FH2E38 BEAY TS

TEIv—FIV F9E

B X
HeER AR
SDP REHICEICNE - RiBDELEAS MO o ERE - KE 1
Bprh hE— - MHE (ED

BIRERFIFMIF D v —F L IETEHRE 56
IZDv—FILmXEFAE 58
EFEREE 59
BRERFIFHRIZO v —FILRXERBHRESE 7 ICEDSBRBHEREICONT 60
BREAFIZFHIZ S v—FILmXRERE 61
IZSry—FILERERBEORA 63

A-1



March 2010
Ehime University
Faculty of Engineering

Annual Journal of Engineering

vol. 9

CONTENTS

|Selected Papers|

Sea Wind Distributions on the Inner Bay Areas and Inland Sea of
Japan Estimated Using SDP Wind Data

A 45-Year Wave Hindcast System Driven bySDP Wind Data-Based
Sea Wind Distributions on the Inner Bay Areas and Inland Sea of
Japan - the Kanto Sea Area Case -

A 45-Year Wave Hindcast System Driven by SDP Wind Data-Based
Sea Wind Distributions on the Inner Bay Areas and Inland Sea of
Japan - Ise Bay Case -

A 45-Year Wave Hindcast System Driven by SDP Wind Data-Based
Sea Wind Distributions on the Inner Bay Areas and Inland Sea of
Japan -the Seto Inland Sea Case-

A-2

Masataka YAMAGUCHI
Manabu OHFUKU
Hirokazu NONAKA and
Yoshio HATADA

Masataka YAMAGUCHI
Yoshio HATADA
Manabu OHFUKU and
Hirokazu NONAKA

Masataka YAMAGUCHI
Yoshio HATADA
Manabu OHFUKU and
Hirokazu NONAKA

Masataka YAMAGUCHI
Yoshio HATADA
Manabu OHFUKU and
Hirokazu NONAKA

14

27

40



THYv—F)V H9%&
201043 H

SDP JAEEHZ E-3 < B - WNYEDHE R4 AR D Reitk:

Sea Wind Distributions on the Inner Bay Areas and Inland Sea of Japan
Estimated Using SDP Wind Data
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Masataka YAMAGUCHI*, Manabu OHFUK
Hirokazu NONAKA ** and Yoshio HATADA *

This study investigates the climatologic and extreme statistics of sea wind distributions on the Kanto Sea
Area, Ise Bay and the Seto Inland Sea, using a data set of hourly winds on the concerned areas over a period of
45 years from 1961 to 2005. It was made from the SDP (Surface Data Point) wind data measured at on-land
branches of the Japanese Meteorological Agency around the sea areas. The findings are as follows. 1) Wind data
estimated at the sea stations are in reasonable agreement with the measurements regarding not only hourly data
of wind speed and wind direction but also the climatologic and extreme statistics of wind speed. 2) The NW
direction-dominant wind field in winter and the S direction-dominant wind field in summer accompanied by
local sea-dependent variation are realized from the data analyses in each of the 3 sea areas. 3) An insignificant
difference is detected among the 3 sets of the spatial distribution of every 15-year portion averaged wind speed
within the 45-year period. 4) The spatial distribution of 50-year return wind speed is in qualitative agreement
with that of the measurement-based return wind speed in the 3 sea areas, but in a quantitative sense, the degree

of agreement is local sea-dependent due to a difference of the year period in collected data.

Key Words : sea wind distribution, SDP wind data, wind climate, return wind speed, Kanto Sea Area, Ise Bay,

Seto Inland Sea
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Fig. 3 Scatter diagram between measurements and estimates for wind speed.
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Fig. 5 Scatter diagram between measurements and estimates for monthly-averaged wind speed statistics.
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Fig. 6 Interannual variation of yearly-averaged wind speed statistics.
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Table 1 1% 20 FH L EOBUAE B 23S & 40 5 ¥ BB S O BUUTEE, SR, WS o — N — X,
KB MT J&j, KO 5 &AW T, 1961~2005 4D 45 £ O G5 RGBT E ) 5572 MK (POT)
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7= Weibull 234 DI, p: FHBIREL, TH D, MHTIEI N=N & L TITo T D, £, B
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R EREICAH L TV D, F7e, XBICHET 28IEENT 1 FH Y5O EEZ RNTWDR, ZOfH

