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1. EXPERIMENTS FOR MEASUREMENTS IN SPACE

J.Balgg, P.M.Bduzssk | ov §

Experiment MEP-2 on board of Spektr-R (Radioastron)

The data acquisition from the experiment M2Pwas terminated on T0
January 2019 as a result of failure of communication with the SRefacecraft
due to the spacecraft command receiver malfunction. The mission was anyway
very successful as it was operative on orbit for 7.5 years instead of planned 3
years. e prograrmable energetic particle spectrometer MERlevelopednd
constructedat the Department of Space PhysiE®-SAS was operative over
entire mission lifetime and delivered large amount ddiadale science data

Figure 1.1. Energetic particle spemmeter MER2. The configuration on delivery and after
installation on board of the space observatory SpBk(Radioastron).

The description and eorbit operation of the PLAZMAF suite is described in
[1], the MER2 experiment is described in [2Amid significant results of the
MEP-2 experiment, e.g., a new type of oscillations of energetic ions flux near the
Eart hdés bow s h3 this kimdaoEparticle fluz eatiabildy culd
be ever observed due to high time resolution and wide energg EHAVIER2
spectrometer.



Experiment SERENA/PICAM for mission ESA-BepiColombo

IEP SAS contributé to ESABepiColombo mission to planet Mercury time
frame of scientifietechnicalcooperation with Space Technology Ireland (STIL)
and Institute for Spadeesearch of Austrian Academy of Sciences (WA W) .
The delivery involvd the mechanical structures of the PICAM (Planetary lon
Camera) instrument that were manufactured in Slovakia (mechastiesls
simulations and mechanicabmponents manufacture ona%is centre of
Products, Bratislava, spagealified processing and integration and testing at
IEP-SAS, Kogi ce) .

Il Sol] WM S
Figure 1.2. SERENA / PICAM anillercury planetary orbiter (MPO) of BepiColombo mission.

PICAM is a part of a complex space sciencdesSSERENA for particle
detection at planet Mercurihe launch of the mission was onf"2Dctober 2018,
the science payload is operating nominally. The first flyby of planet Earth is
scheduled on March 2020 followed be flyby of planet Venus in October 2020.
The arrival to Mercury is scheduled in 2025eTdetailed descriptionf the
PICAM devie is providedn [4].

Experiment PEP/JDC for mission ESAJUICE

Experiment PEP (Particle Environment Packagi#)provide comprehensive
detection and analysis of the plasma and particle environment in the system of
planet Jupiter and its Galilean moons&pa, Calisto and GanymedeEPwill
measure density and flusf positive and negative ions, electrons, exospheric
neutral gas, thermal plasma and energetic neutral atoms in the energy range from
<0.001 eV to >1 MeV with full angular coveragéhe PEP sué includes six
sensors (JDC, JEI, JoEE, NIM, JNA and JENI) that are under development at
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several EU and US institutions led by Swedish Institute for Space Physics (IRF,
P.l1. prof. S. Barabash). Based on invitation from IRF, the3BB contributes to
devebpment and construction of ambincidence particle detection system for
JDC sensor (Jovian plasma Dynamics and Composition) of the PEP suite. The
antrcoincidence system will improve the plasma particles detection efficiency on
the background of penetnag electron radiation from Jovian radiation belts. The
system consists from silicon solid state detector (SSD) and dedicated processing
electronic unit (ANU).

Figure 1.3. JDC sensor of the PEP science suite and JUICE spacecraft orbiting in the system
of Jupiter and its Galilean moons.

The JUICE mission including the PEP science suite description is described in
[5], the JDC sensor is in details described in [6].

The patrticipation of IEP SAS to JUICE mission is supported by Slovak PECS
(Plan for Europan Cooperating Stajegroject namedfi S| ovak contri
ESAJUICE mission: Development of Ai@bincidence Module ACM for Particle
Environment Package PEPO.

The development, manufacture, testing and calibration of the ACM/EM
(engineering model) werBnished in December 2018. The EM unit was then
delivered to IRF Kiruna, Sweden, where it was successfully integrated to the
JDC/EM sensor system.

The flight model (ACM/FM) was built from the spagealified components
during 2019, the final assembly, tieg) and calibration was performed in October
November 2019 at IEP SAS Kosice and the unit was finally delivered to IRF
Kiruna for integration to JDC/FM system.
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Figure 14. (Left) ACM/EM subsystem after integration to JDC/EM at IRF Kiruna. (Right)
ACM/FM under thermalacuum test in SPACEVAC space simulator at 85 Kosice.

Experiment ASPECT-L for project LUNA -26
The experiment ASPECI is currently under development at HSAS in

cooperation with Institute for Space Research RAN), Moscow, forlunar
mission LUNA-26.

Figure 1.5. Energetic particle spectrometer ASPECTor LUNA-26 mission and its position
onboard of the Orbiter spacecratft.



The Structural Thermal Model (ASPEEQTSTM) was delivered téKI-RAN
in 2015, the engineering model bktinstrument (ASPEGT/EM) was delivered
to IKI-RAN in October 2019.

Figure 1.6. ASPECTL/EM (Engineering Model) as delivered to tRIAN, Moscow, Russia, in
October 2019.

Participation of Slovakia in the project JEM-EUSO

JEM-EUSO (Japanese Experiment Module Extreme Universe Space
Observatory) experiment will search for ultigh energy cosmic rays (UHECR,
with energy above 10719 eV) by monitoring UV light produced in their
interaction with atmosphere from Internatiorggbace Station. Department of
Space Physics IEBAS works in project frame mainly on UV background model
at the Earth night side. Pattern recognition methods for showers detection in
EUSO experiments measurements are developed at Technical University in
Kosice.

In the UV background model, we focus specifically on identification and
guantification of in the upper atmosphere produced airglow light intensity
variations. The analysis shows the main variations that should be searched in
measurements of the M#lUSO experiment operating at ISS since August 2019.

As an important outcome, we present the article Winéet Imaging of the
Night-Time Earth by EUSE@Balloon towards spaeeased ultrehigh energy
cosmic ray observationg][ This is an article with thanalysis of measurements
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of the EUSO balloon experiment, which took its flight in August 2014. The article
Is devoted to the first measurement by a EUSO class detector looking fer ultra
high energy cosmic ray showers from above. The probability of cagtthe
shower signal during this flight was not high, the flight served as a technology test
detector and for background measurement, which is a limiting factor in the
observation of showers.

The activities of the IEP SAS group were oriented also on prepand
building a global network of UV detectors. The UV detector network named
AMON-net is designed for longerm monitoring of the global dynamics of
airglow radiation generation. At present, the network has been in operation and
its main stations haveeen continuously measuring for more than two years (the
stations in Mexico at the Astronomico Nacional de San Pedro Martir Observatory
and the Canary Islands, Los Muchachos Observatory, La Palma). Other stations
in Germany and the Kolonica Observatoryd@een measuring continuously for
over a year. Test measurements and control measurements of weeks to months
were carried out in Sweden, the USA, and the Lomnicky Stit. Publicaion [
describing the AMON detector, which is the measuring station for M®NX-
net network. The development of the flight version of the AMON detector is an
ongoing activity. Two test flights were realized at the stratospheric platform
HiDron (www.stratodynamics.gan August 2019. Fat to altitude 30 km, second
to altitude 34 km. A flight version of the detector, AMON (2 pieces) and EMON
(3 pieces) are prepared for NASA EUSPB2 flight, to perform UV background
and light conditions measurements in the main EUSO mission detector.

Theevaluation of EUSESPB measurements by machine learning methods is
presented ing]. Analysis of the first measurements from-EAJSO presents the
ground experimentl0]. Results of calibration measurements of UV light sources
during EUSO flight balloon shes [11].



http://www.stratodynamics.ca/

Figure 1.7. HiDron with AMON on CNES balloon before the flight from Timmins, 31. August
2019.

Information regarding the first Slovak satellite skCUBE

The first Slovak satellite skCUBE was designed, developed and successfully
launched intoorbit on the 28 June 2017. The skCUBE project was run by the
Slovak Organisation for Space Activities (SOSA), in collaboration with the
Slovak University of Technology in Bratislava, Technical University igKoc e
and the Uni vand dozen®ycomphniesin total, over 60 people
volunteered on this project. It was partially fundedhmsy Ministry of Education,
Science, Research and Sport, the Ministry of Transport and the Prime Minister of
the Slovak Republic. In July 2017 the nanosatellitiéesed a problem in orbit.
Despite this issue, it continued to transmit data, which were collected by multiple
ground stations all around Slovakia on a daily basis. The satellite functioned
without a restart for 569 days. On the1&f January 2019, theanosatellite
stopped transmitting data. A few days prior to this, some parts of the satellite
seemed to be overheating. Members of SOSA attempted to reconnect to the
satellite for several days without success. The project was therefore terminated on
the F'of February 2019.
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Data from the satellite are freely available. They are still being processed by
SOSA members and by students from all over Slovakia, Czechia and elsewhere
in the world, who have included them in their bachelors and masters theSés. SO
also prepared a course open to the public, providing basic information about
receiving and processing satellite data. There was a lot of interest for this course,
which may continue to be provided to students and the public in the future.

Furthermore,he success of the skCUBE project inspired several members of
SOSA and collaborators abroad from Hungary, Japan and the Czech Republic to
prepare a scientific mission called Cubesats Applied for MEasuring and
LOcalising Transients (CAMELOT). Members of SO8Ad the skCUBE team
are taking part in the preparation of the CAMELOT nanosatellite fleet hardware.
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2. SPACEPHYSICS, GEOPHYSICS AND ASTRONOMY

J. Bal §§g, P. BobZXBbR.nbLga nDyoerro,t oG.i |Ma c k
M. Reval ld, Gil Ryb8k, T-1th

The Department of Space Physitsstitute of Experimental Physics, SAS,

K o ¢ i(httpe//space.sask&)sin cdlaboration with the laboratories in abroad
continued studies of the dynamics of low energy cosmic rays (CR) and of
suprathermal cosmic particles, as well as high energy cosmic rays based on
measurements in space and on the ground.

