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ABSTRACT

This research presents a centralized boundary object website and mobile app focused on allowing participants to
participate in developing an early warning system through space weather and the beauty of the aurora borealis.
Because of the beauty and majesty of auroral activity, people will seek information about when and where these
unpredictable events occur. This activity, commonly referred to as nowcasting, can be combined with scientific
data collected from observatories and satellites and serve as an early warning system with potentially far greater
accuracy and timeliness than the current state of the art. We believe that long-term engagement with a citizen
science tool will help bridge the many social worlds surrounding the aurora borealis and lead to the development
of an early warning system that may correlate the visibility of the northern lights to violent space weather. We
hope this will lead to other real time crowdsourced early warning systems in the future.
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INTRODUCTION

Success in creating a functional early warning system based on crowd participation requires a well-trained,
motivated, suitably equipped, continually aware, and continually reporting set of observers who will report the
first signs of distress. Similarly, success in citizen science projects requires recruiting, training, and retaining
interested and motivated participants. In this paper, we argue that curiosity can usefully motivate participation in
both early warning systems and citizen science projects, and to demonstrate this notion, we use the aurora
borealis (i.e., northern lights) — a curious and beautiful natural phenomenon with demonstrated broad interest.

For example, a recent weather blog’s Facebook page generated over 20,000 likes in one weekend by predicting
widespread aurora (MacDonald, 2012). Another example is the auroral event of October 24th, 2011, when
aurora was visible as far south as Alabama. Due to the excellent timing and widespread visibility in clear skies
over heavily populated areas, this storm was covered by more than 500 traditional and online news outlets from
large international newspapers to blogs. In real time, tweets exceeded one per second during the event.
Additionally, thousands of Twitter messages (fweets) containing text and images documented the visible aurora
in real time (MacDonald, 2012). The aurora connects normally intangible plasma physics with a source of wide-
ranging public curiosity, making this phenomenon a useful test bed for investigating crowdsourcing approaches
based upon that emotion

We find that aurora have many disparate social worlds, communities of interested parties, that are interested in
auroral activity and that unifying them has significant value. We have initiated the Aurorasaurus project to
investigate these questions. We argue that the Aurorasaurus website' and mobile application, currently in
prototype and design stages, respectively, can serve as a boundary object between multiple social worlds by
anchoring the creation of a new community. The core concept of boundary object theory is that there are
artifacts that span the boundaries of communities — termed “social worlds” — and through which communication

! http://aurorasaurus.org
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and collaboration can be achieved (Mark, et al 2007). Artifacts in this case are the socio-technical systems
including the webpage, the network, the mobile devices, and the software and servers, which support them.
Social worlds in this case are groups of people or organizations with like interests, such as space scientists,
government, satellite operators, natural beauty seekers, astrophotographers, and educators. We believe that long-
term engagement with a citizen science tool will help bridge the many social worlds surrounding the aurora
borealis.

The novelty of our approach is to take an activity that average citizens seek to engage in as entertainment or
leisure and use traces of this engagement as input to an early warning system. We find that citizens are curious
about auroral activity, and this motivates them to seek information about when and where these events occur.
We also find that citizens are willing to share information about auroral sightings with others. The vision of
Aurorasaurus leverages this to gather real-time data about the aurora in two ways, by direct entry into a
questionnaire, and by continuous scanning of Twitter for tweets about sightings. Combined with data from
Earth-based and satellite observatories, this allows Aurorasaurus to offer real-time predictions (i.e. early
warnings) of auroral activity in both text and map form, likely with much greater accuracy and timeliness than
the current state of the art.

Strong solar storms leading to visible aurora over population centers are rare events. Solar storms strong enough
to threaten human life and property are exceedingly rare. This paper is not about creating an early warning
system for severe and dangerous solar storms, despite the potential value of such a system. Rather, it is about
creating a proof of concept using crowdsourcing to predict and nowcast (estimate the current state of) a rare
event. The knowledge gained by this proof of concept can then be transferred to other sudden-onset, curious
events such as tornadoes and earthquakes, potentially transforming our predictive capability.

