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1. EXPERIMENTS FOR MEASUREMENTS IN SPACE
JBalg g, Strh8&rskli, N. Werner
Experiment SERENA/PICAM on board of ESA-BepiColombo mission

IEP SAS contributed to ESBepiColombo mission to planet évicury in the frame of
scientifictechnical cooperation with Space Technology Ireland (STIL) and Institute for Space
Research of Austrian Academy of Sciences WA W) . The delivery i nv.
on the mechanical structures of the PICARlahetay lon CAMera instrument that were
manufactured in Slovakia (mechanical stress simulations, mechanical components manufacture
on 5axis milling center and laser technologies ofP@ducts, Bratislava, spagealified
processing, integration and testingie®-S A S Kogi ce) .

Figure 1.1. SERENA / PICAM device

PICAM is a part of a complex space science suite SERE¢Arch for Exospheric Refilling
and Emitted Natural Abundangder particle detection at environment of the planet Mercury.
The launch of tb mission was on $00ctober 2018 on board of the AriaBdauncher, from
European spaceport Kourou in French Guiana. The cruise flight of the BepiColombo spacecraft
to Mercury requires one flyby of Earth, two flybys of Venus and six flybys of Mercurgaie
(February 2024), the science suite SERENA operates nominally and was active during several
flybys of Venus and Mercury. Already during the first flyby of Mercury érOttober 2021,
two SERENA devices, PICAM and MIPA recorded unique data from thewhe southern
magnetosphere. The records and their science interpretation is in details depicted in [1].
Surprisingly, some spacecraft outgassing signs were also recorded after four years in deep
space, having some consequences to space science andogchaswell as design and
operations of future missions [2].

The detailed descriptions of the SERENA devices and science objectives are provided in
[3] and [4]. The arrival of the BepiColombo spacecraft to Mercury and its injection into orbit
is scheduledor December 2025.



Figure 1.2. Some of science sensors have their field of view blocked by the Mercury transfer
module (MTM), however, two devices from the SERENA suite, PICAM and MIPA, have a clear
field of view, so they can record valuable data adieduring flybys around Mercury.
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Figure 1.3.PICAM spectrograms outside of Mercury magnetosphere recorded during
the Mercury flyby on®1October 2021 [1].



Experiment PEP/JDC for mission ESAJUICE

Experiment PEP (Particle Environment Package) wilig® 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 flux of positive and
negative ions, electrons, exospherictrayas, 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) that were developed at several EU and US
institutions led lg Swedish Institute for Space Physics (IRF, P.I. prof. S. Barabash). Based on
invitation from IRF, the IEFSAS contributes to development and construction of- anti
coincidence particle detection system for JDC sensowign plasma Dynamics and
Composition of the PEP suite. The purpose of the -@oincidence module (ACM) is to
provide improvement of the plasma particles detection efficiency on the background of
penetrating electron radiation from the Jovian radiation belts. The ACM module consists from
silicon solid state detector (SSD) located in the axis of the JDC sensor and from processing
electronic unit (ANU) that provides amplification, charge/voltage conversion, shaping and
discrimination of the SSD signal.

Figure 1.4.Functional cross section ¢iie PEP/JDC sensor and its real photo before
delivery for integration to JUICE spacecraft.

The solid state detector is custaiesign semiconductor detector with area 300?rand
sensitive thickness of 3000m, t her chippp@ag at i o
manufactured by Canberra Belgium Ltd. Company. The detector is connected with coaxial
cable with the space qualified, radiation tolerant fiemd electronics, starting with charge
sensitive amplifier A250F, shaping amplifier A275FN and fastrmninator RHR801K1. The
threshold control circuitry is under control from JDC computer.



Figure 1.5. Anticoincidence module ACM for PEP/JDC sensor of JUICE mission.

The ACM module was physically calibrated with mesmergetic electrons frorf*Cd
radionuclide and with gamma radiation froth‘Am radionuclide at IEP SAS laboratories,
where also thermalacuum tests were provided before delivery to the Swedish Institute of
Space Physics in Kiruna for integration to PEP/JDC sensor.

Somd L i
Figure 1.6.PEP/JDC installed on board of the JUICE spacecraft and successful launch
of the JUICE mission on $4April 2023.

The JUICE mission was successfully launched dhAgril 2023 on board of the Ariarg
launcher from European spaceport Kourou in French Guidma PEP science payload was
successfully commissioned in June 2023 and operates nominally on board of the JUICE
spacecraft. The PEP payload will be also activated during upcoming-Kextim flyby in
August 2024. The arrival to Jupiter and insertion todhst is planned for June 2031. The
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JUICE mission including the PEP science suite description is described in [5], the JDC sensor
is in details described e.g. in [6].

The participation of IEP SAS to JUICE mission was supported by-ES8S Plan for
European Cooperating Stat¢gproject namedii S| ov a k ¢ o nt-guldkEunissioo:n t o
Developmentof AsCtoi nci dence Modul e ACM for Particl

Information regarding the CubeSat gammaray measurements

GRBAIpha is a 1U CubeSat launchedMarch 2021 to a susynchronous LEO at an
altitude of 550 km to perform an-orbit demonstration of a novel gamay burst detector
developed for CubeS4ig]. This instrument detecting gameays in the range of 3800 keV
consist of a 56 cAB mm thn CsI(Tl) scintillator reaebut on a side by setof 8 SiPMdetectors,
multi-pixel photon counterby HamamatsuThe mission allowghe characteriation of the
degradation of SiPMdue to particles encountergdpolar orbit

The scientific motivation i40 detect gammaay bursts(GRBs) and otherhigh-energy
transient events and serve as a pathfinder for a larger constellation of nanosatellites that could
localise these events via triangulati®y. the end of Februar3024, GRBAIpha detectenver
110 sud transientconfirmed by larger GRB missionQver 70 of them are identified as
gammaray bursts, including "brightesif-all-times" GRB 221009a, where the smaller size of
our detectors allowed us to determine the peak emission of the burst when otit@rsmare
saturated8].
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2. SPACE PHYSICS, GEOPHYSICS AND ASTRONOMY

J. Bal 8¢g, P. BobGhkI| §Kol.DoKkgwk aonvli § k ,
P. Matl ovM] , R&valNagy,Kh J. Ry bS8k, J .

The Department of Space Physitsn st i t ut e of Experi ment a
(http://space.saskd&)sin collaboration wih the laboratories in abroadntinued 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.

