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Abstract

We present a book entitled “Machine Learning, Statistics, and Data Mining for Heliophysics,” an online and open source book
available at helioml.org. This book includes a collection of interactive Jupyter notebooks, written in the programming language
Python, that walks the reader through the process of applying machine learning, statistics, and data mining techniques on
various kinds of solar and space physics data sets to reproduce published results. We consider this book to be a living document

with frequent updates. Please contact us if you’d like to submit a chapter!



We present an online book
about machine learning,

statistics, and data mining
for heliophysics.
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1. Whys and Whats

o This is a book about machine learning, statistics, and data mining for
2. Predicting Coronal Mass heliophysics.
Ejections
This book includes a collection of interactive Jupyter notebooks, written in
Python, that explicitly shows the reader how to use machine learning,
statistics, and data minining techniques on various kinds of heliophysics data

sets to reproduce published results.

3. Enhancing SDO Images

4. Differential Emission
Measurements

The contents of this book are licensed for free consumption under the foilowing
license:

6. Spectra of Flaring Active Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International
(CC BY-NC-ND 4.0)

5. Scintillation Prediction

Regions
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1. INTRODUCTION

WHAT DOES OUR

Title Analyzing the behavior of a single spectral line INSTRUMENT SEE?
using unsupervised learning WHY IS THE MG Il K-
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jections In this chapter we will explore how the spectral line associated with once APPLYING KMEANS
3. Enhancing SDO Images ionized Magnesium (Mg Il) behaves during a solar flare. To do this, we will TO AN IRIS
make use of one of the most celebrated classical machine learning algorithms OESERVATION
i i : : . .. s . 3. APPLICATION OF K-
4. Differential Emission known as the k-means algorithm, to conjointly analyze slit-jaw images (SJI) MEANS TO IRIS DATA
Measurements and spectra collected by the Interface Region Imaging Spectrograph (IRIS). OUR OBSERVATIONS:
FINDING QUIET SUN
5. Scintillation Prediction This chapter draws heavily on the functionality provided by IRISreader, a CENTROIDS AND
_ . library constructed for the purposes of supporting machine learning mgLNSG CENTROD
6. Spectra of Flaring Active exploration on data collected by IRIS. The contents preseried in this chapter NEW OBJEGTIVE:
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FINDING CENTROIDS
RELATED TO THE
FLARING SUN AND
MAKING NEW
CENTROID MASKS

IS THE CENTROID
MASK SOURCED
FROM ONE FLARE
CONSISTENT WITH A
NEW NEVER BEFORE
SEEN FLARE?

USING A

. . . COMPREHENSIVE
Figure 1 — Example of k-means applied to several different flares. CENTROID MASK

Why did we write this book?

To teach readers how to create replicable
results.

“To help ensure the reproducibility of computational results,
researchers should convey clear, specific, and complete
information about any computational methods and data
products that support their published results in order to enable
other researchers to repeat the analysis, unless such
information is restricted by non-public data policies. That
information should include the data, study methods, and
computational environment.”

— National Academies of Sciences, Engineering, and Medicine report on
Reproducibility and Replicability in Science (2019)

To show readers how to use modern
analysis techniques on heliophysics
data.

“...sclentific research in many disciplines is becoming more
and more dependent on the careful analysis of large
datasets. This analysis requires a skill-set as broad as it is
deep: scientists must be experts not only in their own
domain, but in statistics, computing, algorithm building,
and software design as well.”

— Jake VanderPlas, author of The Python Data Science Handbook (2016)
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