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This research aims to mount, develop and optimize the high-resolution, high-speed atmosphere-ocean-wave coupled model on Earth
Simulator. Atmosphere- and wave models were optimized to overcome the existing insufficient computational efficiency. The execution
performance was improved about 3 times. Targeting at Typhoon Haiyan, the testing cases using the improved atmosphere-model showed
reasonable results in which good agreement was found in the track of typhoon while the typhoon intensity was a little weak. The coupled
model gives better results of typhoon development compared with the result of atmosphere-model. On the next stage, we will focus on

optimizing the computational conditions of the coupled model to improve the reproducibility.

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

1. Objectives 2.2 Design of Test Case using High-Resolution
This research aims to mount, execute and optimize the high- Coupled Model
resolution atmosphere-ocean-wave coupled model on HPC, and Hindcast of Typhoon Haiyan was carried out using the high-

to evaluate the effect of mangroves on coastal disasters caused resolution coupled model on ES. Spatial resolution is 3 km
by typhoons based on large-scale and high-speed simulations. (only WRF has 1 km nested domain). Topography was made
Last year, we analyzed computational characteristics of the from GTOPO30 and GEBCO. Initial and boundary conditions
coupled model, and developed the high-resolution coupled are NCEP Final Analysis, MGDSST, SODA3.4.1 and NOAA
model with high-computational efficiency on Earth Simulator WWIII Global 30 mins.

(ES). Targeting on Typhoon Haiyan landing on the Philippines

at 2013, the testing cases were carried out by using the coupled 3. Results and Discussion

model with 3 km / 1 km nested atmosphere-model, 3 km ocean- 3.1 Optimization of High-Resolution Model

and wave-model. The result of analyzing computational characteristics

showed that the ocean-model has smaller computational

2. Methodology cost when compared with the other models. Therefore, the
2.1 Development of High-Resolution Coupled Model optimization was conducted only on the atmosphere- and wave-
Computational characteristics of atmosphere- (WRF [1]), models. Mainly deletion of vectorization obstruction factors

ocean- (ROMS [2]) and wave- model (SWAN [3]) were analyzed and expansion of VL were possible to shorten the calculation
from VPU usage. In detail, vectorization rate (VR) and vector time greatly (Fig. 1). The effect of optimization is shown in
length (VL), which respectively represent VPU usage rate and Table 1. The improvement of VR and VL raised the execution

VPU usage efficiency per vector instruction, were analyzed. The

improved methods of VR and VL were examined, and a high- Table 1 Effect of optimization on each model.
resolution model with efficient execution was then developed. Model VR VL Rate of Execution
This coupled model has already been mounted with Performance
- . Atmosphere | Original 75% 91 1.0
arallelization by MPI (Message Passing Interface), and the
paratie 1 Y | ( 1 & ) & 1 )ff o [WRE Developed  |95% 110 |33
execution balance (load balance) on each core greatly affects the Ocean Original 95% 3] 1.0
execution performance. The number of cores for each model are ROMS Developed | 96% ]85 23
optimized based on the execution performances of atmosphere-, Wave Original 72% 52 1.0
ocean- and wave-model. SWAN Developed | 94% 123 3.3
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Fig. 1 Comparison of the processing time of high cost (high-cost?) routine to adapt optimization method (left: wave-model, right: atmosphere-model).

performance of each model 2 - 3 times. However, VR remains at
95 %. The desired effective usage of ES is 99 %. Thus, a further

advancement is the future task.

3.2 Test Case Targeting on Typhoon Haiyan

Hindcasts targeting on Typhoon Haiyan using developed
coupled and single model were carried out. The calculation used
512 nodes (2048 processes), and 1484, 372 and 384 processes
were used for the atmosphere-ocean-wave coupled model, 1856
and 192 processes were used for the atmosphere-ocean coupled
model. Figure 2 shows the typhoon tracks of each hindcast
case and BestTrack. The tracks agree with BestTrack, and the
error settled within 90 km. Figure 3 shows the time series of the
minimum pressure. The coupled model gives developed typhoon
compared with single atmosphere-model, and rapid intensification
agrees with BestTrack. We will consider about optimization of

the computational condition of the coupled model.

2018 - ® Obs. E
'/11/10 -~ -WRF
15k @, e WRF+ROMS i
. e N ——WRF+ROMS+SWAN
,> '~@m?..v,,%§m
10F / 554, "™, 11/07 - 1
' =g gl 1/06 1105 1104
S o e @0 o
5F ; . . 3
g : 0
) - M % L ' N i
110 120 130 140 150

Fig. 2 Typhoon tracks of Haiyan hindcasts (dashed, dotted and solid
lines) and BestTrack (circle).
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Fig. 3 Time series of the minimum pressure of Haiyan hindcasts (dashed,
dotted and solid lines) and BestTrack (circle).
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