Uncovering the Relationships between Localized Geomagnetic Disturbances and the Solar Wind
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Introduction Mapping the Magnetic Field Bowshock to the Ground with a Neural Network

** The solar wind's interaction with the Earth’s 1. SuperMAG data from 25 North American stations with the best Ground-level Solar wind ** Current System coefficients are
magnetic field can cause Geomagnetically Induced availability used to fit a grid of Spherical Elementary Current ma*‘g(rs‘i?er:‘&t:é;jata barameters (OMNI) predicted with a convolutional
Currents (GICs), which are hazardous to power Systems. neural network (CNN) to account
and communications infrastructure. 2. Interpolate 1-minute cadence SuperMAG dB, measurements ¢ >ECS Inversion for the relative locations of the

% Disturbances to the horizontal component of the during storm time in Solar Cycl.e 24.(2009-2019). o ’ Current Systems. |
ground magnetic field (dB,,/dt) are commonly used 3. Draw.contours around areas with high absolute deviation from « Asequence of COInV'OIUtIIOInaI and
as a proxy for GIC measurements and forecasting. baseline — these are LGMDs! transpose-convolutional layers

& Localized magnetic disturbances (LGMDs) often 4. Compute the number of LGMDs in each 1-minute “snapshot”, and Tgriet 'SPUt transforms a multivariate
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’ o.ca de .geo ashe Ct' > E 4 Cﬁs_ _ Sfc Otf their perimeters and latitude-longitude aspect ratios. i Neural i timeseries “image” into a grid of
arise during geomagnetic storms. It is important to -
inderstan dgt% whatg degree dB,, and dB /pdt re Interpolation 2016-09-01 13:53:00 (& = 0.0961) Network Current System coefficients.
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** We use the Spherical Elementary Current Systems
interpolation technique to build a statistical picture of
LGMDs’ spatial attributes, refining our previous work.
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** We model the physics that connect the solar wind to
LGMDs with a neural network, then perform a
sensitivity analysis to interpret the neural network’s
understanding.
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Sensitivity Analysis of the Neural Network

Statistics of Localized Geomagnetic Disturbances
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We compute statistics about LGMD spatial scales on our entire dataset of 395,463 timesteps from all storm time in Solar Cycle 24. ** Three solar wind parameters were varied one at a time (OAT) by multiplying
their timeseries by a scaling factor, leaving the other parameters unchanged.
(This does not yet involve the CNN. See the “Sensitivity Analysis” panel for a preliminary replication of these results with the CNN.) =—=> L o |
** The altered multivariate timeseries is used as input to the CNN to produce a
o Number of Identified LGMDs o LGMD Sizes o LGMD Aspect Ratios o Spatial Maximum of Abs. Disturbance new set of heatmaps and distributions like those in the panel to the left. This
5 5 S S 10-2] ~~~ Median: 48.99 process is then repeated using a different scaling factor.
= = S 10°: 5
3 3 3 o 3 % A “V” or “N” shape could suggest the CNN has not properly learned the
> > > > relevant physics. We plan to experiment with new CNN architectures to solve
c - - -2 c .
g g g g such issues.
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during geomagnetic storms (~1000 km) agrees with a extended further in the east- entire heatmap rarely 8, o - 1220
: . . . = = @ 1200 -
contain at least one LGMD few-hundred-kilometer scale west direction than they are exceeds 100 nT, but it has a 1.02- o
as estimated in the literature in the north-south direction Iarge range 0.6 0.8 10 12 1.4 0.6 0.8 10 12 1.4
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v Amm & Viljanen 1999. lonospheric disturbance magnetic field continuation from the
ground to the ionosphere using spherical elementary current systems.
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¢ OMNIWeb data from omniweb.gsfc.nasa.gov
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¢ SuperMAG data obtained from supermag.jhuapl.edu
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