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Fig.1 Vectorized algorithm flowchart
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Fig.2 SCVT grid data time series interpolation completion
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Fig.3 Schematic of the "feature radius approximation discri-
mination method"
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Fig.4 SCVT grid (a), rectangular grid (b), and triangular grid search domains (c)
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Fig.5 Schematic of nearshore data filtering
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Tab.1 Verification calculation environment hardware and software configuration

T

ARPFIC

CPU: Intel Xeon Gold 6150(16C X 2)
GPU: Nvidia V100 X 2
RAM: DDR4 192 GB
HD: 25TB (RAID5)

0S: Linux4.18.0-338.e18.x86_64
ENV: CUDA 11.2, CUDNN 8.1.1.33, Python 3.8, Cupy 9.5.0, Numpy 1.21.2

3 #F
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4 0.23 m F10.16 m) ; P 55 (1) Bias ¥yt , & W]
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5 FVWAM [ MWP 11 4245 AH G Ml 86%, #8 SWH
AR ADL A5 22, P MWP (1) 4 4F RMSE 4 0.86,
MAE 4 0.63, S1 4 SWH (45 JeAm ik, 76 0.2 LT, %X
P AR . MWP 1R 22 78 5 2 A Z 55/ Bk
Z b = L 25 0 1Y Bias Y928 1E , R W FVWAM #5206
JEATR A R G . LR T L AR SCHR H Y 1)
AR B9 7 10T ] — 28 SRR )[R S 8
FVWAM 9 35 i B 48055 ] S AU S R A o, P 5 35
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40 HAE S (TR s 414

6 2021 A AN[H] FE T B 44 CFOSAT T2 il FVWAM B A7 R w50 i Pl 447 2 ]
Fig.6  Scatterplots of significant wave heights for CFOSAT satellite and FVWAM data in different season and annually in 2021, as
well as Taylor Diagram for the entire year
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Tab.2 Error table for significant wave height and mean wave period of CFOSAT Satellite and FVEAM data in 2021

‘ Bias RMSE MAE SI R

T SWH/m MWP/s SWH/m  MWP/s SWH/m MW P/s SWH/m  MWP/s SWH/m  MWP/s
# -0.11 0.36 0.29 0.91 0.21 0.65 0.15 0.13 0.96 0.86
=1 -0.06 0.23 0.23 0.80 0.16 0.61 0.16 0.13 0.96 0.83
% -0.12 0.39 0.34 0.93 0.23 0.68 0.18 0.13 0.96 0.86
A -0.14 0.37 0.36 0.8 0.26 0.60 0.13 0.10 0.95 0.84

AAR -0.11 0.34 0.29 0.86 0.21 0.63 0.15 0.12 0.96 0.86

) SWH s XF FVWAM AT BER 6o PR A O UL — A58 400 AH OC 4 B AIC, 3 J& i T AR STl FH 1)
RO RO — 3, PR BN 0.88( W3R 3) , . CFOSAT %l 4 %1 ik = b AT 1 18 2l F- 34 38 0k, BEAIR
K AP C R B, o 0.87, F/F M RAHOC T REALME TS (52 , HWE S 5 0 B R A A
PEEZAE , MAE 7 0.3~0.5 m,RMSE 5 0.5~0.7 m, Sl FKE = (10 B4 WIA% o5 R SF A — 3, i — 25 AR
Wik B, E0.3 m LR . M T CFOSAT DM T RAFIRZE . BRI S , A AT H 0 18 2L A
FVWAM ] SWH #5455 HY-2B T2 5 FVYWAM 56 53 a] 3 F T80 1 i 52 e AN TRl T ok 2
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Fig.7 Scatterplots of mean wave periods for CFOSAT Satellite and FVWAM Data in different season and annually in 2021, as well

as Taylor Diagram for the entire year
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Tab.3 Error table for significant wave height of HY-2B
Satellite and FVEAM data in 2021

iffE] PUfCfi%k  Bias RMSE  MAE sl R
# 64 742 -037 056 040 025 085
)=l 64 876 -029 051 035 031 085
778 64 488 -039 060 044 027 087
% 61250 -041 068 048 022 087

A4 255356 -0.36 055 0.41 0.24 0.88
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F 4 FESHRETHRELCEERF A FHISITRIE
Tab.4 Monthly average execution time of vectorized
matching program under different block strategies

h X R CPUHLHT/s GPUBLIN/s BRHET)
5°X5° 42.090 3 5.3813 7.82
6°X6° 38.669 3 3.7457 10.32
7°X7T° 43.8117 3.173 6 13.81
8°X8° 47.3400 2.6183 18.08
9°X9° 52.8319 2.1158 24.97

10°X10° 73.996 1 2.1810 33.93
5°X10° 44.809 1 3.068 7 14.60
10°X5° 44.637 5 3.2958 13.54
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Vectorized verification method for Spherical Centroid Voronoi Tessellation grid
ocean wave forecasting

XIE Mingyan', WEI Lixin*?, GAO Yuanyong"’, GAO Zhiyi**
(1. National Marine Environmental Forecasting Center, Beijing 100081, China; 2. Key Laboratory of Marine Hazards Forecasting, National Marine
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Abstract: This paper introduces a vectorized inspection method suitable for parallel computing devices. The
method employs the feature radius approximate discrimination method to select the average value of observed
points within the search domain as the measured value. It relies on vectorization techniques such as broadcasting,
indexing, and the smoothness conditions of waves to achieve matching of patterns and observational data in both
time and space. Additionally, the algorithm divides the inspection area into several blocks for separate
calculations to prevent memory overflow. The algorithm can run on Central Processing Unit (CPU) and Graphics
Processing Unit (GPU), and it is applicable to other types of pattern grids. To evaluate the practical effectiveness
of the algorithm, Spherical Centroidal Voronoi Tesselations grid forecast products generated by the Finite Volume
Wave Model and satellite along-track remote sensing products are used as the test and reference data,
respectively. The results show consistency between CPU and GPU computations, with a 30-fold increase in
efficiency on the GPU compared to the CPU. The block size has a certain impact on efficiency improvement,
requiring tuning and optimization based on actual cases.

Key words:accuracy verification; GPU acceleration; vectorization; high-performance verification



