
EARTH ORIENTATION PARAMETERS IN 1899{1992BASED ON THE NEW EARTH ORIENTATION CATALOGUEC. RON, J. VONDR�AKAstronomical Institute, Academy of Sciences of the Czech RepublicBo�cn�� II 1401, 141 31 Praha 4, Czech Republice-mail: ron@ig.cas.cz, vondrak@ig.cas.czABSTRACT. The Earth orientation parameters (EOP), based on optical astrometry observa-tions of latitude and universal time variations and the Hipparcos Catalogue, covering 1899.7{1992.0, were determined in past years at Astronomical Institute in Prague, in close cooperationwith the Czech Technical University in Prague, see Vondr�ak et al. (1998). During the solutionit has been discovered that not all Hipparcos stars are suitable for a long-term study; manyof them proved to have large errors in proper motions. Recently, the new Earth OrientationCatalogue (EOC) based on the recent star catalogues ARIHIP and TYCHO-2, and also Hip-parcos and PPM catalogues, is being prepared by our group. We apply the provisional versionof the catalogue to the optical astrometry observations (except for those of the method of equalaltitudes) to test the new EOC. The di�erences of the EOP with respect to the EOP from thesolution OA00 (Ron & Vondr�ak, 2001) are discussed.1. INTRODUCTIONIn the last decade we have used the observations by optical astrometry to derive the EarthOrientation Parameters (EOP) in the International Celestial Reference System (ICRS) whichis realized by the reference frame of the Hipparcos Catalogue (ESA, 1997). The solution isdescribed in Vondr�ak et al. (1998). The last solution denoted as OA00, available at the IERSProduct Center as EOP(AICAS) 01 A 01, was described by Ron & Vondr�ak (2001). The analy-sis of the residuals proved the insu�cient accuracy of some star positions based on the Hipparcoscatalogue, caused by errors in proper motions. We corrected about 20% of individual observa-tions by drifts derived from the observations themselves to overcome this imperfection.Recently, new precise astrometrical catalogues related to ICRS have appeared. The cata-logues as ARIHIP (Wielen et al. 2001) or TYCHO-2 (H�g et al., 2000) were derived as combina-tion of the Hipparcos Catalogue (ESA, 1997) with the former ground-based catalogues. Becausethese catalogues showed to have more reliable proper motion of the stars, we decided to usethem in the new determinations of the EOP. Wielen et al. (2001) introduced the star classi�-cation { the coe�cient Kae called the astrometrical excellency { in the scale 0 � 3 (the higherthe coe�cient the better is the star from the astrometrical point of view). We have presentedthe idea of the new Earth Orientation Catalogue (EOC) in Vondr�ak & Ron (2003). The newcatalogue combines the precise star positions of the recent astrometrical catalogues with the144



long term series of the optical astrometry observations.2. SOLUTION OF EOP FROM OPTICAL ASTROMETRYThe following parameters were derived in all preceding solutions:� for each of the 5-day interval:{ coordinates of the pole in terrestrial reference frame x; y,{ universal time di�erences UT1{TAI (after 1956),{ celestial pole o�sets �";� sin ",� for each instrument:{ constant, linear, annual and semi-annual deviation in latitude A;A1; B; C;D;E,{ constant, linear, annual and semi-annual deviation in universal time A0; A01; B0; C0; D0; E0,{ rheological parameter � = 1 + k � l governing the tidal variations of the local vertical.All observations were recalculated to be related to Hipparcos catalogue, and thus also toICRS. Due to the relatively short mission of the satellite Hipparcos, the proper motions ofthe stars that are the components of binaries or multi-star systems were not derived with thesu�cient accuracy. For that reason the observations of ', UT0{UTC and �h had to be corrected.The corrections of individual stars (about 20% of the stars) were derived from the residuals ofindividual observations with respect to 5-day means of the instrument.The observation equations lead to the system of normal equations that are singular withdefect of matrix equal to 18. Therefore it is necessary to add 18 constraints tying together theparameters A; : : :; E 0 and �xing thus the terrestrial reference frame de�ned by the conventionalcoordinates of the individual instruments (see Tab. 3) and assuring that projection of seasonalresiduals is minimized. The solution is described in details in Vondr�ak et al. (1998).3. NEW EARTH ORIENTATION CATALOGUEThe �rst idea to set up the EOC has been presented by Vondr�ak & Ron (2003), and �rst versionof the catalogue has been presented at the 25th IAU GA in Sydney (Vondr�ak & Ron, 2004).3.1 The version EOC-0In order to assure the most accurate positions and proper motions we searched for the stars �rstin the catalogue ARIHIP (Wielen et al., 2002) where we found 2995 stars, then in catalogueTYCHO-2 (H�g et al., 2000) with 1250 stars, in Hipparcos catalogue (ESA, 1997) with 146 starsand �nally in the PPM catalogue (Roeser & Bastian, 1991, Bastian & Roeser, 1993) with 28found stars. Only three stars were not found in any of the catalogues and their positions andproper motions were taken from the local catalogue of the instrument.3.2 The version EOC-1In the �rst approximation only the observations made in the local meridian (i.e., all observationsexcept those of astrolabes and circumzenithals) were used to improve the catalogue EOC-0. Firstwe derived the positions of the observed stars with respect to the astrometrically excellent starsas follows:� all available observations of latitude and universal time were re-computed into the refer-ence system of the catalogue EOC-0, using new IAU2000A model of precession-nutation(Mathews et al., 2002); 145



