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Design Wave Period Estimation Using the Wave Height Information
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Abstract : The wave height and period regression curve is widely used to estimate the design wave period. In this
study, the parameters of the curves are estimated, compared, and evaluated using the linear, robust linear, and non-
linear regression methods, respectively. The data used in the design wave height estimation are the annual max-
ima (AM) wave height and period data sets divided by typhoon and non-typhoon conditions, provided by the Min-
istry of Oceans and Fisheries (2019). The estimation parameters show significant differences in the local coastal
waters and the estimation methods. The estimation parameters based on the Suh et al. (2008, 2010) method show
the apparent bias, under-estimation in the intercept (scale) parameter, and over-estimation in the slope (exponent)
parameter, respectively.

Keywords : design wave period, wave height and period relation curve, intercept and slope parameters, AM wave
height-period data set
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Table 1. Summary of the power function parameters

|83t AT 4 85

Data Alpha Beta Reference
T1/3, H1/3 3.85 0.5 SPM (1977)
T1/3, H1/3 3.54-4.45 0.38-0.60 Kamphuis (2000)
T1/3, H1/3 4.0-4.6 0.5 Goda (2000)
T1/3, H1/3 33 0.63 Goda (2003)
Tp, HmO 6.16/5.59/6.65/6.50 0.26/0.20/0.23/0.22 Suh et al. (2008, 2010)"”
ACW/ES/SS/WS® ACW/ES/SS/WS®
Tp, HmO 7.92/10.14/8.86/6.57 0.26/0.13/0.20/0.35 Suh et al. (2008, 2010)”

7.92/9.96/6.67/8.82

0.26/0.15/0.34/0.20

Ref. (1) Sites = 4 stations, every monitoring data, (2) Sites = 106 stations, hindcast AM data (1997~2003), (3) ACW/ES/SS/WS = All Coastal
Waters/East Sea/South Sea/West Sea, (4) Assumption: T,;=0.95Tp, Hmo=Hs=H,;.
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Fig. 1. Location map of the coastal grid and inner-coastal (inside)
grid points (MOF, 2019; Cho et al., 2020).
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Fig. 2. Station (coastal grid points) numbers and the representative
comparison eight station points in the divided coastal zones
(MOF, 2019; Cho et al., 2020).
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Fig. 3. Comparison plot of the SPM, Goda, and mean functions (Suh et al. method) (blue line = Goda formulae, orange line = SPM formulae,

and pink line = mean function).

2 AFNAE nls() FTE o] &5k WS o] 83k v
MAT 45 Fgsielon, nldgddre] 4w
Aot 485 9% 27171 (initial guess)> a=H, B=

%O%ﬂ%it% JEM a= [0, max(H,)] (2L A
= HPEAPP 2tol= IAIE

2.4 Suh YO F7| = 4|

Suh et al.(2010) =FoAE= w1 AR S o] falo] F7)=
F4e= W22 SPM 32417 Goda 3212 ¢ WS
A¥star Qlek. 7 2] Hato] Hi= shuke] Al
AP 22 gt ol Y (Fig. 3 %), ©l8t Suh %
W o7 71438t}

=(1/2)[3.85H." + 330H. "1~ 3.55H""

Case 1: A3 — W<(simple) 413 3]712F w74
7

Case 2: H| A8 s|AEARE 7S =443

Case 3: AFHE - FHAE HGIHARY 7S 34

Case 4: Case 2 ZHAE 3|24 Aol A<=
(B WS Al

Case 4 2712] W19] AlghS D2 2|72 n]d A1 7]
4 AoE AXEHE BE AASH] S8t
(MOF, 2019) AAIF7] F74 344 73
slod AR 0.2, 0.8] OE Akt 7
A o7 BAst 270 A5 ALstare 4 vz
9]l 323HE7] Lﬂlfcﬂl Ol 7350l digt 5E 35 74
22 AlQ]stct. AL Axfel] thdt thakst 2 it
A= oh3 ) o] At $ok(Table 2 7).
T el wE A= A3 2—@% EAHE A

