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Hiroei CHikaarasHI, Shigeaki Harrori, Nobuji TakeucHr and Yoshio TsuBoYAMA :
The Water Balance by the Different Slope and Soil Condition
in the Sloping Lysimeter
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el L

AHRXTHERLTVWARLEEERTE, FTLEOEI i3, KL, LWL 2»DbDi3, FASIcAD
THHEL TV B,
a JE¥ constant
D, mJHBEERT (12 hr/day) possible duration of sunshine
E #ZE#E#E (mm) evapo-transpiration
E, dJfERFEME (mm) potential evapo-transpiration
1 KROEHKEBH (cal/gr) latent heat of water
P BkE (BHE) (mm) precipitation
P, 1BfE (cal/gr) rainfall of each storm
@ HHE’ (ly) solar radiation
g APHKEHT 2 EEE (g¢/m®)

saturate absolute humidity to average monthly temperature

R #HE (mm) runoff
R, EEMHE (mm) base runoff
R, BE#fMHE (mm) direct runoff
R, WM TREHR (mm) increased seepage
Ry HTFHRHE (mm) seepage
R, ¥mmHE (mm) increased runoff
R, $BUHE (ly) net radiation
R, iFKHRE (mm) surface runoff
t %Kiif (°C) air temperature
a TANE (KHEFRED (%) albedo
A4S 13EAK5HZEAL (mm) change in soil moisture content
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MEo—sicBeEMAd0 (SL), 8LUMEa—-—4 (L) ZH0b00 2BOTEORE S DEGEE
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Sloping lysimeter.

Photo 1. #MisA v A —9—45

A whole view.
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Photo 2. RHEIZ A v # — % — OEHIE Photo 3. BH#HKEE (FC-60)
Observation room. Automatic drainage mechanism.
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551 s e EACHEE TR OB C O TR 75 . RSO AL & 1 - T,
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C O TN T OEEAGERE 13, ERICBL CBllshi, 54 v 2 -5 —h o AEPKEER O KE~FK
AT BHAEERE (B) YUih okBD2{ERE LT3,

19814E0F oD 5, MEAROHEHIKEERZFH L0, SkEBICB T 28, BEAEALN
+, NEHACEHL 12,
(2) HEzdkbrEt
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Fig. 2. HE#KEE (FC-60) (Unit mm)
Automatic drainage mechanism of a gauging tank.
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Photo 4. Hdk6E (FW-25)

Water level recorder.

HECKAETE, Fw-25 BUKRIEE (v 4 2 v T¥H8), (Fig. 3, Photo 49) #HVTHY, 7o—t
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HEKAZET DicE S, & & T~ 57— & — REMUPEE 1 BE, MR ETF — ¥ —K/RAAE L -
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Photo 5. #AXOANEH > 25 4 Photo 6. 7 — % HERIEEE

A two-way water level recording system. Recording system.
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7V ryy =i, BHEHICHCS IBM82C BAELEE LA LD TH S0 (Photo 8), KMDEEKT
FOEABAETE I EpHD, BRE-F oL - THRET I LiIckD, EELESHEHREL 1
BEICHAT, FHEREEZBVLS, Thi3, EE4V ORFEEMER, BHEH, BEEroMk
B¢ T, FE LI C2BAMERD Ny 7 Ty THTREL SN B M, KR 3EBHOENET &b
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F -y —HRMEEE 3, CHoXBoEMIch T — v - S HEBWICETEQEL, HIFES3
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Fig. 4. KX F— 5 BEUIBEE OHEIK

Composition of the hydrological data aquisition system.

TEMTEDLD, ERAVONIT F o SR ATIC L BRI, BHINTHE, LeLA
o, BROMHSSEETH ZH, FRAOEELELADPI L, T, HE SERLELEIDT,
HSF, BHTLT, fhoitiigRsERL, BXd 546E0H0, TOATHED 7+ v 7RO HiLKAE
O, BMTH -1,
3. WEE

WE I, SO 200mm Or—% 3544 —24 (Photo 9 &, FIUL, ZAKOFES 200 mm
T, 18855 0.5 mm OEH F A0 RHHTEREH (hE#l3 KK 8), (Photo 10) %, 51 ¥«
— ¥ —RiOTBEBLTHAIL ' —954F— 3™y 7 KT, T~10 BRI & iciikE4EETRI
L, 2B 0FHEE & -1, BN OBFBEIC>VWTE, F—% 54 ¥ —ORIEEEEREIILT,
HEMBET OMEMEERIE L, S8, BBl MBS TRl 28605 20T, BLLL b
OO RN, FHROBIDRB 20 LT, RUEHES L5 Lo
4. EBEEE, WEE, RW - BEG, HAE, I8RE

TREZSBHOKRENSEHOLREE, ROL KL >TW3S (Photo 11),
(1) ‘st

BERHE : Hi= o r VBRERT

HIEHBE - —20~30°C/0~50C
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Photo 7. 7KiitEiReE

A water level transmitter.

Photo 8. 7Y ¥ 4% —
Printer (I.B.M.).
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Photo 9. b= 7 A H— Photo 10. E?Eﬁﬁ%?ﬁ’
Totalizator. Rain recorder.
WBE: £0.5°
(2) BEET

BRI : #i= o rVIBRERRT, BEEH Y 1y —, 8Ky v ot
REFPH  0~100% (FHLhRIEHE 20~100%)
@) RIE, gt
BRI H A, R
BB HER : BRI LR A Y v s~ EEE100m T1 VR
¥HE: 10m/s AT +50em/s
W0m/s LIETx 5%
(4 H&tEt
BHRHA . BRERR M
BIEHBH : 0~2 cal/cm® . min
BE : MV/0.1W/cm? - min
(5) ElgkdEE
BESSBETGEE  HESH E686 B
e LA TR, B8 200 mm (Photo 12)
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Photo 11. %R RIS
Weathering station.

Photo 12. #&cEER

Automatic meteorological recorder.
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FIETIEOE YL, Table LICRTEBDTHS, Thid, B2 ©A, B, C ¥4 7OXED
Mmoo REFHEOEEEFRLA DT, HAEMKAR, 1982FETHTH L0156, AELTLHHOE
EEBLTHY, TRBOLELTVWAELEEI NS, TIEKEAIR, Fig. 5IRdTE£B0TH 5,
HEFE R, EEHRETHEREFEEY K&->TV 3,

LR, BR o - Al IBAARL L 1I0BATREALALOTHY, TERIEEo —4TH 5,

b - MEosiRmEhEE, Fig. 6 21,

TROTIR10ecm OESDULAABFRIENS O, BFOERARE0OmMmTSD 5,
SAVA—2—OtRE2EELLEAR, L TEBOBKMERL LI LICL-T, fELRD
kohx, $ubb, PRHEKOHELITRET S L%, HRHNO~D & Ltk TH 20, HRICSH
T, - TROBKMHEISEHKRECEDLT, PHROREZBEAL AL DT, ¥POHK %
THILETERD I,
2. kA

AHICRoN 221, WEOREBLINEOAMETEL0TIREL, MARBE L ZERE,S>DOTIE
OFBE), WEEHIETZIE2HMELLLDTHY, 2951 v23 (Zoysia metrella MEeEr.) #5H
[REEY (s

THERICE T SHERIE, Som BEETIR [2bHTE), H10em £TE (£, F0cm TR
(0], F8cm £TIE [EN] TH5,

Bd, EEHCIR 10em BECET S E0D 2, HAL T AHEL, mE, THMICKREL,
ZORESELEBVEIICLAOT, BHAKMHD 1982~1984 HEicBW TR, BIELEL HHEEORE
ThHohEHBTIEHTELS,
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O Tl
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Fig. 5. THEDWHE
Soil profile.

