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Solid Earth Tides in the Territory of Latvia

Diana Haritonova, Riga Technical University

Abstract. The work provides graphical description of the tide
vertical displacements obtained by means of special programmes.
An example is given, which vividly demonstrates the differences
in the behaviour of vertical displacements under the impact of
tide forces at two points in the same longitude. To provide
another example, which gives an idea about the nature of the
solid Earth tides in the territory of Latvia, 21 LatPos system base
stations have been used. The work also provides description of
the Earth station displacement calculation, which conforms to the
IERS conventions.

Keywords: solid Earth tides, station vertical displacements,
LatPos, Love and Shida numbers

|. INTRODUCTION

Earth tides and tide deformations are the Earth crust vertical
movements with the maximum amplitude of up to 30 cm and
the theoretically precisely determined fluctuations. The Earth
periodic fluctuations occur, mainly, as a result of gravitation
forces between the Earth, the Moon and the Sun and
centrifugal forces of the rotation system. The Moon and the
Sun tide effect is a significant factor causing the station
displacements together with the Earth crust local part.

Graphic depiction of the tide vertical displacements
obtained by means of special programmes gives an idea about
the nature of the solid Earth tides in the territory of Latvia. 21
LatPos system base stations and one observation point in the
territory of Riga have been chosen for this purpose.

It must be noted that, although the aim of this research is
directed to the solid Earth tides, and not ocean tides, to
characterise the examined problem, sources of some terms
have been obtained from the shipping field materials.

Il. SOLID EARTH VERTICAL DISPLACEMENTS UNDER THE
IMPACT OF TIDE FORCES

With the aim of understanding the behaviour of tide waves
in different circumstances, i.e. depending on the time and
geographical coordinates, a programme for calculating vertical
displacements of solid tides has been used. The programme is
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based on the tide correction model, which is in conformity
with the IERS conventions. The calculation includes both
cyclical and permanent or regular tide deformations, with the
accuracy of 1 cm. The programme is offered by the University
of Bern.

As there was a solar eclipse on 4 January 2011, this date
was chosen for the calculation, as well as 12 January, when
there were neap tides, i.e. vectors of gravitation forces
between the Sun and the Moon were directed perpendicularly.
One observation point is located on the equator in the 24°
longitude and the second point — in Riga in the 57° latitude
and 24° longitude. In Figure 1, the third row of the diagram
characterises deformations under the impact of the Sun, the
second row — deformations under the impact of the Moon, and
the first row of the diagram shows the resulting deformations.

As seen from the diagrams (See the Fig. 1), the nature of the
equator waves corresponds to the semidiurnal tide type, which
is characterised by the fact that during a lunar day period two
elevations and two falls of tide waves can be regularly
observed, whereas in Riga both diurnal tides, i.e. one elevation
and one fall of waves during a lunar day, and mixed tides can
be observed. The behaviour of these tide waves can be
characterised by the latitude, where Riga is located.

When analysing the tide deformation values, they do not
contradict with the theory in this example which means that
the tide force under the impact of the Sun is twice less than
that created by the Moon. In the territory of Riga, the
amplitude of deformations under the impact of the Sun is 5
cm, and under the impact of the Moon — 10 cm. At the
equator, it is correspondingly = 7 cm and + 14 cm. This also
confirms the fact that tide deformations in the equator area are
larger than those in other latitudes. Besides, the conformity of
the example to the theory is such that the tide deformation
during the syzygy time (in this case, during the solar eclipse)
is three times larger than deformations during the quadrature
time. Deformation at the equator during the solar eclipse was
+ 21 cm, but for the neap tides only + 7 cm. This relation is
not characteristic for the Riga latitude, where the values are
correspondingly + 16 cm and £ 8 cm.
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Earth Tides: Vertical Displacements (m) for LAT = 0 / LON = 24 deg
04—Jan—-2011 — 05—Jon—2011

Earth Tides: Vertical Displacements (m) for LAT = 0 / LON = 24 deg
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Fig. 1. Solid Earth vertical displacements under the impact of tide forces, depending on the geographical coordinates and epoch.
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I11. LAND VERTICAL DISPLACEMENTS AT LATPOS BASE
STATIONS

To examine the nature of tide waves in the territory of
Latvia, the GNSS system LatPos 21 base stations have been
chosen for the calculation (See the Fig. 2).

