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Coarse Grid Wave Hindcasting in the Yellow Sea Considering the Effect
of Tide and Tidal Current

AFA - A

Hwusub Chun* and Kyungmo Ahn**
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Abstract : In the present study, wave measurements at KOGA-WO01 were analyzed and then the numerical wind
waves simulations have been conducted to investigate the characteristics of wind waves in the Yellow sea.
According to the present analysis, even though the location of the wave stations are close to the coastal region, the
deep water waves are prevailed due to the short fetch length. Chun and Ahn’s (2017a, b) numerical model has been
extended to the Yellow Sea in this study. The effects of tide and tidal currents should be included in the model to
accommodate the distinctive effect of large tidal range and tidal current in the Yellow Sea. The wave hindcasting
results were compared with the wave measurements collected KOGA-WO01 and Kyeockpo. The comparison shows
the reasonable agreements between wave hindcastings and measured data, however the model significantly
underestimate the wave period of swell waves from the south due to the narrow computational domain. Despite the
poorly prediction in the significant wave period of swell waves which usually have small wave heights, the
estimation of the extreme wave height and corresponding wave period shows good agreement with the measurement
data.

Keywords : Yellow Sea, storm waves, typhoon waves, swell, wind wave, deep water wave, wave hindcasting
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Fig. 1. Location of KOGA-W01 wave station and fetch lengths from the wave station.
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Fig. 2. Histogram (solid line) and probability distribution (broken line) of significant wave height and peak period at KOGA-WO01.

Table 1. Fetch length, occurrences, average significant wave height, and significant wave period for 16 wave directions located at KOGA-

wol

Direction N NNE NE ENE E ESE SE SSE
F (km) 202.1 183.5 18.7 32.1 49.5 783 194.6 377.8
Occurrences (%) 3.69 0.06 0.05 0.23 0.07 034 041 1.36
H, (m) 1.77 0.69 041 0.92 0.40 0.68 0.55 0.48
Tys (5) 5.12 322 324 3.70 322 341 323 3.43
Direction S SSW SW WSW w WNW NW NNW
F (km) 2852.3 734.8 574.8 192 319.6 284.7 241.6 2204
Occurrences (%) 22.44 18.10 9.44 7.10 8.41 821 6.43 13.67
H, (m) 0.56 0.60 0.63 0.66 0.83 0.84 1.09 1.64
Ty (5) 492 427 3.94 3.89 4.06 4.03 432 5.06

Bhll=dl, 7= (77 - 1)/4, 9 2ok A7 @ fel5w
0. Osoﬂ;\_] K-S ) Z teStE 7—];0}05' %J}Q%D} ?l’-ilj, Chun
et al 2014y A(1), Q)= E] WL f2)9a B3 2o

718 Feklen 1 dabe vy 2k
_ 1/¢
o= (£21) 2054 m 3)
cAg
T1/3, most (4)
R 212 12y
_ (ﬂB/?vB Tt ((pds 1) T4 — Ap)op) + ) £3.93 s
- 3,

KOGA-W019] HWE f-outy 9 f-ou7]9) 7he =
el Y1215k KOGA-E012] 7 #}5.9) vlwshd, 742} 0.42
m, 1.57 s % ZA et ik o o] Q1538 viel
o] G| <] 2717} FelEt o} vehk= Aot} A
@2 HANE Fo3t77]9] A, Aallgt shA 42 12m
old], KOGA-WO01 043 Q1 8o 4242 o)1t} Zit}, up
24 KOGA-WO1°] <191l 7h7to] f1x3l 171= skt 4
At FE A5E= ZoE ol oo wheh x| 2
& AA EAo] A vt B, 9k ue SAS *
AFaFITH KOGA-W01S S 02 167 1ol T3t nist
F<% Al (wind fetch) F, Z} 3}&ko] w2 vlgt Z3& 72
i g fo)ug719] Hatgkes APt o] &S Table 1

