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Now you know a little about me, I’d 
like to learn a little about you

• How many have seen aurora?
– Half of the scientists have not

• How many are familiar with citizen science?
• How many have done citizen science with 

auroras?



In 2011 I had a new idea about how 
ordinary people could help study aurora…

• Organized research in which members of the public engage in 
the processes of scientific investigations
– Asking questions, collecting data, and/or interpreting results

• Works on a massive scale & generates high quality data 
– Leading to reliable, valid scientific outcomes & unexpected innovations 

I          
on Citizen Science!

• What is Citizen Science?

• Why do we need help? 

Nike



Aurora is not just a pretty picture, 
these data are useful

• Organized research in which members of the public engage in the 
processes of scientific investigations
– Asking questions, collecting data, and/or interpreting results

• Works on a massive scale & generates high quality data 
– Leading to reliable, valid scientific outcomes & unexpected innovations 

I          
on Citizen Science!



Citizen science has
• A multitude of scales and disciplines working together
• Dedicated communities & its own field of practitioners
• Terms of use / agreement for volunteer data
• Archives of data with FAIR data principles and additional concepts 

like interoperability of databases for multiple purposes (Laura’s 
poster)

• Volunteer management & communication
• High quality data and controls
• Not free
• Science goals / questions appropriate to data quality

Wiggins et al., 2018, Science Products InventoryCitizen Science Association



Citizen Science at NASA
• SMD has a policy encouraging citizen science (read SPD-33 

guidance, bit.ly/spd-33)
– Wherever appropriate for the science

• Heliophysics has a strategic working group on deliberate  
implementation of the policy

• Stay tuned! Much more to come
– July, 2nd annual NASA citsci meeting in ME
– Eclipse 2020 funding opportunity opened in nspires. Due date 

coming soon. Mentions citizen science in the call!
– Interdisciplinary reviewing opportunities

https://science.nasa.gov/citizenscience

https://science.nasa.gov/citizenscience


NASA/Goddard  space flight center conceptual Image Lab



93 million miles!
(not to scale!!)

Sparse & under-sampled data

• We monitor interplanetary solar wind plasma (B field) at L1 point (ACE, 
DSCOVR, WIND)

• We don’t know B when we look at the Sun
• Very few satellites for the amount of space to cover



Magnets, electric particles, and collisions

• ]





The importance of Heliophysics

• Science gaps
– The evolution of aurora during large 

storms never fully characterized
– Aurora are universal acceleration 

processes and our monitors are very 
sparse 1989 satellite data 

showing global aurora

2010 state of the 
art model

Space Weather has billion $$ 
impact potential:
GPS, ground induced current, 
spacecraft charging



Space weather has many timescales 
and types of threats

• NOAA SWPC = Official sources of real-time data. Operational. 
• Public are not paying customers
• Optical aurora is our specialty, skipping other aspects
• Citizen science forms the bridge (listening on both sides)
• Difficult because space plasma physics generally starts in grad 

school
• Why aurora models have major limitations
• Aurorasaurus has specialized examples… simple. Not optimized for 

hams.



Space weather has many timescales 
and types of threats

• NOAA SWPC = Official sources of real-time data for US. Operational 24/7 
– Public are not paying customers of space weather data

• Difficult because space plasma physics generally starts in grad school
• Why aurora models have major limitations

Aurorasaurus
• Optical aurora is our specialty, skipping other aspects
• Citizen science forms the bridge (listening on both sides)
• Aurorasaurus has specialized examples… simple. Not optimized for hams.



Outcomes:

2000 participants
20 articles
6 articles

A new, open innovation, geospatial, crowdsourcing, open 
source platform and public-private partnership…

POC: Elizabeth MacDonald, e.a.macdonald@nasa.gov

Aurorasaurus.org
Apple iOS & Android apps

Selected Papers  (of >10 submitted so far)
MacDonald, E. A., et al., Aurorasaurus: A citizen science platform for viewing and reporting the aurora, Space Weather, doi: 10.1002/2015SW001214, 
2015.
Case, N. A., et al., Mapping Auroral Activity with Twitter, Geophys. Res. Lett., 42, doi:10.1002/2015GL063709, 2015.
Case, N. A., et al., Aurorasaurus and the St Patrick’s Day storm, Astronomy & Geophysics, 56 (3), 2015.
Case, N. A., E. A. MacDonald, and R. Viereck (2016), Using citizen science reports to define the equatorial extent of auroral visibility, Space Weather, 14, 
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1. Introduction
Over the past year, the citizen science project Aurorasaurus has collected new, globally-
distributed, ground-based observations of the aurora and has integrated these with space-based 
estimates of auroral activity. A case study of these observations were compared to the NOAA 
Space Weather Prediction Center’s (SWPC) Aurora Forecast product which is built on the 
OVATION Prime (2010) auroral precipitation model.

