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Comparison on Probability Plot Correlation Coefficient Test Considering
Skewness of Sample for the GEV Distribution

OhE B A E U F Y6 E e
Ahn, Hyunjun / Shin, Hongjoon / Kim, Sooyoung / Heo, Jun-Haeng

Abstract

It is important to estimate an appropriate quantile for design of hydraulic structure. For this purpose,
it is necessary to find the appropriate probability distribution which can represent the sample data well.
Probability plot correlation coefficient test as one of goodness-of-fit test, is recently developed and has
been known as a simple and powerful method. In this study, probability plot correlation coefficient test
statistics using the plotting position considering the coefficients of skewness for the GEV distribution is
derived, and represented by the regression equation. Monte-Carlo method is also performed to compare
the rejection power between each method. As the results, the probability plot correlation coefficient test
which is derived in this study is better than the others. In particular, when sample size is small and
distribution has the shape parameter, rejection power of probability plot correlation coefficient test
considering the coefficients of skewness is bigger than the others.

Keywords : probability plot correlation coefficient, GEV, plotting position, coefficients of skewness
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FRGNN FEFEFS Q7] A BROE 5
29 FEAR thete] o] FELTHS g n,
g s AAsl e ool SERIES 14
Aokite. M4E FEREYo] e} HE5To] A4
Ha, o= 2 $FTFEES] HAZ olojxint. skl ¥
wolu Aol ¥ B ARE SyTage] A A
AR A A, V1A W82 ek okueh o1y 2 AR
Selske A4 s FA7H A 5 olek whize] A3t
3 FEFRFS WP Gole] BROR F5H 4
A5E AAs BET 5 Q= FEREJS Pohle
Qe wl§ Fog dolekn & 4 ek o] AY Fold H
ol 54 LE Yol Avh} AYVAT W YU
Hah ol =

e A4 (goodness—of it test) o] 2} k=,
e A= -4, Kolmogorov-Smirnov (KS
Cramer von-Mises (CVM) A, &&%=A] A#A15(pro-
bability plot correlation coefficient; PPCC) A4} 722
W So] Qi) o] WHE 5 PPCC 7 A2 Filliben (1975)
o «]OH AR A Az e] AtAdS dotry] f1gk A
A7 PO R A AAEHAT o] F o7 BxbEo]

b
o

ATE B3 Gumbel® GEV, log-Pearson type III (LP3)
TEH T okt Fx3 diste] PPCC A S o83t
HAABAZF S AASF 2 M (Vogel, 1986, Vogel and

McMartin, 1991; Chowdhury et al., 1991), Heo et al.
(2008)2 thekst el gk PPCC HABAZ =
37 A o2 YERQITE thE A E 1ot v A H
o 7H”LEJ PPCC 4 Xé% S A1 X] (plotting  position)
}oq % zsg o}.UE x%/ﬂ 7(4 o] 1:;\]
Ao w yebd = itk oA on
sh= vk Atk @ 5 9o ™(Heo et al., 2001), 71 L]
7} deste] olasty] Ha ARgsh] HeEd & ol
7175 = g HourH(Vogel, 1936).
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A% A77F AEGE DL JrHKimball, 1946; Blom, 1958,
Gringorten, 1963; Filliben, 1969; Cunnane, 1978; Arnell et
al., 1986; In—na and Nguyen, 1989; Goel and De, 1993;
Kim et al, 2012). oJ2] F2 3o gk EA9A]E2 o] AT
A7 GEV 2¥o)4E Cunnane (1978)0] AXEF 3 Ho),
Gumbel ¥-3¥3 o4 Gringorten (1963)¢] A A& 524 0]
74 Adsichar LA It Cunnane, 1978; Guo, 1990a).
AR GEV -‘?'—“11 & 2 v 7 5(shape parameter)
&3} #EsiA = Cunnane (1978)0] A3
A FARE aElshE A @,
2 Q= 34 viiae) =2 A4S 2=
& 18T F AT AR AR T2
3l A7) R8)E]o] $vkIn-na and Nguyen, 1989 Goel
and De, 1993, Kim et al., 2012). 2 % Kim et al. (2012)°]
AAIEE e AFS 13 F J= GEV 2320 U3t
EARIA A 7] v BA9A A S5 GEVY
o234 Z2WZ;(reduced variate)ol]l thele] RMSES}
= Ao vluwal] Bks W 7 F-8-35t
st = vkl S TH(Kim et al,, 2012). whetA &
2 vl WS Ade] i dHE ASE 1y
§-3chd PPCC A 9] 717}
of ot

