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Abstract. Recent studies show a change, starting in 1998, in €20 time variations

the behavior of the variation of the dynamical flattening of (normalised C20 of the 186 years tide = 0.7379)

the Earth ), supposed to be constant (secular), and mainlyse-1of- |
due to the post glacial rebound effect. I 1

In this paper, we study to what extent this behavior can 20"
be correlated or not with the 18.6 year tide: with more than .
twenty years of tracking data on LAGEOS-1, thatisto say ~ |
more than a period of 18.6 years, this effect can now be sep- ,|_
arated from the secular variation. L 1

We use our theory of mean orbital motion, dedicated to-fe-10 - |
studies of the long period effects on the orbital motion. We
build one single arc of LAGEOS-1 from 1980 to 2002, which 10 7
provides a continuous description of the orbital parameters_.3e I |
This is the great originality of our approach.

We focus our attention on the ascending node of
LAGEOS-1, and we show that the change observedin
cannot be attributed to a statistical error due to a correlation
in short arcs results, between the secular variatiofyafnd h L includ | variat h han th
the 18.6 year tide. The proof is based on the adjustment o ese variations |ncq e seasonal variations others than the ones

ue to the atmospheric pressure. The values shown here are nor-

amplitudes and phases of the long period tides, and on thg,,jizeq, in opposition to all the other ones given hereafter.
shape of the residuals.
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Fig. 1. Variations of Cog, deduced from short arc computations.

Key words. secular variation o, 18.6 year tide, mean or- o o ) .
bital motion considering the equilibrium hypothesis (Ray and Cartwright,

1994), slightly different values appear when considering in-
elastic phenomena (Zhu et al., 1996). On the other h@sg,
variations also include seasonal variations mainly due to the
displacement of the geophysical fluids at the surface of the
Earth (Cazenave and Nerem, 2002). For example, variations
in the global atmospheric pressure field leads to such annual
and semi-annual effects, especially for the degree 2 of the
field (Chao and Eanes, 1995).

Considering the fact that J2 is a global scale parameter,

1 Introduction

Geodynamical parameters and in particuf& = —Co,

characterizing the dynamical flattening of the Earth, contain
a static part and a part varying with time with a large spec-
trum of periods: from around 10 000 years for the post glacial

rebound to some hours for atmospheric phenomena. the most efficient method used to estimate its value (constant
Among many contributions to the variable part . . .
9 y part G0 and variable parts) has been and is still based on satellite or-

from solid Earth, Atmosphere and Ocean, there are long pe:

riodic ocean tides at 18.6 and 9.3 years. Although their am-b't perturbation analysis. As an inverse method, which is

plitude and period have been fixed at some nominal valuegased on the dynamics of Earth artificial satellites, its princi-
ple consists in measuring subtle satellite orbit changes due to

Correspondence td=. Deleflie the influence of such geodynamical parameters. Obviously,
(Florent.Deleflie@obs-azur.fr) these changes are all the more difficult to detect as it is the




104 F. Deleflie et al.: The 18.6 year tide and the secular variation of

4 A\

Effect of Cz,o:—2,7 110" 'year !

ASCENDINC NODE +« MEAN = 5.728e—-06 RMS = 2.284e-06 (rad)

Fig. 2. Effects of geodynamical pa-
=5 rameters on the ascending node of
Enl LAGEQOS-1. The method of mean or-

3 4x10’6; = &
21076 El bital motion links geodynamical param-
1980 6208 Tons-0725 T To5-0711 - eters to corresponding mean effects on

Time (days) [ from. 1980 2 6 to: 2001 9 30 ] . . .
Effect of the nominal 18.6 year tide orbits. In this figure are shown, for

. MEAN = -5.4420-07 RMS = 6.4210-07 (rad) three given parameters, the evolution
5 E of the ascending node over a period
E o7 ERTp of 20 years. Each curve is the dif-

