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Development of a Long-Term Wind and Wave Hindcast System in the
Inner Bay Areas and the Inland Sea of Japan Using Measurement Data of
Atmospheric Pressure and Trend and Jump Analyses of Winds and Waves
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Yoshio HATADA *, Masataka YAMAGUCHI* *,
Manabu OHFUKU*** and Hirokazu NONAKA ***

Hourly sea wind distributions on 3 regional sea areas consisting of the Kanto Sea Area (Tokyo Bay, Sagami
Bay, Suruga Bay and their offshore areas), Ise Bay and the Seto Inland Sea are estimated using the measurement
data of atmospheric pressure around the areas over a 45-year period form 1961 to 2005. The method used
calculates winds at sea and coastal stations using the regression relationships between measured winds and
pressure-based gradient winds, and the sea wind distribution is obtained by the application of a spatial
interpolation technique to the wind data at irregularly-distributed locations. A 45-year wave hindcasting on a
nested grid with high space resolution is conducted at each of the measurement stations in the 3 regional areas
using a backward ray tracing model under the above-mentioned wind conditions. For monthly-highest
1/3-averaged wind speeds and wave heights, hindcasts are in reasonable agreement with measurements. Trend
and jump analyses for yearly-highest 1/3-averaged atmospheric pressures, wind speeds and wave heights yield
the following results. 1) Pressure does not exhibit any trend or jump. 2) Both wind speed and wave height show
statistically significant increasing trend and positive jump putting a turning year on around 1986, and their

intensities become weaker toward the western area.
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hindcasts, wind speed, wave height, period of 1961-2005, trend and jump analyses
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Fig. 1 Input points of measured atmospheric pressure on a 40 km-distance grid.
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Table 1 Error statistics such as correlation coefficient o(U, ;) and slope
value of correlation line ao(U,;)for monthly-grouped highest 1/3 mean
wind speed Uj;, and highest 1/3 mean wind speeds over entire

measurement period obtained from hindcasts and measurements

(U1/3cu1 ’ U1/30bs )

Sea Area year | Uysey | Uyson

U ag(U
location period | m/s m/s A1) | aUis)

Kanto Sea Area
Tokyo to-hyo 83-05 10.5 11.3 0.42 1.07
84-04 9.8 9.9 0.45 1.01

) &R PN T R v N LA Hiratsuka 81-05 | 9.2 9.6 0.55 0.97
T o 8% Aok mmRg [ 1eBay

(1983~2002 %) (2O T ,T@u Buoy A 96-03 | 119 | 11.6 | 0.83 0.94
% FEJUERIERE b S IRAY T Pl B3 Ise Bay sea berth | 76-03 | 10.0 10.0 0.82 0.98

OFRERIT/IAETY %gﬂ(m Seto Inland Sea
50, BNrEE O BE A 1997~ Komatsushima 82-05 9.7 9.7 0.61 0.99
2005 4D 94 & MR E N o Osaka Bay MT st. | 78-05 9.0 8.9 0.41 0.97
EMG, EHIRAREOR R A 5 2 Kanda 81-03 8.8 8.7 0.43 0.98
D, ZHUTEDE, WTh O Oita 87-05 8.7 8.6 0.58 0.97
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Fig. 7 Time series of monthly-grouped highest 1/3 mean significant wave heights
obtained from hindcasts and measurements (Hji3ca, Hyi3005) at Tokyo to-hyo and

Sadamisaki fishery stations.
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Table 2 Error statistics such as correlation coefficient p(Hj,/3) and slope
value of correlation line ay(Hy, ;) for monthly-grouped highest 1/3 mean
significant wave height H,;, and highest 1/3 mean significant wave

height over entire measurement period obtained from hindcasts and

measurements (1751/36”1 , 1751/30,” ).
location year | Hasear | oo PH 1) | aolHss)
period m m

Kanto Sea Area

Tokyo to-hyo 83-05 0.49 0.51 0.77 1.01
Ashikashima 92-05 0.87 0.82 0.53 1.00
Hiratsuka 79-05 1.01 1.03 0.69 0.97
Ise Bay

Buoy A 96-03 1.99 2.09 0.83 0.94
Hamada 96-04 0.65 0.63 0.86 1.01
Yokkaichi 77-96 0.40 0.41 0.88 0.96
Seto Inland Sea

