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Abstract. The consideration of time stability of extragalactic radio sources observed by VLBI is shown to allow the realisation
of more consistent celestial reference frames. The impact on the estimation of precession and nutation components is inves-
tigated over the time span 1984–2002. The precession correction to the IAU 2000 value that is obtained when excluding the
unstable sources reaches 49 ± 5 µas/year, to be compared to 12 ± 5 µas/year using the current conventional celestial frame.
The determination of the obliquity rate is unaffected and remains at the level of 27 ± 2 µas/year. The observed correction to
the 18.6-year nutation amplitude using the current conventional celestial frame ie sizeably corrupted by the unstable sources.
After accounting for this effect, the estimations relative to both sets of reference radio sources confirm a discrepancy with the
IAU 2000 nutation model with a total amplitude of 320 ± 100 µas for the observed nutation in longitude, to be compared to the
80 µas discrepancy found by Mathews et al. (2002, JGRB, 107, 1029). The discrepancy in obliquity amounts to 50 ± 16 µas.
The effect of source instability is shown to have an impact on the determination of universal time at the one microsecond level.
The high and medium frequency nutation terms (up to periods of a few years) are impacted only in the early years of the
program.
Chapter 7 concerning the observation of the core and inner core free nutations is paralleled by a twin paper (Dehant et al. 2005,
A&A, 438, 1149) that proposes a theoretical development for their atmospheric and oceanic excitation.
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1. Introduction

VLBI is currently the only method available for measuring the
sidereal orientation of the Earth. The parameters involved are
universal time, precession and nutation.

The Precession-Nutation model recommended in 2000 by
the International Astronomical Union, IAU 2000, was derived
by Mathews et al. (2002). These authors used estimates of the
largest nutation coefficients to determine a set of physical pa-
rameters that influence the response of the real Earth to exter-
nal torques, in the context of a model of the Earth’s interior. In
this adjustment, all VLBI observations available over 1980.0–
2002.5 were used.

The estimation of the amplitude of precession and nutation
terms consists of a least-squares extraction of periodic compo-
nent at known frequencies from the motion of the Earth’s axis
of figure relative to a conventional celestial reference frame that
is materialised by coordinates of a set of extragalactic radio
sources. A fundamental hypothesis in this method is that the
directions of the fiducial objects stay fixed in time. The current

definition of the International Celestial Reference Frame ICRF
(Ma et al. 1998) is based on this hypothesis. If, due to the in-
tense activity of the celestial objects taken as reference points,
some of them have position instabilities or apparent motion,
the celestial reference frame will exhibit local inhomogeneities
that may vary in time. As a result, some nutation coefficients
derived may be contaminated. Dehant et al. (2003) showed
that inhomogeneity in the celestial frame can lead to changes
of nutation coefficients estimates at the level of a few tens of
microarcseconds (µas).

Although the causes that induce variations of the sidereal
rotation of the Earth at all periods from minutes to millennia
are globally known, there is no predictive model comparable
to those available for precession and the forced nutations, that
leave only about 10−9 of the phenomenon unexplained, to be
observed and further explained. Fine tests on the influence of
the celestial reference frame on periodic variations in universal
time determinations are therefore impossible. The tests have to
be restricted to simple models.
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In a recent study of individual source motions,
Feissel-Vernier (2003) devised a stability selection scheme that
pinpointed 163 well observed sources that are highly unstable
or even drifting in the 1990–2002 time frame. Conversely, a
set of 199 stable well observed sources was identified. The
use of the stable sources in the definition of the axes of a
celestial reference frame was shown to lower the medium-term
instability of the celestial reference frame from 28 to 6 µas
when compared to the ICRF. Another set of 358 sources
were observed too sparsely for a statistical evaluation of their
stability.

Arias & Bouquillon (2004) showed that this core of
stable sources allows a better match of celestial reference
frames attached to the ICRF by various authors. Gontier &
Feissel-Vernier (2003) showed that the derived time series of
pole coordinates and universal time were more stable when ex-
cluding the unstable sources than those relative to all sources,
as currently done in operational programs.

