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Abstract

The Earth precession-nutation model of the International Astronomical
Union (IAU) is composed of the IAU 2006 precession and IAU 2000 nu-
tation. The IAU 2006 precession, which is consistent with both dynamical
theory and the IAU 2000 nutation, was adopted to replace the precession
part of the IAU 2000 precession-nutation. In that process, it was noticed
that very slight adjustments were required to the IAU 2000 nutation ampli-
tudes in order to ensure consistency at the micro arcsecond level with the
IAU 2006 precession. The formulae for these adjustments provided by Cap-
itaine et al. (2005) were implanted in part of the standards and software for
computing nutation (e.g., SOFA and IERS Conventions 2010). However,
IAU has not adopted any resolution on that direction, so formally such an
inconsistency remains. Moreover, it has been shown recently (Escapa et al.
2017) that a few additional terms should be added to the 2005 expressions.
We examine the drawbacks that have arisen as a consequence of the lack of
such a resolution and propose different options to address them within the
framework of IAU 2006 precession and IAU 2000 nutation. They run from
just supplementing current IAU resolutions to clarify the content and termi-
nology of the IAU precession-nutation model, to adopting a potential new
resolution that would also ensure dynamical consistency between precession
and nutation.
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1 Introduction
Nowadays, the International Astronomical Union (IAU) precession-nutation model
is based on IAU 2000A nutation (Mathews et al. 2002, Souchay et al. 1999) and
IAU 2006 precession, also known as P03 precession (Capitaine et al. 2003, 2005),
which were adopted by Resolution B1.6 and Resolution B1 of the XXIVth and
XXVIth IAU general assemblies (GAs) held in Manchester (2000) and Prague
(2006), respectively.

Strictly speaking, IAU 2000 Resolution B1.6 refers to as the “IAU 2000A
precession-nutation model”. The precession component, however, was limited to
providing corrections to the precession rates in longitude and obliquity. Therefore,
this model could not be considered as a real substitute of the former precession
theory, IAU 1976 precession (Lieske et al. 1977), and consequently IAU 2000
Resolution B1.6 encouraged the development of new expressions for precession
consistent with the IAU 2000A model.

These facts motivated the construction of new theories which provided pre-
cession quantities compatible with both IAU 2000A and dynamical theory. Then,
IAU 2006 Resolution B1 adopted the P03 precession theory for the IAU preces-
sion model, considering the recommendations made by the IAU Division I Work-
ing Group ”On Precession and the Ecliptic” (Hilton et al. 2006).

This sequential approach to current IAU standard did create a precessional part
which is dynamical consistent with the nutational one. Nevertheless, it was recog-
nized in Capitaine et al. (2005) that very slight adjustments were required to IAU
2000A nutation in order ensure compatibility with IAU 2006 precession. These
adjustments are small, but they are relevant at the microarcsecond level (µas). This
was known (Hilton et al. 2006) when adopting IAU 2006 precession. However,
because it concerned the periodic part of the precession-nutation motion, it was
considered as being out of the scope of the Working Group ”On Precession and
the Ecliptic”. As a consequence, this was not tackled in IAU 2006 Resolution B1.

Therefore, there is no IAU recommendation about the way for ensuring com-
patibility of IAU 2000 nutation with IAU 2006 precession at the microarcsecond
level. This has conducted to different practices, with considering or not consider-
ing those corrections. Additionally, there is a non-uniform terminology associated
with the use of these corrections. Furthermore, it has been shown recently (Escapa
et al. 2017) that those adjustments represent a part of the total ones and that addi-
tional terms should be accounted for in the dynamical adjustments to IAU 2000A
in order to match the nutation series to IAU 2006 precession at the µas level.

This Note is intended to bring clarification on the compatibility between the
current IAU precession and nutation and make proposal for improvements. Sect.
2 describes the current status and terminology related to the adjustments to IAU
2000A nutation, Sect. 3 considers different options to address these issues and
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Sect. 4 draws some conclusions on the question and its potential solutions.

