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EVALUATION OF PROBABILITY DISTRIBUTION MODELS
IN HYDROLOGIC FREQUENCY ANALYSIS

By Kaoru TakARA, Takuma TAKAsA0 and Akira SHIMIZU

Synopsis

The anthors emphasizes the necessity for considering the variability of the estimate of
T-year event in hydrologic frequency analysis and proposes a framework for evaluating
probability distribution models. The variability (or estimation error) of T-year event is used
as a criterion for model evaluation as well as three goodness-of-fit criteria (SLSC, MLL,
and AIC) in the framework. The jackknife and the bootstrap methods play important roles
in estimating the variability. For the annual maxima of k-day precipitation (k=1,2,3) in
the Lake Biwa basin, the Gumbel distribution is regarded as the best among five distribution
models with two parameters ; for the daily precipitation at Osaka, the SQRT-exponential-type
distribution of maximum is the best among ten distributions with two or three parameters.
The bootstrap method also reveals the relationship between the amount of data and the
estimation error of T-year event.

1. #& El

BaOKTHEIIY) 2~ )4 FHEORHERKIBOFEBFHAINTALL. HFACRIHE S B
EHERE GE) T2 EMHEORAEBLTED, KIMAEOEERF —<D1DEL>TD
DOTH5Bo

XT, YFAXBOF—sB8EIOhIE S, FNOEIHERIGERET S, KBUTOXSEFE
AL DBEHTH B0

@ F—xOZHM - MBS LT, KFNH 3O RBEERRHENERP LBRKT 5, [F—9D

151

® ER M7 LDNEHBEM EKAOHHHREERELI:DB, EYEBDbhIBESHETFTVED
(ODBKREFNVOBEME LTRSS [IREETINDFIZE]

® F—ERZTHhODEFAMEDTRIDE. OB, AOLOLTETRER (Y52 %) ZH#ET 5. (B
EE]

® =FNVOBREEEOLOFLICIDEBRIL, ROIRVEBDNIFHETNVERS, [EFIF
il

CO—BOFIERSLT USRI INIZ O TRIEL, ROLINURBROMBEEL TS,

i) FEOKS\TER, BRFEOYUE, BRERRRORRE, MHEREE  AEHRTORRFHSH S0
KSR DIRAEZEAL &0 - To I T AR L 4 TiRIED. BEILF —2 ZROES
3EThiE, F—2KhBE LD, BEICROES LD OBRISEh 10T B, bbb, F—4
OB BOE ¥4 WEEROMETHD, kB UESKEEZET260EEbN 5,

._.1___



284 RAPIKAERER H05B-2 HE62. 4 (1987)

i) FE@I2WVTIE, ZhF CIBEINFEAINTEHERAGEF VBRI L THATH 20D

SEEND B, YFAXBICH LT, BEOEFVOENGBEA LISV ANIE. T3 LIcEA
KRFT 8T FVERRT 2 RBAMZRA LTI 5180.

iil) FEOOR¥IEEICIT, BRETAVRANMEEE, B - BREEREICREIN BT L
BBy, FHESETHRSZOVIEHERKXBOMEMIIRSBERDOELZ L EMH 5. EOFHEICK
BREDIR ST,

iv) FFEOIDOWNTIE, BAIEEENFEFVORMBEELSHIIN T, RRRF—2EEF
VOBEEEREFNVOMERELE LT, NRXMEREDOBRRE, 7o v b LF—2PERLICEA
THBELESH, HHEick 3—Fk (visual consistency) i€k - TGS 2 T E DB - oo HITHT
BiTL > TREEEELLEAICE, EX M 5L LEHREEEBOSTRTVRAR, BHICLZY
Wid BT H 4 " FBEe Kolmogorov-Smirnov BED L 5 B EAEREERR X - THNKD, 7
—2 EEFNVOREQEND, LERSOHABRELMNDTEICLdd5. COLIESE
KEDEFVERMELL S LT 284, BAEOENICEFTVNIIELIDETETS0THNIHED
RIEEIZTIS Ve 25085 YUBAXRICH U TRBEOHEAEEZRT EFVIEREBEELEL, ThosR
AR ABEEZA B LMD B T, RETLERKBREARINZETNBRELBZTEBDH S,
ZHLIES, FOEFAMEERINCEETHREIVOMRCOWT, HEKERSEINTI b7,
TRbb, HAEREFVEEORESL LTRT2THD, MSrOFHIIRMRESLETS S,

