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"Minden nemzet a maga
nyelvén lett tudéds,
de idegenen sohasem.”

(Bessenyei Gyorgy)



GENERAL INFORMATION

Publications in Geomatics is a periodical journate 1998 issuing generally one number a
year. The purpose of the journal is to provide ibene researchers and experts a forum to
publish, mainly in Hungarian language, their nevestific results in the field of geosciences
(geodesy, photogrammetry, geoinformatics, physiealdesy, geophysics, Earth magnetism,
geodynamics, research of the inner structure ofidugh and the physics of its troposphere
and solar-terrestrial environment) obtained from #imalysis of spatial-temporal data using
the methods of geomatics. The submitted papersulogect to an editorial procedure which
is in compliance with the present-day standardsneha two independent referees form
opinion about the manuscript. By default the nawfkethe referees are known only to the
editorial board, but their identity can be discbsecording to their wish. On the basis of
reviews the editorial board decides whether it mdbe requirements of the form, and
content of the Publications in Geomatics and wthretihe eventual errors and shortcomings
can be corrected and complemented by revision. elpert work of the editorial board is
supported by an advisory board.

Editors, accomplishing the Journal's editing aoluntary work, place emphases on rapid
and high quality work. Therefore both the authonsl ¢he referees are expected to make
efforts which are appreciated by the Editorial Bbiaradvance. For this to do, it is suggested
to peruse the instructions for authors and reviswer

Geomatikai_Kozlemények instrukcidk_székmek.doc,
Geomatikai_Kdzlemények instrukcidk_biraléknak.pdf.

These files provide basic information for the ué¢he editorial system and for maintaining
the high professional standards.

Publications in Geomatics is published by the Geodend Geophysical Institute of the
Research Centre for Astronomy and Earth SciencesgHAcad. Sci. Publishing costs are
covered from grant money, the sponsorship of s€iemtrganizations (e.g. Soproni Tudos
Tarsasag) and from subsidy of the Seminar Serie&@smatics organized by the GGI in
every two years.

The recent volume of Publications on Geomatics was sponsored by the Hungarian
Academy of Sciences.



PREFACE

The Hungarian National Committee of the Internaglddnion of Geodesy and Geophysics
(IUGG, http://www.iugg.org) is pleased to presemé 2011-2014 quadrennial Hungarian
report to the membership of the IUGG. This repatiews the work accomplished in
Hungary during the past four years and provideseherd of the Hungarian contributions to
the geodetic and geophysical research.

The Report covers the research and developmenforperd by Universities, Scientific
Institutions, and Government Agencies, subdividgd subjects in agreement with the
following International Associations of IUGG: a) @& (International Association of
Cryospheric Sciences), b) IAG (International Asation of Geodesy), c) IAGA

(International Association of Geomagnetism and Aeray), d) IAHS (International

Association of Hydrological Sciences), e) IAMAS t@mational Association of

Meteorological and Atmospheric Sciences), f) IAP86ternational Association for the
Physical Sciences of the Oceans), g) IASPEI (lational Association of Seismology and
Physics of the Earth’s Interior) and h) IAVCEI @nbational Association of Volcanology
and Chemistry of the Earth’s Interior).

Since the last XXV General Assembly in Melbourne, Australia, Junelaig-8, 2011 there

have been some minor changes in the list of mendfete Hungarian National Committee
for IUGG. The members of the Hungarian National @Guottee for IUGG in the period of

2012-2015 are as follows. (National Correspondefitthe Associations are indicated in
brackets.) President: J6zsef Adam (IAG); Secreta@gzlé Boz6 (IAMAS); Members: Antal

Adam, Péter Bakonyi, Judit Bartholy (IACS), GaboaliBt, Laszl6 Banyai, Péter Biro,

Gabor Dobosi (IAVCEI), Attila Galsa, Zoltan Gribaks (IAHS), Szabolcs Harangi, Balazs
Heilig, Laszl6 Horvath (IAPSO), Péter Marton, Geba Satori (IAGA), Laszl6 Szarka,

Jozsef Szilagyi, Tamas Weidinger, Zoltan Wéber RES, Viktor Wesztergom and Jézsef
Zavoti.

In the past period the Hungarian National CommiftedUGG held three business meetings
in Budapest on the following dates: a) 24 Janud@¥22 b) 21 January 2014 and c) 20
January 2015.

This quadrennial Report is published by the GedmatKézlemények (Publications in
Geomatics), a journal issued by the Geodetic andp@esical Institute of the Research
Centre for Astronomy and Earth Sciences of the Huag Academy of Sciences, in
Volume XVIII, Number 1, 2015. Different parts ofehReport are prepared by different
Sections of the Hungarian National Committee foGI&, and written and compiled by
different authors. Therefore they are not quiteabedéd in size and the arrangements of the
texts are not similar to each other. This Reportildbanot be possible without the unselfish
service of authors and editors.

We hope that this Report can provide a fairly clgiature of the development and measures
what has been done in the past four years in &e ¢if geodesy and geophysics in Hungary
for our foreign Colleagues.

On behalf of the Hungarian National Committee fd0GIG:

Jozsef Adam
President
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HUNGARIAN NATIONAL REPORT ON IACS 2011-2014

Judit Bartholy, Rita Pongracy, Krisztina Gulya$ Katalin Hadoback
Balint Hirling®, Eszter Krisztina KoczbrZoltan Kerf, Kornél Kollath,
Annamaria LehocKy Szilvia Molnat, Katalin Somfalvi-Téth
Csaba SzegetiJanos Torddj Kornélia Viold

In Hungary the majority of the scientific activisieelated to the cryosphere in the 2011-2014 period
was carried out in the form of student researcheurkle supervision of the academic staff of the
Department of Meteorology at the E6tvds Lorand Wdrsity, and the Hungarian Meteorological
Service. Hence, during the reported period sev@&d and MSc theses focused on cryosphere-
related topics. They include snow and/or ice apgeaes in the atmosphere, near the surface, in
rivers and in glaciers. The variety of the spetogics is manifested also in the temporal and apati
scales, from microscale to synoptic and climataabscales. For instance, atmospheric conditions
in the presence of hails are analyzed using dulalFfged meteorological radar measurements by
Szegedi (2012). The ultimate goal of the study wasummarize the detecting techniques of hails
with radar measurements. Hadobéacs (2011) and Kd28dr) investigated icing as a major hazard
to airplanes, and forecasting potentials of weatloeditions resulting in icing. Gulyas (2012) and
Tordai (2012) discussed adhesive snow and blownogvsrespectively, from a forecaster point of
view. They both carried out detailed statisticadlssis of past snow events in Hungary (e.g., Gulyas
et al. 2012), and then, on the basis of these wetexvents, statistical models were developed for
operative forecasting purposes. Tordai (2012) edrout in-situ snow density measurements in
southern Hungary, as well as adapted the BlowinmaSimdex for Hungary using air temperature,
surface temperature, wind speed, wind gust, sngthdand snow density observations. Statistical
analyses of Molnar (2013) and Viola (2014) focusacearly warning systems related to the spring
freezing risk in agriculture, and cold, freezingpts in general. Hirling (2011) used a hydrological
model to simulate river's water temperature witlecpl emphasis on freezing conditions and ice
formation along the river Danube. The study evadathe projected effects of regional climate
change on Hungarian rivers’ ice-related phenomeraénly in case of the rivers Danube and Tisza.

Lehoczky (2014) analyzed glaciers from the Cauc&8aantains in the southeastern edge of
Europe, the Polar Ural and Svalbard from Northeunoe. The study evaluated relationships be-
tween the seasonal mass balance components, regiiomatic conditions and distant atmospheric
forcing represented by various indices of telecatioa patterns (e.g., North Atlantic Oscillation,
NAO, Pacific Decadal Oscillation, PDO). The specifbjectives of the research were (i) to exam-
ine the variability and the integrative climatigsal in the averaged mass balance records of the
selected regions; (ii) to analyse the possible ogpetween the mass balance and climatic varia-
bles, including the dominant patterns of the Narthdemisphere climate variability; (iii) to com-
pare the main characteristics of the glacier regi@md (iv) to discuss the significant decreasing
trend of the cumulative annual mass balances iryaegion under the detected climatic changes in
the second half of the 20th century. The reseandhlae results were presented both at national and
international conferences (Lehoczky et al. 2014#4D, http://meetingorganizer.copernicus.org/
EGU2014/EGU2014-6301.pdf). According to the restiis strongest teleconnection links are be-
tween winter mass balance and winter NAO for th&aPdral, and between annual mass balance
and PDO for Svalbard. Neither seasonal, nor anmaal balance records showed significant corre-
lation with any of the examined circulation indides the Caucasus.

The list of publications appended to this repoaviies more information on these activities.

Yestvos Lorand University, Department of Meteorology
E-mail: bartholy@caesar.elte.hu
®MTA CSFK Institute for Geological and Geochemicas&arch
®Hungarian Meteorological Service
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HUNGARIAN NATIONAL REPORT ON IAG 2011-2014
Jozsef Adam

This report outlines the activities of Hungary hetfield of geodesy for the period from January
2011 to December 2014. It has been prepared famisgion to the International Association of
Geodesy (IAG) at its General Assembly in PraguecBRepublic during the XXV General As-
sembly of the International Union of Geodesy anad@wsics (IUGG) on 22 June — 2 July, 2015. It
is issued on behalf of the IAG Section of the HuragaNational Committee for IUGG.

Since the last XX¥ General Assembly in Melbourne, Australia, JulyRify 8, 2011 there have
been some minor changes in the list of memberhi®flAG Section of the Hungarian National
Committee for IUGG. Currently the National Corresgent to the IAG is also the Chairman of the
IAG Section. The members of the IAG Section foe thperiod of 2012-2015 are as follows: J.
Adam (Chairman), L. Banyai (Secretary), A. BarsiBR9, G. Csapé (passed away in 2014), S.
Frey, Gy. Grenerczy, A. Kenyeres, Gy. Mentes, GpR&z. Rézsa, Gy. T6th, P. Varga, L. Volgye-
si, and J. Zavoti.

Cooperating institutions in the field of IAG in Hgary are as follows:

- Department of Geodesy and Surveying, Budapest sityeof Technology and Econom-
ics (BME) (http://www.geod.bme.hu),

- Satellite Geodetic Observatory of the InstituteGafodesy, Cartography and Remote Sens-
ing, Budapest-Penc (http://www.sgo.fomi.hu),

- Geodetic and Geophysical Institute of the Rese&wehtre for Astronomy and Earth Sci-
ences of the Hungarian Academy of Sciences, Sdtt//www.ggki.hu),

- Institute of Geoinformatics of the Alba Regia TeichFaculty of the Obuda University at
Székesfehérvar (http://www.geo.amk.uni-obuda.hu),

- Hungarian Geological and Geophysical Institute (M-8udapest (http://www.mfgi.hu),

- Geoinformation  Service of the Hungarian Defence cEsyr Budapest
(http://www.honvedelem.hu/szervezet/mh_geosz).

The national report has been divided into commissia accordance with the new structure of 1AG.
The commission reports are compiled by the authtisated in brackets, who are responsible for
the content of their corresponding reports, namelyCommission “Reference Frames” (A.
Kenyeres, Gy. Grenerczy, S. Frey and T. HorvathiZémmission “Gravity Field” (L. Vélgyesi, G.
Papp and Gy. T6th), lll. Commission “Earth Rotatiand Geodynamics” (P. Varga and Gy.
Mentes), IV. Commission ,Positioning and Applicais3 (Gy. Mentes and Sz. Rozsa), V. Inter-
Commission Committee “Theory” (L. Banyai and J. dyvand VI. Communication and Outreach
Branch (J. Adam, Sz. Rozsa and Gy. T6th). Thisntepould not be possible without their efforts.

Department of Geodesy and Surveying, Budapest tsitivef Technology and Economics,
E-mail: jadam@epito.bme.hu
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HUNGARIAN CONTRIBUTION TO THE RESEARCH OF
REFERENCE FRAMES - IAG COMMISSION 1

Ambrus Kenyeres, Gyula Grenerczy, Sandor Freydéivalorvath

1 Geodetic infrastructure

1.1 Active GNSS network and related services

The Hungarian GNSS reference station infrastructureé services have been established by the
GNSS Service Centre (GSC) of the Institute of Gegd€artography and Remote Sensing (FOMI).
The network consists of 35 Hungarian GNSS stat{&igure 1). In addition to these, observation
data of 19 stations from the neighbouring countaiescollected and processed in real time to pro-
vide nationwide homogeneous coverage with cm-acgusarvices. The average inter-station dis-
tance is less than 60 km, enabling accurate modetif distance-dependent errors like ionosphere,
troposphere and orbits. All of the Hungarian stai@nd most of the integrated external sites are
equipped with state-of-the-art GPS+GLONASS hybrdisors and individually calibrated chok-
ering antennas. Seven units are also Galileo-ready.
During this 4-year period the following stationgesitionings had been performed:

- NYLE had been moved in 2011 few meters away toigdemore stable monumentation;

- PENC had been doubled in May 2013, a new monunilN?) had been established on
an elevated part of the main building of the SGOPEN2 a Galileo-capable receiver had
been installed, which also became part of IGS aRN.BPEN2 as part of the IGS MGEX
project provides RINEX 3.02 data;

- due to site-maintenance difficulties SUME stati@u lbeen moved to TPOL (Tapolca) in
November 2013.

The GNSS Service Centre uses the GNSMART networK Bdftware package (Geo++ GmbH) to
provide reference data for both real-time and jpostessing applications.
Real-time data is provided via the Ntrip protogolarious formats:

- single station DGNSS data in RTCM 2.1 and RTCMf8rtnats,
- single station RTK data in RTCM 2.3, RTCM 3.0 and formats,
- network RTK data in RTCM 2.3, RTCM 3.1 and CMR fats

All major network RTK concepts (PRS, FKP and MA@} supported.

RINEX and virtual RINEX data is provided for posipessing via the GSC website in RINEX
version 2.11 format.

Since January 2013 we are running a new servidtegastGNSS) supporting users who want to
run the post-processing of their own field measwas in our dedicated server using the
SSRPOST module of GNSMART.

As of December 2014 more than 1200 organisatiogistered for FOMI's GNSS services and
the number of registered user account exceeded Ih@0majority of land surveying tasks in Hun-
gary are carried out using real-time GNSS technitpué the most dramatically growing user seg-
ment is the precision agriculture (Figure 2).

Satellite Geodetic Observatory, Institute of Gegd€artogrpahy and Remote Sensing
E-mail: kenyeres@sgo.fomi.hu
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Figure 1. Sites of Hungarian Active GNSS Network

GNSSnet.hu reference station coordinates are digtetdnmm ETRF2000 reference frame. Transfor-
mation to the Hungarian local grid (EOV) is suppdrin both real-time and post-processing mode.
A new online transformation service (EHT) is prauidat the GSC website and a significantly im-
proved real-time version (VITEL) is available foost receiver brands as an extension of the RTK
rover receivers’ controller software. The transimoigsof transformation information via RTCM
messages is also supported.

The GSC concentrates its efforts on service quatiprovements. Besides the automatic quality
control of the GNSMART software the GSC developatueber of real-time and post-processing
quality monitoring tools for both internal use a@nébrmation dissemination to the clients. The cur-
rent status of the service can be monitored onlinethe GSC website: http://www.gnssnet.hu. A
special monitoring tool has been developed for hagtones. This enables users working on field
to judge whether the system performs accordinpecekpectations.

1.2 Integrated Geodetic Network (INGA)

In 2008 FOMI, in agreement with the academic ingiths, initiated the realization of the Integrat-
ed Geodetic Network, called INGA. At the INGA benddrks GPS, levelling and gravimetric
measurements are performed and their coordinatesxqressed in all geodetic reference frames
available in Hungary (EOV, ETRS89, EOMA). The psirre primarily selected from levelling
benchmarks, where undisturbed GNSS measurementshfe. The MGGA (National GPS Geo-
dynamic Network) sites are part of INGA by defarit also the suitable markers of the Hungarian
Gravity Base Network are incorporated. New markeesonly installed where the network geome-
try could be guaranteed from existing sites. Th&M\ksite separation is about 15-20 km, the coun-
try will be covered by some 1000 benchmarks. Th&ANsites will have enhanced physical and
legal protection to ensure the long term existeot¢he network and the represented reference
frames. This work was started in 2007 at the NE phHungary and by 2014 the network estab-
lishment had been completed east from the riveubanFurther continuation of the network reali-
zation is pending.

Geomatikai Kdzlemények XVIlI(1), 2015
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Figure 2. Coverage of the agriculture users in 2014

2 SGO GNSS Analysis Centre

Since December 2001 the FOMI Satellite Geodetice®lagory (SGO) is running a EUREF Local
Analysis Centre (LAC). The SGO LAC is routinely pessing the GNSS data of 22 EPN (EUREF
Permanent Network), 35 GNSSnet.hu sites and 41ltiaddi permanent stations from the
neighbouring countries. The processed sub-netwonkentrates on the Central and East European
region. The daily and weekly EPN sub-network solui are submitted to the EPN Combination
Centre.

FOMI SGO is also contributing to the maintenancéhef ETRS89 using the periodically updat-
ed EPN cumulative solution. The EPN Reference Fr@wmardinator is acting at the SGO and pro-
vides the official EPN coordinate and velocity esttes, which are updated in every 15 weeks. In
addition, SGO as initiator of the EPN Densificatlmas started the integration of all European active
GNSS network products to provide a high qualitymbgeneous and dense position and velocity
product in close cooperation with all national dataviders and relevant initiatives as EUPOS and
EPOS.

3 GPS geodynamics and PS INSAR

We continued our investigation in the frameworktted GPS crustal deformation monitoring pro-
gram -commenced in 1991. Horizontal crustal motioarge been better constrained and the vertical
tectonic signals have been detected, the mainatrbkicks and faults and their present-day kine-
matics were also investigated. To archive this diswecessary to continue high-precision GPS
measurements within the MGGA (Hungarian GPS GeatljceaNetwork) and the CEGRN (Cen-
tral European GPS Geodynamic Reference Networkyargs (Grenerczy 2012, Caporali et al.
2011). In addition, we performed geodynamic appilids tests of the OGPSH (National GPS
Network) to significantly increase spatial resauti After tests had been successful, we organised
and performed nationwide high-precision GPS measent campaigns of the OGPSH increasing
the geodynamic site density by a factor of five.rdithan two-decade-long observation history of

Geomatikai Kozlemények XVIII(1), 2015
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the MGGA enabled us to construct the 3D crustabishetion map of the Pannonian Basin provid-
ing significant new knowledge for geosciences.

We developed and refined the reference frame mationitoring, and took part in relevant in-
ternational co-operations. Significantly increasgatial and temporal resolution of geokinematic
information in the Pannonian Basin (Grenerczy 2092 achieved major scientific results with the
creation of the first ever three-dimensional crugigformation map of the Pannonian Basin and
with the first high-rate GPS deformation studied #re most distant dynamic deformation detection
in the world using space geodesy. Tectonic reddssindirect social impact and serves valuable
input for seismology e.g. in assessing hazardsgémmechanics, geomorphology, river dynamics
e.g. in Quaternary river evolution, geodesy e.gcetestial and terrestrial reference frames, basin
analysis, rock physics e.g. in assessing pore ym&sand tectonics related topics in geology and
geophysics as well.

We continued introduction of Synthetic Aperture Radhterferometry (INSAR) technique to
Hungary and performed the first applications angomedemonstrations about its capabil{{gre-
nerczy 2012, Grenerczy and Wegmidiller 20M/e have been carrying out INSAR related research
for more than a decade supported also by the Earoppace Agency since 2005. Our current re-
search topic is INSAR Integration: common referegcand combined three-dimensional hazard
mapping with Sentinel-1. Major tasks involve mu#ehnique hazard monitoring in various envi-
ronments. It also includes study of active and ipasSAR point targets, design and establishment
of collocation of techniques including SAR reflestocommon referencing with other geodetic
networks, techniques, and also Sentinel-1 wide ar@aping, tests and demonstrations of geodetic
integration.

Beside our major tasks we are performing anthropiegmotion monitoring and study of the
anatomy and dynamics of surface instabilities egldb various human activities. We compare land
and space-based techniques, methodologies, andeffesitiveness and work out best-practice ap-
proach. Technological development possibilitiesas® studied especially in relation to state sur-
veying. Information dissemination, university les, student consultations, employment of young
scientist and InSAR related supervisions and reviefirelated works are also among our activities.

4 VLBI activities

The International Celestial Reference Frame (ICRRJefined by the positions of selected radio-
loud active galactic nuclei (quasars) measured ényVong Baseline Interferometry (VLBI). Some
of these positions appear variable based on lomg-treodetic/astrometric VLBI monitoring obser-
vations. The apparent proper motions can reachralelvendred microarcseconds per year in some
cases. We continued to study the possible relddween the quasars' apparent proper motion and
their radio structure imaged with VLBI. The anatysif a sample of 62 objects with significant and
reliable proper motion values, and their 8-GHz VliBlkging observations and brightness distribu-
tion models revealed a general correlation betwhencharacteristic directions of the proper mo-
tions and the extended radio jet structure on ~I0tanilliarcsecond scales. However, there are no-
table cases where quasar jets are significantlgligised with respect to the apparent proper motion
direction (Modér et al. 2011).

With the successful launch of the Gaia opticalas#try mission (2013) by the European Space
Agency (ESA), it will soon become possible to diletink the most accurate radio reference frame
with the Gaia optical reference frame using a largmber of common extragalactic objects. We
performed a case study to test the level of coaraid between the radio and optical positions of
compact active galactic nuclei, using the bestlogtees available at present. We found that ~4% of
the sample of nearly 1300 objects common in theHZRatalogue and the Sloan Digital Sky Sur-
vey Data Release 9 are significantly offset (by entiran 3 sigma positional uncertainty), as ex-
plained mostly by astrophysical reasons. Sincefiteal and radio centroids of quasars do not nec-
essarily coincide at the level of accuracy to bi@ieaed, a reliable Gaia-VLBI reference frame link
will require a careful selection of a common sebbfects by eliminating the outliers (Orosz and
Frey 2012, 2013).
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Lajos Volgyesi Gyula T6th, Zita Ultmanri, Csaba Eget’, Nikolett Rehany
Eszter Sizcs’, Gabor Papp, Judit Benedék Marta Kis’, Andras Koppéah Péter
Kovacs, Laszl6 Merényij Gergely Vadasz Ambrus Kenyerés

The gravity field related research has relevartitian and history in Hungary. Nowadays the most
important instruments of the modern gravimetry e absolute gravimeters, which measure the
gravity based on the law of free fall. Our studyeg a short summary about the related main re-
search fields and applications, where an absoltagimgeter will provide essential contribution.
Beyond some theoretical introduction the possilaleses of the time-variable gravity are summa-
rized, the importance of the equipment ingravincesmd geodetic networks is emphasized (Csap6
et al, 2011a), and its applications in the geodyoahstudies are described. The parameters and
capabilities of the A10 absolute gravimeter are alsown (Csap6 et al. 2011b).

The Hungarian Gravimetric Network (MGH) is maintdhby the Geological and Geophysical
Institute of Hungary (the former E6tvés Lorand Geypgical Institute). According to its condition in
2014, the MGH contains 20 absolute stations and1¥4§ 2" order base points. The maintenance
work includes checking the status of base pointwalsas substitution or installation of destroyed
or new base points (Csap6 and Koppan 2013). Bet@@&h and 2014, 8 base points and one abso-
lute station were reinstalled, and one base poa#t mewly installed. These stations were linked to
the 3 nearest MGH base points through relative oreasents.

In order to improve the reliability and accuracytioé network, the gravity acceleration was re-
determined on 11 absolute stations between 2012@hd. The measurements were carried out by
using the AXIS FG-5 No. 215 absolute gravimeterrafesl by the staff of Vyzkumny Ustav geo-
deticky, topograficky a kartograficky, v.v.i. (VU®T Czech Republic). Before the absolute meas-
urements, vertical gravity gradient (VG) was deteed on every station by LCR-G gravimeters,
using a 3-level arrangement and at least 6 sefie®asurements.

Whereas the VG can deviate significantly from tbhenmal value (-0.3086 mGal/m) in Hungary,
vertical gradients were determined on further 2gel@oints between 2011 and 2014.

To utilize the results of the latest absolute agldtive measurements, a new adjustment of the
MGH was carried out in 2013. The RMS errpg)(of the network was +0.0137 mGal (Csapé 2013).

A gravimeter calibration facility exists in the Mashegy Gravity and Geodynamical Observa-
tory of Geological and Geophysical Institute in igary. During the calibration a cylindrical ring of
3200 kg mass is vertically moving around the eqeptngenerating gravity variations. The effect
of the moving mass can be precisely calculated fitmenknown mass and geometrical parameters.
The main target of the calibration device was #chea relative accuracy of 0.1-0.2% for the cali-
bration of Earth tide recording gravimeters. Theximaim theoretical gravity variation produced by
the vertical movement of the mass is ab. 110 p&alt provides excellent possibility for the fine
calibration of LCR gravimeters in the tidal range.

The instrument was out of order for many yearsiarZD12 and 2013 it was renovated and au-
tomatized. The calibration process is aided bylligent controller electronics. A new PLC-based
system has been developed to allow easy contrdileomovement of the calibrating mass and to
measure the mass position. It enables also progeahsteps of movements (waiting positions and
waiting times) for refined gravity changes. All pagters (position of the mass, CPI data, X/Y
leveling positions) are recorded with 1 Hz sampliate. The system can be controlled remotely
through the internet.

Department of Geodesy and Surveying, Budapest Lsitivef Technology and Economics
E-mail: volgyesi@epito.bme.hu

*Geodetic and Geophysical Institute, MTA CSFK

3Geological and Geophysical Institute of Hungary

“satellite Geodetic Observatory, Institute of Gegd€artography and Remote Sensing
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As it is well known, variations of the magnetic fiedan influence the measurements of metal-spring
gravimeters, therefore magnetic experiments wengechout on the pillar of the calibration device
as well, in order to analyze the magnetic effecthe moving stainless steel mass. During the
movements of the mass, the observed magnetic fieldges significantly. According to the mag-
netic measurements and modelling, a correctioth®magnetic effect can be applied on the meas-
ured gravimetric data series (Kis et al. 2014, Koppt al. 2014).

An experimental development of a computer contdofiotoelectric ocular system applied for
the LaCoste and Romberg G949 gravimeter made th&éncous observation of time variation of
gravity possible. The system was operated for dgiar in the Sopronbanfalva Geodynamical Ob-
servatory to test its capabilities. The primary aifihis development was to provide an alternative
and self-manageable solution instead of the stanglactronic (Capacitive Position Indicator) read-
ing of this type of gravimeter and to use it foe timonitoring of Earth tides. It, however, turned ou
(Papp et al, 2012) that this system is sensitivaigh to observe the effect of variable seismiceaois
(microseisms) due to the changes of ocean weathirei North Atlantic and North Sea regions at
microGal level (1 pGal = I® m/s). Up to now little attention was paid to its irfloce on the
quality and accuracy of gravity observations du¢htolarge distance (>1000 km) between the ob-
servation site (generally the Carpathian—PannoB&sin) and the locations (centres of storm zones
of the northern hydrosphere) of triggering eveB@sed on an elementary harmonic surface defor-
mation model the noise level of gravity observagisras compared to the spectral characteristics of
seismic time series recorded at the same timednotiservatory. Although the sampling rate of
gravity records was 120 s, the daily variation cfvity noise level showed significant correlation
with the variation of spectral amplitude distritmutiof the analysed high pass filtered (cut-off fre-
guency = 0.005 Hz) seismograms up to 10 Hz. Avilalaily maps of ocean weather parameters
were also used to support both the correlationyaisabnd the parameterization of the triggering
events of microseisms for further statistical irtigggions. These maps, which were processed by
standard image processing algorithms, provide nigaledata about geometrical (distance and azi-
muth of the storm centres relative to the obseswagioint) and physical (mass of swelling water)
guantities. The information can be applied for eletarizing the state of ocean weather at a given
day which may help the prediction of its influera® gravity measurements in the future. Probably
it is the first attempt to analyse quantitativéig effect of ocean weather on gravity observations
this specific area of the Carpathian—Pannoniaroregi

Based on the results described above an Austriargéfian cooperation started to coordinate
the Earth tide monitoring in the Alps-CarpathiarssiRonian Basin region to provide the best fitting
tidal models for high precision absolute gravimeinythis specific area (Benedek et al. 2014).

In the 28" century, a large amount of torsion balance measemés have been made in Hunga-
ry mainly for geophysical purposes. Only the hantab gradients were used for geophysical pro-
specting, the curvature gradients measured byotoisalance remained unused. The knowledge of
the figure of the Earth, i.e. the geoid is an intaor problem from many scientific and practical
aspects. The gravity data provide the essentid lfasthe study of the geoid. In the frameworlaof
collaboration between the Geological and Geophyéisditute of Hungary and the Budapest Uni-
versity of Technology and Economics, the collectidrpast project reports on E6tvds torsion bal-
ance measurements has been started for more tlacade. The torsion balance data reported ei-
ther in report sheets or on maps have been diditarel collected in uniform databases. Recently,
the torsion balance database includes about 458fifids containing the curvature and/or gradient
data of E6tvds measurements carried out on therluat territory of Hungary.

Gravity gradients are very important and usefuhdatgeodesy. With the help of the gradients
precise vertical deflections can be calculatednbgrpolation and the fine structure of the geoid ca
be derived. Based on the horizontal and the cureaguadients of gravity the full E6tvos tensor
(including the vertical gradients) can be derivedl¢yesi 2012a, 2012b). A summary of the possi-
ble applications of torsion balance measurememtseaseen on Figure 1.
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Figure 1. Possible applications of the torsion balance nreasents

A laboratory has been developed to make various tsd measurements by the E6tvOs torsion
balance in the Budapest University of Technologg Bronomics. These tests were made with our
AUTERBAL (Automatic Eo6tvos-Rybar Balance) equipme@ameras with CCD sensors were
mounted on the reading arms for automatic readddlkgyesi and Ultmann 2012). Control of the
cameras and taking shots was computer-driven wighniecessary software developed under the
Linux operating system. Since with these camerasraéshots and readings per second for a long
period of time can be taken, a new perspectivéaéaa of us to observe hitherto unknown phenom-
ena.

Four shots per second were taken within severa4tin long records in all azimuths to study
damping of the balance. Time resolution was in@éag to 12 shots per second (i.e. 0.08 s sam-
pling period) to examine the finest details of taenping curve, whereas two 24-hour long records
were taken to study possible long-period kineticthe balance. It became feasible, for example, to
study damping characteristics of the device innfare detail and accuracy than it was previously
possible.

The main problem of torsion balance measurementgeitong damping time, however it is pos-
sible to significantly reduce it by our solutionhd damping curve can be precisely determined by
CCD sensors as well as computerized data colleetiwh evaluation. The first part of this curve
makes it possible, at least theoretically, to estarthe final position of the arm at rest. A finiie-
ment solution of a fluid dynamics model based oridlaStokes equations was investigated to
solve this problem.

Our study showed that these achievements may teathking it possible in the near future to
cut down measurement time in each azimuth fromo400t minutes to obtain estimate of the home
position of the balance with enough accuracy (Edthl. 2014).

Before starting the measurements by torsion balérisenecessary to set the starting azimuth
to the astronomical North direction, using a spemanpass enclosed with the pendulum. Using this
special compass the magnetic declination (anghed®at the astronomical and the magnetic North
direction) should be taken into consideration.

The most common geodetic and navigational probkenoe idetermine the precise geomagnetic
declination on a given place and time. For lackh&f known declination the compass cannot be
used with reasonable accuracy neither for geodetidor navigational purposes. Determination of
the true value of the magnetic declination by figldasurements is a complicated and time consum-
ing task. If such a field measurement is carriet] the great advantages, the speed and simplicity,
of the application of the compass would be lose dther remaining possibility is to determine the
normal value of declination by computation. In piee, of course, the real value of the declination
would be needed, but instead of this, the normhlevis used only as an approximation. However,
the normal value of the declination, except undgyvare circumstances does not correspond to the
real value and difference between these two vakifise declination anomaly. Using the compass
for geodetic or navigation purposes, declinationraaly is the error which biases the determined
northern direction. In our study determination b& tnormal value of geomagnetic declination
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D(¢, A, t) is discussed and the possible error sourceseofi¢hermination is attempted to estimate
(Volgyesi and Csontos 2014a, 2014b).

Linear variation of the gravity gradients betweba adjoining network points is an important
demand for different interpolation methods in gexyde.g. interpolation of the vertical deflection,
geoid computations, and interpolation of the gsavalues or the vertical gradients of gravity). To
study the linearity of gravity gradients, torsioaldnce measurements were made both at the field
and in a laboratory: one is at the southern path@fCsepel Island, and the other in the Geodynam-
ical Laboratory of Lorand E6tvds Geophysical Ingétin the Matyas Cave.

On Figure 2 the results of the computations arensarzed for the 7 points of the earlier torsion
balance measurements E220, E218, E238, E208, E208,, E207 with and without topographic
reduction respectively, and the results for the t@sion balance measurements 3.a-3.b-3.c-3.d-3.e
between the points E238 and E208 can be seen.

Based on our results, decreasing the length ofnsuring line improves the linearity of gravi-
ty gradients (since it increases the value&)f Data comparison shows that decreasing distances
between the torsion balance points from 1000-1500 &50-300 m does not increase significantly
the improvement of linearity (Vélgyesi and Ultma2@i14).

Finally, it is concluded that the mean point dgnsit the earlier torsion balance measurements
does not meet the requirement of linear variatibigravity gradients between neighbouring net-
work points.

Moreover the problem could not be solved even apglyopographic reduction. The results of
our investigations show that the linearity of thhedty gradients mainly depends on the given point
density and the geological fine structure of roakd shallow subsurface density. It seems the given
point density of the earlier torsion balance staimay not be enough for some geodetic purposes,
moreover the problem could not be solved applyimgographic reduction of gravity gradients
(Vélgyesi and Ultmann 2014).
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Figure 2. Linearity test of the torsion balance measuremetisnging of the horizontal gradieéMy
on the original points (upper part of the figuraylaon the denser net (lower part of the figure)
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Further investigations are planned to study thecotsf of the nonlinearity on geodetic quantities,
regarding e.g. the deflection of the vertical anelcgse geoid computation. Investigations would be
important to study the connection between the apstiucture of the gradients of gravity field and
the geological fine structure of rocks near-surfiat®mogeneities and shallow subsurface density.

All the elements of the E6tvds tensor can be measby torsion balance, except the vertical
gradient. The knowledge of the real value of theieal gradient is more and more important in gra-
vimetry and geodesy (Volgyesi et al. 2012).

Determination of the 3D gravity potentil(x,y,2 can be produced by inversion reconstruction
based on each of the gravity d&té(= g) measured by gravimeters and gravity gradi&iits Wy,

W, W,y measured by torsion balance. Moreover, verticadlignts\W,, measured directly by gravim-
eters have to be used as reference values at saints. (First derivatives of the potenthd, W, (it

can be derived from the components of deflectiothefvertical) may be useful for the joint inver-
sion, too. Determination of the potential functioss a great importance because all components of
the gravity vector and the elements of the fulle8ttensor can be derived from it as the first and
the second derivatives of this function. The seaderdvatives of the potential function give the-ele
ments of the full E6tvos tensor including the \aatigradients, and all these elements can be deter-
mined not only at the torsion balance stationsdoyivhere in the surroundings of these points.

For checking the 3D inversion algorithm, test cotafians were performed at the south part of
the Csepel Island where torsion balance and vérgiGdient measurements are available. There
were about 30 torsion balance, 21 gravity and 2Tica gradient measurements on our test area.
Only a part of the 27 vertical gradient values waed as initial data for the inversion and the re-
maining part of these points were used for contrglithe computation (Volgyesi et al. 2012).

The 27 vertical gradient measurement points caseba on Figure 3, the structure and the spatial
distribution of the values of vertical gradientslisstrated by isolines. The values of the isodiren
the Figure 2 is in mGal/m (1 mGal/m =10/ = 10 000 E =10 000 E&tvés Unit), coordinates are i
meters in the Hungarian Unified National ProjecsiggOV) system.

Comparing the measured vertical gradient datagocctmputed value at the 6 controlling points
the root mean square of the differences14.6 pGal/m which is the order of magnitude of the
measurements of the vertical gradient.
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Figure 3. Computed vertical gradients,Wrom the joint inversion, values are in mGal/m
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So this is a strong demonstration of the applidghdf the inversion reconstruction of the gravity
potential for the determination of the verticaldjemts based on torsion balance data.

Creating the optimal geometry of the interpolatiat is an important part of the computation of
deflection of the vertical based on torsion balamsasurements. The triangle network fitted to the
torsion balance stations should be designed talbguate for the interpolation, namely the distanc-
es between the adjacent points should be mininthkla curvature gradients between that selected
torsion balance points should be as linear as Ipless$o far this task has been performed manually
with huge efforts furthermore it has not alwayscasded in finding the optimal geometry. Delau-
nay triangulation offers a new opportunity to sottie problem by computer. Selecting the most
suitable pairs of points, the automatic creatiothef interpolation network is successful by an ap-
propriate modification of the Delaunay triangulati@ltmann and Vélgyesi 2013).

Global gravity field models are most recently refinrby GOCE data. As GOCE presents band
limited observations, an efficient spectral filtegimethod for eliminating the unreliable content of
the observations is of high relevance. Polgar e(24113) has derived an appropriate filter for the
purpose. Foldvary et al. (2014a) has derived thererof the filtered gravity gradients using the
classical error propagation laws. Foldvary et 2014b) then implemented the semi-analytical ap-
proach for the band-limited GOCE gravity gradiebservations.