Long term continual measurements by tde Monitor at High Altitude Laboratory of IEP
SAS LomnickIl ¢gtz2t (LG, httg/mdutsonnionitortad.alongtwithme a \
other neutron monitors weused in studies aidiation protection from cosmic rayghe ESA
SIREN (Space lonizing Radiation Project Nursepydject,results ofwhich arecurrently part
of curriculaoftheFacul ty of Sciences ioferndiet yhadbaeh Kd @iz
finishedin the reported periodnformation about the projedibcusng on development of a
university course for undergraduate students focused on cosmic ionizing radiation, dosimetry,
metrology, radiation protection and ration risks connected with higgidtitude flights and
spaceflightsandthe resulting course(Detection and Dosimetry of Cosmi@id is published
here: http://siren.space.saske.slActive cooperation continued with the Institute of
Atmospheric Physics of the Czech Academy of Sciences. One of the results of the cooperation
was published ifil]. An agreement on cooperatibas been signedlith the Polish University
of Defense for the purpose of future cooperatoninstallationof the first Polish neutron
monitor.

Geliosphere [R a numerical model of the modulation of cosmic rays in the heliosphere
i mpl ements the stochastic differential- eque
accelerated and multithr@&PU implementations. To verify the Geliosphere 2D model results
at different heliospheric latitudes aratlii, the article [Rshows that the Geliosphere 2D model,
with implemented heliospheric polar field modification, fits well with measurements pbvid
by the Kiel Electron Telescope (KET), which is part of the Ulysses COsmic ray and Solar
Particle INvestigation (COSPIN) experiment. Geliosphere is open source and its code is
available orhttps://github.com/msolanik/Geliosphere

References:

[1] CHUM J.i LANGERR.i KOL MA GOVIiG@HOTKA O.1 RUSZJi STRHCRSKHh
I.. 2023, Solar cycle signatures in lightning activity, EGUsprere prep@oR32124
(https://doi.org/10.5194/equsphe?8232124).

[2] SOLANIKM.TBOBE¢ K GENL I J Geliosghére garallel CPU and GPU based
models of cosmic ray modulation in the heliosphere, Computer Physics Communications, Vol.
291, 108847ISSN 00164655 fttps://doi.org/10.1016/j.cpc.2023.108847
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The Faculty of Mathematics, Physics and Informatics, Comenius University,
Bratislavawas involved in the following direictns of research as listed below.

Meteor observations and analyses by AMOS global meteor network

In 20222023 continued the monitoring of meteor activity above the Central Europe in
Slovakia, Canary Islands, Atacama Desert in Chile, Hawaii, Australi&amith Africa by Alt
sky Meteor Orbit System (AMOS) and AM&Spec systems (Fig. 2.1.). 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 beealdped and constructed at Faculty
of Mathematics, Physics and Informatics of Comenius University in Bratislava.

Figure 2.1.AMOS global meteor network. Red crosses are active locat8m{@0S systems),
and blue cross is planned location in Slovakia.

We have demonstrated the capability of the update®iliMeteor Orbit System (AMOS
and AMOSSpec) to provide photometric calibration of the unique Alberta fireball [1] observed
from the ground and by the Geostationary Lightning Mapper (GLM) satellite c@ike allowed
us to better constrain early Solar System models with preference towards the Grand Tack theory
with Jupiter migration to the terrestrial region. Moreover, we have characterized several
hundreds of meteor showers [2] from the EDMOND datalpglsand compared to the 1AU
Meteor Data Center database using our searching methods [4]. We also led an international
ESA project MetSpec focused on simulated ablation of meteorites in plasma wind tunnel of
IRS University of Stuttgart, aimed to improveranethods for studying meteoroid composition
from meteor spectra observations. From this experiment, we have published the collection of
papers in Icarus [5].

In 2023, we were awarded a follewp ESA project focused the research of H and CN
emission in meeorite and meteor spectra. This ongoing project aims to improve our abilities to
identify the contents of hydrated minerals and organic compounds in meteoroids. First results
from the AMOS spectral program pointed out that the presence of water anccorcmmibe
traced by studying the H emission from meteors and revealed the variations of H content in
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meteoroids from various dynamical regions [6]. Furthermore, we have demonstrated the first
detection of CN in spectra simulated meteors and pointed its correlation with the intensity
of the H emission and the presence of organic compounds [7].
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Space déris photometry and spectroscopy research

The Faculty of Mathematics, Physics and Informatics of Comenius University in Bratislava,
Slovakia (FMPI) operates its own €17 Newtonian telescope (AGO70) dedicated to the space
surveillance tracking and reselayovith an emphasis on space debris [Bje observation
planning focuses on objects on geosynchronous (GEO) and eccentric (GTO and Molniya)
orbits. Light curve acquisitioprogrammeconducted over the years 202022 led to buildup
of an extensive spacecdbr i s catal ogue containing al most
759 individual objects. The light curve catalogue of space debris is freely available to the
scientific community \yww.sdlcd.spacelebris.sk [9] and can be used for further scientific
applications such as support of active debris removal missions, rotation axis determination,
BVRI photometry, object's shape and albedo estimation, etc.

Each material has reflective signatures, which enable dstinguish different features on
the objectds surface and provi de i nf or mat
categorization into the population or material groups. We conducted study focused on
acquisition of color indices of rocket uppstage Long March 3B [10] where we present a
detailed description of methods that must be utilized to be able to extract the standard color
indices of space debris objects, as well as our implementation and understanding of these
methods. We defined what deires of the rotating objects can be seen by the :BVR
photometry, furthermore, we discuss the materials that are the main drivers of reflection.
Finally, we describe ways how to interpret these data for space debris characterization. Fig. 2.4,
left shows the reconstructed rotation phase function (left) in each passband for selected series
to illustrate the complexity of the recorded signal and to mark the local extremes of the
reflection (black and purple crosses). Obtained the color index rotationqairaee are shown
in Fig. 2.4, right.
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Figure 2.4. The color photometry results for the 20R8-02 series of observations for the
target CZ3B (NORAD 39158, COSPAR 26020B) was observed near its apogee with
AGO70 telescope. Left: The color index raatphase curves. Right: BMRdiagrams. The
turning points (the crosses) in both diagrams represent the color indices calculated for the
positions of the extremes in thefiRer.

During spectroscopic observations from 2016 to 2021, AMBP&E HR harnessd
numerous debris recordings and by data mining of its archives, dozens of spectra of flares and
glints were retrieved. We developed spectroscopic reduction for this specific type of data and
reported extracted 44 reflectance spectra of object on Lovh Eatiit (LEO) [11]. Three
distinct types of spectra were distinguished among AMOS data: Categjagnivex spectra
with concave up shape, Categoryi Ispectra with slope increasing towards red wavelength
region and Category lil flat, straightlined spetra. Spectra within the three categories were
compared with the published laboratory reflectance spectra to link them with materials
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commonly used in space design. Fig. 2.5, left shows three distinct categories into which can be
assigned obtained AMOS spm. Fig. 2.5, right demonstrates the percentage Spearman
correlations in monotonicity of the SPOT 3 (22823) normalized reflectance spectra with
laboratory measurements of different materials.

