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IAU Resolution B1.3
Definition of BCRS and GCRS

IAU Resolution B1.6 
IAU 2000 Precession-Nutation Model

IAU Resolution B1.7
Definition of Celestial Intermediate Pole

IAU Resolution B1.8
Definition and use of CEO and TEO

IAU 2000 Resolutions (and IUGG 2003) 
concerning the transformation between the celestial and terrestrial systems
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The transformation 
between celestial and terrestrial systems

[GCRS]=Q(t) R(t) W(t) [ITRS]

Celestial system (GCRS)Celestial system (GCRS) Terrestrial system (ITRS)Terrestrial system (ITRS)

celestial motion of the 
reference pole

(model + observed celestial pole offsets)
IAU IERS-EOP

celestial motion of the 
reference pole

(model + observed celestial pole offsets)
IAU IERS-EOP

rotation angle 
(model + observed  UT1−TAI variations)

IAU IERS-EOP

rotation angle 
(model + observed  UT1−TAI variations)

IAU IERS-EOP

terrestrial motion of the 
reference pole

(observed pole coordinates + predictions)
IERS-EOP

terrestrial motion of the 
reference pole

(observed pole coordinates + predictions)
IERS-EOP

use of intermediate reference systems
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GCRS position
of the CIP : E, d

ITRS position
of the CIP : F, g

X = sin d cos E
Y = sin d sin E

x =  sin g cos F
y = − sin g sin F

The celestial and terrestrial motions 
of the CIP and the ERA 

(IAU 2000 Resolution B1.8)
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Main recommendations
of the IAU Working Group on Nomenclature 

for fundamental astronomy related to the pole and origin

• 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.

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

• Using “system” in a broad sense rather than “frame” in this context of the intermediary 
system/frame.

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

(recommended by the IAU WG « Precession and the ecliptic »: 2003-2006)

IAU Resolution B2
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

(recommended by the IAU WG « Nomenclature for Fundamental Astronomy »: 2003-2006)

IAU Resolution B3
Re-definition of TDB

(recommended by the IAU WG « Nomenclature for Fundamental Astronomy »: 2003-2006)

IAU 2006 Resolutions (and IUGG 2007)
concerning the transformation between the celestial and terrestrial systems
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The NFA WG Glossary
a few examples of newly proposed terms

CIO locator (denoted s) :  the difference 
between the GCRS right ascension and 
the intermediate right ascension of the 
intersection of the GCRS and intermediate 
equators.  The CIO was originally set close 
to the mean equinox at J2000.0.  As a 
consequence of precession-nutation the 
CIO moves according to the kinematical 
property of the non-rotating origin.  The 
CIO is currently located by using the 
quantity s.

TIO locator (denoted s′): the difference 
between the ITRS longitude and the 
instantaneous longitude of the intersection 
of the ITRS and intermediate equators.  
The TIO was originally set at the ITRF 
origin of longitude. As a consequence of 
polar motion the TIO moves according to 
the kinematical property of the non-rotating 
origin.  The TIO is currently located using 
the quantity s′, whose rate is of the order of 
50 mas/cy which is due to the current polar 
motion.

Celestial Intermediate Origin (CIO):
origin for right ascension on the 
intermediate equator in the celestial 
intermediate reference system.  It is the 
non-rotating origin in the GCRS that is 
recommended by the IAU 2000 
Resolution B 1.8, where it was 
designated the Celestial Ephemeris 
Origin.  The CIO was originally set close 
to the GCRS meridian and throughout 
1900-2100 stays within 0.1 arcseconds of 
this alignment.

equation of the origins: distance 
between the CIO and the equinox along 
the intermediate equator; it is the CIO 
right ascension of the equinox; 
alternatively the difference between the 
Earth rotation angle and Greenwich 
apparent sidereal time (ERA – GAST).
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The NFA WG Glossary
a few examples of newly proposed terms

Celestial Intermediate Reference 
System (CIRS): geocentric reference 
system related to the GCRS by a time-
dependent rotation taking into account 
precession-nutation.  It is defined by the 
intermediate equator (of the CIP) and CIO 
on a specific date.  It is similar to the 
system based on the true equator and 
equinox of date, but the equatorial origin 
is at the CIO.  Since the acronym for this 
system is close to another acronym 
(namely ICRS), it is suggested that 
wherever possible the complete name is 
used.

intermediate right ascension and 
declination:  angular coordinates 
measured in the celestial intermediate 
reference system at a specified date. 
They specify a geocentric direction that 
differs from the ICRS direction by annual 
parallax, gravitational light deflection due 
to the solar system bodies except the 
Earth, annual aberration, and the time-
dependent rotation describing the 
transformation from the GCRS to the 
celestial intermediate reference system.  
They are similar to apparent right 
ascension and declination when referring 
to the equinox based system.  Note that 
intermediate declination is identical to 
apparent declination.
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IAU 2006 
Resolution B2
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IAU 2006 
Resolution B2
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IAU Precession-nutation

1) 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 
and with IAU 2000A nutation

2) IAU 2006 Resolution B1

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

- recommended improved definitions (ecliptic, precession of the equator, precession of the ecliptic)
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IAU 2006 
Resolution B1



IERS Workshop on Conventions, BIPM, September 2007

IAU 2006 
Resolution B1

8
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P03 precession  expressions

