
Observations de la nutation

• Gattano et al. (2017, JoG) : 
analyse des séries de nutation 
disponibles à l’IERS

• Ajustement d’un facteur d’échelle
et d’un bruit plancher (Herring et 
al. 2002, JGR)

𝜎" → (𝑠𝜎)"+𝑓"
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• Bruit plancher autour
de 0.07 mas alors que 
l’erreur mediane est de 
0.02 mas

• Facteur d’echelle > 1

excitation [Sasao and Wahr, 1981]. Previous analyses of VLBI
data have detected the freely excited RFCN with amplitudes
between 100 and 200 mas [Herring et al., 1991; Herring and
Dong, 1994]. In this paper, we consider this problem further by
examining the temporal variations in this freely excited mode. The
PFCN resonance is so small relative to the RFCN resonance that
any free excitation of this mode is not likely to be detected with
current measurement accuracy.
[10] In this paper, we first discuss the analysis of the nutation

angle data sets obtained from VLBI measurements, and we present

the results from the complete analysis. We then discuss the details
of error analyses performed on these results and the temporal
evolution of the freely excited RFCN.

2. Data Analysis and Results

[11] The analyses in this paper use two sets of measurements of
the nutations of the Earth both obtained from similar sets of VLBI
experiments. One analysis by the Goddard Space Flight Center
(GSFC), obtained from the International VLBI Service (IVS)
products area (ftp://cddisa.gsfc.nasa.gov/vlbi/ivsproducts/eops),
included results from 2974 sessions of data, each normally of 1
day duration, collected between August 1979 and November 1999.
This series is referred to as GSF1122. The other analysis, obtained
from the U.S. Naval Observatory (USNO), referred to as usn9901,
covered a similar interval of time and included 2713 sessions of
data. The GSFC and USNO analyses differed in the models used
for diurnal and semidiurnal Earth rotation variations and the spans
of time used to estimate atmospheric delay parameters. In addition
to these results, we also used an analysis by the Institute of Applied
Astronomy (IAA). The IAA analysis used data collected between
January 1984 and July 2000 and includes only the 981 VLBI
measurements made for routine EOP determination. For additional
checks on the results we also used data from January to July 2000
from the GSFC and USNO analyses. These data from 2000 were
not used in the standard analysis but rather were used as an
independent data set to evaluate the results from the pre-2000
data. All of these data sets are available from the IVS.
[12] The data sets consist of a time (at the center of the VLBI

session) and differences between the measured nutations in longi-
tude, !y, and obliquity, !e, and the IAU-1980 theoretical values
for these nutation angles. Each pair of nutation angles has standard
deviations derived from the geodetic analysis of each session.
These standard deviations are consistent with the c2 per degree of
freedom (c2/f ) of the VLBI delay measurements being unity for
the session being analyzed. The data sets are shown in Figure 1.
Although the full correlation matrix is available for the GSFC
analysis, we did not use these correlations because as shown by
Herring et al. [1991], they make little difference to the type of
analysis performed here. In our analysis of these data we seek to
obtain estimates of the differences between these nutation angles
and those inferred from a modern nutation series and to estimate
corrections to the largest terms in the nutation series. For this
estimation we need appropriate standard deviations for the nutation
angles estimates.
[13] Although the standard deviations of the nutation angle

estimates for a day are in accord with the scatter of the VLBI
delay residuals on that day, analysis of the angle residuals shows
that these standard deviations are most likely too small. We use
here the procedure adopted by Herring et al. [1991] to determine
more realistic standard deviations. We binned the nutation angle
residuals by the size of the standard deviation and then computed
the weighted root-mean-square (WRMS) scatter of the nutation
angle residuals in each bin. To these binned values we fit a model
of the form

x2i ¼ s2o þ ks2i ; ð1Þ

where xi is the WRMS scatter in the ith bin, so2 is a constant
additive variance, and k is a scaling of the expected scatter of
the residuals in the bin si2. The nutation angle residuals used in
this process are obtained from fitting nutation series parameters
to the data and therefore depend on the standards deviations
assigned to the angle data. The fitting of the parameters is
iterated, and new residuals computed after initial estimates of the
parameters of (1) are determined. The iteration converges after
the second iteration. Since parameters are estimated, the residuals
are almost independent of the a priori nutation model used in
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Figure 2. Comparison of weighted root-mean-square (WRMS)
scatter of nutation angle residuals for (a) ! y sin eo and (b) !e and
the expected scatter based on the VLBI estimates of the standard
deviations. The solid triangles show the values from the data
analysis, and the thick solid line is the model given in (1) with
parameters so2 = (0.08 mas)2 and k = 1.6. The thin solid shows the
expected relationship if the WRMS scatter matched the expected
standard deviations.
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Ajustement des nutations
• Approches directe/indirecte : comment ajuster 

les amplitudes

• Approche classique (indirecte)
• On produit la série temporelle de nutation
• On ajuste une fonction du type

𝑁 𝑡 = 𝐴𝑒.(/012)

• Approche directe : A est un paramètre global et 
on l’ajuste sur les retards VLBI

Δ𝜏 =
𝜕𝜏
𝜕𝐴

Δ𝐴

• Comparaison des deux approches (Nurul Huda
et al. 2019, GJI)

• Amplitudes cohérentes
• Barres d’erreur nettement plus petites dans 

l’approche directe
• Plus précis ??? Ou suspect...
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Ecarts à Mathews et al. (2002)



Ajustement des nutations
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• Tests de robustesse des 
amplitudes : pour les 
relativement longues 
périodes, elles devraient être 
les même si on les ajuste 
séparément sur les sessions 
paires et les sessions 
impaires

• Différence entre les 
estimations des deux 
groupes : barres jaunes

• Largement plus gros que les 
erreurs standards

• Incite à se méfier des 
erreurs standards qui sont 
quasi uniformes et sous-
estimées



Ajustement des nutations : effets géophysiques
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• Erreurs provenant des modèles qui entrent en jeu dans la 
réduction des données

• Atmosphère : grosse incohérence entre GCM pour l’annuelle 
rétrograde ~50 µas

• Océan : peu de modèles

• Bilan d’erreur : robustesse + modèles



Ajustement des nutations : impact du repère céleste ?
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• ICRF3 (Charlot et al. 2019 AA)

• Précision plancher 0.04 mas à
0.03 mas

• Stabilité des axes 0.01 mas sur 
40 ans

• Principales améliorations
• Plus d’observations...
• Réseau sud en progrès
• Modélisation de l’aberration

galactique (0.005 mas/an)
• Répartition plus uniforme des 

sources de définition
• Mesure des systématiques en 

déclinaison par rapport à Gaia 
à moins de systématique que 
pour l’ICRF2

• 8 GHz, 22 GHz, 32 GHz
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