disturbances starting from the Sun reprocessed by Earth’s magne- = o o
tospere reach the ground: (1) Single spatial point measurement of Fig 1. MHD simulation sampled at Supe TMAG locations as input for reconstruction Model SuperMAG (val) RMS (nT) ] MHD RMS (nT) |
the solar wind a proxy for the 3D solar wind structure. (2) Pertur- Ours. 24.23 27.02
bations on the ground sampled sparsely by magnetometers. Method Weimer [2013] model 28.35 35.72
(3) Need to connect the dots from the solar wind to the global im-  LASSO regression on Spherical Harmonics to obtain sparse Table 1. Forecasting model Performance
pact of Earth. representation of global AB.
o Hyperparameters: Max no. of modes and LASSO penalty o. REFERENCES
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measurements. Improve of temporal candence by >10x. Bt N ) 2. Papitashvili, Natasha, Dieter Bilitza, and Joseph King.
2. Deep Spherical Harmonics model for forecasting geomagnet- | m “OMNI: A Description of Near-Earth Solar Wind Environ-

ic disturbances from solar wind data, improving over the state-
of-the-art [3] by 14.53% (SuperMAG|[ 1] evaluation) and
24.35% (MHD evaluation)

ment.” cosp 40 (2014): CO-1.
3. Weimer, Daniel R. “An empirical model of ground-level ge-

h omagnetic perturbations.” Space Weather 11.3 (2013): 107-
a 120.

Fig 2. 20 maximum modes and & = 0.1 selected for this work
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