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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).
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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.
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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).
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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).
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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.
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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).
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What	
  do	
  the	
  observa>ons	
  look	
  like	
  so	
  far?	
  
•  ~1k	
  reports,	
  ~64%	
  

posi>ve,	
  36%	
  
nega>ve	
  	
  

•  ~40%	
  anonymous	
  

•  Total	
  tweets	
  785k	
  
•  Can	
  get	
  loca>on	
  on	
  

~20%,	
  of	
  those	
  	
  
•  ~1k,	
  0.1%	
  are	
  up-­‐

voted	
  as	
  aurora	
  
sigh>ngs	
  

•  ~18k,	
  2%	
  are	
  down-­‐
voted	
  	
  

•  91k	
  total	
  votes	
  (not	
  
anonymous)	
  

Par>cipa>on	
  spikes	
  with	
  ac>vity	
  

Case	
  et	
  al.,	
  Human	
  Computa>on,	
  submiQed,	
  2015	
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  event	
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storm.	
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  and	
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  dots	
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  where	
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  was	
  
seen	
  from.	
  	
  

Much	
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  (and	
  associated	
  view	
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predicts.	
  Substorms?	
  	
  

Can	
  test	
  auroral	
  precipita>on	
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  for	
  visible	
  aurora.	
  Case	
  et	
  al.,	
  2016	
  



Poten>al	
  Uses	
  
•  Work	
  is	
  currently	
  underway	
  

to	
  compare	
  observa>ons	
  
with	
  SWPC’s	
  “view	
  line”.	
  
Offer	
  poten>al	
  
improvements.	
  
–  View	
  line:	
  an	
  es>mate	
  of	
  

the	
  most	
  equatorward	
  
la>tude	
  from	
  which	
  an	
  
aurora	
  would	
  be	
  visible,	
  
spanning	
  a	
  range	
  of	
  
longitudes.	
  

•  Real-­‐>me	
  alerts	
  of	
  auroral	
  
visibility.	
  

•  Valida>on	
  of	
  auroral	
  oval/
precipita>on	
  models.	
  

•  Observa>ons	
  during	
  periods	
  
of	
  interest	
  can	
  be	
  isolated	
  
and	
  compared	
  to	
  other	
  data	
  
sets.	
  

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 upon the Oval 
Variation, Assessment, Tracking, Intensity, and Online Nowcasting (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. 
Manually inspected by Aurorasaurus team for 
this case study.

• 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).
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3. Auroral Oval 
We utilize the 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 
(dφMP/dt) which is determined using solar wind data, such as the solar wind velocity (v) and 
interplanetary magnetic field (IMF) strength (B) and direction (θ, the IMF clock angle). 

The OVATION Prime (2013) auroral precipitation 
data is inputted into the NOAA Space Weather 
Prediction Center’s aurora forecast product to 
produce a representation of where an aurora may 
be visible (see Figure 3). 

4. Comparison with the SWPC
aurora forecast product

6. Aurorasaurus output

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. Some 
caveats, and areas for future investigation, include determining the affects of auroral height, 
observational bias and sudden aurora brightening (i.e. substorms). 
The work presented here also forms part of the wider Aurorasaurus output, which alerts its users 
as to when they might be able to see an aurora via personalized alerts.
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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, Σj, 
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, φP(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).
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Abstract Twitter is a popular, publicly accessible, social media service that has proven useful in mapping
large-scale events in real time. In this study, for the first time, the use of Twitter as a measure of auroral
activity is investigated. Peaks in the number of aurora-related tweets are found to frequently coincide with
geomagnetic disturbances (detection rate of 91%). Additionally, the number of daily aurora-related tweets is
found to strongly correlate with several auroral strength proxies (ravg ≈ 0.7). An examination is made of the
bias for location and time of day within Twitter data, and a first-order correction of these effects is presented.
Overall, the results suggest that Twitter can provide both specific details about an individual aurora and
accurate real-time indication of when, and even from where, an aurora is visible.

1. Introduction

With the advent and subsequent rise of social media services, such as Twitter, researchers have been offered
an unprecedented level of access to real-time information about events occurring throughout the world, pro-
vided by hundreds of millions of users. These users, often termed soft sensors [Tapia et al., 2011], can provide
useful information such as their location and the conditions around them.

Studies have shown that Twitter users, who post short updates (140 characters max) known as “tweets,” can
provide real-time information about large-scale events and disasters. Examples include earthquakes [Earle
et al., 2010; Crooks et al., 2013], influenza outbreaks [Culotta, 2010; Lampos et al., 2010], wildfires [Sutton et al.,
2008], and service outages [Motoyama et al., 2010].

