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Secular variability in the large-scale baroclinic transport
of the North Pacific from 1950—1970

by Warren B. White!

ABSTRACT

A time sequence of meridional baroclinic transport (0/1000 db) across the Subtropical gyre of the
North Pacific is constructed, based upon available hydrographic data collected from 1950-1970.
This time sequence displays significant variability, with a maximum possible range +25% about the
long-term mean and a principal time scale of approximately six years. A comparison of this time
sequence with that of the Kuroshio (Nitani, 1972) shows good correlation in both amplitude and
phase. These time sequences show that from 1955-58 and from 1963-68, the baroclinic transport
of the Subtropical gyre was larger than normal, being smaller from 1959-1962. Upon mapping the
transport function over the entire North Pacific for these three time periods, the morphology in the
western part of the Subtropical gyre changed significantly, tending to contract during years of large
transport, and to expand in years of weak transport. In the eastern part of the subtropical gyre little
change in morphology occurred between these time periods.

The principal time scale of variability, being approximately six years, is on the same scale as that
for significant baroclinic response of a two-layer ocean to transient winds (Veronis and Stommel,
1956). Therefore, the time sequence is compared with a similar one of the theoretical geostrophic
transport taken from the routine computations of Fofonoff (1963) and Wickett (1971), both
based upon Sverdrup’s (1947) theory. Between the observed and theoretical time sequences no cor-
relation exists, the theoretical time sequence being essentially uniform at the six year time scale.
Possible reasons for this disagreement are discussed.

In computing the observed baroclinic transport time sequence, the local baroclinic eddy field
presented a serious space/time aliasing problem. Based on the recent work of Bernstein and White
(1974) on the statistics of this eddy field, an appropriate low pass filter could be designed that
effectively reduced this source of contamination, allowing the longer period fluctuations to be seen.

1. Introduction

In recent years, the study of how the ocean and atmosphere interact to produce
large-scale changes in climate has become more popular (Namias, 1968). Recent work
of Vondar Harr and Oort (1973) suggests that the role of poleward transport of heat
by the ocean is an important element in this. This is manifested in the observation
that the western North Pacific north of 30N is a region of annual surface heat loss
(Wyrtki, 1965), most of this occurring in the autumn and winter months. To replace
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