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EISCAT Radar Systems
Location

Tromsø

Geographic coordinates

69◦ 350 N
19◦ 140 E
77◦ 300 N
66◦ 120 N

Geomagnetic inclination
Invariant latitude
Band
Frequency (MHz)
Maximum bandwidth (MHz)
Transmitter
Channels
Peak Power (MW)
Average power (MW)
Pulse duration (ms)
Phase coding
Minimum interpulse (ms)
Digital processing

UHF
929
8
2 klystrons
6
2.0
0.25
0.001–2.0
binary
1.0
parabolic dish
32 m steerable
Cassegrain

Antenna
Feed system
System temperature (K)
Gain (dBi)
Polarisation

90
48.1
circular

Kiruna

Sodankylä

Longyearbyen

67◦ 520 N
67◦ 220 N
78◦ 90 N
20◦ 260 E
26◦ 380 E
16◦ 10 E
76◦ 480 N
76◦ 430 N
82◦ 60 N
64◦ 270 N
63◦ 340 N
75◦ 180 N
VHF
VHF
VHF
UHF
224
224
224
500
3
8
8
10
1 klystron
16 klystrons
6
6
6
12
1.6
1.0
0.20
0.25
0.001–2.0
0.0005–2.0
binary
binary
binary
binary
1.0
0.1
14 bit ADC on IF, 32 bit complex autocorrelation functions, parallel channels
Antenna 1
Antenna 2
parabolic cylinder
parabolic dish
parabolic dish
parabolic dish
parabolic dish
120 m × 40 m steerable
32 m steerable
32 m steerable
32 m steerable
42 m fixed
line feed
crossed dipole
crossed dipole
Cassegrain
Cassegrain
128 crossed dipoles
250
100
100
80
65
46
48.1
48.1
42.5
44.8
circular
any
any
circular
circular

EISCAT Heating Facility (Tromsø)
Frequency range: 4.0 MHz to 8.0 MHz, Maximum transmitter power: 12×0.1 MW, Antennas: Array 1 (5.5 MHz to
8.0 MHz) 30 dBi, Array 2 (4.0 MHz to 5.5 MHz) 24 dBi, Array 3 (5.5 MHz to 8.0 MHz) 24 dBi.
Additionally, a Dynasonde is operated at the heating facility.

Cover pictures:
EISCAT_3D system overview,
Images from EISCAT_3D Preparatory Phase Deliverables 2.4, 8.4, and 14.2.
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EISCAT Scientific Association
2013 – 2014

EISCAT, the European Incoherent Scatter Scientific Association, is established to conduct research on
the lower, middle and upper atmosphere and the ionosphere using the incoherent scatter radar technique.
This technique is the most powerful ground-based tool for these research applications. EISCAT is also
being used as a coherent scatter radar for studying instabilities in the ionosphere, investigating the
structure and dynamics of the middle atmosphere, studying meteors and as a diagnostic instrument in
ionospheric modification experiments with the heating facility.
There are fourteen incoherent scatter radars in the world, and EISCAT operates three of the higheststandard facilities. The EISCAT sites are located north of the Arctic Circle in Scandinavia. They consist
of two independent radar systems on the mainland, together with a radar constructed on the island
of Spitzbergen in the Svalbard archipelago — the EISCAT Svalbard Radar (see sketch and operating
parameters on the inside of the front cover).
The EISCAT VHF radar operates in the 224 MHz band with a peak transmitter power of 1.6 MW,
using a 120 m × 40 m parabolic cylinder antenna which is subdivided into four sectors. This antenna
can be steered mechanically in the meridional plane from vertical to 60◦ north of the zenith; limited
east-west steering is also possible using alternative phasing cables. Receiving sites are also located in
Kiruna (Sweden) and Sodankylä (Finland), allowing for tri-static radar measurements.
The monostatic EISCAT UHF radar in Tromsø operates in the 931 MHz band with a peak transmitter
power of 2.0 MW, and employs fully steerable 32 m parabolic dish antennas.
The EISCAT Svalbard radar (ESR), located near Longyearbyen, operates in the 500 MHz band with
a peak transmitter power of 1.0 MW, and employs a fully steerable parabolic dish antenna of 32 m
diameter and a fixed antenna, aligned with the local magnetic field, with a 42 m diameter. The high
latitude location of this facility is particularly aimed at studies of the cusp and the polar cap region.
The basic data measured with the incoherent scatter radar technique are profiles of electron density,
electron and ion temperatures and bulk ion velocity. Subsequent processing allows derivation of a wealth
of further parameters, describing the ionosphere and neutral atmosphere. A selection of well-designed
radar pulse schemes are available to adapt the data-taking routines to many particular phenomena,
occurring at altitudes from about 50 km to above 2000 km. Depending on geophysical conditions, a
best time resolution of less than one second and an altitude resolution of a few hundred meters can be
achieved.
Operations of 3000 h to 4000 h each year are distributed between Common Programmes (CP) and Special Programmes (SP). At present, six well-defined Common Programmes are run regularly, for between
one and three days, typically about once per month, to provide a data base for long term synoptic studies.
A large number of Special Programmes, defined individually by Associate scientists, are run to support
national and international studies of both local and global geophysical phenomena.
Further details of the EISCAT system and its operation can be found in various EISCAT reports, including illustrated brochures, which can be obtained from EISCAT Headquarters in Kiruna, Sweden.

The investments and operational costs of EISCAT are shared between:
China Research Institute of Radiowave Propagation, Peoples Republic of China
National Institute of Polar Research, Japan
Natural Environment Research Council, United Kingdom
Norges forskningsråd, Norway
Solar-Terrestrial Environment Laboratory, Nagoya University, Japan
Suomen Akatemia, Finland
Vetenskapsrådet, Sweden
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Director’s page
I became director the EISCAT Scientific Association in January of 2013, at a time when the association was (and remains) in the process of planning
for a number of truly revolutionary and exciting
developments. Chief among those developments
is, of course, the EISCAT_3D project but that is
hardly the only area of exciting scientific and technical advancement. The world is experiencing a
constant march of technology in areas very much
relevant to EISCAT’s scientific goals; radio frequency techniques, at least at lower power levels,
are easier to implement and more affordable than
ever and the availability of low cost but incredibly
powerful computing technologies opens a wide
variety of scientific opportunities that have simply
not been possible in years past. What does remain
a challenge is making intelligent use of available
technologies with a view toward long-term utility
and maintenance. In many ways, the tradeoff is
one of purchasing nearly-capable subsystems that
are largely closed vs. using precious staff hours
to build special purpose electronics that will do
the full job and be maintainable over the long run
through ownership of the designs.
The European Commission-funded EISCAT_3D
FP7 Preparatory Phase project continued through
2013 and came to completion in 2014. A number of important decisions were made with respect
to the final design and capabilities of the system,
including decisions concerning the antenna elements and configuration, site locations, frequencies, transmitter power, and signal flow. The science case for EISCAT_3D completed its third iteration with performance and sensitivity goals sufficient to enable ground-breaking science. The
project also supported ultimately successful proposal efforts in Finland, Norway and Sweden.
In response to feedback from Vetenskapsrådet in
Sweden, a staged approach to implementing EISCAT_3D was developed. This approach split the
implementation into four stages with defined capabilities after each stage. It focused most fundraising efforts on the first stage.

The ESR 32-m antenna suffered a major failure
of one of its gearboxes in January 2012. Repairing this gearbox required extraordinary efforts under difficult conditions but, with help from auto
workshops in Longyearbyen, the system was finally brought to full operation near the end of
2013. Additionally, ten new klystrons were purchased and delivered during 2014 as part of a final build by the tube manufacturers prior to shutting down their product line. This should ensure
that the ESR transmitters can be maintained for the
foreseeable future.
Work also continued toward the addition of a
third antenna in Svalbard. This antenna was the
subject of a technical study, frequency allocation
requests, and addition to the regional plan (Delplan) for Longyearbyen. An extraordinary council
meeting was held in the spring of 2013 to discuss
whether the project should proceed to an implementation. Unfortunately, for a number of reasons
that included both financial constraints and manpower issues, the project was ultimately cancelled.
On the mainland, EISCAT completed a retrofit of the receive-only antennas in Kiruna and
Sodankylä for use on the VHF transmitter frequency in Ramfjordmoen. This change was driven
by increasingly problematic interference issues at
UHF frequencies, especially in Finland. EISCAT
also initiated actions toward extending transmit licenses for both UHF and VHF frequencies in Norway. Competition for the UHF band, in particular,
has become more intense and the EISCAT frequencies were put up to bid and leased by cellular telephone concerns in Norway. EISCAT has secured
the right to secondary usage of the bands, as long
as the primary owners do not see interference with
their operations.
Overall, the future for EISCAT looks very promising. Once the EISCAT_3D implementation is under way, the prospects will be especially bright.
Dr. Craig Heinselman
Director
EISCAT Scientific Association
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EISCAT_3D
During 2014 the EISCAT_3D Preparatory Phase
project was finished. The final report from that
project is available at the EISCAT_3D website1 .
Here follows a summary of the EISCAT_3D Preparatory Phase.

Project context and objectives
EISCAT_3D will be an international research infrastructure that is using radar observations and
the incoherent scatter technique for studies of
the atmosphere and near-Earth space environment
above the Fenno-Scandinavian Arctic as well as
for support of the solar system and radio astronomy sciences. The radar system is designed to
investigate how the Earth’s atmosphere is coupled
to space but it will also be suitable for a wide range
of other scientific targets. It will be operated by
EISCAT Scientific Association and hence be an integral part of an organisation that has successfully
operated incoherent scatter radars for more than
thirty years.
The EISCAT_3D system will consist of five
phased-array antenna fields located in the northernmost areas of Finland, Norway and Sweden,
each with around 10 000 crossed dipole antenna
elements. One of these sites (the core site) will
transmit radio waves at 233 MHz, and all five sites
will have sensitive receivers to measure the returned radio signals. Digital control of the transmission and low-level digitisation of the received
signal will permit instantaneous electronic steering of the transmitted beam and measurements
using multiple simultaneous beams. The central
antenna array at each site will be surrounded by
smaller outlying arrays which will facilitate aperture synthesis imaging to acquire sub-beam transverse spatial resolution. The central array of each
site will be of a size of about 70 m from side to side,
and the sites will be located from 90 km to 250 km
from the core site in order to be able to maximise
the coverage by the system.

EISCAT_3D will measure the spectra of radiowaves that are back-scattered from free electrons, whose motions are controlled by inherent
ion-acoustic and electron plasma waves in the
ionosphere. The measured spectra reveal highresolution information on the ionospheric plasma
parameters, but can also be used for obtaining atmospheric data and observations of meteors and
space debris orbits. In both active and passive
mode, the receivers will provide high-quality scientific and monitoring data from the ionosphere as
well as from space within its designed frequency
spectrum. The research will both be organised
through common observation modes and through
requests from individual groups.
EISCAT_3D is designed to use several different measurement techniques which, although
they have individually been used elsewhere, have
never been combined together in a single radar
system. The design of EISCAT_3D allows large
numbers of antennas to be combined together
to make either a single radar beam, or a number of simultaneous beams, via beam-forming.
While traditional radar systems with a single
slow-moving antenna, and thus a single beam, can
only show us what is happening along a single line
in the upper atmosphere, volumetric imaging allows us to see geophysical events in their full spatial context, and to distinguish between processes
which vary spatially and those which vary over
time.
Since EISCAT_3D is very flexible compared to
traditional ionospheric radars, it will allow several new operating modes, including the capabilities to determine vector velocities of moving ob-

1 www.eiscat3d.se/content/
eiscat3d2-final-report
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jects and to respond intelligently to changing conditions, for instance by changing the parameters
of a scanning experiment. EISCAT_3D will also
allow remote continuous operations, limited only
by power consumption and data storage. This is
important for monitoring the state of the atmosphere, especially as a function of solar variability,
as well as capturing events that appear suddenly
and are hard to predict. Radio astronomy observations will be performed when the transmitters are
inactive.
The Preparatory Phase, running from October 2010 to September 2014, aimed to ensure that
the project will reach a sufficient level of maturity
so that the implementation of EISCAT_3D can begin after its conclusion.
Updated EISCAT_3D antenna design. (From Deliverable 8.5 of the EISCAT_3D Preparatory Phase
project)

Description of work and main
results

ceiver sites will be built. Areas near Bergfors in
Sweden and Karesuvanto in Finland were identified as suitable for the first receiver sites. For the
later stages of the construction, areas near Andøya
(Norway) and Jokkmokk (Sweden) were identified as locations for receiver sites.
The scientific requirements have a major influence on the system design and for this a Science
Case has been continuously revised in collaboration with the present EISCAT user community and
with prospective future users. Communication
with the scientific user community was facilitated
through outreach activities, conference presentations and a series of dedicated meetings organised
by the project. The website for EISCAT_3D is online since March 2009 and is regularly maintained
and updated.
The planning of the construction and operation of the new system requires a detailed instrument design. The project made use of innovative theoretical studies in signal processing,
radar coding, data handling and data analysis,
that was summarised in a handbook of measurement principles. The EISCAT_3D will carry out
signal processing using software-defined radio receiver systems. The design of the hardware elements needed for the final system and the work on
the technical integration of these subsystems were
the focus of several of the Work Packages in the
project.
A radar system of the complexity of EISCAT_3D
requires specialised software both for the system
control and for the signal processing and beamforming. The EISCAT system control software

The EISCAT_3D Preparatory Phase was concerned
with forming a consortium, procuring the financing, selecting the sites, preparing for the data
handling, considering the scientific requirements
and planning the construction and operation of
the system. The present EISCAT Scientific Association, which will be the basis for the future EISCAT_3D consortium, is funded by research councils and funding bodies in six countries. EISCAT
revised its membership policy in May 2013 in order to make it more attractive to new members,
and is now open also for institutional members
with a smaller financial commitment. Procedures
are also implemented within the research infrastructure to safeguard good scientific practice and
to ensure the commitment to excellent research.
EISCAT has made progress in the work to revise
its data policy to prepare for the new system.
To procure the finances, major investments will
be needed from several countries. The current estimate of the investment required for EISCAT_3D
is 128 Me over 8 years. This estimate is based on
figures given by individual manufacturers, and reductions may still be possible on individual parts,
depending on the exact specification as well as
bidding from several competitors. Proposals for
funding EISCAT_3D have been submitted in Norway and Sweden, and the process is well under
way in Finland, Japan and the United Kingdom.
A number of sites for the EISCAT_3D arrays
were surveyed, and a list of preferred sites was
finalised. In the first stage of the construction of
the EISCAT_3D system, the core site and two re9

Final results and potential impacts

1.3 Antenna element

1.1 EISCAT_3D Radar array
109 Sub-arrays

...........

...........

1.4 Support structure

......

The overall theme of EISCAT_3D is to explore the
multiple facets of the question how the Earth’s atmosphere is coupled to space. The EISCAT_3D science encompasses climate change, space weather,
space debris and near-Earth object studies. The
technical challenges to handle large data volumes
will employ tools from the newly emerging field of
e-science and spur collaboration with local computing centres. EISCAT_3D will provide an unprecedented resource for observations of the nearEarth space. It will provide long-term time-series
data of the ionospheric conditions enabling studies of variations on a time-scale over several solar
cycles.
When in operation, EISCAT_3D will be at a
central position in the international, and transregional, space cluster of Northernmost Scandinavia, which includes large space research centres
in Kiruna (Sweden), Sodankylä (Finland) and
Tromsø (Norway), two rocket launch facilities in
Andøya (Norway) and Esrange (Sweden), and
several other instruments and instrument networks for geospace observation such as magnetometers and auroral cameras.
The scientific data from EISCAT_3D will be an
invaluable asset for models and near real-time
forecasts of space weather effects on modern technology, including power grids and other important infrastructures. EISCAT_3D can also contribute to the Space Situational Awareness (SSA)
programme by tracking known space debris and
assisting communication and navigation services
like the Galileo navigation satellites. Discussions
have just been initiated between EISCAT, agencies and institutes in the Nordic countries and the
European Space Agency (ESA) on the prospect of
including EISCAT_3D in ESA’s SSA programme.
EISCAT will continue to be an active participant
in global observation campaigns and international
and European research projects. From its foundation EISCAT has been a purely scientific organisation. The radar technologies to be used with EISCAT_3D allow the detection and tracking of small
objects in space. The new Bluebook has stipulations that ensures that the EISCAT facilities will be
used strictly for scientific and civilian purposes.
The construction of EISCAT_3D requires close
interaction with industry in order to ensure the
production of components of the high quality and
the large numbers needed. This includes the manufacturing of the antenna elements and the corres-

......
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Layout for the central portion of an EISCAT_3D
radar array. It contains 109 subarrays with 91 antenna elements each, and thus 9919 antenna elements in total. (From Deliverable 14.2 of the EISCAT_3D Preparatory Phase project)
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An overview of the EISCAT_3D system. (From Deliverable 14.2 of the EISCAT_3D Preparatory Phase
project)

EROS was updated to be able to be used in the
context of EISCAT_3D. A parallelised tool for signal processing and data analysis, RLIPS, to be used
in the EISCAT_3D radar system was developed,
and signal processing and beam-forming software
were prepared and tested.
Some of the e-infrastructure needs of EISCAT_3D, such as the network connections
between the sites and the computing and data
storage near the instruments, require local
solutions. Hence a plan was developed with
e-infrastructure providers in the host countries for
their future involvement in the planning.
10

The participants at the 6th EISCAT_3D User Meeting in Uppsala, Sweden, 12–14 May 2014.

ponding electronics. Engineering solutions could
be a development driver for large scale distributed
systems in harsh environments.
EISCAT and its users are working together with
industry to develop technology and applications
for EISCAT_3D. Enterprises, both regional and national, within the EISCAT member countries are
expected to respond to invitations to tender for
e.g. radio and the digital signal processing instruments, antenna front end and timing systems, and
other advanced subsystems.
The timing of EISCAT_3D is ideal. It is now
feasible to construct and operate the system and
to handle the data volume that the system will
provide; this was not the case a few years ago. An

increasingly technology-dependent society needs
to understand the ionospheric processes caused
by space weather in order to minimise their effects on sensitive systems. EISCAT_3D will offer
state-of-the-art instruments to the scientific community for dedicated observation campaigns to
study processes important for the understanding
of our environment and climate, such as the energy coupling between the upper and lower atmosphere, the linkages between the different layers of
the upper atmosphere and to interplanetary space,
small-scale structures and phenomena as well as
micro-meteoroids that enter the atmosphere and
participate in atmospheric processes.
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Scientific highlights 2013 – 2014
The ionosphere
Seasonal variation and solar activity dependence of the quiet-time ionospheric
trough
Ishida et al. (2014) have conducted a statistical
analysis of the ionospheric F region trough, focusing on its seasonal variation and solar activity dependence under geomagnetically quiet and moderate conditions, using plasma parameter data obtained via Common Program 3 observations performed by the European Incoherent Scatter (EISCAT) radar between 1982 and 2011. It was confirmed that there is a major difference in frictional
heating between the high- and low-latitude sides
of the EISCAT field of view (FOV) at about 73◦ 00 N
to 60◦ 50 N (geomagnetic latitude) at an altitude of
325 km, which is associated with trough formation (Figure 1). The statistical results show that
the high-latitude and mid-latitude troughs occur
on the high- and low-latitude sides of the FOV, respectively. Seasonal variations indicate that dissociative recombination accompanied by frictional
heating is a main cause of trough formation in sunlit regions. During summer, therefore, the occurrence rate is maintained at 80 % to 90 % in the postmidnight high-latitude region owing to frictional
heating by eastward return flow. Solar activity dependence on trough formation indicates that fieldaligned currents modulate the occurrence rate of
the trough during the winter and equinox seasons.
In addition, the trough becomes deeper via dissociative recombination caused by an increased ion
temperature with F 10.7, at least in the equinox
and summer seasons but not in winter.

