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u NASA feature: https://www.nasa.gov/feature/goddard/2018/nasa-needs-
your-help-to-find-steve-and-heres-how

u Eric Donovan’s TEDxCalgary talk: 
https://www.tedxcalgary.ca/talks/how-i-met-steve-discovery-new-aurora

u Why it’s really called Steve: 
https://www.youtube.com/watch?v=amwaFNZYUUY

u Multi-faceted rich experience

The story of STEVE

https://www.tedxcalgary.ca/talks/how-i-met-steve-discovery-new-aurora


– Traditional science missed 
something 

– Timelapse photos at lower 
than usual latitudes 
enable a different 
viewpoint

Credit: Notanee Bourassa, Alberta Aurora 
Chasers

Observed in Alberta, CAN and 
Michigan areas! Learn more here: 

http://blog.aurorasaurus.org/?p=449



u Larry Lyons, quoted in The Atlantic: 

“It is truly exciting, to us as aurora scientists, that there is a 
group of amateurs out there who enjoy the aurora so 
much that they could put together something that is this 
new to us. That’s just unbelievably cool.” 

“I’ve never seen something this new discovered by citizen 
scientists in the aurora before." 

"Finding something you can identify as a new structure in 
the aurora is relatively unusual. The last major thing was 
poleward boundary intensification, and you can find that 
name used back over 20 years ago.”

WHAT is the significance of STEVE? 
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Citizen scientists, along with satellite and 
ground-based sensors, have revealed a 
new observable arc boundary visible at 
subauroral latitudes.

New science in plain sight: Citizen scientists lead to the discovery of optical structure in the 
upper atmosphere, Science Advances 4, (2018). 

Authors: E. A. MacDonald, E. Donovan, Y. Nishimura, N. 
A. Case, D. M. Gillies, B. Gallardo- Lacourt, W. E. Archer, 
E. L. Spanswick, N. Bourassa, M. Connors, M. Heavner, 
B. Jackel, B. Kosar, D. J. Knudsen, C. Ratzlaff, I. 
Schofield.



Benefit of hitching wagons 
together 

u Democratized manifest destiny -> Silicon Valley

u Why are we still doing science the same as we were 10, 20, 30 years ago?



Does citizen science meet 
the definition?

u Broadly defined, data science refers to scalable 
architectural approaches, techniques, software, 
and algorithms that alter the paradigm by which 
data is collected, managed, analyzed, and 
communicated. 

u 4 V’s data: “volume (growing number of 
contributing observing platforms), variety (diversity 
of observing platforms), veracity (uncertainty of 
data), and velocity (the speed at which data are 
observed and analyzed).”

u Veracity is easy to assume… “fitness for use” is 
standard
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Abstract Our understanding and specification of solar-terrestrial interactions benefit from taking
advantage of comprehensive data-intensive approaches. These data-driven methods are taking on new
importance in light of the shifting data landscape of the geospace system, which extends from the near
Earth space environment, through the magnetosphere and interplanetary space, to the Sun. The space
physics community faces both an exciting opportunity and an important imperative to create a new
frontier built at the intersection of traditional approaches and state-of-the-art data-driven sciences and
technologies. This brief commentary addresses the current paradigm of geospace science and the emerging
need for data science innovation, discusses the meaning of data science in the context of geospace, and
highlights community efforts to respond to the changing landscape.

1. Introduction

We are at a crossroads in the study of geospace (i.e., the vast, coupled, complex region extending from the
Sun, through interplanetary space, to the Earth’s magnetosphere and upper atmosphere (Lotko, 2017)). On
one hand we operate in the same paradigm that has guided the field over the past couple of decades, ruled
by the triumvirate of models, data, and more recently, model-data fusion. On the other hand we are begin-
ning to recognize that powerful new opportunities for scientific discovery are possible through increased data
volume and sophisticated methods to explore these data. The emergence of the hyperconnected digital soci-
ety and the massive quantities of data it generates has led to new analysis capabilities that scale well to the
geospace environment. The geospace sciences are squarely positioned to benefit from the emerging field of
data science, which enables the creation of new scientific insights from data through the union of statistics,
computer science, applied mathematics, and visualization.

Data science does not simply provide off-the-shelf solutions. Rather, domain-specific knowledge is required
to guide effective use of data science solutions. Therefore, it is important to first understand what data science
means in the context of the geospace domain. We begin by describing the evolution of geospace science and
use this background to discuss the current intersection of data science and geospace. Finally, outstanding
questions are raised regarding the expansion of the relationship moving forward.

2. How Is Geospace Science Done Currently?

Geospace science has its origins in the nineteenth century but really began to take form when radio commu-
nication both necessitated and enabled the first scientific studies of the ionosphere (the charged region of
the Earth’s upper atmosphere between ∼100 and 1,000 km) (Hargreaves, 1992). The space age and advent of
capable computers beginning in the 1950s gave rise to in situ observation and numerical simulations of the
space environment. Increasingly sophisticated computer simulations have followed over the decades. In par-
allel, geospace instrumentation has continually matured. Starting from the first radio observations by Edward
Appleton, geospace remote sensing instrumentation in both radio and optical domains has benefitted from
modern technological advances. The result is a preponderance of small- and large-scale distributed ground-
and space-based systems sampling the geospace environment across multiple scales.
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Key Points:
• Shifting data landscape of

solar-terrestrial system creates
opportunity for a new frontier in
geospace research

• New frontier should be created at
intersection of traditional approaches
and state-of-the-art data-driven
science and technology

• Suggest actions to sustain and
expand momentum that exists to
utilize emerging field of data science
for geospace discovery
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Similarities “disruptive 
innovation”

u A buzzword no one agrees with

u Domain knowledge and authentic science are key

u Huge opportunities enabled by technology (smartphones, ubiquitous 
computing)

u Comes from outside 

u We are MISSING things (due to bias)

u New “discovery” features can be found
u Particularly at traditional boundaries, in the gaps

u Modern interdisciplinary communication
u Learn from other fields

u Anti-jargon

u Learn from Twitter and share your expertise



Different methodologies

u Different funding & sustainment, miss INSPIRE
u Citizen science has apps, lots of in’s and out’s

u Citizen science data can feed machine learning problems effectively

u Hard to get funding? Skepticism
u What is smoking gun? (STEVE)

u Social proof

u Relatively low barrier to entry
u Not easy at AGU. 

u CitSci is a field… have to understand the landscape

u Journal of Citizen Science Theory and Practice



Interdisciplinary Lessons Learned

u Communication big problem. Worth grappling with. Rich nonllinear
benefits. 

u “Democratization” of technology 

u Give benefit of the doubt – equally

u Our field is behind.
u Inclusivity

u Communication

u Non-traditional approaches

u Old guard

u To move forward, must figure out what to let go of.