“xi07E- ERy ference of two extrapolations: the first

1980-02-06 1985-07-29 1991-01-19 1996-07-11

Time (days) [ rem: 1360 2 6 to. 2007 330] curve enlightens the impact of the sec-
Effect of the nominal 9.3 year tide ular variation of C2o, the second of
s omro-oE HEE T O RS S o the 18.6 year equilibrium tide [Ray and
S E Cartwright,1994] which is equivalent to

s.0x10E- E g

Souo-E Z—o0uss 1,23cm of water, the third of the 9.3

zox10"9E-

1930070;706 1985-07-29 1991-01-19 1986-07—-11 = oores year tide WhICh IS eqUIvalent to 0,0zcm
of water.

ex1070 -

rad

Tume (days) [ from 1980 2 6 o 2001 930 ] )

€20 (Non Normalised) Adjusted on Long Arcs of
LAGEOS-1 et LAGEOS-2
(€20+0.001082626)
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- obtained from the computation of a 5-
“6.0e-10- i year arc of LAGEOS-1 or -2, sliding
every half year. As a consequence, the
s.0e1q- | points are not independent one from an-

other. No seasonal variations can be ob-

‘ ‘ ‘ served. One can notice the great agree-
1981 1987 1993 1999 ment between both satellites, computed
N v independently.

variability of the parameter with time which is studied. As the ascending node of artificial satellites clearly has parabolic
an example, let us recall that thb,o to Co ratio is of the  and long period signatures, respectively due to post glacial
order of 10°7. rebound (2o secular) and 18.6 year tide.

Thanks to the dramatic improvement of the precise orbit Thus, in order to compute long orbital arcs over a period
determination with LAGEOS and other geodetic satellites,of time of 18—-20 years, we have developed a dedicated or-
J2 time-series have been computed largely (Cox and Chadjit analysis technique. This technique enables us to describe
2002). These series show an average drift which is more othe dynamical evolution of the mean orbital motion&ts
less secular from the end of the 70’s to 1998 (see Fig. 1), efand Exertier, 1995), to compute mean orbital elements from
fect which has been linked to the post glacial rebound andprecise fitted short arcs (Exertier, 1990), and then to estimate
to the possible melting of polar caps (Yoder et al., 1983;geodynamical parameters linked with long periodic and sec-
Gegout, 1991). But, since then, it displays a strange longular perturbations (Exertier et al., 1999.

period behavior (change of sign observed’y), possibly From the analysis of orbit signatures (e.g. variations of the
correlated to oceanic effects or to the liquid core of the Earthmean ascending node), using the LAGEOS-1 data between
(Cox and Chao, 2002). 1980 and 2002, we show that the combination of post glacial

Here, we assess the possible correlation between this unebound and 18.6 year tide effects can be properly separated.
expected behavior and possible uncertainties (phase and am- This leads us to conclude that the change of sign observed
plitude) in the long period ocean tides (18.6 and 9.3 y). Thein C, is certainly due to other effects, like oceanic ones.
18.6 year tide cannot be decorrelated from the post glacial
rebound effect over a short period of time, even if several
satellite orbits are analyzed together. As a mater of fact, the The specificity of our study: the mean orbital motion
effects of degree 2 of ocean and solid Earth have the same
signature over a short period (less than one year roughly)To build a long arc, and to take advantage of our method,
On the other hand, over a long period of time (several years)ye first have computed dynamical short arcs (10 days) of
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Fig. 4. What is observed on the ascending node. This figure shows the residuals on the ascending node of an arc computed from 1980 tc
2002. There is no adjusted geodynamical parameter. Adjusted parameters: initial conditions, 5 empirical mean drag accelerations (varying
from —0, 2644 1011 ms~2 to —0, 4841 1011 ms2), a scale factor for the solar radiation pressure (equal 9
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Fig. 5. Residuals on the ascending node of LAGEOS with an arc computed from 1980 to 1996 (Solution 1). Ajusted geodynamical
parameters: 18.6 year tide, 9.3 year ideg andCy o. An annual and a semi-annual terms have also been adjusted.

