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1. Introduction

In this project, we investigate numerically impacts of oceanic
fronts and eddies associated with strong western boundary
currents on oceanic and/or atmospheric large-scale circulation
and oceanic ecosystem. With the investigations, we will
improve our understanding of roles of oceanic fine structures in
climate and its variability and predictability. In this report, we

briefly introduce several achievements from those in FY2017.

2. Results in FY2017
2.1.Impacts of the Kuroshio/Kuroshio Extension on
rapidly developing extratropical cyclones
The objective of this study is to clarify influences of latent
and sensible heat fluxes from the Kuroshio/Kuroshio Extension
on the explosive intensification of extratropical cyclones and
associated heavy rainfall/snowfall. Specifically, we studied

an extratropical cyclone rapidly developing to the south of

the Pacific coast of Japan from 26th to 27th March 2017. This
cyclone brought the heavy snowfall in Tochigi Prefecture,
Japan. This study examined impacts of the midlatitude ocean
on the cyclone growth and the attendant heavy snowfall using
the Cloud Resolving Strom Simulator (CReSS; [1]) with 2 km
horizontal resolutions. To address these issues, in addition to
a control (CNTL) run, we conducted sensitivity experiments
with respect to SST anomalies around the Kuroshio/Kuroshio
Extension on 26th March 2017 and also an experiment without
the latent and sensible heat fluxes around the warm currents (no
latent/sensible heat fluxes: NLSH run). Results derived from
the SST sensitivity experiments showed that the response of
the cyclone to SST anomalies around the Kuroshio/Kuroshio
Extension is obscure. In contrast, results obtained from the
NLSH run indicated that the latent and sensible heat release
from the warm currents enhances the cyclone development

(Fig. 1), consistent with the previous studies [2, 3]. Another

Horizontal moisture fluxes and their magnitude at 1402 m

(a) CNTL (b) No latent and sensible heat flux

38N

36N

Fig. 1 Horizontal distributions of surface pressure >

(contours; hPa), horizontal moisture fluxes at

a height of 1402 m (vectors; kg kg’ m s™), and 32N

their magnitude (shading; kg kg' m s™) in (a) the
CNTL run and (b) the NLSH run at 22:00 UTC 26
March 2017.

257

134E

136E 138E

[XES

8 — Earth Simulator JAMSTEC Proposed Project —



Annual Report of the Earth Simulator April 2017 - March 2018

remarkable difference between the NLSH and CNTL runs is
found in horizontal moisture fluxes extended from the Kuroshio
Extension to mainland Japan in the lower troposphere, which
is related to the occurrence of the heavy snowfall according
to previous studies. As seen in Fig. 1, the westward moisture
fluxes are very weak in the NLSH run, as compared with the
CNTL run. The reduction in the moisture fluxes in the NLSH
run results from the weakening of the cyclone’s circulation and
the decrease in the lower tropospheric water vapor content.
These results imply that the latent and sensible heat supply from
the warm currents affects the occurrence of the heavy snowfall

via the enhancement of the horizontal moisture fluxes.

2.2 Interannual intrinsic variability in the Kuroshio

Extension jet
Given the possible importance of variability in the western
boundary currents and associated eddy activities on atmospheric
cyclone development as discussed in section 2-1 as well
as oceanic physical states and ecosystem, it is important to
understand dynamics of interannual to decadal variability in
the western boundary currents like the Kuroshio and Kuroshio

Extension. In the western boundary regions, it has been known

OFES2_ensemble; KE—jet speed (on its axis

145E—155E mean

that oceanic internal dynamics can induce interannual intrinsic
variability under atmospheric forcing without interannual
variability. In the present study, to investigate intrinsic
interannual variability in the western boundary currents under
realistic interannually varying forcing, we have conducted
eddy-resolving quasi-global OGCM ensemble experiments
for 50 years. Ten ensemble members with slightly different
initial conditions show substantial spread in their interannual
variability under the identical atmospheric reanalysis fields.
Even on interannual time scale, intrinsic variability (and
thus uncertainty) is similar to or larger than the wind-driven
variability in the western boundary current regions. Also, it is
found that in the Kuroshio Extension region, the amplitude of

intrinsic variability modulates on decadal time scale (Fig. 2).

2.3 An increase of the Indonesian Throughflow by

internal tidal mixing
Vertical mixing induced by internal tide is enhanced over

rough bottom topographies. This tidal mixing plays a role in
the global meridional overturning circulation and influences on
deep water mass. Within the Indonesian Seas and around the

Kuril Islands, the tidal mixing influences much on these vertical

within 30—40N); 100—m depth; 13—mon—r—mean
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Fig. 2 Time series of modeled Kuroshio Extension jet strength (cm s™) averaged in 145-155E. 13-month running mean is applied to focus on

interannual variability.
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Fig. 3 (top) Monthly ITF transport (Sv) in two simulations with (black curve) and without (blue curve) the tidal mixing scheme. (bottom) 5 year

running mean differences of the ITF transport (Sv) and sea surface height gap (cm) between Pacific and Indian Oceans (OGCM with the tidal

mixing scheme minuses OGCM without the tidal mixing scheme).
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water masses. In order to improve the oceanic field simulated
by our ocean general circulation model (OGCM) at a horizontal
resolution of 0.1°, a tidal mixing scheme developed by St.
Laurent et al. [4] is implemented into the OGCM.

An implementation of the tidal mixing scheme into our
OGCM improves much the vertical water masses within the
Indonesian Seas and along the Sumatra and Java islands (not
shown) as well as previous studies. Additionally, we found that
the transport of the Indonesian Through Flow (ITF) increases
by the tidal mixing scheme. Many islands in the tropical Pacific
are a region with enhanced vertical mixing, which changes
vertical density profile and then the sea surface height raises
due to a net increase of buoyancy in the water column. This
impact spreads over the basin via Rossby and Kelvin waves.
As the result, the pressure gap between the Pacific and Indian
Oceans is enhanced and hence the ITF transport is strengthened.
This result shows that the internal tidal mixing can influence on

surface circulation.
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