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Flood Forecasting and Warning System using Real-Time Hydrologic Observed
Data from the Jungnang Stream Basin
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Lee, Jong-Tae / Seo, Kyung A / Hur, Sung-Chul

Abstract

We suggest a simple and practical flood forecasting and warning system, which can predict change
in the water level of a river in a small to medium-size watershed where flash flooding occurs in a
short time. We first choose the flood defense target points, through evaluation of the flood risk of
dike overflow and lowland inundation. Using data on rainfall, and on the water levels at the observed
and prediction points, we investigate the interrelations and derive a regression formula from which we
can predict the flood level at the target points. We calculate flood water levels through a calibrated
flood simulation model for various rainfall scenarios, to overcome the shortage of real water stage
data, and these results as basic population data are used to derive a regression formula. The values
calculated from the regression formula are modified by the weather condition factor, and the system
can finally predict the flood stages at the target points for every leading time. We also investigate
the applicability of the prediction procedure for real flood events of the Jungnang Stream basin, and
find the forecasting values to have close agreement with the surveyed data. We therefore expect that
this suggested warning scheme could contribute usefully to the setting up of a flood forecasting and
warning system for a small to medium-size river basin.

Keywords : flood forecasting and warning system, Jungnang Stream, real time hydrologic observed
data, meteorological correction factor
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Land use

Residential, Commercial (31 %),

Forest and meadow (43 %),
etc (26 %)

A B

Soil type

Mean width
8.51

of basin (km)

Basin
slope
1/1,150

Channel
length (km)
34.80

5](2006)°] EA LA

=i
=4

Area
(km®)

°|
296.0

L

L

o] AFellA
Jungnang

Stream basin
<Ref.> Report on River Management Directions Linked with Universities (Seoul City, 2008)

Table 1. Basin Status

Classification
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Table 2. Safe Evaluation for Jungnang Stream Levee

e (50 Flood design Levee elevation (EL.m) Safety Remarke
water level (EL.m) Left Right Left |Right
150~206 20.99~31.38 23.17~31.94 23.01~33.52 o o
148~149 20.96~20.97 23.02~23.09 21.01~21.21 o x
147 20.90 22.95 20.81 o XX
142~146 20.50~20.72 21.86~22.87 21.81~23.16 O o
139~141 19.51~20.44 20.41~20.73 22.27~22.45 x O Hagye 1 Bridge
118~138 17.71~19.39 18.71~20.40 20.16~21.73 O | Wolgye 1 Bridge
117 17.67 19.21 18.35 o x
Wolleung Bridge,
44+26~116 15.86~17.65 18.99~19.41 18.71~19.09 O O | Jungnang Bridge,
Jangpyeong Bridge
44 15.86 16.51 18.35 X U-TURN Bridge
0~43 15.48~15.85 17.12~18.41 17.61~18.42 O O Songjeong Bridge

<Notes> O : safe; x : lack of freeboard; xx : below flood design level

= |evee overflow
= Lack of freeboard
— Safe

Hagye1 Bridge
Wolgye1 Bridge "\
Aol X

Wolleung Bridge

Jungnang Bridge

—

Jangpyeng Bridge
—

Songjeong Bridge

(@) Design flood (100yr)

= |evee overflow
— Safe

Hagye1 Bridge
Wolgye1 Bridge ™\
—_—

Wolleung Bridge

Jungnang Bridge

Jangpyeng Bridge

Songjeong Bridge

(b) 200yr flood

Fig. 1. Levee Safety Evaluation for Jungnang Stream
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BHA A= 100d H 2006 RIES] Z5A] Al o JpHEE Ao
el B BEE YRR A% /PRSI 9L F. =

2 % Table 3% 2t} ol Fig. 2= Arcview2} WMS At |, AR F2A

o ola #arsich.

