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Abstract – This research is devoted to the study of vertical 
movements of the European crust on the basis of two 
independent methods, namely tide gauge and GNSS 
observations results. The precision with which the movement 
of the earth's crust according to the results of tide gauge 
observations can be explored has been calculated. A 
methodology to identify the duration of tide gauge 
observations required for studies of vertical movements of the 
earth's crust has been presented. Approximation of tide gauge 
time series with the help of Fourier series has been 
implemented, the need for long-term observations in certain 
areas has been explained. The diagram of the velocities of the 
vertical movements of the European crust on the basis of the 
tide gauge data and GNSS observations has been built and the 
anomalous areas where the observations do not coincide have 
been identified.  
Кеу words – vertical land movement, tide gauge, GNSS 

observations, sea level change. 

I. Introduction 
Information about slow movements of the earth's crust 

(especially in tectonically unstable areas) is becoming 
more and more necessary when creating the reference 
geodetic networks, the design of large long-term facilities 
- ports, canals, hydroelectric power stations.  

Today there are different methods of observation of the 
movements of the earth's crust; in particular, it is explored 
by the use of geodetic, geophysical, oceanographic and 
geomorphological methods. 

II. The influence of the duration  
of tide gauge observations  

on the precision of determination  
of the vertical movements  

of the earth's crust 
It is clear that the longer observations are the more 

valuable they are for the analysis. For short periods of 
observations, the value of the RMS errors is higher, 
highlighting thereby the influence of interannual 
variations. 

For each countdown on the tide gauge we made an 
equation (1): 

i ih Vt a   ,                       (1) 

where a  - unknown coefficient; V  - unknown velocity; 

ih  - countdown on the tide gauge to the epoch it . 

Solution of the system of equations by the least squares 
method allows to determine the earth crust velocity V  
and coefficient a . Precision m  of the velocity 

determination V  from time series was calculated from 
equation (2): 
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where n  - number of countdowns. 
Graphic image of the desired duration of observations 

on the European tide gauges to achieve a precision of 0.3 
mm/yr is presented in Figure 1. 

 

 

Fig. 1. Graphic image of the desired duration  
of observations on the European tide gauges  

to achieve a given precision 0.3 mm/yr 

III. Comparison of the results from tide 
gauge observations with the corresponding 

GNSS observations 
For each countdown on the GNSS receiver we made an 

equation (3): 

i ih Vt a  ,                       (3) 

where a  - unknown coefficient; V  - unknown velocity; 

ih  - height, measured by GNSS reciever on the epoch it . 

Solution of the system of equations by the least squares 

method allows to determine the earth crust velocity V  and 

coefficient a . Precision m  of velocity determaination V  
from time series was calculated from equation (4): 
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where n - number of countdowns. 

The value of the precision m  of the linear velocity V  
is within 0.03≤m ≤0.30 mm/yr. 

After this the diagram (Fig. 2) of velocity (mm/yr) of 
vertical movements of the European crust was built on the 
basis of the results tide gauge and GNSS observations. 
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Fig. 2. Diagram of velocity (mm/yr) of vertical movements  
of the earth's crust, based on the results of tide gauge  

and GNSS observations 
 
List of tide gauges and GNSS stations, which show 
differences in the results of determining the vertical 
movements of the crust, are shown in Table 1. 