> o
R i

bt
)
5

2.1 GEV =X

A RN O L] F2 8 229
% SRS] GEV $-¥8S Gurbel RE33} tj2o] 2
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o] MRS v 2 H(Jenkinson, 1955).
Fz) exp[ {1-8(z—=, /a}/’g] B=0 (la)

=exp[—exp{—(z—=y)/a}], B=0 (1b)

N:
4~

A7NA, z,, a, BE 27 Y X (location), 715 (scale), 7
(shape) Pi7WWI4=E Vreh 3, &4 w74 571 09 7
F Gumbel 32, 557¢Y 45 log-Gumbel 3, Y4+

789+ Weibull #325 vHERHATH
2.2 PPCC &%

Filliben (1975)9ll 2J& 2 AA|E W<l PPCC #A

& ATt A5 Z*?f**~ HAetr] sl AlAE
SAA 7ol o] M - AR he] S 5
Sl WHo R ofy|A Wahs T AjRiE BEOZ Ao
A ARE cAH o AT As /M GERrge)
TYREEG ] SRR oA ARE £AF A
B e vzt = NP 54 WS Ea. ()
ob 22 ARHE FAAFE o83k

r.= ;:1 = ¥)
\/Z()qVE(M,MV
i=1 i=1
A7IM, M =& '(m;) )L, &7« )E THAT 7 FE
WX FREESO S st m, = vt
L] Sk (median) ot Filliben (1975)2 3t
(mean)©] o F7FgH(median)S o] &3k o]l &l <=
NEA G A HFe Axtelr] o]@AY FA-s= B

= ARbe] g w3 EE ol whEkA 4 A olH A 7]
ufj ol ekal sFaAtt Fﬂhben(1975)° S mE AR

m; =1—(05)"" i=1

_ (1—0.3175) .
m; = (n30.365) i=2,-,n—1 3)

m, = (0.5)Y" i=1

EAIAE A R R AkmU) o2 BEyew
—rE1 242y o gl U ES 2R & g e WHeR
F5tol| A 3HE A (probability plotting technique) ©]
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Table 1. Plotting Position Formulas

Class Plotting position formular Recommended probability distribution
Blom (1958) b= ;;—ﬁ log norn?aol,n?oaglllgszrsréi type III
Gringorten (1963) P = ;;7%4;; Gumbel, Weibull
Cunnane (1978) P = :l:_%é GEV, log-Gumbel
Arnell et al. (1986) = ;:; GEV / a, B are suggested in paper
In—na and Nguyen (1989) P = %W GEV
Goel and De (1993) Ty GEV
Kim et al. (2012) p= 0320 GEV

n+0.0149v2 — 0.1364~+0.3225
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Fig. 1. PPCC Test Statistics (significance level 0.05) for Each Plotting Position Formula
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Table 2. Parameters of Regression Equation for Each Plotting Position Formula

PP formular « a; ay as a, as ag a;
0.01 1.3001 0.0459 3.1018 | -2.6898 0.1966 0.4242 -1.2773
Cunnane 0.05 1.6407 0.0912 17126 | -6.1241 0.1806 0.2557 | -0.5414
0.10 1.8302 0.1546 0.3641 -5.1527 0.1724 0.1939 | -0.2892
0.01 1.2928 0.0972 3.1157 | -3.7332 0.1967 0.4194 | -1.2427
Blom 0.05 1.6383 0.0868 1.7469 | -6.2631 0.1804 0.2603 | -0.5524
0.10 1.8308 0.1330 04195 | -5.2459 0.1721 0.1978 | -0.2963
0.01 1.3128 0.0259 29326 | -2.0677 0.1960 04186 | -1.2535
Gringorten 0.05 1.6394 0.1171 1.6989 | -6.0434 0.1815 0.2471 -0.5305
0.10 1.8255 0.1878 0.3250 | -5.0151 0.1732 0.1885 | -0.2844
0.01 1.4425 -0.6581 46684 | -6.2737 0.1841 0.4407 | -1.1519
Kim et al. 0.05 1.7381 -0.1448 1.1499 | -5.3779 0.1741 0.2363 | -0.3671
0.10 1.9058 -0.1466 0.5922 | -3.1413 0.1675 0.2005 | -0.2971

