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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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Figure 1: Spectrograms (dB) of recorded return sig-
nals in the experiment. The spectrograms are aver-
aged over the experimental cycles. The pump sig-
nalis at f — fo = 0 and the probe is the first down-
shifted line at f — fo = Af. Visible are several up-
and downshifted sidebands attributed to nonlinear
wave mixing in the ionosphere producing SEE es-
caping the ionospheric plasma.

Active experiments

Controlled beat-wave Brillouin scatter-
ing in the ionosphere

Eliasson et al. (2021) used EISCAT Heating to gen-
erate an ion-acoustic wave generated by the beat-
ing of an electromagnetic pump wave and a less
powerful probe wave. Brillouin scattering was
achieved with X and O mode polarization in the
frequency range of 6.3 MHz to 7.9 MHz (Figure 1).
The active control of the wave modes that are ex-
cited in the ionosphere can provide a new dia-
gnostic for the plasma (density, composition, etc).
Similarly, the natural laboratory of the ionosphere
can offer insight into the physics of beat-wave
interaction and other non-linear effects, relevant
to laser-plasma interaction and magnetic confine-
ment fusion.

Heating cycles (UT)

Figure 2: Downshifted plasma lines from -5.5 MHz
to —6.5MHz at different altitudes.

Studies of the high-frequency enhanced
ion and plasma lines

During ionospheric heating, the high-frequency
enhanced ion line (HFIL) and plasma line (HFPL)
generally descend in altitude, which was previ-
ously attributed to the change in the profile of elec-
tron density. However, Wu et al. (2021) showed
that those altitude descents should be depend-
ent on the Bragg condition, and the significantly
enhanced electron temperature on the travelling
path plays a key role. Previous observations
demonstrate consistency with the suggested the-
ory.

With regard to the UHF observation when the
pump is operating near the fourth electron gyro-
frequency, Z. Li, Fang et al. (2021) suggested that
the strong Langmuir turbulence in the Zakharov
model cannot completely explain the outshifted
plasma line, but it plays a significant role in super-
thermal electron. In addition, by examining HFIL
and HFPL (Figure 2) induced by the alternating
O mode and X mode pump, Z. Li, Li et al. (2021)
found that the leakage of X mode to O mode pump
can satisfy the thresholds of the parametric decay
instability and the oscillation two-stream instabil-
ity, and that some apparent density enhancements
over a wide altitude range does not correspond to
a true increase.
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Figure 3: Amplitudes of the north-south magnetic
field generated by the BW X-mode modulation
heating for (a) 2017 Hz and (b) 3517 Hz.

ELF/VLF modulations of the HF signal
from the EISCAT heater facility

By periodically heating the ionosphere, an electro-
magnetic wave in ELF (0.3 kHz to 3kHz) and VLF
(3kHz to 30 kHz) can be radiated (Figure 3). Chen
et al. (2022) showed that the X-mode and O-mode
heating experiments conducted on 21 November
2019 at EISCAT indicated that the signal with the
highest signal to noise ratio was measured at a fre-
quency of 3517 Hz, rather than at 8 kHz to 12 kHz,
which was measured in previous beat-wave mod-
ulation experiments.

As a potential communication technique, Yang
et al. (2022) showed that the received ELF/VLFE
intensity was affected by the background iono-
sphere, and when the signal-to-noise ratio was lar-
ger than 8dB, the bit error rate was zero, other-
wise the signal-to-noise ratio and the bit error rate
should satisfy the complementary error function.

GLONASS observation of artificial field-
aligned plasma irregularities near mag-
netic zenith during EISCAT HF experi-
ment

Sato et al. (2021) report on simultaneous observa-
tion of artificial plasma density irregularities near
the magnetic zenith (MZ) by incoherent scatter
radar and GNSS satellite in the high latitude (Fig-
ure 4). During an EISCAT HF heating experiment,
a GLONASS satellite signal intersected the dis-
turbed ionospheric volume along the local mag-
netic field lines. The satellite signal amplitude
and phase were simultaneously perturbed when
the electron temperature increased in the F region
through O-mode HF waves. The field-aligned ir-
regularities (FAlIs) and associated density perturb-
ations are most significantly found in the MZ dir-
ection. The growth of FAI reached the saturation
level in 30 s while large-scale electron density per-
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Figure 4: (a) Electron density and (b) temperat-
ure along the local magnetic field line measured
by EISCAT UHF radar on 18 October 2013. The
white spaces show invalid data near the reflec-
tion height. The dashed horizontal lines indicate
the reflection heights. (c) GLONASS 19 L1 amp-
litude fluctuation. (d) Observed (black) and unper-
turbed (gray) relative STEC values. The satellite
azimuth and elevation angles are also shown with
blue dotted lines in (c) and (d), respectively. The
field aligned direction is 186.2° azimuth and 77.5°
elevation angle.

turbation on the order of 0.1 TECU developed in a
few minutes. The observed density perturbations
agree well with recent numerical studies of FAI
generation due to the thermal self-focusing pro-
cess.

ELF and VLF wave modulation

In a study by Lu et al. (2021), ELF/VLF waves
were modulated by quaternary phase shift key-
ing (QPSK) and used for communication. The
result demonstrates that ELF signals induced
by the amplitude modulation heating of the
ionosphere was successfully received by China
Seismo-Electromagnetic Satellite (CSES) and the
ground-based receiver, confirming that ELF/VLF
waves radiated by amplitude modulation heat-
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Figure 5: Simulation of signal amplitude of
ELF/VLF waves generated by BW in the F region
with and without preheating at different modu-
lated frequencies received at 69.737°N, 18.896°E,
about 15 km east of EISCAT.

ing of the auroral electrojet can be used for long-
distance communication.

Due to the controversy of the beat-wave (BW)
mechanism and the source region of the stimu-
lated ELF/VLF waves, it is not clear whether it
is an electrojet-independent method or not. Guo
et al. (2021) suggested that the effect of preheat-
ing on modulation efficiency of BW based on dif-
ferent theories is the opposite. By supposing the
opposite character of the influence and effect on
the efficiency of BW in the D region and F re-
gion, a novel method was presented to identify
the physical mechanism and source region of BW.
This method may be feasible for solving the con-
troversy of BW and has been verified by simula-
tion results (Figure 5).

A stimulated emission diagnostic tech-
nique for electron temperature of the
high power radio wave modified iono-
sphere

A stimulated electromagnetic emission (SEE),
induced by high power high frequency radio
waves near the third electron gyroharmonic (3 fce),
showed that stimulated Brillouin scattering spec-
trum (SBS) behaves similarly as spectral ion lines
of the incoherent scatter radar for HF pumping fre-
quency above 3 f.. It was also observed by Fu et
al. (2022) that the SBS spectral width shows cor-
relation with electron to ion temperature ratio. A
new inversion method was proposed by incorpor-
ating the SBS spectral width within an artificial
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Figure 6: Comparison of extracted stimulated Bril-
louin scattering (SBS) linewidth (blue dot) and
T./Ti (red line) measured by incoherent scatter
radar (ISR) (a) for inversion. The 7. by the pro-
posed SBS method (blue square) is compared with
the ISR measurement and previous work in Fu et
al. (2020) in panel (b). The DM-ANN inversion
with SBS labeling is accomplished in panel (c) to
retrieve T, without SBS. The pink circle denotes
training data and green for test data for artificial
neural network.

neural network approach to achieve electron tem-
perature for ionospheric turbulent plasmas.

ISR observations of high-frequency en-
hanced ion and plasma lines induced by
X/O mode pumping around the critical
altitude

An experiment devised by Wu et al. (2022) in-
volving alternating O/X mode pumping revealed
that the high-frequency enhanced ion line (HFIL)
and plasma line (HFPL) did not appear immedi-
ately after the onset of pumping, but were delayed
by a few seconds. It was found that (1) the HFIL
and HFPL were delayed not only in the X mode
pumping but also in the O mode pumping and
(2) the HFIL was not observed prior to enhance-
ment of the electron temperature, which suggests
that (1) leakage of the X mode to the O mode
pumping may not be ignored and (2) spatio-



temporal uncertainties may have played import-
ant roles.

Auroral studies

Penetration of MeV electrons into the
mesosphere accompanying pulsating au-
rorae

Pulsating aurorae (PsA) are caused by the inter-
mittent precipitations of magnetospheric electrons
(energies of a few keV to a few tens of keV)
through wave-particle interactions, thereby de-
positing most of their energy at altitudes around
100km. However, the maximum energy of pre-
cipitated electrons and its impacts on the atmo-
sphere are unknown. Miyoshi et al. (2021) re-
port unique observations by the European Inco-
herent Scatter (EISCAT) radar showing electron
precipitations ranging from a few hundred keV
to a few MeV during a PsA associated with a
weak geomagnetic storm (Figure 7. Simultan-
eously, the Arase spacecraft has observed intense
whistler-mode chorus waves at the conjugate loc-
ation along magnetic field lines. A computer sim-
ulation based on the EISCAT observations shows
immediate catalytic ozone depletion at the meso-
spheric altitudes. Since PsA occurs frequently, of-
ten in daily basis, and extends its impact over large
MLT areas, it is anticipated that the PsA possesses
a significant forcing to the mesospheric ozone
chemistry in high latitudes through high energy
electron precipitations. Therefore, the generation
of PsA results in the depletion of mesospheric
ozone through high-energy electron precipitations
caused by whistler-mode chorus waves, which are
similar to the well-known effect due to solar ener-
getic protons triggered by solar flares.

Characteristics of Fragmented Aurora-
like Emissions (FAEs) observed on Sval-
bard

Dreyer et al. (2021) present evidence of a new
type of auroral related structure called Fragmen-
ted Aurora-like Emissions (FAEs) which they sug-
gest are not related to direct particle precipitation
(like standard auroral phenomena). Such “non
particle precipitation” generated emissions have
been discussed by the scientific community re-
cently (the most well know of these being STEVE,
Strong Thermal Emission Velocity enhancement).
They present three case studies where FAEs were
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Figure 7: Geospace conditions from the upper at-
mosphere to the magnetosphere. (A) Map around
the Scandinavian peninsula with the footprint of
Arase from 00:00 UTC to 04:00 UTC on 29 March,
2017. Aurora images were obtained from the all
sky imager network. (B) Keograms of an aurora
image along the longitudes of Tromse, Norway.
Labels (1 to 7) show the “omega-band” structures.
(C) Electron density profile from a vertical beam
of the EISCAT VHF radar at Tromse, Norway, on
29 March, 2017. The horizontal axis represents the
universal time; the vertical axis denotes the alti-
tude. The colour bar indicates the electron dens-
ity. (D) Relative O3 profile from the computer sim-
ulation based on the EISCAT observations. The
colour bar indicates relative variations from the
controlled run without energetic electron precip-
itations. (E) Energy-time diagram of electrons
measured by the MEP-e/HEP/XEP instruments
onboard the Arase spacecraft. The horizontal axis
represents the universal time; the vertical axis de-
notes the electron energy. Here, MEP-e, HEP, and
XEP denote the medium-energy particle—electron,
high-energy particle, and extremely high-energy
particle, respectively. The colour bar indicates
the differential flux of electrons. (F) Frequency-
time diagram of the magnetic field components of
plasma waves measured by the Arase spacecraft.
The vertical axis denotes the plasma wave fre-
quency. The colour bar indicates the power spec-
trum density of the waves. Two lines correspond
to the electron gyrofrequency (fce) and their hall
frequency (0.5f.). (G) AL index.

observed using All Sky Camera data (ASC) at
the Kjell Henriksen Observatory (KHO) on Sval-
bard. A total of 305 FAE candidates were identi-
fied which the authors separated into two categor-
ies:

Type 1 Randomly occurring individual FAEs

10



Type 2 Wave-like structures with regular spacing
between the FAEs alongside auroral arcs.

Figure 8 shows an example of Type 2 FAEs
observed in ASC data. The four images indic-
ate the apparent alignment and movement of the
FAEs northwards of the main auroral arc. The
authors combine the ASC images with Meridian
Scanning Photometer (MSP) data as well as data
from the Auroral Structure and Kinetics (ASK)
instrument to investigate the emission intensit-
ies of the structures at five different wavelengths
(630.0nm, 557.7nm and 427.8nm from the MSP
and 673.0nm and 777.4nm from ASK). The data
indicates that the FAEs to have emissions at
630.0nm and 557.7nm but not at the 427.8nm
or 777.4nm. This allows the authors to suggest
an upper limit for the energy generation mech-
anism of 8eV to 11eV. ESR observations of one
event indicated enhanced electron temperatures
confined into a narrow altitude range in the E-
region of 113km to 119km, co-incident with the
FAEs. Enhanced ion temperatures were also ob-
served, but at a higher altitude range, in the F-
region (Figure 9).. The enhanced ion temperatures
are indicative of a perpendicular electric field of
around 70mV m™!, which the authors conclude is
large enough to cause Farley-Buneman instabilit-
ies. They hypothesise that these instabilities could
possibly cause the enhanced electron temperat-
ures, giving rise to the emissions at 557.7 nm and
630.0nm.

