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We have developed and optimized a high-resolution, high-speed atmosphere-ocean-wave coupled model, called COAWST, in
the Earth Simulator 3 (ES3) to understand the damage caused by super typhoons. Due to global warming, typhoons have
become larger and more powerful, resulting in many victims and extensive infrastructure damage. In this study, we ported the
model to the vector engine (VE)-equipped nodes (ES4VE) and central processing unit (CPU) nodes (ES4CPU) in the new
carth simulator (ES4) and evaluated the sustained performance of the model on ES4. The model can simulate Typhoon
Haiyan during its most intense five days took 22.7 hours and 22.3 hours on ES4VE and ES4CPU, respectively. We also
analyzed the model for using an NEC MPI/Vector-Scalar Hybrid MPI environment. It is clarified that ES4VE is suitable for
ROMS, and ES4CPU is suitable for SWAN and WREF in decreasing their execution times.

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

1. Introduction
A typhoon is a meteorological disaster that causes floods,

km nested atmosphere model, a 3-km ocean model, and a 3-km
wave model. It took 21.7 hours using 353 nodes in ES3.
landslides, storm surges, and storm waves. In 2013, an enormous,

extremely intense tropical cyclone struck the Philippines named
Typhoon Haiyan (known as Yolanda in the Philippines). There
were 34,803 casualties, and infrastructure and agricultural
damage estimated at USD 802 million[1]. Global warming has
been increasing the strength of typhoons, which increases the
scale of their damage[2]. Therefore, 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, called COAWST, in the Earth
Simulator 3 (ES3)[3][4][5]. In this study, we ported the model to
the vector engine (VE)-equipped nodes (ES4VE) and central
processing unit (CPU) nodes (ES4CPU) in the earth simulator 4
(ES4) and analyzed its sustained performance on ES4.

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

Our high-resolution atmosphere-ocean-wave coupled model is
based on COAWST developed by the US geological survey and
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
ES3. A five-day simulation of the physical phenomena caused by
Typhoon Haiyan used a high-resolution model with a 3-km / 1-

3. Porting to ES4 and performance analysis

ES4 is a multiarchitecture system that consists of three different
architectural nodes; CPU nodes (ES4CPU), VE-equipped nodes
(ES4VE), and graphics processing unit (GPU)- equipped nodes
(ES4GPC) [10]. Generally, these nodes can perform well by
vectorization of programs. To vectorize the code of COAWST on
ES4VE and ES4CPU, we modified some of source codes, which
were vectorized on ES3 but not on ES4VE and ES4CPU. The
high-resolution simulation of the physical phenomena caused by
Typhoon Haiyan during its most intense five days takes 22.7

hours and 22.3 hours using 1,412 cores of
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Fig. 1 Tracks of typhon on each simulation.
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Table 1: Computational schemes and parameters.

Pananeters Atmosphere model (WRF) Ocean model (ROMS) Wave model (SWAN)
. . Regon1:3km ) )
Spatial resolution . Region1: 3 km Region1: 3 km
Region2: 1 km
; . Region 1: 1334 x 667 ) .
Number of grids . ~ Regionl: 1334 x 667 Region 1: 1334 x 667
Region 2: 2001 x 705
Number of vertical layers] 55 40 36
N . Computed from local winds,
Initial and boundary data NCEP Fnal Analysis, MGDSST SODA 34.1, 14 deg., 5 days .
NOAA WWIII Global 30 mn.
Topographic data GTOP030 @&EBCO EBCO
Lm et al scheme
Dudhia scheme &3
Schemes Monin-Obukho Janjic scheme K 0\‘ EN
Mellor-Yamada-Janjic TKE scheme o
thermal diffusion scheme
ES4VE and 1,256 cores of ES4CPU, respectively. These
o . B AVE.V.LEN @ V.OP RATIO
execution times are about the same as that on ES3. Table 1 lists 35— o o 100
the computational schemes and parameters of COAWST. Figure - .
1 shows the typhoon track for each simulation, and the results on o
ES4VE and ES4CPU are similar to that on ES3. 5 450 o
-
> 100 403
ES4 has an NEC MPI/Vector-Scalar Hybrid MPI environment 50 50 =
that supports MPI communications between ES4VE and
. 0 0
ES4CPU, and both ES4VE and ES4CPU can be used as a single & & 6”0 & S
: . P ; X DI A ;G P 7
system image. Therefore, each program function of CQAWST 3 5\‘8 458”0 ; 5 %Q@\J? ‘8%0/&00 QK\L;? P ‘§8 Q@é@
can be executed on either ES4VE or ES4CPU more suited for &,9 AP @@3

improving its performance. We evaluated the execution times of
the main functions of COAWST on ES4VE and ES4CPU.
Figures 2, 4, and 6 show the execution times and bytes per flop
rate (B/Fs) of the functions in ROMS, SWAN, and WREF,
respectively. Here, the blue and orange bars indicate the
execution times on ES4CPU and ES4VE, respectively. The gray
points indicate B/Fs. ROMS, SWAN, and WAR use 16, 128, and
1,000 cores of ES4VE and ES4CPU, respectively. Figures 3, 5,
and 7 show the vector-operation ratios (V.OP RATIO) and
average vector lengths (AVE. V.LENs) in ROMS, SWAN, and
WRF on ES4VE, respectively.
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Fig. 2 Execution times and B/F of main functions in ROMS.
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Fig. 3 Vector Operation Ratios and Average Vector Lengths

of main functions in ROMS.
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Fig. 4 Execution times and B/F of main functions in SWAN.

In ROMS, the execution times on ES4VE are shorter than those
on ES4CPU, as shown in Fig. 2. This is because of the V.OP
RATIO and AVE. V.LENSs are about 100% and greater than 200
at most functions, as shown in Fig. 3, respectively. Moreover, the
B/Fs are larger than 0.8, as shown in Fig. 2. This means that
ROMS is a memory-intensive code. Thus, ES4VE, which has a
high memory bandwidth, can execute ROMS faster than
ES4CPU. On the other hand, the execution times of SWAN and
WRF on ES4VE are longer than those on ES4CPU. This is
because V.OP RATIOs, AVE. V.LENs, and B/Fs are small, as



shown in Figs. 4 to 7, and SWAN and WRF do not make full use
of the characteristics of the processor in ES4VE. The evaluations
show that ROMS executes on ES4VE and SWAN and WRF
execute on ES4CPU to improve the performance of COAWST
by using the NEC MPI/Vector-Scalar Hybrid MPI environment.
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Fig. 5 Vector Operation Ratios and Average Vector Lengths
of main functions in SWAN.
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of main functions in WREF.

4. Summary
COAWST, which is

coupled model, was ported to the VE-equipped nodes
(ES4VE) and CPU nodes (ES4CPU) in the new earth
simulator (ES4). As a result, the high-resolution

an atmosphere-ocean-wave

simulation of Typhoon Haiyan during its most intense

- Earth Simulator Proposed Research Project -

five days takes 22.7 hours and 22.3 hours using 1,412
cores of ES4VE and 1,256 cores of ES4CPU, respectively.
It is also clarified that ES4VE is suitable for ROMS, and
ES4CPU is suitable for SWAN and WRF in decreasing
their execution times.

For future work, we plan to evaluate the
performance of COAWST using the NEC MPI/Vector-
Scalar Hybrid MPI environment and investigate long-
term effect methods of global warming on typhoon

intensity through simulation using COAWST.
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