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Abstract

Recently, localized heavy rainfall has led to increasing flood damage in urban areas such as Gangnam, Seoul (’12), Busan (’13), Ulsan
(’16) Incheon and Busan (’17) etc. Urban flooding occurs relatively rapidly compared to flood damage in river basin, and property
damage including damage to houses, cars and shopping centers is more serious than facility damage to structures such as levees and
small bridges. In Korea, heavy rain warnings are currently announced using the criteria set by KMA (Korea Meteorological
Administration). However, these criteria do not reflect regional characteristics and are not suitable to urban flood. So in this study,
estimated the flooding limit rainfall amount based on the damage records for Seoul and Ulsan. And for regions that can not estimate the
flooding limit rainfall since there is no damage records, we estimated the flooding limit rainfall using a Neuro-Fuzzy model with runoff
characteristics. Based on the estimated flooding limit rainfall, the urban flood warning criteria was set. and applied to the actual flood
event. As a result of comparing the estimated flooding limit rainfall with the actual flooding limit rainfall, the error of 1.8~20.4%
occurred. And evacuation time was analyzed from a minimum of 28 minutes to a maximum of 70 minutes. Therefore, it can be used as
a warning criteria in the urban flood.
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Table 1. Result of urban flooding limit rainfall by damage records

Rainfall duration (mm)
City District
60 180 360
Sillim-dong 50.3 mm 71.8 mm 126.1 mm 179.9 mm
Haengun-dong 60.0 mm 94.6 mm 194.9 mm 307.5 mm
Gonghang-dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Deungchon-1dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Deungchon-2dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Mok-3dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Balsan-1dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Ujangsan-dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Banghwa-2dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Hwagok-3dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Mok-2dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Mok-4dong 50.8 mm 82.0 mm 175.4 mm 283.3 mm
Seoul Samseong-2dong 44.2 mm 74.9 mm 172.4 mm 291.9 mm
Daechi-2dong 42.4 mm 67.1 mm 138.9 mm 219.8 mm
Namhyeon-dong 48.5 mm 69.3 mm 121.9 mm 174.2 mm
Nonhyeon-1dong 39.2 mm 57.4 mm 104.8 mm 153.3 mm
Nonhyeon-2dong 42.4 mm 67.2 mm 139.1 mm 220.1 mm
Daechi-4dong 43.8 mm 71.2 mm 153.9 mm 250.4 mm
Segok-dong 36.7 mm 52.7 mm 93.4 mm 134.2 mm
Suseo-dong 42.4 mm 67.1 mm 138.9 mm 219.8 mm
Gaepo-4dong 39.2 mm 57.4 mm 104.8 mm 153.3 mm
Banpo-1dong 47.5 mm 76.3 mm 161.9 mm 260.2 mm
Banpo-4dong 47.2 mm 74.4 mm 152.9 mm 240.9 mm
Yangje-2dong 39.2 mm 59.0 mm 112.6 mm 169.3 mm
Naegok-dong 30.4 mm 45.2 mm 84.8 mm 126.0 mm
Ulsan Jungang-dong 38.2 mm 54.9 mm 97.7 mm 140.6 mm
Taehwa-dong 35.1 mm 48.5 mm 80.9 mm 111.6 mm
Maximum 60.0 mm 94.6 mm 194.9 mm 307.5 mm
Minimum 30.4 mm 45.2 mm 80.9 mm 111.6 mm
Average 45.7 mm 71.4 mm 145.7 mm 229.1 mm
Frequency (year) 9 17 49
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Table 2. Input data for training

Parameter Density of pipe | Impermeable rate Slope Density of inlet Ability of drainage pump station
Minimum 0.001 16.15 0.80 0.00007 0
Maximum 0.046 100.00 39.85 0.00226 86
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Table 3. Error by membership function type and number of function

