Crisisonomy Vol.16 No.12, 35-47
Crisisonomy

ISSN 2466-1198 (Print) ISSN 2466-1201 (Online)
© 2020 Crisis and Emergency Management : Theory and Praxis. All rights reserved.

https://doi.org/10.14251/crisisonomy.2020.16.12.35

Crisisonomy

Developing a Rainfall Impact Forecasting Model for Disaster Mitigation around

the River

Young Seok Song'*, Hyeong Jun Lee?, Byung Sik Kim®, Moo Jong Park®*

" Civil Engineering and Landscape Architectural, Daegu Technical University, 205, Songhyeon-ro, Dalseo-gu, Daegu, Korea
* Department of Civil Engineering, Hanseo University, 46. Hanseo 1-ro, Haemi-Myun, Seosan-si, Chungcheognam-do, Korea
? Department of Urban & Environmental Disaster Prevention School of Disaster Prevention, Kangwon National University, 346 Joogang-ro,

Smacheok-si, Gangwon-do, Korea

Abstract

Impact forecasting has been applied to estimate flood damage in many different countries based on accurate
weather forecasts. This study develops a model forecasting the impact of rainfall on riverside flood risks in
the Busan Metropolitan City. The rainfall impact forecasting equations were obtained on a 1km x 1km grid
with respect to water levels and critical rainfall thresholds. Critical rainfall was determined based on the end
point of river and the discharge—-water level relationship between design flood discharge and design flood level
by analyzing water-rainfall in 3-hour critical rainfall. Model verification was performed using a heavy rain event
with a total of 283.3 mm from July 22 to 24, 2020. According to the rainfall impact forecasting, 60 to 70%
of the design flood level (“MEDIUM” alert) was issued on rivers between 10-11pm on July 23. In the rivers
where the rainfall impact alert was issued, actual damages were found such as flooded roads and floodplain,
which confirmed the appropriateness of the model. The high model accuracy was also validated by comparing
the alert standard for water level with forecasted rainfall impact at the water level station in Suyeong River.
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Figure 1. Flow chart of critical rainfall
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Figure 2. Flow chart of rainfall impact forecasting
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Table 1. Status of station

Station Name Address Latitude Hardness
Rainfall Busan Bokbyeongsan-gil 32beon-gil, Jung-gu, Busan, Republic of Korea 35.10 129.03
Water Level Busan (Wondong Bridge) Haeun-daero, Haeundae-gu, Busan, Republic of Korea 36.11 129.07
Table 2. Status of rivers in busan metropolitan city
Nare R S P I S B o
DaeDeok Cheon 100 364 73 Chun Cheon 100 270 0.3
DeokCheon Cheon 100 403 35 WooDong Cheon 100 115 0.8
DaeRi Cheon 100 96 35 SuYeong River 100 1,710 0.7
SamRak Cheon 80 101 1.2 ImGi Cheon 100 127 71.7
HakJang Cheon 80 345 53 SongJeong Cheon 100 110 56.5
GamCheon Cheon 80 110 12 CheolMa Cheon 100 432 37.0
ShinEo Cheon 100 240 2.6 IGok Cheon 80 94 78.3
JoMan River 100 2,095 1.3 GuChil Cheon 80 81 712
HaeBan Cheon 100 235 29 SeokDae Cheon 100 440 6.6
HoGye Cheon 30 34 3.0 OnCheon Cheon 100 594 2.6
GuSan Cheon 30 235 34 DongRae Cheon 100 78 9.8
JiSa Cheon 100 355 13 Nam Cheon 100 89 20
Hyoam Cheon 100 137 14.9 Dong Cheon 100 546 0.5
JangAn Cheon 100 410 1.6 BuJeon Cheon 100 146 2.5
YongSo Cheon 100 117 13.4 GaYa Cheon 100 73 10.1
JwaGwang Cheon 100 610 34 JunPo Cheon 100 117 32
DeokSeon Cheon 100 128 6.4 HoGye Cheon 100 46 2.1
DongBaek Cheon 100 82 1.0 BuSan Cheon 100 75.8 0.8
lIGwang Cheon 80 350 1.1 ChoRyang Cheon 100 67 0.8
JukSeong Cheon 100 250 0.6 BoSu Cheon 100 216 1.2
ManHwa Cheon 100 154 9.1 GuDeok Cheon 80 38 53.7
SeoBu Cheon 100 82 10.7 Goeleong Cheon 100 228 0.7
Songleong Cheon 100 250 0.8 SongJeong Cheon 80 145 1.1
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Figure 4. Analysis of parameters for rainfall impact forecasting
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Table 3. Development of calculation equation for rainfall impact forecasting

Water Level of Rainfall Impact Level(El.m)

Water Level of Rainfall Impact Level(El.m)

