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

(Bessenyei Gyorgy)



GENERAL INFORMATION

Publications in Geomatics is a periodical jourriate 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 newesstfic results in the field of geosciences
(geodesy, photogrammetry, geoinformatics, phygiealdesy, geophysics, Earth magnetism,
geodynamics, research of the inner structure oduh and the physics of its troposphere
and solar-terrestrial environment) obtained from #malysis of spatial-temporal data using
the methods of geomatics. The submitted papersudject to an editorial procedure which
is in compliance with the present-day standardspeha two independent referees form
opinion about the manuscript. By default the nawiethe referees are known only to the
editorial board, but their identity can be disclbsecording to their wish. On the basis of
reviews the editorial board decides whether it sidbe requirements of the form, and
content of the Publications in Geomatics and whethe eventual errors and shortcomings
can be corrected and complemented by revision. eXpert work of the editorial board is
supported by an advisory board.

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

Geomatikai_Kodzlemények instrukcidk sz&mek.doc,
Geomatikai_Kodzlemények_instrukcidk_biraléknak.pdf.

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

Publications in Geomatics is published by the G@odend Geophysical Institute of the
Research Centre for Astronomy and Earth SciencaagHAcad. Sci. Publishing costs are
covered from grant money, the sponsorship of sifiemrganizations (e.g. Soproni Tudés
Tarsasag) and from subsidy of the Seminar Serie&@rmatics 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://lwww.iugg.org) is pleased to presein¢ 2011-2014 quadrennial Hungarian
report to the membership of the IUGG. This repatiews the work accomplished in
Hungary during the past four years and providesé¢herd of the Hungarian contributions to
the geodetic and geophysical research.

The Report covers the research and developmenforped by Universities, Scientific
Institutions, and Government Agencies, subdividsd subjects in agreement with the
following International Associations of IUGG: a) @8 (International Association of
Cryospheric Sciences), b) IAG (International Asation of Geodesy), c) IAGA

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

Association of Hydrological Sciences), e) IAMAS tf@mational Association of
Meteorological and Atmospheric Sciences), f) IAP86ternational Association for the
Physical Sciences of the Oceans), g) IASPEI (latiiwnal 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, JuneJ@-8, 2011 there

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

2012-2015 are as follows. (National Correspondeftthe Associations are indicated in
brackets.) President: Jozsef Adam (IAG); Secretaigzl6 Boz6 (IAMAS); Members: Antal

Adam, Péter Bakonyi, Judit Bartholy (IACS), GabodliBt, LaszI6 Béanyai, Péter Biro,

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

Jozsef Szilagyi, Tamas Weidinger, Zoltan Wéber @A8, Viktor Wesztergom and Jozsef
Zavoti.

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

This quadrennial Report is published by the GedmatkKézlemények (Publications in
Geomatics), a journal issued by the Geodetic andpBgsical Institute of the Research
Centre for Astronomy and Earth Sciences of the lduag Academy of Sciences, in
Volume XVIII, Number 1, 2015. Different parts oféhReport are prepared by different
Sections of the Hungarian National Committee foGI&, and written and compiled by
different authors. Therefore they are not quiteabe¢d in size and the arrangements of the
texts are not similar to each other. This Reportilaot 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 &b @f geodesy and geophysics in Hungary
for our foreign Colleagues.

On behalf of the Hungarian National Committee f0GIG:

Jozsef Adam
President
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HUNGARIAN NATIONAL REPORT ON IACS 2011-2014

Judit Bartholy, Rita Pongracz Krisztina Gulya Katalin Hadoback
Balint Hirling®, Eszter Krisztina KoczbrZoltan Kerfi, Kornél Kollath,
Annamaria LehocKy Szilvia Molnat, Katalin Somfalvi-T6th
Csaba SzegetliJanos 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 researcheurtide supervision of the academic staff of the
Department of Meteorology at the E6tvés Lorand @rsity, and the Hungarian Meteorological
Service. Hence, during the reported period sevB&d and MSc theses focused on cryosphere-
related topics. They include snow and/or ice appeaes in the atmosphere, near the surface, in
rivers and in glaciers. The variety of the spetaics is manifested also in the temporal and apati
scales, from microscale to synoptic and climatalabscales. For instance, atmospheric conditions
in the presence of hails are analyzed using duariged meteorological radar measurements by
Szegedi (2012). The ultimate goal of the study t@asummarize the detecting techniques of hails
with radar measurements. Hadobacs (2011) and K¢28d1) 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 blowmagvsrespectively, from a forecaster point of
view. They both carried out detailed statisticadlgsis of past snow events in Hungary (e.g., Gulyas
et al. 2012), and then, on the basis of these @etexvents, statistical models were developed for
operative forecasting purposes. Tordai (2012) edrout in-situ snow density measurements in
southern Hungary, as well as adapted the BlowingwSimdex for Hungary using air temperature,
surface temperature, wind speed, wind gust, sngthgdand snow density observations. Statistical
analyses of Molnar (2013) and Viola (2014) focusacearly warning systems related to the spring
freezing risk in agriculture, and cold, freezingeeis in general. Hirling (2011) used a hydrological
model to simulate river's water temperature witle@pl emphasis on freezing conditions and ice
formation along the river Danube. The study evadahe projected effects of regional climate
change on Hungarian rivers’ ice-related phenomenaanly in case of the rivers Danube and Tisza.

Lehoczky (2014) analyzed glaciers from the Cauc&daantains in the southeastern edge of
Europe, the Polar Ural and Svalbard from Northeunoge. The study evaluated relationships be-
tween the seasonal mass balance components, regiomatic conditions and distant atmospheric
forcing represented by various indices of telecatior 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 togmetween the mass balance and climatic varia-
bles, including the dominant patterns of the Narihdemisphere climate variability; (iii) to com-
pare the main characteristics of the glacier regi@nd (iv) to discuss the significant decreasing
trend of the cumulative annual mass balances iryeegion under the detected climatic changes in
the second half of the 20th century. The reseandhtlae results were presented both at national and
international conferences (Lehoczky et al. 2014314B, http://meetingorganizer.copernicus.org/
EGU2014/EGU2014-6301.pdf). According to the resthis strongest teleconnection links are be-
tween winter mass balance and winter NAO for theuPdral, and between annual mass balance
and PDO for Svalbard. Neither seasonal, nor anmaals balance records showed significant corre-
lation with any of the examined circulation indides the Caucasus.