Analysis of long term @ntinual measurements by Neutron Monitor at High
Al titude Laboratory of I EP SAS Lomni ck
http://neutronmonitor.ta3.3kalong with other neutron monitors weused to
confirm correlation between radiation exposures of aircrew members from
selected airline operators registered in the Czech Republic from 1998 up to 2018.
Results of this radiation protection study are presented in [1].

Thunderstorm ground enhancemtis (TGES) of secondary cosmic ray fluxes,
recorded by the SEVAN detector system, are compared with simultaneous
measurements of electric field at the
observatory of Skalnat® Pl edgranMaytom Ma )
October in 2018

Observation of the processes in Earth's magnetosphere by means of energetic
neutral atoms (ENA) continues by analysis of data obtained by Neutral atom
imaging detector NUADU J]. The device was constructed at the Institute of
Experimental Physics in collaboration with Space Technology Ireland, Swedish
Institute of Space Physics, Chinese National Space Science Center and operated
on board of the Double Star TC2 spaceci@ftAlthough the TC2 spacecraft was
injected to high apgee orbit, its perigee in range 50800 km also allowed close
up observations at low altitudes in polar region where energetic ion precipitation
take place. The novel analyses has concentrated to emissionsaifitode ENA
during magnetospheric substts and showed that the besty to observe
dynamics of magnetospheric ring current variations is from a low orbit spacecratft.

It was shown that the closer the imaging device is to the ENA emission source,
the higher temporal and spatial resolution datalwa obtained. In the substorm
expansion phase, magnetic field stretching tailward causes the ion deposition due
to the pitch angle diffusion of RC ions. During the substorm recovery phase,
magnetic field dipolarization with the energetic ion injection aight
accompanied by precipitating ions caused by the pitch angle diffusion at dusk.
This was demonstrated for the first time at a temporal resolution of one minute.

Within the studies of Sukarth relations, we have concentrated on the research
of a fairt light in the altitudes 86 300 km, called airglow. The airglow is not a
well-explored phenomenon. To determine the response of airglow production to
disturbances of the magnetosphere for ground measurements. The result is a
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publication ] with an estination of the decrease in airglow intensity depending

on the degree of magnetosphere disturbances described by the Dst index for
selected positions on the Earth's surface. These are observatories with suitable
meteorological conditions and a series of posg along the auroral boundary for

a highly disturbed magnetosphere (Kp = 8). The second area was the evaluation
of UV background measurements from the EUSO balloon flight in 2014. This
activity was a continuation of the work of previous years publishedd article

[5] in 2018 with the conclusions of the analysis. Characterization of its influence
on the detection of extensive air showers, where it acts as a background, is just in
the beginning. Therefore, we have started our own program of airgloviamiogi

with onepixel detectorsg]. This program is supported by the government of
Slovakia through an ESA (European Space Agency) contract under the PECS
(Plan for European Cooperating States).
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TheFaculty of Mathematics, Physics and Informatics, Comenius University,
Bratislava was involved in the following eight directions of research as listed
below.

Photometric observations and research of asteroids at Astronomical and
Geophysical Observatory Modra, Faculty of Mathematics, Physics and
Informatics, Comenius University in Bratislava

The photometric program of asteroid observations continued at Astronomical
and Geophysical Observatory in Modra, Comenius University in Bratgistavne
of the projects also in collaboration with the Astronomical Institute of the Czech
Academy of Sciences, OndSejov, Czech F

In [1] we studied the membership, size ratio and rotational properties of 13
asteroid clusters consisting of betweemr8l 19 known members that are on
similar heliocentric orbits. By backward integrations, we confirmed their cluster
membership and estimated times elapsed since separation of the secondaries from
the primary that are between®1and a few 1®years. By usig photometric
observations we derived the accurate absolute magnitudes of primaries and
rotation periods for all the clusters. We found that 11 of the 13 clusters follow the
same trend of primary rotation period vs. mass ratio as revealed by Pravec et al.
(2010).

The spin states of NeRrincipal Axis (NPA) rotators offer significant clue to
the evolutionary processes of these asteroids because their excited spin states are
thought to be caused by internal and/or external forces in the past. Incorporating
the photometric datasets obtained from the three apparitions, 2006, 2016 and
2017, we constructed its spin state and shape model of Krylov [2]. We found that
the asteroid is rotating in Short Axis Mode (SAM) with rotation and precession
periods of 68.15 hand 396.30 h, respectively. The largest and intermediate
principal inertia moments are nearly the same: Ib/Ic = 0.98. However, the smallest
principal inertia moments is less than the half of the others: la/lc = 0.23. We
outlined the possible evolutionarygeesses which led to the observed spin state.

We conducted a photometric, spectroscopic, and dynamical studytypeV
asteroids outside the Vesta family in the inner main belt [3]. The aim was to find
traces of once existing differentiated planetesiméher than Vesta, to provide
the missing observational evidence for theories predicting an abundance of such
planetesimals in the early solar system.

In [4] we presented the study of a sample of 93 asteroid pairs that are on highly
similar heliocentric orits. We estimated times elapsed since separation of pair
members that & ryre andb & fewv &0eyn With Tpho@metric
observations, we derived the rotation periods P1 for all the primaries and a sample
of secondaries. For a part of the studiedgyaire refined their WISE geometric
albedos and collected or estimated their taxonomic classifications. For 17 asteroid
pairs, we also determined their pole positions. Moreover, we found that the
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primaries of 13 asteroid pairs in our sample are actualbprpior triple systems,

l.e., they have one or two bound, orbiting secondaries. We compared the obtained
asteroid pair data with theoretical predictions and discussed their implications.
We found that 86 of the 93 studied asteroid pairs follow the trerptimiary
rotation period vs mass ratio that was found by Pravec et al. (2010). Of the 7
outliers, 4 are high mass ratio pairs that were unpredicted by the theory of asteroid
pair formation by rotational fission. The 13 asteroid pairs with binary primaries
are particularly interesting systems that place important constraints on formation
and evolution of asteroid pairs.

Meteor observations and analyses by AMOS network

In 2018-2019 continued the monitoring of meteor activity above the Central
Europe, Canary Islandatacama desert in Chilend Hawaiiby All-sky Meteor
Orbit System (AMOS), autonomous video observatory for detection of transient
events on the sky. Hardware and sofevaf AMOS have been developed and
constructed at the Astronomical and Geophysical observatory of Comenius
University in Modra.

We introduced and demonstrate the capability of the updategkiIMeteor
Orbit System (AMOS) (called AMOSpec) [5] to measurthe emission lines
intensites of meteorielement abundances of meteors. The AM&&c program
has been created with the intention of carrying out regular systematic
spectroscopic observations. At the same time, the meteoroid trajectory and pre
atmospheriorbit are independently measured from data collected by the AMOS
camera network. This, together with spectral information, allows us to find the
link between the meteoroid and its parent body, from both dynamical and physical
consideration. Here we repaesults for202selected cases.

Na rich
Na free

Iron

[z“’w_f\e rich
/ W Fe poor

Na enhanced

Figure 2.1. Distribution of spectral classes identified within the sample of 202 meteoroids in
the mm to dm size range.
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Figure 2.2. Ternary diagram displaying the spectral classification of 202 meteciks tof-14
abs mag. (corresponding to meteoroids of mm to dm sizes) observed by theSHdOS/stem
during 20132017 from AGO Modra Slovakia.

Development of Slovakian optical sensor for space debris objects cataloguing
and research

The Department oAstronomy whichis part of the Faculty of Mathematics,
Physics and Informatics of Comenius University in Bratislava, Slovakia (FMPI
CU) won an ESA PECS Slovakia activity with a main goal to transform-an0.7
Newton telescope (AGO70) dedicated to amateur astronomicalvaheas to a
professional optical system for regular support of the space debris tracking and
research6]. The devel opment started with th
Astronomical and Geophysical Observatory in Modra, Slovakia (AGO) in
SeptembeR016. It was necessary to adapt the-lewel telescope control to the
needs of space debris tracking. For the image processing software we have chosen
a modular design. It contains several individual elements performing tasks such
as objects search onetlirames, centroiding, astrometric reduction and tracklet
building. The observation planning has been develdpeasing on Low Earth
Orbits (LEO) up to Geosynchronous Earth Orbits (GEDJe output products
delivered by the system are astrometric posstianinternational formats (CCSDS
TDM and MPC), light curves and relative color indices obtained by using
JohnsorCousins BVRI filters.

Fully operational AGO70 system will support cataloguing effortsthef
European partnersyhich are maintainingtheir own space debris catalogu®r
research and space surveillance and tragkingosesAGO70 shall suppotihe
tracking ofLEO debrisby the Satellite Laser Ranging (SLR) statidnscase of
contingencies during ESA satellite missions, e.g., when the gspéice not
responsivea dedicated observation campaign can be performed with AGO70 to
exam the integrity status of the affected spacecraft, to monitor its attitude motion
state and to Iimprove the objectdos orbi
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GEO tracking

LEO tracking

Figure 2.3. AGO70 telesope installed at the Astronomical and Geophysical Observatory in
Modra, Slovakia (left) and light frams@cquired with GEQtop right) and LEOtracking (top
bottom).
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In theEarth Science Instituteof the Slovak Academy of Sciences, Bratislava
and Hurbanovq a number of issues concerning space weather were investigated
and ground magnetic field measurements were performed.

