~AD=AQ43 788

UNCLASSIFIED

NAVAL SURFACE WEAPONS CENTER DAHLGREN LAB VA
PRELIMINARY EASTERN INDIAN OCEAN.GEOID FROM GEOS=3 DATA» (U)
JUN 77 S L SMITH* A C CHAPPELL

NSWC/DL=TR=3668

F/G 8/5

NL




Q82 VOV O




VNSWC/DL TR-3668

June 1977

$CCESSION for =

3 Ve 4

c Bufl § IR
! IANNOUNETD
| SIIFICARICN
]

v

DISTRIBUTIOR/AVAR ABIITY £0708

PRELIMINARY EASTERN INDIAN OCEAN GEOID

FROM GEOS-3 DATA

Samuel L. Smith, III
Alan C. Chappell

Warfare Analysis Department

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED




FORWORD

| This work was performed in the Ocean Geodesy Branch, Astronautics
; and Geodesy Division of the Warfare Analysis Department, NSWC/DL. The
authors wish to acknowledge the work of L. Beuglass, M. Douglas and
their group in providing orbit ephemerides and the work of G. West, !
: T. Hicks, R. McDaniel and V. McCracken for preliminary filtering and
| reduction of the radar altimetry data to along track sea surface height.
Appreciation is also extended to Dr. J. G. Marsh of NASA/Goddard Space
Flight Center for providing the Marsh and Chang 1976 Geoid used for
comparison, and Dr. T. Davis of the Naval Oceanographic Office for pro-
viding the bottom topography charts of the Indian Ocean. This report
was reviewed by R. J. Anderle of the Astronautics & Geadesy Division.

RELEASED BY:

Vi 4y / o 2 2. i g >
J‘J\'P’[’}/| X )/]" i ¢

R. A. NIEMANN
Head, Warfare Analysis Department




CONTENTS

B R R ) o e e S et G ST e et o ]
LIST OF EIGURESSANDETABLES - e i e s e o
ENTRODUC T EONE e e T e o
PR E IR E s o e ot R e S e
AVERAGING AT INTERSECTIONS « o « o 5 @ v « & s & « 5 o »
BIAS REMONRE « . & w0 & o & % oo o as oo 5 W 4
RESULT St w1 R
COMPARISON WITH THE MARSH AND CHANG 1976 GEOID

COMPARISON WITH BOTTOM TOPOGRAPHY. . . . . . . . . . ..
GONGEUSTON= e e G s e e e e o i e o
RERERENGES & o e o e T e e o

ii

S w W




o

gaHwn —

(o]

— O

w ) —

FIGURES

Page
GEOS-3 Short Pulse Data From Perth. . . . . . . . . . . . 6
GEQSS3) Geoiidarsy Rl Mo S R S o ATt o IS R s 7
GEOS-3 Geoid After Bias Removal . . . . . . . . . . . .. 8
Marsh and Chang 1976 Geond. . . . o oL il s 9
GEOS-3 Geoid After Bias Removal Minus the Marsh and Chang
o= b -ca e o e IS Aol ol 10
Along Track Comparison of Pass 1419 and the Marsh and
Chang 19726 Geoid: o' 5 o b ot iy e P S S 11
Aleng Track Comparison of Pass 1724 and the Marsh and
Chang 1976 Geoiid. v o b s e s 12
Detailed Contour Map of GEOS-3 Geoid. . . . . . . . . . . 13
3-D Projection of Area Shown in Figure 8. . . . . . . . . 14

. Along Track Comparison of Pass 1746 and Bottom
TOPOgRapY £ e o e e e et S et e e 15
TABLES

Page
Geoid Height Differences at Intersections. . . . . . . . 16
BHASES. 5 = v T Ragaito ity ALt 0 ol e e e e L n i 17
Geoid Height Differences at Intersections After Bias
REMOVALS ) w57 o o he o e o wp b e e e alos ot G i 18




INTRODUCTION

The use of satellite radar altimeter measurements to derive an
ocean geoid that contains geoid undulation information at much shorter
wavelengths than can be obtained from classical analysis of satellite
orbit perturbations has been postulated for a number of years, e.g.
references 1 and 2. Some experiments in this direction were carried
out with radar altimeter data from Skylab, e.g. references 3 and 4,
but the amount of Skylab radar altimeter data and the lack of accuracy
of the Skylab orbital ephemerides precluded geoid determination over
any appreciable area.

