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Estimation of Design Rainfall by the Regional Frequency Analysis
using Higher Probability Weighted Moments and GIS Techniques(I)
- On the method to identify homogeneous regions -
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Abstract

It is matter of common knowledge to give impetus to the water resources development
to cope with increasing demand and supply for the water utilization project including
agricultural, living and industrial water owing to the economic and civilization development
in recent years.

Regional design rainfall is necessary for the design of the dam, reservoir, levee and
drainage facilities for the development of various kinds of essential waters including
agricultural water. For the estimation of the regional design rainfall, classification of the
climatologically and geographically homogeneous regions should be preceded preferentially.

This study was mainly conducted to derive the optimal regionalization of the precipi-
tation data which can be classified by the climatologically and geographically homogeneous
regions all over the regions except Cheju and Wulreung islands in Korea. A total of 65
rain gauges were used to regional analysis of precipitation. Annual maximum series for the
consecutive durations of 1, 3, 6. 12, 24, 36. 48 and 72hr were used for various statistical
analysis.

Both K-means clustering and mean annual precipitation methods are used to identify
homogeneous regions all over the regions. Nine and five homogeneous regions for the
precipitation were classified by the K-means clustering and mean annual methods,
respectively. Finally. Five homogeneous regions were established by the trial and error
method with homogeneity test using statistics of * distribution,
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Table 1 Statistics for regional analysis of 65 stations

Annual maximum A Mean

: daily rainfall (mm) nnual rainfall

Station Station mean of rain
Number . ) Standard rainfall v
Maximum Mean deviation (mm) season

(mm)
1 Sokcho 314.2 146.64 54.13 1,003.9 690.3
2 Cheolweon 268.1 136.04 53.76 1,320.9 818.5
3 Daekwanryeong 349.0 181.12 86.27 1,634.1 971.2
4 Chuncheon 308.5 132,26 55.88 1,045.0 833.5
5 Gangreung 2975 140.20 66.40 980.0 682.6
6 Donghae 2147 118.90 68.15 1,025.7 506.8
7 Seoul 3328 149.90 63.94 1.092.1 880.0
8 Incheon 302.5 129.07 64,59 906.2 717.3
9 Weonju 250.5 128.01 4271 1.272.6 844.5
10 Suweon 313.6 138.71 61.02 1,011.6 805.9
11 Seosan 236.1 116.07 4350 916.4 672.8
12 Wuljin 279.0 104.69 62.23 860.2 482.6
13 Cheongju 293.0 115.12 50.97 948.4 7128
14 Daejeon 303.3 125.88 52.99 1,061.9 778.0
15 Cupungryeong 2154 10461 39.76 846.7 631.0
16 Andong 129.0 94,01 21.34 917.7 565.8
17 Pohang 516.4 116.79 81.67 798.3 545.8
18 Gunsan 261.1 111.30 47 86 888.2 634.5
19 Daegu 225.8 97.61 44 82 771.3 565.8
20 Jeonju 232.1 109 .40 42,16 938.7 699.3
21 Ulsan 4178 132.29 7294 9197 632.9
22 Masan 264.5 141.21 53.25 1.329.9 728.0
23 Gwangju 335.6 12481 56.14 972.0 718.3
24 Busan 439.0 144.75 72.47 1,042.7 712.9
25 Chungmu 3405 135.46 57.74 1,002.0 656.2
26 Mokpo 394.7 115.21 58.66 762.7 5395
27 Yeosu 267.6 133.02 4744 1,001.7 694.0
28 Wando 257.7 14178 53.07 1,226.4 659.6
29 Jinju 264.0 133.17 53.50 1.135.0 773.6
30 Ganghwa 481.0 173.00 81.86 1,1004 835.9
31 Yangpyeong 346.0 134.01 67.95 1,080.4 836.3
32 Icheon 2736 128.92 51.39 1,072.3 805.6
33 Inje 275.8 120.01 55.74 907.7 690.5
34 Hongcheon 276.0 126.84 56.32 1,066.8 8144
35 Samcheok 3075 136.38 69.73 866.3 570.9
36 Taebaek 3385 138.88 66.28 1,156.4 689.7
37 Jecheon 276.5 123,42 55.99 1,051.9 773.8
38 Chungju 263.0 115.20 52.18 953.5 7084
39 Boeun 4075 131.10 79.06 1,002.2 729.6
40 Onyang 2735 120.40 4521 968.8 699.7
41 Daecheon 3615 128.80 73.45 969.0 700.6
42 Buyeo 5176 136.37 86.63 1,050.0 742.0
43 Geumsan 202.0 119.34 35.79 995.3 695.8
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Apnual maximum Annual I\/.Ie?nll
Station _ daily rainfall (mm) mean rainfa
Station . of rainy
Number . Standard rainfall
Maximum Mean deviati (mm) season
eviation (mm)
44 Buan 202.5 118.66 37.68 923.9 6444
45 Imsil 203.3 105.99 35.92 1,010.1 709.1
46 Jeongju 2445 108.54 42.53 985.4 681.6
47 Namweon 183.5 106.12 34.73 1,024.2 726.9
48 Jangsu 172.0 11451 39.91 1,402.6 782.3
49 Seungju 250.6 141.90 55.05 1,132.2 793.3
50 Jangheung 547.4 157,53 95.46 1,104.8 735.3
51 Haenam 477.5 140.17 87.11 990.2 659.4
52 Goheung 487.1 153.00 84.07 1,082.6 680.6
53 Chunyang 250.0 124.01 56.44 1,1375 653.1
5 Youngju 259.5 117.95 50.50 981.0 685.3
55 Jeomchon 173.3 98.32 28.96 948.7 660.4
56 Youngdeok 296.0 100.15 54.15 779.3 491.3
57 Uiseong 156.0 92.66 28.30 772.7 543.4
58 Seonsan 221.0 94 .89 34 40 809.7 565.2
59 Yeongcheon 190.1 104.13 32.68 802.5 546.6
60 Geochang 210.0 114.65 39.69 995.8 692.2
61 Hapcheon 223.5 119.68 53.11 981.3 690.8
62 Milyang 271.4 128.85 55.51 961.5 640.5
63 Sancheong 332.5 155.14 69.81 1,178.3 817.7
64 Geoje 341.2 165.41 61.79 1,303.1 812.8
65 Namhae 3245 170.25 66.40 1,336.1 817.5
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Table 2 Nine regions classified by the method of K-means clustering

