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THE ANALYSIS OF TEMPORAL VARJATIONS IN REGIONAL MODELS OF
THE SARGASSO SEA FROM GEQS-3 ALTIMETRY

R. S. Mather*>
R. Coleman*
B. Hirsch*

ABSTRACT

The dense coverage of short pulse mode GEOS-3 altimeter data i
the western North Atlantic provides a basis for studying time variations
in the sea surface heights i the Sargasso Sea. Two techniques are uti-
lized in this study-

9 the method of regional models; and
@. the analysis of overlapping passes.

Monthly models of the Sargasso Sea are produced for the period
July to November 1975 and from Apri to August 1976. The analysis
of the heights of common 0.2° x 0.2° squares mdicates a root mean
square (rms) discrepancy of #43 cm in values produced from different
solutions. Approximately one quarte: of this is due to the vanation in
geoid slope across 0.2° squares. The residual discrepancy is due to m-
stabilities mtroduced by variable pass geometry, unmodelled ocean tides
and meoscale variations 1n sea surface topography. Shortwave maxuna
and minima in the regional sea surface models are examined for correl~
ations with surface and remote sensed infrared temperature data. On
allowing for differences in the quantities being compared, an 88 percent
correlatton is obtamed between the location of cyclonic eddies obtained
from infrared 1magery and reported by the National Weather Service, and
sea surface height mmima in the altimeter models, This figure drops to
59 percent 1n the case of correlations with maxima and minima of sur~
face temperature fields.

The analysis of overlapping passes provides a better picture of instan—
taneous sea state through wavelengths greater than 30 km. The resolution
obtamed 1s significantly higher (£33 cm on average) through the areal re—
presentation is lunited to 32 selected profies. Correlation studies with
cyclonic and anti~cyclonic ocean eddies from the NIMBUS 6 and GEOS
T and II infrared 1magery indicate satisfactory agreement bemng obtained
with equivalent sea surface height features 98 percent of the time if time
varying factors are allowed for. The spectral analysis of the overlapping

*0On leave of absence from the Umversity of New South Wales, Sydney, Austraha,
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passes shows once again the high relative preciston of the GEOS-3 alti-
meter 1n the short pulse mode. The varability of the Sargasso Sea
through wavelengths between 150 km and 5000 km 1s estimated at £28
ecm. On considering the magnitude of unmodelled orbital error this value

is in reasonable agreement with oceanographic estimates and is compat-
ible with the eddy kinetic-energy, of a wind driven circulation.

An approximate esfimation technique shows that the quasi-stationary
SST mamtaming the Gulf-Stream 1s present m the GEOS-3 data: but can-

. not be estimated with conﬁc}ence in the absence of an adequate.geiodal
model,

vii1



THE ANATYSIS OF TEMPORAL VARIATIONS IN REGIONAL MODELS OF
THE SARGASSO SEA FROM GEQS-3 ALTIMETRY

1. THE DATA BASE

The GEOS~3 spacecraft, launched in April 1975, was used to acquire short pulse
mode radar alfimeter ranges in the form of discrete passes not exceeding 20 mmutes m
length, off the east coast of the United States. The relative precision of GEOS-3 alti-
meter data recorded in the Tasman and Coral Seas was found to be #20 cm (Mather and
Coleman 1977) though the values provided by Wallops Flight Center after pre-processing,
are usually in error by up to 2 orders of magnitude greater than this value (Mather et al.
1977, p.30),

These earlier studies indicated that the mtensive mode GEOS-3 altimeter data con-
tamed information on regional variations 1n the height of the sea surface ({) with wave-
lengths which were less than twice the maximum pass length (1.e., less than 9000 km) and
with amplitudes which were greater than £10 cm. It was also found that factors pertamning
to either the sea state or else, the method of averaging used in the altimeter, may cause
problems in the resolufion of features of wavelengths much less than 30 km (Mather 1977,
p.25).

The area covered by the dense network of GEOS-3 altimetry is shown in Figure 1.
Table 1 sets out a summary of the data available m the 1977 GEOS-3 altimeter data
bank at Goddard Space Flight Center. The data is catalogued on a monthly basis from
April 1975 to August 1976. This data was selected 1n two different ways to study regional
varjations in {.

In the fust, the intensive mode GEQS-3 altimetry was processed on a monthly
regional basts using the intersection of passes to provide a framework of control for
the adjustment of the sea surface model (Mather et al. 1977, pp. 37 et seq.). It was
assessed that meamingful models of the sea surface could not be obtained unless the
number of passes (n) approached 15 and the number of junction pomts were approx-
imately 4n, It was decided on this basis, to restrict the study of time variations on a
regional basis from monthly analyses, to the period July to November 1975, and April
to August 1976, These studies are described 1n Section 2. Section 3 studies the correla-
tions between such satellite-determined models of the sea surface and therr variations

against surface and remote-sensed temperature data and the location of eddies in the
test areca.

The second data base was prepared using the observation that GEOS-3 groundtracks
approximately repeat themselves every 526 revolutions. This occurs after 37.18 days.
Profiles of mmtensive mode GEOQS-3 altimetry i the Sargasso Sea test area (Figure 1)
which occur over the same groundtrack after a lapse of 526 revolutions or multiples
thereof, were sorted into separate data sets. Thirty-two such sets of overlapping passes
are available for analysis in the test area, and their groundtracks are shown n Figure 2,



Table 2 sets out detailed information on the 32 sets of overlapping passes which are used
m the present study in the Sargasso Sea. Section 4 describes the techniques used in the
study of sets of overlapping passes and the results obtamed from the analysis of such data.

2, REGIONAL SEA SURFACE MODELLING

Early studies of intensive mode GEQS-3 altimetry in the Tasman and Coral Seas
off eastern Australa (Mather et al, 1977; Mather 1977) indicated that passes of altimetry
data provided to Principal Investigators were subject to orbital errors varying from *2 m
to in excess of £10 m, Pairs of overlapping passes in this data bank were studied, these
included a pair where one of the passes was subject to a radal error 1 excess of 700 m,
The relative discrepancy could be reduced to +61 cm of which 66 percent occurred with
wavelengths equal to twice the length of the pass if the passes were fitted to each other
(Mather and Coleman 1977, Tables 1 and 2, Row 1). The improved -relative fit was ob-
tained by applying a correction for tilt ¢ and bias b per pass with lengths in excess of
103 km. In less extreme cases, the root mean square (rms) discrepancy.after allowing
for tilt and bias, 1s significantly smaller, A typical figure (Table 2) 1s £30 ¢m over a
3000 km pass.

As such, 1t is possible to model the quasi-stationary sea surface height (¢,A) at the
poimnt whose latitude 18 ¢ and longitude A 1n terms of estimates §1j {¢,A) from the j-th
element of the 1th pass of GEOS-3 altimetry using the relation

E=gy b+ (G-t Hh ‘ )

on dropping the position identifier, {; being the height of the combined Earth and

ocean tide, tiy, ty the times of the J-th and first elements i the 1-th pass. v, would
represent all unmodelled effects including mesoscale variations in the dynamic sea surface
topography (SST).

The estimates of { from values {,) and {yp on the i-th and k-th passes which inter-
sect at P, give two equations of the form at (1), which on combination, give an obser-
vation equation of the form

v =g - Sk + (b - b) + g (G - ) - o (tee - i) (2
on assuming that the trxdal signal can be treated as being included in either ¢ or v.

The fiurst stage 1n devising an impersonal and flexible system in regional sea surface
modelling, is the definition of an event which is construed as a crossover (or junction
point). The GEQOS-3 altimeter has a finite footprint. Therefore one possibility 1s to
treat a p° x p° square as a junction point. Table 3 sets out the residual statistics (1.e.,
the rms value of v in eguation 2) obtained when adjusting the same block of data using
different values of p. If



N
6=3% 1 (v?)% (3)
1 =

where N 18 the number of yunction (crossover) pomts, the dominant contribution to ¢ 18 the
slope of the sea surface if p>>0.2, being almost 99 percent of o for 1° x 1° junction points
(Mather et al. 1977, p.40) as llustrated mn Table 3.

The noise level of the GEOS-3 altimeter 1s assessed at 220 cm on a relative basis. The
value of ¢ should be kept as small as possible so that fime variations on a regional basis can .
be recovered with an equivalent resolution. However, computer imitations and the fmite
footprint of the altimeter also imit the minimum value p can take. A good compromaise is
an 0,2° x 0.2° square. The geoid variations withm such a square should not materially mask
features in the sea surface with amplitudes greater than 225 cm and wavelengths in excess of
40 km. Regional sea surface models obtained from solutions based on 0.2 degree squares as
crossover “‘points® should be adequate for the location of eddies 1n the western Sargasso Sea
which are expected to have exhibit sea surface height vaniations in excess of 50 cm over
extents as large as 102 km (e.g., Cheney and Richardson 1976).

The basic area 1n which GEOS-3 altunetry data was analysed for the generation of
regional sea surface modelsisa 12° x 12° area shown in Figure 1. The ocean tides were
treated as noise in the present series of computations as the inclusion of a current tidal
model in a sample had a neghgible effect on the heights of the sea surface as summarized in
Table 4 and Figure 3.

Table 1 sets out all data used 1n this analysis (Rows 4 to 8 and 13 to 17) detailing the
number of passes and junction points and values of o obtained after adjustment. If has been
noticed that the value of ¢ increases slightly as the volume of data increases. This 1s probably
due to the fact that noisy records are not filtered out of the solutions. A second observation
concermns the relatively larger values of ¢ for July, August and September 1975 (Table 1;
Rows 5,6 and 7). This cannot be attributed to orbital error, Possible causes for this may
be time tag errors which occur from time to time in the 1977 GEQOS-3 altimetry data bank,

The authors are not aware of any reason to believe that this reflects an increasingly noisy
sea for the period.

