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Abstract

Research on parameter estimation of Generalized Extreme Value distribution based on the moment, the
probability weighted moment and the higher probability weighted moments. The two examples of Wujia
Yuanzi and Jiang Bin stations annual maximum flow series were analyzed by the three parameter esti-
mation methods of GEV distribution, which included the moment estimation, the probability weighted
moment estimation and the higher probability weighted moment estimation. The results indicate that
using the higher PWMs to fit the large flood values are much better than the moment and the probability
weighted moment, and we can use it to estimate the parameters of the flood frequency distribution. The
Monte Carlo experiments indicate that the SE, Bias and RMSE in the design floods of different return pe-
riods which based on the higher probability weighted moments are smaller and the PWMs have higher
accuracy than the moment and the probability weighted moment.

Keywords

Generalized Extreme Value Distribution, Higher Probability Weighted Moments, Method of Moment,
Parameter Estimation

i

I~ XRES S HE TR BIMR

% FRAE

W SOKFIR B I it Bt b, S0 8 X
T fiifr: PI2987), &, AR, BONKITA, BIEHFsE, MEKSCRK BRI

XESIH: B, TR, T SURES ST TR R R L] K BEIEREF, 2016, 5(3): 262-270.
http://dx.doi.org/10.12677/jwrr.2016.53033



http://www.hanspub.org/journal/jwrr
http://dx.doi.org/10.12677/jwrr.2016.53033
http://dx.doi.org/10.12677/jwrr.2016.53033
http://www.hanspub.org
http://creativecommons.org/licenses/by/4.0/

] SURAB 3 AT S B 7 I U T

Email: lindasun1988@163.com

WehE HEA: 20164F5H16H; FHHEM: 20164F6 A3H; KA HM: 2016F6 H6H

R

BT XARAE S T S HG T S B AR SR E R AR R E s . AR JE X % e 7 AR
IO KRBT B P55, R SRME SR, NMATEEE. @SR EEN R RRNE AT
SHfhT, HINETENUERRNSHAETHERBT AR GRRA: SHEEENTERRNEER
M, RIRNERRREEF NG EOKFIIRN RN YAKE, TTABATHKRR 2 AR S Hftith. Ri¢
FRARRA: RHSRBERL N AR ZEIUPHKBTHERSE. BiasMIRMSER /N, 5% MBI,
HEMEEEEM L, RRBRNEERRFRRERAREE.

XK ia
JTXARAE AR, mIAEEERAESE, @Rk, SRt

][/

1. 3]

TESE BRI ZE AT TSR, 2 s A B K ML IR B P DI S BT I, 2006 A0 5 HE B Bl 22 B
SYBRX, HE AR 1 K BB — O AR K s K AE I 38 AT A HE - 5 F S8 5258 IR BR (ML)
FEMOM). LR PEA(LM) . HERBLE A (PWM). fie/ —JR(LS) IS i KAR(MPS) &5 [ 1], Hoit S A #1645 2 ih
LR N 54N SRR P RSB, MM R b 52K SRS MEROR, SRR Bt KB
RAFN T RI B R 22451847 . 20 4D 90 464X, Wang Q.J. 1+ [214% H 1 SR FH e B M - A A S 93t /K A %6 o A
ZHAGTE I, RIERER T R K 2 (R, BUS TRUFMILA R . HEr, FRETEICRME KR
MBS N X — B TR B GEV S Hulivh b, I LARR AL X AR e Rk i 27 51 i, AL T e
MR EFETE GEV 43 S8 T IS [3]e AL LABS ALt X 1 5K Bt 7 FAVLIE K STt AF e Kb U &7 1y
i, FX GEV 4341 2 51 =i b 5 e k2 B R vk B @ VAL A A5 AT i S LR, D A s R
WELEHER GEV AT S b b 5 @ .

2. " XBEST
I WA 43 Aii (Generalized extreme value distribution, #1284 GEV) AL 2 %5 B R ¥«
1/k-1 g Xu vk
f(x):l{l—k[ﬂﬂ Rt k=0 1)
o (24

exp{—[l—g(x—u)}i}; k=0
exp{—exp[—%(x—u)}}; k=0

X v,k PHRNDATERSE. (L ESERRESH . Zk - O AMAE 1 8, B Gumbel 73ii; 2k <0

F(x)= )
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(WA 1%, B Frechet 40 2%k > O BRA 111 %2, B Weibull 484 [1]-[5].
K (2) 03 B HUE RN -

u+%[1—(—ln F)kJ; k=0

x(F)= ®)

u-aln(=InF); k=0
A s o Mk BEXA L,
3. B¥MEHHE
3.1 EMRENEEZL

MR R A 2(PWM) B Greenwood (1979)%5 A [6] 1 /et , BEhiNL R X AR ECN F(x), MR
B AR 1 78 SUN -