Figure 1: The occurrence rate of the trough divided
into three seasons and three solar activities. The
black dashed line in each polar plot indicates the
average solar terminator, where the solar zenith
angle equals 90◦ .

Observations of polar cap flow channel and plasma sheet flow bursts during
substorm expansion

Pitkänen et al. (2013) present the first simultaneous observations of an enhanced polar cap flow
impinging on the nightside polar cap boundary
(PCB), two flow bursts in the plasma sheet and
a conjugate ionospheric flow burst within the auroral oval (Figure 2). The ionospheric measurements on 3 September 2006 were made by the
EISCAT radars and the magnetospheric measurements by the four Cluster spacecraft. In the end
of a substorm growth phase, EISCAT measured
a channel of enhanced equatorward plasma flow
within the polar cap, which was about 1◦ wide
in latitude and drifted slowly equatorward. During the substorm expansion phase, the PCB started to contract poleward. The interaction between
T. Ishida, et al., “Seasonal variation and solar the equatorward drifting polar cap flow channel
activity dependence of the quiet-time ionospheric and the poleward contracting PCB took 2 min to
trough”, Journal of Geophysical Research, 119, 3 min. During this time, the F-region electron temdoi:10.1002/2014JA019996, 2014.
perature was elevated at the PCB, which is inter12

PITKÄNEN ET AL.: POLAR CAP FLOW AND BURSTY BULK FLOWS
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Strong E region ionisation caused by the
1767 trail during the 2002 Leonids
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Intensive E region ionisation extending up to
140 km altitude and lasting for several hours was
observed with the European Incoherent Scatter
(EISCAT) UHF radar during the 2002 Leonids metd) 21:53:40 UT
e) 21:55:20 UT
f)
eor shower maximum. The level of global geomagnetic disturbance as well as the local geomagnetic and auroral activity in northern Scandinavia
were low during the event. Thus, the ionization
cannot be explained by intensive precipitation.
The layer was 30 km to 40 km thick, so it cannot
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i)
be classified as a sporadic E layer which are typically just a few kilometers wide. Incoherent scatter
PBI
radars have not to date reported any notable metFB2
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eor shower-related increases in the average background ionization. The 2002 Leonids storm flux,
however, was so high that it might have been
Figure 5. (a–i) Ground-based data during the substorm on 3 September 2006. Colored bars along the
able to induce such an event. The Chemical AbVHF radar beam are T (left) and V (right) measurements. The octagon displays the IRIS riometer data
(arbitrary
scale), and
arrows
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Figure
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the3),equivalent
vectors.
The
red FB1
circle
indic(Figure 7, period
and it is associated current
with a convective
[ ] The
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6
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and magnetic dipolarization like at C1. The C3 spacecraft is and 7). Those are related to possible return ﬂows. Next we
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not
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plane
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For
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The total and
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velocFigure
8k,
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points are marked by colour squares (black, red,
tions recorded by the SuperDARN radar network
779
green and blue for Cluster 1, 2, 3, and 4, respectshow that the ESR was within a strongly drifting
ively).
convection cell continuously fed by fresh plasma
while the UHF radar was outside the polar convection region maintaining the ionization.
preted as a possible signature of an auroral poleA. K. Pellinen-Wannberg, et al., “Strong E region ionward boundary intensification (PBI). After that,
ization caused by the 1767 trail during the 2002 Leenhanced equatorward flows were measured inonids”, Journal of Geophysical Research Space Physics,
side the auroral oval by EISCAT. During this
119, 7880–7888, doi:10.1002/2014JA020290, 2014.
period, the Cluster satellites measured two fast
earthward flow bursts in the plasma sheet, which
were associated with depolarisation of the mag- Steep plasma depletion in dayside ponetic field, depletions in plasma density, and re- lar cap during a CME-driven magnetic
turn flows. It is suggested that the second flow storm
burst in the plasma sheet represents the same flow
burst that is seen in the ionosphere by EISCAT and A series of steep plasma depletions was observed
propose that the plasma sheet flow bursts were in the dayside polar cap during an interval of
triggered by the enhanced flow structure on open highly enhanced electron density on 14 October
2000 through EISCAT Svalbard Radar (ESR) fieldpolar cap field lines.
aligned measurements and northward-directed
low-elevation measurements (Figure 4). Each deT. Pitkänen, A. T. Aikio, and L. Juusola, “Observations pletion started with a steep dropoff to as low
of polar cap flow channel and plasma sheet flow bursts as 1011 m−3 from the enhanced level of about
during substorm expansion”, Journal of Geophysical 3 × 1012 m−3 at F2 region altitudes, and it continResearch A, 118, 774–784, 2013.
ued for 10 min to 15 min before returning to the en70
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Figure 3: (a) One minute integrated electron density profiles at a set of half hours (1.30, 2.30, 3.30,
4.30, 5.30 and 6.30UT) from EISCAT UHF data. (b)
The IRI model electron density profile over Tromsø
for the same night.

hanced level. These depletions moved poleward
at a speed consistent with the observed ion drift
velocity. DMSP spacecraft observations over an
extended period of time which includes the interval of these events indicate that a region of high
ion densities extended into the polar cap from the
equatorward side of the cusp, i.e., a tongue of ionization existed, and that the ion densities were
very low on its prenoon side. Solar wind observations show that a sharp change from IMF By > 0
to By < 0 is associated with each appearance of
the ESR electron density dropoff. From this unprecedented clear correlation a specific scenario
is presented: the series of plasma density depletions observed using the ESR is a result of the
poleward drift of the undulating boundary of the
tongue of ionization; this undulation is created in
the cusp roughly 20 min before the ESR observation by the azimuthal intrusion, in response to the
rapid prenoon shift of the footprint of the reconnection line, of the low-density plasmas originating in the morning sector.
J. Sakai, et al., “Steep plasma depletion in dayside polar
cap during a CME-driven magnetic storm”, Journal of
Geophysical Research, 118, doi:10.1029/2012JA018138,
2013.

Solar wind effect on Joule heating in the
high-latitude ionosphere
The effect of solar wind on several electrodynamic
parameters, measured simultaneously by the EISCAT radars in Tromsø and on Svalbard, has been
evaluated statistically. The main emphasis is on
Joule heating rate QJ , which has been estimated
by taking into account the neutral wind. In addi14

Figure 4: Simplified representation of the process
of the ESR electron density variation event observed on 14 October 2000. Two sources of plasmas are depicted at the upper left corner. The reddish color and bluish color represent high-density
plasma and low-density plasma respectively. Solid
lines and dotted lines represent the shifted convection throat for different IMF By conditions, i.e.,
solid lines for By > 0 and dotted lines for By <
0. The undulating boundary between the highdensity plasma and low-density plasma in the antisunward flow, which is caused by the IMF By
change (upper right), is responsible for the ESR
density variation (lower right).

tion, a generally used proxy QE , which is the Pedersen conductance times the electric field squared,
has been calculated. The most important findings
are:
1. The decrease in Joule heating in the
afternoon-evening sector due to winds
requires southward interplanetary magnetic
field (IMF) conditions and a sufficiently high
solar wind electric field. The increase in
the morning sector takes place for all IMF
directions within a region where the upper
E neutral wind has a large equatorward
component and the F region plasma flow is
directed eastward.
2. At ESR, an afternoon hot spot of Joule heating centred typically at 14 to 15 magnetic
local time (MLT) is observed during all IMF
conditions. Enhanced Pedersen conductances
within the hot spot region are observed only
for the IMF Bz +/By − conditions, and the
corresponding convection electric field values
within the hot spot are smaller than during
the other IMF conditions. Hence, the hot spot
represents a region of persistent magnetospheric electromagnetic energy input, and the
median value is about 3 mW/m2 .

Journal of Geophysical Research: Space Physics

10.1002/2014JA020269

potential for resolving questions over the cause of
TEC variability for Space Weather applications.
B. Forte, et al., “Comparison of temporal fluctuations in
the total electron content estimates from EISCAT and
GPS along the same line of sight”, Annales Geophysicae, 31, doi:10.5194/angeo-31-745-2013, 2013.

IMF effect on the polar cap contraction
and expansion during a period of substorms
The polar cap boundary (PCB) location and motion in the nightside ionosphere has been studied by using measurements from the EISCAT
Figure 10. Eﬀect of the solar wind electric field Esw during IMF Bz − ∕By +. (a and b) Joule heating rate QE and plasma
radars and the MIRACLE magnetometers during
drift velocities at TRO and at ESR. (c and d) Diﬀerence QJ − QE and plasma drift velocities at TRO. Figures 10a and 10c
Figure 5: Effect of the solar wind electric field Esw
show results for low-level solar wind electric field Esw ⩽ 2 mV/m, and Figures 10b and 10d show results for high-level
a period of four substorms on 18 February 2004.
Esw > 2 mV/m.during
The MLT-integrated
at z
TRO
(T) andyat
ESR (E)(a
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of Figures 10a and 10b.
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+.
andinb)
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plasma drift velocities at Tromsø and
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tions of the solar wind and the Geotail satellite
at ESR.
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d) than
Difference
Qmaxima
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are a factor
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for the low EswQ
level.
Two
areplasma
observed, at 14–15 MLT
J −
E and
for magnetospheric measurements. In addition,
and 16–19 MLT. The 14–15 MLT maximum may be related to the subauroral electric field discussed by Aikio
drift velocities at Tromsø. (a) and (c) show reset al. [2012]. In addition, a morning maximum appears from 23 to 05 MLT. The MLT-integrated Joule heating
the event was modelled by the GUMICS-4 MHD
ults
for
low-level
solar
wind
electric
field
E
≤
rates at TRO are a factor of 7 higher for high Esw in comparison with low Esw conditions. sw
simulation. The simulation of the PCB location
2 mV/m,
and
(b)
and
(d)lowshow
results
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maximum
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14–17
MLT for
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about 1for
h earlier
for high Esw . In
addition, thelevel
peak values
increase
a factor of 1.7.The
A smallMLT-integrated
enhancement in QE valuesQ
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was in a rather good agreement with the experEsw
> 2by mV/m.
E place at all MLT
for high Esw . The diﬀerence in the MLT-integrated QE between the high and low Esw at ESR is only about 10%.
imental estimates at the EISCAT longitude (FigTromsø (T) and at ESR (E) are shown in the bottom
Figure 10c (10d) shows the diﬀerence between QJ and QE for the low (high) Esw level at TRO. For the low Esw
corner
(a) and
(b).that neutral winds enhance Joule heating at all MLT sectors.ure
7). During the first three substorm expanlevel, all of the
values areof
positive
indicating
A
maximum is observed at 02–03 MLT. A completely diﬀerent eﬀect is observed for high Esw . Neutral windssion phases, neither the local observations nor the
reduce Joule heating in the afternoon-evening sector from 14 to 19 MLT. The maximal reduction appears
simulation showed any poleward motions
a
at 14–15 MLT with a median value of −3 mW/m2 . In the morning, neutral winds enhance Joule heating inglobal
2
broader MLT
during
highsouthward
Esw than during low IMF
Esw . The peak
median value is 4.1
mW/m
.
3.sector
For
the
conditions,
the
MLTof the PCB, even though the electrojets intensified.
4. Discussionintegrated QE for By − is twice the value for Rapid poleward motions of the PCB took place
+ at
TRO.
This
plausibly
bemeasured
explained
We have studiedB
theyeﬀect
of solar
wind on
severalcan
electrodynamic
parameters
simultaneously
only in the early recovery phases of the substorms.
◦
by the EISCAT radars
Tromsø
(TRO, 66.6◦average
cgmLat) and on
Svalbard
(ESR, 75.4electric
cgmLat) during
September
byinthe
higher
solar
wind
field
2005 and November 2003. The time average of solar wind parameters was set as 20 min prior to the Hence, in these cases the nightside reconnection
valuessofor
ionospheric measurement,
we areB
not
trying to address substorm eﬀects, which typically require energy
y −.
rate was locally higher in the recovery phase than
loading in the magnetotail during half an hour or a longer time. Grocott and Milan [2014] show that
∼20 min is adequate to produce a reconfiguration of the coupled magnetosphere-ionosphere system in the expansion phase.
See
Figure
5.Median values of the parameters are shown, so possible extreme events have
following
a change
in the IMF.
In addition, Aikio et al. (2013) suggest that the
a smaller eﬀect than when using the mean values.
IMF
Bz component correlated with the nightside
L. Cai, A. T. Aikio, and T. Nygrén, “Solar wind ef©2014. American Geophysical Union. All Rights Reserved.
10,450
tail
inclination
angle and the PCB location with
fect on Joule heating in the high-latitude ionosphere”,
about
a
17
min
delay from the bow shock. By
Journal of Geophysical Research Space Physics, 119,
taking
the
delay
into account, the IMF northward
doi:10.1002/2014JA020269, 2014.
turnings were associated with depolarisations of
the magnetotail and poleward motions of the PCB
Comparison of temporal fluctuations in in the recovery phase. The mechanism behind this
effect should be studied further.
TEC estimates
A comparison was made between Total Electron
Content estimates from EISCAT and GPS measurements using EISCAT data from along the same
line of sight of a given GPS satellite observed from
Tromsø (Figure 6). The temporal fluctuations in
the TEC between the two techniques was compared, which indicated a contribution from structures at E and F region altitudes. This was attributed to the presence of ionisation enhancements
possible caused by particle precipitation and it
was suggested that EISCAT_3D will have great

A. T. Aikio, et al., “IMF effect on the polar cap contraction and expansion during a period of substorms”, Annales Geophysicae, 31, 1021–1034, 2013.

Enhanced plasma-line spectral measurements in the E-region of the polar ionosphere
Strong radar back-scatter from Langmuir-waves,
(plasma-lines), are only observed when there is
15
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Fig. 4. Top panel: Selected plots of the Northern Hemisphere from the GUMICS simulation with violet colour showing the polar cap
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it only
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whenHowever,
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measurements from Tromsø on 12 December
2011.
GUMICS
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precipitation causing the production of secondary

(a) Slant TEC as obtained from EISCAT (Tromsø,
electrons. Traditionally measurements of plasma12 December 2011) electron density profiles
integwww.ann-geophys.net/31/1021/2013/
Ann. Geophys., 31, 1021–1034, 2013
lines have been made in rather narrow frequency
rated between 70 km altitude and 500 km range in
windows and there only analysed as power integcomparison with estimates of the GPS TEC along
rated over all ranges. With improved data-taking
the same line of sight. (b) Temporal fluctuations in
capabilities the EISCAT radars now have the capaslant TEC along the EISCAT (Tromsø, 12 December 2011) line of sight as integrated from altitudes
city to resolve the plasma-line spectra with 3 km
70 km (blue), 150 km (red), 200 km (green) upwards
altitude resolution in three wide frequency bands.
until range 500 km. Temporal fluctuations in slant
We have made observations of strong plasmaTEC from PRN23 (dashed black) along the same
line back-scatter during an auroral event, showing
direction are shown as well. The temporal fluctuenhanced plasma-line power from the E-region
ations are calculated over an interval of approximpeak up to the lower parts of the F-region, and
ately 150 s. (c) Contributions to temporal fluctuoccasionally the strong back-scatter extends even
ations in TEC from different ionospheric layers (i.e.
lower/higher (Figure 8). Observations of plasmaD/E, F1 and F2 nominally) in comparison with the
line profiles promise significant improvements in
overall GPS TEC fluctuations (Tromsø, 12 December 2011). The temporal fluctuations are calculated
the accuracy of electron density estimates comover an interval of approximately 150 s.
pared to ion-line power-based estimates, further

it also opens a window to measure field-aligned
currents, ion composition and possibly heat-flows.
More interestingly we see indications that the
16

gradient-drift instability (GDI) is one of the possible generation mechanisms of the undulating
structures. The reasons for this interpretation are:
1. The asymmetry in the preference of structuring between the leading and trailing edges is
qualitatively consistent with the GDI mechanism.
2. The linear growth rate of GDI calculated by
using electron density estimates from simultaneous European Incoherent Scatter Svalbard radar observations is roughly consistent
with the observed growth time of the fingers.
Such “unstable polar cap patches” could be
important sources of seed irregularities, which
would eventually be broken down to smallerscale density perturbations affecting the transionospheric satellite communications in the central polar cap.
K. Hosokawa, et al., “Two-dimensional direct imaging
of structuring of polar cap patches”, Journal of Geophysical Research, 118, doi:10.1002/jgra.50577, 2013.
Figure 8: The top panel shows electron density
measurements covering the altitude range from
about 80 km to 380 km. The bottom panel contains
an altitude spectrogram taken at 21:33:50 near the
beginning of a precipitation induced electron density enhancement as seen in the top panel.