The monthly sea surface models so obtained are

® nsensitive to absclute datum, being based on a set of observation
equations which are differential i nature (Equation 2); and

&  subject to slight arbitrary variations in Earth space orientation
which 1s a function of the location of the junction points over
the area (Figures 4 to 13). 1t was therefore decided to provide
an absolute datum to the 10 monthly models by making a three
parameter fit to the best available satellite gravity field model
GEM 9 (Lerch et al. 1977).



The orientation was effected by using.observation equations-of the form:

v=3-$grM 9 tag T8 (§~ds) T2y (A-1Ay) 4

over ihe test area which was approximately 1200 km long, ¢,, A, being co-ordinates of the
southwest corner of, the region studied., The corrections obtained are listed in Table 5.
The vanation 1 the overall tilt between different sea surface models to GEM 9 is less than
10 cm per 102 km. This is a measure of the stability obtained internaily in each monthly
solution.and is of adequate resolution for studies of variations in sea surface topography
which have magnitudes in excess of 20 c¢m in relation to the surrounding oceans. It must
be emphasized that the.data generated from the ten monthly solutions can only be used
for the study of variations in the sea surface topography and not the quasi-stationary SST
for which a geoid of adequate precision 1s required. While the discrepancy between the
-heights of the sea surface from different monthly solutions disagree by less than +40.cm
on the average in areas covered by altimetry, the disagreement with the best available geoid
(Marsh and Chang, 1978) is considerable, the discrepancies bemg correlated with distance
from the east coast of North America, as 1llustrated mn Figure 15. This 1s probably due to
the decreasing density of grawvity data of adeguate guality as a function of position in
computations of the gravimetric geoid. °

The contours shown i Figures 4 to 13 are estimated heights of the average sea surface
for the month relative to the mean sea surface for the epoch (July 1975 to August 1976)
with wavelengths greater than 200 km and do not reflect the quasi-stationary sea surface
topography in the region, The plots represent wavelengths greater than 200 km, but en-
hanced by additional data m the vicinity of eddies, Thus the contours.of the quasi-
stationary component of the Gulf Stream to the west of the test area, have been filtered
out of the solution. Attempts to recover the quas-stationary component of the Gulf
Stream are described in the Appendix,

The values of ¢ obtained for the soluticns, except in the three cases mentioned above,
are only marginally greater than the expected variation of the geoid over a 0.2° square,
However, the contours in Figures 4 to 13 are reliable only in the vicinity of groundtracks
shown on the Figures. The precision of contours 1s-significantly worse than £¢ in Table 1
at locations more than 50 km away from a groundtrack. Contours shown in broken lines
should be treated as suspect with errors being as large as £1 m.

The models shown in the above figures do not exclude the ocean tides. Earlier studies
m the Tasman and Coral Seas (Mather et al. 1977, p.40) showed that the Hendershott tidal
model provided with the Wallops tapes did not matenally affect the statistics of regional
solutions. As it is widely held that the tidal models in the Sargasso Sea are of beiter
quality than those i the Tasman and Coral Seas, it was decided to test whether the apphcation
of the ocean tide model would improve the values of ¢ obtained. This was not found to be
the case (see Table 4). The application of the Hendershott tidal model as provided by Walilops
Flight Center for a fest period of one month which has the most data (October 1975) was
found to produce no change in the residuals ¢ after adjustment. The average value of the
heights of the 243 crossover points changed by 0.03 m. The change in values of {; is highly



correlated with position, as shown m Figure 3. However, the magnitude of the effect was
considered too small to warrant consideration m the present study.

The ten regional monthly solutions so obtained were examined against mean monthly
measurements of surface temperature in the area and against tracks f eddies obtained from
satellite remote sensing, as described in the next section.

3. CORRELATIONS OF REGIONAL MONTHLY MODELS OF DYNAMIC SEA
SURFACE TOPOGRAPHY VARIATIONS WITH SURFACE OCEAN DATA

The Sargasso Sea lies to the east of the Gulf Stream. It 1s one of the best surveyed
oceans 1n the world for surface temperature fields. The motion of the major eddies and the
location of both the edge of the slope water and the Gulf Stream are monitored on a monthly
basis and a monthly record published by the US National Weather Service (NOAA 1975;
NOAA 1976). The following dominant features reported in this publication:

®  the location of eddies; and
¢ the clearly defined maximum and mmimum mean monthly
temperatures for 1° x 1° squares

are also located m Figures 4 to 13.

Most of the comparisons occur 1n deep oceans and the significance of the results,
illustrated m Figures 4 to 13 and listed in Table 6 can be interpreted as follows, Assuming
the existence of a layer of no motion at great depth H (= 2000 m) m the region at which
isobaric and level surfaces coincide, the constant pressure P at depth (h = H) is given by

0 h
P =J g Py dz + j- a gp, dz = Constant (5)
H QOcean 0 Atmosphere

where g is observed gravity, py, the density of sea water and p, the atmospheric density at
the element of height dz for a given location, the integration being along the local vertical,
The variations in py,, p, cause anomalies dh in the height of the standard column of water
above the level of no motion, These can be related fo temperature anomahes dT at the
pressure mcrement dp corresponding to dz, in terms of the relation

P
1 0 Bu 1
dh—-g-UP 31 4T dp-o- dpajl +o{t dn} (6)

where « 18 the specific volume of sea water and dp, the atmospheric pressure anomaly from °
the standard atmospheric model at the aw/sea interface where the pressure 1s P,.

The density of sea water p,, varies from 1.022 in the surface layers of equatorial
oceans to 1.028 1n deep oceans (Monm et al. 1974, p,36), Expressed 1n terms of o, these
variations as a function of temperature can be expressed by a relation of the form



o, =(@-1)x10% =2, +ay log, T (7
The use of the table in (Dietrich 1963, p.44) in evaluating aj and a, in equation 7 gives
a] =-5.18 x 105 ;ay = 8.72x 106 (8)

for T in °K and py, i g cm™, m the range 0°C to 40°C with a correlation coefficient of
0.9. Thus

| =10t &5 cnd gl CKY! (9)

Table 7 sets out values of da/9T which. conform with a model defined by equattons
7 and 8, It also provides a sumplified, even simplistic estimate of the sea surface height
anomaly which can be expected from a typical Gulf Stream eddy, For example, the ¢yclonic
eddy reported by Cheney and Richardson (1967, p.145) is equivalent t0 changes in SST
of between ~60 cm and -152 em, assuming a fevel of no motion at 1000 m deep. Temperature
anomalies which average 1°C over 2000 m are equivalent to a SST anomaly of approximately
60 em. Surface temperature measurements do not appear to be representative of the entire
oceans especially if representative of an eddy-type structure (1bid). In the case of such
structures, temperatures from the deeper layers have a greater nfluence on local S§T maxima
and munima than an estimate of the surface temperature which could be deceptively near
normal.

Consequently, correlations between surface temperature measurements and local maxima
and minima 11 the shape of the sea surface should not be expected in all cases.,

An examination of Figures 4 to 13 also show that there is not always an exact correlation
between the location of cyclonic eddies 1n the Sargasso Sea and lows n the surface temper-
ature means, on the one hand, and SST lows on the other, There are two possible reasons
for this

®  Gulf Stream rings have been observed to move at uregular rates of
up to 8 km per day (Richardson et al. 1973, p.297).

@  The surface temperature 1s no:indicator of the existence of a cold
cyclonic eddy (Cheney and Richardson 1976, p.145)

@  The Guif Stream ring locations are given at the end of each month,
while the altimetry-determined highs are based on data collected at
various tumes over a month and therefore reflect average conditions
for the month.

Table 6 summarises the extent of correlation between

a} cyclonic rings shown in (NOAA 1975, NOAA 1976) and lows in
the GEOS-3 altimeter models of the sea surface shape, and

b) highs in both the monthiy sea surface temperature means (ibid) as
well as 1n the altimeter model.

1=,



None of the comparisons made between cyclonic eddies and sea surface lows can be
classified as being unsatisfactory, given the differences between the two types of information
compared. The correlation between the altimeter sea surface model and mean sea surface
temperatures 1s less impressive., Sixteen percent of the comparisons obtained were not
positive. This is not unexpected as surface temperature anomalies are not necessarily an
indicator of any equivalent SST anomaly.

In view of this evidence, it can be concluded that regional sea surface modelling has
achieved a precision of +40 ¢m and provides a reliable basis for the study of eddies which
cause larger variations in sea surface heights,

These figures only apply n the immediate vicinity of groundtracks. The precision falls
off rapidly with distance from the nearest groundtracks, Unless the geometry of the passes 1s
grossly irregular (e.g., Figures 4 or 9), it appears that the precision of sea surface models is
seldom worse than +1 m,

However, there are too many exceptions to claim 100% reliability at these levels. So
far, no data has been excluded. However, departures of the monthly regional sea surface
height from the mean of ten solutions are strongly correlated with position, as slustrated
in Figure 16. There is a tendency towards weak determinations at the peripheries of the
region being studied, There is extra strength i this index of variability at the edges abutting
the Gulf Stream.

