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Suggestion of Probable Rainfall Intensity Formula Considering the Pattern
Change of Maximum Rainfall at Incheon City

Han, Man Shin / Choi, Gye Woon / Chung, Yeun Jung / Ahn, Kyung Soo

Abstract

The formula was proposed through the examination of probability rainfall intensity formula used in
Incheon based upon recent occurrences of heavy rain and extraordinary storms. Random-time
maximum annual rainfalls were estimated for durations from ten minutes to twenty—four hours from
the data by Korea Meteorological Administration. Eleven types of probability distribution are
considered to estimate probable rainfall depths for different storm durations at Incheon city. Three
goodness—of-fit tests including Chi-square, Kolmogorov-Smirmov and Cramer Von Misses were used
to analyze the tendency of recent rainfall. Considering maximum rainfall occurred, General Extreme
Value(GEV) distribution was chosen as the appropriate probability distribution. Five types of
probability rainfall formulas including Talbot type, Sherman type, Japanese type, unified type I and
unified type II are considered to determine the best type for rainfall intensity at Incheon. The formula
was determined considering the time of concentration of sewer system and river at Incheon city.
Unified type I was chosen for its accuracy and was proposed to represent rainfall intensity of
Incheon district.

keywords : probability rainfall intensity, probability distribution, random-time, maximum annual rainfall
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Table 1. Comparison of maximum rainfall estimated by fixed—time and random-time data

vear 60min 120min 180min 360min 1440min
fixed {random! gap | fixed {random| gap |fixedirandom| gap |fixed |random| gap |fixed |random| gap
1962 | 329 | 447 |[118|41.2| 528 | 116451 | 55 | 104|599 | 621, | 22 | 86 90 4.0
1967 | 315 | 420 | 105461 | 498 | 3.7 |53.6| 56.6 30 709 | 714 | 05 | 85| 85 | 0.0
1970 | 431 | 527 | 96 | 8.5 835 | 30 (941 101.1 | 7.0 |1594] 1615 | 2.1 [2345] 2345 | 0.0
1971 | 457 | 589 |132|622| 81.0 | 188 {827 | 836 09 |107.1| 107.7 | 06 (1224} 1224 | 0.0
1972 1 470 | 630 |1604{772| 8.7 | 35 86| 86 00 1380} 1408 | 2.8 (359.2| 3592 | 0.0
1976 | 403 | 480 | 7.7 | 781 805 | 24 857 90.8 51 | 9251 925 | 0.0 [133.1| 1428 | 9.7
1977 | 547 | 620 | 7.3 | 756 | 865 | 109 (91.8| 975 57 1132.0| 132.0 | 0.0 [2622] 2622 | 0.0
1982 | 380 | 509 | 129655 | 781 | 126|810 886 76 |1026| 1026 | 0.0 |117.2] 1174 | 0.2
1984 | 742 | 780 | 3.8 |1149| 1273 | 124 |143.1| 151.0 | 79 |187.7| 1895 | 1.8 |286.1] 286.1 | Q.0
1985 | 40.7 | 55.0 |143|732| 735 | 03 {770 795 25 1834 837 | 03 [104.3| 1043 | 0.0
1995 | 388 | 427 | 39 | 568 | 723 (165|792 79.2 00 | 87| 8.7 | 00 |1526] 1528 | 0.2
1997 | 725 930 {205 |1256| 1355 | 99 [1732| 1815 | 83 |2135| 221.1 | 7.6 (277.3| 2826 | 5.3
1999 | 462 | 533 | 7.1 190.0| 900 | 0.0 [101.8| 121.7 | 19.9 {169.9| 1765 | 6.6 |2575| 257.7 | 0.2
2001 | 713 | 840 127 1183 1215 | 3.2 |140.3] 1555 | 15.2 |166.8| 173.0 | 6.2 | 220 | 220 0.0

