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Development of a Comprehensive Flood Index
through Standardizing Distributions of Runoff Characteristics
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Abstract

This study developed a flood index which evaluates runoff characteristics. Runoff characteristics
expressed in a hydrograph were reflected in the flood index in the form of characteristic factors such
as a rising curve gradient, a peak discharge, a flood response time, and a flood discharge volume
prior to peak. This study applied the standardization method to estimate the relative severity of the
characteristic factors by transforming the distribution of characteristic factors into the standard normal
distribution. The flood index developed in this study is a comprehensive flood index (CFI) which
makes up for the weak points of a flash flood index (FFD) in determining relative severities. The CFI
was applied to Han River basin and Selma River basin, and was compared with the FFI based on the
correlation analysis and the regression analysis. The CFI could comprehensively evaluate flood runoff
characteristics because the CFI is not dominated by a specific characteristic factor, and the CFI could
explain more efficiently the relationship between rainfall and runoff than the FFIL
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@ Stream gauge station
¥ Rainfall gauge station

3.1 45&E(Rising curve gradient, K)

Fig. 1. Han River Basin and Selma River Basin
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Fig. 2. Flood Runoff Characteristics
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Table 1. Goodness—of-fit Test of Runoff Characteristic Distributions
x2 K-S test
Basin Distribution Runof.f g test critical test critical
characteristics > >
statistic value statistic value
K 3.17 9.49 0.12 0.18
Han Gamma P 5.28 7.81 0.15 0.18
River T 3.83 9.49 0.16 0.18
GEV A 1.79 5.99 0.06 0.18
K 2.32 9.49 0.12 0.15
Selma P 8.16 9.49 0.13 0.15
River Gamina T 2.32 9.49 0.07 0.15
A 4.21 9.49 0.09 0.15
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Table 2. Relative Severity of Runoff Characteristics in Han River Basin