The contours shown m Figures 4 to 13 specifically exclude the quasi-stationary component
of the SST. The possibility of recovering this part of the spectrum of SST at the present time
is discussed in the Appendix. The contours shown in these figures are based on data on a
one degree grid and thereby reflect wavelengths greater than 200 km. Additional data was
plotted at 20 km intervals to enhance Iocal features in areas where infrared imagery reported
the existence of cyclonic eddes.

The significance of the contours referred to above 1s hard to assess, The solution
statistics do not indicate confidence mn features with wavelengths much longer than 200 km
unless they have amphtudes in excess of 40 cm. This restricts any analysis to the region
in the vicinaty of the Guif Stream, However, the resulis in this peripheral area may be flawed
by geometrical uncertainties. These should not be treated as limitations of the regional
altimetric technique used in this study. A much improved solution can be obtained under
the following circumstances.

)] The region is covered with an adequate network of passes,
ii} A reasonable fidal model is available for the area.

These lnutations can be avoided in the processing of SEASAT-A data, The present
study should be treated as preliminary, The possibility still exists that the results can be
refined by a factor of 60% by re-processing the data with an accurate tidal model. A pro-
ject for the recovery of the tidal signal from the GEQS~3 altimetry is currently underway.




A 25% improvement in the resolution can be obtamed by restricting the study to
those limited number of cases where the groundtracks satisfy the overlap condition.

4. THE ANALYSIS OF OVERLAPPING PASSES IN THE SARGASSO SEA

The orbital period of the GEOS-3 spacecraft is approximately 101.79 minutes:. The
condition for a repeated groundtrack after n revolutions 1s

. ] .
o 2 [Qlti—wlh}ﬂ (10)
1 =1
on suppressing multiples of 27 1n the second term, w; bemg the angular velocity of
rotation of the Earth during the i-th revolution of GEOS-3 which is completed in
time €, S?, being the instantaneous rate of precession of the orbital node. This condstion
1S nearly satisfled every 526 revolutions, the observed drifts (6%} in longitude being set
out 1 Figure 16. There 15 no simple pattern of overlaps in the Sargasso Sea test area due
to the irregular manner i which data was collected, Nevertheless, a dense network of
overlapping passes has been established in the western North Atlantic. Using the multiple
of 526 revolutions as a criterion, 32 sets of from 5 to 9 overlapping passes were identified
1n the Sargasso Sea as ilustrated in Figure 2.

Consider the case of the j-th element of the i~th pass and the 2-th element of the
k-th pass which have 1dentical latitudes, the 1-th and k-th passes satisfymg the overlap
condifion. The observed sea surface heights {;; on the 1-th pass and {i¢ on the k-th pass
can be used to set up observation equations oiJ the form

§ij — Siept (by = by + ¢ (5 - ty) - o (tgp - Tep) + (S — Sepee) + O S% =V (11

where (b, by) and (g, cg) are corrections for bias and ftilt to the 1-th and k-th passes on
account of orbit mtegration errors, (§11, §tkp) are the tidal heights at the location at the
instant of data acquisition (t, txe), (tﬂ, t1) bemng the times corresponding to the il
instant of data acquisition per pass, The last term on the left in equation 11 allows for
the slope of the geoid due to any possible longitudinal displacement X between the pair
of overlapping passes (Figure 16).

Table 2 sets out details of the 219 passes which make up the 32 overlapping sets
shown in Figure 2. Passes where 6 exceeded 35 km were excluded from this study.

The most striking feature of the results in Table 2 is the mternal precision of the
GEOS-3 altimetry reflected in the values of the root mean square discrepancy op,
obtained by comparing each profile with the mean of the set after using equation 11
in the case where the mean profile replaces the k-th pass, The analysis of the values of
o 1n Table 2 as a function of length (Figure 17) shows some correlation with pass length
to 4000 km. The data used in the construction of this figure has not been filtered in .
any way. The complexity of the Sargasso Sea test area makes it hard to draw simple
conclusions.



Table & summarises the spectral analysis of the discrepancies between each pass
and the average of the set for the largest of the sets (No. 8 in Table 2) containing 9
overlapping passes. The harmonic coefficients determined (A,, Bj, where 1 1s the mtegral
number of complete wavelengths m the length £ over which comparisons are made) were

aiven by the relations
Al 2 £ sin | 2xs
{Bi]‘ 2}0 VS[COS] g 1ds (12)

where ds is the sampling mterval, the residual vy defined by equation 11 being at a distance
s from the commencement of comparisons,

The sigmificance of the amphitudes (A, B;j} so obtamed 15 assessed by comparison
against a spectrum of white noise (Mather 1977, p.17). If the rms residual of comparison
18 0, the percentage contribution per frequency (E) fo the white noise spectrum 1s given
by

100
= —— 13
E N (13)
where N 15 the number of frequencies between 1 and Nyquist mit imposed largely by
the altimeter footprint (2/10).

The percentage strength of signal 0 obtamned from equation 12 1s defined by

A%+ B2

0 203

(14)
Table 9 sets out the results for all 32 sets of passes as an average per set. The
Toot mean square (rms) residuals obtamed i this area are somewhat larger than those
obtained in the study. of the Tasman and Coral Seas (Mather 1977, pp.24 and 25),
. averaging £33 cm 1nstead of +20¢ cm obtained when each profile is fitted to the mean
of the set of profiles (Coleman and Mather 1978).

Tables 8 and 9 are self-explanatory?* Sigmificant strengths of signal (1.e., O/E >3)
are obtamed for several wavelengths in excess of 150 km. The average square of the
strength of signal for wavelengths between 150 and 5000 is 784 cm? This 1s not unlike
values quoted by oceanographers for the magmitude of seasonal variations and 1s compatible
with variations m the SST arismg from wmd driven circulation,

The next stage in the processing of sets of overlappmg passes is the analysis of the
data for the fidal signal on a regional basss, In the internn, attempts have been made to
study correlations between remote sensed temperaiure data and the varations in the sea
surface heights as a function of position and time. These are reported m the Appendix
(Sec. 8.2},

The analysis of overlappmg passes provides the most accurate data for the study
of regional variations m the dynamuic sea surface fopography. The limitations of coverage
are offset by the 50 percent gain 1n precision over the regional solution method.

“Frequencies were grouped i “bins’ according to wavelength (WL) to sumplify the presentation of results.



3. CONCLUSIONS

There is no doubt that the GEOS-3 altimeter data n the short pulse mode is of
sufficient precision for oceanographic studies. The main problem in regional studies
remains the orbital uncertainty. These can be reduced to +40 cm in the radial component
if any clatms to global relevance are sacrificed, This improves the resolution from *1% m
globally (Mather et al, 1978) to 40 cm on a regional basis if bad records are appropriately
filtered, and if the geometry of passes is adequate (e.g., Figures 6-8), The technique of
overlapping passes has a higher resolution (£33 cm on average).

The stability of the solutions is enhanced if very short passes are not subject to
corrections for tilt (equation (1)). The mternal statistics of solutions (m this case an
average rms of £25 cm) 1s almost a factor of 3 more optimistic than the estimated pre-
cision obtained from the intercomparison of solufions (¥43 cm).

There is considerable confidence m recovering short wave features 1n sea surface
shape which have dimensions between 30 and 100 km and amplitudes in excess of +50 cm.
Except i the case of solutions m 1975 where for some unaccountable reason, the solution
statistics were significantly infertor (Table 1), there are variables m the sea surface with
amphtudes 1n excess of 50 ¢m and dimensions in excess of 400 km (one third that of the
region studied) which show up in this study. It can be concluded that the variations in
SST with time in areas away from fast moving currents like the Guif Stream are unlikely
to exceed £30 cm. Ths figure 1s confirmed by the spectral analysis of overlapping passes
in the region.

This, m turn, indicates the necessity for the significant concentration of effort mn
generating force field models for the integration of orbits with radial erzors much less
than 5 cm. There 1s little doubt that GEOS-3 data 1s of adequate resolution to study
eddies, There are also grounds for cautious optumism that the data can be used to recover
some of the dommant Jong wave characteristics of the quasi-stationary SST (ibid). Progress
in other areas is likely to be slow 1n forthcomng till the gravity field models have been
mproved by at least an order of magnitude (hopefully, to 3 parts in 109). This goal
has to be achueved before further progress can be made in studying mtermediate wave-
lengths of SST, both the guasi-siationary and time varying components,

Strmgent criteria have to be enforced to exchude the 1% of noisy data encountered
in the processing of GEOS-3 data. There 1s no real difficulty m identifying the faulty
records.

Neither of the methods described has the potential to provide information on
time variations m sea level which are constant over the enfire area., Each method provides
msight info certain portions of the spectrum of SST. The regional method cannot resolve
features with perrods shorter than a month (1n the case of GEOS-3) wlule the higher-
resolution technigque of overlappimg passes is restricted to selected groundtracks and
variations with periods greater than a month. All information m the tame varying part
of the spectrum of SST with wavelengths greater than twice the dimension of the region
studied are also lost,
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The terms in the quasi-stationary part of the spectrum can only be recovered if an
adequate gravity field model were available, The approximate esfimating techique used
1n the Appendix shows that the large SST gradients mamtaming the Gulf Stream are
present 1n the GEOS-3 altimeter data. They are not recoverable with confidence at the
present fime.
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8. APPENDIX

8.1 The Quasi-Stationary Component of the Sea Surface Topography in the Vicinity
of the Gulf Stream

The veloaities reported i the vicinity of the Gulf Stream in the western part of
the Sargasso Sea test area are greater than 102 cm s1. The sea surface topography
gradient needed to maintamn such a current should be about 1.5 x 102 cm per 102 km
orthogonal to the mean direction of flow (Figure 1), This mnformation can only be ob-
tained from the GEOS-3 altimetry, processed in the form of regional models, as discussed
m Section 2, if the sea surface heights weie referred to an error free geoid. As seen from
Figure 14, the discrepancies between the sea surface models from altimetry, after orient-
ation to GEM 9 (Table 5), are systematically discrepant with the best available gravi-
metric geoid in the region (Figure 14). These discrepancies can be attributed to the
foliowing factors

i} Differences between the gravimetric geoid and the satellite
determined gravity field model.