Theoretical studies were devoted in particular to the mechanisms of severe
magnetic stoms with the use of historical magnetograms recorded long time
before the space age. Owing to geomagnetically induced currents, extreme mid
latitude geomagnetic disturb@es might cause serious damages to some
vulnerable technological systems. A part of the space weather research has
therefore to be focused on deeper understanding of the origins and mechanisms
of these phenomena. In [hree cases of mikhtitude geomaggtic variations
are presented. One of them is a typical-latitude magnetic storm. The other
two cases then represent a phenomenon, which is well known in polar and sub
polar regions; however, it is less common in #atkudes. As this phenomenon
can sonetimes be very intensive also at Aatitudes and it can exhibit rapid
temporal changes of the geomagnetic field, it must not be underestimated. In [2],
the extreme magnetic storms are discussed to possibly caused be auroral
lonospheric currents or elect currents parallel to magnetic induction lines. The
study relies on magnetic observations storms from the modern digital era and also
uses the historical magnetograms.

Recently, a new insight into the mechanisnthef Carrington magnetic storm
was publshed, which identified théeld aligned currents as the main cause of
this welkknown event. Themew idea seems to be a promising alternative to the
generally acceptettheory, in which the ring current is the main cause of the low
and mid-latitude magnet storms. In [5], some records cdpid midlatitude
magnetic storms are shown. Most of them wemrded by historical magnetic
observatories (years 1837, 1848, 187918). The profiles of the horizontal
component show that, instead ofthe ring curréme, substorarelated current
system probably playesh important role in the development of these interesting
geonagneticvariations.

Historical magnetograms recorded in Clementinum (Prague) and reported
previously in yearbooks were collected and prep&weduture applicationsd].

Daily magnetic observations at the Prague Astronomical Observatory started 180
years ago, on®1July 1839. The observatory was equipped with standardized
instruments developed by Gauss and Weber at Observatory of Goetlilhgen.
observations were carried out manually, at the beginning the measurements were
performed more than ten times per day but later the number of the daily
observations decreased to five. Having been a part of Goettingen Magnetic Union,
however, the samplginterval of readings from magnetometers was shortened to

5 minutes during appointed days. Even more dense measurements were carried
out during periods of strong magnetic disturbances. As the results were printed in
yearbooks Magnetische und meteorologescBeobachtungen zu Prag, no
measured data were logtbsolute measurements reported in the yearbooks are
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sufficient for reliable reduction of declination. The Prague series of annual means
of declination is the longest continuous series in tifee&atuy. The data are thus

fully reliable for the study of geomagnetic activity and space weather applications,
which will be demonstrated for a remarkable geomagnetic event recorded in
Prague on 1'7November 1848.
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Figure 2.4 The variations of the horizontal intensity and declination that were recorded at the
Clementinum observatory on 17 November 1848. The additional time axis at the top of the
figure shows the magnetic local time (MLT).

Some recent studies point out thatrrents related to the auroral oval,
electrojets and field aligned currents (FACs), are serious candidates for the
mechanism of the intense miaitude magnetic storms. It is interesting te re
analyse historical data under the light of this modern knowledgthis aim, two
intense magnetic storms are analysed in [4] that were recorded by observatories
Clementinum (Prague) and Greenwich on 17 November 1848 and 4 February
1872, respectively. The latter has been marked as an extraordinary event by
several athors, in particular in connection with auroras. The for(keg.2.4),
however, has been little known in the space weather community. Both these
events possessed swift and extensive variations of the horizontal (H) component
(>400 nT and >500 nT, respaatly) and were accompanied by auroras sighted
at very low magnetic latitudes. This implies that the auroral oval on the north
hemisphere was vastly extended southward. The variations of the magnetic
declination also indicate that during these events ther@wval was situated at
magnetic latitudes lower than those of the observatories. The storms studied in
this paper occurred at different magnetic local times (MLTs), ~23 (g 25.)
and ~19 MLT. Therefore, they might represent +aiitude events rated to
different parts of the auroral oval. In this paper, theadation recorded at
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Clementinum in 1848 is interpreted to be a substorm due to the ionospheric
substorm electrojet. The Greenwich event registered in 1872 then seems to be a
combination ofthe ringcurrent storm with a positive variation of the- H
component caused by the eastward electrojet. Both the events of 1848 and 1872
appear to exemplify phenomena that are common in high magnetic latitudes but
which may occasionally happen also at +aititudes.

. -
i
7

Figure 2.5. The schematic sketch of the conditions of the Clementinum observatory during the
magnetic storm on 17 November 1848. The circles with dots in their centres indicate the
location of the upward FAC, the circle with a cross markgbsition of the downward FAC.

The intensity of the electric currents is expressed by means of the boldness of the markers. The
dashed |ines represent the |ines of fDrce of
sign stands for the deviation ofetmagnetic declination. It is supposed that the substorm
electrojet then flowed at a magnetic latitude which was lower than the magnetic latitude of
Clementinum.

Hurbanovo Geomagnetic Observatory of tharth Science Institute of the
SASislocatedatgegr ap hi c al | atitude 47.87A and
It performs continuous monitoring and registration of the geomagnetic field
components. The orainute mean values of all components of the geomagnetic
field as well as the records acquired witle onesecond sampling interval are
available. Kindexes characterising the geomagnetic activity in the middle
latitudes are computed regularly. Main equipment of the observatory includes the
digital variometer station TPM made in Poland (1996) and niagggistration
device DHluxgate Magson gained on the-operation bases withGeo Forshung
Zentrum Potsdam and VW Stiftung. For absolute geomagnetic measurements, the
DI-fluxgate magnetometer and proton precession magnetometer ELSEC are
employed. The magt@variational data in the omainute step are supplied via
the internet to the INTERMAGNET centre. The data are sent to World Data
Centers in Edinburgh and Paris, from where they are available for the whole
geomagnetic and space weather community. Theatataublished also on the
CD-ROMs prepared in the frame of INTERMAGNET. That is beacuse the
Hurbanovo Geomagnetic Observatory of Hagth Science Institute of the SAS
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a member of INTERMAGNET, the international network of world first order
magnetic obasrvatories. Information about the geomagnetic activity is also
published on the web site of the observatarnyw.geomag.skThe level of the
geomagnetic activity si reported to public media (TV), too.

The members of thélurbanovo Geomagnetic Observatory staff regularly
perform field measurements at the observation points of the national magnetic
repeat station network, which is a part of the European repeat station network.
The measurements are coordinated by the MagSebkp. Measurements of the
magnetic declination are performed regularly at selected Slovak airports.

The knowledge of the distribution of the geomagnetic field elements over a
country is important for many practical as well as scientific reasons. Such
distributions result from magnetic surveys. The surveys need to be repeated
periodically: twayear period has been agreed for repeat stations by the MagNetE
Group. This periodicity enables to find out information about the magnetic secular
variations. The lagepeat station survey was carried out in Slovakia irf8201
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In theSlovak Central Observator{SCO) in Hurbanovo littp://www.suh.sk,
a number of activities related to space research were performed. We observed
sunspots (the Wolf number data wesebmitted to the SILSO in Brussels,
Belgium and to the SONNE Netz in Germany) and prominences (images are
published at the website of the Observatory). We performed also spectrographic
observations of the solar spectrum (variations of selected spectsidiiming a
solar activity cycle) using a horizontal solar telescope with spectrograph, we
registered solar radio bursts using a solar radio spectrometer CALLISTO and
i mpact of solar flares on the Earthos
activities comprise study of the:

- differential rotation of the solar corona, automatic detection and tracking of

the sunspots and the coronal bright points,
- automatic detection of the chromospheric plages,
- asymmetry of th@orth and south hemispheric solar atyiv

One researcher from the SCO is the national ISWI (International Space
Weather Initiative, http://iswsecretariat.org) coordinator for the Slovak
Republic and since September 2014 he is also as a Scientific Discipline
Representative of the SCOSTER the field of solar physics. He is member of
the National Committee of the SCOSTEP and chair and representative to the
COSPAR.

We continued to publish at the website of the SCO data on the modified coronal
index (MCI) and the modified homogeneous datéa @MHDS) of coronal
intensities based on satellite EUV measurements as a replacement of- ground
based coronagraphic observations at Lo
data sets can be used further for studies of the coronal solar activity andets cyc
These data are available dittp://www.suh.sk/onlinelata/modifikovany
koronalnyindex and http://www.suh.sk/onlinedata/modifikovanyhomogenny
rad respectively

In the Computer Intelligence Group (CA3) of the CTS/UNINOVA (Caparica,
Portugal) has been developed in previous years a software tool for automatic
tracking of solar activity features (sunspots a&odonal bright points CBPs)
using a hybrid algorithm combining PSO (Particle Swarm Optimization) and
Snake algorithms and recently an image segmentation algorithm, respectively, for
detecting and tracking of a feature, and determining the differeotizian of the
Sun.In [1] we applied a segmentation algorithm called Gradient Path Labelling
(GPL), used originally to identify drusens in medical retinal images, to detect and
track the coronal bright points (CBPs) using images from the AIA instrument
onboard the SDO satellitdndividual measurements of rotational velocity in
respect to latitudare depicted iffrig. 2.6. The CBPs have a tendency to change
shape and size along time, to disappear and reappeaicatesponding
heliographic position, thefere, decision treesvere also included in the tracking
solution. Since our CBRetection algorithnuses an active region mask to filter
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out the CBPs, whose centroid is inside the active regions, the number of
identifications clearly depends on the levékolar activity. Our approach uses
the commonly applied fitting relation to the latitudinal dependence of the
rotationalvelocity, which resulted in calculation of the optimum fit parameters as
well as the Gegenbauer orthogonal polynomial

Another segmeation algorithm for automatic detection of CBPs developed
using SunPy and OpenCV in Python is described inAR. 2.7. An automatic
tool to detect coronal holes (CHs) and to determine solar differential rotation
using CBPs inside and outside the CHspiectively, is being developed in the
CTS/UNINOVA-CA3 group.

