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Motohisa Funepa and Toshio Ask : Effects of Regrowth and
Afforestation on Streamflow on Tatsunokuchiyama
Experimental Watershed

B R AEARBEEOOILHRKEAZBREORS « LBWRICOWT, FIKOBRILICHES SKTE
AEDMERAIE & IR I B K IZ T HEER Lice FMANIICONTIR, HHRORIIC X DE
WMHBHEAT 15%, AT ISE BRL L, SEERHEORLLRA LN, 202 (iZHKEERD
BB aUHHo b0 LTI n Y, BREMOBTAMBLERL L. HitiEgEHoEmLD
—RRM & ZAUCHED HKDOBRBERI T 2 &, EERHERKHKRCEOT 10~15mm FD L,
v— 7 BOBEREIR, W RARKBIEAMXRALN, ¥— 7 BRI OB XEO B
WTHATHRRBOLLETON 15% OBDMRA ohiedt, A TRERLERBRINEL . &
EHEH ORBKFRRIT ARG O L E O BB NT, HATHEY, AT 128 B LR
2%, RIS, BERHICOOTREMMEL 7. TNODOERLD, BRORIR—BFEICLS
EERHBEERL L, M FO 27 70ERILEEL T EBDD o1,

I 2 U ®

HRERBRIEEO UBHFRRRAOBR - LAWK, EEARRONERFICET 57 1< YKo
KEREBIEE R T 20 0REIN, 1937451 ALK, HKEEIBERIREINLTO S,

O, %< ORRFENTONIN, £OHT, 1944~1047 FEICRRTED T # = VAR E N
REBSHHICRIZTHEIRA S, T B, PRBMFONHRICENTE, RIBICE DE - FH -

CEBARHHERCEEREE, ©— 2 REAMNT 3 SEEHOARHESBO T L, X 5ICE
K o BRTHHE & O - D RERRAEINT 5 £ & 1L EHH 5D ITIE - 219,

HRE, LABAMRECBIN, BAIR 150 EQKFICL D BIZAROEAELEE LOT, B
£y 02y DATERBTONI, B, RBTRT A< Y ORBEEERD b2 KREZHS, HAT
27 0 Y HBHRBRESNTED, ThoOREICHES KREOEICOOTRERETHD, 208
KONWTIRBELTEP9,

DU, JLBIT 1947~1952 % HREEH, 1971~1975 4 HERAME L, BAI2 1960~1964
AR KEREN, 1971~1975 4 WE/RLHE LT, HARORIMERKNED —BRIC & 2 EERK
HE, C—2RE, HKEEED S REEEIC S I TEEERT L, COREE, ERINHE
BT, X0 Lh SEEOHOEAERIC X -~ TR, BROBBLETCE48ME L
2D THB,

125, BEROKMEESITHNEEBD - LN ERAB—FEEE AFRARREICHELET S,
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BE XYY ¥

EOUBHEARBRA AR SRR HBEAEO OIWEAHK 1L AEICRL, B4 (22 611ha)
LdbA (17.274ha) O 2HHED RB. Fig. | SREMBORBETEYD, ZOMTE KETREE
Table 1 Dk5TH5, #HF - WESREROXERY ¥ TD, ZZTRAEOHEICHERLERICD
WTE~ 5%,

Table 1. HERNMROBH &

Physical characteristics of the
experimental watershed

Wk o
Watershed B & | jv &

- inami-| ~ .
TR L

WREK  (ha) | 2 o1 17 274

Watershed area

B itude ™| s0~257] s6~246
& (B)
Mean slope of 23,9 27,5
watershed
F o E (m
&’ K B Ltength of main 770 580
Gauging station stream
TEREOFEHEE
MAZESBO® o o on l " Gradient of main 15.1 19.9
Meteoro]ogical StALION  famgremhmemnd . stream
Fig. 1 EomLiEsgomER ¥R &R E 0.5571  0.664

Form factor

Topographic map of Tatsunokuchiyama
experimental watershed.

Table2. % B % & B & B

Table of climate (Meteorological station)

’ A
L Month| Jan, |Feb, | Mar.|Apr.jMay | Jun. | Jul. | Aug.| Sep. | Oct. |[Nov.| Dec.| Year
Elements

B x & (mm)
Precipitation 38.1| 49,9 77.}110:6;;5.1186.0171.1103.7174.0101.0 57.7] 34,41,228.7

¥R R CO '
Mean temperature 2.3 3.2 7.0/13.3 18.2 21,8 26.0 27.1/ 22.3 16,0 9.8 4.4/ 14.3

FERBRE (O

Mean of maximum 8.1 8.9 12.7,18.4 22,8/ 25.8 29.7| 31.2 27.3 21.8 16. 3] 10.8 19.4
temperature

FHARERE (O |

Mean of minimum —2.1—1,6| 1.4 6.5 11,6/ 16,3 21.2| 21,9/ 17,7/ 10,9 5.0/ 0,2 9.2
temperature . ; )

R i : i |
¥ B E K (%) 79.01 76.0] 71.1} 69,2 71.8' 77,9, 80.6/ 77.7| 80.5 81,6/ 83.2 81,1 77.4

Mean relative humidity

2.3 1.5 1,0 2.8

¥ ¥ #% R & (mm/day) \
Mean pan evaporation 1.1 1,5 2,4 3,5 4.0‘ 4,00 4.6 5.1 3 5

Observation periods 1937 to 1977.
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L. & ]

ARBIORAUBBIC B 3 1937~1956 FOMPRRIZ [HHAIRERRE PICRESLTO B,
ZNDBDOAFRIBEN Y, —FELT1937~1977 ££0 BRMEEE R/, BRIO FhEx B 5 e
Table 2 DXk 5 TH B,

ZZTRMHARICR S BEROFVERFEICSWT, ZOoEELR3,

ARBRBIIETFAZRRK BT 2700 BREXDIRL, FEFER $4 621.8mm » 5 58X 1,650.1
mm OfHEIH Y, Fi§1,228.7mm, EERFX 207.6mm THE, ARFBOBAMEIEFTRED 6~
7HEBEBD9 B bbh, FRWRD 43.2% KET 5, BROTEMER, WRAV6H8A,
WMBJ7H16 8T, HMARK38E, M EE318.0mm TH5, AR I ANRIGERT 2865
3, £OZBRIPIE{ BEFRE 100mm Dl EOBERIX S BEDERTIRITH -1

FRHBERNAK (ARFER 0 Imm 21) 3, 121.78TH528, 30mmLEiZ9.58TEZDHR
6, 7, 9BIKEDNTZLITHS, EEFMEMMIcOLTIE, 7 AL EoERKE BEH (5~10
A) Tas5E, EEY WEUA~4A) T7ESD, RARMFNAMIAMECII A, #ETIIA
TH-T,

ﬁfﬂoﬁﬁﬁiﬂlm6ﬁﬁﬂ148@296mm,llwuﬁﬁﬁiﬂl%9$9HIZH®566mmT
B0, DVTRHEFUEO L SIKKZHDTH >, TBA 24 B, 18 BEMIFNRIZ 1976 £ 9 A 11
~12HDARITBIcLVREL, FK24KEHEE 142.1mm, HX 48 FHIINE 206.7mm T - 72,

Fig. 2, 313, #HEEES KX ORDEHEBRN L RFERTOERRFEEMRTEH 5,

2 RROEE

REBRPHPOHE - HERBOEBC OV TEREBRRELERDLITH 5,

MR |

1959 47 9 F i BBHEVEEA 5 ILKEAUEREL, % 0.3ha Db/ +HHH (30 L) B d ABOM
BALH U, KBHE, BEE - WEEITRATCHELEY, 10 ATACALD 4% - £ A 4
Y aEXREOBESRLL, RHRERK 2 2 AT - 72,