The GEOS-3 satellite was launched on 9 April 1975, carrying a radar
altimeter with both short pulse and long pulse capability, laser
retroreflectors and a Doppler beacon to allow precise orbit determination.
GEOS-3 has produced radar altimeter data of both good quality and quantity
for over a year. Both theoretical studies, reference 5 and preliminary
evaluations, reference 6, of the GEOS-3 data showed that the short pulse
radar altimeter data had a lower noise level than the long pulse data
and would result in more precise derived geoids.

This paper develops the preliminary derivation of a local geoid
in the Eastern Indian Ocean from 94 passes of short pulse GE0S-3 radar
altimeter data received by the DoD telemetry station at Perth, Australia.
This data was taken over a 34 day period in July-August 1975. The
orbital ephemerides used in the analysis were obtained from Doppler
tracking data and have an estimated accuracy of 2 meters in the radial
component, reference 7.

This preliminary derivation of the geoid does not consider tide
effects on the altimeter measurements which could introduce uncertainties
of about 0.5 meters. Also, the standard tropospheric range correction
used on the data could result in errors in individual measurements of
up to 25 centimeters. A technique for reducing all the biases by
analyzing the radar altimeter measurements at track intersections is
employed. A Tlater analysis is planned that will include data from
other telemetry stations in the area whose coverage overlaps the Perth
coverage and extends the total time span of the data set to several
months. It will include tidal corrections to the data before the bias
removal and geoid derivation is carried out.

The preliminary GE0S-3 geoid derived in the paper is compared with
the Marsh and Chang 1976 Geoid, ref. 8. Correlations of larger
features in the GEOS-3 geoid with bottom topography are also given.




Averaging at Intersections

Ninety-four passes of short pulse radar altimetry data were taken
by the Perth, Australia telemetry station and processed at NSWC/DL
using precise short-arc Doppler derived satellite ephemerides. For
each pass time, latitude, longitude, geoid height and along-track
deflections of the vertical were computed at 0.1 second time
intervals. Details of this processing, incluaing the Wiener filter
used, may be found in reference 9. HNine of the passes contained data
too fragmented for efficient operation of the Wiener filter and were
eliminated from the following analysis. The remaining 85 passes were
used. The ground tracks of these passes are given in Figure 1. The
differences in geoid height at each of the 716 intersections of
these passes are given in Table 1. The average difference of geoid
height over all the intersections is 75 cm with a standard deviation
with respect to the mean of 2.3 meters. The maximum difference is
7.83 meters. As a first approximation to the geoid, the average of
the two geoid heights at each intersection is taken as the geoid
height and contours of constant geoid height plotted. Since along-
track deflection of the vertical is available for each track at each
intersection, the surface gradient at each intersection may be
computed. This is used as an interpolation aid in plotting the geoid
height contours. A geoid derived in this manner is given in
Figure 2. The +'s in Figure 2 represent the location of the
intersections. The contour interval in Figure 2 is 2 m. The General
Purpose Contouring Program by California Computer Products was used
to generate the contours in Figure 2 and all subsequent contour plots.

Bias Removal

[f one studies the intersections in Table 1, it is seen that some
passes have all positive differences, e.g. descending pass 1580, or
all negative differences. e.g. descending pass 1837. Since pass 1580
is intersected by 19 other passes taken over a time span of 33 days
and pass 1837 is intersected by 16 other passes taken over a time
span of 32 days, one could assume that different tidal phases,
different deviations from the standard troposphere, different orbit
uncertainties on the crossing passes would be sampled. Therefore
the intersections would be expected to be more random unless the single
pass, i.e. 1580 or 1837, was biased with respect to the other passes.
Using this assumption each pass in Table 1 has been adjusted so that
the sum of the intersection differences with the crossing passes have
been minimized. The mean bias adjustment is 0 cm; thus the mean




geoid is not changed. The standard deviation of the biases is 2.2 m.
The amount of the adjustment of each pass is given in Table 2. The
intersection differences after applying the adjustments are presented
in Table 3, where the average difference summed over all
intersections is now 9 cm with a standard deivation of 83 cm with
respect to the mean and a maximum difference of 3.15 m. The geoid
heights are again taken as the midpoint at each intersection and a
contour map is made as before using the surface gradient at each
intersection to aid in interpolation.

