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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 FY2016.

2. Results in FY2016
2.1 Impacts of the Kuroshio/Kuroshio Extension on
the rapid development of an extratropical cyclone

This study examined influences of latent and sensible heat
fluxes from the Kuroshio/Kuroshio Extension on the explosive
intensification of an extratropical cyclone, which appeared in the
early January 2017, using the Cloud Resolving Strom Simulator
(CReSS; [5]). In order to quantitatively assess the impacts of
the latent and sensible heat supply from the Kuroshio/Kuroshio
Extension on the cyclone, we conducted a control experiment
(CNTL run) and an experiment without the sensible and latent
heat fluxes around the warm currents (no sensible/latent heat
fluxes: NSLH run).

Figures 1a and 1b show the spatial pattern of sea level
pressure and the latent heating rate due to condensation
integrated from the surface to 100 hPa in the CNTL run and the
NSLH run at 1700 UTC 8 January, when the cyclone developed.
In the CNTL run, latent heat release actively occurs around the
bent-back front north of the cyclone’s center. On the other hand,
the latent heating over the bent-back front is suppressed in the
NSLH run. Additionally, the cyclone’s central pressure in the
NSLH run is higher than that in the CNTL run by about 24 hPa.
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These comparisons between the two runs strongly suggest that
the moisture and heat supplies from the Kuroshio/Kuroshio
Extension affect the central pressure deepening of the cyclone
via the intensification of the latent heating over the bent-back
front, which is consistent with the results of Hirata et al. ([1], [2]).

Figures 1c and 1d illustrate the horizontal distributions of
10-m horizontal wind speed. The strong wind region exceeding
25 m s appears in the vicinity of the cyclone’s center in the
CNTL run. Especially, the wind is very strong to the southwest
of the cyclone’s center. In contrast, such strong wind areas are
hardly found in the NSLH run. These results imply that the
latent and sensible heat fluxes from the warm currents influence
strong wind events over the northwestern Pacific Ocean by

changing the strong wind distribution near the cyclone’s center.

2.2 The Kuroshio enhances bomb cyclones

The Kuroshio transports warm water from the tropics and
releases huge amount of heat to the atmosphere at midlatitudes.
To investigate impacts of the heat release, we have conducted
two experiments; one uses satellite observing high-resolution
sea-surface temperature, another uses smoothed sea-surface
temperature in which the Kuroshio is removed, for boundary
conditions of atmospheric general circulation model for the
Earth Simulator (AFES) with 50-km horizontal resolutions [3].
The results suggest that the moisture flux from the Kuroshio
enhances explosive cyclone activity over the northwestern
Pacific Ocean through precipitation enhancement within
explosive cyclones. The enhanced explosive cyclones make
northward meandering jet stream over the northeastern Pacific
Ocean and decrease precipitation along west coast of North

America and increase it around Hawaiian Islands.

8 — Earth Simulator JAMSTEC Proposed Project —
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Fig. 2 Schematic diagram showing how the Kuroshio gives impact on

bomb cyclones and atmospheric general circulation.

2.3 Impacts of explosive cyclone on the deep ocean
Explosive cyclones have strong winds as well as typhoons,
which can modify ocean. However, sea-surface temperature
observed from satellite cannot capture the oceanic response to
explosive cyclones because of deep ocean mixed layer in winter.
Long-term eddy-resolving ocean hindcast simulation using ocean
general circulation model for the Earth Simulator (OFES) suggests
that the strong winds make large horizontal divergence in ocean
mixed layer and upwelling from the deep ocean under 2000 m
(Fig. 3) [4]. The upwelling cools down the deep ocean. In addition,
interannual variation of explosive cyclone activity in January
varies amplitudes of vertical motion and daily-scale temperature
variability in the deep ocean. These results suggest that explosive

cyclones can modify deep ocean circulation and mixing.
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