In this paper, we study the impact that the consideration
of the stability of reference extragalactic radio sources may
have on the precise knowledge of the sidereal orientation of the
Earth, namely free or forced nutations of the Earth, precession,
obliquity rate and universal time.

We first recall in Sect. 2 the main analysis strategies used
in the construction of celestial reference frames from VLBI ob-
servations. In Sect. 3 we study the random deformations of ce-
lestial reference frames associated with various source analy-
sis strategies. The size of these deformations may give an idea
of the improvement expected from the rejection of unstable or
drifting sources.

We develop in Sect. 4 the model for using time series of ra-
dio source coordinates to infer the robustness of observations of
precession and nutation coefficients, and of the low frequency
components in universal time.

In Sect. 5 through 7 we describe the impact of the reference
sources selection on the determination of the secular terms, the
18.6-year component, and of some medium term nutation com-
ponents that are believed to be influenced by the atmosphere or
the oceans, namely the annual nutation, the Free Core Nutation
and the Free Inner Core Nutation. The impact of the reference
sources selection on UT1 is evaluated in Sect. 8.

2. VLBI celestial reference frames

The celestial reference frames that are implicit in the determi-
nation of precession and nutation are usually based on global
VLBI observations since 1980. Table 1 gives the yearly obser-
vations rates used for the celestial reference frame since 1984,
in terms of numbers of sources observed and numbers of ses-
sions. Figure 1 shows the distribution history of these obser-
vations as a function of the source declinations. The 1980–83
data, sparser and less precise, are not shown. Observations with
the southern hemisphere stations started only in 1989 and be-
came less frequent after 1996. New sources were progressively
added in the northern hemisphere, in particular in 1990 and in
1995. Only some of them were still observed after 2000–2001.
The number of yearly sessions had a plateau above 200 per year
over 1990–1994. Since then, it stabilised around 130 per year.

Table 1. VLBI yearly rates of observations available for the celestial
reference frame in terms of number of sources (srces) and sessions
(sess).

Central Number of Central Number of
date srces sess date srces sess

1984.0 51 93 1993.0 312 219
1985.0 57 119 1994.0 311 203
1986.0 62 134 1995.0 359 170
1987.0 119 154 1996.0 307 132
1988.0 183 186 1997.0 321 142
1989.0 220 197 1998.0 321 129
1990.0 234 255 1999.0 360 133
1991.0 288 236 2000.0 301 116
1992.0 325 251 2001.0 276 127

The analysis strategies for deriving a celestial reference
frame from multi-year VLBI observations include a number of
choices. Two of them are considered here.

– A first choice has to be made concerning the definition
of the celestial and terrestrial reference frames and their
connection in time. Two different approaches are used, as
follows.

– In the derivation of the ICRF and its extensions (Ma
et al. 1998; Fey et al. 2004), the so-called CRF ap-
proach was used, i.e. station positions are set as arc
parameters, thereby estimated independently for each
observing session. Polar motion and universal time are
not estimated but nutation corrections (celestial pole
offsets) are obtained. This strategy was chosen in or-
der to free the celestial frame solution from systematic
errors that may be propagated from terrestrial network
deficiencies.

– In this study, we consider solutions based on the so-
called TRF approach, in which most station positions
and velocities are set as global parameters, i.e. con-
sidered constant over the total data span. Polar motion,
universal time, and nutation corrections are estimated
for each session. Comparisons performed on test so-
lutions with data up to 2002.7 (Feissel-Vernier et al.
2004) have shown that keeping the link between the
celestial and the terrestrial reference frames does not
impact the quality of the precession-nutation measure-
ments. This might not have been the case when Ma et al.
(1998) derived the original ICRF based on observations
before 1995.

