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e TEFEETERL, WKORBRUHI TKPABEEET DT LICH B0, IBRREGHL < BH
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Zo &1, ThETHTOMNRBESNIE L > LHIBEIRH - EWHICHIHT 2 2 Lok - T, fhititsg
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WKHOWTOHERIBHTZ L VOMBBEIRTH 5, #I1Z1E, Bosch and HEWLETT (1982) 13X BB IC &
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HBASE AT N5 4 NBAT @, 1800 ERFEHIZ < » ¢ 2L T — e BENTTOO A HBER
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HEROWMAETE, BKPEKONRERL EORBMENSER L TVD, &, I NERERY Y
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Bo Tk ISR LTy v vy o NEBREREBE (L TR B~ 0 bk itk & KR T & 5 @ E I Lk
(Serra do Mar) HilD < » & D{F# - EEIC L WK EREEKA S & LTV 3, B, FMEEEFLD
IS % KA ICIRA T 2 BHECRAHEE L TH 0, KEHRILEA D 728 ORENRILT & 5 TR O KK
DABBREEO TGS LS - TV 5 (EBREHEEN, 198D, LIAT, 77V MILEIT BRFOK
FEE T 1960 ER B a ncd, FEUHRBERZI2 -2 VRUyOBARRE ZOBELETH
D, RIREEPHMAKLFICHT 2HETFEILIL I LBV OMBIRTH 5, HMAGRETE,
HBRR O HRECERED > ORHE L KB O LERER (Casrro, 1980), 7=/ v KEMFHE TOKE
Bl & AN KR & 2 RRREOHTE (FRANKEN and LEoPoLDO, 1987) HXHIFoh 308, WFh bk
WMo ASGRBRTH Y, BEiloe=51) v 7 &2 0fRICESCKXBREOFHERR S0V,
COEINERDOG ET, KEHOBIERBEEMOBTIEENE T2 v Yy oKERR TV =7
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EHRMTIRIC B 5KINE, WS LTBEYT 2 Ltk , BAMCERERIROACTRESEF
HidaT k&L,

Rz, BEHHHBICE T KRR L RROKE» ABBIEL OBBREHSHICT 3 100, kR
B 2 HEEROE FAEETY, KT F LI X 0 RBROAKTEEEFME L 1, T2b S5,
EFMCL D BRRIBRO KRNI OHETE, RIBTFAROFHEHOFREITV, BHROKEH» A BRIED
KEIOWTKNFNEEBRET > 1o &1, FHERELHERERSKCRECRETHELTAIL,
TR AR & KB & OBIREBE S i U,

IOk, KXBEOE=FY v EEFY v 7ICLD, D) BROKE»ABHEIES 12 & OBLH
KTHHODH, 2) FHBRICET IHRAROBRIEIMTH 20, &0 RHBESEREL, BEHugic
B AKEHOBREZARICT AL & LT,

2 T3 - o HBRRBROMELKIBMA E

7 — = v B BR L (PAAE 45°03°, P94k 23°137) &, ~¥7 A -4l (Rio Paraiba) ®—Xifi- ¢35 A
7 #Jil (Rio Paraibuna) @ F#HBIcIBE T ML 7 — = + FERNICH 0, KABHF 2 &, AR
HEX3HE, FHSM VX —-5 38 IRBAUBSE» 513 (Fig. 4), COREX (HH 2230 ha) i3,
Y ORE L KFEORLEENE L, BEXEOKEFEFEN (v ¥ - T 5 v F ) cBbh
TW3, ABTH, FEXSBOBABERCARREOER & ARG HRIC>WTR~ 3,

2.1 EBRRBEOME

2.1.1 & #

KoppEN DREX S ic & 3 &, BRILKOTHR LHBNL Cwa BIic s 5, AXBEROR#IE
%8 L TR 20, EXANETRCERT 2 BHERFHOTIBRTH S, WNEIR 10~3 ATEZE
i 4~9 ATH 5, FHAXRBHOTRBAES (ER 1040 m) KB 3R RE» o JROBEI
DWTHR~R S (Table 1), FEEKR G 165°C, HEEO A PHEHEOESE 2 HD 263°C, HESKRD
APHEORIEEG T A0 66°C Th 2, BxEBED A P IENED 80~85%, HFEH 76~80% TH 5,
HFETRIDOMSEED 30~40% L{EVWY, FRICEROEE L RELENBRCEDN, KR
RRFRAREL L 2129, APHAEESSVEERLTVWS, COBKADFRICEBESREE Y
ESH, wRURMER I BT 2 8RNTHBETH 5,

EIERRER 23194 mm TH o, ARFEBORAME 1 AD 3781 mm, H/MAI 7O 438 mm
ThHb, FTRNBRICHT INBOBRBOHAIR 1% T, #ic 12~3 ATERNRD 554% * H9 5,
BRE (Imm/dPlE) @EHI84 HTH 505, ok D 127T~1T9 HTH 5, BRBIRbORKES
M (3 1983 4. 5~6 A D 40 ARSI TH » 72, Table 2 3 ABIORAHNE & RA—HNEERL
126DTH L, HAHFERIR 2700 mm T, HFE 100~200 mm 233 HE I~3 HIcHRET B, /-
BA—HENER 50 mm T, EFORAEFRIR 40~50mm tHES NS, BR Y- VI3, W
FREEZMI L SELEEL, ¥FRKRE-RBCEIBHIULB L, TbL, WEOMMRHRE
MR 2~3 B &4 <, & OJRA—BSREINES 20~50 mm/h T 3 2 MR OBRR#E
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Vo 51T, TOBMOE I 16~20 o TRAEL 7o, — 4, BlifERMoRVEA R, Mifidk
K 0.5~30 mm/h DEFEEHELE Rohi, B —E2BLTH<, $BEAEHN0% TH 5, B
B PR G SBBT, B OPREOAEIIKRN TV S (EERAHER, 1986),

2.1.2 MERUHE

REXFHE D 5 4 7 F)IFESIR, JLEEARISETICES > OMBRIC X h KBS HBAT
& 5, FEfllE Natividade #i/&ic & 0 #5551 400 m LI o® Alto Grande tlfiR%5, )i Indaia BE DN
BRI BRUKRO2EREB—B L T3 (FuriaN and PFEIFER, 1986), & D "o OMiBRIcH iz
i 6~10 km OHUK (I, #E 1000 ~1200 m, i} 10~20° & HEHERD DB VWEREMEZL, 20
FIREAE S 4 THIBRNT OB, ¥5 4 7T+ IKRHS LB S RICETIC 0§ 5 PRk ER TR
WREZD—~ERTH 5, FREXORREN om BEE) 2K 5 &, 1000~1040 m OHIH < KHH
75, 1040~1 080 m DO HIE g & FIHMASHBI L, 1160 m Ll b ASILTES & 72 5 (Furian and PFE-
FER, 1986), [LIEERIZAA 2R UERY, HE TR THEMESRET 215 LE, 2N CEMN OB
PRIEEZELTV S,

HE 2 v 7 ) TR T 5 VR (Complexo Cristalino Brasileiro) T, HERE &R 28,5
55 (A AEEE, 1980), FHLTAKREOBRHI 71 7HIOFEK (Zok5318 L A3
H-TWa) TRONSY, WEEERLEOBHETIEHRERT T b5, LEMNTT cRREBEL
BHEATVE D EHEEESN S,

Table 1. FFMKEHBHIOD A FHE5KHEER (1981~1984)
Monthly meteorological data at the Cunha Laboratory (1981 to 1984)

A KL i FEXT R SER-4 B H HEA R H
Month Air temperature Relative Rainfall Rainy D ¥ |
humidity day Wind speed
Max. Min. Mean
C ) §O) (%) (mm) ! (H) (m/s)
1 23.7 15.0 19.0 81.2 378.1 19.6 1.8
2 26.3 16.0 20.0 80.0 230.2 11.7 1.6
3 24.6 15.5 19.6 82.4 338.7 16.4 1.5
4 21.5 11.7 16.3 82.2 244.9 13.4 1.6
5 21.6 8.3 14.4 80.0 86.7 7.3 1.5
6 21.3 8.0 13.8 77.0 84.1 6.3 1.7
7 20.6 6.6 13.0 76.5 43.8 5.6 1.4
8 20.9 7.5 13.6 77.8 69.5 7.8 1.6
9 20.6 8.7 14.2 80.6 140.2 11.5 1.9
10 21.6 11.9 6.4 82.0 173.8 15.4 2.0
11 23.2 14.0 18.3 81.6 191.5 16.6 2.1
12 23.8 15.0 19.1 82.2 337.9 21.8 2.0
H Year 22.5 ; 11.5 16.5 80.3 2319.4 153.4 1.7

The laboratory’s meteorclogical station is located at latitude 23°13’S, longitude 45°01' W and
1025 meters altitude.



Table 2. ANIEAHNE & RARHHNE

Maximum daily and hourly rainfall at the Cunha Laboratory

£ year 1981 1982 1983 1984 1985
H Fi B R H B H kR H B fd A ke R
Month Daily Hourly Daily Hourly Daily Hourly Daily Hourly Daily Hourly
(mm) (mm) (mm) (mm) (mm) (mm) (mm) (mm) mm) (mm)
1 47.0 33.0 78.0 19.5 22.5 10.5 28.0 21.5 270.0 49.5
2 102.5 25.0 49.5 21.0 36.0 17.5 45.5 14.5 108.5 25.5
3 128.5 41.5 52.5 22.0 62.5 40.5 136.5 16.0 88.0 36.5
4 222.0 30.0 34.5 27.5 79.0 29.0 35.0 23.5 85.5 30.0
5 29.0 19.0 13.0 3.5 56.0 16.0 23.5 12.0 45.0 11.0
6 28.5 12.0 36.0 14.0 50.5 27.5 2.5 0.5 11.0 4.0
7 9.0 4.5 32.5 9.5 18.5 3.0 8.0 5.0 6.5 3.5
8 10.5 2.5 64.5 17.0 15.5 7.5 24.5 6.0 17.5 5.5
9 13.0 4.5 71.5 14.0 29.5 14.0 25.0 11.5 38.5 19.5
10 26.5 6.0 55.0 15.5 38.5 10.0 52.0 9.0 9.5 7.5
11 35.0 20.0 57.5 50.0 24.5 13.0 19.0 12.5 4.0 17.5
12 61.5 41.0 53.0 25.5 89.5 21.0 35.5 17.0 60.0 44.0
A Max. 222.0 41.5 78.0 50.0 89.5 40.5 136.5 23.5 270.0 49.5

SHALHHERC IO P
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213 - 1%

FTHIEE 1400m D ETRFEELF Y VEROoh B8, KFMEH - KRetTh 5, R0+
FHEOER I LT, ABRBE 25~30cm, BEBAEORHECECYEELTH 5, BEBIIBEE 710~
200 cm TEMEE T L RFREELEEL, HESGRTRO YV 30~40%, IR 20%, HHE 40~50%
Thd, ABERL LHEOMUIIRHET, BRIFEAHTIcELY 7054+ (HARE) Bick
BL, 20—8E<H+RICE->TWVWE, HRR I mEBEOESISELTVWEY, d5—F0BIcEhT
3 &Ry (EBGIFEER, 1980), KHE RT3 HEoYREIMFIc oL TIIE 3T TR
%,

2.1.4 M 4%

REX DO KEMIEEM (Mata Atrancica) ICBb N, WAL ESEHEOREEERLTVWS, IO
2y ¥ 73 UF A RKEEEOES 800~1500 m O ILHEHYICH/T B ILEERHKT, T/ v
WIROBMBBENEME L SIL T 5 VIVOARKEHEMBEETH 5, ORI EHRBE Y Yy oo
BILIRICRZ S &8 TE S, CORKOHHMR, EBRETHEOKSEENRCLLd S, T4bE, B
KEKE L THE25~30 m, BEZE 100 cm D Cariniana estrellensis B33 0, GARE L L T Apuleia
leiocarpa, Peltogyne discolor, Plathlmenia X EHE T on %, TARBE L CEGLIEM O M T
(Euterpe n3f{3%), KR4 738 (Alsophila BRK) »dbY, {EARBE L T Renealmia, Myriocarpa 73
EFOEABEMSES SN E (RizziN et al., 1988),

HREBHED ORI, LB RKBEROERSTOR o, BIEORBERRA S KR
THRENCERIL Lt BERAD S ARBMTH B, MABRERLERT, KRy rRP Y I
MOEBHBELSL, KBRS v 7o 7UEP S Y REEMSSEE L T3, MEBREMEELT
5 -HREEICH b, MK Y FHEYP A 2R, F /RS0 ARIMBEShE,

2.1.5 HBRREOBRN

FRBXEEHRT 2554 7 10T 5 3 XA (A Hil : 56.04 ha, B #iH : 36.68 ha,
C 3 : 3750 ha) & L TRE L %, Table 3 K HBRFEHK ORI OERERT, COHIRD 1 1kH S
2 PRI 3 ISR 30~60 ha @ LHI/NRIR T 543,  EHENFEKINE %185 720, MBS KR
HIET LA bRBoHOTHFE#IEENR S h 2 8KE2ABRR S L. RHXTRENEHOEY
A G ATz, BEFREMA TR L.