The observations in this case-study demonstrated that over 60% of the positive aurora 
observations occurred at latitudes equatorward of the SWPC predicted "view-line". New scaling 
parameters were determined from the relationship of the differences in latitude between the 
positive observations and the view line, and the maximum probability of visible aurora. The 
implementation of this view-line, in the Aurorasaurus real-time alert system, is also 
demonstrated.

2. Observations

The observations made by citizen scientists, see 
Figure 1 for an example, are of three forms:
• Verified tweets: posts made on Twitter 

(called “tweets”) that have been verified by 
Aurorasaurus users as sightings of the aurora.

• Positive sightings: sightings of the aurora 
made by Aurorasaurus users and reported on 
the website or mobile apps.

• Negative sightings: reports from 
Aurorasaurus users stating that an aurora was 
not visible.

As shown in Figure 2, the observations in this 
case study span a range of magnetic latitudes, 
local times and activity levels. Though there is a 
clear preference toward observations being 
made in the pre-midnight sector (i.e. 20:00-
00:00).

A Comparison of Modeled Auroral Boundaries with Observations from Citizen Scientists

Nathan A. Case1, Elizabeth A. MacDonald2,3, and Rodney Viereck4

1Department of Physics, Lancaster University, UK; 2New Mexico Consortium, Los Alamos, NM, USA; 3NASA Goddard Space Flight Center, Greenbelt, MD, USA; 4NOAA Space Weather Prediction Center, Boulder, CO, USA
n.case@lancaster.ac.uk

For more information about Aurorasaurus, or to sign up, visit the website below. You can also like Aurorasaurus on Facebook and follow on Twitter.@TweetAurora
fb.com/aurorasaurus aurorasaurus.org

3. Auroral Oval 
We utilize the Oval Variation, Assessment, Tracking, Intensity, and Online Nowcasting (OVATION) 
Prime (2013) aurora forecast model to determine the location of the auroral boundary. OVATION 
Prime (2013) is a well-used, accurate, auroral precipitation model that can be run in real-time. 
The model is driven by Newell’s magnetospheric coupling function (dʔMP/dt) which is determined 
using solar wind data, such as the solar wind velocity (v) and interplanetary magnetic field (IMF) 
strength (B) and direction (ɽ = IMF clock angle). 

The OVATION Prime (2013) auroral precipitation 
data is then fed into the NOAA Space Weather 
Prediction Center’s aurora forecast product,
shown in Figure 3.

4. Comparison with the SWPC
aurora forecast product

6. Aurorasaurus operational product

7. Conclusions
Using nearly 300 observations of the aurora, provided by citizen scientists, we were able 
determine the equatorial boundary, both in the northern and southern hemispheres, of where 
an aurora might be seen based on its intensity. We found that the current SWPC estimate was 
conservative and that an aurora was often visible further equatorward than estimated. By 
adapting the view-line parameters, using the observations in this case-study, we were more able 
to accurately represent the maximum distance from which an aurora might be visible.

The work presented here also forms part of the wider Aurorasaurus operational product, which 
alerts its users as to when they might be able to see an aurora. This is a much-requested feature 
that has proved highly popular.

References & Acknowledgements
• MacDonald et al., SW, 2015, doi: 10.1002/2015SW001214
• Case et al., SW, submitted
This material is based upon the work supported, in part, by the National Science Foundation (NSF) under grant 
1344296. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the 
author(s) and do not necessarily reflect the views of NSF. 

Figure 2. The Aurorasaurus observations used in 
this case study are grouped by magnetic latitude 
(top), local time (middle) and Kp index (bottom). The 
number of each type of observation is shown using 
stacked color bars.
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estimated view-line. We find that 62% of positive observations (i.e. verified tweets and positive 
sightings) are located equatorward of the view-line. Thus suggesting the SWPC view-line is 
often too conservative in its estimate.

5. Determining a new observational view-line
Using the citizen science observations we can adapt the view-line parameters, so that it better 
matches with those observations. We plot the observation latitude as a function of P(A)max, in 
Figure 5 and the difference between the observations and the new view-line in Figure 6. A fit 
between the maximum latitude difference for 5% bins of maximum visibility chance, and the 
maximum visibility chance is determined. The coefficients of the linear fit (blue) produce a new 
view line equation:

Figure 3. An example of the SWPC aurora forecast 
product. The modeled auroral oval is colored to 
represent the probability of visible aurora. 

Figure 4. The latitude difference between the 
observations and the SWPC estimated view-line is shown.

The SWPC aurora forecast product converts 
auroral precipitation data into a more user-
friendly output. It scales the energy flux, ɇj, 
into a “probability of visible aurora”, P(A), 
and indicates this likelihood of visible aurora 
on a geographic map.

