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Tropical cyclones (TCs) in the western North Pacific (typhoons) are the biggest cause of meteorological disasters in East
Asia. There are large uncertainties in estimation and prediction of TC intensity. High resolution simulations are indispensable
for the improvement, but the lack of observation data makes it difficult to verify simulations of typhoon eyes and inner core
structure. A supertyphoon Lan was observed in October 2017 using dropsondes from an aircraft. A high-resolution simulation
was compared with the observed data. The simulated thermodynamic structure of the inner core sufficiently agreed with the
observation. The observed double warm core was successfully simulated. Using the simulated result, potential temperature
budget was calculated. The budget results revealed that the large warming in the double warm cores was mainly induced by

adiabatic warming associated with strong subsidence in the eye.

Keyawords: supertyphoon, aircraft observation, the cloud-resolving model, high resolution simulation, double warm core

1. Introduction

Tropical cyclones (TCs) have positive anomaly of air
temperature in the eye region from the environmental field,
which is well-known as a warm core. The warm core is
closely linked to central pressure and maximum wind speed
of the storms via the thermal wind relationship. Dynamics of
the warm-core evolution is important for full understanding
of the storm intensity change. Although numerical
simulation is powerful for the full understanding of the
warm-core evolution, it is difficult to verify the simulation
result because of the lack of in situ observations such as
dropsondes for the inner-core structure of TCs. 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 Lan
(2017). Typhoon Lan rapidly intensified during 1800 UTC
19 to 1800 UTC 20 October 2017 (Fig. 1b), and the intensity
maintained until 1200 UTC 21 October 2017 after the storm
achieved the mature stage. Observation in the T-PARCII
revealed that the storm had clear double-warm cores, which
is a unique structure with different peak heights of the warm
anomaly in the eye.

2. Methodology

To clarify dynamics of intensification and maintenance
in the double-warm core, a numerical simulation of Typhoon
Lan 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 30.72° in the zonal direction x 40.96° in the
meridional direction x 28.8 km in height (Fig. 1a). 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 200 m, and
there were 55 vertical grids. The integration period was from
0000 UTC on 16 October to 1200 UTC on 21 October. In the
present simulation, the Global Analysis data with a 0.5°
resolution provided by the Japan Meteorological Agency
(JMA\) was used for the initial and boundary conditions.

3. Evolution of the double warm cores

The simulated track almost followed the estimated best-
track by the JMA (Fig. 1a). The root-mean-square error of
the track was 79 km during the simulation. The simulated
central pressure followed the estimation in the JMA and
Joint Typhoon Warning Center (JTWC). In particular, the
intensifying rate on 20 October 2017 was similar to both of
the JIMA and JTWC best-track data (Fig. 1b). On the other
hand, the simulated central pressure was slightly lower than
those of the best-track data after the intensification. A
dropsonde in T-PARCII captured pressure near the surface in
the eye around 0600 UTC 21 October 2017. The surface
pressure based on the dropsonde was 926 hPa (the red star in
Fig. 1b), which is also higher (about 16 hPa) than the
simulated central pressure at the same time. The simulated
storm achieved the mature stage after the intensification. We
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succeeded the reasonable simulation to examine the warm-
core dynamics during the intensification and mature periods.

Figure 2 shows vertical distributions of air temperature
within the eye in the CReSS simulation and T-PARCII
observation. The simulated warm-core temperature at almost
all levels reasonably followed temperature of the dropsonde.
In particular, inversion layer that appeared in heights of 2 km
to 3 km could be also reproduced in the simulation. During
T-PARCII, a balloon-borne radiosonde was launched at
Minami-Daito Island, which was located at a distance of
about 400 km from the storm center around 0600 UTC 21
October 2017 (Fig. 1a). Vertical distribution of the observed
temperature far from the storm center agrees with that of
azimuthally averaged temperature at a radius of 400 km from
the storm center in the simulation at 0600 UTC 21 October
2017 (Fig. 2). They had a distinguishable difference from
those at the storm center. It indicates that the simulated
warm-core structure was solely generated by physics in the
CReSS model. Thus, the simulation is useful for the study of
the warm-core evolution in Typhoon Lan.

4. Potential temperature budget

Figure 3 shows results of the potential temperature
budget analysis in the intensification stage of 1200 UTC 20
to 0000 UTC 21 October 2017. The simulated storm had
clear double warm cores in the middle (the peak at 7-km
height) and upper (the peak at 16-km height) troposphere.
All levels in the storm eye were warmed (Fig. 3a). Two peaks
of the large warming were located in different layers
between 2 km to 7 km and 12 km to 18 km within a radius
of 40 km. The budget results revealed that the large warming
in the double warm cores was mainly induced by adiabatic
warming associated with strong subsidence in the eye (Fig.
3b).
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Figure 1: () Track and (b) central pressure of Typhoon Lan (2017). Black and yellow crosses correspond to best-track data
provided by the IMA and JTWC, respectively. Red line denotes the simulation. Green star in Panel (a) indicates the location of
Minami-Daito Island. Blue star in Panel (b) indicates the sea-level pressure observed by a dropsonde in the storm eye in T-

PARCII, respectively.
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Figure 2: Temperature profiles of a dropsonde in the storm eye in T-PARCII around 0639 UTC 21 October 2017 (black-solid)
and the grid point having the most similar profile to the dropsonde at the closest time in the simulation (red-solid). The most
similar point is searched within a radius of 20 km from the storm center. The similarity is quantitatively estimated as the lowest
root-mean-square difference of temperature profile between each grid point and the dropsonde. The black- and red-dashed lines
denote the sounding at the Minami-Daito island (Fig. 1a) and the azimuthally average temperature profile at a radius of 400
km at the same time in the simulation. The whisker plots denote the minimum and maximum temperature within a radius of 20
km at each model level.
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(a) Actual change (b) Adiabatic warming
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Figure 3: Radius-height cross sections (color; K) of (a) actual change of azimuthally averaged potential temperature during
1200 UTC 20 to 0000 UTC 21 October 2017 and (b) adiabatic warming associated with vertical motion. Solid contours denote
potential temperature anomaly from the azimuthal averaged potential temperature at the radius of 400 km. The dashed contour
denotes an outline of the eyewall, which is defined by azimuthally averaged updrafts.
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