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EARTH ORIENTATION RESULTS FROM THE CENTER FOR SPACE RESEARCH ANALYSIS
CENTER CSR 89 L 02

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

Earth orientation parameters were derived from the 1989 Lageos quick-look data using the
models and terrestrial reference from the previously reported series labelled EOP (CSR) 89 L 02. The
results for 1989 are a continuation of the 89 L 02 series with the exception that the relative weights for
some of the stations were changed and, overall, the formal uncertainties were scaled downward to
better match the internal consistency of the series.

Three day intervals were used for the solutions whenever the quantity and distribution of
the data were sufficient. The last two intervals of 1989 had to be combined and used as a 6-day arc.
The three day intervals used are centered on dates for which the Modified Julian Date is divisible
by 3. In each interval 8 parameters were adjusted, 6 orbital elements of Lageos plus the x and y
component of polar motion, using the range residuals from a long arc beginning 15 Nov 1988 and
ending 28 Mar 1990. The UTIR estimates are obtained from the Lageos node residuals of this long
arc along with the constraint that they follow IRIS VLBI results at periods greater than about 60 days.
Hence regardless of the terrestrial system's longitude origin, the origin of the UT1 series is that of
IRIS VLBL

Station positions were held fixed to the SSC (CSR) 89 L 02 values (see IERS Technical
Note No 2; p. 54). This station position solution was obtained from all of the Lageos data through
February 1989. The Minster-Jordan plate motion model AM1-2 was held fixed in the adjustment. To
correct the EOP series to the AMO-2 plate motion model subtract linear terms with slopes of 0.50 and
0.23 milliarcsec/yr from x and y respectively. No correction to UT1 is required.

Table 1 shows the statistics for the 18 stations contributing the most observations to the

solutions. The last column shows the standard deviation of the range observations that was used to
derive the formal uncertainties a for the EOP values.

IERS (1990) Technical Note no §.



Table 1- STATIONS WITH MORE THAN 1000 2-MINUTE NORMAL POINTS
IN THE LONG ARC USED FOR THE 1989 REPORT

STATION #PASSES #0OBS RMS PREC SIGMA
(cm) (cm) (cm)
7080 MCDON4 403 4697 3.9 1.2 15
7090 YARAG 376 6256 3.6 .6 15
7097 EASTR2 102 1047 6.4 1.3 30
7105 GRF105 204 2767 3.6 .6 15
7109 QUINC2 327 5036 4.2 .5 15
7110 MNPEAK 481 7166 3.9 .7 15
7122 MAZTLN 211 2744 4.5 .6 15
7210 HOLLAS 151 1889 7.6 1.8 15
7288 MOJAV2 94 1427 3.5 .9 30
7810 ZIMMER 284 3820 7.9 3.7 30
7834 WETZEL 152 1702 7.2 2.8 30
7835 GRASSE 844 12827 6.0 1.5 15
7838 SHO 124 1745 7.7 2.8 20
7839 GRAZ 206 2728 5.2 1.1 15
7840 RGO 635 6913 5.8 2.5 15
7843 ORRLLR 299 3141 5.3 1.2 20
7907 ARELAS 245 2957 12.8 9.1 30
7939 MATERA 280 4180 10.9 7.8 30

EOP(CSR) 89L 02  Available from 1976 to 1989

Number of measurements and RMS uncertainty per year
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D

YEAR X Y UT1
Nb Sigma Nb Sigma Nb Sigma
1976 16 7.53 16 7.24 16 4.16
1977 26 4.31 24 3.40 24 2.55
1978 18 4.04 18 3.27 18 2.39
1979 38 2.64 38 2.28 38 1.66
1980 61 2.04 61 1.49 61 1.21
1981 62 2.55 62 1.74 62 1.24
1982 60 2.14 60 1.44 60 1.30
1983 81 1.64 81 1.84 81 1.10
1984 122 1.36 122 1.43 122 1.13
1985 121 1.37 121 1.40 121 0.98
1986 122 1.30 122 1.22 122 1.00
1987 122 1.28 122 1.25 122 1.02
1988 122 1.68 122 1.82 122 1.35
1989 120 0.95 120 0.90 120 0.75
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EARTH ORIENTATION PARAMETERS AND STATION COORDINATES OF THE SOLUTION
DGFII 89 L 03

Christoph Reigber and Wilfried Ellmer

The Solution (DGFII)89L03 is a five-year LAGEOS solution as part of DGFT's reproces-
sing program of all LAGEOS data since 1980. It is using a carefully rescreened Full-rate ranging
data set of 19708 LAGEOS passes in the period 1983 to 1987. A new model MMD?2 is used, and a
new set of solve-for parameters is chosen including horizontal station motions.

1.) The model

The model underlying the (DGFII)89L03 solution is the DGFI LAGEOS Model MMD2
[Reigber et al., 1989] used for parameter estimation within the DGFI Orbit and Geodetic Parameter
Estimation Program (DOGS). The Model MMD2 is described hereafter.

Reference Frame

CIS : mean equator and equinox of J2000.0
Precession : IAU 1976 MERIT standards)

Nutation : IAU 1980 + Herring 1987 correction

Planetary Ephemerides : DE200/LE200 ephemerides

Initial Pole Series : BIH87C02S homog. series (corr. to mean pole)
UT1 Parameter : BIH87C02S homog. series

Initial Station Coordinates : DGFI 87L03

Initial Station Velocities : Zero

Rotation of Coordinate System : stations 7086, 7090, 7105, 7109, 7110, 7122,
7210, 7810, 7834, 7835, 7838, 7839, 7840,
7907, 7939 [c.f. Bender/Goad, 1979]

Dynamical Model

GM : 3.98600440 E+14 m**3 s**-2, to be solved for

Semi Major Axis of Earth : 6378136 m

Eccentricity 1/f : 298.257810

Rotation of Earth : 0.7292115 E-4 rad/s

Gravity Model of Earth : GEM-T1

C,1), S(2,1) : applied, computed with respect to zero mean pole

Gravity Model of Moon : Ferrari 77 (4*4)

Third Body : Sun, Moon, Jupiter, Venus, Saturn, Mars, Mercury

Air Drag : not applied

Albedo : Heurtel analytical model

Ocean Tides : GEM-T1 (32 waves)

Solid Earth Tides : MERIT standards (Wahr model), with permanent tide (H-term) not
removed

Relativistic Motion Equation  : harmonic isotropic

IERS(1990) Technical Note No 5.
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Measurement Model

Marini-Murray Refraction Model : MERIT standards

Solid Earth Tides Displacement : MERIT standards (Wahr model)
Ocean Loading Site Displacement: Schwiderski model

Pole Tide : applied

Normal point elimin. criterion  : eliminated when 3 or less single shots per normal point

2.) The data

For the solution (DGFII)89L03 two minute normal points were generated u_sing the
module DOGS-NP. For the five years period considered here a set of 255596 normal points was
generated. It has been created out of a total of 37 million LAGEOS release C full-rate data points

gathered from 80 fixed and mobile sites around the world.

