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water mass across the Kuroshio Extension, 2) potential predictability of interannual variability of typhoon activity in the
western North Pacific, and 3) impacts of a new convection scheme on representation of tropical cyclones, from the results in

FY2020.
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1. Introduction

In this project, we numerically investigate impacts of
oceanic fine-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 FY2020.

2. Rapid water parcel transport across the Kuroshio
Extension

A Seaglider observations of subsurface ocean detailed
temperature, salinity, and oxygen structures were conducted in
spring 2014 in the Kuroshio Extension (KE) recirculation
region around 30N, 145E, to the south of KE. The analysis of
the Seaglider data showed that small water parcels with low
salinity and/or high dissolved oxygen were observed in the
lower thermocline (26.0-26.800) in the middle April to the
early May. While the properties suggest that the water mass is
rapidly transported across KE, it cannot be shown by
observed data. Then, we analyzed advection of low salinity
and/or high dissolved oxygen water in the 1/30 degree
horizontal resolution North Pacific ocean general circulation
model (OGCM), OFES (OGCM for the Earth Simulator).

In OFES, we found low salinity water and high dissolved
oxygen water are transported southward on isopycnal surfaces
from the region to the east of the northeastern part of Honshu
Island to the south of KE within a month associated with fine
structures around oceanic meso-scale eddies in the KE region.
Further, spatial distribution of frequency of existence of such
low salinity water is examined in the model. The frequency

shows its peak around 145E to the south of KE in the lower
thermocline (around 26.766). The maximum of the frequency
is about 20%, indicating that such low salinity water can be
observed about two months in a year.

In this collaboration between observational and modeling
studies, we succeeded to show possible path and distribution
of the small water parcels found by the Seaglider detailed
observation [1].

3. Interannual variations of tropical cyclone
frequency over the Western North Pacific

Tropical cyclones (TCs) constitute an important category of
extreme weather events that have substantial socioeconomic
impacts on populated areas in the form of strong winds and
heavy precipitation. Particularly over East Asia and North
America, TCs commonly lead to socioeconomic damage in
the regions where they make landfall. Therefore, there is a
considerable need for an accurate understanding of the
regional features of TC activity to improve their prediction.

Considering them, the potential predictability determined
by sea surface temperature (SST) of the frequency distribution
of tropical cyclones (TCs) is studied using 12-member
ensemble simulations with a 50-km resolution atmospheric
general circulation model (AGCM). In this study we used
AFES (AGCM for Earth Simulator).

In this experiment, the interannual variability of the TC
frequency over the western North Pacific (WNP) is primarily
determined by SST, as the simulated ensemble mean signal is
dominant over the ensemble spread and effectively follows
the observed TC frequency in June-July-August (JJA: Figla).
In contrast, the correlation between the observed and
simulated TC frequency variability is less significant in
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September-October-November (SON: Figlb) [2].

@ TCF@JJA

AFES-ens

Figure 1. Interannual variability of TCs frequency over
the WNP (over 5-35N, 100-180E) during JJA (a) and
SON (b). Thick black (grey) line shows AGCM
ensemble mean (observation). Thin lines show individual
AGCM members.

4. Influence of spectral cumulus parameterization
on simulating tropical cyclone

Although prediction skill for tropical cyclone (TC) by
numerical models is becoming higher than the past,
uncertainty of the models still has large impact on the skill,
especially the convection scheme has the largest impact and
its influence remains unknown. Recently, the author
developed a new convection scheme (spectral cumulus
parameterization, spectral scheme hereafter) which can
simulate various convection-related variability better than the
past schemes in different AGCMs [3, 4, 5]. Therefore, the
scheme is expected to improve the fidelity of TC. Based on
the background, this study focused on the influence of the
convection scheme on simulating global TC activity. To
analyze the influence, we used AFES as an AGCM and the its
original convection scheme, i.e., Emanuel scheme.

AMIP-type experiments were performed for 10 years using
3 ensemble members for each case. Comparison of TC
genesis indicated that RUN-EM (Emanuel scheme) tended to
overestimate the genesis in many regions compared to the
observation, while RUN-SP (spectral scheme) suppressed
such overestimation (not shown here). In addition to the
excessive TC genesis, RUN-EM was found to simulate much
stronger TC intensity than RUN-SP. Further investigation
revealed that RUN-EM tends to simulate larger atmospheric
instability owing to the model bias, while RUN-SP could
suppress the spurious instability increase by reducing the bias.
These influences also have impact on response of simulated
TC to tropical variability such as ENSO and MJO. The

spectral scheme improved TC track density when ENSO
occurred as RUN-SP suppressed excessive TC response over
the Indian Ocean (Fig. 2). Furthermore, RUN-SP succeeded
in simulating TC response to MJO, due to the scheme’s
original capability of simulating MJO.

(a) IBTrACS . [c)RUN-sP
b AT % S AR T VAR 5 MR~y
5 e
\

Figure 2. Comparison of TC track density difference
during ENSO years (El Nino minus La Nina). Top:
Aug-Oct, and bottom: Jan-Mar. (a) IBTFACS represents
observation.

The influence of the spectral scheme on simulating global
TC activity was investigated using AFES and its original
convection scheme. The results showed that the spectral
scheme suppressed excessive atmospheric instability by
reducing model bias, and so the statistics of simulated TC
became closer to the observation than the original scheme.
This effect also contributed to better TC response to tropical
variability [6].
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