Region Stations SI;I;:;E? ((()52)

I Cupungryeong, Andong, Daegu, Jeomchon, Uiseong, Seonsan. Yeongcheon 7

il Masan. Wando, Jinju, Seungju, Sancheong, Geoje, Namhae 7
Sokcho. Cheolweon, Chuncheon, Seoul, Incheon, Suweon, Daejeon,

Il 10
Yangpyeong, Icheon, Hongcheon

v Gangreung. Donghae, Uljin, Samcheok, Youngdeok 5

\% Daekwanryeong, Taebaek 2

" Seosan, Cheongju, Gunsan, Jeonju. Gwangju, Mokpo, Yeosu, Chungju. 16
Onyang, Geumsan, Buan, Imsil, Jeongju, Namweon, Geochang, Hapcheon

Vi Pohang, Ulsan, Busan, Chungmu, Milyang

Vi Weonju, Inje. Jecheon, Jangsu, Chunyang, Youngiju 6

KX Ganghwa, Boeun, Daecheon, Buyeo, Jangheung, Haenam, Goheung 7
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Fig. 1 Spatial variation diagram of C, for the consecutive durations
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Table 3 Five regions classified by the method of mean annual precipitation method
Range of Number
annual mean Region Stations of stations
rainfall (mm) (65)
Below 850 I Cupungryeong, Pohang, Daegu, Mokpo, Youngdeok, Uiseong, 8
Seonsan, Yeongcheon
851 ~ 950 1 Incheon, Seosan, Wuljin, Cheongju, Andong, Gunsan, Jeonju, 12
Ulsan, Inje, Samcheok, Buan, Jeomchon
Sokcho, Chuncheon, Gangreung, Donghae, Suweon, Gwangju.
Busan, Chungmu, Yeosu, Chungju. Boeun. Onyang, Daecheon,
851 ~ 1,050 i . . . 23
Buyeo, Geumsan, Imsil, Jeongju, Namweon, Haenam, Youngju,
Geochang, Hapcheon, Milyang
Seoul. Daejeon, Jinju, Ganghwa, Yangpyeong, Icheon,
1051 ~ 1,150 i\ Hongcheon, Taebaek, Jecheon, Seungju, Jangheung, Goheung, 13
Chunyang
Above 1151 v Cheolweon, Dgekwanryeong. Weonju, Masan, Wando. Jangsu, 9
Namhae, Geoje, Sancheong
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Table 4 Five regions classified by cluster analysis and mean annual precipitation method