Mwszﬂ{ﬂFXrF’@—Fde ()
A pors AEEL x(F) N0 RBIRE. 2 p=15s=00, MERBEEN:
B, =M, = [, x(F)F'dF ®)
A, r=0,12,-- AMEREE R ﬁ(5)?%5)§ R FAE AR P EOE R, 2T ORME x B2 A .
BE KN A TFHEIFEAR x, <X, <--- <X, » M EEEACE FE B J0 i ff v 2 ol d it =X (6) R it
_ z(')UZ)( N, ©)

¥ (n-1)(n-2)-(n-r)"
FB)H, B k=0, Greenwood (1979) [6]45H! T GEV 434 IMER KL EHE N
(r+1)ﬁr:u+a[g+ln(k+l)]; k=0 7)
K, £=0.5772156649- - AR H .
2k =00, Wang QJ. [2]#EK T GEV 7 (M2 B E 4 M«

r+ —u+Z ——(k+l) ; #
(r+1), kP U+W]’ k#0 ®)

e T(k) =[x te™dx 4y gamma i 4.

@) a, ZORE GEV SARET &, o, kK =ASH, FEH AT RE. SRR EE
E@Bﬁ%& r=nn +l,77 +2, ﬁﬁ%”’ﬁ)\ﬁ(g), ﬁ

B a _F(k+l)
af, T(k+D)]

(77+2):Br7+1 =u+ Kk _1 (’7+2)k | (10)
B Z_ _F(k +1)_

(7+3)B,,=u+ ” _1 —(77+3)k | (11)

(n+2)Bu—(+1)B, _(n+1) " -(n+2)"

(7+3) B, (77+1)ﬂ (n+1) —(n+3)" k=0 (12)
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RERANC IR QIR RPN

S T In(n+2)-In(n+1)
0 (12) P [ B gk 2 in(7+3)-n(y+1) H:

(77+2)ﬂ,7+1—(77+1),6’,7 ~ In(7+2)—In(n+1) (77-1—1)7k —(77+2)7k B In(7+2)—In(n+1)

(n+3)B,..—(n+1)B, In(n+3)-In(n+1) (77+1)‘k_(77+3)'k In(7+3)—In(n+1)

2 AN

k=0 (13)

(77+1)7k —(77+2)7k ~ In(7+2)-In(n+1)
(,7+1)*k_(,7+3)’k In(7+3)—In(7+1)

5 pfH, AR R A U R K
k=a,+az+a,z’ (15)

(14)

% -05<k<05(k#0), /A4 r=012 (RIS BMRMER). r=123.r=234.r=345.r=456,
FIH R(L4) R A F B Exd B z {8, FE5F z Ak 2 RiEATIE, BSHAFEME IR £EEa,,a,a, »
ZERIA 1.

AT E AR SO N 2 E)G, 467 1 RAHNI S & REUE, RAKXA5)FRH GEV 714
MRS H K o B TER S K RN Q) FI(10)H, 5 GEV S AR ESH o A ESHu, HSHRE
Wil

. k[(7+2)b,,,—(n+1)b, ]

. = (16)
r(k+1)|(7+1) " ~(n+2)"]
u=(n+1)b, +%H’§k?:)1k)—1} 17)

3.2. BiBEE

VR FEAEAL v e, FRE I HE S HC R 58 RRAG TR & S5 —Fho7ik . wBENLR&E X
R\ GEV Z3 A BB F (X)), T X 9 r B0 [ 7]
U, = T x"f (x)dx (18)
u+a/k
X (X)) GEV 4341 MMk 2 25 1 R 45

X—u

1k
LARQ)Fy= {1—k(7ﬂ FHar A(18), FIFEH X B —Fr. ZFr = R
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o = [ (14 26) - (1K)
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n =F[—F(1+3k)+31“(1+ K)T(1+2k) - 2r° (1+Kk) |
H1 A3l 15 2 0n A5 R HL Cs RIAAN:
_ 4 :L(—F(1+3k)+31"(1+ K)T(1+2k)—2r° (1+k)) (19
7S [T (1+26) -T2 (1+k) ]
B -05<k<05(k=0), FIFRQ)KHAIF kR z {H, IHxtCs Mk KRBT EIRIIE 1), 5