Table 3. R* of Regression Equation for Each Plotting Position

PP formular « -0.25 -0.20 -0.15 -0.10 -0.05 0.05 0.10 0.15 0.20
0.01 - - - - 0.9970 | 0.9975 | 0.9936 | 0.9890 | 0.9960
Cunnane 0.05 - 0.9941 | 0.9981 | 0.9983 | 0.9985 | 0.9951 | 0.9937 | 0.9915 | 0.9909
0.10 0.9949 | 0.9985 | 0.9969 | 0.9974 | 0.9973 | 0.9953 | 0.9939 | 0.9938 | 0.9919
0.01 - - - - 0.9963 | 0.9976 | 0.9934 | 0.9892 | 0.9860
Blom 0.05 - 0.9924 | 0.9976 | 0.9986 | 0.9985 | 0.9955 | 0.9938 | 0.9916 | 0.9910
0.10 0.9941 | 0.9985 | 0.9970 | 0.9975 | 0.9973 | 0.9953 | 0.9942 | 0.9939 | 0.9919
0.01 - - - - 0.9978 | 0.9971 | 0.9929 | 0.9886 | 0.9859
Gringorten 0.05 - 0.9959 | 0.9981 | 0.9979 | 0.9979 | 0.9953 | 0.9942 | 0.9913 | 0.9907
0.10 0.9958 | 0.9985 | 0.9969 | 0.9974 | 0.9970 | 0.9950 | 0.9946 | 0.9937 | 0.9919
0.01 - - - - 0.9987 | 0.9976 | 0.9942 | 0.9913 | 0.9880
Kim et al. 0.05 - 0.9976 | 0.9983 | 0.9972 | 0.9977 | 0.9959 | 0.9949 | 0.9929 | 0.9925
0.10 0.9978 | 0.9985 | 0.9974 | 09975 | 0.9975 | 0.9963 | 0.9954 | 0.9948 | 0.9935
th v A B 39 oAl W2 (symmetric of whel & vz} i A7) W2 7h7) 10,0004
distribution) ¢} <}l =1%¥ - (skewed distribution) 2 U7 HHESte] WS MAIAIA ol 5%l iste] A3
o] 747} 370 F 67119 EEP S AMES P Si= EHZ‘O -EL A4& 78 stk 717 E HEE ST 2HIER
¥ 0 7= normal +¥3, cauchy &% bR ol A8 Table 49 2t}

generalized logistic ¥ %, generalized pareto ¥ 3
AL 1 F e REFe 247 g7 ¥
NHAFE andaiglon 77 FXPHe =% A
0.25014 3600 sidst= @4 viZiisE AREskith
gk ¥ =) 2= 10, 20, 30, 40, 50, 80, 100, 200, 3002

T A A5 stk ol & nigom EE Y

[0

166

42 TARSAY 7|45y Zot

EHIIEE WS o83l =AI9IX|F41 PPCC 4
A& 53l 71758 vjus et Ay Table 59 &
t}, Table 5914 NOR+= Normal ¥ 5 RGO 2 slo]

4149 Ry 2UE vgow 7F =AY e A

PPCC 745 33 ditolrt. o9} wpz7x|2 CAU
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Table 4. Conditions of Power Test

Significance level (o)

0.05

Sample size (n)

10, 20, 30, 40, 50, 80, 100, 200, 300

Shape parameter ()

normal =

cauchy = logistic = 0.00 (symmetric)

