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DEVELOPMENT OF DESIGN TECHNIQUE FOR DISASTER PREVENTION
FACILITIES AGAINST RECENTLY MORE FREQUENT AND INTENSE WATER
HAZARDS
Research Period : FY2016-2021
Program Leader : Director of Cold-Region Hydraulic and Aquatic Environment Engineering
Research Group
HIRAI Yasuyuki
Research Group : Geology and Geotechnical Engineering Research Group (Geology Research
Team, Soil Mechanics and Dynamics Research Team, Geophysical
exploration)
Hydraulic Engineering Research Group (Dam and Appurtenant Structures
Research Team)
Cold-Region Hydraulic and Aquatic Environment Engineering Research

Group (River Engineering Research Team, Port and Coast Research Team)

Abstract : In recent years, floods have frequently surpassed the capacity of flood control facilities,

tsunamis from large-scale earthquakes have often occurred, and extreme sea waves have become more

likely to occur due to climate change. In response to these phenomena, appropriate methods must be

developed for the design, field survey and evaluation of disaster prevention facilities.

In light of this social background and these requirements, we have established four research topics.

(1) Development of technology for evaluation/strengthening river levees against overflow and erosion

(2) Development of technology for evaluation/investigation of safety of river levees against water
permeation

(3) Development of technology for evaluation of impact of tsunami on structures and design method

(4) Development of technologies appropriate for hydrographic changes due to climate change

With regard to the first topic, our studies have focused on (i1) the erosion and failure of levees caused by

overtopping flow and (ii2) channel erosion and structure failure in a field of high-speed flow at the time of

a flood.

With regard to the second topic, our studies have intended to (i1) verify the mechanism of levee seepage

failure and (ii2) develop methods for evaluating the heterogeneity of levees and their foundation ground.

With regard to the third topic, our studies have aimed at the development of a method for designing a

structure that can withstand two different external forces: one from tsunami run-up in rivers and the

other from tsunamis transporting sea ice.

With regard to the fourth topic, our studies have sought to propose a risk assessment and action plan that

can respond to extreme external forces in coastal areas.

Key words : levee breach, triangle-shape water surface wave trains, seepage failure of river levees, dense

sounding survey, integrated geophysical investigation, tsunami run-up in rivers, sea ice, coastal disaster

prevention
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Force & water depth in case of rectangular prism (m, N)
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MR TE D, BHRO X 5K E LT, 3
ANT v AN XD EBENFHET D Z L ICHEE LT
UL b7y, EHI2Z 9 LIKBERNFET DA D
BT EIEHI D 9 B I DK OESRELEFEIZ &
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DRI L OGHRE & Dk Z R LT, R &Y., £
FOKBER 72 < AEED OLAITIE, B DEORD
EEHIT, BN, W IR L, FeEh D
EWRBIZELT HAREDOARTERINDF, OF
D BH AT — L CRUR FTRE C o o 5 Blem £ 7 /LI,
hy DR Z IR IC R S BB 553, REDHERT
%, MHREEDLAIE, IR L 5 IZARED KR
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22T, Ho'lx by S MR (0.09m) A7 L5V
HDTH D,

ET0).  ITONT, T2 ITRENRRE. EFARER
(T Yo BLOA YT~ ONEGARR) | FAEEE
B, ENH0FEME (1%,5%) 2R LT,

F-1 TARD Y LREOHRELZ AR DEBREN
HBEYE W ()

HBIEYERR B (m)
RROEE b, (m)

0.02, 0.04, 0.08

0.036, 0.045. 0.06.

0.09. 0.12, 0.15, 0.2

0.12, 0.17, 022
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KIREDER a(m)

KIEREE 1(m)
x-2 ERRSTOELLHER . NEFR)

0.005

ERETIV | REERS EABRE | RHBABAFREL (Spearman)
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Pearson
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4. EKOPREEERER

4. 1 EBHE

RO K > s KBRS, BEHE i R <o fahi
WIliRR S5 ~E22 95 &, 1= & 2/ NRROKBEC b REiE
EOMEDERYEDN B 5, REFRTIL, HEMERS
FAETERE R, & APHEE ER— R & L
Kz 7oA & o/ NIREEE A B Y A1 7 B O fif B
BN R Z DA T = X NTHONWTELE L, OWTIE
BRIJOFEF RO v N &f55 Z L2 HIET 5,
EZEFEER T, BER O L ERR, BE% N HRUIC X
. NTLWEOKZ B~ 7o @ & h=1.2m( 1l 2¢ 3 J&
Vi=4.85m/s) ) DAEIEMBRICEZE S - (B-21), A
LKL, BB 0.6m, JES ()2 0.16m, & (L)
23 0.6m (I3 S0kg) DE IR EiF 7=, BEH L
AR LRl Uiz A THEKITOKIR-7T~-11°C, B
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5-20mm DOAERIEE TH Y | ERFEFROUPKIEE % 7
BTETND, FIWMERDOIRIGEEE ) HHEE L 7oK
DOEEMERIT AT DENKRE LK 0.5-1GPa Th o7z,
l722 % 521 F DAEEAALT SS400 FLOO TR K OV
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X-21 (T Lz O0dFAae— el
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Surface pressure
distribution sensor

TARBEDO LI FAREEYNRE S NISE

®-21 EREBROFE

OEAEEET, 2.1~5.0kHz | BEEEHIL 1~5%T
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— O IZ 7 4 v LRE B —(1-SCAN210,
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4. 2 ERBERLEE

B-22 121, FEbds KON+ =M R ~ DK
DFEZEMERIL & 52T ORFEEA L OB A =~ d, —fi%
(AR~ DB ERR LT T, HEF RIS KD 7
Ty 7 EETLHHENREL. TR, BRI
% LRI O DTN — T B DN, T
O ENERe DD EBD L Z ORI
1/1000 sec A—H—ToH V., FDHITEDA L7V A
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semi-cylindrical structuge

flat plate

=

Failure patterns of ice mass with flat plate
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Collision force to semi-cylindrical structure
with flat plate

Vo=4.78m/s, ¢=266mm

Collision to semi-cylindrical structure

Collision to flat plate

Collision force ( KN)
3

.02 0.04 0.06 0.08 0.1

elapsed time (sec)

®-22 FiRE & CTER-HAEEEYN~DEKRDOEE
BRERAKN & 1EZE H DRERF AL D



1 EFEREL - Wifk L TEKKFICH T KRR R DR

TWD, B, FRA~DOEZET 1 RTHONTL, %
FHO—ND, B 7200 - TREEDIKCZ DSERTR
fiili 7 & BRARGA: T ORFZEANBLTE ClIid CIREEE 72 1%
Ch . WIRANZFEBRFERD N T O H, 2 OEZE
WO AR DM T D, A Bl IR &3
B L e @ie 7 mt A2 DN L2 ),

— i ARIERRERAE LT DA, E9YK
DAFEICEZE L TATY > MEEERA U%, Ho
DIZHEIN T ENEN ORI EZET D, 5218
bbb rd EFNUCHIEL TS, ZoHA, FHE
~OEEE, TOTFRITHARTHEGLUT & KIg
WS, 2 FEHOMZE L 72 D PARA~OfEZE 1 H S BT
BRI L CTND Z ENRanD, M~ OMEZE T
L LT, EEO—ADKRO I I ITHERHL TN D 9,
EE KB L 0 S/ S WEEITIE, BBl oy
D% S, BEO KN OMIE Y (R CEZE 7 1A12)
L, Rl CHlifZE S5 [m OB S b OFEFNAE T 5 Z
LIV ZOMEITRINT 2 Z & I HIT, MRS
(2 TIRIRE ) (CHefdd D@22k - OfEE, S F 0 It
WI~OBERREFE & | % ORL7-HI RIS 2 B E 22 )
DIMNAMEAFT DIRFBICIT N =D L HEZR S B, S BT,
RIS U Co a2 2 LU, L ESE A
EEZDHIETHY, ZHICEY, REREEE S
7o DI A L, S BICEERACE S o,
HOEETH 5 FR~DOEEHREBLEDL LI
7%, FRCHEHE RN D Z E1E, e D% < Ok
D [FIFRHEZE 2 Sad, B X 0 B S =t DR+
DRFEIZECHEZET 5 & & BT bRt 2005, %
JR AEED DT D IRE A7 b BRI 3 R <
IKMEZEN DR D &0 ) B TR T X 5, 7272,
LI OBEREINVNS S 725 & MEEOWeE, kil
BERE R CE T, Bk o Loz, EEN
INES L BRAUTFR EE D HIRNL D IT72 D,

B-23 (2 R D ERRD R E T I RIEZE S~ D5
ot 7RdsHhi. SEARICVER T2 BoREZE ) Tl
LCERTTELIZb 0, FMlT, ER7ZT T2
FAXHIZOK DR E SICHIRFT 2 LB R T2, EE
@ LIKDIE b DL (blp) THRIR LT, blp=0 FEX, g=0
RO TERDOGETH Y | I blpg=cDIGETX, =0
LRDMBRITZVFRDOEE LD, ZOXEIITEX
Dl 5D bl TEENDERIME L 72D 2 &ML X
. ZOFEBRFERTIE, 3~4 O LR E 720 R
WCAERT 21250 0 2 ElE TR 25 = & 2Bk 5,
PLEX D | FRCHDKIEZ ES D2MEEM 2 %G 2. &
DUNIEZE S AT D72 D—2D R & LTI,

_12_

B Z 7R LT W B SEm a2 RET 52 b
BHNTHDEEBEZDLZD, THUTITY 7oMinak %
NIMEE S B Z HNDN, ZEOERYOKIEEDHE
FESEOM A~ DB CFUE S ETH D,

S%IE EME ORI BT, ARSIk
HEE DWW CHEZE R Z i T 5 TETHH, Mz
T ERFERIT T A MB350 BfERE LT,
EEEDHIE LT EEOHIE Y I 2 L —va v
TR LM 6 WoK OS] OIRBHHECRE 7K %
BEtd 5 TETH D,

12 ¢

, 14 1| e
T
> 08 )
s —a
B ?
(%) L [
g 06 flat plate ¢ //'
5 .
o 04 - ° _-
° ’Y -
.
0.2 z
=0
0 J
0 2 4 6 8
b/®

