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IAU 2000 Resolutions

Resolution B1.3
Definition of BCRS and GCRS

Resolution B1.5
Extended Relativistic framework for time

transformation

Resolution B1.6 
IAU 2000 Precession-Nutation Model

Resolution B1.7 
Definition of Celestial Intermediate Pole

Resolution B1.8
Definition and use of CEO and TEO

Resolution B1.9
Re-definition of TT

IAU 2000/2006 Resolutions on reference systems

(endorsed by IUGG 2003 and 2007, respectively)

IAU 2006 Resolutions

Resolution B1
Adoption of the P03 Precession and definition of the ecliptic

Resolution B2
Supplement to the IAU 2000 Resolutions on 
reference systems
Rec 1: Harmonizing « intermediate » to the pole and the origin
Rec 2: Default orientation of the BCRS and GCRS

Resolution B3
Re-definition of TDB
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Resolution Aim

Definition of BCRS and GCRS to provide coordinate systems

in the framework of GR

Extended Relativistic framework to give a set of formulas for practical

for time transformation transformations between relativistic time scales

IAU 2000 Precession-Nutation to provide a model with

Model submilliarcsecond accuracy

Definition of CIP to refine the 1980 definition (CEP) and realize

the pole in the high frequency domain

Definition and use to allow an accurate estimation of UT1

of the TEO and CEO and precession-nutation separately

Re-definition of TT to clarify the TT/TCG relationship

IAU 2000 Resolutions (and IUGG 2003)
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Resolution Aim

Adoption of the P03 Precession to adopt a precession model as a replacement to 
and definition of the ecliptic the IAU 2000 precession in order to be consistent 

with both dynamical theory and the IAU 2000 nutation.

(recommended by the IAU WG « Precession and the eclitptic »)

Supplement to the IAU 2000 
Resolutions on reference systems

Rec 1: Harmonizing intermediate to the pole and the origin
Recom 2: Default orientation of the BCRS and GCRS

to address definition, terminology or orientation issues
relative to reference systems that needed to be specified
after the adoption of the IAU 2000 resolutions
(recommended by the IAU WG « Nomenclature for Fundamental Astronomy »)

Re-definition of TDB to address definition issue relative to time scales 

(recommended by the IAU WG « Nomenclature for Fundamental Astronomy »)

IAU 2006 Resolutions (and IUGG 2007)
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Progress in concepts 

in fundamental astronomy
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The Barycentric and Geocentric
celestial reference systems, BCRS and GCRS

IAU 2000 Resolution B1.3 : Clarification of IAU’s 1991 definition of the coordinate systems

in the framework of GR : distinction between the celestial systems

Definition of BCRS and GCRS

- a) for Solar System (BCRS) which can be considered to be a global coordinate system

e.g. to be used for planetary ephemerides

- b) for the Earth (GCRS) which can only be considered as a local coordinate system

e.g. to be used for Earth rotation, precession-nutation of the equator

Transformation BCRS/GCRS

BCRS � GCRS 

TCB � TCG 
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The NFA WG recommendations related 
to BCRS and TDB and the resulting IAU 2006 Resolutions

• Fixing the default orientation of the BCRS

IAU 2006 Resolution B2: Fixing the default orientation of the BCRS so that for all 
practical applications, unless otherwise stated, the BCRS is assumed to be 
oriented according to the ICRS axes.

• Re-defining Barycentric Dynamical Time (TDB)

IAU 2006 Resolution B3: TDB is re-defined as a linear transformation of TCB
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The Celestial Intermediate Pole

(with frequency σ, such that : σTRS = σCRS−1) 

frequency in the ITRS ----|_______|_______|_______|_______|_______|_______|---
−3.5        −2.5        −1.5        −0.5        +0.5        +1.5       (cpsd)

------ polar motion I              I    polar motion ------

InutationI

frequency in the GCRS ---|_______|_______|_______|_______|_______|_______| --
−2.5       −1.5        −0.5        +0.5        +1.5        +2.5       (cpsd)

celestial motion: IAU 2000 precession-nutation for periods > 2 days + offsets
nutations with periods < 2 days included in model for the pole motion in the 

ITRS

IAU 1980: the CEP definition

IRP-CEP: 8.7 mas at 1s.d.