As such an event occurs, there is a marked increase in the occurrence of tweets relating to that event. For exam-
ple, Earle et al. [2012] showed that following earthquakes there were often significant localized increases in
the number of tweets relating to earthquakes. Indeed, especially in poorly instrumented regions of the world,
this Twitter-based detection was generally faster than seismographic-based detection [Earle et al., 2012].
Additionally, since the users’ locations can often be gathered from tweets, either through location-enabled
tweets (where the user has opted to share their location) or through location extraction algorithms
(see Priedhorsky et al. [2014]), researchers are able to visualize the real-time evolution or movement of the
disaster [e.g., McDougall, 2011].

This study collates tweets (such as the one shown in Figure 1) and investigates the capability of Twitter for
real-time analysis and mapping of an aurora, as has been done with other large-scale events such as natural
disasters. As with natural disasters, an aurora is a large-scale natural event which is viewable by, and attracts
attention from, the general public. Additionally, although an aurora is frequently visible at high latitudes,
a visible aurora at lower latitudes (and thus over larger proportions of the global population) is much less
frequent.

A direct comparison of tweet occurrences with visible auroral activity requires widespread, accurate, in situ
or ground-based measurements of the aurora. Due to limited data availability, especially at lower latitudes,
this is not currently feasible. Instead, the tweet occurrences can be compared to several indices which act as
proxies for auroral activity.

2. Data Collection

The tweets used in this study were collected by the Aurorasaurus citizen science project [Tapia et al., 2014]
from September 2012 to April 2013. They were delivered by SocialFlow (http://www.socialflow.com/) using
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The recent St Patrick’s Day geomag-
netic storm provided a rare chance 
for the public to witness a dazzling 

auroral display, even from mid-latitudes. 
An unprecedented number of people 
reported their sightings to the citizen-
science project Aurorasaurus, offering an 
exciting opportunity for future study. 

The geomagnetic storm of 17–19 March 
2015, colloquially known as the St Patrick’s 
Day storm, is the largest 
storm of solar cycle 24 to date. 
A fortuitous combination 
of an Earthward directed, 
southward oriented coronal 
mass ejection (CME) and a 
high-speed stream meant that the solar 
wind buffeted the Earth’s magnetic field to 
create a once-in-a-decade event. 

At its peak, the storm registered as 
“severe” (G4) on the National Oceano-
graphic and Atmospheric Administration 
(NOAA) storm scale (Poppe 2000). Geo-
magnetic indices reached their highest 
levels in many years, with a maximum 
real-time Kp index of 8 and a minimum 
real-time Dst index of –228 nT, all of which 
meant a high chance of auroral visibility 
even at mid-latitudes (evidenced by pho-
tographs such as that in figure 1). Figure 
2 shows preliminary real-time values of 
the Kp (Bartels et al. 1939) and Dst (Sugiura 
1964) indices. 

The CME arrived slightly earlier than 
expected, with arrival estimates averag-
ing at around 12:00 UTC but actual arrival 
at 04:05 UTC. The arrival time originally 
looked unfavourable for aurora hunters 
in Europe and North America, as day-
light would soon be approaching. Aurora 
hunters in New Zealand and Australia, 
however, were in luck. Indeed, aurora sight-
ings in New Zealand started appearing 

on Twitter by early morning 
(UTC). Fortunately, strongly 
disturbed geomagnetic con-
ditions continued through-
out the day and, as darkness 
approached, Twitter was 

abuzz with talk of auroras across Europe, 
including from countries such as Germany, 
Poland and Romania, where sightings are a 
rarity. Conditions remained strong, though 
not quite as elevated as earlier, well into 18 
March, allowing auroral sightings from the 
northern-mid US, including Ohio, Pennsyl-
vania and Virginia. 

Internet reports
Throughout the storm, the public reported 
sightings of the aurora on various plat-
forms. Reports were made on social media 
(e.g. Twitter, Facebook, Instagram) and via 
Aurorasaurus (MacDonald et al. 2014). 

Aurorasaurus is aimed at both collecting 
observations of auroras by the interested 

Aurorasaurus and the  
St Patrick’s Day storm
Nathan A Case, Elizabeth A 
MacDonald and Kasha G Patel 
examine the spectacular response 
of citizen scientists to a once-in-a-
decade geomagnetic storm.