RESULTS

Comparison With the Marsh and Chang 1976 Geoid

The preliminary eastern Indian Ocean geoid derived from the
GEOS-3 measurements using the bias removal technique described
above is given in Figure 3. The +'s plotted on Figure 3 indicate the
locations of the intersecticns. Figure 4 is a plot of the Marsh and
Chang 1976 Geoid. A contour plot of the differences between the
GEOS-3 Geoid after bias removal and the Marsh and Chang 1976 Geoid
is given in Figure 5. The contour interval in Figures 3,4, and 5 is
2 m. In general the agreement is good, with major features such as
the through running from the southwestern tip of Australia toward the
northwest, and the saddle point south of Australia comparing well.
The maximum difference between the two geoids is 7 m. To further
compare the two geoids, the along-track geoid heights @fter bias
removal) from pass 1419 and descending pass 1724 are compared in
Figures 6 and 7, with the Marsh and Chang 1976 geoid heights along
these tracks. Again the agreement is quite good, with the GEOS-3
along-track data showing more fine structure than was apparent in the
overall geoid plots, since the GEOS-3 contour plots used information
only at the intersections instead of at every point along-track.
Both the GE0S-3 Geoids and the Marsh and Chang 1976 Geoid were
referenced to an ellipsoid with a semi-major axis of 6378.135 km
and a flattening reciprocal of 298.26.

Comparison with Bottom Topography

Comparison of the GE0S-3 Geoid was made with larger bottom topography
features of the eastern Indian Ocean. Figure 8 is a contour map of a
small area of the geoid with a one meter interval between contour lines.
Figure 9 is a three dimensional projection of the same area shown in
Figure 8. Comparison of Figures 3, 8 and 9 with ocean bottom charts
shows good agreement with large features. An attempt was made to
correlate the GEOS-3 Geoid with finer scale bottom topographic features




shown on a detailed charts suppliedby the Naval Oceanographic Office
without much success, probably due to the smoothing of the GE0S-3
Geoid by using data only at intersections in its construction. Much
success was had by making along-track comparisons where the short
wavelength information is not lost. Figure 10 shows an along-track
comparison of bottom topography and geoid heights for pass 1746.
Geoid heights are plotted for the GEOS-3 Geoid after bias removal as
well as the along-track satellite data. The lack of short wavelength
information in the GE0S-3 Geoid is evident. Correlation of the three
curves is very good. The sea mount near the middle of the pass shows
up clearly in the two geoid height curves. The sea mount is located
approximately at lattitude -229°2 and longitude 104°6. The geoid
undulations caused by this sea moi'nt can be seen in figures 2,3,4,8,
and

CONCLUSIONS

Careful processing of GEQS-3 radar altimetry data with good orbit
ephemerides can result in a derived ocean geoid that is accurate to
about one meter. It is expected that greater accuracy will be
obtained in the GEOS-3 Geoid with the analysis of additional data in
the area from other telemetry stations whose coverage partially
overlaps Perth and which will provide data over a longer time frame.
Also the inclusion of tide and sea state corrections and a bias rate
term in the analysis should result in greater accuracy in the derived
geoid. The use of along-track data (instead of using only intersection
data) should improve the accuracy and the short wavelength structure of
the GEOS-3 Geoid.
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Ascending Passes

Pass No.

1347
1349
1362
1376
1390
1391
1404
1405
1406
1418
1419
1420
1433

WNN =N —

Bias

.0255
.4120
.8006
.6962
.1268
.6197
.1451
.5824
.7338
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TABLE 2

BIASES (METERS)
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Descending Passes

Pass No.

1354
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