2 Adjustments to IAU 2000A nutation: current sta-
tus and terminology

Expressions have been developed by Capitaine et al. (2005) and Capitaine &
Wallace (2006) for the adjustments to IAU 2000A nutation ensuring compatibil-
ity with the IAU 2006 precession values for the J2 rate effect and the geometrical
effect (see Sec. 3 for the three groups of the effects considered according to their
physical origin). The formulae for these adjustments are for the nutation ampli-
tudes in longitude and obliquity, as well as the corresponding periodic part of the
X and Y series, i.e., the x-, y-coordinates of the CIP (Celestial Intermediate Pole)
unit vector in the GCRS (Geocentric Celestial Reference System).

Although IAU has not adopted any resolution concerning the consideration of
these adjustments, the expressions mentioned above have been implemented in
different standards and software for computing nutation, but not in all of them.
The mostly used practices are the following:

• The IAU Standards of Fundamental Astronomy (SOFA) services incorpo-
rate those changes in some of their routines to compute the nutations. In
this way, they make them partially compatible with the IAU 2006 preces-
sion (e.g., Tools for Earth Attitude, SOFA 2016, p. 11)

• IERS Conventions 2010 provides these expression in the chapter describing
the transformation between ITRS and the GCRS (chap. 5, pp. 55 and 64
and Table1 5.2f.txt)

• Naval Observatory Vector Astrometry Software (NOVAS) from the United
States Naval Observatory (USNO) does not use the adjustments in their
calculations (e.g., User’s Guide to NOVAS F3.0, Kaplan et al. 2011, p. F-
103), since it was judged that they were not a part of the IAU standards (The
Explanatory Supplement to the Astronomical Almanac 2013, p. 211)

• The Explanatory Supplement to the Astronomical Almanac (2013) also
presents the adjustments in the chapter about Precession, Nutation, Polar
Motion, and Earth Rotation (chap. 6, p. 211).

1Available at ftp://tai.bipm.org/iers/conv2010/chapter5/tab5.2f.txt (Accessed
December 2017).
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These different practices have created a non-optimal situation from the per-
spective of fundamental standards. They have also lead to the use of a non-
uniform terminology when implementing the IAU 2000A nutation series supple-
mented with the adjustments derived in Capitaine et al. (2005), as it was pointed
out by Urban & Kaplan (2012) and Escapa & Getino (2015).

Some of the different names are shown in Table 1. More potential confusions
with this nomenclature are described in Urban & Kaplan (2012).

Table 1: Current terminology for IAU precession-nutation models

Source No adjustments Adjustments

IERS IAU 2006/2000A IAU 2006/2000AR06

SOFA –
IAU 2006/2000A

(suffix ”06A”)

ES IAU 2006/2000A IAU 2006/2000AR

NOVAS IAU 2000A/2006 –

Note.- The abbreviations used in the first column corre-
spond to IERS Conventions (2010), Standards of Funda-
mental Astronomy (SOFA 2016), The Explanatory Sup-
plement to the Astronomical Almanac (2013), and NO-
VAS (Kaplan et al. 2011), respectively. The adjustments
added to the IAU 2000A nutation series are those of Cap-
itaine & Wallace (2006), the precession part being IAU
2006 precession. There are no SOFA routines that sup-
port the combination of IAU 2006 precession and the IAU
2000A nutation without the adjustments. In this case IAU
2000A nutation is combined with IAU 2000 precession
(IAU 2000/2000A, suffix ”00A”). There are no NOVAS
routines incorporating the adjustments to IAU 2000A nu-
tation.

In the last years Escapa et al. (2017) have developed a detailed research to
study the adjustments in IAU 2000 nutation stemming from IAU 2006 precession.
This approach is independent from that employed in Capitaine et al. (2005). In
fact, it developed a complete model for the first order nutations of the angular mo-
mentum axis of the non-rigid Earth from a Hamiltonian formalism. It allows con-
structing a systematic analytical approach to derive the consistency adjustments
in the nutation series.

