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parameters of the Earth
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The Earth’s principal axes and principal moments of inertia, was estimated from the least-squares adjustment of gravita-
tional harmonic coefficients of second degree of recent global Earth gravity models including EIGEN-1S solution and the
dynamical ellipticity derived from the precession constant through VLBI. The estimation was made for the time-independent
components (at epoch) of the Earth’s inertial tensor and the time-dependent components of the tensor of inertia, based on
given information on the secular and periodic variations of harmonic coefficients of second degree.

O MEXAHUYECKUX U TEOMETPUYECKUX [IAPAMETPAX 3EMJIU, Mapuenxo A.H. — Beinoaneno coemecmuoe ypag-
HU6AHUE ACMPOHOMUYECKUX U 2e00e3UdecKux QYHOAMEeHMANbHbIX NOCMOAHHBIX C Yeblo YCMAHOGNIEeHUS OCHOBHBIX
OUHAMUYECKUX napamempos 3emau Ha NPUHAMYyo 3noxy. Pewerue 3a0a4u npouiiocCmpuposaHo Ha npumepe onpeoeneHus
KAK 8PeMEHHO-He3A8UCUMbIX (HA NPUHATYIO DNOXY), MAK U BPEMEHHO-3A8UCUMBIX RAPAMEMPO8 OUHAMUYECKOU pueypbl 3em-
QU € YYemom 8eK08bIX U ONUHHONEPUOOUHECKUX BAPUAYULL BHEUHE20 2PASUMAYUOHHO20 NOJIA NIAHENbI.

ITPO MEXAHIYHI TA TEOMETPUYHI IIAPAMETPHU 3EMJII, Mapuenxo O.M. — Posensinymo cninbhe y32004CceHHs acm-
POHOMIYHUX [ 2600€3UYHUX PYHOAMEHMATLHUX CINAIUX 3 MEMOIO 6CMAHOBNEHHS! OCHOBHUX OUHAMIYHUX napamempie 3emai Ha
nputinamy enoxy. Po3e a3yeanus 3a0ayi npointocmpo8ano Ha npuKiadi USHAYEHHS AK He3ANeHCHUX 6i0 Yacy (Ha NputiHamy
enoxy), max i 3a1edCHUx 6i0 4acy napamempis OUHaAMIUHOL icypol 3emai 3 8paxy8aHHAM HeNnepPiOOUYHUX HeNPUNIUGHUX 6api-
ayitl 308HIUHBO20 2PAsiMayitiHo20 NOasA NIAHemU.

1. INTRODUCTION

Current estimation of the Earth’s mechanical and geometrical parameters of common relevance of
Astronomy, Geodesy, and Geodynamics represents traditionally one of the basic objectives of different
Commissions and Study Groups of the IAG (see, for instance, Groten 2000). Consistent sets of the Earth’s
mechanical and geometrical parameters associated with the degree 2 coefficients C. 2m s S »m Of the spherical
harmonic expansion of the geopotential and the Earth’s inertial tensor was obtained recently by (Marchenko and
Schwintzer, 2001; Marchenko and Shwintzer, 2002). The Earth’s principal axes (Z ,B ,C), principal moments
of inertia (4, B, C), and other fundamental constants were estimated in the mentioned papers from satellite-
derived gravitational harmonic coefficients of second degree in global Earth gravity models and from the
dynamical ellipticity resulting from the precession constant observed through VLBI. This paper will focus on

further current determination of the Earth’s fundamental parameters, involving the recent gravity field model
EIGEN-18 in this solution.
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Table 1. Determinations of the dynamical ellipticity Hp

Reference Precession constant Hp Hp
pa ["lyr], J2000 Epoch = 2000 Epoch = 1997
Williams, 1994 50.287700 0.0032737634 0.00327376364
Souchay and Kinoshita, 1996 50.287700 0.0032737548 0.00327375504
Hartmann et al., 1997, 1999 50.288200 0.003273792489
(50.287700 )* (0.0032737600) 0.00327376024
Bretagnon et al., 1998 50.287700 0.003273766818 0.00327376705
+0.000000000023
Roosbeek and Dehant, 1998 50.287700 0.0032737674 0.00327376764
Mathews, 2000 50.288018 0.0032737875
+0.000008 +0.0000000005
(50.287700 )" (0.0032737668)" 0.00327376708

 Transformed to common value of precession constant

2. ADJUSTMENT OF ASTRONOMICAL AND GEODETIC PARAMETERS

The fully normalized harmonic coefficients C. 2m s S »m are selected from the following gravity field satel-

lite solutions: two models resulting from a combination of satellite tracking, altimetry and gravimetry data, JGM-
3 (Tapley et al., 1996) and EGM96 (Lemoin et al., 1998), and two satellite-only models, GRIM5-S1 (Biancale et
al., 2000) and EIGEN-1S (Reigber et al., 2001). EIGEN-1S is a satellite-only gravity field model including 88
days of CHAMP data, which contains fully normalized spherical harmonic coefficients complete to degree/order
100 with higher terms up to degree 119. Various time variable coefficients in these models are referred to differ-
ent epochs with a spacing of 11 years. The following transformations were made beforehand. 1) Prediction of the

JGM-3 and EGM96 C. am (1), S. 2m (1) to the chosen epoch 1997. 2) Scaling of these coefficients to common
values GM and a. 3) Reduction of C. 50 to an adopted tide system. For the transformation from C. 2% , in the zero-

frequency tide system, to Cijoa

(8, =3.1108-10" -0.3/4/5 ) was applied.

