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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 predictions by high resolution global atmospheric models.
In our project, we have 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]. We also
confirmed the importance of the reliable prediction of the tropical intraseasonal oscillation, and the importance of
considering interaction between typhoon and ocean by using coupled atmosphere-ocean models. This fiscal year we
investigated the cause of typhoon forecast error. The results of diagnosis of tropical cyclone (TC) motion forecast error
suggest that the improvement of environmental wind forecast is the most important to reduce the error. The results of
vorticity budget analysis of typhoon vortex suggest that the intensity and the location of the convergence associated with
convections is important for the typhoon vortex intensification. We also compared precipitation in the models at 7 and 3.9

km resolution with radar observations and considered how to improve precipitation distribution in the models.

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

1. Purpose of this project

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
experiments by the global atmosphere models at 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. The purpose
of this project is to clarify the characteristics of typhoons
predicted in each model, to investigate the cause of systematic
errors on typhoon predictions, and to improve scientific
understanding of typhoons, for improving 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 ICosahedral Atmospheric Model (NICAM)
developed in JAMSTEC, AORI and AICS. This fiscal year
we conducted experiments for typhoons such as No. 19
(Hagibis) and No. 15 (Faxai) in 2019, which landed in Japan
and caused great damage. Sensitivity experiments with
modified physical processes were also conducted to obtain
knowledge for improving typhoon prediction. In addition to
the experiments conducted this year, we also analyzed the
experiments conducted up to the previous year.

3. Diagnosis of TC motion forecast error

Nakano et al. [1] demonstrated that tropical cyclone (TC)
track predictions by three 7-km mesh models (DFSM, MSSG,
NICAM) performed statistically better than that by 20-km
mesh GSM, while the reason for the improvement remained
unclear. In this study, we investigated the cause of TC motion
forecast error by DFSM and GSM using the methodology
developed by Galarneau and Davis [2] and Miller and Zhang
[3]-

The forecast data used in this study were derived from
TYMIP datasets [1]. We used 113 sets of 5-days simulations
by DFSM and GSM initialized at 00 and 12 UTC from 2013
to 2015. The corresponding model initial conditions and the



RSMC Tokyo-Typhoon Center best track data were used as
reference. Physical packages included in DFSM and GSM are
the same as those in the March 2014 version of the
operational global atmospheric model of the JMA.

We adopt the methodology developed by Galarneau and
Davis [2] and modified by Miller and Zhang [3]. First, we
regrid horizontal winds to a storm-centered cylindrical
coordinate system and define the environmental winds within
a disk bounded by radius r as the area-averaged horizontal
flows that remain after removing the symmetric TC vortex.
Second, the motion of TCs in forecast and in reference is
computed based on the model forecast track and the best track
positions at 12 h before and after the time of interest. Third,
we define the optimal steering flow as the volume averaged
forecast and reference environmental wind that minimizes the
vector difference from the motion of TCs. Finally, the sources
of forecast TC motion error are decomposed into
environmental wind error, vortex removal radius error, vortex
depth error and residuals using a diagnostic equation derived
in [2]. For more details, see [2] and [3].
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Figure 1 shows box-and-whisker diagram of the vector
magnitude [m s'] of four decomposed error sources and TC
motion error for forecast time of 24 h for DFSM (left) and
GSM (right). Note that the diagnose samples are not identical.
The environmental wind term is the largest of the four terms
in both cases of DFSM and GSM. There is not much
difference between medians of DFSM and GSM, while the
averages and spreads are larger in DFSM than that in GSM.

Figure 2 shows time series of optimal steering layer top in
DFSM, GSM and corresponding reference. DFSM shows
similar tendency to reference on average, while GSM shows
tendency to prefer lower steering layer top. As for time series
of optimal radii, they tend to be smaller than that of
corresponding reference on average in both DFSM and GSM
(not shown).