3.) The analysis process

The analysis was performed with the DOGS program. DOGS consists of several macro
modules, those which were used for the described analysis are: the normal point generator (DOGS-
NP) (see above), the orbit computation module (DOGS-OC), and the reduction, accumulation and
solution module (DOGS-CS). The processing sequence is shown in table 1.

Table 1. DOGS ANALYSIS SEQUENCE

R et e mm e +
! DOGS-NP ! ! data editing !
e D ittt +

R et S et +
! DOGS-0C ! ! fine screening !
e Do ——— +

! monthly ! quarterly ! annual ! multi-year !
! solution !

Normal point
generator
(data
compression)

Orbit
computation

Reduction,
accumulation,
solution

of normal
equations
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DOGS-OC is used for orbit computation, fine screening of data, and for the creation of
monthly arc normal equations. DOGS-CS is firstly providing the reduced normal equations,
secondly accumulating several reduced normal equations including datum contraints and eccentricity
conditions, and thirdly solving the combined normal equation system.

4.) The Geodetic Datum

The solution has to be minimum constrained. Since the three translations are fixed by
setting the first degree and order terms in the gravity model to zero and the scale by the velocity of
light, the three rotations remain to be fixed. This is done by forcing the three rotation angles between
the initial and the adjusted coordinates of a selected set of stations to become zero in the average
[Bender, Goad, 1979]. In the same way the rotational drift rates around the three coordinate axes are
forced to be zero with respect to a given set of horizontal station position drift rates of a geophysical
plate motion model, which is in the present case the AM0-2 model [Minster, Jordan, 1978].

5.) Eccentricity conditions

In order to achieve reasonable drift rates on stations successively occupied by different
systems some conditions have to be applied. First all station coordinate rates of the same site are set
equal. Then eccentricity vectors between two occupations have been applied as observations only
where the constraint on the solution remains reasonable small. In contrary, some occupations had to
be divided into two occupations without an eccentricity vector, because a discontinuity appeared
somewhere in the data.

6.) Solve-for Parameters

The solve-for parameters can be taken from table 2. Some of these parameters have been
reduced in the monthly normal equations before combining the equations to a multi-year system in
order to reduce the size of the system. The solution has 80 sets of X-, Y-, Z- station coordinate
parameters. Only horizontal station velocities were solved for. Some.of the station velocity
parameters are set to the same value, so there are only 50 independent sets of N-, E- velocity
parameters. All 100 velocity parameters are solved for regardless of their significance. Nevertheless,
good coordinate results can only be achieved for stations having observed for a longer period of time.

Table 2. SOLVE-FOR PARAMETERS

Gravity Model Parameters : C(0,0)

Direct Solar Radiation Param. : CR (per 15 days)

Along Track Acceleration : CA (per 15 days)

Orbital State Vector : 6 parameters per monthly arc
Polar Motion : one x and y parameter per 5 days
dLOD : one parameter per 5 days

Staton Coordinates : geocentric coordinates X, Y, Z
Velocity of Stations : North and East

~7.) The Results

The description of the terrestrial system implementation is in appendix 1.
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Station coordinates are given in appendix 2. Since horizontal station movements are also
solved for, a reference epoch for the coordinates is given. The format is following the IERS rules, so
column 2 to 10 contains the DOMES numbers, column 10 to 20 the CDP station number and site
occupation designator, followed by x, y, z coordinates in m, the MJD of the reference epoch of the
coordinates, the time span and the uncertainties of X, y, z in m. Stations with an observation period
of two years or less are not included in the list since the velocity parameters are not reliably
determined. The only exeption are the 5 Aegean MEDLAS sites having been occupied in 1986 as
well as in 1987. All coordinates are referred to the optical axes of the ranging systems.

In appendix 3 the velocity parameters are given as follows: DOMES number, CDP
station number, station motion in latitude in m/year, station motion in longitude*cos¢ in m/year,
uncertainties in latitude and longitude in the same dimensions. The station motions of different
occupations of the same site are forced to be the same, so only one line is to be found for each site.

Earth orientation parameters for a five-year interval are given in appendix 4.
References

BENDER, P.; GOAD, C (1979): Probable LAGEQOS Contributions to a Worldwide Geodynamics
Control Network. In: The Use of Artificial Satellites for Geodesy and Geodynamics. Ed. by G. Veis
and E. Livieratos. Athens (Greece): Publication of the National Technical University, 1979. Vol. II,
pp 145-161

MINSTER, J.B.; JORDAN, T.H. (1978): Present-Day Plate Motions. Journal of Geophysical
Research. Vol 83 (1978) No B11, pp 5331-5354

REIGBER, CH.; ELLMER, W.; MUELLER, H.; GEISS, E.; SCHWINTZER, P.;

MASSMANN, F.H. (1989): Plate Motions Derived from the DGFI 89 L03 Solution. In: Global and
Regional Geodynamics. Proceedings of the 125th Anniversary General Meeting of the International
Association of Geodesy, Edinburgh, Scotland, August, 1989, Symposium 101. New York: in print
by Springer, pp. 11-20.



