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In this project, we construct a dataset from a global high-resolution oceanic simulation that well resolves small structures with

the scale from several km 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 FY2017, we

compared the outputs from two North Pacific oceanic simulations at horizontal resolutions of 3 km and 10 km. The comparison

highlights ubiquitous submesoscales, which shallow the mixed layer depth through the restratification process, in late winter around

the Kuroshio and subtropical countercurrent and in the subtropical and mid-latitude eastern Pacific. Our study also suggests that the

simulation at a horizontal resolution finer than 3 km is needed to well reproduce the submesoscales in a high-latitude region.

Keywords: Ocean general circulation model, Kuroshio Extension, Fine-scale structure, Mixed layer

1. Introduction

The oceanic submesoscales with the scale from several
to several tens km can be observed by satellite images.
However, observations of the clear images are very rare due 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 well the submesoscales in the large area. On the
other hand, the recent numerical study suggested non-negligible
impacts of the submesoscales on the oceanic fields including
biogeochemical tracers. In this project, we construct dataset
from global high-resolution oceanic simulations that resolve
well the submesoscales and investigate temporal and spatial
variations of the submesoscales and their interactions with
larger scale circulations. In this report, we highlight ubiquitous
submesoscales in late winter and their impacts on the oceanic
field in a comparison between two North Pacific simulations at
the horizontal resolutions of 3 km and 10 km. [1]

2. North Pacific high-resolution simulations

We compared the outputs from two North Pacific high-
resolution simulations at the horizontal resolutions of about 3km
(OFES_NP3) and 10 km (OFES_NP10) using the OFES (OGCM
for the Earth Simulator; Masumoto et al. 2004 [2], Komori et al.
2005 [3]). We conducted the OFES NT10 hindcast simulation
from 1979 to 2003 following its 30-year climatological
simulation. The OFES_NP3 hindcast simulation from 2000 to

2003 is conducted, whose initial conditions are temperature and
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salinity fields from OFES NP10 on 1 January 2000 without

motions.

3. Submesoscales and their impact on oceanic field

A comparison of two OGCM simulations at different
horizontal resolutions highlights submesoscale activities and
their impacts on the oceanic field. In OFES NP3, submesoscales
such as small eddies and filamentary structures are ubiquitous in
late winter around the Kuroshio and subtropical countercurrent
and in the subtropical and mid-latitude eastern Pacific (Fig. 1
left). It is possible that these submesoscales are induced by the
baroclinic instabilities within the deep mixed layer in late winter.
However, in OFES _NP10, the activities of submesoscales are
much weaker than in OFES_NP3 (Fig. 1 right), because of its
low resolution.

In the regions with rich submesoscales in OFES_NP3, the
mixed layer depths in late winter are shallower than those
in OFES NP10 (Fig. 2). The differences are larger than 50
m around the Kuroshio. The distribution of the mixed layer
exhibits relatively small structures in OFES NP3 compared
with that in OFES NP10. In OFES NP3, potential energy is
converted to kinetic energy when submesoscales generate by
the baroclinic instabilities within the mixed layer. This process
induces a restratification within the mixed layer in OFES NP3,
but this process does not occur in OFES _NP10. This difference
possibly makes the differences of mixed layer depths between

the two simulations.
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Fig. 1 Daily mean relative vorticity (1e-5 s™) at surface on 1 March 2002 in OFES_NP3 (left) and OFES_NP10 (right).
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Fig. 2 Monthly mean mixed layer depth (m) in March 2002 in OFES_NP3 (left) and OFES_NP10 (middle). Right panel is OFES_NP3 minus OFES
NP10.
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