In the SCO we developed also an alternative software tool to estimate the solar
rotational profile based on cressrrelation (CC) metho[8]. Rotational velocity
was calculated for each day in the years 202D18from CC maxima of two
consecutive SDO/AIA images with a cadence of 30 minutes taken through the
21.1 nm filter, in a window of 6A in h
latitude (241 x 2761 pxs). It was performed only in the rows where the CC
maxmum was higher than 0.5 (Fig. 2.8he calculation ofw was repeated
separately for rows that intersect a CBP and for rows without the contribution of
a CBP, respectively. We calese background rows BC@4g. 2.9.

I n coll aboration wi t h t he Observat
Universidade de Coimbra (OGAUC, Coimbra, Portugal) we developed new
algorithms to detect and track solar activity features, chromospheric plagss as te
featuresThe Ca Il K3 spectroheliograms registered in the OGAUC were used to
investigate the evolution of the chromospheric plages activity during Yreolaf
cycle. Research team of the OGAUC createsbecial tool based on the
segmentation by watehed method combined with other mathematic
morphological operators to detect automatically and analyse the plages and/or
other solar features. Several procedures are applied to achieve the automatic
detection (toghat transform, hole filling, tresholdingyatershed operation,
gradient operation which allows to obtain contours of plage regiOms.of the
great potentialities of using mathematical morphology is its power to deal with
the geometry of complex and irregular shapésre, northsouth asymmetrpf
the solar activity can be studied using this tddle resuis were published in [4]

(Fig. 2.10.
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Figure 2.6 Individual measurements of rotational velocity in respect to latitude. Thick solid
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sinf(b), wherewis the rotational velocity and the b is the latitu@&in ddted black lines mark
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Figure 27. lllustrative result of the segmentation process using the Python tool for detection
of CBPs in the 19.3 nm SDO/AIA image.
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Figure 2.10 HMI SDO images showing the polarity of magnetic fiel) original image
acquiredon 3 September 2011; b) original image acquilea10 August 202; c) original
image acquired ori0 May 2014; d) facular regions of the image of Figure (a); e) facular
regions of image of the Figure (b) and f) facular regions of the image of Figure (c).

The SCO organised in the year 2018 th& Rétional Solar Physics Meeting
with participation from abroad. The goal of the Meeting was to present new results
of solar physics and from the field of the space weather-Eauth connections),
to provide overiew of present status in selected fields of solar physics,
geophysics, meteorology, and climatology separate space was devoted to the
presentation of research results of undergraduate and PhD stnidenitzersity
and academic departments and alsgesults of scientific and popularisation
activities of Astronomical Observatories in the Slovak Republic and the Czech
Republic. Invited talks, short contributions and posters covered the following
fields: physical phenomena in the solar atmosphere, sctlarity, total solar
eclipses, space weather, geoactivity, meteorological events with solar forcing.
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extremely RaseaasmoagdCRO unambiguously
reported. HD 99458 was formerly thougl
we definitely reject this hypothesis |
mi ssion and new ratsal velocity measur

Besides of this, the AISAS staff was involved (or leading) in the last two years
in 4 coordinated observing campaigns focused on observations of several aspects
of the solar activity. The integral part of campaigns were also measurements
performed byhe spacéorn instruments on different satellites, e.g. IRIS, SDO.
The measurements were coordinated with the grtnased instruments including
the AISAS owned CoMfS and SCD instruments at the Lomnicky Peak
Observatory.
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3. LIFE SCIENCES

M. Musilo\8

Life sciences research in Slovakia, within the space sector, is primarily
performed by the Slovak Organisatitor Space Activities (SOSA) and at the
Faculty of Electrical Engineering and Information Technology of the Slovak
University of Technology in Bratislava (FEI STU), in collaboration with multiple
Slovak and international partners. It is primarily focusedastiobiology and
human space exploration. From an astrobiological perspective, researchers and
students at SOSA and FEI STU study life in extreme environments
(extremophiles) as analogue organisms for the lifeforms that we could potentially
find on other celestial bodies. Part of the research projects focus on the
degradation of biological molecules when exposed to the harsh conditions in the
stratosphere, such as DNA and cell membranes. This is performed by taking
biological samples into the stratospheseng stratospheric balloons developed
by SOSA. SOSA and FEI also have various instruments that can be used to
simulate the atmospheric pressure, temperatures and vacuum at different altitudes.

Extremophiles have also been studied by SOSA and FEI STUtriengx
conditions, such as on the glaciers in Svalbard and within lava tubes on volcanoes
in Hawaii. The former project was based on a collaboration with the University
of South Bohemia (Czech Republic) and the Faculty of Natural Sciences of the
Comenius Uiversity in Bratislava (Slovakia). A team from SOSA studied two
different environments in Svalbard, from an ecological, geological and
microbiological perspective and their relevance to extraterrestrial conditions.
Biochemical and genetic analyses werdqgrened on the samples by high school
and university students in Slovakia for educational and outreach purposes.
Students have been studying the survival of these extremophiles in different
simulated planetary conditions and they have used them for tlakielbes and
masters projects.

Regarding the human space exploration research, a mefffd®SA and visiting
professor at FEI STU has been selected to take part as a Commander of multiple
simulated missions to the Moon and Mars in Hawaii, funded by NASA=&#d

The research has been focused on both testing the scientific and technological
research that needs to be performed so that humans can return to the Moon and
explore Mars one day. Furthermore, the missions are also aiming to determine
what the idealypes of crewmembers are to send on long duration missions into
space. For these reasons, the missions try to recreate the difficulties and extreme
circumstances of long duration space missions. Then, they assess the performance
of each of the crewmemberwdividually and how they work as a team together.
These particular missions take place at the Haw@pace Exploration Analog

and Simulation (HISEAS) habitat, which is located at 2,500 meters in elevation
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on the active volcano Mauna Loa, on the Bigrdlaf Hawaii. As of 2018, the
International Moonbase Alliance (IMA), an organization dedicated to building
sustainable settlements on the Moon, has been organizing regular simulated
missions to the Moon and Mars at-BEAS. The constraints for these misso
depend on which celestial body the mission is simulating to be on. For instance,
for lunar missions the time delay in communications is only of a few seconds, in
comparison to the 20 minute one way delay imposed on communications with
Mars. The crews arsupported by a Mission Control Centre based on the Big
Island of Hawaii as well.

In 2019, the EuroMoonMars IMA HBEEAS (EMMIHS) campaign was
launched at HBEAS, bringing together researchers from ESA, IMA, the
International Lunar Exploration Working Grp (ILEWG), European Space
Research and Technology Centre (ESTEC), VU Amsterdam and many other
international organizations. During this campaign, two crews spent two weeks
each at HHISEAS in 2019, performing research relevant to both the Moon and
Mars thee. The campaign aims to increase the awareness about the research and
technology testing that can be performed in analogue environments, in order to
help humans become multiplanetary species. Furthermore, the research and
technological experiments condudtat HFSEAS are going to be used to help
build a Moon base in Hawaii, and ultimately to create an actual Moon base on the
Mo on, as part of | MAG6s major goal s.
experiments on the EMMIHS | mission was a biology projesigied by high
school students in Slovakia, as part of a nationwide competition organized by a
membernf SOSA and visiting professor at FEI STU. It focused on fertilizing soils
to grow plants on using human hair from the crewmembers during an analogue
misson. Slovak hardware has also been tested &8HEAS during missions, such
as the RoboTech Vision rover.

Additionally, SOSA and FEI STU representatives regularly present about the
life sciences research projects that they are working on at multiple imeala
conferences, including the International Astronautical Congress (IAC) run by the
International Astronautical Federation (IAF) and the Europlanet Science
Congress (EPSC). A member of SOSA and visiting professor at FEI STU is also
a reviewer for th&lASA Planetary Protection Research Program and many other
grant programs and research journals in life sciences, susstrabiology and
the National Science Foundatidrhey are an Adjunct Faculty of the International
Space University as well, where thdgcture and organise workshops in
astrobiology and the exploration of the Moon and Mars.
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4. MATERIALS RESEARCH IN SPACE

J. Lapin

Materials research in space at thestitute of Materials and Machine
Mechanics of the Slovak Academy of Scienc@sIMS SAS) has not been
performed during the period of 200.&019.
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5. REMOTE SENSING

0 . B a | 1.8BgrkayTi Bucha, J. Feranell. Gallay, T. Goga,J. Hofierka,
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Selected activities of five institutions are includedhis report (2018019):

Institute of Geography, Slovak Academy of Sciences (IG SAS) in
Bratislava

Project: Advanced Techniques for Biomass Mapping in Abandoned
Agriculture Land Using Novel Combination of Optical and Radar Remote
Sensing Sensors (ATBIOMR); under the 2 call European Space Agency
(ESA)1 the Plan for European Cooperating States (PECS) Slovakia, contract No.
4000123812/18/NL/SC (2013020): National Forest Centre (prime contractor),
Zvolen, IG SAS (subcontractor); project lirtitp://atbomap.nlcsk.org

Results of identification of agricultural abandoned land (AAL) and land
cover (LC)/land use (LU) classes obtained by thecomputer-assisted
photointerpretation (CAPI) and object-based image analysis (OBIA)
methods

Agricultural land abandonemt is a widespread LU change in different parts
of the EarthEs | and surface. This phen
Eastern and Central Europe, where the formerly intensively worked farmland has
been abandoned due to the deep social anticabthange (disintegration of the
deep socialist agrarian policy, accession to the European Union, increased tele
connections and joining the global markets).

