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°"the only geodynamical
phenomena where frequencies,
amplitudes and phases of force
are known precisely thanks to
astronomy
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tor only one tidal period 12h

-.élfination of the celestial

orbit creates a diurnal
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= Each orbital perturbation

'f{mclmatlon, eccentricity,

~ ... ) produces additional
waves
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. Tidal development
ects of declination and ellipticity
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* [idal observations bridge a freqguency gap
between seismic frequencies (periods larger
than 1 hour) and polar motion signal.
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6 month nutation

yearly nutation
K, sidereal day Precession

== Y, yearly nutation

b, 6 month nutation

The Nearly Diurnal Free Wobble (NDFW) located between
K, and y, will modifies the Earth’ output to different

waves and the associated nutations.



dihe J\JD_-}_ can be determined from
ermr' based tidal observations.
WA u‘ int to determine the transfer

function of the Earth using as input a
— — kna Bwn tidal signal.

,As we know beforehand the Spectrum
-~ of the tidal potential we work in the
- frequency domain.

* For each tidal wave we can determine
a specific transfer function

—r

—
i



el e

S

Edithslide Slgnaw

as the astrono rigid Earth

al\Y, N\ AV

201 1Y

the solid Earth re aitcalf o o:if1]s
| -.Vlty

T
= . W
o
- Sstrain
L

= =r
e

e

- -

-

—-— = -
—-1-.-. T

e e
= -

_

i —
'___'-.-—.

2= orwever the elastic deformation of the
ff*fuerust due to strain/tilt coupling

-~ (topography and cavity ef ects) badly
- affeﬁts the tilt and strain observations,
so that
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-asﬂ&:T Tide

ﬁ__isebse'rvations are
ned using
gravimete

:; ‘uracy of the observations is
| :;;;"-‘i:':-* d by the calibration of the
= instruments

= ,‘r-‘:"- In amplitude: 0.15%

-  In phase: time lag within a few
seconds (better than 0.°02 on M,)
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ent for gravitz variation -
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Performance

Gravity resolution: 101! m/s?
Measurement range:

- — : from seconds to years

Al S with a linear transfer function
Drift: ~ 3 pgall/year linear

je s MLl L i
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Liquid He filled Dewar Compressor
with Gravity Sensor (Sumitomo CAN-11C)
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ﬂ Joading

__ mospheric loading
‘Underground water effects

_* -mstrumental coupling with
= meteorology (S1 and its harmonics, annual
—= ﬂ%exm and its harmonics)
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Typical obs&Rrational periods:
1 month, 6 months, 1 year
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cherial representation of Earth tides
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Displacement Redistribution Gravity due to Moon/Sun

ocean tide
loading

observation

Imaginary part of a

bodytide

Real part of a
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SHiem| GGP network show
-‘agreement with VLBI results
mdetermmatlon of the

IS now determined with
— —a preC|S|on of 1% on individual
~ stations and 0.5% on the global
adjustment of 9 GGP stations.



Juid Core Resonance

= rlmental determlnatlon
ixtefluid-coreresonance O K U, ¢,
Jrrl' Canberra, Esashi,
VEtsushire and Membach)

@tean model NAO9Sb

190166=1.43 s.d.

e: S50~10,385

-i:'; — Theory (DDW99)

= 7=456.985.d. hydrostatic
T=431.37 s.d. non hydro.
 VLBI
1T=429.5 s.d.
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Stfcififobservations have

EONIE corrected for
loading (3)— Tmospherlc
lozieligle);nmls ieorological
zlflel myct o) oglcal effects.

lese i- mponents are very
= _: to tocal heterogeneities
= j:; (cavity effects) and boundary
= conditions (topography) (2).
— Thes@ effects have to be
_ " modelled using finite element
- technigues, which is always a

very difficult task
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Eluid Core Resonance by Strain
ition _at Esashi station, (J:Ping &

—

Tren Q
(s. d.)