1) The quasistationary component of the sea surface topography (SST). '
For example, if 1t were assumed that the GEM 9 gravity field model were free

from error, the differences at 1) are due entirely to errors m the gravimetric geoid due to

the varable quality and distribution of surface gravity data currently available for such

computations in this region. As the gravimetnc geoid 1s computed from a fixed gravity

data bank using quadratures techmques, the resulting errors i the geoid are slowly

varying functions of position (e.g., see Mather 1968). As the pattern of discrepancies

15 a function of distance from the east coast of North America (Figure 14), it is possible

to make a very approximate estimate of the quasi-stationary SST from the pattern of

contours in Figure 14,

On assuming that the gravimetnic geord error N has a structure

ex =Ny + 2L ¢ (A-1)
where £ 1s the length along a section perpendicular to the coastline and terminating at the
2000 m depth contour, it 15 possible to estimate ey on this basis at all pomts west of

the 2000 m contour. The correlation coefficients obtained for such linear regression
analysis are always above .99,

Figure A-1 shows a plot of
es-s =D - BN (A—Q)
where D 1s the quantity plotted 1n Fagure 14. ey, 15 an estimate of the quasi-stationary
component of the SST for the epoch July 1975 to August 1976, One data point has been

eliminated, as shown on Figure A-I. The contours are in reasonable agreement with the
expected flow of the Gulf Stream, given the approximate nature of the techmique used.
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The object of this note 1s to show that the quasi-stationary topography is recover-
able from GEOS-3 altimetry if propeily referred to a geoidal model of adequate precision.
It.also shows that present-day gravimetric geoids for the region are madequate for this
purpose. Procedures of the type described above (e.g., Leitao et al. 1977) are based on
assumptions outhned in the preceding development and do not constitute a rehiable Basis
for the determination of quasi-stationary SST.

8.2 Correlations from Overlapping Pass Analysis with Eddzes

See Section 4. The residuals of fit (v; m equation 12) to the mean surface for
each overlapping pass, contains information on variations in sea surface height with wave-
lengths between 2 £ and the Nyquist limit. Typical eddy features are expected to have
half wavelengths between 50and 100 km, amphtudes up to 102 cm and a decay period
of 102 days The data in Table 2 indicates that sea surface topography variations with
amplitudes greater than 30 e¢m can be recovered with confidence.

A high pass filter corresponding to wavelengths greater than 100 km was applied
to profiles of vg listed 1n 32 sets in Table 2. The altimeter profiles which crossed. an eddy
reported in (NOAA 1975; NOAA 1976) for the periods September to December 1975 and
April 1976, were examined through the window obtained for equivalent features m' the
profiles. The resulting altumeter defined sea surface topography variations are shown i
Figures 18 to 22, The symbol H is used to designate anti-cyclonic eddies which should
be associated with a SST hugh, while the symbol L 1s used to designate cyclomc eddies
which are expected fo be associated with a low in the SST.

Thirty-seven comparisons were made over a period of 7 months. Fifty-eight per-
cent of these comparisons between altimeter and infrared data correlated favourably, A
further 40 percent of the comparisons showed a parfial overlap between the feature as
sensed from the two data types. Only 2 percent of the comparisons did not correlate at
all. These results are in substantial agreement with the results obtained from regional
solutions (Table 6) which are subject to slightly higher levels of uncertainty.
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Table 1

Regional Monthly Solutions for the Shape of the Sargasso Sea
from GEOS-3 Altimetry

b

25°N'< ¢ < 37°N 282°E <\ < 294°E

Basic Junction Point Size — 0.2° x 0.2°

No of No. of No. of
Period Obsns. Passes Jn. Pts
1 Apnl 1975 587 4 8
2 May 1975 821 6 13
3 June 1875 620 5 7
4 July 1975 2058 15 63
5 August 1975 2836 23 97
6 September 1975 3446 28 156
7 October 1975 4225 35 243
8 November 1975 3578 28 175
9 December 1975 1399 10 27
10 January 1976 e - —
11 February 1976 705 B 7
12 March 1976 560 4 4
13 April 1976 2205 19 63
14 May 1976 2092 16 70
15 June 1976 31956 25 140
16 July 1976 3089 22 122
17 August 1976 3093 24 131
*Equation 3

{+ ecm)*

12
12
38
40
50
35
29
26
15

o]

19
26
20
22
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Table 2

Statistics For Overlapping Pass Sets

Tpata bank errors

16

Set | Rev Date . Length Start of Overlap { No of Bias Tit 87\¢=0° RMS Residueal {£ cm) o Data
Ne | No vv[ooo | O {len} =} A Pts tm} {arc sec} {ken) aNJOA=0 | INJONFD | Rejected
1 182 %1 nz2 N& 2203 “4319 | 20394 248 -0 53 -0 00 Q 328 328
1235 187 N 2176 4319 | 29394 245 412 ~0 412 -12 337 358
2813 96 NS 2168 4319 | 29394 244 052 Q230 =21 47 1 424
4917 7| 82 NS 2189 4314 | 29390 246 -4 09 2041 -5 287 304
5443 119 NS 2077 43 14 | 29390 234 -4.36 0090 2 222 20.2
5969 156 NS 2182 4303 | 29380 245 439 0315 11 322 328
2 183 71112 NS 1036 2408 | 278 58 83 -367 -0270 1] 212 -—-—T 2%
1235 187 NS 1018 2408 | 27858 81 082 02 -12 184 —_— 2%
2287 261 NS 1036 2408 | 27858 83 =273 0484 -20 269 — 2%
2813 298 NS 1027 2408 | 27858 82 162 0567 =21 272 — 2%
4317 76| 82 NS 1036 2408 | 27858 83 -337 Q065 -5 204 — 2%
5969 156 NS 1016 2396 | 27850 81 7 4105 1 343 _—
3 246 117 SN 1994 2020 | 29066 214 056 0258 0 445 445
1824 228 SN 1617 2253 | 28927 181 =206 0127 =17 244 26'8
2376 a3 SN 1628 2237 | 28931 180 =0.50 0110 =20 254 334
3402 340 5N 238 3124 | 28330 30 -1,00 -0297 -18 226 234
6032 76 | 161 SN 1932 2020 | 25066 208 304 Q105 4 570 512
7084 235 SN 36
4 374 75 | 128 SN 1456 2202 | 28815 152 -361 0108 [H 297 2677
2478 278 5N 1404 2202 | 28815 149 007 0090 -18 ars 230 3%
3004 312 SN 1404 2202 | 28815 149 059 0028 -18 366 1790 3%
6160 76 | 170 N 1456 2202 | 28815 152 -0 64 -0 086 18 366 164 3%
6686 207 SN 1427 2219 | 28B.04 149 302 -0194 25 608 281
7212 244 AN 4t
5 524 75| 137 NS 2990 4487 | 20056 358 248 -0086 0 253 253
1576 21 NS 2967 4473 | 30040 355 077 -6093 -11 297 297 4%
2678 285 NS 121 2684 | 28516 15 016 0290 -16 16 23 '
3154 322 NS 2883 4483 | 30051 357 092 -0 105 =16 423 398
5258 76 | 106 NS 2990 4487 | 30056 358 -320 -0008 4 220 258
6310 181 NS 2967 4473 | 30040 355 -130 0131 23 318 31.5
6836 218 NS 2975 4478 | 30045 356 188 0109 349 411 402
6 530 75 | 137 SN 1480 2773 | 203497 183 -154 -0 088 e] 232 232
2108 248 SN 1450 2789 | 29386 178 332 -0 101 =14 213 191
3ipo 323 SN 1483 2773 | 29297 182 096 0010 -16 250 239
5264 76 1 107 SN 1465 27.89 | 29286 180 249 -0 091 4 228 238
6316 181 SN 1465 2789 | 28386 N 180 =247 0000 23 224 213
6842 218 SN 1441 2805 [ 29375 177 -174 0132 34 218 197
7 587 75 1 141 SN 1553 2562 | 29197 187 -4 51 -0030 o 230 230
2185 253 SN 1369 26 11 | 29164 1668 036 0373 -14 174 171
2691 290 SN 1522 2562 | 29167 183 036 -0 102 -15 212 191
5321 mlm SN 1553 2562 | 291 67 187 467 -0161 5 170 162
5847 148 SN 1536 2573 | 29189 185 -077 -0008 14 175 198
6373 185 SN 1552 25 62 | 291597 187 026 -0039 25 235 236
B 585 75 | 142 NG 5300 4667 { 30474 534 -2 00 0065 Q 298 208 1%
a1 179 NS 5300 4667 { 30474 524 -0 18 -0010 -6 296 340 1%
1647 216 NS 53200 4667 | 30474 534 -7 47 o014 -1 807 497 1%
2173 263 NS 5001 4489 | 30265 527 571 -0 348 -14 385 376 1%
2699 290 NS 49933 4484 | 30260 526 257 0136 -15 392 346
379 365 NS 4393 4484 | 30260 826 -348 -0 022 -12 334 322 1%
5329 76111 NS 5300 4467 | 30474 534 =210 0039 6 370 385 1%
5855 143 NS 5G01 4489 | 30265 527 508 0068 15 384 308
6381 186 NS 4972 44 89 | 302 65 524 237 0010 25 553 a4 1




