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SOLAR SYSTEM OBJECTS IN THE LSS ERA (ASSESSING THE HAZARDS)

Darko Jevremovic'

! Astronomical Observatory Belgrade, Serbia; e-mail: darko@aob.rs

The Large Synoptic Survey is a ten year project which aims to map the visible sky from its site
approximately twice a week. That will be achieved using 8.4 m telescope currently built at the
mountaintop Cerro Pachon in northern Chile. The first light is expected in 2020 and the survey will
start in 2022. The telescope will have an 8.4m (6.5 effective)primary mirror, a large field of view(9.6
sg. degrees) and a largest astronomical camera ever built (3.2Gpx). The standard observing
sequence will consist of pairs of 15-second exposures in a given field, with two such visits in each
pointing in a given night. Each visit will achieve depth of 24.5 in r. The LSST design is driven by four
main science themes: probing dark energy and dark matter, taking an inventory of the Solar
System, exploring the transient optical sky, and mapping the Milky Way.

Collisions in the main asteroid belt between Mars and Jupiter still occur, and occasionally eject
objects on orbits that may place them on a collision course with Earth. Studying the properties of
main belt asteroids at sub-kilometer sizes is important for linking the near-Earth Object (NEO)
population with its source in the main belt. About 20% of NEOs are the potentially hazardous
asteroids (PHAs) with orbits that pass sufficiently close to Earth’s orbit (within 0.05 AU).
Perturbations with time scales of a century can lead to intersections and the possibility of collision.
SSO are moving with a wide range of apparent velocities - from several degrees per day for NEOs
to a few arc seconds per day for the most distant TNOs.

I will review projected perfomace of LSS depending on different proposed cadences and a
current status of development of software which will enable discovery, calculation of orbits and
assessment of risks from SSO objects.
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TRAJECTORY AND ANALYSIS OF LOCAL FIREBALL-METEORITE EVENTS
AND EXTENDED METEOR HUNTING WITH SMARTPHONES
AS 'SKY EVENT' CAMERAS

Pal Gabor Vizi', Péter Szutor, SzaniszI6 Bérczt’, Szildrd Csizmadia®, Tibor Hegedtis”

'MTA Wigner Research Centre for Physics, Budapest, Hungary; e-mail: vizi.pal.gabor@wigner.mta.hu
2EBtvds University, Institute of Physics, Budapest, Hungary; e-mail: bercziszani@caesar.elte.hu
*Vega Astronomical Society, Zalaegerszeg, Hungary; e-mail: szilard.csizmadia@dlr.de

*Baja Astronomical Observatory, Hungary; e-mail: hege@electra.bajaobs.hu

Introduction

We present our investigations about last Carpatian Basin's bigger Fireball events. Biggest was the
2010.02.28. 22:24:44 UTC fireball event 'KoSice’ Meteorite. This work is about our methods to
calculate and find the trajectory and pieces of this fireball-meteorite event by post calibrations of
cameras.

The medium sized fireball events are usually not documented analytically. The small meteor
events, e.g. meteor showers are caused by sand sized grains and almost all of them disintegrate
and never reach the Earth's surface. However, they are observed on thy sky as paths radiating when
they entry to the higher atmosphere. They can be analyzed chemically from spectrograms of
pictures and videos of meteor surveillance cameras and have a large documented data. Large
meteor events are well documented from physical and chemical analysis of pieces. We describe a
new and very cost effective method which became available nowadays for fireball and meteor
hunting by deploying smartphones or tablets - using the spare time of them or with reusing old
phones - to extend and expand the possibilities to collect more fireball and meteor tracking data
and to position falling.

Preliminaries

Authors described in their previous works some methods and examples of successful meteor
hunting by gaining information from accidental random fireball records of surveillance or ski resort
cameras and gave some methods about estimating the components of medium sized meteors
which don't give discoverable amount of fallen pieces (Kubovics, Vizi, & Bendd, 2012; TheUserAZ09,
2017; Vizi et al., 2013). We use Android phones and all of them can handle more accounts. We
suggest to create account login names from locations(GPS), azimuth and altitude degrees (Vizi,
Berczi, Csizmadia, & Hegedus, 2016).

10
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Examples

We analyzed fallen pieces of Meteor ‘KoSice’ and we estimated the composition of the medium
sized 'Pilis" event from brightness of RGB colors using the Planckian black body locus diagram (Vizi
et al, 2013).

We collected and processed some recent events. We tried to synchronize videos of the same
events using timing of the most reliable time data and the brightness of the fireball through the
frames of the video. Results are collected into a multi window video where main flash frames are
the synchronous events of the serial of frames.

Smartphones give similar good quality as visible in examples and expectable higher resolution
in future.

T
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Summary

Usage of smartphones and tablets can enhance the covering of fireball and meteor events and
improve the availability of data immediately. Although, the calibrated meteor finder camera
network can give more accurate data, but the suggested method expands the covering of events.
Quick share of digital data can enlarge the possibility to collect more contemporary meteorites for
study or analyze records of fireballs to determine their components. The network can increase easily
and relatively at very low cost.

References

Kubovics, I., Vizi, P. G., & Bendé, Zs. (2012). Trajectory and Analysis of Fireball-Meteorite “2010.02.28 Kosice" from
Security Cameras and from Electron Microscopic Examination. Paper presented at the 43rd Lunar and
Planetary Science Conference, The Woodlands, Texas. Retrieved from
https://www.lpi.usra.edu/meetings/Ipsc2012/pdf/2816.pdf

TheUserAZ09. (2017, June 23). 2075. 04. 06. 17:30:53 Fireball "Bukk" event. [Video file]. Retrieved from
https://www.youtube.com/watch?v=GUA0Z7FJIZU

Vizi, P. G, Berczi, Sz, Csizmadia, Sz., & Hegedus, T. (2016). Extended Meteor Hunting With Smartphones as
Surveillance Cameras. Poster presented at the 47th Lunar and Planetary Science Conference, The
Woodlands, Texas. Retrieved from https://www.hou.usra.edu/meetings/Ipsc2016/eposter/1797.pdf

Vizi, P, Berczi, Sz., Gucsik, A., Hegedus, T., Lukacs, B., Biro, Zs., Molnar, K., & Tepliczky, I. (2013). Fireball and
Meteor Event 2013.08.24. 19:02:18 UTC 'Pilis’. Poster presented at the 4th Symposium on Polar Science, NIPR,
Tokyo, Japan. Retrieved from https://www.hou.usra.edu/meetings/Ipsc2014/eposter/2838.pdf

12



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

Invited Lecture

INTEGRATION OF SATELLITE AND GROUND-BASED OBSERVATIONS
AND MULTI-DISCIPLINARITY IN EARTHQUAKE AND VOLCANO
ERUPTION FORECAST BASED ON THE LAIC PHYSICAL MODEL

Sergey Pulinets'?, Dimitar Ouzounov’

'Space Research Institute (IKI), Russian Academy of Sciences, Russia; e-mail: pulse@rssi.ru
2 nstitute of Applied Physics, Russian Academy of Sciences, Russia; e-mail: pulse1549@gmail.com
* CEESMO, Chapman University, USA; e-mail: ouzounov@chapman.edu

To provide the forecast of natural processes we should keep in mind that these processes have
stohastic (not deterministic) character and, therefore, forecast could be only probabilistic, not
deterministic. To get probability of forecast more than 50% we should have in hands the proper
instruments, which consist from three components: a) to have adequate measurements uniting the
space and ground-based technologies, b) the measured parameters selection should be based on
the adequate physical model of the earthquake precursors generation, c) the precursors
identification technology should be elaborated to let their selection from the continuous dataflaw.
The problem is complicated by the multidisciplinary character of the physical problems to be
resolved. The Lithosphere-Atmosphere-lonosphere Coupling (LAIC) model (Pulinets & Ouzouonoy,
2011; Pulinets, Ouzounov, Karelin, & Davidenko, 2015, 2018) is an attempt to fulfill all requirements
put by the task of the short-term forecast. The successful results of multi-year monitoring of the
short-term precursors of global major earthquakes confirm its validity. On the way of the model
development the different attempts were made to select the optimal set of parameters used in
multiparameter monitoring (Ouzounov, Pulinets, Hattori, & Taylor, 2018) what permitted to
elaborate our approach to the short-term forecast (Pulinets & Ouzounov, 2018).

Two main branches of the model (thermal and ionospheric) were tested by ground-based and
satellite technologies and thie will be demonstrated by examples of monitoring of several major
earthquakes. It was establisehd that some thermal precursors are able to detect the process of
preparation of volcano eruptions what enriches the number of applications for the LAIC model.
Generally, the model is able to describe the development of all processes following the event of
strong ionization of atmosphere by any source of ionization, for example, radioactive pollution.
Similarly, the ionospheric technology is able to detect any cases of strong variations of air
conductivity such as dust storms or volcanic ash ejection.

