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EISCAT Radar Systems
Location Tromsø Kiruna Sodankylä Longyearbyen

Geographic coordinates 69◦35’N 67◦52’N 67◦22’N 78◦09’N
19◦14’E 20◦26’E 26◦38’E 16◦01’E

Geomagnetic inclination 77◦30’N 76◦48’N 76◦43’N 82◦06’N
Invariant latitude 66◦12’N 64◦27’N 63◦34’N 75◦18’N
Band VHF UHF UHF UHF UHF
Frequency (MHz) 224 931 931 931 500
Maximum bandwidth (MHz) 3 8 8 8 10
Transmitter 1 klystron 2 klystrons - - 16 klystrons
Channels 8 8 8 8 6
Peak Power (MW) 1.6 2.0 - - 1.0
Average power (MW) 0.20 0.25 - - 0.25
Pulse duration (ms) 0.001–2.0 0.001–2.0 - - 0.0005–2.0
Phase coding binary binary binary binary binary
Minimum interpulse (ms) 1.0 1.0 - - 0.1
Receiver analog analog analog analog analog
System temperature (K) 250–300 90–110 50 50 65–80
Digital processing 14 bit ADC, 32 bit complex, autocorrelation functions, parallel channels 12 bit ADC, lag profiles

32 bit complex
Antenna 1 Antenna 2

Antenna parabolic cylinder parabolic dish parabolic dish parabolic dish parabolic dish parabolic dish
120 m×40 m steerable 32 m steerable 32 m steerable 32 m steerable 32 m steerable 42 m fixed

Feed system line feed Cassegrain Cassegrain Cassegrain Cassegrain Cassegrain
128 crossed dipoles

Gain (dBi) 46 48.1 48.1 48.1 42.5 44.8
Polarisation circular circular any any circular circular

EISCAT Heating Facility in Tromsø
Frequency range: 4.0–8.0 MHz, Maximum transmitter power: 12×0.1 MW, Antennas: Array 1 (5.5–8.0 MHz)

30 dBi, Array 2 (4.0–5.5 MHz) 24 dBi, Array 3 (5.5–8.0 MHz) 24dBi.
Additionally, a Dynasonde is operated at the heating facility.

Cover picture: Artist’s view of a future EISCAT_3D active site.
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EISCAT, the European Incoherent Scatter Scientific Association, is established to conduct research on
the lower, middle and upper atmosphere and 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, as well as for in-
vestigating the structure and dynamics of the middle atmosphere and as a diagnostic instrument in
ionospheric modification experiments with the heating facility.

There are eleven incoherent scatter radars in the world, and EISCAT operates three of the highest-
standard facilities. The experimental sites of EISCAT are located in the Scandinavian sector, north
of the Arctic Circle. They consist of two independent radar systems on the mainland, together with
a further radar constructed on the island of Spitzbergen in the Svalbard archipelago — the EISCAT
Svalbard Radar — Scandinavia (see schematic and operating parameters on the inside of the front
cover).

The EISCAT UHF radar operates in the 931 MHz band with a peak transmitter power of 2.0 MW and
32 m, fully steerable parabolic dish antennas. The transmitter and one receiver are in Tromsø (Norway).
Receiving sites are also located near Kiruna (Sweden) and Sodankylä (Finland), allowing continuous
tri-static measurements to be made.

The monostatic VHF radar in Tromsø operates in the 224 MHz band with a peak transmitter power
of 1.6 MW and a 120 m × 40 m parabolic cylinder antenna, which is subdivided into four sectors. It
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.

The EISCAT Svalbard radar (ESR), located near Longyearbyen, operates in the 500 MHz band with
a peak transmitter power of 1.0 MW, a fully steerable parabolic dish antenna of 32 m diameter, and a
fixed field aligned antenna of 42 m diameter. The high latitude location of this facility is particularly
aimed at studies of the cusp and polar cap region.

The basic data measured with the incoherent scatter radar technique are profiles of electron density,
electron and ion temperature, and ion velocity. Subsequent processing allows a wealth of further pa-
rameters, describing the ionosphere and neutral atmosphere, to be derived. A selection of well-designed
radar pulse schemes are available to adapt the data-taking routines to many particular phenomena,
occurring at altitudes between about 50 km and more than 2000 km. Depending on geophysical condi-
tions, a best time resolution of less than one second and an altitude resolution of a few hundred meters
can be achieved.

Operations of 3–4000 hours each year are distributed equally 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 specific and global geophysical phenomena.

Further details of the EISCAT system and 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
Deutsche Forschungsgemeinschaft, Germany
National Institute of Polar Research, Japan

Norges forskningsråd, Norway
Science and Technology Facilities Council, United Kingdom

Solar-Terrestrial Environment Laboratory, Nagoya University, Japan
Suomen Akatemia, Finland
Vetenskapsrådet, Sweden
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The Council Chairperson’s section

The transition from the traditional EISCAT ac-
tivities to preparatory work for a new radar sys-
tem — including major upgradings both in the
mainland radars and in Svalbard — was the most
important topic in the work of the EISCAT Coun-
cil during 2009. The performance of the VHF radar
continued to be below optimal as only one of the
klystrons was in use. On the other hand, the plans
for renovation work were in fair wind. The EIS-
CAT_3D concept was accepted to the ESFRI Road
Map at the end of 2008 and the EU-funded De-
sign Study for the 3D concept ended successfully
in spring 2009. In addition, China made a very fas-
cinating proposal to extend the ESR system with a
third antenna dish.

The composition of the EISCAT Association and
its management structures were discussed sev-
eral times in the Council meetings. In particular,
the role of the EISCAT Management Committee
(EMC) was reconsidered. The wish from the new
Director, Dr. Esa Turunen, was that this Commit-
tee would provide him a link towards the Council
not only during the Council meetings. The discus-
sions in the Council and EMC finally led to a solu-
tion where EMC was renamed Council Advisory
Group (CAG) and its tasks in the Statutes were re-
formulated. CAG’s role is to advice the Council
on matters related to administrative issues, devel-
opment of facilities and the Association, finances,
legal issues, planned operations and other items
relevant for the Council. Both the Director and
the Council chairperson participate in the CAG
work. The Council supporting roles of SOC (Scien-
tific Oversight Committee) and CAG are different:
SOC can give its recommendations entirely from
the basis of scientific argumentation while CAG’s
task is to evaluate SOC’s recommendations from
the viewpoint of the available resources in the As-
sociation. For this reason it was recommended
that both SOC and CAG would arrange their gath-
erings before the Council meetings and in such a
timeframe that CAG can take into account the SOC
output in its recommendations to the Council.

The criteria for full versus associate member-
ship are under continuous discussion because dur-

ing recent years some old member countries have
decided to leave EISCAT and new partners are
stepping in. The re-organization of UK science
funding structures in 2009 had an impact also to
the EISCAT management and economy situation
which further complicated the picture. In an ad-
ditional Council meeting arranged as a telecom
at the end of 2009, the opportunities for the UK
to make some changes in its representatives and
commitments for the Association were discussed
extensively. The negotiations for Ukraine’s mem-
bership in EISCAT continued in 2009 and as a tran-
sition period solution EISCAT made a one-year
collaboration agreement with this country. Rus-
sia continued collaboration with the Association
by buying significant amount of observing time
and the links towards the Russian science commu-
nity were strengthened by inviting a Russian rep-
resentative to SOC. In the Council discussions it
was noted that the long-term commitments are es-
sential for the core operations of the Association
and for this reason they can be considered as the
cornerstone criterion for a full membership status.
On the other hand, joining EISCAT should be at-
tractive and easy also for countries whose science
funding is organized in shorter cycles than the five
year cycle used in the EISCAT membership rules.
In this controversial situation it is still important
to guarantee fair and equal treatment for all mem-
bers in the Association.

The practice where a staff representative par-
ticipates in the Council meetings was tested dur-
ing the year 2008. This practice ended in 2009
because the staff had expressed the opinion that
the presence of their representative is needed only
when the Council needs the staff opinion to guide
its solutions. The Council decided to accept this
change, but on the other hand it encouraged the
staff to continue the biennial selection of a staff
representative. The wish is to continue the dia-
logue between staff and the Council and the mes-
sage from the Council Chairperson is that both
sides can serve as the initiator in this discussion.

Dr. Kirsti Kauristie
Chairperson of the EISCAT Council
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Director’s pages

As in January 2009 I was handed over the re-
sponsibility of the daily management and opera-
tion of the facilities of the EISCAT Scientific As-
sociation, as the new Director, I felt strong confi-
dence: first, on the continuing capacity of the As-
sociation being able to serve its users for their sci-
entific needs in providing measurement opportu-
nities at the modern ISR operational level, and sec-
ond, in inspiring and motivating its user commu-
nity to develop the ISR method towards a brand
new future. The future had been outlined during
the achievements in the soon to be finished EIS-
CAT_3D Design Study. This confidence was not
only based on my earlier experience as a user of
the EISCAT radars; having been the PI of many
Finnish radar campaigns through the years, I had
met devoted, committed and skilful staff at the
sites. Similar feelings were passed to me while
meeting the enthusiasm and guidance given by
the various active EISCAT Committee members,
starting at the last year’s Council meeting in Kun-
ming, China, throughout the year in the Science
Oversight and EISCAT Management Committee
meetings. Specially the previous director Tony van
Eyken, Prof. Asgeir Brekke and Dr. Kirsti Kau-
ristie, the previous and new Council chairs respec-
tively, stood by my side as immediate support, us-
ing a lot of their time when guiding me into how
the activities of the association are to be seen in in-
ternational context.

But the most significant strengthening of my
confidence on the strengths of EISCAT appeared in
the beginning of the year, when the EISCAT staff
gathered for its Annual Review meeting in Pallas-
tunturi in Finland on 11–13 February. Staff reports
of the technical status of the various parts of our
distributed facilities impressed me in dedication,
detail and honest evaluation. I was confirmed that
EISCAT has its most important resource in the ex-
isting staff, all doing their best at highest possi-
ble level of expertise and with experience gained
through many, many years of operation and main-
tenance tasks. As EISCAT had gone through sev-
eral successful upgrades during the history, the
core competence to take similar renewal actions

for the future, is at place already. It would be
my task to ensure that this competence would not
be lost with possibly restricted financial resources
foreseen in the near future and that there would
be ways to find new resources, which could be di-
rected towards the next renewal. The total num-
ber of EISCAT staff however had been cut dur-
ing the recent years to a minimum, which would
not last too many unexpected losses. Even now
some part of preventive maintenance had to be
abandoned, simply due to less manpower avail-
able. However, all technical problems appearing
at the sites during the year were solved with mini-
mum delays, and the overall maintenance task ap-
peared to be manageable at all the sites. As EIS-
CAT is a distributed facility located in the territory
of three different countries, Sweden, Finland, Nor-
way and Svalbard, the large distances set up some
specific demands in internal communication. We
decided to establish some new meetings, such as
twice a year a site leader meeting, where lead-
ing staff from Headquarters and from all the sites
would meet physically for one day discussions.
Naturally the internal site meetings were encour-
aged. These were regularly held at the sites but
were missing at the Headquarters and were intro-
duced there. Also the EISCAT scientists decided to
have virtual meetings, testing a few times internet-
based conference solutions. However, the conclu-
sion of these tests was that with our various con-
nections and hardware set-ups, still at this phase a
standard teleconference by ordinary phones is the
most reliable virtual meeting method.

The association is facing some changes, which
should be seen as opportunities to renew signifi-
cantly within few years in future. Russia success-
fully conducted EISCAT experiments during their
affiliate agreement, where they essentially buy ex-
periment time similar to what France is doing. The
Russian contribution is at an essential level finan-
cially and an agreement is written for three years.
With Ukraine we had a minor level agreement,
which made the first purely Ukrainian EISCAT ex-
periments possible. This was a one year arrange-
ment at this stage, but continuation is expected.
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The long-standing EISCAT Associate Science and
Technology Facilities Council (STFC) in the UK in-
formed EISCAT that by end of 2009, the UK associ-
ateship would be transferred to the National Envi-
ronment Research Council (NERC). At this stage
of the transfer, which includes some negotiations
within Council, an agreement with NERC is be-
ing signed to start as the UK associate from 2010.
We thank STFC for the extensive work during the
years, as generally known, the UK has led many
developments in EISCAT in the past. At the same
time we welcome NERC to continue the work and
possibly bring in new fields of their interests to the
EISCAT activities.

European Union has been funding access to EIS-
CAT facilities in the TransNational Access pro-
gram, which ended in 2009. The TNA program
did not reach its planned target, there were fewer
users than anticipated. As there is currently no
foreseen similar funding appearing in Europe, one
could ask if there could be an EISCAT funded
TNA-type program available in the future? An op-
tion would be combine this somehow with the cur-
rent third party proposals. In any case TNA has
succeeded in bringing new countries to the user
list of EISCAT. One should continue in creating
opportunities for these research groups who have
learnt to know EISCAT, in order to be able to create
an enlarging and collaborating EISCAT user com-
munity simply because the ISR method, data anal-
ysis and sophisticated combined use of ISR data
with other measurements, are concepts which will
take some time for any individual to master.

Operations in 2009 were reduced as compared
to the previous year. This occurred naturally, since
in 2008 one still had the International Polar Year
operations running. The annual measurement
hours were 3688 in total. The Tromsø VHF radar
is running with one klystron only. The repaired
one is kept as a reserve currently, since the EIS-
CAT Site Leaders meeting in May 2009 estimated
a 7 months break in operations to be the result if
the second klystron would be taken into use. The
Tromsø site has suffered from limited engineering
manpower, but this is now helped by hiring a new
engineer Jan Børre Henriksen. The Tromsø scien-
tist Dr. Lisa Baddeley left EISCAT in July 2009, in
order to work as the SPEAR scientist at UNIS. At
the heating upgrade in Tromsø, there are still is-
sues to be solved, but the work is ongoing. Heat-
ing suffers from small amount of technical support
staff, which would be needed to help the responsi-
ble Senior Scientist. The Tromsø engineers are de-
voting part of their time in order to support Heat-

ing maintenance. It should be also noted here that
in addition to the Dynasonde in Tromsø, EISCAT
also has a Dynasonde in operation on Svalbard,
and all the Dynasonde data are available on the in-
ternet. At the remote sites Kiruna and Sodankylä,
we are still having three persons at each site, but
there is a reduction foreseen soon, as in 2010 we
will have one staff retirement at both sites. Re-
filling these positions is not anticipated since we
expect diminishing operations. The receiver fre-
quency protections will end at both sites in 2010.

EISCAT continued some exceptional observa-
tions in 2009. Beyond standard ISR operations
one could mention the space debris detections af-
ter the Iridium-Cosmos satellite collision in spring
2009. The Iridium cloud orbital plane passes as
well as the Cosmos cloud passes are clearly iden-
tifiable in data, which could be used to improve
the current statistical model. The Finnish EISCAT
user group introduced also the use of non-uniform
interpulse periods to receive echoes from all alti-
tudes. In these experiments efficient space debris
and ISR measurements can be combined. Typi-
cal EISCAT measurements leave over 50% of the
ranges blank because the transmission and ground
clutter always block echoes from the same ranges
for each transmission. Just now we are not fore-
seeing any more space debris measurements, un-
less European Space Agency is requesting related
operations.

EISCAT users are in the process of setting up
some extraordinary instrumentation at the radar
sites: The Japanese lidar installation at the Tromsø
site includes three container houses. When in op-
eration the lidar laboratory would be a major opti-
cal instrument to be used with EISCAT radars for
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the next ten years. The interferometer at ESR site is
currently under refurbishment and a new data ac-
quisition is being installed. First operational data
is expected next year.