AFETIE, LRIV CEAEHT, BEAXBOESMEEFAVIRHOREL TS5 2 BETS. C

CTEEZLBHBRLIODR, 7F— 2 OEBIBEATORRAILEOHEEMESAESEB LBV X 53R

BEEFUVNEET LNENS L ETH B, HERLR, F—20ERICLDERKIENKELEHTS L,
ZOEBAKIHEOKESZRE LAERZINLI L LRI ETH S,

3 LIBAIRII- T, AHXTIR

(1) F—2 L=FVOFEERTTIEL, BERKIROEHME LIMERES UT, KBTS

RS TEE T VOFEOFIRERLT ST &

(1) F—2¥EERKXEOHEEE L OBEELERNICHLIICTEC E;
EREEKE Ui

BRKXEOEEE, HEEELHENLHIT, 2204 7Y v 7 Fik——jackknife 3= & bootstrap
HBE—2EAT 3. VY7 ) v rFkeR, BBcEd L, BEFRCHE1HAOF -2ty b (X
Do, WAMICF -2 ZHMB LY, BOBLEZHFLUTCEOBAEBLF — 2 BEIEGHB LD VS
EERELT, EREOF—2ty r2EVHL, TOEAL LB LNIMHBORAEBELD,
BoHEBEAHELIDTIEETH L. 25 LTERINEEROF—5 &y OO NI, F4E,
HEBOELORECIDEEICERTEE L 72D T, it ¥ 04T T4 CIS (computer intensive
statistics) TN EZ—FHFEER LTV 5,

REPYBORRIXOERRIUTOLS>TH %, 9, 2. TREAEIEFLVHEOREE LTHAT LT
HTRIENCEZRIRT 50 3. T, HEKXBOEHUEHENGEFVORMBRELT I LOREE
B, EFANFHHEOFIEERRT B0 & 5iT, jackknife ph& bootstrap HOEER~, & FVHETFIE
~OBEAFEERT. 4 TR, COFEFEZEBMRBROERKA k HBKE (k=1 2, 3) &kKOES
RKEBKRRICGER UTBREZRT HEKIC5 T, F—2ERERRKIEOER - DBEFZ%E bootstrap
BETHRNIHERERN B,

2. BEELXPEFIFEORR
AETE, BEEMEFVIHHEOHREL LTET LTI TRUNT EERT, Fig.1 3, BEM K

_.2._



2. SR . BBk AKOUREEHIRITIC B 1) A TEER S & TV OFHE 285

LOG-NORMAL PROBABILITY PAPER GUMBEL PROBABILITY PAPER
HAZEN FORMULA HAZEN FORMULA
MEAN(Z) =2. 065 0.598 Ty~ <103.004
0.999 450(2)"_=0.150 L 3 ALPHA=0.029
Z=L0G10(X) _
LAMBOA 2. 068 Y oani03049 .
0,99 -| ZETA .028 K
(BY REG. LINE) L5 B Ree: LINe)
(HoL.E. ====v U =103.100
0.95 - 0.53 -1 ALPHA=0.030
z (BY M.L.E ===) p 2
0.9 - o r - 4 0
> - 1 > g
= 0.81 s E o
" o 2 o
= < <
9 0.5 - 032 2 L 2%
] e I~
8 2 £ 2
& 0.21 L4 O o
0.1
o (7]
«05 1 - 0
0.05 (a) .,
0.0t 5
0.004 - SLSC=0.02478| 3 0.008 sLsc-0.01829} k-2
FSE =0.01333 FMSE w0.01257
¢TI 2 S0 100 1S0 200 250 300
2-DAY PRECIPITATION 2-DAY PRECIPITATION

Fig. 1 Probability plotting of the annual maxima of 2-day precipitation (in mm) of
the Lake Biwa basin, for the period 1912-1981 (70 years), obtained by the
Hazen formula ((a) log-normal distribution and (b) Gumbel distribution).
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Table 1 Comparison of two-parameter log-normal and Gumbel distributions by
SLSC, MLL, and AIC for the annual maxima of k-day precipitation
of the Lake Biwa basin, for the period 1912-1981 (70 years)

