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A STUDY ON STATISTICAL STRUCTURES OF TIME
DISTRIBUTION OF HEAVY RAINFALLS

——Analyses of 10-Minutely Records by the
Concept of Distribution-Rates and Runs——

By Kunio TOMOSUGI

Synopsis

An investigation of statistical or stochastic structures of behaviors of heavy rainfalls would be
important in the meaning that the knowledge about them could be scientific criterions in planning
or execution of preventive measures against disasters to be caused by heavy rainfalls.

This study is a part of such an investigation, and takes up the structures of 10-minutely vari-
ation of intensities of heavy rainfalls, aiming at their application to problems about mud-debris
flow or abrupt landslide. Two kinds of analyses, i.e., the distribution-rate analysis and the run
analysis were adopted to the data obtained for about 20 years at the four points in the Shikoku
District, classified into two groups at each point by the meteorological causes (typhoon and the
others), and also considering levels of rainfall intensities.

The differences in the structural properties of them, between mountain and lowland, between
typhoon and the other causes, and between high and low intensities, were nearly grasped.
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Table 1. Outline of the rainfall data.

Observation Points | SAKASHU \ KITOH KOHCHI | YUSUHARA
Meteorological Causes i pggc;n l Others pgoyt;n Others pgg’(;n Others p{gz;n Others
| Numbers, ~ 295 |, 432 416 677 156 | 536 337 ¢+ 291
. | Maximum (mm) 8.0 750 | 1000 | 930 | 9L0 | 83.0 | 590 | 490
" | Average (mm) | 2294 1807 2355 1877 2042 1896 | 1897 " 1657
Standard Dev. (mm) 14.09 8.91 14.15 11.55 ‘ 12.49 10.35 8.05 i 6.84
Numbers (6x N) | 1770 | 2592 | 249 | 4062 | 936 | 3216 | 2022 | 1746

pyw  Maximum (mm) 220 250 | 270 | 260 | 240 | 270 | 200 170
Average (mm) | 3.80 | 3.00 | 39| 302 335 34| 34| 274
Standard Dev. <m“})_,l, 3_4-2\ . 2.53 :734-4 292 317 2.96 2.34 2.36

Sampling Pel.‘iods 1958 ~1973 ‘ 1958 ~1977 1957 ~1977 1957 ~1977

(May ~Oct. in each ycar) (16 years) (20 years) ‘ (21 years) (21 years)

Y, **) 1961 1961 ; 1970 1962

*) Ry represents 60-minute-rainfall (210 mm) composed of 10-minute-rainfall (r4,) series.
*%) Y, means the year when recording gauge was exchanged from float type into tipping-bucket type.
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BOEHHEE LTI, % 100km BE
DOMAEARE Lizd, BRAOHBICE -
Tid 150~200km BEE TAhL OB
55, COEHNTRTELNENS HE
AL And, —ECOHEIRE-T, 22
TR h - FEZHBET LI, RAKED
bOLZOMDbOIAMEL, ThEhE
BIEIHE~, F—4 7 7 4 b Ltz BB
BT TXTOHIBEITI, LI
WAEF P ORRFEREGICH T 5 8 DD Y
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Table 1 iz iR & s « KREEESH O
605 Rt Reo (=100mm) &, Zh iR
TH103FE ro KDOWT, Eh¥Eh, ¥,
Bk, FHES X ERREY RS, 60
ABWBIEOATR, EOBELHARDOFE,
BAME, P, BREREEKICKE WY
104 >WTid, BRAMEBELT, &
OHEHRH B, %8B, bEAHIOIHEL
LU0 A HBOHEARAZERZENEN,
1672mm (HEREH B LU 490mm

{a) SAKASHU fl n (b) KITOH
ez Typhoon  0.2F
£21113 Others
0 ryg{mm) 10
£
() KOHCHI
0.2
v MR er 0! Rk =Lo
Trolm) 10 P oryglm) 10