To determine vertical displacements of the LatPos system
base stations caused by the tides, in contrast to the first case,
another programme was used for calculating the solid tide

Fig. 2. LatPos base étatlon Iocatlons

deformations (See the Fig. 3). It is based on a similar tide
correction model, which is in conformity with the IERS
conventions; however, the output data of this programme are
the solid Earth tide height and X, Y components, with one
minute interval. It must be noted that in both cases the time
scale conforms to the GPS time, and not the civil time [1]. The
chosen epochs are the same as in the first case — 4 and 12
January 2011.
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Fig. 3. LatPos base station vertical displacements under the impact of tide
forces.
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Fig. 4. Vertical displacements of the LatPos base stations under the impact of
tide forces at the two hours interval.
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Figure 4 provides LatPos base station vertical
displacements under the impact of tide forces in every 5
minutes. The Figure 4 graphs demonstrate the Figure 3 data
with the two hour intervals, when the station vertical
displacements have the maximum dispersion.

The graphs allow seeing that with decrease of the latitude
degree, where the LatPos base station is located, the vertical
displacement caused by tides is increasing. The maximum
displacement is for the DAU1 station, as it is located in the
lowest latitude degree, in comparison with other LatPos
stations. The next station after DAU1, which is located closer
to the equator, is the PREI station, and its vertical
displacement curve is located immediately under the DAU1
station curve. Whereas, the MSLC station, which is located in
the highest latitude degree, in comparison with other LatPos
stations, has the smallest vertical displacements. The vertical
displacement curve of the OJAR station is in the middle of this
dispersion.

The neap or spring tides, obviously, occur later at the
stations located in the highest degree of the geographical
longitude, than at the stations located closer to the west. This
can be well seen in Graph for 4 January of Figure 4.

The dispersion of vertical displacements of all stations
during the syzygy time (4 January) is located at the 1.5 cm
interval, and for the neap tides (12 January) this value is 0.9
cm.

IV. CALCULATION OF THE EARTH STATION DISPLACEMENTS

The effect of the Moon and the Sun tides is a significant
factor, which causes the station displacements together with
the Earth crust local part.

The station displacements can be characterised in the
following way [2]:

3 GM ;R 1
A=y f( (R F)? -2+
j=2 GM Rf{ 2 2
+31,(R; - F)R; —(R; -F)F] }+
3 MR f( SR, 7203,
+ Yy — ——(Rj-F)+
=2 GM R} ’ 2"
15, - 3.3 A s
H(Z(Ry =2 IR ~(R; )] | @
where
GM; — gravitational parameter for the Moon (j = 2) or the
Sun (j = 3);
GM ¢ — gravitational parameter for the Earth;

R, Rj — unit vector from the geocenter to the Moon or the

Sun and the magnitude of that vector;

R. — the Earth’s equatorial radius;

f, r — unit vector from the geocenter to the station and the
magnitude of that vector;

h,, hs —nominal degree 2 and degree 3 Love numbers;

I,, I3 — nominal degree 2 and degree 3 Shida numbers.

In this expression, it is important to note nominal Love and
Shida numbers. These are accepted to characterise elastic
properties of the Earth. The Love and Shida numbers are the
parameters which reflect reaction of the Earth to different
perturbations. These observe reaction of the Earth to the
deformations characterised by degree 2 and degree 3 spherical
harmonics.

The part proportional to h gives the radial (not vertical)
component of the tide-induced station displacement, and the
terms in | represent the vector displacement transverse to the
radial direction (and not in the horizontal plane).[2]

It is important to note that for the station displacement
created by the tide causing degree 3 potential, it is sufficient to
observe only the impact of the Moon. The maximum vertical
displacement caused by the Sun tides is 0.002 mm, which is
two orders less than the Moon component.

In the first expression, the Love and Shida humbers do not
depend on the tide wave frequencies. To observe dependence
of these values on the frequency, it is required to introduce
corrections in the radial and transverse components [3]:

OR; sin2¢sin(6; + 1)
or=| o0 T;cos2¢sin(@; +4) 2
o T; singcos(6; + 1)

where
oR;, 0T — coefficients of the radial and transverse
component corrections;
6; — tide argument for tidal constituent with the frequency f;
@ — geocentric latitude of the station;
A — east longitude of the station.

Correction coefficients of the radial and transverse
components depend on the Love and Shida numbers of the
frequency f deflection from their nominal values.

