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ABSTRACT. The International Earth rotation and Referen
e system Servi
e (IERS) has imple-mented the IAU resolutions of the 24th General Assembly in its produ
ts. The IERS Conventionsnow provides an outline of the pro
edures to be used along with software 
onsistent with thosepro
edures. The Conventions Produ
t Center is provided jointly by the U.S. Naval Observatory(USNO) and the Bureau International des Poids et Mesures (BIPM), who are working on thenew edition of the IERS Conventions. The new edition of the 
onventions has been slightlyre-organized with respe
t to previous issues, and numerous updates have been introdu
ed. Thework a

omplished or in progress is des
ribed.1. INTRODUCTIONThe realization of the International Celestial Referen
e System (ICRS) requires a set of
onventional models and pro
edures to be used in the analyses of the observational data. TheInternational Earth Rotation Servi
e (IERS) provides these in the IERS Conventions, whi
h
ontain the re
ommended pro
edures not only to de�ne the ICRS but also to derive and interpretthe other produ
ts of the IERS, su
h as the International Terrestrial Referen
e Frame, and theEarth Orientation Parameters.The IERS Conventions is a publi
ation that is produ
ed by the IERS Conventions Produ
tCenter provided jointly by the U.S. Naval Observatory (USNO) and the Bureau Internationaldes Poids et Mesures (BIPM). The Produ
t Center provides a web sitehttp://maia.usno.navy.mil/
onv2003.html 
ontaining the IERS Conventions (2003). This site isto be updated as warranted at approximately annual intervals. In addition the Center produ
esthe material for the IERS Te
hni
al Notes that do
ument major 
hanges, and it is expe
tedthat this do
ument might be provided at approximately 5-year intervals.The IERS Conventions (2003) is a 
ontinuation of the series of do
uments begun with theProje
t MERIT Standards (Melbourne et al, 1983) and 
ontinued with the IERS Standards(M
Carthy, 1989; M
Carthy, 1992) and IERS Conventions (M
Carthy, 1996). The 
urrentissue of the IERS Conventions is 
alled the IERS Conventions (2003). When referen
ed in11



re
ommendations and arti
les published in past years, this do
ument may have been referred toas the IERS Conventions (2000).The 
elestial system des
ribed in the IERS Conventions (2003) is based on IAU (Interna-tional Astronomi
al Union) Resolution A4 (1991). It was further re�ned by IAU ResolutionB1 (2000). The de�nition of time 
oordinates and time transformations, the models for lightpropagation and the motion of massive bodies are based on IAU Resolution A4 (1991), furtherde�ned by IAU Resolution B1 (2000). In some 
ases, the pro
edures used by the IERS, and theresulting 
onventional frames produ
ed by the IERS, do not 
ompletely follow these resolutions.These 
ases are identi�ed in the do
ument, and pro
edures to obtain results 
onsistent with theresolutions are shown.2. COMPONENTSThe IERS Conventions 
ontain des
riptions of units, models, software and pro
edures tobe used in deriving and understanding the IERS produ
ts. These produ
ts assume the use ofSI units (Le Syst�eme International d'Unit�es (SI), 1998) and are generally 
onsistent with theuse of Geo
entri
 Coordinate Time TCG as the time 
oordinate for the geo
entri
 system, andBary
entri
 Coordinate Time TCB for the bary
entri
 system.The Conventions des
ribe the 
onventional 
on
epts that underlie the de�nition of modernhigh-pre
ision Celestial and Terrestrial Referen
e Systems. These have little relationship tothe pre
ision of the produ
ts but they are likely to a�e
t the a

ura
y as well as the usersinterpretation.Models are provided to des
ribe various physi
al phenomena. These generally a�e
t pre
isionbut might have only a minimal a�e
t on the a

ura
y. In
luded also are 
onstants, the numeri
alvalues of parameters of 
ommon interest. Perhaps the most important is the software thatprovides pra
ti
al numeri
al implementation of the 
on
epts and models.Finally, the Conventions publi
ation outlines pro
edures to implement all of the above. TheIERS Conventions (2003) does not go so far as to des
ribe standard pro
edures for data analyses,su
h as details regarding solution 
onstraints and appropriate spans of data, but future versionsmay get to that point. These 
hoi
es a�e
t pre
ision but have little e�e
t on a

ura
y.3. CONCEPTSTBD4. CONTENTSThe Contents of the do
ument are outlined by the Table of Contents:1. GENERAL DEFINITIONS AND NUMERICAL STANDARDSPermanent TideNumeri
al Standards2. CONVENTIONAL CELESTIAL REFERENCE SYSTEM AND FRAMEThe ICRSEquatorOrigin of Right As
ensionThe ICRFHIPPARCOS CatalogueAvailability of the Frame 12