A RIBRKESHRRE - KKOBFHRRIBTH 525, —HIcHMEEHNS 2 (Fig 5). HM3 LI
KBTS » 18T, EAVEHE LIRIER I OEES ATV 3, BREKEEo LKR 85
1115~1130m) & FHisB (B 1045~1060 m) 4L, 7y EMNERL TV 5B, Moz
HROEREN OBMKZ U FEE BT 3EETH 54, ERFOEMIIZALDEV IS X
KROBKHLE T > TV B, FIEREE SR (1/2000) X v3Re - BRI 82 ha (FHHE 145%),
fBHIAEIRE 12 3.0 ha (AREHR 55%) L70h, MHEREHEIL800% TH 3, 4, AFRBOFHERIG 25°
LihoFEE L D ERSETH 2, ChiUTERS2 35 D Lo @RI THE Ltk B,

BHROKBARERE KRR TEDOA TV A, RERDRICT v, 775 FoER LAY FHEY
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Table 3. SRERHRIR O M 54

Some physiographical characteristics at experimental watersheds

g2 K A i B iR (O %: 1
Factor A-Watershed | B-Watershed | C-Watershed

A=A (ha) 56.04 36.68 37.50
Basin area
g & (m) 1048~1222 | 1025~1199 | 1030~1175
Altitude
FRE (m) 1260 920 1070
Length of main stream
THROFELR (%) 13.8 18.9 13.6
Slope of main stream
RO R (%) 46.8 32.2 33.4
Mean slope of watershed :
TARGRE 0.353 0.433 0.328
Form factor

A Rt

A-watershed

Fat e e T X BR [X
Test plot for b4 Ay R
Interception Soil survey

Al

= Past cexsy )

® IU,.Q_ui itee 0 200 ure 400M @ Wil Yot ————
Rain gauge At ——— Rain gauge

W KGR B KO ERRIA

Gauging station &€ &M Wet land Gauging station & i Wet land

Fig. 5 HRREOMIEX

Topographic map of experimental watersheds showing instrumentations
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DT 5B S B (Fig. 5), MBI & HIERKIC & 0Tl S © 7 BHITIR 1340 3.5 ha T, HRiKEiM
DOFI10% <M T 5, EROTHMICHEAH D, ZOED» S LiR#B (B 1060~1 075 m) (EHIAZH
HLTWE, Biftilis AR E I L TRES O TEEs®, KBREHsEso Lics 3,
RN TRREEEN Fig. 6) KmRtT & 3ic, Wb REORE % EE E G Xig 2 SK
w, U, SRR CoOREARmMT L EHT 5, T OREIIE Riparian Area, #gifl{d Riparian
wet land i T A A TH 0, ARXTREMEEEME &4 5 (Fig. 1), il E, O Ko
fil 2~3m OXIR, @ L KFEHATHT 2EH, @ EO LHMORKARLOELH MEKBICHEL, <
NEFIEEE S HIER (1/2000) JOHBIL, 2OHEBEEHEE L. COKIBRIEEHZIZHINRECS
3128, NNHEEOBEEHKIH OFEE (Source Area) & EZ S h, FEAERKIC LY 2EBEMFOREEE
FHSEER (A & L, @5 (1982) B3I nAMMEHEE L, $RAEEAHERARERUE
RS R, BURHA S ML SRR 8% & L, 1, BE7°5F 7 ILROBHFEHTIZ 4~

1140
8-2
1120+
- -
£ 11004
~ =
=
=
% L. 1080} Soil survey
1060 -Sﬁ%g{x\s 2 -
g Rj;?)\ﬂg%ilén area e T }fhm% —
1 i ' 1 : L 1 1 1 illslnpel 1 ] J
1040 (o} 100 200

MEED 5 OKEERE (m)

The horizontal distance from streams

Fig. 6 TIERAMBEK

Location of soil survey

1e

W & P

Streams &Ripavian

» wet land
] BIER
Rl Riparian area RIS
Hillslope Hillslope

Fig. 7 HIEROEEX
Conceptual diagram of the riparian area
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5% (KIRKBY, 1982 ; MOORE, 1983) & 3TV 3, A{H XTI £ BA & IR SHBIL 2228,
Furian & (1986) dChEEhEE, SHFL TV B,
2.2 KXBAF*E

BB OMHEREEERFAMT 2709, DUTRB<BZAKXEHEIT 7. THhoOBAIKRIHA
TEBINTVBHRMACEREF—D DT, KB L £ OB FIRZEANE) IR & Fig. 8 D
L5k,

2.2.1 B

RROTFHRBEHES 70, A RETEREA 4 287, BRETEEEA 3 SITicEkE~ 2 HE
PHIOWET 25E L CHBBAT -7 (Fig. 5. REOPHRBRIERTEEc L OEEL 7.

2.2.2 HintEw RO

A FRE O RZHSHEE R TRIIEHIC 20 m X 20 m OREERERX (Fig. 5) £2&5E L T, #idEmE

SN (RNER)

)

AR — EREREOEE >
iR

e - B

ACTBI (AR, BHR)

Ak ———— RYBRONE —
kb — ik —::ﬁ&ﬁ.‘ﬂlmﬁi —
EERHEOETE ———>

BITGERTHMR (ARRADERE) #*
*
W AAR WELSRORE ————> | &
wRETE — ®
D
BIEHEON (8 ARERRK) —» &
1)
HARLE —— MERERORE ————— | A
=4
HIRRE (ATAN) %
"
KM — BOBKRY — BKEORE — > | B
nmﬁﬁ——-?ﬁﬂmmjf-ixmﬁnaim&z-—ﬂ
LRENE — FHLNE

AKNLH (FES A4 —%)

Ktk —— THOKRGEEDOHEE
kS —— LIRS EMRDONE —1

Fig. 8 /KxXBREE =5 v 7L KEREEFHFD - O 7 0 —
Schematic flow of hydrologic monitoring and measurement for the runoff
processes at forested watershed
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BEBBATEEMEL 2o COHRXITIE 66 FOERLER (PHURESERZ 118cm) EARD Y ¥
EYhH D, WEEES -FRREIS 5, BEEERROE 20 cm ORFRBIRERGT 16 E% 5 m E
KRS L TRIEL 7z, BIBRETRRZIROHEARLZEEL, BlcTavy—tEo— MRIREBOVTHRTFAK
TRV S 7 E L TRAEL 2, MARRGEBXICERET 2 BEHMTRANE L 72, SEmER I 16 8
OHHNRITOTET, HBERTRR I AOEAKROEEE I ZABXNOLAR AL, zhiHRk
REBTHRL TRBIBRE L,

2.2.3 MR HEOBH

MR HABRX 3 HE T OFEHRE T, BAEMEICG > T 3KEZE L (Fig. . HYHEHA
AKX I18, BX14°, CK175°Th s, CORERBRPGEE L THEHENTH DT, RADER
THEIN TV S, ABX3MERE30m, ER20m THY, v 7Y — PEEKKICL D KEENT
V3, FE FHIZI3E08m, FES08m oktZIEREL, HHEK DKEKRE LR EHHIEL 72,
WiZF v €y oy VBB AT E 2 BE L THIR L 2, HARHBRIABXERE T
B U T/KEIHEL 72,

2.2.4 F4v2x—5OEH

FHERS A Y2 —FR@FNEOmXI0mx2moary Y -+ 8thz (Fig 4), FEIHIIEE 10~20
cm OO FIIDEBOVTES 0O cm OPEEE L, €0 LidHE - L2 R EFEDLHSKIRA
L, £810cm ORACIEHEOTIEAB X 150cm OHIEB & L1z, HEL 20 cm 3ERFAOHRE
BT 50 ORBETH 5, #H I ERBEKRKEICKRE L, TRAKLETIcRzoMEHIE4HMEL
foo A VA= ODOFRHBKFEKECLIDEMECHAL, FoEV7 -y riiREHICLDE
FUENER L oo 1985 1 Bt 54 v 4 — ¥ No. 1 iIZR#RZ, No. 2ic< v (Pinus Elliottii) 100 &, No. 3
ic2—# Y (Eucalyptus Urophylia) 100 &4k L, 1988 3 Hic 50% DBk EiT-7:, 1988 FE 12 H
KB 3=y 3 PERESEZESIcm, THREEm THD, 2 -7 ) I PEUREEE 68 cm, T
H89m TH -,

2.2.5 THEABERUCTIEMEAR

Fig. 6 ® No. I~11 A& 1.5 m OfLZ# Y, MEBE IRtttk TEEZAE L fo &/,
400 cc DL LI £ » HIEZE 10, 25, 50, 75, 100, 125 ¥ 150 cm 5 BDOBD 2 H DT 3EAk %
fREX L 2o No. 1~3 e OUF No. 9, 10 RBER, No. 4~8 MM TH 5, SHEH >V THBRENTH
BHEFLIEAR S GRERBRE, 1970) KBS & HEOWEHEME L /2. Fic, BEREAKERE pF
1.7, BE KNG A% pF 2.7 SREL, £AR pF AER (DIK-3480 %) £H O TIEREIC &L D pF
1.7, pF 271 O LA BERE L foo & 72, BBFIFEKMLEE (Ks:cm/s) @ETRAEKBEZHVTREL
7o

2.2.6 WEEH

A FIROKMERIRESE LRI 12mX12mxX2m O#KHEEMNZ LFEKETH 5, KBRES 20
m, 4&10%, FEIm, FELOm, & 20m 08K TH S, KL BREIEKE cEES N,
BB B 0KALE ORI 62 8D TRATEHIEIT - 720 FB KB O FEftdE & RE DM o R/, Fig.9
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KA SEEHREOBRER L b DTH B, BKBOEYHRE =Y rRickoiEETE, ==v
FROMEHRK (n) 3, TELILKETHEH 5 n=0012~0018 L1 3, it~ T, Fig. 9 LOFIgH
HEEED n=0.012~0015 OHEIZAHT L&D 0, RAMENEYTH -/~ LKWxh s, B/
TEFEIC L, K—HERERHELE () KXok i3 (Fig 10),

Q=29148 H'5% (r=0.9983) e))

IT, Q%8 (I/s) H; KL (em)

B RIRO /KA ERRIFERR 1 10 m X 10 mX3 m DKL, @& 20m @ 0 E=AELWH it b
T, KOIEMIARE R ARBERRTSH 3, AR BN K BT D KB i< RBUKIE &% E
L, AR EERRICREREDL S, (2) XEHL (Fig. 10),

Q=0.0180 H=# (r=0.9980) (2)

WK E &, KALOERRIGE 1 B, BiIlEORBIZA 1BIEBL TV 5,

500 1000 ’ l

! d
= P T i 7]

52100 | n=0012 Z 5 $
= 8 g n=0015 2z g

[ W!) : -
> - =0.018 e Z
£ = - g ® 4
TE sol o
B- = o

7/ B ek
Q? B-watershod ]

T
~

- V =34.2607 H06%0 C / q/
(r=0.9858) T /i

10 24 baaayl L - | M N I i U T ‘jlnn

2 5 10 50 1 5 10 50 100

Kfiz (H:cm) AKBL (H:em)
Stage
Stage

Fig. 9 7KAL & SEEHEORGR Fig. 10 A KU B g0 K —HiRimE
Relationship between stage and Rating curve at A- and B-gauging
mean velocity in the channel of station

A-gauging station
n represents Manning Roughness
coefficients



T I YN oy o fEERILIRIC BT SRR (D — 179 —

3 K EIFEITKkORESHE

ABTRE, HHICE T 5RIEEN, MRFL, HHEOKSEEE VS FRRUBH IS cERET S
KXEROERIZ>WTiE~N3B,

3.1 HEENE

BindR & & BE T ROBRAS, 19824 12 A~1984 £ 1 A 3 kS f1, T Of¥ic 67 BORIED
frbfifz, TNSOBRELT L b—RNCLOHETHLL, S0P OBRNICLvERELLZbD
TH 5, Fig. 11 3AFR & Bd@iEE%, Fig. 12 3HATRE SR TR & OBRET L, AT
B/ (P EEEERE (T, HBRR TR (Sp RUKTENE (o LoBRAdKko@L TH 5,

Tr=0.839 P, — 0.584 (r=0.999) (3)
Sr=0.012 Py—0.044 (r=0931) (4)
Ic =0.155P;+0.603 (r=0.952) (5)

3 XL OHAFER 07 mm LI EThE@BEY, (4) R& D HAFRR 37 mm LLE B PR
HELTWA I LAHREESN S, Table 4 IBEMEEC L OMEERE, HRR FRRUBEERRSR

@
<
T
®
N\

200
€ .
E s f /
Ex= .
\./E ./-
Mﬂgnloo— /
3 P's
=h }
B

100 150 200 250
MARE (P : mm)
Rainfall
Fig. 11 #AME L BEHEATEE 0BG

Relationship between rainfall and throughfall under the secondary forest

0 50

€

E 1o

&

g

2 9 e~ e . L

Ba 50 100 150 200 250

HANE (Po:mm)
Rainfall

Fig. 12 HWARER L B#H FRE L OBIR

Relationship between rainfall and stemflow



Table 4. FARERET OME W&

Crown interception on storm size at test plot for interception

R : ERIRR WEEAR | e LN
Class of storm size Numbers of rainfall Rainfall Throughfall Stemflow Interception
(mm) (mm) (%) (%) (%)
0< P10 20 ' 5.7 76.6 0.5 22.9
10<P;=20 11 13.6 82.0 0.8 17.2
20< Py =30 9 24.6 83.7 0.9 15.4
30<Pp=50 11 39.1 83.0 1.0 16.0
50<P, =70 5 61.7 85.3 1.2 13.5
T0< Py 10 150.0 82.6 1.1 16.3
Table 5. 73 ¥ Ve BT 5 KR ENE O A EF
Crown interception in a tropical forest, Brazil
. F " S Rl dE BRI E L1 ox 8T =
Location Forest type Throughfall Stemflow Interception
(%) (%) (%)
Amazon, Amazonas (1982) Floresta de Terra Firem 81.8 — —
Amazon, Amazonas (1982) Floresta de Terra Firem 7.7 0.3 22.0
Vicosa, Minas Gerais (1983) Floresta Natural Secundaria 87.4 0.2 12.4
Rio de Janeiro (1986) Reflorestamento Heterogeneo 83.0 — —
Sao Maronel, Sdo Paulo (1985) Cerradao 80.5 2.9 16.6
Agudas, Sio Paulo (1983) Cerradao 72.1 — —
Pinus oocarpa (13 anos) 88.0 — —
Pinus caribaea (13 anos) 88.3 — —
Piracicaba, Sdo Paulo (1976) Pinus caribaea ( 6 anos) 90.4 3.0 6.6
Cunha, Sio Paulo (1988) Eucalyputus saligna  ( 6 anos) 83.6 4.2 12.2
Floresta Natural Secundaria 80.7 1.1 18.2

PHEMEE ORI

£ 698
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L7:60T, MARBOMRRERED 20< P <30 mm X 0 EEENRIIZIE—ED 15~16% £RT I &
DESNB, 19834 1 A 11 H~19844E 1 A 10 H & TOEKATE 23583 mm ot LT, E#ieiEA
H 19420 mm (82.3%), FHBRHTE 247 mm (1.0%), FHEENERIZ 3916 mm (16.7%) TH - 12,
T35 N BT 3 EEENREBROKEIR Table 5 0 X S IcBBHIhTW3 (Ciccoet al., 1988), Th k
h, RAMOBEHBE IHATRD 721~874% TH 0, 7 —= + RABRHOBRAIE 2 £ 01313 EHH
HETH B LD 5, i, RABMOFERTENE 167% &, HEDOEHHLEMTERR 15~
20% (%, 1976) OEHHEHNTH v, BRELUKD~ v 5 - 7+ 5 v F 4 ORTENR GENMFEHER) |,
HAO—BHIEHHELE & KEOBVODEEL SN B,

