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Application of Jackknife Method for Determination of Representative
Probability Distribution of Annual Maximum Rainfall

of M & /ol & [ = B H
Lee, Jae Joon / Lee, Sang Won / Kwak, Chang Jae

Abstract

In this study, basic data is consisted annual maximum rainfall at 56 stations that has the rainfall
records more than 30years in Korea. The 14 probability distributions which has been widely used in
hydrologic frequency analysis are applied to the basic data. The method of moments, method of
maximum likelihood and probability weighted moments method are used to estimate the parameters.
And 4-tests (chi-square test, Kolmogorov-Smirnov test, Cramer von Mises test, probability plot
correlation coefficient (PPCC) test) are used to determine the goodness of fit of probability
distributions. This study emphasizes the necessity for considering the variability of the estimate of
T-year event in hydrologic frequency analysis and proposes a framework for evaluating probability
distribution models. The variability (or estimation error) of T-year event is used as a criterion for
model evaluation as well as three goodness of fit criteria (SLSC, MLL, and AIC) in the framework.
The Jackknife method plays a important role in estimating the variability. For the annual maxima of
rainfall at 56 stations, the Gumble distribution is regarded as the best one among probability
distribution models with two or three parameters.

keywords : annual maximum rainfall, goodness of fit criteria, frequency analysis, Jackknife method
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Table 1. Comparison of SLSC, MLL and AIC

Duration Station Distribution SLSC MLL AIC
GAM?2 0.001137D -199.38988113) 402.7797632
Seoul GEV 0.008213 -198.718216(D 403.436431(3
GUM 0.002383@ -199.010919@ 402.021838D
WBU2 0.003755Q) -201.360024 406.720047
Gangneung GEV 0.014968@ -204.181042@ 414.3620842)
LGU2 0.012279D -203.357008D 410.714016D
GAM2 0.003016 -183.667379 371.334757@
GAM3 0.001230D -183.246908D 372.49381613
Daegu GEV 0.003595 -183.411378@ 372.822756
GUM 0.001304@ -183.436233@) 370.8724670D
12hr WBU2 0.005835 -185.616062 375.232123
LGU2 0.008048® -193.198171 390.396342
GAM2 0.009302 -189.6751733 383.3503453)
Jeonju GAM3 0.003774D -188.451647D 382.903294@
GUM 0.006853@ -189.025919@ 382.051839D
WBU2 0.011931 -192.980490 389.960980
GAM3 0.006012 -191.695526(2) 389.3910512
GEV 0.004445@ -193.085075 392.170149
Busan GUM 0.011383 -194.458004 392.916007
LGU2 0.004004D -187.471272D 378.942544D
LGU3 0.0059653) -193.001509Q 392.003019Q
GAM2 0.0054862) -213.427780@ 430.8555602)
Seoul GUM 0.004506D -213.460804Q) 430.921607@)
LGU2 0.015578 -213.398116D 430.796232D
WBU2 0.0089713 -215.536327 435.072653
GEV 0.0264753) -217.2737633) 440.5475261
Gangneung LGU2 0.020220D -216.896940D 437.793879D
LGU3 0.026035@ -217.2182322 440.436.464©)
WBU3 0.009576 -185.528607D 377.057213D
LN2 0.000378D -193.148278 390.2965553)
GAM2 0.0048553) -193.024135 390.048270@
Dacgu WBU2 0.001797@ -193.889478 391.778956
GAM3 0.005366 -192.9368272) 391.873654
LN3 0.005170 -193.1448723) 392.289743
2hr GEV 0.008273 -193.207810 392.415620
GUM 0.016619 -193.181721 390.363443
GAM?2 0.003130 -195.8676902 395.7353802
GAM3 0.002283 -196.082947Q 398.165893
GEV 0.004981 -196.153101 398.306201
Jeonju GUM 0.005604 -196.177134 396.354268
LN2 0.000394D -196.139183 396.278365Q)
LN3 0.002247 -196.186349 396.372699
WBU2 0.000608@) -196.770902 397.541805
WBU3 0.001922Q -195.565411D 395.130821D
GAM3 0.006721 -201.9855642) 409.9711292
GEV 0.0052052) -202.789950 411.579900
Busan GUM 0.011550 -203.970913 411.941825
LGU2 0.004471D -196.684294D 397.368588D
LGU3 0.006533Q) -202.739308@) 411.478616()

