dransiatinglocally-led Resilienceinto/Action
inthe'Ageof ComplexRiskand Digital Transformation

Complex Risk Landscape and
Importance of Al / Big Data:

DRLF Perspectives from Japan

International Disaster;Resilience Rajib Shaw
LeadersiForum Professor, Keio University, Japan

A N N ST = M A ]

The 5t

: Co-Chair, United Nations Asia Pacific Science Technology Advisory Group (AP-STAG)
* s Coordinating Lead Author (CLA), Asia Chapter, IPCC 6™ Assessment Report

Co-Founder, Resilience Innovation Knowledge Academy (RIKA) https://rikaindia.com

Co-Founder, RIKA Institute https://www.rikainstitute.org

Co-Founder, DTE 4 Calamity and Humanity Pvt Ltd (DTECH) https://d-techglobal.com
[Disruptive Technologies and Engineering]

Chair of Board, SEEDS Asia https://www.seedsasia.org

Website:WWW.raiibShaW.Org www.indiajapanlab.org  AND  www.rikaindia.com

Facebook: https://www.facebook.com/rajibshawofficialpage/
LinkedIn: https://www.linkedin.com/in/rajib-shaw-6243791a5/
Twitter: @rajibshaw

2026.9.7.() - 9.8.(21) @ ZEZiHIAlof JEEE A
September 7-8, 2026

Songdo Covensia, Grand Ballroom A

Trilateral
ion
Secretariat

- THE INCHEON Ministry of 8 s
Wo INSTITUTE Sponsored by the Interior and Safety In cooperation with



https://rikaindia.com/
https://www.rikainstitute.org/
https://d-techglobal.com/
https://d-techglobal.com/
https://d-techglobal.com/
https://www.seedsasia.org/
http://www.rajibshaw.org/
http://www.indiajapanlab.org/
http://www.rikaindia.com/
https://www.facebook.com/rajibshawofficialpage/
https://www.linkedin.com/in/rajib-shaw-6243791a5/
https://www.linkedin.com/in/rajib-shaw-6243791a5/
https://www.linkedin.com/in/rajib-shaw-6243791a5/
https://www.linkedin.com/in/rajib-shaw-6243791a5/
https://www.linkedin.com/in/rajib-shaw-6243791a5/

FIGURE 1.3

CO ntext 1 : G |oba | RISk La ndsca pe ;I:l;n;(i)fz;::;xostsevererisksonaglobalscaleoverthe

Short and long-term risks

FIGURE 8 | Global risks landscape: an interconnections map

Environmental risk
(disaster, climate change,
Biodiversity loss) remains top

Complex risk landscape with

. DNEEE EENE
;

.HEEEN ENCE
HEEUN DENE
ENEED EEDM
ENEED EEDM
DEEEC EEEE

: U New risks
The Global Risks // S - Infectious disease T Gl ke o 02214
Fapart dice e | W e Cyber security
t Edition g.mm,w/u. @ Ot o st i E - Digital power concentration 2022
HELOBE z / beatiaton it rtign Adkerse cuormes i - Cyber security E o
/ r ikl s Memakos X s ot s nergy crisis
ronnen € 0 .// \ / \ - o = Edl - Energy crisis 2023 e
b T sk § \ LY, - Food pricing
i Environmental risk 2020 - o o
Need for inclusive risk reduction
Infectious disease / Digital 2021
P wwdfjvide S
Bl S = ) sl o el
g = [z [= [~ |== |
= = === = — |
= = = |— = |=— |
AW = = = = E= |
== = = =~ == |
Lot iy o e = = 1= == |
= s e == _|="|— |
Riskcsegories ] € E wal ] Gooportical ] Socwtal ]

Global Risk Outlook
2024 2025 2026 World Economic Forum

2 years 10 years
rt term (2 years) Long term (10 years)

Short term (2 years) Long term (10 years)

. 3 . Bl  Geoeconomic confrontation Bl Extreme weat
£ 2 ther e s y d y
Z 2. Misinformation and disinformation
State-based anmed confiict 3 ) ¢ t S
3 Societal polarization

Biodiversity loss and ecosystem collapse

4t 4"
5t _ 4. Extreme weather events

5" NECEEE onflict 5

_ 5 S'ate-basw m" mn"ic' ) . {Altechnok
Gl | ack of economic opportunity 6"

_ i g -
/ o / _ ' —

8. Cyber insecurity

Inequality
In

y migration fisplacement

9. Societal polarization

EX (nvoluntary migration 8"
Sl Economic downturn
(ol Follution Ol Pollution

Risk categories | Economic | Environmental | Geopolitical | Societal | Technological Risk categories

al Risks Pe Survey [l Economic || Environmental || Geopolitical || Societal  [] Technological

10. Pollution

Geoeconomic confrontation
£ ant aincl/or iy freadom.