Note) b: BEiA#& Blocky
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Tablel. %®# #® =+ &
Physical properties
:;: E/{BE | b= + ¢ 23 X SR ) H ik &
7
Soil layer Layer Soil Depth Bulk Real
type texture (cm ) density specific
(g/100cm?) gravity
A + I L 10 100 2.73
Upper
layer
& L 50 83 2.78
Lower
layer
B = SL 10 128 2.68
Upper
layer
& L 50 75 2.78
Lower
layer
C . = SL 10 126 2.73
Upper
layer
& L 70 90 2.718
Upper
layer
Note) L:a—4 loam, SL @ W&o -4 sandy loam
(%)
100
wg O 4
e : ///
> so
N o SL\\/'
i r’/‘\ 1
© o 40 — 7
| Q AT
L
20 T p—— = “" 4
ot g W b1
ol T 7]
0001 001 al 10 100
Wo# (nm)
Particle size
Fig. 6. 54 v 2 — % —fia+ OREMFEEHR

Particle size accumulation curve of soil.
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o m ¥ #

of soils #51E Slope 25°
" M ek . B & #E K B# ¥
Volume composition (%) Porosity (%)
= Coeflicient
7k E R 24 AL B ) AL OBE of
Solid Liquid Gaseous Total Fine Coarse permeability
phase phase phase pore pore pore (cm/sec)
33 41 % 67 27 40 7.46%1073
27 47 26 73 25 48 6.40x1073
43 27 30 57 37 20 5,87 X1073
25 50 25 75 28 47 10,27 x1073
42 27 31 58 35 23 5.07x1073
30 49 21 70 22 48 4,53x1073
IV BREEE
1 SAZEL

1982~1984 H D KRB %, Table 21RT. TOXD S, 1983 HEOTRAPPLEDI Lhbh
M, THREFEELS OO TIINE,

Bk Bid, %IBd 2 Table3 4DEB0T, 192ENFEHEL, KOTIVIEDIFIZL 24, O
FEOZEZRIEEREZL LV, ST LT, 1984 R 2ED 60% BBETHY, Lizh->T, MK
BoBRE DB VEOERNC & 5 HERFMAREE 15 - 2,

2. HBAKIR Y

BBl ORI H o HBloMKR, Fitig%, Table 31R7,

HiEAHERR, ABOTEBIEHEIE, LWbwwd, »PRxBERYRcIsboT, SXEs b, £<
B, H-Th, T hHTMLTH-T, BEALHBIRLSL L, THDLL, MKRERERTZHD
EhrE, BREEESEEKELLZEDLEATELLLZLL,

THEAKGFOBERAET - TR VOT, BHRHELE HEANYOEESDELLANOKI ELT T L
TERVY, BAKBOHT 2REBOBFZREIMOA B L, Fig. T0kDiE, BLEES 17 (B) T,
BRI D RTBEGIE, ANoRHBRAE0ESEL, 15°, 25°, 35° OIFCHiHESS WEHEAEE S
PTHB, BUERTTESY 1 7ORKEBIBEITE, Fig. 80&Hic, MEBICBEELALENSELD
W Ehbhs,

3. HMOKINK
1982~1984 50 3 HERADMKE & ifiHHBOBNEER L, Table 4DEBHTH 5,
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Fig. 7. HEKkB& ARHBOERIERNLE (B 51 7)
Monthly precipitation and comparison of monthly runoff
among three different slopes (B type).

(mm)

400
-! A type
----------- B type

———=C type

3004

- 4
Runoff

2004

100+

T e
Month 1 2 3 4 5 6 7 8 9 101112 4+ 2 3 4 5 B 7 8 9 101112 1 2 3 4 5 6 7 8 9 1011 12
Year 1982 1983 1984

Fig. 8. HithBo LE&FRLE (25°)

Comparison of monthly runoff among three different soil types (25°).

COHEO KO L LT, 12 HphoBkER, 1.0mm (1981 4), 18.4 mm (19824), 4.2 mm
(1983 4#), 62.3mm (1984) &, THK DB LA, H-Th, HRIIHY THERTZILHBEVDT,
TROFYKS DB >TOWERIETH 2, LEh->T, BEKMEIcBI3Z LRV EEILND
ZEmD, INSHMOKNLDER, BBUREMNELTERFOHEBIZL-T, £F560LA0T
TEMTEL D,

Table 4 75, L@ A 78, ERENOHRIRKE S RHBOMGEEA 5L, Fig. 9(1)~B8) im
FTLHD, EHERORFEREANTS S L, A-15~35°, B-15~35°, C-156~35° Ok 35 5,

ChoDFERM S, EAE 10° > oMk, EROKRHET50~60mm BEOELL > TEhTL
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Table 2. FREZBHOK[EZEN
Meteorological condition in the Chiyoda experimental site.
G2 A EHQE | EARSSE [ FPHEERE |F B B B FHERE 5 §H B
Year|Month | Mean air Mean Mean Mean relative] Wind | Amount of
temperature |maximum air lminimum air| humidity speed [insolation
temperature temperature
o 48] C) (%) (m/s) | (cal/cm?
1982 1 4.4 9.7 —-0.6 69.3 1.43 231.3
2 3.8 7.5 ~0.7 72.6 1.31 275.6
3 8.0 13.8 2.3 87.6 1.56 —
4 11.5 17.8 6.6 98.9 1.95 —
5 20.4 24.7 13.6 — 2.03 437.4
6 20.3 23.9 15.5 — 1.55 363.4
7 22.3 24.8 18.4 — 1.34 270.5
8 26.0 29.6 22.3 - 1.76 308.7
9 21.1 24.0 17.7 - 1.62 227.9
10 17.8 21,5 11.1 76.2 1.23 240.6
11 13.4 16.9 7.4 78.0 1.04 —
12 6.7 12.6 1.3 77.1 1.08 143.7
Feoal e 18.9 9.6 — 1.49 —
1983 1 3.8 9.8 —2.4 79.9 1.09 207.0
2 4.5 8.9 —1.5 53.1 1.50 271.5
3 7.7 11.7 1.9 65.0 1.59 263.2
4 15.1 19.4 8.8 99.5 1.86 291.8
5 18.1 21.1 12.2 72.3 1.79 388.6
6 19.5 21.9 16.6 76.7 1.56 322.8
7 22.4 25,6 18.9 89.1 1.43 245.6
8 25.0 29.5 22.2 93.5 1.87 283.8
9 22,1 24,7 18.5 89.8 0.87 239.0
10 15.9 20,6 10.8 78.5 0.711 202.4
11 11.8 16.2 4.9 69.9 1.06 200.4
12 6.0 10.7 —-1.4 71.3 1.10 202.5
q;[ea? 14.3 18.3 8.4 78.2 1.34 260.4
1984 1 2.4 7.5 —3.7 82.9 1.14 242.8
2 1.4 6.8 -3.2 91.4 1.23 236.1
3 6.3 10.9 -0.4 — 1.33 323.0
4 12.9 16.8 5.6 75.9 1.48 297.5
5 18.2 21.9 11.3 80.6 1.688 373.9
6 20.8 24.2 17.4 — 1.88 247.0
7 25.8 28.6 21.6 — 1.02 351.7
8 27.5 33.6 22,5 75.8 - 342.8
9 23.0 26.5 18.0 94.0 0.92 283.1
10 17.3 21.0 11.8 — 0.99 202.6
11 11.4 16.0 3.9 72.5 - 182.9
12 7.7 11.7 —-0.3 73.5 — 162.1
ﬁeaif 4.6 18.8 10.5 — - 270.5
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Table 3. 141 790 ABKEER
Precipitation and runoff
iF A % Kk B®) Slope
Yea Month Precipitation
A Type
i th (R) W o
Runoff (mm) Runoff
percentage
i & 5 T A i R/
Surface Seepage Total
(mm) runoff (%)
1982 1 35.8 0.12 14.70 14.82 41.4
2 27.9 0.14 5.98 6.08 21.8
3 76.3 0.12 46.42 46,54 61.0
4 129.4 0.16 100.64 100.80 77.9
5 110.C 0.30 b5, 52 85.82 50.7
6 183.0 0.6c4 95,50 96.14 52.5
7 145 .5 0.46 92,58 93.04 63.9
8 151.4 0.51 111.74 112,25 74.1
9 347.2 1.70 252.20 253.90 73.1
10 151.7 0.76 122.00 122.76 80.9
11 132.6 0.71 77,00 77.71 88.6
12 18.4 — 26,05 26.05 141.6
1983 1 24.3 0.07 8.89 8.% 36.9
2 77.5 0.46 39.9% 40.42 52,2
3 124.7 0.53 97.22 97.75 78.4
4 157.9 0.51 140.40 140.91 89.2
5 107.5 0.71 63.02 63.73 59.3
6 180.1 0.58 101.93 102.51 56.9
7 171.1 1.08 113.03 114.11 66.7
8 108.3 0.25 76.33 76.58 70.7
9 296.3 2.09 187.45 189.54 64.0
10 119.2 0.45 82.28 82.73 69.4
11 52.7 0.32 37.73 38.05 72.2
12 4.2 — 10,50 10.50 280.0
1984 1 39.7 0.1e 7.03 7.19 18.1
2 82.9 0.30 57.65 57,95 69.9
3 55.1 0.11 46,75 46.86 85.4
4 62.5 0.34 44 .54 44.88 71.8
5 55.7 — 22.84 22.84 41.0
6 207.2 1.03 131.37 132.40 63.9
7 109.2 0.87 78.03 78.90 72,3
8 20.7 — 7.67 7.67 37.1
9 56.0 — 0.75 0.75 1.34
10 78.6 0.30 6.84 7.14 9.08
11 43.3 0.16 8.48 8.64 20.0
12 62.3 0.32 39.18 39.50 63.4
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H&
for three different soil layer types.
15°
B Type C Type
ot & (R) % I L EEEE:
Runoff (mm) Runoff Runoff (mm) Runoff
N percentage n percentage