GEV

= -0.20, -0.15, -0.10, -0.05, +0.05, +0.10, +0.15, +0.20

generalized logistic

= -0.24, -0.21, -0.18, -0.15, -0.10, -0.08, -0.06, -0.03

generalized pareto

= -0.15, -0.08, +0.01, +0.10, +0.35, +0.45, +0.60, +0.75

Iteration 10,000
Table 5. Result of Power Test
NOR
n 10 20 30 40 50 80 100 200 300
PPCC-C 0.0029 0.0127 0.0191 0.0243 0.0295 0.0401 0.0497 0.1024 0.1724
PPCC-B 0.0029 0.0125 0.0187 0.0237 0.0291 0.0397 0.0489 0.1017 0.1715
PPCC-G 0.0029 0.0130 0.0196 0.0245 0.0296 0.0402 0.0506 0.1030 0.1728
PPCC-K 0.0063 0.0165 0.0224 0.0286 0.0329 0.0434 0.0545 0.1064 0.1745
CAU
n 10 20 30 40 50 80 100 200 300
PPCC-C 0.2386 0.4007 0.6148 0.7521 0.8470 0.9593 0.9814 0.9999 1.0000
PPCC-B 0.2357 0.3975 0.6116 0.7484 0.8443 0.9583 0.9809 0.9999 1.0000
PPCC-G 0.2472 0.4055 0.6189 0.7570 0.8502 0.9611 0.9823 0.9999 1.0000
PPCC-K 0.3317 0.4725 0.6775 0.8034 0.8849 0.9732 0.9896 1.0000 1.0000
LGS
n 10 20 30 40 50 80 100 200 300
PPCC-C 0.0068 0.0484 0.0883 0.1336 0.1716 0.2904 0.3561 0.6759 0.8669
PPCC-B 0.0066 0.0473 0.0878 0.1322 0.1707 0.2891 0.3550 0.6745 0.8665
PPCC-G 0.0069 0.0490 0.0897 0.1346 0.1734 0.2920 0.3591 0.6771 0.8674
PPCC-K 0.0124 0.0612 0.1034 0.1492 0.1889 0.3053 0.3722 0.6822 0.8671
GEV
n 10 20 30 40 50 80 100 200 300
PPCC-C 0.0053 0.0083 0.0121 0.0141 0.0157 0.0181 0.0198 0.0255 0.0324
PPCC-B 0.0051 0.0082 0.0118 0.0137 0.0154 0.0178 0.0193 0.0249 0.0316
PPCC-G 0.0058 0.0086 0.0124 0.0146 0.0163 0.0186 0.0205 0.0267 0.0335
PPCC-K 0.0146 0.0156 0.0179 0.0207 0.0227 0.0249 0.0272 0.0332 0.0400
GLO
n 10 20 30 40 50 80 100 200 300
PPCC-C 0.0074 0.0310 0.0582 0.0853 0.1084 0.1753 0.2170 0.4046 0.5465
PPCC-B 0.0072 0.0305 0.0572 0.0841 0.1071 0.1736 0.2150 0.4018 0.5433
PPCC-G 0.0080 0.0318 0.0593 0.0867 0.1102 0.1776 0.2197 0.4092 0.5516
PPCC-K 0.0200 0.0476 0.0763 0.1046 0.1297 0.1990 0.2405 0.4303 0.5717
GPA
n 10 20 30 40 50 80 100 200 300
PPCC-C 0.0059 0.0016 0.0024 0.0041 0.0084 0.0416 0.0863 0.3038 0.4079
PPCC-B 0.0057 0.0015 0.0023 0.0039 0.0081 0.0408 0.0847 0.3011 0.4046
PPCC-G 0.0067 0.0017 0.0024 0.0043 0.0087 0.0431 0.0887 0.3082 0.4137
PPCC-K 0.0174 0.0048 0.0051 0.0075 0.0140 0.0553 0.1050 0.3326 0.4390
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E3¥38 GLO: generalized logistic ¥ 3, GPAE gene- Aol X&717E 9, 12417k 79 71¥& W<l PPCC-C,
ralized pareto ®X &S 27 nxto 235l H o4 A3} PPCC-B, PPCC-G= A= AAS T8l on) ol
£ 9n3it). & PPCC-CE Cunnane?] Z=A|9A]521S ol AlEA =% PPCC-K HHH o 2= 7|Zbo] H&= AL
