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1. EXPERIMENTS ON THE SATELLITES.  

1.1. SLOVAK SPACE MISSION TO STATION MIR

On February 20-28.1999 a short-term space flight of the first Slovak Astronaut Ivan Bella was realized during the Russian - French - Slovak mission. The program of Slovak space mission was named M.R.Stefanik- the outstanding Slovak scientist in astronomy, political person and French general (1880-1919). The first Slovak astronaut performed research program prepared by the Institutes of the Slovak Academy of Sciences. On the station MIR four experimental projects were realized: Dozimetria (in space physics [14]), Endotest and Senso-asymetria (in space medicine) and Quail (in space biology). 

The aim of the project Endotest (proposed by the Institute of Experimental Endocrinology, Slovak Academy of Sciences, Bratislava) was an investigation of the response of neuroendocrine and physiological functions of astronaut on various types of stress load during the space flight, and the evaluation of the degree of stressogenic influence of space flight on working capacity of human subjects. Previous observations of the activity of neuroendocrine system during the space flight were performed in resting conditions and showed the changes in neuroendocrine functions of persons exposed to microgravity. However, these results did not allow to evaluate the functional reserve of endocrine system and to determine the capacity of human organism to overcome rapid and unpredictable stressogenic situation during space flight especially of long duration. Therefore, the aim of the Endotest project was to provide series of functional tests for the evaluation of the capacity of endocrine system and metabolic processes during the preflight, in-flight and postflight periods. 

Four functional tests were performed in two candidates for space flight before they started physical training and special preparation for space flight. The second examination was realized at the end of preflight preparation -three weeks before the date of space flight. The third series of tests were performed in Slovak astronaut during the space flight and exposure to microgravity. The last examinations were realized between the first and third day after landing and repeated again after three weeks of recovery period. 

The following functional tests were performed: 1. Physical exercise on bicycle ergometer- which informs on neuroendocrine, cardiovascular and metabolic response of the organism on physical exercise and on the changes of this response during the space flight. 2. Mental arithmetic test-which informs on the changes of response after a mental load. The results of these tests are important in relation to evaluation of preflight training and on the possibilities to overcome the increasing mental (psychical) load during activities during space flight on station MIR. 3. Glucose tolerance test- this test can prove whether the previously observed increases in plasma levels of glucose and insulin in astronauts during the space flight are a result of metabolic changes due to decrease of gravitational load on skeletal muscles and moving activities during the space flight. 4. Insulin test-, which inform on functional reserve of neuroendocrine system and on the ability of contraregulatory mechanisms involved in the response to hypoglycemia.

For this project a new special appliance PLASMA 03 was used for collection of human blood, for its centrifugation and freezing of blood samples and for their transport to Earth for analysis of hormone levels, neurotransmitters and concentration of metabolites in plasma. The exaggerated responses of plasma catecholamine levels to work load were observed during the space flight. Further the higher increases of plasma growth hormone and prolactin levels were noted after workload during space flight as compared to preflight response. The reduced plasma epinephrine levels were noted during insulin induced hypoglycemia during space flight, plasma norepinephrine responses were not different compared to changes during the tests in preflight period. A diminution of plasma prolactin and growth hormone responses to insulin induced hypoglycemia was observed in microgravity. These data demonstrate different responses of neuroendocrine system to stressors during space flight and in the conditions of Earth gravitation  (see papers 1-5).


The aim of the project Senso-asymetria (proposed by Institute of Normal and Pathological Physiology, SAS) was an investigation of the effects of asymmetric activity of sensoric imputes (vestibular or proprioceptive) and an involvement of this activity in the development of kinetosis and orientation illusions in the conditions of microgravity (during space flight) and readaptation period after space flight. The results of the observations performed before, during and after space flight in Slovak astronaut showed a successful process of adaptation of vestibular system to microgravity. The disturbances of postural regulation were observed by using stabilometric measurement of posture position, galvanostabilometry and after vibratory stimulation of leg muscles on the first day of landing. However, on the fifth day after the space flight these disturbances disappeared. New original results were observed in the readaptation of vestibulo-postural part of regulation of balance function by using a galvanic stimulation of vestibular apparatus. These results are important contribution to the studies of ethiology of kinetosis.

The aim of the project Quail (proposed by Institute of Animal Biochemistry and Genetics, SAS) was to assess the effects of the defined intensity of gravity on the early post-embryonic development in Japanese quail aboard the orbital station MIR with the active participation of the Slovak astronaut. Experiment aboard the station MIR lasted 7 days and its accomplishment was of great importance for the studies of ontogenic development of birds under microgravity conditions. First of all the feasibility of hatching the birds in space from eggs transported from the Earth and underwent two thirds of embryonic development on the Earth, has been approved. Investigation of the process of incubation of the quail eggs under the microgravity conditions and the hatching clearly showed that quail chicks were hatching at the normal period of development. Accomplishment of the flight experiment addressing the questions of post-embryonic development in birds under microgravity conditions has great importance, since: 1. For the first time quails hatched in the environment of the real space flight returned to the Earth, that enabled to obtain new data concerning adaptation of birds to the microgravity conditions, 2. For the first time the birds were hatched from the eggs which underwent two thirds of embryonic development before flight on the Earth, 3. The hatchability was 64,3% and for the first time the quail chicks in the early days after hatching were subjected to diverse conditions- microgravity and artificial gravity (see presentations 6-13). Preliminary results of the experiment Dosimetry ( exposure of passive track detectors with the aim to estimate Linear Energy Transfer produced by cosmic rays onboard of MIR , Institute of Experimental Physics, SAS, Košice ) are presented in [14]. 
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Figure 1. During short-term space flight of the first Slovak astronaut Ivan Bella (Feb 22-28 1999), Russian astronaut Viktor Mikhailovic Afanasjev performed the tests of the project Endotest. Picture shows insertion of permanent cannula into the antecubital vein of the Slovak astronaut used for repeated collection of blood samples during different stress loads. 
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Figure 2.  Slovak astronaut completes the tasks of mental arithmetic test with assistance of the Russian astronaut V. M. Afanasjev. Mental arithmetics was a model of mental stress, which was evaluated by changes in plasma hormonal levels.
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Figure 3. Ivan Bella during work-load on bicycle ergometer on board of the MIR-station. Blood samples were taken via an intravenously inserted permanent cannula. ECG and blood pressure were measured continuously throughout the test and telemetrically transfered to Flight Control Centre in Korolevo.  

Figure 4. New special appliance PLASMA-03 (centrifuge and freezer) was installed on board of station MIR. Devices were used for centrifugation and freezing of blood samples on board. After their transoprt to Earth, the plasma levels of hormones, neurotransmitters and metabolites were determined. Picture displayes the placement of the blood sample into the centrifuge tubeholder. The centrifuge is localized in vertical position at the left part of the picture. Under the centrifuge is seen the upper part of the freezer.
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Fig.5. Japanese quail aboard the orbital station MIR with the active participation of the Slovak astronaut
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1.2. INTERBALL.
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During the period 1997-1999 four energetic particle instruments, namely DOK2X, DOKSX, DOK2A and DOKSA were providing the data on fluxes, energy spectra and angular distribution of medium energy electrons and ions  ( energy range ~20 – 600 keV) onboard Interball satellites ( Tail probe with 200.000 km apogee launched on August 3, 1995 and working at least until February 2000; its subsatellite Magion 4; the Auroral probe with the apogee 20.000 km launched on August 29, 1996; its subsatellite Magion 5 ). The energetic particle instruments have been designed, tested and constructed at the Institute of Experimental Physics, Slovak Academy of Sciences, Košice ( IEP SAS Košice), in the cooperation with the institutes in Russia and Greece. Two of the instruments are seen in Fig.6 and Fig.7. Results obtained until now are listed in part 2.

Fig.6. Apparatus DOK2 for the measuremets of medium energy electrons and ions, developed at the IEP SAS Košice, in the collaboration with laboratories in Russia and Greece providing more than 4 years of measurements on Interball-1 satellite.
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Fig.7. The detector block of DOKS, the simplified version of DOK2,  for medium energy particle measurements at Magion 5 developed at IEP SAS Košice with the Technical University of Košice.

