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According to the research objectives of the intdomal IAG WG 4.2.4: Monitoring of Landslides
& System Analysis (chair of the working group: Gyilentes) the Geodetic and Geophysical Insti-
tute was working:

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

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

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

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

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

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

The results of the investigation of the relatiopshbetween high bank tilts and vital processes of
the vegetation demonstrate that the daily tilt almgés show a clear seasonal characteristic which
coincide with the active (from April till Octobegnd passive (from November till March) periods
of the vegetation. Figure 7 shows the relationsbigisveen PET, and the monthly averages of the
precipitation and tilt amplitudes at the two tagts Figure 1 demonstrates very clearly that dyrin
higher potential evapotranspiration (PET) theditiplitudes are also high. It can also be observed
that in dry periods, when the amount of the préafjzn is small, the tilt amplitudes are higherrtha
in the rainy seasons. The effect of precipitatiartite seasonal variations of the tilt amplitudesfis
minor importance which means that the vegetatiarhach more important role in the water bal-
ance of the upper layer of the soil than the pitatipn (Mentes and Bédis 2011, 2012, B6dis and
Mentes 2012).
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On the test site in the Hidegviz-valley (Figureb2yide the ground tilt (EW and NS directions) the
following meteorological and hydrological paramsterere measured:

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

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

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

- precipitation: at a height of 20 m;

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

Quantitative relationships were determined betwdenmeasured tilt values and the above men-
tioned parameters (Mentes et al. 2014). It wastpdiut that under unfavourable conditions, the
common effect of the investigated parameters dgger slope slides. The complex study of these
effects can contribute to the identification offeient ground processes and can provide useful
information for development of early warning sysseamd mitigation of landslide hazards.
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Figure 1. Relationships between PET (potential evapotrantpirg monthly averages of the precipitation
and tilt amplitudes on the Dunaf6ldvér (a) and Daze&c$ (b) test site

Figure 2. The Hidegviz-valley test site. a) Instruments fgdiologic measurements,
b) tower for the measurement meteorological pararset
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