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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Results and Conclusions

1.1 Research Background

» Climate change is increasing the frequency and intensity of extreme rainfall events, resulting in more flood damage every year

» Need for real-time situation analysis system to reduce damage

- Y
2023
O
2022 - . _
O Floodingin Osongdue « The scale of urban flooding is growing
22)2 1 Floodingin Seoul * Need to establish a real-time monitoring and situation analysis
FloodinginBusandueto = system

* The physical model used tends to take a long time to run and
overestimates the situation

2023.07.15 Al is relatively simple to build input data and can utilize various
Oceurence 2072 08,09 Region  Osong input data such as figures, images, and voice.
e 20210824 Region  CapitalArea L [ - Various sensor data can be linked for damage monitoring and
Beckn | B gy | S eemiesan Hinderpassesfiooded results can be derived within a short period of time.
Six peopleisolated due displaced

Damage to flooding of buildings
androads
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1. Introduction

2. Theory and Methods

1.1 Research Background

« Hangang River Jamsoo bridge is the first two-story bridge in Korea to connect Yongsan
and Seocho districts, providing access to the city center.

By predicting the water level of major points of the Hangang River in Seoul (such as
Jamsoo bridges) according to the flood safety operation of the Paldang Dam, it is
expected to prevent and minimize the damage caused by flood disasters in advance.
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Jamsoo Bridge access control
due to massive discharge of Paldang Dam

» DA LIAN OHILE SHH2 72 &K Y8t 7Ks4 $Al

July 18, 2024 “Seoul Jamsu Bridge Pedestrians, Traffic
Restricted...Congestion on Rush Hour”

https://www.youtube.com/watch?v=uJ5BEe42wgd

3. Apply and Analysis

v
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4. Results and Conclusions
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Paldang Dam discharge view
https://www.youtube.com/watch?v=uJ5BEe42wgd
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1. Introduction

2. Theory and Methods
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3. Apply and Analysis 4. Results and Conclusions

1.2 Research Trends (International)

Papers Year Authors Summary
:_n;pgcr)\Fl)lgr%';h?[X)V:iiiihzvafgﬁggtg?;f Mt 2023 Adel Raiab A modified error function is presented to improve overfitting in water level prediction using Multi-
e yer P J Layer Perceptron (MLP) for flood warning.
unction
Collecting meteorological data consisting of precipitation, mean temperature, relative humidity,
Rainfall and runoff time-series trend analysis wind speed, and insolation to simulate runoff in the Nzoia River Basin, Kenya
using LSTM recurrent neural network and
wavelet neural network with satellite-based 2022 Yashon O. Ouma | Train LSTM and wavelet neural networks
meteorological data: case study of Nzoia
hydrologic basin Results of runoff simulation show that precipitation is the most important meteorological data to
the outcome
Al models are trained on 16 different weather data sets, including daily temperatures, to predict
Flood Forecasting by Using Machine Learning: floodina in Banaladesh 9 y P P
A Study Leveraging Historic Climatic Records 2017 Oh,S.H g g

of Bangladesh

Out of 11 Almodels, LSTM (Long Short-Term Memory) performed the best

<

and research using Al is actively being conducted around the world.

Research using LSTM and other methods is ongoing,
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2. Theory and Methods

2.1 LSTM(Long Short-Term Memory)

2.2 Bi-LSTM (Bidirectional Long Short-Term
Memory)
2.3 Research Flowchart
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Resultsand Conclusions

2.1 LSTM(Long Short Term-Memory)

 Long short-term memory (LSTM) is a model that improves on the long-term dependency issues of RNNs,
calculating how much of the past to forget or remember based on information from the present moment,
and performs better on longer sequences than RNNs.

ozt Ho|E vy 2 AHOIE

(forget gate) (input gate)

Structure of an LSTM

consists of cells and gates, where cells store
Ct sequences of data, and gates manipulate the
[o====f--===---—-- state of the cells.

An LSTM consists of a forget gate, an input gate,
and an output gate.

Each gate goes through several activation
functions to forget or remember past data.

