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The Study on Application of Regional Frequency Analysis
using Kernel Density Function
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Abstract

The estimation of the probability precipitation is essential for the design of hydrologic projects. The
techniques to calculate the probability precipitation can be determined by the point frequency analysis
and the regional frequency analysis. The regional frequency analysis includes index-flood technique
and L-moment technique. In the regional frequency analysis, even if the rainfall data passed
homogeneity, suitable distributions can be different at each point. However, the regional frequency
analysis can supplement the lacking precipitation data. Therefore, the regional frequency analysis has
weaknesses compared to parametric point frequency analysis because of suppositions about probability
distributions. Therefore, this paper applies kernel density function to precipitation data so that
homogeneity is defined.

In this paper, The data from 16 rainfall observatories were collected and managed by the Korea
Meteorological Administration to achieve the point frequency analysis and the regional frequency
analysis. The point frequency analysis applies parametric technique and nonparametric technique, and
the regional frequency analysis applies index-flood techniques and L-moment techniques. Also, the
probability precipitation was calculated by the regional frequency analysis using variable kernel
density function.

keywords :@ probability precipitation, regional frequency analysis, L-moment, index flood, kernel
density function
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Table 1. Location of the meteorological observatory

. Observation|Observation , Altitude |Ground Height of

Station Data Opening Lat.(N) Long.(E) (m) Hyetometer(m)
1 Chupungryeong 45 1961 36. 137 128, 00° 2425 05
2 Gumi 33 1973 36. 08” 128, 19° 479 0.5
3 Guchang 33 1973 35, 407 127, 55° 220.9 0.6
4 Chungju 39 1967 36. 38” 127, 277 57.4 0.5
5 Daejeon 37 1969 36, 227 127, 227 68.3 15
6 Daegu 45 1961 35, 537 128, 377 576 0.6
7 Kumsan 33 1973 36, 067 127, 297 171.3 0.6
3 Imsil 33 1973 35, 377 127, 177 246.9 0.6
9 Namwon 33 1973 35, 247 127, 207 89.7 0.7

10 Jangsu 18 1988 35, 397 127, 317 407.0 0.6

11 MoonKyung 33 1973 36. 377 128, 09° 1704 06

12 Uiseong 33 1973 36, 217 128, 417 81.1 0.6

13 Youngcheon 33 1973 35. 58" 128, 577 94.1 0.5

14 Hapcheon 33 1973 35, 347 128, 107 32.7 0.6

15 Milyang ) 33 1973 35, 297 128, 45 126 0.5

16 Sancheong 33 1973 35, 257 127, 537 138.6 0.6
896 BEXKERBTHE



Table 2. Result of Probability Precipitation by Parametric Frequency Analysis

Retl}rg Probability Precipitation of Return Period(mm)

er1o .

Duration 2 5 10 20 30 50 80 100 150 200
1 hour 29.8 38.1 435 50.5 51.3 55.6 59.0 60.7 63.6 65.7
6 hour 68.9 91.7 106.7 125.7 1294 139.8 149.3 153.8 161.9 167.7
9 hour 83.6 112.8 132.1 156.5 161.3 174.6 186.8 192.5 203.0 210.4
12 hour 93.8 1256 1468 1735 178.7 193.2 206.6 2129 2244 232.5
18 hour 109.1 148.3 1743 207.2 213.6 231.6 248.0 250.7 269.9 279.9
24 hour 120.6 164.6 193.8 230.6 237.8 2579 276.3 285.0 300.8 312.0
48 hour 143.2 192.0 224.2 265.0 273.0 295.2 315.6 325.2 342.7 365.1

Table 3. Result of Probability Precipitation using Nonparametric Frequency Analysis
Retgrr(;ll Probability Precipitation of Return Period(mm)
€110 7

