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Tablel. E& i
Description of ex-
wom & m RSO EEEE RO EEEN RSO AL BT
Watershed Area Mean Mean Mean Altitude of
altitude gradient aspect gauging
station
(ha) (m) (m)
kK 3 =5 1905, 66 1391 24°05/ S72°30° E 800
Honryu No. 3
2
@ T 344,63 1871 24°18 S27°39' E 1278
g | Kasashita
g nom R 926.71 1525 25°187 S54°34’ E 1152
- Hirogawara
[
S m iR 117,90 1067 24°48’ S12°30' W 805
= | Shozawa
«
z
«
b0
@
]
@
=
= R kR B1.18 1203 19°187 S39°48°' W 1016
2 Shozawa up-stream
& | R hERX 6.48 931 35° ) 800
b 1 & R
ﬂ_T‘l Shozawa No.1
RN REREX 4.42 988 38° SSW 880
2 5 R
Shozawa No.2
¥ H 2 8 K 2.48 204 35507 E 5 S 160
Kamabuchi No. 2
EREHABR®RK 9.95 1117 40°85° S41°E 920
Ashio

BHIERT 6.48ha, 2 HIRMUEHIET 4.42ha TH 3,

BARBOTHL 2 0o 0HBHBO I, BWKORBEELRRES 520, KRNI, %
T 344.63 ha, ILFIB 926. 71 ha, [H U < #RFEEAIC, #IREH 51.18ha, OBKEEE £ hENE
EOHMBE L, BllZiT-TV 3,

FIRUPRBRIX 2 5iRE, 1957 EIBRsEH o h, 19628 TREARKO E 3T, 1963~197T1FE T
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perimental basins.
: g + -3 HEEE SrReRkE SFROREE | Y 1 o &% &
Geology Soil Observation{ Mean annual{Mean annual| Forest vegetatation at
period precipitation|runoff the beginning of ex-
periment
(mm) (mm)
Bk Tuff | BEHAL
e Brown fo- X 1937~ )| ¢ 2673 % 3117
Diorit il Whole year Snow 40 . )
L R SERRBRA (7%
Granite Debris soil F778L90%, £,k
s AaAwvIEE)
Serpentinite Needle and broad lea-
( ved natural forest
” ” 1967-1970 (Japanese beech, Ja-
(June—QOct.) panese oak etc. 90% .
White ceder, Japanese
” ” 1967-1970 wiiite pine etc.
(June-Oct.)
BikE T BEHK L 1937- 2153 1783
[ 143 = Brown (Whole year)| (Snow 40%)
Serpentinite| forest soil
TekaS
Granite
FakE
Quaternary ﬁ’@ffg ?EQ':ZEW(?%,
” ” 1980-1982 + 3 :i“‘g(‘) 74 [T 4
(June—Qct.) AA2YIRL)
Same to Honryu
” ” 1857—
(Whole year)
” ” 1987-
(Whole year)
&ike Tuff (EEEL 1939~ 2641 2075 ILEBRRH®K(F 7,75,
HEHEKS | Clay loam |(Whole year) [(Snow LE60%, AF, L/ F
Shale tuff 35-40%) AL AREHURNE)

. Broad leaved natural
HigE 1976~ 1640 forest (Japanese oak,
Clay slate (Apr.-Nov.) |(Kuzo Obs. Japanese beech etc.
ks St.) 60%. Japanese ceder,
Quartz por- Japanese white ceder
phyry gregarious)

BaERIcZ 5%
Losted in the Meiji
era.

HREDIRY, 1971 #Fkh S 1972 EFICHIREIT-> TWd, 23T, BIFERE LTE, KIRATOS1F 1959

~1961 4F

, RERZI31972~19T4 H o2 h e h 3RS EH VI,

ZRBKRO, HBREMEOEER, Tablel, Fig. 1 (1), (2) RT &80T, FHMI, BlARKRMS
Ebic, BEOBET BTV EDOTHET 5o



‘snyeardde uoryearssqo jo juswedusvaae pur Aydessodo],

y. BJIRPOUN|y 7

\/'UOHEKS Jayleam eseg

A \—~”4‘“~~ r
o 1/

55346 7

\\ ST R¥eons-dn gmgjdus .
o /;\“V PRoests SN e ok A o
N i g 10N 6 ONemezags N \ N §

<;;§tisxexeM»e~\ezous W
PO LIy
= T Y

e IR R Y

HEABRBT RS

G B

)
.
0
S

[RENVANG . Y NN

‘9)1g [Bjuowrradxy emudes
| BERIE (1) 5
B S X AR T R R

©

DA%

N

=\ “«»v\\‘ :

Ak'jﬁ AL
e

WY O

Jeplooes uey

’5/0

~ V \—'V,Tﬁbh
N - Bemebony

SOE ¥ OB OB ¥ ¥

/ [ .
s - elysese
o Y N oy

o / ‘,
e N N oY 1

Y N ’.;:\, R Yo
! e S

S euusms\oqu P

amwae O

R AN N
/'

G




(2)  Z)IFBHATIVNARIX 1 - 2 FR

Takaragawa Experimental Site, Shozawa No. 1,

No. 2 wat

ershe

NS »\2‘_:&;377
MRBAE X

Shozawa weir
VAR v
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200 (m})

(3) #HEHM
Kamabuchi Experimental Site, Kamabuchi No. 1,
No. 2 watershed.
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(1) RIS

Rain-recorder

O ¥amRs

Fig. 1. (22%) (Continued)

(2) ERSBit

AEREM T, (L RR EEREEHEH T T HRMA, b4 38°56", WA 140°16", % 145m &K
»5,

15R» 5 45RETHE>DORRFESH D, 20935, 1 5RSEERRT, 2 5RMVLERIKTS
%o

1 5iRE, HEEREY 3.060ha, 255K 2.482ha T, WFhb/NEKTH 510, HERBOEE
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MWEET, BEOBVEIIATRETH 5 LAY H B,

HESITbh 0l IMTHEIZA» S 1M8FESHTHD, Lich-T, BTicE, SEENE, 1941
~1943 %, KIF®E, 1948 HE I AH» S5 1950 = TOHEREH V72,

FIREH OEMER, Tablel, Fig. 1-3) KRT LB 0T, FEME, BRIRMEEbC, BEOH
W HBENT VS D THEBT 5,

3 EREBM

EREHBHIL, HAR LEEERRET, ERMOARIMIEIERX 265 MBEic s b, dbH 367417, HEE139°25°,
ABRRFORKEES I 920m TH 3,

ERIBFEE, OOBERCBVT, AhELS TRELELBERHT, SHKEE 1IEORESE
RETHOLTWBLABILWETESL, HFHOVET LZKIRTO/¥7 4 — 5 =, TOENERITE
WEZRT EAONEEAREMND B,

FBRERE 9.95ha T, HIREMAOEE 3, Table ], Fig. 1-(4) rd & 50 ThHY, ML, B
HEFEEEDT, BEORE® KHBIN TV Z0TEHET 5,

4 EHHEE

FRSCPIEH L TV AR S ERT &, FILO&IICE3, 2L, W20 bDld, FISEIZAX

HTHEL TV,

A FIFEEHE area of watershed

A, BKOBFER area of channel section

a WEHTEOKEFMEE coefficient by the hydrological characteristles of soil in the
watershed

AQm TAFYHLET k OHBEICHV 5EE coefficient for calculation of k, used in the
Muskingum Method

a  HHBE¥DOFEEK coeflicient of runoff function
HEITEICH O B XX FEH exponential constant of velocity

C E# constant

Cy 7 R* v aiETHY BB coefficient used in the Muskingum method

c, ” "

C, " "

c, BAKFLEERI ORI coefficient of the concentration time

dr ) FEREEFE short rainfall duration

F  RITREEKRR accumulate infiltration loss

f B%l ¢ o BT 51RBEE infiltration capacity at the elapsed time ¢
FHFE runoff coefficient

f. BH#LZERE final infiltration capacity

fo  WIBIZFEEE initial infiltration capacity

I =2F v HaETHOUEMAER inflow used in the Muskingum method

K =2% v # Ak TRV A5 FERICBIT 2R8 coefficient related to time used in the
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Muskingum method

k RBFEOMREFZE extinction coefficient of infiltration capacity

ky K — 7 BOBERE extinction coefficient immediately after the peak discharge

ky, FHHE OB extinction coefficient after the recession curve change point

L EDKS length of channel

N 5 —#¥ number of data

n RBOKEMIC L B = FEH exponential coefficient due to the hydrological characteristics
of the watershed