How LSTM Works
1. Cell State

2. 2. Forget Gate
3. 3. Input Gate
4. 4. Output Gate

sigmoid
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Resultsand Conclusions

2.2 Bi-LSTM(Bidirectional-LSTM)

Bi-LSTM models incorporate forward and backward LSTMSs that process input sequences in both directions.
The outputs of each LSTM layer are concatenated to create a sequence that incorporates both past and future
context, allowing the model to account for complex temporal dependencies

v

Forward layer

e o —————— ——— —

Backward layer <
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1. Introduction 2. Theory and Methods

2.3 Research flowchart

3. Apply and Analysis

N KANGWON NATIONAL
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4. Results and Conclusions

Collecting input data(10min)

Rainfall data

AWS: Yongsan, Jung-gu, Seongdong,

Gwangijin, Seocho, Songpa, Gangdong, Guri

Water Level & Discharge Data

Paldang dam discharge
Jamsoo bridge water level

Model Training and Validation Resources

(7 Rainfall Events)

Preprocessing input data

Training

July 2011, August 2018, August 2020, August 2022 (09-14)

Test

August 2022 (08.28-09.06), August 2023

Independent Variables

Dependent Variable

Rainfall data (with lag time)

Paldang dam discharge

Hangang River Jamsoo Bridge

\A

Machine Learning

« LSTM

Bi-LSTM

10



3. Apply and Analysis

3.1 Research a Target Watershed

3.2 Analytical Data

3.3 Model Construction

3.4 Model Evaluation Methods
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1. Introduction 2. Theory and Methods

3. Apply and Analysis
3.1 Target watershed

11’ Hangnag River, Seoul (Jamsooange)

4. Results and Conclusions

”

@  Weather stations

<« Flow Direction

: e EEE  Hangang River
¥ .L A

)

’ » Seongdong

i | Gangdong
Yongsan \EVEYLQ]IH '

Songpa
ot 5

.- ; .- "‘ - " "
| Seocho [ —-' "'.~' e

A 'b v ~ .2 >
(:'. . ﬁ‘\ N ) - '

. Weather stations  W: Water level stations

Water level stations

% 2 hours for Paldang dam, Guri, Gangdong, and Observatory,
R: Rainfall stations 1 hour delay for Songpa, Gwangijin, Seocho, Seongdong stations
t: Lag time

Jamsoo

Bridge Yongsan Junggu Seongdong Gwangjin  Seocho Songpa Guri e

Dam

Wt Rt—O Rt—O Rt—l Rt—l Rt—l Rt—l
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1. Introduction

3.2

Analytical Data
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2. Theory and Methods

Collected data from a total of 7 rainfall events

3. Apply and Analysis

KANGWON NATIONAL
UNIVERSITY

-
CNU

4. Results and Conclusions

Collected AWS weather observation data (rainfall) from Korea Meteorological Administration and water level and dam discharge data from
Hangang River Flood Control Center

Categorized each rainfall event as Event 1~7 and used Event1~5 as Training and Event 6~7 as Test

(@ RainfaIIEvents)

(@ Weather station status)

(@ Water level and dam station statu9

Rainfall | Peak water | Accumulat

Event Rainfall events duration level ive rainfall
(hour) (m) (mm)
Event 1 2011.07 60 11.03 475.75
Event2 2018.08 50 7.06 167.75
Event3| 2020.08.02 ~ 07. 61 11.53 248.6
Event4 2020.8.09 ~ 15. 38 9.1 219.65
Event5 2022. 08. 56 9.7 408.7
Event6 | 2022. 08.26.~09. 06. 29 8.88 178.25
Event7 2023.07. 56 8.42 194.8

Station Station Observation
Wi No, startdate X (N) Y (E) Notes
Yongsan 415 1994.12.09. 548598.67 21089.5121
Junggu 419 1994.12.10. 552219.7596 22146.2635
Seongdong 421 2000.08.22. 551551.8666 26684.8883
Gwangjin 413 1994.12.08. 549937.4107 30821.9001
Rainfall
Station
Seocho 401 1994.12.04. 544627.8532 25404.2175
Songpa 403 1994.12.05. 547483.9206 31717.6119
Gangdong 402 1994.12.04. 552288.3041 36083.216
Guri 569 1993.10.20. 555229.0026 37201.7819

Station Station Observation
Name No. startdate X(N) Y (E) Notes
P?D'gﬁ:‘g 1303680  1992.05.01 ~ 537671 214614  Dam
Jamsoo
548304. 22762.8
Bridge 1018680  1984.06.23 3197 250 oterLevel

(WaterLeverl)