1960 4£ 3 iz 7 o= DR (3,000 &/ha) MiFbhrcds, ¥, V&, EAEO FL - £HMEL
{, W% IEMIEFOLD TADMTbNIc, 1962 FICIIHE 1.0~1.5m @ 7 o= gk 73
b, DRERKEINT,

1976 FRAOHIIZ, t/ & LTESKENEI 237 BROWBLMNMI I e Yy BIERERLE
BHERL, #HE8.1~9.5m, WEHERZ I~1lcm icEl, KEZIREZS-HLTVE, FAELTIRA
Uk, e¥HE, VAT, Yead, vy VESHALN, KRGS o<y OBEMERL, —Hicl
+Y, VEABEET S, REEHMNIC 7 XOERMEBBD, 20WHAD /o V3 BEALHELTH
F

ik & ¥ -

VA LY O RESTBAKICE XAK D, 1945 FELDT 2+ BHROBR - MHIER
LY, 1M7E7 RETCEHERANOEERAROREMZIIRT Lz, LIRERDTIHRE In1,

ZO%, UBOBEMETE-723FF Va9 T Lhhd . YUY IREOBEDL, THZYOHR
BABBD, THTYEERAL LT, CRICEEMERLL, FTRIZASY « AR F - a V4B ETH




P393 Rainfall intensity (mm, hr)

Rainfall intensity-duration-frequency formulas

250 Return period (years)
Loo— 49117
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Fig. 2 wekpmsaBhs (arsi)
Rainfall intensity-duration-frequency curves
(short duration).

%% Rainfall intensity (mm/hr)

70 Rainfall intensity-duration-frequency formulas
Return period (years)
1 _1519.2
100= t0'72
h L, ..1396.8
50 = TreTt
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B ek 6515t Rainfall duration (hr)

Fig. 3 mERpEEsREiR (REH)
Rainfall intensity-duration-frequency curves
(long duration).
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Table3. ®H B % B o #F ™

Volume of stand in the experimental watershed

i e i S 1k . . &
Watershed Minamitani Kitatani
By R O W Bifrmtg o&FE
VOI:?;i(;) ! Vﬁurﬁi of#stfld Volume per Vﬁunﬁ of#st:;ﬁld Volume per
HEE hectare _ hectare
3 (m¥) (m¥ha)"" (m®) (m?/ha)
1958 20 0.9 _ - —
1963 29 |- L3 202 : 11.7
1968 48 2.1 1,262 73.1
1973 499 22,1 1,775 102.8
1978 981 43, 4 2,339 135. 4

RENBRBICBAT LTV - 72, 1962~ 19645 IC R R O AR DRERD 2 BEFT DAL (43 0.8 ha)
B, ThRARERREICE PN,

1976 FREOKIUL, THhH<Y + 2+ 7 ZEMARE LT ChICEBELEMEZRB CA L RRBIKRER
RUTWS, TARELTREYAF, 43T, 274, ¥Yvd, VY VETOMEK « BAMBERLT
BY, MERICIIEEOHER L, B0« v S MEFT 3,

Table 3 &, HHAXBE VRO BBRBOBHOENTH S, B 1953 FLUINC >V THRER
BTH-7

m % M KKX

R LK B O ROLAMICRRDIRIL Y 5 C L ick - T, MREOEEMRNE, BEKGLE,
HER~DRFCED LS UHBE S XETHERCERET 5 C 21}, FHOKRSREEERNICH
ET5 LCEETHE, AHTE, KELMAETBKNZERTT 5,

—BT, BEWBRTOKRZBRATRENSD,

P=D+L+4S it (1
v D=D.R+B.R ) ’ e (22
ccT, PiEWE, D:ymE, L:WkN 45 WEROZIL, D.R:HEBMLE B.R:HE
e : ' ”

nE, AHME 1 REENET 4550 RO KREAEE S,

P=D_R+BR+L .............................. (3)
URBHICE TR, BREEKHRRENSNTED, BRBERZOBRARE LTRE 5.,

HIMBOBER L E - EERHE~OER, —BFICK > OKMBRICEDBED SNE HDTRT
ZONWTAA Fas 5 72ERL, 2O~ 4 Fos 3 70arb B AEPESs (RO E) ok
THAERTEIFELE 7120, T, BROC—~J2H >HMELNM Ko 73 7IDTE, Th%E
DA E B UTABEHIEICE - 720 € 5 TR PR B 2 FMEH L CFEERLRE L
o

Fig. 4, 5 i1, ZKEOERTRICHT RMHE, HEKLE JEHLE, HREOMEKE, &5
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Relation between annual rainfall and annual
runoff and losses (Minamitani).
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Table 4.

Comparison between rainfall and runoff for April~June

4~6 oMt 2RNBLELEOKERNLR

LR

* Missing observation

SR %ﬁeﬁ[‘ﬁg %f’zﬁﬁ&ﬁﬁfﬂ? fﬁgﬁﬁﬁm&ﬁi @Iﬁa‘ﬂiﬁﬁﬁ &éﬁ R Effl’aﬁlfﬁﬁ i
1 ] &= HARS R Rainfall s 1rez<;rt1 nﬂt;no a?eml;;‘l;m ot(am;lu)no unoft of percentage
infall | Annual Nuf; ' <

Stage Year Rain rainfall | rainfall Mﬁ 'le\' it = Niﬁ mi% dt & ﬁ;n ? ik A Niﬁ %\‘ e[ &
N (mm) (%) days 1nangm.i Kitatani [ °2 tani Kitatani ‘M an:;ni Kitatani lnangmi Kitatani

1947 367.7 40.1 31 — 99.2 — 57.3 — | 156.5 — 42.6

1948 2441 20,4 30 — 31.8 — 28,4 _— 60, 2 — 24,7

B R E RN 1949 418.2 3.3 40 — | 136.2 — 62.3 — | 1985 — 47.5
E’anggaihg:aiii:;nce 1950 341,0 27.6 33 — 101,0 — 63.8 — 164.8 — 48.3
1951 351.7 29.0 33 — 87.1 — 65.4 — | 1525 - 43.4

FeD | @us)| @0 @89 — | @uy — | (5.0 — | (6.5 — | )

1960 340, 4 29.2 44 68.0 — 46,2 — 1142 — 33.5 —

1961 412.3 33.1 34 84.8 — 61.4 — | 146.2 — 35.5 —

ik % % & 3 1962 se4.7 | 52.4 20 | 2249 — 73.6 — | 2085 — 51.1 —
gfn‘fi:rregt‘eﬁ‘r‘;ﬂ“e“ce 1963 650, 1 48.3 58 | 2607 — 115.6 — | 3766 — 57.9 —
1964 372.4 3.5 36 98,0 — 41,2 — | 139.2 - 37.4 —

TP | (20| @9 | (29| 2.9 — | (67.6) — | (a9 — | @D —

1971 360.1 31.8 37 6.9 | 72.3 32.2 49,7 79.1 122.0 22,0 33.9

1972 461,7 30.8 42 103.9 ©148,9 45,7 56,7 149.6 205, 6 32. 4 44,5

K oE o’ A D 1973 386. 6 40.5 35 39.9 78.9 41,4 44.3 81.3 123.2 21,0 31.9
Normal forest 1974 328.9 26.4 35 (RED* 53.8 (RED* 30.3 URED* 84,1 — 25.6
1975 429.3 36.4 46 85.5 105. 6 42.1 56.8 127.6 | 162.4 29,7 37.8

Koo | @8.9)| @32 | (9.0 | (9.1 GL)| (0.9 @ 7.6) | 0.9 | (1399 | @9 | (D)

S 4 ff Normal value** - 4217 l 34,3 l 36.7 } ) I j !

*+ The normal value shows the average from 1937 to 1977 at the meteorological station.