� the di�erences of latitude and/or universal time were computed from the mean values ofthe same night based on astrometrically excellent stars only;� the di�erences for the same star at di�erent epochs were subject to linear regression;� the stars with signi�cant deviations were checked for multiplicity (in the Hipparcos Cat-alogue), and in a positive case the displacement of the reference point (very often photo-center) from the catalogue entry estimated;� the individual observations were recomputed with the modi�ed catalogue EOC-0 and theresiduals of individual observation with respect to the mean of night (using only the as-trometrically excellent stars) were derived again.Then the combination of the individual observations with original catalogue has been doneto improve the positions and proper motions. The time series of observations of a star fromall instruments were combined with three virtual observations, corresponding to the catalogueentry. These were chosen so that the weighted linear regression made through these three pointsreturns exactly the same values t0, �0 and �� as given in the input catalogue. If the centralepoch is identi�ed with the one of the input catalogue t2 = t0, t1 = t0 � 90y and t3 = t0 + 10ythis approach leads to standard deviations of virtual observations at three epochs�21 = 9000�2�; �22 = �201� (�0=��)2=900; �23 = 1000�2�: (1)The values of �i in mas were used to compute the weights of the three virtual observations(each of these `observed' values being set to zero) as pi = (200=�i)2. The weights of all 'real'observations of the same star are all equal to 1, under the assumption that their accuracy is200mas.In the preliminary version EOC-1 we used the observations made in local meridian, i.e., allobservations except those by the method of equal altitude. The total number of stars observedby these instruments is 3784. The result of the combination of the catalogue EOC-0 with theseobservations forms the new preliminary version of the catalogue EOC-1.Medians of standard deviations in positions (mas) and proper motions (mas/y) are shown inTab. 1 (star denotes the value multiplied by 15 cos'), separately for the stars that were observedby Hipparcos (HIP) and that were not (not HIP). The third row (other comp.) gives the valuesfor the stars whose reference point is di�erent from the Hipparcos entry.Table 1: The statistics of the catalogue EOC-1.Type n �?� �?�� �� ���HIP 3643 0.67 0.51 0.50 0.31Not HIP 85 8.00 1.40 7.10 1.01Other comp. 56 7.50 0.90 4.00 0.90The improvement of EOC-1 with respect to the EOC-0 is demonstrated in Tab. 2, whereglobal characteristics of both catalogues are compared. Median values are displayed again.4. NEW SOLUTION OF EOP IN THE REFERENCE SYSTEM OF EOCThe new solution of EOP (called OA03) is referred to the preliminary version EOC-1. Becausethe �nal version of EOC is not yet prepared, we did not use the observations made by the methodof equal altitude (astrolabes and circumzenithals). All observations were re-computed using the146



Table 2: The comparison of the catalogues EOC-0 and EOC-1.Catalogue n Ep� �?� �?�� Ep� �� ���EOC-0 4422 1991.25 0.69 0.60 1991.26 0.55 0.57EOC-1 3784 1991.18 0.68 0.52 1991.10 0.50 0.32new precession-nutation model IAU2000A (Mathews et al., 2002). The celestial pole o�setswith respect to the new model are less than 0.2mas and they are undetectable by the opticalastrometry. For that reason we abandoned the determination of the celestial pole o�sets in 5-dayintervals. The observation equations become simpler and the number of determined unknownparameters decreases signi�cantly. For 5-day intervals we determine only three unknowns (x, y,UT1{TAI) and before 1956 only two (x and y) because the atomic time TAI was not de�nedyet. The smaller rank of the diagonal matrices for the 5-day intervals led to smaller conditionnumbers and so to the bigger number of the determined 5-day intervals because it was notnecessary to connect so many intervals to assure the diagonal blocks of the normal equations tobe positive de�nite, see Vondr�ak et al. (1998).We used the observations of the observatories listed in Tab 3. where the coordinates de�ningthe terrestrial system and the secular drifts of the stations caused by the movements of thelithospheric plates derived from the model NUVEL-1 NNR (DeMets et al., 1994) are shown.The derived values of the terrestrial coordinates of the pole in the interval 1899.7{1992.0 andthe excess of the length of day in the interval 1956.0{1992.0 including their standard deviationsin 5-day intervals are shown in Fig. 1.