0 <Z2FvHLETHOWSEHHEE outflow used in the Muskingum method

P KBS O R coefficient in the propagation speed of a flood wave

p. REOHSDHE percentage of error

@ ifi& discharge

Q. BKFEEOTHE average of the peak discharge

Q. HERESIXOE SR percentage in the unit time on distribution graph

@, BIXOZMATR discharge at the recession curve change point in unit-hydrograph

Q., HIIXD ¥ — 7 i’ peak discharge of unit-hydrograph

q 2 v XETHW SR discharge of the unit time in the Collins simulation method

Qo 77 7
q: ’” 77
G4, ” r”

q; RHIBIET dr BRIOMERIC X 2R t 81 3 & discharge at the time t due to short
rainfall duration dz, used in the runeoff function

g TS Fo s S 7oaIcHY R discharge used for composition of hydrograph
in the runoff function

r WS rainfall intensity

r. B#FE effective rainfall

Femax IXAHZEN®EE maximum effective rainfall intensity

S FEFEE channel storage

S, { &UEHY wedge storage

S, HEHEF standard error

Tp WA Fa 75 70E— 7B peak discharge time of inflow hydrograph

Tpo th»4 ¥ e 273708 — 78] peak discharge time of outflow hydrograph

t B%f elapsed time

ty WRBOIXOE -7 5SS TOBHE time between the peak discharge and the recession
curve change point

tn FEHE (BEAHEOZEDL 58) DR time at the recession curve change point

t, WK DOEX period of unit-hydrograph
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t, ~4 Ko7 35708 — 7R peak discharge time of hydrograph

to HHBRIC B 2B HE5RT rainfall duration in the runoff function

V #KOFEAHEA~DOTFEFRE average velocity of stream

v 1S OENImIC B 13 A EEiRE average velocity of channel section

W, TR EKE soil water content by volume

W, 1EOEFIEKE saturated soil water content by volume

W, TEOBIFEKR soil water content at field capacity

Xpm TAF VA AFEICBG EMEOY T 6@& coefficient related to channel storage in the
Muskingum method

z  REBEEEICEEd % N =R exponential coefficient of infiltration capacity

a DB O~ & FE exponential coefficient of the runoff function

a, FEICBAT 5 EH constant of velocity

8 TESKEOBEFRE extinction coefficient of soil water content

y RBEEICEET 3 EH constant of infiltration capacity

7 HABALL correlation ratio

o, EEEREZE standard deviation

B B 285/ time in the runoff function

Wk D H8#E propagation speed of flood

~

w

w, FKOEHLIEEE average propagation speed of flood

o KDY — 7 EEMEICBET 5 ~ X EH exponential constant related to peak discharge time of
flood hydrograph

A BUKIZIREE OREK coefficient in the propagation speed of a flood wave

FENE LM/PFRBICEITIEDTROET

B8 LN FREEHTFRORE

(1) ik & Kifis

IR ERFHEOX A EBEN L D TH- T, FIAR, WisLr™ 5, AMBEFEIITVES
D3, RBEN ORGSR, BRSE, THEOREWHZ I, BHCL - TRE(BUL TV 20cH
LT, /NI, M-SR EBETHd2 L4250, 105214 (25.9km®) 2X5r0HEEL
TW3,

OGN LN, FHACURFEMEFROFREABO L  WNHIRICE TN B T LI B, Hik
DFF R, WROEEKER, KIZEDMFR2BRT A EICHEBELHESAB Y, HHRERER, &
W, HELCSoSMEZOmMBEMAP, B, KELEICBY 28BIRIEMORHELEL & LOKY
DEBRBRETHZI &M, EBICE, B ha ot ha OF ~ 5 - DREAHRICTIBAEBE L,

LEchi=T, ZOBFETY IR, IiicswT, BREHE, RIRO HEOKHL LAY RIY
—7T, L bHHBEEORINE B 2BBOREE L VHEKT, Wister SOEHELV/PME{, H ha »
5 20~30ha BE T TOmMBEETL ATV S,
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(2) BYHRROEE

HMBRICIE VB DE S "o OB®RNH D

1) SR OB
BABOS L, HERMBLEIHIEVI,

2) THAEEZZES BEROOBL, HEBOHHKELZIHAT, MAKPCRROBHLIY T
FICRBLUKBEZT NG,

MADFEHE VS STASIE, 1) £2) GRCHRT MO EDTH B4, APFRTIE, 1 O
DHHIC BT S EIHEEE®RL TV 3,

—fEz, N Fa g3 7,

D i

2)  KingH

3)  hRiwEH

4) Pk
OS> DFHBINIFTEAGN S Y, TV HEEFHRIE, FERE, XEkH, PRk
LORHOEG LD, EEENICHYT B,

MERED S b, HERMEIIL b0’k EEcBllshir Fosrs7on8ick-T, 20B%
Bkt BBOL, BEED S HET 3OS 5, |

NA Fassoh o HEERNEBENET 3 4k LTI, D KFEE#ESEE:, 2) BarNes OH? 013
3 IR K CHO S B ARAENED, BEheD, 2, BEERLSHEETHIENL LT,
D —EhERREE 2) -EREARERE 3 BNE~EAHEE 4) REMEMRLE 5) dindex,
6) vy ETNE BEELDLDNH B,

1932 £ SHErMAN® 1T & B B[R ORELER, HE ORMBIROFESBREA TV S H, &
oy v 27" 0, LiNsLEY 5D R 4% 7 + — F (STANFORD) EFAY &, 20 F A0,
MHMOMAKREBEEL VAN TV S OERIE, WFROEFLEL-TH, BFEO S B, HiHBK
O AINEBOHENFAE L THBETHE I LIKELD BV,

o, IMEEIC BT, BUKBOBKIE O 28R T 21881}, BKEER S, €©-27REBOH
n 3 ToOR], LWHhYIHKEERRINE LD THEL, ToRKCBE T 2BHE S £ OBRIE S,
BICIEHICE SAONBHENSHD, TR5DOI LD, RHEBFOLEHRIZHTSATEELL S,

Lad-T, AMRTE, Choo@AEERL, AUNBOHEEERST Lcs, FE Ll 1l
MR Ic BV T, bk, TR oFEREERXETE LGHREL, BYMBOMEIIEICHA
ANTOVL ZLOARERARLE VW EER SN diERIREIC L 3 T Lic L,

IRBFREORBIEE, 7o PHBRICE S0, ERD SKE L OHBREIEN S BH, BB LS, £
OFREELITHREE B LT 2 HINBOME T BEICHVS 3 2Lt ESH0, LeLEMS, RS
LOIKIHRIE SO M EETH B0 S, 7oy b RBROBE S ORlIcEBEEA & B T & IRES
TH-T, BEOSROEHOEE L2605 52 L2l 5,
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B2E BRESEMBRICONT
(1) BB OERMER
Horton'® 3, REFEHMEBEPEKRORTLEINEE LT

F=fot (fo—fo)e™ e (1)

ZORT,

£ B B B RiERE
fo : BRRIZBHE

fo: WIHEEELERE

ko oEK

¢ - B

(1) RT, BBREf X, fo, fo, ROZDDBERICLDEZTZ T EICREN, CORBECHEHR %R
DR - WHIcB Y BIERBICHU ST, BUYNBOMELTES &7 3 DREREMRL TS 2,
Horton ORBE#IE Cook™ itk WaEL RO TVWAEY, Cook &, (1) Xig, (a) MoEEL
#WE, (b) BB, (o MAFHORE, O=Z->ORFHAETHIXBILOLBHETES T & 41
WL, EOXA LRI, B—AKErSORNBERKUELELODE L TGHHETES L LTV S,

Lip LSS, 2084, B-SXBOXAOREL SIIRLTES T, EEBRNSIIHTOEMR,
UEHEE L TR ATV S,

1, Cook ¥, BWEI/BERETEH2BALY, BROPKEOBEAII2LT, LALALIKR
EWLfo->Twm LTV 2D, FLOLRER, PROFROMEE L TELTW S,

EEOMMOMAE A4 5 &, FAIE, Fig. 2 tR3ES5 KBRBEREBEI SICEIIELL, —
ok otz BRO DR VRS, BlaEEET DR, TCEET, FlA, Cook DB
Wi (a), (b), () O3EHHEL-TVTH, HKMLKkEELT, (1) ATRENELHIE—
BTRESHAREIECH > T, BBROEHEECZL3EL AT, £5 LAESORENLE
EENBIEIE B,

BEREEHEED b 5 —o> OffAR, Ty
FABROR LB L DMK TH B,

LHFEROILEMETO 7 a » Mok 3RE
BERRBRICIZ, EHESY, MHO®, HESP,
KL2idh, ZLofind N, ThofER
&N, YIRS, HERY mm 0
W2, RRRBFEICOVTS 50mm EE N ) H
Plbid® -, @¥0MFEMRE T, I !

