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Wave parameter downscaling forecasting model based on
random forest algorithm
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(1. Jiangsu Power Design Institute Co., Ltd.,China Energy Engineering Group Nanjing 211102, China; 2. Nantong Power Supply
Branch of State Grid Jiangsu Electric Power Co., Ltd., Nantong 226000, China; 3. College of Harbour, Coastal and Offshore
Engineering, Hohai University, Nanjing 210024, China)

Abstract: [Purposes] This paper aims to build accurate and fast wave forecasting models to
ensure marine activities and beach safety. [Methods] The wave data and wind speed data in the
Chinese Wave Database (CWAVE) from 2009 to 2018 were used as training samples to establish a
rapid wave downscaling forecasting model that integrated a wave model with a random forest
machine learning algorithm. The numerical wave model implemented calculations on a coarse grid,
and wave downscaling forecasting was performed through the random forest algorithm, enabling
rapid forecasting of wave elements in nearshore areas. [ Findings] A long-term series forecasting of

significant wave height, average period, and main wave direction for the entire year of 2019 in the
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offshore area of the Yangtze River Estuary is conducted. It is found that the established wave
downscaling forecasting model can accurately predict the changes in typhoon waves and cold waves
throughout the year. The relative error of the significant wave height calculated by the model is
within 0.2% compared to the calculation results of the traditional wave model, the calculation
efficiency is significantly improved, with the 96-hour short-term wave forecasting advancing from a
minute to a second level. [Conclusions] The rapid wave downscaling forecasting model that
integrates a wave model with the random forest algorithm can enhance the stability , accuracy, and

calculation efficiency of wave forecasting, providing a new method for the operational application

of wave machine learning algorithms in wave forecasting.

Key words: wave forecasting; machine learning; random forest; typhoon wave; cold wave

Foundation items: Project (32-JK-2023-026) supported by Science and Technology Project of China Energy

Engineering Group Jiangsu Power Design Institute Co., Ltd.,

China Energy Construction Group; Project

(2022YFC3106100) supported by National Key R&D Program of China
Corresponding author: SHI Jian (1987— ) (ORCID: 0000-0003-0671-6758) , male, associate professor,

research interests: wave simulation and trend analysis. E-mail : jianshi@hhu.edu.cn

0 35l

[l

W IR 2 W R e W ol Y K 8 )
R FERRAE AR R 9 AR i D TR
SHRE B kAR AR A B R A i A SR A
NSRS UM H 45 3 YA DR Y Y TR T
PR R b N R S g S 2 4 iy L E
DR ] v P ) DR TR AU I G . AT e TR T
R AE ST T8 1Y 0 RS L8 i K, EL X 2 $ L 3 98 e 23
PR PR R = o PG, TT 2R — e A B Y
AT VEE I VR TR Bk 6 T A0 B O UK A

LRI Ml 551 B0 82 R 4 410 2 i T e TR B0
AL, A = AT IR B (WAVEWATCH
)™ 55 = AR ¥ Y (. 7 i) (simulating waves
nearshore , SWAN ) F B/ FI TOMAWAC #8117 %
FHIX S R AR R R AT AT N 75 AR SR B 2 Y TR
BEUR, HASFEI B o PRI, 72 I Bl TR 3
INF, S o1 29 TR YRR 4R e Tl G 3 TEAE R 4R
R TG AR, S DR v 391 R AT o 19 55 AR
4 BR KA M B s 42 (ECMWF Reanalysis v5,
ERAS) HY P TR 6] 73 B30 0.57, o [ VR T4 )
M Y 25 [ BE R AL R 0.5° 0 i T i X I B &2
F ORI 223 18] 43 F X LA MRS B AN [7) 13 30 TR
S MAL RS TEAR DU , 1 G TR 04T 1) D 25 550K

UTAER B HLE 7 Rk R AR e

K BL A 27 2 B30 O T TR TR 400, S Tk
TR AP R . CALLENS %5 I F B WL AR bR R A
JESR TR SEALAR 27 > B P T — AR AR
GEHLAs ol 22 28 1 75 1R HEAT PR Tl . DR HAEAE
LI ST T HEF Stacking £ B AILAR 2F 2T 1) 1 1R T
B IR HLA 7 20 R 5 A 800 =i 22 8] (1
e F XA TR A 2016 4F 10 1 —2016
AR 1T A B XGE A R TR 45 R . ASMA
SEOTRI T AR L RUTe] X KR S R AT A AL
e e TR, I HUAS [R) 2 OB 23 ) 2 AR 4, B¢
D39 X A7 R8I0 R T 4 9 B R R AT A Y Bl 2
A4, BARKER 2" EWFF % 1 1 Z R8s (&
FEABANBR T 5 PR 8l g SR G B ) L 5 4%
T 42 DR 2R OGS R A R ) 2 )