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Table 3: The coordinates '0 and �0 of the instruments used in the solution OA03, referred tothe mean epoch MJD0 32000 for the latitude and 43000 for the time observations; _' and _� arethe secular drifts of the stations, v are the weights used in the solution.Code latitude '0 _' longitude �0 d� _� weights� ' " ["/cy] � ' " [s] [s/cy] v' vTVisual zenith telescopesCA 39 08 09.148 +0.061 8 18 44.0 1.19CI 39 08 19.427 +0.002 �84 25 00.0 1.04GT 39 08 13.289 +0.012 �77 11 57.0 0.85KZ 39 08 02.076 +0.001 66 52 51.0 0.72MZZ,MZL 39 08 03.709 �0.045 141 07 51.0 0.89TS 39 08 10.973 +0.004 63 29 00.0 0.8639 08 11.337 +0.004 63 29 00.0 MJD>18512UK 39 08 12.157 +0.025 �123 12 35.0 0.89BLZ 44 48 10.444 +0.041 20 30 50.0 0.87BK 50 19 09.553 �0.048 127 30 00.0 1.54IRZ 52 16 44.313 �0.033 104 20 42.7 0.82POL 49 36 13.049 +0.031 34 32 52.0 0.84PU 59 46 15.622 +0.034 30 19 39.0 1.02PUZ 59 46 15.628 +0.034 30 19 39.0 0.98TT 60 24 57.496 +0.040 22 27 00.0 1.95VJZ 52 05 56.207 +0.041 21 00 00.0 0.66Photoelectric transit instrumentsIRF 52 16 44.0 104 20 42.0 �0.0061 +0.0084 0.85KHF 50 00 00.0 36 13 58.0 +0.0039 +0.0083 0.85NK 46 58 18.0 31 58 28.0 +0.0086 +0.0078 0.95PUF,PUG 59 46 18.0 30 19 38.0 +0.0009 +0.0096 1.24PUHWHF 30 32 28.9 114 20 41.4 +0.0176 +0.0060 0.76Photographic zenith tubesMZP,MZQ 39 08 02.736 �0.045 141 07 52.0 �0.0032 �0.0005 0.72 0.74OJP 49 54 55.145 +0.044 14 47 09.0 +0.0107 +0.0072 1.20 1.28PIP �35 20 40.563 +0.036 �57 17 09.0 +0.0373 �0.0005 1.82 1.79RCP,RCQ 25 36 47.098 +0.008 �80 22 56.0 +0.0026 �0.0027 1.17 1.05WA 38 55 17.263 +0.012 �77 03 56.0 1.28W,WGQ 38 55 17.308 +0.012 �77 03 56.0 +0.0018 �0.0044 0.97 0.85MS �35 19 17.486 +0.182 149 00 19.0 +0.0316 +0.0049 1.00 0.86Table 4: The comparison of statistics of the solutions OA00 and OA03.OA00 OA03number of observations 4447400 3262496number of unknowns 29809 16285number of 5-day intervals 6693 6715number of instruments 41 27standard deviation �0 �0:18800 �0:17700mean square di�erence wrt IERS C04 (1962-1992) �0:04700 �0:05000148
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