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Appendix 3

INPUT SYSTEMS {from BIH Annual Report for 1987)

EARTH ORIENTATION RESULTS FROM THE NASA CRUSTAL DYNAMICS PROJECT
ERP(GSFC)88 R 01

C. Ma - Code 621.9, Goddard Space Flight Center, Greenbelt, MD 20771, USA"
W, Himwich - Interferometrics, 8150 Leesburg Pike, Vienna, VA 22180, USA
A. Mallama - SAR, 4400 Forbes Blvd., Lanham. MD 20706, USA

Mark II1 VLBI data acquired since 1979 by the NASA Crustal Dynamics Project and
the NGS POLARIS/IRIS programs have been analyzed for Earth orientation parame-
ters. The reference frame is defined by the position of the Haystack 37-m
antenna moving with AMO-2 velocity and its position defined on 1980 Oct. 17.
The orientation of the frame is defined by values from BIH Circular D and the
standard J2000:0 precession and IAU 1980 nutation models for the same date.
Short period tidal terms in UT! have not been removed from the tabulated values
of UT1-UTC. All uncertainties are 1-sigma formal statistical errors from the

- sequential least-squares estimation described below.

The basic models used in calculating the VLBI theoreticals are described in Ma
(1978), and the data analysis procedures are described in Ryan et al. (1986)
and Ma et al. (1986). These models are contained in the GSFC program CALC 6.0
and are consistent with the MERIT standards with the addition of the pole tide.
In the analysis which generated these results, however, the ocean loading model
was not used and adjustments in longitude and obliquity were estimated for each
session except the reference day. All stations move with their AMO-2 velocities
on the listed tectonic plates. It should be noted that Kashima has been placed
on the North American plate.

222 183 Mark III observations from 566 sessions were used to estimate station
positions, source positions, Earth orientation parameters, nutation parameters
and local clock and troposphere behavior from a least-squares solution with 192
global parameters and 14 246 arc, i.e., session-dependent, parameters. A weak
input covariance on the Earth orientation parameters (X, Y-15 mas, UTl-l ms)
was used so that all three components could be estimsted for each session with
a more reliable indication of uncertainty and correlation. This affected only
single baselines and nearly degenerate triangles. The overall rms fit of the
solution was 83.1 ps for delay and 73.0 fs/s for rate. The reduced chi-square
of the solution was .98.

The Earth orientation time series spanning nine years is given in

ERP(GSFC)88 R 0l. It should be noted that values from IRIS normally have X-UT
correlations of 0.7 and that single baseline correlations approach unity. These
correlations should be taken into account when applying the parameter uncertain-
ties since the size of the error ellipsoid will otherwise be excessively large.
Other results are source positions given in RSC(GSFC)88 R Ol, station coordina-
tes at epoch 1980 Oct. 17 given in SSC(GSFC)88 R Ol, and nutation adjustments
relative to 1980 Oct. 17 in NUT(GSFC)88 R Ol.

Ref erences

C. Ma, NASA TM-79582, 1978.

J. Ryan et al., J. Geophys. Res. 91, 1935, 1986.
C. Ma et al., Astron. J. 92, 1020, 1986.
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POLAR MOTION AND UT! TIME SERIES DERIVED FROM VLBI OBSERVATIONS
ERP(NGS) 88 R 01
ERP(NGS) 88 R 02

W.E. Carter, D.S. Robertson, and F.W. Fallon, National Geodetic Survey,
N/CG1ll4, Charting and Geodetic Services, NOAA Rockville, Maryland 20852, USA

Estimates of X. Y. and UT1-UTC have been derived from a composite set of
Mark III Very Long Baseline Interferometry (VLBI) observations collected under
the aegis of projects MERIT (Wilkins. 1984). POLARIS and IRIS (Carter et al.,
1985).More than 138 000 observations amassed during 460 observing sessions
conducted between September 9, 1980, and January, 1988, were combined in a
single least squares adjustment to obtain self consistent Earth orientation
time series (Table NGS-1), source coordinates (Table NGS-2) (see Robertson et
al., 1986) and the coordinates of the VLBI reference points of each of the
radio telescopes (Table NGS-3).
Table NGS-4 contains corrections to the IAU 1980 nutation series from the IRIS
5-day observing sessions.
Table NGS-5 contains a daily series of UTl values for the period April through
June, 1984, and April 1985 through January, 1988. These UTl values were pro-
duced from a series of speclal observing sessions using only the Westford-
Wettzell baseline for 45 minutes each day. These restricted observing sessions
are sufficient to determine only UTl. The daily values track smoothly between
the regular 5-day IRIS values, and we estimate their accuracy to be 0.1 milli-
sec (Robertson et al., 1985b).