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

*estvos Lorand University, Department of Meteorology
E-mail: bartholy@caesar.elte.hu
2MTA CSFK Institute for Geological and Geochemicas@rch
SHungarian Meteorological Service
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HUNGARIAN NATIONAL REPORT ON IAG 2011-2014
Jozsef Adam

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

Since the last XXV General Assembly in Melbourne, Australia, JulyXRify 8, 2011 there have
been some minor changes in the list of memberh®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 tiperiod 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, @pR&z. R6zsa, Gy. Téth, 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, Sajtgt//www.ggki.hu),

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

- Hungarian Geological and Geophysical Institute (MF8udapest (http://www.mfgi.hu),

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

The national report has been divided into commissia accordance with the new structure of IAG.
The commission reports are compiled by the authwatisated in brackets, who are responsible for
the content of their corresponding reports, namkelyCommission “Reference Frames” (A.
Kenyeres, Gy. Grenerczy, S. Frey and T. HorvathlZédmmission “Gravity Field” (L. Volgyesi, G.
Papp and Gy. T6th), Ill. Commission “Earth Rotatiand Geodynamics” (P. Varga and Gy.
Mentes), IV. Commission ,Positioning and Applicatsd (Gy. Mentes and Sz. Rézsa), V. Inter-
Commission Committee “Theory” (L. Banyai and J. ddvand VI. Communication and Outreach
Branch (J. Adam, Sz. Rézsa and Gy. Téth). 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 infrastructurg 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 countaies collected 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 modedif distance-dependent errors like ionosphere,
troposphere and orbits. All of the Hungarian staiand most of the integrated external sites are
equipped with state-of-the-art GPS+GLONASS hybetisors and individually calibrated chok-
ering antennas. Seven units are also Galileo-ready.
During this 4-year period the following stationpesitionings had been performed:

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

- PENC had been doubled in May 2013, a new monunt&ah?) 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.HPEN2 as part of the IGS MGEX
project provides RINEX 3.02 data;

- due to site-maintenance difficulties SUME stati@u bbeen 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 postessing applications.
Real-time data is provided via the Ntrip protogoliarious formats:

- single station DGNSS data in RTCM 2.1 and RTCMf8rénats,
- single station RTK data in RTCM 2.3, RTCM 3.0 andi formats,
- network RTK data in RTCM 2.3, RTCM 3.1 and CMR fats

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

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

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

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

Satellite Geodetic Observatory, Institute of Gegdeartogrpahy 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 digietinn ETRF2000 reference frame. Transfor-
mation to the Hungarian local grid (EOV) is suppdrtn both real-time and post-processing mode.
A new online transformation service (EHT) is praddat the GSC website and a significantly im-
proved real-time version (VITEL) is available foiost receiver brands as an extension of the RTK
rover receivers’ controller software. The transimissof transformation information via RTCM
messages is also supported.

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

1.2 Integrated Geodetic Network (INGA)

In 2008 FOMI, in agreement with the academic iniths, initiated the realization of the Integrat-
ed Geodetic Network, called INGA. At the INGA bendrks GPS, levelling and gravimetric
measurements are performed and their coordinategxgressed in all geodetic reference frames
available in Hungary (EOV, ETRS89, EOMA). The peimtre primarily selected from levelling
benchmarks, where undisturbed GNSS measuremeosghte. The MGGA (National GPS Geo-
dynamic Network) sites are part of INGA by defaard also the suitable markers of the Hungarian
Gravity Base Network are incorporated. New marlegesonly installed where the network geome-
try could be guaranteed from existing sites. Th&M\site separation is about 15-20 km, the coun-
try will be covered by some 1000 benchmarks. Th&AN\sites will have enhanced physical and
legal protection to ensure the long term existeocéhe 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 K6zlemények XVIII(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®latory (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 maintenancéhefETRS89 using the periodically updat-
ed EPN cumulative solution. The EPN Reference Fr@merdinator is acting at the SGO and pro-
vides the official EPN coordinate and velocity eettes, which are updated in every 15 weeks. In
addition, SGO as initiator of the EPN Densificattwas started the integration of all European active
GNSS network products to provide a high qualityyjmbgeneous 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 frameworktteé GPS crustal deformation monitoring pro-
gram -commenced in 1991. Horizontal crustal motioamge 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 @swecessary to continue high-precision GPS
measurements within the MGGA (Hungarian GPS GeoujceNetwork) and the CEGRN (Cen-
tral European GPS Geodynamic Reference Networkyorks (Grenerczy 2012, Caporali et al.
2011). In addition, we performed geodynamic appiittg tests of the OGPSH (National GPS
Network) to significantly increase spatial resaduti After tests had been successful, we organised
and performed nationwide high-precision GPS measen¢ campaigns of the OGPSH increasing
the geodynamic site density by a factor of five.rMthan two-decade-long observation history of

Geomatikai K6zlemények XVIII(1), 2015
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the MGGA enabled us to construct the 3D crustabhedtion 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 increaspatial and temporal resolution of geokinematic
information in the Pannonian Basin (Grenerczy 20¥2¢ achieved major scientific results with the
creation of the first ever three-dimensional crugieformation 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 redqdts indirect social impact and serves valuable
input for seismology e.g. in assessing hazardsgémmechanics, geomorphology, river dynamics
e.g. in Quaternary river evolution, geodesy e.gcefestial 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 Riathterferometry (INSAR) technique to
Hungary and performed the first applications angomedemonstrations about its capabil{tgre-
nerczy 2012, Grenerczy and Wegmiller 20M/e have been carrying out INSAR related research
for more than a decade supported also by the Earopace Agency since 2005. Our current re-
search topic is INSAR Integration: common referegcand combined three-dimensional hazard
mapping with Sentinel-1. Major tasks involve muéchnique 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 reflastocommon 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, andeffeitiveness and work out best-practice ap-
proach. Technological development possibilitiesas® studied especially in relation to state sur-
veying. Information dissemination, university le@s, student consultations, employment of young
scientist and INSAR related supervisions and reviefwelated 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 &y V.ong Baseline Interferometry (VLBI). Some
of these positions appear variable based on lomy-geodetic/astrometric VLBI monitoring obser-
vations. The apparent proper motions can reachraelrendred microarcseconds per year in some
cases. We continued to study the possible reldtzaween 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 VliBhging 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 (Moor 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 dihgéink 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 comue 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. Sincevfiieal and radio centroids of quasars do not nec-
essarily coincide at the level of accuracy to bieieed, 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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GRAVIMETRY, GRAVITY FIELD MODELLING AND
GEOID DETERMINATION - IAG COMMISSION 2
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Eszter Sics’, Gabor Papp, Judit Benedék Marta Kis’, Andras Koppéh Péter
Kovacs, Laszl6 Merényij Gergely Vadasz Ambrus Kenyerés

The gravity field related research has relevaiticn and history in Hungary. Nowadays the most
important instruments of the modern gravimetry #ie absolute gravimeters, which measure the
gravity based on the law of free fall. Our studyes a short summary about the related main re-
search fields and applications, where an absoltagigeter 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 geodyoalhstudies are described. The parameters and
capabilities of the A10 absolute gravimeter are alsown (Csap0 et al. 2011b).

The Hungarian Gravimetric Network (MGH) is main&ihby the Geological and Geophysical
Institute of Hungary (the former E6tvos Lorand Glepgical Institute). According to its condition in
2014, the MGH contains 20 absolute stations and1¥46 2' order base points. The maintenance
work includes checking the status of base pointwelsas 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# mewly installed. These stations were linked to
the 3 nearest MGH base points through relative oreagents.

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 deieed on every station by LCR-G gravimeters,
using a 3-level arrangement and at least 6 sefieasurements.

Whereas the VG can deviate significantly from tbhenmal value (-0.3086 mGal/m) in Hungary,
vertical gradients were determined on further 2gelj@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 (Csap6 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 eq@ptngenerating gravity variations. The effect
of the moving mass can be precisely calculated filmenknown mass and geometrical parameters.
The main target of the calibration device was tchea 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 pu&nlt provides excellent possibility for the fine
calibration of LCR gravimeters in the tidal range.