(Q Jamsoo Bridge Entry Control Criter@

Jamsoobridge
Classfication waterlevel Jurisdictions
(m)

Walking 55 Yongsan (north end of Jamsoo Bridge)
Restrictions ’ Seocho (southend of Jamsoo Bridge)

Vehicle Yongsan (Riverside 3 Road Entrance)
e 6.2 Seocho (south end of Jamsoo Bridge)
Restrictions Banpo Bridge South Approach (Seocho)

Bridge
9 6.5 -

Submerged
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Resultsand Conclusions

3.2 Analytical Data

 Predict 6 hours (t+36 ) after the current time by inputting 6 hours of past data (10 minutes)
« Apply atime difference of 6 hours (£-36) to the dependent variable (Jamsoo bridge water level) and build a prediction model by

learning it.
Inputs (rainfall & discharge) Predict 6 hours into the future by training data with a 6-hourdelay s t+0isthe currenttime
G o 4l / o e e e e e ~
144 . Rua;lil mmJ] Legend 0 ,,’ \\\
15 —  Waterlevel(m) I 1
= —e— Discharge(m3/s) | | = : : Y
;f “ Rainfall(mm) : % : ( \ :
3 I
=i o ¢ 1 :
] - : : t + 1
[ | 1
12 I I
,D" r\a n’,‘\ ,,'(“ n:\‘n r:\b ,5“7 ; : o I
oo O .Z952 J2Zé ! ——— | Machine | | £+ 2
Independent variable Time {10r) : 5 1
| Learning | !
1 I
1 1 1
e | - | we | - =
X :Independentvariable I (LSTM & Bi-LSTM) I
Y :Dependentvariable : I
X2 XZ Xz (Jamsoo bridge water level) : :
t-36 | 4t-35 t+0 X1 : Rainfall 1 i
X? : Discharge - - I
i ; 1 I
Dependent variable P n : !
\ \ / /'
\\ ______________________________________ ',

14
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Resultsand Conclusions

3.2 Analytical Data

 Sequentially train the model with Training data (Events 1-5)
« After training with Events 1-5, input Test data (Events 6-7) and compare the output water level results

CQ Training Data) (@ Learn Events 1 -5) C@ Testthe model using Events 6 and 7 )

0
—— Observed
e e - 175 —— ISTM
20114 78 UETL07.26-07.29) ya \\ i .
e 00 ’ \ 150 22093 Walking restrictions 1
200 — ol 1 1 2 1 NPE. 0.09 Vehicle restrictions
20184 BY T2 7(0826-09.01) — 1 - Bridge Submerged)
175 00 1 E12s
200 AN PV 1 1 1 Rainfall (mm) ) B
150 20209 68 UEET (08.02-08.07) —— WFH mYs 1 1 2 £
175 L] =
- e e 00 1 1 + 100 =
200 ———
?s 00 150 20201 8% UF T (08.09-08015) — I ;;,Ia:;@m:,s : 1 ;é m . i
L 175 nn » 715
] E 128 200 — 23 m o0 1 t_ 36 t = 36 :
ors |2 [
£ 00 150 15 202211 88 UZ T2 (08.09-0814) — R mis 02 : 1 50 ?%/
0 é‘ E 125 200 TTIT TN W 2 N o0 I : ¢
1 o ] 150 —— % (m)
2’ § 160 s — WY mYs 1 M h- 1 25
E R £ 125 ’ HUREAGES) O N — 35 t— 35 — acnine 1
w i o=ty . XPBH(.2m) 1 H !
- o |2 Ban mAEST 04 1 Lea rnin I 09-0500:00  09-0600:00  09-07 00:00 09-1100:00
1 |5 €125 Rainfall (mm) £ ] Timeco
00 2 07 "‘_f' ainfal £ 1 ime(10m)
s PR b Ewu 063 1 1
ot 050 i H 1 1 0
wady o7s o i ™ | astM&Bi-LsTM) |1 . —— Observed
1 1
050 1 1 — LSTM
000 g saghao 035 10 1 1 14 R%092 Walking restrictions |2
1 1 NPE - 0.05 Vehicle restrictions
000 viar omooom omtiom eerice aerasane oasaoe on100m : t+0 N — : g - bridge Submerged) |
1 1 3 0 Rainfall (mm) 4 B
H ES
\ \ ] 1 3 2
N\ 4 3 3
e — e ————— - ; 2
Model traini
8
Event1-> Event2-> Event 3 -> Event4 -> Event 5
07-130000  07-1400:00  07-1500:00  07-1600:00  07-1700:00  07-1800:00  07-19 00:00
Time(10m)

