Diurnal and sub-diurnal oscillations in GPS coordinates
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Abstract

This paper presents the results of the frequency andft@gaency analyses of the coordinates of permanent
GPSsites obtained fromshorttime solutions. Theaim was to estimatthe usefulness oGPSobservations

for the shortperiod geodynamical studieand check how tidal models in Bernese fit to individual sites
conditions This study show that EastWest component is noisier than Nefbuth and the &stWest
oscillations have greater energhis can be the influence of usg shorttime solutions There are some
oscillation in tidal frequencgn few of analysed sites coordinates. These oscillation&l be explained by
the residual ocean tidal loading effect. More detailed description of the observediossilieeds further
studies on the method of precise coordinates determination witteslytsampling rate. The paper contains
preliminary result of analyseson the shortime GNSS solutions conducted in the Centre of Applied
Geomatics of the Warsaw Méiry University of Technology.

Introduction

The analysesfahe GPS coordinates from sdiurnal solutionsbased orEPN datawere performedy
Warsaw Military University of Technology. The aim of this reseasasto find out how the tidal models
used in Ernese software (solid Earth and ocean tides as well) fit to the individual conditions of EPI
stations. The dhour solution technique of GPS data processing wed 10 obtain coordinates ofore than
70 EPN stationsAdditionally several Polish permanesites with clearly seen oscillations were examined.
This processing technique allowed us to recognize residual diurnal ailiusn@l oscillations which could

be next sal for validation of the tidal models.

Data

1-hour interval time series of sites comates were needddr the analysesl-hour observation are @o
shortto generatgrecise coordinates so aats decided to use-Hour solution of GPS data processed with
1-hour interval. The datawastaken fromBKG Analysis CentreThe solutions contain tidal model according
to the IERS ConventiongMcCarthy and Petit, 2004 and ocean tidalolading effect calculated using
FES2004 moddlLyard et al., 2006).



Fig. 1EPN stations used in analgse

Coordinatedrom over 70 EPN station
were analyzed for diurnal and sdurnal
oscillations existence. Time series frc
1400 to 1500 GPS week were calcula
using BERNESE 5.0 software (Beutler
al., 2006). Fast Fourier Transformati
allowed to obtain informatiorabout the
frequencies of t he
analyses were performed in tl
MATLABE Technical

Environment.



Oscillations in height component

Diurnal and suldiurnal oscillations were founalmost omall sites On somestations thescillations were
highe than in the others. The sites were divided into two groups with respect to the amplitude: less thar
mm and more than 3 mm. MALL station charactesite greatest amplitude, it is about 16 mm. In most of

the sites haHdiurnal osillation is almost two times higher than the diurnBhere camot be found any

relatonbetee n ampl i tudebs size and antennas fitting.
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Fig. 3 Periodograms of sites with oscillations in height component (amplitude higher than 3 mm).



Oscillations in horizontal components
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Fig. 5 Periodogramsf sites without significant oscillation (less than 1 mm), left:
S component, right: &V component.

The second group consists of thirte
sites, mostly from Eastern/Centr
Europe and two sites located on islan
The highest oscillationsan be found in
MALL site (over 6 mm). The BN
component is noisier andhas bigger
oscillation than NS. This can bethe
effect of shortime GPS solutiorusage.
For suchasolution better ionospheand
troposplere model might be
implemented. Diurnal oscillation is
higher in NS component and hall

diurnal is bigger in BNV conponent.
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Fig. 6 Periodograms of sites with oscillations in horizontal component
(amplitude more than 1 mm), left-8 component, right: &/ component.



Time i frequency analysis

Wavelet transform derigefrom Fourier Transformyhich is much more flexible. The F& not very
good touse to the noistationary time series, whidre changingn time. If we assume that nestationary
signal consists of sewarstationary signals thigéhort Time Fourier TransfornSTFT) could be appéd. The
signal is divided into small segments which are assumed to be stationary. The main role in such analy
playsaiwi ndowo, which is used to divide theamiognal
window is chosen the accurateaniation about time is obtain@shdless accurate abouefjuency. In case
of wide windowit is the other wayound Continuous Wavelet Transform (CWT) assumes that the signal is
a composition of several functions (wavelets in this case). CWT of a ssgaaequence of projections onto
rescaled and translated versions of an analysing functions of wailtgkst, 1999:

CWT/ (s.2) = uﬁ«t)y . (Dt

where:
1 at-7§ .
Yo®=—y& "8 stiR s,0

’ \/E ¢ S +
The equation presents wavelet functic
which depends on two parameters:

s- scale coefficient,

t - time shift.
In this study the complex Morlevavelet

was usedGoupillaud et al., 1984

XZ

Y=t

which depends on two parameters:

e?Hxg T

fp - bandwidth parameter,
fc - center frequency.
Basing on experiences anaémpirical

studies the authorsnoticed, that the bes

results of wavelets analyses of this spec

Fig. 7 Power Spectrum of MALL sites coordinate, from upSN data were receivel for the following

component, BN component, height. equation:
fb = 5 y fc = 3

Wavelet analysis confirmed that the diurnal and-Halfnal oscillations were excited by environmental
effect. A great correlation between energy of amplitude and time of the year is visible i@ Rigd 9
Oscillations neathe 12th and the 24th hour are probably caused by the temperature etieey,have the

same frequency as the tidal waves S1 and S2.



Source of the oscillation
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Fig. 8 Sites with oscillation in M2 frequency Fig. 9 Sites with oscillation in O1 frequency

In most of considered stationsoordinate§existing oscillationsare probablythe thermal effect, which
have the same periods tides wavegdiurnal and semidiurnal}However there areome stations which
have oscillation in pure tidal frequendeyond thermal oscillationsn thetwo ofthem tidal M2 oscillation
could be seent should by noticed that tireamplitude$value (up to 1 mmare three timesmallerthan
coordinateg§ accuacy. They can beclearly seenwithout extra accurate time serieBhe aithorsmadea
decision to nounderestimate tlm. Steswith this oscillationare located at the coast, so it is possible that
these waves are residuals of ocean indirect effedtlitionally, in figures 1011 solar S1 and S2 tidal

frequencies are pointed out.

Fig. 10 Periodograms of coastal sites with oscillation in M2 frequency (from le®:ddmponent, &V component, height ).

Six inland stationgontain oscillations in O1 tidal frequency. Amptiei of these waves reaches 1 mm,

but this oscillationcanonly be observeih E-W componen{ocean loadingionospherenfluence?.



