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The Mechanism of Runoff on a Hillside (2)

Movement of Soil water

Yoshihiro FukusHiMa
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HEMEHORMBHRELXET IR ENERTHAH/ANOLBRF OB E %2, RAERIUCL 3
EHME L BEERROKSEic L BHEBHOENL HHEE LT,
RBREHGTAEEWHEEEOEMA L DR IWH/NEEIcS 5, 1§ 5m - 21THE 10m CH#
16° DERFA v A —2 —=Th b, LEOXs X, humus FHHET 15cm % ¢ T, % OHKE
13158.3%, % /-HiEE L 55cm T, 55.3%, FEMEER 2m LTIk %, 51.5%TH %, Kait
KL AHMBRPROL « 1« THT, 2hZhiBTF 10+ 50 « 100 » 150 » 200cm @ B2 T 772
ST BRRRDL SIS,

1. EBRESRE, LBk ORBEKER, LEEOHEETIHLLHEBEBOLMLIT 2
hhoT, HEFRT, TZARECHEICE2EmPADLNS,

2, BHAKELTBH TS LEBLONIRBEOREAKRER, 12I1I28~10%8TH - 7o

3. BPWEIA VA -2 -t T, HET 2m FcoXEhC, BEHAELTETLEER
K E[AE/K & 1d 892mm 1275 5,

4. ULd L, WEHAL»HEREEOHMEZREAKTIS0~605RETHD, EriEkad 3H
THBRR7ZELORELTHS,

5. humus BR/KSO BHRETHOBVBEBEEIERMLID L, HHEEEIGEN, 36,
BREOTHIZMI KE-T, ZOWPEAGHETT 0, HEHALRAWOKRFBEHIEE
TEHEZLEEERT S,
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6. MFRESERHICHGT KPR, COFOMET 50cm BIEE T, TRLLBEE
TTH5, COFREELTR, TNLIDTHOLEEOBEKEREHNEEZELLLIDL, ThiD
LEECHE LB KENZ L, ol 2 U, RESANORTHEE S0 EZELLN
%o

T U ®» K

R OB R R L ERT 2 FERGHE LTRSS 5, 3 bic, LEAFKET 5/
KOBEE, TEROKSBEENDIICHMETEIN LN HITH B, )

EHIER, LHOARKBHEIKENT, Z0OHE Chumus) OREFEITEED TR 12, % O
R, EERHERYOCEOBRNRO2ZBETHY, hoRKBIHEN LY THEOLBRICRE
LT3 &, PLEFREKEBL O LORHRHERBEENTH 3 5B~

AHETH, LEKSOBTEED Lic, BROMRICE T ZRPELRDI L, LB OKS S
DL BEHETEONIDNTERETO,

H1E hMURGUNEH SRSk

KBTS » 7571 B FURFE S C (LR T 2 MR BRI T B B0 BMIBE © ORB
BWHNOEHHT No. 4 LWEHRS A v A -2 —-NTH 5,
K4 vA—2-ndR1KATL ) I, E5m, FEE 10m
OFWOLE « UHEZRENMET 2mFLEC, v=
Y= P ERSTIARIRTHENT OB T AL 48
60°1C 1.5m £ TH v F LT B0 HEMAIEI6°TSH 3,
B, X742 -2 —25U#EHE, COMBLITH
T, DUBMBSHELLIH, $LETHEABCERME TS
I A A D, 2OHTAENE, 34 v 2 —2 ~ORBE, FF LS
LB, WHERIER ETS D, MERTH =y E2ERKCe
JEBRLD, MEZHAHLTHS,
° XTC, LBAAIUEE UTHBLR/ABRT R ER - 2o &
Fig. 1. No. 4 Lysimeter (black  px vz n ., s 52, Chlt 6x3em O= 7 >
circles and thick lines indicate
VARRAE 1.5cm B LT ke = - AR T, %
OMIBHMOTELE DL DOTH 5, BREIBHBKYD
A4 HEL A BT L, ERERemRl
Rrfd LS IR 3B TH 5,
Tk OREMEKFIK L IKRT LI,

moisture probe)

