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Rossby wave analysis of the baroclinic potential energy
in the upper 500 meters of the North Pacific

by James M. Price! and Lorenz Magaard!

ABSTRACT

Time series of baroclinic potential energy in the upper 500 meters of the North Pacific (20-
SON, 145E-130W) prepared by White (1977a) are analyzed by spectral and cross-spectral meth-
ods in the period range from 2 to 10 years.

Maximum energy occurs in the 7 to 10 year range over the entire data field. In the 20-30N
zone we find first order baroclinic Rossby waves with wave lengths of about 1000 to 3000 km
to be the dominating phenomenon in the 7 to 10 year range. In this zone they occur also in
the 2 to 7 year range but to a much lesser extent. North of 30N, however, baroclinic Rossby
waves play no role in the entire 2 to 10 year range.

In parts of the eastern half of the 20-30N zone the Rossby waves show a consistent refrac-
tion pattern hinting at possible coastal generation of these waves.

1. Introduction

Emery and Magaard (1976), henceforth referred to as EM, showed that a ran-
dom field of first mode baroclinic Rossby waves could account for 60 to 80 percent
of the variance of the observed subsurface temperature structure between Hawaii
and weather station November (30N, 140W). This was done with a cross-spectral
fit of a wave model to the observed temperature fluctuations. In a follow-up study
Magaard and Price (1977), henceforth referred to as MP, generalized EM’s wave
model to incorporate all possible wave number vectors, not just those conforming
to the baroclinic Rossby wave dispersion relation at a given frequency. They found
that in all cases the best fit was obtained at frequency-wave number combinations
conforming to Rossby waves.

Motivated by these results, we obtained the data set used by White (1977a) in his
study of the variability of the baroclinic structure of the interior of the North Pacific.
This data set encompasses a much greater area than that studied by EM, thereby
offering the opportunity to study the occurrence and possible refraction of Rossby
waves in an extended area, as well as possible effects of current shear and bottom
topography on such a wave field.
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Figure 1. Area of data coverage. Four subareas are indicated.

2. The data

The data set used in this study is based upon the National Oceanographic Data
Center’s hydrographic file for the North Pacific. Observations over the region 20-
SON, 145E-130W (Fig. 1) during the years 1950-1970 and extending below 500
meters depth were compiled and processed by White (1977a) into the residual baro-
clinic potential energy time series, RBPE, used herein. The RBPE values exist on a
5-degree latitude by 5-degree longitude by one-year grid.

Two possible problems should now be considered. First, the RBPE is a vertically
integrated quantity, thus a study of the vertical mode structure is not possible. Based
upon the findings of EM, we restrict this study to a hypothetical first mode wave.
In addition, the vertical integration contaminates the data with other processes mani-
fest in the surface layer, however, a substantial portion of the RBPE fluctuations
may still be accountable by Rossby waves.

Second, at many locations in the data field there are fewer than five years cover-
age of hydrocast data, and for many years between 1950 and 1970 fewer than 50
percent of the 5-degree subdivisions contained hydrocast data, White (1977a). Thus,
even with the optimum interpolation, some doubt may be raised about the suitability
of this data set for such a wave study. However, Rossby waves with periods of years
and wave lengths of thousands of kilometers may be manifest in this data set despite
the gaps.

We divide the data field into four smaller subareas (Fig. 1). The criteria employed
in choosing the boundaries were topography and the North Pacific Current. West of
180 the bottom topography is considerably rougher than east of 180, and 30N may
be taken as the southernmost extent of the North Pacific Current. Thus, these four
subareas are physically different regimes, and it is interesting to view the findings of
this study with that in mind.

3. Features of the energy spectra

As a preliminary survey of this data set, we examine the energy spectra of the
RBPE time sequences at each grid point. A spectral peak at the 10-year period,
significant at the 80% confidence level, was frequently found, followed by a roughly













