Acknowledgements
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THE INFREP VLF/LF RADIO NETWORK FOR STUDYING EARTHQUAKE
PRECURSORS: PRESENT SITUATION AND RECENT RESULTS

Pier Francesco Biagﬂ

' Department of Physics, University of Bari, Bari, Italy; e-mail: pf.biagi@gmail.com

The INFREP network is currently consisted of nine receivers located as follows: two in Italy, Romania
and Greece; one in Austria, Portugal and Cyprus. The radio receivers were manufactured by an
ltalian factory and measure the intensity of 10 radio signals in the bands VLF and LF, with 1 minute
sampling rate. The signals radiated by VLF-LF broadcasting stations located in Europe are used. The
data collected are transmitted every day to the server located at the Department of Physics of the
University of Bari (Italy) that is the central node of the network. Generally, due to the different
conditions of the ionosphere, the VLF/LF radio signals are less disturbed during the night than
during the day. So, the analysis of the radio data generally is performed only on the night-time
data. Different methods of analysis for discovering anomalies are used by the scientists. In INFREP
cooperation the Wavelet spectra are used. Using the "Morlet function” the Wavelet transform of a
time signal is a complex series that can be usefully represented by its square amplitude considering
the so-called Wavelet power spectrum. The power spectrum is a two dimensions plot that, once
properly normalized with respect to the power of the white noise, gives information on the strength
and precise time of occurrence of the various Fourier components which are present in the original
time series. Generally, colour from blue to red indicates increase in the power strength; so, red
zones define anomalies.

In order to discover anomalies, a software able to apply the Wavelet analysis on the radio data
automatically at the end of each day was implemented. The analysis is performed on those 15 days
or 20 days preceding each day. Two recent results will be presented.

a) October 2016, Central Italy (Mw=6.5)

At the time of the earthquake, because of a reorganization of the network, among the data
collected by the receivers where the online Wavelet analysis is performed only those from CIP
(Cyprus) receiver are available. Starting several days before the earthquake two anomalies appeared
one after the other in the two VLF signals, the night time intensity of which is analyzed online. The
two signals are radiated by DHO (Germany) transmitter (23.4 kHz) and by ICV (Sardinia, Italy)
transmitter (20.27 kHz).

b) July-August 2017, Turkey (Mw= 6.7-5.0)

On July 20, 2017 a strong (Mw=6.7) earthquake occurred offshore, near the coast of Turkey and
Kos island (Greece); on August 8 an earthquake with M,,=5.0 occurred practically in the same zone.
The epicentres are inside the “sensitive” area of the INFREP network. In this case the online Wavelet
power spectra of four radio-signals for each one of the CIP (Cyprus), CRE (Crete), GRE (Greece) and
IT-Ag (Central Italy) receivers are available. In both the cases anomalies were revealed in DHO
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(Germany) signal collected by the CIP receiver. The multi-receivers and multi-signals analysis has
permitted to validate the previous pre-seismic anomalies.

The importance of using the previous multi analysis in the research on earthquakes precursors
appears in the following further result. On November 7 an earthquake with My =5.1 occurred
offshore about 120 km far, on south-east direction, from the previous ones. The focal depth was 70
km. Again the epicenter is inside the “sensitive” area of the INFREP network. Also in this occasion
anomalies appeared before the earthquake occurrence. But the multi-receivers and multi-signals
analysis in this case has permitted to relate these anomalies with meteorological disturbances
instead of the earthquake.
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The global electric circuit (GEC) extends from the surface of the Earth to the lower ionospheric
layers. There are feedbacks between GEC and various constituents of the Earth-atmosphere system
including aerosols/clouds, lower atmospheric turbulence, lightning, ionisation, earthquakes, and
processes arising from the coupling between the Sun and the Earth. To overcome the low level of
interaction of research efforts in these discrete fields, the ELECTRONET COST Action aims to
enhance interdisciplinary approaches by integrating existing resources in the field of atmospheric
electricity and in connecting fields of science. We present here ongoing work within ELECTRONET
on the coupling of the atmospheric electric circuit to earthquakes, lightning and the sun-earth
environment. We review lightning interactions with climate, aerosols and the lower ionospheric
layers and discuss charge transfer between different atmospheric layers. We present Lithosphere-
Atmosphere-lonosphere coupling model to explain possible earthquake precursor signals in
ionospheric electron density, atmospheric electricity and radon. We discuss potential approaches to
connect interplanetary magnetic field space forcing and surface meteorology through the
atmospheric electric field in coupled climate models through cloud droplet microphysics or changes
of the cloud droplet radius over the polar regions.
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In this work, we present examples of monitoring of stability of natural slopes, dams, harbour
structures, buildings and containing walls and the study of dynamic behaviour of bridges, towers
and industrial infrastructures obtained by merging radar interferometry and the traditional
geotechnical techniques (Di Pasquale, Nico, Pitullo, & Prezioso 2018; Nico et al., 2018). The aim of
the work is to demonstrate the perspective applicability of radar interferometry in earthquake
geotechnical engineering practices with emphasis on the merging of radar data with measurements
provided by traditional geotechnical techniques and the comparison with numerical results
provided by Finite Element Models codes. We describe methodologies to extract information on
the stability and dynamic response of different natural and man-made structures that are useful for
their seismic assessment.

The novelty of this work consists in new methodologies that have been developed for the radar
data acquisition and visualization of results. In particular, new visualization tools have been
developed to facilitate an in-depth analysis of displacement and vibration frequency measurements
and to identify specific targets on the dam. Radar data have been collected using both Synthetic
Aperture Radar (SAR) and Real Aperture Radar (RAR) acquisition modes. As the goal of this paper is
to demonstrate that a ground-based radar can provide useful information to the sophisticated
analysis tools needed for earthquake analysis, different acquisition strategies have been adapted to
measure the dam displacements with simultaneous downstream and upstream radar measurements
and specific data acquisition schemes for estimating different components of the displacement
vector.

Examples of application of the proposed methodologies to the monitoring of concrete and
metallic bridges, bell towers and churches, concrete and earthfill dams will be shown.

We also discuss future perspectives of radar interferometry using new platforms as airships and
bistatic configurations which could foster new applications of this technique to the monitoring of
natural slopes and man-made structures (Feng, Nico, & Sato, 2019).
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Solar activity and conditions in heliosphere can be a critical driver of human impact space weather
as they can damage electronics and threaten the lives of astronauts as well as increase radiation
hazards to high-altitude, high-latitude aviation. It has been well known for more than half a century
that solar activity has a strong influence of cosmic ray flux reaching to the Earth (anti-
correlation).Solar wind, by both particle drift patterns and structures is responsible for galactic
cosmic ray flux modulation, hence the flux of observed galactic cosmic rays varies (GCR) with the
solar wind reflecting the solar activity so one could use cosmic ray flux measured at the surface of
the earth and in space to monitor the space weather and solar activity. Drops of a few percent in
near-Earth GCR flux (Forbush decreases) are well known to be associated with the near-Earth
passage of solar wind structures resulting from corotating interaction regions (CIRs) and transient
coronal mass ejections (CMEs). We investigated how FDs vary with the properties of the driving
solar wind structure. In this context, we study correlations between galactic cosmic rays (GCR) and
particles of different species and energies of the solar wind based on the analyses of observational
data from our muon detector, worldwide network of neutron detectors and satellites. We perform
comparative analysis of Forbush events during Solar cycle 24, which happens during STEREO era,
enabling in situ and remote observations of solar wind particles’ flux from three well-separated
heliospheric locations.
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THE CHALLENGES OF HYPERVELOCITY MICROPHYSICS RESEARCH IN
METEOROID IMPACTS INTO THE ATMOSPHERE

Dejan Vinkovi¢'?, Maria Gritsevic®

' Science and Society Synergy Institute, Josipa Jelaci¢a 22, 40000 Cakovec, Croatia; e-mail: dejan@iszd.hr
®Hipersfera Ltd, llica 36, 10000 Zagreb, Croatia,

3 Department of Physics, University of Helsinki, Finland; Finnish Geospatial Research Institute, Finland;
e-mail: gritsevich@list.ru

Meteoroid flight through a planetary atmosphere is a hypervelocity collision spread over tens of
kilometres of flight. The collision is visible from the distance as meteors thanks to the glowing of
shock front or traced by radars thanks to the interaction between radio waves and meteor plasma.
These impacts are delivering large amounts of cosmic material into the planetary atmospheres on a
daily basis, with occasional larger impacts that penetrate into the lower layers of the atmosphere or
even deposits meteorites to the ground. Hence, meteors influence the atmosphere in significant
ways and they also give us some important information about the Solar System properties and
evolution.