In the remainder of this paper, we describe the innovation of a crowdsourced early warning system that uses
aurora sightings to nowcast solar activity. We argue that a crowd of motivated citizen observers who document
auroral activity can have a large impact on timely citizen awareness of the threat of solar activity or a curious,
beautiful auroral display. We examine this system through the lens of boundary objects theory with the goal of
spanning social worlds and strengthening civic engagement.

A PERFECT STORM: AURORAL ACTIVITY ON THE RISE

The years around 2013 are the latest solar maximum recurring on an eleven-year solar cycle. During this time of
high solar activity, Earth is likely to experience more intense solar radiation as the result of coronal mass
ejections (CMESs) or solar flares, events which fling huge quantities of matter and electromagnetic radiation into
space (Fry 2012). These solar particles can drive particularly strong aurorae in large regions around Earth’s
magnetic poles: aurora borealis or northern lights in the northern hemisphere and aurora australis or southern
lights in the south. That is, now is the time when aurora is more likely over populated areas, and this is the first
solar maximum with social media — an unprecedented opportunity to engage the public, the scientific
community, and the media.

This engagement is important because extreme space weather is a threat to society. In addition to causing the
aurora, increased solar activity can generate electric currents in conductive materials. By this interaction, intense
geomagnetic storms can play havoc with ground- and space-based electrical systems that modern societies
depend on.

The most extreme recorded geomagnetic storm, the Carrington Event, occurred relatively recently, in 1859. The
storm was so intense that auroras were visible in the tropics, and electrical currents caused by the storm
disrupted telegraph communications with sparks and fire. According to a report by the National Academy of
Sciences, if a Carrington-level storm were to happen today, it could cause widespread loss of power, even in
backup power systems, with cascading failures in water, communications, banking and finance, government
services, and other critical infrastructure, leading to profound societal and economic consequences (Lovett
2011).

Specifically, the national electrical grid system is at high risk from such solar storms. For example, in 1989,
currents from a geomagnetic storm damaged transformers in New Jersey and wiped out power through much of
Quebec, leaving 6 million people without electricity (Medford 1989). In 2003, the Great Halloween Storms
affected power in a number of places and damaged or interrupted satellite communications (Mannucci 2005). In
2006, satellite communications with ground stations were disrupted, including the critical Global Positioning
System (GPS) (Gillis 2007).

What is needed is a means to accurately forecast geomagnetic storms. This would allow operators of power
stations, electric grids, and satellites to take measures, which make them less vulnerable. Current predictive
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capability yields forecasts, which are coarse and unreliable. For example, forecasts derived from state-of-the-
solar wind models and satellite-based observations of the Sun estimate the arrival of the CME material at Earth
to a typical accuracy of +8 hours. Space weather observations are simply not plentiful enough to accurately
forecast the 93 million miles of interplanetary plasma between the Sun and the Earth. However, a network of
observers on the ground — i.e., crowdsourced citizen science — can provide nowcasts, which are an order of
magnitude more accurate by augmenting existing observations and models.

CROWDSOURCING EARLY WARNING FOR CRISES

Early warning systems provide timely information regarding a hazard, which allows threatened individuals,
communities, and organizations to prepare for that hazard, mitigating its effects (International Strategy for
Disaster Reduction (ISDR), United Nations (UN), 2006; Kappes 2012).

In a general sense, disasters are grouped into two types, slow onset and sudden onset. Slow onset disasters are
defined as one that does not emerge from a single, distinct event but one that emerges gradually, over time based
on a confluence of different events. Examples of these are sometimes flooding, droughts, and some epidemics
and military/civil crises. The United Nations Office for Coordination of Humanitarian Affairs finds that slowly
unfolding emergencies can be mitigated by early response (OCHA 2011). If early warning and early response
systems are fully functioning, coordinated and integrated, the longer lead time means the humanitarian
community can step in early enough to reduce human suffering and help prevent the downward spiral of
increased vulnerability to future hazards.

On the other hand, sudden-onset disasters cannot be predicted or anticipated and even with the best preparation.
These capabilities are critical for sudden-onset disasters such as earthquakes, tornadoes, tsunamis, volcanic
eruptions, and tropical cyclones, which cannot be predicted in the long term and which are affecting an
increasing total population per event. Current early warning systems for these events can provide tens of
seconds, minutes, minutes to hours, days to hours, and hours to weeks of warning, respectively (Petz 2011). In
many cases, even warnings with tens of seconds of lead time can save lives.

