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Abstract

The reproducibility crisis was sparked five years ago by a Nature survey that revealed most researchers have tried and failed

to reproduce another scientist’s experiments (Baker, 2016). Although the severity of the crisis is still being debated, it has

spurred researchers to include reproducibility and open science practices in their work. To that end, the Python in Heliophysics

Community (PyHC) encourages members of the heliophysics community to create “executable papers,” which are interactive

pieces of software that combine text, data, and code to enable readers to reproduce every step taken to arrive at a publication’s

conclusions. We describe the development of an executable paper—in this case, one centered around magnetopause boundary

crossings in satellite data—our coordination efforts between scientists and software developers, and the current technology that

makes this possible. We aim to promote this novel paper format and be an example to the heliophysics community of how

scientists and software developers can work together to produce research that is transparent and reproducible.
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WHAT ARE EXECUTABLE PAPERS?
"Interactive pieces of software that combine text, data, and code to enable readers to reproduce every

step taken to arrive at a publication's conclusions"

 

Basically digital versions of papers where the authors include their code in-line for you to run as you're
reading

(Think Jupyter notebook with the complete text of a paper)

 

They give researchers a better launching point than normal papers

 

They aid reproducibility and open science (important, Nature's survey showed)

Journals don't accept executable papers yet though, so they fulfil the role of extended preprints that exist next to
peer-reviewed publications.

 

See an excelent example of one:

(Credit: Dr. Jana Lasser)

 

PYHC SOFTWARE PACKAGES
PyHC promotes and facilitates the use of Python for heliophysics (learn more at our website). We host a number of

useful packages and showcase a few of them in our executable paper to the right.

 

Tools for loading, analyzing, and plotting of data from various heliophysics missions

We use it to get MMS data

 

General space science library for Python; includes file I/O, time and coordinate conversions, and common
analysis techniques

We use it to get empirical magnetopause models and calculate certain positional metrics

 

Open-source Python ecosystem for plasma research and education

We use it to calculate plasma parameters

 

Plots and manipulates time series data (based on IDL tplot)

We use it to plot data

 

Tool for access, interpolation, and visualization of space weather models and data

We will use it to interpolate through physics-based models

OUR PROJECT
We're comparing magnetopause models to real-world observations and showing how easy it is to do with our packages.

 

Magnetopause is the outer limit of Earth's magnetic field

Models like Shue or OpenGGCM estimate where the magnetopause is

 

NASA's MMS spacecrafts orbit Earth and regularly cross the magnetopause boundary

We detect where these crossings happen and compare the locations to the models' estimates

 

This is an interesting scientific use case, and with our packages we made a novel workflow that's easier than previous
ones, but we want to put the focus on our process rather than the research.

 

PyHC hosts lots of useful packages that do lots of stuff, but what's important is how we share this research in the most
reproducible way by making our paper executable.

Note: we aren’t aware of any executable heliophysics papers yet

 

We'll ultimately produce two papers:

A science paper about magnetopause locations and the accuracy of models

A tech paper about our adaptable Python workflow to detect magnetopause locations/how we make papers
executable

 

OUR EXECUTABLE PAPER
(It's still a prototype.)

Hosted on Deepnote, a collaborative notebook platform that lets you include data and share with anyone. A popular
alternative is Binder.

 

View it on Deepnote

CROSS-DISCIPLINARY COLLABORATION
We modernized our research model by forming a collaboration across the software and science disciplines. It made us

more capable and our work more transparent and reproducible.

 

Discourage siloed scripts that stay on scientists' machines

Encourage collaboration on open-source software packages that let the field advance together 

 

Scientists and devs tackling problems they couldn’t solve alone

 

We want our cross-disciplinary team to be an example to our field:

 

Shawn Polson:                        Python expertise

Rebecca Ringuette:                                       Kamodo

Lutz Rastaetter:        Kamodo/science expertise

Eric Grimes:                    pySPEDAS/PyTplot

Jon Niehof:                                      SpacePy

Nick Murphy:                                    PlasmaPy
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PRESENTED AT:



Nick Murphy:                                    PlasmaPy

Yihua Zheng:                       Science expertise

FUTURE WORK
Incorporate Kamodo

 

Evolve this prototype into two separate papers:

One about our adaptable Python workflow and how we make papers executable

Use of Python packages described in-depth

More emphasis on using Deepnote and making executable papers in general  

One about magnetopause locations, leveraging our Python workflow

More models compared against more sections of data

Comprehensive findings described 

 

Publish them with links to their executable versions

 

Advertise our approach 📢
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