AMOS Spectral Types Vananti et al.(2017) vs SPOT 3
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Photometric observations and research of asteroids using a-6tn telescope

Our longterm photometric survey of Yype asteroids continued in 2023. In the paper
[12], all our data up to 2022 were sumimad and processed so that part of them could be
modeled. Using data from other observatories, we determined the shapes and sense of rotation
for about 100 asteroids. All available models (new and old) ftyp¢ asteroids located in the
inner part of themain belt, including those outside the Vesta family, show that they mostly
originate from the asteroid Vesta. In other words, if there are any other sources out there, their
total number is likely to be very small.

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

The department of astronomy and astrophysics at FMPI CU is actively engaged in
investigating the structure of the Milky Way galaxy. In collaboration with the Instituto de
Astrof2sica de Canar i a€oldge L@yn, UKSagmawitmCentrei t h
Ricerche Enrico Fermi, Rome, Italy, we have delved into structural and kinematical
characteristics of the remote regions of the Galaxy. Utilizing the Gaia data DR3, we have gained
valuable insights into the Galactic diat extended distances, allowing us to explore structural
features at the outskirts of the Milky Way. By employing a deconvolution technique to address
parallax errors, we have calculated the stellar density using Gaia DR3, extending our reach to
Galactoentric distances of approximately 20 kpc. Our focus has been on constraining the warp
(bending of the Galaxy's plane) and flare (thickening of the Galactic disc, leading to changes in
the disc's scale height with increasing Galactocentric dstaviule dfferentiating between
distinct stellar populations, with a particular emphasis on supergiants [13]. We found that
supergiants exhibit a distinctive asymmetry in their warp, with a maximum amplitude of zw =
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0.658 kpc and a minimum amplitude edfRzw =
[19.5, 20] kp¢ which is almost twice as high as the amplitude of the whole population of the
disc. We find a significant flare of tivehole population, especially in the thick disc, while the
supergiant population has only a small flare, seeZy.

We have also constructed thrdienensional kinematic maps of the Galactic disc utilizing
Gaia DR3's thredimensional velocity components spanning Galactocentric distances R
between 8 and 30 kpc [14]. These magweal that the Milky Way exhibis asymmetrical
motions with sizable gradients in all velocity components. Additionally, we have determined
the Galactic rotation curve Vc(R) up to approximately 27.5 kpc employing the cylindrical Jeans
equation while assuming an axisymmetric gravitatiggakntial. Our findings indicate that
Vc(R) experiences a noticeable decline up to the outermost radius examined. Finally, we have
also assessed Vc(R) at different vertical heights, demonstrating that for R < 15 kpc, there exists
a distinct dependency on @hile this dependence diminishes at larger R.
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In theEarth Science Institute of the Slovak Academy of Sciences, Bratislava and
Hurbanovo, a number of issues concerning space weather modeling and forecasting were
investigated and ground magnetic field measurementspeei@med.

Theoretical research in [2,5] was particularly focused on data from historical geomagnetic
measurements. On the basis of a unique collection of printed yearbooks with geomagnetic
records from the 19th century from the Clementinum observatétsaigue, the magnetograms
were reconstructed by converting the measured values into physical units. The published results
concern some technical details about the observation instruments and observation records that
were crucial for the beginnings of geagnetic field measurement at the Clementinum
observatory in Prague. The early years of geomagnetic registeatibthe first geomagnetic
survey in Bohemiavere associated with the name of Karl Kreil. Attention was drawn to the
fact that systematic regulabservations of the magnitude of the geomagnetic field had
commenced in Prague as early as in 1839; in fact, this happened 2 years after Gauss invented
the bifilar device and 5 years after Gauss introduced the physical unit for the magnetic field.
Thisrak s Cl ementi num among the worl dos l eadi
contributed to the development of geomagnetism. Details concerning the principles and
calibration of the bifilar magnetometer, thmin instrument for observing magnetic stomhs
the time, were also discussed. The bifilar apparatus that was in operation at Clementinum at the
beginning of geomagnetic observations made it possible to record several interesting magnetic
storms, for example the event 6i43September 1839, as showrfig. 2.7.

Magnetic storm of September 1839
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Figure 2.7.The first magnetic storm recorded at the Clementinum observatory in Prague on
3i 4 September 1839, [5]. The course of magnetic declination, horizontal intensity and magnetic
inclination is shown. For the records of declination andination, conversion from divisions

of the instrument scale obtained from the yearbook to angular units was performed. Despite the
visible gap in the inclination record, it is indicated here that a slight change in inclination
during the main phase ofraagnetic storm was feasible at that time.
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Collecting historical geomagnetic records can be beneficial for the study of adverse space
weather conditions in the past. Also, important insights into possible interplanetary conditions
for intense magnetic stosmand probable frequency of their occurrence can be deduced.
Historical geomagnetic data can be also useful in improving models of the global geomagnetic
field. It is expected that the detailed methodology for researching old geomagnetic records will
stimuate future collaborative research in the collection and analysis of previously unknown
historical geomagnetic data from observatories around the world. Mapping the distribution of
the geomagnetic field, on the other hand, represents another aspecaafrese on t he [
body, in which regular geomagnetic surveys continue to these days.

Using data from the observatory in Stars 8
storm from of May 1921 was examined in [3,6]. This geomagnetic disturbanceeigicalld6 N e w
York Railroad Stormdé and represents the st

previous notion of extreme geomagnetic activity due to enhanced ring current is currently being
revised. It turns out that strong magnetic storms can alseo mmally as a result of increased
auroral activity (intensity of current systems of the auroral oval), and in addition, the auroral
oval itself can move up to the level of magnetic +taiitudes. To assess whether the magnetic
disturbance is global or dal, it is recessary to examine magnetograms from several
observatories. This analysis is also the content of the dissertation topic of the doctoral student
E d u a r dA nethdd of displaying the time evolution of a magnetic disturbance for a specific
location on theEarth represented by magnetic coordinates was proposed. This methodology
can help in the classification of magnetic disturbances, whether they were caused by the ring
current or were local in nature due to increased auroral activity. However, maiggstration
instruments did not record the horizontal intensity at that time, and the magnetic declination as
well as the vertical intensity went out of range on some parts of record, as showrRiB. fig.
addition, the original magnetograms did not haxes and scales described. The records were
reconstructed by comparing the registered data with magnetograms and data both before and
after the studied event from Star8 nala obs
Although the preserved cerd does not cover the entire event, it still shows extremely large
variations of the field: in declination up
of range), in the vertical component an increase of more than 80 nT in less than @Gteurs
returning to the measuring range).