Statistical study of electron density en-
hancements in the ionospheric F region
associated with pulsating auroras

Pulsating auroras (PsAs) are considered to be
caused by energetic (more than a few keV) elec-
tron precipitation. Additionally, soft electron pre-
cipitation (less than a few keV) has often been ob-
served in PsAs. This soft electron precipitation en-
hances the electron density in the ionospheric F re-
gion. However, to date, the relationship between
PsAs and soft electron precipitation has not been
well understood. Fukizawa et al. (2021), using
the data taken by the European incoherent scat-
ter radar and the auroral all-sky imager at Tromsg,
conducted two case studies to investigate, in de-
tail, the relationship between the electron density
height profile and the type of aurora. Additionally,
they conducted statistical studies for 14 events to
elucidate how often F region electron density en-
hancement occurs with a PsA (Figure 10). They
consequently found that 76 % of electron density
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Figure 8: Movement of a Type 2 FAE group north-
wards of the main auroral arc over four successive

images taken on 18 December 2017. White lines
indicate the apparent alignment of the FAEs. The
scale (in km) uses a pixel to km ratio of 0.129 (at a
65° elevation angle).

height profiles showed a local peak in the F region,
with electron temperature enhancements. It was
also found that 89 % of the F region peak altitudes
were above the peak altitude of the ionization rate
produced by electrons of characteristic energy be-
low 100eV. The occurrence rate of these profiles
in the hourly magnetic local time (MLT) exceeded
80 % in the 22 to 3 MLT sectors. They suggest that
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Figure 9: Time series of electron temperatures
at four successive altitudes at 105km to 119km
from incoherent scatter data from the ESR (ana-
lysed with GUISDAP) for 18:20 to 18:26 UTC on
7 December 2015. Data points with errors larger
than 50 % of the values were removed. The arrow
marks the time of the FAE passing and denotes the
distinct increase in electron temperature specific-
ally at 113 km.

the electron density enhancement in the F region
would have been caused by electrostatic electron
cyclotron harmonic waves in the magnetosphere.
Another candidate would have been polar patches
that had travelled from the dayside ionosphere.

Appearance and precipitation character-
istics of high-latitude pulsating aurora

Characteristics of pulsating aurora (PsA) at the
equatorward part of the auroral oval have been
well described in the literature by previous stud-
ies. Partamies et al. (2022) extended this know-
ledge on high-latitude PsA observations by ana-
lysing 68 PsA events from the optical observat-
ory on Svalbard, at 75° magnetic latitude (Fig-
ure 11). They found that the pulsating emission
structures are particularly large and transient, they
do not experience drift motion, or their drift mo-
tion cannot be traced. Their results showed that
the high-latitude PsA events relate to lower geo-
magnetic activity and weaker solar wind driv-
ing than the lower latitude PsA. The high-latitude
PsA events also occurred less frequently, which
was in agreement with their association to lower-
than-average geomagnetic activity. They further
show that the ionospheric electron density val-
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Figure 10: (a) MLT distribution of the extracted
272 electron density height profiles derived from
EISCAT data. (b) Their median distribution during
an hour. (c) The occurrence rate that the profile at
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dot and line) and number of samples (blue dot and
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ues during high-latitude PsA events were low
compared to the lower latitude PsA. This, to-
gether with the non-traceable nature of the pulsat-
ing emission structures, suggests that these events
were strongly dominated by a sub-type called
Amorphous Pulsating Aurora (APA), and the au-
thors could therefore conclude that, unlike the
lower latitude PsA events, the high-latitude PsA
events were not likely to cause direct changes in
the chemical composition of the mesosphere.
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Figure 11: All available electron density (NNe) pro-
files during PsA events have been averaged over
three height regions: 80km to 90km (orange),
90km to 100km (purple) and 100km to 110km
(black). The bars here are transparent to show the
height of the bars behind. The bin width is 0.2.

Reconstruction of precipitating electrons
and three-dimensional structure of a
pulsating auroral patch

In recent years, aurora observation networks us-
ing high-sensitivity cameras have been developed
in the polar regions. These networks allow dim-
mer auroras, such as pulsating auroras (PsAs), to
be observed with a high signal-to-noise ratio. Fuk-
izawa et al. (2022) reconstructed the horizontal
distribution of precipitating electrons using com-
puted tomography with monochromatic PsA im-
ages obtained from three observation points (Fig-
ure 12). The three-dimensional distribution of the
volume emission rate (VER) of the PsA was also
reconstructed. The characteristic energy of the
reconstructed precipitating electron flux ranged
from 6keV to 23 keV, and the peak altitude of the
reconstructed VER ranged from 90 km to 104 km.
They evaluated the results using a model aurora
and compared the model’s electron density with
the observed one. The electron density was re-
constructed correctly to some extent, even after
a decrease in PsA intensity. These results sug-
gest that the horizontal distribution of precipitat-
ing electrons associated with PsAs can be effect-
ively reconstructed from ground-based optical ob-
servations.
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Figure 12: (a) Three-dimensional volume emission
rates (L) reconstructed from auroral images with
the subtraction of the background emission (BGE).
(b) Electron density altitude profiles (n.) converted
from L with the BGE subtraction (red lines), those
without the BGE subtraction (blue lines), and those
observed by EISCAT (black lines). The measure-
ment uncertainties are represented by error bars.

Types of pulsating aurora: comparison
of model and EISCAT electron density
observations

Energetic particle precipitation associated with
pulsating aurora (PsA) can reach down to lower
mesospheric altitudes and deplete ozone. It
is well documented that pulsating aurora is a
common phenomenon during substorm recovery
phases. This indicates that using magnetic in-
dices to model the chemistry induced by PsA elec-
trons could underestimate the energy deposition
in the atmosphere. Integrating satellite measure-
ments of precipitating electrons in models is con-
sidered to be an alternative way to account for
such an underestimation. One way to do this is to
test and validate the existing ion chemistry mod-
els using integrated measurements from satellite
and ground-based observations. By using satellite
measurements, an average or typical spectrum of
PsA electrons can be constructed and used as an
input in models to study the effects of the ener-
getic electrons in the atmosphere. In Tesema et al.
(2022), they compared electron densities from the
EISCAT radars with auroral ion chemistry and the
energetics model by using pulsating aurora spec-
tra derived from the Polar Operational Environ-
mental Satellite (POES) as an energy input for the
model (Figure 13). They found a good agreement
between the model and EISCAT electron densit-
ies in the region dominated by patchy pulsating
aurora. However, the magnitude of the observed
electron densities suggests a significant difference
in the flux of precipitating electrons for different
pulsating aurora types (structures) observed.
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Figure 13: ASC images (a to e), with spectra con-
structed from POES and power law extrapolation
(f). The curves labeled as a to e in panel (f) are cor-
responding spectra to the blue point on the ASC
images, with the model (blue) and EISCAT (field
aligned from UHF radar in red; zenith measure-
ments from VHF radar in black) electron densities.
Panels (g to k) correspond to the ASC images in
panels (a to e), with relative auroral intensities at
the location of the satellite measurements as a func-
tion of time, blue dots at POES data points corres-
ponding to (a to e), and red dots at EISCAT.

An automated auroral detection system

The activity of citizen scientists who capture im-
ages of aurora borealis using digital cameras has
recently been contributing to research regarding
space physics by professional scientists. Auroral
images captured using digital cameras not only
fascinate us, but may also provide information
about the energy of precipitating auroral electrons
from space; this ability makes the use of digital
cameras more meaningful. To support the applic-
ation of digital cameras, Nanjo et al. (2022) have
developed artificial intelligence that monitors the
auroral appearance in Tromse, Norway, instead of
relying on the human eye, and implemented a web
application, “Tromse Al”, which notifies the sci-
entists of the appearance of auroras in real-time.
This “Al” has a double meaning: artificial intel-
ligence and eyes (instead of human eyes). Util-
izing the “Tromse Al”, they also classified large-
scale optical data to derive annual, monthly, and
UT variations of the auroral occurrence rate for the
first time. The derived occurrence characteristics
are fairly consistent with the results obtained us-
ing the naked eye, and the evaluation using the
validation data also showed a high F1 score of over
93 %, indicating that the classifier has a perform-
ance comparable to that of the human eye classify-
ing observed images (Figure 14).
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Figure 14: (a) Histogram showing the composition
of images of Observable classes obtained over ten
years. A decrease in the number of images in 15-
18 UT and 03-06 UT is due to the difference in the
the length of the dark time. (b) The composition
ratio of the number of images in the Observable
classes. The occurrence rate of aurora was max-
imum at 22 UT (01 MLT). (c)-(e) Composition ra-
tios of panel (b) for each Auroral class. The oc-
currence rate of discrete auroras (Arc and Discrete)
peaked before 00 MLT and was almost zero after
01 UT (04 MLT). Diffuse was most likely to occur at
01 UT (04 MLT) and the occurrence rate was widely
distributed across other UTs.

Comparative and combined stud-
ies

Validation of SSUSI-derived auroral
electron densities: comparisons to EIS-
CAT data

Bender et al. (2021) used FUV (far ultraviolet)
(Special Sensor Ultraviolet Spectrographic Im-
ager) SSUSI data from the DMSP F17 and F18
spacecraft to calculate ionization rates and elec-
tron density profiles in the ionospheric E-region
(90km to 150km). These profiles were then com-
pared to co-incident EISCAT Tromse UHF data.
The aim of the study was to ascertain whether
SSUSI data could be reliably used to calculate au-
roral electron density profiles of the ionospheric E-
region. The database consisted of all DMSP F17
data from 2008 to 2019 and all DMSP F18 data
from 2011 to 2019. For each orbit a mean elec-
tron density profile was calculated using geomag-
netically mapped, pre-gridded SSUSI data points
which lie in a 2° x 2° (latitude x longitude) area
around the radar’s geomagnetic location. These
profiles were then compared to EISCAT UHF de-
rived electron density profiles (averaged across
+5min around the SSUSI scan time when the dish
was in a high elevation, >75°, position). In total
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Figure 15: Profile comparison of calculated elec-
tron densities from SSUSI on DMSP F17 (in blue)
and those measured by the EISCAT Tromse UHF
(orange) for the early MLT sector. Panel a indicates
the density profiles whilst panels b and ¢ show the
absolute and relative differences for different con-
fidence intervals. The numbers above the panels
indicate the number of coincident satellite orbits
used for averaging.

there were 537 co-incident measurements avail-
able across the morning (03-11 MLT) and even-
ing (15-23 MLT) sectors. In the SSUSI calculations
the authors assumed a Maxwellian electron dis-
tribution for the morning sector (03-11 MLT) ob-
servations and a Gaussian electron distribution in
for the evening sector (15-23 MLT) observations as
these provided the best fit to the EISCAT data.
Figure 15 indicate the (a) median electron dens-
ity profile measured by EISCAT (orange) and
SSUSI on DMSP/F17 (blue), (b) absolute differ-
ences and (c) relative differences for all morning
sector observations. The solid lines represent the
median values whilst the dashed (dotted) lines in-
dicate the 68 % (95 %) confidence intervals. The
authors found that, from 100 km to 150 km altitude
the median of the differences varies from 0% to
20 % and +15 % for the F17 and F18 measurements
respectively and conclude that over this altitude
range SSUSI data could be used to derive reli-
able ionization profiles. The authors note that be-
low this altitude range (where the density gradient
becomes quite large) there is a greater difference
between the two electron density profile datasets
however this is generally within the 68 % confid-
ence limit. The results indicate the possibility of
providing an auroral zone database of auroral en-
ergy deposition rates using DMSP SSUSI data.

Joint Cluster/ground-based studies in
the first 20 years of the Cluster mission

Fear (2022) provided a comprehensive review of
the contribution that combined observations from
ground-based facilities have made to the Cluster
satellite mission. Measurements from the ESR
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Figure 16: Cluster and European Incoherent Scat-
ter facility VHF data, reproduced from Pitkdnen
et al. (2011). Panels (a and b) show the Cluster
Ion Spectrometry HIA VX and VY velocity com-
ponents in GSM, for Cluster 1 and 4, respectively.
Panels (c to f) show the line of sight ion velocity
(positive toward the radar), electron temperature,
electron density and ion temperature, respectively.
Bursty bulk flows are evident as positive enhance-
ments in the VX component, observed primarily at
Cluster 1. The black continuous line in panels (c,
d, and f) is the estimate of the polar cap boundary,
and the thicker, discontinuous black lines indicate
the equatorward propagation of features which are
the radar analog of auroral streamers, and associ-
ated with the earthward-propagating bursty bulk
flows.

and mainland were used in conjunction with other
instruments to identify signatures of dayside re-
connection, polar patches, energy deposition and
variations in the nightside open closed field line
boundary (Figure 16).

Studies of noctilucent clouds from the
stratosphere during the SONC balloon-
borne experiment in 2021

Dalin et al. (2022) report a balloon-borne experi-
ment called Stratospheric Observations of Noctilu-
cent Clouds (SONC) which was successfully per-
formed on the night 16-17 August 2021. A big sci-
entific balloon, having onboard three automated
cameras for studies of noctilucent clouds (NLC),



& PMSE parameters - Tromso - 20210816-17 5
= . ) ' ' P
290 I\ ' o o
Py « el . " N i
2 o ' W e ST a1
Zes [ T SR T 4 s o ;
< og(ne4‘|pown (KIH2) .
80 -2
95y 20
290 s ; -
3 - ! . )
3 _m - At iy BN ~ o
285 e g Y Vgl . L] 3
< Popplahfhﬂ(H ) :
80 20
95 15
3 %
290 e . wo i
Y « ot . . 2 o
2 Ranie = =L e N et g A e,
285 i W e it N R A 5
< Spemqﬂ”idlh (Hz) -

80

20:00 21:00 T 22:00 23:00 00:00 (?oo 02:00 03:00

Figure 17: EISCAT 224 MHz radar measurements
of PMSE parameters above Tromse (69.58°N;
19.23°E) during the SONC balloon experiment on
the night 16-17 August 2021. The upper panel
shows the radar power, the middle panel is the
Doppler shift and the lower panel illustrates the
radar spectral width. Two red arrows show the be-
ginning and end of the NLC observation from the
stratosphere.

was launched to 32.7km altitude from Esrange
(northern Sweden). All three NLC cameras and
electronics were completely operational in the
stratosphere for more than 10h at low temperat-
ures of about —30°C. Two wide angle cameras re-
gistered an extended NLC field of about 1700 km
long in the twilight sky sector from the north-west
to the north-east of Esrange. NLC were of a mod-
erate brightness and were located at high latitudes
between 68°N and 71°N. The NLC field was loc-
ated in a cold area (138 K to 142 K) below the frost
point temperature (145K to 148K) in the meso-
pause region that was confirmed by Aura/MLS
satellite and Esrange lidar measurements. The
balloon-borne NLC measurements were accom-
panied by ground-based lidar and radar meas-
urements (Figure 17). The latter have registered
Polar Mesosphere Summer Echoes (PMSE) in the
same volume of the summer mesopause along
with NLC observed from the stratosphere that has
been performed for the first time above north-
ern Scandinavia. They describe the technique and
method of the NLC observation from the strato-
sphere as well as present the first scientific results
of the SONC experiment.

