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A COMBINATION OF EOP MEASUREMENTS: SPACE%4 EOP(JPL) 95 C 01

R. S. Gross (Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA
91109-8099, USA; rsg@logos.jpl.nasa.gov)

A combination of independently-determined Earth orientation data has been
generated from space-geodetic observations spanning 1976-1994. The approach taken is the
same as that used in generating previous such combinations (Gross, IERS Technical Note
17, pp. C5-C13, 1994) and will be only briefly described here. Since it was desirable to
combine only independent determinations of the Earth's orientation, only those series listed
in Table 1 were used. Note that only the Scripps GPS measurements through May 31, 1992
were used, with the JPL GPS measurements being used thereafter. Similarly, only the
USNO IRIS Intensive UT1 determinations made after January 1, 1995 were used, with the
NOAA 1IRIS Intensive series being used before then.

Prior to their combination, the bias and rate of each series was iteratively adjusted so
as to be in agreement with the bias and rate exhibited by a combination of all other series;
the stated uncertainty of each series was adjusted by applying a multiplicative scale factor
that made the residual of that data, when differenced with a combination of all other data,
have a reduced chi-square of one; and those data points whose residual values were greater
than three times their adjusted uncertainties were deleted. In order for the final
combination, SPACE94, to be given within a well-defined terrestrial reference frame, an
additional bias-rate correction was determined for each series by aligning it with the IERS
Earth orientation series EOP(IERS) 90 C 04. The total bias-rate corrections and uncertainty
scale factors that have been applied to the individual series prior to their combination into
SPACE94 are given in Table 1 in the natural reference frame for each data type: the
transverse (T), vertical (V) frame for single baseline VLBI measurements; the variation-of-
latitude (LAT), UTO frame for single station LLR measurements; and the usual UTPM
(PMX, PMY, UT1) frame for all other measurements. The errors in the bias-rate
corrections (given in parentheses in Table 1) are the formal errors in determining the
incremental bias-rate corrections during the last iteration of the iterative, round-robin
procedure. There are no bias-rate entries in Table 1 for components that were either not
used or not available.

The resulting EOP combination, SPACE94, spans October 6, 1976 to January 27, 1995
at 1-day intervals. The EOP values reported here do not include diurnal and semi-diurnal
tidal variations since they have not been added back after being removed, when necessary,
from the measurements prior to their combination.

Acknowledgments. I would like to thank all those involved in taking and reducing the raw
Earth orientation measurements that have been combined into SPACE94. This study would
not have been possible without their considerable efforts. The work described in this paper
was performed at the Jet Propulsion Laboratory, California Institute of Technology, under
contract with the National Aeronautics and Space Administration.
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Table 1. Adjustments to data sets prior to combination

PMX
2.11

PMX
0.70

PMX

PMX
1.89

PMX
3.45

PMX

UNCERTAINTY
SCALE FACTOR

LAT
1.379 1.189

UTo

1.799 1.301

1.530 1.788

1.417 1.186

1.465 1.219

0.363 0.769

2.586 0.998

PMY UTl
4 1.974 2.143

PMY uTl
4 0.602 ---
PMY UTl
---  0.947
PMY uT1
9 1.915 ---
PMY UT1
7 2.952 ---
PMY UT1
--- 1.578

DATA SET BIAS RATE
NAME (mas) (mas/yr)
LLR (JPL94MO1) LAT UuTo LAT uTo
McDonald Cluster 2.296 0.903 -0.724 -0.111
{0.237) (0.231) (0.046) (0.051)
CERGA -0.284 0.348 0.122 -0.060
(0.179) (0.096) (0.037) (0.022)
Haleakala 1.421 -0.627 -0.208 -0.065
(0.275) (0.235) (0.180) (0.160)
DSN (JPL94R01) T v T Vv
CA-Spain Cluster 0.942 -0.328 -0.009 0.020
(0.072) (0.171) (0.016) (0.039)
CA-Australia Cluster 0.356 0.701 -0.250 0.078
(0.050) (0.147) (0.012) (0.035)
CDP (GLB973f) T v T v
Westford-Ft. Davis 4.664 0.330 0.723 -0.191
(1.839) (3.183) (0.371) (0.634)
Westford-Mojave 0.443 0.723 -0.037 0.019
(0.217) (0.455)
CDP (GLB973f) PMX PMY UT1 PMX PMY UTl
Multi -0.435 -1.690 1.074 ~0.140 -0.060 -0.121
(0.027) (0.023) (0.031) (0.007) (0.005) (0.007)
UTCSR (941.01) PMX PMY UT1 PMX PMY UT1
LAGEOS 0.116 0.582 -—- -0.058 -0.162 -
(0.023) (0.019) (0.007) (0.0086)
NOAA (19JAN95) PMX PMY UT1 PMX PMY UT1
IRIS Inten. --- -—-- 1.110 -—- -—- -0.075
(0.027) {0.007)
GPS (SI093P01) PMX PMY UTl PMX PMY uTl
Scripps -0.818 -1.508 - -0.040 -0.002 -—-
(0.035) (0.040)
GPS (JPL95P01) PMX PMY UTl1 PMX PMY UT1
JPL FLINN -0.246 0.455 -——— 0.028 -0.135 -—-
(0.144) (0.130) (0.024) (0.022)
USNO (23FEB95) PMX PMY UT1 PMX PMY UT1
IRIS Inten. --- -—- -0.239 -——- -—- -0.010
(0.042)

