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Simulator, High Performance Computing, edited by
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Microwave satellite CReSS simulation
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(a) T-PARCII dropsondes (~06Z25Sep) (ms) (b) CReSS simulation (06Z25Sep) (m s)
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High-Resolution Simulation of a Supertyphoon Observed by Aircraft Using the
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A strong tropical cyclone (TC) often forms the secondary (outer) eyewall outside the primary (inner) eyewall surrounding
the eye (i.e., concentric eyewalls; CEs). After the secondary eyewall formation, the inner eyewall cloud dissipates rapidly, and
the outer eyewall cloud gradually contracts (an eyewall replacement cycle; ERC). Coincided with the ERC, the radius of
maximum wind (RMW) and size in the TC change rapidly. Understanding the mechanism of the ERC is important for numerical
predictions of typhoon intensity and size. Typhoon Trami (2018) exhibited a CE structure and inner eyewall dissipation after
Trami reached the lifetime minimum central pressure of 910 hPa. As the first step for understanding the mechanism of the inner
eyewall dissipation in Trami, a high-resolution simulation using a non-hydrostatic regional model is performed in this study.
The simulation result was compared with available observations. The simulated Trami was in agreement with track and intensity
in the JMA's best tracks during the most intensifying period. The simulated Trami had a CE structure similar to that of the
microwave brightness temperature observations. The evolution of the CEs followed the microwave images. The tangential
winds in the inner core of Trami during the CE period reproduced the tangential wind distribution (particularly, the maximum
wind speed and RMW) as seen in dropsonde observations.

Keyawords: supertyphoon, aircraft observation, the cloud-resolving model, high resolution simulation, concentric eyewalls

1. Introduction eyewall at a radius of 30-40 km, and the outer eyewall

Intense tropical cyclones (TCs) have a cloud-free area
called the "eye". The eye is surrounded by an eyewall. The
maximum wind speed of a TC is located near the eyewall
radius. In intense TCs, the secondary eyewall often forms
outside the primary (inner) eyewall (i.e., concentric
eyewalls; CEs). Corresponding to radii of the CEs, the
tangential winds also have local peaks near the eyewall radii.
Once the secondary eyewall is formed, the inner eyewall
rapidly dissipated, and the outer eyewall gradually contracts
(i.e., eyewall replacement cycle; ERC). The ERC can cause
rapid changes in the strong wind and size of the TC.
Therefore, understanding the ERC mechanism is important
for the accurate prediction of the intensity and size of the TC
using numerical models.

A field campaign of Tropical cyclones-Pacific Asian
Research Campaign for Improvement of Intensity
estimations/forecasts (T-PARCII) using a Japanese aircraft
have been conducted in a mature stage of Typhoon Trami
(2018). In this project, horizontal winds, temperature, and
humidity distributions of the inner core (within 100-200 km
from the center) in Trami were obtained by dropsondes.
Typhoon Trami developed rapidly from 22 to 24 September
2018, reaching its lifetime minimum central pressure of 910
hPa (Figure 1b). According to the brightness temperature
distribution obtained by microwave satellite observations,
the storm had a distinct eye at around 0400 UTC 25
September (Figure 2a). The eye was surrounded by the inner

existed at a radius of 90 km (i.e., CEs). The inner eyewall
became gradually obscured at around 2100 UTC 25
September (Figure 2b), and almost disappeared on 26
September. As the first step for understanding the
mechanism of the inner eyewall dissipation in Trami, a high-
resolution simulation using a non-hydrostatic regional model
is performed in this study. The simulation result is compared
with available observations.
2. Methodology

A numerical simulation of Typhoon Trami was
conducted with the Cloud Resolving Storm Simulator
(CReSS 3.4.2), which is a three-dimensional, regional,
compressible non-hydrostatic model (Tsuboki and
Sakakibara 2002). The CReSS model uses a terrain-
following coordinate system in the vertical and calculates the
three-dimensional wind velocity components, pressure
perturbation, potential temperature perturbation, turbulent
kinetic energy (TKE), and the mixing ratios of water vapor,
cloud water, rain, cloud ice, snow, and graupel. The CReSS
model does not use cumulus parameterization. The model
domain was about 40° in the zonal direction x 40° in the
meridional direction X 26 km in height (Figure la). The
horizontal grid spacing was uniformly 0.02° in both the zonal
and meridional directions. The vertical grid was a stretching
vertical coordinate. The lowest grid spacing was 50 m, and
there were 70 vertical grids. The integration period was from
1200 UTC on 21 to 0000 UTC on 28 September 2018. In the
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present simulation, the global analysis data with a 0.25°
resolution provided by the National Centers for
Environmental Prediction was used for the initial and
boundary conditions.