The unprecedently low altitude of the GOCE satelltemonstrated by Figure 1 of Somodi and
Foldvary 2011) is also challenging from the orlBtermination point of view. Considering purely
dynamic orbits, error estimate of GOCE orbit defeation has been performed by Somodi and
Foldvary (2011, 2012). The studies analyzed ther'egffect of the near surface mass variations by
inclusion of high degree gravity field informaticemy ocean tide model, a reliable estimate of solid
earth tides and of polar motion. The investigatias been extended to GPS satellites (at altitude of
20200 km or so0) as well, as they serve as the batie orbit determination of the GOCE satellite.

The GRACE satellites delivers monthly resolutioawgty models enabling the determination of
annual or longer periodic mass variations. In amvag climate, it is critical to accurately estimate
ice-sheet mass balance to quantify its contributiopresent-day sea level rise. In Féldvary (2012)
temporal mass variations in Antarctica are invedéid based on monthly GRACE gravity solutions.
In order to diminish the effect of large uncertastin glacial isostatic adjustment models, an ap-
proach is developed to estimate the acceleratiothefice-sheet mass, assuming the presence of
accelerated melt signal in the GRACE data. Tholnghetstimate of accelerated melt does not pro-
vide an absolute value for the volume of the mglioe, it was found to be a viable tool for charac-
terizing the present-day ice sheet mass balanae n@thod has been refined by separation of dif-
ferent regions of melt rates by Foldvary et al.1@0

A new quasigeoid model for Hungary was determingddmbining gravity data, GPS/levelling
and vertical deflections (Téth andi®z 2011). Reduction of the measurements was peztbiy
using Earth Gravitational Model 2008 (EGM2008) &fdittle Radar Topographic Mission (SRTM)
elevation data sets. Calculation method was Leqai®s Collocation (LSC) with Forsberg’s self-
consistent planar logarithmic covariance modelthe computations the weights of GPS/levelling
data were large, in this way normal heights obthiinem levelling are consistent with GPS heights
and with the quasigeoid model. Astrogeodetic-gratiin, pure astrogeodetic and pure gravimetric
solutions have been calculated besides the comisimletion to investigate the discrepancies among
the different models. The combined quasigeoid mditeto the GPS/levelling data with standard
deviation of +4.9 cm, nevertheless at some GPSliegesites large differences were indicated.
Comparison of the astrogeodetic-gravimetric andlioed quasigeoid solutions shows a mean bias
of -2.74 cm and a standard deviation of £3.04 chesE two solutions are very close to each other
in most parts of the country (Figure 4.), excepttf@ region in southeast, where the GPS/levelling
observations do not fit well to the other obseatiypes. This region is located in the Great Hun-
garian Plains, which is covered by young, uncodstdid sediments. In this context the main prob-
lem is that levelling and GPS measurements doafet to the same epoch. First-order polygons of
the Unified National Vertical Network (EOMA) wereeasured in the 1970s, the OGPSH network
was established in the 1990s.

Geomatikai Kdzlemények XVIlI(1), 2015



HUNGARIAN CONTRIBUTION TO THE RESEARCH IN GRAVIMETRY 25

48 5 bias: 8.24 cm

std: £6.14 cm

48 |

47.51

latitude (deg)

47 | g

ot A H

455 1 | | | 1 |
16 W 18 19 20 21 22

longitude (deg)

Figure 4. Differences of astrogeodetic-gravimetric quasi-geoighte at OGPSH sites (bias removed)

Furthermore, levelling of the GPS/levelling siteasanachieved using the third order levelling net-
work of the country, not the first order one anditles of this GPS observations were carried out
using rapid measurement technology. Processing-ofeasurement data of part of the EOMA lev-
elling network confirms a suspected recent subsiglen

Recent high degree geopotential models and cestamputational procedures in physical geod-
esy require the evaluation of integrals (truncatioefficients) that are products of very high degre
Legendre polinomials (or functions) with varioustels over a given domain. The oscillating char-
acter of integrands (more than 10,000 zeros) maldifficult to evaluate such integrals. A highly
accurate quadrature has been developed for fagiwtation of these integrals based on the Glaser-
Liu-Rokhlin root finding algorithm and Gauss-Lolmttjuadrature between the roots (Téth and
Fancsikné 2013). Our procedure successfully elitamahe instability of the recursive algorithm
developed by MK Paul for the solution of Stokegskgral at very high degrees. It can be applied in
several fields of physical geodesy, e.g. for gsafiéld modelling based on surface or satellitevgra
ity gradients.

SZics (2012) presents the validation of the first aedond generation GOCE-only models using
terrestrial data sets in Hungary. Besides GOCEeh&B8Ms satellite only GRACE models were
evaluated to assess the improvements by GOCE aisrs with respect to GRACE in gravity
field determination. EGM2008 as the state-of-theramdel and SRTM3 elevation model were ap-
plied to provide that measurements involving Huregadata sets and model derived gravity field
functionals have almost the same spectral conRagults with GPS-levelling and gravity data sup-
port that there is an improvement in the deternonadf medium-wavelength parts (200t < 250
km) of the gravitational field with GOCE models.thdugh vertical deflections characterize the
short-wave part of the gravity field, they are atspable of sensing the advancement of SGG ob-
servations.

SZics et al. (2014) investigated the spectral charatites of terrestrial data sets mentioned
above. They estimated the spectral contributiografity anomalies, vertical deflections and gravi-
ty gradients using both Fourier PSD and covariamadysis depending on the spatial distribution of
data points. From the spectral characteristicewéstrial measurements weights for spectral com-
bination of a global gravity field model, gravitpé gravity gradient data were derived. Besides the
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frequency domain investigations the informationteah regarding the different wavelength struc-
ture comprised in terrestrial and EGM2008 model imasstigated also in the space domain based
on covariance analysis. As a combined validatiatess the gravity degree variances were trans-
formed to the necessary auto- and cross covarimmions to predict geoid height from gravity
anomaly, which ensures an independent validationgss of the computed spectrum.

Special attention was paid to the evaluation of BRBurface model which has been extensive-
ly used for residual terrain modelling recently. @nwell surveyed local, partly forest-clad area
Papp and Sics (2011) determined its deviation from a digitatain model digitized from 1:10 000
topographic maps and found close correlation betwke deviations and canopy heights reaching
sometimes 10 m — 15 m. They transformed the helifgrences to a 3D mass density model dis-
cretized by rectangular prisms to derive gravitgraalies, geoid heights and second derivatives by
forward gravitational modelling. The direct gravitaal effect of the differences between surface
and terrain models is insignificant (< 1 mm) onigdueights but it is considerable if terrain correc
tions for gravity anomalies and torsion balance sneaments are required for geophysical interpre-
tation.

SZics and Benedek (2014) extensively investigated hiclvfrequency band gravity gradients
measured by Eo6tvds torsion balance could contribmutthe refinement of gravity field features.
They used different kernel modifications of thedjometric boundary value problems in the nu-
merical evaluation of integral transforms, espdgitiie integrals transforming horizontal gravity
gradients to vertical gravity gradient, to gravityomaly and to potential. Closed-loop differences
between gravity field quantities derived from int&Egtransforms and their “true” value obtained
from EGM2008 GGM were synthetically analysed forieas wavelength bands both in space and
in frequency domain.

In order to support the evaluation of different igesolutions based on physical approaches (e.g.
gravimetric geoid) the development of a digital iferramera system (DZCS) has been started in
the Research Centre for Astronomy and Earth Scgrdengarian Academy of Sciences. DZCS-s
are astronomical-geodetic measurement systemdéoobbservation of the direction of the plumb
line. The DZCS key component is a pair of tiltmetéar the determination of the instrumental tilt
with respect to the plumb line. Highest accuraay. (0.1 arc-seconds or better) is achieved in-prac
tice through observation with precision tiltmetar®pposite faces (180° instrumental rotation), and
through application of rigorous tilt reduction mégleA novel concept proposes the development of
a hexapod- (Stewart platform)-based DZCS. Howelvexapod-based total rotations are limited to
about 30°-60° in azimuth (equivalent to £+15° and:8®° yaw rotation), which raises the question
of the impact of the rotation angle between the tames on the accuracy of the tilt measurement.
Hirt et al. (2014) investigated the expected aaoyE tilt measurements to be carried out on future
hexapod-based DZCS, with special focus placed emdle of the limited rotation angle. A Monte-
Carlo simulation study is carried out in order &ride accuracy estimates for the tilt determination
as a function of several input parameters, anddbelts are validated against analytical error prop
agation. As main result of the study, limitationtbé instrumental rotation to 60° (30°) deteriosate
the tilt accuracy by a factor of about 2 (4) congohio a 180° rotation between the faces. None the
less, a tilt accuracy at the 0.1 arc-second lewvekpected when the rotation is at least 45°, abl 0
arc-second (about 0.25 microradian) accurate tdtens are deployed. Consequently a hexapod-
based DZCS can be expected to allow sufficientiyuestte determination of the instrumental tilt.
This provides supporting evidence for the feagibiif such a novel instrumentation.

In view of the recent re-measurement campaign efHhngarian Levelling Base Network the
role of gravimetric observations was studied (Kchtalla et al. 2011). Adjustment of the network
was performed using geopotential numbers, whichbeaconverted into an equivalent metric quan-
tity, the normal heights. The normal heights caodle derived directly from raw observed height
differences by adding two normal correction terksandK,. Both of them have been determined
based on an earlier network adjustment. The seterng K, is a function ofAg along the levelling
line, which is implicitly an estimate of the effeat long-wavelength gravity field. The accuracy
demand of gravimetric data for normal correctiodemdifferent terrain conditions was discussed.
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In the recent years several investigations have Ipegformed on the newly constructed subway
line of Budapest, line no. 4 (Metro 4). From the/sibal geodetic aspect the effect of the excavation
on the gravity field (potential surfaces, plumbek is of interest. In fact, the change of the igyav
field may affect the monitoring of the vertical dehation during the construction, as the method of
repeated leveling assumes the local horizontal rtical to be constant in time (E¢etnd
Féldvary 2011). In the study of Egeet al. (2014) the direct effect of the mass losdaveling
measurements due to the excavation of the two tsiamel of the stations of Metro 4 has been con-
sidered. The corresponding numerical accuracy ssave presented by E¢eand Foldvary (2013).
The method has been refined by inclusion of théréotl effect of the actual vertical deformations
(subsidence) of the physical surface on the legelinEge et al. (2013). According to the results,
under certain arrangements of the leveling line,dinect effect can reach theut order of magni-
tude, which is equivalent to the precision of thiegse leveling, while the indirect effect due to
subsidence is below Odm, thus negligible.
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Péter Varga, Balint Sile

The absence of long series of complete earthquake id a serious difficulty in seismic hazard
research as well as in preparation of the worst-casdels for the location, size, and peak ground
acceleration (PGA) of potential future earthquakesat is why predictions based on probabilistic
and to a lesser extent on deterministic princigpandt fit in aptly with observed reality and do not
help to determine reliable design parameters ewehda comparatively well-known past occurrenc-
es, despite their evidently serious mathematicahdations (Varga 2011a). By means of combined
use of geodetic strain rate data and the seismimenbdata set, the probable recurrence time was
determined for past seismic events. This combinagpresents a new and independent approach to
estimate the order of magnitude of future seisnttviy. Using a modified version of Kostrov's
equation and the catalogue of seismic momentsraberrence of the strongest earthquakes of a
source area was estimated. It was found in Var@a 1) that the recurrences in a given source
zone in case of earthquaklk, > 9.0 are of the order of some hundred years. Foiddtge and
medium earthquakes the expectitds well above some f@ears.

The geographical locations of gredt & 7) earthquakes, first of all the shallow onesjndgite
the lithospheric plates, among them primarily thbokpheric slabs penetrating into the mantle.
Only a part of subduction zones are marked besidbosv by deep earthquake zones too. The esti-
mated global length of subduction zones is¥7km, while length of those which are related to
deep events — according to our calculations cawigdvith a methodology based on inverse map-
ping equations and applied to a given map projactids only 1.9.0° km (28%). For the aims of
the present study maps completed with Mollweidggmtion were in use. Examination of the seven
source zones circumscribed in Varga and Sille (2@54)e from one (Honsu-Kamchatka), in which
both shallow and dedyd > 7.0 earthquakes occur, shows that linear disiobuwf deep earthquakes
is considerably shorter than that found for thellsthaearthquakes, which determine the length of
the zone (Figure 1). The distribution of earthquakergy release along latitudes has no correlation
with the number of earthquakes and with the distiidn of topographic structures usually interpret-
ed as subduction zones. At the same time a cléal e-ordination of radiated seismic energy is
demonstrated with maxima at latitudes close tacatfitvalues (+45°).The radiated energy has the
highest peak close to 0°+5°, with respect to tlototd@c equator, which is inclined about 30° with
respect to the geographic equator.

Figure 1. The geographical locations of delép> 7 earthquakes. The epicentres are marked witts ditte boundaries of
investigated source zones are shown with thickgstrdines
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This fact indicates the presence of external fothasinfluence seismicity and it is consistenthwit
the fact that Gutenberg-Richter law is linear, doents withM > 5, only when the whole Earth’s
seismicity is considered, and it points at an astnaical control on plate tectonics. This external
factor is most probably the despinning (reductibthe Earth’s angular rotation) of the Earth axial
rotation caused primarily by tidal friction due tiee Moon (Varga et al. 2012b, Varga and Sile
2014).

Examining variations in the Earth's rotation durthg geological history the relationship be-
tween the axial despinning and changes in thetstRiof the planetary interior was investigated. It
was found that for the present epoch a growthahtle core comprised between 1 and 10 mm/cy
seems to be plausible guess, leading to a reldéeeease of LOD comprised roughly between 10
and 100us/cy. Such values do not affect significantly theserved secular increase of LOD caused
by tidal braking, which amounts to about 1.79 mskgwever, in the remote geological past, be-
fore Phanerozoic, the effect of the core growth rhaye been much more important, because the
total change of LOD associated with core formatiais been estimated to be 2.4 hours for an ini-
tially undifferentiated old Earth, and 3.1 hours &m initially undifferentiated hot Earth. Paleo-DO
measurements see to far slow core formation duhiegProterozoic contrarily to the now largely
prevailing hypothesis that the iron core formedyvearly in the Earth’s history and during a geo-
logically short time interval. From recent estingaté the age of the inner core based on the theory
of thermal evolution of the core, it was estimatieat nowadays the growth of the inner core gener-
ates a relative decrease of 2 to 7 us/cy, whataoayribute to the observed overall secular increase
of LOD caused mainly by tidal friction (i.e., 1.#&/cy) by a relative decrease of 2 to 7 us/cy, what
does not produce any detectable change of lenglay{Denis et al. 2011).

From the study of palaeogeographical maps forabed00 Ma it was concluded that during this
time-interval of Earth’s history the tectonic adiyvhad a significant change: increase occurred in
the lengths of mid-ocean ridges (spreading centard)subduction zones. In the same time there
has been a large change of the length of the zbekés. This change can explain contemporary
change of the despinning rate from about 0.35 m&/@bout 1.79 ms/cy (Varga et al. 2012c). The
mechanisms that move plates are not entirely utatssIn order to clarify the issue the compila-
tion of palaeogeographical maps in the time spérn3a BP to Present in terms of (a) the ratio be-
tween continental to oceanic crust areas in omestimate the speed of continental growth, and (b)
the surface motion of continental plates underitiieience of global forces of tidal friction and
Edtvos force (“pole-fleeing”) was investigated.whs concluded that the area of the continents
during the Phanerozoic was continuously growing iamchibited a rate ~0.5 Kityr. On the other
hand, it was found that beside the westward orietitéal frictional forces the E6tvos force can
possibly play also a role in the plate tectoniccesses. In Figure 2 it is shown that the contidenta
plates on average tend to find a position clostaéoequator during the whole investigated 600 Ma
time-interval (Varga et al. 2014a).
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Based on mathematical considerations an extendidheoMacCullagh formulae was derived. In
particular, for excitation functions with a vanisbiharmonic coefficient of degree zero, the diago-
nal incremental moments of inertia can be exprebgeskcitation coefficients. Four types of excita-
tion functions are considered: (i) tidal excitatidil) loading potential, (iii) centrifugal poteati
and (iv) transverse surface stress. One applicafidime results could be a model computation of the
length-of-day variations and polar motion, whictpeled on the moments of inertia (Varga et al.
2012a).

In order to study theoretically the geodynamic wéhar of the Earth on a short (elastic Earth)
and on a long scale of geological periodic vari&gidfor an almost perfectly liquid Earth), the
changes of the moment of inertia are decomposedtimd parts: the first, described by a volume
integral, explains the effect of the density vaoias, while the second gives the impact of the sur-
face variations using a surface integral. Basethathematical considerations it was concluded that
only minor changes occurred during time intervahir2.5 to 0.5 Ga BP in the main features of the
inner structure of our planet which was practicdilhjshed at the very beginning of the history of
the Earth. This conclusion coincides with recerstulis of geochemists who concluded that the
formation of the core and of the main featureshefmantle was completed 3.5-4.0 billion years ago
(Varga et al. 2014b).
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Recent tectonic movements have been recorded bypsxneters in three stations (Budapest, Sop-
ronbanfalva, Vyhne) in the Pannonian Basin (Figiréor more than two decades. All extensome-
ters are assembled from quartz tubes of the samanpsers. The capacitive sensors of the exten-
someters and the calibration device and calibratiethod of the instruments were developed and
made in the MTA CSFK Geodetic and Geophysical fuigti This fact renders the consistent meas-
urement of small tectonic movements possible. iditamh to the instrumentation, properties of the
observatories and the environmental effects, thaityuof extensometric measurements strongly
depends also on the anelasticity and lateral hg¢eities of the Earth’s mantle. Intensive research
work was done to investigate the above mentionfst®sfto increase the reliability of the interpre-
tation of tectonic measurements. In the first siephe research work the results of extensometric
measurements obtained in the Sopronbanfalva Gewodin®bservatory (SGO) and in the Ma-
tyashegy (Budapest) Gravity and Geodynamic ObserydgMGGO) were analysed and compared
(Eperné Pépai et al. 2014, Mentes et al. 2014yak pointed out that the tidal transfer of the
MGGO is better than that of the SGO since the tidaisfer in the diurnal tidal range is about 80%
of the semidiurnal in the SGO (Figure 2).

Figure 3 shows the long-term strain variations mea$in the SGO and in the MGGO by exten-
someters. The strain rates in both observatoresnagood agreement with the strain rates inferred
from GPS measurements of the Hungarian GPS Geodygriaeference Network and the Central
European GPS Reference Network (Mentes 2012a, H®).strain rate (-4.88str/y) measured in
Sopronbanfalva is much higher than those measurddei MGGO in Budapest which can be at-
tributed to the geographical location of the SG@e Trea belongs to the marginal mountainous
region of the Pannonian Basin and this East Alp&gion is characterized by different vertical
deformation velocities compared to the centralgaftthe basin. The folding and compression of
the weak lithosphere absorbs the strain in the &@an Basin which explains the small strain rates
measured in Budapest (Mentes 2012a, b).

The rock deformation data series collected by esdereters provide an opportunity for studying
various changes in the geological properties aol-physics of the environment, caused by earth-
guakes (e.qg., displacement, deformation of rocksiasereby further information can be achieved
about the nature of these effects, complementirgatialysis of seismograms (as e.g. in the fre-
guency range embraced by extensometers it is pegsilbecord changes with much higher time of
periods). The appearance of effects of earthquiakestensometric data were investigated on data

—

@®Vyhne

SLOVAKIA

18°

Figure 1.Location of the Budapest (MGGO), Sopronbanfalva@$@nd Vyhne extensometric stations
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Figure 2.Tidal frequency transfer function of the Budap®6GO), and Sopronbanfalva (SGO) extensometricastati

series collected in the Matyashegy Gravity and @earhical Observatory in Budapest in the time
of significant M > 7) earthquakes, and spectral analysis was castie(Kis et al. 2014). Results of
the examinations were compared to the spectrureaafrds of a typical, undisturbed lapse of time,
as well as to the spectrum calculated from seisaemgrof Kévesligethy Radé Seismological Ob-
servatory in Budapest, nearby the gravity obseryato

In the Sopronbanfalva Geodynamic Observatory tlerabradon concentration is very high and
it depend on meteorological parameters (indoor antdioor temperature, barometric pressure),
ventilation of the observatory, etc. Simultaneotrais measurement by extensometer and radon
concentration measurement by an ALPHAGU¥rihstrument is a unique possibility to study the
relationship between rock strain and radon conagatr variations in this observatory. The long-
periodic part and seasonal variations of the sgymadre examined by cross-correlation and regres-
sion analysis. It was found that the strain indutbn concentration variations are in the order of
10" — 10° kBq nsti*, while the concentration variations bear more whtable similarity and rela-
tion to the temperature and air pressure variatientes 2012a). The theoretical tidal potential at
the location of the measurement site and tidal aomapts computed from strain, meteorological
and radon concentration data were compared with etieer. The tidal evaluation proved the lack
of the principal lunar semidiurnal M2 and diurndl @dal waves, which have the strongest effect on
the deformation of the solid Earth, but they arpliek components in the theoretical tidal and rock
strain variations. These results does not reveglcannection between radon concentration varia-
tions and Earth’s tide induced rock strain at trEasurement site and the tidal components appear-
ing around the noise level in the radon concemnatire presumably due to the random variation of
the weather (Figure 4).
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According to the research objectives of the intdomal IAG WG 4.2.4: Monitoring of Landslides
& System Analysis (chair of the working group: Gyilentes) the Geodetic and Geophysical Insti-
tute was working:

- on development of dynamic monitoring and data eat&dn systems for landslide prone ar-
eas,

- on study of the interactions between landslides gamphysical, geological, geomorpho-
logical, hydrological, geomechanical, meteorololjietc. processes,

- on study of the relationships between landslide enments and vital processes of vegeta-
tion.

For the investigations three test sites were usdduingary (high banks of river Danube at Duna-
foldvar and Dunaszekésand a wooded slope in the Hidegvizvolgy-valleythe vicinity of the
town Sopron). On the high bank in Dunaszékageodetic network was established for GPS, elec-
tronic distance measurements and precise levellihg. intermittent geodetic measurements were
repeated in time intervals according to the ratthefmovements (Banyai et al. 2013a, b, Mentes et
al. 2012). On both high banks continuous tilt measents were also carried out by highly sensi-
tive borehole tiltmeters (Mentes and Banyai 2014 Dunafoldvar, in addition to the continuous tilt
measurements the vertical movements of the higk beme measured by a borehole extensometer
developed in the Geodetic and Geophysical InstifMentes 2011a, 2012). At both test sites the
precipitation, the ground water level and the watage of the River Danube were also recorded.
This complete measurement system is very suitabléhé investigation of the kinematic behaviour
of landslides and together with other (e.g. hydgaal, meteorological, etc.) parameters for the
study of dynamics of landslides. On these test slie influence of geological, geomorphological,
hydrological, meteorological, etc. factors and ithele in triggering landslides were investigated.

New method was developed for the integrated evialuaif different geodetic measurements
(Banyai 2011) and a new dynamic model was develdped better understanding of the recurring
landslides in Dunaszek&gUjvari et al. 2011, Mentes et al. 2012, BanyaaleR013b, Banyai et al.
2014a).

In this period new measurement methods applyinglanameters (Mentes, 2011b) and their
mathematical background for detecting very smalpldicements were developed for early detection
of landslides. An instrument for calibration of at@rometers was also developed (Mentes, 2011b).
According to the results of the research, the @catbn measurements can be used for stability
assessment of landslide prone areas. The InSARdémyy was intensively studied and scattering
surfaces (passive reflectors) were developed foeasing the accuracy of this technology for land-
slide and tectonic observation (Banyai et al. 2014b

The results of the investigation of the relatiopshbetween high bank tilts and vital processes of
the vegetation demonstrate that the daily tilt almgés show a clear seasonal characteristic which
coincide with the active (from April till Octobegnd passive (from November till March) periods
of the vegetation. Figure 7 shows the relationsbigisveen PET, and the monthly averages of the
precipitation and tilt amplitudes at the two tagts Figure 1 demonstrates very clearly that dyrin
higher potential evapotranspiration (PET) theditiplitudes are also high. It can also be observed
that in dry periods, when the amount of the préafjzn is small, the tilt amplitudes are higherrtha
in the rainy seasons. The effect of precipitatiartite seasonal variations of the tilt amplitudesfis
minor importance which means that the vegetatiarhach more important role in the water bal-
ance of the upper layer of the soil than the pitatipn (Mentes and Bédis 2011, 2012, B6dis and
Mentes 2012).

MTA CSFK Geodetic and Geophysical Institute
E-mail: mentes.gyula@csfk.mta.hu
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On the test site in the Hidegviz-valley (Figureb2yide the ground tilt (EW and NS directions) the
following meteorological and hydrological paramsterere measured:

- direction and velocity of the wind: at heights & 23, 19, 14 and 2 m;

- air temperature and humidity: at heights of 30,1728,14 and 2 m;

- total solar radiation: at heights of 30, 23 and;2 m

- precipitation: at a height of 20 m;

- soil temperature: at heights of 0.05, 0 m and pthgeof: 0.05, 0.1, 0.2, 0.5, 1 m;
- soil moisture content: at depths of 0.1, 0.2, 0.3, 0.6, 1 m.

Quantitative relationships were determined betwdenmeasured tilt values and the above men-
tioned parameters (Mentes et al. 2014). It wastpdiut that under unfavourable conditions, the
common effect of the investigated parameters dgger slope slides. The complex study of these
effects can contribute to the identification offeient ground processes and can provide useful
information for development of early warning sysseamd mitigation of landslide hazards.

450 — 3 140 5
_.;reupntahon precipitation ,\
400 — it [ 28 120 ——PET 45
— £ —_ m 4
£ 350 26 £ /\A\ it I
£ 24 m 2100 5%
S 300 | 8 S E
B 250 2 g % & 3
g 2 2% E
£ 200 s B g_ 60 - g-
g 150 = & :
5 16 B S 40 - =
SN B N I Y B PR LI
\/\/J V \ / 20
50 12
0

a) b)

Figure 1. Relationships between PET (potential evapotrantpirg monthly averages of the precipitation
and tilt amplitudes on the Dunaf6ldvér (a) and Daze&c$ (b) test site

Figure 2. The Hidegviz-valley test site. a) Instruments fgdiologic measurements,
b) tower for the measurement meteorological pararset
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In the reporting period, a group of Hungarian stigs was active in the field of remote sensing the
atmosphere using GNSS techniques, too.

Since the active GNSS network had reached thea$pasiolution of ca. 60 km, therefore the ap-
plication of this network for monitoring the atmdspic water vapour became feasible. A research
project funded by the National Research Fund (OTK&s initiated to realize a near real-time
processing facility to estimate the zenith tropasjhdelays (ZTD) and the integrated water vapour
(IWV) in the atmosphere using ground based GNS®rmhsons (Rbézsa et al. 2012, Rézsa 2012,
Rézsa et al. 2013). The observations are routipelgessed and the results are disseminated to the
EUMETNET E-GVAP programme. The Hungarian MeteoratafService is currently investigat-
ing the effect of the assimilation of ZTDs to thewerical weather prediction models.

GNSS based ZTD estimates are usually evaluatedraiiosonde comparisons. Since the esti-
mation of the uncertainties of ZTDs and IWV valstsmming from radiosonde profiles is neces-
sary for a rigorous comparison and evaluation ef ribsults, R6zsa (2013) developed a rigorous
method to estimate these uncertainties from thesgpimeric profiles. The results showed that the
interlayer correlations of the water vapour contesminot be neglected to achieve correct results.
The estimated uncertainties agreed remarkablewillthe results obtained during the WMO radi-
osonde intercomparison campaigns.

1 Establishment of an Observatory for GNSS Meteology

The cooperation of the Department of Geodesy amdeSing of the Budapest University of Tech-
nology (BME) and the Hungarian Meteorological Seev(HMS) helped to establish a collocated
permanent GNSS station in the Meteorological Olzgery of the HMS in Szeged, where radio-
sonde facilities as well as microwave radiometesepbations are available.

This facility provides important observations tadt the accuracy of GNSS based ZTD estima-
tions and to develop the optimal data filteringhteiques for the assimilation of ZTDs in numerical
weather prediction models.

2 Evaluation and development of troposphere modefsr ground based augmentation systems

The Department of Geodesy and Surveying of the BdRicipated in an international project
aiming the development of a new troposphere modelgfound based augmentation systems.
BME's task was to evaluate the state-of-the-agpdsphere models using radiosonde observations
and to introduce a modelling approach for a tropesp model derived from local radiosonde ob-
servations (Rdzsa, 2014). The results showed higalotcally derived troposphere model improved
the modelling bias by 95% with respect to the RTRI®PS model.

'Budapest University of Technology and EconomicgaBement of Geodesy and Surveying.
E-mail:rozsa.szabolcs@epito.bme.hu

Eptvds Lorand University, Department of Meteorology

SInstitute of Geodesy, Cartography and Remote SgnSitellite Geodetic Observatory
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HUNGARIAN CONTRIBUTION TO THE RESEARCH ON
NUMERICAL THEORIES AND SOLUTIONS IN
MATHEMATICAL GEODESY — IAG INTER-COMMISSION

COMMITTEE

Laszl6 Banydj Jézsef Zavalj Laszl6 Bacsatyai Kornél Czimbet
Lérant Foldvary, Janos Kalm&r, Davaadorzsin Monhdr Béla Palanc
Lajos Volgye$i Erik Papp, Balazs Somoti

The theoretical and practical background of theilaiity transformation together with the simulta-
neous estimation of local geoid undulations is @nésd in Banyai (2011). The mean features of the
traditional network adjustment on the local elliggoare summarized and the different Hungarian
networks and known geoid solutions are shortly diesd as the basic data of the test computations.
The eigenvalue and eigenvector decomposition redetilat the seven parameter similarity trans-
formation cannot be applied together with the stemdous local geoid estimation because the rota-
tions about the X and Y axes significantly destitog condition of the normal equations. However,
the replacement of the rotations about the X, Y Arakes by the rotation about the ellipsoidal nor-
mal of the datum point can provide a very well-dtinded solution, which takes into account the
special role of the datum point of the astro-geiodettwork adjustment. Based on the unit weights
of the input data an optimal adjustment strategg@emonstrated from a computational point of
view, where the five transformation parameters lsamstimated together with a very large number
of local geoid undulations. The geoid has to bevkmdin the global reference system. The geoid
unknowns describe only the relative position o tkmown geoid with respect to the local reference
system. The application of the available and thmeultaneously estimated local geoid solutions
proved that neglecting local geoid heights has atrs@nificant impact on the scale parameter,
while it has no significant effects on the horizzinesiduals from the statistical point of view.eTh
small scale difference (1 ppm) and the small rotaf-0.5 arc sec) about the datum point and its
ellipsoidal normal of the Hungarian local systenthwiespect to the global GPS system demonstrate
the high quality of the traditional measurementsval.

Classical numerical integration methods were tefbedletermining the orbits of most recent
Low Earth Orbiter (LEO) satellites. In general, remoal integration techniques for orbit determi-
nation are commonly used to fill the gap betweea thiscrete, observed epochs. In Somodi and
Foldvary (2011, 2012) orbits were determined using EGM96 gravity model by the Euler,
Runge-Kutta, Bulirsch-Stoer and Adams-Moulton nuo@rintegration techniques among others.
These analyses were performed for LEO satellite 6@ad for one medium altitude GPS satellites.
The orbits were integrated under different assusngtion the roughness of the force model, consid-
ering effects of elasticity, high order gravity andn-static Earth generated accelerations on the
orbits.

Subdivision surfaces are widely used in computdedidesign and animation, but rarely in
geoinformatics. In the paper of Czimber (2011) mhest important subdivision methods are dis-
cussed and a new procedure is presented, whidhdg@control the interpolation or approximation
by points and the adaptive subdivision of the glaga in geoinformation systems.

The exterior orientation of sensors (e.g. camestesys) is one of the basic tasks of the photo-
grammetry. The parameters for exterior orientatian be determined from the mathematical equa-
tions between the image coordinates and the camekspg object or ground coordinates. The math-
ematical models for this problem have been availabice decades; huge program packages utilize
the methods which have proved to be successfulantipe. In Zavoti and Fritsch (2011) a new
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alternative solution is given. This paper proposesalternative solution, which does not use itera-
tion and approximate data. The equations in thikvewe in coherence with the photogrammetric
theory of exterior orientation; the only differentein the mathematical solution. This kind of

mathematical treatment of the problem can be censias novelty.

In Banyai (2012) the exact least-square line fihweitrors in both coordinates is investigated to-
gether with the approximate solution based on thmélism of the linear Gauss-Helmert model or
the unified adjustment approach of the classicabteks. The similarities and the differences are
described in details. In spite of the small diffeses the exact solution is preferable and the tzalcu
tions are simpler. This paper does not deal withdfrors-in-variables (EIV) models solved by the
total least-squares (TLS) principle, since the &Xae fit solution is used to validate this general
approach, which is basically designed to solve nsogghisticated nonlinear tasks. In the most gen-
eral case the fit of Person’s data with York’s wésgh iteratively solved starting with the arbiyrar
zero initial value of the slope. The test compotativith different but systematically chosen weights
proved that in special cases — e.g. the weightast-quare sum of the distances between the data
points and the estimated line is minimised — themo need for iterations at all. It is shown ttiet
methods described by Zavoti (2012b) are speciasca$ the general exact solutions. The simple
linear estimation of variance-covariance matrixhd exact solution is also demonstrated. The im-
portance of the stochastic models coupled with tes@lation is also demonstrated.

In Palancz (2012) the algebraic solution of thengemic model of photogrammetric exterior
orientation is presented by a system of multivarfalynomial equations. Employing Dixon result-
ant, the determination of the roots of this systam be reduced to the computation of the roots of a
single variable polynomial of fourth order. In tliase the Dixon matrix does not have full rank;
therefore the standard Nakos-Williams algorithmrzancompute the resultant of the polynomial
system.

The laws of nature in general and the relations lamg, particularly in geodesy, can be ex-
pressed in most cases by nonlinear equations, véretyenerally solved by transforming them to
linear form and applying iteration. The processbahging the equations to linear form implies
negligence and approximations. In certain casespbssible to obtain exact, correct solutions for
nonlinear problems. In Zavoti (2012a) rotation rxaprarameters are introduced and used for the
solutions of 2D and 3D similarity transformatiofhis method involves no iteration, and it does
not require the transformation of equations inteedir form. The scale parameter is determined in
both cases by solving a polynomial equation of sdategree. This solution is already known, but
this derivation is worth to be considered becadsts gimple nature.

In the last ten years the application of computgelara systems to special basic tasks has be-
come one of the most rapidly developing branchegeofletic research. The conventional methods
for solving problems involve approximation and déwon; and because of the lack of proper innova-
tion, this is the general approach even today. Gaenalgebra systems have led to the construction
of models, which give exact, analytical solutioirs.many cases these models can't be applied,
because increasing the number of the data leagsdonbinatorial explosion, that is, a general solu-
tion can’t be computed even with today’s modern potars. The paper of Zavoti (2012b) describes
some basic geodetic tasks, for which new, stabilgisns already exist.

The demand for integrated adjustment of differestdgtic observables arose from practical rea-
sons. The popular basic concept of the seventigsiaties was reconsidered in Banyai (2013). A
new procedure was developed for the adjustmentredige geodetic observables, by which the
astro-gravimetric data — geoid undulations and dedles of the vertical — can be taken into account
in different ways. New “quasi-linear” observatioguations were introduced for geodetic total sta-
tion measurement, which have a more convenient ricateadvantage with respect to traditional
approach. The method is tested and demonstraté@ldymeasurements. Rotational residuals and
additional parameters — scale differences and aatphase centre offsets — can be used to handle
the outliers of GNSS baseline components aidedrbpay statistical tests. The common application
of GNSS baselines and levelled height differencewgd to be an efficient tool to improve the
height component of local 3D networks. If the deftats of the vertical are comparable to the accu-
racy of geodetic total station measurements tregiated adjustment is preferable.
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Datum transformation has been widely used in ggodes a number of different algorithms have
been known and applied. However, many of them asedth on the assumption of small rotations,
and linearization is needed in order to derivedhtum transformation parameters. In Papp (2013)
the concept of quaternions is described to reptdberrotation and scale parameters in Bursa-Wolf
geodetic transformation model. The main advantdgghis algorithm is that it can be applied in
case of arbitrary size rotation; it does not needarization and iteration for computation of the
datum transformation parameters for a non-linearsformation model.

The Dirichlet distribution is one of the most imtant multivariate probability distributions with
wide range of applications in various areas ofisgttas, probabilistic modelling, engineering and
geosciences. The paper of Monhor (2013) is an egpn-driven short and simplified introduction
to the fundamental issues of the Dirichlet distiitbu and gives some useful representations of
bounds on the Dirichlet distribution function. Avmgpolynomial representation for the bivariate
Dirichlet distribution is established. The potehpassibility of geodetic and geophysical applica-
tions of the Dirichlet distribution is briefly dediced within the framework of recent developments
and trends of statistical science and applied fitiba

In the paper of Palancz et al. (2013) the Paretionafity method is applied to the parameter es-
timation of the Gauss-Helmert weighted 2D similatiansformation assuming that there are meas-
urement errors and/or modeling inconsistenciesome cases of parametric modeling, the residuals
to be minimized can be expressed in different foresilting in different values for the estimated
parameters. Sometimes these objectives may corimpttte Pareto sense, namely a small change in
the parameters can result in an increase in otieeodbjectives on the one hand, and a decrease of
another objective on the other hand. In this sttidg,Pareto optimality approach was employed to
find the optimal trade-off solution between the ftioting objectives and the results compared to
those from ordinary least squares (OLS), totaltlegaares (TLS) techniques and the least geomet-
ric mean deviation (LGMD) approach. The resultddate that the Pareto optimality can be consid-
ered as their generalization since the Pareto aptoiution produces a set of optimal parameters
represented by the Pareto-set containing the solidf these techniques (error models). From the
Pareto-set, a single optimal solution can be setech the basis of the decision maker's criteitie. T
application of Pareto optimality needs nonlineaitirabjective optimization, which can be easily
achieved concurrently via hybrid genetic algorithioeslt-in engineering software systems such as
Matlab. A real-word problem is investigated to $litate the effectiveness of this approach.

