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ABSTRACT

A three-dimensional, prognostic numerical model of the North Pacific Ocean, possessing an actual
coastal configuration and ten layers (but constant depth), has been developed in order to show the physical
nature of large-scale normal and abnormal characteristics of this ocean in response to various normal
and anomalous seasonal meteorological conditions. Based on the simulated energetics, emphasis is given
to the identification of the major physical processes and essential dynamic mechanisms responsible for
the generation, evolution and dissipation of large-scale anomalies in the North Pacific Ocean. The
model is based on time integrations of the finite-difference forms of the primitive equations. The oceanic
circulation is driven by atmospheric forcing, namely, the surface wind stresses and the differential heating
over the ocean. The flux form of numerical scheme for energy conservation and the rigid-lid approxima-
tion for filtering out the external inertia-gravity wave are used in the formulation.

The model was spun-up for more than 60 years with the annual mean atmospheric data as the forcing
boundary conditions. The long-term mean state in the model reveals the large-scale features of the circu-
lation patterns and density distributions in the North Pacific Ocean. Three gyres, one large anticyclonic
in the subtropical region and two smaller ones in the subarctic and in the tropic regions, are well
developed. The total transport near the western boundary reached 56 x 106 m?®s~!, which agrees reasonably
well with the observed mean transport in the Kuroshio Current south of Japan. The equatorial currents,
the Oyashio Current, the North Pacific Current, the Alaska Current and the California Current
are simulated roughly in the model. There is upwelling along both the equator and the western boundary.
Temperature and salinity distributions, except in high latitudes, compare well with observational data.
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1. Introduction

In recent years, the substantial deviations of sea-
surface temperatures from their long-term means
(i.e., thermal anomalies in the ocean) have attracted
the attention of many oceanographers and meteorolo-
gists. These anomalous phenomena, together with
their temporal correlations and their spatial tele-
connections with oceanic and atmospheric changes,
have been extensively studied by Bjerknes (1962,
1966, 1969), by Namias (1959, 1965, 1970) and by
others (e.g., Petterssen et al., 1962; Rodewald,
1963). The general conclusions ascertain that the
thermal anomalies in the ocean are constantly modi-
fying the overlying atmospheric circulation, thereby
altering the wind systems and the weather patterns.
Observations indicate that climatic fluctuations in
the ocean and atmosphere occur in all parts of the
world at all times (Namias, 1965). In the Pacific
Ocean, field data from the North Pacific Experiment
(NORPAX) have shown that large temperature
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anomalies with intensities sometimes as high as 2—-
5°C frequently occupy one-third to one-half or more
of the North Pacific Ocean, and they usually persist
for long periods of time. In addition to possible feed-
back to the atmosphere, the anomalies cause abnor-
mal advection which, together with the atmospheric
variations, influence the general oceanic circulation
patterns (Namias, 1965; Arthur, 1966). For example,
in 1957-58 an anomalous sea surface temperature in
the Pacific was associated with the weakening of
the California Current and a swinging of the south-
ward flowing current offshore (Isaacs, 1968). This
resulted in a strong invasion of warm, subtropical
water into the west coast as far north as British
Columbia.

The atmosphere and ocean are closely coupled
and mutually interacting. In the large-scale air/sea
interactions the ocean primarily supplies heat to the
atmosphere while the atmosphere supplies momen-
tum and heat to the ocean. The heat released from
the ocean modifies the atmospheric circulation while
the momentum and heat exchange from the atmos-
phere to the ocean determine the flow pattern and
heat content in the ocean. The oceanic circulation,
then, redistributes the thermal energy, thereby






