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Assessing Power of Test for Goodness-of-Fit Test
Using L-Moment-Ratios Diagram
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ABSTRACT

Hydrological frequency analysis is one of the essential tasks in hydrological
engineering design. Conventional methods of goodness-of-fit test, including y” test and
Kolmogorov-Smirnov (KS) test, are used to determine the best-fit probability distribution
for hydrological data. Recently, L-moment method is widely used in frequency analysis
in that it is almost unbiased in parametric estimation, and L-moment-ratio diagram has a
high discriminability among parent distributions. Consequently, L-moment-ratios
diagrams have been suggested as a useful tool for selecting a best-fit distribution among
candidate ones.

Using stochastic simulation, recent studies had established a new method for
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goodness-of-fit test by acceptance regions of several distributions, including Normal,

Extreme Value I, and Pearson Type III distribution, on L-moment diagram. However,

only few studies have so far been made at comparisons of power of tests among the new

method and conventional ones. Therefore, the purpose of this study is to compare the

power of test of several goodness-of-fit tests, including x2 test, KS test, and a new method

based on L-moment diagram. It is found that the new L-moment-ratios based test is

superior to other conventional ones.

Keywords: Frequency analysis, Goodness-of-fit test, x* test, KS test, L-moment method.
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HERAE T K SRl i 25 RE A -

PR3l ZETE - BB R R O
R RERFE Z B T > B i AU R 2 538 7 B
SIS AT = EHEE M - SRIEBN 22T (linear
moment method; Hosking, 1990)E.5 2850~
TRHERL Z R > (R 2 outliers) ETAFR B 722 HE
2 ALY » BARR M i 2 BRAR R
B2 LU |8l (Linear-Moment-Ratios Diagram, LMRD)
o SIS - ARG E ROE AR
Z LA o R » S SRR B 220k U TR E %
EOMERETE S, — -

O 25 1) R AR Bl 722 L e il B oA e 3 1A
ZABIENE TR/ F AT = FuOERE(Vogel et
al., 1993; Hosking & Wallis, 1995) ~ R i
(Vogel & Wilson, 1996)H$% 5% 1% [ (Acceptance
Region, AR)(Chow & Watt, 1994; Cheng et al.,
2006 ¢ #55E A > 2007) » FLER AR LB 22 FUIE] | -
FRAE: < B A7 1 BB 2 0 B G o FHAS B2
ATERRE - PIE T R ROERAR M - o OBERE
R AN B 5 A T T A B AT e — B s M o2 B
A IFCHRAR 71 2 B B 1 st s - 2RI > Al

R FEABIERE AR R R N AR A R 2 12
RIS A R 2 AR R © I > ARFE
RORy » DRI B 72 L IEE & b i (L-Moment-
Ratios goodness-of-Fit Test)fe ARG EREARE
% REARMERGET HERARRE  REHE 2 A5G o

2 R BBl 2 (4 52 1ok [ 8 5 R A 8 T
B 855 (2007) 4 e B A - H B S E &
IR Z LR E S B © LA
M P2 i 77 - TR B 2 L - RO7 8
RERLE & e e &2 e JTHE -

— BN

K E A A 1 E G 5 W8 E (Goodness-of-fit
test, GOF test) » FHE R 7@€ ~ REAlRE Bk
Bl LU 2 BEm A AR o H2K > IR0kt
FeHATE 2 SRR » Gt 2 kR

2.1 RISEE

RITEE R 2 ER HEIRE - fEETTEF
EZ L 4 VES § G 2N S eyt )
PRS2 BC RIS EREEST - HigEHiET 2
BRAME R W) >

) !

= é E
H1 Pearson (1900) & [EFEH » A4S Pearson AL
Ko B 0, B2 E; 7RI B ES i I8 2 B2 s
BOHLEAE o n FEEAFEEAEL - 1 FIE AR EE > A
BIFFERRE 1 23T ()G - 2004) -

I = Int(y[n)

—-81—-



p FilgERtEt Bz B > BRI R T2
Z AR B R RS - KRR A H
& > IR E AT Bz B ERU-1) » BRAETE
A RS2 AR RI 2 #E &Rl - 3 IR
FHGE 2B Z(EH - RS HETE S E (EEHE
AL I AGE 14 BC 5 73 (57 38 X #50 (Quantile - Function,
OF) I3 E .2 &5 » LEHE o, -

w0, B E; 2 2RI () 2 e #iat &
K > B2 8B AT HERE H, (REBRRER /3 B
AMIRAR S RHIED) - AR e R G RS > E R K
W oo 47

Zp > Xay
HIFEAE H, 2 R R -

Q001 i 7RI —BUIERES -
BRI - P » AR L
BT ATERE » M AR B ) 31
2R - SIRERRE E, K%
7 sn=4))

