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RAINFALL AND RUNOFF ON MOUNTAINSIDE

—PART 1 RUNOFF FROM FALLEN-LEAF LAYER—
by Kazuo OKUNISHI

Synopsis

Intensity of rainfall (P) and that of runoff ()) have been observed at a small test
plot on a natural mountain slope since 1960. The intensity of runoff from the fallen-
leaf layer is only about 7% of P when P<300 #/min, but acceleratively increases when
P>300 #/min. The one from both the fallen-leaf layer and humus layer is proportional
to P and equal to 0.1 P at least when P<600¢/min. Probably, the runof from the
fallen-leaf layer is caused by anisotropic transmission of rain water along surfaces of
fallen leaves, and when P>300 #/min, a part of the runoff water from the humus layer
is added to that from the fallen-leaf layer. Initial loss of rainfall becomes constant

(2.5mm) after a lapse of one day or more since the previous rain.
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Photo. 1 A sight of the test plot Photo. 2 The cabinet of the water-level gauge
and the recording rain gauge (B)
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S @ test area, @ runoff water collector

® rain gauge C (nonrecording)
10m ® receiver of rain gauge B
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Fig. 1 Plan of the test plot

HNEFTARSSTHBOKNEHES ©, WHOBRYO O X LOFMICKFICEE I Th 5, BOA
R X BRELHT 570D, ZKRIL 1m? ORED (FTEEEEOTHD) O LR T bhTun
bo WiEEBIX, ZKWEE 22.6 cm DORKBMNEE T, ZKEBIZFEKHOME LV 2 DA —~0 L
2, KFCHED T LR T 5%, BMENRIMIHAHOHRE F7 4 () wRZ&3Ihb. WEEICIXER
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7
/ Fig. 2 Diagram of the gauge for rainfall and runoff
(@ runoff water collector

® receiver of rain gauge B
® tank for runoff water

® water tank of rain gauge B
® water-level gauge
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Fig. 3 Correlation between the accumulative Fig. 4 Correlation between the accumulative
rainfalls by gauges A (at the top of rainfalls by gauges B and C
the hill) and B
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Fig. 5 Time changes of P, and Q from the upper fallen-leaf layer
observed on Aug. 29, 1960
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Fig. 6 Time changes of P, and Q from the entire fallen-leaf layer
observed on Jun. 9, 1961
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Fig. 7 Time changes of P, and Q from fallen-leaf and humus
layer observed on Jul. 27, 1962
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Fig. 8 P-Q correlation from Fig. 5
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Fig. 9 P-Q correlation from Fig. 6
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Fig. 10 P-Q correlation from Fig. 7

LOWHICT 5 HEERE Fig. 10 TSI 5, 1
KOBERDO FEFED, FRBINMCLI DTS 7 70EHBTHE
BTRPH LIRS Tables 1, 2, 3, IZiRTo Table 2 OP
>300 #/min OIHL, FHKY 7 7 CILERO L Ehy
CEDLA, R IO THREDENELELRDT, LAY
BTG Ie 5 OhhNE2 & b Lichye 19614E9 A14, 15H OF
— 2R EIEREN DR oD, AROBROMBADEEI Y
B tcdTH %o

#axnr 5 7 DHBEINRD LWE kbbb,
BEETIC IS TELELTH D, TORELLTH—FE
%2 bRBDOIE, BOBET, WHO% FT3AENFICLD
TS B, FiEFOZARR & A BIRE O SZ KR OB
BELT B, VI ETHD, KB, BRI

LR < Ao B S b Do Fig. 11 ik Table 2 DA Offi% Bl & D, WmEEB (R
EERMELLLD) LR ¢ (Rigic Prive TKiEL o) OBRAWED WAt Lol bDTH
%o o757k Figs. 3, 4, KI5 Wb LB L HBIMNEV . LIa™2T, BOPEKLT CLHRBT

Elouo



B LB S BRI OB 161

Table 1 P-Q regression coefficients for the runoff from
the upper part of fallen-leaf layer (Qis) (ob-
served in 1960)