Year 2009 marked the successful finishing of
the 4-year long EU-funded Design Study of the
EISCAT_3D radar concept. In December 2008,
the European Strategy Forum on Research In-
frastructures, ESFRI, had selected EISCAT_3D on
its Roadmap of strategically important infrastruc-
tures. As proposed facilities on this Roadmap
should be attractive for the global science com-
munity for the next 20–30 years, but located in
Europe, EISCAT had gained a good science po-
litical starting point with the EISCAT_3D concept.
The proposal was submitted by Swedish Research
Council as the initiator, and interestingly, EIS-
CAT_3D was placed in the Environmental group
of RI projects. A similar ESFRI status was given at
the same time to a Norwegian proposal, The Sval-
bard Integrated Arctic Earth Observation System,
SIOS, where research activities from the bottom of
the sea up to the upper atmosphere and geospace,
based on the existence of measurements and mea-
surement sites in the Svalbard area, were proposed
to be strengthened and coordinated internation-
ally as a concerted but interdisciplinary effort. The
EISCAT Svalbard radar would be an essential part
of the upper atmospheric research programme of
SIOS. SIOS was in a very similar development
stage as the EISCAT_3D proposal, the next step
would be to apply funds for a preparatory phase
action with selected partner institutions. Such a
preparatory phase should solve all issues before
construction of the new research infrastructure: le-
gal, governance, strategic, financial and, if neces-
sary, technical work should be directed towards
making it possible to go to construction phase di-
rectly after the preparatory phase. As EU opened a
financing call to support preparatory phases of the
ESFRI Roadmap projects, EISCAT decided to hire
Dr. Ian McCrea from Rutherford Appleton Labo-
ratory in part time, in order to coordinate writing
a targeted funding application. A full time posi-
tion of a project assistant was also established and
Dr. Anders Tjulin started to work at EISCAT Head-
quarters in Kiruna in September 2009. The finalis-
ing of a 6 Me funding application was conducted
during an intensive workshop with a small team
of international contributors, and the application
was sent to EU in December 2009.

A dedicated first international EISCAT_3D User
Meeting was organised in Uppsala on 27–29 May
2009, hosted by the Swedish Institute of Space

Physics, Uppsala, in the premises of the Ångström
Laboratory. The purpose of the meeting was
twofold: first, to offer opportunity to EISCAT
users to show their plans and needs for measure-
ments in their science fields, second, to publish
the results of the EISCAT_3D Design Study to
the wide user community. The results of the De-
sign Study were formally handed over to EISCAT
in the meeting by the partner consortium repre-
sentative, the technical coordinator of the study:
Dr. Gudmund Wannberg from Swedish Institute
of Space Physics in Kiruna. Final reports of the
Study were submitted to EU afterwards and these
reports are available to anyone via the EISCAT
and EISCAT_3D web pages. Dr. Wannbergs ear-
lier work for the EISCAT radars in general as
well as the recent work for the EISCAT_3D De-
sign Study were given a recognition in the 73rd
EISCAT Council meeting in Lillehammer on 27–
28 November 2009, when he was awarded with
the 7th Beynon medal.

In spring 2009 we restarted discussion with the
frequency authorities of all EISCAT Host Coun-
tries, Norway, Sweden and Finland. Our main dis-
cussion was of course in order to ensure future op-
erations of EISCAT_3D, but also current facilities
were discussed, specially because timing the pos-
sible ending of current frequency licenses should
match opportunity to use the new EISCAT_3D fre-
quency. Norway is currently offering the 229.9–
236.6 MHz to EISCAT, as a response to the ap-
plication sent out during the EISCAT_3D Design
Study. We have replied this to be fine for us, but
so far there is no confirmation from the author-
ity. Finland shows support to protect the band in
Northern Finland for EISCAT, provided the loca-
tion(s) of measurement site(s) are in areas where
this would be possible. Sweden has future allo-
cation to DAB (digital audio broadcast) develop-
ment, but there are several authorities involved
in making decisions. Swedish Research Coun-
cil offers to coordinate discussions with these au-
thorities. The frequency allocation of EISCAT_3D
should be solved as soon as possible, since this is
one of the prerequisites before the technical reali-
sation of the new generation radar can be brought
forward.

A showcase of all the EISCAT science was
the 14th EISCAT Workshop on 3–7 August 2009,
in Tromsø, Norway. The number of partici-
pants was this time slightly less than during pre-
vious workshops, in total 85, but included a
very international mix of participants from all
over the world. Among more traditional ses-
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sions such as, space weather and solar wind-
magnetosphere-ionosphere-atmosphere coupling,
high-latitude ionospheric response, mesosphere
and thermosphere, meteors and space debris,
ionospheric modification, and new techniques,
also sessions on the future with EISCAT_3D and
use of the enhancing global ISR network were or-
ganised. During the latter, the workshop partici-
pants were introduced a new conceptual need in
future geosciences: a more system-oriented ap-
proach and holistic view of the whole geospace en-
vironment and Earth itself as a composite system,
where one finally needs a more global approach
both to measurements and modelling efforts. At
the EISCAT workshop in Tromsø, the user com-
munity of EISCAT had a discussion on how to de-
velop further the access to EISCAT data archive.
Parallel to the standard MADRIGAL database use,
EISCAT had started in 2008 to introduce a new op-
portunity, based on dedicated extensive software
development on a hardware platform consisting
of six computers transferred to EISCAT Kiruna
site from Rutherford Appleton Laboratory. A soft-
ware consultant had worked on this system for
5.5 months to March 2009, in order to create a
more elegant data access system, with extensive
metadata searches to access raw data, re-analysis
of data collected by these metadata searches etc.
As EISCAT itself did not allocate more resources
to the combined software/hardware platform de-
velopment, the next step was agreed to be taken by
the user community, by applying and developing
the system to fulfil needs of their selected science
cases. It remains to be seen if such an alternative
resource via user engagement is enough to bring
the system to be a standard user level tool.

The next EISCAT International Workshop in
2011 will be held in China. China has made an
ambitious project proposal to EISCAT, as a possi-
ble in-kind contribution to EISCAT in the form of
a third antenna on Svalbard. Originally the EIS-
CAT Svalbard radar was proposed optimally to
have three antennas. Finally one was built and
only later another one was added as the Japanese
in-kind contribution. Initial technical description
of the proposed third antenna is now given by
the Chinese associate CRIRP. This is similar to the
50 m antenna of the Chang’e Moon project in Bei-
jing, and indeed the idea proposed is to use the
antenna for multiple purposes, including ISR and
Space Debris measurements and communication
with the Chinese Moon projects, using both a sep-
arate transmitter at S band and the existing ESR
transmitter at 500 MHz. The Science Oversight

Committee of EISCAT, SOC, finalised a document
on the science case of the third antenna; SOC rec-
ommends this addition to ESR. Several delega-
tions from China visited Tromsø and Longyear-
byen in order to discuss and map the case of the
third antenna. Also initial discussions were made
with a consultant who could serve in casting the
project into an action, including possible feasibil-
ity study and communication with local author-
ities on construction and operation permissions.
The next phase would be to make a decision on
taking such initial steps towards the realisation of
the third antenna.

Another possible development on Svalbard ap-
peared during the Svalbard Science Forum, where
international research institutes who are active in
Svalbard area, gathered to discuss on coordinative
actions. In fact EISCAT proposed to start collabo-
rative work towards a similar effort as was done
during the last International Polar Year in 2007–
2008, a coordinated continuous measurement pe-
riod, at least one year long, during the next solar
maximum. This would be possibly around 2013.
Such an operation with ESR is a major undertak-
ing, and demands extra funding. The IPY opera-
tions with EISCAT were done using extreme effort
by EISCAT staff, also helped by others. As learned
from that experience, dedicated extra engineering
staff would be needed to be hired at the required
level. Without funding coming outside of the EIS-
CAT standard budget, the continuous solar maxi-
mum operation will not be possible.

Although some minor reduction in resources
available to EISCAT in the nearest future may hap-
pen, I still think the current view towards future is
much enlightened. We have the EISCAT_3D con-
cept, which is having a political backing in Europe,
and is certainly also of global science interest. With
coordinated science-led development, both within
and beyond the EISCAT community, and applied
both in Svalbard, where the SIOS ESFRI project
and the Chinese third antenna proposal may de-
velop further the traditional strengths in order
to address new science, as well as on mainland,
where the Heater upgrade should bring in new
developments in small-scale physics, and novel
applications, such as planetary radar and space
debris measurement capability, enhanced data ac-
cess and finally the EISCAT_3D ESFRI project, all
should develop new techniques to add new sci-
ence. With this view in mind, I would like to thank
the EISCAT staff for their excellent work in 2009.

Dr. Esa Turunen
Director, EISCAT Scientific Association
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The EISCAT_3D Design Study

In 2009 the four-year EISCAT_3D Design Study
was completed. This project was supported by
the Sixth Framework Programme of the Euro-
pean Union and was running from 1 May 2005 to
30 April 2009.

The aims of the Design Study were essentially
twofold:

• To study the feasibility of constructing a third-
generation incoherent scatter research radar,
using cutting-edge technology throughout
and providing an order-of-magnitude im-
provement in temporal and spatial resolution
so that the existing, aging, EISCAT VHF and
UHF systems, could be replaced.

• To produce a detailed costed design for such
a system.

The Design Study did not include a task to
develop the science case; this was carried out
as a parallel activity by EISCAT’s Science Advi-
sory Committee (SAC), later renamed as the Sci-
ence Oversight Committee (SOC) from 1 January
2007. Members of the Design Study maintained
close links with the science case development, and
many of the ideas from SAC fed into the prepara-
tion of the EISCAT_3D Performance Specification
Document (PSD).

Following extensive consultation with the sci-
entific user community in 2004 and 2005, it was
determined that only a multi-static phased array
system could reach or approach the performance
demanded by present users and expected from fu-
ture users.

Accordingly, the target system specified in the
EISCAT_3D Performance Specification Document
(PSD) comprises a central active (transmit-receive)
site (the “core”) and four receive-only sites, lo-
cated on two approximately 250 km long baselines
oriented North-South and East-West, respectively.

To achieve the desired performance, the pro-
posed system design incorporates a number of in-
novative ground-breaking concepts such as

• Direct-sampling receivers.

• Digital time-delay beam-forming.

• Multiple simultaneous beams from each re-
ceiving array.

• Adaptive polarisation matching and Faraday
rotation compensation.

• Digital arbitrary-waveform transmitter ex-
citer system.

• Full interferometry and imaging capabilities.

• Amplitude-domain data recording at full
sampling rate.

During the four-year Design Study, all mission-
critical technical concepts were modelled, investi-
gated by simulations and in critical cases also by
full-scale tests, and found to be realisable. Array
sizes, transmitter power levels and receiver noise
performance that would be required to reach the
desired time and space resolutions have also been
established. Based on this work, the target sys-
tem was proposed to have the following technical
characteristics:

The EISCAT_3D core should comprise a 120 m
diameter filled circular aperture array with about
16,000 elements (see Fig. 1), laid out on an equilat-
eral triangular grid, and in addition a number (six
to nine) of smaller outlier receive-only arrays. It
would then provide

• Half-power beamwidth of about 0.75◦ which
is comparable to that of the present EISCAT
UHF.

• Power-aperture product exceeding
100 GWm2 which is an order of magni-
tude greater than that of the present EISCAT
VHF.

• Grating-lobe free pattern out to 40◦ zenith an-
gle.

• Graceful degradation in case of single-point
equipment failure.
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Figure 1: Artist’s view of the EISCAT_3D core site as proposed in the Design Study.

Each core array element shuold be made up
from a radiator, a dual 2×300 W linear RF power
amplifier, a high performance direct-digitising re-
ceiver and support electronics. The recommended
radiator is a crossed Yagi antenna with a minimum
directivity of about 7 dBi.

Two filled 8000 element receive-only arrays
should be installed on each baseline at distances
of about 110 and 250 km from the core, respec-
tively. Their radiating elements will be three- or
four-element X Yagis, essentially identical to those
used in the core. The Yagis would be directed to-
wards the core field-of-view and elevated to 45◦.
Outlier arrays for interferometry should also be in-
stalled at the receive-only sites.

Advanced digital beam-forming systems would
allow the generation of a large number of simulta-
neous beams from each array, thus eliminating the
time/space ambiguity plaguing all present inco-
herent scatter systems and realise the possibilities
for volumetric imaging of vector quantities for the
first time.

It was verified that a system meeting the perfor-
mance requirements put forth in the EISCAT_3D
Performance Specification Document could be
built today, using existing technology, if cost were
not an issue. Advances in semiconductor technol-
ogy, signal processing and data storage between
now and the time of placing a contract are ex-
pected to reduce component and subsystem costs
to the point where a full-size core would cost

about 60 Me and each receive-only site 20 Me. It
is recommended that the member institutions of
the EISCAT Scientific Association commit to fund-
ing and constructing such a radar system accord-
ing to the results and guidelines given in the tech-
nical reports (EISCAT_3D Deliverables) within the
next five to seven years.

As designed, the system would be highly mod-
ular and would lend itself excellently to gradual
expansion if funding should only be forthcoming
in installments. In this case, it is recommended
that in a first phase a 5000 element, 70 m diam-
eter core array and at least two 1500 element re-
ceiver sites should be constructed to replace the
multi-static capabilities of the present UHF radar,
which are going to be lost in 2010. This configu-
ration would already exceed the performance of
the current VHF system, providing a 1.3◦ half-
power beamwidth, a power-aperture product of
about 10 GWm2, and full beam steerability at the
transmitter site. There are also stages beyond the
outlined system involving multiple core elements
arrays that could then be expanded as additional
funding became available or as part of a more
comprehensive initial build.

The Design Study team notes with pleasure that,
as a result of their efforts and the hard work of the
EISCAT executives, EISCAT_3D was added to the
European Strategy for Research Infrastructure (ES-
FRI) roadmap, at its last revision announced in De-
cember 2008.
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Scientific highlights 2009

Ionospheric studies

On the source of the polar wind in the
polar topside ionosphere: First results
from the EISCAT Svalbard radar

In this study, we present quantitative radar ob-
servations of both hydrogen ion (H+) and oxygen
ion (O+) upflow in the topside polar ionosphere
(Fig. 2) using measurements that were recently
carried out with the EISCAT Svalbard Radar and
the Reimei satellite. H+ upflow was clearly ob-
served equatorward of the cusp above 500 km
altitude. Within the cusp the H+ density was
very low, and the upflow was dominated by O+

ions, but on closed field lines the H+ became the
larger contributor to the upward flux above about
550 km. The total flux seemed to be conserved,
and so below 550 km altitude O+ (with a small up-
ward velocity of ∼50 m/s) appeared to determine
the upward flux which was then maintained by
H+ in the topside ionosphere. We also found that
the H+ density in the topside polar ionosphere
was several times higher than current predictions
of ionospheric models like IRI2001.

Y. Ogawa, et al., “On the source of the polar wind in
the polar topside ionosphere: First results from the EIS-
CAT Svalbard radar”, Geophysical Research Letters 36,
L24103, doi:10.1029/2009GL041501, 2009.

Characteristics of polar patches in the
nightside ionosphere

The characteristics of polar patches in the Euro-
pean nightside ionosphere have been investigated.
These patches are the remnants of ionospheric
plasma originating on the dayside and drawn anti-
sunward across the polar region into the nightside
auroral region.

A multi-instrument study using the ESR, the
Aberystwyth radio tomography experiment, and
the SuperDARN radars observed the modulation
of patch separation during a magnetic substorm.

 
Figure 2: Height profiles equatorward of the cusp
of H+, O+, and total electron density (panel a), H+

and O+ upward velocities (panel b), and H+ and
O+ upward number fluxes (panel c). In panel c
the thick dashed lines indicate constant flux ex-
tended in height from the observed peaks for a
dipole magnetic field.

During substorm expansion the patches were sep-
arated by some 5◦ latitude but this was reduced
to some 2◦ when activity had subsided. The dif-
ferent patch separations resulted from the expan-
sion and contraction of the high-latitude plasma
convection pattern on the nightside in response to
the substorm activity. The patches of larger sep-
aration occurred in the anti-sunward cross-polar
flow as it entered the nightside sector from the po-
lar region. Those of smaller separation were also
in anti-sunward flow, but close to the equatorward
edge of the convection pattern, in the slower, di-
verging flow of the Harang discontinuity. A patch
repetition time of some 10 to 30 min was estimated
depending on the phase of the substorm.

A second multi-instrument study investigated
the influence of the season on the patch-
to-background density ratio in the nightside
ionosphere around solar maximum (1999–2001).
Patch-to-background ratios of up to 9.4±2.9 were
observed by the ESR between midwinter and
equinox with values of up to 1.9±0.2 in sum-
mer. The patch-to-background ratios in summer
were less than two, so the enhancements could
not formally be called patches, nevertheless they
were identified as significant density enhance-
ments within the antisunward cross-polar flow.
Modelling of the difference between winter and
summer patch-to-background ratios primarily at-
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tributed the variation to the chemical composition
of the atmosphere, which in summer both reduced
the electron densities of the plasma drawn into the
polar cap on the dayside and enhanced plasma
loss by recombination. A secondary factor was the
maintenance of the background polar ionosphere
by photo-ionisation in summer.