An example of such changes of agricultural land is Slovakia, where the
abandonment of culturagricultural landscape has been obvious during recent
almost 30 years. It is a phenomenon perceived in this country as a new social and
landscapescological problem. It is also a largeale issue as the unused area
amounts to approximately 435,000 haresgnting 18% of total 2,423,478 ha
farmland in the country.

The theme of mapping the AAL and LC/LU classes by satellite Sentinel data,
biomass quantification and its management is covered by this project.

Attached results (Figs. 5.1, 5.2, 5.3 and Bldgument the possibilities of the
use ofsatellite Sentinel datand the CAPI methods, as well as the OBIA in the
process of AAL <c¢cl asses identification
nz2gina (PN) Il owland and in the Zvol ens
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Nomenclature

/) a0 aazss IR vz Bl 20w e
A anvzy i aazasy I vz-133 | I Aat[ |kp s iTkS B Kr
AAL21 aaczt [ Pz a2 Elv [ Mo
AAL22 WA/ AAL33V | Ck [ Jx[Jux1HN. Bl ve

N
A 0 5 10 15 20

[ == - 1km

Figure 5.1.AAL and LC/LU classes identified by CAPI method in experimental area PN.
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Figure 5.2.AAL and LC/LU classes identified by CAPI method in experimental area ZK.
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Legend
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Figure 5.3.AAL and LC/LU classes identified by OBIA and Random Forest classifier
in experimental are PN.
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Figure 5.4.AAL and LC/LU classes identified by OBIA and Random Forest classifier
in experimental are ZK.
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Project:Effect of impermeable soil cover on urbastiimate in the context of
climate changgsupported by the Slovak Research and Development Agency
APVV-15-0136); project link:
https://www.vupop.sk/projekty apvv_15 0136.php

Land cover andits change of Bratislava, Trnava andGilina for the years
1998, 2007, 2016 obtained by interpretation of satellite data (SPOT, Sentinel
and Formosat)

One of the aims of this project is to document identification and delimitation
of LC/LU classegFig. 5.5)and their change (Fig. 5.6ased on Urban Atlas (UA)
data and satellite SPOT, Sentinel and Formosat data in three cities in Slovakia:
the capital Bratislava and 1t fuctiomalegi on
urban areagFUASs; located in different gographical conditions) in the years
199820072016 and their effect on the temperature change by application of the
MUKLIMO 3 model. This model was used in the APVA5-0136 project for the
purposes of urban heat island modelling. The largest LC/Lu chamgesin
benefit of artificial surfaces in FUAs as demonstrated in Fig. 5.6.

Trnava

Bratislava ' Zilina
I 120 [ 12 R 11216 11226 [T 11236 [ 12110 RREY 12300 [ 14100 24000
I 30 [ 22 R 11222 11232 11241 [ 12120 (BB 12400 14200 [l 31000
N <o [ 11213 [ 11223 [ 11233 Y 11242 [[[[]] 12210 [F77] 13100 [ ] 21000 [ 32000
N o 1 2 3 a 0 [ 112 R 11224 IR 11234 [N 11243 [ | 12220 13300 [~ 17 22000 [~ ] 40000
A [ ] 1] R 11160 [ 11215 R 11225 BB 11235 11300 12230 [ 13400 [Z5°5 23000 [T 50000

Figure 5.5.Spatial distribution of LC/LU classes in the year 2016.

42


https://www.vupop.sk/projekty_apvv_15_0136.php

Bratislava

LC/LU class I Deforestation
LC/LU change I Construction of water bodies

N
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[] Change into areas without use, pastures and green areas I Intensification of agriculture

Figure 5.6.LC/LU changes between 1986 and 2016.

The longterm co-operation of the Institute of Geography SAS in pan
European projects CORINE land cover (CLC) resulted in 2018 in the book
publishing: Land cover of Slovakia and its change in 192012 (in Slovak),
160 p. Bratislava, Veda

CLC data becam a valuable source of original information for those
interested in knowing the landscape of European countries and its dyndimism.
monograph (Feranec et al. 2018) document more thaye@0development of
Sl ovakiads | ands c ap enogrdpmddscnbe ALC arbjectp ar t
regarding the application of satellite data. The methodology of the generation of
four data layers, particularly CLC 1990, CLC 2000, CLC 2006 and CLC 2012, as
well as assessments of their precision and generation of thregeclagers i.e.
CLCC199062000, CLCC200006 and CLCC2002012 are demonstrated in an
easyto-follow manner. Timespatial characteristics about changels@for more
than two decades indicate the increasing trend in deforestation, decreasing trend
in forestation, intensification of agriculture, construction of water reservoirs, and
a mixed trend of the developments in urbanisation, and other changes. Part of the
monograph also brings examples of possible solutions to environmental issues in
Slovakia by aplication of CLC data. The final part is dedicated to a brief outline
of the prospects for tracking the developmentGfin Slovakia in the future in
accord with the European activities in this field.
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Institute of Geography, Faculty of Science, Pavol Joke Gaf §r i k Uni v
I n Kogi ce

Project: SURGE: Simulating the cooling effect of urban greenery based on
solar radiation modelling and a new generation of ESA sensors (feasibility
study for the European Space Agenaynder the T call ESA PECS Slovakia,
contract nr. 4000117034/16/NL/NDe, 202618)

Urban greenery has a considerable effect on cooling the urban environment
during heat waves. It is a dynamic component of the urban land cover which can
be observed by the Sentinel 2 (S2) satellite missioa imgher spatial and
temporal resolution than is enabled by other similar missions. The SURGE
feasibility study aimed to explore the potential of S2 multispectral data in
simulating the cooling effect of urban greenery. The main objective was to define
amethodical approach for spatial modelling of land surface temperature based on
modelling the solar irradiation and parameterizing the land cover properties from
S2 data. While solar irradiation can be precisely calculated on a fine scale using
virtual 3D aty models other important parameters for land surface temperature
modelling are difficult to ascertain, such as surface thermal emissivity,-broad
band albedo and evapotranspiration. The approach was tested in an area
comprising 4 sq. km of the centralpar of t he Kogi (Fg.50.i0 ty i
Virtual 3D city mo d e | of Kogice was
photogrammetric data acquired in a single mission. A-g8argees of Sentinel 2
data was gathered to be compared with a referenceseniesof terrestrial lidar
(TLS) data of urban greenery on 4 small sites. Statistical linear relationship was
defined between the vegetation metrics derived from S2 and TLS data. A
geobotanical database of urban trees was generated based on field survey.
Algorithmic structure of a toolbox for modelling the land surface temperature in
the opersource GRASS GIS was developed based on the SBeliéamann law
and Kirchhoff rule This study demonstrated how Sentinel 2 data can be used for
estimating broadand albedpland surface emissivity and solar transmittance of
vegetation. The primary benefits are in the developed algorithm for estimating the
land surface temperature in a GIS environment providing a unique platform (i) for
integrating various kinds of datasétsbecome usable in urban planning and (ii)
for exploiting the S2 data in mitigation of the urban heat island.
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Figure 57.Land surface temperature (LST) modelling fc
terrestrial laser scanning data and GIS 0

Project: APVV-15-0054: Physically based segmentation of georelief and its
geoscience applicatiofresearch project supported by the Slovak Research and
Development Agencyy APVV-15-0054)

Airborne and terrestrial laser scanning and clesge photogimmetry are
frequently used for very higresolution mapping of land surface. These
techniques require a good strategy of mapping to provide full visibility of all areas
otherwise the resulting data will contain areas with no data (data shadows).
Especialy, deglaciated rugged alpine terrain with abundant large boulders,
vertical rock faces and polished roemeutones surfaces complicated by poor
accessibility for terrestrial mapping are still a challenge. In this project, we present
a novel methodologicadpproach based on a combined use of terrestrial laser
scanning (TLS) and closange photogrammetry from an unmanned aerial
vehicle (UAV) for generating a higtesolution point cloud and digital elevation
model (DEM) of a complex alpine terrairFig. 5.8). The approach is
demonstrated using a small study area in the upper part of a deglaciated valley in
the Tatry Mountains, Slovakia. The more accurate TLS point cloud was
supplemented by the UAV point cloud in areas with insufficient TLS data
coverage. Theauracy of the iterative closest point adjustment of the UAV and
TLS point clouds was in the order of several centimeters but standard deviation
of the mutual orientation of TLS scans was in the order of millimeters. The
generated higinesolution DEM was@mpared to SRTM DEM, TanDEM and
national DMR3 DEM products confirming an excellent applicability in a wide
range of geomorphologic applications (
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Figure 5.8. A workflow of combining terrestrial lidar and photogrammetric point dsuor DEM
production in rugged alpine topography.

Project:TOKAJGIS: Development of webGIS platform based on-ggodata
for the Tokaj Wine Region foster crodsorder collaboration(co-financed by the
EU within the programme INTERREG -X SlovakiaHungary, contract nr.
SKHU/1601/4.1/052)

The Tokaj wine region may be considered as a unique area from the point of
view of geography, characterized to a large extent by the akviticulture, as
well as the special mining assets close tonidwonal border and a wide variety
of tourist attractions.

The fundamental idea behind the creation of a joint GIS framework by Pavol
Jozef Gaf8&rik University Kogice, Slovaes
Hungary was to support the developmenttloé wine region based on the
integration of basic territorial data and the joint handling of GIS by the two
European member states. Databases with different structures and nomenclature
hamper the processing of the GIS data of the wine region, its integaaid the
preparation of mutually advantageous regional development concepts as well as
the transparency of developmental efforts.