(80 « 0% BELNAMYCTHOWE ¢ QS AHERTOOR
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B, IWAEEEY, KERAMI, LA HEREER, RERLHoENENTRECOELTRLES
DTH b, 11 LEBD 1974 i o0 Tid, HRICELT—HRAGE - 2O THRA L1,

CORLORDEENEZ XS,

2HRNENE LT, LR, EERDR, HEARD, FREEOHEINCHECERNICEINLTH S,
UL, EEOILXSEHENTRERWRICN T 28HR 19624 L 1963 £ ICBWNTHIL D HEEICES L
TED, LBDHEREEND 1948 FILO>VWTHAKTH 5, ChoDFE LWERIZ, —HEAEMLICS
BRTETHAIM, RBTIBNRAGORELEI B LEREEZEZI OGNS,

EEFRHER, LBORREEOD 1948 £ L HAD LK EHLEIOD 1963 EXBRNT, *bHTEEL
THD, ThENOPHMTERRNEOHEMICECERNCHEET 250 TH S, Licki- TREHEDOE
B RERGESERICRRT 2 EERNBOEBICERT 2 b0 fEESh 3,

wiT, EFRAKRZOED, SRS L, HREEY, LKBEERCEOTRAERLIE LB LTH—F
BRECHTARRME, EERHE, EEROBBREL, LB-T208BERBRIRLI LTS,

T, HREEHAO 1948 £ WKHEEEHO 1963 FicE VT, ERHEORMTE, EEKLE,
EERME, HAE~ORSEY, TOMOKELHBLTHIEIORE S HEERUCEEEZBRREED
& hEt 5,

Table 4 ICRT L DL, 1963 4Fik 4~ 6 Alchid THRRSKIRNICS YD, HHMPOZERLBSRY
CEVEER Lce —BicHiKEHRO RERER, HTAROOMIC Btz s b MBHRK
BBZV, ZORKIPICROMRICE S KNS S E, BOTHERED b & THKE S DETIDEER
BOWALEL 2, ERHHDRBSERRECS - L, BEERLBOBAELTRNEDLE
Z5NB, —H 1948 12, HicZ DRSO TE » 77, WO 6 FiciBkiii (35 HE) »
HBET 2R ERBBERREBCS - /oo 2OV EERBROA72 57, BEMRHE S HREBHEHEAD

Table 5. £BFE 1, 200mm 3T 2K LE, BEBOHKEME
Estimated annual runoff and losses in 1,200 mm annual rainfall
<# % Minamitani>

Stage Rainfall | worsrmip | mEsim@ | @smg | DO
(mm) Direct runoff | Base runoff | Total runoff (mm)
kK E BB F
Under the influence 1, 200 240 160 400 800
of forest fire
K H g £ #
Normal forest 1, 200 210 130 340 860
<dt & Kitatani>
ﬁ - B R OB # ¥ B Runof (mm) ok B
1 .
Stage Rainfall | gogem | mmwil | @ mE | 0
(mm) Direct runoff | Base runoff | Total runoff (mm)
H K EE B | 1
Under the influence 1, 200 310 180 490 710
of clear cutting | |
wom o’ 42|
Norma! forest | 1, 200 260 140 400 800
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TIEEERHBOD 51% LIBEWNEES S-S 72,

733 1962 FOEEMUBOEHIR, BRPOREEHWICLIbDTH S,

D& ICEMEREOHHNLESOHEEIZ X - T, FEMHENLZDEMLL, OV TRERMKIX
KICKEUFEESLDEITH 5,

RO L AFHBOEFHEHERIZ 1,228.7mm THEH 5, FNICEHLHDTEN 1,200mm D4
BERENETORRESE T TH - LBELT, chucHd 2RMLE, EERHE, RERHE, HEA
BEMILHAD TN EROEMIc> N TRELTEX S, ‘

V¥, Fig. 4, 5 CEOTHHORERH T CERRROD - 1KFICDOT, ERMHE, HRED
BERAERD, FHHE1,200mm 2RALTEERHE, HEBROBELZOMAERD S & Table 5
DEHILHE B,

AR 7 o v RORBICL DIERE 10 FOFBTHREHMBIC L TH 60mm 8BS L, KBRTH
v/&:f7%$%&?%iﬁ%@&ik&@%&&ﬁﬁDQﬁT%ﬁmEKUC%%mmMQTé
camb#otocm&om%®mmﬁﬁﬂmaﬁﬂmthfu, BAHROR I EEREROB I 5
7T, ZERNHBOBL RN, chbit >0 THTFORIFTEMA 5,

FNFRO—ER ORI, BAKR (95 Bil), FkitE (185 RfH), Bkl (275 RHRE),
RN (355 B M8 SO 5B BB L D MENICRENS, £CTAKECLICHRHEN
OkE) %b - THEBBEIED, BKHER, FXKR, BKER BRKRREZRDI, 72, FHEE
EXE (FEERLBEEMAKTRHRLADD) 28, HRBRLETECIKABT 202D, b
T Fig. 6, 7 it7: Lo

CORDPORDEDICERENS,

(1) ZHBE L SEBRNBEOEMIC LD BIZERNIHEMERLZRTH, KELHKBZEEEHISHML
Vo (2) tBORREEN, HAOLKEEEHOBKKE L PAARREILHSOKERL2EOEN
DL OASREAERTY, BANKE BAERICOOTRITEZSHBZERRRLINLN, (3) ¥

EERBREKKREFEAKBOZIIPEICET S, BETHS,

FABREOHBSMC OV THET 5 &, (EANR, BRI IR IO LR ORI D
EXKBCERDN, BkRE VKRBEBEICHKEROKBRAKROS VBIICHBEL L,

—&K¥Kﬁiﬂ?ﬂme%mﬁﬁﬂﬁﬁT5%ﬂ&%ianzb,moﬁﬁﬂﬁiwa$ﬁgﬁ
FE@&E&DHMLT,Emﬁi,@*ﬁﬁmﬂ?ﬁ%mwéwgﬁﬁmlféb,Emmﬁ,¥mﬁ
BT DA BN BT E b AU BER MR L BT S0 D,

Liedt=T, HEREHIC 30 TR LRI £ 30~40mm OREEFHR DB O B Sk
5, HARERILEIRO @IS 2 EKER, BKRRICOVWTRAT LUHTIBRSHEBRON S b2
cLit, FEERNBORLOEZE BB KEROELBRNRECLZ VHHMOBERLEOBAICERT 23
DEEZONG, THHOLHRMROKILIC K 5N R PHKENEOHMNIL, A—FERREOTTIIM
ﬁ%wﬁﬂmﬁmi®ﬁ¢%ﬁé.%@%%&bfﬁ&ﬁ&%@&ﬂéf%ﬁﬁmﬁ(E&LTEW¢%
ﬁm%)@ﬁ&%%ibk%@&ﬁﬁén%oitﬁ*@&ﬁ@%&i@ﬁk%%teb,ﬁmﬁmﬁo
EERBEZBLOELDBE EIONAM, AHOKRTIES~10mm BETHH, BHEBROBH <5~
VEV S RRIGHCRBERT 5L TH S,



KFEFHE Each runoff* (mm/day)
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Fig. 6 RWELEERBEORMR (HH)

Relation between annual rainfall and each runoff
(Minamitani).
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Fig. 7 #BRELIAERBOBRF (LB

Relation between annual rainfall and each runoff

(Kitatani).

* Plentiful runoff shows the flow available within 95 days a year. Ordinary runoff shows the flow available within 185 days a year. Low runoff

shows the flow available within 275 days a year. Scanty runoff shows the flow available within 355 days a year.
culated from dividing annual base runoff by the number of the yearly days.