The forecast product also determines the 
most equatorward latitude from which an 
aurora may be visible, for each longitude. 
This estimate is known as the “view-line”, i.e. 
an aurora should be visible at locations on, 
or poleward, of the view-line. For each 
longitude, the latitude of the maximum 
probability of visible aurora, ʔP(A)max, is scaled 
poleward by the value of the maximum 
probability, P(A)max.

In Figure 4, the latitude of the citizen science 
observations is compared to the SWPC
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Figure 7. A screenshot of the Aurorasaurus aurora map, using the 
forecast data provided by SWPC, with the new Aurorasaurus view-
line shown (red). Observational data from users is also shown.

Alongside the SWPC forecast 
product, the new Aurorasaurus 
view-line is calculated in real-
time and shown on the 
Aurorasaurus homepage (as 
demonstrated in Figure 7). This is 
a real-time indicator of where an 
aurora might be visible from. 
Additionally, any current 
observations are also shown on 
the map. 

These three data sources (the 
SWPC auroral oval, Aurorasaurus 
view-line, and citizen science 
observations) allow the 
Aurorasaurus project to issue 
aurora visibility alerts to its users 
when an aurora is predicted to 
be visible near them.

Figure 5. The latitude difference between the 
observations and the SWPC view-line plotted against 
the value of maximum visibility chance (green). The 
maximum latitude differences and fit are shown in 
blue.

Figure 6. The latitude differences between the 
observations and the new Aurorasaurus view-line. 
The majority of aurora sightings (verified tweets and 
positive sightings) are now poleward of the view-line.

Figure 1. An example of a citizen science positive 
sighting, recorded during this case-study. The 
observation includes items such as a time, date, and 
location, as well as a photo and aurora descriptors 
(e.g. color, type, and activity).

New global, real-time data sources from citizen scientists and tweets
Alerts of auroral visibility for the public
Since 2014, our database has more than 7000 users, more than 7000 reports, and votes on more than 400,000 tweets.



Help us verify the 
view line

FREE – website, apps for science!

MacDonald et al., Space Weather, 2015

How does Aurorasaurus.org work?



New global, real-time data sources 
from citizen scientists and tweets. 

• Hybrid approach, twitter not 
required. Location required,
privacy protected.

• Sign up to get a free, custom 
aurora alert for your location.

• When and where are critical 
pieces of information

Simple form, time, date, 
location, activity, color, photo 



The indices probably won’t help
• All the indices have issues and are mostly 

useful to characterize global activity
• Historical origin (not real-time)
• Kp index is global so not going to correlate to a 

local peak in aurora (big misconception)



Space science is core to our mission

Solar wind power (related to auroral
strength) vs time

Akasofu Epsilon parameter

shows a linear relationship between PC and electron precipitation.
More recent work by Knipp et al. (2004) has shown a better fit to
the data if both PC and Dst are used as inputs.

Because the Turner (2000) study covered only about two years
of data, it was limited to a small portion of the solar cycle. Given
that the frequency of appearance of solar wind structures varies
widely over the solar cycle, with corotating interaction regions
(CIRs) being more common during solar minimum, and CMEs
being more common toward solar maximum (e.g., Tsurutani et al.,
2006), this study was limited in its scope. Many researchers have
observed differences in the dynamics of storms during times of
different types of solar wind driving conditions (e.g., Borovsky and
Denton, 2006), such as the existence of high-intensity long-
duration continuous auroral activity (HILDCAA) events in the
recovery phase of CIR-driven events (e.g., Tsurutani and Gonzalez,
1987; Tsurutani et al., 2006). On average, CIRs have less steady BZ

and higher bulk speed than non-CIR solar wind, and different BZ

characteristics from CMEs, and the resulting storms differ in some
fundamental properties (see Zhang et al., 2006 for differences in
solar wind parameters during solar minimum and solar max-
imum). Researchers have studied the ability of different types of
solar wind structures to produce storms (see, e.g., Zhang et al.,
2004). Echer and Gonzalez (2004) found that compound inter-
planetary structures were more geoeffective than isolated struc-
tures. In another study, Huttunen et al. (2002) looked at storms
from 1996 to 1999. They found that almost all the intense (Dst
o! 100 nT) storms were associated with CMEs, but for the
moderate storms, streams more often generated high Kp storms,
while ejecta-related events more often drove stronger Dst
changes. This could suggest that the relative impacts on the ring
current and the ionosphere could vary by the type of solar wind
driver. Gonzalez et al. (1999) found that complex interplanetary
structures, including in rare circumstances the influence of
subsequent CMEs, could drive particularly intense geomagnetic
storms.