ULF wave modulation of the ionospheric
parameters: Radar and magnetometer
observations

The global Pc5 pulsations at the recovery phase
of strong magnetic storm on 31 October 2003 are
examined using the IMAGE magnetometer and
plasma-line power is significantly larger at alti- tri-static EISCAT mainland radar data (Figure 10).
tudes where the plasma-line frequency is just This radar facility gives possibility to determine
above a multiple of the electron gyro-frequency.
the vertical profile of basic ionospheric parameters
and their variations with time cadence 30 s. The
comparison of magnetometer data from Tromsø
with the ionospheric parameters shows a signiTwo-dimensional direct imaging of ficant modulation by Pc5 pulsations of the elecstructuring of polar cap patches
tron density in the E layer, height-integrated ionospheric conductances, and ion temperature in the
A highly sensitive all-sky electron multiplier
F layer. This modulation has been observed in
charge-coupled device airglow imager has been
the absence of quasi-periodic electron precipita◦
operative in Longyearbyen, Norway (78.1 N,
tion as evidenced by riometer data. The mechan◦
15.5 E), since October 2011. The imager obtains
isms underlying the modulation effects, probably,
the 630.0 nm all-sky images with an exposure time
comprise the Joule ion heating by ULF wave elecof 4 s, which is about 10 times shorter than the contric field, and feeding/depleting the ionospheric
ventional cooled CCD airglow imagers. This new
electron content by the wave field-aligned current.
equipment allows imaging of the ongoing strucThe impact of ULF waves on the ionosphere resturing of polar cap patches in 2-D fashion. A case
ults in a non-linear distortion of ULF wave form,
is reported in which faint undulations appeared
as revealed by the phase portrait method.
along the trailing edge of patches propagating in
the central polar cap (Figure 9). The separation V. Pilipenko V., et al., “ULF wave modulation
between the fingers in the undulations was about of the ionospheric parameters”, Journal of Atmo50 km to 100 km and the e-folding time of their spheric and Solar-Terrestrial Physics, 108, 68–76.,
growth was about 5 min. It is suggested that the doi:10.1016/j.jastp.2013.12.015, 2014.
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Fig. 3. The quasi-3D altitude-time variations of the ionospheric parameters: plasma velocity Vi, electron density Ne, ion temperature Ti, and electron temperature Te duri
October 31, 2003 (1100–1200 UT).

Figure 10: The quasi-3D altitude-time variations
of the ionospheric parameters:
plasma velocity V ,
Here we estimate by the order ofi magnitude a possible input
and anti-correlate with N . Modulation of T throughout the
various mechanisms
the observed
ionosphere has been hardly seen.
electron density Ne , ion temperature
Ti ,into
and
elec- Alfvén wave modulation
the ionospheric parameters. The modulation mechanism related
During daytime event under examination the mean iono.
the periodic energetic ( # 30–100 keV) electron precipitation is n
spheric conductances are Σ Htron
C Σ P Ctemperature
5 S. Magnetic ﬁeld T
isenearly
Figure 9: (a) Keogram reproduced from
630.0
considered because riometer observations have not revealed an
vertical,
sin nm
I C 0:96. Comparison of the impedance-type relationelevated periodic riometer absorption during the analyzed perio
ships between
the ionospheric electric and ground magnetic ﬁelds
all-sky images along the SW-NE cross
section
though the lack of absorption does not rule out a precipitation
for Alfvén and fast waves shows that in the considered event Pc5
during a 40 min interval from 2120 to
2200 inUT.
electrons with energies below #10 keV.
pulsations
the upper ionosphere are mostly composed of
is nearly
zero or even warming.
The height proThe modulation depth of some ionospheric parameters fo
an Alfvén mode: wave with BðgÞ
C 400 nT in the ionosphere with
x
(b) Altitude-time-intensity plot of the
electron
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event
about order
of magnitude larger than th
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the electric
ﬁeld variations
files of
observed
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60 mV=m, whereas according to (5) it is to be
by
recent
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that atmospheric
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a
(c) Altitude-time-intensity plot of the electron
temobserved periodic disturbance is predominantly composed of an
the maximal and minimal amplitudes respectively, is as follow
models.
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results
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ESR.
e
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and 30%
ion temperature
confirmation of the simulations
and
offorthe
qual- ﬂuctuations.
The modulation of N could be caused by the compression
itative expectations.
component of Pc5 waves. This magnetic component can be induce

The ionospheric parameter variations during the early morning
interval (04–08 UT) can be associated with the periodic precipitation of energetic electrons. These conclusions stem from some
resemblance between ionospheric and riometer variations. However, during daytime interval (10–14 UT) riometer data show no
signiﬁcant indications on periodic precipitation in Pc5 frequency
band. Thus, the impact on the ionosphere is probably caused by
the electromagnetic ﬁelds and currents transported by incident
Alfvén wave.

Upper atmosphere cooling over the past
33 years
Theoretical models and observations have suggested that the increasing greenhouse gas concentration in the troposphere causes the upper atmosphere to cool and contract. However, our understanding of the long-term trends in the upper atmosphere is still quite incomplete, due to a limited amount of available and well-calibrated data.
The European Incoherent Scatter (EISCAT) radar
has gathered data in the polar ionosphere above
Tromsø for over 33 years. Using this long-term
data set, Ogawa et al. (2014) have estimated the
first significant trends of ion temperature at altitudes between 200 km and 450 km (Figure 11). The
estimated trends indicate a cooling of 10 K/decade
to 15 K/decade near the F region peak (220 km to
380 km altitude), whereas above 400 km the trend

e

by two mechanisms: (a) a compressional mode contribution into th
incident magnetospheric wave; (b) excitation of evanescent com
pressional mode in the ionosphere by incident Alfvén wave. How
ever, in both cases it is hard to expect the relative plasma variation
ΔNe =N e exceeding the magnetic ﬁeld compression B J =B0 . So, th
mechanism cannot produce ﬂuctuations ΔN e =N e larger than few

Y. Ogawa, et al., “Upper atmosphere cooling over
the past 33 years”, Geophysical Research Letters, 41,
doi:10.1002/2014GL060591, 2014.

Isolated nighttime substorms and morning geomagnetic Pc5 pulsations from
ground-based and satellite (THEMIS)
observations
The analysis results of a complex of phenomena
that were developing in the evening and morning magnetospheric and ionospheric sectors during two events (January 18 and February 19, 2008)
are presented (Figure 12). The analysis is based
on the observation data in the magnetotail from
the THEMIS satellites and ground-based observations in the morning (MIRACLE network) and
nighttime (THEMIS ground-based network) sec18
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Figure 11: The residual ion temperature at 310 km
to 340 km altitude after removal of the solar effects
(in red) and a linear fit to it (in blue).
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Fig. 4. (a) Maps of the dynamics of auroras in the night sector; (b) comparison of simultaneous ASC frames in the morning (NAL
observatory) and evening (GIL observatory) sectors.
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breakup at three central THEMIS satellites simulcan be enhanced by heating due to the dominance
taneously spaced up to 10 Re . According with the
of dust charging over plasma diffusion.
ASC data at the NAL observatory (3 frames/min)
and with the THEMIS network of ASC data, on- A. Senior, et al., “First modulation of high-frequency
set of auroral activations in the night and morning polar mesospheric summer echoes by radio heating
sectors occurred simultaneously. Probable reas- of the ionosphere”, Geophysical Research Letters, 41,
ons for the sudden suppression or intensification doi:10.1002/2014GL060703, 2014.
of Pc5 pulsations are discussed.
K. Kauristie, et al., “Isolated Nighttime Substorms and
Morning geomagnetic Pc5 Pulsations from GroundBased and Satellite (THEMIS) observations”, Geomagnetism and Aeronomy, 53, 5, 613–625, 2013.

The mesosphere and the lower
thermosphere
First modulation of high-frequency polar mesospheric summer echoes by radio
heating of the ionosphere
The first high-frequency (HF, 8 MHz) observations
were presented of the modulation of polar mesospheric summer echoes (PMSE) by artificial radio
heating of the ionosphere. They were compared
to observations at 224 MHz and model predictions

EISCAT and ESRAD radars observations
of polar mesosphere winter echoes during solar proton events on 11–12 November 2004
Remarkable and strong radar echoes from the
Earth’s mesosphere, the upper boundary of the
middle atmosphere, are detected at polar regions,
in the months near both summer and winter solstice. These are called Polar Mesospheric Summer
and Winter Echoes, PMSE and PMWE. In so-called
solar proton events (SPE) the density in the Dregion is enhanced, and so these are good opportunities to study particularly PMWE with radars.
PMWE were detected by two radars, ESRAD at
52 MHz located near Kiruna, Sweden, and EISCAT
at 224 MHz located near Tromsø, Norway, during
the strong SPE on 11–12 November 2004. PMWE
maximum volume reflectivity was estimated to be
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Figure 13: Median change in RCS (radar cross sections per unit volume) over a heating cycle during subinterval a for the (top) VHF and (bottom)
HF radars. The vertical line at 48 s after start of
heating indicates when heating ceased. The time
resolution is 0.96 s for the VHF and 4 s for the HF
radar. The backscattering irregularity wave number k is marked in each frame. The error bars
show the standard error of the median RCS. In both
frames, the solid blue and green lines correspond
to modeled RCS variations for dust parameters of
rd =10 nm, nd /ne =5 % and rd =5 nm, nd /ne =40 %,
respectively. In the bottom panel, the dashed blue
and green lines show the modeled RCS variations
without corrections for observational effects; refer
to the right-hand scale for these lines.

Figure 14: Time–altitude maps of ESRAD (upper
panel) and EISCAT VHF volume reflectivities during the SPE on 10–12 November 2004.

a complete theory of radar scatter from this kind
of disturbance needs to be developed before a full
conclusion can be made.
E. Belova, S. Kirkwood, and T. Sergienko, “EISCAT
and ESRAD radars observations of polar mesosphere
winter echoes during solar proton events on 11–
12 November 2004, Annales Geophysicae, 31, 1177–
1190, doi:10.5194/angeo-31-1177-2013, 2013.

3 × 10−15 m−1 for ESRAD and 2 × 10−18 m−1 for EISCAT, see Figure 14. It was found that the shape of
the echo power spectrum is close to Gaussian inside the PMWE layers, and outside of them it is
close to Lorentzian, similar as the standard incoherent scatter (IS) ion line . The EISCAT PMWE
spectral width is about 5 m s−1 to 7 m s−1 at 64 km
to 67 km height and 7 m s−1 to 10 m s−1 at 68 km to
70 km. At the lower altitudes the PMWE spectral
widths are close to those for the IS ion line derived
from the EISCAT data outside the layers. At the
higher altitudes the PMWE spectra are broader by
2 m s−1 to 4 m s−1 than those for the ion line. The
ESRAD PMWE spectral widths at 67 km to 72 km
altitude are 3 m s−1 to 5 m s−1 , that is, 2 m s−1 to
4 m s−1 larger than ion line spectral widths modelled for the ESRAD radar. The PMWE spectral
widths for both EISCAT and ESRAD showed no
dependence on the echo strength. It was found
that all these facts cannot be explained by a turbulent origin of the echoes. It is suggested that
evanescent perturbations in the electron gas generated by incident infrasound waves may explain
the observed PMWE spectral widths. However,
20

Variations of the neutral temperature
and sodium density between 80 km and
107 km above Tromsø during the winter
of 2010 – 2011 by a new solid state sodium LIDAR
A new solid-state sodium lidar installed at Ramfjordmoen, Tromsø (69.6◦ N, 19.2◦ E), started observations of neutral temperature together with
sodium density in the mesosphere-lower thermosphere (MLT) region on 1 October 2010. The
new lidar provided temperature data with a
time resolution of 10 min and with good quality
between 80 km and 105 km from October 2010 to
March 2011. Nozawa et al. (2014) aim at introducing the new lidar with its observational results
obtained over the first 6 months of observations.
They succeeded in obtaining neutral temperature
and sodium density data of about 255.5 h in total.
In order to evaluate our observations, they compared:
1. The sodium density with that published in the
literature.

2. The average temperature and column sodium
density data with those obtained with Arctic Lidar Observatory for Middle Atmosphere
Research Weber sodium lidar
3. The neutral temperature data with those
obtained by Sounding of the Atmosphere with Broadband Emission Radiometry/Thermosphere Ionosphere Mesosphere Energetics and Dynamics satellite.
For the night of 5 October 2010, they succeeded
in conducting simultaneous observations of the
new lidar and the European Incoherent Scatter
UHF radar with the tristatic Common Program 1
(CP-1) mode (Figure 15). Comparisons of neutral
and ion temperatures showed a good agreement at
104 km between 0050 UT and 0230 UT on 6 October 2010 when the electric field strength was smaller, while significant deviations (up to 25 K) are
found at 107 km. Contributions of Joule heating
and electron-ion heat exchange were evaluated,
but derived values seem to be underestimated.

Figure 15: (a) Temporal and altitude variations
of the electron density observed with the EISCAT
UHF radar at Tromsø are shown from 2200 UT on
5 October to 0400 UT on 6 October 2010. (b) Temporal variations of the electric field of the (left)
northward and (right) eastward components observed with the EISCAT UHF radar at Tromsø are
shown from 2200 UT on 5 October to 0400 UT on
6 October 2010. Thicker lines denote the electric
field values during the simultaneous observations
with the sodium lidar. (c) Comparison of neutral
(open circle: lidar) and ion (solid circle: EISCAT)
temperatures (top left) at 104 km and (top right)
at 107 km are shown from 0000 UT to 0300 UT on
6 October 2010. Vertical line associated with each
symbol denotes its error value. Calculated temperature increase due to Joule heat (open square) and
electron-ion heat exchange (solid square) derived
by EISCAT data (bottom left) at 104 km and (bottom right) at 107 km are shown.

S. Nozawa, et al., “Variations of the neutral temperature and sodium density between 80 and 107 km above
Tromsø during the winter of 2010–2011 by a new solidstate sodium lidar”, Journal of Geophysical Research,
119, doi:10.1002/2013JA019520, 2014.

The aurora
Height-dependent ionospheric variations in the vicinity of nightside poleward expanding aurora after substorm
onset
High-latitude ionospheric variations at times
near auroral substorms exhibit large temporal
variations in both vertical and horizontal extents. Statistical analysis was made of data from
the European Incoherent Scatter UHF radar at
Tromsø, Norway, and International Monitor for
Auroral Geomagnetic Effects magnetometer for
finding common features in electron density, ion
and electron temperatures and relating these to
currents and associated heating (Figure 16). Oyama etal. (2014) particularly focused on the height
dependencies. Results show clear evidences of
large electric field with corresponding frictional
heating and Pedersen currents located just outside the front of the poleward expanding aurora,
which typically appeared at the eastside of westward traveling surge. At the beginning of the substorm recovery phase, the ionospheric density had

a large peak in the E region and a smaller peak in
the F region. This structure was named as C form
in this paper based on its shape in the altitudetime plot. The lower altitude density maximum
is associated with hard auroral electron precipitation probably during pulsating aurora. The upper
F region density maximum was attributed to local
ionization by lower energy particle precipitation
and/or long-lived plasma that is convected horizontally into the overhead measurement volume
from the dayside hemisphere.
S. Oyama, et al., “Height-dependent ionospheric variations in the vicinity of nightside poleward expanding
aurora after substorm onset”, Journal of Geophysical
Research, 119, doi:10.1002/2013JA019704, 2014.
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Figure 16: Height profile of (a) electron density,
(b) electron temperature, and (c) ion temperature
from the superposed epoch analysis of the EISCAT
data. Time intervals are grouped by four colors
(black: 60 < dt < 30 min, blue: 30 < dt < 0 min,
red: 0 < dt < +30 min, and green: +30 < dt <
+60 min.

Properties of auroral radio absorption
patches observed in the morning sector
The properties and behaviour of fine structured
auroral radio absorption in the morning sector
were determined using EISCAT measurements to
provide estimates of the energy spectrum of the
incoming electrons. It was shown that the observed motion of the absorption was not consistent with the gradient-curvature drift associated
with the observed energies, rather the motion was
in line with F-region drifts determined from coherent scatter radars suggesting that the cause of the
precipitation lies in moving structures within the
magnetosphere (Figure 17).
M. J. Birch, J. K. Hargreaves, and B. J. I. Bromage,
“Properties of auroral radio absorption patches
observed in the morning sector using imaging riometer and incoherent-scatter radar”, Journal of
Atmospheric and Solar-Terrestrial Physics, 105,
doi:0.1016/j.jastp.2012.12.004, 2013.

On the relation of Langmuir turbulence
radar signatures to auroral conditions
Schlatter et al. (2014) present a statistical study of
anomalous radar echoes observed in the auroral
ionosphere thought to be signatures of Langmuir
turbulence (LT). Data obtained with the European
Incoherent Scatter Svalbard radar during the international polar year (IPY) were searched for these
anomalous echoes in the auroral F region. In
incoherent scatter radar experiments LT may in
22

Figure 17: (a) Keogram reproduced from 630.0 nm
all-sky images along the SW-NE cross section
during a 40 min interval from 2120 to 2200 UT.
(b) Altitude-time-intensity plot of the electron
density obtained by the 42 m antenna of ESR.
(c) Altitude-time-intensity plot of the electron temperature obtained by the 42 m antenna of ESR.

certain circumstances be observed as enhanced
backscattered radar power at the ion line frequencies, plasma line frequencies, and at zero Doppler
shift, see Figure 18. The power enhancement at
zero Doppler shift could arise due to Bragg scattering from non-propagating density fluctuations
caused by strong LT. In the IPY data set, around
0.02 % of the data comply with the search criteria
for altitudes above 190 km based on the ion line
spectrum including enhancement at zero Doppler
shift. The occurrence frequency of the identified
events peaks in the pre-midnight sector and increases with local geomagnetic disturbance. Enhanced backscattered power is observed with limited altitude extent (below 20 km in 70 % of the
events), and the altitude distribution of identified radar signatures in the ion line channel has a
peak at about 220 km. Enhancement of the plasma
line is observed with the ion line enhancements
in more than 60 % of the events. Two classes of
enhanced plasma lines occur. In the first class,
plasma lines are limited in frequency and altitude
and occur at altitudes of ion line enhancements.
In the second class, the plasma lines are spread
in frequency and range and are observed at lower
altitudes than the first class (at about 170 km) with
frequencies close to 3 MHz. Available optical data

Figure 19: Deviation from averaged sodium number density at each height (Ns − Deviation), (b) the
averaged sodium number density (Ns − Average),
and (c) the ion temperature (blue) at 154 km and
the neutral temperature (black thick line) from the
NRLMSISE-00 model. Black and gray lines overlaid on the Ns − Deviation indicate the electron
densities of 3 × 1011 m−3 and 2 × 1011 m−3 , respectively.