Table 1. Physical Characters of Soil Lay-
ers at No. 4 Lysimeter

Length

under  Dry bulk  Porosity 74 VA= - AFREOLETHEOHFORIC

surface - density WoT, EM26 lm OB #E O KT A K,

e W O0 e B, FEED Im B CEE

Humus layer 15 1.10 58.3 +234ETH5, +7bt, A-B, B-CH
II;;::SII'ISIVC root 55 1.18 55.3 OIS dm L5 B, 27, KF A4 Y
Extensive root  200< 1.26 51.5 A= =HCHBEELTD A ERT 2o
fayer KAE B DEFER, 715 -5 —HT

% 10+ 50 « 100 » 150 » 200cm, xfMEH T, 10
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—iC & BEEHRM D 1T - T2

A4 v A =4 -NILBOPHEERE 1 ITRT,

3, RERRIITE, A A D150, 200 cm, 3+ & UF B @ 150cm, D & D 50cm DMK ICIT BE A
B> THNRRLHET Lico

B2 JWEHRLZOER

1. ERHEIE 3]k s A B c D
moisture percentage,
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B 2 121971410316ty A vy v F 5 — %4l
> TR L 28R A2 HE U s T o2k
EBREEKECRLILIDTH S, 72, Thid
WHBERL L3 BMEEL TS, AsiTibd
FHEBCTHEERE LI EKBRI2~16%, B K sl I ] |
FTRbLbLHETRIZ~I8%, CHTHHLLTHT . . .

. Fig. 2. Moisture Percentage of each Point
13~19%, D ATHI~2B% L8> TN B0 OF and each Depth (Oct. 15th, 1971)

i, GKRBOBEFROEESL D, LI« FE

T, BYOERS BN, BT HBEICEBRBICKSE—ELTOELI THB, THIKHLT
TEHTIREGLL DEKRFEHLE » FEICHRTH . %7 10cm « 30cm ROEKEORES
B OEESTS, FHICHS KE-T, GKBRFHL LTS, —~HHBEATRIA v 2 —
Z—NERKD, HITEL 213 E, GABRESE -TW5E. KELICENT, REL -« i
FPIUTH ABARZZNZRUTHBEEFTLBTHS o

il) 19754 7 A10~30H 21} 3 5 H ORIEHEDHE

KI3-1~3-5 It 19754E 7 H10~30H it 13T, 5WORELHHEE Lc KA « S OFKE
T3, KEPRTORALZRAMHATRCEHEERILARL GFHoWT, RUEED Lic,
K DOR AT L ICBRIE Lt EBICL 38 KBTH B, COIEMIC OO TIRRETTHEIT
ZCLicT 3, 5k, CO—#EONEDHRY E HBHNEIC OO TR 4ICRT . RICAFHRIDHB
LR E DBBRICONTIRR S,

1 MO 27mm O BRKTHE, 2HEBIKT o REFIPHBELDOE,
FIEEMLE R - T, F 20 1R 42mm OBHRA T O 24RM%ic, £ 30H S 14dmm OBEM
BTUNMBIKELE LTS, F40HZ, E3ROMEHE, HBERREN3 HRKNET
B0, FBIER LTV, o¥ic, E5EEE, H4HOHEH 3 A HIC 4.5mm O/PFHAED
ST T, FO®%S5 BB ASEOTHEI N, THbD, 14dmm OEFRED - LITHH
Blid, 25HICH T 4.5mm ORI - 72703 T, TIZI3HM, ERERREIED TROMEME
ThH5bo

Wi, B3OEMETHSEARITONT, TOENELBT LICT 5.

B OREIC W Tid, humus |8 DE/KRIZHE DK T22~29 % TH 50 HHDOHLEII
LAERKRENY, FEFATHTY, HELSEHAES b THEL, LiL, REBRLU
FHARBICOVTHE, PHEOEBICIPDLT, 1BIRI6~18% L—E LT 5. ChitH L Tx
BETII2~2% 74 YA =4 -RA LD EL-T W3, FZHETRRD LHiTiEs.
humus Biz oW TA B &, L« hTHE 13~17%, it LTFR - A TRERLEN

100 - - - :

depth of soil, em
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E
57,42% L E UL Ble —F, REJE - EREE E
TRIAAEEEAERMAT LD, LR, b
THTRE B, REHATOTHEHH L U4 Nl |
THA~OEBARD LB, 5 3HMETH, oo ;o
humus B¢ L » opi .
BTl e e T X‘jiﬁﬁlX'C 36, 26, 23, Fig. 4. Hyetograph from Jul. 6th to 30th
BHTHBA, TNRE2AMECHL, kW (arrow marks indicate dates taking
Weuind a9, T dBRTBRILTHY, 8 soil samples)