2. SPACE PHYSICS, GEOPHYSICS AND ASTRONOMY.

The institutes of the Slovak Republic are continuing the space research activities in the directions of space solar physics and X-ray astronomy, interplanetary matter and explorations of the comets, solar wind and its interactions with the Earth’s magnetosphere, energetic particles in the magnetosphere and in interplanetary space, atmosphere and ionosphere of the Earth. The following short survey presents selected activities of the abovementioned directions and the obtained results.

Populations of particles with the energies well below those of cosmic rays and  well above those of solar wind ( from few tens of keV up to several MeV) have been studied in the Institute of Experimenatal Physics, SAS, Košice in the cooperation with the laboratories in abroad. The analysis of the obtained data both from the low altitude and high apogee satellites, as well as development and construction of new instruments for the future studies have been carried out during 1997-1999. The measurements with DOK2/DOKS instruments on Interball 1 and 2, as well as on Magion-4 and 5 instruments provided large amount of data on energy spectra and angular distribution of energetic particles in the outer magnetosphere, in the geomagnetic tail, within the magnetosheath and in the region upstream of the bow shock. This required large effort in data processing and archiving . The data processing contains the separation of the frame modes (time profiles and energy spectra of electrons and protons), merging the particle flux data with the time, satellite position, IMF vector, geometry of  connection to the bow shock (in the region upstream from the bow shock), orientation and pitch angles of single detectors. These works are in still in progress. For reviewing the data as well as for the multi-instrument and multi-satellite studies the review pictures are constructed. The comparison of two point measurements of energetic particles in wide energy range (Interball 1 and Magion 4) have confirmed the result found earlier in data from Prognoz-10 [1]. The statistical studies of the ion and electron flux within the magnetosheath based on Prognoz-10 and Interball 1 measurements have indicated that energy spectra of the particles close to the magnetopause are harder than those deep in that region and the strong dependence of ion flux (28 keV) in the upstream region on the angle between the magnetic field vector and normal to the bow shock at connection point exists [2,3]. The streaming of ions dawnward and duskward close to the magnetopause is not showing any clear pattern in (ZY) GSE plane. This is consistent with suggestion of patchy structure of merging at the magnetopause and with the leakage of magnetospheric particles to magnetosheath. Possible use of DOK2 measurements for the upper limit estimate of quiet time particle fluxes in the heliosphere was examined [4]. High energy resolution (56 energy channels) of DOK2 instruments enabled to find the unusually narrow, almost monoenergetic ions within the magnetosheath and in the upstream region [5]. These measurements give also the possibility of investigating the velocity dispersive effects (one example is in Fig.8). Another results with using the DOK2 and/or DOKS energetic particle data can be [image: image10.jpg]


found in [6-12,54-55].

Fig.8. Multiple dispersive events observed by DOK2X on the Tail probe of Interball in the outer magnetosphere. The ion detecors are oriented in the antisolar direction (1p) and at angle 62 with respect to solar direction. The different types of dispersions are seen also on electrons. The values plotted are the fluxes (in #/(cm2.ster.s.keV)) multiplied by E3 , where E is the kinetic energy in keV.

Low altitude measurements with use of SPE1 instrument onboard the Active (Intercosmos - 24) satellite have shown strong, short duration (few tenths of second) pulsations of electrons (  > 20 keV ) precipitating to the atmosphere. The patterns of these pulsations in subauroral and auroral regions have been described in [13-15]. Both pitch angle and energy diffusion is deduced from them. The pulsations are found in the regions with enhanced intensity of VLF emissions having also spiky character. SPE1 data are also used in the comparative study [16]. 

The detailed map of distribution of low energy gamma ray flux ( energy range 0.12 – 8.3 MeV ) at the altitude 500 km according to the measurements of the instrument SONG on CORONAS-I was constructed [17-19]. Another results based on SONG measurements are published in [42-44,53].
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For the low altitude satellite COMPASS  (checking the eventual precursors of the earthquake activity in magnetospheric data at low altitudes) the monitor of energetic particles MEP-1 [20] using the silicon detectors and highly flexible system of data recording has been developed in the international collaboration. The programmable particle spectrometer MEP-1 [21,22] was prepared for this satellite. The flight model of the MEP-1 is ready for the launch. The device is now under reconstruction for the MIR and ISS (Russian segment) purposes.   

Fig.9. Map of gamma ray 3.0-8.3 MeV count rate by SONG instrument (IEP SAS in collaboration with Moscow University) on CORONAS I at altitude 500 km [17].

Also, the studies of cosmic rays were continuing in IEP SAS. The correlation dimensions of cosmic ray time series have been examined in [23,24]. Fractal properties of the time series were examined in [25]. Eventual possibilities of using cosmic ray variability as one of the parameters of prediction of Dst have been examined together with artificial neural network and fuzzy neural network schemes for the prediction [26-30,45,46]. Short term cosmic ray pulsations are analyzed in [31] and transparency of the magnetosphere for cosmic rays in [32,33]. Studies of the relations between the cosmic ray modulation and various effects of solar activity, especially the long duration effects of solar X-rays are discussed in series of papers [34-41,47-52].
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In the last two years the works of the Faculty of Mathematics and Physics, Comenius University, Bratislava, jointly with the partners in US and Switzerland were devoted to the following three areas of problem of cosmogenic nuclides:

a.The production rates of cosmogenic nuclides (CGN) in the Earth’s atmosphere and in situ were studied in details. We developed numerical model for the simulation of cosmogenic nuclide production rates [8,9].  The model was used for the calculation of production rates inferred from the cosmogenic nuclide concentrations measured in GRIP samples.  The dependence of CGN production rates on geomagnetic field intensity was obtained [19]. The GRIP data together with our model were used for the reconstruction of the geomagnetic field intensity in the past 200 ka.  The pronounced peak observed in data at times about 40 ka B.P. was found to be due to a strong decrease in geomagnetic field intensity and is consistent even with the short change of its polarity, that is indicated also with other paleomagnetic data.  The drawbacks of pyroxene application in dating based on Beryllium-10 were demonstrated in [2]. The influence of secular variations of geomagnetic field intensity on accuracy of geomorphology events dating was investigated and necessary correction factors for the last 20 ka. were determined in [3]. The model developed for the simulation of particle fluxes and CGN production rates was applied to the verification of the hypothesis claiming the strong influence of galactic cosmic rays on the global cloud cover on the Earth.  Our calculations and observational data showed, that even if the cosmic rays can play some role in starting up condensation process in the atmosphere, their role is not so important as stressed by some models [22]. 

b. The production of gamma rays in planetary surfaces and their escape from them were also investigated.  These simulations were done for the missions Mars 2001 [22]. NEAR [13], ROSETTA [10] and Lunar Prospector [5,12].  A gamma-ray detector will be flown onboard of all these missions. The measured gamma-ray fluxes will be used for the determination of chemical composition of surfaces of investigated objects. All these calculations were devoted to the study of gamma-ray production and transport dependence on chemical composition of investigated objects.   In work [22] are presented results of irradiation of chunks of basalts by 2.5 and 1.6 GeV protons. The results of this experiment were used for benchmarking our models and database of gamma-ray production rates necessary for deconvolution and inversion of measured fluxes into chemical composition.  For the project Lunar Prospector, we calculated the dependence of low energy neutron leakage on chemical composition of lunar surface. The dependence of neutron leakage on iron and water concentration was investigated in details, in order to compare the effects caused by higher concentration of iron with those caused by presence of water. Our calculations showed that he effect of water is similar to the effect of iron and therefore for unambiguous determination of water presence in lunar polar regions the gamma ray data analysis is necessary [5,13].  For projects ROSETTA and NEAR were prepared databases of gamma ray fluxes calculated for various chemical compositions. Also the algorithms for the inversion of measured gamma-ray fluxes into chemical composition were developed.

