Sransiating Locally=led Resiliencento Action
mthe Ageof iComplexRrisk andDigital iransformation

# as

The 5t

DRLF

international Disaster. Resmence
Leaders Forum|

S N N =S = A B S »

IV
REL LR T A Q5 u‘c‘. - "\;"k’{::l.".-:"‘a.'-.:

;

2026.9.7.(¥) - 9.8.(2}) @ AEZHAO} THEEE A

W ——
September 7-8, 2026 Songdo Covensia, Grand Ballroom A l :

-

Hosts Q m.. Cry wuNDRR C*L .{""Etll“rcu'..rion Sporsored by O m:rand Safety In cooperation with

R TP b b v

Trhweral

Korea’s Al Strategy for
Complex Disaster Prevention
and Management

New Strategies for the Prevention and Management of
Complex Disasters using Al

Prof. Hong-Gyoo Sohn
Yonsei University, Seoul, Republic
of Korea

IDRLF 2026 | Session 1 | Monday, 7 September 2026 | 11:10-12:40



The 5™

One message: trusted Al begins before the model *IDRLF

Leaders Forum Incheon 20:

Al becomes useful only when data, analytics and governance form one evidence chain

— T i . y
B A . - ™ Four main stage of Korea’s strategy
1. Observe 2. Structure
ey - S e - Satellite - drone - CCTV - hydrology CRS - time - quality - metadata
- - . e
01. Flood 02. Data acquisition 03. Flood information 04. Decision-making
Disaster site What information Information extraction Information visualization
information is required can be provided to provide information for decision-making L.
for decision-making from the site? to decision-makers support 3. Predict on and 4. Governance
Analysis H . hi
= IHagETaE TS cHibaacar ’ uman review - provenance - ethics
¢ Geospatial data * Accident type x GNN ' KG ' RAG ) Al agents
* Voice data « Location 1|3
* Text data * Extent of the accident _E« oZ' »
E K
Knowledge

Korea’s multi-source flood-risk context
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Korea has a very complex disaster environment

The 5"

<|DRLF

International Disaster Resilience
Leaders Forum Incheon 2026

« A single rainfall episode can trigger urban flooding, river overflow, slope failures and infrastructure

disruption.

- All kinds of flooding causes severe damage every year

The response question is no longer only “where is
the water?”

Need to understand how rainfall, terrain,
drainage systems, roads, bridges, buildings, and
vulnerable communities interact with one
another.

Korea is also highly mountainous, and local
disaster data are often distributed across
different organizations.

This makes it especially important for Al to combine
incomplete observations into one coherent operating
picture

Complex disaster Al = multi-hazard sensing + spatial context + uncertainty-aware decisions

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Disaster Al must transform observations into decision intelligence PRLE

The most important role of disaster Al is to turn field observations into information that

supports decisions.

01. Flood 02. Data acquisition 03. Flood information 04. Decision-making

Disaster site What information Information extraction Information visualization
information is required can be provided to provide information for decision-making

for decision-making from the site? to decision-makers support

¢ Image data * Time of the accident

¢ Geospatial data ¢ Accident type

 Location
i3
¢ Extent of the accident }' J:
)&

Knowledge

* Voice data
* Text data

From field data acquisition to decision support

Field observations answer what happened,
where, when, and how severe.

Al has a major advantage because it can
process this information quickly and over
large areas.

We need geospatial analysis and physics-
based or analytical models to validate and
interpret the results.

We need one connected process from data
acquisition, to information extraction, to
knowledge, and finally to decision support

Data acquisition — information extraction — knowledge — decision support
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Al approach: multi-scale sensing + analytical validation + Al agents > IDRLF

eaders Forum Incheon

« Each layer answers a different question and has a different uncertainty structure.

Structural Blueprint of the Presentation Wide-area risk understanding: satellite SAR and

geospatial analytics

 Local evidence: drones, CCTV and 3D
spatial interpretation

» Data foundation: Al-readable — Al-
understandable — Al-ready

Introduction to Macro-scale Meso-scale Micro-scale Future vision of

the disaster detection via analytics of integration of Autonomous ¢ Prediction |ayer: a pply pred iction mOdeIS;
management satellite deep crowdsourced CCTV computer Al-agent
paradigm shift learning drone footage vision reporting KnOWIGdge Graphs, RAG’ and AI agents
e® " e ol [ o = . . .
€ @i @ Q- @ ale | « Cooperation layer: moving toward connecting

these systems with international disaster-data
platforms

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1



The 5™

- : : “IDRLF
Al scalability must be bounded by analytical rigor P

* In disasters, speed without trust can be dangerous; trust without speed can be irrelevant.

Core Philosophy of Methodological Synergy

. YO « Use Al for fast qurmatlon extraction,
large-scale analysis, and

)

p— Reliance on
=, physics-based
Q analytical

interpretability

Utilization of Al

'\ forreal-time

P y
computational
scalability

e —— * Use geospatial and physics-based

Pl —— § summarization.

AlE

=

2] s Analytical: Sl Al B A | methods for validation and interpretation.
Sieoni Interpretability Response Scalability gy :?:e: and i
validation P:\ysici-bas:dd Reliable, accurate Real-tirpe ' i
analytical methods and actionable computational

e ’ =i capabilty — » Keep humans accountable for release,
nsures nables rapi | . ..