®-23 FMAEEEVESRFTHEERHR

5. KM EOREETILE TORUEDIRTE

5. 1 #EER

HRZ L DMK | - FROFEET LD,
K DB AR D EL e L EodEE ks LT, 3
WOtRIRE L0 EHEARN D < BERUIRFEE O 7 —F
TIvarRevy b, RANLNT v TR ENRERBTED
% 3 o7 DEM OREARZ AR L T\ D, AifF5E
TlX, T2 NLNT v T OFHEET VORI |
IZED T & & bz, okl Bl B BE 2 A0 52
ZFE L, REHEET O EMREE LT,
5.2 IRALVT7YTETIL
IKDMBDKNFEIE 2 B XA NVT v 7 (pile up F7=
I rafting) SMHEEBET 5, ZAUTmed TR )
BN & FHEREIC L D b O TH DN, BGZ Bk L,
KEKEDEELZZE L CBHEDET LVEBRR LT,
S HONSANT w7 (B-24 Z/) T 2 DI
VBEIRHAIR Y= ONT) f, & T 5 & HEEERT v
TR — L DRRLD

£, = [ gndm+ [ p,gdm =

H  cot 8 H g cot 8
L pgAHyﬂ§+L Pi&MAH (SdS

1
=2 PigH A (eot B+ pycot” )



1 EFEREL - Wifk L TEKKFICH T KRR R DR

T IS, pilIOKDERE, w XEEERE. Th D,
FESIENL ACWZBT D f Il k> Tl S D A
IIRT v VRV — Oy AR A H DD
T, BERT OKE b b 2KOEN A\ XA L&
MINANT » FIZKDEEITFE L) K0,

hAS =AH cos,B‘H—szHVAHV cot
’ sing b
UEXY fIZOonTHRABHELND,
1
o f, EEP,gHSh,(lJFﬂ, cotﬂ)

IKOBERRAID f, B2 AU SA VT v 7VET, HRE
R OK) OEIOBMBEL D ERET 5, HiZ, 2
DLLEDOEROK D FEE L TV DIREE TR S EEcdH
BHAKITHVERT HIEMET IS, K OF IR 2 B 2 73
AT, ZORPEEL, TOMAEEHLTODK (K
W) ICHEET D EIRET D, B, BEHRTH DK

HEIIBE L b D LT 5,
| 4H,
ac
n Z—g =tanf "
dm=pAH dE )
5 R
= 2
~ 2H cotf3 |
— A

X-24 ATV TETIL

5. 3 BLLERAE

K250~ 9 &L 912, Wk Ok Bl E/shore ice pile up
2 RE LT 22 A R 21T o 7o, KB TRIR
ERERTH D, FRIBRNIRT XL 21T, IR CIEIOKRA
PRSI &0 A S AV N S oK A REDN SR L C
WHIRTEZARE L, 22500 PR OOk (B 3em,
JEX0.5cm) ZEMOT IS 2mO#IE OKEDE0.78m) 12

carriag;
%i Sheet ice 2m

ice floes 2m SET

=

structure

9cm

120cm 180cm

ho=8, 5.5cm ‘

X-25 kR L EREREE

_13_

BCES L2 (CBRBEERIT0~80%) , T DIMAICIIg
RO ZELE U, R CI3EE o A EfEEY 2\ <
DIND/RE — U TRE UTe, KR DS T KRR
ZWENORETHEML T B Exd, XA LT v
TERNANT T Do E O RIRREE AT,
72 AL RAZ1/100FE 2 488 LT B,

5. 4 HEETIORUEORKREE

B-26 1T1X, HEEYOBLESIEDS, (BT MW
B —FNZELE L2 5E &L (D)Ko N i
L7256 d 2 FliZ oW T, 28R & B OB FIREED A
Ty Fay boOFlER LT, SHICRRICE, ET
BHEOBBIEEHEC & b7 5 HIEWRTH COKE (A
NT TR OEbEG AR Uiz, BEEEE L KR,
ZTNEND EDOKDOEE (0.05m) EKDOER (0.03m)
ThR L TR AL LT D, Pile-up O 34 AR
LEBRTE DRI L3, GRS, DR T
> TR )V VT y TSRS TET S, i) d
DRRED S NT v T EICET D 2L Bl EE T
MR T2, 2 &2l KRR HIREZ Bl
U7z, 7272, BHER JOSERRES R & ©OKBE Y %
W25 & ETEEYTRIOKEEN B AT, KD
FHET 2 EBROGAITIZENTHEITT 5 KOFAUT X
V. BRI L EFRICEN DA, KOTFHEDAH
e KA O HIHIECS, pile-up DAE )72 A B =K
LOFENTR E B VLR TS5 2 LT LV
M. ZOXDRBEMARFEETLTYH, HOREDW
FRHEEZ BB Z LN TE D,

20 ——S8im

——meas. (trial1)
——meas. (trial2)
meas. (trial3)

i

a3

15

10

Dimensionless max. toatl depth

Dimensionless travel distance

B-26 (a) KDMESTDEER & EHERERD LB
HE AR ICEERIC—SICERE L =158



1 EFEREL - Wifk L TEKKFICH T KRR R DR

—Sim
meas. (trial1)
——meas. (trial2)

10 -
5

0 10 20 30
Dimensionless travel distance

£
Qo
@
°
z
o
g
%
©
13
"]
»
o
c
S
7]
c
o
£
a

40

X-26 (b) KDM_ESHDREER & FHEZRD LB
KB SERERE L =158

6. £&H

AMFFETIE, HER &K/ BRI D 6 72 2 IR FBTRIR
DOHEEYITEC BT DA NT v TRT A AV % LD
BIG, FRCHEEIR (FREds L OWIAE) A3k FAKEE,
TR D EARERIEN 7 1t 2RI A8 57
(2 L7z, 12O N THEK o0 Hr BT 22 3288 % I3t L
BRI OGRS EFFT,

WK %1 5 EEE AT E O FAMEE B 5 ITEHIEREIL,
OKBHC L 2728, QFKIEME, @KMKTICE B
72 o THKEE R DT/ AT » 7 HKBEC
Lo THRIATHEBLE, o0, ZOE/ITREIN
LT EEHLMTL, KBGINWELTH, AT
v N KD EMEDFHET 5 Z IR Lz iudie
HIaWEE/R LT, 29 LIOKBENGFET 255018
MERAERTED 2 b, FiROQOBE DK D22
FRICH 2B T DEM I X D HUEFHE, @i
MR OF & LK ZETeHKE, @D EMEIZOU
TIX. Rankine LJEERGGIC K DHEENZNZEILAIRET
bH T LERL, HEMRICE LT, MEm OB
HEE AW T CTE 5 2 & 2R Lz, MK/ i &
(2 & % PAZEIC X D KN bR ~ D MERR AT ELIC
DNWTC, F— MaPIC L DB AEDT T u o—2 kK
S HEREE S, IEWREOR N2 & R S
DOREEICHEE CE DHERET V&, Bix 225Dk
PSR S REEL . EH EIcBWCHAHTH D
L RMER LT, Fio. RS IR ST
WHE BT ¢ B, KELEOER 2GR

.14.

WFESTH L0, KEOERMN o D56, Thb
FERICPAZEL (V¢ LTERR) . KRR E L EH$2
. 020 KRE WA OMEF 72 ERRT 5
H AR Z OfTE & [FAREE OB MO YT E
HIEHT2EREDY AT ER LN LT, £7274
AT X DFEGAF ORI HEEIEOBFIZEF L,
B, KL EFERIZOW T Z ORI 22 225 Bl ATE
FIAZ DN T i LT,

R Stv L S Wl DN - Z QAR S SNt i
2 I 1T 72558 O EEBRENRCE DA T =X
LERDZ R HE Lo ATHEKIZ X B IR s
Ze3lR A Fehn LT, MRS =R 2 A3 D EmI .
KD ATY > MEEEZTERE S EHEY SR RITT
EENERELP UL ARG, Ay 7| b
HEfiRR 75 & HEREIEY DMK R O—oD b
MZ7pBZ ExRLTE,

BefelZ, HERIC X UK EOFFEET LD 5 LR
BARA OB E[E T X HYE 3 kot DEM O 4%
ERGET H700, kil EOERIBRAEEmL, 1L
7T T DN AT E DO KB 7222 B O BB R T
.

SE3H

1) +REHRRAZ B22(1954) « B IPHIET A

2) BERPES(2009) : ALHEE O 17T PR O HE B R
ARG AR B ESE, Vol15, 31, pp.951-954.

3) Kaistrenko, V., Razjigaeva, N., Kharlamov, A.andA.
Shishkin (2012) : Manifestation of the 2011 Great Tohoku
Tsunami on the Coast of the Kuril Islands: A Tsunami with Ice,
Pure Appl. Geophys.

4) ARHETR - BREAL < ERETR - PINETAL - S (2013): if
K2 o TR O T BT 2 —B%, TRy
iU B3 (ERATE) M. Vol69, No2

5) BarEtEEs, 51800, REPHERE. KL AIAC, FdtaiEsL,
R EZRE, SEHREE (2012) : 2011 AEHRALHIS AT
RS K0 A L= HEE OROKIINZ IS 1T 28 RILR O
KB BI A, Fett EARDIZERTH #. No.705, pp. 20 - 30.

6) H)IHESLA, PTERZETE, “PIRRESE (2012) : 1RSI AN
FE LT AGHRERS) | D7 A 22 AEBIEHR., LAY
SCEB2 (ML), Vole8, pp.416-420.

7) KRETAR, ZREH (2013) : KUK I T 2 HHEFG S ORF
ZEDIY T OUNT, FEM T ARNFZEFT A . No.726.
pp.41-46.

8) ARFFTH « PrNEal « BRI (2012) : MPKSROKHEIE
W~ OGBS 2 TR & 2 OBAEFHRE O HLHE



1 EFEREL - Wifk L TEKKFICH T KRR R DR

B, TARPERR R A2 (G5 . Vol 15.

9) KA - VrNEDL « BT (2013) : HEKOHUEEY
~OMEZERFEERFEZ BT 2 R R OB i fImRE. AR
Tk A2 OSMZIF) L Vol 16.

10) ARENETR - REW - HFFER - PTNEGL - BEEEE: oK
REA A o Tz i~ O HL ) HReEIZ B 2 1T (2014).,
TR CEE B2 (METY) RS, WVol70, No2.,
pp-821-825.

11) AREHETE - HHETR - YT ETL - TEEEE (2016): YE 3 IR
7G DEM (2 & 2K OBEBIA DR & O%E Ll L ooFt
RUEOMEE,  TARZSEWSUE B2 (RIS FER,
Vol 72, No2.. pp.955-960.

12) Wang, Q.J.(1983): A Tentative View on Ice Load Applied

_15_

on Jacket Platforms in Bo-hai Gulf, Proc. of Int’l Conf. on Port
and Ocean Engineering under Arctic Conditions (POAC), Vol.2,
pp-930-939.

13) Timco GW. and A. Barker (2012): WHAT IS THE
MAXIMUM PILE-UP HEIGHT FOR ICE ? .
16th IAHR Int’l Symp. onIce. Vol.2, pp.69-77.