Reference date for rate adjustment is 1988.0
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Technical description of solution JPL 95 C 01
1 - Techniques:

2 - Analysis Center:

3 - Software used:

4 - Data span:

5 - Celestial Reference Frame;
a - Nature:
b - Definition of the orientation:

6 - Terrestrial Reference Frame:
a - Relativity scale:
b - Velocity of light:
¢ - Geogravitational constant:
d - Permanent tidal correction:
e - Definition of origin:
f - Definition of orientation:
g - Reference epoch:
h - Tectonic plate model:
i - Constraint for time evolution:

7 - Earth orientation:
a - A priori nutation model:

Combined

JPL.

Kalman Earth Orientation Filter (KEOF)
Oct 76 - Jan 95 at 1-day intervals

Not Applicable |

Not Applicable

EOP(JPL) 95 C 01
Not Applicable

b - Short-period tidal variations in x, y, UT1: When necessary, the diurnal and semi-

¢ - Definition of the reference frame:

8 - Estimated Parameters:
a - Celestial Frame:
b - Terrestrial Frame:
¢ - Earth Orientation:
d - Others:

diurnal tidal variations have been removed
from the individual EOP series prior to their
combination into EOP(JPL) 95 C 01. The
diurnal and semi-diurnal tidal terms have
not been added back to the values reported in
EOP(JPL) 95 C 01.

EOP(JPL) 95 C 01 has been aligned with the
IERS combined Earth orientation series
EOP(IERS) 90 C 04 during 1984-1994 and is
therefore given within that reference frame
defined by EOP(IERS) 90 C 04.

PMX, PMY, UT1-UTC
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EOP(JPL) 95C 01 From Oct 1976 to Jan 1995

Number of measurements per year and median uncertainties
Units : 0.001" for X)Y; 0.0001s for UT1



COMBINATIONS OF EOP MEASUREMENTS: COMB%4 EOP(JPL) 95 C 02
& POLE9%4 EOP(JPL) 95 C 03

R. S. Gross (Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA
91109-8099, USA, rsg@logos.jpl.nasa.gov)

A Kalman filter has been used to combine independent measurements of the Earth's
orientation taken by optical astrometry and the space-geodetic techniques of LLR, SLR,
VLBI, and GPS. Prior to incorporation of the optical astrometric measurements, the space-
geodetic measurements were first combined together, resulting in the combined EOP series
EOP (JPL) 95 C 01 (a.k.a. SPACE94), the description of which can be found elsewhere in this
volume. The incorporation of the optical astrometric measurements was then done in two
stages: (1) the BIH optical astrometric series (Li, BIH Annual Report for 1984, pp. D31-D63)
was first combined with SPACE94 to form COMB94, and (2) the International Latitude
Service (ILS) optical astrometric series (Yumi and Yokoyama, Results of the ILS in a
Homogeneous System, 1980) was combined with COMB94 to form POLE94.

Prior to forming COMB94, the BIH astrometric series was first corrected to have the
same bias and rate as SPACE94, the stated measurement uncertainties of the BIH series
were adjusted by applying a constant multiplicative scale factor that made the BIH
residual, when differenced with SPACE94, have a reduced chi-square of one; and those BIH
data points whose residual values were greater than three times their adjusted
uncertainties were deleted. In addition, in order to correct for systematic, seasonally
varying effects in optical astrometric measurements, the annual term of the BIH series
was adjusted to be in agreement with the annual term exhibited by SPACE94. The
corrections thus determined and applied to the BIH series prior to its combination with
SPACE94 are shown in Tables 1 and 2, with the 1l-sigma formal uncertainties in
determining these bias, rate, and annual term corrections being shown in parentheses.

The result of combining the corrected BIH optical astrometric EOP measurements
with SPACE94 is designated EOP(JPL) 95 C 02 (a.k.a. COMB94), spans January 20, 1962 to
January 27, 1995 at 5- day intervals, and consists of values of PMX, PMY, UT1-UTC, their
1-sigma formal uncertainties, and correlations.

