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1. EXPERIMENTS FOR MEASUREMENTS IN SPACE

JBal§g | . StMabkdvak kT , G.

Experiment SERENA/PICAM on mission ESABepiColombo

IEP SAS contributed to ESBepiColombo mission to planet Mercury in the frame of
scientifictechnical collaboration with Spadechnology IrelandSTIL and Institute for Space
Research of Austrian Academy of Sciend®¥K-¥ A \WThe delivery involved the mechanical
structures of the PICAMRJlanetary lon Camemaan ion mass spectrometer, that were
manufactured in Slovakia (mechaalicstress simulations and mechanical components
manufacture on axis centre of €Products, Bratislava, spagealified processing and
integration and testing at IERPA S, Kogi ce) .

Figure 1.1. SERENA / PICAM and Mercury planetary orbiter (MPO) of BgbdGbo mission.

PICAM is a part of a complex space science suite SERE¢ArCh for Exospheric Refilling
and Emitted Natural Abundandefor particle detection at planet Mercury. The detailed
description of SERENA, its scientific background and objectaregrovided in [1] and [2].

Launch of the mission was on-ZICT-2018 and the space probe is progressing to Mercury
in good health. Up to date, four gravitational assistances were performed: EarttABR-13
2020, Venus on ¥®CT-2020, Venus on *AUG-2021 and Mercury on -DCT-2021. The
arrival to Mercury is scheduled in December 2025.



Figure 1.2. (Left) BepiColombo at Mercury / artist view. (RigBgpiColombo at Mercury on
1-OCT-2021 at 23:41:12 UTC a real record by camera of the BC transfer module

The first results from the Mercury flyby onQCT-2021 (Orsini et a).First observations
of Mer curyos I nner sout hern magnet o)sipher e
presently submitted for publication.

Experiment PEP/JDC for mission ESAJUICE

Experiment PEPRarticle Environment Packagill provide comprehensive detection and
analysis of the plasma and particle environment in the system of planet Jupiter and its Galilean
moons Europa, Calisto and Ganymede. PEP will measure density and flugitofepand
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 coverage. The PEP suite includes
six sensors (JDC, JEI, JoEE, NIM, JNA and JENI) thatuader development at several EU
and US institutions led by Swedish Institute for Space Physics (IRF, P.I. prof. S. Barabash).
Based on invitation from IRF, the IERAS contributes to development and construction of
anticoincidence particle detection sgst for JDC sensorJévian plasma Dynamics and
Composition of the PEP suite. The asgoincidence system will improve the plasma particles
detection efficiency on the background of penetrating electron radiation from Jovian radiation
belts. The system coisss from silicon solid state detector (SSD) and dedicated processing
electronic unit (ANU).

The JUICE mission including the PEP science suite details is described in [3], the JDC
sensor is in details described in [4].

The participation of IEP SAS to JUICGHIssion is supported by Slovak PECGSan for
European Cooperating Stadeproject namedfi S| ov ak ¢ ont-JUldEunissiooin t o
Developmentof AntCtoi nci dence Modul e ACM for Particl

The ACM/EM (engineering model), ACM/FMlight model) and ACM/FS (flight spare
model) were built from the spacpialified components, calibrated by mesergetic particles,
environmentally tested at IEP SAS Kosice and delivered to IRF Kiruna for integration to
respective PEP/JDC systems. ThePRIDC unit with ACM integrated is already installed on
the board of the JUICE probe.



Figure 1.3. (Left) JDC sensor of the PEP science suite with the ACM, consisting of solid state
detector SSD and analog electronic unit ANU. (Right) JUICE spacextafing in the system
of Jupiter and its Galilean moons.

‘-

Figure 1.4. (Left) ACM subsystem on integration to JDC at IRF Kiruna. (Right) ACM under
thermalvacuum test in SPACEVAC space environment simulator aBAEFKgce.



Figure 15. (Left) ACM onsisting of solid state detector and signal processing electronic unit.
(Right) PEP/JDC unit with integrated ACM on board of JUICE spacecratft.

Experiment JEM-EUSO

The activities related to international collaboration JEMSO (oint Experiment Missions
for Extreme Universe Space Observajargnsist of the contribution to the missions within the
NASA program. The results of the theoretical studies dedicated to the natural UV radiation of
the nighttime Earth's atmosphere has been utilized in data asditgsn stratospheric mission
EUSOSPBL1 [5] and in preparatory activities of sp#esed mission POEMMAP{obe of
Extreme MultiMessenger Astrophysic$6]). The participation on mission EUSEPB2
(SuperPressure Balloopy with a planned launch in Q2/2028pnsists of the design,
development, construction and environmental qualifications of the joled¢éators prepared
according to the requirements of the mission's prinaipaistigator. Specifically, the hardware
and software of four EMON (Euso MONitor)stiuments have been prepared. The EMONs
will control light conditions inside the EUSO telescopes (Cherenkov and Fluorescence) and so
it will protect the main detectors from the harmful intensive light. Thanks to EMON's high
sensitivity, effective operatigmnd low demands it should overcome problems reported during
the previous mission EUSOPBL.
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Figure 1.6. Gondola of the NASSPB2 mission

Figure 1.7. A pair of the EMON photdetectors developed at IEP SAS for NAFB2 mission



Informatio n regarding the CubeSat gammaay measurements
and the SchoolSat project

The long duration GRB 210807A (SwHBAT detection;[7]) was detected by the
GRBAIpha 1U CubeSafg]). This is the first time that a GRB was observed by a 1U CubeSat
dedicated to gmmaray burst observation¥he data acquisition started at 10:05:14 UT and the
tail part of the prompt emission, whiadonsists of multiple peaks, was observed with a duration
of about 80 sec. The 7.3 sigma detection significance was confirmed at 4@06D0 UT.

The light curve obtained by GRBAIpha is available here:
https://grbalpha.konkoly.hu/static/share/GRB210807A.pdf

GRBAIpha is a demonstration mission for a future CuteeS&anstellation[]). The detector
of GRBAIpha consists of a 75 x 75 x 5 mm3 Csl scintillator read out by a SiPM array, covering
the energy range from ~50 keV to ~1000 k&RBAIlpha was launched on 2021 March 22
from Baikonur. After its commissioning pbe, the scientific observations are now under way.

To increase the duty cycle and the downlink rate, the upgrade of 4h@aoth data acquisition
software stack is in progresghe ground segment is also supported by the radio amateur
community and it take advantage of the SatNOGS network for increased data downlink
volume https://gcn.gsfc.nasa.gov/gen3/30624.gcn3
https://www.om3ksi.sk/en/2021/03/17/grbalpmassiorrbasicfacts/

In 2021, SOSASlovak Organisation for Space Activitidsegan the development of the
educational platform SchoolSAT, on which it cooperated together with the Hungarian
Astronautical Societyrad t he Val agsk® Mezi S22 Observat:
Visegrad Fund. The result is a functional model of a cubesat satellite measuring 10x10x10cm,
which teaches students the basics of soldering and mechanical composition of a smial satelli
and work from preparation, assembly to data collection. It also gives them real experience with
space hardware, while SchoolSAT is fully open to its own development of programs,
electronics and entire experiments. This project attracted the atteneoasidary and higher
education institutions in Slovakia, Hungary and the Czech Republic, and more than 700
students took part in related presentation workshdig://sosa.sk/sk/projekty/prdqsy-
schoolsat/
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2. SPACE PHYSICS, GEOPHYSICS AND ASTRONOMY

J. Balg8¢g, P. Bob2k, | . Dorotovi]
M. Revall o, J. Rybsgk, J. Gi |

The Department of Space Physitsn st i t ut e of Experi ment a
(http://space.saskd&)sin collaboration with the laboratories in abraamhtinued studies of the
dynamics of low energy cosmic rays (CR) and of suprathermal cosmic patrticles, as well as high
energy cosmic rays based on measurements in space and on the ground.

In the field of cosmic ray (CR) modulation in the heliosphere, reBagas focused on the
modulation of CR at very high energies of 50, 100, 150, and 200 GeVapel tie results
obtained by two independent numerical and one analytical method show that even at such
high energies the modulation peadis in the order o& few percent[{]). Mentioned
research is the application of Al method further developed asémied ir[2] and other
numerical methods developed at Institute of Experimental Physics SAS devoted to CR in
heliosphere physics.

The actual space weather ditts are focused on research by stdtthe-art machine
learning techniques. They arainly dedicated to the understanding of airglow variation in the
thermospheréonosphere system. Dathiven modeling of atomic oxygen airglow over a
period of three dar cycles has been presented3h There was an assumption tkfas data
driven approach might be even more precise if new data, that are not commonly available, is
involved. For this reason, the SG8I8t has been developed. It is a model for solaorr
structures segmentation based on deep neural netydijjsand itprovides an automatic
characterization of solar activity with high temporal and spatial resolution. The airglow can be
affected also by the discharges in the lower atmosphere. Thera@&ih®ds for automatic
detection of tweek atmospheri¢®]) and Transient Luminous Even(f]) has been also
developed.
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The Faculty of Mathematics, Physics and Informatics, Comenius University,
Bratislavawas involved in the followig directions of research as listed below.

Meteor observations and analyses by AMOS global meteor network

In 202021 continued the monitoring of meteor activity above the Central Europe in
Slovakia, Canary Islands, Atacarba&sert in Chile, Hawaii and Atralia by All-sky Meteor
Orbit System (AMOS) and AMOSpec systems (Fig2.1.). AMOS systems work as
autonomous intensified video observatory for detection of meteors and other transient events
on the sky. Hardware and software of AMOS have been devetopkdonstructed at Faculty
of Mathematics, Physics and Informatics of Comenius University in Bratislava.

Figure 2.1.AMOS global meteor network. Red crosses are active locati8rAfdOS
systems) and blue crosses are planned location in 2022.