wgRRe | Tl it R/P mERE | TR it R/

Surface Seepage Total Surface | Seepage Total

runoff (%) runoff (%)
— 14,10 14.10 39.4 — 14,15 14.15 39.5
— 6.97 6.97 25.0 - 7.50 7.50 26.9
0.12 46,06 46,18 60.5 — 42.48 42.48 55.7
0.41 100.85 101.26 78.3 — 102, 44 102. 44 79.2
— 58.15 58.15 52.9 - 55,90 55,90 50.8
0.55 95.98 96.53 52.7 — 93.85 93.85 51.3
0.11 95,51 95.62 65.7 — 96.45 96. 45 66.3
0.16 118.51 118,77 78.4 — 122,90 122,90 8l.2
— 250,26 250.26 72,1 — 257,50 257.50 74.2
0.69 123,34 124,03 81.8 — 127.21 127.21 83.9
0.41 78.79 79.20 59.7 — 81.70 81.70 6l.6
— 26.49 26,49 144.0 — 28,92 28,92 1587.2
— 10.07 10.07 41.4 — 11.62 11.62 47.8
0.41 36.50 36.91 47.6 — 32.95 32.95 425
0.26 97.31 97.56 78.2 — 94,45 94.45 75.7
0.09 139.81 139.90 88.6 — 139.63 139.63 88.4
— 65.29 65.29 60.7 — 67.17 67.17 62.5
0.41 112.93 113.34 62.9 — 115,24 115.24 64.0
0.18 115,47 115.65 67.6 — 118.07 118.07 69.0
— 82.66 82.66 76.3 — 89,65 89.65 82.8
2.20 184,56 186. 76 63.0 — 188.01 188,01 63.5
0.06 87.48 87.54 73.4 — 91.82 91.82 77.0
— 37.64 37.64 71.4 - 40.49 40. 49 76.8
— 11,77 11.77 280.2 — 14,06 14.06 334.8
— 6.83 6.83 17.2 — 9.35 9.35 23.6
0.41 48.86 49,27 59.4 — 42.91 42,91 51.8
0.04 48.78 48.82 88.6 - 47,50 47.80 86.2
0.16 42,76 42.90 68.6 — 44.03 44,03 70.4
— 22.45 22.45 40.3 — 27.35 27.38 49,1
0.16 133.70 133.86 64.6 — 122.66 122.66 59,2
— 86.00 86.00 78.8 — 94,93 94,93 86.9
— 11.34 11,34 54.8 — 14,30 14,30 69.1
— 2.62 2.62 4.7 — 6.25 6.25 11.2
— 11.03 11.03 14.0 — 16.39 16.39 28.9
— 9.87 9.87 22.8 — 15.23 15.23 35.2
— 34.93 34.93 56.1 — 33.12 33.12 53.2
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Table 3. 7% (Continued)
s R B ok BP Slope
Year Month Precipitation
A Type
pi th 8 (R) W oR
Runoff (mm) Runoff
percentage
K | T it R/P
Surface Seepage Total
(mm) runoff (%)

1982 1 35.8 — 11.42 11.42 31.9
2 27.9 - 5.79 5.79 20.8
3 76.3 — 40.33 40.33 52.9
4 129.4 0.32 102.10 102, 42 79.1
5 110.0 — 57.51 57.51 52.3
[ 183.0 0.07 90.40 90. 47 49.4
7 145.5 0.93 88.52 89.45 6l.5
8 151.4 0.22 127.86 128.08 84.6
9 347.2 0.62 238.15 238.77 68.8
10 151.7 0.07 113.10 113.17 74.6
11 132.6 0.17 70.28 70.45 53.1
12 18.4 — 26.85 26.85 145.9

1983 1 24,3 — 6.92 6.92 28.5
2 771.5 — 28.82 28.82 37.2
3 124.7 — 91.28 91.28 73.2
4 157.9 — 139.77 139.77 88.5
5 107.5 — 59.49 59,49 55.3
6 180.1 0.07 111.76 111.83 62.1
7 171.1 0.20 111.55 111,75 65.3
8 108.3 0.17 86.18 86.35 79.7
9 296.3 0.20 169,02 169.22 57.1
10 119.2 — 76.32 76.32 64.0
11 82.7 0.14 32.80 32,94 62.5
12 4.2 — 9.86 9.86 234.8

1984 1 39.7 — 6.58 6.58 16.6
2 82.9 0.07 36.37 36.44 44,0
3 55.1 0.09 42.54 42,63 77.4
4 62,5 — 39.94 39.94 63.9
5 85,7 - 22,27 22,27 40.0
3] 207.2 0.36 124.55 124,91 60.3
7 109.2 0.34 81.26 81,60 39.4
8 20.7 — 8.38 8,38 40.5
9 56.0 — 1.23 1.23 2.2
10 78.6 — 4.48 4,48 5,7
11 43.3 -— 4,82 4.82 11.1
12 62.3 — 13.33 13.33 21.4
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25°
B Type C Type
%ot & (R) i i B B®R i %
Runoff (mm) Runoff Runoff (mm) Runoff
- percentage n percentage

i mTaE | at R/P | MEdh | MR | 3

Surface Seepage Total Surface | Seepage Total R/P

runoff (%) runoff (%)
0.23 11.98 12.21 34.1 — 14,53 14.53 40.6
— 5,90 5.90 21,1 — 6.41 6.41 23.0
0.11 35.81 35.92 47.1 — 30,22 30.22 39.6
1.23 101.56 102.79 79.4 0.44 101,37 101.81 8.7
0.74 61.03 51.77 47.1 — 54,76 54.76 49.8
1.33 88.20 89,53 48.9 0.12 86.08 86.20 47.1
0.81 9l.12 91.93 63.2 — 91.56 91.56 62.9
1.82 127,13 128.95 85.2 0.20 129.00 129.20 85.3
5.73 233.78 239.51 69.0 1.33 231.73 233.06 67.2
1,72 110.24 111.9%6 73.8 0.25 111.42 111.67 73.6
1.48 71.47 72,95 55.0 0.1% 73.60 73.75 55.6
— 25.35 25,35 137.8 — 25.61 25.61 139.2
— 7.50 7.50 30.9 — 9.75 9.75 40.1
0.81 23.36 24,17 31.2 — 21.77 21.77 28.1
0.89 85.68 86,57 69,4 — 78.61 78.61 63.0
2.14 134.81 136.95 86.7 — 135.80 135.80 86.0
1.48 88.76 60.24 56.0 0.07 59.86 59.93 55,7
2.29 109.51 111.80 62,1 0.15 109.74 109.89 61.0
1.62 110.73 112,38 65.7 0.25 110.81 111.06 64.9
0.79 85,27 86.06 79.5 0.07 89.29 89,36 82.5
2,26 164.29 166.55 56.2 1.48 161.41 162.89 55.0
0.585 80.45 81.00 68.0 — 82.20 82.20 69.0
0.24 33.92 34.16 64.8 — 33.75 33.75 64.0
— 11.56 11.56 275.2 — 11.97 11,97 285.0
— 9.62 9.62 24.2 — 8.02 8,02 20.2
0.76 29,87 30.63 36.9 0.12 28.11 28.23 34.1
0.12 37.75 37.87 68.7 — 36.59 36.59 66.4
0.61 37.27 37.88 60.6 — 38.24 38.24 61.2
0.61 26.73 27.34 49.1 — 24,62 24,62 44.2
1.08 119,51 120.589 B8.2 0.12 112,25 112,37 54,2
1.20 80.82 82.02 75.1 1.89 90.70 92.29 84,5
— 10.42 10.42 50.3 — 11.77 11.77 56.9
0.36 3.75 4,11 7.3 — 1.20 1.20 2.1
0.27 10.62 10.89 13.9 — 3.35 3.35 4.3
— 9.17 9.17 21.2 — 4,35 4.35 10.0
— 22,49 22,49 36.1 - 15.28 15.28 24.5
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Table 3. D72% (Continued)
ki3 A B ok &P Slope
Year Month Precipitation
A Type
i H g R o
Runoff (mm) Runoff
- percentage
& i TR a R/P
Surface Seepage Total