Table 2 (continued)

Set | Rev Date an Length Start of Overlap | No of Bias Tt 5h¢=0° RMS Residual (£ em) % Data
Mo | No vv[ooo | O {xm} ] A Pis {m} {arc sec) kel aNfAA=0 | N/OAFO0 | Rejected
9 | 837 75 | 159 NS 2161 44 88 | 29440 261 =321 0136 0 534 534
1363 195 NS 2111 4479 | 290429 285 252 0276 5 579 572
2415 270 NS 2040 4488 | 29440 249 -2B2 | -00B5 -12 414 342
2941 307 NS 2118 4488 | 29440 256 658 | -0779 -12 735 742
6097 76 | 165 NS 1984 4376 | 29316 244 450 | -0083 22 611 238
6623 203 NS 1969 4366 | 29306 242 024 ] -po64 33 707 243
7149 240 NS 45
10| ear 75 | 159 NS 1188 2480 | 27774 m 213 0099 0 24 6 246 5%
1363 195 NS 1188 2488 | 27774 111 071 0213 -5 196 235 5%
2941 307 NS 1188 2499 | 27774 111 -187 | -0451 -12 188 270 5%
£097 165 NS 1143 2478 | 27770 106 585 | -0151 22 237 363 2%
6623 203 NS 1134 2467 | 27753 108 -086 o007 33 269 336
7148 240 NS 45
11 843 75 | 159 SN 1614 2367 | 20047 185 [-1085 | -0627 ] 281 281
1369 196 SN 1545 24 10 [ 29019 177 210 0123 -5 217 202
1808 233 SN 247 2367 | 29047 27 423 | -0302 -10 199 108
2421 n SN 1854 2405 | 26022 178 046 o131 -12 319 06
2047 208 SN 1614 2367 | 20047 185 284 0173 -13 297 250
4528 76| 54 SN 1614 2367 | 29047 185 378 | -0010 -2 271 261
6103 166 SN 1563 2399 | 20026 179 187 o217 23 80 3t4
8624 203 SN 1571 2394 20020 180 208 0052 34 433 312
12 | 851 75 | 180 NS 2091 28588 [ 28566 193 3082 F -1103 0 44 8 e T 1%
1377 197 NS 1947 2858 | 28566 178 ~4.40 0433 -6 412 -—_—
1903 234 NS 2082 2658 | 28566 192 |[-1863 | -0905 -10 45 6 —_— %
2429 21 NS 2072 28.58 | 28566 191 =301 0498 -12 379 —_— 3%
2958 308 NS 2082 2858 | 28566 192 =405 | -0139 -12 389 -_
3481 346 NS 2082 28 68 | 28566 192 -4 18 0330 -1 408 — 2%
v G111 76 | 166 NS 2691 2888 [ 28566 193 430 0439 23 767 —_ 1%
6637 204 NS 2691 2868 | 28366 193 -058 0255 24 114 4 —_— 1%
7163 241 NS a8
13 | 1164 75 | 182 NS 711 3659 | 28560 85 |<311 | -0461 [V 593 593 15%
2215 56 NS 590 3602 | 28512 72 g45 | -0210 -8 209 221 4%
3268 330 NS 566 3587 | 23500 69 1111 | 0002 -8 201 207
4846 6| 77 S 71 3659 | 28560 85 536 | -0733 [ 489 432 15%
5372 114 NS 711 3659 | 28560 85 876 | -0677 13 567 460 16%
5893 151 NS m 3659 | 28560 as 1685 | -0751 23 6538 476 15%
6950 226 NS 45
11 | 1164 75 [ 182 NS 1164 2544 | 27731 129 |-4361 0778 0 435 436 5%
2216 256 NS 1126 wma4 | 2773 125 818 | -0012 E 366 400 2%
3268 330 NS 1126 25 44 | 27731 125 1109 | -o025 2 369 398 2%
48465 % | 77 NS 662 2539 | 27727 75 440 { -0508 6 452 437 1%
5372 114 NS 1119 2517 27714 124 705 0503 13 805 809 2%
5898 151 NS 1146 2534 | 27724 127 1303 D383 23 544 523 5%
6950 226 NS 45
15 | 1170 75 | 182 SN 703 2912 | 28607 8t 403 | -1530 0 264 264
2222 257 SN §53 2912 | 28607 62 ~073 0495 -8 244 173
2743 202 SN 697 2912 | 28607 80 014 Q272 -9 235 173
4852 | 77 SN 705 2012 28607 81 045 0431 5 184 155
5904 152 SN 705 2912 | 28607 B1 -394 0454 23 315 207
8956 226 N 45
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Table 2 (continued)

Set | Rev Date IR Length | Startof Overlop | No of Bias Tilt SA=0" | RMS Residual i cm) % Data
No | No YY |ppD {km} [ A P im) [arc sec) {km) anNfak=0 | IN/OMED | Rejected
16 118 75| 183 NS 4640 4487 | 29913 469 =226 -0o01 0 322 —1 1%
2230 257 NS 4596 4472 | 29896 a64 =156 -0001 -8 384 —_—
2756 294 NS 4630 4487 | 29913 468 326 -01%2 -9 443 — 1%
4860 76 78 NS 4616 4472 | 2984986 466 -4 72 -0.002 6 278 —
5386 115 NS 4624 4477 | 28802 367 -352 -D041 14 270 —_—
5912 152 NS 4640 4487 | 28912 469 6 64 G115 23 362 — 1%
6433 190 NS 3517 4482 | 20907 3an 317 -0 045 33 497 — 1%
6438 180 NS 663 2051 | 27964 72 156 1302 33 383 —_—
17 1340 75 | 3N SN 1558 2514 | 29150 161 656 -0544 0 221 221 1%
1966 238 SN 1558 2514 | 29150 1681 =117 0100 -4 215 216 1%
2392 276 SN 1558 2514 | 28150 161 0389 0026 -5 189 194 2%
3018 313 SN 16535 2519 | 29147 158 ~2382 0139 -6 238 243
4596 75| B9 SN 1588 2514 | 20150 161 -018 0058 5 181 193 2%
6174 17 SN 1623 2536 | 29135 157 -3.32 0169 3 324 117
6700 208 SN 42
7226 245 SN 54
18 1562 75 | 210 NS 2081 4361 | 29380 237 046 0020 1] 3049 304 )
2088 247 NS 2073 4356 | 29355 236 126 =0 282 -3 378 365
3140 3 NS 2064 4367 | 28360 235 =255 =0 046 =5 264 278
3666 359 NS 2081 4361 | 28360 237 =049 =0 143 -2 346 371
5770 78 { 142 NS 2042 4337 | 28334 232 158 0409 24 319 247
6822 217 NS 45
19 1562 75 | 210 NS 2568 2463 | 27810 26 094 0311 [+ ¥Z0 720
2088 247 NS 258 2463 | 27310 26 =276 =0 167 -3 701 692
3140 321 NS 258 2463 | 27810 26 -1 41 D112 =5 708 743
3666 359 NS 268 2463 | 27810 2% 035 ~0002 -2 651 732
5770 76 | 142 NS 142 2420 277182 17 513 1304 24 115 —_—
6822 217 NS 45
20 1568 75 1210 SN 1607 2413 | 28077 183 023 0026 0 261 261
2094 247 SN 1607 2413 | 29077 183 195 -0 296 -3 263 262
2620 285 SN 1565 2435 | 29063 178 -0.53 -0 102 -9 202 81
3146 322 SN 1599 2413 [ 28077 182 054 0078 -8 247 232
5776 76 | 143 SN 1580 2424 | 25070 81 110 o111 24 253 231
6302 180 SN 159D 2424 | 29070 181 =341 0 369 34 326 299
65828 217 SN 46
21 1625 751214 SN 1510 223G | 28848 t6b -078 0958 9 210 210
2151 252 SN 1502 2236 1 28848 164 216 -0308 -3 244 226
2677 289 SN 1478 2236 | 28848 163 -158 0013 -5 201 183
3203 326 SN 1478 2236 | 28848 163 -194 o558 =4 267 230
3729 363 ShE 1502 2236 | 28848 164 -133 0108 -2 323 309
5307 76 1 110 SN 1510 2236 | 28348 165 on 0066 17 362 221
5833 147 SN 1810 2235 | 28848 165 343 -0 04t 26 468 pLag:d
6885 221 SN 47
22 1682 75 | 218 SN 1973 1514 | 28941 180 -0325 0020 0 352 352 1%
2208 256 SN 1965 1514 | 28941 179 -178 -0003 -3 388 3949 2%
3260 330 SN 1963 1520 | 28937 179 250 -0 350 -3 397 47 2 1%
5364 76 1 114 SN 1121 2021 | 28639 112 -021 0103 18 401 291 1%
6416 188 SN 1103 2032 | 28632 110 051 0519 38 1063 4938
6942 225 SN * 49

18




Table 2 (continued)