The ILS optical astrometric series was then combined with COMB94 to form POLE94
after first: (1) correcting the ILS series to have the same bias, rate, and annual term as
COMBY4, (2) applying a constant multiplicative scale factor to the stated measurement
uncertainties of the ILS series so that its residual, when differenced with COMB94, had a
reduced chi-square of one, and (3) deleting those data points whose residual values were
greater than three times their adjusted uncertainties (see Tables 1 and 2 for the values of
the corrections applied to the ILS series). The result of combining the corrected ILS optical
astrometric EOP measurements with COMB94 is designated EOP(JPL) 95 C 03 (a.k.a.
POLE94), spans January 20, 1900 to January 21, 1995 at 30.4375-day intervals, and consists
of values of PMX and PMY, their 1-sigma formal uncertainties, and correlations.

Acknowledgments. The work described in this paper was performed at the Jet Propulsion

Laboratory, California Institute of Technology, under contract with the National
Aeronautics and Space Administration.
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Table 1. Adjustments to bias, rate, and uncertainty

DATA SET BIAS RATE UNCERTAINTY
NAME (mas) {mas/yr) SCALE FACTOR
BIH PMX PMY UT1 PMX PMY UT1 PMX PMY UuTl

7.993 6.035 35.094 1.030 0.414 5.251 1.830 1.601 1.865
(4.280) (1.893) (2.937) (0.483) (0.180) (0.31s6)

ILS PMX PMY UT1 PMX PMY uTl PMX PMY UT1
-49.540 7.389 --- 0.053 -0.876 -—- 1.999 1.599 ---
(2.177) (1.747) (0.444) (0.356)

Reference date for rate adjustment of BIH series is 1988.0
Reference date for rate adjustment of ILS series is 1970.0

Table 2. Adjustment to annual component

DATA SET COEFFICIENT OF COEFFICIENT OF
NAME SINE TERM (mas) COSINE TERM (mas)

BIH PMX PMY UT1 PMX pPMY UT1
-5.627 -6.749 5.322 -2.799 9.824 -0.922
(1.017) (0.621) (0.781) (1.069) (0.683) (0.832)

ILS PMX PMY UT1 PMX PMY UT1
-0.406 8.055 - 10.036 -10.922 -—-
(3.059) (2.453) (3.063) (2.457)

Reference date for adjustment of BIH series is 1988.0
Reference date for adjustment of ILS series is 1970.0
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Technical description of solution JPL 95 C 02
1 - Techniques:

2 - Analysis Center:

3 - Software used:

4 - Data span:

5 - Celestial Reference Frame:
a - Nature:
b - Definition of the orientation:

6 - Terrestrial Reference Frame:
a - Relativity scale:
b - Velocity of light:
¢ - Geogravitational constant:
d - Permanent tidal correction:
e - Definition of origin:
f - Definition of orientation:
g - Reference epoch:
h - Tectonic plate model:
1 - Constraint for time evolution:

7 - Earth orientation:
a - A priori nutation model:

b - Short-period tidal variations in x, y, UT1:

¢ - Definition of the reference frame:

8 - Estimated Parameters:
' a - Celestial Frame:
b - Terrestrial Frame:
¢ - Earth Orientation:
d - Others:

Combined

JPL

Kalman Earth Orientation Filter (KEOF)
Jan 1962 - Jan 1995 at 5-day intervals
Not Applicable

Not Applicable

EOP(JPL) 95 C 02 (a.k.a. COMB94)

Not Applicable

When necessary, the diurnal and
semi-diurnal tidal variations have been
removed from the individual EOP series
prior to their combination into EOP(JPL)
95 C 02. The diurnal and semi-diurnal tidal
terms have not been added back to the values
reported in EOP(JPL) 95 C 02.

EOP(JPL) 95 C 02 has been aligned with
EOP(JPL) 95 C 01 which was in turn aligned
with the IERS combined Earth orientation
series EOP(IERS) 90 C 04 during 1984-199%4.
EOP(JPL) 95 C 02 is therefore given within
that reference frame defined by EOP
(IERS) 90 C 04.

PMX, PMY, UT1-UTC
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Technical description of solution JPL 95 C 03
1 - Techniques:

2 - Analysis Center:

3 - Software used:

4 - Data span:

5 - Celestial Reference Frame:
a - Nature:
b - Definition of the orientation:

6 - Terrestrial Reference Frame:
a - Relativity scale:
b - Velocity of light:
¢ - Geogravitational constant:
d - Permanent tidal correction:
e - Definition of origin:
f - Definition of orientation:
g - Reference epoch:
h - Tectonic plate model:
i - Constraint for time evolution:

7 - Earth orientation:
a - A priori nutation model:

b - Short-period tidal variations in x, y, UT1:

¢ - Definition of the reference frame:

8 - Estimated Parameters:
a - Celestial Frame:
b - Terrestrial Frame:
¢ - Earth Orientation:
d - Others:

Combined

JPL

Kalman Earth Orientation Filter (KEOF)
Jan 1900 - Jan 1995 at 30.4375-day intervals
Not Applicable

Not Applicable

EOPWJPL) 95 C 03 (a.k.a. POLE94)

Not Applicable

When necessary, the diurnal and
semi-diurnal tidal variations have been
removed from the individual EOP series
prior to their combination into EOP(JPL)
95 C 03. The diurnal and semi-diurnal tidal
terms have not been added back to the values
reported in EOP(JPL) 95 C 03.

