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1. Introduction

In this project, we numerically investigate impacts of
oceanic fronts, eddies, and finer-scale motions associated with
strong western boundary currents on oceanic and/or
atmospheric large-scale circulation and oceanic ecosystem.
Through the project, we will further our understanding of
ocean’s roles in climate variability and predictability. Here, we
briefly introduce several achievements from those in FY2019.

2. Interannual variations of oceanic submesoscale
motions

Submesoscale motions at scales from 1 km to several 10
km are ubiquitous in the world ocean, which is captured by
such satellite observed color images. The submesoscale
motions are ubiquitous and active in winter, which is
considered to be induced by the mixed layer instabilities. The
instability leads to a transformation from available potential
energy (APE) to kinetic energy at the submesoscale. The APE
release is often parameterized by the product of mixed layer
depth squared and horizontal buoyancy gradient squared.

We examined the interannual to decadal variations of
submesoscale motions in the subtropical Northwestern Pacific
including the Subtropical Countercurrent using the outputs
from a North Pacific ocean hindcast simulation at a horizontal
resolution of 1/30° from 1990 to 2016 [1]. The Kkinetic energy
at the submesoscale smaller than 100 km in winter
demonstrates the interannual variations: large in 1996, 2003,
and 2015 and small in 1999, 2009, 2010, and 2016 (thick red
curve in Fig. 1). The interannual variations synchronize with

those of APE release (black curve). This result suggests that
the variations of submesoscale motions are possibly attributed
to the variations of mixed layer instabilities that releases the
APE. The synchronization between the APE releases of the
simulation (black curve) and Argo observation (thin red
curve) suggests the possibility that in-situ observations at
coarse resolution diagnose the variations of submesoscale
motions.
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élﬁmzmz Y KE_SM(FMA) and APE Release(JF) (10t )

4.0 A\ /\ A 12
20 | WA\ 8

0.0 4
o o o o O © S © wW w = o
o o o O O O © O O © O O O O
o e " = =W NN NN N NN NN

Fig. 1 Annual time series of the kinetic energy at the
submesoscales smaller than 100 km averaged from February
to April (thick red curve) and the parameterized APE release
averaged from January to February (black curve) in the
subtropical Northwestern Pacific. A thin red curve shows the
APE release estimated from MOAA GPV based on Argo float
observations [2].

3. Predictability of meso-scale eddy activities

To investigate influences of oceanic intrinsic/internal
variability and its interannual-to-decadal modulations on the
Kuroshio Extension (KE) jet speed and associated eddy
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activity, a ten-member ensemble integration of an
eddy-resolving ocean general circulation model forced by
1965-2016 atmospheric reanalysis is conducted [3].

We found that in the downstream KE [32°-38°N,
153°-165°E], variability in the atmospheric-driven eddy
activity dominates (1.36 times) over intrinsic variability on
decadal time scale. Consistent with westward propagation of
atmospheric-driven jet speed anomalies shown by the
ensemble mean, eddy activity in the downstream KE region is
correlated with current speed variability in the central North
Pacific 4 years earlier. In contrast, eddy activity in the
upstream KE [32°-38°N, 141°-153°E] shows very large
intrinsic and limited atmospheric-driven variability with a
ratio of the former to the latter of 2.73. These results suggest
intrinsic variability needs to be considered in interannual
variability of strong ocean jet. The dependence of these
findings to the model specificities need to be further explored.

3. Impact of mesoscale eddy on marine ecosystem

A high-resolution coupled physical-biological ocean model
is applied to investigate the physical transport of nutrients and
the maintenance of biological production in the Kuroshio and
Kuroshio Extension (KE) regions. We use two approaches to
accomplish this. The 1% approach examines the regular
passing of cyclonic eddies through a time-series station
(Eulerian approach) and the 2™ approach tracks a single
cyclonic eddy over time (Lagrangian approach) [4].

The model captures the Kuroshio nutrient transport over the
North Pacific; the seasonal and intra-seasonal variability of
biogeochemical distributions are associated with mesoscale
eddies, fronts, flow filaments, Kuroshio meanders, convection,
and upwelling/downwelling. The model also reproduces the
observed interannual variability of sea surface height anomaly
(SSHA) in the KE region from 2000 to 2012. The
distributions of high (low) nitrate and phytoplankton
concentrations correspond to negative (positive) SSHA.

In terms of nutrient supply, the cyclonic eddies passing
through the Kuroshio Extension Observatory station in the
subtropical region cause uplifting of nutricline. These events
lift nutrient-rich water into the euphotic zone and increase
subsurface biological production during summer and fall.
Nitrate supply by the passage of each cyclonic eddy was
estimated to be 0.02-1.07 mol N m and annual supply was
0.10-1.07 mol N m? year? (Table 1 in Honda et al., 2018[5]).
Average annual nitrate supply (with standard deviation)
induced by the passage of cyclonic eddy between 2000 to
2012 was estimated to be 0.40 (+ 0.36) mol N m?
year™(Eulerian approach).

One eddy that was tracked from May to July 2004 off the
east of Taiwan, contributed to the greatest vertical nutrient
flux and enhancement of biological production. During the
whole period (about 3 months), the net vertical nitrate flux at

the bottom of eddy area is + 5.3 x 10" mmol N. In accordance
with above units, the vertical nitrate flux is about 0.02 mol N
m? year when the eddy area is 3.1 x 10*° m?. This estimation
is close to the nitrate supply induced by the passing eddies at
KEO station (Lagrangian approach).

We have presented results examining the eddy-induced
supply of nutrients in the Kuroshio and KE regions.
High-resolution coupled physical-biological models are
important tools for such studies because they provide data at
high spatiotemporal resolution, which complements the
limited in-situ observations that are typically available only at
lower resolution.
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