The aim of the project was to pool the professional experience of the two
institutions and to facilitate joint learning messes based on specific modular
frameworks in keeping with the character of the wine region. The proposed
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system is capable of integrating the GIS databases present on both sides of the
border and various remote sensing data including cuttilgge UAV andaser
scanning technology(g. 5.9 and Fig5.10). Furthermore, it deepens the remote
sensing skills and knowledge present at the two institutions. The thematic content
of the trilingual GIS framework published on the website can be used as a
validated surce of information for wine producers, local government and
administration, local people as well as the participants (both on the demand and
supply side) of tourism. It provides an easily accessible dissemination platform
on which to publish the researasults of the area.

JSON DXF

show 2d profile

Classification filter

About

Figure 5.9.The interactive website of the project with remote sensing data
https://geografia.science.upjs.sk/webshared/Laspublish/Tokaj/Tokaj.html.

Figure 5.10.Scout B1100 UAV with the integrated laser scanning payloadaid hyperspectral
payload (B). A comprises the ViIXaser scanner (Riegl, Austria) (a) and the Sony A60&bENt

photo camera (b). The position and orientation of the sensors is precisely monitored by dual GNSS
antennas (c¢) and an embedded INS unit xXNMAVBOxford Technical Solutions Ltd., United
Kingdom) for the sensor attitude and position monitoring. B comprises the AISA Kestrel 10
hyperspectral camera (Specim, Finland) (d) and the INS (c)
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Activities within the Copernicus Academy

Pavol JozUnfi veafsgrniyk in Kogice is a
Academy network of institutions as the Institute of Geography promotes use of
the Copernicus Services via teaching and research. The Copernicus data are
actively used on practical classes and lecturessiog on Remote Sensing and
Geographic Information Science. We have organized a summer school in July
2018 within the TOKAJGIS project (see above) where the participants were

discussed the benefits of Sentinel 2 and other Earth Observation data in precisio
viticulture and farming in general.
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National Agricultural and Food Centre - Soil Science and Conservation
Research Institute

Remote sensing control of aredased subsidies in agriculture (2018)

The subsidies play a key role in agriculture sector and contribute to the
prosperity of agricultural subjects. The subsidies to agriculture sector represent
major part of European budget and that is why there is taken an emphasis to the
control.

Slovak Adnministration decided to have six control sites for the 2018
campaign, defined by 710 Br'ANNA, 225 kn? IRMA, 640 knt JANA, 260 kn?

NORA, 371 kni OLGA and 486 krhZORA (Fig. 5.11) Two sites were covered
by WorldView?2 images. Two sites were covered by Wdidav3 images and two
sites by GeoEyel images. Two HR acquisition windows were used: &tirli
HR+1.

Figure 5.11.Localization of the controlled sites in campaign 2018.

I n 2018 campaign the total number of
dosscioenrtsr ol  ed with remdttwe osermdilnglowsas
tot al area cHNA8 ohlelcetda rweass, 1W2i3t h 6477 r
wer e52268 agricul tur al parcels to contr
parcel s/ f afr8meare eatn dd 01s®9 er .

To determine the agricultural par cel
screen with the help of the reference
VHR i mages JiWor | GleV Zywe thaT@esagriculture parcels
boundaies were taken as vector data from IS Geospatial aid applidatiSn
GSAA
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TheFig. 5.12shows an example of boundary and land use check. Areas, which
are not subsidised like path or stables, are excluded and coded dakdsSé are
well visible on the R image.

Kukurica

Figure 5.12.Example of boundary check and land use on WorldView4 image

The land use check with mutemporal HR images (SPOT 6 images) was
made bycomputerassistegbhotointerpretatioQCAPI). The images were overlaid
with the digitized ectors showing the position of the parcels which were checked.
The land use check was completed by Rapid field visits RFVs. As a complement
to control vegetation development, the freely available Sentinel2 satellite images
(resolution 10m/ pixel) were usetihe satellite images Sentirare providd by
ESA.

Areas which are cultivated but the ¢
by some disaster like flood or drought have to be proved on more images from
different acquisition windows (Fidp.13).
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Figure 5.13.Example of land use check on HR images from different acquisition windows.

Hi gh resolution (HR) | mages i digitale cor
orthophotomaps with a ground sample distance 0.5 m and decld&en 1
RMSExy. Ground control gints for VHR images were determined from field
survey i postprocessed GPS measurement with the use of Slovak spatial
observation system. Ground control points were represented by well defined
points in the buileup area (crossings, path edges in the tenes, around the
houses).

The purpose of the remegensing control is to check the area and land use of
the agricultural parcels in the dossi€he CAPI is used for checking the area
claimed and generally the land use. The CAPI has been adjustesl darthal
conditions of the regulations of subsidy schemes.

The 2017 campaign is based on Common Technical Specification for the 2018
Campaign of Ofrhe-Spotchecks and area measurement according ta4a#7,
art. 30,31 and 3441 of Regulation (EU) No(@/2014 as amended by Regulation
(EU) 2015/2333 (http://marswiki.jrc.ec.europa.eu) and also is based on agreement
of delegated activities between APA SR and NAFESCRI.

According to the final diagnosis, which summarizes the diagnoses of the
conformity and completeness tests at dossier level, 40543%& dossiers were
accepted for Single area payment scheme, .2/t) for payment for agri
environmeni climate action, 89 (B1%) for area facing natural constraints, 361
(32.08%) for Complementary Natiohdirect Payment scheme, 3.28%)no
dossier for payments on organic farming, 58 $%%) for payment for agricultural
practices beneficial for the climate and the emmment, no dossier for coupled
direct payments for sugar beet and for coupled dirggnpats for fruit with high
labour inputs, 3 (@6%) for coupled direct payments for fruit with very high
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labour inputs, no daeger for coupled direct payments for tomatoes, .0&%) for
coupled direct payments for vegetables with high labour inputs, ssieddor
coupled direct payments for vegetables with very high labour inputs, for coupled
direct payments for hops and no dossier for Special Areas Of Conservation too.
The declared and retained area on all control zones is compared briL&ig.

30000

25000

20000 1

15000 1

10000 4+ —

g [ BT

ARPA IRMA JADA MO RA OLGA ZORA

OCHDPs D_Area B CHDOPs RE_Area OSAPS D_Area OSAPS RE_Area

Figure 5.14.Declared and retained area (ha) for schemes CNDPs and SAPS per site.

Quality Assesment of Land Parcel Information Syste@A LPIS (2019)

Land Parcel Identification SystefiPI1S) is the main component bftegrated
Administration and ConttoSystem(IACS) for land based direct support. The
purpose of LPIS is to implement the common agricultural policy of the European
Union measures. The quality assessment framework of LPIS is an integral part of
LPIS management and upkeep processes. Inftamework, the LPIS of a
MS/Region is regarded as a system under test, which is composed of two major
components: the local application schema and the data records stored in the
system. The Executable Test Suite (ETS) targets at the data component by
annudly assessing conformity according to Article 6 of (EU) Regulation No
640/2014.

QA implementation is based on current images taken in the year of review.
Selected reference parcels by EC for QA LPIS were on SCRI vectorised on the
background of current sdliee images, provided by EC. Subsequently, they are
compared with the valid state of the LPIS layer. The images were overlaid with
the digitized vectors showing the position of the parcels which were checked. The
land use check was completed by Rapidifiekits RFVs.

QA LPIS is realized through 9 quality elements, grouped into two conformance
classes, as defined by the Regulation. Based on the item conformance verdicts
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issued for the various criteria during the item inspection, verdicts made on each
conformance class. There are several reasons for errors. The two most common
are operator error and outdated orthophotomaps.

The conformance class 1 meangita s sess t he ,@qndaduntst y of
nontconforming items. Furthermore, counting items offersagitforward entry
for the LPIS upkeep processes. This counting of items includes the first three
types of the quality elements (QE1, QE2 and QE3) (Fig. 5.15).

QE1 assesses the maximum eligible area of the system and evalyaddisy2
elements: QElabsence of bias (i.e. accuracy) of the land represented in the LPIS
as awhole, QE1b parcel level precision of the land represented in the LPIS as
awholel overestimation areas and underestimation gf&gs5.16).

QEZ2 assesses individual parcels with correctness issues@ndtes guality
elements: QE2aproportion of items with incorrectly recorded area or
Acontami nat ed?o wi tilrroritype IUpdgteib dutelated e at u
orthophotomapsHig. 5.17.

QE2bdistribution of items, according to the correctness of the eligible area
recorded andQE2c number of norconforming reference parcels in LPIS with
classification errof mistake/ error of operatoFig. 5.19.

QE3 showswumber of reference parcels that havectiomal issue$ "critical
defects" Fig.5.16).

Conformance classi2 assessed under the last three elements (QE4, QE5 and
QE®6). QE4 categorization of the roonformities, QE5 ratio of total declared
area in relation to the total area recorded foatiea conforming reference parcels
and QE6 rate of nenonforming reference parcels due to undetected and
unaccounted land cover change, as observed in ETS, accumulated over the years.

These 3 elemestaim to"identify possible weaknessesind this requas a
broader system wide analysis, beyond the individual item or reference parcel. This
is most obvious for QE4 which analyses the LPIS processes and design as factors
for creating quality problems. For instance, a single, large parcel can be
contaminated¢an have critical defect (for example, mydércel), and can have
its land wrongly classified. Although this represents a singlecoeoiforming
item, it does reflect three different system weaknesses.