where, LGU2(Log-Gumble distribution with 2 parameters), LGU3(Log-Gumble distribution with 3
parameters), GUM(Gumble distribution), GAM2(Gamma distribution with 2 parameters), GAM3(Gamma
distribution with 3 parameters), GEV(General Extreme Value distribution), WBU2(Weibull distribution
with 2 parameters), WBU3(Weibull distribution with 3 parameters), LN2(Log-Normal distribution with
2 parameters)
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Table 2. A comparison of Jackknife estimate s?

uration Station Distribu ti;;requncy S0yr 100yr 200yr 500yr Mean

GAM2©@ 4.88 5.61 6.29 721 6.00

Seoul GEV® 4.81 6.12 8.03 11.64 7.65

GUMO 4.81 S¥5% 6.24 7.20 594

Gangneung GEV® 1897 29.25 43.75 71.59 40.89

LGU2D 16.74 25.11 36.97 60.28 34.77

GAM2©Q 3.33 3.84 4.36 5.03 4.14

b Daegu GAM3® 3.87 4.66 5.48 6.58 5.15

GUMD 3.25 3.76 4.27 494 4.05

GAM3® 6.07 7.45 8.87 10.79 8.29

Jeonju GUMO 4.48 5.18 5.90 6.86 5.60

GAM2@ 4.58 5.30 6.01 6.92 571

GAM3©® 9.09 11.47 1391 17.26 12.93

Busan LGU2® 8.06 11.24 15.38 22.80 14.37

LGU3D 3.27 4.79 7.15 11.70 6.73

GAM2©Q 8.13 9.38 10.66 12.32 10.12

Seoul GUMD 7.70 8.85 10.01 11.55 9.53

LGU2® 10.65 15.24 21.57 33.66 20.28

GEV® 31.9 481 69.7 108.3 64.5

Gangneung LGU2® 25.6 385 56.9 93.0 53.5

LGU3D 2.9 76 16.4 35.0 155

GAM2D 3.37 3.85 4.34 498 4.13

24hr Daegu LN2® 477 5.70 6.69 8.12 6.32

WBU3©@ 3.27 3.92 4.61 5.59 4.35

GAM3®@ 5.62 6.19 7.04 8.52 6.84

Jeonju LN2® 10.59 11.93 13.32 15.28 12.78

WBU3D 5.40 5.81 6.48 7.69 6.35

GAM3©® 11.83 14.90 18.07 22.39 16.80

Busan LGU2B3 10.54 14.84 20.53 30.86 19.19

LGU3D 3.21 4.76 7.43 12.74 7.04
(PWM)# PPCCHAS &gk Exol s A3= GAM2, GUM 37} oW g HF7h7|eel disire 2
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A3l A AL 1241700 tiaiA= GAMS 23
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Table 3. Estimated probability rainfall by Jackknife’s method