The instrument was out of order for many yearsiargZD12 and 2013 it was renovated and au-
tomatized. The calibration process is aided bylliggnt controller electronics. A new PLC-based
system has been developed to allow easy contrtileofovement of the calibrating mass and to
measure the mass position. It enables also progeansteps of movements (waiting positions and
waiting times) for refined gravity changes. All paters (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

Geological and Geophysical Institute of Hungary

“Satellite Geodetic Observatory, Institute of Geggd€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 wengecbout on the pillar of the calibration device
as well, in order to analyze the magnetic effecth&f moving stainless steel mass. During the
movements of the mass, the observed magnetic fieldges significantly. According to the mag-
netic measurements and modelling, a correctiothi®magnetic effect can be applied on the meas-
ured gravimetric data series (Kis et al. 2014, Kopet al. 2014).

An experimental development of a computer contdofibotoelectric ocular system applied for
the LaCoste and Romberg G949 gravimeter made théncous observation of time variation of
gravity possible. The system was operated for &ag#ar in the Sopronbanfalva Geodynamical Ob-
servatory to test its capabilities. The primary aifithis development was to provide an alternative
and self-manageable solution instead of the stanelactronic (Capacitive Position Indicator) read-
ing of this type of gravimeter and to use it foe thonitoring of Earth tides. It, however, turned ou
(Papp et al, 2012) that this system is sensitiaigh to observe the effect of variable seismicenois
(microseisms) due to the changes of ocean weathifrei North Atlantic and North Sea regions at
microGal level (1 pGal = & m/s). Up to now little attention was paid to its irdluce on the
quality and accuracy of gravity observations du¢ghtlarge 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 observatioras 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 Wity noise level showed significant correlation
with the variation of spectral amplitude distrilmutiof the analysed high pass filtered (cut-off fre-
guency = 0.005 Hz) seismograms up to 10 Hz. Avhilalaily maps of ocean weather parameters
were also used to support both the correlationyaigabnd the parameterization of the triggering
events of microseisms for further statistical inigegions. These maps, which were processed by
standard image processing algorithms, provide nigadetlata 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 eloterizing the state of ocean weather at a given
day which may help the prediction of its influerare gravity measurements in the future. Probably
it is the first attempt to analyse quantitativeie effect of ocean weather on gravity observations
this specific area of the Carpathian—Pannoniaroregi

Based on the results described above an Austriang&tian cooperation started to coordinate
the Earth tide monitoring in the Alps-CarpathiargHfonian Basin region to provide the best fitting
tidal models for high precision absolute gravimetnythis 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 hamizb gradients were used for geophysical pro-
specting, the curvature gradients measured byototsalance remained unused. The knowledge of
the figure of the Earth, i.e. the geoid is an int@or problem from many scientific and practical
aspects. The gravity data provide the essentids ffasthe study of the geoid. In the frameworlaof
collaboration between the Geological and Geophysicsitute 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 thecade. The torsion balance data reported ei-
ther in report sheets or on maps have been didigzel collected in uniform databases. Recently,
the torsion balance database includes about 45@0ds containing the curvature and/or gradient
data of E6tvds measurements carried out on therldat territory of Hungary.

Gravity gradients are very important and usefuadatgeodesy. 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 derivédlgyesi 2012a, 2012b). A summary of the possi-
ble applications of torsion balance measurememt$esseen on Figure 1.
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Figure 1. Possible applications of the torsion balance nreasents

A laboratory has been developed to make various #asd measurements by the E6tvés torsion
balance in the Budapest University of Technologg Bronomics. These tests were made with our
AUTERBAL (Automatic E6tvos-Rybar Balance) equipmeftameras with CCD sensors were
mounted on the reading arms for automatic readdalgfesi and Ultmann 2012). Control of the
cameras and taking shots was computer-driven Wighnecessary 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 perspectiviéad of us to observe hitherto unknown phenom-
ena.

Four shots per second were taken within severab0Min long records in all azimuths to study
damping of the balance. Time resolution was ina@dag to 12 shots per second (i.e. 0.08 s sam-
pling period) to examine the finest details of tleenping 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 measuremertteitong 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 colleeti@h evaluation. The first part of this curve
makes it possible, at least theoretically, to estérthe final position of the arm at rest. A finiie-
ment solution of a fluid dynamics model based orvidlaStokes 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 (&dtal. 2014).

Before starting the measurements by torsion bal@risenecessary to set the starting azimuth
to the astronomical North direction, using a sgemmpass enclosed with the pendulum. Using this
special compass the magnetic declination (angledest the astronomical and the magnetic North
direction) should be taken into consideration.

The most common geodetic and navigational probkemo idetermine the precise geomagnetic
declination on a given place and time. For lackhgf known declination the compass cannot be
used with reasonable accuracy neither for geoaetidor 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 Bther remaining possibility is to determine the
normal value of declination by computation. In pieg of course, the real value of the declination
would be needed, but instead of this, the normkleves used only as an approximation. However,
the normal value of the declination, except und®wy vare circumstances does not correspond to the
real value and difference between these two vakiéise declination anomaly. Using the compass
for geodetic or navigation purposes, declinatiooraaly is the error which biases the determined
northern direction. In our study determination bé tnormal value of geomagnetic declination
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D(¢, A, t) is discussed and the possible error sourceseofi@iermination 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 gesydée.g. interpolation of the vertical deflection,
geoid computations, and interpolation of the grsavilues or the vertical gradients of gravity). To
study the linearity of gravity gradients, torsioaldance measurements were made both at the field
and in a laboratory: one is at the southern path®iCsepel Island, and the other in the Geodynam-
ical Laboratory of Lorand E6tvdos Geophysical Inggtin the Matyas Cave.

On Figure 2 the results of the computations arensarized for the 7 points of the earlier torsion
balance measurements E220, E218, E238, E208, E2ZD8l, E207 with and without topographic
reduction respectively, and the results for the tension 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 ofnigsesuring 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 1000-15a6 &50-300 m does not increase significantly
the improvement of linearity (Vélgyesi and Ultma2dil4).

Finally, it is concluded that the mean point densit 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 tlievity 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 stagimay not be enough for some geodetic purposes,
moreover the problem could not be solved applyimgographic reduction of gravity gradients
(Volgyesi and Ultmann 2014).
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Figure 2. Linearity test of the torsion balance measuremehi@nging of the horizontal gradieiy
on the original points (upper part of the figurajilan the denser net (lower part of the figure)
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Further investigations are planned to study thectsf of the nonlinearity on geodetic quantities,
regarding e.g. the deflection of the vertical anelcjse 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-surfiab@mogeneities and shallow subsurface density.

All the elements of the E6tvOs 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 (Voélgyesi et al. 2012).