D.O. and P.A. Cundall (2014): A bonded-particle

model for rock. International Journal of Rock Mechanics and

Vol.41, No.8, pp.329-1364.

15) AREEIH - wEsR - Frvissl « EEpusE: PREEZER
B T OV S8R D MoK S e (R D15 ) Rtk & 1
SHAROSRE (2017), AP CE B2 (R 1F) FHE

Vol.73.

Proc. of the

14) Potyondy,

Mining Sciences.

7



1 BEfEE - Wik L TEKKF ISR T S KRR BT DR

1.4 SIEEBICH S BRELITHG L-KiTDRSRE
141 BELFICHSTRIET S0 NICHE L-inFEO ) XY &l & xRICE T R

YT — L FEHOKERFSE 7 V—7 (MR T — 2)
WHFEFRAE - hRkE—, HHE, KEER, KEE—,
RA—K, BIFE, AET

(2E]
Rk 30 AR 29 PRI EHEE | FRRIRIBRIL OB A B LILIRE R RaT T 2720, @il - milRti
VAT LOWEEED 2, ZOFREIAT ALY, 2014 4 12 AISERMG @i L7220l ET S IREE
URBEAE) (20D Ml - mloBHG R 2T o7, MEGCAZRES, AREE, SoFIrtcEL T
RREDIED bDOD, VAT LEEOFIBRPEE LT, BWORRPFONIZ, £, 2017 4 9 JiAbimE v
(OREE L2 BJEL 18 BT ) @Ml O BIEHE 2 BT TV ERIRET VAN TRAR, £ OBRRORKARIZ X
% OIRERBR AT o7, HHERICOWT, TEFADLHEE L7 RIT, §FFERA PRV THERBLIIE & B
DB RO, ETBEERIC L - T, AEDAEEET RO B AR 2 83 2 23K 2 @i 95 MM
Lo T dmEREROARER S (AH) 132 (15) FUELET 52 EnnnoTl,
F—U— R RRAE), g B, mE il IRERK

1. [XCHIC

2013 4E 9 AICFHT &iz &g 2 B9 5 Bt
733V (IPCC) D 5 liE D (LT, ARS) Tid,
R AT LOTRRBIZITSEE > Ay a < | TR
T ADHEHED NS 20 A= XLARE L]
S AV IR D SBLAY 72 IR T & o T2 ATREMEA D
TEWZ EDVRENTZ, ARSIZE D & BB L2100
EORNC BRI & B A AR 7 R KR
0.85°C, “FHAEEKIRIZ 0.51°C, VHEREEAKAIX 0.19
m EF L7 EE STV, ek, TF (1993
FE~2010 4F) OYFHEARN_EF-O BRI K OBV

(T 53R :39%) . KIWOZL (F5R:27%). 7Y
— 7 v ROKIROZE (B 53 11%) . BROKIR
DEAE (FF5HEE10%) . BEROITKEOZEY (FhHH
13%) TH Y., HKOBIZEIZ L 5 5B R &
W EDHERS N TS,

AR5 DFERTINC X 5 & 20 #HEATR (1986 4E~2005
i) aHAEL LT, 21 HAOR (2081 4E~2100 4F) @
SR EAURIEL RCP.6 U A (REESIET A DHE
HHHIRSR SR 2k L < AT 5 487E) € 0.3°C~1.7C.RCP8.5
F VA @O LAV TIREZR AT A DA< AR
iE) T26C~48C AL, fgmms»5H/KEE 100 m Oif
KR 21 PR E T2 RCP2.6 271U 4T 0.6C,

RCP8.5 U A TR 20C ERT 5, iz, PR
RO 21 R % TI2 RCP2.6 27U AT 026 m~
0.55m, RCP8.5 27 U4 T045m~0.82 m FHT %,
SR WK, YR AN ORI RN WS &
HEINTVWD,

WA ES32 & s b RGP~ S
IRFELDEDIENT 5, BIRIIARZRDEERS L CE=hL
(2725 & FITHM SN A BT R L F — |2 Ko THbiE
T2 272, PRI LI IR VRO T AR
EOHMARESND, 7B, [REITOER NZLD
&L BREIT, BN ETRAT HIRKTE G
RUE) OB PR (JRE K Y AL THGRR 180
X PEORE) F7oXmE S EIAE L, kol
SUEIAN OFRJEGR (10 Z3fHPAE) 2336 K2 17 mis LA
EOHLDEND, ARS IZE D & BEWEHRKUEDOTS
L, MREEERN S DD, AEPEARTERE & ACRPERE
CRERETHINT 2 ATREMED B 5 LRl L T b,
Murakami et al W IR ET O EfHEE D KR EERE T
7V (AGCM) & W THEROTERTHIZI TV, B
DOFAERITT 5T, ROBRIIEINT 5 &
IFERAEFFTTCND, Elz, D UL D AGCM & v
T2 BEOFERTRITIL, RHEEERREVTNE S,
ALPERTLE THRIBDFEALED 13%~21%0 L, &6



1 EATEME - BIR1E L TE KK EITH T B KRR MO

(2. REEFMEA TG LI25E, BAEID T, AR
BRI ZBIN D Z & 23S LT,

WARODFERZEIZ OV T ARS TiE, BiERp ks
FEDNE I OY¥ENIN & PR OfEEEE TTFRIL T
Db DD, RPN IARHEINENKEZ N, RO
PRI DO TR B EEAME Y & S TD, ARS
Tl R EOE D IH ARG E L TCNDH, Folt
Tl BARBR DAV AHUNT SEIZEAED HAL T
%, RS T AGCM & A~ R IVRHRET L

(WAVEWATCH 1Ml ver3.14) % FH\NTHORHE RN
RIACTINEAT S T hER, BV & LT, 10 45/
BRI mx 7 « U B Abah G, B A A A
ONTHIIN, Z ORI, & HIZE DR {HITHIT
HZEERLTWD, o, ZO LD iRm0
i, BIRBIEOEA~DS 7 MREL WD L %
WEL TV D,

R RS AU E OIS A EE AR E < E
AT 2L THY , BHICKEDIE FILES Wik D -
H RO EFEhR) LRI K DK O & A e
HUFEO ES (REFEIR) I2L-TAL D, ARS
(28D & MmO AN LR BN 5 FTRE
PEDSEVY (21 TERCHTEE < 2016 4E~2035 4F) . & L< 1%
ATREMEASIERIC @Y (21 HERCR : 2081 4F~2100 4F)
EINTWD, 727120, BANTHE : SHEIA r—L D
FERZ(LIZ DWW T TRIOME IR & ST
2o

= ZF T, ARS RoF DMOKUFEEENZ BT 2 Bl
WIFEREROTIT, I bITRBRAIZRMERZ U 5
FIZOWTHIA L, ZONEEERT S L, THID
K (MEEEE) (=TS D00, Kk, WKIE, 1E
TN, 72 D FEABEE | R\ VB R DFEAEBE,
WA BTN B AR S D &2 D,

FELEAT 35,000 km 12 % K& SEANE ORI IE,
TR M D T iR BN AV S T & 7208,
HAKUEIRTR S | BRI L 0k E LT
%< DYPKPETTND, ZD XD 7Rz T,
PRI CHERIRNLOD BRSO mil D% A, D
HERDAE UT-A, A TITRBR L= Z L o7k
IEEDE L DRI B D, TDT2D, 201542 AIC
B ST MR RIS AR DU ORI RS
DHAR2 78 (BMKES - B A38E) 9) Tl
HERIRIRA LIZ L 210 e~ 528D T « ST 24
F R THEISROBE 2 ED TN 2 EBFTIR S
Nz, F72. 20154 7 BlzAFRSI Do ()
\ZH\T D RUBEEB DR OIS D7 1A (I 350

X-1 2004 4 8 A DB 18 ST L DA KRR AES
TEORET- GEMIANIZEAT HP, K 16 4E-HJE 18 5
W E DREAEETAE L D)

X2 201648 HOHJE 10 B4 L BRSOk
(GRS ETHR )

(W) (S B 1T 2 RUBEAE B D 5228 K OVl IS 0 J7 1)
PERFIZ ES) 1) Tl KBNS 2B
DHANFEH L LT, TRWEROBINEC X 5 e
{72 - PR OIGR ) RO R 7w ARG D L5
DIEDPRRRSID & OFBHRAFT D, WK%
119 Z ENWEY TH D LRS-, IBRITKE AN
(Z R Dm AT T, B, s, KRB 72
ECILL R R AR O TR £ | SR O
FHCIANT T e D BV TN D,

A, DU, FUNHT & T, RE R BRSCEA
JEDIEBSERE DS D72 o T ABBEIZ RSO T, IR,
RN X DB IS SN DR A 2 T
%o BIZIE, 2004 4E 8 HIKER L 7=Am 18 F2 LD
PEEPNF RBEREO%SE (-1 2/ <2016 48 H
(RBE L 7= RJE 10 F2 K AR OISR (B2 5
B IHIT, 2015 458 AIZIE, KEDIRE % i
TLHRBOFEZIY . 200 2L R (T
DB BrOTED MR O MEEE L. (R
3BM), E7o. 2014 4F 12 H & 2015 4E 10 HIAgH
\CHET HIRGUE (BRYRKUE) 23 L7zBRIi,
FREEHE N OVER IS Z 3\ T B A L7z ® 9

(E4 BMR), HEHKALD_ BTS00 RO T A
DENN, RO REDERANCA U258, TRk



1 EATEME - BIR1E L TE KK EITH T B KRR MO

-3 2015458 HD S a0 MEBEHRIZ L B U7 5rOvEhs
MEFNOUH RO CEH T A EIHRY)

&5 AGfEEOREIETOME GF @ E LM 7R 55

e Y i RIS

¥ (BmEBRERIREBRE R AT

B L7 L0 b S DR E i 2521 2 alHett
R D78, AHBEICHV T, IR LD B4 L%
LTIBEBA S DB R E - T D,

ZOEH I RAEREZ T, YT LT, AbmE
OIRFEEE RIS E LT, MR IRE > TR
b 2N LTein D VU A 7 5l & iR
R HHF9E (WFFEHIR - 2016~2021 4EFE (CFERE 28~33
HEFE)) ) B NG, ARFZECIE, LA FIORT 3 DOfgE
RERDZ EEZHEE LTS,

@ : WG CHARRHEIC RIE T B L IO FRE

BRELIKEY 27 Ofttfz

© : BB C X 2 IR0 UGS DRE

filids KUY DfESE

@ : Vi ESA R D BEROR - BaEs 1E A OBR

7

AFEEIIMERE S 5| &t & . RO ZAFH T2,

JEHEEINFHROUESGEA L LS FHI TR, S Bl
e 27 ORI LT, i R T L O
AT, ARG TIL 55 2 B CHBRRAL O ZE LfE A,

55 3 B CIIROZ SR, 25 4 T CEilic X HiipE
HEOYERARIL, 55 5 TISEW, @ AT A

FEG

LEE e

BN oo s Googleearth
3

7. 7 - ACmERRFER)