Two techniques for determining F-
region ion velocities at meso-scales: Dif-
ferences and impacts on Joule heating

Kavanagh et al. (2022) used the archive of EIS-
CAT Common Programme 2 (CP2) data to com-
pare and contrast the estimated ion velocities de-
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Figure 18: Clock plots showing the vectors of the
weighted mean horizontal velocity in each 1-hour
bin of magnetic local time (MLT) for the mono-
static (blue) and tristatic (orange) measurements
for different interplanetary magnetic field (IMF)
conditions. The blue bar plots show the amount
of data behind the averages in each bin. The single
black vectors indicate the scale size for each plot.
(a) northward IMF where the absolute clock angle
is less than 45°; (b) southward IMF where the abso-
lute clock angle is greater than 135°; (c) eastward
IME, with clock angle between 45° and 135° (d)
westward IMFE, with clock angle between —45° and
—135°. The positive (negative) clock angle is meas-
ured (anti)clockwise from north GSM. The north-
ward IMF shows a lot of difference between the
techniques, notably in angle as well as magnitude.
Note that the absolute magnitude differences are
similar in each plot.

rived from the monostatic and tristatic techniques.
They found that although the overall statistics and
large scale response to solar wind driving were
very similar, differences do occur under strongly
northward IMF conditions, when local turbulent
flow may dominate (Figure 18). At small scales the
difference between the two techniques is well cor-
related with the inherent variability in the tri-static
measurement suggesting an impact of small scale
flow bursts. Estimates of Joule Heating from the
two methods show considerable differences that
depend on magnetic local time and geomagnetic
activity levels.
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Multi-Point Measurements of the
Plasma Properties Inside an Awurora
From the SPIDER Sounding Rocket

The Small Payloads for Investigation of Disturb-
ances in Electrojet by Rockets (SPIDER) sounding
rocket was launched on 2 February, 2016 (21:09
UT), deploying 10 free falling units (FFUs) inside
a westward traveling auroral surge. Each FFU
deployed spherical electric field and Langmuir
probes on wire-booms, providing in situ multi-
point recordings of the electric field and plasma
properties. The analytical retrieval of the plasma
parameters, namely the electron density, electron
temperature and plasma potential, from the Lang-
muir probe measurements was non-trivial due to
sheath effects and detailed explanation are dis-
cussed by Giono et al. (2021). An empirical as-
sumption on the sheath thickness was required,
which was confirmed by simulating the plasma
environment around the FFU using the Space-
craft Plasma Interaction Software (SPIS). In addi-
tion, the retrieved electron density and temperat-
ure are also in agreement with the simultaneous
incoherent scatter radar measurements from the
EISCAT facility (Figure 19). These two independ-
ent confirmations provided a good level of confid-
ence in the plasma parameters obtained from the
FFUs, and events observed during the flight are
discussed in more details. Hints of drift-wave in-
stabilities and increased currents inside a region of
enhanced density were observed by the FFUs.

Dual frequency measurements of met-
eor head echoes simultaneously detected
with the MAARSY and EISCAT radar

systems

Schult et al. (2021) present dual frequency meas-
urements of common meteor head echoes, con-
ducted with the VHF radar MAARSY (53.5 MHz)
and the UHF EISCAT (930 MHz) radar located in
Northern Norway (Figure 20). With temporal res-
olutions of 1 ms, they find most head echoes show
a continuous increase/decrease in radar cross sec-
tion (RCS) with time at both frequencies. In some
cases, a sudden drop of several dBsm is detec-
ted by both radars, which they interpret as dir-
ect evidence for gross fragmentation. The mean
difference of the RCS between both frequencies is
about 17dBsm at an average altitude of 100 km.
Schult et al. (2021) find a clear positive correlation
between both RCS’s as well as a trend of RCS in-
creasing with altitude. All of their detected meteor
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Figure 19: Snapshot of the electron density (left
panels) and electron temperature (right panels) re-
corded by EISCAT along the upleg part of the tra-
jectory (top panels) and by the free falling units
(FFUs) along the down-leg part of the trajectory
(bottom panels). The yellow dots show the posi-
tion of the FFUs at the time of the EISCAT meas-
urement.
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Figure 20: Overview of the meteor properties
((a) mean detection altitude, (b) trajectory entry
angle, (c) mean velocity and (d) mean radar cross
section) observed simultaneously with MAARSY
and EISCAT (blue bars). For comparison the red
lines show the general distribution observed with
MAARSY.

head echoes followed cometary-type orbits prior
to Earth impact.
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Plasma neutral gas interactions in vari-
ous space environments: Assessment
beyond simplified approximations as a
Voyage 2050 theme

Yamauchi et al. (2022) prepared a White Paper
in response to the European Space Agency (ESA)
Voyage 2050 Call. They present the importance of
advancing our knowledge of plasma-neutral gas
interactions, and of deepening our understand-
ing of the partially ionized environments that are
ubiquitous in the upper atmospheres of planets
and moons, and elsewhere in space. In future
space missions, the above task requires address-
ing the fundamental questions: (A) How and by
how much do plasma-neutral gas interactions in-
fluence the re-distribution of externally provided
energy to the composing species? (B) How and
by how much do plasma-neutral gas interactions
contribute toward the growth of heavy complex
molecules and biomolecules? A large advantage
for terrestrial missions because of strong support
from remote sensing measurements by ground-
based instruments, including EISCAT_3D, is poin-
ted out.

EISCAT and EISCAT_3D

History of EISCAT — Part 5: Operation
and development of the system during
the first two decades

Wannberg (2022) gives an inside view of the
first twenty years of operation of the Kiruna-
Sodankyld-Tromse (KST) part of EISCAT as ex-
perienced and remembered by him. The paper
is subdivided into an Introduction and 14 addi-
tional sections describing the organisation, staff-
ing and responsibilities of the sites, with partic-
ular emphasis on the transmitter-related work at
Tromsg and the commuting of staff and equip-
ment between the sites. Also the headquarters
operation and UHF and VHF radar systems are
treated including a summary of transmitter and
antenna problems not available elsewhere in eas-
ily accessed media. The computer system and
the proprietary control languages EROS, TARLAN
and CORLAN are described as well as the sig-
nal processing hardware, with special emphasis
on the Alker correlator (Figure 21), its idiosyn-
crasies and the gradual unlocking of its capabil-
ities through UNIPROG, the GEN system and the
G2 system, culminating in the ability to run altern-
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Figure 21: The arithmetic unit of one of the
Alker correlators. The front panel layout has
many features reminiscent of minicomputers of the
1970s era, in particular the “data load” field with
16 switches to set up and manually load individual
micro-instructions into arbitrary program memory
locations; the front panel of the Nord-10 computer
had an almost identical field for the same purpose.
Photo courtesy of Lars-Goran Vanhainen.

ating code experiments routinely. The time and
frequency keeping was a non-trivial task in the
early 1980s. Finally, the UHF spectrum problem is
discussed which relates how the UHF system had
to be constantly upgraded in order to be able to
co-exist with the emerging mobile phone networks
until the final closure of UHF reception at Kiruna
and Sodankyla in 2012.

Observing electric field and neutral
wind with EISCAT_3D

Stamm, Vierinen and Gustavsson (2021) presen-
ted an investigation into the feasibility of using
the new EISCAT_3D (E3D) system to estimate
the 3D electric field and neutral wind velocity
along a magnetic field aligned profile, using the
3D ion velocity measurements and a newly pro-
posed method. In comparison to previous meth-
ods, their method does not assume that the elec-
tric field is constant along the magnetic field line
but rather uses Maxwell’s equations, in combina-
tion with the ion momentum equation to provide
additional constraints to the derived E-field and
neutral wind. The model uses the E3D frequency
of 223 MHz, a one-way half power beam width of
2°, a transmitter and receiver gain of 38 dB, trans-
mitter power of 5MW and a noise temperature
of 200K (parameters consistent with the E3D sys-
tem). They ran the model for three different iono-
spheric conditions: day-time, night-time with au-
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roral precipitation and night-time without auroral
precipitation (quiet time). The ionospheric profiles
during times of auroral precipitation are provided
by EISCAT UHF data for 20 February 2014 whilst
the daytime and quiet time data are taken from
the corresponding IRI model. The model data are
then integrated over 10 min. The authors also in-
corporate data from the Joule II rocket campaign
to provide suitable constraints of various model
parameters in regard to the variation of the elec-
tric field and neutral wind with altitude.

Figure 22 shows the 1o uncertainties for both
the electric field (top row) and neutral wind (bot-
tom row) estimates for different ionospheric con-
ditions and model parameter constraints. The
ionospheric conditions are indicated with differ-
ent line styles with a solid line for daytime, dashed
line for night time without aurora and the dashed-
dotted lines for night time with aurora. The dif-
ferent colours related to the different model para-
meter constraints. For example, in the case of
the electric field (top row) the yellow («*0.1) and
blue (*0.001) profiles are generated assuming ho-
rizontal gradients of the electric field to be a factor
of 10 or 1000 smaller in magnitude than those used
to generate the cyan profile («*1.0). The authors
find that, during favourable ionospheric condi-
tions the ion velocity at the E-region peak can be
measured with an accuracy of less than 1ms™,
however, during geomagnetically quiet times this
uncertainty can increase by a factor of 10. The
neutral wind estimates in the lower E-region, dur-
ing favourable conditions, have a standard devi-
ation of less than 10ms-1. Under these conditions
the F-region electric field can be estimated with an
uncertainty of ImVm.

Radar observability of near-Earth ob-
jects using EISCAT_3D

Kastinen et al. (2020) modeled how radar obser-
vations can be used to obtain accurate orbital ele-
ments for near-Earth objects (NEOs) as a result
of the very accurate range and range rate meas-
ureables. These observations allow the predic-
tion of NEO orbits further into the future and also
provide more information about the properties of
the NEO population. This study evaluates the ob-
servability of NEOs with the EISCAT_3D 233 MHz
5MW high-power, large-aperture radar, which is
currently under construction. Three different pop-
ulations are considered, namely NEOs passing
by the Earth with a size distribution extrapolated
from fireball statistics, catalogued NEOs detected
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Figure 22: 1o uncertainty of estimates of electric
field (top row) and neutral wind (bottom row).
Daytime profiles are shown in solid lines and night
time profiles with and without aurora are shown
with dashed and dashed-dotted lines respectively.
The different colours relate to the different para-
meterization constraints used in the model.

with ground-based optical telescopes and tempor-
arily captured NEOs, i.e. mini-moons. Two types
of observation schemes are evaluated, namely
the serendipitous discovery of unknown NEOs
passing the radar beam and the postdiscovery
tracking of NEOs using a priori orbital elements.
The results indicate that 60 to 1200 objects per
year, with diameters D>0.01m, can be discovered
(Figure 23). Assuming the current NEO discov-
ery rate, approximately 20 objects per year can be
tracked post-discovery near the closest approach
to Earth. Only a marginally smaller number of
tracking opportunities are also possible for the
existing EISCAT ultra-high frequency (UHF) sys-
tem. The mini-moon study, which used a theor-
etical population model, orbital propagation, and
a model for radar scanning, indicates that approx-
imately seven objects per year can be discovered
using 8% to 16 % of the total radar time. If all
mini-moons had known orbits, approximately 80
to 160 objects per year could be tracked using a
priori orbital elements. The results of this study
indicate that it is feasible to perform routine NEO
post-discovery tracking observations using both
the existing EISCAT UHF radar and the upcom-
ing EISCAT_3D radar. Most detectable objects are
within one lunar distance (LD) of the radar. Such
observations would complement the capabilities
of the more powerful planetary radars that typic-
ally observe objects further away from Earth. It
is also plausible that EISCAT_3D could be used
as a novel type of an instrument for NEO discov-
ery, assuming that a sufficiently large amount of
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Figure 23: Panel (a) Maximum range at which an
object of a certain diameter is detectable with E3D
with a 0.2 s coherent integration length. The range
grows initially faster due to object sizes being in
the Rayleigh scattering regime, where the radar
cross section grows proportionally to o o D%, and
where D is object diameter. Once the transition to
geometric scattering occurs, the maximum detect-
able range grows more slowly. Panel (b) The es-
timated cumulative number of radar detections per
year with E3D, assuming 100 % time use. The blue
line is without beam scanning, and the orange line
is with a 20-position fence scan. The black broken
line indicates the transition from Rayleigh to geo-
metric scattering.

radar time can be used. This could be achieved,
for example by time-sharing with ionospheric and
space-debris-observing modes.

Ionospheric variations

Determining the origin of tidal oscilla-
tions in the ionospheric transition region
with EISCAT radar and global simula-
tion data

At high-latitudes, diurnal and semidiurnal vari-
ations of temperature and neutral wind velocity
can originate both in the lower atmosphere (UV
or infrared absorption) and in the thermosphere-
ionosphere (ion convection, EUV absorption). De-
termining the relative impact of different forcing
mechanisms gives insight to the vertical coup-
ling in the ionosphere. Giinzkofer et al. (2022)
analyze measurements from the incoherent scatter
radar (ISR) facility operated by the EISCAT Sci-
entific Association. They are complemented by
meteor radar data and compared to global circu-
lation models. The amplitudes and phases of tidal
oscillations are determined by an adaptive spec-
tral filter (ASF). Measurements indicate the exist-
ence of strong semidiurnal oscillations in a two-
band structure at altitudes less than about 110 km
and at larger than about 130 km, respectively (Fig-
ure 24). Analysis of several model runs with dif-
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Figure 24: Ratio of semidiurnal to diurnal amp-
litudes in zonal (top) and meridional (bottom)
neutral winds. The meridional component shows
a two-band structure of dominant semidiurnal os-
cillations.

ferent input settings suggest the upper band to be
forced in situ while the lower band corresponds
to upward-propagating tides from the lower at-
mosphere. This indicates the existence of an un-
expectedly strong, in situ forcing mechanism for
semidiurnal oscillations in the high-latitude ther-
mosphere. It is shown that the actual transition of
tides in the altitude region from 90 km to 150 km is
more complex than described so far.

