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The objective of this project is to deepen our understanding of diurnal to seasonal atmospheric variabilities (e.g., tropical cyclones,
tropical waves, Madden-Julian Oscillation [MJO], monsoons) by high-resolution global simulations using Nonhydrostatic Icosahedral
Atmospheric Model (NICAM), and to improve the forecast skill of these phenomena. In FY2016 we conducted a set of global 3.5-km
mesh simulations of Typhoon Fengshen, the early formation stage of which was observed during the PALAU2008 field campaign,
to investigate the multi-scale processes of the tropical cyclone (TC) formation. The results showed that the large-scale lower
tropospheric gyre associated with the boreal summer intraseasonal oscillation (ISO) extended upward by latent heat release. This
facilitated the successive formation of deep convection close to the storm center and subsequent establishment of the TC inner core.
It was also found that the better representation of the vertical velocity within the TC inner core by the high-resolution simulation

reduced the northward track bias, which was pronounced in the operational forecasts.

Keywords: global nonhydrostatic model, tropical weather forecast, tropical intensive observation, tropical cyclone,

intraseasonal oscillation

1. Introduction 2. Global 3.5-km mesh simulation of Typhoon
This project aims for better understanding of the mechanisms Fengshen (2008)

of severe meteorological disturbances, which are in many 2.1 Roles of the intraseasonal oscillation in the TC

cases embedded in large-scale disturbances, and improving formation

their representation in the numerical model. To achieve this The tropical cyclone (TC) formation over the western

goal, we perform numerical experiments using Nonhydrostatic Pacific occurs under multi-scale interactions among large-
Icosahedral Atmospheric Model (NICAM; Satoh et al. [1]), scale variabilities, such as the intraseasonal oscillation (ISO) or
which is capable of representing global cloud and precipitation monsoon circulations (O[10,000 km]), synoptic-scale waves and
in a seamless framework. Our major target is the phenomena troughs (O[1,000 km]), and the mesoscale systems including
observed during the JAMSTEC field campaigns. We make the eyewall clouds (O[10 km]). Because of its complexity, an
comprehensive analysis using the simulation, observation, and accurate prediction of the TC genesis is a tough problem. The

analysis data. ISO is drawing an increasing attention of the operational centers
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as a source of extended range predictability by its long time
scale. A high-resolution numerical model with horizontal mesh
size <5 km marginally resolves TC inner core structure and
the associated dynamical processes. Therefore, in FY2016 we
investigated the formation process of Typhoon Fengshen (2008)
by a series of global 3.5-km mesh simulations using NICAM,
with our focus on the role of the large-scale variability (e.g.,
ISO). Fengshen formed on 19 June 2008, a few days after its
precursor passing over the PALAU2008 observational array
(Yamada et al. 2012[2]). Simulations were initialized using the
ECMWF YOTC operational analysis at 0000 UTC 15 June 2008.

Figure 1b shows the lower tropospheric wind and vorticity
fields at the initial time. Equatorial westerlies associated with
an ISO event, which occurred during the onset period of the
western North Pacific summer monsoon, was intensified to
form a large-scale cyclonic gyre. The gyre was collocated with
the humid region associated with the ISO. In the simulation,
the lower tropospheric gyre extended upward by latent heat
release within the gyre, providing a favorable condition for
TC formation. Figure la presents the middle tropospheric
daily mean vorticity. A synoptic-scale wave intruding from
mid-latitude extended southwestward and amplified by the
latent heat release above the lower tropospheric gyre. This
environment allowed successive occurrences of deep convection
close to the incipient vortex of Fengshen, which traveled along
the northeast rim of the large-scale gyre, and its subsequent
development reaching typhoon intensity. Figure 2 zooms in the

vorticity fields around the precursor of Fengshen in the lower
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Fig. 1 (a) Vertically integrated latent heating rate (shade) and middle

20 m =1

tropospheric daily mean vorticity (contours) in the global 3.5-km
mesh simulation, (b) zonal velocity (color) and relative vorticity
(red contours) at 850 hPa in the initial data (ECMWF YOTC
operational analysis. (Fig. 3c and Fig. 1 of Nasuno et al. [2016,
Geoscience Letters] with modifications)
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and middle troposphere. On 17 June, the center of the vortex
was distant between the two levels, indicating a tilted structure
of the vorticity axis (Fig. 2a, b). On 18 June, the center at the
both levels coincided, and an upright TC inner core structure
was established (Fig. 2¢, d). The same sequence of processes
was also found in simulations varying cloud microphysics

parameters (Nasuno et al. 2016[3]).

2.2 Reduction of the track bias in the 3.5-km mesh
simulation

Fengshen is known by the large track error in the operational
forecasts. Figure 3a shows the observed and simulated tracks of
Fengshen. In the Japan Meteorological Agency (JMA) global
model (blue lines), northward track biases were pronounced.
In the global 3.5-km mesh simulation (red line), the bias was
less evident. We examined the reasons for the reduction of the
track error in the high-resolution simulation by vorticity budget
analysis. Figures 3b and 3¢ show the lower tropospheric vertical
velocity and vorticity fields in the two models. In the global 3.5-
km mesh model, upward velocity and associated production
of positive vorticity successively appeared within the 100-km
radius of the vortex center on the west side (Fig. 3b). In the
JMA global model, in contrast, vertical motion is much smaller
due to the coarse model resolution, and vorticity production
was weak (Fig. 3¢) against the northward advection by the
environmental flow. These elucidate the difference in the track
forecast between the two models (Yamada et al. 2016[4]).

, RV (2=7.6km) 18217jun2008
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Fig. 2 Zoomed plots of the relative vorticity (color) and wind vectors at
(a) (b) 1800 UTC 17 June and (c) (d) 1200 UTC 18 June, 2008
at (a) (¢) z= 7.6 km and (b) (d) z = 1.5 km around the center
of the incipient vortex of Fengshen in the global 3.5-km mesh
simulation. Crosses indicate the vortex center. (Fig. 6 of Nasuno

et al. [2016, Geoscience Letters] with modifications)
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Fig. 3 (a) Track of Fenghsen [best track (green), the global 3.5-km mesh model (red), the JIMA global model (blue)]. Vertical velocity (color) and
relative vorticity (contour) in (b) the global 3.5-km mesh model and (c) the JIMA global model in the lower troposphere at 0000 UTC 20 June,

2008. (Fig. la, Fig. 2b and 2d of Yamada et al. [2016, SOLA])

3. Summary and Future study

The use of high-resolution is a worldwide direction toward
better simulation/prediction of the TC formation, life cycle, and
structure, but availability of the global simulation with <5 km
mesh sizes are still very limited. Our results suggest a significant
role of large-scale variability on the TC genesis process and a
possible impact of resolving the TC inner core structure on its
track forecast. In future studies, validation of our findings and
exploration of extensive understanding by accumulation of case
studies are warranted. In FY2017-2019, we plan to deal with
more simulation cases in synergy with the years of the Maritime
Continent (YMC) field campaign (http://www.jamstec.go.jp/
ymc/index.html).
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