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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. In this report, we briefly introduce 1) the influence

sea surface temperature front associated with the Gulf Stream on frequency of atmospheric blocking that affect European climate,

2) uncertainty of interannual variability in the western boundary currents like the Kuroshio and Kuroshio Extension, 3) influence of

parameterization of tidal mixing, for example, in the Indonesian archipelago region, from the results in FY2015.
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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 FY2015.

2. Results in FY2015
2.1 The influence of the Gulf Stream on wintertime

European blocking
Recent studies suggest that SST front associated with the
Gulf Stream affects precipitation and cyclone activity aloft.
Remote impacts on Europe, however, have not been clear. The
influence of the SST front on wintertime European blocking
is investigated using a pair of AGCM for the Earth Simulator
(AFES) ver. 3 simulations with 50-km horizontal resolution.
The CONTROL run driven by the observed SST front and
the SMOOTH run driven by the smoothed SST front are
integrated for 20 years from September 1981 to August 2001.
The CONTROL run well reproduces blocking frequency over
Europe compared with reanalysis, whereas the frequency
significantly decreases, and the peak shifts eastward in the
SMOOTH run. In the result, the number of cold-spell days in
the northern coast of central Europe decreases in the SMOOTH
run, suggesting that the SST front is important to reproduce

Europe winter climate and its variability ([1]).
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2.2 Uncertainty of interannual variability in ocean
circulations

Significant uncertainty of atmospheric variability is known,
and observed atmospheric variability is regarded as just a single
realization among different dynamical states that could occur. In
contrast, subject to dominant forcing, the ocean circulation has
been considered to be rather deterministic under the prescribed
atmospheric forcing, and it still remains unknown how uncertain
the upper-ocean circulation variability is. To investigate it, we
conducted multiple simulations with an eddy-resolving ocean
general circulation model driven by the observed interannually-
varying atmospheric forcing under slightly different conditions.
The results revealed substantial uncertainty due to intrinsic

variability in the extratropical ocean circulation, especially
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Fig. 1 Root mean square difference among the ensemble members

(shade) and mean (contours) of sea surface height in the ocean

general circulation model.
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along the Kuroshio and its eastward extension (Fig. 1). These
suggest that multi-member ensemble simulations are essential
for understanding and predicting variability in the currents,
which are important for weather and climate variability and

marine ecosystems ([2]).

2.3 Implement of tidal mixing effect into ocean model
Oceanic tidal mixing over rough topography at straits makes
large impacts on the water property in vertical. The effect
should therefore be implemented into ocean model, but our
ocean simulations have not included it ([3]). Then we conducted
sensitivity simulations of the North Pacific at 0.1° horizontal
resolution model with and without tidal mixing parameterization
([4]). Low salinity in the subsurface in the Banda Sea is
improved by the parameterization (Fig. 2). In addition,
improvement of water property in the Indian Ocean is expected
through the water spreading from the Indonesian archipelago.
We are going to implement the tidal mixing parameterization

into the eddy-resolving global ocean simulation.
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Fig. 2 Salinity fields (psu) at 135-m depth in the ocean model without (left) and with (right) tidal mixing parameterization averaged from 26" to 30"
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