– Some other features of the analyses are worth mentioning
in the context of this study:

– The observed sources may be treated either as global
sources, when their equatorial coordinates (α, δ) are
considered fixed over the total observation span and es-
timated as two constants, or as arc sources, when their
coordinates are estimated independently for each ses-
sion in which the source is observed. In the case of
simultaneous estimation of nutation angles, only the
global sources contribute to this estimation.
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Fig. 1. VLBI observations history, 1984–2002. Each dot represents a multibaseline VLBI session where the source with a given declination was
observed.

– In order to attach the axes of the derived celestial ref-
erence frame to the reference ICRF axes, a no-net-
rotation (NNR) condition is implemented, using a set
of selected global sources, e.g. the defining sources in
the case of the ICRF, or the stable sources in this study.

To study the influence of the effective celestial reference frame
on determination of precession and nutation coefficients, we
consider two solutions for the celestial reference frame and
the celestial pole offsets based on the 1980.0–2002.7 data, de-
scribed in Table 2. Data was analyzed with the CALC-SOLVE
software package.

– In the first solution, referred to as Conventional, all sources
are considered global and the NNR condition with respect
to the ICRF is based on the 212 ICRF defining sources.
Precession and nutation studies based on VLBI observa-
tions usually follow that scheme.

– A second solution, referred to as Proposed, is studied.
In this solution, the 163 unstable sources (according to
Feissel-Vernier 2003) are treated as arc sources, and all
other sources, i.e. 199 stable sources and 358 sparsely ob-
served sources, are treated as global. The NNR condition
with respect to the ICRF is only based on the 199 stable
sources. This solution, where the derived celestial pole off-
sets (dψ, dε) are made to refer to these selected sources,
will be used to infer the impact of source selection on pre-
cession and nutation determinations. This solution keeps
as global the sparsely observed sources, which represent
less than 10% of the total observational data. One rea-
son for considering these sources as global is that it leads
to a cleaner wavelet spectrum (see Sect. 7.2) than when
restricting the set of global sources to the stable ones,
which may be due to better source distribution in the
individual sessions from which celestial pole offsets are
estimated.

Table 2. Two VLBI celestial reference frames under study.

Name Global Arc NNR
of frame sources sources sources

Conventional All none ICRF def.
(724) (212)

Proposed Sparse Unstable Stable
(363) (163) (199)
Stable

3. Internal consistency of celestial reference
frames

Two celestial reference frames can be compared by evaluat-
ing their relative rotation angles A1, A2, A3 around the axes
of the equatorial coordinate system, using the following equa-
tions, where α, δ are the source coordinates and ∆α, ∆δ are the
differences of coordinates in the two frames.

∆α = A1 tan δ cosα + A2 tan δ sinα − A3 (1)

∆δ = −A1 sinα + A2 cosα + dz. (2)

The dz parameter absorbs systematic differences in declination
that may be caused by inaccuracy of the tropospheric propaga-
tion correction for sources observed at low elevations, which
is often the case for sources in the equatorial region as a re-
sult of station network geometry. In the pre-ICRF celestial
frames, significant values of dz were found when comparing
solutions obtained by different analysts. However, McMillan &
Ma (1997) showed that adding the so-called gradient parameter
when modelling the tropospheric delay minimises this defect.
The gradient parameterisation is now commonly used in VLBI
analysis.

To evaluate the internal consistency of the two celes-
tial reference frames of Table 2, we compare them with
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Table 3. Standard deviations of source positions in the two celestial
reference frames under study.

Reference Standard deviations
frame ∆α cos δ ∆δ

Proposed 27.1 µas 21.2 µas
Conventional 28.3 µas 24.0 µas

two independent celestial frames available at the IERS/ICRS
Product Center (ICRS-PC, 2003), one provided by the IAA
(St Petersburg) and the other by the BKGI (Leipzig). Note that
the Proposed frame of Table 2 was rotated to the ICRS axes
using an NNR condition based on the 199 stable sources, while
for the other three reference frames the NNR condition was
based on the 212 ICRF defining sources.