AoHEHER LI LE, TLEhTH %, B T Sk BE RS 1S
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Table 2. BEWMEKEEERSIO 7¢, Z:
rt, Z: of each rainfall duration zone.
e 3 O S|
Duration of rainfall re Z: Corr.
(20 min)

t=1.0 0.0150 0.950 0.99%
2,.0=t¢t >1.0 0.0130 0.800 0.993%0
3.0=1¢ >2.0 0.0190 0.750 0.9997
5.0=t >3.0 0.0125 0.600 0.99%67
6.0=1¢ >5.0 0.0190 0.480 0.9945
10.0=1¢ >6.0 0.0150 0.500 0.9868
18.0= ¢ >10.0 0.0110 0.450 0.9853
27.0=t >>18.0 0.0150 0.400 0.99%61
40.0= ¢t >21.0 0.0160 0.350 0.9883
60.0= ¢t >>40.0 0.0140 0.050 0.9857
t >60.0 0.0120 0.100 0.9976
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Table 3. #&

&

B & & &

An example of calculation during the recovering period

() #3EHIf Estimated period 1976. Nov. 14.0 h~Nov. 20.24h (7 days)

o B D

it 'O

of infiltration capacity.

_ | HUKBARSEIOD LA K RBICHE L A R
% B ok B o FHlE# | Effective rainfall estimated for each soil water content before flood
¥k No. 2 W OB oM (RefD) o R
; Amount . D 23.0 (%) 22.0 (%) 21.0 (%) 20.0 (%)
Flood | Duration of rainfall o) Period of flood irect -
No. rainfall (hour) runoff | AXINIE Hima B MR HAWR
Effective ri/Q |Effective| /¢ |Effective| r¢g |Effective| /@
r(mm) rainfall rainfall rainfall rainfall
Kmm) | (mm) | (%) | n(mm) | (B | n(mm) | (B | r(mm) | (B
1976 1976
51—22 | 11,14. 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| 42.13 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 M Total 56.0 3.47 3.47 | 99.99 3.60 | 100.99 3.44 | 99.13 3.52 (101.35
BOHETEM Estimated f 0.0240 0.009% 0.0048 0.0016
(2) #EEWIM Estimated period 1977. Sep. 3.19 h~Sep. 20.18h (16days 23 hours)
) - HOKBASHTO HEEKRFNICGHTRE L - FYNE
, [ ST - ok B RS iR | Effective rainfall estimated for each soil water content before flood
H#7KkNo. B oM M (B3R b
Flood | D ¢ all Amofunt 23.0 (%) 22,0 (%) 21.0 (%) 20.0 (%)
00 uration of rainfa o Period of flood Direct
No. rainfall (hour) runoff | AXME HYMR HOWE AYWE
Eﬁ"e(,%tlirle r/Q Eﬁ:eci‘tlifle ro/ @ Eﬁ:ecftlﬁa ri/ @ Effecftlirlea rd @
rainfa rainfa rainfa rainfa
rmm) Q(mm)| r(mm) %) ro(mm) | (%) rs(mm) | (% re(mm) | (%)
1977 1977
52—26| 9. 3.19h ~9. 4. 8h 25.919. 3.19h25'~9, 5, 2h 1.19 2.34 | 196.63 1.96 | 164.71 1,587 131.93 1.19|100.00
82—27 | 9. 8.15h ~9.14.10h 141.7 {9. 8.15h45'~9.18.24h 37.34 35.20 | 94.27 35.01 | 93.76 34.81| 93.22 34,62 | 92.72
52—28 1 9.,19. 7h ~9.19.23h 85.1{9.19, 7h45'~9,20.18h 15.18 15.84 | 104,35 15.83 | 104.28 15.83 | 104.28 15,83 | 104,28
2 B M Total 252.7 83.71 83.38| 99.38 52.80 | 98.31 §2.21| 97.21 51.64| 96.15
B OHEE  Estimated 0.09% 0.0080 0.064 0.0048

FHEMEEEEY

& 98 %



(3) HESEHAR Estimated period 1978. July 8.12h~July 21.9h (12days 21 hours)

. RKBAGRTO THREKBHINCEH R L L FH TR
e m R K H M EMIEHE | Effective rainfall estimated for each soil water content before flood
#7KNo. B WO M (B WO B
Flood | D ¢ tall Amofunt p 4 of flood b 23.0 (%) 22.0 (%) 21.0 (%) 20.0 (%)
00 uration of rainfa o eriod of floo irect
No. rainfall Chour) runoff | HA/FE Hahmi AW o
Eﬂ.ec;‘ui/le rn/Q Etfecftli’f ro/ @ Eﬁ'e%tnlrle ri/ @ Effe(i_tlfle rd @
rainfa rainfa rainfa rainfa
r{mm) Q@(mm)| r (mm) %) ra(mm) (%) riy(mm) (%) rq(mm) (%)
1978 1978
53—13| 7. 8.12h~7. 8.17h 25.2(7.8.13h35'~7.9.12h 2% 1.85 2,81 181.30 2.44 | 157.37 2.01 | 129.84 1.62| 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—15| 7.18,12h~7.18.17h 7.1(7.18.12h40'~7.18.24h 0.11 0.20| 178.11 0.22 | 195.48 0.28 | 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 B H Total 175.0 49,36 48.82 | 98.90 49.30| 99.88 49,82 | 100.93 48.99| 99.25
A DOHEEM  Estimated # 0.0112 0.0096 0.0080 0.0080

(& #THM Estimated period 1978. July 23.0 h~July 29.7h (6days 7 hours)

BKBRERATO T BESKBAICGHE L - BAUNE
[ 3§ # ok B4 Eiligig: | Effective rainfall estimated for each soil water content before flood
#7KNo. BB WO M (RefED oo =
Amount 23.0 (%) 22,0 (%) 21.0 (%) 20.0 (%)
Flood | Duration of rainfall of Period of flood Direct
No. rainfall (hour) runoff | AXIFME BYmR HRhER BETE
@ (mm) Effective| ri/Q |Effective| rz/Q |Effective| r3/@ |Effective| ry/ @
rainfall (%) rainfall (%) rainfall (%) rainfall (%)
r{mm) ri{mm) r:(mm) rs(mm) rs(mm)
1978 1978
53—17 | 7.23. 0h~7.23. 3h 19.8 {7.23. 1h45'~7,23.18h 1.39 2.291164.88 1.96 | 140.78 1.56 |111.98 1.13] 81.21
53—18 | 7.25.14h ~7.25,16h 2,217.25.14h40'~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 38.917.26.14h ~7.27.12h 4.25 3.86| 90.78 3.90 | 91.83 3.96 | 93.11 4,01 | 94,44
53—20 | 7.22.12h~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 (7.28.13h30/'~7.29. 7h 0.61 0.16| 25.28 0.20} 32.92 0.27 | 44.30 0.34 | 54.95
2 i M Total 90.1 7.68 7.68 | 99.9% 7.70 | 100.28 7.73 | 100.61 7.66 | 99.69
fOHEE  Estimated f 0.0140 0.0088 0.0064 0.00852
FTE#5T Remark : f.=0.8,- W,=20.0(%), W:=50.0(%), n=1.0.

(BT MENHRT S M2 M OB R ¢ L o e
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L 201 [ Effective rainfall .20 Effective raintall
1.0 1.0
0 il “ llllh \ oL dhe Il JL "

«—3r=15.49(mm)—
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(%)+——— 2r.=8.88(mm)
504

w N ERE: “ TN RS
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Fig. 14. (»-2%) (Continued)
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Fig. 15 (1) ~(6) BT, HFBE L HMRRE L & OBRE, Fig. 16(D~Q@) IKRTEBHTH 5,
(16) R &[EKkIC,
h=7yr—f)
LoE, SRBREINC, 7, fi z ARDBE, Tabled LS HERENES AL,

MFVNRERKX 2 SR, SHEEBH 2 SRE S, REMCIEERSERORKNT, HFHEROHELE
CiFEC, Lihi-T, Rick Mz I ERE IR,

FRNRRBK 1 SR, BERETH 2 00 RBRIThbO TRV, BRBISIEICE~, KA H
BOERLTVEIY, BILEKRKETS-Th, FROEBIBRIOASKRE(B-TwE &N, M
BEEREUCSHETCVWA2EELELZ SRS,

F72, 18R, 2BRCEIBOIECES S L. B 07 45, MEEERIEERIC X 3 REEK
BOWEZLALLEIA, 25 R M0mm iiHLT, 15RE 1620mm &8 -TBH, 5 LxtEEN
OFES, ThoRHFHEORELEL - TEN, 1 5RIE, EREARBERCHEGIEVEERLTWS,

Table 4 T, /NFREANC, 7, 2z BEFAIBRTEDS T, f, FUEDBLVIEZHIT > TV BH,
Thiz, BRBCREITHROLED, BRBEOBAICH T, BRBLLTO T E2EK%L, KR
HBE,L LT HEENTS 5,

iz, ERABFBOBELERC, BRGNS 2 & OBRERT T 5,

ERABRREOBRIERY S, v IBRMGESRICBIRE S, —ELALLTHLEVMS, Tabled D
BEEAV, 19 RCBEL T, BRRGEHENE 2 SolfRERD2b0%E, KRITRT.

