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Ground-based optical instruments are very powerful tools for research on the aurora. When
operated in networks they become even more powerful. Geographically distributed imagers are used
to get an overview of the aurora and for tomography-like inversion. Existing networks include
MIRACLE, the THEMIS all-sky imaging array and ALIS. Imagers with different fields of view can be
used for studies of phenomena involving different scales including the so far little studied electron
scale. It is favourable to combine ground-based optical instruments with other types of ground-based
instruments as well as with satellites. The Kjell Henriksen Observatory in Svalbard is a good example
of a coordinated infrastructure. Svalbard is well located for studies of the dayside aurora while
northern Fennoscandia is well located for the nightside aurora. In Europe optical instruments are
owned and operated by many small but dedicated groups, usually with little funding. Networking
between groups is necessary to achieve networking between instruments. During IPY a network
named International network for auroral optical studies was formed. The Nordic Council of Ministers
finances the Network for Ground-based Optical Auroral Research in the Arctic Region. GAIA, Global
Auroral Imaging Access, is a system to make optical data readily available. There are a number of
ongoing initiatives to enhance networking between both instruments and people. SIOS on Svalbard
aims to build infrastructure covering marine, terrestrial, atmospheric and space science. In Sweden a
proposal has been submitted for planning of an integrated ground-based infrastructure for space and
ionospheric research that will work in addition to the EISCAT radars, as well as with the proposed
new EISCAT_3D facility. The Annual European Meetings for Atmospheric Studies by Optical Methods
are excellent fora for discussing the networks including their international context..
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1. Introduction

and temporal development in an extended
region. Information about properties of the
precipitating electron distributions can be
obtained. With suitable lens systems it is
possible to reach better spatial resolution than
with any other types of instruments [1,2]. When
operated in networks optical measurements can
become even more powerful.

Optical measurements are important for
understanding
the
aurora
and
the
magnetosphere and offer a number of important
advantages. Many of the physical processes in
near Earth space lead to optical emissions in the
upper atmosphere at the foot point of the
corresponding magnetic field line. Through
optical imaging it is possible to follow the spatial

Opt. Pura Apl. 44 (4) 581-591 (2011)

- 582 -

© Sociedad Española de Óptica

ÓPTICA PURA Y APLICADA. www.sedoptica.es.

one at the National Institute of Polar Research in
Tokyo [4].

The development of solar cycle 24 makes the
question of auroral measurements particularly
timely. After an unusually long and deep
minimum the new cycle began to ascend during
2010. The fundamental reasons for the
extraordinary minimum are not understood and
predictions of the new cycle are unusually
uncertain [3]. Are we witnessing the end of the
so called Modern Maximum of auroral activity?
Also, the question of the contribution of solar
activity to global warming is of interest. Careful
measurements during cycle 24 are likely to yield
important information.

Through
networking
knowledge
and
experiences can be shared. Models can be run
and
compared.
Collaboration
regarding
outreach, for example instructive web pages, can
be made to benefit the whole field. Everyone
gains from public interest in the aurora. Also, the
social side of networking should not be
forgotten. Colleagues from different groups
become friends and working in an international
environment gives cultural enrichment.
There are, however, also a number of factors
that tend to lead to a lower priority for network
activities. Probably the most important one is a
lack of resources and time. Travel costs money
and scientists have many duties. In order to
invest in networking there must be the hope of
significant gain. Many sources of funding for
networking activities have limitations, typically
regarding the countries or regions that are
allowed to participate. There is always need for
some leadership and administration. Even if a lot
of networking can be handled via Internet, there
is a need for meetings. Some scientists may be
afraid of loosing control by joining a network.
And finally there are different political factors
that make exchange more complicated such as
border regulations, visa requirements and
customs rules that prevent moving of
instruments.

