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Towards Disaster Risk Reduction and Resilience
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Abstract

Coastal digital twin (CDT) is a new research and practice paradigm in coastal science and
engineering to enhance disaster resilience. The components of CDT have three
functionalities. One is the transformation from “Data” to “Information” by integrating
“Sensing” and “Monitoring.” The second is “Modeling” and “Inference” by using available
data and information. The third is “Policy Design” to gain implications and decide
“Policies” for optimal “Practices” to enhance social resilience. The fusion of these
components and the feedback loop in a cyber-physical system is the key to gaining
knowledge and insights for optimal solutions in the physical world.

Koshimura et al (2025) "Digital twin paradigm
for coastal disaster risk reduction and resilience",
94 3-559, 2024.
https://doi.org/10.1016/B978-0-443-18987-
6.00024-5

in K. Goda, R. D. Risi, A. R. Gusman, |. Nistor,
eds, Probabilistic Tsunami Hazard and Risk
Analysis Towards Disaster Risk Reduction and
Resilience, 460p.
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Digital Twin (Koshimura et al., 2025)

Computing

Visualization

ETU/ﬁ Fill

Monitoring

MBEHRD [T> 2> 0] SAREH
RHo [E5U>T -2 =31l —237
> BEICKD (R - BER] H'W)
BHRO [l (CT1r—RI\vD
=Nad.

. [RiR] OFEEN [EZ5U> T ]
N, ROATYVIAND AN &
D, J4—K - IJAT—RI—=T
N TE3.

cJq—R -« IJADT—R)L=THBE&
CTEiIFICEFTEND.




Operational GNSS-based Tsunami Inundation Forecast
TsunamiCast by RTi-cast, Inc.
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Nation-wide Impact-based Tsunami Forecast System
for Cabinet Office of Japan and Prefectural Government
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Performance of TsunamiCast for Diverse Users

Time to Complete Prefecture scale’s 6-hour Forecast with 10m Resolution

SQUID (CPU) AOBA-S B8 Pegasus (GPU) ===
Pegasus(CPU) — SQLJID (GPU) =

1800
600 @ CSuper
I | omputer._._._

1400 (Tohoku U.)
'a' 1200 I
E 1000k B NVIDIA} -
£ 800 /| A0 |
ia

Takahashi et al. (2024) Number of sockets TsunamiCast O

. 600 /
: = 4 400 I ......... ../ . ]| H 1 00 B -
200+ B P R 1 R _
. e
- 0 L T



Real-time Exposure Estimates

Every Hour, Every 500 m
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Short-term Population Forecast

Time series of Population [2019-08-01-30]
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Short-term Population Forecast
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Time series of Population

Forecast of Kochi using Walk-forward validation with CNN-LSTM model
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Real-time Exposure Mapping

The 2024 Noto Peninsula Earthquake Tsunami

Mobile Spatial Statistics Viewer - IRIDeS, Tohoku University
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Population at Shinjuku, Tokyo (5 March)

E)\AILVZERI#ET Viewer - RIEKXZE LERZFEEHATCFR (IRIDes)

INEL ! — R

HEEAOLA ¥ —

2023/3/4 008 a4 > b 2023/3/5 238



Population at Shinjuku, Tokyo (5 March)
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2021 Atami Landslide, Shizuoka Prefecture

killed 27 people
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Driving is not a Good Idea
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Boids by Craig Reynolds (1987)

https://www.youtube.com/shorts/9gTjJxgBH5U
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Kochi city, Nankal Trough Earthquake Tsunami
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Quantum Anneallng for Resilience

nBSCIEN BAREE  wiRBEEAYE w2 TE
e 40000

nsw T i S 7 A ¥ § I Eaa :
e LU L —— W aes S /ﬂf\ | =, m|
L J / s
» O_LH 8B & r, ¢ AR
g I EERE B 1] — _ \i i
A e T - | ' e el ©
& b - ] b el 3
~ g 8] *mfi :Xﬁ txEWAe v TiC 1Y ] xS o—— T \’\J ; E
=}
2 45000 :
#2877 ®

35000
— 30000
25000

20000

FTEREE [m]

AN
=R

15000

N )
o/ . 10000
. ; o T — MRS —T SE T
— & T8 " 2 5000 I I I

: =7 é U7 4 =7 2 =7 1 =7 3
ra 0 ¥ (748 > 1) (1188w I) (1536 > |) (3196w |)

k3 ‘ N
& T

5] BB TE ® OpenStreetMap contributors

e}




Multi-Agent System for Medical Response -

in a Virtual Disaster City
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Future of Tsunami Dlgltal Twin : Personalized Alert
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Thank you for your attention
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TsunamiCast

TsunamiCast Channel on YouTube
https://www.youtube.com/@TsunamiCast
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