General Disclaimer

One or more of the Following Statements may affect this Document

e This document has been reproduced from the best copy furnished by the
organizational source. It is being released in the interest of making available as
much information as possible.

e This document may contain data, which exceeds the sheet parameters. It was
furnished in this condition by the organizational source and is the best copy
available.

e This document may contain tone-on-tone or color graphs, charts and/or pictures,
which have been reproduced in black and white.

e This document is paginated as submitted by the original source.

e Portions of this document are not fully legible due to the historical nature of some
of the material. However, it is the best reproduction available from the original
submission.

Produced by the NASA Center for Aerospace Information (CASI)



~—

(NASA-TM=-B4986) A RFFINED GRAVITY PODEL
FRO® LAGEOS (GEM=L2) (NASA) 63 j
HC AC4/MF MO

NEB3- 19369

C5CL 086G

Unclas
G3/746 08795

NNASA

Technical Memorandum 84986

A REFINED GRAVITY MODEL
FROM LAGEOS (GEM-L2)

F.J. Lerch, S.M. Klosko and G.B. Patel

FEBRUARY 1983

National Aeronautics and
Space Administration

Goddard Space Flight Center
Greenbelt, Maryland 20771




R - v o7

s > e . - T T g, T e - - .
vy SO—— e i P PR TN it RN DS SR S e R e e s e e i T - v

‘ylf i

-

. ORIGINAL PAGE 1S

A REFINED GRAVITY i
MODEL FROM LAGEOS ‘

(GEM~-1L2) b

F.J. Lerch
Geodynamics Branch
Goddard Space Flight Center
Greenbelt, Maryland 20771

S.M. Klosko i

EG&G Washington Analytical Services Centevr, Inc. !
6801 Kenilworth Avenue ;

Riverdale, Maryland 20737-0398 :

G.B. Patel f

Computer Sciences Corporation ;
8728 Colesville Road

Silver Spring, Maryland 20910




s et ey e

SPR i : ~ A8 0 1 it TP AT E T bt
N— o et o ATt g e s i

T . A

ORIGINAL PAGE IS

F POOR QUALITY
ABSTRACT OF POOR Q

A refined gravity field model, Goddard Earth Model
GEM-L2, hag been devived wusing the Lageos orbital data
yielding better baseline measurements for the analysis of
tectonic plate motion. This field also contributes to an
improved understanding of long wavelength features, such as
the sea slope across broad ocean basins, through 1its
significant improvement of the long wavelength geoild
(through degree and order 4). The geoid for these terms has
an accuracy estimated at + 8 cm in GEM-1L2. GEM-L2, as in
all recent Goddard Earth Models, vrelies heavily on the
precise near-Farth satellite laser ranging data, in this
case provided by NASA’s Crustal Dynamics Program. Two and a
half years of Lageos laser data acquired from over 20 well=-
digtributed stations were combined with the existing data
from the best satellite-derived model, GEM=9, to develop the
new Lageos model. Testing shows that the Lageos gravity
field error at long wavelengths is less than half that for
GEM-9. independent tests using well determined longitude
accelerations of 24-hour satellites have verified the
improved accuracy of the new model. A comparisen of global
laser '"base'" stations from 1Independent data sets of
alternating 15 day data segments over two years of Lageos
show total inter-station positioning to + 1.8 cm when using
this new fileld. The same comparison using the 1979 versus
the 1980 Lageos data ylelds 4+ 5.2 cm; this difference in
agreement veflects the change in data distribution and other
systematlc errors along with the tectonic motlon which

has occurred bhetween these chronologlically distinct data
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sets, Five day average polar motion values with a precision
of 10 cm and change in length of day values accurate to
better than .5 msec have bheen derived in the solution. The

adjustment of these earth orilentation parameters are

necessary to achieve the accurate stations and geopotential
results in GEM-L2.
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1.0 INTRODUCTION

The Lageos spacecraft is unique in several
respects. In addition to 1ts well-designed shape as a laser
target, the satellite’s high density and high altitude orbit
virtually eliminate any error from the uncertalnty arising
in modeling non~gravitational forces. At an altitude of
nearly one earth radius, Lageos experiences a strong
gravitational force from the longest wavelength portion of
the geopotential, with the effects falling off quickly at
short wavelength due to the attenuatiun of the field at

Lageos’ altitude.