The relative position of the geographic and
magnetic poles make European longitudes
particularly useful for optical studies, since here
the auroral oval is in darkness for a longer time
each winter night compared to the western
hemisphere. The average dayside oval is situated
above Svalbard, while the nightside oval is
usually located above the north European
mainland.
The purpose of this paper is to give an
account of ongoing network activities in the field
of auroral research with optical methods, to
present some other relevant networks, to
discuss advantages as well as problems and to
give a number of recommendations for future
work.

2. Advantages and problems of
networks

3. Existing networks of instruments

Many factors speak in favour of networking.
European research groups active in auroral
research with optical methods are small and
have limited resources. By close collaboration it
is possible to create the equivalent of a bigger
group with better resources. The region that we
wish to observe is vast and by combining
instruments owned by different groups better
geographic coverage is achieved. Some
instruments and facilities are too expensive to fit
within the budget of a single group. As an
example it is desirable to have a calibration
facility for imagers with a large integrating
sphere, an investment of the order of 200 000
Euro, but so far the only large integrating sphere
available to the auroral optical community is the
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3.a. Geographically distributed
measurements
In this section we will present a number of
existing networks of instruments. We will begin
with imager networks set up to cover an area
larger than can be covered by a single imager. An
all-sky camera can view an area of the sky at an
altitude of 110 km with a diameter of about 600
km while the auroral oval has an average
diameter of about 5000 km. It is thus obvious
that images from several cameras are needed
when studying large-scale phenomena. The
largest existing network of this kind is the
THEMIS all-sky imager array in North America
(Fig. 1) [5].
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intensified CCDs. MIRACLE is an acronym for
Magnetometers, Ionospheric Radars, Allsky
Cameras Large Experiment and is a nice example
of a network involving different kinds of
instruments measuring different parameters.
The Ionospheric Radars were the STARE radars
with transmitter sites in Midtsandan in central
Norway and Hankasalmi in Finland. The
Norwegian station has been dismantled, but the
MIRACLE allsky cameras and magnetometers
are still going strong. The Hankasalmi radar site
is now part of the Super-DARN system described
below.

Fig. 1: Map of the THEMIS all-sky imager array.

The Automatic Geophysical Observatories,
AGOs, is an array of stations in Antarctica. The
AGO imagers are equipped with dual optics
imaging the auroral blue (427.8 nm) and red
(630.0 nm) emissions simultaneously onto the
same CCD [7].
THEMIS, MIRACLE and the AGOs are all
operated as observatory instruments, that is
they measure all the time when it is sufficiently
dark.

ALIS, the Auroral Large Imaging System, in
northern Sweden and Norway is also a
distributed network [8]. It has non-intensified
CCD imagers and one EMCCD imager, covers a
part of the area seen by MIRACLE with higher
resolution measurements and is operated in
campaign mode. Like MIRACLE, ALIS uses
narrow-band interference filters as well as
white-light imaging.

In this context it is also worth mentioning the
OMTIs, Optical Mesosphere Thermosphere
Imagers (Fig. 3) [9]. Although mainly intended
for airglow measurements, these imagers
sometimes also catch aurora.

Fig. 2: Map of the MIRACLE stations.

The THEMIS array was planned together
with the THEMIS satellite project to study the
physics of auroral substorms and sets a good
example for how satellite and ground-based
measurements should be designed together. The
THEMIS
imagers
are
non-intensified
panchromatic CCDs and have no filters.

3.b. Different spatial scales
It is well known that aurora appears on a
number
of
different
spatial
scales
simultaneously. It is common to talk about four
different scales, global, fluid, ion and electron,
where the fluid scale can be described by the
equations of magnetohydrodynamics, and the
ion and electron scales are defined by their
respective gyro radii. The electron scale has

MIRACLE in an instrument array in Northern
Fennoscandia and Svalbard (Fig. 2) [6]. The
MIRACLE imagers are operated with filters
measuring the main auroral lines, one at the
time. The newer imagers have either nonintensified CCDs or EMCCDs and the older ones
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Fig 3: Map of the optical mesosphere thermosphere imagers.

been little studied until now because of
insufficient instrument resolution. Optical
imagers offer the best possibility to resolve such
small details, of the order of 10 meters at auroral
altitudes. The different scales are present in the
auroral forms simultaneously. To measure them
it is necessary to combine different instruments.
Usually, such measurements are conducted in
campaign mode. In particular the high resolution
measurements with EMCCD cameras generate
vast amounts of data that could hardly be coped
with otherwise.

