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ABSTRACT

Synoptic maps of the mesoscale dynamic topography in a band between 7.5°N and 7.5°S in the Pacific Ocean
are drawn from Seasat altimeter data. They show a set of eddies 600 km in diameter and 15-20 c¢m in amplitude
moving westward with a velocity of about 40 km day™' along 4.5°N. Their occurrence is consistent with the
surface temperature front undulations observed by Legeckis. South of the equator the signal is less coherent,
but a significant degree of symmetry with the north is evidenced. The dynamics of the wave system might also
present some degree of nonlinearity, as some water seems to be carried along with the wave.

1. Introduction

Trapped long equatorial waves with periods of 20
to 80 days and with a westward phase velocity of 30
to 50 km day™* have been observed repeatedly from
satellite sea-surface temperature (SST) maps by Le-
geckis, in both the Atlantic and the Pacific oceans (Le-
geckis, 1977; Legeckis et al., 1983; also Weissberg et
al., 1979; Weissberg and Horigan, 1981). Theoretical
studies indicate that they could result from barotropic
instabilities in the strong shear region between the
South Equatorial Current (SEC) and the North Equa-
torial Counter Current (NECC), near 4°N latitude
(Philander, 1978; Cox, 1980).

Sea-level monitoring reveals that a clear dynamic
topography effect can be associated with these waves
(Wyrtki, 1978; Philander et al., 1985; Miller et al.,
1985). In particular, Miller et al. analyzed the data from
a meridional section of inverted echosounders between
the equator and 9°N along 110°W., They observed os-
cillations of amplitude 10 dyn cm with a predominantly
monthly period, correlated with the SST wave patterns.
They interpret their results as an oscillating pressure
field superimposed on the mean field associated with
the SEC/NECC topography ridge. This is also consis-
tent with the trajectories of surface drifters which ev-
idenced the presence of anticyclonic eddies just north
of the cusped waves of the thermal front (Hansen and
Paul, 1984). This is schematized in Fig. 1.

The present work analyzes the mesoscale dynamic
topography in the equatorial Pacific Ocean, as inferred
from Seasat altimeter data. The global Seasat mesoscale
variability maps (Cheney et al., 1983) reveal a belt of
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stronger signal around 4°N. It is thus tempting to ex-
amine whether this signal is contributed by the long
equatorial waves. The unique coverage of the satellite
tracks will allow a quasi-synoptic description of the

“equatorial band. In addition, we expect to gain un-

precedented information about the areas south of the
equator and west of 160°N, where few classical data
are available,

2. Data analysis

If one assumes that eddies are moving westward with
a 40 km day™' phase velocity and that they are sepa-
rated by about 1000 km, any track of the Seasat repeat
orbit should have sampled the passage of about one
full eddy during its 24 day lifetime. As a consequence,
along any given track the signal relative to the average
would vary between a maximum of the order of 5-10
cm when the eddy is centered on the track and a cor-
responding negative minimum between two eddies (see
the discussion by Colton and Chase, 1983). In addition,
since an ascending and a descending track are separated
by about 500 km near 5°N, any eddy should be sam-
pled by one or two tracks at any given time.

We considered the Seasat altimeter data over a band
of 24° latitude centered over the equator. They consist
of 33 repetitive tracks of eight passes, each from 15
September to 10 October 1978. Ionospheric, tropo-
spheric (using the FNOC water vapor contents, Tapley
et al., 1982) sea-state corrections (7% of significant wave
height) were applied. The tidal signal from Schwider-
ski’s model (1980) was removed. Spurious data were
scanned following a number of criteria described in
Périgaud et al. (1986). This eliminated about 3% of the
data points. Remaining aberrant data were further dis-
carded with a test limitating the maximum spatial dis-
continuity between four consecutive points to 60 cm.
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FIG. 1. Schematic representation of the wavelike sea-surface tem-
perature front in the eastern tropical Pacific Ocean. The anticyclonic
eddy patterns are inferred from buoy trajectories. After Legeckis et
al. (1983).
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This further eliminated 1.3% of the data. This created
a number of small gaps along the tracks: they were
filled in by projecting onto the tracks the average of
the previous and following passes along the same track.
For doing this interpolation, the orbit error was as-
sumed to be a second-degree polynomial. Finally, a
cosine lowpass filter with a cutoff wavelength of 150
km was applied to the data. Deviations from the av-
erage were then calculated along each track.

3. Results

As shown in Fig. 2, two 3-day coverages separated
by roughly half a period of the expected wavelike signal
exhibit opposite phases. This can be considered as an
indication that the results are physical. In agreement
with the results of Cheney et al. (1983), they reveal that
the topography signal is less visible south of the equator
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FIG. 2. Three-day projections of the Seasat dynamics topography relative to the 24-day average along the
satellite tracks for (a) the first and (b) the sixth coverage, separated in time by roughly a half-period (15

days).
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than north of it. Also, maxima of the order of 10 cm
are observed near 4.5°N, alternating with minima of
the same order. Finally, it was found that west of
160°W a significant signal also appears south of the
equator.