The magnetospheric magnetic field model has proven useful in the study of various
magnetospheric current systems and associated magnetic fields. In particular, such a model can
be used for the quantitative expriessof geomagnetic field disturbances in response to variable
solar wind input. This is an important application of the model for the-géont (1 hour ahead)
space weather forecasting. In [1], the role of specific magnetospheric current systems in
magnebsphere dynamics was discussed and their possible contribution to the development of
strong magnetic storms was evaluated. More extensive data sets will be needed to validate the
model and make it suitable for reliable space weather forecasting. It istexpkat newly
admitted doctoral students will take up this research topic.

The latter period falls within the ascending phase of the solar cycle with only weak solar
activity and without extreme geomagnetic disturbances. A gradual growth of geomagnetic
activity is expected in the near future. In this context, a new recording device was tested at the
observatory in Hurbanovo. The results of testing the set of the datalogg&0L.&nnected to
the older Bobrov type magnetometer P8FILL1 in quiet and distbed geomagnetic conditions
are presented in [4]. An important intermediate result of the study is the sensitivities of the
variometersensors. The testing under both quiet and disturbed conditions has shown the
satisfactory accuracy of our instrument Sétere was also pointed to a weakness of the set,
which is a limited measuringrange. Theresults of the registrationswere compared with
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storm of 19May 1921, [6]. The 5 min means, as well as some important momentary values, are
displayed. The occurrences of sudden storm commencements (SSC#)aynat3 3:06and
19:24 UT and on 1May at 22:12 UT are also indicated.

referencevalueswithin the database of the program of the international network of geomagnetic
observatories INTERMAGNET.

In addition to the theoretical focus of the research work, there aréareghservatory
measurements of the geomagnetic field performed at the Hurbanovo Geomagnetic Observatory
of the Earth Science Institute of the SAS. The Hurbanovo Observatory is located at
geographical | atitude 47.87A peforochs cgntinuaus a p h i
monitoring and registration of the geomagnetic field components. Thaionuge mean values
of all geomagnetic field components as well as the records acquired with tsecomes
sampling interval are available:ikdexes characterizgithe 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 magnetoregistration deviicexdake
Magson gained on the @peration basewith Geo Forschung Zentrum Potsdam and VW
Stiftung. For absolute geomagnetic measurements, tilen@jate magnetometer and proton
precession magnetometer PMG 1 are employed. The magnetovariational data irmtineub@e
step are supplied via the intetrto the INTERMAGNET centre. The data are sent to World
Data Centers in Paris, from where they are available for the whole geomagnetic and space
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weather community. The data are published also on th&kOBIs prepared in the frame of
INTERMAGNET. That is beause the Hurbanovo Geomagnetic Observatory of the Earth
Science Institute of the SAS is a member of INTERMAGNET, the international network of
world first order magnetic observatories. Information about the geomagnetic activity is also
published on the wesite of the observatory, www.geomag.sk.
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In theSlovak Central Observator¢SCO)in Hurbanovo lfttp://www.suh.ska number
of activities related to space resdawere performed. We observed sunspots (the Wolf number
data were submitted to the SILSO in Brussels, Belgium and to the SONNE Netz in Germany)
solar chromosphereand prominences (images are published héps://www.kozmos
online.sk/obs/aktivita/activity.htjn We performed also spectrographic observations of the
solar spectrum (variations of selected spectral lines during a solar activity cycle) using a
horizontal solar telescope wisipectrograph, we registered solar radio bursts using a solar radio
spectrometer CALLISTOThe research activities comprise study ofdtigerential rotation of
the solar corona

One researcher from the SCO is the national ISWI (International Space Wadtatve,
http://iswtsecretariat.org) coordinator for the Slovak Republic and shaeber 2022e is
alsodelegate of the Slovak Republic in the programme board of ESA for space safety (PB
SSA).He is member of the National Committee of the SCOSaidPchair and representative
to the COSPAR.

We continued to publish at the website of the SCO data andbdied coronal indexMCI)
and themodified homogeneous data $€IHDS) of coronal intensities based on satellite EUV
measurements as a replacement of grdaasid coronagraphic observatiens Lo mni ¢ k T
Both the MCI and the MHDS data sets can be used further for studies of the coronal solar
activity and its cycle. These data are availabletigts://www.kozmosnline.sk/sInko

In the Conputer Intelligence Group (CA3) of the CTS/UNINOVA (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 combigi PSO
(Particle Swarm Optimization) and Snake algorithersl 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 detect CBPsvasdeveloped using
SunPy and OpenCV in PythoAn automatic tool to detect coronal holes (CHs) and to
determine solar differential rotation using CBPs inside and outside the CHs, respectively, is
being developed in the CTS/UNINOVBA3 group.

In the SCO we developed also an alternative software tool to estimate the solar rotational
profile based on crossorrelation (CC) method\nalysis of additional SDO data from the years
2022-2023 is being performed.

One researcher from the SCO is a Phiglent at the Geomagnetic Observatory Hurbanovo
of theEarth Science Institute difie Slovak Academy of Science3rdtislavg. His published
results are referenced as [3], [4], andif6jhe previous section.

The SCO organised in the year 202 i n  Ptheel] Naiiongl Solar Physics Meeting
with participation from abroad. The goal of the Meetwas to present new results of solar
physics and from the field of the space weather {Samhconnections), to provide overview
of present status in selectefields of solar physics, geophysics, meteorology, and
climatology. A separate space was devoted to the presentation of research results of
undergraduate and PhD studeuitsiniversity and academic departments and also to results of
scientific and populasation 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, solar activity, total solar eclipses, sp
weather, geoactivity, meteorological events with solar forcing.
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3. LIFE SCIENCES

M. Musilov8

Life sciences research in Slovakia, related to the space sector, is primarily performed
throughanompr of it organi zati on cal | -prdfitisMocasedeoer | a N
astrobiology and human space exploratiesearch and educational aites in collaboration
with multiple Slovak and international partners. The Slovak collaborating organizations include
the Faculty of Electrical Engineering and Information Technology of the Slovak University of
Technology in Bratislava (FEI STU) and t®menius University. Teams from the NASA
Goddard Space Flight Center, NASA Headquarters, University of Maryland, Georgetown
University, University of Zurich, Honeybee Robotics and others are among the international
partners ofthenepr of i t s proj ect s.

The Michaela Musilovg§, o0.z.06s teamb6s resea
of all, it is concerned with studying the limits of life in extreme environments to define the
possibilities of where to search for life beyond Earth for astrobigdagyoses. The second area
involves studying human behaviour in isolated and extreme or confined conditions with the
goal of preparing humans for long duration space exploration missions.