However, despite a large volume of research into this phenomenon, our understanding of the
microphysics of meteor flight and its interaction with the surrounding atmosphere is rather sketchy.
The velocities and the specific kinetic energies involved are so high that it is largely beyond the
realm of laboratory research. High-resolution (spatial and temporal) observation of an individual
meteor is difficult due to the meteor's random appearance (on the sky and in time) and large
angular size. A single meteor can consist of three or four different flow regimes, depending on the
density of surrounding atmosphere, which means different microphysical processes dominating the
plasma generation and behaviour. These are reasons why the current models of microphysics of
meteor plasma are largely based on theoretical assumptions, extrapolations from studies of
hypervelocity flights at lower speeds and data collected by limited observational techniques. Even
advanced numerical models are rare and lack the complexity expected from the kinetic energies
involved in the meteor flight.

As the observational techniques and sensors have being improving over the last couple of
decades, this situation is starting to change. The first sign that our limited knowledge of meteor
microphysics cannot keep up with the ever increasing complexity of collected data is visible in the
list of unexplained meteor related phenomena. In this work we describe such observations that are
considered peculiar and why they imply the need for new concepts in the meteor plasma physics.
As an example of this, we will describe a new theory of electrically charged meteors and how the
Earth’'s magnetic field might play role in this process. We will also describe how impact scenarios
can be classified based on the parametrisation of meteoroid flight properties.

A new element in the meteor research are the current and upcoming large astronomical sky
surveys, from visual to radio wavelengths. It turns out that such surveys are ideal for exploring
meteors. We will show how an image of resolved meteor taken by the Sloan Digital Sky Survey

21



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

might tell us something about the turbulent meteor wake. The upcoming LSST survey telescope will
be even better instrument for meteor detection, while large radar installations for studying the
ionosphere and large sky surveys in radio wavelengths will probe the meteor plasma directly. In
general, the meteor science is entering a new era dominated by Big Data challenges that require a
multidisciplinary approach and a close collaboration between theory and observations. This is a
stage for a new generation of meteor researchers (Vinkovi¢ et al., 2016), who need to be strong in
data science combined with the knowledge of plasma physics.
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Solar ultraviolet (UV) radiation is a significant health hazard in the warm part of the year. In order to
assess the level of hazard and the effects of UV radiation on the living world, long-term measured
or estimated data are needed. In Novi Sad measurement of UV radiation has been performing since
2003, while ozone measurements are made since 2007. However, those data sets are too short for
assessing long-term biological effects. Therefore, several techniques for reconstruction of UV
radiation doses are developed. Reconstruction techniques were based on using available ground-
based measurements of the meteorological data and satellite measurements of total ozone column.
It is shown that techniques that use ozone data show better performance than those that use only
ground-based meteorological measurements. However, the difference between the performances
of the methods is smaller when it comes to the monthly values, indicating that the techniques which
use only ground-based meteorological measurements are roughly as good as the ozone-based
techniques for assessing long-term changes in the surface UV radiation. The statistical significant
increasing long term-trend of annual mean erythemal UV doses (ERY) and the decreasing trend in
total ozone column in Novi Sad since 1981 have been noticed. An increase in ERY was noticed in all
seasons except in autumn and it was the highest in winter. The analysis showed that the increase in
the ERY in the period 1981-1996 is mainly caused by the total ozone column, while the increase after
1996 is largely caused by cloudiness.
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This research is devoted to determinate the causal relationship between the flow of particles that
are coming from the Sun and the different nature disasters like hurricanes Irma, Jose, and Katia. In
order to accomplish that, lag correlation analysis was conducted. High correlation coefficients
confirmed preliminary conclusion about the relationship between solar activities and hurricane
phenomenon, which allowed further research. Five parameters i.e. characteristics of solar activity
(Radio Flux 10.7, the flows of protons and electrons with maximum energy, speed and density of
solar wind particles) were chosen as input, while wind speed and air pressure of Irma, Jose, and
Katia hurricanes were used as output. Input data were sampled to six hours interval in order to
adapt time interval to the observed data about hurricanes, in the period between 28 September
and 21 December 2017. As a result of the preliminary analysis, using 12,274,264 linear models by
parallel calculations, the six of them were chosen as best. The identified lags were the basis for
refinement of models with the artificial neural networks. Multilayer perceptrons combine with back
propagation and with Long Short-Term Memory (LSTM) recurrent neural networks have been
chosen as data analysis models (Fig 1.).
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Figure 1. Results of hurricane forecasting with linear models and artificial neural networks for: (a) Wind speed of
the Irma hurricane, (b) Pressure of the Irma hurricane, (c) Wind speed of the Jose hurricane, (d) Pressure of the
Jose hurricane, (e) Wind speed of the Katia hurricane, (f) Pressure of the Katia hurricane

Comparison of the accuracy of both linear and artificial neural networks results confirmed the
adequacy of these models. Sensitivity analysis has shown that Radio Flux 10.7 has the greatest
impact on wind speed of the hurricanes. Despite low sensitivity of pressure to change the
parameters of solar wind, their strong fluctuations can cause a sharp decrease in pressure, and
therefore the appearance of hurricanes.
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Milutin Milankovi¢ (Dalj, May 28, 1879 - Belgrade, December 12, 1958) went down in the history of
science as the man who explained the phenomenon of Ice Ages by astronomical reasons.
Milankovi¢ elucidated also the history of the Earth's climate as well as that of other planets, being in
addition the author of the mathematical theory of climate and of the Earth's pole motion. The most
important Milankovi¢'s work is "Kanon der Erdbestrahlung und seine Anwendung auf das
Eiszaitenproblem" (The Cannon of the Earth's Insolation and its Application to the Ice Ages
Problem). It is his capital scientific work, a monograph, comprising results of his researches
previously published in 28 research works. In this monograph these results are assembled in one
whole, together with new analyses and supplements, including numerous examples and
applications of his theory. In this capital work Milankovic presents mathematical theory of Earth's
climate (applicable also to other planets), explaining the origin of the Ice Ages and exposing his
theory of the Earth's poles motion.
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Milankovi¢ also did important contributions to the Celestial Mechanics and the History of
Astronomy and was a great popularizator of science. At the Ortodox Church Council in 1923 in
Istanbul, he submitted the proposal concerning the reform of the calendar, providing for a more
exact calendar than the Gregorian one. This proposal was accepted by Council and now is in use in
a number of Orthodox churches.

He is one of the most distinguished Serbian scientists, which name have a crater on the far side
of the Moon, a crater on Mars and asteroid 1605 Milankovi¢. We note as well that in 2019 we
celebrate 140 years from his birth. In this contribution we review his theory of ice ages and discuss
climate changes leading to a future ice age on the Earth.
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The town of Obrenovac is situated near the banks of three rivers, the Sava River, the Kolubara River
and the Tamnava River. These rivers present always a real treat for citizens of the city. In the last
hazardous flood in 2014, 80 % of the population was in danger. Today's needs in terms of spatial
planning, envisaging projects and keeping track of a different kind of information on space demand
that new technologies be applied since they make it possible for procuring efficient and reliable
information as well as connecting and interconnecting various sorts of data. With advanced
numerical methods and GIS data, we have successfully calculated the consequence of the last big
flood in 2014. This paper tries to find a connection between hazard and prevention of future
hazards.
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In this study we give a review of research on the low ionospheric disturbances in time periods
around natural disasters based on data obtained from observations by very low/low frequency
(VLF/LF) radio signals recorded by the Belgrade receiver station. These investigations provide new
procedures for 1) data mining important for detection of ionospheric disturbances induced by
different perturbers, 2) modeling different D-region parameters under perturbed conditions. Here
we present the research related to earthquakes, tropical cyclones, and high-energy radiation
coming from the Sun and the outher space.

First, we present the current research of the VLF signal variations in time periods around four
earthquakes of magnitudes larger than four which occured in Serbia between Oct. 7 and Nov. 4,
2010. Analyses of three VLF signals emitted in Italy (ICV), the UK (GQD) and Germany (DHO) allow
us to study locations and possible horizontal motions of ionospheric disturbances. The focus of this
study is on the Mw 5.4 earthquake that occurred near Kraljevo on November 3, 2010. The most
important preliminary results are detection of clear visible specific changes in the amplitude noise
of the VLF signal emitted by the ICV transmitter with the propagation path closest to the
earthquake epicenter, and excitations and attenuations of waves within different waveperiod
domains. These changes are also detected before the earthquake event which indicates the need
for additional research within global investigations of earthquake predictions. Second, we present
our statistical study of 41 tropical depressions detected before hurricane appearances over the
Atlantic Ocean (Nina et al.,, 2017). In this analysis we show detection of ionospheric disturbances
occurring before, during and immediately after the onset of a tropical depression as registered by
the VLF signal emitted from the USA (NAA). Similar to the previous case, this pioneer study opens
questions which require additional investigation in global research of tropical cyclone predictions. In
this talk we indicate problems in modeling of the local low ionospheric disturbances and point out
the importance of integration of different observation techniques and multidisciplinary research
including observations, modeling, theoretical analyses, data processing etc. Finally, we show several
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studies of the low ionospheric disturbances induced by solar X-ray flares and gamma ray bursts
(Nina, Simi¢, Sreckovi¢, & Popovi¢, 2015) and their affects in telecommunication.

