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Model: WaveWatch II (6. 17)

Source Term: ST4

Wind Force: GRAPES/ECMWE /GFS

Forecast Hours:+192

CPU: AMD EPYC 7742
Elapsed time: 3400 seconds

6-level SMC grid

Region

Resolution/degree

Nearshore(within read line)

Lat: 0.014,Lon:0.021

Offshore(within yellow line) Lat:0.028,Lon:0.042
China sea Lat:0.058,Lon:0.087
Northwest Pacific Lat:0.116,Lon:0.174
North Pacific Lat:0.232,Lon:0.348
Global Lat:0.464,Lon:0.696




I Background

T T 0.1 T T T T 0.5 T T T T 7 0.6
401 {(a) Bias(m) 40+ (b) Absolute Error(m? - 40+ (c) RMSE(m) G s
0.08 ¢ ; 0.45 - T N
-~ ..;_,_,\‘_H 8 &~ N ﬂ*'_r' = :..r:i .
o 1 0.5
ol E 7
35| 0.06 35 e 0.4 35 - . . ,ﬁ’:ﬁg—;-
1 4 I‘L, = .«‘"‘:5
0.04 0.35 ~3ye y 1o
30 { 0,02 30 - 103 30 - £ b
! e )
¥ ¥ LF
10 1025 ; 103
25 25 25 1 j“{v . -
Joge {-0.02 —a 10.2 s ® o L/
e e D
0 o2 » "
! [ i T F
™ bt ®
N
15 !
1
f
ol o 1o e 0 N » not well in Bohail and

105 110 115 105 110 115

105 110 115 120 125 130

Yellow Sea , and that can

0.04 20t e 0.15 2007 o3 1 "
hS — e . - -
-0.06 “\\.\ J 7 0.1 N I .
15 - ; Ly 1 15 - i - .
.0.08 ! ’ 0.05 ! & : our model perfo rmed
-, . c ; o N R

T T T : 40 T T T 1 T T T - 50
°N . °N , B °N .
40| (d) Relative Eror(% = |-, 40 () Correlation Coefficient—, < [l 40" (f) Scatter Indexq(%) -}, be seen from relative
; e - ~ { " - e . Hy T s .
Y B Tty M, 35 ol W Ty, b =4 - L) SN 45
T S N i3 T T N 1
— ' p. - 5 05 i error and scatter index
35 SN I ¥ 35 : 35 (UL LI
\ = 4 30 \ = 44 40
%.‘ 0.85 q?.. 1
300 4 o ] 125 30| 30+ g 1 135
ot R 0.8 #h ¢ 1
o oe - s
jf . e 120 0.75 e 130
25| P M 1 25 _ 1
“gp\}.#,._'-ix .{‘,.". r . - '\ '. 07 "
(r'"")\ e . s tar i :
007 %7 e : | 007 &7 o : ‘ 065 1
N " - - 10 ‘:\_ - 5 20
\'\\ \'\\ 0.6
15F 15 -
- : B il 15
,lf 1, 0.55
_/-I. - g
10 L= 0 10 == 0.5 10
105 110 115 130 105 110 130




Bohai Sea

5

1(} \_-"""J L L
105 110 115

East China Sea

I Background

MFQ1001 MFQ01002 MFQO1004 3.0
6
AE: 0.22(m) 2.0 AE: 0.20 (m) 61 AE: 0.21(m)
2.0
2.5
RMSE: 0. 30(m) 5 RMSE: Q.28 (m) s RMSE: 0. 29 (m)
RE(>24): 20.53 % RE(>2#£): 18.57 % RECG2#4): 22.14 %
rl5 r2.0
41 ¢C: 0.88 M 44 ¢c: 0.89
E E
. = | N: 7804 '.=i = | N: 7687 Wi
. [}] 3 "% [1F] - o essened o * L5
A 10 3 otendtt 1o 3 3 A : X LN
: et L 1.0 o Attt
* 2 : ' :coo .o . : . 2 . . u;.a;' ;Ei§§£=;=. : 1.0
g i s .
. o5 s3isit giee | o 05 mg?f Toet *
e o feeampns L ° 0.5
.E:.:... =.. 3 i!. .I=. .
I o % 1 3 3 & 3
Buoy (m) _ Buoy (m) _ Buoy (m) _
MF05001 L6 MF05002 MF06005 L
AE: 0.21(m) L. 8 AE: 0.18(m) 16 Lo AE: 0.21(m) . .. .
RMSE: 0. 28 (m) 7/ RMSE: 0. 25 (m) 14 RMSE: 0. 29 (m) + * Lo
REC2A): 1209 % “» M IREC2K): 11.04 % e L, BREO2R):9e% .
OC: 0 97 .c -: 10 GG: 0 95 . :.- . OC: 0 95 . :'5 . . '. r0.8
' - e * =] P, " . a0 F1. g HEN :
N: 2325 .c.‘ . \;E/ N: 7959 L 3 1.0 = 6 N: 8119 :}.5 :.-‘
' 0.8 o gt T gloe o o > 0.6
hd o...' E 4 .. ‘o.‘ :' - * r0.8 E .-.. H ‘f’. ’
* . . . - . .
- -.x 0.6 . . a .
3 *, .
. . . . 0.6 0.4
. 2 .
.‘. 0.4 % 04 > -
y 0.2
02 1 .
0.2
2 a 6 10 05 3 A 5 % 2 a 6 8 10
Buoy (m) Buoy (m)




