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I NIRONCT ION

Since the pioneering work can Skylab's S-193 radar altimeter, NASA has embarked in the
development and production of improved satellite radar altimeters. The first totally
dedicated satellite radar altimeter, the Geodetic Ixperimental (bean Satellite (GIOS-3,
lioure 1), was launched on April 9, 1975. A newer, more sophisticated irstruvient was
placed aboard SIASAT (Iiqure N which was launched on June L8, 1978.

The GIGS-3 radar altimeter was designed to operate on a frequency of 13.9 GHz with
both a olobal and an intensive mode. The intensive mode produces a compressed pulse cat
1:.5 nanoseconds and provides measurements with a precision of about '11 0 cm t'rom a one

second average. This configuration yields a footprint size of 3.6 kill wide and 11 kill Mont)
the track from air orbit of 840 kill altitude, an in.~lination of US` and a period of 101.8
minutes. SIASAT .,;s also desicined to operate at a frequency of 13.9 GHz but with a pulse
compressed to 3 ns which provided measurements with a precision of about lit cnl for a one
second average, the footprint produced by SIASAT's configuration is of 1.6 kill in width
and 1,' kill along the track. The orbit is about 800 km high with an inclination of 108" and
a period of 100.75 minutek,. Retailed technical discussions on both GLOS-3 kind SIASAT
altimeters can be obtained from Hofineister tit. al . (ref. 1) and from Townsend (ref.
respectively.

Three products from these radar altimeters that have had large oceanographic implic;a.n
tions are the e>cean dynamic heights (OH), the sicinificant wave heights (SWN) and the
surface wind speed (WS). The algorithms to obtain these three estimates from the radar
return pulse have been developed under rigorous statistical analysis and they have proven
to be as good, and often tinws more accurate, than any available hydrog k-aphis data (ref.

;). A suimiary on the development of the estimates for RH, SWN an •i WS has been presented

to the United States Department of Interior, Bureau of Land Management, New Orleans fluter
Continental Shelf Office (USDI/BLM, NOOCSO) for the South Atlantic Bight (SAB) (ref, 4),
The present study, also sponsored by USDI/BLM, NOOCSO is similar in nature with the addi-
tion of SIASAT data which were not included in the SAB study.

The est i mates by both sensors, GLOS-3 and SIASAT agree over the position of western
boundary currents and in the relative definition of the RH as demonstrated by teitao et
al. ( ►-ef. 5). A similar comparison between the two sensors and from ground truth was
reported at the Socond SLASAT Gulf of Alaska Workshop (ref. 6). This report indicates
that the SIASAT results compare well with both GIOS-:I and ground truth measurements.



DATA PROCESSING

Data processing for DH, SWN and WS from both GEOS-3 and SEAFAT radar altimeters

followed procedures very similar to those used for the SAEI study. So, as to avoid a

lengthy discussion on the algorithm development and the analytical procedures used for

this study, only those which differ from the material included in the SAn report (r-ef. 4)

are included here.

Sea Surface Dynamic Height Profiles

The procedures used to obtain sea surface DH profiles differed from those outlined in

the SAB report (ref. 4) on two fundamental aspects. The first is that the 5' x 5' clravi-

metric geoid for the NW Atlantic (ref. 7), obviously could not be used for the Gulf of

Mexico. A new gravimetric geoid was obtained from the Defonse Mapping Agency (014A) with

a resolution of 30' x 30' (Figure 3). The implications on the use of this geoid are

serious and are explained in detail in the discussion section below. It is sufficient to

say here that a 30' x 30' geoid resolution is not fine enough to resolve the geoid heights

accurately enough for this type of study. The second difference between the present study

and the SAD study is the length and location of the straight line fit to the ge:.)id,

Presently the entire altimeter profile over the Gulf of Mexico is fit to the cleoid whereas

in the SAa the fit was done only over oceanographic static areas, that is, areas with

minimum dynamic slopes. The reason 'for this change in methodology is that it is almost

impossible to obtain an oceanographic static area in the Gulf of Mexico, particr:la ►, ly in

the Eastern Gulf. This is due to the numerous and pronounced northward intrusio^►s of the

Gulf of Mexico hoop Current (ref. N) and its associated eddies.

Sea Surface Topographic Variations

It

Since the gravimetric geoid received from DMA dic riot model the <leoid accurately, it

was decided that only the seasonal variations from an overall mean would have statistical

significance. A three year mean topographic map (Figure 4) and a three year standard

deviation Wrap (Figure 5) were calculated using all available GEOS-3 and SEASAT passes over

the Gulf of Mexico (Figure 6) averaging the DH ,profiles within a 15' grid. It is obvious

that such a topographic map includes all the errors found in obtaining the differences

between a highly accurate altimeter profile and a grossly interpolated geoid heights

profile. The sea surface topographic variations are considered free of this type of
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interpolation error since they are calculated by obtaining the difference between two

values fran each of which value the geoid has been subtracted. These variations were

obtained by calculating a profile of the three year mean surface along each subsatellite

track. Such profiles were obtained by interpolating values on a la' grid, and they were

then subtracted from the DH profile for each pass so as to obtain a pass by pass varia-

tion. Since the temporal distribution of all passes is not evenly distributed, the pose

variations were combined seasonally within each year from Spring of 1975 to fall of 1978.

