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Flood Frequency Analysis by Wakeby and Kappa Distributions
Using L-Moments
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Abstract

The objective of this study is to induce the design floods by the methodology of L-moment including test
of homogeneity, independence and outlier of the data of annual maximum flood flows for 12 water level
gaging stations of South Korea. To select appropriate distribution of the data for annual maximum flood
flows, the distributions of Wakeby and Kappa are applied and the appropriateness is judged by Kolmogorov-
Smirnov (K-S) test. The parameters of selected Wakeby and Kappa distributions are calculated by the method
of L-moment and the design floods are induced. Through the comparative analysis using the relative root
mean square errors (RRMSE) and relative absolute errors (RAE) of design floods, the result shows that the
design floods by Wakeby distribution are closer to the observed data than those obtained by the Kappa
distribution.

Keywords : Annual maximum flood, L-moment, Wakeby distribution, Kappa distribution, At-site frequency
analysis, Design floods, Probability plotting position

LM &2 REHE AsyoR Saede Ada
o) Agol SalE W A AAH 24 AT
SR BopAt A AY oFRo) FEe  Uor o2 A% AuslHE TR AW s
WA 9B#Y 1283 mmrh oiBdel b uERoR dojum Y ARl
oleigt a2, 19974l AVE P A
3 AR FE92 Q3 U el U

- 3
*  FEUGR sAAFRANG (qH g rol&y 3o BAbgo] W) Aure] By o
w AREAAFTA FAAATY A '
ak GIREEFA FRER HECRE diitE Fedse 34 AT d9H
* Corresponding author. Tel.: +82-43-261-2576 ;H;‘\l.;g.g] 17—]5’“ =] E]:]-;“ ;_]911;], 19984 8% 737].‘3:11‘
Fax: +82-43-271-5922 Y : :
E-mail address: maeng@chungbuk.ac.kr FA9e AZog Az A 392 Tyt



Wakeby ¥ Kappa %9 L-EHEY g FFHEEY

BEY 9 3 gH U daus AR A g
SEURE AN b 289 20 LIS

. 53], 200213 89 31dUolA 9¥ 1Y Aol
WA 1Y 398 900 mmol SHlshs HE ‘#
Abel g3 A8 AAA, 35 95 € AR AT
A9 gdig A d39 e AM fEgls
o Adolgitt. o)lE& 2003d 9QoE HFE
‘ofu]’7h $eluete] gl ol AFee] A
2 AFA7L 1313 23t%le™ 61,8449 o
A 4222259499 AAAE XA FUch
ols} Z& TFANE At WA AsiME=
FTZEY HA, 29, 28 9 - 2t B
3] gasitt olgd A& A} dME A
A e AAZFFY A7 $AA Sojof gt

gt & AdFME FEFTREY A9
AEAE, -’FZH’:PJ ol 4 #E 3 Wz
5% 7] 58 AAse YoM FEEA
7127t HE AR 2 FEMEE PIteR
R Qe vt 5U7 A Fo ARES
AAstel SRR wEsTE A% BHEY
7 H9Eo AHAol e L-BHEH o3
Wakeby ¥ Kappa #X9 w/fE+E F3319
AAZFHE FTstua ook =3, Wakeby ¥
Kappa EXoA L-ZdER ] 93 dA T3

Ty TANNE Ded AATSRAY W B
42 93l U AATFFE FHYoEA
£54 A% $YTEEY $AAYEES BT 3

PRrs ABAAY 5l 9 AsITH
7t 5 #4 5 Y=S Hua vk

I. olEx S4EN

£ AT felvete F8 A48 HAZSH
238 98 243 E¥= Wakeby ¥ Kappa©l
t}. Wakeby % Kappa X9 wi/idis 43+
A FEIIETHEY L-2WEY dA: 47
Hosking (1986, 1996, 1997), Maidment(1993),

e

18

Lee(2000) %, Lee $ Maeng(2003) ¥ WMO
(1989) %} Hosking(1994, 1996, 1997) ¥ Oh
(200D <3} AFH. WetA, L-EHEH ]
A% A4 Fx iRy F44% As o
3 2k

