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Foreword

The Slovak National Committee for IUGG is pleased to present the second
Slovak National Report to IUGG which should provide a concise summary of
the geophysical and geodaetic research, and results accomplished in the period
of 1999 — 2002 in the Slovak Republic.

The Report consists of partial reports to five associations — IAG, TAGA,
IAHS, TAMAS and IASPEI The reports to associations were compiled by the
national correspondents for the associations.

A positive feature of the geophysical and geodaetic research in the Slovak
Republic during the reported period is a broader and more intensive
international cooperation, mainly within international grant projects.

The Slovak National Committee believes that the presented National Report
will be a useful reference for all who are interested in the geophysical and
geodaetic research in the Slovak Republic.

e b

Peter Moczo
President
Slovak National Committee
for IUGG
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Report to IAG

Ladislav Brimich
IAG National Correspondent

POSITIONING

For the study of the Earth as a system it is necessary to build the space
technology-based navigation, monitoring and alert intelligent systems on the
territory of the Slovak Republic. The Global Navigation Satellite Systems
(GNSS) are becoming more and more important. Every qualified use of the
GNNS signals requires the building of the national infrastructure consisting of
the GNNS reference stations, the data, processing and analysis centre, and
communication infrastructure (communication channels). In the year 2002
there has been developed a project (KlobuSiak & Leitmannova, 2002), in which
the principles of establishing the national infrastructure, called SKPOS —
Slovak Permanent Observation System — were specified. SKPOS is understood
as part of the IGGOS (Integrated Global Geodetic Observation System),
developed within the framework of IAG activities. Basic characteristics of
SKPOS is the implementation of the Slovak Kinematic Terrestrial Reference
Frame SKTRF 2001. By means of the SKTRF 2001 is defined the
implementation of the International Terrestrial Reference Frame ITRF 2000
and the European Terrestrial Reference Frame, through which the European
Terrestrial Reference System ETRS 89 on the territory of Slovakia is
implemented. In (Klobusiak et al., 2002) there is described Global positioning
reference basis ETRS 89, its model realization process on the territory of
Slovakia by means of the Slovak Terrestrial Reference Frame SKTRF 2001 and
its official connection to the EUREF points class B. Description of SKTRF as a
homomorphous model of a dynamic, stochastic, stage-by-stage built spatial
geodetic network. Effective connection of stochastic, spatial and dynamic
structures, with minimum loss of the information obtained by GPS
measurement with emphasis on the estimate of parameters and their linear
functional of the 1st and 2nd order of kinematics terrestrial reference frame.
Official acceptance of 10 selected SGRN (Slovak Geodynamic Reference
Network) points and their incorporation into the EUREF points group category
B was realised at the EUREF Technical Working Group meeting in May 2003
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(Klobusiak et al., 2003). In all points there are determined, in addition to the
positioning with boundary precision of several millimetres, also the point
movement annual velocities related to the model velocity ITRF 2000.
Therefore all SGRN points, that is not only those 10 selected ones, can be used
for the study of global and local geodynamics. While the structure of
observation plan is not adhered to and it is not possible to ensure the repeated
position of the same antenna on the same geodynamic point from a long-term
point of view, the positioning of a point with such high spatial resolution and
the performance of repeated observation requires continuous development of
the antenna phase centre positioning methods. In KlobuSiak et al. (2001) there
was proposed a project of observation on the temporary space base assuming
movement of the antenna centre around the antenna reference point.
Elaboration of measurements data by means of mathematical effective
estimation model of parameters antenna centre. For the case of unsound
knowledge of the antenna phase centre there was proposed a method of
measuring at two positions of the antenna. Thus the elimination of the phase
centre position uncertainty, that is the unbiased estimator of a control survey
point, is ensured.

GENERAL THEORY AND METHODOLOGY

The Truncation Filtering Methodology (TFM)

TFM is a particular way of linear filtering the gravity data to facilitate
gravity inversion or interpretation (Vajda & Vanicek, 1999a). With the use of
integral transforms the gravity anomalies (gravity disturbances) are
transformed into new quantities that allow interpretation with the help of
pattern recognition. The integral transforms are in fact filters, and the regions
of integration are caps with a variable radius, which can be systematically
changed as a free parameter. Such filters may be understood as weighted
spherical windows moving over the surface, on which the gravity data are
defined, the kernel of the transform being the weight function. Instead of the
original gravity data, the quantities resulting from the truncation filtering are
interpreted or inverted. Subjective experience of the interpreter build on
computer modelling and case studies makes the bridge between the observed
dynamic patterns and the geology generating the gravity data. Depth estimates
to some geologic elements result from interpreting the onsets of some patterns.
The key feature of the truncation filtering methodology is data enhancement
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and dynamic pattern recognition (Vajda & Vanicek, 1999b; Vajda, 2000a,
2000b).

When gravity data are given in an area referred to a plane or a reference
sphere, the 3D truncation filtering is the tool used. If only profiles of gravity
data (referred to a planar or spherical model) are available, the 2D truncation
filtering is used as the aid in the gravimetric inversion or gravity data
interpreting (Vajda & Vanicek, 2002).

The methodology is still under development, particularly in terms of
establishing the knowledge of the dynamic patterns generated by certain
simplified geological sets. So far only the dimple pattern is well known, which
is produced by a point source of mass. This knowledge may be at the moment
applied for instance to interpreting simple compact bodies that generate in the
gravity data signal similar to that of a point mass source. In such case the
interpreted point mass approximates the centre of mass of the body. This
concept was illustrated on a synthetic case of a simplified sedimentary basin (in
2D) with a buried heavier body, the depth of which was recovered using the
TFM, and on real data of the Kolarovo gravity high (in 3D) in the Danube
Basin, Slovakia (Vajda, 2001; Vajda et al., 2002a, 2002b, 2002c).

