
Newsletter � of the subgroup T� of the IAU WG ICRS �

New parameters for the Earth orientation in the ICRS

�N� Capitaine� �� January �����

The present Newsletter of the subgroup T	 is devoted to a discussion
concerning new parameters for representing the orientation of the Earth in
the ICRS� It includes the following sections 


�� Introduction
�� The current Orientation parameters
�� Proposals for new parameters
�� Questions to the subgroup T	

� The current Earth orientation parameters

The general form of the coordinate transformation from the terrestrial ref�
erence system� TRS� to the geocentric celestial reference system� CRS� at
the date t is



CRS� � PN�t��R�t��W �t� 
TRS� ���

where PN�t� is the matrix transformation for the precession and nutation
of the Celestial Ephemeris Pole� CEP� in the CRS� R�t� for the rotation of
the Earth around the axis of the CEP and W�t� for polar motion of the
CEP� We assume here that the de�nition of the CEP corresponds to the
most accurate one �see Newsletter ���

Until the adoption of the ICRF �Ma et al ������ the conventional celes�
tial frame� the FK	 based on positions and proper motions of bright stars�
was oriented so that at the �epoch�� the positions are referred to the best
estimate of the location of the mean pole and mean equinox� The proper
motions of stars were evaluated so that� for the adopted model of precession�
they provide the best access to the mean pole and mean equinox of epoch�
at any other date�

The current precession angles �see Fig �� are those de�ned by Lieske et al�
������ in the FK	 system� The current nutation angles �� in longitude and
�� in obliquity are referred to the ecliptic of date �see Fig �� and �A ���
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Figure � � Precession and nutation angles in the FK� system

is the angular distance between the ecliptic of epoch and the ecliptic of date
along the equator of date�

The current procedure for taking into account precession and nutation is
to use the matrix transformation P�t� using the developments as function of
time of the precession angles� �A� �A� zA� followed by the matrix transforma�
tion N�t� using the nutation angles quantities �� and �� provided by the
conventional series of nutation �Seidelmann ����� McCarthy ������ Such
a transformation corresponds to a sequence of six consecutive rotations for
precession and nutation using �ve di�erent parameters� As the precession
and nutation angles are referred to the ecliptic of date� the PN�t� matrix is
dependent both on the precession and nutation of the equator� due to the
luni�solar and planetary torque exerted on the oblate Earth� and to preces�
sion of the ecliptic� due to planetary perturbations on the orbit of the Earth
�Capitaine ���� a� b��

The current procedure for taking into account Earth rotation in the FK	
system is to use� in the matrix R�t�� the relationship between Greenwich
sidereal time and UT� �Aoki et al� ����� giving GMST at date t� followed
by the relationship between GST and GMST and then to take into account
the interval of GMST from �h UT� to the hour of observation�

The di�erence GST�GMST is provided� since the �st January ����� by
the �complete� equation of the equinoxes �Aoki � Kinoshita ����� McCarthy
������

Additionally to Earth rotation� the angle GST thus includes �Capitaine
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� Gontier ����� a part due to the accumulated precession and nutation
along the equator as well as a part �in GST�GMST� due to crossed terms
between precession and nutation and crossed nutation terms� It refers to
the ecliptic of date and thus mixes Earth rotation and precession�nutation�

� Proposals for new parameters

�i� Requirements for new orientation parameters

The ICRS adopted by the IAU as the International Celestial Reference Sys�
tem since the �st January ����� is de�ned such that the barycentric direc�
tions of distant extragalactic objects show no global rotation with respect
to these objects� The fundamental properties of the ICRS is the absence
of global rotation and the abandonment of the link with the motion of the
Earth� The geocentric celestial reference system� designated here by CRS�
follows the kinematical condition of absence of global rotation of geocentric
directions of the objects realizing the ICRS�

In order to take advantage of these properties for providing the best
accurate de�nition and measurement of Earth rotation� it is necessary to
come back to more basic quantities for precession�nutation and Earth rota�
tion� and therefore 


� to reduce the number of parameters�

� not to refer these parameters to the ecliptic of date� but to a �xed plane�

� to clearly separate the precession�nutation of the equator from the
Earth rotation�

Several possibilities can be considered which use di�erent origins on the
equator�

�ii� Alternative choices for the origin on the equator

The possible choices for an origin on the moving equator are �see Fig ��
�� �� 


�� The true equinox� 	 which is the intersection of the moving equator with
the moving ecliptic�
�� the intersection� 	�

�
of the moving equator with the �xed ecliptic�

�� the intersection� 	xy of the equator of the TRS with the equator of the

�



CRS�
�� the intersection� K� of the zero�line meridian of the realized CRS with the
moving equator�
	� The intersection� H� of the instantaneous prime meridian P�o with the
moving equator�
�� The point � on the moving equator such that 
 �N � �oN �
�� The node� N� of the moving equator upon the celestial reference great
circle�
�� The �non rotating origin� �or �departure point�� on the moving equator�
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Figure � � Alternative origins on the moving equator