Thermospheric wind response to a sud-
den ionospheric variation in the trough

Oyama et al. (2022) studied the thermospheric
wind response to a sudden westward turning
of the ion velocity at a high latitude by analyz-
ing data obtained with a Fabry-Perot interfero-
meter (FPI; 630 nm), Dynasonde, and the Swarm A
and C satellites during a conjunction event (Fig-
ure 25). The event occurred during a geomag-
netically quiet period (Kp = 0+) through the
night, but some auroral activity occurred in the
north. The collocated FPI and Dynasonde meas-
ured the thermospheric wind (U) and ionospheric
plasma velocity (V), respectively, in the F region
at the equatorward trough edge. A notable sci-
entific message from the study is the possible
role of thermospheric wind in the energy dissip-
ation process at F region altitude. The FPI ther-
mospheric wind did not instantly follow a sud-
den V change due to thermospheric inertia in
the F region. At a pseudo-breakup during the
event, V suddenly changed direction from east-
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ward to westward within 10min. U was con-
currently accelerated westward, but its develop-
ment was more gradual than that of V, with U
remaining eastward for a while after the pseudo-
breakup. The delay of U is attributed to the ther-
mospheric inertia. During this transition interval,
U - V was negative, which would result in more
efficient generation of frictional heating than the
positive U - V case. The sign of U - V, which is re-
lated to the relative directions of the neutral wind
and plasma drift, is important because of its dir-
ect impact on ion-neutral energy exchange during
collisions. This becomes especially important dur-
ing substorm events, where rapid plasma velocity
changes are common. The sign of U - V may be
used as an indicator to find the times and locations
where thermospheric inertia plays a role in the en-
ergy dissipation process.

An EISCAT UHF/ESR experiment that
explains how ionospheric irregularities
induce GPS phase fluctuations at auroral
and polar latitudes

John, Forte, Astin, Allbrook, Arnold, Vani, Hagg-
strom and Sato (2021) conducted an experiment
using the UHF and ESR to characterise the effect
of electron density irregularities on temporal fluc-
tuations in Total Electron Content, in coordination
with ground GNSS receivers. The results (Fig-
ure 26) indicate that fluctuations in TEC produced
by polar plasma patches and particle precipitation
have similar temporal scales. This places an in-
trinsic limitation on the monitoring and tracking
of plasma patches via ground GNSS observations.

On the relationship of energetic particle
precipitation and mesopause temperat-
ure

Energetic particle precipitation (EPP) has the po-
tential to change the neutral atmospheric temper-
ature in the mesopause region. However, recent
results are inconsistent, leaving the mechanism
and the actual effect still unresolved. In a study,
Enengl et al. (2021) searched for electron precipita-
tion events and investigated a possible correlation
between D-region electron density enhancements
and simultaneous neutral temperature changes.
The rotational temperature of the excited hydroxyl
(OH) molecules is retrieved from the infrared spec-
trum of the OH airglow.

The electron density was monitored by the
European Incoherent Scatter Scientific Association
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Figure 25: Time series of (a) IU, (b) IL, (c) keo-
gram made of the all-sky camera at Longyearbyen
(but from 72°N to 77.5°N) and (d) zonal compon-
ent of the FPI-measured neutral wind (black dots)
and ion velocity from the Dynasonde (orange dots)
at Tromse from 17 to 21 UT on 20 February 2018.
Post-integration of four FPI fringe images was ap-
plied, corresponding to a 10min time resolution.
The mean error of the neutral wind for the selec-
ted four hours is illustrated by a black vertical bar.
Individual errors of the ion velocity are marked
by orange vertical bars. The green curve rep-
resents the HWM zonal wind at 250 km altitude.
The time of the Swarm pass over Scandinavia is
marked by a vertical light blue bar, which is drawn
from 18:40:18 to 18:42:08 UT, corresponding to the
shifted geographical latitude from 67°N to 74°N.
The time interval from 18:15 to 19:31 UT is separ-
ated into three groups, highlighted in purple, yel-
low, and light blue.

(EISCAT) Svalbard Radar. Enengl et al. (2021)
used all available experiments from the Interna-
tional Polar Year (IPY) in 2007-2008 until Febru-
ary 2019. Particle precipitation events are charac-
terized by rapid increases in electron density by a
factor of 4 at an altitude range of 80 km to 95km,
which overlaps with the nominal altitude of the
infrared OH airglow layer. The OH airglow meas-
urements and the electron density measurements
are co-located. Six of the ten analysed electron pre-
cipitation events are associated with a temperature
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Figure 26: EISCAT profiles of electron density as function of height; 30 s Global Positioning System (GPS) TEC
fluctuations from Tromse (TRO1, dashed lines), Kilpisjarvi (KILP, dotted lines), Hetta (HETT, dash-dotted
lines), and Kiruna (KIRU, solid lines) for GPS PRNs 08 (magenta), 16 (blue), 20 (cyan), 21 (green), 10 (yellow),
27 (red), and 26 (black); separation distances diso, d250, and dzso between ionospheric pierce points of EISCAT
beams and GPS ray paths at 150 km, 250 km and 350 km shell height, respectively between 20:00 UT and
24:00 UT on March 15, 2018. These separation distances were estimated for all the GNSS ground stations

considered (i.e., TRO1, KILP, HETT, and KIRU).

decrease of 10K to 20K. Four events were related
to a temperature change of less than 10K.

They interpret the results in terms of the change
in the chemical composition in the mesosphere.
Due to EPP ionization the population of excited
OH at the top of the airglow layer may de-
crease. As a consequence, the airglow peak height
changes and the temperatures are probed at lower
altitudes. The observed change in temperature
thus depends on the behaviour of the vertical tem-
perature profile within the airglow layer. This is
in agreement with conclusions of earlier studies
but is, for the first time, constructed from elec-
tron precipitation measurements as opposed to
proxies. The EPP-related temperature change re-
covers very fast, typically within less than 60 min
(Figure 27). They therefore further conclude that
this type of EPP event reaching the mesopause re-
gion would only have a significant impact on the
longer-term heat balance in the mesosphere if the
lifetime of the precipitation was much longer than
that of an EPP event (30 min to 60 min) found in
this study.

Low-altitude ion upflow observed by
EISCAT and its effects on supply of mo-
lecular ions in the ring current detected
by Arase (ERG)

During the magnetic storm starting on 7 Septem-
ber 2017, the MEP-i instrument onboard the
Arase (ERG) satellite observed molecular ions
(O3 /NOT/NJ) in the ring current. The mo-
lecular ions were observed by Arase in four or-
bits during this magnetic storm. This indicates
that there was a continuous molecular ion sup-
ply from the ionosphere. During the storm main
phase around the second Dst minimum (around
-100nT) on 8 September, 2017, the European In-
coherent Scatter (EISCAT) radar observed the ion
upflow (around 50ms™ to 150ms™) in the low-
altitude (250km to 350km) ionosphere together
with strong ion heating up to more than 2000 K
(Figure 28). The convective electric field derived
from the electron heating observed by EISCAT at
an altitude of approximately 110 km was also en-
hanced by a factor of two. The observations sug-
gest that the additional ion heating at low alti-
tudes helps to cause the fast upflow and transport
molecular ions upward. The flux decreases from
280 km to 350 km altitudes due to the dissociative
recombination was estimated to be approximately
two orders of magnitude. This resulted in signi-
ficant molecular ion flux remaining at 350 km alti-

22



© L B8 B
» 3 & ¥

log10(Electron Density [m™%])
° ©
285

©

0.00:
- - -95%confidence bounds|

170 180 190 200 210 220 230 240 250 0 500 1000 1500 2000
Temperature [K] Intensity

(©) ()
230 1500

1400

. W
£ 1200
E 1100

1000

K
voe N
388

Temperature
8
tens

2 45 4 05 0 05 1 15 2 2 45 4 05 0 05 1 15 2
Epoch from EEP start [n] Epoch from EEP start [h]

Figure 27: Illustration the average temperature and
intensity response to the EPP onset. Panels (a)
and (b) show scatter plots of the electron dens-
ity and the airglow temperature (intensity) val-
ues, including data points from half an hour be-
fore to 1 h after the EPP event for the six decreasing
events. The regression line with its 95 % confidence
bounds is shown in red. The superposed epoch of
the airglow temperature in panel (c) (airglow in-
tensity in panel (d)) includes the 25th (lower red
line), 50th (blue) and 75th (upper red line) percent-
iles of the temperature for all ten events. The first
and second events are accompanied by very low-
intensity values. To reduce the dominance of these
two events, the lower percentile for intensity is set
at 35%. The zero epoch time corresponds to the
EPP onset. The measurements are chosen closest
to the respective epoch time and averaged. Each
30min epoch time bin contains 6 to 10 temperat-
ure (intensity) values. The variation in the num-
ber of data points is due to individual missing data
points.

tude. These results suggest that the low-altitude
ion upflow caused by the ion frictional heating
enables molecular ions to escape to space against
rapid loss by the dissociative recombination.

Solar flare effects in the Earth’s magneto-
sphere

The solar wind has major impacts on the Earth’s
magnetosphere, but it is unclear whether the same
holds for solar flares. Liu et al. (2021) used a re-
cently developed full geospace model, combined
with observational data from the 6 September
2017 X9.3 solar flare event (Figure 29), to reveal
solar flare effects on the magnetospheric dynam-
ics and on the electrodynamic coupling between
the magnetosphere and its adjacent ionosphere. A
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Figure 28: EISCAT observations from 16 UT to
17 UT on 8 September, 2017. From top to bot-
tom, each panel shows (a) electron density, (b) elec-
tron temperature, (c) ion temperature, (d) ion ve-
locity, (e) error ratio of electron temperature, and
(f) electric field perpendicular to the magnetic field
derived from electron heating at 111km altitude
based on empirical relations.

rapid and large increase was observed in flare-
induced photoionization of the polar ionospheric
E region at altitudes from 90km to 150km. This
reduces the efficiency of mechanical energy con-
version in the dayside solar wind-magnetosphere
interaction, resulting in less Joule heating of the
Earth’s upper atmosphere, a reconfiguration of
magnetosphere convection, as well as changes in
dayside and nightside auroral precipitation. It
was thus demonstrated that solar flare effects ex-
tend throughout the geospace via electrodynamic
coupling, and are not limited, as previously be-
lieved, to the atmospheric region where radiation
energy is absorbed.
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Figure 29: Universal time and altitude variations
of electron density (/V.), electron temperature (7¢),
and ion temperature (73) from LTR flare simula-
tions (left panels) and EISCAT Tromse VHF radar
(right panels) on 6 September 2017. Since the VHF
radar was pointing at geographic north with 30° el-
evation angle, the latitudinal coverage is about 69°
to 72° for 80 km to 400 km altitude.

Methodology

A hybrid MPI/OpenMP parallelization
scheme based on nested FDTD for para-
metric decay instability

Simulating Parametric decay instability (PDI) is
time-consuming and difficult due to the high spa-
tial resolution and strict restriction on the discrete
time step. A hybrid Message Passing Interface
(MPI)/OpenMP parallelization scheme was used
by Fu et al. (2022) to solve the above-mentioned
problems, reducing the 70 h of simulation time to
3.6h.

From meteors to space safety: Dynam-
ical models and radar measurements of
space objects

In his PhD thesis Daniel Kastinen (Kastinen, 2022)
developed an automated radar data analysis al-
gorithm for meteor head echo measurements. The
analysis algorithm is able to produce realistic un-
certainties for each individual meteor event, in-
cluding the meteoroid orbit. Many of the res-
ulting probability distributions are non-Gaussian,
which needs to be accounted for. The analysis
algorithm was applied to interferometric high-
power large-aperture MU radar data in a case
study on high altitude meteors (Figure 30). The
study found that 74 out of 106000 meteors ap-
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Figure 30: Range-time intensity plot of the output
voltage data generated by the MU radar. The time
of the first radar pulse in the figure title is given in
Japan Standard Time (JST).

peared higher than 130km and a few confirmed
detections reached up to 150 km altitude.

Comet 21P/Giacobini-Zinner is the parent body
of the meteoroid stream giving rise to the Oc-
tober Draconid meteor shower. The meteoroid
stream was simulated accounting for parent body
orbital uncertainties to estimate meteor shower
parameters. The simulation was able to model
the unexpected mass distribution observed in the
2011 and 2012 October Draconids. It also success-
fully predicted a meteor outburst in 2018. Fur-
ther, methods to reduce the computation time of
meteoroid stream simulations using importance
sampling were derived and implemented on a test
model.

EISCAT radar measurements were performed to
study space debris from the Kosmos-1408 satellite,
which had been destroyed and fragmented in or-
bit on 15 November, 2021. A novel method to es-
timate the size distribution of debris objects was
developed. Data from two EISCAT radars were
used to demonstrate a new initial orbit determ-
ination technique, yielding good agreement with
known catalogue orbits. Finally, the detectability
of near-Earth objects (NEOs) with the EISCAT_3D
radar currently under construction was simulated.
It was predicted that as many as seven temporar-
ily captured NEOs, i.e. minimoons, could be dis-
covered per year depending on the amount of al-
located observation time. The predictions also
show that hundreds of NEOs could be tracked
yearly to improve their orbits.
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An improved iterative algorithm utilised
in data processing for incoherent scatter
radar

The Levenberg-Marquardt (LM) method is a
widely used algorithm for nonlinear iteration in
modern incoherent scatter radar (ISR) data pro-
cessing. In a study by Xiong et al. (2022) a new
iteration algorithm, the so-called dog leg (DL)
method, was introduced. By comparing their per-
formance, it was shown that the DL method has
better accuracy and iteration speed than that of
the LM method. In addition, the error of the DL
method is more stable than that of the LM method.
Moreover, the DL method is more convergent than
the LM method, which helps avoid the lack of
ionospheric parameter due to the divergence of it-
eration with the LM method.