The ultimate goal is to develop the TFM into a tool in applied (exploration)
geophysics for interpreting/inverting real gravity data in terms of realistic
geological features. Computer simulations will be used to study patterns of
more realistic geologic mass distributions to develop the pattern recognition
skills and to establish relations between onsets of patterns and depth estimates
of the individual geological elements. Attention will be also paid to the choice
of kernels of truncation filters.

Geoid

The UNB approach for precise geoid determination based on the Stokes —
Helmert method was presented (Tenzer et al., 2003). This research aims at
computation of regional terrestrial geoid with an accuracy of 1 cm.
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GEODYNAMICS
Interpreting temporal changes of gravity

There are dynamic processes in earth's interior that generate deformations of
the earth surface and changes of gravity. These are caused by a combination of
heat sources, pressure sources, and redistribution of masses. Since the
truncation filter is a linear integral transform, the temporal changes of gravity
may be interpreted using the TFM in the same fashion as the gravity data
themselves, resulting in interpreted sources of density changes, or heat or
pressure sources (Brimich, 2000; Brimich et al., 2001, 2002; Charco et al.,
2002 Vajda et al., 2000; Vajda & Brimich, 2001, 2002a, 2002b).

Computer simulations for a point source of heat in an elastic halfspace, for a
point source of pressure (force) in an elastic halfspace, and for point source of
mass change have revealed, that all these three kinds of point sources produce
dimple patterns (of slightly different shapes) in the respective truncation
sequences. By analytical derivations the relationships between the dimple
onsets and the depths of the individual sources were established. This work has
alredy been published for 2D cases. This concept was tested on a real 3D case,
interpreting the gravity changes observed at the Mayon volcano, Philippines
(Vajda et al., 2003).

Slovak geodynamic reference network

In Priam et al. (2001) is Slovak geodynamic reference network described
how base for building of the National spatial network for creation of the all
geo-data spatial infrastructure and for geodynamic determination of Slovakia
by means of repeated GPS measurements. Network consists of 45 passive
geodetic points monumented mostly into rocks or by bars beaten into ground
and 3 active permanent stations. Results of GPS repeated measurements are
elaborated by Bernese GPS and WIGS software. On the ground of repeated
measurements are global and local velocities of the network points estimated in
period from 1993 to 2000. Preliminary results show that the Eurasian tectonic
plate velocity model NNR-NOVEL 1A doesn’t represent effective movement
of Central Europe.

The work on the SGRN points is included in the cooperation in the cross-
border project “Tatry without borders” which is carried out together with
Polish experts. Within SGRN there are repeatedly measured and interpreted
10
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also the points of the local geodynamic network LGS-Tatry. In Leitmannova et
al., (2001) there have been realised description and application of LGS Tatry,
interpretation of the preliminary results of repeated GPS and levelling
measurements. Comparison of the geodynamic point SKPL and setting annual
velocities determined by two independent technologies (GPS and levelling).
Temporary graphic interpretation of the LGS Tatry velocity field is showed
there.

Earth tides research

The Earth’s tides research was aimed at the study of the extensometric
measurements at the tidal station of the Geophysical Institute of the Slovak
Academy of Sciences in Vyhne (Bednarik et al., 2001; DudaSova, 1999). The
tidal measurements are affected by local effects. The problem of these effects
can be solved by various methods. Estimationof this effects using the boundary
integral method was presented in Brimich (2000). The finite element
approximation is given in (Kohut & Kostecky, 2001; Kostecky & Kohut, 1999).

The study of the tilt of the building using the tiltmeters technic is presented
in (Brimich & DudaSova, 2000, 2001).

References and publications
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Report to TAGA

Jozef Brestensky
IAGA National Correspondent

Geomagnetism and aeronomy have the longest tradition in geophysical
research in Slovakia, e.g. Geomagnetic Observatory Hurbanovo of Slovak
Academy of Sciences celebrated centennial in year 2000. Most Slovak
Specialists in geomagnetism work in Geophysical Institute of Slovak Academy
of Sciences (founded in 1953) and in Department of Geophysics in the Faculty
of Mathematics and Physics of the Comenius University at Bratislava. This
Department begun geomagnetic measurements in 1993 in frame of very young
Astronomical and Geophysical Observatory in Modra-Piesok (founded in
1992). From the beginning of 2003 its new name is Department of Physics of
the Earth and Planets. Further, see also Section Solar terrestrial studies with
information on other institutions making geomagnetic and aeronomic research
in Slovakia.

This Report contents five independent Sections (in brackets are
[corresponding subeditors]):

(1) Theories of geomagnetic field generation [J. Brestensky, S. Sevéik],
(2) Ground - based geomagnetic observations [M. Hvozdara, M. Vaczyova],

(3) Magnetotelluric and magnetovariational studies and theoretical EM and
DC modelling [M. Hvozdara, J. Vozar],

(4) Paleomagnetism and magnetism of rocks of Western Carpathians
[O. Orlicky, 1. Tunyi] and

(5) Solar terrestrial studies [A. Prigancova, J. Sykoral].

THEORIES OF GEOMAGNETIC FIELD GENERATION

Explanation and understanding of magnetic field generation in the Earth's
liquid core are inherent ingredients of the theoretical investigations in
geomagnetism. Important condition for cosmic magnetic field maintainance is
the convective motion of highly electrically conducting fluid in magnetic field.
The interaction of velocity and magnetic field at electromagnetic induction
processes maintains the magnetic fields. The whole process of magnetic field
regeneration is studied by Dynamo Theory. In recent years due to
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computational simulations the full dynamo theory strongly progressed and
yields broad scale of results corresponding to real cosmic magnetic fields, and
in particular to geomagnetic field. Those results, however, often miss the
deeper understanding of their physical background. Therefore, the simplifying
approaches continue to be important, e.g. by classical splitting of full dynamo
theory into problems of kinematic dynamos and problems of
magnetoconvection with obvious possibility to linearize equations and in any
cases the weakly non-linear analysis does follow. Further, the choice of simple
(e.g. planar) geometry is usually significant simplification. From the other side
it allows to focus attention on more realistic ranges of determining parameters,
on the nature of chosen physical processes and to study the role of various
boundary conditions.