⎯
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IAU 2006 expressions for the GCRS coordinates of the CIP

X = – 0. "016617 + 2004."191898 t – 0."4297829 t2  
– 0."19861834 t3 – 0."000007578 t4 + 0."0000059285 t5 
+ Σi [(as,0) i sin(ARGUMENT) + (ac,0) i cos(ARGUMENT)] 
+ Σi [(as,1) i t sin(ARGUMENT) + (ac,1) i t cos(ARGUMENT)] 

 + Σi [(as,2) i t2 sin(ARGUMENT) + (ac,2) i t2 cos(ARGUMENT)] 
 + … 
Y =  – 0."006951 – 0."025896 t – 22."4072747 t2 

+ 0."00190059 t3 + 0."001112526 t4 + 0."0000001358 t5 
+ Σi [(bc,0)i cos(ARGUMENT) + (bs,0)i sin(ARGUMENT)] 
+ Σi [(bc,1)i t cos(ARGUMENT) + (bs,1)i t sin(ARGUMENT)] 
+ Σi [(bc,2)i t2 cos(ARGUMENT) + (bs,2)i t2 sin(ARGUMENT)] 
+ ... 

precession; frame-bias effects; nutation; cross terms precession x nutation
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IAU 2006 expressions for the Earth rotation angle

• CIO based
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

• equinox based
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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P03 adjustments to IAU 2000 nutation 
effects of obliquity and J2 rate on nutation

Obliquity effect : x (sinεIAU/sinεP03 )

J2 rate effect : x (J2 rate /J2 ) t

(J2 rate /J2 =-2.78 x 10 -6)dX = 18.9 t sinΩ + 1.5 t sin(2F - 2D+ 2Ω)

dY =   −25.6 t cosΩ −1.6 t cos (2F - 2D +2Ω)
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IERS Conventions Chapter 5: implementation of IAU 2006 Resolutions
Transformation between the celestial and terrestrial reference systems

5.1 The Framework of IAU 2000 Resolutions (+ IAU 2006) (+ NFA WG Recom)

5.2 Implementation of IAU 2000 Resolutions (+ IAU 2006) (+ NFA WG Recom)

5.3 Coordinate Transformation consistent with the IAU 2000 Resolutions 
(+ IAU 2006) (+ NFA WG Recom)

5.4 Parameters to be used in the transformation
5.4.1 Schematic representation of the motion of the CIP
5.4.2 Motion of the CIP in the ITRS
5.4.3 Position of the TIO in the ITRS (+ NFA WG Recom)
5.4.4 Earth Rotation Angle (+ NFA WG Recom)
5.4.5 Motion of the CIP in the GCRS (+ IAU 2006) (+ NFA WG Recom)
5.5.6 Position of the CIO in the GCRS (+ IAU 2006) (+ NFA WG Recom)

5.5 IAU 2000A and IAU 2000B Precession-Nutation model (+ IAU 2006)
5.5.1 Description of the model (+ IAU 2006)
5.5.2 Precession developments compatible with the IAU2000 model (+ IAU 2006)

------------------

(+ IAU 2006): to be updated with introducing the IAU 2006 Resolutions
(+ NFA WG Recom): to be updated with introducing the IAU NFA WG terminology
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5.6 Procedure to be used for the transformation consistent 
with IAU2000 Resolutions (+ IAU 2006) (+ NFA WG Recom)

5.7 Expression of Greenwich Sidereal Time using the CIO 
(+ IAU 2006) (+ NFA WG Recom)

5.8 The Fundamental Arguments of Nutation Theory
5.8.1 The multipliers of the fundamental arguments of nutation theory
5.8.2 Development of the arguments of luni-solar nutation
5.8.3 Development of the arguments for the planetary nutation

5.9 Prograde and Retrograde Nutation Amplitudes

5.10 Procedures and IERS Routines for Transformations from ITRS to GCRS 
(+ IAU 2006) : see P. Wallace presentation)

5.11 Notes on the new procedure to transform from ICRS to ITRS 
Figure 1 (+ IAU 2006) (+ NFA WG Recom)

References (+ IAU 2006) (+ NFA WG Recom)

IERS Conventions Chapter 5: implementation of IAU 2006 Resolutions
Transformation between the celestial and terrestrial reference systems
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Changes to be implemented
in the IERS Conventions

1) Implementation of the IAU 2006 precession-nutation procedure in Chapter 5

Suggested method : CIO based computing the IAU 2006 matrix transformation for bias, 
precession and nutation using direct series for X, Y and s+ XY/2
Capitaine N., Wallace P.T., (2006, A&A 450, 855-872): “High precision methods for locating the 
celestial intermediate pole and origin”
Wallace P.T., Capitaine N., (2006, A&A 459, 981-985 ): “Precession-nutation procedures consistent 
with IAU 2006 resolutions”

2) Suggested changes associated with the IAU 2006 Resolutions implementation

- Make numerical values in Table 1 consistent with the new resolutions (e.g. obliquity 
and precession rate at J2000)

- improving the way Chapter 5 is organized 

- avoid redundancy in formulas or procedures (e.g. expression of EO derived from s)

- introduce a standard interpolation method in order to avoid inconsistencies at μas
level between interpolated values with various methods

- introduce the rigorous procedure (dpsi,deps)IAU1976/1980 → (dX, dY)IAU2006
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