.\ (@ (b)
k Probability Least-squares method Maximum likelihood method
distribution SLSC SLSC MLL AIC
1 Log-normal 0. 02459 0. 02476* —334. 557 673.113
Gumbel 0. 02240* 0. 02890 —334. 387%* 672. T74*
9 Log-normal 0.02482 0. 02498 —357. 342*% 718. 683*
Gumbel 0. 01829* 0. 02136* —357. 549 719. 098
3 Log-normal 0. 01872* 0. 01890%* —366. 850%* 737.701%
Gumbel 0. 02214 0. 02389 —367.031 738. 061

* denotes better one.
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Table 2 Comparison of ten distributions by SLSC, MLL, and AIC for the
annual maxima of daily precipitation at Osaka, for the period
1889-1980 (92 years), fitted by the maximum likelihood method

Prob. distribution SLSC MLL AIC
Normal @p) 0. 07937 —450. 151 904. 301
Log-normal Bp) 0. 016660 —432. 818D 871.636@
Log-normal 2p) 0. 02996 —434.914 873. 828
Pearson [I 3Bp) 0. 03765 —432. 902 871. 803
Pearson T 2p) 0. 06116 —438.172 880. 344
Log-Pearson I 3p) 0.01749Q® —432. 910 871.819
SQRT-ET-max  (2p) 0.02423 —433.091 870. 182D
Gumbel 2p) 0. 04769 —434. 414 872. 829
Log-Gumbel 3p) 0. 018593 —433.167 872.335
Log-Gumbel @p) 0. 03496 —434.531 873. 062

@ denotes the best distribution for each criterion;
® and @ the second and the third, respectively.
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Fig. 2 Distributions fitted by the maximum likelihood method
for the annual maxima of daily precipitation (in mm) at
Osaka, for the period 1889-1980 (92 years).
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(772U, B ai(F), a(F), ... i@ n IIRELRZWV) &3 &, Edby i3,

F
Epblo=Evy=0+ 28] 10l

EBBDT, Ef i2Q0ORLD,
Epf=Ep{nf—(n—1)0.}
=nEpfd— (n—1)Eplcy
=nE,— (n—1)E,-,
1

—g__®E 1 _
=028 +a3(F)(n2 (n—1)2)+"'

L3, COBEA, 01/n) ORAVBRLNIHBEEICIL 0 E—F LIV, bbb, jackknife #ERiL
ol/n®) DREBED .

(2) HBOHEE

Xy Xp ooor Xo AL F RAWERERSOBONBHIHE 0 0N Var %

Var=Ep(@(Xy Xo ooy Xp) —Epl)? cooneeenienimiiniiininiinniinicniinnnnns (16)
2\

EL&>. Tukey i3, b iICk-T Var @/ ¥s¥5 2 b Y v 7 13HEFENE VAR bFHMETE 32455 L
oo THDB,

I\ — 1
VAR=" 1 ;;1 (Bay= i) ? rrreessererrorssnneneenniitti et an

n

+...

b ol UN 9(-)“-:‘_:21 bis/n TH5bo

(3 &

jackknife OFIREF EDBZELUTOXHILIRB,

i) n BOF—2 2RO THRET 28R § 2KkD 3,

iy n ADF—255, TT1IBHOF—2 2B LI n—1 BOF -2 ZRNT, HEME by ERD
%o WIC2BEDF— 2 EBALT b ZRDZ, ZOERE n BEHOF—2 T THRVEL, by,
By +e» by KD B0

i) RRICLD boG=1, ..., n) OFH o ZRDBo
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W) 8 o jackknife #EME § & 20K VAR 12eheh,
f=nf—(n—1)b,

Vj?R: n—1 é (ém_éc-))z
n i=1
TH5Z b5,

3.4 Bootstrap #? ‘
X Xy X AL F 1% n HOMEEBTERSWEHHE 0(X, X ..., X)) BEZONIE
%, 0 pERREE Sd ZROLS B LKL o

Sg=,,(F, 1, ) =G (F) evremrermmmtomieiiiiniiiitiint e e 18)
chil, F—4% n LEHBOER 0C, -« ) BEZ oSNNI, § OBEREE Sd ZIRDOBRA T