1.Free 421.7 10
end  +16 500
= e ssr ) + 2
= 350
VLBI Z.Mid 410.6 6 870
T=429.5 s.d point +11 +830

1+2 4199 6670
+1.3 =770
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JO—‘J‘(‘O uctmg grawmeters have a better

_)JJIJ’JJ to noise ratio than modern

JAJJJ ometers below .001Hz. They can thus

_ Jme rove the determination of the low

o) overtones of the fundamental mode of the

3 -Earth free oscillations. A lot of efforts is now
‘devoted to identify the inner core oscillation
known as Slichter’'s mode.
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’roblems, of tidal ..

ob:.se rvation,g_"‘ —
erroré‘_m-tﬂ coherent
hoise (temperacture
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aiurosphet L
Iie observational room should be
ermostatized (ideal case)

Mahy months of observations are needed to:

i)fincrease the spectral resolution

—

= ¢ D) improve the accuracy of parameters

~estimation using the accumulation of coherent

~ signal

* 3) averaging the systematic influence of
seasonal variations of coherent noises

* Calibration problem ...

* Is solved perfectly using laser strain meters
only

o
=
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Tides Script Help
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Script Help
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L ation

. Examples of dayly and monthly tidal records with :
ZLS gravity meters -
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ocessing of tidal observations .
or VAV or BAYTAP ms uses

monic analysis on the base of LSM

tion of observational series into a sum
'-'--:-1 constituents (tidal waves), non-linear

| _:_"spheric pressure response,

Servational noise, ...

>aps of any duration are no more problematic

e

N €
]

== Better resolution than of spectral analysis

=

Sophisticated semi-automatic preprocessing
with and programs helps to
remove steps, spikes and interpolate small
gaps in data that are usually unavoidable ...
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FES 04 NAO 99 TPXO 7, CSR 4 GOT 00, AG’ 06 =
newest oceanic tidal models on the base of
satellite altimetry
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BSUITS Ofi tidal observations analysis using EITERNA

ro '“iiﬂﬁg;"'
THARBHH AR HH AR R AR AR AR TR AR AT R 7 #H HHHHHHHRHHRHHHHHH RS
Favimetric earth t1de station Moscow, Russia
Sternberg A nstitute of
at= 56.00 N, Lon= 38.
sigavaimeter ZLS B-018
20085 07 .23 - EﬂB 08 .21

HA A thig,
'rf'rf'rf'l'f'rf'rf'rf'rf'rf'l'f'l'f'l'f'rr'l'f'rf'ff'ff'rf'rf'rf'l'f'l'f'rf'rf'rf'rf'rf'rf'rf'rf'rf'ff'ff'rf'rf'ff'ff'ff'rf'rf'ff'fffffff [ ffffff’l"'f f f ffl' f l' ’ ’

NOmBErS o= oﬁf-a'zéjs in total
TAMURA 198 ’ tidal potential used.

HANN \ifeow " used for least squares adjustment.

ical 11ter is PERTZEV 1959 with 51 coefficients.

on' off noise by FOURIER-spectrum of residuals

cpd-band 9999.9999 nm/s**2 1.0 cpd band 0.5421 nm/s**2
C| ! 0.2940 nm/s**2 3.0 cpd band 0.2030 nm/s**2

us ted tidal parameters
1 _jT -to wave ampl. signal/ ampl.fac. stdv. phase lead stdv.

E . nm/s**2 nhoise [deg] [deg]
_¥£1h;Li- - 286 428 Q1 63.304 116.8 1.14727 0.00982 1.7057 0.4906
— - — e —

— e 489 537 M1 25.487 47 .0 1.12450 0.02392 1.9682 1.2186
b s 538 592 P1S1 459.234 847 .2 1.13306 0.00134 1.8208 0.0676

- = 593 634 J1 25.907 47 .8 1.14306 0.02392 2.2203 1.1988
v 635 736 001 13.924 25.7 1.12280 0.04371 0.7173 2.2305
$ 737 839 2N2 7.879 26.8 1.09619 0.04091 1.4245 2.1383
> 840 890 N2 53.881 183.2 1.19719 0.00653 1.6000 0.3127
[ ]
g 948 987 L2 7.588  25.8 1.14200 0.04425  3.3879  2.2203
4 988 1121 S2K2 128.416 436.7 1.17420 0.00269 1.1863 0.1312
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thout
or drift approximation

Numoer of recorrler eyS™ 1 At 06 , 88wl
TAMYRA tidal potentiad uJed

FLANN -ndow used for least square ur justment: . —
I £ 1156 <_NO FILLTER \mtﬁ iL_-effl e S

el Fegtdrs .

