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Estimating Return Values of Wind Speed and Wave Height
by Using Their Data Set Acquired at Measurement Stations
in Inner Bay Areas and the Inland Sea of Japan

WIHIERE - KfE 5 - Bpys—" - JEEES

Masataka YAMAGUCHI', Manabu OHFUKU"", Hirokazu NONAKA™ and Yoshio HATADA"

Using the long term measurement data of sea wind speed and wave height acquired at many stations in Tokyo
Bay, Sagami Bay, Ise Bay and the Seto Inland Sea including Osaka Bay, data sets of their annual maximum(AM)
values and peaks-over-threshold(POT) values are made. An analysis detects hardly any substantial trend with a
statistical significance in each of the data sets. Least-squares-based extreme value analyses are applied to both AM and
POT data sets of wind speed and those of wave height. A 50-year return wind speed at 10 m height indicates around
30 m/s at most of the stations and becomes greater at the stations in the western area of the Inland Sea due to frequent
passage of intense typhoons. A 50-year return wave height is location-dependent, which ranges from 3.5 to 5 m in
local waves-dominated areas. In this connection, it reaches 3.6 m at Tokyo Bay Station and 5 m at a station in the

southwestern area of the Inland Sea.
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Fig. 1 Location of measurement stations of winds and waves.
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Fig. 2 Yearly variation of annual maximum wind speed.
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A EKYE 5% TO ¢ EIZIIT 2 AEUE ay  Table 1 Trend analysis for annual maximum wind speed data.
OIEBHEH, L3 RIEREE, LI b Ly R

¥AEF£T, ks E, ARMEIZVT IO location K ay Aay ||
H CTHIEDEE & D0, AEAKUE 5% TH yrs. | cm/s/ycar | cm/s/year
e e Tokyo to-hyo | 35 |  4.60 814 |0 124
R RRBRMABMHET D & A7 S i Hirasuka | 26 | 243 1073|0020
HHIIIMT B & HFE» B Th 5, MmiRlic Sea-berth 28 6.84 11.08 | 0| 1.58
B0 BHMEUAIL 2T TRV, 4 MT st 27 | 1447 | 1205 |1|L77
e o o Eigashima 34 | 1451 1056 | 1] 224

B ay O RBNHE Aay 25755 & 512, T3F Kuchogoe | 31 | 1571 1573 | 0| 141
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Table 2 13 AM ¥ L O POT SEEH R Fig. 3 Q-Q plot of annual maximum wind speed data and that of

I WIS E MRS RO — 2 ERHEE peaks-over-threshold wind speed data.
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Table 2 A list of 50-year return wind speed and its standard deviation estimated at each measurement station.