-1 HEN, M8 PIRK. R, AR BUR. O

B4 2014 4F 12 A OBHEKITEIC Z DIREREOEHIORE

WEARARA.D L R

R RATHAR FLUF (mm/4F) 8
B 2003-2010 0.2 =H. )I78(2013)
L7 2003-2010 -0.3 =3/, )1I8(2013)
i3 2004-2014 2.1 Beh, T (2016)
HE 2004-2014 43 B, FJFE(2016)
Fi 23 2004-2014 5.7 B, FJE(2016)
[ 2004-2014 1.8 B, FJE(2016)
] 1997-2013 3.7 Pk (2015)

(ZOWTHRET 5,

2. tBEREOBEKEOEILIZDONT

WHEZRAEDS ES- U725 K CRRIE S LT
AT 2L, S I OMERNLE D
TR D728, WEEWHEE) - S5 2 faRtEd & £ 5.,
FETo, WA EFT 5 L ITHRONE D IR E)
T 5728, Z< OWENMNELET 5 Z L& Tn
%o H18) - WH IR IERORERTRIZATO,
H/KALAS 20cm _EH L72356C 36%, 60cm @ EH-T
83%. 80cm D 15T 91% b DIVIEANHEIT 5 & i
LCW5, ZOMIZd, WEARNO EFITEOFTS
T OB ORI, IOV [~ F
DOEEINZR & IRERIIC 2 < OB T T ATREED &
Do

Y KA D _EF TR OERER Z 20 TR 2 128 T
DB TH DT, 7 & CHfEKAOE=4 1
¥ T EATOR S BXR OB S 2135
ZENHEEEWZ D, ARHETIE, B’S 1TRT 21 #
ROBFIFT IS N TRINBTIA M THit T % (2017 4
3 AWRER) o BT — 2 70> DU KN OB b iy
TROLT=OIIE, BT —2 00, WY, KUE, H
HEIRE, RSO RET DNERHL D, 22



1 BE7EME - iRk L TEKKEITH S S0 Kbk R EH BT DB FE

TlE, IO/ A RDH S, iy, KUt HEZE)

DFBE bR LT EE AN T — 2 DR ST B EE

TEOHFGERE 1D 122 B4 Lz, AbfmEn s
DUTFEDOURRRNLDZA IV \“CJEEET%L)

-1 IIHEN, A, Bk, BfE, B, B, e
(23U 2 RN D S Lo R GFEZER  mm/AR)
ZRL TN D, BRZER T IT, TEDY
PRERAKNITIED b L R (RN O BS) ZRL
TWb, ZOMEBITREGIT ORFEEBREM L AR — K
2015 TR S TWD NS (AATRE TR, 1980 4
KUK, WEANIE EFERICH D) &—T 5, —
05 R B, BERAIE AT C T L 72 LS T 223,
BFRDOBRPAD h Ly RErRd 78, [A CHEHRCHH
W k> TRARDEAZRL TS, LIEA->T, &
L2 PANT TN IVADY 0 bt i T B4 - el s N (7 )
BLR— b & TR S a SN2 E Mo 27 b
T BHECOMA HHHET 2 Z ENEHE LV R D,

3. LEEREEDBREIZOLT

HeDE TR FEOBIRFHEA YRS 572012, 1970
B ETAEE (IHEREELIR) ([C&k-oT HR
BRSO A TN TN D, | PRV S SR B
L7 RBIAFN T 7 7 A LMHEN TR Y, ZihE
T, T U7 7 AT =4 &AW BN Dk
RO R Q) 1 ZBET DAFZERER ) ot =
nTna,

B-6 \ZdbifpiE DT 7 7 7 ABIMLE 2R, TR
5 OIE 1977 4F~1995 EDF 0 7 7 AT —H L RGT
DBIT— 5 ZARMT U TR (57 INBC LI
DIEJd S L KO EEZE : mm/4F) (TIEDE

Qi DYENME ) 27~ C. ARG (BEHA.
Wit & AR—> 7iEnE @0 O Ry RIZAD
il GemomE ) 2R 2 eafE L Tnd, £
7o KD 191X 1970 H~2004 4ED 35 453D )T 7
7 AT —Z G AT U, A BIIHLE (IEEE CIIRg,
BN TR TR A U7 PR I I I
7RI - WAMERN IR DN E AR LTV D, fH]
WS DT AAMERARH IS T 20 LERTHEDOESIHT-
LBUNM TN, 230, KERERNT T 7 7 27 —4

AufpE ik, B, W) 2 MV ThoRAzREED
PAEZR AR 23R, BAA, T 25 6D 7225 < DB
S TR FE I A I 28 D Z L 2R LT
WD, TS 9%, 1970 4E~2013 420K, W, 5
N BT T T 7 AT 2w T L, A HLE O
KAEFEEITEIMEANCH D Z EE2R LT D, I

]

FEFTH B

FEINK

Googleearth
3

-6 JdWfEEDT T 7 7 ABHARLE

-7 ERESHRER O 2R Dk (ERERRTER
/NSRRI

5 N3 1970 FFLBEOIREICIT 5T 7 7 A (B
He, FRREETHE, MINEG BOIRE, IEE. HEH o7
— X EfRAT L, T, ORI 3m B E
DOEEOHBIERSEIMEACH D Z & £i2, &lsE
V2 L CHE I 5 AS 2 IR 0D HH B S H e
MZHDZ LE2RLTND,

DB A S92 BRO ARSI m N B D b D
D, BHEDOHFIEREROZ < A, AHERFRBVT, &
BORANBENMERICH D Z L 2R L TWD, 72721,
BRSO L TD L 91, 191 LTI
1990 AELART & 0 & EERIRDLUCI01T D IR O ETFIR
DB KE S UESNIZZ END, T ORI
TR R 52 WD AREMER S 5, Fiz, BEITHEIR
OB E R ST D54, BIlHLE 225 L
= AN IREFEOZ L E L TER TV D ATREME D
Bb, LIZBoT, Sk, TU 77 AT =2 %N T
BARDO BV LARET DEACIE. S b OEAEE
BN T — 2 TN EE L N R D,



1 EATEME - 1BIR1E L TE KK EITH T B KRR M ORR

B-8 IS K VBT B3 olaiii R L i (a5
R AR

"g(-'l-Tf : =9 _— |
B9 T & IR ER O REE W LAk (T
ZEHT, 2014 4% 12 A 4 B, AWHERRSSREEEReE

RS BIEETED

4. HRIZ&5EREROBEERERRIZONT
CHEECIE, MHECE L7-ER (MEER) DR
5K 720 km (2 M55, TERE & TR & DOFRREDSTY X
Tl BESERKEOE B B2 TN E
FIZETREEL (®@—728), KX, REDHKE
& HIT BT ENERITHTD E23 S (B—8 &

W), F7o. mEDERITER VIR U2 281280,

R SRR O IEREACAI S 1 O AR MR B S T
FEORERIZE S T-RHI b HE ST D (B—9 2,
ACHEEDHHEFER T, EHASHER S AUy, JER
AMEILZHNEDN A > T T2, REAERE STV
ROXHED DD, ZD & D 75 ARRRE DK T,
MHHREOHEITITH, ElERICENET 5 & 912
720 EROBEPIRE SRESHEEFILEESh
TV (E—-102H),

FERAYZRRRZA LI O HEHEIRALO_EF-S0H i O
M CTsra, BUELY E S DIXET, LY R&
IR DI 2 ATHEMED N 8 B, MBI IERE OB
U 27 ziHilfid 2 72 IZI3, HEFIER OB

B-10 EiRIC X R EROEMERE SRR G
Wi, ACEERR R HEN BT AD

i Google Eart

B 1971 42016 4RIl PRI Thi /i itins

IR ERRFE FnEREHERRRD » DL S EhER T
FIE L 0 7R

Bl 52 ENEE L VR D, 2T EER
WA REPHE FREIRHERRR (LUT, BRSSRiEEHERT
) Mot Uz EREE TG R (1971 48 H~
2016 4F-8 H) & BRI RnEREHERFIN Xt L T T o 72 i@l
VAZIZBET 57 v — MERE b LI, MEEKO
Bl LS AT 5, 7235, ik ) A7 2B
L7 — NI, W E TITEE - TR, fx
VT, Jan7= 0 A3 LR TN D HiS D[R - L
7=

RX-11 13 1971 4F 8 A~2016 4F 8 H O EH<m
W X > T TRBIVE S22 R LD, Zh
FCHEATHIBIA TN RERO Y b, & IT#fT
1EDOBAFERZ\NDIL, BT~ U 36 KO8
LI~ OZEREIHE 238 5 X [HCdo 2, 12
~E-14 (R X DIT, ST A E S XTI, E
HEEO#FEZ N LU TRBEEL TN ENZN, 20
£ 9 7RUEERS CIE, @SR A oA T
FASER % BIETAIREMEA BT, BRSCIEEIED
TERIRF B TR S D T e, 7eks, Ak
2 W DUFRERI Y 0 SE - T2 D FIChLES 5 2



1 EATEME - 1BIR1E L TE KK EITH T B KRR M ORR

B-12 et
AR, CER b AR, TR AR

# : S N

K14 CHREHE AR SNERER (EE 336 B, T
U, FEI AR

EMB\NTZD, ERITINZ T, o TR, SHY
R DHER Y A7 D@, FDT, EHEHR O
FEEETIE, TR, bSO AD RS, @
TTHHBIHI 45 KD R4 12 LT b,

b U RIOERE DRERE DN LW XKEIZISV T, Ml
(Z LD THII A2 S 0IE, IR (Ek T e
v 7)) ORESHEREOR EFHECLY | BEOTH
i SO E AR O TUERS L, WOFH T E
SR Bl T O, VR AR D72 DT, T
T.ORBCIR, Kb, Fiam, HE TR0 &
KIMDOPEHE R & 26K DIST A— RN 7 LT

Szl (EhE 231 =, S

X-13 A R S ER (EhE 229 B, \FE
MTRERT, eI ARITZCRTHREY)

B-15 BN Y —Rx— NMUOBEL A (EhE 336
B ISR EMERERRT, FEH T ARIEIHRY)

B-16 SR DA DI ER O (RIS
WY, FEHIEARTIETHRY)