Polar mesospheric summer and
winter echoes

Effects of particle precipitation on the
polar mesospheric summer echoes ob-
served by the EISCAT VHF radar

Narayanan et al. (2022) presented the results from
an investigation of spectra of polar mesospheric
summer echoes (PMSE) observed with the EISCAT
VHF 224 MHz radar during energetic particle pre-
cipitation events in the summer of 2019. They used
the sudden enhancements in electron densities de-
rived from the VHF observations above 90 km as
indicators of particle precipitation. They found
that the altitude extent of the PMSE increased
along with an enhancement of the strength of
the pre-existing PMSE. On some occasions, PMSE
suddenly appeared during particle precipitation
events. After the particle precipitation subsided,
the PMSE intensities continued to be stronger for
a few minutes and then decreased. At the alti-
tudes where the maximum enhancement in PMSE
backscatter occurred, they found no correspond-
ing broadening in the spectral widths. Interest-
ingly, the most intense PMSE echoes almost al-
ways coincided with the lower values of spec-
tral widths both during particle precipitations and
other times. In some cases, the spectral widths
showed well separated regimes between the up-
per and lower parts of the PMSE layers and this
happened irrespective of particle precipitation.
The frequency Doppler shifts showed alternating
upward and downward motions without much

M%) Dapplar vel. {mis) 29(PawerliMz))

Figure 31: Observations on 15 July 2019 after ap-
plying the noise removal threshold conditions to
the Gauss fitting outputs of the spectrum. Note
that almost all noise except PMSE are removed.
(a) Electron density estimates using GUISDAP for
which the noise thresholds we mentioned did not
apply, (b) log(Power (K/Hz)), (c) Doppler velo-
city (m/s) and (d) Spectral width (m/s). The
dashed box shows durations of particle precipita-
tion reaching below 90 km.

difference before and after the particle precipita-
tion. Based on these observations, Narayanan et
al. (2022) conclude that the sudden enhancement
in the electron densities during particle precipit-
ation intensifies PMSE structures that match the
Bragg scale of the incident radio wave thereby en-
abling an enhancement in the backscatter strength.
Similarly, PMSE backscattering may get initiated
in the altitudes in which the structures were
already present but where electron density was
not sufficient before the onset of precipitation.
Spectral widths and Doppler velocities did not
show sudden variations with particle precipitation
because they depend on the neutral dynamics.

PMSE observations

Observations by Digisonde and VHF at EISCAT
show that the irregular Es layers, called PMSE-
Es (Polar Mesosphere Summer Echoes-Es), have
some relationship with PMSE. H. Li et al. (2021)
observed that the trends in the occurrence rates of
PMSE-Es are similar to those of PMSE, although
there are some notable differences. The occurrence
rate of PMSE-Es is much lower than that of PMSE.
The minimum value of PMSE-Es appears 1hto2h
earlier than that of PMSE, and PMSE-Es appears
earlier than PMSE in the year.

The PMSE measured at different elevation
angles from 78° to 90° at EISCAT VHF was ex-
amined (Figure 32). Ge, Li, Xu et al. (2021) found
that the PMSE peak power and the strongest
PMSE average power occur at the same elevation
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Figure 32: PMSE observations by the EISCAT VHF
radar from 10:38UT to 13:00 UT on 13 July 2010.
The scale of the PMSE intensity (as measured by
power spectral density) is arbitrary. (a) Height-
time contour plot for PMSE backscatter power
spectral density in arbitrary unit (upper panel),
and the corresponding elevation angles observing
the PMSEs (bottom panel). (b) Median PMSE
power intensity versus elevation angles during the
four measurement cycles.

angles, and that the strongest PMSE occur at off-
vertical angles when the PMSE has a layered (mul-
tilayer) structure. Additional investigations by Ge,
Li, Xu et al. (2021) of the aspect sensitivity and
the volume reflectivity of PMSE showed that the
distribution curve, of the volume reflectivity oc-
currence rate at different elevation angles, obeys a
Gaussian distribution as a whole, although there
are some differences at different elevation angles.
Additionally, the aspect sensitivity of the lower
PMSE layer was found to be stronger than that of
the upper PMSE layer, indicating that the lower
PMSE layers are associated with more anisotropic
turbulence scattering.

Segmentation of PMSE data using ran-
dom forests

Jozwicki et al. (2022) presented an approach to seg-
ment Polar Mesospheric Summer Echoes (PMSE)
from datasets obtained from EISCAT VHF radar
data by manually labelling the data into three dif-
ferent categories: PMSE, Ionospheric background,
and Background noise. For segmentation, they
employed random forests on a set of simple fea-
tures, including altitude derivative, time derivat-
ive, mean, median, standard deviation, minimum,
and maximum values corresponding to neighbor-
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Figure 33: Results of segmentation using the ran-
dom forests method (mtry 5) and weighted-
down labels technique from a study by Almeida
et al. (2021). The data are obtained from the obser-
vation day, 7 July 2010. The image on the top il-
lustrates the original image where the color scale
represents the equivalent electron density to the
power of 10, per cubic meter. The image at the bot-
tom represents the predicted labels. Yellow, cyan
and dark red represent, respectively, the region
of the image labeled as Ionospheric background,
Background noise, and PMSE. The horizontal axis
on both images represents the time which starts
at 00:00 UTC and finishes at 22:00 UTC. The ver-
tical axis represents the altitude which ranges from
75km to 95 km.

hood sizes ranging from 3 by 3 to 11 by 11 pixels.
Next, in order to reduce the model bias and vari-
ance, they employed a method that decreases the
weight applied to pixel labels with large uncer-
tainty. The results indicated that it is possible to
segment PMSE from the data using random forests
(Figure 33), and that the weighted-down labels
technique improves the performance of the ran-
dom forests method.

Sounding rocket project “PMWE” for in-
vestigation of polar mesosphere winter
echoes

A first sounding rocket campaign dedicated to in-
vestigate the creation mechanism of Polar Meso-
sphere Winter Echoes (PMWE) was conducted
in April 2018 from the north Norwegian An-
doya Space Center (69° N, 16° E). Two in-
strumented sounding rockets were launched on
13 and 18 April under PMWE and non-PMWE
conditions, respectively. Strelnikov et al. (2021)
give an overview of the PMWE sounding rocket
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Figure 34: Launch conditions during the PMWE-
1 rocket campaign. From top to bottom: Up-
per three panels show PMWE display observed by
MAARSY’s vertical, upleg, and downleg beams;
The 4th panel shows smoothed electron density ob-
served by the Saura partial reflection radar; The
5th panel shows EISCAT electron density measure-
ments; The lower panel shows temperature meas-
urements by the RMR lidar. Grey shading shows
launch windows for every day and the magenta
lines mark rocket launch times

mission. They describe and discuss some results
of combined in situ and ground-based measure-
ments which allow to verify existing PMWE the-
ories (Figure 34). Their measurements ultimately
show that: a) polar winter mesosphere is aboun-
ded with meteor smoke particles (MSP) and in-
termittent turbulent layers, b) all PMWE observed
during this campaign can be explained by neut-
ral air turbulence, ¢) turbulence creates small-scale
structures in all D-region constituents, including
free electrons; d) MSP ultimately influence the
radar volume reflectivity by distorting the turbu-
lence spectrum of electrons, e) the influence of
MSP and of background electron density is just to
increase SNR.

Effects of energetic particle precipitation
on PMSE echoes observed by EISCAT
UHF radar: A case study

The correlation between simultaneously occurring
energetic particle precipitation and polar meso-
sphere summer echoes (PMSE) was studied by
Rauf et al. (2022). The results showed that both
positive and negative correlations were observed,
and that energetic precipitating particles was one
important, but not an essential, candidate for gen-
erating PMSE echoes.

Space plasma studies

Charged dust in the D-region incoherent
scatter spectrum

Gunnarsdottir and Mann (2021) investigated
the influence of charged dust (meteoric smoke
particles, MSP) on the incoherent scatter spectrum
in the ionospheric D-region. The dust particles
are a result of meteor ablation, which generally
occurs at altitudes from around 75km to 120 km.
The ablated material recondenses to form lar-
ger MSPs and are of the order of nanometres
in size. These are then transported through the
mesosphere-stratosphere system where they can
influence chemical processes and the growth of ice
particles. Current atmospheric models struggle to
incorporate the effect of such particles as, due to
their size and high altitude, they are very diffi-
cult to measure. The authors have developed a
model to investigate how the dust size, density
and charge state effects the shape of the ISR spec-
trum allowing the possibility for these parameters
to be measured.

The model ISR spectrum uses typical iono-
spheric conditions (based on the IRI and
NRLMISR-00 models) above Tromsg and the
radar parameters of the EISCAT VHF radar. The
inclusion of MSPs causes the ISR ion line spectrum
to become larger in amplitude and the width to
decrease when compared to a “normal” ISR spec-
trum (from an ionospheric plasma without MSPs).
The authors note that whilst the backscatter cross
section (ISR amplitude) does not change with the
polarity of the dust, the width of the spectrum is
affected. Figure 35 indicates the variation in both
the spectrum amplitude and width as a function
of dust size for two different bulk densities of
dust. The plot on the left hand side shows the
effect of negative dust whilst the right hand
side plot shows the effect of positive dust. They
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Figure 35: The variation in the spectrum amp-
litude (blue) and width (orange) for two differ-
ent bulk densities of dust: 1000 kg m™> (solid line)
and 9000 kg m~> (dashed line) for the case of (a)
negatively charged dust and (b) positively charged
dust. Dust number density was kept at 500 cm™
and electron density at 5000 cm™ whilst positive
ion density was varied to maintain charge neutral-

ity.

attribute this to the fact that positively charged
dust particles effect the negative ion population
more than negatively charged dust, resulting in a
narrowing of the spectrum. The authors also find
that, due to prevailing atmospheric conditions,
dust detection is easier in the winter mesosphere
than the summer mesosphere. The authors also
note that although the spectrum is influenced by
the presence of MSPs, as discussed above, it is
often difficult to separate the effects of the MSPs
from other ionospheric effects such as electron
and neutral density and temperature changes.
The authors suggest combining the ISR data
with another independent data source for the
ionospheric parameters would be a step towards
isolating the MSP effects on the ISR spectrum.

Auroral-enhanced plasma lines

suprathermal electrons

by

Plasma line (PL) observed by EISCAT in the re-
cent solar maximum 2014 were investigated by
Feng et al. (2021). To statistically analyze the PL,
an algorithm was developed to automatically ex-
tract the naturally enhanced PL from the ISR spec-
tra (Figure 36), with which two typical auroral-
enhanced PLs, secondary electron and electron
beam, are analyzed. The result showed that PL
originating from secondary electrons and electron
beams present an evident magnetic local time de-
pendence.
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Figure 36: Panel(a)is a plasma line (PL) intensity
profile obtained by the EISCAT ISR with altitude
from 105km to 304km (mainly the E region and
valley region) at 17:01UT on November 21, 2014.
Enhanced PLs are extracted through morpholo-
gical image processing in panels (b) to (h), which
comprise preprocessing, color extraction, image
binarization, morphological dilation, connectivity
labeling, morphological erosion, and morpholo-
gical thinning, respectively. Panel (i) presents the
enhanced PLs extracted from the intensity profile
in panel (a).
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EISCAT Operations 2021-2022

The EISCAT radars operate in two basic modes,
using approximately half the available observing
time for each. In the Special Programme mode,
users conduct individual experiments dedicated
to specific experiments and objectives. The result-
ing data are reserved for the exclusive use of the
experimenters for one year from the date of col-
lection. Special programmes often make use of
the well developed pulse schemes and observing
modes of the Common Programme. EISCAT Com-
mon Programmes are conducted for the benefit of
the entire user community and the resulting data
are immediately available to all.

More than one of the EISCAT radars are of-
ten operated simultaneously during the Common
Programme experiments. Such observations of-
fer comprehensive data sets for atmospheric, iono-
spheric, and magnetospheric studies.

Common Programme One, CP-1, uses a fixed
transmitting antenna, pointing along the geomag-
netic field direction. The three-dimensional velo-
city and the anisotropy in other parameters can
be measured using the VHF receiving stations at
Kiruna and Sodankyld. CP-1 is capable of provid-
ing results with very good time resolution and is
suitable for studies of substorm phenomena, par-
ticularly auroral processes where conditions might
change rapidly. Continuous electric field measure-
ments can be derived from the tri-static F-region
data. On longer time scales, CP-1 measurements
support studies of diurnal changes, such as atmo-
spheric tides, as well as seasonal and solar-cycle
variations.

Common Programme Two, CP-2, is designed to
make measurements from a small, rapid transmit-
ter antenna scan. One aim is to identify wave-like
phenomena with length and time scales compar-
able with, or larger than, the scan (a few tens of
kilometers and about ten minutes). The first three
positions form a triangle with vertical, south, and
south-east positions, while the fourth is aligned
with the geomagnetic field.

Common Programme Three, CP-3, covers a 10°
latitudinal range in the F-region with a 17-position
scan up to 74°N in a 30min cycle. The observa-
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tions are made in a plane defined by the magnetic
meridian through Tromse. The principal aim of
CP-3 is the mapping of ionospheric and electro-
dynamic parameters over a broad latitude range.

Common Programme Four, CP-4, covers geo-
graphic latitudes up to almost 80°N (77°N invari-
ant latitude) using a low elevation, split-beam con-
figuration. CP-4 is particularly suitable for studies
of high latitude plasma convection and polar cap
phenomena. However, with the present one-beam
configuration of the VHF radar, CP-4 is run with
either both UHF and VHF radars or with UHF
only in a two position scan.