3. Result

The simulated track of Trami almost followed the IMA
best-track estimation (Figure 1a). The central pressure and
maximum wind speed of the typhoon in the simulation
followed the JMA estimates well during the most
intensifying period (Figure 1b). On the other hand, the
weakening rate of Trami seen on 25 September 2018 is
smaller than the best track.

In the simulation, ring-shaped precipitation was
exhibited at 30-40 km and 80-100 km radii at 0700 UTC 25
September 2018 (Figure 2¢). The result indicates that CEs in
the simulation formed at their respective radii corresponded
to the ring-shaped precipitation. The formation radii of the
simulated CEs were in agreement with those in the satellite
observation (Figure 2a). At around 2100 UTC 25 September
2018, the simulated inner-eyewall precipitation weakened.
Moreover, regions with no precipitation, which had strong
asymmetry (Figure 2d), were distributed between the inner
and outer eyewalls (i.e., moat). The asymmetric moat in the
simulation was also observed in the microwave observations
(Figure 2¢). The result suggests that the simulated typhoon
captured the actual weakening of the inner eyewall.

Figure 3 shows the tangential wind distribution of Trami
at around 0600 UTC 25 September for the T-PARCIIL
observation. The maximum tangential wind speed of Trami
was observed below a height of 1 km, and the radius of
maximum wind (RMW) was located at a radius of 40-50 km.
The small vertical shear of the tangential winds indicated an
equivalent barotropic structure inside the RMW (Figure 3a).
The simulated tangential winds at a similar time to the
observation reproduced the observations well below 7 km
altitude (Figure 3b). In particular, the RMW was located in
the 40-70 km radius, and most of the strongest tangential
winds above 60 m s”! were within the boundary layer within
a height of 1 km. The simulated tangential winds were
represented by the physics of the CReSS model, and the
simulation is useful for studying the dynamics of the inner-
eyewall dissipation associated with the ERC.

We discuss the differences from the best-track intensity
seen in the simulated intensity after 25 September 2018.
Trami's translation speed decreased as the storm turned
northward (Figure 1a). Coincided with the decrease in the
translation speed, a significant decrease in the sea surface
temperature (SST) may have been induced by the typhoon.
The SST cooling can suppress the development of the
typhoon. The simulation in this study is based on a one-
dimensional ocean model based on vertical diffusion.
Therefore, three-dimensional dynamical processes in the

ocean (e.g., Ekman upwelling) cannot be represented in the

simulated SST cooling. The lack of three-dimensional ocean
processes in the simulation can induce the difference from
the characteristics of the observed SST cooling (not shown).
The different SST cooling can induce the difference in the
intensity between the best track and the simulation during
the weakening period of the storm after 25 September 2018.
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Figure 1: (a) Track and (b) central pressure and maximum
wind speed of Typhoon Trami (2018). Crosses correspond to
the best-track data provided by the JMA. Solid lines denote
the simulation. Blue stars in Panel (a) indicate the storm

location when dropsonde observations were conducted in T-
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PARCII. Blue vectors in Panel (b) indicate times in T-
PARCII, respectively. The blue line in Panel (b) denotes the
period of the CEs based on the microwave satellite images.
The maximum wind speed in the simulation was defined as
the maxima of the azimuthally averaged tangential wind
speed in the simulation.

Microwave satellite CReSS simulation
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Figure 2: (left) Microwave brightness temperature in the 89-GHz band (color; K) and (right) simulated precipitation intensity
(color; mm h'). Top and bottom panels correspond to periods of the secondary eyewall formation and the inner-eyewall
dissipation, respectively. Contours in Panels (c) and (d) denote the sea-level pressure in the simulation (hPa). Microwave images
were provided by the U.S. Naval Research Laboratory (https://www.nrlmry.navy.mil/TC.html).
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(a) T-PARCII dropsondes (~06Z25Sep) (ms) (b) CReSS simulation (06Z225Sep) (ms)
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Figure 3: Radius-height cross-sections of tangential winds (color and contours; m s!). The tangential winds in Panel (a) were
observed by the T-PARCII dropsondes at around 0600 UTC 25 September 2018. Panel (b) shows the azimuthally averaged
tangential winds in the simulation at 0600 UTC 25 September 2018.
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