39 H6HT 20069 64

523



&

—— calcuate factor

5 =
Lo ie

—8— existing factor [

g =
T

conversion factor

&

time(tr}

Fig. 2. Comparison of conversion factor

Table 2. Comparison of the values of conversion

factor
Time(hr) Calculated Existing
1 1.144 1.129
3 1.037 1.033
6 1.010 1.013
24 1.005 1.005
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Table 3. Increasing rate of rainfall

increasing | 1964 | 1974 | 1984 | 1994
rate | ~1974| ~1984 | ~1994 | ~2004 | ¥VCTA8€
lhr 2.94% | 2.86% | 2.78% | 2.97% | 2.89%
6hr 7.44% | 6.92% | 6.48% | 6.69% | 6.88%
Shr 8.44% | 7.78% | 7.22% | 7.41% { 7.72%
15hr 7.07% | 6.61% | 6.20% | 6.42% | 6.57%
24hr 8.14% | 7.53% | 7.00% | 7.20% | 7.47%
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Table 4. Number of passing the goodness—of-fit test for each parameter estimation method
Method GAM2Z|GAM3| GEV | GUM | LGUZ2 |LGU3| LN2 | LN3 | LP3 |WBU2|WBU3
Moment 9 6 9 9 5 9 7 3 9 4
Maximum likelihood 9 9 9 0 9 9 4 9 0
Probability weighted moment 9 0 9 9 9 0 9 9 9 9 2
Table 5. Estimation of Probability Rainfall (Frequency of 100years)
10min 30min 60min 120min 240min 360min 480min 840min | 1440min
Observed 24.0 54.0 93.0 1355 204.7 257.6 299.4 348.3 373.1
GEV 25.7 65.4 100.2 - 224.6 284.8 3299 395.7 4827
GUM 289 64.0 96.7 146.0 299.3 2385 ~ 341.1 395.2
LN2 29.0 63.3 94.5 1454 190.8 220.7 2589 3437 389.0
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Table 7. Random-time maximum rainfall by duration at Incheon city(continued)