(mm) runoff (%)
1982 1 35.8 - 4.98 4.98 13.9
2 27.9 — 1.71 1.71 6.1
3 76.3 — 28.18 28,18 36.9
4 129.4 — 98.12 98,12 75.8
5 110.0 — 50.68 50.68 46.1
6 183.0 = 78.76 78.76 43.0
7 145.5 — 86.40 86.40 59.4
8 151.4 — 131.50 131.50 86.9
9 347.2 — 230.44 230. 44 66.4
10 151.7 — 103.23 103.23 68.0
11 132.6 — 64.00 64.00 48.3
12 18.4 — 26,89 26.89 146.1
1983 1 24.3 — 5.88 5.88 24.2
2 77.5 — 19.850 19.50 25.2
3 124.7 — 83.07 83.07 66.6
4 157.9 - 137.92 137.92 87.3
5 107.5 — 55.36 55.36 51.5
6 180.1 0.11 109.39 109.50 60.8
7 171.1 0.11 108.30 108.41 63.4
8 108.3 — 87.1% - 87.15 80.5
g 296.3 0.38 152.38 152,76 51.6
10 119.2 — 72,81 72.51 60.8
11 52.7 — 28.53 28.53 54 .1
12 4.2 — 8.89 8.89 211.7
1984 1 39.7 — 6.61 6.61 16.6
2 82.9 0.32 26.21 26.53 32.0
3 55.1 — 37.18 37.18 67.5
4 62.5 -~ 37.99 37.99 60.8
5 65,7 - 24,28 24.28 43.6
6 207.2 — 115.62 115.62 55.8
7 109.2 0.21 86.60 86,81 79.5
8 20.7 — 9.92 9.92 47.9
9 56.0 — 2.32 2.32 4.1
10 78.6 — 6.39 6.39 8.1
11 43.3 — 3.87 3.87 8.9
12 62.3 — 12.09 12.09 19.4
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35°
B Type C Type
b H g (R) o g b H g (R) W
Runoff (mm) Runoff Runoff (mm) Runoff
percentage N " percentage
i | MR @R 5 R/P wgRAt | TN it R/P
Surface Seepage Total Surface | Seepage Total

runoff (%) runoff (%)
— 7.50 7.50 20.9 — 10.69 10.69 29.9
— 3.52 3.52 12.6 - 5.02 5.02 18.0
— 22,76 22.76 29.8 — 2508 25.05 32.8
0.14 96.05 96. 19 74.3 — 97.72 97.72 75.5
— 49,43 49.43 44.9 — 47.95 47.95 43.6
— 77.39 77.39 42.3 — 79.13 79.13 43.2
— 84 .14 84.14 57.8 — 83.76 83.76 57.6
0.11 135.93 136.04 89.9 0.11 142.10 142,21 93.9
1.09 231.64 232,73 67.0 4.62 229.57 234,19 67.5
— 102.41 102.41 67.5 — 104.32 104,32 63.8
— 63.64 63.64 48.0 — 69.21 69,21 52.2
— 26.63 26.63 144.7 — 28.25 28.25 153.5
— 7.77 7.77 32.0 — 9.91 9.91 40.8
— 16.38 16.38 21.1 — 18,13 18.13 23.4
— 75.49 75.49 60.5 — 69,03 69.03 55.4
— 135.90 135.90 86.1 0.16 133.18 133.34 84.4
— 54,51 54,51 50.7 - 55,05 55.05 Bl.2
0.33 102.78 103.11 57.3 — 105.09 105.09 58.4
0.22 104. 46 104.68 61.2 0.19 107.45 107.64 62.9
0.57 88.23 88.80 82.0 1.63 9%.08 97.71 90.2
2,18 141,27 143.45 48.4 - 138,12 138.12 46.6
— 75.08 75.08 63.0 — 85.34 85.34 71.6
— 28,53 28,53 54,1 - 32.74 32.74 62.1
— 11.23 11.23 267.4 — 12.05 12.05 286.9
— 7.05 7.05 17.8 - 7.50 7.50 18.9
0.08 22.94 23.02 27.8 0.21 25.53 25.74 31.0
0.05 30.77 30.82 55.9 — 32.19 32.19 58.4
0.10 35.01 35.11 56.2 — 34.27 34.27 54.8
0.16 26.10 26.26 47.1 0.10 25.85 25.95 46.6
1,22 106.91 108.13 52.2 0.43 102.41 102.84 49.6
0.95 91.51 92.46 84.7 — 98.23 98.23 0.0
— 1178 11.75 56.8 — 13,10 13.10 63.3
— 2.25 2.25 4.0 0.35 4,90 5.25 9.4
— 6.64 6.64 8.4 — 10.68 10.68 13.6
— 3.93 3.93 9.1 — 7.85 7.85 18.1
0.13 10.84 10,97 17.6 - 16.88 16.88 27.1
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Table 4. £ [ o @ # M

Annual water balance

F Bk RB(P) # o &’ (R) Slope 15
Year Precipitation Runoff A B C
(mm) (mm) Type Type Type
1982 1509.0 iz (Rs) B.62 2.45 —
Surface runoff
MTHEL (Ro 1000.03 1015.01 1031.00
Seepage
E%) (R) 1005.65 1017.46 1031.00
Total
#otH & R/P 66.6 67.4 68.3
Runoff pe;écentage
AHRHE (BE) 503.35 401,54 478,00
Evapo-transpiration
mm
1983 1423.9 ik (Rs) 7.05 3.60 -
Surface runoff
HTFFE (Re 988,74 981,49 1003.16
Seepage
?ﬂ"p (R) 965.79 985.09 1003.16
Total
B R/P 67.8 69.2 70.5
Runoff percentage
EHEHE (E) 458,11 438.00 420.74
Evapo-transpiration
(mm)
1984 873.1 HFEFH (Rs) 3.89 0.77 —
Surface runoff
HTFHRE (Ro) 451,13 459,17 474.02
Seepage
H (R) 454 .72 459,94 474 02
Total
7o & R/P 82.1 82.7 B4.3
Runoff percentage
AREHE (E) 418.38 413.16 399.08
Evapo-transpiration
mm

B LHbirb,

i, H—EHTHES 1 7HELBIBAE, Fig. 9@ RT3 X512, EHBKREHKTHELD
flicid, R-o2h LAHEEZROVHBTIENTERL,
4. 1RBREIEOBMERIFHEEE

RROBEHRBRET, 1BHECLOBHLAHBE>VWTRFTSNAL D OREVY, B v A -5
—BoTE, REARLERQY, BRRFHEMTHD, EFVNLLESLPTVOT, 19824
OBRHE - REROBEKRIC VLT, HERFEIT- %,
1) BB

FTA VA= —HhoDORMEBE, ROIS LT 5,
O EERHE: BRIckD, RHBEOHMNMSEE > Th s, BULLORHRICET 2 £ TOMHM%,
PR & L, HMmATORHBHE LRI hREE L & 448 L BaolhofRR:, RERRIEE
T 5,
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T B & # B K K X

by the different slope and soil condition.

Slope 25° Slope 35°
A B C A B C
Type Type Type Type Type Type
2.40 15,20 2.49 — 1.34 4.73
927.31 953.57 956,29 904.89 901.03 922,77
929.71 968,77 958,78 904.89 902,37 927.50
61.6 64.2 63.5 60.0 59.8 61.5
579.29 540,23 650,22 604.11 606.63 £81.50
0.78 13.07 2.02 0.60 3.30 1.98
923,77 905.84 904.9% 868.88 841.63 862,17
924,55 918,91 306,98 869.48 844,93 8c4.15
64.9 64.5 63.7 61.1 59.3 60.7
499.35 504.99 516,92 554,42 578,97 569,75
0.86 5.01 1.83 0.53 2.69 1.09
385.75 398.02 374.48 368.63 355.70 379.39
386.61 403.03 376.31 369.16 358.39 380.48
44.3 46.2 43.1 42.3 41.0 43.6
486, 49 470.07 496.79 503.94 514,71 492,62

@ BNEHE  REERhoEARERESbELAFERS CRAERHBEBLEE LW BE, ¥NR
HEsd 5,

REBOBINAEE > Thd, bEORHEBIRESTVIBI, ROBEMSETZIEMELM, 0
&L ER, FEMABORHBOZLI BIC, ROBHBEEMS S 2156, TG, i@l L1
HEHEME A 5h 28481, AL TIHHEYT 2, » LD REEIEDL T, YHORHMBRIGEWE 51385
AT, ROFBHEEMBAEIE CHEEITY 2,

HHEHIM v A -5 -OERER BT S 1 BRTEOKNIAE, ROLICELOND,

P,=R,+R,+E+AS e (1)
IIT, P 1BNONE (mm)
R :#EmMmKHE (mm)
R:EE#HHEE (mm)
E % % # & (mm)
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(mm) (mm)
2)
1,000 Atype |5 e 1,000  Btype I5° @ o
25: e
« 35 % - @
" -
s HS
Hs =€ |
w € 2
500 - s00k
4
500 000 1,500 500 7 " 1,000 1,500
B K ® P (mm) B2 Xx B P (mm)
(mm) Precipitation (mm) Precipitation
i3 4
1,000¢ C type 15° o 1,000 25 A .
25" e ] B o
« 35 r e « c* ——
| I
L LS
A g HE
wE w®
500 / 5001
L v
500 1,000 71,500 500 000 T 1,500
ok BP (mm) B KX B P (mm)
Precipitation Precipitation

Fig. 9. fEROLBSRAR, HEMRIRRKEERINE
Relation between the annual precipitation and runoff by the
different slope and soil condition.