c.The production of CGN in lunar surface [7] and in lunar meteorites [14] was also investigated. These simulations contributed to the determination of average galactic and solar cosmic ray fluxes during the last few million years and also to the more precise determination of the origin of these meteorites. In details was investigated also the martian meteorite Dal Al Gani 486 [16].  Its age and exposition history was determined. Using Beryllium - 10 and Nickel – 59 in the spherules from Meteor Crater, Arizona, we determined their origin and developed model for their formation during the passage of Canyon Diablo metorite through the atmosphere [4,11,17].  Production of CGN in meteorite showers and investigation of appropriate and unique shielding parameters were subjects of more studies [16,18,23,24]. As appropriate parameters were suggested the ratios of Beryllium – 10 and Aluminum – 26 in magnetic and nonmagnetic phases of meteorites. Problems with using the 22Ne/21Ne as shielding depth indicator for meteorites with radius above 30 cm were shown in paper [26].
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The Geophysical Institute of the Slovak Academy of Sciences in Bratislava was continuing the magnetospheric research. Using the satellite measurements of the solar wind parameters on an hourly basis the ring current energization was analysed for stormy periods. The relationship between the maximum depression level of storms and average energy input rate during the main phase under the sustained IMF Bs <-10 nT conditions shows the exponential dependence and reveals that along with directly driven processes the loading-unloading features of solar wind-magnetosphere interaction and their nonlinear character are of importance. Both uncorrected and corrected observational data on coronal mass ejections (CMEs) show a close relationship with occurrence of type II radio bursts and long duration (at least four hours) events LDE4  as far as both the solar cycle evolution and Carrington rotation dynamics are concerned [1]. The evolution of some solar active processes and attributed response effects within the cycle 22 was considered. The occurrence of flare-related and CME-related events was compared from the viewpoint of the medium- and long-term modulation peculiarities. The data on occurrence of not flare-related sudden ionospheric disturbances appear to be the proper CME proxy [2]. The quasi-discontinuity of the CME occurrence rate was shown to be replicated in a number of characteristics in the geospace [2].

The climate evolution within the time interval 1871--1995 covering solar cycles 12--22 based on data from the Hurbanovo meteorological station was considered in terms of variable solar forcing. The modulation features of oscillatory character were stressed for the anomaly field of air temperature and precipitation totals [3,4].

The study of the lower ionosphere and middle atmosphere was focused on chemical composition, dynamics and appropriate solar effects using the experimental data [5]. The investigation of ionospheric dynamics is going to be started on the basis of the Schumann resonances measurements using classical methods and also a superconductive quantum magnetometer.

Nonlinear features of solar activity represented by the Wolf sunspot number and sunspot area were analysed using the concept of self-organized criticality. The existence of 60-year cycles in solar activity was confirmed . The key role of the non-gaussian distributions in understanding of the long-term periodicity of solar activity was demonstrated [6].Nonlinear study of magnetospheric MHD turbulence on the time scale of geomagnetic pulsations was performed and the usefulness of multifractal techniques was also demonstrated [7]. A synergetic scenario for Alfven field line resonances including the consideration of the energy dissipation field was offered [8]. A detailed nonlinear study of Pc3-4 type pulsations using structure functions was presented [9]. Using pulsation data from North America and Central Europe, there  were compared basic features of Alfven field line resonances and upstream waves.An approach to distinguish magnetospheric and interplanetary sources of the development of pulsation activity was considered [10]. The nonlinear analysis of time series on geomagnetic data shows that mean-field and linearity ideas in modelling of the global magnetospheric activity are not adequate and the description of field fluctuations should be realized on the basis of higher-order statistics . Some highlights of history in the field of space research in Slovakia were reviewed in [11].

The extreme conditions in the magnetosphere for Q and D days in relation to solar activity level and solar plasma parameters were considered within cycles 20 and 21. The profiles of monthly means of parameters mentioned were presented within both cycles, the quiet and disturbed conditions being displayed separately. It has been shown that the solar activity index W (Wolf number) is not proper for forecasting of pronounced disturbances in the magnetosphere [12]. Some quantitative characteristics of solar, magnetospheric and ionospheric activity within the cycle 22 and especially for its phase near maximum were selected in order to distinguish the sources of sporadic activity and their response effects. Along with close interrelation between flare-related and CME-related activity some specific features of its development on a medium- and long-term scale are reported which can be of interest for space weather 

prediction [1]. 

The consideration of the anomaly field profiles calculated for air temperature and precipitation totals data series of more than 100 years long reveals the oscillatory character of their long-term dynamics with 3-5-yr, 22-yr and 70-80-yr rhythmicity. Solar forcing and, in general, space weather dynamics appears to be relevant to the climate evolution which is confirmed by data not only from the Hurbanovo meteorological station [13,14], but also from a number of stations located in the latitudinal and longitudinal strips crossing Central Europe [15,16]. 

Model calculations, using the lower ionosphere model for reflection heights of 162 kHz radio waves, were carried out and compared with experimental heights. Model-experiment differences in seasonal variation of these heights is due to seasonal variation of the NO component predominantly. The maxima of reflection height occurring in equinoxes are likely to reflect the global change in atmospheric circulation during which the transport of NO from above downward is interrupted [17]. 

On the basis of the analysis of a 100 year record of monthly means of the geomagnetic field vertical component measured at the Niemegk observatory, the nature of MHD turbulence within the earth's fluid metallic core was investigated. It was shown that for a subset of singularity exponents, the energy transfer rate between scales is intermittent and non-homogeneous, this being in agreement with the predictions of the simple multifractal p-model [18]. Using the concept of the Extended Self Similarity (ESS) we analysed the X-component time series of geomagnetic field fluctuations. ESS does not allow to make an unambiguous statement about the non-triviality of scaling laws in "geomagnetic" turbulence, however, higher order statistical moments represent appropriate diagnostic tools for mapping the contributions of various remote magnetospheric sources to local observatory data. In fact, plotting n-th order structure functions against the fourth order structure function we showed that low-frequency geomagnetic fluctuations up to the order n=10 follow the same scaling laws as MHD fluctuations in the solar wind, however, for higher frequencies a clear departure from the expected universality is observed for n>6 [19]. On the basis of the analysis of multifractal phase transitions it was shown that the magnetosphere dynamics ehibits self-organized critical behaviour. This notion opens a way for the analysis of globally coherent behaviour of magnetospheric fluctuations[20]. Important statistical information on nonhomogeneous energy transfer rate inside the magnetosphere system was obtained using the method of the large deviation multifractal spectrum. It was shown that the multifractal probability measure constructed from geomagnetic time series is singular and its support is a fractal [21]. On the basis of cross power spectral density analysis of geomagnetic pulsation data from station pairs in Central Europe and North America field line resonances were identified. Pulsations having zero spatial gradients were also identified and may be derived from solar wind upstream waves[22].
References.

1. 
Prigancová A. and M. Bieleková: Medium- and long-term modulation peculiarities of response of the near-Earth environment and space weather prediction. 

Adv. Space Res., 22, (1)89-93, 1997.

2.
Prigancová, A., Petropoulos B., Poulakos C.: On CME-induced quasi-discontinuity peculiarities in response dynamics. In:Abstracts Book, IAGA 1997. Uppsala, 420, 1997.

3.
Prigancová,  A., M. Hvoždara, M. Bieleková., E. Nieplová, M. Lapin: Plausible solar activity impact on climate evolution in Central Europe. Annales Geophysicae, (Part III: Space and Planetary Physics), 15, Suppl. III, C707, 1997.

4. Prigancová,  A.: Variable solar forcing and climate changes. Studia geoph. et geod., 42,159-169, 1998. 

5.
Ondrášková,  A.: Modelling the effects of doubled O and O3 concentrations on the lower ionosphere composition. Acta Astron. et Geophys. Univ. Comenianae XVIII, 59--66, 1997.

6.
Dorotovič, I., Z. Vörös : Solar activity and SOC. Annales Geophysicae, (Part III: Space and Planetary Physics), 15, Suppl. II, C669, 1997.

7.
Kovács, P., Z. Vörös, L. Juhász, L. Hegymegyi: Non-linear analysis of  time series of the magnetic field intensity. Annales Geophysicae, (Part I: Space and Planetary Physics), 15, Suppl. II, C89, 1997.

8.
Vörös, Z., A. Körmendi, A. De Santis, P. Kovács  P.: On synergism of Alfven field line resonances.  Annales  Geophysicae, (Part II: Hydrology, Oceans, Atmosphere & Nonlinear Geophysics), 15, Suppl. II, C591, 1997.

9.
Vörös, Z., A. Körmendi, A. W. Green, P. Ková cs: Non-linear tools for Alfven field line resonance studies. In: Abstracts Book, IAGA 1997. Uppsala, 328, 1997.

10.
Green, A. W., T.A. Worthington, A. Plyasova-Bakounina, A. Körmendi, W. Goedecske, Z. Vörös: Simultaneous geomagnetic field line resonance  studies in North America and Central Europe. In: Abstracts Book, IAGA 1997. 

Uppsala, 334, 1997.