Qua=AP+B
No. date A B
1 Jul. 8 0.039 +0.24
2 Aug. 5 0.086 +3.97 for all values of
3 Aug. 11 0.046 —0.35 P observed
4 Aug. 12,13 0.046 —5.09
0.067 +1.58
5 Aug. 29,30
0129 ~6.10 for P<2004/min
synthesis 0.0645 —1.38
Qia=CP" (P>300x/min)
date c n
Aug. 29,30 0.018 1.19
synthesis 0.003 1.49

Table 2 P-Q regression coefficients for the runoff from entire
fallen-leaf layer (Qi)
(observed in 1961)

Qi=AP+B(P<200¢/min) | Q,=CP™(p>300¢/min)

No. date A B n C

1 May 34 0.046 +0.85 — —

2 Jun. 9 0.137 —1.73 1.20 0.021

3  Jun. 17 0.060 +1.88 — —

4  Jun. 28,29 0.032 +3.48 1.15 0.019

5 Jun. 29 0.024 +1.58 1.51 0.002

6 Jul. 6,7 0.093 —1.42 — —

7  Jul. 11 0.059 —1.68 1.63 0.0008

8 Jul. 23 ? ? ? ?

9 Aug. 5 0.072 —1.49 1.45 0.004

10 Aug. 9 0.037 +0.85 — —

11 Sept. 14,15 0.177 +2.84 — —
mean except No. 11 |  0.077  —039 |  —  —
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1.0
Table 3 P-Q regression coefficients for the .
runoff from fallen-leaf layer and 08
humus layer (Qs) 06 :
(observed in 1962)
Q3=AP+B (for all values of P observd) 04
No. date A B 02
1 May 14, 15 0.0355 +3.87 o 5 o2 A
2 Jun. 22 0.1333 —7.61
3 Jun. 25 0.0653 +1.46 Fig. 11 Correlation be'tween the value A of
4 Jul. 4 0.0478 +0.58 ;Zblaeccsurglzhl’zctliisea);a?;‘galtlhiyragt:;go:
5 Jul. 5 0.0717 —2.98 B to that of C
6 Jul. 10 0.0691 +0.66
7a Jul. 27 0.2121 —2°32 BLFCiL, BEEOBIKOWT, {4 D%
7o Jul. 27 0.1484 +0.94 FHLUIfEE AW TERREDD Z LT Do T
7c Jul. 27 0.1362 +6.07 # L, REBLBTCoOWTL, 7— 2080
7d Jul. 27 0.1248 +6.24 0T, EhEM P-Q MEK T L%
8a  Aug. 9 0.2499  +0.67 Hivteo ChbdE L, HIERMLENSO
f;’ ::j 33 g:;giz i;gg el (Qua) X, 21.4p/min<P<200p/min C,
10a Sept. 4 0.1454 +0.29 Q14=0.0645P —1.38=0.0645(P—21.4) ---(1)
b et e e BIER U DO (@) 13, 5.4<P<200p

/min T,

weighted mean

<

1007 +0.43 ©1=0.0717P —0.39=0.0717(P—5.4)---(2)

WEHIKE 5200 B ERC S L B OB R

i, PLFVCTW BRSSO T, ZINbDORIOIDIE —0.39 LW 5/ hIWEREEM LD
DEEbIhD, T2 T, TOEFHIZ/NEDELTRD L EELTZ LITT 5,

by rainfall depth

QI =0.0717 Peevreresemrieuitiiniitiietiirietitiieiit ittt as @)’

5953, FEBOTELLOMH (Quw i,
{0<P<21.4,ll/min T le=0_0717p ....................................... (33)
21.4¢/min < P<200#/minT Q15=0.0072P +1.38:+-ce-seeeoeercrsmrncianiancne (3b)