MF Error
Type Function Linear Constant
3 1.43310 2.55620
trimf 4 0.00059 1.29080
5 0.00007 -
3 1.55570 2.46300
trapmf 4 0.46323 2.51810
5 - -
3 0.00022 0.09986
gbellmf 4 0.00030 0.01225
5 0.00052 0.00026
3 0.00049 0.04545
gaussmf 4 0.00007 0.00571
5 0.00004 0.00041
3 0.00007 1.15130
gauss2mf 4 0.00008 0.09999
5 0.00003 0.00044
3 0.00007 1.74580
pimf 4 0.00008 1.47290
5 0.00005 0.00165
3 0.00012 1.20510
dsigmf 4 0.00026 0.37029
5 0.00008 0.00038
3 0.00013 1.20510
psigmf 4 0.00026 0.37029
5 0.00006 0.00038
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Scenario no. Training data no. Verification data no.
1 3,4,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17 1,2
2 1,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17 2,3
3 1,2,5,6,7,8,9,10, 11,12, 13, 14, 15, 16, 17 3,4
16 1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15 16,17
17 2,3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16 17,1
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Table 5. Input data for training

Parameter Density of pipe | Impermeable rate Slope Density of inlet Ability of drainage pump station
Minimum 0.001 16.15 1.28 0.00012 0
Maximum 0.012 95.21 22.73 0.00180 80

Table 6. Result of urban flooding limit rainfall by model

o Rainfall duration (mm)
District
30 60 180 360

Dacehyeon-dong 41.5 mm 56.7 mm 93.1 mm 127.3 mm
Mugeo-dong 45.1 mm 60.1 mm 94.5 mm 125.9 mm
Samsan-dong 48.2 mm 66.3 mm 109.8 mm 151.1 mm
Samho-dong 50.8 mm 79.8 mm 163.2 mm 256.2 mm
Seonam-dong 45.1 mm 60.1 mm 94.6 mm 125.9 mm
Nam-gu Suam-dong 34.4 mm 47.0 mm 77.0 mm 105.1 mm
Sinjeong-1dong 44.9 mm 59.8 mm 94.3 mm 125.6 mm
Sinjeong-2dong 45.0 mm 59.8 mm 93.9 mm 124.7 mm
Sinjeong-4dong 45.1 mm 60.0 mm 94.3 mm 125.5 mm
Yaeumjangsaengpo 45.1 mm 60.1 mm 94.5 mm 125.8 mm
Ok-dong 45.1 mm 60.1 mm 94.7 mm 126.2 mm
Nammok-1dong 32.3 mm 47.8 mm 88.9 mm 131.6 mm
Nammok-2dong 46.8 mm 62.1 mm 97.5 mm 129.5 mm
Daesong-dong 42.2 mm 58.8 mm 99.4 mm 138.5 mm
Dong-gu Bangeo-dong 41.7 mm 62.6 mm 119.1 mm 178.6 mm
ilsan-dong 42.1 mm 58.5 mm 98.5 mm 136.9 mm
Jeonha-2dong 62.3 mm 89.1 mm 157.2 mm 224.9 mm
Hwajeong-dong 22.3 mm 41.7 mm 112.2 mm 209.7 mm
Nongso-1dong 34.4 mm 50.3 mm 91.5 mm 133.4 mm
Buk-gu Yeompo-dong 39.7 mm 56.9 mm 100.4 mm 143.6 mm
Hyomun-dong 52.0 mm 65.9 mm 96.0 mm 121.7 mm
Daun-dong 44.7 mm 63.3 mm 109.8 mm 155.5 mm
Bangu-1dong 36.1 mm 48.3 mm 76.8 mm 102.8 mm
Bangu-2dong 49.2 mm 70.7 mm 125.7 mm 180.6 mm
Byeongyeong-1dong 38.6 mm 62.1 mm 131.7 mm 211.6 mm
Byeongyeong-2dong 33.4 mm 47.6 mm 83.6 mm 119.3 mm
Boksan-1dong 40.1 mm 54.0 mm 86.8 mm 117.1 mm