Tabled. A, MBI ORBMERTRBEIRD <7 4 5 —
Value of parameter concern to the estimation of the
extinction coefficient of infiltration capacity.
2 ; moE R R r fcl| z 4
L W%atersﬁl%lied & Treatment of T
forest (am/20min)
%g%&ﬁﬁ 4 0.089 {0.650.313| 0.01~0.02
5 - oreste:
NRARBK
2 5 R
Shozawa No. 2 &ﬁ% ” 0.50 ” ”
i “| a ﬁ ﬂﬂ watershed Cleared
Takaragawa
experimental it CERK) 0.040 | 0.80 {0,346 0.1~0.15
site 2 R First period
Shozawa No. 1 (Forested)
watershed B (EE®) , 0.90| ~ Y
Second period
(Grown)
s . . P& ACT] 0.081 | 0.70 [0.315|0.0056~0.015
EHABHKH | EH 2SR Forested
Kamabuchi Kamabuchi
experimental site| No. 2 watershed 525207 ” 0.60| ~ u
Cleared
(B B %X B # B SRR 0.0148 | 0.80 |0.360|0.003~0.015
Ashio watershed lF(‘)(;It‘,Z(sit
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L]
404
o : r=1
.
304 - . .
S ° H * ° r=0.5
o - hd
204 o . .
i . " e85 o .
S . @
101 T FNHEBRHRNHEER 2 SR (fE1R1%)
. ; O Takaragawa Shozawa No.2 watershed (Cleared)
Cl
0 e
0 5 10 15 20 25 a0 35 40 45 50 55
r=3.5
601 _
r=7.0 r=5.0 .
r=2.
r=10.0
5 © r=1.5
. .
01 r=0.85
r=0.70
.
a
304 * )
L]
© L]
o L] L]
200 /4 . HER )
. 3%
D ] Teece (3)
ol [/ e ke £M2 2R (558D
2 ’ Kamabuchi No.2 watershed (Forested)
- ”<//
% 5 10 15 20 25 30 35 40 45 50 55

WEABRIBHARE $ 3465

()
F B NHERE 2 SR (fR3%80)
Takaragawa Shozawa No.2 watershed (Forested)

BERDMSEEM 1 (20min)

Rainfall duration

Fig. 15. SErgMemmBn| o185 sl
Mass curve of infiltration loss for each rainfall intensity.

Note) # 6.0=2r>4.0 * 8.0zr>6.0
O 3.0=2r>2.0 [0 4.0=r>3.0
+ 1.0zr ® 2.0=r>1.0
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r=10.0 r=7.0
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204
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r=1.5

r=0.80

e . . r=0.60

(4)
gH 25 R (fR3%#%)
Kamabuchi No.2 Watershed (Cleared)

25 30 35 40 45 50 55

r=2.5

r=0.8

(s)
FNNHERHYLR N HKERE | B8R BT (B 1959~ 1961
Takaragawa Shozawa No.| Watershed, First period{Forested)

(6)
KB PNRBRE | SR i (EKE) 1972~1974
Takaragawa Shozawa No.| watershed, Second period (Grown)

25 30 35 40 45 50 55

r=2.5
r=1.5

r=0.9

25 30 35 40 45 50 55

PRGN 1 (20min)
Rainfall duration

Fig. 15. (-5 %) (Continued)
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¥y & E r (mm/20min)
Rainfall intensity

o2 0.5 1.0 15 2.0 2.5 a.0 35 4.0 45
() {R4RBY Forested
TURBMRIRRE 28R | o o
0.054 Takaragawa Shozawa No.2 watershed ~ * Lleare
0.104
0.151
0 05 1.0 1.5 20 25 3.0 35 40 45
0 n’ h 1 1 1 — 1 —_ I
0. 0.7
o ° s w2 (21); ® (X7 Forested
e E ) 5 ey
% 0.05 Kamabuchi No.2 Watershed o fXi¥ft Cleared
x § °
£ ©
®5 a0
w2
05
0.18 k =op81 (r-f)%%"°
52 a5 1.0 1.5 2.0 2.5 3,0 35 40
IR
O.SK
2 L ]
-
Q05 (3) S
FIHBERMY) R NRRE | SR
Takaragawa Shozawa No.| watershed
e o BIRR (B#K) 1959~ 1961
. - ( fo 10318 First period(Forested)
TooeR T e o BH (£ 1972~1978
0.15 Second period (Grown)
Fig. 16. VMH®E & BEABOEK
Relation between average rainfall intensity and extinction coefficient.
EAIEY S
MiR/NEEBK 2 5iR z = 0.605e7005t e 4D
1 &R z = 0.700 702 (42
E i En ]
ZHE 2 5R z= 0.621e7%%4 (43)
ERRER L z = 0.717 e-0-0314t .............................. 19)

(41), (42) AT, MERFEH LS, ROBERFRERE SEL LALLM, hid, BFoER
POHEEZROVKT I ENTEUL LD TH B,

Fig. 5(D~®)T, f, @ ¢t-FRAREEZTROI BOVWEIFATOEKOBHRE IS 50, Fig.
15, (@) BLU Fig. 151), ) T, KkFowikicHohS f, DER, FRLEELTAHLIBE
OB OHET, TELTHRR I ZENHARICLZEDEAUTIENTE B,
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£72, Fig. 156(5), )i o 2T OEE LS f, 0ZFd, HBRCHAOERI X 2N
BOBMMBERRREAR LTINS,

Ins f, OEEHRRE DMK, SEORRTF -~ &L LTEETHLEELONS,

MERMMIC BT 2 TEOSKROREAH 5 2, EBERFHOBALEUAHETRDTH SR L,
FINRBRBORNRBRX 2 SRTI, RKEFEE S 0.01~0.02, 1 FRIZPPAREL 0.1~0.15, EHR
Eaith 2 =R 13 0. 005~0. 015 FBE OEAER L o

BiE, THBIUVBLEOEKREOE(ERTODLELS 300, BRI L2EBIDEVE
EZTEL, Lichi-T, HEFMRE2ECTRCEERAVSC it

(2) HROWREFVHHRE

ERRARRE, FIRBBRNRRK 1 25R, SR 2E5ROME>O/NRED 7, 2 f, B1EED
RS S, BHI/NREOWR EEYNE L 0BFRE - —BLd 5 T & LRENSH 554, Table d i3,
HHEZ T A -9 - BT 3 ICOERERLTVWEHDEEZ LN D,

Ao & 512, EFNRBRHOIDARK 2 SR, EH285KHE, wIhs, BERNOLIENERL, 20
TEMLBREEEL LTWA LD EER SN B, chitH LT, MRRRX 1 ERIE, TEAEWRD,
BLESBHEL L, FoEELRL,

EREARFE G, THEARTL, EEPBHL TV A XY HNRKT, ERNICEBEEREVWISTS
B, BOFERERLTVS,

hit, ifEoEECIhEREL, BMESEVWC L2 EELZOND, UL, BEfEoEEC
B 5 g OFI/NEL, BR2BREEVY, CHRIBOBWI LI LZEELEL SN 5,

fho Nl BT, BBEOBERE, BLURBORIEMET 552 -y -0z, thdM™
DDNFBORTE NS A -9 —OEOHEHRHE, TOLTA0 L oL s EEOHETREVLWMEEL
>N 5,

Fto, HHRRITICL2HBIE, (16) RicBI 3 f, OBk LTHREB T LI 3,

ZIT, ChoDBITEREREL, AYNBHEEIR 52 -5 —& LT, IRD Tableb 2% T %,

ERABREOMA - HERIBRTLOTH B, FORZRIIE, bAEICRKXNEGEL SATT
NO BT B OV NRIBBE S W EATLVWOT, BHTEAEEARPHIEVWEEI OIS,

Fh, tEOFEVEALE, A-BEMELLEELTVLTEKEOLIVEAT, ChitdBRCREBL
BEORHSEIU I LK B,

BEOBAL R, —I, A BEADET Im BEREEL L, BEOEKILEEE THIT 5, &
WEELE, AB BBADLETO0.5m BELUTTEELEL, fTKELBETH 5,

WO IcMT 2 W, W, W, oL Ti, ot tBofticE- v, 2B
OFICETTEDNIT X\,

(5) ATHVARBEEOKXBHCHLEFHE n 3, — BT 1 EBLTELELIR W,

CHhoORKIEL, BRBOBRIIMNEZL Shhid, EYRBOKBRTINRD S 3 Licik b,

SEME (L/NRIICE TS HKBROHETE

£1H REEFIOBREBNEEOEE
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Table 5. WEEHLE, BHRBD/ YT 2 -5 —
Value of parameter for the estimation of effective
rainfall by the different watershed condition.