R AR R G R R K RRIME, A A A AQVE T 62 251 00 k(B o RESR H 9 k B A 3((20)
QLB RFESE o Mu

1/2
Zk2
a:[{r(l+2k§—r2 (1+k)}} 0
U=y~ [1-T(1+K)] (21)

4. SEBIRIF
FSCHT A 7 A MM A AR I W LS GEV A S T b 573, N T 4%
W AR SRR TR S5, ARSI X F 5K T /K SO b R K S Sl 4 BT B 51 A, ST GEV 43

Table 1. Coefficients a,, a; and a, and the absolute error for different higher probability weighted moments

%L AEIEMERNEERY a, a M a HEAERENERERITE

i ao a a 20 {EL i 22
r=01.2 0.0000 7.8514 2.9388 0.0001
r=12.3 0.0000 11.9038 2.7765 0.0001
r=234 0.0000 15.9285 2.7266 0.0001
r=345 0.0000 19.9431 2.7045 0.0001
r=456 0.0000 23.9527 2.6927 0.0001

e b X :

USSR T WRRRRROO ]
DA W :.

9 feesereans PR :
o0 i
It v
_4 :.
6 X !
g e :;
-10 :

Figure 1. Relationship between the Cs and k for the GEV distribution
1. GEV 275 Cs # k By < Rk
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A IS Bl HBE I

R R R A, THE AN E DN & GEV i SHUE, 45 R 20 Ll & WS F B PWM
] GEV A AR IR 2L, S E R I 2,

M 2 ATEVE Y, BEE MR BCE R B3 BRI 2R i) b b 305 AR B R ki R v Rtk B
PRAUL A AT

MRAE ] 2 R A aE R, kM E P E BT r = 3,4,5 Y AIREIE PWM (r = 0,1,2) ERIRAR 2k, Iz
@A A T OIS b, 2R 3.

M3 T A = 3,4,5 i PWM EEE 38 PWM BE S8 4 I A K i e e B i, LI T8 i@ %
FEKA TR it oh, JCHZPE R, FEokTed, BN, B2 M2 R HKBOS KM TR0, 1
T R B AR B B LS, AT DR BOKI R A S8 T BUS AT .

5. Monte Carlo iR 3§

SRR IS AR G0 X3 AN [R] w3 R 2 A R A VA A T GEV 43 2 BT e A (7] 28 B 18 T4t /K A2 6 52 e A [ 1]
[8]-[10]-

N TP U Y PWM £E GEV A 24U T R RS L, ASORI TR A B i R A% L) Wakeby 75 A6 7
[11], BHEAREIY N =30, BN = 100000 /741 H B R A7 51 S8 @ FEVE KA A i A
N GEV i HE, F4r Ml S E I 50 41 100 AR Ut K B (BP 40 A2 48 x(F = 0.98), x(F = 0.99)),

Table 2. The estimated GEV distribution parameters of several methods

7 2. HMuhJLH GEV 2B SR HEERG TR

Tk W5H PWM i PWM S EESERES
i r=0,12 r=123 r=234 r=345 r=456

728.8620 736.0957 762.4795 796.7254 827.2238 730.0127
AEBET a 330.2658 301.4621 257.2320 218.6284 192.1550 340.3679
-0.1451 -0.1957 ~0.2652 -0.3253 -0.3674 -0.1255
1407.1245 1413.2028 1405.3870 1359.0219 1274.8757 1447.2538
AR 674.9318 653.4852 667.0484 726.2543 818.8344 802.6931
-0.2012 -0.2181 -0.2089 -0.1741 -0.1272 -0.0617

4000 s r Ty
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Figure 2. Fitting of the GEV distribution using different higher PWMs to annual maximum flows at differ-
ent stations
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5 Ja K HAREIR 2 (SE) . 2 (Bias). F134 7 R 1R Z(RMSE) T PR, 4RI 3, & 4.