The most important conclusion of this study is that there are additional ef-
fects arising in the nutation series from the change in the precession model not
accounted for in Capitaine et al. (2005) and with a similar order of magnitude.
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All the considerations above show the different concerns on the current status
and terminology related to the adjustments to IAU 2000A nutation series.

One possibility to solve these drawbacks would be to adopt a new resolution
for IAU precession-nutation model within the framework of IAU 2006 precession
and IAU 2000 nutation. If it is thought that it is not convenient to take that ac-
tion, it might be appropriate to supplement current IAU Resolutions with some
clarifications.

3 Potential new resolution on IAU precession-nutation
model: the different options

According to the previous section, the discussion about adopting or not adopting
a new resolution on IAU precession-nutation model can be reduced to three main
questions.

Question 1.- Is it necessary to propose a new IAU resolution for ensuring
compatibility at the µas level of IAU 2000 nutation with IAU 2006 precession?

1. If it is not necessary:

• the current IAU precession-nutation model would not be dynamical
consistent at the few µas level;

• this deficiency, together with other theoretical ones and enhancements
found in the models by IAU/IAG JWG ThER and IAU/IAG JWG
TERV2 in the last years (e.g., Escapa & Getino 2015), should be ad-
dressed in the next update of the precession-nutation theory, needed to
meet the current demands of accuracy;

• it should be convenient to supplement current IAU Resolutions in or-
der to clarify the content of IAU precession-nutation (the precession
part IAU 2006 and the nutation part IAU 2000) and its terminology
(IAU 2006/2000A and IAU 2006/2000B). Note that such an amend-
ment might also correct a misprint concerning the J2 rate value con-
tained in IAU 2006 Resolution B1 (i.e the value −0.3001×10−9 instead
of −3.001 × 10−9).

• the adjustments in some of the forms provided in question no. 2, be-
ing formally not part of the IAU standards, the implementations of
the precession-nutation model which incorporate these adjustments

2International Astronomical Union and International Association of Geodesy Joint Working
Groups on Theory of Earth Rotation (IAU/IAG JWG ThER, 2013-2015) and on Theory of Earth
Rotation and Validation (IAU/IAG JWG TERV, 2016-2019).
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should clearly indicate their differences with the IAU standard in order
to prevent confusions.

2. If it is necessary:

It is usual to avoid all the known systematic errors. One should adopt:

• the form the adjustments to the IAU 2000 nutation,

• a clear terminology for the resulting model.

This is addressed in questions no. 2 and 3. In addition, such a resolution
might also correct the referred J2 rate misprint.

Question 2.- What adjustments must be incorporated?
The adjustments can be classified into three groups corresponding to their

physical origins (Capitaine et al. 2005, Escapa et al. 2017), as follows.

(i) The geometrical effect is due to the impact of the IAU 2000-to-IAU 2006
change in the obliquity value on the projection of the CIP motion in space
onto the ecliptic (i.e. nutation in longitude); it keeps unchanged the ampli-
tudes of the IAU 2000A nutation referred to the IAU 2000 ecliptic;

(ii) The J2 rate effect (dynamical effect) is due to the introduction of the IAU
2006 J2 rate into the IAU 2000 expressions for nutation;

(iii) The ∆PP effect (dynamical effect) is due to the IAU 2000-to-IAU 2006
changes of the precession parameters, mainly the obliquity in the epoch
of reference and its rate.

In this way, it is possible to consider different sets of adjustments according
to the terms that are included or not included in the corrections. These are com-
posed of in-phase and out-of-phase Fourier and Poisson terms (i.e. mixed-secular
terms3) that just affect to a few of the IAU 2000A nutation terms.

The most relevant sets, denoted (a), (b), and (c) are presented next, their char-
acteristics being summarized in Table 2. For all the sets the framework of IAU
2000 nutation and IAU 2006 precession is kept, since the slight adjustments are
added to IAU 2000A nutation series without changing the precession and nutation
models themselves.