@ raceasiy Al o 5 warning and resource decisions.
scientific rigor data |

) el

, Synergistic Technical Integration
@ Combining the hs of analytical thods and Al
to deliver reliable, scalable and actionable solutions

Al is a decision partner, not an uncontrolled decision-maker

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Risk Understanding

Satellite Al and geospatial analytics
for wide-area flood detection

Satellite

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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International Disaster Resilience
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Satellite Al in Korea: SAR is essential during heavy rainfall SR

« Optical imagery is often blocked by clouds; SAR can observe the surface regardless of weather and
illumination.

i . SAR Flood Mapping: Flat vs. Mountainous Terrain ~ « Korea is very mountainous
— —_ LY - SAR-specific geometric effects, such as

$ \“\\ Layover /

Distortion

Radar \"‘\\
Look Direction\‘ \

layover and shadow, can be misclassified as
flooded areas.

« Korean approach needs to combine SAR imagery
with DEMSs, drainage information, terrain
information, and Al.

0 Relatively reliable flood mapping 0 Terrain-induced distortion and shadow

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1



Example: 2025 heavy rainfall in Gyeongnam as a test case

Purpose is not simply to classify flooded areas accurately.

’

! Q Event background

[}

| e Between 16 and 20 July 2025,

| South Korea experienced severe
i heavy rainfall that caused

| widespread flood and

; landslide damage.

]

e In Gyeongnam province, intense
! rainfall affected mountainous
and river-adjacent areas.

24-Hour Rainfall (mm)
2025-07-19 00:00 ~ 2025-07-19 24:00 (KST)

i ‘;\» " \

The goal is to turn an Al flood
operational situation board.

Overview

> %3
DEVELOPING STORY g i
Flood and slope failure
hit rural communities

Key data

Deadly landslide
after torrential rain

Category Values

Total damage KRW 1.0843 trillion

Tl

SPECIAL REPORT :
Heavy rain leaves
casualties and
missing persons

Source

MOIS Press Release (Aug. 2025)

MOIS Press Release (Aug. 2025)

Recovery budget KRW 2.7235 trillion
Hapcheon 280.1 mm
Daily rainfall on i iaE
19 July 2025 e S
Jinju 191.5 mm

KMA Weather Nuri, Regional
Detailed Observation (AWS),
accessed on July 19, 2025

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Sentinel Platform
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ :

Sentinel-1 SAR scene acquired during the active heavy
rainfall period was used as the primary input for flood
mapping.

The original SLC (Single Look Complex) data were
geocoded to CSLC-S1 (Coregistered Single-Look
Complex) format using several ancillary datasets.

Item
Sensor / Platform
Acquisition Mode
Polarization
Orbit Direction
Acquisition Time

Path / Frame

Description
Sentinel-1A (C-band SAR)
Interferometric Wide (IW)
VV (Co Polarization) / VH (Cross Polarization)

Ascending

19 July 2025, 18:23 KST
54 /111

g Ancillary Inputs for Geocoding EEEEEEEEEEEEES ———-- -—=s

I T

SAR Scene
Orbit File

DEM
lonospheric Data
Burst Database

Config File

Copernicus GLO-30 DEM

Sentinel-1IW SLC
Precise orbit ephemeris (AUX_POEORB)

TEC (Total Electron Content) map for ionospheric correction
Spatial database for burst processing |

YAML processing configuration

map into information that can be used in a real



Terrain-aware SAR flood mapping reduces operational false alarms

The 5"

“IDRLF

International Disaster Reslllence
Leaders Forum Incheon 2

Our workflow combines Al-derived masks with HAND and bi-temporal backscatter recovery.

Refining of SAR-Based FIood Mapping in Complex Terrain

l

1. TOPOGRAPHY PREPARATION 2. SAR PRE-PROCESSING 3. ANCILLARY DATA

|
|
|
|
; @ DEM J % Sentinel-1 } ‘ o l:‘lG"
: sLC ey ftips Ortho Imagery g
| $§® 1= ' —> @  Flood | 7. EVALUATION
i y ‘ 1 il — v‘ Ground Truth 5
| A Topographic ) | Sentinel-2 Baseline vs Refined |
; “ Index Generation | SLCto CS!.C—S1 ‘ P Flood Mask Comparison
| - ) Processing |2
! — OPERA algorithm >
I CSLC-S1 ‘
| | by NASA JPL :
: | ‘ HAND Map y ¥ Perf'ormance Evaluation |
: ( - l v—| against Ground Truth
: e 4 —
! v = _‘_ = = ‘ .., Baseline ‘
: Fuzzy Logic-Based Baseline Flood Mappi Flood Mask |
: C Membership Mapping i apping Mean Improvement
: \ — l — RWVU-Net (Refined vs Baseline)
: o e Precision  +0.199
| - HAND © Recall +0.051
| o 7
! ‘4% Membership > o 4 Refined o Fl-score  +0.110
‘ ] F Mask Refinement Flood Mask |_J
PEREIIS LT, e loU +0.124
E 6 Hand-based Penalty \
|
)

Bi-Temporal Backscatter Recovery

4. FLOOD GROUND TRUTH

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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u m n 'r»”
Terrain-aware SAR flood mapping reduces operational false alarms = 2RLE.