15
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Resultsand Conclusions
«  Theanalysis data uses the observed water level (Jamsoo bridge), AWS rainfall data, and Paldang Dam discharge in Event 1 Event 2 Event 3 Event 4 Event 5
10-minute increments.
. Collected water level data from Hangang River Flood Control Center and AWS rainfall data from Korea
Meteorological Administration(KMA) | 2011. 07 2018. 08 I AUA(E 2020. 08 2022. 08

Y Time series of water level and rainfall observations

X Converted to a value between 0 and 1 because discharge and water level have different units.

0.0 0.0
2.001 —<— \Water Level (m) 2.00/ —<— Water Level (m)
3 7 —— Release discharge(m?/s) , , 175] —_ Releas.e diSCharQIJe(TnVS) 02
Walking restrictions Walking restrictions
1.50{ Vehicle restrictions - 1,50 Vehicle restrictions
-------- Bridge Submerged | - Bridge Submerged 0.4
E 1.25] Rainfall (mm) = E 1.25 Rainfall (mm) z
g 06 £ E E
g T g 06 =
< 1.00 & ~ 1.00- =
& s 3] £
3 & S &
= 0.8 =
0.75/ ' 0.75}= \J r 0.8
050/ 7 050
1.0
0.25 0.25]
1.2
0.00 = - 0.00 1.2
07-25 00:00 07-26 00:00 07-27 00:00 07-28 00:00 07-29 00:00 07-30 00:00 07-31 00:00 08-26 00:00 08-27 00:00 08-28 00:00 08-29 00:00 08-30 00:00 08-31 00:00 09-01 00:00

. August 2018 Heavy rainfall (08.26-09.01)

16
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Resultsand Conclusions

3.2 Analytical Data (Training)

«  Theanalysis data uses the observed water level (Jamsoo bridge), AWS rainfall data, and Paldang Dam discharge in Event 1 Event 2 ' Event 3 Event 4 Event 5
10-minute increments.

. Collected water level data from Hangang River Flood Control Center and AWS rainfall data from Korea
Meteorological Administration(KMA) 2011.07. 2018. 08. I AU 2020. 08. I 2022. 08.

Y Time series of water level and rainfall observations

X Converted to a value between 0 and 1 because discharge and water level have different units.

0.0 0.0
2 OO’ 2.00‘
: —*— Water Level (m) ~— Water Level (m)
— ; 3 —— Release discharge(m3/s)
175 Release discharge(m3/s) 02 1.75/ . 9 . 02
Walking restrictionss Walking restrictions
1.50 Vehicle restrictionss 1.501 Vehicle restrictions
,,,,,,,, Bridge Submerged 0% - Bridge Submerged 04
£ 1.25 Rainfall (mm) z E 125 Rainfall (mm) €
T E T E
‘l’ = a g
Z 1.00] 3 = 1.00! =
g = @ £
2 & s k2
0.75¢ 0.75]
0.501 0.501
0.25| 0.25!
0.00 . 0.00/ 1.2
08-02 00:00  08-03 00:00  08-04 00:00  08-0500:00  08-06 00:00  08-07 00:00  08-08 00:00 " 08-0800:00  08-09 00:00  08-10 00:00  08-11 00:00  08-12 00:00  08-13 00:00  08-14 00:00
August 2020 Heavy rainfall (08.02-08.07) August 2020 Heavy rainfall (08.09-08.15)

Y7
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Resultsand Conclusions

3.2 Analytical Data (Training)

«  Theanalysis data uses the observed water level (Jamsoo bridge), AWS rainfall, and Paldang dam
discharge in 10-minute increments.

