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A STUDY ON STATISTICAL STRUCTURE OF TIME
DISTRIBUTION OF RAINFALL

——Characteristics of Probability Distributions of the Distribution Rates of Rainfall—

By Kunio Tomosuct

Synopsis

As a method to research for statistical structure of time distribution of rainfall, the author
has studied theoretically and empirically on probability distributions of several kinds of
distribution rate of rainfall, because of application purpose such as more effective use of
forecasted rainfall amount in flood control or examination of safety of design rainfall
amount in water planning against floods.

In this paper, the following items, which were not examined or not sufficiently done in
the former studies, are examined mainly through analyses of 12-hour-rainfall data of rec-
ording unit 1 hour observed at 6 points in the Kinki District: (1) Degrees of difference of
probability distributions or averages of the maximum distribution rate (a) to 1 hour and
(b) to any sub-period of integer hours by observation points, (2) the same by classes of
rainfall magnitude. (3) Statistical characteristics of time distribution in the sub-periods to
which the maximum rainfall is distributed. (4) Degrees of difference between averages of
the maximum distribution rates to any sub-period which can be estimated from rainfall data
of recording unit 1 hour and those which would be obtained from instantaneous rainfall
records.

The results corresponding to the above items are roughly as follows: (1) The maximum
difference is 11% about averages of (a) and 6% about those of (b). (2) The same is 20%
and 9%, respectively. (3) Degree of concentration into short time is considerably less than
the case of pure random process. (4) Ratio of the latter to the former will be 1.1~1.2 for
sub-period of 1 hour, but become nearly equal to 1.0 when the sub-period is longer than
3~4 hours.
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Table 1 Outline of rainfall data. Classification by rainfall magnitude
Ry, is done as follows: Large; Ry;>40mm, Middle; 20< R, <
40mm, Small; 0<R;;<20mm.

Numbers of Data (ND)
Observation Sa.mpling 12-Hour-Rainfall
24-Hour
Points Periods Classes of Magnitude
All -Rainfall
Large Middle Small
KYOTO 1960~ o 881 232 321 328 145
UENO 137~ o | 476 130 169 177 76
KUROTSU | 1931~ 458 138 147 173 91
KURODA 1950~ o 307 88 86 133 67
NABARI e 0s0 | 240 73 89 78 37
OHGAWARA | 1950~ 0 140 63 ) 35 17
Total 2502 724 854 924 433
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Fig.2. Comparison of z(1,£) by the Fig.3. Comparison of £;(1,#) by the
observation points. x,(1,¢) rep- classes of rainfall magnitude,
resents the maximum distribu- without distinction of observa-
tion rate to 1 hour in the ma- tion points.

ximum ¢-hour-rainfall of 12-
hour-rainfall of which recording
unit is 1 hour, and bar means
the average value.
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Fig.4. Comparison of #,(1,#) by the classes of rainfall magnitude at each observati-
on point.
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Fig.5. An example of comparison between distributions of x((1,#) by the classes of
rainfall magnitude, with the theoretical distribution f,(x1) (n=t/1) given by

Eq.(3).
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Fig.7. Comparisons of 3;(1,2) by the classes of rainfall magnitude at each observation
point.
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S, I=1 DFEERNT, 28K, FHHOFPEREL Y 2rh b (ZLKHEORESR, 2HL)
KELAR-TnB, Thid, R{1,12) OMEEMBESHRIIVCHLES, Vbbb FATARN
TLRRLTEDY, COTLRLGCTA S AMMOBRENOEREY LREETH S, AP, RREBETE
LDTRERAENY, 7(1,12) & E(n) '=12/1) &3, @RCFFIGENEEZRLTREZLILRS,
~%, t=6(hr) OHFEHE, #c, 3(1,6) OFH, E, () #=6) LbhK&pHrArY, »oHER I=1
(hr) LIAAD LT AT, 2BCHAEDIL—HKLTEY, C—IffE2BWT, BREFVFLCES RS
CERRLTWENMICRL B,

k@, PHEOHRTHELDTHY, FHBTHERTHELERDS 5, ¥F, t=12(hr) OBLED 1
#le LT, Fig.8 277, MAERTRLAD DX, FHEOWEHEZERLAVIOD »(1,12) ©
0.025% ¥HDOERHHT, FHEAEICELZISCLTHE, KnikfHs 8 RTr=122LTE L b h
3y OE@mNM ge(y) T, y<l20 b CAHRERRPBOLATHANDOTRL TV, ¥k, KnE