Table 1 Estimates of 50-year return wind speed and its standard deviation at each of 5 stations.

station K Umax USO USOo’

YS | YE VIS. No| N m/s k P m/s | m/s

obs. POT | 70 | 04| 35346 |346 | 309 | W1.0 | 0.9971 | 31.6 | 0.8

Tokyo to-hyo SDP POT | 70 | 04| 35| 70| 70| 283 | W1.4 | 0.9798 | 30.0 | 0.8

SDP POT | 61 | 05| 45| 90| 90| 309 | WL.2 | 0.9865 | 31.6 | 0.9
obs. POT | 80 | 05| 26| 122 | 122 | 26.0 | W1.1 | 0.9916 | 27.6 | 0.8
Hiratsuka SDP POT | 80 | 05| 26| 52| 52| 28.1 | W0.9 | 0.9936 | 27.7 | 1.7
SDP POT | 61 | 05| 45| 90| 90 28.1 | WL.0 | 0.9980 | 274 | 0.9
obs. POT | 76 | 03 | 28 | 100 | 100 [ 26.5 | W0.8 | 0.9866 | 28.0 | 1.7
Ise Bay Sea-berth | SDP POT | 76 | 03 | 28 | 56| 56| 29.8 | W1.0 | 09794 | 31.5 | 1.8
SDP POT | 61 | 05| 45| 90| 90| 32.6 | WI.1 | 0.9892 | 33.0 | 1.5
obs. POT | 79 | 05| 27 | 141 | 141 | 27.8 | W1.2 | 0.9952 | 295 | 1.0
Osaka Bay MT st. | SDP POT [ 79| 05| 27| 54| 54| 375 | W09 | 09902 | 37.8 | 2.8
SDP POT | 61 | 05| 45| 90| 90| 423 | W0.8 | 0.9929 | 40.8 | 2.9
obs. POT | 81 | 06 | 26 | 180 | 180 | 32.6 | W0.8 | 0.9935 | 326 | 24
Kanda SDP POT | 81 | 05| 25| 50| 50 33.8 | WI.1 | 09812353 | 2.0

SDP POT | 61 | 05| 45| 90| 90| 33.8 | WIL.0 | 09790 | 346 | 1.6
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Fig. 7 An example of estimated sea wind distribution.
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Fig. 9 Spatial distribution of interannual range of season-averaged wind speed (winter and summer).
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A 45-Year Wave Hindcast System Driven by SDP Wind Data-Based Sea
Wind Distributions on the Inner Bay Areas and Inland Sea of Japan
- the Kanto Sea Area Case -
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Masataka YAMAGUCHI*, Yoshio HATADA ™,
Manabu OHFUKU** and Hirokazu NONAKA **

A 45-year wave hindcast system is applied to investigate the ability to reproduce the long-term wave
conditions at each of the measurement stations in the Kanto Sea Area consisting of Tokyo Bay, Sagami Bay,
Suruga Bay and their offshore areas. The system is driven by hourly sea wind distributions evaluated using both
the NCEP/NCAR reanalysis surface wind data archive in the open ocean and the SDP wind data acquired
around the domestic Kanto Sea Area. Comparison between the hindcasts- and measurements-based wave data in
each bay area gives the following findings. 1) The system yields reasonable estimates for individual significant
wave height and period and the resulting wave statistics over 26 years to the longest period. 2) In a mean sense,
ability of the system to be used for wave estimation is comparable to that of a system in which the
measurements-based sea wind distributions are provided in the domestic sea area. 3) Two statistical tests detect
hardly any statistically-significant trend for various means of annual wave height data hindcasted over a 45-year

period at each of the representative measurement stations.
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Fig. 1 A nested grid used in wave hindcasting and location of

wave measurement stations (Kanto Sea Area).
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Fig. 2 Scatter diagram between hindcasts and measurements for

wave height (Tokyo Bay Area).
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Fig. 7 Scatter diagram between hindcasts and measurements for

wave height and that for wave period (Sagami Bay Area).
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Fig. 13 Hindcasts- and measurements-based whole year means of wave height/ period data and error indices

of wave height/period statistics (Suruga Bay).
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Fig. 14 Hindcasts- and measurements-based whole year direction-grouped occurrence rates of high waves.
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A 45-Year Wave Hindcast System Driven by SDP Wind Data-Based Sea
Wind Distributions on the Inner Bay Areas and Inland Sea of Japan
- Ise Bay Case -