Leaders Forum Incheon

Our workflow combines Al-derived masks with HAND and bi-temporal backscatter recovery.

Bi-Temporal Backscatter Recovery

(0 SAR Backscatter Feature Generation (e Bi-Temporal Change Detection Example Results (SAR Imagery and Masks)

Generate robust backscatter features from pre- and Detect potential water changes using multi-feature Pre-event SAR (VV) Co-event SAR (VV)
co-event SAR images. analysis and change detection. PRI X R i

¥ A
W’ Backscatter ratio
- ‘J/
% 'F" ‘ Backscatter difference ' /;
=/

Pre-event SAR

Change map
(t;)

Change
Detection

k,/lefgré‘nce

Co-event SAR
(t2)

(e.g, RF / U-Net)

Backscatter decrease map a8 Baseline seed mask

i Otsu Thresholding ;/' Seeded Region Growing

Determine an optimal threshold to extract reliable Refine flood mask using seed points and spatial
water candidates. constraints.

Otsu threshold

Non:water (land Seed points
orbwaiten(land) (from thresholding) Refined flood mask

40,000 7 mm water Water candidates

1
1
|
1
] I
§ 30,000 ’ , H Region
S | ! Growing
g 20,000 ‘ ' - (with spatial
a 10,000 : constraints)
| : Radiometric candidate N
0+ sy T T [ Refined flood mask
-25 -20 -15 -10 R 0: .55 10! 20 km
Backscatter change (dB) i Studyarea

Key idea is not to replace Al, but to improve its reliability by adding spatial and physical constraints
to the Al result.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Deep learning can accelerate extraction of inundated areas S

Flood Damage Analysis Workflow Using Sentinel-1 SAR Imagery

AR 8 r

1. Acquisition of Sentinel-1 SAR Imagery 2. Deep Learning—-Based = /3. Overlay of Analysis Results witﬁ\_h
over the Nakdong River Region Extraction of Flooded Areas _—| Normal Water Levels B

N :
P
for

7 t:_:".j» '_-}‘._:' M = :--.-'
[] Dpistrict Boundary 250 500 750 1,000m
[ Normal River Extent

Il Deep Learning-Derived Water Bodies

Al makes it very useful during the early stage of situation assessment.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Result: Al flood masks become more useful by terrain logic AR

« The most important issue is not only how much the numerical accuracy improves.
A more practical question is how much we can reduce false alarms that may confuse field operations

Results Evaluation

« Using terrain information, we can reduce
scattered false detections in mountainous
areas while preserving the major flooded
areas along river corridors.

« This helps field teams decide where to
inspect first.

oron | RE &

1RO ff
! 30

(Baseline -> Refined)

3 el Precision Recall Fl-score loU
E ROI3 ; P b, N '-_'j ROI1 0.721 - 0.914 | 0.571 - 0.618 | 0.638 - 0.737 | 0.468 -> 0.584
; Ml 4 s ROI2 0.588 - 0.800 | 0.587 - 0.659 | 0.588 - 0.723 | 0.416 -> 0.566
ROI3 0.630 > 0.822 | 0.565 - 0.598 | 0.596 - 0.692 | 0.424 - 0.529
Average 0.646 - 0.845 | 0.574 - 0.625 | 0.607 - 0.717 | 0.436 - 0.560

Al + terrain logic — fewer false alarms — faster decisions

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1 1



Early Warning &

Local Evidence

Drones, CCTV and 3D geospatial
intelligence for more detailed local
information.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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CCTV
Observation

Drone g -~

Observation > “q;

= Fixed cameras

monitor water
levels and

boundaries in
real time

Aerial imagery
captures large-
scale flood
extent

Analysis
Extract flood
information
from drone and
CCTV data

Integrated Flood Detection for Rapid Response Q @ 0Qo
[da
Combines large-scale flood extent from drones with real-time water boundary =
detection from CCTV for accurate situational awareness and faster decision-making. Early Alert Targeted Enhanced
Response Safety
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Meso-scale Al: drones footage fill observation gaps R

Local imagery helps responders see places that fixed sensors or satellites cannot capture at
sufficient detail .

Drone-Based Flood Analysis Workflow

-

0 Input Data 9 Frame Extraction e Georeferencing

e Flood Elevation Estimation

g

sation (m)

Estimated Water Surface RIF T

3

8§ . 588383

2 o N
83838338

« Smart frame selection removes redundant or low-value footage.
» Object and boundary detection help locate damaged roads, flooded zones and blocked access points.