A. G. Wood, S. E. Pryse, and J. Moen, “Modulation of
nightside polar patches by substorm activity”, Annales
Geophysicae 27(10), 3923–3932, 2009.

A. G. Wood, and S. E. Pryse, “Seasonal influence on
polar cap patches in the high-latitude nightside iono-
sphere”, Journal of Geophysical Research, in press,
2010.

The influence of ozone concentration on
the lower ionosphere

A numerical model of D-region ion chemistry is
used to study the influence of the ozone concen-
tration in the mesosphere on ion-composition and
electron density during solar proton events (SPE).
We find a strong sensitivity in the lower part of
the D-region, where negative ions play a major
role in the ionisation balance. We have chosen the
strong SPE on 29–30 October 2003 when very in-
tense proton fluxes with a hard energetic spectrum
were observed. Deep penetration into the atmo-
sphere by the proton fluxes and strong ionisation
allows us to use measurements of electron den-
sity, made by the EISCAT 224 MHz radar, start-
ing from as low as 55 km. We compare the elec-
tron density profiles with model results to deter-
mine which ozone concentration profiles are the
most appropriate for mesospheric altitudes under
SPE conditions (Fig. 3). We show that, during
daytime, an ozone profile corresponding to deple-
tion by a factor of 2 compared to minimum model
concentrations for quiet conditions (Rodrigo et al.,
1986), is needed to give model electron density
profiles consistent with observations. Simple in-
corporation of minor neutral constituent profiles
(NO, O and O3) appropriate for SPE conditions
into ion-chemistry models will allow more accu-
rate modeling of electron and ion densities during
such events, without the need to apply a complete
chemical model calculating all neutral species.

A. Osepian, S. Kirkwood, and P. Dalin (2009), “The in-
fluence of ozone concentration on the lower ionosphere
— modelling and measurements during the 29-30 Oc-
tober 2003 solar proton event”, Annales Geophysicae
27(2), 577–589, 2009.

Figure 3: Comparison of time series of the mea-
sured values of cosmic noise absorption from the
IRIS riometer at Kilpisjärvi (black curves) with ab-
sorption calculated on the basis of experimental
(EISCAT) Ne-profiles (red curves). The solid lines
are on 29 October 2003, the dashed lines are on
30 October 2003. Absorption is given for a fre-
quency of 30 MHz.

Particle precipitation during NEIAL
events: simultaneous ground based
nighttime observations at Svalbard

In this investigation it was discovered for the first
time that Natural Enhanced Ion Acoustic Lines
(NEIALs) may occur during night time at high lat-
itudes over Svalbard. The geophysical settings in-
dicate that the NEIAL events in this case study
are associated with the substorm expansion phase
on the nightside. We have also found that the
green line may exceed the red line intensity during
NEIAL events, causing enhancement in the up-
shifted shoulder in the incoherent scatter spectra.
This shows that both soft and hard precipitation is
essential for the generation of NEIALs; the harder
precipitation being important for the enhancement
in the up-shifted ion-acoustic line. We also find
that the enhancement of the down-shifted shoul-
der is not strictly related to the previously found
threshold of about 10 kR for the 630.0 nm line in-
tensities. There seems to be a possible link be-
tween the NEIAL events and the 844.6 nm line
emission intensity which probably makes this line
a more suitable indicator of NEIAL activity than
the 630.0 nm emission line. Both the 630.0 nm

15



Figure 4: The optical emissions arriving from the
field aligned direction coinciding with the radar
beam. NEIAL events are marked with black ar-
rows (and a black diamond), while the notation a,
b, c and d marks emission peaks during which no
NEIAL events were observed.

and 844.6 nm are emitted by atomic oxygen (OI),
excited by low energy precipitation, but the lat-
ter results from a prompt emission, and shows a
better correlation with NEIALs on the short time
scales involved which makes this line a good can-
didate as an optical signature of NEIALs. Figure 4
shows the optical emissions arriving from the field
aligned direction coinciding with the radar beam.
NEIAL events are marked with black arrows (and
a black diamond), while the notation a, b, c and d
marks emission peaks during which no NEIAL
events were observed. The enclosed frame illus-
trates a case when the green line intensity exceeds
the red line. Figure 5 shows the NEIAL event with
an enhanced right shoulder at the time when the
green emission line exceeded the red line.

J. Lunde, U. P. Løvhaug, and B. Gustavsson, “Parti-
cle precipitation during NEIAL events: simultaneous
ground based nighttime observations at Svalbard”, An-
nales Geophysicae 27(5), 2001–2010, 2009.

Omega band electrodynamics

The study by Vanhamäki et al. (2009) presents a
case study of omega band electrodynamics. This
study evaluates the performance of the new re-
gional variant of the traditional KRM-method de-
veloped by Vanhamäki and Amm (1997). The
regional approach uses equivalent current data
and conductance values as input and yields es-
timates of ionospheric electric field and currents
as outputs. The contribution from EISCAT comes
via conductance estimates: From auroral inten-
sities and riometer data the Hall and Pedersen

Figure 5: The NEIAL event with an enhanced right
shoulder at the time when the green emission line
exceeded the red line (the enclosed frame in Fig. 4).

conductances are derived with a semi-empirical
model whose development EISCAT observations
have supported (Senior et al., 2008). Vanhamäki
et al. (2009) show that the electric field maps de-
duced with the regional KRM method are in gen-
eral consistent with CUTLASS electric field mea-
surements. The spatial distribution of most in-
tense Joule heating regions in the omega band
structure is also investigated and the heating is
found to be higher in the dark region than in the
auroral tongue (Fig. 6). However, the two auro-
ral tongues analysed in the study have differences
in this respect: the heating rates associated with
the first auroral tongue are larger than those of the
second tongue and of the dark region between the
tongues. On the other hand, the first tongue oc-
curred in connection with pseudo-breakup auro-
ras, so its higher Joule heating rates are not sur-
prising. The lesson to learn from this study is that
the spatial distribution of Joule heating in omega-
bands cannot be deduced on the basis of optical
data alone.

A. Senior, M. J. Kosch, and F. Honary, “Comparison
of methods to determine auroral ionospheric conduc-
tances using ground-based optical and riometer data”,
Annales Geophysicae 26(12), 3831–3840, 2008.

H. Vanhamäki, and O. Amm, “A new method to esti-
mate ionospheric electric fields and currents using data
from a local ground magnetometer network”, Annales
Geophysicae 25(5), 1141–1156, 2007.

H. Vanhamäki, et al., “Electrodynamics of an omega-
band as deduced from optical and magnetometer data”,
Annales Geophysicae 27(9), 3367–3385, 2009.
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Figure 6: The Pedersen conductance, electric field
(vector field and intensity), and Joule heating rate
in the vicinity of an omega band structure. The au-
roral tongue is located in the region of enhanced
Pedersen conductances and only a part of the large
omega structure is visible.

Characteristics of ion upflow and down-
flow observed with the European Inco-
herent Scatter Svalbard radar

In this study, we investigated how geomagnetic
activity, the solar wind (SW), and the interplane-
tary magnetic field (IMF) influence the occurrence
of the F-region/topside ionospheric ion upflow
and downflow. Occurrence of dayside ion upflow
observed with ESR at 75.2◦ magnetic latitude is
highly correlated with the SW density (Fig. 7), as
well as with the strength of the IMF By compo-
nent. We suggest that this correlation exists be-

 
Figure 7: Dayside ion upflow occurrence and ion
flux plotted over solar wind (SW) parameters:
(a, b) SW density and (c, d) SW velocity. In pan-
els b and d the black lines indicate average fluxes
in upflow events, while gray lines indicate average
fluxes of all data (upflow, downflow, and no-flow
events).

cause the region where ion upflow occurs is en-
larged owing to SW density and IMF By magni-
tude, but it does not move significantly in geo-
magnetic latitude. The occurrence frequency of
dayside ion upflow displays peaks versus the ge-
omagnetic activity index (Kp), SW velocity, and
negative IMF Bz component; that is, ion upflow
is less frequently seen at the highest values of
these parameters. Dayside ion downflow in the F-
region/topside ionosphere occurs only when the
Kp index and/or SW velocity are high or when
IMF Bz is largely negative. The results suggest
that the region of ion upflow not only becomes
larger but also moves equatorward with increas-
ing Kp, SW velocity, and negative IMF Bz . The
ESR can so be poleward of the upflow region and
observe ions convecting poleward and returning
ballistically downward.

Y. Ogawa, et al., “Characteristics of ion upflow and
downflow observed with the European Incoherent Scat-
ter Svalbard radar”, Journal of Geophysical Research
114, A05305, doi:10.1029/2008JA013817, 2009.

Statistics of Joule heating, electric fields
and conductances

Properties of the Joule heating rate, electric fields
and conductances in the high latitude ionosphere

17



Figure 8: Median curves of Pedersen conductance
(top panel), total electric field (middle panel) and
Joule heating rate (bottom panel) for K ≥ 3.

are studied by Aikio and Selkälä (2009). The
results are based on a one-month measurement
made by the EISCAT incoherent scatter radar in
Tromsø (66.6 cgmlat) from 6 March to 6 April,
2006. The data are thus from the same season
(close to vernal equinox) and from similar sunspot
conditions (about 1.5 years before the sunspot
minimum) providing an excellent set of data to
study the magnetic local time (MLT) and the
Kp magnetic activity index dependence of iono-
spheric parameters with high spatial and temporal
resolution.

The results indicate that the response of morn-
ing sector conductances and conductance ratios to
increased magnetic activity is stronger than that
of the evening sector. The co-location of Peder-
sen conductance maximum and electric field max-
imum in the morning sector produces the largest
Joule heating rates 00–05 MLT for K ≥ 3 (Fig. 8).
In the evening sector, a smaller maximum occurs
at 18 MLT, mainly due to an intense electric field.
Minimum Joule heating rates in the nightside are
statistically observed at 23 MLT, which is the loca-
tion of the electric Harang discontinuity.

Fits for the Joule heating rate as a function of
electric field magnitude, separately for four MLT
sectors and two activity levels (Kp < 3 andK ≥ 3)
are also performed. In addition to the squared
electric field, the fit includes a linear term to study
the possible anticorrelation or correlation between
electric field and conductance. In the midday sec-
tor, positive correlation is found, as well as in the
morning sector, for the high activity case. In the
midnight and evening sectors, anticorrelation be-
tween electric field and conductance is obtained,

Figure 9: Effective conductance as a function of
electric field in the midnight sector for Kp < 3
(blue) and Kp ≥ 3 (red).

i.e. intense electric fields are associated with low
conductances (Fig. 9). This is expected to occur in
the return current regions adjacent to auroral arcs
as a result of ionosphere-magnetosphere coupling.
In addition, a part of the anticorrelation may come
from polarisation effects inside high-conductance
regions, e.g. auroral arcs. These observations em-
phasise the importance of small-scale electrody-
namics, which is not included in most of the global
models of Joule heating rate.

A. T. Aikio, and A. Selkälä, “Statistical properties of
Joule heating rate, electric field and conductances at
high latitudes”, Annales Geophysicae 27(7), 2661—2673,
2009.

Studies in the D-region

D-region electron density and effective
recombination coefficients during twi-
light and solar proton events

Accurate measurements of electron density in the
lower D-region (below 70 km altitude) are rarely
made. This applies both with regard to measure-
ments by ground-based facilities and by sounding
rockets, and during both quiet conditions and con-
ditions of energetic electron precipitation. Deep
penetration into the atmosphere of high-energy
solar proton fluxes (during solar proton events,
SPE) produces extra ionisation in the whole D-
region, including the lower altitudes, which gives
favourable conditions for accurate measurements
using ground-based facilities. In this study we
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show that electron densities measured with two
ground-based facilities at almost the same latitude
but slightly different longitudes, provide a valu-
able tool for validation of model computations.
The two techniques used are incoherent scatter of
radio waves (by the EISCAT 224 MHz radar in
Tromsø, Norway, 69.6◦N, 19.3◦E), and partial re-
flection of radio-waves (by the 2.8 MHz radar near
Murmansk, Russia, 69.0◦N, 35.7◦E). Both radars
give accurate electron density values during SPE,
from heights 57–60 km and upward with the EIS-
CAT radar (Fig. 10) and between 55–70 km with
the partial reflection technique. Near noon, there
is little difference in the solar zenith angle between
the two locations and both methods give approx-
imately the same values of electron density at the
overlapping heights. During twilight, when the
difference in solar zenith angles increases, elec-
tron density values diverge. When both radars are
in night conditions (solar zenith angle >99◦) elec-
tron densities at the overlapping altitudes again
become equal. We use the joint measurements to
validate model computations of the ionospheric
parameters f+, λ, αeff and their variations during
solar proton events. These parameters are impor-
tant characteristics of the lower ionosphere struc-
ture which cannot be determined by other meth-
ods.

A. Osepian, et al., “D-region electron density and ef-
fective recombination coefficients during twilight —
experimental data and modelling during solar proton
events”, Annales Geophysicae 27(10), 3713–3724, 2009.

Dynamics of the precipitation regions
causing auroral radio absorption

The analysis of D-region observations by the VHF
radar in March 2008 investigated the dynamics
of the precipitation regions causing auroral radio
absorption. The motions were monitored by the
imaging riometer at Kilpisjärvi. From the EIS-
CAT data the height of the absorbing layer was
determined, and hence the energy of the pre-
cipitating electrons causing the absorption. The
gradient-curvature drift of electrons of these ener-
gies would be much greater than the speeds ob-
served. Magnetospheric circulation, as inferred
from SuperDARN, is a more promising mecha-
nism, though as yet unproven.

Figure 10: Electron density profiles measured by
EISCAT radar (red curve) and calculated for the
SPE on 30 October 2003 at 09:00 UT for zenith an-
gle 86.7◦ (black curve) using different models of O,
O3 and NO profiles (black and red dashed curves).

Auroral studies

Small-scale auroras: Flickering and
black auroras

A study of two flickering auroral events using
the ASK (Auroral Structure and Kinetics) multi-
spectral imaging system in combination with the
UHF radar has led to improved understanding of
the mechanism responsible for flickering aurora
(Fig. 11). Several ‘chirps’ were identified within
the events, in which the frequency of flickering as-
cended or descended over a short period of time
(∼1–2 s). By observing different optical emission
lines it was found that the energy of precipita-
tion is inversely proportional to the flickering fre-
quency over the duration of each chirp. This is
predicted by the theory that flickering aurora is
a result of the Landau damping interaction be-
tween electrons and electromagnetic ion cyclotron
(EMIC) waves, and that the wave speed is the pri-
mary factor determining the electron energy gain.

The ASK imager has also been used in conjunc-
tion with the UHF radar to study the dynamics
and energy characteristics of so-called ‘black au-
rora’. The flux reduction of high energy parti-
cles versus low energy particles in the black re-
gions compared to the diffuse background have
been investigated for different forms of black au-
rora. Two separate mechanisms have been sug-
gested to cause black aurora. The larger reduction
of high energy precipitation within the fine scale

19



Figure 11: UHF radar high resolution data. The
flickering aurora occurred between 18:16:30 and
18:17:30 UT and corresponds to higher energy par-
ticle precipitation causing ionisation to lower alti-
tudes.

black structures favours a magnetospheric mecha-
nism that blocks high energy electrons from being
scattered into the loss cone.

D. K. Whiter, et al., “Using multi-spectral optical ob-
servations to discriminate between possible acceleration
mechanisms for flickering aurora”, Journal of Geophys-
ical Research, submitted, 2010.

J. Archer, et al., “Dynamics and characteristics of black
aurora as observed by high resolution ground-based im-
agers and radar”, International Journal of Remote Sens-
ing, submitted, 2010.