=1 hr.
(n'=12)

KYOTO,ALL

Observed
-———£q.(8)(n=12)
——=£q.(3)(n=n")

Fig.8. An example of comparison between observed distribution of y,(1,12) and the
theoretical one g,(y;) given by Eq.(8) as n=12, with the theoretical distrib-
ution f, (%) given by Eq.(3) as n=#'=12/l.
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51 =1 hr. 5L KYOTO,ALL
Observed
Theoretical 1=2 hr.
(n=6) L

0 1 el 0 L L 5 |
Y ¥, 0.5 1 ] ¥, 1
SL 5L
=3 hr. =4 hr.

o -

) ;{D
o [ -

lP).S Y 1 %5 Y 1 %

3 0

Fig.9. An example of comparison between observed distribution of y;(1,6) and the
theoretical one g,(y;) for n=6.

B, AEEETSZIOTERCYE, n=n'=12/l L LT, (B) RCELLAD x DERITE fulx) C
H3, ek, » HEREAD 1=1,2,3,4,6(hr) OBEETLTHEH, WFhOBETH fule) O
B2 ge(y) X0d, ERDODDIGERT LXK, FEEDOHTHLIERIL O URTHE B, =6(n'=2)
DHFEEBNT, fulx) BXOHRCBWTIEAIHICIHERC L LTV T L REKEN, LHLL
DEHRICOWTHR, BEDLTH I HbA W,

DFK, t=6(hr) OBEOFTHHO 1HE L, Fig.9 %573, MnEHS, REONEHAHLER
LAEWDDD R,{1,6,12} »bBbhi 3(1,6) D0.025% XHDEHSHT, LRV EEA1C A3 X
SLTHD, KERE n=6 OFED y OERGH g(y) T, THRFELLBLATVEY, TD
&b, l=1(hr) DHDEBRNT, FROVDLEHRODD LR, HHMRI PR L LTWEE, §f
Hhe N nHICRE EEARL LIS,

BEDkSic, R{1,12} OB, EMESBERMELVSRIKEDTH»2DIC, R.{1,6,12) ©
BACE, RCEREOHELBCAEDLETEY, 5D, | BPhEnETAUNEEDEEZDTME
BoTnd, CDTLHLDOEDIS AT LRI LD, Thbb, C—7EHD6HECRSSNETE
&, M7V LEBECHL TRV ERTIEACDEH, 20 BEAOTEES X, Wic, BHEHR
BL, BARSRDOLTATHONERLALL, HEENDICLEZRLTwER, 6BEANDI~4
HI~DHEFER, MIVFLEBRLELTCENBRESLANEVS T L THS,

T T TR, t=6(hr) O HEEBEMRBHOREL LRI L2, ZORHEOBMTY BEREDOER
Y, %7, oML, WEHEHNCOWTIBEDEC ZDh, THHCREABOKRELRY, FED
RRES O BHAKR L EL bRS,
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4. EFRAESEOFAICHT 5HMESORMELORRORE

HEBARSRE, FERIROEHTY, KAL—ZFRAAIDOTHD, LTHH, 3.2 K EWTH
BRAESBELTROLNLb DR, | BEBNOBRFERCESWCBLRELDTHY, Thik 18
BT EREEHINHBEHRCBLTRATHEICTEAR, TAbL, HORKIKEGER, KBH
SORBBABMEO L R LHTHETE 20T, | HEREOEFECREDHEL b —fic/) X < FHE
+rCECED,

TTTR, TOMPNHMOREI TN EOREH»ZMBECL, UTRRR3BERENCET L wbids
BFHEEZb - T, ChEEETI 2L, ZOFEEZEELT, EALEOREOHRMENOBRTNIE
PoHRDEBHEHD L HICOWTRILES & 5 2BRRNERDTH T,

4.1 1BMEGORRICEI (RS

CCCREONSE LBIENERR 1 BHBLZOD DG TH D, Ld-T, KEEMOMELEE
FORZCLETELOR, BFHEEMZ IREI VL Chs2BERTTH 3, T A dL, RRIEM1
(hr.) OFEFEERY, FFREA u=23, ., (hr) OEFLHAL, ThEN 3w, T) 2 RKD2CT Lk
5T, D 4 KX BTDEARIEIEBT L LB TES, COEAEYIC u 5 1(hr) X I wH~LE
BLTHUEEMObDORLEBLNE THLSbDEHELLS L nibTth3,