year |10min|20min|30min|40min [50min| lhr 2hr 3hr 4hr Bhr 6hr Thr 8hr Shr
1961 | 204 | 396 | 466 | 509 | 51.6 | 534 | 793 | 938 | 106.8 | 110.0 | 122.1 | 136.6 | 142.3 | 143.0
1962 | 140 | 233 | 349 | 398 | 423 | 447 | 528 | 555 | 580 ( 605 | 621 | 622 | 66.0 | 679
1963 | 184 | 290 | 365 | 425 | 51.8 | 565 | 808 | 99.4 | 102.7 | 106.0 | 108.0 | 109.2 | 1122 | 1181
1964 | 140 | 238 | 302 | 312 | 31.8 | 375 | 510 | 606 | 723 | 775 | 824 | 868 | 8.8 | 8.8
1965 | 106 | 178 | 210 [ 27.0 | 300 | 370 | 518 | 576 | 626 | 705 | 746 | 818 | 822 | 832
1966 | 149 | 196 | 225 | 250 | 280 | 348 | 540 | 668 | 728 | 775 | 80.1 | 83.0 | 87.0 | 834
1967 | 158 | 225 | 260 | 320 | 375 | 420 | 498 | 566 | 616 | 694 | 714 | 734 | 785 | 790
1968 | 13.0 | 23.0 | 280 | 36.0 | 470 | 492 | 60.0 | 668 | 752 | 822 | 91.0 | 109.0 | 1225 | 131.0
1969 | 153 | 20.0 | 280 | 338 | 39.0 | 434 | 725 | 82.0 | 916 | 984 | 101.8 | 1022 | 1048 | 113.2
1970 | 158 | 23.8 | 358 | 43.0 | 480 | 527 | 835 | 101.1 | 1108 | 1250 | 1615 | 1866 | 1934 | 198.1
1971 | 220 | 35.0 | 492 | 53.2 | 577 | 589 | 81.0 | 836 | 1028 { 106.3 | 107.7 | 109.1 | 1106 | 111.3
1972 | 154 | 27.0 | 390 | 49.0 | 585 | 63.0 | 80.7 | 8.6 | 964 | 1196 | 1408 | 1565 | 174.0 | 1885
1973 | 7.0 | 136 | 180 | 22.0 | 265 | 29.0 | 409 | 441 | 450 | 455 | 471 | 479 | 479 | 50.8
1974 | 1177 | 180 | 200 | 22.0 | 304 | 360 | 445 | 472 | 531 | 580 | 598 | 616 | 678 | 777
1975 | 5.0 [ 148 | 166 | 180 | 188 | 195 | 281 | 286 | 33.0 | 385 | 436 | 448 | 466 | 468
1976 | 172 |1 26.0 | 329 |1 359 | 391 | 480 | 805 | 908 | 923 | 925 | 925 | 925 | 925 | 925
1977 | 180 | 280 | 395 | 45.0 | 560 | 620 | 8.5 | 975 | 1136 | 1298 | 132.0 | 1334 | 1419 | 1544
1978 | 87 | 132 | 180 | 21.8 | 255 | 305 | 520 | 650 | 698 | 775 | 975 | 1085 | 1175 | 1215
1979 ] 160 | 21.0 | 220 ) 325 | 398 | 405 | 685 | 693 | 697 | 69.7 | 698 | 699 | 699 | 699
1980 1 9.0 | 148 | 204 | 254 | 298 | 334 | 491 | 620 | 770 | 858 | 932 | 100.2 | 103.3 | 1055
1981 | 92 | 142 | 228 | 282 | 33.0 | 40.2 | 614 | 715 | 83.0 | 920 | 99.7 | 1035 | 1080 | 111.0
1982 | 155 | 258 | 316 | 376 | 476 | 509 | 781 | 836 | 91.0 | 963 { 1026 | 1126 | 113.2 | 113.2
1983 | 235 | 265 | 277 | 320 | 339 | 34.0 | 388 | 391 | 409 | 724 | 737 | 742 | 744 | 744
1984 | 210 | 41.0 | 540 | 64.0 | 71.0 | 780 | 1273 | 151.0 | 1615 | 177.7 | 189.5 | 203.6 | 2106 | 2225
1985 § 182 | 354 | 432 | 480 | 510 | 550 | 735 | 795 | 824 | 835 | 837 | 841 | 831 | 89.2
1986 | 102 | 138 | 160 | 21.8 | 248 | 315 | 56.0 | 71.7 | 8.7 | 926 | 977 | 101.2 | 101.2 | 101.3
1987 { 150 | 29.0 | 39.0 | 46.0 | 545 | 670 | 1240 | 1645 | 204.7 | 2270 | 2576 | 2796 | 2994 | 3079
1988 | 140 | 23.0 | 26.0 { 280 | 292 | 330 | 46.2 | 593 | 653 | 720 | 790 | 8.1 | 91.3 | 914
1989 | 83 | 133 | 183 | 208 | 230 | 246 | 365 | 60.1 | 680 | 733 | 733 | 734 | 734 | 734
1990 | 19.0 | 23.8 | 305 | 41.0 | 515 | 545 | 615 | 835 | 1025 | 1240 | 1429 | 161.7 | 180.2 | 192.3
1991 | 132 | 215 | 265 | 305 | 320 | 335 | 543 | 629 | 777 | 812 | 89 | 829 | 83.0 { 99.2
1992 | 115 | 150 | 180 ) 26.0 | 320 | 434 | 735 | 90.7 | 995 | 106.8 | 1158 | 1200 | 1203 | 121.0
1993 | 158 | 22.0 | 280 | 335 | 420 | 480 | 740 | 773 | 773 | 773 | 773 | 773 | 773 | 773
1994 | 180 | 22.0 | 245 | 265 | 295 | 302 | 322 | 435 | 555 | 657 | 745 | 82.7 | 885 | 935
1995 | 155 | 25.0 | 325 | 35.0 | 375 | 427 | 723 | 79.2 | 837 | 837 | 8.7 | 836 | 888 | 974
1996 | 121 | 188 | 195 | 228 | 258 | 285 | 416 | 483 | 489 | 522 | 546 | 593 | 627 | 685
1997 | 200 | 40.0 | 515 | 605 | 80.0 | 93.0 | 1355 | 181.5 | 199.2 | 2162 | 221.1 | 227.3 | 233.1 | 2364
1998 | 240 | 282 | 406 | 487 | 568 | 613 | 843 | 914 | 90 | 973 | 1003 | 106.3 | 111.4 | 1156
1999 | 133 | 198 | 283 | 345 1 421 | 533 | 90.0 [ 121.7 ] 1383 | 1589 | 1765 | 191.0 | 1953 | 197.9
2000 | 118 | 185 | 255 | 30.0 | 325 | 33.0 | 515 | 641 | 780 | 906 | 1133 | 1256 | 1276 | 129.3
2001 | 19.0 | 35.0 { 505 | 65.1 | 772 | 84.0 | 1215 | 1555 | 1651 | 167.0 | 173.0 | 1943 | 199.8 | 203.5
2002 | 125 1 185 1 235 | 270 | 295 | 320 | 545 | 685 | 750 | 8.0 | 87.0 | 101.0 ] 1095 | 117.0
2003 | 170 | 280 | 375 | 415 | 515 | 595 | 76.0 | 91.0 | 955 | 995 | 1025 | 1045 | 106.0 | 1395
2004 | 95 | 135 | 190 | 230 | 280 | 320 | 525 | 630 | 685 | 69.0 | 69.0 | 720 | 745 | 75.0
max | 240 | 41.0 | 540 | 651 | 80.0 | 93.0 | 1355 | 181.5 | 204.7 | 227.0 | 257.6 | 279.6 | 2994 | 307.9
mean | 148 | 233 | 300 | 354 | 41.0-| 458 | 674 | 80.0 | 8.8 | 96.7 | 1039 | 110.6 | 115.1 | 119.9
min | 7.0 | 132 ] 160 | 180 | 188 | 195 | 281 | 286 | 33.0 | 385 | 436 | 448 | 466 | 468
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Table 7. Random—-time maximum rainfall by duration at Incheon city