57

Appendix 1:

SUMMARY SHEET FOR THE DESCRIPTION OF THE TERRESTRIAL SYSTEM ATTACHED
TO A SET OF STATION COORDINATES

1 - Technique : SLR
2 - Analysis Center : DGFI
3 - Solution identifier : SSC(DGFII89 L 03
4 - Software used : DOGS
5 - Relativity scale : LE
6 - Permanent tidal correction on station : NO
Date sent:
7 - Tectonic plate model : AMO-2 (only for velocity datum)
8 - Velocity of light (C) = 299792458 m/sec
9 - Geogravitaional constant (GM ) = parameter solved for
10 - Reference epoch = depending on the epoch of the initial values,
c.f. column 61 to 67 in the coordinate table

11 - Adjusted Parameters : GM X Y Z A*COS @ ¢ (for five years)
6 Keplerian elements (for each month)
CR CA (for 15 days)
PX PY LODR (for 5 days)
12 - Definition of the origin : C10=C11=S811=0.
13 - Definition of the orientation : Forcing of rotation angles between initial and adjusted coordinates
of 15 stations to becomes zero in the average [Bender/Goad, 1979]
14 - Constraint for time evolution : Linear horizontal motion of each site to be solved for. Rotational
drift rates around the three coordinate axes are forced to become zero with respect to a given
set of AMO-2 horizontal station position drift rates.
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Appendix 2: SSC (DGFII) 89 L 03
Domes Network X Y Z Epoch Data

Number Number m m m MID Span

Days

X14106S001 1181 3901  3800620.344 882012.335 5028859.124 45704.5 1581.0
X404428 7086ML2403 -1330121.478 -5328527.799 3236153.892 45704.5  790.5
X404428 7086ML2404 -1330121.508 -5328527.820 3236153.853 45704.5 1030.5
X50107S 7090ML0501 -2389006.965 5043327.432 -3078534.588 45704.5 1701.0
X50107S 7090ML0506 -2389006.960 5043327.437 -3078534.608 45704.5 120.0
X40451S 7105ML0207  1130719.580 -4831347.372 3994115.452 45704.5 150.0
X40451S 710SML0O702  1130719.585 -4831347.378 3994115.448 45704.5  240.0
X404518 7105ML0704  1130719.591 -4831347.382 3994115.460 45704.5  730.5
X404518 7105ML0O709  1130719.582 -4831347.400 3994115.442 45704.5 880.5
X404338S 7109ML0802 -2517236.655 -4198552.740 4076576.990 45704.5 1365.8
X40433S 7109ML0B0S -2517236.627 -4198552.737 4076576.983 45704.5  455.3
X40497S 7110ML0301 -2386279.768 -4802352.369 3444889.449 45704.5 210.0
X40479S 7110ML0402 -2386279.661 -4802352.138 3444889.246 45704.5 1611.0
X40504S001 7122ML0601 ~1660090.508 -5619099.754 2511646.600 45704.5 1826.3
X404455001 7210 2301 -5466007.334 -2404425.420 2242190.505 45704.5 1826.3
X126128 7510MT1501  4353446.385 2082673.276 4156503.699 46617.0 90.0
X12612S 7510MT1601  4353446.494 2082673.218 4156503.665 46617.0 90.0
X12615S 7512MT1501  4573401.414 2409328.729 3723878.234 46617.0 60.0
X126158 7512MT1602  4573401.432 2409328.733 3723878.224 46617.0 60.0
X12602S 7515MT1501  4595217.914 2039441.848 3912626.591 46617.0 30.0
X126028 7515MT1502  4595217.927 2039441.873 3912626.551 46617.0 90.0
X12613S 7517TL1102  4728697.099 2174379.985 3674571.715 46617.0 30.0
X12613S 7517MT1503 4728696.185 2174379.571 3674569.732 46617.0 60.0
X12613S 7517MT1601 4728696.183 2174379.646 3674569.737 46617.0 90.0
X12616S 7525TL1104  4745951.919 1905712.667 3799168.200 46617.0 90.0
X12616S 7525MT1601  4745951.155 1905712.165 3799166.279 46617.0 60.0
X140015001 7810 4801  4331282.634 567555.964 4633140.115 45704.5 1305.8
X301015001 7831 4601  4728284.499 2879672.547 3156890.956 45522.0 1461.0
X14201S001 7834 3001 4075529.046 931787.953 4801617.815 45704.5 1731.0
X100025001 7835 3101  4581690.850 556165.479 4389359.630 45704.5 1185.8
X21726S001 7838 3601 -3822389.204 3699368.233 3507567.194 45704.5 1701.0
X110015002 7839 3401  4194425.721 1162700.332 4647245.845 45704.5 1581.0
X132125001 7840 3501  4033462.793 23669.157 4924305.890 45704.5 1551.0
X422025001 7907 4001 1942792.500 -5804080.136 -1796910.832 45704.5 1826.3
X12734S001 7939 4101 4641964.199 1393075.683 4133261.301 45704.5 1581.0



Appendix 3: SSV (DGFII) 89 LO3
Domes Network ¢ A*cos@ oo o
Number Number m/y m/fy m m
141065001 1181 3901 .030 .026 .006  .006
40442S 7086 -.002 -.005 .001  .002
50107s 7090 .063 .031 .001  .001
404518 7105 .006 -.010 .001  .002
40433s 7109 -.014 -.033 .001 .00
40479s 7110 .011 -.041 .001  .001
405045001 7122ML0601  -.008 -.014 .001  .001
404455001 7210 2301 .030 -.071 .001  .001
12612S 7510 .026 .003 .010  .010
12615s 7512 -.063 -.096 .021  .022
12602s 7515 -.055 .006 .010  .010
126138 7517 -.037 -.002 .008  .009
126168 7525 -.013 -.004 .013  .013
140015001 7810 4801 .012 .027 .004  .005
301015001 7831 4601 .103 .703 .012  .008
142015001 7834 .013 .013 .001  .002
100025001 7835 3101 .003 .015 .002  .002
217265001 7838 -.009 -.008 .002  .002
110015002 7839 3401 .015 .019 .001  .001
132125001 7840 3501 .020 .018 .001  .001
422025001 7907 4001 .011 .010 .001 .00l
127345001 7939 .019 .014 .001  .001
EOP(DGFID89 L 03  Available from 1983 to 1987

Number of measurements and RMS uncertainty per year

Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D

X
Nb Sigma
73 0.80
73 0.33
73 0.36
73 0.31
73 0.29

Nb Sigma

Nb Sigma

59
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EARTH ROTATION AND STATION COORDINATES DUT90L 01
COMPUTED FROM 4 YEARS OF LAGEOS OBSERVATIONS.