Fig. 9 »BUW b X 5K, %EBO LB X TFTEE»bOWHTFRERITZ Lo Cidil,
HECB#E LD TH B0 (1) KB LV (3a), (3b) MRERD &, EREEI/NIVEHL, WA
HOLHEBOTREEWN B2, P A 214/ min ¥z % L, FREHRGEIREBCIL Y, Bk
THIMAEE D, MHBMEORMIIE LA L LBBcR b, REEEN 15¢/min BV 5 ¥ TH
FBINAWEES L\ D Z &V B
IR L R, oMt (Q) 1%, 0<P<600¢/min T,
Q3=0.1007P +0.43=20. 1007 P-++verrerereeerantntitrmericniieiiaiitiotieciotasecrncencraes 4)

COBE, EKEEEL LM (BT OHE) OREEOMITIIL 2 WEBORDT, WKW EEbh
B0 LL, EECEHOMEIMC IS THFCEHLE LD T, 0.43 LW HEIIEEBIRZ L ks, (1)
KAD-1.38 LWHELRKEGCEHERZFATWSEBbh %2, HWERBLE»LORMCET? PQ i
BIRITIL, 1BLALTRTHOADHEZRLTWADT, ADHMERX S DOZ LIXWNTH B EELBRDo
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fallen-leaf layer, @. : @ from humus . - se N
layer (calculated as Qs-Q0, Qs : @ ZJR&F&JE’PAT@M, A3 5 ~1050 b DA
from fallen-leaf and humus layers FTHBH, TOETLOF THRHBEC

FBRE R T\ Bo Fh, ZO X5 icRINE
B X % P-Q DL, Figs. 8, 9, 10, ERFT 250X 0Z0EFERTH LN, ThikdbEh K
Ve CHIRREMhDOEREAVN I VDT, FHHKOEFHESEN WD THS 50 LA TEE
M7s P-Q OENREAIZ, 13E P L Q OEOEFMLHFRERLTOBHEELTIWVTHS 5,

Figs. 8,9, 10, DX 57 P & Q ORI, —ROBRBEROME,LEOL Z LIZRHETH B, BERE
PETHBETHE, (BFEE) < (BEFEHE OBAKHMEX T, (KEFHHEE) > (BFER ok
AT, P-Q MBHIAE 1 DERCE LT bisve LT, BHXhi-+ToWmizEm
RHTCIE 7L

—EOHMFEH EE L T, BEKOHEREY 2, BEE LOKEY H, BKKEEE K 2L, H>Z &
RETHIE, BEER f XKD L5 BY,

WHIKOHHEE U (-8 , Rekl% ¢, WA OOERY » L ThiE, P H—E0k, RORKESHE
ADIRIALT %o
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TR ED 0H/0x=0 OFFCOHOIETEHRIL,

, -t
Hz%P(l—e z ) ..................................................................... (10)

tieh, Q(=HU) =< P kb, P<600#/min LT (6) KK TBH7-DICIL, K i3 10~‘cm/sec
BELT TR Ui biowdd, BRUIVHETR chiciZd-+5uletErid b, BHBCIEEKNERE
LB500, BHEELLOMHIZC A CHBTE 2rbahit,

ChikRL T, BHEEOBENKFREIT 10%cm/sec ORE (EE) w0 T, HFEBOWHBI LT LI
Ricotc b DTl hidbisvo HEBRFEELER I IR, WThifHc PR RL, EE
TR HEREN EN D R R 0T B FDRd, HKIFER EHORELEZ 2T FTHEHRS &
¥, SHEFATIIRL T, s LARECEACE AN S TH A 5o FKDK T %0\l Lk Eo
THKBCEL, B DBHIXRPTCTHOBHBATEIEDLLEELBHE, (1) RE () RFEHT
X %0 P>200¢/min Tit, Fig. 12 D @ D/ 5 7 RbIh 3 X 5 BT/ 553, 200¢/min < P <300z/
min OFFMEIL, FELLSOREMOKBENEL LDBEFT, KLl OTEDBIDIC AT S E Bbh
bho TDEE, KEDEZS 102, HEDOEL D % 5 LA UE, WEIL 10%2/sec DRE L) B4l
%o P>300p/min TIX, @ (& P & 3LICIGEERNCRIML T 558 (Fig. 12), T O ST EHED b O
H Q: DHWMEARA L TCBDT, BB LOHMKDO~BHREER LN S X 51Dl D Tikio
NEEZBR5.
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REoZEZL, T CREMBKRESTHLOBKKET LD THOL, MHrEED HBFDHTH, T i
WHHTE DV BRI XOTE, 1000¢/min < BWOHEWEASHOTH, MHOELARWERIND %,
Fihie LU AEROMPEKL, #HEc ks L8, HEOKE W IIHIRE, kX UwlomEkr S
BIOVKRADZ XIS HR T 5%, Rodier® 13, BEMOAXVHHECEL T, —ERDRA
4 (pluie d'inbition) %, ¥AOHELOLZELFIC Z L HRBL T 2%,

