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A BASIC STUDY ON FREQUENCY ANALYSIS OF
HYDROLOGIC DATA IN THE LAKE BIWA BASIN

By 7akuma TArAsAO, Kaoru TAKARA and Akira SHIMIZU

Synopsis

Frequency of hydrologic data in the Lake Biwa basin is analyzed with a graphical
fitting procedure which the authors improve (make more precise and more objective) using a

computer system with a graphic display. The accuracy of the improved procedure is discussed
in comparison with the solutions given by the maximum likelihood estimation method. Five
probability distributions with two parameters are fitted to the data and the most suitable distri-
bution for the variate concerned is selected by SLSC (Standard Least-Squares Criterion) which

is proposed in this study.
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a4) Table 1 Values of the denominator
of SLSC (Eq. 12).

N ORERSHHICHT B SLSC DS 50,09 —so.0| DA,
Table 1 Dk >ic’ 5,

Distribution Value
Normal 4. 66
Log-normal 4. 66
Exponential 4. 60
Gumbel 6.13

o613

Log-Gumbel

i

Table 2 SLSC values for the yearly precipitation of the Lake Biwa basin, for the

period 1912-1981 (70 years).

Plot. F.

Weibull
Hazen
Gringorten
Blom
Cunnane

Adamowski

Normal Log-normal Exponential
0. 01951 0. 02450 0. 07528
0. 02240 0. 02644 0. 08882
0.02191 0. 02629 0. 08664
0. 02144 0. 02588 0. 08451
0. 02148 0. 02569 0. 08530
0. 02060 0. 02544 0. 08096

Gumbel
0. 04243
0. 05165
0. 05011
0. 04863
0. 04918
0. 04619

Log-Gumbel
0. 05599
0. 06516
0. 06365
0. 06219
0. 06274
0. 05978

Table 3 SLSC values for the annual maxima of m-day precipitation of the Lake
Biwa basin, for the period 1912-1981 (70 years).

— 5 —

Precipitation Plot. F. Normal Log-normal Exponential Gumbel  Log-Gumbel
Weibull 0. 05886 0. 02294 0. 02642 0. 02134 0. 02846
Hazen 0. 06093 0. 02459 0. 03673 0. 02240 0.03724
1-day Gringorten 0. 06039 0. 02415 0. 03489 0. 02191 0.03573
(daily) Blom 0. 06020 0. 02392 0. 03316 0. 02156 0. 03428
Cunnane 0. 06054 0. 02411 0. 03380 0. 02167 0. 03482
Adamowski 0. 05946 0. 02329 0. 03041 0. 02123 0. 03195
Weibull 0. 05404 0. 02213 0. 03254 0. 01941 0. 03577
Hazen 0. 05572 0. 02482 0. 04037 0. 01829 0. 04399
2-day Gringorten 0. 05523 0. 02427 0. 03895 0. 01820 0. 04260
Blom 0. 05507 0. 02383 0.03763 ° 0.01823 0. 04127
Cunnane 0. 05545 0. 02405 0. 03812 0. 01820 0. 04177
Adamowski 0. 05448 0. 02298 0. 03555 0. 01850 0. 03910
Weibull 0. 04926 0. 01468 0. 03385 0. 01548 0. 03620
Hazen 0. 05189 0. 01872 0. 04638 0. 02214 0. 04589
3-day Gringorten 0. 05123 0. 01791 0. 04425 0. 02077 0. 04426
Blom 0. 05099 0. 01738 0. 04221 0. 01953 0. 04270
Cunnane 0. 05131 0. 01752 0. 04296 0. 01998 0. 04328
Adamowski 0. 05006 0. 01605 0. 03889 0. 01768 0.04013
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Fig. 2 Probability plotting of yearly precipitations (in mm) of the Lake Biwa basin, for the
period 1912-1981 (70 years), obtained by the Cunnane formula.
((a) normal distribution ; (b) log-normal distribution ; (c) exponential distribution ;
(d) Gumbel distribution ; (e) log-Gumbel distribution)
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EVSRERTEA SN P OTHERICHEL C LI 3, CCTIARAREENEKE U CEBERY:
BTHEE) IKE-T a » 2R 5, Wi Gumbel ZHOEHASFEK,