In each comparison, the two frames are rotated to common
axes in a least-squares adjustment of the above equations ap-
plied to the 206 sources that are common to the four refer-
ence frames. About 2/3 of them belong to the stable category,
with the other 1/3 sparsely observed. Variances of the postfit
residuals ∆α cos δ and ∆δ are computed. In this process, the
estimated parameters A1, A2, A3, and dz absorb systematic dif-
ferences that can be expected from the construction schemes
or the compared reference frames. In effect, the estimated pa-
rameters may reach 50 µas for the rotation angles and 70 µas
for dz. The variance of the residuals measures only the random
differences.

The three-cornered-hat method is then applied to these vari-
ances. This method allows us to estimate the variance of the
noise of three or more sets of measurements of the same quan-
tities, here the source right ascensions and declinations, under
the assumption that the errors are independent in the three data
sets. Considering the variances of the differences between two
data sets i and j, one can write

var(αi cosα − α j cosα) = var(αi cosα) + var(α j cosα) (3)

var(δi − δ j) = var(δi) + var(δ j). (4)

If three reference frames are considered, one gets three sets of
the above equations that can be solved to obtain the individual
noise variances var(αk cosα) and var(δk) for k = 1, 3. If more
than three data sets with independent errors are available, the
individual noise variances can be estimated by means of a sta-
tistical algorithm, e.g. by least squares.

Table 3 gives the individual standard deviations thus de-
rived for the two reference frames described in Table 2. Direct
comparison of the two frames of Table 2 was indeed not used in
this process, as their errors cannot be assumed to be indepen-
dent. Standard deviations of the external frames (not shown)
are in the same range of values. The robustness of the estima-
tions was tested by associating the data in various ways, and
the results remain stable within 2 µas.

Table 3 shows that orienting the frame using the stable
sources Proposed reference frame improves the variance of
residuals by 9% in right ascension and 28% in declination,
when compared to conventional practice. One can expect that
improvement in the internal consistency corresponds to better

time stability of the frame, which in turn leads to better deter-
mined precession and nutation coefficients.

4. Perturbation of precession and nutation
determinations by radio source instability

To what extent can the time dependent deformations of the ref-
erence frames contaminate the estimation of precession or nu-
tation coefficients? To estimate the magnitude of this possible
effect, we evaluate the celestial pole apparent motion resulting
from the sources’ motions and we look for possible signatures
at frequencies in the nutation spectrum, or linear drifts, that
would be interpreted as systematic errors on the correspond-
ing precession-nutation components. If the pole motion is de-
scribed by the rotation angles A1(t), A2(t) (see Sect. 3), the in-
duced variations of ∆ψ(t) and ∆ε(t) are:

A1(t) = ∆ε(t) (5)

A2(t) = −∆ψ(t)sin ε0. (6)

Combining these relationships with (1) and (2), we obtain a
model for estimating spurious nutation or precession terms in-
duced by the neglect of source apparent motion. The observa-
tion of ∆α(t) and ∆δ(t) at epoch t of a radio source with coordi-
nates α and δ provides two observation equations of the form:

∆α(t) = tan δ cosα{εJ2000 + ε̇(t − J2000)

+
∑

i

[Ei sin 2πωi(t − J2000) + Fi cos 2πωi(t − J2000)]}

− tan δ sinα sin ε0{ψJ2000 + ψ̇(t − J2000)

+
∑

i

[Pi sin 2πωi(t − J2000) + Qi cos 2πωi(t − J2000)]}

−A3 − Ȧ3(t − J2000) (7)

∆δ(t) = − sinα{εJ2000 + ε̇(t − J2000)

+
∑

i

[Ei sin 2πωi(t − J2000) + Fi cos 2πωi(t − J2000)]}

− cosα sin ε0{ψJ2000 + ψ̇(t − J2000)

+
∑

i

[Pi sin 2πωi(t − J2000) + Qi cos 2πωi(t − J2000)]}

+dz. (8)

The unknown parameters ψ̇ and ε̇ would give the effect on the
estimated precession constant and obliquity rate, respectively.
Pi and Qi are the in phase and out of phase components of a
nutation in longitude with frequency ωi, be it forced or free.
Ei and Fi are the corresponding components in obliquity. The
unknown parameter dz of Eq. (8) is considered fixed over the
time span considered, and its value is found to be consistent
with 0 within ± 10 µas over 1984–2002.