» Georeferencing turns visual evidence into mappable operational information.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1



Optimized through smart key-frame selection from video data

Importance of frame selection

A\
: A
A\ W R <
-y
: b
Ny ~ . . ,"\‘,
N YRS
N
n

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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Optimized through smart key-frame selection from video data

Importance of frame selection

Fixed interval frame selection

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1

The 5™

“IDRLF

Internu!lonal Dlsos%er Reslllence

14



The 5™

Ty : : “IDRLF
Optimized through smart key-frame selection from video data e e

Schematic workflow for frame selection pipeline

Video frames

81% 799, Pyramid Blending

@ Panorama
generating

R
ey
i lllllllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
i

i

|
| P
t P
] ! 1
| | |
! ] 1
i 1 1
t S
] s ] 1
t i
i | ey !
i ] ICHIOn H |
| ) _ /1 AR i
| . | Comp: |

L | O} - {
| Input [ = Dorformance B
! 4 ! | Vit i | rerrormance led
! rerormanc
! T | I 4 P> = |
j [mage | human analysis [
i ! | e Ve | H
i ; 3 ratin: 1
t J
i | Aesthetic |
i neuc
1 3 T L PLY
! rreaicuion
! .
I \ !
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Optimized through smart key frame selection from video data e

Schematic workflow for frame selection pipeline

Orthoimage improvement

Orthoimage from fixed frame interval

Orthoimage by optimum frames

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1



Optimized through smart key frame selection from video data R R

Flood Extend Detection

WI (The accuracy is 79.4%)

Ground Truth (Manual) U2-Net (The accuracy is 91.81%)



The 5"

Optimized through smart key frame selection from video data =oRLE.

3D Visualization of Flood

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1




Micro-scale Al: CCTV detects local flood boundaries

The 5™

“IDRLF

International Disaster Resillence
Leaders Forum Incheon

Fixed cameras provide continuous monitoring at critical urban nodes, underpasses and roads.

Dynamic Detection of Edge Boundaries Using CCTV

-

Background and Motivation

e Recently, urban flood damage caused by localized torrential
rain has increased rapidly.
e Because CCTV is widely installed for real-time monitoring,
it is one of the most useful sensor types for situational awareness.
e Existing research has mainly focused on reference objects
or river water-level monitoring, leaving a need for direct
flood-boundary detection in urban areas.

CCTV status of metropolitan cities
and local governments

DATA.GOXR

+ Public data portal

* 133,966 locations

* CCTV location: WGS84
longitude, latitude

D)ok S00RY

How can CCTV images be used for extracting

( Analysis Workflow

TV
CCTV data C] Main analysis

Existing dataset

INPUT
. — = —
S S e ~ 3 - \
g Estimation of Incident detection Flood level ( Estimation of |
4 camera parameters and categorization monitoring | damage area
o V) | - —_
o
o
o Depth image Time window-based
(2] monitoring
o generation L )
= v
<
z Incident detection
<
Depth image generation

CCTV Al turns

critical information?

How can flooding be detected using CCTV images?

How can flood-level information be extracted from CCTV data
installed in urban areas?

How can the expected range of damage in the surrounding area be
estimated despite the limitation of fixed cameras?

ordinary surveillance infrastructure into a real-time disaster sensor network.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1
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¥7. Depthimage ‘ | Incident category
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Flood level
’WV‘ extraction

}

Potential
damage area




Micro-scale Al: CCTV detects local flood boundaries

Dynamic Al Flood Incidence Detection Using CCTV Video Data

—— Infrastructural damage
Damage to natural landscape

9879 —— Fire damage
@ —— Flood damage
Sosd Vehicle damage
w
1)
o
[ =
S 0.4
=
c
<]
o
0.2
M
0.04 b bdin
0 2000 4000 6000 8000 10000 12000
Frame (s)
(a)
sopop { —— Infrastructural damage A
Damage to natural landscape
—— Fire damage
400001 —_ Flood damage
—— Vehicle damage
30000 -
v
=1
o
(73]
20000 -
10000 -
o 4
0 2000 4000 6000 8000 10000 12000
Frame (s)
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Flood incidence detection at the same time with flood boundaries
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Micro-scale Al: CCTV detects local flood boundaries s SR regenee
IMAGE-BASED LOCALIZATION
Initial setting Edge detection and integration Incident detection
1) ROI setting for interest region based on vertical e Edge detection . . ,
Ratio of edge pixels Difference from
structure : in sub-window slope_init
2) Setting the initial starting point for flood level * Canny * DexiNed :
tracking T — Slope(k)
3) Information on the slope of the boundary line —

between the ground and vertical structure
4) Setting moving window for analysis

e Multi-frame integration Calculate W Sub-window
with maximum W value

for sub-windows 14/
e ADD e PCA * Thinning

>

Update center point

MOpUIM-GNS
<

Initial center pgint”

—

Slode init

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1



From video pixels to flood intelligence: segmentation and 3D

projection

ession

td B
-
’f

SOFI index (26)

—
=

<o

o

—

— Estimated

0 20 4 6 8 100 120 140
frame

16



From video pixels to flood intelligence: segmentation and 3D

C .. *IDRLF
p roj e ctl o n Leaders Forum Incheon 2026
https://www.youtube.com/watch?v=8hO6WZVwlks
0+
SANKE]
\ NEWS
100
200
300 i
—— Estimated
351
400 30
& 25
X
500 3 20
£
— 15
600 & 10
5 4
Camera 06 ;l‘: m 'g ﬁl t / |
IWERRES R ARTIV R 700 =
0 50 100 150 200
0 200 frame
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From video pixels to flood intelligence: segmentation and 3D -
projection ke

ernational Disaster Resilience
lers Forum Inc 2026

https://www.youtube.com/watch?v=Y40mG4DMiv0

200 1
201 — Estimated
300
~15-
400 8
X
3
10
500 £
L
[ 2
. 51
Camera | 600
0-
700 . T . . r
0 10 20 30 40
0 100 frame
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From video pixels to flood intelligence: segmentation and 3D
projection

<IDRL
n
Lead

ernational Disaster Resilience
lers rum inc 2026

rs Forum heon

Segmentation

Mapping Flood Boundaries

onto the 3D Point Cloud

International Disaster Resilience Leaders Forum Incheon 2026 | S
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From video pixels to flood intelligence: segmentation and 3D ¢
projection e IRLE.