3.2 HFmER

Hithh o> oIRREROBANL, 19824 11 A~19834F 12 AT ARBX cirbhi, AEBXIi
B AR HE IFEREE 1I0mm/h LLETREL, —BHRE (P SHERAHE (Op) ORI Fig.
13 IREh 5, HENIC, MERBORER 3 HEORBMEES 30 mm Ll LS - 12356 % EHIRE
ZhUATAEBIREL 32, HEDOBRIE Or=aPr® (a, b XEH) THEh, BRAZRHOLETIEZD
BERAS & 0 U & 72 B, HIRFRHER (Ox/Pr) 13, —MFR30mm T TR 1% Ki%TH 34, 40mm
VLR B5E 1% UL D0BE L5, BEIRETIE 3~4% 2R TH b5 5, (RERNMAERHEIC
DWT, % 0% Table 6 IR T, CCT, E—7HHERE Y — 7 EHHNOBRE (¥ —7
BRTRE) T A HRRHB L O THE D, 20O — 7 OBOUEMIBH 209 TH -1, 1,
IO OHIERMEE LT, 1) HIRRHBRGEE IR L <, MRFHRBRE TH 1
~2 BREILIIC T B 2) RIS (No. 1~3) ok 2 MIBRFAHE, ©— 7 RR L MFRHE
BREHELH2% THEOIH LT, RIEME 50
% (No. 4~6) R ¥ — 7 iR KRR L
DREV, - T, HRHGEERERBORR
ISR Z KAE L, BRI OIGE R
PV IEE E— 7 MBI, ZOBOE —
7RI 15~20% LHEEI NS,

KirkBy (1982) 3 2BEEOLEEHLEDOE S

—
(==
T T

T lllllll

o
2]

L

HFZmHBE (Of :mm)
Surface runoff

LT BTR, MK BBRLA ERROR 01 g
AR E AL, MR KA I L 0.05

. . . . R Rk
sz e s, EELORLMINIC LD EEC i . Oﬁywmm%
KOEET B & T AICRET BHASS 3 L~ | °|: '@?ﬁfwmn

1 L.l Lit 1

T3, MRETOBED >, RRMEOT LD RIK 001 ——% 50 100 300
BRI LT, ZASBEERT LTV 2HEH g§§§<9ﬂmm>
BRE 1, ARBXBEE S VBRI [ e wenes s g
REEsh T3y, BRlsniRRHE Relationship between rainfall and surface

W A TSRS L - KOS e R AR R+ e p runoff on the grassed runoff plot



Table 6. HFENISHKEC B 5 iRttt

Surface runoffl characteristics during typical events

No. S HiZFHE HRFHE E— 7 B E— 7 iR
Amount of Amount of Surface runoff Maximum rainfall intensity Maximum surface runoff ratio
rainfall surface runoff ratio
(mm/h) (%)
(mm) (mm) (%) 20 min 40 min 60 min 20 min 40 min 60 min
1 57.5 ( 2) 0.94 ( 3.3) 1.63 60.0 52.5 50.0 1.53 1.72 1.73
2 53.0 ( 5) 0.98 ( 4.3) 1.74 54.0 37.5 28.0 1.51 1.90 1.77
3 54.0 ( 6) 0.77 ( 2.6) 1.42 76.5 51.8 40.5 1.13 1.53 1.56
4 79.0 (16) 1.99 ( 9.6) 2.52 36.0 27.8 21.5 2.13 2.66 3.40
5 54.0 (14) 0.46 (10.6) 0.84 15.0 12.8 10.5 1.98 1.68 1.69
6 50.5 (16) 1.00 (13.3) 1.98 13.5 11.3 10.5 6.42 7.57 5.41
) MHEBRRUHFREHEMOREIII ZhZh okt & 4.
The value in parenthesis represents rainfall duration or surface runoff duration.
Table 7. ZREpHIC BT 5 HFHBRO L8
Comparison of surface runoff ratio at experimental plots in Japan
AP [T B # o 7 ) - = A1 AT H R
Location Area Slope Landuse Soil type Soil Annual surface
hardness runoff ratio
(m*) ) (kg/cm?) (%)
o 400 30 it Pasture |2 £ 1 Andsol 1.0~4.0 0.44~0.48
ggﬁﬁfjﬁ%mamom 400 27 WA Pasture | ® &+ Andsol 2.9~4.4 0.34~0.63
400 29 B i Forest |B 8 1+ Andsol 1.1~3.0 0.24~0.34
- 800 a B &M Pasture |2 i 1+ Andsol 4.4 0.01~0.28
E. I;R\ 7 i -
Hiragasa, Iwate 800 b3 BHEM Pasture |2 5 1. Andsol 3.6 0.16~0.28
800 = % Hi Forest |2 @ +  Andsol 2.5 0.06~0.27
7 —=+% Cunha 600 18 R Pasture | 3 - #Rfit Acrisol 2.1~10.0 0.63

B

<
7

SRS

£ 69€ &



75O o8 oMl ILIRC B S EHIRNE (BB — 83 —

P LK BUHERECKBLcbOLH#ESN S,

wic, FHRFHEIC> W THE T 5, 1983 FEOFERFE 2 3520 mm 39 2 EHILK RS 15.12
mm T, FEMBRFHEIL 064% TH -1, TIT, FRABRM & FERLSHETERS W AROMMR U
PR O R I 1) 2 R HGABROKE GRHHEALPITH, 1977) & BB 5 (Table 7).
7 — = » RRMOEM AR HR T FERBMD 20~42 {5, NERBHIO 13~2242TH 0, HRBRHM
DIEMRHRERIEFOHXBH I D K&V &M nh 3, COFELFERIE, HEOFHBRMO LI A
WIKEFRORBETTH 0L T, FARBMIHTHREFORILERYchXT 2% - et TH s
WA HIERAOHEE, Ricd~3, tEoAMHoHBECERT 260 EEZONS,

3.3 FHHLBOKATE

3.3.1 HHMLIEOKDEHREE

HFH T X 2 KAEFRIKELABBEORGEELSTS T, thixtEofLHEE s BRI
o> THBIEh D, HEAKE THkOMR R TBORSIE CUTF, pF MY Tt&ah, F (1982) @
HHRLIEOFBEREIRE Table 8 DL H KAWL TV B, 22T, K- PABRRIEIK, /D - HFLHIRE
Fhick->ThHoh, TERICRBLARKCHLT, FiFEREKEEEEIRKEERT, EHK
RBEBOMERIC & 0 BARECE W& I AL~ 5 83, KEBHIHE T RE LERHTE 24
BEEILIRICBEKE N B, —F, BEKELEPCEESWERONET o RE T cRERKICER S
nah, FTRIFTERERICERS M EOERENCS 510, Zo—HIIEMER O TRHA B
KHBEINTVS,

FHASTTIRKRE O pF 0.6~27 DABIC Lk iThbhTWaEEZohTWVW3E, Zhid, pF
08 LITRAMAKREZ VWA EFRNEZT 2058 20ohOKEBEHICBE L T&EK - Bkitks
BiL, pFTULEOEERIBHD THVWEBNIC L > THEASBERE IO TO 2 - HIKROERRRIC
FEHINTHKERE LTREHFTERVWLDTH S, £ I T, Table 8 DAEIREY, KB TIEOKS
FRHBC>VLTRIT 5, ARIOKMTERIZ, 2B s nEs1EkS TR, pF06~
27 OB s g5 LK E L

*) pF fli (pF scale) &, TH#AKFESINEKEOES (cm) THL, ChEEHAMEMEICLLbD
THBM, 7A ) A HEFLETREEL AN TV, STHIR TR+ 0024 (KPa) BSHWSH
1 KPa=10.216 cm H,O T& 5, HEMFKRTIE, HEFABO AN Z i ERS N 5 KDKREER pF fiiic
Lo TETREINZELEME VLY, KR X T pF WmEHVE,

3.3.2 KELEOYBEIRY

TEEORELR%E Table 9108, AR O HBEIMZERD> S BEO FREHEESNE Y 7o S
1 MEETORSTH S, THEFABARLOTBEOBERIRDL i3, REFOTEER, #HE
Wi OEMT 1Lom BE, BERROFHEMT0m LLETH 5, FEKE—BIEL 05~20m TH 3,
ILTEIREH 15~20m T 545, BOEVWEMAETR30mEEERL-TWVE, 7z, 19854 1 Bicl
HREORE L No. 11 A TRMES S 14 m THFELERCEE L -7, TBEFHOH 24
TR TIBESEC hOLY—TH 5, LIERENET 2 7ER L R{tTBORET s EERTR



Table 8. &5/ (pF ) & & % IIEAMO N

Classification of pore size using matric potential

L B % pF i - -

Pore size pF scale Physical characteristics
KFLBE pF=0.6 BHYTHVEFEAEZT NS S HRACEY, RNATJRICHEYT 5,
Large pore

0.6<pF<£1.7 BEOEFHEZILRLLENEE, BEuE/HDKL CEEHBOXE,, THUBOERSHOTMBOWKH
Intermediate pore KE5T 5, —HRBTEETICERT 505, KESBHHES &5 5,
INFLBE 1.7<pF=2.7 | BWEFENEZILSCLENBH L, HMoTETE 2~300RETHoMEND Y, ZofBEbok
Small pore DRAERBLEVWED, BEBE~OBERD LK B,
i;BHLBﬁ 2.7<pF=4.2 | BHOFHTREALEBH LV, BRRCERSWAVEEOIE T T, KTafiLTw 3,
ine pore

Pore size is classified by matric potential (pF scale ) to evalulate the water holding capacity of forest soil (Table from TakgsHiTa, 1982). pF is the logarithm of
the soil water suction expressed in centimeters of water. The relationship between pF and kilopascal, the most commonly applied SI-unit, is 10cm H,0=0.98

kpa=1.0pF.
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ITBHBECEVAHFERERL TV, B, REFOLBEX50mPLe Lzl #EKTS50m £
TLORETER D127 TH B, P EOREHERLY, =7 ol ARROEGHERE R, SER
50m, @ 15m & L,

Fig. 14 3R LEWTc B 2 =S HRTH », K Eo—S8 i pF L7 ok 8 (BFHE%), B8
i3 pF 2.7 OKGBE A7 T (K HIREN 2 fOFG#E), &7, Fig. 15 & No. 9 #ii o pF-k i %,
Table 10 R AESR & REHMOBMINOEEABERERT, T, AR DL THE~NZ LRD LD
127 B, 1) VG FLBERIZ A B 595%, BIE48.7% Ta H, M OEMEL KB L TEVALBERERL T
%, 58, HADHIBOFLBERIT K ILIKTE 70~80%, FEKILith+1%55~60% & ahTwa (LigyE
WHL, 1970, 2) BBOMNEROFAITUEE 514% X BIEH 45.1% £ 0K 1% B, 5hTh, dk
CIABOABRENE L - T3, hid, HEKOBETRTRY 7o 54 MEICHEL THED
TEEES 2 HE L SEHRT, FXBRMOAEMAHORYTEH 5, 3) Kiftth OFHHAE % F > pF 06
~27 OB LABEOK 25% H b, 2T 0% i3 pF 27 L LoMABickh v shTn
B,

THEOHRIREL R HME GREER/FLBEERE 13, DKM 75~90%, HHEAR 60~70% D#ifHIc
AL, RIS (Fig. 14 ® No.6, 7) OTBEREME LB U THBRBICH 2 T EMHEES N B,
Fig. 14 O — 888 & BHR OB KBEES, — S8R & A 100% OER ORI EKBEEE R L, Af
AR E BRIRETO KD I — S8R SRt am L Tw 5,

Fig. 16 [$f@fIEKEE (Ks;cm/s) OBESHERLLODTH S, ABO K, DOffid 1072~107°

Table 9. A #ilko +1H%E
Soil depth of A-watershed

No. AR BE TEE HIE BT
A-horizon | B-horizon | Soil depth Location
(cm) (cm) (cm)
1 30 i =] AEE Riparian area
2 30 100 130 AHEH  Riparian area
3 30 450 500 AEZ Riparian area
4 30 115 145 AEH Riparian area
5-1 30 130 160 #lHEH Hill slope
5-2 30 50 80 FmE  Hill slope
6 30 125 155 #IHEISE  Hill slope
7-1 30 85 115 ZlmEE  Hill slope
7-2 30 170 200 #mmE  Hill slope
7-3 30 20 50 #EE  Hill slope
8-1 30 200 250 #mEEE  Hill slope
8-2 30 200 250< #mEE Hill slope
9 30 450 500< AIEM Riparian area
10 30 450 500= AEH Riparian area
11 30 115 145 #EE Hill slope
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Three phase distribution of soil profiles
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EFERMESE V. —F, BED K. GBREMLVP RN 107 ~10° Th soicxt LT, fmEskid 107°
THD, i, BETH @A, No.5, 6D150cm, No.7® 100 cm %) OFBKESE, 1, &
B K BHESEE L TREARICEREA2T45013, BIEE2E{ B0 IBLDHEOLE & b
HEBAERT 570 ThH D, FBEEHEEMEE, SRS N I OMREIEHNC OBTERE b1
GLEbDLEEZOND, H-T, AFBIKB 2B 0K, BEORINERY THANE LB
oS THEEDEOBEBEEKRT 2 8ERL h RIFESEKEERLTVHWEI ETHD, T
NERHAIROFIEELBEROENLIVNTE BV L OABEEHEFE L TV 5,

35

O 10cm
® 30cm
0 50cm
B 100cm

Lo ]
30 40 50 60 70
Koy (BK%)

Water content (volume percent)

20

Fig. 15 pF-7k4 ks

An example of soil moisture characteristic curve

Table 10. BEH & FmITic 1 2 PEALER

Mean porosity of riparian area and hillslope at A— watershed

5 B I N LB o L B AL AL B | LR

Location Horizon Large Intermeditate Small Fine Porosity
(%) (%) (%) (%) (%)

AEH Riparian AE | 5.5%10.6 7.0t1.4 7.5+3.6 |38.8%11.1| 58.84+9.7

BE 2.8+ 2.0 3.8t3.4 4.3+1.5 |34.3% 6.0 45.1£3.0

2liEs Hilislope AE 7.1+ 4.3 9.5%5.2 5.7x1.4 | 37.9% 4.4 60.2+6.3

BE | 3.0+ 1.8 6.0+3.2 6.7+3.1 [35.3%* 5.9 51.4x4.3
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3.3.3 EEITEOKSTEE
HEIBCHFHESNBIERKARIE 6) Nk o#EETE 3,
Ss=X (H; - P) (6)
T TT, Ss; TEKSTHE (mm)
H; #Bfro+EE (mm)
P RBRLOFLEER (%)

6) REHVTRAEHSOABENOKSEHEEHET S L Table 11 DEREN S, Th&y, £
HE 150 cm & TOKSITERRITPILBE 44~141 (739 938) mm, /PFUBR 52~141 (5 88.0) mm, #H
FLR% 397~613 CE¥5141) mm &80, REIIBIC X 0 KFEHOBHER £ 2B 2K RIIH 180
mm ¢iHENDE, TIT, BAORRNURKTIETH 2 HERKTHOHRKE & LB T 5,
Table 12 i3 THFE 100 cm £ TORKBER LA D TH S MHFLEHRECEES 100cm F T
RELTWER®D), ARBODIKIC X 3FHBIEERKIE:ZEEBETH 2L, MBI X
B HDOREBEHEKTIEON 0% TH B, - T, pF06~27 DA BIIFE s hB 2 A Fido HEKks
B, OX0BBHERTED 50~70% LH#ESh 5,

