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Abstract. We present a comparison of the diurnal and subdiurnal nu­
tations of the three last theories of rigid Earth nutation: SMART97, 
RDAN97 and REN 2000. For a better interpretation of the observations, 
we characterize their contribution to the polar motion and we estimate 
the nonrigid effects. 

1. Introduction 

The short period nutation terms have been put forward by Kinoshita and Souchay 
(1990). They are due to the fact the Earth is not exactly an axial and homo­
geneous ellipsoid. They present variations up to 20 microarcseconds in the time 
domain. This is the level of accuracy of the Earth orientation parameters de­
termined by modern geodetic technques. Hence astrometric determination of 
the Earth's orientation as well as the interpretation of the Earth's orientation 
parameters requires knowledge of the short period nutation terms. 

Three available series for short period nutations, established by three inde-
pendant teams in the frame of a rigid Earth model, are available. We aim at 
providing a comparison between these series, as well a complete description of 
the phenomenom for astrometric purposes. 

2. Comparison of the available series for the short period nutations 

Presently, there are three accurate available rigid Earth nutation series computed 
by different analytical methods: 

• SMART97 (Solution du Mouvement de VAxe de Rotation de la Terre): the 
rigid Earth nutation series of Bretagnon et al. (1997, 1998) based on the 
Eulerian equations for the motion of the Earth in the space, 

• RDAN97 (Roosbeek Dehant Analytical Nutation): the rigid Earth nuta­
tion series of Roosbeek and Dehant (1998), computed using the torque 
approach, 

613 

https://doi.org/10.1017/S0252921100061789 Published online by Cambridge University Press

mailto:christian.Bizouard@obspm.fr
mailto:Jean.Souchay@obspm.fr
http://mat.ucm.es
https://doi.org/10.1017/S0252921100061789


614 Bizouard et al. 

• REN 2000 (Rigid Earth Nutation): the rigid Earth nutation series of 
Souchay and Kinoshita (1996, 1997) and Souchay et al. (1999), based 
on the Hamiltonian equations of a rotating body. 

All the effects having an influence at the 0.1 microarsecond (fias) level such 
as Earth's triaxiality (C22 and S22 effects), J3 and J4 effects, non-zonal harmon­
ics of third and fourth degree influences, planetary indirect and direct effects are 
taken into account in these three theories. The non-zonal harmonics induce the 
short-period nutations and can be divided into three categories (Souchay et al., 
1999): 

• The quasi-diurnal terms, related to C31, 531, C41 and 541 harmonics, 

• The semidiurnal terms, due to C22, S22, C32 a n d 632 harmonics, 

• The third-diurnal terms, related to C33 and 533 harmonics. 

The nutation terms are classically expressed as a nutation in longitude Atp and 
a nutation in obliquity Ae: 

Atp = ipssm8(t) + ipccos0(t) (1) 

Ae = es sin 0(t) + sc cos 9(t) (2) 

where 0 is the astronomical argument of the nutation given by a linear combi­
nation of the Delaunay arguments and the Greenwich mean sidereal time $: 

6{t) = ixlM + «Vs + i3F + i4D + i5Q + i 6$ 

where IM is the mean anomaly of the Moon, Is the mean anomaly of the Sun, F 
the difference between the mean longitude of the Moon and the mean longitude 
of the node of the Moon, D the difference between the mean longitudes of the 
Moon and of the Sun, fl the mean longitude of the node of the Moon. The 
argument 6(t) can be expressed as the sum of a secular term Xt, where A is the 
frequency of the nutation concerned and a quasi-const ant term. 

In Table 1 we present the main quasi-diurnal and subdiurnal terms of REN 
2000 series according to the above representation (the complete series contain 
252 terms in longitude and 190 in obliquity). In the same table, we report the 
term-to-term differences with SMART97 and RDAN 2000 models. The largest 
offsets are below 0.8 /ias. 

We produced also the time comparison of those series over one thousand 
years. Table 2 provides us with the maximum absolute values of the differences 
between each of the series. 

3. Circular components and nonrigid effects 

From a geophysical point of view, the best information is contained in the circular 
components of the nutation terms. The prograde and retrograde circular terms, 
expressed in the terrestrial frame have totally different frequencies. In turn 
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Table 1. Main quasi-diurnal and semidiurnal nutations of the figure 
axis: REN-2000 values and differences with SMART97 and RDAN97 
models. The unit is /j,as. 
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Table 2. Comparison in time domain between SMART97, RDAN97 
and REN2000 short period nutations. The unit is jias. 

SMART97 - REN2000 
RDAN97 - REN2000 
RDAN97 - SMART97 

A ip s ine Ae 
1.74 3.52 
2.40 6.80 
1.40 6.80 
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they constitute different phenomenona with respect to the Earth. Thus we can 
expect, that they are perturbed in different ways by the geophysical properties 
of the Earth. 

Miscellenous ways for expressing the circular components of the nutations 
exist. A given nutation term, in the mean equatorial frame, can be expressed 
by the complex coordinate 

P = Aipsine0 + iAe. (3) 

According to equations (1) and (2) and by using Euler decomposition of cosine 
and sine terms, we get the following expression in circular components: 

P = i(aV*W + a-e-'*<'>) (4) 

with: 

a+ = a++ iaf --(-Aipssin£0 +A£c) + i-(-Aipcsine0-Aes) (5) 

a~ = a~ + ia~ = -(Aipss'me0 + Aec) + i-{-A^csm£0 + Aes) (6) 

If the frequency A of the nutation term is positive, then the term a+ provides 
us with the prograde component, whereas a" provides us with the retrograde 
component. If the frequency A of the nutation term is negative, then the term 
a+ provides us with the retrograde component, whereas a~ provides us with the 
prograde component. 

It turns out that short period nutations are prograde, the retrograde com­
ponents being less than 1 /xas in absolute amplitude. In Table 3 we give the 
prograde components associated with the model REN 2000 greater than 2 ^as. 
We give also the period with which these terms appear in a terrestrial refer­
ence frame. The quasi-diurnal terms get mapped into long-period polar motion, 
whereas the semidiurnal ones into prograde diurnal polar motion according to 
the equation p = —Pe~°* (p is the polar motion). 

Until now the computation of the diurnal and subdiurnal nutation was 
restricted to a rigid-Earth model. Some resonance effects with the Chandler 
frequency can be expected for the diurnal terms, since they appear as a long 
period polar motion in the terrestrial frame (around 1 month for the biggest 
term). 

Generally the tidally induced nutation for a non rigid-Earth are deduced 
from those of a rigid Earth thanks to a transfer function involving geophysical 
properties. The transfer functions are constantly refined by taking account new 
processes as well improved values of geophysical parameters. We have used a 
transfer function computed recently by Mathews (1999). The prominent values 
for the circular components are reported in Table 3. Some strong decrease 
appears for some of the amplitudes, up to 60% of the "rigid" value. 

4. Conclusion 

The agreement between the values of the short period nutations of the three 
available series is remarkable at the level of 1/zas. The nonrigidity of the Earth 
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Table 3. REN2000 prograde nutations above 2 //as and correspond­
ing values for a nonrigid Earth according to Mathews (1999). We give 
the in-phase a+ (ip) and out-of-phase af (op) terms denned hereabove. 
The unit is /xas. 
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affects mostly the semidiurnal nutations up to 6 /xas. Astrometric determination 
of the Earth's orientation parameters as well as their interpretation require us 
to consider carefully these terms. 
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