THE SIGNATURE OF ROSSBY WAVES IN THE ATSR DATASET
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ABSTRACT

The purpose of this paper is to examine the surface thermal signatures of extratropical baroclinic Rossby waves (a
special class of planetary waves) in the Along-Track Scanning Radiometer (ATSR) dataset. We show that longitude-
time plots of the global sea surface temperature (SST) record produced by ATSR between August 1991 and April 1996
contain clear evidence of wave propagation in all parts of the world oceans and at many latitudes. The propagation is
studied with the help of a 2D Radon transform method in order to analyse more objectively the wave speed and its
variation with location and time. The resultant spatial distribution of velocity estimates broadly matches the Rossby
wave speeds predicted by the most recent theory and those measured by TOPEX/Poseidon altimetry, but there are
some discrepancies, for instance at lower latitudes the waves in the SST field appear to propagate slower than in the
altimeter data. We describe in detail how the signals vary in both space and time in the data record. Wave signatures
are found to be strongest between 25° and 40° S, where the meridional temperature gradient is strongest. Here the
observed speeds are 20-30% greater than theoretical predictions. Planetary wave speed is also found to vary
considerably with longitude. In general there is an increase towards the west of ocean basins, consistent with the
theoretical findings. Another feature of particular interest is the presence of eastward propagating signatures in the
Southern Ocean. We conclude that the ATSR data are a valuable source of information for studying basin scale wave
processes. By observing the thermal signature of Rossby waves the method has the potential to clarify their influence
on air-sea interaction processes, and contribute to climate modelling studies.

INTRODUCTION

Rossby waves have considerable importance in ocean dynamics as one of the means oceans adjust to the disturbance of
isopycnal surfaces. They are originated when a parcel of water is displaced poleward, the restoring force being the
conservation of its potential vorticity, they have long wavelengths (hundreds of km) and travel across the oceans from
east to west. Their speed is governed by the Coriolis parameter, being maximum at the equator and decreasing
polewards. Rossby waves provide a mechanism for transferring information about disturbances across the oceans,
typically over a long time scale of the order of several years.

It has been suggested recently that 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 [1] and [2]. Rossby waves may also contribute to the influence of El Nifio on
global weather and climate. It has been suggested [3] that wave-like signals in model and altimeter data appear to have
influenced the re-routing of the Kuroshio extension 10 years after the 1982-83 El Nifio, thus impacting climate
anomalies over a wide region of the Western Pacific. They concluded that the ocean, as well as the atmosphere, has a
role in widely broadcasting the climatic influence of what is initially a regionally localised phenomenon. References
[4] and [5] further demonstrated the possibility of coupling between oceanic Rossby waves and the overlying
atmosphere. They concluded that it is the sea surface temperature (SST) signal associated with Rossby waves rather
than the sea surface height (SSH) anomaly which mediates this relationship.
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Fig. 1 - Longitude/time plots of ATSR-GOSTA SST anomalies at different latitudes.
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Fig. 2 Speeds of the strongest signals from the Radon transform analysis of ATSR-GOSTA SST anomalies.

This analysis is completely unsupervised, and some of the results in figure 2 can be spurious results due to noise,
especially the negative values at high latitudes in the N hemisphere. A few negative values in the tropical bands might
be due to aliasing of waves travelling too fast to be properly resolved by a monthly dataset. However, figure 2 clearly
shows that in the vast majority of the ocean, and especially in the latitude band 15°-35°, the strongest propagating
signals in the ATSR datasets are westward, and their speeds increase equatorward as expected for Rossby waves.

DISCUSSION OF THE RESULTS

Detectability of westward-propagating signals

On looking at the images in detail, although the propagation signatures are almost ubiquitous, there are significant
variations in their clarity. They are found to be clearest between 25 and 40°S, in a region of strong meridional
temperature gradient. The underlying mechanisms that cause this are further discussed in [6]. Due to the coarse
temporal resolution of this dataset, there are limitations as to the speed of waves readily detected. This means that at
less than 5° north and south of the equator, planetary waves are travelling too fast to be detected by dataset, and at less
than 15°, their signature is patchy or weaker than eastward propagating phenomena, or can be aliased into different (and
even eastward) speeds.

Variations with latitude

A comparison of figure 2 with the speeds predicted by a recent revised theory of Rossby wave propagation [13] shows
a broad agreement (see [6] for more details). The observational data show the same general trends, but find



significantly lower speeds than the theory at low latitudes. This is likely to be due to the coarse temporal resolution of
the dataset, which means that the lowest order (fastest) baroclinic Rossby waves are not detectable, and a higher order
(or some aliased signal) is being measured. Conversely, in a mid-latitude band in the southern hemisphere (25°S to
40°S) the observed speeds are 20-30% greater than theoretical predictions.

Variations with Longitude

Zonal variations in the properties of the signal are also visible. Firstly, in a number of regions, more than one speed
can be found with the Radon Transform analysis. This is likely to reflect a number of different modes of Rossby
waves propagating at different speeds, in accordance to that observed by [14] in the Northeast Atlantic. Secondly,
speed of propagation tends to increase westwards across ocean basins. This is consistent with linear theory. In
addition, an accurate examination of the plots at some latitudes (not shown here) reveals that a number of mid-ocean
boundaries have some kind of effect on the wave amplitude and/or speed. The effects of bottom topography on the
propagation of the waves are discussed in [15].

The results in the Southern Ocean are also very interesting. In a number of regions eastward propagating Rossby waves
were evident (see for instance 49°S in fig 1), and in some areas, vertical features or “standing waves” are evident (also
manifest at 49°S around 30°E). One possibility is that these features could be attributed to interaction of the waves at
depth with the Antarctic Circumpolar Current [16].

Variations with Time

Initial analysis of the data shows evidence of temporal variations in some regions. On a number of plots, a strong
residual seasonal signal is evident (for instance, in the eastern sector of the Pacific at 31°S in fig 1). However these
tend merely to disrupt the westward signal rather than affect its propagation. In addition, certain images appear to
exhibit annual changes in speed. The most likely explanation is that different wave modes are apparent in different
years, perhaps because the forcing is somewhat different. The thermal anomalies propagating at different speeds could
nonetheless have an important role in air-sea interaction feedback. A longer dataset, however, needs to be analysed to
determine any possible periodicity or pattern to these variations.

CONCLUSIONS

This paper highlights the usefulness of the ATSR ASST data in studying the thermal signatures of planetary wave
propagation. The wave speed derived from the analysis, although it followed the broad scale pattern of theoretical
speeds, was consistently slower at low latitudes, where the higher order, slower modes of Rossby waves seem to be
favoured. This may be attributed to the coarse monthly sampling, which is unlikely to be able to distinguish the
fastest baroclinic mode of the waves. A number of features in the data suggested interannual variability in propagation
speeds. However the dataset length was too short to distinguish any significant periodicity or pattern. Extended
analysis (including the ATSR-2 data) and a feature-to-feature comparison with the signature of Rossby waves in
altimetry (and with the recent observations in global ocean colour data reported by [12]) are now required to shed more
light on the interactions between the different propagating modes. (see also [17] in this same volume).
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