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Abstract

In this study, the bivariate frequency analysis of the independent annual rainfall event series was done
to be used for the runoff analysis, whose results were also compared with those from the conventional
univariate frequency analysis. This study was applied to three differently-sized basins such as the
Joongryang Stream, Chunggye Stream, and Ooyi Stream. The Clark model was used as the runoff model,
and the SCS method was applied for the calculation of the effective rainfall. The alternating block method
and the Huff method were considered to be compared for the temporal distribution of rainfall event.
Summarizing the results are as follows. (1) The difference between the univariate and bivariate frequency
analysis results were large when the rainfall duration was short, but significantly decreased as the rainfall
duration increased. The univariate frequency analysis results were bigger when the rainfall duration was
short, but smaller in opposite case. (2) The peak flow derived by applying the alternating block method
was bigger than that by the Huff method. Also, the peak flow when applying the alternating block method
increased as the rainfall duration increased, but converged smoothly around the rainfall duration of 24
hours. (3) For the Joongryang Stream, when applying the Huff method, the peak flow derived for the
bivariate frequency analysis was bigger than that for the univariate case, but for the other two basins,
the results were opposite. When applying the alternating block method, the results were consistent for all
three basins that the peak flow derived by applying the bivariate frequency analysis was bigger than those
by the univariate frequency analysis.

Keywords : independent rainfall events, bivariate frequency analysis, runoff analysis, flood discharge
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Fig. 1. Annual Maximum Independent
Rainfall Event Series
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Table 1. Statistics of the Annual Maximum Independent Rainfall Event Series (Park and Yoo, 2011)

Statistics Rainfall duration (hr) Total rainfall (mm) Rainfall Intensity (mm/hr)
Average 25.3 183.4 12.5
Standard deviation 239 127.2 8.7
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Table 2. Results on the Test of Goodness of Fit about the Bivariate External Distribution

Total rainfall Average rainfall intensity Critical value
x> 1.12 5.20 5.99
K-S 0.08 0.14 0.17

Table 3. Results on the Estimation of Parameters about the Gumbel Logistic Model

Location
parameter (a;)

Scale
parameter (b;)

Shape
parameter (s;)

Association
parameter (m)

Total rainfall (mm) 119.399 82.359 0.177
i 0.9810
Average rainfall
intensity (mm/hr) 7.963 5521 0.209
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Fig. 2. Cumulative Joint Probability and Joint Return Period
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Table 4. Total Rainfall of Storm Events (mm) Followed by Rainfall Duration and Return Period Through
the Bivariate Frequency Analysis

Return Rainfall duration
period (hr)
(yr) 1 2 3 6 9 12 18 24
2 10.0 19.8 29.3 55.0 75.3 90.8 111.6 123.7
5 175 34.6 50.9 92.2 123.3 146.9 180.2 200.8
10 23.6 46.3 67.4 119.0 156.7 185.4 226.5 254.3
20 30.3 59.0 84.9 146.1 190.4 224.2 273.7 308.4
30 34.6 67.0 95.8 162.6 2105 2474 301.9 340.4
50 405 778 110.1 183.9 236.8 2778 338.5 382.4
80 46.5 88.3 1239 204.4 262.0 306.7 373.6 421.8
100 495 93.6 130.8 2144 274.3 321.0 390.8 4415
200 99.6 110.8 153.1 247.1 314.8 367.7 447.4 505.8

Table 5. Probability Rainfall (;nm) Followed by Rainfall Duration and Return Period Through the Univariate
Frequency Analysis

Return Rainfall duration
period (hr)
(yr) 1 2 3 6 9 12 18 24
2 43.0 61.1 72.3 93.0 1059 114.8 130.7 141.0
5 62.1 86.5 101.3 129.4 147.0 159.8 186.4 204.0
10 74.8 103.4 120.4 1535 1743 1895 223.3 245.7
20 87.0 1195 138.8 176.6 200.4 218.1 258.7 285.7
30 94.0 128.8 149.4 189.9 2155 2345 279.1 308.7
50 102.8 1404 162.6 206.5 234.2 255.1 304.6 3375
80 110.8 151.1 174.7 221.7 2515 2738 3279 363.9
100 1146 156.1 180.5 228.9 250.6 282.8 3389 376.4
200 126.4 171.7 198.2 251.3 284.9 310.4 373.1 415.0
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