In addition to the low ionospheric disturbances which can be connected with different disaster
processes we also point out the ionospheric role in monitoring such processes. Namely, the
ionosphere is a medium that affects the remote sensing by satellite signals which means that use of
this technique to natural disaster observations requires exclusion of ionospheric influences. This
could be achieved by using different models, however, their applications can introduce errors in
different applications including the Earth observations during intensive local disturbances. Here we
present analysis of the perturbed D-region influence on delay in the GNSS and SAR satellite signals
(Nina et al., 2019).
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THE ROLE OF GALACTIC COSMIC RAYS IN DYNAMICS OF
HURRICANES AND TYPHOONS AND GLOBAL CHANGE
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The possible effect of Galactic Cosmic Rays (GCR) on weather and climate is dsicussed for a long
time (Pudovkin & Raspopov, 1993; Svensmark, 1998). The correlation of GCR fluxes with global
cloudiness was reported by Svensmark and Friis-Christensen, 1997, and later the same authors
discussed the role of cluster ions formed as air ionization be GCR (Svensmark, Pedersen, Marsh,
Enghoff, & Uggerhgj, 2007). On the shorter time scale the correlation of GCR Forbush decreases
and intensification of tropical cyclones in Atlantic was revealed (Pérez-Peraza et al., 2008). Bondur
et al. (2008) proposed the physical mechanism of hurricanes intensification by Forbush decreases
using Katrina hurricane as example. Now we report the further studies of GCL-hurricanes coupling
studying the recent strong events.

Except decadal and short-term effects there are indications of the GCL effects on global change
and Earths' climate variations on millennial timescale (Shaviv, 2002). According to this conception,
the GCR intensity was modulated by the matter density of the Galactic spiral arms where the Solar
system periodically entered (Fig. 1).
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Figure 1. From top to bottom: Galactic spiral arms. GCR flux, climaric epochs,
exposure ages of iron meteorites
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All these problems are discussed from the common understanding of the themrl effect of
ionization in atmosphere.
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ANALYSIS OF BIG DATA IN GEOMAGNETISM VIA WAVELET ANALYSIS
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We will extend upon a research devoted to a Wavelet analysis of Big Data in Solar Terrestrial
Physics. In order to explain and predict the dynamics of the geomagnetic phenomena we analyze
high frequency time series data from different sources: 1. The Interplanetary Magnetic Field (from
the ACE satellite). 2. The lonospheric parameters - TEC (from ionospheric sounding stations). 3. The
ground Geomagnetic data (from ground geomagnetic observatories, located in middle geographic
latitudes).

We seek for correlations in the wavelet coefficients which would explain the dynamics of
different magnetic phenomena in the Solar Terrestrial Physics. The large variety of data used in our
research from both Solar Astronomy and Earth Observations makes it a contribution to the newly
developing area of AstroGeolnformatics.

The full publication is supposed to appear in a special volume on AstroGeolnformatics at
Elsevier, which is under preparation, resulting from the COST action BigSkyEarth within Horizon
2020.
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DYNAMICAL ORIGIN OF TWO POTENTIALLY HAZARDOUS ASTEROIDS

Natasa Todorovid
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By definition, potentially hazardous asteroids (PHAs) are asteroids that approach Earth nearer than
0.05AU (about 7.5 million km) and have an absolute magnitude (H) less than 22. Today we know for
almost 2000 PHAs, but none of them is labeled as a real threat in the next 100 years. In this work,
we focus on two asteroids from the PHA list: the (3200) Phaethon, parent body of the Geminides
meteor shower and (101955) Bennu, the target of the space mission Osiris-Rex. Using sophisticated
numerical methods we search for their dynamical origin in the far outer belt. i.e. we search for
escape routes acting via the 5:2 mean motion resonance with Jupiter that may have brought this
two asteroids in the close neighborhood of Earth.
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PLANETARY ATMOSPHERES EROSION DUE TO Sgr A AND (z<0.5)
ACTIVE GALACTIC NUCLEI RADIATION

Andjelka B. Kovacevid'

' Department of Astronomy, Faculty of Mathematics, University of Belgrade, Serbia;
e-mail: andjelka@matf.bg.ac.rs

Evolution of planetary atmospheres due to their host stars's radiation has been investigated for
long time. Only recently, erosion of planetary atmospheres due to the radiation of the galactic
central engines came to focus, but on theoretical level.

For the first time, we calculated the expected planetary atmospheres mass loss for Earth and for
54 known exoplanets, of which are 16 hot Jupiters residing in the the Milky Way bulge and 38 Earth-
like planets due to radiation of the Milky Way Galaxy's central suprmassive black hole -Sagittarius
A* (Sgr A%, and the 33 350 active galactic nuclei, at z< 0.5 from the Sloan Digital Sky Survey
database (Wislocka, Kovacevi¢, & Balbi, 2019).
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STARDUST-RELOADED: THE ASTEROID AND SPACE DEBRIS NETWORK
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The Stardust Reloaded project is a four year pan-European research project founded by the
European Union H2020 programme. The project will investigate how to explore and exploit
asteroids and sustainability in space. In the case of asteroids, the Stardust Reloaded project is
expected to specifically increase scientific knowledge on the shape, gravity, composition and
dynamics of asteroids, in view of possible actions to prevent a catastrophic impact with the Earth.
Besides, this project will investigate how mineral resources on these celestial objects could be
exploited to enhance our exploration of the Solar System. The project also intends to investigate
the safe management of increasing space traffic to prevent collisions and achieve sustainability in
space. A number of people launching satellites has been increasing, particularly smaller and smaller
ones, making the risk of collision, and the risk of setting off a cascade, larger and larger. The
Stardust Reloaded project aims to understand how the growth in satellites orbiting Earth affects the
evolution of the space environment and how we can best manage that. The Stardust Reloaded
study comprises 20 partners including the European, French and German space agencies and will
help to fund 15 early-stage career researchers. The goal of Stardust-Reloaded is to conduct cutting
edge research by training young researchers with skills that go far above the norm, ranging from
entrepreneurial to regulatory, looking forward with leadership skills for their futures and developing
educational platforms for the even younger generations to come.
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NEO DETECTION USING COMPLEX EVENT PROCESSING
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Complex Event Processing (CEP) concepts and technologies, proven in industries that demand high
throughput of data and quick decision-making, can be tailored for astronomical data streams.
Already tested on LSST simulated data, currently being adapting to ZTF (Bellm, 2014) data archive
and hopefully ready for full-blown LSST alert stream (Juric, Axelrod, & Becker, 2013), CEP-based
software offer scalable filtering and temporal inference mechanisms over real-time astronomical
data.