Several scholars have recently turned to social media to test its potential for early warning, focusing on Twitter
in particular due to its real-time nature (Sakaki, T., Okazaki, M., Matsuo, Y., 2010). “Earthquakes are one thing
you can bet on being covered on Twitter (Twitter) first, because, quite frankly, if the ground is shaking, you’re
going to tweet about it before it even registers with the USGS and long before it gets reported by the media”
(Ostrow 20009).

In this work, we regard each Twitter user as a soft sensor — a human knowledge provider who processes
information in qualitative and ambiguous ways and conveys that knowledge to an aggregating structure for the
purposes of discussion, collaboration, information dissemination, reporting and decision-making. Soft sensors
may act as individuals or as part of an ordered or ad-hoc network (Hall, McNeese, Llinas, & Mullen, 2008). Soft
sensors are able to provide contextualized information and create ad-hoc information links that are consistent
with knowledge elements and patterns. In other words, soft sensors are situationally aware. This research has
produced terms such as participatory sensing, urban sensing, human centered sensing, opportunistic sensing,
people-centric sensing, and citizen sensing.

However, humans vary, so soft sensors are unpredictable at best. Additionally, soft sensors are noisy compared
to ordinal physical sensors because they are not always sensing (Sakaki, T., Okazaki, M., Matsuo, Y., 2010).
The variability of expertise and the ad hoc nature of soft sensing, however, undermines the validity of the
information shared and the trust that is subsequently elicited, limiting their overall efficacy (Stephenson, 2005).

To argue for the efficacy of Twitter as part of an early warning system, several scholars have demonstrated its
limited power to forecast (see Arias, M., Arratia, A., and Xuriguera, R. 2012). Twitter has been used for real-
time notifications such as large-scale fire emergencies and downtime on services provided by content providers
(Motoyama, et. al 2010). Ginsberg et al. showed that the frequency of Google search terms can be used to build
a linear model which accurately estimates influenza incidence (2009). Chen, et al. introduced a continuous data
collection engine which combines the detection and prediction capability of social networks in discovering real
world flu trends (Chen et al. 2010; Achrekar et. al. 2011). Wolfram attempted to predict the price of NASDAQ
stock quotes by using Twitter as an additional source of information (2010). Another area in which this has been
tried is in the prediction of movie ticket sales (Mishne and Glance 2005, Asur and Huberman 2010). Using
similar techniques other researchers have used Twitter data for prediction within presidential polls (O’Connor et
al. 2010), TV ratings (Wakamiya et al. 2011), and influenza rates (Lampos et al. 2010). Finally, Sakaki et al.
(2010) used built an autonomous earthquake reporting system in Japan using Twitter users as sensors.

The last five years have seen the development of numerous “crowdsourcing” technologies, which leverage
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networked digital technologies to enable scientists to bring research problems to non-scientists for participation
and engagement. Increasingly, new tools are being developed to incorporate and facilitate participation by users
who may or may not be scientists, thereby harnessing a distributed, networked labor force. Aurorasaurus is
designed to present complex science in accessible ways and incentivize user engagement. In addition, users’
emergent understanding of science is intertwined with the technologies that allow them to practice scientific
discovery and communicate about it.

CITIZEN SCIENCE AND CITIZEN OBSERVATORIES

With the advent of new technological tools, public participation in scientific practice has been enabled and
supported to a degree unavailable even recently. Citizen science involves “organized research in which members
of the public engage in the processes of scientific investigations: asking questions, collecting data, and/or
interpreting results,” (from Citizen Science Central http://www citizenscience.org.) Trumbull et al. found that
citizen science can work on a massive scale, generating high quality data, which lead to reliable, valid scientific
outcomes as well as unexpected insights and innovations (2000).

In the Aurorasaurus project, we are particularly interested in the role of technologies in supporting scientific
practice rather than curiosity-driven participation (Newman et al. 2012). That is, we wish to test citizen science
projects entirely mediated by information and communication technologies (ICTs), often considered a form of
crowdsourcing applied to science (Wiggins and Crowston 2011). These technologies have the potential to
engage broad audiences (Clery 2011), motivate volunteers (Cooper et al. 2010), improve data collection (Willett
et al. 2010), improve data quality (Kelling et al. 2009), corroborate model results (Darg et al. 2011), and
increase decision speed (Danielsen et al. 2010).