fc
wmos & # (mm/20 min)
Watershed condition r - — - z A
& B& Al T B &
Forested Cleared

+ B 0o B w85 & 0.015 0.95 0.80 0.70 ¢ 0-05¢ 0.02
(1.5m Bl E)

Big water holding

capacity
(horizon>1.5 m)

= i} D 5 & 0.05 0.75 0.65 ” 0.01
(1.5 m~0.5m)
Middle water holding
capacity
(horizon 1.5~0.5m)

+ B 0o & v s 0.09 0.55 0.50 ” 0.003
(0.5m EI'F)

Small water holding

capacity
(horizon<0.5 m)

ORI - 1RIKBHIRO MO~ T 2 B 2T 5 2 &, HEBIRTH 54, 0B, B
MOBRIH S HBOHRIIEHET 2 L TH 5,

Z0fcdicld, 7, ABRRRCBL THEYURHEFLERAT, EFVDNI A~y —FHVT
ZOWBIC B I 2EBOBRNI ORBEREL, EFVORGHERILT 2L4ELED 2,

REFENEN O WRIRT, BREAOBEND SHEAHET S 0dic], £ 0HBRREIC> VT,
HHEFLD S X -5 —%2RD, ThoD, 54— —LREBRTEOMREEEREL, EFLVE—
LT BEN S 5,

T}, B EkERERR E T 2IHE L, HITKKHS CEHNREENRICT 2HAL
wHy, BrOFEE LT, BNE F8E BFKEED=>iKEIXAEN T3,

IR O MHBF O FHE L LTk, FAEE Hr0BLEEONEL S, FRiRoHLEE 52
VWRBERNOAXRF L OBV ZOIVLONEEN LY, ERICE, YOoFERLLTI v Ry 7 W
HEABEGEN L0, HROWES, FUPTIRLofibad TN 3 46END 5,

AETE, I NRROBKEEEBIFONR L LTE 05, Frkd U CIBREERV

BAIRER, 1932 F1C SHERMAN® 0 & - TIRESNTUE, SAE TREMNEE OHEIED S
NTVWAEY, HERGEENEET, BRLLTVEVLWHEFRMNSED, 202 &5, BUNKEESHE TR
BEETELKEMHEBEEL SN B, ’

ARG, FEELTRTS v 28y 7 AL LDICBT 500, HHEE, &2V EBILNITTHED
SOFMICRBBU>E I VETERALH 5, ROHETIR, BUROBIFHLZRAHSLE L b+
AT EZEZONBI L bdD, £-BUNEOBRHORIRE S IHYMNBORERE I, HH, M
WMENSA -5 - LTHD AhThHhiE, MBEOCHRELZYOBREETAfETH LA 5NB &b
5, FHELTHWAZEIRLILODTH S,
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TV H/NRIR G, B 20~30ha BELIFORBTS - T, BAKHLBEUL—#HLE
Aoh, RHOBXORY, H5VRBILIFMORIAXNRELS B LITHEEGEL, 5 LRHBR
FHEoONHOENEWEEL SN D,

(1) BEUEOERMMERE S LN~ OER

SHERMAN'™ 12 & - T, BBRABXEL SHHLNBNRICY VW TOTSORER, RO LI KEHSH
Tn3®,

1 EBE&E—E (WBIRE)

WP - 7o EI R ORBEHIAZE L iE, TOBOVWHLAIRDDPLLT, HHEMIRELV,

2)  mEERELH) (HLBMRGE)

IR OEZER OGRS Ui U, EEFHOLEE, T ORI O EMBER I LE L
RN OBEWENRE, FHBOLHACEREL BL—ETH 5,

3) fHE (BEmofid)

HRRROREEEFRI 2, BT EER O T LB T, B L oXYBNECIE U
NA KB 757 BRI E GRS TN, 2o S Fars 7 oREmEL T, REHE 1
Fo s 7%2RD 5 3,

IITLHENBERG, BYRBLERICEIONS, COHEEBEY LB, BRLEHOM
BHFETHFAREE SV, KEBOBNERHOBRRIERETHY, ThIEYRELHEH LM
RISV THEKEELSNS 10D, TOMERBECRBLLEWEINTOLS, Lipl, REEEN
BERESBVWIELS, ERANLMEGIEDONTVEEEL SN,

BKOBERE, 7AVAT, FAINTFRICE - TEERAREL > TWB ELbh, bAETLFRHE
OFEOBERER L LTRLCIEHENTVWS, LeLEMNS, 74 Y1 TRURKEOBH S QSR
OFBERE IR R X VIEEHE <, FlAE, SaErMaN®™ H 1932 QRN TE D HF TV 5 Muddy River
&, B3FE L4 (195000ha) &H D, ThicHl T, bHPEOMNIEEINS , Bl LE
MTHDHH 5, SHERMAN® OHREBEAT 510 - TIREBEGS <, EAKEED 31D DU HL
BETHhsLELLNS,

B REE, RERrEofuL B % 5, SHERMAN® OMROEBLE LT, SFXFAEEMN
MASNURSREELTETL S,

brET, BURESERCfENLOE, PRCLETRINOERS SHHTESNTV A,
HHFRIc B s BRURKOEH E LTR, GESASHBIIG S B LR 5z,

HERINTE, BIFOXME LN - LRBROERSYS, NSVBATS 57.80km® 50, KBRS 51l
M & REERESRE 30T, BITEROEEOLRETER VA, BROEMFIC & BN»RY
STWBIEZELMIZL, SHERMAN® OERIC > W THBESEEBEL TV 3,

HREREDS LB/ NS WSS 0FEA & LT, Brater” M, Bent Creek, NC., Coweeta, NC.,
Copper Basin, TN. ic& %, @ 4. 24 acre » 5 773.95 acre @ 22 OFKICH VT, BfIFERD
Bl S50, REBESKICEVWT, ©—7 ORARY, RBEEOBMICHEVNSCEETLE, AKX
Hith, BRSO THARICL > CHRAREESNEND LB L, FELTRERTLOMEREE D H
FTHED, BREHELOBRICEEEVINTOEL,
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MinsHALL® 13, Edwardsvill, IL. @ 11.01 ha O#HBE TR LBAXKT, BRAESAXHELE
Y-/ OHEE TORMBMNEL LD, E- 7 ORARSEMT 5 LB EEHT, GRS LEHK, B
oMo Ly, BE-TL 522 hIILTVS,

a3, BREKEEAHBMROAK (88.5ha), A (109.6 ha) @ 2 Filkic B L THRERE SR %
ko, RBEFOHEE, SATLHRROBL LZ2RBEANOMELZHSLICLTVS, LhL, BF
SHIBEL TR, FLaRFOHFITHLTHEL,

D&, BEOHEAEALZ L, VWALLELONE BN, BHTHE, RESEHEBREEEH
TTRIATBLENS L L RPSHTH B,

(2) FRERESEOHE

KR SRS N EBERNR S, COEBERBRICHET 2BYMREIC k- T, BARRD
SNBTEILEEN, JokDdDEd, LYORRNNLHEN S, JOEESKEENFENEDANLGNE
LARH-TETV S,

BN ORERRR, BRERIKHROMFRICBI ZFEEHMICH LT, Kb AEMCSBEL, =57
MELTOWK T & EH > EEZTIOH, Thicidbid &b, Y3, SuerMan® DR LEREC
S b E - THEH RN L ED, TOFERERFLETEBESBVWEELILN S,

BioBH I, ZORRLLIEYMNBOMESLETHY, JOFMRROMEER L BAIKE
LRAHDOFRICH 505, ZOBE, AYNBRINBICRRZAECLEILROBAATH B,

Table 6. & ;M 5
Distribution graph

RS Ashio experimental watershed @ # Area 9.95 (ha)