1. Wakeby X

Wakeby #¥F 4 (D3 2 9 FH=2

Aodn

x=E+-%{1—(1-F) ”}—16{1—(1—1‘? ~%

A7 Fe FREEEFEM, F=AX<AZ
EAE Wakeby #X w7 ¢, /8, 8,
v/8, 6% ZYZt m, a. b, c, dZ EAE7)E
AAEAAST mo] Qo]d 4749 widTE Ze
Wakeby #Xold, m=+0 o|d 5709 =iAHTE
Zte Wakeby B¥olt}, T3 wi/j¥d b X
9 4% nFEA 4K A5E Aofsta, @i
HE dv B39 QEE ngREl FuiA A
£ Aojsitt.

Wakeby #%2 PWMel &t o7l 3L
o 4 (@)~ (132 FojAt

1

e

_GDGED () (0.
s A T @

b=max (b, bal-rrerrerrrrrnsrennnennens (3)

_Q=-a@2-a( {0} {1}
T Hb+d) [1— —d+m} ()

(N1+bN2)

=N, TNy ~ =5
m— [{3}—{2}2{1”{0}] ..................... )
#25 TN LY A48A ASE, 2006



P& - o)y - oldF - FAN - $7149

A7\A (B =(k+1)(k+1+b)E+1-dBY, FH m=02% 4749 HSFE e Al

k=0, 1, 2, 3012 by, b, @ H= A ND~4 . &4 13 2 4 19 938 N ¢ @&
99 Zth T3},

(N;C,—N,C3)+H N4_j=—(3)i/92'+(2)1“,31’—,30', =123

b}: AN,Ca—N,Cg T (7)o (13)

(N;C,—N,Cy)—H Coi=[~)78y+2(3) 8, — (278,12, i=1,2,3

by= 2AN,C,—N;3Cy) =~ (B) e (14)

H'__[(N1C3—N3C1)2_4(N|CZ‘N2C1) )
aee 9
(N;C3—~N;Cp1"?

2. Kappa &%

Kappa XY F/1UEgss $8Usses

27k 4 (15) R (16)% 20) F9)2ckHosking,

5 - o ~2 Kol :
T w022 SAS WARTE 2= AR 994 on 9001).
=4 10 2 4 ane g8 ~N ¢ g
Te Flx) = { [1-——(x 5] } ......... (15)
=8y -3y Wn-
= 3. ’ (10) f(x)=i[1——’°i(x—s)] v [F(x]'™* (6)
+3(2)7'8, — 8y, 7=1,2,3 a a
B TPACT AN e 93 S, o= HE dpas,
e 'B‘f 8 B a1 kSt he ¥4 ui7ffaoltt. Kappa £X9 &
-(@)'8y, j=1,2.3 AEEAMEE 4 (17)% 2o Eddch(Hosking,
' 1994; Oh, 2001).
714 g BEIVFRAERA 71EAL (12)
1 (s a\_a ('L kor
¢} 2, 8=y (64 %)% [ [Fa-FY] Frar
=+ (17)
ik e RS R e
A (1D k0 BEERHEE 4 (18)
A7|M N& A7 ol o 23 k=009 4 (19)% Zth
e+~ X1+ B [(r/h) it 2>0, k> —1,
R+ B+ v R)  he0 k> —1
B, = e+-21—7 "1+ 8] A=y s (18)
af,_ 1+ RI(—k—7/B) . _
£+ k[l BN e ] if <0, —1<k<1/h.
E+aly+log h+¢(1++/h)] if >0,
rBr—l:{ &+ a(y+log 7) if h=0,. - (19)
Etaly+log (— )+ —7/B)] if #<0.
Journal of the Korean Society of Agricultural Engineers, 48 (5), 2006. 9 19



Wakeby ¥ Kappa X9 L-FHEH o3 FFulciy

o71M  y=0.57722A Euler Ao, ¢(x) =
d[ log I(x)}/dx ©]t}.