IAU 2000: the CIP definition

extension of the CEP definition

to the high frequency domain

(instantaneous pole 

of rotation) 

(Celestial Ephemeris Pole)

convention
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The GCRS coordinates of the CIP
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The Earth Rotation Angle

geometrical definition of the equinox, dependent on 

both the equator and ecliptic motions

GST: sidereal time

Hour angle from the equinox

= ERA- EO

EO: equation of the origins

kinematical definition of the non-rotating origin

only dependent on the CIP motion

ERA: Earth rotation angle

ERA = Hour angle from the CIO= k UT1

« intermediate systems »
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Recent progress in nomenclature 

for fundamental astronomy
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IAU WG "Nomenclature for Fundamental Astronomy" (NFA) 

Recommendations related to the pole and origin

• Harmonizing the name of the pole and the origin to “intermediate” and therefore 
changing CEO/TEO to CIO/TIO.

• Using “equinox based'' and “CIO based” for referring to the classical and new 
paradigms, respectively.

• Using “intermediate” to describe (i) the moving geocentric celestial reference 
system defined in the IAU 2000 Resolutions (i.e. containing the CIP and the 
CIO), and (ii) the moving terrestrial system containing the CIP and the TIO.

• Choosing “equinox right ascension” (or “RA with respect to the equinox”) and 
“intermediate right ascension” (or “CIO right ascension”, or “RA with respect to 
the CIO”), for the azimuthal coordinate along the equator in the classical and 
new paradigms, respectively. 

• Giving the name “equation of the origins” to the distance between the CIO and 
the equinox along the intermediate equator, the sign of this quantity being such 
that it represents the CIO right ascension of the equinox, or equivalently, the 
difference between the Earth Rotation Angle and Greenwich apparent sidereal 
time.
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IAU 2006 

Resolution B2
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IAU 2006 

Resolution B2
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Nomenclature associated with

the equatorial coordinatesCIP

CIP equator

ecliptic

equinox

l

CIO

- nomenclature associated with the use of the new origins,

- nomenclature associated with the ICRS
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Recent progress in models

in Fundamental astronomy
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IAU Precession-nutation

IAU 2000 Resolution B1.6

- adopted the IAU2000 precession-nutation (Mathews et al. 2002; Dehant et al. 1999), which 
was implemented in the IERS Conventions 2003

IAU 2000A Nutation (non-rigid Earth)
1365 luni-solar and planetary terms (Mathews et al. 2002) based on rigid Earth nutation (Souchay et 
al. 1999) and transfer function with basic Earth parameters fitted to VLBI data 

IAU 2000 Precession= IAU 1976 (Lieske et al. 1977) + corrections to precession rates
dψΑ (IAU 2000) =  −0.299 65”/c ;   dωΑ (IAU 2000) =  −0.025 24”/c : 1st step

Celestial pole offsets at J2000 (VLBI estimates)

ξ0 (IAU 2000) = −16.6170 mas ;   η0 (IAU 2000) = −6.8192  mas

- recommended the development of new expressions for precession consistent with dynamical theories, 
with non-rigid Earth models, and with IAU 2000A nutation

IAU 2006 Resolution B1

- adopted the P03 precession (Capitaine et al. 2003) : 2d step

- recommended improved definitions (ecliptic, precession of the equator, 
precession of the ecliptic)
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IAU 2006 

Resolution B1
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IAU 2006 

Resolution B1

8
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P03 precession expressions


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P03 Earth rotation angle

• Using the new origin CIO

Earth Rotation Angle:  ERA = θ = k UT1 ;  dθ/dt = ω3

ERA(UT1)= 2π (0.7790572732640 + 1.00273781191135448 × (Julian UT1date −
2451545.0)  (Capitaine, Guinot, McCarthy 2000)

not dependent on the precession-nutation model

• Using the equinox

Greenwich sidereal Time: GST= GMST (UT1, TT) + “equation of the equinoxes”

= θ (UT1) − EO

GMSTP03 = 0".014 506 + θ + 4612".156 534 t + 1".391 5817 t2

- 0".000 000 44 t3 + 0".000 0299 56 t4 - 0.000000 0368 t5

(Capitaine, Chapront, Wallace 2003)

dependent on the precession-nutation model
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The end


