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The impact of submesoscale eddies on the circulation of upper ocean was investigated by the high-resolution ocean general

circulation model with idealized configuration. The model was transported to and tuned for the Earth Simulator in FY 2015. We have

started the numerical experiment with horizontal resolution of 1 km. Active submesoscale eddies were appeared in addition to the

mesoscale eddies and useful for understanding the impact especially on the subduction of mode waters.
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1. Introduction

The ocean carries about one-third to one half of the total
meridional heat transport. Meridional heat transport in the ocean
is associated to the meridional overturning circulation (MOC).
MOC approximately consists of 3 layers depending on the
formation mechanism and the depth [1]. The upper most layer
(shallow overturning circulation) plays main role in meridional
heat transport.

Shallow overturning circulation is associated to the
subtropical gyre circulation. The western boundary currents
transport warm water poleward. Water transfer heat to the
atmosphere in the mid-latitude, and cooled denser water forms
mode water and moves southward. Previous numerical and
observational studies suggested the importance of mesoscale
eddies in the formation process of mode water (subduction).

On the other hand, submesoscale eddies are focused because
of its importance to the surface bio-geochemical processed
through the strong vertical velocity or the restratification effect.
Some studied the effect submesoscale eddies on the upper ocean
circulation including shallow overturning circulation (e. g.,
[2]), but the understanding related to the impact on basin-wide
circulation is still poor. In this project, we evaluate the basin-wide
impact of submesoscale eddies using the high-resolution idealized

ocean models.

2. Model

The governing equations are momentum equation, continuity
equation, advection-dissipation equation and linearized equation
of state under the hydrostatic, Boussinesq, beta-plane and rigid-

lid approximations. Laplacian type horizontal and vertical
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viscosity and dissipation are used. Bottom friction is also
included in the momentum equation. Model basin is 3000 km in
east-west and south-north direction and approximately 4100m
deep, and has land area on the north-western corner (Fig. 1). The
sine-shaped bottom topography is introduced for the stability of
calculation, with wavelength of 200 km and height of 600m. The
ocean is forced by zonally homogeneous wind stress (cf. [3][4];
Fig. 2) and heat flux proportional to the difference between SST
and atmospheric temperature. The salinity is set to the constant
(and so the potential density is proportional to the temperature).
The horizontal resolution is set 1 km, which can express
submesoscale eddies. Vertical resolution is 5 m at the surface.

We also conduct the experiments with 10 km and 50 km
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Fig. 1 Schematic view of model basin.
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horizontal resolution.
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Fig. 2 Meridional distribution of wind stress (center) and its curl (right),
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and Sverdrup transport (left).

3. Results

The numerical experiments were executed as follows:

1. The ocean was spun up for 18000 days from the initial
state by the 50 km resolution model (called D50
experiment). Initially the ocean was in state of rest.
Temperature was the horizontally homogeneous, 5
degrees from surface to the 1000 m depth and reduced
linearly with depth to the 1 degree at 4000 m.

2. The ocean was initialized by the final state of D50 and
simulated for 4500 days by the 10 km resolution model
(D10).

3. Initialized by the final state of D10, the model was
integrated by the 1 km resolution model (D1). 515-day
simulation has dome in FY 2015.

Figure 3 shows the horizontal distribution of potential
temperature at the depth of 57.5 m for D50, D10 and DI.
Extension jet was simulated in D10 and D1, which was absent
in D50. The separation point of western boundary current was
almost same between D10 and D1 according to the coastal

topography. Active mesoscale eddies arose in D10 on the

T (C1=0.5) h=57.5m Day=18000.0

3000

T (CI=0.5) h=57.5m Day=4500.0

extensional jet and in the internal region. In D1 finer scale

perturbation wes seen in addition to the mesoscale eddies.

4. Future works
The model with 1 km resolution successfully simulated

the submesoscale eddies. We will evaluate the impact of
submesoscale eddies on the upper ocean circulation, especially

focusing on the subduction process of waters.
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Fig. 3. Horizontal distribution of potential temperature at the depth of 57.5 m. Left panel is for D50 on 18000 model day, center for D10 on 4500
model day, and right for D1 on 515 model day. Contour interval is 0.5 °C.
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