“Geomagnetic indices 
reached their highest in 
years, meaning a high 
chance of visibility”

1 An aurora photo taken by an Aurorasaurus user near Berlin, Germany. 

WEBSITE
Aurorasaurus http://www.aurorasaurus.org
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ABSTRACT

The Aurorasaurus citizen science project harnesses volunteer crowdsourcing to identify sightings of
an aurora (or the "northern/southern lights") posted on Twitter. Previous studies have demonstrated
that aurora sightings can be mined from Twitter data but with the caveat that there is a high level of
accompanying non-sighting tweets, especially during periods of little auroral activity. Aurorasaurus
attempts to mitigate this, and thus increase the quality of its Twitter sighting data, by recruiting
volunteers to sift through a pre-filtered list of geo-located tweets to verify any aurora sightings.
In this study, we describe the current implementation of this crowdsourced verification system,
including the process of geo-locating tweets, and its accuracy (which, overall, we find to be 68.4%).
Suggestions for future improvements are also discussed.

1. INTRODUCTION

The citizen science project Aurorasaurus (MacDonald et al., 2015) has two main space weather
related goals: improving the "nowcasting" of a visible aurora (commonly known as the "north-
ern/southern lights") and the ability to accurately model both the size and strength of an aurora. To
do this, it collects observations of the aurora made by the general public. These observations can be
submitted directly to the project, via its website1 and mobile apps, or are found by searching Twitter
for possible sightings.

Previous studies have shown that Twitter users, who post short updates (of a maximum 140 char-
acters in length) known as "tweets", will often post about the conditions around them. This is

1http://aurorasaurus.org
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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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In	
  the	
  future	
  how	
  could	
  this	
  be	
  relevant?	
  

In	
  the	
  event	
  of	
  an	
  extreme	
  storm…	
  
•  Real-­‐>me	
  assessment	
  and	
  visualiza>on	
  is	
  

important	
  
•  Aurora	
  is	
  visible	
  for	
  variable	
  amounts	
  of	
  >me	
  
•  Models	
  have	
  high	
  uncertain>es,	
  ground	
  truth	
  

knowledge	
  is	
  important	
  to	
  assess	
  impact.	
  

•  Prototype	
  system	
  could	
  be	
  opera>onalized?	
  
•  Interna>onal	
  par>cipa>on	
  could	
  be	
  encouraged	
  
•  All	
  data	
  publically	
  available	
  
•  More	
  advanced	
  ci>zen	
  sensors	
  





Ci)zen	
  science	
  observa)ons	
  of	
  the	
  aurora:	
  reported	
  on	
  our	
  
website	
  and	
  on	
  TwiMer.	
  
Observa>ons	
  may	
  include:	
  	
  
•  Time	
  and	
  loca>on	
  (compulsory)	
  
•  Color(s),	
  level	
  of	
  ac>vity,	
  type(s),	
  height	
  in	
  the	
  sky	
  and	
  a	
  

photo	
  
Data	
  span	
  from	
  November	
  2014	
  –	
  present	
  
More	
  than	
  3000	
  users	
  
Over	
  2,000	
  observa)ons,	
  including:	
  
•  600	
  posi>ve	
  sigh>ngs	
  
•  1200	
  verified	
  tweets,	
  70%	
  accurate	
  
•  Spanning	
  several	
  con>nents!	
  
•  Real-­‐>me	
  verified	
  alerts	
  

•  2	
  levels	
  
•  ~88%	
  respond	
  to	
  alerts	
  
•  ~50%	
  of	
  informa>on	
  is	
  near-­‐real-­‐>me	
  



How	
  to	
  reach	
  a	
  virtual	
  community	
  with	
  
educa>onal	
  content?	
  In	
  person,	
  blog	
  





Yellowknife 

Ci>zen	
  science	
  is	
  about	
  falling	
  in	
  
love	
  with	
  the	
  world	
  more.	
  	
  

Sharman	
  Russell,	
  author	
  of	
  Diary	
  of	
  a	
  Ci>zen	
  Scien>st	
  

Crowdsourcing	
  [	
  ]	
  informa>on	
  
may	
  be	
  a	
  secondary	
  source	
  of	
  

data,	
  but	
  it	
  is	
  a	
  primary	
  source	
  of	
  
public	
  engagement.	
  

Michael	
  Fienen,	
  Social	
  Water	
  project	
  



Backup	
  



What	
  do	
  the	
  observa>ons	
  look	
  like	
  so	
  far?	
  