3. CONVENTIONAL DYNAMICAL REALIZATION OF THE ICRS4. CONVENTIONAL TERRESTRIAL REFERENCE SYSTEM AND FRAMECon
epts and TerminologyBasi
 Con
eptsTRF in Spa
e GeodesyCrust-based TRFThe International Terrestrial Referen
e SystemRealizations of the ITRSITRF Produ
tsThe IERS NetworkHistory of ITRF Produ
tsITRF2000, the Current Referen
e Realization of the ITRSExpression in ITRS using ITRFTransformation Parameters Between ITRF SolutionsA

ess to the ITRS5. TRANSFORMATION BETWEEN THE CELESTIAL AND TERRESTRIAL SYSTEMSThe Framework of IAU 2000 ResolutionsImplementation of IAU 2000 ResolutionsCoordinate Transformation 
onsistent with the IAU 2000 ResolutionsParameters to be used in the transformationS
hemati
 representation of the motion of the CIPMotion of the CIP in the ITRSPosition of the TEO in the ITRSEarth Rotation AngleMotion of the CIP in the GCRSPosition of the CEO in the GCRSIAU 2000A and IAU 2000B Pre
ession-Nutation ModelDes
ription of the modelPre
ession developments 
ompatible with the IAU2000 modelPro
edure to be used for the transformation 
onsistent with IAU 2000 ResolutionsExpression of Greenwi
h Sidereal Time using the CEOThe Fundamental Arguments of Nutation TheoryThe multipliers of the fundamental arguments of nutation theoryDevelopment of the arguments of lunisolar nutationDevelopment of the arguments for the planetary nutationPrograde and Retrograde Nutation AmplitudesPro
edures and IERS Routines for Transformations from ITRS to GCRSNotes on the new pro
edure to transform from ICRS to ITRS6. GEOPOTENTIALE�e
t of Solid Earth TidesSolid Earth Pole TideTreatment of the Permanent TideE�e
t of the O
ean TidesConversion of tidal amplitudes de�ned a

ording to di�erent 
onventions7. DISPLACEMENT OF REFERENCE POINTSDispla
ement of Referen
e Markers on the CrustLo
al Site Displa
ement due to O
ean LoadingE�e
ts of the Solid Earth TidesRotational Deformation due to Polar Motion13



Atmospheri
 LoadingDispla
ement of Referen
e Points of InstrumentsVLBI Antenna Thermal Deformation8. TIDAL VARIATIONS IN THE EARTH'S ROTATION9. TROPOSPHERIC MODELOpti
al Te
hniquesRadio Te
hniques10. GENERAL RELATIVISTIC MODELS FOR SPACE-TIME COORDINATES ANDEQUATIONS OF MOTIONTime Coordinates11. GENERAL RELATIVISTIC MODELS FOR PROPAGATIONVLBI Time DelayBa
kgroundThe VLBI delay modelLaser RangingAppendix | IAU Resolutions Adopted at the XXIVth General AssemblyGLOSSARYThe a
tual 
ontents of the IERS Conventions (2003) available athttp://maia.usno.navy.mil/
onv2003.html are presented below in outline form.Introdu
tionChapter 1 - Numeri
al StandardsChapter 2 - Conventional Celestial Referen
e System and FrameChapter 3 - Conventional Dynami
al Realization of the ICRSRead me �le for DE405 - Provides information 
on
erning the retrieval and use of the DE405.Chapter 4 - Conventional Terrestrial Referen
e System and FrameITRF2000 - Information on ITRF2000GCONV subroutine - Transforms geo
entri
 