Jung-gu
Seongan-dong 43.9 mm 65.5 mm 123.5 mm 184.1 mm
Yaksa-dong 42.8 mm 58.9 mm 97.5 mm 134.1 mm
Ujeong-dong 35.0 mm 48.4 mm 80.8 mm 111.6 mm
Jungang-dong 38.3 mm 55.1 mm 98.1 mm 141.1 mm
Taehwa-dong 35.0 mm 48.4 mm 80.8 mm 111.6 mm
Hakseong-dong 38.0 mm 49.9 mm 76.5 mm 100.3 mm
Maximum 62.3 mm 89.1 mm 163.2 mm 256.2 mm
Minimum 22.3 mm 41.7 mm 76.5 mm 100.3 mm
Average 41.9 mm 58.7 mm 101.1 mm 143.6 mm

Frequency (year) 15 10 9 9
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Table 7. The criteria of flooding warning by model

Warning | Rainfall duration (min)

District .
criteria 60 180
Beware 30.1 mm 56.8 mm
Nam-gu Dal-dong Caution 36.l mm | 66.2 mm

Danger 421 mm | 75.7 mm

Beware 239 mm | 53.4 mm

Dong-gu [Nammok-1dong| Caution 28.7mm | 62.3 mm

Danger 33.5mm | 71.2 mm

Beware 23.6 mm | 53.2 mm

Buk-gu [Gangdong-dong| Caution 284 mm | 62.1 mm

Danger 33.1mm | 70.9 mm

Beware 24.2 mm 48.5 mm

Taehwa-dong | Caution 29.l mm | 56.6 mm

Danger 33.9mm | 64.7 mm

Jung-gu
Beware 27.6 mm | 58.9 mm

Jungang-dong | Caution 33. mm | 68.7 mm

Danger 38.6mm | 78.5mm




J. Cho et al. / Journal of Korea Water Resources Association 51(1) 1-10 9

32 EAES ZRT|Z HE

SlellA] AN AR AFE] 19120164 109 52
e A U] Aetal S ek} FE S
o2 SAZS T AR LT AR ARk FA
CCTVE B3 Bfahs} 39450] 24414 BHlgh At 3
2 AT WA 102342 Ao, 5

E}. x]#/km 304, 60+, 180E°ﬂ ek °P7417* A=
41.8 mm, 60.9 mm, 96.0 mm= LEF O™, 0]= mdfjo] 2] 7]
¥k 2 AP ShAF- -t 2 Afoli= AYsHA] ot a7 H
A= 22 A shriar pebE T v A 7H= Table 8
Ay

o2 AETAE A vlEo] 444 AESH
o}, B E “xpHp At 9] 79 e ahe it T 5 B A AT
60++2] 219710l ool H| 274 B skt BiekE9
78 A 7057 9], 578 A, 4784
SO, S50 7496187 9], 48574 A7), 28
B2 913 odgto] ¥ 7 0 2 Uehd g A7 S 55
SR EE= Ao R Yeyith gt 3YFe] FETA E
oo X]7+E Table 92} 2},

o
o
o
It

)

Table 8. Comparison of actual limit rainfall and estimated limit

rainfall
L Rainfall duration (min)
District
60 180
16.10.5. 10:23 60.9 mm 96.0 mm
Flooding limit rainfall
Taehwa-dong 48.5 mm 80.9 mm
Jungang-dong 54.9 mm 97.7 mm

Table 9. Result of warning criteria application

Taehwa-dong Jungang-dong
Time Warning | Evacuation | Warning | Evacuation
criteria time criteria time

9:13 Beware 70 min

9:22 Beware 61 min
9:26 Caution 57 min

9:35 Caution 48 min
9:36 Danger 47 min

9:55 Danger 28 min
10:23 Flooding
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