Fig. 4. Relative frequency distributions of 10-minute-

rainfalls shown in Fig. 3. Increment of 0.5 mm
is specially taken to show an effect of the type of
recording gauge mentioned in the footnotes of
Table 1.
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Fig. 5. Monthly distributions of numbers of 60-minute-rainfalls shown in Fig. 2.
Shaded parts represent those of especially heavy rainfalls (>30 mm/60 min).
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Fig. 6. Examples of relatively long series of 10-minute-rainfall. The left is caused by typhoons

and the right is caused by the other meteorological phenomena, Simultancous records

are shown in the lower half.
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BEZOEERBLCES K-> T3, (o) OFME () OBFERERE ERUNOEITLALE L,

Fig. 4 () ~(d) i3, 10T ROAMFEES A% 05mm HETRLAZBDOT, FREFA, SHEGEU
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HIELTH3Z Ldibirs (Table 1 8o COC L BT EERTREHHTTH 5,
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OLOTHY, BrHLBAHRED0S 5 30mm UEORETHE. BREIPEIVEH, 9AKLEL, &
BUSE, 6, T HOBRBB LG8 A, 9 HOBEAM IHBEEICHBRINEr —2) KH .

25 10 ZFHBRERIIOH

bhbhiLER, I0AEEORERRANLBICTEZ L3P %0V, CCTIR, TOEKRLEDT, LB
HHEEHOENbOOMP % Fig. 6 1z, BRLARUNADLDORASTTRL, TORBHEERELONT
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EERARARE VN, Ym. TELTLLERT 3, &8, =1 OBEE, "#K%. LPUBCOTHIR
KEAREHRLTRAHALTWAE, CT2TR, IS10HBELED yna EELL, AVUOHEFRHIT y &
HEL, THROBICHEBREARIELT D,

LIAT, 3YFARBPEFTLENIDR, (2) REHET S {2} OLATOMAEVHERRBTES LT
B6DTH-T, TDEFNVOBIFICL - T, BEK, m=n DBHICOVTE, EERREFBICOVWTD
BRI E—BBETHZY N, m<n OBELOWTRERNBHVED THELWOT, T THEDENRE
LT B35 v FABBETARBITS yima OFHEMER, EBKES 2rEa—syiab—varitdk
DBLOERANBI LTS, FDYIab—¥a YOEKEIKOWTIIXIRSE) KR LILODILHEL X,

3.2 60 AEMICHTZERRAERSBEOIIEMELBRIVSFHEORE
WkokSic, TR, 604MREEZORBMEICEL > T, KAN2D2D 70— 781G T, HAH, &
LFERNCBRH T2, ZOFTIHBHREOHE

Table 2. Numbers of 60-minute-rainfall, Rgq. Rifi% 300mm :F3ZEICLize EOE,
(Large; Ryo230 mm, %7 v — 7 D605 RO ML Table 2 1LFT & 5

Small; 30> Rgo> 10 mm) R ENTBED T Y5 v R kD, Dol
Observation Typhoon Others DERBUNADKDE S5 K208 — 2 LBENVENRS
Points Large | Small | Large | Small BAHEEELS T DTS LS AWATHICE-
SAKASHU 67 228 36 396 . . ) «
KITOH 102 314 82 595 7o, Zoﬂﬁﬁbi\aﬂﬁﬁfﬂlﬁéﬁ)b ) FhK
KOHCHI 24 132 58 478 HORELWS CLEAHBIREL L, PREY 30

_ rYUSUHARA 31 306 20 271 mm BEL EOBD THRWIHICHENS 50T,

ZOHTHEEI Lk LicbilTtds,

LROOSBFO I Vv — 7T LK, 3 U yi m,n OFEHE K VERREL, n=6,m=23,..., 6,
1=1,2,...,m—1 £ LTRDOERY Fig. 7 (@)~() TH- T, @8O EHVHFHMEE (v), FTHVEER
%0, T, BBBE mitdT3ITHY, m B3 LULOBEORMIEHL T3S, T, AHHER,
SHABERUNAD O EEDL L, ThZFRBR N, BoABKROIVv—FXBFEdDTH-T, 1
2 (B m TLREBTHEATHE) B, 3V FLBAPpEFAT, n=6 L L7cLED m, | IKHIET S
TH 5,

