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Zh o DBR%E, Fig. 6 iKiRT,
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E=7(r—fdZ i an
7 : ARG E mm/20 min
Y, Z:E B SEHREFRAE r (mm/20min)

‘Rainfall intensity

Fig 7 5 £ 6 1 2 3 4 5 6 7 8 9 10
= — 0.3 x§ - !
k=0.0148(r — 0.8) 2 0
............... 18) ﬂ"-gé 0.01 .
LS RRELT, % 0 o2 _
2 0,03
CHR, Rk BERGRBIC S0 & Ké 0.04 k = 0.0148 (r - 0.8 )%
bTBLENSZET, EROHET £ xa o0
Q .
ZERESBULICBELIEIRREC L%
—— Fig. 7. VRWHRE LBRERKOBK
’ ° Relation between average rainfall intensity

LDV TIR, HETHRNT %, -and depression coefficient.



—138 — HESRBIIRHE £3205

Table 2. MFHRBEEERIZID 70, Z:

7, Z¢ of each rainfall duration zone

M TR T
[ T ke A Rainfall duration
Duration of rainfall Ve Zt Corr. : £ ( 20 min )
(20 min) . 0 10 20 30 40 50 60 70 80 90 100

t=1.0 0.0150 | 0.950 | 0,9996
20=¢t>1.0 0.0130 0.800 | 0.9990
3.0=¢>20 0.0190 | 0.750 | 0.9997 1§ o.s |

Zy= 0.717 e ~0:0314 "
5.0=¢>3.0 0.0125 | 0,600 | 0.9967
6.0=¢>5,0 0.0190 { 0,450 | 0.9945 ¢
10,0=£>>6.0 0.0150 | 0,500 | 0, 9868 1o P
18.0= £>>10,0 | 0.0110 | 0.450 | 0,9853
27.0=¢>>18,0 |0,0150 | 0,400 | 0.9961 Fig. 8. BEWMkERRE Z0 & OB
40,0=¢>27.0 0.0160 | 0.350 | 09888 Relation between rainfall duration

- and Z,.

60.0=¢ > 40,0 0,0140 } 0.050 | 0,9857
t > 60.0 0.0120 } 0.100 | 0,9976

A (18) B, FHERBREOKERNIC £k 2RE LI ERETHIH, BROMERNE ¢+ &OBEFKEH
SHTRVDT, Fig. 5-(1), (2) iCRULEBUERE BT, Table 2 i5RT & S K TEREI R
BRIOEKD 7 Vv—F T EIC b & BRI & DBFRERS LTH,

kEBERBELOBRTR (17) OELZCLR, ALTHELA50E0T, ZOBALRRIC,

E=70—fO% e 19)
Ty ZitE OB
EBOT, ERBBREHO S v-T LR 7 & Z, OBREEERD T, #F% Table 2 {T7RT,

Table 2 5, 7 K2V TIRBERARIEHMIIC 2O STIRITERT, Z: OFVBRRRREICL DE
2z E8hnrd,

Table 2 D% Z; & BHBERM ¢ S0 BRI Fig. 8 Kdohao:, Bt olms tbic
Ze B ORPHT BHONA L72D, Exp. KTOHREISTIOOT, HERLLT

Zy=0.717e0-0814¢ (20)
»ED ohic,

Table 2 205 7, RIZIZT—EE LB Z EHONIDTEYMEE LTRAITIOEELT OB, T
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E=0.0148 (r — fo)0-mr-e 00816 D
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Y, R (@22 TfHi%s fL TBEDPI Wa=We &LT,

Wea=Exp. ((In(ry— fg) —In(@))/R) + Wy oeveemevrinininaiinniinnne (26)
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BKBWN Wea KR -T2 LAERT B,
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nhid, BEREBRIEANT, f OBEEEEILRDI I Licikh, BPHRE 7. IBWEEr & f
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Fig. 9-(d) T Wa #t, K (10) KX 3 EKROBRMMRICES T 28508 # icHic 5 L9hid,
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t e DEERE ¢ AR LKK] 1 ic B B LR KERE W 9N, R 10 KESHT,
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i85,
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LT, BRATHi @R T ThiY, REBIEEERICAS CERBZCEBETED, TS
VERBECES, BELNHEOBANE KD I0ERDZERBHLELEETH S,

