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8 ®' )73 Pareto /)i (GPD) BT MAEER IR, B ZMH TR, #
e, AKSCERARRFIOK. ZRR BRGNS MBIRE T, AT B AR U 17545
OV, EEAPFE 2R RRYE. BRELRZUEIENT SR IBUERS T

L A LH M0ASE, ([EEETT RS 2R IIE, K SCR G F N O BB
FEAS. ASCETHERIBGERLE, FRABEFAN =24 GPD il —F AEE) B85
T ZRAETT I, WA B0 S ERET. B ORI R A B R RSB 2R
i, HKBEESB AR ESEMSEETT. i Monte Carlo B ATIZ T MRS B
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KHIE X Pareto 3; XA RBERBGES T WFSHTE; BEFA,
REA AR AL T

MR (2000) F&EH# 62F12

b4k 02121

1 (&

J~ X Pareto 434 (Generalized Pareto Distribution, fij#% GPD) J&Z:#L Pareto 434
(Pareto Distribution, f&i# PD) i —F#/, H Pickands T 1975 £ R GIA M, HJFR
ZEFMT BT, RSO REEM. FERERESUE, MR, X
J1. AR FEWEE RARMPTRIRZHERA T GPD. fEG R BEEI, BEEZ S,
JBER U R R ik N GPD. 74 Bl Ty 57 19 XU 87 BE AN 08 U, #9287 20 T Ik XU B2
A, T Value at Risk(fi#R VaR) & HEIFH 22K EE TR —. it

A3 2010 4 10 H 17 HURI. 2011 4 8 H 1 HUEHEHH.
* bt H AR H4S (KM201010005006) BEHIIH H .
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. VaR WHETIR RN GPD S, RAE ST T BTS84 815 3 LBOHERS
) VaR H, WT#AT PG F-4 GPD S80fhHE BT A7 3 H R A B B 7k
I RTAL Y Wl

HAT, EWIMEEXT GPD 28GR T 2R, BRSEAE I B m R BAR
flitt (Maximum Likelihood Estimation, fij#% MLE) 753 [ | %% (Method of Moments,
fRi Pk MOM)B!, HEZ LA (Probability Weighted Moments, fi# PWM) 7k 4 B4
BEZN A, BARAXEATINESAERA, BUFEE—ENRRE. MLE KK
FEAPET, SRS T BB A B R ARl TE. MOM H1 PWM FELE IS 25K IE
WSHOHE R —E 5. 8 PWM B E414, Hoskingl® #2117 L 4 (L-moments)
Tk, TEZNAFACREESE. WS, Wangl® #—48F5% LH 4 (Higher Order
L-moments), A & {fJ& L 28 SOER. A48, 18R PWM # B, Haktanir $
H T self-determined HEZFRMNALSE (Self-Determined Probability Weighted Moments, f&f#7
SD-PWM). /5, Whalen®™ FEHxf SD-PWM J7rikdbfT0F 5, FX STk,
HEMETFN . Rasmussenl® #F55)" AERMALSE (Generalized Probability Weighted
Moments, i # GPWM) J7¥&, J0E T G THF AR TR AR S E FR ] TE .

SR, U EWFRERE N B2 FEA R, TIAEKSC R ARG5S B LB HE
7, BRI INE S TRFEAARIE. Wang!'OM XESEH] PWM BEAT B, 124
R ANALSE (Partial Probability Weighted Moments, f&# PPWM). Bhattarail'?l
HBOKBURBFEASEA W L A (Partial L-moments), {HiX 2875 L2 A H BB FEA BT 52
I SRAES AR SR, AN, S5 PWM R B4 Rafird: 1), FEARAE AT 78 U,
TtV RAR BB 0 — DRI, SERR R, AR R BSOS 4 YL P58 5 = A 7t 3 ) i
BEFEATE AL, X LM 252w A T R @ v, Ay B 2R BB FEA, 12
H— BT AT 208 e R R R GPD 2007, RATH BT A WA AU
(Generalized Partial Probability Weighted Moments, f&i#% GPPWM), iZ A s /%X T 1]
DRI B EHRR GPD TS, M EERAES TR,

EEL 2 44 GPD, 5 3 ) A MMERMAUEA THryRER. 554,57
347 Monte Carlo #38l J 25 H B4k,

2 SritER

B X NN R, =28 GPD & XMT:

— N1/
- (1e055)

g

1—exp(—lﬂ_'u)7 v =0,
o

(1)