Electric field enhancement in an auroral
arc

The character of a change in the ionospheric elec-
tric field when several auroral arcs crossed the re-
gion of radar measurements has been analysed
(Fig. 12). In one case the plasma conductivity
and electric field normal component in an arc
increased as compared to their undisturbed val-
ues. In another case the field and conductivity
changed traditionally (in antiphase). Arcs with an
increased field were previously classified as corre-
lating arcs, but their existence was subsequently
open to question during optical observations. The
usage of the ALIS system of digital cameras made
it possible to decrease the errors introduced by op-
tical equipment. The measurements in the vicin-
ity of correlating arcs were performed when these
arcs were generated, and a traditional arc was a
completed formation. In an originating arc, the
field value can depend not only on the ionospheric
plasma conductivity but also on the processes in
the magnetospheric-ionospheric system resulting
in the field enhancement.

V. V. Safargaleev, et al., “Electric field enhancement in
an auroral arc according to the simultaneous radar (EIS-

Figure 12: Optical and radar measurements in the
vicinity of the correlating arc.

CAT) and optical (ALIS) observations”, Geomagnetism
and Aeronomy 49(3), 353–367, 2009.

Relations between proton auroras, in-
tense electric field and ionospheric elec-
tron density depletion

A case study with simultaneous European Inco-
herent Scatter and optical auroral observations
was conducted in order to determine character-
istics of the magnetosphere-ionosphere coupling
from the viewpoint of the electrodynamics in the
ionosphere. Particular focus was on the relation-
ships between ionospheric electron density deple-
tion, perpendicular electric fields, and proton au-
roras. Intense electron density depletion was ob-
served in the E and F regions poleward and in the
vicinity of a thin equatorward moving arc (Fig. 13).
This depletion was associated with an intense,
equatorward perpendicular electric field close to
∼80 mV/m and most likely with a downward
field-aligned current (FAC), but it did not accom-
pany detectable proton aurora. Hence the down-
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ward FA electric field in the lower magnetosphere
associated with this depletion was weak or absent.
The motion of the FAC system with the depletion
and the arc presumably enabled the downward
FAC to obtain enough current carriers as iono-
spheric electrons were lost by the evacuation pro-
cess. The evacuation process associated with the
downward FAC was, however, efficient enough
to establish the depletion. On the other hand, a
widely distributed proton aurora observed imme-
diately after the depletion was associated with an
intense, equatorward perpendicular electric field
close to 90 mV/m, enhanced electron density, and
most likely a downward FAC. No electron pre-
cipitation was associated with this proton aurora.
Thus the electron density enhancement, providing
the downward current carriers, had to be caused
by the ionization of precipitating protons presum-
ably accelerated by downward field-aligned elec-
tric fields in the lower magnetosphere.

R. Fujii, et al., “Relations between proton auroras, in-
tense electric field and ionospheric electron density de-
pletion”, Journal of Geophysical Research 114, A09304,
doi:10.1029/2009JA014319, 2009.

Studies of the cusp

Ion heating in high-speed flow channel
within the duskside cell of the polar-cap
ion convection under large IMF-By con-
dition

F region strong sunward ion flow embedded in the
duskside cell of expanding polar cap ion convec-
tion and coincidental increase in the ion temper-
ature were observed using the European Incoher-
ent Scatter (EISCAT) radars at Tromsø, Sodankylä
and Longyearbyen together with the CUTLASS
HF radars. The convection map obtained by the
SuperDARN HF radars showed that the high-
speed flow channel elongated in 14–17 MLT was
moving equatorward. The increase of the mea-
sured ion temperature at the common scattering
volume of the EISCAT radars was in good agree-
ment with the ion frictional heating estimated un-
der the assumption of the null neutral wind ve-
locity for about 20 min, and then it became much
lower than the estimate of the ion frictional heat-
ing. While the flow channel moved equatorward,
the ion temperature increase became less evident
at higher part of latitudes within the flow chan-
nel, which means that ion frictional heating was

site (69.6�N, 19.2�E, 66.1� invariant latitude). The EISCAT
data used were obtained from an experiment in the Com-
mon Programme One mode [Collis, 1995] where the
transmitter beam is emitted along the magnetic field line
of force. The half-power beam width of the UHF radar beam
was 0.6�. The physical parameters directly measured were
the electron density, electron/ion temperatures and the line
of sight ion drift velocity. The integration time of the
EISCAT data was selected to get enough S/N ratio; 60 s
in the present case. The uncertainties of the electron density
and electron/ion temperature were about 10% and 14%,
respectively.
[11] The proton aurora imager consisted of a digital CCD

camera and a fisheye lens with an Hb interference filter with
a central wavelength at 485.7 nm and a full width at half
maximum of 2 nm. The image data were recorded every
60 s with 50 s integration time. The panchromatic digital
camera to monitor electron auroras was equipped with a
fisheye lens and the image data were taken every 30 s with
an exposure time of 15 s. The location of each pixel of the

image was obtained by using a star fit, assuming 120 km
altitude for the emissions. The four wavelength photometer
had a field of view of 1.2�, which was comparable to the
width of the EISCAT UHF radar beam. The photometer is
coaligned to the radar beam.

4. Observation and Results

[12] Figure 1 shows a summary plot of the time variations
of several parameters between 2020 and 2220 UT on
20 October 2006 from top to bottom. Figure 1a shows Hb
emissions from the proton aurora imager, Figure 1b shows
electron auroral emissions at 427.8 and 557.7 nm from the
photometer, Figure 1c shows altitude profile of the electron
density along the magnetic field line, Figure 1d shows ion,
and Figure 1e electron temperatures measured with the
EISCAT radar.
[13] One of the enhancements of the Hb emissions is seen

between 2025 and 2120 UT (with two peaks) and another
one is seen between 2125 and 2142 UT in Figure 1a. The

Figure 1. A summary plot of the time variations of several parameters between 2020 and 2220 UT on
20 October 2006. From the top to bottom, (a) Hb emissions from the proton aurora imager, (b) electron
auroral emissions at 427.8 and 557.7 nm from the photometer, (c) the height profile of the electron
density along the magnetic field line, (d) the ion, and (e) electron temperatures from European Incoherent
Scatter. The event for the present study is an event around 2130 UT.
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Figure 13: A summary plot of the time variations of
several parameters between 2020 and 2220 UT on
20 October 2006. From the top to bottom, (a) Hβ
emissions from the proton aurora imager, (b) elec-
tron auroral emissions at 427.8 and 557.7 nm from
the photometer, (c) the height profile of the elec-
tron density along the magnetic field line, (d) the
ion and (e) electron temperatures from the EISCAT
radar. The interest for the present study is an event
around 2130 UT.

depressed where the neutral gases had already re-
sponded to the high-speed ions. The increase in
the ion temperature at particular geomagnetic lat-
itude continued until the neutral wind was accel-
erated to the equivalent level of the surrounded
ion flow (Fig. 14).

S. Maeda, et al., “Ion heating in high-speed flow channel
within the duskside cell of the polar-cap ion convection
under large IMF-By condition”, Journal of Geophysical
Research 114, A11307, doi:10.1029/2009JA014300, 2009.

Cusp observations during a series of fast
reversals of the interplanetary magnetic
field

A comparative study of the cusp was performed,
focusing on an interval in which the IMF Bz

component underwent four reversals, remaining
for around 30 minutes in each orientation. The
Cluster spacecraft were on an outbound trajectory
through the northern hemisphere magnetosphere,
whilst the VHF and ESR were operating. The se-
ries of IMF reversals resulted in a sequence of pole-
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Figure 14: Plots of the line-of-sight ion velocity (left) and temperature (right) as a function of geomagnetic
latitude and UT. The TRO data in the latitudes lower than the common scattering volume (70.5◦–71.0◦) is
combined with the ESR data in the latitudes higher than the volume. The positive value of the ion velocity
represents velocity away from the Tromsø radar and towards the ESR. The enhancements of the line-of-sight
ion velocity and temperature appeared in the highest latitudes at 13:30 UT and propagated to the lower
latitudes. The increase of the line-of-sight ion temperature at particular geomagnetic latitude started almost
simultaneously with the enhancements of the line-of-sight ion velocity. It continued for about 20 min and
then ceased before the end of the ion velocity enhancement.

ward and equatorward motions of the cusp. Con-
sequently Cluster crossed the high-altitude cusp
twice before finally exiting the dayside magne-
topause, both times under conditions of north-
ward IMF Bz . The first magnetospheric cusp en-
counter, by all four Cluster spacecraft, showed re-
verse ion dispersion typical of lobe reconnection.
Subsequently, Cluster spacecraft 1 and 3 crossed
the cusp for a second time. During this second
cusp crossing, these two spacecraft were likely to
have been on newly closed field lines, which were
first reconnected (opened) at low latitudes and
later reconnected again (re-closed) poleward of the
northern cusp.

H. T. Cai, et al., “Cusp observations during a series
of fast IMF Bz reversals”, Annales Geophysicae 27(7),
2721–2737, 2009.

Moving meso-scale plasma precipitation
in the cusp

On 28 March 2001, when the interplanetary mag-
netic field was strongly duskward, the DMSP F12
spacecraft observed an ion precipitation burst in
a latitudinally narrow region near 1200 MLT. A
few minutes earlier, the Low Energy Neutral Atom
(LENA) imager on the IMAGE spacecraft, whose
field of view (FOV) looks into the high-altitude
cusp, detected an enhancement of energetic neu-
tral atom signals, which are produced by the ion
injection. The LENA data suggest that the ion in-
jection moved out of its FOV after approximately

4 min. At this time, the ground-based magnetome-
ters of the IMAGE chain in Svalbard, located west-
ward of LENA’s FOV, began to indicate perturba-
tions. These perturbations immediately reached a
peak and then ceased; the perturbations lasted 2–
3 min. During this interval, there was an enhanced
westward flow over Svalbard, as observed by the
SuperDARN radars. The EISCAT Svalbard radar
detected an enhancement of electron density and
temperature that was concurrent with this flow
enhancement, suggesting that a plasma precipita-
tion burst accompanied with the flow. These ob-
servations, which cover a longitudinally extend-
ing region of the cusp, strongly suggest the ex-
istence of moving mesoscale plasma precipitation
(MMPP). The MMPP travels westward with a lon-
gitudinally elongated form. Its leading and trail-
ing edges should be created by the temporal effect
of the cusp. The other edges, which lie along the
streamline, would originate in a spatially limited
region along the open-closed line. The boundary
of the MMPP form is delineated by both the tem-
poral and spatial structures of the cusp.

S. Taguchi, et al., “Moving meso-scale plasma precipita-
tion in the cusp”, Journal of Geophysical Research 114,
A06211, doi:10.1029/2009JA014128, 2009.
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Studies of polar mesosphere sum-
mer echoes

Radio Physics of PMSE

Using the small scale structure of electron den-
sity caused by charged dust particles, the follow-
ing relation between the volume reflectivity and
frequency occurring Polar Mesosphere Summer
Echoes (PMSE) was obtained

η = R2Θ−2
1/2L

−1 =

(
∆Nerec

2

2πf2

)2

e−
π2 ln 2

2 Θ−2
1/2L

−1,

where ∆Ne denotes the absolute step of electron
density, re the classical electron radius, Θ1/2 one-
way half-power half width, c the speed of light
and L the radar pulse width. Meanwhile, the sta-
tistical result

η = 3.8 × 10−5 × f−4.37

was obtained.
Also, by analysing the data obtained from ECT-

02, one can find that the dusty plasma in polar
summer mesopause is weakly ionised and weakly
coupling. The stronger disturbance of the electron
density corresponds to the stronger radar echoes.

H. Li, et al., “One analysis on the rocket detection of
polar mesosphere summer echoes”, Chinese Journal of
Space Science 29(4), 397–401, 2009.

H. Li, et al., “Study on the relation between the reflec-
tivity and frequency in dusty plasma of polar summer
mesopause”, Plasma Science and Technology 11(3), 279–
282, 2009.

Frequency dependence of polar meso-
sphere summer echoes

The frequency dependence of polar mesosphere
summer echoes (PMSE) has been observed us-
ing simultaneous and common volume measure-
ments. Detailed observations using the EIS-
CAT Svalbard radar (ESR, 500 MHz) and the
SOUSY Svalbard radar (SSR, 53.5 MHz) located
near Longyearbyen on Svalbard (78◦N, 16◦E)
were presented by Li et al. (2009a,b). The cam-
paign was conducted during the polar summer
in 2006 and the backscattered signal of the radars
were converted to absolute volume reflectivities
(radar cross-section per unit volume) which is a
system-independent parameter. Figure 15 shows
the measured volume reflectivities obtained from
ESR/SSR measurements during periods of the

occurrence of PMSE. From the experimentally
derived volume reflectivity ratios together with
modelled volume reflectivity profiles for turbulent
scatter can be revealed that PMSE is indeed cre-
ated by turbulent scatter in the presence of large
Schmidt number (Li et al., 2009a). Further inves-
tigations have been conducted and result in parti-
cle size distributions inside the PMSE layers which
has been recently published by Li et al. (2010).

Q. Li, et al., “Frequency dependence of PMSE: Results
from simultaneous and common volume measurements
with EISCAT radars”, in Proceedings containing ex-
tended abstracts of twelfth workshop on technical and
scientific aspects of MST radar, edited by W. Hocking,
London, ON Canada, May 17–23, 2009a.

Q. Li, et al., “Microphysical parameters of mesospheric
ice clouds derived from calibrated PMSE observations
at 53.5 MHz and 500 MHz”, in The 9th international
workshop on Layered Phenomena in the Mesopause Re-
gion, Stockholm, Sweden, July 12–15, 2009b.

Q. Li, et al., “Microphysical parameters of mesospheric
ice clouds derived from calibrated observations of po-
lar mesosphere summer echoes at Bragg wavelengths
of 2.8 m and 30 cm”, J. Geophys. Res. 115, D00I13,
doi:10.1029/2009JD012271, 2010.

The layered dust plasma structure of
PMSE

The rocket experimental data indicated that the
layered dusty plasma structure has a sharp bound-
ary in the summer polar mesopause. In order to
combine with the experimental results, traditional
hydrodynamic equations and charging equation
is adopted to build physical models of the dusty
plasma to study the physics process about the
sharp boundary in the stratified structure. The
theoretical analysis and numerical results show
that a charged dust cloud immersed in a plasma
under the action of electric field and other force,
could develop a long-time and steady structures,
which can be used to explain the experimental ob-
servations, as is shown in Fig. 16.

H. Li, et al., “Study on the sharp boundary of layered
dust structure in the summer polar mesopause”, Chi-
nese Journal of Polar Research 21(4), 272–278, 2009.
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Figure 15: Height-Time-Intensity plots of the radar echoes observed with the ESR at 500 MHz (upper panels)
and SSR at 53.5 MHz (lower panels) on 18 June (left column) and 20 June 2006 (right column), respectively.
White vertical lines in the upper panels indicate times where meteor echoes were removed.

Figure 16: The charged ice particle number density
distribution profiles.

Studies involving artificial iono-
spheric heating

HF heating campaigns by AARI

Two extensive HF heating campaigns were held
by Arctic and Antarctic Research Institute in 2009.
Russian EISCAT/Heating campaigns were carried
out from 3 to 12 March and from 29 October to
6 November 2009. The experiments were carried
out in the day and early evening hours in a deep
minimum of solar activity under quiet magnetic
conditions. Many hours of excellent data were ob-
tained from the EISCAT monostatic UHF radar,
the spectrum analyzer for monitoring the SEE fre-
quency spectrum at Tromsø, and the bi-static HF
radio scatter at St. Petersburg. Importantly both

campaigns were supported by the Finland and Ice-
land CUTLASS HF radars. A number of impor-
tant new results were obtained from these heating
campaigns in 2009.