3The nutations proportional to some natural power of time are referred as Poisson or mixed-
secular terms. The reader must be aware that in Earth rotation studies Poisson terms also refer to
the nutations of the angular momentum axis (e.g., Escapa et al. 2017, footnote 3).
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Table 2: Kind of terms included (3), or not included (7), in the adjustments and
their source for the different options.

Option
In-phase Out-of-phase Mixed-secular

Geometrical ∆PP J̇2 ∆PP J̇2 ∆PP

(a) 3 7 7 7 3 7

(b) 3 7 7 7 3 3

(c) 3 3 3 3 3 3

Note.- The sources are the geometrical effect, the J2 rate effect, J̇2,
and the effects of the changes of the precession parameters. The
detailed explanation of the content of each option (a), (b), and (c)
is given in the main part of the text.

(a) The set of adjustments currently implemented in many standards (e.g., SOFA,
IERS Conventions 2010, etc.) but not being a part of IAU precession-
nutation model

The expressions from Capitaine et al. (2005) of this set of adjustments, for
terms with a magnitude4 greater than 1 µas or 1 µas/cy in longitude ∆ψ and
obliquity ∆ε are

d∆ψIAU2000 = −8.1 sin Ω − 0.6 sin (2F − 2D + 2Ω) +

+47.8 t sin Ω + 3.7 t sin (2F − 2D + 2Ω) +

+0.6 t sin (2F + 2Ω) − 0.6 t sin 2Ω,

d∆εIAU2000 = −25.6 t cos Ω − 1.6 t cos (2F − 2D + 2Ω)−

−0.3 t cos (2F + 2Ω) + 0.3 t cos 2Ω,

(1)

where t is the time interval since J2000.0 in Julian centuries (TT). In Eqs.
(1) the Fourier terms are for the geometrical effect, while the Poisson terms
are for the J2 rate effect. Note also that out-of-phase Fourier terms due
to this effect that would have modified the amplitudes of the IAU 2000A
nutation referred to the IAU 2000 ecliptic have not been retained on purpose
(see (c) below).

They can also be expressed in terms of the CIP X and Y . In this form there
is no contribution from the geometrical effect. In this way, with the same

4We provide both the amplitudes in longitude and obliquity whenever the absolute value of any
of them has an order of magnitude larger than 1 µas or 1 µas/cy.
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truncation criterion in µas/cy and µas/cy2, Eqs. (1) turn out into5 (IERS
Conventions 2010, Table 5.2f.txt)

dXIAU2000 = +18.8 t sin Ω + 1.4 t sin (2F − 2D + 2Ω)−

−0.8 t2 cos Ω,

dYIAU2000 = −25.6 t cos Ω − 1.6 t cos (2F − 2D + 2Ω) .

−0.6 t2 sin Ω.

(2)

An official endorsement by the IAU of Eqs. (1) and (2) for the adjust-
ments would entail no variation with respect to the current status of these
adjustments in many standards and software, while other ones, like NOVAS
(Kaplan et al. 2011), might have to incorporate them.

However, it should be clear that this set of adjustments do not ensure full
compatibility at the µas level (see (b) below) between the precession and
nutation parts of the IAU model.

(b) The set of adjustments supplementing set (a) with the mixed-secular terms
associated to the changes of the precession parameters (Escapa et al. 2017,
Escapa et al., in prep).

The adjustments in µas/cy to be added6 to Eqs. (1) in order to take into
account the Poisson terms of the ∆PP effect are

d∆ψIAU2000 = −9.1 t sin Ω − 0.1 t sin (2F − 2D + 2Ω) ,

d∆εIAU2000 = +0.2 t cos Ω − 0.2 t cos (2F − 2D + 2Ω) .
(3)

In terms of CIP coordinates, the additional contributions in µas/cy and µas/cy2

are
dXIAU2000 = −3.4 t sin Ω + 0.2 t2 cos Ω,

dYIAU2000 = +0.2 t cos Ω − 0.2 t cos (2F − 2D + 2Ω) +

+0.3 t2 sin Ω.