48 1k s3EL (nm)

BHLAES 1 v 2 — 9 — 13, TEMARVEVOT, BEROOEVWS TR, NEOBFTI,
FHBOMMA, BEALADSALVIEANEV, Lid-T, RINBOSEIEESTRTS 201, 20
mm BEL EOMESS 2BAIKEON 5, 1982 F B ONEHTHBNTRETS > 2 b Dt 2041
b0, 0¥, TablebicRTLBHTH 3,

2) 1R EomMEEBNKNE

BHOKERABROEEL S, REh TV 3 1 BHELEBRRERE ORIz, RO LS SBIRAMN

5,

R,= aptb .............................. (2)
Rd — aP,*b .............................. (3)
log Ra=aPi—b i (4)

IIT, Ry : BERHE (mm)
P, .1 BNE (mm)
a,b: E #
WHASRIC B AR S, BES A A — s —icB T 2MINFEHERE T, WEsEDRLEH,
T I 3RBLEFHEANLTRAL T 2B LTEY, Fh, ZITED ST ShAERE, O
Fho, 3E20mm Ll ERAEZVOT, Q) RNOoBAESGV LD LHERENE, Ol L,
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BEoHFE? it Th, Hoblkidhillns b,

Table 525, TBY 4 7 Bic20T, WM IBRI & OBKR S MNKEBOMER, L0,
ZOEYFEH %, Fig. 10 (1)~3) iR d,

JAOHRERELBEL TA S L, Fig. 00 IRT &HiC, BEREOKEWEDY, 1BRTLOH
MEHE DI EBED SN LD,

(3) 1MFC L0 1YY ORlE

1R EOBRREE 1Y) ofHB L OMFRE, BUEMETHES (1 78RR B2V
THELZbD%, Fig. 11 (1)~B)IimRd, EERHOREVW S LN ET, TBHEVTLIIBAICE,
TRy 4 TEREEOEDEOMFRIE, BEFLb—ELTVRLY, LD AERLS A, B, C DIF
THY, BEEEL, HHBSEINTAIconT, # A, B, C OlEI 1 BN/ 0 O HESE <
o, RRKOKHES, £—70HNhsMs, Hikiz A, B, C OIFIZ 2 HAHNED Sh 3,

FERR rgid, A: B, C OIFICEAMBREL, Lits->T, Wb xH, DHVWE»S A, B, C DIE
LB,

BILLEsy 1 7 TREZEMEDEEGICIE, Fig. 12(1), Q1 iRt L5, EHRED/IX VL, 18
fiXM7 0 OFHBEO E— 7 EAKE{NY, 20BN LFEVLE VWHSEEZRTH, Jhic>VLTE,
B-oTEBEEMA B,

5 HERHEETOREZL

39, BXEOEARARBBLTEL, £ho55LET 5, Table 4 DANEE,S, NEXEL b,
ERRE R, 1313 400~600mm DOFPHICH BT L, QEMEMNKELNLE, FRRHBEINA 3
&, B E-HEAEOBY, EEFBRERER, BRELIBRHFOEVICIZERFEINIV LN
bh B, —k, EFRHEE, 3 350~1000mm ORJiH b, ERESASVKEIRE, NEL BB,
Fi, EERRPEBOBLLERC, TBRAGSERHBLREITEEBINSVWELR 5,

Z 2T, hido2) oREERAICRT /120, Table 4 OKIE D S ERREBEIKEH L, Table 6
DEHiT, LBERECEELL, Ihhs, A FA47015° X&25° KBLU15° K& 35° XOER
REBOZEIE, £h¥Hh40~80mm, 80~100 mm O#EMIcH 2, FER, B 94 7T, ThooE
13 50~70 mm, 100~140mm T&H, C ¥4 7T, 70~100 mm, 90~140mm 73, VWE, M
Flc K AHERBBOENEEE, A, B C 947015 X%1.0& LTsHHT 5 &, Table 6icRL7:
TEOMHILED, TEERAFICLD, TLFICLOBLOEFES B4, EENICAT, 25° Kid15° KXo
L16f%, 35° X3 15° XD 1. 24 {5kl 5,

F7, BRROERREBIZ, 19824, 1983 HE LTI FELRDT 5, 2L T, 1984 i 1d4%1c/ha
{, FARRHBI B2 ELDH 10 mm /N, TDOXIBEERIF, F&UTRERENSF, HFoaH
BEBRAKBOEVCERTAEELZ OGNS, Table 21cA o B L5, 1982 FicBIL, 198313
ZOERHENBDLLTVEL, 19845F1d, Tabled HSbhd ki, ERARMIER DL, 1982
HD60% 55TH 5, FRARBBOBHFEEIZG, DEOL I RFERMEHTE 30, ZOFMcoWT
3, ZOXEFRBLGEEL TRIALZINUEL SO, £0h 5, 1984 EDO/DMEICR, HRBOEFIC
LOKRAALRDBEL, FNOZOEMEGRL I ENBELLNG, Thd, YEOCEERKBOKEK
WG SRR L LHEINS,
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Table5. 1 B W < & O
Rainfall and runoff of
B W N A [ ST I - S ¥ ok B & il ua g L
Rainfall Slope Beginning Rainfall Beginning
No. of rainfall (P of runoff Period of
increasing runoff
A H (53 A H i
Date Date
(mm) (hr)

1 15° 3. 20. 18 20.9 3.2, 9 222
25° ” ” 3. 21, 8 ”
35° ” ” 3. 21, 18 ”

2 15° 4, 3. 20 21.1 4, 3. 23 243
25° ” ” " ”
35° ” ” ” ”

3 15° 4, 14, 21 85.1 4. 18, 147
25° ” ” 4, 15, 4
35° ” ” 4, 18, 17 ”

4 15° 4, 21, 22 22.6 4, 21, 24 170
25° ” ” 4, 21, 24 ”
35° ” ” 4, 22, 9 ”

5 15° 5,20, 8 40.8 5. 20. 16 256
25° ” ” 5. 20, 15 ”
35° ” ” 5. 20, 19 ”

6 15° 6. 3. 7 40.9 6. 3. 7 257
258° ” ” 6. 3. ”
35° ” ” 6. 3. 18 ”

7 158° 6. 14, 4 40.3 6. 14, 9 116
25° ” ” 6. 14, 6 ”
35° ” ” 6. 14. 20 ”

8 15° 6. 26. 21 38.0 6. 27. 5 171
25° ” ” 6. 26. 23 ”
35° ” ” 6. 27, 7 ”

9 15° 7. 7. 10 28,7 7. 7. 17 230
25° ” ” 7. 7,11 ”
35° " ” 7. 7. 17 ”

10 15° 7.17. 3 51.5 7. 17, 12 186
25° ” ” 7,17, 6 ”
35° ” ” 7, 17, 17 ”

11 15° 7. 24, 21 73.4 7. 25, 13 170
25° ” ” 7. 25, 12 ”
35° ” ” 7. 26. 6 #

12 15° 7. 31. 23 93.1 8, 1. 9 193
25° ” ” 8. 1, 7 ”
35° ” ” 8. 1. 16 ”
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w R L& M B (BT 1982)
every storm in the sloping lysimeter. (B type, 1982).
i tH g (R)
Runoff ( mm) iéj]ﬂﬁt)lj% %j( 1 ﬁg ﬁkt}jﬂ#g
ﬂsgf'ﬁc&e o FSegf;agtE (Ro) Tf)tal Inggsed Maximum ﬁaximum
runoff runoff rainfall runoff
M | mE | b F per hour | per-hour
(Rs) (Rv) FHRY) Total
Base Incresed
runoff seepage (mm/hr) | (mm/hr)
® ® @=0+0 ® O+®
0.12 9.99 3.59 13.58 13.70 3.71 5.5 0.12
0.12 9.99 5.04 15,03 15.15 5.16 ” 0.21
— 4,44 5.89 10.33 10.33 5.89 ” 0.08
— 7.29 0.01 7.30 7.30 0.01 1.2 0.03
— 8.51 0.01 8.52 .52 0.01 ” 0.03
— 6.08 0.06 6.14 6.14 0.06 ” 0.04
0.30 8.82 65,42 74,24 74,54 65.72 18.0 6.36
1,23 8.09 66.69 74,78 76 01 67.92 ” 5.33
0.14 8.09 62,72 70.81 70.95 62.86 4 3.30
0.07 10.20 2.50 12.70 12,77 2.57 4.1 0.11
0.30 10.20 1.63 11.83 12.13 1.93 ” 0.15
- 11.05 0.99 12,04 12.04 0.99 ” 0.09
0.05 8.9% 17.21 26.17 26.22 17.26 13.3 0.29
0.44 6.40 16.17 22.857 23.01 16.61 13.0 0.36
— 10.24 10,70 20,94 20,94 10.70 4 0.23
0.18 7.71 32.33 40,04 40,22 32.51 13.0 0.66
0.84 9.00 31.00 40,00 40.84 31.84 ” 0.58
— 9.00 29.86 38.86 38.86 29.86 ” 0.47
0.09 5.80 3.9 9.76 9.85 4.05 7.6 0.08
0.12 4.64 4,34 8,98 9.10 4.46 ” 0.27
— 5,22 2.48 7.70 7.70 2.48 ” 0.11
0.28 14,54 21.60 36.14 36.42 21.88 4.3 0.60
0.37 12.83 17.25 30.08 30.45 17.62 “ 0.44
— 10.26 14.38 24.64 24,64 14.38 ” 0.37
— 8.05 2.32 10.37 10.37 2,32 6.6 0.08
0.15 9.20 1.23 10.43 10.58 1.38 ” 0.27
— 10.35 0.02 10.37 10.37 0.02 ” 0.06
0.05 10.23 5.91 16.14 16.19 5.96 11.2 0.05
0.22 9.30 6.06 15.36 15.58 6.28 ” 0.34
— 9.30 2.68 11,98 11.98 2.68 ” 0.04
0.07 14.45 41.84 56.29 56.36 41,91 7.7 1.78
0.44 12,75 40.63 53.38 53.82 41.07 ” 1,44
— 14,45 35.24 49.69 49.69 35.24 ” 0.94
0.07 16.41 79.88 96.29 96.36 79.95 26.0 6.41
1.16 16.41 88.40 104.81 105,97 89.56 ” 8.02
0.11 21.23 91.83 112,76 112.87 91,64 ” 7.62
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Table 5. 2-9% (Continued)
oW N | BALE | M W B) R | M W R M ok BB | stimR
Rainfall Slope Beginning Rainfall Beginning )
No. of rainfall (P of runoff Period of
increasing runoff
H B A H i
Date Date
(mm) (hr)

