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For accurate prediction of typhoon intensity, improvement of physical processes of a numerical model is indispensable as well
as increase of resolution. In the present study, the typhoon-ocean interaction and upper-level cirrus clouds in the typhoon outflow
layer are studied using an atmospheric and ocean models. We couple the non-hydrostatic atmospheric model, the Cloud Resolving
Strom Simulator (CReSS) and the non-hydrostatic ocean model, the Non-hydrostatic Ocean model for the Earth Simulator (NHOES)
to predict typhoon intensity. At first, CReSS-NHOES is optimized for the new Earth Simulator. In particular, optimizations of the
radiation code and wave process were performed because they are heavy computation processes in the coupled model. After the
optimizations, simulation experiments of selected intense typhoons are made; Typhoon Vera (1959) and Typhoon Haiyan (2013)
because these typhoons are the most intense typhoons. Using CReSS, Typhoon Vera is successfully simulated. The radiation process
associated with the cirrus clouds in the outflow layer has an impact on the typhoon intensity. The simulation with the radiation is
better result of typhoon intensity. For the simulation experiment of the super-typhoon Haiyan, the coupled model CReSS-NHOES
was compared with the CReSS model. The results indicate that the upper ocean heat content is an important factor to control typhoon

intensity and that the coupled model gives better result about the maximum intensity of typhoon.

Keywords: the Coupled Atmosphere-Ocean Non-hydrostatic Model, typhoon intensity, outflow layer, typhoon-ocean interaction,

Typhoon Haiyan
1. Introduction impact for the typhoon intensity will contribute to improvement
Cloud-resolving simulation is important for an accurate of the typhoon intensity prediction.

prediction of typhoon intensity as well as detailed calculation

of the environmental fields. It is also important for the typhoon 2. Methods

intensity prediction to calculate a typhoon-ocean interaction Since both CReSS and NHOES have been developed on the
and the air temperature fields of the upper troposphere and Earth Simulator, it is expected that the coupled model CReSS-
lower stratosphere. The interaction between typhoons and the NHOES will show a high performance on the new Earth
ocean is complex. Thus, a high-resolution coupled atmosphere- Simulator. Typhoon simulations using the coupled model are
ocean model is necessary for the prediction of the sea surface large computation and the Earth Simulator is indispensable for
temperature (SST). On the other hand, the temperature of the the simulations. At the beginning of the preset research, CReSS-
upper layers is strongly controlled by the cirrus clouds in the NHOES is optimized for the new Earth Simulator because its
typhoon outflow layer due to the radiation process as well as the architecture is different from the previous generation of the
environmental field. In the present study, we couple the non- Earth Simulator. In particular, optimizations of the radiation
hydrostatic atmospheric model, the Cloud Resolving Strom code and wave process were necessary because they are heavy
Simulator (CReSS) and the non-hydrostatic ocean model, the computation processes in the coupled model.

Non-hydrostatic Ocean model for the Earth Simulator (NHOES) After the optimizations, simulation experiments of selected
to study effects of the typhoon-ocean interaction and the cirrus intense typhoons are made; Typhoon Vera (1959), Typhoon
clouds in the typhoon outflow layer. These processes are not Megi (2010), and Typhoon Haiyan (2013). In the lower latitude,

sufficiently considered in the typhoon prediction. To clarify their the most intense typhoons are observed. Their intensity is the
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strongest in the present climate. Their intensity is expected to
be near that of the future typhoons in the higher latitude because
SST in the mil-latitude will become the similar level of the
lower latitude SST. Therefore, accurate prediction of intensity of
lower latitude typhoons is important for estimation of intensity

of future typhoon in mid-latitude.

3. Results
3.1 Typhoon Vera (1959)

This typhoon is one of the most devastating typhoons in
Japan. It struck the central part of Japan and fatalities were
more than 5000 mostly owing to high storm surge in the Ise
Bay. When the Typhoon Vera struck Japan, there were no
satellite and radar observations. However, the Typhoon Vera
is important as a worst scenario for future typhoon disaster.
Research of Vera and projection of future Vera are important for
a disaster prevention as well as typhoon research.