In the period 1999-2002 we continued to study some problems of
magnetoconvection which are necessary part of the broader dynamo theory.
Many recent models of rotating magnetoconvection (henceforth denoted
RMC), which run in the regions where planetary dynamos do operate, reflect
the main features of geometry and physical properties of real objects. However,
many parameters are so far determined not sufficiently exact, and therefore
there is necessity to study the magnetoconvection regimes in the broad ranges
of parameters.

The unifying feature of almost all our models is the simplified geometry,
usually planar fluid layer (instead spherical one), in which multidiffusional
convection arises. It is known, the competing diffusional processes can
dramatically change the basic balance of forces by the fact that individual
diffusional processes reduce corresponding forces. Thus, in sensitive
dependence on parameters of systems various modes of convection are
generated which in non-diffusional approximation would not exist. The
attention was focused on the study of oscillatory instabilities. Only those ones
are excited in the horizontal layer with basic azimuthal magnetic field linearly
growing with the distance from the axis of rotation. The studied oscillatory
instabilities are MHD waves which in real conditions of the Earth's liquid outer
core produce the regenerating mechanism of the magnetic field and
simultaneously reflect themselves like secular variations of the geomagnetic
field registered by observatory measurements and in particular be the methods
of paleomagnetism.

On the basis of recent ideas (resulting from the kinematic dynamos studies)
in the Earth's liquid core more generating mechanisms may operate. The most
important are the ® and o-effects. The 1st one maintains the azimuthal part of
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turbulent flows or wave motion generates the poloidal magnetic field from the
azimuthal (toroidal) one. The poloidal contrary to toroidal field is the magnetic
field measured on the Earth's surface. The wave processes related to oscillatory
convection studied in our RMC models can lead meanwhile to the o-effect
generating process.

Rotating magnetoconvection (Brestensky et al., 2001a; Sevcik et al., 2000,
Revallo & Sevéovic, 2002; Brestensky & Sevéik, 2000; Simkanin et al., 2001;
Brestensky et al., 2001b, Tagare et al., 2001a; Brestensky et al., 2001c, Tagare
et al., 2001bc)

In the broader range of ratios of different diffusive processes we continued
in the study of cases when thermal diffusion is comparable or greater than
magnetic one, thus for Roberts numbers q = ¥/ = O(1). The periods of arising
instabilities are comparable with geomagnetic secular variations periods only in
this investigated range of values of q = O(1). Thus, our results indicate the
dominancy of turbulent transport processes, i.e. turbulent diffusivities must be
considered instead of molecular ones. We investigated arising instabilities of
MAC waves kind in the dependence on basic parameters of the model,
magnetic field, angular velocity of rotation as well as on viscosity for various
cases of the Earth's core stratification (uniform or non-uniform) and for various
mechanical and electromagnetic boundary conditions. It was shown that the
particular viscosity causes arising of great amount of competitive modes
interchanging the preference in the dependence on basic parameters of system.
Furthermore, our previous result, that the electromotive force is much more
complex than is supposed at many kinematic dynamos, was also confirmed for
the instabilities of the MAC waves kind.

The MC modes were revealed for the stronger magnetic fields. The
eastward ones are possible only at finitely electrically conducting boundaries.
The westward MC modes do exist only at sufficiently high viscosity. All MC
modes can trigger the geomagnetic field inversions because they live due to the
energy from the basic magnetic field.

The great amount of westward MC modes with various frequencies and
wave lengths indicates that the inversions can be stimulated by various reasons.

Weakly non-linear analysis (Revallo & Sevcovic, 2001, 2002; Tagare et al.,
2001a)

The problem of RMC was not solved only in the planar layer but also in
bounded geometry and even was advanced into the weakly non-linear analysis.
First in weakly bounded cylinder (with radius — ) the geostrophic flow due
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to the interaction of the linear instabilities was the source of non-linearities. In
the geometry of Busse annulus, the elegant approximation of spherical shell
geometry, the non-linear Rossby waves modified thermally as well as
magnetically were studied.

The compositional convection and simultaneously thermal convection, i.e.
the thermosolutal convection in the presence of uniform horizontal magnetic
field was studied (7agare et al., 2001a) in the simplest possible geometry. In
planar layer, Cartesian coordinate system was used. In linear analysis the
conditions for the existence of codimension two and Takens-Bogdanov
bifurcation points were analyzed. The range of parameters, for which the
orientation of convecting steady rolls perpendicular to the magnetic field gives
the preference in comparison with rolls parallel to the magnetic field, was
investigated. Weakly nonlinear analysis led to the Ginzburg-Landau equation
derivation.

Mushy layer at the outer/inner core interface (Guba, 2001)

The weakly non-linear analysis was applied also on the models related to
mushy layer in the lowermost sublayer in the outer core at outer/inner core
interface, where in the process of solidification the heavier fraction goes into
the inner core while the lighter one causes important buoyant force leading to
the compositional convection. It is estimated that outer core convection is on
75 % driven compositionally and on 25 % thermally.