Turner et al. (2006) conducted a study of 42 storms and their
geoeffectiveness. For these storms, clustered near the declining
phase of the solar cycle, they found that CIR-driven storms were
more efficient at coupling energy into the magnetosphere than
CME storms. In other words, the ratio of measured energy output
to estimated energy input varied with the type of solar wind
driver. The authors used Dst to calculate ring current properties
and used PC and Dst-based calculations, following the methods of
Knipp et al. (2004) and Chun et al. (1999) to estimate ionospheric
quantities. Lu (2006) also investigated this difference in coupling
efficiency and came to the same conclusion, which is that CIR-
driven events coupled energy more efficiently than CME-driven
events. Her methodology for estimating the energy output varied
significantly from the Turner et al. (2006) study, as Lu (2006)
made use of AMIE ionospheric estimates, and she came to the
same conclusion regarding the effectiveness of these solar wind
structures. In this study, we follow the storm energy coupling
efficiencies over an entire solar cycle and expand the data set to

280 total storms in order to show statistically the differences in
energy coupling and energy partitioning.

2. Methodology

We focus our efforts on a total of 280 storms from 1995 to
2004, with 118 having CMEs as drivers, and 91 having CIRs (see
Appendices A and B), while the remaining storms were not driven
by either identified CIRs or CMEs. Storms were classified as being
driven by CIRs or CMEs by Richardson et al. (2001, 2002; personal
communication). For each storm, we use solar wind data from ACE
and WIND to estimate the energy input and then estimate the
energy dissipated via ring current, auroral precipitation, and Joule
heating which we have summed and referred to here as energy
output. From these, we calculate an energy coupling efficiency
according to

coupling efficiency ¼
energy output
energy input

(1)

where energy input is estimated by the integrated value of the
epsilon parameter (Eq. (2)) for the duration of the storm, and
energy output is the sum of ring current, auroral precipitation,
and Joule heating for the duration of the storm. Each storm is
considered to begin at the first decrease in Dst# (Dst# here denotes
the solar wind dynamic pressure-corrected Dst index) and is
considered completed when the Dst# has recovered 80% from its
lowest value. Our methodology, to be discussed below, closely
parallels that in Turner et al. (2006).

2.1. Input energy

Accurate measurement of the total energy available to the
magnetosphere from the solar wind at any given time is not
possible. However, parameters exist that can help estimate this
quantity. For this study, we use the epsilon parameter and the new
Borovsky parameter, as described below. It is important to point
out that, as useful as these parameters are, they only provide
estimates of the energy available. Epsilon in particular is based on
empirical data from some decades ago (Perreault and Akasofu,
1978), and therefore was calibrated to match what are now known
to be underestimates of the magnetospheric energy output. For a
more contemporary analysis of epsilon, see work by Koskinen and
Tanskanen (2002). Therefore we take epsilon to be an estimate
that allows some knowledge of when more energy is available and
scales well with the energy output but does not necessarily
capture the correct magnitude of energy input.

For each storm, we calculated the epsilon parameter (Perreault
and Akasofu, 1978) to estimate the electromagnetic input power.

Epsilon is defined (in SI units) as

! ¼
4p
m0

vB2sin4 y
2

! "
l20 (2)

where y is the solar wind clock angle, y ¼ tan!1ðjBY j=BZÞ, and l0 is
a characteristic length scale of the magnetosphere, typically, as in
this study, assumed to be 7RE, and m0 is the permeability of free
space. BY and BZ are the Y and Z components of the interplanetary
magnetic field, respectively. RE refers to a distance of one Earth
radius. It should be noted that the epsilon parameter was derived
empirically at a time with very little information about true
energy deposition in the magnetosphere–ionosphere system.
Therefore, while the form of epsilon can give a lot of information
as to the relative amounts of energy being available to the
magnetosphere, the absolute number is usually a significant
underestimate, as will be demonstrated.

ARTICLE IN PRESS

Table 1
Energy for entire storm (medians).

CIR ð1016 JÞ CME ð1016 JÞ P (u-test)

Input 6.38 8.07 0.02219
Ring current 0.416 0.539 0.02628
Joule heating 3.11 3.49 0.22689
Auroral precipitation 1.01 0.850 0.06468
Total output energy 4.45 5.10 0.39775
Efficiency 73.0% 62.7% 0.000744

N.E. Turner et al. / Journal of Atmospheric and Solar-Terrestrial Physics 71 (2009) 1023–10311024

Perrault and Akasofu, 1978



Help us verify the view line

1. Introduction
Over the past year, the citizen science project Aurorasaurus has collected new, globally-
distributed, ground-based observations of the aurora and has integrated these with space-based 
estimates of auroral activity. A case study of these observations were compared to the NOAA 
Space Weather Prediction Center’s (SWPC) Aurora Forecast product which is built on the 
OVATION Prime (2010) auroral precipitation model.

The observations in this case-study demonstrated that over 60% of the positive aurora 
observations occurred at latitudes equatorward of the SWPC predicted "view-line". New scaling 
parameters were determined from the relationship of the differences in latitude between the 
positive observations and the view line, and the maximum probability of visible aurora. The 
implementation of this view-line, in the Aurorasaurus real-time alert system, is also 
demonstrated.