Mean daily base runoff is cal-
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IV & H &% &

1. EERER
BRHICL > THEL ZHHORBSREERBBETH 2, Lic-T-BRRBELEERHBORFKRED

150

100

@ LkEZEH
Stage under the influence
of forest fire

O #igen

Stage of normal forest

szl Direct runoff (mm)

200

— 182 Rainfall (mm)

Fig. 8 —BWEBLrEERKLECRZ G
Relation between rainfall (P) and direct runoff (R) (Minamitani).
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g i @ HIREEN
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o O winmam
ﬁ S0r Stage of normal forest
(o]
0‘ i 1 Il ]
0 50 100 150 200

— @& Rainfall (mm)

Fig. 9 —BWEIBEEHRBEORFK LA
Relation between rainfall (P) and direct runoff (R) (Kitatani).
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DTEETH S, AMTHR, AEHTRD:MEL OEEREEICOV TRET 3,

BRI 399 B (LKEREN 194, ARSI 205), 1b7 450 B (ERECEE 203, iR
247) THo1H5, £DI B B% Z—BRE 30mm DITFTH- 7,

Fig. 8, 9 3BitAAED TN ZhOMMICAHELT, —MHE Gomm L) CEERLEOEFE
RUIBDTHBH, AW¥rRDidso<, Zhid, WIRME 20ha fikE/NEsniw, HROEMIK
AR AT ICBURIC B 3 1 LA DB, Lk LUK SARBIIC R HARRED RN
MoEERHE S BERNTHENSRON S, HICKHKTRE, 32—E0BRRRDH - %I, A%
B, BROKBADHIMT 5L 5 TH B,

BROIC—HRR (P) LEERLE (R) OBFE, 52RETLCMOBRTS 35, —HREH
BARBELLICEBE (4) ROLSBHESE | OEBTRDEND, 1L L RAXETH S,

R=P—1L. L e (4)
AEORBPREOHED b 5HIT LT, FAOYET T, BEFHE 50~60mm CHIZAFREE
D, MERERN80mm BELD (4) RTHDINZL5THS, Thi, LEHKHROLEENE
HFEFLD 30~40cm TEOKEED C ICET 240 A, B EOLELHE LFAL, CHEIKH
HENTRBLOVTULA, BRE-THETBICH T T 50, }E%mﬁbm\m\ﬁo)&%abnao

K OB 5, K rmmmﬁééﬁb,Mtrﬁﬂmmmmﬁﬁ%ﬁkeﬁﬁwx%brﬁﬁa
k¥t (Table 6), ,

€ CTRAL B ABEOZ LRA B ER TR bR L P T AAT TORETHY, ML 2T
HRICAHAT 5 ABARA Y b D TEEN R AN T TORMERD T LOLEL 5,

BEMAOEBREE KT/ 4 — 8 — & UTHMMRERC 5L, AOELO&BRBINGY L5
b, AFEICERLTOTAEEENBONE -7, TLNTRE GEERE) QERKOEE
CE->THEEZH 2D ELONBD, LT TRRA LK,

ﬁx,%ﬁmfneﬂmﬁémoﬁﬁﬁm§<,ﬁkme&eﬁﬁwﬁim;b%o~mmmoﬁﬁ
MHBBBD LT LIt s, TR, FAKICHKICE > TREINASDOTH 5 LHEESND
B, NGOV TETFOEREMA S, '

— BRI - 7T, TR - RN UNEECHE S5 GIEERR), RICHTE
BEEBLAFKSHKICGELT, £0—Hid A BOMMIC FFH SN GRIGEN - LBLEE, &5k

Table 6. B HER(P) L EEHRLE (R L DBHF
Relation between rainfall (P) and direct runoff (R)
o ' (B47 Unit : mm)

V‘?}Eatersh%d M Minamitani 2 . ) . e Kitatani &

StageF Un%;%%in%?ce ﬁo:rana? f%‘e?; U§eﬁ§§§m& l(;.lngc € 1Iilkoj‘:rana? f?re;n;
B X R=P-200 R=P—30.0 R=P-15.0 R=P—20.0
Eandaﬁ R=pP—40.0 R=P-55.0 | R=P-35.0 | R=P—45.0
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BEAEE LTHEERT T2 b05BREFKRLBPICRET 5,

AFRBTOEREHRIIZ D, —IZ 100mm Pl EOATEEO BT EMRIZ5 ~10% TH D, HEY
EHTI 2 ~4mm BEE RRL SN T30, ILKEREMCERESHIC N OENENE -72< 12
VWb TRESS DM, HRRTHIROMPEOEERMBOZL, 338 ENE & KEENED A
—&T 5,

—FHAHFiE, BRERBLRERERELD 71 v HRREFZROKROTFEHRERARD TN EH, 0T
hd 3mm/hr FIRE BAERIKIZZRBLASED LML -7 & LTV B, Lichi- THEAE
ﬁ&ﬁm;ofﬁﬁﬁﬁwﬁmﬁiuté,ﬂﬁﬁ@ﬁﬂk&%bm@(ﬁﬁgwﬁﬁb,ﬁﬁ%mmi
FOEMBBOSDEHESN S,

PIEOHEL DN 2L, THMICHT 5 EERMROE 10~15mm 3, XK I HER
Lo o EBELICRAT A b LHERIN S,

2. K=o 7RoBNEe

Y—/7BERE - HED EN (BHEE) ORRRE, HROEEHELLSLIhHERTHEIL
by, N FRZ 7 ERPOBEELERTE S,

EHREEORREFERN L >hHsH, TR, -~ /BRBORLIOE— I HKB T TOMRME L
Todtc, HRAEIERS BAE, BTLEAMT F75 7ORKFRICKD Em 7 RS TART,
BREEOBRICL - TH 5802 T LNBV, 20PN Y~/ HRICHET 2FEL 7 BHEER
& LTEBREZERI LT,

BRHEBRENOHMBE» RO — 7 ETOMORLE L, ENERNT, COHEOWNESN 20mm L
toborghe L, 21— 7RERIR, 10DEMTROIEZED 60 SHFHETE 5,

I NRIR C DEHISAIL, ETRROEBLRI(RI (W EiEHsh s, ETNRBROFRICASY
TRELEFVEIOTHS S8, BEEDDE - e DTEE S b¥ TR L,

Table 7 REHHMOFEHSEE, Fig. 10~13 Q- /7BHKET TO RINBRE S BHRKR - OBRK
EE—/BRBOBERBIICRLI DTH S,

CRBEDRDT ENAE S,

FHER, EBHEESSIHEI I BAOHKICEIDESDEMRE NN, BBk 60 FAI%E S

Table 7. ¥ — 7 i B © & # B ¥
Lag-time of peak discharge

A S

-
‘Watershed Minamitani ‘ . Kitatani
IPES2 ¥ EREEMN
il Under the L2 Under the A A
Stage influence of Normal forest influence of Normal forest
forest fire clear cutting
2 M %
Number of data 33 2 36 3l
S LN
Mean (Minute) 52,9 66,0 55,7 71,3
ZEHEH (B