CEP can be used for a variety of things from observatory monitoring system to classification via
pattern matching (Vujci¢, Aleksi¢, NeSkovi¢, & Jevremovi¢, 2017), and can as well be used for NEO
candidate selection, especially in dual exposure surveys such as LSST.
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ATMOSPHERIC DISTURBANCES DUE TO SEVERE STORMY WEATHER
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Severe stormy weather during the night of 27"-28" of May, 2009 over Balkan peninsula caused
intense atmospheric disturbances. Strong release of energy by atmospheric lightning discharges
induced ionization changes along the propagation path of Very Low Frequency radio signals (VLF)
of NAA/24.0 kHz, GQD/22.1 kHz and DHO/23.4 kHz signal traces transmitted from USA, UK and
Germany, respectively, and received by Absolute Phase and Amplitude Logger (AbsPAL) system
located in Belgrade (44.85° N, 20.38° E). Increased ionization is apparent in the perturbation of the
VLF signal amplitude and phase delay with respect to regular undisturbed ionospheric conditions.
The survey enclosed data from three independent sources: 1) VLF signal records from Belgrade
Institute for Physics database, 2) video records of sprite events from ITALIAN METEOR and TLE
NETWORK (LM.T.N.) database and 3) detected lightning strokes from European Cooperation for
Lightning Detection (EUCLID) network database for area 40° N — 48° N and 10° E — 23° E, and was
carried out in order to find coincidence and possible relationship between these three phenomena
during the stormy night of 27"-28" of May, 2009. In the presented analysis, VLF signal amplitude
and phase delay data were used as the basic data set related to two other datasets. The VLF
perturbations on NAA/24.0 kHz, GQD/22.1 kHz and DHO/23.4 kHz traces related to the same
atmospheric discharge were of different type and magnitude. In most cases, the correspondence
between VLF perturbations and CG strokes and on the other hand, VLF perturbations and TLE
events, was found. In some cases the correspondence between all three phenomena was found.
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Radon-222 (Zzan) is naturally occurring radioactive gas with an half life (ti) of 3.8 days (Tomer,
2016), ubiquitous in air, soil and groundwater/springs. Radon-222 is formed within solid mineral
grains by the radioactive decay of radium-226, in the uranium-238 decay chain: 2**U—-?*°Ra—**Rn
(Kardos et al. 2015). Radon atoms can escape from the mineral grains into the pore space between
grains (Rn emanation), from where they can migrate by diffusion and/or convection/advection (Rn
transport), and finally exhale into the atmosphere (Rn exhalation) (Fig. 1) (Barbosa, Donner, &
Steinitz, 2015; Kardos et al. 2015). Over the years potential earthquake precursors including radon
have been reported (Barman, Ghose, Sinha, & Deb, 2016; Ghosh, Deb, & Sengupta, 2009; Planini¢,
Radoli¢, & Vukovi¢, 2004). The main rationale for this is the occurrence of radon anomalies
observed before an earthquake. As accurate earthquake prediction is still a challenging problem,
studies on radon as potential earthquake precursor are in progress worldwide.
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Figure 1. The release of radon into the air.
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Here we use the observed additional perihelion precession in the Solar System, obtained from
observations of planets and spacecrafts, to study the possible existence of Yukawa correction term
to the Newtonian gravitational potential. Our study was motivated by previous analyses which
indicated the possible discrepancies from Newtonian gravity in this form and at wide range of
astrophysical scales (Adelberger, Gundlach, Heckel, Hoedl, & Schlamminger, 2009; Borka, Jovanovic,
Borka Jovanovi¢, & Zakharov, 2013; Zakharov, Jovanovi¢, Borka, & Borka Jovanovié, 2016, 2018).
Yukawa gravity was introduced to cure some shortcomings of General Relativity at galactic and
extragalactic scales. We demonstrated that this form of gravity can give the values for orbital
precession which are in better agreement with observations than the corresponding predictions of
General Relativity. The obtained results can be used for setting stronger constrains on variation of
the gravitational constant G, as well as on the fundamental constant & of Yukawa gravity. Therefore,
Yukawa gravity could be used to improve the results for motion of planets, other Solar System
bodies, as well as spacecrafts, and as a consequence, it can help us to get more reliable predictions
for natural hazards in the Solar System.
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ELECTRON-IMPACT CROSS SECTIONS FOR THOLINS:
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Name Thiolin has been coined by Sagan and Kare (1976) in order to represent a number of complex
organic molecules and polymers that are formed in mixtures of gases with verious hydrocarbons
and compounds with nitrogen and sulphor, which at the end in the interactions with UV ligth and
discharges are composing the redish and hazy aerosols in the atmospheres of Solar System planets
and moons. These kinds of molecules have been observed for example by The Cassini Mission in
Titan athmosphere (Dubois et al, 2019; Horst, 2017) or by The Rosetta Mission in comet
67P/Churyumov-Gerasimenko (Marinkovi¢, Bredehoft, Vujci¢, Jevremovi¢, & Mason, 2017;
Pommerol et al., 2015).

Here, we concentrate on the coverage of ionization cross sections for molecular ions in
BEAMDB database and thier importance in analyses of satellite and ground-based observations, as
well as multi-disciplinarity in research and prediction of different models of atmospheric
phenomena in Solar system. BEAMDB database is hosted at the Serbian Virtual Observatory and is
devoted to electron collisional processes. It maintains cross sections (differential, integral, toatal)
and electron spectroscopical data such as electron energy loss spectra and threshold spectra
(Marinkovi¢ et al., 2019). The examples of ionization cross sections are those published for CoH,"
(see Fig. 1) and C;D" ions (Cherkani-Hassani et al., 2010) and for OH" and OD" ions (Beli¢ et al.,
2012).
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Figure 1. Electron-impact single ionization cross section for C;H," ions (Cherkani-Hassani et al., 2010)
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The investigation of extreme solar radiation and connections with natural disasters is a very
complicated task. It is of key importance to explore and research the connections between this
extreme activity and natural disasters, and develop ways to prevent, prepare and respond to them.
These studies and research require cross disciplinary approaches i.e. cooperation of experts within
various fields of science (Srec¢kovi¢ & Nina 2019; Nina, Srec¢kovi¢, & Radovanovi¢, 2019). For this
reason, it is of crucial importance to provide opportunities for collaboration in this field of research
(Sreckovi¢, Suli¢, Vuijci¢, Jevremovi¢, & Vyklyuk, 2017).
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The monitoring of the terrestrial lower ionosphere layers by the mean of the radio technique can
play an important role for a better understanding of Space Weather conditions and natural
disasters (Sre¢kovi¢, Suli¢, Vujci¢, Jevremovi¢, & Vyklyuk, 2017). It is stated that the plasma in the
atmospheric D-region is a very sensitive medium to external forcing like stellar explosive radiation,
energetic particle intrusion, etc. The intense solar radiation can create sudden ionospheric
disturbances (SIDs) and further cause telecommunication interferences/blackouts as well as natural
disasters e.g. forest fires (Sreckovi¢ & Nina 2019; Nina, Srec¢kovi¢, & Radovanovi¢, 2019). Some
scientists think that in certain cases fires are connected with the activity of the Sun i.e the solar wind
(SW) charged particles. The focus of this contribution is on the study of electron density
enhancement induced by solar X-ray radiation. The model computation is applied to determine the
perturbation structures in the terrestrial D-region, during occurrences of explosive solar events. It
can be concluded that these events lead to an increased rate of electrons production and electron
density can increase depending on flare intensity. The results confirmed the successful use of
applied technique for detecting space weather phenomena such as solar explosive events as well
for describing and modeling the ionospheric electron density which are important as the part of
electric terrestrial-conductor environment through which external-SW electrons can pass and cause
natural disasters on the ground like fires.
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Suspended particulate matter in the atmosphere, commonly known as atmospheric aerosol, plays
one of the most important role in climate changes and environmental issues. Numerous
epidemiological studies in recent years have shown detrimental effects of aerosol pollution on
human health, causing respiratory and cardiovascular disease and even premature death (Kim, Oh,
Park, & Cheong, 2018). Additionally, scattering and absorption of solar and terrestrial radiation as
direct, and modification of cloud condensation nuclei through aerosol-cloud interaction as indirect
effects of aerosols, make the largest contribution to the total uncertainty of the radiative forcing
(Intergovernmental Panel on Climate Change, 2007).

Assessment of air quality primarily relies on ground-based measurements of the concentrations
of airborne particulate matter (PM) with aerodynamic diameter less than 10 um (PMy) and 2.5 um
(PMy5s), and for this purpose, all European countries were established regulatory monitoring
networks. Because this kind of observation provides limited spatial PM information, various studies
have been conducted to obtain PM estimates from satellite measurements (Kumar, Chu, & Foster,
2007; Li, Carlson, & Lacis, 2015). Aerosol optical depth (AOD) is one of the most important aerosol
product retrieved from satellite measurements, and represent the attenuation of solar radiation
caused by aerosols. The relationship between AOD (integration of the aerosol extinction coefficient
from the Earth’s surface to the top of the atmosphere) and surface PM concentrations depends on
various factors: aerosol type and its chemical composition, vertical distribution, spatial and temporal
variability - all governed by emissions and meteorological conditions (Kong, Xin, Zhang, & Wang,
2016; Sayer, Hsu, Bettenhausen, & Jeong, 2013).

In this study, we investigated the relationship between AOD and, PM, 5 and PMi concentrations
data set from the Belgrade region. We obtained Level 2 AOD data at 0.55 ym based on
measurements by Moderate Resolution Imaging Spectroradiometer (MODIS) aboard Terra
(MODO04) and Aqua (MYDO04) platforms with the resolution of 10x10 km? for three years period 2012-
2014. Hourly average PM,s and PMj mass concentrations for the investigating period were
obtained from urban and suburban monitoring stations of the Institute of Public Health Belgrade.
The analyses included the impact of ambient relative humidity (RH) on PM concentration due to the
hygroscopic growth of aerosol particles, as well as vertical correction of AOD with respect to the
mixing layer height (MLH). The preliminary results showed that AOD retrieved from satellite sensor
can be considered as a good proxy for ground observed PM mass concentrations. It is found that
the relationship between AOD and PM is practically linear and strongly influenced by RH and MLH.
The increase in the correlation coefficient (of around 20%) is indicative for vertical corrected AOD
parameter and dry PM. Further investigation should examined influences of the other
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meteorological parameters, different season and types of monitoring stations at the examined PM-
AQD relationship. Also, the study based on the analyses of satellite aerosol products and ground-
based measured pollutants concentrations may be used for air quality assessment and PM
prediction in the region of the City of Belgrade.

Acknowledgments

This paper was realized as a part of the projects 1143007 and 11141011 financed by the Ministry of
Education and Science of the Republic of Serbia within the framework of integrated and
interdisciplinary research for the period 2011-2019. The MODIS data were obtained from NASA
Atmosphere Archive and Distribution System (LAADS) at the Goddard Space Flight Center (GSFC)
and we would like to thanks MODIS team for developing the AOD product.

References

Intergovernmental Panel on Climate Change. (2007). Climate Change 2007: The Physical Science Basis.
Contribution of Working Group | to the Fourth Assessment Report of the Intergovernmental Panel on
Climate Change. Cambridge, UK; New York, NY: Cambridge University Press.