Coupled with an extensive and highly accurate laser
tracking campaign, Lageos data have provided a rich resource
for improving our knowledge of the long wavelength gravity
field. Since the use of Satellite Laser Ranging (SLR) for
measuring crustal dynamics requires the proper modeling of
orbital dynamies, the gravity studies for Lageos have borne
dual results: 1) an improved ability to estimate intersite
distances for tectonic motion studies, and 2) a greatly
enhanced knowledge of the gravity fileld through degree and

order four.
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2.0 DATA

The Lageos spacecvaft was placed into a high altitude
(5900 km), nearly circular orbit on May 4, 1976, Typlcal
mean Keplerian elements for Lageos are shown below:

semi-major axis: 12267 .7 kmnm
eceentricity: 002
inclination: 109984

To date, data from a global network of laser stutions was
acquired over a time span of six years on Lageos. Figure 1
presents a synopsis of the data availlable over the first
four years (1976 through 1979) of Lageos tracking. As is
apparent from this figure, there was a significant increase
in data availability, improved global distribution and many
more participating NASA stations commencing in 1979. of
note, also, 1s the improvement of the SA0 systems (systems
with 7900 number designation) which began about 1979,
Consequently, our gravity modeling activities wutilized
Lageos data beginning with February of 1979.

The new model, GEM-L2, has dincorporated 2 1/2 years
of Lageos based data in combination with satellite tracking
data taken on 30 other satellites as in GEM 9 (Lerch et al.,
1979). This solution, complete in spherical harmonilcs
through degree and order 20, contained well over 600,000
laser measurements, more than half of which were taken from
Lageos., Lageos laser data are accuraie down to about 8 cm
and formed the predominant weight in the solution. However,

because of the attenuation of the gravitational {ield at
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high altitude the effeetive strength of the Lageos data
falls off rapidly for the high degree terms and resulted in
the GEM 9 data controlling the adjustment for the harmonics
beyond degrece 7., For Lageos approximately 20 laser statlions
with a global distribution contributed data in the GEM=L2
solution although more than half of these stations were
located in the United States, A description of the data
(1979 through 1981) is given by station for each of the
orbital ares (15 deoys 4in length) in Tables la through lc.
The data on Lageos were weighted In the solution to provide
for a Dbalance both by station and by orbital arc as
described 1in Table 2.
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3.0 MErHan

The potential coefficlients (Ckm’szm) for GRM=L2
refar to the definltlon of the gravitatlonal potential as

' r\ &
voed (14 f (?3) T, (sing)
’ ) T tn

ma
(C cos mA + S sln mi)

Lo n

where v, ¢, and A ave the distance to the center of mass,

geocentric latitude and lougitude. F&m 1s the Ffully
normalized assoclated Lependre functlon of degree & and
order m, and v, 1s the earth’s meaun vadius. The GEM=12

model 1s complete to degree and order 20, with Lagoeos belny
evaluated for 4ts contributlon complete out through depgree
and order 16, and beyond for the zonals and reortaln other
orders. Flgure 2 shows the coefffclents selected for
Lageos’ geopotentlial countribution when combined with GUEM-
9. An estimate of the orbital perturbations on Lageos
avising from the gravity fleld is countained, also, in Figure
2. The complete set of the GEM-L2 coeffilclients ave given in
Table 3.

Even though a large Lageos data set has been used In
GEM=-L2, this sgntellite only solution, like GEM-9 (Lerch et

al., 1979), still requires the utilization of a nodified
least squares method to achileve stability in Lts recovered
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coefficiants of high degreec. The modified least squares
method which 1s employed, is £fully described iIn Lerch et
al., 1977. An elaborate force model was utilized {in the
analysis of the Lageos data. The solutlon Is referred to a
spead of 1light of 299792.5 m/sec because of the large data
set 1in GEM~9 which wused this pre-existing value, The
Earth’s i has been adjusted in the GEM=L2 solution
(simultaneously with the gravity harmonics and station
positions) ylelding a value of 398600.607 kmg/secz.1 This
value 1s in good agreement with other recent findings (e.g.,
Lerch et al., 1978). Solid earth tides were also modeled
with (Love’s numbers) h, = .60, Lo=.075 and ky = .29. A
solid earth phase angle of 2.018° wns obtained 1in the
solution.

