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I NT RU DUCT ION

The use of satellite r~idar altimeter measurements to derive an
ocean geoid that contains geold undu Li tion information at much shorter
wavelengths than can be obtained from classical analysi s of satellite
orbit perturbations has been postulated for a number of years , e.g.
references 1 and 2. Some experiments in thi s 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 nreci~ d e1 qeoid 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 capabili ty , lase r
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 studie s , reference 5 and preliminary
evalua tions , reference 6, of the GEOS-3 data showed that the short pulse
radar altimeter data had a l ower noise level than the long pulse data
and would result in more precise derived geoids.

This paper develops the ~)relim inary derivation of a local geoid
in the Eastern India r Oc € un f ruw -I i~ ses of short pulse GEOS—3 radar
altimeter data received by the DoD telemetry station at Perth , Aus tralia.
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 al ti ire t u r 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 later 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 severa l
months. It will include tidal corrections to the data before the bias
removal a nd qeoid derivation is carried out.

The prelim inary GEOS-3 geoid derived in the paper is compared wi th
the Marsh and Chang l97h Geoid , ref. 8. Correlations of larger
features in the G [OS-3 qeoid with bottom topography are also given .
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PROC EDURE

Av era g ig~ at Intersect ions

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, inc luaing the Wiener filter
used , may be found in reference 9. Nine 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 wi th 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 avera ge of
the two geoid heig u ts at each intersection is taken as the geoid
height and contours of constant geoid height plotted . Since along-
track deflection ~f 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 ~ represent the location of the
intersections. The contour interval in Figure 2 is 2 m. The General
Purpose Contouring Proqram by California Computer Products was used
to generate the contours in Figure 2 and all subsequent contour plots.

Bias Removal

If one studi es the intersections in Table 1 , it is seen that some
passes have all positive differences , e.g. descending pass 1 580, or
all negative differenc es . e.g. descending pass 1837. Since pass 1 580
is inters ected by 19 other passes taken over a time span of 33 days
and pass lfl1 7 is intersected by 16 other passes taken over a time
span of 32 days , ~ne could assume that different tidal phases ,
different deviations from the standard troposphere , different orbit
uncertainties on thu cr’ossin q passes would be sampled . Therefore
the in ter e c t i uni , w uld he expected to be more random unless the sing le
puss . i.e. 1 5d0 or l~ 37. was biased with respect to the other passes.
IL I n i l  t hi s 1s~~i n - I t  ion e~ h i n s  in Table 1 has been adj usted so that
the ‘~un1 i t  I ne m t  ‘rue t ion differences with the crossing passes have

e r r  nnri ni mi. ’e I .  The ‘ tnt hiu s inl ju stm ent is 0 cm ; thus the mean

2 



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
i ntersec ti on di fferences afte r app ly i ng the adjustmen ts are presen ted
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
contou r map is made as before using the surface gradient at each
intersection to aid in interpolation.

RESUL IS

ç~~p~~ison With the Marsh and Chan~ 1976 Geoid

The preliminary eastern Indian Ocean geoid derived from the
GEOS-3 measurements us i ng the bi as removal techniqu e descr ibed
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 ci. In genera l the ag reemen t i s goo d , 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 maximu m difference between the two geoids is 7 m. To further
compare the two geoids, the along-track geoid heights (after 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
oiera ll geoid plots , since the GEOS-3 contour plots used information
only at the intersections instead of at every point along-track.
Both the GEOS-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 w i t h Bo t ton~~ op~o~rap hy

Comparison of the GEOS-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 wi th large features. An attemp t was made to
correlate the GEOS-3 Geoid with finer scale bottom topographic featu r e ’

3
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shown on a detailed charts supplied by the Naval Oceanographic Office
without much success , probably due to the smoothing of the GEOS—3
(~eoid by using data only at intersections in its construction. Much
success was had by waking 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 alony-track satellite data . The lack of short wavelength
infor nn ation in the GEOS-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 -22?2 and longitude l04~6. The geoid
und lat ions caused by this sea mon rt can be seen in figures 2,3,4,8,
a n

CONCLUSIONS

Careful processing of GEOS-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
ternu 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.

4
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TABLE 2

BIASES
__

(METERS )

Ascending Passes Descending Passes

Pass No. Bias Pass No . Bias

1347 2.0255 1354 2.0087
1 349 1.4120 1368 2.8957
1362 .8006 1 382 3.6436
1376 2.6962 1383 -.7709
1390 1.1268 1396 .7984
1391 -2.6197 1397 - .8719
1404 .1451 1410 -.9172
1405 -1.5824 1411 - .5216
1406 2.7338 1424 -2.4272
1418 -2.8210 1425 1.5748
1419 -1.1408 1426 -.7826
1420 1.5730 1566 -2.7478
1433 2.9797 1 568 -1 .2155
1434 1.5557 1 580 -2.8077
1447 2.3771 1581 1.4333
1561 2.0308 1624 1.1353
1575 3.6217 1637 -3.2068
1633 .1213 1651 -2.2751
1646 1.9914 1652 1.2811
1647 - .0689 1653 -1.3553
1660 -.8489 1665 -.7464
1661 - .6609 1666 -.2933
1662 .3416 1667 - .7286
1674 -3.9360 1680 -2.3492
1675 -1.5822 1681 -.2807
1676 .7676 1 682 -2.2569
1689 -.0942 1694 -2.5601
1703 2.9032 1696 .0629
1704 1.0856 1708 -2.4820
1717 -.6313 1709 3.1803
1718 - . 1651 1710 - .9380
1731 —4.4150 1722 -1.3373
1732 -1.6223 1723 1.0554
1745 2.5125 1724 -2.2592
1746 - .8584 1736 -1.6476
1747 2.3044 1737 -1. 11 18
1759 -3.2807 1738 - .5532
1775 .7127 1739 -2.2550
1803 -.5055 1752 4.2271 1

1831 2.3792 1809 .5532
1837 4.4850
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