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Estimation of the Flash Flood Severity using Runoff hydrograph
and Flash flood index

TR T
Kim, Byung Sik / Kim, Hung Soo

Abstract

The flash flood has been studied in the climatological aspect which considers temporal and spatial
characteristics of rainfall. However, we have not interested in runoff hydrograph for flash flood study.
Therefore, our objectives of this study are to apply a work of Bhaskar et al (2000) which studied
runoff hydrograph to represent the flash flood to Korea and also to distinguish flash flood event from
general flood event. That is, we quantified the severity of flash flood by estimation of flash flood
index using runoff hydrograph. This study estimated the flash flood index for investigating the
relative severity of flash flood in Han river basin with 101 flood events. Also we quantified the flash
flood severity for flood event by heavy rainfall occurred in July of 2006. As a result, Kangwon-do
province showed more severe flash flood than other areas in Han river basin and urban area such as
Jungrang cheon stream also showed severe flash flood. We analyzed a flash flood of July of 2006 by
dividing July into 1st to 3rd terms. From the analysis we knew that the 1st term of July showed the
severe flash flood was occurred in Seoul area and the 2nd term showed it was occurred in
Kangwon-do province.

keywords : Flash flood index, runoff hydrograph, rising curve gradient, flood magnitude, flood
response time
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188



kmagoknold ATsH= 71gelelr] GRS e & gom Fd 799 4FES o8] WA T4
9 oRom FUAYge] AFES A7} QS A AP BUES AEE APseln AFAe s
9l 72 159 10479 159 1349] Qaolth 2de AL setels] Slste] BUESATE WS,
A5 40m o3 FFS ehiE Bele] A Table 1& ¥ AolA] olgd #91834 Age
Wb FREAGe] AA Qe AT & ek o] 7] vhehd Aoln] 7} 9] BE2W FREEIAA 54
e HFESE WA 2 EefuA g Al P A Fig 40 Uehileh X =FolAE Fig 4ol
2 vhehilth oA webAbE, AshdlAe] EAbE e uksh o] ERRESFEIHOENY 1 5YAE
7 REHom wasdom A B WA, £ FESL Bas. () ~ 6)F olgste] 2Azke] A
s5b7} oes] 22 s oleld va fde B Aadon Bq (MR FH BUESA5E 4
A 3A7E olillel] SelE ks AWA B shelth Table 2 AR BUFLAFe] 54X 2
F59) W9 fFPoleh, b B =R BFRY BUEF AF MY 40E FRE Aol

Table 1. Names of Stations is used in Study

No. Observatory No. Observatory No. Observatory No. Observatory
1 Hangangdaegyo 5 Dal Cheon 9 Weon Tong 13 Gongdo

2 Yeoju 6 Munmak 10 Yangpyeong 14 Pyeongtaek
3 Yeong Chun 7 Cheongmi 11 Jungranggyo 15 Dongyeon
4 Yeongwol 1 8 Seomyeon 12 Sanganmi 16 Jeokseong
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Fig. 4. Flood Hydrograph and Characteristics at Site (Some Parts of Table 1)
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Fig. 4. Flood Hydrograph and Characteristics at Site (Some Parts of Table 1)
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Table 2. Observed Flood Indexing Parameters and Characteristics using Hydrograph (continued)

Flood Runoff Characteristics Flood Indexing Parameters
N — Flood |\ |Time to| Rising | Flood Flood Relative | 1) oh flood index
peak peak curve | magnitude | response Severity