Coefficient of 48.9 | 47,0 70.3 52,3
variation |
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<LXFEEH> <HERLE>
Stage under the influence of forest fire Satge of normal forest
200¢ 200
(=]
g 100} C% g 100 © OOO)
e Q © e PO
£ o4 o £ o
% Sof ° e % o SO o Q ©
3 e © 3 oe o
£ ® O = =T
- ° 3 =)
i %
i} o ) @
=)
10 1 1 1 1 10 1 1 1 J
10 50 100 200 300 10 50 100 200 300
— 4% Rainfall (mm) — W& Rainfall (mm)
, ©— 7 BRRE
Peak fa—i;lfalﬁ—ﬁgifsity Peak rainfall intensity
o e10.0mmh O  ~100mm/h
S 10.1~20.0majh @ 10.1~20.0mm/h
P4 20:1mm/.h~ ©® 20.lmm/h~
Fig. 10 —&WE S EEENOBEE (E5) Fig. 11 —FBNELEFEKRHOBER B
. . . Relation between rainfall and lag-time
Relation between rainfall and lag-time . .
N e (Minamitani).
(Minamitani).
<EHREEH> <HAARLH>
Stage under the influence of clear cutting Stage of normal forest
200y~ )
200
@]
O
2 © S E 100} o© O
& Se/ 3 o o
Y O g =
ki BoCe 5 o
&= ® O &0 s @ 09
g (= s
[ o O 2 L =]
o @
383
10 | M. 1 ] 10 1 1 1 ]
10 50 100 200 300 10 50 100 200 300
— %% Rainfall (mm) — & Rainfall (mm)
_ v —J BRWE
Peak fain?aﬁﬁii?;ii ty Peak rainfall intensity
O ~100mm/h o] ~10.0mm/h
e 10 1~20'0mm/h @ 10.1~20.0mm/h
4 20:1mm[h~ ® 20.lmm/h~
Fig. 12 —BHE S EEELEOBEER GER) Fig. 13 —BHREsEHMRHOBEER Ot
. . . Relation between rainfall and lag-time
Relation between rainfall and lag-time

(Kitatani). (Kitatani).
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AZITHB, THELEEL SFKRORKILICH,, TET 15 HEFEEBEBEL L ->TVNE, @4
ORI, BREOHMMCHECRELLIHEANRELN, C—7BRESH 10mm/br D TFoiR, %
BhEKE0IcH LT, 20mm/hr DL EIRIE2 L HZEOBEMIZIZES LT S 8L 5TH B, Thid,
HAKRHC B 2 B ESROHEDIE, BROBAR, ¥Y—I/REBE P — 7HBOMEIHARTS
5, BROBARMLTULLEEITRBVENVIHFERILLILZLDEIELI NG,

=/ HBRREVREEHBEMNNS (R ELSICBDNE Y, EARETRLATLLZSTREL
ol CHRIRERHTERNENOS - 24, KBINXERE»SEY, E—/RENR(Ebh
B0 LT, BRNREEECBERPHREHOEEMMNT, BB — 7 BRETLE—2
HEEBRTA2CLBHD, ZOBAREBREXLITH S,

DX DICEEIIE, ErORHRKLIDERCENT2LITH S, C TR, EEEEOREH,
HELTRE T 2ERTHRRERE (R) LV J7BWNE () 2MUEKE T 2EEBRERD 7z (Table 8),

ZhooERRE, FREDERIZBBOVLLES THETH Y, EAERE,SOHBZ LS ITHEE
WX {0,

WEE—7HBETORNEY 50mm & L BAOBKEMARE L TALLROEIBERELL S,

Y— /7 BRN®EE 10mm/hr 55 30mm/hr L X784, BHRKCENTE, WKEEEH TS50
S5 3ICIRY, HRERLETIREONIS A HENE T, —HILBILBNTE, HRELSHTI95H
D521, HERAHTIR 62505 425851, COHERR DL RNE, HHORTK
o THATIOHEE, 8T 0 EEEERKENEL LS,

L7e> T REPICEAE, 20ha BEOHRMFIR T, BHKRMIEC~ 7 BNE 10 mm/hr BE
TR 602FIRTH Y, 30mm/hr BETIZ 0 DR TH 5. INBHAORIRPILKEIC X » THEMAM
I8 - 12356, BERENI10~20 8RBT LNTFEINEY, BBSORBEEEOEZBICID—
BEELTRIBVEDEIERINS,

3. E—=siftih=x |

E— 7R (C— 7 RBRE : fp) 1, ARROEARS > TRARTHD, RAKI->TRD 3

LENTEBY,

Table 8. HiIM -7 HBOEEERMEOEER

Estimated formula on lag-time of peak discharge

\ # & R HAEBRY
i 18 . Estimated i Y [ &= = Multiple
Watershed | # ™ W Multiple regression equation correlation
Stage coefficient
X EEEH
Under the influence | log LT =2.726~0. 390 log rp—0. 375 log R 0. 564%*

B N of forest fire

Minamitani
oM B & | o 1T—2 616-0.338 log 7p—0. 296 log R

\
Normal forest ;‘ 0. 523*%
E R E B B
Under the influence | log LT=3.211—-0,.573 log 7p—0.617 log R 0., 722%%
dt & | of clear cutting
Kitatani ’
oM B & M 0 17=3.035—0,356 log #p—0. 522 log R 0. 669%*

Normal forest

LT : Lag-time (minute), 7p : Peak 1-hour rainfall, R : Rainfall amount.
*x 1 9KBEAR Significant at 1% level, * 5 HK¥EE R Significant at 5% level,




—128 — MHESRBWERE 3175

'fp=3;(‘540 .............................. (5)

zzT

Q : E—/HE (m¥sec), A:HREEBE (km?), 7 : JKFLEKRRINOFIERTHAE (mm/hr)

E— 7 HMERERD BB/ - T r ORMDFENHHBEEE 2 503, Crow INERT, poBlikkE
UreitiBic B 2B ©— 7 BkR & E— 7 RBOEREEIZE OB TENSDOTH R E LT
W53, Lrchi-TAEE TR, HkEEREL -7 REDEBRKHIZBEDA I, EllOoY— 7 HED
BRI, 30~60 DDOBAENBNZ Eh MM LT, ¥— 7 Kik#EE Y~ 7 60 5HBFE (mm/hr)
T2 -2 HnE (C— 7 HBERHEE mm/hr KB L 60) OE UTRDA, B, HkE
EREOEANEFEMERE IR TV D 4, BROXE® X DHILTh 0% OLHBRHOEA,
BoKBEMREZ 0L LTHEL T ARENHERBRELA D LEZI OGNS,

Fig. 14, 15 BERMlo -/ BREL E—~ /7 RUBOBERERLI D TH 5,

BEARBRIHEREIO f, 0.5 ZBA L OB 1S, chid ¥—27HBE COREDNM 9.1
mm %<, HEMHNE—/BEE 0. 1mm/br) kb H#ELLSDOTHSE, Likd-TE—2¥%
Bl o BB M Rbh, ZOMRE—7HEEMNEG L - D LHEEEIND, ©—7B
HWEA 10mm/hr L TFOBEAIK fp OEXEOSONELNE N, ZhRFBOEHITLIZbDMNENE
3TH 5,

T fp=0.488 LS5 Flntd B8, chid—BFHR 126.1 mm CEONURRIBO—BEHEEHEE L
TREKROLDTHY, BLHELELPTVRHETTOE— 7 HEELRTO LI ZITH 2,

EABUKERER TR, f=0.60 0 LObDOMR2HAFH -7z, o3 —FFNE 50mm 2l EoH
KICL->TRELTE D, —HEEBIEBRECOLETORHBENVZETHES S,

BRENDEN 12D, E—BEENWNIZEAR, HeolKickOESMNKE {, FRRILATHR
OWPET E— 7 RIBRICHERS 20 E 5 pRUNRTERL, LhL, THRE EOBRREICHES fik
KHENT, E—7HMRD LRERET E0ED I}, HFHROBILIE - T~ 7 B SHKRILLFTO
10~15% Bb Lic L E >TSS,

—FABHRIE O LA BERR RohiZ{, HKERLATDS f,=05LLD0bo 4 FlREINn
foo TNHRVWTNG —EEERE 50mm LI ETORKTH 508, HATRA—MEET ARG Y
— 7 HHRIE D 572, - I7BRESKENE, —HURREFHICOCIONIBBERD, ©
— 7 HRERIINIL B IEABRONS Y, ILETRHERBRILATROEHHNLE L THITLEZ S5 THER
s 30~B0% D C— 7 HHEER - TOBHAMREN, ChZRBOHE, BN, LEEELV N
Btk ERT 56D EEZ 505,

Ufcdio> THIFE D RIRSILE TR, MM OBRREROZLZFIIERBLTNWETHA 588, Dl
bCOBERCELTR, HRESHLAERLETELOBREIRD O LEE-TENS I,

4. K K @B B

HUKHAD A Fo s 3 7 DRk (BUKER) BEELZERIK - LRICE > THEPHRICHE &
NIKDBARRIERL, KROKHERDTIDLEELONT S,

WKk E R, BRRd, BTKREEDOIMAL DD, ZNENE - HBEBRERT 2D,
ZOARTHARKMBORIBRMCHM L THRE W, SRS E AR L THE & HOBF



b — 7 i & Peak runoff (mm hr)

E— 74 i Peak runoff (mm hr)

BEOMURBRHICE T 2 HHORIALSHBICKIZTTHE (B - 5

15

10

— 73/ Peak rainfall intensity (mm/hr)

@ I kFEEEH Stage under the influence of forest fire
O ##E@ A Stage of normal forest

fp (Runoff coeﬁilcient) shows the rate of peak 1-hour rainfall and peak flow.