station z |[YS|YE| K | N | Ny | U | Up k 0 Uso | Uyso | CV
m yIS. m/s | m/s m/s | m/s %
241 70| 04 | 35| 35| 35| 309 | 284 | W24 | 0.9936 | 30.3 1.0 | 33
Tokyo to-hyo
241 70| 04 | 35| 346 | 346 | 309 | 284 | WI1.0 | 0.9971 | 31.6 08 | 27
. 23 80| 05| 26| 26| 26| 26.0 | 257 | W2.0 | 0.9766 | 27.4 08| 28
Hiratsuka
23| 80| 05| 26| 122 | 122 | 26.0 | 25.7 | WL.1 | 0.9916 | 27.6 08 | 3.0
Sea-berth 371 76| 03| 28| 28| 28| 265|249 | W1.2 | 09892 | 26.9 1.8 | 6.7
371 76 ] 03| 28 | 100 | 100 | 26.5 | 26.5 | W0.8 | 0.9866 | 28.0 1.7] 6.1
. 154 82| 06| 25| 22| 251 297|295 | W5.0 | 09779 | 31.0 1.1 | 36
Komatsushima
154 82| 06| 25| 50| 50| 29.7 ] 295 | WIL.6 | 0.9837 | 31.9 1.1 ] 35
MT st 171 79| 05| 27| 27| 27| 278|270 | W3.0 | 0.9930 | 28.1 1.1 | 38
] 171 791 05| 27 | 141 | 141 | 27.8 | 27.0 | W1.2 | 0.9952 | 29.5 1.0 | 33
Osaka 132 81| 05| 25| 21| 25| 275|259 | W13 | 0.9858 | 28.3 20| 7.0
132 ] 81| 05| 25| 171 | 171 | 27.5 | 259 | W0.9 | 0.9959 | 28.7 14| 49
Kobe 14 82| 05| 24| 22| 24| 254|241 | WL9 | 0.9920 | 26.0 14| 53
14 82| 05| 24| 156 | 156 | 254 | 24.1 | WL.1 | 0.9946 | 27.3 1.0 | 36
L 13 72| 05| 34| 34| 34| 280|256 | W2.6 | 09840 | 27.7 14| 49
Eigashima
13 83| 05| 23| 136 | 136 | 28.0 | 27.1 | WO0.8 | 0.9894 | 29.7 20| 6.8
Kanda 11 81| 06| 26| 25| 26| 32.6 | 28.8 | W1.0 | 09798 | 334 33| 10.0
11 ] 81| 06| 26| 180 | 180 | 32.6 | 28.8 | W0.8 | 0.9935 | 32.6 24| 72
Oita 158 87| 06| 20| 20| 20 | 29.8 | 28.6 | W24 | 0.9901 | 31.7 19| 59
158 ] 87| 06| 20 | 284 | 284 | 29.8 | 28.6 | F5.0 | 0.9907 | 33.5 1.7 5.1
216 | 76 | 06| 31| 31| 31| 326|311 | WL7 | 09864 | 32.5 23| 7.0
Kuchogoe
216 | 76 | 06 | 31 |261 | 261 | 32.6 | 31.1 | W0.7 | 09900 | 34.5 23| 6.6
— 40.6 | 53| 8 | 33| 33| 33| 409 | 40.6 | W2.0 | 0.9914 | 42.8 20 | 46
Sadamisaki
40.6 | 53| 85| 33| 66| 294 | 409 | 40.6 | WL.7 | 0.9906 | 42.7 20| 47
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7 (27.3m/s), ILH 7 55 (29.7/s) , 30~35m/s DHIAUITHETEE (31.6mvs) , /IMA S (31.9mv/s) , Ak (32.6my/s)
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Fig. 4 50-year return wind speed and its standard deviation estimated at each measurement station.
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Fig. 5 Yearly variation of annual maximum wave height.
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Table 3 Trend analysis for annual maximum wave height data.

Thbd, —F, WEEEEIOBEICEZ D

IS, TTH A B, X TRWT O KERE location K ay Aay ||

FEIZ k> CHR AN OAE BRI S D yts. | emiyear | emvyear :