BRCHBERLENERTSSB, T ik humus

Birbd24KkEAEREBLT, RBTAZERBYOZINRI DI I NEEILLTIDTH
A9 b#bfifﬂfb BERE - ERERBICOTAR S L, - Epﬁﬁfﬁ’)‘@ﬁiﬁﬁ% —Ff‘B o 3t
GC%:’EbBﬂ %S@Eliﬂofﬁ"%ﬁﬁ) 7k$?iﬁi)15:( 13\’)%&“?5‘5&:%7’\‘13/:‘:1%1&
L7t - TETN B, 7272, S L« IR 7~10%, T« BATIR10~13% L 27,
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bEBEML S ERE LMD, L LREds, Coicid, humus BOEKEI ZRUTO
TEBOZNIGESNTL %0 BB~ LH i, B5MPER, ZIZI3HBEOERNA %D
ETHY, 3~4MAEDOBIEESG L A~S5HUEDENELB LU TATY, ZOHEENZ L
iDL, BEASUENKIBERLTOIRHOHETH A EATHENZEWTSHES S,

Wi, FEAT, 7THI0B»5 7 HOBLURICBE UcKEEZRDTH B, ELAYIC, humus
B OREEA40%, BEEEI0% &+, ZOXER0B L5, 21, BRERE - ERERBI>
WT, il s FEE TR BE TR, TNENREHTI8L L20% 125, K LEIE
B8 LIOBRRIETH A0, MHEELEIEZETRNOLLEARRIOSTH 5, HET Im s ToL
BICHTBKAEARR 130mm L5, ERCEFEBRERBE 2m LB ETHELDTHEH
L, ZFR&Y, LOWKT 3, —F, TH6H~NHLOBKRNRE 127.0mm Th -7z, T2
bbb, COPMITHFHT, BRE L IRIZREDKS Y, Im B2 TO LB AL LI
%0

DEIT, KAEAE S LITEEMICA B CDICHRAHNCL AHEHEEES C LitT 3,

2. Hidk gkt L 5 Lk

1 197547 H14~17H D54

AT ERNI KB 1~3-4DBENIZRBRMEL SROIGFEEGKETD 5, humus 2R %, EX
BHARICL > THEEZABHESBONILDOLEELLND, X, humus Bizo 0T, 20D
FRED~Z v F CHABEREROELNS LbNT WAL L EEFEFTBELIE, b UAHEHED
FHH, BOHEICEOD IHN/E 0, 783, 150, 200cm FiC 20Tt BEME 20, 1-1) X
ZHERP B, 50,100cm HOFGHEREZOZ AT A LT Uz HRMICHFABENELE
L[QERFRICPIIHAEHEE OWICHBRBEZE L THAHEBENDE LN - THWADTIRIEESS
HTHBEELD,

2T, 1) T- 7 BIM» L 4~1THRO H L, ZOKMBERENLERXD LT 5,
KApEAEZSTL UZBREKBET 42mm, R KFHAEE 15.0mm/hr T3 5. %K
5-1~5-4 iLH bbb+, K5Ik OHHELE BFAT S0, BRMEANHGKREELEZETINT
Wb, ZOMBOEKEBRIE 2 IKRT.

H3icknT, R BELEMERTORMELE TS S, 10cm BOKGFE, BRKETH,

bbb, 27 BT, 10em EOKFENIC 2EREMENT, S0cm FiICK©EZEL, 3bHitd
BN T, 100cm I E LTS, L L, EKREFOEME UTHO.2~04%BRETH D,
COEALH 2m TR TS EULTH, KGMMBERZ 2 Zd 8mm BETH 5. LA, T
OBHFICE LT, L8KOEMAE, LET 50cm UHTE - T3 EE2 LN 5,

—J5, #HEH - THd & HRE T EE

2oDHMABALNSE, 13, F1i-100cm Table 2. Initial Values of Moisture Per-
7 & RHEX-30cm BEERE LT3, BRI contage (%) at % Jul. hth