The best fitting principal moments of inertia and second-degree harmonic coefficients in the principal axes
system are found from the least-squares adjustment, involving these four global gravity field models and six dif-
ferent values for the dynamical ellipticity (Williams, 1994; Souchay and Kinoshita, 1996; Hartmann et al. 1997;
Bretagnon et al. 1998; Roosbeek and Dehant, 1998; Mathews, 2000) all transformed to common precession con-
stant (see Table 1). From the values of Hp given in Table 1 the estimations of Hartmann et al. (1999) and
Mathews (2000) differ in the adopted precession constant. To transform the associated quantities to the common
p4 =50.2877"/yr the differential relationship of Souchay and Kinoshita (1996) 8H , =6.4947- 1077 8p 4
(obtained according to the rigid Earth’s precession-nutation theory) was used to compute the values Hp given in
brackets in Table 1.

Note also that the first 5 values of Hp were derived in the frame of the rigid Earth’s precession-nutation
theory. According to Mathews (2001, Private communication) after removing the non-rigidity contribution from
the new “non-rigid” value p, =50.287923" /yr , which are corresponded to the MHB2000 theory, “the reduced
value for Hp becomes 0.0032737667, which differs by only 1 in the last digit”.

To transform the values Hj from J2000 to 1997, an additional correction 6/ was applied. In view of Yoder

in the tide-free system, the standard reduction C. 2{) =C. 2% -5,

et al. (1983) the non-tidal variation 8C in the moment of inertia C as a function of C. 50 only (secular variation in
the second-degree zonal coefficient), the equation (3) for H), and the treatment 84 =8B =-8C/2 “as zonal
forces do not change the revolution shape of the body” (Melchior, 1978), we come to the condition for the trace
Trl = const of the Earth’s tensor of inertia I (Rochester and Smylie, 1974) and by this get immediately the secular
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variation in Hp:

. C
Hp=225,0-20,). M
Cao 3
Numerically we get
Hp =(~7.864£0.270)-10 " yr 2)

using the observed secular rate 5 20 =(1.16553188+£0.04)- 107" yr'! of change in the second-degree zonal coef-

ficient, taken from the GRIM5-S1CH1 model (GFZ/GRGS internal solution, 2001) that gives &4 = 2.36-10" for
the reduction of the Hp values from the year 2000 to 1997. So that Hj, used in the following adjustment are the re-
duced ones (see Table 1).

With the normalized 2nd degree harmonic coefficients Zzo and 4. 2, given in the principal axes
Hp=(2C-4-B)/2C
Ay =(A+B-2C)/24/5} , 3)
Ay, =3(B-4)/2415
the computation of
C:—\/g'zzo/HDs 4
A, B, the sum

D

A+B:\/§.A_zo(2—Hij, (5)

and the trace of the Earth’s inertial tensor

TrI=A+B+C=+5 4, (2-3/H,)=31, , (6)
are straightforward. So that we get a direct dependence of 4, B, C, Trl, and the mean moment /,, of inertia on the
adopted treatment of the permanent tide in the C,y~A4,, coefficient. Only the difference

B-A=2415 4 2 /3 is dependent slightly of a permanent tide system. The zero-frequency tide system ap-

proximates better the real figure of the Earth. It is assumed that the Hp values also are related to this system,
although this problem is not discussed in the precession - nutation literature.

The Earth’s principal moments of inertia 4, B, C are determined from a least-squares adjustment of the as-
tronomical and geodetic parameters, based on the solution of the linearized system of equations (3). As
observations are taken the 6 values of H j, from Table 1 at epoch 1997 and the 4 sets of harmonic coefficients

A 20 A, in the principal axes system (all chosen at epoch 1997), computed according to the closed expressions

given in (Marchenko and Abrikosov, 2001) from the coefficients C- om ,S. »m Of the JIGM-3, EGM96, GRIMS-

S1, and EIGEN-1S gravity field models. The adjusted in this manner final value of the dynamical ellipticity is
H ; =0.003273763447 £ 0.0000000035  (epoch =1997) . (7
Note that derived in the same way value of the dynamical ellipticity at epoch 1997 is
Hp =0.003273763447 + 0.0000000032 (Marchenko and Shwintzer, 2002), where GRIM5-S1CH1 solution was

used instead of the EIGEN-1S gravity model.

