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We conducted typhoon forecast experiments using the following three 7-km mesh global atmospheric models, the nonhydrostatic
global spectral atmospheric model using Double Fourier Series (DFSM), Multi-Scale Simulator for the Geoenvironment (MSSG),
and Nonhydrostatic ICosahedral Atmospheric Model (NICAM) to obtain new findings for improving typhoon prediction by high
resolution global atmospheric model. Our project has conducted numerous numerical experiments on various cases of typhoons and
atmospheric disturbances, statistically evaluated the systematic error of typhoon track and intensity predictions, and showed the
effectiveness of high resolution atmosphere model [1]. This fiscal year we also continued to conduct typhoon forecast experiments
in new typhoon cases. From the comparison among the models, it was confirmed that typhoons further developed as air-sea sensible
heat fluxes around the storm center were higher. In addition, the excessive development of the typhoon predicted by DFSM could
be improved by reducing the air-sea sensible heat fluxes from the results of sensitivity experiments on surface boundary processes.
Furthermore, the effect of sea spray played a role in further lowering central pressure of typhoon from the results of sensitivity

experiments using MSSG.

Keywords: Numerical Weather Prediction, Global Atmospheric Model, Tropical Cyclone, Model Intercomparison

1. Introduction 2. Experimental design
Natural disasters caused by typhoons seriously affect social We conducted typhoon forecast experiments for Typhoon
and economic activities. It is always sought by society to Lionrock (2016) and Hurricane Joaquin (2015) this fiscal year.

alleviate the damages by improving the accuracy of the track In addition, monthly forecast experiments were conducted in
and intensity forecast of typhoons. However, the accuracy is still July 2004 to investigate the predictability of genesis of tropical
insufficient. One of the reasons is that the horizontal resolution cyclones in the western North Pacific. These experiments
of the operational global atmosphere model is relatively coarse are summarized in Table 1. In addition, some sensitivity
(20 km as of 2018) to resolve the inner core of typhoons. experiments with modified physical processes were conducted.
In this project, by utilizing computational resources for the DFSM we have used so far (DFSM_GSM1403) is based on
project on 'Earth Simulator (ES) Proposed Research Projects', Japan Meteorological Agency Global Spectral Model (JMA
we conducted numerous typhoon forecast experiment by the GSM) 1403. This fiscal year we also conducted experiments
global atmosphere models with the 7-km horizontal resolution. with new DFSM (DFSM_GSM1705) based on JIMA GSM 1705.
The 7-km resolution is expected for the operational use in
the late 2020s. Clarification of the characteristics of typhoons 3. Results
predicted in each model, estimates of systematic errors on 3.1 Typhoon intensity difference among models and

typhoon predictions, and deeply understanding of typhoons from the relation to air-sea sensible heat fluxes
a scientific view contribute to the improvement of the accuracy As for the difference in typhoon intensity among the three
of predictions on typhoons. models, DFSM (DFSM_GSM1403) tended to be excessive

compared with other models. When the upper limit of the

cooling with evaporation of precipitation from the cloud scheme

43
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Table 1 List of the initial time for typhoon forecast experiments

Seq. # of cases - Initial time (0000UTC agd 1200UTC) Related tropical cyclones and tropical phenomena
Start time End time

1 2016/8/22 1200UTC 2016/9/1 0000UTC Typhoon Lionrock
2 2016/8/23 0000UTC 2016/9/1 0000UTC Typhoon Lionrock
3 2016/8/23 1200UTC 2016/9/1 0000UTC Typhoon Lionrock
4 2016/8/24 0000UTC 2016/9/1 0000UTC Typhoon Lionrock
5 2016/8/24 1200UTC 2016/9/1 0000UTC Typhoon Lionrock
6 2016/8/25 0000UTC 2016/9/1 0000UTC Typhoon Lionrock
7 2016/8/25 1200UTC 2016/9/1 0000UTC Typhoon Lionrock
8 2016/8/26 0000UTC 2016/9/1 0000UTC Typhoon Lionrock
9 2015/9/28 1200UTC 2015/10/3 1200UTC Hurricane Joaquin
10 2015/9/29 1200UTC 2015/10/4 1200UTC Hurricane Joaquin
11 2015/9/30 1200UTC 2015/10/5 1200UTC Hurricane Joaquin
12 2015/10/1 1200UTC 2015/10/6 1200UTC Hurricane Joaquin
13 2015/10/2 1200UTC 2015/10/7 1200UTC Hurricane Joaquin
14 2014/7/10 0000UTC 2014/8/9 0000UTC

15 2014/7/11 0000UTC 2014/8/10 0000UTC

16 2014/7/12 0000UTC 2014/8/11 0000UTC

17 2014/7/13 0000UTC 2014/8/12 0000UTC

18 2014/7/14 0000UTC 2014/8/12 0000UTC

was excluded (DFSM_nolimevp), the excessive development
was alleviated due to increases of the cooling in the lower
troposphere. However, there were some cases that typhoon
development was still excessive even though the upper limit
of cooling was excluded. This fiscal year, we also conducted
typhoon forecast experiments with DFSM_GSM1705. The
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Fig. 1 Simulation results of Lionrock (2016) executed from initial value
at 12 UTC 24" August 2016.
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DFSM_GSM1705 improved the excessive development of
typhoons reasonably by updating the physical schemes such
as the surface boundary layer scheme and the cumulus cloud
scheme.

