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Plan of Talk

Data Wrangling for SWx Forecasting
Space Weather Forecasting * Rare-event Prediction * Role of 
Benchmark Datasets * Best Practices

Integrated Solar Event Database

MVTS Data Toolkit
■ Basic Analysis of Raw Data, ■ Feature Extraction, ■ Sampling 
of MVTS data, ■ Normalization of MVTS data.

Image Parameter Dataset
■ Importance of Solar Observatories, ■ Solar Dynamics 
Observatory, ■ Image Data UI: Helioviewer, ■ Spatiotemporal 
Data: Sunpy, ■ Our Image-parameter Dataset,  ■ The API & 
Applications

Introduction
Some details should be added here. This is just a placeholder. 
Some details should be added here. This is just a placeholder. 
Some details should be added here. This is just a placeholder.
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(20 mins)



DMLab @ Georgia State University

Data Wrangling for Space 
Weather Forecasting
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Space Weather Forecasting
● Weather in space

● Solar storms (geomagnetic storms, solar radiation 

storms, radio blackouts)
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Space Weather Forecasting
● Scale

● Variety

● Model-based vs 

ML-based

● Imbalance
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Stakeholders
● Satellite operators, electric 

utilities, airlines, oil drilling 

companies, precision agriculture, 

and federal agencies



DMLab @ Georgia State University

8

Space Weather Events
● Solar Flares

● Coronal Mass Ejections (CMEs)

● Particle Events (SEP, SPE, ESP)

● Solar Wind, Geomagnetic Storms

● Radio Burst/Blackout

● Solar Cycle

Image Credit: Georgoulis (2018)
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Rare-event Prediction
● Power-law distribution

● More interesting the event less 

instances of it is available

● Imbalanced Dataset

● Alternative evaluation metrics 
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Predictive Tasks for Space Weather
● Flare

○ Occurrence (binary/probability), magnitude (individual event 

or augmented over time)

○ Full-disk aggregated, active region-based

● Coronal Mass Ejections

○ Occurrence, characteristics (width, direction, velocity)

● SEP Events

○ Occurrence (binary/probability), magnitude, profile

● Solar wind

○ Magnitude, speed

● Geomagnetic storms, radio bursts, aurora, … 
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Benchmark 
Dataset Creation 
for Space Weather 
Analytics

● Processing
● Transformations
● Cleaning
● Integration
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● Allows for fair comparisons among different algorithms and models

● Many small decisions impacting the outcome

● Veracity (accuracy and completeness)

Benchmark Datasets



DMLab @ Georgia State University

13

Motivation

model  A

model  B

2 forecast models2 different datasets

Representative 
of an entire 
Solar cycle?

Multi-class or 
binary dataset?

Cut-off for positive and 
negative classes: 
C5.9? M1.0? X1.0… ?

Equally difficult 
training and 
testing sets?

Which 
normalization 
methods?

many small decisions ...

Under-sampling? 
Over-sampling?

Balanced or 
imbalanced?



DMLab @ Georgia State University

14

Temporal Coverage
Active Regions

NOAA ARs
SHARPs
ARIA

GOES FLs
XRT FLs
SSW FLs
EIT FLs

LASCO C2
SECCHI COR2
CACTUS

NOAthens
CDAW-SEP

Flares

CMEs

SEP Events

20191996

2013

2007
1997

2010

2010
2010

2006
2010
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Solar Data
● High-dimensional

● Heterogeneous

● Multi-faceted
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SWAN-SF Overview
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SWAN-SF – Active Region Data
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SWAN-SF – Flare Data
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SWAN-SF – Flare Data
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Data Integration
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Harvard Dataverse - Usage
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Practical Space 
Weather Analytics 
using SWAN-SF 
Dataset
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Data 
Quality

Benchmark
Datasets

Learning 
Models



DMLab @ Georgia State University

24

Data Issues for Space Weather Analytics
Data Accuracy

Validation of data

Cross verification of data sources

Imbalance (skill scores) and Sampling

Model verification/CV/Data Partitioning

ML-Ready Dataset Creation
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Hands-on Data Validation
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Hands-on Imbalance and Skill Scores
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Hands-on Temporal Coherence