Arugon B o, HET, SHET, 9T &

Banghak stream

Uicheon stream

Jeongneung stream

Cheongaye stream

(a) Design flood(100yr)
Fig. 2. Potential Inundation

Table 3. Potential Inundation Risk Area in Case

[ Inundation risk area N\

Dobong stream

Banghak stream

Uicheon stream

Jeongneung stream

Cheongaye stream

(b) 200yr flood

Risk Area in Case of Levee Break

of Levee Break

Inundation area (ki)
Administrative district Basin area (k) szcl,god;i;gn 200 yr flood Remarks
Seoul Gangbuk-gu 23.60 - - non-inundation
Gwangjin-gu 17.05 1.15 1.68
Nowon-gu 35.42 1.94 3.12
Dobong-gu 20.80 0.51 1.04
Dongdaemun-gu 14.22 5.79 6.63
Seongdong-gu 16.85 5.93 6.85
Seongbuk-gu 24.57 0.19 1.19
Jongno-gu 2391 - - non-inundation
Jung-gu 9.96 - - non-inundation
Jungnang-gu 18.50 3.52 4.08
Sum 204.88 19.05 24.59
Table 4. Flood Protection Target Points in Jungnang Stream
Classification | Reach (No). Reach(sni)s tance difg:;’r?(fio?m) Remarks
A 149~139 1.000 0.30 Nokcheon Bridge ~ Hagye 1 Bridge
B 119~115+39 0.361 0.20 U-TURN Bridge ~ Wolleung Bridge
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Table 5. Rainfall Conditions for Simulation Scenario

Duration (min)

900

840

780

720

660

600

540

480

420

360

300

240

180

120

60

cumulative
rainfall

(mm)

100
150
200
300
400

500
600

<Notes> [ ] :

safe

. excess PMP; []:

simulation; [-]

Table 6. PMP in Duration (Jungnang Stream, Basin Area : 200 km?)
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<Ref.> Report on Revised National PMP Map (Ministry of Land, Transport and Maritime Affairs, 2005)
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] wigdEE sk & SRS SRSt (Flood warning level, AIZS532] 70 %< %)<}
AN 71 EA D (2002, A&A) 42 71H7$ EL1548 F R T (Flood watching level; #8332 50 %
mE A3 483k o] 9+ ZHzt EL.18.14 mo} EL1741 m2A4 240 ¥
AT gxdHos siAlN AHS A9siih &<t 100 mm o] FrMA el S wWE FHET
of Xl A 99kl EL2066 mz Q] Qo] mEaliE oz HAEon o]F 7 g
EL.22.31 mXEt}t 1.65 m a1, AN 7|2 A28 (s} gl o F 1ol S Ak Table 72 AlvE]
= Au| )] A8 Z9= EL19.36 mot). o] kel Az mE T59E AL ols ARG 2
= gax el dom, Ae] offarh F5ate TR vag AnE A ZozA o 300
FFA EWE el #AS TR okse A H ol mmeo|de] Ae-Alel= Ui AZSTlE 29ge
(Fig. 3). 2 A B REede] A goer AR~
o] NFe] AFErIFS 7|FoR Axkd HARSS o] ool wjg F5 & + Atk

Y e

(® Rainfall station
X Stage station
A AB Forecasting point

0 10 _2.0km
™™

Hagye1 Bridge
olgye1 Bridg:

[
A
lungnar)B Bridge

(

— "\

(b) Jungnang Bridge station

Fig. 3. Rainfall and Staging Station Site Map

Table 7. Simulated Flood Water Levels for Rainfall Events Scenario (A point) (EL.m)

Cumulative Duration (min)

rainfall
(mm) 60 | 120 | 180 | 240 | 300 | 360 | 420 | 480 | 540 | 600 | 660 | 720 | 780 | 840 | 900

100 \@@ \117.35 1729172311717 (17.12
o | e v T

200 - 11943 ]19.37

300 - - - 120.91|20.70 | 20.49 | 20.30 | 20.12 | 19.98 | 19.87 | 19.73 | 19.59 | 19.49 | 19.40 | 19.31
400 - - - - - |21.53|21.50 | 21.42 | 21.29 | 21.13 | 20.94 | 20.80 | 20.66 | 20.51 | 20.37
500 - - - - - - - - |21.54(21.53 |21.51 |21.50 | 21.49|21.45|21.35
600 - - - - - - - - - - |21.55|21.54|21.52 | 21.52 | 21.51