11.
Prigancová,  A.: Highlights of history of solar-terrestrial studies in  Slovakia. In: Geomagnetism and Aeronomy (Ed. W. Schroder), Science Edition IAGA, 163--176, 1997.

12.
Bieleková M.: On diversity of the relationship between solar wind and magnetospheric activity parameters: Q and D days. Contr. Geophys. Geod., 28, 269-275, 1998.

13. 
Prigancová, A., B. Petropoulos: On oscillatory features in climate dynamics, IUGG99 Abstracts, A.85, 1999

14.
Prigancová, A., M. Hvoždara, M. Bieleková: On Sun - climate relations. Hurbanovo data, 1871-1995. Contr. Geophys. Geod., 28, 161-174, 1998.

15.
Prigancová,  A., C. Poulakos, B. Petropoulos B.: Some quantitative signatures of  climate variability on time scales of solar forcing. Ann. Geophys., (Part II. Hydrology, Oceans & Atmosphere), 16, Suppl. II, C703, 1997.

16. 
Prigancová A., B. Petropoulos:  On oscillatory features in climate dynamics.

IUGG XXII General Assembly Abstracts, A.85, 1999, Birmingham. 

17.
Ondrášková, A.: On seasonal variation of the 162 kHz radio wave reflection height: model calculations and their comparison with experiments. Studia geoph. et geod., 42, 561-568, 1998.

18. 
Vörös, Z.,  J. C. Gianibelli, On intermittent fluctuations of the earth's fluid core motions, Contr. Geophys. Geod., vol. 28/4, 277 - 285, 1998.

19.
Vörös, Z., P. Kovács, A. Juhász, A. Körmendi, A.W. Green, Scaling laws from geomagnetic time series, Geophys. Res. Lett., vol.25, 2621-2624, 1998

20.
Vörös, Z., Planetary indices - an attempt at synthesis, Proc. VII-th IAGA workshop on Geomagnetic Observatory Instruments, Data Acquisition and Processing, GeoForschungZentrum Potsdam, STR98/21, 263-275, 1998

21.
Vörös, Z.: Multifractal analysis of geomagnetic data, Revista Geofisica, 48, 77-86, 1998.

22. 
Green, A.W., E.W. Worthington, T.A. Plyasova-Bakounina, A. Kormendi, L. Hegymegi, W. Goedecke, Z. Vörös, Z., Field line resonance studies in North America and Central Europe, Accepted for publication in Geophysical Transactions
The activities of the Astronomical Institute of the Slovak Academy of Sciences, Stará Lesná,  in the program COSPAR devoted to the probelms of solar and stellar physics are ever more used satellite measurements, mainly in the UV, XUV and X-rays. It concerns mainly the satellites YOH-KOH, SOHO, TRACE and from previous ones NIMBUS 7, NOAA series, GOES series and the stellar IUE. By comparison of ground-based and space measurements we try to extend the satellite measurement series further to the past. Comparing the distribution of the intensity in the emission line 530.3 nm (the measurements from Lomnický Štít), intensity in the continuum (the measurements using the Mark III coronagraph at Mauna Loa, but processed by software made by us) and in the X-rays (measurements from satellites  Yoh-Koh and GOES) we came to the conclusion, that processes of ionisation, so the maximal radiation in lines as well, are concentrated in the regions of maximal gradient of the course of continual radiation and not in the regions of maximal electron density. Confirmation of this conclusion will lead to a revision of the theory of excitation of coronal ions. According to methods developed earlier we estimated from own observations and those made worldwide the coronal index of solar activity for years 1996-1998 and completed the catalouge of prominence for the same period. Analysing the all data (1939 - 1998) we realised some regularities in the course of the cycle of solar activity in the corona. [1-5]. Coordinated ground-based observation of the solar photosphere together with observations onboard the SOHO was carried out as well [4]. Results of these studies are used in searching connections between the solar activity and the geomagnetic disturbancies. [6]. For the analysis of the symbiotic star CH Cygni were used observations from the satellite IUE (ESA, NASA), [7].

The dynamical processes in solar corona were studied [8]. The North-South symmetry in the green corona was reported [9].  The coronal shape changes during the solar cycle were considered [10]  and a new database of the green-line corona brightness was compiled for the five solar cycles [11]. Other papers relevant for COSPAR are listed in [12-44].
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3. Life Sciences.   

Selected results obtained until now during the Slovak Space Mission to Station MIR are listed in part 1.1. Below are listed another results and activities in the slovak institutes working in Life Sciences. At the Institute of Animal Biochemistry and Genetics Academy of Sciences in Ivanka pri Dunaji model experiment with insemination of Japanese quail during hypodynamy has shown, that the efficiency of insemination depended on its frequency. In comparison with natural mating the efficiency was by 62.8% lower after 2 successive inseminations and by 41.7% after 3 successive inseminations performed during 22 days lasting hypodynamy experiment. The volume of ejaculate, sperm concentration and testosterone levels in males decreased after 15 days lasting hypodynamy.

The joint experiment with American scientists was accomplished aboard the MIR orbital station in 1996 using an innovated module of the INCUBATOR-2 device. In this experiment at the days 14 and 16 of incubation 9 embryos were identified out of 20 fixated eggs. 

In experiments realized in earth conditions content of Ca in selected bones, concentration of estradiol in plasma and production traits of laying Japanese quail hens during long-lasting (84 days) hypodynamy were studied. It was found that hypodynamy affected negatively mainly body weight, egg production and egg weight of experimental group.

Ca content in skull and pelvis bones has not changed as a consequence of long-term hypodynamy and corresponded to the levels observed in control group. Increased levels of Ca were found in the ribs and hind limb bones of the experimental group submitted to hypodynamy. Concentration of estradiol was after 28 days of hypodynamy increased. However, estradiol levels 56 and 84 days after the onset of hypodynamy did not differ significantly from the control group. This return to control levels of estradiol could be a sign of adaptation to persisting effect of stressor.

As a part of the study of the possibilities of biogenic compounds recycling within a closed ecosystem it was found that the addition of quail excrements, cultivated and non-cultivated by the housefly larvae, into the feeding mixtures contaning animal proteins did not affected negatively the productivity of Japanese quail. Recycling of excrements (cultivated or non-cultivated) could substitute about 8-10 % of the grains in the feeding mixtures. 

The influence of long-term hypodynamy on structure and content of mineral substances in the femur and tibiotarsus of Japanese quail was investigated. It was observed that long lasting (84 days) hypodynamy has no effect on mass, length and thickness of femur and tibiotarsus. However, the firmness of femur was lower in quails exposed to hypodynamy as compared to control grups. The firmness of tibiotarsus was not affected by hypodynamy.

The changes of the metabolism of calcium and phosphorus in Japanese quail exposed to hypodynamy were studied. It was observed that there is gradual decrease of calcium content in dung during the hypodynamy, the excretion of phosphorus was elevated. This is probably related to use of calcium for eggshell formation (1-20).

The effects of the microgravity on the early post-embryonic development in Japanese quail were studied. A bird, Japanese quail, is proposed as an element of the closed ecological and alimentary system and it is very important as a source of food for human subjects during space flight of long duration period. A question arising from the series of previous experiments was how to provide conditions for the survival and normal development of quail during the first days of the postembryonic development. It was decided to solve this problem by using artificial gravity produced by special centrifuge on board of station MIR. Resolving this problem represents crucial step in managing reproductive cycle of Japanese quail and producing the cosmic population of this bird in space. To reach the above mentioned aim the a special centrifuge, transport incubator, module controlling the operation of the board incubator 1M aboard the orbital station MIR, transport device for return of the hatched quails, device for the bio-material fixation for morphological examination, container for the feed, were designated and manufactured (21). Experiment aboard the station MIR lasted 7 days and its accomplishment was of great importance for the studies of ontogenic development of birds under microgravity conditions. First of all the feasibility of hatching the birds in space from eggs transported from the Earth and underwent two thirds of embryonic development on the Earth, has been approved. Investigation of the process of incubation of the quail eggs under the microgravity conditions and the hatching clearly showed that quail chicks were hatching at the normal period of development. The hatchability was very high and for the first time the quail chicks in the early days after hatching were subjected to diverse conditions- microgravity and artificial gravity. A lower activity of alkalic phosphatase was observed in intestine of quail, the morphological structure of lung, bone, liver and bone marrow was not changed. A delayed development of sceletal muscle and morphological changes in adrenals were observed in quail exposed to microgravity (22-28). 