In Foldvary and Csap6 (2014) the role and the kilitia of point data for describing analytical
surfaces in surveying and geodesy is discussedhivithe frame of this study no overall analysis is
presented, but rather the relevance of the prolideemphasized through an actual case study; i.e.
the reliability of describing the gravity field tyravimetric networks. All in all, the conclusion is
that as long as the points are not capturing pebcihe extremes with suitable point distribution,
the surface may fail. In the case of several gtiastisuch as gravity, the extremes cannot be-locat
ed uniquely based purely on observed data. In sasks contour lines of the quantity of interest
derived on the point-wise data may drasticallyatiffom the real shape of the surface, as it iexp
rienced by the unrealistically high alteration wbtdifferent epochs of the Hungarian gravity net-
work (based on notably different point distribufipMGH-50 and MGH-2000.

There are continuous observations, which are choig with varying sampling rates, however,
their processing needs high resolution. To soleepttoblem different approximation and interpola-
tion methods were investigated in Kalmar (2014)wdts experienced that the trigopnometric poly-
nomials can be applied very efficiently to intergel geomagnetic baseline measurements and to
derive the measurement errors. This procedure eaealily implemented even in Excel spread-
sheet.

In Mohamed et al (2014) integrated baseline adjestrand similarity transformation method is
proposed as an alternative strategy for the regisima Cairo Network to estimate intra-plate de-
formations using GPS observations. The proposetiadels demonstrated to estimate coordinate
changes, global rotations and scale parametersercomputational step. The proposed method is
used to investigate the significance of the immdalobal plate motions on regional crustal move-
ment network. Simulated data of the regional Cagtwork is used for this evaluation. The estimat-
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ed plate motions, simulated scale bias (due to-mizdelling of troposphere effect on GPS data)
and baseline noise proved that the impact of ptaidons have to be taken into account in the case
of Cairo network if the investigation period is nea larger than ten years.

In Bacsatyai (2014) the description of the HUGAPROgram system is given, which was cre-
ated for transformation between all the projectiand reference systems used in Hungary for prac-
tical, educational and research purposes. It caappéied to compute the transformation parame-
ters, projection reductions, standard deviationd amaximum discrepancies in any combination
between two chosen projection, reference or auyilgystems. Between arbitrary projections the
parameters of 7 parameter similarity or polynomiahsformations can be determined and can be
used to carry out the necessary transformations.

The paper of Zavoti (2014) presents an importaebrétical problem of geodesy: we are look-
ing for a mathematical dependency between two apatiordinate systems utilizing common pairs
of points whose coordinates are given in both systdn geodesy and photogrammetry the most
often used procedure to move from one coordinagteny to the other is the 3D, 7 parameter
(Helmert) transformation. Up to recent times thiskt was solved either by iteration, or by applying
the Bursa-Wolf model. Producers of GPS/GNSS recsiirestall these algorithms in their systems
to achieve a quick processing of data. But nowadégsbraic methods of mathematics give closed
form solutions of this problem, which require higlvel computer technology background. In eve-
ryday usage, the closed form solutions are muclplsimand have a higher precision than earlier
procedures and thus it can be predicted that thesesolutions will find their place in the practice
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REPORT OF THE COMMUNICATION AND OUTREACH
BRANCH OF IAG

Jozsef Adam, Szabolcs R6zsa, Gyula Toth
1 Introduction

The period of 2011-2015 is the third term in theemgion of the Communication and Outreach
Branch (COB) hosted at the Department of GeodedySanveying of the Budapest University of
Technology and Economics (BME).

The Communication and Outreach Branch is one ottimeponents of the Association. Accord-
ing to the new Statues (85) of the IAG, the COBh&s office responsible for the promotional activi-
ties of the IAG and the communication with its mersh

The Terms of Reference and program of activitieshef COB, and a short report on the 1AG
website (“IAG on the Internet”), were published The Geodesist's Handbook 2012 (Adam and
Rézsa, 2012; ROzsa, 2012), respectively.

In the past period of the third term (since the ROAGG General Assembly in Melbourne till
June, 2015 in Prague IUGG GA) the COB’s Presidé¢tended the Executive Committee (EC)
meeting in four cases (Singapore, 15 August 20%ignna, 7 April 2013; Potsdam, 1 September
2013 and Vienna, 26 April 2014), while COB’s Seargtrepresented COB on the EC meeting in
San Francisco, 5 December 2011. A joint meetintheflAG Office (H. Drewes and H. Hornik)
and the COB (J. Adam, Sz. Rozsa and Gy. T6th) wganized in Budapest in 22-23 November
2012, where the following topics were discussed:

- the structure and operation of the website;
- 1AG gifts/merchandising during the 18@nniversary year at the SA in Potsdam.

Another joint meeting of the IAG Office (H. Drewaad H. Hornik) and the COB (J. Adam and Sz.
Rézsa) was organized in Melk, Austria in 21 Auge(313 just before of the IAG Scientific Assem-
bly (SA) in Potsdam, Germany, 2-6 September 2013hi& steering committee meeting the above
two topics were again discussed and improved.

Note that the COB (J. Adam, Sz. Rézsa and Gy. Tafnized a special meeting with Profes-
sor Ivan |. Mueller, Past President of the IAG BhJune 2012 at the Budapest University of Tech-
nology and Economics, Hungary. During this disaussive outlined the possibilities how to im-
prove the COB activities and the celebration of 168th anniversary of IAG in Potsdam IAG SA
meeting in 2013.

2 The IAG Website

The Communication and Outreach Branch maintainedAlc Website. The website has been op-
erational, no significant downtime has been expesd in the service. A regular update of the con-
tent has been carried out using the material peavigy Association and Commission leaders, con-
ference organizers and other members of the AdsmwiaThe website has been redesigned in
2012/2013 introducing some new features like tleti@e of the ,hot topics”, a slide-show introduc-
ing the most important information on the IAG weébsaccording to the decision of the joint meet-
ings of the IAG Office and COB. In the new sectmin,Hot topics” the actual topics in Geodesy
can be highlighted. Moreover a separate sectidevsted to the history of the association celebrat
ing the 150 years anniversary of IAG. The updatetisite was available for the SA in Potsdam.

Since the submission of the last quadrennial refhertfollowing features have been also added
to the website:

- Facebook integration: all the pages of the weltsitebe ’liked’ on FB.
- Regenerating forgotten passwords automaticallyfeAG Forum and the Members’ Ar-
ea.
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Note that the number of visitors of the IAG Homepag about 1500 visitors/month (in daily aver-
age approx. 50 visitors) during the past four yéBigure 1).

3 The IAG Newsletters

Altogether 48 IAG Newsletters have been publistredhfJune 2011 till June 2015 and can be ac-
cessed on the IAG website in HTML, HTML print vemnsiand in PDF formats. Each issue of the
IAG Newsletter in 2012, 2013 and 2014 contains ecisph IAG logo designed for the 150th anni-
versary of the IAG. We strive to publish only redew information by keeping the Newsletter updat-
ed on a per-monthly basis. The IAG Officers, Indial Members, IUGG and JB GIS Presidents
and Secretaries as well as interested personsymaidieveloping countries received it each month
in PDF and/or text attachments, with a link in &amail message to access the actual HTML News-
letter on the IAG website. Selected contents ofeleetronic Newsletters were compiled and have
been sent regularly to Springer for publication46érissues of the Journal of Geodesy (Vol 85(9) —
89(8)). Starting from the double issue 82(11-12) #olume of the Springer IAG Newsletters is
limited to 3-4 pages due to a change in the editpolicy to improve the impact factor of the jour-
nal. We try to publish only new and/or relevant enatl here as well.

4 OQOutreach Activities

The COB has been active in the publishing of infation material in the reporting period. A new

version of the IAG brochure has been publishedc@6ured pages), which targets the wider public
and decision makers by introducing Geodesy in géraer well as the role of the Association to the
readers (Adam and Rozsa 2013). It has a chapt¢heo®lobal Geodetic Observing System, and
provides information on the IAG components (Comioiss, Inter-Commission Committee, Ser-

vices, etc.). The brochure can be downloaded fimenopening page of the IAG website, together
with the updated IAG leaflet (Adam and Rézsa 20E8)am and Drewes (2012) prepared a sum-
mary on “The International Association of Geodd#®yX) — Historical Overview”.

Naturally, the task of the COB is the IAG publidatéon in particular by maintaining the 1AG
Homepage and publishing the monthly Newsletternenknd in the Journal of Geodesy. It also
keeps track of all IAG related events by the megsticalendar.

Furthermore, various examples for IAG gifts weregared (badges in 1000 pieces, key rings in
600 pieces, wooden pencils in 1000 pieces, capsinéegments in 200 pieces, muslin scarfs in 200
pieces and bag hook in 200 pieces, etc.) and medided during the 150th anniversary year at the
SA in Potsdam in 2013.

5 Summary

To sum it up, the following activities were done:

1) the IAG website was updated, improved and contislyomaintained,

2) the IAG Newsletter was regularly issued monthly digdributed electronically, and

3) selected parts of them were prepared to publisherdournal of Geodesy as IAG News,

4) new version of the IAG Leaflet was prepared, pdnbe 1000 copies and distributed at
different IAG meetings,

Figure 1. Monthly visitors from May 2011 to April 2015
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5) the large IAG Brochure was reprinted in 1000 comesl distributed at different IAG
meetings,

6) some works were made in preparation and for fimadiZThe Geodesist’'s Handbook 2012
(Drewes et al., 2012),

7) various examples for IAG presents (badges, keysriegps, wooden pencils, scarfs, bag

hook, etc.) were prepared to be distributed befaharing and after IAG Scientific
Assembly/150 Years Celebration, and

8) many e-mail correspondences to the community asopéne outreach activities.

References

Adam J, Drewes H(2012): The International Association of Geodesy Historical Overview. The Geodesist's Handbook
2012. J. Geod., 86 (10), 793-799.

Adam J, Rézsa Sz(2013): Advancing Geodesy — a Leaflet of the Imagional Association of Geodesy (IAG). IAG
Communication and Outreach Branch (COB) Rtition, Budapest {LEdition in 2004, 2 Edition in 2006 and'$
Edition in 2007).

Adam J, R6zsa SZ2012): Communication and Outreach Branch (COBE Geodesist's Handbook 2012. J. Geod., 86(10),
958-959.

Adam J, Rézsa SZ22013): International Association of Geodesy (IAByochure, ¥ Edition, p.20, IAGCommunication
and Outreach Branch, Budapest, August.edition in 2009).

Adam J, Rézsa Sz, Téth Gy(2013): Communication and Outreach Branch (COBE Travaux, Report of the Internatio-
nal Association of Geodesy 2011-2013, 38, 3.

Drewes H, Hornik H, Adam J, R6zsa S#Editors) (2012): The Geodesist's Handbook 201%ebd., 86(10), 787-974.

Ro6zsa SZ2012): IAG on the Internet. The Geodesist’'s Hauk2012. J. Geod., 86 (10), 965-967.

Geomatikai K6zlemények XVIII(1), 2015



50

Geomatikai K6zlemények XVIII(1), 2015



Hungarian National Report on IUGG 2011-2014

SATELLITE-ALTITUDE MAGNETIC GRADIENT
ANOMAILES AND INVERSION OF SATELLITE-ALTITUDE
MAGNETIC ANOMALIES -
IAGA DIVISION 1. INTERNAL MAGNETIC FIELDS

Karoly Kis', Patrick T TayloP, Géza Wittmarih

Recent satellite magnetic missions provide globapping of the Earth’'s magnetic field. We fo-
cused on the magnetic crustal field. Utilizing CHRMata we interpreted the tectonic features over
the Pannonian Basin and Kursk region. CHAMP dateewgelected to serve as a proxy for the new
multi-satellite ESA/Swarm mission

Formation of the Pannonian Basin as a deep intnéireental basin occurred during the Alpine
orogeny. In order to study the nature of the ctustaement we used the long-wavelength and low-
er altitude magnetic anomalies acquired by CHAMRBvben January®1and December 3% 2008.
These data (8553 ascending and 9911 descending)ongre plotted on a spherical shell, some
107,927 data points. They covered the PannoniamBaml its vicinity. These anomaly data were
interpolated into a spherical grid of 0.5°x0.5%tzd elevation of 324 km using a Gaussian weight
function.

The Kursk Magnetic Anomaly, Russia represents drtbelargest banded-iron ore formations
in the world. Such large anomalies can be deteates@tellite altitude. We selected 106 orbits with
total number of 18,464 data points to produce oonzaly map. These data was plotted on a spheri-
cal grid of 0.5°x0.5° at the elevation of 324 knmhné Gaussian weight function.

The East, North and vertical gradients are detexchifor both research areas from the CHAMP
anomalies. The East direction gradient was compatbgl simple approximation; East, North and
vertical gradients are derived from their theowdticansfer function; vertical gradient was caltula
ed using the Hilbert transform. There are two ofojes of our calculations: the first to determine
the outline of the source body of the KMA from tradients. Another is to reproduce the horizon-
tal (East) gradient magnetic anomaly data thatlvélmeasured directly by the Swarm satellites.

Bayesian inference is an effective tool of the dgmjral inversion. In case of the Pannonian
Basin the forward model of the inversion was angjidar polygonal prism with horizontal top and
bottom surfaces. The forward model of the Kursk nedig anomalies was a polygonal quadrangle
with horizontal top and bottom surfaces. In the &agn equation multivariate Gaussian and La-
place distributions were applied. The numericairoptn problem was solved by the Simplex and
Simulated Annealing procedures. The results ofrtliersion were to produce the coordinates of the
forward models triangle/quadrangle shape and degittiee top and bottom.
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ELECTROMAGNETIC INDUCTION (EM)
STUDIES BY MAGNETOTELLURICS -
IAGA DIVISION 1. INTERNAL MAGNETIC FIELDS

Antal Adam, Attila Novak, Laszl6 Szarka, Viktor ¥¥egom

The researches focused on the study of h&z&g-Rechnitz Penninic window, the Late Pleistocene
Ciomadul volcano (SE Carpathians) and the constmuand application of the EURHOM map.
The main results are summarized in the following:

— One of the Penninic Nappes is thésZeg-Rechnitz (K-R) tectonic window at the Eastern
end of the Eastern Alps. It has a complicated metphic history from the Jurassic time.
The organic material of the Penninic Ocean wassfoamed to electrically conductive me-
ta-anthracite. Its amount in the calcophyllite sirmated by geochemists to 0.2 per cent.
Taking this conducting structure as a test areat pikep magnetotelluric (MT) soundings
have been carried out and determined: the structutiee conductivity anomaly due to 0.2
per cent meta anthracite in the K-R window angutsoundings, the different kinds of MT
distortions as lateral (side) effect of the condu@ppearing in the crust and mantle, the
most probable depth of the conductive asthenospdtettee border of the Pannonian Basin
(having extreme shallow asthenosphere). The oltairlel0 km depth is in correlation
with value of the asthenospheric map based maimlyeismic data (Adam et al. 2013).

— The Ciomadul is the youngest volcano of the CaipatfPannonian region, which erupted
last time at 32 ka. It produced high-K dacitic lal@mes and pumiceous pyroclastic rocks.
A magnetotelluric survey was performed to reveatthbr any melt-bearing magma body
could presently reside beneath the volcano. Baih and 3D inversion modeling calcu-
lations indicate low electric resistivity valuestire depth interval of 5-25 km, just beneath
the volcanic centers. This can be interpreted adying a partially melted zone, i.e. a crys-
tal mush body containing about 5-15% melt fractlaraddition, the 2D modeling calcula-
tion indicates also a deeper low resistivity angnzdl30—40 km depth. The consistent pet-
rologic and magnetotelluric constrains on the magtoaage beneath Ciomadul are cor-
roborated by the recent seismic tomography resutich pointed out a low-velocity
anomaly at 8-20 km depth zone. Thus, results afprddent models suggest the presence
of a melt-bearing crystal mush body beneath thensegy inactive volcano (Harangi et al.
2015).

— In connection with the EURISGIC WP2 (European Riskn Geomagnetically Induced
Currents (GIS)) project the authors present thasequures which have been used to con-
struct a map in cells on the electrical resistidistribution in Europe at least till to the as-
thenosphere. The data are based on the deep m@iinetwsoundings published in the in-
ternational literature. This map is the basis @&f ¢lalculation of the induction risk endan-
gering the electric network and communication systeThese data of the EURHOM pro-
ject are partly used in the report of Viljanen £t(2012). It has been giving how GIC
modeling can be conveniently performed on a sphksiarface, too (Adam et al. 2012).

— In the Encyclopedia of Solid Earth Geophysics @liby Harsh K. Gupta, 2011) includes
the chapter “ Geoelectromagnetism” (Adam and Sz#2@41) summarizing the theory of
the EM Induction methods and their efficiency ie study of the Earth interior with spe-
cial attention to the deep geoelectric structurthefCarphatian-Pannonian Region.
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ACTIVITY OF THE DEPARTMENT OF GEOPHYSICS,
UNIVERSITY OF MISKOLC - IAGA DIVISION 1.
INTERNAL MAGNETIC FIELDS

Gabor Petld

1 Near-surface and environmental studies

The activity of the Department of Geophysics atugmsity of Miskolc covers both methodological
and interpretational method developments of maimgar-surface geophysics and geo-
environmental issues.

For time domain IP data processing the theorebeals of TAU-transformation was given by
Turai and Dobréka (2011) and the interpretatiofPofield data by Turai (2011, 2012a). Additional
IP application possibilities (including environmahiprotection as well) are presented by Turai
(2012b). Mineral and thermal water resources inTthkaj mountains were characterized byi&z
et al (2014). For archaeological exploration midtirode geoelectrical measurements were applied
and interpreted with 2D conductivity distributioesamption by Turai and Hursan (2012). A new
petrophysical model describing the pressure depemdef acoustic wave propagation characteris-
tics was established by Dobréka and Somogyiné Mo{g812a, 2012b, 2013), Dobrdka et al.
(2014), Somogyiné Molnar et al. (2013, 2014) ancth&gyiné Molnar and Kiss (2014). The validity
of the new petrophysical model was also investijdig them in the course of lab measurements.
Dobréka et al. (2013) applied an approximate ineer$or quick imaging of MT data. Some geo-
logical applications of VLF resistivity method apeesented by Peih(2012a). Three dimensional
DC numerical modelling was done by Baracza and &y#012) for selecting the best array to
detect failures of modern landfills. Frequency domaumerical modelling results for 2.5D iso-
tropic and the bases of EM underground transillatiim for anisotropic 2.5D case are given by
Petlt (2012b, 2013). Gyulai et al. (2013) carried outrime geoelectric investigations to detect
tectonic disturbances in coal seam beds. For tieepretation of field geophysical data new, high
resolution, inversion methods were developed. lkersion methods developed in geoelectric sur-
vey were tested via field data and the main charatics of them are described by Gyulai et al.
(2014).

2 Inversion and additional interpretation techniques

New, automated joint inversion method was developgdrahos et al. (2011) for 2D geologic
structure. An overview is presented by Gyulai e{2013) on the geophysical applications of joint
inversion. The series expansion-based inversiomadet which relies on the assumption that the
variations of formation boundaries and physicalapaaters along the investigated profile can be
described by continuous functionswas applied by Gyulai and Tolnai (2012), Vélgyesial.
(2012), Paripas and Ormos (2012), Gyulai and S£2B&3). In the course of 2D CGI (Combined
Geoelectric Inversion) the combination of the 20ité difference geoelectric forward modeling and
the series expansion-based inversion method iseabphd this method was further developed by
automatically weighting the individual geoelectdata sets to improve the inversion results by
Gyulai et al. (2014). New inversion methods wergbelated by Ormos and Paripas (2012) and
Paripas and Ormos (2013) to receive reliable seisaffaction interpretation results. Interval inver
sion methods were further developed and applieBdiyréka and Szabé (2011, 2012), Dobréka et
al. (2012a) for formation boundaries determinati@xtural and petrophysical characterization in
the course of log analysis. Improved algorithm wkborated by Dobrédka et al. (2012b) for the
Fourier transform as an inverse problem and newrsign algorithm for the computation of Fourier
transform was developed by Szegedi et al. (2018puBt Fourier- transform method for the case of
outlier data was elaborated by Dobroka and Szg@édi3). Szegedi and Dobréka (2014) presented
a paper on the role of Steiner's weights in thesision-based Fourier transformation. Dobrdka et
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al. (2014) investigated the reduced noise sensitiof a new Fourier transformation algorithm.
Szegedi (2014) developed a new aspect of the ilvelased robust Fourier-transform. Paper was
presented by Dobréka and Szegedi (2014) on thergieration of seismic tomography algorithms.
Factor analysis was applied by Szabé (2011), Saaddobroka (2013) and Szabo et al. (2014) for
the interpretation of well log data putting empkasn shale volume determination. Additional fac-
tor analysis investigations were made by Szabé2pamd Szabd et al. (2012) to assist the interpre-
tation of engineering geophysical sounding dataantuster analysis procedure was developed by
Szabd et al. (2013) for a more automated charaeatérn of hydrocarbon reservoirs.
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EURHOM — INDUCTION MODEL OF THE EUROPEAN
LITHOSPHERIC PLATE - IAGA DIVISION 1.
INTERNAL MAGNETIC FIELDS

Viktor Wesztergom, EénPracser, Veronika Barta, Déra Ban,
Laszl6 Banyai, Jozsef Bor, Arpad Kis, David Kor@ycastvan Lemperger,
Janos Lichtenberger, Tamas Nagy, Attila Novak, 8a4Baalai,
L&szl6 Szarka, Judit SzeddrEszter Sics

1 Introduction

Surface geomagnetic variations ultimately origomfrthe complex interaction of the solar wind and
the Earth magnetosphere. The temporal variatioth@fgeomagnetic field induces currents in the
conductive subsurface.

The induced currents’ magnetic field contributeshio total surface field, superimposed on the
primary field variations arose from the ionosphamnagnetospheric electric currents. These so-
called telluric currents enhanced by strong specésistance may find their way into transformers
and transmission lines where they can do significlemage. Essential infrastructure in Europe,
including telecommunication systems, has beconmeaplex that even a minor malfunction at any
point is bound to have an effect on the entire netwWithin the framework of the EU supported
EURISGIC (European Risk on Geomagnetically Indu€adtrents) project the GGl has been
participating in an international co-operation aigito identify the most vulnerable areas of the
continent. The Institute has conceived a model h&f electric conductivity of the European
continental plate named EURHOM to identify and laeaareas most vulnerable to geomagnetic
storms caused by major solar eruptions.

2 Discussion

In the EURHOM (EUropean RHO Model) the 1D layeremhdauctivity structure is given for
rectangular blocks of different size both in hontad and vertical directions. Blocks are limited
horizontally by latitude and longitude for compidatl reasons. Horizontal size depends on the
data availability, spatial representativeness of 86Lindings, topography and a priori geological
information (eg tectonic lines, asthenosphere uliggétc.).

Blocks extentends vertically from the surface doaileast, to the Lithosphere-Asthenosphere
Boundary (LAB). The LAB represents a boundary whteeconductivity increases remarkably. Its
depth varies from 60 km (at the Pannonian Basi2G0 km at the fennoscandinavian Shield.
Magnetovariation (MV) and magnetotelluric (MT) d&iad been taken from data archives, different
literature and former MT deep soundigs carriedlyuthe Geodetic and Geophysical Institute of the
Hungarian Academy of Sciences. Results of formgioreal studies were also utilised, The electric
asthenospheric depth determination of Jones €2@10), and Korja (2007). Arhive analogue data
we digitised by a special digitising method (NTDthal), and inverteted by Pracser’s inversion
algorithm. Although many small scale conductivitpomaly are knovn within the European
lithosphere plate like the Transdanubian Condugtidinomaly, (Adam et al. 2001) small scale
anomalies are out of interest in GIC calculatiofise potential difference between the earthing
points of the long conductors like power transnaissiines, pipelens is determined by the
integration of the electric field along the linehish is a smoothing operation. Spatial scale of
100 km of the conductivity anomalies prooved topleefect. The EURHOM has been validated by
comparision of direct GIC measurement in FinlamdRaissia, and continuous induced electric field
measurements at the Széchenyi Istvdn geophysicaér@itory of he Hungarian Academy of
Sciences.

MTA CSFK Geodetic and Geophysical Institute
E-mail: wesztergom.viktor@csfk.mta.hu



58 WESZTERGOM ET AL

\ I T e U N U - i
|
LI IO O o L] 0 o L ] i | 5
| , w
o (0|0 |o|o) o) O m e 2 Li} ] o 0 .
I < ]
B : I
CEREREN A RN il 5 | 38 2% | 25 ) 0 1
| =
ol [0 |0 oo Lxd | i i 4
i i | 1 ]
ol o |9 0|0 - o B 53 J i " (]
o — - | Ll t ]l
B 1
(LR LR T el a sl o o
¥ 3 { |
- al L 3 |
of '* & |1" 1 & &7 i 0
i ER G Bl | S|
i || ,.:,-iﬁﬁwﬁ' coonde ] IO T :
o & g
. L]
| ol o o - x
o &
ol ii=a o
o ; i
o) = i
=K
)
. J 2 "
!.n
wikd e &
-

Figure 1. This figure depicts the specific resistance offleopean plate at a depth of 80 kms.
Blue colour indicates large specific resistance,rttost vulnerable areas
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COUPLING MECHANISMS BETWEEN THE
THUNDERSTORMS/LIGHTNING AND THE UPPER
ATMOSPHERE/IONOSPHERE SYSTEM —
IAGA DIVISION 2. AERONOMIC PHENOMENA

Gabriella Satori, J6zsef Bor, Veronika Barta, Kgr#dovacs, Tamas Nagy

Connection related to the 11-year solar cycle veamd in the areal variation of global lightning
activity based on background Schumann resonanced&ervations in the Széchenyi Istvan Geo-
physical Observatory at Nagycenk (Satori et al.®0Thunderstorms occupy larger area at solar
minima and are more confined just at solar maxima.

A northward shift of the position of the centroifighobal lightning activity in the years from
the solar minimum of 1996 to the deeper solar mimmof 2008/2009 resulted from a more marked
warming in the northern hemisphere than in the Isolite frequency of the fundamental SR mode
(f1) of the vertical electric field in summer wasihd to be higher in 2008 than in 1996, whereas f1
for the north-south magnetic field component waselo That signature was responsible for the
conclusion of a northward shift (Satori et al. 2D13

Five gigantic jets (GJs) have been recorded witlewiand photograph cameras on 7 March
2010 above an isolated tropical storm east of Réutsland (Soula et al. 2011). Extremely low
frequency (ELF, 3-3000 Hz) radiation produced by &Js had been recorded at Nagycenk and was
used to find out that these enormous tropospheresighere discharges raised negative charge to-
wards the lower ionosphere and possessed chargemaimanges (CMCs) of 2000-8000 Ckm.

ISUAL unit of the FORMOSAT-2 satellite captured nemous ,sprite-halo” events in 2004-
2007. SR-transients belonging to these events derdified at Nagycenk. It was concluded that
the larger part of the ,sprite-halo” events relgtegmpulsive lightning strokes with negative polar
ty. These were mainly observed above the oceansaas while the sprite-halo”-s with positive
parent strokes rather occurred above the landdigwig et al. 2012).

Sprites observed from Sopron above Central Eurogre wlassified on the base of their optically
perceptible characteristics (Bér, 2013). Time segae of streamer propagation directions can be
associated with characteristic sprite types. It feasd that the average optical lifetime of evants
which sprites of different shapes occur is londgemt the average optical lifetime of events of a
single sprite shape. Additionally, sprite eventshwhany sprite elements don't seem to have very
long duration.

The impact of two consecutive intensive positightning discharges on the atmosphere has
been investigated using simultaneous optical olasiens and multi-site electromagnetic (EM)
wave recordings in the overall frequency range 24d466 MHz (Fullekrug et al. 2014). ELF band
EM records from Nagycenk were utilized to deduee @MCs of the discharges and contributed to
inferring that electron acceleration processes atibe thundercloud due to the lightning strokes
have caused a sprite and a subsequent relatiglstiron beam.

Atmospheric EM signals due to a cosmic gamma fleezee observed in distant SR stations,
among others at Nagycenk, and were modeled by aric current pulse (Nickolaenko et al.
2013).

ELF band EM records from NCK were utilized alsoirinestigating a thunderstorm in the
north-western region of Mediterranean Sea whichpraduced several large sprite events in Sep-
tember, 2009 (Soula et al. 2014). CMCs associattdthe sprite events ranged from ~400 to 2100
Ckm. It was found that other sprites occurred beefl very large carrot sprite events within a few
tens of milliseconds. Preceding sprites can enhaobsequent sprite initiation when a new +CG
stroke follows the previous one rapidly.

It was shown by SEA (Superposed Epoch Analysid)ttiecritical frequency of sporadic E-
layer (foEs) significantly decreased after the maxin lightning activity (zero hour) based on iono-
sonde measurements in Rome and lightning obsengitiothe vicinity of Rome (Barta et al. 2013).
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The sporadic E-layer has in fact disappeared dutiegtime red sprites were observed above the
thunderstorm as it was indicated by ionosonde descat Pruhonice near Prague. Either gravity

waves generated by the thunderstorm or electrarederated by a huge static field above the thun-

derstorm and attaching to the dust particles ofalger can cause electron density decrease of Es-
layer.

A new electric field mill, Boltek EMF-100 was infid in 2012 and started measurements to
get experience with the equipment. The potentiatlignt (PG) measurement was upgraded in the
Széchenyi Istvan Geophysical Observatory applysg automatisms

A computer code was written for finding SR-transseautomatically and implemented it for
real data sets and tested the results. The impertaithe code is the automatism. It would require
more than one day to find SR-transients visuallygasingle day. The daily distribution of back-
ground SR and SR-transients were compared.
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STUDYING GREEN HOUSE GASES—-
IAGA DIVISION 2. AERONOMIC PHENOMENA

Laszl6 Haszpra, Timea Taligas

Measuring green house gases helps understandirrgltti®mn between the climate and the natural
greenhouse gas emission, which is one of the mgsbritant and yet poorly understood feedbacks
in the climate system. With these measurements;amgoin international research programs aim-
ing at the determination of the European and gl@loalget of major greenhouse gases as well as
that of the yields and locations of their anthrogtig sources. This work is based on the equipments
and recording devices installed on the tower ofiaadansmitter of the company of ,Antenna
Hungéria” at Hegyhatsal (Haszpra et al. 2012, Bevgt al. 2013)
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SPACE WEATHER INVESTIGATIONS
USING IN-SITU AND GROUND MEASUREMENTS -
IAGA DIVISION 3. MAGNETOSPHERIC PHENOMENA

Janos Lichtenbergéf, Csaba Ferencz Péter Steinbach
Orsolya Erhardtné FerentZ, Daniel Hamat, David Koroncza¥

1 Theoretical results on monochromatic and UWB prpagation in wave guides and in moving
inhomogeneous media

In the field of the theoretical model developmehthe full wave solutions of the Mawell’'s equa-
tions, beside the applications of the models dpeazlcearlier, several new results were achieved:

1) The general solution of the electromagnetic wpk@pagation in inhomogeneus moving
media inside the validity of the special relativitias published in Radio Science (Ferencz
2011)

2) The general solution of the electromagnetic wgvepagation in general relativistic
situations was published in Radio Science (Cs.rezreRadio Science, Vol.47, RS1014).

3) The application of this method for finding naadiating, but propagating solutions which
can affect the space-time structure is under way.

4) The application of the earlier UWB solutionsigcessful in the POPDAT and PLASMON
EU FP7 projects and in the Chibis-M satellite noasi

5) Application of the new, fully analytical inhomexgeous model of transient propagation in
the ionosphere for simultaneous terrestrial and oard recordings, more exact
determination of the profile of the inhomogeneifyte traversed medium.

6) Application of the Methods of Inhomogeneous Badibdes solving method of the Max-
well's equations for elastic problems (generalmatdf the transient solution for seismic
problems) is also under way.

7) Development of a new approach for numerical aegl transformation for more
complicated propagation problems (i.e. curved wgué@es, curved geomagnetic field
lines, etc.) continued.

2 Space Weather investigations using in-situ measaments by DEMETER, CHIBIS-M and
RELEK satellites

Systematic investigation in archived DEMETER waeeardings were continued. Compartive
study of one-hop whistlers, occurred simultaneourslground stations, detected automatically by
the AWDANet, and identified in on-board LEO satellrecordings, during nearby passes was per-
formed. Preliminary results draw the probable extelmistler wavefront in the topside ionosphere,
and confirm the picture of local guided propagatiNew detection algorithm, optimized for light-
ning generated fractional-hop whistlers, recordedoard was developed, and applied in 6.5 years
of burst wave data.

The Russian-Hungarian-Ukrainian Chibis-M microdaegl with SAS3 ULF-VLF experiment
on board has been properly operated since its ssftddaunch to circular LEO orbit in February
2012. Detailed analysis of wave recordings is ingpess, including time domain waveforms and
VLF monitoring spectra, as well as in data setemboard event-counting routine. Recordings of
the Chibis-M satellite, being the sole ionosphesiacecraft currently performing regular wave
recordings in the topside ionosphere, represdguerdatabase in space weather research.

Systematic investigation of the recordings, obtdibg the SAS3 ULF-VLF wave experiment
on board of the Russian-Hungarian-Ukrainian ChMi$EO micro satellite (2012-2014) has been
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performed. Occurrence rates and intensities, teahamd spatial distribution of natural wave emis-
sion in the recorded 0-40kHz monitoring data wemmgared to space weather indices. TLE events
and intense storms were analyzed by UWB prop caitggusource lightning data and waveform
(burst) records.

After the successful launch in July 2014 of the $fs RELEK (Relativistic Electrons) micro
satellite with our SAS3 on board, autonomous sigieection software module (ISDM), detection
and first order analysis of pre-defined wave cladsas been started to operate. ISDM has been
designed according to much limited on-board CPU aktresources, emulating and testing the
conditions of the near future BepiColombo Mercurggmetosphere orbiter plasma wave experi-
ment. RELEC polar orbit allows to follow and momiteave activity globally, RELEK LEO record-
ings in 0-40kHz band fills a gap in current ionosph wave data base.

3 Monitoring the plasmasphere by Automatic Whistle Detector and Analyzer Network
(AWDANEet) for space weather purposes - the PLASMON-P7-Space project

In the PLASMON EU FP7-Space project — a new, grobaded data-assimilative model of the
Earth's Plasmasphere — a critical contribution &liRtion Belt modeling for Space Weather pur-
poses (2011-2014), we have installed 15 statiorikeénAutomatic Whistler Detector and Analyzer
Network. These stations have been enhanced withrdatic Whistler Analyzer (AWA) units and
these nodes are now capable not only for detettinganalyzing the whistler events in quasi real-
time since mid-2014. Parallel to the real time gsial the processing of the archive whistlers col-
lected by AWDANet since 2002 has also been staifted. calibration of equatorial electron densi-
ties obtained from whistler inversion with in-sitold plasma measurements has been done, the
electron densities derived from upper hybrid measignts on RBSP satellites were used to cali-
brate with densities from whistlers recorded athRod. The results show excellent agreement be-
tween the data from two sources, confirming théditsd of the physical models (wave propagation,
field-aligned density distribution, equatorial dten density distribution and magnetic field) used
the inversion procedure.

The equatorial electron densities obtained by AWRANtogether with plasma mass densities
inferred from the European Magnetic Meridian Arralgo extended and enhanced in PALSMON
project — are fed to the data assimiliative modethe plasmasphere developed in the project
(http://plasmon.elte.hu).

4 lonospheric Wave Catalogue for Space Weather iegtigations in the POPDAT FP7-Space

In the POPDAT — Problem-oriented Processing andilixee Creation for lonosphere Exploration
project we have created a ionospheric wave cataeloghis catalog is based on systematic pro-
cessing of typical wave-like phenomena of histard active wave data of ten ionospheric satellites
to create a thematic database. The wave-like phenarinclude atmospheric gravity waves, mov-
ing plasma inhomogeneities, natural ELF-VLF emissigchorus, hiss, whistler). The thematic
database is integrated into the lonospheric Wavavice developed in the project
(http://popdat.org). The searchable database cnte?4 million whistler event processed, includ-
ing date and time, satellite position, event typd primary wavform characteristics.
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MAGNETOSPHERIC PHENOMENA -
IAGA DIVISION 3. MAGNETOSPHERIC PHENOMENA

Zoltan Németh, Karoly SzégMariella Tatrallyay
1 Solar wind interaction with Venus

Venus Express (VEX) was set to an orbit around gewu April 11, 2006; on 16 December 2014
VEX has ended its eight-year mission, far exceedimglanned life. The spacecraft exhausted its
propellant. Our institute participated primarilytime analysis of the ASPERA-4 plasma instrument
suite and the magnetometer flown onboard VEX. Tdenge objectives of our study were:

- the comparative study of induced magnetospheresmnfmagnetic solar system objects;
this topic includes research concerning Venus, MEtan, and comets;

- toinvestigate ion heating/acceleration processas the tail/magnetopause boundary;

- to investigate planetary space weather effectgasily the effects of extreme solar events
on the induced magnetosphere of Venus.