Leaders Forum Incheon 2

Flood Boundary Estimation Usin

g Local High Accurate Digital Elevation Model.

]
s spuunns T, §

i “ge |

CCTV No. CCTV #1
Max flood level (m) 39.66
Geoid height(m) 20.12

Converted max flood level to  10.54
orthometric height (m)

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1 16



Al-Ready Disaster
DEF:]

Korea’s foundation for trusted Al:
standardization, linking,
quality and knowledge graphs

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1

RAW DATA REPOSITORY

As Received

@ ceospaiAL DATA

Vector Data At
Shapofile (SHP), L
GeoJSON, KML X

A

Raster Data 7
i GooTIFF, JPEG,
5 pNG, DEM

=
& TABULAR DATA

| Text Data
SV, XLSX, TXT,
Database Export

{

)

L Documents
POF, Word, L]
Reports

(3] MEDIA DATA & SERVICES

Videos
MP4, MOV, S
AVI rones, CCTV)

APt & Sarvices
API)  REST AP1, WMS, @
Wrs, Endpots

Heterogeneous Disaster Data to Al-Ready Knowledge

DATA PROCESSING & TRANSFORMATION PIPELINE

1. INGESTION
& PARSING

o

2. STANDARDIZATION

e,

« Format Conversion
+ CRS Alignment

+ Encoding
Normalization

+ Unit Standardization

+ Keywords extraction
and Triplets generation

3. DATA QUALITY 4. ENRICHMENT 5. STRUCTURING
& INTEGRATION
) < s
<
W
« Validation + Spatial Join « Feature Engineering
« Deduplication « Temporal Alignment  + Aggregation
+ Missing Values + Reference Data « Time Series
el v g
 Outlier Detection « Entity Resolution « Graph Construction

v

T L
~

Structured, Connected, Trusted

PIE

Vad

‘\‘Q

The 5™

“IDRLF

International Disaster Resilience
026

Leaders Forum Incheon

AI-READY DATA X

Spatial Data

(GeoJSON)
4 g

BEE RasterData 7 4
B8 o optinina 1
Z Sl b

7] TabularData M ke tme
B Parquey

3 Time Series Data
> ( )

SIS AN

Knowledge Graph ¢, a

(Neod) g9
o o °

Document

Embeddings

:@Q'

-

w2 ww
® m %
w0 ne
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The hidden infrastructure: Al-ready disaster data egeRRis s

Korea’s central lesson is that Al performance depends on
standardization before modeling.

Al-Readable Data / Al-Understandable Data / Al-Ready Data

L Data Type Criteria et e e e e e b e A 5

.+ Al-readable: the system can open or

RAW DATA REPOSITORY Al-READABLE DATA Al-UNDERSTANDABLE DATA Al-READY DATA ‘
1
As Received Raw / Original Data Processed / Transformed Data Ready for Al Ingestion & Use : th f' I
Data in its native formats Data that Al systems can read or parse, Data that has been cleaned, organized Data that can be directly ingested by : pa rS e e I e .
from multiple sources but may not yet be meaningful and enriched so Al can understand the Al/ML systems for specific tasks 1
Y y g
or useful for specific tasks. meaning, relationships and context. and applications. :
@ GEOSPATIAL DATA 1 A I . B
; -unaerstanaanie:. enttues
adton Bain EXAMPLES OF RAW DATA KEY PROCESSING & OUTPUTS WHAT MAKES DATA Al SYSTEMS / ; . y
N TRANSFORMATION STEPS s '
Shapefile (SHP), /< ﬁ S Bocdneria AI-READY? APPLICATIONS '
GeoJSON, KML @ Data Cleaning Structured Data ' 1 1
B oovrmscre e [ s T || ' context ana relatuonsnips are
Raster Data uplicates, errors & schema (ChatGPT, Gemini, etc.) 1
S AR 1
GeoTIFF, JPEG, : \‘J (aa) 1mages (PNG/IPG) T3] Standardization i i @ High data quality :
PNG, DEM &dia "3 Formats, units, (Triplots / Graph Databases. !
P %
B Videos (MPa) CRS, naming Nodes / Edges) @ Properly structured (Neodj) : eX ra C e
. .
g TABULAR DATA {s} Json/xmL d inliry?ocugni(im & Bovondt !
’ » xtract entities. " Embeddings » ’ Machine Learning
SR & AP/ webData % e i R @ Rich metadata & i :
CSV, XLSX, TXT, events, objects, etc.) i ety provenance : o .
e | W wci || g : -ready: data are structured,
2 Identify relationshi b shaporioasd o L Dashboards
Semi-Structured @ B TS st flosnso ‘c'\/‘ (Aligned & '
A JSON, XML, Cleaned) @ Optimized for - ]
> A (5 g T Q) e . connected, trusted and directly usable
Documents (ports, files, sensors, APIs) Convert to structured Bl Pt e?‘ ;‘::n:x:;-g. ystems : y
P PoF word — « Various formats and structures Snfma D Layers M :
3 3 = (e.9., graphs, schemas) A 1 g
Reports « May contain noise, inconsistencies, (Georeferenced) @ secure, accessible .
B . or a specific task.
« Al can read it, but may not fully —© Add metadata, external 1
@ MEDIA DATA & SERVICES understand its context or meaning knowledge. reference data :
Videos 1
E MP4, MOV, @ - ° H H H (13 »
S o or disaster decisions, “readable” is no
) O i Faveichin) Al can not only READ but also UNDERSTAND Datals REA'DV i0 "le INGESTED by ! ]
a APIs & Services but may not UNDERSTAND it the meaning, context and relationships Al systems for: soalysis. teasoning ~
API REST API, WMS, (semantics / context). and decision-making. 7
WFS, Endpoints !