ol A|AIBFATE. Fig. 18 B, B%:9 fetch length7} 2] ¥
744 o] Z =], 019 A= 2,852.3 kme} . OWUJ ol=
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489.8 kmell ] akd °F 50.4% =l AuhA] ¢ro} Faft

o] 9123 KOGA-E012] T} 9 F7]7} Azletel] £]x] 8k
KOGA-W01X.t} 71 A& ok 3= 9

T3k S 9 SSWO| ub fetch 1ength7]' 71 Bloj] o]&
e frol )= epEke] At o= 71 otk 53] 9
Z ode] A7) vl Ed o] el vldl =rh(Fig.
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r_‘@ w s
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Fig. 3. Directional distribution of significant wave height and significant wave period at KOGA-WO01 wave station.

Table 2. Monthly average significant wave height, significant wave
period, and steepness at KOGA-W01

Month 1 2 3 4 5 6

H () 116 105 101 073 064 039
T, (s) 438 430 425 415 414 446
H/L, 004 003 003 003 002 001

Month 7 8 9 10 11 12

H (m) 087 061 053 08 109 130
T, (s) 534 489 434 436 4AT2 456
HJL, 002 002 002 003 003 004

] NNW, N9| fetch length?} S, SSWell H]al|A] ZA] 9 &
O)u}5718] Hatghe 25|18 BS At o]= s AEFEE]
et FEH0] TA AEZFL Hat FERL vol YeRh=s 4
vjojt}, kA Nk S, SSWO| fetch length7} 71 EFol] th& W
FoA= B e 9% o] {377t o & Wkl
A Zd3t3 9ThFig. 3(b)).
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FEsHl FEE AL Sl ofe o] 2] A 54 1Y) 9]
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Fig. 4. The relationship between the significant wave height and peak period at KOGA-WO01 wave station (dots) and the JONSWAP relation

(solid line).
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Table 3. Model accuracy of the present numerical results with and without the

tide and tidal current

Model Station Physical Bias RMSE SI t Skill
quantity

H, ~0.11'm 038 m 0.43 0.89 0.93

KOGA-Wol T 0.06's 1.00s 023 0.59 0.76

Present Kveockno H, —0.11 m 035m 0.33 0.84 0.91

study yeockp T 038 073 s 0.1 0.87 0.89

H ~0.02m 037m 0.25 0.94 0.97

KOGA-E01 T ~0.14's 0.72s 0.13 0.89 0.94

H, ~0.12m 038 m 0.44 0.89 0.92

KOGA-wol T 038s 1.00s 022 0.60 0.75

With the tide Kveockoo i, ~033m 047 m 033 0.88 0.87

and tidal current Y P Tis -0.60 s 0.82s 0.38 0.87 0.83

H, ~0.02m 038 m 0.25 0.94 0.97

KOGA-E0I T ~0.13 s 0.73s 0.13 0.89 0.94

23, KOGA-E01014 9] ARt fojsta 2 f-ojut5715 3t
FuSd e}l v wskal o] Fig. 8ol YERASITE o1 7]ollM
ARe A4 9 AR T o vlE flg 7]
o|t}. Fig. 8] At folvta B fojubrr) o] HeE 3
A bias, B A H L 22 RMSE, #AFEX]5= SI, Pearson
AABA AS r, skill 502 28] Table 39 FERAS
t}. Table 3% =A% =ol|A bias, RMSE, SI, ro] 2l
Chun et al.2014)]l ANAI=| o] QL] 1 =iEof|A] o] ] 2]&
AAIEHA k=tt. A skill> Willmott(1981)2] index of
agreements YERNE= 1 OZ (Wamer et al,, 2005), ©]&
outlierel] W73HA WHS-31= Pearson AA-#7 Al5-5 714
Ph= A7do] 3t} Padilla-Hernandez and Monbaliu(2001)
9} Shih et al.(2018)°] o]& o]&3s}o] FHFE P2 HerF
Uebd v} gtk o] F, Shih et al.(2018)°] w2 skillo]
0.65~1.0 Atolell Q= ¢ AR =7t gestrhar st
Fig. 8(a)~Fig. 8(c)& B 2 A2 At Fojvar) &
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Fig. 9. Time series plot of calculated and measured waves at Kyeo-
ckpo; present numerical simulation (solid line), numerical
simulation without tide and tidal currents (dotted line), and
measurements (solid line with cross).