LIc#oT, 2CTid, BRBESRKRER fc KOREVES, TbL 7> f. OBAREEE
RBEFERICAD, fe2r>0 0L 2EREFERIENMLET, TRHKIEMADESZVHDERELTE
BET Y,

(3) E¥EFEHK k & THKS
K (20), (25) @ k3R QD) THEINZY, 0k LHHMKSEOBREOVTRELTAS S,
X (2), (5) @ fEFLVLELT,

fom G(We—WOR=fort (fom— Fo)e 't reommmmmminiinennnnnns (30)
= (80) »5,
In 1————-a(pV':_Wf)’l
PR ( ),:o_fc ) .............................. G

EBLTLENTE S,

zoxX (8D T,
ln(l_ a(W;: = ;I:f)" )= Wi e (32)
EBx, t 2K QD ~RAT AL,
£ =0.0148 (r — fomreoomd: (33)

EigD, Wy Wy, We, fo, foo ¥, # & B EOBFSHINS,

choemHrb, W, Wi, fo, n BRBO BRI EZERT, fodrEEEhiohddd, ki3
We & r 288%ELTRINBLEICI S,

R (B3 T, WeBEINE, r D5 2 2RDIBZCLICEEY, ZOHAEEREELNLELODT,

F(k) =0.0148(» — fc)u.uuo.umz‘_ B=0  eeereereerrinii, (34)

LB, EREFIBERDELREERAN S,

EPREE LTROAWADOORE S, T DEFE Newron-Rarssoy HIOEFHNE T Lt LTz,

Newron-Raeuson i, R4S ETINHTAMETHI05, WEBEOLD THEOABREMEIN S, K
CEDFIEEDR B

HER f(x) =0 OEBRDOEDES 20 £T 5, =5 KBY 3 [(x) OBROFBEREI, 1KETO
Taor BRI X 5T,

FER) =FxD+ F(xD(X~2) e, (35)
TRIh b,
COERE 2 MEDREAE (X,0) ETHIE, ZORR F(R) =0 EBVTRBOND, THbE,
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& (86) 2o,
P _%((%)) ......... s (37

> DB&% Fig. 10 KR35,
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X (34 T,
0. 717e°-°314-32l= Ze e feerenenene (38)

EBE, R @D KBVT, x % k EBdhAlls,

F(ky) =0.0148(r — f) 2t — k; e (39
F(R) =0.0148 (# — fo)Zt-Z,-In (r — &) -0. 0314.%_ 1 seederereinenns (40)
‘ 1 :
= g LD e
ki+1"‘ kt f’(ki) (41)

ZOHE, ALEOHEER, kin— k<1008 BT,

HEF, X UD T, ke CEATIBREESL, ks KD, O ks By S HICRIO ke &
BIELUTCEHAREL, kia 2R, DUTZOREETY. TORKE, RKOOSNIGELEDZBERDNE L
BOFBEEECAILLIADRD S b DL S, ‘
 RWIICHAS b O, R (36) OHBOBE R (B7) OWREE R L LT RIET B KBS

%o ‘

(4) EMBROEYK B IcOVT

® A0 D sid, V-(3) THBAICLELENBERLOEERDAC LR TERLOT, KEOMKE
SUHMERG Y, BEEORTBRL L bCEMEBROLEKS, BERSE s OREHEICESOT
HEL, KUSncEERGEE, HESWAEYTROLEMED S, RBO 8 £HET 5,

HHEDERE, 7o —F »— MiCREIE, Fig. 11 0&k5icii 5,

Nh, IHEHAKRIE, HEOMERSOEICE 32, B EKEERTS, BAKT» 5RO
KBRS Z TOHRMETOLNC LI B, L L, BKBIR®RIE, TRAKEOEMLUL, HETS
CEDBHETH D05, MKBEBIT, BROKBIIBEMICEZHN, BERLBITIBLELLN
%o

*t, COBYREBOHEEHEMIR, ~ Fes 57 L0BFRTHMEARY A SERIVOT, BROH

BB BB, EDEHTEEDELIAROC LIS, 127, ZOBEBRBELOSE S DT
RIS BIowici, PROEASNIAL ¥ 7575 oEERERERSD, BECEY 5 EEaE
FRE B LIRS0 T S5,

