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RAINFALL AND RUNOFF ON MOUNTAINSIDE

——Part 2. mechanism of infiltration and runoff—

By Kazuo OKUNISHI

Synopsis

Measurement of soil temperature, soil moisture, and infiltration capacity was carried
out at a small plot from 1963 to 1965 besides the observation of raifall and runoff. It
was found that the litter layer creates runoff in the form of a flow of filmy water
which runs downhill along the surface of litters, and that its quantity is proportional to
the rainfall intensity untill it reaches the limit of 15 4/min. About 91 % of the rainfall
infiltrates from the humus layer down to the sandy clay layer, and the remaining 9 %
becomes a subsurface flow through the litter layer and the humus layer over the wide
range of the rainfall intensity from zero to 1800 x/min. It was estimated that the rate
of infiltration is proportional to the detention above the interface between the humus

layer and the sandy clay layer.
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Fig. 1 A plan of the experimental catchment. 1—the
boundary bricks, 2—the catchment area, 3—runoff
water collector, 4—the runoff water tank, 5—the
receiver of the rainfall intensity meter, 6—the
cabinet of the water level recorder, 7—the plot
for the temperature measurement, 8—the plot for

Photo. 1 The buffered infil- the soil moisture measurement, Pi~Ps;—the non-

trometers. recording rain gages.
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Fig. 2 The correlation between the values of the depth of
rainfall measured by Ppr and by P,~Ps.
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M AE~OREF &L HTEARE (Throughfall) LB TE (stemflow) OFITHB?, ~rELE
HRBEIEEE TEY Y 8%, £WE (gross rainfall) &£ L o W& (total interception) DFETH 5,
BERIO L o MBI OV TE &< ORIEA I E TV 54, Rowe? (T ARBRHUC LI M4 x L D ERITR
EHWT ZLoHEBNERED20% T, HBRRTEIEEEREDIIZ TH - ERE TS,

AFRBRHIC I\ T P LU P~Ps IHIEEEEYHEL TS LELbRS, BRI TEIL Rowe
CLchi» THERBEDI% E RET 5, FAE~OBERAEL P/~Py OFEHECELWET5E,
ZHIFEHLT PF 086%1cisn (Fig. 3), Lo THENDOEEDOBROME P (intensity of net
rainfall) %,

P=PPXO.86X(1+0.19)=1-02P.P ............................................................... (1)
LY, BE Pr ELV, AP TIIRRY L ARERERE P L LT Pr 220 AV,
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200 p/min< P<300 p/min D
Q=cOnSE=12.5 f1/Min +eereessesersrernesriniiristitet e st st st st s st b et 3

TRbIhD, P>300z/min OFE P—Q Mg 0.1 BEDOHNEAF oo FicMolifs inb, 1o
1961 EC BRI L - B EBOLBEM SO L P<200 p/min DB,
Q=0_0717P_0.39 ....................................................................................... (4)
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Fig. 3 The hydrograph of the runoff (@) from both the litter layer and the humus
layer and the rainfall intensity (P) measured on September 17, 1965.

f— 3 J—



550 SRS PSRRI 108 A (18,42, 3)

Afmin
1200 +~i888

800

130
(hmin)
400

100

200 50

150 Q

o P
4] 500 1000 1300 2500 (K/mwn)

100 Fig. 5 The correlation between P and
| Q of Fig. 4.
50

0
13h

Fig. 4 The hydrograph of the runoff (@)
from both the litter layer and the
humus layer and the rainfall in-
tensity measured on August 3,
1965, when the rainfall intensity
was very high.
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Table 1 Parameters of the regression lines of the P—@ correlation
for the runoff from both the litter layer and the humus
layer. The equation of the regression line: @=AP+B

From the observation in 1963

No. of
storms date A B A ®
la June 6 0. 0402 +5.01
1b June 6 0.0333 +1.70
2 June 14 0.0707 +1.71
3 Jul. 12 0.0637 —6.08
4 Aug. 10 0. 0688 +1.07
5 Aug. 17 0. 0655 +2.68
6 Aug. 30 0.0621 —0.06
7 Aug. 31 0.0476 +1.60 } 0.0758
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Table 1 (continued)

From the observation in 1964

No. of
storms date A B A ®
1 June 27—28 0.0521 +2.07
2a Jul. 89 0. 1089 -1.42
2b Jul. 89 0.1208 +1.41
3a Jul.  10—11 0.0454 +2.76
3b Jul. 1011 0. 0677 +1.25
4a Jul.  17—18 0. 0485 +0.18
4b Jul. 1718 0.0515 +1.33
5a Jul. 18—19 0. 0530 +0.86 0.0728
5b Jul.  18—19 0. 0956 -11.27
6 Aug. 23 0.1432 -1.75
7 Sept. 24 0.1047 +1.88  0.1032
8 Sept. 25 0.1617 +0.10
9 Oct. ? 0. 0855 +1.30  0.1025
From the observation in 1965
No. of
storms date A B A *
ila Jul. 5—6 0. 0655 —2.58
1b Jul. 5—6 0. 0568 ~0.76 } 0.0710
lc Jul. 56 0.0487 -1.47
2a Jul. 67 0.0391 —0.69
2b Jul. 67 0. 0255 +1.38
3 Aug. 3 0.0839 -3.82
4 Sept. 2 0. 1256 +0.46
5 Sept. 6 0.1191 +2.84
6 Sept. 9 0.0754 +6.86
7 Sept. 10 0. 0952 +1.17
8 Sept. 14 0. 0937 +2.74
9 Sept. 16 0. 0504*%> —
10a  Sept. 17 0.0443 +4.37 ; 0.1022
10b  Sept. 17 0.0515 -0.20
mean (1962—1965) 0. 0916 +1.11  0.0879

%) the value of A modified by eq. (6).
»x) the ratio of the depth of runoff to that offrainfall
substituted for the value of A.