Figure 18: Example of a positive detection observed on 19 January 2008 at 19:06:18 UT. (a) Background power spectral density, (b) ion line power
spectral density to be searched, (c) residual of panels (a) and (b), (d) binary gradient mask, (e) extended binary mask with filled holes, and (f) segmented mask. In panel (b) the identified echo is
highlighted in red. The horizontal black line corresponds to the cutoff range of the search.

the time response of the decrease in sodium density.
available indicate that the identified events to occur during auroral breakup with high-energy electron precipitation.
N. M. Schlatter, N. Ivchenko, and I. Häggström,
“On the relation of Langmuir turbulence radar signatures to auroral conditions”, Journal of Geophysical Research Space Physics, 119, 8499–8511,
doi:10.1002/2013JA019457, 2014.

T. T. Tsuda, et al., “Decrease in sodium density
observed during auroral particle precipitation over
Tromsø, Norway”, Geophysical Research Letters, 40,
doi:10.1002/grl.50897, 2013.

Height-dependent energy exchange
rates in the high-latitude E-region ionosphere

Decrease in sodium density observed The statistical properties of the altitude profiles of
during auroral particle precipitation the different energy transfer rates in the auroral
ionosphere are studied by using EISCAT radar
over Tromsø
Using a simultaneous and common-volume observation by a European incoherent scatter (EISCAT)
VHF radar and a sodium lidar at Tromsø, Norway
(69.6◦ N, 19.2◦ E), the effect of pure particle precipitation, excluding that of the electric field, on sodium density variations has been determined for
the first time. The observation on 24-–25 January
2012 (Figure 19) showed that sodium atom density decreased when there was no ion temperature
enhancement (indicating a weak electric field) and
the electron density increased (indicating strong
particle precipitation). From the results, it was
concluded that auroral particle precipitation induced sodium atom density decrease in this event.
Furthermore, a discussion is provided regarding

measurements in Tromsø. During active conditions, winds reduce the height-integrated Joule
heating rates in the evening but enhance them in
the morning. Cai et al. (2013) show that the reduction in the evening takes place close to and
above the peak altitude of Joule heating, so that
the Joule heating peak descends from the Pedersen
conductivity maximum at 120 km down to about
115 km. Values close to the peak are reduced also
in the morning, but the positive effect by winds
above the peak makes the net effect positive. The
altitude range where the electromagnetic energy
of magnetospheric origin is converted to the mechanical energy of the neutrals is only 20 km to 35 km
wide in the E region and shows a clear magnetic
local time variation. Model calculations are used
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Figure 12. The angle ! between the wind velocity u? and the electric field E are shown by a normalized
number of samples as a function of the geomagnetic activity (rows) and MLT sectors (columns). The
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tudes, and it is stronger in the 15–18 MLT sector. The qm
values for angles smaller than but close to 90ı are significantly reduced in comparison with the values for ! = –45ı .
Hence, the lower boundary is determined by the shear in the
wind direction.
[64] In the morning sector, the altitude profiles of ! are
different from the evening sector (Figure 12). However, the
upper boundary of the positive band of qm is determined
by the altitude-dependent r since ! is distributed between
–90ı and 0ı . The lower boundary is again determined by the
change in wind direction, but now ! approaches –90ı at low
altitudes, where qm values are significantly reduced.
[65] The peak altitude of qm is at about 120–123 km in
the evening sector but within 110–118 km in the morning
sector. The effect is caused by the different Hall conductivity profiles in the evening in comparison with the morning
sector: Hall conductivities peak at lower altitudes and have
higher magnitudes in the morning sector (Figure 1). The
model calculations shown in Figures 8–11 are made utilizing

[66] As seen in section 3.5, the Joule heating rates can be
reduced or enhanced by neutral winds in comparison with
qE at different altitudes. In the evening sector, the reduction
always takes place around the peak of qE during medium and
high activity, extending to altitudes of 130–160 km.
[67] Figure 11 and Appendix A show that qJ < qE only
when r < 2. The range of ! giving qJ < qE does not depend
on altitude when r is fixed. At low values of r, this range
varies between –180ı and 0ı , but with increasing r, this
range gets more narrow and completely disappears at r = 2.
[68] Figure 12 shows that, in the evening sector, –90ı <
! < –45ı in the height region above 115–120 km. Therefore, the condition qJ < qE is valid up to altitudes where
r = 2. At high altitudes, where r increases, the Joule heating rate is enhanced by neutral winds. The transition altitude
gets the highest value of "160 km at 15–18 MLT for high
activity conditions, since the maximum of electric field takes
place there maintaining small values of r at high altitudes.
At altitudes below 115 km, qJ is slightly larger than qE ,

to study the effect of the angle between the wind
and electric field directions (Figure 20) on the energy transfer rates and to explain the observed features.

L. Cai, A. T. Aikio, and T. Nygrén, “Altitude profiles of
energy exchange rates in the high-latiude ionosphere”,
7380
Journal of Geophysical Research
A, in press, 2013.

Enhanced EISCAT UHF backscatter during high-energy auroral electron precipitation
Natural enhancements in the backscattered power
of incoherent scatter radars up to five orders
of magnitudes above the thermal backscatter are
sometimes observed at high latitudes. Recently
observations of enhancements in the backscattered
power including a feature at zero Doppler shift
have been reported. These enhancements are
limited in altitude to tens of kilometers. The
zero Doppler shift feature has been interpreted
as a signature of electron density cavitation. Enhanced plasma lines during these observations
have also been reported. Schlatter et al. (2013)
report on the first EISCAT UHF observations of
enhanced backscattered radar power including a
zero Doppler shift feature. The enhancements originated from two distinct and intermittent layers
at about 200 km altitude. The altitude extent of
the enhancements, observed during auroral highenergy electron precipitation, was <2 km. See also
Figure21.
N. M. Schlatter, et al., “Enhanced EISCAT UHF
backscatter during high-energy auroral electron pre-
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Figure 21: Radar ion line spectra at 17:04:08 and
17:05:56 UT for the upper (dot-dashed line, asterisks) and lower (dashed line, squares) enhancements with 4 s integration time. The two solid lines
show thermal spectra with integration time of 20 s
from the altitude region in between the two layers
of enhanced backscattered power.

cipitation”, Annales Geophysicae, 31,
doi:10.5194/angeo-31-1681-2013, 2013.

1681-1687,

Studies using the Heating facility
Observation of VHF incoherent scatter
spectra disturbed by HF heating
An ionospheric heating experiments carried out
on 13 September 2010 at EISCAT in Tromsø, Norway. During the experiment, it was found that the
altitude of the enhanced spectral lines descends in
the altitude throughout the heater-on period, for
which one possible mechanism being response is
given. Namely, due to ionospheric heating, the
electrons near the interaction region diffuse, resulting in two electron density peaks on both sides
of this region, the below one of which form a new
the ordinary reflection height.
Cheng Musong, Xu Bin, Wu Zhensen, Li Haiying, Wang
Zhange, Xu Zhengwen, Wu Jun and Wu Jian, “Observation of VHF incoherent scatter spectra disturbed by HF
heating”, Journal of Atmospheric and Solar-Terrestrial
Physics 105–106, 245–252, 2013.

November 2011 in Norway. An obviously increased electron density was observed by UHF
radar, which is up to 269.3 % around the reflection height and about 30 % to 50 % at the altitude
range of 300 km to 500 km. To the authors’ knowledge, the large increase of electron density in such
a large range of space is extremely rare and may be
caused by suprathermal electrons.
Cheng MuSong, Xu Bin, Wu ZhenSen, et al., “A large increase of electron density in ionospheric heating experiment”, Chinese Journal Geophysics 57(11), 3633–3641,
doi:10.6038/cjg20141117, 2014.
Figure 22: (top) Time series of electron density profiles from the UHF radar on 11 November 2001.
(middle) The corresponding time series of electron
temperature profiles. (bottom) Time series of electron density at an altitude of 302 km from Tromsø
(black), at 291 km from Kiruna (blue) and at 300 km
from Sodankylä (green). The grey bars indicate the
relative pump power.

Observations of HF-induced instability
in the auroral E region

Radio-induced incoherent scatter ion
line enhancements
An investigation was performed of recently reported large electron density enhancements measured during high power radio wave injection experiments at EISCAT. The apparent enhancements
extend over a wide altitude range, including the
topside ionosphere. Observational evidence are
presented showing that the apparent density enhancements seem to exhibit aspect-sensitive backscattering and are not associated with corresponding changes in the frequency of the incoherent
scatter plasma line (Figure 22). From this it is
concluded that the enhancement in the power in
the ion-line is not actually a result of an enhancement in the plasma density but is rather due to
some other mechanism that preferentially scatters
the radar wave back along the magnetic field line.
A physical mechanism to explain this has not yet
been described.

N. M. Schlatter, et al., “Observations of HF-induced instability in the auroral E region”, Annales Geophysicae,
31, 1103-1108, doi:10.5194/angeo-31-1103-2013, 2013.

High latitude artificial periodic irregularity observations with the upgraded
EISCAT heating facility

A. Senior, et al., “Radio-induced incoherent scatter ion
line enhancements with wide altitude extents in the
high-latitude ionosphere”, Geophysical Research Letters, 40, doi:10.1002/grl.50272, 2013.

A large increase of electron density in
ionospheric heating experiment
During a high latitude ionospheric heating experiment carried out with the EISCAT heater in

Enhancements were observed in backscattered
radar power during an ionospheric heating experiment from two distinct altitude regions in the
auroral E region above Tromsø. For the experiment the EISCAT Tromsø heater was operated
with O mode and X mode alternated at 4.04 MHz,
close to the third electron gyroharmonic. Ion-line
data recorded with the EISCAT UHF radar reveal
different temporal evolutions as well as different
ion-line characteristics for the enhancements from
the two altitude regions. The upper layer is dominated by a strong central feature, whereas the
lower layer has three peaks corresponding to the
central feature and the two ion lines. The altitude
region of the two closely spaced (altitude separation around 5 km) but distinct enhancements is
close to the critical altitude for the heater wave.
Figure 23 shows an example.

Vierinen et al. (2013) present a recently developed
ionospheric modification experiment that produces artificial periodic irregularities in the ionosphere and uses them to make observations of
the spatio-temporal behaviour of the irregularities. In addition, the method can be used to
measure Faraday rotation and vertical velocities.
They also introduce a novel experiment that allows monitoring the formation of the irregularities during heating, in addition to observing their
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Figure 23: The top panel shows the radar
power profile observed during O-mode heating
cycle O1 (16:52–16:54 UT) with enhancements in
back scattered power from two distinguished altitude layers. At times of enhanced backscatter self4. The rise and decay of the API echoes on the 12th of December 2011. All probing pulses are X-mode. The power is averaged over 20-min (9:30-9:50 UTC). The averaged
clutter caused by the radar program can beFig.
seen
at
decay plot also contains weak signatures of several meteor trail echoes.
Figure 24: The rise and decay of the API echoes on
altitudes up to 180 km. In the bottom panel ion-line
the 12th of December 2011. All probing pulses are
spectra are shown measured at 16:52:52, 16:52:56
X-mode. The power is averaged over 20 min (9:30–
and 16:53:04 UT with 4 s integration. The spec9:50 UTC). The averaged decay plot also contains
tra are normalized to an arbitrary value and the
weak signatures of several meteor trail echoes.
baseline of each spectrum corresponds to altitude.

ing the combination of the methods, the following
parameters of the TID can be determined: the time
of day when the TID occurs at one location, the
period length (or frequency), the vertical phase
velocity, the amplitude spectral density, the vertical wave-length, the azimuth angle of horizontal
orientation, the horizontal wavelength, and the
This
technique will
J. Vierinen, A. Kero, and M. T. Rietveld, “High lat- horizontal phase velocity.3.2. Rise
and decay time
between the differentallow
API formation
processes are clearlycharacterisation
visible,
a
systematic
of AGW-TIDs,
itude artificial periodic irregularity observations
with
Traditionally the single frequency API experiments are used for
especially the one around 80 km, where the negative ion formamonitoring other
the decay times
of the API
signature in the E- and
tion (below) turns into
the more effective
recombination
domi- among
which
can be
useful,
things,
for
the upgraded EISCAT heating facility”, Journal
of
AtD-region of the ionosphere. In this study, we also attempted for
nated API (above). Another transition region shows up as a
statistical
analyses.
the ﬁrst time to ﬁt the growth behaviour of the irregularities
around 90 km.
According to Belikovich
et al. (2002), in
mospheric and Solar-Terrestrial Physics, 105,minimum
253–261,
decay after heating. The first measurements indicate, contrary to existing theory, that the amplitude
of the radar echoes from the periodic irregularities
grows faster than they decay (Figure 24). The focus is on the API effects in the D and E region of
the ionosphere.

doi:10.1016/j.jastp.2013.08.012, 2013.

Fig. 5. Rise and decay e-folding time constants: 14th of December 2011. The ﬁtted
time constants are averaged through the whole experiment.

Fig. 6. Rise and decay e-folding time constants: 15th of December 2011. The ﬁtted
time constants are averaged through the whole experiment.

this transition region, the recombination based API (below) is
overtaken by the ambipolar diffusion process (above).

probed using interleaving short probing pulses within the heating
pulse, as described in Section 2.1. The use of such heating

M. Van de Kamp, D. Pokhotelov, and K. Kauristie,
“TID characterised using joint effort of incoherent scatter radar and GPS”, Annales Geophysicae, 32, 1511–
1532, doi:10.5194/angeo-32-1511-2014, 2014.

Observation techniques

TID characterised using joint effort of
Radar baud length optimisation of spaincoherent scatter radar and GPS
tially incoherent time-independent tarTravelling Ionospheric Disturbances (TIDs), gets
which are caused by Atmospheric Gravity Waves
(AGWs), are detected and characterised by a
joint analysis of the results of two measurement techniques: incoherent scatter radar and
multiple-receiver GPS measurements (Figure 25).
The strengths of both techniques are combined,
in order to obtain semi-automatic tools for TID
detection. The radar provides a good vertical
range and resolution and the GPS measurements
provide a good horizontal range and resolution,
while both have a good temporal resolution. Us-

While it may be a general belief that the optimal
baud length for radar measurements of range extended targets should be close to the desired resolution, this is only an approximate truth for weak
targets and not true at all for strong targets. Lehtinen and Damtie (2013) use full measurement
error estimates with proper correlations and find
numerically the baud length which optimises the
posteriori variance of an extended target (Figure 26). While the pulse is assumed to be a simple
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the inverted lag profile as a function of the ratio E of the baud
length to the desired range resolution. For example, Fig. 2 shows
the performance of different combinations of baud length and
range resolution for the case of low nSNR. We can see that for this
case, the minimum variance is obtained when the baud length is
about E¼1.4 times that of the desired range resolution of the
measurement. This numerical result is in agreement with the
results obtained by Lehtinen (1989) for similar studies of alternating code baud lengths with a low nSNR.
Fig. 3 illustrates the performance curves for the case of an
incoherent-scatter measurement with high nSNR. We see that an
increase in nSNR leads to a decrease in E. This means that we need
increasingly narrower baud lengths and correspondingly longer
perfect or almost perfect pulse compression code sequences in
the experiments, if the required constant total pulse power is to
be achieved by pulse compression instead of actually increasing
Fig. 4. Posteriori variance of the lag profile as a function of the ratio of the baud
instantaneous pulse power. It is interesting to notice (see Fig. 3)
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Radar interferometer calibration of the
EISCAT Svalbard Radar and a additional
receiver station
The EISCAT Svalbard Radar has two parabolic
dishes. In order to attempt to implement radar
aperture synthesis imaging methods three smaller,
passive receive array antennas were built. Several
new
receiver
system
exist,
Fig.science
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the baud length to the desired range resolution for the case of incoherent-scatter
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ally enhanced ion acoustic lines. In order to compare radar aperture synthesis imaging results with
measurements from optical imagers, calibration of
the radar interferometer system is necessary. Sch-

station”, Journal of Atmospheric and Solar-Terrestrial
Physics,
105,
287-292,
doi:10.1016/j.jastp.2012.11.017,
7.
Relevance
to more
general
kinds of experiments
2013.

The results derived here apply strictly to measurements of a
time-coherent target with a simple pulse only whose total energy
is fixed and whose baud length is the free design parameter.
However, these results can at least heuristically be generalised to
rather general conclusions in experiment design for timedependent targets such as incoherent scatter radars.
For a low nSNR, many different methods of coding have been
developed,
the various forms
alternating spectral
codes (see
The first including
implementation
of theof so-called
Lehtinen and Häggström, 1987; Sulzer, 1986, 1993) and newer
riometer technique
for the
ionospheric
electron
multipurpose-type
experiments
(Virtanen
et al., 2008,
2009).

Ionospheric electron density profiles inverted from a spectral riometer measurement

density profile estimation is presented. In contrast
to the traditional riometer operating at a single frequency, this experiment monitors the cosmic radio
noise at 244 frequencies, ranging from 10 MHz to

27

ERO ET AL.

Geophysical Research Letters

10.1002/2014GL060986
88

a)

b)

c)

d)

M. M. J. L. van de Kamp: Medium-scale 4-D ionospheric tomography

Fig. 13. Two snapshots of the 3-dimensional inversion results for 14 December.

Figure 28: Two snapshots of the 3-dimensional inThe left-hand graph is for 10:00 UT, at which time it is
version results for 14 December.