EUAMTS 8 OREF% Table 3-(D~@) KR ¥T. chb0 HEFATE, HEHMEE6~16 ARE
T, 3~5EORMKERATN S, HEBEHAICEY S TEOAKES 20.0~23.0% L TELSH,
HELRICEY 2 HHRRO HEEOAH Y, EERNBOENEC 2IE—KT 23X KBA0 8 2K
Wi bDTH B, ‘

HUER SO L HOAKEDAS S, EEAKEAS, AKEWNSVE, EEERBNSNENS
BRICIE 20, COMLAOEREYLTH Z I3, EEHEOUDIGENHKD S, & DIGEOHEKICE
BEBKOBYTHEE HHBOLBICK DHIFT5C ENTE 3, THHB, Table 3-(D~(4) TAS
NEEOK, BEHRUBLEORELY, 2PMELTRIZE-RLTOTS, EBKCLiThRT s &
BHI T YR D ENTO A RSO LKA KRDOENS D, ZOBPAICHET S g BEERKESE
L3B2&icih b, '

734, Table 3 TEHBEETLE LTHO foo Wy, Wy, 15220 T (6) AYREDHETIEE




Table 3-(1).

& Z £ O B & 8B 0 8B O F K #

An example of calculation during the recovering period of infiltration capacity
HEHRG Estimated period 1976. Nov. 14. 0h~Nov. 20. 24h (7 days)

. | KB RTO RS KRINCHRE LcHHRE
BERE Mok % M EfIE{E| Effective rainfall estimated for each soil water content before fiood
BANY  womom o (R4) LR
A Amount k . 23.0 (®) 22,0 (%) 21,0 (%) 20.0 (%)
Flood | Duration of rainfall | % | Period of flood | Direct gy EORE EOWE EONE
. (hour) Effectfi\?la 7/Q Effec';ixiia 73/ Q Effec%iwﬁs 73/ Q Effecif:ix{e 74/ Q
rainfa rainfa rainfa rainfall
7 (mm) Q (mm) ri(mm) (%) ro(mm) (%) r¢(mm) (%) r«(mm) (%)
1976 1976
51—22 111,14, Oh~11,14,12h 31,0 11,14, 3h~11,15. 7h 2,47 3.20 129, 36 3,04 123,22 2,60 105,15 2,04 82, 49
51—23 (11,17, 20h ~11.18, 4h 14,0 §11,17,21h~11,18,14h 0,53 0,13 25,11 0.22 4213 0.38 71,42 0,58 109,11
51—24 (11,20,10h ~11.20,14h 11,0 {11,20,10h ~11, 20, 24h 0. 47 0.14 30. 06 0. 24 50, 58 0, 46 98,78 0. 90 191,73
2 B M Total 56.0 3. 47 3. 47 99, 99 ‘ 3. 50 100, 99 3. 44 99,13 3.52 101, 35
BOHEEIE  Estimated g 0.0240 ‘ 0.0096 0.0048 0.0016
Table 3-(1)~(4), FHEHFHT Remark : fo=0.8, Wr=200 (¥), We=50.0 (%), n=10.
Table 3-(2). ® & B O B 8 2 0o 8 © i & #

An example of calculation during the recovering period of infiltration capacity
HesEHBRY Estimated period 1977. Sep. 3. 19h~Sep. 20. 18h (16 days 23 hours)

. | EKBERARI O LB A KN HE L - AR
BEWE Mok B T EHEE|  Effective rainfall estimated for each soil water content before flood
BANo momomom () L '
Amount : . 23.0 (%) 22.0 (®) 21.0 (%) 20.0 (%)
Flood | Duration of rainfall | 0% | Period of flood | Direct gy EHRE EHRE BARE
- (hour) Effecif:i\ﬁe r/Q Effec;i\{]e 72/ Q Eﬁec;ixﬁe 75/Q Eﬁecgi\{e 7/ Q
rainfa rainfa rainfa rainfail
7 (mm) Q (mm) r,(mm) (%) 7o(mm) (%) rs(mm) (%) r«(mm) %)
1977 1977
52—26 9. 3.19h~9., 4, 8h 25.919. 3.19h 25" ~9, 5.2h 1.19 2.34 196. 63 1.96 164,71 1,57 131,93 1.19 100, 00
52—27 9. 8.15h~9.14.10h 141,7 |9, 8.15h 45/ ~9,18.24 h 37.34 35,20 94, 27 35,01 93.76 34, 81 93.22 34,62 92.72
52—28 9.19. 7h~9.19,23h 85,1 [9.19. 7h45'~9,20,18 h 15,18 15,84 104, 35 15,83 104, 28 15. 83 104, 28 15,83 104, 28
2 B M Total 252,7 53,71 53. 38 99. 38 52,80 98, 31 52,21 97,21 51, 64 96. 15
BO#EM  Estimated g 0,096 0, 0080 0. 064 0.0048