EOP(JPL) 95 C 03 has been indirectly aligned
with the IERS combined Earth orientation
series EOP(IERS) 90 C 04 during 1984-1994.
EOP(JPL) 95 C 03 is therefore given within
that reference frame defined by EOP
(IERS) 90 C 04.

PMX, PMY
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EOP(JPL) 95C 02 From Jan 1962 to Jan 1995

Number of measurements per year and median uncertainties
Units : 0.001" for X,Y; 0.0001s for UT1

1962 69 8.40 69 7.28 69 9.67
1963 73 8.78 73 7.57 73 10.00
1964 73 8.08 73 7.21 73 9.17
1965 73 8.36 73 7.14 73 9.16
1966 73 8.21 73 7.16 73 9.12
1967 73 6.55 73 5.95 73 7.57
1968 73 6.76 73 5.88 73 7.82
1969 73 6.04 73 5.68 73 7.24
1970 73 6.02 73 5.53 73 7.06
1971 73 5.57 73 4.65 73 5.83
1972 73 S5.11 73 3.36 73 4.18
1973 73 5.15 73 3.75 73 4.16
1974 73 5.15 73 3.91 73 4.50
1975 73 5.14 73 3.55 73 4.09
1976 73 5.19 73 3.45 73 4.37
1977 73 3.04 73 2.38 73 3.73
1978 73 3.16 73 2.26 73 4.26
1979 73 2.77 73 2.14 73 3.65
1980 74 1.50 74 0.96 74 2.68
1981 73 1.24 73 0.94 73 1.67
1982 73 0.95 73 0.77 73 1.22
1983 73 0.84 73 0.76 73 0.87
1984 73 0.48 73 0.40 73 0.37
1985 73 0.40 73 0.33 73 0.25
1986 73 0.36 73 0.29 73 0.22
1987 73 0.28 73 0.24 73 0.21
1988 73 0.24 73 0.22 73 0.18
1989 73 0.24 73 0.21 73 0.17
1990 73 0.21 73 0.18 73 0.14

0.

0.

0.

0.

0.
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EOP(JPL) 95 C 03 From Jan 1900 to Jan 1995

Number of measurements per year and median uncertainties
Units : 0.001" for X,)Y

YEAR X Y

Nb Sigma Nb Sigma
1900 12 19.00 12 16.17
1961 12 19.00 12 16.17
1962 12 8.01 12 6.98
1963 12 8.32 12 7.21
1964 12 7.83 12 6.90
1965 12 7.94 12 6.82
1966 12 7.93 12 6.89
1967 12 6.37 12 5.74
1968 12 6.59 12 5.68
1969 12 5.94 12 5.57
1970 12 5.87 12 5.41
1971 12 5.48 12 4.52
1972 12 5.02 12 3.23
1973 12 5.09 12 3.64
1974 12 5.07 12 3.94
1975 12 4.97 12 3.50
1976 12 5.14 12 3.37
1977 12 3.07 12 2.51
1978 12 3.15 12 2.21
1979 12 2.58 12 2.20
1980 12 1.48 12 0.94
1981 12 1.13 12 0.87
1982 12 0.97 12 0.78
1983 12 0.83 12 0.74
1984 12 0.48 12 0.41
1985 12 0.38 12 0.32
1986 12 0.38 12 0.32
1987 12 0.27 12 0.23
1988 12 0.25 12 0.21
1989 12 0.25 12 0.21
1990 12 0.23 12 0.20
1991 12 0.22 12 0.21
1992 12 0.14 12 0.13
1993 12 0.15 12 0.13
1994 12 0.15 12 0.13
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CgMBINATION OF PRECISE OBSERVATIONS OF THE ORIENTATION OF THE
EARTH

NEOS 95 C 01

[The procedure for obtaining this series is described in the IERS Annual Report
for 1994, part. III].

EOP(NEOS) 95 C 01 From May 1976 to Dec 1994

Number of measurements per year and median uncertainties
Units : 0.001" for X,Y, dy,d¢; 0.0001s for UT1

IERS(1995) Technical Note No 19.



