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The 2011 Great East Japan Earthquake Tsunami
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Response to the 2011 Great East Japan
Earthquake and Tsunami disaster

Shunichi Koshimura and Nobuo Shuto
Published: 28 October 2015 https://doi.org/10.1098/rsta.2014.0373

Abstract

We revisited the lessons of the 2011 Great East Japan Earthquake Tsunami disaster
specifically on the response and impact, and discussed the paradigm shift of Japan's
tsunami disaster management policies and the perspectives for reconstruction.
Revisiting the modern histories of Tohoku tsunami disasters and pre-2011 tsunami
countermeasures, we clarified how Japan's coastal communities have prepared for
tsunamis. The discussion mainly focuses on structural measures such as seawalls and
breakwaters and non-structural measures of hazard map and evacuation. The
responses to the 2011 event are discussed specifically on the tsunami warning system
and efforts to identify the tsunami impacts. The nation-wide post-tsunami survey
results shed light on the mechanisms of structural destruction, tsunami loads and
structural vulnerability to inform structural rehabilitation measures and land-use
planning. Remarkable paradigm shifts in designing coastal protection and disaster
mitigation measures were introduced, leading with a new concept of potential tsunami
levels: Prevention (Level 1) and Mitigation (Level 2) levels according to the level of
‘protection’. The seawall is designed with reference to Level 1tsunami scenario, while
comprehensive disaster management measures should refer to Level 2 tsunami for
protection of human lives and reducing potential losses and damage. Throughout the
case study in Sendai city, the proposed reconstruction plan was evaluated from the
tsunami engineering point of view to discuss how the post 2011 paradigm was
implemented in coastal communities for future disaster mitigation. The analysis
revealed that Sendai city's multiple protection measures for Level 2 tsunami will
contribute to a substantial reduction of the tsunami inundation zone and potential
losses, combined with an effective tsunami evacuation plan.
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Devastated coastal communities
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Structural Vulnerability

Tsunami Fragility Curve
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Paradigm Shift of Coastal Protection

* Prevention Level (Level 1, 150-year tsunami) : prevent
tsunamis from penetrating inland to protect lives and

properties (or economic activities). Applying to sea wall
design.

* Preparedness/Mitigation Level (Level 2, extreme
tsunami) : reduce the losses with comprehensive
measures ; coastal protection, urban planning, evacuation
and public education. Applying to all tsunami disaster
management plans (hazard maps, use management).




Sendai city’s reconstruction plan
Multiple protection to minimize losses

PLAN FOR A TSUNAMI-RESISTANT CITY

Sendai is considering refashioning its coastal area. A raised sea wall would block
typical tsunamis and an elevated coastal road would protect against giant ones.
A new law mandating zoning restrictions aims to lower the number of fatalities.

Tsunami control
forest, 200-400

Evacuation Coastal road : .
facilities raised from 2 metres wide,
to 6 metres artificial hills Concrete
7.2-metre sea wall
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The elevated prefectural road (10 km)
Height : 6m, Width 30 m (120 million $)

Sendai city



Cycle of Understanding Disaster Processes
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‘Disaster Risk Redu

early assessment
of the damage
can save lives.




Standard Tsunami Warning Messages (JMA)

Estimated maximum tsunami height

Major
Tsunami
Warning

Tsunami
Warning

Tsunami
Advisory

Numerical
announcement

=nmie* Rapid estimation of coastal
e tsunami height
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* Pre-computed tsunami
Huge propagation model database
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TsunamiCast
Operational GNSS-based Tsunami Inundation Forecast
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Value of TsunamiCast

Real-time Tsunami Inundation and Damage Forecast

upporting Resilience — Reduce Loss and Recover Quickly

‘*How extensive does the tsunami penetrate? (Where
Is the safe place?)

*How many people are exposed?

*How many structures/infrastructures are damaged?

»*How extensive disaster relief activities should be
deployed?

*»How much losses? ’J),

RTi-cast was approved by JMA in March 2024, as a unique private-based tsunami
forecast provider to support disaster response of specified users (not general public). TsunamiCast 16




Nation-wide Impact-based Tsunami Forecast
for Cabinet Office of Japan and Prefectural Government
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Performance of TsunamiCast for Diverse Users

Time to Complete 6-hour Forecast with 10m resolution
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TsunamiCast Products
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TsunamiCast Products
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TsunamiCast Products
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Koshimura et al. (2025) "Digital twin paradigm
for coastal disaster risk reduction and resilience",
543-559, 2024.
https://doi.org/10.1016/B978-0-443-18987 -

Chapter 24 - Digital twin paradigm for 6.00024-5

: . . i in K. Goda, R. D. Risi, A. R. Gusman, |. Nistor,
coastal disaster risk reduction and resilience eds. Probabilistic Tsunami Hazard and Risk

