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We conducted typhoon forecast experiments using the three 7-km mesh nonhydrostatic global atmospheric models, DFSM,
MSSG and 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, and
confirmed the effectiveness of high-resolution atmosphere model and multi-model ensemble [1]. This fiscal year we
analyzed the typhoon prediction experiments that we have conducted so far, and also conducted sensitivity experiments to
improve the performance of the models. The importance of the reliable prediction of the tropical intraseasonal oscillation
was confirmed by analysis of 18-day integration experiments focusing on typhoon genesis. By conducting several sensitivity
experiments, it was found that the excessive precipitable water in the MSSG simulations was improved by modifying the
initial soil moisture setting. Experiments using coupled atmosphere-ocean models were also conducted to investigate the
effects of air-sea interaction on typhoon and SST. It was confirmed that the decrease in SST along the typhoon track in the

models was similar to that in the AMSR2 observation.

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

1. Introduction

Natural disasters caused by typhoons seriously affect social
and economic activities. It is always sought by society to
alleviate the damages by improving the accuracy of the track
and intensity forecast of typhoons. However, the accuracy is
still insufficient. One of the reasons is that the horizontal
resolution of the operational global atmosphere model is
relatively coarse (20 km as of 2019) to resolve the inner core
of typhoons.

In this project, we conducted numerous typhoon forecast
experiment by the global atmosphere models with the 7-km
horizontal resolution by utilizing computational resources for
the project on ‘Earth Simulator (ES) Proposed Research
Projects' in cooperation with the Meteorological Research
Institute (MRI) and the Japan Agency for Marine-Earth
Science and Technology (JAMSTEC). The 7-km resolution is
expected for the operational use in the late 2020s.
Clarification of the characteristics of typhoons predicted in
each model, estimates of systematic errors on typhoon
predictions, and deeply understanding of typhoons from a
scientific view contribute to the improvement of the accuracy
of predictions on typhoons.

2. Experiments
We conducted typhoon forecast experiments using the
following three 7-km mesh nonhydrostatic global atmospheric

models: the Double Fourier Series spectral Model (DFSM)
developed in MRI, the Multi-Scale Simulator for the
Geoenvironment (MSSG) developed in JAMSTEC and the
Nonhydrostatic 1Cosahedral Atmospheric Model (NICAM)
developed in JAMSTEC, AORI and AICS. In this fiscal year,
we conducted sensitivity experiments to change the physical
process and the initial condition setting, etc., to improve the
predicted results of the models. We also conducted
experiments using coupled atmosphere-ocean models to
investigate the effects of air-sea interaction on typhoons and
SST.

3. Model inter-comparison of TC genesis prediction

Tropical Cyclone (TC) genesis over the western Pacific is
affected by large-scale atmospheric conditions, such as the
modulation of the Asian summer monsoon associated with the
tropical intraseasonal oscillation (ISO). Enhanced occurrence
of TCs in the active period of 1SO is recognized, and the 1ISO
is regarded as a promising source of predictability of TC
genesis. In this FY, we focus on this issue, and examined the
multi-model simulation outputs of the successive TC genesis
case that occurred during the active period of and ISO event
in late June, 2015. The initial time of the simulations are 23,
25, and 27 June, 2015, which are 10, 8, and 6-day prior to the
successive TC genesis, and 18-day long simulations are
conducted.
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Figure 1 shows the simulations initialized on 23 June.
significant differences among the models are found; in the
models with intense (retreating) monsoon westerlies, TC
genesis was enhanced (suppressed). The same relationship
between the large-scale fields and TC genesis is also
confirmed in the sensitivity experiments of DFSM with
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turning off the cumulus parameterization scheme (Fig. 1,
lower right panel). The above results suggest the importance
of the reliable prediction of the ISO to the TC genesis
forecasts, especially beyond 10 days lead time is confirmed.
To achieve higher model performance, key physical processes
and parameters will be identified in the forthcoming studies.
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cumulus parameterization scheme.

4. Impact of initial soil moisture setting on
precipitable water budget

It was found that the precipitable water in the MSSG
simulations was larger than that in other simulations. The
MSSG adopts the so-called bucket model for the soil moisture
calculation. In the reference setting, the soil moisture above
40cm depth of the NCEP FNL, which adopts a multi-layer
soil model, was used for the initial values for the MSSG

28 T T
MSSG(before) ——
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Fig. 2 Time evolution of precipitable water in the
simulation started from 12UTC 22" August 2016
(the case of Typhoon No. 10 in 2016).
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simulations. In the modified setting, the moisture above 10cm
depth (i.e., shallower than the reference depth) is used. The
MSSG simulations with the modified setting show similar
values of the precipitable water as shown in Fig. 2. This
shows a significant impact of the soil moisture setting on the
precipitable water budget.

5. Prediction of Typhoon and sea surface
temperature (SST) with coupled atmosphere-ocean
models

We conducted typhoon prediction experiments using
coupled atmosphere-ocean models to investigate the impact of
atmosphere-ocean interaction on typhoons and SST. Figure 3
shows the predicted SST of 00UTC 29" August 2016 after the
4-day integration from the initial time of 00UTC 25" August
2016 and the change of SST for four days. The SSTs
predicted by the models (DFSM and MSSG) are compared
with the observation by the Advanced Microwave Scanning
Radiometer 2 (AMSR2) [2] onboard the polar orbit satellite.

Along the track of Typhoon No. 10 (Lionrock), SST
decreased in DFSM and MSSG. The similar decrease of SST
near the typhoon was observed by AMSR2 satellite
observation. The typhoons in the coupled atmosphere-ocean
models were weaker than those in the atmosphere models,
especially in DFSM, due to the decrease of SST.

-5-6
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Fig. 3 (Upper) Predicted SST of 00UTC 29" August 2016 after 4-day integration from the initial time of 0OUTC 25%
August 2016 with the coupled atmosphere-ocean model. (Lower) Change of SST for 4 days.
(Left) predicted results of DFSM. (Middle) predicted results of MSSG. (Right) AMSR2 satellite observation.
(Small circles of light blue) observed typhoon position at 00UTC 25" August. (Small circle of blue) observed typhoon
position at 00UTC 29t August. (Small circle of brown) predicted typhoon positions at 00UTC 29t August.

6. Conclusions and future works

The main achievements of this fiscal year are as follows.

- The importance of the reliable prediction of the 1SO to the
TC genesis forecasts, especially beyond 10 days lead time is
confirmed.

- The excessive precipitable water in the MSSG simulations
was improved by modifying the initial soil moisture setting.

- It was confirmed that the decrease in SST along the
typhoon track in the coupled atmosphere-ocean models was
similar to that in the AMSR2 satellite observation.

In the subsequent project, we will continue to analyze the
results of numerical experiments obtained in this project. We
will also conduct experiments of typhoons that recently
landed in Japan and caused disasters. We will also investigate
the causes of differences in typhoon predictions due to
differences in resolutions and models.
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