R. Noomen, B.A.C. Ambrosius, K.F. Wakker.
Delft University of Technology Faculty of Aerospace Engineering

A continuous series of 5-day solutions for polar motion and the A1-UT]1 time difference
has been computed from global laser ranging observations on the geodetic satellite LAGEOS. The
time span covers a period of 4 years: 1986 through 1989. The analysis was based on full-rate data for
1986, 1987 and 1988, whereas the results for 1989 were derived from quick-look observations, i.e.
sampled full-rate data.

In the analyses the observations were processed in batches of multiple contiguous 1-week
data arcs, in which the orbit parameters and the earth rotation parameters are estimated
simultaneously. This approach was used since the analyses were also aimed at the determination of
crustal deformations, showing up in successive solutions for the positions of laser stations.
Therefore, all station coordinates were adjusted simultaneously with the other parameters. The
individual solutions cover data periods ranging from 8 to 19 weeks. This resulted in a total of 17
different global station coordinates solutions, together with solutions for polar motion and the Al-
UT1 time difference.

The reference frame was defined with the following constraints. The longitude of
Greenbelt (station id. 7105) was kept fixed at the value according to the University of Texas UT/CSR
84.02 coordinates solution. During the time-span covered by each individual solution, the stations
were supposed to exhibit no motion. In addition, the average shift of the polar motion and A1-UT1
time difference with respect to the a priori value was defined to be zero, for each of the 17 parameter

solutions. The a priori values for the earth rotation parameters were taken from the monthly IERS
Bulletin B.

A summary of the computation model that was used is given in Table 1. Main elements are the
NASA/GSFC GEM-T1 gravity field, the Wahr harmonic expansion model for the solid earth tides
and a subset of the NASA/GSFC GEM-T]1 solution for ocean tides. Here, only the constituents that
are also included in the Schwiderski model were used. Table 2 provides information on the individual
laser stations. The table includes the station coordinates at the reference epoch (January 1, 1986), the
corresponding standard deviations, the apparent yearly motion of these stations and the corresponding
standard deviations.

Both station coordinates and yearly motions were derived from a weighted least squares fit through
the successive multi-week parameter solutions. The values are in m (coordinates) and in m/yr
(motions). The coordinates refer to the monuments. The solution presented here may be designated as
the SSC(DUT) 90 L 01 global coordinates solution. Table 3, finally, gives the raw, unsmoothed
solutions for polar motion and UT1-UTC. The solution is designated EOP(DUT) 90 L 01.

IERS (1990) Technical Note no 5.
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Table 1- Models and constants

Dynamic model:
Gravity field

GM
c

ae
1/f
Solar and lunar attraction

Solid earth tides
Ocean tides

Solar radiation

Along-track acceleration
Reference frame:
Station coordinates
Earth rotation

CIS

Precession

Nutation
Measurement model:
Observations

Tropospheric refraction
Tidal uplift

NASA/GSFC GEM-T1 model,
truncated at 20 x 20
398600.4359 km3/s2
299792.458 km/s

6378.1370 km

298.257

JPL DE-118 ephemeris

Wahr model

NASA/GSFC GEM-T1 model
(constituents of 55 elements also in
Schwiderski model only)

CR adjusted

occultation by earth and moon
umbra and penumbra

AT adjusted

adjusted, except for longitude of
Greenbelt (7105)

adjusted, a priori values from IERS
Bulletin B

mean equator and equinox of J1950.0
J1950 precession (JPL DE-118 ephemeris)

Wabhr series

DGFI normal points (1986, 1987)
Bendix normal points (1988)
Quick-look data (1989)
Marini-Murray model

ha = 0.6090, 15 = 0.0852
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Table 2: Global coordinates solution. SSC(DUT)90 L 01
Network X Y Z
Number m m m
7080 -1330021.0181 ~5328401.7930 3236480.8898
0.0178 0.0331 0.0506 <=SX,SY.SZ (m)
-0.0035 ~0.0034 -0.0442 <=VXx,Vy,Vz (mfy)
0.0157 0.0167 0.0202 <=SVx,SVy,SVz (m/y)
7086 -1330125.3085 -5328526.5952 3236150.1878
0.0076 0.0140 0.0212
-0.0298 -0.0128 -0.0058
0.0159 0.0173 0.0214
7090 -2389006.3242 5043329.2404 -3078525.4802
0.0068 0.0107 0.0181
-0.0506 0.0219 0.0505
0.0217 0.0196 0.0232
7097 -1884984.6434 -5357607.9583 -2892853.4118
0.0641 0.0313 0.0517
0.0552 -0.0447 -0.0075
0.0271 0.0214 0.0245
7105 1130719.7554 -4831350.5644 3994106.3506
0.0161 0.0130 0.0160
-0.0204 0.0045 0.0008
0.0151 0.0134 0.0157
7109 -2517234.7164 -4198556.1881 4076569.5619
0.0057 0.0154 0.0155
-0.0135 0.0140 0.0065
0.0149 0.0160 0.0160
7110 -2386277.9083 -4802354.3574 3444881.2844
0.0053 0.0132 0.0165
-0.0326 0.0425 0.0243
0.0152 0.0155 0.016450
7122 -1660089.3318 -5619100.3457 2511637.7643
0.0083 0.0098 0.0182
-0.0214 -0.0030 0.0033
0.0157 0.0151 0.0173
7210 -5466006.4270 -2404427.9479 2242187.3127
0.0037 0.0179 0.0202
-0.0292 0.0584 0.0344
0.0163 0.0184 0.0200
7510 4353444.9877 2082666.1575 4156506.5308
0.0322 0.0272 0.0273
-0.0173 0.0119 -0.0161
0.0148 0.0137 0.0139
7512 4573400.1044 2409322.0800 3723881.6348
0.0384 0.0325 0.0360
0.0024 0.0106 -0.0194
0.0172 0.0156 0.0167
7515 4595216.4742 2039435.1927 3912629.4093
0.0294 0.0259 0.0271
0.0114 0.0067 -0.0343
0.0158 0.0149 0.0153
7517 4728694,7143 2174373.2173 3674572.8551
0.0297 0.0264 0.0291
0.0058 0.0170 -0.0234

0.0161 0.0152 0.0161



Table 2 (cont.) : Global coordinates solution.

Network
Number

SSC(UT) 90 L 01

7525

7530

7544

7545

7550

7575

7580

7585

7587

7810

7834

7835

4596042,
0.

0.

0.
4745949.
0.

0.

0.
4443966.
0.

0.

0.
5072832.
0.

0.

0.
4893398,
0.

0.