CONENVESSAMPAESSSHG ey e Sra et ISe” Leac
L ErEYREN01SE Szt [deg] [deg]
7 e
P ELRIERO 63,345  110.3  1.14802 0.01041  1.6895  0.5197
429 4 e - 330.. 750 LI ALY Iy At I LD (9 KT 1.6427 o, 6995
489 5 =05, 469 44 .3 L2y At OO 2585 19926 11,2925
559 j;SI_459.237 799.5 1533062000142 1. 8198 &) 267k
593 ' 25,898 45.1 N5 8 R a0 2635 2.1625 A 232
g 1Sm03d 24.2 SN2 ERORO466S Qo 218 2.3630
7879 2(5) gl 1.09624 0.04207 1.4431 2.1986
53.894 178.3 Al OaEIE ODGT 2 1.6041 0.3214
1947 M2 277..684 918.5 Ie=liERS IS ERs0 0129 2.0209 0.0624
f?‘f .-:_:@48 987 L2 15597 25l 1.14264 0.04550 3.3674 2.2817
e 088 1121 S2K2 128.437 424.8 15=18ed-S9=s 000276 al kel 0.1349
-— — 1122 1194 M3 2.994 15.9 1.15690 0.07260 1.3146 3.5954
e Siaftalds deviation E 40.796 nm/s**2
— ~ Adjusted TSCHEBYSCHEFF polynomlal bias parameters
- =_hlock degree bias stdv.
= — ol © 7160.746951 nm/s**2 3.088640 nm/s**2
= A i 149.037851 nm/s**2 3.307733 nm/s**2
L4 L 2 29.059356 nm/s**2 3.856850 nm/s**2
- 2 O 7863.797844 nm/s**2 3.086766 nm/s**2
w 2 ik BHWL G 23" nm/s* %2 3.306347 nm/s**2
- 2 2 155.205499 nm/s**2 3.854495 nm/s**2
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gravimeter Scintrex CG-5 No 105
O—‘JJIN ng to Paris Observatory

JJE 2007
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HHHHBHHHBHHH R BB R BHHRBHHRBHHRBH AR BH TR BHHH
imetric earth tide station Trappes, LNE
N, Lon= 1.983 E, H= 160 m, Vertical c

er Scin e |
2.2006-11.05.20 50 d. #
tallation: S.Merlet, E-SYRTE - #
Rt A - - e

T

_—

o ~ X ~ —
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HHBHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH BB BB BB PP R R PP PR
/ of observation data :

-::QGﬂQG...2@070126 20000 20070126190000...20070403230000
04170000. ..20070510230000

r of recorded days in total :  146.83
'-‘;j"‘_
djusted tidal parameters

“from to wave ampl. signal/ ampl.fac. stdv. phase lead stdv.
- nm/s**2 noise [deg] [deg]
_'428 Q1 66.855 112.9 1.13363 0.01004 -0.8808 0.5076
EEEEE'I:" 489 537 M1 28.293 47 .8 1.16795 0.02445 -0.3015 1.1994
- * - 538 592 P1S1 493.424 833.1 1.13903 0.00137 0.3391 0.0688
¥ - 593 634 J1 28.239 47 .7 1.16575 0.02445 0.4235 1.2017
- — 635 736 001 15.336 25.9 1.15708 0.04469 0.0265 2.2127
= e 737 839 2N2 11.238 31.7 1.12560 0.03547 3.2582 1.8056
L 840 890 N2 73.322 207.0 1.17281 0.00566 3.6573 0.2767
= 948 987 L2 11.057 31.2 1.19796 0.03837 -0.7334 1.8352
- 988 1121 S2K2 182.547 515.5 1.20160 0.00233 1.3352 0.1112
- 1122 1194 M3 4.306 11.8 1.01643 0.08582 -3.2515 4.8376
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OIEEIICRIEES CalSErdifEct attraction astwell'as
clefores) earth crust considerably on the
d]stamreg Ip to hundreds of km