©]-8-3F PPCC 7174, PPCC-Bi= Blom®] =AI91A]34]& sttt gk A AE7|3E 5, 6, 12A13F9] 4
0|43 PPCC A%, PPCC-G+i= Gringorten?] Z=A]$12]% G 22 A3E Bk whebA A AR o] 83 =
218 083 PPCC 77, PPCC-K+= Kim et al. 2] =A]9] AAEA thalell =t Aes 1 dd = JE EAY
2|25 o] 83 PPCC 4785 ofv] gt B3k 54 A7) A FAE A T S 71F GEV A PPCC A4S
W AR HER 7Pg 28 7)17E disiiE S8 3 AR HA G Vzbe o] dEE It
2 59 AT GEV 2ol A &= EA91A]3-2d] %
Alglo]l i A77F Sl whEl frol e 5%0l 3 54 &
aklaL, AR e s T T de BARIAEA S
©]-8-3F PPCC 77 9] logistic w3 olA o] 300 2 ATl B AR e ATE 1HE T
e AL e AgolA 7IEel A TAETS e A= GEVell gk PPCC 778 ol thate] Hlal HE
3= EAI9IAEAE o83 PPCC 774 Hu 717459 Frgor A& thed 2.
o] Etow, 538 R AV|7F ASFE e A & 1) =AIRAEA o2 oAl Al TS aLe] g Cunnane,
2P HEY d5E BxFA VZbse T vlEe] o 3 Blom, Gringorten©] AA13F B3 zp89] o)==
th o]& F3l PPCC HAolA Atz 9] == AFE 1L AGE 15T F U+ Kim et al.o] AA WHES
A3 EAIRIA A S o]&skals W 717 e o] EobA| o]-g3lo] SGEEA| AT HABSAF dh= =
o, 53] P S E 2te RxFd g 717bey 3k, o] & AMEEH] FHRSHE S 374 0= AA
o] 7]1Z Wiiell Hlal EobxleS &}l =
P 2339 s 7| 45de AR 43 g
Xy JA RS B 37158 gdshA i
Al A e Bt opue) -Euheke] g SIAIAZIAA R3S AAeAaL 1 A3t A
7ol tiete] A+t ks A8ate] AA A8AS HE Ao w 7|Ee] PET 2 AFolA LS 17
stk 71733 5 AR T 4070 A S dide R A& & T e BARIAEA S olgdte] Al® =gt
AZE1, 2,3 4,5,6,9, 12, 15, 18, 24, 48~ 7ol tiste] 4 PPCC-KAA =2 71Zs8S Btk
ES Ao mizfvie 4 o Rs HlE 3) 53] dubARl St Atsol et v el
(Method of Moments)< ©]-83tth o= £AH099) 2% talA 7]Eol g vl aEkele =S 7124y
Table 6. Results of the PPCC Test (Munsan and Pohang)
S Duration | Skew. S C.C. PPCC-C PPCC-B PPCC-G PPCC-K
(hr) | Coeff. Com. | Tab. | Check | Tab. | Check | Tab. |Check | Tab. | Check
5 0.201 | 0.215 | 0938 | 0935 |Accept| 0.934 |Accept| 0.935 |Accept| 0.936 | Accept
6 0.831 | 0.058 | 0933 | 0.924 |Accept| 0.924 |Accept| 0.824 |Accept| 0.930 |Accept
Munsan 9 1574 | -0.062 | 0.910 | 0.908 | Accept| 0.908 |Accept| 0.909 |Accept| 0.920 |Reject
12 1.665 | -0.073 | 0.910 | 0.907 | Accept| 0.906 |Accept| 0.907 |Accept| 0.919 |Reject
3.096 | -0.182 | 0.944 | 0.933 |Accept| 0.932 |Accept| 0.934 |Accept| 0.946 |Reject
Pohang 3.036 | -0.179 | 0.946 | 0.934 |Accept| 0.933 |Accept| 0.935 |Accept| 0.947 |Reject
9 2.935 | -0.174 | 0.950 | 0.935 |Accept| 0.934 |Accept| 0.936 |Accept| 0.947 | Accept
12 3.148 | -0.184 | 0.943 | 0.933 |Accept| 0.932 |Accept| 0.934 |Accept| 0.946 |Reject
XSH=Shape parameter, C.C.=Correlation Coefficient.
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