The topographic- variation maps are then the average of the pass by pass variation calcu-

lated over a 16 1 grid over the entire Gulf of Mexico and processed seasonally (see Appen-

dix A).

Significant Wave Height.

Data processing for SWH for the COOS-3 altimeter, is discussed in the SAB report

(ref. 4) and for• SEASAT in MacArthur (ref. 9). One point to .remember is that the SfASA'r

altimeter computed SWH onboard the spacecraft and provided it 'in the data stream at

approximately a 10/s rate, whereas the GEOS-3 SWH was computed on the ground from the

waveform sampler data. for the purpose of this study the 10/s SEASAT data was averaged

over a telemetry major frame on the ground to yield a data rate of approximately 1/4.6 S.

for GEOS-3 SWH was provided at the major frame rate, which is 1/3.2 s for the high data

rate and 1/2.0 s for the low data rate. The histograms for significant wave height are

presented in Appendi, B. In each figure, the abscissa (x axis) is graduated in meters and

the ordinate (y axis) is graduated in percent. In addition, each lain of the histogram is

labelled with the actual number of samples included in the bin and each figure contains

the number of points in the total distribution as well as the mean and standard deviation

of the distribution. The study region was divided into two areas: east and west, at 40"W

leogitude..

Surface w i nd Speed

The computation of wind speed for SEASAT is very similar to that for GEOS-3 which is

discussed in the SAEI (ref. 4). One difference is that the plot of oo 
versus wind speed

for SEASAT suggests a two cusped curve (figure 7) rather than the one cusped curve.

(figure 8) (if GEOS-3. Although the one cusp is obvious in the GEOS-3 plot, the two cusp.;

are not readily noticed in the SEASAT plot because it is done in a log x log scale. Ior

both SEASAT and GEOS-3 wind speed is computed from

A
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W = exp 
lo

x 
A - B

where

00(0°) + 2.1

X = --- --16 --- --

and 00(0°) is given in dB. The values of A and B for GEOS-3 are given in SAB (ref. 4).

For SEASAT the values are A - 0.01595 and B = 0.017215 for winds below 7.81 m/s. For

winds between 7.81 and 10.03 m/s the values are A = 0.039893 and B = -0.031996. And, for

winds greater than 10.03 m/s, A = 0.080074 and B = -0.124651. For wind speeds less than

or equal to 16 m/sec there is a polynomial correction. For a detailed discussion of this

correction see Brown et al. (ref. 10). For SEASAT the 00 , Corrected for pointing angle,

was initially computed at a 10/s rate. These values were then used to compute 10/s wind

speeds which were averaged to yield the same 1/4.6 s rate as for SWH. The data rates for

wind speed for GEOS-" are the same as for SWH; 1/3.2 s for the high data rate and 112.0 s

for the low data rate.

During the course of this study, some anomalous GEOS-3 passes wens discovered which

contained wind speeds of 20 to 40 m/s and for which no plausible explanation could be

found. The preponderance of these passes was in July 1975 with a few others scattered

through August, September, and October of 1975. Since no surface phenomena could be found

to explain these data, and since they did produce slight changes in the final statistics,

they were edited from the final data set. The following table shows the number of points

edited for each of these four months as well as the percentage of data edited for each

month and the percentage for the tonal of that month over the entire GEOS-3 mission. A

total cf 290 data points, which represents approximately one percent of the GEOS-3 WS

data, was edited for this reason. Histograms appear in Appendix C.

4

GEOS % of Total

5

1

0.3

3

Month 	N Pts. Edited	 % of Data

July 1975	 176	 75

August 1975	 41	 9

September 1975	 10	 3

October 1975	 63	 5

f

A
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RESULTS AND DISCUSSION

The results and discussion of this material is best presented under the three follow-

ing subcategories: Analysis of Sea Surface Topographic Variati,^ms; Analysis of Signifi-

cant Dave Height Histograms; and Analysis of Surface Wind Speed Histograms.

Analysis of Sea Surface Topographic Variations

To fully document a sea surface variation maps shown in Appendix A. the implica-

tions of the problems associated with the gravirnetric geoid used to obtain the residuals

from the altimeter heights must be fully understood. Geoidal undo ations of small hori-

zontal scales but ranging in amplitude from one to four meters appa„ar poorly modelled and

caused inaccurate results in the DH. For example, if a geoidal undulation happens to

cover an area within the 30' grid it can very well be that the interpolated geoid heights

over such area will differ by as much as four meters from the altimeter reading. There is

little doubt that such large excursions in the residuals are caused by the lick of geoidal

resolution.

Another problem associated with the variation maps is that the mean surface topog-

raphy is greatly biased by the large number of passes in the last few months of the study.