The observations were processed at NGS using algorithms generally consis-
tent with the MERIT standards (Melbourne et al., 1983), which include use of
the IAU 1980 nutation model, an Earth tide model based on ephemeris positions
for the Sun and Moon with the Kl term removed, and a wodel for ocean loading
displacements. Hellings” model for the relativistic corrections for signal
propagation was used (Hellings, 1986). Atmospheric refraction was modeled with
the CFA-2.2 model (Davis et al., 1985), using meteorological data (pressure,
temperature, humidity) taken at each VLBI station during each observing ses-
sion. Wahr“s model was used for the solid Earth deformations resulting from
the motion of the pole (Wahr, 1985). Plate motions are modeled using the no-
net-rotation model of Minster and Jordan (Minster and Jordan, 1978). The most
significant deviation from the MERIT standards was that the IAU 1980 nutation
model was corrected by estimating daily adjustments in longitude and obliquity.
This deviation is necessary because the accuracy of the VLBI observations is
suff icient to detect the errors in the annual, semi-annual, and fortnightly
terms in the model (Herring, 1986). X and Y coordinates of the pole derived
from satellite laser ranging (SLR) (Eanes et al., 1988), modified to remove a
constant off set between the VLBI and SLR time series, were used in processing
the single-baseline 24-hour observing sessions, to determine the Y component
of the pole prior to January, 1984. After that time values interpolated from
the IRIS series were used. '
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~ The standard errors quoted in tables 1-4 are strictly the formal values
obtained from the adjustment, and should be understood as a limit on the accu-
racy of the determinations, the limit that would be attained in the absence of
unmodeled systematic errors. Based on intercomparisons with satellite laser
ranging series we estimate that since the Wettzell observatory became opera-
tional in January 1984 the IRIS X and Y components of polar motion have accura-
cies no worse than 2 milliseconds of arc (Robertson et al., 1985a), and inter-
comparisons between these values and the daily UT] values (see below) indicates
that the UT1 values are accurate to at least * 0.1 milliseconds of time
(Robertson et al., 1985b).

On behalf of the joint International Association of Geodesy (IAG),
Committee on Space Research (COSPAR) Subcommission International Radio Interfe-
rometric Surveying (IRIS) the NGS distributes the monthly IRIS Bulletin A4,
Earth Orientation Information, and maintains a file containing the same data on
the NGS computers which can be accessed via telephone by users who would like
to have the data in machine~readable form. Additional information or assistance
concerning the data presented here, or the data available through the MARK 3,
IRIS Bulletin A, or NGS computer system may be obtained by contacting the
authors.
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EARTH ROTATION FROM LAGEOS LASER RANG ING ERP(CSR) 88 L 0l

B. E. Schutz B. D. Tapley R. J. Eanes and M. M. Watkins
Center for Space Research - The University of Texas at Austin
Austin, TX 78712-1085

Telex 704265 CSRUTX UD
BITNET: SCHUTZ at UTADNX
SPAN: UTSPAN::UTADNX::SCHUTZ
GE Mark 3 AUTA

A single continuous Lageos ephemeris was fit to Lageos laser range data for
the interval from May 1976 to January 1988. The data base contained about
316 000 three-minute normal points formed from over 32 000 passes collected
f rom more than 90 sites.

The force model referred to as the CSR 8801 system. contains some departures
from the MERIT Standards - GM=398600.440 km**3/s**2 and the order one GEM-L2

coeff icients were adjusted for consistency with the MERIT C(2,1) and S(2,1).

Furthermore. some ocean tide parameters depart from the Standards.

The station coordinates were obtained simultaneously with the ephemeris and
selected force model parameters. The stations were assumed to be attached to
the tectonic plates noted in the following table with rates defined by the
AM1-2 model of Minster and Jordan (1978). The epoch of the derived station
coordinates is 1983 January 1 00:00 UTC. .