17 @RI X 0 ERICAMEEEE T BN STk (B
T, AL ERRR R R R

35T, {HIE TORREHE RO LT 2 Batd 2B8
& BT A= OFEAERE LT KIRIBREZT

ZEIZ o T AT RiFR SOH ED R N & e DT
EARET DEN DD, Fio, SR CITHE
BHECH DT80, D AR LTCEOEE (T, (8]
P, W) KN EFH (Wavesetup) 72 & DR 2%
(ZRHI L C, R HSOR R KA 2 TR E T D BN B D,
728, TR ORISR 7= OIS TR H
LWXFEICIE, B-15 (R g & 5 7B Ao S i
INTWD, EREHEAT OV EER Tl R BlUChE LT,
T ITAF 7 DR THEE 7 7 ADMNEEMEE AT



1 BE7EME - iRk L TEKKEITH S S0 Kbk /et T DB FE

2005 iz

%Miﬂﬁ:'

.-Q -;.-pr i
. -

B-18  BARIC & 18R FRIEOREORS REERRRE
WY, [EhHE 334 5, ALHREDHFE RERHERRGEID

HBARY J1—Rp—
SNDHT EMB,
SR SHTAS LS LAY D T2\ T2 h | B
U5 XD D Z LDV bavs, —J5, ik
TH 7 DNERIE SAUTCD D XTI, IRIRDFZBAC K
DIRAIZT Ty 7L - BELL T LS LTo
BERENME T L QW BEBAR S D70, Wil 71 v 7 d
KIS RE 2 E=F Vo F 5 Z ENEE LN
2.5

B-16, B-17 1A E T 2 & 75T O
WEFER AR LT D, B-12~[-14 TR L7 S
OB & B2 V) | ORI TN AN > T
W5, HEFEORTHICERH DA, ORI L > T
ORI VHERE T DB 055, ED LD 724k
PUZRBWTC, @K 5 & B8 IctRLizd D
(. EEASER A X DERICKEDUIK & & I
VAT EDTH 3D, REZRFEAN R TH S E
f%ht%AAﬁﬁ%%E%:k%ﬁwi%&fﬁm
NWRHHTD, EEOKENTHEIND EX1TF, F
m_@@ﬁ%ﬁﬁ%ﬁiﬁé_&#ﬁgszéoi
7o WASE B DA, KE 2R HUKRH A N
T 5 2 LB DT, HKEICITRER A
WA L TUVRUVIDERT 5 EDNEREE VR D,
S ORI RPN RS DU ERE T, IR
B ATHROZIR) I Lo TEBHEK D U 27 3@ % 5,

MM DAV R IR S R

WHEDRBIIR AT T2 Z 3% <, F£70, E

B S RE PR DR DT BRI L DR Y
AT PEESTND I LIZERDOXIT, FDTd,
AT IR 2 T DY a2 S BT B BRI
WSS EfE L C. TOIRODIREE, & <IZITH
DFEOZE AR D Z L NEE LN Z D,

B-18 IR EARRIENT O &R yATABEAAI D & ELE
334 5 CGHUIRERE) ToORMEZHRE LI2bDThH D,
¥, T OFEIIBF AR O L T To 7T
Vh— b EEETITTIESTORVS, folr, dH
= 0 D3R &R C T DI ORIE AR Dlalg &
LTRSS D TH D, 2005 Fi S FH
LD L2011 FEOBECIL, TEH FORHED—
AN TR ARG T D 2 N TE D, ZORWT
13 UTED ST D AR IR S DD, R
VR UAERT 5 & AR ORI S HIHER LT
B OERMER R E D, 22 TRLEFHIO L S
(2, BRIC L D8R TRIEDREIIA B I Z T D
BT CRx (T T3 D 2 L b, RO END Z &0
2\, Fio, L WRICE > THANELS 720 | H
BERTeE ML LD & BROABIRLT M
&Ko TRIADEIILST < 72 5 D THEEDLETH
2o

RN X DS Y A 7 (T e R 2= D
BRI BT THHLIRORER R, H 7 v > 7 DT -
BrEL7 & HIEORSEOIREEIC L > TH (LT 5,
L7ehio T, ZNHOREBESHE=F2 U 7 LT
T LM FERAYRENE - S L9 Y 27 DfR
zD72R % Lz B,

5. =il - BARTE SR TLIZONT

%@W@ (2 K DI~ ORBOEIS R 2t
Yol tel s O =125 5 e T NNV S S 0 R ST
TH%% EDOREEERNNT 2 RAES 50BN B 5,
LU 5, Rk 27 42 7 AlcARSn: TEhiz:
AAEERIRERRDOFR & Ver.1.00 (BHKEA. [H
TA5EE) 0] AT, =iFEslE) Koe. ml i
it EASEOI I B9 2 KRB ORFFE S A 31T
HEATND HOO, BIBFHIZBW TR, R ETH
D AFEINEZAE D Z Lo h | KUFEEENC X DRl il
OFEREZEBIZHIATZ EIFHE LW E STV 5D, £
ZT, mEES & T MG AR ET DR D8
L LT, IEOFEAEE L, B ERF R
BIEZ AR E U, WINARZED R & 725 X5 Bk
AT T D2 EAvRENT-, F7-, dbifmE, st



1 BEFEE - Wik L TEKKF ISR T S KRR BT DR

75, ALk DS ARKIEIZ K D Eifice R LD
LD B RE RN RZADBI S TN D 2 Eh
O, IRKUEIC L 2m b BET 2MENHD & ST
W5,

FLINFHET— LTI, KRIEEEOFEEZZE L
AEEDIR S AT 2720, T | X 45%
(T - RS AT A OREE A D TN D, 20D
BEO, @l - mEEHE S AT AOBE L 2014 4 12
FNSEHH % U7 il e D IRGUE (i
IREUE) (kD milk - mil o BRSOV TR
Do
5.1 ﬁﬁ-ﬁﬁ%ﬁbx%A@ﬁ;

X-19 (ZEigRE A B = X DO 27~ (i
FHl& 4 R=YHORESBIER)., mgliTsEse
IRKEDEBI A E A EHT 285 THY | B
(2, RUEDIK FIC L 2MmO LR (O BT &
SRIEOIR E TN L DM O B (REFELRY) 12

BREAORES A

FiRIZ& B Wave setup
K LR

RIZ&PREFE

Kez £

|\\ 30

e

TR A T = R LR

mR- B EY AT L

BELRADRE - B
~~

BRETIL (Myersz)
KEKETIL(WRF)
hvd

| SE-BSOEEN T

BRI - BKEE FoREHE [\
ERETIL BREEETIL
(D-Flow FM) (WW3, SWAN)

Pz | >
DEljD FLOW
i
X-20 & - EORHE 7 n—X]
Ko TELD, Tz, E#IETHEITIL, RIS
Ko TERLRAET D, FOR, &R CIL, iR

BRI L TR R 0 b SR DZKAZS B

5D = OBIT Wave setup & FEEIL, IRIEARD

(e, W) OUHEARL P38\ T EHNd 5, &
JFE & Tl SR R ONRKEH R 21T 5 BRI
Wave setup HEET D Z ML INTND,

ZD X @ ORAEA T = XL E 2T, AG
AT AT, B20 (R Lo e, OFUE - 15
OHERL, @PHREOHERL, QiR & ONRAGHED
3OOFHEEATH, T, KRR AT O BRCHER
ENDHET IUDOWTIIAT 5,

511 RE - EBOHE

KT - BIGORHE T, Myers OFRUZ X 588501095
JRETVETETT AV I REHFERTE > % — (NCAR)
ERODCHBE SN A —T = ADKRET IV
Weather Research and Forecast (WRF) %9 %,

Myers DOFUTE D TUES 4 FLEHIE KSR CHEE

a)
| Gl Y\ |
domain1 (WRF, WW3 ﬁ%x V
" P r
A NN
F= domain2 (WRF, WW3)
0 / &fvﬁ
40 7 4 _Jﬂ
H 2
% -
4 , 7
30" =T
’} y"‘

/1A
/ domain3 (WRF, SWAN)
45° ‘ o O\ —
/ domain4 (D-Flow H\i SWAN)
7
40° = " in |
135° 140° 145°

X-21 FH&EREg
TEDH T EDNHLITND P2, JRIGOHERIE Myers

DX THELNAES RO GRS, =
VAV T, EOADHDSNEVA) 12 TID, &



1 BEFEE - Wik L TEKKF ST S KRR BT DR

SICHBOBENREE & b Ol ZE4 5 2
LIZ Lo TRDBHILD, Myers DRUZ L DRIE - AT
OHEFIFIEDFMCHOWTI, ElFg| & 36 L Oy
A NP LESBINIZ,

KREFET LV WRE IEEIRDZE A — L AT DIE
OIS FET A TH Y, fd, TLf. EE,
HRAEIZEET D BB OWELET L &R DT —F
FUbS AT LEFIHTH 2 L3 T& 5 B, WRF (35
+ m~T km OKEGEGORBEICHEA T 5 2 L 23 ATRE
ThH Y, AR EORFHIZLEDL, BENOBEHEL, 7
R, B, WHEET ARBRET VDN & LT
BRRNRORE « BOGOHER 2 & KGR AW D fkx 72
DI CEH STV,

EITFS | & Tk, &UE - JEUGOHERLZ Myers DA
WD Z LAl LD, Myers DA V=
e, MG &t - BGA RO DL ZENTED
728, EEIES|E TOREN TS LT, WhiRA
BR &5 X HBBRORB AR ET DA L,
r—AINBNGEIAR] 72D, 5, Myers DRAT
VX, e RE FHTO R OB A R 5 b
INTEIRN20, DO ELZERTHEAIL. &
€7V WRF ZiHd 25 2 E0NaRE7e D, FERT
FE T — L CHEEE L QO Dl - SRR S AT AT
L ST E TR, RUE - RISOHERIZ Myers D
AZWEHT 52 L &2HAL L, Myers OFUTIIFEHL
TFRNOREEEAMERY & Jr 7= 355121F WRF %5
T2,

512 KBEOHH

BAREDOHER D 5 B BREROFHRTIL, 7 AU D
WEEREUR) (NOAA) & [ENTEREE Tz o & — (NCEP)
DI CHRFRE &7 WAVEWATCH T (WW3)2% A
ML, EEROHE L, A7 0% - 77 hTRER
P OB S47c Simulating Waves Nearshore (SWAN)
T 5, WW3, SWAN & bicA—70 ) —2AD
ETILTHD,

TRIEROPGRHER T, fEk, WAMDI 27/L—71Z
Ko THFE ST AY VR K B85 3 HROBHR
HERET /L WAM 73% < O[E % CHEAERIZHEH ST
72, WAM O EARIT I —1 v St o ¥
—IZE S TAB STV, ITHIA SN TES
P E VAT RO AR A TIREE RIS
BHD, —H. WAM Z~—2Z & LT NOAA THF Sh
72 WW3 X, V—RAa— ROAFNEL TR
NBASNTWD T, ITAE, BORHERICEH Sn o5
BIDMEZ TND, $RS X WW3 & WAM OHERE