             An investigation of the effects of asymmetric activity of sensoric imputes (vestibular or proprioceptive) and an involvement of this activity in the development of kinetosis and orientation illusions (project Senso-asymetria proposed by Institute of Normal and Pathological Physiology, SAS) during space flight and readaptation period after space flight. The results of observations performed before, during and after space flight in Slovak astronaut showed a successful process of adaptation of vestibular system to microgravity. The stimulation of vestibular system by movements of head did not produced orientation illusions during the space flight.  No important vegetative signs of kinetosis were found, but a decrease of the rate of head movement was noted. The disturbances of postural regulation were observed by using stabilometric measurement of posture, galvanostabilometry and after vibrator stimulation of leg muscles on the first day of landing. However, on the fifth day after the space flight these disturbances disappeared. New original results were observed in the readaptation of vestibulo-postural part of regulation of balance function by using a galvanic stimulation of vestibular apparatus. These results are important contribution to the studies of ethiology of kinetosis (29-31).

 The functional capacity of neuroendocrine system ( projects proposed by Institute of Experimental Endocrinology, SAS ) to respond to various stress stimuli (see also chapter 1, project ENDOTEST) during space flight was studied by the exposure of cosmonaut to physical stress (workload), to metabolic stressor (insulin induced hypoglycemia and glucose load) and to psychic stressor (mental arithmetic test). Exposure to work load during space flight produced a higher increase of heart rate compared to changes before the flight. Changes in blood pressure were, however, similar to responses on workload before or after flight. Preflight workload produced a huge increase in plasma norepinephrine levels and moderate increase of plasma epinephrine levels. During space flight exaggerate response of both catecholamine plasma levels to workload were demonstrated. Significantly reduced plasma epinephrine response to insulin induced hypoglycemia was found during space flight compared to preflight changes. Plasma norepinephrine responses to insulin administration were not different compared to preflight levels. The higher increases of plasma growth hormone and prolactin levels were noted after workload during space flight as compared to preflight responses. However, a diminution of plasma prolactin and growth hormone responses to insulin induced hypoglycemia was observed during space flight. The results of oral glucose tolerance test showed that utilization of glucose was slightly delayed during space flight as compared to preflight values. A slight increase of plasma insulin and C-peptide levels in plasma was observed in glucose tolerance tests during the space flight and in postflight period. Plasma epinephrine levels were slightly reduced and plasma norepinephrine levels were not changed during glucose tolerance tests both in preflight and in-flight tests. The responses of plasma catecholamine levels to mental arithmetic test were relatively small and were not affected by the space flight. The results demonstrate different responses of neuroendocrine system to some stressors during space flight and in the conditions of Earth gravity (32-34). 

Simultaneously with space mission two-control ground projects Training and Metabolism were performed on human volunteers. The aim of the project Training was investigation of the effects of endurance training of astronauts in preflight period on the neuroendocrine and cardiovascular responses to various stress stimuli. The aim of the project Metabolism was to study the metabolic consequences of decrease physical activity of astronauts during space flight and in subjects during simulated microgravity on Earth.

Functional tests similar to those used in the project ENDOTEST were performed on the group of army aircraft pilots: physical exercise (80 % VO2 MAX), mental arithmetic, glucose tolerance test, insulin hypoglycemia and for evaluation of orthostatic tolerance Shellong test was added. Investigation was performed before and immediately after endurance training (1 hour of running at 75-80 % VO2 MAX, four times a week, lasting 6 weeks). The same functional tests were applied (project Metabolism) before and after 5 days of head-down strict bedrest (-6( tilt).

The results obtained in these two project should indicate the optimal pre-flight training of astronauts and some consequences of limited physical activity during space flight from point of view of neuroendocrine regulation of body function. The simulation of microgravity conditions by bed rest, even for a short period of 5 days, resulted in disturbance of glucose metabolism with increase of insulin secretion, in changes of the response of cardiovascular system to up right position with increase of the activity of renin angiotensin system and plasma aldosterone levels. Higher increase of prolactin plasma levels and diminished secretion of growth hormone as compared to control subjects followed physical exercise. The clinical investigations are still in progress. Results of previous observations from space physiology are in papers 35-38.

Terrestrial simulation experiments were performed by Institute of Animal Physiology, UPJŠ, Košice and demonstrated that fractionated irradiation, twice weekly 2.4 Gy of gamma rays, total dose 4.4, 9.6 or 14.4 Gy of gamma rays, decreased at some interval the pineal activity of serotonin N-acetyltransferase, decreased the concentration of melatonin in the pineal as in serum. The activity of pineal monoaninooxidase activity increased in the highest dose, and declared the possibility of preferential deamination of pineal serotonin in these animals (39). Two-phase response of pineal melatonin was assayed in 9.6 Gy of gamma ray-irradiated male rats. Early (60 min.) after the exposure melatonin decreased, later increased, and with temporary increased serotonin N-acetyltransferase activity in the pineal (40). Metabolic and hormonal changes in irradiated rats, focused on the effect of continuous irradiation with gamma rays, were summarized (41).

In chronobiology experiments it was observe that circadian oscillations of serum thyroid hormones in male rats were more pronounced in individual seasons comparing to the effects of selected photoperiods, when the experiments was realized in a single season (43). A distinct circadian rhythm in pineal dopamine, norepinephrine and epinephrine was found in the pineal of male Wistar:Han  rats. The highest values were obtained in the first part of darkness, generally higher values were obtained during the darkness (42). 

References.

1. 
Chrappa, V., Sabo, V. : Larvae and pupae of housefly - suitable  compensation the fish meal in feed mixtures of Japanese quail. In: Jubilejná hydinárska konferencia, VÚŽV,  p 91. Nitra ,28. - 29. 5. 1997 . 

2. 
Chrappa, V., Sabo, V., Boďa, K. : Monitoring of productive parameters of two lines of Japanese quails under standart condition and in hypodynamy. III.International avian microgravity and life support system. Workshop, Košice 29.9. - 2.10.1997.(R)

3. 
Chrappa V., Sabo V.: Comparison of production effects of feeding meals from larvae and pupae to adult Japanese quail. Czech Journal of Animal Science, 43, 15-23,1998

4. 
Jankela, J., Baranovská, M., Antalíková, J., Mravcová, I. : Preliminary results of the dynamics of CA and P at the hypodynamy of the Japanese quail. III. International avian microgravity and life support system. Workshop,Košice 29.9. - 2.10.1997.(R)

5. 
Kocišová, J., Sabo, V. : The effect of hypodynamy on the striated  muscle in Japanese quail. III. International avian microgravity and life support system. Workshop, Košice 29.9. - 2.10.1997.(R)

6. 
Sabo, V., Chrappa, V., Boda, K. : The influence of long-term (84 days) hypodynamy on the efficiency of Japanese quail. III. International avian microgravity and life support system Workshop, Košice 29.9. - 2.10.1997.(R)

7. 
Sabo, V., Boda, K., Chrappa, V. : Processing of excrements of  Japanese quails by the fly larvae under semi-operation conditions. III. International avian microgravity and life support system. Workshop, Košice 29.9. - 2.10.1997.(R)

8. 
Sabo, V., Juráni, M. : Production animal in a cosmic ekosystem.  Symposium to 70th   birthday of prof. Boda. Košice 10.4.1997

 9.
Sviatko, P., Boďa, K., Sabo, V. : The effect of hypodynamy on the  level of mineral  substances in the tibiotarzum and femur of Japanese quail. III.International avian microgravity and life support system. Workshop, Košice 29.9 – 2.10.1997.(R)

10.
Výboh, P., Juráni, M., Sabo, V. : Plasma estradiol levels during  long lasting hypodynamy in Japanese quail. III.  International avian microgravity and life support system.  Workshop, Košice 29.9. - 2.10.1997.(R)

11. 
Sabo,V., Chrappa,V., Boďa, K. :  Effect of long- term  / 84  days /  hypodynamy on the efficiency of japanese quails. Folia Veterinaria , 42 , Suppl. 1 , 59-63 1998.

12. 
Výboh, P., Juráni, M., Sabo, V : Plasma estradiol levels during long - lasting hypodynamy in japanese quail.  Folia Veterinaria , 42 Suppl. 1 , 57-59, 1998.  