. . Frequncy Represen.ta.ltive
Duration Station Distribution 50yr 100yr 200yr 500yr P.rob.ablhlty
Distribution
GAM?2 292.3 3179 342.6 374.0
Seoul GEV 320.8 361.4 410.6 475.8
GUM 304.4 337.1 369.7 412.8 ©
GEV 436.1 551.6 694.5 936.8
Gangneung
LGU2 453.9 596.6 783.2 1121.8 ©
GAM?2 187.6 204.2 220.1 240.5
19 Daegu GAM3 195.7 2156 235.0 260.1
GUM 195.2 216.3 2303 265.1 ©
GAM3 238.8 264.8 290.3 3235
Jeonju GUM 2319 256.5 281.1 3135 ©
GAM?2 222.3 241.5 259.8 283.2
GAM3 295.1 329.4 363.4 408.0
Busan LGU2 3225 390.9 437.4 609.6
LGU3 3039 352.0 405.2 484.8 ©
GAM?2 407.7 450.1 491.3 544.2
Seoul GUM 415.9 465.1 514.1 578.7 ©
LGU2 505.5 642.4 815.6 11176
GEV 577.4 713.7 876.2 1140.3
Gangneung LGU2 620.1 816.4 1073.6 1541.2
LGU3 585.4 7274 897.8 1176.9 ©
GAM?2 2425 264.0 284.6 311.0 ©
24hr Daegu LN2 263.3 293.8 324.8 366.7
WBU3 241.1 260.4 278.5 300.9
GAM3 259.3 280.2 300.2 3255
Jeonju LN2 287.2 318.8 350.8 393.8
WBU3 255.9 274.0 290.8 311.3 ©
GAM3 367.7 410.8 4535 509.3
Busan LGU2 408.5 500.4 612.6 799.8
LGU3 378.7 438.3 503.8 600.6 ©
EE7h O9F wolx ek PN S A7) sl ABFEYY WEol 4o REYS EARE
bO12ARY 24434 LGU2 X7 WrblE 2R os AASIgIh Table 2v A&, A, Wi, A
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Table 4. Determined Representative probability distribution of stations

Representative Probability Representative Probability
Distribution using method of Distribution using method of
Station St Jackknife Station et Jackknife
number number

12hr of 24hr of 12hr of 24hr of

duration duration duration duration
105 Gangneung LGU2 LGU3 202 Yangpyeong WBU3 GAM3
201 Ganghwa LGU2 LGU2 168 Yeosu GUM GUM
294 Geoje GEV GUM 277 Yeongdeok LGU2 GUM
284 Geochang WBU3 WBU2 272 Yeongju WBU3 GAM3
262 Goheung LGU2 LGU2 281 Yeongcheon WBU3 LN3
156 Gwangju GEV GUM 170 Wando GAM?2 WBU2
279 Gumi WBU3 GUM 152 Ulsan LGU2 LGU3
238 Geumsan WBU3 WBU2 130 Uljin WBU3 GAM3
247 Namwon GAM?2 GAM2 114 Wonju GEV GUM
295 Nambhea WBU3 WBU3 278 Uiseong GUM WBU2
100 |Daegwallyeong LGU3 LGU3 203 Icheon GAM3 GAMS3
143 Daegu WBU3 GAM?2 211 Inje LN2 GAM3
133 Daejeon WBU3 GAM3 112 Incheon LGU2 GUM
165 Mokpo LGU2 LGU3 244 Imsil WBU3 WBU2
273 Mungyeong LN3 LN2 260 Jangheung GEV LGU2
288 Miryang WBU3 WBU3 146 Jeonju WBU3 WBU3
235 Boryeong GEV GUM 245 Jeongeup GUM WBU2
226 Boeun GEV LGU2 221 Jecheon LN2 GAM2
159 Busan LGU2 LGU3 192 Jinju WBU3 GAM?2
243 Buan WBU3 GUM 232 Cheonan LN2 GAM?2
236 Buyeo LGU3 LGU3 131 Cheongju GUM GAM2
289 Sancheong GUM GUM 135 |Chupungnyeong GAM3 GUM
129 Seosan WBU3 GUM 101 Chuncheon GUM GUM
108 Seoul GAM?2 GUM 162 Tongyeong GEV GUM
090 Sokcho LGU2 GUM 138 Pohang GEV LGU2
119 Suwon LGU2 LGU2 285 Hapcheon LN2 WBU2
256 Suncheon WBU3 GAM?2 261 Haenam LGU2 GUM
136 Andong WBU3 WBU2 212 Hongcheon WBU3 GUM

Az tisi = LGU3, GAM2, WBU3 #¥= &
s
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Fig. 1. Ratio of selected group of representative
probability  distribution candidate by
goodness of fit criteria (12hr duration)
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Fig. 3. Ratio of selected representative
probability distribution using method

of Jackknife (12hr duration)
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Fig. 2. Ratio of selected group of representative
probability  distribution candidate by
goodness of fit criteria (24hr duration)
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