Admittedly, there are also cases where the occultation
and the inversion do not agree. Figure 12 shows an example for 9 December. The GPS satellite was located at
0.9 N/ 30.7 E, and was seen from the measurement locations to the west, at azimuths between 267 and 273 . The
Figure 2. Inversion results. (a) Electron density (base-10 logarithm, m−3 ) inverted from the absorption data shown in
seemingly
higher vertical resolution of both inversion results
Figure 1c. (b) EISCAT VHF electron density profiles retrieved from an experiment optimized for the D and E layers. Both
than
in the
previous figures is only due to the fact that the ocFigures 2a and 2b have the same color scale. (c) Maximum a posteriori values of the precipitation parameters
used
in the
?3
cultation
measurement
location moved more rapidly in horfitting, i.e., characteristic energy versus electron flux. (d) Riometer electron density estimates (red) plotted on top of all
izontal direction, so that the inversion trace traverses more
the EISCAT electron density measurements (black dots).
grid voxels.
Here, ionthe occultation measured an intense E-layer, which
Incoherent Scatter (EISCAT) VHF incoherent scatter measurement in Figure 2b, showing that the excess
is all
but missed by both inversions. Table 2 shows that the
ization is due to the energetic electron precipitation, likely associated with the concurrent auroral
substorm
RMS
of
the
activity. The simultaneous EISCAT reference data enable an independent quantitative validation for electrondifferences with the occultation results is for inversion B hardly better than for inversion A, or for the IRI
density profile estimation by the spectral riometry presented here.
model.
The explanation for this failed result may well be that
3. Inversion of the Electron Density Profile
the occultation detected this E-layer above northern Sweden,
3.1. Model for the Absorption Spectrum
outside the area where the Geotrim receivers are, and where
To model the radio wave absorption as a function of frequency, the generalized Appleton theory
given
hence
noby
measurement paths traversing at low altitudes can
Sen and Wyller [1960] was applied to obtain the complex refractive index n = ℜn + iℑn for both
circular as inputs for the inversion. This example shows
be expected
the that reliable tomography results can only be expolarizations, no and nx , at each height h and frequency f of interest. The refractive index depends
onceon
more
pected
in areas where a high density of crossing paths at all
radio wave frequency, electron density Ne , electron-to-neutral collision frequency, and, to a lesser
degree,
altitudes
and in various directions is available.
the external magnetic field. The collision frequency is calculated here as in Dalgarno et al. [1967],
based on
At this
the NRL-MSISE-00 reference atmosphere [Picone et al., 2002], and a simple dipole approximation was
usedpoint, method B is considered the best available
method
and
for the Earth’s magnetic field. The quiet background electron density profile N (h), needed to calculate will be used in the further graphs of this paper.

close to solar midday in Finland. It shows that at this time,
there was a significant F-layer, but not many irregularities.
The right-hand graph is for 18:00, which corresponds to the
right-hand end of the graphs in Fig. 9. It is seen that at this
time, many strong medium-scale irregularities were present,
which extended to high altitudes. These irregularities are
the same ones as seen in the centre graph of Fig. 9, spacetime converted. As the comparison with EISCAT in Sect. 3.2
showed, the size and general shape of these irregularities are
well in agreement with reality; only their intensity can be
somewhat underestimated by the inversion.

ure 28). The method concentrates on mediumscale structures: 100 km to 2000 km in horizontal
size. The input consists of TEC measurements
from the dense GPS network Geotrim in Finland. In order to ensure sufficient vertical resol4 Conclusions
ution, EISCAT radar data from
Tromsø are used to
ionosphere above Scandinavia in December 2006 is sucprovide the vertical profileTheinformation.
cessfully imaged by 4-dimensional tomography using TEC
from the dense Geotrim
network in FinThe TEC offset of themeasurements
measurements
is GPS
unland, and inversion using the software package MIDAS verknown, but the inversion sion
procedure
is been
able
de- with
2.0. The results have
testedto
by comparing
termine this automatically. This
auto-calibration
– Geotrim
TEC measurements calibrated is
independently;
– EISCAT incoherent scatter radar returns from Tromsø;
shown to work well.
– FORMOSAT3/COSMIC
radio occultation
Comparisons with EISCAT
radar results
and measurethe corresponding refractive indices n (h, f ) and n (h, f ), was obtained by using the Sodankylä coupled
ments.
results
Ion-neutral Chemistry (SIC) model [Turunen et al., 2009]. Similarly, the refractive indices n (h, f ), 3.4
n (h, Three-dimensional
f ) can with occultation
results show
that the inversion
These comparisons show the general good performance of
80 MHz,
by using
thedensity
new
Kilpisjärvi
Atmospheric
be calculated
for the instantaneous
electron
profile
N (h).
Figure 13 shows
two snapshots
of the inversion
results
of
the procedure.
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this
study,
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where
c is the speed of light and
subscript
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“o,” “x ,” “oq,” or “xqabsorption
.” The theoretical absorpated. Also, the accuracy of the inversion worsens
tion spectrum (equation (2)) can now be evaluated for any proposal of an electron density profile N (h)
spectrum is used to invert the corresponding elecabove areas where no receivers are available.
tron ©2014.
density
profile
by
applying
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Rights
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erised electron precipitation model. By comparing M. Van de Kamp M, “Medium-scale 4-D ionospheric
the inverted electron density profiles to a simul- tomography using a dense GPS network”, Annales Geotaneous and nearly co-located EISCAT VHF radar physicae, 31, 75–89, 2013.
measurement on 13–14 November 2012, Kero et al.
(2014) show that the spectral riometry approach is First observation of the anomalous eleccapable of producing realistic electron density protric field in the topside ionosphere by
files under conditions of substorm-related electron
ionospheric modification
precipitation (Figure 27).
Figure 27: Inversion results. (a) Electron density
(base-10 logarithm, m ) inverted from the absorption data. (b) EISCAT VHF electron density profiles retrieved from an experiment optimised for
the D and E layers. Both (a) and (b) have the same
colour scale. (c) Maximum a posteriori values of
the precipitation parameters used in the fitting, i.e.
characteristic energy versus electron flux. (d) Riometer electron density estimates (red) plotted on
top of all the EISCAT electron density measurements (black).
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A. Kero, et al., “Ionospheric electron density profiles inverted from a spectral riometer measurement”, Geophysical Research Letters 41 (15), 5370–5375,
doi:10.1002/2014GL060986, 2014

Medium-scale 4-D ionospheric tomography using a dense GPS network
The ionosphere above Scandinavia in December 2006 has been successfully imaged by 4dimensional tomography using the software package MIDAS from the University of Bath (Fig-

A technique was developed to estimate the steady
state, field-aligned anomalous electric field in the
topside ionosphere. If the ionosphere is pumped
with high-power high-frequency radio waves, the
F region electron temperature is raised, increasing the plasma pressure gradient in the topside
ionosphere (Figure 29). This results in ion upflow
along the magnetic field line. The electric field is
estimated from a modified ion momentum equation and the MSIS model.
M. J. Kosch, et al., “First observation of the anomalous
electric field in the topside ionosphere by ionospheric
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Fig. 2. First multi-beam bi-static incoherent scatter radar measurement demonstrating the measurement of a full ionospheric incoherent scatter spectrum profile.
Different altitude regions measured with the different beams are summed together to form a single profile. The spectrum is shown on the left and power is
reported in dB units in arbitrary scale. The real part of the autocorrelation function estimates are shown on the right.
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Figure 29: EISCAT field-aligned radar observations
for 23 October 2013 for the selected intervals of
(a) 17:02 UT – 17:06 UT and (b) 17:32 UT – 17:36 UT.
Pump-on data are in red. Pump-off data (17:21 UT
– 17:24 UT) are in black. Shown as a function of altitude are electron density (Figures a and b, top left),
ion velocity (Figures a and b, top right), ion temperature (Figures a and b, bottom left), and electron temperature (Figures a and b, bottom right).
The data uncertainty is also indicated.

as well as to function as a wide band imaging riometer. Due to the wide frequency coverage, the
system can also be used as
a bi-static radar receiver
667
for various nearby meteor- and MST-radars. Other
examples of possible uses for the system include
broad-band observations of solar radio emissions
and ionospheric scintillation. In addition to a technical overview, Vierinen et al. (2014) present the
first results from this recently completed system.
These include the first multi-beam bi-static incoherent scatter radar observation (Figure 30), as
well as a broad-band riometer absorption measurement.
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modification over EISCAT”, Geophysical Research Letters, 41, doi:10.1002/2014GL061679, 2014.

Plasma parameter estimation from
multi-static, multi-beam incoherent
Kilpisjärvi Atmospheric Imaging Re- scatter data
ceiver Array — First Results
The Kilpisjärvi Atmospheric Imaging Receiver Array (KAIRA) is a dual antenna array radio receiver
based on LOFAR technology. The main purpose
of the system is to function as a bi-static phasedarray receiver for the EISCAT Tromsø VHF radar,

Multi-static incoherent scatter radars are superior
to mono-static facilities in the sense that multistatic systems can measure plasma parameters
from multiple directions in volumes limited by
beam dimensions and measurement range resolution. Virtanen et al. (2014) propose a new in-
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Figure 1. Analysis results for an EISCAT VHF bella experiment from 14 March 2013. Plasma parameter estimates (left column) from analysis of monostatic EISCAT
Tromsø VHF data alone, (middle column) from bistatic analysis with data from the Tromsø VHF and KAIRA, projected to the monostatic Tromsø VHF line of sight,
and (right column) from KAIRA data alone. From top to bottom, the plasma parameters are electron density, electron temperature, line-of-sight ion temperature,
and line-of-sight ion velocity.

Figure 31: Analysis results for an EISCAT VHF
Bella experiment. Plasma parameter estimates
Results from three diﬀerent analysis runs are shown in Figure 1. On the left column, electron density,
(left) from
analysis
of mono-static
EISCAT
Tromsø
electron
temperature, line-of-sight
ion temperature, and
line-of-sight ion
velocity are derived from the
monostatic Tromsø VHF data alone. Figure 1 (middle column) is from a bistatic analysis with data from
VHF data
alone, (middle) from bistatic analysis
both Tromsø VHF and KAIRA. Projections of the ion temperature and ion velocity in the Tromsø VHF beam
direction are calculated from the bistatic fit results. In this analysis the scales s of KAIRA data were given
with data
from the Tromsø VHF and KAIRA, prowide prior distributions, allowing the KAIRA autocovariance functions to be scaled to match them with the
Tromsø VHF measurements.
On the right
column isline
an analysis
KAIRA data alone, with
jected tomonostatic
the mono-static
Tromsø
VHF
of from
sight,
autocovariance function scales s for each beam at each height calculated as average of the scales estimated
and (right)
fromanalysis
KAIRA
data
alone.
From
top
tobecause they are
in the previous
run. The velocities
are not
identical with
the two other
results
projections to KAIRA line of sights.
bottom, Horizontal
the plasma
parameters are electron dension velocity components and estimates of both parallel and perpendicular ion temperatures are
shown intemperature,
Figure 2 (left column). Around
20:00 UT the horizontalion
ion drifttempercomponent reaches values about
ity, electron
line-of-sight
1 km/s and increased ion temperatures are detected throughout the F region. Unfortunately, the estimates
ature, and
line-of-sight
ion
velocity.
of field-perpendicular
temperature
are inaccurate
because KAIRA is rather close to the Tromsø VHF, proi
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ducing a measurement geometry unfavorable for the temperature anisotropy estimation. As mentioned in
section 2.2, the analysis returns almost isotropic temperatures if the measurements do not contain suﬃcient
information of the two orthogonal components, but with large error estimates in “unmeasured” directions.

coherent scatter analysis technique that uses data
from all receiver beams of a multi-static, multibeam radar system and produces, in addition to
the plasma parameters typically measured with
mono-static radars, estimates of ion velocity vectors and ion temperature anisotropies. Because
the total scattered
energy
collected
with
remote
reFigure 2. Analysis results
for an EISCAT VHF
bella experiment from
14 March 2013.
(left column) The
horizontal ion velocity component and the two ion temperature components from bistatic analysis with data from EISCAT Tromsø VHF and
(right column) The electron
density from the bistaticmulti-beam
incoherent scatter analysis (top),
expected Faraday rotation
ceivers of KAIRA.
a
modern
multi-static,
radar
angle based on the electron density and assuming that the transmitted polarization is elliptic (middle), and measured
Faraday rotation angle (bottom).
system may
even exceed the energy collected with
the core transmit-and-receive site, the remote data
VIRTANEN ET AL.
10,534
improve the accuracy of all plasma parameter estimates, including those that could be measured
with the core site alone. The new multi-static analysis method is applied for data measured by the
tri-static European Incoherent Scatter VHF radar
and the Kilpisjärvi Atmospheric Imaging Receiver
Array (KAIRA) multi-beam receiver and show
that a significant improvement in accuracy is obtained by adding KAIRA data in the multi-static
analysis (Figure 31). The development of a pronounced ion temperature anisotropy during highspeed ionospheric plasma flows in substorm conditions is also demonstrated.
©2014. American Geophysical Union. All Rights Reserved.
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EISCAT Operations 2013 – 2014
The EISCAT radars operate in two basic modes,
using approximately half the available observing
time for each. In the Special Programme mode,
users conduct individual experiments dedicated
to specific experiments and objectives. The resulting data are reserved for the exclusive use of the
experimenters for one year from the date of collection. Special programmes often make use of
the well developed pulse schemes and observing
modes of the Common Programme. EISCAT Common Programmes are conducted for the benefit of
the entire user community and the resulting data
are immediately available to all. The Common
Programme modes are developed and maintained
by EISCAT staff, and the overall programme is
monitored by the Scientific Oversight Committee
(SOC). Common Programme operations are often conducted as part of the coordinated World
Day programme organised by the International
Union of Radio Scientists (URSI) Incoherent Scatter Working Group (ISWG).
Common Programme One, CP-1, uses a fixed
transmitting antenna, pointing along the geomagnetic field direction. The three-dimensional velocity and anisotropy in other parameters are measured by means of the receiving stations at Kiruna
and Sodankylä (see map, inside front cover). CP-1
is capable of providing results with very good time
resolution and is suitable for the study of substorm
phenomena, particularly auroral processes where
conditions might change rapidly. The basic time
resolution is 5 s. Continuous electric field measurements are derived from the tri-static F-region
data. On longer time scales, CP-1 measurements
support studies of diurnal changes, such as atmospheric tides, as well as seasonal and solar-cycle
variations. The observation scheme uses alternating codes for spectral measurements.
Common Programme Two, CP-2, is designed to
make measurements from a small, rapid transmitter antenna scan. One aim is to identify wave-like
phenomena with length and time scales comparable with, or larger than, the scan (a few tens of
kilometers and about ten minutes). The present
version consists of a four-position scan which is

completed in six minutes. The first three positions
form a triangle with vertical, south, and south-east
positions, while the fourth is aligned with the geomagnetic field. The remote site antennas provide
three-dimensional velocity measurements in the Fregion. The pulse scheme is identical with that of
CP-1.
Common Programme Three, CP-3, covers a 10◦
latitudinal range in the F-region with a 17-position
scan up to 74◦ N in a 30 min cycle. The observations are made in a plane defined by the magnetic meridian through Tromsø, with the remote
site antennas making continuous measurements at
275 km altitude. The coding scheme uses alternating codes. The principle aim of CP-3 is the mapping of ionospheric and electrodynamic parameters over a broad latitude range.
Common Programmes One, Two, and Three are
run on the UHF radar. Three further programmes
are designed for use with the VHF system. The
UHF and VHF radars are often operated simultaneously during the CP experiments. Such observations offer comprehensive data sets for atmospheric, ionospheric, and magnetospheric studies.
Common Programme Four, CP-4, covers geographic latitudes up to almost 80◦ N (77◦ N invariant latitude) using a low elevation, split-beam configuration. CP-4 is particularly suitable for studies
of high latitude plasma convection and polar cap
phenomena. However, with the present one-beam
configuration of the VHF radar, CP-4 is run with
either both UHF and VHF radars or with UHF
only in a two position scan.
Common Programme Six, CP-6, is designed for
low altitude studies, providing spectral measurements at mesospheric heights. Velocity and electron density are derived from the measurements
and the spectra contain information on the aeronomy of the mesosphere. Vertical antenna pointing is used.
Common Programme Seven, CP-7, probes high
altitudes and is particularly aimed at polar wind
studies. The present version, with only one of
the VHF klystrons running, is designed to cover
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altitudes up to 1500 km vertically above Ramfjordmoen.
Equivalent Common Programme modes are
available for the EISCAT Svalbard Radar. CP-1
is directed along the geomagnetic field (81.6◦ inclination). CP-2 uses a four position scan. CP-3
is a 15 position elevation scan with southerly
beam swinging positions. CP-4 combines observations in the F-region viewing area with fieldaligned and vertical measurements. Alternating
code pulse schemes have been used extensively
for each mode to cover ranges of approximately
80 km to 1200 km with integral clutter removal below 150 km. CP-6 is similar to the mainland radar
CP-6.
The tables on the next pages summarise the accounted hours on the various facilities for each
month and for each Common Programme mode
(CP) or Associate (SP).
Dr. Ingemar Häggström
Senior Scientist, EISCAT Scientific Association
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2013
KST COMMON PROGRAMMES
2013
CP1
CP2
CP3
CP4
CP6
CP7
UP
Total
%

Jan

Feb

Mar
1

2

Apr
May
86
2.5

Jun

Jul

Aug

Sept

Oct
0.5

Nov

Dec

125
85
1

166.5

1
0

166.5
35

0.5

4.5
125
26

1
0

2
0

86
18

7
1

0
0

0
0

0.5
0

85.5
18

Total
92
125
85
0
168
4.5
0
0 474.5
0
100

%

Target%
19
16
26
16
18
12
0
10
35
20
1
18
0
100

KST SPECIAL PROGRAMMES
2013
CN
FI
NI
NO
SW
UK
AA
Total
%

Jan

Feb

Mar

10

10
1

0
0
EI

May

Jun
22.5

Jul
5

Aug
Sept
2.5

Oct

Nov

60.5
38.5
7
10
5

3
3
4.5

55.5
3.5
16

97
50.5
27.5

69.5

11.5

11.5

31.5

121
17

10.5
1

75
10

197.5
27

86
12

CN
9.27

Target

Apr

Dec

36.5

FI
12.73

NI
14.88

NO
28.55

SW
21.49

2.5
0

0
0

43
6

13.5
31.5

54.5
28
14

81.5
11

96.5
13

Oct
27

Nov
1.5
13.5
28

Total Incl AA Target
30
30
64
97
97
88
103
103
103
285
285
198
112.5
113
149
96
96
91
0
723.5
724
694
100

UK
13.08 %

KST OTHER PROGRAMMES
2013
PP
EI
RU
TB
Total

Jan
21

Feb
Mar
15

Apr
May
16

Jun
18

Jul
14

Aug
Sept
14

2
134
21

149

0

16

2

18

14

14

Dec
Total Target
108
12 138.5
30
23
38.5
170
291.5
12
12
320
35 480.5

0

129.5
12
168.5

Oct
0.5
43
168.5
212

Nov
85.5
81.5
43
210

Dec

0
0
0
0

Oct
125.5
9
79

Nov
145

10

176

Dec
Total Target
92.5
880
591
23
358
517
9.5 298.5
206
25
482
600
0
102.5 699.5
926
0
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KST TOTALS
2013
CP
SP
OP
Total

