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Abstract

Many geodynamical networks, especially located iid-nand eastern Europe are covering mountain arBas.
location of these nets is obvious because the mentsrthat upthrusted the terrain may still take@ladence, there is
need of monitoring those movements because oflfedbireats it generates i.e. earthquakes, test@ies, further upthust
etc. But these stations (hardware) may be affebtedhe conditions that occurs especially in mountaieas, hence
coordinate time series of the permanent statiofidwidistorted. In this paper, author presentettseries of two points
located on Biskupska Kupa (BISK) and Snezka (SNEG)tains, and how these time series have beenedféy those
conditions. Author also described possible strategf dealing with bad time series.
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1 LOCATION OF BISK AND SNEC PERMANENT STATIONS

BISK and SNEC are the GPS permanent stations, lisstadh and managed by the Institute of Rock Strecand
Mechanics of the Academy of Sciences of the CzegppuRlic in Prague [7]. Both stations were inclutiedEPN (EUREF
Permanent Network) on April 25, 2005.

Station BISK was established on September 200herdp of stone tower that was built on the toBiskupska
Kupa mountain which is located on Czech-Polish egrdast of Zlate Hory, and south of Glucholazy.uk&in height is
889 meters above sea level, the tower is 18 meeéght. There are no special weather conditiorikigarea.

Station SNEC was established on August, 2001 owfttipe old brick chimney filled with concrete. 2ka mountain
is located on Czech-Polish border, south of Karpgeen. Its height is 1603 meters above sea lekelchimney height is
5.6 meters. This mountain has very special weatbeditions with mean year temperature of abSu€0and the highest
recorded temperature of 2. It has precipitation level of mean 1000 mm peary sum of clear visibility days is no more
than 100 per year, wind speed sometimes exceeds/80it is clear that this are very tough weatharditions mostly
during winter, and they must affect coordinate tsedes [6].

Both stations are remote operated from Praguehawd good almost real-time monitoring system, sostipervisor
is informed of any event very quickly [4, 5]. Netregless, if at any station occurs an event thdtdigturb data gathering,
there is long time of response — may be longer fleandays because this stations are long distam fPrague, and
weather can make it impossible to get to the $ités can create gaps in time series.

2 BISK AND SNEC COORDINATE TIME SERIES

The coordinate time series for station BISK staith the establishment of GPS equipment there, thigdis from
September 2001. As one can see on figure (fighdretis strong correlation between weather conditend time series.
Winter time is clearly visible on the chart as @mrt at the end and beginning of each year. Teeadsb few gaps due to
equipment failures and instabilities of solutiorutB®ne can see that overall trend is stable, aattiime series are quite
good.

Opposite situation is for SNEC permanent statiorg can see from the first sight that these timieseare very bad
(fig. 2). As for BISK station, here one can obseowdliers, but these are much grater, and lastshrfargger — for about
half year or even longer (as for East componerar 2805). Such big outliers are caused by largevsrap on top of the
antenna during winter and early spring— accordingupervisor the snow cover is more than 40 cnkfibis affects that
GPS signal is greatly distorted rather than weddlsnow changes position of antenna.

Here one can also see large gap at the beginni29@6. This was caused by some instability in #eeiver (the
problem and solution is described at EPN websita), has been solved by replacing both receiveaatehna.
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There are also clearly visible jumps, especially East component, of an unknown origin. The jumpHeight
component at the beginning of 2006 was causeddgiver and antenna change but further trend seefs stable. But it
is impossible to tell if North or East componentrevaffected in the same way due to large outliens] short span of
recorded data. There is also a large jump in Neothponent around the middle of year 2005, the reasaovhich is also
unknown, but it looks that trend, after the gapymeed to its previous value.
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3 PROCESSING TIME SERIES

The processing of coordinate time series is steptly procedure, one must eliminate the influericeany different
factors. If there is need of calculation local wi#ies, the first step is to eliminate the influeraf continental plate, and as
for this example velocity of Eurasian plate mustremoved. In this case author used NNR-NUVEL-1Atelmotion
model.

The second step is detection, recognition and temuof as many periodic effects as it is possibiest and most
obvious periodic effect is annual and semiannwaidy which appears in every time series acquireah {6PS long time
measurements (especially for permanent statiomgxample chart for station WROC (fig. 3) this effis very easy to see
and detect [3].

