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The EISCAT Scientific Association exists to provide scientists with access to incoherent scatter radar
facilities of the highest technical standard

- by developing and operating a continuing program of observatory measurements in cooperation
with other ground-based and space-borne instruments and as part of the global network of inco-
herent scatter radars, the EISCAT Scientific Association seeks to provide a long-term database of
ionospheric measurements of the highest quality.

- by supporting and operating the particular experiments of individual, and groups of, visiting
scientists, EISCAT seeks to allow its users to address the widest possible range of research activities
particularly in the areas of geospace and basic plasma physics.

- by providing leadership in the design and construction of hardware and software to support these
goals, the EISCAT Scientific Association seeks to provide educational opportunities for young
scientists and to foster appropriate Knowledge Transfer and Economic Impact.

- by developing and maintaining a well-founded science strategy, EISCAT seeks to provide a frame-
work for the development of EISCAT-supported science and for the evaluation and development of
scientific programs within the overall field.

The scientific strategy of EISCAT is to understand the various forms of coupling between the Sun, the
interplanetary medium, the terrestrial magnetosphere, ionosphere, and atmosphere of the high-latitude
regions, natural and anthropogenic forcing, and related plasma physics and dynamics, and to achieve
the necessary knowledge, understanding, principles, and techniques which would allow mankind to
monitor, predict, and mitigate such processes within the next 30 years.

The specific goals of EISCAT are to develop large-scale facilities, techniques, and methods and, together
with other ground-based and space-borne instruments, and as part of the global network of incoherent
scatter and other middle and upper atmosphere radars, to encourage and undertake high quality research
related to the global goal through studies addressing

- behaviour and energy budget of the high-latitude regions, including space weather effects.
- fundamental plasma physics and dynamic processes in the near-Earth space environment.
- trends in atmospheric and ionospheric conditions, including long-term global change.

- properties and dynamics of the interplanetary environment.

- parametrisation of these processes and the development of techniques for their prediction.

The investments and operational costs of EISCAT are shared between:

China Research Institute of Radiowave Propagation, People’s Republic of China
National Institute of Polar Research, Japan
Norges forskningsrdid, Norway
Suomen Akatemia, Finland
UK Research and Innovation, United Kingdom
Vetenskapsrdidet, Sweden
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Scientific highlights and list of
publications 2023-2024

Space and atmospheric physics on Sval-
bard: a case for continued incoherent
scatter radar measurements under the
cusp and in the polar cap boundary re-
gion

Baddeley et al. (2023) presented work forward-
ing a case for continued incoherent scatter radar
measurements on Svalbard. The EISCAT Svalbard
incoherent scatter radar (ESR), located just out-
side Longyearbyen (78.15°N) on Svalbard, is the
only currently operating facility capable of mak-
ing such measurements inside the polar cusp —
an area of significant energy input into the atmo-
sphere and characterized by heating instabilities
and turbulence. The ESR was built in the mid-
1990s and has provided valuable data for the inter-
national experimental and modelling communit-
ies. New radar technologies are now available,
in the form of phased array systems, which of-
fer new data products and operational flexibility.
The paper outlines the achievements and current
research focus of the ESR and provides scientific
arguments (see Figure 1), compiled from inputs
across the international scientific community, for a
new phased array ISR facility on Svalbard. In ad-
dition to the fundamental scientific arguments, the
paper discusses additional benefits of continued
ISR observations on Svalbard, building on the key
findings of the ESR. Svalbard has a large network
of complementary instrumentation both focused
on the MLTI system (eg the Kjell Henriksen au-
roral Observatory, the Svalbard SuperDARN radar
and the Svalrak sounding rocket launch facility)
with synergies to other research fields, such as
meteorology and oceanography. As a further hol-
istic system science view of the Earth becomes
more important, a new ISR on Svalbard will be
important also in this respect with its ability to
provide datasets with a wide range of scientific
applications. Increased activity in space has high-
lighted problematic issues such as space debris.
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Figure 1: Magnetic Local Time (MLT) plot show-
ing the location of both the Svalbard ISR and new
EISCAT_3D fields of view (at 300 km) at 4 different
MLT periods in relation to the main auroral oval
and dayside cusp region. Other phenomena (such
as polar cap patches) are also marked on for con-
text.

A changing Arctic has also seen increased hu-
man activity via the opening up of new shipping
routes, which are reliant on GNSS technology that
is effected by severe turbulence in the MLTI sys-
tem. As such, societal applications of a future ISR
are also presented. The accessibility and logistical
support for such a facility is also briefly discussed.

Effect of polar cap patches on the high-
latitude upper thermospheric winds

A study by Cai et al. (2024) focuses on the poorly
known effect of polar cap patches (PCPs) on the
ion-neutral coupling in the F-region. The PCPs
were identified by total electron content measure-
ments from the Global Navigation Satellite System
(GNSS) and the ionospheric parameters from the



Defense Meteorological Satellite Program space-
craft. The EISCAT incoherent scatter radars on
Svalbard and at Tromseo, Norway observed that
PCPs entered the nightside auroral oval from the
polar cap and became plasma blobs (see Figure 2]).
The ionospheric convection further transported
the plasma blobs to the duskside. Simultaneously,
long-lasting strong upper thermospheric winds
were detected in the duskside auroral oval by a
Fabry-Perot Interferometer (FPI) at Tromse and in
the polar cap by the Gravity Recovery and Climate
Experiment satellite. Using EISCAT ion velocit-
ies and plasma parameters as well as FPI winds,
the ion drag acting on neutrals and the time con-
stant for the ion drag could be estimated. Due
to the arrival of PCPs/blobs and the accompan-
ied increase in the F-region electron densities, the
ion drag is enhanced from about 220 km to 500 km
altitudes. At the F peak altitudes near 300km,
the median ion drag acceleration affecting neut-
rals more than doubled and the associated me-
dian e-folding time decreased from 4.4h to 2h.
The strong neutral wind was found to be driven
primarily by the ion drag force due to large-scale
ionospheric convection. The results provide a new
insight into ionosphere-thermosphere coupling in
the presence of PCPs/blobs.

Ionospheric upwelling and the level of
associated noise at solar minimum

David et al. (2024) have studied the ionospheric
upwelling with a magnitude of above 10> m2s7!
using the data during the European Incoherent
Scatter Scientific Association (EISCAT) Svalbard
Radar International Polar Year (IPY-ESR) 2007
campaign, which coincides with the solar min-
imum. The noise level in low-, medium- and high-
flux upflows was investigated (see Figure 3). They
found that the noise level in high-flux upflow is
about 93 %, while in the low and medium categor-
ies it was 62 % and 80 % respectively. This showed
that robust and stringent filtering techniques must
be ensured when analysing incoherent data in or-
der not to introduce bias to the result. Analysis
reveals that the frequency of the low-flux upflow
events was about 873 times the medium- and high-
flux upflow events, respectively. Seasonal obser-
vation showed that the noise level in the upflow
classes was predominantly high during winter.
The noise was minimal in summer, with a notable
result indicating occurrence of actual data above
noise in the low-flux class. Moreover, the per-
centage occurrence of the noise level in the data
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Figure 2: Ionospheric parameters measured by
the Tromse UHF radar, scanning with three high-
elevation beams. Panels from top to bottom are the
altitude profiles of (a) ne, (b) T¢, (c) ion temperat-
ure T3, (d) the northward (blue), and eastward (red)
components of the ion velocity (v;) in the F-region.
The horizontal colour bars on the top panel in-
dicate the times with the identifications of plasma
blobs (“Blob” in red), auroral precipitation (“AP”
in green), and a combination of Blob and AP (blue).
The black shading indicates a quiet period and the
ne values within that are used as a background.

increased with increasing flux strength, irrespect-
ive of the season. Further analysis revealed that
the noise level in the local time variation peaked
around 17:00 to 18:00 LT (local time) and minimum
around 12:00 LT.

On the creation, depletion, and end of
life of polar cap patches

Ionospheric convection patterns from the Super
Dual Auroral Radar Network are used by Eriksen
et al. (2023) to determine the trajectories, transit
times, and decay rates of three polar cap patches
from their creation in the dayside polar cap iono-
sphere to their end of life on the nightside (see
Figure 4). The first two polar cap patches were
created within 12 min of each other and travelled
through the dayside convection throat, before en-
tering the nightside auroral oval after 104min
and 92 min, respectively. When the patches ap-
proached the nightside auroral oval, an intensific-
ation in the poleward auroral boundary occurred
close to their exit point, followed by a decrease in
the transit velocity. The last patch (patch 3) de-
cayed completely within the polar cap and had
a lifetime of only 78 min. After a change in drift
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Figure 3: EISCAT Svalbard Radar (42 m dish) para-
meter plot for the nightside on 28 December 2007.
The panels (a) to (e) are, respectively, the electron
density, electron temperature, ion temperature, ion
drift velocity and ion flux. The increased noise
level is noted.

direction, patch 3 had a radar backscatter power
half-life of 4.23 min, which reduced to 1.80min
after a stagnation, indicating a variable decay rate.
28 min after the change in direction, and 16 min
after coming to a halt within the Clyde River radar
field-of-view, patch 3 appeared to reach its end of
life. Eriksen et al. (2023) relate this rapid decay
to increased frictional heating, which speeds up
the recombination rate. Therefore, they suggest
that the slowed patch motion within the polar cap
convection pattern is a major factor in determin-
ing whether the patch survives as a recognizable
density enhancement by the time the flux tubes
comprising the initial patch cross into the night-
side auroral oval.
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Figure 4: (a) Interplanetary magnetic field meas-
urements from ACE and (b) shows correspond-
ing clock angles on 19 December 2014. (c) shows
EISCAT Svalbard Radar (ESR) 32 m electron num-
ber density, and (d) and (e) show ESR 32m elec-
tron and ion temperatures, respectively. ESR meas-
ured at 30° elevation during this time period. Re-
lease times for patches 1, 2 and 3 are seen as ver-
tical, dashed lines and their density signatures are
circled. The poleward moving auroral forma are
labeled, and their start time is represented by a
black, tilted line.

