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ABSTRACT

The North Pacific Intermediate Water, characterized by a salinity minimum confined to density surfaces of
gy = 26.7-26.9, exists throughout the subtropical gyre and has been observed to originate in the subarctic North
Pacific. The physical processes that determine the density range on which the NPIW resides are not yet well
understood. This study attempis to clarify these processes by combining observational data and a simple advection—
diffusion isopycnal model. Due to the regional excessive precipitation over evaporation, the salinity in the upper-
layer subarctic North Pacific generally decreases with decreasing water depth. Both alongisopycnal advection
and diffusion work to carry this salinity/depth characteristic into the subtropical circulation. For the isopycnal
surfaces overlying the NPIW, however, this transport mechanism is hindered by the seasonal outcropping. The
outcropping not only blocks the fresh subarctic water from advecting and diffusing along these isopycnals into
the subtropical gyre, but also results in shoaling of the isopycnals in the Kuroshio-Oyashio mixed water region,
where the turbulent mixing in the deep winter mixed layer is able to conduit the surface salt flux into these
outcropping isopycnal surfaces. This seasonal forcing creates a high-salinity overlying layer, leaving o, = 26.7-
26.9 the lightest density surfaces that are free to transport the uppermost (i.e., the freshest) subarctic water into
the subtropical North Pacific. This model result is consistent with high-resolution CTD observations that showed
that o, = 26.7-26.9 are the least dense isopycnal surfaces on which the alongisopycnal potential vorticity is
homogenized, The NPIW surfaces contrast with the shallower isopycnal surfaces where strong potential vorticity

VOLUME 25

gradients exist.

1. Introduction

A prominent feature of the subtropical North Pacific
Ocean that differs from its counterpart in the North
Atlantic Ocean is the presence of a relatively low sa-
linity tongue of water intruding from the northern sub-
arctic region. This salinity minimum water, dubbed by
Sverdrup et al. (1942) as the North Pacific Intermediate
Water (NPIW), is found in almost the entire subtrop-
ical gyre, and many previous studies have shown that
its existence is confined within a relatively narrow den-
sity range centered at o, = 26.8 (e.g., Reid 1965; Ha-
sunuma 1978; Talley 1993). The formation of the
NPIW is different from that of the shallow salinity
minimum, whose existence in the eastern North Pacific
has been successfully explained by Talley (1985) using
the wind-driven ventilated thermocline theory (Luyten
et al. 1983). Because the 26.8 ¢, surface does not out-
crop in the North Pacific Ocean (with the exception
of the Okhotsk Sea: Talley 1991 ) and because the wind
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stress curl over the subarctic North Pacific is mostly
positive (e.g., Hellerman and Rosenstein 1983),
mechanisms other than the direct, wind-driven venti-
lation are required to account for the formation of the
NPIW,

To explain the formation of the NPIW, Reid (1965)
hypothesized that the vertical mixing in the subarctic
gyre transfers fresh, cold, and oxygen-rich surface water
through isopycnals and that the lateral mixing and ad-
vection are responsible for the spreading of the NPIW
in the subtropics. Based on the distribution of water
characteristics in the Oyashio~-Kuroshio mixed water
region (west of 155°E and north of 30°N), Hasunuma
(1978) speculated that the NPIW is not a distinct water
mass but a result of the warm, saline Kuroshio water
overrunning the less saline Oyashio water.

As suggested by Reid (1965), understanding the
NPIW involves two fundamental questions. The first
question is what physical processes are responsible for
conduiting the fresh, subarctic surface water downward
to the NPIW density levels. The only source of fresh-
water in the North Pacific exists in the surface subarctic
region due to the regional excessive precipitation over
evaporation. Rather than a sharp halocline forming
near the sea surface, however, the observed salinity
profiles in the subarctic North Pacific indicate that the
salinity gradually increases with depth. The details of






