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Abstract

In February 1994 CODE, one of the seven analysis centers of the IGS, started to derive
nutation rates in addition to the routinely estimated polar motion and UT1-UTC rates. In
1999, a set of nutation amplitude corrections for 34 periods with respect to the IERS96 model
as well as to the IAU80 model was presented in (Rothacher et al., 1999) based on 3.5 years of
data. It has been demonstrated that GPS is especially sensitive to periods up to about 20 days.
This paper deals with an update of the published amplitude corrections by taking into account
the most recent observation data.

Additionally the quality of currently available subdaily polar motion series as well as the

consequences of changes in processing and orbit modeling, which may impair the consistency
of the series over time, will be discussed briefly.

Introduction

GPS data has proven to be a valuable source for the computation of accurate polar motion
(PM) series. The series are of high quality mainly because of the uninterrupted coverage with
observation data and the more or less regular distribution of the active IGS tracking sites
(Neilan, 1998). In this context (Kouba et al.,1999) give a comprehensive description of IGS
combined and contributed daily ERP solutions, considering in special AAM/ERP correlation
studies and comparisons of combined OAM and AAM with excess PM rates.

Since 1995 the CODE Analysis Center produces besides the regular daily submissions PM-
and LOD-estimates with a two hour time resolution. This sub-daily series, calculated from the
same IGS observational data as the time series with one day resolution, are extremely suitable
for studying half-daily and daily tidal signals. Based on about 3 years of data (Rothacher et
al., 2000) have determined 57 tidal terms in PM and 41 in UT1 with an internal consistency of
the estimated amplitudes in the order of Igts in UT1 and 10pas in PM. The agreement of the
GPS results with ocean tide models derived from altimeter data is at the same level. The
chapter Subdaily Polar Motion below will focus on aspects related to the consistency of these
series over the past years.

Nutation

In contrast to polar motion the estimation of corrections to the apriori nutation model (dA€,
SAy ) was uniquely reserved to VLBI in the past. Satellite techniques used to determine UT1-

UTC rates (LOD) at the most. (Rothacher et al., 1999) have shown, that there is no reason to
discriminate between the estimation of the former and the latter quantities. Offsets in UT1-
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UTC and in nutation are correlated with the orbital elements and unmodeled orbit
perturbations lead to systematic errors in the rate estimates of both parameter types.

AUTI-UTC) =- (AQ+cosi-Au,)/k
0Ac = cosQ-Ai+sini-sinQ-Au, (1)
OAy-sing, =—sinQ-Ai+sini-cosQ-Au,

(Q ...right ascension of the ascending node, u,, ...argument of latitude at the osculation epoch,
i ... inclination of the orbit, k...ratio of universal time to sidereal time)

We may parameterize corrections in nutation, e.g. in obliquity, with respect to the reference
model as piece-wise linear functions

dAe =g, +5A.€(t—t0) )

enforcing continuity at the interval boundaries. Due to equations (1) dAg, has to be con-

strained to the reference model (IAU 1980, IERS96), but & Ae may be freely estimated. To

obtain corrections in the nutation amplitudes A,-‘j'f , jj, the quantity dA€ can be represented as

SAE(t) = A cos 6,(1)+ 3. AL sin6;(2) 3)
j=1

=

and the first derivative as
. n 89 n 86
JAg(t)==Y Ajsin 0j(t)7’-+ZA§j cost(t)—a[i (4a)
j=1 j=1
For the nutation in longitude, of course, a similar relation holds

. n J0. n 00.
SAW(1)==Y AYsin 6;(1)—L+Y AY cos8;(1)—L (4b)
j=1 d 5 o

The 6; denote a linear combination of the Delaunay variables and n the number of waves in

consideration. The A;,A, are usually called in-phase and out-of-phase components.

Advantageously these numbers may be converted to prograde and retrograde circular
amplitudes. For details see (Defraigne et al., 1995).

The results given below are based on 1765 daily trend-reduced nutation rate estimates
covering the period from April 1994 till March 1999. The formal errors of these nutation rates

were about 25uas/d (Ag,Aysing,). The orbit models in use during this time span

characterize the satellite motion (3-day arcs) by a set of initial conditions, one set of radiation
pressure coefficients and by pseudo-stochastic pulses once per revolution in radial and along
track direction.
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Till the end of 1996 solar radiation pressure has been parametrized only by a direct radiation
pressure coefficient and the y-bias. Afterwards three constant terms (direct, y-bias, x-bias) and
periodic terms in x-direction were included in the estimation process. (Springer et al., 1998)
have shown, that the selection of such a parameter-subset optimizes the orbit quality and the
quality of the UT1-UTC rate estimates. Tentatively we may deduce, that the effects of
mismodeled radiation pressure parameters on the orbital elements are either short periodic
perturbations (f(u,); revolution period) or long term variations with annual and semi-annual

character. These variations are not critical for monitoring nutation terms with periods below
30 days, but the former may be critical for LOD.