Statistical comparison of electron pre-
cipitation during auroral breakups oc-
curring either near the open-closed field
line boundary or in the central part of the
auroral oval

Auroral electron precipitation during a substorm
exhibits complex spatiotemporal variations which
are still not fully understood, especially during
the very dynamic phase immediately following
the onset. Since during disturbed times, the au-
roral oval typically extends across several hun-
dreds of kilometres in the latitudinal direction, one
may expect that precipitating electron spectra dif-
fer at locations close to the open-closed field line
boundary (OCB) compared to the central part of
the auroral oval. Grandin et al. (2024) carry out
a statistical study based on 57 auroral breakups
associated with substorm onsets observed above
Tromse (66.7°N geomagnetic latitude, i.e. cent-
ral oval) and 25 onsets occurring above Svalbard
(75.4°N geomagnetic latitude (see Figure 5), i.e.
poleward boundary) between 2015 and 2022. The
events were selected based on the availability of
both optical observations and field-aligned inco-
herent scatter radar measurements. Those are two
sets of different substorms; hence, we compare



solar wind driving conditions and geomagnetic in-
dices for the two event lists in the statistical sense.
Using the ELectron SPECtrum (ELSPEC) method
(based on the inversion of the electron density pro-
file) on the radar data, Grandin et al. (2024) re-
trieve precipitating electron fluxes within 1keV
to 100keV around each onset time, and they ap-
ply the superposed epoch analysis method to the
electron spectra at each location. They compare
the statistical precipitation characteristics above
both sites in terms of the peak differential flux,
the energy of the peak, the integrated energy flux,
and their time evolution during the minutes fol-
lowing the onset. They find that the integrated
energy flux associated with events occurring in
the central part of the auroral oval (Tromse) ex-
hibit a sharp peak of up to 25mW m~2 in the first
2min following the auroral breakup before de-
creasing and maintaining stable values of around
7mWm2 for at least 20min. In turn, no initial
peak is seen near the open-closed field line bound-
ary (Svalbard), and values remain low through-
out ImWm=2 to 2mWm™). A comparison of
the median spectra indicates that the precipitating
flux of >10keV electrons is lower above Svalbard
than above Tromse by a factor of at least 10, which
may partly explain the differences. However, it
proves difficult to conclude whether the differ-
ences originate from the latitude at which the au-
roral breakup takes place or from the fact that the
breakups seen from Svalbard occur Equatorward
from the radar beam, which only sees expansion-
phase precipitation after a few minutes.

Influence of meteoric smoke particles
on the incoherent scatter measured with
EISCAT VHF

Meteoric ablation in the Earth’s atmosphere pro-
duces particles of nanometer size and larger.
These particles can become charged and influ-
ence the charge balance in the D region (60 km to
90km) and the incoherent scatter observed with
radar from there. Radar studies have shown
that, if enough dust particles are charged, they
can influence the received radar spectrum below
100km, provided the electron density is suffi-
ciently high (larger than 10°m™). Gunnarsdot-
tir et al. (2024) studied an observation made with
the EISCAT VHF radar on 9 January 2014 dur-
ing strong particle precipitation so that incoherent
scatter was observed down to almost 60 km alti-
tude. They found that the measured spectra were
too narrow in comparison to the calculated spec-
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Figure 5: Example of auroral breakup observed
above Svalbard on 7 December 2015. (a) Keo-
gram from the Sony camera in Longyearbyen. The
dashed white line indicates the elevation corres-
ponding to the local magnetic field direction, ie
the pointing direction of EISCAT Svalbard Radar
(ESR). (b) Electron density profile measured by
ESR. (c) Precipitating electron differential number
flux derived with the ELSPEC method from the
ESR measurements. The magenta line indicates the
optical emission brightness (arbitrary unit, linearly
scaled) within the ESR beam, ie along the dashed
white line in panel (a). The small light-grey dots
at the top of panel (b) indicate times with “valid”
data points retained in the superposed epoch ana-
lysis for this event.

tra. Adjusting the collision frequency provided
a better fit in the frequency range of +10Hz to
+30 Hz. However, this did not lead to the best fit in
all cases, especially not for the central part of the
spectra in the narrow frequency range of +10 Hz.
By including a negatively charged dust compon-
ent (see Figure 6), they obtained a better fit for
spectra observed at altitudes of 75km to 85km,
indicating that dust influences the incoherent-
scatter spectrum at D-region altitudes. The ob-
servations at lower altitudes were limited by the
small number of free electrons, and observations
at higher altitudes were limited by the height res-
olution of the observations. Inferred dust num-
ber densities range from a few particles up to
10* cm~3, and average sizes range from approxim-

10
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Figure 6: Derived number density (cm™) of negat-
ively charged dust needed to fit to measured spec-
trum, shown for the time and altitude ranges of the
observations.

ately 0.6nm to 1nm. They found an acceptable
agreement with the dust profiles calculated with
the WACCM-CARMA (Whole Atmosphere Com-
munity Climate Model-Community Aerosol Radi-
ation Model for Atmospheres) model. However,
these do not include charging, which is also based
on models.

Inferring neutral winds in the
ionospheric transition region from
atmospheric-gravity-wave  travelling-
ionospheric-disturbance (AGW-TID)
observations with the EISCAT VHF
radar and the Nordic Meteor Radar
Cluster

Atmospheric gravity waves and travelling iono-
spheric disturbances can be observed in the neut-
ral atmosphere and the ionosphere at a wide range
of spatial and temporal scales. Especially at me-
dium scales, these oscillations are often not re-
solved in general circulation models and are para-
meterised. Giinzkofer, Pokhotelov et al. (2023)
show that ionospheric disturbances forced by
upward-propagating atmospheric gravity waves
can be simultaneously observed with the EISCAT
very high frequency incoherent scatter radar and
the Nordic Meteor Radar Cluster. From combined
multi-static measurements, both vertical and ho-
rizontal wave parameters can be determined by
applying a specially developed Fourier filter ana-
lysis method. This method is demonstrated using
the example of a strongly pronounced wave mode
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Figure 7: (a) Fitted wave pattern with phase
lines (dashed). (b) Profiles of absolute vertical
wavelength and wave period for the red phase line.

that occurred during the EISCAT experiment on
7 July 2020. Leveraging the developed technique,
they show that the wave characteristics of trav-
elling ionospheric disturbances are notably im-
pacted by the fall transition of the mesosphere and
lower thermosphere. They also demonstrate the
application of using the determined wave para-
meters to infer the thermospheric neutral wind ve-
locities. Applying the dissipative anelastic grav-
ity wave dispersion relation, they obtain vertical
wind profiles in the lower thermosphere.

On the factors controlling the relation-
ship between type of pulsating aurora
and energy of pulsating auroral elec-
trons: Simultaneous observations by
Arase satellite, ground-based all-sky im-
agers and EISCAT radar

Pulsating Aurora (PsA) is one of the major
classes of diffuse aurora associated with precip-
itation of a few to a few tens of keV electrons
from the magnetosphere. Recent studies sugges-
ted that, during PsA, more energetic (ie, sub-
relativistic/relativistic) electrons precipitate into
the ionosphere at the same time. Those electrons
are considered to be scattered at the higher latit-
ude part of the magnetosphere by whistler-mode
chorus waves propagating away from the mag-
netic equator. However, there have been no ac-
tual cases of simultaneous observations of pre-
cipitating electrons causing PsA (PsA electrons)
and chorus waves propagating toward higher lat-
itudes; thus, we still do not quite well under-
stand under what conditions PsA electrons be-
come harder and precipitate to lower altitudes. To
address this question, Ito et al. (2024) have invest-
igated an extended interval of PsA on 12 Janu-
ary 2021, during which simultaneous observations
with the Arase satellite, ground-based all-sky im-
agers and the European Incoherent SCATter (EIS-



CAT) radar were conducted (see Figure 8). They
found that, when the PsA shape became patchy,
the PsA electron energy increased and Arase de-
tected intense chorus waves at magnetic latitudes
above 20°, indicating the propagation of chorus
waves up to higher latitudes along the field line.
A direct comparison between the irregularities of
the magnetospheric electron density and the emis-
sion intensity of PsA patches at the footprint of
the satellite suggests that the PsA morphology and
the energy of PsA electrons are determined by
the presence of “magnetospheric density ducts”,
which allow chorus waves to travel to higher latit-
udes and thereby precipitate more energetic elec-
trons.

Do the throat auroras create polar cap
patches?

Throat auroras and polar cap patches are common
phenomena in the polar ionosphere resulting from
magnetosphere-ionosphere coupling. D. Zhang et
al. (2023) reports from a campaign, with all-sky
imagers at Yellow River Station, the European In-
coherent Scatter Svalbard Radar, and coordinated
low-altitude spacecraft observations. During peri-
ods of radial interplanetary magnetic field (IMF),
observations showed that, as poleward moving
throat auroras faded around the polar cap bound-
ary, they linked to poleward moving ionization
patches (see Fiugure 9). The throat auroras were
produced by soft-electron precipitation associated
with dayside magnetic reconnection. The red line
emission intensity of throat auroras was correlated
with dayside reconnection events. Dense plasma
from lower latitudes was transported poleward
via enhanced convection in the throat auroras to
form patches. This is a potentially new formation
mechanism for patches associated with throat au-
roras and magnetic reconnection for radial IMF.
Moreover, the patches move anti-sunward due to

the E x B drift.

On mechanisms for high-frequency
pump-enhanced optical emissions at
557.7nm and 630.0nm from atomic
oxygen in the high-latitude F-region
ionosphere

Leyser et al. (2023) reported from an experiment
where the EISCAT (European Incoherent Scatter
Scientific Association) Heating facility was used
to transmit powerful high-frequency (HF) elec-
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Figure 8 Overview of the simultaneous ob-
servations during 02:00-04:40 UT on 12 January
2021, where four time periods were defined by
considering the transition of PsA morphology;
(A): 02:00-02:40 UT, (B): 02:40-03:30 UT, (C): 03:30-
04:15 UT, and (D): 04:15-04:40 UT. Magnetic Lat-
itude (MLAT) and R indicate the position of the
Arase satellite in the magnetosphere. (a—d) Repres-
entative all-sky images from the four time periods
respectively taken at 02:30:08, 03:10:00, 03:52:38,
and 04:23:51 UT with the Watec all-sky imager.
(e, f) Time-series of the optical intensity along the
south-to-north cross-section (keogram), including
the beam direction of EISCAT denoted by the hori-
zontal green line. (g) Altitude-time plot of the elec-
tron density (ionization profile) obtained from the
EISCAT radar. (h, i) Frequency-time diagrams of
electric and magnetic field’s power spectral dens-
ity observed by PWE/OFA on board Arase, where
the three horizontal yellow, red and blue curves
represent fe, 0.5fce and 0.1fce, at the magnetic
equator estimated by the TS05 model, respectively.

tromagnetic waves into the F-region ionosphere
to enhance optical emissions at 557.7nm and
630.0nm from atomic oxygen. The emissions were
imaged by several stations of ALIS (Auroral Large
Imaging System) in northern Sweden, and the
EISCAT UHF incoherent scatter radar was used
to obtain plasma parameter values. The ratio of
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Figure 9: (a) Electron density, (b and c) ion and
electron temperatures, and (d) ion line-of-sight ve-
locity observed by the EISCAT Svalbard Radar
(ESR) 32m. Positive velocities are away from the
radar. The dashed gray line highlights the termin-
ator location along the geomagnetic longitude of
Longyearbyen (~111°E) at 300km. (e and f) The
630.0nm YRS ASI overlaid with ESR 32m elec-
tron density observations plotted in magnetic local
time-magnetic latitude coordinates at 082330 UT
and 082620 UT. The black arrows with white bor-
ders highlight some fine-structures in the throat
auroras. The magenta circles highlight patch “IV”.

the 557.7nm to 630.0nm column emission rates
changed from Is577/Is300 =~ 0.2 for the HF pump
frequency fo = 6.200MHz ~ 4.6 f, to Iss77/Ils300 ~
0.5 when fy 5423 MHz < 4f,, where f,
is the ionospheric electron gyro frequency (see
Figure 10). The observations are interpreted in
terms of decreased electron heating efficiency and
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Figure 10: Temporal evolution of the pump-

enhanced column emission rates at 630.0nm (a)
and 557.7nm (b) after pump-on time at time t =
0s. The solid lines connect the data points shown
by markers (red * symbols for fo = 6.200 MHz and
blue + symbols for fo = 5.423 MHz). The dashed
lines are fits with observed emission growth times.

thereby weaker enhancement at 630.0 nm for fy =
5.423MHz < 4f.. The emissions at 557.7 nm are
attributed to electron acceleration by upper hybrid
waves of metre-scale wavelengths that can be ex-
cited with fo = 5.423 MHz < 4f..