year | 10hr | 1lhr | 12hr | 13hr | 14hr | 15hr | 16hr | 17hr | 18hr | 19hr | 20hr | 21hr | 22hr | 23hr | 24hr

1961 | 143.0 | 1434 | 1434|1434 11434 | 143.4{ 1434 | 143.4 | 1434 | 143.4 | 143.6 | 144.1 | 145.9 | 149.6 | 153.3

1962| 682 | 685 | 705 | 745 | 747 | 752 | 762 | 822 | 854 | 86.2 | 885 | 888 | 89.3 | 896 | 90.0

1963 [ 131.3 | 139.9 | 144.1 [ 147.9 | 150.0 | 151.5 | 1525 | 152.6 | 152.7 | 162.7 | 152.7 | 152.7 | 162.7 | 152.7 | 152.7

1964 | 868 | 86.8 | 868 | 868 | 868 | 86.8 | 86.8 | 86.8 | 86.8 | 89.3 | 89.3 [ 89.6 | 89.6 | 89.6 | 89.6

1965| 832 | 832 | 834 | 849 | 870 | 889 | 893 | 89.8 | 91.1 | 91,6 | 916 [ 916 | 919 | 96.4 | 96.8

1966 885 | 885 [ 885 | 886 | 889 | 89.0 | 89.0 | 98.0 | 107.3 {1104 | 1106 | 112.2 [ 113.5] 113.8 | 115.0

1967 79.0 | 79.0 | 79.0 | 79.0 1 79.0 | 79.0 | 79.0 { 79.0 [ 790 | 79.0 | 79.0 | 79.0 | 795 | 795 | 80.5

1968 | 137.1 | 144.1 | 146.3 | 157.7 11633 | 1675 1688 | 171.3 | 1741 | 1750 | 175.0 | 175.0 | 1753 | 175.3 | 175.3

1969 | 120.5 1 129.8 | 140.3 { 147.6 | 149.2 | 149.9 | 154.0 | 154.0 | 154.0 | 154.0 | 154.0 | 154.0 | 154.0 | 154.0 | 154.0