Fig. 14 v—BRHEE v —/REBOEFZE (B
Relation between peak rainfall intensity and peak runoff
(Minamitani).

151
L
10}
5}
Pz
W [ J .
0 4‘_‘ n M § . - N n
0 10 20 30 40 50

L — 2 [2ifig Peak rainfall intensity (mm,hr)
@ HRZEH Stage under the influence of clear cutting
O #h#H#E 4L 8 Stage of normal forest
Fig. 15 P—/7BREBEEC—J7HIBBOREK LD
Relation between peak rainfall intensity and peak runoff
(Kitatani).
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(2 /sxc)
1000

s00 1 o)

100 _"25.0

50 1200

1 Discharge

Bxidi% Rainfall

bt

10

¥4

2Jun. 7 Jun. 8 Jun. 9 N Jun. 10 Jun, 11

BxH Time
B 2 Minamitani 1972. Jun, 7~11
Fig. 16 ~4A4 ¥ v 7 5 7 o —#l (Type 1)
A sample of storm hydrograph (Type I).

(8 sec)
100.0 -

50.0

-10.0
10.0

5.0

# Discharge
438 Rainfall

i

0.5

1971Aug. 30 Aug. 31 Sep. 1 Sep. 2 Sep. 3 Sep. 4

Bl Time
B 4 Minamittani 1971. Aug. 30~Sep. 4
Fig. 17 ~4 ¥ v 7 3 7 ©—f# (Type O)
A sample of storm hydrograph (Type II).
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DEBERY, RAOL I ZIHMBRTROEINZ T EB—RITBD ST D,
Q=Q® e (6)

TZT, QA iz AME, QKL =01cBY AHE, £ TOREK

— A REY 50mm D LOBHICE 3 HKOE b LHM—D ¥ — 7 2RTHKERN LT, HE%E
B 7oy b Lic R e — 7 MBLIEOBIKEY 3 AOERIC ELUTE 25D (Fig. 16) &, 2
AOBBITELTE 24D (Fig. 17) &k o5,

zzTEEE, Bukihgd 3 KOERICENUTE360% Type I, 2ROERICELUTEL DX
Type I &1 3, Type I iLBNT, BABOE 1OHEAETORIZ—RTOEE, F10FALD
B2 ORETITORRE R THRN, ENLUBE=ZRTCOHESLETHE, —RTHBBIIRER L, =
RTOEBRIPERE, SRTOBBREERY (ZoBAMT KRS OMICBOHHERHEST) O
K E N ENEET B EEL BT LBTE B, £ Type I &, £OHAOKALEEREKTH
LT, FAETTO—RTOBEBERBAISBO PR SR 2 EERE, ThRlBO __RTOEHEE
ER N OBKIERICHEST 5L B2 52 8TE S,

ZOEIBEZICHLEBNT, ZNEFND HAKIZON THABBD TORFRY K 2 BATRE 1R
LU, B/NERRCLORDBEE BT, ©— 7 HBRRERLD SEEREK TR COMRKRIIEERE
HEH KR & LB Lic,

Table 9, 10 3RTHRTH 5, HAII32HH Type I 7244, Type I BB8ATHYD, LB
31t Type 1 2234, Type I i38MITH -7 BAKHBEZAMNEEIZ 70 v b LIcL 2DHKRD
BOTORBRROMER, R0 ST, FiRoMR, L&, HERES VS RREEORELR
JTENLTZdOLBESINS,

AR 2 ©— 7 fiE 100 X 108 m¥sec (1.6 mm/hr) BE %, JLAFKIZ 60X 1073 m¥/sec (1.3
mm/hr) BELERE LTCELU O -7 HiRESDHAKTIHIA (Type 1), ZHhIUTO HATIR
2& (Type I) OB > TRKEBRMEUSINBILEZE I TH B,

TR TE AR &, ERBESER, —RTORBRKO. 12~0.20, ZR T EHEL 0.04~0.07
BEVEITHD, SIRTOBBSEERLA TSR, 72 BHOSEMEERNE L, BkHRRD
BERD O ERBEHSEN I DBABEERL D H 5, Lichi- T, ZRTOEFERII 0.01~0.02
BEIHEEEINS,

E R EER BRI 8~72BTH D, HEMEE—EREICEZCRT~108%ETIL5T
35, ARHITEABES LB LT, TORRKIINSK, HEREBARELRNKOITHS,

B, BRAENER 2 OHERELTIROmPHOZRZOT IHEEREB L2 DERE
VEENY, CZTREHEOETHRAT S, :

Type I OBAICOVT—RTOFRFEK, “KRTOBHRE, SKRTOBRBEIC HFARLATRD mK
TENRSDIDEIDELBIDIE, PEHEOEDREET -0

ZOKR, BAR—KRTORMREIC 1 HRETERENED Shicts, “RESROTOBFKICIIHE
BEBTD SN oTo, EBRR—K, TR, ZROTVWRERV TS, FELERIE» -1, THE
ERBRBABRICODTHORBRISREET > 88, HABS L SERTZBEDSNL 1,

Uis LAHKEICHE, B8 & b—KTORBMEBRRORILIC L DROERICS D, BHBILLHOMIC




Table9. 8 & B K #B 8 © T v B £ ¥ (TypeD

Recession coefficient of Minamitani watershed (Type I)

— 81—

D 1 o T T W A
" ol A B %Rgnﬁfﬁaliﬁ ng%,}i;i(%ﬁ ﬁl\j/}?i?nﬁ?ﬁi £ ;éiﬁg % Rﬁécession ooeﬁﬁicieﬁflt % Rg % % I%)
Stage Date amount intensity r ai:flzlll discharge | __ & (hrY) —Z & (hr1) =% (hr‘I) ect;.is::gn
(mm) (mm/hr) (mm/hr) |[{X10-% m3/sec)Surface runoff Suﬁg;ﬁice Base flow (hr)

1960. Jul. 5 99.4 5.23 23,2 832, 14 0. 238 0, 057 0,016 65,5

Aug. 29 89,6 5. 60 28,2 105, 20 0,129 0.071 0,019 46,0

Oct. 6 72,1 2,33 8.4 122. 30 0,111 0. 062 0.017 48,0

1961, Jun. 28 99.6 3.56 11.8 331.75 0. 167 0, 060 0,019 53.0

Jun. 27 59,2 1. 60 14,2 102, 31 0. 157 0.074 0.017 36.0

Oct. 6 64.3 6. 43 23.4 79.35 0, 233 0, 081 0,019 40.5

ik E RS Oct. 26 79. 4 2,27 17.9 217.51 0. 215 0. 045 0.023 66,0
1962, Jun. 13 94,4 3.05 15,7 496,78 0,222 0.038 0.018 68,0

igggg Cethgf Jun, 24 70.8 3.73 1.7 114,19 0.122 0,054 0,015 64.0
- forest fire Jul. 3 128, 3 2,00 10. 3 251,43 0. 169 0. 056 0.013 62,0
’ 1963, Jun. 13 ‘ 59.0 2,68 8.4 244,60 0. 157 0.052 0.015 56. 5
Aug. 11 109.3 2.48 13.9 162.03 0, 145 0. 069 0.015 47.5

