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Kulcsszavak 

Investigating the causes of the high bank movements  

Abstract 
2016 observed by continuously recording bore-

hole tiltmeters. Since hydrological and meteorological processes change rapidly, their effect on the high bank movements cannot be 
studied on the basis of intermittently repeated geodetic measurements, which are only useful to observe the changes of the topography 
of the high bank. The tilts of the high bank were measured by two borehole tiltmeters, one was placed on the stable, the other on the 
moving part of the high bank. The relationships between tilts and temperature, precipitation, the effect of vegetation, as well as the 
ground water level and the variations of Danube water level were investigated. The connection between tilt values and water level 
variations was investigated by multivariable and moving window regression analyses. The results show that increasing regression 
coefficients mean decreasing stability of the high river bank, and so this method can be used for continuous supervision of the high 
bank stability. Investigations showed clearly that the effect of ground water table variations on the high bank movements is two orders 
of magnitude higher than the water level variations of the River Danube. The main role of the Danube is the undercutting of the high 
bank and washing away the loess from the base of the high bank. Besides the erosion of the high bank, the different tilts of the stable 
and unstable parts also contribute to arising of new cracks in the stable part, decreasing its width. 
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(Note: TV1 and TV2 denote the locations of the ground water level measure-
ments, while S and L denote the location of the borehole tiltmeters on the stable 
and moving part of the high bank, respectively.) 
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Figure 2. The effect of the temperature on the high bank tilts 
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Figure 4. The effect of the vegetation on the high bank tilts. a) Comparison of the PET, precipitation and tilt amplitudes.  

b), daily tilts of the high bank. 
 

A Duna  szint  
magaspart  
Az  j

magaspart 
 

2013-

magasparton 
magaspart 

-
hason-

, amint 
az (2013)  

 

 
5  

Figure 5. Water level and tilt data series measured between 1st January 2011 and 31st March 2016.  
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(Note: DV is the variation of the water level of the Danube, TV1 and TV2 are the ground water lev
tilts measured on the stable and moving part of the high bank, respectively. The change of the tilt curves in positive direction means northward and 
eastward tilts.) 
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Table 1. Regression coefficients between tilt values and Danube water level (DV) as well as ground water levels (TV1 and TV2) 

  
 

-  
 TV1 

-1 
TV2 

-1 
DV 

-1 
R2 

SK  2011 -13 -35 4 0.800 
 2012 -41 -44 3 0.658 
 2013     -207  33        -2 0.484 
 2014 -23  63 2 0.533 
  2015  2 -37        -1 0.862 
  2016 13  13        -1 0.789 

  2011     -193   3         7 0.388 
 2012 28 -98        -1 0.793 
 2013 67 -56         1 0.619 
 2014  0   28 2 0.335 
  2015 28 -44        -2 0.775 
  2016  6 -38        -1 0.970 

LK  2011    -400 -178        18 0.862 
 2012     167   95        -8 0.373 
 2013     369  -83 11 0.733 
 2014    -156     -1095 15 0.859 
  2015     334     -2430 40 0.800 
  2016    -712       1073 53 0.859 

  2011     185 -287       -16 0.965 
  2012       33 -512  -6 0.933 
  2013 -1380  -71 -30 0.690 
  2014    776     -1198 -22 0.531 
  2015      25       1246      -208 0.272 
  2016   -199 114 -36 0.389 

( magas  magaspart 
2 ) 

high bank, respectively. Positive values 
mean northward and eastward tilts. R2 shows the goodness of the adjustment.) 

 
 

Figure 6. Appearance and development of new cracks on the high bank between 2010 and 2016  
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(Note: The dates on the photos show the time when the photo was taken. Photos were taken by the author) 
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Figure 7. Relationship between the north tilt component of the stable high bank and groundwater level as well as  water 
level variation 
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DV are the regression coefficients between the north tilt of the stable high bank and ground water level as well as the water level 
variations of the Danube.  
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 Figure 8. Relationship between the east tilt component of the stable high bank and groundwater level as well as Danube  water 
level variation 
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(Note: SK, TV2 and DV denote the east tilt of the stable high bank, the ground water level and the variation of the water level of the Danube. R SK
TV2 and R SK DV are the regression coefficients between the east tilt of the stable high bank and ground water level as well as the water level 
variations of the Danube. The change of the tilt curve SK in positive direction means eastward tilt.) 
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Figure 9. Relationship between the north tilt component of the moving high bank and groundwater level as well as Danube water 
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Figure 10. Relationship between the east tilt component of the moving high bank and groundwater level as well as Danube water 
level variation 
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(Note: LK, TV2 and DV denote the east tilt of the moving high bank, the ground water level and the variation of the water level of the Danube. R LK
TV2 and R LK DV are the regression coefficients between the east tilt of the moving high bank and ground water level as well as the water level 
variations of the Danube. The change of the tilt curve LK in positive direction means eastward tilt.) 

 
 

Figure 11. Tilt data measured on the high bank between 15 November 2007 and 6 March 2008 
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Figure 12. Tilt data measured on the high bank between 1 March 2008 and 31 December 2010 
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Figure 13. Tilt variation of the stable (left) and the moving (right) part of the high bank between 1 January 2011 and 31 March 2016 
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(Note: S and L denote the locations of the tiltmeters, the red arrows show the tilts of different magnitudes and generally different direction causing 
cracks in the high bank.) 
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