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A STUDY ON STATISTICAL CHARACTERISTICS OF TIME
DISTRIBUTION OF AREAL AVERAGE RAINFALL

——On the Maximum Distribution Rates to Any Sub-Period—

By Kunio Tomosuct

Synopsis

Because of application purpose such as more effective use of forecasted rainfall depth in flood
control by reservoir or examination of safety of design rainfall depth in water planning against
floods, the author has studied probability distributions of the maximum distribution rate of rainfall
to any sub-period in 2 fixed period by analysis of point rainfall data and simple mathematical model
(random distribution model). But, it is better for such application purpose as above mentioned
to know those of areal average rainfail.

In this paper, under the asumption that areal average rainfall is given by simple mean of point
rainfalls, degrees of effect upon statistical characteristics of the maximum distribution rates to
any sub-period by areal average are mathematically and semi-empirically examined in relation
with number of points and cross-correlation coefficient of hourly rainfalls.

The most interesting and important result is that if cross-correlation coefficient is larger than
about 0.8, the effects by areal average are almost negligible.
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Fig. 2. Hourly rainfall records at the five points shown in Fig. 1 through the seven days of September,
1976.

Table 1. Simple cross-correlation coefficients of hourly rainfalls shown in Fig. 2.

L

period ® | ® ® o \ ® ® @ @ whole
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% | be 0.269 | 0732 | 0302 | 0005 | 0010 | 0705 | 0.104 | 0.388
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£ | cd | —0212 | 0448 | 0412 | —0054 | 0267 | 0659 | —0.096 | 0.395
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S | de 0874 | 0696 | 0.893 | 0704 | 0479 | 0720 | 0840 | 0.737
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Fig. 4. Variation of probability density function of £, by number of points, N, and comparison between

theoretical (Eq. (14)) and simulated one.
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Fig. 6. Examples of variation of probability density functions of the maximum distribution rates to any

serial [ time units by N.
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el A E n,y OFHBETRD L, 2HETFET
ZOBETROKBREED L7 L) BC LS A nmt2
EHRL T WL Bbh 3, 281
3.2 —MAORIEMEENCHEBEDICE
FARMRRET & (C K BRE ; \
(1) LUBAABOHE ”’[' \\ N
TR EMBHERI, TBREATE AR f\\\,
TS A EERRRRO 5 B, BRER 40N
Ko THE - BASDELORSMBLE N \\\*’ T
=800 DI2BFRIMM IR T, WIRII319064F~1969 \\\;\ >~ ~.
ETHB, TOMBMKE, 2HHL LT 2 AN NN
e BHON%THO™E LT, BHSEEEs12 .\:%QQ;\.::\.\_\'
WERILL E24BF IR D 513, 12RERIF RS .E\Q:EZSZQE::S::::
BREEZHMMO LD, 2B ML EBET 2 4 T e
DB, TEBEDE OIZRMBRASESR of e T
BESICLEADTHLY, EO5 5, 1REE 3 . T
TR - Y o BRM2EIL LS DL, BF N s 0

#8 10mm L FOIORBAL T2, COR
EOBDREER, hOMAITE b TREW,
MR BT 5720, HERRO®RE

Fig. 9. Relations between coefficient of variation

of y, and N.

ERHAT L L0 BRURADT, $CEROERRIKRELZHNEESHOT, 2T TR, 2ERBRLX
SR, CORBMAORRIE, ORMFEMA THEME I L RAMSOREBRRNERESE, HHEOE
RRRKRABROK ML, Tho0 2 FHRROEN LOZORESHMBHLE LOL S ZHRKIT

H5PBRHFLEI EVIDITH S,




148 KIS O TR 21 55 B2 (Wi 53. 4)

(2) FEBNORALLHE

wE, FEL MBSl EL, REBEERESCLIHEADELHAE2E LT, HiEOBHHE
RIE (), BEBEOIOR {ry.); &35, CCIT, tIIBET, t=1,2,..,12Thb, j BAHNEST,
7=1,2,., Ns (N;=800) TH 2, UFTCDRBFITHE- THIUT %,

%%, Otype LA TH D THBH, Thid, BROKN L ETIEL30 (O, BEOKNIIZ
ZDEET, BHBEL2 TR0 (02), 2LT, AHRAETRBCITA-7230 (03) THY,
RTEDRE, ThFRUTOESIZEIDTH %0

Ot {1y, J = {ra,1amdy oovremerrreo e (26)
O2: {15, } ;=T 0} wamg1 cooreree s 27)
OB3: {rg  J={Tu, tamed yamget soorresrs et (28)

DER, Ttype LATHRIDOTH M, CRIEIBEYTSL, POBRFRESELLLIDT, ¥5
THMv=1,2341ck-T, T1,T2, T3, T4 L EbT. RTCELRHEOEDLSTH 5,
Tu: {rg, };=1{r1, 00} (for 1=1,2,.,12—) } ................................. (29)
={r1 toersl;  (or t=11—v, 10—y, 12)
39 —2i3, M-type L A3 DT, Thid,

2 . Fig. 10 (CR+ & 5 % 6 MEOWEM 5%+ 5 M w.
A THBFRICH L L OT, TORUOEM w, (=1,
i '.‘6-,' 2,0tk -, ML, M2, , M6 LEbT, T4hbdB5,
,", y My: fry o }y={w, Fr o}y (30)

