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

Simulator in order to provide an understanding of coastal hazard intensity caused by super typhoons and the

reduce effect of mangrove forests. The atmosphere and ocean model vectorization ratios were increased to 96 %

and 99 %, respectively, which reduced the processing time needed to simulate with high resolution Typhoon

Haiyan during five days to 21.7 hours using 353 nodes of the Earth Simulator. We have run the simulation using

the original topographic data and using the same data serially displaced from minus two degrees to plus five

degrees in latitude, called “virtual topographic data”.

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

1. Introduction

Typhoons often cause dangerous storm surges and storm
waves, which can claim many lives and severely damage
infrastructure. The increasing strength of typhoons due to
global warming is expected increasing the intensity of hazard
and damages [1]. To provide an understanding of the damage
caused by more powerful typhoons and the mitigative effect
of mangrove forests, we have developed and optimized a
high-resolution coupled atmosphere-ocean-wave model,
COAWST [2] developed by USGS, on Earth Simulator [3, 4].
In the work reported here, the performance of the model was
improved, and the physical phenomena caused by Typhoon
Haiyan, which struck the Philippines in 2013, were simulated
using virtual topographic data.

2. Optimization of COAWST

COAWST consists of an atmosphere model (WRF [5]), an
ocean model (ROMS [6]), and a wave model (SWAN [7]).
Each model had previously been vectorized on Earth
Simulator [3, 4], and vectorization ratios of 95 %, 96 %, and
94 %, respectively, were achieved. Simulation of the physical
phenomena caused by Typhoon Haiyan for five days using a
high-resolution model with a 3 km / 1 km nested atmosphere
model, a 3 km ocean model, and a 3 km wave model took
24 hours using 512 nodes of Earth Simulator.

We have now further vectorized the WRF and ROMS
models, achieving vectorization ratios of 96 % and 99 %,
respectively. We also analyzed the parallel performance of
COAWST and optimized the load-balance among the
processes. The performance was best when the ratio of the
number of nodes for OMS, SWAN, and WRF was 1 : 4 : 10.
The processing time needed to simulate the five days of

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
Region 2: 2001 x 705

Regionl: 1334 x 667

Region 1: 1334 x 667

Number of vertical layers 55 40 36
Initial and boundary data NCEP Final Analysis, SODA3.4.1, 1/4 deg., 5 days computed from local winds,
MGDSST NOAA WWIII Global 30 min.
Topographic data GTOPO030 GEBCO GEBCO
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Fig. 1: Tracks of typhoon. (a): Track of Haiyan on original topography data, (b): Track on displacement of minus two

degrees, (c) Track on displacement of plus 5 degrees.
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Fig. 2: Time variations of minimum central pressure (left) and maximum wind speed on

each of topography data (right).

Typhoon Haiyan was 21.7 hours using 353 nodes. The
simulation parameters are listed in Table 1.

3. Simulations on virtual topographic data

Analyzing the effects of disaster mitigations measures on
super typhoons such as Typhoon Haiyan requires many
simulations using various tracks and landing points. We ran
the simulation using the original topographic data and using
the same data serially displaced from minus two degrees to
plus five degrees in latitude (thereby creating seven sets of
“virtual topographic data™). The atmospheric field was kept
unchanged. The simulation results for three tracks are plotted
in Fig. 1. (a) indicates the case of original topographic data,
(b) and (c) are the cases of topographic data displaced by plus
five degrees and minus five degrees, respectively. The time
variations of the minimum central pressure and the maximum
wind speed for each track are plotted in Fig. 2. These results
demonstrate that the simulation of typhoons using virtual
topographic can reproduce damages caused by various tracks
and landing points.

4. Summary

We have developed and optimized the COAST model on
Earth Simulator. High-resolution simulation of the physical
phenomena caused by Typhoon Haiyan during its more
intense five days took 22 hours using 353 nodes of Earth
simulation. The simulation of typhoons using virtual
topographic data can be used for an understanding of the
damages caused by various tracks and landing points.

Future work includes investigating the effects of the global
warming on typhoon intensity by simulation using the model.
It also includes developing a higher-resolution model and
using it to simulate the mitigative effects of mangrove forests.
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