Linear analysis of compositional convection in binary mushy layer at
outer/inner core interface revealed inhibiting role of rotation on arising
convection. This inhibition is due to effects in mushy layer developing in
almost eutectic stay of system. However, at too intensive rotation the
decreasing concentration wind causes destabilization, i.e. convection for
smaller Rayleigh numbers. Non-linear aspects of compositional convection
were investigated for steady convection in the forms of 2D inclined rolls and
3D cells with hexagonal symmetry. The corresponding bifurcation diagrams
were studied.

GROUND - BASED GEOMAGNETIC OBSERVATIONS

Geomagnetic observations representative for the Slovak Republic territory
are performed on a continuous regime at the Hurbanovo geomagnetic
observatory (¢=47.87°, A=18.18°, ®=46.89°, A=101.12°). This observatory is
the branch of the Geophysical Institute of the Slovak Academy of Science.
Main equipment of the observatory includes the digital variometer station TPM
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made in Poland (1996) and magnetoregistration device DI-fluxgate Magson
gained on the co-operation bases with Geo Forshung Zentrum Potsdam and
VW Stiftung. For absolute geomagnetic measurements there are used mainly:
DI-fluxgate magnetometer, proton magnetometer ELSEC, QD declinometer.
The magnetovariational data in one minute step are supplied by the internet to
the INTERMAGNET centre. The hourly mean data of X, Y, Z components are
nowadays published in the CD-ROM prepared according to INTERMAGNET
rules (Vaczyova, 2000a-b, 2002a-b).

The 100-year anniversary of the observatory was celebrated in 2000
(Prigancova et al., 2000). On this occassion the [Xth IAGA WORKSHOP ON
GEOMAGNETIC OBSERVATORY INSTRUMENTS, DATA ACQUISI-
TION AND PROCESSING was held at Hurbanovo on June 12-18, 2000. More
than 100 participants from all over the world paid their attention to issues of the
instrument calibration by means of comparison measurements and to practical
problems of the geomagnetic field (GMF) monitoring. The invited talks and
contributions presented within the scientific program were published
Prigancova & Véros (2001). The further progress in the observatory activities
is Imin and 1sec measurements of the GMF components on a regular basis
(INTERMAGNET program), which are at disposal for the world-wide
community. The information on K-indices and special phenomena is also
supplied to WDC and selected geomagnetic observatories.

The members of the Hurbanovo Observatory staff regularly perform field
absolute geomagnetic measurements at secular points network and also on the
selected  Slovak airports. They also participate in magnetotelluric and
magnetovariational field measurements.

The preparatory activities to make live geomagnetic measurements in the
AGO Modra continue. More information about AGO observatory are in the
section on Schumann resonances measurements.

MAGNETOTELLURIC AND MAGNETOVARIATIONAL STUDIES
AND THEORETICAL EM AND DC MODELLING

There was performed interpretation of magnetotelluric (MT) measurements
in the region of Herlany-Durkov geothermal reservoir (eastern Slovakia).
These results confirmed existence of low resistive layer in the depths 2000-
3000 m, which coresponds to hot and mineralized water (Vozar et al., 2003).
The short period MT measurements were also performed on 17 points in the
Tribe¢ Mts. The interpretation resulted in better knowledge of the geological
structure this massiff, e.g. determination of extension high resistive granite
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units (Vozar et al., 2003). There was also participation in international CEMES
project (Central Europe Magneto-Electric Study) coordinated by the Institute of
Geophysics Polish Academy of Sciences. The preliminary geoelectrical model
of the Pannonian basin is presented in paper Hvozdara & Vozar (2002). By
means of scalar boundary integral equations there was calculated DC
geoelectric field due to point electrode for 2-D body nearby a vertical contact
(Hvozdara & Vozar, 2003). On the basis of electromagnetic theory there was
derived model for space-temporal distribution of geomagnetic disturbances due
to a solar eclipse and this was applied to the solar eclipse on August 11, 1999
(Hvozdara & Prigancova, 2002).

PALEOMAGNETISM AND MAGNETISM OF ROCKS OF WESTERN
CARPATHIANS

The rocks samples of Paleogene and Neogene age from central part of
Western Carpathians were studied and their interpretetion was used for
assesment of paleorotations of various blocks in this mountain belt (Tunyi &
Kohler, 2000; Aubrecht & Tunyi, 2001, Tunyi & Marton, 2002). The
anisotropy of magnetic susceptibility of rocks was studied from various aspects
- magnetic memory, induced magnetic anisotropy, determination of
paleointensity, effect of mechanical stress (Vetchfinski, Tunyi, Vajda, 2000).

Various types of Fe-Ti oxides (from quasi homogeneous titanomagnetite,
pure magnetite to ilmenohematite) were carefully studied on large collections
of volcanic rocks from central Slovakia and Japan (Haruna and Usu volcanos).
Main purpose was determination of  stability their thermoremanent
magnetization. A study of the Haruna dacite (cca 600 years old) and ash from
the 1999 Pinatubo eruption (Philipines) has proved the reproducible reversed
thermoremanent magnetization (TRM). The carriers of the reversed TRM are
the ilmenite-hematite (Ilm-Hem) solid solutions of thecomposition IlmysHemss
- to Ilms;Hemy;. Results are presented in a series of papers (Orlicky, Funaki &
Pagac, 2000; Orlicky & Funaki, 2000a; Orlicky & Funaki, 2000b; Orlicky &
Funaki, 2002).

The study of large collections of the Neogene volcanics from central and
eastern Slovakia volcanic fields has proved the reproducible reversed partial
thermoremanent magnetization (PTRM). The reversed PTRM of the andesites
is due to self reversal mechanism in the ilmenite-hematites of the composition
Ilm;sHemgs - to IlmpsHem;s. Magnetites (cubic phase), quasi homogeneous
titanomagnetites (cubic phase), pure hematites (rthombohedral phase) are
carriers of normal RM. The Ilm-Hem solid solution of the above defined
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compozitions are the carriers of the self reversed TRM or PTRM (Orlicky,
2002, 2002a-d, 2003).