Determination of the 3D gravity potentil(x,y,2 can be produced by inversion reconstruction
based on each of the gravity data(= g) measured by gravimeters and gravity gradigiits W,,,

W,, W,y measured by torsion balance. Moreover, verticatligntswW,, measured directly by gravim-
eters have to be used as reference values at sminis. First derivatives of the potentla, W, (it

can be derived from the components of deflectiothefvertical) may be useful for the joint inver-
sion, too. Determination of the potential functioas a great importance because all components of
the gravity vector and the elements of the full&sttensor can be derived from it as the first and
the second derivatives of this function. The secdedvatives of the potential function give the-ele
ments of the full E6tvds tensor including the eatigradients, and all these elements can be deter-
mined not only at the torsion balance stations dmytvhere in the surroundings of these points.

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

The 27 vertical gradient measurement points caseke 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 ="30/s" = 10 000 E =10 000 E6tvés Unit), coordinates are i
meters in the Hungarian Unified National Projecti¢gOV) system.

Comparing the measured vertical gradient datagactmputed value at the 6 controlling points
the root mean square of the difference<14.6 pGal/m which is the order of magnitude of the
measurements of the vertical gradient.

194400 194800 195200

194000

641200 641600 642000 642400 642800

Figure 3. Computed vertical gradients yWrom the joint inversion, values are in mGal/m
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So this is a strong demonstration of the applidtgbdf the inversion reconstruction of the gravity
potential for the determination of the verticaldjemts based on torsion balance data.

Creating the optimal geometry of the interpolati@t 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 mininghtl 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 alwayscaaded in finding the optimal geometry. Delau-
nay triangulation offers a new opportunity to sothe problem by computer. Selecting the most
suitable pairs of points, the automatic creatiohef interpolation network is successful by an ap-
propriate modification of the Delaunay triangulati@Jltmann and Vdélgyesi 2013).

Global gravity field models are most recently refiroy 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. Foldvéary et al. (2014a) has derived thergrof the filtered gravity gradients using the
classical error propagation laws. Foldvary et 201@4b) 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 orl@tetmination point of view. Considering purely
dynamic orbits, error estimate of GOCE orbit deieation 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 informatioey 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 so) as well, as they serve as the bé#ie orbit determination of the GOCE satellite.

The GRACE satellites delivers monthly resolutioawity models enabling the determination of
annual or longer periodic mass variations. In amwag climate, it is critical to accurately estimate
ice-sheet mass balance to quantify its contributiopresent-day sea level rise. In Foldvary (2012)
temporal mass variations in Antarctica are inveséid based on monthly GRACE gravity solutions.
In order to diminish the effect of large uncerteatin 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 balancengthod has been refined by separation of dif-
ferent regions of melt rates by Féldvary et al. 120

A new quasigeoid model for Hungary was determingddmbining gravity data, GPS/levelling
and vertical deflections (Téth andi®s 2011). Reduction of the measurements was pegtbiry
using Earth Gravitational Model 2008 (EGM2008) &fdittle Radar Topographic Mission (SRTM)
elevation data sets. Calculation method was Leaqsai®s Collocation (LSC) with Forsberg’s self-
consistent planar logarithmic covariance modelthia 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-graiiin, pure astrogeodetic and pure gravimetric
solutions have been calculated besides the comismietion to investigate the discrepancies among
the different models. The combined quasigeoid mfditieko the GPS/levelling data with standard
deviation of +4.9 cm, nevertheless at some GPSliegesites large differences were indicated.
Comparison of the astrogeodetic-gravimetric andhioed 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.), excepttfe 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 doefet to the same epoch. First-order polygons of
the Unified National Vertical Network (EOMA) wereemsured in the 1970s, the OGPSH network
was established in the 1990s.
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Figure 4. Differences of astrogeodetic-gravimetric quasi-geoighite at OGPSH sites (bias removed)

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

Recent high degree geopotential models and cestaiputational procedures in physical geod-
esy require the evaluation of integrals (truncatioefficients) that are products of very high degre
Legendre polinomials (or functions) with variousrikels over a given domain. The oscillating char-
acter of integrands (more than 10,000 zeros) méldifficult 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 elitam#he instability of the recursive algorithm
developed by MK Paul for the solution of Stokegegral 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 aadond generation GOCE-only models using
terrestrial data sets in Hungary. Besides GOCEeh&BMs satellite only GRACE models were
evaluated to assess the improvements by GOCE dltgmrs 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 conRegults with GPS-levelling and gravity data sup-
port that there is an improvement in the deternonabf medium-wavelength parts (200l< 250
km) of the gravitational field with GOCE models.tidugh 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 charatitss of terrestrial data sets mentioned
above. They estimated the spectral contributiogratity anomalies, vertical deflections and gravi-
ty gradients using both Fourier PSD and covariamadysis depending on the spatial distribution of
data points. From the spectral characteristicewestrial 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 informationteot 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 covarifumtions 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 Sits (2011) determined its deviation from a digieatain model digitized from 1:10 000
topographic maps and found close correlation betvike deviations and canopy heights reaching
sometimes 10 m — 15 m. They transformed the heliffeirences 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 gravitamal 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 sueaments are required for geophysical interpre-
tation.

Szics and Benedek (2014) extensively investigated hiclfrequency band gravity gradients
measured by EOtvos torsion balance could contribmitthe refinement of gravity field features.
They used different kernel modifications of the dioanetric boundary value problems in the nu-
merical evaluation of integral transforms, espégitiie integrals transforming horizontal gravity
gradients to vertical gravity gradient, to gravéitygomaly and to potential. Closed-loop differences
between gravity field quantities derived from imagtransforms and their “true” value obtained
from EGM2008 GGM were synthetically analysed forias 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 itermamera system (DZCS) has been started in
the Research Centre for Astronomy and Earth Sciendengarian Academy of Sciences. DZCS-s
are astronomical-geodetic measurement systemsdoobservation of the direction of the plumb
line. The DZCS key component is a pair of tiltmstéosr the determination of the instrumental tilt
with respect to the plumb line. Highest accuragg.(i0.1 arc-seconds or better) is achieved in-prac
tice through observation with precision tiltmeter®pposite faces (180° instrumental rotation), and
through application of rigorous tilt reduction mdsleA novel concept proposes the development of
a hexapod- (Stewart platform)-based DZCS. Howelwexapod-based total rotations are limited to
about 30°-60° in azimuth (equivalent to +15° andt8®° yaw rotation), which raises the question
of the impact of the rotation angle between the tages on the accuracy of the tilt measurement.
Hirt et al. (2014) investigated the expected aaoy 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 &ide accuracy estimates for the tilt determination
as a function of several input parameters, andekelts 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) congghto a 180° rotation between the faces. None the
less, a tilt accuracy at the 0.1 arc-second levekpected 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 sufficientijueate determination of the instrumental tilt.
This provides supporting evidence for the feagipiif such a novel instrumentation.