Figure 1 shows that predicted Lionrock’s intensity was
strong in order of DFSM_nolimevp, DFSM_GSM1705, NICAM
and MSSG. The Lionrock’s intensity predicted by MSSG was
most reasonable to RSMC best track analysis. At forecast time
zero (FTO) to 1 hour (FT1), predicted air-sea sensible heat
flux was also in order of that of predicted intensity, indicating
that the storm further developed as air-sea sensible heat fluxes
around the storm center were higher. At the period from FTO to
FT1, the difference of atmospheric environments is considered
to be small among the models so that the difference of air-sea
sensible heat fluxes was mainly caused by the difference of the
surface boundary layer scheme. However, a difference among
the models was also found in the difference between surface air
temperature and sea surface temperature (Fig. 1). In addition, the
horizontal pattern of the difference of the temperature difference
corresponded well to air-sea sensible heat fluxes. This suggests
that the temperature difference was one of factors that caused

the difference of air-sea sensible heat fluxes among the models.

3.2 Sensitivity experiments on air-sea sensible heat
fluxes
We conducted sensitivity numerical experiments focusing
on the effect of air-sea turbulent heat fluxes on the intensity
prediction of Lionrock with DFSM. Table 2 shows a list
of sensitivity experiments. The experiments considered the
following three factors that were closely related to estimates of
air-sea turbulent heat fluxes.
(1) The ‘Gust’ effect is introduced into the surface boundary
scheme in the GFSM. This effect leads to increases in
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Table 2 List of sensitivity numerical prediction experiment for the prediction of Lionrock

Experiment name Veri\i/lootleff} SM Gust Sea spray Limitation of Bowen ratio (0.1)

DFSM_nolimevp DFSM_GSM1403 o X x
DFSM_nolimevp Modify DFSM_GSM1403 X o o

DFSM_GSM1705 DFSM_GSM1705 o x x

air-sea turbulent heat fluxes by increasing surface wind
speeds.
(2) The limit of the Bowen ratio (0.1) is introduced to
suppress air-sea sensible heat fluxes.
(3) A simple parameterization of sea spray [2] is introduced
to increase air-sea latent heat flux and to reduce air-sea
sensible heat flux.

In Figure 2, the simulated storm overdeveloped in the
DFSM_nolimevp experiment, while the overdevelopment was
suppressed in the DFSM_nolimevp_Modify experiment. The
simulated intensity in the DFSM_nolimevp Modify experiment
was consistent with the Regional Specialized Meteorological
Center Tokyo best track analysis. In the DFSM_GSM1705
experiment, overdevelopment of the simulated storm was not
improved compared with the result in the DFSM_nolimevp_
Modify experiment. This suggests that air-sea sensible heat

fluxes around the storm center tended to be still excessive.
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Fig. 2 Time series of central pressure of typhoon Lionrock (2016)
simulated from the initial time of 00 UTC 23™ August 2016
together with RSMC Tokyo best track analysis.
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3.3 Influence of air-sea heat and mass transfer
processes on typhoon development

In order to investigate the influences of heat and mass
transfer processes between atmosphere and ocean on typhoon
development, MSSG has cutting-edge process models
implemented:

1. Atmosphere-ocean coupling process model [3]

2.

3.

Sea-spray process model [4]
Heat and mass transfer model under wave-breaking high
wind speed [5]

This section reports the research on the above-mentioned
list-2, that is, the research on the influence of the sea-spray
generated under high-wind speed on the typhoon development.

It is well-known that the sea-spray often forms the so-called
evaporation layer, and the layer influence on the heat transfer
between atmosphere and ocean. The latent heat transfer is
promoted while the sensible heat transfer is suppressed in the
evaporation layer, but its extent depends on the meteorological
conditions of the layer. Onishi et al. (2016) clarified the sea-
spray influence inside idealized evaporation layers, while the
influence under realistic condition remains unclear. In this
project, the sea-spray influence has been investigated in one of
the typhoon events, i.e., Haiyan (2013), targeted for the model
intercomparison (TYMIP). Figure 1 shows the MSSG simulation
results. The influence of the seaspray can be inferred from the
difference between the result with the reference (ordinary)
MSSG and that with the sea-spray considering MSSG. It is clear
that the track is insensitive to the seaspray while the central
pressure is sensitive. The central pressure dropped by 5-10 hPa
if the seaspray was considered. This result clearly shows the

relevance of the sea-spray process in the typhoon forecast.
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Fig. 3 MSSG simulation results for the track (left) and central pressure (right) of Haiyan (2013). The forecast results with the reference MSSG are

shown in red while those with the sea-spray considering MSSG are in blue.
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4. Conclusions and future works

The main achievements of this fiscal year are as follows.

By comparison between the three models, typhoons further
developed as air-sea sensible heat fluxes around the storm
center were higher.

DFSM_GSM 1705 improved excessive development of
predicted typhoon considerably due to updating of the
physical scheme particularly the surface boundary scheme.
Reduction of air-sea sensible heat fluxes led to suppressing
excessive development of predicted typhoons by suppressing
air-sea sensible heat fluxes.

Predicted central pressures became a little lower by
introducing the effect of sea spray into the MSSG.

In the subsequent project, we will continue to analyze the

results of numerical experiments obtained in the previous
projects and will refine the model based on the findings obtained
during the project. In addition, we will try to conduct numerical
experiments using a high resolution atmospheric-ocean coupled
model to evaluate the effect of sea surface cooling and therby
changes in air-sea sensible heat and latent heat fluxes on

typhoon predictions.
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