Aug. 30 76,6 2,32 41,1 412, 41 0. 260 0. 061 0.019 58,0

1964, Sep. 24 84,2 4,21 14,8 100, 04 0. 301 0. 093 0,019 37.5

3 5 Mean 0,188 0, 062 0.017 53.5

B ¥ R E® 0. 057 0.014 0.002 11,0

1971, Jul 1 112. 4 5.35 15.5 465, 90 0.171 0. 057 0.019 63.0

Jul. 22 123, 4 1,71 24,8 115. 43 0,119 0,041 0.021 71.5

1972, Jun. 7 96,7 4,20 26,0 525, 89 0.194 0. 065 0,026 55.0

Sep. 9 61,6 5. 55 7.9 40,16 0.120 0.070 0.015 39.5

Sep. 16 135.7 2.51 7.8 292,61 0,136 0, 067 0,022 53.0

1974, Apr. 91.5 2,03 6,2 101.74 0. 073 0. 053 0.015 64.0

sl Sep. 85.9 4,52 10,3 53, 41 0, 148 0. 067 0.014 50.0

& L% SHEHRWREY



Normal forest Oct. 2 92, 4 4,02 16,0 130,13 0,102 0.063 0,017 55,5
1975, Jun, 24 121.8 3.38 8.0 197, 37 0.116 0,054 0.014 65.5
Nov. 14 71.0 2.09 6.7 92,03 0,073 0. 060 0.015 54,0
AN S} .Mean 0.125 0. 060 0,018 57.1
B % RF EY 0.039 0.009 0.004 9.2
ﬂ’zf%)@i%_?egﬁ 2, 981%* 0. 462 0. 301 0. 854
(1) Standard deviation
(2) The recession time shows the interver time from peak flow to the end of direct runoff.
1 BKEARE Significant at 1% level.
* 5%kMAR Significant at 5% level.
MR Bk # g o T VR K K (TypelD
Recession coefficent of Minamitani watershed (Type II)
b
o | g | BTFE R PORERE B GNER| ¢ iR Wl T AR i Rukesn
: . ean of rainfa axi . R .
Stage Date Rainfall amount intensity 1-hour xr':;lr?flall Peak discharge|—— AR = % @D Recession time
(mm) (mm/hr) (mmfhr) | (X103 m¥sec) | Subsurface | Tpage ow (hr)
1963. Jul. 10 54, 3 2.36 7.4 62, 81 0,052 0,017 49,0
Ll_w($%§ﬂ ) Sep. 11 52.5 2,39 10. 6 98,91 0. 057 0,018 50. 5
igfﬁ;?rfc;h& 1964, Jul: 9 55.0 11.00 17.3 94. 48 0. 060 0,019 49.5
forest fire
S #3 Mean 0. 056 0,018 49,7
1971, Jun., 27 51.8 2,35 19.5 44 50 0, 048 0,018 54,0
Aug. 8 88.8 2.86 7.2 51,10 0.071 0.013 47.0
ﬁi*ﬁﬂéﬁﬁ Sep. 16 60,7 1. 60 8.0 28, 29 0.043 0.015 60.0
1972, May 8 50.0 2,08 8.8 59, 86 0. 058 0, 020 52,0
Normal forest| 1975 Qct. 11 57,0 2,28 6.7 42,50 0, 065 0,020 61.5
¥ ¥ Mean 0. 057 0,017 54,9

(Rl - 98 BRELAYWANTYRGTNOWE 7 LS ARERMNOOE

—EEl—



Table 10. Jb &; B K #h 8 © T V & F ¥ (Type D
Recession coefficient of Kitatani watershed (Type I)
FEENRE BX1BENRE ._ Wl T VoK K [N ]
0w a Mean of Maximum ¥— 7 il Recession coefficient A |
M LI Rainfall rainfall 1-hour  Peak Recession®
Stage Date amount s < . discharge oy | =% ey | 1 A
intensity rainfall — & (hr) Subsurface | = & (hr1) time
(mm) (mm/hr) (mm/hr) |(X10-2 m3/sec)|Surface runoff Base flow (hr)
runoff
1947, May 45,8 2.29 7.5 87.00 0.111 0, 057 0,024 43
Jul, 9 86.5 7.20 24,3 341,12 0,191 0.072 0,016 52,5
1948, Jul. 14 57,1 11, 42 46,0 138. 24 0,129 0. 109 0. 029 34
Sep. 12 47.0 5. 88 24,9 159, 03 0.223 0.073 0,022 42,5
Sep. 26 60. 1 6. 67 14,8 151. 66 0, 152 0,070 0, 028 38.5
Oct. 75,6 6, 30 22,5 509. 75 0,192 0. 051 0. 026 58
HREEH | 1945, Jun. 50.0 2.78 .2 78, 41 0.112 0.072 0.023 43
Jun. 19 110.1 4,10 .9 383, 93 0, 305 0. 049 0.019 54.5
_Under the
influence of Jul. s 62.9 3,31 13.3 132,12 0.130 0.063 0.021 46
clear cutting
Jul. 31 104.8 11,64 38,9 546, 53 0. 327 0,092 0, 020 40. 5
1950, Mar. 30 67.9 2,12 .3 171, 26 0,181 0.054 0,016 47
1951, Jul. 65, 1 4, 34 .5 165, 07 0.177 0,075 0. 020 42
Jul. 182,1 2. 46 13,8 345, 86 0,191 0, 044 0.015 64
¥ i Mean 0. 186 0.068 0.022 46, 6
B ¥ F v 0. 067 0.018 0.005 8.4
1971, Jul. 1 112, 4 5.35 15.5 454, 61 0, 215 0. 064 0, 025 53
Jul, 22 123, 4 1.71 24,8 116,05 0.123 0. 035 0.024 75
Aug. 30 88.8 2.86 .2 111,75 0,125 0. 089 0,015 47.5
1972, May 8 50.0 2,08 .8 98, 35 0. 105 0. 049 0,021 56. 5
Jun. 7 96.7 4,20 26,0 628, 15 0, 308 0.078 0. 036 44
Sep. 16 135,7 2,51 .8 273. 61 0. 196 0. 047 0. 020 55
LR = 1974, Apr. 8 91,5 2.03 .2 126,19 0. 106 0. 059 '0.025 51.5

— Vel —
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Normal forest Sep. 85,9 4,52 10.3 47. 40 0, 167 0. 099 0. 023 36.5
Oct. 2 92, 4 4,02 16.0 114, 81 0. 148 0,078 0,030 46,0
1975, Nov. 14 71,0 2.09 6.7 107, 55 0.126 0. 061 0.021 50,5
¥ 15 Mean 0. 162 0. 066 0. 024 51,6
E{g ﬁﬁ %{ﬁ ¥: @ 0.063 0,020 0., 006 10,1
SEEHED Z ORE
(to f2) T—test 0.877 0. 216 1. 246 1,286
(1) Standard deviation
(2) The recession time shows the interver time from peak flow to the end of direct runoff.
b B B oKk #t B 0o T v B &K ¥ (TypelD
Recession coefficient of Kitatani watershed (Type II)
T 3
w | g g | E | FHRESE |k SRR | -0k M COBRE  mmsmakkesn
] . ean of rainfa aximum - . .
Stage Date {Rainfall amount intensity \-hour rainfall Peak discharge —— R (D) — Recession time
(mm) (mm/hr) (mm/hr) | (X107 mdsec) | Subsurface | “pag. gog (hr)
1949, Sep. 13 60.7 2,25 9.5 39.51 0. 084 0.018 37
a2 Oct. 4 75.5 1.57 5.0 59. 03 0,051 0.021 52
Under the | 951 May 27 47.5 1.90 9.3 51.48 0,064 0.014 44
influence of
clear cutting
¥ ¥ Mean 0. 066 0,018 44,3
1971, Jun. 27 51.8 2,35 19.5 58, 62 0. 066 0. 024 49
Sep. 16 60,7 1. 60 8.0 41, 49 0. 049 0,014 56
1972, 1. 47,1 2.24 9.4 59,03 0, 063 0,025 47
winEAY Ju
Sep. 6l. 6 5.55 7.9 47,03 0. 094 0.015 39.5
Normal forest| 9,5 ot 11 57.0 2.28 6.7 65. 41 0.050 0.030 57.5
¥ 33 Mean 0. 064 0.022 49.8