F OB E2E LTS R
B Sd @ bootstrap #5EME SD 13, Mic F=F L LTHOh3. T1bb,

P AR R CBEB—RAGETEE, FRF O/ v 52 )y y RBRREBE D5, SD i
Sd D/ vr5A MY v ) BRIHEMBEE S C EHTE S, ‘

—fzic o(F) RBICEETRIVOT, (19RO SD OEAEFTT 51ci3 Monte Carlo gE V2.4
BEhdp B bootstrap HOFIFIIRDOK S TH B, co '

i) F ciggas P 2bTian 5. 12#L, F i3

1
ol massTat Xy Koy voey Xg

iid

i) # 55> bootstrap A X* (272U, X¥ X5 ..., X* L ) 2@, %3tE 0~ 3aEd
Zo ENLESE, n HDF—4 x5, %3 .., x, DOEFEACKELFLT » B L, o
HMUIF—2 55 0* 2R3, :

i) i) OERAMIICERE BE) BDEL, 0% 0 ..., * 2R3,

i) #ate 0 ommEz SD 13, #R, KRTELONB. -

S T N - PR L eereeen erereeaens eeeaeeeeneerearesaraeessarsasenes
$D=[ 51 & @—0+)?] 20)
zzig, 6* 1% %=1 2, ..., B) O¥HT '
D
f*= 5 ?:15

ThHbo Q0) RIKBOTRVELUEE B % o LTNUTCORI 1) RE—KT B &b 3 EE
RIZEDL SV DEMMBHNETHE0RATH B0 F— 2 BBDIBOEICIIB2ZRELLTER VLS I
EELZINIRE SN, 5. ICRTRI DS LT, n=20~70 izt LT B=100, 1000, 10000 %ik#4 1z &
A, BEAEDEA, B=1000 & 10000 OFERIIKER L, B=100 OERBETFTZINERERL-TH
720 n=20 OBAIIFIZ, B=100 & 1000 DFEREHLLE - TNT, B=10000 O & & 134 LEMD -2,
Lizhs->T, 5 Tiz B=1000 OEREERLTO S,

3.5 EFIREEEAOQUH VT Y IFEEOEA v o
B TROEEM: (GEFEE) 2EAOHHICOVTROZDOR—BIRES T V. L L, jack-
knife H:% bootstrap FEEAWNIE, HBMEBIKZNMIERTE 5,
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3.1 O®OOFIFICHENT jackknife H2HHT 554, 1 205HEFMCHLT, n—1 BOF—425
5185 n HOF—% &y FENEFNICDNWTLEITDE # MRAEEETHIC LIRS, 2D 2 [HOH
TRYO1ECEIEINE T ERERATRLE (D RO b6 1CHET 20 LizhiaT, @RD 5 by 28
K0, 612 3.1 OQOFETTFORDTHEFHIXONDS, FHEBELL T ERRACE § BO0R
KEDKED, ©ORME GROREE VAR BADRICLDEABNBCEIE 5. €5 LT
VVAR stk R OBE LTS -

bootstrap HEZ2BEHET 34, 3.1 DORBVT, n HOF -2 ML ATEOEAL OB ELAEFL
T n fAHH U7z bootstrap A% B AEV ML, 0D B By NTRELEL LD AFEOSTRDETS
25U, B ED T SFHEATR 090=1,2 ..., B) 2k, 20)Rkd SD 2182, cd SD A
FAXBOEBEEEL 5o

4 EFNEHEOHREEEER

4.1 EEWRREOFRXkHABKEDOER
BEMRBOEREA k BRAR k=1, 2, 3) i, 2BED5 >0 (FENE, SREESE, &%
375, Gumbel 5375, X%k Gumbel 5575 2HTR®IET A, FH, Y, ¥ Gumbel D 3 4#HI3HE
BREDBBP- 1Y &, 2. TRILS 1K, WHREHAHE Gumbel 5713, BAEBETIIES IO
ot
N5 2 DOHFRIC jackknife HAE LA Table 3 (TR0 COEDBRDLSIEC ENZA
3o
I k=12, 3 DFRTOHE/ICOVT, BEAXBEOEHED/NZVDIE Gumbel HEDETH 5o
Uletio T, ARBFETHER LI FHEFIEIC X hiZ Gumbel 30K EHIRL D SE\NTH
BEEZBo
(2) Table 1 © k=3 Of%ER2 L, BAEFE CIIAMERIHEOF L TOREICDNT LVOIEES
BT, ThidZ0EBEETHRTH 3,
(3) Table 3 ® k=1, 2, 3 DEZMOTRICATOEDF — 4 2L THOTELRRAIR § 2, FBICiE
jackknife Bic &k O IRAEMEL § 2B LTV 3. SMEESEOESE, BEEICk-TLF~4
CHTROTER 6 ZIZEAEHET ZRERTNC E8bME, Gumbel SHOES, Bl