Figure 4 shows a nice example of such
multiscale measurements [10]. The data were
obtained during a campaign at Poker Flat,
Alaska. At the top are allsky images for three
different times. The middle panel shows images
from an Auroral TV camera of the area marked
in the allsky images. In the bottom panel are
even more detailed pictures from an EMCCD
camera with a resolution of 50 m at 100 km
altitude. There is a lot of fine structure that
would not be possible to resolve with the allsky
camera or even with the auroral TV camera. On
the other hand, with the EMCCD measurements
only, we would not be able to determine the
large-scale context of the measurements.

Opt. Pura Apl. 44 (4) 581-591 (2011)

Fig 4: Simultaneous images on different scales, all-sky
camera, auroral TV and an EMCCD imager. From [10].

An example of multiscale measurements
taken from northern Scandinavia is shown in Fig.
5 [11]. To the left is an image of an auroral
vortex street recorded by the University of Oulu
auroral TV system. The small square is the field
of view of the ASK instrument, Auroral Structure
and Kinetics. ASK has a field of view of 6.1×6.1
degrees, corresponding to an area of 10×10 km
at 100 km altitude. ASK data are shown to the
- 585 -
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right. The edge of the vortex formations have
undulations that have not been described earlier
in the literature. The name “ruffs” was proposed
for these undulations. The ruffs move counter
clockwise and appear at the edges of both curls
and folds. For this study both the Auroral TV and
ASK were operated at Ramfjordmoen near
Tromsø, Norway.

measures O+ at 732 nm that comes mainly from
the F-region. ASK 3 measures 777 nm, an O
emission that originates both from the E and
from the F regions [12].
As a rule, instruments require supporting
infrastructure such as a hut, a dome, power, and
internet connection. Easy and affordable access
to such facilities increases the possibilities for
coordinated measurements. The best example of
this in Europe is the Kjell Henrikssen
Observatory, KHO, near Longyearbyen, Svalbard
[16]. Many groups throughout the world operate
optical instruments at KHO and nearby there are
also several other types of instruments, for
example the EISCAT Svalbard Radar.

ASK is owned jointly by the University of
Southampton, UK, and the Royal Institute of
Technology in Stockholm. It consists of three
identical EMCCD cameras mounted in parallel
and equipped with narrowband interference
filters so that three different emissions can be
measured exactly simultaneously. ASK 1
measures the O2+ first negative band at 582 nm,
an emission mainly from the E-region. ASK 2

3.c. Triangulation and arc widths

Much information regarding the aurora and
auroral primary particles is contained in the
height profiles and to an even higher degree in
the three-dimensional luminosity distribution of
the aurora. It is, however, quite complicated in
practice to measure these properties. On the
other hand, a successful solution to the problem
opens up vast possibilities in the study of auroral
physics.
Tomographic inversion is a general solution
to the problem of reconstructing a threedimensional object from line of sight
measurements from several directions. The
above mentioned ALIS system (Fig. 6) was
designed to do tomography-like inversion [13,
14]. ALIS measures simultaneously from a
network of six stations with overlapping fields of
view. The word tomography-like is used rather
than tomography since the inversion problem is
ill posed. Even if the fields of view are
overlapping, different volumes of the sky are
measured from the different stations. Part of the
general solution could be data from other
imagers, but this requires good inter-calibration.