(4)

This option requires a slight modification of adjustments (1) and (2). By
incorporating the corrections (1) plus (3), or (2) plus (4), to IAU 2000A
nutation series, it is guaranteed the best possible dynamical consistency be-
tween IAU 2000 nutation and IAU 2006 precession.

5The terms proportional to t2 are due to the transformation from d∆ψ, d∆ε to dX, dY .
6Since these terms have to be summed to those of set (a), we have retained all the arguments

appearing there with amplitudes equal or greater than 0.1 µas/cy in such a way that the total sum
keep the same precision as in (a). The same criterion is used in the next corrections.
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(c) To supplement set (b) with the in-phase and out-of-phase terms due to the
J2 rate and the changes of the precession parameters (Escapa et al. 2017).

The adjustments in µas/cy to be added to Eqs. (1) and (3) for taking into
account the in-phase and out-of-phase Fourier terms due to the J2 rate and
∆PP effect are

d∆ψIAU2000 = −15.6 sin Ω − 1.4 cos Ω−

−0.1 sin (2F − 2D + 2Ω) − 0.5 cos lS ,

d∆εIAU2000 = +0.8 cos Ω − 0.8 sin Ω−

−0.3 cos (2F − 2D + 2Ω) .

(5)

Their equivalent for CIP coordinates in µas and µas/cy is

dXIAU2000 = −6.2 sin Ω − 0.6 cos Ω,

dYIAU2000 = +0.8 cos Ω − 0.8 sin Ω−

−0.3 cos (2F − 2D + 2Ω) .

(6)

This option would involve a moderate change of of adjustments (1) and (3),
and (2) and (4). It would contain all the current identified sources that affect
the nutation series. So, we could expect that it would provide the maximum
dynamical consistency between IAU 2000 nutation and IAU 2006 preces-
sion. However, it would also imply a partial lack of internal consistency for
the IAU 2000 nutation, since the inclusion of the new in-phase and out-of-
phase adjustments would require a new fitting of the basic Earth parameters
(BEPs).

For an easier comparison, the total contributions and partial increments of the
options (a), (b), and (c) are displayed in Table 3 for longitude and obliquity and in
Table 4 for X and Y .
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Table 3: Comparison of the different options (a), (b), and (c) for the adjustments
d∆ψIAU2000 and d∆εIAU2000 to IAU 2000 nutation

Longitude

Option sin Ω cos Ω sin 2Ω sin (2F − 2D + 2Ω) sin (2F + 2Ω) cos lS

(a) −8.1 + 47.8 t – −0.6 t −0.6 + 3.7 t +0.6 t –

(b)-(a) −9.1 t – – −0.1 t – –

(b) total −8.1 + 38.7 t – −0.6 t −0.6 + 3.6 t +0.6 t –

(c)-(b) −15.6 −1.4 – −0.1 – +0.5

(c) total −23.7 + 38.7 t −1.4 −0.6 t −0.7 + 3.6 t +0.6 t +0.5

Obliquity

Option cos Ω sin Ω cos 2Ω cos (2F − 2D + 2Ω) cos (2F + 2Ω) sin lS

(a) −25.6 t – +0.3 t −1.6 t −0.3 t –

(b)-(a) +0.2 t – – −0.2 t – –

(b) total −25.4 t – +0.3 t −1.8 t −0.3 t –

(c)-(b) +0.8 −0.8 – −0.3 – –

(c) total +0.8 − 25.4 t −0.8 +0.3 t −0.3 − 1.8 t −0.3 t –

Note.- The coefficients are given in µas and µas/cy, where t is the time interval since J2000.0 in
Julian centuries (TT). The symbol – means that the corresponding amplitude does not reach the
considered truncation level.
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Table 4: Comparison of the different options (a), (b), and (c) for the adjustments
dXIAU2000 and dYIAU2000 to IAU 2000 nutation

dXIAU2000

Option sin Ω cos Ω sin (2F − 2D + 2Ω)