Society 5.0:

2017 Science and Technology Basic Plan
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Al Development in Japan

Alignment with OECD Al Principles (founding
supporter).

2019: Social Principles of Human-centric Al (Draft).

2019: Al Strategy 2019 (Al for Everyone: People,
Industries, Regions and Governments).

2017~2020

Japan Deep Learning Association (JDLA)
Certificate.

Rapid expansion of Al startups: Preferred
Networks, Abeja, Cinnamon Al.

Toyota builds Woven City (Al-driven smart society
prototype).

2021: Digital Agency established.

2022: Al R&D Guidelines for Human-Centric Society; Al
Strategy 2022.

2023: G7 Hiroshima Process for “safe & trustworthy Al".

2025: Government invest over ¥10 trillion allocated to
support Al and semiconductor technologies.

2021~2025

Sustainability NGOs rise& Al ethics.

Fujitsu, NEC, NTT develop proprietary LLMs
(Japanese-optimized).

Companies begin integrating generative Al to
address labor shortages.



Al ADOPTION IN GENERAL in Japan

Industry composition of Al adoption (Japan, 2017-2024)

.0%
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This chart shows among firms that have adopted Al, what share
comes from each industry (summing to 100% each year)

Data source : https://www.e-stat.go.jp/

Key Findings
Concentrated in — More
Al spreads gradually beyond
early-ready sectors because

benefits require
.(Brynjolfsson, 2021)

becomes a
among adopters.
Al can provide
on the production site -
predictive maintenance and
enhance
equipment uptime and output.
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Al / Big Data Applications in Disaster Management

B i Pr-g st Al in Disaster Response

p re p d red ness * Real-time Decision Making: Al analyzes data
from affected areas to support rapid decision-
making

HP ; + Identifi imal i d [ d
® P re d | Ct ve An d |yt| CS * Risk Mapping: Al analyzes geographical and ofeun:glézi ﬁgﬁ;ma evacuation routes and areas in nee
historical data to map high-risk zones .
* Search and Rescue: Al-equipped drones and
* Al models ana lyze la rge datasets for ) 35‘#"" inuichan:planning:and infrastt e robots for locating survivgrs':i)r? hard-to-reach O
g o o evelopment
-5 & ) places
disaster p_reql iction (e.g., earthquakes, + Resource Optimization: Al helps in pre- e tonomous venides fordelivering supalies o dsaster
ﬂoods W||df| res) positioning resources like food, medical aid, zones
’ and rescue teams in vulnerable areas

* Crowdsourced Data Analysis: Al processes data

* Early warning systems based on e from cizens vis mobile apps to priorize
weather, geospatial, and environmental ‘
data

+ Real-ime Moritoring I

* Drones, sensors, and satellite data
processed by Al for real-time risk
detection

* Al-powered monitoring of social media
and news for disaster-related

Damage Assessment: Al
analyzes satellite imagery
and drone footage to assess

damage quickly

Accelerates insurance
claims and government aid

information Rebuilding with Al: Al
models suggest better H E Helps build more resilient
reconstruction plans based :[3:] infrastructure

on past disaster patterns



Some examples of Al use in Japan

Preparedness

Extreme weather events and

tsunami flooding: Supercomputer
Fugaku is being used to run high-
resolution simulations for precise
prediction.

River level forecasting: Companies
like Fujitsu and Nippon Koei have
developed deep learning models
that use historical rainfall and water
level data to predict river flooding
several hours in advance.

Volcanic eruptions: Al-generated
video produced and released by
the Tokyo government to prepare
the residents for Mt. Fuji eruption.

During Disasters

® Spectee Pro: This cloud-based
Al service leverages machine
learning to analyze vast datasets
sourced from weather sensors,
river cameras, and social media
platforms to provide authentic
and real-time reports on disaster
conditions, such as floods or
road blockages and to effectively
filter false information.