Atmospheric ionizations by solar X-
Rays, solar protons, and radiation belt
electrons in September 2017 space
weather event

Energetic particles from space deposit their en-
ergies on the Earth’s atmosphere and contribute
to variations in the concentration of neutral com-
ponents such as ozone which controls the atmo-
spheric temperature balance. Comprehensive un-
derstandings of their global impact on the atmo-
sphere require whole pictures of spatiotemporal
ionization distributions due to them. Murase et al.
(2023) first attempted to evaluate and summarize
the altitude profiles of ionization for the Septem-
ber 2017 space weather event with cutting-edge
space-borne and ground-based observations of
different types of particle inputs. In early Septem-
ber 2017, the Sun showed notable activity, includ-
ing X-class flares and solar proton events. Dur-
ing this period, ground-based radar observations
have confirmed atmospheric ionization events by
energetic particle precipitations of solar flare X-
rays, solar protons, and radiation belt electrons,
the main sources of ionization into the Earth’s at-
mosphere. They estimated the altitude profiles of
the ionization rate by using the Particle and Heavy
Ion Transport code System (PHITS) with the in-
put of the particle fluxes obtained by satellites.
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Figure 11: Ground-based and satellite measure-
ments during two X-class solar flares on 6 Septem-
ber 2017. (a) Electron density by the EISCAT radar
at Tromse and (b) CNA at Syowa Station and (c) X-
ray fluxes by the GOES-15 satellite are shown. A
horizontal black line in panel (c) represents a flux
of 104 W/m?, and flares with fluxes exceeding this
at 0.1 nm to 0.8 nm are classified as X-class. Vertical
lines indicate two peaks of X-ray fluxes at 0910 UT
and 1202 UT.

The estimates are then compared with measure-
ments of the ionization altitude, ionization intens-
ity, and electron density by the radars in the po-
lar region, such as the PANSY radar at Syowa Sta-
tion and the EISCAT in Tromsg, Norway (see Fig-
ure 11). They concluded that the PHITS simula-
tion results reasonably reproduce (within the er-
ror of a factor of two) those ionizations measured
by ground-based instruments with inputs of ob-
served ionization sources by satellites.

Volumetric Reconstruction of Iono-
spheric Electric Currents From Tri-Static
Incoherent Scatter Radar Measurements

Reistad et al. (2024) presented a new technique
for the upcoming tri-static incoherent scatter radar
system EISCAT_3D (E3D) to perform a volumetric
reconstruction of the 3D ionospheric electric cur-
rent density vector field, focusing on the feasib-
ility of the E3D system. The input to their volu-
metric reconstruction technique are estimates of
the 3D current density perpendicular to the main
magnetic field, ]1, and its covariance, to be ob-
tained from E3D observations based on two main
assumptions: (a) Ions fully magnetized above the
E region, set to 200km here. (b) Electrons fully
magnetized above the base of the domain, set to
90km. In this way, jl estimates are obtained
without assumptions about the neutral wind field,
allowing it to be subsequently determined. The
volumetric reconstruction of the full 3D current
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Figure 12: Example of how the proposed volumet-
ric reconstruction technique performs shown on a
vertical north-south slice through the domain, and
two horizontal cuts at 102.5km and 355km alti-
tude. Top row: The ground truth that is sampled
from (GEMINI model with no noise). The three
columns show the r, 6, and ¢ components of the
full 3D current density vector. Bottom row: the
corresponding estimated values from the volumet-
ric reconstruction described above. Reconstruction
of the horizontal components is overall better than
the reconstruction of the radial component.

density is implemented as vertically coupled ho-
rizontal layers represented by Spherical Element-
ary Current Systems with a built-in current con-
tinuity constraint. They demonstrated that their
technique is able to retrieve the three dimensional
nature of the currents in their idealized setup,
taken from a simulation of an active auroral iono-
sphere using the Geospace Environment Model
of Ion-Neutral Interactions (GEMINI) (see Fig-
ure 12). The vertical current is typically less con-
strained than the horizontal, but they outlined
strategies for improvement by utilizing additional
data sources in the inversion. The ability to recon-
struct the neutral wind field perpendicular to the
magnetic field in the E region was demonstrated
to mostly be within +50ms™ in a limited region
above the radar system in their setup.

The first simultaneous spectroscopic and
monochromatic imaging observations of
short-wavelength infrared aurora of N
Meinel (0,0) band at 1.1 pm with incoher-
ent scatter radar

A study by Nishiyama et al. (2024) presents
a first simultaneous observation of Nj Meinel
(0,0) band (hereafter, NI (M)) aurora by cutting-
edge short-wavelength infrared imaging spec-
trograph (NIRAS-2) and monochromatic camera
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(NIRAC) installed at the Kjell Henriksen Obser-
vatory (78°N, 16°E). On January 21 2023, NJ (M)
intensification that is associated with a band-
shape aurora structure was observed by the
NIRAS-2 and the NIRAC having temporal resolu-
tions of 30 s and 205, respectively. In addition, the 0
European incoherent scatter Svalbard Radar also
observed electron density variations at the same
time (see Figure 13). Electron density measured at
altitude range from 100 km to 120 km shows sim-
ilar variations as of Nj (M) intensity, which im-
plies that a primary source of NJ (M)) emissions
is direct collisions of Ny by precipitating electrons
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to 10keV). However, the observation also demon- Yoz am o T
strated moderate correlations between N3 (M) in- orersatme

tensity and electron density above 140 km, which Figure 13: Summary plots for temporal evolution
implies that different N;r (M) generation process, of the observed N3 (M) with ionospheric vari-
N, charge exchange with O, may work up to near ations. (a) H-component of geomagnetic fields,

160 km and make a non-negligible contribution to (b) NJ (M) intensity observed by the NIRAS-2 and
N3 (M) emissions. This hypothesis would be veri- the NIRAC, (c) dynamic spectrum from 1065nm
fied with further radar observations or stereo ima-  to 1135nm obtained by the NIRAS-2, (d) electron
ging observations useful to estimate the vertical ~ density along the field line as functions of altitude
distribution of the emission layers. The N3 (M) is and time, and (e) electron density variations for
a very promising target wavelength for aurora ob- the fo(;:l; dlﬁerent altltude?balo(?g t}gle field line ob-
servation because the quality of sensors is highly served by the EISCAT Svalbard Radar.

expected to improve further and further. Continu-
ous observations with their new instruments will
undoubtedly provide an important information of
N3 (M) characteristics, for future missions of both
balloon-borne and satellite-borne imaging.

Ionospheric fireworks illuminate auroral
science

Sergienko et al. (2024) report that in March 2023,
reindeer out for an evening snack on the Scand-
inavian tundra, as well as other nighttime ob-
servers, saw an unusual display of bright purple

Sodankyle; Lapland Finland

23-03-2023 Thu 20:29:44

Figure 14: Barium clouds and auroral arcs are

and green clouds intersecting an auroral display seen in this still frame from a video shot from
in an otherwise clear sky (see Figure 14). Nature Sodankyld, Finland, with a digital camera at
provided the aurora, but the clouds were cour- 18:29:44 UTC, 155 after the last barium release of
tesy of a sounding rocket that released barium the Barium Release Optical and Radio rocket ex-
into the atmosphere to help reveal the electro-  periment on 23 March 2023. Neutral (red ovals)
dynamics near the aurora. The electrodynamics of ~ and ionized (white ovals) barium clouds as well as

auroral arcs are indicated in the annotated video

the auroral ionosphere give us important inform-
still. Credit: Starlapland /Samuli Korvanen

ation about space weather that can affect the op-
eration of satellites, power lines, and more. The
Barium Release Optical and Radio rocket (BROR)
was launched at 19:23 local time (18:23 UTC)
on 23 March 2023 from the Esrange Space Cen-
ter in northern Sweden. Observations of the tem during BROR provided the parameters of the
background ionosphere were collected with the ambient ionosphere, such as electron density and
European Incoherent Scatter (EISCAT) radar sys- electron and ion temperatures.
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Application of generalised-aurora com-
puted tomography to the EISCAT_3D
project

EISCAT_3D is a project to build a multi-site
phased-array incoherent scatter radar system in
northern Fenno-Scandinavia. Tanaka et al. (2024)
demonstrated via numerical simulation how use-
ful monochromatic images taken by a multi-point
imager network are for auroral research in the EIS-
CAT_3D project. They applied the generalised
aurora computed tomography (G-ACT) method
to modelled observational data from real instru-
ments, such as the Auroral Large Imaging System
(ALIS) and the EISCAT_3D radar (see Figure 15).
G-ACT is a method for reconstructing the three-
dimensional (3D) distribution of auroral emissions
and ionospheric electron density (corresponding
to the horizontal two-dimensional (2D) distribu-
tion of energy spectra of precipitating electrons)
from multi-instrument data. It is assumed that
the EISCAT_3D radar scans an area of 0.8° in geo-
graphic latitude and 3° in longitude at an altitude
of 130 km with 1010 beams from the radar core site
at Skibotn (69.35°N, 20.37°E). Two neighbouring
discrete arcs were assumed to appear in the ob-
servation region of the EISCAT_3D radar. The re-
construction results from G-ACT were compared
with those from the normal ACT as well as the
ionospheric electron density from the radar. It
was found that G-ACT can interpolate the iono-
spheric electron density at a much higher spatial
resolution than that observed by the EISCAT_3D
radar. Furthermore, the multiple arcs reconstruc-
ted by G-ACT are more precise than those by ACT.
In particular, underestimation of the ionospheric
electron density and precipitating electrons’ en-
ergy fluxes inside the arcs is significantly im-
proved by G-ACT including the EISCAT_3D data.
Even when the ACT reconstruction is difficult due
to the unsuitable locations of the imager sites re-
lative to the discrete arcs and/or a small number
of available images, G-ACT allows for obtaining
better reconstruction results.