The widths of auroral arcs puts constrains on
theories for arc formation. Arcs are very long in
the general east-west direction, of the order of
1000 km but much narrower in the general
north-south direction. Widths from less than 100
m up to a few tens of km have been found in
different studies using different ground-based
instruments, but the actual distribution of sizes
is still not well established. DAISY, Dense Array

Fig 5: Images on different scales of an auroral vortex street.
To the right images from the University of Oulu auroral TV
system and to the left images from ASK revealing for the first
time smaller scale features at the edge. From [11].
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3.d. Networks of instruments other than
optical

Imaging SYstem, (Fig. 7) [15] is an instrument
network aimed at measuring arc widths. DAISY
uses one narrow field of view imager measuring
along the field line and two wide field imagers
placed to the north and to the south of the first
one along the magnetic meridian. DAISY has
been operated in Canada.

In order to get a full picture of the physics of the
aurora optical data should be combined with
data from other instruments. Optical data can
give information about temporal and spatial
variations and about the characteristics of the
precipitating particles and the energy
deposition. But the chances to understand an
event are significantly improved if we also have
information about, for example, electron density
and temperature, ion temperature, electric and
magnetic field variations, wave activity and
electric currents.

It is also of interest to learn about the art of
networking from other instrument networks.
Many problems are similar, such as data storage,
distribution and visualization, information
sharing,
organizing
interaction
between
stakeholders, all these in addition to the general
knowledge about how near space works. We
here give a few examples of other important
instrument networks.

The Super Dual Aurora Radar Network,
Super-DARN,
measures
the
ionospheric
convection over both the Arctic and Antarctic
polar caps using an array of radars [17]. The left
part of Figure 8 shows a map of Super-DARN and
the right part is a photo of the Hokkaido radar.
Super-DARN has a good web page with access to
data in near real time and regular international
workshops. Unfortunately the coverage of
Super-DARN over the northern European
mainland is poor and a radar located in southern
Europe would be desirable.

Fig 6: Map of ALIS stations.

SWENET is the Spaceweather European
Network, [18] financed by ESA. SWENET
provides industry and interested users with
space weather information, and some of this
information is also useful for scientists working
in the field of ionospheric and magnetospheric
physics. Several European research groups
active in ionospheric physics have contributed to
SWENET. An example is the service Auroras
Now! developed by the Finnish Meteorological
Institute.

Another SWENET service is DIAS that gives
information from European ionosondes.

Fig 7: Principle of DAISY. From [15].
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Fig 7: Map of SuperDARN and the Hokkaido SuperDARN antenna.

3. e. Calibration facility

Ionosondes measure ionospheric electron
density profiles. There is now an ongoing effort
to find funding for a network project named
EURIPOS, European Research Network of
Ionospheric and Plasmaspheric Observations
Systems.

Auroral optical imaging has now reached such a
degree of maturity that the demands on absolute
calibration have grown considerably. When
operating different instruments together this
becomes even more of an issue. Intensity
calibration of imagers requires a large surface
with uniform luminosity, and the best way to
obtain this is by a large integrating sphere. As
mentioned above, the only really large
integrating sphere known to us that is available
the auroral optical community is the 1.9 m
sphere at the National Institute of Polar
Research in Tokyo. It would be highly desirable
to have a large integrating sphere in Europe, and
since this is an expensive piece of equipment it
would make sense to have a common facility that
could be used by several groups.

Finally we come to the incoherent scatter
radars EISCAT and EISCAT_3D [19]. Incoherent
scatter radars measure “almost everything” in
the upper ionosphere except light. The present
partners of EISCAT, European Incoherent
SCATter radar, are China, Finland, Germany,
Japan, Norway, Sweden and United Kingdom.
Unfortunately the frequencies of the present
EISCAT mainland UHF radar, the one with tristatic capacity are being lost to mobile phones.
Work is ongoing to develop the next generation
European incoherent scatter radar, EISCAT_3D.
EISCAT_3D is on the ESFRI (European Strategy
Forum on Research Infrastructure) roadmap and
has been granted 4.5 million Euros by the
European Commission for a four year
Preparatory Phase Project with start 1 October
2010. It will be a much more powerful
instrument than the present EISCAT radar. With
its phased array antennas it will be able to
perform truly three-dimensional measurements
with very high resolution. As an example, it will
be possible to follow the complete
electrodynamics of an event. The auroral
luminosity is three-dimensional and so are other
properties of the ionosphere. EISCAT_3D is very
important for the future ground-based space
research in northern Europe.