Q=0,0016 P 1. 11 «+ervreereenmmuanimmnimnimiitiinii e st ss s asrs e (5)
TEbIh, FEMCIZ Q ¥ P RAITHLELTI,

BRTHIEMLA LS, B0+ s P—Q MOMHBIXRIFTHBL, LOEBEBRORED
f ARBERCI > TRELELDVT B, ZOELOEELL random THBHAH, ILEFEHDOEKE
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Fig. 6 The correlation between the parameter
A in Table 1 and the ratio P'/Pr'.
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TP GHE~OBHREY Pr LD L EHCHObLTWHEELS, P ICHY T2 BHMEE P i3,
17=pr?/?1-’ .......................................................................................... (6)
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Fig. 7 The variation of the temperature distribution before,
during, and after the rainfall measured in 1964. The
lower graph shows the rainfall intensity in p/min.
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. Fig. 9 Examples of the short term variation of the
distribution of soil moisture measured in 1965.

Fig. 8 A long term variation of the The numbers of the soil moisture gages are
distribution of soil moisture the same with that of Fig. 8. The upper

graph shows the variation of rainfall intensity
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Aus. SEPT.

measured in 1965 in terms of
the impedance between the measured by Pa.
electrodes (kQ). #l—at the

interface of the litter layer

and the humus layer, $2—5cm

below the surface of the sandy

clay layer, #3—15 cm below

the surface of the sandy clay

layer. The upper graph shows

the daily rainfall measured

by the rain gage Pa.
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MERIREE S 1,800 p/min BEICTL - THEER S LUBHE, LOFHIMERE LT Pr C/HIT5
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O 1 HHEEBRO TSRO LI e, FLRBEL DSBILOEBIZ 07 5 72 lbh Ty
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Fig. 10 The time change of the infiltration capacity measued
by a buffered infiltrometer on October 22 (graph A)
and on October 23 (graph B), 1964. The circles show
the infiltration capacity, and the crosses show the
accumulation curve of the infiltration capacity.

HERLTW5, b LBDE UOELED EOXESY e THIUT, BREBHELIISHEEECELL i3
TTHHA, KREPILERC I 5 EFRFREL 100 p/min ORETH 5, FROBEROBREDHEITPH
Wo HRREILEHER UL BEBOTICH B DT, BEDOREIPHEFEOKFECIHEL T 100 x/min 75
10,000 p/min ¥ TE{LT B Z LM TE S,

MR TRBREVKFCHATEHEGTIL, K BEAE, kIOREEED T THERREC LY
T5ZEERERINCR Lice ZHEE 4 BOR~ABERS L OBEER» Lo OBREERE - —8T 5,
LIchio T E LY BB~ OEMOBEDBENKFILGTE I LIHITHE EELDND, 5L
FROERPEZCEL UL, BABOHENKIFCILATLEIIL, KENBRHED front OEICTHNT
FHRKECECSFEERBETH o, CDREREGERODIIC K CLHR I NE 525, Bt mm ik
ThU EDBERNH > T, TDNLHBETS I I HHETILIICMB I By, L LEBEITIFO
IS HETRTL, HER R LOBEHRED LOREORTICIIEESR bR,

MRS SS 300 u/min %2 % & BT HIT/L - TR EEREL L ORBAFOEML, SCEEELG
ALOWHREIT B es (Fi#RD Fig. 9 B LOKHO Fig. 5 #BR), LOROEERBCETS P—
Q HROREIL, 7T—20ENPIRL, WHLOEAKREVCOTERICHS Z LIZTEWVD, 2F0.15
EThh, ThIBEBRICEMBCETS P—Q MROTFHARE 0.0916 LRLEEXLTIV, L
3o THERSREEDY 300p/min OFf, T icbbEREEN & OWHOEEYS 15 £/min OFRCEHEEN S D
HIEACE L, MREESS DI 5 L, FMfOKRIBEEOFE S 2z, WHOMIMIERE
BobxBRE»rLOWMELERT A 7 = XA L > THETHLOLEL bR, BEBL L ORHEBOS
DD LS TR HARDWERLERE O NI E BAREC L > TEE D, KFECTEBFREELTIVY O
T, MEMSREEAS 300 p/min Az THINL T4 BHED S OWBIREITS & 78> T 15 p/min LRI
278\,

7. & B
19604E %> 519654 ¥ T _LEIE D BN 5\ Tk & 7 - LM L O BRI R S IERT OB 5 & it i pg
LTRD Z LB S e,
A, BERBLBHBIKRELRERLRE > T BTcw, Wicd &b BFREES 1,800 /min LAT ORIz
EEER TS Z S,
B. BEBITOHEHED oI, HEOKEOKBROTAY SEHEIC 5 L, + ks ik
(subsurface flow) D—FEHELicn, TORBEEIERBEDHNT % THoHH, TOBKRE 15 #/min
CETL LA RIEEMLU A\, BERRESS 300 p/min 127 3 & BEHEED O ORI HITEFICE L,
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