The astrobiologyfocused research projects have taken place in Hafwa instance, in
uni que | ava caves on the volcano Mauna Loa.
biochemical, microbiological and geological samples in collaboration with NASA to
understand what lifeforms can survive in these cave sgsterd whether similar extreme
lifeforms could potentially survive ithe similar caves on Mars. Data suggests that lava caves
most likely exist on Mars and they are considered some of the most promising places to look
for Martian extraterrestrial life. Tke teams have presented their results at multiple space
conferences worldwide and they are currently preparing severateaewed publications
from the results of their research.

Mi chaela Musil ov§g, 0.z.0s most ntieuwatemdf pr o
this research in collaboration with NASA. The project involves a series of scientific and
educational expeditions to the summits of the tallest mountain on each continent (the Seven
Summits), with a focus on astrobiology and climate changdernms of astrobiology and
pl anetary science, t he Mi chael a Musi |l ov §,
extremophiles (extreme lifeforms), geobiochemical samples and sensor measurements to
evaluate the changing environmental conditions in somesahtbst extreme environments on
the planet.

With regards to the human space exploratioc
performed during the Astro Seven Summits expeditions in collaboration with the University of
Zurich, as well as at thedwaii - Space Exploration Analog and Simulation {6AS). The
HI-SEAS facility used to be directed by the
scientist. They organized over 40 simulated missions to the Moon and MarSBRASI since
2018. They wre performed in collaboration with NASA, ESA and numerous other space
organizations and companies from around the world.

HI-SEAS is an analog space research facility located at 2,500 meters in elevation on the
active volcano Mauna Loa, on the Big IslanfdHawaii. 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 analog space
missions is to fielded 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.
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A mission involves a crew of six pelediving as if they were on the Moon or Mars, while
performing various scientific and engineering projects. This means that they are subjeet to
delays when communicatingi t h t he Mi ssi on Control-difegégntr e
astronawike food and they 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. Mor e o tisehasalsdbloeghtMi c h
several Slovak technologies to -BEAS to be tested during simulated lunar and martian
missions. These include environmental sensors from the company HB Reavis and several high
school student experiments.

Mi chael a Mu s irdsentat§es regularty .pr@ésent abeup these varied research
projects worldwide at multiple international conferences, including the International
Astronautical Congress (IAC) run by the International Astronautical Federation (IAF),
American Geophysical Unip (AGU), European Geophysical Union (EGU), Europlanet
Science Congress (EPSC), Lunar and Planetary Science Conference (&#®Q§ NASA
workshops and forum&OSPARScientific Assembly and othersli c hael a Musi | 0
lead scientist is also a rewer for theNASA Planetary Protection Research Program and many
othergrant programs and research journals in space life sciences, AAsthadsology and the
National Science Foundatiomhey are a Global Faculty of the International Space University
aswell, where they lecture and organise workshops in astrobiology, and the robotic and human
exploration of the Moon and Mars.

Figure 3.1.The Astro Seven Summits project lead is performing geobiochemical sampling for

astrobiology research on Aconcagu#he tallest mountain in South America.
(Photo credit: Michaela Musilova)

31



Figure 3.2.Mi chael a Musil ov§g, 0.z2.0s |l ead scient]|
survive at high elevations, in dry conditions and with a limited availability ofienis for
astrobiology research on Kilimanjaiiothe tallest mountain in Africa. (Photo credit: Michaela
Musilova)

Figure 3.3.A sensor from the Slovak company HB Reavis was used during simulated lunar and
martian missions at HEEAS. (Photo credit: Miaela Musilova)
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4. MATERIALS RESEARCH IN SPACE

M. Gebur a, N . Beronsk§, E. Ho d Vil

Since its last project concluded in 2018, the "Novel magnesium composites for ultralight
structural components (MagUIltra)," thestitute of Materials and Machine Mecanics of the
Slovak Academy of Sciences (IMSA8as embarked on a visionary path within the space
sector. The MagUIltra project, a cornerstone in materials science, paved the way for
groundbreaking advancements in lightweight materials, producing one wbtlis lightest
construction materials. This magnestibre-reinforced composite, enhanced through the
addition of alloying elements such as Zr, Cr, Ti, and Y, achieved strengths above 600 MPa and
a Young's modulus above 300 GPa, at a density of 1083y Ehe innovation lies not just in
the exceptional strength and stiffnéesnveight ratio but also in its machinability, damping
properties, thermal conductivity, and dimensional stability, marking a significant leap towards
reducing fuel costs and rodkexhaust gases in aerospace missions.

In 2022, IMSAS embarked on taansformative journey towards the emergent

domains of in-orbit servicing, manufacturing, and recycling, aligning with the European
Space Agency's (ESA) vision for a sustainable circularcenomy in space by 2050This
strategic redirection underscores the institute's commitment to pioneering the next frontier of
space technology, emphasizing the critical role of collaboration in achieving these ambitious
goals. A pivotal partnership was ¢md with Space scAvengers, a dynamic Slelvaked
startup. This collaboration is emblematic of a shared vision for a sustainable cyclic economy in
space, leveraging advanced nmualient systems. Space scAvengers brings to the table their
expertise in Guidace, Navigation, and Control (GNC) technologies, including the development
of sophisticated simulation software. This software is essential for the training of GNC systems,
designed to manage complex missions that necessitate precise contact and accatat$o
energetic interactions between spacecraft. This collaboration sets the stage for groundbreaking
advancements in autonomous space operations. Additionally, IMSAS has partnered with
Telespazio, a company boasting over 40 years of experienceliitesaperations for ESA and
various governmental entities. Telespazio's evolving focus towards managing complex
missions, especially those utilizing the technologies currently under development at IMSAS,
enriches the institute's ventures into space. Thitaboration ensures that the innovative
solutions emerging from IMSAS are seamlessly integrated into practical applications, setting
new standards for mission complexity and execution in the space sector. The collaboration
landscape is further enricheg the inclusion of First Welding Company, a Slovakian entity
with several years of experience in the development of power electronics and electron beam
devices for the nuclear industry. This partnership plays a critical role in the advancement of
IMSAS's welding and electron beam technologies, bringing invaluable expertise and
capabilities to the institute's projects. First Welding Company's contributions are pivotal in
enhancing the institute's research and development efforts, particularly in the obsfede
manufacturing and assembly technologies.

Through these strategic collaboratiofdSAS is poised to lead the way in developing
the next generation of space technologieBy harnessing the synergies between advanced
GNC systems, satellite operatoomxpertise, and cuttirgdge welding and electron beam
technologies, the institute is actively contributing to the realization of a sustainable circular
economy in space. The partnerships with Space scAvengers, Telespazio, and First Welding
Company under®re a collective commitment to innovation, sustainability, and the
advancement of space technology. This collaborative approach promises to revolutionize the
way we approach torbit servicing, manufacturingand recycling for future space missions.
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Leveraging its rich legacy in materials science and mechanical engineering, IMSAS is now
pioneering research tailored for the unique challenges of low gravity and vacuum environments.
This strategic direction underscores the institute's commitment tongudte boundaries of

space research, focusing on the development of materials and mechanical systems that can
withstand the rigours of space, enabling more sustainable and efficient exploration and
utilisation of space resources.