F(zly, p,0) = {

ﬁ§x>u,a>0ﬂ_1+7%>0. WMoy >00F, p<z<oo gy <R,
GPD ZERW, EH, % 1/y hEHE, GPD WEMBRMEERSE v BB
fb. FERlH, 4y > 08, F(z|y,p, o) BREHSEANEE Pareto 047, HERSE
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AN 1/v, Bl GPD & PD (9" SOB; 3 v =0 B, XWARAERD A v=-1, p=0
i, XFRL (0, o) REIEISIS A

oA R O R 43 LA -
AT 7
x(F):{M ”y[l (1=F)"],  ~y#0 2
p+ol—In(l - F)], =0,

3 TN EREEDRESGLT
e, PWMM & T
1
A@m,:A[ﬂFﬂﬁw1—F)dR
H, X BIRIWNSAAERECH F VLA R, prfl s B4AEREEE.

P PWM % S(J7ik, GPPWM FRp

1-F1 1-F1 x(F) — p 1-F1
M{,O,s :/ z(F)- (1= F)°dF = a/ (1-F)°dF + u/ (1 —F)*dF
FO Fo g Fo
o [1-F1 1-F1
:--/ H—G—Frﬂﬂ—FﬂE+u/ (1 F)*dF
Y JrF, Fo
o [1-F1 o [1-F1 1-F1
=—_ / (1-F)’dF + — / (1-F)""dF + u/ (1 —F)*dF
vV JF, Y JF, Fo
o 1-F1 o [17F1
=(p— —)/ (1—-F)°dF + — / (1-F)*"dF
Y Fy Y JF,
(1 _ Fo)s+1 _ Fls-i-l N o (1 _ Fo)sf'erl _ Flsf’)’Jrl (1 _ FO)erl _ F15+1
s+1 gl s—y+1 s+1 ’

(3)

Hrt Fy = F(uw), Fi = F(u1), uo, w1 HEEM, vo FATIRME, «(F) LAK (2). 4
s> -1 R ~v<s+1BNZEFE. &F s HIEEHHE F, =0, F; =1, I GPPWM B4k
N PWM, # s> —1, Fy =0, Fy =1, Il GPPWM B4k GPWM, Bl GPPWM [ E{E
PWM 1 GPWM ]~ XFER. KL F PWM, GPPWM HIREASE o) Rl 19

1 n
L= =S X (1 - pin)? 4
a’S n ; l.n( p . ) Y ( )

Hr, n AREAKE, pi=i/(n+1) H
07 in S Uo ﬁ in Z Uy,
Xy =
Xi:n; U < in < Uy,

Hrf X B i MRIFGHR,  Fo TTH no/n fiit,  no EFEA PRI /N TS TF wo
A, B AT /e AfEE, na BAEEARPIRECR T T v 915
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B (4) AN (3) K, REARMESET RN, WREMT RN

;o (1 _ FO)S+1 _ Fls-i-l o (1 _ Fo)s—w—i-l _ Fls—’H‘l (1 _ Fo)s-l-l _ Fls-‘rl
ag = [ + - - . (5)
s+1 y s—7+1 s+1

B s = s1, 82,83 > —1.
EAAL R AL (6)-(8) 2

1 :,LL—I—%'Cl('Y)v (6)
a—e=lah) - ao) (7)
e ®
o
6 = — it Day, )= GO B S By

(1 _ FO)erl _ F151'+1’

FERSEC y B9l (8) WA BUEI M. 27 o v Bfhiit, W o A p g fhTE AT
TRN

@ (it 1)

a:

RO ©

4 &

SRR TR Z AR, A1 AR E, AN E, RELERS

B, FIETRE L AT I BN S, A THRCR W 2 (Bias) M7 % (mean

square error, fij#k MSE) R#EATIFAT. 22 R BRBIME 5 A2 R 2 7R, BT

ZE R TME S A TR 0 B R B, (U, DEUIAG T RS, MR iR EAK
mT:

ﬁﬁ = E(eest - Gtrue)u :V)Jﬁﬁéﬁ = E[(eest - Htrue)2]a (10)

HorAt Ocst, Otene 73 A SR THEA B, ASCrH 6 38 1, 0 F1 4.