®2 R
ETIN RHE BERE
WRF IKFESFERE domainl: 30kmx30km
881 domain2: 10kmx10km
domain3: 5kmx5km
[B# 288
dt Domain1: 180s
Domain2: 60s
Domain3: 30s
Lyt WSM 3-class simple ice scheme
P il Dudhia
RIRRET RRTM scheme
R Revised MM5 Monin-Obkhov
KEIESR YSU Scheme
HbaRME Unified Noah land surface model
==y Kain-Fritsch
#MHETIL NA
itz - £ USGS GTOPO30
FA
Nesting One-way
WW3 IKFESHERE  Domainl: 30kmx30km
(.16) Domain2: 10kmx10km
HRSERE 36
BBk 30 5% (0.04~1.1Hz)
Dt Domain1: 1800s. 900s. 900s.15s.
Domain2: 600s. 300s. 300s. 15s.
#fzT—4  ETOPO5
SWAN KFEHFERE Domain3:5kmx5km
(41.20) Domain4:1kmx1km
HESfEE 36
[Ehie 30 3% (0.04~1.0Hz)
Dt Domain3: 300s
Domain4: 60s
RT—4%  GEBCO
D-FLOW | kF5f#8E  Domain4’ Tkmx1km
™M
&% 1
Dt 5s
BEFEER  500mYs
-
BEERKR  EEOm/s 0.00063
# [ 35m/s:0.0065

JEGE 0~35m/s : #RZEMN
JEGE 35m/s LA E: 0.0065



1 EATEME - 1BIR1E L TE KK EITH T B KRR M ORR

RaTF U7 7 X GPS RGO FIIREHOBHRE &
Mg L, WA L<EBL QD e &5
(20 D RV PEEROFEHRMICE LTI WW3 OIEH 28
BENTWDZ L E2HE LTS, £72, WW3 TR,
KU 256t 52 & LT-FRe 7 L AR % = & 3]
RECH DT, AFRITHOKIMHAET DA FR—Y 71D
WRHEEICE L= B 7L e WVWr 5, LD Z & A HsE
2 C. VRIEROBRHEA Tl WW3 A L7z,

SWAN & WAM #~—2 & Uik~ c =
HEINCHEINE-EFLTHY | BAIRIC L 5T
FUX—Hoft, 3 FHEAR BRI L B R o=
RVX—HRE R ENBEINTWD, £z, WW3 T
R SRR ARSI L LCEOEERIMTS
T EINTE DI, VI D EIEE E TR
HEATH Z LN TE D, SWAN TiE, Wavesetup DZE
M3t R TX 5725, SWAN TiHH4172 Wave
setup DI % EFHERL X ONROKGHL OSSR & LT
H.z5,
513 EEHEERUKEE

FEHER R ONRKGHR Gl AT 4 - 07 bk
FLHFZEAT CBH3& & 7172 Delft3D Flexible Mesh Suite
(Delft3d FM Suite, PifR) A H 32, BIFE, $A-— b
MIEEL TODEHRE T L T0D3, Y—Ra—
RN, BRI 3D Y — A a— K%
FHTE 54— V=BT HFETH 5,
Delfi3D FM Suite (Z(3, EZ RS 5EY 2—/L

(D-Flow FM) , RS A #HH T 2E Y 22—/ (D-
Waves) . I EE=iHHE T HEY =2 — /1 (D-
Morphology) . KEZEFHH T 5EY 22—/ (D-Water

Quality) . KT AT L& =L hn—LFHEY 2—
/b (D-Real Time Control) 238 £ T 5, ZHHD 9
. EHER K ONZ/KEH A CIE D-Flow FM {4
%, D-Flow FM T3, Ba5aefth & L CAUE, JaL, L,
Wave setup % 5-2 T, VK COBREEER OBt A EE
U 7= FER R BRI & > TR OV
MMTbDd, 728, D-Waves (/' —A=— K% SWAN
EL[El—) & D-Flow FM % Coupling LC, # * JitdLd
FRERZBET D Z Lick v, FEEOBISITITNS
P CRmHER R NG R AT ) Z & b ATRECTH 2,
5. 2 RHEKEDEBICHEHSEK - ESHOBHRHE

B - BRI AT A OMERE L AR S T
D, 2014 4F 12 HISE R, 230 U 7 @i+
P9 B - B FBIG R A 40 L7z, Z IR
JEIZ X ARSIz oL, BBA D 2% Saruwatari
et al D TEHHZHME SN TWA DT, b DO
BEINE, 2. ZOEBICOWTIL £< O
BRSNS HRE STV D BlzE, eas ),
Brickeretal ), B D 39), AFHHE TIL, 2D OITHK
EBEIGHREBE, A vy at AR FA LAT T
LOFRMARRTE LT, 7ok, BB I, BKGHRZ
1T 9 UEfi DL > QU T2, s (GRARINT &
RICHNL & D7) OFFERERE THRET 5,
5.2.1 EEEH

BO-21 |ZEVEmER, R2 ICHESMEZ RS, &L -
JESGOHERLTIE Myers OXOBEAZ AL LD
IS AFFECIET A hr—2 & LCWRF Zif Lz,
WRF OFtHH AT Domain3 % C& L, Domaind D%
JE + EWE Domain3 OfEZALH L7z, WRF IZ5-2%

¢)12A17H38
-

d) 12 17H98%
R A0

hPa
1030
1020
1010
1000

990

980
970
960
950
940
930

FERRKUEREF O RG] (BB & WRFIZXDKUE « BGORRER R (TEY)

-10-



1 BEFEE - Wik L TEKKF ISR T S KRR BT DR

KEDYG & BERSMZIT NCEP 232k LT\ 5
Final Operational Global Analysis data (FNL) 7 —# %
Wz, RS OHER TlX, WRF Tt Sivi-if b
10m OEGEG SRS E LTH 272, Domainl &
Domain2 ¢ WW3 %ZffH L, Domain3 & Domaind C
IZ SWAN Z{#FH L7=, WW3 & SWAN (D35 A—X
137 7 4V MlEZEH Uiz, @HERIEX Domaind C
1TV, WRE 22 BBV EUE - JBG & SWAN 22515
HALTE Wave setup, Wi 7—4 & LC TPXO7.2°0 T
SN T — 4 ZEifi 4t & LTH-2 72, Domainl
~Domain3 OFFEMIMIL 12 4 1 B~12 A 31 H,
Domaind OFHFMIFEIX 12 H 14 A~12 A 18 HE L
77

52.2 HERER

B0-22 | SR BERIRE 2014 4F 12 H 16 H~17
H) DRG] (—HEUETEN BARR A — L —
< hitp://www.tenki. 2 V) & WRF 2> EHR L 7RIS
JEEHEE 10m JBUEZ R~ RS, HAMEE A
INFEROIRKUED, ENENRE LN S HEL TV
DA D, FTo, ZOXERLENT WRF & H—
g5, Ioic, IRERICE LT RKUE (EHYK
RE) OFLEITEE, BI8EF 960hPa FEEIZ F CIK
TLTWS (E-22d),

23 ([ARETOT A X A @A) & WRF GHE
i) S4BT EE & KUEDEERS %759 (WRF O
SUEITMFHRRUE) ., WRF G IBHANE X 0 & 24
ICEWVMEZ R LTS, —J7, RUEICOW T, KT

PRSI 3 2 R CRH R A NI N 2 7k 3
PIS, T LD, JESGO BN RN i
ENTNDHOD, KIEOEFEIAIEZ IEFIC L <
BFTE QW20 ATl Z OFFRE R,

a)

s E — PALARE@RRHE) 18T R:2.51 (mss)
- — WRF(HEE) RMS: 4.63 (m/s)
T 2 tHB:0.31
@ 15
B 10 f
5
o il AT, L R AT
12/1 12/s  12/9  12/13  12/17  12/21 12/25  12/29
b)
1040 £
1020 |
ol
£ 1000 £
E 980 F ISAF R -1.56 (wpa)
960 F — TAYRIRE () RMS: 3.33 (hpa)
S E — WRF(HITE) #F3:0.96

12/1  12/5  12/9  12/13  12/17 12/21 12/25 12/29

B-23 RIS 7 A XA @BEANE) & WRF GHEAE) 7>
DFF DIV & KUEDIERY] (WRF O 5UE 3 <UE)

EHER OBRS L L ThHx D Z LT Lz,

B0-24 |2 WW3 2B EHREE 222 &[RRI %
Wi, R, AREOZEM AR, KT
FEFETPE, T & SRR SAN R 0> B BALD FU5
RAARMETEL 725 Z LoD, ALHHERE T,
17 BIZRPTHZR S & SRR B VR R~
OISR TE S (K-24d),

25 | EEEEREGREEE (Y77 R) ©

d) 12 H17H98%

012 3 45 6 7 8 910 11

E-24 WW3 TRIRSN/-AZEEm & EEmE (BB AR (FEY)

_11_



1 BE7EME - iRk L TEKKEITH S S0 Kbk /et T DB FE

HlEE CRIA SN - A m & SWAN TR S=7
7 7 7 AHIE & RS OF S & AEAEE R
3 AR O R TSR DI KE A 2. 5 %
CEIINEZ m\ RS CTHELL TV A3 IRKUElmimis
OPEMME NI DR IRk Lo TN, &
7o A FEIOF R TR 3 TREIMEDOR
BV DO ARSEOTEIRRE D it R ClEE]

a)

12/15 12/18

7
6 £ T FTIITREIEEME)
T 5 E— SwaN(RHEE)
{FE; 4 ;1(472:0.47(.")
B 3 | RMS:0.76(m)
# , [ HAR004
T 5
1 F
P o A s o —— <SR
12/14 12/15 12/16 12/17 12/18
12 b)
10 | T TU7RAME @A)
I~ F —— SWAN(HH{#)
= 8 [
= E
m 6
w4 r INAFR:0.06)
T , ¢ RMS: 0.90 (5)
F il R 094
12/14

B-25 J U7 7 ASE BHANE) & SWAN GHAE) 726455

AN & RO

T 2\ VS CRBLL T 5, BLEHECIE, WW3,

SWAN & HIZT 74V hO/RT A=K ZfEH LT

D, Stk %< O - @i 2 S ORBEHE

Zil U CRE /N T A—FERETHZ LIZLY, H

ﬁ@ﬂﬁiék%zgm501t\mmmﬂ®%%f
gwﬁﬁ%%@Utfyv;%4f%mmxmn

LE)’%H/E L7275, Wave setup ZF5EE B < FHld 5720

WX, VMR A v 2 THET ANEND D,

&-26 |Z D-Flow FM Tt & 7-B-22 &[RRI D
BTV N Ao I & LAV R R 773 A N & SV 2T VAN
FH UL ARKIEO L) MRER TR A i D BRI K
NDRR E 2 DRI ERENTND, F2, %ﬂ:
X DWHE O BT & sREIC L AR & TR
ST, &LIT, BRI TG E DELAE 8T
Do