Komatsushima 97-05 0.68 0.66 0.92 1.03
Okinoshima 96-05 0.77 0.81 0.88 0.94
Osaka Bay MTst. | 78-05 0.69 0.65 0.42 1.00
Sanbonmatsu 97-03 0.43 0.40 0.66 1.07
Imabari 86-90 0.39 0.36 0.82 1.05
Kaminoseki 96-05 0.60 0.56 0.66 1.01
Kanda 92-05 0.57 0.53 0.70 1.07
Oita 87-05 0.61 0.61 0.83 0.98
Sadamisaki fishery | 83-02 0.72 0.70 0.93 1.03
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Table 3 [FZEMID 4 5IZFBVT, 1961~2005
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b ENDD, B NEOFHI L Fig. 9 Time series of yearly-grouped highest 1/3 mean
—PEERD7ZDIZ, Ul%i%** % 1986 £FLLRT O atmospheric pressure difference ﬁLg/yg obtained form

AR & 1987 AFLARED IR0 5 TZ measurements at 5 representative stations.
NZIHR BB 217 5 & & big, ALk

" Keiyo sea berth uy " Komatsushima Ui
D N
SEQ"O — = J?)«,\_,/~ A= Hs 595950 0002 3%10 7, f ~~ oo T80, 202
S / S H+ i
0 SDP P. obs. 0 P SDP obs
20 20
Y spp Hiratsuka ul " Osaka Bay MT st. | U},
XL N
g g
3910 T\\{ < = STt SR Lass L 3Q10 7},\ — < < T ==
5 T \\ ) i /‘ /;
0 P. obs. 0 P. SDP obs.
20
" 20 SDP Buoy A AL " Kanda u,
N
E 10 ;-;f.a—*\\\;‘,;~/\~..—:_;~;—a>~c~p———wﬂ" —L:mivi g 10
3R b 3R T I T S E
5 —F 3 / !
0 0 P. SDP obs.
20 20 -
Y spp | Ise Bay sea berth | UY) " Oita Ui
N
RN o] S0l L
32 ‘/a’ K 3 ——— "] 7 'w—*?-«%v&‘w
) \ )
0 /: obs. 0 S/DP o‘b S.
60 65 70 75 80 85 90 95 0O 5 60 65 70 75 80 85 90 95 0O 5
year year

Fig. 10 Time series of yearly-grouped highest 1/3 mean wind speed Ul(i; obtained from two kinds of

hindcasts and measurements at 8 representative stations.
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Table 3 Results of trend and jump analyses for time series of yearly-grouped highest 1/3 mean wind speed
U l(fg in the Kanto Sea Area.

Kanto Sea Area 1961~2005 4 1961~1986 4 1987~2005 & | jump (~1986, 1987~)
location a |alags | L | I, | alags | L l7l(§) alags | L (71(§ ) ttos | J, | zlzos | Juw
Tokyo to-hyo 1.70 | 2.83 | 1 | 425 |-0.16 | 0| 10.86 | 1.76 | 1 | 11.31 | 291 | 1 | 2.51 1
Sea berth* 1.48 | 251 | 1393 |-0.05|0]| 9.51 144 | 1| 991 | 256 | 1| 236 1
Tokyo wan-ou 1451272 | 1413 ]-004|0] 902 | 1.65 | 1| 940 | 2721|246 1
Dainikaiho 1.51 28 | 1(395] 013 0] 990 | 1.70 | 1 | 10.28 | 2.71 | 1 | 2.39 1
Tsurugisaki 1.65 | 285 | 1421 | 033 | 0| 1064 | 1.72 | 1 | 11.04 | 251 | 1 | 2.29 1
Hiratsuka 141|300 | 1]393] 004 |0]| 928 |206 | 1] 964 |280 | 1 |229 1
Ohshima 1.52 1 219 | 1327|041 | 0| 11.78 | 1.84 | 1 | 12.09 | 1.65 | 1 | 1.62 1
Irouzaki 062 | 1.17 | 1| 1.88 | 027 | 0| 10.74 | 1.96 | 1 | 10.82 | 0.60 | O | 0.70 0