Due to the fact, that retrograde diurnal PM is geometrically equivalent to nutation, it is
impossible to solve for both simultaneously. Thus, to overcome the singularity, amplitudes of
PM terms within this frequency range were constrained to zero.
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Figure 1

Figure 1 shows the spectrum of circular nutation amplitude corrections with respect to the
IAU 1980 model obtained from the rate amplitude spectrum by using the conversion factor
l/w;=T;/2x. Afterwards, amplitude corrections were determined by a least square
algorithm for 20 periods and listed in Tables 1a,b below (label CODE99). The weighted rms
of the resulting post-fit residuals of the nutation rate corrections (A =A¢;Aysing) of
0,5 =0.3mas/d indicates that the formal errors of the GPS estimation (see above) are not
really representative.

For comparison the IERS96 model and CODE98 solution are given as well. CODE98 refers to
(Rothacher et al., 1999) who presented amplitude corrections both in obliquity and in
longitude for 34 terms based on 3.5 years of data.
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Table 1a: Nutation Amplitude Corrections in A¢ relative to the IAU 1980 Model
(units: 0.001 mas)

Argument  Period CODE99 CODE98 IERS 96
days cos/sin stdev cos/sin  stdev cos/sin

20222 468  +31/* 8 +34/0 8 +47/0
00242 479 424/ % 8 +28/0 8  +29/0
30201 5.49 */ 9 +21/0 9  +24/0
10222 5.64  +49/ * 9 +14/0 10 +25/0
1-1222 573 +28/* 10 +27/0 10 +25/0
10242 580  -27/ * 10 -10/ 0 10 -34/ 0
00222 7.10 421/ % 12 +62/ 0 12 +43/0
20242 735  -44/ * 12 31/ 0 13 -48/ 0
30222 875  -46/ * 15 -48/+18 15 40/ 0
10402 9.06  -23/ * 16 -34/+19 16 -49/ 0
10201 9.12 -85/ * 16 n.e. -65/+8
10202 9.13” 0/ +35 16 +20/+34 16 0/+35
10222 9.56 -41/+18 16 36/+20 17 -46/+7
10021 9.63  +73/+28 17 +32/427 17 +49/ 0
00201 13.63  +89/+33 34 n.e. +76/+32
00202 13.66™° +164/+136 27 +125/+115 24 +164/+136
0-1202 1419  -34/+67 24 0/+60 25 0/0
20222 1463  +65/-62 25 +52/-39 26  +40/ 0
00022 1477 494/ * 25 +80/ * 26 +75/ 0%

Table 1b: Nutation Amplitude Corrections in Ay relative to the IAU 1980 Model
(units: 0.001 mas)

Argument  Period CODE99 CODE98 IERS 96

days sin/ cos stdev sin/cos stdev sin / cos
00242 479  +49/* 14 +42/+25 20 +29/ 0
30201 549  -31/* 15 31/ * 23 +24/ 0
10222 564  +89/* 17 +67/ * 24 +32/ 0
1-1222 573  -52/+31 18 -49/+38 25 -59/ 0
-10242 580  +75/* 18 +27/ * 25 +49/ 0
21202 6.73  +22/+29 21 * | * 29 +40/ 0
01222 6.96 +41/+29 21 +44/ * 30 +54/ 0
00222 7.10  -69/* 22 -83/ * 31 - 54/ 0
0-1221 723 -40/ * 22 n.e. - 44/ 0
10201 9.12" -65/* n.e. - 65/ 0
10202 9.13  -26/+58 38 -31/+51 40 - 371477
-10222 9.56  -60/* 29 -61/ * 42 - 65/ 0
01202 13.17  +97/* 40 +66/ * 57 +57/ 0
00201 13.63 -171/+48 50 n.e. -152/+37
00202 13.66" -320/+269 -284/+272 61  -320/+269
20222 1463  +70/-162 45 +223/-124 65 +39/ 0

... estimates below one sigma uncertainty n.e. ... not estimated

... constrained to IERS 1996 value
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Discussion