Jan
125
10
0
135

Feb
1
0
149
150

Mar
2
121
0
123

Apr
May
86
7
10.5
75
16
2
112.5
84

Jun
1
197.5
18
216.5

Jul
166.5
86
14
266.5

Aug

Sept

0
2.5
14
16.5

Total Target
0 474.5
450
96.5 723.5
694
35 459.5
320
131.5 1657.5
1464

USAGE BREAKDOWN
2013
UHF
VHF
Heating
Passive KST
Bolt array
ESR
Passive ESR

Jan
147
9

132

Feb
Mar
77.5
78
25
72
16.5
12.5
56

49

Apr
May
93.5
26.5
13.5
31.5
4
17
6.5
36
94.5

7

Jun
55.5
96
34
120

Jul
32.5
145
23
263.5

8

64.5

Aug
Sept
6.5
6
2
7
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0

0

41.5
11.5

2013
ESR COMMON PROGRAMMES
2013
CP1
CP2
CP3
CP4
CP6
CP7
UP
Total
%

Jan

Feb

Mar
0.5

Apr
May
77
1

Jun

Jul
2.5

Aug

Sept

Oct

Nov

Dec

85
88
62

85
27

0
0

0.5
0

77
24

1
0

0
0

64.5
20

0
0

0
0

0
0

88
28

Total
81
85
88
0
62
0
0
0
316
0
100

%

Target%
26
54
27
16
28
12
0
10
20
0
0
100

ESR SPECIAL PROGRAMMES
2013
CN
FI
NI
NO
SW
UK
AA
Total
%

Jan

Feb

Mar

15.5
14.5
2.5
14.5

18.5
18.5
19

47
14

56
16

Apr

6
28
3.5

37.5
11

May

Jun

Jul

15
0.5
2

0.5
0.5
2

1.5
1.5
5

17.5
5

3
1

8
2

Aug

0
0

Sept

0
0

Oct

0
0

Nov

Dec

2

16

8

42
1.5
0.5

11.5
18.5
50
22.5

10
3

60
18

102.5
30

Total Incl AA Target
0
0
32
24
24
43
55
55
51
114
114
97
75
75
73
73.5
74
45
0
341.5
342
341
100

ESR OTHER PROGRAMMES
2013
PP
EI
RU
TB
Total

Jan

Feb

Mar
11

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov
18

Dec

Total Target
29
92
0
20
10
20
3
3
0
42
135

Dec

Total Target
316
450
341.5
341
42
135
699.5
926

10
0

0

11

0

3
3

0

0

0

0

0

28

0
10
0
10

Nov
88
60
28
176

ESR TOTALS
2013
CP
SP
OP
Total

Jan
85
47
0
132

Feb
0
56
0
56

Mar
0.5
37.5
11
49

Apr
May
77
1
17.5
3
0
3
94.5
7

Jun
0
8
0
8

Jul
64.5
0
0
64.5

Aug
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Sept
0
0
0
0

Oct
0
0
0
0

0
102.5
0
102.5

2014
KST COMMON PROGRAMMES
2014
CP1
CP2
CP3
CP4
CP6
CP7
UP
Total
%

Jan
30.5

Feb

Mar
1

Apr
May
88

Jun

Jul

462.5

493
56

0
0

1
0

88
10

0
0

0
0

Aug

Sept

13

2

16

1.5

29
3

0
0

Oct
1.5

3.5
0

Nov

1.5
0

0
0

Dec

%

Dec

Total Incl AA Target
111
112
113
103.5
105
130
104
105
136
243
246
289
129.5
132
226
113.5
115
133
10
814.5
815
1026
100

Total
136
0
0
269.5 269.5
480
0
0
269.5 885.5
30
100

Target%
15
16
0
16
0
12
30
10
54
20
0
18
0
100

KST SPECIAL PROGRAMMES
2014
CN
FI
NI
NO
SW
UK
AA
Total
%

Jan

12
9

21
3

Feb
7.5
28
34
66.5

136
17
EI

Target

Mar
54
2.5
36.5
35.5
46
28

Apr

4

Jun
10.5
20

Jul
17.5

Aug

Sept

Oct
29

Nov
69.5

0.5

202.5
25
CN
10.99

May

3

12.5
4.5
9

3
0

30
4

FI
12.69

NI
13.26

25
14
2
71.5
9
NO
28.16

41.5
3.5
23
85.5
10
SW
21.99

5.5
6
1

0
0

2.5
31.5
4

60.5
2.5
32.5

27
25
6.5
4

165
20

62.5
8

UK
12.92 %

KST OTHER PROGRAMMES
2014
PP
EI
RU
TB
Total

Jan
31.5

Feb
Mar
8.5
1
13

Apr

May

Jun

2.5

Jul

Aug

Sept

Oct

Nov
27.5

1
20

31.5

8.5

14

0

2.5

1

0

0

0

20

27.5

Sept
3.5
6
0
9.5

Oct
1.5
31.5
20
53

Nov

0
0
0
0

Sept
7.5
2

Oct
51
1.5

Nov
116.5
68

Dec
Total Target
70
14
82.5
30
16.5
55
20
0
0
155
14
119

KST TOTALS
2014
CP
SP
OP
Total

Jan
493
21
0
514

Feb
0
136
8.5
144.5

Mar
1
202.5
14
217.5

Apr
May
88
0
3
30
0
2.5
91
32.5

Jun

Jul

0
71.5
1
72.5

Aug

29
85.5
0
114.5

0
165
27.5
192.5

Dec
Total Target
269.5 885.5
540
62.5 814.5
1026
14
87.5
155
346 1787.5
1721

USAGE BREAKDOWN
2014
UHF
VHF
Heating
Passive KST
Bolt array
ESR
Passive ESR

Jan
60.5
323
645
336

Feb
Mar
71
95
40
72
24
49.5
43
26

33

Apr
6
62

May
15.5
16

115.5
66.5

10.5

Jun
21.5
23
19
37

Jul
38.5
32.5
27.5
60

2
4

0

Aug

34
13.5
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0

142

Dec
Total Target
56.5 539.5
547
199.5 839.5
822
120
202
359.5
1294
600
0
142 809.5
898
4

2014
ESR COMMON PROGRAMMES
2014
CP1
CP2
CP3
CP4
CP6
CP7
UP
Total
%

Jan
50.5
217.5

Feb
Mar
0.5

Apr
May
61.5

Jun

Jul

Aug
Sept
0.5

Oct

Nov

1
8.5

276.5
61

1.5
0

0
0

0.5

0.5

62
14

0.5
0

15

0
0

0
0

0.5
0

15
3

0
0

0
0

Dec

Total
113
217.5
1
100.5 100.5
24.5
0
0
100.5 456.5
22
100

%

Target%
25
54
48
16
0
12
22
10
5
0
0
100

Dec

Total Incl AA Target
0
1
42
38
40
49
66.5
68
51
96.5
100
108
51.5
54
84
44
46
49
12.5
309
309
383
100

ESR SPECIAL PROGRAMMES
2014
CN
FI
NI
NO
SW
UK
AA
Total
%

Jan

Feb

Mar

Apr

May

Jun

Jul

Aug

Sept

Oct

Nov
38

16
8
9
8

5
19.5

41
13

24.5
8

20
13

13
4
2
4

33
11

0
0

1
2
3
1

10
3

0
0

12.5

10.5
23
7

13
4

0
0

41.5
31.5
17.5

10.5
9
13.5

128.5
42

33
11

ESR OTHER PROGRAMMES
2014
PP
EI
RU
TB
Total

Jan
18.5

18.5

Feb

Mar

0

Apr

0

4.5
4.5

May

Jun

0

Jul

0

Aug

0

Sept

0

Oct

0

Nov
13.5

0

13.5

Dec
Total Target
8.5
40.5
130
0
20
0
0
4.5
5
8.5
45
155

ESR TOTALS
2014
CP
SP
OP
Total

Jan
276.5
41
18.5
336

Feb
Mar
1.5
0
24.5
33
0
0
26
33

Apr
May
62
0.5
0
10
4.5
0
66.5
10.5

Jun

Jul
0
3
0
3

0
0
0
0

Aug
Sept
0.5
15
13
23
0
0
13.5
38

41
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Oct

Nov
0
0
0
0

0
128.5
13.5
142

Dec
Total Target
100.5 456.5
360
33
309
383
8.5
45
155
142 810.5
898

EISCAT organisational diagram, December 2014.
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Director

Council

Dr. C. Heinselman

The Council consists of a Delegation with a maximum
of three persons from each Associate.

Council Advisory Group
Finland
Dr. A. Aikio
Prof. T. Pulkkinen
Dr. K. Sulonen
Japan
Dr. H. Miyaoka
Dr. S. Nozawa
Norway
Prof. A. Brekke
Dr. B. Jacobsen
Dr. L. Lønnum
P. R. of China
Dr. Z. Ding
Prof. Q. Dong
Prof. J. Wu
Sweden
Dr. T. Andersson
Prof. J. Gumbel
United Kingdom
Dr. M. Freeman
Dr. I. McCrea

The Council Advisory Group (CAG) prepares matters to
be brought to the Council.
Dr. A. Aikio
Mr. H. Andersson
Dr. T. Andersson
Prof. A. Brekke
Dr. C. Heinselman
Dr. I. McCrea
Dr. H. Miyaoka

Delegate
Delegate

Delegate

Council Member
Head of Administration
Council Chairperson
Council Member
Director
Council Member
Council Member

Executives
Senior Management

Chairperson, Delegate

Mr. H. Andersson
Dr. C. Heinselman
Prof. I. Mann

Delegate

Delegate
Vice-Chairperson

Head of Adm., Deputy Dir.
Director
Head of Projects

Site Leaders
Station Managers

Scientific Oversight Committee
The EISCAT scientific community organises the Scientific Oversight Committee (SOC), under the guidance
of the Council.

Dr. S. Buchert
Dr. D. Hysell
Prof. W. Jun
Dr. A. Kavanagh
Dr. D. Knudsen
Prof. C. La Hoz
Dr. Y. Ogawa
Dr. T. Ulich

Sweden
External member
P. R. of China
United Kingdom
External member
Norway
Chairperson, Japan
Finland
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Mr. R. Jacobsen
Mr. L. Lövqvist
Mr. J. Markkanen
Dr. M. Rietveld
Dr. A. Westman

Tromsø Radar
Kiruna Site
Sodankylä Site
Tromsø Heating
EISCAT Svalbard Radar

Photo from the Annual Review Meeting, 14–16 October 2013, at the Rica Narvik Hotel in Norway. Back row
from left: Craig Heinselman, Jussi Markkanen, Ingemar Häggström, Lars-Göran Vanhainen, Ola Hjelløkken,
Elisabet Goth, Henrik Andersson, Ingrid Mann, Espen Helgesen. Middle row from left: Halvard Boholm, Assar Westman. Front row from left: Anders Tjulin, Stian Grande, Arild Stenberg, Guttorm Mikalsen, Erlend
Danielsen, Michael Rietveld, Roger Jacobsen.

Photo from the Annual Review Meeting, 1–3 October 2014, at Abisko Turiststation in Sweden. From left:
Assar Westman, Lennart Lövqvist, Peter Bergqvist, Elisabet Goth, Gunnar Isberg, Jussi Markkanen, Ingrid
Mann, Mike Rietveld, Halvard Boholm, Roger Jacobsen, Erlend Danielsen, Stian Grande, Espen Helgesen,
Guttorm Mikalsen, Carl-Fredrik Enell, Knut Hellvig, Arild Stenberg, Anders Tjulin, Henrik Andersson, Craig
Heinselman
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ADMINISTRATION REPORT
Ownership, organisation and objective
The EISCAT Scientific Association was established in 1975 through an agreement between six
European organisations. Japan joined in 1996 and the Peoples Republic of China in 2007.
The EISCAT Associates at 2013‐12‐31 are: China Research Institute of Radiowave Propagation
(Peoples Republic of China), National Institute of Polar Research (Japan), Natural Environment
Research Council (United Kingdom of Great Britain and Northern Ireland), Norges
forskningsråd (Norway), Solar‐Terrestrial Environment Laboratory, Nagoya University (Japan),
Suomen Akatemia (Finland), and Vetenskapsrådet (Sweden).
The now running EISCAT Agreement came into force 2007‐01‐01, with all Associates making
long term funding commitments to the Association. The Association has its formal seat in
Kiruna, Sweden, and is registered as a non‐profit organisation.
The aim of the Association is to make significant progress in the understanding of physical
processes in the high latitude atmosphere by means of experimental programmes generally
conducted using the incoherent scatter radar technique, which may be carried out as part of
wider international projects. For this purpose, the Association has developed, constructed,
and now operates, a number of radar facilities at high latitudes. At present, these comprise a
system of stations at Tromsö (Norway), Kiruna (Sweden), Sodankylä (Finland), and
Longyearbyen (Svalbard).
The Association is fully funded by the Associates but additional operations may also be funded
by short term additional contributions from both Associate and non‐Associate bodies.
Depending on the available funding, scientific priorities and operational targets are adjusted
on an annual basis.
The EISCAT Council is charged with the overall administration and supervision of the
Association's activities. The Council appoints a Director, who is responsible for the daily
management and operation of the facilities of the Association.
Operation and scientific development
The EISCAT Radars delivered a full programme of operations for the user community and
operated reliably throughout the year with only some interruptions due to equipment or
operational problems.
The various EISCAT radars operated for a total of 2 378 accounted hours (2 596 hours in 2012).
Common Programmes amounted to 33% (42%) of the operations. Special Programmes
amounted to 45% (42%) and other operations amounted to 22% (16%) of the total hours.
Scientists from Ukraine and Russia paid for the use of the facilities. Totally
316 hours (300 hours) were accounted on behalf of these countries. Both Ukraine and Russia
have Affiliate agreements. The introduced Peer‐Review Programme attracted several
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applications and user groups from Chile, Finland, Germany, Japan, Russia, USA and United
Kingdom were granted time, at no cost, on the systems. Peer‐Review time amounted to 168
accounted hours (100 hours).
Four EU Framework Programme 7 projects were ongoing at the end of the year: EISCAT_3D_2
“EISCAT_3D: A European three‐dimensional imaging radar for atmospheric and geospace
research (Preparatory Phase)”, ENVRI “Common Operations of Environmental Research
Infrastructures”, ESPAS “Near‐Earth Space Data Infrastructure for e‐Science” and COOPEUS
“Strengthening the cooperation between the US and the EC in the field of environmental
research infrastructures”. EISCAT Headquarters is the coordinator of EISCAT_3D_2 and
partner in the other projects. The bid for a further FP7 project, MISW: “Mitigation of space
weather threats to GNSS services”, got acceptance and this project will start 2014‐02‐01.
MISW is funded under FP7‐SPACE‐2013‐1 and will run for 30 months. The EISCAT involvement
amounts to 10 staff months.
The “third antenna system on Svalbard with dual mode capabilities” development continued
also during 2013. All local permits are now in place but a final approval from the Norwegian
government is needed before the EISCAT Council can make a decision how to proceed with
the project.
The project: planning of EISCAT_3D, “planering av EISCAT_3D”, are now well underway.
Specific staff are tied to this project which is funded by a Vetenskapsrådet (Sweden) grant.
The planning work during 2013 was much focused on expanding the international consortium
that will fund the new infrastructure.
Future operation and scientific development
All systems are ready for users. These comprise of the EISCAT Svalbard Radar, Heating and the
UHF and VHF radars with the possibility to run the VHF in tristatic mode by using the antennas
in Kiruna and Sodankylä for reception. The small receive‐only array in Kiruna will be used for
field‐tests in the EISCAT_3D preparatory phase project. The array will be dismantled after
these tests.
The work of the Council and its committees
The Council had four meetings during the year. The postponed 2012 autumn meeting was held
5 – 6 February 2013 in Beijing, P. R. of China, and an extraordinary follow‐on meeting was held
17 April 2013 in Copenhagen, Denmark. The first ordinary 2013 meeting was held at the
Research Council in Norway, 27 – 28 May, 2013, under the leadership of the new Chairperson,
Prof. Jian Wu. The autumn meeting was held in Leeds, UK, 30 – 31 October, 2013. The Scientific
Oversight Committee had two meetings during the year. The spring meeting was held at the
National Institute of Polar Research, Tokyo, Japan, under the leadership of Prof. Cesar La Hoz.
The autumn meeting was held in Lancaster, UK under the leadership of the new Chairperson,
Dr. Yasunobu Ogawa. The Council Advisory Group did not have any meetings this year.
The work at Council and its committees were much related to regular activities, including
financial aspects. The extraordinary Council meeting focused primarily on matters relating to
the 3rd antenna system on Svalbard project. Council decided in the autumn meeting to have
the Associates increase the annual financial contribution with 5%.
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Budget development during the year
The 2013 operations ended under the operating target set for the year. The mainland systems
were in total on target but the Svalbard radar was used only for 700 hours, 24% less than
budgeted. The fault in the Svalbard 32 meter antenna was only resolved in October and this
problem contributed to the lack of interest in using the system during 2013.
The overall spend followed well the forecast for the year and the regular income was well on
target. Income from project work became better than anticipated.
Council decided to make a large investment by buying a new partial set of klystrons for the
Svalbard radar. The basis for the decision came from information that the type of klystron will
no longer be produced and that a final last‐time order would be honoured only during a short
time. Since the Association has financial constraints, an upper monetary limit was set and the
Executives were tasked to order either 8 or 10 klystrons depending on the per unit price. After
negotiations with the manufacturer, a total of 10 klystrons was ordered with an order total of
about 5 MSEK. The delivery is expected summer 2014 and 2.8 MSEK was put in the Capital
Operating reserve to cover a part of the total cost. The remainder, 2.2 MSEK, will be drawn
from the 2014 operating funds, if possible. If not, the sum will need to come from own
reserves. The 10 klystrons will mean that there are enough spares to push the expected
lifetime of the Svalbard transmitter system with another 10 to 15 years.
The long‐term budget plan
The long‐term budget plan is difficult. The 5% increase of the annual contribution will improve
the situation. The highest priority is to maintain a reasonable level of operations and to avoid
staff complement reductions in the near future. Carrying forward staff and skills is particularly
important since the EISCAT_3D implementation is expected to start within the coming 1‐2
years.
The result for 2013 and profit/loss handling
The transfer of funds needed to part‐pay the ordered klystrons to Svalbard meant that the
year ended in balance.
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PROFIT AND LOSS ACCOUNTS
in thousands of Swedish Crowns
Note 1

