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In this project, we have conducted numerical investigations of impacts of oceanic fronts, mesoscale eddies, and sub-mesoscale
variability associated with strong western boundary currents on oceanic and/or atmospheric large-scale circulation and oceanic
ecosystem. In this report, we briefly introduce 1) possible influence of El Nifio on interannual modulation of sub-mesoscale
oceanic variability in the eastern North Pacific, 2) development of semi-global oceanic reanalysis data from 1993 that can
represent the western boundary currents and associated mesoscale eddies. This data product can be used widely for investigation
of interannual variability of ocean currents and eddies, and also as initial conditions of prediction experiment. In addition, we
introduce 3) a seasonal undercurrent along the northwest coast of Australia discovered using our eddy-resolving ocean

simulation, from the results in FY2021.

Keywords : oceanic fine structures, interannual to decadal variations, ocean reanalysis data, predictability

1. Introduction

In this project, we investigate impacts of oceanic fine-scale
motions associated with strong western boundary currents on
oceanic and/or atmospheric large-scale circulation and oceanic
ecosystem based on numerical simulations. Through the project,
we will further our understanding of ocean’s roles in climate
variability and its predictability. Here, we briefly introduce
several results we have achieved in FY2021.

2. Interannual variations of submesoscale circulations

Recent studies suggested that oceanic submesoscale
circulations at scales from several to several tens of kilometers,
accompanied by vertical motions, play a significant role in the

marine ecosystem, ocean carbon cycle, and air-sea heat exchange.

Therefore, it is important to reveal where and when
submesoscale circulations become active. However, there is
currently no global observations which can capture the
regionalities and variations of submesoscale circulations.

This study uses the daily mean outputs from a high-resolution
North Pacific hindcast ocean simulation at a horizontal resolution
of 1/30 degree from 1991 to 2018, which permits submesoscale
circulations. The simulation exhibits active submesoscale
circulations in winter around the Kuroshio and in the subtropical
region, which are induced by baroclinic instability within the
deep mixed layer named mixed layer instability (MLI). We found
that interannual variations of the submesoscale kinetic energy
(KE) in winter are significant in the east and west regions of the
north subtropics. In both the regions, the winter submesoscale
KE is more enhanced when the available potential energy release
in the process of MLI is large.

The composite sea surface temperature (SST) anomaly in the
years with large submesoscale KE in the eastern subtropics
exhibits high SST in the eastern tropics. In addition, the yearly
time series of submesoscale KE in the eastern subtropics is
mostly synchronous with the NINO 3.4 index. These results
suggest that the submesoscale circulations in the subtropical
northeastern Pacific are enhanced by MLI in the El Nifio winters

[11.

3. Development of an eddy-resolving quasi-global
ocean reanalysis product—- JCOPE-FGO-

The frontal-scale oceanic variability, such as mesoscale eddies
and associated modulations of current fields, is a unique feature
of the western boundary current and plays an important role in
water-mass formation, air-sea interaction, and transport of
biogeochemical tracers. Therefore, an accurate understanding
and prediction of spatiotemporal variations in frontal-scale
oceanic variability are of paramount importance for
socioeconomic activities. To archive this goal, a dynamical ocean
nowecasting and forecasting system, that can smoothly interpolate
observational information into the numerical ocean model,
serves as a powerful tool. For this reason, we have developed a
new eddy-resolving quasi-global ocean reanalysis product, the
JCOPE Forecasting Global Ocean (JCOPE-FGO) by extending
the model domain of the regional JCOPE system to the global
ocean.

The JCOPE-FGO consists of an eddy-resolving ocean
general circulation model (OGCM) and the three-dimensional
variational (3DVAR) scheme. The OGCM domain is the global
ocean from 75°S to 75°N except for the Arctic Ocean with a
horizontal resolution of 0.1° X 0.1°. Sea ice model and tidal
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forcing are not included in the present version. Hourly
meteorological fields from the NCEP-CFS and daily river
discharge obtained from the JRAS55-do dataset are used to force
the OGCM.

The 3DVAR scheme used in the JCOPE-FGO is same as that
of the original JCOPE2 system; satellite observations of sea
surface temperature and sea level anomalies (SLAs) as well as
in-situ temperature and salinity profiles are used to correct the
first guess values derived from the OGCM and obtain the
analysis fields [2]. The analysis period spans from January 1993
to December 2021. It takes about 45 minutes to complete one
cycle with 25 VE nodes and 1200 CPU cores on the ES4.

The pointwise correlation coefficients between the observed
SLA and JCOPE-FGO exceed 0.6 in the most part of the global
ocean, and they are substantially higher than those of other
existing reanalysis products with lower horizontal resolutions.
‘We have also confirmed that spatiotemporal variability of other
oceanic variables, such as subsurface temperature and currents
fields, are also correctly captured in the JCOPE-FGO. This
product can be used as a dynamical ocean forecasting system for
various oceanic fields, including that of frontal-scale oceanic
variability in the global ocean.

4. A seasonal undercurrent along the northwest coast
of Australia

Along the northwest coast of Australia, a surface current is
known to flow southwestward on average and its seasonal
variability is also known. In contrast, not much is known about
the vertical structure of the flow field there. The present study
describes a new seasonal undercurrent found in a high-resolution
OGCM.

We constructed a 5-day climatology over 1992-2016 from
OFES?2, a semi-global eddy-resolving OGCM with a horizontal
resolution of 0.1° [3]. In the climatological annual cycle, there is
an undercurrent hugging the continental slope just below the
shelf break extending from ~100 m to ~300 m along the
northwest coast of Australia. It changes signs during the year,
with its southwestward peak in February and its northeastward
peak in May. We also constructed a comparable climatology for
a HYCOM run (1/12° resolution [4]) and found a similar
undercurrent. A plot of northeastward-southwestward velocity
along the continental slope indicates that the core of the
undercurrent slightly but systematically shifts downward in the
southwestward direction.

Aharmonic analysis on this flow field indicates that the annual
harmonic dominates, followed by the semi-annual and 1/3-
annual and that the higher frequency components are negligible.
In each of the dominant components, the phase associated with
the undercurrent propagates upward and southwestward. These
properties are reminiscent of coastal trapped waves (CTWs).

An idealized semi-analytic CTW solution is then constructed
on the basis of Brink’s [5] formalism. The solution is driven by

an idealized harmonic wind stress. The solution includes a flow
similar to the undercurrent of OFES?2 and its phase propagation
qualitatively (and roughly quantitatively) agrees with the OGCM.

This discovery of the new current poses a number of
interesting scientific questions for future studies. This study was
published as Furue (2022) [6].
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