3. ADJUSTMENT OF GEODETIC PARAMETERS
Let us express the vector g of the harmonic coefficients C,,, and S,,, , adopted in the frame XYZ, via the

- = = = = 1T .. . .
vector g, = [A 2034213821345 3B, ] given in the close to XYZ coordinate system X'Y'Z’ whose axis Z' has a
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Table 2. Results of a simultaneous adjustment of the C. T S. 2, Darameters (zero-frequency-tide system;

GM =398600.4415 km®/s*; a = 6378136.49 m; x, =0.040", y, =0.340";

H ;, =0.003273763447 + 0.0000000035 ; H ;, =(~7.864%0.270)-10""" yr'; epoch: 1997)

Parameter JGM-3, EGM96, GRIM5-S1, EIGEN-1S
Solved
520 . 106 -484.169355 £ 0.000008
621 . 106 -0.000165 +0.000015
§21 ,106 0.001379 £0.000014
622 . 106 2.439289 £+ 0.000010
§22 . 106 -1.400263 + 0.000010
Derived
(C—A)- 106 1086.266674 + 0.000022
(C-B)- 106 1079.004505 £ 0.000022
(B—A)- 106 7.262169 £ 0.000025
A 0.32961435 £ 0.00000035
B 0.32962161 £+ 0.00000035
C 0.33070062 + 0.00000035
I, =(A+B+C)/3 0.32997886 + 0.00000035
a=(C—-B)/4 (3273.5362 £ 0.0035) -10°
B=(C-4)/B (3295.4960 £ 0.0035) -10°
vy=(B-4)/C (21.9600 £ 0.00008) -10°
l/f 298.256490 £ 0.000008
1/ f, 91437.5+0.3

small displacement from the axis Z of the Earth’s pole coordinates magnitude. By applying the same approach as
discussed in (Marchenko and Schwintzer, 2001) we will use the relationship g =P -g,. with the matrix P writ-

ten in the following form

_ .2, .2 _ .2
where s, =x3, +y,,, 5, =x,,

2_
S, VB,

2

\/Ex 1—x?

p p XpVp
_\/53717 XpVp l—yf,
s
22 X, v,
V3
2xpyp
_ —y x
NG » p
_ylzr

\Esz _
2

_xp

-y,
1

-1
g, =P g,
where the matrix P! was derived also in an analytical way. By this the expression (9) allows to compute all coef-

V3x,p,

Vp

- X

0

P

, ®)

Since the determinant Det(P)=0, there is the inverse linear transformation

&)

ficients A,, and B,,, related to the axis Z'. According to (9) then 4, and B,; read

105




Table 3. Spherical coordinates of the principal axes and their uncertainties (epoch = 1997)

Guivid (1), (1) o) alEh  ele) @)
[degree] [degree] [degree] [degree] [degree] [degree]
JGM-3 -0.000033 345.0709 0.000076 75.0709 89.999917 278.75
+0.000003 +0.0004 +0.000003 +0.0004 +0.000003 +1.92
EGM96 -0.000039 345.0712 0.000087 75.0712 89.999905 279.05
+0.000003 +0.0006 +0.000003 +0.0006 +0.000003 +1.67
GRIMS5-S1 -0.000034 345.0711 0.000085 75.0711 89.999908 276.88
+0.000002 +0.0001 +0.000002 +0.0001 +0.000002 +1.33
EIGEN-1S -0.0000353 345.07110 0.0000894 75.07110 89.9999040 276.60
1+0.0000006 +0.00005 +0.0000005 +0.00005 +0.0000005 +0.33
Adjusted 52”! , -0.0000351 345.07111 0.0000884 75.07111 89.9999049 276.71
_ +0.0000010 +0.00010 +0.0000009 +0.00010 +0.0000009 +0.62
s,, (Table2)
_ 3%, p3 —  lepe—  2X,7, —  2%,pa—  V,(p3-2)_
A21 = ——pz3C20 + Ps C21 + P2 P S 1+ pF4 C +LS22 , (103)
3p2p1 P Pi pP1P2 P1p2
— 235, pi - 2%,7, —  lape—  2V,(F24D_ X, (ps+2)_
2] = P23 C20 + pp C21 + Ps S21 + PP Chy + AL 522, (IOb)
3pa2pi Pi pi pPiP2 p1p2

where py =s;+1, p, =s, +2, p; =s, +3 and the coefficients 4,, and B,, must be zero at a reference

epoch by definition, if the axis Z’ and the figure axis C are coinciding. The obtained differences from zero lead
to the conclusion that each of the considered gravity models is referred to its own reference system.