P T I TR O T K A0 5k s i L A A
WF5E 35 5 W) R FHBUE B S BRI bl s 2 ) 5
B LLEF TR TR . SONG 265 BT ConvL-
STM 5532 , ) FH Jay XU T R 22 [ 19 A DG 32
D IR TR B . FENG %51 Fe 5 T 38 I i 42 I
2% (vecurrent neural network , RNN) K %5 3212 ¥
24 ( long short-term memory, LSTM ) 1| 38 9 $oT
W 2% (gated recurrent unit, GRU) = i HL %% 2% > 55
TR A O R 8 T BE L IR XU DR A
I 2 5CH B, HAWEE 2 S8 R Wl %, B
PR WIIRS BE . GRACIA 25" 70K ML s 2 o 3
BRI ATAL, $ 0 T E BUWAS . WANG
SEUSTHENT TR TS SR 2 R RS TR A f YT

A5 M 3k http: //cslgxbzk. csust. edu. cn/cslgdxxbzk/home



64

Krm Tk FFmERAFMR)

202542 A

PR BRI . LIU 80 25 A K 1012 M 45 il
SWAN BERY | Xof A7 R0 o i e Jo) S0 R 8 1) iR A T
10 h i

T VA VA R Ip YR () e 2 XU TR RN TR TR R, LI
TR 5 Ry Hiu XU 14 F G 1 AN 8 T iR ML 2 2
BRLVE 22 2 3 ST JRy b g R RUER 22 TA) Y OR AR
U, SR IR AL 28 2 20 S0 AT I TR TR AR A
A S ) 1 174 15 2 L B2 R0 AR (L I8 e B4 AER A o

ARG X IRA B 2 2T P TR TR AR AL 1
TR () R0, i 1 5 TR A TR R AL g1 2 2T 1 TR T
BB | 30 SR X BRSO, SR FH BEATL AR ARG
AT R RUBE T4, I 55 80 1 FH T 52 B 3 Vg
TR PR o TR R R AR SCH HEAR R BE A8 7E
PRAUE I TR TR B2 A AT T, KR 42 & Bl 80

1 RRSHMEREMMER
1.1 EFREHH RN RS MM R E R

BENE

BEAL AR PRI 12 2R 7 ) T IR Y — b, — T
) At 2 PR R oA T S AR T G 2 . B L
ARG 0T L[] B A [l 03 R0 43 284 55, HLAs X
5 (LR 342 80 {1 A 00 ) RE 7, 3 T A ] 98
TRAFAE AR

BEL ARk 1 A B AR A A B R A
7 6 B0 46 P il 2 S REAS SR m X A

FEAK PSR . Al D SRR B 2o A v, Bl AL
PE AT B R B P SRS 2 18] 1 AR OGP BEAR , AT e
R i 22 AU o R i DR SRR O A AR s T i A
[P, e Ab 38 aek AR I 41 T Bl B 455 R B R, A5
R RS E PR B4R =

BEATLARARIA 1 I — PP L T DR SR A 4R AL
B K2R ST, DR R o 2l
AR M . BEAILARARET I 1 4 A ol i 455
FRE RRIE £ RS A A2 B DU P . TESEPR
B 2 R o 28 By S A G w] AR o o 22426
Sl DU A ) ) £ 2 TT LAE SLANTT

I(0;) = -log, p(o,) (1)

0, AN GRS s p(0,) A o, K AE IS BIHESR ;
1(o,) NBEPLE 5 AUME o

SR FH B AL AR ARG 12 ) A 11 IR VR 2 B RUE 13
AR X e VR 2 B A7 R0 v - 49 A 300 R 3 3
o)) BEAT AR . BAAD BRIy LA TR 548, Hoat 3
R 1 s

AR 12 X ETR K R HE A R AT AR B 04
oA A0 T B R AR S O B Y 3 v 2
A ) o 0k ot 2R R 2R IBCHR L (a2 P 4 L L 4B T L
HFEAE) A S AT IE B BR

AR 22 G i AL S 0 I SRS IR 2 8K
(A R0k v T 349 1 300 0 3 0 1 ) A0 XU 5040 e TR
IR 5] P 51 AT % 23 53, I 2 GUSCRF R LR , Herp
AR —REA B — R — R AE O

PR Rk H s

TiAL 2

i
R : B HL I8 0% Bl Fiz20008dE Q HH
LI i g | K
[, ; H RE
s Wik | BoA
i S
i § Hl
e Gl ;
%j(/;'%g E ______ v_._._.
i i[:$>?w%ﬁ
N H ! A1 REL TR
G o] [ g2 | [ ) [T o0 | iE i HRE
1 ! PR R
T i
T
PR e Ve 200 b
_______ LU | SN | ST | S v i
(Gx1) (EFE2) ([ ) (ZF200) B Yesk i L
_________________________________________________________ ' PP ) PR BE
Bl1 A TREALA A 09 R A R FRAE AL A2 B

Fig. 1 Flow chart of wave parameter downscaling forecasting model based on random forest algorithm
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