ME 3,4 4 T LUE Y, 2T 5 S48 Wakeby 734 B A , FIH GEV 234 s Bl 1 H SR IGAS R = B PWM
A HEIRHAE R SE. Bias Al RMSE Fifi %5 B #0114 K Ak 2 Je i/ oK%, Hrdr, Bias (X My
MEE. Br=012RERK, r=345FiRER/N, R, E@EEER SE. Bias Al RMSE ¥ AT #F ik

T T T T 8000 F T i
o S FE A P Ll e s SENFSI
2500+ A [/_ 7000 1 —— VR
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Figure 3. Fitting of the GEV distribution using different methods to annual maximum flows at different stations
3. NEIFHAET GEV Bk SE s AHIEREMEMZEINE

Table 3. SE, Bias and RMSE in x(F=0.98) estimates from fitting the GEV distribution with Wakeby samples
7 3. £TF Wakeby S 7K GEV 277 x(F = 0.98)FHLIHERIREIRE, REMBFRIZEE

wakeby 4377 K7 WA-2 WA-3 WA-4 WA-5

SE 0.9288 0.9701 0.4587 0.5109

3H PWM r=012 Bias 0.1940 -0.1429 0.1463 —0.1454
RMSE 0.9489 0.9806 0.4815 0.5312

SE 0.9213 0.9778 0.4553 0.5091

r=123 Bias 0.0985 -0.0254 0.0394 —0.0446

RMSE 0.9265 0.9781 0.457 0.5111

SE 0.8986 0.9755 0.4464 0.5093

r=234 Bias 0.1004 0.0192 0.0408 -0.013

RMSE 0.9042 0.9757 0.4483 0.5094

M PWM

SE 0.8921 0.9735 0.4458 0.5099
r=345 Bias 0.1093 0.0352 0.0467 -0.0033

RMSE 0.8988 0.9742 0.4483 0.5099

SE 0.8908 0.9698 0.4465 0.5095

r=456 Bias 0.1267 0.0565 0.0558 0.0078

RMSE 0.8997 0.9715 0.45 0.5095

SE 1.1288 1.1085 0.4378 0.5463

LS LFSES Bias 2.0588 2.0349 3.2546 3.1641
RMSE 2.2358 2.2146 3.2849 3.1944
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Table 4. SE, Bias and RMSE in x(F = 0.99)estimates from fitting the GEV distribution with Wakeby samples
7 4. £F Wakeby S AR GEV 277 x(F = 0.99)FHEIHERIREIRE, REMBFIRIZEE

wakeby 43 i J5 Al WA-2 WA-3 WA-4 WA-5
SE 1.3377 1.439 0.6359 0.7176
3H PWM r=01,2 Bias 0.3383 -0.3325 0.2276 -0.2714
RMSE 1.3798 1.4769 0.6754 0.7673
SE 1.3955 1.4467 0.6701 0.7064
r=123 Bias 0.1094 —0.0906 0.0077 -0.0826
RMSE 1.3998 1.4495 0.6701 0.7113
SE 1.3818 1.4549 0.6631 0.7118
r=234 Bias 0.0734 -0.008 -0.0035 —0.0267
RMSE 1.3838 1.4549 0.6631 0.7124
FH PWM
SE 1.3699 1.4579 0.6602 0.7184
r=345 Bias 0.0788 0.0201 0.0092 -0.0112
RMSE 1.3722 1.458 0.6603 0.7185
SE 1.3619 1.4563 0.6587 0.7228
r=456 Bias 0.1103 0.0532 0.0297 0.0036
RMSE 1.3663 1.4572 0.6593 0.7228
SE 1.4533 1.4128 0.7224 0.6814
R PLIERFS Bias 2.9049 2.7671 4.3491 4142
RMSE 3.1258 2.991 4.3875 4.179

K, Hr Bias Al RMSE ISEIRECK . I, SeRG Rt — DRl b MR B AR A 5 GEV i 24
i, BA MRS (HRHEE IR, 7T LUE AP A, (BAREE H =BG 2y > 3(RIF#r > 3,4,5)
I, RESHAK.

6. &

ASCHRYE Wang =i A EREVER) GEV A S8t #e, Bt 7 ARSEH PWM £ GEV 7310 Sl
TR, J DABS Jbth X T 5% Bt~ 7K SOt RIS 7K SOk R4 S R R I I B 7 B o i, 4o ) FH I PWML, 558
LS M PWM {51 GEV S 4UE, el R RIg IR = #7741 SE. Bias fl RMSE #4774
SRR, WA MRS R, GEV A 4R 5 AR iR Rk B b 0 O R K B R LA R G, T
VAR R PR BB R K . SRR RIE R, R PWM 324 r = 3,4,5 )i+ 5t AN [R) S BUE K S
SE. Bias Al RMSE %/, 5 HIHE @M. M0 PWMVEM L, SR E Ak B B R R, Aeig s
GEV 78 G H LA H -
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