We have dmonstratedre capability of the updated ABky Meteor Orbit System (AMOS
and AMOSSpec) toprovide complex characterization of meteoroiipectral observations
allow us to measure emission lines intensities of meteoric elesnamid thus provide
compositonal characterization even foninor meteooid streams such as tleine epsilon
Ophiuchids [1]). The meteoroid trajecti@s and preatmospheric orbst are independently
measured from data collected by the AM@8workandcombinedwith spectraldataallows
us to find links between meteoroghndtheir parent boces, from both dynamical and physical
side In this case, we have presentathlysisof 22 JEO meteorand provided comparison to
other major streams based on the determined mean spectral @tesifieflecting different
abundances of main compositional spefieg. 22.).

We alsdead an internation&SA PECS projed¥letSpec focused on simulated ablation of
meteorites in plasma wind tunnel of IRS University of Stutigamed to improve ounethods
for studying meteoroid composition from meteor spectra observ4fRins

15



alpha Capricornids Fel-15
Geminids

June epsilon Ophiuchids 100
kappa Cygnids

Perseids

Southern delta Aquariids
Taurids 2
zeta Cassiopeiids

20
6o

Mgl-2 ¥ S Nal-1

Nal—-1

Figure 2.2 Mean spectral classification (mean Na I/Mg I/Fe | intensity ratios and standard
error of the mean) of JEO meteoroids and comparison to other major metestreiaiss from
Matlovil et al. (2019).

Photometric observations and research of asteroids using a-6tn telescope

With our targeted longerm photometric observations of a number of asteroids of
taxonomic type V, being located either in the Vesta family or outside itfetetht phase angles
and different geometric conditions, we determine along with rotation periods and amplitudes
of the lightcurve also the values of the slope parameters and absolute magnitudes. In addition,
for a part of the examined bodies we graduahiyam valuable material for determination of
their approximate shape and sense of rotation. In 2020 and 2021 we significantly contributed
to two papers published with colleagues from several observatories around the world.

In [3] we analyzed all availabletational period$or spectrally confirmed Mypes, putative
V-types, and Vesta family membesdwe found that the population of-yypes outside the
Vesta family shows a significant excess of fast rotators compared to the Vesta family. We
hypothesizedhat the objects that evolved from the Vesta family though the Yarkovsky drift
were also more susceptible to the YORP effect. We also showed for the first time that the spin
barrier for the Vtype asteroids exceeds the critical density of 2.0 §.cm

In [4] we presented viledetermined phase curves 20 V-type asteroids for the first time.
Their phase curve parameters are consistent with those for moderate and high albedo asteroids.
In contrast to polarimetric studies we have nonfibgubstantial evidee for any clustering
into distinct phase curve paraters groups yet, though one of studied objects showed different
behavior than the rest.
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Space debris photometry research with 7@m telescope

The Faculty of Mathematics, Physics and Informatics ah@uus University in Bratislava,
Slovakia (FMPI) operates its own €17 Newtonian telescope (AGO70) dedicated to the space
surveillance tracking and research, with an emphasis on space tabrabservation planning
focuses on objects on geosynchronoGEQ), eccentric (GTO and Molniya) and global
navigation satellite system (GNSS)orbitso ver i fy the systemOés cap
observation campaign in 2017, 2018 and 2019 focused on astrometric and photometric
measurements. In lalstur yearswe have built up a light curve catalogue of space debris which
is now freely availableto the scientific community(www.sdlcd.spacelebris.sk ([5]).
Cataloguecan beused for further scientific applicatiensuch as support of active debris
removal missions, rotation axis determination, BVRI photometry, object's shape and albedo
estimation, etcWe report periodic signals extracted from more than 285 light curves of 226
individual objectssituated on highlyeccentric and geosynchronous orbits (RRQ.). We
anal yzed t he o0bj ec t2a@.pandwe ¢orstructed phagerdiagpams for L58s  (
light curves for which we obtained appareotiation periods andmplitudesMajority of the
observed objestshowed rotational behavior within the 20 minutes duration of data acquisition.
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Figure 223. Distribution of 226 objects observed for photometry by AGO70 system in years
2017 to 2019 according to their orbital properties.
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Figure 24. Distribution of 26 objects observed by AGO70 system in years 2017 to 2019
according to their rotation properties and type. Plotted are rotators, slow rotators, stable
objects and objects for which the light curve could not be processed.

Study of the Milky Way galaxy using astrometric data from Gaia mission

The division of astronomy and astrophysics of FMPI CU is also involved in the research of
the structure of the Mil ky Way galaxy. | n ¢
(IAC) in Spain, we studied thapecial distribution of stars in the remote regions of the Galaxy,
since the structure of outer disc of our Galaxy is still not well described, and many features
need to be better understood. We also explored the kinematics and dynamics of the Galactic
disc (6]). We make use ahe Gaia datawhich provide an excellent opportunity to probe
Galactic disc at large distances and study structural features in the outskirts of Milky Way. We
calculate the stellar density using star counts obtained from GaiaupR2a Galactocentric
distance R = 20 kpc with a deconvolution technique for the parallax errors. Tleraiyed
the density in order to study the structure of the outer Galactic disc. We have focused on
constrain their warp (warping of the plane of @&axy) and flare (thickening of the Galactic
disc with increasing Galactocentric distand&))( We calculated the average elevation of the
plane and fitted it with different warp models. We found a small soatth asymmetry: the
northern warp reaches amplitude approx. 0.5 kpc and the southern warp reaches approx. 0.4
kpc (Fig.2.5.). The analysis was also carried out for very luminous stars alag€ {®), which
on average represents a younger population. We concluded that the maximum amgiiteide of
warp is 2030% larger than with the whole population. The naadth asymmetry is
maintained.
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In the Earth Science Institute of the Slovak Academy of Sciences, Bratislava and
Hurbanova a number of issues concergispace weather modeling and forecasting were
investigated and ground magnetic field measurements were performed.

Theoretical research was particularly focused on the analysis of historical geomagnetic records
obtained long time before the space age attémentinum Observatory in Prague. Reliable long
time series of geomagnetic records are needed for studying theetanbehavior of the Earth's
magnetic field, in particular its secular variation. It is therefore desirable to haveuatity
measuremas of the geomagnetic field covering as long a time span as possible. Historical
geomagnetic records can be useful for dealing with this task, however, they are often
heterogeneous, incomplete, or consist of corrupted data. Their processing shouldsewverake
steps like digitization, conversion from the originally adopted scale units (i.e. divisions of the
instrument scale) to proper physical units, dealing with inaccuracies or missing data, searching
for accompanying information like auroral recorels,. Also, the knowledge on development of
the historical magnetic instrumentation and observatory methods is necessary for proper
understanding and interpretation of old geomagnetic data.

The work in [3] and [4] presents the first comprehensive revietheohistorical magnetic
data recorded at the Clementinum observatory in Prague during the 19th century. The magnetic
observatory Clementinum operated in Prague from 1839 to 1926. Historical data from the
printed yearbooks, which have previously been digdj were subsequently converted into the
physical units of Sl. Introducingdatabase of geomagnetic data from this historical source is
apart of the study. Some controversial data were atsdyed In the original historical
sources, an error in usirlge physical units was identified. It was probably introduced by the
observers determining the temperature coefficient of thealed bifilar apparatus. By
recalculating the values in the records, some missing values were added; for instance, the
tempeature coefficients for the bifilar magnetometer, the baselines, and the annual averages
for the horizontal intensity in the first years of observations were redetermined. The values of
absolute measurements of the declination in 1852, which could noube iio the original
sources, were also estimated. The reconstructed time series for the horizontal intensity and
magnetic declination are provided in F2g6.and Fig. 27., respectively. The main contribution
of the study rests in critically reviewed @anfnation about the magnetic observations in Prague,
which is, so far, more complete than any other.

In addition to regular daily observations at Clementinum with a typidal thine step, two
categories of data with a higher cadence were provided inrtheléicade. These unique data

were studied in [5] and were provided in digital form in online database PANGAEA in [6]. The
first category of the data captures 73 magnetic storms with their magnitude being of at least a
moderate level (Fig2.8). The secod category is the dense observations during the days that
had been agreed for joint measurements by the observatories @gad i n t he G
MagneticUnion (GMU), these measurements being known as-tixyrobservations. Whereas

four terms per year werget by GMU, many observatories agreed to carry out additional
observations in the eight remaining months. The 4gay observations also continued being
performed for several years after the end of the GMU activities in T8ta.of 120 term days

from January 1840 to December 1849 were published. The declination was observed using the
magnetic compass principle, while a bifilar apparatus was used to measure the horizontal
intensity. When converting the data to the physical units of the SlI, it was pdsséibieve

the consistency of these high cadence data with previously published regular hourly
observations of the geomagnetic field. This requirement was also met by considering the
temperature dependence of measurements hlyifilee apparatus in deterining the absolute

values of horizontahtensity. Revealing thédistorical observationsof thegeomagnetidield

can serve as a valuable material for studying the space weather in the past and may also
contribute to the refinement of global figltbddling.
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Figure 2.8. An example of a remarkable strong magnetic storm (the horizontal intensity H and
the declimtion D) in the database presented in [6]. The event occurred on 22 October 1839.
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The red symbols in the time series of the horizontal intensity mark the instances when the bifilar
device went off the scale.

The collection of historical geomagnetiatafrom the presented database [6] can provide

information about historical magnetic storms from the period when the network of geomagnetic
observatories was still sparse. The importance of these data is all the greater because in

geomagnetic disturbancesidtnecessary to study both their global and local manifestations. It

is believed that this kind of research may stimulate future collaborative research in the

collection and analysis of hitherto unknown historical geomagnetic data.
In order to make the basscientific knowledge about magnetic storms available to broader

community, a study textbook [1] was published. It is a unique book in Slovak with a focus on
the physical principles of magnetic storms. Although the prerequisites for studying this book
are elementary skills in higher mathematics, the physical knowledge needed to understand the

material comes more from the apparatus of awelktered high school physics. The author
explains the necessary more advanced physics, which is usually the subjedtevsity

courses, directly in this book. This book is intended for those interested in the issue of

geomagnetic activity and solaerrestral relations, who wish to gaideeperinsightinto the

physical nature of phenomena and procesdaegedtoth& ar t h 6 s

magnetic f

Thebook iswritten from the persgctive of ggomagnetismand cosmic geophysics, but due to

the complexity of the issue, it also has an ambition to address experts in the field of solar

astrophysics, cosmic magnetic €élsl and planetary agnetospheres. The book also takes
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space weather, such as the mechanisms of magnetic substorms and the prediction of magnetic

disturbances.