Quality assessment of the Slovak LPIS was realizedhiae zones for
campaign year 2019Fig. 5.15. VHR satellite imagery for each zongas
deliveredfrom JRC EC. Site 2019 QA SK1 cover part of Michalovce district
(EK provided World View 3 satellite image fronf &pril 2019), Site 2019 QA
SKT 2 coverparts of Svidék and Stropkov Districts (EK provided GEO EYE 1
satellite image also from"8April 2019, both SKi1 and SKi 2 QA zones are
localised in East Slovakia). Site 2019 QASB cover partasd of N
Nov® Z 8 mk y dhewestrpar of Slevakia fEK provided World View 3
satellite image from 27June 2019). The Satellite images were georeferenced by
SSCRI staff. Measured and archive control and check points were used. For all
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three zones the Quality checks of geamfee were cared out and control
protocol were elaborated.

M)

Zone 01

Zone 03

Figure 5.15.Localization of the controlled sites in QA LPIS 2019.

Figure 5.16.Example of case with identified critical defect: a) Invalid perimeter of reference parcel
and b) Total absence of eligible features.
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Figure 5.17.Example of the occurrence of ragricultural land cover features on the reference
parcels with cause8 U p d d thanges of the underlying land were not applied.

&

v

Figure 5.18.Example of the occurrence of ragricultural land cover features on the reference
parcel s with causegdamnmigakeodblPkoperatorpr ocessi ngi

Remote sensing withierop yield and crop production forecasting (2218.9)

Monitoring of Crop Conditions and Crop Monitoring

Regional monitoring of natural crop conditions aimstiady the influence of
weather (coupled with soil) on crop growth and crop development dcuimgnt
vegetation season.

NDVI ( Normalized Difference Vegetat:i
AVHRR sensor. The NDWegetatiorindex, characterizes the total biomass state
(volume and vitality), the higher the NDVI value, the more biomass is developed
(characterized by a higher content of chlorophyll in plants and hence a more
potent photosynthesiglyig. 5.19.
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Figure 5.19.Development of the NDVI vegetation index in 2019 and its comparison with the situation
in 2018 and longerm average. Data source: NPPCB P OP .

Crop yield forecasting

The aim of the crop yield and crop production forecasting is to provide the
mostlikely, scientific, and as precise as possible independent forecast for main
agricultural crop yields for Ministry of Agriculture and Rural Development of the
Slovak Republic and for the public.

National Crop Yield and Crop Production Forecasting Sysiaeen created
on SSCRI and is based on three different principles which are applied to specify
vegetation indexes as biomass development stage and biomass development:

1 Remote Sensing methddnethod of interpretation of vegetation indicators
(as NDVI or DMP 1 Dry matter development) from satellite images
(mainly from low resolution satellite sensors as NOAA AVHRR and SPOT
Vegetation satellite system);

1 Bio-physical modding (WOFOST model) and simulation of vegetation
indexes (mainly TWSQ® Total Dry Weght of Storage Organs and TAGP
i Total Above Ground Production). In WOFOST, weather and
phenological data, soil hydyghysical data and crop physiological data are
utilized as model key inputs;

1 Integrated assessment method, which means the implemenftatecdic
meteorological and vegetation indicators in the statistical analysis, assesses
the impact of weather on the projected harvest. Integrated estimate
summarizes a wider range of disparate indicators and indices that are
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currently for the purposesf dorecasting yields and consequently the
production of crops used.

The crop yield and crop production forecasting is carried out for main
agricultural crop$ winter wheat, spring barley, oil seed rape, grain maize, sugar
beet, sunflower and potatoeshelforecasts are reported six times per yeiar
the half of May, June and July for Awi
Jul vy, August and September for Asumm
interpreted at national level as well as at NUTS3Mdbid S4 level. The example
of crop yield forecasting in 2019 can be seen irFQge.5.20a and.20h

20a ’ 20b

Figure 5.20.Example of crop yield forecasting with remote sensing in first decade of July in 2019 for
rape (a) and in the second decade of September for maize (b).

Verification of high resolution layesf AHRLA per manent gr as
reference year 2015

Verification oftheHigh Resolution Layer (HRL) of Permanent Grassland TTP
/ Grassland was conducted on NPPCVUPOP according to the current
met hodol ogy for véitcatiordoé High fiResslution Layers produced
by the CLMS (Copernicus Land Monitoring Siee) as part of the 2015 reference
year pr.oldematit acaurady assessment of the HRL Grassland layer is
the goal of verification. The HRL layers are provided by EEA to NPPC through
contract with Slovak Environmental Agency. The HRLs are part eflaind
use/land cover mapping component of @epernicus Land Monitoring Service
(CLMS), serving a broad user community from European public bodies to
Member States and regional environmental authorities, as well as the value
adding sector. They provideupgport to various environmental policies and
political decisioama k i n g, and significantly <coni
current environmental status and monitoring changes over fiine.Par
European High Resolution Layers (HRL) provide information pecsic land
cover characteristics, and are complementary to land cover / land use mapping
such as in the CORINE land cover (CLC) datasets. HEBRA is produced

57



primarily from Sentinels. The paBuropean HRL2015 Grassland Layer is
available at 20 m and Q0m resolutions. To achieve the 100 m map, an
aggregation process was carried out weighting grasslandgrasseland and
unclassifiable pixels at 20 m level within a 100 m grid cell. The class majority
determined the final assignment of the 100m gridtoedl specific class.

Verification was done by two methods: a general overview of HRL Grassland
data quality and using the "Look and Feel" method (for the recommended six
strata and two types oferrorsCaims si on and Omi ssion) . O
e r riasrdocumented on Fi$.211 mostly grasslands without trees are correct
classified as permanent grassland. If part of the scattered trees is also presented
on agricultural land, some of them are not classified as HRL grassland TTP by
automatic classifiation of satellite images Sentinels. Example of @msion
errori is showed on Figh.221 arable land was classified as permanent grassland.
Relatively frequent error, especially if arable land and permanent grassland are
located side by side.

Verification was carried out visually in GIS environment interpretation and
comparison HRL Grassland with orthophotos and with thematic GIS layers
generated from the LPIS, biotegpof natural and semmatural grassland and ZB
GIS. Generally, we conclude that thgda HRL permanent grassland is not well
classified. Time series of satellite images would help to improve the accuracy of
HRLs. In particular, various vegetation phases are a problem when identifying
Grasslands. In the future, data HRL Grassland are prisres for the use of data
and outcomes in a broader context
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Figure 5.21.A0Omi s s i oi tMoslyrgrasslant without scattered trees and bushes are classified
correct as HRL Grassland.
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National Forest Centre Zvolen

Remote Sensing research activities of the National Forest Centre in Zvolen
were aimed at two main topics:
- Advanced Techniques for Biomass Mapping in Abandoned Agriculture Land
- Applications of airborne laser scanner technology in the forest management

Advanced Techniques for Biomass Mapping in Abandoned Agriculture Land

Abandonment of agricultural landscape an allEuropean problem. In
Slovakia, this is a problem of largeale land use in the area of 420 thousand.
ha, ie 17.5% 18.6% of the area of 2,423,478 ha of agricultural land. Wood
biomass outside forestland is not inventoried therefore infaoman the spatial
distribution, increment and volume of biomass on-fayest land is not available.

ATBIOMAP, the common project of the National Forest Centre and Institute

of Geography SAS supported by European Space Agency is aimed at mapping
and quanfication of aboveground biomass on Abandoned Agricultural Land
(AAL).

Methodological framework is based on analyses and-sa&tation of optical
(Sentinel 2) and radar satellite data (Sentinel 1 and ALOS PAESASIpported
by field research and airbme laser scanning data (ALS). The project consists of
two main parts. In the first one (responsibility of the IG SAS), a classification
system for herbaceous, shrub and tree formations on AAL has been created and
included into a land cover (LC) mappingsssms to contribute to tracking the
dynamics of AAL and its assessment. In the second part (responsibility of the
NFC), a mathematical model of biomass stock estimation and an innovative
methodology of permanent tree biomass inventory on AAL, based ditesate
data, has been developed. The models were derived and verified comparing
satellite biomassstimates and field datA.total of 104 plots (Fig. 52and Fig.

5.24) were established to represent the full height growth range and heterogeneity
of the slub and tree species composition on:

M StudyArealiPodunaj sk8&8 n2gina, 39 plots,
rose dominated areas), 2 tidee (Acer negundo) and 4 shritee stands
(plums and nuts)

I Studyarea2 Zv ol e ns Kki8V 2kgd talgi: n aevbich B0 sorabs |, of
(blackthorn, dog rose), 25 forest stands (beech 28%, acacia 23%, cherry
12%, spruce 10%) and 10 shsurbe stands
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® Field survey plot

[T settiement

Forest stands

Figure 5.23. Field survey plots localisationinstudyares Podunaj sk8 n2gina (|l eft
2iZvol ensk8 kotlina (right).

Figure 5.24. Left: field surveyi cut out of biomass from plot 2x2 Right: biomass weighingfter
harvest using hanging scales

Satellite data aquisition

! Sentinell satellite data were acquired fron!' September 2017 to 30
September 2018

1 Sentinel2 satellite data were acquired to 4 time period& Aihe 2016 (top
of vegetation season); 29anuary 2017 (leadff vegetation season with
snow); 29' March 2017 (leabff vegetation season without snow) and'30
September 2018 (autumn season).

1 Satelite radar ALOR data we acquired in Stripmap mode (SLC format).
Study area 1: from 23April 2017 (Nortlieast part) and 27April 2017
(Southwest part). Study area 2: ®2pril 2017.