SOLAR TERRESTRIAL STUDIES

The main Slovak scientific institutions engaged in Solar Terrestrial Studies
are within the frame of the Slovak Academy of Sciences (SAS):

Astronomical Institute of SAS (AISAS) Tatranska Lomnica
Institute of Experimental Physics of SAS (IEPSAS) Kosice
Geophysical Institute of SAS (GPISAS) Bratislava,

as well as the institutions within the frame of the Comenius University (CU):

Department of Physics of the Earth and Planets of CU (DPEPCU)
Department of Nuclear Physics of CU (DNPCU) Bratislava
Astronomical Institute CU (AICU) Bratislava

The STP activities are considered in terms od space experiments, ground-
based observations and of main results in investigation in the field of solar
physics, cosmic rays, X-ray activity, near-Earth palsma and response of the
magnetosphere-ionosphere system.

Space experiments

Slovakia traditionally participates on joint space experiments within the
frame of international spacecraft programs.

In spite of extremely limited financial possibilities the space experiments
within the frame of INTERBALL-1 (finished on October 2000), INTERBALL-
2 (finished on January 1999) and MIR (finished on 2001) missions were
realized. IEPSAS participated in these projects with a number of instruments.

On February 20-28, 1999 the first Slovak astronaut Ivan Bella worked at the
space station MIR during the Russian-French-Slovak mission. It was the first
Slovak space mission named STEFANIK MISSION in honour of the
outstanding Slovak astronomer, politician and French general Milan Rastislav
Stefanik (1880-1919). Among the scientific experiments of the mission, the
dosimetry experiment for monitoring of radiation situation in the near-Earth
space prepared by IEPSAS (SK-1 project) was realized. Scientific tasks of the
SK-1 project were measurements of CR LET-spectra of charged particles in the
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variable conditions in space, the study of fragmentation parameter nuclei CR
in shielding material, the study of charge states and of energy spectra of low
energy CR nuclei (E<100 MeV, Z>2), being mainly responsible for radiation
damage of biological objects and electronic elements and components.

IEPSAS took part in the development of particle devices for the
CORONAS-F satellite (launched on July 31, 2001).

The experiments (SPRUT and SCORPION) for monitoring the corpuscular
radiation on the ISS are prepared by IEPSAS with co-operation with the
Moscow State University.

IEPSAS participates in two new international projects: (a) for ROSETTA —
the technical documentation and realisation of the flight as well as the spare
model of ESS Processor for the data connection between Lander and Orbiter,
and (b) for Double Star — the design of Neutral Atom Imager in the
collaboration with Chinese Academy of Sciences, STIL Maynooth, Ireland and
IRF Kiruna, Sweden.

Ground-based observations

AISAS is responsible for the ground-based observations of the Sun. The
Skalnate Pleso Solar Observatory, Lomnicky Stit coronal station and Stara
Lesna Observatory are in run (see for details Slovak National Report to IUGG,
1995-1998). The observational data are circulated on a regular basis. At the
AISAS the coronal index (CI) time series up to the year 2002 was calculated
and is available at the WDC Boulder Web site till 1998.

Some observations of the Sun are realized at the Slovak Central
Observatory — Solar Section, Hurbanovo.

At the Astronomical and Geophysical Observatory of CU in Modra-Piesok
located about 45 km from Bratislava, the refractor with diameter 200 mm and
focal length 3050 mm is used for observation of the solar flares in H,. The
broad H, filter (0.15nm ) enables to observe the emission from rapidly moving
plasma with large Doppler shift, solar chromosphere in larger range of heights
and to resolve the smaller sunspots. This is important for comparison with
observations in the white light and with solar magnetograms (AICU).

Neutron monitor (NM Lomnicky $tit) measurements with the resolution
Imin, 5 min and 1 hour are realized by IEPSAS. The plots jointly with those of
Yakutsk neutron monitor can be found at http:/teor.ysn.ru/rswi/l18nm64-
yakutsk-lomnitsky.html. The data are used for computations of CR scintillation
index applied for the experimental runs of the forecasts of space weather
events. From October 2000 the testing of the real-time access to 1min data of
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NM Lomnicky §tit is in operation for purposes of checking the fast increases
of energetic particle fluxes and onsets of ground level events (GLE).

The new registration electronic unit unifying the records of different types
of measurements at NM Lomnicky S§tit designed and constructed by the
IEFSAS technical group is now in the testing phase. Along with the recording
of CR (each tube separately), pressure, temperature and other data defining the
conditions of measurements, the device NEUMON allows to use the mode of
the remote measurements as well.

GPISAS supplies observations of the Earth's magnetic field at the
Hurbanovo Geomagnetic Observatory, as was noted above.

The Earth's magnetic field is continually recorded in the geophysical part of
the Astronomical and Geophysical Observatory (AGO) of the Faculty of
Mathematics, Physics and Informatics, Comenius University (DPEPCU,
AICU) in Modra - Piesok. The conception of geomagnetic measurements is
determined in such a way that it may be possible to measure and identify the
whole spectrum of the Earth's magnetic variations including the magnetic
SchR components - the most rapid variations in the Earth's magnetic field with
frequencies from 0.01 to 40.0 Hz (see below).

Solar Physics

The physics of the Sun and solar variability is studied within the national
projects and international programs. The both space observations (YOHKOH,
HST, TRACE, SOHO, GOES) and ground-based measurements are used
widely.