In 2020, we commemorated the 120th anniversary of the establishment of the Hurbanovo
Geomagnetic Observatory of the Earth Science Institute SAS. The observatory was officially

founded

on

September
23
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and director of the State Institute for Meteorology and Earth Magnetism in Budapest. On the
occasion of this anniversary, a review article [2] in Slovak was prepared within the framework of
outreach activities. This article concisely maps theohistind present of the Hurbanovo
Observatory and points on its role in the field of contemporary geoscience research.

In addition to the theoretical focus of the research work, there are observatory measurements
of the geomagnetic field performed at therbBanovo Geomagneti©bservatory of the Earth
Sciencelnstitute ofthe SAS. The Hurbanovo Observatory is located at geographical latitude
47.87A and geographical |l ongitude 18. 18A.
of the geomagnetidield components. Theneminute mean values of albmponents of the
geomagnetic field as well as the records acquired with theserend sampling interval are
available. kindexes characterising the geomagnetic activity in the middle latitudes are
computed rgularly. Main equipment of the observatory includes the digital variometer station
TPM made in Poland (1996) and magnetoregistration devifeixijate Magson gained on the
co-operation bases with Geo Forshung Zentrum Potsdam and VW Stiftung. For absolute
geomagnetic measurements, the -flidkgate magnetometer and proton precession
magnetometer ELSEC are employed. The magnetovariational data in tharute step are
supplied via the internet to the INTERMAGNET centre. T™ata aresent to World Data
Centes in Edinburgh anéParis, from where they are available for the whole geomagnetic and
space weather community. The data are publishedalthe CDBROMs prepareth theframe
of INTERMAGNET. That isbecasethe Hurbanovo Geomagnetic Observatory of thelEar
Science Institute of the SAS isnaember ofINTERMAGNET, the internationahetwork of
world first order magnét observatories. Information abotlte geomagnetic activity is also
published on the web site of the observatory, www.geomag.sk. Téleolethe geomagnetic
activity isreported to public media (TV), too.

The members of the Hurbanovo Geomagnetic Observatory staff regularly perform field
measurements at the observation points of the national magnetic repeat station network, which
is a part of he European repeatationnetwork. The measurements are coordinated by the
MagNetE Group. Measurements of the magnetic declination are performed regularly at selected
Slovak airports. The knowledg# the distribution ofthe geomagnetic field elements ova
country isimportantfor many practical agell asscientificpurposesSuch distributions result
from magnetic surveys. The surveys need to be repeated periodicallyebwperiod has been
agreed for repeat stations by the MagNetE Group. This petiodnables to find out
information about the magnetic secular variations.
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In the Slovak Central Observator{§CO)in Hurbanovo fittp://www.suh.sk/a number
of activities related to space research were perforivedobserved sunspots (the Wolf number
data were submitted 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 tletas spectrum (variations of selected spectral lines during a
solar activity cycle) using a horizontal solar telescope with spectrograph, we registered solar
radio bursts using a solar radio spectrometer CALLISTRE research activities comprise
study ofthedifferential rotation of the solar corona

One researcher from the SCO is the national ISWI (International Space Weather Initiative,
http://iswi-secretariat.org) coordinator for the Slovak Republic and since September 2014 he is
also as a ScientificiBcipline Representative of the SCOSTEP for 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 coronaM@lgx (
and the modified homogeneous data set (MHDS) of coronal intensities based on satellite EUV
measurements as a replacementofgrdurads ed cor onagraphic observ
Both the MCI and the MHDS data sets can be used further for studiee ooronal solar
activity and its cycle. These data are available at http://www.suh.sk/aldtaémodifikovany
koronalnyindex and http://lwww.suh.sk/onlirgata/modifikovanyhomogennyrad,
respectively.

In the Computer Intelligence Group (CA3) of the®2UNINOVA (Caparica, Portugal) has
been developed in previous yeassioussoftware tool for automatic tracking of solar activity
features (sunspots and coronal bright poif@8Ps) using a hybrid algorithm combining PSO
(Particle Swarm Optimization) dnSnake algorithmsand an image segmentation algorithm,
respectively, for detecting and tracking of a feature, and determining the differential rotation of
the Sun. Another segmentation algorithm for automatic detection of @&Rteveloped using
SunPy ad OpenCV in PythanAn automatic tool to detect coronal holes (CHs) and to
determine solar differential rotation using CBPs inside and outside the CHSs, respectively, is
being developed in the CTS/UNINOVBAS3 group.

In coll aboration wiofBAsitde ©ObaAstvan-miacoG
Coimbra (OGAUC, Coimbra, Portugal) we developed in recent zears algorithms to detect and
track solar activity features, chromospheric plages as test featines.Ca Il K3
spectroheliograms registered in the OGAW@re used to investigate the evolution of the
chromospheric plages activity during thé'aslar cycle. Research team of the OGAUC created
aspecial tool based on the segmentation by watershed method combined with other mathematic
morphological operatoro detect automatically andnalyze the plages and/or other solar
features.

In the SCO we developed also an alternative software tool to estimate the solar rotational
profile based on crossorrelation (CC) methadRotational velocity was calculated forobeday
in theyears 2011 2020from CC maxima of two consecutive SDO/AIA images with a cadence
of30mi nutes taken through the 21.1 nm fandl t er ,
6 9 Aheliographic latitude (241 x 2761 pxs). It was performely in the rows where the CC
maximum was higher than 0.9he calculation ofiwwas repeated separately for rows that
intersect a CBP and for rows without the contribution of a CBP, respectively. We call these
background rows BCGs. Incarrent studywe investigated eventual relationship between the
coronal rotational rate and the phase sbkar cycld1]. Time serieggraphof monthly averages
of ¥nincluding cubic parabola approximaticand a sinusoidal approximation is presented in
Fig. 2.9.
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sinusoidal approximation of evolution of the rotationaéed of the solar corona (solid+dashed
line).
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The SCO organised in the year 2020 thé" Mational Solar Physics Meeting with
participation from abroad. Due to the pandemic situation it was a vioindlale meeting. The
goal of the Meetingvas to presnt new results of solar physics and from the field of the space
weather (Sutktarth connections), to provide overview of present status in selected fields of
solar physics, geophysics, meteorology, and climatolédggeparate space was devoted to the
preentation of research results of undergraduate and PhD stodemisersity and academic
departments and also to results of scientific and popularisation activities of Astronomical
Observatories in the Slovak Republic and the Czech Republic. Inviteddiadics contributions
and posters covered the following fields: physical phenomena in the solar atmosphere, solar
activity, total solar eclipses, space weather, geoactivity, meteorological events with solar
forcing.
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Among the many avenues of research currently being explored is the laboratory processing
of astrophysical ice raalogues. Such research involves the synthesis of an ice of specific
morphology and chemical composition at temperatures and pressures relevant to a selected
astrophysical settingsuch as the interstellar medium, the surfaces of icy moons, or cometary
nuclei. The insitu changes in ice morphology and chemistry occurring during such processing
(see Figure.14.) are often monitored via spectroscopic or spectrometric techniques.

In the work[7] we present a new higlacuum laboratory end station: The Icea@tber for
Astrophysics Astrochemistry (ICA) located at the Institute for Nuclear Research (Atomki) in
Debrecen, Hungary. The ICA has been specifically designed for the study of the physico
chemical properties of astrophysical ice analogues and their cdiemwidution when subjected
to ionizing radiation and thermal processing. Icesgoepared in the ICA may be processed in
a variety of ways. A 2 MV Tandetron accelerator is capable of delivering a wide variety-of high
energy ions into the ICA, which simaiks ice processing by cosmic rays, solar wind, or
magnetospheric ions. The ICA is also equipped with an electron gun that may be used for
electron impact radiolysis of ices. Thermal processing3@IK) of both deposited and
processed ices may be monitbigy means of both FTIR spectroscopy and quadrupole mass
spectrometry. A detailed description of the ICA setup as well as an overview of the preliminary
results obtained and future plans is presented in the pgpér the paper [9], we are focusing
on characterigig of the electron beams used for electron impact studies, as well as reporting
the preliminary results obtained during electron irradiation and thermal processing of selected
ices.

Sulfur is the tenth most abundant element in the universesambwn to play a significant
role in biological systems. Accordingly, in recent years there has been increased interest in the
role of sulfur in astrochemical reactions and planetary geology and geochemistry. In the paper
[10], we have reviewed the ressilbf laboratory investigations concerned with sulfur chemistry
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in several astrophysical ice analogues. Potential future studies in the field of solid phase sulfur
astrochemistry are also discussed in the context of forthcoming space missions, such as the
NASA James Webb Space Telescope and the ESA Jupiter Icy Moons Explorer mission.
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Besides of this, the AISAS staff was involved (eading) in the last two years in 3
coordinated observing campaigns supporting individual Parker Solar Probe encounters to the
Sun by the grountbased observations of the AISAS owned CeS®IEnstrument at the
Lomnicky Stit Observatory.
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3. LIFE SCIENCES

M. Musilo\8

Currently, spaceelated life sciences research in Slovakia is primarily performed through
the Faculty of Electrical Engineering and Information Technology of the Slovak University of
Technology in Bratislava (FEI STU), in collaboratiaith multiple Slovak and international
partners. It is focused on astrobiology and human space exploration. A visiting professor at FEI
STU is working with teams from NASA Goddard Space Flight Center, NASA Headquarters,
University of Maryland, Georgetowhiniversity, Hawaii- Space Exploration Analog and
Simulation (H}SEAS), space companies (such as Honeybee Robotics) and others on these
projects. They involve collecting biochemical, microbiological and geological samples from
unique lava caves on the valto Mauna Loa in Hawaii. The researchers are trying to
understand what lifeforms can survive in these cave systems and whether similar extreme
lifeforms could potentially survive in similar caves on Mars. Data suggests that lava caves most
likely exist onMars and they are considered some of the most promising places to look for
Martian extraterrestrial life. The teams have presented their results at multiple space
conferences worldwide and they are currently preparing severateaewed publications
from the results of their research.