ey
0,
oo
au) 00
235
2
o= X @

P!
b

?‘*‘3}0% AR, T A2 3, AR (BHS-(TP), HIE
ga1-F7] A5 AS FHEF= Power 2] wij 7w =AAFEMS) 2707 o7 TRl ek 2z}
Table 2. Estimation case code based on the data and methods
Methods Case 1: SL Qase 2: NL . Case 3: RL Cas.e 4: RL/C .
Simple linear Non-linear regression Robust linear Robust linear regression
re pr ession (without constraints) rearession with constraints
Data cases g (0.0 < < 1.0) er 02<<0.8)
MS-210 SL_MS 0 NL MS 0 RL MS 0 RL/C_ MS 0
MS-310 SL_MS_1 NL MS_1 RL MS 1 RL/C_MS_1
TP-210 SL_TP 0 NL_TP 0 RL_TP 0 RL/C_TP 0
TP-310 SL TP 1 NL TP 1 RL TP 1 RL/C_TP_1
TOTAL SL NL RL RL/C
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(a) Non-typhoon data (MS)
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Fig. 4. Hs-Tp data scatter plot and fitting-curves by the regression methods (red = linear transformation curve fit (Case 1, SL), blue = non-

linear fitting curve (case 2, NL), green=robust linear transformation regression curve (Cases 3 and 4, RL, RL/C), black=
SPM + Goda mean curve = Suh method).




ol

Table 3. Location coordinates of the sample stations

ARE olg8 AT +4
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Coastal grid Longitude Latitude Inner grid Longitude Latitude
point no. (E) N) point no. (E) M™N)
11 125.083 37.583 11-5 125.500 38.583
118 129.750 35.750 118-2 129.583 35.750
178 126.750 33.750 178-1 126.750 33.667
210 131.833 37417 210-1 131.833 37.333
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Fig. 5. Parameters scatter plot of the estimation methods (upper panel = simple linear regression (case 1, SL) vs. robust linear regression (case
3, RL), lower panel = simple linear regression vs. power function non-linear regression, Power function NLR; left panel = intercept
parameter, right panel = slope (exponent) parameter).
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Fig. 6. Estimation parameter change pattern (Roman numbers, I, I, ..., VII = Coastal Division numbers in Fig. 2: Left region of the vertical
red line =210 coastal grid points from 1 to 210 (horizontal axis) in Fig. 2; Right region of the vertical red line =310 inner (coastal)
grid points from 1 to 310 (horizontal axis) in MOF (2019); estimation method = linear regression method). Result codes = (a)
SL_MS 0, SL_ MS 1, (b) SL_TP_0, SL_TP_1I.
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Table 4. Station (grid) numbers in the divided coastal zones and the assigned sequential numbers of the Inner-coastal grid numbers (Cho et al.,
2020; MOF, 2019)

(a) Range of the sequential numbers of the grid points in each divided zone

. Grid numbers
Divided

Zone 1o, Description of the zones Coastal grids Inner-coastal grids
(Total 210 grids) (Total 310 grids)
1 Mid-north coastal waters of the West Sea 1-38, 187-190 1-35, 258-261
2 Mid-north coastal waters of the West Sea 39-64, 191-202 36-63, 262-298
3 Jeju northern waters, mid-west coastal waters of the South Sea 65-76, 179-186 64-75, 251-257
4 Mid-east coastal waters of the South Sea 77-107 76-126
5 Mid-south coastal waters of the East Sea 108-125 127-158
6 Mid-north coastal waters of the East Sea 126-152, 203-210 159-215, 299-310
7 Jeju coastal waters (except Jeju northern waters) 153-178 216-250

(b) Assigned sequential numbers of the Inner-coastal grid points
SN IGN SN IGN SN IGN SN IGN SN IGN SN IGN SN IGN SN IGN SN IGN