3.3 RAERELBLEDLE
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Table 3 [C4EBK m BEEARICOWVTO SLSC %R U, m=1,2,3 DX DEAS Gumbel 7D
SLSC 0. 2REDCEE LD, BRBOBEICENSHTHTHEEEL b, WRERSHOLEVELT
359 ThH%, Tabledicid, EMSH, WEEHSH, Gumbel 5375, ¥ Gumbel HICEILEZER
LIcBADBERHBAEEZR Ui, NREHAIHE Gumbel HHZMDOZODHHL D bR STEANH
EREOEZRLTEOESENSENTO B Ehtbh b, SLSC itk 5% Table 3 OfEHE & FRKOMEMER
LTW3, 3T, L BZE SLSC Offid, m=1,2 @& x| Gumbel 537503, m=3 D& & 3HHER
[EHBBNES B, —F, BAMEEER, m=1 0L &3 Gumbel 231, m=2,3 O & TP ERDIT
BOBIZAKEEHEEE 5, ZHEKROBEAICIZ, SLSC KX AHREMHMLEICLZThENRILS,
UL UIES, SLSC iio0THRBRE ICONTS, WMERIH L Gumbel H7FITE BITEWEE &
- TED, EBS5OHHOHES

Table 4 Maximum log-likelihood for the annual maxima

b Eﬁ%ﬁi sBCC ?X—G i% %o of m-day precipitation.
HEKXROBAP OIS - -
LBE LTAL S, WESS Precipitation } Normal Log-normal Gumbel  Log-Gumbel
B o A
#i, Gumbel HHDIBAHDY £ 1-day (daily) | —342.86 —334. 59 —334. 38* —335. 56
— v ) & F50, 100, 2004EiC 2-day —364. 45 —357. 36* —357. 54 —359. 05
FEMT B REE m HREAE & M 3-day ~373.30 —366.85%  —367.03 —369. 37

RIEEEE LCBEAEICOHT * denotes the maximum value for the variate,
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Table 5 Estimated values of annual maxima of m-day precipitation for particular
return periods (in mm).

‘ ’ Log-normal Gumbel
L Estimation
Precipitation ‘ method Return period (years) Return period (years)
! 50 100 200 50 100 200
l Weibull 179. 2 197.6 215.7 184.6 203.9 223.0
Hazen 173.8 190. 8 207.5 178.8 196. 9 215.0
Gringorten 174.5 191. 7 208.6 179.6 197.9 216.1
1-d:aly Blom 175.2 1926 209.6 180.5  198.9  217.2
(daily) Cunnane 175.0 1924 209.3 181 1985  216.8
] Adamowski 176.7 194.5 211.9 181.9 200. 6 219-3
MLE 172.7 189.5 205.9 170.9 187.5 204.1
| Weibull 245.1 271.5 297. 4 248.5 274.7 300- 7
Hazen 237.5 261.9 285.8 240.5 265. 1 289.6
Gringorten 238.5 263- 2 287. 4 241.6 266. 4 291.2
2-day Blom 230.5  264.4  288.8 242.8  267.8  292.7
Cunnane 239.2 264. 1 288.4 242.4 267.3 292.1
Adamowski 241.6 267.0 292.0 244.8 270.2 295.6
MLE 236.0 260.0 282.2 233.2 256. 4 279.6
Weibull 279. 4 309.5 339.3 281.9 311.5 341.0
Hazen 270.7 298.7 326.1 273.3 301.3 329.2
Gringorten 271.8 300. 1 327.8 274.5 302. 7 330.8
3-day Blom 272.9 301.5 329.5 275.7 304.1 332.5
Cunnane 272.6 3011 329.0 275.3 303.6 331.8
Adamowski 275.3 304.5 333.1 277.9 306. 8 335.5
MLE 269. 6 297.3 324.4 267.2 294.0 320.8

kT Table 5 TR L1z, 273, COFELHIERRTIIHKEARS 190 mm F2F, “HREKEDS 260
mm ZE, =HBKEHS 30mm BETHSZ EEERDNLE, RRAMEEREBAELE OB TRITEDSN
BRECHOEEEL B0 HIERHT & Gumbel HHMFABED BAFHEEEFL ShicL s, RS
NARESRKICERIE, Gumbel 5375 (MRHELE) OBAPROAEL, UT, WNHESRSH ERHEER,
WEEEAT (BB, Gumbel 47 (BAl) OEIC/NE LT, IRERMBNTE, K
RfEEE L BLH:EORD SNARRACROMEDED, Gumbel FHOHALD &/MEW, 62070y
Fuvs e KV a vARERNRDE, Weibull AR, #RBSVDBOUTOS & SIC, RERMOHERKI
B257 3, 37, MREHESHEE Gumbel 57 E B Sicxt LT Hazen ARMBBAEICE HOHERK
XBEEZ %o

Fig. 3, 4 [t7 0y b 2R LI, EREIBN_RETROLEMR, BRIIEEEIC X D RO SHER
ThHs, Fig.3 T, 6207 0w F 47+ KYYa vAROTMEE bEX 5 Weibull A (ERORD
Hazen AR & BT, i Gumbel S7DHE4A, Table 5 RSN 5 &ED, Weibull ARZH NN
REEEOBIBEREOZWEDBORIZZT EMbh 5, D4 20ARKEE 70y Md, TOHED
EEIE b D &85, Fig 4 Ci3"HE KR, ZHRKE®D Hazen 2RI L E 70 v FERT,
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Fig. 3 Probability plotting of annual maxima of daily precipitations (in mm) of the Lake
Biwa basin, for the period 1912-1981 (70 years), obtained by
the Weibull formula ((2) log-normal distribution; (b) Gumbel distribution) and
the Hazen formula ((c) log-normal distribution ; (d) Gumbel distribution).