Kim, J.-H., Oh, I.-H., Park, J.-H., & Cheong, H.-K. (2018). Premature Deaths Attributable to Long-term Exposure to
Ambient Fine Particulate Matter in the Republic of Korea. Journal of Korean Medical Science, 33(37).
https://doi.org/10.3346/jkms.2018.33.e251

Kumar, N., Chu, A., & Foster, A. (2007). An empirical relationship between PM2. 5 and aerosol optical depth in
Delhi Metropolitan. Atmospheric Environment, 41(21), 4492-4503.
https://doi.org/10.1016/j.atmosenv.2007.01.046

Li, J. Carlson, B. E., & Lacis, A. A. (2015). How well do satellite AOD observations represent the spatial and
temporal variability of PM2. 5 concentration for the United States? Atmospheric Environment, 102, 260-273.
https://doi.org/10.1016/j.atmosenv.2014.12.010

Kong, L., Xin, J., Zhang, W., & Wang, Y. (2016). The empirical correlations between PM2. 5, PM10 and AOD in the
Beijing metropolitan region and the PM2. 5, PM10 distributions retrieved by MODIS. Environmental pollution,
216, 350-360. https://doi.org/10.1016/j.envpol.2016.05.085

Sayer, A. M., Hsu, N. C,, Bettenhausen, C., & Jeong, M. J. (2013). Validation and uncertainty estimates for MODIS
Collection 6 "Deep Blue" aerosol data. Journal of Geophysical Research: Atmospheres, 118(14), 7864—7872.
https://doi.org/10.1002/jgrd.50600

52



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

PROGRAMME

Friday, May 10

13:00 - 15:00 Arrival, registration and lunch

Chairs: Aleksandra Nina and Milan Radovanovi¢
15:30 - 15:45 Opening ceremony

Chair: Sergey Pulinets

15:45 - 16:30 Darko Jevremovié: SOLAR SYSTEM OBJECTS IN THE LSST ERA (ASSESSING
THE HAZARDS)
16:30 — 17:00 Pal Gabor Vizi, Péter Szutor, Szaniszl6 Bérczi, Szilard Csizmadia, Tibor

Heged(s: TRAJECTORY AND ANALYSIS OF LOCAL FIREBALL-METEORITE
EVENTS AND EXTENDED METEOR HUNTING WITH SMARTPHONES AS 'SKY
EVENT' CAMERAS

18:00 — 19:30 Welcome cocktail
20:00 - Dinner time

Saturday, May 11

Chair: Bratislav P. Marinkovi¢
9:00 — 9:45 Sergey Pulinets, Dimitar Ouzounov: INTEGRATION OF SATELLITE AND
GROUND-BASED OBSERVATIONS AND MULTI-DISCIPLINARITY IN
EARTHQUAKE AND VOLCANO ERUPTION FORECAST BASED ON THE LAIC
PHYSICAL MODEL
9:45 -10:30 Pier Francesco Biagi: THE INFREP VLF/LF RADIO NETWORK: PRESENT
SITUATION AND RECENT RESULTS

10:30 - 11:00 Coffee break

Chair: Pier Francesco Biagi

11:00 — 11:45 Konstantinos Kourtidis, Veronika Barta, Jozsef Bor, Evgeny Mareev,
Christina Oikonomou, Colin Price, Sergey Pulinets: WORK WITHIN THE
COST ACTION ELECTRONET ON THE COUPLING OF THE ATMOSPHERIC
ELECTRIC CIRCUIT TO EARTHQUAKES, LIGHTNING AND THE SUN-EARTH
ENVIRONMENT

11:45 - 12:30 Aleksandra Nina, Giovanni Nico, Luka C. Popovi¢, Vladimir M. Cadez,
Milan Radovanovi¢: NATURAL DISASTERS AND LOW IONOSPHERIC
DISTURBANCES DETECTED BY BELGRADE VLF/LF RECEIVER STATION

53




Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

Chair: Ognyan Kounchev
12:30 - 14:00 Discussions — integration of observation methods and models in
research of earthquakes and volcanoes

14:00 — 15:00 Lunch break

Chair: Luka C. Popovi¢

15:00 — 15:45 Giovanni Nico, Weike Feng, Olimpia Masci, Motoyuki Sato, Luciano
Garramone: RADAR INTERFEROMETRY AS A NEW TOOL FOR EARTHQUAKE
GEOTECHNICAL ENGINEERING

15:45 - 16:30 Nikola Veselinovi¢, Mihailo Savi¢, Aleksandar Dragi¢, Dimitrije Maletic,
Dejan Jokovi¢, Radomir Banjanac, Vladimir Udovici¢, David Knezevi¢:
CORRELATION OF SOLAR WIND PARAMETERS WITH COSMIC RAYS
OBSERVED WITH GROUND STATION

16:30 - 17:00 Sergey Pulinets: THE ROLE OF GALACTIC COSMIC RAYS IN DYNAMICS OF
HURRICANES AND TYPHOONS AND GLOBAL CHANGE

17:00 —17:30 Coffee break

Chair: Darko Jevremovi¢

17:30 — 1815 Dejan Vinkovi¢, Maria Gritsevich: THE CHALLENGES OF HYPERVELOCITY
MICROPHYSICS RESEARCH IN METEOROID IMPACTS INTO THE
ATMOSPHERE

18:15 - 19:00 Bozhidar Srebrov, Ognyan Kounchev, Georgi Simeonov: ANALYSIS OF

BIG DATA IN GEOMAGNETISM VIA WAVELET ANALYSIS

20:00 - Meeting dinner

Sunday, May 12

Chair: Konstantinos Kourtidis
9:00 - 9:30 Slavica Malinovi¢-Mili¢evi¢, Zoran Mijatovi¢, llija Arsenic, Zorica
Podrascanin, Ana Firanj Sremac, Milan Radovanovi¢, Nusret Dreskovi¢:
THE IMPORTANCE OF GROUND-BASED AND SATELLITE OBSERVATIONS
FOR MONITORING AND ESTIMATION OF UV RADIATION IN NOVI SAD,

SERBIA
9:30 - 10:00 Natasa Todorovié: DYNAMICAL ORIGIN OF TWO POTENTIALLY
HAZARDOUS ASTEROIDS
10:00 - 10:30 Coffee break

54



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

Chair: Giovanni Nico
10:30 - 12:00 Discussions — integration of observation methods and models in
research of hurricanes, meteors and climatic changes

12:00 Meeting photo
12:05 - 14:00 Guided tour of Petnica’s vicinity
14:00 - 15:00 Lunch break

Chair: Milan S. Dimitrijevi¢

15:15 - 16:00 Yaroslav Vyklyuk, Milan Radovanovi¢, Slavica Malinovi¢-Milicevié¢: DEEP
LEARNING LSTM RECURRENT NEURAL NETWORK FOR CONSEQUENCE
FORECASTING OF THE SOLAR WIND DISTURBANCE

16:00 — 16:30 Andjelka B. Kovacevi¢: PLANETARY ATMOSPHERES EROSION DUE TO Sgr A
AND (z<0.5) ACTIVE GALACTIC NUCLEI RADIATION
16:30 - 17:00 Dusan Marceta, Bojan Novakovié: STARDUST-RELOADED: THE ASTEROID

AND SPACE DEBRIS NETWORK

17:00 - 17:30 Coffee break

17:30 - 19:00 Posters

19:00 — Dinner time

20:30 - Networking event

Monday, May 13

Chair: Yaroslav Vyklyuk

9:00 — 9:45 Milan S. Dimitrijevié: MILUTIN MILANKOVIC AND CLIMATE CHANGES
LEADING TO ICE AGES
9:45 - 10:30 Aleksandar Valjarevi¢, Nikola Bacevi¢, Marko Ivanovié: DIGITAL AND

NUMERICAL METHODS IN ESTIMATION OF A HAZARD FLOODS IN THE
MUNICIPALITY OF OBRENOVAC

10:30 - 10:45 Closing ceremony

1:15 - Departure

55



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

LIST OF POSTERS

P1. Veljko Vujci¢, Darko Jevremovié: NEO DETECTION USING COMPLEX EVENT PROCESSING
P2. Aleksandra Kolarski: ATMOSPHERIC DISTURBANCES DUE TO SEVERE STORMY WEATHER
P3. Jelena Petrovi¢, Snezana Dragovi¢: RADON AS POTENTIAL EARTHQUAKE PRECURSOR

P4. Predrag Jovanovi¢, Dusko Borka, Vesna Borka Jovanovi¢: CONSTRAINING YUKAWA GRAVITY
FROM PLANETARY MOTION IN THE SOLAR SYSTEM

P5. Bratislav P. Marinkovi¢, Stefan Ivanovié¢, Nebojsa Uskokovi¢, Milutin Nesié: ELECTRON-
IMPACT CROSS SECTIONS FOR THOLINS: COVERAGE WITHIN BEAMDB DATABASE