O ERE™ « HIEAEE* « I S5 « Bpryk—**

Masataka YAMAGUCHI*, Yoshio HATADA ™,
Manabu OHFUKU** and Hirokazu NONAKA **

A 45-year wave computation on a nested grid with high space resolution is conducted at each of the
measurement stations deployed in the outer and inner areas of Ise Bay, using a wave hindcast system which is
driven by the SDP (Surface Data Point) land winds-based sea wind distributions in Ise Bay area and the
NCEP/NCAR reanalysis surface wind distributions in the open ocean. Comparison with the wave
measurements leads us to the following findings. 1) At 3 buoys in the outer area of Ise Bay, the system indicates
a high ability to reproduce not only the time variations of wave height and period but also the yearly or monthly
period-averaged wave statistics as well as our preceding system which is driven by the measurements-based sea
wind distributions in Ise Bay. 2) At the measurement stations in Ise Bay, the present system yields relatively
reasonable estimates for the long-term wave characteristics and may be usable for evaluating a long-year
variation of wave height, although the accuracy is slightly less comparable to that of the preceding system.
Another finding is that a statistically significant trend is nearly detectable in the annually-averaged wave height

over the period of the past 45 years.

Key Words : 45-year wave hindcast system, SDP wind data, NCEP/NCAR wind data, backward ray tracing wave

model, Ise Bay, wave climate
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around entrance of Isc Bay.

29



DEE 0310 FIZfE D e - A OEH - 2ICE OO FEREHIFIC T 2 ERIRIICE LT, HERR
BRSO 0 BIFTH D, LvL, 8H 8 HOW & ARG Z F5\  THLHIE 1 A3 HE
BRI REVEE 525, ZHURYEELICET 5 900 HRIRE FE L TW e WIRRHER O R
HAICE D00, BHEAEICL 2 HLONEHA L TRV, BUHE B O 28 2B oBm 2 5 # T
BEOMREENREWVWEEZObND, DNVTTA DT, a1l » AORICHERZ#EV KL, BT
ZHIZEREWETZ DR E W) ZRENCB L C, MR R 2 MM 2R S BRI - L<H
BT D0, WREOKZ VR R CHER &SP BRE S L 0O REWEHNICS D, 20X, HE -
JE IR R AN B L CHER RS B & BUARE RO 2D Ol R RS20 s, 2FE LTlEI
B L3R T D LB % D,

Fig. 3 1328 BHYI M 0 R 3 K ORI B9~ 2 HERE & BLRIE O BAm X 72 H ONC % HBLR 4
474 Ty, WElZB L CHERMEIZFUR 285 45° EHROETDOVIZHIREDIXL DX 20
MHEESTND Z b, HERMITBINIME S i X <e T2 283005, Lo, RN
MDOTA D TiE, SEHBARRPRILEHERTHNDLZENELHLN R LIS, o7 A ITH_THE
OIS DOFEEDMENN, 7 A D IIINEDN S OIWIRDAGHE L BN IROEBEL T, Lob R
HEBIEIEF MR RIS B D 2 & D, JIRHER OKG BE DRECRITIE DM O 7 A ITH R THE
ST JEHNCBI LT b HERAE & B O SRR T 220D, R OSA X0 —ERAE i
O E B ORI D A L2 R K51, HEFME & BUAE O 3G I3 & OBE I iy, i
%, BAMZOLONEEIEEEILOIEEZ L7220 D T, HERREE LB ROHENBE DA T WD
(e SIS