- o o B ¢ Tokyo to-hyo | 36 | -1.18 1.42 0| -098

I—/Z)) 1/7 {&l%@*@{ﬁg*q'i:;d“j—éfyﬁ%‘l‘ﬁ@ﬁ’ébi, leatsuka 27 215 405 O 081
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MT st. 28 | -0.17 1.62 0| 0.12
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Fig. 6 IZERKHE (AM) @hks L OGRS Kanda 27 |348 239 1] 126
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3 20 ELL LD, 970 B BURATAE,
Wi, ==, MT J&, XifRED
12 HRIZDWTRT, FHEORERITHY T 5 2975005 5, & 11THIZ AM BEHIEDS SR, 21T
HiZ POT EEHZHAS KR E2 T, REHA L L CETHEIUTIEORME R E 25 &, AM BEIOFEHAN POT
BEOFEH LY 50%LL EZ W2 LD, AM BEOBA OFBMRED 0=0.9960 & 72> T, POT EEDOH;
B p=0.9888 LV 1ITITVMEE & 0, AM EE OGS OGS OB ENR e 0 @2 EARBR IS,
BOEAAE, AM BRI ETIREIEL k=1.3 D Weibull 534f, POT &EIOLETARFEL k=5.0 O FT-T %y
iz LV, POT ERIOGEITIEMIC LY RO ERI <, 50 MR E Hsy & OIEUERE H, 504
FOEERE CV 13 AM BEIOHA 3.6320.29m & 7.9%, POT EEIOHA 3.59+£0.36m & 10.0% T 5 H»
5, 50 MR AT RO RIZCB W TRIRE Ch o, T OEMERAE & BEREIT AM BRI OS5 A
(NS, DFED, HEUTIE T AM BERIOFENR LN L2, AM EEHI RIS 2 i 4341 O & FE A3
<50 EREERE R b POT BEHI RS SRR K W AR &2/ > Tnd, AM BEOFE 344) 73
POT BEIOFEL (14 ) LV 2500 EZ2UWNTH 7 BIZBWTH, POT &L T AM BEIOS A1k
WO LY EVEGE S, KA S0 FHMFREESOHEMEA AT D, 72720, 50 FRERE S OfEIE
AM FEELOYEIZ 0.5m /NS0 E WIS FERIE, BRI EW AM BEHZIBWTHE 1AL EAZE B0
ZEmb, THOTEIND,

DU TIE, POT ERHIXET 2 A /Ay AM EEHT 69 2 B 7340 £ 0 AN & <R Z 5] ik %
DL, BESAITT HMBREII MT ), v—/3—A, K450 3HUSEZRNT AM EEkE T8
BHEDZ N POT EEIOYEIZKE N &, POT B AM BEHIE-S < 50 FE=RE m OHEEMILH £ Y
FIE L7222 &, POT BEHI IS 50 FEMERI B OEMER AL AM BEHI RS SRERICH AR T/ EVWE
2LV, KOBEDRHEEMIZ/ > TND I DR IND,

Fig. 6 Q-Q plot of annual maximum wave height data and that of
peaks-over-threshold wave height data.
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Table 4 A list of 50-year return wave height and its standard deviation estimated at each measurement station.

. YS|YE | K N | Nr | Hyx | Hp k 0 Hsy | Hys0 | CV
station
yIS. m m m m %
69| 04| 36| 36| 36| 3.69 293 | W13 | 0990 | 3.63 | 029 | 79
Tokyo to-hyo
83 | 04| 22| 129 | 129 | 3.69 | 2.93 F5.0 | 0.9888 | 3.59 | 0.36 | 10.0
. 791 05| 27| 27| 27| 6.60 | 6.14 | WI1.8 | 09831 | 6.86 | 043 6.3
Hiratsuka
79 05| 27| 152 | 152 | 6.60 | 6.14 | WI1.1 | 09943 | 693 | 038 | 55
L. 771 96| 20| 20| 20| 3.75| 249 | F12.5| 09752 | 3.70 | 0.64 | 17.3
Yokkaichi
771 96 | 20| 208 | 208 | 3.75 | 249 | WO0.9 | 0.9934 | 3.43 | 0.31 8.9
Sea-berth 781 03| 26| 26| 26| 3.00 | 260 | W20 | 09863 | 3.15| 022 | 69
781 03| 26| 52| 52| 3.00 260 | W12 | 09726 |3.19 | 022 | 6.7
. 741 05| 32| 29| 32| 500|422 WI13 | 09965 | 486 | 0.51 | 10.5
Komatsushima
97 1 05 91 62| 62| 422|398 | WI.1 | 09945 | 516 | 043 8.3
MT st 78 1 05| 28| 28 | 28 | 333|317 | W14 09940 | 341 | 022 | 64
' 78 | 05| 28 | 108 | 108 | 3.33 | 3.17 | WI1.0 | 0.9933 | 3.56 | 0.18 | 5.0
Osaka 81 | 05| 25| 21 251 393 | 3.65| W20 | 09899 | 404 | 030 | 7.5
81 | 05| 25| 132|132 | 3.93 | 3.65| WI.0 | 0.9955 | 400 | 0.23 5.8
Kobe 751 05| 31 29 | 31| 377 | 3.55| WIL.7 | 09873 | 3.83 | 030 | 7.8
75 05| 31| 143 | 143 | 3.77 | 355 | WI1.0 | 09933 | 3.88 | 024 | 6.1
. . 721 05| 34| 31 34| 394|316 | W90 | 0.9936 | 3.71 | 046 | 12.4
Eigashima
92| 05 14| 74| 74| 394 | 279 | W0.75 | 09879 | 419 | 0.61 | 14.5
Kanda 80 | 06| 27| 26| 27| 376 | 3.64 | WI.1 | 09677 | 404 | 040 | 9.8
80| 06 | 27| 96| 96| 3.76 | 3.64 | W09 | 09857 | 402 | 034 | 84
Oita 87 1 06| 20| 20| 20| 5.02 | 4.03 F5.0 | 0.9975 | 5.18 | 0.87 | 16.8
87 | 06| 20 | 111 | 111 | 5.02 | 403 | WO0.7 | 0.9961 | 5.03 | 0.66 | 13.1
L. 7301 01| 29| 24| 29| 728 | 6.68 | WI1.6 | 09844 | 7.66 | 0.79 | 10.3
Sadamisaki
73 01| 29| 132 | 132 | 728 | 6.68 | WO0.8 | 0.9906 | 7.61 | 0.75 | 9.8