Also polar motion and Al=-UT) variations were
glmultaneously estimated from 5 day segments of the Lageos
data. A solar radiation pressure coefficlent, C,., was
adjusted over each 15 day arc. The Jacchia (1971)
atmospheric density model does not contaln values at the
altitude of Lageos and therefore an along track acceleration
is also permitted to adjust in order to account for '"drag-
like" effects discussed by Rubincam (1980) and also Smith
and Dunn (1980).

L1 the speed of light value of 299792,458 m/sec were to be
vsed, the vaLue 05 GM would be changed by ~.167, equalling
398600.440 kn3/sec
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4.0 EVALUATION OF THE RESULTS

GEM~9 was the gravity model adopted initially in our
LAGEOS analysis. GEM~9 (for the 1979 time frame, which
coinecided with the beginning of our effort) was considered
the best available gravity model developed from a data set
strictly composed of conventional satellite observations.
GEM-9 did, however, use an augmented lager ranging
observation sget which included some of the newest NASA
systems tracking GE0S-3 and Starlette. Therefore, GEM~9 was
a larger and considerably improved field over preceding odd=-
numbered (which designate "satellite-only") GEM fields like
that of GEM-7. TFilgure 3 presents the estimated uncertainty
of the coefficlents found in GEM-9., These error estimates
were obtained from the scaled formal uncertainties of the
solution obtained through an analysis against independent
data (see Lerch et al., 1975 and 1977). Based upon a
calibraticn with surface gravity a scale factor of V10 was
derived to relate our formal noise only error estimates to
the "true" uncertainty in the filelds. Similar tests made
with altimeter data confirmed that this scale factor was
acceptable but somewhat conservative. The scaling factor
was further confirmed from orbital data through the analysis
of satellite resonant effects (Wagner and Lerch, 1978).

Based wupon this scale factor (/Tﬁ) the westimated
accuracy of GEM-L2 1s compared to GEM-9 in Table 4 for the
longest wavelength terms in the model through degree and
order 4. The actual coefficient differences between GEM-L2
and GEM~9 are also shown for these same terms. The highly

accurate laser tracking data, together with Lageos’ unique
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sensitivity to this portion of the field, accounts for the
improvements indicated in Table 4. However, #since GEM-L2
contains the GEM=9 data set, an independent verification of
these accuracies was sought. An independent verification of
these accuracies (mostly for terms where «~m 18 even) has
been performed at NGS/NOAA (Wagner, 1982). A comparison of
24 hour sBatellite longitude accelerations observed through
the study of mean elements was compared Lo those calculated
From GEM~L1l (Levrech and Klosko, 1981) and GEM~L2 as shown in
Table 5. The results for each of the eight 24 hour
satellites are shown in Table 6.

The low degree and order portion of the gravity field
cause loag period changes 1in the 1longitude of deeply
resonant (librating) 24 hour satellites., These
perturbations commonly are seen as elther long period
librations of the longitude of the spacecraft from 1its
nearly stationary position or as a secular drift in
longitude. By evaluating several year histories of the
spacecraft’s mean Kepler coordinates and comparing these
with the calculated trajectories from given geopotential
modeis, one obtains a very good independent measure of the
accuracy of the fields at lowest degree and order
where &-m 18 even thereby satisfying the resonance condition
(principally terms CSp 5, CS3 ; and CS3 3). Figure 4 shows
the orbital evolution of the SYNCOM2 satellite (Wagner,
1972) indicating that the magnitude of the effect of 082,2
on the longitude of a stationary orbit can be several
degrees over a few years.

17
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TABLE 6
UPDATED EVALUATION OF RECENT GRAVITY MODELS

USING THE OBSERVED LONGITUDE ACCELERATIONS
OF EIGHT 24—-HOUR SATELLITES

SAOQ SE2 GEM-9  GRIM-3 GEM~-L1  GEM-L2
{1970} (1979) (1981) (1981) (1982)

Weighted RMS Residual
Accelerations 15,7 5.0 21.6 1.0 .80

*A, is observed longitude acceleration
Ac is the calculated accelerations from gravity model

%A is the estimated uncertainty ascribed to the observed longitude acceleration

©  (~1.x10"8/d?

