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ABSTRACT

The subduction rate is calculated for the North Pacific based on Levitus climatology data and Hellerman
and Rosenstein wind stress data. Because the period of effective subduction is rather short, subduction rates
calculated in Eulerian and Lagrangian coordinates are very close. The subduction rate defined in the Lagrangian
sense consists of two parts. The first part is due to the vertical pumping along the one-year trajectory, and the
second part is due to the difference in the winter mixed layer depth over the one-year trajectory. Since the
mixed layer is relatively shallow in the North Pacific, the vertical pumping term is very close to the Ekman
pumping, while the sloping mixed layer base enhances subduction, especially near the Kuroshio Extension. For
most of the subtropical North Pacific, the subduction rate is no more than 75 m yr™', slightly larger than the
Ekman pumping. The water mass volume and total amount of ventilation integrated for each interval of 0.2¢
unit is computed. The corresponding renewal time for each water mass is obtained. The inferred renewal time
is 5-6 years for the shallow water masses (o = 23.0-25.0), and about 10 years for the subtropical mode water
(o = 25.2-25.4).

Within the subtropical gyre the total amount of Ekman pumping is 28.8 Sv (Sv = 10 m® s ') and the total
subduction rate is 33.1 Sv, which is slightly larger than the Ekman pumping rate. To this 33.1 Sv, the vertical
pumping contributes 24.1 Sv and the lateral induction 9 Sv. The maximum barotropic mass flux of the subtropical
gyre is about 46 Sv (east of 135°E). This mass flux is partitioned as follows. The total horizontal mass flux in
the ventilated thermocline, the seasonal thermocline, and the Ekman layer is about 30 Sv, and the remaining
16 Sv is in the unventilated thermocline. Thus, about one-third of the mass flux in the wind-driven gyre is
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sheltered from direct air-sea interaction.

1. Introduction

Motion in the upper one kilometer of the ocean is
primarily wind driven. The horizontal and vertical
motion in this layer control the interaction between
the atmosphere and the oceans. Thus, the structure of
the wind-driven circulation is of vital importance for
our understanding of oceanic general circulation and
climate. In the early stages of developing the wind-
driven circulation theory, our understanding was pri-
marily two-dimensional in nature. For example, the
most frequently cited indices for the wind-driven cir-
culation are the total amount of Ekman flux across a
latitude circle, the total amount of Ekman pumping,
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and the maximum barotropic mass fluxes of the sub-
tropical /subpolar gyres. Although these indices give
useful information about the wind-driven circulation,
they convey little about atmosphere-ocean interaction.
For example, these indices do not show how deep the
wind-driven circulation can penetrate nor how fast the
climate anomalies at the sea surface can propagate into
subsurface layers. To answer these questions, one needs
to unravel the vertical structure of the wind-driven cir-
culation.

Before the 1980s, theories about the vertical structure
of the wind-driven circulation were mostly similarity
solutions. These theories treat the entire water column
of the wind-driven circulation indiscriminately. In the
1980s, theories about the baroclinic structure of the
wind-driven gyre advanced rapidly. The major differ-
ence from the old theories is the recognition of different
dynamic zones in the wind-driven circulation. Ac-
cording to the new theories, the thermocline can be
separated into the ventilated and unventilated regions.
The upper part of the thermocline is directly exposed
to the air-sea interaction through mass exchange with