HF pump-induced phenomena near the third
electron gyro harmonic frequency, 3fce, using the
frequency stepping the HF heater frequency, were
analysed in detail for a few days of March 2009.
As an example, Fig. 17 illustrates the behaviour
of the electron temperature Te and the backscat-
tered power at different operational frequencies
from the CUTLASS Finland radar on 9 March 2009
when the heater frequency was changed around
the third electron gyro harmonic frequency. The
third electron gyro harmonic frequency 3fce was
estimated as a frequency on which the disappear-
ance of the DM component in stimulated elec-
tromagnetic emission (SEE) spectra occurs. It
was found that artificial field-aligned irregulari-
ties (AFAIs) with a spatial scale across the mag-
netic field of 9 m, corresponding the CUTLASS
operational frequency of 17 MHz, are depressed
at the third electron gyro harmonic in the lesser
degree than the AFAIs with larger scale of 13–
15 m (CUTLASS operational frequency of 10 and
13 MHz). The Te changes are not significant at
third electron gyro harmonic when the heater fre-
quency fH is below the critical frequency foF2

by 0.5–0.7 MHz. The strongest AFAIs were ex-
cited above the third electron gyro harmonic by
from 20–30 to 50–70 kHz when the SEE spectra
exhibit the generation of the nDM and BSS spec-
tral components. A distinctly different phenom-
ena were observed when the heater frequency was
near the critical frequency, fH ≈ 3fce ≈ foF2

.
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Such situation was realised on 11 March 2009 dur-
ing heater-on period from 16:00–16:20 UT (fH ≈
3fce ≈ fUHR ≈ foF2

). Upper hybrid resonance al-
titude of the pump wave was about 220–230 km.
In this case extremely strong electron heating (up
to 4500 K) and increases in the electron density up
to 30–40% were observed. We expect that in this
event the strong Langmuir turbulence was excited
near the reflection altitude leading the formation
of cavities and acceleration of electrons. The com-
bined effect of upper hybrid resonance and gyro
resonance at the same altitude under fH ≈ foF2

gives rise to strong electron heating and excitation
of striations, which at the magnetic zenith leads
to HF trapping and extension of HF waves to alti-
tudes where they can excite Langmuir turbulence,
leading to fluxes of electron accelerated to energies
that produce the measurable ionisation.

The generation of HF heater-induced ion up-
flows from the ionosphere initiated by power-
ful O-mode HF radio wave, injected towards the
magnetic zenith, has been measured on 11 and
12 March 2009. Note that the observed ion up-
flows were weaker compared with the heater-
induced ion upflows during solar activity max-
imum. Figure 18 illustrates data from the EIS-
CAT UHF radar at Tromsø, showing effects of HF
pumping on 11 March 2009. The UHF radar beam
pointed towards magnetic zenith. From 16:15 UT
the critical frequency foF2

was near and then be-
low the heater frequency fH=4040 kHz. It was
found that the most intense ion upflows accom-
panied by the strongest electron heating were ob-
served when the HF pump frequency was near the
critical frequency of the F2 layer. In the course
of experiment the DMSP F15 satellite was flying
above Tromsø. The comparison between EISCAT
UHF radar and DMSP satellite observations has
been made for heater-on period 15:20–15:40 UT on
11 March 2009 (in collaboration with E. Mishin and
C. Roth).

Figure 19 shows variations in the vertical and
horizontal (westward) velocities and the ion den-
sity along with their trends obtained by averag-
ing over 10 s sliding window. TMZ=15:26:15 UT
is the time of the shortest distance, about 70 km,
from the magnetic zenith of the heater. The oval
boundary is about 20 s from TMZ. F17 flew 5◦

to the west and showed no signatures of heating.
Clearly seen near MZ are the ion density enhance-
ment and short-scale oscillations in both velocity
components.

It is well know that artificial field-aligned ir-
regularities (AFAIs) are excited near the reflection

Figure 17: Behaviour of electron temperature Te

from UHF radar and backscattered power at op-
erational frequencies of about 9, 13, and 17 MHz
from the CUTLASS Finland radar on 9 March
2009 from 13 to 14:04 UT. The heater frequency
was changed by steps from 4040 to 4190 kHz.
The heater frequency was very close to the
third electron gyro harmonic frequency at 13:12–
13:14 UT. Heater-on periods at 13:36–13.38 and
14:08–14.10 UT were aborted and cycles from 13:32,
13:40 had a slow tune (more than 1 min).

level of powerful HF radio wave with O-mode
of polarization at the the upper-hybrid resonance
(UHR) altitude. Theoretical work undertaken in
the 1970s indicated that the thermal parametric in-
stability (Grach and Trakhtengerts, 1976) and res-
onance instability (Vas’kov and Gurevich, 1976)
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Figure 18: Data from the EISCAT UHF radar at
Tromsø, showing effects HF pumping on 11 March
2009. The UHF radar beam pointed towards mag-
netic zenith.

plays an important role in the generation of such
irregularities. The generation of AFAIs is not pos-
sible for a powerful HF radio wave with X-mode
polarisation. The reason is that such HF wave is
reflected below from the UHR height and AFAIs
can not be excited. During the October-November
2009 campaign for the first time very strong AFAIs
were detected with unusual features when HF
pumping was produced at X-mode polarisation
and the heater frequency fH significantly exceeded
foF2 . A comparison between backscattered sig-
nals observed from CUTLASS radars and bi-static
HF radio scatter observations in St. Petersburg has
been made (in collaboration with T. Yeoman). Fig-
ures 20 and 21 depict CUTLASS Hankasalmi radar
data obtained on 5 and 6 November 2009.

From Figs. 20 and 21 it can be seen that the
change of the HF pump wave polarisation from
O-mode to X-mode leads to the appearance of
strong backscattered signals. HF pumping was
produced at frequency of 4040 kHz. The critical
frequency of ordinary mode from ionosonde data
was about 3.2 MHz. It is important to note that
strong backscattered signals under X-mode polar-
isation of HF pump wave appeared when fH was
comparable with fxF2

. The signals scattered from

Figure 19: Variations in the vertical and horizon-
tal (westward) velocities and the ion density along
with their trends obtained at the DMSP F15 satel-
lite on 11 March 2009. Insets show the detrended
values. The shortest distance, about 70 km, from
the magnetic zenith of the heater was observed at
TMZ=15:26:15 UT.

Figure 20: Backscattered power from CUTLASS
Hankasalmi radar at operational frequency of
about 10 MHz in the 18 range gate (top panel) and
in range gates from 13 to 23 (bottom panel) on
5 November 2009.

heater-induced irregularities did not disappear af-
ter the heater was turned off. In addition, the tem-
poral decay of heater-induced irregularities, seen
in CUTLASS beam 5 backscatter, is unusually long
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Figure 21: Backscattered power from CUTLASS
Hankasalmi radar at operational frequency of
about 10 MHz in the 18 range gate (top panel) and
in range gates from 13 to 23 (bottom panel) on 6
November 2009.

and ranges up to 30 minutes. In the course of ex-
periments the UHF radar was running at Tromsø.
Data from the UHF radar showed some increase
in electron temperatures in the comparison with
O-mode heating at frequencies far above the foF2

.
The physical justification of the observed new phe-
nomenon is not well-understood at present. There
is a need to continue studies in this area by using a
variety of techniques and methods to provide the
formulation of a clear theoretical picture of high
power HF ionospheric interactions.

N. F. Blagoveshchenskaya, et al., “Phenomena induced
by powerful HF pumping towards magnetic zenith with
a frequency near the F-region critical frequency and the
third electron gyro harmonic frequency”, Annales Geo-
physicae 27(1), 131–145, 2009.

N. F. Blagoveshchenskaya, et al., “SPEAR-induced field-
aligned irregularities observed from bi-static HF radio
scattering in the polar ionosphere”, Journal of Atmo-
spheric and Solar-Terrestrial Physics 71(1), 11–20, 2009.

T. D. Borisova, et al., “Peculiarities of stimulated elec-
tromagnetic emission under action of higher-power HF
radiowaves, emitted by the SPEAR facility, on the spo-
radic E layer of the polar ionosphere”, Geomagnetism
and Aeronomy 49(5), 653–663, 2009. ERRATA: Geomag-
netism and Aeronomy, 49(6), 822, 2009.

T. D. Borisova, et al., “Splitting of the Doppler frequency
shift of bi-static backscatter signals during the Sura ex-
periments”, Geomagnetism and Aeronomy 49(4), 510–
518, 2009.

Figure 22: The PMWE layer used in the analysis.

A. V. Zalizovski, et al., “Self-scattering of a powerful
HF radio wave on stimulated ionospheric turbulence”,
Radio Science 44, RS3010, doi:10.1029/2008RS004111,
2009.

Artificial modification of polar meso-
spheric winter echoes with the EISCAT
Heater and the role of charged dust par-
ticles

An investigation of polar mesosphere winter
echoes (PMWE) has been carried out with
the mesosphere-stratosphere-troposphere Mobile
Rocket and Radar Observatory (MST MORRO)
radar operating at 56 MHz. MORRO has been de-
ployed at the European Incoherent Scatter (EIS-
CAT) installation near Tromsø in northern Nor-
way, co-located with the EISCAT’s VHF and UHF
radars and RF heating facility. The main object of
the investigation is to examine whether, and if so,
how, RF heating influences PMWE. In particular,
an experimental confirmation of the overshoot ef-
fect would indicate the presence of charged dust
particles. On 11 February 2008 we measured sev-
eral weak and variable PMWE layers and we used
the RF heater with an on period of 20 s and off
period of 100 s to modulate the radar scatter from
the layers. We chose one layer, which for 44 min
was the strongest and most stable layer, for further
analysis; see Fig. 22 where the layer in question is
framed.

The signal intensity variation during an aver-
aged on/off heater period shows the expected
weakening of the signal intensity when heating is
turned on, followed by a significant small recov-
ery of the signal during the on phase and a cor-
responding small overshoot of the signal strength
of about 13—15% over the background level when
heating is switched off, see Fig. 23. The recovery
and overshoot are attributable to charge accumu-
lation on the dust particles due to electron heat-
ing. The overshoot characteristic curve shows that
a considerable increase in the electron temperature
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Figure 23: Characteristics of the signal strength
during an on/off heater period.

did take place during heating and that charged
dust particles should be present, probably with a
radii of some nanometers.

C. La Hoz and O. Havnes, “Artificial modifica-
tion of polar mesospheric winter echoes with an RF
heater: Do charged dust particles play an active
role?”, Journal of Geophysical Research 113, D19205,
doi:10.1029/2008JD010460, 2008.

Polar ionospheric heating

By analysing ISR observation data, the heating ef-
fects in polar winter ionospheric modification ex-
periments carried out in January 2008 at Tromsø,
Norway, were studied. A clear disturbance ef-
fect is present under the O-mode over-dense heat-
ing conditions. The enhancement of the electron
temperature is up to 60%–120%, extending from
150 km to 400 km. The disturbance of the elec-
tron density is not obvious, with a 12% maximum
decrease. A 1–2 kHz increase in the acoustic fre-
quency can be observed, an enhancement in the
peak-to-valley ratio of the ion line and sometimes
its high-order harmonics can be seen as well. The
power of the ion line and plasma line has shown
overshoot effect, single-humped, double-humped
and triple-humped structures have appeared in
the power profile of plasma line, and the enhance-
ment in power amplitude of the plasma line de-
creases exponentially as the frequency increases.

Additionally, with consideration of the elastic
collision between electrons and neural particles
and the excitation of rotation energy level, the ef-
fects of ionospheric heating on the spectra are in-

Figure 24: Spectra with electric field.

Figure 25: Spectra with pump frequency.

vestigated. Results show that with the increase
in electric field, the non-Maxwellian feature is en-
hanced as indicated by Fig. 24. Figure 25 shows
that the non-Maxwellian feature is weakened as
the increase in heating frequency.

B. Xu, et al., “Incoherent scatter spectra due to HF heat-
ing in the low ionosphere region, Science in China Se-
ries E (Technical Sciences) 52(2), 1–5, 2009.

B. Xu, et al., “Observations of the heating experiments
in the polar winter ionosphere”, Chinese Journal of Geo-
physics 52(4), 859–877, 2009.

F-region electron heating by X-mode ra-
diowaves

Modifications of the electron temperature in the
F-region produced by powerful high frequency
radiowaves at 4.04 MHz transmitted in X-mode
were observed (Fig. 26). The experiments were
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performed during quiet nighttime conditions with
low ionospheric densities so no reflections oc-
curred. Electron temperature enhancements of the
order of 300–400 K were obtained. Numerical sim-
ulation of ohmic heating by the pump wave re-
produces both altitude profiles and temporal de-
pendence of the temperature modifications in the
experiments.

H. Löfås, et al., “F-region electron heating by X-mode ra-
diowaves in underdense conditions, Annales Geophys-
icae 27(6), 2585–2592, 2009.

Ionospheric modification and plasma
physics

The Space Plasma Exploration by Active Radar
(SPEAR) facility, co-located with ESR, has been
used to study aspect sensitive phenomena when
the ionosphere is pumped with HF radio waves.
Observations of E- and F-region SPEAR-induced
spectral enhancements consistent with the actions
of both the purely growing mode and the para-
metric decay instability, together with E-region
enhancements consistent with mode conversion
along sporadic E-layer vertical gradients near the
critical layer have been made (Fig. 27). Consis-
tent enhancements from field-aligned, around ver-
tical and also from 5◦ south of field-aligned were
found. Reasons for the prevalence of observations
from (close to) vertical include the existence of
the Spitze region, throughout which propagating
high-power waves may reach their highest possi-
ble reflection point where RF-induced instabilities
may be excited. In addition, observations of en-
hanced field-aligned scatter may be aided by the
presence of field-aligned irregularities, which may
guide the electrostatic waves that are excited by
RF-induced instabilities. However, the enhance-
ments for pointing directions of ∼5–8◦ south of
field-aligned require further investigation.

The first power-stepping experiments using
SPEAR have been performed. Both CUTLASS
SuperDARN radars detected backscatter from
SPEAR-induced Artificial Field-Aligned Irregular-
ities (AFAIs) while the effective radiated power of
SPEAR was varied from 1–10 MW. It was demon-
strated that AFAI could be excited by a SPEAR
ERP of only 1 MW and that once created the ir-
regularities could be maintained for even lower
powers. The experiment also demonstrated that
the very high latitude ionosphere exhibits hystere-
sis, where the down-going part of the power cycle
provided a higher density of irregularities than for
the equivalent part of the up-going cycle. The ESR

Figure 27: ESR ion and plasma line amplitudes
from 7 December 2005. Panels (a) to (d) show
the F-region ion-line (150–250 km), E-region ion-
line (80–110 km), the upshifted plasma-line and
downshifted plasma-line, respectively. Panel (e)
shows the 32 m dish elevation angle. ESR field-
aligned (FA) pointing is denoted by black rectan-
gles. The red bars indicate periods of high ion
or plasma line amplitude consistent with the ac-
tion of SPEAR. There are clear ion and plasma line
spectral enhancements from several directions, in-
cluding from FA+15◦, FA+10◦, FA+5◦, FA, FA-5◦

and FA-15◦, with notable enhancement occurring
in FA. The upshifted and downshifted plasma line
enhancements occur mainly in the E-region and are
clearly well correlated, both with each other and
with the ion line enhancements.

failed to detect any hysteresis in the plasma pa-
rameters over Svalbard in stark contract with pre-
vious UHF measurements.

SPEAR has also been employed to excite ULF
waves on local magnetic field lines. An interval
from February 2006, when SPEAR was transmit-
ting a 1 Hz modulation signal with a 10 min on/off
cycle was investigated. Ground magnetometer
data indicated that SPEAR modulated currents in
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Figure 26: Temporal evolution of the electron temperature for the three different days, (a) 17 October, (b) 18
October and (c) 19 October. Temperatures derived from conditionally averaged raw radar data, received at
the same offset time from the nearest HF on time, are plotted vs time along with the error bars. Exponential
fits to temperature rise and fall are shown in green. Results of the time dependent modeling of collisional
ohmic heating by the pump wave are shown in red.

the local ionosphere at 1 Hz, and enhanced a natu-
ral field line resonance with a 10 min period. Over-
head signatures of the SPEAR-enhanced field line
resonance were present in the magnetic field data
measured by the magnetometer on-board Clus-
ter 2. These results were the first joint ground-
and space-based detections of field line tagging by
SPEAR.

R. S. Dhillon, T. R. Robinson, and T. K. Yeoman, “Aspect
sensitive E- and F-region SPEAR-enhanced incoherent
backscatter observed by the EISCAT Svalbard radar”,
Annales Geophysicae 27(1), 65–81, 2009.

D. M. Wright, et al., “Excitation thresholds of field-
aligned irregularities and associated ionospheric hys-
teresis at very high latitudes observed using SPEAR-
induced HF radar backscatter”, Annales Geophysicae
27(7), 2623–2631, 2009.

S. V. Badman, et al., “Cluster spacecraft observations
of a ULF wave enhanced by Space Plasma Exploration
by Active Radar (SPEAR)”, Annales Geophysicae 27(9),
3591–3599, 2009.

