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A project “Global 7-km mesh Nonhydrostatic Model Intercomparison Project for Improving Typhoon Forecast” (TYMIP-G7)
aims at the improvement of 5-day tropical cyclone (TC) track and intensity forecasts. In the first term of this project from June
to September 2015, we performed 52 runs for nine Typhoon cases from September to October in 2013 on the Earth Simulator,
Japan Agency for Marine-Earth Science and Technology (JAMSTEC) 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 [Cosahedral Atmospheric Model (NICAM) as well as a 20-km mesh hydrostatic
Global Spectral atmospheric Model (GSM). We found that global 7-km mesh models contribute to reduction in systematic positive
errors of central pressures predicted in GMS with a 20-km mesh. However, the advantages of high resolution model on TC track

prediction could not be confirmed.

Keywords: Numerical Weather Prediction, Global Atmospheric Model, Typhoon, Model Intercomparison

1. Introduction 20-km mesh hydrostatic operational atmospheric model of JMA
Three nonhydrostatic global atmospheric models have (GSM) for various targeted TC cases.

ever been developed in each research group for each purpose

in Japan. We expect that a future operational high resolution 2. Experimental design

nonhydrostatic NWP model will be realized in early 2020s. The 2.1 Targeted Cases

main objective of the project “Global 7-km mesh Nonhydrostatic In this term, the targeted cases were selected from September

Model Intercomparison Project for Improving Typhoon to October in 2013 when the season was the most active TC

Forecast” (TYMIP-G7) is to statistically quantify and understand season since 1951. We could calculate 52 runs for nine TCs

the advantage of high-resolution global atmospheric models (Table 1). Unfortunately, we detected some flaws in NICAM so

on the improvement of 5-day tropical cyclone (TC) track and that we could not implement some numerical experiments [1].

intensity forecasts, aiming at the improvement of 5-day TC track

and intensity forecasts. We statistically evaluated errors of TC 2.2 Models

forecasts based on Regional Specialized Meteorological Center We used three 7-km mesh non-hydrostatic global atmospheric

(RSMC) Tokyo best track data for gaining the advantages of =~ models in TYMIP-G7. A Nonhydrostatic Global Spectral

the application of higher resolution model to TC forecasts using Atmospheric Model using Double Fourier Series (DFSM)

the results of the following three 7-km mesh nonhydrostatic has been developed in the Meteorological Research Institute

atmospheric models (DFSM, MSSG, and NICAM) as well as a (MRI) of JMA. Multi-Scale Simulator for the Geoenvironment
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Table 1 List of the initial time for the experiment (Modified from Nakano et al. [1])

Initial time (6 hourly) Related typhoons Not available cases for
Seq. # of cases - -
Start time End time NICAM
1-5 2013/9/12  |0000UTC |2013/9/13 |0000UTC | Man-yi 0 cases
6-22 2013/9/30 |0000UTC |2013/10/4 |0000UTC | Wutip, Sepat, Fitow, Danas |8 cases
23 -37 2014/10/9 | 0000UTC [2014/10/12 |1200UTC |Danas, Nari, Wipha 0 cases
38 -52 2015/10/17 |1200UTC 2015/10/21 |0000UTC Wipha, Francisco, Lekima 3 cases

Table 2 Brief description of specification for each global nonhydrostatic model. (Modified from Nakano et al. [1])

DFSM GSM MSSG NICAM
Horizontal resolution 7 km 20 km 7 km 7 km
Horizontal Grid Reduced linear equally- Reduced linear Gaussian grid  Yin-yang grid Icosahedral grid
configuration spaced latitude grid
Number of gridsin 8845592 1312360 11184128 10485760

horizontal direction

Vertical coordinate

Vertical levels

Dynamical core

Hybrid sigma-pressure
coordinate

100 (top:0.01hPa, bottom:
999.0429 hPa (*1) (about
8 m))

Non-hydrostatic spectral
model using double Fourier
series

Hybrid sigma-pressure
coordinate

100 (top:0.01hPa, bottom:
999.0429 hPa (*1) (about
8 m))

Hydrostatic spectral model
using spherical harmonics

Terrain-following coordinate

55 (top: 40 km, bottom: 75m)