Opt. Pura Apl. 44 (4) 581-591 (2011)

4. Existing networks of people
In Europe the Annual European Meetings on
Atmospheric Studies by Optical Methods have
been conducted every year except one since
1973. As a rule, the host of the next one or two
meetings is selected at each meeting and it is
then up to the host to define the details of the
programme. There are few network activities
between the meetings, much because there are
no dedicated resources for such activities.

CEDAR, Coupling, Energetic and Dynamics of
Atmospheric Regions, is an American Global
Change program sponsored by the National
Science Foundation [20]. As a part of this
program a network has been built up, a network
- 588 -
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and the result of this was GAIA, Global Auroral
Imaging [25]. GAIA gives summaries of data
from ground-based imagers and riometers
operated by groups in Canada, Finland, Japan,
Norway, Sweden, UK and the United States. Key
persons in the work are Eric Donovan and Emma
Spanswick at the University of Calgary, Canada,
Steve Marple at Lancaster University, UK and
Mikko Syrjäsuo at the Finnish Meteorological
Institute, Helsinki, but many other persons also
contribute. GAIA now has nodes in Canada,
China, Finland, Norway, Sweden and UK. Present
data in GAIA include keograms, thumbnails and
contact information for the complete data sets.
Data from a number of satellite imagers are in
the pipeline. The plans for the future are to take
actions to ensure long term data collection,
archiving and easy adoption of new data
providers. A 25 year perspective is seen as
reasonable. Linking to full resolution data as
well as to other virtual observatories and
development of new data products such as
mosaics are on the wish list. So far, funding for
GAIA has come from the Canadian Space Agency,
but work has also been done by several groups
without dedicated funding. GAIA is very much a
bottom up activity.

with better resources than any other network in
the field. Optical measurements constitute an
important part of the program. CEDAR has a
wiki, sends out newsletters, organizes a student
workshop and regular meeting every year, keeps
a
well
updated
calendar,
announces
opportunities, offers data services and does
strategic planning.

During the International Polar Year, IPY, a
networking activity, International Network for
Auroral Optical Studies of the Polar Ionosphere
was set up [21]. The short name is Auroral
Optical Network. The project became a part of
the IPY endorsed project Heliosphere Impact on
Geospace, IPY Cluster # 63. The main remaining
result is a web page with links to research
groups, instruments and stations. There is also a
calendar and a list of popular science resources.
There is no dedicated funding for updating the
pages.

Network for Optical Auroral Research in the
Arctic Region is a network project financed by
the Nordic Council of Ministers as a part of their
Arctic cooperation programme [22]. Members of
the network are all research groups in Norway
including Svalbard, Sweden, Finland and on the
Kola Peninsula active in groundbased research
on aurora with optical methods. Funding began
in 2006 and the programme is to continue
through 2011. Activities include annual
workshops, an exchange programme, stipends to
optical meetings and outreach activities. In 2009
the network produced an information booklet, In
the light of the aurora. Optical auroral research
in northernmost Europe [23], that can be
downloaded for free from the website of the
Nordic Council of Ministers [24] (Fig. 9) The first
half of this booklet is aimed at a non-specialist
audience and describes optical aurora and
auroral research, instruments, facilities and
research groups. In November 2011 the
Network will give an advanced course, Optical
methods in auroral physics research, at UNIS on
Svalbard. There are also plans to produce a
roadmap for ground-based optical auroral
research.