Studies of the thermosphere

Temperature enhancements and vertical
winds in the lower thermosphere asso-
ciated with auroral heating during the
Dynamics and Energetics of the Lower
Thermosphere in Aurora (DELTA) cam-
paign

A coordinated observation of the atmospheric re-
sponse to auroral energy input in the polar lower
thermosphere was conducted during the Dynam-
ics and Energetics of the Lower Thermosphere in

Aurora (DELTA) campaign. N2 rotational temper-
ature was measured with a rocket-borne instru-
ment launched from the Andøya Rocket Range,
neutral winds were measured from auroral emis-
sions at 557.7 nm with a Fabry-Perot Interferom-
eter (FPI) at Skibotn and the KEOPS, and iono-
spheric parameters were measured with the Eu-
ropean Incoherent Scatter (EISCAT) UHF radar at
Tromsø. Altitude profiles of the passive energy de-
position rate and the particle heating rate were es-
timated using data taken with the EISCAT radar.
The local temperature enhancement derived from
the difference between the observed N2 rotational
temperature and the MSISE-90 model neutral tem-
perature were 70–140 K at 110–140 km altitude.
The temperature increase rate derived from the
estimated heating rates, however, cannot account
for the temperature enhancement below 120 km,
even considering the contribution of the neutral
density to the estimated heating rate. The ob-
served upward winds up to 40 m/s seem to re-
spond nearly instantaneously to changes in the
heating rates (see Fig. 28). Although the wind
speeds cannot be explained by the estimated heat-
ing rate and the thermal expansion hypothesis, the
present study suggests that the generation mecha-
nism of the large vertical winds must be responsi-
ble for the fast response of the vertical wind to the
heating event.

J. Kurihara, et al., “Temperature enhancements and ver-
tical winds in the lower thermosphere associated with
auroral heating during the Dynamics and Energetics
of the Lower Thermosphere in Aurora (DELTA) cam-
paign”, Journal of Geophysical Research 114, A12306,
doi:10.1029/2009JA014392, 2009.
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Figure 28: Time variations of the height-integrated
heating rate derived from the data observed with
the EISCAT UHF radar at Tromsø (solid line) and
vertical wind speed derived from the auroral green
line observation with the Fabry-Perot Interferome-
ter at Skibotn (dashed line).

Meso-scale thermospheric response

The meso-scale response of the thermosphere has
been studied at ESR on 5 Dec 2007 in conjunc-
tion with the Svalbard Fabry-Perot Interferometer
(FPI) and SCANning Doppler Imager (SCANDI)
for a very localised heating event, in both time and
space, corresponding to the IMF Bz going neg-
ative for ∼50 minutes. Both optical instruments
measure neutral wind velocity and temperature,
which began to respond within 15 minutes to the
onset of the disturbance. This is far more rapid
than expected. The localised winds were acceler-
ated by up to 100 m/s over a period of half an hour
while the winds in the rest of the region were fairly
steady. The neutral temperature rose by ∼100 K
over a period of 40 minutes over the entire field of
view. The importance of these observations is that
significant meso-scale variability is present in the
thermosphere and therefore needs to be incorpo-
rated into models in order to properly account for
energy dissipation in the thermosphere.

E. M. Griffin, et al., “Upper thermospheric ion-neutral
coupling from combined optical and radar experiments
over Svalbard”, Annales Geophysicae 27(11), 4293–
4303, 2009.

Acceleration mechanism of high-speed
neutral wind observed in the polar lower
thermosphere

We investigated the acceleration mechanism of the
lower thermospheric neutral wind when the iono-

 Figure 29: The ion velocity at 211 km and (bottom)
ion (dotted line) and neutral wind (solid line) ve-
locities at 118 km observed from 0600 to 1800 UT
on 16 June 2005 with ESR.

spheric convection becomes enhanced. The ESR
CP2 measurement on 16 June 2005 detected that
the lower thermospheric wind accelerated to un-
usually high speed (∼500 m/s) (Fig. 29). This
wind acceleration seemed to be well correspond-
ing with the enhanced ionospheric convection af-
ter changes of the solar wind parameters by the
ACE satellite. We evaluated the ion drag and the
Joule-heating-induced pressure gradient contribu-
tions on the generation of the high-speed neutral
wind. We concluded that the pressure gradient
force was the most probable force in this event.

T. T. Tsuda, et al., “Acceleration mechanism of high-
speed neutral wind observed in the polar lower thermo-
sphere”, Journal of Geophysical Research 114, A04322,
doi:10.1029/2008JA013867, 2009.
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DELTA-2 campaign: Study of the ener-
getics and the wind dynamics in the po-
lar lower thermosphere

Dynamics and Energetics of the Lower Thermo-
sphere in Aurora 2 (DELTA-2) campaign was con-
ducted under collaboration with the rocket, the
EISCAT UHF radar, Fabry-Perot interferometer
(FPI), and various optical instruments in order to
study the energetics and the wind dynamics in the
polar lower thermosphere from January 14 to 26,
2009. The S-310-39 sounding rocket, which car-
ried trimethyl aluminum (TMA) to conduct in-situ
measurement of the neutral wind, was launched
from the Andøya rocket range at 00:15 UT on
26 January 2009. An auroral breakup occurred
about 10 minutes from the rocket launch. The
EISCAT UHF radar was operated for 107.5 hours
during the campaign under international collabo-
rations with Norway, Sweden, Finland, Germany,
France, and Japan. The data set taken during the
campaign is appropriate for studying many scien-
tific issues such as the wind dynamics, ionospheric
conductivity, and current system. FPI (557.7 nm)
was operated with the rocket observation, and
it provided dramatic wind variations associated
with the breakup.

Studies of dust and meteorites

Measurements of meteor smoke parti-
cles during the ECOMA-2006 campaign

The EISCAT (European Incoherent SCATter)
radars did support the ECOMA (Existence and
Charge state Of Meteoric smoke particles in the
middle Atmosphere) campaign conducted at An-
denes (Andøya Island, Norway, 69◦N, 16◦E) in
2006. Instrumented rockets were launched to in-
vestigate meteoric smoke particles. These particles
play an important role in atmospheric processes
such as in the nucleation of noctilucent clouds
(NLC) and polar stratospheric clouds (PSC). The
experimental quantification of these meteor smoke
particles is a highly challenging and ongoing sci-
entific project using in-situ rocket and ground-
based radar observations. A new rocket-borne
particle detector which is a combination between
a classical Faraday cup and a Xenon flashlamp
for active photoionisation of meteoric dust par-
ticles and their subsequent detection of corre-
sponding photoelectrons was introduced by Rapp
and Strelnikova (2009). The first rocket during
the ECOMA-2006 campaign was further equipped

with instruments to measure several plasma pa-
rameters during the flight at mesospheric alti-
tudes. A detailed analysis of the results of the
ECOMA-01 rocket launch was published by Strel-
nikova et al. (2009) which clearly describes the in-
strumentation of the rocket payload and the scien-
tific results.

In the following, one experiment on ECOMA-
01 will be presented in more detail. Onboard the
ECOMA payload an radio wave propagation ex-
periment was launched to measure electron den-
sities using the differential absorption of radio
waves. The neutral and ionised background atmo-
sphere was simultaneously observed by the EIS-
CAT radars located near Tromsø, Norway. Dur-
ing the night of the rocket launch the EISCAT
radars detected an enhanced ionization in the
D-region created after an energetic partical pre-
cipitation starting at 21:58 UT on Sep. 8, 2006.
Shortly after this time a sporadic E-layer (Es) de-
veloped with maximum electron number densi-
ties of ∼105 cm−3 at an altitude of 94.5 km. The
layer was quite stable for about an hour and set-
tled down until it disappeared around 0:00 UT.
The electron densities were observed with both
EISCAT radars on the mainland (VHF and UHF).
Fig. 30 shows the electron density measurements
obtained from the EISCAT UHF radar around the
launch time of the rocket which is indicated by
the vertical line. The ionospheric conditions were
moderate to quiet which was also confirmed by
riometer measurements. The right hand panel
shows the electron densities obtained from both,
UHF and VHF, radars and the radio wave propa-
gation experiment. Between 93 and 96 km an in-
crease of electron number densities was observed
where the red line shows the results from the Fara-
day rotation experiment. Note that the altitude
difference of the sporadic E-layer might be due
to the horizontal distance between the radar sites
and the rocket location (∼130 km). Comparing
ground-based and in-situ experimental results of
electron number density measurements leads to
qualitatively and quantitatively similar results.

Simultaneously, temperatures measurements
were obtained from the colocated Na-lidar and the
RMR-lidar as well as from the rocket-borne neutral
air density measurements. These measurements
show temperatures in large excess of the frost
point of water indicating that ice particles could
not be formed at mesospheric altitudes at the time
of the in-situ rocket measurements (Strelnikova et
al., 2009). On the other hand, the ECOMA detector
registered particle signatures in both data chan-
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Figure 30: Left panel: Electron number densities measured with the EISCAT UHF-radar on 8 September
2006. The red vertical line indicates the time of the ECOMA-01 start. Right panel: Electron number density
profile from the EISCAT UHF and VHF radars (black and blue lines) from the time of the ECOMA-01 launch
compared to the in situ results from the Faraday rotation experiment (red line) and the current to the positively
biased front grid of the ECOMA particle detector (green line, normalized to the Faraday rotation experiment
at 110 km altitude). Note that the difference in altitude of the sporadic layer seen in the radar and rocket
measurementsis likely due to the horizontal distance between the different observations (∼130 km).

nels, the directly impacted particles on the detec-
tor electrode and the photoelectrons generated by
photoionisation or photodetachment of particles.
These photoelectron measurements showed that
particles exist in the entire altitude range between
60 and 90 km. The measured currents were con-
verted to meteor smoke particle number densities
which are in qualitatively agreement with model
predictions.

M. Rapp, and I. Strelnikova, “Measurements of meteor
smoke particles during the ECOMA-2006 campaign:
1. Particle detection by active photoionization”, Jour-
nal of Atmospheric and Solar-Terrestrial Physics 71(3–
4), 477–485, doi:10.1016/j.jastp.2008.07.011, 2009.

I. Strelnikova, et al., “Measurements of me-
teor smoke particles during the ECOMA-2006
campaign: 2. Results”, Journal of Atmospheric
and Solar-Terrestrial Physics 71(3–4), 486–496,
doi:10.1016/j.jastp.2008.07.011, 2009.

High statistics radar meteor studies at
EISCAT

An experiment was conducted with the European
Incoherent Scatter (EISCAT) radars during three 8-
hour runs on consecutive nights in December 2008
aiming to detect and study the high-altitude me-
teor population along with the meteors detected at

classical ∼100 km altitudes. The experiment used
coaxial ultrahigh-frequency (UHF) and very high-
frequency (VHF) radar beams pointed vertically
to the zenith of Ramfjordmoen near Tromsø (Nor-
way), and remote UHF receivers at Kiruna (Swe-
den) and Sodankylä (Finland) for tristatic obser-
vations of a very limited volume at an altitude of
170 km above the transmitter site.

The EISCAT VHF radar detected during the 24-
hour period 22,698 echoes identified as meteors.
The number of UHF echoes in the same period
was 2138, most detected also at VHF. Among the
VHF meteors, 11 were detected at altitudes higher
than 150 km. Of these, the record highest meteor
was at 246.9 km. No high-altitude UHF echoes
were detected, none was tristatic, and no echoes
with a Doppler velocity above ∼60 km/s were
identified. Given the large number of echoes,
which argues in favour of a highly significant char-
acterization of the meteoroid population, we dis-
cuss the statistical properties of the detections and
their possible physical nature.

The average detection rate of VHF radar mete-
ors was about 16 min−1. Comparing this high rate
with that of the faintest optically detected meteors
indicates that the radar detections originate from
a meteoroid population that could be as optically
faint as 13–14 mag. We did not observe a marked
enhancement of the rates at the peak of the Gem-
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Figure 31: Altitude–Doppler-intensity plot for one
meteor track. The deceleration is evident since the
Doppler velocity is smaller at lower altitudes. The
visible curvature of this plot implies that the de-
celeration was not constant; the meteoroid deceler-
ated faster at lower altitudes.

inid shower, confirming once again the proposal
that most faint meteors, be these radar or optical,
belong to the sporadic population and not to a spe-
cific shower.

For a few meteors, our data show definite de-
celeration and possible fragmentation (Fig. 31). A
simple calculation indicates that one of the de-
tected meteoroids was a submillimetre body that
fragmented when the ram pressure reached about
0.5 Pa. This is much lower than the pressure that
fragments brighter cometary meteors, which is at
least two orders of magnitude higher.

N. Brosch, et al., “Unusual features in high statistics
radar meteor studies at EISCAT”, Monthly Notices of
the Royal Astronomical Society 401(2), 1069–1079, 2010.

Signatures of mesospheric particles in
ionospheric data

During a ECOMA/MASS campaign in 2007, three
sounding rockets were launched from Andøya,
Norway. This campaign was supported by sev-
eral ground-based observations including the EIS-
CAT UHF and VHF radars near Tromsø. The
electron density measurements from the EISCAT
UHF radar were considered in the discussion by
Friedrich et al. (2009). In the ionospheric E-region
the agreement between the EISCAT UHF and the
in-situ probing of electron densities is remark-
ably good. It is well known that below 90 km
the ground-based radar data reflect the coherent

backscatter due to the occurrence of polar meso-
sphere summer echoes (PMSE) rather than elec-
tron densities. The interpretation of the radar
backscatter for altitudes below 90 km is based on
the physics of PMSE.

M. Friedrich, et al., “Signatures of mesospheric particles
in ionospheric data”, Annales Geophysicae 27(2), 823–
829, 2009.

Solar wind studies

Interaction a between medium-scale
transient in the solar wind and a stream
interaction region

We have combined Inter-Planetary Scintillation
(IPS) measurements from EISCAT with white-
light observations from the STEREO spacecraft
HI instrument to study the interaction a between
medium-scale transient in the solar wind and a
stream interaction region, showing the transient
started within the slow wind and was subse-
quently captured by the star interaction region.
We have also observed smaller scale transients in
the slow wind, associated with significant field
rotations. It is not yet clear whether these fea-
tures are ubiquitous in the slow wind or associated
with Coronal Mass Ejection (CME) wakes, but
they might be the same class of structures as the
pixel-scale features seen in LASCO spacecraft ob-
servations of the slow wind. An associated study
combined EISCAT and STEREO HI solar wind ob-
servations with in-situ measurements from Venus
Express ASPERA-4 instrument to study the impact
of stream interaction regions and solar wind tran-
sients on the Venus environment.

The large-scale structure in the solar wind has
been investigated using IPS. EISCAT data played
a key role in improving understanding of the evo-
lution of the large CME of May 2005. A pro-
gramme of comparing EISCAT IPS and STEREO
white-light results with the predicted signatures
derived from a multi-scale numerical model is un-
derway, simulating IPS and white-light scatter-
ing by a CME, interacting CMEs or CME/stream
interaction region structures as they propagate
through the background solar wind. This develop-
ment will significantly improve our ability to de-
termine precisely which region of a CME the EIS-
CAT observations correspond to.

G. D. Dorrian, et al., “Transient structures and stream
interaction regions in the solar wind: Results from EIS-
CAT interplanetary scintillation, STEREO HI and Venus
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Express ASPERA-4 observations”, Solar Physics, sub-
mitted, 2010.

I. C. Whittaker, et al., “In-situ observations of a co-
rotating interaction region at Venus identified by IPS
and STEREO”, Solar Physics, in press, 2010.

M. M. Bisi, et al., “Three-dimensional reconstructions of
EISCAT IPS velocity data during the declining phase of
solar cycle 23”, Solar Physics, in press, 2010.

M. M. Bisi, et al., “From the Sun to the Earth: the 13 May
2005 Coronal Mass Ejection”, Solar Physics, submitted,
2010.

M. Xiong, et al., “Forward modelling to determine the
observational signatures of white-light imaging and in-
terplanetary scintillation for the propagation of an inter-
planetary shock in the ecliptic plane”, Journal of Atmo-
spheric and Solar Terrestrial Physics, submitted, 2010.