In view of the recent re-measurement campaign efHtbingarian Levelling Base Network the
role of gravimetric observations was studied (Kchtolla 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 cesodle 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 set@nd K, is a function ofAg along the levelling
line, which is implicitly an estimate of the effeot 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 thg/gibal geodetic aspect the effect of the excavation
on the gravity field (potential surfaces, plumbet is of interest. In fact, the change of the gyav
field may affect the monitoring of the vertical dahation during the construction, as the method of
repeated leveling assumes the local horizontal \artical to be constant in time (E¢eand
Foéldvary 2011). In the study of Egeet al. (2014) the direct effect of the mass losdeveling
measurements due to the excavation of the two tsiramel of the stations of Metro 4 has been con-
sidered. The corresponding numerical accuracy $sate presented by E¢eand Foldvary (2013).
The method has been refined by inclusion of théréet effect of the actual vertical deformations
(subsidence) of the physical surface on the legdlinEget et al. (2013). According to the results,
under certain arrangements of the leveling line,dinect effect can reach thqui order of magni-
tude, which is equivalent to the precision of thecgse leveling, while the indirect effect due to
subsidence is below Opim, thus negligible.
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Péter Varga, Balint Sule

The absence of long series of complete earthquake id a serious difficulty in seismic hazard
research as well as in preparation of the worst-cagdels for the location, size, and peak ground
acceleration (PGA) of potential future earthquaKdsat is why predictions based on probabilistic
and to a lesser extent on deterministic princigandt fit in aptly with observed reality and do not
help to determine reliable design parameters eweéhda 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 seisroiovily. Using a modified version of Kostrov's
equation and the catalogue of seismic momentsretbgrrence of the strongest earthquakes of a
source area was estimated. It was found in Var@a1R) that the recurrences in a given source
zone in case of earthquakkky > 9.0 are of the order of some hundred years. Feldalge and
medium earthquakes the expectitds well above some f@ears.

The geographical locations of gre £ 7) earthquakes, first of all the shallow onesjrigite
the lithospheric plates, among them primarily thieokpheric 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 projactias only 1.910" km (28%). For the aims of
the present study maps completed with Mollweidggat@mn were in use. Examination of the seven
source zones circumscribed in Varga and Sile (2@5#)e from one (Honsu-Kamchatka), in which
both shallow and dedyd > 7.0 earthquakes occur, shows that linear disiohuif deep earthquakes
is considerably shorter than that found for thellshaearthquakes, 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 distiim of topographic structures usually interpret-
ed as subduction zones. At the same time a claal @xordination of radiated seismic energy is
demonstrated with maxima at latitudes close tdcatitvalues (+45°).The radiated energy has the
highest peak close to 0°£5°, with respect to tlwtotdc equator, which is inclined about 30° with
respect to the geographic equator.

Figure 1. The geographical locations of delp> 7 earthquakes. The epicentres are marked witts ditte boundaries of
investigated source zones are shown with thicligéttdines
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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, éoents withM > 5, only when the whole Earth’'s
seismicity is considered, and it points at an astnoical 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 toe Moon (Varga et al. 2012b, Varga and Sile
2014).

Examining variations in the Earth's rotation durithg geological history the relationship be-
tween the axial despinning and changes in thetstreiof the planetary interior was investigated. It
was found that for the present epoch a growthohtbe core comprised between 1 and 10 mm/cy
seems to be plausible guess, leading to a reldéeecase of LOD comprised roughly between 10
and 10Qus/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 haye been much more important, because the
total change of LOD associated with core formatias been estimated to be 2.4 hours for an ini-
tially undifferentiated old Earth, and 3.1 hours & initially undifferentiated hot Earth. Paleo-DO
measurements see to far slow core formation dutirgProterozoic 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 estintaté the age of the inner core based on the theory
of thermal evolution of the core, it was estimatteakt nowadays the growth of the inner core gener-
ates a relative decrease of 2 to 7 ps/cy, whatcuoairibute to the observed overall secular increase
of LOD caused mainly by tidal friction (i.e., 1.&s/cy) by a relative decrease of 2 to 7 ps/cy, what
does not produce any detectable change of lenglaytDenis et al. 2011).

From the study of palaeogeographical maps foraked00 Ma it was concluded that during this
time-interval of Earth’s history the tectonic adyvhad a significant change: increase occurred in
the lengths of mid-ocean ridges (spreading centiad)subduction zones. In the same time there
has been a large change of the length of the gbekés. This change can explain contemporary
change of the despinning rate from about 0.35 n&@bout 1.79 ms/cy (Varga et al. 2012c). The
mechanisms that move plates are not entirely utatstsIn order to clarify the issue the compila-
tion of palaeogeographical maps in the time sp&r@a 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 underittfience of global forces of tidal friction and
E6tvos force (“pole-fleeing”) was investigated.whas concluded that the area of the continents
during the Phanerozoic was continuously growing iarchibited a rate ~0.5 Kityr. On the other
hand, it was found that beside the westward orietitdal frictional forces the E6tvos force can
possibly play also a role in the plate tectoniccpsses. In Figure 2 it is shown that the contidenta
plates on average tend to find a position closthéoequator during the whole investigated 600 Ma
time-interval (Varga et al. 2014a).
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Figure 2. Areas (in %) of latitudinal zones covered by aoenital crust in different epochs of
Late Proterozoic and Phanerozoic and the averagébdition
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Based on mathematical considerations an extendidgheoMacCullagh formulae was derived. In
particular, for excitation functions with a vanisgiharmonic coefficient of degree zero, the diago-
nal incremental moments of inertia can be exprebgezkcitation coefficients. Four types of excita-
tion functions are considered: (i) tidal excitatidi) loading potential, (iii) centrifugal poteat
and (iv) transverse surface stress. One applicafitime 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 vt of the Earth on a short (elastic Earth)
and on a long scale of geological periodic variaidfor an almost perfectly liquid Earth), the
changes of the moment of inertia are decomposedtivd parts: the first, described by a volume
integral, explains the effect of the density véoias, 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 intervahfr2.5 to 0.5 Ga BP in the main features of the
inner structure of our planet which was practicdilhished at the very beginning of the history of
the Earth. This conclusion coincides with recersutes 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 byp@xneters in three stations (Budapest, Sop-
ronbanfalva, Vyhne) in the Pannonian Basin (Figlréor more than two decades. All extensome-
ters are assembled from quartz tubes of the samagnpters. 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 futgi This fact renders the consistent meas-
urement of small tectonic movements possible. litanh to the instrumentation, properties of the
observatories and the environmental effects, thedityuof extensometric measurements strongly
depends also on the anelasticity and lateral hgeeities of the Earth’s mantle. Intensive research
work was done to investigate the above mentiongtsfto increase the reliability of the interpre-
tation of tectonic measurements. In the first siethe research work the results of extensometric
measurements obtained in the Sopronbanfalva Gewodin®bservatory (SGO) and in the Ma-
tyashegy (Budapest) Gravity and Geodynamic ObserydMGGO) were analysed and compared
(Eperné Papai et al. 2014, Mentes et al. 2014yvakt 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 mes$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 GeodgriReference Network and the Central
European GPS Reference Network (Mentes 2012a, H®.sirain rate (-4.88str/y) measured in
Sopronbanfalva is much higher than those measurgdei 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 Alpegion is characterized by different vertical
deformation velocities compared to the centralaftthe 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 anoll-physics of the environment, caused by earth-
quakes (e.g., displacement, deformation of rocksjnas$ereby further information can be achieved
about the nature of these effects, complementiegatialysis of seismograms (as e.g. in the fre-
guency range embraced by extensometers it is pedsilbecord changes with much higher time of
periods). The appearance of effects of earthquiakestensometric data were investigated on data