13. 
Jankela, J., Baranovská, M., Mravcová, I., Antalíková, J.: The influence  of the hypodynamy on the calcium and phosphorus contents in japanese  quail´s  bones. Folia Veterinaria, 42, Suppl. 1, 49-53, 1998.

14. 
Sviatko, P., Boďa, K., Sabo, V. :  The effect of hypodynamy on the  content of mineral substances in the femur and tibiotarsus of japanese quails.  Folia Veterinaria , 42 , Suppl. 1,  45-49 ,1998.             

15. 
Chrappa,V., Sabo,V., Boďa, K. : Production parameters of two lines of  japanese   quails    improved under standard conditions and hypodynamy Folia Veterinaria, 42 Suppl. 1 , 63-67, 1998. 

16. 
Černý, H., Boďa, K., Sabo, V. :  Microscopic study of selected skeletal structures  during experimentally induced hypodynamy in japanese quail. Folia Veterinaria , 42 Suppl. 1 ,  79-83,1998.

17. 
Antalíková , J., Jankela,J.,Baranovská, M. : The effect of branched chain amino acids on protein synthesis in two skeletal muscles of Japanese quail.  Physiological Research, 48, 48-59,1999.

18.
Antalíková, J.: Protein Metabilsm in Skeletal Muscles. Chemické listy, 93,  191 – 195, 1999.

19.
Antalíková, J., Baranovská, M., Mravcová, I., Sabo,V., Škrobánek,P. : The diferent influence of hypodynamy on the calcium and phosphorus level in bones of males and females of Japanese quail. Physiological Research, 1999 (In press).

20.
Antalíková,J., Baranovská,M.,Jankela,J, : The effect of branched chain amino acids   on synthesis of skeletal muscle proteins in two muscles of Japanese quail during  ontogenesis. British Journal of Nutrition.1999 (In press).
21.
Sabo,V., Zongor,J., Májek,Š., Boďa,K., Guryeva,T.S., Pachomov,A.I., Bella,I. :Hardware of the flight experiment „ QUAIL – SK „ transport incubator. Acta  Astronautica , 1999 ( In press) .

22. 
Kočišová,J., Cigánková,V., Zibrín,M, Lenhardt,Ľ., Sabo,V., Boďa,K., Dadaševa,O., Gurieva,T.S. : Morphological structure of gastrognemius muscle of Japanese quail hatched on space station MIR. Proceedings of conference Animal Health and Dieseases (in slovak).  Košice 8. – 9. 9. 1999, 85-87. ( R )

23.  Cigánková, V., Zibrín,M., Kočišová, J., Tomajková,E.,  Lenhardt, Ľ., Sabo,V., Boďa,K., Dadaševa, O., Gurieva, T.S.: Morphological changes in adrenal glands of Japanese quail hatched on space station MIR Proceedings of conference Animal Health and Dieseases (in slovak).  Košice 8. – 9. 9. 1999, 88 –90. ( R )

24. Lenhardt,Ľ., Dudriková,E., Kočišová,J., Cigánková V., Zibrín,M., Tomajková,E., Sabo,V., Boďa,K., Dadaševa,O., Gurieva,T.S. : Histochemical activity of alcaline phosphatase in intestine of Japanese quail hatched on space station MIR. Proceedings of conference Animal Health and Dieseases (in slovak). Košice 8. – 9. 9. 1999, 29 – 30.  ( R )

25. Zibrín,M., Cigánková,V., Kočišová,J., Tomajková,E., Lenhardt, Ľ., Pálenik, Ľ., Sabo,V.,  Boďa,K., Dadaševa,O., Gurieva,T.S. :  Structure of  some tissues and organs of Japanese quails hatched on space station MIR. Proceedings of conference Animal Health and Dieseases (in slovak).  Košice 8. – 9. 9. 1999, 59 – 61. ( R )

26. 
Cigánková , V., Zibrín, M., Kočišová, J., Tomajková, E.,  Lenhardt, Ľ., Sabo,V.,  Boďa, K., Dadaševa, O., Gurieva, T.S. : Morphological changes in adrenal glands of Japanese quail hatched on space station MIR 38th Congress of Slovak anatomical Society (in slovak), Bratislava 15. – 18. 9.1999,3, /V/

27. 
Kočišová,J., Cigánková,V., Zibrín,M, Lenhardt,Ľ.,Sabo,V., Boďa,K., Dadaševa,O., Gurieva,T.S. : Morphological structure of gastrognemius muscle of Japanese quail hatched on space station MIR. 38th Congress of Slovak Anatomical Society, (in slovak),  Bratislava 15. – 18. 9.1999,33, /V/

28. 
Zibrín,M., Cigánková,V., Kočišová,J., Tomajková,E., Lenhardt, Ľ., Pálenik, Ľ.,  Sabo,V., Boďa,K., Dadaševa,O., Gurieva,T.S.: Structure of  some tissues and organs of Japanese quails hatched on space station MIR. 38th Congress of Slovak Anatomical Society   ( in slovak ), Bratislava 15. – 18. 9.1999,101, /V/

29. Saling, M., Hlavačka, F., Stražovcová, A.: Asymetric tilt body posture caused by vibration of Achilles tendon in patients with unilateral vestibular hypofunction.  Bratisl. lek. Listy, 98:(2), 1997, s. 97-101 (in slovak)

30. Hlavačka, F., Mergner, T., Bolha, B.: Frequency characteristic of human self-motion perception during translatory and rotatory stimulation. Studia Psychologica, 1997, 39:(4), pp. 298-300

31. Hlavačka, F., Shupert, C. L., Horák, F. B.: The timing of galvanic vestibular afferents responses to platform translation. Brain Research,1999, 821:, pp.8-16

32. Macho L., Kvetňanský R., Vigaš M.: Research program during space flight of Slovak astronaut. Seminár SVU, Bratislava, 25.2.1999 ( in slovak ).

33. Kvetňanský R.: Changes of hormone and neurotransmitter levels in blood of 1. Slovak cosmonaut during the stay on the space station Mir. Workshop of Slovak Society for Biochemistry and Molecular Biology, 24.5.1999, Bratislava.(in slovak).

34. Kvetňanský R.: Influence of stress on the activity of sympathic adrenal systém in human subjects on Earth and during space flight. The 38th  congress of the Slovak Anatomical Society , 16.9.1999, Bratislava (in slovak)

35. Macho L., Ficková M., Zórad Š., Kvetňanský R.: Changes of insulin receptors in tissues of rats exposed to different stressors. Physiol. Res. 46, P26, 1997

36. Grigoriev A.I., Noskov V.B., Poliakov V.V., Vorobev D.V., Nichiporuk I.A., Hinghofer-Szalkay H.G., Rossler A., Kvetnansky R., Macho L.: Dynamic changes in the reactivity of the hormonal systém regulation with the impact by LBNP sessions in long-term space mission. Aviakosm Ekolog Med 32, 18-23, 1998 ( in russian)

37. Hingohfer-Szalkay H.G., Noskov V.B., Rossler A., Grigoriev I.A., Kvetňanský, R., Polyakov V.V.: Endocrine status and LBNP-induced hormones changes during a   438-day space flight: A case study. Aviat Space Environ Med 70, 1-5, 1999

38. Macho L., Ficková M., Zórad Š., Kvetňanský R.: Changes of insulin binding in rat tissues after exposure to stress. Physiol Res. 48, 51-58, 1999

39. Ahlersová E, Pástorová B., Kassayová M., Ahlers I., Šmajda B.: Reduced pineal melatonin biosynthesis in fractionally irradiated rats. Physiol.Res. 47, 133-136, 1998

40. Kassayová M., Ahlersová E., Ahlers I.: Two-phases response of rat pineal melatonin to lethal whole-body irradiation with gamma rays. Physiol. Res. 48, 227-230, 1999

41. Ahlers I: Metabolic and hormonal changes in irradiated animals, In: Fundamentals for the Assesment of Risks from Environmental Radiation, C.Baumstark-Khan et al., eds., Kluwer Academic Publisher, Dordrecht 1999, pp. 389-394

42. Ahlers I., Pástorová B., Solár P., Ahlersová E.: Daily rhythm in rat pineal catecholamines, Physiol.Res. 48, 231-234, 1999

43. Ahlersová E., Ahlers I., Kassayová M., Šmajda B.: Circadian oscillations of serum thyroid hormones in the laboratory rat: the effect of photoperiods. Physiol.Res. 46, 443-449, 1997
4. REMOTE SENSING.