Sentinell processing include derivation @&verage intensity from both
polarisation VV and VH; Sigma0, Gamma0, BetaO and applying Refined Lee
filter from 61 imagescquired from 8 September 2017 to 8®eptember 2018.
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Coherence between images were calculated froroléaferiods: 1420January
2017; 1426January2017; 286January2017.

Theaim of Sentinell stratification was to analyse separately:

1 Leafon period (from 5.1X.2017 to 15.X.2017 and from 20.IV.2018 to
30.1X.2018)

1 Leafoff period:17.X.20171 19.1V.2018 with sukstratum 1: Leabff period
without snow (from 17.X. to 14.X1.2017 and from 22.11l. to 19.IV 2018) and
substratum 2: Leabff period with snow (from 14.X1.2017 to 22.111.2018)

Sentinel2 bands in the red, near and shagvelength infrared regions were
included in the analysi:iamely B4, B5, B8, B8a and B11 with a resolution of 10
and 20 m from all four periods. Topographically normalized images (L2A) were
used for all dates.

ALOS-2 data processing included derivation of backscatteigma nought
(HH,VH,VV,HV), polarimetric parameters (Span, Pedestal Height, Radar
Vegetation Index, Radar Forest Degradation Index, Canopy Structure Index,
Volume Scattering Index, Biomass Index, Co and Cross Pol Ratio) and
polarimetric decompositioi Sinclair and Pauli colour coding (Figh.25),
FreemarDurden, Sinclair, Yamaguchi and H/A/alfa decompositions (520,
resp. Single bounce, Double bounce and Volume scattering layers. All relevant
products were also speckle filtered using Refined Leeoagh.

T A

B s, 5> | SR - e
Figure 5.25. Pauli combination of ALOQ Figure 5.26. H/A/alfa decomposition for test are
satellite bands for test area Viglas, redHH- Viglasi Alfa parameter.

VV greeri HV, bluel HH+VV.

The extensive database allows derive many combinations of stock
prediction models on AAL (Takh.1). We focused our attentiam:
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1) estimation of biomass volume on AAfrom ALOS2 bands applying
nonlinear (power) model,

2) fusion of Sentinell and Sentine? daa and finding the most appropriate
methods for biomass volume prediction on AAL in 2 variants: linear and

nonlinear models of biomass estimation (Fi@.75.
3) Fusion of all disposable RS layers applying Random Forest Algorithm

(Fig. 528).
Table 5.1 Models for biomass retrieval on AAL for RS data

Inputs (bands) Model backward stepwise multiple regrel R2 RMSE| Remark
AGB (t.hg= (t.hat)

ALOSHV, HH g5.75 +5.10 * INALOS1MI2 * INnALOS_HH 51 | 0.63 | 117.9 | ALOR

ALOSVH, VWV, HH, HV -106.60 + 4.71 * AL@ISi 3.19 * ALGBH | 0.33 | 154.1 | ALO®

Yamaguchi 1, Yama2, Yama3 | -86.34 + 24.17 * yama3.45 * yama3 0.39 | 146.6 | ALOR

Sinclair decomposition -153.45 70.71 * sincl + 78.02 * sinc2 0.38 | 147,4 | ALOR

Freeman decomposition -54.45 + 21.64 * frei21.49 * frem3 0.38 | 147.7 | ALOR

22.6.2016 (B4, B5,B8, B8a, B11| 730.7:0.79 *B51.62 *B8 + 1.47 *B8a | 0.63 | 115.4 | Sentine?

22.1.2017 (B4, B5,B8, B8a, B11| 295.66 + 0.43 *B8.51 * B8a + 0.17 *B1] 0.36 | 151.2 | Sentine?

29.3.2017 (B4, B5,B8, B8a, B11| 384.150.98 * B8 + 1.02 * B8z21 *B11 | 0.32 | 156.1 | Sentine?

30.9.2018 (B4,B8, B11) 161.920.74 * B4 + 0.08 * B8 0.40 | 145.9 | Sentine?

SNEHVHO VVO0, Veed®H0 VVO -15.35 + 5.41 * SNEHGi 6.16 * Veg®VO0 | 0.37 | 148.8 | Sentinel

SNERVHGVVO0, Veg@HBVVO, 179.68 3.65 * C2026iV\.37 * Veg®VO0 + 0.44 | 141.1 | Sentinel

Coherence WH (14026.1.2017)| 3.93 * SNEMHO

22.6.201:B5, SNENH, VeyyV 544.610.54 * BR2vi + 2.8931-VHIleabff- | 0.58 | 100.1 | Sentinel,2
3.38 * SV/Vleabn

Whole dataset 0.75 | 106.8 | All layers

Random Forest Algorithm3(rain

0 100 200 300 400 500 m
[ . .|

Figure 5.27. Example of application of linear regression model (Sentln2) in the western part of

study
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Figure 5.28. Predicted growing stock fhh a) , V2 g Oa gon Ramdom Foaeste a, bas ec
algorithm.

Applications of airborne laser scanner technology in the forest management

Remote sensing activities related to the airborne laser scanning (ALS) over the
years 20180 9 wer e solved based on r dssgtar ch
Il nventories based on progressiwvl® tech
0393) and AResearch and devel opment f
Slovak forestryi New methods of forest inventory based on combination of
terrestrial and aeriallase s canni shESh ( SL OV
The main objective of all activities was an enhancement of the current inventory
methods based on more precise and economically effective combination of
different approaches (e.g. individual tree defection approach anebased
approach) and different remote sensing data (e.g. combination of ALS data with
optical and/or radar data from terrestrial, aerial and satellite remote sensing
platform; Fig. 529).

The proposal of algorithm is implemented in reFLex (remote Forest Land
explorer) software and several studies already demonstrated that forest stand
variables can be estimated with sufficient accuracy using developed algorithm. A
Forest Manag@agntowWaiitng2a@ tot al ar ea
for assessment of accuracy and feasibility of developed algorithm. Specifically,
the differences between grounttasured and R&stimated forest stands
vari ables reached val ueds 1035. 464 4%,r 12
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height, mean diameter, volume per hectare, and trees per hectare, respectively
(Sal kov et al. 2019a, 2019b) .

Figure 5.29. Fusion of airborne (green colour) and terrestrial (blue colour) laser scanning data.
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Ministry of Environment of the Slovak Republic (MOE SR)

Activities of the MOE SR were concentrated on the work involved with the
Copernicugprogramme:

Copernicus programme is the European programme for Earth Observation.
The Programme entered its full operational stage in the year 2014. The work on
the EU level was concentrated on cooperation with the Copernicus Committee,
Copernicus Security board, Copeus User forum and Copernicus Ground
segment task force and commenting on the EU level the technical and legislative
documents regarding the Programme.

Cooperation with the European Space Agency (ESA) is limited due the fact
that the Slovak Republic isot full member of ESA yet. Slovakia is however
actively participating in Plan for European cooperating States (PECS). Several
organization and companies from Slovakia were successful in 5 open calls for
PECS projects. Cooperation with the European Enument Agency (EEA) was
concentrated on preparation of the next CORINE Land Cover (CLC) 2018 and
High Resolution Layer (HRL) products as a part of the Copernicus Land
observation service. At the national level the Slovak national Copernicus working
group catinued its operation with the aim to coordinate Copernicus related
activities on the national level and dissemination of information related to
Copernicus programme. MOE SR distributes the Sentinel satellite images for the
Slovak Republic on demand. Comed to previous period user uptake and usage
of the Copernicus data has growing trend but is still relatively low compared to
neighbauring EU countries. Several public government organizations and private
companies are actively using Copernicus spatiah.diax the following years
Slovakia plans to focus on user trainings in remote sensing and Programme
information dissemination.

Pavol Jozef Gafgrik University in Ko
network and is actively using Copernicus programmeiapddta in its courses
and lectures. Private company INSAR is successfully operate as member of
Copernicus Relays network, promoting the information about programme and
data usage to public and professional through workshops, courses and conference.
Two annual Hackathons were organised in Bratislava with successful use of the
Copernicus data by the participants to develop application prototypes.
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Sl ovak Environmental Agency (SEA) in

Activities of the SEA were concentrated on the work imgd with the
Copernicugprogramme:

Copernicus is the European programme for Earth Observaiite
Programme entered its full operational stage in the year 2014. The work on the
EU level was concentrated on cooperation with the Copernicus Committee,
Copenicus Security board, Copernicus User forum and Copernicus Ground
segment task force and commenting on the EU level the technical and legislative
documents regarding the Programme. Cooperation with the European Space
Agency is limited due the fact thaetlslovak Republic is not full member of ESA
yet. Cooperation with the European Environment Agency (ESA) was
concentrated on implementation of the CORINE Land Cover (CLC) 201thand
High Resolution Layer (HRL) products as a part of the Copernicus Land
observation serviceCopernicus supporting activities for the period 2Q021.:

Copernicus Land Monitoring

SEA joined the activities in project
under Framework Contract EEA/ I DM/ RO/ 16
SEA and EEA was signed on 8 June 2017
from autumn 2017 til/l end of 2018. T h ¢
CLC inventory in Europe. The final I N
since | ate 2018.

Pr ojassckkts tundertaken by SEA:

T finalis208108n 2018

Veri fication of 2012 reference yea
Production of CLC for the 2018 ref
Poeptoduction verification of the F

mappi ng nat iroensaolu rgceeoss ptaot iIEBBAGLE mat
T Post 2019 tasks:

Poeptoduction verification of the F
Support and testing of future CLCH+
met hodol ogi cal i mprovements and de

product s.
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Fi guroelr he. 3creenshot of new SEA webpag

Al | of the time horizons CLC data h
services and al so are tvtap:l /a/bd &rFit mga .oz
5.03The info day about Corine Land Cove
was also helld @1®arnanh,SEA8 to ful fil
activities.
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