1970 2085 2115 | 221.6 | 229.6 | 233.6 [ 234.2 | 234.2 | 234.2 | 234.5 | 234.5 [ 2345 | 234.5 | 2345 | 2345 | 2345

19711150 | 11563 | 1153 | 1154 ] 1154 | 1154 | 1154 | 1154 {1154 ] 1154 | 1164 | 1154 } 1158 | 120.1 | 1224

1972 199.0 | 210.5 | 231.5 | 248.5 | 260.0 | 266.0 | 273.0 | 277.5 | 283.0 | 328.8 | 345.7 | 3475 | 356.9 | 358.5 | 359.2

1973 50.8 | 50.8 | 50.8 | 50.8 | 50.8 | 50.8 | 51.6 | 544 [ 56.0 | 56.0 | 56.0 | 56.0 | 56.0 | 56.0 | 56.0

19741 863 | 915 | 942 | 97.0 | 99.3 | 1004 | 101.3{101.7 [ 102.6 | 104.0 | 104.1 | 104.3 | 104.6 | 104.8 | 105.0

1975| 480 | 486 | 535 | 638 | 645 | 646 | 660 | 666 | 69.8 | 735 | 763 | 753 | 753 | 753 | 753

1976 | 925 | 925 |107.0 | 116.0 | 122.8 | 123.0 | 123.5 | 128.1 [ 130.2 | 131.2 | 140.0 | 140.6 | 140.6 | 140.9 | 142.8

1977 178.0 1 1929 | 198.5 | 205.0 { 212.1 | 2175 | 221.3 | 223.5 | 225.6 | 231.2 | 238.1 [ 242.9 | 250.0 | 2574 | 262.2

1978 | 128.2 1 1355 | 143.0 | 149.5 1 151.0 | 151.3 [ 152.8 | 153.6 | 153.7 | 155.8 | 157.1 | 157.8 | 1595 | 160.5 | 161.0

1979 69.9 | 699 [ 699 | 699 1699 [ 707 | 710 | 713 | 713 | 713 | 713 | 713 [ 713 | 71.3 | 713

19801 106.5 | 108.7 | 115.0 [ 116.6 | 118.0 | 1194 | 1198 | 121.5}122.4 | 1256 | 1259 [ 125.9 | 127.3 | 127.7 | 128.3

1981 1158 | 117.1 [ 1184|1279 1129.9 [ 131.2 ] 132.9 | 1342 | 1354 | 1355 | 1359 ] 136.0 [ 1369 | 137.0 | 1375

1982[113.2 | 113.2 | 1145 [ 1152 | 1152 | 1152 | 1152 { 115.2 [ 1152 | 11562 | 117.0 | 117.0 | 1172 ] 117.3 | 1174

1983 744 | 744 | 744 | 772 | 774 | 775 | 802 | 821 | 830 | 833 | 833 | 834 | 834 | 83.7 | 840

1984 | 226.0 | 232.5 | 244.0 | 245.0 | 247.6 | 256.6 | 260.0 | 266.4 | 267.6 | 270.7 | 279.1 | 282.6 | 283.1 | 285.2 | 286.1

1985] 926 { 934 | 96.5 | 99.2 |102.2 | 103.0 | 104.0 [ 104.3 | 104.3 [ 104.3 | 104.3 | 104.3 { 104.3 | 104.3 | 104.3

1986 102.3 1 102.3 | 102.3 | 102.3 ] 102.3 [ 102.7 | 102.8 | 103.8 | 103.8 | 103.8 [ 103.8 | 103.8 | 103.8 | 103.8 | 103.8

1987 309.7 | 323.4 | 337.2 | 345.7 [ 348.3 | 349.9 | 351.8 | 352.7 | 353.6 | 353.9 | 354.0 | 354.0 | 355.6 |{ 365.1 | 373.1

1988 94.2 | 946 | 948 [ 955 1 96.1 | 961 | 961 | 961 | 96.1 | 96.1 | 961 [ 96.1 | 96.1 | 96.1 | 96.8

1989 736 | 742 | 744 | 789 | 789 | 789 | 865 | 865 [ 865 | 925 | 925 [ 928 | 940 | 94.0 | 96.4