The main remote sensing activities in Slovakia during the period of past two years were concentrated in the following 4 institutes: Institute of Geography, Slovak Academy of Sciences; Slovak Environmental Agency (SEA) Remote Sensing Department; Forest Research Institute in Zvolen; Faculty of Electrical Engineering and Informatics, Department of Cybernetics and Artificial Intelligence, Technical University Košice.
In the Institute of Geography, Slovak Academy of Sciences, the following activities were carried out and selected results were obtained: 

A Landscape changes in Slovak Republic 1970s–1990s.

The contemporary progress in the field of mapping, part of which are remote sensing and geographical information systems (GIS), offers new possibilities of observation the landscape changes in various scales - from local to global ones. This trend is characterised by the possibility rendered by remote sensing data to create compatible and comparable databases of extensive territories and in different time horizons that can be analysed using the GIS and presented as thematic maps.

Maps of landscape changes presented through the land cover changes are a suitable tool of the knowledge-gathering, analysis, planning intentions and decision-making processes. Map expression of the land cover changes represents an efficient document on the landscape development comprising the semi-natural and natural parts of landscape and simultaneously of the dynamics of the development of urbanised and agricultural landscapes.

One of the tasks of the EEA Phare Topic Link on Land Cover Consortium, co-ordinated by the GISAT company from Prague (including other members: HNIT Baltic from Vilnius, Romanian Geological Institute from Bucharest, and the Institute of Geography, Slovak Academy of Sciences from Bratislava) was to create land cover changes database in four Phare countries (Czech Republic, Hungary, Romania and Slovak Republic) representing the period of the 70’s and 90’s.

The inputs into the above mentioned database were the satellite images Landsat MSS from the second half of the 70’s and the land cover data in scale 1:100 000 from the first half of the 90’s achieved under the CORINE Land Cover Project (CLC). Using the methodology of computer assisted visual interpretation a new database at the second hierarchic level was created, which represents the state of land cover in the 70’s. Its comparison with the CLC data from the 90’s led to creation of database of the land cover changes which took place in the territory of Slovakia over the period of approximately fifteen years.

The area of the identified landscape changes was 315 000 ha representing 6.4 % of the total area of the country (4 905 174 ha). Obtained results have shown the most extensive type ofchange in the period of the 1970s/1990s were areas of intensification of agriculture, deforestation and intensification of agriculture.
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Fig. 10. The spatial intensity of landscape changes identified in Slovakia

b. Using CLC database for soil water erosion risk assessment in Slovak Republic

Soil water erosion is usually a complex process involving a number of contributing factors. The contemporary hardware/software possibilities, as well as new methodical approaches, enable to integrate effectively large data sets and to analyse this process at different levels of complexity.

In 1996 the Institute of Geography SAS in co-operation with Soil Fertility Research Institute were involved in Phare MERA Land Degradation project. In the frame of it the soil water erosion risk assessment at regional scale (1:500 000) was realised. The two aspects were studied - potential soil erosion risk (indicates the inherent susceptibility of land to erosion irrespective of existing land cover) and actual soil erosion risk (refers to estimated present risk, taking into account contemporary land cover and management practices that modify potential erosion risk).

The modification of Wischmeier and Smith’s USLE model was applied for computation of soil erosion risk as the product of rainfall erosivity (R factor), soil erodibility (K factor), topographic potential (S factor) and protective function of land cover (C factor). The assessment methodology for the whole country was carried out in two steps - calculation of the potential soil erosion risk (EP) and actual erosion risk (EA). The applied procedure can be expressed in simple empirical formulae:


actual soil erosion risk
EA=EP.C
potential soil erosion risk
EP=R.K.S

The first three input parameters (R, K and S factors) were derived from the climatic data, soil maps and digital elevation model. The CORINE Land Cover database at scale 1:100 000 was considered to be valuable information source for estimation the C factor. To derive the C factor the land cover classes (total 31 in the territory of Slovakia) were reclassified and applied in the model.

The results have confirmed that GIS data integration and analysis is an efficient approach for obtaining information on spatial variability of environmental risks (namely soil water erosion) at regional scale. They also revealed that more than 75 % of the territory of Slovakia is potentially endangered by soil erosion risk. A relative good protective function of forests subdues soil erosion in the mountains. Due to agricultural land management the highest actual erosion risk occurs in hillylands and intramountainous basins.
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Fig. 11. Actual soil erosion risk in Slovakia

c. CORINE Land Cover Tourist Map of Slovakia

This map, which was produced at scale 1:500 000, is a specific example of combining thirty CORINE land cover classes identified in Slovakia with selected elements of topographic maps (e.g., communications, river networks, representative toponymy) and information of tourist importance (e.g., sites of special natural and cultural interest). Combining these sets of information significantly enhances the tourist attractiveness of the corresponding types of land cover and simultaneously increases awareness of the landscape (especially the links between the physiognomic and functional characteristics).

Through characterised map, visitors form their first impressions of the landscape, its use and its spatial organisation. Spatial differentiation and the size, shape and density of settlements indicate the concentrations (nodes) of social and economic activities. Agricultural areas, particularly arable land, relate closely to natural soil and terrain conditions - and wine-growing areas even more so, while simultaneously evoking the idea of hospitality and good regional wines. Large expanses of forest with their zonal differentiation (broad-leaved, mixed or coniferous; dwarf pine giving way to alpine meadows) can indicate the size of mountain chains, height above sea level, terrain elevation, as well as possible hunting, leisure and recreation areas. Water bodies also suggest the attractiveness of the landscape for recreation purposes, while a potential for tracking and alpinism is promised by klippe terrain above alpine meadows.

Publishing the CORINE land cover tourist map of Slovakia at scale 1:500 000 demonstrates that the graphical output of the CORINE land cover database (which represents part of the European environmental database) can be used in combination with other thematic contents (e.g., those of a popular, cultural-recreational, or similar nature) for the benefit of a wide public.

Map was published in 1996 by the Institute of Geography of the Slovak Academy of Sciences in cooperation with the Institute of Geodesy and Cartography, Bratislava with financial support of the European Commission (Phare programme).

In the Slovak Environmental Agency (SEA), Remote Sensing Department in Banska Bystrica, supervised by the Slovak Ministry of Environment, the main activities in 1998-1999 were devoted to the following projects: 

a. DGPS service for environmental and GIS applications

Since 1997 regular DGPS service on working days since September 1999 daily 24 hour DGPS service based on LEICA reference station situated in Banska Bystrica (central Slovakia + circle buffer 400km perimeter) plus 6 mobile TOPCON Turbo GPS station are used mostly for GIS applications linked with monitoring systems datasets were published on Internet and INTRAnet regularly. More informations can be found at http://www.sazp.sk/DPZ

b. "REMP - Regional Environment Management Plan"

The area of the river Hron watercatchment (approx. 5000 sq.km), was analysed on the base of many data sources from meteorology, climatology, hydrology, pedology, geology, terrain, industrial & agricultural impacts and  settlement structures.  Preprocessing, modelling and presentation were done by the following GIS, RS and DTP software products : ArcInfo GRID, ArcView, EASI-PACE, Excell, PowerPoint. The project objectives were to collect, integrate, analyse existing datasources and subsequently propose and decide environmental management strategy for near future. More informations at http://www.sazp.sk/slovak/struktura/ceev/remp/remp.html

c.Forest health state monitoring.

The project is based continual cooperation between FRIS and SEA after the tree species composition completed in 1998 the health state will be assessed on the base of LANDSAT TM and terrain monitoring. several time horizons were georeferenced and prepared for time sequence analysis tha should be done in year 2000. Informations are at http://www.fris.sk, bucha@classic.fris.sk, http://www.sazp.sk/DPZ, machkova@sun.sazp.sk
d. Remote Sensing Dept. (RSD) at SEA continues in the support of multidisciplinar RS projects, GIS applications and education. RSD is responsible of the satellite archive datasets from sensonrs LANDSAT TM and SPOT Pan over the Slovakia. RSD preprocess subsets for several Slovak institutions universities and as well as for international projects.