CONTRIBUTION OF GEOPOTENTIAL BY DEGREE TO ACCELERATION

CONTRIBUTION CONTRIBUTION

FROM FULL FROM ESTIMATED
£ FIELD ERROR OF GEM—L2
2 3000 X 10~8 2.6 X 108
3 400 1.0
a4 40 0.2
5 4 0.1
6 0.7 0.0
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FIGURE 4
THE LONGITUDE OF SYNCOM 2
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GEM~L2 overall satisfies these accelerations to thelir

requisite accuracy. This 18 shown in Table 5 where the
weighted RMS acceleration residual 1s equal to 1.0 for GEM=-
L1 and 0.80 for GEM-L2,. The contribution of the

geopotential by degree to the longltude acceleratilons are
sliown on the bottom of Table 5 for the full values of the
harmonic coefficients and also for the errow estimates of
Table 4. They show that while the accelerations are
sensitive to the harmonic coefficients as high as degree 6,
the GEM~-L2 error estimates beyond degree 3 or 4 are not
directly tested by these longltude accelerations. Hence,
the accuraecy of GEM-L2’s higher degree terms cannot be
tested by this method for they exceed the accuracy of the
longitude acceleratlions themselves. However, since uo
longitude acceleration residuals came close to approaching a
2.6 sigma error for the degree 2 contribution (see Tahle 5),
it was concluded that our stated accuracles for the 6x6

portion of GEM~-L2 are possibly conservative.

The simultaneous estimation of polar motion and Al-
UTl variations from the a priori 5-day mean values? made an
important contribution to both the stability of the gravity
solution as well as improved ztation positioning. Separate
gravity fields were made utilizing the 1979 and 1980 Lageos
data, and were 1ntercompared between themselves and with
GEM~-L2. The new polar motion and Al-UTl values made
an Improvement of 30Z in the RSS coefficient difference to

2Bureau International De L’Heure (BIH) Gircular D 5-day mean
values using 90 day smoothing. Al~UTl=(Al-UTC)+(UTC-UTIL)
where (Al-UTC) 1is from the U.S. Naval Observatory Bulletin
and (UTC~-UT1) is from BIH. .

22
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4x4 over flelds holding the polar motion and Al=UTl values
fixed at BIN (e.p.,, the RSS coefficlent difference between
the 1979 vs. 1980 solutions decreased from 11 to & cm with
the adjustment of polar motionm = see Table 7). The 5=day
mean polar motion values themselves were well determined in
GEM=L2 and have a precision of about 10 cme. Figures 5 and 6
show examples of the corrections made to BIH (Circular D
values) polar motion in GEM=L2 for the X and Y coordinates
during 1980. Adjustments of up to 96 em are seen from the a
priori wvalues., The full set of GEM=L2 polar motion
and ALOD (changes in length of day) computed from the Al-
UT1l wvalues are found in Tables 8 and 9.

In the procedure with laser data, even after one
station’s longitude 1s held fixed, a singularity still
exists for each orbital arc between the positioning of the
satellite’s longltude (node) and the earth’s rotation
(A1-UT1), The three 5-day wmean values of Al-=UT1l in each
15-day arc are good to within an undetermined constant and
hencs one value 1s held fixed at the a priori value. The
three mean values are differenced to provide two accurate
values of 5-day mean ALOD and are 1Llisted for each arc in
Tables 8 and 9, In order to benefilt from the adjusted Al-
UT!l values 1in the computation of orbits, the specific arcs
used In GEM~L2 or ares contained wlthin these 15-day
intervals must be employed due to the discontinulty. Using
this procedure the values recoveared in GEM=-L2 were used in
our orbital analysis and provided the means for correcting
the a priori values of Al=-UT]l in our test arcse. The use of
this corrected information greatly dimproved our orbital