A comparison between the properties of the above de�nitions shows that 


� the de�nition �� is dependent both on the motion of the equator and
the ecliptic� whereas the other ones are dependent only on the motion of the
equator�

� the de�nition �� is on the �xed equator of the TRS� whereas the other
ones are on the moving equator�

� the de�nitions �� to �� have geometrical meaning� whereas the de�nition
�� has a kinematical meaning �Guinot ������
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�iii� Euler�s angles

The classical representation using Euler�s angles �Fig �� between the
terrestial frame� TRS�
Oxyz� and the celestial frame� 
OXYZ�� as used by
Woolard ���	�� refers to the ecliptic frame at epoch� which can easily be
transformed to the mean equatorial frame at epoch taking into account the
obliquity of the ecliptic ���� at epoch and then transformed to the ICRS�
taking into account the o�sets between this frame and the CRS� We will
consider here that CRS�
OXYZ��
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Figure � � Euler�s angles between the TRS and the CRS and the Earth�s
rotation ��

The transformation matrix from the TRS to the CRS is based upon
three parameters� the origin for the angle 
 being 	xy as de�ned by ��� on
the equator of the TRS�

The two �rst angles� �� and ��� include both polar motion and precession�
nutation referred to the ecliptic of epoch and the third one� 
� include both
Earth rotation and the motion of 	xy� due to precession�nutation of the
equator of �gure�

No intermediate pole is used in such a transformation between the TRS
and the CRS and the transformation matrix between the TRS and CRS is 



CRS� � R������R������R���
� 
TRS� ���

When the considered celestial frame is the ecliptic frame at J����� the

	



solutions for the precession�nutation part of the Euler�s angles are provided�
at a microarsecond accuracy� for a rigid Earth by Bretagnon et al� �����

�iv� Combined precession and nutation parameters

�i� 
 Aoki � Kinoshita ������ have considered a combined form of three
rotations from the ecliptic frame of epoch �see Fig �� 


PN�t� � R���A � �����R���A � �����R���� ���� � ���

using the parameters �A ���� and �� ���� which include precession and
nutation referred to the �xed ecliptic �see Fig ��� and can thus be easily
referred to the �xed equator and then to the ICRS�

Such parameters are supposed to refer to an intermediate pole such as
the CEP�

In the case where only the two last parameters are considered� �A �
���� �A � ���� the corresponding origin on the equator is 	�

�
as given by

the de�nition ��� whereas if the three parameters are considered� the origin
is the current true equinox 	�

That corresponds to six and seven parameters respectively for the whole
transformation from the TRS to the CRS�

�v� The coordinates of the CEP in the CRS and the TRS

The celestial pole coordinates X� Y �Fig �� �or direction cosines� of the
CEP in the CRS �Capitaine ����� include precession� nutation� the cou�
pling e�ects between precession and nutation� crossed�nutation terms and
the o�sets of the precession�nutation models at J������ wrt the pole of the
ICRF�

They can be related to the current quantities for precession and nutation
by 


X � sin d cosE � �o � sin��A � ���� sin��A �����

Y � sin d sinE � �o � sin �o cos��A ����� � cos �o sin��A ����� cos��A ����� � ���

�o� �o being the celestial o�sets between the computed pole at J������ and
the pole of the ICRS�

The matrix transformation taking into account X and Y is 


PN�t� � R���E��R���d��R��E� ��	�

Development as function of time of X and Y at a microarsecond accuracy
after one century are provided by Capitaine et al������� in consistency with
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Figure 	 � The coordinates of the pole P in the CRS and the TRS

Capitaine ����


the IERS ���� precession and nutation and the numerical values �IERS An�
nual Report for ����� of the celestial o�sets at J������� Such developments
include a constant term� a polynomial form of t� a sum of periodic terms
and a sum of Poisson terms�

These parameters are supposed to be referred to an intermediate pole�
such as the CEP� and appears in a symmetric form as the coordinates in
the TRS� xp � sin g cosF � yp � sin g sinF �Fig ��� which can be taken into
account by the matrix transformation 


W �t� � R���F ��R��g��R��F � ����

Such a transformation corresponds to �ve parameters for the whole trans�
formation from the CRS to the TRS and the corresponding geometric origin
on the true equator is the point � as given by the de�nition ���

These parameters� X � Y of the CEP in the CRS and xp� yp the �polar
motion� in the TRS are also those adopted by Mathews ����� b� who takes
into account Earth rotation by the angle � on the moving equator� This
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angle� due to its realization by the transformation matrix from the TRS to
the CRS� is reckoned from the point ��

�vi� Restricted number of parameters for precession�nutation

Williams ������ has proposed a restricted number of parameters in or�
der to minimize the number of rotations when combining the rotations for
precession and nutation� The subscript A is not used with symbols in the
�gure �Fig 	� and the obliquity of the ecliptic� precession in longitude along
the ecliptic of date and planetary precession along the �xed equator are con�
sidered as including both precession and nutation� Such a transformation
can be written when introducing explicitly the nutation as 


PN�t� � R������R����
���R��� �����R���� ��� ���

This is similar to ���� but with the disadvantage that the considered
parameters � ��� and �� �� are here referred to the ecliptic of date� the
origin on the moving equator being the true equinox 	�
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�vii� Celestial and terrestrial coordinates of the pole of angular

momentum axis
The variables adopted by Fukujima ������ are the magnitude compo�

nents of the angular momentum vector in the CRS �XYZ� and in the TRS
�ABC� and the longitude of A�axis measured from X�axis along the great
circle perpendicular to the angular momentum of date�

The orientation matrix from the TRS to the CRS is thus generated by
�ve successive rotations�

These variables �very similar to �v� are referred to the axis of angu�
lar momentum and it can be shown that the corresponding origin on the
moving equator is the point K as de�ned by ��� but relative to the plane
perpendicular to the angular momentum axis�

�viii� The celestial coordinates of the pole of the TRS

Other parameters X � and Y � can be de�ned by including polar motion
as high frequency variations in the celestial pole coordinates X and Y as
de�ned in �v�� In that case� there is no intermediate axis and the parameters
are then referred to the z�axis of the TRS�

The corresponding angles ���E and d would then be similar to the two
�rst Euler angles between the TRS and the CRS�

The origin on the equator of the TRS can be de�ned in a similar way as
the origin � as de�ned by ���

�ix� The Earth�s angle of rotation
The Earth�s angle of rotation as reckoned from any geometrical origin in�
evitably includes� additionally to Earth rotation� the accumulated rotation
of this origin wrt the CRS along the moving equator due to the precession�
nutation of the equator� This is the case for all the origins considered in
sections �iii� to �viii��

For de�ning an Earth�s angle of rotation which includes only the �intrin�
sic Earth rotation�� it is necessary to eliminate the spurious rotation of the
origin on the moving equator�

It is thus necessary to use an origin de�ned by the kinematical property
of having �no instantaneous rotation� around the axis of rotation wrt the
CRS� That provides the �non rotating origin� 
 �Guinot ������ which can
be designated as �the Celestial Ephemeris Origin� �CEO� when referred to
the axis of the CEP�

The �stellar angle� is de�ned by � � �
 �see Fig �� and is such that
�� � �� �the component of the angular velocity vector along the axis of the

�



CEP� and thus � includes only Earth rotation�
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Figure � � De�nition of the stellar angle �

The quantity s� which is the angular distance of 
 to � must be included
in the PN�t� matrix as it originates from precession and nutation� A similar
quantity s�� which is the angular distance of 
 to � �the instantaneous
origin of the longitudes on the moving equator� has to be included in the
W �t� matrix as it originates from polar motion�

The numerical development of s and s� compatible with the IERS Con�
ventions ���� is provided by Capitaine et al� �������

�x� Comparison between the di�erent options

A comparison of the parameters considered above shows that Euler�s
angles �described in �iii�� or equivalently the celestial coordinates of the z�
axis of the TRS �described in �viii��� which reduce to three the number of
EOP� do not use any intermediate pole and consequently include both high
frequency and low frequency components of the motion of the z�axis of the
TRS wrt the CRS�

The other parameters separate the celestial components from the terres�
trial components according to a �frequency criteria� using an intermediate
pole� Such a procedure facilitates the estimation of the parameters from
observations� unless the model for low frequency motion in space is perfect�

The di�erence between the use of a geometrical origin �as � or K for
examples� and a kinematical origin �
� is that� in the �rst case� the instan�
taneous rotation of the considered origin is included in the derived value
for the Earth�s angle rotation� whereas it is clearly separated when using
directly 
 as the origin on the moving equator�

��
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� Questions to the subgroup T�

��� Do you agree that the current parameters in the FK	 system must be
abandoned for being consistent with the newly adopted ICRS �

�	� Do you agree that� for consistency with ICRS� the current formula�
tion combining the motions of the equator and of the ecliptic wrt the CRS
has to be abandoned �

��� Do you agree that the angle of Earth rotation must no more be reck�
oned from the true equinox which is moving due to precession and nutation
and which is referred to the ecliptic of date �

��� Do you agree that new parameters for the orientation of the Earth�s
axis in the CRS must include both precession and nutation �

��� Which parameters �either among the parameters presented previ�
ously or new ones� do you propose to use for the EOP referred to the ICRS
in place of the current parameters referred to the FK	 �

��� Which origin on the moving equator do you prefer �

��� Do you agree that in order to provide Earth rotation form the ori�
entation angle around the axis of the CEP� it is necessary to use an origin
without any instantaneous rotation wrt the CRS around this axis �

��


