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Parameter Estimation and Fitting Error Analysis of the Representative Spectrums

using the Wave Spectrum off the Namhangjin, East Sea
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Abstract : The parameters of the modified BM and JONSWAP spectra are estimated using spectral data set off
Nambhangjin, located in the east coast of Korea, collected during high wave events. The parameters of the modi-
fied BM spectrum were estimated to be 1.04 and 0.27, which were similar to the conventional values of 1.098 and
0.30, but showed significant differences in statistical terms. On the other hand, the peak enhancement factor of
JONSWAP spectrum was estimated to be 1.4, which was substantially small compared to the conventional value
of 3.3. The RMSE differences from the fitted results of the two spectra were small, approximately 0.2. In the fre-
quency range greater than the peak frequency, however, the spectral energy density showed relatively mild
decrease with increase of the frequency, compared to the standard forms of the modified BM and JONSWAP
spectra.

Keywords : modified BM spectrum, JONSWAP spectrum, parameter estimation, peak enhancement factor, wave
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Table 1. List of top 30 wave heights (H,,,) with corresponding observation time of the spectra used in the analysis, which is ranked by H,,,

Rank Date Time H,, (m) Rank Date Time H,, (m)
1 2015-08-26 04:00 5.80 16 2018-02-06 16:30 426
2 2015-11-27 07:00 5.17 17 2017-10-29 23:00 425
3 2014-10-13 13:00 5.00 18 2015-12-11 17:00 421
4 2018-10-06 13:30 4.98 19 2016-02-14 18:30 421
5 2017-10-23 12:30 4.97 20 2016-12-23 01:30 4.14
6 2013-04-07 05:53 4.84 21 2018-03-16 02:00 4.07
7 2013-12-20 21:00 4.76 22 2017-05-26 15:00 4.05
8 2013-10-15 12:00 4.64 23 2013-12-10 06:30 4.02
9 2016-01-20 07:30 4.62 24 2015-11-08 09:00 4.02

10 2017-01-30 17:00 4.49 25 2015-11-24 09:30 3.97
11 2018-02-04 13:00 439 26 2016-12-27 13:30 3.85
12 2017-01-20 14:30 432 27 2016-12-14 13:30 3.79
13 2016-08-26 05:30 4.30 28 2013-03-20 15:23 3.75
14 2017-11-04 04:00 428 29 2018-03-05 13:30 3.65
15 2014-09-30 11:30 426 30 2018-01-23 13:30 3.63
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Fig. 1. H,,, of the selected 30 wave spectra in terms of the observation time. The numbers indicate the ranking listed in Table 1.
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Fig. 2. Spectral plot of the 30 selected waves.

HExl o A ER] YR Fokpe] i AHEY 5
A7 AdE] glon, Fakg HelE 0.02~0.99 Hz, 73
HA(dfy 0.01 Hz= F 987K9) 73] Afso|th. a1 A2s
o] gsk A EY FHL AFBAIM AlFehs dFRREA A

FAHH 2 3 FFT 4 7]% (Window Span=64, default)
of 71k FaL vk, i b w7l el -2
SH, e THr A olgste] Anteti, FF]
(T, = 1= 9 2 EF o] Hui7t 5= Fa5(f)2] 9
of sttt
98
H,o=4- [X5()-df, (1

A7, S(fe T AFER oy, 5f
0.02 Hz, A3Hd 53+ £ = 0.99 HzO| T

kR AEE 3070 Fhare] ojgk v AHEH S
A3t Fig. 200 A8t TdolA &

o] A=Y Gl HFF7) Goio] S1Kf

22 AHEY DS YUY
i S 9% dl Y A ERS
#7F JONSWAP A3 Eg]ojt}, vl /lw4
T AEY BE 3 e 28 7Fssi, 22) B (3)
of Z47}e] A& ARSIt ~AER viAWNSFRE H,, T, o

Al
A



366 ZTd - Yy

Al H;, T1/3§€ A]’“g‘g]’% 75]“?‘—11:— %]\T‘:‘H], H,,,oﬂ‘ H; 3‘1 T,,ﬂ'
T, ZFell AEIAZY QOB 2, A (2)yE Hyo T2 WER
Hehs AfE ] Ales dEAw §4 FEl= 2oz
FA P =4 BM AFEH(2](2))°] HlsiA JONSWAP
2AEY BFAE)Y B, o GEH SN HE S
W AI5=(y, peak enhancement factor)S L3+ A= ol
zto] 7} Utk

S() = aH,o T, f“expl- AT,N "] 2)

S() = aH,o T, f expl= BTN 17 3)

D =exp - [(f-£) 1211,

G_{ 0, =007, f<fy o7
0, =0.09, f2f,

2.2.1 3 BM 2¥EY w/iSs F34E
Mitsuyasu(1970)°1] 23l A|tE 27] BM 2HERE 2]

@Sk 2o, T,21.05T,; 2315 AE43l9t) o] 21L&

CERC(1984)°14 #|otel Zolr T, =

1.0537,,; 24 sigstc,

S(f) = 0.257H; 5T, 3 expl— 1.03(T,:0) 4)
°]F Goda(1988)= ¥= AR5 ©] &8 F7HE42
%

=
T,z 11T, 2705 483to] 7] BM A ER2] A5
gst 74 BM ~FERS 2(5)8) 2ol Aqkssitt.

S(f) = 0.205H: T, Af " exp[— 0.75(T, /)] (5)

g
2]
i\
[
%
it
)

2 A 2 RE Q) m/fHS 2L 9E)A
nw=H,=H, % T,=1.1T, 2718 A gste] 7|2
[e)
=

4l

S() = 0.300H,, T, f *exp[~ 1.098(T,f) ] (6)

T4 BM ~FEY S A ER oM Y= Jal(H,)E
Ak B¢, A o, B 1,78 57 wi7iis7} otk
B JETTE d5 A EYA 94 g8k A9, A
2 2= w7 a, po] VIR dEH AFFUE 5
A s Talsls 49, B AfEY 0 ZHE] Ao

A5 7d%k(initial guess)®. % 7HJskar, 233t

Hd o>
o i

P

_—

ArlE 27
2 akek FIFE £+ 0.1/ = UT,) HAZ 2Aske] 370
7S 2 AR5 (least squares method) .2 5743}
Aok $hE, TS 7 iR 3k = A,
A 270] wiZiEEE oAl HAaAbsH o It
2(els HA2AksH F85 918 B3R YERISIT

1o

il

ol

Lmﬂm=émmr&wmﬂmf ™

SV, S,(09) S A7 5 2= 3 2 EY

& gmjain}

QNS - W)

2.2.2 JONSWAP 29 EF w7/ i 444

JONSWAP AHEF O] A0 715(y, peak enhancement
factor)= 1.0~7.0 JE=8] Helolv} Bt 3.39] gho] Unkz|o
2 AME I QIth 4 BM A EY ull/fHS FAeA] a1
23t 370 WS (e, B TN 4 o, o/kA EFFetE
g 7Fs st WS = F o7l Hek e B T
ANAE HAFsuAlTE Y5k 3lo] T8 WAt m=E y
RS g wAT R AAste] A4S WSl o] ¢
374 wi7AS7LE shde)7] witel], 34 wizPEs] gk 1.0
oA 7.0 AFe]e] FhollA LgsE 742 (0.01) 2.2 WIS 7| HA]
RMS @25 AAkslal, RMS @a7F 47} = 2710 &
ok AFsuAT as ekt

3. 070 =8 ot

7 BM A~#HEG 4 JONSWAP A EF /i<
BANE 242t g-Esto] AAsISic. BM A ER ] 9 A
F71E vl 29k 7399} e k- 73]
g A= vlarsto] A 8ISt S JONSWAP ~H EE
O] A Bt Al 33 23 2 Aol F-E HA oA
N=Eeke] vl wE sk 0™, RMS @ AHE B4 st

ATt

31 3 BM AHIEH Oy =8 dat

T4 BM 23 EF o] shrel thgt 2] w7y
% A3R= Table 201 A|AI8ISATE. Table 2014 &
o} o], 7.5 Z47}e] 5AgEolA F4sh ghow
S, adk g F3k Bk 22 1.079, 0.2840] 1,
= 4t 0.0950]ck. g, 370S] wiARISE
F5719) gk 0.0960 % 2702) wienl 248
ZFol7k glot 0.075~0.117 WHLfellA vhaFst gho = 4
AT B3 oo} po] et 717} 1.041, 027302 F4 5]
t} o] g2 A3l AAE 2FHe 4 BM AFEH
e E Q1 1.098, 0.300%.0H= 2H2F 5%, 9% 22 #helth.
J2fut o] A= Table 16 Bl 219 42]9431 3.6 m ©]
] AIWES oz A Ayfo)7] witel A o
HAER O] HLE gdste] Folufart o vk slgzdolA
o] Al thair= F7H41 HETF D o8kt

shA 34 v E AR 30702 S E o] lon,
Anderson-Darling 7]"(R ‘nortest’package; Juergen and Uwe,
2015) o]g3ate] At ARSI A, HFTUlE
wAgskar 270 miZfFEhS S35 A2 o WSS
AlJstals B s et 7ol 712 E e
AA Aoz 34 wiATE FitEE mEA] o Zlow
okE), 3k 324 wi7RH<=2] Pearson 4 ¥HEA] (Lee, 2019)
< st A3, MIRE o, BTGS2 wRies)

[e]

27091 739, 37091 745 ZH2) 0.898, 0.520 A== B A

¥ &
rr

fd
o2l
o

A

e
f
N

]

Ho
o

2
oM.
o
1030 & orlU o NooY

)
o, N

"



g st

il

=] ANE ol§

b

& A=Y o

%1

M

S 367

o

Table 2. Estimated optimal parameters of the modified BM spectrum type

No. of Two-parameters Three-parameters
target (, = fixed) (f, = variable in a small range) H,, (m)
waves a Yij A a Yii A
1 0.319 1.188 0.090 0.253 0.944 0.095 5.800
2 0.196 0.696 0.080 0.258 0.919 0.075 5.170
3 0.223 0.874 0.100 0.248 0.973 0.097 5.000
4 0.330 1.218 0.110 0.262 0.967 0.117 4.980
5 0.317 1.118 0.090 0.273 0.961 0.093 4.970
6 0.258 1.040 0.090 0.244 0.983 0.091 4.840
7 0.322 1.300 0.080 0.252 1.020 0.085 4.760
8 0.276 1.091 0.100 0.250 0.990 0.102 4.640
9 0.233 0.846 0.080 0.270 0.979 0.077 4.620
10 0.222 0.828 0.100 0.265 0.988 0.096 4.490
11 0.339 1.126 0.090 0.295 0.980 0.093 4.390
12 0.275 1.241 0.100 0.242 1.093 0.103 4.320
13 0.331 1.280 0.100 0.264 1.023 0.106 4.300
14 0.303 1.157 0.100 0.267 1.021 0.103 4.280
15 0.265 1.047 0.090 0.264 1.043 0.090 4.260
16 0.305 1.111 0.080 0.275 1.001 0.082 4.260
17 0.325 1.238 0.090 0.269 1.027 0.094 4.250
18 0.305 1.124 0.090 0.277 1.019 0.092 4210
19 0.324 1.162 0.090 0.281 1.005 0.093 4210
20 0.247 0.916 0.090 0.280 1.039 0.087 4.140
21 0.241 0.957 0.100 0.274 1.091 0.097 4.070
22 0.199 0.919 0.100 0.253 1.170 0.094 4.050
23 0.330 1.288 0.100 0.280 1.095 0.104 4.020
24 0.293 1.150 0.100 0.280 1.097 0.101 4.020
25 0.295 1.080 0.110 0.293 1.075 0.110 3.970
26 0.305 1.100 0.100 0.305 1.097 0.100 3.850
27 0.247 0.982 0.110 0.292 1.160 0.106 3.790
28 0.337 1.251 0.100 0.307 1.137 0.102 3.750
29 0.232 0.947 0.110 0.297 1.209 0.103 3.650
30 0.319 1.103 0.090 0.328 1.134 0.089 3.630
Mean 0.284 1.079 0.095 0.273 1.041 0.096 4.356
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Fig. 3. Comparison plots of the modified BM spectrum fitting (3-parameters case).
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