Annual _
Region Station e C, C, S, D; Dy s
mm)

Sokcho 1.003.9 0.377 0.249
Cheolweon 1.320.9 0.271 6.205*
Chuncheon 1.044.9 0.336 0.445
Seoul 1,092.1 0.375 0.199
Incheon 906.2 0.357 0.003

1 Suweon 1,011.6 0.329 0.359 0.035 0.732
Ganghwa 1,100.4 0.375 0.188
Yangpyeong 1.080.4 0.390 0.768
Icheon 1,072.3 0.387 0.619
Inje 907.7 0.371 0.111
Hongcheon 1,066.8 0.384 0.479
Daekwanryeong 1,634.1 0.406 0.888
Weonju 12726 0.232 1.237
Taebaek 1,156.4 0.356 0.123 3.84

I Jecheon 1,051.9 0.388 0.326 0.084 0.540
Chunyang 1,1375 0.207 1.972
Youngju 981.0 0.367 0.238
Seosan 916.4 0.363 0.028
Cheongiu 948 4 0.313 3.423
Daejeon 1.061.9 0.349 0.395
Gunsan 888.2 0.352 0.228
Jeonju 938.7 0.331 1.536

o Ulsan 9197 0418 0.368 | 0.030 2.721
Gwangiu 972.0 0.399 1.089
Busan 1042.7 0.419 2.932
Mokpo 762.6 0.411 2.019
Chungju 9535 0.388 0.438

* Significance level can be acknowledged
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Annual
Region Station r;rilfl?:ll C, C, S, D; Dy 5
(mm)

Boeun 1,002.1 0.385 0.315
Onyang. 968.8 0.337 1.042
Daecheon 969.0 0.355 0.181
Buyeo 1.050.0 0.385 0.330
Geumsan 995.3 0.340 0.863

I Buan 923.9 0.318 2.786
Imsil 1.010.1 0.367 0.001
Jeongju 985.4 0.358 0.105
Namweon 1,024.2 0.381 0.178
Geochang 995.8 0.380 0.368 0.030 0.170
Hapcheon 981.3 0.380 0.164
Milyang 961.5 0.366 0.003
Gangreung 980.0 0.395 0.296
Donghae 1,025.7 0.281 2.110
Uljin 860.2 0.434 1491
Cupungryeong 846.7 0.315 0.731
Andong 917.7 0.275 2.462
Pohang 798.3 0.428 1.269

v Daegu 771.3 0.339 0.364 0.057 0.185 384
Samcheok 866.3 0.448 2.171 :
Jeomchon 948.7 0.376 0.041
Youngdeok 779.3 0.404 0.502
Uliseong 772.7 0.318 0.658
Seonsan 809.7 0.349 0.072
Yeongcheon 802.5 0.370 0.012
Masan 1,329.9 0.308 0.976
Chungmu 1,002.0 0.369 0.193
Yeosu 1,001.7 0.352 0.001
Wando 1.226.4 0.277 2.889
Jinju 1,135.0 0.368 0.172
Jangsu 1,402.6 0.288 2.123

Vv Seungju 1,132.1 0.373 0.350 0.043 0.271
Jangheung 1,104.8 0.347 0.006
Haenam 990.2 0.341 0.045
Goheung 1.082.6 0.319 0.544
Sancheong 1,178.3 0.397 1.183
Geoje 1,303.1 0.403 1.474
Nambhae 1,336.1 0.413 2.122
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Fig. 3 Five regions classified by cluster analysis and mean annual precipitation method
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