The behaviour of the parameters A3 and Ȧ3 in Eq. (7) gives
information about the stability of the origin of right ascensions
of the celestial reference frames corresponding to the various



M. Feissel-Vernier et al.: Earth orientation and stability of the VLBI celestial frame 1145

0.0

0.2

0.4

-60 -30 0 30 60

0.0

0.2

0.4

-60 -30 0 30 60 Declination

D
rif

t (
m

as
/y

ea
r)

0.0

0.2

0.4

-60 -30 0 30 60

0.0

0.2

0.4

-60 -30 0 30 60

0

10

20

30

0.0 0.1 0.2 0.3

%

mas/year

Distribution

0

10

20

30

0.0 0.1 0.2 0.3
0

10

20

30

0.0 0.1 0.2 0.3

Fig. 2. Sources linear drifts over 1989.5–2002.4 in the direction of
their maximum variance, as a function of declination. The insert shows
the histogram of the observed drifts.

source selections considered. Changes in universal time are
connected to changes in A3 and the corresponding terrestrial
frame angle R3 by the following relationship:

dUT1 = dA3 − dR3. (9)

The impact of source instability on the celestial orientation of
the Earth’s axis is evaluated using relationships (7) and (8) in
Sect. 5 for precession, Sect. 6 for the 18.6-year nutation com-
ponent, Sect. 7 for the annual component and the core and inner
core free nutations, and in Sect. 8 for universal time, using re-
lationships (7) and (9).

The source apparent motions are taken from the data used
by Feissel-Vernier (2003). Perturbation evaluated in this way
can only be considered as an approximate correction to anal-
ysis of the time series of ∆ψ, ∆ε, and UT1, as the latter are
obtained from each session with a different subset of the con-
sidered celestial frame. Nevertheless, they are useful as a rough
estimate of the size of perturbation.

5. Precession and obliquity rate

The apparent motion of a number of the observed radio-source
apparent motions may be modelled as linear velocities in some
preferred direction, probably connected to the directions of the
jet. Figure 2 shows least-square estimates of source linear drifts
over 1989.5–2002.4 as a function of declination. The inserted
histogram shows that about 1/3 of the sources have apparent
velocities larger than 60 µas/year. Although the distribution of
their directions may be expected to be random, it is necessary
to check at what level they can mimic linear drifts in longitude
or in obliquity.

As explained in Sect. 4, we estimate precession and obliq-
uity rate corrections as the linear terms obtained by a least-
squares fit of individual source coordinates to Eqs. (7) and (8)
for a given set of radio source coordinates. Table 4 gives the
values of the precession correction and of the obliquity rate
that refers either to the Proposed celestial reference frame
or to the Conventional one, along with the estimated pertur-
bation of linear trends due to source instability. The latter

Table 4. Precession and obliquity rate corrections: role of the source
selection.

Source Precession Obliqu. rate StDev
selection µas/year µas/year (µas)

a) VLBI-IAU 2000 /sess
Proposed −55.9 ± 4.9 −30.9 ± 1.8 235
Conventional −18.0 ± 4.3 −29.5 ± 1.7 243

b) Correction for source instability /srce
Proposed 7.2 ± 1.7 2.9 ± 0.3 246
Conventional 5.9 ± 1.2 4.3 ± 0.2 256
Unstable only 6.6 ± 1.7 7.9 ± 0.5 275

c) VLBI-IAU 2000 corrected
Proposed −48.7 ± 5.2 −28.0 ± 1.8
Conventional −12.1 ± 4.5 −25.2 ± 1.7

component should be added to results derived from the series
of ∆ψ and ∆ε to tentatively free them from the source motion
effect. In both cases the linear trends are estimated over the
time span 1984.0–2002.7 (about 3120 24-h sessions) simulta-
neously with an 18.6-year term (see results in Table 5).