May 7th L@:@ ® | @ | ® ®

g g O EHNR E B @ i & O R E R 5 R %)

Period [Du- Pgi?:lvle Direct Zq First trial

raion runoff | x Te 1

B 2 re o Zre 13 X100=9.09

Time  |20min)| (mm) | (&s) | (i/s)
15:40~16:00] 1 0.15 | 1.86 | 12.42 |1.13
16:00~16:20) 2 2.26 | 26.95 |187.03 1.13
16:20~16:40| 3 1.07 | 54.63 | 88.55 [8.05 1.13
16:40~17:00| 4 51.06 .05 |13
17:00~17:20 5 39.99 8.05 1.13
17:20~17:40 6 35.09 ; 8.05 1.13
17:40~18:00| 7 28.23 8,05 1.13
18:00~18:20| g 19.71 8.05 1.13
18:20~18:40| g 13.18 8.05 1.13
18:40~19:00| 10 9.29 8,05 1.13
19:00~19:20| 11 4.66 8.05 1.13
19:20~19:40| 12 2.76 8.05
19:40~20:00] 13 0.89 8.05

Tj:ral 3.48 | 288.00| 288.00 [9.18[9.18/9.189.18(9. 18/9. 18/9. 18/9. 18|9. 18/9. 18/9. 18
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SuERMAN™ DREIESVT, AYNBREEBRTBE DS, HIHICBARAERY 3 5ke LT,
Bl oXAfbanic D, BErNarD OESREY &4, Coiuins ORRBIEED 11 &% 3,

INSDHH, HERETRESBIETHREL CoLLins OBREBEEEEDHTFBT LU,

CoLLiNs DFREIEE R, HRHICE, L0 NEOHMKIRORITbTEETH 54, HEO L -
72 BT AEOROBKIRE, HRELOBESELPTVOT, JITHR, E—sh—of it ol
DbDEEAT, BrelEDHBI Lz,

i, BREERCHGINEFEE LTEZOERENA, BEL2B/NMNTEI LT, AENESHES
Bt s LT RLG,

CoLLiNs DDV THERS NAFRE LAY, BELPLTV LS I, BEORKRV A% EEN
BETEM %, Table 6 ISR,

PIF, Table 6 oFIF%HES 5,

® AYEERIR, BIEFIHod~72EBDTH 3,

© HEERHEG, BIFFIMCTRELLAHECLD, BKkigE»r oBEREBEA® L tb0EH
Vw5,

® QOAMMEL QEERHELICLD, HERHBEEDIRBEOKMEA LIS T 3,

THbbL,

Te

g = Lg% . A/8) e (44)

= D H "

derivation.
® ® g% @ ® gm;%s . @ ®

h 5 E y
o g ek 941 &) LR RO Brcor B0
Total | @—® (X,~ —|lsttrial2nd  |Calcu- | @—®| E* | 2B2® p |4p  bown
qi1 Sga . trial | lated E DitE . trial | trial
2 Calculation

(Us) | (I/s) | (B (%) (%) (l/s) ofSs&ps | (%) (%)
1.13| 0.43 1.39| 0.17| 0.0289 s
1.13] 25.82 | 13.33| 9.00| 1L.21) 22,08} 3.97|15.7609 13.0 |13.0
9.18| 45.45 | 23.46| 9.00| 16.27 | 42.27| 12.36 [152.7696| = 2}532 22.0 | 22,0
9.18| 41.88 | 21.62| 9.09| 15.35 | 44.68| 6.38]40.7044 16.2 | 16.0
9.18| 30.81| 15.90| 9.09| 12.50 | 38.36 | 1.63| 2.6569 _/m 12.8 | 13.0
9.18| 25.91 | 13.37{ 9.09| 11.23 | 33.25.| 1.84| 3.3886 ~4/—33 | 12.0 | 12.0
9.18| 19.05 | 9.83| 9.09| 9.46 | 28,54 |- 0.31 | 0.09%1 9.0 | 9.0
9.18| 10.53 | 5.43| 9.09| 7.26| 22.66 |—2.95| 8.7025/ =5.13 6.0 6.0
9.18( 4.00| 2.06| 9.09| 5.58| 17.43 |—4.25 |18.0625 40 | 4.0
9,18 0.11| 0.06| 9.09| 4.58 | 13.91 |—4.62 |21.3444| Ps 3.0 | 3.0

18(-4.52|-2.33| 9.09| 3.38 | 1077 |—6.11 [37.3322| =SXN 105l 10 | 1.0

9
: b))
8.05/—-5.29 | —2.73| 9.09| 3.18 | 8,94 |—6.18|38.1924 a 1.0 1.0
8.05|—7.16 2.82 | —1.93 | 3.7249| =23.16(%)
s =0.09s =0.02
100.98 | 187.02 | 100.00 | 100.00 | 100.00 | 288.00 342,7612| p:=((;g‘)1 ps=<().%l)
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LB,

@ HRONERASFICLLY, GYNBROERKEIANAOKBEZHET S, I OB&OREETRIX, B
MicBATEV, ROBHLHER, COMOLSICHERNTEIETH S,

FRIBC @ 25HHT 5, o] AYNROBEKRECHET 2HERRIEEh TV,
@ho®EELIIL,

® OGO B4 RERD 5,

@ TROI LY DFERSFRETLAT B,

@ &L ® DRERSIEREFHL, B2RORERIBERD 5,

@ THONKKERSLEHCT, @Ho0HBEERVET L, HEERFERELESH, $5—E
ORNYEVERE NS, CORGREEVIOADRBOBLESL S, BEREGOFLIVFEREHET NI,
ZOERN @ OEMERHELE 3T BT B &I 5,

L L, EBICE, BABELES LY, HEER» 0B ESRCAERRM IS ENLD, &
FILRACRSIRHSTTLBLINFEASAE D, —ILOHEAEL L TR, BoNARIRLAYNE
itk - THEI N BKIE L, ERoMKIRE 2R L, BBV T,

g-q=E e (45)

B E, BRIOBAE N &, oEEEEL kg,

® 9 e o

®

2
Sy —_ ]5 .............................. (46)

LB, 2D S, OPHEBHT B EHARE p, LTI,

b = Sy = % »x 100 (%) .............................. (47)

R, LEWREOHMOEELTEIENTES, LB, ChoDFERMERL .
TROBRMBOBAE, 0 p, #0.5% UTIc - &%, S0ELHEMEORRE L1,
/2, p, WOSBLUTRKESHVEETS, HERBIT20RF TE L1,

Table 6 DL ELHITHE, @ TR &5 1 4 BIOEDELIFET0.5% BTFIAD, & 5IiHEE&Y
WLT220MRBIRESE, p 30.1% 127858, RARRIAFETEHEHENLEL, Lid-T, 4H
BEITTHIVEEZONS, 0MIEEZEVELTS, BB p, H0.5% LUTICESHVWEST
BaE, HERRONT CEhmEBRIc a0 Tk AT Lt L

Fig. 17 12, Koo h BRI ERR L7,

fERE, RHBRICBT 2RO @ I, KCHAREEZ CORMBOMRL T, —EDFELRTLT,
BaOBAKMKR I LCRE - EEE > TV S,

O ST, BNHoEOFHRE LT, EERHEOSEYE:, SYREONME B oR
D%, BREEOELEEHFTVEL, ABIKBLTEDHFTV AL WNREOESICR, B
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Value of parameter for the estimation of unit-hydrograph
by the different watershed condition.
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Estimation of areal rainfall.
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Table 8. #] R ik B © 7 &

Calculating factors on divided small watersheds in

N A " W R M E R F
Watershed | Area Calculating factors of effective rainfall
fe
No. Wi W, {jzl%e‘%.:)reﬁIJ &Af?ér & n 7 z I
cutting cutting
(ha) | (%) | (%) | (mm/20min)|(mm/20min)

1 12.41| 50 | &0 0.70 0.60 1 | 0.089 | 0.6¢7%% [ 0.015
2 6.45| ~» ” ” ” ” ” ” ”
3 10.71) ~ ” ” ” ” ” ” ”
4 12.44| »~ ” ” ” ” ” ” ”
5 9.17] ~# ” ” ” ” ” ” ”
6 3.73| ~ ” 0.65 0.50 ” " ” "
7 4,421 » ” ” ” ” ” ” ”
8 5.11| ~ ” ” ” ” ” ” ”
9 6.56| ” ” ” ” ” ” ”
10 1.16| ~ ” ” ” ” ” ” ”
11 13.21 ” ” ” ” ” ” ” ”
12 3.69| ~ ” ” ” ” ” ” ”
13 5.17 ” ” ” ” ” ” ” ”
14 3.03 ” ” ” ” ” ” ” ”
15 4.42 ” ” ” ” ” ” ” ”
16 2.43 ” ” ” ” ” ” ” ”
17 7.31 ” ” ” ” ” ” ” ”
18 6.48 ~ ” 0.80 0.70 # | 0.04 | 0.7¢70-% ”

Taw | 117.90

(2) ARMkHRICHE EHFREFEORE

Bakphsic RiZ T AR OB VTR, BIETHEXLEBOTHY, FHEREOEYNED
NS A —F—ERHOT, kA Fors 2 EETREEVT &I D,

22T, D MRFERD LiRNEFES (5118 ha) AL ES, 2 THREOK Y ¥4 (66.72ha)
EERLIES ) RSB LIS, OEENM Fe s 72BLALL0%, Fig. 4(D~@)
i, B, B &LTrRY.