— ¥l —

S EERNEW

5028 #



Table 3-(8). ® & # b # & B8 © B O & H
An example of calculation during the recovering period of infiltration capacity
#5219 Estimated period 1978, July 8. 12h~July 21. 9h (12 days 21 hours)

#i

BKERGATO LS KN E L EUME

MW E WMok # R £HliEHE| Effective rainfall estimated for each soil water content before flood
BAN  momomop Sy o R
" Amount ) 23.0 (%) 22.0 (%) 21,0 (%) 20,0 (%)
Flood | pyration of rainfall aidon | Period of flood | Direct i 5O EEE ERHE
: (hour) Effectéive 7/ Q |Effective| ry/Q |Effective] 74/Q Effectivf. 74Q
rainfall rainfall rainfall rainfal
7 (mm) Q(mm) | JHRAN @) |JAREN| ) |JRemSl @ |JiRAN @
1978 1978
53—13 7. 8.12h~7. 8,17h 25.2 |7.8.13h 35'~7.9.12h 25/ 1,55 2,81 181, 30 2,44 157,37 2,01 129,84 1.52 97.99
53—14 7.10,17h~7.12, 9h 135,8 |7, 11, 5h25/~7,12.12h 47,46 45, 65 96, 18 46, 47 97.91 47,36 99,79 47,02 99,08
53—156 7.18.12h~7,18,17h 7.117,18,12h 40’ ~7,18.24h 0.11 0,20 178.11 0,22 195, 48 0.25 227,69 0.25 227,56
53—16 7.20,12h ~7,20,22h 6.9 |7.20,12h 45" ~7.21, 9h 0,24 0,17 69, 30 0.18 74, 48 0.20 81,76 0.20 81,75
2 BB Total 175,0 49,36 48, 82 98. 90 49,30 99. 88 49,82 | 100.93 48,99 99,25
BODOHEEME Estimated g8 0.0112 0, 0096 0, 0080 0. 0080

Table 3-(4). % & # B H B 82 © 8 O

CL A

An example of calculation during the recovering period of infiltration capacity
HEEWIRS Estimated period 1978. July 23. Oh~July 29. 7h (6 days 7 hours)

BKBEmE O LR KEMICHEA L BYRE

BERNE ok @ om £HEa| Effective rainfall estimated for each soil water content before flood
ANl oW om o Gy LR
Amount : ] 23.0 (%) 22,0 (%) 21.0 (%) 20.0 (%)
Fleod | Duration of rainfanl | 0% | Period of flood | Direct rgreg BRNE EHRE BWR
. (hour) Effective| 7,/Q |Effective| 73/Q |Effective| 73/Q Eﬁectlvle 74 Q
rainfall rainfall rainfall rainfal
r (mm) Q (mm) r1(mm) (%) rs(mm) (%) rs(mm) (%) 7(mm) (%)
1978 1978 )
53—17 7.23, Oh~7.23, 3h 19.8 7,23, 1h45 ~7,23.18h 1.39 2,29 164, 88 1,96 140,78 1.56 111,98 1.13 81,21
33—18 7.25, 145 ~7,25,16h 2.217,25,14h 40/ ~7.26. 9h 0.20 0,00 1,89 0.00 2.09 0.01 2,74 0,01 3,54
53—19 7.26,14h ~7,26.16h 38,9 {7.26.14h ~7.27,12h 4,25 3.86 90.78 3.90 91.83 3,96 93,11 4,01 94, 44
53—20 7.27,12h ~7,27,14h 20,5 (7.27.12h 40’ ~7.28, 8h 1.23 1. 37 111,31 1,64 133,07 1.94 157, 49 2,17 176. 56
53—21 7.28,13h~7.28.16h 8.7 17.28.13h 30’ ~7,29, 7h 0.61 0,15 25,28 0.20 32,92 0,27 44, 30 0.34 54.95
4 B Total 90,1 7,68 7.68 99,96 7.70 100, 28 7.73 100, 61 7.66 99, 69
B DHEEM Estimated g 0.0140 0. 0088 0. 0064 0, 0052