P6. Milan Radovanovié, Aleksandra Nina, Vladimir A. Sreckovié¢: EXTREME SOLAR RADIATION
AND NATURAL DISASTERS: CROSS DISCIPLINARY APPROACHES

P7. Vladimir A. Sre¢kovi¢: SOLAR ACTIVITY, NATURAL HAZARDS, LOW IONOSPHERIC
PERTURBATIONS AND SATELLITE AND GROUND-BASED OBSERVATIONS

P8. Zoran Miji¢, Mirjana PeriSi¢: COMPARISON OF MODIS AEROSOL OBSERVATIONS AND
GROUND-BASED PM MEASUREMENT FOR THE BELGRADE REGION

56



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of

different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019

Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

AUTHORS' INDEX

llija Arsenic¢ 23

Nikola Bacevi¢ 28
Radomir Banjanac 20
Veronika Barta 17
Szaniszl6 Bérczi 10

Pier Francesco Biagi 15
Jozsef Bor 17

Dusko Borka 45

Vesna Borka Jovanovi¢ 45
Vladimir M. Cadez 31
Szilard Csizmadia 10
Milan S. Dimitrijevi¢ 26
Aleksandar Dragi¢ 20
Snezana Dragovic¢ 43
Nusret Dreskovic¢ 23
Weike Feng 18

Ana Firanj Sremac 23
Luciano Garramone 18
Maria Gritsevich 21
Tibor Hegeds 10

Marko Ivanovi¢ 28
Stefan Ivanovic¢ 47
Darko Jevremovic¢ 9, 41
Dejan Jokovi¢ 20
Predrag Jovanovic¢ 45
David Knezevi¢ 20
Aleksandra Kolarski 42
Ognyan Kounchev 35
Konstantinos Kourtidis 17
Andjelka B. Kovacevi¢ 37
Dimitrije Maleti¢ 20
Slavica Malinovi¢-Milicevi¢ 23, 24
Dusan Marceta 38

Evgeny Mareev 17
Bratislav P. Marinkovic¢ 47
Olimpia Masci 18

Zoran Mijatovi¢ 23
Zoran Miji¢ 51

Milutin Nesi¢ 47
Giovanni Nico 18, 31
Aleksandra Nina 31, 49
Bojan Novakovi¢ 38
Christina Oikonomou 17
Dimitar Ouzounov 13
Mirjana Perisi¢ 51

Jelena Petrovi¢ 43
Zorica Podras¢anin 23
Luka C. Popovi¢ 31

Colin Price 17

Sergey Pulinets 13, 17, 33
Milan Radovanovic¢ 23, 24, 31, 49
Motoyuki Sato 18
Mihailo Savi¢ 20

Georgi Simeonov 35
Bozhidar Srebrov 35
Vladimir A. Sreckovi¢ 49, 50
Péter Szutor 10

Natasa Todorovi¢ 36
Vladimir Udovici¢ 20
Nebojsa Uskokovi¢ 47
Aleksandar Valjarevi¢ 28
Nikola Veselinovi¢ 20
Dejan Vinkovi¢ 21

Pal Gabor Vizi 10

Veljko Vuijici¢ 41
Yaroslav Vyklyuk 24

57



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

PARTICIPANTS

Pier Francesco Biagi,

Department of Physics, University of Bari, Bari,
Iltaly, pf.biagi@gmail.com

Dusko Borka,

Vinca Institute of Nuclear Sciences, University of
Belgrade, Belgrade, Serbia,
dusborka@vin.bg.ac.rs

Vesna Borka Jovanovi¢,

Vinca Institute of Nuclear Sciences, University of
Belgrade, Belgrade, Serbia, vborka@vinca.rs
Vladimir M. Cadez,

Astronomical Observatory, Belgrade, Serbia,
vcadez@aob.rs

Milan S. Dimitrijevi,

Astronomical Observatory, Belgrade, Serbia,
mdimitrijevic@aob.rs

Dejan Doljak,

Geographical Institute “Jovan Cviji¢" SASA,
Belgrade, Serbia, d.doljak@gi.sanu.ac.rs

Darko Jevremovic,

Astronomical Observatory, Belgrade, Serbia,
darko@aob.rs

Predrag Jovanovi¢,

Astronomical Observatory, Belgrade, Serbia,
pjovanovic@aob.rs

Aleksandra Kolarski,

NTC NIS-Naftagas D.O.O. Novi Sad, Novi Sad,
Serbia, aleksandrakolarski@gmail.com
Ognyan Kounchev,

Institute of Mathematics and Informatics,
Bulgarian Academy of Sciences, Sofia, Bulgaria,
okounchev@gmail.com

Konstantinos Kourtidis,

Department of Environmental Engineering,
School of Engineering, Democritus University of
Thrace, Xanthi, Greece, kourtidi@env.duth.gr

58

Andjelka B. Kovacevi¢,

Department of Astronomy, Faculty of
Mathematics, University of Belgrade, Belgrade,
Serbia, andjelka@matf.bg.ac.rs

Slavica Malinovié-Mili¢evié,

ACIMSI - University Center for Meteorology and
Environmental Modelling, University of Novi
Sad, Novi Sad, Serbia, slawica@sbb.rs

Dusan Marceta,

Department of Astronomy, Faculty of
Mathematics, University of Belgrade, Beldrade,
Serbia, dmarceta@matf.bg.ac.rs

Bratislav Marinkovi¢,

Institute of Physics Belgrade, University of
Belgrade, Belgrade, Serbia, marinkov@ipb.ac.rs
Zoran Mijic,

Institute of Physics Belgrade, University of
Belgrade, Belgrade, Serbia,
zoran.mijic@ipb.ac.rs

Giovanni Nico,

Istituto per le Applicazioni del Calcolo (IAC),
Consiglio Nazionale delle Ricerche (CNR), Bari,
Italy, g.nico@ba.iac.cnr.it

Aleksandra Nina,

Institute of Physics Belgrade, University of
Belgrade, Belgrade, Serbia, sandrast@ipb.ac.rs
Jelena Petrovi¢,

Vinca Institute of Nuclear Sciences, University of
Belgrade, Serbia, petrovicj@vin.bg.ac.rs

Luka €. Popovi¢,

Astronomical Observatory, Belgrade, Serbia,
lpopovic@aob.rs

Sergey Pulinets,

Space Research Institute (IKI), Russian Academy
of Sciences, Moscow, Russia,
pulse1549@gmail.com



Integrations of satellite and ground-based observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system
Petnica Science Center, Valjevo, Serbia, May 10-13, 2019
Book of Abstracts, Eds. Aleksandra Nina, Milan Radovanovi¢ and Vladimir A. Sre¢kovi¢

Milan Radovanovi¢,

Geographical Institute “Jovan Cviji¢" SASA,
Belgrade, Serbia, m.radovanovic@gi.sanu.ac.rs
Georgi Simeonov,

Institute of Mathematics and Informatics at the
Bulgarian Academy of Sciences, Sofia, Bulgaria,
gsimeonov@math.bas.bg

Bozhidar Srebrov,

Institute of Mathematics and Informatics,
Bulgarian Academy of Sciences, Sofia, Bulgaria,
bsrebrov.niggg@gmail.com

Vladimir A. Sreckovic¢,

Institute of Physics Belgrade, University of
Belgrade, Belgrade, Serbia, vlada@ipb.ac.rs
Gorica Stanojevic,

Geographical Institute “Jovan Cviji¢" SASA,
Belgrade, Serbia, g.stanojevic@gi.sanu.ac.rs
Dragoljub Strbac,

Geographical Institute “Jovan Cviji¢" SASA,
Belgrade, Serbia, d.strbac@gi.sanu.ac.rs
Natasa Todorovi¢,

Astronomical Observatory, Belgrade, Serbia,
ntodorovic@aob.rs

59

Aleksandar Valjarevic,

University of Pristina-Kosovska Mitrovica,
Faculty of Sciences, Department of Geography,
Kosovska Mitrovica, Serbia,
aleksandar.valjarevic@pr.ac.rs

Nikola Veselinovic,

Institute of Physics Belgrade, University of
Belgrade, Belgrade, Serbia,
veselinovic@ipb.ac.rs

Dejan Vinkovi¢,

Hipersfera Ltd., Zagreb, Croatia, dejan@iszd.hr
Pal Gabor Vizi

MTA Wigner Research Centre for Physics,
Budapest, Hungary,
vizi.pal.gabor@wigner.mta.hu

Veljko Vujicié,

Astronomical Observatory, Belgrade, Serbia,
sambolino@gmail.com

Yaroslav Vyklyuk, PHEI “Bukovinian University”,
Chernivtsi, Ukraine, vyklyuk@ukr.net



CIP - Katanorusauuja y nybaunkaumjv - HapoaHa 6ubamnoteka Cpbuje, beorpas,
523:504.4(048)