An inspection of a frequency distribution of passes ( Figure 9) leaves no doubt that Summer

and Fall 1978 carry very heavy weights in a mean surface topography. Furthermore seasonal

maps obtained from just a few passes contain large areas of interpolated results which

should be viewed with deep reservations. Fortunately these interpolated areas can be

readily noticed since the contour lines appear as almost straight lines. For example,

coverage of Sumner 1977 shows there is a large area in the western middle Gulf of Mexico

centered around 27 °N, 261°E where there are no altimeter passes, the t ypography for that

same season shows the distinct straight lines indicative of the automatic interpolation

which is performed to fill in grid squares void of values. Yet the variations shown on

that some map for the Eastern Gulf are reliable since there is a good distribution of

passes.

Analysis of the altimeter coverage for the fifteen seasonal topographic variation

maps (see Figures 10, 11, 12, and 13) reveal that the first two maps are totally unre-

liable because of poor coverage. Eight other seasons show fairly good coverage for the

Eastern Gulf but poorly covered in the Western sectors. The remaining five seasonal maps

show excellent coverage. It is important to note that only the very major Features can

be obtained; many smaller variations may be due to ocean dynamics but the results are

inconclusive at best. The probability that features in excess of 150 cm shown in these

5

s



Wraps are caused by dynamic features in the Gulf of Mexico is high. Some large features,

such as the -200 to -250 centimeter low centered at about 24"N, 2711, are not dynamic;

this one in particular is produced by poor geoidal resolution at the steep gridients over

the Campeche Escarpment.

Analysis of Significant Wave Heights	 r

As in the SAB report (ref. 4), the analysis of SWH and WS climatology must address

the impact of spatial and temporal sampling. The WS analysis is described in the next

section. In this section, the SWH climatology in the Gulf of Mexico is described. The

same data products that werr generated for the SAB report (ref. 4) are used here.

Figure 14 shows the variation of the mean of bi-monthly wave height distributions and the

change of the variance of these distributions with time from May 1975 to October 1978.

The key observation to make is the small magnitude of the mean wave height. Only in the

winter of 1976 did the mean height exceed 2.m. Of course, the Gulf of Mexico is a body of

water that has limited fetch because cif its dime,nsionS, and it lies within a zone of

latitude that does not support the cyclone-type disturbances that produce high sea states

at higher la"itudes. Because of the altimeter's design, it is a more reliable sensor for

high wave heigncs than for low (ref, 11). Indeed, for wave heights below 2 m, the altim-

eter measurement is quite noisy. That is, it is modulated with random errors. To further

complicate the issue, for the time per iod during which both GEOS-3 and SEASAT SWH measure-

ments are available, the random contributions from ti„ two sensors are different (ref. 11).

Figure 15 shows that there is a slightly larger mean SWH for the composite winter months

than for the summer. Therefore, the data display the expected behavior with the seasons.

A quantitative representation of SWH in the Gulf of Mexico using altimeter data should,

however, be avoided because of the noisiness of the satellite altimetey measurement

process for low SWH.

Analysis of Surface Wind Speed

The situation is improved for the wind speed data sets as shown in Figure 16,

Distinct seasonal fluctuations can be seen that exceed the RMS error associated with the

altimeter's wind speed measurement. This was conservatively set at +2.5 m/sec by Brown

(ref. 12). The variance record also contains a small seasonally variable component. The

composite record in Figure 17 closely resembles the corresponding result in the SAB

report. There doers not appear to be a systematic difference between the eastern and

western sectors of the Gulf.
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Figure 10. Seasonal coverage Spring, Sumner, Fall '75, Winter '75 - '76.
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Figure 12. Seasonal coverage Spring, Sumner, Fall '77, Winter '77 - '78.
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Figure 13, Seasonal coverage Spring, Summer, Fall '78.
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APPENDIX A

SEA SURFACE TOPOGRAPHIC MAPS

Spring	 1975 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . o	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Al

Summer	 1975.	 .	 o	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 A2

Fall1975 .	 .	 .	 .	 .	 o	.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 o	 o -	 -	 o	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 A3

Winter	 1975-76	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 o	 .	 .	 .	 .	 .	 .	 .	 .	 .	 A4

Spring	 1976 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 o	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 o	 .	 .	 .	 .	 .	 .	 A5

Summer	 1976.	 o	.	 .	 .	 .	 .	 .	 .	 .	 .	 o	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 o	 .	 .	 .	 .	 .	 .	 A6

Fall	 1976.	 4	 .	 o	 o	-	 -	 o	.	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 o	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 A7

Winter	 1976-77	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 v	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 o	 -	 .	 o	 A8

3pring	 1977 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 A9

1,.unner	 1977 .	 .	 .	 o	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 .	 i	 .	 .	 .	 .	 A10

Fall	 1977 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 o	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 All

Winter	 1977-78	 .	 .	 o	.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 Al2

Spring	 '1978 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 o	 .	 .	 .	 A13

Summer	 1978 .	 .	 .	 .	 .	 .	 ..	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 o	 -	 o	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 A14

Fall	 1978 .	 .	 .	 o	.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 I	 .	 .	 .	 .	 .	 .	 A15
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SIGN;

HISTOGRAMS

GEOS -3 Monthly	 (3 year) .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 B1 - B36

GECS -3 Seasonal	 (3 year)	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 B37 - B48

GEOS -3 Composite	 (3 year) .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 B49 - B51
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