The high latitude ionospheric response
to the major May 2024 geomagnetic
storm: a synoptic view

The high latitude ionospheric evolution of the
May 10-11, 2024, geomagnetic storm was invest-
igated by Themens et al. (2024) in terms of Total
Electron Content (TEC) and contextualized with
Incoherent Scatter Radar (ISR) and ionosonde ob-

16

1011
(a) — “10
9
8
7
6
170 - B §
£ 4
N 130
3
2
90 4
S 1
Y
0
Skibotn Kiruna Silkkimuotka
i
Tjautjas 5
4
3
2
1
0
Figure 15: (a) Modelled ionospheric electron

density data obtained by the EISCAT_3D radar.
(b) Modelled auroral images taken at five ALIS sta-
tions. Top and right of the images correspond to
the north-ward and west-ward directions, respect-
ively.

servations. Substantial plasma lifting was ob-
served within the initial storm enhanced dens-
ity plume with ionospheric peak heights increas-
ing by 150km to 300km, reaching levels of up
to 630km. Scintillation was observed within the
cusp during the initial expansion phase of the
storm, spreading across the auroral oval thereafter.
Patch transport into the polar cap produces broad
regions of scintillation that were rapidly cleared
from the region after a strong Interplanetary Mag-
netic Field (IMF) reversal at 223 UT. Strong heating
and composition changes resulted in the complete
absence of the F2-layer on the eleventh, suffocat-
ing high latitude convection from dense plasma
necessary for tongue of ionization and patch form-
ation, ultimately resulting in a suppression of po-
lar cap scintillation on the eleventh.
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Figure 16: The electron density over the EISCAT
Svalbard Radar (ESR) (A), over PFISR (B) for the
10-14 May with zoomed in periods between 17 UT
on May 10 and 02 UT on May 11 for ESR (C) and
PFISR (D). These show the disappearance of the F2
layer with plasma densities an order of magnitude
lower in the 11th compared to pre-storm condi-
tions.

The nature of electron density enhance-
ment over a wide altitude range during
ionosphere heating experiments at EIS-
CAT

During the course of ionospheric heating exper-
iments, researchers at the European Incoherent
Scatter Scientific Association (EISCAT) observed
an apparent electron density enhancement (see
Figure 17). The enhancement extended over a
wide range of altitudes, above the reflection alti-
tude of the high-frequency pump wave. However,
whether this enhancement actually corresponds to
a true enhancement in electron density remains
an open question. When the dispersion relation
of ion acoustic waves is followed, the frequency
ratio of the enhanced ion line to the background
ion line suggests that the profile of the effective
ion mass may have remained unchanged. Further-
more, the solar radio flux and ion drift velocity in-
dicate no significant changes in the ion species and
their densities. Hence, Wu et al. (2024) conclude
that the electron density enhancement observed at
EISCAT should not, in fact, be considered a true
enhancement.
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Figure 17: (a) Mean electron density; (b) mean elec-
tron temperature; (c) mean ratio of electron tem-
perature to ion temperature; and (d) mean ion
drift velocity measured in one Heating experiment.
Each enhanced (red) or background (blue) value is
the mean of the integration of the X mode pump
wave, over the final 60s of the on/off period, for
five cycles. Subplots (e), (f), (g), and (h) corres-
pond to (a), (b), (c), and (d), respectively, for an-
other Heating Experiment, and the description fol-
lows that of the first experiment but measured over
only three on/off cycles.
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EISCAT Operations 2023-2024

EISCAT Scientific Association operates three
radar systems (UHF, VHF and ESR) with trans-
mitters on two geographical locations, working in
three different radio frequency ranges.

The UHF (Ultra High Frequency) system oper-
ates at a frequency range around 929 MHz with a
transmitter and receiver on the Ramfjordmoen site
near Tromse. The antenna is a 32 m steerable para-
bolic dish. The lowest elevation that is allowed to
be used for radio transmissions from the UHF an-
tenna is 25°.

The VHF (Very High Frequency) system oper-
ates at a frequency range around 224 MHz with a
transmitter and receiver on the same site as the
UHF system (Ramfjordmoen near Tromse). The
antenna consists of four 30m x 40 m tiltable rect-
angular dishes. The VHF antenna is allowed to be
used for radio transmissions from the zenith dir-
ection, and northward down to 25°, No transmis-
sions are allowed in any southward direction.

The ESR (EISCAT Svalbard Radar) system oper-
ates at a frequency range around 500 MHz with a
transmitter and receiver at Longyearbyen on Sval-
bard. The system consists of two antennas: one
fully steerable 32 m parabolic dish, and one fixed
42 m parabolic dish pointing in the direction of the
local magnetic field. This set-up enables simultan-
eous measurements in two different directions.

The EISCAT radar systems operate in two basic
modes, using approximately half the available ob-
serving time for each. In the Special Programme
(SP) mode, users from EISCAT members countries
conduct individual campaigns dedicated to spe-
cific research objectives, with the resulting data re-
served for that user for some time. Common Pro-
grammes are conducted by EISCAT for the bene-
fit of the entire user community and the result-
ing data are immediately available to all EISCAT
members.

The UHF and VHF radars can be operated sim-
ultaneously during the Common Programme ex-
periments. Such observations offer comprehens-
ive data sets for atmospheric, ionospheric, and
magnetospheric studies.
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Common Programme One, CP-1

Common Programme One, CP-1, uses a fixed
transmitting antenna, pointing along the geomag-
netic field direction. CP-1 is capable of providing
results with very good time resolution and is suit-
able for the study of substorm phenomena, par-
ticularly auroral processes where conditions might
change rapidly. On longer time scales, CP-1 meas-
urements support studies of diurnal changes, such
as atmospheric tides, as well as seasonal and solar-
cycle variations.

Common Programme Two, CP-2

Common Programme Two, CP-2 does small an-
tenna scan. The scan uses three positions, vertical,
field-aligned and west (east), and a full scan takes
4min. One aim of the scan is to identify wave-like
phenomena with length and time scales compar-
able with, or larger than, the scan (a few tens of
kilometers and about ten minutes).

Common Programme Three, CP-3

Common Programme Three, CP-3, covers a 10°
latitudinal range in the F-region with a 16-position
scan up to 74°N in a 24min cycle. The observa-
tions are made in a plane defined by the magnetic
meridian through Tromse.ition scan that takes
24min. The main aim of CP-3 is the mapping of
ionospheric and electrodynamic parameters over
a broad latitude range.

Common Programme Four, CP-4

Common Programme Four, CP-4, covers geo-
graphic latitudes up to almost 80°N (77°N invari-
ant latitude) using a low elevation, with a possible
split-beam configuration. CP-4 is particularly suit-
able for studies of high latitude plasma convec-
tion and polar cap phenomena. However, with
the present one-beam configuration of the VHF
radar, CP-4 is run with either simultaneous UHF
and VHF radars, or with UHF only in a two posi-
tion scan taking 4 min.



Common Programme Six, CP-6

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 aero-
nomy of the mesosphere. Vertical antenna point-
ing is used.

Common Programme Seven, CP-7
Common Programme Seven, CP-7, probes high
altitudes and is particularly aimed at polar wind
studies. The present version, with only one of
the VHF klystrons running, is designed to cover
altitudes up to 1500 km vertically above Ramfjord-
moen.

Equivalent Common Programme modes are
available for the EISCAT Svalbard Radar.

Common Programme One, CP-1
CP-1 is directed along the local geomagnetic field
(81.6° inclination).

Common Programme Two, CP-2
CP-2 uses a two position scan with the 32m an-
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tenna, with the 42 m antenna measuring while the
32 m antenna is moving. The full scan takes 3 min.

Common Programme Three, CP-3

CP-3 is a 14 position elevation scan with south
beam swinging positions of the 32 m antenna, with
the 42m antenna measuring during the motion.
The full scan takes 24 min.

Common Programme Four, CP-4

CP-4 combines observations in the F-region (42m
antenna) with a two low-elevation direction scan
(32m antenna), which can be either northward or
southward. The full scan takes 4 min.

Common Programme Six, CP-6
CP-6 is similar to the mainland radar CP-6.

Common Programme Seven, CP-7
CP-7 is similar to the mainland radar CP-7.

The tables on the next four pages summarise the
accounted hours on the various facilities for each
month and for each Common Programme mode
(CP) or Associate (SP) for the years 2023 and 2024.



2023

KST COMMON PROGRAMMES

2023 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total %  [argetY
CP1 1.5] 37.5) 81 43 14 14 191 43 16
CP2 61 106 167 37 16
CP3 0f 0| 12]
CP4 3| 3| 1 10
CP6 17.5 4.5 62.5) 84.5) 19 20)
CP7 3 3] 1 18]
UP 0) 0]
Total 62.5 161 81 0 4.5 62.5) 0) 6] 43 0] 14 144 4485 10
% 14] 36 18 0| 14] 0 1 10| 0 3 3] 10
KST SPECIAL PROGRAMMES
2023 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total |Incl AA Move [Targe
CN 15 15] 17] 35
FI 6) 43 52.5 101.5 108 126
NI 9 37.5) 11] 14 73.5 78 86
NO 1.5] 0.5 56.5 2 24 18] 42 94.5 239 256 352
SW 5.5 52.5] 14 17] 2| 28] 14] 18] 151] 163] 247
UK 24 30 16] 22) 5.5) 97.5) 104] 133
AA 8 20| 12 g 4
Total 25.5) 21 219.5] 14 33| 22 4 52| 71.5] 38| 54] 171}  725.5 726| 0| 973
% A 3| 30) 2| 5| 3| 1 7| 10 5| 7| 24 10|
EI cN | FI | NI | NOo | sw [ UK
Target 3.64 12.92 8.83 36.21 25.38 13.7 o
KST OTHER PROGRAMMES
2023 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total | Target
PP 16| 42 58 58
EI 28]
GE 5.5 10.5] 19.5] 35.5) 27
FR 0) 0]
UA 0f 5
KR 0) 56]
US 0.5 0.5] 9|
TB
Total 0) 0| 21.5) 0| 0| 0 0 0 0 10.5) 19.5) 42.9 94 182}
KST TOTALS
2023} Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
CP| 62.5 161 81 0 4.5 62.5 0) 6] 43 0| 14] 14 448.5 45
SP| 25.5 21 219.5] 14] 33 22 4 52 71.5 38| 54] 171§ 725.5 973
OP)] 1) o) 21.5 0 0 0| 0| 0| 0| 10.5] 19.5] 42.5) 94 182
Totall 88 182 322 14] 37.5 84.5 4 58] 114.5] 48.5 87.5| 227.5 1268 1605]
USAGE BREAKDOWN
2023 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
UHF 75.5| 161.5( 289.5 14 25 9 97.5) 36.5 57| 166.5 932 705)
VHF 12 17.5 30 12.5] 75.5 4 58] 17.5] 0.5] 60 287.5 705
ESR 144] 162.5| 246.5 9 0 37 0| 0| 7.5) 1 48.5| 29 685 805)
Heating 0.5] 2.5 2.5 12.5] 29 0.5 47.5 135
Total Radar 232 344] 568.5 23 37.5 121.5 4 58| 122.5] 50) 135 256] 1952.5 2350]
Passive KST 4 4 30
Passive ESR 0
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2023