Associate contributions
Other operating income

Note 2

Operation costs
Administration costs
Personnel costs
Depreciation of fixed assets

Note 3

Operating profit/loss
Interest income
Other financial income and cost
Own reserves and funds

Note 4

Profit/loss after financial items
Appropriations
Transfer from funds invested

Note 5
Note 6

Net profit/loss for the year
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2013
20 631
12 194
32 825

2012
22 325
10 572
32 897

‐8 692
‐4 349
‐18 605
‐1 079
‐32 724

‐7 998
‐4 716
‐17 170
‐1 061
‐30 946

100

1 952

115
366
‐1 660
‐1 179

195
1 337
‐2 188
‐656

‐1 079

1 295

0
1 079
1 079

‐2 356
1 061
‐1 295

0

0
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BALANCE SHEET
in thousands of Swedish Crowns
2013

2012

2 662
651
1 827
5 140

2 895
742
1 759
5 396

8 865
5 296
30 631
44 792

3 392
5 578
33 148
42 117

49 932

47 513

5 140
21 862
27 002

5 396
21 024
26 420

22 530
0
400
22 930

20 326
429
339
21 093

49 932

47 513

Pledged assets

none

none

Contingent liabilities

none

none

ASSETS
Fixed assets
Tangible fixed assets
Buildings
Radar systems
Equipment and tools

Note 7

Current assets
Receivables
Prepayments and accrued income
Cash at bank and in hand

Note 8
Note 9

Total assets
CAPITAL AND LIABILITIES
Capital
Funds invested
Funds held on reserve

Note 10
Note 11

Current liabilities
Liabilities, trade
Provisions
Other liabilities

Note 12
Note 13

Total capital and liabilities
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STATEMENT OF CASH FLOWS
in thousands of Swedish Crowns
2013

2012

100
1 079

1 952
1 061

115
341
26

195
1 283
54

Increase/decrease of receivables
Increase/decrease of prepayments and accrued income
Increase/decrease of creditors and liabilities

‐5 473
282
1 837

‐957
‐3 376
9 580

Cash flow from operations

‐1 694

9 791

Investment activities
Investments in tangible assets

‐823

‐810

Cash flow from investment activities

‐823

‐810

Cash flow for the year

‐2 517

8 982

Liquid assets at the beginning of the year

33 148

24 166

Liquid assets at the end of the year

30 631

33 148

Operating activities
Operating result before financial items
Transfer from funds invested
Interest received
Currency exchange rate changes
Extra ordinary income and cost
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NOTES
Note 1 Accounting principles

2012

1 552

1 385

Other personnel, employed and provided
via site contracts

11 619

11 067

Social security contributions amounted to
of which for pension costs

4 826
2 349

4 192
2 026

Personnel costs in total

The accounting and valuation principles applied are consistent with the
provisions of the Swedish Annual Accounts Act and generally accepted
accounting principles (bokföringsnämnden allmänna råd och
vägledningar).

Salaries and emoluments paid to the Director

All amounts are in thousands of Swedish kronor (SEK) unless otherwise
stated.
Receivables
Receivables are stated at the amounts estimated to be received, based
on individual assessment.

The new Director, Dr. Craig Heinselman, started his time‐limited
employment 2013‐01‐01. His employment contract with Council is for
up to three years.

Receivables and payables in foreign currencies
Receivables and payables in foreign currencies are valued at the closing
day rate. Where hedging measures have been used, such as forwarding
contracts, the agreed exchange rate is applied. Gains and losses relating
to operations are accounted for under other financial income and cost.

Of the pension costs, 270 kSEK (354 kSEK) relates to the Director. He
and all other directly employed staff are included in ITP like
occupational pension plans. For the personnel provided via site
contracts, the pension plans are handled by their respective employer.

Bank accounts in foreign currencies
Bank balances in foreign currencies are valued at the closing day rate.
Fixed assets
Tangible fixed assets are stated at their original acquisition values after
deduction of depreciation according to plan. Assets are depreciated
systematically over their estimated useful lives. The following periods of
depreciation are applied: Buildings 5 ‐ 50 years, Radar systems 3 ‐ 20
years and Equipment and tools 1 ‐ 5 years.
Note 2 Associate contributions
The Associates contributed to the operation during the year in
accordance with the agreement. The commitments are in local
currencies. The received contributions have been accounted in SEK.

CRIRP (P. R. of China)
NIPR (Japan)
RCN (Norway)
SA (Finland)
NERC (United Kingdom)
VR (Sweden)

2013

2013
3 053
1 385
5 435
3 060
2 027
5 670
20 631

The members of the board (EISCAT Council) and members of
committees, who represents Associates, do not receive remunerations
from the Association. Travel expenses in connection with Council and
committee meetings are normally covered by the Associates. For the
Council Advisory Group, the Association cover meeting and travel costs.
Salaries and emoluments and average number of staff per country
Finland
Salaries and emoluments
Average number of staff ‐ men and women

585
1+0

592
1+0

Norway (including Svalbard)
Salaries and emoluments
Average number of staff ‐ men and women

5 173
8+0

5 971
9+0

Sweden
Salaries and emoluments
Average number of staff ‐ men and women

7 414
8+2

5 890
7+2

Members of the board and Directors at year‐end ‐ men and women
The board consist of delegations from every Associate country each
having a Delegate (formal member) and up to two Representatives.

Accumulated contributions status as of 2013‐12‐31
Previous Associates
CRIRP (P. R. of China)
NIPR (Japan)
RCN (Norway)
SA (Finland)
NERC (United Kingdom)
VR (Sweden)

1976 ‐ 2013
382 168
22 374
73 537
156 554
71 504
226 280
129 899
1 062 316

Board members (EISCAT Council)
Directors

11 + 3
1+0

11 + 3
1+0

Note 4 Own reserves and funds
The funds for the purchase of ten new klystrons to the Svalbard radar
(totally 462 kGBP or about 5 MSEK), to be delivered in 2014, will be
drawn from operating funds in 2013 and 2014. For this year, 2 833 kSEK
was set aside in the Capital Operating reserve for this funding.

Note 3 Personnel costs and average number of employees
The Association employs directly the Headquarters staff, currently about
eight positions, including the Director. The Headquarters is located in
Kiruna, Sweden. The personnel working at the Kiruna (Sweden),
Sodankylä (Finland), Svalbard and Tromsö (Norway) sites are not
employed by the Association. Instead, the personnel are provided via
site contracts by the Swedish Institute of Space Physics (Kiruna site
staff), Oulu University (Sodankylä staff) and Tromsö University (Tromsö
and Svalbard staff). The Association refunds all expenses related to the
provided staff, as well as an additional overhead.
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Capital Operating reserve
Transfer to the reserve
Transfer to the reserve (additional)
Transfer from the reserve
Investments made
Spare parts reserve
Transfer to the reserve
Transfer from the reserve

‐826
‐2 833
792
‐823

‐941
0
790
‐810

‐10
0

‐19
29
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Surplus fund
Transfer from the fund
Transfer to the fund
Sum own reserves and funds

2013

2012

2 040
0

0
‐1 237

‐1 660

‐2 188

Note 5 Appropriations
The outcome for this year was balanced. The 2012 outcome resulted in
a surplus (2 356 kSEK), which was transferred to the surplus fund.

Prepaid rents
Prepaid insurances
Accrued income, COOPEUS project
Accrued income, EISCAT_3D_2 project
Accrued income, ENVRI project
Accrued income, ESPAS project
Accrued income, VR‐PG project
Other items

2013

2012

105
531
341
706
156
167
3 185
106
5 296

104
533
63
2 777
58
215
110
1 717
5 578

30 631
0
30 631

33 147
1
33 148

2 662
651
1 827
5 140

2 895
742
1 759
5 396

Note 6 Transfer from funds invested
The depreciation cost is covered by funds from Capital ‐ funds invested

Note 9 Bank balances status

Note 7 Tangible fixed assets

Nordea
Cash in hand

Changes in tangible fixed assets during 2013.
Buildings
Opening acquisition value
Acquisitions during the year
Disposals during the year
Closing acquisition value
Opening accumulated depreciation
Depreciations during the year
Disposals during the year
Closing accumulated depreciation
Closing residual value
Radar systems
Opening acquisition value
Acquisitions during the year
Disposals during the year
Closing acquisition value

Note 10 Funds invested status
42 428
0
‐5
42 424

42 428
0
0
42 428

‐39 533
‐234
5
‐39 762

‐39 234
‐299
0
‐39 533

2 662

2 895

244 693
0
0
244 693

244 693
0
0
244 693

‐243 952
‐90
0
‐244 042

‐243 861
‐90
0
‐243 952

651

742

31 354
823
450
31 726

33 459
810
2 915
31 354

‐29 595
‐755
450
‐29 899

‐31 838
‐672
2 915
‐29 595

Closing residual value

1 827

1 759

Sum tangible fixed assets

5 140

5 396

Opening accumulated depreciation
Depreciations during the year
Disposals during the year
Closing accumulated depreciation
Closing residual value
Equipment and tools
Opening acquisition value
Acquisitions during the year
Disposals during the year
Closing acquisition value
Opening accumulated depreciation
Depreciations during the year
Disposals during the year
Closing accumulated depreciation

Buildings
Radar Systems
Equipment and Tools

Note 11 Funds held on reserve
Both investments and spare parts purchases were less than budgeted.
Both actions were budget neutral since the differences were covered by
reserve transfers. Funds for part‐paying the delivery of ten klystrons for
Svalbard were added to the Capital Operating reserve.
Capital operating reserve
Equipment repair fund
Investment fund
Restructuring reserve
Spare parts reserve
Surplus fund

5 070
754
7 971
4 101
149
3 815
21 862

2 203
754
7 971
4 101
139
5 856
21 024

Note 12 Liabilities, trade
Four projects financed by EU's European Commission through the
Framework Programme 7 scheme and one project financed through
Vetenskapsrådet are ongoing. All projects work with prefinancing. The
prefinancing is kept as liability until the project has ended and been
financially concluded. The guarantee fund is kept as contingency by the
Commission for the EISCAT_3D_2 project, which EISCAT is the Co‐
ordinator of. The guarantee fund will be released after the end of the
project, 2014‐09‐30.
COOPEUS prefinancing
EISCAT_3D_2 guarantee fund, whole project
EISCAT_3D_2 prefinancing
ENVRI prefinancing
ESPAS prefinancing
VR‐PG prefinancing
Other prefinancing
Liabilities, trade

1 632
1 991
5 282
536
2 513
7 000
0
3 577
22 530

1 581
1 929
4 881
519
2 408
3 500
2 134
3 374
20 326

0
0

429
429

Note 13 Provisions
Note 8 Prepayments and accrued income

Provisions

Resources in staff and direct costs spent in the now four plus one (EU
and VR funded) ongoing projects are covered by accrued income until
settled by periodic report claims. Periodic reports are due at various
times. For 2013, both EISCAT_3D_2 and ESPAS had second period
reporting and ENVRI had its first periodic report.
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p-wc
Audit report
To the council of EISCAT Scientific
Association, Corporate Identity Number
897300- 2 549

Report on the annual accounts

Report on other legal and regulatory requirements

I have audited the annual accounts of EISCAT Scientific Association
for the year 2013·

In addition to my audit of the annual accounts, I have also audited
the administration of the council and the director of EISCAT
Scientific Association for the year 2013.

Responsibilities of the council and the director for the
annual accounts

Responsibilities of the council and the director

The council and the director are responsible for the preparation and The council and the director are responsible for the administration.
fair presentation of the annual accounts in accordance with the
Annual Accounts Act, and for such internal control as the council and
Auditor's responsibility
the director determine is necessary to enable the preparation of
annual accounts that are free from material misstatement, whether
My responsibility is to express an opinion with reasonable assurance
due to fraud or error.
on the administration based on my audit. I conducted the audit in
accordance with generally accepted auditing standards in Sweden.
As a basis for my opinion on the council and the director's
administration, in addition to my audit of the annual accounts, I
My responsibility is to express an opinion on the annual accounts
examined significant decisions, actions taken and circumstances of
based on my audit. I conducted my audit in accordance with
the association in order to determine whether any member of the
International Standards on Auditing and generally accepted auditing council or the director have undertaken any action or is guilty of
standards in Sweden. Those standards require that I comply with
negligence which may entail a liability for damages. I also examined
ethical requirements and plan and perform the audit to obtain
whether any council member or the director has, in any other way,
reasonable assurance about whether the annual accounts are free
acted in contravention of the Annual Accounts Act or the statutes.
from material misstatement.
I believe that the audit evidence I have obtained is sufficient and
An audit involves performing procedures to obtain audit evidence
appropriate to provide a basis for my opinion.
about the amounts and disclosures in the annual accounts. The
procedures selected depend on the auditor's judgment, including the
assessment of the risks of material misstatement of the annual
Opinion
accounts, whether due to fraud or error. In making those risk
The council and the director have not acted in contravention of the
assessments, the auditor considers internal control relevant to the
statutes.
association's preparation and fair presentation of the annual
accounts, in order to design audit procedures that are appropriate in
the circumstances, but not for the purpose of expressing an opinion
on the effectiveness of the association's internal control. An audit
also includes evaluating the appropriateness of accounting policies
used and the reasonableness of accounting estimates made by the
council and the director, as well as evaluating the overall
presentation of the annual accounts.
Authorized Public Accountant
I believe that the audit evidence I have obtained is sufficient and
appropriate to provide a basis for my audit opinion.

Auditor's responsibility

Opinion
In my opinion, the annual accounts have been prepared in
accordance with the Annual Accounts Act and present fairly, in all
material respects, the financial position of the association as of 31
December 2013 and its financial performance and its cash flows for
the year then ended in accordance with the Annual Accounts Act. The
statutory administration report is consistent with the other parts of
the annual accounts.
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Annualreportforthefinancialyear20140101–20141231

TheEISCATCouncilandtheDirectorfortheAssociationsubmitsherewiththeannualreport
for2014.
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ADMINISTRATIONREPORT


Ownership,organisationandobjective
TheEISCATScientificAssociationwasestablishedin1975throughanagreementbetweensix
Europeanorganisations.Japanjoinedin1996andthePeoplesRepublicofChinain2007.

TheEISCATAssociatesat20141231are:ChinaResearchInstituteofRadiowavePropagation
(PeoplesRepublicofChina),NationalInstituteofPolarResearch(Japan),NaturalEnvironment
Research Council (United Kingdom of Great Britain and Northern Ireland), Norges
forskningsråd(Norway),SolarTerrestrialEnvironmentLaboratory,NagoyaUniversity(Japan),
SuomenAkatemia(Finland),andVetenskapsrådet(Sweden).

ThenowrunningEISCATAgreementcameintoforce20070101,withallAssociatesmaking
long term funding commitments to the Association. The Association has its formal seat in
Kiruna,Sweden,andisregisteredasanonprofitorganisation.

TheaimoftheAssociationistomakesignificantprogressintheunderstandingofphysical
processesinthehighlatitudeatmospherebymeansofexperimentalprogrammesgenerally
conductedusingtheincoherentscatterradartechnique,whichmaybecarriedoutaspartof
widerinternationalprojects.Forthispurpose,theAssociationhasdeveloped,constructed,
andnowoperates,anumberofradarfacilitiesathighlatitudes.Atpresent,thesecomprisea
system of stations at Tromsö (Norway), Kiruna (Sweden), Sodankylä (Finland), and
Longyearbyen(Svalbard).

TheAssociationisfullyfundedbytheAssociatesbutadditionaloperationsmayalsobefunded
by short term additional contributions from both Associate and nonAssociate bodies.
Dependingontheavailablefunding,scientificprioritiesandoperationaltargetsareadjusted
onanannualbasis.

The EISCAT Council is charged with the overall administration and supervision of the
Association's activities. The Council appoints a Director, who is responsible for the daily
managementandoperationofthefacilitiesoftheAssociation.

Operationandscientificdevelopment
The EISCAT Radars delivered a full programme of operations for the user community and
operatedreliablythroughouttheyear.

ThevariousEISCATradarsoperatedforatotalof2757accountedhours(2378hoursin2013).

Common Programmes amounted to 49% (33%) of the operations. Special Programmes
amountedto43%(45%)andotheroperationsamountedto8%(22%)ofthetotalhours.

France,UkraineandRussiahaveAffiliateagreementsandtotally60hours(316hours)were
accounted on behalf of these countries. The PeerReview Programme made it possible for
usersfromBelgium,France,Netherlands,Norway,SouthKorea,SwedenUKandUSAtorun
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experiments,atnocost,onthesystems.PeerReviewtimeamountedto128accountedhours
(168hours).

ThreeEUFrameworkProgramme7projectswereongoingattheendoftheyear:COOPEUS
“Strengthening the cooperation between the US and the EC in the field of environmental
research infrastructures”, ESPAS “NearEarth Space Data Infrastructure for eScience” and
MISW:“MitigationofspaceweatherthreatstoGNSSservices”.TheEISCAT_3D_2“EISCAT_3D:
A European threedimensional imaging radar for atmospheric and geospace research
(Preparatory Phase)” and ENVRI “Common Operations of Environmental Research
Infrastructures”bothendedinautumn.InautumnEISCATjoinedaspartnerfiveapplication
consortia’sbiddingforH2020projectfunding.Twobidsweresuccessfulandathirdpassed
theevaluationthresholdbutallfundinghadthenalreadybeendistributedtobidsachieving
higherranks.Thetwo newprojects,EGIEngage“EngagingtheEGICommunitytowardsan
OpenScienceCommons”andENVRIPLUS“EnvironmentalResearchInfrastructuresProviding
SharedSolutionsforScienceandSociety”willbothstartinthefirsthalfof2015.Thelatter
projectmeansalargecommitmentforEISCATwith46staffmonthsoffundingoverfouryears.

The project: planning of EISCAT_3D, “planering av EISCAT_3D”, continued throughout the
year. A request to extend the length of the project to autumn 2015 was submitted in
December. A 4 MSEK followon project ”EISCAT_3D: nästa generations internationella
radarsystemförutforskningavatmosfärenochdenjordnärarymden”started1January2014.
Thesetwoprojects,bothfundedbyVetenskapsrådet(Sweden),runspartiallyinparallelbut
will be managed in sequence. Both projects support the EISCAT_3D project office and
consortiumbuildingwork.