4. BKBELURABOEEDR

EEHRRE10HOMATIR (BLOCK 1~7, BIWA-1~3, JigispElid Fig. 1 2R&) wwopd, &iEn
HROEBEERKR L EREEHIC X DR Ui, WERAROINCIAIOBNFOEER . #
BAKD BV BEEMEROE - JREKRICOVT RAHEEHEEERA L, SLSC ZRdt, £NEhBvh
D SLSC %% 4K ERE L Table 6 ([CEE L, ZOFENPS, BKBOFHY « BEEHE~2,
F72, 4 2TRAEABRIOVTOEBORHM 21T 5, Table 6 ik T, *HNZ 0.03sSL5C<0.04 THB
z&, THLLHEAEIPULT L TATROCEARLTEY, ML 0.04SSLSC THEZ L, T
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Fig. 4 Probability plotting of annual maxima of 2- and 3-day precipitations (in mm) of the
Lake Biwa basin, for the period 1912-1981 (70 years), obtained by the Hazen formula.
((2) log-normal distribution and (b) Gumbel distribution for 2-day precipitation ;
(c) log-normal distribution and (d) Gumbel distribution for 3-day precipitation)

BHhEBAEBELMMOAHHOSTROHEZR LZTNIE SRV EERLTO S,

4.1 BKEROFHHE - HEECDOT

Q) HEAEROEKE DL

EEMRBAKO ABKRBICOWTENED SLSC Z2RY1z, Hazen ARERVIHAD SLSC %
Table 7 {t77T, SLSC higkb/N& {12 357745 Table 6 O Fh 5 2 BRHICREINT VS, 1, 3AD
ARBAKEIZERS, 2, 128 RRSERMRCRE, £0MOARKE Gumbel SHICHES ELTX
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Table 6 The most suitable probability distributions for the areal precipitations and the inflows.

Basins | Vearly| Jan Feb  Mar Apr May Jun Jul Aug Sep Oct Nov Dec

BLOCK 1 N G G* N G G G N* G G G N N
BLOCK 2 N G LN N G G G G G LN*LN G N
BLOCK 3 N N LN N LN ¢ G 6 G G LN G LN
BLOCK 4| LN | E LN® LN LN G N* G+ G G G LN LN
BLOCK 5| LN | LN N G G G G G G G LN*N LN

Areal  |procK6| LN N G N*¥ G N* LN G E+*LN LN G G*

precipi-

tation BLOCK7|, N | G LN g LN LN LN G*LN G* G N G
BIWA-1 N* G G N G G G N* G G* G N N
BIWA-2 LN G* LN G* G* LN G* G* G G G N* G
BIWA-3 | LN | N N G G G GG G G G N G
Wholebasin] N ! N LN N G G G G* G G G G*LN

Inflow N | N* LN»* N LN LN* E* G G* G* LN* N N**

) N : Normal, LN: Log-normal, E: Exponential, G: Gumbel;
* indicates 0. 03<SLSC<0. 04, ** indicates 0. 04<.SLSC

Ve 722U, 7, 11BRD UBAENSEN (ZhZh SLSC=0.03247,0.03172; Table ), XF L 20l
N ETRIDEINEL S,

(2) AERIKEOHRY:

BLOCK 1,2,3,7, BIWA-1 O4ERKRIZEHS%ic, BLOCK 4,5,6, BIWA-2, 3 |3 3EH 7 ICRE
35, D% b CNIZEEMREL, BKRORES MIBEOHRICE - T, BILKZAZINE T EERLTN S,
W S M TEMAKROBEDIHSPICRRLE LI TH 5,

(3) HEEk&E

Gumbel SFEASEAT BBAMEARV LA LD, Z20REAEDBAICEOT SLSC (30 2HI%OHEE
FLTHBD, PEOEARRENEEL S, BLOCK 4 & BLOCK 7 © 2 HRE/ND SLSC 550. 0420 E
(HED DT LEAENPE D ED - oo BOMEHDOSTRDERAZBESSH 5, *H (0.0355LSC
<0.04) bHEING, CABIKDOOTHMONHHOHTRHERSBIZHHNBE LOBRHTERR

Table 7 SLSC values for the monthly precipitation obtained by the Hazen formula.