1k q ,_',-'_W_'.‘_g 4 EUTRESELDITHS.
- ’\,5\;/5\‘.,\:,/ ! PED &3 L TR e HEBRHOMKI RO
3 % S BWE, RENA (KY) 0L0LE bIRLEDN
= e N Table 2 THs, L2KMHROTHIE R, MERE
e RN Sn, BREROTLME 7, BEEE S, WRENE
0 w, 1 2 OEHME 2, BHEE S B, O-type LU T-type

DOHE, (260~(29) R& Y HRFEMIBAD S O ITH
L, 2 i3 M-type D3 D 3% LK, 0.0833 TdH3
A, THhIZIFT /1214, 2hiE5 V& ARG =
FARBIIRANMEFETH 2. k5, AEFriB0s 2 ORBRERER JG—1/(+1)/n T, n=12
DFEFTNE, ¥0.0767 TH b, 17, HFBEDOIORMT2HERKITO>VWTIE, L2EMHEROIO
erid, Ol BX U T-type 13 (26), (29) KLV UMK 1ITEY, 7 02 BL(K 03 BADCHEITE-> T
2012, BHRO{EARGY, EZ R OKEVIARE > T e HTH b, BEHEAROHBERYE o 2t 02,
03 DBARARE> T30 ABEFEATSYD, 27z, T-type DBE, FoTHM Y BREVIFEN
El%-Twi0R, HOHERROUE*RBRLTVWEEEIONS, &%, 230 (2) Tl~LLIK
or b p: R—BIR—H LAV, ChoOBEERAS~NTA2 L, Fig 11 ZR+&51C, 02,03 2RI,
BIZERBRKIZE > T 5,

(3) HRLER

Y, MERKESLOBHMIO LBO 2 HAEHT X 2ELOHE LT, o 50 10EIZHED
Bex -7 TL OBE %R+, Fig 1213, HEH (b 1) OEERARSR v, O (), KA
W (BE2) O3 Dy, O (—EPR) BRUTBEOFHBROLO 7 O4 %, I=1,2 BX
U6 (hr) DBARDNTRLEIDTH B, 7L, I=1 DA, 29 KD SWOHLELIK, 0%
RS, 2/ /=26 OBERELY, Z0ERIDLTHLTHE, COBE, FHLIZE-T,
7 ODHFHMRENMRY, TORDFOBER I BREL ABIEZO2WTNEL k-Tnb, ZOTER, ZTO

Fig. 10. Probability density functions of ran-
dom multiplier.

— 12 —



RAS ¢ WRCT- Y ME T O R B A DR RO PE ICBE S B BEJE 149

Table 2. Statistical values of 12-hour-rainfalls observed at Kyoto (KY) and generated by
the several types of operations to Kyoto’s. Bar means average, and § is standard
deviation. p is cross-correlation with Kyoto’s.

T 12-Hour-Rainfall R (mm) | Hourly Rainfalls 7 (mm) Distribution Rate z
c - — - = SRR e E— —
R S | ee 7 | S | e z | s | p
(KY) 35.0 25.2 — 2.91 4.01 | . - 0.0833 0.0799 —
O1 35.0 25.2 1.000 2.91 4.01 0.231 | 0.0833 0.0799 A —0.075
02 35.0 252 | —0.528 2.91 4.01 —0.135 | 0.0833 0.0799 0.028
03 35.0 252 ! —0.528 2.91 4.01 —0.135 | 0.0833 0.0799 0.020
Tl . 350 252 1.000 2.91 4.01 0.474 | 0.0833 | 0.0799 0.286
T2 i 350 25.2 1.000 2.91 4.01 0.268 | 0.0833 - 0.0799 | —0.028
T3 | 350 25.2 1.000 291 401 0.146 | 0.0833 : 0.0799 | —0.161
T4 1 350 25.2 1.000 291 | 4.01 0.120 | 0.0833 | 0.0799 | —0.221
Ml | 352 278 0933 2.93 i 4.97 0.812 | 0.0833 | 0.0970 0.772
M2 | 351 260 . 0.982 292 | 427 0.941 | 0.0833 ' 0.0838 0.939
M3 | 468 35.2 } 0.973 390 585 0.918 | 0.0833 ' 0.0865 0.904
M4 235 © 192 0.907 196 | 3.63 0.748 | 0.0833 ' 0.1029 0.717
M5 35.2 : 26.8 0965 2.93 4.54 0.892  0.0833 i 0.0882 0.882
- M6 351 | 258 0991 | 292 4.16 ; 0.969 ' 0.0833 00818 0.969
r M6 '
o b M2 /"‘."’
2 g——y )
M5 o
M1—— ¢ M3 |
3 0,
, L
i s |
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Fig. 11. Relation between p, and p, in Table 2. Fig. 12. Examples of variation of accumulated dis-

tributions of the maximum distribution
rates to any serial [ hours in 12-hour-rain-
fall by areal average.
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Fig. 13. Examples of variation of expected values of the maximum distribution rates to any serial
{ hours in 12-hour-rainfall by areal average.
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Fig. 14. Relations between the degree of effect by areal average, Eq. (31) and cross-correlation coeffi-
cient of hourly rainfalls.
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