Set | Rev Date DIRN Length Start of Querlap | No of Bias Tilt 8\ f=0° RMS Ressdual {£ cm) % Data
No | No YY|DDD {&m} [ A P1s {m) {arc sec) {km) ONJAA=D | ON/OAFO | Rejected
23 | 1710 75| 220 SN 1508 2682 | 283098 182 0386 -0051 0 267 267
2236 258 SN 1508 2682 | 283.08 162 078 {4219 -3 281 270
2762 285 SN 262 3124 | 28995 28 ao8 0025 =4 128 123
2162 285 SN 49 3637 | 2859 6 =049 0729 -4 158 181
5392 w18 SN 1508 2682 | 29309 152 148 -0 285 19 209 285
5918 153 SN 332 23348 | 288 26 28 -162 -0438 28 153 118
5444 180 SN 1420 2694 | 29301 180 -1.82 0112 3B 31.8 81
6970 227 Sh 50
24 1789 751 226 NS 992 2573 | 29045 105 3086 -0127 o 331 231
2315 263 NS 992 2573 | 29045 105 -131 -0 165 -3 385 44 3
2B41 300 NS 992 2573 ]| 290 45 105 -0 28 -0 009 -3 3249 337 3%
4945 78 84 NS 973 2573 | 280645 103 -0 81 4062 13 413 248 3%
547 121 NS 946 2873 | 28045 160 060 -0 048 21 430 24 6 6%
7049 233 NS 53
25 1810 78| 227 SN 1105 1236 | 285563 95 054 G214 o] 384 384
2336 26% SN 1105 19.38 | 28553 a5 302 -0 347 -2 438 47 4
2862 302 SN 1105 1936 | 285 53 95 -1 37 0397 -3 346 325
3338 330 SN 493 2304 | 28324 43 -0 84 0018 -2 254 265
5492 76] 123 SN 1036 1947 | 28547 93 -222 0247 21 526 3t 4
018 160 SN 342 19 47 | 285 47 23 -083 6120 31 997 398
7070 234 SN 53
26 | 1846 751 230 NS 1825 2587 | 28712 157 165 -0310 4] 407 407 2%
2808 304 NS 1825 2587 | 28712 157 -551 -0708 -3 501 479 2%
6528 76| 125 NS 1797 2587 | 28712 154 220 0204 22 365 248 2%
6054 162 NS 1797 2587 | 287 12 1584 464 0234 32 488 387
6580 200 NS 42
7106 237 NS 54
27 1874 75| 239 NS 4481 4196|298 7 468 295 =0 369 o] 314 314
2500 276 NS 4471 4196 | 208 1 467 408 0222 -2 398 388
3026 313 NS 4462 4196 | 298 1 466 027 -0 109 -2 310 06
3552 351 NS 4471 4196 | 298 1 467 078 -0 108 1] 43 3.8
4604 76 60 NS 3036 4186 | 208 M1 343 47t oQ0t a 240 272
6182 7m NS 4481 4186 | 2981 463 157 0172 35 637 497
6708 209 NS 45
5708 209 NS 46
7234 246 NS 68
28 2037 5] 243 SN 1526 26351} 29270 173 262 0430 o 262 262
2563 281 SN 1526 2635 | 29270 173 003 -0 0356 -z 201 203
3089 318 SN 1526 2635 | 292 70 173 060 0088 =2 20,2 198
5193 76| 102 SN 1480 2641 | 292 67 167 228 0014 18 18687 263
5719 139 SN 1518 2641 | 20267 172 -126 -0018 26 197 230
6245 176 SN 1501 26,52 | 292 60 170 -231 0050 36 270 201
28 2159 751 252 NS 4315 4435 | 296 43 438 =506 =1022 [ +] 1028 L T
»2n 326 NS 4315 44 35 | 296 43 438 328 9132 =1 667 ——
3737 364 NS 4315 44 36 | 28643 438 272 0047 2 490 —
5315 76| 110 NS 4315 44 35 | 28643 438 -167 {236 20 6823 —
5341 147 NS 235 44 21 | 286 27 33 380 0312 25 189 _—
5841 147 NS 3038 3643 | 288 81 284 638 0260 25 658 —_—
6893 222 NS 5%
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Table 2'(continued)

Set | Rev Date Length .| StertofOvertap | Mo of | Bies Tt Shg=0°| RMS Ressdual (em) -] %Data
Mo | MNe vv|oop | DlR-P{ [k} ¢ A P1s {m) farc sech [km} aNfOR=0 | ON/OMFED | Rejected
30 2564 75| 274 SN 1130 1857 | 28461 89 -174 -0 157 0 32 382 4%
3516 348 SN 213 1867 | 23461 22 004 -0 549 2 194 215
3516 348 SN 532 2208 | 28245 59 -110 0682 2 154 164
4568 76 67 SN 1130 1857 | 28461 89 052 0112 1o 276 374
6146 169 SN 1066 18 95-| 284 38 84 148 -0 1585 36 57.9" 322 8%
7198 233 SN -]
e}l 2436 751 2715 NS 2392 4351 | 20481 257 272 -0 045 o 245 249,
3012 312 NS 2346 4351 | 29437 2562 310~ 0011 4] 383 400
4590 76 53 NS~ 2392 4351 | 29481 257 =207 -0 030 11 229 261
5116 aG NS 2384 4346 | 28476 256 272 0050 18 216 259
5642 133 NS 2392 4351 [ 29481 257 =119 0057 27 344 290
6694 208 NS 48
7220 245 NS ) 60-
32 2506 75| 277 SN 1431t 2872 | 29448, 167 178 0 330 o 262 262
558 1 SN 1423 2872 | 29448 166 ooo -0 089 2 278, 2872
4610 76, &0 SN 1431 2872 { 294 48 167 164 -0 130 11 204 215
5136 ag SN 1423 | 2878 | 20444 | 186 oas | -0138 12 198 226
5662 138 SN 1406 2888 | 29436, 164 -071 -0 133 27 164 219
6188 172 SN 1366 29 15-] 29418 159 -168 -0 654 37 218 254
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Table 3

Residual Noise (o in Equatron 3) as a Function of
Junction Point Size

Junction Point {Crossover) Root Mean Square Restdual
Size (Degrees) {+ cm)
02°x02° 20
05°x05b° b2
1°x1° 78
Table 4

The Effect of Allowing for the Qcean Tide on the Root Mean
Square Residual (o) for a Monthly Solution in the
Sargasso Sed

Tidal Model — Hendershott Month — QOctober 1875

For more details, see Table 1, Row 7 and Figure 15

Mean Sea Surface

Height at 243
Solution o Junction Points
Description (£ em) {m)
Tide Not
Modelled 29 -49.36
Tide
Moaodelled 29 -49.33
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Table 5

Three Parameter Transformations of Regional Sea Surface Models
to the GEM 9 Datum ’

r

.Eguation 4 GEM 9 to (30,30}

Merichonal Tiit Prime Vertical Radial -

Solution {(+ N) Tilt (+ E) Correction
Description cm per 10 km cm per 10'km (m)
July 1975 -4 +1.5 +07
August 19756 -8 +25 +1.7
September 1975 55 +3 -28
October 1975 -5 +4 -3.6
November 19756 -55 +3.5. +1.4
April 1976 -5 +5 +18
May 1976 -4.5 +4.5 +18
June 1976 -55 +4.5 +15
July 1976 -5.5 +5 _ +1.5
August 1976 -b +4.5 +1.6
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Table 6

Correlations Between Remote Sensed Cyclonic Eddies/Monthly Surface Temperature Means and Dynamic Sea Surface Heights
of Regional Models of the Sargasso Sea from GEOS-3 Altimetry

RMS Corretations With Cyclonic Eddies as {%} Gorrelations With Monthly Surface Temperature Mean
No of No of Residual % of function of distance d(km}*® Maoxima and Minima Defined wn Four Cardinal Direcuions
Month Yeor Passes Junction After Bate
Points Adjustenent Rejectad (%) lnsuff | Sample (%) Sample
{¥m} <50 | 50<d<100 | d>100 | Data | Suze Positive** | Favorable®* | Negatwo** [NoData] Size
July 1975 18 B3 040 o) 100 - - - 2 - - - - -
August 1975 23 97 080 18 67 - - 33 3 67 - 17 16 5]
September 1975 28 156 039 8 75 25 - - 4 40 40 - 20 5
Qctobar 1976 35 243 029 4 75 25 - I 4 87 16 17 - 3]
Navemmber 1975 28 175 026 1 50 25 - 25 4 43 - - 57 7
April 1976 19 63 017 6 50 25 = 25 4 40 - 20 40 5
May 197¢ 14 59 o 1 5¢ 50 - -- 2 40 - 20 40 5
June 1976 25 140 026 2 - 100 - - 1 33 33 - 34 3
July 1976 22 122 020 - 87 33 - - 3 50 - 50 - 4
August 1976 24 13 622 - 75 - — 256 4 &0 — 25 25 4
Total 64 24 - 12 33 50 9 16 25 44

*Corralnuions established from relative sea surface hoight vanations along profiles over eddy locations reported in {(NOAA 1975, NQAA 1970)

**Positive correlation defined by occurrence of highs or lows of same sign in both altimeter sea surface modals and 1n surface temperature means tar1®x1° tquares {ibid)
Positive = exact aorrelation in four cordinal dicectiong ar ground track directions if available
Favorable = axact correlation song three aut of {our cardinal or ground track directions
Negative = exact carrelation along fess than hree out of four cardinal or ground track directions



Table 7-

Th;a Varation of Specific Volume of Sea Water

With Temperature
Temperature {0c/0T) x 1074~
°C em? g1 {°K)-1
0 3.19
b 3.14
10 3.08
15 3.03
20 2,98
25 293
30 2.88
35 2.83
40 2.78
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Table 8

Spectral Analysis of Overlapping Pass Set 8 (Table 2)