AT SEAGTHIRCR, X T AREEARTE n, Fo & 51,52, s3, BATHEFT 1000 K
Monte Carlo 4L, £ 1 Z5H 3B n & 15, 25, 50, 100, Fy = 0 A RAFEW Fo, p, o, 7,
51,52, s3s BT, =28 GPD Wifliit w22 XXt 2E. BRI TR E B AR 25
v, s1 B E AW EHAE (-0.3,-0.1) Z[A. F35b, WHELERSE v HIER, FH s2 — ss,
THERATRA s2 = s34+ 0.01. BARGERILFE 1.
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& 1 =2% GPD wfhiitmEXIgIriE

HAAE| Fo (s1,52,53) 7 a 0
HE O mE HHREE AEE RE HRE JHE WME O BHFRE
15 0 (-0.25,1.01, 1) |0.15 —0.0798 0.0089 0.4 0.1520 0.0603 0.2 —0.2110 0.1020
0.1 (-0.25,1.01,1) |0.15 —0.0183 0.0063 0.4 0.0647 0.0442 0.2 —0.1289 0.0616
(=0.25,1.01, 1) | 0.3 —0.0192 0.0031 0.2 0.0681 0.0211 0.4 —0.2226 0.0883
(—0.15, —0.151, 1)|0.15 —0.0332 0.0054 0.4 0.0712 0.0304 —0.2 —0.0780 0.0372
25 0 (—0.25,1.01, 1) |{0.15 —0.0200 0.0018 0.4 0.0590 0.0242 0.2 —0.1128 0.0471
0.1 (—0.25,1.01,1) |0.15 0.0743 0.0090 0.4 —0.0620 0.0222 0.2 0.0047 0.0257
(=0.25,1.01, 1) | 0.3 —0.0145 0.0015 0.2 0.0558 0.0118 0.4 —0.1838 0.0662
(=0.15, —0.151, 1){0.15 —0.0110 0.0026 0.4 0.0247 0.0150 —0.2 —0.0050 0.0208
50 0 (—0.25,1.01, 1) |0.15 —0.0110 0.0009 0.4 0.0346 0.0107 0.2 —0.0653 0.0260
0.1 (-0.25,1.01,1) |0.15 —0.0175 0.0021 0.4 0.0464 0.0158 0.2 —0.0675 0.0266
(—0.25,1.01,1) | 0.3 —0.0289 0.0015 0.2 0.0575 0.0083 0.4 —0.1598 0.0514
(=0.15, —0.151, 1)|0.15 —0.0090 0.0013 0.4 0.0020 0.0071 —0.2 0.0224 0.0126
0.2| (—0.25,2.01,2) |0.15 —0.0305 0.0033 0.4 0.0616 0.0183 0.2 —0.0878 0.0329
(—0.25, 2.01, 2 0.3 —0.0401 0.0023 0.2 0.0701 0.0103 0.4 -—0.1746 0.0628
100 0 (—0.25,1.01, 1 0.15 —0.0075 0.0004 0.4 0.0197 0.0058 0.2 —0.0439 0.0144
0.1f (—0.25,1.01,1 0.15 —0.0115 0.0010 0.4 0.0261 0.0068 0.2 —0.0460 0.0154
(—0.25, 1.01, 1 0.3 —0.0176 0.0006 0.2 0.0342 0.0036 0.4 -—0.1113 0.0288
(=0.15, —0.151, 1){0.15 —0.0010 0.0007 0.4 —0.0132 0.0040 —0.2 0.0421 0.0086
0.2| (—0.25,2.01,2) |0.15 —0.0179 0.0016 0.4 0.0347 0.0089 0.2 —0.0511 0.0170
(—0.25, 2.01, 2) | 0.3 —0.0213 0.0008 0.2 0.0369 0.0038 0.4 —0.1112 0.0302

)
)
)
)

MERLAUER: (1) MTRRSE Y MRESH o R, WFARMFERAR
n, ¥H Fo = 0.1 RSEAG IR B R, EBEE AR, HI7 8RB .
(i) X FOLESE p KU, HHEARBUN (n =15 1 25) B, B Fo = 0.1 AT HRCR JebFs
YFEARR L n =50 A1 100 B, B Fo = 0 it RCRE4F. HMEERAZTEAGHAK, 45t
BRI, (i) BEE Fo BRI,  so A1 s (9 S EBUEAR BRI

S ° 4
° o
PEoe gy,
228 6 0 0 o 0o 000

st
0
I
il st &
00

1 n =10 if GPPWM Hl PWM ¥ v FI¥ 7 iREx LR

(a) n=10, Fy =0. (b) n=10, Fy =0.1.
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(c) n=25 Fo=0. (d) n=25 Fy=0.1.
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B 3 n =508 GPPWM Hl PWM % v B3 7R N &

(¢) n=50, Fp =0. (f) n=250, Fyp =0.1.