I Background

MFO1001

AE: 0.22(m)

5| RMSE: 0.30(m)

RE(24): 20.53 %
CG: 0.88
N: 6562

10

0 1 2 3
Buoy (m)
MFO1001
AE: 0.17(m)
RMSE: 0. 24 (m)

REG2K): 21.94 %

-10

-15

41 ¢C: 0.88

MF01002

AE: 0.20(m)
RMSE: 0.28(m)
RE(C2#4): 18.57 %

N: 7804

Buoy (m)

MF01002

AE: 0.15(m)
RMSE: 0.21 (m)
RE(G2K): 16.83 %
CC: 0.93

N: 7858

Buoy (m)

-15

10

-10 1

MFO1004

-10 14,

AE: 0.21 (m)

RMSE: 0. 29 (m)
RECG2HK): 22.14 %
CC: 0.89

N: 7687

1 2 3
Buoy (m)
MFO1004
AE: 0.18(m)
RMSE: 0. 24 (m)

RE(G24): 18.45 %
CG: 0.94
N: 7724

-15

10

-5

-10

-15

10

-5

-10

-15



-I Backgrounad

ST4 Parameterization scheme
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It seems that atmospheric
T . Instability was not taken into
> account when calculating the
[ J friction velocity.

T T : I
U, Friction velocity is a const turbulent velocity scale that l
controls momentum transport within the z-altitude layer :

The calculation of friction velocity is based on the
assumption of Constant Flux Layer, which overly
simplifies the physical process of the air sea
interface.

Factors such as wave steepness, wave breaking,
gusts, spectral width, and swell can all affect the
calculation of friction velocity, and friction velocity
does not seem to be an isotropic constant.(Ortiz-
Suslow,2021;Mahrt et al.,2018;(Kudryavtsev and
Makin,2004;Chia-Huan Ting,2012)
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_ Methodology Comparison of Friction velocity from Coare and
FLx4

Parameterization 0.0025

ST4 (STAB3) considering gust I\/Iayb_e |mproved result : o i
for high wind speeds e -
effects sz R
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ST2 (STAB2) considering stability underestimation of 000151 7}
correction ST2 5
A comprehensive Inconsistent with the 00010 * ¥
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wind stress the model GRS
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. under high wind
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In general, although various methods take atmospheric instability into
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Improvement in forecast accuracy in the Bohal Sea region in practical
applications.
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U. = U, *5; HSbuoy = HSmodel *5

£=C,*U *Sign(T,,, - SST)*(T,,, - SST|+C,* +C,

U.  Friction velocity

§ coefficient of correction
UlO
T

2m

10 meters wind speed

2 meters temperature

SST Sea surface temperature

@ Regression fitting

C,=-053C,=-028,C,=-1C,=0.357;C, =05 |

Preliminary fitting results

(1) Depth <50 (m) &
(2)Hs ., >0.3&
(B)HS g = HSpyoy <-0.2&T, —SST <0&
(4)HS g —HSpy >0.2&T, —SST >0&
(5).not. (U, <8&Hs 4, >25)&
(6).not.(U,, >12 & Hs_ , < 0.8)
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In order to smoothly transition from shallow water to deep
water, a function related to water depth was artificially set up

10 A

0.5 -

0.6 1

é:depth = (é: _1)

0.4 -

02 1

0.0 -

Assumption:The impact of atmospheric instability gradually decreases as water depth increases.
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-I Results

We used ERA5's 10 meters wind, 2 meters temperature, and sea surface temperature to calculate the hindcast Hs for 2021
No assimilation or fusion of observed data.
Removed buoys that are too close to the shore
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Buoy location
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Buoy location
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Buoy location
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Buoy location
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The application of the new parameterization to the forecasting model
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We used ECMWF's(0.4 degrees)forecasting ul0,v10,2t,skt to calculate the Hs for 2023
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» The parameterization which performed well in hindcasting modelis not applicable to forecasting model.

» We have adjusted the parametersagain, but the Sl is still higher than ecmwf.(may be caused by the low
resolution of the wind)

» Compared to the origional parameterization, there is still an overall improvement



-I Results and Discussion
Summary

» Compared to ST4 , the new parameterization has made overall improvements in both hindcasting and
forecasting.

» The physical meaning behind the new parameterization is very ambiguous. This new parameterization
scheme should only be a transitional method, and formulas based on the new boundary layer theories
should be the correct solution

» There are subtle differences in the wind field between ERA5 and ECMWF's forecasting data, and thus the
same parameterization cannot be directly applied to both.

Plan for the Next Step
» Further adjust the parameterization to make it more suitable for the forecasting model.

» Consider utilizing machine learning for parameters regression and fitting

» Apply for joining the (LC-WFV) project.
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