—4, HREOKITERIBRREELD O bHET Z L0 TE 5,

Bs=Pr—Qp ™
ZIT, Bs;#E%HE (mm) Pr; —BHE (mm)
Qo ; BERME (mm)

AR —BREIBEARE - OME% Fig. 1715, 34 v A — s 0—BREBLHHE - OMEE
Fig. 18izR L7z, 7, RENL—BHBICBI354 v 2 —sOBRL ARBOHEHAFHRES
Table 13 iZ/R L1z, T O T, PKBRGMEMBEES SHHEK TR B BHE coBtBTHy, FHER
B—BRBEPIKEBEDETEH B, Fig 18 U Table 13 &£ b, BEEMBEBRALL IS 2 -4 D
BAKGEHEERIL Bs=80~90mm L#EEIh 2, 54 v 4A— 5 BHAERO HIELRFEL 26D TH B
o, EX150cm O LEEEA LI EMNTE S, HEROFIFFLER (Table 10) % (6) KitfRAL
T, pF L7~27 OABCHFE S NG5 LEASBREHET 5L, Ss=834mm &% 3, fE-T, (6) K
D Ss & (1) RO Bs &8, BEF—HT B EBEIESN B,

L2 AT, Fig. 17 o—BHAR L EEFROMRIIZ, & AMmRMEICNET 2 HRMERE R L), av
ZF o JHRESTEHELE B) LDkHKL B,

Bs=160/ {1 +exp (1.70544 —0.018056 P1)} (r=0.8621) 8
ZoR kD, BEMAIIZ160mm EEEEINLOT, AREOBAEAHREE Bs=160mm & L, T®
Bs 13 THEFLBIC & 2 kB Eofhic, BEENE S UHFEREEUCREOSHEANBTH S, TC
T, Table 4 & b BiFEENR 16% LKEL, MMEFHESUBESNBENE (B) 2iHET 2L
120mm &% %, LTAT, HERDEREBEROERME» SREL, £hAOKETRERIZ T
TREL THHERT 552505 (RHBERE4ETENG), T, HmEoFs HEE
150 cm % FIRSAOE L T8 & KE L, Table 10 DFLBEHRS O Ss A HEET 5 &, pF 0.6~27 DILBEIC



THEFE (cm)

73N % ooy oflgRILKIC S BRI (BED

B ERRE (cm/s)

Saturated permeability coefficient

- Table 1. ZELEOKIRTHR
10 ° 10 ° . . .
0 S— Soil moisture storage on the soil layer
Pl 4 Too b HHE | AREN kSR
\ . Plot |Soil depth| Soil moisture storage
50 g’ PR
7| A thoFL B | ELBE | SIFLRE
= >\ Inter- Small | Fine
a ! miditate
T ] (cm) (mm) | (mm) | (mm)
A #q No. 1 30 25.7 | 35.5 | 121.4
: No. 2 125 41.3 73.4 | 495.3
150 i 7 No. 3 150 57.1 52.5 | 563.1
No. 4 150 44.0 56.4 | 555.9
No. 5 150 141.0 141.0 | 465.9
. No.6 | 150 115.3 | 109.8 | 488.3
Fig. 16 SFIFEKEKO BEHA No. 7 100 73.4 65.9 | 381.7
Vertical distribution of saturated No. 8 150 89.2 89.2 ) 613.7
permeability coefficients No. 9 150 | 116.0 | 79.0 | 397.5
Table 12. BRABRMICH T 2 THAKSTHBEOHE
Some examples of soil moisture storage on the soil layer
o # LBREN R + R w #F
Location Soil moisture storage soil type Data source
AL B | | &t
Inter- Small | Total
mediate
L(mm) (mm) | (mm)
ABAB 29.6 | 183.3 | 212.9 | EEHEKt ERE, 1987
Ohyabu Exp. site Brown soil
®E (HED 91.0 62.4 | 153.4 | BEHEHKL (B R, 1987
Kurama, kyoto Brown soil
%R GAED 135.1 94.9 | 230.0 | fBfaFRkL (Bp) M, 1987
Kurama, kyoto Brown soil
) 15iR 60.8 96.9 | 157.7 | BEaEK L H¥S, 1985
Takaragawa No. 1 watershed Brown soil
J—=—% A 61.7 56.2 | 117.9 | ¥ - Rt
Cunha A-watershed Red and Yellow soil
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Fig. 17 AfRicE 1 2B AEAHE
Relationship between rainfall and abstractions at A-watershed
Abstraction is calculated by subtracting direct runoff estimated
by the baseflow separation procedure from amount of rainfall
300
O  Lysimeter A
™ M Lysimeter C
~ 0 200 P
=
Es
Lz
100 |- [ ] sa®®
mag O ©0°
| DO o
o} O
1o
0 OI L 1 ]
0 100 200 300
—FEi & (mm)
Rainfall
Fig. 18 54 v+ — s ORKITHE

Relationship between rainfall and water storage at lysimeter
Water storage is estimated by subtracting drainage discharge
from lysimeter during the two days after a storm from amount of

rainfall



Table 13. REMLI—-BHEBIC L ZHEAHE

Some rainfall losses under typical storms

R Y BT T FAvA—% A 54 Y A% A IR
Duration of Amount of Lysimeter A Lysimeter C A-Watershed
rainfall rainfall - -
Bk K Pk K EHE iR R
Runoff Stlorage Runoff Storage Direct runoff Storage
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
87/06/06-08 51.0 13.24 37.76 5.62 45.38 2.55 48.45
87/06/14-16 73.7 33.89 38.81 27.55 47.85 2.34 71.36
89/04/30-5/01 41.5 6.52 34.98 0.34 41.16 3.29 38.21
89/06/10-12 115.5 56.52 58.98 30.68 84.82 18.05 97.45
89/12/13-15 168.0 93.04 74.96 70.17 97.83 54.88 113.12
90/04/18-20 211.5 123.32 88.18 99.50 112.00 64.60 146.90
90/09,/23-25 68.5 27.26 41.24 9.97 58.53 9.98 58.52

Runoff from lysimeter is estimated as the amount of runoff from the beginning of rainfall to two days after rainfall. Direct runoff is estimated by the baseflow
separation procedure, shown in Fig. 25.

(B RYTPYe pMMEBNW o axei b - g e L
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B X2 1K RIE S =180 mm, pF L7~27 {3 Ss,=785 mm & EEh 2 (HEKkOEHT
KD IR OB EDS SRV, Bs i3 Ssu~Se MOBEEI A 2%, REo—HT gl
iz L 3 EKOFELBITON TV A EBHEES NS, T74b DB, pF06~17 DRI s o2&
FK A L - IR T IR B NS CERE I R & LT 545, BEHPRIE M TR
HIhTLWAHESEV DL EL D5, MEKOHE L DHEN L AEROEmMELE TX3 L L,
Ss=120 mm OKFIFHBEFRFET 2 0 ICLELPIIREE Table 10 » 58K 5 &, FREHEOHN
45% H3IFEPIFIRRBIZ S 5 & L H MRS © B, Kirkey (1982) i, @7 /5 F 7ILIROHRHFIR T 135
HEEMAKE L, #ERHORVEROE, RISHEO 0% SHRERE T ERMELTED, &
HEMIcBWTORIBREARPRELLODEEL SN S, 5T, Ss=120 mm FHEHILAFED
kS EBROBREEE SN S,

3.3.4 ZBLEicbi5KkBH

Fig. 194351 & A — % No.1 (E#iX) KU No.2 (2 —# ) [X) O 11EZE 10, 50 KU 100 cm <&
LiBE#HRAXF v v 44 —% (DIK-3100) OK@HE% pF HiicZH#L, HBEMNOELLZRLELGDTH
B, 7oA i —-sOEYEIEATAE, 542 —4% No. 1l OFHigE pF 1.0~25, No.3 (3 pF 1.2

3.0
FAVA—FA
2.5 (Lysimeter A el
Grass) 5% ’i
TN T T T s £
= o ©® =
1.0 y <
4 fa¥ay o =
0.5 ‘ 2
0 Jmljlylnlﬂlf.Lll‘ llﬂ.l bt .'l ‘Hl.Lﬂﬁ d-lh] l.O

NOV. DEC. JAN. FEB. MAR. APR. MAY JUN. JUL. AUG. SEP.
[ 10cm O 50 cm A 100 cm

2.5 Lysimeter C
(Eucalyptus) §
o 2.0 ndtge £
= % g E
w215 E=
f =
=
‘T
o

NOV. DEC. JAN. FEB. MAR. MAY APR. JUN. JUL. AUG. SEP.
[J 10cm > 50cm A 100 cm

Fig. 19 pF fli0RHPEEHEAL

Long-term fluctuation of soil water (pF scale) at lysimeter
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~28 &> THY, EHIXD pF fitd 2 — 4 Y [ XD pF ik 0 {EL BlkEICH B, 514 —pot
BAARIEE, S3L SHBRO HEKSGREERIT 2 bOTRTVY, RESEOEENZ 8K
DEEEIZ pF LO~30LINEHEF S 5, Fig. U h o EE T3 pF 2T U ELOSBIREICH B &
BEZONBH, ARXTE, HEREBERLSURESEOFHEN TEKMREE LTE S A1,
& #o, TEUKSOBIRERIhOFEBHE 18673 mm 3, A BEOEEERHE23194mm LHELT
DEIETH - o, BHREHRECH 2 LiERHIsh 3,

ICT, ZEBHECBI KBS EREEEE (5 27) CLOBENIEBRRZERDII TS
(Fig. 20), T3R5 (Ss; & v 7 AOKNLIC & 0 &/R) 13, pF L7 OEBAKER (Mio) & pF 27 0EE
BRI R (Mes) 2 AL L, £ OEBEHG/DLBERICHEYE T 5, BRI O SBORAKBHHEEH
%L pF 06 DRINETER M) ETHEEN, 2n2BBRTARKEY v 7 LEOYKE L v IFRHK
& LTHiKkE N3, pF 06~1.7 BOABISDILERICHY L, EHKIZ S v 7 ROBKALL b ks
haikd, KLREBEKEOMNES TETT 5, 1Kk 3EMRE [~3 HTERIBSKRICLS29,
BERK B 209 &L, 2 ABTEAKD 9% %2HKkT 2HEE 4 5, BEND IRREC L0/
A D THAKS GBS N, KA RRBBEHSRET T 5, MHEHTRLEAS S TERAGHRE LT
EEHSTHICRTT 5%, SN REERLHAT0 2B/0 5 v 7 2BFIL, RMEmBodhrms
INLBO— I RIEESR O/ ML L T HEK S OB ETOMENEL S hE, Lo Luds, fif
W S BEHAO HIFKDIHEBESRHTH 270, KARXTREBE S5 —HOLBE, S5 —
DSOIFEEE L1,

o 2045 wic, Lot E I & Fig 2005 ¥
I D AN 7 OFMEVET B, HB, HHEER10cm T
@10 BB, 74 Ar—5OEBE pF 06~30 L1

HNEEFEEN 270, pF30D Y v 2 DKELE Ss
=00 mm &9 3, Fig. 15 ® pF-/K53ihid &

Ss=1105 J

Mo oo f—— -
PF 2.7~3.0 @ 13K B I3 225 mm S E S
n@f, M;; 0)7}({1'[(1 Ss=22.5 mm PRy %5, My
IR 88.0 mm EA T, My OKbLE
Yo 220 I Ss=1106mm &9 %, & 5ic, FHEpFLEE 94.0
=0 mm %A T, M DK% Ss=2045mm & ¢
509 %, MERHOHKFEIZ =10, ERBETH 2
Ss - ARSI Soil moislure storage &Jﬁ%ﬁ li B :09 t '?- 50 S 7—_111,\0)}\1]% B l::ﬁ
Mys @ A Minimum air capacity
My : It Ak Field capacity B (mm/d), /1% HEREE (mm/d) & LT
M. : GATH#K U7/ Rupture of capillary bond B
a, B: &% Coefficient z @B%%F'J%%Z_ % &, Biﬁ*ﬁﬂ?%%@ﬁﬂ:

EHESTHEMAIEE NS, B, THAKSN

Fig. 20 #BIHicB 1 2 KBHOEAKX '
BOEHFRHEIL >V TRFE 6 ETRITT 5,

Schematic diagram of water movement
at unsaturated zone
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4 FERFRROFM LY

AETRBHFEORA TV, AXOHEMKCGARM (Table 14) OFHiRM: & HBHE L, A
B oA ENEEEHI I 5, KER VB 1E»5BF0IA 0 HITOMETHD, AR
@ 1983 AK4EIL, 19824 10 1 H~19834E9 A 30 H%¥7, b, BITHRE LA D13 A Fifin 1982
10 §~1990 4 9 B o 8 /K4F, B #iisid 1987 4 10 S ~19904E 9 Ho 3 KETH 3,

4.1 TRt R O—#iE

Hlomsehid, A PERBERE S DRI TREh, ToREELRTEELLT, &
KR, VKR, kR, BRKESORERRL, BAKE/ /R FREE0, SKkE/8KkE Gk
HED ZORBHEHS 5, HFHACEHR TR, THREO—BEE (—EPHROBHBEOELSDIE WD
L)) BEMFROKBE»ABBEOTENFMAETH D, TOHEE L TRBRESHV STV 3,
RES (1975) id, WA EL LR - BARoRHEEERRL, BEEICE T 2R o—kkit
OHELELTWEELTWE, L5T, ARTEMcKE #HiiczoRB LodEHBROE
FEER - RIS (CHow, 1964) MRV HN 5, B8 E TIC A KU BHREI -V T Z OifFLHE
EERRT 3 & Fig. 21 L3, I ORKABIZAL O—RHENE VR & FEEOBBIHER P

P cifE
Mean Median

< 2 A-watershed  4.51  3.66
0O

£ GE B-watershed  3.83  2.92
E % 100

B %

i

£E s0

A R

nﬂu
— D‘Dﬂ A-watershed
'D.D__D
B ﬂﬂﬂﬂﬂ\
0q
B itk N

BfwatershedJ

].0 1 i i 1 L Il 1 1 i
0 50 100

FrElOH R (%)