INTEGRATIONS of satellite and ground-based observations and
multi-disciplinarity in research and prediction of different types of
hazards in Solar system (2019 ; Valjevo)

Book of abstracts / Integrations of satellite and ground-based
observations and multi-disciplinarity in research and prediction of
different types of hazards in Solar system, May 10-13, 2019, Valjevo,
Serbia ; edited by Aleksandra Nina, Milan Radovanovi¢, and Vladimir A.
Sreckovi¢. - Belgrade : Geographical Institute "Jovan Cviji¢" SASA, 2019
(Beograd : Skripta Internacional). - 59 str. : ilustr. ; 24 cm

Tiraz 50.
ISBN 978-86-80029-77-1
a) CyHueB cucteMm - besbeaHoct - Anctpaktu b) MpupozHe katactpode -

AncTpakTu
COBISS.SR-ID 275944460











<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ACaslonPro-Bold
    /ACaslonPro-BoldItalic
    /ACaslonPro-Italic
    /ACaslonPro-Regular
    /ACaslonPro-Semibold
    /ACaslonPro-SemiboldItalic
    /AGaramondPro-Bold
    /AGaramondPro-BoldItalic
    /AGaramondPro-Italic
    /AGaramondPro-Regular
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGHelveticaBold
    /AGHlvCyrillicBold-ItalicA
    /Aharoni-Bold
    /Algerian
    /Andalus
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Aparajita
    /Aparajita-Bold
    /Aparajita-BoldItalic
    /Aparajita-Italic
    /ArabicTypesetting
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArnoPro-Bold
    /ArnoPro-BoldCaption
    /ArnoPro-BoldDisplay
    /ArnoPro-BoldItalic
    /ArnoPro-BoldItalicCaption
    /ArnoPro-BoldItalicDisplay
    /ArnoPro-BoldItalicSmText
    /ArnoPro-BoldItalicSubhead
    /ArnoPro-BoldSmText
    /ArnoPro-BoldSubhead
    /ArnoPro-Caption
    /ArnoPro-Display
    /ArnoPro-Italic
    /ArnoPro-ItalicCaption
    /ArnoPro-ItalicDisplay
    /ArnoPro-ItalicSmText
    /ArnoPro-ItalicSubhead
    /ArnoPro-LightDisplay
    /ArnoPro-LightItalicDisplay
    /ArnoPro-Regular
    /ArnoPro-Smbd
    /ArnoPro-SmbdCaption
    /ArnoPro-SmbdDisplay
    /ArnoPro-SmbdItalic
    /ArnoPro-SmbdItalicCaption
    /ArnoPro-SmbdItalicDisplay
    /ArnoPro-SmbdItalicSmText
    /ArnoPro-SmbdItalicSubhead
    /ArnoPro-SmbdSmText
    /ArnoPro-SmbdSubhead
    /ArnoPro-SmText
    /ArnoPro-Subhead
    /AvantGarde-Book
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BickhamScriptPro-Bold
    /BickhamScriptPro-Regular
    /BickhamScriptPro-Semibold
    /BirchStd
    /BlackadderITC-Regular
    /BlackoakStd
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScriptMT
    /BrushScriptStd
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /Calibri-Light
    /Calibri-LightItalic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ChaparralPro-Bold
    /ChaparralPro-BoldIt
    /ChaparralPro-Italic
    /ChaparralPro-Regular
    /CharlemagneStd-Bold
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CooperBlackStd
    /CooperBlackStd-Italic
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DaunPenh
    /David
    /David-Bold
    /DFKaiShu-SB-Estd-BF
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /DokChampa
    /Dotum
    /DotumChe
    /Ebrima
    /Ebrima-Bold
    /EccentricStd
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EuphemiaCAS
    /FangSong
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /Freehand521BT-RegularC
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FuturaBT-Bold
    /FuturaBT-Medium
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /GaramondPremrPro
    /GaramondPremrPro-It
    /GaramondPremrPro-Smbd
    /GaramondPremrPro-SmbdIt
    /Gautami
    /Gautami-Bold
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GiddyupStd
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /Gisha
    /Gisha-Bold
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica75-Bold
    /HelveticaLTStd-BoldCond
    /HelveticaLTStd-Comp
    /HelveticaNeueLT-BoldExt
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HoboStd
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /IskoolaPota
    /IskoolaPota-Bold
    /JasmineUPC
    /JasmineUPCBold
    /JasmineUPCBoldItalic
    /JasmineUPCItalic
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi
    /Kalinga
    /Kalinga-Bold
    /Kartika
    /Kartika-Bold
    /KhmerUI
    /KhmerUI-Bold
    /KodchiangUPC
    /KodchiangUPCBold
    /KodchiangUPCBoldItalic
    /KodchiangUPCItalic
    /Kokila
    /Kokila-Bold
    /Kokila-BoldItalic
    /Kokila-Italic
    /KozGoPro-Bold
    /KozGoPro-ExtraLight
    /KozGoPro-Heavy
    /KozGoPro-Light
    /KozGoPro-Medium
    /KozGoPro-Regular
    /KozMinPro-Bold
    /KozMinPro-ExtraLight
    /KozMinPro-Heavy
    /KozMinPro-Light
    /KozMinPro-Medium
    /KozMinPro-Regular
    /KristenITC-Regular
    /KunstlerScript
    /LaoUI
    /LaoUI-Bold
    /Latha
    /Latha-Bold
    /LatinWide
    /Leelawadee
    /Leelawadee-Bold
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMT-Bold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /LithosPro-Black
    /LithosPro-Regular
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MalgunGothic
    /MalgunGothicBold
    /MalgunGothicRegular
    /Mangal
    /Mangal-Bold
    /Marlett
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MesquiteStd
    /MicrosoftHimalaya
    /MicrosoftJhengHeiBold
    /MicrosoftJhengHeiRegular
    /MicrosoftNewTaiLue
    /MicrosoftNewTaiLue-Bold
    /MicrosoftPhagsPa
    /MicrosoftPhagsPa-Bold
    /MicrosoftSansSerif
    /MicrosoftTaiLe
    /MicrosoftTaiLe-Bold
    /MicrosoftUighur
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /Microsoft-Yi-Baiti
    /MingLiU
    /MingLiU-ExtB
    /Ming-Lt-HKSCS-ExtB
    /Ming-Lt-HKSCS-UNI-H
    /MinionPro-Bold
    /MinionPro-BoldCn
    /MinionPro-BoldCnIt
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Medium
    /MinionPro-MediumIt
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /Mistral
    /Modern-Regular
    /MongolianBaiti
    /MonotypeCorsiva
    /MoolBoran
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /MyriadPro-Bold
    /MyriadPro-BoldCond
    /MyriadPro-BoldCondIt
    /MyriadPro-BoldIt
    /MyriadPro-Cond
    /MyriadPro-CondIt
    /MyriadPro-It
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Narkisim
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /NuevaStd-BoldCond
    /NuevaStd-BoldCondItalic
    /NuevaStd-Cond
    /NuevaStd-CondItalic
    /Nyala-Regular
    /OCRAbyBT-Regular
    /OCRAExtended
    /OCRAStd
    /OCRB10PitchBT-Regular
    /OldEnglishTextMT
    /Onyx
    /OratorStd
    /OratorStd-Slanted
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlantagenetCherokee
    /Playbill
    /PMingLiU
    /PMingLiU-ExtB
    /PoorRichard-Regular
    /PoplarStd
    /PresseUnregistered
    /PrestigeEliteStd-Bd
    /Pristina-Regular
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rod
    /RosewoodStd-Regular
    /SakkalMajalla
    /SakkalMajallaBold
    /ScriptMTBold
    /SegoePrint
    /SegoePrint-Bold
    /SegoeScript
    /SegoeScript-Bold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /SegoeUI-Light
    /SegoeUI-SemiBold
    /SegoeUISymbol
    /ShonarBangla
    /ShonarBangla-Bold
    /ShowcardGothic-Reg
    /Shruti
    /Shruti-Bold
    /SimHei
    /SimplifiedArabic
    /SimplifiedArabic-Bold
    /SimplifiedArabicFixed
    /SimSun
    /SimSun-ExtB
    /SnapITC-Regular
    /Stencil
    /StencilStd
    /Swiss721BT-Black
    /Swiss721BT-Bold
    /Swiss721BT-Heavy
    /Swiss721BT-Light
    /Swiss721BT-Roman
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TektonPro-Bold
    /TektonPro-BoldCond
    /TektonPro-BoldExt
    /TektonPro-BoldObl
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /TraditionalArabic
    /TraditionalArabic-Bold
    /TrajanPro-Bold
    /TrajanPro-Regular
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga
    /Tunga-Bold
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Utsaah
    /Utsaah-Bold
    /Utsaah-BoldItalic
    /Utsaah-Italic
    /Vani
    /Vani-Bold
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vijaya
    /Vijaya-Bold
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Vrinda-Bold
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [708.661 955.276]
>> setpagedevice