•  ~1k	
  reports,	
  ~64%	
  

posi>ve,	
  36%	
  
nega>ve	
  	
  

•  ~40%	
  anonymous	
  

•  Total	
  tweets	
  785k	
  
•  Can	
  get	
  loca>on	
  on	
  

~20%,	
  of	
  those	
  	
  
•  ~1k,	
  0.1%	
  are	
  up-­‐

voted	
  as	
  aurora	
  
sigh>ngs	
  

•  ~18k,	
  2%	
  are	
  down-­‐
voted	
  	
  

•  91k	
  total	
  votes	
  (not	
  
anonymous)	
  

Par>cipa>on	
  spikes	
  with	
  ac>vity	
  

Case	
  et	
  al.,	
  Human	
  Computa>on,	
  submiQed,	
  2015	
  



Image	
  classifica>on	
  

•  Zooniverse	
  has	
  paved	
  the	
  way	
  
•  Partnering	
  to	
  offer	
  more	
  ways	
  to	
  par>cipate	
  
and	
  learn	
  



Science	
  papers	
  by	
  the	
  group	
  thus	
  far	
  
not	
  all	
  published	
  yet,	
  see	
  me	
  for	
  a	
  full	
  list	
  

•  Tweets	
  as	
  correlated	
  to	
  geomagne>c	
  storms,	
  GRL	
  
•  Solar	
  wind	
  power	
  for	
  the	
  non-­‐specialist,	
  SW	
  
•  Aurorasaurus	
  overview,	
  SW	
  
•  Case	
  study	
  on	
  how	
  people’s	
  observa>ons	
  compare	
  to	
  the	
  

view	
  line	
  es>mate,	
  SW	
  
•  Efficacy	
  of	
  our	
  real-­‐>me	
  tweet	
  verifica>on	
  system,	
  Human	
  

Computa>on	
  

•  Building	
  a	
  beQer	
  view	
  line,	
  SW	
  

•  Using	
  beauty	
  and	
  curiosity	
  to	
  respond	
  to	
  alerts,	
  ISCRAM	
  
(Informa>on	
  Systems	
  for	
  Crisis	
  Response	
  and	
  Management)	
  proceedings	
  

•  Planning	
  a	
  ci>zen	
  science	
  project	
  



How	
  does	
  it	
  work?	
  

•  Real-­‐>me	
  use	
  
–  alerts	
  

•  Retrospec>ve	
  Use	
  
–  Science	
  and	
  educa>on	
  

•  Flexible	
  web	
  architecture	
  
–  Professional	
  sooware	
  

development	
  
–  Phonegap	
  App	
  for	
  Apple	
  iOS	
  and	
  

Android	
  4.1	
  and	
  above	
  
–  Uses	
  Amazon	
  Web	
  Services,	
  

TwiQer	
  API,	
  Mezzanine	
  
–  SQL(Postgres),	
  Python,	
  Django,	
  

JavaScript,	
  CSS/LESS,	
  HTML,	
  
PostGIS,	
  Grunt,	
  Supervisor,	
  Java	
  
(CLAVIN),	
  Git,	
  NOAA	
  SWPC	
  data	
  

–  Need	
  alternate	
  real-­‐>me	
  cloud	
  
layer	
  



App	
  downloads	
  ~1500	
  current	
  installs	
  

hQps://play.google.com/apps	
  Compa>ble	
  for	
  all	
  but	
  2%	
  



Google	
  analy>cs,	
  ini>al	
  peek	
  ~50,000	
  sessions	
  ~1-­‐6	
  min.	
  
	
  Mobile/web	
  equally	
  popular.	
  Blog	
  is	
  ~10%	
  as	
  popular,	
  Learn	
  is	
  

1%.	
  Bounce	
  rate	
  ~60%,	
  what	
  is	
  “good”?	
  

•  Ac>ve	
  
>me	
  

•  All	
  
>me	
  



A	
  few	
  other	
  
examples	
  

•  Rare	
  aurora	
  
captured	
  by	
  Alan	
  
Duffy,	
  Saskatoon	
   Compare	
  to	
  ground	
  based	
  

cameras	
  and	
  in	
  situ	
  spacecrao	
  



Tweets	
  and	
  observa>ons	
  correlate	
  
with	
  geomagne>c	
  ac>vity	
  

•  Case	
  et	
  al.,	
  GRL,	
  2015	
  



St.	
  Patrick’s	
  Day	
  storm	
  of	
  the	
  decade	
  

•  Aurorasaurus	
  shows	
  70	
  reports	
  per	
  hour	
  max	
  
– Geographic,	
  popula>on	
  bias	
  

•  Put	
  these	
  reports	
  on	
  a	
  Google	
  map	
  in	
  real-­‐>me	
  



Space	
  science	
  is	
  core	
  to	
  our	
  mission	
  
•  Improving	
  research,	
  connec>ons	
  to	
  CCMC	
  and	
  space	
  weather	
  

•  Connec>on	
  to	
  missions,	
  educa>on,	
  and	
  outreach	
  

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.
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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
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Solar	
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