We engage two forms of participation: (a) collecting and managing data and (b) analyzing and interpreting data.
We involve citizen scientists in the research, using technology to support our development. Qur vision is to
involve citizen scientists in scientific observation through contribution of tweets, structured reports, pictures,
and video of aurora activity; verification of Twitter observations; and the analysis of the corrected data to inform
science. That is, we will enable citizen to be intimately involved in the operation of an alert system to inform
other citizens of aurora activity.

Citizen observatories are a form of citizen science in which crowd sourcing techniques, particularly the use of
mobile devices for data collection and geographic information, are employed. One example of this is the
COBWERB (Citizen OBservatory WEB) project, which allows citizens to collect environmental data suitable for
use in research, decision-making and policy formation. Another such observatory is the WeSenselt project, an
observatory of water, which allows citizens and communities to become active stakeholders in information
capturing, evaluation, and communication about water. The project enables citizens to make use of innovative
sensor devices — citizens' collective intelligence — through monitoring social network communications and
allowing citizens and communities to upload data to the observatory (see F. Ciravegna,et. al 2013).

Most importantly, we seek to create a community of citizen scientists who engage with the broader scientific
picture and practice so that these crowdsourced tasks do not become repetitive and tedious and do not result in a
loss of interest, in order to improve scientific longevity.

BOUNDARY OBJECTS

Boundary objects theory focuses on communication and collaboration among heterogeneous communities
around a particular idea — physical or metaphorical. The core concept of boundary objects theory is that there are
artifacts that span the boundaries of communities — termed “social worlds” — and through which communication
and collaboration can be achieved (Fleischmann, 2006a, 2006b; Star, 1989; Star & Griesemer, 1989). A social
world is a community organized around specific activities, concerns, and forms of communication (Covi &
Kling, 1996; Fleischmann, 2006a, 2006b). Boundary objects exist independently of any single social world, but
are negotiated by each individual social world that engages them (Fleischmann, 2006a; Gasson, 2005). This
dichotomy requires that boundary objects be flexible enough to be interpretable by individual social worlds,
while rigid enough that they retain meaning independent of any one social world (Star, 1989; Star & Griesemer,
1989). In essence, these objects allow different types of people to negotiate on the definition of that object in
different ways while uniting the groups. Boundary objects have been particularly useful for understanding
collaboration among groups using technology, since a technological object is not always used as intended by its
developers.

Most streams of boundary object research focus on the use and creation of artifacts rather than the properties of
the artifacts themselves. This has resulted in an emphasis on capturing the negotiations and understandings that
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occur around and through boundary objects; a consequence of this focus on process has been that boundary
objects themselves remain largely underspecified and highly abstract. There has been research into identifying
additional properties of boundary objects (Levina, 2005). For example, specific types of boundary objects are
better suited for spanning specific types of knowledge boundaries (Carlile, 2002); similarly, online communities
serve many different types of users, and this robust, asymmetrical (or customizable, open) environment is more
inclusive and will attract many different types of users that will build consensus (@sterlund & Crowston 2011).

Boundary objects are a means of understanding communication among heterogeneous groups. By being both
flexible enough to be negotiated and understood by individual groups and rigid enough to exist independent of
any particular group, a boundary object facilitates communication through standardization (standards and
forms), abstraction (ideal/platonic), flexibility (terrain with coincident boundaries), and collection (repositories).

Aurorae represent boundary objects themselves since many different types of people observe and apply their
own meanings to these phenomena. While these groups’ interaction could be analyzed through their interaction
via this natural boundary object, an additional technological boundary object like Aurorasaurus will provide a
closer coupling between social scientists, space scientists, and various interested citizens. This represents a
novel application of the theory.