oordinates to geodeti
 
oordinates. Provided byT. FukushimaABSMO Nuvel subroutine - Computes the new site position at time t from the old site position attime t0 using the re
ommended plate motion model. Originally provided by J. B. Minster.Chapter 5 - Transformation Between the Celestial and Terrestrial SystemsChapter 5 Tables - Ele
troni
 versions of the tables for Chapter 5Chapter 5 Subroutines - Ele
troni
 versions of the subroutines for Chapter 5Chapter 6 - GeopotentialChapter 7 - Site Displa
ementAngular Argument subroutine - A FORTRAN subroutine to return the proper angular argumentto be used with the S
hwiderski phasesMean Pole Positions - mean pole positions provided by the IERS Earth Orientation Centre(D. Gambis).Atmospheri
 Regresssion CoeÆ
ients - site displa
ements due to atomspheri
 loading at spe
i�
sites; provided by T. vanDam.Chapter 8 - Tidal Variations in the Earth's Rotationortho eop subroutine - Subdiurnal/Diurnal SubroutineChapter 9 - Tropospheri
 Model 14



Chapter 10 - General Relativisti
 Models for Time, Coordinates and Equations of MotionFairhead-Bretagnon Model - Computes the periodi
 terms of TT. Provided by A. Irwin.Xhf2002.f routine - Computes TCB-TCG as a fun
tion of TT. Provided by W. Harada andT. Fukushima.HF2002.dat - Parameter �le read by Xhf2002.f. Provided by W. Harada and T. Fukushima.xhf2002.out - Output �le of the test driver. Provided by W. Harada and T. Fukushima.Chapter 11 - General Relativisti
 Models for PropagationAppendix - Resolutions from the 24th IAU General AssemblyGlossary - List of a
ronyms used in the ConventionsIn 
omparison with previous versions the latest version has undergone signi�
ant 
hanges.These are outlined below by 
hapter. The prin
ipal 
ontributors are also listed for ea
h 
hapter.Chapter 1-General De�nitions and Numeri
al StandardsThe 
hapter has been updated for 
onsisten
y of notation and 
on
epts with other se
tionsa

ording to IAG (International Asso
iation of Geodesy) and IAU working groups. It providesgeneral de�nitions for topi
s in other 
hapters and also the values of numeri
al standards thatare used in the do
ument. It in
orporates the previous Chapter 4, whi
h was updated to provide
onsistent notation and to 
omply with the re
ommendations of the most re
ent reports of theappropriate working groups of the International Asso
iation of Geodesy (IAG) and the IAU. Itwas prepared prin
ipally by D. M
Carthy and G. Petit with major 
ontributions from M. Burra,N. Capitaine, T. Fukushima, E. Groten, P. M. Mathews, P. K. Seidelmann, E. M. Standish, andP. Wolf.Chapter 2-Conventional Celestial Referen
e System and FrameThe 
hapter, whi
h appeared as Chapter 1 in previous editions has been updated to in
or-porate the e�e
ts of the IAU 2000 24th General Assembly by E. F. Arias with 
ontributionsfrom J. Kovalevsky, C. Ma, F. Mignard, and A. Steppe.Chapter 3-Conventional Dynami
al Referen
e FrameChapter 3 (previously Chapter 2), has been updated to be 
onsistent with notation and
on
epts of other se
tions. The 
onventional solar system ephemeris has been 
hanged to theJet Propulsion Laboratory (JPL) DE405. It was prepared by E. M. Standish with 
ontributionsfrom F. Mignard and P. Willis.Chapter 4-Conventional Terrestrial Referen
e SystemChapter 4 (previously Chapter 3) was rewritten by Z. Altamimi,, C. Bou
her, and P. Sillardwith 
ontributions from J. Kouba, G. Petit, and J. Ray. It in
orporates the new TerrestrialReferen
e Frame of the IERS (ITRF2000), whi
h was introdu
ed in 2001.Chapter 5-Transformation Between the Celestial and Terrestrial SystemsThe 
hapter was modi�ed to be 
onsistent with resolutions adopted at the 24th IAU GeneralAssembly and the 2002 IERSWorkshop. It was updated prin
ipally by N. Capitaine, with major
ontributions from P. M. Mathews and P. Walla
e to 
omply with the re
ommendations of theIAU 2000 24th General Assembly. Signi�
ant 
ontributions from P. Bretagnon, R. Gross, T.Herring, G. Kaplan, D. M
Carthy, Burghard Ri
hter and P. Simon were also in
orporated.Chapter 6-Geopotential 15