13 15 8. 17. O 13.2 8. 17, 2 216
25° ” ” 8. 17. 6 P
350 ” ” 8 l7 5 ”

14 15° 8. 26. 13 46,1 8. 27, 4 203
25° ” ” 8. 26. 14 ”
35° ” ” 8. 26, 22 ”

15 15° 9, 10. 12 228.4 9, 10. 13 228
25° ” ” 9. 10. 13 ”
35° ” ” 9. 10. 13 ”

16 15° 9, 23. 9 83.9 9, 23. 23 207
25° ” ” 9. 23. 23 ”
35° ” ” 9. 24, 7 ”

17 15° 10. 8. 3 63.1 10. 8. 23 189
25° ” ” 10, 8. 13 ”
35° ” ” 10. 9. 2 ”

18 15° 10. 19. 22 56,1 10. 19, 23 170
28° " " 10. 20. 1 ”
35° ” ” 10. 20, 1 "

19 15° 11, 7. 11 84.7 11, 7. 13 373
25° " " 1. 7. 12 ”
38° ” " 1. 7. 14 "

20 15° 11. 30. 5 29.1 11. 30. 8 331
25° " ” 11. 30. 6 "
35° " “ 1. 30. 9 ”

(mm) (mm) _,
150+ 150 @ ’.
25 e
_ - r=0.945 e
o s T3 /’/
g 5 rd
w100~ M 00 -
HE Ho . o
w5 B8 -
50 50 e
./_.6
R=0.778P—12.76 76 ek R=0.762P—13.4747
.~
0 , , : — glased eee ,
i) 50 100 150 200 250 0 50 100 150 200 250
% W & P(mm) B M & P (mm)
Ramfall Rainfall
Fig. 10. 1BHBTLOfRE

Relation between the rainfall of each
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i i g R
Runoff (R ML | BOK 1050 | Bk 105
fgﬁ@ﬁ it —FSe(ﬁagteﬂ (Ro) Téotal Inc(rlgéid Maximun I\/IILaximum
runoff runoff rainfall runoff
HE#RE | mmmE | N 2 per hour |per-hour
(Rs) (Rw FH(Ry) Total
Base Incresed
runoff seepage (mm/hr) | (mm/hr)
® 5 |lo-0+®| ©® | 0+®
— 4,32 0.73 5.05 5.08 0.73 2.6 0.03
0.15 4,32 0.95 5.27 5.42 1.10 ” 0.13
— 5.40 0.28 5.68 5.68 0.28 ” 0.04
0.09 4,06 6.43 10. 49 10.58 6.52 2.3 0.12
0.82 4.06 5.23 9.29 9.81 5.75 ” 0.29
— 4.06 4.34 8.40 8.40 4.34 ” 0.14
— 9.12 153.80 162.92 162.92 183.80 37.6 241
4.45 10.26 144 .47 154,73 159.18 148,92 ” 21.3
1.03 9.12 147.94 157.06 158.09 148,97 ” 23.0
0.05 13.46 63.05 76.51 76.56 63.10 241 4.29
1.28 12,42 57.16 69,58 70.86 58.44 24,1 3.26
0.05 15.83 50,13 65,66 65.71 50.18 ” 1.80
0.51 12.29 40.65 52,94 53.45 41.16 5.7 1.21
0.69 12,29 29.73 42.02 42,71 30.42 ” 0.73
— 12.29 22.76 35.08 35.05 22,76 ” 0.51
0.14 39.35 37.34 46.69 46.83 37.48 14.3 1.38
1.03 11.05 33.95 45.00 46.03 34.98 ” 1,50
- 10.20 32,25 42.45 42.45 32.25 ” 0.87
0.30 13.06 54,83 67.89 68.19 55,13 10.8 0.711
0.74 14,92 44,60 59,52 60.26 45 .34 ” 0.585
— 13.06 38.82 ' 51.88 51.88 38.82 ” 0.40
— 8.28 10.18 18.46 18.46 10.18 14.8 0.06
0.74 6.62 4,78 11.40 12,14 5.82 ” 0.20
— 8.28 9,91 18.19 18.19 9.91 ” 0.03
(mm) ) P (mm)
150 35 A 150
L r=0.943 rd N
*3 e g
gémo— . // ;élun—
Be e £
£5 . 7 £3
il 50+ ’y'/ *s S0+
* * A—ostp 5505
e
. . , , , 0 . , y . "
0 50 100 150 200 250 0 50 100 150 200 250
B O &P (mm) B m &P (mm)
Rainfall Rainfall

HnwHHE (B 74 7, 1982)
storm and increased runoff (B type, 1982).
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(1)

0
25° A type

ao
Hour 0 [¢] 12 o] 12 o] 12 o 12
7 8 9

Day
June 1982

25° A type

¥ m—————

Aug. 1982

Fig. 11. tREs 4 7HlofHHE
Storm hydrograph for different soil layer types.
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(3)
(mm/hr)
0
W3 25° é ty”pe -
S0 o A —
e 15
(mm/hr) 2°

0051

Hour 12 [ 12 [ 12 [ 12 [ 12 0 12 0 12 [ 12 o
Day 23 24 25 26 27 28 29 30 31

Oct.1982

Fig. 11. (29%) (Continued)

Table6. W & & F X R B B O B %

Evapo-transpiration of the different slope in the different soil layer type.

+ B & # A B C
Soil layer type type type type
1 4 15° | 2% | 35 | 18° | 25° | 38 | 18° | 28° | ag°
Slope
1982

FEXEHE (mm) 503.35 | 579.29 | 604.11 | 491.54 | 540.23 | 606.63 | 478.00 | 550.22 | 581,50
Annual evapo-tran-
spiration

o 1.00 { 1.18 | 1,20 | 1,00 | 1,10 | .23 | 1.00 { 1,18 | 1.22

Ratio

1983
FEFEHE (mm) 458,11 | 499,35 | 554.42 | 438.00 | 504.99 | 578.97 | 420.74 | 516.92 | 559.75
Annual evapo-tran-

spiration
i 1.00 1.09 1.21 1.00 1.15 1.32 1.00 1.23 1.33

Ratio

1984
FEFAEHE (mm) 418.38 | 486.49 | 503.94 | 413.16 | 470.07 | 514.71 | 399.08 | 496.79 | 492.62
Annual evapo-tran-
spiration

Hoa» 1,00 | 1.16 | 1.20 | 1.00 | 1,14 | 1,28 | 1,00 | 1.24 | 1.23

Ratio

Note) (1A, B, C& 2470 15" KOFHERBEBE 1L LL ok
Ratio of annual evapo-transpiration let the annual evapo-transpiration of 15° section
replaced by 1.
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(1)

(mm/hr)
0 .....,..I.,.. o

—

5

B type 15°
25 -=—----=
35" ———

Rainfall
3

w R

a

N
(=]

(mm/hr) |

1007
30
saf

oo R
Runoff

(AN

005+

Hour o0 12 0 12 0 12 0 12 0 12 0 12 o 12 0 12 [
Day 1
Aug. 1982

(mm/hr)