* 1 Keiyo sea berth ~ Unit of Ul%) :m/s Unitof a : cm/s/year

L% o UL @ RN R L C 2 IO BRERIC L D Vv v T b ERiT 5, ZOfE5% Table 3
D 5FALEIC S 2 THY, hROES T 2 SO WIRTE RN K 2 IR EHE T % & tefsn s
B OMMERETRT, £, AMOFNCET S Ji% ¢ /54 OB EES < EHE O x5 F ik
TEDRER, thos 1T t DARICEIT D tiEE HEKUES %ITHT D tEOLTH Y, ths=1 THIUTHAM
WCHEBRIEDY ¥ 7, ths=-1 THIUTADY ¥ 7, |ty|<1 TP v 772, 2L, LhbZ
DOHEFHEN T ¥ T DR S B FK T, Jyw lE Mann-Whitney O F IR E DFER:, z/zo5 1L IEIRDAAITEIT B
THY, thy DBFHERLNEEZERT, AEKEIS%THDH, RICEHOBRERT LI, Fi
HIM (1961~1986 4FD 26 4E#]) TiX, 19 HuEAM CEmEEIIRE ST, %Wk (1987~2005
ED 19 ] T 19 MR EEH CTIEOMHEAZEBE A H I S D, M HERIED Y ¥ 713 19 Hig
D5 BLERRNE AN AT < ASALE S 5 AR, EIRTR, BREED 3 S 2 FR< 16 i TRHIND, S
DIZEEH OFEZ 1990 F L35 &, KD SHATHLAEERMRICR D, DFEV, M OFEEHETHT
UL IIHIME R Z b o2 & R,

Table 4 (X Table 3 & [AIERDFER A FEE D 7 HFIZ DWW TRT, 1961~2005 40 45 FE O EEHC
ST HRERE D L, IEOMBEMZEE 2 b OHSIL 7 MO D 5 4 Hi (4215 S T o) TH v,
B E R IEOMENEE % 5 2 25 #8508 2 DSt o #S 8 SRR I D, HURBNZIZES (71 A)
RB LI WS (714 B, 74 D) THEHMEBI% &7-7, A THEHNEB 2 ~7, BRI
DFREFEHARD &, - REIZEE S alags DIESC b L o RoREL L OEIZ/N S VMERANICH D, 1986 47
EREHOELTORPEMAZ 2D &, THISEO S B 4 Ht (15 HiaTiE 9 #is) CHEmAEN % & 777,
70 OHUS THIIMEIA A b o, AR Z & 7222 W RIS & B 0 < A\Thri@ T %, —7F, 1987 4F
AR D% 1R T 7 HuS 28 (15 #uS T 15 S 28 CTAOMEmLEi 2 Lo, %0, A
I CIZ U ) 2B MBI 2 & S S LB A B & & 72 72V HLESIE 15 ST 2 3DHETH LDk L
T, BPHFCIET X TOMATHAEREZ 525, U v FICxT 2MERMETIE, 2205
HEIZE S TIEDOY ¥ 7% b OHUEN 7THEO 55 5 HiE (15 Hg T 10 #i5), vy 7267272
WHEEZS 7THUE O 5 B 2 IR (15 A TIE S HIR) THDH0H, EDOV v 7 &2 b DR 70 %Al
BELEDD, TOMLIIBOEPLBENINE L, BRUhEEEHIMIcB W TIEOMEmE#H % Lo
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Table 4 Results of trend and jump analyses for time series of yearly-grouped highest 1/3 mean wind speed
Ul(fg in Ise Bay.

Ise Bay 1961~2005 4 1961~1986 4 1987~-2005 4F jump (~1986, 1987~)

location a a/ag5 L ]t a/a95 (71(“;) a/a95 L l7l(§) t/tg5 Jt Z/Zg5 JMW

Buoy A 0.12 | 0.21 0.12 | 0.37 1092 | 2.09 | -1 | 11.00 | 048 | 0 | 0.47 0

10.80 | -2.14 | -1 | 10.94 [ 0.90 | 0 | 0.89 0

0
Buoy B 0.39 | 0.66 | 0 | 0.82 | 0.68
0

Buoy D 0.56 | 0.89 1.31 | 0.86 1026 | -2.13 | -1 | 1044 [ 1.12 | 1 | 1.04 1

o | | |o |t~

Buoy 1 057 | 123 | 1| 1.82] 0.83 9.17 | -1.70 | -1 | 934 | 142 | 1| 1.34 1

Hamada 061 | 112 | 1| 157|108 | 1| 7.69 | -2.13 | -1 7.88 134 | 1] 1.10 1

Seaberth* | 1.04 | 1.66 | 1 | 241 | 1.40 | 1| 969 |-1.84 | -1 | 999 | 183 |1 |1.52 1

Jounan 099 | 191 |1 292|146 | 1| 746 |-165|-1| 7.73 |2.08 |1 | 175 1

* : Ise Bay sea berth  Unit of (71%) :m/s Unitof a: cm/s/year

R ERET 5, W2, Yy T RS WHUIEEN EE DTICALE T S, 2 DDA L D
ERIT T 5,

EA 52, G CIR UL IEA S KOV D CEMEE & b7 TRRELR - &R oYy v
DEMHIFEALEFELRODIZK LT, BRNTIHEANEBS S IOy TR Ens, £72, %
PR TIE T R T O TRAMEM 2 L S5, HimZSid KO v o 7 o58 S XBIHR O
BElcl T o T D,