The human space exploration research is performed mostlySEAS, which is run by
the aforementioned visiting professor at FEI STU. Almost 20 simulated missions to the Moon
and Mars have been performed at$HAS ovethe past couple of years. They were performed
in collaboration with NASA, ESA and numerous other space organizations and companies from
around the world. HBEAS is an analog space research facility located at 2,500 meters in
elevation on the active volcaiMauna Loa, on the Big Island of Hawaii. It is used for a variety
of research projects, which include astrobiology, geology, engineering, psychology,
physiology, botany, education, in situ resource utilization and other experiments. The goal of
the analogspace missions is to fielést scientific and technological initiatives aimed to help
humans return to the Moon and explore Mars one day. The missions can last from several weeks
up to a whole year, depending on the research goals of the mission. dnnmssilves a crew
of six people living as if they were on the Moon or Mars, while performing various scientific
and engineering projects. This means that they are subject to time delays when communicating
with the Mission Con tatflredzedriea asttonaelikedood afdgdteey t h o ,
have to survive on their own with very limited supplies of all the materials they bring with them.
They are also isolated from the rest of the world, as if they were truly on another planet.
Moreover, the visitig professor from FEI STU has also brought several Slovak technologies
to HI-SEAS to be tested during simulated lunar and Martian missions. These include
environmental sensors from the company HB Reavis and a rover developed by the company
RoboTech Vision.

FEI STU representatives regularly present about these varied research projects worldwide
at multiple international conferences, including the International Astronautical Congress (IAC)
run by the International Astronautical Federation (IAF), American Ggpal Union (AGU),
European Geophysical Union (EGU), Europlanet Science Congress (EPSC), Lunar and
Planetary Science Conference (LPS@yious NASA workshops and forum§OSPAR
Scientific Assembly and others. Thsiting professor at FEI STU is alsoreviewer for the
NASA Planetary Protection Research Program and many gthet programs and research
journals in space life sciences, suclkhagobiology and the National Science Foundatidmey
are a Global Faculty of the International Space Unives#t well, where they lecture and
organise workshops in astrobiology, and the robotic and human exploration of the Moon and
Mars.
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Figure 3.1.An analog astronaut performing biochemical sampling for astrobiology research
in a lava cave during a simuked Martian mission at HEEAS (Photo credit: Michaela
Musilova)
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Figure 3.2 Two analog astronauts using a Honeybee Robotics drill to collect geological and
biological samples for astrobiology research in a lava cave during a simulated lunar mission
at HI-SEAS (Photo credit: Michaela Musilova)
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4. MATERIALS RESEARCH IN SPACE

J. Lapin

Projectfunded activities in the fieldf materials research in space at fhstitute of
Materials and Machine Mechanics of the Slovak Academy of Scier(tedS SAS)
has not been performed during tleportedperiod of 2@07T 2021
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5. REMOTE SENSING

0. Bal aglavliBuchaJlIFeranBc& . Ful mekov§, M.

T. GogaJ. HofierkaM. Ko Kec kKO:r,aPi | Bagt or e k,
M. Rulsng8&al kov M. MS\WSSzdkt)mask,i Zver k

Selected activities of six institutions are included in taort (20262021):
Institute of Geography, Slovak Academy of Sciences (IG SAS) in Bratislava

The role of field survey in abandoned agricultural land identification in Slovakia
using Sentinel2 data

The result was obtained within the solution of theAEBECS project: Advanced
Techniques for Biomass Mapping in Abandonedgriculture Land Using Novel
Combination of Optical and Radar Remote Sensing Sensors (ATBIOMAMo.
4000123812/18/NL/SC (2013020): National Forest Centre (prime contractor), Zvolen, IG
SAS (subcontractor).

Abandonment of agricultural land is a dynamic process characterised by both significant
spectral variability and spectral similarity with areas of agricultural land. The identification of
abandoned agricultural land (AAL) based on otensensing data must be preceded by field
surveys focused on the acquisition of the physiognomic characteristics (the composition of
species, heightsf vegetation, textures, and clustering into patterns) of these &teasesult
documendg the physiogomic and spectral differences between the AAL and other land
cover/land use classes in Slovakia. The Normalised Difference Vegetation Index (NDVI),
derived from Sentine? time series for vegetation over April$eptenber 2018, was applied.
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Figure 5.1 NDVI values for homogeneous samples in study are 1.
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NDVI values were calculated for each SentiBedcene. NDVI profiles for selected samples
were used to create phenological profiles for each AAL and land cover/land use class. The
dispersion in the NDWvalues for these classes, their median, and the root mean square error
between NDVI data show that overgrowth by herbaceous plants is characterised by more
significant dynamics (0.4@.75), resulting in better spectral discriminability than classes
overgown by shrubs and trees (0i'D080). Field researctiata area fundamental prerequisite

for the correct explanation of the discriminability of thégd. classes.

Abandonment of agricultural landscape assessed on remote sensing data
[dissertation thesis]

The result was obtained within the solution of the ESA PECS profatvanced
Techniques for Biomass Mapping in Abandonedgriculture Land Using Novel
Combination of Optical and Radar Remote Sensing Sensors (ATBIOMAMo.
4000123812/18/NL/SC (2018020): National Forest Centre (prime contractor), Zvolen, 1G
SAS (subcontractor) and Slovak Scientific Grant Agency VEGA under Grant (2/0023/19):
Land cover dynamics as indicator of changes in landscape

Satellite data provide the possibility of a relativelgtfand reliable evaluation of the state
and dynamics of this process, which isuadamental prerequisite for taking measures to
eliminate it. In this context, the development of new methods for the identification and
classification of running agriculturareas based on remote sensing data is desirable. The
dissertation aimed to propose a methodological procedure for identifying and classifying
abandoned agricultural land (AAL) using available satellite data.

The dissertation thesis analysed current treisdsl in the process of AAL identification and
presented the definitions of AAL classes optimised for the geographical conditions of the
Slovak Republic with emphasis on the physiognomic properties of the overgrown vegetation.
Three AAL classes and theiorwesponding subclasses were identified within theareas of
interest (AOl)T Podunaj sk8&8 n2gina (PN) and Zvol ensk
analysed and evaluated based on their spectral and physiognomic characteristics. The field
survey enabled a qualitative and quantitative evaluation of the medtabraracteristics.

Two types of AAL classification were implemented: i) using obfged methods with the
machine learning algorithh Random Forest with the overall accuracy of 74% and 75%,
respectively (1 score 73% and 78%, respectively); ii) using>eel-based approach using the
deep learning algorithrit Deep Neural Network with the overall accuracy of 92.45% and
91.93%, respectively (L score 92.46% and 91.94%, respectively).

Classification of AAL classes using deep learning methods estimatedxtbet ef
abandoned agriculture approximately at 6900 hectares in PN AOI (~11% of total AOI area) and
approximately at 1000 hectares in ZK AOI (~8% of total AOI area).

Nevertheless, further research activities for automated AAL classification must be
implemented focusing on deep learning algorithms, cloud computing techniques and
distinguishing AAL classes from other land cover classes (Fig. 5.2). Cooperation between the
research organisations with upcoming activities dealing with deep learning methodbeould
conducive.

42



0 100 200 m

Legend
[0 AAL1 B AAL2 Annual crop Heterogeneous area (mostly agricultural) [l Forest

© Institute og Geography SAS & Google Satellite WGS 84 / UTM 33N

Figure 5.2.Forest class werestimation at the expenseabfindonedhgriculture land
overgrown by tree formations (AAL3).

Automatic detection of vegetation dynamics by remote sensing in riparian zone of
braided-wandering river system

The dynamics of the braideda nder i ng river system of the
automatedsupervisedclassification of aerial images2012, 2015, 2018, SkySat2018and
Sentinef2 data (20182019) within the project ESA TPM project ID59474. Three main
vegetation classes expressed successional stages in the study area were identified using
multiresolution hierarchical classification: grass, shrubs, and riparian forest. Spatial distribution
of vegetation and moisture indices (NDVI, GRVI, GCI, SIPI, MNDWI,WD MSI) was used
for ecologic assessment of the negative human intervention to hydromorphological continuity.
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Institute of Geography, Fc ul ty of Science, Pavol Jozef

Project:Extension of the operational "Space Emergency System" towards monitoring of
dangerous natural and mammade geeprocesses in the HLSK-RO-UA crossborder region
THUSKROUA/1702/8.1/0065/G&ES

This project is supervised by the Uzhorod National University in Ukraine, and partners:
i nvol ves Pavol Jozef Gaf 8rik Universi-ty ir
Napoca (Romania), Technical and Economic University in Budapest (Hundaeld,
government of SzaboleS z a t-Bargg county (Hungary). The project focuses on overall
analysis of the recent surface deformations to obtain detailed knowledge about the current
situation as well as to be able to identify the areas to assess thasgsksated with surface
deformation (i.e. landslides, uplift, subsidence). The work involves use of SAR interferometry,
GNSS, laser scanning to reach this goal. The overall is to reduce social and economic losses
and risks to human health and life causgdnbtural disasters in this area. GeoSES will be
provide information and services that help identify danger of emergencies and will alert
population about for their emergence. More detéttgs://www.uzhnu.edu.ua/en/cat/projects
huskroug https://www.geoses.science.upjs.sk/?lang=en

Project: APVV/SK-CN-RD-18-0015: Key Technologies on the Integration of Multi
GNSS, LIiDAR and Oblige Photogrammetry in 3D HiglQuality Reconstruction of Smart
City (3DSMARTCITY)

The projects involved a bilateral collaboration with China University of Mining Technology
in Xuzhou and our Institute. There were original contributions generated in 4@resisg on
research and development of new methods in:

1. 3D spatial data acquisition with terrestrial and airborne LiDAR/oblique photogrammetry
and GNSS with high efficiency and precision, in urban landscape and integration of the data
[14].