RS e dh QP Qa TP gradient ratio time Factors o

number (cms) (ems) (h) | K(day™) M TP (h) | RK |RM | RT |Sum | Ave | %
1 1 07/11/2006 | 8844 30 2.08 13.46 30 0.05{0.04]0.53] 0.63 | 0.21 |20.88
2 07/15/2006 | 25735 28 1.67 39.16 28 0.04 {0.13]0.57| 0.74 | 0.25 |24.56
3 07/26/2006 | 14722 53 1.09 22.40 53 0.02{0.07]0.14| 0.23 | 0.08 | 7.63
4 07/11/2004 | 9107 657.2 37 1.26 13.86 37 0.02{0.04(0.41] 048 | 0.16 |16.01
5 07/15/2004 | 13331 42 1.01 20.28 42 0.02{0.06 [{0.33] 041 | 0.14 |13.62
6 07/21/2003 | 10872 25 2.82 16.54 25 0.08{0.05]0.62] 0.75 | 0.25 | 24.91
7 08/23/2003 | 9851 45 1.36 14.99 45 0.03{0.05]0.28] 0.35 | 0.12 |11.66
8 2 07/12/2006 | 2704 25 2.15 8.88 25 0.05{0.02]0.62| 0.70 | 0.23 |23.29
9 07/14/2006 | 13791 57 0.99 4531 57 0.02{0.15]0.07| 0.24 | 0.08 | 7.87
10 07/26/2006 | 6970 50 0.86 22.90 50 0.01{0.07]0.19] 0.27 | 0.09 | 9.16
11 07/11/2004 | 2436 304.4 44 0.64 8.00 44 0.00 {0.02]0.29] 0.32 | 0.11 |10.64
12 07/15/2004 6628 35 1.17 21.77 35 0.0210.07]1045] 054 | 0.18 |17.99
13 07/21/2003 4097 18 2.25 13.46 18 0.06 {0.04[0.74] 0.84 | 0.28 |27.96
14 08/27/2003 | 5183 15 3.63 17.03 15 0.10{0.05]0.79] 095 | 0.32 |31.58
15 3 07/12/2006 | 5161 21 2.70 44.41 21 0.07{0.15]0.69| 091 | 0.30 |30.30
16 07/15/2006 | 15719 32 1.65 135.25 32 0.04 {0.46 | 0.50 | 1.00 | 0.33 |33.38
17 07/12/2004 | 4050 3184 35 2.33 34.85 35 0.06 {0.11]0.45] 0.62 | 0.21 |20.75
18 07/15/2004 | 4060 32 1.31 34.93 32 0.03{0.12]0.50| 0.64 | 0.21 |21.38
19 07/21/2003 | 2622 25 2.75 22.56 25 0.07{0.07|0.62| 0.77 | 0.26 |25.52
20 08/25/2003 4304 6 14.22 37.03 6 0.4410.121095| 1.51 | 0.50 |50.48
21 4 07/12/2006 2428 22 2.63 56.75 22 0.07{0.19 [{0.67] 0.93 | 0.31 |31.09
22 07/15/2006 | 5981 32 1.81 139.78 32 0.04{0.48 050 | 1.02 | 0.34 |34.07
23 07/27/2006 | 1640 11 6.80 38.33 11 0.20 {0.13]0.86| 1.19 | 0.40 |39.77
24 07/12/2004 | 1009 34.98 32 1.75 23.59 32 0.04 {0.08]0.50| 0.62 | 0.21 |20.54
25 07/15/2004 | 1393 46 0.79 32.55 46 0.01{0.11]0.26] 038 | 0.13 | 1251
26 07/21/2003 | 1243 28 2.13 29.06 28 0.05{0.09 057 ] 0.72 | 0.24 |23.88
27 08/25/2003 | 1721 3 21.14 40.21 3 0.67{0.13]1.00| 1.80 | 0.60 |60.03
28 5 07/16/2006 3199 14 552 94.57 14 0.16{0.32 [{0.81 | 1.30 | 0.43 | 43.18
29 07/27/2006 2639 13 5.01 78.01 13 0.15(0.27 [{0.83] 1.24 | 0.41 |41.28
30 07/16/2004 | 2126 42.23 6 6.38 62.85 6 0.19{0.21]095] 1.35 | 045 |45.03
31 07/21/2003 920 19 3.81 27.20 19 0.11{0.09]0.72]| 092 | 0.31 |30.66
32 08/27/2003 754 12 3.85 22.29 12 0.11{0.07]0.84| 1.02 | 0.34 |34.15
33 6 07/12/2006 | 2015 24 2.94 37.46 24 0.08{0.12]0.64| 0.84 | 0.28 |28.03
34 07/14/2006 | 4406 36 1.27 81.92 36 0.03{0.28 043 ] 0.73 | 0.24 |24.49
35 07/27/2006 | 1950 R 7 7.27 36.26 7 0.22{0.12]0.93| 1.27 | 042 |42.33
36 07/12/2004 1868 J162 33 1.72 34.73 33 0.04{0.11 {0.48] 0.64 | 0.21 |21.23
37 07/15/2004 2437 34 1.01 45.31 34 0.02{0.15({0.47] 063 | 0.21 |21.11
38 07/21/2003 | 1390 29 1.89 25.84 29 0.05{0.080.55] 0.68 | 0.23 |22.69
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Table 2. Observed Flood Indexing Parameters and Characteristics using Hydrograph (continued)

Flood Runoff Characteristics Flood Indexing Parameters
No. Flood Time Rising Flo?d Flood |[Relative Severity | Flash flood index
Stream peak Mean |~ to curve magnitud response Factors FFI
gauge Flood data QP e pealk gradient e. time
(cms) (cms) F(l;lj K(day™) r?vIuO TP ) |RK | RM | RT | Sum | Ave | %

