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Probabilistic projection of future change in mega storm surge risk by storm
surge model improvement and multi ensemble experiments
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The purpose of this study is to predict future changes in probabilistic
major storm surge risk. To achieve this goal, we have improved the storm surge model, stochastic
typhoon model, and neural network model, and conducted multiple ensemble experiments to estimate the

future changes in storm surge height with a high degree of scientific confidence. The following
research projects have been conducted: (1) multiple ensemble storm surge simulations and event
attribution for extreme typhoons causing storm surge disasters, (2) improvement and application of a
global stochastic typhoon model, (3) development of a deep learning storm surge prediction model,
and (4) development of a neural network model for storm surge prediction. (3) development of a deep
learning storm surge forecasting model, and (4) introduction of a wave overtopping/wave overflow
transition model into a coupled storm surge/wave model.



5 (IPCC AR5)

5
100 1.19
2015
2018
940hPa
910hPa
2018 9
21 Jebi
2018 21 7
20 24 5 2012
2013
2015 2014 8 11 10
18 1951
2016 10
()
()
()
()
(D)
d4PDF
SUWAT d4PDF
GCM
(D)
d4PDF
10
(D)
CNN
CNN

d4PDF CNN



)

SUWAT

1o Hiroshima Matsuyama
1
) a 1
g i
210! ‘
GSTM 3 |
£ I
SUWAT ;g |
d4PDF T S— |
2 ——d4PDE Fuure i
—SuWAT t
—d4P'DF Present bias correction ;
= =d4PDF Present original |
10° | : b
0 1 2 | 1 2 3
Storm Surge [m]
" Himeji Osaka Kobe
10
d4PDF GSTM 2019 g
2110
19 E
:
5 10°
ol
2 L
—d4PDF Future =d4PDF Present bias correction
: —SuWAT — -d4PDF Prescnt original
19 0 1 2 30 I 2 30 1 2 3
Storm Surge [m]
21 Jebi (b) : yo )
-1
Jebi 50 100
: Risk curve in 3 areas
1000 ~® ()saka
+ Ise
-,? —4—Mikawa |
B ——0Osaka, Ise and Mikawa
R |
2
=5}
]
9
g
=
B 001 -
7]
9
) 2
[4a)
0.001 ‘B T T
Q 0.5 1 15 2 2.5 8
Annual aggregate loss [trillion yen]
d4PDF 2
1
2 3

w B w
=} S S

Latitude (degree)

[}
<

w
(=3

5
=}

)
(=1

Latitude (degree)

20
110 120 130 140 150 160 110 120 130 140 150 160 110 120 130 140 150 160
Longitude (degree) Longitude (degree) Longitude (degree)

-3 d4PDF SST 6
[ 13 x3



d4PDF
GSTM

GSTM d4PDF

2009-2020

)

(CNN: Convolutional Neural Network)

CNN

CNN

CNN d4PDF
LSTM (Long Short-Term Memory network)
CNN
LSTM

)

SUWAT
(SUWAT-IFORM)
2014 12

IFORM

itlyear

Storm surge height [m]
r
o

mm— Present

—CC

GF
—HA.
——MI
——MP

——MR

w— Present

[|—c¢C

GF
— HA

LMl

—MP
— MR

900 950 1000
MCP (hPa)

e

880

=221 ¢ 08 ¢
UV.IRASS PUV.JRASS

observation
Empirical equation
—uv

—PUV

900 920 940 960
MCP (hPa)
MR

0.82

0.0
@ el el el a2®
\959 ! o \9591 0 \95‘35 0 \gg,ax 0 \959 309
date [days]
5 ( ) CNN
PUV
uv EQ
25

= o]
o (=]

Storm surge height |m]
=

0.5

Storm surge height |m]
5 &

=4
@

=4
o

= = =Present, n = 3657
=== HEn=1925
CC,n=292
—GF,n =360
——11A, n=335
— ML n =200
——MP,n=378
——MR, n =360

107 10° 10
Return period [year|

( SST

original |
s original |
—F—Present : corrected
: corrected

10° 10

107 10° 10
Return period [year|

CNN

CNN



3.0

25 , —— q:cota =050
4, — qg-cota =425

J 4
35
3
25 E
©
2 3
S
15 2
1
0.5
L

600 700 800 900 1000 1100 1200

The number of mesh at East-West

CNN
Vo.75 No.2 pp._139-1_144.
B2 V0.76
(d4PDF)
Vo.75 No.2 pp.l_ 11951 1200.
19
V0.76 No.2 pp.l 139-1_144.

LSTM

B2 Vol.77 No.2 pp.l_151-

Vo.77 No.2 pp.l_121-1_126.

(2021):

Vo.77 No.2 pp.l_265-1_270.

Vo.76 No.2 pp.l_1141-1_1146.

Vo.77 No.2 pp.l_781-1_786.

(2020):

21 Jebi

B2 Vol.77 No.2 pp.l_67-

£ 20
2 s T
o 1.0
05 :RcrrPJ:Tm '
0 T ] ] T T |
0 50 100 150 200 250 300
Time (min)
e
S L REa R
A I ,
B o — =S i
T o T T T T T - '
50 100 150 200 250 300 500
Time (min)
-8 -9
>
(2019):
B2
Adrean WEBB (2020):
No.2 pp.l_1093-I_1098.
(2019):
B2
(2020): 2019
B2
(2021):
|_156.
(2021):
B2
B2
(2020):
B2
(2021):
B3
(2020):
B3 Vol.76 No.1 pp.1-11.
B2 Vo.76 No.1 pp.7-19.
(2021):
|_72.