0.
4336738.
0.

-0.

0.
3848636.
0.

-0.

0.
4247620.
0.

-0.

0.
4029730.
0.

-0.

0.
4117362.
0.

0.

0.
4331283.
0.

0.

0.
4075530.
0.

-0.

0.
4581691.
0.

-0.

0.

1733476.
0.

-0.

0.
1905705.
0.

-0.

0.
3121945.
0.

0.

0.
1130886.
0.

0.

0.
772673,
0.

0.

0.
1071271.
0.

0.

0.
3251760.
0.

-0.

0.
2778638.
0.

-0.

0.
2802093.
0.

-0.

0.
2517076.
0.

-0.

0.
567549.
0.

0.

0.
931781.
0.

0.

0.
556159.
0.

0.

0.

4055720.
0.

-0.

0.
3799168.
0.

-0.

0.
3334693.
0.

0.

0.
3684836.
0.

0.

0.
4004140.
0.

.0055
0.
4537910.
0.

0.

0.
3898909.
0.

0.

0.
3851607,
0.

-0.

0.
4062067.
0.

0.

0.
4157678,
0.

-0.

0.
4633139.
0.

0.

-0

0

0

7169

0351 <=SX,SY,SZ (m)

0086
0159
9351
0370
0226
0168
4016
0272
0469
0169
7932
0579
0097
0222
8118
0614

0213
8953
0324
0051
0151
0723
0491
0076
0191
3880
0490
0235
0189
8480
0449
0008
0184
9144
0439
0171
0181
7548
0183
0029

.0121
4801618.
0.

-0.

0.
4389359,

0459
0150
0032
0115
2058

.0219
-0.
0.

0044
0128

<= Vx,Vy,Vz (m/fy)
<= SVx,SVy,SVz (m/y)



Table 2 (cont.) : Global coordinates solution.

Network
Number

7839

7840

7843

7907

7939

-3822387.
0.

0.

0.
4194426.
0.

-0.

0.
4033463,
0.

-0.

0.
-4446476.
0.

-0.

0.
1942791.
0.

-0.

0.
4641965.
0.

0.

0.
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SSC(DUT) 90 L 01
Y yA
m m
3699362.2859 3507571.8725
0.0168 0.0182 <=SX,SY,SZ (m)
0.0138 -0.0045 <= Vx,Vy,Vz (mfy)
0.0168 0.0213 <=SVx,SVy,SVz (m/y)
1162693.7539 46472463834
0.0175 0.0152
0.0108 -0.0043
0.0120 0.0116
23662.2252 4924304.9122
0.0169 0.0134
0.0079 -0.0159
0.0119 0.0114
2678126.9517 -3696251.6975
0.0259 0.0297
0.0606 0.0336
0.0214 0.0241
-5804077.6880 -1796919.3938
0.0093 0.0198
0.0179 0.0071
0.0180 0.0198
1393069.7857 4133262.0646
0.0162 0.0160
0.0125 0.0064
0.0122 0.0123
Available from 1986 to 1989

EOP(DUT) 9L 01

Number of measurements and RMS uncertainty per year
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT,

Y UT1
Nb Sigma Nb Sigma

ms for D
YEAR X
Nb Sigma
1986 72 1.80
1987 72 0.82
1988 73 1.14
1989 73 1.10

72 1.80 72 13.56
72 082 72 6.14
73 1.15 73 1.62
73 1.10 73 1.46






67

EARTH ROTATION PARAMETERS AND STATION COORDINATES FOR 1988 AND 1989
LAGEOS DATA GAOUA 90 L 01

V.K.TARADY, K. Kh.NURUTDINOYV, V.N.SALYAMOV, M.L.TSESIS

Computer program: Kiev - Geodynamics - 3.
The force and measurement models were those of the IERS Standards with following exceptions:

- cylindrical model for the Earth shadow;
- occultation by the Moon;

- reflectance coefficient CR= 1.14 and the empirical along-track acceleration coefficient
CT =-3.4 were taken fixed.

Adjusted parameters:

cartesian coordinates X,Y,Z of 41 stations, 6 orbital elements, 2 pole coordinates and
excess of length of day.

Data:

106119 normal points for LAGEOS obtained by 41 stations at interval January 1988 -
August 1989.

Data processing:

At the first stage station coordinates and arc- dependent LAGEOS orbital elements
(5-day arcs) were solved for parameters from the normal equation system for time
interval. A priori values of the Earth rotation parameters (ERP) from IERS Bulletin B and
fixed longitude of Grasse station (7835) were used. At the second stage the ERP and the
LAGEOS orbital elements were determined on the basis of the 5-day arcs.

Mean value of post-fit orbital residuals is 0.069 m.

The positions of station are for the reference points of the laser ranging system and
include the permanent tidal deformation. Reference epoch is MJD 47161.

The ERP and station positions are presented in EOP(GAOUA) 90 L 01
and SSC(GAQUA) 90 L 01.

IERS(1990) Technical Note 5.
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1 - Technique : SLR

2 - Analysis Center : GAOUA

3 - Solution identifier : SSC(GAQUA) 90 L. 01

4 - Software used : KIEV-GEODYNAMICS - 3

S5 - Relativity scale : LE

6 - Permanent tidal correction on station : NO

7 - Tectonic plate model : AMO0-2

8 - Velocity of light (C) =299 792 458

9 - Geogravitational constant (GM) = 3.9860 0440*10**14
10 - Reference epoch = MID 47161

11 - Adjusted parameters : X,Y,Z

12 - Definition of the origin : C10=0, C11=0, S11=0

13 - Definition of the orientation : ERP values from IERS Bulletin B
14 - Constraint for time evolution : fixed plate motion model

EOP(GAOUA)90 L 01 Available from 1988 to 1989

Number of measurements and RMS uncertainty per year
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D

YEAR X Y D
Nb Sigma Nb Sigma Nb Sigma

1988 73 021 73 022 73 0.011
1989 49 029 49 026 49 0014
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THE 20-MONTH EARTH ORIENTATION PARAMETERS SERIES FROM LAGEOS LASER
RANGING LPAC90L 01

O.A. Abrikosov - Politecnical Institute, Lvov, USSR
S.K.Tatevian, D.V.Chapurin - Astronomical Council, USSR Academy of Sciences, Moscow, USSR

The solution LPAC 90 L 01 was made at the Astronomical Council (Moscow) with the
use of the GEORAN-2 system of programs /1, 2/. The Lageos Laser Ranging normal point data
generated at the CSR of the University of Texas at Austin were used to form this solution. There were
92 000 of normal points from January, 1988 through August, 1989.