2. Generatig virtual 3D city models from the mul§ource data and integration of the
models in GIS (Geographical Information Systems) within the Smart City concept.

3. Precise positioning by muliequency and mukimode GNSS under the condition of the
limited satllite signal in the urban sheltered af&8).

4. Modeling various phenomena of the urban landscape with 3D data to assess the life
quality of citizens and contribute to the SmartCity cond&p®8, 13](Figs. 5.4.1 5.7).

Aim 1 and Aim 2 were achievelly developing new methods of noise reduction in
multisource 3D data and integration of the various kinds of 3D data in a GIS. A 3D geodatabase
is another result of the research integrating the various kinds of multisoureesdadition 3D
data of urbandndscapes. Furthermore, the new university textbook contributesttalaie
teaching of global navigation satellite systems (GNSS).

A The results addressing Aim 3 concern th
inertial navigation system (IN8nd (GNSS) by adopting the robust cubature Kalman filtering.

The method can be applied for improving the accuracy of reconstructing the trajectory of a
moving platform for autonomous piloted aerial and ground vehicles used for remote sensing
with LIDAR or photogrammetry.

A  Addressing the Aim 4, the developed metho
of innovative approaches for modeling solar energy income and land surface temperature in
highresolution. We also participated in the calculatibnarbon dioxide emissions and carbon
sequestration in Kogice for the City Counci
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Figure 5.4.Global solar irradiance (W.R2) of a digital lidarbased surface model calculated
by the r.sun model for June 30 at 10:20 zonal time for the smallesgife avithout vegetation,
(B) with nontransparent trees, (C) with transparent tr¢8k
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Figure 5.5. Modelled land surface temperature in degrees Kelvin for the entire study area and
the smaller site in the black outline as (A) without vegetationw({i) nontransparent trees,
(C) with transparent treef8].
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The project achieved results that can be directly incorporated in the smart management of
any city in Slovakia, China for elsewhere for mitigating overheating, flash flooding, traffic
noise nodeling or identifying suitable building facades for smart photovoltaic installations or
improvement of wireless internet or smart navigation, taking advantage of the modern methods
of ground surveying and remote sensing.

18:00

Figure 5.6. Simulated land gtace temperatures (LSTs) with heat storage at 8:00, 14:00 and
18:00 on 25 June 207d].
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Figure 5.7. Simulated LSTs with heat storage effects in 10 selected locations in the study area
on 25 June 202[¥].
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Project:APVV-18-0044: Solar potential irurban areas and its application to the Smart
City concept

The use of solar radiation in the urban environment is becoming increasingly important for
the sustainable development of cities and human societies. Several factors influence the
distribution of ®lar radiation in urban areas, including urban morphology and the physical
properties of urban materials. Most of these factors can be modeled with a relatively high
accuracy using 2D and 3D solar radiation models. In this paper, the r.sun and v.sun solar
radiation models are used to calculate sol a
to assess the accuracy of both approaches for vertical surfaces frequently found in urban areas.
The results were validated by pyranometer measurementse3iilesrshowed relatively good
estimates by the 3D v.sun model and poor estimates by the 2D r.sun model. This can be
attributed to an improper representation of vertical surfaces by a digital surface model, which
has a strong impact on solar resource assE#s. We found that 3D city models prepared in
level of detail 2 (LoD2) are not always adequate in case of complex buildings with
morphological structures, such as terraces. These cast shadows on facades especially when sola
altitude is high and, thusssessments, even by a 3D model, are inacci@jtEig. 58.

> 500

Bl 501 —s00

I 401 —500
301 — 400
201 — 300
<200

Figure 5.8. Solar irradiance at the State Theatre on 23 June 2021 H\EMA) 8:57 a.m.,
(B) 11:50 a.m., andQ) 3:31 p.m. The black circle represents the measurement log¢ation

Project: VEGA 1/0798/20: Synergistic use of multisource remote sensing data in Earth
system research

The aim of the project is to develop new methods of landscape mapping using synergies of
a combination of several Earlased remote sensing methods. Tokit®on assumes data
collection by means of laser scanning, passive multispectral and hyperspectral scanning and
photogrammetry, in particular using the unique instrumentation and software equipment
existing in the home institution, which is currently atsof-the-art unpiloted and terrestrial
remote technology. In the practical sense the practical level, the research focused on the use of
the mentioned technologies and their synergic use for increasing the accuracy, detail and thus
the interpretation poer to improve understanding of selected natural phenomena and
processes, such as landsliding, phenological phases and vegetation growth, identification of
neotectonic features in land surface, land surface temperature modelling in the urban landscape
usingthe high spatial, spectral and temporal resolution. For these tasks, new geomorphometric
analysis methods with 2D and 3D data structures, fdutensional regression modelling and
machine learning methods are proposed. In terms of understanding theexiompl the
landscape, we developed approaches for integrating the multisource data with other types of
field- and labbased data. We used the concept of sfiaoe and hyperspectral data cube for
this task.
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National Forest Centre Zvolen
Satellite-basal observation of forest decline

The activitesin 20202021 and this puization is the result of the project implementation:
Centre of Excellence of Forelsased Industry, ITMS: 313011S786pported by the Research
& Development Operation®rogramme faded by the ERDF.

The satellite data and layers of forest damage classification from 2020 and 2021 were added
into the web service STALES https://web.nlcsk.org/?page_id=1781#2system is proposed
to inform forest owners and forest state administratiooutithe actual condition of forest
stands and its changes. So far the individual satellite images from 1990, 1996, 1998, 2000,
2003, 20062021 were mosaicked into nationwide mosaic, from which we derived forest
damage to each of those years. The senacedased on Landsat satellite images in spatial
resolution of 30 I 30 meters and Sentinel d
created from the composition of Landsat (Sentinel) bands in false colours, i.enixaad,
Mid-infrared andRed band.

Mapping applications are prepared so that the boundaries of forest districts are visible at the
scale of 1:100 000 and the boundaries of forest compartments at the scale of 1:20 000. STALES
service actually consists of 4 map applications: Majpliegtion 1 (currently under
reconstruction) visualization of satellite scenes and forest health condition; Map application
21 a comparison of satellite scenes from different time periods $Eg; Map application 3
i dynamic visualization of actuaind historical satellite scenes; Map applicatidndd/namic
visualization of forest health condition (Fig10).

Porovnavanie satelitnych snimok z réznych obdobi Lesnicky vyskumny dstav Domovské stranka
Kompozicie satelitnych snimok pre roky 1990 - 2021 Copyright © 2010-2022 NLC - LVU.

Pomocnik

Legenda
Navigacia
Zobrazenie vrstiev

Vyhladavanie LHC

Figure 5.9.Web servicéttp://www.nlcsk.sk/stales/stales _swipe_toahht map application
for comparison of satellite scenes from two different years according to selection.

Lava strana: |2020 v|  Prava strana: | 2021 v |
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Dynamické zobrazovanie klasifikacii zdravotného stavu lesa Lesnicky vyskumny tstav Domovskd stranka
‘Copyright ® 2010-2022 NLC - LVU.

asifikicie zdravotného stavu pre obdabie 1990 - 2021

Navigacia

@, priblizit mapu

=), oddialit mapu

@ celd mapa

®), Spaf (predogly nahfad)

#, Vpred (nasledovny nahfad)

Posun mapy
& Deaktivuj panel

Legenda

Zobrazenie vrstiev

Vyhladévanie LHC

Pomocnik

——
- : - —

Figure 5.10. Web servicehttp://www.nlcsk.sk/stales/klasdynam.htiinlmap application for
dynamic visualization of forest health condition from 1990 to 2021.

1990 1996 2003 2006 2007 2009 2011 2013 2015 2016 2017 2018 2019 2020 2021

Biomass Mapping on Abandoned Agriculture Land

The activity focused on Above Ground Biomass (AGB) estimation on Abandoned
Agricultural Land (AAL) by using radar data. Abandonment of lsr@European problem and
phenomenon when agricultural land is gradually overgrown with shrubs and forest. This wood
biomass has ngketbeen systemaally inventoried in Slovakia.

The first objective was to propose a method for AAL identification baseftee data. We
combined Sentinegd satellite images with data from the Land Parcel Identification System
(LPIS) and the National Cadastre.

The second objective was to derive an allometric model for shrub AGB estimation on AAL
Due to the lack of such modewe carried out a quantification of shrub AGB biomass on AAL
sample plots.

The third objective was to separately analyse Senrtiaeld-2 data, to test the backscattered
amplitude and the interferometric coherence and their seasonal variation toirtetéren
optimal period for AGB retrieval on AAL.

The fourth objective was to verify whether AGB estimation could be improved by integrated
AGB regression models that combined radar and optical satellite datatemytoral data,
polarimetric coherence arzhckscatter. The decision to apply empirical multiple regression
models for AGB estimation came from their simplicity, comprehensibility and good
performance, which are important for operational deployment.
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Concept of Biomass Estimation on Abandonedcatjural Land
A simplified flowchart of the concept of AGB estimation on AALis depictedrign 511.