The technical objective was participation in missmlanning at instrument level. This was realized
during the regular team meetings, where plannisigeis were on the agenda.

At the beginning of this project we focused on ¢benparison of non-magnetic solar system ob-
jects (especially Venus and Titan, the moon of ®atiMost of the results on the comparative study
of induced magnetospheres of non-magnetic solaemsysbjects (including Venus, Mars, Titan,
and comets) were published in the book “The PlaBmaronment of Venus, Mars and Titan” as
Volume 37 of the Space Science Series of the latermal Space Science Institute, Bern, Switzer-
land. The editor of the book was the PI of thistcaet, dr. K. Szego. This book on one hand is a
summary of past results, but it also establishesibw direction of research to be followed. Recent
studies revealed many similarities between thek® sgstem bodies, and several international ac-
tivities were initiated to carry out these studies.

A major part of our activity was devoted to makeigtional an older code developed to inves-
tigate ion acceleration near the magnetic barfidfemus and Titan; this effort was successful. We
focus on ion heating near the boundary layer alto@éonopause of Venus. Earlier it was proposed
that modified two stream instabilities (MTSI) exadtthere (Dobe et al. 1999) might explain the 100
Hz waves observed by the electric field detectdekD) on board Pioneer Venus Orbiter (PVO) in
the dayside of Venus. The instability also heagsidims. PVO data covered only partially the energy
range of the particles in question. Using the mbetter 3-D energy and spatial coverage of the
Analyser of Space Plasmas and Energetic Atoms (&R2PH) instrument suite on board VEX, we
compare here with data the charged particle hedtiegto the MTSI. We investigated both average
solar wind conditions, and cases when a strong stdam hit Venus. The results show that MTSI is
really an effective mechanism, but accounts onhlie lower energy part of the heavy ion energy
spectra. These studies have led to a paper subndt®lanetary and Space Sciences (currently
under review), and presentations at the EGU Gerersémbly 2014.

A new study to investigate planetary space weatffects was initiated, among others how so-
lar eruptions influence the magnetosphere of Vehluthe reporting period it was especially inves-
tigated how the May 2007 solar eruption affectesl ittduced magnetosphere of Venus, and these
studies were extended to other solar events leddiagpresentation at the EGU General Assembly
2014. Several coronal mass-ejections (CMEs) wezatified which were interacting with the in-
duced magnetosphere of Venus during 2010 and 26itiy S TEREO mission observations and
simulations. The response of the bow shock andhtheced magnetosphere to these extreme condi-
tions were analysed based on measurements madeeb4SIPERA-4 and MAG instruments on
Venus Express. The parameters of the interplanetagnetic field (IMF) during these solar events
were also discussed.
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2 The environment of the Earth

The terrestrial magnetopause separates the maphetasplasma from the solar wind, its continu-
ously changing location determines the size ofrtiaginetosphere. Three events were discussed by
Tatrallyay et al. (2012) from the declining phasesalar cycle 23 when the magnetopause and the
bow shock were observed unusually close to thenEhré to major interplanetary disturbances. The
observed extreme locations of the discontinuitieseacompared with the predictions of three mag-
netopause and four bow shock models which desthide in considerably different ways using
statistical methods based on observations. A newngignetopause model was introduced by
Tatrallyay et al. (2012) which takes into accoum pressure of the compressed magnetosheath
field raised by the interplanetary magnetic fielnponent transverse to the solar wind flow. For
geosynchronous magnetopause crossings observée IQES satellites, the new model provided
the best predictionswhen the IMF was extremelydadrgving a large negative Bdmponent. How-
ever, the predictions of the model of Shue et H998) agreed best with the GOES observations
when solar wind dynamic pressure was extremelyelaffpe magnetopause crossings observed by
the Cluster spacecraft close to the cusp werefresticted by the 3D model of Lin et al. (2010).
The applied empirical models, including a 3D sempé&ic bow shock model combined with MHD
solution, proved to be insufficient for predictittye observed unusual bow shock locations during
large interplanetary disturbances.

Thefour identically equipped Cluster spacecrafthef European Space Agency have been study-
ing the small-scale spatial and temporal charatiesiof the terrestrial plasma environment in¢hre
dimensions since February 2001. Ten of the elexperéments are still collecting data, several of
them aboard all four satellites. Processes of miffescales can be studied by changing the separa-
tion distances between the spacecraft. The origipallar orbit is now slowly evolving.This way
different regions of the terrestrial plasma envim@mt can be studied which were not sampled earli-
er in the mission. The Cluster mission is extenaiatil the end of 2016.

Since the beginning of the Cluster mission, outitine (earlier name: KFKI Research Institute
for Particle and Nuclear Physics) has been progidhe infrastructure and management of the
Hungarian Data Centre. The HDC (http://hdc.rmkiikfl/cdms/, 2015-06-04) is preparing the
Auxiliary parameters for the Cluster Science Dagat&n and it is storing 1 min and 4 sec resolu-
tionplasmaphysical parameters measured by thereliffaénstruments and processed by the other
national Data Centres. Auxiliary parameters pregdmgthe HDC are also available at the Cluster
Science Archive (http://cosmos.esa.int/web/csal 5206-04) which has been the public interface of
the Cluster mission since November 2013.The archiegides online access to high quality, vali-
dated, high-resolution data from the Cluster insents together with auxiliary and support data
products (e.g. orbit information).

3 The structure of the magnetosphere of Saturn

Plasma data from the Cassini Plasma Spectromeperiexent were used to investigate the proper-
ties of the variable plasma environment of Titamlsit (Németh et al. 2011). The characteristics of
this plasma environment play a crucial role in ptessma-moon interaction and also have a strong
influence on the ionosphere of Titan. Using dynaeriergy spectra of ions within +3 h of the Titan
flybys, different ambient plasma environments wiglentified, similar to those proposed earlier
based on electron measurements. Expanding therterwal to 12 h to cover full SKR periods and
taking into account the composition of the ionsyats shown that the longer intervals include al th
previous categories, and a special one, a shont eveh in heavy ions. Detailed study of the viein
ty of these events revealed the fine structurénefrhagnetodisk of Saturn: having a narrow central
sheet of very high heavy ion content, heavy ricenés occurring when the spacecraft crosses this
central sheet. These heavy rich events appeardigalty in longitude.

Similar investigations were carried out using i@nsities derived from the data of the Cassini
Plasma Spectrometer for the time period of the @nmission till the end of May 2008, in the low
latitude outer magnetosphere near Titan encou(zego et al. 2011). It was found that the central
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line of the magnetodisk is surrounded by a strectylasma sheet, a smooth, broad ion layer com-
posed of light ions, and a heavy ion layer dispigymarrow substructures. The heavy ion densities
are spiky; the co-location of the observed enhanmeglasma densities with the change of sign of
the radial component of the magnetic field is desti@ted. At these locations the heavy ion density
is the highest. The plasma sheet is denser and widthe dayside of Saturn than on the nightside;
in the lobes the protons were dominant. Perioditatian of the proton density was found in the
plasma sheet, the proton density is nearly congtaht lobes.

This highly variable plasma environment has a $icgmt effect on the induced magnetosphere
of Saturn's largest moon, Titan. The field andiplericonditions upstream of Titan are important in
controlling the plasma-moon interaction and alssy@ strong role in modulating the chemistry of
the ionosphere. The properties of this interactind the most important upstream parameters were
discussed in a review paper by Arridge et al. ()11

Investigations of the ion densities derived fromaswements by the Cassini Plasma Spectrome-
ter, revealed how these ions are distributed ardghednagnetodisk of Saturn (Szego et al. 2012).
This study covered the time range around Satummgumox. Its main findings are:

a) The simple structural model of the magnetodiskidge et al. 2011a) agrees well with the
thermal ion density observations and works weth@equinox season of Saturn.

b) In this data set the locations of the centr&estof the magnetodisk are identified by the
change of sign of BR. At those locations we obsgrliggher heavy ion densities and
narrower confinement to the equator than thoseabps. The heavy ion and proton layers
exhibited the same structure that was found duhiegprimary mission.

c) The observed flapping amplitudes of the magmegtesrelative to the spacecraft were high,
reaching 5 RS.

d) The relative phase of the magnetic field comptsevere different in the equatorial regions
and in the lobes (>5 RS).

Slight deviations from the simple structural mol#al to a thorough examination of the spatial and
temporal structure of the central sheet of the ratagtisk (Szego et al. 2013). It was found that the
plasma densities exhibit dual periodicities. A nfiedi structural model was proposed to describe
the shape of the magnetodisk of Saturn and ithremtith oscillations near the planetary rotation
period. The modification is based on recent reshitswving that the magnetic modulations near the
current sheet exhibit dual periodicities (Andrewsake 2012). Using the modified model in which
the effects of both modulations are included, djmadly related to the modulations of the radial
component of the magnetic field, we show that thallations can be modeled without the use of an
arbitrarily assigned oscillation phase value asleygal in the previous work of Szego et al. (2012).
In addition, the best fit amplitudes of the two ibations are found to be nearly constant for a ma-
jority of the magnetodisk data analyzed, such ¢hsihgle model with one fixed parameter fits well
to the data for a majority of the passes.

4 Electron drop-outs in the upper atmosphere of Tién

High energy electron absorption signatures at Tdaring the Cassini dayside magnetospheric
encounters were investigated based on the elente@msurements of the Low Energy Measurement
System of the Magnetospheric Imaging Instrumenbéeet al. 2012). The dynamic motion of the
Kronian magnetopause and the periodic chargedcpaftux and magnetic field variationsasso-
ciated with the magnetodisk of Saturnof the subcorotating magnetospheric plasma cremtes
unique and complex environment at Titan. Most efahalyzed flybys (like T25-T33 and T35-T51)
cluster at similar Saturn Local Time positions. Hoer the instantaneous direction of the incoming
magnetospheric particles may change significarmynf flyby to flyby due to the very different
magnetospheric field conditions which are foundtrgasn of Titan within the sets of encounters.
The energetic magnetospheric electrons gyrate alwmgnagnetic field lines of Saturn, and at the
same time bounce between the mirror points of thgmetosphere. This motion is combined with
the drift of the magnetic field lines. When thesexftubes interact with the upper atmosphere of
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Titan, their content is depleted over approximataiyelectron bounce period. These depletion sig-
natures are observed as sudden drop-outs of tbealeluxes. We examined the altitude distribu-
tion of these drop-outs and concluded that theserarstly detected in the exo-ionosphere of Titan
and sometimes within the ionosphere. However theeaesignificant scatter in the orbit to orbit data
which can be attributed to the variability of theagma environment and as a consequence, the in-
duced magnetosphere of Titan. A weak trend betwlenncoming electron fluxes and the meas-
ured drop-out altitudes has also been observed.
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ULF WAVES IN THE MAGNETOSPHERE -
IAGA DIVISION 3. MAGNETOSPHERIC PHENOMENA

Balazs Heilig

ULF wave research is one of the most importantifieh the space research activities at GGIH. The
predominant source of dayside Pc3 pulsations (UbNes in the 22-100 mHz frequency range) is
foreshock upstream waves (UWSs). Under favourabiteitions UWs can enter the magnetosphere
and propagate through geomagnetic field linesatrépic way as fast magnetosonic (FMS) waves.
In the highly inhomogeneous magnetosphere FMS weoaple to shear Alfvén (A) mode waves,
which in turn, propagate guided along geomagnéeid fines. Both modes can develop standing
waves, of which field line resonances (FLRs) arasplaspheric cavity mode (FMR) are the most
known phenomena.

The first high time resolution (5 min) empirical des of the ground Pc3 wave activity were
developed in a cooperation with SANSA (South Afyiflzotz et al. 2015). The models are tasked to
predict pulsation intensity at Tihany, Hungary,nfréthe OMNI solar wind data set. The SANSA
model is based on artificial neural networks angl @GIH model on multiple linear regression.
Input parameters to the models are iterativelycsetefrom a larger set of candidate inputs. The
optimal set of inputs are solar wind speed, intarptary magnetic field orientation (via cone angle)
solar wind proton density and solar zenith angépr@senting local time). Solar wind measurements
are shifted in time with respect to Pc3 data taaat for the propagation time of ULF perturbations
from upstream of the bow shock. Both models ach@oreelation of about 70% between measured
and predicted Pc3 wave intensity. The timescaleghath the most important solar wind parameters
influence pulsation intensity were calculated foe first time. It was shown that solar wind speed
influences pulsation intensity at much longer tioadss (about 2 days) than cone angle (about 1 h).
The observations of the low-Earth orbiting (at ¢¢@0 km altitude) German CHAMP (CHAlleng-
ing Minisatellite Payload) satellite combined wiglound observatory data yielded a unique oppor-
tunity for the investigation of the spatial strugtwf ULF phenomena (Sutcliffe et al. 2011) and the
interaction of the incoming ULF waves with the urigiag ionosphere (Pilipenko et al. 2011).

The spectra of Pc2-3 pulsations recorded in thayErlby CHAMP were found to be enriched
with frequencies above 50 mHz in comparison toghmund Pc2-3 spectra (Yagova et al. 2015).
These frequencies are higher than the fundameatahdnics of the field line resonances in the
magnetosphere. High quality signals with dominaegjfiencies 70—200 mHz were found a regular
phenomenon in the F layer and in the magnetospfiémre.mean latitude of the maximum Pc2-3
occurrence rate lies atB.5 in the F layer, i.e., inside the plasmasphBeg/-to-day variations of
the latitude of the Pc2-3 occurrence rate maximeensto follow the plasmapause day-to-day
variations. Polarization and amplitude of Pc2-3thimn magnetosphere, in the ionosphere, and on the
ground allow us to suggest that they are genermdelMS waves in the outer magnetosphere and
are partly converted into shear Alfven waves néd®r plasmapause. The observed ground-to-
ionosphere amplitude ratio during the night isripteted as a result of the Alfven wave transmis-
sion through the ionosphere. The problem of wasasmission through the ionosphere is solved
theoretically by means of a numerical solutionref full-wave equation for the Alfven wave reflec-
tion from and transmission through a horizontathatified ionosphere. The best agreement between
the calculated and measured values of the growimhtisphere amplitude ratio was found for
k = 5x10°% km™, i.e., the observed ground-to-ionosphere amplitad® corresponds to a wave
spatial scale which could provide a Doppler shithim a few percent of the apparent frequency of
the Pc2-3 pulsations as recorded by a low- orbsimacecraft.

We also compared ULF activity observed in the Ri@d Bc3 bands at near-equatorial magnetic
stations in South America from SAMBA and MAGDAS ays and by the low-orbiting CHAMP
satellite during its passage over this meridioregtivork (Cuturrufo et al. 2014). At the nighttime,
both Pi2 and Pc3 waves in the upper ionosphereoarttie ground are nearly of the same magni-
tude and in-phase. At the same time, the daytin® fRdsations on the ground and in space are
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nearly out-of-phase. Comparison of observationsllte with the theoretical notions on the MHD
wave interaction with the system ionosphere—atmesptground suggests that nighttime low-
latitude Pi2 and Pc3 wave signatures are produgdéMB mode. The daytime near-equatorial Pc3
waves still resist a quantitative interpretatiome$e waves may be produced by a combination of
two mechanisms: FMS mode leakage through the idressp and by oscillatory ionospheric current
spreading towards equatorial latitudes.

The first statistical investigation (Heilig et 2013) of the features of Pc3 pulsation FLRs as ob-
served by CHAMP and on the ground confirmed the @depshifts to higher or lower frequencies
relative to the ground FLR frequencies for equatmdvor poleward passes of CHAMP over the
ground station. Our statistical investigation shdthes amount of rotation of the FLR polarization
ellipses between the ionosphere and the ground talB0° on average, rather than the theoretically
predicted 90°. This is explained by the polarizattiipses on the ground being oriented close to N-
S irrespective of the orientation above the ionesphwhich is -13° on average. No evidence of
ionospheric conductivity gradients associated sithrise and sunset affecting the amount of rota-
tion of the polarization ellipses as predicted lyrenrecent theoretical advances was found.

In a study, based on ground-based magnetometeratateded at the EMMA stations in Europe
and at two low latitude stations in South Afridae tspectral structure of Pc3—4 pulsations observed
at low and midlatitudes were investigated (Suteldt al. 2013). In addition, fluxgate magnetometer
data from the CHAMP satellite were used. The resaftthe analysis suggest that at least three
mechanisms contribute to the spectral content 8R@ulsations typically observed at these lati-
tudes. It was confirmed that a typical Pc3—4 pidsatontains a FLR contribution, with latitude
dependent frequency, and an UW contribution, wiglydiency proportional to the IMF (interplane-
tary magnetic field) magnitudg,,+. Besides the FLR and UW contributions, the Pc3uléagtions
consistently contain signals at other frequendies are independent of both latitude &g As
the most likely explanation for these additionalginency contributions the FMR related to cavity,
waveguide, or virtual mode was proposed. Althoudghdbove contributions to the pulsation spec-
tral structure have been reported previously, tas the first time where evidence was presented
showing that they are all present simultaneouslyath ground-based and satellite data.
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Thanks to recent developments in magnetometry aedheory of magnetohydrodynamic (MHD)
waves, the routine monitoring of the cold plasmassndensity of the plasmasphere has become
possible. The European quasi-Meridional Magnetomateay (EMMA) was established in 2012
within the frame of PLASMON EU FP7 project with th@ain goal to monitor the plasmaspheric
mass density based on the detection of field Es®mances (FLRs) (Lichtenberger et al. 2013). This
is done by applying the phase gradient techniquenagnetic data recorded at two closely spaced
(100-300 km) stations located along nearly the saragnetic meridian. An automated algorithm,
FLRID (Field Line Resonance ldentification) was dieped at GGIH to do this job (Heilig at al.
2013). The inferred wave parameters also allowstimate the uncertainty in the detected FLR
frequency and the resonance width. The inversiath®fLRs is possible if the magnetic field and
the density distribution along the field line amokvn. The inversion code, FLRINV, which solves
the MHD wave equation of the resonance in an ayitmagnetic field topology (e.g. given by one
of the Tsyganenko models) was developed at theddsity of L'’Aquila. The typical uncertainties

in the inferred equatorial plasma mass densitiésctwderive from the uncertainty in determining
the FLR frequency, are of the order of 15-20%. #iddal uncertainties, which might be of the
same order, can derive from the adopted field-aligmass density distribution at low ( < 2) L-
shells, and from the magnetic field model usedgtt h-shells (Vellante et al. 2014).

None of the earlier monitoring systems were “spaeather” operational in the sense that they
never produced quasi-real-time products. Before EMNk latitude coverage of stations in Europe
was also not sufficient to monitor the whole plaspteere. In contrast to the whistler method the
FLR method can be used to infer the plasma massitgaturing daytime, not only in the plasmas-
phere but also in the plasmatrough and to alsctifgethe location of the plasmapause. Equatorial
plasma mass density in the range L = 1.6 — 6. &irsgomonitored continuously in real time.

A new model for the plasmapause location in theatarial plane was introduced by Heilig and
Lihr (2012). The determination of the L-shell bomgdthe plasmasphere is based on magnetic field
observations made by the CHAMP satellite in thesidg ionosphere. Related signals are medium-
scale field-aligned currents (MSFAC) (some 10 kmalessize). The mid-latitude boundary of these
MSFACs is used for determining the plasmapausdaBRelvalues are obtained on the night side,
while the boundary is not determined well in theO08to 16:00 magnetic local time (MLT) sector.
The radial distance of the boundary is closely ietd by the magnetic activity index Kp. Over
the Kp range 0 to 9, the L-value varies from 6 t&E2 Conversely, the dependence on solar flux is
insignificant. For a fixed Kp level, the obtaineevalues of the boundary form a ring on an MLT
dial plot with a centre somewhat offset from themeagnetic pole. This Kp and local time depend-
ent feature is used for predicting the locatiothef MSFAC boundary at all MLTs based on a single
L-value determination by CHAMP. We compared theatam of the MSFAC boundary during the
years 2001-2002 with the L-value of the plasmapadsirmined from in situ observations by the
IMAGE spacecraft. The mean difference in radiatatise is within a 1 RE range for all local times
and Kp values. The plasmapause is generally foanthward of the FAC boundary, except for the
duskside. By considering this systematic displacgraad by taking into account the diurnal varia-
tion and Kp-dependence of the residuals, we welestabconstruct an empirical model of the plas-
mapause location that is based on MSFAC measursnfiremh CHAMP. Our new model PPCH-
2012 agrees with IMAGE in situ observations withirstandard deviation of 0.79 RE. The same
technique is being applied to the observations®AE three SWARM satellites. PLASMON densi-
ty observations and SWARM PP locations will be dafed/calibrated by in-situ electron density
observations of NASA’s Van Allen Probes.
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Several studies evidence the nonlinear and turbblenaviour of fluctuations of physical parame-
ters in the space regions (e.g. solar wind or tfferdnt regions of magnetosphere). In most of the
cases, turbulence is accompanied with intermitenictures related to the non-uniform energy
dissipation in the 3D space. Intermittency involtes non-Gaussian probability density function of
the incremental magnetic time-series.

In our analyses the nonlinear fluctuations recordgdpace missions and by ground based ob-
servatories were investigated. Records of the @lugtacecraft and the EMMA network of ground
observatories were specially considered. The teriiustructures were studied by power-spectral
density function analysis of the time-series, ai@thie computations of higher order moments (i.e.
flatness and structure function) of the fluctuasioit was argued that the level of intermittency
could be adequately measured by computing theHatdtistical moments of the temporal differ-
ences of the time-series, i.e. their flatness.tRercase of the multi-spacecraft Cluster missibe, t
fluctuations and their higher order moment statistiould be investigated not only in temporal but
also in spatial scales. In this case the Taylootygsis had not to be invoked in the interpretatibn
the obtained results.

In the analyses, it had to be taken into accouatt the dynamics of several space regions was
governed not only by turbulent fluctuations butoalsy wave phenomena occurring in certain fre-
guencies. It was shown through synthetic datattieatvave activities could strongly complicate the
interpretation of the results of the turbulent gsak (Kovacs et al. 2014). For this reason, we-ntr
duced a dynamic wavelet filter technique for disgniating between wave and turbulent compo-
nents of the analysed time records.

In the following, the results of turbulent studafdifferent spaceborne and ground-based obser-
vations are summarized. Some of our analyses waréed out in the framework of the STORM
EU FP7 project.

Terrestrial foreshock;The intermittent properties of the quasi-paralt@lehock region have
been investigated with the use of the 5 Hz FGM méigmecords of the Cluster spacecraft from the
years of 2001-2010. A data base containing thettiostiatistical moments, i.e. the flatness of the
foreshock magnetic fluctuations at different tengp@cales have been built. The flathess observa-
tions were referenced to the spacecraft positietsrthined in terms of their distance from the ter-
restrial bow shock (BS) as well as of the angléhefsolar wind magnetic field direction compared
to the BS normal (angle of incidence). The BS gdomeas determined according to the model of
Farris and Russell (1994) using the solar wind patars (SW bulk velocity, proton density) meas-
ured by Cluster CIS-HIA instrument or obtained frome OMNI2 database. According to the de-
fined coordinates, the strongest intermittency whserved in the vicinity of the BS at angles of
incidence (35-50°) belonging to the region of thecton foreshock. Similar result was obtained
with the time-series of spatial field differenceganured among the four Cluster spacecraft. At
smaller angles of incidence, i.e. in the ion fooeshregion, the turbulent fluctuations are over-
whelmed by wave activities (upstream waves), tloeeethe turbulent dynamics in the ion foreshock
could be evidenced only by the high-pass filteragtseries. Strong correlation was found between
the intensity of the intermittent dynamics and 8w bulk speed or SW Alfvén Mach number. This
relation was similar to that of obtained for Pc3sption activities observed in ground-based ob-
servatories and the solar wind parameters (Hetlag.€2010). It indirectly supported the close eerr
lation between wave and turbulent activities in fim@shock region where the Pc3 magnetic pulsa-
tions of upstream wave origin emerge.
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Terrestrial polar cuspsiThe weak magnetic field in the polar cusps enabiiesdirect entry of
shocked magnetosheath (MS) plasma to low altitimiése magnetosphere. The streaming of MS
particles in the funnel like cusp regions and tlegicounters with ionosphere plasma beams infers
the generation of waves and turbulence.

We have statistically analysed the turbulent prigerof 5 Hz FGM magnetic time-series of
Cluster spacecraft recorded in 379 cusp encoubtsrgeen 2001 and 2005. The cusp encounters
were selected in periods where the magnetic fielcdrehsed considerably in comparison with the
field predicted by the Tsyganenko TO1 magnetospherdel. It was found that the spectra of the
cusp magnetic time-series exhibited power-law attarathat could refer to the energy cascade of
turbulent dynamics. The mean scaling range was d&iw.02 and 0.2 Hz, for which the most
probable slope values were between -2.1 and -Lvas$ shown by probability density function
(PDF) analyses that the magnetic fluctuations & dbsps were non self-similar, but intermittent.
The flatness vs. temporal scale empirical funcsbowed that the temporal scales of intermittent
fluctuations were below 80 s, in agreement withfthding of Echim et al. (2007). With the use of
the four contemporary Cluster records the spatékcency among the plasma fluctuations at dis-
tant points was also studied. The results affirtiedintermittent behaviour of the plasma fluctua-
tions in spatial scales, below 4000 km. The fladnes. spatial scale relation plotted for different
geomagnetic conditions evidenced that the storraubistorm periods are more favorable for the
evolution of turbulent cascade processes thanutescent periods, in the polar cusp regions.

Hot flow anomalies (HFA)HFAs are transient high-energy plasma populatidiag evolve
along the interaction line of the shock and a tatigediscontinuity (TD) plane embedded in the
solar wind. We have studied the turbulent propgrtiethe magnetic fluctuations inside a hot flow
anomaly observed by the Cluster mission. It wasvshitnat the turbulent fluctuations of time-series
(if exist) could remain hidden by HFA wave actigi&i Therefore we applied the dynamical high-
pass filtering for the Cluster signals. We showidt tthe studied HFA cavity exhibited a well-
defined power-law magnetic spectrum. Moreover, istjelvindow probability density function
analyses evidenced the scale-dependent non-Gawssatestics of the HFA magnetic fluctuations as
well as the spatial coherency of the magnetic tiara inside the HFA cavity. All of these findings
referred to the joint occurrence of turbulent naisel wave activity in the HFA dynamics (Kovacs
et al. 2014). On the basis of the ion velocity ritisttion and electron spectrum inside the HFA it
was however claimed that the investigated anomagntewas young, i.e. belonged to the early
stage of its development. Since the different eNmhary phases of the HFAs are associated with
different wave activities, it is suggested that thbulent processes may also exhibit variation be-
tween the young and mature stages of the anomalesyvariation of turbulent properties in terms
of the age of the HFAs will therefore need furtbierdies.

Geomagnetic datayVe investigated the nonlinear properties of georatigivariations recorded
in different geomagnetic latitudes, in the yearsair maximum (2001, 2002, 2003) and minimum
(2007, 2008). For the study, we used the geomagtiaete-series recorded by some of the stations
of the MM100 (now part of EMMA) quasi-meridional greetometer network, established for pul-
sation study, in September 2001 (Heilig et al. 300he stations are located approx. along the
magnetic meridian of 100 degree, and the sampliguency of the series is 1 Hz. With the use of
probability density function (PDF) analysis it wasgued that the geomagnetic increment time-
series were non-Gaussian and intermittent in thgéeal scale-range of 10-20000 s, irrespectively
of the solar cycle period and of the geomagnetitulde of the observations. It was emphasized that
the temporal scales of intermittency corresponaethé typical duration of substorms and of the
main phase of geomagnetic storms. Below the sdaBO0 s, the geomagnetic fluctuations were
more intermittent during solar maximum than minimutnwas also shown that the level of geo-
magnetic intermittency decreased with the geomagtegitude, though this trend was less apparent
in mid-latitude observatories.
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1 Heliosphere

Erdés and Balogh (2012, 2014) studied the open magfiaticof the Sun, which is number of the
magnetic field lines frozen into the solar wind aradried into the heliosphere. The radial compo-
nent of the heliospheric magnetic field vector basn calculated using observations from the Ulys-
ses mission that covered heliolatitudes from 8@°8Q°N, from 1990 to 2009 and distances from 1
to 5.4 AU, the Advanced Composition Explorer migsat 1 AU from 1997 to 2010, the OMNI
interplanetary database from 1971, and the HeliaadlL2 missions that covered the distance range
from 0.3 to 1 AU. The magnetic flux density wasriduo be much affected by fluctuations in the
magnetic field which make its calculated value dejemt on heliospheric location, type of solar
wind (fast or slow), and the level of solar actviThey showed that at larger distances from the
Sun, the fluctuations of the magnetic field arotimel average Parker field line distort the distribu-
tion of Bg to such an extent that the determination of tregmed, open solar magnetic flux density
from the average His no longer justified. Two methods were suggestereduce the effect of
fluctuations. The methods were tested using magtietid and plasma velocity measurements in
the OMNI database and in the Ulysses observatimsnalized to 1 AU. It was shown that without
such corrections for the fluctuations, the magnétiz density measured by Ulysses around the
aphelion phase of the orbit is significantly ovéireated. However, the matching between the in-
ecliptic magnetic flux density at 1 AU (OMNI datahd the off-ecliptic, more distant, normalized
flux density by Ulysses is remarkably good if catiens are made for the fluctuations using either
method. The main finding of the analysis is that thagnetic flux in the heliosphere is fairly uni-
form, with no significant variations having beensebved either in heliocentric distance or helio-
graphic latitude.

The short- and long term changes in the heliosphaagnetic field was reviewed by Balogh
and Erds (2013). Since the magnetic field is the physiainework in which energetic particles
and cosmic rays propagate, changes in the larde stacture of the field lead to changes in cos-
mic ray intensities, in particular in anti-phasehagolar activity. The origin of the HMF in the cer
na is well understood and inner heliospheric olaéruas can generally be linked to their coronal
sources. The structure of heliospheric magnetiarfitds and the heliospheric current sheet separat-
ing the dominant solar polarities are reviewed harer longer than a solar cycle, using the three
dimensional heliospheric observations by Ulyssdsge dynamics of the HMF around solar mini-
mum activity is reviewed and the development oéatn interaction regions following the stable
flow patterns of fast and slow solar wind in thaen heliosphere is described. Around solar maxi-
mum, solar activity is dominated by frequent transs, resulting in the interplanetary counterparts
of Coronal Mass Ejections (ICMESs). These produceraplex aperiodic pattern of structures in the
inner heliosphere, at all heliolatitudes. Thesecttires continue to interact and evolve as thesetra
to the outer heliosphere. For the transport of gatér particles and cosmic rays, the fluctuations i
the magnetic field and their description in alteéivea turbulent models remains a very important
research topic.
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2 Energetic particles

Energy spectra and relative abundances of low-gr@@4-1 MeV/n)’He, “He, C, O, Fe ions were
investigated using ACE, WIND, and SOHO data in athpgrmal particle fluxes between 1998 and
2014 (Ishkov et al. 2011). During quiet time pesad solar activity the fluxes of suprathermal ions
with low first ionization potential (FIP) < 10 eVere found to exhibit higher variability than those
with high FIP (above 10 eV). The background flusptit into three types according to the value
Fe/O in the energy range of ~40-320 keV/nucleomolighout solar cycle 23 except for the mini-
mum the Fe/O ratio was comparable with those ofuisipe SEP events or near the mean abun-
dance in solar corona. During solar minimum thiforavas close to the solar wind values. These 3
groups suggest different seed particle populatimms of the upper solar corona, those accelerated
in impulsive micro SEP events, ions of quiet corand solar wind ions, respectively. The unique
prolonged solar activity minimum in 2007-2009 alexvobserving suprathermal ion fluxes from
near equatorial coronal holes. The values of thHe @id Fe/O ratio from coronal holes at solar
minimum and maximum are found to correlate withkbsblar wind values C/O and Fe/O. This
suggests that the bulk solar wind appears to besdliece of ions further accelerated forming the
high energy tail (Zeldovich et al. 2014).

Jovian electrons in Earth orbit can be regardegralses of the inner heliosphere as they readily
penetrate into the inner heliosphere during perafdsptimum magnetic connection between Earth
and Jupiter (Daibog et al. 2013a, b). Such perietras also occasionally observed at apparently
unfavourable Earth—Jupiter conditions. This wadarpd by the occurrence of long-living magnet-
ic traps extending from the Sun to Jupiter andtigaalong with the Sun. We showed that co-
rotating interaction regions (CIRs) can act as meéigrtraps for energetic Jovian electrons. When
such a trap passes by Earth, enhanced electroesflare observed. A particularly long series was
observed in the SOHO>0.25 MeV electron data dutireglast solar minimum in 2007-2009. The
structure of the solar wind allowed the formatidrsoch traps, existing for about a year (14 solar
rotations) with an average period of about 26 d&ysperforming numerical simulations a com-
bined effect of the CIR and magnetic connection wlatained and successfully fitted to the obser-
vations at SOHO and STEREO (Kecskeméty et al. 2013a

3 Dust particles

A linear time-of-flight mass spectrometer was depeld at LASP (Boulder, Colorado) for the de-
tection and chemical analysis of nanometer-sizetighes originating near the Sun. The Nano Dust
Analyzer (NDA) concept is derived from previouslgweloped detectors. The NDA instrument is
designed to reliably detect and analyze nanométedglust particles while being pointed close to
the Sun’s direction, from where they are expectedrtive. Measurements by such an instrument
will determine the size-dependent flux of the nalust particles and its variations, it will charaete
ize the composition of the nano-dust and, ultinyatiélmay determine their source. A. Juhasz per-
formed dynamical simulations for this project (Brien et al. 2014).

Dust particles in the approximate mass range o¥&0n < 102° kg produced near the Sun, due
to collisions and breakup of larger interplanetdnst particles, have been shown to become en-
trained in the solar wind plasma flow. When thesealled nano-dust particles (NDPs) impact a
spacecraft, they have been suggested to produfieientty large plasma clouds to cause a detecta-
ble signal in the onboard electric antennas. ND&e& lbeen identified on the twin STEREO space-
craft, and the observed intermittent nature ofrtflakes were suggested to represent the stochastic
nature of their sources near the Sun. Juhasz arihliq2013) modeled the dynamics of NDPs and
showed that even if the generation of NDPs remainenstant in time, their detectability near the
ecliptic plane becomes intermittent due their iat#ion with the interplanetary magnetic fields.

Nanodust particles are ubiquitous in the solar esyst we may expect that comet
67P/Churyumov—Gerasimenko, the target of the ROSEMilssion, is also a source of nanodust,
that is dust particles of nanometer size. Due ¢ir ttmall size and mass, the dust detectors can not
observe them directly neither on the orbiter notl@Philae lander. However,if nanodust grains get
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charged, the ion and electron sensors on-boardeoditbiter might detect them. Szego et al. (2014)
investigated whether this was a realistic optioneyf showed that when the comet activity is low

between 3.25 and 2.7AU, the cometary surface guartaof the dust particles get charged and can
be accelerated upwards from the nucleus surfacey Téund that if the energy of this charged

nanodust is higher than 4 eV, it can be detectédandrom the subsolar region by the ion and elec-
tron sensor (IES) of the Rosetta Plasma Package.
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ENERGETIC IONS AND RELATED PHYSICAL PROCESSES
AT EARTH'S BOW SHOCK - ION ACCELERATION
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Collisionless shocks in space plasmas have a ge@sttific importance in their own right, but also
because they are involve in a very wide range gbiglal phenomena from planetary bow shocks to
supernova explosions. It also known that shock weasen accelerate particles to high energies
through the so-called Diffusive Shock Accelerati@d@SA) mechanism or first-order Fermi
acceleration. We report on observations of enargetis upstream of the Earth's quasi-parallel bow
shock by Cluster at times of large inter-spacecaffaration distance of about 1-1.5 Earth radius
distance. We analyzed several individual upstreameivents under various solar wind and plasma
conditions in order to demonstrate how these diffeconditions influence the physical process of
energetic ion scattering. The method of the analisithe same in all cases: using a bow shock
model we determine the distance of SC1 and SC3 fitmmbow shock surface parallel to the
magnetic field. The CIS-HIA instrument onboard @Gusprovides partial energetic ion densities in
4 energy channels between 10 and 32 keV. Usingdifierences of the partial energetic ion
densities observed on SC1 and SC3 and the distaridbe spacecraft from the bow shock, we
determined the spatial gradient of partial enecgietn densities at various distances from the bow
shock. The gradient in all energy channels deceeasponentially with distance and the e-folding
distance of the gradients depends approximateBatly on energy but there is a non-negligable
difference in their values obtained at the analygestream ion events.

Our study provides an in-depth explanation ofdhase of differences in the e-folding distance
and diffusion coefficient values. We demonstratetife first time that under specific interplanetary
conditions the mechanism of the diffuse ion scattecan change significantly and results in a
much stronger diffusive process charactized byrarsually small e-folding distance.