(2020):

pp.|_1087-1_1092.

B2 Vo.76 No.2



30 27 3 28

77(2)
21 Jebi 2021
B2 1_67-1_72
DOl
10.2208/kaigan.77.2_1_67
77(2)
LSTM 2021
B2 1_151-1_156
DOl
10.2208/kaigan.77.2_1_151
Mori Nobuhito, Ariyoshi Nozomi, Shimura Tomoya, Miyashita Takuya, Ninomiya Junichi 164
Future projection of maximum potential storm surge height at three major bays in Japan using 2021
the maximum potential intensity of a tropical cyclone
Climatic Change 18
DOl
10.1007/s10584-021-02980-x
, William J. PRINGLE, . , e
2021
B2 1_949-1_954
DOl

10.2208/kaigan.77.2_1_949




77(2)

2021
B2 1 121- 1_126
Dol
10.2208/kaigan.77.2_1_121
, , 77(2)
2021
B2 1_265-1_270
Dol
10.2208/kaigan.77.2_1_265
, 77(2)
2021
B3 1_781-1_786
Dol
10.2208/jscejoe.77.2_1_781
77(1)
2021
B2 1-17

DOl
10.2208/kaigan.77.1_1




76(2)

2020
B2 1_1087-1_1092
DOI
10.2208/kaigan.76.2_1_1087
Adrean WEBB 76(2)
2020
B2 1_1093-1_1098
DOI
10.2208/kaigan.76.2_1_1093
76(2)
2019 19 2020
B2 1_139-1_144
DOI
10.2208/kaigan.76.2_1_139
76(2)
2020
B2 1_1141-1_1146

DOl
10.2208/kaigan.76.2_1_1141




76(1)
2020
B2 1-6
DOl
10.2208/kaigan.76.1_1
Shimozono, T.; Tajima, Y.; Kumagai, K.; Arikawa, T.; Oda, Y.; Shigihara, Y.; Mori, N.; Suzuki, 62:2
T.
Coastal impacts of super typhoon Hagibis on Greater Tokyo and Shizuoka areas, Japan 2020
Coastal Engineering Journal 129-145
DOl
10.1080/21664250.2020.1744212
76(2)
2020
B2 1_1135-1_1140
DOl
10.2208/kaigan.76.2_1_1135
J-A Yang, S. Kim, S. Son, N Mori, H. Mase 162
Assessment of uncertainties in projecting future changes to extreme storm surge height 2020
depending on future SST and greenhouse gas concentration scenarios
Climatic Change 425-442
DOl
10.1007/s10584-020-02782-7




R. Hisamatsu, S. Tabeta, S, Kim, K. Mizuno

189

Storm surge risk assessment for the insurance system: A case study in Tokyo Bay, Japan 2020
Ocean & Coastal Management 105147
DOI
10.1016/j -ocecoaman.2020.105147
76(1)
2020
B2 7-19
DOI
10.2208/kaigan.76.1_7
Mori, N., T. Yasuda, T. Arikawa, T. Kataoka, S. Nakajo, K. Suzuki, Y. Yamanaka, A. Webb. 61:3
2018 Typhoon Jebi post-event survey of coastal damage in the Kansai region, Japan 2019
Coastal Engineering Journal 278-294
DOI
10.1080/21664250.2019.1619253
Yokoyama, K., Yasuda, T. 10
Study on Statistical Prediction Method of Storm Surges in Seto Inland Sea 2019
Proceedings of the 10th International Conference on Asian and Pacific Coasts (APAC 2019) 153-160

DOl
10.1007/978-981-15-0291-0_22




76(1)

2020
B3 1-11
DOI
10.2208/jscejoe.76.1_1
75(2)
CNN 2019
B2 139-144
DOI
10.2208/kaigan.75.1_139
75(2)
(d4PDF) 2019
B2 ( ) 1195-1200
DOI
10.2208/kaigan.75.1_1195
75(2)
2018 21 2019
B2 ( ) 277-282

DOl
10.2208/kaigan.75.1_277




75(2)

2018 21 2019
B2 ( ) 283-288
DOl
10.2208/kaigan.75.1_283
75(2)
2019
B2 ( ) 1177-1182
DOl
10.2208/kaigan.75.1_1177
Nakajo, S., J. Ninomiya 29
Low-frequency catastrophic coastal disaster events around Tonga: Survey of coastal boulder 2019
distribution on Tongatapu Island and analysis using stochastic modelling of tropical cyclones
Proceedings of the 29th International Ocean and Polar Engineering Conference 6
DOl
137
30 21 2019
29-34

DOl




2019
30 21 3-1-3-7
DOl
44(3)
2018 21 2019
103-108
DOl
5 1 3

Sota Nakajo

APPLICABILITY OF d4PDF DATASET TO GLOBAL STOCHASTIC TROPICAL CYCLONE MODEL

International Conference on Coastal Engineering

2020

Sota Nakajo

APPLICABILITY OF d4PDF DATASET TO GLOBAL STOCHASTIC TROPICAL CYCLONE MODEL

International Conference on Coastal Engineering

2020




2019 55

2019

21

74

2019

Yasuda, T., Hirai, S.

Evaluation of Annual Risk by Storm Surge Disaster in Japanese Major Bays

The 16th Annual Meeting Asia Oceania Geosciences Society (AOGS 2019)

2019

(NAKAJO SOTA)

(20590871) (24402)




(KIM SOOYOUL)

(60508696) (17401)
(SHIMURA TOMOYA)
(70789792) (14301)
(MORT NOBUHITO)
(90371476) (14301)




