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Changing Typhoon and Rainfall Patterns

v Climate change is intensifying typhoons and increasing extreme rainfall events.

v" Short-duration, high-intensity rainfall has become more frequent, raising urban inundation risks.

Global Extreme Weather Events and Impacts in 2024 (KMA, 2025)

Nation Date Event Damaged
Philipphine 10.25. Typhoon “TRAMI" At least 85 deaths and 41 missing due to large-scale floods and landslides
Japan 9.20. ~ 9.22. Heavy Rainfall 6 deaths and 498.5mm of rainfall in 48 hours
Vietnam 10.27. Typhoon “TRAMI” 12 deaths and 7 injuries due to flooding
China 6.21. Heavy Rainfall 47 deaths due to flooding in southern Guangdong Province
Thailand 12.3. Heavy Rainfall 30 deaths and 660,000 homes inundated due to persistent heavy rainfall
7.8. ~ 7.10. Heavy Rainfall 6 deaths and 2 missing due to inundation and landslides
Republic of Korea 919 ~ 922 Heav : Record-breaking autumn rainfall in Changwon City:
feaieas Rt 397.7mm/24hrs and 104.9 mm/hr

KMA “Abnormal Weather Report 2024"

(2025)




1. Introduction

Increasing Inundation impacts in Korea

v' 93.1% of property damage and 40.4% of human casualties are due to heavy rains and typhoons,
which account for most of the damage caused by natural disaster.

v" Severe urban inundation events occurred repeatedly.

In 2022, Seoul suffered human casualties due to record-breaking heavy rainfall.

In 2023, 14 people died due to inundation of an underpass.

In 2024 and 2025, heavy downpours of over 100mm per hour and nearly 500mm in 24 hours caused
Inundation of buildings and roads.

Heavy Rain 27.29%

Typhoon 31.

: H::'—:'!“;f‘y’ Rain 61.5% \ Typhoon 12 .EES

IVEBEEPPand Heavy Rain 0.3%

Property Damage Human Casualties

Proportion by Cause
Inundation in Gwangju, Korea (July, 2025)




1. Introduction

Need for Effective Inundation Response Information

Current Issues What We Need to Improve
Uniform warning criteria nationwide Localized inundation risk criteria
Lack of field-measured inundation data Real-time sensor-based measurement & Analysis
General non-specific alerts Decision-support alerts at the local scale

> Practical and localized inundation information system is required.
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2. RAIN-X Series Overview

RAIN-X Series and Expandability

The RAIN-X Series is composed of two main components:

v" RAINSYS, a web-based urban inundation monitoring system.

v" RainMe, a sensor for measuring inundation depth in the field.

v" The RAIN-X Series also represents future expandability, including

prediction models and inundation mapping tools

RainMe-F RainMe-R RainMe-C
(First type) (Rectangular type) (Circle type)

Flood Depth (cm)

AINSYS

Real time Alert for Inundation System

TAIES DLIE T A2

Mapping program based prediction model







3. RAINSYS and Risk Criteria

RAINSYS: Real-time Alert for Inundation SYStem

v" Web-based urban inundation monitoring system * Trademark registered

AINSYS

Real time Alert for Inundation System
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3. RAINSYS and Risk
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3. RAINSYS and Risk Criteria

RAINSYS Functions
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3. RAINSYS and Risk

RAINSYS Functions
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3. RAINSYS and Risk Criteria

RAINSYS Functions
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3. RAINSYS and Risk Criteria

~ Urban Inundation Risk Criteria

How to make Risk Criteria

v" We introduced the concept of Threshold Rainfall
which represents the rainfall amount that can cause urban inundation.
v' It is determined based on curb(kerb) height (approximately 25 cm)
and is a key input for developing inundation risk criteria.

Data Construction YES
(rainfall, damage)
NO
-P




3. RAINSYS and Risk Criteria

Urban Inundation Risk Criteria

Assistance from Deep Learning

v" Since the proportion of training data was only 20%, we increased the amount of
training data to about 60% through self supervised learning.

2nd
Input Data Data Processing Data Learning Cross Validation 2"d-oder Result

If the conditions are met .
Non-damaged rainfall <Y < Damaged rainfall 1
Comparison with

Non-learning Data Primary Outcome

Self Supervised Learning

Comparison with
Non-learning Data

If the conditions are met

Optional Calibrate ! )
Non-damaged rainfall <Y < Damaged rainfall




»

3. RAINSYS and Risk Criteria

Urban Inundation Risk Criteria

Development of DL Model

v' Rainfall data: more than 3 billion

v Damage data: more than 10,0000

v Geospatial data: slope, elevation,
river network, Percentage of
Impervious areas and etc.