The authors are well aware that noise is introduced
in the signal at these latitudes, due to the very large
water vapor content of the troposphere. Indeed, inte-
grated water vapor contents of the order of 4.5 g cm™
were estimated in these areas by the Seasat radiometer
data (SMMR) algorithms (Chelton et al., 1981). This
introduces a correction to the altimetric signal equiv-
alent to 30 cm with a residual noise of about 3 cm rms
(Tapley et al., 1982). In an analysis of Seasat altimetry

data in the same area, Musman (1986) states that no

significant difference is introduced by the use of FNOC
rather than SMMR water vapor correction. L. Miller
{personal communication) found that the difference
between FNOC and SMMR corrections could be de-
scribed by structures similar to the ones we are ana-
lyzing, but with much smaller amplitudes.

An objective analysis scheme (OA; described in De
Mey, 1983; De Mey and Robinson, 1987; De Mey and
Meénard, 1987) is used to map the variable signal. The
OA was a space-time scheme, in that it made use of
future and past data to calculate an estimate at an in-
terpolation point. A phase speed was built in the OA
to propagate information along selected characteristics.
The maps are presented in Fig. 3. The center dates for
the interpolation are the center dates for each 3-day
coverage of the satellite on its repetitive orbit. A de-
correlation length of 500 km (a half-wavelength), a
temporal e-folding of 25 days along the characteristics,
and a westward phase velocity of 40 km day™! were
selected in the analysis.

North of the equator, these maps clearly evidence
the presence of alternate positive and negative signals.
The trough-to-crest amplitude of the signal ranges from
about 11 cm in the east to 15 cm in the west. The OA
expected error in amplitude is of the order of 15% of
the restored signal, assuming a 5 cm white noise in the
data. This noise level only corresponds to the instru-
ment noise. Additional noise is due to the various cor-
rections applied to the measurements. These residual
correction errors are dominated by the sea state bias,
which should not be a major difficulty in our area,
since the significant wave height is less than 2 m on
the average (Chelton et al., 1981). The residual error,
of the order of 0.6% of H,,3 (Douglas and Agreen, 1983)
is thus less than 2 cm. Also, this 5 cm error is consistent
with the variability signal south of the equator, which
includes the measurement noise and the correction re-
sidual errors.

The maps are consistent with previous knowledge
concerning the westward displacement of the features.
Since the restored velocity (40 km day™') is precisely
the same as was specified in the OA, this result might
be suspected to be a mere artifact of the analysis
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scheme. The sensitivity was tested for different OA pa-
rameter values (i.e., different decorrelation lengths, e-
folding times, and propagation velocities). In particular,
a version of the OA with zero built-in propagation was
run on the Seasat residuals. Although the shape of the
eddies was different, their propagation was restored.
The shape of the eddies is more poorly defined in the
OA with zero propagation, west of the 165°W. This
could indicate that the nonzero built-in propagation
in Fig. 3 artificially carries the features beyond the sea-
mount range near 165°W.

South of the equator, the signal is much less intense
and rarely exceeds 5 cm. This is probably within the
altimeter noise, except for the strongest features, which
appear generally aligned with their counterpart north
of the equator. West of 165°W, the wave pattern is no
longer visible, and the field exhibits turbulentlike char-
acteristics. It is believed that bottom topography effects
here play an important role in geographically separating
both regimes.

Figure 4 presents maps of “absolute” dynamic to-
pography north of the equator. With respect to Fig. 3,
a stationary ridge model topography has been added.
It models the ridge in the surface dynamic height field
between the South Equatorial Current (SEC) and North
Equatorial Counter Current (NECC). This model is
similar to the kinematic model proposed by Miller et
al. (1985). It was adjusted so that the troughs in the
wave pattern be zeroed. Segments of the thermal front
as inferred by Legeckis (1982) are represented on the
maps. Their position correlates very well with the first
open streamline south of the features. This is in agree-
ment with Miller et al. (1985) and is another indication
that the oscillations of surface topography and the SST
waves have a link of causality between them or with a
third process.

4. Discussion

It is possible to derive a number of parameters con-
cerning the eddy field from the Seasat residuals. For
example, their typical “significant” diameter is of the
order of 600 km. This corresponds to the diameter of
excess topography above the SEC/NECC ridge. It is
much larger than the typical 140 km scale of eddies
near 10°N; this is not surprising, as the present eddies
are positioned close to the area of distinctive equatorial
dynamics (see Siedler, 1983).

Assuming that geostrophy is still valid on the north-
ern flank of the eddies, it can be estimated that the
typical instantaneous velocity of a water particle on
this flank is 0.7 m s™". This is close to the surface drifters
velocities (Hansen and Paul, 1984). It is also slightly
larger than the westward phase velocity of the eddies,
which might indicate that some degree of nonlinearity
is present in the wave system and that some water is
transported along.
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FIG. 4. As in Fig. 3 with the addition of a stationary ridge model topography. The dotted lines
are for segments of the thermal front observed from surface temperature data (Legeckis, 1982).

Contour interval: 5 cm.

Both sea surface temperature maps (Bernstein, 1984)
and sea-level measurements (Philander et al., 1985;
Miller et al., 1985) hint at the presence of a system of
waves with wavelengths increasing northward. Indeed,
some complexity seems to appear in the dynamic to-

pography. First, the signal is more intense in the west

than in the east. Second, there seems to be a super-
position of “fast” and “slow” features (Fig. 4), which
may interact with each other. Third, we have shown
that some nonlinearity might be present in the system.

Whether this corresponds to something real remains
to be ascertained. The space-time sampling of Seasat
on its repetitive orbit, and the accuracy of the data are
only marginally sufficient for drawing dynamical con-
clusions about these waves. Better performance can be
expected from future missions such as ERS-1 and TO-
PEX/POSEIDON. '
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