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Introduction

In this paper some results are presented on the computation of the coor-
dinates of two European satellite laser ranging stations: Kootwiijk
(station number 7833) and Wettzell (7834). These results were obtained
within a study, described extensively in Ref. 1, which aimed at getting

a physical insight in how the spatial, temporal and geographical distri-
bution of laser ranging data, and the adoption of different perturbation-
models affect the orbital and parameter solution. For that study a limited
number of carefully selected data-arcs had been formed from laser data of
LAGEOS, STARLETTE and GEOS-3. These data had been acquired within the
periocd July—October 1978 during 504 satellite passes over Kootwijk,
Wettzell and ten other laser stations operated by NASA, SAO and CNES.

A summary of the data-arcs that were used to compute the station coordinates
is presented in Table l. For each arc the following quantities are listed:
the arc identification used in this paper, the satellite involved, the
start- and stop-time of the arc, the arc-length, the number of stations
contributing to the observations of that arc, the number of satellite passes
and the total number of observations used in the solution. The distribution
of the passes over the groundstations is listed in Table 2. The arcs GIM
and G2M refer to modifications of the arcs Gl and G2 in which all obser-
vations from six stations were deleted, leaving cbservations acquired by
only four stations. This experiment was done to investigate the effects

of a bad orbital coverage on the parameter solution.

The "solve-~for" parameters in the computation process were the satellite's
state-vector at epoch, its solar reflectivity, the drag coefficient (only
for STARLETTE and GEOS-3), for LAGEOS an unmodeled along~-track acceleration,

a San Fernando range bias and the Kootwijk and Wettzell station coordinates.
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The applied computation model is described in detail in Ref. 1. Here,
only those aspects which are important to judge the results presented

in this paper will be recalled. The coordinates of all tracking stations,
except for Kootwijk and Wettzell, were held fixed at their values in the
so-called Modified New Orleans (MNO) set of coordinates (Ref. 2).

This is a dynamical GSFC station coordinate solution, based primarily
upon laser tracking data of GEOS-3, augmented by some STARLETTE and
LAGEOS data. The accuracy of these station coordinates is believed to be
about 0.5 m. To model the earth's gravitational field both the GEM-9 and
GEM-10B models were used. For LAGEOS also a truncated GEM-9 model, in-
cluding terms up to degree and order 20 has been applied. This model is
indicated as GEM-9(20). With the purpose to improve the along-track
position computation of GEOS-3, for that satellite also a modified GEM-10B
model was used, indicated in this paper by GEM-10BM. In this model some
relevant geopotential coefficients have been assigned the values recommen-
ded in Ref. 3. For all satellites, orbit perturbations due to solar and
lunar attraction, direct solar radiation pressure and solid earth tides
were accounted for. For STARLETTE and GEOS-3 also atmospheric drag per-
turbations were taken into account. Though in Ref. 1 also GEOS-3 compu-
tations are discussed in which the concept of multiple drag coefficients
has been applied, all results presented in this paper have been obtained
by considering the drag coefficient, and the along-track acceleration for

LAGEOS, as time-independent during each arc.

Many different computer runs have been made,each run being different in
terms of perturbation models applied, observations processed or the number
of adjusted parameters. Some results of these computations, concerning
primarily the orbital accuracy, are discussed in Ref. 1. In this paper only
the solutions obtained for the Kootwijk and Wettzell coordinates are pre-
sented. For Wettzell, four single-arc solutions have been generated. For
these cases, arcs were used that did not contain Kootwijk observations, or
for which the Kootwijk measurements were deliberately left out. Simultane-
ous Kootwijk and Wettzell two-arc coordinate solutions were obtained for

each satellite.

Results
Table 3 shows a summary of the root-mean-square values of the laser range

residuals for the single-arc and two-arc solutions. For the LAGEOS arc L2



the orbital fit obviously is insensitive to a change from GEM-9 to GEM-10B
Oor GEM-9(20). For the STARLETTE arc S1 a significant improvement of the
orbital fit over the groundstations was obtained when using GEM-10B instead
of GEM-9. For that reason the two-arc STARLETTE solution is based on GEM~10B.
The best orbital fit for GEOS-3 was obtained with GEM-10BM.

Tables 4 and 5 present the solutions for the geocentric coordinates of
Kootwijk and Wettzell within the reference frame defined by the MNO set of
coordinates. The formal standard deviation of the solution, being a result..
of the propagation of the measurement noise, is less than 7 cm. These values
are not listed as they do not represent realistic estimates of the real
accuracy of the solutions. From Table 4 it may be concluded that the LAGEOS
solution for the Wettzell coordinates is, just as the quality of the orbital
fit, hardly affected by the selection of the gravity model. For STARLETTE,

in its much lower orbit, the single-arc coordinate solution for Wettzell
varies some meters when replacing GEM-9 by GEM-10B. However, this must
partly be the result of the relatively weak orbital solutions for this satel-
lite, as the two-arc coordinate solution and the single-arc solution, both
applying the GEM-10B model, also differ up to 0.4 m in the coordinates. Also
for GEOS-3, a change of the gravity model leads to changes of a few meters

in the coordinates. Assuming that the LAGEOS L1 + L2 solution is the most
accurate one, it is interesting to note that the best results from the
two-arc GEOS-3 solution for the Wettzell coordinates are obtained when apply-
ing GEM-10B. The GEM-10BM model does not improve the results. The GIM + G2M
solution differs relatively little from the Gl + G2 solution with GEM-9,
indicating that, for these arcs and for this accuracy level, the effect of
decreasing the number of tracking stations is relatively small. For Kootwijk,
Table 5 shows a large discrepancy of up to 2.9 m in the individual coordinates
between the LAGEOS and STARLETTE solutions. The GEOS-3 solutions with GEM-10B
and GEM-10BM differ little and more closely approximate the LAGEOS solution
than the GEOS-3 solution with GEM-9 does.