ESR COMMON PROGRAMMES

2023 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total % [argetY
CP1 63| 149.5| 163.5 2 2 1 43.5] 22§  446.5 93 54
CP2 0 0 16
CP3 0| 0| 12]
CP4 0| 0| 10]
CP6 2| 32 34 7|
CP7 0| 0|
UP 0 0]
Total 63| 149.5| 165.5 2 0 32 0| 0| 2 1 43.5] 228 480.5 100]
% 13| 31 34 0 0 7 0| 0| 0| 0| 9| 5) 10
ESR SPECIAL PROGRAMMES
2023 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total |Incl AA| Move |Targe
CN 0| 0| 0| 124
F1 36) 7] 43| 43| 0| 43
NI 14] 15 29 29 0 29
NO 5| 16| 1.5 5 27.5 28| 0 121§
SW 14 7| 5| 4 30 30 0 85)
UK 67| 8| 75 75 0| L |
AA
Total 81 13| 81 7| 0| 5| 0| 0 5.5] 0 5| A 204.5 205| ()l 333
% 40) [§ 40| 3 0 2 0 0 3 0| 2 3 10
ESR OTHER PROGRAMMES
2023 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
PP 0 0]
EI 0| 22
GE 0 0]
FR 0|
UA 0 0]
KR 0
TB 0| 0f
Total 0| [8) 0 0 0 0 0| 0| 0| 1) 1) 0f [ 224
ESR TOTALS
2023} Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
CP| 63] 149.5 165.5 2| 0| 32| 0 0 2 1 43.5] 224 480.5 450)
SP| 81 13 81 7 0| 5| 0 0 5.5] 0 5| A 204.5 333
OP} 0| 0| 0 0 0 0 0| 0| 0| 0| 0| 0| 22
Totall 144] 162.5] 246.5 9 0| 37 0 0 7.5) 1 48.5 29 685 805}
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KST COMMON PROGRAMMES

2024

2024 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec ) Total %  [arget?
CP1 124] 128.5 31.5 1.5 285.5] 81 16|
CP2 0f 0| 16]
CP3 0) 0 124
CP4 3| 1 1
CP6 3.5 30.5) 29 2 65| 18 20}
CP7 0) 0 18}
UP 0f
Total 0 124] 0 0] 0] 0| 0 6.5] 159 60.5 1.5 2]  353.5 100)
% 0| 35) 0| 0 0 0 0 45) 17 0| 1} 10
KST SPECIAL PROGRAMMES
2024 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total |Incl AA Move Targell
CN 15] 15] 18] 29
FI 24.5) 24 15] 400  103.5] 116 135
NI 46.5) 4 2 70.5 76) 62
NO 27| 12] 72 12| 19.5) 56 198.5] 230 325
SW 50] 54 16] 38.5) 46.5) 4 209 228 199
UK 48] 10] 20 27.5) 12 4 20 0f 141.5 152] 108
AA 14] 16] 16.5 22.5) 13 8
Total 62 66| 152] 22 36| 38.5) 99.5) 82.5) 4 48.5 80| 129 820) 820( o 85
% 3| 3| 19 3| 4 5) 12] 10) 0 6 10| 16 IOd
EI cN | FI | NI | NOo | sw | UK
Target 3.39 15.75 7.28 37.87 23.14 12.57 %
KST OTHER PROGRAMMES
2024 J an Feb M_ar Apr I\Ev J un Jul_ ﬂg Sept Oct Nov Dec Totil Target
PP 10| 12.5) 11] 33.5] 112]
TNA 5] 8 13|
EI 1 1 28
DLR [§ 14] 20) 31
UKSA 8| 24 32 70)
UA 0f
KR 47| 47| 0]
INEURA 9| 9
METI 4 0) 9|
TB 0) 0]
| Total 4] 0f [§ 0 0 18 0| 5 8| 10| 97.5] 110 155.5 2491
KST TOTALS
2024 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
CP| 0| 124 0| 0 0 0 0| 6.5) 159 60.5) 1.5 2} 353.5 522
SP| 62 66 152] 22 36 38.5 99.5 82.5 4 48.5 80 129 820 858
OP] 4| 0| [§ 0 0 18 0 5 8| 10 97.5) 11§ 159.5 249
Totall 66 190 158 22 36 56.5 99.5] 94 171 119 179 142 1333 1629
USAGE BREAKDOWN
2024 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
UHF 42 162| 106.5] 17 18 35 36 28 167 72|  168.5] 77.5 929.5 750]
VHF 24.5) 0| 24 5 18 22 64 63.5) 4] 46.5 10.5 64.50 346.5 75
ESR 42.5 166 13 1.5] 112 11 0 35.5] 146 0 0 0] 527.5 984}
Heating 28| 28 2| 58 129
Total Radar 109 356] 171.5) 23.5 148 68 100 129 317] 118.5] 179 142§ 1861.5| 2613
Passive KST 0 0f
Passive ESR 0|
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2024

ESR COMMON PROGRAMMES

2024 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total % [Target¥%
CP1 147.5] 2| 1.5 96| 3 6 146 402 100
CP2 0 0 0)
CP3 0| 0|
CP4 0| 0| 0f
CP6 0 0
CP7 0| 0|
UP 0 0]
Total 0] 147.5 2 1.5 96 3 0| 6 146 0| 0| L 402] 100]
% 0| 37| 0| 0 24 1 0| 1 36 0| 0| 0f 10
ESR SPECIAL PROGRAMMES
2024 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total |Incl AA| Move Targetl
CN 0| 0| 0| 14
F1 0| 0| 0| 67
NI 7| 7| 7| 0 31
NO 18.5 4 2 24.5) 25) of 161]
SW 8| 8| 16| 16 0 98]
UK 24| 4] 28| 28] 0| 53
AA
Total 24 18.5] 11 0| 8| 8| 0| 6] 0 0 0 0) 75.5 76| ()l 424
% 32 25) 15) 0 11 11 0 8| 0) 0| 0| 10
ESR OTHER PROGRAMMES
2024 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
PP 18.5] 23.5 42 88
TNA 8 8|
EI 0 22
DLR 0
UKSA 0 0]
UA 0|
KR 0 54
TB 0| 0f
Total 18.5 0| 0| 0 8 0 0 23.5) 0) 0| 0| 50| 164
ESR TOTALS
20244 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total | Target
CP 0 147.5 2| 1.5 96 3] 0 6] 146 0 0 0) 402 396
SPH] 24 18.5 11] 0 8 8 0) 6 0) 0) 0| 75.5) 424
OP] 18.5] 0 0 0| 8| 0| 0| 23.5 0 0 0 0) 50 164]
Totall 42.5) 166) 13| 1.5 112] 11 0 35.5) 146 0| 0| 527.5] 984}
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Photo from the Annual Review Meeting, 18-19 October 2023, at Cape East in Haparanda, Sweden. From
left: Axel Steuwer, Carl-Fredrik Enell, Robert Juhlin, Maria Mihdlikov4d, Tutti Johansson Falk, Stian Grande,
Juri Katkalov, Anders Tjulin, Henrik Andersson, Elisabet Goth, Magnus Thorebiack, Espen Helgesen, Thomas
Ulich, Simon Brown, Emma Unander, Arild Stenberg, Trond Sandmo, Erik Varberg, Jussi Markkanen, Assar
Westman, David Rutberg, Harri Hellgren, Johan Svensson.
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The EISCAT Council and the Director for the Association submits herewith the annual report
for 2023.
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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 People’s Republic of China in 2007.

The EISCAT Associates at 2023-12-31 are: China Research Institute of Radiowave Propagation
(People’s Republic of China), National Institute of Polar Research (Japan), Norges
forskningsrad (Norway), Suomen Akatemia (Finland), UK Research and Innovation (United
Kingdom of Great Britain and Northern Ireland) and Vetenskapsradet (Sweden).

The now-running EISCAT Agreement came into force 2017-06-20, 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 geospace, in the high latitude atmosphere, and in the coupling between the high
and low latitudes and altitudes. 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 Tromsg (Norway), Kiruna (Sweden), Sodankylda (Finland), and
Longyearbyen (Svalbard). The new system, EISCAT_3D, is currently being constructed.

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 systems operated reliably throughout the year and 1 957 hours were
accounted in 2023 (2 007 hours in 2022).

Common Programmes amounted to 47.5% (38%) of the operations. Special Programmes
amounted to 47.5% (52%) and other operations amounted to 5% (10%) of the total hours.

The German Affiliate made use of their access to the systems and totally 58 hours (140 hours)
were accounted the affiliates. The Peer-Review Programme (PP) made it possible for user
groups from Finland and USA to run experiments, at no cost, on the systems. PP-time
amounted to 40 accounted hours (36 hours). The Transnational Access (TNA) project, PITHIA-
NRF, did not fund any campaigns in 2023. Totally 0 hours (18 hours) were TNA-hours.

37




EISCAT Scientific Association, 897300-2549

Future operation and scientific development

The current EISCAT systems are ready for users. These include the EISCAT Svalbard Radar,
Heating and the UHF and VHF radars. Due to system failures, the tristatic VHF mode had to be
cancelled in 2023. The two VHF receive sites in Finland and Sweden will be decommissioned
in 2024. Tristatic, or rather multistatic, operations will again be possible when the new
EISCAT_3D system is taken in use.

The EISCAT_3D radar system is soon to be completed. It will replace the current UHF and VHF
radar systems. We plan for a first-light measurement mid-2024 and full operations in 2025.

The old mainland UHF and VHF radar systems, which will be replaced by the new EISCAT_3D
system, will be decommissioned soon after the new system is operational.

Project activities

In 2023, two of the externally EU-funded projects came to a close; EGI-ACE and ENVRI-FAIR.
PITHIA-NRF continues into 2025. Two new EU-funded projects start in 2024, ARC-TREE and
INPROCAP. The EISCAT involvement in the two new projects are very small.

EISCAT_3D project

Most of the needed infrastructure for EISCAT_3D Stage 1 (E3DS1) was completed by the end
of year. There are still few minor installations pending but the focus for 2024 is to install the
radar electronics and later add the computer cluster needed for full scale data processing.
Since Council decided to change the legal structure of the Association in the near future, it
was also agreed that the process will be simpler if EISCAT_3D is kept as construction project
until formally transferred into the EISCAT company.

The work of the Council and its committees

The EISCAT Council had two regular meetings and an extraordinary one in 2023. The first
meeting in the year was a follow-on to the UK/hybrid autumn 2022 meeting. The regular
spring meeting was a hybrid meeting with most members present in Skibotn and Tromsg,
Norway. The regular autumn meeting was also held as hybrid with some members present in
Qingdao, P. R. of China.

In the extraordinary meeting, the EISCAT Council committed to transfer all of the Association’s
assets, operations, and commitments to a Swedish limited liability company to be owned by
the three host countries, Finland, Norway, and Sweden. The transfer is expected to happen in
2024. Sweden is taking the lead on detailing all necessary steps, legalities, etc.

The regular Council meetings during the year handled usual matters but also served as a forum
for continued discussions about the future EISCAT company. The Council committees, the
Administrative and Finance Committee (AFC) and the Scientific Advisory Committee (SAC)
both had two hybrid meetings each during the year.

Budget development during the year

The 2023 operations ended below the budgeted target. One reason for the reduced
operations was the problem with an antenna-gearbox on Svalbard which meant that
experiments using different pointing directions could not be performed. A new gearbox was

38




EISCAT Scientific Association, 897300-2549

ordered and has now arrived on Svalbard. Less operations meant reduced costs but funding
from the Associates and Affiliates became less than planned. Reason being that one Associate
had planned a funding increase for 2023, provided EISCAT_3D would be operational. Since
that did not happen, the increase was not possible. This had also an effect on the EISCAT_3D
finances, which needed to be adjusted to handle the reduced funding. In summary, the year
ended in a balanced result.