7 enough.
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Data pipeline: ingestion — standardization — quality — ’“i:’iDRLF

enrichment — structure b

This pipeline makes local disaster data reusable for prediction, reasoning and reporting.

Heterogeneous Disaster Data to Al-Ready Knowledge

Non-negotiable steps
* CRS, units, formats and

RAW DATA REPOSITORY DATA PROCESSING & TRANSFORMATION PIPELINE AI-READY DATA \‘\ . ’ ’
po St Gty el ; timestamps must be

. !
@ GceosPATIAL DATA 1. INGESTION 2. STANDARDIZATION ~ 3.DATAQUALITY  4.ENRICHMENT 5. STRUCTURING . !

= & PARSING & INTEGRATION { } (Sg:fs'g:)'a e T : harmonized.
s::p::ilza(;:v). B .” < ' . . .
% | @ Cl' @ <5 s - « Missing values, duplicates and

Raster Data = iz 7 = 5 < X [ ']}
. C 1t + Format Conversion + Validat + Spatial J + Feature Raster Data 3 ! 1
@ ‘:ZEIEFE';PEG' . P:::: - . cnrs Alignment I . D:uplli::!ion . 'Pa " 0 m» - L (Cloud Optimized) 7 “" i O u tI Ie rS m u St be Ch eCked .
» 1
é + Schema + Encoding + Missing Values + Reference Data « Time Series H H . ..
&5 TABULARDATA Detection N°_’ malization- _ Handling Linking Structuring . . f ° S p atl a I JOI n S te m po ra I
= Text Data + Unit Standardization « QOutlier Detection « Entity i + Graph C: @ Tabular Data Ve W ! !
CSV, XLSX, TXT, 3 s B g « Keywords extraction Parguet) ::; 2‘2: :x : I i t d t.t I t.
Detabsse Export a®g " and Triplets generation 0 30 100 : a Ig n m e n a n e n I y reso u IO n
{ 1 Jsse;nhi;it::éured \ EJ: u. : L] I» ®®z®g®® I‘ :: : : ; - i CO n n e Ct d ata SO u rces
" API Response \_‘/ n o B ] \\’QgQQ = = = > . < @ Time Series Data oy ! '
Documents \\_/ % nd s : v Pl I e Z ¥ ‘ WW i . .
- EE " e (T EE o || ST LA .+ Final outputs include feature
Hgl \ i ° AR . . !
B ] ” oo - | - SN . .
D MEDIA DATA & SERVICES S / L " e o |- |-|a ARAAL 5 LK Knowledge Graph ¢, /j;u E Sto res , g ra p h S , em bed d N g S
4 . ° |- - . 8 ) & / (Neodj) LN -0 i
Videos / G o .' ® el 9"~ - e Va (- S =0 | . .
L B || S || =l kb, SRl oo & | and time series.
e ¢ * 4 ° _% Document |
@ ::;'i:lerv;:l:s ‘ / °© r ¢ = | Embeddings /

WFS, Endpoints
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Gapyeong pilot: converting local disaster data into Al-ready resources=sx=::-

The pilot shows how Korean local-government datasets can support Al

prediction and reasoning.

River & Topography
(DEM, Slope,Streams)

Hydrological
Observations
(HRFCO, Rainfall)

Environmental & Land
(Land use, Soil, Vegetation)

Socioeconomic & Built
(Buildings, Population,
Infrastructure)

External Services & APIs
(HRFCO, KMA)

Documents & Regulations
(Guidelines, Reports)

Videos / Images
(Drones, CCTV)

Shapefile
SHP (SHP / GeoJSON)

Raster
Rl  (GeoTIFF/DEM)

@ Tabular
(CSV / XLSX)
@ Spatial Data
(GeaJSON / KML)

{ § APIs / JSON
L) (Weather, Forecasts)

8 Documents
PDF (PDF / DOCX)

e Media
u (MP4 / JPG / PNG)

Al can READ this data
(syntax / format)

but may not UNDERSTAND it.

v
* A H

Q @

Spatial Standardization QGlS
(CRS, Topol Alignment]

[( pology, Alignment) GBAI.
Data Cleaning Python
(Missing values, Outliers) Pandas
Attribute Harmonization Python
(Units, Codes, Naming) Pandas
River Network Generation Python
(KD-Tree, D8 Flow Direction) SciPy
Data Integration Cacbuidis

(Join, Temporal Alignment)

Entity & Semantic Processing spaCy

(Entities, Relationships) NLTK
Quality Validation Great
(Consi A ) i

Al can UNDERSTAND this data
context, relationships).