Fig. 713 POT BN IS 50 4ERESRI S Hyy & T OREUERZE H 5035 L O EHMER K & BT RS B
HE WA PRI 2 20 SIS DOWCRT, 72720, BORATER, /M, 1T B0 3 U CIXERHMEEDI 2
AM BENZ S FERE 5 2 5, K TITEEMESDS 20 L1 Eo S 2 OHIT, 15~19 FF0 iS4 OFIT,
10~14 FEOME A AFITFL L TV 5, EEMEES 20 UL B 12 S ZNAIC A2 &, 50 R m I TR
JTEETT 3.6m, FEHET 6.9m, v —/3—ZT32m, WHIT 34m, /MaFT 49m, MT /FT 3.6m, #7T
39m, KFXT4m, TH 4 BT 3.7m, AjHT4m, K53 T 5m, EHIFIEHET 7.6m EHMiSTnb, 7272
L, EmaH#IcB T 2@ RHIRBIO T DI E e — 7 24T L H@EIciigk L TN Lk, %
P N AT D ATREMEDS SV, ERMER)S 20 AREASRT 0D 8 Ml 25 60 T 50 AEREERI = D RFIE A
WHERIC 2D &, PEOBFIE NS H =58 2WHE T 2.3m &/hE L, BHROTEET 3m, BAUTHE T 3.6m
EREV, ZhUL, 2 WEEORIRBIAIHL A E 2 VHEORIANIALE T 512 b 23vb b TN IR D8
HIZE A EZT RN & ROB R TITENRABIROEENEB T 5 Z & 2 R"E T 5, 50 FRERI &I TR
DHEIEOIMUNNLET DT HET 7.0m, EEAT72m THY, WS CERAIMANEE L7220
DD BT, EAGE A B A TR & TIERMICRREDOEA 52 5, £72, FETH 69m LA
BEOEL L5, Zib SMFIMSNERIROGELZZIT 210N E S, JEUHIZ OB X - T &EED
T D728, 50 EMERMEIL Tm i & R~d, 72120, Tl EROESS TS LA EH 5T 2 ik
BEETHREH LA L 725 TWD DT, 50 FEsRls m OEMERZIL 0.9m & 1.3m, ZEMEEIT 13% & 18%
EHZ, TNEN04m L& 6% Th D HZEOREFIT AT 50 ekl S EMOEHE XA e 0 K<,
{EHEEE DS FHRHITARL N,

FEED 5 B RIS D o — S — 2P O I [ 17 & 3 C 50 AR B 3.2~3.4m T D DITkf
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Fig. 7 50-year return wave height and its standard deviation estimated at each measurement station.
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