The long-term budget plan

Since it is assumed that 2024 will be the last year for EISCAT Scientific Association, no long-
term planning has been done. The budgeting and long-term planning for the EISCAT company
will be handled by the new board and management.

The result for 2023 and profit/loss handling
The year ended in a balanced result.
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PROFIT AND LOSS ACCOUNTS
in thousands of Swedish Crowns

Income from operations
Grants received

Revenue from operations
Other income from operations

Expenses from operations
Operation costs
Administration costs
Personnel costs
Depreciation of fixed assets

Operating profit/loss

Financial items
Interest income
Other financial income and cost

Other items
Income from sold inventory

Net profit/loss for the year

Changes in designated funds

Net profit/loss for the year

Use of designated investment funds
Use of other designated funds

Allocation of unused designated investment and other funds

Net profit/loss for the year after redistributions

Note 1 2023 2022
Note 2 139 726 157 694
Note 3 0 0
Note 4 164 83
139 890 157 778
Note 5 -8 500 -17 541
-3265 -3002
Note 6 -28 357 -29 581
-7 439 -8720
-47 562 -58 843
92 328 98 935
3530 1442
168 -1 695
3699 -253
11 37
96 037 98 718

Note 7
96 037 98 718
-70 583 -75 099
-247 -1 002
-25 207 -22 116
0 501
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BALANCE SHEET
in thousands of Swedish Crowns

ASSETS
Fixed assets

Tangible fixed assets
Buildings

Radar systems
Equipment and tools

Current assets

Receivables

Prepayments and accrued income
Cash at bank and in hand

Total assets
CAPITAL AND LIABILITIES
Capital

Funds invested
Designated funds

Note 8

Note 9
Note 10

Note 11
Note 12

Net income for the year after redistribution

Current liabilities
Accounts payable, trade

EISCAT_3D build grants received but not used Note 13
External project grants received but not used Note 14

Other liabilities

Total capital and liabilities

2023 2022
104 357 84 976
317907 268 551

4374 2538
426 638 356 065

10 248 4394

2555 4434
139 166 232 988
151969 241 816
578 607 597 881
426 638 356 065

81559 76 452
0 501

508 197 433018
7 400 33 682
59 345 125 395
1743 4416
1921 1371
70410 164 863
578 607 597 881
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STATEMENT OF CASH FLOWS
in thousands of Swedish Crowns

2023 2022
Operating activities
Operating result before financial items 92 328 98 935
Depreciation of fixed assets 7 439 8720
Interest received 3530 1442
Financial income and cost 168 -1695
Other income and cost 11 37
Increase/decrease of receivables -5 854 -2 425
Increase/decrease of prepayments and accrued income 1879 -1425
Increase/decrease of creditors and liabilities -94 453 -99 028
Adjustment for items not included in cash flow -20 848 -16 067
Cash flow from operations -15 800 -11 507
Investment activities
Investments in tangible assets -78 022 -83 819
Cash flow from investment activities -78 022 -83 819
Cash flow for the year -93 822 -95 326
Liquid assets at the beginning of the year 232988 328 314
Liquid assets at the end of the year 139 166 232988

42




EISCAT Scientific Association, 897300-2549

NOTES 2023 2022

Note 1 Accounting principles

The accounting and valuation principles applied are consistent with the
provisions of the Swedish Annual Accounts Act and generally accepted
accounting principles (for 2017 onwards, bokféringsndmnden allménna
rad och végledningar, BFNAR 2012:1 K3).

All amounts are in thousands of Swedish kronor (SEK) unless otherwise
stated.

Income

Received grants are reported as income in the period when they were
claimed or received. Conditional grants are recognised as income when
the associated conditions have been met. Income and revenue from
operations, which include own-account funds, are reported as income
when they were claimed or received. Grants and other income in
foreign currencies have been accounted in the amounts estimated to be
received, based on individual assessment.

Employee benefits

Ongoing remuneration to employees, either direct employed or
provided via host agreements, in the form of salaries, social security,
contributions to pension schemes and staff related insurances are
accounted as personnel costs. Other remunerations, in cash, like travel
subsistences or as benefits in-kind, like clothing, training and health care
are also accounted as personnel costs. Overhead cost on host provided
personnel is considered as external services accounted as
administration cost.

Financial income
Dividends and interest income are accounted when credited the
account.

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 - 30
years and Equipment and tools 1 - 5 years.

Note 2 Grants received

The Associates contributed to the operation during the year in
accordance with the EISCAT agreement and later additions. The
Affiliates contributed according to agreed annual commitments. Income
from European Commission (EC) funded projects were also accounted
as received grants. The E3DS1 project started 2017-09-01 and the
resulting projects costs were covered by the Associates (see Note 13)
and other funds. Received project grants from the Associates are first
accounted as prefinancing. Project costs are thereafter covered by
withdrawals from prefinancing and at that time accounted as income
from operations.

2023 2022
Associates 40814 40 874
Affiliates 1403 1585
Project grants, EC 2804 3853
Project grant, E3DS1 94 705 111 382

139726 157 694

Accumulated Associate contributions status as of 2023-12-31

Annual contributions included and for 2023, Finland, Japan (in-kind) and
Norway were credited for providing E3DS1 project-related funds. These
sums are used for EISCATs ownership and time-share calculation

Associate P. R. of China 62162 57710
Associate Finland 208 070 173 587
Associate Japan 129104 126 684
Associate Norway 463 963 416 481
Associate Sweden 328937 317597
Associate UK 323304 320 465
Previous Associates 382168 382 168

1897708 1794691

Note 3 Revenue from operations

The Association can, at rates related to the costs involved and as
available, sell observation hours to Associates, Affiliates and other
parties. Income from such selling of time are considered to be revenue.
In 2023, no time-buyers used the systems.

Income from time-buyers 0 0

Note 4 Other income from operations

The Association supports visiting users by offering site accommodation
and equipment hosting for either campaign brought instruments or for
longer deployments. Educational support is done by providing teachers
and/or other resources (like laboratory support).

Accommodation 107 33
Instrument hosting agreements 21 21
Educational support 23 23
Other income 14 7
T~ 164 83

Note 5 Operations

The operating target for 2023 was 2 250 hours and the outcome
became 1 952 hours. Passive hours come in addition. Such hours have a
minimal effect on cost since the systems do not draw more electricity
than in an off mode. Accounted hours are usually lower than the sum of
operating hours since some systems have a charge rate that is less than
1-to-1.

Active hours (high-power), per system Hours Hours
EISCAT Svalbard Radar 685 637
UHF system 932 896
VHF system 288 384
Heating system 48 49
T 1952 1966
Passive hours (receive only)
UHF system 4 0
Kiruna receiver system 0 132
Sodankyld receiver system 0 132
4 264
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2023 2022
Accounted hours Hours Hours
Common programmes 929 768
Special programmes 930 1046
Other hours 98 194
1957 2007

Distribution of special programme hours between Associate:

Associate P. R. of China 15 59
Associate Finland 145 153
Associate Japan 103 123
Associate Norway 267 254
Associate Sweden 181 208
Associate UK 173 153
All Associates, AA-runs 48 96

930 1046

Distribution, other hours

Affiliates 58 140
EISCAT staff and tests 0 0
Peer-reviewed and TNA campaigns 40 54
Timebuyers 0 0

T 98 194

Note 6 Personnel costs and average number of employees

The Association employs directly Headquarters and most project staff,
currently about 18 positions, including the Director. The Headquarters is
located in Kiruna, Sweden. The personnel working at the Kiruna
(Sweden), Sodankyla (Finland), Svalbard and Tromsg (Norway) sites are
normally not employed by the Association. Instead, the personnel are
provided via site contracts by the Swedish Institute of Space Physics
(Kiruna site staff but currently none), Oulu University (Sodankyla staff)
and the Arctic University of Norway (Tromsg and Svalbard staff). The
Association refunds all expenses related to the provided staff, as well as
an additional overhead.

Personnel costs in totai

Salaries and emoluments paid to the Director 1647 2418
Other personnel, employed and provided

via site contracts 17 466 17553
Social security contributions amounted tc 8676 9064
of which for pension costs 4068 4318
Other personnel costs 568 546

The current Director is Dr. Axel Steuwer. He assumed the role as
Director 2023-01-01. His employment is for initially five years.

Of the pension costs, 294 kSEK (373 kSEK) relates to the Director. The
Director and all other directly employed staff are included in individual
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 and Affiliates, do not receive
remunerations from the Association. Travel expenses in connection with
Council and committee meetings are normally covered by the
Associates and Affiliates. The Association reimburses though the travel
costs for Committee Chairpersons and external members.

2023 2022

Salaries and emoluments and average number of staff per country

Finland
Salaries and emoluments 620 718
Average number of staff - men and women 1+0 1+0

Norway (including Svalbard)

Salaries and emoluments 4425 4612
Average number of staff - men and women 6+0 7+0
Sweden

Salaries and emoluments 14 067 14 641
Average number of staff - men and women 14+4 15+4

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.

Board members (EISCAT Council) 10+4 11+3
Directors 1+0 1+0

Note 7 Changes in designated funds
Positive numbers - use of designated funds. Negative - transfer to the
designated reserves or funds for later use.

Net profit/loss for the year 96 037 98 718
Transfers between regular EISCAT and EISCAT_3D
construction project -20 848 -16 067

Changes to capital operating reserve -231 -100

Changes to decommissioning fund -2484 -2651

Changes to E3D construction reserve -3182 -3397

Changes to five-year operating reserve 1306 0

Changes to funds invested -70583 -75099

Changes to spare parts reserve -16 -15

Changes to surplus fund 0 -887
— 0 so1

Note 8 Tangible fixed assets

Changes in tangible fixed assets.

Buildings

Opening acquisition value 127 135 115783

Acquisitions during the year 19 885 11353

Disposals during the year -10 0

Closing acquisition value 147 010 127135
Opening accumulated depreciation -42 160 -41 668
Depreciations during the year -494 -491
Disposals during the year 0 0
Closing accumulated depreciation -42 653 -42 160
Closing residual value 104 357 84976
Radar systems

Opening acquisition value 547 611 476 572
Acquisitions during the year 55269 71039
Disposals during the year 0 0
Closing acquisition value 602 880 547 611
Opening accumulated depreciation -279061 -271830
Depreciations during the year -5913 -7231
Disposals during the year 0 0
Closing accumulated depreciation -284974  -279 061
Closing residual value 317907 268 551
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2023 2022
Equipment and tools
Opening acquisition value 37424 36557
Acquisitions during the year 2 868 1427

Disposals during the year -7 -559

Closing acquisition value 40 285 37424
Opening accumulated depreciation -34 886 -34 448
Depreciations during the year -1032 -997
Disposals during the year 7 559
Closing accumulated depreciation -35911 -34 886
Closing residual value 4374 2538
Sum tangible fixed assets 426 638 356 065

Note 9 Prepayments and accrued income

Resources in staff and direct costs spent in ongoing externally funded
projects are covered by accrued income until settled by submission of
periodic report claims. In 2023, both EGI-ACE and ENVRI-FAIR had final
report claims.