It is well known that shocks in space plasmas aaelarate particles to high energies. On the
other hand, many details of the shock acceleratienhanism are still unknown. A critical element
of shock acceleration is the injection problem; i.e. the presence of a so-called seed particle
population that is needed for the acceleration wmrkwefficiently. For our analysis we use
simultaneous multi-spacecraft measurement dataig@dvby the Cluster spacecraft ion (CIS),
magnetic (FGM) and electric field and wave instram@&FW) during a time period of large inter-
spacecraft separation distance. In our case stedyresent for the first time observational evidence
of gyroresonant surfing acceleration in front af tharth’s quasi-parallel bow shock resulting in the
appearance of the long-suspected seed particldgimpu Our results show that the gyroresonance
surfing acceleration takes place as a consequehdateyaction between circularly polarized
monochromatic (or quasi-monochromatic) transveskaitromagnetic plasma waves and short large
amplitude magnetic structures (SLAMS). The magngéltl inhomogenity mirror force provides
the resonant conditions for the ions trapped bywhees and results in increasing efficiently the
particle velocity. Since monochromatic wave packets circular polarization and different kinds
of magnetic structures are very commonly observethé front of the Earth’s quasi-parallel bow
shock the gyroresonant surfing acceleration proed®e an important particle injection mechanism
resulting in the formation of the seed particle agon.
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1 Introduction

Besides regular geomagnetic observations and emnts data services for IGRF and main field
modelling, the main objectives of the ground basledtric and magnetic observations are monitor-
ing the solar-terrestrial environment and developinod models to specify and predict the state of
the Sun-Earth system (space weather and climateasitements include the monitoring of geo-
magnetic field variation, ionospheric parametedarsemissions and determination of solar wind
and radiation environment parameters. Model devetoyis are required for the propagation of
coronal mass ejection and energetic particle rimsiainteraction between the interplanetary medi-
um and the Earth’s magnetosphere, the filling agleting of the radiation belts, ionospheric com-
position, density, diffusion and convection, inddi@ectric fields.

2 Geomagnetic observations

Continuous observation of geomagnetic elements wottitrol of the absolute observations started
in 1961.

The observatory equipped with 3 sets of triaxiakflate magnetometers. The temperature varia-
tions of the triaxial fluxgates are maintained Wwitld.5°C between the weekly absolute observa-
tions. The fluxgate variometer sensors are aligned, Y, Zdirections. For better time resolution
one of them is run with 1 second sampling rate.uameous low altitude satellite and meridional
magnetometer array (1.56<1.88) measurements were used to interpret theamansial relation
between space and ground ULF signal, evaluateftbet ®f the ionosphere on the transmission and
study the field line resonance phenomenon and ghalgxpected ULF precursors of seismic activi-
ty.

In the frame of the INTERMAGNET data service 10@at samples are used to provide minute
values centred on the minute, by means of a 7-poisine filter. Geomagnetic indices and transient
events are also scaled from these data.

Protonmagnetometer (Overhauser- effect magneto)riatelt/AD configuration consists of two
orthogonal sets of coils (proton head is mountetti@tentre). Coils orientated so that one provides
bias fields approximately perpendicularRwvector in the magnetic meridian and the other mresi
bias fields approximately perpendicularftan the horizontal planedD andAl relative to the initial
values Dy, lg) are calculateddD/Al proton magnetometer (DIDD) samples at 1Hz fromclvlfi
(total force)and quasi absolute values Bfand| are obtained. To ensure continuous recording a
high stability torsion photoelectric magnetometiypé PSM-8711) is run as backup system. Data
along with telluric data are logged by a DR-02 tyigital recording system. The PSM magnetome-
ter records théd, D and Z component with exceptionally high parameter stigbilThe baseline
variation never exceeds 1.5 nT/year. Maximum rdgwluis 3 pT, sampling rate applied is 10°s,
frequency response: 0.3 Hz to DC, sensitivity it;g: less than 10 nT/".

Baselines of the variometer systems are derived fibsolute observations of F, D I. The stand-
ard instrument for absolute measurements are thrmpmagnetometer (type: GSM 19 of GEM

MTA CSFK Geodetic and Geophysical Institute
E-mail: wesztergom.viktor@csfk.mta.hu



86 WESZTERGOM ET AL

Systems) and the new fluxgate theodolite. To daterthe momentary angle of declination four

observations (four null positions in the horizonptdne) are taken and it is repeated at least twice
Inclination angle is determined in the plain of thementary magnetic meridian in the same way as
D. Total intensity is measured simultaneously witheasurements on the next (F) pillar with an

Overhauser magnetometer. Absolute values of alingemetic elements are referred to the same
pillar of the absolute hut. Observations are madekly, occasionally more often. Baseline deter-
mination was improved by new Overhauser effect @notagnetometer, a Theo 020A based DI

fluxgate theodolite.

3 GIC recording

Continuous measurement of the geomagnetically iedlearrents (telluric currents) started in 1957.
The value of the telluric data of the observataeg lin the exceptional length of data series. The
long-term stability of the observations had beesuesd by the reconstruction of the electrode sys-
tem. This nearly sixty year long telluric recordifogms an unique data set for statistical analgéis
the long-term variation of the geomagnetic actiwatyd its induction effect. Occurrence of high
geomagnetically induced electric fields and theincidence with the phases of solar activity isles
clear than that of maximum magnetic activity. Ae thieights of variations with different periods
are rather different in geomagnetic and earth-ciireices, there are also differences between the
two kinds of activities.
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1 Intoduction

Earth current measurement with high temporal régolistarted at the Nagycenk Observatory (also
known as Széchenyi Istvan Geophysical Observatbthe Hungarian Academy of Sciences) in
late 1957. This is a representative, homogeneodsuaifjue data set for statistical analysis of the
long-term variation of the geomagnetic inductiofeef which represents a real space weather relat-
ed risk. In the frame of the EURISGIC FP-7 Spacejgut a special semi-automatic digitizing
method and workflow had been proposed and elalbtagy Telluric Digitiser — NTD method)

to digitize the historical telluric recordings. 8diether 4539 film rolls (with a total length of ap-
proximately 8 km) has been digitized, covering datan the year 1957 to 1997. During the process
a best practice has been developed about howitdtsplproject into multiple stages allowing col-
laborative work of a group of people, how to stdeta in a secure and easily accessible way, how
to control the quality of the resulting data prodaicd how to make it available to the public.

2 Discussion

There are essentially five different layers of thgitization process. The first layer holds the -ana
logue data stored on a transparent material corpfgata film rolls. This serves as the initial input
to the entire process. The second layer holdsgt@atirarely changing) files which are the digitize
(scanned) versions of the film rolls in the firgyér. The result of vectorising the files on thecsel
layer gives the files on the third layer. During throcess of vectorization these files get updated
very frequently, therefore the files associatedhis layer are under version control. Additional to
the vectorised data, on this layer an another ¢fgdie collection, the so-called reference timeaca
logue exists also in the form of version controlfiels. On top of that, there is also a film rodita-
logue here which holds textual data collected ftomfilm rolls. All information contained on this
layer is then loaded into a relational databaseéghvberves as our fourth layer. The fifth layer-con
sists of collection of server side programs and $€@s which serves data to the clients from the
relational database (fourth layer) or from the imagpositories (second layer). Analogue film rolls
were digitized using an ordinary long-format papeanner in the resolution of 118.18pixels/cm,
which corresponds to 300dpi. 5cm on the film rolvers 2 hours of registration. A typical length of
a film roll varied somewhere between 0.5 and 1nt,dome of them where as long as 4.5m. These
latter ones were too large to scan them in a sisigt¢ due to the limitations of our device, leading
to the need of further post-processing on the tedulligital images. Altogether 4539 files were
created by a group of 5 people, but to reduce tfieiensions we cut them into smaller segments,
therefore the total number of files in our finaldge repository was 22055. The film roll catalogue
(which is a single plain text file containing tahuinformation) of layer3 were created during the
scanning process and the reference time catalogiieh( is a hierarchical collection of plain text
files containing tabular information) was createdinlg the cutting process.

Engauge Digitizer (ED) to vectorise the curves \whigere present on our digital images. The

vectorization involved 2 steps: first we definedamrdinate system on each image by specifying the
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actual coordinates of three reference points @tep defines the transformation between pixel coor-
dinates and actual coordinates), then we tracegdire of the curve with a digitizing tablet using
either the semi-automatic or the manual samplingenaffered by ED. This step also resulted in a
hierarchical collection of plain text files contaig information about the vectorised curves in a
tabular format.

So as to facilitate the data access all of therin&tion contained in the files of layer 3 is loaded
into a PostgreSQL database. In this database ithareeparate table for the film roll catalogue and
another one for the reference time catalogue. dieroto speed up queries, the vectorised point sets
are sorted into smaller tables each of which cairtginearly one year of registration. The end users
communicate only with this relational databasehegitdirectly via a database view or via a web
service wrapped around a certain view. A graphisal interface for exploring our data is available
at: http://geodata.ggki.hu/tellurics
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1 Introduction

Since 1957 the Széchenyi Istvan Geophysical Obsew8 AGA code: NCK), Hungary, has pro-
vided continuous Earth current and geomagneticrebens. NCK lies on thick conductive sedi-
ment and is situated within a National Park, whiglips reduce the effects of man-made electro-
magnetic noise. General analysis of the man-madE biiise was carried out by Villante et al
(2004) at several European observatories. Fromattédysis it was concluded that the man-made
noise amplitude at NCK is orders of magnitude lothemn the variations caused by natural effects,
however the spectral analysis of long time datdgesemight be influenced by working days of
stronger effects and reduced weekend noise IeRetential differences are measured between low-
polarisation lead electrodes (buried at the depth.® m) in the North-South (Ex) and East-West
(Ey) directions, with an electrode spacing of 50@uatential differences and recorded at 1 sec and
10 sec sampling intervals with a voltage resolutbf.1 p\V/km.

2 Description of new Telluric Amplifier and Data Logger

In frame of a general instrumental development agipa new telluric measurement instrumenta-
tion has been developed and installed in the Obsanw. The development has been performed in
cooperation with the Faculty of Electrical Enginagrand Informatics of the Budapest University
of Technology and Economics with the intentionrtorease the resolution of the earth current sig-
nal recordings (24 bit A/D converter), to extené thynamic range of the operation (1@/km —

10 V/km) and to increase the sampling rate eveB.@okHz. For detailed description see Gorécz
(2014). The data is available real-time via ftpckag of daily binary data files is regularly savad

two separate local storages. The synchronizatioth@fmeasurement data with an absolute refer-
ence time is guaranteed by a standard DCF77 modoleensure the wide operation range each
channel consist two decoupled amplifier circuit:caramplifier channels per input are used in order
to split the measurement range into two parts:fonéow level signals and the another is for meas-
uring signal components higher than 1V. For lowelesignals, increased CMRR (Common Mode
Reject Ratio) and a 5th order filter is applied.iBgreasing the gain of the first amplifier, thexna
imum amplitude of the applicable measurement sigledreases significantly due to the input
common mode signal. The common mode signals arpleduo the wires of the electrodes: elec-
tromagnetic noise above 100 kHz is eliminated kg itiput analogue filters that also protect the
instrument from high voltage input levels. The satary analogue channel is dedicated for measur-
ing relative high levels (over 1 V) depending or #implitude of the common mode noise. During
the measurement the ADC is oversampling the foalogue signals. It allows applying a high
order digital filter during the data process ingt@d implementing a high order analogue filter. By
applying a high order (more than 100) filter enalile set the appropriate upper frequency. By ap-
plying the high sampling frequency the low ordeanlague filter is more effective, because the
antialiasing effect is greatly reduced, which ipexsally important in the voltage range under 1 mV.
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Budapest University of Technology and Economics
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Given such a long continuous measurement recoedNtBK data are ideal for estimating electric
field extremes that could be observed at groundlldue to space weather and also to characterise
the long term behaviour of the geoeffective sotdivdy.
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1 Introduction

Transient electromagnetic variations, observechatsurface of the Earth are direct signatures of
MHD waves and electric currents in the ionized emwinent of the planet. At the same time, the

temporal variation of the surface geomagnetic fiaftlices currents in the conductive subsurface.
The secondary magnetic field related to the indunedents is superimposed on the external origin
field variations. The analysis of the temporal apatial character of the natural electromagnetic
field variations at the surface of the Earth therefprovide a unique tool for investigating and un-

derstanding physical phenomena arise in the ioreygpéind magnetosphere, Pilipenko and Fedorov
(1993), as well as for probing the structure ofHagth interior, Vellante (1997).

In the Széchenyi Istvan Geophysical Observatomtyaaycenk, a parallel monitoring and regis-
tration of geomagnetic and telluric variations h&en carried out for more than fifty years. The
unique long continuous time series allows to sttidylong term behaviour of the source field and
the subsurface anisotropy by means of the observdtased surface electromagnetic impedance
tensor.

2 Data processing, analysis and results

Conventional electromagnetic investigation techagyuike the magnetotellurics are based on the
simplifying assumption that the characteristicsraf external field can be eliminated from the esti-
mated transfer function, namely the ratio of theeajectric and the geomagnetic spectral compo-
nents by a least-square method. This assumptiobéd®s examined in details by Beamish (1979).
Based on the analysis of three station geomagtieticseries he confirmed that source field charac-
teristics do affect the estimated response functiomid-latitude. It also has been evidenced that
significance of the effects increase with bothtlate and period. To identify and investigate the
characteristics of the ionospheric origin sourceent filed a comprehensive study of the theoreti-
cal and observation based surface electromagmefiedance function has been carried out in the
GGl.

Four year of continuous recording has been sulijdotethe analysis covering a solar maximum
phase (2000-2004). Individual response funcionsbiees computed for each overlapping 128 mi-
nute long time windows of telluric and geomagneécordings. To get rid of the low power local
source electromagnetic noise which often resultfiers in the transfer function statistics power
thresholds has been set for both fields. The tlaldshhas been determined based on a detailed
analysis of the statistical distribution functiookthe individual transfer function values in each
frequency class. The distance of the mean and #dutam of the whole set and the igr (inter-quartile
range) has been computed in each iteration stepn@gasing the threshold power, the less indi-
vidual data is accepted, the statistical distrimutiunction of the impedance modulus as stochastic
variable becomes sharper and more localized.
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The rejected individual impedance modulus valueshezeen replaced by 2D interpolation (above
the frequency-time space). The recovered impedanugion series' (one function series for each
tensor element) has been subjected for FourieysisalLong term variation of the response func-
tions at each frequency class of the studied raageébeen investigated. Spectral components related
to the Earth rotation and orbiting around the Sas been demonstrated, so as the harmonics. The
distribution of the modulation amplitude at eachreltteristic spectral peak has also been analysed.

The effects of the subsurface anisotropy and tlecsofield characteristics has been identified
in the estimation process of the response function.
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Joézsef Bor, Arpéd Kis, David Koronczay, Istvan Lergpr, Janos Lichtenberger,
Attila Novak, Sandor Szalai, Judit SzefidEszter Sics, Viktor Wesztergom

A single-board computer (SBC) is a complete comphitglt on a single circuit board, with micro-
processor(s), memory, input/output (1/0) and offleatures required of a functional computer. Alt-
hough the first appearance of a SBC dates back &ady as 1976, they became widely used in the
field of electrical engineering and automation oinlyhe past few years thanks to the emerge of low
cost, well-supported models such as the Raspbeiry(RAspberry Pi Foundation UK,
http://www.raspberrypi.org/, http://lemi.nck.ggkith?015-06-04).

This technological breakthrough opened the doar Eevards scientific applications especially
in the field of continuous data acquisition. Duetheir small size and low power consumption,
SBCs are ideally suited for running most of thevieess that arise in a modern-age digital observa-
tory: they can act as a time server, a data seavei b server or a data logger — just to mention a
few. Another useful property of SBCs is that indted a hard drive they boot from a SD memory
card which makes it easy to create backup systemysby mirroring the content of the SD card. In
other words, the same hardware is capable of bpdtwo different systems — tailored to possibly
two completely different objectives — only by swiitcg SD cards. For these reasons, we made the
strategic decision to gradually replace all of comventional PCs with SBCs.

In a conventional setup, the measured analogualsigramplified and then forwarded into an
analogue-to-digital (A/D) converter which is contegt (in our case mostly externally) to an ordi-
nary PC which runs some software for data collectichis approach has many limitations. E.g. due
to economic reasons, in some cases the same PQheimata logging software of two different
measurements, which increases the risk of obtaiamgnnecessary gap in one of the recordings
while we carry out maintenance on the other. Anotltawback is that the data logging PCs often-
times carry out (too many) additional tasks suchdat conversion, processing or visualization
which reduces the transparency of the system arigksnid poorly scalable. With SBCs in mind,
however, the number of PCs we can insert into yis¢em is practically unlimited so we can dedi-
cate a separate SBC to each objective. This letb uke idea of developing a custom, general-
purpose data-logger by equipping an SBC with an édbverter module and integrating them into
a compact case.

Our first prototype uses a Raspberry Pi (RPi) aSB@ (http://geodata.ggki.hu/rpilogger, 2015-
06-04). The RPi has USB and Ethernet interfacesosimer low-level interfaces for communication
with analog-to-digital converters (ADCs) like SR2C, UART, etc. Its power consumption (3-5 W
in total) is very adventurous compared to e.g.telmaok or a desktop computer (40-400 W approx-
imately). It can be equipped with a full-fledgechuik operating system which makes the whole
construction very reliable and configurable for iindual tasks. The current design uses the
ADS1115 chip from Analog Devices (http://www.ti.cfproduct/ads1115, 2015-06-04). This is a
pseudo-differential ADC with 16 bits resolution &%) and a programmable gain in 5 steps (as if
the reference voltage could be selected by softiwalze one of 5 possibilities). It also contains a
built-in multiplexer (4 channels single ended adiferential) and it is capable to sample a channel
(either single ended or differential) up to 860 Hzas a high impedance pseudo differential input
measuring in reference to a floating potential \utig useful to avoid ground loops. The extensibil-
ity of the RPi makes is possible to insert more AD&tances, further increasing the number of
channels that can be sampled. The resolution anihmahsampling rate also can be increased for
instance by replacing the ADS1115 with a more egpenchip. In our current construction the
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input range is configured to +/- 10 V. Originalthe RPi is powered by 5 V via a micro USB inter-
face. In the casing of our prototype we replacésl with a more robust USB-B connector and we
also added POE (power over Ethernet support), wimiakes it possible to operate the device also
far from a power supply.

Currently, 3 different means are offered for usgeraction:

1) The data-logger is equipped with a 4x20 characED display to show basic information
(such as current date, IP address and disk usagk)aotary switch for sample rate
selection and basic user input.

2) The data-logger can be configured to act also a®la server, so we developed a web-
based graphical configuration interface similawtmat is shipped with most of the routers.

3) A further option is logging in into the device vécure shell (SSH). It is intended for
power users with expertise in Linux system admiati&in. This last option however gives
total control over the device to the user due t® filct that we use only open source
software.

The core of our data logging software is writterANSI C. By default, the program starts automati-

cally as a standard Linux system daemon which esstontinuous operation. The program outputs
files which are already in the widely used and sufgnl netCDF binary format. The frequency of

file output operations is quite high in order tonimiize the possibility of a data loss due to unex-
pected events such as a power failure. Thesedileghen concatenated into regular, 1 hour long
pieces by a separate background process, so ngriimalend-user does not have to cope with small
files stored in a chaotic structure. Besides thatdata logging software also sends its data i rea
time via websocket communication which is consuimgdther applications such as our online data
visualization tool.
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TIHANY GEOPHYSICAL OBSERVATORY -
IAGA DIVISION 5. OBSERVATORY, INSTRUMENTS,
SURVEYS AND ANALYSES

Andras Csontos, Balazs Heilig, Laszlo Merényi, lGdSzabados
1 Introduction

The Tihany Geophysical Observatory (IAGA code: THY maintained by the Geological and Ge-
ophysical Institute of Hungary (MFGI). Our Instiéuvas established by the Hungarian Government
in April 2012, uniting the Geological Institute Bluingary and the E6tvés Lorand Geophysical Insti-
tute (ELGI). The observatory is situated in a ragigpark on the Tihany peninsula of Lake Balaton.
Since 1955 the observatory has continuously recogiomagnetic data. Tihany is a founding
member of the INTERMAGNET. The geomagnetic datdeed here are published yearly on the
INTERMAGNET CD-ROMs and on the DVDs.

2 Instrumentation and data acquisition

During the last IAGA period two fluxgate variometeand two Overhauser effect based magnetom-
eters were operating for continuous recording atdhservatory: a suspended DMI FGE triaxial
fluxgate magnetometer with XYZ orientation, a Naridxial ring-core fluxgate magnetometer
installed in HDZ orientation, a GSM-19 Overhausexgmetometer (GEM-Systems) for recording
the total field and a dIdD (delta inclination detteclination vector Overhauser magnetometer) sys-
tem. The fluxgate magnetometers are installed @ vériation pavilion of the observatory. The
temperature in this hut is being controlled witlhthh2C. Nevertheless the temperature of the sensor
and the electronics is monitored by the built-imperature sensors of the FGE magnetometer.

The GSM-19 Overhauser magnetometer is installethénabsolute house of the observatory.
The distance between the absolute pillar and theoseof the magnetometer is about five meters.
The dIdD system is installed in the old variatiosube. This building is a cellar that is why the
yearly temperature variation is attenuated there.

The FGE magnetometer is equipped with an ADAM 48pe, 16-bit A/D converter. Its output
signal is transmitted to the recorder through a m2i@ng optical cable. Optical cable is applied for
protection against lightning hazard. Accuracy ofdisynchronizing to GPS time is £2 msec. The 1-
second resolution data are also recorded in additiothe 1-minute mean values required by
INTERMAGNET. This instrument is the main recordisgstem of the observatory since 1999. The
high resolution NAROD fluxgate magnetometer belot@yshe EMMA geomagnetic pulsation re-
cording array.

The dIdD system registers inclination and declomatias well as total field data in every five
seconds. When these data are used as input t&-artested digital acquisition (DAQ), they pro-
duce real-time XYZF 1-minute means. Of coursettadl original readings are stored, as well. Thus,
the dIdD instrument can serve as back-up systenmuiobase FGE magnetic recording system.

The observatory has two absolute instruments: asZ20A theodolite and a Zeiss 10A theodo-
lite equipped with a DMI D&I sensor. The absoluteanurements are taken weekly according to
the null reading method. A set of absolute obs@matconsists of two independent measurements
of D and I. Total field is continuously recorded #GSM-19 and even by the didD. All the base-
lines are derived from standard absolute obsemstio

In order to apply some convenient networking tedbgies (i.e. remote control, file transfer, se-
cured connections, etc.) a Linux based data logger developed. The DAQ in THY (realized by
DIMARK family) is able to acquire magnetic data amalisekeeping data from one or more differ-
ent instruments, including fluxgate, OverhausemDdimagnetometers or temperature sensors
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(through A/D converters or RS-232 protocol). GPSR$used for sample triggering and time la-
belling of magnetic data.

All of our data acquisition units are linked intdagal network, while communication between
the observation site and the office is realizedbgicrowave (2.4 GHz) transmitter. For data securi-
ty reasons, the recorded data are stored parallehree different computers located in different
buildings.

3 Observatory data and database

Since 2013 data from the main observatory systeve baen quasi real time transmitted to Edin-
burg GIN server instead the previously used e-rimaitlsmission. The data are also available to
partner researchers through a real time ftp sefse. observatory developed a website where the
recordings of all instruments are plotted near tiéa¢. Since 2005 the second sampled XYZ varia-
tion data have been real time transmitted to Natidmstitute of Information and Communication
Technology (Japan) Space Environment InformatiowiSe. The preliminary minute mean data of
the observatory is available on the INTERMAGNET gigd Since 2009, the metadata base of the
definitive data sets of the observatory is avadatsh the GEOMIND (www.geomind.it, 2015-06-
04) and KINGA (kinga.elgi.hu, 2015-06-04) Interim#brmation services.

4 Additional measurements and activities in TihanyGeophysical Observatory

— Since 1968 onwards whistlers have been detectwi®bservatory as a joint project with
the Space Research Group of E6tvos Lorand UniyegiSItTE), Budapest.

— Seismological recording is performed using GuraldG3T seismometer. The instrument
belongs to University of Leeds.

— Temperature gradient observation for geothermalissuhas been started in 2010.

— Nonmagnetic temperature test hut was built in theeovatory in order to study the most
important source of temperature effect on magnetermdy using high amplitude thermal
change.

— Checks of UXO detectors are performed from timgn@ in the observatory.

— A new site for measurement of absolute gravity established in 2013.
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In 2012 a new magnetometer network, the EuropeaasighMeridional Magnetometer Array
(EMMA) was established based on pre-existing faedi such as IMAGE, MM100 and SEGMA.
EMMA is the fruit of the joint effort of Finnish Meorological Institute, the University of Oulu
(Finland), Institute of Geophysics (Poland), Unaigr of L’Aquila (Italy) and GGIH (Hungary), the
latter being the coordinator of the array (vistphifgeofizika.canet.hu/plasmon/emmapsd.php).The
array was completed in 2014. New stations werepsatBirzai (Lithuania), Szczechowo, Zagorzice
(Poland), Vyhne (Slovakia), Lonjsko Polje (Croafi)andi et al. 2013) to fill the gap between the
northern and southern networks, as well as in trgugated Southern African region: Tsumeb,
Waterberg Plateau (Namibia). All new stations ageigped with low noise NAROD STE and
LEMI-025, LEMI-035, GEOMAG-02M fluxgate magnetometesampled at 64Hz or higher rate by
24-bit A/D converters and synchronized by GPS rerts with an overall time stamping accuracy
of about +1.0 ms. (At Vyhne the instrument is itiethin an old drift mine tunnel where GPS signal
is not available. Here Network Time Synchronizatiomsed instead, yielding an accuracy of about
+3ms.) The filter is designed to fulfil the requirents of the INTERMAGNET standard for 1 Hz
data (Heilig et al. 2013). The data acquisitionasysdeveloped at GGIH (Merényi et al. 2013) can
be remotely checked and serviced through Inteinaetase of necessity. Data files are stored local-
ly, but are also automatically transferred everyriiButes to an EMMA server through the Internet.
The primary scientific mission of EMMA is the nemal time monitoring of the plasmasphere
density by detecting and inverting ULF field liresonances (Heilig et al. 2013, Lichtenberger et al.
2012, 2013, http://lwww.swsc-journal.org/articlesssipdf/2013/01/swsc120062.pdf, 2015-06-04).
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Andras Csontos, Balazs Heilig, Andras Koppan, P&tracs,
Laszl6 Szabados, Gergely Vadasz

The repeat station (RS) network of Hungary washéisteed in 1966 to monitor the secular change
of the geomagnetic field in the country. The netwisrmaintained and surveyed by MFGI. In 2003,
MFGI became the founding member of the MagNetE geao co-operation, which was initiated to
unify the geomagnetic repeat station surveys ofBEheopean countries at comparable and high
standards. In 2010, the Hungarian Repeat Statidwdik became the member of the Strategic
National Research Infrastructures compiled by tlidwal Office for Research and Technology
according to the initiative of the European Strgt€grum on Research Infrastructure. This status
was approved again by National Research, Developarehinnovation Office, in 2014.

During the last four years, the 13 stations ofrtevork were reoccupied in 2012-13 and 2014,
according to the standards introduced by MagNetie dbserved magnetic components were re-
duced to the epochs of 2012.5 and 2014.5, usingghgnuous records of the Tihany Geophysical
Observatory. In the last campaigns, as in 2010 é€swet al. 2012), on-site dldD variometer was
also installed near the Aggtelek repeat statiothinBaradla cave in order to increase the accuracy
of the temporal reduction of the easternmost sifesfulfil the recommendation of MagNetE, the
results of the campaigns, i.e. the 2012.5 and BOhégnetic elements of the sites were and will be
submitted to the World Data Centre node in Edinbu@n the basis of the measured spatial and
temporal variation of the geomagnetic field, thenmal model and the model of the annual variation
of the field elements were expressed for Hungaryiisi-order polynomials of the geographic co-
ordinates. Additionally, the method of the adjussptherical cap harmonic analysis (ASHA) intro-
duced by De Santis (1992) has also been adoptede€anodelling of the geomagnetic field.

In 2013, a new station was installed in the clos@ity of the Nyirad station in order to avoid
the artificial noise caused by a power transmisiinlocated near to the original site.

In the framework of a Croatian-Hungarian bilatgradject we used the ASHA method to model
the local geomagnetic core field on the basis péat station measurements carried out in the two
countries in 2008 (Kovacs et al. 2011, Vgt al. 2015). The model was improved by the irolus
of EMM2010 Extended Magnetic Model (Maus 2010) eslun areas of sparse coverage of RS
observations. The project also supported joint aggéation measurements in both countries with
the installation of on-site dldD variometer maintd by MFGI (Csontos et al. 2012).
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DEVELOPMENT OF A SUSPENDED FAST DIDD —
IAGA DIVISION 5. OBSERVATORY, INSTRUMENTS,
SURVEYS AND ANALYSES

Andras Csontos, Balazs Heilig, Laszlo Merényi

Since the beginning of the 1990’s fast dildD magmetiers have been also applied to record the
geomagnetic variation as an “INTERMAGNET standardtrument following that GEM Systems
developed an Overhauser sensor with 15 cm in deméobr this sensor ELGI designed a spherical
coil system which has a diameter of 20 cm. Therimsént and its operation were repeatedly pre-
sented before.

Cooperation between MFGI, USGS, GEM Systems and®HN Ltd. (L. Hegymegi as project
coordinator) continued. The aim of the collabonat®to develop new technical solution in order to
determine and monitor the reference frame of thiesystem. For the description of the reference
frame only four parameters are needed: The angleclea the two magnetic axes of the coil system
(eip) and the three orientation angles of the instrunfignDy andeg).

We introduced and tested simple method to estiti@teneasure of non-orthogonality of the didD
directly from dldD measurements without any addiibinstruments (Heilig 2012; Heilig et al.

2013). The same method can be applied to estirhaterthogonality of any (e.g. calibration) coil
system.

During normal operation the instrument gives qukfinite magnetic variation data with high
baseline stability. In order to benefit the advanckthe magnetometer, we applied the dldD device
during repeat station measurements as on sitermatés. We offered a method based on the didD
technology for the determination of the refererreente of a portable recording station with the help
of absolute instrumerfCsontos et ak012).
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ACTIVITY OF MTA CSFK HELIOSPHERICAL
OBSERVATORY, DEBRECEN —

IAGA DIVISION 5. OBSERVATORY, INSTRUMENTS,
SURVEYS AND ANALYSES

Andras Ludmany

The sunspot catalogue work has been further extenidee recent set of sunspot databases are the
most detailed and complete documentations of thept acivity. Besides the Debrecen Photoheli-
ographic Data (DPD), the next generation of sundatdbases have been produced by using space-
born observations of SOHO/MDI and SDO/HMI, theyoatontain the magnetic data in high tem-
poral resolution. Recently a backward extension dias been made from the revised Greenwich
sunspot data and the Hungarian historical obsemstiThe presentation of the materials is user-
friendly, it contains all relevant images and MySQuery tools. The most recent progress is the set
of sunspot group tilt angle databases appendduktaliove catalogues.

The research works were primarily based on our swispot datasets. A long-term variation of
the phase lags of the hemispheric solar cyclebb&as pointed out. The sunspot group development
has been studied with unprecedented detailedriegsrésolution and statistical sample. The behav-
iour of the non-axisymmetric solar activity has hekescribed. The pre-flare dynamical properties
of active regions were studied. The latitudinakrilisition of active tilt angles (the Joy's law) has
been revisited. Several comparative analyses heee made on sunspot databases.

The works were supported by FP7 projects SOTERD0822011) and eHEROES (2012-2015)
addressing space weather forecast and nowcast dsetho
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Zoltan Gribovszki
1 Introduction

In Hungary hydrological research was carried oatlitonally by Environmental Protection and
WaterResources Research Institute (in Hungariathéyld acronim of VITUKI). Because of reor-
ganization VITUKI has been dissolved in 2013 amsdnitain research tasks and projects have been
taken over by the General Directorate of Water Mangent (in Hungarian by the old acronim of
OVF). Several other organizations also have coetintesearch activities, such as the Budapest
University of Technology (BUTE), the Edtvos Joz€sfllege (EJF), the Geological and Geophysi-
cal Institute of Hungary (MGFI), the Pannon UniigrqPU), the Széchényi Istvan University
(SZE), the University of Miskolc (UM), the Univetgiof Pécs (UP) and the University of West
Hungary (UWH), among others.

The aim of this report is to list (without beinghexustive) hydrology related research activities
that took place in the 2010-2014 period by the aboentioned istitutions.

2 Selected research and development activities Hungary
2.1 Budapest University of Technology (BUTE)

The following important research activities wererigad out at Budapest University of Technology
and Economics, Department of Hydraulic and WatesoReces Engineering.

River confluences produce intricate three-dimerdidlow and sediment conditions. Research-
ers of the Budapest University of Technology andrieenics investigated the junction of two low-
land rivers using Reynolds-averaged Navier-Stokedats (Baranya et al. 2013). Nesting a locally
refined grid for the near field within the coarsar-field grid could reproduce vortex shedding at a
moderate computational cost, whereas a uniform grgblution was found to be insufficient to
reveal this unsteady behaviour of the shear zotie @@mparable simulation times. Thanks to de-
tailed field surveys including acoustic Dopplerremt profilers (ADCP) and aerial survey of a mud
plume, the accuracy of the modelled helical flomasture and large-scale vortices could be validat-
ed. A related recent research project focused woval method that derives the spatial distribution
of suspended sediment fluxes from the backscattsigghl of ADCPs. Based on detailed moving
and stationary ADCP measurements together withnssdi sampling, the estimation method was
calibrated for a reach of the Hungarian DanubedBga and J6zsa 2013).

In the topic of shallow lakes, the aerodynamic Bpdrodynamic interactions between the reed-
covered and open waters in Lake Beffleusiedlersee) were investigated through fieldsnee-
ments. Atmospheric eddy-covariance measuremensts (&id J6zsa 2014a) indicated that at short
fetches, the aerodynamic roughness of the watémcguis better estimated from wave age relations
rather than assuming a logarithmic wind profile ngiothe vertical. Based on observed high-
frequency distributions 3D flow, the damping ofltulence moving toward and into the reed zone,
and the consequent bed evolution tendencies weastifjiad (Kiss and J6zsa 2014b). These local
studies provided further confirmation about theerof atmospheric internal boundary layers in
generating horizontal gyres in the lake at shaxthfes (J6zsa 2014). Using the validated internal
boundary layer model, a simple diagnostic algorithias proposed to improve wind forcing of lake
models by estimating the spatial distribution ohevishear stress from wind station data around the
lake (Torma and Kramer 2015).

Actual evapotranspiration (ET) rates in monthlyoteon over Hungary are mapped at a 1-km
spatial resolution for 2000—-2008 with the help dDBIS daytime land surface temperature as well
as sunshine duration, air temperature and huméiita. Mapping is derived by a linear transfor-
mation of MODIS daytime land surface temperatul@es using the complementary relationship of
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evaporation. Validation of the ET rates has beeafopaed successfully at spatial scales spanning
almost three magnitudes from a few hundred meteabout a hundred kilometers employing eddy-
covariance (EC) measurements and catchment wal@ndeaclosures. Typically the unbiased ET

estimates are within 15 % of EC values at a mortthlyis, within 7 % at an annual, and within only

a few percent at a multi-year basis. The CREMAPhatis very simple, easy to implement, re-

quires minimal data, calibration-free, and worksuaately when conditions for the complementary
relationship are met (Szilagyi and Kovacs 2011).

Recharge (mean annual) was estimated in the Dafisa-sand plateau region of Hungary
over the 2000-2008 period in spatially distributeade (1-km resolution) as the difference of mean
annual precipitation (P) and evapotranspiration)(Hhe ET maps were derived from linear trans-
formations of the MODIS daytime land surface terapane values using air temperature, humidity,
and sunshine duration data as well. The groundwatder the sand plateau receives about 75 mm
of recharge annually, which is about 14 % of ttggaeal mean annual P value (550 mm). The larg-
est continuous region with elevated recharge r@esut 180 mm) occur in the south-western part
of the plateau due to more abundant precipitat&ound 580 mm), while recharge is the smallest
(about 40 mm) under forested areas. Typically, dakeetlands, river valleys and certain afforested
areas in the north-central part of the region actliacharge areas for groundwater (Szilagyi et al.
2012).

Linear relationship between the land surface teatpes (Ts) and the corresponding evapotran-
spiration (ET) rate was indicated by theoreticalsiderations and empirical evidence under spatial-
ly constant wind and net energy conditions at a dgeneous vegetated surface. Popular surface
energy balance algorithm (SEBAL) and the satebiised energy balance approach for mapping
evapotranspiration with internalized calibrationEIVRIC) use similar relationship. Such a relation-
ship was used also by the lesser known calibrdtiem-evapotranspiration mapping (CREMAP)
technique. These findings are based on analytaatisns of the coupled turbulent heat and vapor
transport equations and further corroborated bythdpmeanalysis data of Ts, ET, and sensible heat
transfer rates over some areas North America amdpeuHungary), where the CREMAP method
has previously been applied (Szilagyi 2015).

2.2 EOtvos Jozsef College (EJF)

The following important water research-related ectg were carried out by E6tvos Jozsef College.

The ,Higher education for the water sector” TAMOR-4.C-12/1/KONV-2012-0015T project
supports the main tasks of water sector importantntional economy. Such fields are: water
quality protection and monitoring, irrigation, ensig waterways, water supply, sewage disposal,
treatment services and flood protection. This moyeorks out strategies and educational offers for
more practice-oriented experiences of future gremtlistudents.

Sediment analysis study under the project of “Dndngaphological monitoring” REFERENCE:
HUHR/1001/1.1.2/0009 (Koch et al. 2014).