Theoretical studies of incoherent
scattering spectra

20-moment approximation for ion veloc-
ity distribution and its application in cal-
culations of incoherent scatter spectra

According to Grad’s theory, the ion velocity dis-
tribution function is expanded about a 20-moment
approximation based on Maxwellian distribution.
The effects of the stress tensor and the heat flow
vector on the ion velocity distributions are dis-
cussed. When the electric field is weak, it is rea-
sonable to neglect the heat flow vector and the
stress tensor parallel to E×B and E, respectively.
The ion temperature anisotropy and asymmetry in
the distribution function are caused by the stress
tensor and the heat flow term. The incoherent
scatter spectra calculated by the 13-moment ap-
proximation and the 20-moment approximation
are compared. When the electric field is weak,
the 13-moment is nearly consistent with the 20-
moment approximation. However it is unreason-
able to neglect the heat flow tensor, and the tem-
perature anisotropy is distinct in case of strong
electric field as is seen in Fig. 32). It is reasonable
to use the 20-moment approximation to describe
the non-Maxwellian plasma characterized by the
temperature anisotropy.

In addition, a sixteen moment approximation
based on a bi-Maxwellian that contains the stress
tensor and the heat flow vector is applied to de-
scribe the ion velocity distribution which is suit-
able for the non-Maxwellian plasma characterised

Figure 32: The 20-moment approximation for the
incoherent scattering spectra parallel to E × B for
different electric field E.

by the large temperature anisotropy. A discussion
is made about the effects on the incoherent scat-
ter spectra caused by different values of the nor-
malized perpendicular drift velocity D, aspect an-
gle φ between the magnetic field and the line-of-
sight direction, and the ratio α of the ion-neutral
collision to ion cyclotron frequency. Numerical re-
sults show that the shifting and asymmetry of in-
coherent scatter spectra appear parallel to E × B
and E as the normalised perpendicular drift ve-
locity D increases due to the ion drift velocity,
the stress tensor and the heat flow vector respec-
tively. However, the spectrum is always typically
double-humped Maxwellian parallel to B. The
ion velocity distribution is more distorted from the
Maxwellian as the aspect angle φ increases from
0◦ to 90◦, and consequently the incoherent scat-
ter spectra is no longer typically double-humped
Maxwellian. As α increases, the ion velocity dis-
tribution becomes Maxwellian and the incoherent
scatter spectra become typically double-humped
Maxwellian even with a large value of the nor-
malised perpendicular drift velocity D.

K. Xue, et al., “20-moment approximation for ion ve-
locity distribution and its application in calculations of
incoherent scattering spectra”, Chinese Journal of Geo-
physics 52(2), 342–351, 2009.

K. Xue, et al., “16-moment approximation for ion veloc-
ity distribution and its application in calculations of in-
coherent scattering spectra”, Plasma Science and Tech-
nology 11(2), 152–158, 2009.

K. Xue, et al., “The ion distribution function from
Maxwell molecule collision model and calculations of
incoherent scatter spectra”, Chinese Journal of Space
Science 29(3), 287–295, 2009.

Incoherent scatter spectra of collisional
plasma

Incoherent scatter spectra of a collisional plasma
with an arbitrary velocity distribution function is
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Figure 33: Variation of the power spectrum with
different collision frequency.

presented. Two integrals with complex singular
points have been solved in order to obtain the re-
sults. The incoherent scatter spectra during HF
heating in low ionosphere region are computed. A
super-Gaussian function is adopted in the calcula-
tion with a non-Maxwellian factor m. The effect of
collision frequency, non-Maxwellian factor, elec-
tron density, electron temperature and ion tem-
perature on power spectra is discussed (Fig. 33).
Under the action of collision frequency and non-
Maxwellian factor, the original relationship be-
tween ionospheric parameters and the character-
istics of spectra shape is invalid, which will bring
a large error in the inversion of ionosphere param-
eters, thus the original theoretical model must be
corrected.

B. Xu, et al., “Incoherent scatter spectra of a collisional
plasma”, Acta Physica Sinica 58(7), 736–742, 2009.
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EISCAT Operations 2009

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 result-
ing data are reserved for the exclusive use of the
experimenters for one year from the date of col-
lection. Special programmes often make use of
the well developed pulse schemes and observing
modes of the Common Programme. EISCAT Com-
mon Programmes are conducted for the benefit of
the entire user community and the resulting data
are immediately available to all. The common Pro-
gramme modes are developed and maintained by
EISCAT staff, and the overall programme is moni-
tored by the Scientific Advisory Committee. Com-
mon Programme operations are often conducted
as part of the coordinated World Day programme
organised by the International Union of Radio Sci-
entists (URSI) Incoherent Scatter Working Group
(ISWG).

Common Programme One, CP-1, uses a fixed
transmitting antenna, pointing along the geomag-
netic field direction. The three-dimensional veloc-
ity and anisotropy in other parameters are mea-
sured 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 mea-
surements are derived from the tri-static F-region
data. On longer time scales, CP-1 measurements
support studies of diurnal changes, such as atmo-
spheric tides, as well as seasonal and solar-cycle
variations. The observation scheme uses alternat-
ing codes for spectral measurements.

Common Programme Two, CP-2, is designed to
make measurements from a small, rapid transmit-
ter antenna scan. One aim is to identify wave-like
phenomena with length and time scales compara-
ble 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 ge-
omagnetic field. The remote site antennas provide
three-dimensional velocity measurements in the F-
region. 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 minute cycle. The obser-
vations are made in a plane defined by the mag-
netic meridian through Tromsø, with the remote
site antennas making continuous measurements at
275 km altitude. The coding scheme uses alternat-
ing codes. The principle aim of CP-3 is the map-
ping of ionospheric and electrodynamic parame-
ters 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 simul-
taneously during the CP experiments. Such ob-
servations offer comprehensive data sets for atmo-
spheric, ionospheric, and magnetospheric studies.

Common Programme Four, CP-4, covers geo-
graphic latitudes up to almost 80◦N (77◦N invari-
ant latitude) using a low elevation, split-beam con-
figuration. CP-4 is particularly suitable for studies
of high latitude plasma convection and polar cap
phenomena.

Common Programme Six, CP-6, is designed for
low altitude studies, providing spectral measure-
ments at mesospheric heights. Velocity and elec-
tron density are derived from the measurements
and the spectra contain information on the aeron-
omy of the mesosphere. Vertical antenna pointing
is normally used.

Common Programme Seven, CP-7, probes high
altitudes and is particularly aimed at polar wind
studies. The present version uses both of the VHF
klystrons and is designed to cover altitudes up to
2500 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◦ in-
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clination). CP-2 uses a four position scan. CP-
3 is a 15 position elevation scan with southerly
beam swinging positions. CP4 combines obser-
vations in the F-region viewing area with field-
aligned and vertical measurements. Alternating
code pulse schemes have been used extensively
for each mode to cover ranges of approximately
80 to 1200 km with integral clutter removal below
150 km.

The tables on the next pages summarise the ac-
counted hours on the various facilities for each
month and for each Common Programme mode
(CP) or Associate (SP).
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2009

Page 1

KST COMMON PROGRAMMES

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total % Target%

CP1 7.5 5 3 102.5 118 13 16

CP2 87.5 352.5 440 47 16

CP3 80.5 135 215.5 23 12

CP4 0 0 10

CP6 32.5 87.5 11 131 14 20

CP7 0 0 18

UP1 24.5 24.5 3

UP2 0 0

UP3 0 0

Total 87.5 64.5 85.5 3 102.5 87.5 11 0 352.5 0 0 135 929 100

% 9 7 9 0 11 9 1 0 38 0 0 15 100

KST SPECIAL PROGRAMMES

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Incl AA Target

CN 132 132 135 51

FI 15 31 36 87 169 174 86

GE 13.5 14.5 16 15 16 75 78 50

NI 32.5 6 11 46 95.5 101 102

NO 33 12.5 72.5 6 10 100 234 245 196

SW 21 35.5 154.5 211 219 141

UK 6.5 47.5 21 24.5 2 101.5 109 132

AA 27 16 43

Total 121.5 0 107.5 0 31 37 112 140 16 46.5 246.5 203 1061 1061 758

% 11 0 10 0 3 3 11 13 2 4 23 19 100

EI CN FI GE NI NO SW UK

Target 6.7 11.4 6.56 13.41 25.91 18.6 17.43 %

KST OTHER PROGRAMMES

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Target

3P 8 18.5 1 27.5 15

EI 0.5 8 8.5 31

TNA 35 85 67.5 101 288.5 120

TB 11.5 63.5 25 54.5 48.5 203 203

Total 19.5 0 63.5 0 0 35 18.5 1 85 25 122.5 157.5 527.5 369

KST CUMULATIVE TOTALS

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Target

CP 87.5 64.5 85.5 3 102.5 87.5 11 0 352.5 0 0 135 929 980

SP 121.5 0 107.5 0 31 37 112 140 16 46.5 246.5 203 1061 758

OP 19.5 0 63.5 0 0 35 18.5 1 85 25 122.5 157.5 527.5 369

Total 228.5 64.5 256.5 3 133.5 159.5 141.5 141 453.5 71.5 369 495.5 2517.5 2107

USAGE BREAKDOWN

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Target

UHF 179 29.5 131.5 3 75.5 108 42 60 278.5 44.5 215.5 257 1424 856

VHF 14 32.5 49.5 8 70 28 16 40 128 386 363

Heating 46 30 50.5 19 12.5 26.5 13.5 198 285

Passive UHF 142 11 119 133 177.5 9.5 560 58.5 346.5 374.5 1931.5 2414

ESR 126.5 120 98.5 11.5 82 108 0 33.5 267.5 21 0 287.5 1156 1342

Passive ESR 58 58
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Page 2

ESR COMMON PROGRAMMES

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total % Target%

CP1 3 82.5 0.5 54 1.5 141.5 21 54

CP2 30.5 49 254.5 334 50 16

CP3 103 103 15 12

CP4 0 0 10

CP6 2.5 1.5 83.5 87.5 13

CP7 1.5 1.5 0

UP1 0 0

UP2 0 0

UP3 0 0

Total 33.5 85 50.5 2 54 83.5 0 0 256 0 0 103 667.5 100

% 5 13 8 0 8 13 0 0 38 0 0 15 100

ESR SPECIAL PROGRAMMES

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Incl AA Target

CN 0 4 34

FI 4 22.5 26.5 33 58

GE 15 15 19 33

NI 33.5 21 7 61.5 69 68

NO 8 10 9.5 28 9.5 29.5 94.5 110 132

SW 14.5 30 44.5 56 95

UK 57.5 13 12 14.5 97 107 89

AA 22 26 11.5 59.5

Total 84 35 48 9.5 28 39 0 33.5 11.5 21 0 89 398.5 399 509

% 21 9 12 2 7 10 0 8 3 5 0 22 100

ESR OTHER PROGRAMMES

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Target

3P 9 9 12

EI 0 25

TNA 0

TB 95.5 95.5 96

Total 9 0 0 0 0 0 0 0 0 0 0 95.5 104.5 133

ESR CUMULATIVE TOTALS

2009 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec Total Target

CP 33.5 85 50.5 2 54 83.5 0 0 256 0 0 103 667.5 700

SP 84 35 48 9.5 28 39 0 33.5 11.5 21 0 89 398.5 509

OP 9 0 0 0 0 0 0 0 0 0 0 95.5 104.5 133

Total 126.5 120 98.5 11.5 82 122.5 0 33.5 267.5 21 0 287.5 1170.5 1342

43



Beynon medals

The EISCAT Council awards distinguished per-
sons the Sir Granville Beynon medal.

Recipients

1st Prof. Tor Hagfors 2002 Awarded to Professor
Tor Hagfors on 4th February 2002 for his out-
standing services to the EISCAT Scientific As-
sociation and to Ionospheric Physics

2nd Prof. Tauno Turunen 2003 In recognition of
important contributions to the techniques of
Incoherent Scatter Radar and outstanding ser-
vices to the EISCAT Scientific Association

3rd Prof. Jürgen Röttger 2004 In recognition of
outstanding services to the EISCAT Scien-
tific Association including the establishment
of the EISCAT Svalbard Radar at Longyear-
byen

4th Prof. Henry Rishbeth 2006 Awarded by the
Council of the EISCAT Scientific Association
to Professor Henry Risbeth. In recognition of
outstanding contributions to the scientific ex-
ploitation of incoherent scatter in Europe in-
cluding the UK PUSCAT and MISCAT radars
and the radars of the EISCAT Scientific Asso-
ciation

5th Prof. Nobuo Matuura 2007 Awarded by the
Council of the EISCAT Scientific Association
to Professor Nobuo Matuura. In recognition
of his contributions to the successful estab-
lishment of the EISCAT Svalbard Radar at
Longyearbyen and to the expansion of the
EISCAT Scientific Association to include non-
European members

6th Prof. Markku Lehtinen 2008 Awarded by the
Council of the EISCAT Scientific Association
to Professor Markku Lehtinen. In recogni-
tion of his seminal contributions to the devel-
opment of advanced modulation techniques
for incoherent scatter radars and to the math-
ematical foundations and implementation of
effective incoherent scatter radar data analy-
sis systems

7th Dr. Gudmund Wannberg 2009 Awarded by
the Council of the EISCAT Scientific Asso-
ciation to Doctor Gudmund Wannberg. In
recognition of his persistent work for the
technical development of EISCAT radars and
his invaluable contribution to the EU Design
Study project for the EISCAT_3D radars.
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EISCAT Scientific Association
December 2009

Council

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

Finland
Dr. K. Kauristie Chairperson
Prof. T. Nygrén
Dr. K. Sulonen Delegate

Germany
Dr. H. Boos Delegate
Prof. J. Röttger

Japan
Prof. R. Fujii Delegate
Dr. H. Miyaoka Delegate

Norway
Prof. A. Brekke
Dr. B. Jacobsen Delegate
Dr. L. Lønnum

Sweden
Dr. T. Andersson Vice-Chairperson, Delegate
Prof. D. Murtagh

P. R. of China
Prof. Q. Dong Delegate
Prof. J. Wu

United Kingdom
Dr. I. McCrea
Ms. R. Young Delegate

Scientific Oversight Committee

Under the guidance of the Council, the EISCAT scien-
tific community organises a Scientific Oversight Com-
mittee.

Dr. A. Aikio Finland
Dr. N. Blagoveshchenskaya External member
Dr. S. Buchert Sweden
Dr. J. Chau External member
Dr. M. Kosch United Kingdom
Prof. C. La Hoz Norway
Prof. R. Liu Chairperson, P. R. of China
Prof. S. Nozawa Japan
Prof. J. Röttger Germany

Director
Dr. E. Turunen

Council Advisory Group
Towards the end of the year the previous Management
Committee was reformed into the Council Advisory
Group. Its members were not yet finalised in December
2009, the list here is of the acting members.

Mr. H. Andersson Head of Administration
Dr. T. Andersson Council Vice-Chairperson
Prof. A. Brekke Council Member
Dr. K. Kauristie Council Chairperson
Dr. E. Turunen Director

Executives
Senior Management

Mr. H. Andersson Head of Adm., Deputy Dir.
Dr. E. Turunen Director

Site Leaders
Station Managers

Mr. H. Boholm EISCAT Svalbard Radar
Mr. R. Jacobsen Tromsø Radar
Mr. M. J. Postila Sodankylä Site
Dr. M. T. Rietveld Tromsø Heating
Mr. L.-G. Vanhainen Kiruna Site
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EISCAT staff at the Annual Review Meeting, 11–13 February 2009, at Pallastunturi, Finland.
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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 2009-12-31 are: China Research Institute of Radiowave Propagation 
(Peoples Republic of China), Deutsche Forschungsgemeinschaft (Germany), National 
Institute of Polar Research (Japan), Norges forskningsråd (Norway), Science and Technology 
Facilities Council (United Kingdom of Great Britain and Northern Ireland), Solar-Terrestrial 
Environment Laboratory, Nagoya University (Japan), Suomen Akatemia (Finland), and 
Vetenskapsrådet (Sweden). 
 
A new 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 Tromsø (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 minor interruptions due to equipment or 
operational problems.  
 
The various EISCAT radars operated for a total of 3 688 accounted hours (5 209 hours in 
2008). 
 
Common Programmes amounted to 43% (34%) of the operations. Special Programmes 
amounted to 40% (34%) and other operations, such as the TNA project runs, amounted to 
17% (32%) of the total run hours. 
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Both contracts under the European Union’s Sixth Framework Programme initiative, the 
EISCAT_3D design study and the Transnational Access project ended during the year. 
 