-

@Vyhne

SLOVAKIA

16°

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®6&GO), 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 spectrureanfrds of a typical, undisturbed lapse of time,
as well as to the spectrum calculated from seisarmgrof Kévesligethy Radé Seismological Ob-
servatory in Budapest, nearby the gravity obseryato

In the Sopronbéanfalva Geodynamic Observatory tterabradon concentration is very high and
it depend on meteorological parameters (indoor amtiioor temperature, barometric pressure),
ventilation of the observatory, etc. Simultaneotrais measurement by extensometer and radon
concentration measurement by an ALPHAGU¥rthstrument is a unique possibility to study the
relationship between rock strain and radon cona#atr 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 indubn concentration variations are in the order of
10" — 10° kBq nstf*, while the concentration variations bear more #able similarity and rela-
tion to the temperature and air pressure variatfbfentes 2012a). The theoretical tidal potential at
the location of the measurement site and tidal a@ormapts computed from strain, meteorological
and radon concentration data were compared with etier. The tidal evaluation proved the lack
of the principal lunar semidiurnal M2 and diurndl @al 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 revealcannection between radon concentration varia-
tions and Earth’s tide induced rock strain at theasurement site and the tidal components appear-
ing around the noise level in the radon concemnagire presumably due to the random variation of
the weather (Figure 4).
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Figure 3. Long-term strain variations measured a) in the §&nuth of the instrument: 116°) and in the MGGQtte
extensometers b) E1 (azimuth of the instrument®Ylddd c) E2 (azimuth of the instrument: 38°)
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According to the research objectives of the inteomal IAG WG 4.2.4: Monitoring of Landslides
& System Analysis (chair of the working group: GyMentes) the Geodetic and Geophysical Insti-
tute was working:

- on development of dynamic monitoring and data eatéda systems for landslide prone ar-
eas,

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

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

For the investigations three test sites were usddungary (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 Dunaszékagyeodetic 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 measients were also carried out by highly sensi-
tive borehole tiltmeters (Mentes and Banyai 201#Dunafdldvar, in addition to the continuous tilt
measurements the vertical movements of the higk heme 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 suitaloléhé investigation of the kinematic behaviour
of landslides and together with other (e.g. hydyaal, meteorological, etc.) parameters for the
study of dynamics of landslides. On these test dlte influence of geological, geomorphological,
hydrological, meteorological, etc. factors andtmele in triggering landslides were investigated.

New method was developed for the integrated evialaif different geodetic measurements
(Banyai 2011) and a new dynamic model was develdped better understanding of the recurring
landslides in DunaszekggUjvari et al. 2011, Mentes et al. 2012, Banyaale013b, Banyai et al.
2014a).

In this period new measurement methods applyinglacemeters (Mentes, 2011b) and their
mathematical background for detecting very smalpldicements were developed for early detection
of landslides. An instrument for calibration of atarometers was also developed (Mentes, 2011b).
According to the results of the research, the atadbn measurements can be used for stability
assessment of landslide prone areas. The InNSARdkyy was intensively studied and scattering
surfaces (passive reflectors) were developed faeasing 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 aimgés 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 relationsbhigtsveen PET, and the monthly averages of the
precipitation and tilt amplitudes at the two tagts Figure 1 demonstrates very clearly that durin
higher potential evapotranspiration (PET) thediltplitudes are also high. It can also be observed
that in dry periods, when the amount of the preafjmn is small, the tilt amplitudes are higherrtha
in the rainy seasons. The effect of precipitatiartlte 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 pittipn (Mentes and Bédis 2011, 2012, B4dis 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 (Figureb2kide the ground tilt (EW and NS directions) the
following meteorological and hydrological paramsterere measured:

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

air temperature and humidity: at heights of 30,188,14 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 pttdeof: 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 wastpdimut 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 systeamd mitigation of landslide hazards.
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Figure 1. Relationships between PET (potential evapotrantpira monthly averages of the precipitation

and tilt amplitudes on the Dunafoldvar (a) and Dameics (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 stig$ was active in the field of remote sensing the
atmosphere using GNSS techniques, too.

Since the active GNSS network had reached theagpasiolution 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 (OTKWE initiated to realize a near real-time
processing facility to estimate the zenith trop@sjghdelays (ZTD) and the integrated water vapour
(IWV) in the atmosphere using ground based GNS®mhsions (Rézsa et al. 2012, Rézsa 2012,
Rézsa et al. 2013). The observations are routipedgessed and the results are disseminated to the
EUMETNET E-GVAP programme. The Hungarian MeteoradagService is currently investigat-
ing the effect of the assimilation of ZTDs to thewerical weather prediction models.

GNSS based ZTD estimates are usually evaluatedraitiosonde comparisons. Since the esti-
mation of the uncertainties of ZTDs and IWV valwtsmming from radiosonde profiles is neces-
sary for a rigorous comparison and evaluation ef ribsults, Rézsa (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 remarkablewigllthe 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 Otsery of the HMS in Szeged, where radio-
sonde facilities as well as microwave radiometereobations are available.

This facility provides important observations tadst 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 BbdABicipated 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-appdsphere models using radiosonde observations
and to introduce a modelling approach for a tropesp model derived from local radiosonde ob-
servations (Rézsa, 2014). The results showed higatocally derived troposphere model improved
the modelling bias by 95% with respect to the RTRI&PS model.

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

2E6tvods Lorand University, Department of Meteorology

JInstitute of Geodesy, Cartography and Remote SgnSatellite Geodetic Observatory
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NUMERICAL THEORIES AND SOLUTIONS IN
MATHEMATICAL GEODESY - IAG INTER-COMMISSION

COMMITTEE

Laszl6 Banydj Jozsef Zavalj Laszlé6 BacsatyaiKornél Czimbet,
Lérant Foldvary, Janos Kalmédr, Davaadorzsin Monhdr Béla Palancy
Lajos Volgye$j Erik Papp, Balazs Somodi

The theoretical and practical background of thelanity 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 ellijplsoare 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 destttog 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-geiedetwork adjustment. Based on the unit weights
of the input data an optimal adjustment strateggemonstrated from a computational point of
view, where the five transformation parameters lmarestimated together with a very large number
of local geoid undulations. The geoid has to bewknin the global reference system. The geoid
unknowns describe only the relative position o$ tkihown geoid with respect to the local reference
system. The application of the available and tmeuftaneously 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 horizimesiduals from the statistical point of view.eTh
small scale difference (1 ppm) and the small rote{-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 measurementsvab.

Classical numerical integration methods were teftedietermining the orbits of most recent
Low Earth Orbiter (LEO) satellites. In general, rerinal integration techniques for orbit determi-
nation are commonly used to fill the gap betweea tiscrete, 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 &@@d for one medium altitude GPS satellites.
The orbits were integrated under different assumngtion 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 computdecidesign and animation, but rarely in
geoinformatics. In the paper of Czimber (2011) thest important subdivision methods are dis-
cussed and a new procedure is presented, whiditeigacontrol the interpolation or approximation
by points and the adaptive subdivision of the glas 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 camnespg object or ground coordinates. The math-
ematical models for this problem have been avalabice decades; huge program packages utilize
the methods which have proved to be successfutantipe. In Zavoti and Fritsch (2011) a new
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alternative solution is given. This paper propcseslternative solution, which does not use itera-
tion and approximate data. The equations in thigkvewe 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 censttas novelty.