<Notes> [ : safe ; [ : over flood watching leve ; [ : over flood warning level
[] : over flood design level ; [=] : over PMP
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s, BYghe 45w Adow el oja) shue]l  Sakel A, A%Algie] Roldss F9Ivt el
Brguo] 343 Zolgm wrkel FolZh B AW th A4 JANUEE ATIHIRATTY, sAllmel
o[t} o] A|ie] st Agu|7|EAE FEHe AuS) A B 77tol] Hlste] vejldert & Aom B AT
88591 EL1769 melal, ZHG919h FoIu 9= g 15 ARE olWie] 300 m ool A¢7F e
77} EL1667 met EL.16.01 m o]t} o]3e] A} o] ArolM= A BRE Bl Saajsir) g A
= F<F EL.19.41 m, $-9F EL.1871 mo|i}t 1 Awo] o2 Ay, 53] 500 ~ 600 m(H o) A= 72~
ELI8 m the] zolg 7bxa Qo] thifme] S5 of 87 m/hr) oldel Aol Ag fRstel 2 3
fa Do) 9@ APAF Aol Ark At b AYEER A& i)} o ToiAok & How @
Qo olF BAAT} A&AZE 10 AZHE0 min) FeF  FHE
300 mm ®+=, 15 AIZHO00 min) &<F 400 ~ 600 mm ©] 2.3.2 E2AZF AHF
e} A Al A& ol Flrt 2Askal Al e oA do e HAFERAH e A7+
ok @, AEA12E 10 A1ZHB00 min) 5% 400 mn(F o A B 7oA A Ete] 4ot o) A Re] wek @
A% & m/hr) 15 AZHO0 min) B 500 expagel dee = 4 Y AduAe wve
~ 600 mn(Zth 7% 72~87 m/hr) ©)/de] 29 Al w7} &gk o, 9o AR EE Bxge] M
o= Ae] Y7t WA K Table 8). wre} zpol7b Qo) Mo A ko] A7 2 Fol
ool AEAD folo FALGT] ANFE, F o WA 2 Beow AL H Lxel Huff
SO G249 e 2AE wgow, 2o wAY owsls Hesst
Table 8. Simulated Flood Water Levels for Rainfall Events Scenario (B point) (EL.m)
Cumulative Duration (min)
rainfall
(mm) 60 | 120 | 180 | 240 | 300 | 360 | 420 | 480 | 540 | 600 | 660 | 720 | 780 | 840 | 900
100 15.89 | 15.87 | 15.86 | 15.84 | 15.82 | 15.79 | 15.77 | 15.74 | 15.72
» L R . e
m | D
300 - - - |1858|18.4218.25|18.09 | 17.95 | 17.84 | 17.74
400 - - - - - 11947 19.34 | 19.09 | 18.95 | 18.80 | 18.65 | 18.54 | 18.42 | 18.30 | 18.18
500 - - - - - - - - 11992 19.75 | 19.60 | 19.47 | 19.37 | 19.16 | 19.03
600 - - - - - - - - - - 2057 20.38 | 20.23 | 19.97 | 19.82
<Notes> [] : safe ; . over flood watching leve ; - over flood warning level
[] : over flood design level ; [=] : over PMP
Table 9 (a). Lag Time from Flood Watching Level to Flood Warning Level (A point)
cumulative Duration (min)
rainfall
i) 60 | 120 | 180 | 240 | 300 | 360 | 420 | 480 | 540 | 600 | 660 | 720 | 780 | 840 | 900
100 * * % * % % * * * - - - _ _ _
150 - 20 | 30 | 40 | 40 | 50 * o * * * * * * -
200 - 20 | 20 | 20 | 20 | 30 | 30 | 30 | 40 | 40 | 50 | 50 | 70 | 80 | 90
300 - - - 10 10 20 | 20 | 20 | 20 | 30 | 30 | 30 | 30 | 40 | 40
400 - - - - - 10 10 10 | 20 | 20 | 20 | 30 | 30 | 30 | 30
500 - - - - - - - - 10 | 20 | 20 | 30 | 30 | 30 | 30
600 - - - - - - - - 20 | 20 | 20 | 20 | 30
<Notes> [ ] : simulated; [ ] : excess PMP; : below flood watching level
H43% H51%% 20104 11 57