2022. 08.
- Collected Jamsoo bridge water level data from Hangang River Flood Control Center and AWS rainfall 2011.07. 2018.08.  2020.08.  2020.08. | qu qa4p ]
data from Korea Meteorological Administration —— —

Y Time series of water level and rainfall observations

% Converted to a value between 0 and 1 because discharge 0.0

and water level have different units. 2.001 W |_ | ( )
’ —< Water Level (m

—— Release discharge(m3/s)
1.751 0.2

Walking restrictions

150 Vehicle restrictions
———————— Bridge Submerged 04

E 1.25 Rainfall (mm) T
B E
@ —
~ 1.00] £
3 j=
,g'g &

0.75]

0.501

0.251

08-09 00:00 08-10 00:00 08-11 00:00 08-12 00:00 08-13 00:00 08-14 00:00 08-15 00:00

0.00

August 2022 Heavy Rainfall (08.09-08.14) 18
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Resultsand Conclusions

3.2 Analytical Data (Test)

-  The analysis data uses the observed water level (Jamsoo bridge), AWS rainfall, and Paldang dam
discharge in 10-minute increments.

»  Collected Jamsoo bridge water level data from Hangang River Flood Control Center and AWS rainfall | Typhoon Hinamno, 2022
. S : 2023. 07
data from Korea Meteorological Administration | (August 28-September 6)
Y Time series of water level and rainfall observations
X Converted to a value between 0 and 1 because discharge
and water level have different units.
0.0 200 0.0
1.754 Release discharge(m?/s)| > 175 —— Release discharge(m3/s)
Walking restrictions Walking restrictions |g 2
1.50/ Vehicle restrictions | 4 1.50/ Vehicle restrictions
ffffffff Bridge Submerged - Bridge Submerged
E 125 Rainfall (mm) £ E 125 Rainfall (mm) £
] 06 IS Tg 04 £
> = g
2 1.00] = 2 100/ s
£ - & S
g o g 77777777777777777777777777777777777777777777777777777777777 B ) N o
0.75 0.751 ~ 0.6
0.50, 0.50, &/
0.25 0.25/ 0.8
0.00 0.00
09-05 00:00 09-06 00:00 09-07 00:00 09-08 00:00 09-09 00:00 09-10 00:00 09-11 00:00 07-13 00:00 07-14 00:00 07-15 00:00 07-16 00:00 07-17 00:00 07-18 00:00 07-19 00:00

Typhoon “Hinnamno” in 2022 (08.28-09.06) July 2023 Heavy Rainfall (07.13-07.18)



I Al 7|Ex EgRiaT A
° Al for Climate & Disaster Management Center

1. Introduction

Build Model (LSTM)

» Build a LSTM model with rainfall by weather station and
Paldang dam discharge as input and jamsoo bridge water
level as output.

2. Theory and Methods

« Atotal of 3 covert layers with 64, 32, and 16 nodes
respectively

1 by

64, 32: 16 64, 32, 16 64, 32, 16 64, 32, 16 :_r;';:: Rainfall Rainfall discharge
1 (Yongsan) (Junggu) (Paldang Dam)
s — — — gs 99
— ’ . . e 000 yer
COl X1 | X X
Cell state (C;_,) F, | 1 0, ‘ t1 t2 t364
t

Layer 2 -

64, 32, 16 forget gate sigmoid sigmoid (32) 200
H T . 175
t-1 inputgate  tanh | output gate i 150

- Layer 3: 5
(1)
hidden state (h;_,) * ors
Output .
Layer

Xtq Input (X;)

-
N KANGWON NATIONAL
A UNIVERSITY

3. Apply and Analysis 4. Resultsand Conclusions

Build Model (Bi-LSTM)

» Build a Bi-LSTM model with rainfall and Paldang dam

discharge by weather station as input and jamsoo bridge
water level as output

e Build aBi-LSTM model with the same structure as LSTM for

comparison between models

=T Water Level (m)

— Release discharge(m®/s) 02
Walking restrictions
Vehicle restrictions
Bridge Submerged 04
Rainfall (mm)

N

Time (10m)
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1. Introduction
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2. Theory and Methods

3.3 Build Model (LSTM)

Out of 200 total runs, the 182th run had the lowest loss
Building a Bi-LSTM model with 1 input layer, 2 hidden layers, and 1 output layer

3. Apply and Analysis

-
CNU

KANGWON NATIONAL

UNIVERSITY

4. Results and Conclusions

LSTM (sequence : 36) Input Layer Training and Validation loss
02007 Training MAE
Validation MAE
Layer 1 Layer 2 Output Layer 01751
(LSTM) (LSTM) (Dense)
Layer 1 0.150
(64) m
units 64 units 32 units 16 S 01251
ivati T — 01001
activation tanh activation tanh
activation | softplus Layer 2 0.0751
12 12 32
regularizer oL regularizer 0.0001 (32)
0.050
epoch 200 loss MSE l 00251
. : ST 0 25 50 75 100 125 150 175 200
ompile utpu
learnin
optimizer | Adam i 0.00004 Layer Epochs