Table 3 Variability of T-year event of the k-day precipitation (in mm) of
the Lake Biwa basin, for the period 1912-1981 (70 years), obtained
by the jackknife method

P(rl?gt.ribution Log-normal distribution Gumbel distribution
k .................... T AT T e T e e e
Return period, T
(year) 50 100 200 50 100 200
1 Jackknife 6 |172. 8(12.7) 189.1(15.1) 205.3(17.5) | 172.8(11.1) 189.7(12.7) 206.6(14.3)
All data 6 172.9 189.2 205.5 171.3 187.9 204.5
9 Jackknife 6| 236.1 (16.7) 259.4(19.9) 282.8(23.2) | 239.6(13.8) 263.6(15.8) 287.4(17.9)
All data 6 236.3 259.6 283.1 234.1 257.5 280. 8
5 Jackknife 6 | 269.8(19.0) 296.7(22. 6) 323.6(26.3) | 269.3(15.8) 296.4(18.1) 323.5(20.5)
All data 6| 269.9 296.9 323.9 267.3 294.2 320.9

~
( ) denotes \/ VAR, the standard deviation of the T-year event estimated.
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INRBET/NEDORIRKIE § %15, jackknife Fic kD +2~+Tmm EEMESL TS,
@) k=2 OBHAERE, MWERSHE Gumbel HHEBEZ AHERKIE®D jackknife #HERICK XL

EZIE0.

Bootstrap gra@R L-BE&d, EFVEHMEOKRIEIRALTH»7ce THICDNTILS. T3,

4.2 KBROEFAKHBKEADOEA
2. CRIZESI, I0BOAAREELETHTRDIELS,

3IDDFAERE (SLSC, MLL, AIC) o

ERIEH LTHERR P 3CALIRNAHNE DH -7 (Table 2)o 2N HIEBMRALT, BH D5 D2DAHIC

Table 4 The estimates of the T-year event of daily precipitation at Osaka,
for the period 1889-1980 (92 years) and the standard deviations
(in mm), obtained by the jackknife method

Return period, T (years)

Prob. distribution

200

50 100
SQRT-ET-max  (2p) *180.46 (11.25)**  203.56 (13.58)
Log-normal 3p) 179.94 (17.83) 201.66 (23.69)
Pearson II 3p) 172.82 (14.67) 189.34 (17.34)
Log-Pearson I  (3p) 181.99 (19.56) 205.69 (27.06)
Log-Gumbel 3p) 182.95 (21.07) 207.62 (30.35)

227.85 (16.08)
224.17 (30.44)
205.51 (20. 36)
230.87 (36.13)
233.86 (42.03)

* denotes the jackknife estimate of T-year event (in mm);

3 . /\
** the standard deviation \/ VAR.

0.0201

0.018-
= LOG-NORMAL (3 PAR)
o 0-0161 PEARSON 3 (3 PAR) ——~——

SART-ET-MAX(2 PAR) ~--~~-=

£ 0.014-
z
£ 0.0124 . L. .
= Daily precipitation at Osaka
>
£ 0.010- (1889-1980)
g
© 0.008-
z
~ 0.006-
0
<
el
S 0.004-
o.