Prepaid rents 4 9
Prepaid insurances 355 1107
Accrued income, EGI-ACE project 0 245
Accrued income, ENVRI-FAIR project 0 1488
Accrued income, PITHIA-NRF project 1673 342
Accrued income, other projects 128 24
Other items 394 1220

2555 4434

Note 10 Bank balances status

Nordea 139 166 232988
Cash in hand 0 0
T 139166 232988

Note 11 Funds invested status

Buildings 104 357 84976

Radar Systems 317907 268 551

Equipment and Tools 4374 2538
426638 356 065

Note 12 Designated funds

The designated funds are divided into funds and reserves. The Surplus
fund and Five-year operating reserve are used for budget transfers
between periods in the five years plan. The other funds are earmarked
for specific purposes. The 2022 net profit was added to the surplus
fund.

Capital operating reserve 3485 3254
E3D construction reserve 18 365 15183
Decommissioning fund 14 333 11 850

Equipment repair fund 754 754

Five-year operating reserve 14194 15500
Investment fund 7753 7753
Restructuring reserve 4101 4101

Spare parts reserve 111 95
Surplus fund 18 463 17 962
81559 76 452

Note 13 E/SCAT_3D build grants received but not usea

The construction project, E3DS1, started 2017-09-01 and the
completion of the first phase, Stage 1, is delayed. Most of the
construction works were completed in 2023, but some remain and
radar electronics will only be installed in 2024.

-10 -

2023 2022

Most Associates have committed to its realisation. An E3DS1 specific
funding payment was received from Japan in 2023 and a transfer from
the regular budget to the construction project was done, though less
than planned. Associate funds are kept as prefinancing until used in the
project. Funds spent are deducted from the different funding sources in
accordance with the agreed funding plan.

Changes in EISCAT_3D build grants received but not usec

Associate Finland

Opening balance 43 009 62 567
Received during the year 0 0
Used during the year -16 981 -19 557
Closing balance 26 028 43 009
Associate Japan

Opening balance 10214 16 367
Received during the year 2585 1108
Used during the year 0 -7 261
Closing balance 12799 10214
Associate Norway

Opening balance 36753 110432

Received during the year 0 0

Used during the year -35629 -73 679
Closing balance 1124 36753
Associate Sweden

Opening balance 0 10 884
Received during the year 0 0
Used during the year 0 -10 834
Closing balance 0 0
Regular EISCAT

Opening balance 16 263 0
Received during the year 18 072 16 263
Used during the year -33155 0
Closing balance 1179 16 263
E3DS1 project finances, gains/losses

Opening balance 9364 9560
Changes during the year 2776 -196
Closing balance 12 141 9364
Local taxes Sweden contribution

Opening balance 9792 22073

Received during the year 0 0

Used during the year -3718 -12 281
Closing balance 6074 9792
Sum EISCAT_3D received build grants 59 345 125 395

Note 14 External project grants received but not usea

Most externally funded projects work with prefinancing. For European
Commission projects, these are in EUR's. The prefinancing is used to
cover reported and approved costs. The EGI-ACE and ENVRI-FAIR
projects will be financially closed in 2024.

EGI-ACE H2020 prefinancing -249 -42
ENVRI-FAIR H2020 prefinancing -1294 1169
PITHIA-NRF H2020 prefinancing 3285 3289

1743 4416
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The EISCAT Scientific Association submits herewith the annual report for 2024.
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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 People’s Republic of China in 2007.

The EISCAT Associates at 2024-12-31 are: China Research Institute of Radiowave Propagation
(People’s Republic of China), National Institute of Polar Research (Japan), Norges
forskningsrad (Norway), Suomen Akatemia (Finland), UK Research and Innovation (United
Kingdom of Great Britain and Northern Ireland) and Vetenskapsradet (Sweden).

The now-running EISCAT Agreement came into force 2017-06-20, 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 geospace, in the high latitude atmosphere, and in the coupling between the high
and low latitudes and altitudes. 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 Tromsg (Norway), Kiruna (Sweden), Sodankyld (Finland), and
Longyearbyen (Svalbard). The new system, EISCAT_3D, is currently being constructed.

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.

Operation and scientific development
The EISCAT radar systems operated 1 862 hours in 2024 (1 957 hours in 2023).

Common Programmes amounted to 41% (47.5%) of the operations. Special Programmes
amounted to 48% (47.5%) and other operations amounted to 11% (5%) of the total hours.

Affiliates from Germany, Portugal, South Korea, United Kingdom and USA made use of their
access to the systems and totally 112 hours (58 hours) were accounted the affiliates. The Peer-
Review Programme (PP) made it possible for user groups from Japan, United Kingdom and
USA to run experiments, at no cost, on the systems. PP-time amounted to 76 accounted hours
(40 hours). Transnational Access (TNA) project, PITHIA-NRF, funded campaigns in 2024
totalled 21 hours (0 hours).

Future operations and developments

With the already agreed change to a new organisational structure, EISCAT AB, 2024 was the
last year of EISCAT Scientific Association operations. From 2025, all assets, developments, and
operations are the responsibility of the new company.

49




EISCAT Scientific Association, 897300-2549

The work of the Council and its committees

On 27 November 2024, the EISCAT Council Chairperson of the Association signed the Asset
Transfer Agreement between EISCAT Scientific Association and EISCAT AB stating that EISCAT
Scientific Association undertakes to transfer to EISCAT AB at Closing, all rights, title, and
interest in and to the EISCAT Association's property and assets, both tangible and intangible,
that are owned, leased, held, or used (or intended for use) by the EISCAT Scientific Association
on the Closing Date and that, directly or indirectly, relate to EISCAT (collectively, the “Acquired
Assets"). EISCAT AB undertakes to assume from the EISCAT Association at Closing all such
rights, title, and interest in or to the Acquired Assets.

The Closing Date was set to take place at the close of business on 2024-12-31. For the
avoidance of doubt, the day on which EISCAT AB shall take possession shall be 2025-01-01.

Regarding activities in 2024: The EISCAT Council had two regular meetings and an
extraordinary one in 2024. The regular spring meeting was held in June 2024 as an in-person
meeting in Tokyo, Japan. An extraordinary meeting then followed in September 2024 and a
final in-person meeting was held at Vetenskapsradet, in Stockholm, Sweden, November 2024.
The November meeting was the final ordinary Council meeting of the Association. The needed
final closure meeting of EISCAT Scientific Association will be held as a letter exchange session
in spring 2025. The Council committees, the Administrative and Finance Committee (AFC) and
the Scientific Advisory Committee (SAC) had also meetings during the year.

Budget development during the year

The 2024 operations ended below the budgeted target. Both the mainland radars and the
EISCAT Svalbard Radar suffered from technical issues resulting in less operations than
planned. The planned operating hours target was 2 618 hours, but the systems ran only 1 862
hours. The technical issues are mostly solved now. Less operations allowed staff to spend time
on system improvements and more preventive maintenance works, including system tuning.
In summary the year ended in a balanced result.

The long-term budget plan

Since 2024 was the last year for EISCAT Scientific Association, no long-term planning has been
done. The budgeting and long-term planning for EISCAT AB is now handled by the company
board and management.

The result for 2024 and profit/loss handling
The year ended in a balanced result.
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PROFIT AND LOSS ACCOUNTS
in thousands of Swedish Crowns

Income from operations
Grants received

Revenue from operations
Other income from operations

Expenses from operations
Operation costs
Administration costs
Personnel costs
Depreciation of fixed assets

Operating profit/loss

Financial items
Interest income
Other financial income and cost

Other items
Income from sold inventory

Net profit/loss for the year

Changes in designated funds

Net profit/loss for the year

Use of designated investment funds
Use of other designated funds

Allocation of unused designated investment and other funds
Net profit/loss for the year after redistributions

Note 1

Note 2

Note 3

Note 4

Note 5

Note 6

Note 7

2024 2023
65 138 139726
0 0

126 164

65 264 139 890
-10 896 -8 500
-3068 -3 265
-29 398 -28 357
-6 729 -7 439
-50 090 -47 562
15173 92328
3255 3530
4787 168

8 042 3699
242 11

23 457 96 037
23 457 96 037
-2 551 -70 583
-2 858 -247
-18 049 -25 207
0 -0
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BALANCE SHEET
in thousands of Swedish Crowns

ASSETS

Fixed assets

Tangible fixed assets Note 8
Buildings

Radar systems
Equipment and tools

Current assets

Receivables
Prepayments and accrued income Note 9
Cash at bank and in hand Note 10

Total assets

CAPITAL AND LIABILITIES

Capital
Funds invested Note 11
Designated funds Note 12

Net income for the year after redistribution

Current liabilities

Accounts payable, trade

EISCAT_3D build grants received but not used Note 13
External project grants received but not used Note 14
Other liabilities

Total capital and liabilities

2024 2023
111141 104 357
313 462 317 907

4 581 4374
429 184 426 638

3781 10 248

1573 2555
197 559 139 166
202913 151 969
632 097 578 607
429 184 426 638

80 332 81559
0 0

509 516 508 197
10 736 7400
104 702 59 345

3984 1743

3159 1921
122581 70410
632 097 578 607
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STATEMENT OF CASH FLOWS
in thousands of Swedish Crowns

2024 2023
Operating activities
Operating result before financial items 15173 92328
Depreciation of fixed assets 6729 7439
Interest received 3255 3530
Financial income and cost 4787 168
Other income and cost 242 11
Increase/decrease of receivables 6 467 -5 854
Increase/decrease of prepayments and accrued income 982 1879
Increase/decrease of creditors and liabilities 52171 -94 453
Adjustment for items not included in cash flow -22134 -20 848
Cash flow from operations 67 672 -15 800
Investment activities
Investments in tangible assets -9 279 -78 022
Cash flow from investment activities -9 279 -78 022
Cash flow for the year 58 393 -93 822
Liquid assets at the beginning of the year 139 166 232988
Liquid assets at the end of the year 197 559 139 166
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NOTES 2024 2023

Note 1 Accounting principles

The accounting and valuation principles applied are consistent with the
provisions of the Swedish Annual Accounts Act and generally accepted
accounting principles (for 2017 onwards, bokféringsnamnden allménna
rdd och végledningar, BFNAR 2012:1 K3).

All amounts are in thousands of Swedish kronor (SEK) unless otherwise
stated.

Income

Received grants are reported as income in the period when they were
claimed or received. Conditional grants are recognised as income when
the associated conditions have been met. Income and revenue from
operations, which include own-account funds, are reported as income
when they were claimed or received. Grants and other income in
foreign currencies have been accounted in the amounts estimated to be
received, based on individual assessment.

Employee benefits

Ongoing remuneration to employees, either direct employed or
provided via host agreements, in the form of salaries, social security,
contributions to pension schemes and staff related insurances are
accounted as personnel costs. Other remunerations, in cash, like travel
subsistences or as benefits in-kind, like clothing, training and health care
are also accounted as personnel costs. Overhead cost on host provided
personnel is considered as external services accounted as
administration cost.