PROOF OF CONCEPT: PASSIVE DATA COLLECTION

During the testing of our prototype, we found that the Kp index, a key measure of auroral activity, correlates
strongly with the number of aurora-related tweets. A comparison of peaks in tweets to the 3-hour magnetome-
ter-derived Kp index shows a strong correlation when Kp rises above 4 (Figure 1), suggesting that volunteered
Twitter data is a valid indicator of real-world events. In general, the tweets rise when auroral activity rises above
background levels and when the aurora starts to be visible over more populated areas. We will continue to eval-
uate and refine these algorithms to improve filtering. This Twitter-based approach is interesting because while
instruments can give a general notion of global aurora activity, they cannot indicate specific locations nor
precise levels of activity.

Our current Twitter data pipeline consists of a
simple machine-learning filter, which includes
topical terms to include and exclude (for
example, to remove tweets related to Aurora,
Colorado or the band The Northern Lights rather
than the space phenomenon). For this three-
month period we have 37,000 tweets in a cleaned
database. The raw collected tweets go through a
proprietary machine-learning algorithm. The
categories were:

5 - Not related to aurora borealis

4 - Related to aurora borealis but not specific
sighting

3 - RT related to aurora borealis

2 - Related to aurora borealis - person didn't see
it

1 - Related to aurora borealis - person saw it

0 - not yet classified

. Figure 1: Kp index and tweet correlation
In the future, we plan to automate this process, & P

leveraging user feedback on specific tweets to improve the machine classification of tweets over time. The
accuracy of the tweet filtering has not been assessed yet, rather all cleaned tweets with a derived location are
displayed. Over 1000 tweets from an active day were hand classified to train the machine learning algorithms.
Similar to disaster response efforts (e.g. Crowdcrafting.org) the tweets can be most effectively validated by a
human in the loop and that is the planned approach.

Using these new data we anticipate three major impacts on geospace science: 1) Significantly more accurate,
timely, and relevant methods of auroral predictions. Predicting the visibility of aurora for the public is not the
primary goal of the National Weather Service’s Space Weather Prediction Center, which is tasked to predict
space weather for national satellite, airborne, and ground assets. 2) New cost-effective sources of human-derived
data for observing the aurora, including volunteered geographic information, images and videos, which may aid
scientists in understanding their space-based data. These data also serve as an accurate ground truth of visibility
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with extremely high spatial and temporal resolution. 3) The ability to study auroras at mid-latitudes during
storms. A storm has never been imaged at mid-latitudes and the last global imaging satellites with significantly
lower resolution ended their missions in 2006. Space scientists are still trying to connect many magnetospheric
regions to their visible manifestations in the ionosphere in this data-starved, vast, and relatively young field.
Other citizen science activities may yield discoveries on auroral height and the shape of the dynamic auroral
oval versus time and activity due to the current lack of data on these phenomena.

AURORASAURUS: ACTIVE PARTICIPATION AND DATA COLLECTION

A prototype version of Aurorasaurus (Figure 2) has been live on the Web for one year and has shown promising
results. At its core, Aurorasaurus offers an estimate of the aurora’s location and character while simultaneously
seeking participatory data for improving this nowcast. User observations of the aurora — collected from Twitter
as well as an entry form offered on the website itself — are displayed on a map as pins. Users can click on these
pins to see more detail about an observation, as illustrated; sometimes this detail includes photos or videos. Au-
rorasaurus also displays a Kp-derived nowcast and 1-hour forecast of the auroral oval’s location (in the future,
we plan to integrate user observations as part of the estimation algorithm).

Figure 2 - Aurorasaurus during an active auroral event.

Aurorasaurus is implemented using a standard cloud-hosted web application stack including Django, Python,
PostGIS, HTMLS5 Location API, and Google Maps. Its code is open source.” We plan to augment this web im-
plementation with a mobile application, in order to make Aurorasaurus more fully available in the field, where
its services are most useful.

Our data philosophy is to maximize the information used for auroral estimation and to present clearly to users
everything the application “knows” in a mix of algorithmic integration and less-processed data which must be
interpreted by the user. Specifically, data sources include:

* citizen reports submitted using a questionnaire on the website, which include at a minimum the time
and location of the sighting;

¢ tweets filtered by keyword and geo-located, which include some combination of text, photo, and video;

* space weather data (Kp index) from NOAA; and

¢ cloud cover and weather data from Google.