results as subsequently shown.
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Satellite positioning accuracy directly reflects on
the capabilities of using SLR to monitor tectonic motions
and deformatilions. GEM~L2, by dimproving the force modeling
on the Lageos orhbit, ylelds a more accurate ephemeris than
previously availahle, which in turn Improves the accuracy of
the estimated station coordinates and their inter-station
distances. The Jluwprovements Iin orbital accuracy are
discussed at length in the next section. Typically, the
post-fit RMS of the range residuals (normal points) on
Lageos when using GEM-L2 in a 15 day arc is on the order of
10 to 15 cm. Consequently polar motion and Al-UTl errors,
which produce range residuals of this magnitude or in excess
of it, map into the positioning of the stations with respect
to the orbit and must be accounted for 1if stable station
position solutions are to result. This is clearly shown in

the results presented in Tabhle 10,

Table !0 shows a comparison of 1laser interstation
distances for 8 '"base" stations using two independent solu-
tiens., The values in Table 10 are the average error in the
magnitude of the baseline differences. The Lageos data set
(from 1979 through December of 1980) has been divided into
two parts where each g¢ingle month’s data is split into two
15 day segments and each alternating segment contributes to
one of these two 1ndependent solutions. Therefore, while
the two solutions contain independent data, they bo%h span
the same time interval, have nearly equal representation for
each station, and should average out (for the purposes of
this comparison) any resulting plate motion over these
baselines. The impact of the GEM-9 and GEM-L2 force models

on station positioning are intercompared as well as the
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a priori modeling of polar motion and Al-UT1 with that
ohtained from LAGEOS for their contribution to station
positioning. An excellent 1.8 cm agreement 1s obtained for
the baseline differences of these two solutions when using
the gravity and Lageos carth orientation parameters of the
GEM=L2 solution. The 28 baseline-comparison from the GEM~L2
model 1s shown as a histogram in Figure 7.3 All 28 baseline
differences from these alternating 15-day arcs are shown in
Figure 8. GEM-9 with a priori polar motion and Al-UTI
values, which reflects the state of the art prior to the
Lageos analysis as performed by ourselves and many others,
ylelds about a four-fold worse agreement, These results
clearly show that the new LAGEOS polar motion and Al-UTl and
the gravity of GEM~L2 are needed to achieve the 1.8 c¢m

baseline comparison.,

A comparison was also made dividing the data
chronologically into a 1979 versus a 1980 set of
solutlons. In an ideal environment, the sole difference
between this comparison and that described in Tahle 10 would
be the plate motion which has resulted over this year.
However, in this later case, data distribution and station
participation also vardled and must he considered. However,
the results are still quite satisfying and are shown 1in
Table 11. A 6 cm average has been ohtained for the total

position differences over these two years when using GEM-

3The 1laser system at Westford, Mass. (station number 7091)
seems to be somewhat Inconsistent 1in longitude as compared
with the other sites. The longitude coordinate 1s most
effected by any range bilas. See Christodoulidis and Smith,
1981.
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L2, With GEM-L2 the bhaseline stability over the United

States 1s 4.1 em between 1979 and 1980 solutlons, again, a n
good rasult. ]

_ - 3 N s s ’x
3 n'___;;uu.wf BT Fa R T
. R

An error analysis has been performed to give an :
egtimate of the expacted haseline error due to tha estimated :
uncertainties 1Iin the GEN=L2 model for these 28 'base O
station" baselines. In this analysis, the actual normal f
matrix obtained from 2 years of LAGE0CS tracking was L
employed., Table 12 presents these results indicating that ;
the gravity fileld error in GEM=L2 1is the cause of 1.7 cm “
average error on these baselines. However, 2 years of

&~

data )
is averaged (in a geometrical sense ahout these stations) to

form these results, Also the gravity Eleld error should -
become somewhat worse for more limited data distributions

found in annual or monthly solutions.

o

SR |

The tracking station coovdinates obtained from GEM-L2
are presanted in Tahle 13. These coordinates refer to the

e

optical axes of the laser i1ustruments, These station

coordinates, unlike the ones discussed above, represent :

values derived from the entire 2 1/2 yeanrs of Lageos

tracking. As such, they most 1likely average out any
interceding plate wotion over 1979 to 1981. They,

5

however,

4
represent a starvting set of conslstent coordinates to be
utilized with GEM~L2.