The values of VLBI-IAU 2000 corrected for the estimated
effect of source instabilities are listed at the bottom of Table 4
with uncertainties that result from the quadratic addition of
the two estimates. The obliquity rate correction is not negli-
gible but is only slightly affected by apparent source motions.
The precession correction is more affected by the source se-
lection, especially considering the Proposed reference frame.
Correction for apparent source motion effect tends to recon-
cile the two estimates but does not explain all of the difference.
Note that perturbation induced by the 163 unstable sources
alone is not particularly large.

Gontier et al. (2001) have shown that the general improve-
ments in VLBI technology and observing strategies brought the
astrometric results to their current precision towards the end of
the 1980’s. Starting about 1990, individual source coordinates
stabilised. While the early data still play an important role in
the study of precession, the possibility that their relatively high
noise creates systematic errors in the estimated pole rate cannot
be ruled out. To check this possible effect, test computations of
linear trends considering time periods before and after 1990
were performed, using a common correction for the 18.6-year
nutation term. They show stability in the precession corrections
that is consistent with the uncertainties in Table 4. The instabil-
ity of the obliquity rate is larger: up to 6 µas/year, i.e. about
three times the Table 4 uncertainties.

Table 4 also gives the standard deviations of post-fit resid-
uals for ∆ψ sin ε0 and ∆ε per session in analysis of VLBI-
IAU 2000 in the first section, and for ∆α cos δ and ∆δ per
source and per session in analysis of the source apparent mo-
tions in the second section. While the first category measures
the level of unresolved noise for a complete session that in-
cludes several hundred observations in a 24-h time span, the
second one corresponds to the complete set of sources observed
over the 19-year time span.
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Table 5. Estimation of the 18.6-year nutation term: role of the source
selection. Unit: µas.

Source ∆ψ ∆ε
selection sine cosine sine cosine

a) VLBI-IAU 2000
Proposed 251 ± 23 154 ± 26 −13 ± 9 23 ± 10
Conventional 80 ± 20 163 ± 24 −45 ± 8 26 ± 10

b) Correction for source instability
Proposed 19 ± 93 14 ± 47 −36 ± 8 −12 ± 2
Conventional 146 ± 81 58 ± 39 −21 ± 6 −7 ± 2
Unstable only 556 ± 161 178 ± 74 0 ± 9 8 ± 3

c) VLBI-IAU 2000 corrected
Proposed 270 ± 95 168 ± 53 −49 ± 12 12 ± 10
Conventional 226 ± 83 221 ± 46 −66 ± 10 19 ± 10

6. The 18.6-year nutation

Table 5 provides similar quantities to Table 4 for the 18.6-year
term. Corrections in obliquity (∆ε) for the two source selec-
tions are close to each other, as are the estimated source in-
stability corrections. The results are moderately affected by
the source selection. The case of longitude (∆ψ), where the
largest discrepancy between observations and model is men-
tioned by Mathews et al. (2002), is quite different. Amplitudes
of the in-phase components differ by about 170 µas depending
on the source selection. The estimated source instability cor-
rection lessens the difference but does not fully reconcile the
estimates. Note that perturbation by the 163 unstable sources
alone is large and noisy. Nevertheless, both estimates confirm a
discrepancy in the observations sing the IAU 2000 model with
a total amplitude of about 320 µas. The sizeable level of the
out of phase part suggests that the cause of these remaining
discrepancies may be found in variable geophysical phenom-
ena not considered in the model.