The GEORAN-2 program consists of two main modules. The first one is for orbit
computation, fine screening of data and accumulation of observation equations. The second one is the
solution module. The sequence of processing is shown below (Fig. 1). A combination of normal
equations can be made in "short" or "long" arcs depending on the solve-for parameters. The 5-day arc
normal equations were used for estimation of EOPs. The coefficients of solar radiation reflection and
along track acceleration Cgr, Ct have been estimated in each of 15 and 30-day arcs. Station
coordinates have been determined in the whole (20 months) arc.

The force model and constants used in the solution were taken according to the IERS
Standards (1989).

Dynamical Model

- IERS constants

- Gravity Model - GEM T1 (20 x 20) with C (2,1) ans S (2,1) of IERS Standards.
- Third Body - Moon (central point mass), Sun, Jupiter, Venus, Saturn, Mars.

- Air Drag - not applied.

- Ocean Tides - Schwiderski Model, 11 Tidal waves.

- Solid Earth Tides - Wahr model.

- Relativistic correction to equations of motion.

- Solar Radiation (direct) with conical model of shadow /3/.

IERS(1990) Technical Note No 5.
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Measurement Model

- Refraction - Marini-Murray Model.

- Relativistic propagation correction

- Normal points of CSR, Texas University.

- Solid Earth Tides and ocean loading site displacements.
- Pole tide.

Reference Frames
- CIS - mean equator and equinox of J 2000.0.

- Precession (IAU, 1976), Nutation (IAU, 1980). Trigonometrical series are transformed in
Chebyshev polynomial series /4/.

- Planetary Ephemerides DE 200/LE2000, modified by compressing over 4-day intervals.
- Initial Pole Series - Bulletin B of IERS.

- Initial Station Coordinates - SSC (ZIPE) 89 L 01 + SSC (CSR) 89 L 02.

- The positions have an epoch of MJD=45700 and move according to the AMO-2 plate tectonic
model.

- Fixed stations : 7105 (g, A), 7210 (¢).
EOP(LPAC)90 L 01 Available from 1988 to 1989

Number of measurements and RMS uncertainty per year.
Units: 0.001" for X,Y, dPsi, dEps; 0.0001s for UT.

Year X Y UTI1
Nb Sigma Nb Sigma Nb Sigma
1988 71 0.18 71  0.20 71  0.18
1989 46 0.27 46 0.25 46 0.24
References

1. Marchenko, A.N. et al. 1988: Proceedings of the 2nd Orlov's Conference on the investigation of
the Earth by means of Geophysics, Geodesy and Astronomy (in press).

2. Abrikosov, O.A. 1986: Cinematics and Physics of Celestial Bodies, Vol. 2, No 2, Kiev.

3. Abrikosov, O.A. 1989: Observations of the Artificial Earth's Satellites, No 26, (in Russ.)
Cracow.

4. Marchenko, A.N. 1988: Cinematics and Physics of Celestial Bodies, Vol. 4, No 3-4. Kiev.
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EARTH ORIENTATION FROM LAGEOS LASER RANGING SHA 90 L 01

Zhu Wenyao, Fong Chugang, Zhang Hua, Teng Zhanming and Zhou Ming
Shanghai Observatory, Academia Sinica - Shanghai, China

To determine a series of the Earth Orientation Parameters EOP(SHA) 90 L 01 and the
station coordinates SSC(SHA) 90 L. 01 system, the two year SLR data of LAGEOS from Jan. 1988
to Jan. 1990 have been processed with the SHORDE I program system. A "multistage-multiarc"
procedure was used to estimate simultaneously satellite states, EOPs and the station coordinates in
each of 60 day arcs. The station coordinates, as the global parameters, are adjusted in the whole of the
60 day arcs ; the satellite states, as the first-stage local parameters, are independently adjusted in the
different subarc (10 days) ; the EOPs, as the second-stage local parameters, are independently
adjusted from one sub-subarcs (5 days) to the next.

Each set of EOP solution includes three Earth Rotation Parameters Xp, Yp, DR as well as
the rate of the polar motion Xp, Yp. The ability to detect the rate of polar motion with 5 day arc
solution has been investigated and found to be better than 0.7 mas/day. In our solution the overall
RMS fit of the laser observations to the orbits in 60-day arcs is generally about 10 cm.

The station coordinates of SSC(SHA) 90 L 01 were constrained to move according to the
Minster/Jordan (1978) tectonic motion model AMO0-2. The epoch of the derived SSC(SHA) 90 L 01
is MJD 47527.0. The positions of all stations are for the optical axis of the laser ranging system.

The force model and constants used in the solution adhere closely to the IERS Standards.
The following is a summary of the kinematic and dynamical models used in our solutions :

Reference frame

- Mean equinox and equator of J 2000.0

- Station coordinates SSC(SHA) 90 L 01

- IAU 1976 precession

- IAU 1980 nutation

- DE200/LE200 planetary ephemerides

- TAI as the coordinate time scale of the earth-centered frame

IERS(1990) Technical Note 5.
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Force model

- GEM T1 earth gravity field GM = 398600.436 km3/sec2
- Luni-Solar and planetary gravity perturbation

- Wahr solid earth tides

- Schwiderski ocean tides

- Solar radiation pressure (Cr adjusted)

- Drag-like perturbation (Cd adjusted)

- Atmospheric tide

- General relativistic perturbation (earth-centered frame)

Measurement Model

- Marini-Murray refraction model
- Solid earth tides displacement

- Ocean loading site displacement
- Relativistic correction.