Our results suggest that the improvement of environmental
wind forecast is the most important to reduce TC motion
forecast error. We will continue to analyze the results to
further improve TC prediction.
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Fig. 1 Box-and-whisker diagram of the vector magnitude [m s™'] of four decomposed error sources and TC motion error for
forecast time of 24 h for DFSM (left) and GSM (right). Note that the diagnose samples are not identical. The X marks in
the boxes represent the mean and the points represent outlier. The top, middle and bottom line of the boxes represent the
3rd quartile, median and 1st quartile, respectively.
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Fig. 2 Box-and-whisker diagram of time series of optimal steering layer top [hPa] in DFSM (left), GSM (middle) and
corresponding reference (right). Note that the diagnose samples are not identical.
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4. Vorticity budget analysis of typhoon

Fig. 3 shows results of vorticity budget analysis of
axisymmetric typhoon vortex in a forecast experiment with
DFSM for typhoon Hagibis in 2019. The maximum wind
speed and the radius of maximum wind increase from the
early development stage in October 6 to the mature stage in
October 10. The convergence associated with convection also
intensifies and the area of convergence expands and moves
outward. Corresponding to the changes in the convergence,
the stretching term (product of vorticity and divergence)
increases and the positive area expands and moves outward.

In the rapid intensification stage in Oct. 8, the large positive
vorticity tendency from stretching term exceeds the negative
tendency from advection and diffusion terms, leading to the
rapid intensification. On the other hand, in the mature stage in
Oct.10, the large positive tendency from stretching term is
balanced by the negative tendencies from other terms, leading
to no more intensification. The results suggest that not only
the intensity but also the location of the convergence
associated with convections is very important for the typhoon

vortex intensification.
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Fig. 3 Vorticity and vorticity tendency of axisymmetric typhoon vortex in a DFSM forecast experiment of typhoon Hagibis in

2019. (a)-(c): Vorticity (black, 10s™), divergence (green, 10”s™), tangential wind (orange, ms™) and radial wind (yellow green,

ms™). (d)-(f): Vorticity tendency (black, 10%*s'hr), stretching term (orange), horizontal advection term (green), vertical

advection term (yellow green), tilting term (magenta) and vertical diffusion term (blue).

5. Comparison of precipitation in atmospheric
models with radar observation.

We compared the precipitation in atmospheric models with
that observed in JMA weather radar. We conducted
experiments with DFSM under the following 3 settings:

- Arakawa-Schubert cumulus scheme (AS cumulus) + Smith
cloud scheme,

- Yoshimura cumulus scheme (YS cumulus) [4] + Tiedtke
cloud scheme,

- No cumulus scheme + Tiedtke cloud scheme.

In MSSG, no cumulus scheme is used.

Figure 4 shows one-hour precipitation on 00UTC 7%
September 2019 simulated in DFSM and MSSG, and that

observed in JMA weather radar. The precipitation in DFSM
using the AS or YS scheme tends to be weaker and more
widespread compared with the radar precipitation. On the
other hand, the precipitation in DFSM or MSSG with no
cumulus scheme is more concentrated compared with the
radar. In the conventional cumulus schemes such as the AS
and YS schemes, the assumption of ¢ <« 1 is used, where o
is a fraction of cumulus updrafts in a grid. At the gray zone
resolution (approximately from 2km to 15km), the
assumption should be relaxed. We will develop a cumulus
scheme suitable for the gray zone to improve precipitation
distribution.
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Fig. 4 One-hour precipitation (mm) on 00UTC 7" September 2019 simulated in DFSM and MSSG from initial time 12UTC 6
September 2019. 7km and 3.9km represent horizontal resolution. ‘AS cumulus’ and “YS cumulus’ represent the cumulus

schemes used in DFSM. ‘No cumulus’ represents that no cumulus scheme is used. The upper right figure is a JMA weather

map, and the lower right figure is one-hour precipitation observed in weather radar on 00UTC 7 September 2019.

6. Conclusions and future works

The main achievements of this fiscal year are as follows.

- The results of TC motion forecast error diagnostic suggest
that the improvement of environmental wind forecast is the
most important to reduce the error.

- The results of vorticity budget analysis of typhoon vortex
suggest that the intensity and the location of the convergence
associated with convections is important for the typhoon
vortex intensification.

- The precipitation in the models using the cumulus scheme
tends to be weaker and more widespread compared with the
radar precipitation, while the precipitation in the models
without the cumulus scheme is more concentrated.

As mentioned above, it is important to improve the
environmental wind forecast and the prediction of the
intensity and the location of the convections in order to
improve typhoon forecasts. In order to improve precipitation
and cumulus convections at the gray zone resolution
(approximately from 2km to 15km), it is thought to be
important to develop a cumulus scheme that does not make
the assumption of ¢ « 1, where ¢ is a fraction of cumulus
updrafts in a grid. We will continue to develop our models to
improve typhoon forecasts.
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