21
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1. Introduction

e Qutof 200 total runs, the 175th run had the lowest loss
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2. Theory and Methods

3.3 Build Model (Bi-LSTM)

3. Apply and Analysis

A g
CNU

« Building a Bi-LSTM model with 1 input layer, 2 hidden layers, and 1 output layer

KANGWON NATIONAL

UNIVERSITY

4. Results and Conclusions

Bi-LSTM (sequence : 36) Input Layer Training and Validation loss
HeEY Training MAE
Validation MAE
Layer 1 Layer 2 Output Layer
0025
(Bi-LSTM) (Bi-LSTM) (Dense)
Layer 1
(64) . 0020
units 64 units 32 units 16 2
=
@
l 2 0015
activation tanh activation tanh =
o o activation | softplus Layer 2 0010
. 0.0001 . 0.0001 (32)
regularizer regularizer
0.005
epoch 200 loss MSE :
Compile P 0 25 50 75 100 125 150 175 200
I utpu
optimizer |  Adam 'e?;rt‘('e"g 0.00004 Layer
Epochs

22
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4. Results and Conclusions

4.1 Training Results

4.2 TestResults

4.3 Analysis Results

4.4 Conclusion
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1. Introduction

2. Theory and Methods

4.1 Results (Training)

* Five of the seven events were used as training data, and Event 6 and Event 7 were used as tests.

3. Apply and Analysis

KANGWON NATIONAL

v
|
A UNIVERSITY

4. Results and Conclusions

» The analysis data used the observed water level, rainfall, and dam discharge in 10-minute increments, and predicted 36 pointsin
time (6 hours) with 828 points per event as input data.

Y Jamsoo Bridge Water Level Training Results (Event 1. July 2011 Heavy Rainfall 07.26~07.29)

LSTM

20

—_
(O]

—_
o

Water Level(m)

R?:0.98
NPE : 0.00

—=<— Observed
—— LSTM

Walking restrictions
Vehicle restrictions

Bridge Submerged
Rainfall (mm)

07-25 00:00 07-26 00:00 07-27 00:00 07-28 00:00

Time(10m)

07-29 00:00

07-30 00:00 07-31 00:00

0.0

2.5

L ~ w1

o U o

o
(wwy)jjejurey

ey
N
o

15.0

5

20.0

Bi-LSTM

20

Water Level(m)
v

o

5 W

R?:0.99
NPE : 0.05

—

——

Observed

Bi-LSTM

Walking restrictions
Vehicle restrictions
Bridge Submerged
Rainfall (mm)

07-25 00:00 07-26 00:00

07-27 00:00 07-28 00:00

Time(10m)

07-29 00:00

07-30 00:00 07-31 00

0.0

== ~ u o
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2. Theory and Methods

4.1 Results (Training)

* Five of the seven events were used as training data, and Event 6 and Event 7 were used as tests.

3. Apply and Analysis
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4. Results and Conclusions

» The analysis data used the observed water level, rainfall, and dam discharge in 10-minute increments, and predicted 36 pointsin
time (6 hours) with 828 points per event as input data.

Y Jamsoo Bridge Water Level Training Results (Event 2. 2018 Aﬁlgust Heavy Rainfall 08.26~09.01)
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1. Introduction

4.1 Results (Training)

2. Theory and Methods

3. Apply and Analysis

* Five of the seven events were used as training data, and Event 6 and Event 7 were used as tests.

KANGWON NATIONAL
UNIVERSITY

A g
CNU

4. Results and Conclusions

» The analysis data used the observed water level, rainfall, and dam discharge in 10-minute increments, and predicted 36 pointsin
time (6 hours) with 828 points per event as input data.

Y Jamsoo bridge water level training results (Event 3. August 2020 heavy rainfall 08.02~08.07)
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Results and Conclusions

4.1 Results (Training)
* Five of the seven events were used as training data, and Event 6 and Event 7 were used as tests.