To avoid these differences only one set of the harmonic coefficients C. 2, and S »m (at epoch 1997) was
determine from the least squares adjustment as in the preceding solution (Marchenko and Schwintzer, 2001). For

4 adopted gravity models we compute the harmonic coefficients A 2(4 ) , B 2(,{1) (G=1,2,...4). So that the vector

g ,. consists of 5 coefficients Az( r{, ) , B. 2( fn ) for each J. Further we consider (9) as the linear observation equation

system with respect to the 5 unknowns C. 2w s S »m Of the vector g. The inverse matrix P! of this system de-

pends only on the mean pole coordinates selected at epoch 1997. Two additional conditions are added to the
equation system (9) according to (10) with zero left-hand sides.

Taking for all 4 gravity models the harmonic coefficients A 2(,',’1' ) and B. 2( rfl ) in the X'Y'Z' frame as observa-

tions, we get in this way the adjusted C,,, , S,, coefficients at epoch 1997, given in Table 2. These harmonic

coefficients restore exactly the adopted mean pole coordinates x,= 0.040", y,= 0.340". Table 2 contains also the
geometrical polar f and equatorial f, flattening at epoch 1997 and other derived parameters based on the ad-

justed before dynamical ellipticity (7). The orientation of the principal axes A ,B , and C are computed for
each of the four individual gravity field models and for the adjusted set of second degree coefficients (Table 3).

4. CONCLUSIONS
Table 4 summarizes the geodetic and astronomical fundamental Earth parameters given at two different ep-
ochs and demonstrates their temporal changes caused by C. 21 (1), S. 51 (¢) (or the long-periodic model

(Marchenko and Schwintzer, 2001) for the mean pole coordinates x , (), ¥, (#)) and the secular variation

C. 50 » taken from the GRIM5-S1CH1 gravity field model. The condition 84 =3B =—-8C/2 to conserve the trace
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Table 4. Consistent system of fundamental geodetic and astronomical parameters and their temporal differences over 38
years versus uncertainty (zero-frequency tide system; GM = 398600.4415 km’/s’; a = 6378136.49 m;

C. 2 (t)=const and S. 5y (¢) = const were adopted according to Table 2)

) P(t)) P(ty) Difference: Standard dev.c
Parameter: P(f) Epoch: ¢, = 1962 Epoch: ,= 2000 P(ty)—P(t) for P at epoch
Satellite Geodesy only

Cop-10° -484.169763 -484.169320 +4.43-107° 0.8-10™"
Cyy-10° 0.000020 -0.000175 -1.95-10™° 1.5-10™"
Sy;-10° 0.000741 0.001436 +6.95-10"° 1.4-10™"
(C-A4)10° 1086.267586 1086.266596 -0.990-10” 2.2:10™
(C-B)-10° 1079.005417 1079.004427 -0.990-10” 2.2:10™
(B-4)-10° 7.262169 7.262169 -1.6-1077 2.5:10™"

1f 298.256369 298.256500 +1.31-10% 0.8-107

1/f, 91437.5 91437.5 +1.8-10° 0.3
Astronomy + Geodesy

Hp 0.0032737662 0.0032737632 -3.0-107 3.5-107

A 0.32961434930 0.32961434963 +3.3-1071° 3.5-107

B 0.32962161147 0.32962161180 +3.3-107° 3.5-107

C 0.33070061689 0.33070061623 -6.6-1071° 3.5-107

I, 0.32997885922 0.32997885922 +0.1-10"2 3.5.107

(C-B)/4 3273.5390-10°° 3273.5360-10°° -3.0-107 3.5:10°
(C-4)/B 3295.4987-10° 3295.4957-10°° -3.0-107 3.5-107
(B-A)/IC 21.95995-10°° 21.95995-10° +4.0-10 0.8-10"°

of the Earth’s inertial tensor when changing C- 50 Was applied again. Residual long-periodic fluctuations in Tracel

(of the 10™* yr'" order) are explained now by the time-varying C. 21 S »1 coefficients adopted in the XYZ frame and
require an additional non-linear reductionin H , =H (t) computed in the principal axes ABC system.

All these values represent the consistent system of parameters, which were found by a simultaneous
adjustment of the most recent geodetic and astronomical observations. Nevertheless, the comparison of their
time evolution with the standard deviations o gives significant results only for the first set of parameters coming
from satellite geodesy (Table 4). Second subset requires a more careful study of parameters’ transformation into

ABC system in view of some additional effects induced by the C. 20,5 2 S 51 changes and the adopted reference

frame. Despite of small differences with respect to parameters from previous solutions we come again to
obtained in (Marchenko and Schwintzer, 2002) qualitative result: “Differences in the principal moments of
inertia turn out to change significantly over the time interval from 1962 to 2000, whereas changes in the absolute
values cannot be reliably resolved due to the uncertainty in the dynamic ellipticity”.
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