Common Programme Six, CP-6, is designed for
low altitude studies, providing spectral measure-
ments at mesospheric heights. The velocity and
electron density are derived from the measure-
ments, and the spectra contain information on the
aeronomy of the mesosphere. A vertical antenna
pointing direction is used.

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

Equivalent Common Programme modes are
available for the EISCAT Svalbard Radar: CP-1
is directed along the geomagnetic field (81.6° in-
clination). CP-2 uses a four position scan where
the 32 m antenna moves between three of the pos-
isitions, and data is collected by the 42m an-
tenna while the other one is moving. CP-3 is
a 15 position elevation scan using the 32m an-
tenna with southerly beam swinging positions.
CP-4 combines observations in the F-region view-
ing area with field-aligned and vertical measure-
ments. CP-6 is similar to the mainland radar CP-6.
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 2021 and 2022.



2021

KST COMMON PROGRAMMES

2021 J an Feb M;L _APr May J un J ul_ ﬂ Sept Oct Nov Dec Tutgl % Fm
CP1 42.5 15] 1.5 38 1 98| 26 16}
CP2 107.5 56 163.5 43 16}
CP3 24 1 25| 7| 124
CP4 2.5 2.5] 1 10}
CP6 3 70 1 14.5) 88.5) 23 20
CP7 1 1 0| 18}
UP 0f 0f

Total 150 0 39 8 70 56 0) 1 39 0| 15.5 0] 378.5 100]

% 40 0 10 2 18 15 0 0| 10 0| 4| 0f 10|

KST SPECIAL PROGRAMMES

2021 Jﬂ FeL Mar AEr ﬂv JLE JL Aug ﬂt Oct Nov Dec Totil Incl AA Move |Targe
CN 0| 5 44
FI 8.5) 4 8 87| 107.5] 121] 118
NI 12] 60 72 80| 69
NO 8.5) 24 33.5) 35 4 30| 7 11} 153] 175] 193
SW 8.5 35 4 92.5) 32 172 202] 258
UK 24 32 24 32 112] 133] 183
AA 19.5 24 16| 8| 10.5} 144 I 10|

Total 19.5 24 53.5) 32 0 57.5) 0| 106) 26.5] 160.5 158] 79  716.5) 717 o 864
% 3| 3 7| 4] 0 3| 0| 15] 4] 22 22 11} 10

EI cN | FI | NI | NO | sw | UK
Target 5.06 13.71 795 2229 29.86 21.13 %
KST OTHER PROGRAMMES

2021 Jan FeL Mar Apr_| May Jun JL Aug [ Sept Oct Nov Dec Totil Target

PP 51 31 82) 104

EI 0) 28]

GE 9.5) 7] 16.5 30]

FR 0) 7]

UA 0f 5

KR 0) 0f

Us 0f 5

TB 0f 0f
| _Total 0 0 0 0 0| 0| 0| 0f 9.5} 51 31 7] 98.5 179{

KST TOTALS

‘ 2021' Jan Feb ML _APr M_ay JI.E Jul_ ﬂg Sept Oct Nov Dec Toli Targel
CP| 150 0 39 8 70 56 0) 1 39 0| 15.5 0] 378.5 504

SP| 19.5 24 53.5 32 0) 57.5 0) 106 26.5 160.5 158 79 716.5 864]

OP} 0| 0 0 0 0 0 0 0| 9.5) 51 31 7 98.5 179

Total] 169.5 24 92.5) 40 70 113.5 0) 107] 75 211.5] 204.5 86 1193.5| 1547

USAGE BREAKDOWN

2021 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total | Target
UHF 169.5 24 87| 35 56 29 65.5) 76{ 156.5] 75 773.5 696)
VHF 4 5 53.5] 48 46 8| 112.5 46 6.5] 329.5 696
ESR 184 0 76.5 0) 51.5 78 0) 10.5 50.5 45.5] 153.5) 94.50 744.5 944
Heating 15] 32 3| 5 55 159

Total Radar 353.5] 24| 167.5 40 105 182 0] 100.5] 124 266) 359 181]  1949] 2495

Passive KST 8 82 48 86 8| 1 233

Passive ESR 0
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2021

ESR COMMON PROGRAMMES

2021 J an Feb M;L _APr May J un J ul_ ﬂ Sept Oct Nov Dec Tmil % Fm
CP1 148 38 33.5 5] 25.5) 3 253 68 54
CP2 54 1.5 55.5 15 16
CP3 5 5| 1 124
CP4 0| 0| 10}
CP6 51.5 6] 57.5 15
CP7 1 1 0|
UP 1) 0f
Total 148 0 38 0) 51.5 54 0) 1.5 38.5) 5] 31.5 4] 372 100]
% 40 0| 10 0 14] 15] 0 0 10 1 8 1] 10
ESR SPECIAL PROGRAMMES
2021 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total [Incl AA| Move [Targe
CN 0| 0| 0| 24
F1 5 3 4 5.5) 40 57.5] 58] 0| 64
NI 4 11.5 8.5 19 43 43 0| 37
NO 32 17| 3 4 5.5) 6] 19.5 87| 87| 0 104
SW 5 3 4 5.5) 49 1.5 68| 68| 0 139
UK 24 24 14.5 43.5) 106 106 0| o8y
m 1
Total 36) 0| 38.5 0 0) 24 0) 9 12] 40.5] 118] 83.5] 361.5 362| 0| 46
% 10| 0| 11 0 0 7 0 2| 3 11 33| 23} 10 j
ESR OTHER PROGRAMMES
2021 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
PP 4 4 32
EI 0| 22
GE 7] 7 0]
FR 0| 0f
UA 0| 0f
KR 0| 32
TB 0| 0f
| Total 0| 0 0 0 0 0 0 ) ) 0| 4| 7] 11 86}
ESR TOTALS
2021' Jan Feb ML _APr M_ay J un Jul_ ﬂg Sept Oct Nov Dec Toli Targel
CP| 148 0 38 0 51.5 54 0) 1.5 38.5) 5| 31.5 4 372 396§
SPH| 36) 0 38.5 0) 0) 24 0) 9| 12] 40.5) 118] 83.5] 361.5 466}
OP} 0| 0 0 0) 0) 0 0 0| 0| 0| 4| 7] 11 36}
Totall 184 0 76.5) 0 51.5) 78 0 10.5) 50.5) 45.5| 153.5 94.5) 744.5 948
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2

KST COMMON PROGRAMMES

2022 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total % [arget
CP1 80 13 0.5 1.5 95 25 16
CP2 135 104 239 62 16
CP3 0f 0 12
CP4 1 0.5 1.5 0 1C
CP6 11 1.5 12.5] 3 2
CP7 39 39 10| 18
UP 0f (
Total 135 0| 91 15.5 1 104 0| of 405 0] 0] 387, 10!
% 35 [} 24 4 0| 27 [y 0 10 0 0 10
KST SPECIAL PROGRAMMES
2022 | Jan Feb Mar | Apr | May | Jun Jul Aug | Sept Oct Nov Dec | Total [Incl AA Move |Target]
CN 28 11.5 5 14 58.5] 62 59
FI 20.5 34 38.9 93 104 108
NI 14.5 19 39 12] 16.5 101 109 8
NO 17.5) 36.5 26 18 2.5 46.5) 8 20.94 175.5 203 271§
SW 11 4.5 0.5 46.5) [§ 11 1845 211 259
UK 13.5 33 34 80.5 96| 15
AA 12] 16] 16| 8 20 19.5] 91.
Total 47, 91.5 9%  26.5 31.5 144 0] 93 8 26| 111.5] 239.5 784.5 785| 0] 903
%0 0) 12] 12] 3| 2| 0| 12] 1 3| 14] 3] 10
EI CN | FI | NI [ NO [ SW [ UK
Target 4 11.98 8.83 29.92 28.66 16.61 %
KST OTHER PROGRAMMES
2022 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total | Target
PP 6.5 5.5 22 2.9 36.5 65]
EI 0) 28]
GE 8 11 19 27
FR 0f
UA 0f 5
KR 121 121
Us 0f 13]
TB 9.5 8 17.5] 1§
Total 0) 6.5 9.5 0) 0| 0O 0) 0 8 16.5] 300 123.5 194 156
KST TOTALS
2022 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
CH| 135 0| 91 15.5 1 104 0| of 405 0] 0] 387 504§
SP] 47 91.5 96 26.5 31.5 14 0| 93 8| 26 111.5 239.5) 784.5 905
OP} 0] 6.5 9.5 0| 0| 0| 0| 0) 8 16.5) 30] 123.5 194] 15
Totall 182] 98[ 196.5 42 32.5 118] 0| 93 56.5 42,50 141.5 363) 1365.5| 1564
USAGE BREAKDOWN
2022 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total | Target
UHF 153 73.5| 1455 41.5 1 110] 10.5 34 119] 208} 896 732
VHF 29 6.5 41.5 31 2| 66.5 52, 5 17.5| 132.5) 383.5 732
ESR 161.5 1| 1295 36 15.5 94 0| 0) 19 275 95 58 637 961
Heating 19.5 6.5 5.5 3.5 5 9 49 100
Total Radar 3435 100.5 323 71.5 475 2115 0 66.5 81.5 70[ 236.5] 407.5) 2018 2525
Passive KST 13 3 2 133 10 102.5) 263.5
Passive ESR 0
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2022

ESR COMMON PROGRAMMES

2022 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec | Total % [arget
CP1 133 1 83 12.5 0.5 53 19 9] 311 82 54
CP2 0| 0 16
CP3 0] 0 12
CP4 0 0| 1C
CP6 41 41 11
CP7 27.5 1 28.5) 7
UP 0| (
Total 133 1 83 12.5 0.5 94 0| 0 19 27.5 10] 380.5 10!
% 35 0| 22 3 0| 25 0| 0) 5 7 3 10C
ESR SPECIAL PROGRAMMES
2022 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total |Incl AA| Move [Targe
CN 0| 0] 0|
FI 38 224 60) 60) 0| 58
NI 22 22| 22 0| 4
NO 12.5 24.5 7.5 10] 24 78.5 79 ol 149
SW 23.5 235 24 0| 14(
UK 16 75 37 12] 72.5 73 0| 81
AA (
Total 28.5 0 465 23.5 15 0| 0| 0| 0) 0 85 58 256.5 257| 0| 487
% 11 0] 18 9 6 0| 0| 0| 0) 0| 33 23 10
ESR OTHER PROGRAMMES
2022 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
PP 0| 4
EI 0| 224
GE 0| 0
FR 0|
UA 0| 4
KR 0] 56§
TB 0| [t
Total 0] 0| 0| 0| 0| 0| 0| 0) 0) 0| 0| 0| 78
ESR TOTALS
2022 Jan Feb Mar Apr | May Jun Jul Aug Sept Oct Nov Dec | Total | Target
CH| 133 1 83 12.5 0.5 94 0| 0) 19 27.5 10] 380.5 396}
SPH 28.5 of 465 23.5 15 0| 0| 0) 0) 0] 85 58 256.5 487
OP} 0| 0| 0| 0| 0| 0| 0| 0) 0) 0| 0| 0| 78]
Totall 161.5 1] 1295 36 15.5 94 0| 0) 19 27.5) 95 58 637| %ll

39




LD

oY
S

KemioN Jo AjisieAlun onody 8y 11N

so1sAyd @oeds jo synsu)

NN Jo AjisieAiun

ys3 4HN Buneay 4HA
uakqgiealbuo gswol] BunIyj e|fjueposg
siajienbpesH
99)lwwo) |eloueul 29)lWWOoD
pue aAjelsIuIWPY [1ouno) 1vosi3 —{  Aosinpy sousiog
o4dv JVS
wopbury payun uspams KemioN uedep puejui4 eulyo
014 aAemOIpeY
:.Mﬁ%w.u w_mm 1opeIsdeysuaton um‘_mmwmﬁv__,_m_ob E:wﬂ.wwmmﬂmm%ﬂz elWejeyy UsWONg o9 .ummuzzw_mmmmm
YN dA ¥4N ddIN Vs daldd

SJSOH

sjuswinJsu|

S9lS

sieuenbpeaH

sea)IWWo)
pue |1uno)

solouaby
Buipung

EISCAT organisational diagram, December 2022.

40



Photo from the Annual Review Meeting, 5-7 December 2022, at Welcome Inn Hotel Lyngskroa in Oteren, Nor-
way. From left: Erik Varberg, Harri Hellgren, Assar Westman, Robert Juhlin, Emma Unander, Elisabet Goth,
Simon Brown, Maria Mihdlikov4, Trond Sandmo, Stian Grande, Magnus Thorebéck, Arild Stenberg, Erlend
Danielsen, Anders Tjulin, Espen Helgesen, Taishi Hashimoto, Axel Steuwer, Juri Katkalov, Jussi Markkanen,
Esa Wikstrom, Craig Heinselman, David Rutberg, Carl-Fredrik Enell, Johan Svensson, Henrik Andersson.
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EISCAT Scientific Association, 897300-2549

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 2021-12-31 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.

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 1 938 hours were
accounted in 2021 (1 918 hours in 2020).

Common Programmes amounted to 39% (49%) of the operations. Special Programmes
amounted to 56% (44%) and other operations amounted to 5% (7%) of the total hours.

DLR-SO (Germany), IRA-NASU (Ukraine), JHUAPL (USA), KASI (South Korea), KOPRI (South
Korea) and METI (Int.) have Affiliate agreements and totally 24 hours (52 hours) were
accounted to the affiliates. METI joined and CNRS-IRAP (France) left the Association during
2021. The Peer-Review Programme made it possible for user groups from P. R of China,
Finland, Germany, Japan and Russia to run experiments, at no cost, on the systems. Peer-
Review time amounted to 86 accounted hours (72 hours).

e

45




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 with the possibility to run the VHF in tristatic mode by
using the antennas in Kiruna and Sodankyla for reception.