1990 | 204.0 | 211.5 | 217.5 | 224.0 | 230.0 | 235.7 | 247.8 | 258.5 | 270.8 | 281.5 | 290.8 | 296.8 | 302.8 | 306.5 | 316.3

1991 | 114.2 | 117.8 | 1215 | 122.0 | 122.1 | 1236 | 1244 {1245 [ 1258 1 1286 | 1322 | 133.8 | 1345} 134.7 | 134.8

1992 121.1 [ 121.1 | 1211 | 121.1 | 1211 | 121.1 [ 121.1 {1211 [ 1211 [ 1211 | 1211 [ 1211 | 1211 121.1 { 121.1

1993 773 | 773 [ 773 | 773 | 773 | 777 | 783 | 81.1 | 827 | 82.7 | 827 | 838 | 83.8 | 838 [ 838

1994 96.1 | 98.1 | 100.0 | 100.7 | 102.2 | 102.9 | 103.4 | 103.91104.2 | 104.2 ] 104.2 [ 104.2 | 104.2 [ 104.2 | 104.2

1995 100.6 | 1025 | 104.8 1 105.4 11094 | 111.1 | 126.0 | 136.5 ] 1394 | 141.3 | 143.7 | 144.1 | 1493 | 149.8 | 152.8

1996 69.0 | 71.7 | 727 | 751 | 788 [ 839 | 90.7 | 97.0 | 102.2 | 105.2 | 105.7 | 109.1 | 111.5 { 113.7 | 113.8

1997 237.6 | 242.0 | 247.0 | 2535 | 259.5 | 264.0 | 266.0 | 266.1 | 266.1 | 266.1 | 266.1 | 266.1 | 272.8 | 272.9 | 282.6

1998 | 123.6 | 126.8 | 126.9 | 126.9 | 142.1 | 154.0 | 1564 | 157.9 [ 1585 [ 1586 | 1589 | 1589 | 159.0 | 159.2 | 159.2

19991 201.4 | 206.3 | 212.9 | 216.4 | 220.7 | 2254 | 229.8 | 236.4 | 243.7 | 246.8 | 248.2 | 252.0 | 255.0 | 256.0 | 257.7

2000 134.1 | 140.6 | 142.3 | 142.3 | 144.3 [ 144.3 | 1446 | 1446 | 144.8 | 1454 | 146.8 | 146.8 | 147.1 [ 148.9 | 151.9

2001 | 206.5 | 208.5 | 209.5 ] 209.5 { 209.5 [ 209.5 ] 2095 | 209.5 | 211.5 | 2145 | 217.5 | 219.0 | 220.0 | 220.0 | 220.0

20021216 12751131.5 | 135.0 | 137.0 [ 139.0 | 141.0 | 143.5 | 145.0 | 149.5 | 163.0 | 167.5 | 172.0 [ 174.5 | 177.0

2003 ] 154.0 | 163.0 [ 168.5 | 172.0 | 173.0 [ 173.5] 1745 | 175.0 | 1755 | 1755 | 176.0 | 176.5 ) 1765 | 178.5 | 193.0

2004 76.0 | 785 [ 795 | 795 | 80.0 [ 80.0 | 81.0 | 82.0 | 825 | 835 [ 860 | 91.0 | 925 | 940 [ 95.0

max | 309.7 | 323.4 [ 337.2 | 345.7 | 348.3 [ 349.9 | 351.8 | 352.7 | 353.6 | 353.9 | 354.0 | 354.0 | 356.9 | 365.1 | 373.1

mean| 124.1 | 1275 131.2 | 1345|1369 | 138.7 | 140.7 | 142.8 | 1445 147.0 | 149.0 | 150.0 | 151.4 | 1525 | 1564.3
min | 48.0 | 486 | 508 | 50.8 | 50.8 | 50.8 | 51.6 | 544 | 56.0 | 56.0 | 56.0 | 56.0 | 56.0 | 56.0 | 56.0

(=B 5:06-30/89:2006.02.20/ 4141 2+ 2:2006.05.03)
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