Aev No 95 112t 1647 nn 2699 a761 5329 5855 6331 Mean for Set B
Ranqe of
Wavelength | ™t | Or E1 St L+ 4 s 0 E s s} € & o E § |©O E s o E 3 o E g o £ S§10 o E o Raue
b1 59 | 29 z03 39 203 16 203 57 240 75 24¢ 73 240 30 203 58 240 490 241 463 206 J2237 192 o1
50 103 | 2.8 398 13 398 a6 398 73 380 1ce 38O 103 380 87 388 107 380 102 379 877 201 |3886 o095 | 023
7% a5 | 29 13§ 42 135 34 135 67 129 42 126 74 128 41 138 54 129 39 126 A57 138 1309 o048 | 03§
100 17| 29 649 28 B4 22 64 35 61 32 65 32 65 41 B4 46 61 63 64 a5 127 | 636 016 | 0%6
125 wlea 4t a4 41 30 41 29 38 50 38 36 3B 56 41 z3 a8 47 38 431 120 | 386 017 | 149
150 7} 69 26 34 26 55 26 54 27 75 23 '+ |87 23 | 3% 28 72 27 +* |84 23 580 179 | 252 017 | 233
175 sfas 19 39 19 33 19 49 19 185 19 *'¢[B59 18 | 31 09 46 19 ** 104 19 557 29 | 190 ooz2| 293
200 4l 71 18 =+ | 50 1% as 15 * 23 11 32 16 ° |34 15 | F0 1% v |43 11 34 15 *+|a45 167 | 1Az 0t | 314
225 3 33 11 Jg 11 ** 23 1 18 1 06 08 0ca 038 19 1 10 1 95 08 174 126 101 Qg 173
250 2f43 o8 * 07 08 24 08 ***[ 03 08 66 11 v |19 11 30 08 * 14 08 17 11 106 196 | 089 020 | 220
25 2l 25 o8 | o8 08 t5 08 21 08 07 b4 03 04 25 0B ** 45 08 °* 01 04 167 140 | 063 019 | 245
300 2|48 o8 13 08 16 08 28 08 °**| ¢a 0B 17 o8 48 @8 v 25 08 **t |27 08 256 143 | 076 o001 | 336
325 1{35 o4 *+e+f 12 04 ¢ 17 04 03 04 07 04 02 04 1y o4 + lov oa 21 04 {121 110|038 0 319
350 1108 o2 06 04 12 04 09 o0 D4 00 04 08 04 - 04 04 09 o4 00 041 038 0 158
375 1{ecs o4 10 64 0y 04 11 04 o 04 12 ¢4 *| 24 04 *J09 04 * |DE D4 0p4 DE5 | 038 0O 248
400 120 04 18 04 ° |09 o4 | 26 G4 -t} i1 04 ** |09 04 21 04 * |20 04 *** [19 04 173 063 |03 0 4 56
425 1{s5 o048 <28 04 <+ |26 04 | 24 04 **| 10 04 19 04 = | 0y 04 15 04 = [14 04 **}169 D85 (D38 0O 444
450 1]e2 o« 31 04 06 04 0 04 12 133|038 o 295
a7 ! 02 04 36 D4 * a4 04 27 064 |55 04 a26 200 038 O 858
560 1112 04 ***| 23 04 16 04 73 04 18 04 ** | 18 04 24 04 *-J263 250 fo38 ¢ 692
525 1 43 04 17 04 30 184{038 o 79
650 1|43 oa 29 04 24 04 * 45 04+ 353 103 {038 ¢ 9128
675 1 20 Q4 *| o2 o4 43 04 29 b4 24 04 *|236 149 {028 O 821
600 1|27 04 v | 62 04 50 04 0% 04 365 260 (038 © 960
625 ) 33 04 * |3+ 04 11 04 * |183 127 (038 0 482
650 1 11 04 42 04 * 266 2129 |03 0O 697
675 105 o4 07 04 17 04 13 04 =4 05 055 | 028 @ 27
725 i 16 04 09 D4 * |08 04 21 04 ** Jea 04 110 073 |03 © 290
775 o2 04 21 04 c4 04 a3 0a - 150 147 038 0O aes
B850 1 36 04 * 43 04 71 04 05 04 24 04 a58 244 [038 0 942
900 185 04 + ) z0 04 = JiC 04 50 0a * 332 215 |o3@ O 875
1000 ¥ 54 04 ap 04 * 41 04 ** 467 075 [038 O 1228
1025 1 44 04 ¢7 04 285 262 (03 o 67
1075 1 30 04 22 04 40 04 16 04 * ¢ 2 104 (038 0 T
1250 1 78 04 50 04 * 87 04 |85 2w |03k 0 1447
1275 1 44 04 88 04 ** 66 311 f038 O 1737
1350 1116 04 61 04 15 04 07 o4 235 268 J0i8 O 618
1675 1 a0 D4 30 g4 *** BG 04 ¢ 40 04 * 30 o0a 392 106 Jo38 0 1032
1775 1|22 o4 - 64 04 07 04 03 04 240 279 |03 0 632
2500 1 03 o4 $03 04 41 04 51 G601 (038 o 1342
2515 1 55 04 -° 52 04 58 092 pxm o |1
2675 1 {21 oa 27 04 37 04 43 04 a2 69 o3 o 842
4975 1 6¥ o0a 61 - 03 o0 1763
5000 1 11 04 0o 04 10 G114 (038 © 263
5033 1 61 o0a ¢ 69 04 1s 65 loz ¢ 13026
5325 N7 pa W3 08 B0 04 186 04 199 1046{038 o |[5236

N numikr of drequengict pet bin

10O * ol e stecnmib of sigswt {Egn L4)

E espiciud coninbiution pur bin assuning (lal white nois« 1p+ cleum (Eqin 13)

5w signlficane of the, wan it

2w

>2u

>3u
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Table 9

Spectral Analysis of 32 Sets of Overlapping Passes in Western North Atlantic
(For Description of Headmgs See Footnote of Table 8).

Set No 1 2 3 4 5 6 7 8 9
Range of W L
lern) N E G S[{N E QC SN E O SN E O SN E O SN E ¢ §{N E £ S|{N E O S§{N E o s
0 = - =
50 78 646 21 4 21 506 241 50 652 138 80 632179 102 674 208 G0 680 230 61 670 340 ‘:Ei 610 130 B4 673 133
100 22 180 132 10 247 208 16 174 15 24 137 128 27 173 101 16170 150 15 170 200 51 190 80 21 166 68
150 7 59 71 *1 4 99 144 * 6 71 57 8 63 64 % 71 52 5 60110 * 5 50 100** 17 70 10Q 7 53 33
200 4 30 38 *|1 286 35 * |3 28 74 **| 4 31 45 * & 28 35 * |2 20 50 *{3 30 70 ** 9 30100 *| 4 31 56 *
250 2 18 35 **[ 1 25 71 * [ 2 33 1519 ***[ 2 15 27 + 3 17 46 =4} 2 20 80 ***| 2 20 30 * 5 20 40 ** | 2 16 27 *
200 2 17 38 **| 1 25 @5 ***| 2 21 5§51 **1 2 15 46 "+ 2 11 34 "1 10 50 ***| 1 10 40 «»+ 4 10 40 ***1 2 18 29 *
a0 2 17 37 **1 1 25 89 ***|2 20 67***1 08 31 * 1 08 10 * 2 20 50 ** 2 10 20 * |2 16 75 ***
200 1 08 36 *** 1 10 15 * 1 0B 65 #»+ P 06 36 ***| 1 10 80 **[1 10 30 ** 2 10 30 """} 2 1B 138 ***
450 2 _17 48 ** ‘1 113 53 *** 2 11 77 »* 2 10 30 ] 2 16 121 ***
500 1 10 100 **[ 2 16275 " 1 06 65 ***|1 10 70 ***{ 1 10 30 **+| 2 10 60 ***| 1 08 22
3 25258 **%| 1 25 90 **| 1 11 17 * 1 08 38 n*+ 1 06 48 ** 1 10 40 *=+ 4 20 120 *"™| 2 16 211 ***
600
700 1 09 160 *** 2 19 342 *=** 1 10 30 ***] 3 10 50 ***|2 16 @95 ***
200 2 16104 =* 108 68+ 1 06 61 *** 2 20160 ***[ 2 20110+ 2 10 30 ***| 1 08 40 ***
1 11 81 =+ 2 10 70 4=
800
2 19 165 *** 1 04 50 ***1 1 08 114 #*
1000
1500 3 25 360 ""*| 2 49" 490 2 16 86 ** 2 11248 *“**| 3 30250 ***| 1 10 50 +***| 5 20200 ***) 3 24 153 ***
2000 4 42 1210 ** 3 30 16D =+ e 10 g0 ***1 2 17 433 ***
4 33774 =% 2 16 455 *** 1 04 B0***| 3 231144 »*»*
2500
- <2 11266 v+ 2 10 90 *=
3000
3500
4000 . ) - 5
4500
. 1 e
5000 2 10 8¢
2 10 300 ***
5000
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Table 9 (contmued)