The new EISCAT_3D radar system is being constructed. EISCAT_3D will replace the current
UHF and VHF radar systems. The new system comprises three phased arrays working together.
These will be built in Finland, Norway and Sweden. The construction of EISCAT_3D progress is
slower than planned due to COVID-19 effects; components shortages and travel restrictions
meaning that completion date will slip into 2023. The old UHF and VHF radar systems will be
decommissioned after the new system has been taken in full use.

Project activities

The European Commission funded project EOSC-hub ended during the year. The two new
Commission funded projects started, EGI-ACE and PITHIA-NRF, and ENVRI-FAIR continued
throughout the year. Two other minor projects started too.

EISCAT_3D project

The ongoing EISCAT_3D Stage 1 (E3DS1) construction project continued throughout the year.
All major industry contracts are in place and mass-production of the sub-systems have started.
Deliveries of some parts are though on-hold due to electronic component shortages. The
planned delivery and installation in 2021 of the antenna units from P. R. China could not be
done due to COVID-19 travel restrictions. The Chinese contractor plan now to deliver the units
in summer 2022. The electronics to be delivered by other contractors can hopefully be
finalised late 2022.

A contract for the site buildings was agreed upon in the beginning of 2021 and both the
Norwegian and Finnish sites now have buildings being constructed. The groundworks at the
Swedish could not be completed in time before winter came in 2021. The work will be
completed in 2022 and the buildings will thereafter be constructed.

The work of the Council and its committees

Due to COVID-19 all Council and Committee meetings were held digitally. Council met in spring
and autumn and the meetings were chaired by the new Chairperson for 2021, Prof. Anita
Aikio. In addition to regular matters, Council finalised the process of hiring the next Director
to join in 2023. The new Director will be Dr. Axel Steuwer. He joins the Association in May
2022 starting as Director Designate. The present Director, Dr. Craig Heinselman, continues
until the end of 2022.

The regular Council committees, the Administrative and Finance Committee (AFC) and the
Scientific Advisory Committee (SAC) both had two digital meetings each during the year.

Budget development during the year

The 2021 operations ended below the budgeted target. This was much due to users travel
restrictions. Likewise, the same restrictions meant almost no travel by EISCAT staff resulting
in a cost reduction.
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The budgeted income ended overall close to target, though Associate contributions were
lower than planned. Further income from Affiliates and financial management plus a partial
insurance coverage of the water leak from 2020 compensated.

In summary, the year ended in a small net profit.

The long-term budget plan

The long-term budget plan remains on a challenging but feasible level. The operating cost
implications for the new EISCAT, with EISCAT_3D as the main system on the mainland, are well
understood and with the doubling of the annual contribution from at least the Nordic
countries, mean that the first years in the five-year plan can be balanced, though with less
operations than optimal. Additional income via grants or other revenues will be needed to
better utilise the new investments.

The result for 2021 and profit/loss handling
The year ended in a net profit of 25 kSEK, which will be added to the designated surplus fund
for use in subsequent years.
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PROFIT AND LOSS ACCOUNTS

in thousands of Swedish Crowns

Note 1 2021 2020
Income from operations
Grants received Note 2 152 331 93961
Revenue from operations Note 3 0 0
Other income from operations Note 4 460 81
152 791 94 042
Expenses from operations
Operation costs Note 5 -6 448 -7797
Administration costs -17 314 -2711
Personnel costs Note 6 -26 671 -26 021
Depreciation of fixed assets -8677 -8 799
-59110 -45 328
Operating profit/loss 93 681 48 714
Financial items
Interest income 16 203
Other financial income and cost 13 380 -7 520
13396 -7 317
Other items
Income from sold inventory 35 2462
Net profit/loss for the year 107 113 43 859
Changes in designated funds Note 7
Net profit/loss for the year 107 113 43 859
Use of designated investment funds -74 091 -43 087
Use of other designated funds -93 -216
Allocation of unused designated investment and other funds -32904 2562
A}?\?t profit/loss for the year after redistributions 25 3118

'
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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

M/al capital and liabilities

2021 2020

74 115 55223
204 742 149536
2109 2115
280966 206 874
1969 37479
3008 3179
328 314 313 546
333291 354 203
614 257 561078
280 966 206 874
69 376 44 682
25 3118

350 366 254 674
23883 22362
231882 279 303
6224 3777
1901 961
263 891 306 404
614 257 561078
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STATEMENT OF CASH FLOWS
in thousands of Swedish Crowns

2021 2020
Operating activities
Operating result before financial items 93 681 48 714
Transfer from funds invested 8677 8799
Interest received 16 203
Financial income and cost 13380 -7 520
Other income and cost 35 2 462
Increase/decrease of receivables 35510 -28 894
Increase/decrease of prepayments and accrued income 171 -978
Increase/decrease of creditors and liabilities -42 513 89 638
Adjustment for items not included in cash flow -11421 6329
Cash flow from operations 97 536 118 754
Investment activities
Investments in tangible assets -82 768 -51 886
Cash flow from investment activities -82768 -51 886
Cash flow for the year 14767 66 868
Liquid assets at the beginning of the year 313 546 246 678
Liquid assets at the end of the year 328314 313 546
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NOTES 2021 2020

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 allméanna
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.

mv

2021 2020

Associates 33764 24328
Affiliates 1891 904
Project grants, EC 3114 2401
Project grant, E3DS1 113 562 66 328
152331 93961

Accumulated Associate contributions status as of 2021-12-31

Annual contributions included and for 2021, Finland, Japan (in cash and
in-kind), Norway and Sweden were credited for providing E3DS1 project-
related funds. These sums are used for EISCATs ownership and time-

share calculation

Associate P.R. of China 53:337 49434
Associate Finland 146 056 132376
Associate Japan 117 118 100 595
Associate Norway 330028 251539
Associate Sweden 295373 262717
Associate UK 317 806 315284
Previous Associates 382168 382168

1641886 1494113

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 2021, 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). For 2021, the
insurance company covered costs resulting from a water leak on
Svalbard that happened in 2020.

Accommodation 4 44
Instrument hosting agreements 21 21
Educational support 18 16
Other income 416 -0

460 81

Note 5 Operations

The annual operating target for all systems together is about 2 500
active (high power mode) hours. For 2021, the budget assumed 2 495
hours and the outcome became 1 903 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 745 700
UHF system 774 743
VHF system 330 330
Heating system 55 91
T 1903 1863
Passive hours (receive only)
Kiruna receiver system 117 134
Sodankyld receiver system 117 134
233 268
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2021 2020
Accounted hours Hours Hours
Common programmes 751 946
Special programmes 1078 848
Other hours 110 125
1938 1918

Distribution of special programme hours between Associates

Associate P. R. of China 0 0
Associate Finland 165 131
Associate Japan 115 132
Associate Norway 240 111
Associate Sweden 240 180
Associate UK 218 205
All Associates, AA-runs 100 91
T 1078 848

Distribution, other hours

Affiliates 24 52
EISCAT staff and tests 0 0
Peer-reviewed campaigns 86 73
Timebuyers 0 0

T~ 110 125

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. Of these, seven are
on shorter-term project employments. The Headquarters is located in
Kiruna, Sweden. The personnel working at the Kiruna (Sweden),
Sodankylé (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 (Sodankyléd 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 2153 2087
Other personnel, employed and provided

via site contracts 16 539 15915
Social security contributions amounted tc 7 863 7843
of which for pension costs 3748 3943
Other personnel costs 115 177

The Director, Dr. Craig Heinselman, started his employment 2013-01-
01. His employment contract ends 2022-12-31. The next Director
following after Dr. Heinselman has been recruited.

Of the pension costs, 373 kSEK (380 kSEK) relates to the Director. He
and all other directly employed staff are included in ITP like
occupational pension plans. For the personnel provided via site
contracts, the pension plans are handled by their respective employer.

The members of the board (EISCAT Council) and members of
committees, who represents Associates 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.

2021 2020

Salaries and emoluments and average number of staff per country

Finland
Salaries and emoluments 686 704
Average number of staff - men and women 1+0 1+0

Norway (including Svalbard)

Salaries and emoluments 4725 4605
Average number of staff - men and women 7+0 8+0
Sweden

Salaries and emoluments 13281 12693
Average number of staff - men and women 14 +3 15+2

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

Board members (EISCAT Council) 11%3 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 107 113 43 859
EISCAT_3D financial gains/losses taken in
project finances -11 420 6329

Changes to capital operating reserve -97 74

Changes to decommissioning fund -2623 -1651

Changes to E3D construction reserve -3360 -2116

Changes to five-year operating reserve -15 500 0

Changes to funds invested -74 091 -43 087

Changes to spare parts reserve 4 13

Changes to surplus fund 0 -303
25 3118

Note 8 Tangible fixed assets

Changes in tangible fixed assets.

Buildings

Opening acquisition value 96 400 94576

Acquisitions during the year 19383 2456

Disposals during the year 0 -632

Closing acquisition value 115783 96 400
Opening accumulated depreciation -41177 -41 313
Depreciations during the year -492 -495
Disposals during the year 0 632
Closing accumulated depreciation -41 668 -41177
Closing residual value 74115 55223
Radar systems

Opening acquisition value 414152 365 705
Acquisitions during the year 62420 48 455
Disposals during the year 0 -8
Closing acquisition value 476 572 414 152
Opening accumulated depreciation -264616  -257 417
Depreciations during the year -7213 -7 206
Disposals during the year 0 8
Closing accumulated depreciation -271830 -264 616
Closing residual value 204 742 149 536
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2021 2020 2021 2020

Equipment and tools Note 13 EISCAT_3D build grants received but not usea

Opening acquisition value 36 306 36 345 The construction project, E3DS1, started 2017-09-01 and its first phase,
Acquisitions during the year 965 975 Stage 1, will be completed in 2022. Most Associates have now
Disposals during the year -715 1014 committed to its realisation. E3DS1 specific funding payments from
Closing acquisition value 36 557 36 306 Japan and Finland were received in 2021. Associate funds are kept as

prefinancing until used in the project. Funds spent are deducted from

Opening accumulated depreciation -34191 -34 087 the different funding sources in accordance with the agreed funding
Depreciations during the year -972 -1097 plan. United Kingdom contributed to the construction project during
Disposals during the year 715 993 2017-2018 and the funds were also used during that period. Sweden
Closing accumulated depreciation -34 448 -34 191 made an additional contribution in 2021 to cover for local taxes on costs
in Sweden.
Closing residual value 2109 2215
Changes in EISCAT_3D build grants received but not used
Sum tangible fixed assets 280 966 206 874

Associate Finland

Note 9 Prepayments and accrued income Opening balance 42 948 20555

Resources in staff and direct costs spent in ongoing externally funded Received during the year 25749 36817
projects are covered by accrued income until settled by submission of Used during the year -6 131 -14 424
periodic report claims. In 2021, ENRVI-FAIR continued and four new Closing balance 62 567 42948
projects started, whereof two, EGI-ACE and PITHIA-NRF, are EC funded.
The EOSC-hub project ended 31 March 2021. Associate Japan
Opening balance 23 765 0
Prepaid rents 9 9 Received during the year 6898 23765
Prepaid insurances 852 789 Used during the year -14 297 0
Accrued income, previous projects 0 1672 Closing balance 16 367 23765
Accrued income, EGI-ACE project 459 0
Accrued income, ENVRI-FAIR project 0 638 Associate Norway
Accrued income, PITHIA-NRF project 1459 0 Opening balance 176 580 121470
Accrued income, other projects 10 0 Received during the year 0 78398
Other items 219 70 Used during the year -66 148 -23288
3008 3179 Closing balance 110432 176 580
Note 10 Bank balances status Associate Sweden
Nordea 328314 313546 Opening balance 37870 56379
Cash in hand 0 0 Received during the year 0 0
328314 313546 Used during the year 26986  -18509
Closing balance 10 884 37870
Note 11 Funds invested status
Buildings 74115 55223 E3DS1 project finances, gains/losses
Radar Systems 204742 149536 Opening balance -1861 4469
Equipment and Tools 2109 2115 Changes during the year 11420 -6329
280966 206 874 Closing balance 9560 -1861
Note 12 Designated funds Local taxes Sweden contribution
The designated funds are divided into funds and reserves. The five-year Opening balance 0 0
operating reserve is new for 2021. It is used for budget transfers Received during the year 26 000 0
between periods in the five years plan, The other funds are earmarked Used during the year -3927 0
for specific purposes. Closing balance 22073 0
Capital operating reserve 3154 3057 Sum EISCAT_3D received build grants 231882 279303
E3D construction reserve 11786 8425
Decommissioning fund 9198 6576 Note 14 External project grants received but not usea
Equipment repair fund 754 754 Most externally funded projects work with prefinancing. For European
Five-year operating reserve 15 500 0 Commission projects, these are in EUR's. The prefinancing is used to
Investment fund 4753 7753 cover reported and approved costs. EOSC-hub was financially concluded
Restructuring reserve 4101 4101 during 2021.
Spare parts reserve 80 84
Surplus fund 17 050 13931 EGI-ACE H2020 prefinancing 480 0
T 69376 44682  ENVRI-FAIR H2020 prefinancing 2725 2667
EOSC-hub prefinancing 0 1110
PITHIA-NRF H2020 prefinancing 3019 0

6224 3777

-0
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EISCAT Scientific Association
Registered as a Swedish non-profit organisation
Organisation number: 897300-2549

Annual financial report for the year 2022-01-01 — 2022-12-31

The EISCAT Council and the Director for the Association submits herewith the annual report
for 2022.
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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 2022-12-31 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.

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 2 007 hours were
accounted in 2022 (1 938 hours in 2021).

Common Programmes amounted to 38% (39%) of the operations. Special Programmes
amounted to 52% (56%) and other operations amounted to 10% (5%) of the total hours.