|
%
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FIGURE 7

HISTOGRAM OF BASELINE AGREEMENT FOR 8 BASE STATIONS
1.8 cmi) WHEN USING GEM-L2 GRAVITY AND POLAR MOTION

(AVG
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(—USA TOWESTFORD
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FIGURE 8 ' { .
A MEASURE OF SLR BASELINE PRECISION ‘} :! '
FROM ALTERNATING ARCS OF : .
1979 THROUGH 1980 LAGEOS DATA i kL
: i
! y
P
i
STATION NC, ‘ B
(V=] - « in I~ ™M
s 8 &8 §f i §B ¢
7063 |22 -05 30 26 -05 -24 -04 ~ i
ACTUAL BASELINE -
7086 3.6 49 20 -10 -13 3.3 DIEFERENCES (CM) ’
7090 -07 11 10 -00 -37 4
o :
=
Z 7091 45 16 —-05 ~0.1 ;

o) ‘{
5 7114 1.4 -1.0 0.3 & .
7115 -35 08 S

'5,.
7907 2.3 {‘@

3

7

BASELINE AGREEMENT FOR 8 BASE STATIONS ‘-
(AVG = 1.8 cm) WHEN USING GEM—L2 GRAVITY AND ) 3
LAGEOS POLAR MOTION ' :
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5.0 ORBITAL ACCURACIES ON LAGEOS

Dynamic satellite geodesy implies that improvement in
the modeling of the forces acting upon the satellite should
ylield less error iIin the estimation of station positions and
parameters describing the location of the earth with respect
to the satellite’s orbital plane. With laser systems
routinely producing range observations at the 10 em level of
accuracy, a great deal of improvement was possible in our
modeling of the geopotential to fully exploit this data to
improve the capability of measuring plate tectonic
activity. This was the principal direction of our work.
Initial error analysis mapping the uncertainties found in
each of the coefficlients of GEM~9 revealed that LAGEOS
orbital errors of + Im or more could be expected. This
analysis was made wusing the linéar perturbation theory
developed by Kaula (1966, pp 40 and 49). Each coefficient’s
uncertainty was used ¢to estimate the magnitude of the
resulting total perturbation error on LAGEOS for each
harmonic constituent. Since most of the simple spherical
harmonics give rise to a number of perturbations at
different frequencies on LAGEOS’ orbit, these were combined
as their RSS error for each term. Figure 9 shows the
results of thils 4analysis for the GEM-=9 uncertainties. In
Figure 9, the low degree and order field comes through as
the strongest source of error with the exception of the
resonance terms of order 6 and 7 (corresponding to LAGEOS’s
6.4 orbital revolutions per day). The total RSS of all of
the errors shown in Figure 9 i1is approximately =+ Im. This
analysis was repeated at the conclusion of the development

of GEM-L2 and 1s shown for the estimates of the GEM-L2
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coefficlent errors in Figure 10, Based upon this analysis,
LAGEOS orbital accuracles lie in the vicinity of 35 cm when
using GEM~L2.

A direet measure of the orbital improvament gained
through the utilization of GEM~L2 has been obtained through
a sgeries of tests using actual LAGEOS data, Some of these
tests are very severe =~ they are designed to give a
magnified insight 4into orbit errors arising from the gravity
fleld. Therefore, the accuracies which are seen may bhe
considered as worse case phenomena, for they are tests where
large data gaps have been imposed on the Lageos observation
set, In the tests shown in Table 14, a fifteen day span of
LAGEOS data 1s selected. The middle five days of data 1is
then deleted so that the data which 48 wutilized for the
original orbit computations consist solely of the data
avallable from the first and last five day data spans. This
fifteen day test orbit over this middle five day interval is
therefore completely independent of the data taken during
this interval., This 1undependent five day span of data is
then used to calculate a second orbit, This five day orhit
is differenced wver its interval with that of the original
fifteen day ar¢ in three components ~-~ radlally, along track
and across track. Table 14 shows a sample (representative)
of the regults we have obtained. Over the two year period
tested, GEM-L2 outperforms GEM-9 1in all cases and gives
results averaging 26 cm in total orbit position error which
closely reflects the magnitude of error expected from our
error analysls using the linear pefturbation theory., These
Jmproved orbital tests of necessity incorporated the GEM-~L2
polar motion and Al-UTl values since the a priori wvalues

were corrected for these 15 day arcs. It d1is this
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tmprovement 1in the modeling of the gravitational forces on
LAGEOS which anhances the utilization o¢f LAGEOS laser data
for the estimation of the tectonic plate motion and dynamics
of the carth’s rotation and polar wandering.