Fh, NS Efiic (1) THRAZEAES S THEBIE ML L 726 D%, Table 9 IT/RT S
IhoDHEEHRD S, O HHEROUKE -7 RBCRETHER, Bkov—-7KBFEREZVE
EHxtEchE < L, @ LA, TR, fEREt e TnBERLALERELIES, E-s R
B, HHEECRICIGUTEMY 205, SUREMO LT & O BRSHEIC X 28, BIEKHY
treBOmBEMS NSV &L, BIFOBMNERL S bH-T, E—-sREBMO S 21k, BEASRN
TIRWIE, BEBP O EL T,
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Comparison of observed flood hydrograph with estimated composite

flood hydrograph in Shozawa watershed.
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Comparison of observed flood hydrograph with estimated composite flood hydrograph in Shozawa watershed

Table 9. FRKROERE L CHETHAKNA Ko/ 577 DRE

H 7k No. o e CEEE B b 7 i 100 3%
Flood Observed B s = Peak .
. . HHE BRERHR H . Ratio
Date Condition of watershed rainfall Direct runoff | Base runoff Total discharge
(mm) (mm) (mm) (mm) (nf/sec) (%)
1 EHlE ¥ R
O Shoza wa 33.21 3.54 36.75 1.822
2 HEEE (BB, B es.
(1) Estimated (Present) . = 32,54 4.50 37.04 2.210 100
Sept.8 |3 HEE(E 888% 5&; " No. 8 35.15 4.50 39.65 2.325 108
1980 - )
4 #EEM (EFiM 51,18 he #£K)
(Unper sieeam cloared) o 33.18 4.50 37.98 2,254 102
8 #EEM (TFHMl 66.72 ha k) Yachidaira
(Down strefam cleared) 68.0 34.22 4.50 3.72 2.282 103
1 EHlHE R
Dbsomved Shozawa 12.57 3,97 16.54 0.464
2 #eEM (BB, B0 48.0
@ Eotmatoy (Praseos) . 5 10.57 2.62 13.19 0.446 100
Oct. 13 |3 HEEfE 88822 ﬁﬁ)m D No.5 13.41 2.62 16.03 0.545 122
1980 - )
4 #E5EfE (EHMI 51,18 he BR) ,
Uspor stoaam cleared) —_— 11.48 2.63 14.08 0:482 108
5 #EEME (Tl 66.72 ha B ER) Yachidaira
B g e D 4500 12,52 2.63 15.15 0.508 114
1 EHE ¥l R
Obsarved Shozaga 21,9 6.67 28.63 0.898
2 #ESEME (B, 80 51.
(3) Botimated (Proonnt) - 19.02 5.35 24,37 0.855 100
June 3 |3 HEEfE 8&;’2 ﬁﬁle O No.§ 22,35 5.35 27.70 0.968 113
1982 )
4 HEEME (LFRAN 51,18 ha #£R)
(Upper steeam cloared) — 20.20 5.35 25.55 0.895 108
5 #EEME CFiifll 66.72 ha £4%) Yachidaira
o St len e 0 21.18 5.38 26.53 0.927 108

(BT MHCARE 650 2 B QEIINE @ O o NI
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REL-OGYMBOMEEE, EEASRECEALER RIBFLHEEESED ST,

2) Uy NEIROBEYFRICRII T HRREEOEB R L 1,

fEr R s LT, EIEBHOPIRGERK 2 5R, L USRI OEH 2 5SRO & iR
EBOHEDEH VI,

Z DR, REMEHROMRHEH .

k=y(r—f)

ELRBAED y, z 3, IIHUVNRROHSUREI & > TRES I S, BYREICRE T HKRROR
B, f OELLTASNL LRI,
Bonif 52—k TEOELBHTHS,

ABRITIE MR 7 fe 8
. (mm/20 min)
e o
IR SERIX -
2R BRI 0. 089 0. 65 0. 605¢7%%5t 0. 01~0. 02
PEE23 ” 0. 50 ’ ”
1R I 0. 040 0.80 0.700e™ %%t 0.1 ~0.15
€1 29)
i& @ ” 0.90 7 ”
(HE®R)
SRR N
EH25R PR 0. 081 0.70 0.621e %%t 0_005~0. 015
kER% ” 0. 60 o ”

(BB s 0. 0148 0.80 0. 71775142 (), 003~0. 015)

MO ORERD S, HHOEE BIUITEEERSCESVT, IHVNAEOESRBOHE 5 »
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RIS 4 ? ) z B
(mm/20 min)

TEOEVWES 0.015 0.95 0.80 0. 70 05" 0.02
(1.5m 2L b)

LEDEE 0.05 0.75 0. 65 ” 0.01
(1.5~0.5m)

TRBOERVIES 0.09 0. 55 0. 50 ” 0. 003
0.5m LI'M)

3) BRIk o, (L B 3 Bk o e E R L 2,

BRI, ROBRBHEMBEIC L EELLbOEAV L, BAKIZ, ERRBHOER Rkl
BoFE» o, BREOMANSRERY, ARSESE LV EERHBESE L EERTRE, &%
WE&L» 5, Cowuns, W.T. OFREBIEEEZHWVWT, MBRSKE L TRD K,

HERSRRZ—EDb0BELNT, ThEFhOHMKITLICERIZENHLI L 1,

ZIT, ByRKoE—7fE, ZOHBEMNMEICBEFRT 284 CE S { REBRSKOHEEERETL 7.

MERESRO Y — 7 #Hic i 2 oS ROMER, REBKEEEY, £—7 0Hh 5 TOM
ik, BENBEOE L LT,

t,=Cpre ’
ELTHRUI

E— 7 L% OBABRICOWTE, ZHEORRIZKS L THEE L 7.

E—-soEMRE TORER k3, EHSDOH EORERE k, HEBEKIMRE b—ET, E—2
DOEMEORNIETOMM ¢, bERIC—EEANTIEICLD, BahARAKELT, v1aL
— ¥ 3 Y TRDI, '

BonHBEARE, OB, SHESN-EYRRE L - T, EERABRKIRO MKl %
ELIEER, ElEEBFS—BHED Shis,

4) WESHLHNROBMERE, E)IHABMIIVNRRX 2 5R, 2HEAR 2 SR, ERARKEO
ERlic L DREF L o

BMRoE— 278 ¢, 2, REEEE A (ha), BABYMRTERES rop & LT

ty=CA" P r, 10"

ELTHERTE, &¥54A—9—13, TROXIIZNE T,

BRI C o ta ks
E AR
IRV 2 5iR 3.26 0.33 6 0.06
(2 hr)
EHAEH
()
BRI 1.57 0.29 : ” ) s

BENOEIE, SR 2BBRRHINT, BROMNEHE, F& L TRRAER, TEOFEK
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LI REL 1,

IR o o ty ky
RRAEHEE (20% LIF) T 3.50 0.30 6 0.06
THRORKESRKEVES (2hr)
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TIED RS BEOFHE !
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Rlic B 2 ERER» &, BKORARE & REBHHOBRBERT L, TOBE, &EERM%E ¢ (min),
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_ L _
t= Tgo 9
LEkEh, A, b, BBRARKC LB IR, £, BARBOEMCEEL, EREHMMSE RS
L hsHER S i,
F, BEXMICBY 2RAREROEYME Q, &, HKOEEEEEE w, (m/sec) OBF%E,

__L _.p»
@~ 7xg0 ~ AQe
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Fundamental Studies on Estimation of Flood
Hydrograph in Mountain Watershed

Hiroei CHIKAARASHIY

Summary

This paper is concerned with the fundamental studies on the flood hydrograph in a
small mountainous watershed at the time of rainfall, and the summary is as follows.

1) An estimation process by hydrological analysis of effective rainfall in a small
mountainous watershed by the Infiltration capacity curve method was studied.