2. Observations

The observations made by citizen scientists, see 
Figure 1 for an example, are of three forms:
• Verified tweets: posts made on Twitter 

(called “tweets”) that have been verified by 
Aurorasaurus users as sightings of the aurora.

• Positive sightings: sightings of the aurora 
made by Aurorasaurus users and reported on 
the website or mobile apps.

• Negative sightings: reports from 
Aurorasaurus users stating that an aurora was 
not visible.

As shown in Figure 2, the observations in this 
case study span a range of magnetic latitudes, 
local times and activity levels. Though there is a 
clear preference toward observations being 
made in the pre-midnight sector (i.e. 20:00-
00:00).

A Comparison of Modeled Auroral Boundaries with Observations from Citizen Scientists

Nathan A. Case1, Elizabeth A. MacDonald2,3, and Rodney Viereck4

1Department of Physics, Lancaster University, UK; 2New Mexico Consortium, Los Alamos, NM, USA; 3NASA Goddard Space Flight Center, Greenbelt, MD, USA; 4NOAA Space Weather Prediction Center, Boulder, CO, USA
n.case@lancaster.ac.uk

For more information about Aurorasaurus, or to sign up, visit the website below. You can also like Aurorasaurus on Facebook and follow on Twitter.@TweetAurora
fb.com/aurorasaurus aurorasaurus.org

3. Auroral Oval 
We utilize the Oval Variation, Assessment, Tracking, Intensity, and Online Nowcasting (OVATION) 
Prime (2013) aurora forecast model to determine the location of the auroral boundary. OVATION 
Prime (2013) is a well-used, accurate, auroral precipitation model that can be run in real-time. 
The model is driven by Newell’s magnetospheric coupling function (dʔMP/dt) which is determined 
using solar wind data, such as the solar wind velocity (v) and interplanetary magnetic field (IMF) 
strength (B) and direction (ɽ = IMF clock angle). 

The OVATION Prime (2013) auroral precipitation 
data is then fed into the NOAA Space Weather 
Prediction Center’s aurora forecast product,
shown in Figure 3.

4. Comparison with the SWPC
aurora forecast product

6. Aurorasaurus operational product

7. Conclusions
Using nearly 300 observations of the aurora, provided by citizen scientists, we were able 
determine the equatorial boundary, both in the northern and southern hemispheres, of where 
an aurora might be seen based on its intensity. We found that the current SWPC estimate was 
conservative and that an aurora was often visible further equatorward than estimated. By 
adapting the view-line parameters, using the observations in this case-study, we were more able 
to accurately represent the maximum distance from which an aurora might be visible.

The work presented here also forms part of the wider Aurorasaurus operational product, which 
alerts its users as to when they might be able to see an aurora. This is a much-requested feature 
that has proved highly popular.

References & Acknowledgements
• MacDonald et al., SW, 2015, doi: 10.1002/2015SW001214
• Case et al., SW, submitted
This material is based upon the work supported, in part, by the National Science Foundation (NSF) under grant 
1344296. Any opinions, findings, and conclusions or recommendations expressed in this material are those of the 
author(s) and do not necessarily reflect the views of NSF. 

Figure 2. The Aurorasaurus observations used in 
this case study are grouped by magnetic latitude 
(top), local time (middle) and Kp index (bottom). The 
number of each type of observation is shown using 
stacked color bars.
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estimated view-line. We find that 62% of positive observations (i.e. verified tweets and positive 
sightings) are located equatorward of the view-line. Thus suggesting the SWPC view-line is 
often too conservative in its estimate.

5. Determining a new observational view-line
Using the citizen science observations we can adapt the view-line parameters, so that it better 
matches with those observations. We plot the observation latitude as a function of P(A)max, in 
Figure 5 and the difference between the observations and the new view-line in Figure 6. A fit 
between the maximum latitude difference for 5% bins of maximum visibility chance, and the 
maximum visibility chance is determined. The coefficients of the linear fit (blue) produce a new 
view line equation:

Figure 3. An example of the SWPC aurora forecast 
product. The modeled auroral oval is colored to 
represent the probability of visible aurora. 

Figure 4. The latitude difference between the 
observations and the SWPC estimated view-line is shown.

The SWPC aurora forecast product converts 
auroral precipitation data into a more user-
friendly output. It scales the energy flux, ɇj, 
into a “probability of visible aurora”, P(A), 
and indicates this likelihood of visible aurora 
on a geographic map.

The forecast product also determines the 
most equatorward latitude from which an 
aurora may be visible, for each longitude. 
This estimate is known as the “view-line”, i.e. 
an aurora should be visible at locations on, 
or poleward, of the view-line. For each 
longitude, the latitude of the maximum 
probability of visible aurora, ʔP(A)max, is scaled 
poleward by the value of the maximum 
probability, P(A)max.