E >5

IEERRS ¢ FH 2 T T M1 B8 () 1L 22 K2 2(4)
Rk o [AI - ERREME R HHEE)RS 11 -
Tt M B T LE -

22 REgRE

R El g€ e e il 7 18 E JEE T/ VR AR
REZHE - BRI EME &2 EZEHHRHE
3 {1 18K S0 L AR B R O {1 5 B B KA
i » EAFIH{D" D ~D}ZEF » WK(5~7) >

D+ :{nax{l/n—F(X(,))} .......................... (5)
D™ = mAx{F(X () = (=1} v (6)
D, =max(D", D7) e %)

st B RERET B (D,) - HBER AT &R
IR T ME(d,,) © Forf o n BREEARE > Fof
Bl 2 BRI - X, PR AR  EH
[Pt a -

T R B R {15 B L Py R e 11 1 B

FHZEBORIR » D, BUR » B2 B 5 W] LIFEAE Ho(E
i S R 0 60 B L Py SR A R B[R » DL
D, FERERE B 2R FIRE R IR » R
KRS o0 H

Dn > da/Z,n

RIfEAE H, ZEHEEREE - REFRE FOER R R
SE ORI ZIE - M-~ 77t b R
CAIE 296 EE AR DG BRI E
(BH » 1992) °

2.3 #RMEEIELCEE
2.3.1 #piEEhE
Hosking (1990) & 7C R RN 22 (D) EH » H
MR :

r=1 k -1
0, =r'S | EY . r=1,2,..(9
k=0 k

Hrpy REEEEH  Y.., BEIEFHRHEQY, <
Y5, ... Yom) ©

KRR RE (R B (Linear Coefficient of Skewness,
LCS; L) LU TENEREGR B (Linear Coefficient of
Kurtosis, LCK; TL)F5 i 5 .2 M{E 280 %
AR Bl LU R g - HERA (A T BT
ﬁﬁﬂ%’%%@@?ﬂ%@mbability Weighted Moments,
PWMs; i) » FIERATT -

My=0y/Ds , D=3,4  ooooooooeoeee (10)
(D1=\I"0 ............................... (11)
(D2:2“Pl-“}l0 ................................. (12)
@3:6T2-6l}11+l}lo ................................. (13)
(D4=20lP3-30‘Pz+12lP]-lP0 ........................... (14)

vE _ L& (n=i)(n—i=1)-(n=i-j+1)

/ nig  (n=D(n=2)-(n-j) l
................................. (15)

ppE 1 &(i—-0.35 /

(//‘/ - _Z£ : j Vi
n;_—1 n

]20,1 n—1 yl—yZS"'Syn ........ (16)

—82—



HrpEEH B B % )75 XA UE (Unbiased
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0 Unbiased Estimator Plotting-Position Estimator
a b c a b c R?
/}”3 0.015408 | -0.24443 0 0.29801 0.901271 | 0.081504 0 0.999941
/Alzz4 0.025842 | 0.023783 | 0.1226 | 0.911105 | -0.57639 | -2.38489 | 0.1226 | 0.999911
6',2z3 0.185019 | 0.880504 0 0.999965 | 0.187095 | -0.00278 0 0.99998
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n n
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/}”4 -0.0461 0.181851 0.1504 0.9965 -0.54196 | -2.65128 | 0.1504 0.99999
5',2,3 0.231485 | 0.718086 0 0.99999 | 0.232073 | -0.31629 0 1
5,2;4 0.13157 1.019635 0 0.9999 | 0.136162 | -0.28472 0 0.999975
Ans,m 0.107625 | 0.192062 0 0.9999 | 0.107635 | -0.18832 0 0.99997
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2.4 EMREERRKID

AHHFFEAE F B AR /T (Mood et al.,
1974)FEF T © 15 e RS —BR AR /)M 2 SAFE
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R(realization)EA » RALKHIZ) 73l 2 HEREEA
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AT E R SRR AR M Z SR - K
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2.5 FRERISTE
AT A FE(Yue et al., 2002 : £% » 2004 : &F »
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Z R E T RE A BB AN Al Ak 2 1B
% o FeHETIRE T = LS EE S
JERE L HIREEEE H, B ERh BE R
SHitESE o B 1 SRR EREE H, BEMER
Hy Z 3535 » TN EEEE K (a) » Bl a=P {548 H,|
B Hy BB} o iftgednil LI=(20)
N