Percent of time flow is equalled or exceeded

Fig. 21 7 —= ¢ ABH O FRALHER

Flow frequency distribution at the Laboratory



Table 14. HAE®OHLEIR IR O RIS HE
Hydrologic characteristics in forested experimental watersheds in Japan
HARHY, 2= 2 tr @ FERIE FAER | aEkE i poE | kB
Experimental site Watershed Location Geology Basin area Annual Annual Hydrologic Data source
precipitation streamflow period
(ha) (mm) (mm) k)
1 HiR UiEE B0 3.1 22984 2063.6 1969~1978 | FhEILERES (1979a)
1 . No. 1 Pref. Yamagata | Tertiary
Kamabuchi 2 =R BEHE 2.5 2298.4 2174.4 1969~1978 ”
No.2 Tertiary
- F BRE fths, B4 1905.7 2134.4 3259.3 1968~1977 | PREZERRE (1979b)
% ) Honryu Pref. Gunma Granite, Tertiary
Takaragawa R A 117.9 2134.4 1841.7 1968~1977 ”
Shozawa Tertiary
TR A HhE TR 15.7 1376.5 844.5 1981~1987 | HFAERK
Hitachiohta Pref. Ibaraki Metamorphic rock
s o HKIpE (e 312.0 1375.4 800.1 1970~1977 | L RBFZAR (1978)
R Yamaguchigawa Pref. Ibaraki Granite
Uratsukuba R B TR 15.8 1218.3 — 1970~1977 ”
Sofugamine Granite
RDE B TERAL 13.9 1743.0 1136.2 1971~1978 | BAEIRE LI
. Ananomiya Pref. Aichi Granite (1984)
ZRIBEW B %K T 88.5 1960.7 1123.4 1971~1980 "
Aichi Shirasaka Granite
ol T 106.7 1883.4 1120.0 1971~1980 ”
Higashiyvama Granite
- i 7 R L8, RS 17.3 1240.9 447.0 1968~1977 | HhEAERE (1980)
BOI I . Kitadani Pref. Okayama Paleozoic rock
Tatsunokuchiyama & 5 eted 22.6 1240.9 396.0 1968~1977 ”
Minamidani Paleozoic rock
/g3 A e ] 29.0 2697.0 2038.4 1984~1987 | MR (1987)
K ® Nishi 3 Pref. Fukuoka Paleozoic rock
Ohyabu 7 4 Y=g 23.3 2447.1 1665.0 1984~ 1987 ”
Nishi 4 Paleozoic rock
15R ERIR it g 6.6 2781.5 1876.4 1967~1976 | PRELERE (1982)
No. 1 Pref; Miyazaki Mesozoic rock
£ 2 5R oA g 9.2 2781.5 1723.4 1967~1976 ”
Sarukawa No. 2 Mesozoic rock
3 FHiR A 8.2 2781.5 1988.3 1983~1985 ”
No.3 Mesozoic rock

) BN AR OAEME KB L 1937 HE~1956 4E D FH5(E

Hydrologic period of annual precipitation (1937 to 1956) and annual streamflow at Takaragawa do not corresepond.

G MW OgWITHBW O sarih -G e L
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(50%) WSS HHEEH > T3, KRN TR ~ = + R & HRORRFIR ORIt & OB %
HiE$ 572, HROFIOFEMHRIC L D RFT 5, EKBPEKRE L - H{EABORHBELE
{, PoORBHO/NSHRIRIFRSLEL, RHO—FEMHELEVWREEEZ 3,

ARUBRBEOHKLEEAVTEKR, KR, BKR, BKE, MHARRCHREEERD 2
& Table 150 &k 3 1cd 3, —F, AKORBHIRICH 1 2 (Table 16) RKRD & J e BE A
3, 1) BKE05~105 (FF41) mm/d, ¥K&0.2~32 (F1.9) mm/d, {EKkE 0.2~2.1 (F¥
L1) mm/d, EKE 01~13 (¥ 06) mm/d THh 5, 2) FHFERIEZ 10~10° 0F — 5 —F TH b iR
BoOZRSKEVD, FRERE 18~53.0 LEBRA/DEV, 3) ERGETHEIIHERSREX » EkE
DToHFEHRESKE L, mERMNAS Y,

7 — =y HBRHORNSEHECEE L AARAOZ N L 2 BRI 5 &, D) 2EBMORERRIZ, B
KB L4, EARLTAG, BARR23ME BAB32ETED, F - BEKFOKHERLE L, 2) £
HOTRREEEIE, #1025 f5&/hE v, 3) ARBHORKKIZ, BAOTERERRE LEHEN L TW3 S
LW R, -T, 7—= + BEBHMIZERZB L THRESEEL, KHO—FEOEVRIKTHZ
EDBHSHEN 5 1,

H5iEL S ORHBRERET 2 ERE L CERNR, MRBHK fisE B8 BEESsEL N
3, CTHETCORFICRINASOERNEFRSOTOAEL, GBS (1981) 3, BRAMEPEKES
Vo kBARARET 2 ERE L TERNR L HREESS 0, EKBOEKRLE V- {EKBERE
TEERE L TRHMBESRMENAKE VT EE2ERL TV, #flXid, REMEIREELOBFETRE
= miEkLEE ERERat - A BEKERRCLER L CBKESBETH S GEK
1980) C &, FHCKLMFIRRESLBESRBE LB L THRBHEELTWS (SuDARMADII ¢t al,
1990) TEuEBMONTVS, £CT, MEH ERERR EREGRE ©, FSmss &Kk -
E/KkEOBE (Fig. 22), FMKE L B8KE - B/KBROBR (Fig. 23) 2R L &R, D BKkBIRE
BkBOMALE & bITKEL L5, BKRIERBKBROEEEH £ 2T 100, 2) MKERBI/HEV
BEEKEHNAREL, REEEFRKEVEEBKRIKEV, 3) HESREGEKBIBKBLOEMN
KE L oWBMOLETHA X VA, TEHEHIRE 0.8~35mm/d & LR WERICSHT L0
RSB Ohtc, —F, 7 — =+ RBRHOBKE L BKROIER, 20~50mm/d ORW#EERHIcs D,
ORI FIRERCERKROLES LB/ S WEEL LN 2%, ARRMOFRHEH 2L, +
B, i, MESORBFESEaLShEREHEINh S,

4.2 EERNSY

4.2.1 WS

WHERS % £ ORI X D T 5 LFLERRE, REEH, PRESE, KRR 4 885 T Fig. 24
D& AW B (CHow, 1964), 4 Fo s 7 itGAOR(LE b 5T 0, AERN, REKHRKR
CROBEKL D> ok 3 EERETH Y, ERFOE#HEXET S b0 EVPREIME & R KHT %
KA E T AREERHTH 3,

W, REMRTERAA Fo s 7 OEERE EBERB OB TThh 3, BEFRHODMIMEER



Table 15. 7 — = v ZEEHI O WRIAFHERE
Stream regimen characteristics at the Cunha Laboratory
K kR Tk ok kR FIBLERS B
Water year High flow Moderate flow Low flow Minimum flow Coefficient Hight flow to
(mm/d) (mm/d) (mm/d) (mm/d) of river regime |Minimum flow ratio
1983 A-watershed 5.61 4.72 3.76 2.714 12.9 2.1
1984 A-watershed 3.90 3.26 2.54 1.85 22.0 2.1
1985 A-watershed 8.93 3.76 2.08 1.58 139.9 5.7
1986 A-watershed 3.69 2.82 2.07 1.34 22.1 2.7
1987 A-watershed 6.48 4.83 3.48 2.54 15.4 2.6
1988 A-watershed 4.74 3.40 2.73 2.20 34.3 2.2
B-watershed 4.44 3.39 2.59 2.00 16.5 2.2
1989 A-watershed 4.44 3.39 2.59 2.00 16.5 2.2
B-watershed 4.40 3.07 2.06 1.39 38.4 3.2
1990 A-watershed 3.22 2.17 2.49 1.95 32.4 1.7
B-watershed 2.89 2.27 2.00 1.66 62.1 1.7
4 Mean A-watershed 5.13 3.62 2.72 2.03 36.9 2.7
B-watershed 3.91 2.91 2.22 1.68 39.0 2.4

High flow represents total daily flow on 95th largest flow data of water year.

Moderate flow represents total daily flow on 185th largest flow data of water year.

Low flow represents total daily flow on 275th largest flow data of water year.

Minimum flow represents total daily flow on 355th largest flow data of water year.

GH) WHHEHHYRS ASWTHBINO ot - UG &L



Table 16. FAME O LB R O R Rk o V3948

Stream regimen characteristics of forested watersheds in Japan

Az WA BkE SRR Bk Bk faf i Rk TRIRER
Experimental site Watershed High flow | Moderate | Low flow | Minimum | Coefficient | Hight flow to
flow flow of river Minimum flow
(mm/d) (mm/d) (mm/d) (mm/d) regime ratio
157 No. 1 6.00 2.12 0.84 0.14 1375.8 53.0
* b/l Kamabuchi R °
25i{R  No.2 6.80 2.39 1.03 0.21 637.9 36.4
w H 10.43 3.05 1.28 0.69 124.9 15.9
E i Takaragawa A i Honryu
#] iR Shozawa 4.77 1.78 1.06 0.41 263.1 156
% B KB  Hitachiohta 2.28 1.43 0.91 0.57 81.3 4.1
H OW O Uratsukuba 11l Yamaguchigawa 2.33 1.86 1.59 1.25 11.2 1.8
AN OE Ananomiya 3.37 2.01 1.31 0.74 86.4 4.4
EHEEK Aichi (1 # Shirasaka 3.31 1.97 1.19 0.79 71.5 43
# 1| Higashiyama 3.33 1.97 1.27 0.78 57.2 4.0
5 o 0O & # Kitadani 0.53 0.22 0.15 0.10 735.8 6.5
Tatsunokuchiyama M # Minamidani 0.49 0.26 0.17 0.12 482.3 4.6
/A 3 Nishi3 5.17 3.21 2.09 1.28 93.8 3.7
Ohyab
R B yabu P& 4 Nishi4 4.38 2.74 1.90 1.11 64.6 3.8
15{R No.l 3.91 1.71 0.84 0.41 472.9 10.0
* M Sarukawa 2HIR No.2 3.88 1.55 0.71 0.34 580.7 10.7
35R No.3 4.24 1.92 0.99 0.46 335.8 8.9
A il A-watershed 5.13 3.62 2.72 2.03 36.9 2.7
7 — = % Cunha .
B ity B-watershed 3.91 2.91 2.22 1.68 39.0 2.4

FRAEMEENOHUY
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MR bDTH BN, 5—EOHFEILEITEYR
F AT AR ERNCIMER v E ST
% (Swank and CROSSLEY, 1988), # I T, A#HK
XTHEN Fo s 7035 B Hetikikic
N AP HET 55 & 2 ER TH S AL
xRV (Fig. 25), £ 7, —F#fRE (Pr; mm)
CHEBERIE (Qo; mm) & DOHEEBERER
(Fp) & Lz, 22H/KkAs Fig. 25 © & 5 1S Biglion A
Foss7eRREonud, ERor—7 2o
Wi A Foys 7 bARESEECETT, &
EHHONBEET - 1o, SBES I EEREES
HE%i L cHEERER S L, ARHE»SH
BEEHHEAF T ABERERE L, BT
Rt o4k A %684 ], BRIK238HIT
& 1o REWWPAKNS FO s F 7 % Fig. 26
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4.2.2 HEERHOR4RR

ARIRo—KBNE & EERTE & O%E% Fig. 27 i<, BREED O BERHEL Table 17 087,
IREORDE S BHERNS L, 1) BRESHEAT S LHBERHELRKE LS, 2) HEOBEBENT
REAEBOZh LD KEL, EHROKEV, 3) Pr<30 mm OEFRLFIEMEBLT5% LTFD
bDODBEV, 4) Pr>70mm OHAKPIC B W TOEEREE IS LN TH D, HBRORAEMSRIFTH
%, —7%, BitRic ki 2 BRREEB O EER HRIT Table 18 D & 58 b, Bt A Fild & v H#E
FHBAE LD, Pr<70 mm OHKFIRVFN & EERER 0% LT L BERMBFTS 3,

A RBOEBERHBOREBRELRIBEOMBIRE L HERHEL ORI O EET S, OHRKOME
RAEEIZ, Fig. 5ok L7 & 9 icfgistiRs, B, it 5780, Zh 2 n 2 BEtEmiER (As=55%),
BRI (Ac=145%), WHITRE (Ar=800%) &4 5, 751, Fig. 26 Otk 1 o s 35743,
Tt~ 3 BEEHOSREBBEEHAT IRENEAM F 757 ThH 5,

—pERNR 30 mm Ll F /Mg dik (Fig. 26 O~4 Fo 757 No. 1) iEHT 5 &, BEREfRHR
(28%) LiBEMHAEE (55%) OHEL S, FisAs BRUY %, @EEOEHVLETEL WK
DR, HIBESNERZL3FNT oRURAERL VAL I bOTH Y, BARORERIIE
HHERE, R RO —FHERE T 5 X (HEWLETT, 1982) L& hTWV5b, &LIAT, A
PRI 3RO ERR O TR BB S D, 2omER (A RFEEALED 55% 1cHYT 5,
ft->T, —MAFER 30~40 mm F TO/NMNIKGEICEREC S 2 BEESRERESE LD, Ml
RUOEMTREBHAHEDCBB LEEIWILEIONE, BEDOF, H¥HEOZ N LD 10~
15% /N& 1% R T O, BERHRERTS 2 BEAMESER IR/ T EHRSN S,

—BEfE 30~70 mm O hEEEHA (Fig. 26 @1 Fo 7 5 7 No. 2) OBEBEHHER, P94~
12.1%, %% 63~116% (Table 17) TH 5, —HME 30 mm Ll Lic 75 5 & GEEME 20 ETMRE &
BY, TOXBE~OBHNIETXTEHERHRSES 3, ¥610, BEHTRV->HATETICRBLLH
ks, HIRECH USRI PAEKRE L RERATH 2EEEPFHEFOEAED S0 G T
HHIERRIEARET 2, BIBETHRRAL I, BHOMBERERI—-BHEN mmBEEE T} 1%
PIFTtda0ic LT, —BHE40~80mm &3 E 1~4% b Roht, T, HithogKH
FEMEE 4% EET NI, FREERICREL T 1% ORHEER (004X As) MFfcicdlUr
EEERKT B, o T, MHHUKOEHMBLOERRNREHE ST 2L Fo2As+004Aq &4, BHE
WIHR6~T% L Tl %, EEO Fp Ik b KEUHEERT DR, BBETL BB IcET S
REFTRIMFEsFEEL, HEREES LD EEZ LGNS,

—MFR 70 mm Ll E (Fig. 26 D~ 4 Fo 45 7 No.3) OREERHRE, TEBHKD 15~20 {50
HERLTVWS, COBRE LT, HBEEOEKXELBHEED O ONEHEHOMANEL Sh 5, Wil
S OMBHBRE ZBOTHBEHEFLEZL on, A, BEREHE oK T OFEMAERHERI
HEBRED 07% UTTH Y, MMTRTEIOMNSTRBERSIEHTHELENTVS (PATHAK ef
al, 1984), #£- T, HERHBOMMIFERL v sh s blEROBRcL3bDEEL SN,
o, SEITMENEVEACEERBEXSVERERON S, Thid, fmfosaimEkeis 102
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Relationship between rainfall and direct runoff at A-watershed
Table 17. A Filgic 817 2 BRSSO BHEH HR
Direct runoff ratio at A-watershed
Class of Rainy season Dry season
storm size - —
Numbers Mean S.D. Numbers Mean S. D.
(mm) of data (%) (%) of data (%) (%)
0<Pr= 10 111 3.2 2.3 55 2.9 1.7
10<Pr= 20 162 4.1 2.3 71 3.1 1.7
20<Pr= 30 73 6.5 2.9 41 4.3 2.8
30<Pr< 50 83 9.4 4.7 41 6.3 3.7
50<Pr= 70 19 12.1 5.2 8 11.6 7.6
TO<Pr=100 14 17.1 12.1 5 10.6 4.1
100< Pt 10 27.0 17.0 6 17.9 7.8

Direct runoff ratio is calculated by dividing amount of direct runoff estimated baseflow separation procedure

by amount of rainfall.
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(cm/s) DA — ¥ — (HKOEREBEICHETZEH30mm/h &753) EFVLHESL FHAKSAE
e LTHRERCHT L, BEHROAEAPEERECE I -0ERTIHREIEL SN, BEKS
EARIRIRERICE U Tt & T, RESmERZ Y T Fo=30% B THls h 3,

AFEIC B 2 EBERHOFREBRE, D rERRR BB > ORERH, 2) Elrook
HfH (ERANK &) EZSEE» > O PRIROME, 3) BEROFKHIE( L & BEEH 5 O bR H
DA, DIBRE,SL L, SRECE T PEERHNBOZHE, O BRI X 3 PRIKHES
DEDERML 1 ER LRSI NS,

4.2.3 ©— e

AERICL Y AFRBo ¥ -7 R v TR 5,

Qe=1/36 Fp-ru- A (9)

LT, Q; E—27KE (m¥s) Fe; fMHHK

v ; BOKELERS AN O LB FEE (mm/h)
A ; FEEE (km?)