Duration 2 5 10 25 30 50 80 100 150 200
1 hour 30.0 39.5 44.3 49.8 50.5 51.9 53.0 53.4 o4.1 54.6
6 hour 69.0 93.0 108.4 1244 128.0 159.4 170.6 1735 1775 179.8
9 hour 82.6 113.7 1314 1557 162.4 214.2 227.2 230.5 2351 2377
12 hour 92.5 125.4 1489 173.9 178.6 237.3 252.1 255.9 261.1 264.2
18 hour 108.2 146.6 180.6 218.7 226.1 265.2 270.7 2749 280.8 284.3
24 hour 119.2 165.5 204.1 245.6 254.1 271.2 2815 2854 2914 29.1
48 hour 143.2 198.4 239.1 271.3 275.9 286.8 29%.1 2987 304.7 308.6
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Table 4. Result of D(i) for each duration data
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Fig. 6. L-CS & L-CV(24 hr)

Duration D(i) ,
Station 1 hr 6 hr 9 hr 12 hr 18 hr 24 hr 48 hr
Chupungryeong 151 0.05 0.22 0.27 0.35 041 0.48
Gumi 1.67 1.05 1.40 1.69 1.85 1.42 0.86
Guchang 0.25 0.35 0.31 0.30 0.30 0.03 0.45
Chungju 1.66 1.55 1.18 1.14 0.69 1.04 1.63
Daecjeon 0.19 0.56 0.29 0.58 0.51 1.06 1.43
Daegu 0.16 0.50 0.81 0.68 0.53 0.51 0.37
Kumsan 1.36 0.40 1.13 1.49 1.84 1.09 1.01
Irnsil 0.88 0.72 1.89 1.60 1.07 0.43 0.11
Narmwon 0.44 0.01 0.33 0.38 0.33 054 1.10
Jangsu 1.22 1.13 1.10 0.75 0.89 1.58 0.71
MoonKyung 1.07 2.42 1.93 2.05 1.11 0.67 0.60
Uiseong 0.89 0.60 1.25 0.58 2.41 2.30 0.71
Youngcheon 0.94 1.36 0.96 2.26 1.31 1.38 2.22
Hapcheon 0.77 1.11 0.83 0.41 0.43 0.72 1.64
Milyang 2.21 1.25 0.32 0.53 1.23 1.08 1.29
Sancheong 0.77 2.92 2.05 1.29 1.15 1.73 1.38
Table 5. Result of heterogeneity for regional frequency analysis
Duration STANDARDIZED TEST | STANDARDIZED TEST | STANDARDIZED TEST
VALUE H(1) VALUE H(2) VALUE H(3)
1 hour 0.75 -0.42 -1.23
6 hour 0.56 -0.87 -1.90
9 hour 0.36 -1.00 -2.16
12 hour . 0.07 -0.58 -1.61
18 hour 0.48 -0.08 -1.10
24 hour 0.37 ~-0.34 -0.92
48 hour -0.29 -0.34 -0.93
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Table 6. Goodness of fit measures of distribution
Dist. General General Extreme General Pearson Gen.
Logistic Value Normat Type 188 Pareto
Duration\] L-KS | Z-value | L-KS | Z-value | 1-KS | Z~value | L-KS | Z-value | L-KS | Z-value
1 hour 0.178 3.130 0.131 0.050 0.133 | -0.190 0.127 -0.260 0.036 -6.240
6 hour 0.199 0.620 0.162 -1.310 0.154 -1.740 0.136 -2.660 0.076 -5.700
9 hour 0.202 0.440 0.166 -1.390 0.156 -1.860 0.137 -2.820 0.081 -5.610
12 hour | 0.201 0.520 0.164 -1.360 0.155 -1.810 0.136 -2.750 0.079 -5.660
18 hour | 0.195 1.040 0.155 -1.080 0.149 -1.430 0.134 -2.270 0.068 -5.820
24 hour | 0.191 1.830 0.150 -0.520 0.145 -0.800 0.132 -1.580 0.061 -5.670
48 hour | 0.197 1.210 0.159 -0.850 0.151 -1.260 0.135 -2.160 0.073 -5.510

Table 7. Result of probability precipitaion by regional frequency analysis using L-moment