We find no drastic differences in the amplitudes of the CODE solutions (except in the 14.63
term in Ay, which is still unsatisfactory). This implies that the solution becomes more and

more stable due to the extended time interval. The formal errors of the coefficients in Tables
la and 1b basically follow the rule

2 1
O-GzaAd'J%'Z &)
j

Oag - Tms of post-fit residuals of the nutation rate corrections
m ... number of nutation rate estimates

With m=1765 and 0,4 =0.3mas/d we find o =0.0016T; mas . In contrast to equation (5)

the formal errors of amplitude corrections computed from VLBI data (0, ) do not show this
dependence on the frequency (see Figure 2).
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Figure 2

Thus assuming again for instance m =1765, 6,, =0.6mas (Herring et al., 1991) results in
oy =0.020mas . More recent publications (Souchay et al., 1995, Charlot et al., 1995) show
smaller numbers, indicating further improvements in modeling.

The comparison of (5) and (6) immediately leads to the conclusion that GPS is able to deliver
unique contributions to the nutation spectrum in the high frequency range (up to 14 days).
Moreover, amplitude corrections for terms with periods ranging from 14 to 28 days may be
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used in comparisons as independent determinations (although they are less accurate than the
VLBI estimates). Both techniques are still improving in terms of data modelling as well as in
data acquisition, which will decrease the error bars of the observed nutation series
significantly in the future.

Subdaily Polar Motion

Due to ongoing attempts aiming to improve the processing strategy, the resulting series
sometimes suffer from inhomogeneity and are subsequently difficult to interpret (see e.g.
Rothacher et al., 1999). At the CODE Analysis Center, for example, several model changes
concerning the force field, the weighting of the observations (elevation dependence), the time
resolution of the estimates or the realization of the reference frame can be reported between
1993 and 1998. Thus, the homogeneous recalculation of ERP-series with the most recent (and
best available) strategy promises a remarkable reduction of inherent systematic errors. Test
calculations were carried out, focusing on the period from Sept.1, 1996 till Dec. 31 the same
year. Data sets and models basically differ from the original computation due to the inclusion
of more low-elevation data, the consideration of ocean loading effects, an improved modeling
of solar radiation pressure and last but not least due to an increased tiine resolution of the
ERPs of one hour.

The series were computed with respect to the model by Ray (Ray, 1996). Because of the well-
known effect, that satellite techniques are restricted to estimate UT-rates, the difference UT-
UTC has to be recovered by integration. Nutation offset drift parameters were constrained to
reflect the IERS 1996 empirical model given in (Mc Carthy, 1996).

A short look at the residual ,amplitude spectrum‘ in PM shows us large, still remaining
differences in the prograde diurnal band (Figure 3a). Due to the short series a more detailed
assignment to special waves is not possible at the moment. But it might be assumed, that the
differences stem from tides with periods very close to 24 hours (51, 1) and therefore within

the 2:1 resonance of the orbit period and the sidereal day.
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Figure 3a: Prograde Polar Motion
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Similar to the UT-series there are small peaks at the higher harmonics of one cycle/day, which
have to be investigated in the near future. Figure 3b shows the corresponding retrograde
spectrum (same scale) giving evidence that terms at the nutation frequency have been
suppressed succesfully. Moreover, both plots tell us that GPS results and the Ray-Model
correspond fairly good in the semidiurnal band. Compared to the original series the new’

series show a more smooth behaviour. Remaining differences are dominated by a 14-days
period both in PM and in UT]1.
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Figure 3b: Retrograde Polar Motion

Summary

GPS is able to determine a number of coefficients in the nutation series with a precision of
about +/-15 micro-arcseconds growing linearly with the associated period. As expected, the
contributions concentrate in the first place on terms with short periods (up to 14 days).
Nevertheless, there is some residual power at periods up to a month or more. Due to
correlations of the orbit force parameters with other parameter types, improving the orbit
model can cause inconsistencies in the nutation rate series. Therefore reprocessing efforts and
correlation studies are encouraged.

The nutation amplitude corrections computed from the GPS series provide a significant
contribution to the comparison of analytic and semi-empirical nutation models. In future the
combined analysis of VLBI, LLR and GPS series in order to estimate nutation amplitudes will
be a worthwhile undertaking.

In terms of PM and LOD the processing of the remaining 1993-1996 GPS data is still under
way and the results will be used to replace the corresponding parts of the elder series, e.g. in
order to evaluate an improved set of ocean tide coefficients.
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