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In this project, we conducted the high-resolution oceanic simulations permitting submesoscale motions. The
characteristics of the submesoscale motions in different regions were examined in the outputs from the North
Pacific simulation. In the Kuroshio Extension and Subtropical Countercurrent regions, the submesoscale
motions are ubiquitous in winter. The spectra of kinetic energy flux in winter show the kinetic energy cascade
inversely converted from the submesoscale to the larger scales. In the subarctic, this inverse energy cascade is
very small because the submesoscale motions are not active in winter. It is expected that the high-resolution
satellite observation of sea surface height by the SWOT mission, scheduled to be launched in 2021, captures the

characteristics of oceanic fields with the scales from the submesoscale to large scale in the global ocean.

Keywords : submesoscale permitting simulation, inverse energy cascade, North Pacific, seasonal

variations

1. Introduction

The oceanic submesoscale motions with the scales from
several to several tens km can be observed by satellite images.
However, the cloud-free images are very rare. The resolution
of the conventional satellite altimeter is about 100km, which
is not enough to capture the submesoscale motions. Currently,
there are no observations to capture well the submesoscale
motions in the large area. On the other hand, the recent
numerical studies suggested non-negligible impacts of the
submesoscale motions on the oceanic fields including
biogeochemical tracers. In this project, we construct the
datasets from high-resolution simulations reproducing the
submesoscale motions and investigate their temporal and
spatial variations and their interactions with the larger-scale
circulations. In this report, we examined the characteristics of
submesoscale motions and their contributions on the oceanic
fields in the Kuroshio Extension (KET), Subtropical
Countercurrent (STCC), and Subarctic (SA) regions by using
the outputs from a North Pacific submesoscale permitting
simulation (Sasaki et al. 2017 [1]).

2. Submesoscale permitting simulation

We conducted a North Pacific submesoscale permitting
simulation at the horizontal resolutions of about 3 km using
the OFES (OGCM for the Earth Simulator; Masumoto et al.
2004 [2], Komori et al. 2005 [3]). The simulation was
integrated from 2000 to 2003 using an atmospheric reanalysis
of JRA-25 (Onogi et al. 2007 [4]). The initial conditions are
temperature and salinity fields on 1 January 2000 from the
simulation at the horizontal resolution of about 10 km.

3. Results
3.1. Submesoscale motions in winter

The distribution of surface relative vorticity in the late
winter (Fig. 1) highlights the regionality of submesoscale
motions. In the Northwestern Pacific including the KET and
STCC regions and in the eastern subtropical Pacific, small
eddies and elongated filamentary structures with the scales
smaller than several tens kilometers are ubiquitous. In contrast,
these submesoscale motions are calm in the subarctic region
and the eastern mid-latitude Pacific, where the motions with
the scale larger than several ten kilometers have a presence
more than the smaller scale motions.

\ e A,
e Tl ans
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Fig.l Surface relative vorticity (le-5 s'). The KET
(144°E-158°W and 30°-42°N), STCC (135°-165°E and
18°-28°N), and SA (145°-165°W, 42°-52°N) regions.

4

3.2. Kinetic energy variations

The kinetic energy variations with the scales smaller than
100 km in the KET region (purple curve in Fig. 2a) and the
STCC region (not shown) highlight the seasonality of
submesoscale motions: active in winter and calm in summer.
The peaks of kinetic energy with the scales from 100 km to
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200 km (green curve) follow those with the scale smaller than
100 km (purple curve) by about 2 months. This time lags
suggest the contributions of the submesoscale motions on the
motions with the larger scales by the inverse energy cascade.
In the STCC region, this time lag is also found (not shown).

In the SA region, the variations of kinetic energy with the
scales smaller than 100 km (purple curve in Fig. 2b) are small
and the magnitude of the kinetic energy is much smaller by
one order than that in the KET (purple curve in Fig. 2a) and
STCC (not shown) regions. This small magnitude is
consistent with Fig. 1: calm submesoscale motions in winter
in the SA region.

3.3. Spectral kinetic energy flux

The spectral kinetic energy flux is estimated from the
surface geostrophic currents to examine the scale interactions.
The large negative flux at 100 km in winter in the KET region
(black curve in Fig. 3a) shows the inverse energy cascade
from the scales smaller than 100 km to the larger scales. This
result shows that the submesoscale motions lead to the
activation of the motions with the larger scales. In the scales
smaller than 25 km, the positive flux explains the energy
cascade to the smaller scales. This cascade may lead to the
energy dissipations at the much smaller scales. In summer
(red curve), the small negative flux at 100 km represents the
small inverse energy cascade. The characteristics of the
energy flux in the STCC region (not shown) are similar to
those in the KET region.

In the SA region, the negative flux at 100 km in winter
(black curve in Fig. 3b) is found as well as in the KET region.
However, its magnitude is much smaller by about 1/100 times
than that in the KET region because the submesoscale
motions in winter in the SA region are calm (Fig. I).
Therefore, their contributions to the motions with the larger
scales are much less than those in the KET region.

4. Summary

This report shows the regionalities of the submesoscale
motions and their contributions to the motions with the other
scales by using the outputs from a submesoscale permitting
North Pacific simulation. In the KET and STCC regions, the
submesoscale motions in winter are ubiquitous, which leads
to the activation of the motions with the larger scales via the
inverse energy cascade. In contrast, the inverse energy
cascade in the SA region is much less than that in the KET
and STCC regions because the submesoscale motions are
calm in winter. The coming satellite observation of
high-resolution sea surface height in the SWOT mission,
scheduled to be launched in 2021, is expected to capture the
oceanic fields including submesoscale to large scale motions
in the world ocean.
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Fig. 2 Kinetic energy variations from 2001 to 2003 with the
scales of the smaller than 100 km (purple curve), between 100
km and 200 km (green curve), between 200 km and 300 km
(red curve), the larger than 300 km (blue curve), and the
smaller than 200 km (black curve). The total energy is orange
curve with the scales of the right axis. The top and bottom
panels show the variations in the KET and SA regions,
respectively.
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Fig. 3 Spectral energy flux in the (a) KET and (b) SA regions
in winter of January and February (black curve) and summer
of August and September (red curve). 103, 102, 10" cpkm
correspond to 1000, 100, 10 km respectively.
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