o] 9] HeAw 227F 0.5 mE.tF 201 Pearson g
AIAIS7T Pilar et al(2008)2] 2R TE U= oIt} o] 2 & uf,
L ATrelA e start vjw A JgatA ALt s B
Itk shA At Folu7]2] HHAlELa 1s oste]
11, KOGA-WO01s Al 9] 8k L] ]3] 2] Pearson 7|
wE=skasl 250l th KOGA-WO0129] e A
Axtde] s s @ SSWAIL ] A7 |93 4

A=

A=

3] A& skA] F3+ Ayfo|th(Fig. 8(d)). *Fa<] KOGA-WO01
FouET9) skilk 07607, AfARoR =S Ho|u})
Pearson J&-#A] A8} skille] 2fol= oA A58 AAH
skille] outlieroll & W73l Pearson ¥4 Algxo} skill
o] t] & Aot} g AXE= KOGA-W013} 55
Ao x18] AR, -9 352712 Pearson g THTAIA
T A Gt o= A sSo] S AlEe 4719t
YERFA] ¢k= FAlol 38 5]o] o]8] ALETt w2 Flo=
gjetel T},

hA, E AgellAE F AR} o Bl 24 Y

=
Fo 592 1Y) 8 24 2 2HE 3R] 41 T

ne N

6 ; : T
[ Calculated —+— Measured

s

03/31

03/16
Date (mm/dd)
20 T T T T
Calculated —+— Measured

0
13/03/01 03/06 03/1 03/21 03/26

| KOGA-wo1 |

0
13/03/01

03/06 03/11 03/16

Date (mm/dd)

03/21 03/26 03/31

Fig. 10. Time series plot of calculated and measured waves at
KOGA-WOLI.



EXEE

71zvel vl s ARES S=8skaL, o] A3HE Table 39 U
Erioint. Ax AE ASjstus fofuta vl fo9e7]
Aol £ ZFol= gtk o] KOGA-W01 2! KOGA-E01 #]
e B=mgo] Hellut 23 REr) Hot Yeh=s Ad9kE
BRItk 53] foluh 7)ol 9§k Aol= ] AR el 4

2013/03/09 06:00:00(GMT)

Latitude (%)
=

38

-----

a6
3
120 125 130 135 140
Longitude (°)
2013/03/09 12:00:00(GMT)

140

130 135
Longitude (°)

2013/03/09 18:00:00(GM

Latitude (%)

135 140

120 130
Longitude (°)
2013/03/10 00:00:00(GMT)
- 3 = (;
46 3 e Ak

an
=
T

Latitude (%)
8

a8t
g
34
120 125 130 135 140
Longitude (%)

ot melet el Yo e 4

X 5L2] A 293
FlopoAl ] B2 o] ZARE 12 1o Arlsle] YER)S]
T}, Table 3 BW, A% A QoA 24 9 27| T3}
7P & Aoz yehdar Qi olof] & o] Aabd el
ZA 9 2F72 T3 o2 AXE TS B39 v

W3] Fig. 9ol YERISITE A g #5258+ KOGA-
2013/03/10 06:00:00(GMT) e
& Omﬂ’b\ 7
a4 / ]
a2t N : 5
s
a0t 4
]
. 3
aa b
2 2
1
i
120 125 130 135 140 o
Longitude (%)
. H, im)
‘ 2013/03/10 12:00:00(GMT) .
a6 . RUSSIA

Latitude (%)

130 140
Longitude (7)

2013/03/10 18:00:00(G!