Futureoperationandscientificdevelopment
Allsystemsarereadyforusers.ThesecomprisenowoftheEISCATSvalbardRadar,Heating
andtheUHFandVHFradarswiththepossibilitytoruntheVHFintristaticmodebyusingthe
antennasinKirunaandSodankyläforreception.

TheworkoftheCouncilanditscommittees
TheCouncilhadtwoordinarymeetingsundertheleadershipoftheChairperson,Prof.Jian
Wu.Thespringmeetingwasheld10–11JuneattheNagoyaUniversityinJapan.Theautumn
meeting was held in Helsinki 6 – 7 November at the Academy of Finland. The Scientific
OversightCommittee,undertheleadershipoftheChairperson,Dr.YasunobuOgawa,hadtwo
meetings during the year. The spring meeting was held 3  4 April at the DLR institute in
Weßling, Germany. The autumn meeting was held in Beijing, 24 25 August. The Council
AdvisoryGroupdidnothaveanymeetingsthisyear.

The work at Council and its committees were much related to regular activities, including
financialaspects.CouncildecidedalsotoreplacetheadvisorygroupwithanAdministrative
andFinanceCommittee.Thiscommittee,initiallyformedasanadHocstructure,willhaveits
first meeting in the beginning of 2015. The Administrative and Finance Committee will
formally come into existence when the revised Agreement is activated. The 3rd antenna
system on Svalbard project was effectively terminated when Council was informed that
Norwegianauthoritiesconsideredtheantennatobeundesirable.
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Budgetdevelopmentduringtheyear
The2014operationsendedontheoperatingtargetsetfortheyear.Themainlandsystems
wereusedmorethanbudgetedandtheSvalbardradarwasusedless.Themainlandinterest
wasmuchdrivenbythecontinuedpossibilitytoperformUHFradarmeasurements,whichat
the time of budgeting in 2013, seemed to be impossible due the loss of the frequency
spectrum. The Svalbard radar operating hours budget had therefore been increased to
compensateforthelossoftheUHFhours.

Theoverallspendfollowedwelltheforecastfortheyearandtheregularincomewashigher
thanexpectedsinceUkrainemanagedtocontinuetheirAffiliation.Valuechangesinshort
termdepositsaddedfurtherincome.

Thepurchaseof10newklystronswascompletedinSeptember.Thefinalcost,includingGBP
SEKexchangeratevariation,finallybecame5.3MSEK.Partofthefunding,2.8MSEK,wasset
asidealreadyin2013.Theremainderwasdrawnfromtheannualoperatingfunds.

Thelongtermbudgetplan
Thelongtermbudgetplancontinuestobechallenging.Thehighestpriorityistomaintaina
reasonablelevelofoperationsandtoavoidstaffcomplementreductionsinthenearfuture
sincestaffandskillswillbeneededfortheEISCAT_3Dimplementationphase.

Theresultfor2014andprofit/losshandling
Theyearwasbalancedbycoveringthedeficit,218kSEK,fromtheInvestmentfund.
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PROFITANDLOSSACCOUNTS
inthousandsofSwedishCrowns
Note1

Associatecontributions
Otheroperatingincome

Note2

Operationcosts
Administrationcosts
Personnelcosts
Depreciationoffixedassets

Note3

Operatingprofit/loss

2014
21837
6640
28476

2013
20631
12194
32825

5730
4139
19102
1384
30355

8692
4349
18605
1079
32724

1878

Interestincome
Otherfinancialincomeandcost
Ownreservesandfunds

Note4

Profit/lossafterfinancialitems
Appropriations
Transferfromfundsinvested

Note5
Note6

Netprofit/lossfortheyear
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100

61
1183
968
276

115
366
1660
1179

1602

1079

218
1384
1602

0
1079
1079

0

0
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BALANCESHEET
inthousandsofSwedishCrowns
2014

2013

2437
5765
2354
10556

2662
651
1827
5140

5477
8039
22959
36476

8865
5296
30631
44792

47032

49932

10556
15811
26367

5140
21862
27002

20291
0
373
20664

22530
0
400
22930

47032

49932

Pledgedassets

none

none

Contingentliabilities

none

none

ASSETS
Fixedassets
Tangiblefixedassets
Buildings
Radarsystems
Equipmentandtools

Note7

Currentassets
Receivables
Prepaymentsandaccruedincome
Cashatbankandinhand

Note8
Note9

Totalassets
CAPITALANDLIABILITIES
Capital
Fundsinvested
Fundsheldonreserve

Note10
Note11

Currentliabilities
Liabilities,trade
Provisions
Otherliabilities

Note12

Totalcapitalandliabilities
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STATEMENTOFCASHFLOWS
inthousandsofSwedishCrowns
2014

2013

1878
1384

100
1079

61
973
210

115
341
26

3388
2743
2266

5473
282
1837

872

1694

823

Cashflowfrominvestmentactivities

6800

6800

823

Cashflowfortheyear

7672

2517

Liquidassetsatthebeginningoftheyear

30631

33148

Liquidassetsattheendoftheyear

22959

30631

Operatingactivities
Operatingresultbeforefinancialitems
Transferfromfundsinvested
Interestreceived
Currencyexchangeratechanges
Extraordinaryincomeandcost
Increase/decreaseofreceivables
Increase/decreaseofprepaymentsandaccruedincome
Increase/decreaseofcreditorsandliabilities
Cashflowfromoperations
Investmentactivities
Investmentsintangibleassets
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2014

2013

1475

1552

Otherpersonnel,employedandprovided
viasitecontracts

12084

11619

Socialsecuritycontributionsamountedto
ofwhichforpensioncosts

5025
2474

4826
2349

NOTES
Note1Accountingprinciples

Personnelcostsintotal

The accounting and valuation principles applied are consistent with the
provisions of the Swedish Annual Accounts Act and generally accepted
accounting principles (bokföringsnämnden allmänna råd och
vägledningar).

SalariesandemolumentspaidtotheDirector

All amounts are in thousands of Swedish kronor (SEK) unless otherwise
stated.
Receivables
Receivables are stated at the amounts estimated to be received, based
onindividualassessment.

The Director, Dr. Craig Heinselman, started his employment 201301
01. His employment contract with Council is for up to three years. It can
thereafterbeextendedwithanotherterm.

Receivablesandpayablesinforeigncurrencies
Receivables and payables in foreign currencies are valued at the closing
day rate. Where hedging measures have been used, such as forwarding
contracts, the agreed exchange rate is applied. Gains and losses relating
tooperationsareaccountedforunderotherfinancialincomeandcost.

Of the pension costs, 283 kSEK (270 kSEK) relates to the Director. He
and all other directly employed staff are included in ITP like
occupational pension plans. For the personnel provided via site
contracts,thepensionplansarehandledbytheirrespectiveemployer.

Bankaccountsinforeigncurrencies
Bankbalancesinforeigncurrenciesarevaluedattheclosingdayrate.

The members of the board (EISCAT Council) and members of
committees, who represents Associates, do not receive remunerations
from the Association. Travel expenses in connection with Council and
committee meetings are normally covered by the Associates. For the
CouncilAdvisoryGroup,theAssociationcovermeetingandtravelcosts.

Fixedassets
Tangible fixed assets are stated at their original acquisition values after
deduction of depreciation according to plan. Assets are depreciated
systematically over their estimated useful lives. The following periods of
depreciation are applied: Buildings 5  50 years, Radar systems 3  20
yearsandEquipmentandtools15years.

Salariesandemolumentsandaveragenumberofstaffpercountry

Note2Associatecontributions
The Associates contributed to the operation during the year in
accordance with the agreement. The commitments are in local
currencies.ThereceivedcontributionshavebeenaccountedinSEK.

CRIRP(P.R.ofChina)
NIPR(Japan)
RCN(Norway)
SA(Finland)
NERC(UnitedKingdom)
VR(Sweden)

2014
3246
1417
5594
3401
2508
5670
21837

Finland
Salariesandemoluments
Averagenumberofstaffmenandwomen

626
1+0

585
1+0

Norway(includingSvalbard)
Salariesandemoluments
Averagenumberofstaffmenandwomen

5491
8+0

5173
8+0

Sweden
Salariesandemoluments
Averagenumberofstaffmenandwomen

7442
8+2

7414
8+2

MembersoftheboardandDirectorsatyearendmenandwomen
The board consist of delegations from every Associate country each
havingaDelegate(formalmember)anduptotwoRepresentatives.

Accumulatedcontributionsstatusasof20141231
PreviousAssociates
CRIRP(P.R.ofChina)
NIPR(Japan)
RCN(Norway)
SA(Finland)
NERC(UnitedKingdom)
VR(Sweden)

19762014
382168
25620
74955
162148
74905
228788
135569
1084153

Boardmembers(EISCATCouncil)
Directors

11+3
1+0

11+3
1+0

Note4Ownreservesandfunds
A large investment was done during the year when ten new klystrons to
the Svalbard radar was bought. The total purchase amounted to 5 322
kSEK. It was partially funded by the 2 833 kSEK that was set aside in
2013.Theremainingpartwascoveredby2014operatingfunds.

Note3Personnelcostsandaveragenumberofemployees
TheAssociationemploysdirectlytheHeadquartersstaff,currentlyabout
nine positions, including the Director. The Headquarters is located in
Kiruna, Sweden. The personnel working at the Kiruna (Sweden),
Sodankylä (Finland), Svalbard and Tromsö (Norway) sites are not
employed by the Association. Instead, the personnel are provided via
site contracts by the Swedish Institute of Space Physics (Kiruna site
staff), Oulu University (Sodankylä staff) and Tromsö University (Tromsö
and Svalbard staff). The Association refunds all expenses related to the
providedstaff,aswellasanadditionaloverhead.

ǦͺǦ
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CapitalOperatingreserve
Transfertothereserve
Transferfromthereserve
Investmentsmade

1235
4239
6800

3659
792
823

Sparepartsreserve
Transfertothereserve
Transferfromthereserve

10
37

10
0

    ʹͲͳͶ

2014

2013

Surplusfund
Transferfromthefund
Transfertothefund

2800
0

2040
0

Sumownreservesandfunds

968

1660

Note5Appropriations
The outcome for this year became a deficit relative to the budget
amounting to 218 kSEK. The deficit was covered by a transfer from the
Investmentfund.The2013outcomewasbalanced.

Prepaidrents
Prepaidinsurances
Accruedincome,COOPEUSproject
Accruedincome,EISCAT_3D_2project
Accruedincome,ENVRIproject
Accruedincome,ESPASproject
Accruedincome,MISWproject
Accruedincome,VROGproject
Accruedincome,VRPGproject
Otheritems

Note6Transferfromfundsinvested

2014

2013

109
594
458
0
0
1312
173
0
5312
81
8039

105
531
341
706
156
167
0
0
3185
106
5296

22957
2
22959

30631
0
30631

2437
5765
2354
10556

2662
651
1827
5140

ThedepreciationcostiscoveredbyfundsfromCapitalfundsinvested
Note9Bankbalancesstatus
Note7Tangiblefixedassets

Nordea
Cashinhand

Changesintangiblefixedassetsduring2014.
Buildings
Openingacquisitionvalue
Acquisitionsduringtheyear
Disposalsduringtheyear
Closingacquisitionvalue
Openingaccumulateddepreciation
Depreciationsduringtheyear
Disposalsduringtheyear
Closingaccumulateddepreciation
Closingresidualvalue
Radarsystems
Openingacquisitionvalue
Acquisitionsduringtheyear
Disposalsduringtheyear
Closingacquisitionvalue
Openingaccumulateddepreciation
Depreciationsduringtheyear
Disposalsduringtheyear
Closingaccumulateddepreciation
Closingresidualvalue
Equipmentandtools
Openingacquisitionvalue
Acquisitionsduringtheyear
Disposalsduringtheyear
Closingacquisitionvalue
Openingaccumulateddepreciation
Depreciationsduringtheyear
Disposalsduringtheyear
Closingaccumulateddepreciation
Closingresidualvalue
Sumtangiblefixedassets

42424
4
14
42413

42428
0
5
42424

39762
228
14
39976

39533
234
5
39762

2437

2662

244693
5394
0
250087

244693
0
0
244693

244042
280
0
244322

243952
90
0
244042

5765

651

31726
1402
480
32649

31354
823
450
31726

29899
876
480
30295

29595
755
450
29899

2354

1827

10556

5140

Note8Prepaymentsandaccruedincome
Resources in staff and direct costs spent in ongoing externally funded
projects are covered by accrued income until settled by periodic report
claims. The EISCAT_3D_2 and ENVRI projects ended and two new,
MISWandVROG,startedduringtheyear.
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Note10Fundsinvestedstatus
Buildings
RadarSystems
EquipmentandTools

Note11Fundsheldonreserve
Regular investments and spare parts purchases were both more than
budgeted. The funds set aside in the Capital operating reserve for part
paying the purchase of the ten klystrons for Svalbard were used. The
outcome deficit, 218 kSEK, was covered by funds from the Investment
fund.
Capitaloperatingreserve
Equipmentrepairfund
Investmentfund
Restructuringreserve
Sparepartsreserve
Surplusfund

2065
754
7753
4101
122
1015
15811

5070
754
7971
4101
149
3815
21862

Note12Liabilities,trade
All externally funded projects work with prefinancing. For European
Commission projects, these are in EUR's. The prefinancing is used to
cover reported and approved costs. The ENVRI and EISCAT_3D_2
projects ended late in the year such that the approval of costs did not
occur within 2014. The EISCAT_3D_2 guarantee fund is kept as
contingency by the Commission for the EISCAT_3D_2 project, which
EISCAT is the Coordinator of. The guarantee fund will be released when
thefinalreportinghasbeenapprovedbytheCommission.
COOPEUSprefinancing
EISCAT_3D_2guaranteefund,wholeproject
EISCAT_3D_2prefinancing
ENVRIprefinancing
ESPASprefinancing
MISWprefinancing
VROGprefinancing
VRPGprefinancing
Liabilities,trade

1522
2111
1826
484
2291
519
2000
7000
2537
20291

1632
1991
5282
536
2513
0
0
7000
3577
22530
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pwc
Auditor's report
To the council of EIS CAT Scientific
Association, Corporate Identity Number
897300- 2 549

Report on the annual accounts

Report on other legal and regulatory requirements

I have audited the annual accounts of EISCAT Scientific Association
forthe year 2014.

In addition to my audit of the annual accounts, I have also audited
the administration of the council and the director of EISCAT
Scientific Association for the year 2014.

Responsibilities of the council and the director for the
annual accounts

Responsibilities of the council and the director
The council and the director are responsible for the administration.

The council and the director are responsible for the preparation and
fair presentation of the annual accounts in accordance with the
Annual Accounts Act, and for such internal control as the council and Auditor's responsibility
the director determine is necessary to enable the preparation of
My responsibility is to express an opinion with reasonable assurance
annual accounts that are free from material misstatement, whether
on the administration based on my audit. I conducted the audit in
due to fraud or error.
accordance with generally accepted auditing standards in Sweden.
As a basis for my opinion on the council and the director ' s
administration, in addition to my audit of the annual accounts, I

Auditor's responsibility
My responsibility is to express an opinion on the annual accounts
based on my audit. I conducted my audit in accordance with
International Standards on Auditing and generally accepted auditing
standards in Sweden. Those standards require that I comply with
ethical requirements and plan and perform the audit to obtain
reasonable assurance about whether the annual accounts are free
from material misstatement.
An audit involves performing procedures to obtain audit evidence
about the amounts and disclosures in the annual accounts. The
procedures selected depend on the auditor's judgment, including the
assessment of the risks of material misstatement of the annual
accounts, whether due to fraud or error. In making those risk
assessments, the auditor considers internal control relevant to the
association's preparation and fair presentation of the annual
accounts, in order to design audit procedures that are appropriate in

the circumstances, but not for the purpose of expressing an opinion
on the effectiveness of the association's internal control. An audit
also includes evaluating the appropriateness of accounting policies
used and the reasonableness of accounting estimates made by the
council and the director, as well as evaluating the overall
presentation of the annual accounts.
I believe that the audit evidence I have obtained is sufficient and
appropriate to provide a basis for my audit opinion.

Opinion
In my opinion, the annual accounts have been prepared in
accordance with the Annual Accounts Act and present fairly, in all
material respects, the financial position of the association as of 31
December 2014 and its financial performance and its cash flows for
the year then ended in accordance with the Annual Accounts Act. The
statutory administration report is consistent with the other parts of
the annual accounts.
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examined significant decisions, actions taken and circumstances of

the association in order to determine whether any member of the
council or the director have undertaken any action or is guilty of
negligence which may entail a liability for damages. I also examined
whether any council member or the director has, in any other way,
acted in contravention of the Annual Accounts Act or the statutes.
I believe that the audit evidence I have obtained is sufficient and
appropriate to provide a basis for my opinion.

Opinion
The council and the director have not acted in contravention of the
statutes.

Report 2013 – 2014 of the EISCAT Scientific Association
c EISCAT Scientific Association
EISCAT Headquarters
Box 812, SE-981 28 Kiruna, Sweden
Scientific contributions: EISCAT Associates and staff
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The EISCAT Associates
December 2014

CRIRP

China Research Institute of Radiowave Propagation
China
www.crirp.ac.cn

NERC

Natural Environment Research Council
United Kingdom
www.nerc.ac.uk

NFR

Norges forskningsråd
Norway
www.forskningsradet.no

NIPR

National Institute of Polar Research
Japan
www.nipr.ac.jp

SA

Suomen Akatemia
Finland
www.aka.fi

STEL

Solar Terrestrial Environment Laboratory, Nagoya
Japan
www.stelab.nagoya-u.ac.jp

VR

Vetenskapsrådet
Sweden
www.vr.se

EISCAT Scientific Association
Headquarters
EISCAT Scientific Association
Box 812
SE-981 28 Kiruna, Sweden
Phone: +46 980 79150
Fax: +46 980 79159
www.eiscat.se

Sites
Kiruna
EISCAT Kiruna Site
Box 812
SE-981 28 Kiruna, Sweden
Phone: +46 980 79136
Fax: +46 980 29276

Longyearbyen
EISCAT Svalbard Radar
Postboks 432
N-9171 Longyearbyen, Svalbard
Phone: +47 790 21236
Fax: +47 790 21751

Sodankylä
EISCAT Sodankylä Site
Tähteläntie 54B
FIN-99600 Sodankylä, Finland

Tromsø
EISCAT Tromsø Site
Ramfjordmoen
N-9027 Ramfjordbotn, Norway
Phone: +47 776 20730
Fax: +47 776 20740