(ET) DROEHEE Z O 0FUN/MT
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{ Month ) .
Fig. 12. St R M 0.8 O # F @&
Estimated g for each calculating period.
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2
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Fig. 13. ERFAEKE TRMEKRDOEE
Relation between duration of ‘drought and soil
water content by volume. -
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Estimation of Effective Rainfall on Small Mountainous Watershéd
Hiroei Cuikaarasut®

Summary

An estimate process by hydrological analysis of effective rainfall in a small mountainous
watershed by the infiltration capécity curve method was studied.

The data for analysis were obtained from hydrological observation in a small watershed
in the Ashio region.

1) The experimental basin was located in a National Forest near Ashio-town in Tochigi
prefecture. The area of the basin covers 9.95ha, 40°55 in slope, 1,116.9 m in altitude, and
S41°E in bearing on the average.

The geology of the basin is composed of strongly weathered clayslate and quartz porphyry
and as a whole crackey and permeable rocks.

Air pollution from a nearby copper mine destroyed most of the forest cover years ago.
Consequently, the forest soil was washed away and presently the soil can only support simple
vegetation.

Weeds began to grow and fortunately some shrubs and trees are also growing on ridges
as a result of a forest conservation project. )

Annual mean air temperature in the basin is 11.8° and precipitation is about 1,600 mm.

2) One recording rain gauge and two totalizer rain gauges were applied to observe pre-
cipitation. The 60° Bazin type V notch and water level recorder were applied to observe
water levels. '

The equation of stage-discharge relation is obtained as follows according to actual survey
and calibration.

Q =6.188 X 10-38. [3.583
where @ : Runoff (I/s)
H : Water level (cm)

3) Hydrological observations have taken place since April 1976, and 4 years data up to 1979
were used for analysis.

Furthermore, some of the data in 1980 were also used for verifications.

4) Effective rainfall for each flood was estimated by direct runoff, separating from storm
hydrograph through deducting base runoff by the semilogarithmic separating method.

Infiltration loss for each flood was estimated by the following equation.

F=R—-@

where F means infiltration loss (mm), @ means direct runoff (mm), R means rainfall

(mm), and as F is equivalent to F’ in the integral calculus equation of Horton’s equation of

the infiltration capacity curve,
F,=fc't +fo'k_f0(1 — e—k't)

fo. fe and k were statistically estimated.
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As a result, f,is considered to vary with each rainfall intensity and can be regarded as
practically equal to rainfall intensity.

After the examination it was found that the coefficient %2 varies with rainfall intensity and
duration and that % is expressed by the following equation according to the relation of soil

water content to the equation of the infiltration capacity curve.

w
k =0.0148(r — f)0-17e0.0814 7

where W= ln(l—i(}”—c—fﬁfi)
0" Je

7 : Rainfall intensity (mm/20 min)

a : Coefficient due to the rainfall intensity and soil property.
wy : Soil water content at field capacity (%)

w, : Estimated soil water content by volume (%)

fo : Initial infiltration capacity (mm/20 min)

Further, the value of f, revealed to constant.

5) Recovery in infiltration capacity during drought was estimated by the depression of
soil water content.

Estimated soil water content by volume is considered in the following equation.

we=wy+ (ws —ws)e bt
where g : Depression coefficient of soil water content.
Infiltration capacity (f), corresponding to soil water content w. was estimated by the
following equation.
f=Ffo—a(we—wy)r
where # : Coefficient due to the hydrological characteristics of the basin.
a : Coefficient due to tha rainfall intensity and physical properties of soil.

The equitable value of coefficient 8 is estimated with the data of rainfall and direct runoff
during some floods, assuming the depression coefficient of soil water content of the recovering
process of infiltration capacity, and estimating and comparing both total runoff and actual runoff.

The estimated value of g in Ashio experimental basin was about 0.015~0.003.

6) The initial soil water content by volume during the estimated calculation period of
effective rainfall was estimated by a depression curve of soil water content at the time of
drought.

7) By applying the proposed estimate process of hydrological analysis concerning the ef-

fective rainfall in the Ashio experimental basin, the process demonstrated almost perfect results.