Standardized Geo Layers
(GeoJSON / GeoPackage)

Clean Time Series
(Water Level, Rainfall)

Feature Tables
(Attributes, Indicators)

River Network Graph
(Nodes & Edges - D8)

Integrated Dataset
(Spatial + Temporal + Attr.)

Knowledge Triplets
(Entities ~ Relationships)

Knowledge Graph in Neodj
(Rivers, Stations, Risk, Events)

ﬁb’«ox@ﬁ«o

Structured data enriched with meaning
and relationships.
Ready to be used by Al.

¥
@@WX%«OE

\
1. DATA SOURCES 2. AI-READABLE DATA 3. PROCESSING & TRANSFORMATION 4. Al-UNDERSTANDABLE DATA 5. AI-READY DATA
Heterogeneous Inputs Raw / Original Cleaning, Integration Structured / Contextualized Ready for Al Ingestion & Use

Graph Data for GNN
(Adjacency, Features)

Time Series for Al Models
(Aligned & Windowed)

Feature Store
(Static, Dynamic, Derived)

Training / Inference Datasets
(ST-GAT, T-GCN, PINN)

Knowledge Graph
(Cypher Query Ready)

Documents for RAG
(Chunks, Embeddings)

Real-time Data Streams
(API Feeds)

Visualization Data
(2D Leaflet / 3D Cesium)

AI-READY to be INGESTED
for prediction, reasoning,
analysis and decision support.

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1

River networks, catchments and
stations — graph data.

DEM, slope, land cover and imagery
— optimized raster layers.

Water level, rainfall and flow —
aligned time series.

Population, buildings and land use —
exposure and vulnerability attributes.

Documents and reports — chunks,

embeddings and knowledge graph
nodes.
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From readable data to usable knowledge

From Data Al Can Read
to Knowledge Al Can Use

Reading data is not the same as understanding it for disaster decision-making.

-0— 0 0

Knowledge graphs and RAG connect events, places,
observations and documents

Al agents need structured evidence, not
disconnected files.

& .-
& X
. y = Standardize .Connect space, Make knowledge
Experiences using Heterogeneous Disaster Data hetecogensows; | | Hmmmdostenk; || mesbiemdtsind
---------------------------------------- Gapyeong Flood Monitoring System T S S T A R S D ISR T s i

— I

6 DOCUMENTS (PDF)

Text Extraction and Semantic Structuring

T

Regulations, PDF

PN Reports, N
Guidelines

r
LJd

o &

PDF File x

Python (pdfplumber,
PyMuPDF, LangChain)

Text Extraction
(OCR/ Parser)

Cleaning & Chunking
Embedding Generation

| 012,054, ..., 0771

Vector / Embedding

Tools: pdfplumber, PyMuPDF,
LangChain, Python

=

@ DATA SOURCE RAW DATA o CONVERSION PROCESS Q AI-READY DATA

Markdown / JSON
(Structured Text)

@ LLM/RAG Ready
@ semantic Content
@ searchable

@ Sstructured & Consistent

g Al-Ready Document Data

TOOLS & TECHNOLOGIES

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1

il pandas (5 eopancas @ rasterio &sm Qoos  Oppei Ssnapay LI Neod

Keywords

Triplets
Neo4j Database

Al-ready knowledge = connected + structured + trusted data for action

Why this is important
Links hazard events with locations,
observations, assets and reports.

Supports question answering with source-
grounded evidence.

Makes Al explanations more traceable
for decision-makers.

Creates a bridge to international identifiers
and taxonomies.
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Prediction,
Reasoning &
Agents

Combining GNNs, knowledge graphs,
RAG and human review for decision
support

International Disaster Resilience Leaders Forum Incheon 2026 | Session 1

Simulation testing & validation

1. Station Level Injection

2. ST-GAT Inference (Prediction of
Water Levels for all River Nodes)

3. Risk Calculation

4. Neo4j Real-time Update
- rcurrent_level = predicted_level,
' - rstatus = 'CRITICAL' | 'WARNING' |
‘NORMAL,
- rrisk_score = calculated_risk

Flood Risk Management Multi Agent System

00:00

The 5™

“IDRLF
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Leaders Forum Incheon 2026
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Prediction layer: river networks can support spatiotemporal Al SIDRLF

m o d e I s Leaders Forum Inchson
Graph-aware models can learn how water-level signals propagate through

connected stream networks. Flowchart g

E Neo 4j Graph DB
: Store stream network,
Data Collection
Collect data from multiple
sources and systems

attributes and relationships

A Data Preprocessing
® Clean, transform, and integrate

data for analysis
R >,

v

~
R

Description:

* Multiple spatial and
hydrological datasets are
integrated into a unified
river network database.

v

ST-GAT / T-GCN / PINN

Deep learning models for
water level prediction

v

Predictions

Predict water levels
for all stream nodes

* The information is stored
in Neo4j and used to

ﬁbﬁ%«o

Server and Programming
. Environment 3
train graph-based water- @ Configure backend server and -
L development environment Neo 4j query &
level prediction models. . Prediction Results
* * Query graph database

Seeo -

o e
- ~o

N\ and dehver results
. R | r hen Topology code Water level calculation
esu tS are t e Generate stream netw.o.rk Compute water level Backend APl & Web Frontend
d el ve red th ro ug h Web_ topology and connectivity ’ \ related parameters ’ a8 E i
based 2 D a nd 3 D ] I web interface for users
visualization systems. I ﬁ

~
~
.......

