Altimetric Observations of Rossby Wave Variability near Topography
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Abstract. Precise satellite altimetry began with the GEOSAT mission and has reached maturity with the
TOPEX/POSEIDON mission. The sca surface height measurements from these instruments are capable of
obtaining near-synoptic temporal coverage with a spatial resolution of order 100-300 km and an accuracy of
order 4 cm. These sampling characteristics are sufticient to observe Rossby waves at periods longer than a few
tens of days and wavelengths longer than a few hundred kilometers. Examples of this type of application are

given and directions for future work are discussed.

Introduction

The focus of this paper is on propagating signals,
especially Rossby waves, that are associated with
topographic features. 1t is assumed that such propagating
signals can have length scales as short as a few hundred
kilometers and extend over thousands of kilometers.
Similarly, it is assumed that the time scales can be as
short as a few tens of days and that the signals can
remain coherent over a year or more. Studying such
signals from observations presents a formidable
challenge, which can probably be met only through the
use of remotely sensed variables.

The remote sensing variable of most interest to me is
the sea surface height measured by satellite-borne
altimeters. This interest stems from the fact that the sea
surface height observations, when coupled with the
hydrostatic approximation, give an estimation of the
surface pressure field of the ocean. Thus, the satellite
measurements yield observations of a dynamical variable
that can be used more or less directly to diagnose the
dynamics of the observed signals. This is in contrast to
measurements of sea surface temperature, for example,
which can change in response to thermodynamic forcing.

Three altimeters are relevant for the types of studies to
be discussed in this paper. GEOSAT, which was flown by
the U.S. Navy for geodcetic reasons, returned 2 years of
repeat cycle data that are particularly appropriate for
oceanographic investigations. TOPEX/POSEIDON (T/P)
was launched in 1992 as a joint project of the U.S. and
France and is unique in that it was designed specifically
for the purpose of obtaining high quality measurements
of oceanographic variability. ERS-1, launched by the
European Space Agency, also carries an altimeter, but
these data are not discussed in this paper because at
present the failure of the primary tracking system has
prevented the determination of precise orbits, which are
essential. An overview of results from GEOSAT can be
obtained from JGR-Oceans special issues published in
March and October of 1990. Also, Mitchum and
Kilonsky (1995) have given a review of results from
GEOSAT that focuses on the tropical portions of the

oceans. T/P results also appear in a special issue of JGR-
Oceans published in December 1994.

Mitchum (1994) described an extensive inter-
comparison of T/P sea surface heights (SSH) and in situ
sea level observations from tide gauges. The basic result
(Figure 1) is that for time scales longer than 10 days the
two datasets agree to about 4 ¢m rms and have a
correlation of 0.66. The rms differences can be
significantly reduced, and the correlations increased, by
smoothing the data to monthly means. In that paper a
number of potential problems and biases were
investigated, and one of these is of particular interest in
the present context. Specifically, it was shown that for
several sea level stations it was necessary to allow for
signals propagating at the local Rossby wave speed (Gill,
1982) in order to obtain reasonable intercomparisons.
This correction was necessary because the T/P ground
track and the tide gauge location do not exactly coincide.
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Figure 1. TOPEX sea surface height versus sea level data from
tide gauges. Smoothing over 10-day intervals is performed
before the data pairs are drawn. The scatter estimate is a robust
estimate of the rms difference between the data pairs.
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The station at Rarotonga in the South Pacific is a good
example (Figure 2). In this case simply ignoring the
zonal separation between the ground track and the tide
gauge results in a correlation coefficient of -0.06. If,
however, the time series arc shifted by an amount
corresponding to westward propagation at the Rossby
wave speed, which was computed a priori rather than fit,
the correlation increases to 0.62. Note also that the
variance of the differences between the two time series
has decreased by 55% as well. Looking at the series in
more detail, it is clear that most of this improvement is
due to a better match during the event that peaked around
day 410, which had a duration of 100 days or so. It is
difficult to say without more analysis, though, whether
this signal is associated with a Rossby wave, an eddy, or
something else.
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Figure 2. An example of a TOPEX to tide gauge comparison
that is improved by allowing for Rossby wave propagation. The
solid curve is sea level at Rarotonga and is the same in the
upper and lower panels. The circles are the sea surface height
values from TOPEX. In the upper panel the values are plotted
at the time of observation, while in the lower panel the times
are offset by an amount equal to the lag derived from the
Rossby wave speed (computed to be 5.9 cm/s to the west) and
the distance from the sea level station to the altimeter's ground
track.

This paper describes two clear examples of Rossby
wave signals observed from altimetric SSH and discusses
some future directions for study. The first example is
from an analysis of a Rossby wave signal observed at
Wake Island in the western Pacific. This study used data
from the GEOSAT mission and is described in more
detail by Mitchum (1995a). The second example is from
the T/P data and discusses a propagating signal found
north of the Hawaiian Islands (see also Mitchum, 1995b).

Wake Island 90-day waves

‘Wake Island is located in western Pacific near 19°N
and 166°E. Sea level from the tide gauge there shows an
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intermittent, but relatively large amplitude, oscillation at
a period near 90 days (Figure 3). The data on this figure
have been high-pass filtered, and the shaded regions
mark time periods where the amplitude of the 90-day
signal, as estimated by a complex demodulation, exceeds
8 cm. The years in this figure are aligned such that the
leftmost 2 years on each line are ENSO events. It is
apparent that the occurrence of the 90-day signals is
modulated by ENSO, but the lag of 1-2 years is difficult
to explain. In fact, these signals have been noted earlier
(K. Wyrtki, personal communication), but the unusual
phasing and the lack of other sea level records in the area
made it impossible to diagnose the nature of these
oscillations.
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Figure 3. Daily sea level values from Wake Island after high-
passing with a convolution-type filter having half-amplitude
response at 200 d. Each line of the plot corresponds to the time
series from the onset of an ENSO event to the beginning of the
next event. Vertical lines are placed at 1 Jan of each year. Sea
level units are cm. The shaded areas mark time periods where a
complex demodulation analysis indicates that the amplitude of
the 90-day oscillation is greater than 8 cm.

The timing of the GEOSAT mission, which produced
good repeat cycle data from November 1986 to October
1988, was suitable for an analysis of the 90-day event
observed at Wake Island in 1988. As discussed earlier for
Rarotonga, it was apparent from simple correlation
analyses that the signals were propagating westward at
the local Rossby wave speed, and an analysis technique
was devised to fit a zonal propagation speed to the
GEOSAT space-time series. Briefly (see Mitchum,
1995a, for details), the calculation takes time series along
a particular latitude and in an 8° longitude range and
stacks them using phase lags computed from the
longitude and an assumed propagation speed. The
stacked series are then averaged, resulting in a single
time series that emphasizes the propagating signals.
Finally, the appropriate propagation speed is selected by
requiring that the variance of this time series, as
compared to a time series averaged without any lags, is







