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A MULTISCALE ‘SUN-TO-MUD’ GIC FORECASTING SCHEME
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What do stakeholders need? Geomagnetic disturbances and

their drivers are highly localized

Forecasts need to be:
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Image: Dimmock et al., 2019
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https://doi.org/10.1029/2018SW002132
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Predictions: Global Spherical Harmonic
Basis Estimates of Geomagnetic Field

Targets: SuperMAG
Geomagnetic Field Measurements
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https://doi.org/10.1029/2022SW003045
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Adaptive Forecaﬂ\ement

Propagation time: ~minutes R .
Length scales: 100s - 1000s of km Zaes®

DAGGER++
High fidelity, low lead time forecasts using
contextual magnetospheric state
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Full disc
multi-wavelength

AlA;
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HMI

SHEATH

Coronal hole & active region
masking, feature generation
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[ Solar wind forecasts: days in advance

Google Cloud <&nvipiA

N\

7

GRU Cell

DAGGER

Hidden state

S AR L

FC Layer

R(1, -1)

R(2, -1) R(zob

/\

R(2,1)

* (Basis contraction)

R(0,0)

R(1,0)  R(L,1) 1(1,0)
/‘& ;/ ) () ()

\_/
R(Z 2) R(2,3 I(2 1) 1(2,0)

e QCQ > O

|

O
I(,Z—Ll\' NZ,',Z) }2,’3\)
<,,,/ i) A\

Global perturbation forecast

Global forecaster

FDLXHELIO.ORG




Bx By Bz 171A 1034 — FDL-X: Joint Study Event
Sept 27, 2017

a5 ' B .~ <«—— SDOML Input

Solar wind forecast:
~ ‘ . . multi-day ahead
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304A 335A 94A

SHEATH: Solar
wind High-speed
Enhancements And
Transients Handler
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DAGGER

forecast from
SHEATH forecast ‘

SHEATH&
DAGGER
Pipeline —
Multi-Day Ahead
Forecasts

FDL-X: Joint Study Event
Sept 27, 2017
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SHEATH-DAGGER Pipeline — Multi-Day Ahead Forecasts
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Bx (nT) By (nT) Bz (nT) v (km/s) n. (n/cc) T. (k)
Test MAE 1.9396 2.1187 1.5563 86.443 4.7149 1.095 x 10°
Test RMSE 2.3849 2.7678 2.0726 98.665 5.4545 1.164 x 10°
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DAGGER++ : Enhancing DAGGER
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Results — Station Regularization with Indices

FDL 30-min forecast

Target SuperMag
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(4 FDL-X: Joint Study Event
Sept 27, 2017

Best-Performing Stations

Station MAE (nT)
SUA 49.56
Cco7 55.77
KUV 69.80

Worst-Performing Stations

Station MAE (nT)
DIK 198.42
FRD 193.82
RAL 192.55
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( FDL-X: Joint Study Event
; Sept 27, 2017

Results — Imbalanced Regression with Indices

Best-Performing Stations

, Station MAE (nT)
Target SuperMag FDL 30-min forecast
SUA 17.67
Co7 17.76
KUV 19.62

Worst-Performing Stations

Station MAE (nT)
‘ , FRD 150.24
HAD 146
B - Northward magnetic field perturbation (éBON) (nT) " R NVS 144.18
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Uncertainty Estimation

Forecast for station: RES
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Multiscale Geoeffectiveness Results

SHEATH and DAGGER

Solar wind and IMF forecaster using physics-informed solar

features, coupled to DAGGER geomag perturbation forecaster.
=>  Forecast lead time: several days.

DAGGER++
Updated, high TRL DAGGER model providing forecast
uncertainties. Incorporates geomagnetic indices, station sparsity
adaptation, and storm time statistic regularization.

->  Forecast lead time: 10s of minutes at high fidelity.

Integrated pipeline
Integration with long term data source SDOML allows real-time
data ingestion and operational deployment into the future.

Local forecasts, globally.
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ADVANCED APPLIED Al RESEARCH FOR NASA HELIOPHYSICS APPLICATIONS
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FDL-X combines integrated Al pipelines, machine learning and domain science across heliophysics challenges.
Please join us for presentations from all three teams.
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Al Inference products,
foundation models and

Improving
thermospheric drag

i i modeling with EUV
Forecasting using ‘ images: an FDL-X 2023

Multiscale
Geoeffectiveness

Daniel Gass
Tuesday 2:15 PM

multi-domain
approaches to NASA
Heliophysics.

SHEATH and DAGGER )
project A Scientific Cloud

Computing Platform for
Ingestion and
Processing of SDO Data

FDL-X
James Parr
Wednesday 2:20 PM

Vishal Upendran

Tom Berger
Tuesday 2:25 PM

Wednesday 1:45 PM

Manuel Indaco
Wednesday 2:10 PM
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19 Segmentation scheme: Upendran et al. 2020

SHEATH

Gaussian Mixture Coronal hole & active region

AIA193 A Model segmentation

CH, AR fractional areas. Intensities, B
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https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2020SW002478

FDL-X: Joint Study Event

20
Sept 27, 2017

SHEATH Feature importance

SHEATH: Importance of AIA and HMI features
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