In Korea, small-stream and local flood risk require prediction at the network scale,
not only at individual gauges.
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Flood Risk Management Multi Agent System b

_______________________________________________________
N

PROPAGATION — GAPYEONG 2025.07.20

-
e

Simulation testing &
validation

1. Station Level Injection

2. ST-GAT Inference (Prediction
of Water Levels for all River
Nodes)

3. Risk Calculation

4. Neo4j Real-time Update
r.current_level = predicted_level,
- r.status = 'CRITICAL' |
'WARNING' | ‘NORMAL,
- r.risk_score = calculated_risk

~—— -

’
______________________________________________________

Sea -
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Flood Risk Management Multi Agent System R

R ~

-

Simulation testing &
validation
1. Station Level Injection

2. ST-GAT Inference (Prediction
of Water Levels for all River
Nodes)

3. Generation of connectivity
and influence

4. Ratio = predicted level /
baseline_level

- if ratio >= 2.5: CRITICAL (Risk
95+, red)

- if ratio >= 1.5: WARNING (Risk
60+, orange)

- else: NORMAL (Risk 15, green)

T ——,

~

-
_______________________________________________________

S~o ——



Al agents should orchestrate evidence, not replace <IDRLE

responsibility

The best role for agents is to connect data, models, knowledge and reporting under human review

Autonomous Generation of Intelligence Reports

Proactive Identification of Cascading Risks

* Progression beyond static ® — Alo
dashboards to active intelligence
r o Deployment of LLM-powered INTELLIGENCE REPORT:
~. CASCADING RISK ASSESSMENT.
. autonomous Al agents r
0 Micro
4 * Retrieval of multi-scale data

Based on multi-scale data integration

5  CCTV>3m . i
from mtegrated knowledge graphs . ’ ' and !_’ W—

|

|

Fiy

\

. | * Instanlianeous generation of EEEED. the current situational
Eva Cuatlon standardized action reports analysis indicates an elevated threat
level for the northern sector. Evacuation
e \ ; 5 > I
Route * Compliance with UN and APEC cinokoiime el all

/’? Macro Risk Alert multilingual reporting formats T
@ Z) Sat Pooling '

Agent workflow

Sensor agent: monitors rainfall, water level,
CCTV and satellite outputs.

Enhanced Analysis & Detection Actionable Risk Triggering

e Utilization of structural  Execution of conditional logic Model agent: runs prediction and uncertainty checks.
graph-based reasoning parameters for assessment

* Identification of hidden and * Triggering of localized Knowledge agent: retrieves relevant standards,
cascading disaster hazards downstream evacuation alerts past events and vulnerable assets.

¢ Cross-referencing localized

CCTV and broad satellite data Report agent: drafts evidence-linked situation

reports for human approval.
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Responsible use and cooperation: Korea can connect with global e

disaster-data SySte ms et e

The next strategy is to connect Korea’s technical pipeline with regional and
global disaster-data systems.

DISASTER & HAZARDOUS EVENTS, Hs]sRy:Y

Jextstep: Ge"z;:::’: ‘2'1-""-';':': ?":":‘;:9 °;";’:;‘I?:'s: ":"E‘:"'ge“ce = i ' GLIDE (GLobal unique disaster IDEntifier) — LOSSES & DAMAGES TRACKING AND'ANALYSIS

= Clima n 1S Ri an lienc e =i P & -

) 4 - W The EM-DAT Disaster Loss Database \
nualprocess  AgenticGIS = == '"" | O — D eMDAT Typhoon RAGASA in 2025
- - e ———
= T T —
e e e L
= = ( . PHL
Rk <o Regert e, | B=_- | e Freeaccess (non-commercial ) Vi
130,
L E TC-2025
.........
ESCAP CARRA / agentic GIS EM-DAT disaster loss data GLIDE identifier UNDRR DELTA

Cooperation priorities
» Map domestic hazard categories to international reference taxonomies.
» Use identifiers such as GLIDE to link cross-border and multi-country events.
« Connect Al-ready data through APIls, metadata and provenance records.
* Build human-in-the-loop quality control into shared workflows.

» Pilot Korea—partner-country flood and landslide workflows with regional platforms.
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Closing: three practical strategies

for Al-enabled complex disaster prevention and management

1. Build Al-ready 2. Validate Al with 3. Scale t_hrou_gh ,
knowledge Standardize analytics Combine model CPOP_G‘rath'T Link Korea’s
data before modeling speed with geospatial rigor pipelines with EM-DAT,

GLIDE, DELTAand ESCAP

Take-home message

Trusted Al for complex disasters begins with Al-ready knowledge, is strengthened by
analytical validation, and scales through responsible regional cooperation.

Prof. Hong-Gyoo Sohn | Yonsei University | sohn1@yonsei.ac.kr E ' l
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