Co-operation in education: environmental-hydraulfisld training on the Danube river
HUSRB/0901/221/001, DANUBE-EHT-2010 project was8ronths co-operation (in 2010-2011)
between EJF and the Civil Engineering Faculty ef Hovi Sad University in Subotica, on the de-
velopment of field data collection methodology grdiometry and hydrogeodesy in order to gain
more precise and up-to-date datasets for 1D, 2D8&8ndumerical modeling of water, sediment and
chemical constituent flow of the river Danube. Nbiingual measurement protocols were devel-
oped for students and teachers of both institufiand the results of data collection and modeling
were presented at various conferences (TamasZd®, Tamas et al. 2012).

Component B of ,Nutrient Reduction Project” (no. IGE055 978) was carried out in 2009-
2011 — on the technical design and the substamtiati wetland reconstruction of the floodplains in
the Danube-Drava National Park, Hungary.

Geomatikai K6zlemények XVIII(1), 2015



HUNGARIANNATIONALREPORT ONAHS(2011-2014) 107
2.3 Geological and Geophysical Institute of Hungar

The Hungarian Geological and Geophysical Instihad several international projects to promote
the sustainable utilization and management of geothl resources.

T-JAM project (Screening of the geothermal utiliaaf evaluation of the thermal groundwater
bodies and preparation of the joint aquifer manag@mlan in the Mura-Zala basin) contributes to
establish a harmonized and sustainable joint manageand monitoring of geothermal aquifers,
which is of strategic importance to the neighbowgoegntries in the transboundary area of north-east
Slovenia and west Hungary. The final goal of thd AM project was to promote the sustainable
utilization of thermal aquifers (divided by the 8mian-Hungarian border but officially not deline-
ated yet) and geothermal energy in the region (Nao Lapanje 2010). Transbundary thermal
groundwater body was proposed for delineation (Seb@l 2013).

Based on the experience of T-JAM another transbayndooperation was developed between
2010-2013. The TRANSENERGY project — “Transbound@gothermal Energy Resources of
Slovenia, Austria, Hungary and Slovakia” — aimgtovide implementation tools based on different
geoscientific models for enhanced and sustainaddeofi geothermal resources (Nador et al 2011).
The project focuses on decision makers’ and stddehsl needs by providing a user friendly web-
based decision supporting tool, a methodology éimtjgroundwater management and utilization
maps, and a best practice on geothermal use, aoatputs.

The aim of GeoDH project (“Promoting Geothermaltbé$ Heating Systems in Europe”) was
to increas awareness on the potential applicagodsbenefits of DH&C with geothermal energy, in
a set of recommendations for removing barriers iamatoving regulatory frameworks, in a better
understanding of related technologies, costs arahéiing, as well as in a transfer of best practices
to national and local authorities. A database weated of some of the Geothermal District Heating
Projects in Europe (in 14 partner countries), ip lusers understand how systems work in practice.

The ThermoMap project (“Area mapping of superficgdothermic resources by soil and
groundwater data”) aimed to collate and harmonigstiag data sets in order to calculate the shal-
low geothermal potential across Europe on a laogenédium scale. To achieve this objective,
ThermoMap developed a strategy to combine alreadyfieg data sets for an area-wide visualiza-
tion of shallow geothermic resources by soil, cliohagical, topographical, geological, groundwater
and administrative data. All these data were thsaddo build an open source web GIS service.

2.4 Pannon University (PU)

Two important research activities were carriedaiitthe Pannon University, Georgikon Faculty:

1) Analyzing of Kis-Balaton regional evapotranspoa in the frame of project TAMOP-
4.2.2.A-11/1/KONV-2012-0064 (Regional effects of atleer extremes resulting from
climate change and potential mitigation measurdésaércoming decades),

2) the study in water—crop relation of contaminata/ironment (TAMOP-4.2.2/B-10/1-
2010-0025 project — Mobility and Environment).

The aim of the first project was two-fold, the figoal was a complete overview of earlier methods
of Western-Danubian Water Authority to assess etvapspiration of Kis-Balaton. Second purpose
was to obtain a new method in calculation and ptae of wetland’s regional evapotranspiration.
On-site measured crop coefficients were identif@ddifferent wetland’s crop species (Anda et al.
2014, Kovacs et al. 2014). These measurementshvdoicer a six-year period, may be more relia-
ble than earlier studies published in the literatilnus far, all of which reported a shorter invgesti
tion time period.

The second project was devoted to impact assesssheivy metal contaminated crops grow-
ing close to busy highways. On the course of thiseovation we focused on crop-water relationship
using Thornthwaite-Matter type compensation evapspirometers (Anda et al. 2013b, Anda and
So6s 2012a). Pioneer work was carried out on stgdpolluted crop-water impacts under field
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conditions (Anda 2012b, Jakusch et al. 2011). dtian seemed to be the only mitigation option in
polluted crop canopies (Anda et al. 2013a, Anda2ap.1

2.5 Széchényi Istvan University (SZE)

At the Széchényi Istvan University research is cmted in three areas. First research area is to
develop and compare three hydrological analysefadstfor the Aggtelek karst region, and to
evaluate climate change impact on spring dischasggy the selected modelling method. The three
methods evaluated are water balance methods (Koalh 2013), the Hydrologic Modeling System
(HMS) (Koch et al. 2012), and a neural network moéarameters were studied with respect to
sensitivity in generating baseline outflows for thatershed. The models were calibrated and vali-
dated using a nineteen-year span of data and fffereht statistical measures to determine good-
ness-of-fit.

The second research area is hydrological modelirzgn andustrial park in G, Hungary using
the Storm Sewer Analysis (SSA) program. The unityessith the design engineer will develop a
computer model to better understand the complexdhygdical processes that interact with the
storm sewer network, and evaluate the applicahidftyhe hydrologic models offered in the SSA
model. The Autodesk Civil 3D program was used tsiglethe roads, and the Storm Sewer Analy-
sis (SSA) program, an add-in program to Civil 3Dswealected to model the storm water system.

The third research topic is evaluation of protexiayers railroad embankment with Hydrus 2D.
Recently, the technical requirements for railroatldst design for protective layers were evaluated
by MAV Zrt, the Hungarian railroad company. In thesearch the protective layer capacity to re-
duce infiltration into the sublayers is evaluatdes distribution of moisture in the embankment is
modeled, and the operation of the protective lé&yassessed.

2.6 University of Miskolc (UM)

The Faculty of Earth Science and Engineering of Wméversity of Miskolc is dedicated to find
solution to regional issues of the global sustdmabater resource management challenges. The
development concept is support the regional empémtnof approximately 20 young researchers
and improve regional groundwater management pestic the frame of TAMOP-4.2.2/A-11/1-
KONV-2012-0049 ,WELL aHEAD"project (A source of fsb thoughts in groundwater manage-
ment). The research lead by the Institute of Emvitental Management includes the setting up and
calibration of a regional scale flow and heat tpmms model at a selected location in North East
Hungary. The model shall be capable to give aceurdbrmation on mineral-, cure-, and thermal
water resource characterization, the simulatioreaf and assumed consumption scenarios, and the
fine tuning water balance equations.

The Bukk karst system monitoring network has bgeerated for 20 years, playing an important
role in forecasting water resource quantities faskdlc and several other stakeholders of the sys-
tem. The monitoring system can also contributehi letter understanding of cold-warm water
body interaction. Lots of settlements are impadigdbandoned mining sites, mining wastes piles
and tailings where the impact of infiltrating wat@nd the compatibility of tailings material and
groundwater resources were not assessed. Therdemanding need to find new solutions to de-
crease the impact of open pit mines on shallowds®per groundwater resources, by decreasing the
amount of dewatering volumes.

Special behavior of contaminants in the subsurfaast be better understood by more advanced
modeling tools and new type of laboratory analy$ise project is also dedicated to testing new
methods for modeling, measuring and monitorindi¢S2t al. 2015). The research team shall inves-
tigate the impact of extreme weather conditiong. (@tense precipitation events) on the recharge of
shallow groundwater bodies. They evaluate the plessise environmental isotopes as calibration
for contaminant transport models.
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2.7 University of Pécs (UP)

Research topics and major projects were the foligvin University of Pécs, Faculty of Sciences,
Institute of Geography.

The objectives of TAMOP/SROP 422C, Well-Being i tinformational society, Flood Risk
management subproject at UP was complex analysiatabases and development of technologies
for well-being in the modern societies (Pirkhofétral. 2014).

Water budget of floodplain soil horizons (data eradion of two monitoring stations along the
River Drava) project included two hydrological mimming stations on the River Drava'’s floodplain
between Szaporca and Cun, South Baranya Countysuvkxh environmental parameters included:
Precipitation, soil moisture, water potential andundwater table elevation (Ortmann-Ajkai et al.
2014, Loczy et al. 2014).

Monitoring of the elements of the hydrologic cyatePécs project, in collaboration with the
BIOKOM (Urban Management Company of Pécs) and tbtty€ Forrashaz (Water Supplier com-
pany of Pécs) aims to study the hydrologic balafdeécs and to prevent catastrophic floods in the
lowland area of the city. The monitoring networkvelep here includes 13 rain gages, 5 stream
level gages, 7 soil moisture monitoring statiom&vs gage and a groundwater table tracking gage.

In the Environmental impacts of atmospheric préeatjon formation project (TAMOP-4.2.1/B-
10/1-2010-0002) the participant/applicant’s taskhis establishment of an environmental monitor-
ing system in selected watersheds in SW Hungarg.riibnitoring network provided data for a real-
time experimental flash flood forecasting/guidancel early warning (FFG) system and constitutes
of soil moisture sensors, rain gages, stream géepfsyetness sensors, lysimeters and data loggers.

In the Integrated Approach to Flood Risk Managensersmall Catchments (INARMA) Central
Europe Operational Programme UP was in chargeh®odétermination of critical risk locations and
on-site monitoring system-based complex hydrometegical characterization of the sub- and
tributary catchments of the Bikkésd Stream (SW Huyg For hydrometeorological characteriza-
tion the HEC-HMS runoff and the HEC-RAS flood mappisoftwares were used (Hegedus et al.
2013a, Hegediis et al. 2013b).

Monitoring of soil thickness in small mountainoustersheds based on geoelectric resistance
measurements (Baross Gabor Grant, REG-DD-KFI-09/PVIB9) project aimed to (i) elaborate a
rapid and simple method for watershed-scale sall anconsolidated depth technology and (ii)
studied the impact of soil depth and soil moisttwatent on the magnitude of runoff in a 1.7%km
forested experimental watershed in the Mecsek Hilsuthwest Hungary. Soil depth values were
determined with vertical electric sounding (VESgHrique in 50 m x 50 m grids, borehole drilling
and dynamic probing. Runoff was then simulated wlith HEC-HMS runoff model, while model
verification was carried out by observed (measufedy time series at the outflow points of the
pilot catchment.

Forecast of the severe thunderstorms and their@rmmiental effects was carried out in the
frame of National Program for Research and DevetoniNKFP3-00022/2005, OMSZ-VITUKI-
UP Collaboration).

The theme of the Environment and Energy Operatrogg@mme (KEOP-2.5.0.B/2009) project
was the determination of threshold precipitationl aischarge values for the low-mountain and
hilly catchments of Hungary.

Landscape geographical evaluation of landscapesrpatind land use in the floodplains of
Transdanubia was carried out in the frame of OTKA8903 project (Léczy et al. 2012, 2013a,
2013b).

2.8 University of West Hungary (UWH)
The following important research activities werearigal out at the University of West Hungary,
Faculty of Forestry, Institute of Geomatics andil&ngineering.

Analyzing of forest groundwater use in the framepafject OTKA NN79835 (Statistical and
hydrological modelling of soil and subsoil salt-acwlation caused by tree plantations established
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above shallow saline groundwater) in collaboratiotih TAKI (Institute for Soil Sciences and Ag-
ricultural Chemistry, Centre for Agricultural Resela, Hungarian Academy of Sciences). The re-
sults of this project was that groundwater uptakiest was positively correlated with soil salini
zation rates following tree planting (Gribovszkiagt2014), being also affected by species (poplar
common oak > black locust) and stand age. Diffezseramong tree species effects appeared to be
related to their growth rates. Due to downward degefeolation and salt leaching episodes during
the Hungarian winters, the observed salt accunurataites were not dangerous for forest vegeta-
tion (Toth et al. 2014).

Hydrological characteristics of natural and urbedizatchments were compared in the project
TAMOP 4.2.1/B-09/KONV-2010-0006. The changes of weger status of a small stream are ex-
amined in the urban environment on the stream systeR&k brook in Sopron connecting the hy-
drological and water quality monitoring expedienfyribovszki et al. 2013). The results demon-
strate the effects of urbanisation, furthermoret tifferent types of settlements have divergent
impact on runoff and water quality. The new aspddbad based calculation gives surplus infor-
mation regarding the sedimentation and contamingtimcesses in the catchment (Cséafordi et al.
2012).

Hydrological characteristics of forest gaps in fitaene of project TAMOP-4.2.2.A-11/1/KONV-
2012-0004 (Silva naturalis Investigation of continuous forest cover in ecaday conservational
biological, public welfare and nature conservatlosspects). The purpose of this project was to
characterize hydrology of forest gaps which shdadduseful for sustainable forest ecosystem man-
agement. This study represents the results of ®er-long (2013-2014) measurements at different
study sites (Hidegviz Valley and Dalos Hill nearp8m, as well as a forest stand in Vajszl6 in
Baranya County). This research focuses on throllgleffective precipitation, soil moisture and
groundwater in a gap and in a broadleaf forestdsterar the gap (Zagyvainé Kiss et al. 2014).

In the frame of a GOP-1.1.2-07/1-2008-0002 projeetHYDRUS/CW2D model package was
used to simulate the treatment performance of edwtal flow constructed wetland. The modelling
based on a very detailed experimental study focasethe polishing possibilities of wastewater
treatment plant effluent at Balf (Gribovszki et 2009). The goal of this study was to provide de-
sign-supportive information about the suitabilifytlee proposed wetland and prove the applicability
of the used computational tool to gain that infatiova The simulations showed that the wetland
with the proposed layout could not tackle peakarmmonium. Using a tool of such complexity for
designing has an excessive work demand and invalies of uncertainties. The simulation study
pointed out that the used model could still fagikt the design of an effective system by showing
weaknesses of a test-scenario as it was demorns{Rddfy 2015).

Hydrological conditions were analysed in the cohtefxclimate change in TAMOP-4.2.2.A-
11/1/KONV-2012-0013 (Agroclimate Impact assessment of the projected climate chandehe
possibilities of adaptation in forestry and agriatg) project. In the frame of the project the wate
balance of Zala County (Southwest Hungary) wasyardl. For climate change impact analysis an
extended Budyko-model was developed in spatiakiyrithiuted mode. The parameter of the Budy-
ko-model ) was calculated for pixels without surplus watewsr the extra-water affected pixels a
linear model with3-parameter (actual evapotranspiration / pan-evapsfpiration) was used. These
parameterso andf) can be used for evaluating future actual evapep@ation and runoff in spa-
tially-distributed mode. According to the predict®y the mean annual evapotranspiration may in-
crease about 5% while the runoff may decreasect@tie third to the present amount by end of the
century (Csaki et al. 2014).

A new technique for water uptake estimation wabaiated on the basis of high frequency soil
moisture profile data taking into account diurnathhanging replenishment rate in the frame of the
TAMOP 4.2.4. A/2-11-1-2012-0001 'National ExcellerRrogram'. The method is of great benefit
to provide sufficient accuracy without soil speci@ialibration. The method was tested on the soil
moisture dataset of a riparian alder forest in gide Valley experimental catchment. Using this
new method significantly higher and more realistater uptake can be calculated compared to the
traditional soil moisture method. The method isinigkinto account soil moisture replenishment
from groundwater, which can provide high portiop ta 90%) of evapotranspiration in dry periods.
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For the above mentioned reason the new techniquecsmmended to be used for evapotranspira-
tion estimation in groundwater discharge areas,ratibe traditional methods and simple one-
dimensional hydrological models generally work inaate (Gribovszki 2014).

2.9 VITUKI involvement in international co-operation and projects

In the frame of the EnviroGRIDS (building capacftr a black sea catchment observation and
assessment system supporting sustainable develtppreject web based Global Observing Sys-
tem was developed for the watershed of the Blaek(8®re than 15 countries). The main tasks of
the VITUKI were the surveying of hydro-meteorolagiobserving system and databases, which
provide the input of hydrological forecasting madelrhe main development was the extension of
the snow evaluating module of models in the upperraiddle part of Danube river basin.

In the frame of the ECCONET - climate change effattWaterways (EU7) project the effi-
ciency of Regional Circulation Models (RCM) was lenaded in the context of climate change im-
pact on Waterways. For rainfall-runoff modelling darfor flood propagation a VITUKI
OVSZ/NHFS modelling tool was used. The calibratitataset of the model was the discharge time
series of the year 2009 with characteristic flobgiswhich the efficiency of streambed transport
capacity was evaluated.

The main aim of the DMCSEE (South East Europe Rmgr SEE/A/091/2.2/X) project was
the evaluation of the drought-risk and coordinadestelopment of methods for drought manage-
ment. Another purpose of the project was the dewaént of a remote sensing based snow cover
estimation tool.

GIS and hydraulic model based flood warning sysieas elaborated for Drava river in the fame
of the EU IPA HUHR/0901/1.1.2/0003 project.

The objectives of the NEVADA (Network of Danube Whatay Administrations) project were
increasing the efficiency of Danube as waterwayhviihprovement of cooperation between the
responsible authorities.

In the frame of the ClimateWater project tried ta@lbe the gap between adaptation strategies of
climate change impacts and European water policise following topics: floods, droughts, water
quality problems, water supply and managementreatnd aquatic ecosystems, indirect impacts on
agriculture, industry, waterways and hydropower.

The main aim of the PSI-Connect (Policy Sciencerbattions, Connecting Science and Policy)
project was the utilization of the scientific aredg of the climate change impacts on river systems.

The objective of the WETwin project was strengthgnihe role of wetland functions in inte-
grated water resources management with conservattigood ecological status. Pilot study areas of
the project were African, South American and Euespeetlands.

The main objective of the DANUBE FLOODRISK projegas the flood risk mapping of the
Danube valley. The task of the VITUKI was the depehent and publication of uniform methodol-
ogy for flood risk mapping.

References

Anda A, da Silva JAT, So6s G2014): Evapotranspiration and crop coefficient@fmon reed at the surroundings of Lake
Balaton, Hungary. Aquatic Botany, 116, 53-59, D0:1016/j.aquabot.2014.01.008

Anda A, lllés B, So6s (2013a): Effect of cadmium pollution of atmosphesigyin on field-grown maize in two consecu-
tive years with diverse weather conditions. ActalBHungarica, 64(4), 476—489, DOI: 10.1556/ABidl%013.4.7

Anda A, Jakusch P, Kocsis T(2013b): Effect of black carbon on the growth, depeent and evapotranspiration of maize.
Applied Ecol. Environ. Research, 11(4), 541-555,114D.15666/aeer/1104_541555

Anda A (2012a): Impact of atmospheric black carbon on someenbers of the heat and water balancegands, 116(3),
221-236.

Anda A (2012b): Radiation and water balance propertiesadmium-polluted maize in a wet year. Acta Agroaonbarica,
60(3), 191-200.

Anda A, So6s G(2012a): Validation of an automated compensaticapetranspirometer with cadmium polluted maize.
Georgikon for Agric., 15(1), 33-48.

Anda A, So6s G (2012b): Evapotranspiration of cadmium treated maidNOvénytermelés, 61(4), 369-372,
DOI: 10.1556/Novenyterm.61.2012.Suppl.4

Geomatikai K6zlemények XVIII(1), 2015



112 GRIBOVSZKIZ

Baranya S, Olsen NRB, J6zsa J2013): Flow analysis of a river confluence witbld measurements and RANS model
with nested grid approach. River research and egipins, Paper RRA-12-0203.

Baranya S, Jézsa J(2013): Estimation of suspended sediment condiorisawith ADCP in River Danube. Journal of
Hydrology and Hydromechanics, 61(3), 232-240, DI0L2478/johh-2013-0030

Csafordi P, Rsdor A, Bug J, Gribovszki Z (2012): Soil erosion analysis in a small forestattiement supported by ArcGIS
Model Builder. Acta Sylv. Lign. Hung., 8, 39-55, DQ0.2478/v10303-012-0004-5

Csaki P, Kalicz P, Brolly GB, Cséka G, Czimber K, Gibovszki Z (2014): Hydrological impacts of various land cover
types in the context of climate change for ZalantpuActa Silv. Lign. Hung., 10(2), 117-131, DOD.2478/aslh-
2014-0009

Gribovszki Z, Kalicz P, Kucsara M (2009): Extending the treatment chain by a CW for Balf WWNecessity and possi-
bilities. Case study, Institute of Geomatics andl@ngineering, Sopron, 47.

Gribovszki Z, Kalicz P, Szilagyi J(2013): Does the accuracy of fine-scale water lenedsurements by vented pressure
transducers permit for diurnal evapotranspiraticstingation? Journal of Hydrology, 488, 166-169, DOI:
10.1016/j.jhydrol.2013.03.001

Gribovszki Z (2014): Diurnal Method for Evapotranspiration Ewition from Soil Moisture Profile Acta Silv. Ligilung.,
10(1), 67-75, DOI: 10.2478/aslh-2014-0005

Gribovszki Z, Kalicz P, Balog K, Szabd A, Téth T(2014): Comparison of groundwater uptake anddsedamics of an oak
forest and of a pasture on the Hungarian GreahPhsita Silv. Lign. Hung., 10(1), 103-114, DOI: 2878/aslh-
2014-0008

Hegediis P, Czigany Sz, Balatonyi L, Pirkhoffer §2013a): Analysis of Soil Boundary Conditions oasth Floods in a
Small Basin in SW Hungary. Central European Jouafidbeosciences, 5(1), 97-11D0OI: 10.2478/s13533-012-
0119-6

Hegedis P, Czigany Sz, Pirkhoffer E, Balatonyi L, Bnczyk L (2013b): Estimation of flow rate calculation es@n the
example of five rapid response catchments in thedele Hills. Hungarian Geographical Bulletin, 62@31-350.

Jakusch P, Anda A, Foldes T, Tokai R, Hatvani |, Kasis T(2011): Effect of heavy metals on the water balasfceu-
cumber detected by MRI measurement. Georgikon picA 14(1), 21-31.

Jézsa J(2014): On the internal boundary related windsstreurl and its role in generating shallow lakeuations. Journal
of Hydrology and Hydromechanics, 62(1), 16-23, DQ:2478/johh-2014-0004

Kiss M, Jézsa J(2014a): Wind profile and shear stress at reedrapegter interface: recent research achievemeritake
Fer6. Pollack Periodica (manuscript accepted).

Kiss M, Jézsa J(2014b): Measurement-based hydrodynamic charaat@mn of reed — open water interface zones in-shal
low lake environment. Periodica Polytechnica — (Hvigineering, 58(3), 229-241, DOI: 10.3311/PP@&95

Koch R, Bene K, Hajnal G(2012): Hydrological Characterization of the AdgkeKarst Springs. In: Kalicz P, Hlavcova K,
Kohnova S, Gribovszi Z (ed.) Proceedings of Hydrpath International Conference, Catchment ProcdasBe-
gional Hydrology: Experiments, Modeling and Preidies in Carpathian Drainage Basins (CD), Sopron, 9.

Koch R, Bene K, Hajnal G(2013): Hydrological Study of the Aggtelek Kargtridgs. Pollack Periodica, 8(2), 107- 116.

Koch D, Vas LT, Tamas EA(2014): Experiences of sediment transport resednciProceedings of the Faculty of Civil
Engineering Subotica 25, 10.

Kovacs J, Kovacs S, Magyar N, Tanos P, Hatvani IGAnda A (2014): Classification into homogeneous groupsgisin
combined cluster and discriminant analysis (CCDA&nviron Modelling & Software, 57, 52-59, DOI:
10.1016/j.envsoft.2014.01.010

Léczy D, Pirkhoffer E, Gyenizse P(2012): Geomorphometric floodplain classificationa hill region of Hungary. Geo-
morphology, 147-148 (Special Issue), 61-72, DOI10@6/j.geomorph.2011.06.040

Léczy D (2013a): Hydromorphological-geoecological foundiasi of floodplain management. Case study from Hgnga
Saarbriicken: LAP Lambert Academic Publishing, 392.

Loczy D, Dezé J. (2013b): Groundwater flooding hazard in river ggd of hill regions: Example of the Kapos River,
Southwest-Hungary. Hungarian Geographical Bull&#(2), 157-174.

Léczy D, Matrai |, Fehér G, Varadi Z (2014): Ecological Evaluation of the Baja-Bezdaan&l (Hungary-Serbia) for
Reconstruction Planning. Water Resources Manager2&{8), 815-831, DOI: 10.1007/s11269-014-0517-2

Nador A, Lapanje A (2010): Transboundary geothermal resources of themMala basin — Joint thermal aquifer manage-
ment of Slovenia and Hungary. European Geolog#st22-27.

Nador A, Lapanje A, Schubert G, Cernak R(2011): Transenergy: transboundary geothermal gnespurces of Slove-
nia, Austria, Hungary and Slovakia. European Geasetpg1, 27-31.

Ortmann-Ajkai A, Loczy D, Gyenizse P, Pirkhoffer E (2014): Wetland habitat patches as ecological aorapts of
landscape memory in a highly modified floodplainivd® Research and Applications, 30(7), 874-886, :DOI
10.1002/rra.2685

Palfy TG, Gribovszki Z, Langergraber G (2015): Design-support and performance estimaiging HYDRUS/CW2D: a
horizontal flow constructed wetland for polishin@FS effluent. Water Science and Technology (in preB©l:
10.2166/wst.2015.052

Pirkhoffer E, Halmai A, Czigany Sz, Bugya T, RabayA, Botkds T, Nagy G, Balassa B, Anweiler 1J, L6czp (2014):
New opportunities for experiments in fluvial geoiploology: the flume Ptethys. Hungarian GeograpHsaletin,
63(4), 1-12, DOI: 10.15201/hungeobull.63.4.4

Székely F, Stics P, Zakanyi B, Cserny T, Fejes 42015): Comparative analysis of pumping tests cotetliin layered
rhyolitic volcanic formations. Journal of Hydrology20, 180-185, DOI:10.1016/j.jhydrol.2014.11.038

Geomatikai K6zlemények XVIII(1), 2015



HUNGARIANNATIONALREPORT ONAHS(2011-2014) 112

Szilagyi J, Kovacs A(2011): A calibration-free evapotranspiration magptechnique for spatially-distributed regional-
scale hydrologic modeling. Journal of Hydrology atytiromechanics, 59(2), 118-130, DOI: 10.2478/vB30%91-
0010-z

Szilagyi J, Kovacs A, Jozsa J2012): Estimation of spatially distributed meamaal recharge rates in the Danube-Tisza
interfluvial region of Hungary. Journal of Hydrol@nd Hydromechanics, 60(1), 64-72, DOI: 10.24780&8-
012-0006-3

Szilagyi J (2015): Testing the rationale behind an assunezhtirelationship between evapotranspiration and tarface
temperature. Journal of Hydrologic Engineering, DID.1061/(ASCE)HE.1943-5584.0001091, 04014073

Szocs T, Rman N, Suveges M, Palcsu L, Toth Gy, Lape A (2013): The application of isotope and chemicalys®s in
managing transboundary groundwater resources. ép@ieochemistry, 32, 95-107.

Tamas EA, Matrai | (2014): Importance and methodology of simultaneteis: collection on morphology, hydrology and
water quality, In: 2nd Caspian International Aquecfinologies Conference, Baku, Azerbaijani, 444-453.

Tamas EA, Varga A, Sziebert J, Matrai |, Lengyel VA Spasojew M (2012): The Danube River simultaneous bathymet-
ric, flow, sediment and water quality data collenti In: Ivett M, Kapor R, Plav& J (ed.), Proceedings of 16th
Conference SDHI and SDH, Serbia, 204-216.

Torma P, Kramer T (2015): Incorporating the internal boundary laiygo wind shear stress interpolation over lakesgisi
routine weather data. Periodica Polytechnica - Emngineering (manuscript accepted).

Téth T, Balog K, Szabd A, Pasztor L, Jobbagy EG, Nsetto MD, Gribovszki Z (2014): Influence of lowland forests on
subsurface salt accumulation in shallow groundwatereas. AOB PLANTS, plu054, 1-39,
DOI: 10.1093/aobpla/plu054

Zagyvainé Kiss KA, Kalicz P, Cséafordi P, GribovszkiZ (2014): Forest Litter Interception Model for a Sks®ak Forest.
Acta Silv. Lign. Hung., 10(1), 91-101, DOI: 10.24&8h-2014-0007

Geomatikai K6zlemények XVIII(1), 2015



114

Geomatikai K6zlemények XVIII(1), 2015



Hungarian National Report on IUGG 2011-2014

HUNGARIAN NATIONAL REPORT ON IAMAS (2011-2014)

Laszl6 Bozo
1 Meteorological Observations — Surface monitoringnd remote sensing

Ground-based monitoring network of the Hungariartddeological Service (HMS) consists of 102
automatic weather stations, 15 observer-staffedhgesstations and 465 precipitation monitoring
stations. One of the biggest tasks in the lastodewas co-operation in deployment of the hydro-
meteorological network of General Directorate oftévalanagement (OVF). The network consist-
ing of 141 automatic stations — equipped with terapge and moisture sensors at 118 plots, with
soil temperature and soil moisture sensors at @& @nd at 2 plots with anemometers — was im-
plemented from a targetted EU fund. HMS took oveeration of the station network at the end of
2013. A large number of new data, which HMS also daectly benefit from, may increase the
accuracy of precipitation monitoring contributirggthe development of the flood risk warnings and
forecasts as well as the agrometeorological sesvioperation and development of the meteorolog-
ical monitoring systems at the military airporte afso tasks of HMS. In this framework all meteor-
ological devices at the military airports were eg@d for reliable and precise VAISALA measuring
instruments by 2012. By the end of 2013 a new o®ler was installed in Kecskemét. In the
framework of optimization and reorganization of gurface observation network the conventional
climatological stations were phased out by theotlanuary 2013. Further rationalization required
termination of sunshine duration measurements thigheffect of 31 March 2013. These data can
be derived from global radiation values so lackdafa will not be generated. Reorganizing the ob-
servation network a dedicated monitoring systemlasned to establish, which in addition to the
automatic data will provide a large amount of visolservation information, when the weather
conditions warrant it.

At the beginning of 2013 total upgrade of the medtagical radar in Budapest was finally im-
plemented so it became a radar of higher techrd@adl than those operating in Napkor and
Pogéanyvar, although these latter ones were depliayed It is also a good progress that opportunity
presented itself for the purchase of spare pdmts, due to lack of spare parts there will not lge si
nificant disturbances in the future. Upgrade of théar in Budapest enabled several long-awaited
developments in the field of processing and vigadilbn of radar data. We managed to compress
the previous measuring cycle from 15 minutes toifsuies by introducing new scanning method. A
new procedure has been developed for correctioad#r rainfall amounts. Creation and display of
the 1x1x1 km resolution 3D radar matrix in the HAVEl{stem can be considered as a big step for-
ward in the weather forecasting. The biggest peddeml challenge of the last period was imple-
mentation of the technical and administrative taskthe targetted EU project titled “Enlargement
of the weather radar network in Hungary and qualégaimprovement of its rainfall measurement
data”. In the project a new radar station is ehbd in the South Plains region near Szentes,hwhic
enables to improve the coverage of the region andide of the immediate border areas of the
country. The new radar can more accurately locaiz monitor the weather extremes threatening
the region. Establishment of a new nationwide disdter network is implemented that can refine
the precipitation information measured by radamsthie present phase of the project the tower of
radar has already been accomplished, testing atdllation of the 14 disdrometers on their final
location have been performed. The installation setdup of the new radar will take place in 2014.
Beyond the regular operational activities we fao#iter tasks as well in radio sounding. We were
looking for other radiosondes instead of the rddiagood quality VAISALA radiosondes for eco-
nomic reason. Radiosondes of the German GRAW coynpave been tested, evaluations brought
promising results. There are two lightning detatti@tworks in Hungary: SAFIR and LINET.
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Stations of SAFIR operated by HMS were relocatethto premises of HMS for saving reasons.
LINET system works reliably, in order to accessthie data and their utilization a contract was
signed with the maintainer of the system.

2 Weather forecasts

Weather forecasts at HMS are aimed to provide mdiffesectors of population, media and national
economy. The most substantial forecasts are theastimg, short- and medium-range, and long-
term forecasts for the sectors connecting to ptioteof life and property, traffic, agriculture and
water damage prevention. Hydrological informatifmoit the catchment basins of the Danube and
Tisza located outside of Hungary is also provid&tabrt- and medium-range forecasts are produced
using data from land-based, upper air and remaisirsg (e.g. satellite, radar) measurements from
the North Atlantic, furthermore the ever growingamt of data from those limited area weather
prediction models, which run on supercomputersraalle forecasts for the region of Hungary, are
applied too. The most important model forecastalbérrive from the European Centre for Medi-
um-Range Weather Forecasts (ECMWF — Reading, UK)waell as the model forecasts of
ALADIN, AROME and WRF. These limited area, high skgion models run on the supercomput-
ers of HMS. The probability (EPS) products haveaotd bigger influence specifically on medi-
um-range forecasts in our Department of Weatheedasting year by year. The enormous amount
of observed and forecast data can be interpretédeoiatest version of the visualization system.

3 Nowcasting and Short-range Forecasting

One of the major tasks at Storm Warning Observattiie development of a nowcasting weather
prediction system (MEANDER) and its background ntios model, WRF. The WRF has run in
two steps. The WRF-ALFA runs with 2.5 km resolutie®6 hours ahead 4 times a day facilitates
the storm warning for Lake Balaton. The WRF-BET/A&sishe results of WRF-ALFA as boundary
condition. This version of WRF model runs in ev8riiours with 1.2 km resolution +6 hours ahead.
These forecasts are made specifically for MEANDERe ALADIN/AROME model system serves
as a basis for short-range forecasting at HMS. mbdels run operationally four times a day (00,
06, 12, 18 UTC) providing 48 hour forecasts at 8rigplution for Europe and at 2.5 km resolution
for the Carpathian basin. The main focus of theettggments regarding the ALADIN/AROME
system is the improvement of the initial conditiarsing remote sensing observations (including
satellite, radar and GPS measurements). Another afreesearch regarding the AROME model is
the use and development of advanced physical p&easations (turbulence, microphysics and
land-surface processes), which aims at improvinmgdasts of severe thunderstorms, screen level
parameters and low stratus situations typical tier €arpathian basin. Aiming at the more accurate
forecast of severe weather events research raiaté horizontal resolution increase (to 1 km) of
the AROME model has also begun in the framewor& BhD studentship. A probabilistic 11 mem-
ber ensemble prediction system (LAMEPS) is als@tham the ALADIN model, which runs once a
day at 18 UTC providing 48 hour forecasts. Using piobabilistic forecasts of the LAMEPS sys-
tem, information about the forecast uncertainty barprovided to the users besides the expected
value of the forecast. The use of the forecastmimiogy may be very useful to take into account for
most applications depending on weather forecastklitidnally we have started to develop an
AROME based ensemble system which can hopefully @siful probability information about
small-scale processes like convection. In conneatith this research we have tested methods for
better estimation of initial condition uncertairagd model error. In the framework of the Geoland2
and the succeeding ImagineS EU funded projectsasi gaal time monitoring system of soil state
and vegetation has been developed.
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4 Climate modeling

To quantify the simulation uncertainties, climatgnamics activities at HMS are based on two
adapted regional climate models (RCMs): ALADIN-Céite and REMO. Their climate change
(CC) simulations are achieved for Central-Eastarrope at 50, 25 and 10 km resolutions for 1951—
2100. The recent model runs are using the newesstsem scenarios in the frame of the interna-
tional Euro-CORDEX co-operation. For a comprehemsiverview of the uncertainties, the investi-
gation is extended with RCM results of the ENSEMBLEU project. The RCM outputs serve
inputs for the objective assessment of the CC insp&ome selected studies from the last two years
are as follows: In the second National Climate @eaStrategy (NES-2), the description of future
CC is based on the RCM results of HMS. ALADIN anBNRO results provided input for the stud-
ies on future extension of the Nuclear Power StatibPaks. In the framework of the ECCONET
EU FP7 project (2010-2012), the CC impacts on shipplong the Danube and Rhine rivers were
estimated based on RCM results. The increasing fugdte detailed description of local processes
motivated the research for Veszprém county in tReENTGATE SEE project and dynamic inves-
tigations started to study the climatemodifying aopof an urbanized area with the SURFEX/TEB
surface model.