Table 5 | Table 3 35 LU Table 4 & [RIERDOFERZWTAWED 10 HiRIZ DWW TRT, 1961~2005
D 45 FERNCISIT B UNLIE 10 HS 0 5 5 3 Mt (42 26 MU TIEL 5 HA) TIEQBALE %, 10 Hl
DD H T HE (26 A TIX 5 HR) THOMMZAEZ D, 10 M0 95 5 6 Hixd (26 Hix Tl 16
HA) CHEHMEEBZ LRV L, EdHDWITADOHAEE S alais=2, [R3 % & DKMk, 5 EILH»
B (RICEZTHRWY) ZBRNT, ZHUT LRy, HURIIZE, KRB & 20 Fo iR TIED
Hn LB %, B%KGECADHEMETZ b D, TR OWEE (K, BEHE, KR - ki,
Rl SRSV - ISR, PR AR CHEMABIZ oA, 1986 EERTESIR OBE H O L
Ll BPEHIRITCIX 10 #5665 His (26 HiA TIX 8 M) THEMmZAE Z 73, 7% D 5 i
(26 H15 Tl 18 H1R) TROMEMERZ b0, HREEZ b 72V LIS FKE & KIS, Ao
I Z® ) 2 b DOHUSIE Z AL 5 DA ORI ALE L, A ZEB) O A 25k THIEIZ o0 D, 1987 4F
DB D% IR CIE T R TS TCEPIEEHZ L2\, 20T, MEFMICEBERIEOY ¥ 71X 10
HWADSH A (26 HATIESHA) THDH, ZNHDOHMITT X TRIKE & ZOIEHIALE L,
45 FEH OB RHNZ B W TIEOMHMZAE) 2 & DS & SERITRIGT D, £72, 10 HA D 5 B0 7 i (26
HIATIEL 20 HR) TY v o AEb 720y, K0 1RO HEM ) BTHWADY v o 7T E D,

Fig. 1113 3 M 60 MU DER] 1/3 fi A TSR U T DL B O alags & ¥ % 7
DFREE z/zos DIRFEH M7 0y haehb x5, ULoEmB IO Fig 11 OfiRE2FELD5L, 2EDL
I Th D,

D1961~2005 4E 0D 45 R D UY) VLB CIEc 4 19 M50 5 6 18 Hii T, FH5 T 15
RO HH 8 AT, WM TIX 26 HimDHE 5 R CIEOMMZAE 2 /R7, £ O5f S XN
W DS D IO THIK 72 D, ik S HLRI B S Rk CIRE RIIR 2 R < IZIE T X ToO A
Th DD, FEETITENOMAIZ, W NECIIRRE & ZoaEoM I Rons, Wio, W
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Table 5 Results of trend and jump analyses for time series of yearly-grouped highest 1/3 mean wind speed
U l(fg in the Seto Inland Sea.

Seto Inland Sea 1961~2005 4F 1961~1986 4 1987~2005 4% | jump (~1986, 1987~)
location a alags | L 1, alags | L l7l(§) alags | L (71(“;) ttos | J, | zlzos | Juw
Gobo-oki -0.36 | -0.52 | 0 | -1.08 | -0.99 | O | 12.56 | -0.71 | O | 12.59 | 0.13 | 0 | 0.18 0
Komatsushima -0.00 | -0.05 | 0 | -0.70 | -0.98 | 0 | 949 | -0.67 | 0| 9.60 | 0.66 | 0 | 0.46 0
MT st.* 1.14 | 1.59 | 1 | 2.00 | 0.08 | O | 862 | -0.01 | O| 896 | 1.88 | 1| 1.77 1
Osaka 1.16 | 200 | 1 | 3.15 | 0.16 | O | 7.64 | 0.13 | O | 797 | 228 | 1| 2.26 1
Kobe 129 | 209 | 1 | 311 [ 017 | O | 771 | 0.15 [ O | 809 | 239 | 1 | 231 1
Fukuyama -0.00 | 0.00 | O | -025 | -1.40 | -1 | 624 | 0.01 | O | 632 | 0.63 | 0 | 0.67 0
Kanda -0.17 | -0.28 | 0 | -0.61 | -1.07 | -1 | 8.60 | 0.27 | 0| 8.61 | 0.06 | 0 | 0.01 0
Oita -049 | -0.84 | 0 | -1.57 | -1.06 | -1 | 8.67 | -0.06 | 0| 8.60 | -045|0 |-063| 0
Sadamisaki -092 | -1.15 | -1 | -2.19 | -1.48 | -1 | 1227 | -0.08 | O | 12.13 | -0.63 | 0 | -0.74 | O
Ashizurimisaki -0.59 |1 -090| 0 | -1.68 | -1.64 | -1 | 958 | 034 | 0| 951 |-039 |0 |-057| 0
* : Osaka Bay MT st.  Unit of Ul%) :m/s Unitof a : cm/s/year
4 "”'””l”'l”””””””””"”””"”””"”"”"”
3tal §_{__m_ ~-lafags|21 o 220521 | U = la/ags] <1 o |2/zge] <1 |
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Fig. 11 Alongshore plot of intensity indices of trend and jump in time series of yearly-highest 1/3-averaged