7. Time varying nutation components
in the seasonal and interseasonal
frequency band

In this section, we investigate the impact of source selection on
the determination of variable nutation terms, namely:

– the Free Core Nutation (FCN) with a 431-day period, a free
mode which may or may not be excited, e.g. by the atmo-
sphere, depending on the time span considered;

– the retrograde component of the annual term, which in-
cludes a part that is forced by the atmospheric pressure
diurnal variations, with an observable response due to the
proximity of Free Core Nutation;

– the Free Inner Core Nutation (FICN), a prograde free oscil-
lation with an assumed period of 1025 days in the Mathews
et al. (2002) model and a suggested period of 880 days ac-
cording to Dehant et al. (2003).
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Fig. 3. Time variation in amplitude and phase of the Free Core
Nutation and of the retrograde annual nutation, derived from VLBI
observations of either the Proposed reference frame (blue/dark) or the
Conventional one (green/light).

7.1. Retrograde FCN and annual component

Investigating variations in the annual and FCN terms requires
considering six-year data spans in order to decorrelate the two
components. Figure 3 shows the time variation of the ret-
rograde part of these two components. These variations are
shown for both cases of the Proposed and the Conventional
celestial reference frames. Time evolution of the FCN shows
a remarkable change with time of both the phase and ampli-
tude, with a 200 µas amplitude in the 1980s and about 50 µas
at the end of the 1990s. The variation is more pronounced in the
early years when considering the selected sources. According
to Dehant et al. (2003), the enhanced FCN in the 1980s was
excited by the atmosphere. The time evolution of the retro-
grade annual term stays within a diameter of 100 µas, as ex-
pected from the knowledge of atmospheric diurnal excitation.
The source selection only influences the early data.

7.2. Prograde FICN

The prograde spectral residual content of the series of VLBI-
derived celestial pole offsets corrected for the IAU 2000
Nutation model is described in Figs. 4 and 5 in the form of
wavelet analysis (Dehant et al. 2003). Figure 4, which consid-
ers all sources (Conventional approach), shows energy in the
1984–1990 time frame that disappears after 1990, in agreement
with the Gontier et al. (2001) stability diagnosis mentioned in
Sect. 5. Moreover, according to Dehant et al. (2005), the level
of energy required from the atmospheric and oceanic excita-
tion exceeds by several orders of magnitude the actual levels. In
Fig. 5 that corresponds to the Proposed approach the pre-1990
highs disappear. However, thanks to a largely enhanced sensi-
tivity of the scalogramme, a weaker peak with a 800–900 days
period appears over 1990–1995. The presence of this peak led
to the two following investigations

– the energy available in the diurnal band of the atmo-
sphere and ocean, which would excite the FICN free mode
(Dehant et al. 2005); and

– the level of confidence of numerical detection of this term,
considering the source selection and propagation of their
instability.

The search for FICN provides an opportunity to test the
detectability of weak variable oscillations by VLBI in the
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Fig. 4. Conventional celestial reference frame: wavelet analysis of
the prograde nutation over 1984–2002. The data are residuals to the
IAU 2000 Nutation model. The vertical variable is the period in days
and the horizontal variable the date in years. The colour scale is shown
on the side in arbitrary units.
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Fig. 5. Same as Fig. 4 for the Proposed celestial reference frame. Note
the dramatic change in the colour scale.

interannual frequency band. Assuming a period of 880 days, we
analyse the VLBI series of ∆ψ and ∆ε, together with a 431-day
term over three successive five-year data spans (Table 6). This
1800-day length of time contains twice the period of inter-
est, while it is a good compromise to accommodate the vari-
able FCN shown in Fig. 3. The VLBI estimate (upper part of
Table 6) exhibits a potential candidate for detecting the FICN in
1990 through 1994 with a prograde amplitude 37±10 µas when
considering the Proposed reference frame and 24±10 µas when
considering all sources. However, if we consider the correction
for source instability in both cases, the amplitudes are deflated,
in particular in the case of the Proposed reference frame. We
therefore conclude that the prograde oscillation that appears in
various spectra and least-squares estimations is most probably
an artefact due to radio source instability.

