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We have developed and optimized a high-resolution, high-speed atmosphere-ocean-wave coupled model in Earth Simulator

to understand damage caused by super typhoons. Typhoons have become larger and more powerful due to global warming,

and created many victims and extensive infrastructure damage. We evaluate the impact of global warming on typhoons using

our coupled model. We simulate Typhoon Haiyan that struck the Philippines in 2013 using four kinds of projected

atmospheric conditions from CMIP5, and the minimum central pressure and the maximum wind velocity in each condition

decreases and increases, respectively.

Keywords: Optimization, HPC Technique, Atmosphere-Ocean-Wave Coupled Model, Typhoon Haiyan,

1. Introduction

A typhoon is a meteorological disaster that causes floods,
landslides, storm surges, and storm waves. In 2013, an enormous,
extremely intense tropical cyclone struck the Philippines; it
would be named Typhoon Haiyan (known as Yolanda in the
Philippines). There were 34,802 casualties, and infrastructure and
agricultural damage was estimated at USD $802 million [1].
Global warming has been increasing the strength of typhoons,
which increases the scale of their damage [2]. A numerical
simulation that can accurately estimate typhoon damage is
necessary to understand the damage caused by more powerful
typhoons. Therefore, we have developed a high-resolution
atmosphere-ocean-wave coupled model in Earth Simulator
[31[4][5]. In the work reported here, we evaluate the impact of
global warming on typhoon phenomena using our model.

2. High-resolution atmosphere-ocean-wave coupled
model

Our high-resolution atmosphere-ocean-wave coupled model
based on COAWST developed by the US geological survey
consists of an atmosphere model (WRF [6]), an ocean model
(ROMS [7]), a wave model (SWAN [8]), and a model coupling
toolkit (MCT [9]). Each model was vectorized and parallelized
in Earth Simulator. A five-day simulation of the physical
phenomena caused by Typhoon Haiyan uses a high-resolution
model with a 3-km/1-km nested atmosphere model, a 3-km
ocean model, and a 3-km wave model. It took 21.7 hours using
353 nodes of Earth Simulator [5].

3. Pseudo global warming experiment

We simulate Typhoon Haiyan with our high-resolution
atmosphere-ocean-wave coupled model using the projected
atmospheric conditions of RCP 8.5 global warming scenario.
Table 1 lists the parameters of the experiment. The initial and
boundary data of the WRF model are calculated from the results
of 28 projected global warming models for the period of 2075
through 2099. These models are accepted by the 5" phase of the
Coupled Model Inter-comparison Project. CO is the ensemble
averages of the 28 models. C1, C2, and C3 are based on the
cluster analyses of sea surface temperatures in the 28 models.

Figure 1 shows the results of the pseudo global warming
experiment: the tracks of typhoons, the time variations of
minimum central pressures, and the time variations of maximum
wind velocities. Haiyan indicates the simulation results of the
weather conditions in 2013. Each simulated typhoon roughly
follows the same track. Meanwhile, the minimum central
pressures and maximum wind velocities in four global warming
conditions are lower and higher than those in Haiyan,

respectively.

4. Summary

‘We evaluate the impact of global warming on typhoons, such as
Haiyan, using our high-resolution atmosphere-ocean-wave
coupled model, which has been developed in Earth Simulator.
The results show that global warning can increase typhoon power.
Moreover, the results determine that the pseudo global warming
experiment is an effective approach for evaluating the impact of

global warming.
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Table 1 Simulation parameters

Parameters Atmosphere model Ocean model ‘Wave model
Model WRF ROMS SWAN
Spatial resolution Region 1: 3 km Region 1: 3 km Region 1: 3 km
Region 2: 1 km
Number of grids Region 1: 1334 x 667 Regionl: 1334 x 667 Region 1: 1334 x 667
Region 2: 2001 x 705
Number of vertical layers 55 40 -
Number of grids in - - 36x24
spectral space
Initial and boundary data NCEP FNL + Pseudo SODA3.4.1, 1/4 deg., 5 days Computed from local winds,
global warming + Pseudo global warming NOAA WWIII Global 30 min.
(C0, C1, C2, and C3) (€O, C1, C2, and C3)
Topographic data GTOPO030 GEBCO GEBCO
Scheme Lin et al. scheme, Dudhia
scheme, RRTM scheme,
Monin-Obukhov scheme,
Mellor-Yamada-Janjic TKE
scheme, thermal diffusion
scheme
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Fig. 1. Simulation results. (a)I Tracks of typhoon, (b): Time variations of minimum central pressure, (c): Time

variations of maximum wind velocity.
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