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Photo	
  by	
  Astronomy	
  North	
  

Ci)zen	
  scien)sts	
  can	
  help	
  answer	
  public’s	
  #1	
  
ques)on,	
  “When	
  can	
  I	
  see	
  the	
  aurora?”	
  



New	
  global,	
  real-­‐)me	
  data	
  sources	
  
from	
  ci)zen	
  scien)sts	
  and	
  tweets.	
  	
  

•  Public	
  very	
  interested	
  in	
  
aurora.	
  	
  

•  Hybrid	
  approach,	
  twiRer	
  
not	
  required.	
  Loca)on	
  
required,	
  privacy	
  
protected.	
  

•  Sign	
  up	
  to	
  get	
  a	
  free,	
  
custom	
  aurora	
  alert	
  for	
  
your	
  loca)on.	
  

Simple	
  form,	
  )me,	
  date,	
  
loca)on,	
  ac)vity,	
  color,	
  photo	
  	
  



St.	
  Patrick’s	
  Day	
  storm	
  of	
  the	
  decade	
  
•  Aurorasaurus	
  shows	
  70	
  reports	
  per	
  hour	
  max	
  
– Geographic,	
  popula)on	
  bias	
  

•  30,000	
  tweets	
  total	
  about	
  the	
  Northern	
  Lights	
  
– Geolocated	
  and	
  “verified”	
  ~2	
  %	
  

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



Preliminary	
  numbers	
  for	
  3/17/15:	
  	
  
134	
  observa)ons,	
  234	
  verified	
  tweets	
  (out	
  of	
  30,000+),	
  	
  

~800	
  new	
  users	
  (100%	
  increase),	
  312	
  loca)on	
  based	
  alerts	
  
hRp://bit.ly/StPaddysDayStorm	
  	
  



Why	
  should	
  you	
  care?	
  

1.  Global,	
  real-­‐)me,	
  interdisciplinary	
  ci)zen	
  
science	
  project	
  focused	
  on	
  observing	
  aurora	
  
–  Benefits	
  for	
  par)cipants	
  and	
  scien)sts	
  

•  Validate	
  auroral	
  oval	
  models	
  
•  Find	
  beRer	
  conjunc)ons	
  with	
  orbi)ng	
  

spacecrag,	
  rare	
  things	
  like	
  breakups,	
  
pulsa)ng	
  aurora,	
  SAR	
  arcs,	
  etc.	
  (even	
  
subvisual	
  aurora	
  with	
  DSLR’s)	
  

2.  Chance	
  to	
  communicate	
  our	
  science	
  to	
  the	
  
public	
  and	
  collaborate	
  on	
  coopera)ve	
  work	
  



Auroral	
  ovals	
  do	
  not	
  
match	
  at	
  high	
  Kp	
  

(known	
  unknowns	
  observed	
  3/17/15)	
  

Based	
  on	
  a	
  cluster	
  of	
  verified	
  sigh)ngs,	
  plan	
  to	
  combine	
  with	
  ACE-­‐
driven	
  oval	
  and	
  produce	
  a	
  dynamic	
  aurora	
  “view	
  line”	
  

OVATION	
  2010	
  

UAF	
  oval,	
  Ridley	
  and	
  Roble,	
  1987	
  



Space	
  science	
  is	
  core	
  to	
  our	
  mission	
  
•  Improving	
  research,	
  connec)ons	
  to	
  CCMC	
  and	
  space	
  weather	
  
•  Connec)on	
  to	
  missions,	
  educa)on,	
  and	
  outreach	
  

•  Case	
  et	
  al.,	
  2015,	
  in	
  prep.	
  
	
  

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	
  

Solar	
  wind	
  power	
  (related	
  to	
  auroral	
  
strength)	
  vs	
  Gme	
  



Informal	
  science	
  educa)on	
  is	
  core	
  to	
  our	
  mission	
  
•  Get	
  answers	
  to	
  common	
  aurora	
  ques)ons	
  in	
  plain	
  but	
  

engaging	
  language.	
  
•  Quizzes,	
  points,	
  scien)st	
  network,	
  blogging,	
  and	
  more	
  



Informa)on	
  sciences	
  is	
  core	
  to	
  our	
  mission	
  
•  Connec)on	
  to	
  Early	
  Warning	
  Systems	
  
•  Crowdsourcing	
  tweets	
  &	
  evalua)ng	
  alert	
  responses	
  



Join	
  our	
  community	
  at	
  Aurorasaurus.org!	
  
@tweetaurora,	
  aurorasaurus.info@gmail.com,	
  	
  

r.com/aurorasaurus.org	
  
Partner	
  and	
  collaborate	
  with	
  us!	
  	
  

	
  

Thanks	
  to	
  our	
  Scien)st	
  Network	
  Partners	
  
•  Allison	
  Jaynes,	
  Mike	
  Liemohn,	
  Ian	
  Cohen,	
  Joe	
  Shaw,	
  
Meghan	
  Mella,	
  Jason	
  Ahrns,	
  Don	
  Hampton,	
  Gareth	
  Dorian,	
  
Emma	
  Spanswick,	
  Pat	
  Reiff,	
  Laura	
  Pe)colas	
  
•  Looking	
  for	
  more	
  across	
  US	
  and	
  interna)onally	
  

•  In	
  March,	
  White	
  House	
  launched	
  new	
  ci)zen	
  science	
  
ini)a)ves.	
  
–  Looking	
  for	
  more	
  university,	
  interna)onal	
  partners	
  
–  Looking	
  for	
  students	
  and	
  postdocs	
  

	
  



First	
  6	
  months:	
  >1600	
  ci)zen	
  scien)sts	
  have	
  given	
  
>500	
  real	
  observa)ons	
  and	
  looked	
  at	
  >45,000	
  
tweets	
  with	
  >800	
  real	
  observa)ons	
  found	
  	
  

Tip	
  of
	
  the	
  ic

eberg
	
  in	
  ter

ms	
  of	
  w
hat	
  

ci)zen
	
  scien

ce	
  can
	
  do	
  fo

r	
  spac
e	
  

scienc
e!	
  



Backup	
  



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

•  Case	
  et	
  al.,	
  GRL,	
  2015	
  



We	
  ask	
  ci)zen	
  scien)sts	
  low	
  jargon	
  
ques)ons	
  