8. Universal time and the stability of the right
ascension origin

Possible contamination of the stability of the origin of right
ascensions by the source instability is modelled as the orien-
tation at J2000.0 and a linear variation. Values estimated over
1989.5–2002.4 are listed in Table 7. The direction of the ori-
gin is affected at the level of ±10 µas, corresponding to less
than one microsecond in universal time. The linear drift es-
timate in A3 is more scattered than those of the precession
and obliquity rate corrections, which suggests some systema-
tism in the apparent motions in declination. The spurious linear
drift for the conventional and proposed source selections stays

Table 6. Estimated in phase and out of phase amplitudes of a potential
prograde FICN with a 880-day period. The origin of phases is 2000.0.
Unit: µas.

Time Proposed Conventional
span In Out In Out

a) VLBI-IAU 2000
1985–1989 0 ± 15 −21 ± 15 11 ± 14 15 ± 14
1990–1994 17 ± 7 −33 ± 7 16 ± 7 −18 ± 7
1995–1999 6 ± 6 3 ± 6 13 ± 6 4 ± 6

b) Correction for source instability
1985–1989 −22 ± 92 4 ± 59 6 ± 77 22 ± 46
1990–1994 −5 ± 44 24 ± 19 −4 ± 35 22 ± 15
1995–1999 3 ± 29 2 ± 14 3 ± 25 5 ± 12

c) VLBI-IAU 2000 corrected
1985–1989 −22 ± 93 −17 ± 61 17 ± 78 37 ± 48
1990–1994 12 ± 45 −9 ± 20 12 ± 36 4 ± 17
1995–1999 9 ± 30 5 ± 15 16 ± 26 9 ± 13

Table 7. Corruption of the origin of right ascensions by the radio
source instability estimated over the time span 1989.5–2004.4.

Source A3 dA3/dt
selection µas (µas/year)

Proposed −7.5 ± 12.4 −3.1 ± 2.9
Conventional 1.5 ± 10.6 0.5 ± 2.3
Unstable only 26.5 ± 20.0 7.8 ± 4.0

under 6 µas/year, corresponding to about 0.5 microsecond/year
in universal time. Note the slightly larger values for the pro-
posed selection source when compared to the conventional one.
This corresponds to the appearance of a peak in the spectrum
of the right ascension residuals with a period of six years and
an amplitude of 15 µas, corresponding to one microsecond in
universal time.

9. Conclusion

We showed that taking the most stable sources as the basis for
defining the celestial reference frame orientation and for treat-
ing the most unstable sources as arc sources improves the in-
ternal consistency of the reference frame at the level of 30% in
the variance of source declinations. As a result, determination
of precession and nutation components is affected at various
levels, depending on their frequency, as summarized hereafter.

– In the seasonal and FCN frequency band, the effect is small
in the 1980s and negligible in the 1990s. In the two- to
three-year frequency band, we showed that, even when con-
sidering the most stable sources, source instabilities may
mimic transient oscillations with an amplitude up to 20 µas.

– For what concerns the principal term of nutation, actual
departure of VLBI results with the IAU 2000 model may
reach 50 µas in ∆ε and 320 µas in ∆ψ. The latter discrep-
ancy is larger than the 80 µas discrepancy mentioned by
Mathews et al. (2002).

– The influence on the determination of the precession cor-
rection and the secular obliquity rate is lower than 10 µas.
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The precession correction departure from the IAU 2000
model, excluding the unstable sources, is somewhat larger
than the one based on all sources. This discrepancy is not
modified by the source instability effect. Finally, departures
from the IAU 2000 values stay around 50 µas/year in pre-
cession and 30 µas/year in obliquity rate.

Because there is converging evidence that considering source
stability improvemes the internal consistency of VLBI-derived
celestial reference frames brought by the consideration of
source stability, we suggest that future investigations of pre-
cession and nutation of the global Earth take full account of
this new aspect of the VLBI data.

The contribution of instability of right ascensions to the in-
stability of VLBI-derived UT1 was found to stay under one
microsecond at J2000.0 and 0.5 microsecond/year for both the
conventional and proposed source selections. Analysis of re-
sults based on the proposed source selection suggests a com-
mon effect in right ascension, with a period of six years and an
amplitude of 15 µas.
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