Kappa #%9 ti/fdsE SE7H5EHES L-
EHES #AE Uehle o2 4 (20)4 g3
F449c.

Aa=28)—hor

2TLB 1T R0, 0
A3=68,—68,+8,, @
Ay=2083—308:+128,— Bo.

M. Z29X2 o SAuHy
1. 7|24EREe fHSA

%’:"dﬂl AHE R FFFAY AF,
A, A, 98ATAY A%, 49, 23
T 35, AAATA $3, 45, 44,
g 1270 #o& Ao
TF 5 A8 dFNETE A5E A
Al dHurAd £9-7F A
g FHYRAILR(WAMIS) ol
#4315 cHMOCT, 2000).

x of

m of
flo 3@ 2 2 1o ple rfz
o:‘_,
>
2
1o
1 ag
ok'i

21z
=

okl

F[F

—:—4

k

rulm ¢

_O'h
o
£

7t L-2REel 3 fEE dpasE A}
sol AATFFS WS VIEFoR Dok
ks AR $AAA 2, Tews
AFEAT 3 WEATE 2 fPEE TA,
v Ao AREe AR 59
2

ot:o

].

2
I
ER
S}
el

_.4

20

¥ 9 Kappa X djg A¥E HAYE A
vul7iE4 HHQ K-S (Kolmogorov—Smirnov)
Aol A8l A¥EE WPt

vl L-RHEH ] wE Wakeby ®¥¢ Kappa
219 sj/jEsE A

Al L-EHEH] W2 Wakeby ¥X$ Kappa

o] o8 58 AASSFS v)g BAw
V. Zd o %
1. ARRSERIZO| 7|=EAR| B

A4F, 4¢, £, 34, 1% 4% ¢ IF
74, 45, 34 2 99 dgt Fa7A, B
HA}, JATAF, WA 2 HATe 7EEA
e 7t g9z T A= Table 1% 2t
Table 1014 R& i} Zo] A {9 A B+
A9 BEhis 2% 4225 6,251.4 9 216.8
~5,549.2¢8] W E, dJTAFS HFATFE &
Z -0.117~3.291 9 0.409 0.9939 ¥MAE 1
21 ol Tt 1.952~17.8659) M Uehiich

2. SiaiEsRel 22 S&Y ¥ Outlier A4

gaRed dFussHe] =94 o 53N A
A& ZtZt Wald-Wolfowitz test ¥ Mann—
Whitney testol]l 93| AA¢ A= Table 29
zt

UdAS FEASAGAN AR JurA] F¥
2329 Aol E4 ¢ E= olE FHe
Data Point& YehiE Outlierd S92 Q& ¥

AEe FASH wAEsd RERAN AATE
o] AAel BEEANE zestAl Ak o E
Mo Grubbs—Beckol] <3 AAYHE AL
3to] Qutlierd #5& 77355 tHBobee, 1991).
B Ao e §9o Az sFAse] g
A4 A= Table 38 £ ol59] FA#HE BE