The Twitter data stream requires a significant level of filtering to select aurora-related tweets from the daily
300-500 million tweets shared in total. Our current classification algorithm, trained on a set of tweets manually
classified by us, divides a tweet stream initially filtered by keyword into the following classes: positive sighting
(i.e., someone saw the aurora), negative sighting (someone looked for the aurora but failed to see it), desire to

? https://bitbucket.org/reidpr/aurora-website
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see the aurora, not aurora related, and unclassifiable. Geo-location is accomplished either by using the (typically
derived from GPS or other automated location services) geotag provided by Twitter directly or a gazetteer-based
approach applied to toponyms (place names) in the tweet text or user profile. This yields approximately 400
tweets on a typical day and 1,000 or more during a non-routine event.

We plan to improve this process in two ways. First, we will bring users into the tweet filtering loop by allowing
them to give feedback on the classification algorithm’s judgments, perhaps using up- and down- votes similar to
those found on the Reddit social news site; this will both improve the algorithm’s accuracy and make it more
nimble in the face of changing language. Second, we will integrate improved location inference techniques (for
example, Priedhorsky et al. 2014).

Other planned features include:

*  Sharing (e.g., by tweeting or retweeting) content of interest.
*  Push notifications to alert users of ongoing or expected auroral activity in their locale.

Our data flow vision is summarized in Figure 3. Once fully implemented, the application will combine citizen
science input with sensor-based observations of solar wind and other factors to produce highly localized, de-
tailed nowcasts and forecasts of auroral activity, presented in text and map form on both the web and mobile
devices. No other aurora forecasting system implements this level of utility for either citizens or professional
space scientists.

Figure 3 - Our vision for Aurorasaurus’ data flow.

CITIZEN SCIENCE AURORASARUS

As human society becomes ever more reliant on satellite-based technologies and begins to explore away from its
home planet, the imperative to educate the public on the science of living with a variable star — our Sun — in-
creases. We have initiated and look forward to continuing to build a citizen science community. That is, while
many people have heard of the aurora and seen photographs, fewer have seen the curious and remarkable phe-
nomenon personally, and fewer still can describe its causes in terms. This general lack of knowledge is an op-
portunity, one which we are taking advantage of, making a relevant understanding of space weather available to
many people for the first time.

Our vision is to engage citizen scientists in every phase of the research, from scientific observations contributed
as tweets, structured “lab notebook” logs, images, and video, to verification and cleaning of data, to analysis; the
results will inform scientific research in space science, machine learning, and other fields. We will offer a li-
brary of educational resources to stimulate curiosity and in-depth investigations of aurora; this library will pro-
vide resources for participants from novice to expert, on topics including aurora itself, the effects of space
weather on society, space weather models, data and their uncertainties; additionally, it will offer tutorials that
support the tools and research activities on the website. We will offer a suite of citizen activities that advance
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current understanding of space weather. Finally, we will offer learning modules to support the specific citizen
science projects that can be undertaken by a wide variety of audiences for both deep and meaningful learning as
well as science.

Specific scientific problems that citizens can help address include:

*  Characterizing typologies of auroral forms and understanding how these typologies evolve over time.
For example, citizen scientists can determine the lowest-latitude observation in real time through the
course of an event, thus quantifying the speed at which aurora can move from north to south and vice
versa.

* Calculating auroral parameters such as peak emission altitude by observing the angle above the horizon
at which aurora is visible; triangulation of reports from different locations can yield a precise 3D loca-
tion of specific light-emitting features.

¢ Improving aurora nowcast and forecast models by making and verifying geo-located observations of
aurora activity (or lack thereof). These improved models will in turn facilitate a deeper understanding
of the physics driving the aurora.

DISCUSSION AND CONCLUSIONS

Seeing the aurora is often an emotionally meaningful moment in someone’s life, one which merits membership
in “bucket lists” and/or major travel at financial and time cost. In this context, the significance of a solar maxi-
mum, auroral activity moves southward, become viewable by larger populations; that is, the aurora comes to the
people rather than the people coming to the aurora. However, while visible aurora becomes more likely at mid-
dle latitudes, it is still a rare event — one cannot intuitively know when and where aurora will appears. There-
fore, a mechanism, which alerts interested parties to this event, is valuable in itself.

We argue that this broadly shared deep interest provides three valuable opportunities. First, it can engage public
interest in the space weather and science underlying the auroral activity. Second, it can contribute to the body of
scientific theory and practice around the aurora. Finally, it can provide a testing environment for a crowdsourced
early warning system.