The resulting expression of the station displacement caused
by the solid body tides is:

AV = AF + RS ®)

where R is the transformation matrix of the spherical
coordinates to the rectangular coordinates [3]:

sing CoS ¢ 0
R=|cosgcos A —singcosA —sind 4)
cosgsind  —singsinA  cos A

V. CONCLUSIONS

The nature of tide waves in the territory of Latvia conforms
to the diurnal and mixed tide types. The amplitude of vertical
displacements under the impact of tide forces during the
syzygy time (in this case, during the solar eclipse) in the
territory of Latvia is 15 cm and during the quadrature time — 8
cm. The maximum vertical displacement is for the DAUL
station, and the minimum one — for the MSLC station, which
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does not contradict to their geographical coordinates.
Dispersion of the LatPos station vertical displacements during
the syzygy time (4 January) is within the interval of 1.5 cm
and for the neap tides (12 January) this value is 0.9 cm.

The Earth station displacement, which is caused by the solid
body tides, is the correction which must be observed for
determining the Earth station’s position. This correction is
based on conventional parameters.

On the one hand, observations of the Earth solid surface
tide waves allow judging on elasticity of the Earth substance,
which, in its turn, gives an idea about the Earth structure, but,
on the other hand, local properties of the Earth internal
structure encumber research of the Earth tides.
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Diana Haritonova. Cietas Zemes plidmainas Latvijas teritorija

Ar mérki noteikt plidmainu vilpu uzvedibu dazados apstaklos, t.i., atkariba no laika un geografiskajam koordinatam, tika izmantotas programmas cieto
plidmainu vertikalo parvietojumu aprékinam. Programmu pamata ir plidmainu korekciju modelis, kas ir saskana ar IERS konvencijam. Aprékina ietilpst gan
ciklisko, gan permanento vai pastavigo plidmainu deformacija. Raksta ir dots plidmainu vertikalo parvietojumu grafiskais att€lojums. Ir dots piemérs, kas
uzskatami parada vertikalo parvietojumu uzvedibu atskiribas plidmainu speku ietekmé divos punktos viena meridiana; viens no tiem atrodas uz ekvatora, otrs —
Rigas teritorija. Rigas teritorijai Saules ietekmé deformaciju amplitida ir 5 cm, bet Méness ietekme - 10 cm. Uz ekvatora atbilstosi —+ 7 cm, un + 14 cm. Uz
ekvatora pie Saules aptumsuma deformacija bija £ 21 cm, bet pie kvadratiru plidmainam tikai £ 7 cm. Punktam, kas atrodas Rigas teritorija, §is vertibas
atbilstosi ir = 16 cm un = 8 cm. Citam pieméram, kas dod priek$statu par cietds Zemes plidmainu raksturu Latvijas teritorija, kalpoja GNSS sistémas LatPos 21
bazes stacija. Tika izanaliz&tas vertikalo parvietojumu raksturliknes un noteikta staciju parvietojumu izkliede sizigiju un kvadratiru laika. Latvijas teritorijas
pladmainu vilpu raksturs atbilst diennakts un jaukto plidmainu tipiem. Vertikalo parvietojumu amplitida pludmainu speku ietekmé Latvijas teritorijai sizigiju
laika (8aja gadijuma Saules aptumsuma laika) ir 15 cm un kvadratiru laika — 8 cm. Maksimalais vertikalais parvietojums ir stacijai DAU1, un minimalais —
stacijai MSLC, kas nav pretruna ar to geografiskajam koordinatam. LatPos staciju vertikalo parvietojumu izkliede sizigiju laika atrodas 1,5 cm intervala un pie
kvadrattiru pludmainam &1 vértiba ir 0,9 cm. Zemes stacijas parvietojums, kuru izsauc cietkermenu plidmainas, ir korekcija, kuru ir nepiecieSams ievérot stacijas
poziciju noteikSana. Darba ir arT aprakstits Zemes stacijas parvietojuma aprekins, kas ir saskana ar IERS konvencijam.