A new approach to the solar corona magnetic field diagnostics was
proposed using the revealed functional relation between the degree of
polarization and brightness, those being measured in the coronal Fe XIV 530.3
nm emission line (Badalyan et al., 1999; Sykora et al., 1999). The coronal
holes recorded in the coronal green line from 1943 were analysed (Sykora et
al., 2000a). On the basis of the coronal green line brightness distribution
analysis it has been revealed that coronal activity within the middle latitude
zones of both the solar hemispheres reflects different features of the 11-year
solar activity cycles (Sykora et al., 2000b).

It has been found that generally relevant correlation between solar corona
activity and CR intensity does unexpectedly disappear during the maxima of
the solar cycles, which is explained by the almost regular pronounced decrease
of solar activity at the solar activity maximum of each cycle (known as the so-
called Gnevyshev's gap of solar activity). The mutual relation between
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evolution of both the corona shape and magnetic field topology has been
revealed, which allows a new understanding of the corona flattening as a
function of the solar cycle phase (Sykora et al, 2002). The course of the
coronal green line brightness during the last five 11-year solar cycles was used
to predict parameters of cycles 23 and 24; there are indications for an
exceptionally low cycle 24 (Badalyan et al., 2001). Significant correlation
between solar magnetic field (MF) value (regardless of its polarity) and coronal
green line intensity has been revealed (data from 1976-2000), which makes it
possible to extrapolate the MF back to 1939 (time of starting of coronal green
line observations); within the 1939-2000 period the MF increased at solar
cycle maxima, except the current cycle 23, when both parameters studied are
approximately half value, if compared with those of cycle 22 (Badalyan et al.,
2001).

Using the revealed relationship between CI and total solar irradiance (TSI)
for the 1978-1998 period, the TSI profile was extrapolated back to 1943; the
TSI increase is evident from 1943 to 1999 showing that the TSI changes are
associated with local magnetic fields, to which the increased coronal green line
intensity is also due (Sykora et al., 2002).

The observations and analysis of the green corona dynamics are continued
(Rybansky et al., 2001). On the basis of the solar corona brightness data (for
more than give solar cycles) a number of regularities in the cyclic and
evolutionary processes on the Sun were revealed (Sykora et al., 2000a,b;
Sykora & Badalyan, 2000). A clear anti-correlation between polarization and
intensity of the solar coronal green line was reported (Badalyan & Sykora,
2001). A number of important aspect of the coronal green line intensity and
coronal index were studied (Minarovjech et al., 2000; Rusin et al., 2000;
Rybansky et al., 2001; Rusin & Rybansky, 2002).

Using the SOHO and TRACE data, the solar transtition region structures
and dynamical processes associated were analyzed (Rybdk et al., 2001).

Comparing the SOHO/EIT 195 A and Ho images (Hvar and Modra-Piesok
observatories) with the magnetic field extrapolations of MDI/SOHO
magnetograms the loop structures of the July 19, 1999 flare were analysed. A
new combined extrapolation technique, which includes localized electric
currents, was used to model the current-carrying flux rope; the extended helical
structure was found and the pitch angle of the helical thread was determined
(Kulinova & Karlicky, 2002).

The analysis of the expanding flare loops of C8.5/1F April 2, 2001 flare in
EUV and H-alpha has showed that besides magnetic processes (reconection
with B << 1) also the other processes with B ~ 1 can be of use in the flare
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evolution. A possible role of the "ballooning" instability, destabilizing the
loops, is discussed (Kulinova et al., 2002).

A method to predict solar activity for an 11-year solar cycle ahead was
proposed (Badalyan et al., 2001). The presence of the solar de Vries cycle
(~205 years) during the last ice age was reported using data on cosmogenic
nuclides studied in DNPCU (Wagner et al., 2000).

The observations of solar eclipse events are used to study a number of
issues of solar physics (Balalyan et al., 2002).

On the basis of recurrence quantifications, wavelet and fractal analysis it
was found, that the dynamical characteristics of solar convective zone
turbulence change in concert with solar cyclical activity (Pastorek & Vords,
2002).

It was shown that the presence of an electron non-Maxwellian distributions
(power and «x- distribution) in the solar corona influences the electron
excitation rate (EER). The deviations in EER are sufficient to affect intensities
of spectral lines; the simple diagnostics of the power distribution from three Fe
lines was presented (Dzifcakovd, 2000). The excitation equilibrium of the Fe
XXV for the electron power distribution was determined. The diagnostics of
the shape of the distribution function from intensities of Fe XXV lines was
suggested. The results can be used especially in diagnostics of the impulsive
phase of solar flares, where the deviations from the Maxwellian distribution
can be large (Dziféakova & Kulinova, 2001). The ionization equilibrium of Fe
for the electron x-distribution and new atomic data was determined. The
diagnostics of the electron k-distribution from ionic stage of Fe was proposed.
It can be used preferable in the analysis of the ion composition of the solar
wind (Dzifédakova, 2002a). The excitation equilibrium of Fe IX — Fe XV for the
electron k-distribution was analysed. The synthetic spectrum of Fe for the
different distribution shape was computed and the possibilities of determination
of the electron distribution were discussed (Dzifc¢akova, 2002b).

Cosmic rays and X-ray activity

Some aspects of measurements of solar and cosmic rays at Lomnicky $tit
are reported (Kudela et al., 1999b,d, 2000c). Time evolution of low-frequency
periodicities in cosmic ray intensity (Kudela et al. 2002b) and other features of
the CR variability was studied (4ntalova et al., 1999a,b). The wavelet analysis
of solar cosmic ray and cosmic ray data was carried out (Rybdk et al., 2001).
The solar and cosmic ray synodic periodicity for period 19969-1998 was
reported (4Antalova et al., 2001b).
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The low rigidity cosmic rays were analysed (Antalova et al., 2001a). Further
clarification of the short-term relation of the low-rigidity CR to the large scale
solar magnetic field distribution (Jakimiec et al., 1999, 2000).