The Forest Research Institute in Zvolen, supervised by the Ministry of Agriculture  was working mainly on the problems of the classification of forest tree damage in Slovakia by using LANDSAT TM data. 
The methodology for classification of forest tree damage on national level in Slovakia was developed. New coefficient of orthogonal transformation optimised for classification of forest damage and forest tree species composition were derived from original LANDSAT TM set. Two-phase sampling statistical approach was suggested for classification of forest damage. Calculation of two transformed images was 1st phase for evaluation of forest damage. The more precise assessment were carried out in second phase at 111 permanent monitoring plots and at 150 forest compartments. Regression model between 1st a 2nd phase data was derived and data from 1st phase was corrected on the base of this model. Result was processed in form of thematic map of forest damage in Slovakia in scale 1:500000.

In the frame of the project “Conservation of biodiversity of selected forest communities”, and of its subproject “Ecological stability of forest communities” the main result was  developing a satellite-based methodology for monitoring of selected parameters of forest biodiversity at regional scale.The project solves a problem of classification of ecological stability of selected forest communities on the base of set of indicators. Possibilities of the using remote sensing were investigated in model areas in Vajskovska and Lomnista valley in Low Tatras mountains. The satellite-based methodology was developed for assessing and monitoring of tree species composition, mixture of tree species and forest damage. For forest management practice it is necessary to use combination of satellite images with aerial photos and terrestrial data. Only this approach can provide cost-effective and objective system for obtaining regular and up-to-date information of described indicators. 

In the frame of project of  Environmental monitoring in 1998 according to the "Agreement between the Government of the Slovak Republic and the Government of Hungary about Certain Temporary Measures and Discharges to the Danube and Mosoni Danube, signed April 19, 1995” and its subproject “ Aerial inventory of forest health condition in Gabcikovo region” the main results were obtained in classification of forest health condition under influence of Gabcikovo dam using colour IR photos. Forest Research Institute took 75 infrared aerial photos on 22 August 1999 from all area between river Danube and bypass canal. All photos were scanned , georeferenced in JTSK projection and mosaic (figure 11). Two-phase sampling statistical approach was used for classification of forest damage. There was carried out detailed assessment of forest damage (defoliation) in 56 forest compartments. Almost 76% of forest stands are healthy, 20% are slightly damaged and 4% severe damaged. Result were processed in form of thematic map of forest stand damage in scale 1:20000.
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Figure 12. Part from mosaic of infrared aerial photographs with poplar (red colour) and willow (white to purple colour) forest stands overlay with boundaries of forest compartments. 

The Computational Intelligence Group of the Department of Cybernetics and Artificial Intelligence, Faculty of Electrical Engineering and Informatics, Technical University of Košice was involved in several projects dealing with remote sensing or related technologies. It involved also the cooperation with University of Minnesota, US on the project “Fuzzy classification and accuracy assessment of classification of remote sensed images” , as well as projects like “Education in Water Management” and “ Computational Intelligence in Decision Procedures”. During the period also cooperation with the Boston University, US and with the University of Dortmund, Germany was  active. The results are listed in refernecs. The computational intelligence tools were tested and development of their improvement and hybrid approaches research is underway. The research  has been focused to enhancement of clasification results on Landsat (tm) data and on aireal videoimagery [5-11]. Cooperation with Boston University is done mainly in ART neural network area. The aim is to develop satelite image classifier with high adaptibility and performance. Accuracy assessment  is estimated by the help of contigency tables. Also neural networks for prediction purposes were tested in urban water runoff prediction modeling [8]. 

Further research is in progress in development of Computational intelligent tools for classification of satelite images including SPOT image over city of Košice.
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5.METEOROLOGY.
The most of the activities were performed in the Slovak Hydrometeorological Institute (SHMI), Bratislava. SHMI exploits data from geostationary meteorological satellites mainly in operational practice. Images from the satellites Meteosat 6, 7 (interval of 30 minutes) are regularly received and processed. Images from other geostationary satellites (Goes 8, 9, GMS and Meteosat 5) are received and processed occasionally. Imagery that shows cloud fields over Europe and adjacent Atlantic in three spectral bands is used for weather analyses and forecasting in a form of animation sequences or in a form of individual images. Individual images are often combined with other meteorological information like the fields of temperature, humidity, pressure and precipitation and they can be used also as an input to numerical weather prediction models. Expert activities are included into studies of cloudiness’ time evolution, mainly cumuliform cloudiness connected with showers and thunderstorms in the Central Europe region. The effort is oriented to distinguish between developing and dissipating phase of clouds. Mean time-trajectories in dual channel diagrams are obtained as the base to study cloudiness’ life cycle and to estimate phase of cloud development. In the following three paragraphs, the Technology, the Processing and Data and Products, Users and Distribution, as well as Studies of SHMI are listed.

a. Technology.

October 1998 was a breakpoint in satellite technology used at SHMI. The originally PDUS system WIRPS (Weather Imaging Receiving and Processing System, Dornier) was upgraded by components from VCS Nachrichtentechnik, GmbH. The main changes include new Meteosat High Resolution - Decryption Unit (MHR-DU), new workstation DEC Alpha with OpenVMS operation system and AXP-SAT Receiving and Processing software. MHR-DU performs the encryption/decryption algorithm based on the Data Encryption Standard. This algorithm is using the Meteosat Key Unit (MKU), which contains a secret station key and messages keys distributed by EUMETSAT via Meteosat satellite. MHR-DU processes receiving data by antenna and receiver (UKW technik Electronic GmbH) according to a schedule specified by the host computer connected to MHR-DU. This processing is definable by the user. User specified decoded data are forwarded to the computer after extraction from Meteosat data stream. 

Computer DEC Alpha workstation insures powerful processing of received data in real time. It means extraction of data according to spectral bands, appropriate geometrical correction and cartographic map projection, calibration and production of image files. Image files can be directly displayed on the monitor, coloured, zoomed and animated by visualisation software.

b. Processing.

Processing before system upgrade has been performed by one of the Unix computers with self-made software utilities that included all necessary operations with data after their acquisition by receiver (decoding and keys acquisition, data extraction, geometrical transformation, calibration, products’ generation and dissemination to users). Almost all these operations could be replaced by new workstation and AXP-SAT software besides some special routines developed at SHMI for production of 3D-IR image, multichannel composite and special compressed IR image intended for the low-cost processing workstation at Regional offices and Meteorological stations (IMS product). Navigation facility of AXP-SAT contains a set of projections, which can be selected by user. The most used projections are Lambert conformal projection and Geostationary (Geosat) projection.

c. Data and Products.

The following formats are received regularly:

Meteosat A-format - Earth disc from Meteosat 7, channels IR, WV, VIS

Meteosat B-format - Europe and adjacent Atlantic, channels IR, WV, VIS

Meteosat 5 - India and Indian Ocean, channels IR, VIS

Goes E - North and South America channels IR, VIS

Goes W - Pacific Ocean, channels IR, VIS

GMS - Japan, Australia, channels IR, VIS;

d. Users and Distribution

The distribution is performed by Ftp-program to all computers where there is the necessity to use satellite imagery. Main users are general weather forecast offices and offices for aviation. The set of products listed above is transmitted to these users and used for weather analyses and forecasting in a form of animation sequences to observe time development of the clouds or as a single image combined with other meteorological data like fields of temperature, humidity, pressure, etc.

e. Studies.

Expert study is oriented to cloudiness’ time evolution, mainly cumuliform cloudiness connected with the showers and thunderstorms in the Central Europe region. Mean time-trajectories in dual channel diagrams are obtained as the base to study cloudiness’ life cycle and to estimate phase of cloud development. Two years of summer season data have been processed and there have been obtained mean time-trajectories for cloud midpoints’ multi-channel values; trajectories are thought in diagrams IR-WV, IR-VIS and WV-VIS, respectively. Database from which the trajectories have been derived has been created manually. Every single cloud has been evaluated subjectively and inserted consequently into database. The results of the study give some possibility to distinguish in some cases between developing and dissipating phase of clouds. The results can be considered as a part of input to conceptual models, as descriptors of appearance, time duration, size and intensity of meteorological phenomena from the satellite point of view.
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Fig.13.  The Integration of METEOSAT Data with SYNOP Data: Infrared channel + surface temperature 22/6/1997 12,00UTC displayed on B-format picture of METEOSAT satellite.
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Fig.14. The Integration of METEOSAT Data with SYNOP Data:  Visible channel + earth surface air pressure 22/6/1997 12,00 UTC displayed on B-format picture of METEOSAT satellite
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