(20 - 0¥) BELBWATWETHOWE T QS ATERTIOOR
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M UT, BAT3UE, LBETI3H ORPERLIL. ZRTOVRERR, BLAZEBINTVIDLER

N5, FEBERBRBKEREZ, 4~5RBHEE-TVS,

Type I DOHARDOTRERBHLE L, HHHBRERTALL 72, Type I OBHFORER
ESHM LT, —RTOBERERE R TORBRBERIC D TEFRRILOMEROMAB CRFREEIRT
WEEALS, TREBREBKRRICOLVTHRREZELLN DY, SHHIRERIL TV,

HkBRICE, BEEECRROTIIKMRES & bHECEET 50T, ULOERLOLIEBIC—
BERRET S HTCLRPRVERTH S, B WKFROBEEDHELE - #ER Type 1 THUK
WO—RTOBBEERD IEDH, 2R, ZROTOFBFEKIcEELAE5LT, /2 Type I TRTH
REBICEEBRONE» -7,

LS CTHERM/ A Fe /7 7 REROBILICE » TER{LEBL O LMEEINED, 20OFEE
BERBE—RTOBFEEOBL, THLERERERIOBRICLZSDTH S, L LEEIRHEKE
MDA, TRHLBEZRHENA Vo7 7ORBERROT MR IBELHEREINS,

V s b b i

HERBRIEE O OILHHREKRRBOBEES « WBWRIT OV T, ZRHOBRILICHE 5 HKIZE L AMERIAIR
FEFHHEICE L2 TREAR Ui, BONIRRRKO XS TH B,

(1) FHEE 1,200mm & LBa, REORIICE VHATHFIRRLITL DM 60mm, AT
3% 90 mm OEFHBHHD Lz, FEERLBORS LRGN, 0% (IIHKEROENDIHRE
SUPEO b0 & EES N DL, EARREOH FARR bR Ui,

(2) Figmis KRR T, —BHE 80mm Lk T, #¥10~15mm O EERLED RIBRL
1, CTHhIEICHEEN O REER & S MR LICBET 3 b0 LiEESN S,

(3) C—7RBOBMHEIIME A OHKICk? EBMBEAEVY, FHRRILAEROTHEL b 60 241
BHEP T, FRE—/BRTTORTES S0mm L3284, KO RILICK D 10~20 HIREE
(EBEDTH 5B,

(4) P— 7 HHERIEOHKICEZEFBREND, ERELKLCHAEAICE N THEARILE
BENLIHID 10~15% B L8, LA TRFRSERRAE NS, - 1,

(5) HBMEA4 Fos 5 7oRkigd, REHL, TRME, BERNOBKEILVEE, &
WRILUENC BT 3, RERHO TORRKOFSMKL, FHATO.188, JLBTO.186 TH- 71, Kk
OBRILICEED ZNEN 34%, 12% Bd Uiz, ThicR L THhES (0.04~0.07), HEEWRS (0.01~
0.02) DTVHUREIE, BHBIMBOTPEMCTEMMNRONED >l i E— 7 MBHROBEREF T
4 ¥uss 7 0RERSDTMCEL B ZEAMR OGN,

— TR DR, KBTI BABRORE£AUREOREGICS 308, ARRICENT,
BHROBRIBTEIC S 5 LI REARORBEERET L LRDOE>TH B,

FRKRFICB VT, EEREROS2 5T, BERLEORL SR OO, %3 LLEBKERD LY
SHELOBDLIEARN, Lirl, ORI EFASTHSO 20 ha M%O/NEET S S
BERTHLCLAERT 2LENS B,
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Effects of Regrowth dnd Afforestation on Streamflow
on Tatsunokuchiyama Experimental Watershed

Motohisa Fujiepa®’ and Toshio Ape®

Summary

Tatsunokuchiyama experimental watershed consisfing of Minamitani watershed (22.6 ha)
and Kitatani watershed (17.3 ha) was established in 1937 for the study of the headwater con-
servation of pine forest in the Setouchi region (1,200 mm. rainfall belt).

Received October 6, 1981
(1) Forest Influences Division
(2} Kansai Branch Station
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All pine trees on the two watersheds were cut down in 1944 to 1946, and then the water-
sheds were left without any treatment. By 25th year after clearcutting Kitatani was covered
with a mixed second-growth forest. The dominant species are Pinus densiflora and Quercus
serrata. On the otherhand, all the vegetation except 0.3 ha on Minamitani was destroyed by
the forest fire in September 1959. On the burn, Pinus thumbergii was planted in 1960. At the
end of the 15th year, trees were 8.1 to 9.5 meters tall and averaged 10 centimeters in diameter.
The present objective of research on the watershed is to determine the changes in water
balance after clearcutting and planting.

In this paper, we presumed that on Minamitani, differences in runoff between the periods
when the seedling were 1 to 5 year old (1960 to 1964) and those when trees 11 to 15 years old
(1971 to 1975) were ascribed to treatment, and they were compared. Similary, on Kitatani,
differences between the period 1947 to 1952 and the period 1971 to 1975 were compared. The
objects of this paper is to evalute some effects of tree regrowth and afforestation on annual
water balance and flow characteristics.

The results obtained are summarized as follows.

(1) Annual runoff decreases of Minamitani and Kitatani following development of forest
cover are 60 mm and 90 mm, respectively (1,200 mm. rainfall). The delelopment of forest cover
decreases not only annual direct runoff but annual base flow, especially the baseflow decreases
is large during the recession periods immediately after a storm runoff occured.

(2) In the case of more than 80 mm storm rainfall, the direct runoff decreases about 10
to 15mm on the watershed, which mainly depends on the increses of crown interception and
litter interception loss.

(3) The lag time defined as the interval from center of peak 1-hour rainfall to peak flow
is about 60 minutes on the watershed. The development of forest cover makes the average
lag time prolong 10 to 20 minutes.

(4 The runoff coefficient defined as the rate of peak 1-hour rainfall and peak flow widely
varies with both rainfall intensity and antecedent soil moisture condition. Under the com-
parisons of the upper limit of plotted points, the runoff coefficient decreases 10 to 15% on
Minamitani, but there is no significant difference on Kitatani.

(5) The recession segment of a typical simple hydrograph is consisted of surface runoff,
subsurface runoff and baseflow components, and it may be described by an equation of the form
Q@ =Q, exp (—kt), where k is the recession coefficient. The average recession coefficient of
surface runoff on Minamitani and Kitatani decrease 34% and 12%, respectively, but there is
not very much change of those of subsurfacé runoff and baseflow after regrowth and afforesta-
tion. The interval ti‘me from peak flow to the end of direct runoff has a tendency to delay
a little.

From above results, we presumed that the development of forest cover decreases a storm
runoff, especially surface runoff components, and makes a-sharp storm hydrograph slow down,
but the transpiration increase following development of forest cover decreases baseflow during

long periods of droﬁght.