In Figure 4, the latitude of the citizen science 
observations is compared to the SWPC
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Figure 7. A screenshot of the Aurorasaurus aurora map, using the 
forecast data provided by SWPC, with the new Aurorasaurus view-
line shown (red). Observational data from users is also shown.

Alongside the SWPC forecast 
product, the new Aurorasaurus 
view-line is calculated in real-
time and shown on the 
Aurorasaurus homepage (as 
demonstrated in Figure 7). This is 
a real-time indicator of where an 
aurora might be visible from. 
Additionally, any current 
observations are also shown on 
the map. 

These three data sources (the 
SWPC auroral oval, Aurorasaurus 
view-line, and citizen science 
observations) allow the 
Aurorasaurus project to issue 
aurora visibility alerts to its users 
when an aurora is predicted to 
be visible near them.

Figure 5. The latitude difference between the 
observations and the SWPC view-line plotted against 
the value of maximum visibility chance (green). The 
maximum latitude differences and fit are shown in 
blue.

Figure 6. The latitude differences between the 
observations and the new Aurorasaurus view-line. 
The majority of aurora sightings (verified tweets and 
positive sightings) are now poleward of the view-line.

Figure 1. An example of a citizen science positive 
sighting, recorded during this case-study. The 
observation includes items such as a time, date, and 
location, as well as a photo and aurora descriptors 
(e.g. color, type, and activity).

Goal: Hybrid forecasting data fusion
MacDonald et al., Space Weather, 2015

Space Weather

Aurorasaurus: A citizen science platform for viewing
and reporting the aurora
E. A. MacDonald1,2, N. A. Case1,2, J. H. Clayton3, M. K. Hall3, M. Heavner1,4, N. Lalone5,
K. G. Patel1,2, and A. Tapia5

1New Mexico Consortium, Los Alamos, New Mexico, USA, 2NASA Goddard Space Flight Center, Greenbelt, Maryland, USA,
3Science Education Solutions, Los Alamos, New Mexico, USA, 4Los Alamos National Laboratory, Los Alamos, New Mexico,
USA, 5College of Information Sciences and Technology, Pennsylvania State University, University Park, Pennsylvania, USA

Abstract A new, citizen science-based, aurora observing and reporting platform has been developed
with the primary aim of collecting auroral observations made by the general public to further improve
the modeling of the aurora. In addition, the real-time ability of this platform facilitates the combination of
citizen science observations with auroral oval models to improve auroral visibility nowcasting. Aurorasaurus
provides easily understandable aurora information, basic gamification, and real-time location-based
notification of verified aurora activity to engage citizen scientists. The Aurorasaurus project is one of only
a handful of space weather citizen science projects and can provide useful results for the space weather
and citizen science communities. Early results are promising with over 2000 registered users submitting
over 1000 aurora observations and verifying over 1700 aurora sightings posted on Twitter.

1. Introduction

Citizen science is a rapidly growing, newly formalized, field that is fueled by the concept of crowdsourcing and
cognitive surplus, i.e., that small amounts of volunteered time from a vast number of people can contribute
to a larger goal [Shirky, 2010]. Specifically, citizen science involves “organized research in which members of
the public engage in the processes of scientific investigations by asking questions, collecting data, and/or
interpreting results” (Citizen Science Central, http://www.citizenscience.org).

Projects that incorporate citizen science have the potential to engage broad audiences, motivate volunteers,
increase data collection yet still control data quality, corroborate model results, and increase the speed at
which decisions can be made [Clery, 2011; Cooper et al., 2010; Danielsen et al., 2010; Darg et al., 2011; Kelling
et al., 2009; Willett et al., 2010].

Such projects are frequent and well established in astronomy, fueled by the large and well-organized amateur
astronomy networks [e.g., Globe at Night Walker et al., 2008, Zooniverse Smith et al., 2013 and Cosmoquest
Gugliucci et al., 2014]. Similarly, in biological fields, citizen science programs are widespread and tend
to be based upon the crowdsourced collection of phenological or conservation-related data [Wiggins and
Crowston, 2010]. However, formal citizen science projects are fairly rare in the field of solar-terrestrial physics
[Knipp, 2015]. One specific example is Barnard et al. [2014] who, in partnership with the leading citizen science
astronomy collective Zooniverse, have created a data analysis citizen science project involving the characteri-
zation of coronal mass ejections. There are, however, many informal groups or individuals who are functioning
as citizen scientists, e.g., ham radio operators [cf. Coile, 1997], sprite hunters [cf. Lyons et al., 2012], and northern
lights hunters [e.g., Frissell et al., 2014].

An early, well known, aurora hunting citizen scientist was a Vermont farmer named Wilson Bentley who
observed and cataloged over 700 auroras over a century ago [Silverman and Blanchard, 1983]. Today, there
are many aurora hunting citizen scientists like Bentley, partly enabled by the advent of easy-to-use and
sensitive digital photography. This advancement in photographic equipment allows even subvisual aurora to
be captured and observed on the camera, typically after an exposure of a minute or less.