TABLE 1 
LIST OF TIDE GAUGES AND GNSS STATIONS,  

WHICH SHOW DIFFERENCES IN THE DEFINITIONS  
OF THE VERTICAL MOVEMENTS OF THE EARTH'S CRUST 

Country Station 
name 

Time of 
data B,°N L,°E V, mm/yr D, km 

Stavanger 1919 - 
2012 58.97 5.73 -0.45±0.11 

Norway 
STAS 2001 - 

2014 59.02 5.60 1.62±0.21 

8.94 
 

Klaipeda 1949 - 
2011 55.70 21.13 -3.11±0.35 

Lithuania 
KLPD 2005 – 

2009 55.72 21.12 3.42±0.13 

1.89 
 

Wladyslawo
wo 

1951 - 
1999 54.80 18.42 -2.48±0.46 

WLAD 2003 – 
2010 54.80 18.42 0.83±0.06 

0.37 
 

Ustka 1951 - 
1999 54.58 16.87 -1.75±0.43 

Poland 

REDZ 2008 – 
2014 54.47 17.12 0.38±0.09 

20.40 
 

Hornbaek 1898 - 
2012 56.09 12.46 -0.41±0.10 

BUDP 2005 - 
2014 55.74 12.50 2.15±0.21 

39.24 
 

Fredericia 1890 - 
2012 55.56 9.75 -1.10±0.05 

Denmark 

SMID 2003 - 
2014 55.64 9.56 1.04±0.16 

15.17 
 

Warnemunde 
2 

1855 - 
2011 54.17 12.10 -1.25±0.05 

Germany 
WARN 2003 - 

2014 54.17 12.10 0.58±0.15 

0.16 
 

North Shields 1895 - 
2012 55.01 -1.44 -2.24±0.20 

NSTG 2003 - 
2010 55.01 -1.44 1.28±0.07 

0.07 
 

Immingham 1960 - 
2011 53.63 -0.19 -1.03±0.19 

UK 

EASN 2005 - 
2010 53.65 -0.12 0.79±0.09 

20.11 

The land on which differences in the results are 
observed extends within 55-60°N and 5°W-25°E. The 
reasons for these differences require further investigation. 
At these stations the average RMS errors are within the 
definition of the values of the linear velocities. Perhaps 
the dominant contribution to the sea level in this region 
makes the oceanographic component or gravitational 
anomalies. 

Conclusion 
The precision with which the crustal movements of the 

European coastline according to the results of tide gauge 
observations was substantiated. Its value is 0.3 mm/yr. 

The necessary duration of tide gauge observations in 
order to achieve this precision is not the same throughout 
Europe. It varies depending on geographical location and 
oscillates between 30-69 years. For the territory 
Fennoscandia this duration is 40-69 years, for tide gauges, 
which are located in Belgium, the Netherlands, and 
Germany the duration is 37-58 years. The tide gauge 
located on the territory of Spain, needs 30-41 years of 
observations to achieve a precision of vertical offset 
determination of 0.3 mm/yr. The calculated values of the 
linear velocities obtained from tide gauge and GNSS 
observations, in most cases, coincide with each other. 
This may indicate that the cause of changes in sea level is 
rising or sinking of the earth's crust in this region.  

References 
[1] J. I. Antonov, S. Levitus, and T. P. Boyer. Steric sea 

level variations during 1957-1994. Journal of 
Geophysical Research 107(C12), 8013 – 8021. 
doi:10.1029/2001JC000964, 2002.  

[2] M. N. Bouin, G. Wöppelmann. Land motion estimates 
from GPS at tide gauges: a geophysical evaluation. 
Geophysical Journal International, 180, 193–209, doi: 
10.1111/j.1365-246X.2009.04411.x., 2010. 

[3] J. A. Church et al. Changes in sea level, in Climate 
Change 2001: The Scientific Basis, edited by  
J. T. Houghton et al., 639–694, Cambridge Univ. 
Press, New York, 2001. 

[4] M. Johansson, H. Pellikka, K. Kahma and K. Ruos-
teenoja. Global sea level rise scenarios adapted to the 
Finnish coast. Journal of Marine Systems, 129,  
35–46, doi:10.1016/j.jmarsys.2012.08.007, 2012. 

[5] C. Y. Kuo, C. K. Shum, A. Braun and J.X. Mitrovica. 
Vertical crustal motion determined by satellite 
altimetry and tide gauge data in Fennoscandia. 
Geophysical Research Letters, 31, L01608, 
doi:10.1029/2003GL019106, 2004. 

[6] A. Santamaría-Gómez, M. Gravelle, G. Wöppelmann. 
Long-term vertical land motion from double-
differenced tide gauge and satellite altimetry data. 
Journal of Geodesy, Volume 88, Issue 3. pp. 207–
222, DOI 10.1007/s00190-013-0677-5, 2014. 

[7] C. Zervas,  S. Gill and W. Sweet. Estimating Vertical 
Land Motion from Long-Term Tide Gauge Records. 
Technical Report National Ocean Service (NOS) CO-
OPS 065, 22 p, 2013. 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua


	GEODESY, ARCHITECTURE & CONSTRUCTION
	Tretyak K., Dosyn S. Study of Vertical Movements of the European Crust Using Tide Gauge and GNSS Observations