OEKRBOMUBROET &, BRETHELA Depth (cm) A B C D
BHRLTHLOKSBHEL U2 ORDRR 10 354 249 30.1 36.1
THb, BHETIND DREEGEICH 30 - -  — 252
3453 LD L. BICRB L 5o 50 151 160 178 —
KR ORI EEO X 5 RERRED b i - pe e
WOT, T UARLROFRTRSHEICR 200 ol 147

WD - T dANIE 0,
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58.5mm TH 5,

M ESicEF T, 50cm BoKRAFHISBIEEILE Rt IHK FE - THIZONWTR
100cm EF ik i) i) ICH#E UTEMER L > T3, —F, humus BTk, EEH»HTFH
T > TEKRBOBVEFABL LTINS, Thid, T Tt~k 5 i, #EHR DK BE
E2E%T 5,

BIE & f&

Ub, 2BORMKS L IEORRHROKRSENELTEL, Z2OER, Nond 54y 21—
22—tk 3 LEHOKSFENMICONT, ROZEBELBTHS,

1. EBWHEsECE, DBKk>ORFEKBR, HBROMHET S HLDL, HEROE/LIZD
phbbT, BEFHT, TERABECHICEIHEAYM, 1-) LU i) KT 5H3-506H
Bhhb,

2, BAHKELTBHTALELONARIEOEZKER, K355, 12IZ8~10BTH » 7o

3. Nod74v2r—4—CxnT, BET2m 2 TOLE I, EHKELTEINEIR
KTk RiE 892mm L7535,

4. La»L, WEA»LR, HERORAELZRRTIS0~60BETH Y, EiEkER 3
HTABARLZEL D RELS TS,

5. humus BRKSOBRMETHROBVERBIERB LD 4, HEEKIGE. 3big,
BEOTHICH ) KIE-T, ZORPEGHETT 201k, fEEMN ERFAOKFBEBEE
TE5CLEEK%RT 5.

6. HFICHESERBIZBEBTIASEAT, OEOHET 50ecm BEE T, TbLBEES
TThHb. COFRELTR, 2RIV THOLBEOEAELNENPLEELDZLDY, T
IO EHOLBCHE LB IKENEL, poffiT 32U, HEHFANOW T 2720
EELbND,

B b bh I

5125 DB C humus JEORMEAE No.4 5 1 ¥ 4 — & —TlE, S0 2,3% HAT
BT ERBRRT, —F, ARETH, LEKOE/LD humus [BCHE T, HERHBEKT
BIKAEE, $NENHET 50em BEZ TORBE T LE2HME L. COMERD 3
EEMNABICERINS,

Nk, FMECELTELDOAOPBNERTHS, Lhbl, BicBllzL 3L TH RN
MEEZE, HAE—F, & HEKEHEEZXRT 3, RABFER, MEBERIKOWT
RERBHMEENZEOTVS, BLTHELEET .
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Résumé

The movement of soil water must be analized in order to understand runoff phenomena
on a slope. For this purpose, the author observed the variation of soil moisture directly
by the measurement of extracted soil samples and indirectly by a method of electric resist-
ance. The experimental site is situated at No. 4 Lysimeter of Kiryu Experimental Catch-
ment, which is 5 meters in width, 10 meters in length and 16° in gradient. The catchment
is located in Otsu city, Shiga Prefecture and consists of granite. The results are as follows:

1. On consecutive clear days, it was recognized that the moisture percentage took
an almost definite value on a vertical direction, in spite of the difference of soil porosity.

2. The minimum moisture percentage of gravitational water were considered to be
about 8-109,.

3. In this Lysimeter, the maximum potential storage of gravitational water which was
included in the soil layer up to 2 meters in depth, was 892 mm. However the actual max-
imum water content in the layer of intensive root zone was only half of saturation capacity.

4. The reccession curves of soil water in humus layer were expressed more appropri-
atly as an exponential function than as a linear function. In addition, the reccession
rates decreased going down the slope. And it was assumed that the soil water in the humus
layer was moving laterally along the slope.

5. The movement of soil water that was involved in the direct runoff was limitted within
0.5 meters in depth at the most, namely, within the intensive root layer. The reason
was guessed that the lower part of soil layer did not have lower percolation capacity, while
the upper part was able to store more water. And the runoff along the slope started be-
fore the soil saturated.