Table 9 (b). Lag Time from Flood Watching Level to Flood Warning Level (B point)

cumulative Duration (min)
rainfall

(mm) 60 | 120 | 180 | 240 | 300 | 360 | 420 | 480 | 540 | 600 | 660 | 720 | 780 | 840 | 900
100 * * * * * * * * * - - - - - -
150 - * * * * * * * * * * * * * -
200 - 50 | 40 | 50 | 50 | 50 | 60 | 70 | 90 * & % & & &
300 - - - 30 | 30 | 30 | 30 | 40 | 40 | 50 | 50 | 60 | 60 | 60 | 70
400 - - - - - 20 | 20 | 40 | 40 | 40 | 40 | 40 | 50 | 60 | 60
500 - - - - - - - - 30 | 30 | 30 | 40 | 40 | 40 | &0
600 - - - - - - - - 30 | 30 | 40 | 40 | 50

<Notes> [ : simulated; [-] : excess PMP; : below flood watching level

Table 10 (a). Lag Time from Flood Warning Level to Flood Design Level (A point)

cumulative Duration (min)
rainfall
() 60 | 120 | 180 | 240 | 300 | 360 | 420 | 480 | 540 | 600 | 660 | 720 | 780 | 840 | 900
100 * * * * * * % * * - - - - - _
150 - * * * * * * * * * * * s s -
200 - 40 60 * * * * * * * * * * * *
300 - - - 20 | 30 | 30 | 40 | 40 | 50 | 60 | 70 | 90 | 90 | 130 | =
400 - - - - - 30 | 30 | 30 | 40 | 40 | 50 | 50 | 60 | 60 | 70
500 - - - - - - - 30 | 30 | 40 | 40 | 50 | 50 | 50
600 - - - - - - - - - 30 | 30 | 30 | 40 | 40

<Notes> [ : simulated; [£] : excess PMP; . below flood warning level

Table 10 (b). Lag Time from Flood Warning Level to Flood Design Level (B point)

cumulative Duration (min)
rainfall
() 60 | 120 | 180 | 240 | 300 | 360 | 420 | 480 | 540 | 600 | 660 | 720 | 780 | 840 | 900

100 * * * * * * * * *
150 - * * * * * % % * * % S % %
200 - * * * * * % % * * * * * % *
300 - - - 30 | 40 | 40 | 50 | 60 | 80 | 90 * * * * s
400 - - - - - 30 [ 30 | 30 | 40 | 40 | 50 | 60 | 70 | 70 | 80
500 - - - - - - - 30 | 40 | 40 | 50 | 50 | 60 | 60
600 - - - - - - - - - 40 | 40 | 40 | 50 | 50

<Notes> [ : simulated; [-] : excess PMP; : below flood warning level
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Fig. 4. Regression Calculation Description
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H =oy+to, Dtoa,R+azHy +o,H +aH, )

H =H,+[AH, 2)

H, : Stage after time t at target point (m)

H, : Predicted water level (m)

AH, ; Change in water level (H,—H,_,,)

oy, ay, 0. ag. a4 oy - Coefficients of regression eqn.
B : Meteorological correction factor ( 3 =0.0)

D : Rainfall duration until present (min)

R : Cumulative rainfall until present (mm)
H, : Predicted level at target point (EL.m)

H, : Present Wolgye 1 Bridge water level (EL.m)
H, : Present Jungnang Bridge water level (EL.m)
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Table 11. Meteorological Correction Factor

ke

Message Remarks
No Message B=0.0 or, AH, <0
Torrential rain warning B8 >0.1 24 hr rainfall over 80mm
Heavy rain warning B >0.2 24 hr rainfall over 150mm

Table 12. Regression Model for Prediction of Flood Level after 60 Mins

Point Regression R?
A Hy, = 0.787005 4 0.000855.0—0.00711 R+ 0.792744 H, +0.411929H, — 0.22881 H, 0.976
B Hy, =—4.71326+0.003977D—0.01623 R+ 0.673443 H,+ 0.83394 H, — 0.27564 H, 0.991

: e N\
: Rain gauge station : Uijeongbu (Hw)
Stage stations : Wolgye1 Bridge (H)
Monitoring | : Jungnang Bridge I
System Target points : A, B (I-I:)/
: ~  Z )
: (» Observation data collection )
g» — Cumulative rainfall / Rainfall duration <=
: : - Flood level (Wolgye1 Bridge, Jungnang Bridge, E
éAt: \_ Forecasting and warning point) Y H
] v :
: No Hw = Flood watching level l :
Forecasting YES &
System (Wolgye1 Bridge level) At
v :
— Regression model E
— meteorological information H
: Prediction water level (Hl ¢ + At ) :
: - - :
: i A :
: o TT— NO &
i ~— Ht+at = wamning lever—__ :
Decision-Making ~Classification of flood level decision-making—**""*
System T -
: Issue flood warning ]
Fig. 5. Flood Forecasting and Warning System
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Table 13. Flood Level Prediction Results (Target Point A; 2001/07/14)

) Observed water level (EL.m) Depth
Duration | Rainfall Curzlilrlllfztﬁve o ] Predicted Wa‘;eiolrevel contrast Propriety

(min) (mm) () };rigdygee Jlgﬁggzg A point level (EL.m) e(r;)(;r
0 0 0 14.95 9.70 15.45 safe - - -
60 1 1 14.95 9.70 15.39 safe - - -
120 1 2 14.95 9.70 15.34 safe - - -
180 6 8 14.95 9.70 15.32 safe - - -
240 13 21 15.09 9.70 1541 safe - - -
300 3 24 15.18 10.26 15.51 safe - - -
360 3 27 15.05 10.32 15.52 safe - - -
420 2 29 15.09 10.23 15.64 safe - - -
480 61 90 15.13 10.55 16.66 safe - - -
540 74 164 16.84 10.87 18.51 safe - - -
600 51 215 18.83 13.55 19.49 safe - - -
660 35 250 19.16 15.34 19.86 19.88 0.02 0.37 O
720 23 273 18.99 15.83 19.77 19.70 -0.07 1.33 O
780 2 275 18.19 15.19 19.31 19.33 0.02 0.42 O
840 0 275 17.51 14.20 18.77 18.82 0.05 1.17 O

<Notes> The predicted level is "safe” if the Wolgye 1 Bridge observed level (#,) is lower than the flood
watching level. O: depth contrast error below 5 %; A: depth contrast error below 10 %
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(a) 2001/07/14 (b) 2006/07/12
Fig. 6. Real Flood Event Simulation Results (A point)
Table 14. Flood Level Prediction Results (Target Point A; 2006/07/12)
Duration | Rainfall Cumulative Chserved water eve, B Predicted Wetrss clgleltp;:s .
(min) (mm) rainfall Wolgye 1 ]ungnang A point level level error ¢ error Propriety
(mm) Bridge Bridge (EL.m) (%)
0 0 0 14.67 9.78 15.29 safe - - -
60 4 4 14.71 9.78 15.29 safe - - -
120 23 27 14.92 10.29 15.38 safe - - -
180 18 45 15.45 10.77 15.60 safe - - -
240 19 64 15.61 11.21 16.17 safe - - -
300 17 81 16.46 11.60 16.80 safe - - -
360 33 114 17.24 13.03 17.37 safety - - -
420 43 157 17.69 13.31 18.12 18.17 0.05 1.39 O
480 29 186 18.09 14.36 18.61 18.64 0.03 0.73 O
540 44 230 18.20 14.27 18.94 18.79 -0.15 3.39 O
600 16 246 18.20 13.77 18.92 18.86 -0.06 1.36 O
660 4 250 17.94 13.70 18.65 18.90 0.25 6.04 A
720 25 275 17.86 12.98 18.59 18.61 0.02 0.49 O
780 39 314 18.09 12.70 18.82 1857 -0.25 5.80 A
840 1 315 1797 13.30 18.69 18.69 0.00 0.00 O
900 1 316 174 13.37 18.31 18.44 0.13 3.42 O
960 2 318 16.91 12.96 17.98 17.93 -0.05 1.44 O

<Notes> The predicted level is "safe” if the Wolgye 1 Bridge observed level (#,) is lower than the flood
watching level. O: depth contrast error below 5 %; A: depth contrast error below 10 %

62

BEKEREEHNE



Uijungbu Toegyewon

Seoul
rainfalll (mm) rainfall(mm) rainfall (mm)

g
ec ¢ c5 o

S EL.1743 mz
1746 met ¢ -003 me xS v,

él Zﬂ

J‘N'

Lo Lo

-‘al
[e]
-

(

o< 0o
_'_
Ho
=i

],

Bk

Calculated
» % Predicted

|
AN
ime

TAasA

7I15/8 A1

(a) 2001/07/14

Tr154 Al

048 %=

AlZF 840 E71A]
2PH9] 032 ~ 060 %= BT

- AAs Tty B 4 Q)

& 4 29

tHFig. 7(a) and Table 15).