—

iEEIRGravity observations in “natural volcano-

: cacgg ;hc laboratory of Kamchatka Peninsula

5_; ave started recently by joint efforts of Institute

= %fglolcanology and Seismology of RAS and SAl
MSU
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SUMMaRy- 0T oLSer

ADO0Z06N 50000,
ZOPO05H3 80000, . . 2009062621000C

Number of recorded days in total :

AYURATTO98T tidal potential used.
UNITTTY JJ'I}J*J used 1 least squares adjustment.
Nomerical Ii:er is PERTZEV 1959 with 51 coefficients.
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;za_f 1.0 cpd band 1.0312 nm/s**2
‘band 0.6191 nm/s**2 3.0 cpd band 0.4675 nm/s**2
}rD @sc -dhd 0.4072 nm/s**2

[\
S

= d:'r Lsted tidal parameters

.,.--\_

:F_...- --*Fromd— to wave ampl. signal/ ampl.fac. stdv. phase lead stdv.

— — nm/s**2 noise [deg] [deg]
T =

— —

'—;—j’-:-—ff. 286 428 Q1 69.904 67.8 1.22219 0.01803 5.5661 0.8452

= — ¢ - 489 537 M1 29.994 29.1 1.27668 0.04389 -2.3567 1.9698

4 e 538 592 P1S1 510.853 495.4 1.21593 0.00245 2.3348 0.1157
* 593 634 J1 28.782 27 .9 1.22511 0.04389 2.1967 2.0528
’ 635 736 001 13.732 13.3 1.06828 0.08022 2.5686 4.3024
- 737 839 2N2 9.532 15.4 1.14524 0.07439 0.5280 3.7215
- 840 890 N2 59.106 95.5 1.13405 0.01188 2.3106 0.6002
- 948 987 L2 10.696 17.3 1.39009 0.08046 -0.4495 3.3165
% 988 1121 S2K2 153.492 247 .9 1.21192 0.00489 0.6920 0.2311
e 1122 1194 M3 4.042 8.6 1.25334 0.14493 6.0441 6.6254
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25000 — Tide strain variations in ADC units

26000 —

- Atmospheric pressure variations in ADC units
2000 —

~ W/"” ’\»WM\,J~/¥\ / M\\“\/m

g/

P Temperature variations in deg.
§.00 —
5.00 —
100 —
3.00 —]

| ! | ! | ! | ! | |
10000 20000 30000 40000 50000
Time after 15.12.1999 in min

Example of tidal strain record together with atmospheric

f=—1

pressure and temperature variations
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Time stability of M2 and O1

amplitudes
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Weshave develor d recently the
JfJJJIJr_ and'probably optimalin
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Gorrel. ated noise of meteorological
Drig n) techniques based on
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PRETERNA and ETERNA programs
- "tﬁat helps to reduce its influence

by 30-50 %
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gmvlr/ neters are able to record tidal
*__;_rlatlons giving S/N ratio up to
'I OOC fior main tidal waves

~Jida stralns could be effectively

_-:.--

g_-izjecorded with the help of laser strain

~ meters. Due to the coherent

- meteorological noise influence the S/N
ratio Is hardly to achieve better that 100

resp. 300 for main tidal waves O1 and
ND
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Exfiaustive da‘tﬁreprocessmg with
ISoft anc -J‘A_._ri_.J‘AJ_/—

Harmonic analysis with ETERNA
[Determination of pressure and
temperature frequency dependant
ac an ittances

_ Estimation of tidal parameters for
= “main waves

== Improvement of low- frequency
- modeling of VIRGO suspension
system

* Improvement the tidal modeling using
ETGTAB
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and/or patience!
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