Field data Cadastre, Sentinel 2 II | Sentinel 1’_|_u
LPIS

ALS & DAP v Back-geocoding
Reprojection
v Resagnplmg [ Beta-zero (B%) }
[ Sampling design ] Topographic normalisation Subset
+ Stack
+ [ Co-registered subset ] ——
- Vegetalion type [ Image processing ] Stack averaging
- Height (brush, tree) Filtering
- DBH (tree) ¢ ¢ |
Despeckled data .
Isodata Retrieval of pixel Terrain
Allometric values (DN) Correction
equation I
 —
Geocoded . )
v GIS - layers Radiometric
overlay < normalization
[ Volume estimation ] v v \

Optical-SAR Retrieval of backscatter intensity (y°) values
Specific AAL MAP integration & Coherence
gravity ‘
3 Multiple Linear & Non-linear Regression BIOMASS MODELS ]
[ FIELD-BASED PLOT AGB }— Analysis / Accuracy Assessments v

>
» AGBE MAP on AAL ]

Figure 5.11.Flowchart of the spatial identification and estimation of AGB on AAL. LPIS, Land
Parcel Identification System; ALS, airborne laser seagnDAP, digital aerial photography.

AAL ldentification

I n spatially identifying AAL in the study
based on a combination of available cadastral data, LPIS and S@nmajery.

The National Cadastre is algic land registry and information system containing, inter
alia, geometric determinations and data about the types of land parcels. Cadastral parcels coded
as arable land, permanent grassland (meadows and pastures) and orchards in the GIS vector
format wee used.

The Land Parcel Identification System (LPIS) is an integrated administrative and control
information system based on photographs of agricultural parcels used to check payments made
under the EU Common Agricultural Policy. The LPIS contains a véayer of agricultural
parcels and information about crop and | anct
subsidies. We assumed that such parcels represented actively managed agricultural land.

The LPIS vector boundaries of actively managedcagtiral land (arable land, meadows
and pastures) and cadastral parcels registered as agricultural land (of the same type) were
overlaid to identify the land considered by LPIS as uncultivated. Those cadastral parcels that
fell outside the LPIS blocks wemmnsidered as potentially abandoned agricultural land. Then
we filtered out pixels under snow cover using Sentthighagery from the winter season; i.e.,
we masked arable land, meadows and pastures. Thus the remaining areas represented real AAL
with woody vegetation.

Shrub Biomass Estimation

As regional biomass tables are not available for shrub vegetation, the allometric model for
calculating the dry matter of the abegeund biomass of shrubs was derived based on
theempirical material obtained fromalc kt hor n st ands i n the st uc
up about 90% of all the bushes. The model was based on one independent variable (mean
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height) and was expressed as the dry matter of the @pouad biomass per 17at full canopy
(Tab. 51.). The allanetric equation was used to calculate the biontass: ®'Q ; where
m is the weight of AGB in kilograms per?rh is mean height in metres, abelandb; are
regression coefficients.

Table 5.1.Allometric model for quantifying aboxground woody biomass of shrubs on
abandoned agricultural land

Vegetation Model n R2 (EA)'\;lSE p-Value
Shrubs Macg= 1. 2.
(blackthorn) %?..45361 20 0.81 23.9 <0.001

Predictor Variable PreSelection

The predictor variables are clustered into three groups:ingemt radar backscatter,
Sentinell coherence data and Senti@dDN.

In the Sentinell radar backscatter, the averages from the ftertporal images from 2017
were calculated for leadn period; leabff period with snow; and leadff period without snw
to reduce the speckle in the single images and to investigate the impact of the backscatter
variation on the AGBvi@® thiv foahtaileafoff. peribdhwéthowt v e r a
snow cover were found to have the highest correlation with the AGB=(0.79 andv =
0.77). We included in the prediction model a variable calculated as the average of the ascending
and descending passes. Averaging images from both tracks reduces the problems of artefacts
caused by foreshortening and shadowing.
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Figure 5.12. Correlation coefficients between AGB and the coherence of VH (circle) and VV
(square) polarisation during the year. DOY, day of year. The coherence pair temporal baseline

is 6 days combining-BA and S1B images from 2017 . Red indicates the imaged imsehe
derivation of the average product s. Correl e
at the 0.05 (0.01) level.

Coherence data are the second group of variables significantly correlated with the AGB.
The correlation coefficients betwedetAGB and the coherence are negative, as the coherence
decreases with a higher AGBIg. 512. depicts the time series of the correlation coefficients
between the AGB and VV and VH coherence during the year. The group with the highest
corrdations could be observed in the leafoff period with snow cover (DOY 40 to 92),
with the highest rv & wNY 8 triduE O &t Kd w! EUT EwOOwOT 1 Ul wi B
variables (Cohw_avg and Cohvi_avg) were derived for the AGB estimation by averaging
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the seven coherence pairs with the highest correlations from DOY 40 to 92. The
correlation coefficient of the average coherencew & wN Y 8 k-h AuENO¥EGA | A wb E U w]
than from the single pairs, and the average coherence was less affected by coherent
noise. This confirms the importance of averaging coherent pairs.

In the case of Sentin@ DN values, the lghest correlations with the AGB were observed
for band B5 vegetationrededges= 1T 0. 85) anms=ba®d7B4 dfedm(th

vegetation season (22 June 2017). In general, the red bands (B4 and B5) correlate higher than
bands B8, near infrad (NIR), and B11, showwave infrared (SWIR)Tab. 52.).

Table 5.2.Correlation coefficients between AGB and Sentthbands from 4 periods
in descending order

28 January 2017 29 March 2017 22 June 2016 30 September 2018
Band r Band r Band r Band r
B5 1065%* B4 10.65% B5  10.85%* B4 074
_ - . 10.63
B4 1 0.64 *** B11l 1 0.65 *** B4 10.76 *** B5 .
B8 10.57 *** B5 10.62 *** B11l 10.47 *** B11l '3'*56
- 0.44
B11 0.07 B8 10.49 *** B8 0.01 B8 ot

Performance of AGB Predictiveddel

Considering the most correlated variables with AGB and removing the highly correlated
predictors five variables were included for further analy#si_eator aNdoAn leatoft (Average
from ascending and descending imag€sg. 513a.), Coh/x_aw and Cokv_avg(average of the
seven highest correlatioiisFig. 5.13b) and B%2.i (Sentinel2 B5 band from 22 June 2016
Fig. 5.130).

Figure 5.13.Lokalit y Chvoj no i & @<ompakiion abrnie s &/’ di) gueA
off (Average from ascending and descending imagdsack and green represent a lower,
burgundy color a higher AGBy) Coherence: composition of Gahayga Cohv avg(average
of the seven highest correlationgreen color reresents lowergrey-burgundy colordigher
AGB; c) Composition of Sentin€ bands: B8/B11/B5green color represents lower, orange
brown color higher AGB.

The Multiple linear regression (MR) model includes two additional terms;Call  BJ5
and oAy leatoi/B522vi, @S @ common function of the predictive variabl€ab({ 53.). Their
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selection was based on the highe$tr&n all possible interactions derived by multiplying or
dividing two predictive variables. Reference and estimated AGB is comipeifegl 514a.

Table 5.3. Significance of coefficient (predictors) in AGB models

COhVH_avg *
B522wi

+++

Cohvv avs YUV _leaf-

offBS22vi

Y°VH leaf-  YVV leaf-
off off
7.5.

Model BS5ai Cohvh_ave

m K
n.s., not significant; +++ highly significantly positive (p < 0.001); *** highly significantly negative
(p <0,001).

1.S. ook H.S.

Dividing the reference AGB into three categories allows us to better understand the
performance of the MR modeFig. 5.14b). The selected ranges approximately correspond
with the AGB of shrubs {400 t.h&3j, shrulitree formations (10®00 t.haj and tree
formations (200350 t.h& 3. The assessment was based on quantifying the root mean square
error (RMSE), bias and random error within each range.

The accuracy analysis reveals that the model overestithatéssB under ~200 t.haand
underestimate above this level. The most considerable overestimation bias occurs in the AGB
middle range between 100 and 200t }&ig. 5.14. right. TheRMSE (in absolute units t.ha
increases with a higher AGB. On thentrary, relative RMSE and CV sharply decrease with a
higher AGB. The random error (SE) is the dominant error source for all the ranges of AGB
(Tab. 5.3., Fig. 5.14. right

350

300 |

AGB predicted (t/ha)

100

15

0

200

AGB reference (t/ha)

that AGB range.

a)

Figure 5.14. Left:Reference versus predicted AGB forfifle regression (MR) modeRight:
Comparison of the observed and predicted AGB averages per 3 reference AGB ranges: Error
bars indicate a random error (SE) of the predicted AGB per reference AGB range. The dotted
line indicates a fitting curve to calated points (3rd order polynomial), and the dashed line
corresponds to y = x line. If error bars do not overlap y = x line, bias is the dominant error in

AGB predicted (t/ha)

300

250 F

200 p

100 F

50 }

50

100

150

200

AGB reference (t/ha)

300

Table 5.4 Accuracy of the model stratified by the reference AGB range: sampl@3izeot
mean square error (RMSE), relative RMSE (RMSE%), bias, standard deviation of th&error
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= Random error) and coefficient of wvariati
domi nates; when CV. <. 1, bias dominates)
SE
Reference RMSE RMSE BIAS )
Model  githaty N (thad) % (tha®) %‘ha cv
0-100 42 23.7 70.5 5.1 22.7 4.5
MR 100-200 15 56.4 37.0 31.6 46.7 15
200-350 20 55.0 20.5 -34.3 42.9 1.3
Overall 77 41.2 35.1 0.3 41.2 -

AGB estimation on AAL in the study area of

The overall accuracy of the AAL map was verified on 127 randomly selectets pmd
reached 89.8%, which confirms the potential for the operational deployment of the proposed
method of AAL identification. In addition to 3214 hectares of forest land listed in the National
Forestry Database for the Viglas forest management unitjiFie identified 992 hectares of
shrub and tree formation on AAL. The total area covered by woody biomass is then 4206
hectares. Thus the proportion of AAL covered by woody biomass is 23.6% in the study area.

The estimated AGB was divided into nine categs in 50 t/ha step to clearly show its
distribution on AAL Tab. 5.5. and Fig. 5.16.