Affiliates from Germany and South Korea made use of their access to the systems and totally
140 hours (24 hours) were accounted the affiliates. The Peer-Review Programme (PP) made it
possible for user groups from Belgium and Germany to run experiments, at no cost, on the
systems. In the beginning of the year, a Russian group ran a PP-campaign. Their access was
thereafter cancelled. PP-time amounted to 36 accounted hours (86 hours). The new
Transnational Access (TNA) project, PITHIA-NRF, funded two campaigns in 2022. Totally 18
hours (0 hours) were TNA-hours.
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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 with the possibility to run the VHF in tristatic mode.

The new EISCAT_3D radar system is being constructed. EISCAT_3D will replace the current
UHF and VHF radar systems. The new system comprises three phased arrays working together.
These are currently built in Finland, Norway, and Sweden. The construction of EISCAT_3D
suffers from delays due to earlier COVID-19 effects, components shortages and travel
restrictions. It is expected that most of the hardware installations can be completed late 2023
followed by system commissioning and first regular full system operations in 2024. The old
mainland UHF and VHF radar systems, which will be replaced by the new EISCAT_3D system,
will be decommissioned latest at that time.

Project activities
In 2022, five externally funded projects are ongoing, whereof three are European Commission
funded: EGI-ACE, ENVRI-FAIR and PITHIA-NRF.

EISCAT_3D project

The ongoing EISCAT_3D Stage 1 (E3DS1) construction project continued in fast pace
throughout the year. The site buildings are almost ready for takeover and the site
infrastructure are mostly completed. The antenna system delivered from P. R. China arrived
harbour in Norway in September 2022 and was thereafter transported to the three EISCAT_3D
sites. Installation of the units commenced thereafter. The installation works were tendered,
and two companies were contracted for the work. The plan is to have the antenna installation
fully completed latest summer 2023. Installation of the radar electronics will be done
thereafter.

The work of the Council and its committees

The EISCAT Council had two regular meetings and an extraordinary one in 2022. The spring
meeting was a hybrid meeting with most members present in Helsinki, Finland. That meeting
had a follow-up hybrid session on Arlanda, Sweden, in September. The regular autumn
meeting was also held as hybrid with most members present in Cambridge, UK. The meetings
were chaired by Prof. Anita Aikio. In addition to regular matters, Council considered regulatory
and legal matters relating to operating the new EISCAT_3D system. For that reason, Council
formed a working group to assess this further. Members in the group are the delegates from
the EISCAT_3D host countries, Finland, Norway, and Sweden. The findings and
recommendations from the working group will be considered further during 2023. In the
autumn meeting, Council thanked the outgoing Director, Dr. Craig Heinselman for his services
to the Association over the last 10 years. The new Director, Dr. Axel Steuwer starts his term
2023-01-01. At the end of the year, Prof. Aikio handed over the Chairpersonship to Prof. Jérg
Gumbel, who will be leading Council for the next two years, 2023 and 2024.

The regular Council committees, the Administrative and Finance Committee (AFC) and the
Scientific Advisory Committee (SAC) both had two meetings each during the year. The spring
meetings were on-line only and the autumn meetings were hybrid.

58




EISCAT Scientific Association, 897300-2549

Budget development during the year

The 2022 operations ended below the budgeted target. Apart from operations, the
Association has much recovered from COVID-19 effects and EISCAT scientists attended
conferences and meetings much as before. The 20th International EISCAT Symposium was
held in Eskilstuna, Sweden, in August and over 100 participants attending either physically or
on-line.

The actual contributions from Associates and Affiliates became higher than budgeted due to
changes in exchange rates. Less operations meant reduced costs, but electricity and staff
expenses became higher due to costlier kWh costs and one-off costs. The overall operating
costs ended much on target.

In summary, the year ended in a small net profit.

The long-term budget plan

The long-term budget plan remains on a challenging but feasible level, at least during the first
years. Additional income via grants or other revenues will be needed to better utilise the new
investments.

The result for 2022 and profit/loss handling
The year ended in a net profit of 501 kSEK, which will be added to the designated surplus fund
for use in subsequent years.
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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

2022 2021
157 694 152 331
0 0

83 460
157778 152791
-17 541 -6 448
-3 002 -17 314
-29 581 -26 671
-8 720 -8 677
-58 843 -59 110
98 935 93 681
1442 16
-1 695 13 380
-253 13396
37 35

98 718 107 113
98718 107 113
-75 099 -74 091
-1002 -93
-22 116 -32 904
501 25
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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

2022 2021
84 976 74 115
268 551 204 742
2538 2109
356 065 280 966
4394 1969
4434 3008
232 988 328 314
241 816 333291
597 881 614 257
356 065 280 966
76 452 69 376
501 25
433018 350 366
33 682 23883
125 395 231882
4416 6224
1371 1901
164 863 263 891
597 881 614 257
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STATEMENT OF CASH FLOWS
in thousands of Swedish Crowns

2022 2021
Operating activities
Operating result before financial items 98 935 93 681
Transfer from funds invested 8720 8677
Interest received 1442 16
Financial income and cost -1695 13 380
Other income and cost 37 35
Increase/decrease of receivables -2 425 35510
Increase/decrease of prepayments and accrued income -1425 171
Increase/decrease of creditors and liabilities -99 028 -42 513
Adjustment for items not included in cash flow -16 067 -11 421
Cash flow from operations -11 507 97 536
Investment activities
Investments in tangible assets -83 819 -82 768
Cash flow from investment activities -83 819 -82768
Cash flow for the year -95 326 14 767
Liquid assets at the beginning of the year 328 314 313 547
Liquid assets at the end of the year 232988 328314
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NOTES 2022 2021

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.

2022 2021

Associates 40 874 33764
Affiliates 1585 1891
Project grants, EC 3853 3114
Project grant, E3DS1 111382 113 562
157 694 152331

Accumulated Associate contributions status as of 2022-12-31

Annual contributions included and for 2022, Finland, Japan (in cash and
in-kind), Norway and Sweden were credited for providing E3DS1 project-
related funds. These sums are used for EISCATs ownership and time-
share calculation

Associate P. R. of China 57710 53337
Associate Finland 173 587 146 056
Associate Japan 126 684 117118
Associate Norway 416 481 330028
Associate Sweden 317597 295373
Associate UK 320465 317 806
Previous Associates 382168 382168

1794691 1641886

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 2022, 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 33 4
Instrument hosting agreements 21 21
Educational support 23 18
Other income 7 416
T 83 460

Note 5 Operations

The annual operating target for all systems together is about 2 500
active (high power mode) hours. For 2022, the budget assumed 2 524
hours and the outcome became 1 966 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 637 745
UHF system 896 774
VHF system 384 330
Heating system 49 55
T 1966 1903
Passive hours (receive only)
Kiruna receiver system 132 117
Sodankyld receiver system 132 117
264 233
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2022 2021
Accounted hours Hours Hours
Common programmes 768 751
Special programmes 1046 1078
Other hours 194 110

2007 1938
Distribution of special programme hours between Associate:
Associate P. R. of China 59 0
Associate Finland 153 165
Associate Japan 123 115
Associate Norway 254 240
Associate Sweden 208 240
Associate UK 153 218
All Associates, AA-runs 96 100

1046 1078
Distribution, other hours
Affiliates 140 24
EISCAT staff and tests 0 0
Peer-reviewed and TNA campaigns 54 86
Timebuyers 0 0

T 194 110

Note 6 Personnel costs and average number of employees

The Association employs directly Headquarters and most project staff,
currently about 19 positions, including the Director and Director
Designate. The Headquarters is located in Kiruna, Sweden. The
personnel working at the Kiruna (Sweden), Sodankyld (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 (Sodankyld 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 2418 2153
Other personnel, employed and provided

via site contracts 17553 16 539
Social security contributions amounted tc 9064 7 863
of which for pension costs 4318 3748
Other personnel costs 546 115

The current Director is Dr. Axel Steuwer. He joined the Association as
Director Designate 2022-05-01 and assumed the role as Director 2023-
01-01. His employment is for initially five years. The previous Director,
Dr. Craig Heinselman, left the Association 2022-12-31.

Of the pension costs, 373 kSEK (373 kSEK) relates to the previous
Director. The Director and all other directly employed staff are included
in ITP like occupational pension plans. For the personnel provided via
site contracts, the pension plans are handled by their respective
employer.

The members of the board (EISCAT Council) and members of
committees, who represents Associates 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.

-9

2022 2021

Salaries and emoluments and average number of staff per country

Finland

Salaries and emoluments 718 686
Average number of staff - men and women 1+0 1+0
Norway (including Svalbard)

Salaries and emoluments 4612 4725
Average number of staff - men and women 7+0 7+0
Sweden

Salaries and emoluments 14 641 13281
Average number of staff - men and women 15+4 14+3

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)
Directors

11+3
1+0

11+3
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 98 718 107 113
Transfers between regular EISCAT and EISCAT_3D
construction project -16 067 -11 420
Changes to capital operating reserve -100 -97
Changes to decommissioning fund -2651 -2623
Changes to E3D construction reserve -3397 -3360
Changes to five-year operating reserve 0 -15 500
Changes to funds invested -75 099 -74 091
Changes to spare parts reserve -15 4
Changes to surplus fund -887 0
501 25
Note 8 Tangible fixed assets
Changes in tangible fixed assets.
Buildings
Opening acquisition value 115783 96 400
Acquisitions during the year 11353 19 383
Disposals during the year 0 0
Closing acquisition value 127 135 115783
Opening accumulated depreciation -41 668 -41177
Depreciations during the year -491 -492
Disposals during the year 0 0
Closing accumulated depreciation -42 160 -41 668
Closing residual value 84976 74115
Radar systems
Opening acquisition value 476 572 414152
Acquisitions during the year 71039 62 420
Disposals during the year 0 0
Closing acquisition value 547 611 476 572
Opening accumulated depreciation -271830 -264616
Depreciations during the year 27231 -7213
Disposals during the year 0 0
Closing accumulated depreciation -279061  -271830
Closing residual value 268 551 204 742
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2022 2021

Most Associates have now committed to its realisation. An E3DS1
specific funding payment was received from Japan in 2022 and a
budgeted transfer from the regular budget to the construction project
was done. 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.

2022 2021
Equipment and tools
Opening acquisition value 36557 36 306
Acquisitions during the year 1427 965
Disposals during the year -559 -715
Closing acquisition value 37424 36557
Opening accumulated depreciation -34 448 -34191
Depreciations during the year -997 -972
Disposals during the year 559 715
Closing accumulated depreciation -34 886 -34 448
Closing residual value 2538 2109
Sum tangible fixed assets 356 065 280 966

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 2022, five externally funded projects are
ongoing whereof three are EC funded: EGI-ACE, ENVRI-FAIR and PITHIA-

NRF.
Prepaid rents 9 9
Prepaid insurances 1107 852
Accrued income, EGI-ACE project 245 459
Accrued income, ENVRI-FAIR project 1488 0
Accrued income, PITHIA-NRF project 342 1459
Accrued income, other projects 24 10
Other items 1220 219
T 4434 3008
Note 10 Bank balances status
Nordea 232988 328314
Cash in hand 0 0
T 232988 328314
Note 11 Funds invested status
Buildings 84 976 74 115
Radar Systems 268 551 204 742
Equipment and Tools 2538 2109
356 065 280966

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.

Capital operating reserve 3254 3154
E3D construction reserve 15183 11786
Decommissioning fund 11 850 9198
Equipment repair fund 754 754
Five-year operating reserve 15500 15500
Investment fund 7753 7753
Restructuring reserve 4101 4101
Spare parts reserve 95 80
Surplus fund 17 962 17 050

76 452 69376

Note 13 EISCAT_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. We estimate that
most of the installations can be completed in 2023 but system
commissioning will continue into 2024.

-10 -

Changes in EISCAT_3D build grants received but not usec

Associate Finland

Opening balance 62 567 42948
Received during the year 0 25749
Used during the year -19 557 -6131
Closing balance 43 009 62 567
Associate Japan

Opening balance 16 367 23765
Received during the year 1108 6898
Used during the year -7 261 -14 297
Closing balance 10214 16 367
Associate Norway

Opening balance 110432 176 580
Received during the year 0 0
Used during the year -73 679 -66 148
Closing balance 36753 110432
Associate Sweden

Opening balance 10 884 37870
Received during the year 0 0
Used during the year -10 884 -26 986
Closing balance 0 10 884
Regular EISCAT

Opening balance 0 0
Received during the year 16 263 0
Used during the year 0 0
Closing balance 16 263 0
E3DS1 project finances, gains/losses

Opening balance 9560 -1861
Changes during the year -196 11420
Closing balance 9364 9560
Local taxes Sweden contribution

Opening balance 22073 0
Received during the year 0 26 000
Used during the year -12 281 -3927
Closing balance 9792 22073
Sum EISCAT_3D received build grants 125 395 231882

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.

EGI-ACE H2020 prefinancing -42 480
ENVRI-FAIR H2020 prefinancing 1169 2725
PITHIA-NRF H2020 prefinancing 3289 3019

4416 6224
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The EISCAT Associates and Affiliates

December 2022

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

DLR-SO

Institut fiir Solar-Terrestrische Physik, Germany
www.dlr.de/so

JHUAPL
Johns Hopkins University Applied Physics Laboratory, United States
www.jhuapl.edu

KASI

Korea Astronomy and Space Science Institute, South Korea
www.kasi.re.kr

KOPRI

Korea Polar Research Institute, South Korea
www.kopri.re.kr

METI
METI International, United States
meti.org

RIAN

Institute of Radio Astronomy, Ukraine
rian.kharkov.ua



EISCAT Scientific Association

Headquarters

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

Sites

Kiruna

EISCAT Kiruna Site
EISCAT Mottagarstation
SE-981 92 Kiruna
Sweden

Longyearbyen

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

Sodankyla

EISCAT Sodankylé Site
Tahtelantie 54B
FIN-996 00 Sodankyla
Finland

Tromse

EISCAT Tromse Site
Ramfjordmoen
N-9027 Ramfjordbotn
Norway