Flood characteristics Standardized characteristics Flood Index
No Date K 1P T A
day™ m%s) (hr) 10° m® LI S_P ST S i FEL
1 1990-06—20 1.62 5185 29 362.33 0.18 —0.88 —0.40 —0.45 —0.76 —0.31
2 1990-06—23 1.41 11033 22 598.47 -0.09 0.52 —0.93 0.33 1.68 1.35
3 1990-06—25 1.11 9921 29 741.80 -0.54 0.30 —0.40 0.61 0.77 0.16
4 1990-07-11 0.73 4932 26 291.93 —1.22 -0.97 —0.61 —0.84 —2.42 —1.58
5 1990-07-18 2.65 12993 13 436.29 1.27 0.87 -1.82 -0.15 3.80 3.95
6 19900722 0.54 6446 32 604.45 —1.69 —0.51 —0.20 0.34 -1.67 —2.01
7 1990-07-25 1.22 10269 29 609.97 -0.35 0.37 —0.40 0.35 0.76 0.41
8 1990-08—22 1.60 7483 27 397.44 0.16 —0.25 —0.54 —0.30 0.15 0.45
9 1990-09-02 1.07 7971 45 563.77 —0.60 —0.13 0.55 0.24 —1.03 —1.27
10 1990-09-09 2.31 5185 14 148.26 0.95 —0.88 —=1.70 —2.27 —0.50 1.77
11 1990-09-11 2.12 28800 23 1589.67 0.75 2.92 —0.84 1.46 5.97 451
12 1991-07-26 1.53 13493 29 665.45 0.07 0.95 —0.40 0.47 1.89 1.42
13 1992-08—28 3.14 6714 19 309.51 1.68 —0.44 -1.19 —0.73 1.70 243
14 1993-07-14 2.47 7442 19 311.50 1.09 —0.26 -1.19 -0.72 1.31 2.03
15 1993-07-18 1.32 5091 32 365.72 —0.21 —0.91 —0.20 —0.44 -1.37 —0.93
16 1994-07-02 0.98 4840 51 377.11 —0.74 —1.00 0.84 —0.39 —2.97 —2.58
17 1994-08—29 2.04 5750 31 247.40 0.67 -0.71 —0.26 -1.16 —0.94 0.22
18 1995-07-10 2.21 7364 33 281.61 0.84 —0.28 —0.13 -0.91 —0.21 0.70
19 1995-08-09 1.96 10649 29 632.04 0.58 0.44 —0.40 0.40 1.82 1.42
20 1995-08—20 2.33 13991 30 814.06 0.96 1.03 —0.33 0.73 3.05 2.32
21 1995-08—25 1.04 27079 56 3341.50 —0.65 2.73 1.07 2.10 311 1.01
22 19960722 2.62 4708 27 184.23 1.23 —1.04 —0.54 —1.78 —1.05 0.73
23 19960728 1.54 15913 46 1262.75 0.09 1.33 0.60 1.23 2.05 0.82
24 1997-07-02 2.07 8310 28 450.49 0.70 -0.05 —0.47 0.10 1.21 1.11
25 1997-07-06 0.84 5286 39 434.46 —1.01 —0.85 0.22 —0.15 —2.24 —2.09
26 1997-07-17 1.03 5056 43 415.16 —0.67 —0.93 0.44 —0.23 —2.27 —2.04
27 1997-08-05 211 7441 51 600.30 0.74 —0.26 0.84 0.33 —0.03 —0.36
28 1998-06—26 3.18 5074 27 143.13 1.72 —0.92 —0.54 —2.35 —1.01 1.34
29 1998-07-03 0.78 4461 64 562.67 -1.12 -1.13 1.41 0.24 —3.42 —3.66
30 1998-07-11 0.84 6111 76 533.45 —1.01 —0.61 1.88 0.16 —3.34 -3.50
31 1998-08-04 1.69 7280 38 325.53 0.26 -0.30 0.17 —0.64 —0.84 -0.20
32 1998-08-08 0.74 20356 68 2423.93 —1.22 1.95 1.57 1.85 1.00 —0.85
33 1998-08—15 1.10 9153 20 505.68 —0.54 0.14 —1.10 0.08 0.77 0.69
34 1999-08-03 0.91 20707 79 3355.26 —0.88 1.99 1.99 2.12 1.24 —0.88
35 1999-09—21 1.68 10272 53 1130.39 0.25 0.37 0.94 1.12 0.80 —0.32
36 1999-09-25 0.94 5199 26 345.11 —0.83 —0.88 —0.61 -0.54 -1.63 —-1.09
37 20000723 2.72 4689 27 226.09 1.33 —1.05 —0.54 —1.34 —0.52 0.82
38 2000-08—28 0.69 8336 80 1538.02 —1.33 —0.04 2.02 1.43 -1.96 -3.39
39 2000-09-16 1.02 7450 64 753.07 —0.68 —0.25 1.41 0.63 -1.72 —2.35
40 2001-07-15 3.85 10441 19 357.38 2.22 0.40 -1.19 —0.48 3.33 3.81
41 2001-07-23 3.41 7713 19 215.93 1.89 —0.19 -1.19 —1.44 1.45 2.89
42 2001-07-31 0.92 6483 68 785.13 —0.86 —0.50 1.57 0.68 —2.26 —2.94
43 2002-08-07 2.16 25723 40 1605.89 0.79 2.59 0.28 1.47 4.56 3.09
44 2002-09-01 2.13 6128 21 223.48 0.76 —0.60 —1.01 —1.37 —0.20 1.17
45 2003-07-23 2.90 10872 23 381.09 1.48 0.48 —0.84 -0.37 2.44 2.81
46 2003-08-25 1.38 9851 42 672.39 —0.13 0.28 0.39 0.48 0.25 —0.23
47 2003-08—28 1.28 8618 28 479.89 -0.27 0.02 —0.47 0.00 0.22 0.22
48 2003-09-08 0.78 4586 32 384.69 -1.12 —1.08 —0.20 —0.35 —2.35 —2.00
49 2003-09-10 0.66 5234 20 295.39 —1.40 —0.87 —1.10 —0.82 —1.99 -1.17
50 2003-09-13 0.47 5779 40 587.45 —1.89 —0.70 0.28 0.30 —2.57 —2.87
51 2003-09-19 2.02 7218 26 287.74 0.64 —0.31 —0.61 —0.87 0.07 0.94
52 2004-06—21 1.07 5285 56 383.76 -0.59 —0.85 1.07 —0.36 —2.88 —2.52
53 2004-07-13 1.35 9107 33 562.88 —0.17 0.13 —0.13 0.24 0.33 0.09
54 2004-07-17 0.86 13331 51 1141.00 —0.98 0.93 0.84 1.12 0.23 —0.89
55 2004-08-20 0.57 5182 99 866.73 —1.61 —0.88 2.65 0.80 —4.35 -5.15
56 2005—-07-01 212 5157 20 254.53 0.75 —0.89 —1.10 —1.10 —0.14 0.96
57 2005-08-11 2.28 7056 26 394.59 0.91 —0.35 —0.61 —0.31 0.86 1.17
58 20060729 1.04 17220 52 2034.80 —0.65 1.52 0.89 1.70 1.69 —0.01
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Table 3. Relative Severity of Runoff Characteristics in Selma River Basin