Aurorasaurus is an attempt to create a boundary object out of the disparate types of communities who engage
with the aurora. While the aurora itself can be considered a gigantic boundary object in vacuo, technological
negotiating elements such as the website and mobile application can enhance the ability of many different types
of users to create value together. That is, differing types of people will shape not only various types of science,
including that of early warning systems, but also simply knowledge about how people view and enjoy curiously
beautiful aurora. By creating an object that unites these people, we hope to promote both observation of the au-
rora and knowledge about space weather and geomagnetic phenomena.

During early testing of the Aurorasaurus prototype, there was a strong solar event with very significant auroral
activity was (see above for details). A time series comparison of the global strength of the aurora, embodied by
the Kp index, with the number of tweets related to auroral sightings yielded a strong correlation. That is, gather-
ing and processing social media data can enable a near real-time indicator of auroral activity. However, our data
processing pipeline can be improved by human feedback on its output; this is a key feature we will add to Auro-
rasaurus. In addition, as interest in Aurorasaurus grows, we expect to gather more observations directly on the
website and mobile application, which is useful because such observations are more structured.

Auroral nowcasts and forecasts generated by Aurorasaurus and its user community are inherently geographic.
Thus, map-based information is presented to users; this map forms an early warning system to help interested
people identify nearby current and future auroral state in real time. For contexts where map display is inconven-
ient or impossible, we will also offer text-based alerts to summarize the system’s estimate. Both types of alert
will be offered in a push form.

Through this, we create a community that is both interested in and contributes to space weather science. Partici-
pants will be offered educational modules about space weather and training on how to filter images and tweets
as they arrive. This encourages learning about space weather beyond that of common knowledge. Free text ob-
servations in existing social media, structured observations entered via questionnaire, both text and visual, com-
prise scientific contributions to improve understanding auroral activity and prediction. This research will have a
positive impact on the concept of nowcasting and forecasting as they relate to space weather.

Key to all citizen science efforts is longevity. While interfaces may change and design aesthetics evolve, the
encouragement of long-term participation in a collective scientific endeavor is paramount to a project’s long-
term viability; this includes recruiting, training, and retaining interested and motivated participants. We argue

Proceedings of the 11™ International ISCRAM Conference — University Park, Pennsylvania, USA, May 2014
S.R. Hiltz, M.S. Pfaff, L. Plotnick, and P.C. Shih, eds.

142



Tapia, LaLone, MacDonald, Priedhorsky, and Hall Crowdsourcing Rare Events

that people are already interested in the aurora and would be further motivated to participate if they could be
alerted to potential sightings in real time. Similarly, a functioning early warning system based on crowd partici-
pation requires a well-trained, motivated set of continuous observers equipped with tools to report the first signs
of distress. We argue that aurora sightings have the potential to yield insight for both applications, serving as the
motivation for participation in an early warning system as well as citizen science projects.

We expect that our tools will serve as a proof-of-concept for crowdsourcing other forms of early warning sys-
tem. That is, we gather ad-hoc data indirectly offered by the crowd through social media; we categorize and
filter this raw data with machine learning techniques; we employ a community of human analysts to further re-
fine the data; we transform the resulting insights to map- and text-based forms; and, finally, we send these in-
sights to interested participants in a timely manner. Such a system could be employed during other kinds of dis-
asters such as earthquakes, tornados, tsunamis, and flooding. That is, real-time alerts informed by crowd partici-
pation could save lives.

This paper outlines a product meant to capitalize on human curiosity in ways that augment instrument-based
observation of space weather. Auroral events, though rare and ancillary to the creation of this website and de-
vice, allow us to almost inadvertently create the first stages of an early warning system that incorporates soft
sensor data. Aurorasaurus does this by offering a geographically grounded system for collecting, analyzing, in-
terpreting, and redistributing data on the state and evolution of auroral events. Through ad-hoc data like tweets
and structured observations entered by citizen scientists into the system we are developing a product that will
not only aid in developing an early warning system for rare event detection, but a product that will aid in science
literacy and participation. Finally, we facilitate longer-term participation by engaging citizen scientists in basic
research of aurora.
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