Currently, IMSAS is speadading the ESA contract 4000141916/23/NL/MH/rp project,

t 1 t FeaswilityiStudy of Contact Capacitor Discharge Welding Gear for Irorbit and

Lunar Applications.6 Thi s pr oj ect embodi es the insti
technical challenges opace manufacturing and assembly, providing innovative solutions for
in-orbit construction and repair. This project has seen considerable progress toward its
milestones, thanks to the collaborative efforts of IMSAS, Space scAvengers, and First Welding
Company. The project has successfully established system concepts and technical requirements
for CCDS Welding technology applications in space, developing conceptual models for critical
technologies like the Capacitor Bank System, Welding Effielctor, and Welohg Stud.

As we approach the Milestone 1 (Requirements and Concept Review, scheduled at March
2024) subcontracted at Space scAvengers, this report provides an updated overview of our
project's progress in developing welding technologies for space ampigathe preliminary
welding trials have laid a solid foundation for the innovative approaches to welding both
conductive and neoonductive surfaces in space.

This report outlines the progress of developing a laboratory model designed to advance the
research and application of Contact Capacitor Discharge Stud Welding (CCDSW), particularly
in space environments. The model integrates with an existing vacuum chamber to accurately
simulate spacéke conditions, facilitating comprehensive tests on CCDSWeqs®ses.

Laboratory Model Concept

The laboratory model incorporatesDaial Pulse Capacitor Bank Systemcomprising
Low Voltage (LV) and High Voltage (HV) modules. This system is engineered to store and
discharge energy precisely, accommodating both tiiaggnrand shorcycle drawn arc welding
processes. The versatility of this system allows for a wide range of welding scenarios, ensuring
the model's applicability to diverse research objectives.

The Welding End-Effector is conceptualized with precision gitiment and controlled
impact force, capable of adapting to various stud types. A notable feature is its ability to direct
welding fumes towards neconductive layers, aiding in their removal and enhancing the
welding efficiency. This innovative approaclvégages the natural fproducts of the welding
process to streamline operations.

A composite (hybrid) studhas been proposed, optimized for penetratingaorductive
layers. It features an extended, sharpened tip coated with a hard, electrically cenductiv
material, without altering the stud's base material. This hybrid stud amalgamates the benefits of
both tip ignition and shottycle drawn arc methods, offering improved performance across a
range of welding scenarios.

The laboratory model is conceptuaidz to be seamlessly integrated with the existing
vacuum chamber to emulate the vacuum conditions of spheemodel supports a variety of
tests, including welding on metallic surfaces with and withoutcwrductive layers, using
commercial studs and tleptimized hybrid stud. It facilitates the evaluation of different stud
geometries and welding processes, providing insights into joint quality, penetration efficiency,
and the feasibility of using welding fumes to remove-nonductive layers.
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Preliminarytests havelemonstrated the feasibility of achieving effective welds through
non-conductive layers using both conventional studsThese findings underscore the
potential of the laboratory model to significantly contribute to the field of space wigling
technology.Ongoing studies will focus on refining stud designs and welding parameters to
enhance performance further.

Figure 4.1. This figure illustrates AIMg3 threaded studs joined to an aluimin alloy
workpiece with an anodized surface on lgfe and a polyimide (Kapton) surface on the right.
The surface was pfeenetrated by the impact of a 100 N central hole puncher, simulating the
novel impact welding procedure.

Anodized layer fused
with Stud and

Workpiece \

Shrink holes / ring

Figure 4.2. Cross section and details on microstructure of the welded C@idson the
aluminium alloy sheet with anodized surface (from preliminary welding trials focusing on
feasibility of the proposed solutions).
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The development of the laboratory model represents a significant step forward in the study
and application of CCDS e&lding techniques for space applications. The integration of the
model with an existing vacuum chamber and the initial testing results highlight the project's
success irsimulating spacéike conditions and studying welding processes. Future phases will
concentrate on optimizing the model based on initial findings, with the ultimate goal of
enhancing the reliability and efficiency of welding technologies for space exploration and
construction.

As the project moves towards Milestone 2, the Design Reviehewaentually to the Final
Milestone, the assessment and analysis of the CCDS Welding procedure in a vacuum chamber
will be crucial. The achievements so far signify a major step forward in the feasibility study of
CCDS Welding Gear for space applicationser@oming significant technical challenges and
setting the stage for a new era obirbit and lunar manufacturing and assembly technologies.

Additionally, the institute has showcased its forwtrishking approach by proposing a
novel solution for space Has management on the ESA OSIP platform. This proposal,
focusing on the utilization of Electron Beam Technology to process space debris into
manageable pieces for recycling underscores IMSAS's dedication to environmental
sustainability in space operatmn

As IMSAS looks towards the next two years, the institute is poised to actively develop and
refine these technologies, both in the realms of materials and metallurgy and machine
mechanics. The aim is not only to advance the state of the art in techbot@dso to contribute
significantly to the sustainability and efficiency of future space missions. Through its
pioneering research and collaborative projelf#SAS is setting the stage for innovative
solutions that will enable the exploration, developm&, and maintenance of space
infrastructure, reflecting a profound commitment to the advancement of the space
industry and the sustainability of space activities.
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5. REMOTE SENSING

|l . Barka, T. Bucha, J. FedogmMeHalabuk . Fu
J. Hofierka, MKopeck8, J. Novs§l ek, K. Onal il
M. Rusn8k, | . S&vkbobek, MD. SSdhat a8y i M.