r

oft &

r-{m

¥y Fer =y A48d Als53, 2006



957 -

ey -

U - FAA -

Table 1 Basic statistics

. —y | Standard Coefficient Coefficient | Coefficient
River Station Duration of Meana( x) deviation | of skewness | of variation | of kurtosis
observed data|  (s%/s) (S) (Cs) (Cy) ( Ck)
Yeoju 1956-2003 55705 5549.2 3.201 0.962 17.865
H Yeongwol 1977-2003 21408 1.643.0 1.657 0.768 5.329
‘Han
Jucheon 1965-2003 9133 907.2 1.655 0.993 5119
Hongcheon 1967-2003 816.9 787.0 2.123 0.963 7.882
Jindong 1966-2003 6,251.4 2.558.1 0.287 0.409 3244
Nakdong
Waegwan 1966-2003 39476 1981.3 0.732 0.502 3411
G Gyuam 1966-2003 31851 1,856.2 1,593 0.583 6.644
eum
Gongju 1966-2003 2,398.3 15176 0.647 0.633 2.833
Songjeong 1963-2003 23072 1,382.4 0.557 0.599 2.761
Seomjin Amnok 1965-2003 15138 730.1 -0117 0.482 1.952
Jeokseong 1973-2003 7144 4156 0.634 0.582 2.842
Yeongsan Nampyeong 1963-2002 4225 216.8 1.110 0.513 4.260
Table 2 Independence and homogeneity tests of observed flows
Wald-Wolfowitz's test Mann-Whitney's test
River Station for Independence for Homogeneity
u Ugp2 Test A Zap Test
Yeoju 1.65 0 -1.75 O
Yeongwol 0.19 0 -0.63 o]
Han
Jucheon 0.70 0 -163 0
Hongcheon -0.34 0 -1.19 0
Jindong 1.50 0 -1.68 o)
Nakdong
Waegwan 0.82 ) -0.80 0
1.96 1.96
Gyuam 0.69 ) -0.16 0
Geum -
Gongju 114 0 -1.82 0
Songjeong 148 0 -1.71 0
Seomjin Amnok 1.56 @) -0.31 O
Jeokseong 148 0 -1.44 e}
Yeongsan Nampyeong -0.15 0 -1.30 o)

u: W-W test statistic
Z: M-W test statistic
Ugfo. Zgjo: Standardized normal deviate corresponding to 2 probability of exceedance a/2
O: Accept at a 5% level of significance
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Table 3 Grubbs and Beck test for detection of outliers

River Station Grubbs and Beck fest Test
Ky| X1 | Xu

Yeoju 2.752| 4729376353 O
Han Yeongwaol 2518 301.8] 95074| ©
Jucheon 2671| 402| 84184] ©
Hongcheon | 2650 54.4| 58541] ©
Nakdong Jindong 2.661(1,578.1|204137] O
Waegwan 2.661| 811.814,7910, O
Gyuam- 2.661| 627.6) 12,0146 O

Geum -
Gongju 2661] 26131 13,7806 O
Songjeong | 2691 2589 133144| O
Seomjin |Amnok | 2671| 2486| 67602 O
Jeokseong 2577 982 35030 O
Yeongsan [Nampyeong | 2.681| 908 15247 O

Ky G-B statistic tabulated for various sample size and
10% significance level

Xy Critical quantity of high outliers

X : Critical quantity of low outliers

O: Accept at a level of 10% significance level
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Fig. 1 G-B test for detection of high and low out-
liers at Nampyeong watershed of Youngsan
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Table 4 Results of L-coefficient of variation (L-CV),
: L-skewness and L-kurtosis

L-moment ratios
L-CV |L-skewness| L-kurtosis
Yeoj 04268 0.3880 0.2817

Yeongwol |03823| 0.3981 0.2513

River Station

Han
Jucheon 04934 03959 0.2195
Hongcheon | 04633 |  0.4020 0.2489
Jindong 02332 0.0720 0.1646
Nakdong
Waegwan {02797 | 0.7101 0.1669
Gyuam 03061 0.2699 0.1968
Geum

Gongju 03588 | 0.1699 0.0771
Songjeong | 03376 | 0.1490 0.1114
Seomjin |Amnok 0.2808 | -0.0141 0.0119
Jeokseong | 03302 | 0.1703 0.1133
Yeongsan|Nampyeong | ().2787 0.2250 0.2015
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Table 5 Kolmogorov-Smirnov test for the Wakeby and
Kappa distributions using L-moment method

