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Abstract

Univariate frequency analyses are widely used in practical hydrologic design. However, a storm event is usually charac-
terized by amount, intensity, and duration of the storm. To fully understand these characteristics and to use them appropriately
in hydrologic design, a multivariate statistical approach is necessary. This study applied a Gumbel mixed model to a bivariate
storm frequency analysis using hourly rainfall data collected for 46 years at the Seoul rainfall gauge station in Korea. This
study estimated bivariate return periods of a storm such as joint return periods and conditional return periods based on the esti-
mation of joint cumulative distribution functions of storm characteristics. These information on statistical behaviors of a storm
can be of great usefulness in the analysis and assessment of the risk associated with hydrologic design problems.
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Table 1. Bivariate return period and corresponding cumulative distribution function
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Table 2. Annual maximum storm characteristics and joint probabilities

o A P D Jomt( Xr(()é)aiglhty (Ob-Th) » gr?i;;ri()d Jomt( Krgzb%))lhty (Ob-Th) JOig;é(e)t(;lm
(mm) |(mm/hr)| (hr) - /Ob(%) - /0b(%)

Observed | Theoretical (year) Observed | Theoretical (year)
1973 62.7 | 158 22 0.0121 0.0053 56.4 1.1 0.0121 0.0126 -3.4 1.1
1962 86.9 9.3 28 0.0121 0.0008 93.6 1.1 0.0338 0.0327 33 1.3
1994 944 | 144 18 0.0338 0.0067 80.2 1.1 0.0121 0.0175 -44.1 1.2
1967 | 102.1 | 35 25 0.0772 0.0977 -26.6 23 0.0555 0.0358 35.4 1.3
1979 109.1 | 28.1 40 0.0772 0.0805 4.3 1.6 0.0989 0.0839 15.2 1.6
1988 | 111.8 | 17.6 78 0.0772 0.0201 73.9 1.2 0.1206 0.1426 -18.3 5.0
1974 122 324 34 0.1206 0.1271 -5.4 2.0 0.0989 0.0816 17.5 1.5
1985 | 1273 | 182 33 0.0989 0.0278 71.8 1.3 0.0989 0.0836 15.5 1.5
1997 1304 | 36.1 31 0.1856 0.1652 11.0 2.6 0.0989 0.0783 20.8 1.5
1975 | 131.6 | 385 20 0.2073 0.1786 13.8 3.0 0.0338 0.0351 -3.7 1.3
2005 132.5 | 49 25 0.2290 0.2054 10.3 6.4 0.0989 0.0543 45.0 1.4
1980 | 132.7 | 189 30 0.1206 0.0343 71.6 1.3 0.1422 0.0760 46.5 1.5
1982 1434 | 40 61 0.2507 0.2174 13.3 3.4 0.2507 0.2121 15.4 3.0
1983 | 144.4 | 583 25 0.2940 0.2524 14.2 13.9 0.1206 0.0614 49.1 1.5
2004 146 19 39 0.1422 0.0398 72.0 1.4 0.2507 0.1358 45.8 1.8
1989 | 148 38.1 35 0.2507 0.2215 11.6 3.0 0.2507 0.1171 53.3 1.7
1986 1522 | 19.2 59 0.1639 0.0437 73.4 1.5 0.3157 0.2312 26.8 2.9
1992 | 161.3 | 40.5 41 0.3374 0.2726 19.2 3.6 0.3157 0.1706 46.0 1.9
1964 | 1675 | 17.2 137 0.0772 0.0308 60.2 1.6 0.4024 0.3403 15.4 53.8
1968 | 173.1 | 28.7 28 0.2290 0.1840 19.7 2.0 0.1639 0.0963 413 1.7
1963 | 176 27.1 56 0.2073 0.1637 21.0 2.0 0.3591 0.2827 21.3 2.8
1981 179 25.6 62 0.2073 0.1433 30.9 1.9 0.4241 0.3155 25.6 3.4
1993 | 186.5 | 58.5 61 0.4892 0.4036 17.5 14.9 0.4241 0.3320 21.7 3.4
1971 188.6 | 49.5 8 0.4675 0.3961 15.3 7.3 0.0121 0.0103 15.5 1.7
1991 190.5 | 29.9 106 0.2940 0.2289 222 2.3 0.5108 0.4198 17.8 15.8
1970 | 192.8 | 27.3 23 0.2507 0.1867 25.5 22 0.0989 0.0720 27.2 1.9
1969 | 1954 | 32.7 54 0.3591 0.2819 21.5 2.7 0.4024 0.3174 21.1 2.9
1961 | 2148 | 374 72 0.4241 0.3889 8.3 3.6 0.5325 0.4526 15.0 5.1
1977 | 219.7 | 31.5 64 0.3374 0.3010 10.8 2.9 0.5325 0.4311 19.1 4.1
1976 | 233.8 | 42.9 72 0.5542 0.4951 10.7 5.4 0.5759 0.5030 12.7 5.4
1965 | 2389 | 329 90 0.4024 0.3559 11.6 3.4 0.6193 0.5654 8.7 9.6
2003 | 256.5 | 64.5 52 0.6843 0.6381 6.8 27.0 0.4024 0.4052 -0.7 3.9
1978 | 259.6 | 27.4 50 0.2723 0.2453 9.9 33 0.4024 0.3878 3.6 3.8
1996 | 292.6 | 36 52 0.4675 0.4863 -4.0 5.4 0.4458 0.4416 0.9 5.0
2001 | 321 38.5 89 0.5759 0.5668 1.6 7.1 0.6843 0.7407 -8.2 12.3
2000 | 334 43.5 113 0.6626 0.6697 -1.1 9.3 0.7493 0.8042 213 26.5
1984 | 3344 | 46 61 0.6843 0.7047 -3.0 10.4 0.5759 0.5735 0.4 7.6
1987 | 342.6 | 61.4 38 0.7927 0.8130 2.6 25.6 0.3374 0.2762 18.1 6.5
1990 | 367.5 | 32.4 36 0.4024 0.4323 -14 8.9 0.3374 0.2518 25.4 8.1
2006 | 384 40.5 97 0.6626 0.6478 22 12.2 0.7927 0.8361 -5.5 20.1
1966 | 387.5 | 73.3 100 0.8794 0.8844 -0.6 66.9 0.8144 0.8469 -4.0 21.9
1995 | 4294 | 31 110 0.3591 0.3995 -11.3 15.4 0.8578 0.8967 -4.5 33.9
1972 | 4558 | 433 47 0.7277 0.7250 0.4 23.6 0.4458 0.4219 5.4 19.6
2002 | 472 52.5 95 0.8361 0.8569 2.5 32.9 0.8144 0.8732 272 33.3
1999 | 549.8 | 39.1 104 0.6409 0.6416 -0.1 53.4 0.8794 0.9167 -4.2 66.7
1998 | 580.5 | 60.5 77 0.9228 0.9306 -0.8 92.7 0.7493 0.7809 -4.2 74.0
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Fig. 1 Scatter plots among storm characteristics (a) Duration and Amount (b) Peak and Amount (c) Peak and Duration
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Table 4. Statistics of storm characteristics

Mean(M) Standard Location Scale

deviation(S)| parameter(x) | parameter(A)
Amount (mm) 229.62 126.74 172.60 98.82
Peak (mm/hr) 36.08 14.50 29.55 11.31
Duration (hr)| 56.48 30.79 42.63 24.01
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