5 Climatology

Development of the interpolating MISH (Meteorolagjiénterpolation based on Surface Homoge-
nized Data Basis) and the homogenising MASH (Mldtianalysis of Series for Homogenization)
systems continued within the climatological reskaactivities. Gridded data series produced by
these methods form the base of several scientificogperational climatological tasks of the Service.
HMS actively participated in the work of DMCSEE (iight Management Centre in South-Eastern
Europe) project, finished in 2012. Applying the MA%nd MISH methods we developed an SPI
drought index gridding software, prepared the dhbugiinerability map of Hungary. Our results
can be read in the final publication of the projéetvw.met.hu/doc/DMCSEE/DMCSEE _final_
publication.pdf, 2015-06-04). In CARPATCLIM projettd by HMS and ended in 2013 we pre-
pared gridded database of 16 meteorological elesrfenthe period 1961-2010, in a 0.1° resolution
grid. Beside the daily values numerous derived giht@and extreme climate indices can be down-
loaded from the homepage of the project (www.catjpateu.org, 2015-06-04). We patrticipate in a
governmental operational project (http://agro.mef.l2015-06-04) dealing with reducing agricul-
tural damage. In the frame of this project HMS deps a procedure with the aim to give the value
of those weather events on a 0.05° resolution tipadl are the most dangerous for the agriculture
(drought, frost, storm, rainstorm). In addition pa&rticipated in the work of other national and in-
ternational projects, prepared numerous climatokigitudies, contributed to the preparation of the
environmental impact assessment, which is necessdhng expansion of the nuclear power plant in
Paks. In the field of human biometeorology we awndid the evaluation of changing thermal com-
fort. These results provide input data for the isarclimatological studies as well. Considering the
increasing needs we started researches explomngethtionships between the weather and ischem-
ic stroke or blood sugar level.

6 Air quality

The responsibilities of HMS related to air qualkityalysis and forecasting are basically organized
around four main themes: measurement of backgraimgollution, dispersion modelling of pollu-
tants, performance of duties of Air Quality RefaretCentre as well as preparation of inventories of
greenhouse gases and other air pollutants. Outcpnoglsiced by models are presented in chapter
Research and Development.

Background air pollution has been being measurezliatService for decades. The monitoring
network consists of four stations (K-puszta, FdikaNlyirjes, Hortobagy), where daily precipitation
and 24-hour air pollution samplings are perform@&tiere is an additional station with one-
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component protocol: at Siéfok only precipitationngdes are collected. K-puszta is our most im-
portant background station. Its position is prigée, since data measured here get annually in the
international data centres. It is one of the oldasimbers of WMO-GAW (Global Atmosphere
Watch) and EMEP (Co-operative Programme for Momtprand Evaluation of the Long-Range
Transmission of Air Pollutants in Europe) monitgrinetworks. Air quality data after verification
are published on the HMS website in a report cdiéakmation on Air Quality.

Air Quality Reference Centre (AQRC) carries outdiand laboratory calibrations of gas ana-
lysers of the Hungarian air quality network. To gdywith the tasks of national reference laborato-
ry, we have an EN ISO 17025 accredited calibratédroratory. We organise intercomparisons for
working groups measuring ambient air quality andission. We execute reference as well as
demonstrative measurements with our mobile cars Hivision sustains national standards and
primary reference materials. The AQRC as HungaXational Reference Laboratory is represented
at EU institutes and participates in internatioimérlaboratory comparisons. The department de-
termines and verifies the quality aims relatedh® Hungarian Air Quality Network (OLM), fur-
thermore it inspects their implementation and coaids the operation of the measurement net-
work. Our statutory task is the type approval agdiealence check of the automatic air quality
measurement instruments. AQRC fulfils the natiadwth centre tasks: verifies the data flow, vali-
dates the incoming data, makes the annual repots,complies with the Hungarian and interna-
tional data services task. AQRC is the nationaliatetnational air-quality data supplier, coopesate
with other EU institutes and overviews the airgiygbiublic information systems.

7 Air pollution dispersion modellig

One regional and two local scale meteorologicahtbal models are run at Hungarian Meteorolog-
ical Service. Using the regional scale FLEXPART wilpthe transport and dispersion of air pollu-
tants can be calculated in case of industrial (euglear) catastrophes or volcano eruptions. The
local scale AERMOD model is applied for regulatprposes for the longterm effects of industrial
point sources. With the results of the dispersimdeh, the impacts of an already working or just
planned industrial plant on the air quality ofsterounding areas can be evaluated. Affected area i
calculated according to the prevailing laws. Basedhe CHIMERE chemical transport model, an
air quality prediction model system forecasts tbacentration of air pollutants for two days in
advance for the area of Budapest. The predictisteay can help decision makers when the differ-
ent alarm levels must be introduced.

8 Inventories of Greenhouse gases and other polarits

Hungary as Party to the UN Climate Change Converdiad its Kyoto Protocol has to compile and
yearly submit an official inventory of greenhousesgs in order to monitor progress and prove
compliance with its emission reduction commitmeBtgsically, these inventories contain emission
estimates of sources and removals by sinks of aptiyenic carbon dioxide (GI) methane (Ch),
nitrous oxide (MO), hydrofluorocarbons (HFCs), perfluorocarbons@Bfand sulphur hexafluoride
(SFs). Compliance with the commitments of our countsyniot in question: the current level of
emissions of 6-7 tonnes per capita (expressed ingg0Oivalent) corresponds to an emission reduc-
tion of 42-46 percent which has to be compared) witr commitment of six percent.

Human induced GHG emissions originate basicallynfrenergy production and consumption,
transport, industrial processes and solvent uee) fgriculture, waste management and wastewater
treatment. In contrast, domestic practices of foreanagement are favourable for £@moval.
Looking at recent trends in emissions, the efféahe global economic crisis that started in 2008
seems to be obvious. Cement production fell by ntbaam half. Natural gas consumption of the
residential sector decreased significantly.

The growth in transport related emissions stopped, gasoline consumption fell to the lowest
level since 1985. Domestic electricity producti@tbased as well whereas electricity import grew.
Moreover, the growing share ofrenewable energycesuand a decreasing share of fossil fuels in
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electricity production contributed to decreasedssion levels. HMS has been playing a leading
role in compilation of the inventory since 2007dn-operation with several national and interna-
tional organizations. As a new task, HMS startethgiting emission inventories of pollutants in
accordance with the Geneva Convention on Long-rarrgesboundary Air Pollution, too. Emis-
sions of air pollutants (e.g. nitrogen oxides, bulpdioxide, ammonia, carbon monoxide, particu-
late matters, heavy metals, persistent organiafauits) depend to a great extent on the technolo-
gies used therefore the beneficial effects of reeamironmental investments especially in the ener-
gy, industrial and transport sectors can easilgdrmonstrated in the time series of the inventories.
Though, it has to be noted, that growing consumptiblow quality lignite and biomass by house-
holds led to increasing emissions of sulphur diexathd particulate matter (PM10) in the last years,
which may result in adverse health effects.

The national emission ceilings for 2010 set by @otlurg Protocol of UNECE CLRTAP Con-
vention and NEC Directive of the European Union tlee main pollutants have been met. New
commitments for 2020 aim for further reduction aofigsions. The whole time series of the invento-
ries are updated frequently in order to continupusiprove the accuracy and maintain the con-
sistency of estimation of emissions. The qualityhaf inventories is annually inspected by interna-
tional experts, as the data presented should mor®mliance with international treaties, and where
appropriate, those can entail economic consequerscesll.

9 Education and research at E6tvos Lorand Universy of Budapest (ELTE)

ELTE is the only University in Hungary carrying dugh level education aiming at providing MSc
and PhD in Meteorology. The professional plan oficadion involves subjects on mathematics,
physics, chemistry as well as statistical and dyinanodelling of atmospheric processes. The De-
partment of Meteorology of ELTE has long traditionresearch activity as well. During the past
period, the experts of the Department focused erfdliowing research areas: climatology, regional
climate change, dispersion modelling, surface-aphese energy and mass flow processes and
boundary layer meteorology. Research activitiespardormed with close cooperation with HMS
and international research institutes and univessit
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1 E-books for education in Hungarian

In the reported period some e-books have appeanly pr fully dealing with aspects of oceanog-
raphy. In connection with global climate changetBaly and Pongracz (2013) described fte
mosphere-Ocean Global Circulation ModAIQGCM). In another e-book Gelencsér et al. (2012)
described ocean-climate interactions in the chdjauses and consequences of climate change”.
Farkas (2013) edited a book for students to helpmadiology field practices at the Adriatic Sea.
In the book of Janosi and Tél (2012) beside thaildet theoretical description of transport process-
es in environmental flows they dealt with the cheahcomposition and stratification of oceans and
the coupled ocean-atmosphere processes. The bodkager and Pieczka . (2013) titled by
“Oceanography” begins with history of World Oceatidwed by the physical characteristics and
description of marine processes including the bedtnce, the undulation of and the tidal phenom-

enon of seas.
2 Scientific researches

Marton (2012) published a comprehensive studydtitlg “The World Ocean in topographer’s as-
pect” in Hungarian language. He overviewed theohysiof the development of exploration and
topographical representation of sees. Then he ibescin detail the theoretical model of the depth
charts. In the next chapter he described the fmanititg of World Ocean in detail. In the appendix he
dealt with the standardization of undersea feataraes.

Lehoczky et al. (2014) performed a comparativeigkatimatological analysis of mass balance
variability along the geographical margin of Eurofre summary: “Glacio-climatological studies
recognize glacier mass balance changes as higideahtlimate indicators. The climatic sensitivi-
ty of a glacier does not simply depend on regiatiatate variability but also influenced via large-
and mesoscale atmospheric circulation patternsir Bhedy focused on recent changes in the mass
balance using records from three border regionswbpe, and investigated the relationships be-
tween the seasonal mass balance components, rediiomatic conditions, and distant atmospheric
forcing. Since glaciers in different macro-climatgical conditions (i.e., mid-latitudes or high-
latitudes, dry-continental or maritime regions) npagsent strongly diverse mass balance character-
istics, the three analyzed regions were selectau filifferent glacierised macroregions (using the
database of the World Glacier Monitoring ServicE)ese regions belong to the Caucasus Moun-
tains (Central Europe macroregion), the Polar YNdrthern Asia macroregion), and Svalbard
(Arctic Islands macroregion). The analysis focusedwinter, summer, and annual mass balance
series of eight glaciers. The climatic variablasn@spheric pressure, air temperature, precipitation
and indices of teleconnection patterns (e.g., Nattantic Oscillation, Pacific Decadal Oscillation)
were used from the gridded databases of the UiiiyeyEEast Anglia, Climatic Research Unit and
the National Oceanic and Atmospheric AdministratiNiational Center for Environmental Predic-
tion. However, the period and length of availablasmbalance data in the selected regions vary
greatly (the first full record is in 1958, Polardlirthe last is in 2010, Caucasus Mountains), a-com
parative analysis can be carried out for the peoiot968-1981.
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E6tovos Lorand University
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Since glaciers from different regions respond tgda and mesoscale climatic forcings differently,
and because the mass balance of glaciers wittggiarr often co-vary, our specific objectives were

- to examine the variability and the integrative @t signal in the averaged mass balance
records of the selected regions,

- to analyze the possible coupling between the malssibe and climatic variables, including
the dominant patterns of Northern Hemisphere ckmariability, and

- to compare the main characteristics of the thrgmns. Furthermore,

- a short discussion is given considering the sigaift decreasing trend of the cumulative
annual mass balances in every region under thetddtelimatic changes in the second half
of the 20th century.

Preliminary results suggest that the strongestoaleection links could be between winter mass
balance and winter NAO for the Polar Ural0.46,p < 0.05), and between annual mass balance
and PDO for Svalbardr (= -0.43,p < 0.05). Neither seasonal, nor annual mass baleswmds
showed significant correlation with any of the exaeal circulation indices for the Caucasus.”

Matyasovszky (2013) estimated red noise spectdimitological time series. He summarized
as: “Spectral densities of climatological time esrcan be generally well approximated by red noise
spectra. A common way of the spectral analysibasefore based on a comparison of the periodo-
gram with a red noise spectrum model. The red repsetrum is described with the spectral density
of a first order autoregressive model. However,meide characterized by spectral densities mono-
tone increasing to low frequencies represents eshmaider class of processes. He provided a con-
cept of estimating red noise spectra without assgrany analytical form of the spectral density.
The method, called isotonic regression, is basedobst regression of periodogram elements
against frequencies under monotonic constrainh@frégression curve. The technique is applied to
SOI (Southern Oscillation Index) data from 186&€d.1, reconstructed NAO (North Atlantic Os-
cillation) index data from 1659 to 2000, and thertNern Hemisphere temperature proxy data, AD
200-1995. The question of how the isotonic regoesperforms compared to the traditional AR(1)
modeling is discussed.”

Vincze and Janosi (2011) published a study reggridira question: is the Atlantic Multidecadal
Oscillation (AMO) a statistical phantom? “In thiok they critically compare the consequences of
two assumptions on the physical nature of the AM@ek signal. First, they show that the widely
used approach based on red noise statistics chrlyoteproduce the empirical correlation proper-
ties of the record. Second, they consider a prozilesmg range power-law correlations and demon-
strate its better fit to the AMO signal. They shovtkat in the latter case, the multidecadal ogoila
ry mode of the smoothed AMO index with an assigpedod length of 50—-70 years can be a simple
statistical artifact, a consequence of limited rddength. In this respect, a better term to déscri
the observed fluctuations of a smooth power-lancspen is Atlantic Multidecadal Variability
(AMV).”

Vincze et al. (2011) examined the effect of a la@eml geothermal heat source on deep water
formation. “In a simplified two-dimensional model a buoyancy-driven overturning circulation,
they numerically studied the response of the flowa small localized heat source at the bottom. The
flow is driven by differential thermal forcing apgdl along the top surface boundary. They evaluat-
ed the steady state solutions versus the temperditierence between the two ends of the water
surface in terms of different characteristic paremsethat properly describe the transition from a
weak upper-layer convection state to a robustdafpth deep convection. They concluded that a
small additional bottom heat flux underneath theldt end of the basin is able to initiate full-dapt
convection even when the surface heat forcing aonet sufficient to maintain this state.”

Vincze et al. (2012) published an experimental wtofithe Atlantic variability on interdecadal
timescales. “A series of laboratory experimentsthgen carried out to model the basic dynamics of
the multidecadal variability observed in North Atfie sea surface temperature (SST) records. Ac-
cording to a minimal numerical sector model thee¢hkey components to excite such a low-
frequency variability are rotation, meridional teengture gradient and additive thermal noise in the
surface heat forcing. If these components are ptegeriodic perturbations of the overturning
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background flow are excited, leading to thermaldRgsmode like propagation of anomalous patch-
es in the SST field. They tabletop scale setup bk to capture this phenomenon, and to test
whether the aforementioned three components amethdufficient to generate a low-frequency
variability in the system. The results were comgamethose of the numerical models, as well as to
oceanic SST reanalysis records. To the best of latge, the experiment described is the very first
to investigate the dynamics of the North Atlantialtidecadal variability in a laboratory-scale set-

up

Vincze (2012) summarized in PhD theses his resulthe field of experimental and numerical

modeling of large-scale phenomena in physical cogiaphy. His work deals with:

1)

2)

3)

The study of deep water formation (DWF). “In a nuice& minimal model he studied
whether the inhomogeneous distribution of geothérimeat flux at the seafloor may be
responsible for the compactness of DWF regions éteahstrated that, as the “meridional”
surface temperature difference exceeds a critiahley a full-depth circulation mode is
initiated, involving DWF at the “Northern” end df& basin (i.e. where cooling occurs at
the surface). He showed that a small “geotherma#ittsource located underneath the
“cold” end of the basin is able to initiate fulljotd convection at a significantly smaller
critical “meridional” surface temperature differencBesides the simulation he also
performed laboratory experiments in a similar setdpre too, he demonstrated that the
penetration depth of the upper-layer convectioneiases as a small additional bottom heat
flux is present. This result underlines that DWHR ba triggered by a localized bottom heat
source even if the surface heat forcing alone isufficient to maintain this state.”

The study of internal wave-bottom topography intdéoms. “In a laboratory experiment of
a two-layer fluid he studied how the internal wavesopagating along the interface
between the two layers interact with bottom obstsicHe observed that the amplitudes of
internal standing waves between two thin bottoms sén be largely amplified via resonant
interaction with small amplitude surface waves. &ee of their large amplitudes, the
excited internal waves were then apparently noatinele discussed the conditions of the
observed resonance and measured the parametdrs méspnance curve as a function of
sill distance. He found and analyzed the same phenon in a numerical model. He found
the appropriate theoretical framework that is cetesit with the experimental and
numerical results. This mathematical approach sethan the periodic solutions (cnoidal
waves) of the two-layer KdV equation.”

The study of Atlantic Multidecadal Variability (AMV “He has built the experimental
equivalent of a widely used numerical minimal oceadel to investigate the dynamics of
the 20-30 year AMV mode. He verified the earliemauical results on the necessary and
sufficient conditions for the excitation of an AMYype low-frequency temperature
oscillation. These conditions are: the rotatiofeafth, meridional temperature gradient and
the presence of a spatially and temporally coredlathermal noise, representing
atmosphere-ocean interactions. He showed that agmeement with earlier numerical
findings — the characteristic period of the AMVdikariability gradually decreases with
the increase of meridional temperature differet¢e.observed and described a specific
spatial pattern in the surface temperature fieldghie setup, associated with the low-
frequency variability. Comparing his experimentasults to Atlantic Sea Surface
Temperature (SST) reanalysis data he demonstrhtedlyinamical similarity of the two
systems and gave the appropriate non-dimensionanpers for the rescaling. He
analyzed the AMOI (Atlantic Multidecadal Oscillatiolndex) time series and the
significance levels of its consistency with tragiital AR(m) time series models and long-
range correlated (Irc) processes as null hypothebtes showed that according to
instrumental records of the past 150 years the®b@ear mode of AMV rather seems to be
consistent with an Irc process, which also fitsljaivell to the SST variabilities observed
on smaller (monthly-annual) timescales.”
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Specific interdisciplinary aspects of oceanographg atmospheric optics (polarimetric navigation
by Viking seafarers) were studied by Horvath e{20.11) and Farkas et al. (2014).

Hungarian scientists are also active at Europeaeareh institutes e.g. investigation of warm
oceanic cloud structure and wind vector calculaibased on satellite information (Horvath 2013;
Horvath et al. 2014).
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1 History of seismological research in Hungary
1.1 The 158" anniversary of the birth of Radé Kévesligethy (188-1934)

The Hungarian geophysicists in 2012 commemorated16(’ anniversary of the birth of Rad6
Kdvesligethy, the secretary general of the Intéomal Seismological Association — ISA (the offi-
cial name in German and French was Internation&n8#ogische Assoziation and Association
Internationale de Sismologie, respectively) betwd836 and 1921. Koévesligethy's earthquake
theory was related to the problem of propagatioseidémic effects within the Earth. This issue was
new during the last years of the nineteenth centorgctically not addressed earlier. It should be
mentioned that his student dekgervary (who became later on a worldwide famoaghemati-
cian) mathematically proved that Koévesligethy'sdhe provides results which agree with data
obtained from the works of Gustav Herglotz and Ewliechert (Varga 2012, Varga and Graczer
2013).

On the 17th of October 2012, the Hungarian Acadefm$ciences held a conference in com-
memoration of Rad6 Kdvesligethy's scientific wokkdnus and Téth 2013, Wéber 2013).

2 Observational seismology
2.1 Developments in the Hungarian National Seismagjical Network since 2011

The MTA CSFK Kovesligethy Radd Seismological Obsgéovy operates the Hungarian National
Seismological Network (HNSN). Between 2011 and 20t HNSN were extended by six
Streckeisen STS-2 and Guralp CMG-3T based broad&iatidns thanks to the support of the Paks
Nuclear Power Plant (AMBH, BSZH, EGYH, MORH, MPLHIH) and the Humboldt Foundation
(LTVH). With the new deployments, at the end of {ear 2014 the HNSN consisted of 12 broad-
band stations and one short period station.

All the station data is streamed through onlinengmtion to the observatory. The data centre of
the observatory has been running a SeisComp3 [tipy.seiscomp3.org, 2015-06-04) based
automatic hypocentre location service whose resuliee published on the web
(http://www.seismology.hu, 2015-06-04) and simuttansly email alerts are sent to the Hungarian
National Directorate General for Disaster Managemé&he manual phase picking and magnitude
determination has been carried out using the Seistandler software package (Stammler 1993).
The hypocentre location has been performed by tHB®71PC computer program (Lee and Lahr
1975). In order to increase the quality of eartlkgubpcation, data from selected stations of the
neighbouring countries are collected, as well.

The annual Hungarian National Seismological Bulldtas been published since 2012. It con-
tains the focal parameters and phase data of tilegeakes occurred in Hungary and its surround-
ings, the focal mechanism of several earthquakesmacroseismic characteristics of the felt earth-
guakes, and the phase data of teleseismic evetdsteld by the stations of the HNSN (Graczer
et al. 2012, 2013, 2014).

Kovesligethy Rad6 Seismological Observatora, MTARKCSeodetic and Geophysical Institute
E-mail: weber.zoltan@csfk.mta.hu

?Department of Geophysics and Space Science, Bstwéasd University
Geological and Geophysical Institute of Hungary
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3 Deep structure of the Pannonian basin
3.1 One-dimensional velocity model for Hungary

Based on the first arrival times of local earthcggka new one-dimensional P-wave velocity model
has been determined for the territory of Hungarya(@er and Wéber 2012). During the computa-
tions 910 P-wave arrival data of 86 events fromtitme period between 1985 and 2010 have been
used. The applied methodology was a combinatioa génetic algorithm based procedure and an
iterative linearized joint inversion technique. Timeferred velocity profile has been chosen from
the best models based on the data of a seriemtbtied explosions.

The resulting flat-layered model consists of thraestal layers and a half-space representing the
uppermost mantle. Its main characteristics areetatively thick upper crust (16 kri,=5.74 km/s)
with a 3 km thick sedimentary layev(= 5.30 km/s), and a significantly thinner lower str¢7 km,

V, = 6.29 km/s). The Moho can be found at a shalleptll of 26 km. Additionally, th&/V; ratio
was calculated by the Wadati-method, which gavelaevof 1.74+0.05.

3.2 Ambient seismic noise tomography

The Rayleigh wave group velocities beneath Hungaeye studied by ambient seismic noise
tomography (Szanyi et al. 2013). Seismic noise datorded at 17 broadband seismological
stations in and around the Pannonian basin werd dseing the computations. In order to
determine the Green’s functions for the statiomgyaiross-correlation functions were calculated in
daily segments and stacked over several monthsupGvelocities belonging to the fundamental
mode Rayleigh waves were determined by multipterfiechnique.

The dispersion curves for each station pair weraswmed in a period range of 7-28 s and group
velocity distribution maps were computed using at@mography method. Group velocity maps of
7-14 s periods correlate well with regional geoldgigh group velocities can be observed in the
mountains, whereas low velocities can be seen lietlea sedimentary basins. Velocity anomalies
observed at 18-28 s reflect the effect of the losvast and uppermost mantle.

3.3 Complex geophysical probing of the lithosphereeneath the Carpathian-Pannonia Region

The majority of our activities covered the comptgophysical probing of the lithosphere beneath
the Carpathian Pannonian region (CPR) by variouanmef methodologies also in international
collaboration. Posgay et al. (2011) demonstratatttiere may be lithospheric scale, narrow nappes
transacted by the PGT-1 seismic traverse. The rated interpretation involving geological,
geochemical and magnetotelluric results lead to tlomclusions that these SSE dipping,
lithospheric-scale structures may have formed énltlwer Cretaceous by the subduction of one of
the Vardar’s oceanic branches beneath the Tiszail#eg

Kiss and Madarasi (2012) found also SSE dippingcstires along the PGT-1 profile many of
which penetrated the entire lithospheric columne Huthors related some of these structures to
magmatic impregnation of possible Cretaceous ongeuage.

Janik et al. (2011) investigated the Celebratioofiles intersecting the Western Carpathians.
The main findings were that the lower sub-Moho eiles in the Pannonian Basin are lower than
those beneath the Trans-European suture zoneEHegpean Craton and the Western Carpathians.
Sub-parallel reflectors were identified 10-20 knméath the Moho.

Starostenko et al. (2013) studied the PANCAKE s&ismide angle survey from the Pannonian
Basin to the East European Craton through the @@gues. This study also revealed that the sub-
Moho velocities are lower beneath the PannoniarinBhsin beneath the Carpathians and the East
European Craton. Sub-Moho reflectors were alsotifieth beneath the Pannonian Basin at depths
of ~45 and 75 km. The latter of which is attributied the lithosphere-asthenosphere boundary
(LAB).
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Oeberseder et al. (2011) revealed the presencebefsho reflectors as well beneath the junction
of the Eastern Alps, Western Carpathians and Paandasin at ~55 km average depth dipping
toward the mountain belt. The authors attributegl phesence of this reflector to layering in the
present lithospheric mantle. The shallower lay@spmably represents a less anisotropic and more
depleted mantle than the deeper part, which mag baen added to the lithosphere in the thermal
relaxation stage following the Miocene extensiomisTmay be a plausible scenario for the
explanation of sub-Moho seismic reflectors foursbelhere in the Pannonian basin.

Kiss (2012, 2013) give a comprehensive gravity gadmagnetic summary of the CPR with
special respect to identify the links between ari@sand geological structures. These anomalies
were found to correlate rather well with major tett lines and the (supposed) distribution of
volcanic centres/rocks.

3.4 Studying experimentally the composition of thepper mantle and its geophysical
implication

Kovacs et al. (2012b) and Green et al. (2014) stuidixperimentally the effect of water on the
phase assemblage of upper mantle peridotites. Bh@wed that the stability of pargasitic
amphibole below 3 GPa and 1100°C and instabilitpvabmay have a drastic effect on the
rheological properties of the upper mantle whicoutt be also reflected in geophysical properties.
The instability of pargasitic amphibole leads toltmg, which could result in lower seismic
velocities and higher conductivity. It seems tliegre is indeed a horizon at ~90 km depth globally
(which is called the mid lithospheric reflector)dagsimilar anomalies at shallower depth (referred to
as generally the LAB) in tectonically more activeas with higher heat flow ( > 60-70 mWjm
These may be explained by the instability of patigaamphibole and the onset of partial melting at
these depths.

4 Earthquake source seismology
4.1 Spectral estimation of source parameters footal earthquakes in Hungary

Source parameters have been estimated for 74 &m#hquakes (0.8 #1, < 4.5) occurred in
Hungary in the period of 1995-2011 (Sule and WéRed3, Wéber and Sile 2014). The
displacement spectra for P- and S-waves were adlyaccording to Brune’s source model.
Observed spectra were corrected for path-dependiahuation effects using an independent
regional estimate of the quality factQs. To correct spectra for near-surface attenuatiba x
parameter was calculated, obtaining it from wauefrecorded at short epicentral distances. The
values of thex parameter vary between 0.01 and 0.06 s with a mé&#n03 s for P-waves and
between 0.01 and 0.09 s with a mean of 0.04 s Fbw8ves. After correction for attenuation
effects, spectral parameters (corner frequency@mdrequency spectral level) were estimated by a
grid search algorithm. The obtained seismic momearige from 1.34-#8to 3.68-16° Nm (1.5 <
Mw < 4.3). The source radii are between 115 and 18481d stress drop spans from 0.14 to 32.4
bars. From the results, a linear relationshipvigf= 0.73M_ + 0.86 has been establishieetween
local and moment magnitudes. The obtained scaditagions show slight evidence of self-similarity
violation. However, due to the high scatter of data, the existence of self-similarity cannot be
excluded.

4.2 Source properties of the 2011 M4.5 Oroszlany mainshock and its aftershocks

In the most seismically active region of Hungaryearthquake dfl, 4.5 occurred near the town of
Oroszlany on 29 January 2011. The mainshock waawiet by more than 200 aftershocks. This
event is the first earthquake in the country abldyel that was recorded on a significant number of
three-component digital seismic stations. The soymoperties of this earthquake sequence have
been thoroughly studied by Wéber and Siile (2014).
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According to the inversion of arrival times, thepbgenter of the mainshock was at a depth of about
5 km near Oroszlany with horizontal errors of abbug km. The aftershocks were confined to a
small region next to the mainshock.

For the main event, we obtained an average momeghnitude ofM,, = 4.2, P- and S-wave
source radii ofr” = 970 m andr® = 972 m, and static stress drops &5£6.67-18 Pa and
0°=17.60-18 Pa from the analysis of P- and S-wave displacenspectra, respectively. The
retrieved spectral source parameters for the ilpagst events agree well with the results of earlie
research.

We have also shown that our local waveform inversiethod (Weéber 2006, 2009) applied in
this study is suitable to estimate the earthquakece mechanism for low-magnitude events using
local waveforms exclusively. The moment tensor cotag for the mainshock from local waveform
data shows a strike-slip mechanism with a NS-stgkand an EW-striking nodal plane, agreeing
well with regional moment tensor solutions of othgencies.

The source mechanisms of four aftershocks With> 2 were also successfully estimated. Three
of them had strike-slip mechanism very similartattof the mainshock, whereas the fourth one was
a thrust faulting event with some strike-slip comeot. The sub-horizontal P-axis struck about
NE-SW for both the mainshock and all the analyziéershocks, coinciding with the general trend
of the compressional stress field in the epicemégion.

5 Seismicity and earthquake hazard
5.1 Macroseismic study of the 2013 M4.8 Tenk earthquake

On 22 April 2013, an earthquake of magnitude 4.8uoed near the village of Tenk (Hungary),
which was the strongest Hungarian earthquake shreed.9 magnitude event near Berhida in 1985.
The earthquake was felt in approximately thirdhef territory of Hungary. The number of incoming
macroseismic questionnaires was over eight hundretl damage descriptions for the epicentral
area reached almost one thousand. Intensity eiw@uatas carried out following the European
Macroseismic Scale guidelines. Intensities wer@aesl to 211 places. The earthquake caused non-
structural building damages, the epicentral intgnsas estimated as VI on the EMS-98 scale. The
area of the highest seismic intensities (V or maseglliptical in shape elongated in the E-W
direction. The intensity distribution of the evasitvery asymmetric, it was widely felt west to the
epicentre, but it was much less observed in theddestion (Szanyi et al. 2014).

5.2 Liquefaction occurrences and hazard assessment

Most part of Hungary is low-lying plains covered yyung Holocene fluvial sediments with high
ground water level. Consequently, the area is dispdo development of soil liquefaction. Despite
the moderate seismicity, liquefaction have beerenlesi and documented at least eight times
during moderate to larger magnitude historical reprakes. Their surface manifestations were
reported from the Komarom (1763, 1783, 1822), MiB10), Ermellék (1829, 1834), Kecskemét
(1911) and Dunaharaszti (1956) earthquakes. We lsndied contemporary macroseismic
observations that demonstrate the occurrence ofligoiefaction. Local subsoil conditions and
information regarding ground water level were alsalied.

Magnitude of these earthquakes were in the range.46.3. The liquefaction was typically
confined to the vicinity of the epicenter, andiittensity was mostly small. The exceptions are the
two earthquakes stronger than magnitude 6. Accgrtiirthe reports, the 1763 Koméarom and the
1834 Ermellék earthquakes caused soil liquefaatibith could be extended to a greater extent and
a large area. Building or structural damage cabseithe phenomenon is proven only in the case of
the 1763 Komarom earthquake @#iy2013). Based on the descriptions, the old castiar to the
firth of Danube and river Vagh has suffered seviEmmage due to lateral spreading. The numerous
occurrences of liquefaction in Csall6kéz (Zitnyrostin Slovakia) support the assumption that the
epicenter of the earthquake was located probablydfi¥tomarom.

Geomatikai K6zlemények XVIII(1), 2015



HUNGARIAN NATIONAL REPORT dRSPEI(2011-2014) 12¢

Because of the lack of strong motion recordingscroseismic data and analogues of recently
recorded earthquakes can be used to estimate tfecesumotion caused by these earthquakes.
Distribution of horizontal ground accelerations §ibk/ caused by these historical earthquakes has
been modelled by ShakeMap program. Simulationsciidi horizontal PGA of 0.2-0.3 g in areas
where liquefaction occurred (@y et al. 2014b).

Although the seismicity of Hungary is moderateuéépction and post-liquefaction settlement as
a secondary earthquake effect is one of the mamteras during site characterization of major
industrial/nuclear installations. Pore pressureréase and so the liquefaction and surface
settlements depend on the characteristics of seikrading and soil parameters. To quantify the
extent of these phenomena is rather difficult. Utateties arise both from the probabilistic nature
of the earthquake loading and from the simplificas of soil models as well. Significant part of
epistemic uncertainties in evaluation of liquefactand post liquefaction settlement arise from the
application of different methods. Therefore we hawenpared the most important semi-empirical
SPT, CPT and Vs based as well as dynamical effestiess methods. Most significant contributors
to the uncertainties have been highlighted andquéat examples through the investigation of Paks
NPP site were given (Gyi et al. 2014a). To take into account the unceti@s, a probabilistic
procedure has been proposed where the uncertaaméeaken into account by applying a logic tree
methodology (G§ri et al. 2011).

5.3 Seismic microzonation

In 2013, we have started a project about the seidrazard assessment and microzonation of
Budapest. Geological and engineering geological smagcessary for microzonation have been
collected and computer programs have been develapptbcess the map data. Geotechnical data
from Budapest and surroundings were collected. ¥ lre-evaluated the intensity distribution of
Dunaharaszti earthquake for the whole country andapest. We have studied the correlation with
geological structures, local soil conditions, binlbf the area and with the quality of the builghn

Vulnerability of building stock largely affects tlseismic risk in the capital. The vast majority of
buildings in the center of Budapest were builthie 19-20th century according to the architectural
(mainly neo-classical and eclectic) styles of tivme and to the given technical, civil engineering
knowledge and practice. As people did not have repees in previous earthquakes, the structures
were not designed to take into account the earttejsafety. We have studied the older brick
buildings in the downtown, and we have found thegithe structural problems characterizing a lot
of buildings, the lack of maintenance can causé&userproblems during a possible earthquake
occurring near the city (Volgyesi et al. 2014).

On the basis of different types of geological map8udapest, we have delineated areas that
were estimated to be liable to resonance. Besideshave selected some areas where larger
damages were experienced during Dunaharaszti ealtkq We have begun microseismic noise
measurements in the selected areas, for examplarimsliget, Rakospalota, Angyalféld,ckanya,
Lagymanyos, Csepel Island, Gazdagréiydsvolgy, Obuda. We could identify areas ifibénya,
Hivosvelgy, Obuda, where soil-structure resonanceocanr during earthquakes.

We have performed microseismic noise, active arsdipa seismic measurements in some parts
of the city to determine the S wave velocities lné upper sedimentary layers. We have made
MASW and ReMi measurements and we have begun tty she local applicability of the noise
cross correlation method.

5.4 Speleoseismology

Suitably shaped (tall, slim and more or less cyifiodm), vulnerable, intact stalagmites (STM) in
Domica cave were examined in 2011, 2012 and 20d3eSof these STMs are suitable to estimate
the upper limit for horizontal peak ground acceiera generated by paleoearthquakes. This
research has been the continuation of our prevégamination of STMs in Baradla cave, north-east
Hungary (Szeidovitz et al. 2008).
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The density, the Young’s modulus and the tensilerfa stress of broken STM samples have been
measured in mechanical laboratory, whereas thealdtequency and the heights and diameters of
intact STMs were determined by in-situ observatibhe value of horizontal ground acceleration
resulting in failure and the theoretical natur&gmency of STM have been assessed by theoretical
calculations.

The age of the samples taken from the STM(2.26amdéhg in show part of Domica cave has
been determined by Multi Collector — Inductively Upted Plasma Mass Spectrometry analysis
(MC-ICPMS).

The a4 value (the upper limit for horizontal peak grouacceleration) needed to break STM
(5 m) in Certova diera (Orddg-lik) hall coming from theoreficcalculation is almost the same
(~ 0.059 g) as in case of STM (5.1 m) in Olimpoalt -0.055 g) of Baradla cave.

According to our measurements and theoretical Gions, in the last 2-5 kyears the geological
structures close to Baradla and Domica caves haveyenerated paleoearthquakes which would
have produced horizontal ground acceleration lattgeen 0.061g. This value can be reached even in
moderate size earthquakes. Our result has to lew taito account when calculating the seismic
potential of faults near to Domica cave (e.g. DaRléSivec (Pet) and Ro#ava (Rozsny0) lines)
(Gribovszki et al. 2013b).

A comprehensive study has also been presented #Himuabn-intrusive in-situ measurements in
caves in Hungary, Bulgaria and Slovakia carriedinuhe last ten years in order to determine the
fundamental frequencies and horizontal ground acatbns (HGA) resulting in failure of intact,
slim, vulnerable stalagmites (Gribovszki et al. 281

Since the geological structures close to the ingatgd caves did not excite paleoearthquakes in
the determined time period with HGA larger than thetermineday values, the results of our
investigation should be taken into account in s@israzard assessments of the investigated areas.

5.5 Discrimination of earthquakes and explosions

Recently, due to the increasing number of moderisngdogical stations, more and more
earthquakes and explosions have been recordedoaated in Hungary. In the determination of
tectonic parameters for different regions, earthqaashould be separated from explosions. This
needs to analyse and identify the separation paessnef earthquakes and explosions. The North
Hungarian Mountains and the Vértes Hills are typiocahere microearthquakes (aftershock
sequences) and blasts originated from differentripsaare detected regularly. The waveform and
spectral properties and diurnal distributions ofsth seismic events have been analyzed
comprehensively (Kiszely 2014).

Most of the explosions in the North Hungarian Maim$ and every explosion in the Vértes
Hills were executed at workdays. For both aredama window could be defined when most of the
explosions happened. A significant part of theheprakes (36% for the North Hungarian Mountains
and 15% for the area of Vértes) occurred in tmetivindow. The origin time of the event does not
provide sufficient information to filter out the gwsions from catalogues.

The scalloping of spectra and the time-independedulations on the spectrograms — caused
by the delayed fired technique — were observech@énmost case of explosions. The presence of
these signs in spectra has proven to be a goochitai parameter of quarry blasts.