EOP(SHA) 90 L 01 Available from 1988 to 1990

Number of measurements and RMS uncertainty per year
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT;
ms for D

YEAR X Y D
Nb Sigma Nb Sigma Nb Sigma

1988 73079 73 0.87 73 0.038
1989 73 086 73 0.86 73 0.042
1990 4 0.70 4 079 4 0.040



71

0°LZSLY 61070 #2070
0°L2SLY 96070 ¥0T°0
0°L2SLY 81070 9T10°0
0°LZSLY 02070 1€0°0
0°L2SLY 08T°0 89170
0°LZSLY LTO°0 91070
0°LZSLY 9€0°0 BEOD"O
0°LZSLY €E¥0°0 T90°0
0°LZSLY 82070 9€0°0
0°LZSLY €60°0 92T°0
0°LZGLY O0TT°0 980°0
0°LZGLY TE0T0 9€0°0
0°L25Ly 92070 v€0°0
0°LZSLY ¥€0°0 92070
0°L2ZSLY v20°0 62070
0°LZSLY TF¥O°0 0OVO0°O
0°LZSLY TEO'O0 TEO"O
0°LZSLY 920°0 €€0°0
0°L2SLY 9€0°0 L2070
0°LZSLY TE0°0 820°0
0°LZSLY ¥20°0 12070
0°LZSLY TED0°0 9€0°0
0°LZSLY 81070 ST0°0
0°L2ZSLY 120°0 61070
0°LZSLY LTOT0 ST0°0
0°LZSLY LT0O°0 9T0°0
0°LZSLY ¥T0°0 9T0°0
0°L2GLY 8EO"0 ¥E0°O
0°LCZSLY 8T0°0 FPIO°0
0°L2SLY 820°0 12070
0°LZSLY 0Z0°0 8T10°0
0°LZSLY 82070 ¥20°0
0°LZSLY ZPT°0 CET°O0
0°L2SLY €¥vZ°0 0CE°0
0°L2SLY VEOTO 96070

10 106 (VHS)DSS

S80°€LSLOSE
£€8°2ZLTISLCE
6V 65E68EDY
EVI B8TI9T08Y
Zv1°v689G1¢E
8P8 6ETELIY
85L°990290%
8S0°809168¢
2287 L06868¢C
PE6 606LEST
9GE£°60G6VV Y
LSS 6ETVOOY
Zhv SEBPBIE
8GG"69T66LE
S6Z ELGVLIE
890°8Z9216¢
vEZ088ECLE
€8E°G0GISTY
T6L°L8YOPLE
T61°8Z¥899¢
vL9°8812v 22
8EV " yCoVeIBI-
8EZ°6€9116C
992G 6LYY60Y
0TE €88VPPPE
LSLTTLSILOD
0€EG"80TV66E
PIv 61896CF
S88°92S8L0E~
1287 9P19€CE
L8L°TIBVIECE
VLS 89ZLTRE
§G0°G¥6891C
€SP €0822ES
€L7 65882065

€8L7€9E669¢
989 €0C9L9Y
6GT1°65T196S
TET TBLTES
8LV 0L96L8C
FSE"6¥SLIS
6Gv°¥602082
€ECY 0V98LLT
L6Z 29LTISZE
sp0°ZLCTLOT
YPZ L9566
P0G €L9CLL
8LG°9880¢€TT
9T0°LOLSO06T
OLY " PLEVLTZ
LEZT I9EV6EDL
182°€Ce60VC
812°L99280¢
€81°€60¥L9G~
GEZ 6099V9%~
vs9 LZvbOv -
0EL LYZ8S6C—
TS0 €0T6196-
068°S9Vv0CLY~
216G 96€E208% -
9L0°85586TF—
8G6 ZGETESY -
TTIT°08C2LSYVD -
816 TECEFOS
LET ZESBZEG~
LLO E0PBZES
766 GSL66LY -
AL ARARAN Ay
9EE€ 96V TICHT
Z60°500288

LT0 88E£ZTBE~
£6€°LBOTEBC-
€V6°16918GY
082 0ESSLOY
808 €8C8CLY
LIL EBTTIEED
8ST €EL6COV
669°€29LYCY
LLE " 8EIBYBE
9Ly TP LOEEY
99G°20v19%¥p
9€8°00VE6BY
9ZL VEBZLOS
CLOTES6SPLY
850°8698CLY
090°61256GY
68S Z0VELSY
998G LYVESEY
PIE 6TETI6
v S6v96€C~
20T L0099%G~
TLT 898GVEG—
¥Sv 0600991~
960°6L90VCT~
12v°6L298E2-
0€T"9€TLTGC-
TG0°0CLOETT
981 ¥SvZ6VT
667" L0068BEL~
9zZZ 1Z10eE 1~
FPG TC00EET~
708 LZ88CVZ-
8ET 8YSVLYT
SLO"968EBTE
667 129008¢€

TO0SBEBL
T00SLESL
T00SSESL
TOOSVESL
T00STEBL
100S0T8L
100SS8SL
100S08SL
T00SSLSL
T00S0SSL
TO0S9PGL
T00SSPSL
100Sb¥SL
T00SSZSL
T00SLISL
T00SSTSL
T00SZ1SL
T00SOTSL
100SS62L
100S882L
100S0TZL
T00SEZTL
100S22TL
T00S2TTL
100S0TTL
TO0S60TL
T00SS0TL
T00ST60L
100S060L
T00S980L
T00S080L
T00SSEOL
T00SESHT
T00SY88T
T00STIBTT
IoquinN
HIOMIIN

T00S9ZL1C
T00SS091¢
100820001
Z200STOCZhT
T00STOE0E
T00STO0%T
100820802
T00S€080¢
T00ST1080¢
200S81LCT
Z00STTLZT
200sseLet
T00S90L2T
T00S91921
T00SETI9CT
200820921
1008sT19¢C1
100821921
200S66%0F
€T0SS0v OV
100SSvVv OV
£€00S202¢26
TOOSVOSOV
T00S96%0V
200SL6V OV
200sSceEbOp
SOTSTISVOY
T00S0VP OV
TO0SLOTOS
TO0SZv VOV
900SZv¥ 0¥
£00S9€V 0¥
T00STOLOV
200820¢€2T
T00S901T¥vT

Iaquny
SaWo(]



78

0°LZSLY 8TI0°0 €20°0 020°0 €CT°C9C2EETY
0°LZSLY ¥20°0 STO°0 T2O0°0 Z292°61696LT1-
0°LZSLY Ob0°0 ZEO°O €00 €62°95€89VC
0°LZSLY PEO°0 ZP0°0 9€0°0 Z60°6898€8E
0°LZSLY 020°0 $20°0 T20°0 0LS"TSZ2969¢E-
0°LZSLY LTI0°0 BTIO"0 HZ0 0 ZS6°H0OEVPCOY
0°LZSLY €2Z0°0 020°0 920°0 CEV "9VZLVIV
arn w w w w
yoodg 7ZS AS XS Z
10 106 (VHS)OSS