B-27 |ARSHE DI DG ST iz &
[Fl—HiLEC D-Flow FM 7> H45 B L7 miiiiiz= 23,
¥, mEiRAE S . SRR GG /B R3C
W& G WA T 5, FHRAECIRRINLA NI 5
#éﬁﬁm@ﬁﬁ%%Lm¥ﬁ¢6%®® v—7i%

TIFBRNE L B LTIV . BAEIINT)2 D &L
‘fé?a‘:?%%hf:}: WR D,

5. 3 F&&

-1.0 0 1.0 20

X-26 D-Flow FM TEH &7 A E i@ WA KT

3.0 (m)

2

— #AlE
— HEE

[

18R8:0.96

BRE (m)

<1
12/14

12/17

12/15 12/16 12/18

®-27 AREEHEEOIAET & D-Flow FM 7> 545 v/ i
TRAEDRERS |

2018 VLR « mEIEHE S AT L& VT 2014
12 AIE B & KR U 7B RN, © it -
EROFBIGHR AT o 7o, JBSGOA F . A,
I OFFEIMEIZRE L OO %D 0D, §HRE Y
AT DEEEOYIIBPE & U I B2 NG SN
ML TN,

BERETIVZ&ZBRAE

%*Ltii: TS & T, AMIERET S

5. RO FREZEE L, B ERE R B GE
%%$&L\@uﬁiﬁwk&&6ioﬁﬁ@ﬁ%%
BRETDHEINTND, BRIZLDER - EEHREIC
FAWDLEUE « JAGOHERIZ X, Myers DU L 20805
FIBEET VAL WV HILDH 339 9090 kg
JERLBC, ZOETVEEM L2, £ 2T
Z 2T 2017 A 9 AlCAGHREPE R A L7 AR
18 5 (-28a,b) %m_\mﬂ%Tw@ﬂ%ﬁaﬁﬁ
ETNVEHWTEROBFEFAEZI T2, &I
JRDORIEAE TN L DIIRDA /37 " RDHT-0I2
B GERRES & BRI & o & B O A 1T -

_12_



1 BEFEE - Wik L TEKKF ST S KRR BT DR

el

60°

Ll

Domain

=

50" v~

40" =

Domamz
y;
A g 8

46

44°

30° e F

20°

10°

Case 1

Case 2

o
CTL run Case3
ase Case 5

=28

131 144° 146°

BIE 18 FOREE & fcwl/iaf,jz

@(IAM 18 SOREEER L(ac), @1T 7 7 ADNIEA R () PREDBUIFLHATIC I B I (Case 1-5)DOIEZ T (bo),

= (E-28be),
6. 1 KT - R5 - KROHERE
KT - BIGESHI121E, Myers OFRUZ K 5885005
JRET VEIFM T, Weather Research and Forecast (WRF)
Wip EORGEET ML DML BEFOREE - FRT
Tagy KR Wi ORIHNEZ HD, BEO
PRSI K DI TR AAT o Yo, 184 2 DO
%, Bl B OREEDVE U5 7o D INEECH 5,
— . BIRET UTHEIR S B R ORIE 2285 C
X D728, AERFCIXREET VAV,
SIEGOHEEIZIE, ()R Myers DA V=,

P(r) =P, + 4P exp (- %’) 1)
Z 2T POXEBRALSOMEEE ¢ 728D

RUE, PAFERALORIE, AP ITEROHLVRE (B
JEJEIS)E 1013hPa & FULYEEE D7) | ro R

W TH D, BJE 18 FOHLIMIE & FulvsUTi
X O%® T D web H A f\

(https://www.data.jma.go.jp/fcd/yoho/typhoon/route_map/in
dexhtml)2HEUG U7c, HRIBUEARE, [ g
SRIRARFFEAT CHIRE SN HIE IZL VBT LD
(ZIRTE LTz, Pe® 950hPa LA F DA,

1o =80 — 0.769(950 — P.) (2)

P.75 950hPa LA LG, RQNZ L > TR B D,
7, = 80 + 1.633(P, — 950) (3)

gL 10m OEEE, FEREU,, (r) & BIROBE)
(D JRGHU, () OFnE LTE 2D, BUERU, ()13

Myers OXIEGMAEARET D &, R TREND,

APr, o

Ugr(r) = _7f+\](7'2f) E;exp (?) 4)

ZIT FFA VA VRS (R2 wsing, o HEREED
3R FE=729x10° rad/s, & FEEE) | . ITKEEE
(=1.22kg/m’) TH 5,

BIRDOBENAE D JBE Uy (r) 13, BEEEU, (1)
& BROBEHEE VAZHAIT 2 b D S RGE LT, K
KORDDZENTED,

Uy (r) = %V 5)

K@), (5) &Y ROTAFALIEU - (r) & BIEDOFEE)
(D JIHU, - (r) 12, ARRKTOMAR LTV D,
LU, BRET MW DJRIE, — A B
10m DOJEGEDS N BID T80, 2 6 OJEGE JfF D
RN & B R F OB A ZE T A VN5 D, £
7= AR, (r) OEANE, B BRSO GRED

SRR OBERR TN A~ THRIED FFLMANS 3007 [H]
LTW%, LLEDZ i, #E L 10m OFERO HPE

AU BERSUS, 1 3R(6). (D& v EHish D,

e ©

. 1 (Y1 = Yo
Uy, = C,Ug,sin {tan 1 (x1 — xo) + ?} @)

Ugr = C1Ugcos {tan (

T 2T xi(p)IH TR ORREE () A ER L. xo
oWV ZBE LR () AR 2 kT2, (KR
B, LRIORTHE -l Yo b oz Lz,

_13_



1 BEFEE - Wik L TEKKF ST S KRR BT DR

1
C; = Cy(0) + [Cl(Xp) - C1(°°)] (X_>
P

: exp{(l - %) [1 - (}%)k } )

ZIT X=rn, X=12, k=25, CGi(®@)=23. C
X)=12Th 2,

[RIRELZ. 1 1= 10m OB BOBBN A S EUHD B
AU BV O, 10)RE Y RDDH ZERT
&5,

Uiy = CUgscos(8,)  (9)
U}, = CUys sin(6,) (10)

Z 2T AR G U3 0.65 & EfEAE 527, 60T
BEE T OGN Z T,

P bz b, L 10m OBGEEOHEFERKU, .
FAALR 3V, o1

Uy = Ug + U5 (A1)
Vie = Ug, + U} (12)

LIRTZENTE S,

BHROFEIZIE, 7 AV ERER (NOAA) &
ENEREE T > % — (NCEP) DO/ chis¢shni-
WAVEWATCH T (WW3) # i L7-, K-28ab |
AR, -3 IRHRSFA T, WW3 /3T A—
HXT 7 4V MEEH LT, 3H8IE. EEORRR
Ha W —2 (CLTun) & LA 1°RERE T
BRI TRRE) S - 77— A (Case 1~5) Dt 6
Y= T o7 (B28be) . ZHSETOHFH
%2017 459 A 17 H 21 B~22 H 21 B CH 5,

=3 WW3 OFELE

WW3 | KFEHEEE  Domainl: 0.3°%0.3°
(5.16) Domain2: 0.05 ° % 0.05 °
KA fERE 36
FERE 30 5%l (0.04~1.1Hz)
Dt Domain1: 1800s. 900s. 900s.15s.
Domain2: 300s. 150s. 150s. 15s.
Rz 7T—2  GEBCO

Fio, BUEET VORRAETHRT 572012, HIE,
B EINERL R ARREETED 5 MR o
D77 A (EEREBIE AR OBEHE 20 53
b)) 2 L7z (E-28¢) .

_14_

6. 2 EHER

B0-29 (ZHIFE - 5+ E/ B BRI - AFREETRIC RS
JAHFT Ty A @HE) & CTL-ran GHEAE) 7515
DIV AN A ZEEA T, AR - AL
HIZ, BHE A AR X 0 RO TR E R
iz~ L, FHRIES FEROMERS RO 5, A3
OFFFEIE, 2 TOHIZIV N CEFaF S DT
MCdHD, —H, B =7 RROBIIEOR S, &/
THEKGHET 2 H OO, MORSITERNE E —E LT
W5, Fio, AFRFAMICEWCHRBEEIIHRER R
W NI L, BHNEA L < HELITETWD,

(a)

10—

ERETIL Sigs R
R F0I7R i -
a HIME —
B —

RIFEHE

(m)

EE

!
0920

! !
0919 0920 09/21
12:00. 00:00. 12:00. 00:00.

1wl EHETIL
BRSO TFR

AEREH(s)

!
09/20
12:00.

!
0920
00:00.

!
0919
12:00.

!
0919
00:00.

!
09/18
12:00.

!
09/18
00:00.

09/21
00:00.

B-29 Jv7rA (@BUHfE) & CTLun GHRE) o

A Ei(a) & AFBIE ) ORRS

&-30 (2 CLT-run 2> HHER S AGHEETR ISR
T DB RARNE & AR~ ARSI
JEEERS R OIAEIPE T Sm 7 E L EOfEE R LT
WD ZEDND (B30a), Fio, AFEBEEH G A0E
TEFEET 128 FIEEORE ez r LT\ 5  (B-30b),

Z 2T CLTun MBIFEORRZHEL TW\5 &
L. BEORIKIC L 2 HENS - Ao ba /-,
FIEEEE DN FBROREEE D 1 ~2 *PFAIHEE) LIZ5A,
JEEEVS = C, ARSI CLTrun O 2 f5~ 2l b



1 BEFEE - Wik L TEKKF ST S KRR BT DR

(2 b23% (R-31ab), AT D\ AR E < B2 D 2 ED3D,

10 \m\\"a

=
=)

6. 3 F&o

2014 = 12 AIZAREEPERICORE L 75/ 18 512
D B OFBIERZ . BRET /L EBIRET VA
WCRA T, EBIZ, TOERORIKELI L2 &
DIEFIREAT -T2, FBEIRIZOWT, BT ADD
HER U7, SR 2 b ORI 2 P B L
TV, EEEFBROMERN G BRI EE b
O HAHA i8035 7, AHEERT RO A % 18

. E:%éﬁ‘i

2. BT BN Lo T, BRI RO R (E)
e _ 132 (15) fEAEBB(ET 2 2 Lotz Zhu
" i EEIEDIRE T, FREIGE Y 22 O, ik
ARET D L CHRICEE THD 2 L AR LT,
SH%IE, AERORERA~— R, EIEICE L
BHRET /L Cd % Simulating Waves Nearshore (SWAN)
VEHWTE 2D Bt Z XY | ST T L
(Delfi3D) 12 & 2 EME A 1T 5, EIAEC
FREICER LCOAR, dREOSE, (RKUFIC X
EﬂOiﬁ%@%@ﬁﬁ%ﬁf&%?ﬁ%ﬁﬁ% % E TR X D & 0 b K& AR e
ODFKIE (17— L/ 3—=D@ &) FRAE: CLTun O i BT L EAIELC E B -
st BRGLT hcrsmont

HDHDREEFIR T > T8, BIADHET 1A, BH)
B, HULSUE, B & W o Te D B & 5 AT

—J, BIEDY 1 ~3 HIIBE LA, hmE s ra g
FESERBAT O,

T AREED EHPRONS (B3lede), ATENEIE
I FEEOMERA A 53, CLTrun & H_T 15 (552
FEOBARRLNE (K-32), UbEDZ Enb, HE
FRIED 13T DI K » T, ABED SRS E Y

i v
lm] il b = S
S \A\ A

T
15 2.0

E-31 ISR & K IBRCIT DA REE ORAED. (Casel~5/CTL-un) .
Domain2 Ol ZBsE Ui-p&-7— 4 ZfiiH

_15.