\

Culvert densily»o
ility rate

OU tban Flood Criteria
-—

. W)
X"‘
‘
'K
'l

60000000000
66c6c000000

* Patent registered

T
.
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3. RAINSYS and Risk Criteria

~“ Urban Inundation Risk Criteria

Urban Flood Risk Criteria Threshold Rainfall(mm/hr)

. 0-50
. 50-60
v" Using this developed model, we calculated =

the threshold rainfall for 3,390 - (‘ y_
administrative Dong, excluding island 5 -

regions. M) “
In order to provide a alert at least 10

minutes to 1 hour before inundation, the ()

risk criteria was set in stages from 50% to
80% of the threshold rainfall.




4. RainMe and Application

RainfMe



4. RainMe and Application

""" Development History

v" RainMe has evolved through field testing and design improvements to provide
reliable real-time inundation depth measurements.

2025
RainMe-R type
2018 - Expanding measurable water-depth range
First Installed - Enhancing accuracy

Bollard t
ollard type 5022 2024

Development of RainMe

’H FIrSt- product ‘ ) and Field Installed
! - Ultrasonic sensor ¢ -

I \ / - Create a variety of type ’

2020
Add wast:rcsiertectmn 2 02 1 2023

Second product
Attempt - Improvement of structure and code

self-development
2019

Rectangular column type
with Solar panel




4. RainMe and Application

~ . Development of the Control Unit: WMeT

-

v" WMeT: compact control unit embedded in RainMe

v' Collects, stores, and transmits data to a server (RAINSYS)
v’ Supports more sensor types than existing units

v Low-power PCB design

v’ Patent, trademark, and design registered

" Controller Holder |

" SensorHolder  Transmutable Box




4. RainMe and Application

Field Installation: RainMe

The device can be installed on the road surface or on curbs.
v For curb installation, sensors are placed on both the inside and outside to measure
inundation depth




4. RainMe and Application

“ Availability of RainMe

v" Sensor data enable alerts, traffic control, navigation
support, and facility safety management.

Risk Information Message
MMS, SNS(KakaoTalk, Line)

=

»

Traffic Control
: (Underpass or Riverside road)
RAINSYS

24 SUEY AAH

Navigation
(Guide to avoiding flooded areas)

Dangerous Facility Management
(Power or gas supply system)




4. RainMe and Application

~ " Application of RainMe Data: Inundation Prediction Model

v' Measured inundation data are used as training
inputs for our prediction models.

v" We developed LSTM-based models that learn
flooding behavior from historical measurements.

v' Although peak values show some errors, the

41400 41600 SLEM  AF000 42200 47400 42600 JAZB00
Tirme

model captures overall inundation patterns
effectively.

Waterdepth

41400 41600 41800 42000 42200 42400 42600 42800
Time




4. RainMe and Application

Application of RainMe Data: Inundation Map

v" Replace traditional inundation trace maps v Generate forecast inundation maps

— =
5 o2
B! o a
0.5m 0|3}
05 ~ 1.0m
1.0 ~ 1.5m
15~ 20m
@ M 9H

More cost-effective,

Sl cfficient and accurate

3 w(f_ﬂ 4 - i —— g .‘ ; - 3
Created by field survey =
After flood ended

0.5m 0|8t — kel i) Inundation Depth at (128.98359, 35.15383)
. ot
0.5 ~ 1.0m
1.0 ~ 1.5m
[ 15~20m

2.0 ~3.0m

I somol |

3

3

g

Inundation Depth (cm)
&

01-01 00 01-01 02 01-01 04 01-01 06 01-01 08 01-01 10 01-01 12 01-01 14 01-01 16

Betererce TFF

LT

Real-time Created by measuring data PR




4. RainMe and Application

- Expansion of RainMe

|

v Multiple RainMe models have been developed, and more will follow

RainMe-F RainMe-R RainMe-C g = | B LTE Mo
(First type) (Rectangular type) (Circle type) T 3 Controlr
Battery Pack

(3.7v, 110A)
Load Cell

S244) (060X300mm)

TS LA v
ADIE Z9-Y+ARYX AU Y5 HAE HY E
(Zuoet)

H2®| (060X220mm)
Controller Case
(LTE 28 23§

Level Switch
Battery Pack
Case (3.7V, 137A)

ya

NDMI RainMe Currently under R&D development
* Patent, trademark, and design registered







5. Future Vision and Conclusion

Future Vision

The RAIN-X Series will continue to evolve beyond monitoring and measurement, expanding
into real-time analysis, forecasting models, and interconnected response systems.

Our vision is to establish a fully integrated framework that supports rapid, data-driven

decisions for urban inundation resilience.

Conclusion
We do not yet know what the next "RAIN-X" will be.
But the direction is clear: continuous innovation, expand capabilities, and stronger support

for cities facing intensifying typhoon and inundation risks.

RAIN X




5. Future Vision and Conclusion

Acheivement

The first time in Korea!

And the world! Over 30 domestic and international patents
and software copyrights registered
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5. Future Vision and Conclusion

~ Acheivement

with™ Series
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