For all Wettzell and Kootwijk coordinate solutions Table 6 presents the

shift in the computed latitude, ¢, longitude, A, and height, h, relative to

the MNO values. Obviously, the major difference with the MNO solution is a
shift of Wettzell of about 17 m to the east. This has already been reported
in Ref. 4. Comparing the LAGEOS and STARLETTE two-arc solutions and the GEOS-3
two-arc solution with GEM-10B it is found that for Wettzell the shifts in

the individual position components agree to within 1.4 m. For Kootwijk the




internal consistency is worse due to a relatively bad STARLETTE solution
which differs up to 3.8 m in the individual components from the LAGEOS

solution.

In Table 7 the results for the Kootwijk-Wettzell interstation baseline
are presented. From the GEOS-3 results the one with GEM-9 most closely
approximates the LAGEOS solution. The mutual differences between this
GEOS-3 solution and the STARLETTE and LAGEOS solutions is less than 0.5 m.
Unexpectedly, the GEOS-3 solution with GEM-10BM deviates about 2 m from
the LAGEOS and STARLETTE solutions.

Table 8, finally, shows a comparison between the two-arc LAGEOS solution

for the Kootwijk-Wettzell baseline presented in this paper and a number of
other recent solutions. For all solutions the deviation relative to the MNO
solution is listed. The various solutions are not corrected for scale differ-
ences due to the application of different values of GM. Becauée of the short
Kootwijk-Wettzell baseline of only 602 km these corrections will be less

than 10 cm. The large errors of about 53 m in the SL-2 and SL-3 solutions

are probably a result of not correcting for a time-tagging error in the

data record of the Wettzell observations (Ref. 4). The other solutions

differ less than 0.6 m from the LAGEOS L1 + L2 soclution presented in this

paper.
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Table 4: Solutions for the Wettzell coordinates

Arc id. Model Coordinates (m)
X Y Z
L2 GEM-9 4075532.3 931777.9 4801617.9
L2 GEM-10B 32.3 - 77.8 17.9
L1+L2 GEM-9 (20) 32.3 77.8 17.9
s1 GEM-9 34.3 72.6 19.0
s1 GEM-10B 31.8 77.4 18.0
S1+S82 GEM-10B 32.2 77.3 17.6
G1+G2 GEM-9 33.3 79.2 17.0
G1+G2 GEM-10B 32,3 76.4 18.4
G1+G2 GEM-10BM 31.4 76.5 20.6
GIM+G2M GEM-9 33.6 80.5 17.2
Table 5: Solutions for the Kootwijk coordinates
Arc id. Model Coordinates (m)
X Y A
L1+L2 GEM-9 (20) 3899225.0 396739.4 5015074.1
S1+82 GEM-10B 27.9 37.1 71.4
G1+G2 GEM-9 27.2 39.8 72.9
Gl+G2 GEM-10B 25.7 38.8 74.3
G1+G2 GEM-10BM 25.6 38.9 74.4
GIM+G2M GEM-9 27.1 39.9 73.2




Table 6: Shift in latitude, longitude and height of Wettzell
and Kootwijk relative to MNO values tn meters

Arc id. Model Wettzell Kootwi jk

Ad AA Ah AA Ah
L2 GEM-9 ~-1.0 17.2 2.0 - -
L2 GEM-10B ~-1.0 17.2 2.0 - -
L1+L2 GEM-9 (20) ~1.0 17.2 2.0 1.4 0.1
s1 GEM-9 -0.9 11.6 3.3 - -
s1 GEM-10B -0.5 16.8 1.7 - -
S1+S2 GEM-10B ~1.0 16.7 1.6 -1.2 -0.3
G1+G2 GEM-9 ~2.6 18.3 2.1 1.5 0.6
G1+G2 GEM-10B -0.5 15.8 2.2 0.7 0.7
G1+G2 GEM-10BM 1.6 16.1 3.3 0.8 0.7
G1M+G2M GEM-9 ~2.9 19.5 2.6 1.7 0.8
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Table 7: Comparison of the solutions for the Kootwijk-=

wettzell interstation baseline

arc id. Model Baseline (m)
L1+L2 GEM-9 (20) 602423.3
s1+52 | GEM-10B 23.2
G1+G2 GEM-9 23.8
G1+G2 GEM-10B 22.3
G1+G2 GEM-10BM 21.4
GIM+G2M GEM-9 25.0

Table 8: Survey of varitous published solutions for the
Kootwijk—WettzelZ baseline. 411 results are
expressed as deviations from the MNO baseline

value and are not corrected for scale differences

S

golution Baseline

difference (m)

Li+L2, GEM-9 (20) , this paper 13.3 : \
Wakker, GEM-9, Ref. 4 13.4

schluter, EROS doppleX. ref. 5 13.0

Smith, SL-2, Ref. © -39.3 ‘
Smith, SL=3/ Ref. 7 . -40.2 : E
Tapley: Ref. B 13.9 |
Tapley, Lsc-80.11, Ref. 9 12.8 \

Reigber, GRIM-3 ref. 10 13.1
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