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ABSTRACT

Ventilation in the North Atlantic and North Pacific is examined by analyzing the Levitus climatological data
and the Hellerman and Rosenstein wind stress data. Ventilation between the permanent pycnocline and the
overlying seasonal pycnocline and mixed layer consists of two physical processes: subduction and obduction.
Subduction takes place mainly in the subtropical basin where surface water is irreversibly transferred into the
permanent pycnocline below. Obduction takes place in the subpolar basin where water from the permanent
pycnocline is irreversibly transferred into the mixed layer above.

Veatilation in the North Atlantic and North Pacific can be classified into four physically different regions: the
subductive region, the obductive region, the ambiductive region where both subduction and obduction take
place, and the insulated region where neither subduction nor obduction occurs. Although the total subduction
rates in these two oceans are comparable, the total obduction rates are considerably different. In the North
Atlantic, obduction is strong (23.5 Sv), consistent with the notion of the fast thermohaline circulation and the
relatively short renewal time of the subpolar water masses in the Atlantic basin. Obduction is weak in the North

Pacific (7.8 Sv); this is consistent with the sluggish thermohaline circulation and the slower renewal process of
the subpolar water masses there. Accordingly, the water mass renewal time based on the subduction/obduction
rate is calculated and compared with previous estimations.

1. Introduction

Motion in the upper ocean, which consists of the
mixed layer and the seasonal and permanent pycno-
clines, is dominated by wind forcing. Since the Ekman
flux divergence is the primary driving force, a key pa-
rameter commonly used in describing the upper-ocean
circulation has been the Ekman pumping rate. In order
to understand water mass formation and climate vari-
ability, however, it is important to know the water mass
exchange rate between the surface layer and the per-

- Inanent pycnocline below.

Iselin (1939) proposed the first conceptual model of
water mass formation. According to his model, Ekman
pumping in late winter forces water to cross the base
of the Ekman layer and to flow along isopycnals there-
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after. Since the physical processes involved in the sea-
sonal cycle are rather complicated, it was unclear why
the subsurface ocean selects only the late winter prop-
erties of the surface water. By analyzing hydrographic
data in the North Atlantic, Stommel (1979) studied the
physical processes involved in the selection. He
showed that if one is to examine the geostrophic region
below the seasonal pycnocline, the complicated sea-
sonal cycle can be avoided by simply taking a snapshot
of the mixed layer parameters, such as the mixed layer
depth and density, in late winter. So far, most of the
ideal-fluid pycnocline models and subduction rate di-
agnoses from climatological data are based upon this
hypothesis (aka the Stommel demon; see Williams et
al. 1994).

Woods (1985) emphasized the importance of the dy-
namic role of the mixed layer, especially the horizontal
gradient of the mixed layer depth and its seasonal cycle.
Figure 1 shows a modified version of his schematic
picture, illustrating the water mass movement. The up-
per ocean is divided vertically into four layers: the Ek-
man layer, the mixed layer, the seasonal pycnocline,
and the permanent pycnocline. For simplicity, density
is assumed vertically homogenized within the mixed
layer, and flows below the mixed layer are assumed