Set No 10 11 12 13 i4 15 16 17 18
Ra"g{Z:’WLNEOSNEOSNEOSNEOSNEOSNEOSNEOSNEOSNEOS
5 -
50 21 580 1686 52 657 240 84 570 144 27 671 131 37 645 211 93 650 274 123 610 133 48 613203 76 651 160
100 12218 117 14173 93 20219 99 7 169 168 11 181 159 7181 237 = 40 197 148 16 197 172 21177 76
4 74107 * 15 g5 98 * |7 74 102 * |2 g7 a8 4 62140 *<| 2 8170 **| 14 86112 * |5 52 94 |7 60 31
150
so0 2 37 91 **| 3 39 59 * |3 32 114 {1 26 a1 * | 2 34 94 **} 2 §3142 *+| 7 32 84 *+| 3 38 89 **|3 28 45
250 T 19 70 **[ 2 38111 ** ]2 21 51 ** |1 24145 ***| 2 37139 ~*+| 1 25 51 | 4 2211 ***[ 1 13 34 *+|2 17 3z -
1 18 52 * |1 11 B4 ***{2 21 39 * |1 29123 ***| 1 16 59 *=+| 1 33132 +*+| 3 12 46 **+| 1 13 48 **| 2 17 57
300
w0 1 41 52 **{2 22 202 *** 1 2711 **+| 1 28 64 **| 2 12 49+ 1 13100 ***|1 08 35 =***
200 119 83 ***| 1t 11 21 ** |1 11 59 ***]1 24259 **+| 2 32182 ***| 1 256 74 *+| 2 00 47 *+*f 1 13 B2 ***
1 11 89 e 2 09 24 et 1 08 51 ***
450
111 17 ¢ 1 04 12 **
500
£00 2 37 319 *| 2 22 336 **| 1 11 27 ** 2 58 206 *** 2 32165 *** {1 33 135 *** 3 13 61 **+] 1 13 &1 ***| 1 089 27 =***
200 2 22 1286 *** 1 27 128 #++ 1 08 43 *** 1 09 42 =+
s00 2 22 76 1 24404 *** 2 51220 ***| 2 10 93 ***} 2 25 118 ***
T 11 §1 *** 1 05 180 **»
900
1 11 196 =** 2 09 5O e
1000
1500 2 37320 " 1 11 168 ** 3 48 489 =+ 2 09 70 = 2 17371 **
3 33398 ***{ 1 11 39 === 2 10 54+ 3 37222 ***|3 25675 ***
2000
2 21 88 *** 2 09 B %+
2500
3000
3500
1 05 27 e
4000
4500
3 13167 *re
5000

+ 5000
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Table 9 (contiiued)

Set No 19 20 21 22 23 24 * 25 25 27
R fw
ang(i;)LNEDSNEOSN\EOSNEO,SNEOSNEOSNEO_§NEOSNEOS
0 : :
s |7 617184 |58 652266 52 640 180 43 575 117 30 688 318 32 633133 |20 539 152 43539 110 | |144 618 119,
t ;
o |3 241 84 [16178 185 16 180 120 16 216 144 1% 210 131 10191 161 9242 198 18 234 145 45 194 60
150 1 92242 **| 5 59 154 **| 5 60 80 *| 5 70135 * 4 84150 *{ 3 59 91 * 3 83 73 5 78 80 * | 15 64 26
200 3 30116 "} 3 30 70 *r| 3 a1 210 ***| 3 47 74 |2 40162 **+| 2 B8 171 **| 3 39 117 *»| 7 30 39 *
250 2 22 85| 2 20 50 *v| 2 25134 *v |2 25 26 1 19188 ***| 2 69193 *+{ 2 28 92+ 5 21 33 *
wo |1 B3I 11 89 tth2 20 50 vl 141062 42188 e 2 43180 **[2 26 173*"*| 3 13 28 **
150 1 11 48 ***| 1 10 40 ***| 1 11 1¢6 * 2 920 298 2 39 273 **+1 1 91 457 **1 1 13 74 e 2 09 09
w00 1 11 56 *[ 2 20 50 **|1 11 16 = |2 27 194 *** 11 21177 el 1 13 43w 1 04 17 e
1 11 471 *=* 1 13 44 #» 2 08B 49 **+
450
c00 i 1 10 120 ***| 1 11 B3 *** |1 13173*+| 2 39108 **| 1 48121 **|1 13 0% 1 04 08 -«
co0 2 22 61 **| 1 10 B0 ***| 1 18106 ***|1 13181 *=» 2 43331 +"*| 1 13 67| 1 04 14+
1 11 28 * 1 13 18 *| 1 0a B1 ***
00 v
500 1 11 18 =1 2 20 230 *»» 2 274832 * 1 04 32 e
1 11 58 *** 1 13121 1 04100 ***
500
P11 13 * 3 59 302 *++ 1 13 66 ***
1000
1500 1 10 220 ***| 1 18 67 ***| 1 13105 *= 2 43 66 * 2 08 78+
3 83130 ***[ 1 10 240 ] 1 11 27 ** |1 13 g4 ¢ 2 24 278 *
2000
t 04 05 **
2500
3000
3500
4000
2 08593+
4500
5000

> 5000
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Table 9 (contmnued)

SetNo 28 29 20 a1 32 Mean
Raroeo’"In e o s n e o sfv e o s{v B o sfn e o s|v e o o o5 %%
T
85 649 232 {103 620 70 ***|21 691 206 |20 632 179 |54 659 206 |62 630 66 187 78 03
50
o |B e 34190 60 | 9246218 |24 187 128 (14172 100 (1918416 134 51 07
1
5 58 77 13 70 100 392 74 |®& 63 64 |5 59 85 * | 6213 100 50 14
150
o, | 3430 64 *| 6 30 30 2 49117 **| 4 31 45 * |2 26 42 * |3 3507 84 40 24
sy | 22978 4 30 30 2 85213 **{2 16 27 *|2 24 71 **[3 2610 82 38 32
we |2 2482 7| 81080l z 528z iz ts 46 tt(2 25187 (2 2512 103 93 41
o | Y12 80| 2 10 10 1 08 31°|1 13 39**12 2110 89 60 42
o |2 2410377 2 10 20 ]2 47192 011 08 85t 12 58| 2 2106 107 62 51
4
5 t 05 10 ** 2 1303 88 27 45
s 1 12142 ***| 1 05 20 "+ 2 16275 **+| 2 24208 ***| 2 1805 125 68 69
a0
oo |1 1235 | 2 10130 )z 52204011 08 38 4 4507 255 67 §7
700 105 40 *e 113 06 |4 3205 206 51 64
o |2 24 80| 2 10170 0 1 08 58 °**| 1 12 56"/ 4 4105 338 90 82
1 05 60 -** 4 2502 250 41 100
200
4 3906 287 72 74
1000
oo | 1 12474 | 3 20140 00| 2 47638 s 2 15 86 o0 16157 05 1440 80 92
oon | 2 2300 3 37485 **|13 120 01 1728 95134
i 05 240 2 16455 “** 13 9001 2195 138 244
2500
419 0 357 44188
3000
} 1 10280 1 07 0 251 0 354
3500
1050 27 0 50
4000
1 06250 *** 3 130 842182 648
4500
§ 21 0 222 12110
5000
2 08 0 314 87392

> 5000
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Figure Al, Smoothed Guestimates of-Quasi-Stationary Sea Surface Topography
in the Vicmity of the Gulif Stream-Epoch: — July 1975 — August 1976
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Figure 1. The Sargasso Sea Test Area
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Figure 2. Sets of Overlapping Passes of GEOS-3 Altimetry in the Western North Atlantic
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Figure 3. Sea Surface Models of Sargasso Sea —
October 1975 Differences [Tide Corrected Model — Uncorrected Modei]

33



282 2984
37 37
UNITED
STATES
35 — 35
H
30 —30
22
2
< ) —2000
25 24 75 N2 N6 X N 20 .
282 . 290 294
@ CYCLONIC EDDY  — — AVERAGE LOCATION OF GULF STREAM
DEPTH CONTOUR (m} f6 DATE OF GROUNDTRACK ACQUISITION

VARIATIONS — SARGASSO SEA —JULY 1975
DATUM — AVERAGE SEA SURFACE FOR JULY 1975 — AUGUST 1976
WAVELENGTHS >200 Km CONTOUR INTERVAL 50 cm

Figure 4. Regional Model of Dynamic Sea Surface Topography Variations —
Sargasso Sea — July 1975
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Figure 5. Regional Model of Dynamic Sea Surface Topography Varnations —
Sargasso Sea — August 1975
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Figure 6. Regional Model of Dynamic Sea Surface Topography Variations —
Sargasso Sea — September 1975
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Figure 7. Regronal Model of Dynamic Sea Surface Topography Variations —
Sargasso Sea — October 1975

37



282 285 290 294
37 p 37

TILFR
JEEo ﬁ /‘Q,(ﬁ o
N é & /' %
0/

30

06 7
! j \ t /

P 7 y
50 500 000 ' P

AT N &

-~
2 0
5. 2 3 9 X
5L W2 4 18 2000 144 o5
282 285 290 294
@ CYCLONIC EDDY === AVERAGE LOCATION 76 DATE OF GROUNDTRACK

T OF GULF STREAM ACQUISITION
DEPTH CONTOUR (m)

SURFACE TEMP. HIGH
@ SURFACE TEMP. LOW

DATUM — AVERAGE SEA SURFACE FOR JULY 1875 — AUGUST 1976
CONTOUR INTERVAL 50 cm WAVELENGTHS 2200 km

Figure 8. Regronal Model of Dynamic Sea Surface Topography Variations —
Sargasso Sea — November 1975
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Figure 9. Regional Model of Dynamic Sea Surface Topography Variations
— Sargasso Sea — April 1976
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Figure 10. Regional Model of Dynamic Sea Surface Topography Variations —
Sargasso Sea — May 1976
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Figure 11. Regional Model of Dynamic Sea Surface Topography Variations —
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