Both projects were completed in a proper manner. The EISCAT_3D project planning 
continues and a bid for the European Union’s Seventh Framework Programme, ESFRI 
projects preparatory phase, was submitted in December.  
 
The Transnational Access project funded six user campaigns and 195 hours (92 hours) of 
operation during the final period of the four year project.  
 
Scientists from France, Ukraine and Russia paid for the use of the facilities. Totally  
298.5 hours (211.5 hours) were run on behalf of these affiliated countries. 
 
The annual staff review meeting was held in Pallastunturi, Finland, mid February. EISCAT 
scientists attended several international conferences during the year. The EISCAT_3D 
continued work, including setting up the new consortium that submitted the preparatory 
project bid, and promotion trips also meant frequent travel. The number of travel days 
increased by about 50% in 2009. 
 
Future operation and scientific development 
During the coming year, EISCAT will continue to support the wide range of existing and new 
programmes proposed by the various Associates’ scientific communities, including the 
hosting of user-supplied equipment.  
 
It is though expected that UHF tristatic runs will no longer be possible beyond July 2010 
since the required disturbance free frequency slots in Finland and Sweden will be taken in 
use by mobile phone operators. In Sweden, the operators will have access to the frequency 
spectrum 1 March 2010 and in Finland 1 January 2010, though it has been stated that the 
Finnish operator will only start using it near the Finnish site 1 July 2010 and the Swedish one 
perhaps not at all in 2010. 
 
Ways of continuing tristatic capabilities are considered. The primary option is the planned 
EISCAT_3D system which will give full three-dimensional capabilities. Since the EISCAT_3D 
project is still years from build, intermediate steps are evaluated which could fill some 
scientific requirements, like meteor studies, while waiting for the new system. 
 
The three other radar systems, UHF in monostatic mode, VHF and the Svalbard Radar 
continues undisturbed. The Heating facility has recently been modernised and its extended 
capabilities allows for new experimental modes.  
 
The work of the Council and its committees 
The Council had two ordinary and one extraordinary meeting under the leadership of the 
Chairperson, Dr. Kirsti Kauristie: in June, Berlin, Germany and in October, Lillehammer, 
Norway. An extraordinary telephone conference meeting was held as in December. 
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The management committee had two meetings: in May, Longyearbyen, Svalbard and in 
September, Sodankylä, Finland. 
 
The Scientific Oversight Committee had two meetings during the year: March, Kühlungsborn, 
Germany and in September, Arecibo, Puerto Rico. 
 
Council considered mainly regular business matters. The transfer of Associateship from UK’s 
Science and Technology Facilities Council (STFC) to the Natural Environment Research 
Council (NERC) resulted in the extraordinary meeting. The addressed issue, the length of the 
UK commitment at the time of transfer, is now resolved. 
 
Council decided also to change the remit of the management committee such that it 
becomes an advisory group for Council. The new Council Advisory Group is headed by the 
Council Chairperson and will provide guidance and advice to Council. 
 
Budget development during the year 
The 2009 operations ended very close to the operating target set for the year. Both EU 
supported projects ended during the year. Both were four year projects and both ended as 
envisaged though bit below the initial budget total.  
 
French and Ukrainian scientists took advantage, against payment, of the systems. It is 
anticipated that both countries, and Russia, will continue to make use of the systems also in 
the coming years. 
 
Most of the regular Associates, Finland, Japan, Norway, P. R. of China, Sweden and United 
Kingdom agreed to add an inflationary compensation to their annual contributions in 2009. 
In addition, since the contributions are in local currencies, the income side benefited from 
the relatively weak SEK-currency. Due to low global interest levels, the budgeted bank 
interest on own funds did not meet the target.  
 
The continued EISCAT_3D work resulted in a bid for a preparatory phase, under the EU 
Framework Programme 7 initiative. The application was submitted in December 2009 and 
the first evaluation results look promising. 
 
The long-term budget plan 
The long-term budget plan is becoming challenging due to the current known funding 
shortage from 2012 onwards. For 2010 and 2011, we do not anticipate any issues other than 
the reported tristatic problem and the overall operating target for these years can be 
maintained. 
 
The result for 2009 and the deficit handling 
The year was balanced by transferring the surplus, relative to the budget, of 3 415 kSEK, to 
the investment fund.  
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PROFIT AND LOSS ACCOUNTS
in thousands of Swedish Crowns

Note 1 2009 2008

Associate contributions Note 2 26 586 23 611

Other operating income  6 180 8 592

32 766 32 203

Operation costs ‐5 257  ‐6 361 

Administration costs ‐4 517  ‐4 253 

Personnel costs Note 3 ‐17 706  ‐23 956 

Depreciation of fixed assets ‐2 198  ‐5 026 

‐29 677  ‐39 596 

Operating profit/loss 3 089 ‐7 393 

Interest income 85 866

Other financial income and cost ‐622  351

Own reserves and funds Note 4 ‐1 335  ‐145 

‐1 871  1 072

Profit/loss after financial items 1 217 ‐6 321 

Appropriations Note 5 ‐3 415  1 295

Transfer from funds invested Note 6 2 198 5 026

‐1 217  6 321

Net profit/loss for the year 0 0

‐ 5 ‐
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BALANCE SHEET
in thousands of Swedish Crowns

2009 2008

ASSETS

Fixed assets

Tangible fixed assets Note 7

Buildings 3 843 3 995

Radar systems 821 2 041

Equipment and tools 2 099 1 643

6 764 7 679

Current assets

Receivables 3 871 1 723

Prepayments and accrued income Note 8 640 610

Cash at bank and in hand Note 9 19 222 20 370

23 733 22 703

Total assets 30 496 30 383

CAPITAL AND LIABILITIES

Capital

Funds invested Note 10 6 764 7 108

Funds held on reserve Note 11 18 763 16 053

25 526 23 161

Long term liabilities

Long term liabilities Note 12 0 509

Current liabilities

Liabilities, trade Note 13 4 469 4 768

Provisions Note 14 155 37

Other liabilities 345 1 908

4 970 6 713

Total capital and liabilities 30 496 30 383

Pledged assets 0 509

Contingent liabilities none none

‐ 6 ‐
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STATEMENT OF CASH FLOWS
in thousands of Swedish Crowns

2009 2008

Operating activities

Operating result before financial items 3 089 ‐7 393 

Transfer from funds invested 2 198 5 026

Interest received 85 866

Currency exchange rate changes ‐658  314

Extra ordinary income and cost 36 37

Increase/decrease of receivables ‐2 148  878

Increase/decrease of prepayments and accrued income ‐30  5

Increase/decrease of creditors and liabilities ‐2 252  ‐11 364 

Cash flow from operations 321 ‐11 631 

Investment activities

Investments in tangible assets ‐1 469  ‐908 

 

Cash flow from investment activities ‐1 469  ‐908 

Cash flow for the year ‐1 148  ‐12 539 

Liquid assets at the beginning of the year 20 370 32 909

Liquid assets at the end of the year 19 222 20 370

‐ 7 ‐
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NOTES 2009 2008

Note 1  Accounting principles Personnel costs in total

1 240 6 583

Other personnel, employed and provided

via site contracts 11 031 11 472

Social security contributions amounted to 3 944 4 717

of which for pension costs 1 992 3 170

Finland

Salaries and emoluments 1 528 1 767
Note 2  Associate contributions Average number of staff ‐ men and women 3 + 0 4 + 0

Norway (including Svalbard)

Salaries and emoluments 5 370 12 033

2009 Average number of staff ‐ men and women 9 + 0 10 + 1

CRIRP (P. R. of China) 3 129

DFG (Germany) 1 964 Sweden

NIPR (Japan) 1 820 Salaries and emoluments 5 372 4 255

RCN (Norway) 6 010 Average number of staff ‐ men and women 8 + 1 6 + 1

SA (Finland) 3 996

STFC (United Kingdom) 4 039

VR (Sweden) 5 628

26 586

Accumulated contributions status as of 2009‐12‐31

1976 ‐ 2009 Board members (EISCAT Council) 12 + 4 12 + 4

Previous Associates 190 074 Directors 1 + 0 2 + 0

CRIRP (P. R. of China) 10 609

DFG (Germany) 188 749

NIPR (Japan) 66 904

RCN (Norway) 134 376

SA (Finland) 58 817 Capital Operating reserve

STFC (United Kingdom) 214 391 Budgeted transfer to the reserve ‐1 614  ‐396 

VR (Sweden) 108 029 Transfer from the reserve  1 469 908

971 948 Investments made ‐2 040  ‐942 

External projects reserve

Design study project complete,

contingency released 1 504 ‐675 

Restructuring reserve

Budgeted restructuring costs 1 500 1 355

Spare parts reserve

Budgeted transfer to the reserve  ‐28  ‐27 

Transfer from the reserve 9 9

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). 

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. 

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.

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.

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. 

The Association employs directly the Headquarters staff, currently about

six 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.

Salaries and emoluments paid to the Directors

Note 3  Personnel costs and average number of employees

Salaries and emoluments and average number of staff per country

The new Director, Dr. Esa Turunen, started his employment 2009‐01‐01.

His employment contract with Council is for three years.

Of the pension costs, 320 kSEK (previous directors 1 660 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.

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 (earlier named Management Committee), the

Association cover meeting and travel costs. 

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.

Note 4  Own reserves and funds

Transactions involving own reserves and funds.

‐ 8 ‐
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2009 2008 2009 2008

Investment fund Note 8  Prepayments and accrued income

Budgeted transfer to the fund  ‐2 000  0

Surplus fund

Budgeted transfer from the fund 4 062 3 685 Prepaid rents 91 92

Budgeted transfer to the fund ‐4 196  ‐4 062  Prepaid insurances 460 492

Other items 89 26

Sum own reserves and funds ‐1 335  ‐145  640 610

Note 5  Appropriations Note 9  Bank balances status

Nordea 19 220 20 369

Cash in hand 2 1

19 222 20 370

Note 10  Funds invested status

Note 6  Transfer from funds invested Buildings 3 843 3 424

The depreciation cost is covered by funds from Capital ‐ funds invested Radar Systems 821 2 041

Equipment and Tools 2 099 1 643
Note 7  Tangible fixed assets 6 764 7 108

Changes in tangible fixed assets during 2009.
Note 11  Funds held on reserve

Buildings

Opening acquisition value 42 237 42 237
Acquisitions during the year 137 0
Disposals during the year 0 0
Closing acquisition value 42 374 42 237

Opening accumulated depreciation ‐38 242  ‐37 956 
Depreciations during the year ‐289  ‐286  Capital operating reserve 1 369 1 223
Disposals during the year 0 0 Equipment repair fund 754 754

Closing accumulated depreciation ‐38 531  ‐38 242  External projects reserve 0 1 504

Investment fund 7 971 2 556
Closing residual value 3 843 3 995 Restructuring reserve 4 101 5 601

Spare parts reserve 371 353
Radar systems Surplus fund 4 196 4 062
Opening acquisition value 244 381 244 381 18 763 16 053
Acquisitions during the year 103 0
Disposals during the year 0 0 Note 12  Long term liabilities

Closing acquisition value 244 484 244 381

Opening accumulated depreciation ‐242 340  ‐238 389 
Depreciations during the year ‐1 323  ‐3 951  Note 13 Liabilities, trade

Disposals during the year 0 0

Closing accumulated depreciation ‐243 662  ‐242 340 

Closing residual value 821 2 041

Liabilities EU, EISCAT_3D pre‐financing 0 0
Equipment and tools Liabilities EU, USERS_1 pre‐financing 0 913
Opening acquisition value 31 925 31 078 Other liabilities, trade 4 469 3 855
Acquisitions during the year 1 229 908 4 469 4 768
Disposals during the year ‐98  ‐61 
Closing acquisition value 33 057 31 925 Note 14 Provisions

Opening accumulated depreciation ‐30 283  ‐29 442 
Depreciations during the year ‐586  ‐789 
Disposals during the year ‐89  ‐52  Council cost 0 37

Closing accumulated depreciation ‐30 958  ‐30 283  Electricity cost 155 0

155 37
Closing residual value 2 099 1 643

Sum tangible fixed assets 6 764 7 679

Investments were made a bit below the budgeted expectation. Less

spare parts than budgeted were acquired. Since the EISCAT_3D design

study ended close to the planned target, the External project reserve did

not need to be used and the funds were released. The positive outcome

of this year (3 415 kSEK) has been put into the Investment fund. The

other transfers were as budgeted.

The main buildings and systems insurance for 2009 was paid in

December.

Both EU‐contracts, the EISCAT_3D Design Study and the

EISCAT_USERS_1 Transnational access project ended during the year. In

2008, non released funds were accounted as liabilities.

The electricity provider on Svalbard did an errorounus cost debit Q1

2009. It is assumed that it will be corrected when settling the year.

The outcome for this year became a surplus relative to the budget

amounting to 3 415 kSEK. The amount has been transferred to the

Investment fund. The 2008 outcome was a loss (‐1 295 kSEK) which was

covered by funds from the Restructuring reserve.

Husbanken Norway loan concerning the owned flat on Svalbard was

paid‐off during the year. In 2008 the loan was amortized (34 kSEK).

‐ 9 ‐
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Tokyo 2010-06-03 

Dr. Tomas Andersson 

Dr. Kati Sulonen 

k~~ 
Dr. Karin Zac 

L-z=---
Dr. Esa Turunen 

Director 

Our audit report was issued on 2010- 0b- 11 

iJL 
rs. Annika Wedin 

Authorised Public Accountant 
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Prof. Ryoich i Fujii 

Dr. Michael Schultz 

Prof. Jian Wu 
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Ohrlings 

Audit report 

To the council of EISCAT Scientific Association 

Corporate identity number 897300-2549 

[ have audited the annual accounts, the accounting records and the administration of the council 
and the director of E[SCAT Scientific Association for the year 2009. These accounts and the 
administration of the association and the application of the Annual Accounts Act when preparing 
the annual accounts are the responsibility of the council and the director. My responsibility is to 
express an opinion on the annual accounts and the administration based on my audit. 

[ conducted my audit in accordance with generally accepted auditing standards in Sweden. Those 
standards require that [ plan and perform the audit to obtain reasonable assurance that the annual 
accounts are free of material misstatement. An audit includes examining, on a test basis, evidence 
supporting the amounts and disclosures in the accounts. An audit also includes assessing the 
accounting principles used and their application by the council and the director and sign ificant 
estimates made by the counci l and the director when preparing the annual accounts as well as 
evaluating the overall presentation of information in the annual accounts. As a basis for my opinion 
concerning discharge from liability, I examined significant decisions, actions taken and 
circumstances of the association in order to be able to determine the liability, if any, to the council 
or the director. I a lso 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 my audit provides 
a reasonable basis for my opinion set out below. 

The annual accounts have been prepared in accordance with the Annual Accounts Act and give a 
true and fair view of the association's financial position and results of operations in accordance 
with generally accepted accounting principles in Sweden. 
The statutory administration report is consistent with the other parts of the annual accounts. 

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

Gavle, 14 June 2010 

Annika Wedin 
Authorized Public Accountant 
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Scientific contributions: EISCAT Associates and staff
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The EISCAT Associates
December 2009

CRIRP
China Research Institute of Radiowave Propagation

China
www.crirp.ac.cn

SA
Suomen Akatemia

Finland
www.aka.fi

DFG
Deutsche Forschungsgemeinschaft

Germany
www.dfg.de

STEL
Solar Terrestrial Environment Laboratory, Nagoya

Japan
www.stelab.nagoya-u.ac.jp

NIPR
National Institute of Polar Research

Japan
www.nipr.ac.jp

NFR
Norges forskningsråd

Norway
www.forskningsradet.no

VR
Vetenskapsrådet

Sweden
www.vr.se

STFC
Science and Technology Facilities Council

United Kingdom
www.scitech.ac.uk



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

Sodankylä

EISCAT Sodankylä Site
Tähteläntie 54B

FIN-99600 Sodankylä, Finland
Phone: +358 16 619880

Fax: +358 16 610375

Tromsø

EISCAT Tromsø Site
Ramfjordmoen

N-9027 Ramfjordbotn, Norway
Phone: +47 776 20730

Fax: +47 776 20740

Longyearbyen

EISCAT Svalbard Radar
Postboks 432

N-9171 Longyearbyen, Svalbard
Phone: +47 790 21236

Fax: +47 790 21751