(a) +18.8 t −0.8 t2 +1.4 t

(b)-(a) −3.4 t +0.2 t2 –

(b) total +15.4 t −0.6 t2 +1.4 t

(c)-(b) −6.2 −0.6 –

(c) total −6.2 + 15.4 t −0.6 − 0.6 t2 +1.4 t

dYIAU2000

Option cos Ω sin Ω cos (2F − 2D + 2Ω)

(a) −25.6 t −0.6 t2 −1.6 t

(b)-(a) +0.2 t +0.3 t2 −0.2 t

(b) total −25.4 t −0.3 t2 −1.8 t

(c)-(b) +0.8 −0.8 −0.3

(c) total +0.8 − 25.4 t −0.8 − 0.3 t2 −0.3 − 1.8 t

Note.- The coefficients are given in µas, µas/cy, and µas/cy2, where t
is the time interval since J2000.0 in Julian centuries (TT). The sym-
bol – means that the corresponding amplitude does not reach the
considered truncation level.
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Question 3.- What terminology must be used?
Possible nomenclatures in order to prevent any ambiguity in the use of the

considered IAU precession-nutation model are given in Table 5.
The terminology T1 has been chosen for simplicity; T2 comes from IERS

Conventions 2010 name, and T3 from The Explanatory Supplement to the As-
tronomical Almanac (2013) (see Table 1). There are other possibilities that might
present some advantage like, for example, to replace the block 2006/2000 by 2018
in T1 to make neater the naming of the different algorithms.

Table 5: Possible terminology for IAU precession-nutation models

Name
IAU 2006
IAU2000A

Adjustments

IAU 2006
IAU 2000A

IAU 2006
IAU 2000B

T1 IAU 2006/2000 IAU 2006/2000A IAU 2006/2000B

T2 IAU 2006/2000AR06 IAU 2006/2000A IAU 2006/2000B

T3 IAU 2006/2000AR IAU 2006/2000A IAU 2006/2000B

Note.- IAU 2006 precession is based on Capitaine et al. (2003, 2005). In IAU
2000 nutation, due to Mathews et al. (2002) and Souchay et al. (1999), there
are provided two nutation series: IAU 2000A and the less precise, shorter,
version IAU 2000B. The adjustments to be considered are those given in an-
swer to question 2.

4 Conclusion
In this Note we have discussed the current concerns regarding consistency be-
tween IAU 2000 nutation and IAU 2006 precession and we have presented differ-
ent possibilities to address them.

One option would be just supplementing current IAU resolution to clarify its
content and terminology. It would allow having a more intelligible IAU precession-
nutation standard, although with a nutation part that is inconsistent with the pre-
cession one at the µas level. This question should be tackled in the next update of
the precession-nutation theory.

Another option would be to adopt a new IAU Resolution as a ”Supplement
to the Resolutions on the precession and nutation models”, that, besides fixing
unambiguously the content and terminology of the IAU precession-nutation, also
ensures dynamical consistency between its components. Assessing and ensur-
ing the level of consistency between the precession-nutation models has been
an important topic in the last years, as recognized by IAU/IAG JWG ThER and
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IAU/IAG JWG TERV (e.g., Ferrándiz & Gross 2016) in particular of the Sub-
Working Group 1 ”Precession/Nutation”.

Needless to say that the final decision should be taken by the involved scien-
tific community and must be taken after reflection.

At any rate, it is necessary to go further in the development of precession-
nutation theories capable of meeting the accuracy required in the next future.
It will entail introducing more refined Earth models; developing systematic for-
malisms; profiting the advances of the different observational means (e.g., VLBI,
GNSS, Gaia), etc.

In this scenery one of the main challenges will be to construct from the begin-
ning an unified theory of precession-nutation, in such a way that the dynamical
consistency will be automatically guaranteed. Those are a formidable tasks that
require deeper considerations and a collective effort.
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