39 08/27/2003 | 1868 11 4.65 34.73 11 0.13 [ 0.11 [ 0.86 | 1.11 | 0.37 | 37.03
40 7 07/15/2006 | 1265 20 4.13 91.66 20 012 (031 [0.71 | 1.14 | 0.38 | 37.89
41 07/27/2006 | 1846 19 491 133.79 19 0.14 | 046 | 0.72 | 1.33 | 0.44 | 44.20
42 07/15/2004 845 | 41.04 30 3.08 61.24 30 0.08 | 0.21 [ 053 | 0.82 | 0.27 | 27.49
43 07/21/2003 174 22 2.83 12.61 22 0.08 [ 0.04 1067 [ 079 | 0.26 | 26.18
44 08/27/2003 403 8 10.54 29.21 8 0.32 [ 0.10 [ 091 | 1.33 | 0.44 | 44.46
45 8 07/12/2006 | 3115 17 7.03 70.42 17 0210241076 | 1.21 | 0.40 | 40.28
46 07/15/2006 | 5317. 26 2.68 120.19 26 0.07 | 041 [ 0.60 | 1.09 | 0.36 | 36.19
47 07/27/2006 | 4095 17 6.77 92.56 17 020 [ 0321 0.76 | 1.28 | 0.43 | 42.57
48 07/12/2004 | 4011 | 39.68 33 2.78 90.68 33 0.07 | 0.31 | 048 | 0.87 | 0.29 | 28.86
49 07/16/2004 | 3062 18 2.58 69.21 18 0.07 [ 023 [ 0.74 | 1.04 | 0.35 | 34.77
50 07/21/2003 | 1932 22 3.64 43.67 22 0.10 | 0.15 [ 067 | 0.92 | 0.31 | 30.65
51 08/27/2003 | 2910 19 297 65.78 19 0.08 10221072 1.03 | 0.34 | 34.22
52 9 07/12/2006 216 12 4.86 15.88 12 0.14 [ 0.05 [ 0.84 | 1.03 | 0.34 | 34.50
53 07/14/2006 | 1272 19 3.80 93.50 19 011 032 [0.72 | 1.15 | 0.38 | 38.32
54 07/27/2006 280 12 5.99 20.58 12 0.18 [ 0.07 [ 0.84 | 1.09 | 0.36 | 36.26
55 07/12/2004 265 | 36.36 14 3.92 19.48 14 0.11 [ 0.06 | 0.81 | 0.98 | 0.33 | 32.75
56 07/16/2004 202 16 1.85 14.85 16 0.04 [ 0.0510.78 | 0.86 | 0.29 | 28.83
57 07/21/2003 269 22 3.31 19.77 22 0.09 | 0.06 | 0.67 | 0.83 | 0.28 | 27.53
58 08/27/2003 980 23 3.87 72.04 23 0.11 1 0.24 [ 0.66 | 1.01 | 0.34 | 33.62
59 10 07/14/2006 | 20522 47 1.20 9.92 47 0.02 | 0.03 [ 0.24 | 0.29 | 0.10 | 9.75
60 07/26/2006 | 11723 49 0.82 5.66 49 0.01 {0.01]021 | 023 | 008 | 7.70

61 07/16/2004 | 8167 | 873 40 0.72 3.95 40 0.01 [ 0.01 [ 0.36 | 0.38 | 0.13 | 1256
62 07/21/2003 | 3681 33 0.50 1.78 33 0.00 | 0.00 | 048 | 0.48 | 0.16 | 16.09
63 08/27/2003 | 4712 17 1.32 2.28 17 0.03 [ 0.00 [ 0.76 | 0.79 | 0.26 | 26.23
64 11 07/12/2006 | 1014 7 20.18 204.80 7 064 | 0.71 [ 093 | 2.27 | 0.76 | 75.78
65 07/15/2006 944 20 3.72 190.66 20 0.10 | 0.66 [ 0.71 | 1.47 | 0.49 | 48.93
66 07/217/2006 622 12.91 125,57 9 0.40 | 043 [ 0.90 | 1.73 | 0.58 | 57.61
67 07/11/2004 169 12.07 34.14 7 0.37 1 0.11 [ 0.93 | 1.42 | 047 | 47.26
63 07/17/2004 262 60.7 10.57 52.93 4 033 [ 0.18 [ 098 | 1.49 | 050 | 49.54
69 08/18/2003 702 11 12.19 141.72 11 038 (0491086 | 1.73 | 058 | 57.55
70 09/17/2003 738 12 10.03 149.10 12 031 [ 051 [ 0.84 | 1.67 | 0.56 | 55.51
71 07/21/2003 591 21 5.45 119.39 21 0.16 [ 041 |1 0.69 | 1.26 | 0.42 | 41.96
72 08/23/2003 791 13 4.59 159.80 13 0.13 [ 055 [ 0.83 | 1.51 | 0.50 | 50.31
73 12 07/12/2006 | 1066 20 6.03 148.95 20 0.18 1 051 | 0.71 | 1.40 | 0.47 | 46.58
74 07/15/2006 | 2071 _ 13 8.23 289.38 13 0.25 | 1.00 | 0.83 | 2.08 | 0.69 | 69.25
75 07/12/2004 528 o7 25 4.96 73.78 25 014 | 025 | 062 | 1.02 | 0.34 | 33.85
76 07/16/2004 | 648 13 5.19 90.54 13 0.15 | 0.31 [ 0.83 | 1.29 | 0.43 | 42.93
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Table 2. Observed Flood Indexing Parameters and Characteristics using Hydrograph

