JOURNAL OF GEOPHYSICAL RESEARCH, VOL. 105, NO. C9, PAGES 21,927-21,945, SEPTEMBER 15, 2000

Propagation characteristics of extratropical planetary waves
observed in the ATSR global sea surface temperature record
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Abstract. This paper examines the characteristics of planetary wave signatures that have been
found in the Along Track Scanning Radiometer averaged sea surface temperature (ASST) record for
1991-1996. Longitude-time plots for every latitude between 5° and 50°, north and south, reveal
westward propagating wave-like patterns at many locations, whose speed decreases with latitude
like baroclinic Rossby waves. A two-dimensional Radon transform method is used to measure the
wave speed and its variation with location and time, which broadly matches the Rossby wave
speeds predicted by the most recent theory and those measured by TOPEX altimetry, although
there are some discrepancies. At low latitudes the thermally detected speeds are slower than
expected, a possible consequence of sampling limitations. Wave signatures are clearest between
25° and 40°S, where the meridional temperature gradient is strongest. Here observed speeds are
20-30% greater than theoretical predictions. Planetary wave speed varies considerably with
longitude. In general, it increases toward the west of ocean basins, and distinct differences between
ocean basins are evident. The propagation characteristics of the waves appear to change abruptly
at locations consistent with latitudinal variations in seafloor bathymetry, particularly midocean
ridges. In addition, eastward propagating signatures are found in the Southern Ocean. The results
demonstrate the value of the ASST data set as a tool for studying basin-scale wave processes as a
complement to the use of altimetry. By observing the thermal signature of Rossby waves the
method has the potential to clarify their influence on air-sea interaction processes and to contribute

to climate modeling studies.

1. Introduction

This paper examines the sea surface thermal signatures of
planetary waves in the ocean and measures their propagation
speed. It is particularly concerned with detecting slowly
moving thermal anomalies that have the propagation
characteristics of baroclinic Rossby waves. We will
demonstrate that the global sea surface temperature (SST)
record produced by the Along Track Scanning Radiometer
(ATSR) flown on the ERS-1 satellite between 1991 and 1996
contains much evidence of such features in many parts of the
world ocean and at many latitudes. Potentially, this is a source
of valuable information about the speeds of Rossby waves and
their variation with latitude. The satellite SST record also
presents an opportunity to determine how the wave speed may
vary with longitude within a particular ocean and whether it
can also change over time. To extract such information
requires the application of selective analytical tools, and the
analysis presented in this paper focuses on the observation of
slowly moving waves in extra-equatorial regions rather than
the faster waves found at and near the equator.
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Planetary waves are propagating perturbations in the
layered structure of the ocean as the structure adjusts to the
disturbance of isopycnal surfaces. Rossby wave dynamics are
governed by a restoring mechanism based on the meridional
gradient of planetary vorticity. A fluid parcel displaced north
or south must adjust its relative vorticity or layer thickness in
order to conserve potential vorticity, and in the case of
Rossby waves this results in a flow field that tends to restore
the fluid to its start latitude. Rossby wave theory [LeBlond
and Mysak, 1978; Gill, 1982] demonstrates that this can only
occur for waves that travel westward relative to the mean ocean
current. Their speed, typically a few cm s1, depends on f, the
latitudinal variation of the Coriolis parameter. Rossby waves
are important because they provide a mechanism for
transferring information about disturbances across the oceans,
typically over a long timescale of order several years.
Consequently, a disturbance of the main pycnocline on the
eastern side of an ocean, caused, for example, by anomalous
winds, may result in the evolution of an eddy or other
dynamical feature on the western side of the ocean some years
later.

Rossby waves could complete an air-sea interaction
feedback loop that gives their propagation characteristics a
wider interest to ocean and atmosphere dynamicists and
climate scientists. Such feedback could influence the timing
and periodicity of quasi-oscillatory features such as the El
Nifio-Southern Oscillation (ENSO) phenomenon, as suggested
by Graham and White [1988, 1990]. Although Kessler [1991]
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importance of gaining a better knowledge of Rossby wave
propagation characteristics in the ocean. Whereas most of the
modeling studies of large-scale oscillations between ocean and
atmosphere rely on theoretical models of Rossby wave
propagation, comparison between theory and observations
still shows discrepancies, as reviewed in section 2. In
circumstances where the propagation time of an anomaly
across the ocean is crucial for determining whether or not an
oscillation grows, a knowledge of the actual rather than the
theoretical speed is necessary. Thus for the modeling and
forecasting of climate variations such as ENSO, having a more
complete definition of how Rossby wave speeds vary across
the ocean, in both space and time, would be valuable. While
the SSH record from satellite altimeters is beginning to
provide this, there is a benefit in having an independent
alternative approach for detecting Rossby waves, which can
be found in the SST record and which may even yield additional
information. This forms the subject of this paper. We have
discovered that the averaged sea surface temperature (ASST)
product of the ATSR provides a readily detectable signature of
Rossby wave-like propagation, from which determining the
phase speed and its spatial variability, across all the world
oceans between the tropics and midlatitudes, is possible.
Whilst conceding that the thermal signature of Rossby waves
is not such a direct representation of their dynamical
characteristics as is the SSH signal, the thermal signature is
influential for the processes of ocean-atmosphere interaction.
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waves. The waves are nondispersive and travel westward at a

speed fixed by the environment and independent of the
wavenumber or orientation of the waves. The combination of
B varying with latitude and g; varying with both latitude and
longitude imparts a strong meridional and weaker zonal
variability to the phase speed of the Rossby waves.

While the basic theory has been well established for many
years, it has required testing by observations to establish
whether (1) the approximations made in the theory are
justified or result in significant discrepancies from reality and
(2) the Rossby waves propagate freely or are coupled to the
atmospheric forcing. Apart from a few localized observations,
the original theoretical development was far in advance of the
ability to test it on a global scale. Much of the observational
evidence for Rossby wave propagation came from the eastern
Pacific, where regular transects between Hawaii and California
provided the necessary hydrographic data [e.g., Emery and
Magaard, 1976; White, 1977, Meyers, 1979; Kang and
Magaard, 1980; White and Saur, 1981, 1983; Kessler, 1990].
In the past decade the availability of SSH measurements from
satellite altimeters made a useful new contribution. White et
al. [1990a] found annual Rossby wave characteristics in a year
of Geosat data in the region of the California Current. White
et al. [1990b] and White and Tai [1992] went on to study the
interaction of annual and interannual Rossby waves at the
western  boundary, noting their importance in mass
redistribution in the tropical Pacific through the reflection of



