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The goal of this project is to deepen our understanding of diurnal to seasonal atmospheric variabilities [e.g., tropical cyclones,
tropical waves, Intraseasonal Oscillation (ISO)/Madden-Julian Oscillation (MJO), monsoons] and to gain insight into the better
prediction of these phenomena by high-resolution global numerical simulations using Nonhydrostatic Icosahedral Atmospheric
Model (NICAM). In the FY2021, we performed a series of sensitivity simulations to clarify impacts of sea surface temperature
anomaly (SSTA) on the tropical cyclone (TC) activity over the western North Pacific (WNP) at intraseasonal time scale. A case
study of the boreal summer in 2018 indicated that the impacts of positive SSTA in the midlatitude WNP can intrude lower
latitudes and affect the TC activity, especially its zonal distribution, through remote atmospheric response to the SSTA, and the
impacts were more significant for the intense TCs and during the active phase of the ISO.

Keywords : global nonhydrostatic model, tropical cyclone, midlatitude sea surface temperature,
intraseasonal oscillation, western North Pacific

1. Introduction

Accurate prediction of disastrous meteorological disturbances,
which is becoming severer under the global warming, is highly
demanded. Understanding the mechanisms that drives the
disturbances and interactions among the factors with different
temporal and spatial scales provides basis for the improvement
of their prediction. We have been developing Nonhydrostatic
Icosahedral Atmospheric Model (NICAM; Satoh et al. 2014[1]),
which is capable of explicitly representing detailed processes
associated with cloud and precipitation with a high-resolution
framework covering the whole globe.

Sea surface temperature anomaly (SSTA) is a primary factor
that controls the meteorological disturbances. Namely, the SSTA
associated with the tropical and subtropical variability, such as
the El Nino Southern Oscillation and Pacific Meridional Mode,
is regarded as a major source of their predictability. On the other

hand, impacts of the midlatitude SSTA beyond weekly scale is
not well understood, while a positive SSTA continues over the
midlatitude western North Pacific (WNP) in recent years. In
FY2021, we explored its possible impacts on the WNP tropical
cyclone (TC) activity by case study of boreal summer 2018
(Nasuno et al. 2022[2]).

2. Experimental design

A suite of sensitivity simulations was conducted using
NICAM with horizontal mesh size of 14 km, which marginally
resolve TC structure with explicit moist processes. The target
period is July—September, 2018, which is characterized by
pronounced positive SSTA over the midlatitude WNP and over
the tropical and subtropical central Pacific (Fig.1a), as well as
above-normal TC activity over the WNP (Fig.1b). Following the
Qian et al.’s (2019)[3] approach, we performed simulations with
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global SSTA (CTL) and those with removing the SSTA in the
midlatitude WNP (MWNPCLM) (36-members for each).

Fig. 1 (a) Sea surface temperature anomaly (SSTA) used for CTL
(July—September 2018 average). The box indicates a domain
removing the SSTA for MWNPCLM. (b) tropical cyclone (TC)
track density in IBTrACS for July—September 2018 (deviation
from climatology). [Reproduced from Fig. 1b, e of Nasuno et al.
2022.]

3. Results and Discussion

Figure 2 shows the simulated impacts of the midlatitude SSTA
on the TC track density over the WNP. CTL reproduced the
observed enhanced TC activity in the eastern part of the WNP,
which was absent in WNPCLM. The zonal contrast is more
evident for the strong TCs (maximum 10-m wind >45 m s") with
peak density in the eastern (western) WNP for CTL
(MWNPCLM). The area averaged impact of the SSTA on TC
track density amounts to >15% in the eastern WNP (>30% for
the intense TCs).

Examination of the TC genesis environment (CTL
—MWNPCLM) reveled that a cyclonic circulation response
appeared over the WNP, extending to the subtropics, as a
response to the midlatitude SSTA, leading to favorable condition
for convection and TC activity through anomalous poleward
(equatorward) moist ascending (dry descending) motion and
reduced (enhanced) vertical wind shear in the eastern (western)
part of the WNP.
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Fig. 2 Simulated TC track density (3-month accumulated, 36-
member ensemble mean) in CTL (left) and MWNPCLM (right)
for all TCs (upper) and intense (maximum wind >45 m s) TCs
(bottom). [Reproduced from Fig. 2b, ¢ of Nasuno et al. 2022.]

Further analysis targeted for the impacts of the Intraseasonal
Oscillation (ISO), which is a major modulator of the TC activity
in the WNP, reveled that the SSTA impacts were more distinct in
the active phase of the ISO over the eastern part of the WNP. TC
track density increased by > 50% (>100% for intense TCs) of the
period mean in the western WNP in both cases, while the
response diverged in the eastern WNP. In MWNPCLM, TC track
density was comparable to or even decreased for the intense TCs
compared with the period-mean in the eastern WNP, where the
condition was less favorable than in western part, due to remote
response to the equatorial ISO convection. In CTL, in contrast,
TC track density was greater than the period-mean.

4. Concluding remarks and Future study

The ensemble simulations using the high-resolution global
nonhydrostatic model demonstrated that the midlatitude WNP
SSTA can significantly affect the subtropical atmospheric
disturbances, such as TCs and their interactions with variability
with different temporal and spatial scales (e.g., ISO). In the 2018
summer state, the positive SSTA in the subtropics drove
enhanced convection and anomalous ascending motion in the
subtropical central Pacific, which is linked with strong monsoon
westerlies over the WNP. This may facilitate the remote impacts
of the midlatitude SSTA intruding into the lower latitudes.

To obtain more comprehensive understanding, multi-year
simulations with various SSTA distributions, as well as
introducing the ocean-atmosphere interactions (i.e., using a fully-
coupled version of the global nonhydrostatic model) will be
executed in the forthcoming studies.
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