Return Probability Precipitation of Return Period(mm)
Duration | 2 5 10 % 0 | 50 8 | 100 | 150 | 200
1 hour 36.4 476 945 62.5 64.1 63.1 71.7 73.3 76.2 78.2
6 hour 774 102.6 1199 1427 147.3 160.3 1724 178.2 188.8 196.6
9 hour 90.7 121.1 142.3 170.4 176.2 192.3 207.6 2149 228.4 238.4
12 hour 101.0 135.1 153.8 190.1 196.4 214.2 231.0 239.1 253.8 264.7
18 hour 117.3 157.1 184.1 218.7 225.6 244.8 262.7 271.2 286.5 297.8
24 hour 129.1 173.2 202.3 239.2 246.5 266.6 285.0 293.7 3094 320.8
48 hour 153.8 204.9 239.8 285.2 294.3 319.8 343.6 355.0 375.6 390.9
#5394 F10%% 20064 10A 899



Table 8. Result of probability precipitation by index flood

Return Probability Precipitation of Return Period(mm)
eriod - ~ -
Duratior,& 2 5 10 25 30 50 80 100 150 200
1 hour 36.6 476 54.1 61.7 63.1 66.9 70.1 716 742 76.0
6 hour 776 | 1023 | 1193 | 1414 [ 1459 | 1584 | 1701 | 1757 | 1860 | 1934
9 hour 909 | 1207 | 1415 [ 1690 | 1745 | 1902 | 2050 | 2121 | 2253 | 2347
12 hour 101.3 | 1348 | 1580 | 1834 | 1945 | 211.8 | 2280 | 2358 | 250.1 | 2604
18 hour 1176 | 1569 | 1831 | 2166 | 2232 | 2417 | 2587 | 2667 | 2815 | 2919
24 hour 1206 | 1729 | 2013 | 2367 | 2436 | 2628 | 2802 | 2884 | 3033 | 3138
48 hour 1542 | 2044 | 2385 | 2825 | 2913 | 3159 | 3387 | 3496 | 3696 | 3839

Table 9. Result of probability precipitation by regional frequency analysis using kernel density function

Return| Probability Precipitation of Return Period(mm)
eriod
Duratior.& 2 5 10 25 30 50 80 100 150 200
1 hour 36.2 482 55.6 65.3 66.9 71.1 745 75.9 78.1 79.7
6 hour 75.7 102.7 126.8 148.2 1525 170.7 187.6 191.6 198.7 203.4
9 hour 38.8 121.8 1471 1777 183.7 203.3 222.6 230.0 2454 2515
12 hour 99.1 1375 162.1 196.3 204.4 229.0 251.1 260.5 2714 2776
18 hour 115.1 159.0 187.6 222.6 230.4 265.3 284.0 290.6 304.4 314.5
24 hour 126.8 174.6 203.3 241.3 2485 281.0 300.5 309.6 332.3 362.2
48 hour 152.0 206.3 247.8 297.3 305.3 324.7 340.0 349.9 376.0 387.5
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Table 10. Result of probability precipitation(24 hr)
Return Probability Precipitation of Return Period(mm)
Techauques 2 5 | 10 | 25 | 30 | 50 | 8 | 100 | 150 | 200
Poins. Parametric 120.6 | 1646 | 1938 | 2306 | 2378 | 2579 | 276.3 | 285.0 | 3008 | 312.0
Frequency
Analysis Nanparametric 1192 | 1655 | 2041 | 2456 | 254.1 | 2712 | 2815 | 2854 | 2914 | 295.1
L-moment 129.1 | 173.2 | 202.3 | 239.2 | 2465 | 2666 | 285.0 | 293.7 | 3094 | 320.8
Regional -
Frequency Index Flood 129.6 | 1729 | 201.3 | 236.7 | 2436 | 262.8 | 280.2 | 288.4 | 303.3 | 313.8
Analysis Kernel Densit
m . Y 126.8 | 1746 | 203.3 | 241.3 | 2485 | 281.0 | 3005 | 309.6 | 332.3 | 362.2
Function
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