TTTR, 3.1 Th~7 128 & 24BN RS LT3, LT, 1@ T) © uick 354k
E¥BBTLDCES L & u LOBAERELD L, T=12(hr) OBE, 1=2 221100 L& u=1 2,
I=3%7@390 % u=1 & 3, I=4 %G 8D & & u=1 1°E ________ ;t wh. (9
2 BRU A I=6mrE R um] 23 BEUGLAD, B S——

T=24(hr) OBER, 1=2,10,14 $hB320e % u=13 o ——
b=

2, 1=3,9,15 72D ek u=12 3, I=4 $7cR200: Sl —
¥ u=1,25k0F4, I=6 £2@180% ¥ u=1,23 F & -
W6 I=8 73160t % u=1,24 XU 8 Z LT,
=120t & u=1,2,3,4,6 & XU12:%h, THTFRT H KYOT0 (ALL)
THHT L HEDIB, T S O
PEDEFEBELCOWT 51w, T) & u & O HBEERD
RERD 161% Fig. 10(a) KR ¥, Thiz, HMPOWE
BEEER LAY T=12(hr) OHETH 3 25, | CHK
T2 u 832 EBBLDEDONT, 71w 12) & u &3
RITEMBERICHZ T PN, CLRBFEANY, D
TLRMDTRTOEETLHbNEDT, | KHIET? u
B2OL NI OLERBERILCHZLL, Xbic—KiC,
y(uT) b u TERBRCHZ LEETIC LTS, T
3L, TOEHEEE | KonT, u=0 DB CEREL, X
B30 T) Z2ROIE, ThBECERDISLLTWED
Db, LL, i ETOH Tk, =23,

1.0

KYOTO (ALL)

©
3
T

h(u,12)

90 1 l | Il 1
. . 0 ulhr) 1 2 5 [
46898 X0 10(hr) DBELHRDL T LHRTEAVEL  Fig. 10r An example of effects of reco-

O, Xh—fmic, | OEZEGEERL LT MO RLD X rding unit u(hr.) on the values

» P 1 which can be estimated. (a)

s 'é PIOEDESRT EE T >0 Relation between 7;(u, T') and

¥, u=1(br) b0 5., T) €35 5 T) ® u. (b) Relation between h;,;
Hx (u, T) (Eq.(10)) and wu.
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2
.2 (b)
(a) 1 T=24hr.
1 r=12hr. C
' L ALL,ALL
o KYOTO,ALL - (¥D=433)
- (#D=881) -05-
.05} -
=L &
0
01}
01 r
r 005}
5 [ - ) 1 | 41111 =
-00 A CT0 I SR
.003 L [ S B B | 1
i(hr.) 5 10 20

Fig.11. Examples of relation between I(hr.) and S(I). Where, S{) is the absolute
value of inclination of straight line which is fitted to the relation between
hyy(u, T) and u. (a) is the case of Fig.10, and (b) is the case of T=24(hr.)
shown in Table 1.

g, T)=56, TY/5:(L,T) s (10)
EX, O u CX3E(RBES (k¥ Thid, FHEOLTHEH, HOFHEICHLEELAE
£5%\0), Fig. 10(b) i3, (@) DHPED hy(w, T) & u OBFERTH 5, 7w T) & v LHFEREHE
BBARICH B i), UK, ki@ T) & u OBMRD ERRICAS, £CC, A, ChbRERBRIC
B3 EHEEL, | 257 21— 2 LT LBEROAROHRHEER SU) 2 Fnd, ThbOERH,

b, T)==SO@—-D+1 e a1
LERbEND,

Li#sT, I & SU) o—BHAEREYEREL WD T, 200K, Thb2BAHEKELCT 2y
FLTH%GA, Fig. 11(a), (b) THY, (a) & Fig. 10 tALHEOH D, (b) 1k T=24(hr.) O
A, MEEMZZELAVWERADOIDOTHS, ThODOE P b 1 & SO BRFMEHECIRIEERBRIC
HBHTLHBHY, HOFEIRRTH o7, XL T,

Sy=pgl= e (12)
LEDLENB LEET S, CCK, a f RELEH, FBORSLRDLNIEROARLDOHENE B
U =1 Ol DX EEEDLTERTH Y, Table 2 KMHDOBEIEHTERLDOERZRLTEL,
o (12) k% 11) RefRAL, u=0 ¢Thid,

hp0, TY=p0"+1 e (13)
Thabb, (10) Xk,
510, T)=(Bel-a+1) 5, (1, T) s 14)
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Table 2. Estimated values of a and g in Eq.(12).