~ rejected
O == e 20
N (20)

total | —grye

VEB K 2 (3T 2 o Hrf N, R
ST ZAEIERTREL > Nygecrea Pt BEERTE L Z
SEAEH -

R [ 5532 EHEY H BBTIES H, 254
AR B DL R o ke B E: H, BB TERE
Hy ZB8A8 > DL 1-p 3o » B 1-p=P{HERE H|E H,
Bl o HEHATLRQ) -

A N, .
(1 _ﬂ) _ rejected
total H = false
TR 1283t -
= HRAE
K ST L w45 IS BEZR 43 BT o2 BRZR A L
F& » WREWormal) ~ WIm{EEE—T (Extreme Value
Type I, EV1) ~ TS =RY(Pearson Type I,

PT3) ~ BIBUH RE(Log Normal, LN) ~ J&FEiGm{E
(Generalized Extreme Value, GEV)5¥25 73 » H

¢ Uniform distribution
04 O Exponential distribution
: +  EVI distribution

O Normal distribution
———-GEV distribution
— PT3 distribution /,
— - — LN distribution
PT3(y=0.3) 44/
PT3(y=0.7) s
PT3(y=1.4) =
GEV(k=-0.13)
GEV(k=-0.25)
LN(0, = 0.5) @

LN(g, = 0.7)

4 + ATV Da

-0.2

-0.3 0 0.3
L-CS

B1 SRR MIRTEZELEERIR

"E A Z] 53 i (Uniform) BLFEH /3 i (Exponential,
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ARSI AL G B A0 B ST 11
T A HE AL BB 28 73 i 2 7 R BERT R R { Uniform,
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LN(6,=0.7) } » HAEARE /3005 20 ~ 30 ~ 40 ~
50 ~ 60 ~ 75 ~ 100 ~ 150 ~ 250 ~ 500 ~ 1000 » FHHH
EEA 1,000 KR KR SRETESBEEZ
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RIS EHE K HE () LR E 1 (1-p) 2 7E %> FTHH
KB » (RS E S B E L g KT
(&) MREOERTE S1(1- 8) > WX Q1)

P - #E5REYEH

41 RHUHEEZTELREEERAINESERE

AKIFFERTREE 11 TR i KRB 222
ARAIE 1 o METTREMGARRT, - (R EE
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——— 95% L-moment-ratios acceptance region of Normal Distribution
95% L-moment-ratios acceptance region of EV1 Distribution
0.5F +  theoretical L-moment-ratios diagram of EV1 distribution

©O theoretical L-moment-ratios diagram of Normal distribution
——— theoretical L-moment-ratios diagram of GEV distribution

04 theoretical L-moment-ratios diagram of PT3 distribution
"7 | = = —theoretical L-moment-ratios diagram of LN distribution
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——=—95% L-moment-ratios acceptance region of Normal Distribution
95% L-moment-ratios acceptance region of EV1 Distribution
05| #  theoretical L-moment-ratios diagram of EV1 distribution

O theoretical L-moment-ratios diagram of Normal distribution
———-theoretical L-moment-ratios diagram of GEV distribution

04 F theoretical L-moment-ratios diagram of PT3 distribution
) — = — theoretical L-moment-ratios diagram of LN distribution
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——= 95% L-moment-ratios acceptance region of Normal Distribution

——— 95% L-moment-ratios acceptance region of Exponential Distribution
At ical L. t-ratios diagram of E ial distribution

0.5T | o theoretical L-moment-ratios diagram of Normal distribution

——— theoretical L-moment-ratios diagram of GEV distribution

theoretical L-moment-ratios diagram of PT3 distribution

0.4 | — - - theoretical L-moment-ratios diagram of LN distribution
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AR, {BF8 UE ETIRMEEL ERZBRECERE)

simulated power

simulated power

——CS
——KS R
—a—AR Efﬁa
UE
—>—AR T,
10? 10°
sample size

4 SBESEREAZIREIHIRE
(CS: RTIBTE ~ KS: RIERTE ~ 4R.", : (£F3 PPEETIRUEBDZLERZBRESERE - 4R,

B8 UE ETRUEBZELBESEBEESERE + H)\J Hi={Uniform, Exp, EV1, Normal, PT3(y=0.3),
PT3(y=0.7), PT3(y=1.4), GEV(k=-0.13), GEV(k=-0.25), LN(6,=0.5), LN(6,=0.7)})
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