LAGEOS-1, to provide information about the continuous be- software, making residual temporal series for each mean or-
havior of the observed mean ascending node of the trajectobital element.

ries, and to get “mean observed elements”. Then we have Our semi-analytical theory of the mean orbital motion is
used our semi-analytical method (based on averaged pertuable to compute effects due to mean potentials (Earth, Moon
bations and corresponding mean equations of moticetris!  and Sun, and planets) and mean surface forces (radiation
and Exertier, 1995; Deleflie, 2002). pressures and drag) acting on a given satellite. The method
has been built in a such way that sensibilities are computed
together with the mean orbit itself.

As a result of orbital dynamics, thé; o coefficient gen-
There are two steps to obtain “observed mean elements” fronerates a precession of the ascending node of an orbit. Over
measurements of geodetic techniques. long arcs, this secular motion is much more important than

First, successive short arcs are computed with a classicaihort periodic variations due ;0. We can expres€’o,
numerical integration, over the whole period during which Seen as a parameter varying with time, such as:
tracking data are available: we use the GINS software to _ -
compute 10-day arcs, on the basis of SLR data. Note that a?z,o(t) = C20(i0) + C2.0(t ~ 10) + d156 COt1867)
this stage, only the state vector (and no physical parameter) +ag,3C08we 3) + Tan + Tsa @)

is adjusted. These orbits are formulated with orbital elementsyhere 186 and 9 3 denote respectively the quantities linked
and not with positions and velocities, in order to isolate theiq the 186 and the B year tidesT, y is an annual ternts4
short from the long period perturbations. a semi-annual term.

Secondly, all the short period terms are removed, to get \alues of effective values of’20(t) are shown Fig. 3;
one single set of 6 mean orbital element every 10 days. ThiShere is no seasonal variation @p,0(1) because they are
filtering approach, applied in the CANEL software, is de- adjusted directly iff4y and7s4. These values have been
scribed in (Exertier, 1990). obtained from long arcs of LAGEOS-1 and -2. LAGEOS-2

These “observed mean elements “ are seen as observatiogsnfirms the results obtained from LAGEOS-1, showing that
of the mean motion, providing us the possibility to adjust the strong variations are not linked to the non-gravitational
orbit and geodynamical parameters. forces acting on LAGEOS-1 (Btris et al., 1998). Indeed,
let us recall that satellite dynamics imposes strong correla-
tions between the semi-major axis and the node. As a conse-
quence, any residuals in the mean semi-major axis can have a
The theoretical long arc orbits are adjusted on the basis o€orresponding signature in the mean ascending node. That's
these observations obtained from CANEL, in the CODIOR why empirical orbital coefficients are also estimated along

2.1 Construction of “mean observed elements”

2.2 Interests of the semi-analytical theory
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Table 1. Adjusted zonal parameters

Arc  Periodof Cpg C20
the arc

year_l

1 1980-1996 —0,108262643102+0,110° 2,7210114+0,110°10
1980-2002 —0,108262636 1024+0,410°10 2 701011+ 0,910712
3 1980-2002 -0,108262636 1024+0,410°10 2 8310°11+0,710712

N

Table 2. Adjusted tidal parameters

Arc  Period of 18.6 year tide 9.3 year tide
the arc Ampl. Phase C S Ampl. Phase C S
cm deg cm cm cm deg cm cm
1 1980-1996 160 81 158+0,1 0,27+0,5 0,25 -7 0,03+0,09 -0,25+0,2
2 1980-2002 145 77 141+0,05 034+0,03 049 -50 037+0,05 -0,32+0,04

3 1980-2002 150 78 147+0,04 031+0,03 - - - -

the long arc, the mean surface forces being at present n@ Adjustment of the 18.6 year and the 9.3 year tides
perfectly and totally modeled. _ .
Obviously, as a result of the analysis of a single arc of LA- W& have computed two long arcs using the following stan-
GEOS, the estimated geodynamical coeffici€np(7) is is dards, the first from 1980 to 1996 and the second from 1980
an effective one. It contains, in addition @ o secular, the  © 2002:
effect of the even halrm.omc cogfﬂments of higher dggree; the _ GRIMS5-S1 for the gravity field model (Biancale et al.,
ascending node variations being the result of a linear com- 2000)
bination of the variations of all even zonals (Eanes, 1995; '
Eanes and Bettadpur, 1996). — (Schwiderski, 1980) for the ocean tides,
The ascending node is well adapted to study the specific
signatures of each component of Eq. (1), because of the shape
of the corresponding Lagrange equation:

— the Love numbers,; = 0, 299 andkz = 0, 094 to com-
pute the terrestrial tides,

— the VSOP82 theory for the luni-solar effects and the
Fle) 1 w { Ro\? planets (Bretagnon and Francou, 1988).
Cz,o(t); —

dr T JmaVi- esinG)

These two single long arcs are based on a nominal geody-
00 namical model including long period tides. Figures 4, 5, 6,
F3010) Z G214(€)COS(Y (M, »,R2,TSg)) (2) 7 show the residuals on the ascending node of the computed
q=— arcs in each case, adjusting or not some physical parameters.
Figure 4 shows the residuals from 1980 to 2002 when
whereU denotes the gravitational potential, andhe grav-  ng geodynamical parameter is adjusted. One can notice a
itational constant of the Earth (Kaula, 1966). SiGeo(r)  strange characteristic at the beginning of 1998. At this sage,
is proportional tozil_StZ, and since the value of the orbital in- it is impossib|e to say whether it is linked to an inappro-
clination of LAGEOS orbits is hlghSZ is thus a very gOOd priate value OfCZ,O or not. Here, we have fiXGd'z,o =
variable to study the effect af2,0(2). 2,71 10 year—1, the 18.6 year tide to 1,23cm, and the 9,3
Figure 2 shows the specific signatures on the node. Over fide to 0,02cm. The other characteristics of the mean model
long period of time, it is thus possible to properly estimate are nominal.
the corresponding parameters (amplitude and phase) from To evaluate the impact of this strong behavior on the value
the node. The present goal consists in checking that theref tidal parameters, we have computed an arc (Solution 1)
is no value of the involved coefficients in Eq. (1) which can from 1980 to 1996 (Fig. 5). The 18.6 and the 9.3 year tide
explain what is observed on the ascending node. In otheare adjusted (Table 2), as well @5 o(70) andc'z,o (Table 1).
words, we show that the strong variation observed4p(r) Then the same computation is made from 1980 to 2002
has a geophysical origin, and is not due to statistic correla{Solution 2: Fig. 6). Because of the unacceptable value of
tions (which can appear if the period of analysis is too short).the 9.3 year tide (as well as in Solution 1) which can “absorb”
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Fig. 6. Residuals on the ascending node of LAGEOS with an arc computed from 1980 to 2002, including the adjustment of the 9.3 year tide
(Solution 2). Adjusted geodynamical parameters: 18.6 year tide, 9.3 yea€igeandCy 9. An annual and a semi-annual terms have also
been adjusted.
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Fig. 7. Residuals on the ascending node of LAGEOS with an arc computed from 1980 to 2002, NOT including the adjustment of the 9.3
year tide (Solution 3). Adjusted geodynamical parameters: 18.6 yeaChidgandC, g. An annual and a semi-annual terms have also been
adjusted.

part of the 18.6 year signal, we have computed an arc fromhese phenomena have specific signatures on the orbital mo-
1980 to 1996, without adjusting the 9.3 year tide (Solution tion which do not correspond to what is effectively observed.
3). One can see in Fig. 7 with naked eye a signal at thidls it the same phenomenon which triggered the two changes
period. in the sign OfCZ’() which can be seen in the Fig. 3 at the end
The adjusted values d@, o(19) andCo, o have a great sta- of 1989 and at the end of 1985? Another study, with different
bility, and are not much affected by the strong variation ob- satellites and more geodynamical adjusted parameters would
served in the residuals (Solutions 2 and 3). Moreover, therde interesting.
are well decorrelated from the value of their amplitude of
the 18.6 year tide (correlation equal t@8 in Solution 1 be-
tweenc'g,o andCige). Finally, the amplitude of the 18.6 year
tide is also rather stable ; the difference of 0,1cm between SO_References
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