» The analysis data used the observed water level, rainfall, and dam discharge in 10-minute increments, and predicted 36 pointsin
time (6 hours) with 828 points per event as input data.

Y Jamsoo bridge water level training results (Event 4. August 2020 heavy rainfall 08.09~08.14)
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1. Introduction

2. Theory and Methods

4.1 Results (Training)

Five of the seven events were used as training data, and Event 6 and Event 7 were used as tests.

3. Apply and Analysis
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UNIVERSITY

4. Results and Conclusions

The analysis data used the observed water level, rainfall, and dam discharge in 10-minute increments, and predicted 36 points in
time (6 hours) with 828 points per event as input data.

Y Jamsoo bridge water level training results (Event 5. August 2022 heavy rainfall 08.08~08.17)
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Introduction 2. Theory and Methods 3. Apply and Analysis 4. Results and Conclusions

.2 Results (Test)

Five of the seven events were used as training data, and Event 6 and Event 7 were used as tests.

The analysis data used the observed water level, rainfall, and dam discharge in 10-minute increments, and predicted 36 points in
time (6 hours) with 828 points per event as input data.

Y Jamsoo Bridge Water Level Test Results (Event 6. 2022 Typhoon “Hinnamno” 08.28~09.06)
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1. Introduction

4.2 Results (Test)

Five of the seven events were used as training data, and Event 6 and Event 7 were used as tests.

Water Level(m)
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2. Theory and Methods
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A UNIVERSITY

3. Apply and Analysis 4. Results and Conclusions

The analysis data used the observed water level, rainfall, and dam discharge in 10-minute increments, and predicted 36 points in
time (6 hours) with 828 points per event as input data.

Y Jamsoo bridge water level test result (Event 7. July 2023 heavy rainfall 07.13~07.18)
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1. Introduction

4.3 Results (Training)

« After training the models, the overall error and accuracy of LSTM and Bi-LSTM were similar, with Bi-LSTM having a PBIAS of -2.85,
which is 2.82 higher than LSTM.

Y LSTM Evaluation metric
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2. Theory and Methods
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3. Apply and Analysis
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4. Results and Conclusions
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4.3 Analysis(Test)
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4. Results and Conclusions

2. Theory and Methods 3. Apply and Analysis

The average errors for Events 1-7 are all larger for LSTM than Bi-LSTM
All metrics for accuracy are higher for Bi-LSTM than LSTM

Overall, the Bi-LSTM has a lower error and higher accuracy, indicating that the Bi-LSTM model performs better in predicting the water
level of the jamsoo bridge.

Y LSTM Evaluation metric

PB|AS
Event 6

-1.42
Event 7 0.39 0.41 0.26 0.51 0.05 0.8 0.92 0.59 0.93 -1.17
Avg 0.30 0.43 0.26 0.51 0.07 0.86 0.93 0.64 0.93 -1.30

Y Bi-LSTM Evaluation metric

vent “““m““n-“ PE}AS
O
Event 6

-0.13 -2.46
Event 7 0.07 0.21 0.08 0.28 0 0.94 0.94 0.79 0.96 1.06
Avg -0.03 0.29 0.17 0.40 0.01 0.93 0.93

0.77 0.96 -0.70
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1. Introduction 2. Theory and Methods 3. Apply and Analysis 4. Results and Conclusions

4.5 Conclusion

To develop a water level prediction model for the hangang river Jamsoo bridge, we used 10-minute rainfall data and
paldang dam discharge data to predict the 6-hour water level of the jamsoo(submerged) bridge.

Used a total of 7 rainfall evensts, July 2011, august 2018, august 2020, and august 2022 (09~ 14) were used for
training, and august 2022 (28~09.06) and august 2023 were used for testing.

In model training, LSTM showed lower error and higher accuracy overall, and PBIAS was 2.82 higher than LSTM with
Bi-LSTM at -2.85.

In model test, event 6 and 7, the LSTM has higher error and lower accuracy, while the Bi-LSTM outperforms.

Inthe test, the Bi-LSTM has a smaller error and higher accuracy, indicating that the Bi-LSTM model is better at
predicting the water level of the jamsoo bridge.

The Bi-LSTM model performed well in predicting the water level of the hangang river jamsoo bridge, so it is expected
to be highly utilized at other points other than the hangnag river jamsoo bridge and can be used for real-time flood
prediction and safety operation.
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