B type I15°
15 25 =-mm e

20

Rainfall
=

| |

(mm/hr)
a5 25

[

12 [ [ 0 Q
Day 23 24 25 26 27 28 29 30

Fig. 12. FE#l3lofmLa
Storm hydrograph for different slope.
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PEoxdi, ERRHMBIEREOEAS & LICKEL LY, BBL R 400~600 mm DRJicAZC
EHHIS NI, £FITRIC, BMORRMBICYT 2HET - & LB LAIEHEA RIS 3, boEO
FAVA—F—IBYBAELMNRLET S L, FHIOERRHKAIE Table TOL > KEEEhE, Thh
5, EHOERRMAR, 414 4mm 705 856.4mm ¥ CHYEBENSZ I EBbh B, Jhid, T8
c B HAESHOBEVICLBLEL LN, FLT, YIA X -9 - LARESELVERED LD TH,
FEERRBRS 400mm »5 700 mm KHBESHLTEMNTELI, LT, Y544 —-4—T
HEE & N7 SEAR TR 400~600 mm HRULETH B T Ebibh s,

L& L, Table 725 dHoN B L5, HASCHMESNTVWEDE, IR 0 1flice s, <
OFRP S, BEHELRREHECEALT, —EoERAEZRAVHTIERTER L,

g7, ERSP I, EARMBIEMEOMICIE, BRELABESEDOSNBVEREL TV S, 4
A v A—5—ERERMAIGEVD, HETESRA I, S 0, ERENS 2 ~15° L/hawnI &ic
bFHMH 2 LRI NI,

6. FRFEHEERKRD L CETERRHE L OBK

FRFAYBOERKR L L CETERRHBICNT 2582 H~ 5, VE, ERkBICHT 3 EERK
BoO#|&%, Table 4 hoEtET AL, 19824, 1983413, 131 30~40% OEHicd v, HEHAEL
B, TOEHEOREV, LT, Tabled 2o bbb s kD, HRHHIR, 1113 60~T70% DR
KAYD, BHPREVRENECTE, LiLl, PHED 1984FE, 2O 2EMLIKELR
Nh, THbE, ERREREY, 45~60% & 15~20% BEHA L. JOEF%, 35° XD A, B, C
¥4 7E250WT, Fig. 13iRL1, TOKII, LED 4 7IBRE <, 1984 iz i, FEHFEHRY
BAL, Livd, TOBMBELELAESLWIESDME, TOZER, 15° X, 25° KikoWLWTh
BAvohd, FRHERI, COWT, 1984 Ficid 20% BE/INS 55,

oo T i, BBl DI 1984 EOMKEAS 1982 4, 1983 0D 0%BE Th -1 T & iciER
T35, FLT, 1984 FOERREHEI, 1982FL0MI0mm BOL TV Bicbhbbo T, EEREY
REERLTVE0E, ZhllEcHHBOBDHSREVLDTH B, BUAI, 1984 FORERIE,
1982 E D EER L b 500~600 mm /NS - T3, LizdiaT, DRI, ERERBORIE
PERHBOBDBL D/PME W, BROCEZBHRIAEC UL LSBbE -1,

(%)
100

5 5 =

Ratio to the precipitation
[+
[=]

0
Year 1982 1983 1984 1982 1983 1984 1982 1983 1984

Clxs = Ll s R RmeE
Annual runotf ratio. Annuai evapo-transpiration ratio.
Fig. 13. 35° Xic B 3 ERRBEOREL(L
A secular change of annual evapo-transpiration
ratio in 35° section.
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Table 7. A 1! )

Annual evapo-transpiration

FA A= —DI LT

Structure

) &

=

Type of lysimeter Vegetation cover type
RHEIS A & A -5 — iR 40° F—F v — K75 2D
Sloping lysimeter Slope (Dactylis curvula L.;

B x@xg X Orchard grass. etc.)

BEIA -5 —
Sloping lysimeter

BEIA v A—45—
Sloping lysimeter

BiE 74 v A—48—
Sloping lysimeter

BRI A VA= —
Sloping lysimeter

Length Width Depth
10m X 3m X 2m

e} 11° 207

Slope

ES xig<ES
Length Width Depth
5.08m x1,5m X1,0m

4t 27 s°, 7°
Slope 10°, 15°

RS @< gx
Length Width Depth
1I0m X 2.5m X% 2.0m

&%} 30°
Slope

BE XIEXEE
Length Width Depth
4.5mx1.63m X1,04m

#5157
Slope

REXEXES
Length Width Depth
3mX2mX1.2m

A—Fr—FIT7 R,
A9V T 34052
(Dactylis curvula L.;
Orchard grass.,
Phleum pratense L.;
Timothy., Lolium
multiflorum Lam.;
Italian ryegrass. etc.)

TR, FEY—,
477

A—Fo—FF5X, 59/00

2N —

(Dactylis curvula L.;
Orchard grass.,
Trifolium repens L.)

Yy F—317 1RO

(Festuca elatior L. var.
arundinacea ; Kentucky 31
Fescue.)

=7 L R7T, WN—3a 877

A

(Festuca elatior L. var.
arundinacea; Tall fescue.,
Cynodon dactylon Pers.;
Bermuda grass.)

TIAA VT FA VA —F— st o° A8V TVIA4T TR
Weighing lysimeter Slope (Lolium multiflorum Lam.;
E& <& Italian ryegrass.)
Diameter Depth
2m X 2m

(Note) (1) 1973 F12 A2 51976 F 11 H 3 TD 3 RO T Average value of the term Dec.1973~Nov. 1976.

(2) No. 1 (ao—2a+t) 125 FEMDFEME  Average value of five years in the loam soil (No.
(3) No. 4 (1) ” ” ” ” ” (No.
4) o~ LHERXD 2° 5°,7°10°, 15° OEEHE ” » of the slope 29 5% 75 10° 15° section
5 BEBERD p i " " - " ”
) FR, BH (A ey, /2079, 4%V UoEE) KEEIR T -7z, Successively occupied

(7)) b=n7 2 X7 RO TEMDOFEEE Average value of 7 years in the Tall fescue vegetation.
8 =275 2KD ” ” ” # in the Bermuda grass vegetation.
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£ K R B B

of grass land.

5 #8 f T oK &P FRAUR (E) FERREE 1 %
Period Annual precipitation Annual evapo- (E/P) Remarks
mm transpiration(mm) Ratio (Reference)
1973~1976 1193, 70 41440 0.347 2 54)
1971~1975 1668 62 856, 4@ 0.507 Shibuya 5 !?
~1975 1697.99 621,2® 0.39%5
1979 1305, 4@ 800. 4@ 0.613 +R5E
1979 1306, 4% 636,29 0.487
1977 1492.0 568.9 0.38L EES?
1976~1982 1166, M 6477 0.588 (L & 14
1976~1982 1166. 8 4749 0.407
1980 566, 1 Nakagawa®
1981 538.9
1),
4),

in the loam soil vegetation.
in the sand vegetation.
by weed.
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Wi, FARRERBRETHRARRBROMALE S, TREARMRE GOXTc5iohs e vXEH
WTHEE L 7o,

E,, =0.14 DoZQz .............................. (5)

17T, E,: TREAREME mm, D,: WEER (12 hr/day), q.: A PSRRI 3 fafusEsz
E (g/m*,

Table 2 ® AEHKED 5, SEOAUHEEARKBEHNEL/2bD4, Table8 TH 3, ~ErRid
S[EOBEHMTH S0, FrEERKBIRECED - 1983 % 7T, 767.6 mm &/ha(, BEREE
HER L2 1984 EARKRT, 812.6mm THor, £ T, HARERRHRICHT 38R OEXTHE
DEGERD L E, YUK, ERFORZVKOEANKNE L5, Bikiiziz, 1982 445 0. 610~0. 774
DOFIF, 19834, 1984 FEH, &N 0.548~0.754, 0.491~0.633 DigARL, 4 2 OMEREHLT
5, 1984 HFODMELR &, FARYBIFAERRHRO 60~80% BETHELARBE L pTE
35, LT, OBREHOBVIC L IERHBOEVICERT B,

7. EHBLULBRESKDIGUIRIETHE

5. 6 THBXDEXAFREHBOEELT~, RUOZRELK, ML, 2oTlic, ElicknE
REEicEOHPECLER>VT, EEEMA 5. TOFEEE X ONHLOFERNCEET S0}, &
RYUBOFHENLESDTHITT 204, BFLLWEELISNE, LoL, 51V 2—5—+BOHHEK
SUBPES A TOEVSD, HHETOKIGHESTEL VWO T, £HBLESVTHERT 5.