T(hr) | Observation | Clagees « 2
All 1.23 0.17
KYOTO Large 1.24 0.18
Middle 1.24 0,18
Small 1.20 0.16
All 1.35 0.17
UENO Large 1.33 0.19
Middle 1.39 0.18
Small 1.20 0.13

All 1.16 0.15
KUROTSU Large 1.26 0.19
Middle 1. 15 0.13
12 Small 1.28 0.17
All 1.26 0.17

KURODA Large 1.21 0.16
Middle 1.19 0.14

Small 1.23 0.17

All 1.42 0.21

NABARI Large 1.20 0.15
Middle 1.34 0.19
Small 1. 56 0.23
All 1.12 0.13
OHGAWARA Large 1.11 0.14
Middle 1.13 0.15
Small 1.26 0.13
24 All All 1.08 0.14

tWnSEREBLNE, ThE, BRHECOBRRIESLVBLNS | BHERRAR S ROTREMER, 15
BIRED S DHLBOoNEBDD (Bl*+1) ETHELLERLT RS, Table 2 KRLAL X 5, a
EhETH LIREDHE, B 130.13~0.230/ETH 5 »b, I=1(hr) Ogar, 50, T) & (1, T)
DL1B~1. 2345 L h k&, I=2(hr) DBAETH, 1.06~1.10f52% Y, IEHELEEL 3 OHRY
it l=152w@20r) €onT R{1,12} © R{1,24} » okD2 Lph ) DBEERDD T & ERIRL
T3, Lirl, I=3~4(hr) Pllickd e, B daidpxiky, R{1,12} £ R{1,24} » b R
HTHRIETHTHE L ELLND,

4.2 EROMMEMORFICEICES

zzcik, FROFERXEERLT, EREFOEEOBMBZORERLEMI 2RHLBX 5, £F8
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DEMBEOEEILBLNETHS5 71w, T) & 70, T) Dk H)—BHERBXERDTHi,
T ke u k 3@ T) EFERERCDE LEETSE,
Ju(, T)=—aeutb; s 15)
LERbHD, TTI, a, b i3l KX > TREDERTHE, 2 ¥ i, 4.1 TRk u=1(hr) ZHEHELL
T, hip(e, T) BExIH, TD 1(hr) Ohbh C—ROIC u LEE,

b T) =51 T) /7o, TY e (16)
»EZ25L, (15 X&),

b, TY=—8,(M) s a—ug)+1 e an
i3, T,

S =ar/bi—arrws) e (18)

THB, TO S,(DiE, ¥EEE 5T 9=0,1,2, ~2F3TtickY, 2FOL5a#i{bREMETCL
555,

1 L o1 e
EROR R @

Thef@l e,
S..o(l) =8 (l)/ {1__ (y—1) Sy (1)) ........................ (20)

»Bohd, cCic, S 1k 4.1 €BF3 SO cfghkdbhv, T bbb, (16), (17), (20) IV

12) k&Y,
_ (u—npl—1
Fi(u, T)—E:T)'ﬁl-,,'—_l i, T)
0O<u, up<I)
BEBbIhE, CCTu=0 ¢L,  2HLHT u tERDbTL, ROIABOEDL Sk,

2

Py

T

.04

1 min.

P bl
O he) 05 .1

Fig.12. An example of relation between §(/, u) (Eq.(23)) and [ setting u as parameter.
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30, T)={14+8G, W} 5@, T)  eerereeseeseesesenaes (22)
cTe,

S wy=upl/{1—(u~10)pl" e (23)
Thb, COBGBRRIE, u PEHOBAROWTROLAEDIDTHEE, RECEL-T, £EDEDERK
DFEFCRETSE L LTHRERTR ARLS 5, Thdbb, (22) R, BHEMCORFNZRLIBLNLD
Yo, FEOKMEL uthr) ObDLBLIE P DD (14+5(w) ETHETLERLTNRS, D
¥ieed o, u) OAEEDOBRENIZRL, HETORFEZMA 5,