1 BEFEE - Wik L TEKKF ST S KRR BT DR

(b) Case2

. 10\ _rallo
1 2 3
T _rallo

-w"wm\u\

muw o

NS
B
o Aad

. 10\ _ralo

v 2

X-32

_ mwmm||\|||||1|||\|||||H|\||\|u|!||\"‘|||\|mu|\|'

lll |\||W|\|\|M|\ I

FRHISER & R BRI TR DA EIEHIORIAMED. (Casel~5/CTL-run)

Domain2 DOFEEGZh: U 7-#+7— & 2t H

SE

1) Intergovernmental Panel on Climate Change (IPCC) :
5 5 IREFAt S, 2013

KT BE &L, http://www.jma.go.jp/jma/kishou/
know/typhoon/1-1.html

Murakami, H., R. Mizuta and E. Shindo: Future ch
anges in tropical cyclone activity projected by mult

2)
3)

i-physics and multi-SST ensemble experiments usin
g the 60-km-mesh MRI-AGCM, Climate Dynamics,
39, pp.2569-2584, 2012.
FREN, A B, SR, PaeioR, 22 s,
RIWEEE . ~ L TFEFT AT o TN L BREE
TPk S B IR KERHE ORI TR, B
DERSCEE B2 (M T5), Vol.e8, No.2, pp.1251-1
255, 2012
HERE, REAN, ZHMRZ, [ : MRI-AGC
M3.2H 727 ERICH £ S REETNIC XL
DRBRBE IR OFFHRZAL THI, Vol.70, No.2, pp.126
6-1270, 2014
BEAKPER - FH 1208 R R TR D e
JFEORAITE T 2 AR 72 T78, 2015.
TR (M%) 123810 5 KU 28 B 0D 52288 K Ol i D
HitERFE B S ihEE () 12810 5 5EA
OB OISO T E, 2015,
REARFRKEL - BATw . - fRIR - & 256 - B s . -
EHFNE - [LARRFE] - flilK D - FER 26 4E 12 A 1
7 FRKUEIC & DR EHE K& OVFE I HIR o s e 2,
E L EANBORM A IFSETE BE, No.854, 2015.
BIFIE - IR T Z - RIS - A - IR - 80
A—AT - EERE— - (LARR] : BE 1523 FI2 L DR
FEPRAHL TR L@l - | ICB T o pETR A,
E L EANBORM A IFSETE EE, No.891, 2016.
10) BEEF - REEAF EE L5 X 2 2EOmE
VIR TN I81T 2 A FEMERTAM, 25 22 [EIHIER
RS AR YU NHEEE, 2014
11) NEET = - B IE - SR - )1 nis =

4)

5)

6)

A

8)

9)

VLSV S

_16.

\J 2 R OHETE & RIIA T RE, TR
EMOCEE B3 (MEEBEZE), Vol.71, No.2, pp.329-33
4, 2015.

12) B - SRR IS - B AR R O KL O R HIZ
{EAEANZ DWW T — BT OBFJE L B = — S OY GPS
Wz Xk 2 s s & 4 D7 iE —, BERER, &5
83 &H5RI 5, pp.S21-S31, 2016.

13) =R - JIoef =] Bl o GPS el S 4
W2 T — 2 AT FIEORE, B by
#, No.123, pp.5772-5781, 2013.

14) KGJT « KUFEEBEMR LR — b 2015, http://www.

data.jma.go.jp/cpdinfo/monitor/index.html.

%ﬂa%@ ] FHEL = « $AORYE © % i D ZS B Rpi:
B D HTE, M LR SR, 5 44 8, pp.124

6-1250, 1997.

TEAKBEZE « AR - BRSE - 2R - F Bk

—BB - AFHE - BEmA . RIREINE & &

BT — Z\ZES S WEOEBEYT, R T Hm

£, #5534, pp.131-135, 2006.

ﬁ@% HHE - BREAN - RHBZE B AU,

B D EIROBFELEREIC BT 2098, LA

?%ﬁﬁ%BZ@@%I?%\Mﬁ&NQLppHS

1-1255, 2009

TR - Vet - FRE TSR - KBE1 ki

t@ﬁ“” B DRI RSB R, tx%
2w B2 (MBS L), Vol.72, No.2. pp.1513-

1518, 2016.

AGRER - LR - &I ALHEER R
Té@%*#@ﬁkbowf %@@%%&mﬁ
JeR TR, No.&Z 35, 2017.

EMAKPER - EH20HE SR AR ARE KR E

ROTF5[ & Ver.1.00, 2015

15)

16)

/\'—L’

17)

18)

19)

20)

21) BEILERE DR OERE - ek TRy ) — X
MBS (ERE, T, & L Cx3R) . Hofat
FZ. 2006

PILARE « ILEES © B a b5 HARD 4K
B A— LFE, 2013,

22)



23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

1 BEFEE - Wik L TEKKF ST S KRR BT DR

AHEBE BRI 2IROMELR, 4
ZS PRI BFZE AT S . 14 2% 3 5. pp.59-106, 197
5.

W.C. Skamarock et al., A description of the adva
nced research WRF version 2. Tech. rep., 679 NC
AR Technical Note NCAR/TN-475+STR, doi:10.50
65/D68S4MVH, 2008.

PEERHERS - RIS © XU VBRI B il
LEHRL MR TR SCE. 44, pp.346-350, 1997.
K LFnk - FRIHEAT, JEITE © ADLEEIC & 5 @il
DEAEFIR S, TEE WSIE A IEITE R, No.5
29. pp-35. 1985.

WIAGLEE - )W : WNE O EHEE ~0 B BR
—H AL RHRRET VO AN, PEE 2P
PR, & 46 &% 3 5. pp.43-86, 2007.
ELss - oRF5 2 - RIGATE © WRF OFHHEFRE
BT 2 %00 ORE, AR SCE B2 (i
T%%). Vol.67, No.2, 1 426-1 430, 2011.

H.L. Tolman et al.: User manual and system docu
mentation of WAVEWATCH-III Version 5.16, NO
AA/NWS/NCEP/MMAB, pp.326, 2016.

The SWAN Team, USER MANUALL SWAN - C
ycle III version 41.20A, pp.129, 2018.

ARG - g E] - EKEE - R HIA= - B
T - FHO = A - IR - BB : WAM
& WAVEWATCHIILIZ K 2 R IR O BB A, 1
ARFFmCEE B3 (MEVEBRFE) . Vol.72. No.2, pp.l
_265-1 270, 201e.

R HORER - BITEC - ERIR - B HFE - fBHE
O PEHERE « IIARZRT] - AliRK C SRR 26 4F 1
2 A 17 FIRKUEIT K DR K OVE 0 Hiuls o 5]
#eE, ELETEBORR ST EITE#N, No.854, 20
15.

Saruwatari, A., Kato, M., Nikawa, O., and Watana
be, Y.: Report on the 2014 Winter Cyclone Storm
Surge in Nemuro, Japan, Coastal Engineering Jou
rnal, Vol.57, No.3, 1550014-1-1550014-13, 2015.
Bricker, J., Roeber, V., Fukutani, Y., and Kure S.:
Simulation of the December 2014 Nemuro Storm
Surge and Incident Waves, T ARZF2G3CE B2 (1
FET2) |, Vol.71, No.2, 1 1543-1 1548, 2015.
REVALEL - iR - SR RM - IMEEE - &1
2014 4= 12 A OFBRRUEIC X 2 AL #GE s s
VF % - IR O PRGN, BEBG R s s EE B2 (M
FET2), Vol.73, No.2, 1 193-1 198, 2017.
TPXO: The OSU TOPEX/POSEIDON Global Inve
rse Solution. http://volkov.oce.orst.edu/tides/TPXO7.
2.html, 2017.

PEERHEES - RIS © XU VB BLIC BT B il
LEHRL MR TR SCE. 44, pp.346-350, 1997.
WIAGLEE - )T - WNE O @SR~ B BR
— WAL RMREGET NV OBAME, PEEZEHTSE
e, & 46 &% 3 5. pp.43-86, 2007.

Fr EFnS - FRIHEAT - JEITH © ADIVEIC X 5 il
DEAEFIR S, TEE WSIE A IEITE R, No.5
29. pp.35. 1985.

SRR A - IR - S - WAEAE - P
Lzl - gAY - BEBOC - fkEN - Y

_17.

BIEICHES KT 7 AP ORETIEI DN

T, e LU, 5 73 &, pp.247-252, 2017.
Dee et al., The ERA-Interim reanalysis: configurat
ion and performance of the data assimilation syste
m. QJRMS. 137:553-597, doi:10.1002/qj.828, 2011.
Kalnay, E. M., et al., The NCEP/NCAR 40-year r
eanalysis project, Bull. Am. Meteorol. Soc., 77, 4
37-471, 1996.
Kobayashi, S., Ota, Y., Karada, Y., Ebita, A., Mor
iya, M., Onoda, H., Onogi, K., Kamahori, H., Ko
bayashi, C., Endo, H., Miyaoka, K., and Takahash
i, H.: The JRA-55 Reanalysis, General Specificatio
ns and Basic Characteristics, doi:10.2151/jms;j.2015
-001, 2015.

DHESRZN - EiER A Z B D e, B RE
RIBEWFIEITERE, No.275, 2005.

R - JEHE - BROMERET VOIERK & Z
WICEDHADY I 2 LA ¥a, AR SAF
TR, &5 29 5. B-1. pp.229-239. 1986.