120 135 140
Longitude ()

2013/03/11 00:00:00(GMT)

125

a6 - 3 RUSSIA > -

aof N
3

3B+
2

agl
1

b
. ]

120 125 130 135 140
Longitude (%)

Fig. 11. Development of storm waves March, 9, 2013~March, 10, 2013.



294 A5 -

W01, KOGA-E013} Z2] NortekAFS] Range finder® &5
H Zow, o] A= SN 253E fiHel FARR: W
Aow 75 A5t ol w5 2 wiel vhE 3t
FHSARe vl vl A el 77ke] 24 9 25 a9
7F AR o7 AA Yehdar ik
& 5 otk 9710049 ARt felaTlE g AT ER A
A ATE 2 (6)0l thydste] -3k 21 O0%, Table 39] He%
v R HIE 9ol 2(6)2 =R I REF o]
2lth. KOGA-W012] F-2]3719] Pearson 34| A7}
<2 L], o]= 2](6)Q] sHAlEF] Hik= i 15Re] At
Q99 sHARE Qe S AL e] AF73kE AldE A
5ot Arjolrt, o] ZH, 2 (6)0] B3l AFASAEE vt
o7 FHER Fou, Fallel 5o e el disiA =
Ag 7}sehs Bof 1 Qi)

3.3 ol E3uiE ¥ e Sutd

2784 e 2137 KOGA-WOlellA] F3- 0k} B
o] HSEQ=H], ol SIS FHOE Ao
o] FFukg 9 S ue] s A9 E kT KOGA-WO1
of = 2013 39 9 1621l 4.69 me] FH ] %F3}=40]
DE5E A=), G #5-29kal 71 Oh et al.(2015)2] W
HE AR Hd #3922 skt 4 em #TH, Fig. 9
of =, s Al st Alat F-2)ukais 514 mek 2
24, Fig. 109] Axt §-2)5}319] Al 522 %19} Pearson
A A= 2HE 041 m, 0913 2t} o] £]of] )9}
F719] HAAF L2} Pearson A Al 42t
0.7s, 0.82% & AG-2] X9 AdolA] A ] FFT}
< Z Ads Ao gt ol o HEFu Fd Al
A A5 Fojvlu BEXEE Fig 110 YERAITH

Fig. 11°] w25 2013 32 9U 6rlol FaldolM=
NNW AlG 9] mpedo] 283t gl vk, sl S A
Ao| vgo] Ao Stk o] F ALFY FEOoE N A
Ao| vpgo] gafjdel stttz 2013 39 104 04l
el Aol A3 oF 4 m o) folvtart vebgti A
2} A3}, $hA Yol Sk SelA it &
o 271949 o)sell wet fejstart At Srkehkes Al
2 Yehar gl

$HA, KOGA-WO01 3H3#5713F & T1410 MATMO®]|
o3 e F o] RS G v BE5A3tel At
A= Fig. 1201 AASRATE DAl Hoh froutae] #55
I} A= 3.89 m, 4.35 m&}F 247t o}, 2 AT] R
o] AgeA] FAl] ElF - & A 2 o® Bk, 71
a1 GA] Al it §-2)915719] B5302 AHES 8.82s,
7.92 s&, & A2 FA ] AR 0.9s e HAAY
skar Qltk. o= KOGA-WO01 X3 2] Al gt exbkel 2
o} o]9] A7} vkx| orhy B 4= Qlvk. 1Ev) 2014 7

V3

jul

1
-

6 T T

T
Calculated —+— Measured

KOGA-Wo1

H, (m)

Pt | asd =

1407107 07/06 0711 07/16 07/21 07/26 07/31
Date (mm/dd)

20 . T T T T T
Calculated —+— Measured |

| KOGA-wo1 |

0 | ! ! | 1 |
14/07/01 07/06 07/11 07/16 07/21 07/26 07/31
Date (mm/dd)

Fig. 12. Time series plot of calculated and measured waves at
KOGA-WO0L.