Flood characteristics

Standardized characteristics

Flood Index

No Date K p T A
@y | @Yo | oo | afmd | 5K | S| ST | SA ) G|
1 1998-06-30 22.41 7.54 3.5 71.74 0.78 —0.02 -0.73 0.02 1.51 1.49
2 1998-07-02 8.63 37.33 5.0 313.03 -0.31 1.47 -0.30 1.32 2.78 1.45
3 1998-07-09 11.78 8.48 5.2 81.78 0.01 0.07 -0.26 0.12 0.45 0.33
4 1998-07-16 9.34 39.06 7.7 231.27 -0.24 1.52 0.27 1.00 2.01 1.01
5 1998-08-05 4.45 10.14 5.5 132.35 -0.91 0.20 -0.18 0.49 -0.04 | -0.52
6 1998-08-08 4.86 4.72 11.5 117.20 -0.83 -0.32 0.90 0.39 -1.67 | —2.06
7 1998-08-14 9.77 1.86 8.2 33.21 -0.19 -0.84 0.36 -0.45 —1.84 -1.39
8 1998-09-05 2.20 3.00 16.3 111.34 —1.43 -0.59 1.52 0.35 -3.19 —3.54
9 1998-09—21 14.25 2.33 3.8 9.41 0.22 -0.72 -0.62 -1.06 | -0.94 0.12
10 1999-07-22 3.88 17.32 6.8 288.05 —-1.02 0.65 0.11 1.23 0.76 -0.47
11 1999-07-24 48.40 1.86 1.7 5.67 1.97 —0.84 —1.48 —1.27 1.35 2.61
12 1999-07-31 8.20 116.52 9.2 1214.36 -0.36 3.24 0.54 3.38 5.71 2.33
13 1999-08-02 76.97 23.40 1.0 37.02 2.88 0.94 -1.93 -0.39 5.37 5.76
14 1999-08-03 62.59 23.59 1.7 91.94 245 0.95 —-1.48 0.20 5.09 4.89
15 1999-09-19 13.10 45.23 2.8 224.13 0.12 1.71 -0.96 0.97 3.76 2.79
16 1999-10—28 7.49 9.90 9.0 136.57 -0.45 0.18 0.51 0.51 -0.26 -0.77
17 20000722 53.89 7.64 1.5 19.91 2.17 -0.01 —1.58 -0.72 3.02 3.74
18 2000-08-05 6.07 50.73 9.7 603.22 -0.64 1.86 0.62 2.17 277 0.60
19 2000-08-25 29.03 3.13 2.8 13.32 1.14 -0.57 -0.96 -0.91 0.63 1.54
20 2000-08—27 10.18 10.82 6.3 93.85 -0.15 0.25 0.00 0.22 0.32 0.10
21 2000-08-31 8.02 7.97 7.8 124.10 -0.38 0.02 0.30 0.43 -0.23 -0.66
22 2000-09-15 3.29 14.20 21.0 468.33 -1.14 0.48 2.02 1.82 -0.87 | —2.68
23 2001-06-17 3.74 3.01 5.5 40.58 -1.04 -0.59 -0.18 034 | 179 | 145
24 2001-06—29 25.54 3.35 1.7 10.59 0.96 -0.53 —1.48 -1.01 0.90 1.91
25 2001-07-05 21.16 1.06 4.8 5.90 0.70 —-1.10 -0.35 -1.25 | -1.31 | -0.05
26 2001-07-14 12.23 5.02 5.0 17.86 0.05 -0.29 -0.30 077 | 071 0.06
27 2001-07-21 8.93 32.69 8.7 533.62 -0.28 1.31 0.45 1.99 2.57 0.58
28 20010722 6.01 22.02 6.3 323.20 -0.65 0.88 0.00 1.36 1.59 0.23
29 2001-07-29 30.82 32.62 2.5 129.31 1.23 1.31 -1.09 0.47 4.09 3.63
30 2001-07-30 35.25 2.64 1.5 6.10 1.44 —0.66 -1.58 —1.24 112 2.36
31 2001-07-31 7.89 14.64 12.2 187.45 -0.40 0.50 0.99 0.79 -0.10 -0.89
32 2001-08-15 43.90 1.59 20 3.16 1.80 -0.91 -1.31 -1.49 0.71 2.20
33 2001-10-09 22.79 6.93 2.5 28.58 0.80 -0.07 -1.09 -0.53 1.28 1.82
34 2002-04-29 6.92 11.43 6.5 117.54 -0.52 0.30 0.04 0.39 0.12 -0.27
35 2002-07-05 11.76 4.83 3.7 18.22 0.00 -0.31 -0.67 -0.76 | -0.40 0.37
36 2002-07-19 10.22 110.63 10.5 469.42 -0.14 3.13 0.75 1.82 4.06 2.24
37 2002-07-24 19.96 2.07 1.8 7.59 0.63 -0.78 —-1.40 -1.15 0.09 1.24
38 2002-08-05 7.79 8.53 11.2 119.76 -0.41 0.07 0.85 0.40 -0.79 | -1.19
39 2002-08-26 6.62 5.65 12.5 7213 -0.56 -0.21 1.04 0.03 -1.79 | -1.81