Name Name
Very Low Low Medium High Very Low Low Medium High
DaeDeok Cheon 2.60 3.38 4.16 4.94 Chun Cheon -0.37 -0.20 -0.03 0.15
Equation 3.19E-06x*-0.00098x*+0.11281x-0.50072 Equation 7.14E-07x>-0.00022x%+0.02523x-1.06793
DeokCheon Cheon | 177 | 206 | 234 | 263 | WooDong Cheon | 073 | 049 [ 024 [ oo1
Equation 1.19E-06x-0.00036x*+0.04190x+0.61345 Equation 1.02E-06x*-0.00031x*+0.03610x-1.72703
DacRi Cheon 157 | 18 | 221 | 253 | suYeongRiver | 3212 | 3293 | 3374 | 3456
Equation 1.32E-06x-0.00040x+0.04669x+0.28384 Equation 3.34E-06x-0.00102x+0.11803x+28.86970
SamRak Cheon | -040 | -014 | 013 | 040 ImGi Cheon 1038 | 7060 | 708 | 7104
Equation 1.21E-06x-0.00036x+0.03998x-1.46682 Equation 1.0SE-06x-0.0003 1x+0.03358x-+69.50262
HakJang Cheon 180 [ 238 [ 296 | 354 | Songlong Cheon | 059 | 037 [ 014 [ 009
Equation 2.63E-06x-0.00078x+0.08716x-0.52306 Equation 9.31E-07%-0.00028x+0.0329 1x-1.49729
GamCheon Cheon | 073 | 041 | -008 | 024 | CheolMa Cheon | 3237 | 3314 [ 3391 | 3468
Equation 1.45E-06x-0.00043x+0.04807x-2.00617 Equation 3.69E-06x-0.00107x+0.11784x+29.28920
ShinEo Cheon 02 | o0& | 102 | 14 1Gok Cheon 1678 | 14 | 130 | 7156
Equation 1.62E-06x>-0.00050x*+0.05742x-1.35528 Equation 1.36E-06x°-0.00038x>+0.04069x+75.75308
JoMan River I GuChil Cheon 7509 | 7553 | 7586 | 7619
Equation 2.05E-06x-0.00063x+0.07264x-3.71403 Equation 1.76E-06x-0.00049x+0.0525 1x+73.86397
HacBan Cheon 006 | 053 | 09 | 146 | ScokDac Cheon | 301 | 36 [ 42 | 4&
Equation 1.92E-06x-0.00039x+0.06800x-1.81441 Equation 2 47E-06x-0.00076:+0.08743x+0.60719
HoGye Cheon 026 | 029 | 084 | 138 | OnCheon Cheon | 051 | 000 [ o5t | 1o
Equation 3.95E-06x-0.00100x+0.09568x-2.43349 Equation 2.09E-06x'-0.00064x+0.07395x2.54392
GuSan Cheon 099 | 139 | 179 | 219 | DongRae Cheon 820 | 855 | 881 | 907
Equation 2.90E-06x-0.00073x+0.07010x-0.60523 Equation 1.06E-06x-0.00032x+0.03741x-+7.26308
Jisa Cheon 128 | 086 | 043 | 000 Nam Cheon 092 | 1o [ 126 | 14
Equation 1.76E-06x-0.00054x+0.06220x-2.99489 Equation 7.14E-07x-0.00022x+0.02523x+0.22207
Hyoam Cheon 1275 | 1311 | 1346 | 1382 | Dong Cheon 48 | -uie [ 083 | 050
Equation 1.71E-06x-0.00050x+0.05450x-+11.32426 Equation 1.35E-06x0-0.00041x2+0.04770x-2.79608
JangAn Cheon 020 | 006 | 037 | 068 BuJeon Cheon 08 | 0% | 12 | x4
Equation 1.49E-06x-0.00043x*+0.04747x-1.49629 Equation 1.31E-06x-0.00040x2+0.04640x-0.69618
YongSo Cheon | IL1I | 1150 | 118 | 1228 | GaYa Cheon 919 | 935 [ 950 | 965
Equation 1.86E-06x-0.00034x+0.03923x+9.56463 Equation 6.19E-07x-0.00019x+0.02189x+8.59180
JwaGwang Cheon | -087 | 015 | 057 [ 128 | JunPo Cheon 40 | 1o | o1 [ 228
Equation 3.43E-06x3-0.00099x*+0.10930x-3.72146 Equation 1.19E-06x3-0.00036x*+0.04219x+0.24347
DeokSeon Cheon 406 | 446 | 485 [ 525 HoGye Cheon 122 [ 1w | 1 | e
Equation 1.90E-06x-0.00055x2+0.06060x+2.47473 Equation 6.15E-07x3-0.00019x*+0.02175x+0.62179
DongBack Cheon | 082 | 104 | 125 | 147 | BuSan Cheon D
Equation 1.05E-06x-0.00030x+0.03343x-0.05739 Equation 1.66E-06x-0.00051x:+0.05872x-3.24517
Gwang Cheon | 004 | 021 | 038 | 055 | ChoRyang Cheon | 076 | 050 [ -024 | o0
Equation 9.07E-07x-0.00025x+0.02712x-0.64795 Equation 1.07E-06x-0.00033x+0.03770x-1.79690
JukSeong Cheon 124 | 095 | 066 | 037 BoSu Cheon 06 | 069 | 032 | 005
Equation 1.38E-06x-0.00040x*+0.04396x-2.38657 Equation 1.52E-06x°-0.00046x2+0.05365x-2.53559
ManHwa Cheon | 725 | 756 | 785 | 817 | GuDeok Cheon | 5232 | 5255 | 5277 [ 5300
Equation 1.48E-06x-0.00043x-+0.04717x:+6.01368 Equation 1.03E-06x0-0.0003 1x+0.03429x+51.40273
ScoBu Cheon 901 | 930 | 958 | 98 | Gocleong Chen | 030 | 013 [ 005 | o2
Equation 1.34E-06x-0.00039x+0.04289x+7.89335 Equation 7.01E-07x-0.00021x>+0.02479x-0.97796
Songleong Cheon | 059 | 037 | 014 | 009 | Songleong Cheon | 038 | 013 | 012 | 037

Equation

9.31E-07x*-0.00028x*+0.03291x-1.49729

Equation

1.13E-06x>-0.00033x*+0.03744x-1.37702
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Table 4. Rainfall characteristics of heavy rain events
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Figure 5. Heavy rain event for model verification
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Figure 6. Analysis result of rainfall impact forecasting
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Figure 7. Review of adequacy for river damage
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Figure 8. Status of water level for suyeong river by heavy rain event
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