Fig. 12 i, I(zu) %EEEREL, u 235 2—x2 LT o6 w) & | DEFEETRLEHT, T=24
(hr.) OHEEDOHDTH Y, Table 2 KL% a S DEEXHAVTVE, TOELY, Az E, =1(hr),
u=1/6(hr.) 2% Y 10(min.) D& ¥, §=0.021 BBL I3, Thix, R{1/6,24 »LBLN5 1EH
BRRARSRIAFEBEODID LI BLNEIDLAEZEANC LEZRLTED, COREESELWET
nE, B, EXOBRESE LT, HXI1FNTEAIOTEHZOERI VREI N TR LHFEEREY
THBETLFERT D, HicniE, THLATLHERBRYCREYTHLEINTELT LD, TOHE
ERREZYTHE L i dhd LKy, 5D CHEMEFRTTIRELAFERAWE, LLnl,
CCICGRLAHTEENELWEThiE, EREFIhEZOEERZTEHIE, 22 RKk-T, EFDX
5 ARRRM ORTLESLEPZRETEL 5,

Am, IBAE XVEELZOX, y O FHEXY IERIATH), TOBEMBMOTELIBLND
b ODHEER, T TEHELDONTIT ok Sic, FEEBERICHETS » T & i v Kk 5ELER
PENETERNT L RV LAWY, TRTERBRCAS LEELLNT, HFETHLDTH
BoRAhnk5cBbhd,

5. HENE

Pk, FBRCR, BROBESHOMIEELZEEONERI ROBRI MLV IHTRE - &
BLX52T3uBdb, £ LTREMETOBRMFENCE ST, RROFETHRHBTTITHLLIR
RENhdo AR, MERBNCH L SEOLEEREIROFTHFEOERDFREL ZOEE, H50niX
BREBRAORBE S HIELCOWT, BRORBESBELXMT VA ALEELCRCBLh TR
LB LABORE TS & & bic, BWETKOMHBEAY, GHERD ERLBERRARS RO MmEC
EOREDYBED L hERFH L CThk, EAKBRETIETZ LUTOX5TH 3,

1) #EFOHECOWTE, BARENCEY 2FEREMBECOWTREMEMOEZRE LA £ &
bh{, -2 Y I ThABcEn CHSENOEEBEDLIIEHAK DL H, TOEOBRERRK
B REOPHETHATRARINZ TS Y, %, HHERAKETBOBERIRR6ZCTER R,

(2) WEHEHENOEECONWTE, BEATLCE#ED > T—HBIBVLA » i, TEREXALEZVWE
Y, €7D RRREENCRREORENFE T3 HARDTHAELENL 5 TH 5, £DE
DEER, RLKFCHET, BRARSEOESMETHTN0%, HAERRARESROBERBEAIS BE
TH5,

(3) EHREEOWENIL, —RICIZHHERLE2L 27 | BRE~OWBEOEFRERIMS vy Fo2 L L
BELAERCE, 2BENUELOMRREMICED LSS, OB~ ORELPERNT v X A REE
XY phhKENE DI, ZOYHANOERBIEPETILER/NE , #EEXEDLH, ThiZERO
RHESOLENHFELEL DN,

@) HERRRAR S ROFMEIC BT 2 EHEERORMBMOFEORE »OIT, BHERHES 3~4 BHEILLE
DFAE, 1 BEBEMOERTI T THIC e HBbhrok, ¥, — i, EALEOBEDRMEMD
MRS LEr T RF LB BRR2H v,

T
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PEDX S AERLXBAbITHEH, 2X¥CHBERLSBOFHELIETS L,

(1) BAENOMAROTHEORIELERICE - T, HAF), TWRARJOHKTHORNEE L) BRC
BETELXS5CTELERDS S,

2) T TEREMARKOHABOELRIA LA K, MOME T AHAC & 2175 L ARICHIBER O
EIRFTILEEDS 5,

(3) BFEREAOKHDTSLERD D,

@) EMHEEORHBTNEDEE L HETEHD D O LOMFTWEELYHL P TILERD S,

(5) BERIBHOBBICOWTR, CTTHWAKTERICED ZHEVEECHELT, & hEWRKHELD
BRI DORIC K - TRERTT S 2, BRNWAEBEMASLLCL»T, TORLMEORFETSLE
BHb5, hETH 5,

Bikic, AFRCY-T, RELATHERHE-ZEBHABER, 20 CFCHNEE, HEB IUHE
BEROBED 5 WINEOFERECENT, SAOHH2E -, RMKEIERYE FHEE SBLE
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