We performed a simulation experiment of the Typhoon Vera
using CReSS with a horizontal resolution of 2 km. The simulation
started two days before its landfall over the Kii Peninsula. The
initial time was 12 UTC September 24, 1959. To examine the
impact of the radiation process, two simulation experiments were
performed with and without the radiation process.

Figure 1 shows a 3-dimensional display of clouds and
precipitation of the simulated typhoon Vera. The structure of the
typhoon eye is upright and highly symmetric. This indicates that
the typhoon is still intense even just before it makes landfall.
The upper level clouds extend widely from the typhoon eyewall,
which reaches Okinawa region. They are the cirrus cloud in the
typhoon outflow layer. These clouds will not increase rainfall
amount while they have substantial impact on the typhoon
intensity thought the radiation process. Therefore, modeling
representation of the cirrus clouds is important for the accurate
prediction of typhoon. Figure 2 compare the time-series of

central pressure of the Typhoon Vera. The radiation process

Fig. 1 Three-dimensional display of cloud and precipitation distribution

of the simulated typhoon Vera (1959): cloud ice (while), groupel
(pink), snow (yellow) and blue (rain). The lines are selected

stream line.

causes about 15 hPa difference and the simulation with the
radiation process shows that the central pressure is more close

to the observation data.

BLACK: BEST TRACK
RED: CReSS , PURPLE: CReSS-RRTM
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Fig. 2 Time-series of the central pressures obtained in the simulation
experiments of Typhoon Vera. The red line is simulation without
radiation process, the purple with radiation, and the black line is
the JMA best track data.

3.2 Super-typhoon Haiyan (2013)

The most intense tropical cyclones occur in the lower latitude
of the western North Pacific Ocean. The Philippines have
been affected by such intense typhoons. The super-typhoon
Haiyan (2013) is one of the intense typhoons which cause huge
disaster over the Philippines. The simulation experiments of the
intense super-typhoon are importance to estimate the maximum
intensity of typhoon in the present climate as well as in the
future climate.

There are four important problems in the simulation
experiment of the super-typhoon Haiyan. (1) Minimum central
pressure is not attained by simulations. (2) Lowering central
pressure delays in the simulation than the observation. (3) The
observed rapid intensification is not simulated. (4) The simulated
track is sifted about 200~300 km to the north of the observed
track. To examine these problems, we performed simulation
experiments with different conditions and parameters.

Three experiments using CReSS with different depth
of ocean and one experiment using CReSS-NHOES were
performed. The depth of ocean of the CReSS model will change
the upper ocean heat content. Figure 3 shows the time-series of
central pressures obtained from the experiments and that of the
JMA best-track data. The simulated typhoons showed the rapid
intensification around 00~12 UTC of September 6 while its start
time was delayed. The minimum central pressures of the CReSS
experiments are dependent on the ocean depth. This indicates
that the intensity of super-typhoon is strongly dependent on the
ocean heat content and thus the coupling of an ocean model is
necessary to remove the uncertainty in the expression of ocean.
The minimum central pressure obtained by the CReSS-NHOES
experiment is very close to that of the observed typhoon even

though the timing was delayed. The problems about the shift
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of track and the delay of the timing of intensification are still

remained for the future study.

Haiyen: Central SLP (CReSS_NHOES_WKD2km500£20)

orange: 1D CReSS (dz=0.5m)
red : 1D CReSS (dz=1.42m)
9804 — AN, green : 1D CReSS (dz=6m)
black : CReSS—NHOES
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Fig. 3 Time-series of the central pressure obtained in the simulation
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experiments of the super-typhoon Haiyan (2013). The orange, red
and green lines are those by CReSS while the black line is that
by CReSS- NHOES. The blue line is the JMA best-track data.
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