Selected activities dfve institutions are included in this report (202@23):
Institute of Geography, Slovak Academy of Sciences in Bratislava

Methodical approach to identifying illegal activities in landscape through land cover
changes

The result was obtained within the solution of the ESA RPA proientd Cover Change
Monitoring for Identification of Potential lllegal Activities in Slovakia (LAPIA) No.
4000141176/23/NL/SC/rp (2023024): Institute of Geography, Slovak Academy of Sciences,
Bratislava (prime contractor); National Agricultural and Food Cent8wil Science and
Conservation Research InstituBratislava Slovak University of Technologyaculty of Civil
Engineering, Department of Theoretical Geodesy and Geoinformatics, Bratislava
(subcontractors)

In the first phase of the project, attention was paid to defining illegal human activities in the
landscape, such as illegal operation on closed and rehabilitated dump sites, illegal ploughing of
protected meadows, and illegal cutting of fiorest woody vegetation in agricultural
landscapes (especially those with the highest degree of protectiong]lass to testing the
identification of land cover (LC) changes (Figl) caused by these activities based on remote
sensing data. To identify potential illegal activities, values of the NDVI vegetation index were
tested on the PlanetScope optical $itdelimagery with 3 m spatial resolution on six
experimental sites selected in cooperation with the Slovak Environmental InspeCt&ateG P ) .
The results of the analysis confirmiidt in the case of areas disturbed by illegal activities

Figure 5.1.Land cover change (removal of woody Horest vegetation) in the experimental
area Nah§g| bet ween 20 Jui(yghtl200 d PlangtScopé satgllitea n d
imagery. Source: Plandteam (2022). Planet Application Program Interface: In Space for Life

on Earth. San Francisco, CAttps://api.planet.com
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related to the removal of abovegmalibiomass, the value of the NDVI index is significantly
lower than its value in the vicinity of these areas, thus confirming their identifiability on
PlanetScope optical images. lllegativities were also analysed using changes in intensity and
coherene on Sentinell radar images (Synthetic Aperture Rad&AR). The analysis of these

data confirmed that using radar imagery with greater spatial resolution than the 10 m provided
by Sentinell to identify LC changes caused by illegal activities is necgssa

ESA PECSProject:Enhanced solar radiation nowcasting based on geostationary satellite
data (NOWCASTSAT, No. 4000B704522/NL/SChm (202-2023): Solargis s.r.o.,
Bratislava(prime contractor)Institute of Geography, Slovak Academy of Sciences, 8eata
(subcontractor)
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Figure 5.2.0ne day of Low cloud cover data over Europe, with NOWCASTSAT grid in orange
color. The data provided are ERA5 hourly data scenes on single levels downloaded from the
Climate Data Store. These data consist of 17544 halndgrvations from the low cloud cover

and medium cloud cover scenes, for the year
0.25A, stored in NetCDF for mat
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Solar energy forecasting is one of the key drivers of growth and improved integration of
photovoltaics into energy grids. Short term forecasting (also called nowcasting) is used for the
edition of solar power generation in a time horizon of a few minuteglitbdirs ahead. This
project aims at improving the existing solar radiation nowcastiealoperated by Solargis by
the development of more accurate cloud motion vectors algorithms by (i) implementing
additional data inputs (more spectral channels and data from numerical weather models), (ii)
increasing spatial and temporal resolutions, @éidintegrating apriori geographical data
describing effects of geographical barriers.

Project:G4B1 Grasslands for biodiversity: supporting the protection of the biodiversith
grasslands and related management practices in the Alps and CarpashiBart of the
Biodiversa+ project scheme (funded by the European Commission) supporting excellent
research in the field of biodiversity.

The G4B project aims to assess the richness of mountain grasslands across Europe,
specifically in the Alps and the @aathians, identifying natural conditions and management
activities affecting their biodiversity. The project focuses on understanding local and regional
grassland biodiversity drivers, utilizing locatigpecific information on management regimes,
stakehdder interactions, collecting isitu samples, involvement of stakeholders and
acquisition of multitemporal remote sensing (RS) data, especially satellite and aerial images,
maps, information about climate, soil and terrain. Given the significant incheadata
availability, the project aims to explore the possibilities of identifying biodiversity
grasslands and their management regimes using RS data and model grassland management
systems, including mowing, fertilization, grazing, silage and hayyotazh.

Figure 5.4.An example of grazing based on Sentihehages.
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Project: ENEUM: Enhancing Earth Observation Curriculum with a Focus on ESA
Sensorqg4000140187/23/NL/SC/rp)

The ENEUM is an 18nonth educational project (2023!) funded by ESA focusing on
Bachelor level and Master level university students of Geography and Geoinformatics. The aim
was b develop and introduce two new university courses: "Earth Observation Applications"
and "Applied Radar Remote Sensing," to improve students' knowledge and skills in Earth
Observation (EO) and its applications promoting awareness of ESA activities iki&lova

The first course included lectures on the evolution of EO missions, access to ESA EO data,
principles of remote sensing, and practical applications in fields like agriculture, deforestation,
wildfire mapping, air quality, and marine studies. Pratsessions complement the lectures,
offering handson experience with ESA EO data, including data processing and analysis using
software tools like SNAP, demonstrating readrld applications of EO data in environmental
monitoring and management. The sataourse delves into the basics of radar remote sensing
and ESA SAR space missions, SAR applications in land, forestry, agriculture, and disaster
management including floods, fires, and earthquakes. Practical complement lectures by
providing handson expeience with ESA EO data, utilizing software like SNAP for data
processing and analysis across various applications like land cover mapping, precision
agriculture, and postisaster assessment. The project provided an opportunity for inviting 5
guest lectunes for University in Cagliari, University in Wroclaw, and from Slovak Technical
University in Bratislava emphasizing the importance of international collaboration and EO in
various fields such as disaster management and environmental monitoring.

For a detiled overview, visit the project's websitettps://www.uge.science.upjs.sk/esa
eneum?lang=en

Figure 5.5.0ur students of Applications of ESA sensors course with the invited legtafer
Maria Teresa Melis, University of Cagliari (left). Practical teaching of professor Tomasz
Niedzielsky and Michal Halicky on Sentinel 3 application for river level monitoring with
Sentinel 3 (right).
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Events International Remote Sensing Summer Smbl, Experiencing Remote Sensing on
Sardinia inland site: Advanced summer school on instruments and methodology for a
CAL/VAL site for Optical data,17-21 July, 2023, San Vero Milis, Italy

Four academic staff members of our institute demonstrated arft tasgr scanning and
hyperspectral mapping with unpiloted aerial systems (UAS) during the summer school in
Sardinia. The dry bed of a unique salt lake became the main object ebhadraining and
research between 1520 July 2023 aim of which was theummal sharing of knowledge and
skills in the processing of hyperspectral and lidar data from ground, aerial, and satellite
measurements for the purposes calibration and validation of hyperspectral satellite data. The
event was organized by the Departmdr€loemical and Geological Sciences of the University
of Cagliari and other institutions also participated: Italian National Institute of Geophysics and
Volcanology (INGV), the Italian Association for Remote Sensing of the Earth (AIT) and the
Italian Spacégency (ASI). Over the course of five days, 30 doctoral students from around the
globe engaged in data collection under challenging conditions, amassing over 300 GB of
geospatial data. This intense workshop not only provided practical experience in mevitain
monitoring using cuttinggdge EO technologies but also showcased the collaborative effort in
pushing the boundaries of remote sensing education.