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

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

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

F=R-Q

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

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

of the infiltration capacity curve,

fo_f

. T _ c  _—kT
F—jofdt~ch+ e

Where f: Initial infiltration capacity (mm/20 min)
fc: Final infiltration capacity (mm/20 min)
k : Extinction coefficient of infiltration capacity
t : Elapsed time (20 min)
fo, f. and k were statistically estimated.
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 & varies with rainfall intensity
and duration and that k& is expressed by the following equations.
k= 0.0148(r— f.)*
z = 0.717¢ 00
Where » : Rainfall intensity (mm/20 min)
Further, the value of f, revealed to constant.
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:
W, =W, +(W,-Wy e™®
Where B : Extinction coefficzent of soil water content

W, : Soil water content at field capacity (%)
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(1) Forest Lnfluences Division




LIS i 3 i B /Kl o HEE 1 B9 5 BRI GRED — 89 —

W, : Saturated soil water content by volume (%)
W, : Estimated soil water content by volume (%)
Infiltration capacity (f), corresponding to soil water content W, was estimated by the
following equation.
f=fo—aW.—Wp"
Where n: Coefficient due to the hydrological characteristics of the watershed
a: Coefficient due to the hydrological characteristics of the soil in the watershed

The equitable value of coefficient 8 is estimated with the data of rainfall and direct
runoff during some floods, assuming the extinction 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 8 in Ashio experimental watershed was about 0.015 ~ 0.003.

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.

The time series of effective rainfall can estimate from the time series of observed
rainfall based on the decrease of infiltration capacity during rainfall and the recovery in
infiltration capacity during drought.

By applying the proposed estimate process of hydrological analysis concerning the
effective rainfall in the Ashio experimental watershed, the process demonstrated almost
satisfactory results.

2) Influence of forest on effective rainfall in a small mountainous watershed was
studied.

The hydrological data of Takaragawa experimental site Shozawa No. 2 watershed, and
Kamabuchi experimental site No. 2 watershed, before and after the cutting, were applied
for analysis.

As a result 1t becomes clear that if the extinction coefficient of infiltration capacity
curve & is indicated as following equation,

k=7r(r—f)*
the coefficient v and exponent z are indicated by physiographical characteristics of small
mountainous watershed, and also influence of forest on effective rainfall can indicate as
difference of the value f,.

The obtained values are shown in the following table :

Watershed Treatment of 7 fe z B
forest

Takaragawa experimental site

Shozawa No. 2 watershed  Forested 0.089 0.65  0.605e %%t  0.01 ~0.02
Cleared 0.089 0.50 ” ”
Shozawa No. 1 watershed Forested 0.040 0.80 0.700 ¢~ *™2 0.1 ~0.15
First period
Forested 0.040 0.90 ’” ”
Second period
(grown)

Kamabuchi experimental site
Kamabuchi No. 2 Forested 0.081 0.70  0.621¢ "% 0.005 ~ 0.015

watershed
Cleared 0.081 0.60 " ”
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(Ashio experimental Forest-losted 0.0148 0.80 0.717e7%% 0003 ~ 0.015
watershed)

According to these results, the parameters of effecctive rainfall model in a small

mountainous watershed are suggested as following table :

Watershed condition 7 fe 2 B
Forested Cleared

Big water holding 0.015 0.95 0.80 0.70 0% 0.02

capacity

(Deep soil horizon
horizon>1.5m)

Middle water holding 0.05 0.75 0.65 ” 0.01
capacity
(horizon 1.5 ~ 0.5m)

Small water holding 0.09 0.55 0.50 ” 0.003

caﬁactlty .
(Shallow soil horizon
horizon<(0.5 m)

3) An estimate process of flood hydrograph by the Unit hydrograph method in a small
mountainous watershed was studied.

Effective rainfall was figured out as time series by the infiltration capacity curve and
soll moisture content variation.

Unit-hydrographs in the Ashio experimental watershed were estimated as distribution
graphs from the analysis of Gradually approximation method of W.T. CoLLiNs, with direct
runoff separated from simple type storm hydrographs by the semilogarithmic separation
method and effective rainfall.

It was clear that the distribution graph of each flood was not the same but different at
each flood.

Accordingly, the estimate process of the distribution graph based on relative
hydrological condition was studied.

Estimate of distribution ratios until the peak discharge time was calculated with runoff
function. The peak discharge of the distribution greiphs was decided by exponential
functions based on effective rainfall intensity r. as following equation.

tpy = cpre ?

The recession process after the peak was estimated by dividing the distribution graph
in two parts, i.e. before and after the recession curve change point.

The extinction coefficient from the peak discharge to the recession curve change point of
a unit-hydrograph was estimated as a remained factor by a simulation method through the
extinction coefficient k, after the recession curve change point, and the duration £, between
the peak discharge and the recession curve change point may be regarded as constant.

Flood hydrograph of the Ashio experimental watershed was estimated by the calculated
distribution graphs and effective rainfall estimated from the observed data, and the
reasonable agreement with actual value was reached.

4) The relationship between the hydrological condition of a small mountainous
watershed and the feature of the unit-hydrograph was studied by using the hydrological
data from the Takaragawa experimental site Shozawa No. 2 watershed and the Kamabuchi

experimental site No. 2 watershed.
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When the peak discharge of the unit-hydrograph ¢, is indicated by the following
equation,
ty,= C A ropar
Where A is the area of watershed (ha).

The obtained values are shown in the following table :

Watershed C 0 tq ky

Takaragawa experimental site

Shozawa No. 2 watershed 3.26 0.33 6 0.06
(2 hr)

Kamabuchi experimental site

Kamabuchi No. 2 watershed 2.10 0.27 6 0.06
(2hr)

Ashio watershed 1.57 0.29 6 0.06
(2hr)

It becomes clear that the forest cutting gives no effect on the feature of the unit-
hydrograph, and the shape of the unit-hydrograph is decided mainly by the
physiographical conditions, i.e. the slope of stream bed and the water holding capacity of
the forest soil.

According to these results, the parameters of the unit-hydrograph are suggested as in

the following table :

Watershed condition C 0 ta ky
Slope of stream bed 3.50 0.30 6 0.06
gentle (<20%) & (2 hr)

big water holding capacity

Slope of stream bed 2.50 ” ” ’”
middle(around 30%)& C»)

middie water holding capacity

Slope of stream bed 1.50 ” ” ”
steep(C>40%) & C»)

small water holding capacity

5) To grasp the propagation speed of a flood wave in a mountainous watershed, the
relation between the peak discharge and the propagation speed of floods were investigated
by using observed data taken from the 3 gauging sections in the Takaragawa experimental
site Takaragawa main stream, and also in Shozawa watershed.

As a result, constant values A and b were obtained for each observation section of the
water stage gauging stations by using the following equation.

L -5
T% 60 9o

t =
Where t (min) means the propagation time of the flood, L (m) means the distance
between the two gauging stations, @, (m®/sec) means the average of peak discharge of the
two gauging stations.
At the same time, it is confirmed that the propagation time of floods reduces as the
peak discharge increases.

Simultaneously, if we put the mutual relation between the average of the peak



— 92 — WESERBHRME F U6

discharge @, and the average propagation speed w, as the following equation,
w, = ﬁ = 1.’

Where A takes the value 0.60~0.89 and b takes the value 0.35 ~0.40 through
Takaragawa main stream and Shozawa watershed and make very similar relations.

Synthetically, the relation between @, and w, through Takaragawa experimental
watersheds 1s considered as follows :

w, = 0.73 @,

6) A flood routing by the Muskingum method in a mountainous watershed was studied.

Coefficient K, which 1s used in the Muskingum method, was estimated from the
propagation speed of a flood wave, and obtained equation is as follows.

K = anTpo—Tpp)

Where Tpo means peak discharge time of outflow hydrograph and Tp; means peak
discharge time of inflow hydrograph, a,, means a coefficient adopt 1.35 in Shozawa
watershed.

7) An estimation process of areal rainfall in a small mountainous watershed from the
observed rainfall data was suggested.

An estimation process of a composite hydrograph in a mountainous watershed from
the estimated areal rainfall was studied by the composite of the flood hydrographs which
were estimated from each small mountainous watershed, and also by the flood routing in
the stream.

Estimated flood hydrograph of Takaragawa experimental site Shozawa watershed and
the observed flood hydrograph are compared and the reasonable agreement was reached.

8) It becomes clear that, forest influences of clear cutting on the peak discharge of flood
decreases in proportion to the increase of peak discharge, and because the verified
watershed has a comparatively small area, the difference of the location of clear cutting in

the watershed have a minor effect on the concentration time of flood.