wind speed.
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Fig. 12 Time series of yearly-grouped highest 1/3 mean significant wave height H ) obtained from two

kinds of hindcasts and measurements at 10 representative stations.
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Table 6 1% 1961~2005 4E 45 4E R DR 1/3 F AP @k H L0 12 8 T 72 BAR O A a,
IHEREKES %D - T HIREIC K D ABE O ZBVEIPH ags & DI alags 35 KON - IFRE DFER L,
BN Ly RoR#k T, 45 FERIEE 2 1961~1986 4E 0 26 4E[E] & 1987~2005 4ED 19 M43 1T 7=

Table 6 Results of trend and jump analyses for time series of yearly-grouped highest 1/3 mean significant wave

height H )" in the Kanto Sea Area, Ise Bay and the Seto Inland Sea.

s1/3

Kanto Sea Area 1961~2005 4E 1961~1986 4F 1987~2005 4£ | jump (~1986, 1987~)
location a alags | L A alags | L H 55} '3) alags | L H S? ;) thtos | J, | zlzos | Juw
Tokyo to-hyo 115 [ 277 | 1 | 438 | 042 | 0 | 0477 | 1.16 | 1 | 0506 | 2.58 | 1 | 242 | 1
Ashikashima 208 | 1.83 [ 1] 292 |-056]0|0797 | 1.63 | 1 | 0855 | 1.98 | 1 | 1.90 | 1
Hiratsuka 255 [ 191 [ 1] 3.03]036|0|0965 | 137 | 1] 1022|158 | 1] 159 | 1
Ise Bay 1961~2005 4£ 1961~1986 4F 1987~2005 4 | jump (~1986, 1987~)
location a alags | L A alags | L 17 v? 2 alags | L ]7 Y$y3) thtos | J, | zlzo5 | Juw
Buoy A 280 | 121 [ 1| 1.94 [ -002] 0 | 1.893 | 1.10 | 1 | 1.957 | 1.04 | | | 105 | 1
Hamada 097 | 190 [ 1| 292 | 1.00 | 0 | 0633 | -1.84 | -1 | 0.663 | 231 | | | 205 | 1
Yokkaichi 084 | 1.68 | 1| 262|016 | 0| 0391 | 084 | 0] 0412 | 157 | 1 | 166 | 1
Seto Inland Sea 1961~2005 4F 1961~1986 4F 1987~2005 4F | jump (~1986, 1987~)
location a alags | L 1 alags | L H 55} '3) alags | L H Sf) ;) thtos | J, | zlzos | Juw
Komatsushima | 0.52 | 0.58 | 0 | 0.92 | -039 | 0 | 0.643 | 0.09 | 0 | 0.662 | 0.83 | 0 | 0.88 | 0
MT st.* 124 [ 165 | 1 205|047 | 0| 0663 |-032|0 | 0698 | 1.81 | 1 | 1.76 | 1
Imabari 023 [ 050 | 0 | 0.68 | -1.12 | -1 | 0383 |-020 |0 | 0397 | 120 | 1 | 1.13 | 1
Kanda -0.80 | -1.31 | -1 | -1.84 | -1.41 | -1 | 0.584 | -020 | 0 | 0572 | -0.76 | 0 | -0.52 | 0
Oita 037 | -4.85 | -1 | -6.14 | -2.44 | -1 | 0.671 | -0.65 | 0 | 0.589 | -3.47 | -1 | -2.89 | -1
Sadamisaki** 200 | 133 [ 1] 217 [ -0.14 | 0 | 0686 | 0.85 | 0 | 0.737 | 128 | 1 | 137 | 1

* : Osaka Bay MTst.  ** : Sadamisaki fishery  Unit of [7383) :m Unitof a: mm/year
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