With the arrival of new technological tools, such as smartphones and social networks, public participation in
scientific practice has been enabled and supported as never before. Citizen science can work on a massive
scale, generating high-quality data that lead to reliable, valid scientific outcomes, as well as unexpected
insights and innovations [Fore et al., 2001; Trumbull et al., 2000].
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Inputs: Verifying tweets, a crowd-
sourcing data verification activity

• Registered and anonymous 
users verify geotagged
tweets by reading the tweet 
and voting “yes” or “no” if 
they think it is a real-time 
sighting at correct location

• Verified tweets used in alerts 
in conjunction with other 
observations

CS: Classification



Citizen Science Aurora Data
• Robust performance and database for large storms
• Open database



60% of our user’s positive observations are below the 
view line during this event

Probability of visible aurora

10%           50%           90% 

0445 (UTC) on March 18, 2015

Aurorasaurus observations 
provide “ground-truth” for 
auroral models and estimates.

(left) Example OVATION Prime 
(2013) output for a 15min 
period in the St. Patrick’s day 
(2015) storm. Green and blue 
dots indicate where the aurora 
was seen from. 

Much further south than the 
model (and associated view 
line) predicts. Substorms? 

Can test auroral precipitation 
estimates for visible aurora.

SPACE WEATHER, VOL. ???, XXXX, DOI:10.1002/,

Using citizen science observations to define the1

equatorial extent of the visible aurora2

N. A. Case1,2, E. A. MacDonald1,2 and R. Viereck3

1New Mexico Consortium, Los Alamos,

New Mexico, USA

2NASA Goddard Space Flight Center,

Greenbelt, Maryland, USA

3NOAA Space Weather Prediction

Center, Boulder, Colorado, USA

D R A F T November 10, 2015, 2:17pm D R A F T



Live radio map by G7IZU (Andy Smith), G7RAU (Dave Edwards)

• Add additional radio-aurora specific 
questions
– Absorption, Solar energetic particle 

events
• New map layer
• Science Questions

– Does radio aurora map to structures? 
(coordination of  different types of 
observers)

– Can radio aurora map peaks or substorm 
onsets or unique features like STEVE?

• Can we do more together? 
Communication

• Your suggestions please

HamAurorasaurus
ideas



#1 Myth
Aurora is formed by particles from the sun



Meet the magnetosphere! 



Calling Citizen Scientists Everywhere

Substorms do not look like substorms. 
“If you’ve seen one storm, you’ve seen one storm.” 
-Geoff Reeves



Myth No. 2 
Aurora happens during storms



Everyday Aurora 
(with lots of variation) 

1. Quiet arcs to the northeast 
2. Arcs intensify and stretch south and 

overhead, keep an eye for the 
southernmost arc to intensify, curls, 
beads, unusual features

3. Westward traveling surge and arcs expand 
to the north and south! (if after midnight 
may also see eastward motion)

4. Arcs begin to fade, patchy aurora occurs 
and whole thing resets and begins again

*technically called a substorm, first described by Akasofu (1964)
Growth phase, Onset or breakup, Expansion phase, Recovery



Everyday Aurora 

1. Quiet arcs to the northeast 
2. Arcs intensify and stretch south and 

overhead, keep an eye for the 
southernmost arc to intensify, curls, 
beads, unusual features

3. Westward traveling surge and arcs expand 
to the north and south! (if after midnight 
may also see eastward motion)

4. Arcs begin to fade, patchy aurora occurs 
and whole thing resets and begins again

Samsung Note 8 phone, Feb 2020



“Everyday aurora” 
Phenomenology of Auroral

Substorm

Akasofu picture of the aurora during 
substorms:

(a) Quiet auroral arc before substorm

(b) Equatorward edge of aurora 
intensifies

(c) “Westward traveling surge” forms

(d) Poleward expansion of surge

(e) Aurora begins to fade; patchy 
“pulsating aurora” forms on dawn

(f) Auroral oval retreats to pre-substorm 
locations



Citizen science content on Twitter – different resolution to traditional cameras
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http://blog.aurorasaurus.org/%3Fp=398


Meet STEVE
Photo credit: Paulo Fedozzi



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

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

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

The story of STEVE

https://www.tedxcalgary.ca/talks/how-i-met-steve-discovery-new-aurora
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Citizen science data
Notanee Bourassa, Aurorasaurus 
Ambassador and Alberta Aurora 
Chaser

SWARM satellite track  

measures particles flowing in 

an SAID (subauroral ion drift)  
All-sky data

Velocity 
Enhancement 

(west)
Strong Thermal 

Emission (heated 
electrons)

Satellite + 
ground-camera 
array + 
expert observers 
in conjunction 

ESA SWARM 
satellites

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.