AEXOBERIZY Y, BRIERMOMTESENEETH 5, ARXOIKIEHEIE, BREE%
LB (2 T3 2000 THREFESL, BETERNREES L RESRRT B8 6 & Ll
TN BRI IRE E g BER & 3 2 BENEE b (b, 1985) ERHW 7o, BUKILEERIIME 4
DHKIZ L DRI D 40~2200TH b, ZOEIFEIR 1205 TH - 7o

WHFEE (O RERTO 10) RO XS ER L TR Sh, HKBLERRIN O EEBRME (t)
EPHEYMEREE () OELTRDEIEMTES,

Fp=(36-Qp)/(A * rm) =T&/Tm (10)

Fig. 28 2 v & 1z S DMERER LD TH 2, BBLRA, rm<30mm/hEoD Fp=01~03 Th 3

(Zhi3 422 THRNEERHELE —HT2) OIKHLT, rm230mm/h &% 3 & Fp=06~08 %R

Table 18. B fiEOBREEIOEEHER

Direct runoff ratio at B-watershed

Class of Numbers Mean S.D.
storm size of data
(mm) (%) (%)
0<Pr=10 47 8.2 5.4
10<Pr=20 79 11.1 5.6
20<Pr=30 51 16.1 7.8
30<Pr=50 25 21.8 8.9
50<Pr=70 6 18.0 5.2
70<Pr=100 5 30.0 4.4
100< Py 6 39.1 17.1
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¥, Fp>06 LI EDHAH (Fig. 26 D/~f Fu ¥ 57 No.d) ikoWT ¥ — 2 HBERERKE TORINER
ZRp B E, RMWE 100 mm LLED b OEKRERS T, BARKHGE 083 BEMFE 230 mm T -
oo Th& b, -7 RBRNE TORMNBLE L, oK EMEANOEHBREENLKEVLIRY
RHBKIKEL BB L BRD 2,

) ROGHA%L D) Fr v & T NUEBKBERBNOBRBOM %MK LI»%ERL, 2) Fp- A
EFTNETREOMBBRHEE 2 - 2R EBRENS (KT, 1980), BERKCHHHE 38T
RHE L - RIBAOBR T NTEERBESICE 5 SIRETHIE, Fp=01~03 i3 Fr - A ORI
K OHEARIRETH B (333 OEEH 5 Fp=045 BE F TREATIHE) 25, Fr>06 3 F, - A ORI &
DHEAT A L IRETH 3, HARS (1979) GHALEOKXBNRESEHEL, BRAREBETEER
Fp<1.0 & BFR & FBUKBIRMHic ki 5% 2 PRI OF VlR TR, BREGE> S -7 RE
RAHT TORRKESEVEAR Fe210 SN0 2 L RIEHL TV S, -7, Bl
ORFUAFRETIEAEOBENTIE Fe=01~03BETH 55, KEBITHOBRIKIITHE 120 mm,
¥ RAEARE 160 mm 287 5 FMECE, REEL SRS APRIKOsIC LD, Fp>
06~08 755 &3, FHIEILNBZHHBRERTH 3,

4.3 EEFLESHE

4.3.1 HEHZKBORH®RE

WROFHBER L VI RAad SEERBORHBEIC >V TRITEITI, Fig. 29 &, A KU B
OPHABRER Ry SFEHAHREER Sn) COMBERLAZGDT, FAFRIAZRL TV S, Th
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o ¢
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Fig. 28 A WEOFHHHREK

Runoff coefficient at A-watershed
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kb, 1) PHAKEBRE 10 AL SBFE I QIch I TREERID OV - TE2# L, 2) EFTHB5
~8 BOMKHEEEHEOMRRL VSV EH00h 5, BB, BRIZEO /L — 74 A Fil & L
THRETHE VO, BRI S AFELE V2D 11~ ADDROEENRM L LR LTS h 5,
COLSBRHERE, FHROKXVHERED - LA0HEL, TOTIKLE DEELG DS SHROT
MRS (AEHAEFRREHERD TRESNES, IMFETRFLERRTH S (B, 1987, HE
WitDw, Table 14 iR Lo HBEKH, B, FREER, ABROEIEBHIC SO TEBRICE
HAKRERE P AREROBGE LK (Fig. 300, 12 A& 1 Bld Re=5. (ZOHHORHBREE
HHESEET 520) EITEMDHT 35, Rn & Su & OBHRIZIERBERICS 5, (LRI
TIR/DREED 12~2 AD S, 23 Re 2 FRIZRKRHBRA LN BN, 7 — =+ RABHO L S SHKELL -7
HEB SRRV, TOXSi, FRBHETR OO S LS SKRHEFIE, OXO MR TRERIKT
HELEsh s, Chid, BREATBDEEL, BERBE L THREBIKHT 2 2 crokiEh (C
NEFHNRETE) BHELHEELONDE, T3y 7Ky 2 X - EFINICE, ATITHLWEY
HAOTH I EERBICERSNZEETHEEN Y 250, CONMEREEA BB LEOIIHA
REMRIN B,

T, TEOHEMRIC L) AR AREREE L BRI ENLT ORRENSTFLET
L EHEET B, Fig 31 i3 Ao ABRE L ARERE % 1983 4F 10 A~1990 4 9 ] £ THZRS|
PR LA b DTH B, BRI O, KBRS LREHIE (RO SMIZIBELC) 28 A

300 7 - = v B
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Fig. 20 SE¥HBERE & Vi B oBE
Relationship between mean monthly rainfall and mean monthly streamflow at the

Laboratory
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AT 5 ERERHEBMO 1981 5 1 A ~1986 4F 12 A ¥ TOBRF| 454 (Fig. 32), AR ®
FeR¥| (R} & ARERHBORSRS (B) &A%, Fig 30 O & 5 cHHBEBIRICH 2 LGE L, B
4 205 HELT, (B] % 4t (4t=0~8) F2oFHLAMS, Jt T&ic (R) & (B) &AM
BItRE AR, Z ORHEBNEHE L2 (Fig. 33), AIRicBiT 5 (R) & (B) & OMHEBMZE, Jt
=2~4 CHEMMEREOBKELZRT, Chid, BERTRELHASLBICTH S WEERE &
LTHBCRIET 201, L0~20»A%TH5 LIRS 5, —F, EEAHRE TR Jt=0~2 it
KiERL, UT2@icEdd 59, ARERHBOBMENZ 05 »HEBELHES WS, - T,
A RBRIFEERKEREL v AREFHROBEENL | 2HLEEL, 1TEOHHMBELEAZ VIRET
HBLEEHTENTE S, )

iz, SERBICLOWEDRSRIL 202 RBEHEOME S 0 EET 2, (LGS TH T KEH L
fibhz 0B EEL» SFRTERTET) ThY, 2024 2EEE, ) KiRoMH,
2) REHORIELEL SN 3, HEERE I OMERREE IC & v EULE OSSR T2 BN
EVORXLT, EMEREIEBRILI N TV ABANE VLY, BILHFOBRBLAAE S KITEE
BROKZVGDEEZ OGN E, T OMED, HEEHEEIERSERIRE BT 3 {EKERPLHEILEE
(Table 16) OZERICKB L TW5, KT, LEHED > BER~OKBE Iz >V T Fig. 34 O EXIC
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Fig. 30 HFABMC B 3 FEHARNRE Rm) L PHAKER (Sm) oBRE
Relationship between mean monthly rainfall and mean monthly streamflow in forested
watersheds in Japan
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Time series data of monthly rainfalls and monthly baseflows at Hitach-Ohta
experimental watershed in Japan
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L OERT I, BOEALZEHOBE SHLERETE, SEROmMESLL hot-BHEEVY, &
ERSES T KEREOL S BHELEZ L LN TES, BERTHAHEHTEREL LKL E
HofeBTlAKE UTEER L, SEScT#ke LTiibshz, SEBEIKIEEEC &L
T/ (BfIFEKFRE 10 ~10" DA -5 —) LWEOTLE (10304 —5—) LHHEBEERT D
BREZ~ORE & HEEL, @RI N 2HKEY - D EBBL TH FKBICEET 2100, BiHE
NELOEERBE L THIET26DLELONE, COT o ADRTBOHBEYRTHS, —H, &
BARHICRBZINIBERORBES 2 IR0 EHRIRIE, LTREH 1m LT &M U T AR
BOBEHINE I, HERTREL LFASBERCHTRE LTHFBESNEL D, BB
WHT ERABE VLD EEZ SN B, - T, BEROREIREFHRE L BEERROBELEN % 4|
Rt sHELBERTH L EEEINSD,

0 ARXEOHERE I, KEBREE TKORST, R, HEKE, FIIEOKX Y R F a0hE
HifT 2 0IET S EGREE VL, FIDKOEENRE (1) {REEFEE (V.mm) SHHE @Q:
mm/y) »5t=V/Q & FEEIN S (HTHHIE,, 1981), KR XOBEEN I ARFRERT & HRE
SRS & OO X L GHGE L Ao KBEOBORET, KFEOHEBEI TRV,

4,3.2 HTFKEEAERE

RPN ORIKE Qo) 1B, RBCEBS -t FheH8AS Ic LD hA RS WEREN % T
T, COMDONA Foss 7 MR (1) AF-3988Eo (12) RickbvFzxsh, BiE
PEERT KE D o O T AKERN, RESAREH I KEDL SO T AERRNEShTVE (BF,
1980),

Qc=Qeexp (—at) (11)
Qc=Qo/(1+B8yQ,t)? (12)

TIT, QR (mm/d) t; BBEK
a; B T OKERERI (d7D
B ; FHHI T AGERREK (dD
MW FAGERE 2B 5700, BREKTHR3IDBOORHRSE Q & L, MEFPMA 10 8L ES
ZAKHBOBEREITIC>WT (D), (12) X% 13), (14) KoL ER LR/NEFEIC L HHTK
BREGEE o, 8ERDT,

InQo/Qs=at+7y (13)
VQD/QGAI:Bt+§ (14

Fig. 35 i3 A RU BiBOYIRE L T KBRFEROBBRERL LD TH 5, MBEOBITRI—E
DORFESEAD SR, FEFCRENE A B TR a=0011, §=0003, BHK TR a=0015 B=
0005 £73h, THEBOBOOFRIC BT 2 T AKERMFBROREMLET 5, ChOoDEIERH,LOE
HA0BTHO DT, BRHOBEBEIDLTVLOLEEL NS, Pt OSBRI 19844E5
H 19 H~6 B 26 HD 40 HEET, FDKED A RO T AERFEK I =0.0058, §=0.0018 (Fig. 35 @
RAD Lap, REMEO/PESEER LI, KiZ, BROKBRKICH T 3 TEyReE & T ks
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BEBMOREMEERT &, Table 19 DX DT 3, 55, FIHFKERE BT FAGERGHE ORI
HUEHMEBERORD SN IFRFHIT>VWTREBA L, Thib, 1) HEEHRROM FAERZERIT o=
0.020~0.110, S=0.008~0.150, TLiHEFIRDH TAERSHIZ a=0.008~0.022, 8=0.003~0.015 T&
5, 2) PR 026~31 (mm/d) TH 3, < DHREZFRBH O T AERFRE a=0.011~0.015,
B=0.003~0.005, #IHAKER3.2~37 (mm/d) LHKT 5L, 7 — =+ ARMOM TAERAEE G, ¥
REHKRE M FAREBREEA NSV Ltk 5,

Fig. 36 3 RHABHMOREZNRH T KBREEZRLLbDTH B, I T, 2HEBOTHFERHSEL &
TET N, 1 TKEMFERO/NS SRR B0 LBHNE K310, HMTKEBREROA XK

PRI D45
Characteristics of basin storage
Pz AR M Rkl KK et
lagtime groundwater Baseflow
storage
I itk I=1) -2 EAN

| Watershed long large much

I ek M PE RIS
1 -Watershed short small little

B

TR

Saturated zone

DESOREL 12K (1)
Developed watershed of riparian area (I)

paFig

Saturated zone
Undeveloped watershed

BIERORRFLHE (1) of riparian area (I

Fig. 34 REHOHE L EERBREOHSK

Conceptual diagram for the structure of riparian area and basefiow generation
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MEEL OGNS, FlAE, ILONIREE RN 2BRESRE OEL SO & 51T, I FAEREE
DNS KRS, 2 OM FARKERNE 55, F1, Table 16 DFKHIFE & Table 19 B RF
HFAEHRFRH - OBFRICHEE Y 3 &, @iFOMIC RIEOHBREGELRD S5 (Fig. 37), T,
TKBEHSEONS RFBEIREAK /D& CHBOBESEVRIRTH 5 EERL TV S, FHiRl
P ORE D S ASBHGHE FKEERSAE L, poElo—RESSVHRTH B A REHIL 72
B, M FRERSEO R D S bRIKOHERME ST