Based on the correlation waveforms analysis, thelosions of different quarries and
aftershocks formed different cluster(s). The clsste earthquakes and explosions were not mixed
with each other. Creating waveform database fohepaarry and continuously adding the new
blasts, high portion of the explosions will be pbks to filter out. The waveform correlation
analysis is suitable for classification of sevesgénts without calculable hypocentre parameters,
due to the few registering stations. We can getemewcurate time distribution of aftershocks
connecting these events to them (Kiszely 2012, dysand Gyri 2013a, 2013b, 2014a, 2014b).
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The Fisher-Shannon method was applied to discrimittee quarry blasts from earthquakes based
on the informational content of seismograms for ¢hesmic events originated from Vértes Hills
(Telesca et al. 2011).

5.6 Spatial and temporal distribution of earthquales

The aim of the studies by6B6r and Kiszely (2013) andéBor and Kiszely (2014) were to find
possible solutions to represent earthquake catalatpta and design maps. The goal was to
visualize all available catalogue data sets in mpiex way on a single map, displaying the long-
term recurrence times of earthquakes. Therefore deta and aggregated data were combined with
different cartographic visualization techniques test the applicability of earthquake maps.
Preliminary research demonstrates that aggregatiam improve the process of retrieving
information from earthquake maps and 3D visualais useful to find the places of earthquakes
of highest magnitude. A second result is that 3§uaiization is not effective in the comparison of
guantities of released energy and the number tficaakes.

5.7 Recurrence time of earthquakes

For major earthquakes over the past decades, seigmdicant differences were detected between
the predicted and observed PGA values. This isaiiynso because Probabilistic Seismic Hazard
Assessment (PSHA) and Deterministic Seismic Ha2askssment (DSHA) suffer from a limited
knowledge of seismic prehistory. A further weakne®SHA is its requirement of homogeneous
seismic activity within a seismic zone. MoreoveBHA and DSHA were developed for seismically
active areas and, thus, cannot reliably be useddas of medium and low activity (Varga 2011a).
To overcome this problem an alternative methodoledyased on a modified version of Kostrov’s
equation and the catalogue of seismic moments —owtimed which provides the recurrence time
estimate on the basis of common use of geodeticsaiznological information. It was found that
the recurrence time in a given source zone in oagarthquakes W>9.0 are of the order of some
hundred years. For the large and medium earthquékesxpected timées well above some £0
years (Varga 2011b).

6 Geodynamics and tectonophysics
6.1 Mantle dynamics

There has been a long history of studying the énedatic phase change at a depth of 660 km in the
Earth's mantle. The goal of our research was terddéne the transition between one-layered and
two-layered convection and to analyze the dynansitsnantle avalanches using simple two-
dimensional numerical models (Herein et al. 2023}eries of numerical calculations have been
investigated using different Rayleigh numbdrg)(and Clapeyron slopesg). We established that
the Rayleigh number effectively influences the dyits of the phase transition. At higher Rayleigh
numbers (more vigorous convection) the hindering effect is stronger; at y4 < O mantle convection is
shifted from one-layered towards a partially lageflew system. From calculating the vertical mass
flux at 660 km and analyzing its time series thrgms of mantle flow were found. The first type is
whole mantle convection (one-layered), namely belRew10> and foryq = -3, -4.5, -6, -9 MPa/K.
The second type is an intermittently layered mantavection, where the convection is mainly
layered but there is a significant, episodicallgéunass transfer between the two layers, i.e. above
Ra= 5x10 and foryy = -3, -4.5, -6 MPa/K. The third type covers isothtepper and lower mantle
convection ay= -9 MPa/K and fronRa= 1C, within which range all of the simulations resdlia
two-layered convection. Systematic investigatios baen carried out to map the region in the
second group where avalanche events can appeatleMaralanches have been detected in 12
models fromRa= 5x1C to Ra= 10 and atys= -3, -4.5, -6 MPa/K. As a result of a Fourier gsid

the characteristic time periods of mantle avalasdiave been calculated. Analyzing the amplitude
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spectrum of the vertical mass flux at a depth df k& two specific time periods were determined.
The larger one, at about 580 Myr, may correspontthéolarge mantle overturns related to Wilson-
cycle. The shorter period represents smaller, nfogquent mantle avalanches. Studying the
influence of the Rayleigh number and the Clapeiopes systematically, it has been shown that
the characteristic time period of these smallelem@hes depends on Ra, but is independemni. of
As Ra increases the time period decreases; the relationship can be well described with a power
function. The characteristic time period of smalhlanches for mantle-like parameteRa¢10’,

74 = -3 MPa/K) is about 80-150 Myr, which can be cangal to the average time period of episodic
flood basalt activity.

In another numerical study the effect of the terapee-dependent viscosity was investigated on
the pattern and the characteristic parameters eftliermal convection occurring in the Earth's
mantle in two-dimensional cylindrical shell geonyetKuslits et al. 2014). Systematic model runs
established that the viscosity decreasing witht¢ingperature is reduced around the hot core-mantle
boundary (CMB) which facilitates the heat transgaotn the core to the mantle. On the other hand,
the viscosity increases near the cold surface whiotlers the heat outcome and results in higher
mantle temperature and lower surface velocity. Avgolaw relation was revealed between the
strength of the temperature-dependence and thevalosparameters, such as the velocity, surface
mobility, heat flow, average temperature and viggo§wo additional 'mantle-like’ models were
built up with extra strong temperature-dependestasity to imitate the flow in the Earth's mantle.
In model 1, in which the viscosity decreases sewsters of magnitude with the temperature
increase, a highly viscous stagnant lid evolvesglitne cold surface which does not participate in
the convection. The existence of the stagnant saiffd reduces the surface heat flow and generates
a low viscosity asthenosphere beneath the lid wigbrous small-scale convection. In model 2, in
which the viscosity decreases only six orders ofjmitade with the temperature and the pressure-
dependent viscosity is stronger, does not formrase stagnant lid, highly viscous 'slabs' submerge
to the CMB and effectively influence the hot upwell plumes. Based on our numerical results it is
necessary to implicate the yield stress into theuktions in order to obtain a highly viscous,idig
surface lid, the lithosphere which can be brokerg subduct down to the mantle.

6.2 Tertiary geodynamics of the Carpathian-Pannomin Region

Kovacs et al. (2011, 2012a) presented a new geodgrmaodel to explain the Tertiary geodynamics
of the Carpathian-Pannnonian region (CPR). Usirtg ffam mantle xenoliths, geology and seismic
anisotropy the authors proposed that the exteraimhextrusion of lithospheric blocks (not just
crustal slices) was driven by an eastward direasHenospheric flow which was generated by the
collision in the Alps.

Kiss (2014) in his summary investigated the intatrens of plate tectonics, volcanism and
geomagnetic anomalies in the CPR: His results mdpthat there is a strong link among these
geological phenomena which could be, indeed, ptd the context of an asthenospheric flow
driving the Tertiary geodynamics of the CPR.

6.3 Problems related to geodynamics

For the study of distribution of great seismic egévi > 7.0 (and consequently the released seismic
energy) a catalogue for the time interval 01.01019030.09.2014 was completed. It is likely that
stresses accummulated deeper than 500 km andeélbgsdeepM = 7 earthquakes are connected
with resistance due to transition of downward mgviplate toward and through the 660 km
boundary. When the accurate geographical dimengibesismic zones on the earth ellipsoid were
calculated with use of a software developped feeaaf different map projections, it was found that
the length of the zone of deep events is signiflgashorter than that of the shallow ones. The
position of very deep>(500 km) earthquake foci indicates where the dowingy lithospheric
plates conflict with the upper boundary of lowernti@, and where they in some cases cross it. This
passage generates compression — elongation intsdslab. This phenomenon is similar to the
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Venturi effect known from hydrodynamics. For thadst of the fairly uncommon deep earthquakes
important additional information was provided bg targest of deep earthquakes, the May 24, 2013
Mw 8.3 event under the Sea of Okhotsk. Based on dscof Russian and Hungarian national
seismological networks it was found that this sésevent was preceded by an earthquake swarm,
which consists 58 Nt 5 events and occurred between May 15 and 24, 20tt&ihigher part of the
sinking slab east of Kamchatka in an area of irsgdahistorical seismicity. Most probably
interaction of two distinct active source zonesdmok placeVarga et al. 2014)

As a result of investigation of the Earth's innétucture and dynamics, a clear axial co-
ordination of radiated seismic energy with maxirhéatitudes close to critical (+45°) was detected.
This speaks about the presence of external forasirtfluence seismicity. This external factor is
most probably the despinning (reduction of the lEswr@ngular rotation) of the Earth axial rotation
caused primarily by tidal friction due to the Mo@rarga et al. 2012b).

Studies connected to history of development of gtiany structure detected that at the present
epoch the growth rate of the core comprised betviesmd 10 mm/cy seems to be a plausible guess,
leading to a relative decrease of LOD comprisedjinbubetween 10 and 1Q6/cy. Such values do
not affect significantly the observed secular iase of LOD caused by tidal braking, which
amounts to about 1.79 ms/cy. However, in the rergetdogical past, before Phanerozoic, the effect
of the core growth may have been much more impgrtaecause the total change of LOD
associated with core formation has been estimatdakt2.4 hours for an initially undifferentiated
Earth, and 3.1 hours for an initially undiffere¢id hot Earth (Denis et al. 2011).

In order to interpret the change in planetary dyicaralose to the border between Proterozoic
(Ptz) and Phanerozoic (Pz) a compilation of palaegeaphical maps from the 0.6 Ga BP to Present
was analyzed in terms of the (a) ratio betweenigental to oceanic crust areas (in short continent-
to-ocean ratio), (b) length of spreading centred &) length of subduction zones. From the
constancy of the continent-to-ocean ratio througlaid from the small size of the continental area
above sea level in Ptz it follows that at the botultween Ptz and Pz there has been a large change
of the length of the shelf zones. This change ogilaé contemporary change of the despinning
rate from about 0.35 ms/century to about 1.79 msitg. In general this results suggest a change in
tectonic regime at the border between Ptz and Bm@vet al. 2012a). Similar change in dynamical
properties of the Earth was detected when the gitneof the geomagnetic field, characterized by
the Virtual Dipole Moment (VDM) was investigatedhd data bank of virtual dipole moment
(VDM) data served as a basis for the analysis. VD& distribution obtained by the method of a
moving average exhibits a positive linear trendrfrd.7 x 16° Am? 2.6 Ga ago to 5.8 x #bAm?
~0.6 GaBP, while during the phanerozoic there wadimear trend recognized (Schreider et al.
2011, 2012).

An additional investigation of palaeogeographicaps for the time interval 0.6 Ga BP to
Present was carried out for a study of the sunfacton of continental plates under the influence of
global forces of tidal friction and E6tvos forcgg@le-fleeing”). It was concluded that the areahef t
continents during the Phanerozoic was growing &ealhibited a rate ~0.5 Kityr with an average
continental crust thickness of 40 km. It was alsand that beside the westward oriented tidal
frictional forces, the E6tvOs force can also plagoke in tectonic processes. It was shown that the
continental plates on average tend to find a pwsittlose to the equator during the whole
investigated 600 Ma time Interval (Varga et al. 201
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Gébor Dobosi? Szabolcs Harangf

This report covers the research activity betweehl2@nd 2014 which belong to the topics of
IAVCEI. The most significant results have been oisd in the volcanological, petrological and
geochemical investigation of the Miocene and Pleidtocene calc-alkaline and alkali volcanism of
the Carpathian-Pannonian Region and in the studippér mantle xenoliths found in alkali basalts.
The research topics and new results will be preskintthe following order:

1) Palaeozoic and Mesozoic intrusive magmatism in @srpathian-Pannonian Region
including the Variscan granitoids and the Mesofiicau alkaline complex.

2) Neogene to Quaternary volcanism in the CarpatheamBnian Region.

3) Plio-Pleistocene alkali basalt volcanism and theper mantle xenoliths.

4) Most significant studies based on internationalatxration.

1 Palaeozoic and Mesozoic intrusive magmatism ihé Carpathian-Pannonian Region
1.1 Variscan granitoids

The study of the Variscan granitoids occurring isz& Mega-Unit (South Hungary) was carried out
between 2011 and 2014 (Buda Gy. in EO6tvos Univeraitd Pal-Molnar E. in University of
Szeged). Two main Variscan granitoid areas cambed in the Tisza Mega-Unit: the older plutons
(~340-354 Ma) are situated in the western part @ggrUnit in the Mecsek Mts.), while the
younger plutons (300-325 Ma) occur in the southpastof the Tisza Mega-Unit (Battonya Unit).
Mafic enclaves in peraluminous Variscan granitoidhie Battonya Unit werstudied by Buda et al.
(2012). Based on mineral compositions a mixed lSetorigin was suggested for the mafic
enclaves. According to thermobarometric calculaitre depth of the intrusion was a minimum of
15 km. Accessory apatite crystals were studiechéndranitoids of the two different Units (Buda
and Pal-Molnar 2012). The contrasting chemistytuie and crystal habit of the apatites in the two
different suites of granitoids have been explaifsd the different origin and crystallization
conditions of the granitoid melts. The study of thecessory minerals were continued by the
microprobe investigation of allanite and monaziteMéragy granitoids (Buda et al. 2014), and
crystallization conditions and hydrothermal altematof the rare earth minerals were discussed.

1.2 Mesozoic Ditrau Alkaline Massif (DAM)

At the University of Szeged new mineralogical, gemmical and petrological studies were carried
out on the Ditiu Alkaline Massif (DAM) during the last decades.€TBAM is a Mesozoic alkaline
igneous complex situated in the SSW part of the@&iu Alps belonging to the Eastern Carpathians
(Romania).

Camptonite dykes intruded the rift-related MesoZgieous body of the Ditu Alkaline Massif
were studied by Batki el al. (2014)ew major and trace element data, Nd isotope gadiod
mineral compositions were presented in order tondethe nature and origin of the lamprophyre
dykes. The dykes are classified as the clinopyrexsraring (camptonite-1) and clinopyroxene-free
(camptonite-Il) varieties. Camptonite-l consists afuminian—ferroan diopside phenocrysts
accompanied by kaersutite, subordinate Ti-rich tenralbite to oligoclase and abundant calcite—
albite ocelli. Camptonite-Il comprises K-rich hagfsite to magnesiohastingsite, Ti-rich annite,
albite to andesine, abundant accessory titanite agadite, and silicate ocelli filled mainly with
plagioclase (Ansj). Age-corrected®Nd/**Nd ratios vary from 0.51258 to 0.51269. The high
values of + 4.0 to + 6.1 which are consistent viittna-plate composition, together with light rare
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earth element (LREE), large ion lithophile elem@rtE) and high field strength element (HFSE)
enrichment in the camptonites is ascribed to thed&bion of small melt batches of a metasomatised
sub-lithospheric mantle source. The presence oasthenospheric ‘higl’ ocean island basalt
(HIMU-OIB)-type mantle component in the source ceghas also been revealed. A 1-4% degree
of partial melting of an enriched garnet |herzolib@ntle source containing pargasitic amphibole
followed by fractionation is inferred to have beiemolved in the generation of the camptonites.
They are deduced to be parental melts to theilDtkaline Massif.

Besides camptonites, other types of alkaline dyiketuding tinguaites and alkali feldspar
syenites cut the whole complex. Tinguaite dykesaionsmall discrete rounded ijolite aggregates.
The clinopyroxene compositions and fractionatioentts werestudied by Batki et al. (2012).
Accordingto their results, the diopsides in ijolite have #ame composition as clinopyroxenes in
camptonites and hornblendites of the massif, wisabgests the same initial basanitic magma
source for these rocks. The sodic fractionationdr®wards aegirine in the clinopyroxenes of imlit
approaches the aegirine composition in the nepheaenites of the massif, which is probably a
result of mixing between basanitic and nephelirengic magmas.

2 Neogene to Quaternary calc-alkaline volcanism ithe Carpathian-Pannonian Region
2.1 Ignimbites and other calc-alkaline volcanic roks in North Hungary

Outcrops of the Miocene ignimbrite flare-up episae found in the Biikkalja Volcanic Field,
northern Hungary. This volcanism was fed by largiume silicic magmas. Lukacs et al. (2014)
presented high-precision in-situ zircon U-Pb dabigd A-ICP-MS using selected samples collected
from continuous stratigraphic sections, comprigiygoclastic flow and fall deposits of the entire
volcanism. At least 50 spot analyses were conductedach samples and strict selection procedure
was applied to use only concordant data. Accordinthese age data, the volcanism lasted from
18.2 Ma to 14.0 Ma. Based on the evaluation ofwthele data set, 10 zircon crystallization peak-
periods can be clearly distinguished. This is cstesit with a model involving a long-lasting silicic
crystal mush system with periodic rejuvenationiofan crystallization and withdrawal of medium
to large volume eruptible magmas. This requiresatéd heat-flux and thermally prepared upper
crust during the Middle Miocene continental riftipgriod.

The petrogenesis of the 16.4 Ma old Bogéacs Ignitapone outcrop of the Miocene silicic
ignimbrite flare-up in Bukk Mountains was investige by Czuppon et al. (2012). Bulk chemistry
of the juvenile clasts indicates a gradual chanfiegenchemical character with an upward
decreasing Si©content through the stratigraphic section. A dedkin-situ major and trace element
investigation of the main mineral phases and giaseebined with petrogenetic model calculations
reveals complex magma reservoir processes. Widgesanf compositional variations could be
detected in plagioclases and orthopyroxenes ifjubenile clasts, sometimes even within a single
crystal. This extreme geochemical variability candxplained by mixing of crystal mush bodies
evolved from both basaltic and more silicic magn&se role of primitive mafic magmas in the
growth of the silicic magma reservoir is clearldirated, even though no basaltic volcanic activity
was associated with the Miocene silicic volcanisnthie Pannonian basin. Intermittent intrusions of
mafic and intermediate magmas into this silicic magsystem could have resulted in thorough
stirring of the crystal mush bodies and the meltdsoleading to eruptive products having
compositionally heterogeneous glass and minerahalsiage.

A detailed statistical analysis has been carriedosuthe volcanic rocks of Tokaj Mts. (NE
Hungary) in order to identify the essential magmatnd post-magmatic processes (Toth et al.
2012). Major element data of about 400 carefullected samples were used for factor, cluster and
discriminant function analyses. Calculations sugdkeat beside igneous differentiation different
post-magmatic processes significantly determinek lmdmposition of the studied intermediate
rocks. Interpolated maps of the identified magmati post-magmatic processes indicate that
alteration coincides to late dacitic activity.
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2.2 Ciomadul (Csomad) volcano

Ciomadul (Csomad) is the youngest volcano in thep&thian—Pannonian region. Major and trace
element composition and zoning of amphibol phenstsryvere studied by Kiss et al. (2014) in
order to reconstruct the origin and pre-eruptianadlution of the magma system. Two amphibole
populations were observed in the dacite: low-Alribendes represent a cold (<800°C) silicic
crystal mush, whereas the high-Al pargasites chimed in a hot (>900°C) mafic magma.
Amphibole thermobarometry suggests that the sikicicstal mush was stored in an upper crustal
storage. The dacitic magma was formed by the redimabon of the crystal mush by hot mafic
magma. Amphibole breakdown textures imply thatgmgptive heating and mixing could take place
within days or weeks before the eruption. This gtygtovides evidence that significant
compositional variations (including changes in Ahtent) of amphiboles do not necessarily mean
variation in the pressure of crystallization.

The timing of Late Pleistocene volcanic activitytbé Ciomadul (Csomad) dacitic lava dome
complex has been constrained by morphometric aisalgnd radiometric chronology. A
comparative digital elevation model (DEM)-based pmmetric analysis of lava domes shows that
it is the mean slope of the upper dome flank tloatetates best with 10-100 ka age. These young
ages are supported by ongoing U-Pb and (U-Th)/iderzidating. The latter methods constrain the
whole volcanic activity to the past 250 ka and &mplacement of most lava domes within the
period of 150-100 ka. The volcanism at Ciomaduldpoed alternating effusive and explosive
eruptions including lava dome collapses and suoeessater formations (Karatson et al. 2013).

New geochronological data for the Ciomadul volcpnesented by Harangi et al. (2014). The
eruption ages of the Ciomadul are constrained by'tfjiyHe zircon dating corrected for U-series
disequilibrium and this suggests that the volcaitivity occurred from 150 ka to 32 ka. Although
32 ka has elapsed since the last eruption, theopgel lifetime of the magma system and the
presence of partial melt still beneath the volcanggests that rejuvenation of volcanic activity
cannot be dismissed.

2.3 Geochronology

A systematic K/Ar dating of the Miocene calc-alkali rocks from the Carpathian-Pannonian
Region have been carried out in the Institute ofliar Research (Hungarian Academy of Sciences)
in Debrecen. Between 2011 and 2014 the chronolbsiadies focused mainly on the intrusive and
extrusive rocks of the Eastern Carpathians (Romafihe geochronology of the subvolcanic
intrusions and the dome-building volcanic rockstlie Oas-Gutai Neogene Volcanic Area is
presented by Kovacs et al. (2013, 2014). A compleme-building volcanic activity developed
during a 5 Myr time interval (13.2- 8.0 Ma), whillbe whole-rock samples of intrusions yielded
ages between 11.9 Ma and 7.0 Ma.

The Dej Tuff is an important stratigraphic markertihe Transylvanian Basin, however, its age
was known only on biostratigraphical grounds. A iwem of radiometric dating techniques
including K-Ar, Ar-Ar and fission-track have beesad in order to constrain more precisely its age,
allowing the calibration of the Transylvanian Basirevolutionary models. Comparison and
evaluation of multiple methods provided 14.8—-15.4 & the most likely formation age of the Dej
Tuff (Szakéacs et al. 2012).

3 Plio-Pleistocene alkali basalt volcanism and tlireupper mantle xenoliths

3.1 Alkali basalt volcanism

The last eruptions of the monogenetic Bakony-Balddgghland Volcanic Field (Western Hungary)
produced unusually crystal- and xenolith-rich at@lbasalts in Bondord-hegy and Fiizes-t6 which
are uniqgue among the alkaline basalts of the ChigratPannonian Region. Their uncommon

enrichment in diverse crystals produced unique rtekures and modified original magma
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compositions very rich in MgO, Cr, and Ni. A detail mineral-scale textural and chemical
investigaton was carried out by Jankovics et &1 2013) that revealed that the alkaline basaltic
magmas have a complex ascent history, and that ofositeir minerals are xenocrysts from
different levels of the underlying lithosphere. Thmost abundant xenocrysts, olivine,
orthopyroxene, clinopyroxene, and spinel, were lipooated from different regions and rock types
of the subcontinental lithospheric mantle. Megatsrysf clinopyroxene and spinel could have
originated from pegmatitic veins/sills which probakepresent magmas crystallized near the crust—
mantle boundary. Green clinopyroxene xenocrystddctiave been derived from lower crustal
mafic granulites. According to the estimated ascatgs, the Bondoré-hegy and Fiizes-to alkaline
basaltic magmas could have reached the surfacenvitiurs to few days, similarly to the estimates
for other eruptive centres in the Pannonian Basiitlvwere fed by “normal” (crystal and xenoliths
poor) alkaline basalts. Silicate melt veins weneditd in a spinel peridotite xenolith from the
Flzes-t6 scoria cone. Magmatic chromian spinelsctindpyroxenes in the host basalt of Flizes-té
and in the silicate melt veins of the peridotitenckth show two compositionally distinct
populations that could have been originated frono whfferent magmas. The occurrence and
interaction of two distinct magma batches suggesbraplex magma evolution for this otherwise
simple, monogenetic volcano and imply that openesysprocesses operated during the evolution
of the Flizes-t6 alkaline basaltic magma (Jankastcd. 2012).

Alkali basalts from the Pgani volcanic field were investigated for major atndce element
contents and mineral compositions (Harangi et @132. Volcanic activity occurred intermittently
from 1200 ka to 600 ka, forming lava flow fieldspsia cones and maars. Melt generation occurred
in the depth range from 85-90 km to 60 km, andetftanated mantle potential temperature is the
lowest in the Pannonian Basin which suggests tbaharmal anomaly exists in the upper mantle
beneath the Pgani area and that the mafic magmas were formedelbprdpression melting. The
mantle source of the magmas could be slightly bgtreous, but is dominantly variously depleted
MORB-source peridotite, as suggested by the oliging spinel composition. Rapid magma ascent
rate (only 4-5 days) was is estimated based onr@fdepacross olivine xenocrysts. The tectonic
background of the alkaline mafic volcanism in thesBni volcanic field is discussed in the paper.

3.2 Volcanology

Late Miocene to Pleistocene monogenetic basaliavaes were investigated in the Bakony-Balaton
Highland Volcanic Field by Kereszturi et al. (2018) detailed study of the changes in eruption
styles recorded in the pyroclastic sequences stegjest change from a conventional
phreatomagmatic to a magmatic fragmentation stylénd the activity of the volcanic field. Low
magma-flux and output rates for the entire volcafiidd suggest that volcanism was largely
tectonically-controlled rather than magmaticallyatolled. Topographic differences between the
northern (“elevated”) and southern (“basin-like’arts of the volcanic field are also important in
local differences in dominant fragmentation styleclear correlation has been identified between
the long-term environmental changes of the regiog. @ridification) and the shifting fragmentation
style from phreatomagmatic to more magmatic ones.

In the same area the monogenetic, nested volcaniplex of Kopasz-hegy was investigated in
details. This type of monogenetic volcano is usuallolved in a slightly different way than their
“simple” counterparts. The paper of Kereszturi ddéimeth (2011) describes how change in
eruption styles together with lateral migration the volcanism forms an amalgamated vent
complex.

Morphometric analysis of seven scoria cones werngechout in the Bakony-Balaton Highland
Volcanic Field. The morphometric data were eitherivied by manual measurement on topographic
maps and by Digital Elevation Model-based calcal&i Based on the results, three main
controlling conditions have been identified tha¢ angether responsible for the preservation and
erosion of the scoria cones: (1) age of the cd)eclimate during the degradation and the (3) inner
architecture of the edifice (Kereszturi and Nénzah?2).
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3.3 Upper mantle xenoliths in alkali basalts

The investigation of the upper mantle xenolithghia Carpathian-Pannonian Region have been in
the focus for several years. Between 2011 and 2@pdrtant new results were obtained especially
in the study of fluid inclusions, xenolith defornmat and in the origin of a special xenolith group,
the poikilitic xenoliths.

Pyroxene-hosted C&ich fluid inclusions were studied in upper mantlerived peridotite
xenoliths from the Tihany Maar Volcanic Complex, kBay—Balaton Highland Volcanic Field.
FIB-SEM (focused ion beam-scanning electron miaspgy exposure technique revealed a thin
glass film, covering the wall of the fluid inclusis, which provides direct evidence that the siicat
components were formerly dissolved in the ,&®h fluid phase. This means that at upper mantle
conditions CQ-rich fluids are capable of transporting trace amgjor elements, and are the agents
responsible for cryptic metasomatism of the peridatall rock (Berkesi et al. 2012).

The incorporation of water in nominally anhydroumenals (NAMs), as olivine and pyroxenes
in the upper mantle peridotites were investigatqueementally near the wet solidus of lherzolite at
2-5 and 4 GPa. The water content in NAMs was déteinby Fourier-transform infrared (FTIR)
spectroscopy. The storage capacity in NAMs in a ehadantle composition close to the vapour-
saturated solidus (water-rich vapour) is ~190 pprbah 2-5 and 4 GPa. Pargasite is the most
important phase accommodating significant amouritswater in the uppermost mantle. Its
breakdown with increasing pressure at 3 GPa avdpeur-saturated solidus results in a sharp drop
in the water storage capacity of peridotite frond6d ppm to ~190 ppm @ (Kovacs et al. 2012).

The textural, petrological and geochemical featafethe worldwide rare, but in the Pannonian
Basin relatively abundant, poikilitic xenoliths weenvestigated by Embey-Isztin et al. (2014). & ha
been argued that the origin of the peculiar textaine chemistry may be intimately linked to
melt/rock reactions at successively decreasingdigolumes in a porous melt flow system at the
asthenosphere—lithosphere boundary. Poikilitic k#reo provide evidence for reactions between
magmatic liquids issued from the uprising asthehesp and the solid mantle rocks of the
lithosphere. These reactions are important ageintheothermal erosion of the lithosphere; thus,
they could have considerably contributed to thertimg of the lithosphere in the Pannonian region.

Stable isotope and trace element compositions médags amphiboles from different tectonic
settings (including the Carpathian-Pannonian Régigere compiled to help understand the role of
fluids and melts in subduction-related mantle netesism. Stable H and O isotope compositions
and trace element ratios of amphiboles from sulioluctlated calc-alkaline andesitic series
(Carpathian—Pannonian Region, CPR) indicate theratiggmn of fluids and melts derived from
subducted crustal slabs and such fluids could teen responsible for the mantle metasomatism
beneath the CPR (Demény et al. 2012).

Kovacs et al. (2012) reviewed deformation fabrizsriantle xenoliths from the central part of
the Carpathian—Pannonian Region (CPR) and, in auatibn with seismic shear wave splitting
data, attempt to define patterns of upper mantisotopy. Their interpretations from both lines of
evidence support a model for east—west orientdieasspheric flow, decoupled (at least in part)
from the overlying lithosphere. According to thioodel, opening of the Pannonian Basin, rather
than being exclusively driven by ‘slab pull’ andagitational instability, could have been resulted,
at least in part, from mantle flow associated wita Adria—European collision and ensuing Alpine
orogeny.

Falus and his co-authors studied spinel peridotienoliths from Persani Mountains
(Southeastern Carpathians, Romania) which were isiohto deformation by dislocation creep
accompanied by dynamic recrystallization under alde stress and temperature conditions.
Comparison of olivine CPO (crystallographic prederrorientation) in coarse- and fine-grained
porphyroclastic peridotites shows that deviatoritess and temperature conditions play,
nevertheless, a role on the CPO evolution duriegystallization; selective grain growth, which is
favored at high temperature and low stresses, doesteract the dispersion produced by the
nucleation processes (Falus et al. 2011).
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4 International collaboration
4.1 Carbonatite and alkaline volcanism

Guzmics and his co-authors (Guzmics et al. 201istl calciocarbonatites and its melt inclusions
from the Kerimasi volcano (Tanzania). Based on shigly, the compositions of carbonatite melt
inclusions are considered as being better repratbess of parental magma composition than those
of any bulk rock. In another study, Guzmics and b@sauthors studied the evolution of a
carbonated nephelinitic magma by the analysisatfssically significant number of melt inclusions,
entrapped in coprecipitated minerals (perovskiegpheline and magnetite) in a clinopyroxene- and
nepheline-rich rock (afrikandite) from Kerimasi waho. Based on the study magmatic evolution
resulted in immiscibility at crustal pressures wille formation of three fluid-saturated melts: an
alkali silicate melt, a fs-rich carbonate melt, and a sulfide melt. The tistion of major
elements between the silicate and carbonate majtgests that immiscibility plays a significant role
in explaining the dominance of calciocarbonatite$vites) relative to dolomitic or sideritic
carbonatites (Guzmics et al. 2012).

Stable isotope composition of metacarbonatites ftbm Basal Complex of Fuerteventura
(Canary Islands) was investigated by Demény ef2dl11). Most of the metacarbonatites show
significant C and O isotope deviations as compavithl the primary isotopic compositions, due to
fluid/rock interactions. The circulation of hot reetic water fluids heated by the pyroxenite
intrusion was responsible for the metamorphic-nwetesic reactions that caused the mineralogical,
chemical and isotopic changes in the carbonatitiks.

Czuppon et al. (2014) has published a new methoavliigh it is possible to determine the
hydrogen and oxygen isotopic composition of in@dashosted water found in minerals formed in
hydrothermal-magmatic system. Czuppon and his tleasl applied this method the trace the
origin of the fluid that produced a calcite-flueritmineral association in Speewah Dome, Western
Australia. The geochemical data (including H-O @it composition and noble gas elemental and
isotopic composition) suggest mixing of a £@minated mantle fluid and a,8-dominated
crustal brine.

4.2 Fluid and melt inclusion studies

Havancsak and her co-authors studied spinel-hasteltl inclusions in basaltic dykes from the
Stravaj ophiolite complex (Western Mirdita ophielibelt, Albania). Major and trace element
content of the silicate melt inclusions suggestt the chromite-bearing basalt dykes represent
extreme primitive MORB related melts in the uppartf the pillow lava section (Havancsék et al.
2012).

Sharygin and his co-authors studied silicate mediusions containing rhonite in olivine
phenocrysts from alkali basalts of six differenticamic regions, including two from Hungary
(Bakony-Balaton-Highland and Nograd-Gomdor). In gahethe presence and chemistry of rhonite
may be used for rough estimation of temperatureesqure and oxygen fugacity during
crystallization of alkali basalts (Sharygin et2011).

4.3 Upper mantle xenoliths

Konc et al (2012) presented new data on spinedpsté xenoliths hosted in Agardag alkaline
lamprophyres from the Sangilen Plateau (Tuva, S@ileria, Russia), sampling at ~450 Ma the
subcontinental lithospheric mantle of the Tuva-Mali@n micro-continent. The observed
compositional variations are better accounted Ipleded lithosphere variably metasomatized along
a network of percolating alkaline mafic melts hetgmeously distributed throughout the Sangilen
lithospheric mantle section.

Yang et al. (in co-operation with Csaba Szabd) hsielied Group-ll (Al-augite) mantle
xenoliths which occur in Pleisto-Holocene alkalsalis from Jeju Island, South Korea (Yang et al.
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2012). The result of this study indicates thattireddy young olivine-bearing cumulates could have
been metasomatized by a silica-enriched melt witimderplates, suggesting that silica enrichment
can occur in intraplate Moho-related rocks as waelin the upper mantle of the subarc area.

The abundances and isotopic compositions of Helartthve been analyzed in a suite of fresh
spinel peridotite xenoliths in Cenozoic basaltsrfrihe eastern North China Craton (NCC) by Tang
and his co-workers including Gyérgy Czuppon frora Hhungarian Academy of Sciences (Tang et
al. 2014). He and Ar isotopic systematics of tha@otghs suggests that the mantle reservoirs
beneath the NCC is a mixture of at least threeraadibers including MORB-like, radiogenic and
atmospheric components. The MORB-like noble gasesewderived from the underlying
asthenosphere during mantle upwelling, whereasatti®genic and recycled components probably
were incorporated into the lithospheric mantle dgicircum-craton subduction of oceanic crust.

4.4 Polycrystalline diamonds

Mikhail et al. (in co-operation with Gabor Dobogiyestigated the coupledt’C—5"°N values and
N-concentrations in 20 samples diamondite (polyatiipe diamond intergrown with garnet and
minor clinopyroxene) xenoliths. The isotope datggast that the source of thi€-depleted carbon
and N-enriched nitrogen is crustal in origin. The RERttprns of garnet intergrowths can be
explained by mixing between a volatile saturateldgitic melt and mantle peridotite. The authors
propose that diamondites represent distinct diarfording event(s) related to mantle melting in
the sub-cratonic mantle. Diamondite formation eseate proposed to be unrelated to most
monocrystalline and coated diamonds formed by roetatic processes involving little to no
mantle melting (Mikhail et al. 2013).

The first hydrogen isotope composition analysescarbonado diamond were reported by
Demény et al. (2011) along with cathodoluminescearad scanning electron microscopic imaging,
electron microprobe analyses, and stable (H anar@) radiogenic (Sr) isotope measurements.
Based on the data and observations, a terrestrialation during interaction of mantle rocks/melts
or subducted crustal materials and reduced C-Hidllseems to be more plausible than an
extraterrestrial origin.

4.5 Geochronology

Systematic collaborative geochronological studiagehbeen carried out in the Institute of Nuclear
Research in Debrecen (Hungarian Academy of Scig¢nddwese studies include: monogenetic
Pliocene-Quaternary basaltic volcanism in northBiatagonia (Massaferro et al. 2014), Plio-
Pleistocene basanitic and melilititic series of Behemian Massif (Ulrych et al. 2014), Tertiary
volcanics in lower Silesia, Poland (Birkenmajeradt 2011), and Sithonia Plutonic Complex,
Chalkidiki, Greece (Pipera et al. 2013).

4.6 Volcanology

The 2010 Eyjafjallajokull lasted 39 days and hadifferent phases, of which the first and third
(14-18 April and 5-6 May) were most intense. Mdsthis period was dominated by winds with a
northerly component that carried tephra toward Rerovhere it was deposited in a number of
locations and was sampled by rain gauges or buycgetface swabs, sticky-tape samples and air
filtering (Stevenson et al. 2012). Tephra was otdld from roofs and vehicles in the Faroe Islands
(mean grain size 40m, but 100um common), from rainwater in Bergen in Norway (2B8-n)

and in air filters in Budapest, Hungary (2wh). Tephra was collected on an air filter in Budstpe
Hungary (~3000 km from the volcano) on 17 April,iehhcoincided with the detection of volcanic
ash above Hungary in Eumetsat data. The grains wergified by SEM and were 2-4m in
diameter. Under SEM-EDS analysis, the spectrumthadgame peaks for Si, Al, Ca, Fe, K that are
found with proximal samples. During the Eyjafjafilapll 2010 eruption, air quality monitoring
equipment at ground level allowed collection ofttiepgrains from much more distal locations such
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as Hungary, southern Germany, Switzerland, Slovenid Italy at distances of >3000 km from
Iceland, thus extending the known range of Icelandphras. A map is presented summarizing
these and other recently published examples oéldisphra deposition from the Eyjafjallajokull
eruption. It demonstrates that most tephra depbsitemainland Europe was produced in the highly
explosive Phase 1 and was carried there in 2-3 days
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