Hot off the press

• 100 yr old STEVE 
observations and papers 
have been uncovered by an 
amateur professional aurora 
historian in Germany

• Famous Norwegian scientist 
Carl Størmer researched 
“feeble homogenous arcs of 
great altitude”

Hunnekuhl and MacDonald, Space Weather, 
March 2, 2020



What about the little 
green facets? 

u Fascinating 
fundamental 
plasma physics 
MUST be explained.  
Field lines not 
vertical.  Horizontal 
and vertical drift.

Andy Witteman, UAF





SM21A-03, AGU2019 

Photo Credit: Alexei Chernenkoff



Media coverage has helped recruit and 
reward citizen scientists

3/20/20
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For Kids 
• Wow in the World podcast on 

STEVE aurora
• Classroom webinar with Hearts 

in the Ice (Aurorasaurus on 
YouTube)

• Blog posts on DIY aurora, 
science fair, and high school 
activities

• Handouts and activities



For Adults • Blog, newsletter, make 
reports, verify tweets

• Webinar with author 
Melanie Windridge 
”Auroras: In Search of the 
Northern Lights” 
(YouTube)

• Educational & 
Ambassador 
opportunities

• Local groups• US on Vimeo in April, 
Citizen Science Month



Free resources for further study

Largely qualitative low jargon introduction

Mostly at undergrad level
• Interactive learning module, good graphics of physics, get free account
– Physics of the aurora: http://www.meted.ucar.edu/hao/aurora/
– Space Weather basics: http://www.meted.ucar.edu/spaceweather/basic/

• Book: Storms from the Sun: free download
– https://www.nap.edu/catalog/10249/storms-from-the-sun-the-emerging-science-

of-space-weather
• Article: The Location of the Polar Aurora, RJ Livesey, 1980, available on 

ADS (Aurorasaurus journal club soon)



For Researchers
• STEVE & Aurorasaurus

papers & ongoing 
research

• Citizen science in 
Decadal Survey and 
NASA policy

• Ambassador 
opportunities, join 
Twitter and share your 
science!

• Postdoc opportunity



• Next solar max with new cell phones
• Renewed interest in satellite auroral 

imaging
• NASA encouraging citizen science 

@DoNASAScience

The future is bright – join us!

Ambassadors Samsung Note 8, Feb 2020





Live radio map by G7IZU (Andy Smith), G7RAU (Dave Edwards)

• Add additional radio-aurora specific 
questions
– Absorption, Solar energetic particle 

events
• New map layer
• Science Questions

– Does radio aurora map to structures? 
(coordination of  different types of 
observers)

– Can radio aurora map peaks or substorm 
onsets or unique features like STEVE?

• Can we do more together? 
Communication

• Your suggestions please

HamAurorasaurus
ideas



Live radio map by G7IZU (Andy 
Smith), G7RAU (Dave Edwards)



HamAurorasaurus?

u Add additional radio-aurora specific questions
u Absorption, Solar energetic particle events

u New map layer
u Science Questions

u Does radio aurora map to structures? (coordination of  different types of 
observers)

u Can radio aurora map peaks or substorm onsets or unique features like 
STEVE?

u Can we do more together? Communication

u Your suggestions please



NASA will launch two rockets at the same time to different apogees

High	Flyer		
200	miles	high	

Low	Flyer		
100	miles	high	

Magnetic	Field	

Poker	Flat,	Alaska

Rocket payloads carry instruments to measure:

Electric fields, energetic particles, atmosphere “winds”

Rockets are ideal 
scientific platforms to 

study the aurora!



Now from satellites… 
statistics but still space-time limited



“Everyday aurora” 
Phenomenology of Auroral

Substorm

Akasofu picture of the aurora during 
substorms:

(a) Quiet auroral arc before substorm

(b) Equatorward edge of aurora 
intensifies

(c) “Westward traveling surge” forms

(d) Poleward expansion of surge

(e) Aurora begins to fade; patchy 
“pulsating aurora” forms on dawn

(f) Auroral oval retreats to pre-substorm 
locations



What we now know

• Citizen science lets us see differently 
– Mapping a dynamic boundary in 3d space

• We have different siloed regions and 
much jargon between them

• What else are we missing? 
• Increasing resolution with people power



– Traditional science missed something 
– Timelapse photos at lower than usual 

latitudes enable a different viewpoint

Credit: Notanee Bourassa, Alberta Aurora 
Chasers

Let’s start with the story



u Prof. Larry Lyons UCLA, 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? 

Photo credit: Megan Hoffman ©, fm photography
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Citizen science as 
disruptive innovation
• Project to reach out to 

amateurs as a way to help 
with our problem of a 
dearth of data 

aurorasaurus.info@gmail.com



Inspiration

u Can you apply this to space? Democratizing science. Authentic 
science learning.

u Is citizen science changing NASA?

Scientists and government

scientific



Myth No. 1 – how aurora forms

	