7 — = ¥ (REBX TG 1 040~1 080 m HIHH BRI (Eith & Pt AR 22 EAHSATY
5%, HHFHOMITHR L D FERIEERNEFEOBETH Z & & bICTKEEOBETLS Y,
o< 7 oI REENERIAT 5 -0 I IREROFEIBH CEEEEL 5N 5,

A R
A-Watershed
— .
0.030 . . R o.010 .
2 . " .
e o
5 T o
T
Z £ o020} =3
& S s & § <
B g o ¥ £0.005
2 ® °‘——t NN o o £=0.003
g S o0.010F ® ® oo 22 o2 o
e 8 o °% ' =" .o {~ * °
= [ J .\ k= e o
0000 l 1 1 4 0.000 I 1 |
0 2 4 6 s} 2 4 6 8
PIHHER (mm/day) PR (mm/day)
Initial flow B it Initial flow
B-Watershed
0.030 hd o.olo1"
: o
b L4 > [ ]
3] ® <
= - o0.020} ° c : o°
%5 ol .
¥ g —eo o ¥ £0.005F o— .
g 5 0010k & a=0.015 E E " £=0.005
"%' z . e o % 8 °
L b V_ & ®
2~ 2
0.000 L 4 4 I 0.000 1 1 1 -
0 2 4 6 8 0 2 4 6 8
FIHKE (mm/day) HIPHER (mm/day)
Initial flow Initial flow

Fig. 35 #IHME &M T /RKBRGHREK & OBk
Relationship between inital flow and recession constant at the Laboratory

a : Recession constant of confined groundwater
B : Recession constant of unconfined groundwater
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Table 19. B FHIE OM T AKEBRHRE

Recession constant of forested experimental watersheds in Japan

% 369 =

HEtE b WO s H Z N | gne a B
Experimental Watershed Geology Nunmers | Inital flow
site of data (mm/d) | (@D |@™hH
1 5R HRE 17 0.43 0.110 | 0.150
4 No. 1 Semidentary rock
Kamabuchi |2 BiR HERS 17 0.56 0.090 | 0.085
No. 2 Semidentary rock
b TEe, s 10 2.76 — |0.025
= Honryu Granite, Semidentary rock
Takaragawa #] R HeE S 15 1.00 0.065 | 0.060
Syozawa Semidentary rock
EHEKH MRS 25 1.29 — 10.010
Hitachiohta Semidentary rock
Lt LS 18 1.90 0.008 | 0.003
BER OB Yamaguchi-gawa |Granite
Uratsukuba | #2 7 ¥ {ERE 14 1.47 0.015 | 0.007
Sofugamine Granite
ROE A= 17 2.06 — 10.015
Ananomiva Granite
BB U=y 25 1.99  |0.020 ) 0.010
Aichi Shirasaka Granite
ool i b= 22 1.98 0.025 | 0.010
Higashiyama Granite
= it & HeRE 22 0.26 0.020 | 0.030
,EF&%E#{I} Kitadani Semidentary rock
kuchi- M N HiES 18 0.27 0.27 | 0.035
yama Minamidani Semidentary rock
R 3 MRS 13 3.10 — 1 0.012
* & Nishi 3 Semidentary rock
Ohyabu 74 WS 11 2.71 0.025 | 0.008
Nishi 4 Semidentary rock
18R HERES 23 1.27 — 0.025
No. 1 Semidentary rock
£ 2 5R Hes 23 1.32 | 0.0250.030
Sarukawa |No.2 Semidentary rock
3SR HeEREA 23 1.51 0.035 | 0.020
No. 3 Semidentary rock
A FEi bjdraE=) 23 3.77 0.011 | 0.003
y—=4 A-watershed Granite
Cunha B #il 1EmE 10 3.20 0.015 | 0.005
B-watershed Granite

a represents the constant of confined groundwater recession equation.

Qc=Quexp(—at)

B represents the constant of unconfined groundwater recession equation.

Qo=Qu/ (1 +AVQe)
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Yamaguchigawa watershed

50
.o ,_ A Filk
—~ | a A’*A,‘ﬁ_;:‘\.*‘.\’-'—o—o—o-o A-Watershed
> & B e .
= qé ' R PN L1 s 11T -
Q. "
g S 10p—9=%0, b P S
~— b Y)\O—Q -"—.—N\. Higashivama walershed
w
m _>: \O\ 2:7“|'Sarukawa No. 2~
H = oosb— - 0., 2 TR
g8 [ %o
s
. £l . i ]
Takarakawa
| MR Syozawa watershed
0.1 [ I W R S Y S N T U W N N S N T Y S R S |
0 5 10 15 20 25
R R

Days

Fig. 36 T /k#Ewiih%R D —H|

Example of recession curves in forested watersheds in Japan
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#5) 3 - r 09248
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ﬁ r L A hd lgéi?i:r,lgrtuary rocks
B ety
r‘ Gnanite
A 77— =+ ABM
Cunha |
0.001 L 11 i1l 1 il Loidd
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HRULIRE

High flow-low flow ratio

Fig. 37 Fslir¥s & T AERGREOBK
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Relationships between high flow to low flow ratios and recession constants in

forested watersheds in Japan
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5 EMEFRBEOMLIARE

AETEAHNKCEBR» SBSNLAIRE, HFRBEROKNE, GHBRLV HEHSEEL, X

SRERHL DK LB DR & ISR B,
5.1 #EKRINX

—iic, BKAHREL REEAR P ML, > ORMARSBHATE MBIV TKELRIET S
KRFERRBRDO LD ickbEN B,

P=R+ET+4S (15)

cCT, P;EMRE (mm) R;FHHE (mm)

ET; F&&HE (mm) J4S;#HETrHEOZ{L (mm)

(15) AT 45=0ThHtid, P-R LOERERBBLHET 2FHTE L, BERRTILTL bK
FHNTAS=0 L BH AL ITH S, LLUEMS, BEKBOEVEKHRZ 10 EROBFKH
MREMHTNE 48 BRLRERCHE L T/hE <D, 2 1055085 5 R EFgEARE
EHOVEHEE KED BB LS8 T VS (WISLER, 1959), Table 20 i3 A KD 8 KEDEAINK
FKTPHERRR 23818 mm oxt L TEEERBRIZ 16702 mm T, 4S=0 &+ EEERRHE

Table 20. A DKL

Annual water balance at A— watershed

K M HERER | EERER FE HAR
Water year Annual Annual Annual Annual Annual
rainfall | direct runoff baseflow streamflow losses

(mm) (mm) (mm) (mm) (mm)

1983 2583.5 197.8 1630.5 1828.3 755.2

1984 1852.0 148.8 1197.2 1346.0 506.0

1985 3113.3 748.9 1973.5 2722.4 390.9

1986 2378.6 184.9 998.2 1183.1 1195.5
1987 2602.3 230.6 1734.6 1965.2 637.1

1988 2191.2 221.9 1370.4 1592.3 598.9

1989 2466.1 199.3 1326.2 1525.5 940.6

1990 1867.3 187.9 1010.9 1198.8 668.5

¥y Mean 2381.8 265.0 1405.2 1670.2 711.6
B3 Percent 100.0 11.1 59.0 70.1 29.9
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27120 mm E73 %, FEREEL 400~1200 mm EZEEESAZ OB, KIERKNT AS=0 £33
lEiERTEY, AfiETI (15) ROFRREBLERIBRLTIOBRYLEZI SNG, TEO
Ao B P RRBEMEERSR T - I DEETE B0, SEBRBHOSEF -2V T E Y
A& b ABIOEHEFEMEE (Ber; mm/d) 2B L, FRRBAELHE L 72 (Table 21),
Epr=0.140 Do’ q (16)
I T, Do; vlf@kefE (12 h/d)
av; HIEESKR W 2 BfneEshg i (g/m®

BEO LD CKBBHOFEA/ NS, BREBVHEPERICAESHEHETIRMHOLLETH, K
BEGICE2HER, FREIL LD CBXYOBRREBEOHEECRILALENTHELOERGH S
45 (HERR, 1974), T TRANOERKEEEER ML L2 BMNEd 20K ELEMH L 72, Table 21 &
D AHIR DEREFEAE 2 T00~800 mm &EE S h, KIGEHER & 2 8 KEDFIGME 712 mm 12 FHE
RAWBRE L TRERYBBEEHESI NS, /2, BRIEOHKINE (Table 22) OWIE I3EMRE |
974 mm, fEHHE 1390 mm, EHKE 583 mm T, ERFRICHT A ERHBROERABOEAR
ZhZEN 0%, 30% L1350, AFREERSHERMNEG S N, FEBRHEREE 23° 13 O SR TH
EPERRMBRITERBON 0% DKV, Thid, D EEZH1000m U LEOEHTS 78T
BERA 165°C LEWT &, 2) BRICLDE > EXISHNVALBENRE LT, FHEENEVT
L, BEOHRIIVBREOE&SIIERHELDLVWEDEEL LN S,

HewLeTT (1981) {REBEH O GEMAY T @%E, £HHRO 0% GRERHRT, 30% SEERH
BTho), LAFORFLEHEATEDNRBRRISHKHED 86% SEERBETHZE LTS, —
#, BAROHARKE TR, BHEIEROKKCRBREOSHHRIChD 2BEERBROBARZH
F0739%, 66.6% TH o, WHEAKHARKKI672% TH 5, COLH K, SHBBIC 5D 2EBEHRHO
HAH 0% BEOHESE VLI TH B, €->T, AFRES84%, BHRH 4% &\ > KLk
T 2ERERHERSOEEBKELHRETH D, THBAABRMOFEKNZ BT 258 TH 5,

52 REBOFEHEL

AR & L THRHBOELERE R, T TREOEHEFHCH>VTRINT Z, Fig. 3813, A
wE o ARRE ARERDER BHRBROSKFOESEERLLLOTH S, JoOMIROKRE,
WE (10~3B) L%F 4~98) caidoh, thtd, 5~8 BHVDRMEL-TWwW3, HHRR
NEORERDE VL, NEORFLOMAL, EFOAKUBRCOHMoABRNRIYZL LY
G5B, TCT, AMMBERMESCHT TR 5 &, ABEMRTEG 10 A 28/ME (FRERH
BD54%), 3 A&EKXE ([6126%) &3 2 KEBRMOEMES R L, DREABOKMEIZIAIB I
HE#HEBESTH 5, —F4, AEEREE Fig. 38 0 AFHE & ARERHBIBE hicEaT, 12~
4 Ao 5 »ABTEEBERBEOKN 83% hiitd 5, ABNBRUARBEOEME(LREAKEICLD
L83 55, BEEKHBMLTEBBUR, Fig BRI EFHEHERT I EMNIh -7, &
to, ARMUC B A EBREORE LLEOESEISE, 67% & 33% THHOIHML T, FRHE
DENIEE8% & 42% Th -1, TOEI I, BFARVSRBLERZL L HOFHNBRIBEL oD
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Table 21. FHFMAKGABRHMOATHEARXELER (~e ek 3)

Potential evapotranspiration at the Cunha Laboratory

Year 1982 1983 1984 1985 1986 1987 1988 1989 Mean
(mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (mm)

10 71.3 80.8 68.0 73.0 78.9 74.3 84.2 73.4 74.6
11 78.5 85.3 69.3 70.5 75.7 81.3 81.8 70.9 76.2
12 72.3 72.7 68.9 66.1 72.7 80.4 78.5 68.9 72.3
1 56.4 69.5 67.9 59.9 75.1 77.3 79.2 67.9 67.9
2 54.7 56.0 54.0 53.4 62.0 58.7 58.7 49.7 55.7
3 53.2 63.7 52.3 56.5 61.4 55.5 57.9 55.2 56.9
4 45.4 50.8 45.4 50.8 55.9 58.9 54.9 49.9 50.8
5 42.6 48.9 49.2 44.7 56.7 53.8 52.8 50.3 48.9
6 55.0 50.9 46.8 41.8 48.3 50.3 50.3 46.6 48.3
7 56.7 57.0 55.7 47.2 56.7 65.0 48.9 49.5 53.4
8 66.3 55.8 60.0 63.6 67.1 67.1 60.7 58.2 61.0
9 66.6 61.3 62.0 71.1 69.0 78.2 75.0 65.0 67.8
Annual | 719.0 | 752.7 | 699.5 | 698.6 | 779.5 | 800.8 | 782.9 | 705.5 733.8

Potential evaptranspiration (mm) is calculated by the HAMON method using mean monthly air
temperature at the meteorological station of the Laboratory.

Table 22. B FBOEARK

Annual water balance at B—watershed

K MR E | HENEE EERHE| KR BHEERE
Water year Annual Annual Annual Annual Annual
rainfall direct runoff | baseflow |streamflow losses
(mm) (mm) (mm) (mm) (mm)
1988 2000.1 342.8 1125.6 1468.4 531.7
1989 2165.8 376.9 1136.8 1513.7 652.1
1990 1756.3 358.0 836.7 1194.9 561.6
FHg  Mean 1974.1 359.2 1033.0 1392.3 581.8
B Percent 100.0 18.2 52.3 70.5 29.5
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bHo¥, HHBOBY WIS VWOBERBMOKFNERTS 5,

DRV (5~8 A) o ARSI 50~60 mm/mon SHEE SN B (Table 21) 729, T OHIRIOK
WERRARRBCHHS N, HTKOLABBEICLOBLVEDEEZ OGNS, F/:, ARERHREIZI
Ao b LT 10 Bic/MEEL L E), 9~10 AOBRRBORBI I LEREOHBERT LT L
DHEINE, f-T, AEBEREEOFHE, SN L T, AXBRHICET 2RHOM FAPAE
ik 11~3 A, BRNOTEREOHRER 4~10ATHr5LEL SN B,

5.3 KHBRELFHEHRROES

FHKLEBRICE D A RBOREERAEET 5 LROK KN 5,

D ERERCHTAEMEEATRRIL 823%, EHRRTR 1.0% TH 5, - T, HFHMcIER
B 16.7% SFAMEEIC X EN X, HERFMICIET 2MBE833% TH 5 CEMITH.

2) EHIMED > OEMBHBBIERFROD TS 064% T 570, HHIREDS S OMERFEE
BED THBBREMEE S h, MREICEEL LFKGRE L DBKMFHE L3, BEL LEKE,
HEFTRMARBRE L THEEH L, SEBcIrEsns (H8Kk38,

3) BEMIHMTHEEIVEORRB, SR HEETHY, HER~ BN MmE» ofbs it
Bk, 1BhEY - VB FERBL THITASCEL, HITKERES MTFAEH . BF LRk
3, BHEC I~2 > AoKBENEHVEERR L L CRECKEYT 5, FSEERHBIEBRRED
59% % 5w, FREFELTREL TV S HERE

4) EERHEEREKEzhCEET 8IS o REL, —BRBOMMC X 2 BAMRORK &
BES, S n 2B LV EBERHBROMAT S, LrLENS, EBRFRICHY 2 FHER
HREH 1% TH 0, BEHORFIHREEL SN D ([BEEKH.