Table 5.5 Biomass estimation in Viglas according to MR model

Class Area AGB
tha' ! ha % Tonne (t) %
<0 47 5 0 0
0i 50 194 20 4858 4
501 100 221 22 16,590 14
100/ 150 183 18 22,913 19
150/ 200 145 15 25,410 21
2001 250 104 10 23,352 19
2501 300 60 6 16,401 13
3001 350 26 3 8479 7
350+ 12 1 4343 3
992 100 122,346 100
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Figure 5.15 Distribution of predicted abovground biomass on abandoned agricultural land

in the study area of FMU Viglas according to altitudinal zones (grey background colours). In
order to enhance the visual perception, the number of pixels was magnified biaa fitieal
with di mensions of 3 I 3 pixels.

The estimated abowvground biomass on AAL was ~122,000 tons. The AGB on forest land
is ~750,000 tons according to the National Forestry Database for the Viglas FMU. Total wood
AGB is then ~872,000 tons in the waarea of the Viglas FMU. Thus the proportion of AGB
on AAL is 14.0%, significantly less than the area proportion (23.6%). This indicates a lower
mean AGB on AAL than on forest land. Indeed, the average AGB on AAL is 123 tinal
on managed forest laridis 233 t.ha !

The obtained results for wood AGB on AAL according to the area of individual classes
show an uneven representatidialfle 5.5). The first three classes, with biomass from 0 to 150
t.hd ! represent up to 60% of the area. The occurrehclasses with AGB above 250 t'hzs
only 10%. The predominance of low AGB classes indicates the dominance of shrub formations
on AAL.

The spatial distribution of woody vegetation on AAL is uneven. The share of AAL increases
with altitude and the distee from the populated part of the valley in the territory. The
abandonment process is evident in the second and third altitudinal ckigses 5.15.

In addition to the overgrowing of meadows and pastures, historical landscape elements like
narrowbard fields, overgrown ramparts of collected stone are gradually disappearing under
the influence of ongoing secondary succession. Summarising the acquired knowledge about the
AGB, and its spatial distribution and shrub species composition, we can stale thiiation
of overgrowing areas is not satisfactory from either an economic or environmental point of
view.
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National Agricultural and Food Centrei Soil Science and Conservation Research
Institute

Remote sensing control of aredoased subsidies in agriciiure

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.

During the years 2020 and 2021, the CwRS was no longer performed at theiNPPC
V B P Ouhlike previous years / periads

Quality Assessment of Land Parcel Information Systerii QA LPIS (2020;2021)

Land Parcel Identification Systen(LPIS) is the main componé of Integrated
Administration and Control Syste(fACS) for area based direct support. The purpose of LPIS
is to implement the Common agricultural policy of the European Union (CAP EU) measures.

The quality assessment framework of LPIS is an integndlgaPIS management and
upkeep processes and is also required by European legislation. EU member states are required
to perform QA LPIS annually.

In this framework, the LPIS of a MS/Region is regarded as a system under test, which is
composed of two majccomponents: the local application schema and the data records stored
in the system. The so called Executable Test Suite (ETS) targets at the data component by
annually assessing conformity according to Article 6 of (EU) Regulation No 640/2014.

QA implemantation is based on current satellite images taken in the year of review. Selected
reference parcels by EC for QA LPIS were on SCRI vectorised on the background of current
satellite images, provided by EC. Subsequently, they are compared with the valiof sie
LPIS layer.The satellite images were overlaid with the digitized vectors showing the position
of the parcels which were checked. The land use check was completed by Rapid field visits
RFVs; directly in the field in cases of ambiguous situatiosatellite images.

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

The conformance class 1 mean§ita s s e s s t h e agdicauhts nogonfarhingL P 1 S ¢
items. Furthermore, coting items offers a straightforward entry for the LPIS upkeep
processes. This counting of items includes the first three types of the quality elements (QEL1,
QE2 and QE3).

QEL1 assesses the maximum eligible area of the system and evalqatdgy2elemert:
QElaabsence of bias (i.e. accuracy) of the land represented in the LPMShatea QE1b
parcel level precision of the land represented in the LPISve®Ee1 overestimation areas and
underestimation areas.

QE2 assesses individual parcels with cdrress issues aral/aluates Rjuality elements:
QE2apr oportion of items with i1incorrectly re:
featured error type Updaté outdated orthophotomaps (Fig. 5.18.).

QE2bdistribution of items, according to the cormeess of the eligible area recorded and
QE2cnumber of norconforming reference parcels in LPIS with classification érmoistake/
error of operator (Fig. 5.19.).

QE3 showswumber of reference parcels that have functional issieegical defects" Fig.

5.17).
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Conformance classi2 assessed under the last three elements (QE4, QE5 and QE6). QE4
categorization of the neconformities, QES5 ratio of total declared area in relation to the total
area recorded for the area conforming reference parcels aBdrd@& of norconforming
reference parcels due to undetected and unaccounted land cover change, as observed in ETS,
accumulated over the years.

These 3 elementsaimtoi dent i fy p o sand thdreguirese droader systeams i
wide analysis, beyonthe 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, can have critical defect (for exalple, m
parcel), and can have its land wrongly classified. Although this represents a single non
conforming item, it does reflect three different system weaknesses.

Quality assessment of the Slovak LPIS was realized in three zones for campaign year 2020
and n three zones for campaign year 20Bilg(5.16). VHR satellite imagery for each zone
were deliveredrom JRC EC.

Site2020QASK1 covers parts of Pregov, Bardejo
World View 2 satellite image from@April 2020), one is localised in East Slovakia. Site 2021
QASK-2 covers parts of Ladca, Kysuck® Nov® M
EYE 1 satellite image from"8April 2020, zone is localised in North Slovakia. Site 2021 QA
SKi3 cover s paadistriodih nomhpanteosSovakia (EK provided World View
2 satellite image from 27June 2020).

Site2021QASK1 covers parts of Michalovce, Tret
(EK provided World View 2 satellite image fron{ \pril 2021), zone is localised in East
Slovakia. Site 2021 QASK2 covers parts of Rimavsk8 Sobc
(EK provided GEO EYE 1 satellite image from™8pril 2021, zone is localised in South
Slovakia. Site 2021 QA SK3 covers partsof Dupas k8§ St reda and Gal an
part of Slovakia (EK provided World View 2 satellite image frdfJ8ne 2021).

The Satellite images were georeferenced by SSCRI staff. Measured and archive control and
check points were used. For all three zohesQuality checks of georefence were carried out
and control protocol were elaborated.

02% o & |
2021

Zone 03
LPIS QA'2021

Figure 5.16 Localization of the controlled sites in QA LPIS 2020 and 2021.
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a) b)
Figure 5.17.Example of case with identified caél defect: a) Invalid common RP boundary
and b) Total absence of eligible features.

Figure 5.18. Example of the occurrence of ragricultural land cover features on the
reference par cel sichangéeshfthe andesleng lart Weredapies.n

Figure 5.19. Example of the occurrence of ragricultural land cover features on the
reference parcel s wit h Tamistakeo LPfEBperatorneous pr

Remote sensing within crop yield and crop production forecasting (2020)21)
Monitoring of Crop Conditions and Crop Monitoring

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

NDVI (Normalized Diffe ence Vegetation | ndex) are de
sensor. The NDVI Vegetation Index, characterizes the total biomass state (volume and vitality),
the higher the NDVI value, the more biomass is developed (characterized by a higher content
of chlorophyllin plants and hence a more potent photosynthesis).

Development of the NDVI vegetation index in 2021 and its comparison with the situation
in 2020 and long term average is documented orbEAg.
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NDVI

NDVI 2012 - 2020 NDVI 2020 —NDVI 2021

Figure 5.20.Development of the NDVI vegetation index021 and its comparison with the
situation in 2020 and long term average, data source: NPRCB P OP .

Crop yield forecasting

The aim of the crop yield and crop production forecasting is to provide the most likely,
scientific, and as precise as possihdependent 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 Systasmbeen created on SSCRI
and is based on thregfferent principles which are applied to specify vegetation indexes as
biomass development stage and biomass development:

1 Remote Sensing methddmethod of interpretation of vegetation indicators (as NDVI

or DMP1 Dry matter development) from satellitmages (mainly from low resolution
satellite sensors as NOAA AVHRR and SPOT Vegetation satellite system);

1 Bio-physical modeling (WOFOST model) and simulation of vegetation indexes (mainly
TWSO'i Total Dry Weight of Storage Organs and TAGPTotal Above Grand
Production). In WOFOST, weather and phenological data, soil ptiysical data and
crop physiological data are utilized as model key inputs;

T Integrated assessment method, which means the implementation of specific
meteorological and vegetation indioed 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 currently for the purposes of forecasting yields
and consequently the prodion of crops used.

The crop yield and crop production forecasting is carried out for main agriculturalicrops
winter wheat, spring barley, oil seed rape, grain maize, sugar beet, sunflower and potatoes. The
forecasts are reported six times per yieant he hal f of May, June an
spring cropso and in the end of July, Augus
results are interpreted at national level as well as at NUTS3 and NUTS4 level. The example of
crop yield forecastingh 2021 can be seen in the Fig. 5.21a. and 5.21b.
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Figure 5.21.Example of crop yield forecasting with remote sensing in first decade of June in
2021 for rape (a) and in the second decade of July for maize (b).
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Verification of high resolution layer i AHRL O permanent grasslandsfor the
reference year 2018

Verification of High Resolution Layer (HRL) of Small woody feature, Permanent Grassland
and Permanent grassland changes was conducted on IN?PBEOP during years 2020 and
2021 accordng to the current methodol ogy. AGui d
Layers produced by the CLMS (Copernicus Land Monitoring Service) as part of the 2018
reference year production. Verification of HRL Grasslar@RA and Grasssland changes
GRAC took place in 2020. The third layer of HRISmall Woody FeaturésSWF was verified
in 2021. SWF layer is new product based on VHR data, mapping small patchy and linear woody
features. In 2021 a complete report was submitted for verification of HREksl@jeGRA,

GRAC and SWEF too.