0.002-

0 1 i 1 1 1 i i 1 1 U 1 1 T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 2531030

Precipitation,

x  {mm)

Fig. 3 Distributions whose biases were corrected by the jackknife

method for the annual maxima of daily precipitation (in mm)
at Osaka, for the period 1889-1980 (92 years).
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2T jackknife PAEE L7z, #FE% Table 4 TR, 2OEND, PTOCEHBEL B,
(D) BERAXBOERL, THRIERBEBEAEDTBEDNEL, ZhABBRLBVEFVTH S LFET
&%,
(2) 3R3 Pearson I BAHOMEKLEROEH BV DI DOBNHELNBEDLED /NE . Uk
L1shss, HERKXED jackknife #EEEMBDIZD/NE L, TOHHD00ERRAIRIZ, EHR
TEBBERRESTOI0ERRICHEY T 2, IOPHEHRTATERMCGEEZ LS TH 50
Fig.3 icid, FEHBRERBE M, 37K Pearson I B4 3SEEBERLHILOVT,
jackknife H:ic & 2 RMBEROEEEMOBIRER Lze BERMDOR (Fig.2(a)) &3 &EBREN,
SERRRRA R NS & 3 5% Pearson I BAHRMEIL L 3HROEMIKEL, LR M5 LDH
RICASVIEIICRZ S (=7 RO HIREICE D THB) o SHERSHOEILIVNR DT HTH
LREUMEAITH %o Peason I BAHRMD 2 DICENTHIEATEYD, NSUERAXREZEZ TH
% Table 4 DFERMBC ORPOHERTE B,

5 F—9DEMELERKBOEY

BEEAOERK k HIAE (k=12 3) LT, 2 SHNHERIHE Gunbel HHOTHFIC
DT bootstrap BB Lo ZOBE, n EOEF—20580ELEHFLT m @l nn) 5
T&IT&Y bootstrap BAZEH L (mn<ln OBAEHAMBELFATEL), m OEEENIELT, 7

Table 5 Change of variability of T-year event of the k-day precipitation (in mm)
of the Lake Biwa basin with m, the number of resampled data (B=1000
iteration) '
Log-normal distribution Gumbel distribution
k Methods ' 00 T e S ERSeantt:
50 100 200 50 100 200
Partial 20 | 172.8(24.2) 189.2(28.7) 205.6(33.4) | 169.3(20.9) 185.6(23.9) 201.7(27.0)
resampling 30 | 172.4(19.0) 188.6(22.5) 204.9(26.2)  169.8(16.6) 186.2(19.0) 202.5(21.4)
with i 40 | 172.0(16.4) 188.2(19.5) 204.4(22.7) | 169.9(14.4) 186.3(16.4) 202.7(18.5)
1 repetitions | 50 | 171.8(15.1) 188.0(17.9) 204.1(20.8) | 170.1(13.2) 186.5(15.2) 202.9(17.1)
60 | 171.7(13.8) 187.8(16.3) 203.9(19.0) | 170.1(11.9) 186.6(13.6) 203.0(15.3)
Bootstrap 70 | 171.6(12.5) 187.7(14.8) 203.8(17.2) | 170.1(10.9) 186.6(12.5) 203.0(14.1)
Partial 20 236.5(32.1) 260.0(38.2) 283.6(44.7) | 231.9(27.5) 254.8(31.3) 277.6(35.2)
resampling 30 | 236.4(25.4) 259.8(30.2) 283.3(35.3) | 232.9(21.8) 256.0(24.9) 279.1(28.0)
with i 40 | 235.7(22.0) 259.0(26.2) 282.3(30.5) | 233.0(19.0) 256.2(21.7) 279.3(24.4)
2 repetitions 50 | 235.8(20.3) 259.0(24.0) 282.3(28.0) | 233.4(17.5) 256.6(20.0) 279.7(22. 4)
© 60 | 235.5(18.1) 258.8(21.4) 282.0(25.0) | 233.3(15.5) 256.5(17.7) 279.7(19.9)
Bootstrap © 70 | 235.2(16.5) 258.3(19.6) 281.5(22.8) | 233.3(14.4) 256.5(16.4) 279.7(18.4)
Partial 20 269.4(36.0) 296.3(42.8) 323.4(50.0) | 264.0(31.2) 290.1(35.6) 316.1(40.1)
resampling | 30 | 269. 9(28.3) 296.8(33.6) 323.9(39.3) | 265.7(24.7) 292.1(28.2) 318.5(31.7)
with i 40 | 269.3(24.6) 296.1(29.2) 322.9(34.1) | 265.9(21.4) 292.4(24.5) 318.8(27.5)
3 repetitions 50 | 269.4(22.3) 296.3(26.4) 323.2(30.8) | 266.6(19.4) 293.2(22.2) 319.8(24.9)
1 60 | 269.2(20.3) 296.0(24.1) 322.9(28.2) | 266.5(17.6) 293.1(20.1) 319.7(22.6)
"Bootstrap 70 | 268.7(18.7) 295.4(22.2) 322.2(25.9) | 266.3(16.4) 293.0(18.8) 319.5(21.1)
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— 2 O E BERK TR OE S & OBFRET~ -, bootstrap EADH% B=100, 1000, 10000 % i &
7oh%, 3.4 OXRICEE LicHElic kD B=1000 &R % Table 5 1R L1z, B=100, 10000 qig
A DKREEROBETH 5,