1) fERDRFEBUCRIE T8

JITH, AEMICHEERETEEAOSNIV DHORTERD LI, 2ORBEEZRIT 3,

FHNCHEICHET 2B AV F —BIC>VTHEND, BRBEAPKEZREHLLIBEHELOT, %
NSRBI RVE-BHUETHE, BHIOEEYD, Thid, KE»SOBB L2 VEF—ICRKELTS
D, MENOAHNHBOZDPEFRHORNEENC L ETLEEI 005, 1L, HEAOZTEH
SR, BRMEYRTIEEMHFE VL 2, ’

HMEoBMER, ERCIVENRTEILRHEBTHY, TOWEEELT, WL 2D FED0 p
RBESNQTVS, AHTE, N OHEHERERALT, MES 1 ¥4 -9 -BRXOEHHBE T
5, HHAPFERLHERR, RMES 1A -y -PRZUYLAFRBEME L2 HNE LTHER SO,
Thig, BEAMICEHRD FEkEERT, ASRIZEERS L BEBS IR T EsN S, L,
EAKFEEHRD S EEOHBEZ T 5010, BEFEHVZHCEHESS 5,

Table 8. ~ErRick s HaEEREREE
Monthly potential evapo-transpiration estimated by Hamon equation
(Unit mm)

g A ’ it
Year Month Total

1982 19.8 (18.8 [ 35.0 [ 51.0 (103.5/106.81120.6{132.1| 81.6 | 57.0| 35.4 | 21.7 | 783.3
1983 17,7 121.0|34.7 |63.6 | 91.1|102,6|121.2|124.9{87.0|51,2|32.1|20.5| 767.6
1984 17.1|18.0|31.6 [52,2 | 91.8/|109.8|146.8|143.8/ 91.5 | 56.1 (31,2 | 22,9 | 8l2.6




HES A v A — 5 —icBT B ERN - TEREBAINE GRRIEH) — 39 —

Z DR, 1980 0B+ R cBi 5 15°, 25°, 35° OEMEOBHRIZ, Table 9 D& ST,
Feponzd, IR URRMIBEGIERT0km BN TEY, KHEERETRELEELONS
B, —DORBEELT, INEATA YA -5 -OHERFBLEAN LI, BE, FhOKETREN
FAEOSBE, KATHAShZKORREBREAOTHREL,

l:597“0.6t .............................. (6)
CCT, L KOEKREESM (cal/g), t: K& (°C)

GRPORE I, 1982~1984 FFDOEHKIE 14.5°C AR A L1z, Table 2 iR L2 M4RBHMOKEE
BoOHRE» SEANBREET 5 &, 1983448 1615 mm, 1984 45 1682 mm & 753, THSOfHEI,
Table 9 DM 0° OEBHBRICHYT 34, BRHANEDHPERT 30~100 mm BENSVERTH
> 1o TOZEFHMESH, MEENRLZI L SERLTWS I L2 EMT 5L, Table 9 ORIFEHH
B, GRRYTHILEASND,

593 LTable 945, FEZOHBIIMEMNOEAL L BICAELD, FHELKHRIIHIT/EL
BBETENbNE, £LT, FAHBMEME L bICKE M EDE, HEAHBOMAIL S 05
bhd, £/, EAFEG, 15° K, 25° X, 35° X, £a£4 1863 mm, 191l mm, 1914 mm &%
D, 15° IX& 25° KOZEH 48 mm, 25° K& 35° XOEMDEH Imm &3, ThdFEEORA
ARY- Y OAREBNOT, KNXHETHO SN TV B BAKFEEY 0 BT 2 4ENE B,
Table 9 thod (4) FRAKEmEY . h IKRELLAHNEE, FAROoGIoEB T, 15° X, 25° X, 35°
KoEdHRIR, 201929 mm, 2109 mm, 2337 mm &7 3%, 15° X& 25° XD#(3180 mm,
25° X &35° K& 228mm &40, KEUHEMET S, COHMMOERFREDOE, Table5
OEMBIFEERHBOEE, @5hicbAl-TV3, L L, BRBOSTHERBIHH s bIT
B, 23T, BRBUCHIATHECHHE S L ToMBHBRTCORBERS B, VW, MESM v 2 -
5 -ORER (TAXF) 2% LB &, BB BRELLKRD SHBHBHHES NS,

R
TN =08lexp (—0.0275a) e (7

IIT, Ry: ¥R (y), @:HHE Uy), a: 7A~F (%)
57 5&, SXORETCEMBHARIIL, 15° X45786 mm, 25° XA5859 mm, 35° XA 952mm &7
b, 15° X& 25° XoZid T3mm, 25° X& 35° XDZERIBmm &435, TOEE, EAHBOXR
ZITHARIBICED L, Table 6 ISR L ERBIRRBEOZICES VW I EHbh 3, ok, ARBH

Table 9. HFBIOHHEHHE (1980)
Solar radiation of the slope by the different slope.
A | FEERNER | FHILBHE FHHE AR |BAKEEE Y VEAHE

Slope |Annal direct! Annual scatt- | Annual solar| Annual so-| Annual solar radiation
radiation |ering radiation radiation |lal radiation| per unit horizontal area

(1) (2) (3) (4) (5)

(ly/year) (ly/year) (ly/year) (mm) (mm)
o° 48633 52179 100812 1714 1714
15° 58317 51291 109608 1863 1929
25° 62663 49736 112398 1911 2109

35° 65161 47462 112623 1914 2337
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BRIHBEHREO ) LOMESTHHIL2EET L L, XMOEIb- MU EELONE, LIEOER
2, W ODOREEEC D ORBEITEL VLD, BEBOHFTESICRRIT S, LirL, Table 6
DERMBOXEZE D, HENZTI2A0HBOENS, ZORHEIMHETESEELI SN,

Fh, UEORITEENLICESOTITAR TV 0T, BREBOFEHELIC>VWTH, SHEHL
BRI S0,

HAEATLL TR, RCEENEHENS, Fig. 1, Photo 1 BERSbbhsdidk, BXoHE
EEREC X DR, Fl2E 15 XL 3B XTl, MBIl 3Esicem 0ENS L, 20O
fow, 35° XOBMRMX LD KE, ZABEREEEREL 2 & bR NS, BEORIENE
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The Water Balance by the Different Slope and Soil Condition

in the Sloping Lysimeter

Hiroei CHikaarasH1'’, Shigeaki Harror1'””?, Nobuji TakeucH1® and Yoshio TsuBoyama™

Summary

Comparative hydrological observations were made to find out the quantitative effect of
slope and soil condition on surface runoff, ground water runoff, evapo-transpiration etc.

For this purpose, different slope and soil condition were set up on a sloping lysimeter
and 3 years of hydrological observations continued from 1982 to 1984.

The sloping lysimeter is composed of 9 sections and each section is 3.0 m in width,
6.0 m 1in slope length, 2.0 m in depth perpendicular to the slope, 15°, 25°, 35° in gradient and
constructed from water proofed concrete.

Of two soil layers in each inclined concrete box with different depth composition, the
upper layer is sandy loam and the lower layer loam. Total depth of soil layer perpendicu-
lar to the slope 1s 1.75m. The surface of the slope is protected by a lawn.

(1) The monthly water balance mostly shows lower runoff in the bigger gradient
slope. While the different soil layer type at the same gradient shows almost no difference.

(2) The annual water balance shows lower runoff in a bigger gradient slope by a
difference of about 50~60 mm.

Besides, the linear regressions were shown between the precipitation and the runoff in
each gradient.

The annual runoff shows no regular influences by the different soil layer type at the
same gradient.

(3) To compare with the rainfall amount and the increased runoff (direct runoff) in
the case of one rainfall, each plot indicates a lower runoff in a bigger gradient slope. While
the different soil layer type of the same gradient shows no fixed tendency.

(4) The annual evapo-transpiration from each section varies from about 400~600 mm
and increases together with the increase of slope gradient. That is to say, the ratios of
evapo-transpiration from 25° and 35° plots, compared with that of 15° plot, were 1.16 and
1.24, respectively.

(5) The ratios of annual evapo-transpiration to the annual precipitation were in the
range of 30~40% and showed the tendency to expansion into the range of 45~60% in a year
of small annual rainfall. Moreover, the ratios of the annual evapotranspiration to the
annual potential evapo-transpiration estimated by the Hamon equation lay between 60%
and 80% except for the year of small annual rainfall.

(6) The difference of the annual evapo-transpiration due to the slope gradient could be
almost all part explained by the difference of the amount of solar radiation received by
each slope.

(7) The effect of soil layer configuration in the lysimeter on annual evapo-transpiration
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is less than that of the slope gradient and is so obscure it is difficult to find a fixed
relationship between the two. But there was the tendency that annual evapo-transpiration
from A type soil layer was larger than those of B and C type soil layers.

(8) The hydrograph obtained from A type soil layer, which forms one loam layer, is
different from those of B and C type soil layers consisting of two layers, a sandy loam
layer and a loam layer, reflecting the difference of each soil property.

Therefore, there is a rapid rise of water table responding to rainfall in A type soil
layer and the peak discharge is larger than those of B and C type soil layers.

(9) The peak discharge from a section in the small slope gradient is larger than that
of sections in the big slope gradient under tha same soil layer configuration, but the
discharge from sections in a small slope gradient is smaller than that from sections in a
big slope gradient in the recession period of the hydrograph.

The reason is thought due to the difference of soil moisture distribution in the soil
layer and the vertical depth of soil layer.