Uijungbu Toegyewon

Seoul
rainfalll (mm) rainfall(mm) rainfallmm)

-z
@c ¢ c

ST

o=

24

A} ©]
= AA
A

SL ot

o

75
Fom,
= W4

32 to iy

0
50 E
100

3

72

Iz

Calculated
»* % Predicted

AL TS

(b) 2006/07/12

TIBITAI

Fig. 7. Real Flood Event Simulation Results (B point)

Table 15. Flood Level Prediction Results (Target Point B; 2001/07/14)

T3 Al

) Observed water level (EL.m) Water | Depth
Duration | Rainfall Cumplatwe Predicted| level |contrast .
(min) (mm) ra(lgllﬂfl)all nggye 1| Jungnang | point level error e
ridge Bridge (EL.m) (%)
0 0 0 14.95 9.70 11.62 safe - - -
60 1 1 14.95 9.70 11.60 safe - - -
120 1 2 14.95 9.70 11.56 safe - - -
180 6 8 14.95 9.70 11.57 safe - - -
240 13 21 15.09 9.70 11.61 safe - - -
300 3 24 15.18 10.26 11.60 safe - - -
360 3 27 15.05 10.32 11.66 safe - - -
420 2 29 15.09 10.23 11.74 safe - - -
480 61 90 15.13 10.55 12.61 safe - -
540 74 164 16.84 10.87 14.94 safe - -
600 51 215 18.83 13.55 16.75 safe - -
660 35 250 19.16 15.34 17.46 17.43 -0.03 0.48 @)
720 23 273 18.99 15.83 17.38 17.36 -0.02 0.32 O
780 275 18.19 15.19 16.87 16.90 0.03 0.53 O
840 0 275 17.51 14.20 16.24 16.27 0.03 0.60 O

<Notes> The predicted level is "safe” if the Wolgye 1 Bridge observed level (#,) is lower than the flood
watching level. O: depth contrast error below 5 %; A: depth contrast error below 10 %
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Table 16. Flood Level Prediction Results (Target Point B; 2006/07/12)

Duration | Rainfall Cumulative Observed water level (ELm) Predicted Vli?lteelr CODIftI;g;t .
(min) (mm) ra(l;li)a i nggye 1 Jungnang A point level error error Propriety
ridge Bridge (EL.m) (%)
0 0 0 14.67 9.78 11.54 safe - - -
60 4 4 14.71 9.78 11.82 safe - - -
120 23 27 14.92 10.29 12.13 safe - - -
180 18 45 15.45 10.77 12.6 safe - - -
240 19 64 15.61 11.21 13.73 safe - - -
300 17 81 16.46 11.60 14.49 safe - - -
360 33 114 17.24 13.03 15.40 safe - - -
420 43 157 17.69 13.31 15.99 16.03 0.04 0.84 O
480 29 186 18.09 14.36 16.18 16.26 0.08 1.61 O
540 44 230 18.20 14.27 16.18 16.20 0.02 0.40 O
600 16 246 18.20 13.77 15.89 15.84 -0.05 1.07 O
660 4 250 17.94 13.70 15.69 15.76 0.07 1.56 ©)
720 25 275 17.86 12.98 15.85 15.61 -0.24 517 A
780 39 314 18.09 12.70 15.84 15.68 -0.16 3.46 @)
840 1 315 17.97 13.30 15.48 15.55 0.07 1.64 O
900 1 316 174 13.37 15.07 15.26 0.19 492 O
960 2 318 16.91 12.96 14.74 14.71 -0.03 0.85 O

<Notes> The predicted level is "safe” if the Wolgye 1 Bridge observed level (#,) is lower than the flood
error below 5 %; A depth contrast error below 10 %
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