River | Station D, Dy o5
Wakeby | Test | Kappa | Test

Yeoju 00942 | © [00898] O {0.19

Han Yeongwol | 01579 | O | 01671 | O | 0.262

Jucheon | 01111 | O [01112| O | 0218

Hongcheon | 00614 | O | 005851 O | 0224

Nakdong Jindong 00573 | O {00425 O | 0221

Waegwan | 00674 | O | 00755 | O | 0221

Geum Gyuam 00687 | © |00595| O | 0221

Gongju 00524 | © 100513| O | 0221

Songieong | 00843 | O | 00877 | O | 0212

Seomjin | Amnok 00861 | O ;00834| O [0218

Jeokseong | 0.0563 | O [00587 | O ] 0244

Yeongsan | Nampyeong | 0.0739 | O {00669 | O | 0.215

O Significance level can't be acknowledged

x: Significance level can be acknowledged
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Table 6 Parameters calculated by Wakeby and Kappa distributions using methods of L-moments

River Station Wakeby
m a b c d
Yeoiu 506.65 7.360.03 3.65 252719 0.31
Han Yeongwol 0.00 31,998.01 4593 1,187.90 0.19
Jucheon 0.00 26.398.84 357.69 725.77 0.14
Hongcheon 7455 512.75 494 519.72 0.21
Nakdong Jindong 832.64 22,530.11 6.18 241431 -0.08
Waegwan 592.78 11,337.90 6.33 1.952.17 -0.04
Geum Gyuam 632.89 6.868.77 - 122 1,616.01 0.06
Gongju 286.19 3128.16 0.52 14.22 0.75
Songjeong 132.61 3,773.86 416 1,714.99 -0.19
Seomjin Amnok 0.00 9,859.86 37.21 251258 -1.00
Jeokseong -104.01 8.717.94 2785 664.35 -0.29
Youngsan Nampyeong 4798 1,963.10 10.72 202.76 0.02
Riv Stati Kappa
iver ion 2 2 A )
Yeou 3,558.47 2.251.64 -0.34 -0.19
Han Yeongwol 1,021.53 994 87 -0.24 0,53
Jucheon 80.45 721.31 -0.14 0.99
Hongcheon 270.69 477.10 -0.23 0.62
Nakdong Jindong 5.900.76 1.600.13 -0.03 -0.71
Waegwan 3.255.00 1,376.35 -0.06 -0.27
Geum Gyuam 2.276.93 1,207.56 -0.15 0.01
Gongju 701.68 2.434.05 0.32 0.82
Songjeong 1.386.53 1,501.99 0.16 0.35
Seomijin Amnok 489.95 2,119.38 092 0.86
Jeokseong 409.00 464.88 0.15 043
Youngsan Nampyeong 356.48 123.27 -0.18 -0.53
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Table 7 Comparison of design floods calculated by method of L-moment for Wakeby and Kappa distributions
(Unit: CMS)
Distribution |  River | Station Return period
5 10 20 50 100 200
Yeoju 7807.25 | 1105321 | 1508101 | 2194286 | 2861343 | 36.903.17
Han Yeongwol 292513 | 411026 | 545832 | 752886 | 934687 | 1141481
Jucheon 137929 | 203556 | 275657 | 382000 | 471705 | 570259
Hongcheon 117169 | 171308 | 233831 331585 | 418936 | 519819
Nakdong Jindong 817504 | 960789 | 10963.76 | 1264522 | 1383826 | 14,967.35
Wakeby Waegwan 536282 | 661433 | 783159 | 9389.84 | 10531.28 | 11,641.54
Geum Gyuam 431173 5,568.12 6,876.64 8,690.10 | 10.128.16 | 11,625.88
Gongju 3,736.06 | 456440 | 518396 | 583858 | 631891 | 689465
Songjeong 342358 | 425021 | 497559 | 5801.05 | 633808 | 6.809.90
Seomjin Amnok 227413 | 252503 | 265041 272560 | 275065 | 276316

Jeokseong 1,065.41 132860 | 154433 | 177101 190697 | 201841
Youngsan | Nampyeong 563,01 709.37 85785 | 105743 | 121095 | 1.366.68