) Time eries analyser 150X
Fie sz B
Feresson mocel

[Frong' W Estmlion <] x10° Noith Companent
= T

Pt type

rend 5

Options/Actions
T |0
NTELH

=
S| [ oo
sove || peen]
oo
s —|

= I

meters
B R o s G

i
meters

i o o
e 2001 2002 2003 2004 2005 2006
EDL GPS Vears
s

3
2
meters

Fig.3 WROC time series

The detection in the simplest way is performed ty Fast Fourier Transform (FFT) which calculateplénde,
period and phase of sine function [1]. Next stepeduction time series by this periodic functiondafter that the whole
process (FFT) is redone until calculated valuesnoplitude are still significant.

Next step is to find jumps that may occur in tinegies. This may be performed with use of KalmateFilbut any
other method that shows significant jump couldrbplemented. As for WROC station the method of figdsuch events
was proposed by [3]:

. finding nearby pairs of observations for which dslAN, AE, AU) were more than twice big the RMS
. finding nearby triplets of observations with thengacondition as described above

. finding nearby triplets packs of observations veitme conditions

. finding nearby triplets for which trend lines ateéfeed more than twice big the largest or smalRstS



Fig 4. Detection of jumps (Kontny et al., 2006)

This method did not find any event that could &ffiae time series with any jumps that are signiftcand would

need correction for WROC station (Kontny et al.D&0 Estimated periodic effects are shown below. (13, with most
significant values marked with bold.

Tab 1. Periodic effects for permanent station WROC [3]

N E U

Period T | Amplitude Phase Period T | Amplitude Phase Period T | Amplitude Phase
[week] [mm] [DEG] [week] [mm] [DEG] [week] [mm] [DEG]
( 4.?)3;8 ay| 116 2773 (94)/76‘;5) 221 612 | ‘;'762 o | 39 478
3 ?/girs) 0,49 1753 (4.23;/7ear) 0,58 425 g ?/2ar) 3,80 151,1
a f,i an 0,47 326,2 (15yiar) 0,45 2832 | o ;;ear) 2.90 2268
©yenrs) | 0% 1209 | gyear | 04 | 2105 | gyeay| 277 48,2

(1.3638 ay| 038 95,7 (O.S;ear) 0,32 1539 (1_36§ear) 176 3142

Different approach must be taken into consideratiben processing stations BISK and especially SNE(. affect
that can distort FFT must be removed from data, andor BISK the most influent are outliers. Theliess removal
process can be divided in two steps; first by dlegpoints with too large RMS (any RMS more thrieees big the mean
RMS can be cleared). Second step by deleting pfanta/hich residuals are X times bigger the measideal ( X — is
multiplayer). Residuals are calculated from rolnesfression or regression with M-estimation, or ather that prevents
from distortion from outliers [2]. This step must taken very carefully, because one can not deletre points that it is
necessary — with every good point that has beetatkl/aluable information is lost For station Bli€ number X may be
set 4, and as it s shown below this is effect §atig (fig 5), and one can proceed with FFT.
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SNEC requires much complicated approach, becausedeeffects one wants to compute with FFT areatly
distorted and they just changed to outliers. Tlyggdst deviations can be cleared, but it is verfjodit to set theX number.
Setting it as 3 does not remove all bad observatibat does not remove data that could be stifulis@ne could try to
develop periodic function that will let correctiofts at least some observations, but it would bry dficult to construct
such function.

Another way could be deleting all points in timesp that are greatly distorted, so all winter deithbe lost. This
will provide good data for FFT, but on the othentiahuge amount of points will be deleted, henceminformation will
be lost, so FFT could not be able to provide vpkdodic coefficients. Nevertheless, it is possithiet information from
winter periods is already lost, and presents noigg. In this case, removal of outliers may alsmoge annual periodic
effect.

One can not forget about events that caused jutimpse has to be also removed if proper outliemiteacould take
place. So, the whole process of data cleaning dhstalt with deletion of most deviated points, timps detection, and
again outliers cleaning. After these steps onepeaform FFT.

4 CONCLUSION

Stations that are located on the mountain topsoatain strong periodic effects. As it is clearigible the worst time
for any kind of measurements is winter. As forista located in the areas where weather conditioes not divert much
from those is flatlands it is moderately easy &aal data from outliers. But as for Snezka, witho¢sl very tough weather
conditions, time series are affected the most angdires much different and complicated approacti,care must keep in
mind that a lot of data will be lost.
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