Non-hydrostatic grid model
using finite difference method

Terrain-following coordinate

38 (top: 36.7 km, bottom:
80 m)

Non-hydrostatic grid model
using finite volume method

Time step (s) 200 400 Variable 30

Cloud physics Smith (1990) Smith (1990) Onishi & Takahashi (2012)  Tomita (2008)

Cumulus convection Randall & Pan (1993) Randall & Pan (1993) Not used Not used

Planetary boundary ~ MY2 (Mellor & Yamada, MY2 (Mellor & Yamada, MYNN?2.5 (Nakanishi & MYNN?2 (Nakanishi & Niino,

layer 1974, 1982) 1974, 1982) Niino, 2004,2006,2009) 2004, 2006, 2009; Noda et al.

2010)

Radiation JMA (2013), Yabu (2013) JMA (2013), Yabu (2013) MstranX (Sekiguchi & MstranX (Sekiguchi &
Nakajima, 2008) Nakajima, 2008)

Land and ocean SiB (JMA, 2013) SiB (JMA, 2013) Bucket (Option: 3D ocean MATSIRO (Takata et al.
model) 2003) Slab ocean model

Surface boundary Louis (1982), Miller (1989,  Louis (1982), Miller (1989,  Zhang & Anthes (1982) Louis (1979)

layer Ocean/ Unstable atmosphere) Ocean/ Unstable atmosphere)

(*1): full-level pressure when the surface pressure is 1000 hPa

(MSSG) has been developed in JAMSTEC. Nonhydrostatic
ICosahedral Atmospheric Model (NICAM) has been developed
in collaboration with JAMSTEC, the University of Tokyo and
RIKEN Advanced Institute for Computational Science. In
addition, we used the hydrostatic operational atmospheric model
of JIMA (GSM) with a horizontal grid spacing of approximately
20 km as a baseline to quantify the advantage of higher-
resolution models (Table 2).

The computational performance is one of the metrics to
evaluate the operational numerical weather forecast model. DFS
was optimized for the Earth Simulator at the beginning of this
project so that the performance became approximately 4 times

faster than before.

3. Results

In order to compare the results of numerical experiment
among the four models visually and simultaneously, we have

developed a Web application that allows to display multiple
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visualization results simultaneously (Fig. 1). The application
enables us to make a comparison of numerical experiments
among the four models more easily.

To quantify the advantages of high resolution on TC

Fig. 1 Screen capture of the Web application. OLR at 14 September
2013, 10:00:00 UTC simulated in the experiments initialized at
12 September, 2013 06:00:00 UTC is displayed. (After Nakano
etal. [1])
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prediction, we examined the TC prediction with reference to
RSMC Tokyo best track. Figure 2 shows the time series of
the bias of central pressure with the standard deviations for
each model. The errors of predicted central pressure in DFSM,
MSSG and NICAM show relatively small bias compared with
the error in GSM, respectively. Thus, global 7-km mesh models
contribute to reduction in systematic positive errors of predicted
central pressures. In addition, the diversity of the bias gives us
the expectation on the advantages of the Multi Model Ensemble
(MME) forecasts by using the results of the three models.

In this study, the error of TC track prediction was also
examined as well as that of TC intensity prediction. However,
we could not clearly confirm the advantages of high resolution

model on TC track prediction.
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Fig. 2 Errors of the predictions of central pressures for GSM, DFSM,
MSSG and NICAM. Error bars indicates the standard deviation
of central pressure difference between the prediction and JMA
best track.
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4. Conclusions and Future works

We concluded that global 7-km mesh models contribute
to reduction in systematic positive errors of central pressures
predicted in GMS with a 20-km mesh for TCs travelling around
and approaching to Japan in 2013 although we could not confirm
the advantages of high resolution model on TC track prediction.

In the next term of this project, we will extend the scope
of model intercomparison to address a lifecycle of a TC such
as genesis, rapid intensification, recurvature, extratropical
transition in addition to Madden-Julian Oscillation (MJO) and
Boreal Summer Intraseasonal Oscillation (BSISO) associated
with TC genesis. In addition, we will quantify the advantages of

MME approach on TC track and intensity forecasts.
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