Yeolu 787154 | 1108813 | 1501885 | 2173059 | 2832823 | 36.636.02

. Yeongwol | 290509 | 404579 | 537474 | 749523 | 943524 | 1172898
Jucheon 137884 | 203435 | 275518 | 381986 | 471935 | 570894

Hongcheon | 117256 | 170541 | 232321 | 330165 | 419011 | 523197

Nabong | Jnong 822336 | 956794 | 1085175 | 1253326 | 1381787 | 1512306
Waegwan | 537422 | 655967 | 773843 | 933723 | 1059528 | 1190372

Kappa Coum Gyvam 130590 | 549990 | 677666 | 864400 | 1022136 | 1196288
Gongiu 572901 | 464564 | 537123 | 610845 | 653691 | 6879.19

Songkong | 344021 | 425372 | 496087 | 577215 | 630898 | 678916

Seomjn | Amnok 226642 | 250091 | 265424 | 273013 | 276940 | 278542

Jeokseong 105304 | 130833 | 153284 | 179324 | 196725 | 212416
Youngsan | Nampyeong 559.13 693.28 83760 | 105250 | 1723812 | 144743
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ZH(Relative Root Mean Square Error, RRMSE)
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Table 8 Relative Root Mean Square Errors (RRMSE) and Relative Absolute Errors (RAE) calculated by
Wakeby and Kappa distributions using methods of L-moment and different plotting position formulas

o . . Weibull Hazen Cunnane Gringorten
Distribution |  River Station
RRMSE | RAE | RRMSE | RAE | RRMSE | RAE | RRMSE | RAE
Yeoju 926 7.1 857 | 647 857 657 856.| 653
Han Yeongwol 18.40 | 14.40 1581 | 1276 1594 | 12.74 1584 | 12.60
Jucheon 1541 | 1248 1460 | 11.83 1454 | 11.80 1454 | 11.79
Hongcheon 1168 7.32 926 | 6.64 953 652 941 | 656
Nakdong Jindong 607 415 583| 374 556 | 3.70 564 371
Wakeby Waegwan 692 | 5.00 756 534 716| 516 730| 5.21
Geurn Gyuam 643 507 5871 4.9 5791 483 581 488
Gongju 596 | 453 5901 437 576 | 4.34 581| 435
Songjeong 1147 893 1210 9.08 11.78 | 893 1139 898
Seomjin Amnok 7501 566 10.72 | 644 974| 622 1012 | 6.30
Jeokseong 1881 892 20.80 | 10.06 1950 9.73 1995 | 986
Youngsan | Nampyeong 5891 460 6.23 | 452 573 448 590 | 449
Yeoju 1122 840 1260 | 791 1193} 791 1216 | 789
Han Yeongwol 17.02 | 14.21 1545 | 13.32 15,60 | 13.32 1552 | 13.32
Jucheon 15.22 | 12.26 1451 | 11.81 1443 | 11.78 1444 | 11.79
Hongcheon 1168 | 7.10 855 6.19 896) 6.14 877 | 613
Jindong 951 529 1059 | 5.40 954| 523 989 528
Nakdong
Kappa Waegwan 758 559 9.09! 6.25 807| 592 8421 6.04
Geum Gyuam 6.95| 538 590 492 582 | 4.90 5821 491
Gongju 6.68 | 4.86 7471 488 7121 470 725| 476
Songjeong 1313} 990 1548 | 10.27 1458 | 10.07 1491 | 10.14
Seomjin Amnok 670 533 812| 597 770 578 786 586
Jeokseong 13731 759 1219 768 1214 | 754 1213| 758
Youngsan | Nampyeong 7871 570 667 519 636 505 643| 510
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Fig. 2 Comparison of design floods estimated using
methods of L-moments with Cunnane plotting
position at Nampyeong watershed of Youngsan
river
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(This work was supported by Chungbuk
National University Grant in 2005).
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