Month Normal Log-normal  Exponential Gumbel Log-Gumbel
Jan 0. 01575 0. 04093 0. 08709 0. 04817 0. 08149
Feb 0. 04172 0. 02023 0. 05960 0. 02828 0. 05240
Mar 0. 02720 0. 03215 0. 04878 0. 03103 0. 06978
Apr 0. 04582 0. 02936 0. 05886 0. 02818 0. 06075
May 0. 03707 0. 02620 0. 05845 0. 02256 0. 06685
Jun ; 0. 03921 0. 03146 0. 05728 0. 02838 0. 07276
Jul 0. 03917 0. 04149 0. 06418 0. 03247 0. 08239
Aug 0. 05348 0. 04098 0. 04112 0. 01685 0. 07625
Sep 0. 04568 0. 03077 0. 05392 0. 02462 0. 07156
Oct 0. 05462 0. 02016 0- 04193 0. 01863 0. 05875
Nov 0. 03232 0. 04240 0. 06695 0. 03172 0. 07843
Dec 0. 03621 0. 02651 0. 06380 0. 02775 0. 06433

— 11 —



168

AP R FBTEEHR,

%205 B-2 W61, 4 (1986)

NORMAL PROBABILITY PAPER
HAZEN FORMULA

0,999 4
0.99 1
0.95 1

0.9 1
0.8

0.5 1

PROBABILITY

0.2
0.1
0.05 4

0.01 1

0.001 4

S

0 100

1Y) 139,281
SIGMA =36.3156

X)=139.275
=36.1450

MEAN(
SD(X)

NO, DATA=70.
SLSC=0.01575
MSE_=0.00538

150 200
MONTHLY RAINFALL JAN.

250

T
N
‘31VINVA 030003y

13

-2

L-3

GUMBEL. PRCBABILITY PAPER
HAZEN FORMULA

0.999 9§

PROBABILITY
o

NDATA=70,
4 SLSC~0.02383

¥] -178.726
ALPHA=0. 012885

[} 178,701

ALPHA=0Q. 012645
(BY THIS LINE)

(b)

o
[
MSE_=0.02134
100 200 300 400 SO0
MONTHLY RAINFALL JUN.

T
»
‘AUVINVA 030N03Y

T
N

T
=3
s

L-2

Fig. 5 Probability plotting of monthly precipitations (in mm) of the Lake Biwa basin, for
the period 1912-1981 (70 years), obtained by the Hazen formula.

VW (Foy b EADSERECYEATNEESERELEN) BEOHEAETHS, Fig. 5 K1HL6B0H

((a) normal distribution for the precipitations in January ;
for the precipitations in June)

BAKEDZw y bEIRLIC, ZNORBEEDLVHITH S,

R, 28R - FBAHHRICBNT, FAOBERROSHRIENENELY, A—OSHHEE—HICH

BTERNT EZREL TS,
4.2 FRARIZDONOT

FERAR - ARARICHT Z SLSC % Table 8 |cRT, 3, 4, 7, UARBEEESLVY, B/ND
SLSC ZBZ AHMITTHTNER, MEEH, Gumbel, EHEVSSIHIKCRED, 2, 5, 1I2A0HE
BREL (0.04SSLSC), MOSHHELEET ILENHE. 1, 6, 8, 9, 0HEDED KB, E

(b) Gumbel distribution

Table 8 SLSC values for the monthly and yearly inflow obtained by the Hazen formula.

Month Normal Log-normal  Exponential Gumbel Log-Gumbel
Jan 0. 03239 0. 05274 0. 08943 0. 05287 0. 08682
Feb 0. 08187 0. 04382 0. 05219 0. 04915 0. 04619
Mar 0. 02647 0. 03185 0. 06930 0. 03169 0. 06949
Apr 0. 04920 0. 02195 0. 05469 0.02711 0. 04853
May 0. 12015 0. 06487 0. 09801 0. 09707 0. 08438
Jun 0. 08945 0. 03482 0. 03281 0. 04743 0. 05627
Jul 0. 03757 0. 04542 0. 05804 0. 02414 0. 08313
Aug 0. 07582 0. 04093 0. 04009 0. 03839 0. 07549
Sep 0. 05751 0. 03380 0. 05102 0. 03292 0. 06331
Oct 0.07780 0. 03117 0. 03943 0. 03970 0. 06102
Nov 0-02324 0. 05083 0. 08231 0. 04451 0. 08863
Dec 0. 04239 0. 09014 0.11725 0. 08023 0. 12102

Yearly 0. 03167 0. 03578 0. 07142 0. 03643 0. 06543
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Fig. 6 Probability plotting of montwly inflows (in m?) of the Lake Biwa basin, for the
period 1914-1974 (61 years), obtained by the Hazen formula.
((a) exponential distribution and (b) log-normal distribution for the inflows in June)
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