Shunichi Koshimura ! 23, Nobuhito Mori ¢, Naotaka Chikasada °, Keiko Udo 3, Junichi Ninomiya ©, AnaIySiS Towar'dS DisaSter R|Sk RedUCtion and
Yoshihiro Okumura 7, Erick Mas 23 ReSiIience 460p

Show more v

Probabilistic Tsunami Hazard and Risk Analysis

Towards Disaster Risk Reduction and Resilience

2025, Pages 543-559

+ Add to Mendeley o Share 99 Cite

https://doi.org/10.1016/B978-0-443-18987-6.00024-5 » Get rights and content 2

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. 2 3
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Digital Twin (Koshimura et al., 2025)
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Real-time Exposure Estimates
Docomo Mobile Statistics, Every Hour, Every 500 m

Population
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Short-term Population Forecast

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

KOCHI-SHI

2010-08-01] - [ 2019-08:30] 1 1IMe series of Population

Forecast of Kochi using Walk-forward validation with CNN-LSTM model
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Progress in Disaster Science
ELSEVIER Volume 25, January 2025, 100396

Multiple hazards and population change in
Japan’s Suzu City after the 2024 Noto
Peninsula Earthquake

Shohei Nagata @ & =, Erick Mas ® &, Yuriko Takeda ® &4, Tomoki Nakaya ® €&,

Shunichi Koshimura ¢ &i

Show more v

+ Add to Mendeley o Share 99 Cite
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Under a Creative Commons license 7 ® Open access
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Real-time Exposure Mapping

The 2024 Noto Peninsula Earthquake Tsunami

Mobile Spatial Statistics Viewer - IRIDeS, Tohoku University

Il Il
$© & { i f [ Estimated Population Charts Elapsed tlme: 1 6:1 0 :09 (JST) ‘ f )
RS i f N TN R ' ,.g@
; Mesh4 ID : 563712213 0.5 !
s— 500 04 v."‘
- (40 T 400 fha
‘ 7] 5 300 38 - 0.2 gt |
» ¢ g £ 200 ? 0.0
= i — i 100 {H-0.1]
| i f 0 ) -0.2
" S TSI NL PSP YL P | -0-3
Lo 241 AR\ S G\ S I UL LR LA LI -0.4
-0.5
N ‘ISOW :
s 4
323 m
i} B B
37 |
Y
NTT
1Jan 2024 (Mon) 00 ocomo
O T T
. g 136 137 138 139
nsightMarketing
-
1 Jan 2024 00 4 D b 2 Jan 2024 23 —
> = 249
GSl, Esri, TomTom, Garmin, Foursquare, GeoTechnologies, Inc, METI/NASA, USGS | DOCOMO InsightMarketing , INC Powered by Esri

29



Population Change after the Earthquake

The 2024 Noto Peninsula Earthquake Tsunami
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Future of Tsunami Dlgltal Twin : Personalized Alert
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Expanding TsunamiCast Capability Towards Global

Real-time Impact-based Tsunami Forecast Facility

Full Cloud-based Real-time Tsunami Inundation Forecast

Rapid determination of Urgent computing 4+ Web-based map
tsunami source model capability (HPCI) products

New Partnership

(AWS-Tohoku U.)
ArcGIS Online
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TsunamiCast Products for Global Agendas
Partners Standard Forecast Products
* High-resolution * Tsunami arrival time on land
bathy/topo data * Inundation depth @
* Liaison with users * Building damage
 Exposed population TsunamiCast

Products for Tsunami Ready Products for Early Warnings 4 All

%79

| 7

 Tsunami hazard assessment  Tsunami inundation forecasting
 Tsunami evacuation plan * Dissemination & Communication

 Emergency response plan  Emergency response
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Strong ground motions
B rea - would’ve occured
throughout Cascadia with
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Gaseadia Ea[[h[]uakg o e Leveraging Earth Observation Data and Products to
On January 26, 1700 at 21:00 PST a magnitude'd ' Create a Comprehensive Tsunami Loss Estimation
earthquake occurred on the Cascadia Subduction Platform _ ImpaCtS |n 3 Changmg Cllmate _

Zone. The earthquake generated a tsunami that

EARTH SCIENCE
APPLIED SCIENCES

propagated across the Pacific Ocean, inundating the
coast of Japan approximately nine hours later.
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Cascadla Tsunami Scenarios
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What We Propose ?

Real-time Impact-based Tsunami Forecast Facility

Cost-effective so_lution to R S ———
promote Cooperatlon tO dGVQ'Op for Disaster Risk Reduction

new products and services to 2015 - 2030

help accelerate EW4ALL and Investing in disaster risk

Tsunami Ready. reduction for resilience to
fill the gap between the

”Endorse private sectors to science and practice of

accelerate the achievements of tsunami inundation

EWA4ALL”, says Prof. Dwikorita forecast.

Karnawati (Head of BMKG)
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