Jlnana Xaputonosa. TeépaoresbHbie NpUINBEI HA TeppuTopun JlatBnn

C menplo ompezeneHHsl XapakTepa NPUINBHBIX BOIH HPH PA3lIHYHBIX YCIOBHAX, T.€. B 3aBHCHMOCTH OT BPEMEHH U reorpadHuecKHX KOOpAHHAT, OBLIH
MCTIONIb30BAHBI MPOTPAMMBI JUISl pacdéTa BEPTHKANBHBIX ITEPEMENICHNH TBEPIOTENBHBIX MPHINBOB. B OCHOBE mMporpaMM JIEXHT MOJENb 10 KOPPEKIHH
IPHIINBOB, KOTOpasi cOOTBeTCTBYeT KoHBeHIMAM IERS. B pacuér BkioueHa neopmariist Kak MUKINYHBIX, TAK H HEPMAHCHTHBIX WM TIOCTOSHHBIX IPUIMBOB.
B pabote mpuBeneHo rpaduyeckoe 0TOOpaXKEHUE MPUIMBHBIX BEPTUKAIBHBIX TEpPEMEIeHHH. A Takke NPHBEAEH NMPHUMEp, KOTOPHIH HATTSIHO OTOOpa)xaeT
pasnuuns MEXIY XapaKTepaMH BEPTHKAIBHBIX IEpEeMENIeHHH MoJ| BO3JICHCTBHEM MPHIMBOOOPA3YIOIIUX CHIJI JUIS JIBYX TOYEK, PACIOJOXKEHHBIX Ha OJHOM
MepHAnaHe; OfHA U3 KOTOPhIX HaXOAUTCS Ha DKBATOpe, Apyras — Ha TeppuTopuu Puru. AmMmintyna nedopmanuii 1uist Tepputopun Puru mox BosnelicTBueM
Connua — 5 cM, a nox BosneiictBueM Jlynsl — 10 cm. Ha skBaTtope, cootBercTBeHHO, — £ 7 cM, 1 = 14 cM. Ha skBaTope BO BpeMs COTHEYHOTIO 3aTMEHUS
nepopmarmst Obuta £ 21 cM, a BO BpeMsl KBaJPaTypHBIX NMPUINBOB TONbKO + 7 cM. J{ns TOUKH, KOTOpas HaXOAWTCS HA TEPPUTOPUM PUTH, 3TH 3HaueHHS,
COOTBETCTBEHHO, — = 16 cM u = 8 cM. [Iyist apyroro mpumepa, KOTOPbIi JaéT MpeacTaBlIeHUE O XapakTepe TBEPAOTENbHBIX PUIMBOB Ha TeppuTopuu JlaTBuu,
cayxuna 21 6asoBast cranumss GNSS cucremsr LatPos. Beun mpoaHanm3upoOBaHBl XapaKTEpPHBIC KPUBBIE BEPTHKAJIBHBIX MEPEMEIICHUH U ONpeieneHa
JIACTIEPCHs MIePEeMEICHHI CTaHIMH BO BpeMs CHU3MTHH M KBaapaTyp. XapakTep HMPHIMBHBEIX BOJH I TEPpPUTOpHU JIaTBHH COOTBETCTBYET CYyTOYHOMY H
CMEIIAaHHOMY THIIaM IPHINBOB. AMIUTHTY/Ia BEPTHKAIBHBIX IIEPEMEIeHUH MO/ BO3AeHCTBHEM MPUINBOOOPA3YIOIIHX CHII IS TepPUTOpHH JlaTBUM BO BpeMs
cm3uruil (B JaHHOM CIydae, BO BpPeMs COJNHEYHOro 3aTMeHHsA) — 15 cM, M BO Bpems KBaapaTyp — 8 cM. MakcHManabHOEe BEpTHUKAIbHOE HMEepeMelCHHe
HaOmonaerca y cranmun DAUI, a mmauManeHoe — y cranmun MSLC, 9To He NpOTHBOpPEYHT HMX TreorpauueckoMy pachoioxeHuro. Jlucmepcus
BEPTHUKAJIBHBIX NIepeMeleHuit cTanimii LatPos Bo Bpems cusuruii — 1,5 cM, a Bo Bpems kBaapatypHbix npuwinBoB — 0,9 cm. [lepemenieHe Ha3eMHOM CTaHIMH,
KOTOPOE BBI3BAHO TBEPAOTENBHBIMU IPHINBAMHE, — 9TO KOPPEKIHs, KOTOPYIO HEOOXOAUMO yUUTHIBATh IPH ONpeelIeHNH MO3UNui cTaHnun. B pabore Taxke
OIUCaH Pacuér BEPTUKIIbHBIX NEepPEMEIIEHUH cTaHIMid, KOTOpbIit cooTBeTcTBYIOT IERS KOHBEHIIMAM.
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