In Banyai (2012) the exact least-square line fihwitrors in both coordinates is investigated to-
gether with the approximate solution based on dgnmélism of the linear Gauss-Helmert model or
the unified adjustment approach of the classicdbteks. The similarities and the differences are
described in details. In spite of the small differes the exact solution is preferable and the tzicu
tions are simpler. This paper does not deal withefrors-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 weigh iteratively solved starting with the arbitrar
zero initial value of the slope. The test compofatvith different but systematically chosen weights
proved that in special cases — e.g. the weightast-lequare sum of the distances between the data
points and the estimated line is minimised — themo need for iterations at all. It is shown ttet
methods described by Zavoti (2012b) are speciasca$ the general exact solutions. The simple
linear estimation of variance-covariance matrixhe 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 thengetic model of photogrammetric exterior
orientation is presented by a system of multivaralynomial 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 tldase 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, warelgenerally solved by transforming them to
linear form and applying iteration. The processbdhging the equations to linear form implies
negligence and approximations. In certain casespbssible to obtain exact, correct solutions for
nonlinear problems. In Zavoti (2012a) rotation rixafrarameters are introduced and used for the
solutions of 2D and 3D similarity transformatiofi$iis method involves no iteration, and it does
not require the transformation of equations intedir form. The scale parameter is determined in
both cases by solving a polynomial equation of sdadegree. This solution is already known, but
this derivation is worth to be considered becadses simple nature.

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

The demand for integrated adjustment of differexddgtic observables arose from practical rea-
sons. The popular basic concept of the seventidsixties was reconsidered in Banyai (2013). A
new procedure was developed for the adjustmentrefige geodetic observables, by which the
astro-gravimetric data — geoid undulations and dedies 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 riaate@dvantage with respect to traditional
approach. The method is tested and demonstratdigldymeasurements. Rotational residuals and
additional parameters — scale differences and aatphase centre offsets — can be used to handle
the outliers of GNSS baseline components aidedrbyegp statistical tests. The common application
of GNSS baselines and levelled height differencesgd 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 tregmated adjustment is preferable.
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Datum transformation has been widely used in ggodad a number of different algorithms have
been known and applied. However, many of them asedh on the assumption of small rotations,
and linearization is needed in order to derivedatum transformation parameters. In Papp (2013)
the concept of quaternions is described to reptdkerrotation and scale parameters in Bursa-Wolf
geodetic transformation model. The main advantégenis 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-linearsiormation model.

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

In the paper of Palancz et al. (2013) the Paretinafity method is applied to the parameter es-
timation of the Gauss-Helmert weighted 2D similatibnsformation 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 foremulting in different values for the estimated
parameters. Sometimes these objectives may cornmptite Pareto sense, namely a small change in
the parameters can result in an increase in otieeobbjectives on the one hand, and a decrease of
another objective on the other hand. In this stdig,Pareto optimality approach was employed to
find the optimal trade-off solution between the ftiating 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 aptimlution produces a set of optimal parameters
represented by the Pareto-set containing the sakuiof these techniques (error models). From the
Pareto-set, a single optimal solution can be sedech the basis of the decision maker's critettiee T
application of Pareto optimality needs nonlineadtirabjective optimization, which can be easily
achieved concurrently via hybrid genetic algorithimslt-in engineering software systems such as
Matlab. A real-word problem is investigated to state 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 discussedhifthie 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 pecthe extremes with suitable point distribution,
the surface may fail. In the case of several gtiagtisuch as gravity, the extremes cannot be-locat
ed uniquely based purely on observed data. In sashs contour lines of the quantity of interest
derived on the point-wise data may drasticallyatiffrom 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 distribudipMGH-50 and MGH-2000.

There are continuous observations, which are choig with varying sampling rates, however,
their processing needs high resolution. To soleepitoblem different approximation and interpola-
tion methods were investigated in Kalmar (2014)wdis experienced that the trigonometric poly-
nomials can be applied very efficiently to intergtel 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 regjisima Cairo Network to estimate intra-plate de-
formations using GPS observations. The proposethodeis demonstrated to estimate coordinate
changes, global rotations and scale parameteraércomputational step. The proposed method is
used to investigate the significance of the immdajlobal 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 ptaigons 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 HUGAPR®Ogram 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 araximum discrepancies in any combination
between two chosen projection, reference or auyilgystems. Between arbitrary projections the
parameters of 7 parameter similarity or polynomiiahsformations can be determined and can be
used to carry out the necessary transformations.

The paper of Zavoti (2014) presents an importaabrétical problem of geodesy: we are look-
ing for a mathematical dependency between two apediordinate 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 coordinatteny to the other is the 3D, 7 parameter
(Helmert) transformation. Up to recent times tlaiskt was solved either by iteration, or by applying
the Bursa-Wolf model. Producers of GPS/GNSS recgiirestall 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 hiiglvel 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 theemgpion 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 ottimponents of the Association. Accord-
ing to the new Statues (85) of the IAG, the COBhis office responsible for the promotional activi-
ties of the IAG and the communication with its memsh

The Terms of Reference and program of activitieshef COB, and a short report on the I1AG
website (“IAG on the Internet”), were published The Geodesist's Handbook 2012 (Adam and
Rézsa, 2012; Rézsa, 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 Presidétgnded the Executive Committee (EC)
meeting in four cases (Singapore, 15 August 20%2nna, 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. Rézsa 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 Aug2313 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. R6zsa and Gy. Tafinized a special meeting with Profes-
sor Ivan I. Mueller, Past President of the IAG BJdune 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 166th anniversary of IAG in Potsdam IAG SA
meeting in 2013.

2 The IAG Website

The Communication and Outreach Branch maintainedAlG Website. The website has been op-
erational, no significant downtime has been expegd in the service. A regular update of the con-
tent has been carried out using the material peavioy Association and Commission leaders, con-
ference organizers and other members of the AdsmtiaThe website has been redesigned in
2012/2013 introducing some new features like tlotice of the ,hot topics”, a slide-show introduc-
ing the most important information on the IAG webskccording to the decision of the joint meet-
ings of the IAG Office and COB. In the new sectimn,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 updatefisite was available for the SA in Potsdam.

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

- Facebook integration: all the pages of the welrsitebe 'liked’ on FB.

- Regenerating forgotten passwords automaticallyfferlAG Forum and the Members’ Ar-
ea.

Budapest University of Technology and Economicgabiment of Geodesy and Surveying
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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 yé¢gigure 1).

3 The IAG Newsletters

Altogether 48 IAG Newsletters have been publishedfJune 2011 till June 2015 and can be ac-
cessed on the IAG website in HTML, HTML print vemsiand in PDF formats. Each issue of the
IAG Newsletter in 2012, 2013 and 2014 contains ecisp 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 éimail message to access the actual HTML News-
letter on the IAG website. Selected contents ofetleetronic 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 wolume 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 enz here as well.