Fig 9: In the Light of the Aurora. Optical Auroral Research in
Northernmost Europe. The booklet has been written by the
Network for Optical Auroral Research in the Arctic Region
and can be downloaded for free from the website of the
Nordic Council of Ministers [24].

A very important part of networking is the
sharing of data. At the Cluster ground-based
workshop in Uppsala, Sweden, in 2000 ideas for
a common virtual observatory were discussed

Opt. Pura Apl. 44 (4) 581-591 (2011)
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5. Ongoing initiatives to enhance
networking

proposed activities are to have a project
coordination office with two post-doc level
scientists, develop a system for auroral
observations in daylight, upgrade the SPEAR
radar to measure from the troposphere to the
topside ionosphere and launch three sounding
rockets per year.

As noted above, possibilities for effective
networking depend to a large extent on funding.
Therefore, some of the ongoing initiatives to
enhance networking are about funding
applications.

Courses offer a possibility to build networks
that is particularly important for PhD students
and young scientists. As mentioned above, the
advanced course Optical methods in auroral
physics research will be given in November
2011 as one of the activities within the Network
for Optical Auroral Research in the Arctic Region
[22]. The course will be both experimental,
taking advantage of the instrumentation at the
Kjell Henriksen observatory, and give a
theoretical background to auroral studies by
optical methods. Two intensive weeks will be
spent at UNIS and in addition students need to
put in three weeks of work to complete this 7.5
ECTS course.

Scientists from the Swedish Institute of Space
Physics in Kiruna and Uppsala and the Royal
Institute of Technology have submitted a
proposal to the Swedish Research Council for a
planning grant for “Ground-based infrastructure
for space and atmospheric research in Northern
Sweden”. The application is for a position as
planning coordinator and the plan will include
optical instruments, ionosondes, a calibration
facility et cetera, in fact all types of instruments
except incoherent scatter radars. The incoherent
scatter radars is the subject of applications
concerning EISCAT_3D. The plan should be seen
as a Swedish contribution to a larger scale effort
involving the entire North European mainland.
An important goal is to build an optimal
infrastructure for studies of the nightside part of
the auroral oval.

6. Conclusions and action items
Effective networking is necessary for the success
of ground-based auroral research. Activities that
increase the public interest in the aurora, as well
as the collaboration between scientists, will in
the long run be of benefit to the whole field.

Kolarctic is a programme funded by the
European Union to “reduce the periphery of the
countries border regions” and to “promote
multilateral cross-border co-operation” [26].
The programme area includes the northern parts
of Finland, Sweden and Norway and a large area
of North-West Russia. There are two application
deadlines per year. Counter-financing is
required. This is not a programme primarily
directed towards research, but it may be
possible to get funding for networking activities.

We need a coordinated infrastructure for
ionospheric research including EISCAT_3D and
optical instruments. SIOS will provide this on
Svalbard, and to cover nightside phenomena it is
necessary to develop the infrastructure on the
North European mainland. As a part of this work
a roadmap should be created.

Svalbard Integrated Arctic Earth Observing
System, SIOS, is a research infrastructure project
covering the fields of marine, terrestrial,
atmosphere and space science [27]. SIOS is one
of the projects on the ESFRI roadmap and has
partners from 15 countries. The SIOS
Preparatory Phase Project started 1 October
2010 with a budget frame of 4 million Euros
from the European Commission. The goal is to
establish the European Arctic Research
Infrastructure SIOS in 2013. Infrastructure gaps
will be filled and a SIOS Knowledge Centre will
be established. In the field of space science some
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There is a need to act quickly to secure
measurements during the solar cycle 24 that has
just begun after the deepest solar minimum in
one hundred years.

The Annual European Meetings on
Atmospheric Studies by Optical Methods should
be used for networking discussions and
agreements. Some specific topics are the work to
obtain an advanced calibration facility and to
secure the future development of GAIA.
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