The kinetic approach to an anisotropic GLE , using non-diffudive particle
pulse transport were examined (Fedorov et al., 2002, Stehlik et al., 2001).

Some direct and indirect relations of cosmic rays to space weather were
discussed. (Kudela et al., 2002a,g, Minarovjech et al., 2002).

The correlation dimension of underground muon time series was estimated
with removing the background noise by means of wavelet expansion. A
periodicity of 2.53 hours in time series of muon records was described over two
solar cycles (Yasue et al., 1999).

The daily soft X-ray indices for years 1985 and 1986 were determined
(Antalova, 2001).

The dual peaks separated with the Gnevyshev gap coincide with magnetic
reversal of the Sun. The study of the distribution of the green corona line
intensity and the soft X-ray solar activity parameters, confirmed the double-
peaked character of the last three solar cycles. The similar structure was found
in the heliomagnetic field (Storini et al., 1999a,b) .

The detailed computations of CR trajectories in the geomagnetic field were
done. The model includes both the internal and external sources of the field.
The software for numerical integration of the equation of particle motion has
been developed (Bobik et al., 1999).

The computation of asymptotic direction for charged particle access to the
neutron monitors were made (Storini et al., 200la,b). The quasi-bienal
modulation of galactic cosmis rays were studied (Storini et al., 2001c).

The variation of the heliospheric modulation strength during the neutron
monitor era were descibed (Usoskin et al.,, 2001a) and sensitivity of a neutron
monitor to Galactic CR was considered (Usoskin et al., 2001b).

The impact of selected parameters of cosmic ray trajectory computations in
the model geomagnetic field, namely the length of elementary step, total
number of steps and the approach to the shape of the Earth's body is examined
(Kassovicova & Kudela, 2001).

The computations of trajectories revealed the value of the effects of local
time, geomagnetic activity level, the epoch and obliquely incident particles.
First results indicating the influence of residual atmosphere, especially at high
latitudes, were obtained (Usoskin et al., 1999).

The cosmogenic nuclides production in the Earth's atmosphere was
analyzed (Masarik & Beer, 1999). The possible link between cosmic rays and
the Earth's climate was reported (Wagner et al., 2001).
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Near-Earth plasma

The plasma measurements of ions and electrons in the energy range 20 —
600 keV within the satellite Interball-1 (August 1995 — October 2000) and 2
(August 1996 — January 1999) (DOK?2 instruments) and on subsatellites
Magion 4 and 5 (DOKS instruments) experiment were processed. The review
files with the detailed energy spectra on daily basis and the temporal profiles at
selected energies have been prepared for both statistical and comparative
studies (DOK2). Similar works are in progress for DOKS measurements
(Slivka & Kudela, 2002a,b). The dependence of the 2-min average fluxes of
ions on the geometry to bow shock becomes less pronounced with the increase
of energy. While at the 20-30 keV energy, there is a clear difference in the
distribution of fluxes for quasiparallel and quasiperpendicular model shocks
(with the higher flux for the first cases which is consistent with the acceleration
at the bow shock), this type of difference is generally negligible for energies
above 200 keV. On the other hand, especially within the magnetosheath, the
fluxes are generally higher at higher level of geomagnetic activity measured by
Kp index, which is consistent with the expectations of magnetospheric ions
being the source population (Kudela et al., 1999a,b; 2000a,b; Kudela, 2002¢,d;
Anagnosto-poulos et al., 2002).

The Interball-1 data on magnetic field and energetic particles measurements
were used to identify plasma regimes (Verkhoglyadova et al., 1999a,b; 2000)
and particle fluxes were considered (Kudela et al., 2000a,b). The comparative
studies using also data from DOK2 on Interball-1 and 2 along with magnetic
field on the same satellites, plasma distribution function on satellite Geotail and
ground - based observations indicated the place where that time dispersed ion
structures are formed (Sergeev et al., 2000). The simultaneous study of a radar
measurement with the plasma and flux of precipitating energetic particles
measured by SPE1 device on Active satellite passing the region above the radar
site was used to deduce fine structures of electron density and temperature
(Chen et al., 1999; Foerster et al., 1999).

Comparison with the POLAR data provided a possibility to study a unique
case of ion acceleration at the bow shock to unusual high energies during a
space weather event on May 4, 1998, when magnetosphere was strongly
compressed. It was suggested that ions are accelerated at the quasi-parallel bow
shock to energies as high as 1 MeV and subsequently transported into the
magnetosheath during that event (Chang et al., 2001). In Sibeck et al.,
(2000a,b) the magnetopause motion driven by interplanetary magnetic field
variation was discussed using energetic particle data. Almost monoenergetic
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fluxes of ions both in the magnetoaheath and in the region upstream from the
bow shock were analysed (Lutsenko & Kudela, 1999) and energetic ion and
electron spectra in the auroral region was considered (Lutsenko et al., 2002a,b).
The energetic ions and dispersive events were studied (Kudela et al,
2002d,e,1).

Plasma flow variation analysis and connection between a level of ion flux
fluctuations and proton fluxes and their relation to the IMF orientation ,
according to the Interball-1 data, are presented (Prech et al., 2002).

The energetic particles accelerated in the magnetotail have extensive
influence on processes in the inner magnetosphere (Sarafopoulos et al., 2001).

The progress of travelling shocks between the Sun and the Earth using
particle and plasma signatures recorded aboard SOHO, ACE, WIND and
Interball was analysed (McKenna-Lawlor et al., 2002a,b).