Chapter 6 was updated to in
lude the EGM96 
onventional geopotential model and thetreatment of tides. V. Dehant, P. M. Mathews, and E. Pavlis were responsible for the revision.Major 
ontributions were also made by P. Defraigne, S. Desai, F. Lemoine, R. Noomen, R. Ray,F. Roosbeek, and H. S
huh.Chapter 7-Site Displa
ementThis 
hapter was updated to be 
onsistent with the geopotential model re
ommended inChapter 6. It was prepared prin
ipally by V. Dehant, P. M. Mathews, and H.-G. S
herne
k.Major 
ontributions were also made by Z. Altamimi, S. Desai, S. Di
kman, R. Haas, R. Langley,R. Ray, M. Rotha
her, H. S
huh, and T. VanDam. A model for post-gla
ial rebound is no longerre
ommended and a new o
ean-loading model is suggested. The VLBI antenna deformation hasbeen enhan
ed.Chapter 8-Tidal Variations in the Earths RotationChanges were made to be 
onsistent with the nutation model adopted at the 24th IAU Gen-eral Assembly. The model of the diurnal/semidiurnal variations has been enhan
ed to in
ludemore tidal 
onstituents. The prin
ipal authors of Chapter 8 were Ch. Bizouard, R. Eanes, andR. Ray. P. Bros
he, P. Defraigne, S. Di
kman, D. Gambis, and R. Gross also made signi�
ant
ontributions.Chapter 9-Tropospheri
 ModelThis 
hapter has been 
hanged to re
ommend an updated model. It is based on the work ofC. Ma, E. Pavlis, M. Rotha
her, and O. Sovers, with 
ontributions from C. Ja
obs, R. Langley,V. Mendes, A. Niell, T. Otsubo, and A. Steppe.Chapter 10-General Relativisti
 Models for Time, Coordinates and Equations of MotionThe 
hapter has been updated for 
onsisten
y of notation and 
on
epts with other se
tions.New software for the TCB-TCG transformation, developed by Harada and Fukushima, has been
he
ked against existing programs and added to the list of su
h standards. Previously appear-ing as Chapter 11, it has been updated to be in 
omplian
e with the IAU resolutions and thenotation they imply. It was prepared prin
ipally by T. Fukushima and G. Petit with major
ontributions from P. Bretagnon, A. Irwin, G. Kaplan, S. Klioner, T. Otsubo, J. Ries, M. So�el,and P. Wolf.Chapter 11-General Relativisti
 Models for PropagationThis 
hapter (previously Chapter 12), has been updated for 
onsisten
y of notation and 
on-
epts with other se
tions. It was updated to 
omply with the IAU resolutions and the notationthey imply. It is based on the work of T. M. Eubanks and J. Ries. Signi�
ant 
ontributionsfrom S. Kopeikin, G. Petit, L. Petrov, A. Steppe, O. Sovers, and P. Wolf were in
orporated.5. FUTUREAt the BIPM, in 
ollaboration with the IERS Analysis Coordinator and di�erent Produ
tand Analysis 
enters.Visiting s
ientist position + other 
ollaborations possible.Contributions to determine the most important dire
tions to improve the 
onsisten
y ofIERS 
ombined solutions and how to implement new 
onventional models/ pro
edures.16



Important topi
s are, e.g., geo
enter motion, impa
t of using "global" vs. "lo
al" loadingmodels, network e�e
ts in the solutions of di�erent te
hniques...6. CONCLUSIONThe IERS Conventions are the produ
t of the IERS Conventions Produ
t Center. However,this work would not be possible without the 
ontributions a
knowledged above. In addition, wewould also like to a
knowledge the 
omments and 
ontributions of S. Allen, Y. Bar-Sever, A.Brzezi�nski, M. S. Carter, P. Cook, H. Fliegel, M. Folgueira, J. Gipson, S. Howard, T. Johnson,M. King, S. Kudryavtsev, Z. Malkin, S. Pagiatakis, S. Pogorel
, J. Ray, S. Riepl, C. Ron, andT. Springer in the 
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