Copernicus, is the European Programme for the establishment of a European capacity for
Earth Observation. The EEA has been delegated the implementation of tBarppean and
local components of the Copernicus Land monitosieyice. The objective of the Copernicus
land monitoring service is to provide users in the field of environment and other terrestrial
applications with information based on space data combined with other sources.

The clustomer in Slovakia was the Slok vi r onment al Agency, Ba
on the requirements of the European Environmental Agén&EA. Thematic accuracy
assessment of the HRL Grassland layer is the goal of verification. The HRL layers are provided
by EEA to NPPC through contracttWiSlovak Environmental Agency.

The HRLs are part of the land use/land cover mapping component@bgeznicus Land
Monitoring Service (CLMS)serving a broad user community from European publicelsdd
Member States and regional environmental authorities, as well as theadding sector. They
provide support to various environmental policies and political deems@king, and
significantly contribute t o atatgseasdsmonitgringE ur o
changes over timePanrEuropean High Resolution Layers (HRL) provide information on
specific land cover characteristics, and are complementary to land cover / land use mapping
such as in the CORINE land cover (CLC) datasets.

HRL layeas are produced primarily from Sentinels. The -gamopean HRL 2018 SWF
layer is available at 5 m and 100 m resolution (HRL GRA 10 m and 100 m and GRAC 10 m
resolutions).

Verification was done by three methods: 1. a general overview of HRL data quality; 2
Verification using the "Look and Feel" method (for the recommended strata and two types of
errors Comission and Omission) and 3. Quantitative verification.

Commission error is defined as the area classified erroneously as belonging to the HRL
class.
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Omission error is defined as the area classified erroneously as NOT belonging to the HRL
class.

Type of i O miT siss documentedr on drig522. SWF Omission error-
Isolated/scattered patches of trees, an example from the east part of Slovlsaase, there
was also probably a shift of whole SWF polygon to the north compared to the verification layer
and orthophotomap.

Example of Comission errdris showed on Figs.23. SWF Commission erroir Linear
hedgerows and scrubs, an example from théhswest part of Slovakia. In this case, was SWF
classified on the grassland without bushes and trees compared the situation on the
orthophotomap.

Verification was carried out visually in GIS environment interpretation and comparison
HRL based satellite Yeers with orthophotos and with thematic GIS layers generated from the
LPIS, biotops of natural and sematural grassland and ZB GIS.

Figure 5.22.SWF Omission error Isolated/scattered patches of trees. An example from the
east part of Slovakia.

Figure 5.23.SWF Commission errdr Linear hedgerows and scrubs, an example from the
south west part of Slovakia.

Generally, we conclude that the layers HRL is not well classified, but much better than the

HRL layer of 2015 reference year production.
Time seies of satellite images would help to improve the accuracy of HRLs in future.
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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 Copernicus
programe: Copernicus programe the European programe for Earth Observation. The
Programe 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 and
Copernicus User forum dncommenting on the EU level the technical and legislative
documents regarding the Programe.

Cooperation with the European Space Age(E$A) was limited due the fact that the
Slovak Republic is not full member of ESA yet. However in 2020 Slovakia stambedss to
became ESA Associated member state. Slovakia is going to become ESA Associated member
state at august 2022. Slovakia is actively participating in Plan for European cooperating States
(PECS). At the national level the Slovak national Copernwaoasking group continued its
operation with the aim to coordinate Copernicus related activities on the national level and
dissemination of information related to Copernicus programe. In 2021 new national Copernicus
portal was published with information ono@ernicus programe and data access. National
satellite Copernicus imagery portal is still in development and MOE SR distributes the Sentinel
satellite images for the Slovak Republic on demand. Compared to previous period user uptake
and usage of the Copérns data has growing trend but is still relatively low compared to
neighboring EU countries. Several public government organizations and private companies are
actively using Copernicus spatial data. MOE SR successfully collaborated with Slovak
investmentand trade development agency on international Cassini Hackaton eveéhé
following years Slovakia plans to focus on user trainings in remote sensing and Programe
information dissemination.

Pavol Jozef Gaf§ri k Uni ver ssiAtagemy netwdtkoagdi c e
is actively using Copernicus programe spatial data in its courses and lectures. Private company
INSAR is successfully operate as member of Copernicus Relays network, promoting the
information about programe and data usage to publicpaofessional through workshops,
courses and conference. Two annual Hackathonsavgamizedin Bratislava with successful
use of the Copernicus data by the participants to develop application prototypes.
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6. SPACE METEOROLOGY

J . KaRS§Kk, 0 . Ok on, L. M®r | |,

6.1 Preparation for processing and usage of new imagery data from Meteosat third
generation satellites, including Flexible Combined Imager and Lightning Imager
instruments

6.1.1 New EUMETSAT satellites

EUMETSAT stellite programs are split into current (operational) and future satellite series.
For operational usage in Slovak Hydrometeorological Institute, current satellites we use
regularly in reatime or near reafime for weather analyses and forecasts, fonitoang of
severe weather and its impact on economic and everyday life. Meteosat Second Generation
(MSG) satellites EUMETSAT will replace them with Meteosat Third Generation (MTG) in the
end of 2022. Satellite with the instruments is shown in FiguteTherefoe all users and
mainly national meteorological services must be prepared to switch from MSG to MTG data,
imagery and product3.his requires enhancing reception chain for satellite data, increase data
transmission widths, poessingand computinga&pabilities and the application softwaréere
are ways that are more possible how to adapt the current capabilities for future effective usage
of next generation satellite data. Some of them is the heritage and skills already existing in
SHMD, s o anteof upgrades @nd new developments of the software for processing and
visualization of satellite data.

e Meteosat Third Generation: Overview animation

Figure 6.1. MTG-I1 satellite and its instruments.
Source:https://www.youtube.com/watchi2LO3xHJasKK8
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6.1.2 MTG Lightning Imager Simulated Level 2 products: experience in Test Data
processing and visualization.

This study we performed in a cooperation of NIMH (National Institute of Meteorology and
Hydrology) Bulgaria and SHMI (Slovak Hyoimeteorological Institute) with the aim of
familiarization with the MTG Lightning Imager (LI) Data in three steps:

9 Processing of LI Level 2 Test Data

1 Reporting faced problem in LI Level 2 Test Data processing

1 Visualizations & mapping the LI detections esvMeteosat Imagery produced by

MSGProc Software developed and operationally used in SHMI

LI Level 2 Test data were available as three categories: LGR files containing flash groups
within a time window of 10 seconds, LFL files containing the propeoti¢se flashes within
the same time window, and AFR files containing the accumulated information over 30 seconds
gridded in 2km gesatellite view projection. We worked with the second and the third type of
test data. Fata files were available in standetCDF format and we worked with HDFView
3.00win10_64 software to familiarize with the data content. After this, we prepastiC
scripts to use HDF4.8.5 library and created-@utines running under Linux for geolocation
and visualization of the flasls over the satellite imagery.

Final work was devoted to the interpretation of flashdesa originated from grourdolased
detections but in mode of satellitggested data sets. Main aim we fulfilledo confirm that
testdata are correctly encodingeagraphically located and properly visualized over the real
satellite scenes. Examples of visualization we provide in Figi2eand6.3.
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Figure 6.2. Localization of flashes over storm clouds in single blagiats interpretation.
MSG HRV 20.6.20185:30UTC
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Figure 6.3. Enhanced IR MSG RSS 20.6.2013 15:30UTC andmi6dtes flashes
accumulations colorized from red (the oldest) to yellow (the newest). Red arrows indicate the
movement of the lightning activity related to the storms development.

6.1.3 Investigation of possibilities of dual satellite observations with new generation of
geostationary satellites

Dual satellite observations are possible when two identical geostationary satellites are
operating from positions distant at least 10, maxindbndegrees in longitude. In case of
European MSG satellites it is 41.5 degrees between Met@asad Meteosatl, in case of
NASA GOES satellites it is 62 degrees.

Thanks to the preparation of software for MTG satellites, which can be used just as well
GOES satellites, which are already operational, we have done several studies of stereoscopic
cloud imaging at a higher resolution of 2 km. The aim was to verify that stereoscopy works not
only with blackandwhite singlechannel images, but also with Hiatchannel color RGB
images. We tested several RGB products listed here:

a) 24hMicrophiscs i) NaturalColors

b) Airmass j) NaturalColorsWhite
c) CloudPhase k) NaturalTrueColors
d) CloudTypes [) Night

e) DailyCloudPhase_Distinction m) NightLowClouds

f) DayMicrophysical n) NightMicrophysical
g) DaySolar 0) VIS-IR

h) FireTemperature p) VolcanicAsh

As result from this study, Optimized Color Anaglyph method is the best, but also Full Color
Anaglyph method can provide satisfactory results. However, these methods do not work in
general, only for selected HBB3products, where red component is not dominant, because red
component transforms into black when anaglyph algorithm is apWedlearned from the
comparison of standard and anaglyph RGB images following:
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1 Red color is reduced significantly because ofgahay p h 6 s al gorithm,
displaying at standard RGB in red, appear black in anaglyph
1 Some RGBs appear similar in anaglyphs, namely Natural colors, Natural white, True colors

group, Cloud phase, Day solar, VIS, Volcanic ash

1 3D cloud height peeption helps user to recognize more clearly between snow, low level

clouds, fog in contrast with high thick cirrus clouds

1 3D cloud height perception helps to recognize storm top features and better localize anvil
cirrus clouds extension
Figures6.4. ard 6.5. demonstrate the result of RGB Cloud Types product created from

GOES16 ABI instrument and combined into anaglyph using the same product generated form

GOES17 ABI instrument.

Both satellites must measure at the same time for correct

stereographic &tct. We classify cloud types in this satellite scene and following categories
were recognized:

1.
2.
3.

Land surface

Land surface covered by snow
Thin highlevel clouds with ice
particles

Low level clouds

Glaciating clouds

. Thin mid-level clouds with water

droplds

. Water surface
. Thick high level clouds with ice

particles

. Thin midlevel clouds with water

droplets

Figure 6.4. RGB Cloud Types product from GOHEG satellite.
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