The relative importance of solar wind ions and particles leaking from
magnetosphere was estimated up to 300 keV (McKenna-Lawlor et al., 2002c).
The low-energy ( < 1MeV ) proton observations at low orbit satellites near
geomagnetic equator ( L<1.15) on different altitudes were analyzed using data
from Active satellite (1989-1991, altitude 500-2500 km, inclination ~82°,
energy 50 - 500 keV) and from the MIR station (year 1999, E=0.1 — 10 MeV,
almost circular orbit, inclination 51.1°, altitude ~400 km) (Grachev et al.,
2002).

It was shown that the high energy protons observed by SONG instrument
can be used in the Forbush effect studies using the advantage of single detector
scanning the variability of primary CR flux at various latitudes during one
orbit. The comparison with ground - based neutron monitor data was done for
two cases. The latitudinal anisotropy was deduced from these comparisons
(Bucik et al., 1999a,b, 2000, 2001, 2002; Myagkova et al., 1999; Kuznetsov et
al., 2002c).

The study of the effects related to the transfer of energy in the solar
atmosphere, and in particular of acceleration of solar particles was carried out
(Kuznetsov et al., 2002a,b). Substorm investigations, using the data from
orbital station MIR, were performed in (K/imov et al., 2002).

Response of the magnetosphere-ionosphere system

The dynamics of the near-Earth space was analysed with respect to its
drivers on the Sun and in the interplanetary medium. The various aspects of
magnetospheric physics were studied (GPISAS).
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The analysis of the magnetic storm development is realized within the
multilateral co-operation on the ISSI (International Space Science Institute,
Bern) project How to quantify the solar wind-magnetosphere coupling. The
various aspects of modeling of the magnetospheric magnetic field during
magnetic storms were discussed. The new approaches were stated to be needed
to describe magnetic fields in the magnetosphere more precisely. Their
calculation on the basis of the so-called paraboloid model with its time-
dependent input parameters is a way to estimate the contribution of individual
magnetospheric current systems to Dst variation (Feldstein et al., 2002).

To study geomagnetic fluctuations the nonlinear methods were exploited
using the high resolution satellite and ground-based data. The application of the
multifractal analysis for geomagnetic data revealed methodologically new
approaches to study the time-frequency structure of the geomagnetic field
disturbances. It was shown that the degree of intermitency of geomagnetic
fluctuations in the auroral region decreases for higher frequencies and greater
amplitudes (Vérds, 1999, 2000).

Using large deviation statistical concepts related to multifractal distributions
it was demonstrated that geomagnetic fluctuations can be described by
multiplicative models at the time scales of storms and substorms (Vérds, 2000).
It was shown, that multi-scale processes play an important role in solar wind —
magnetosphere interaction processes. As shown, global singularity spectra
estimations of the single observatory measure (e.g. geomagnetic H component)
and multi observatory measure (e.g. AE index) data sets on different scales
allows to separate fluctuations of the solar wind and magnetospheric origin
(Voros & Kovacs, 2001). Using wavelet and structure function analysis it was
found that higher-order statistical properties of geomagnetic fluctuations
agree well with the predictions of the shell-models of turbulence (Kovdcs et
al., 2001). On the basis of the analysis of nonlinear characteristics of the
magnetic field it was found, that interplanetary disturbances having significant
components of intermittent fluctuations are more geoeffective (Vords et al.,
2002).

A neural network model for Dst index prediction was constructed with an
optimized input parameter field of principal components (Jankovicova et al.,
2002). Exploiting artificial neural networks (ANN), a method for geomagnetic
storm prediction was proposed, in which the information on occurrence of
singular and intermittent fluctuations led to considerable improvement of one-
step forecasts. The prediction technique which uses the extra information on
local scaling exponents improves the performance of a layered ANN with
feedback (Voros & Jankovicova, 2002).
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The possible links between variability of space weather and long-term
modulation features in climate evolution were studied. On the basis data from a
number of meteorological stations the analysis of the anomaly field for
temperature and total precipitation was carried out. The oscillatory character in
dynamics of main meteorological parameters has been reported, which seems
to be related to solar forcing (Prigancova & Petropoulos, 2000; Prigancova &
Bielekova, 2001).

The influence of the Sun on the near-Earth environment was manifested in
terms of an eclipse-induced effects in the ionosphere and magnetosphere. Using
the data on the GMF measuremnts during the total solar eclipse on 11 August
1999, it has been analytically shown that the pronounced signatures of these
effects can be followed mainly in the Y component of the geomagnetic field
(Hvozdara & Prigancova, 2002).

The features of the ionized ionosphere were studied (DPEPCU). Effects of
solar proton events in ionosphere have also been studied using an 1-D
photochemical model of neutral atmosphere and an 1-D model of lower
ionosphere. The models are reasonable up to 80 km. Above 80 km the response
is lower because high-energy particles of lower energies were not included into
calculations. Below 80 km the electron densities are substantially larger than
those of the empirical model for riometric absorption of 2.5 dB. This reflects
the fact that the studied Oct 1989 SPE was extremely strong (Krivolutsky et al.,
2000). Immediately after the onset of SPE, electron densities increase by 2-3
orders of magnitude (Krivolutsky et al., 2001a,b). Below 80 km, shortly after
the onset of SPE the daytime electron densities are by 200% higher than those
at night. The composition parameter f* significantly decreases during the Oct
89 SPE but not as much as during the Nov 69 SPE. The midday values of f
are lower than the night values, and this is true also for the most disturbed days
(Ondraskova et al., 2002a,b).

Schumann resonances observations

The Schumann resonances (SchR) are electromagnetic oscillations mostly
produced by lightning activity in the cavity resonator between the electrically
conductive Earth's surface and the lower ionosphere. The SchR parameters and
dynamics depend on the conditions in the resonator, respond to the changes of
its conditions and motions of the ionosphere. They are also affected by other
processes which follow from interaction between solar activity and upper
atmosphere of the Earth.
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