Financial income
Dividends and interest income are accounted when credited the
account.

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 - 30
years and Equipment and tools 1 - 5 years.

Note 2 Grants received

The Associates contributed to the operation during the year in
accordance with the EISCAT agreement and later additions. The
Affiliates contributed according to agreed annual commitments. Income
from European Commission (EC) funded projects were also accounted
as received grants. The E3DS1 project started 2017-09-01 and the
resulting projects costs were covered by the Associates (see Note 13)
and other funds. Received project grants from the Associates are first
accounted as prefinancing. Project costs are thereafter covered by
withdrawals from prefinancing and at that time accounted as income
from operations.

2024 2023
Associates 40 665 40814
Affiliates 2951 1403
Project grants, EC 1477 2 804
Project grant, E3DS1 20 044 94705

65138 139726

Accumulated Associate contributions status as of 2024-12-31

Annual contributions included and for 2024, Finland (cash and in-kind),
Japan (in-kind), Norway and Sweden were credited for providing E3DS1
project-related funds. These sums are used for EISCATs ownership and
time-share calculation. For 2024 a new accounting principle was
retroactively introduced where the Associate contributions are credited
in full when the funds are received rather than when used.

Associate P. R. of China 66 637 62 162
Associate Finland 275234 208 070
Associate Japan 144 691 129104
Associate Norway 489 459 463 963
Associate Sweden 378610 328937
Associate UK 326 211 323304
Previous Associates 382168 382168

2063011 1897708

Note 3 Revenue from operations

The Association can, at rates related to the costs involved and as
available, sell observation hours to Associates, Affiliates and other
parties. Income from such selling of time are considered to be revenue.
In 2024, no time-buyers used the systems.

Income from time-buyers 0 0

Note 4 Other income from operations

The Association supports visiting users by offering site accommodation
and equipment hosting for either campaign brought instruments or for
longer deployments. Educational support is done by providing teachers
and/or other resources (like laboratory support).

Accommodation 80 107
Instrument hosting agreements 21 21
Educational support 25 23
Other income -0 14

126 164

Note 5 Operations
The operating target for 2024 was 2 618 hours and the outcome
became 1 862 hours. No passive (receive-only) hours in 2024.

Active hours (high-power), per system Hours Hours
EISCAT Svalbard Radar 528 685
UHF system 930 932
VHF system 347 288
Heating system 58 48

1862 1952

Passive hours (receive only)
UHF system

Kiruna receiver system
Sodankyla receiver system

olo o o
»lo o &
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2024 2023
Accounted hours Hours Hours
Common programmes 756 929
Special programmes 896 930
Other hours 210 98
1861 1957

Distribution of special programme hours between Associates

Associate P. R. of China 15 15
Associate Finland 104 145
Associate Japan 78 103
Associate Norway 223 267
Associate Sweden 225 181
Associate UK 170 173
All Associates, AA-runs 82 48
T 8% 930
Distribution, other hours
Affiliates 112 58
EISCAT staff and tests 1 0
Peer-reviewed and TNA campaigns 97 40
Time-buyers 0 0
— 210 98

Note 6 Personnel costs and average number of employees

The Association employs directly Headquarters and most project staff,
currently about 17 positions, including the Director. The Headquarters is
located in Kiruna, Sweden. The personnel working at the EISCAT sites
are normally not employed by the Association. Instead, the personnel
are provided via site contracts by the Swedish Institute of Space Physics
(Kiruna site staff but currently none), Oulu University (Sodankyla staff
but in 2024, no regular staff) and the Arctic University of Norway
(Tromsg and Svalbard staff). The Association refunds all expenses
related to the provided staff, as well as an additional overhead.

Personnel costs in total

Salaries and emoluments paid to the Director 1559 1647
Other personnel, employed and provided

via site contracts 18932 17 466
Social security contributions amounted tc 8402 8676
of which for pension costs 3753 4068
Other personnel costs 504 568

The current Director is Dr. Axel Steuwer. He assumed the role as
Director 2023-01-01. With the changes to the organisational structure,
his position as Director ended 2024-12-31. His employment will end few
months into 2025.

Of the pension costs, 496 kSEK (294 kSEK) relates to the Director. The
Director and all other directly employed staff are included in individual
occupational pension plans. For the personnel provided via site
contracts, the pension plans are handled by their respective employer.

The 249 kSEK 2024 staff cost in Finland relates to 2023.

The members of the board (EISCAT Council) and members of
committees, who represents Associates and Affiliates, do not receive
remunerations from the Association. Travel expenses in connection with
Council and committee meetings are normally covered by the
Associates and Affiliates. The Association reimburses though the travel
costs for Committee Chairpersons and external members.

2024 2023

Salaries and emoluments and average number of staff per country

Finland
Salaries and emoluments 249 620
Average number of staff - men and women 0+0 1+0

Norway (including Svalbard)

Salaries and emoluments 5872 4425
Average number of staff - men and women 7+0 6+0
Sweden

Salaries and emoluments 14 369 14067
Average number of staff - men and women 12+5 14+4

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.

Board members (EISCAT Council) 11+4 10+4
Directors 1+0 1+0

Note 7 Changes in designated funds
Positive numbers - use of designated funds. Negative - transfer to the
designated reserves or funds for later use.

Net profit/loss for the year 23457 96 037
Transfers between regular EISCAT and EISCAT_3D

construction project -22 134 -20 848
Changes to capital operating reserve -190 -231
Changes to decommissioning fund =273 -2484
Changes to E3D construction reserve -350 -3182
Changes to five-year operating reserve 4707 1306
Changes to funds invested -2 551 -70583

Changes to spare parts reserve -15 -16

Changes to surplus fund -2 652 0
0 0

Note 8 Tangible fixed assets

Changes in tangible fixed assets.

Buildings

Opening acquisition value 147 010 127135

Acquisitions during the year 7278 19 885

Disposals during the year 0 -10

Closing acquisition value 154 289 147010
Opening accumulated depreciation -42 653 -42 160
Depreciations during the year -494 -494
Disposals during the year 0 0
Closing accumulated depreciation -43 148 -42 653
Closing residual value 111141 104 357
Radar systems

Opening acquisition value 602 880 547 611
Acquisitions during the year 272 55269
Disposals during the year 0 0
Closing acquisition value 603 153 602 880
Opening accumulated depreciation -284 974  -279 061
Depreciations during the year -4 717 -5913
Disposals during the year 0 0
Closing accumulated depreciation -289691  -284974
Closing residual value 313 462 317 907
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2024 2023
Equipment and tools
Opening acquisition value 40 285 37424
Acquisitions during the year 1729 2868
Disposals during the year -913 -7
Closing acquisition value 41101 40 285
Opening accumulated depreciation -35911 -34 886
Depreciations during the year -1517 -1032
Disposals during the year 908 i
Closing accumulated depreciation -36 519 -35911
Closing residual value 4581 4374
Sum tangible fixed assets 429184 426 638

Note 9 Prepayments and accrued income

Resources in staff and direct costs spent in ongoing externally funded
projects are covered by accrued income until settled by submission of
periodic report claims.

Prepaid rents 9 4
Prepaid insurances 171 355
Accrued income, PITHIA-NRF project 1239 1673
Accrued income, other projects 0 128
Other items 153 394

1573 2555

Note 10 Bank balances status
Nordea 197 559 139 166
Cash in hand 0 0

197 559 139166

Note 11 Funds invested status
Buildings 111141 104 357
Radar Systems 313 462 317907

Equipment and Tools 4581 4374

429 184 426 638

Note 12 Designated funds

The designated funds are divided into funds and reserves. The Surplus
fund and Five-year operating reserve are used for budget transfers
between periods in the five years plan. The other funds are earmarked
for specific purposes.

2024 2023
Changes in EISCAT_3D build grants received but not used
Associate Finland
Opening balance 26 028 43009
Received during the year 17 796 0
Used during the year -5944 -16 981
Closing balance 37 880 26028
Associate Japan
Opening balance 12799 10214
Received during the year 704 2585
Used during the year 0 0
Closing balance 13503 12799
Associate Norway
Opening balance 1124 36753
Received during the year 12 435 0
Used during the year -1124 -35629
Closing balance 12 435 1124
Associate Sweden
Opening balance 0 0
Received during the year 12333 0
Used during the year 0 0
Closing balance 12333 0
Regular EISCAT
Opening balance 1179 16 263
Received during the year 16 449 18072
Used during the year -12 976 -33155
Closing balance 4652 1179
E3DS1 project finances, gains/losses
Opening balance 12141 9364
Changes during the year 5685 2776
Closing balance 17 825 12141
Local taxes Sweden contribution
Opening balance 6074 9792
Received during the year 0 0
Used during the year 0 -3718
Closing balance 6074 6074
Sum EISCAT_3D received build grants 104 702 59 345

Note 14 External project grants received but not usea

Capital operating reserve 3675 3485
E3D construction reserve 18714 18 365
Decommissioning fund 14 606 14333
Equipment repair fund 754 754
Five-year operating reserve 9487 14194
Investment fund 7753 7753
Restructuring reserve 4101 4101
Spare parts reserve 126 111
Surplus fund 21115 18 463

80332 81559

Note 13 EISCAT_3D build grants received but not usea

Most externally funded projects work with prefinancing. For European
Commission projects, these are in EUR's. The prefinancing is used to
cover reported and approved costs. The EGI-ACE and ENVRI-FAIR
projects were financially closed in 2024. Two new EC-funded projects,
ARC-TREE and INPROCAP started in 2024. A further project, RI-SCALE,
was accepted by the Commission. It will start early 2025.

The construction project, E3DS1, started 2017-09-01 and the
completion of the first phase, Stage 1, is delayed. Due to ground
stability problems in Norway, and radar hardware issues, much of the
planned final site installations works could not be done. Due to
additional costs, Finland, Norway and Sweden agreed to supplement

EGI-ACE H2020 prefinancing 0 -249
ENVRI-FAIR H2020 prefinancing 0 -1294
PITHIA-NRF H2020 prefinancing 3386 3285
ARC-TREE H2023 prefinancing 170 0
INPROCAP H2023 prefinancing 428 0
RI-SCALE H2023 prefinancing (in 2025) 0 0

3984 1743

their earlier commitments.
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The EISCAT Associates

December 2024

CRIRP

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

NFR

Forskningsradet
Norway
www.forskningsradet.no

NIPR

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

SA

Suomen Akatemia
Finland
www.aka.fi

UKRI

UK Research and Innovation
United Kingdom
www.ukri.org

VR

Vetenskapsradet
Sweden
www.vr.se



EISCAT Scientific Association

Headquarters

EISCAT Scientific Association
Bengt Hultqvists vig 1
SE-981 92 Kiruna
Sweden
Phone: +46 980 79150
www.eiscat.se

Sites
Longyearbyen

EISCAT Svalbard Radar
Breinosa, Gruve7-veien
N-9171 Longyearbyen
Norway

Tromse

EISCAT Tromse Site
Ramfjordmoen
N-9027 Ramfjordbotn
Norway