Flood Runoff Characteristics Flood Indexing Parameters
No. Flood Mean Time to| Rising Flood Flood [|Relative Severity | Flash flood index
Stream Flood data peak Qa peak cur?fe magni‘tude resPonse Factors FFI
gauge QP (cms) TP gradient ratio time
(cms) (h) K(day™) M TP (h) | RK | RM | RT | Sum | Ave | %
7 07/21/2003 | 406 18 7.08 56.73 18 0211019074 1.15 | 0.38 | 38.18
78 08/24/2003 | 565 4 31.43 78.95 4 1.00 [ 0.27 | 0.98 | 2.25 | 0.75 | 75.04
79 13 07/16/2006 | 832 12 8.03 115.10 12 0241039084 [ 148 | 049 | 49.42
80 07/27/2006 | 1591 16 6.11 220.11 16 0181076 | 078 | 1.72 | 057 | 57.22
81 07/15/2004 | 1170 | 53.3 30 2.83 161.86 30 0.08 1056|053 [ 117 | 0.39 | 38.89
82 07/21/2003 | 189 32 1.81 26.15 32 0.04 1 0.08 1050 [ 0.63 | 0.21 | 20.90
83 08/27/2003 | 631 7 11.07 87.30 7 0341030093 [ 157 | 052 |52.34
84 14 | 07/16/2006 | 1252 14 7.37 14.79 14 0.22 1 0.05] 081 [ 1.08 | 0.36 | 35.93
85 07/27/2006 | 2700 19 6.13 31.90 19 0181010072 [ 1.01 | 0.34 | 33.70
86 07/15/2004 | 1425 | 34.82 34 2.60 16.83 34 0.07 1 0051047 [ 059 | 0.20 | 19.53
87 07/21/2003 | 294 29 0.92 3.47 29 0.01 1 0.01]055 | 057 | 019 |19.04
88 08/27/2003 | 760 11 4.28 8.98 11 012 ]10.03]086 | 1.01 | 0.34 | 33.64
89 15 | 07/12/2006 | 426 23 3.72 11.36 23 0.10 1 0.03 066 | 0.79 | 0.26 | 26.43
90 07/15/2006 | 1142 11 7.37 30.47 11 0.22 1010 0.86 | 1.18 | 0.39 | 39.47
91 07/27/2006 | 1591 415 26 3.99 42.44 26 0.11]0.14 | 0.60 [ 0.86 | 0.29 | 28.60
92 07/15/2004 | 628 36 2.05 16.75 36 0.05]10.05]043 [ 053 | 018 | 17.78
93 07/21/2003 | 622 19 3.87 16.59 19 0111 0.05]0.72 | 0.88 | 029 | 29.49
94 08/27/2003 | 560 8 9.10 14.94 8 028 0051091 [ 1.24 | 041 |41.25
95 16 | 07/12/2006 | 4557 12 5.48 17.01 12 016 1005|084 | 1.06 | 0.35 | 35.30
96 07/14/2006 | 11772 30 1.62 43.95 30 0.041015] 053 [ 0.72 | 024 | 23.92
97 07/27/2006 | 2095 18 2.73 7.82 18 0.07 10021074 | 0.83 | 028 | 27.82
98 07/11/2004 | 2227 | 29.0 33 1.13 8.31 33 0.02 1002|048 | 053 | 018 | 1754
99 07/15/2004 | 3632 61 0.51 14.09 61 0.00 1 0.0410.00 [ 0.04 | 0.01 | 1.44
100 07/21/2003 | 4422 25 2.99 16.51 25 0.08 10051062 0.75 | 025 | 25.09
101 08/23/2003 | 10257 27 2.56 38.29 27 0.07 1013059 [ 0.78 | 0.26 | 25.99
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Fig. 5. Spatial Distribution of Flash Flood Index
in Han River Basin (2006.7.11-2006.7.14)

Fig. 6. Spatial Distribution of Flash Flood Index
in Han River Basin (2006.7.15-2006.7.24)

Fig. 7. Spatial Distribution of Flash Flood Index in
Han River Basin (2006.7.26-2006.8.2)
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Fig. 8. Relationship Between Flash Flood Index(FF/) and Rising Curve Gradient(K)
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Fig. 9. Relationship Between Flash Flood Index(FF/) and Flood Magnitude(M)
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