40 2002-08—27 12.32 5.86 7.3 59.54 0.05 -0.19 0.21 -0.10 -0.44 -0.34
41 2002-08-31 6.84 7.91 10.5 125.12 -0.53 0.02 0.75 0.44 -0.83 —1.27
42 2003-05-07 .72 1.82 8.7 31.38 -042 -0.85 0.45 -048 | 220 | -1.72
43 2003-06-15 18.48 1.73 3.2 6.17 0.53 -0.87 -0.84 -1.24 | 0.74 0.49
44 2003-06—29 5.98 1.02 50 11.91 -0.65 -1.12 -0.30 096 | 243 | 147
45 2003-07-09 206.84 1.06 2.5 2.51 1.03 -1.10 -1.09 —1.57 -0.55 1.02
46 2003-07-19 2.26 1.13 5.3 15.88 —1.42 -1.07 -0.22 -0.83 | 310 | 227
47 20030722 2.03 1.00 15.0 37.67 —1.49 -1.13 1.36 -038 | 436 | —3.98
48 20030727 4.21 31.83 11.7 205.20 -0.95 1.28 0.92 1.14 0.54 -0.60
49 2003-08-06 17.19 8.31 6.0 68.59 0.44 0.05 -0.07 -0.01 0.55 0.56
50 2003-08-20 25.57 22.68 2.7 79.04 0.96 0.91 -1.02 0.09 2.98 2.89
51 2003-08—23 16.19 26.63 4.3 231.81 0.37 1.08 -0.48 1.00 2.92 1.92
52 2003-08-24 20.87 8.10 3.3 19.13 0.68 0.04 -0.78 —0.74 0.76 1.50
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53 2003-08—=27 11.45 8.32 6.0 100.76 -0.02 0.05 -0.07 0.27 0.37 0.10
54 2003-09-18 5.00 3.68 13.2 80.34 -0.81 —0.47 1.13 0.10 —2.31 —2.41
55 20040221 7.00 1.75 14.2 26.24 —0.51 —0.87 1.26 —0.58 -3.22 —2.64
56 20040528 3.89 1.72 20.7 39.90 -1.01 —0.88 1.98 —0.35 —4.22 -3.87
57 2004-07-12 34.33 1.40 2.3 2.14 1.40 —0.97 -1.16 -1.62 —0.04 1.58
58 2004-07-16 7.02 1.36 11.2 14.60 -0.51 —0.99 0.85 —0.87 -3.22 —2.35
59 2004-08-05 10.12 2.84 7.2 30.66 -0.15 —0.62 0.18 —0.50 —1.44 —0.95
60 2004-09-07 25.36 47.95 3.2 214.00 0.95 1.79 —0.84 0.92 4.49 3.57
61 2004-09-11 2.14 11.04 20.7 301.41 —1.45 0.27 1.98 1.28 -1.89 -3.17
62 2005-04-09 4.04 0.97 14.5 22.86 -0.98 -1.14 1.30 —0.65 —4.07 -3.42
63 2005-05-17 7.58 0.56 8.0 6.40 -0.44 -1.37 0.33 -1.22 -3.36 —2.14
64 2005-06—26 17.96 1.94 6.3 16.99 0.49 —0.82 0.00 —0.80 -1.12 -0.33
65 2005-06-30 2.33 1.51 11.2 42.44 -1.39 —0.94 0.85 —0.31 -3.50 -3.19
66 2005-07-03 1.80 1.21 16.0 47.35 —-1.57 -1.04 1.48 —0.24 —4.34 —4.09
67 2005-07-09 3.49 1.00 2.0 29.37 -1.10 -1.13 -1.31 —0.52 —1.43 -0.91
68 2005-07-28 9.39 0.52 6.3 3.27 -0.23 -1.39 0.00 —1.47 -3.10 -1.63
69 2005-08-02 44.33 9.90 1.5 15.13 1.82 0.18 —1.58 —0.85 2.73 3.58
70 2005-08-10 16.74 8.90 5.3 60.24 0.41 0.10 —0.22 —0.09 0.64 0.73
71 2005-08—24 6.74 7.83 11.0 119.62 -0.55 0.01 0.83 0.40 —0.96 —-1.36
72 2005-09-13 12.13 13.56 6.7 75.00 0.04 0.44 0.08 0.05 0.45 0.40
73 2005-09-17 31.59 2.08 1.8 8.73 1.27 —0.78 -1.40 -1.09 0.79 1.88
74 20050921 2.73 .77 19.2 233.09 -1.28 0.00 1.83 1.01 —2.10 -3.11
75 2005-09-30 3.79 2.51 17.3 96.05 -1.03 —0.69 1.63 0.23 —3.12 —3.35
76 2005-11-06 8.71 4.15 8.9 62.73 -0.30 —0.40 0.49 —0.07 -1.26 -1.19
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Fig. 5. CFl and FFI in Han River Basin
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Fig. 6. CFl and FFIl in Selma River Basin