A second series of runs was made showing (Tahle 15)
the RMS of fit to "normal" point laser observations created
from the original range observation set. The use of GEM-L2
and the LAGEOS polar motion/Al=UTl shows a factor of two
improvement 1in our ability te fit these nearly "nolscless"
gbservatlons, A typlcal RMS of fit to the normal points in
1% day ares 18 about 10 em when using GEM=L2 with LAGLOS
polar motlon and Al-UTI.,
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TABLE 14
LAGEOS ORBIT TEST:

16 DAY ARC WITH MIDDLE 5 DAY'S DATA DELETED
VS,

ORBIT FROM MIDDLE 5 DAY

RMS SATELLITE POSITION DIFFERENCES

ACROSS ALONG
EPOCH GRAVITY RADIAL THRACK TRACK TOTAL
DATE MODEL (i) {cm) (cm) {em)
3/80 GEM~-9 7.9 81,7 59.7 101,56
GEM-L2 3.4 17.9 271 32.7
2/80 GEM~9 20,4 78.0 270,0 281.8
GEM-L2 2.2 7.6 13.1 15,3
12/79 GEM—9 17.5 15,2 73.0 76,6
GEM~-L2 10,7 4.6 23.0 25.8"‘
11/79 GEM--9 5.1 31.8 82,6 88.7
GEM—L2 10,7 329 41.8 54.3_
10/79 GEM-9 4,6 51,1 205,0 2113
GEM—L2 5.4 31.9 41,9 52.9

Estimated error in each orbit is 26 cm.  As an example, since the error of 32,7 cm for
the first case reflects errors from two orbits, the estimated error for each of the orbits
(assuming they are equal) would be 32,7 /2
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TABLE 15 g
15 DAY RMS OF FIT TO NORMAL POINT OBSERVATIONS ON LAGEOS 1

POLAR }
GRAVITY MOTION RMS OF . !
EPOCH MODEL A1-UT1 NO, OBS, FIT (CM)
791215 GEM-9 BIH* 602 17.3
GEM-L2 LAGEOS 602 8.0 '
790901 GEM-9 BIH 203 12,2 '}
GEM—L2 LAGEOS 203 6.6 ¢
5.6 i
j
800416 GEM—9 BIH 663 33.6 ;
GEM—L2 LAGEOS 663 16.7 ;
N
:% ‘
-
800716 GEM-9 BIH 771 39.5 B
GEM—L2 LAGEOS 771 1.3
800830 GEM-9 BIH 1376 36.7
GEM-L2 LAGEOS 1376 13.8

*BIH Circular D 90~day smooth values was used as a priori.
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6.0 SUMMARY

A new gravity model GEM-L2 has been derived as part
of the analysls belng undertaken on Lageos for the NASA
Crustal Dynamics Program. Lageos’ wunique contribution
toward the resolution of the long wavelength (for terms
through degree and order 4) geopotential has resulted in a
two~fold improvement in our knowledge of these terms. This
improvement iIs confirmed through an analysis of 24-hour
synchronous satellite orbits., Over 400,000 Lageos ranges
taken by 20 laser tracking stations over a 2 1/2 year period
have been utilized in the new field. GEM~L2 contalns a
consistent set of parameters including a geopotential field
(20 x 20), tracking station <coordinates (GEM 9 and
Lageos), 5-day polar motion and ALOD values, and GM =
398600.607 km3/sec? based upon ¢ = 299792.5 m/sec.

GEM~-L2 provides for better baseline recovery, orbital
modeling, and station positinning from Lageos tracking. The
adjustment of earth orientation parameters was essential for
improving the geopotential and producing better Interstation
distances. The accuracy of the station positjioning results
(+ 6 cm dn total position globally and + 1.8 cm in
baselines) of this report confirms the utility of using SLR

for the measurement of tectonic plate motion and inter-plate

deformations. These results are summarlzed in Table 16.
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