For further detail s, yhitips://wena upjs.sk/prisodovedeickia e U F
fakulta/en/actuahews/odborniciz-ustavugeografieucili-mapovatzapomocouy
bezpilotnychleteckychsystemow-letnetskoleinternationalremotesensingsummer
schootnasardinii/
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Figure 5.6.Falsec ol our composite of the Salede Porc
during the IRSS2023 by our UAS system and its profile of spectral reflectance (bottom
images).
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National Forest Centre Zvolen

Remote Sensing activities of the National Forest Centre in Zvolen were aimed at two basic
topics:
- Satellitebased observation of forest ecosystes r esponse to gl obal ¢
changes
- Research of the applications of airborne laser scanner technology in the forest
management

1) Satellite-based observation of forest decliné STALES web service.

The operational activities are ongoing in a cambis manner. Recently, satellite data and
layers of forest damage classification from both 2022 and 2023 have been integrated into the
STALES web service, accessiblehditps://www.nlcsk.org/stalesrhis system is designed to
provide timely information to forest owners and the forest state administration, offering insights
into the current condition of forest stands and any observable changes.

To establish a comprehensive historical perspective, idthV satellite images spanning
from 1990, 1996, 1998, 2000, 2003, and 220823 have been meticulously combined into a
nationwide mosaic. This mosaic serves as the foundation for assessing forest damage
throughout these years. The services primarilyzatiliandsat satellite images with a spatial
resolution of 3d 30 meters and Sentinel data with a resolution df 10 meters since 2016.
Mosaics are crafted by blending Landsat (Sentinel) bands in falsars;adpecifically Near
infrared, Midinfrared, aad Red bands.

Mapping applications have been developed to showcase forest district boundaries at a scale
of 1:100,000 and forest compartment boundaries at a scale of 1:20,000. The STALES service
encompasses four distinct map applications:

1. Map Application 1(currently not updated) offering visualization of satellite scenes and
forest health condition.

Kompozicie satelitnych snimok pre roky 1990 - 2023 Copyright © NLC.

[ Porovnavanie satelitnych snimok z réznych obdobi Lesnicky vyskumny. istav Domovska strénka
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Figure 5.7.Web servicevww.nlcsk.sk/stales/stales _swipe_tool.hinrmhap application for
comparison of satellite scenes from two different years according to selection.
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2. Map Application 2 facilitating the comparison of satellite scenes from two different periods
(Fig.5.7).

3. Map Application 3 providing dynamic visualization of both curreartd historical satellite
scenes.

4. Map Application 4 presenting dynamic visualization of forest health condition &K).

Dynamické zobrazovanie klasifikacii zdravotného stavu lesa
asifikicie zdravotného stavu pre obdobie 1990 - 2023 Copyright @ NLC. | F
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Figure 5.8.Web servicevww.nlcsk.sk/stales/klasdynam.htinmap applcation for dynamic
visualization of forest health condition from 1990 to 2023.

2) Satellite-based observation othe effects of drought on the forests health condition in
2022

An extensive discolouration (yellowing, browning) and leaf fall were noticed omagl
forests inthe summer of 2022F{g. 5.9. This phenomenon was related to the lack of
atmospheric precipitation in combination with extremely high air temperatures in July and early
August. The classification of Sentir2lsatellite images confirmedehdeterioration of forest
health. The share of heavily damaged stands with defoliation above 50% doubled compared to
the previous years and reached 19.3% (417,000 ha). By comparing two classifications of the
forest condition, namely from the years withg2020) and with the occurrence of drought
(2022), we found an increase in defoliation by 30% or more on 223 thousand hdetares (
5.10. After deducting harvesting, the estimated area of dredgmaged stands is
approximately 193,000 ha. Damage wasigpigtiocalised unevenly. The most influenced were
regions of the west and south part of the middle and partly south part of eastern Slovakia. The
most damaged were forest stands on SW exposures.
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Figure 5.9 Left: Significant summer browning of leavesedto drought and high air
temperaturestorest district: Zvolen, Forest compartment: 1199a (pHotd'. Bucha, August

7, 2022).Topright: Thearea of interest from the photo on the Senttheghage in falseolour
composition, bands-81-4. Turquoise calur indicates damaged forest. The heavily damaged
part is bounded by the polygon. Bottoight: Resulting damage classification. Shades of red
colour indicate heavily damaged stands.

2022 - 2020 deterioration .

Figure 5.10. Increase of defoliation higher than 30% between the 2&2@ 2022 years.
Clusters of pixels indicate drought damage in the year 2022. Scattered individual pixels
indicate harvesting carried out between 2020 and 2022.

3) Satellite-based observation of forest phenology

The research concentrated on (i) validationaiElite metrics from Moderate Resolution
Imaging SpectroradiometéMODIS) using grounebased observations and (ii) deriving the
trends and identifying driving forces of spring phenology of oak and beech stands in the
Western Carpathians from MODIS.

The first studyfocuses on the validation of the leaf unfolding (LU) onset of oak stands in the
Western Carpathians in 20021 derived from MODIS satellite data. LU onset was derived
from the annual trajectories of the NormaligtferenceVegetationindex (NDVI) fitted with

a double sigmoid logistic function. The satellite metric Growing speed day (GSD)
corresponding to the LU onset is represented by the first derivative of the sigmoid function.
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Groundbased observations from 22 phenological stations obkineak Hydrometeorological
Institute (SHMI) were used to validate the date of GSD. The results showed a good agreement
between the medians of grourathd satellitebased LU onset dateBi¢. 5.11a. In addition to

the median, the LU onset at the 5th anth%ercentiles were compared. For both percentiles,
we found differences in the onset from MODIS and SHMI. The 5th percentile of the LU onset
derived from MODIS was determined later than the one from SHMI Bagag.11h. With the

95th percentile, it wathe oppositeKig. 5.11¢. As a result, the range determining the duration

of LU onset from MODIS was significantly shorter than from SHMI observatibigs 5.19.

The second study focused on trends and driving forces of the LU onset of oak and lesteh for
in the Slovak Carpathians along elevational gradients in the period22@10 Particular
attention was paid to improving the modelling of the LU onset using the MOD/MYDQ9 MODIS
products. The LU onset was derived from the annual NDVI trajectoried fittth a double
logistic function. An improved estimate of the onset was obtained by calculating 6 parameters
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Figure 5.11.Left: Comparison of the leaf unfolding onset from SHMI and MODIS observations
for the period 20002021: a) median, b) 5th peentile, c) 95th percentile./éxis: year; Y

axis: Day of the year (DOY). Right: Dependence between the leaf unfolding onset from SHMI
and MODIS observations for d) median, e) 5th percentile, f) 95th percertiEnKY axes:

Day of the year (DOY). The slaed line corresponds to the line y = x.
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