XFAFEGERSE . B 1-3 451 GPPWM M PWM BRI T + 893177
REMHWHE. RATHERE LR E i M s, ENRBUHEZMRBTIERSEL v, @i
R v BORFEMERR B 1 F1 s2 BRRAEAL S, 520 BIBREA B n = 10, 25, 50,
AR, Mp=0, 0=03, [ =0,01, F =0. 84l £ (-0.5,0.5) WFFrfhTT
TREM TR

ME 13 WLER: (1) MAFEMEARE n, DBRSE v <02/, GPPWM
TREFITTR /DN, BIASONEXTE RSB AR &+ PWM Ik, (i) BEEHEA
BRAEI, FFHE n =50 B, Fy = 0.1 BfRYIITIREZREAMT Fo =0, B} GPPWM
TR AT BRI T GPWM J7ik.
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2 4 AH n = 20,50 f1 100, p =0, 0 =0.3, v =04 UEARFE Fo, Fi, KA
S E% PWM Ml GPWM {1 7 L. @it 1000 ¥k Monte Carlo #40, & H A
EAG TR i 22 X3 iR 22, BARZER L 2.

& 2 ARMGTIERNZER9TTRE

HARR (R WRPS o o
2 ¥iiRE WE ¥jiiRE
GPPWM
(Fo, F1) = (0,0.1) —0.532 0315  —0.035  0.013
20 (Fo, F1) = (0.05,0) | —0.022  0.0005 —0.130  0.020
(Fo, F1) = (0.05,0.1) | —0.018  0.0015  —0.196  0.039
GPWM —0.282  0.159 0.068 0.024
PWM —0.103  0.086 0.030 0.016
GPPWM
(Fo,F1)=(0,0.15) | —0.579  0.378  —0.054  0.009
(Fo, F1) = (0.05,0) | —0.022  0.00050 —0.096  0.011
50 (Fo, F1) = (0.05,0.1) | —0.016  0.00025 —0.188  0.036
(Fo, F1) = (0.05,0.15) | —0.008  0.00011  —0.210  0.044
GPWM —0.153  0.051  0.0304  0.007
PWM —0.055  0.031 0.012 0.004
GPPWM
(Fo,F1) =(0,0.15) | —0.642  0.456  —0.043  0.006
(Fo, F1) = (0.05,0) | —0.022  0.00050 —0.075  0.007
100 (Fo, F1) = (0.05,0.1) | —0.016  0.00025 —0.185  0.034
(Fo, F1) = (0.05,0.15) | —0.007 6.46e-05 —0.209  0.044
GPWM —0.103  0.024 0.021 0.003
PWM —0.030  0.017 0.007 0.002

MF 2 LR (1) MRS+ KU, SHEAFRBUN (n = 20), 5EEH
PWM Al GPWM Jrikt b, ASCITEAE (Fo, F1) = (0.05,0) BAAGTHRE BB s BHEAR
HHBK (n =50, 100), GPPWM ££ (Fo, F1) = (0.05,0.15) BG4 77 3Rz R/, BIAETH
BOREAF. () BEEEAFRBIN, AONENERSE Y ARESE o MR
BERFT A PTRRE. W TREARFEE (n = 100), AOTNELEMNBRSE + AR
AL TR

5 it

A SCH BB AEARDT T =28 GPD Al it R, 23 PWM At B4R, $#2d GP-
PWM fliit771%, AL PWM Al GPWM ity M SOB, ARt Es 575 ffH
BN, AR IR AS SO TH T IR B e, BATR GPPWM i IR My 45 R 5 PWM Al
GPWM i+ 45 REATHA, Monte Carlo FLIML H AN [F SR TH 7 1 09 W 22 A1 7 12
72, il G A SO E L HXT RS BRAT B R i Al TR .
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Parameter Estimation of Generalized Partial Probability
Weighted Moments for the Generalized Pareto Distribution

ZHAO Xu CHENG WEIHU LI JINGLAN

(C’ollege of Applied Science, Beijing University of Technology, Beijing 100124)

(E—mail: barbiezz@sma.com)

Abstract The generalized Pareto distribution (GPD) is one of the most important dis-
tribution in statistics analysis that has been widely used in finance, insurance, hydrology
and meteorology applications and so on. While traditional estimation methods, such as
maximum likelihood (ML), methods of moments (MOM) and probability weighted moments
(PWM) methods have been extensively applied, the use of these methods are often restricted.
Alternative approaches (e.g., generalized probability weighted moments, L-moments and LH-
moments) exist but they use complete or non-censored samples. However, censored samples
are often encountered in hydrology and meteorology fields. In this article, we propose a
computationally easy method from censored data for fitting the GPD, which is resistant
against extremely small or large outliers, i.e., they will be robust with the lower and upper
breakdown points. This method is based on probability weighted moments. Firstly, we
solve shape parameter estimator which has high estimated precision, then the location and
scale parameters are given for the GPD. Simulation studies show that the proposed method

performs well compared to traditional techniques.

Key words generalized Pareto distribution;

generalized partial probability weighted moments;

order statistics; censored samples; probability weighted moments
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