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In this project, we construct a dataset from a global high-resolution oceanic simulation that well resolves small structures
with scale from several to several tens km, named by submesoscales. We try to investigate temporal and spatial variations of
submesoscale/mesoscale structures and their interactions with larger scale circulations, by analyzing this dataset. In FY2016, we

conducted the quasi-global high-resolution oceanic simulation for 2 years from 2000 to 2001. In addition, to investigate impact of the

small scale phenomena on the large scale circulations, we revealed how eddies influence on the Kuroshio Extension.
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1. Introduction

The oceanic submesoscales with scale from several
to several tens km can be observed by satellite images.
However, observations of the clear images are very rare du to
contaminations by cloud cover. The resolution of conventional
satellite altimeter is about 100km, which is not enough to
capture the submesoscales. Currently, there are no observations
to capture the submesoscales in the large area. On the other
hand, the recent numerical study suggested non-negligible
impact of the submesoscales on the oceanic field including
biogeochemical tracers. In this project, we construct a dataset
from a global high-resolution oceanic simulation that well
resolves the submesoscales and investigate temporal and spatial
variations of the submesoscales and their interactions with larger
scale circulations. In this report, we introduce the quasi-global
high-resolution ocean simulation and how eddies influence on
the Kuroshio Extension (KE).

2. Quasi-global high-resolution simulation

We use the OFES (OGCM for the Earth Simulator;
Masumoto et al. 2004 [1], Komori et al. 2005 [2]) based on the
GFDL MOM3. The model domain covers quasi-globe without
arctic regions (from 76°S to 76°N) with a horizontal resolution
of 1/30° (= 3km). The number of vertical levels is 105 and the
maximum depth is 7500 m. The temperature and salinity fields
from output of the simulation with a horizontal resolution of 0.1°
on January 1, 2000 are used as the initial condition. We finished
the simulation for 2 years from 2000 to 2001 forced by 3 hourly

atmospheric reanalysis data from JRAS55-do ver0.8 (Tsujino et

al. 2017, personal communication).

The surface relative vorticity shows the seasonality of
submesoscales: rich in winter and calm in summer in the
global ocean (Fig. 1). On March 1, in northern hemisphere,
the submesoscales are rich around the Kuroshio Extension,

Gulf Stream, North Atlantic Current, and Pacific Subtropical

Countercurrent, but not in the southern hemisphere. On the
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Fig. 1 Surface vorticity (le-5 s™') on (top) March 1 and (bottom)
September 1 in 2001.
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other hand, on September 1, rich submesoscales cannot be found
in the northern hemisphere, but they are distributed around
subtropical countercurrents in the South Indian Ocean and the
Southwestern Pacific in the southern hemisphere. In future, we
investigate spatial-temporal variations of submesoscales and
scale interactions between small and large scales in the global

ocean in this simulation dataset.

3. Impact of eddies on the Kuroshio Extention

In this study, we explored the role of the Reynolds stress
caused by eddies in maintaining a steady state of the KE jet
and obtained the results as follows (Aoki et al. 2016 [3]). The
Reynolds stress has different roles between an upstream and
a downstream region: the Reynolds stress has a tendency of
deceleration and acceleration in the upstream and downstream
regions, respectively. The acceleration in the downstream

is apparently inconsistent to the downstream decay of the
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Fig. 2 Ageostrophic velocity (vectors) and eddy kinetic energy (shades)
at 200 m depth. Units are cm s and cm” s, respectively.
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Fig. 3 Same as Fig. 2 except for the result from a simplified model. In
this model sea surface height (a proxy of surface pressure) of all
eddies occurred in the region within a period are replaced with a
same axisymmetric horizontal shape (two dimensional gaussian
distribution with amplitude of 40 cm and variance of 100 km).
This sea surface height derives a geostrophic velocity, which is
used for calculating eddy kinetic energy and the centrifugal force
equivalent to the Coriolis force of the ageostrophic flow.

jet, but causes a pressure field increasing to the east, which
acts to decelerate the jet. Furthermore, the Reynolds stress
simultaneously yields eddy kinetic energy, which is a part of
dynamic pressure. This does not affect the jet’s evolution, but
forms a large-scale ageostrophic circulation over the jet (Fig. 2).
For a correct understanding of the KE jet’s dynamics, the
formation mechanism of this circulation needs to be described.
This study found that this ageostrophic circulation can be
caused by a wide-distribution of occurrence (including moving)
of eddies being under the gradient wind balance (e.g., Holton
2004 [4]). As expected from this dynamical balance, in snap
shots, the ageostrophic velocity occurs on the eddy kinetic
energy which makes a ring-form horizontally (independent of
polarity of eddy). When the eddies are widely occurred, the eddy
kinetic energy tends to take a maximum within the interior of
the area of eddy occurrence due to the nature of positive definite
of eddy kinetic energy, while the scale of the ageostrophic
circulation becomes larger because the ageostrophic circulation
for individual eddies are canceled out with each other within
the area. Figure 3 shows a demonstration of this fact using a
simplified model, in which all eddies occurred in the KE region
are replaced by axisymmetric eddies with the same shape and
amplitude. This figure indicates that the ageostrophic flow
occurs, with the high eddy kinetic energy on its right side.
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