The earth rotation parameters estimated simultaneously with the other parame-
ters were three day values of pole position (x.y) and UTl. The estimated UTI!
values contain Lageos node model errors which were filtered to remove periods
greater than about 80 days. The reference UTl series was the combined series
of T.M. Eubanks (this volume p.D-85) from 1976 to 1986. After 1986, the refe-
rence was the monthly IRIS values reported on G.E.Mark 3.As a consequence,
the long period (greater than 80 days) represents the reference UT! series,
but for periods below about 40 days, the Lageos UT! estimates are independent
of the reference series. During periods from 1976 to 1980, some three-day
intervals did not have adequate tracking coverage, as reflected by larger
standard errors when compared to the period from 1980 to 1988.

Note - Plate motion model : AM1-2 from Minster, J.B., and Jordan, T.H., 1978,
Present ~Day Plate Motions. J.Geophys.Res., 83, 5331-5354,

BIH(1988) : Annual Report for 1987
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AN 11.2 YEAR SLR EOP SERIES FROM LAGEOS SATELLITE LASER RANGING
SL7.1 (G14) ERP(GSFC)87 L 14

D.E. Smith, R.Kolenkiewicz and B.H. Putney,

the Geodynamics Branch, GSFC. Greenbelt. Maryland

P.J. Dunn. S.M. Klosko, E.C. Pavlis, J.R. Robbins, M.H.Torrence and
R.G. Williamson ,EG&G,

Washington Analytical Services Center, Inc., Lanham, Maryland 20706
S.M. Fricke,

Republic Management System, Inc., Lanham, Maryland 20706

This solution was done by fitting 30 day (and occasionaly 35 day) day arcs of
LAGEOS laser ranging normal point data from May 1976 through June 1987. There
were 362 810 normal points used to form the solution, which were constructed
from approximately 50 million full rate laser range observations. In each of
the monthly arcs the initial state vector, two coefficients of solar radia-
tion pressure and two coefficients of along track acceleration were estimated.
The monthly arcs were combined to form a solution for earth orientation para-
meters and station positions. The following is a summary of the kinematic and
dynamic models used for these solutions :

FORCE MODEL

+« GEM-T1 Gravity model complete to degree and order 20.

. Third body perturbations: Sun, Moon, Venus, Mars, Jupiter, and Saturn
(positioned with the JPL DE200 ephemeris)

. GM = 398600.4400 km3/sec2

. Tidal perturbations: Solid earth from Wahr, ocean tidal coeficients
from GEM-TI

. Direct effect of solar radiation pressure adjusted twice in each
monthly arc

. Along track acceleration adjusted twice in each monthly arc

MEASUREMENT MODEL

. Marini-Muray wavelength dependent refraction model with site meteoro-
logical measurements

. Velocity of light = 299792.458 km/sec

. Vertical and horizontal tide displacements: h2=0.6090, 12=0.0852

. 2 minute normal points following the Herstmonceux recommendations

BIH (1988) Annual Report for 1987.
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REFERENCE FRAME
. Wahr nutation series
J2000 precession (JPL DE200 ephemeris)
Ae = 6378137. m
+ Flattening = 1/298.257

. Apriori earth orientation (Xp Yp. and Al-UTl) obtained from a weakly
Vondrak smoothed earth orientation from SL7. These input values are
adjusted at 5-day intervals (Xp. Yp, and Al-UT1): except that the first
5 day value of Al-UT! in each monthly arc is fixed at the input value.

. The station positions were constrained to move according to the Minster/
Jordan (1978) tectonic motion model AMO-2. The positions have an epoch
of January 1983.

The Xp and Yp positions for the pole and the LOD values are in
ERP(GSFC) 87 L 14

The sigmas given are scaled formal errors from the least squares adjustment.

The station positions are presented in cartesian coordinates in
SSC(GSFC) 87 L 14.

The positions are for an epoch of January 1983, and, as for the EOP, the sigmas
given are scaled formal errors from the least squares adjustment.

The positions for statioms

7051, 7061, 7062, 7063, 7069, 7082, 7086, 7090, 7091, 7092, 7096, 7100, 7101,
7102, 7103, 7104, 7105, 7109, 7110, 7112, 7114, 7115, 7120, 7121, 7122, 7210,
7220, 7265, 7517, 7520, 7525, 7530, 7541, 7545, 7550, 7590, 7838, 7882, 7885,
7887, 7888, 7890, 7891, 7892, 7896. and 7899 are for the pad marker at the site.
The positions for stations

1181, 7400, 7401, 7805, 7810, 7833, 7834, 7835, 7837, 7839, 7840, 7843, 7886,

7894, 7907, 7921, 7929, 7939, and 7943 are for the optical axis of the laser
ranging system.
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