75— 75— 8 P
Buoy A '96-'03 Buoy B '95-'99 | Buoy C '99-'02 1 | BuoyD '97-'00
[ Py=0.82 1 o [Pe=081 1 4f fw=082 . 1 gl fw=075
=4l an=0.96 S5l an=1.02 | poae=too ] aon=1.01
g RS, A S o E3} y . Er
| N A | 2L Q) ‘“A | § | 1 | §2> 4
1 1 9 oAl2 Z . 0<> o |2 s
2 v 2 > T2f ¢ T L7
2.5 Tk 1 2.5} p=001% 1 I . | -
A ¢°01p=0.01% 3 1 3 5 P=0.01% 1+ p=001% 1
o . 4 L e 4 [ 7 7 °
o= 05 On=0.46m , 05l 9=0.38m | 020" ou=0.32m , 2 01 0,=0.27m 1
0 2.5 5 7.5 0 2.5 5 75 0 1 2 3 4 5 0 1 2 3 4
Hs obs m Hs obs m Hs obs m Hs obs m
0 20— — | 20—t
[ BuoyA '96-'03 L BuoyB '95-'99 | Buoy C '99-'02 | BuoyD '97-'00
151 p=0.1% 1 151 p=0.1% 1 15F p=0.1% 1 15¢ p=0.1%
2 ;7'5 1 e 0.5 1T o 0.5 © 05
R | 310} ! 1 B1of { B1of 1
F o 1= 1= L 1L 12 |
50 ° =066 | |5 7r=060 | |5 P=054 | |° Pr=0.49 |
I a7=0.98 | | a,r=0.96 | a,7=0.97 a,r=1.01
. 0,=1.38s 0,=1.51s r 0,21.50s | [ 0,=1.19s |
T 0 S — 0 P 0 e
0 5 _10 15 20 % 5 10 15 20 "o 5 10 15 20 0 65 _10 15 20
sobs s Tsobs s Tsobs s Tsobs s

Fig. 3 Scatter diagram between hindcasts and measurements for wave height at 4 buoys around entrance of Ise

Bay and that for wave period.
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Fig. 5 Interannual variation of monthly-averaged wave
height/period statistics at Buoy C around entrance of Ise

Bay.
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Fig. 6 Scatter diagram between hindcasts- and measurements-based highest 1/3 means of monthly wave

height/period data at 4 buoys around entrance of Ise Bay.
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Fig. 7 Error indices of monthly-averaged wave heights/periods at 4 buoys around entrance of Ise Bay.
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Fig. 8 Time variations of wave height and period based on hindcasts and measurements at Hamada and

Yokkaich stations in Ise Bay.
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Fig. 9 Scatter diagram between hindcasts and measurements for wave height at 6 measurement stations

in Ise Bay.
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Fig. 10 Hindcasts- and measurements-based whole
year means of wave height data and error indices of
wave height statistics at 6 measurement stations in Ise

Bay.
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Fig. 11 Interannual variation of monthly-averaged wave height statistics at Hamada and Yokkaichi stations in

Ise Bay.
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Fig. 12 Scatter diagram between hindcasts- and measurements-based highest 1/3 means of monthly wave

height data at 6 measurement stations in Ise Bay.
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Table 1 Trend analyses for hindcasts-based means of annual wave height data at 10 stations in outer and inner

areas of Ise Bay.

location | StaUs- a da |\ p I, location | St2UIS- a da | ; I,
tics cm cm tics cm cm
Hg 0313 051570 0098 Hgo | -0.099 0.065 | -1 -2.31
Buoy A Hg 0.182 0277 | 0 1.04 MT st. Hg -0.049 0.036 | -1 -2.17
H,, 0.093 0.138 | 0 1.06 H,, |-0.001 0.019| 0 -0.02
Hg 0.074 0422 |0 0.35 Hgo | -0.047 0.073 | 0 -1.37
Buoy B Hg 0.086 0.210 | 0 0.78 | Isewan pt. Hg -0.024 0.038| 0 -1.13
H,, 0.081 0.110 | 0 1.27 H,, |-0.007 0.017 | 0 -0.90
Ho, | -0.050 0.057 |0 -1.29 Hgo | -0.072 0.078 | 0 -2.15
Buoy 1 Hg -0.013 0.036 | 0 -0.14 | Sea-berth Hg -0.035 0.039 | 0 -1.64
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H, 0.041 00311 2.03 Hy, | -0.005 0.020 | 0 -0.47
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A 45-Year Wave Hindcast System Driven by SDP Wind Data-Based Sea
Wind Distributions on the Inner Bay Areas and Inland Sea of Japan
-the Seto Inland Sea Case-