4 OQutreach 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 gdraer well as the role of the Association to the
readers (Adam and Rézsa 2013). It has a chapt¢heoGlobal Geodetic Observing System, and
provides information on the IAG components (Cominiss, Inter-Commission Committee, Ser-

vices, etc.). The brochure can be downloaded ftwenopening page of the IAG website, together
with the updated IAG leaflet (Adam and Rézsa 20£8)am and Drewes (2012) prepared a sum-
mary on “The International Association of Geodd#y3) — Historical Overview”.

Naturally, the task of the COB is the IAG publidatéon in particular by maintaining the IAG
Homepage and publishing the monthly Newsletternentind 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, capsisegments in 200 pieces, muslin scarfs in 200
pieces and bag hook in 200 pieces, etc.) and meddded 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 contislyomnaintained,

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

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

4) new version of the IAG Leaflet was prepared, pdnie 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 fimiZ’he Geodesist’'s Handbook 2012
(Drewes et al., 2012),

7) various examples for IAG presents (badges, keysriogps, wooden pencils, scarfs, bag
hook, etc.) were prepared to be distributed befahaing and after IAG Scientific
Assembly/150 Years Celebration, and

8) many e-mail correspondences to the community aopéne outreach activities.
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SATELLITE-ALTITUDE MAGNETIC GRADIENT
ANOMAILES AND INVERSION OF SATELLITE-ALTITUDE
MAGNETIC ANOMALIES -
IAGA DIVISION 1. INTERNAL MAGNETIC FIELDS

Karoly Kis', Patrick T Taylor, Géza Wittmarth

Recent satellite magnetic missions provide globapping of the Earth’s magnetic field. We fo-
cused on the magnetic crustal field. Utilizihg CHRMata we interpreted the tectonic features over
the Pannonian Basin and Kursk region. CHAMP datgewselected 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 CHAMBvben January*land December 3% 2008.
These data (8553 ascending and 9911 descending)on@re 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%a elevation of 324 km using a Gaussian weight
function.

The Kursk Magnetic Anomaly, Russia represents dri@elargest banded-iron ore formations
in the world. Such large anomalies can be deteatesdtellite 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 knthwa Gaussian weight function.

The East, North and vertical gradients are detezthifor both research areas from the CHAMP
anomalies. The East direction gradient was compatbg simple approximation; East, North and
vertical gradients are derived from their theomdticansfer function; vertical gradient was caltula
ed using the Hilbert transform. There are two dfpjes of our calculations: the first to determine
the outline of the source body of the KMA from g@dients. Another is to reproduce the horizon-
tal (East) gradient magnetic anomaly data thatlv@lmeasured directly by the Swarm satellites.

Bayesian inference is an effective tool of the dsjral inversion. In case of the Pannonian
Basin the forward model of the inversion was angjiglar polygonal prism with horizontal top and
bottom surfaces. The forward model of the Kursk netig anomalies was a polygonal quadrangle
with horizontal top and bottom surfaces. In the &ign equation multivariate Gaussian and La-
place distributions were applied. The numericaimpin 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 deyfttie 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 tb&z&g-Rechnitz Penninic window, the Late Pleistocene
Ciomadul volcano (SE Carpathians) and the construcnd 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 wassfocamed 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 piéep magnetotelluric (MT) soundings
have been carried out and determined: the structutlee conductivity anomaly due to 0.2
per cent meta anthracite in the K-R window andgitsoundings, 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 asthenospdtdiee border of the Pannonian Basin
(having extreme shallow asthenosphere). The olutairiel0 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. Ba2th and 3D inversion modeling calcu-
lations indicate low electric resistivity valuesthre depth interval of 5-25 km, just beneath
the volcanic centers. This can be interpreted @dying 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 angnaal30—-40 km depth. The consistent pet-
rologic and magnetotelluric constrains on the magtoaage beneath Ciomadul are cor-
roborated by the recent seismic tomography resuftich pointed out a low-velocity
anomaly at 8-20 km depth zone. Thus, results afpeddent models suggest the presence
of a melt-bearing crystal mush body beneath thensegly inactive volcano (Harangi et al.
2015).

— In connection with the EURISGIC WP2 (European Riskm Geomagnetically Induced
Currents (GIS)) project the authors present thasequures which have been used to con-
struct a map in cells on the electrical resistidtgtribution in Europe at least till to the as-
thenosphere. The data are based on the deep maineimsoundings published in the in-
ternational literature. This map is the basis @f tlalculation 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 @gliby Harsh K. Gupta, 2011) includes
the chapter “ Geoelectromagnetism” (Adam and Sza&2®4a1) summarizing the theory of
the EM Induction methods and their efficiency ie gtudy 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 atudrsity 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 interpretatioiPofield data by Turai (2011, 2012a). Additional
IP application possibilities (including environmahiprotection as well) are presented by Turai
(2012b). Mineral and thermal water resources inTtbkaj mountains were characterized byi&z
et al (2014). For archaeological exploration migtierode geoelectrical measurements were applied
and interpreted with 2D conductivity distributioasamption by Turai and Hursan (2012). A new
petrophysical model describing the pressure depmedef acoustic wave propagation characteris-
tics was established by Dobréka and Somogyiné Mo{2812a, 2012b, 2013), Dobrdka et al.
(2014), Somogyiné Molnar et al. (2013, 2014) anch&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 ineargor 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 transillatiam for anisotropic 2.5D case are given by
Pettd (2012b, 2013). Gyulai et al. (2013) carried outrime geoelectric investigations to detect
tectonic disturbances in coal seam beds. For tiegpiretation of field geophysical data new, high
resolution, inversion methods were developed. lersion methods developed in geoelectric sur-
vey were tested via field data and the main charetics 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 ef{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 physicalapzaters along the investigated profile can be
described by continuous functionswas applied by Gyulai and Tolnai (2012), Vdélgyesial.
(2012), Paripas and Ormos (2012), Gyulai and S£ab#3). In the course of 2D CGI (Combined
Geoelectric Inversion) the combination of the 2fité difference geoelectric forward modeling and
the series expansion-based inversion method iseapphd 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 weragbetated by Ormos and Paripas (2012) and
Paripas and Ormos (2013) to receive reliable seisafiaction interpretation results. Interval inver
sion methods were further developed and applieBdiyréka and Szabo (2011, 2012), Dobréka et
al. (2012a) for formation boundaries determinatitaxtural and petrophysical characterization in
the course of log analysis. Improved algorithm wkborated by Dobréka et al. (2012b) for the
Fourier transform as an inverse problem and newrgion 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 Dobréka and Szg@€di3). Szegedi and Dobrédka (2014) presented
a paper on the role of Steiner’s weights in theeision-based Fourier transformation. Dobroka et
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al. (2014) investigated the reduced noise senitiof a new Fourier transformation algorithm.
Szegedi (2014) developed a new aspect of the ilmretmsed robust Fourier-transform. Paper was
presented by Dobroka and Szegedi (2014) on thergieration of seismic tomography algorithms.
Factor analysis was applied by Szabé (2011), Saaddobrédka (2013) and Szabé et al. (2014) for
the interpretation of well log data putting empkasin shale volume determination. Additional fac-
tor analysis investigations were made by Szabopamd Szabo et al. (2012) to assist the interpre-
tation of engineering geophysical sounding dataawotuster analysis procedure was developed by
Szab6 et al. (2013) for a more automated charaetern of hydrocarbon reservoirs.
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