0EL 630E6ET 90€°G961FIY 100S6€6L T00SVELZT
668 LL0V08G- 205 16LZV6T T00SLO6L 100S2022%
Zhp P¥082GS- L99°1v2L661~- 100SZ88L 10085050V
9€EY " 208LLY Y~ GLG ZZvOTIPCZ~ TO0SES8L 700S6EVOY
6GZ°LZ18L9T 789 °9LVOVV - T00Sev8L 800SEOTOS
€LT°299¢C 086 "€E9FEEOY T00S0%8L T00SZ12ET
€ECL E69C9TT LO6 9ZVW6TY T00S6ESL 200STQ0TT

w w quny nquny

X X FIOMIIN sawo(]



79

EARTH ROTATION PARAMETERS AND ZIPE9O L 01
STATION COORDINATES ZIPESO L 02
FROM LAGEOS LASER RANGING ZIPESOL 03

H. Montag, G. Gendt, Th. Nischan, H. Pauscher, W. Sommerfeld
Central Institute for Physics of the Earth - Potsdam.

The Set of Station Coordinates (SSC) and three sets of Earth Orientation Parameters
(EOP) were determined by the program package POTSDAM-S. They are based on Satellite Laser
Ranging (SLR) normal points of the IERS stations for 1988 and partly 1989 (up to May). Generally,
all constants and model parameters were taken from the IERS Standards (1989). As exceptions from
this IERS publication the following effects were not considered :

- penumbra for the radiations pressure,

- relativistic corrections,

- tidal variations in UT1 caused by zonal tides with periods longer than 35 days and
- variations of station coordinates generated by the pole tide.

The station coordinates SSC(ZIPE) 90 L 01 were referred to the epoch 1988.0 applying
the AMO-2 model for the tectonic plate motions. The origin of the reference system was defined by
Ci0 =Cy1 = S11 = 0. The orientation was constrained by fixation of A,and ¢ for the station 7210 and
of ¢ for the station 7105. Additionally, no common net rotations were permitted in relation to the
reference coordinate set ITRF88. Corrections due to the permanent tidal deformation of the Earth
were applied. The standard deviations of the station coordinates are in the order of several millimeters
for the third generation laser stations and of about two centimeters for the second generation stations.
The accuracy obtained by comparison with other solutions via a seven-parameter Helmert transfor-
mation was estimated to be about or better than £+ 3 cm.

For the EOP (pole coordinates and length of day-LOD) three sets with different time
resolutions were determinated. The 5-days resolution set EOP(ZIPE) 90 L 01 was simultaneously
estimated with the station coordinates (for the whole data interval), the 6 orbital elements and an

empirical acceleration (both every S-day interval). The average orbital fit amounts to between £4 cm
and 5 cm.

The time resolution for the other two sets is higher, namely three days for the set
EOP(ZIPE) 90 L 02 and two days for the set EOP(ZIPE) 90 L 03. In the solutions of these two sets
the station coordinates were fixed to the values obtained from the processing of the mentioned 5-day
values. Further, for the solutions L 02 and L 03 the seven orbit dependent parameters were estimated
for 6-days intervals covering the 3- and 2-day intervals, respectively. This way a better stability could
be obtained for intervals with a sparse data distribution.

While in the 5-days solutions the LOD values were directly estimated, in the L 02 and L
‘03 solutions UT1 values were solved for instead of LOD. These UT1 results were converted into
LOD. That means that the time scales (col.1) for the ERP(ZIPE) 90 LL 02 and L. 03 have to be
transferred for the LOD values by -1.5d and -1.0d, respectively.

IERS(1990) Technical Note 5.
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Generally, the SLR data were weighted according to their estimated accuracy. In addition,
several non permanent stations were provided with a smaller weight in order to reduce the influence
of the change of the station distribution.

In the data processing no post-adjustment smoothing or filtering procedure was applied to
the EOP series. The standard deviations of the EOP(ZIPE) 90 L 01 solution are about 0.1 t0 £0.3
mas for the pole coordinates and +£0.001 to £0.009 ms for LOD ; the y-component of the pole is
somewhat more precise than the x-component. The accuracy was estimated to be about +0.001"
(3cm) for the pole and +0.1ms for LOD. The 3-days solutions L 02 show nearly the same precision
as the 5-days solution if there are submitted at least data from 10 stations. For solutions with data
from 0 to 9 stations the precision is between 0.1 and +0.4 mas and up to 0.4 ms, respectively.
There are also several solutions on the basis of data from less than 6 stations. Here the uncertainty can
rise several times. Naturally, the number of results being based on data of less than 6 stations is still
higher for the EOP(ZIPE) 90 L 03 series with a time resolution of 2 days. These individual results
can be at least partly worse depending on the relevance of the stations positions for the single EOP
components. Therefore these individual results (7 for the L 02 and 34 for the L 03 series) were
omitted. If there are measurements from at least 10 stations the precision for the L. 03 series is about
10.3 mas and +0.02 ms, respectively. In the case of using data from 6 to 10 stations the precision of
the L 03 results can be smaller by a factor up to about 2.
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EOP(ZIPE) 90 L 01 Available from 1987 to 1989

Number of measurements and RMS uncertainty per year
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D

YEAR X Y D
Nb Sigma Nb Sigma Nb Sigma

1987 5 0.21 5 0.19 5 0.005
1988 73 0.15 73 0.14 73 0.002
1989 30 0.16 30 0.17 30 0.002

EOP(ZIPE) 90 L 02 Available from 1987 to 1989

Number of measurements and RMS uncertainty per year
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D

YEAR X Y D
Nb Sigma  Nb Sigma Nb Sigma

1987 7 0.29 7 0.24 7 0.020
1988 118 0.21 118 0.19 118 0.016
19889 49 0.22 49 0.21 49 0.017

EOP(ZIPE) 90 L 03 Available from 1987 to 1989

Number of measurements and RMS uncertainty per year
Units : 0.001" for X,Y,dPsi,dEps; 0.0001s for UT; ms for D

YEAR X Y D

Nb Sigma Nb Sigma Nb Sigma
1987 8 0.32 8 0.30 8 0.025
1988 157 0.23 157 0.22 157 0.017
1989 68 0.26 68 0.28 68 0.023