O ERE™ « HIEAEE* « I S5 « Bpryk—**

Masataka YAMAGUCHI*, Yoshio HATADA ™,
Manabu OHFUKU** and Hirokazu NONAKA **

This paper presents the third case study for the application of a 45-year wave hindcast system, which is
driven by the SDP (Surface Data Point) land winds-based sea wind distributions in the domestic sea areas and
the NCEP/NCAR reanalysis surface wind distributions embedded with parametric typhoon model winds in the
open ocean. Wave computation on a nested grid with high space resolution is conducted over the 45-year period
from 1961 to 2005 at each of the measurement stations in the Kii and Bungo Channels and the inner sea areas of
the Seto Inland Sea. Comparison with the measurements in the recent 3 to 28 years leads us to the following
results: 1) The system yields rather accurate estimates for both time variations of wave height and wave period
and their climatic statistics in the Kii and Bungo Channels connecting to the open ocean. 2) The system gives
slightly less-accurate estimates for the long-term wave height conditions in the inner sea areas of the Seto
Inland Sea due to the complicated geographical situations. Another finding is that a decreasing trend may be
detected for each of the various mean values of annual wave height data in the inner sea areas of the Seto Inland

Sea, different from the cases of the Kanto Sea Area and Ise Bay in the previous studies.

Key Words : 45-year wave hindcast system, SDP wind data, NCEP/NCAR wind data, backward ray

tracing-based wave model, Seto Inland Sea, wave climate
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Fig. 2 Scatter diagram between hindcasts and measurements for wave height at 7 stations in the Kii and Bungo

Channels of the Seto Inland Sea and that for wave period.
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wave height/period statistics at 7 stations in the Kii and Bungo Channels of the Seto Inland Sea.
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tions in the Kii and Bungo Channels of the Seto Inland Sea.
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means of monthly wave height/period data at 7 stations in the Kii and Bungo
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Fig. 8 Scatter diagram between hindcasts and measurements for wave height at 12 stations in the inner areas of

the Seto Inland Sea.
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Fig. 11 Scatter diagram between hindcasts- and measurements-based highest 1/3

means of monthly wave height data at 12 stations in the inner areas of the Seto

Inland Sea.
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Fig. 12 Error indices of monthly-averaged wave height at 12 stations in the inner areas of the Seto Inland Sea.
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Fig. 13 Yearly variation of hindcasts- and measurements-based means of annual wave height data at 10

measurement stations in the inner areas of the Seto Inland Sea.
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Table 1 Trend analyses for hindcasts-based means of annual wave height data at 10 measurement stations in the

Seto Inland Sea.

statis- a Aa statis- a Aa

location . L 1, location . L 1,
tics cm cm tics cm cm

Okino- | Hyo | 0.081 0.228 | 0 -0.04 Hgo | -0.142  0.101 | -1 -2.03

shima- Hg 0.002 0.120 | 0 -0.43 | Imabari Hs | -0.068 0.041 | -1 -2.21

minami | H,, | -0.011 0.049 | 0 -0.90 H,, |-0.022 0.018 | -1 -1.51

Hgo | -0.095 0.081 | -1 -1.64 Hgo | 0110 0.131 | 0 1.64

MTst. | Hs | -0.061 0.043|-1 -2.17 1{12220- Hs | 0051 0068|0 1.17
H,, |-0.008 0017 |0 -0.53 H, | 009 0030]| 1 4.09
Hyo | 0191 0.117 | -1 -2.56 Hyo | 0575 0115 | -1 -5.60
Osaka2 | Hs |-0108 0070 | -1 233 | Kanda | H, |-0318 0060 |-1 -5.91
H,, |-0.053 0.035]|-1 -2.35 H, |-0141 0031 |-1 -528
Figa. | foo | 0002 00800 008 ' Hyo | 0251 0105 | -1 331
g | Hg | 0015 0051| 0 -008| Oita | Hy |-0.134 0058 |-1 -2.68
H, | 0012 0022]0 020 H,, |-0136 0.025]|-1 -5.67

Hgo | -0.322 0.086 | -1 -4.75 Sada- Hgo | -0.330 0.253 | -1 -2.54
Hiketa Hgs | -0.144 0.045 | -1 -4.15 | misaki- Hgs | -0.254 0.131 | -1 -2.97
H,, |-0.053 0.019|-1 -3.74 tip H,, | 0.002 0.055| 0 -0.20
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Itsuki-nada of the Seto Inland Sea.
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