1-1 41 42-1 81 79-1 121 1052 161 128-1 201 147-1 241 170-4 281 194-4 301 204-1
2-1 42 431 8 792 122 106-1 162 129-1 202 1472 242 171-1 282 194-5 302 204-2
3-1 43 44-1 83  80-1 123 106-2 163 130-1 203 147-3 243 171-2 283 194-6 303 204-3
4-1 44 45-1 84 802 124 107-1 164 131-1 204 148-1 244 172-1 284 195-1 304 205-1
42 45 46-1 8 803 125 107-2 165 132-1 205 1482 245 173-1 285 1952 305 206-1
43 46 47-1 86  81-1 126 107-3 166 1322 206 149-1 246 175-1 286 196-1 306 206-2
4-4 47 481 87 812 127 1081 167 133-1 207 149-2 247 176-1 287 197-1 307 207-1
45 48 491 88  82-1 128 1082 168 133-2 208 149-3 248 1762 288 1972 308 208-1
9 10-1 49 53-1 8 8-2 129 109-1 169 134-1 209 150-1 249 177-1 289 197-3 309 209-1
10 11-1 50 541 9  8&3-1 130 111-1 170 135-1 210 150-2 250 178-1 290 198-1 310 210-1
11 112 51 551 91 8§32 131 111-2 171 1352 211 151-1 251 179-1 291 200-1
12 113 52 552 92 851 132 112-1 172 136-1 212 151-2 252 180-1 292 200-2
13 114 53 561 93 85-2 133 1122 173 1362 213 151-3 253 181-1 293 200-3
14 11-5 54 57-1 94 86-1 134 1123 174 137-1 214 152-1 254 182-1 294 201-1
15 11-6 55 581 95 871 135 113-1 175 1372 215 152-2 255 183-1 295 201-2
16 17-1 56 582 96 872 136 1132 176 138-1 216 153-1 256 184-1 296 202-1
17 172 57 59-1 97 881 137 113-3 177 1382 217 153-2 257 184-2 297 202-2
18 20-1 58 592 98 891 138 1141 178 139-1 218 154-1 258 187-1 298 202-3
19 222 59 631 99 9-1 139 1142 179 1392 219 155-1 259 187-2 299 203-1
20 23-1 60 63-2 100 91-1 140 1143 180 1393 220 156-1 260 188-1 300 203-2
21 24-1 61 63-3 101 91-2 141 115-1 181 140-1 221 158-1 261 189-1 301 204-1
22 25-1 62 64-1 102 91-3 142 115-2 182 1402 222 159-1 262 191-1 302 204-2
23 26-1 63 642 103 92-1 143 116-1 183 140-3 223 159-2 263 191-2 303 204-3
24 27-1 64 67-1 104 922 144 1162 184 141-1 224 160-1 264 191-3 304 205-1
25 272 65 681 105 93-1 145 117-1 185 141-2 225 161-1 265 192-1 305 206-1
26 273 66 682 106 93-2 146 1172 186 142-1 226 161-2 266 1922 306 206-2
27 274 67 70-1 107 93-1 147 1181 187 142-2 227 162-1 267 192-3 307 207-1
28 30-1 68 70-2 108 94-1 148 1182 188 142-3 228 162-2 268 192-4 308 208-1
29 331 69 703 109 951 149 119-1 189 143-1 229 163-1 269 192-5 309 209-1
30 34-1 70 71-1 110  96-1 150 1192 190 143-2 230 163-2 270 192-6 310 210-1
31 351 71 712 111 971 151 120-1 191 143-3 231 164-1 271 193-1 291 200-1
32 361 72 72-1 112 99-1 152 1202 192 144-1 232 1642 272 1932 292 200-2
33 362 73 73-1 113 100-1 153 121-1 193 144-2 233 165-1 273 193-3 293 200-3
34 37-1 74 75-1 114 101-1 154 122-1 194 144-3 234 1652 274 193-4 294 201-1
35 381 75 76-1 115 101-2 155 123-1 195 145-1 235 166-1 275 193-5 295 201-2
36 391 76 77-1 116 103-1 156 1232 196 1452 236 167-1 276 193-6 296 202-1
37 40-1 77 77-2 117 103-2 157 1241 197 1453 237 168-1 277 193-7 297 202-2
38 40-2 78 781 118 104-1 158 125-1 198 146-1 238 170-1 278 194-1 298 202-3
39 41-1 79 782 119 1042 159 126-1 199 146-2 239 170-2 279 1942 299 203-1
40 41-2 8 783 120 105-1 160 127-1 200 146-3 240 170-3 280 194-3 300 203-2

* SN = sequential numbers (1-310), IGN = Inner-grid point numbers assigned by MOF (2019)
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Appendix

1. Parameter estimation formulae of the non-linear
regression curve.
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