® Al Chatbots: Services like those

developed by Weathernews Inc.

utilize Al-powered chatbots on
smartphones to assist citizens in
locating evacuation shelters.

Mitigation

Project PLATEAU: Initiated by MLIT, this
project creates 3D "digital twins" of Japanese
cities. By superimposing simulated flood or
landslide data onto these models, officials
can visualize disaster risks and plan more
resilient urban infrastructure.

NTT uses Al to predict potential damage to
essential infrastructure such as power lines
and pipelines by analyzing seismic data and
structural sensors, allowing for preemptive
reinforcement before a disaster strikes.
Al-generated contour maps show the depth
of soil bearing layers, helping city planners
identify areas vulnerable to liquefaction.



GLOF (Glacier Lake Outburst Flood)

Climate Change is Accelerating GLOF Hazards

e Global warming has entered the era of "Global Boiling"

e Rapid glacier retreat is creating thousands of unstable glacial
lakes :

e Frequency and intensity of GLOFs are increasing worldwide ,m

Jane Qiu reports on the chafgesatop the: ropf:oi‘t'

e Hindu Kush-Karakoram-Himalaya (HKH) is one of the world's
most vulnerable mountain regions

Classified
hazard map
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[Quantum Latent Generative Modeling] Glacial Lake Outburst Prediction NatureSR under review

Research Article

Quantum Generative Intelligence for rare-event anomaly

Quantum Latent Sequence Generation, Anomaly Scoring, and Rare Event

di d dat itv: Applicati t Classification
ISCC.)VEI'Y under severe data scarcity:. . pplica IOI:IS o * Trained a 24-month sequence model using a conditional Wasserstein
Glacier Lake Outburst Flood (GLOF) Risk Reduction GAN, with hydro-climatic time series and static glacier attributes as inputs.

* Compared Gaussian, sign, and quantum expectation value latents using
an identical architecture to separately evaluate the contribution of latent

Shah Mawaz Khan, Hiroshi Yamauchi, Rajib Shaw v

IjLA("lAl. LAKE OUTBURST FLOODS (GLOF) | Space design.
* Trained the quantum latent generative model using only "normal" 12-

month windows, and quantified deviations in amplitude, autocorrelation,
frequency, and inter-variable correlations as anomaly scores.

* Fused physically relevant features, temporal/multi-scale features, and
QLGM scores, evaluating the model via stratified group cross-validation
Glacial lake across 26 glacier groups.

Wall breached

Metric Gaussian _ Sign Quantum Quantum expectation value potential represents the

corr_fro 184 1074 o682 of = e normal temporal structure of hydroclimatic series
Wasserstein 0206 0139  0.109 and has demonstrated the potential to extract

KS stat 0127 0089 0.072 deviations in autocorrelation and inter-variable
ACF dist 0.170 0.172 0.115 ]

correlations as anomaly signals.

PSD dist 11.645 11.545 10.698
ACF dist (base3) 0.262 0220  0.111 / p
PSD dist (base3) 1983 1941  1.351 - Stochastic modeling/generative models and
the potential of quantum latents and
Quantum Latent Representations Offer Advantages in Anomaly Detection Using global environmental issues.

Sequential Generative Modeling Implementation and demonstration in the HKH region.



Potentials and Challenges

* Speed: Faster response times due to * Data Quality: Al's accuracy depends
real-time data analysis on the availability of high-quality, up-

e Accuracy: More accurate disaster to-date data
predictions and assessments * Ethical Concerns: Data privacy and

* Cost Efficiency: Reduces resource potential bias in Al models

wastage by optimizing disaster * Integration with Human Decision-
preparedness and response Making: Al is a tool, but human
judgment is crucial in disaster

 Scalability: Al solutions can be scaled

for global disaster management >CENArios

* Big Data: Quantity versus Quality



Future

* Advances in Predictive Al: More accurate forecasts as Al
models continue to improve

e Technology Integration: Link Al with other emerging
technologies like Machine Learning, Big data analytics,
Drones, Robotics etc.

I

e Collaborative Systems: Al working in tandem with
human-led disaster management agencies

* Al literacy: to enhance capacities of local governments to
use Al

* Global Integration: Expanding Al-based disaster
management systems to less developed regions

Website: www.rajibshaw.org ~ www.indiajapanlab.org ~ AND
www.rikaindia.com
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