4 793719 Pearson *dEIA Al 0252, -3k
9] Pearson "4 #3A| AlS=2] 0.958T} &t} o]= BE A5
AR A el ks 357197 AR vl s
3 2 | AslolA glFo] A v, G YA dt
o] oo sl 2 AT ARt J 9 AR
o5 AdsA] K3tqlrt. o9k FAFSHAl 2014 7€ 9
T1408 NEOGURI®] ©]&F oF 12 o] o] 2= f-0uj7] = B
A2 FRIEL] AFellA o]F & AdsHA] X5t Zloltt. o]
o w2} Fig. 129] f2l95712] Heert WAl et 9l
At

TY1410 MATMO®] 2] &t B a5 2 45 Fig. 13
o FERIZITE. BA] BlF-2 S0l 453 Uk, el

oA 2 AAstar qlct.

B Ao A Avte] e, FE=o] Ak gjelo] At
wo] el FafjofelA ] FF W el st fojuta
= 2 Adstar ek 53] Alat o yhellA EFshe HE
of gt folutars vjwA FeetA Adstar qlct. 58 5t
& S olA 9] Foutg7] oA] o] A& FFsHA cS3t
I QAXIRE, Alhked e vlel] AAdEo] el oz A EHlE
o] FoulrlE A aPgskar itk o) el =X
o] F71E Hai AshE 7Fs A o] s gmlgitt. o]
of ¥ Ao A= KOGA-WOlo4 2] At Ax}E nfgko g
frolvhar 9 f o957 BAAE FEE, ol Ty =
43509} 2t} o5 #EA ¢} nlwste] Fig. 140 veRY
itk ole] W=, §-2)5kal 1 m olslellME F4 folus
7 U st 202 yehtal 9lEd], o] S, SSW
AL U age] Foaar)E 2 A9 AR A
oA & At 5t Aajolct. SpA|Rt oK} o] 9l
7} & A9 FuT1E v st 2o s Yehdar
Ut 1= Fig. 49 FASAE 4] Aol A= vEhtar



=
29 25

5 & &

Latitude (%)
=)

8t

120 125 130 135 140
Longitude (*)
2014/07/25 06:00:00(GMT)

Latitude ()
8

5

120 125 130
Longitude (°)
2014/07/25 12:00:00(GM

Latitude (%)

135 140

Longitude (°)

2014/07/25 19:00:00(6!0")'

120 125 ) 130 135 140

Fig. 13. Development of typhoon waves by TY1410 MATMO.

olek. 9, olelat B4 wlio] §2)5k3 1 m ol4¥e] %4
FIT719] skilke: 07881 whlol] ] Fojshae] ojgk 3

A Fol 719 skill 0.690]t}.

o1& delshAh, i A9 A RG] FF3 ol H

]E

&
;

Latitude (°)
-
(=3

agh
agh
b
Longitude (%)
_zuwume DIS:DD:M(GMT}I

a6+ . RUSSIA

=
N
T

Latitude (°)
]

120 125 130 135
Longitude (%)
2014/07/26 12:00:00(G

Latitude (°)

140

Longitude (%)
2014/07/26 18:00:00{GMT)
. P
46+ - 5m RUSSIA &
sk
;..42 o
2o
=
3

38

6

a4 b

120 125 130 135 140
Longitude (*)

295

Foll I3 BF Se] folst 7712 2 Astek Kkt 9l
O, 01] felstan 27 ghobx] ¥ Qo] ARFATE Y.
B i froluka B fojsk 7] AN A shetel of

AN E A g saTT 2 4 g,



296 454

15

Measurement
——Wave hindcasting

Fig. 14. Relationship between the significant wave height and sig-
nificant wave period.
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