Table 4. Comparison of the Flood Index and the Flood Characteristics

Han river Selma river
Flood Flood Flood Flood
.. CFI .. FFI .. CFI .. FFI
Characteristic Characteristic Characteristic Characteristic
K 0.54 K 0.81 K 0.59 K 0.81
P 0.76 P 0.67
M 0.43 M 0.40
T -0.41 T —0.57
A 0.36 T -0.72 A 0.45 T —0.80
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Fig. 7. Regression Analyses between the Flood
Index and the Rainfall amount in Han
River Basin
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Fig. 8. Regression Analyses between the Flood
Index and the Rainfall amount in Selma
River Basin
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O Case 1. range of CH forflood events caused by single influence of a heawy rainfall
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O Case 2 range of CFl for flood events caused by single influence of a seasonal rain front
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O Case 3 range of CHl for flood events caused by single influence of a typhoon
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O Case 4. range of CFl for flood events caused by influence of a heawy rainfall during a seasonal rain front
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Fig. 9. Range of the CFl by the Reasons for Occurring Flood
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Table 5. Regression Equations for CFl in Han River Basin

Equation .. e Jussied .
coefficient of determination
CFI=0.889529 K+ 0.000299 P— 0.0366 7— 2.83177 0.93
CFI=0.876395K + 0.000311P— 0.03498 7— 1.2 < 10~ "4 — 2.89057 0.92
CFI=1.065174K+ 0.000391P— 1.1 <10~ %4 — 4.56072 0.89
CFI=1.38269K + 0.000281 P — 4.83349 0.86
CFI=0.000375P— 0.048377— 6.9 X 10" "4 —1.17501 0.85
CFI=0.000321P—0.05941 7— 0.66403 0.85
CFI=1.230966 K — 0.06636 7+ 2.58 < 10~ 54 — 1.28563 0.78
CFI=0.000516P—2.4<10 %4 — 3.13546 0.77
CFI=—0.09683 7+ 2.56 < 10" 4 + 1.851868 0.63
CFI=1.922268K+1.85x10" %4 — 4.38667 0.60
CFI=0.000284P— 2.6468 0.57
CFI=1.204939K — 0.01591 7— 1.33592 0.28
CFI=1.4184T2K—2.27932 0.28
CFI=—0.04606 T+ 1.735974 0.15
CFI=1.11x10"%4 —0.78071 0.11
Table 6. Regression Equations for CFl in Selma River Basin
Equation coefficienta(ijfu zttjt((jarmination
CFI= 0.069241 K+ 0.04626 P— 0.17851 7— 4.35 < 10~ °4 — 0.90927 0.87
CFI=0.063113K+ 0.078274P— 1.14774 T— 0.93682 0.85
CFI=0.075809K— 0.212647+9.11 <10~ %4 —0.72811 0.83
CFI=0.101935K+ 0.064112P+1.96 x 10" °4 — 2.67732 0.79
CFI= 0.096078 K+ 0.07852P— 2.53929 0.79
CFI= 0.058106P—0.29126 7— 2.71 < 10™ ®4 — 1.020566 0.77
CFI=0.078057P— 0.2657— 0.892772 0.76
CFI=0.121118 K+8.39 <10 %4 —2.91214 0.72
CFI=—0.34897 T+ 8.63 <10~ 54 +1.489441 0.71
CFI=0.112617P—4.6 10 %4 —0.97155 0.47
CFI=0.078463P—1.08914 0.44
CFI=0.062227K— 0.151317—0.111478 0.39
CFI=0.095998 K — 1.52644 0.34
CFI=—0.26692 7+ 1.912578 0.31
CFI=5.97x10"°4—0.79503 0.19
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