¥7, m=n=T0 OE4 (Wikk72 bootstrap ), RERKIXEDOLEHMIL, jackknife r2FRMLIcL &L

PAN
Ik, Gumbel 5760H A5 k=1, 2, 3 DENICH LTSI, jackknife BHicHTE 517 V VAR

@ﬁh3)&memp&f%éhtSﬁ&%&&5&éf£mﬁéﬁbfméc&ﬁbhéoC@c&
H5, 3.1 OEFAREOFEIE®IC BT jackknife H:AFuiid L {, bootstrap BEPRT2ETH
RIZHIKBbh s,

wic, m<n=170 DL GHHHHEE 2RTAHL D, m=20, 30, 40, 50, 60 D5 r —xEE X 2, ZOD
BEd k=1, 2, 3 oFThicoTd Gumbel AHOERAXBOEBHEDO HFBNBERDZNLD/NE
¢, TOF—2ICkd 3 Gumbel DAHEOEEEERLTO S,

&T, bootstrap EADF — 4 m OEEL SHERKXBOEG U HERE OEMLERTAK
Jo m PWINT B ONTHEBRZRBLTI2ERAEZRL, ZOMIZ »n=70 HoBERIC Kk 2HERECH
UT, m=60 TH 158, m=50 THNIZW 2L, m=20 TRV 2BITLETEMBbh 5. COMEMIIR
Y& —veyxF T=30, 50, 100, 200 FE£DNFTNIZDNTHEKTH » 7o m=30 5 40 2HE- LT,
TIRDEBERERDB0EN LA0FEY LICiE 5 &, BERKIBOEFHINI LS (BETD) LHKRZ %,
DRI, EFETBHIIIOESEKHB/KEREHC Gumbel 3H%HTIIOLEN S OB ELT A
§ 5%, Table 5 ickhid, Gumbel HDBE, m=30 BET, BERFEESERAIEDILEEUNIC
WY, m=70 TRT%EBLCEITETTAZ LBbhb,

6. ¥ £

LKL RDRE DRI HERET 2 FIESRIZCHEIINTHIRODR, EFNVEED D OFRIFE
RN RS ST L EBREBERD 1 DTHBEEL b, LT, AFIETH, HEENIKLIER
LEK, ZRANKLEEZHETH S &L CAOBFKXBOESEBELS LTHLOEFVFEEOTIEE
BELK. ‘

BONTREZUTOBD ThH 5,

(1) $Eke FEHER, 7F—% LEFVOBSEOFBNHERBERONIBENE T & FNVEHE
' DIREE UTHSERSLT LA TRRBWTC &%, EfEE->TRLUIG

(2) HRKRXBOEEMEEFEL Lce FAVEMOFIEEZRERL, S8 Q10ELUL) ORRSHEeFVE
—BICEETEB XS ic L,

(3) BERKXBOEFHMOHEEICY 47 v 7 Fi (jackknife #:L bootstrap #) ZISA L, € 0D%E
B L 7 — 2 BHOBREERMNICGHE UEERE, EENRBTEEBRAEBOBE T — 2 0B 4,
Gumbel 7SR <, BRHMEM m=30 2R TR EHTERA TR D10%EEMUNICINE D, m=T0
TR7T%EEICETETTEZ bbb 7, ‘

F—Z DEBRDBPROEA, T, BREICKEOWHINEITHREL S - o4 H, KRR TERR LIRS

MEFNVOFEERRECPE b DEEZ D ARISBIFEREBULTCZOERBEERIELTY &

o

2 £ x W
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