P, BRAKELRET A0, FHE E () KEHT3H, 20BROEFR7 v F oy E7
ADLEDEDANEBNERLE LB, B, v FrBPEFLDEDED MEEVI T LG, Bk
(ABEOMENHEL L) OFELRT, RETHE, EAHE (n BHTO | BIE~D) BHEHT ¥4
ALBELDBEAC EEERT 5. Hic, REFAEBPESEL, AL MET L OBRIOED
FTtH5b,

FFLUHKAZ L, n=m=6DBEOR I ICHTBEEISv—7DbDOR/NERKY, ThEh, m=5
4,32 DBADORAL I RBWTIR, YOHEATHRIZERSATVWEL LbD 3B, LT, m=6 DFA
DATEBLTATELD . =1 OHE, MBI HAOEHEILODNWTIR, EoHicb{ET S0,
BROK (Bh) H—FEL, DWTHERUNOX (BEA) HMENCETH . i, (D) OREUAT
i, wihb, SRS (AZA), BRO/N (Ah) OETERELEN. ThoD 7 v & afisE
FuEOEDOEER, AROKICOWTREDHEDBLALRLTHEY, OISV — 7ROV THA
ko THETHY, HICERONMNOWTR, BADSDHHIN - T VF 2EBFEFVDOHDITENL
LaEEI R, ChIEBAOSBEEHEICH B L LBERLIVWELELZ GhE, =2 DBER, =1
DBEDERBHBEMAZEZTFOBNTVEH, [=3,4,5 KAhabE, RNEREEELLD, 5Tk
VELAEFEFADEDEIDKEL AV THHDMNRSN, HATHB. LHL, ARORFE—F/NS
WZERFRWIHOMETHIFEL TS, ¥, | BRELRIZRONTS Y F ARG ET NV EDEN
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Fig. 7. Averages and standard deviations of I-serial-maximum-distribution-rates in m-serial-
maximum series taken from n=6 series (six 10-minute-rainfall series), including the case
of m==n.
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HBCLLHEBEL TR LELOND, X1, [=1 2wl 2Tk, ARODDLOD 0, 25, HANTENT,
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HLBEEO DX D FEHMICALE LHTRIN D,
MLJFGQ%%,wﬁmﬁﬁmfbtmﬁ%mo§QMomf,nmnmyﬁﬁkﬁﬁﬁﬁmamo
T, REEER L EE RN A N, A ERERMGAEETHY, T =12 k1 18 1204
ﬁm&wuw%ﬁm)momfé&%?é%%ﬁbéﬁ,W%mOmfuxﬁééﬁﬁatb&%ﬁoﬂ
AL CTREAZL, BHECONTE, BHBOBEDS - T, TTRLEES 2RMORHEL T
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Fig. 10. Distributions of positive run-length of 60-minute-rainfall series for crossing

level, 9.9 mm/60 min. N, represents total number of runs.
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Fig. 11. Transition probabilities from positive runs to negative runs under the condition that a positive
run already continued for length 2, (in other words, failure rates of positive runs of length
Ap). The arrows show the relatively reliable ranges in the meaning of sample size.
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Fig. 13. Variations of the maximum run-length, 1,,,, with crossing level r,.
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relatively reliable ranges in the meaning of sample size.
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Fig. 17. Failure rates of runs of length 1 for crossing level, 7,=2.0 mm/10 min.
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Fig. 18. Failure rates of runs of length 2 for crossing level, ro=>5.0 mm/10 min.
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Fig. 19. Variations of failure rates of runs of length 2=1 with crossing level ,.
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Fig. 20. Variations of failure rates of runs of length =2 with crossing level r,.
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