ARBHIC BT D EHER—» L OB BIL Tk, FHBRKOTKIY, ZWAEESPHERLEERLLT,
X DRE—EDE X DOBREKELIED D HE IR D LB b, ¥/ Figs. 3, 4, KADhB X
512, A L A2BEO LLEABINc Lo TR S D€, BIUIRoiERL, FOBELRELZTT
WA ATREMESA K E Vo '

AR EDTH D, REBIOLOHHI AE 3 ¥ TSR OBREEZHENCE Y, HioMoKbH
b, $EZTCTVAFHORE Y FCOMBMRBLHMENCINOST, 77 7cifid & Fig. 13 DX O5Rik%. =
ZC, FERBO LB LOWHORETOWTEL, (1) RIB LV Q) KOHEEBLMEN DO ZHE
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Fig. 13 Dependence of initial loss of rainfall  FEQHBRODIT, WHEKITZIE—ERC B0
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the previous rainfall (abscissa) KD TWBDT, = ORIILBARL X% LW

BEEREVRTCTH B, IJLBNAL O, RO LLWoBIILE e L5, KRELRERSA

TWwbo

7. #& i
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B DO, —RKO X REHHTE %,

GEBLBHBIIEFRCAZVEFERLEOTWADT, 0 3EMCBlIIRE X 5 Al LT,
FEWHIZE DLV FEBIZOMIE L, MECBoLHRKEELPTWOT, GEBYEHEL Tt
ER M5 TKDO— (7 %) HEESLENRORAERZE>THREH RN 50 £D X 5 eiih A D H—E
B(54/min) Kisd &, —EOMARB LY, BRMEI #HL Th, MHEERXELLTV. bk
AT 5 & (300#/min LA L) , THOBHEB» CELEB~OBELXEL, O FEER,DL
OFHNIHMNT %5, EBEDIUEAE T, FfEELAAKEVOT, FEBHOLETIHRHOREREIL H&L
b, DO~ f Fe s 7idFbhiwiosBbhs,

BREOMIC RN TE, FELED LEELLTADS, FhALORAC—~EDEIDOKBELYHR TS E T
13, FERERELBRHIZEDT V.

BHE»LOWEH, BIVFOFEB~OBHRMTOWTIL, MBS BRI RIch D, BRHE
NEBREXYE L T, XBRNEERTHUAESIREE cofdic, FDX 5 iitHEEOZILRH D0 HS
ZERIDOT, BHMBIRRT AHEERE, Lich >, O ToORZL Y i+BORBEEHAH LMD T
BH5 LIRS, ¥, I & ORHRROEL, ToM2OWTEMDAL SV 48, WHOBH
HEADICED B L, REBBCEEYRIETEELLRD, VALWAIYHEE, (BE, 18, &)
OERETTI 5 FETH B0

Fheplch, TOWEYBUICHBET IOLEKF—BEREAIIULD, HREMSELTTIokHE
HEMREOLIITIEB LT Bo fods, BRIRMORE & BRLEKE B, BREWED, b0
CEHFERKBECIBIDTHBZ &L THELYRT %0
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