5) HARREHMBIIANIXLVEBRRED 30% LHEES N, T ONRITERTENE 17%, t#h
DOORRHBIR 3% TH D5 (BAEHME)

T IT, BRROFHERANCIERY 5%, FRAER 2300 mm S A RBATED X S HES %

400
- Hgﬁ%
£2300 | L=
w
=1 o 1T .-
5*!5200 | ' '___.: :___ Hﬁ:ﬁji
m: __l— , Str:eamﬂow
o ...
25100t .. L
T HHEER HE

Baseflow

0 OCT.NOV'DEC.JAN'FEB MAR'APR MAY'JUN. JUL."AUG. SEP.
Fig. 383 HE&mE, AREBOZFHEL

Seasonal variation of mean monthly rainfall and streamflow during the period at A-
watershed
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Rainfall
% J550 5
2 300 mm
'[v
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AER i 78
Interception storage Interception
- - HrEw i
~Runoff ‘ 390 mm
] A Stemflow Throughfall *
E%ﬁ—FE ﬁﬁﬁﬂﬁ Evapotranspiration
24 mn 1770 um ARHa
Surface runoff Net rainfall 700 am
iﬁﬁﬂj ﬂﬂﬂfﬂé ﬁﬁ Evapotranspiration
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[ iﬁ—qﬁ ‘
Soil moisture storage iﬁgb) ‘5 D
e W £ T x> AREE
]nt‘er‘ﬂow i . 310 mm
i g | ST
; —— IR E
i AR
' Groundwater storage - Evapotranspiration
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=R 3 Aieh: o EEKEE
255 mn 1345 am
Str‘eamﬂow !
2RtE |
1600 mm I

Fig. 39 AKB#HRELCE T I ERERORES (A FRED
The hydrological processes at A-watershed

The value of hydrological elements under 2 300mm annual rainfall are calculated from
field measurements and hydrograph analysis
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b - T, KGR & 15 5 22 EABMIR L (Fig. 39), Mo B O RHIZFHRFIRIC B 1T 5K
EREEE, QVWKHEZOBRCARET 2KXBRERT., ERRBROES» 5, AFKOFBELH
HEBRE IR, BN SENITE 3K E T REE —EERRTH 3 C LhBERsh 3,

wiZ, ARU BRBORERMEOHED, RBKIZOBRERE~OFBRROE NI & ORIHE
ARRELTWALAEE T, MIRHOEBRRRICHT 2 ERER L EEARMBORSTER THI &
FLTH 34, FREBOEZERDREEERHBNOEAENEGHRN 5, BifgoE, MiEHot
FEE R OFLBREHE T AR EEI CTH 5 LIRET 3 &, MRBEOMERIC 87 2RHEENR, fkot
BEASEHEREIBRAELCEERDZ LM TE S, — 4, BREOREFOBES, 1) KRR TH 564
WMEOmERP 0% THE L, 2) THEMNERL InBEOEFMBEL LV IHHERE > TV 3,
oy, BRBIEEKHEENEL, 0L —BERBOMMcHS BEREROBALAEL
(Table 18), Chizd, HFKNXIKHWT BHREOHBERHENS ARBIVEVE VI BERIIRMSh
TW3, ARNEITT 2EZERIBRABE VI LR’ FRKOLE~ORSE - FABORDEEKL,
ZORRE L TRERHEACEDT 5 Lici b, -7, GifEofEtomEil, EHHE
LEERBBOEATIAOMEE L THMEa N3,

6 F|HFBROFEBIRO T FILE E KPR

FETIR? — =+ BHRAKCEROM R K- 2 RHBEO £ 7 {bEfTV, TOHEHEFVIZLY
BHRRIROKCFHFMEE L, HHROKELABBIEEE R EORIEIERTH 5 D0 KX FHEELMA
bR U

6.1 BEEFINOHRMKIEBRNOHA

Fe 7GR EOBUK, SRHAENT P LHIFRATEOZ LI S REHBZELO TR AV SN DR
W O—FETH b, T FMICE D RBOKCFENFMET 556, kB KkR]o TR0
73 5 PP OE RGBS EETH 5, COXIBBRELD, ARXTRAMEFVELT
4 € 7 (Conceptual model) W/, TDEF I, CRAWFORD and LINSLEY (1962) T & 0B
¥ & f17- Stanford model L[EFEDO DT, LUTO XD BH#MER->TW3, 1) AZITH5BHEIEEF
VOBKRERTH 2T EBET A/, EMCERHE LTRRH, 3@ E LTalilic
HAran s, 2) rEEMOKEEE, BOEOOIE#EICH L TEAL SN YERLIY Uit &
DEEISNTWVWE, 3) EFADF X — 5 BB, ERNEBRRTI Y Ya— 5 ORBLFHEICLD
HEXN DB (BLACKIE, 1979),

TIT, BMEEAENE LT ST FVOBEI VTR, HEEKCEFFFD Four-store
conceptual model {34 =7 @ Kericho & Kimakia REHIO KN LR O IcHREE N [ RIEEN
frE ), TAREIE [Tk E) R THPKE®E ] © 4 BHolr@E s [REETEEE ] £ D RR
T3 (BLACKIE, 1979), Moore 5 (1983) i3, WSz [HiEmEwrss |, [ 3% | Ko [ RkE ]
O3FEOFEEIz L 0EEL, 795 F TILIROAE S HRFRICERL TS, £, =a—-Y—3
v FRESREE O QKD ® 7 vid TENITFE ] & [Regolith store| @ 2 #5450, HERMEOH
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EicHWVShTWa (PEARCE, 1984), TSI, HBESEF AV TREFARERE 2~4 Bob ™It Ly
REsh, T ChRE» SFBSEEET) 2—>0HB &L KE TN, Regolithstore &7 b,
H B A R AR & AGRIH IS SR B & T UK S U OKRF B L0 s B, M RN
I ThH LM, HEEs oM TR~OBBE TS 2 MERICERARNEEEHETWIIAELL, Th
HEASHEE IS NI IEE RS, LerLUMS, BEOEOBHFRBEF VoL T£oH#
EREELRRET LR, 47 U ERSHREER =7 WORVWERE ST HOTIRES, B
FHNBEDEFVCL - TO AR REEBAEMEETHSEEN TS (MOORE et al., 1983),
PE-T, MHEEFLVCLOFIBOMAZFEMT 20 VIMERMIC LD, BHEZNBEFLVOBENR
RBbDEEZLNB,

wiz, BACBT SBFFIC> W TBET 5, B (1966) &, [IMHBAcARET 25BN, B8,
HHRUCERBOKXEHR 2 HHBOMBFK S s L0HHAL, ToBREKNTEFVRKE LTHERLT
Wh, CHRFRFROFHBRELEZ L LTEYMRFETH S, 1=, EE (198]) IBEOEFN
2BEBCHEEeFVERRL, SHEESREHROKNZICRRTHEL TRIL, SRARO KRB
BEOHB(LEIT- TV 3, —7F, L (1982) Biio/KEEBRICE S Rt € 7 v EERL,
HFHAESICER L CRFUARHBOBESEREB TV, 351, BB (1986) REHEHKHBOHTE
KRBIEENHRIHRERIFC LMD WO RRANTELERLOKBERE 7 VEHEL, %
HIRHT & BRI O KN E RS OFHERA TV B, TOL DI, HRRBRTERT 2 @RS A
Bl RO KBERE 2 RFEHSBR L VS EAL SRE(LL, TEARUBELREBC I 0 HEENERE
ENB LI REFUEMBITOR TV S,

6.2 FEHEMBOFLBIEOEFNMELZOER

6.2.1 WEAEEDEF VL

RHBREDO €7 bR, WRETIRBICERT 2 KCAROBESLEITY, ThELoMkicle
FMCHANTEDEVWIEERLD S, TIT, 7=+ BBHOEF LD D ORERNLEL N %
BHET 5,

FUBIE, ©FLoORREEE LT, Mifif TRBRTEREKIIORTERL Y, ATl
ROAMNEADBRIT 56D EEZ B,

PWO-E-1)-QW=SW)-S{-D {an
ZIT, P HEME, Er (O HERRRER
QL ; HAHE S YHOKENHE
S (- ; HiR OitEirHE

KGAB» o/ on-HMBIcEI X, Q(, SU), Er (1) OREBEIC W TEFTMLEITD KR
Bt i3 AR M & R L T, (LERE S S h TREROEMALVWEE TS 570, idiE
FHAEE REWEIC 2583 h 5, HERESERCAERS ZREARILUTOL S 185, HEHE
MHOREETH Y, REFRESERHCREY 3 EREEEY HiHE) t8EE,r o83, &
B, IWEME O LB EMANRIEBIC S 5 2 S 3FTH 0, AESROSIFIFE KR IZAEL02~1072 (cm/s),
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BEI0P04—45— (WKOBRBEEICRET 2 EH30mm/h) LREUSBIFTS 210, il
H~OBEHIZTIEFICREL, BELLRNAKRUARLE LTRERCBEHT200ET 3, AERIIE
M B 2EERHORE OB TH 5 L L it kOB TLH Y, HTKBTEHEs kS
EHAHTAREHY — b ITFABRRE cXhBEERKRE L TRBICKHEN S, BRI O
EHERHRAPIIb Y REE L 155,

AREBBIREIRO XS, FRPEATHE SN TV I E AEH TR, BRdMEc kY
HErsh, BHARKPAR LBERRET S, —F, BRI IRRBEMNC X0 TighoKks
DHEKT 5, HERCRARRIENTER CEEIEE150cm) » 5iTbh b, ZOFIHAEEL
KABRICHBAL S 5, BAESHOEMME TRM TAEL S KIS S 2120, BERIRF Ve
W v— P TIThN B, % 1o, BEMFUA OSBRI ZOhRMB LHES N 58, TIEKSH pF=10
~25 OHFEATEH L TV A1, LEKARBICL 2RABOMBERRIBRELL Vb DEEILN
3,

6.2.2 KNG ETIVOHE LT HE

FRLTREFVOBELHEB TS A — 5 OEIKXER L 0 E S h 2 RHORNKHEF V2R
BL, 7—=+ZABHOdOKNEEFVEBRE L, X7 VT ENSRE HIEREERCE
SEERIN TS, KEEFIL (1982) & L CEMBEN S HEKNTBEMOBES L v
P AR OMHBE AR L TV 5, 8- T, KIGKHERERS OERNZEMATEEE 20, KR
DHNTH 5/HFBOKCENFMcE L 2 RHEFVTHEEEL SN 3,

KK EFLOBSKIE Fig. 40 Dk 58 h, ZOBBERLUTOX Kb, KREIBROKTS
BHERIRET 5 RER E EERHAREST SHERE T S0 3, BB L SNEc FENET
Bl T18KkarE] THTKTE] O 3BEOBEEr S - TVw5, RN S EERH~O
THGERAY [HEHERHORERE] KIvHEshTV S, EFVODANGHERET, HHRHE
ERHE, ARERHE ARFABERUOENNE (BHB0A) THh, BBV FN&KE (mm/
d) T3, ARRBBEISIEBUBERO AEAKERLH, e ryREAVCAEEEARBIEE () %
AHEL, ThicWERE (e) 2 THE L, BT, SFrHMoBEERYT,

D ENT R o

T E S ORE I & S TR D, BEHH O ENRRIE 0 & T3,

MO EMRER (Iro) ; BHARE (Ar) LH3BO/MTEMNOBITEERE LD, HAFE 07 mm 2L
TR ERBNFE L, MANER & SIEENBOLRORE CEEBTEENE L4 2) 510116 TH 5
» 5, Iro RRATHE L 72,

P (1) <0.7mm Tro (1) = AsP () (18)
P (1) >0.7 mm Iro (1) = A {0.155P (1) +0.70} (19)

B OENRE (o) ; MR (Ao LFEAFOBRKFEKEZ ImmUTEshTHE B

1970) OTHFRL TR EMOFAENFHES 05mm & L, I BRATHEL 72
P (1) 0.5 mm Is (D =AgP (D (20)
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#- T, HREOEMHER 22) Rick
It () =1Ipo (1) +1c (D)
2) LEEREOREE

hRH LN 5,

5 369 =

(21)

(22)

TR G AR & PRt g oh, BEEKELRAL 286, HIEcRE L AlKE

P )
i
Z
Hillslope I (1)
Eq (it
T R\ %
N Ert)  Fsto

Interception store

Mo f=ommm - BN

Qr (O

M= - - 4

Mo bk--d4]---
N[‘m
S KR 4

Soil moisture store

B AKTRIE

Groundwater store

Source area

itERL o

L

Function of

generation

direct runoff

il

Qi (1)

Qu (1)

Fig. 40 KL E 7V oaX

v

Schematic diagram of the water balance model
The model developed for the Laboratory bases on the Long-term runoff model

proposed by ANDOH (1982).

P(t)
I+()
s (0
G(t)
S5(V)
Sa(t)
Q1)
Q(t)
Qs ()
Q- (t)

Es(t)

ErCt)

E:(t)

Ho s

Hy o+

K,

=3

Rainfall

155845 4

Crown interception
RER

Infiltration
#TFkERE
Groundvater recharge
THKAEEE

Soil moisture storage
MTRKEER
Groundwater storage
xR

Surface runoff
EHERLE

Direct runoff

Tk LR
Baseflow

E3ioksp ¢

Total runoff
BHEEroDOERHR
Evapotranspiration
from source area
BEREIODERL
Evapotranspiratian
from hillslope
E3203.8 4

Total evapotranspiration
BRXBEKE

Kax. water holding
capacity

Mgz ki

Field capacity
EXMEYNS
Rupture of capillary
bond
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EEETARBIEHIC L DEKO—EE K, FENL O TS S fL i Tk E O THRDE
NEBIER OFEE 2 2 B BEFIHCBZE LI TRk ABIZ7E B (KINZELACH, 1986), £
EHOHZ 18 150 cm % ERMIFOES & L, FHRAEIE I FReA B L THEERE
HZBIEXET AN, ANENCREEHEVLOLEET 5, BBROERYRBEIET v v -
L= FLTFE L, ZBREBIIFKITHEED SHET 2,

CIT, HErEE N ORERE L (1), AYNEL R (D, BEEL SORRHBEE (D) &ThH
E, TEEEEOKRITERS () 1 (@25) KTkEhs,

Er (=e (1—Ag) Es (V) (23)
Lr®O=P® - ) —Rg (V) (24)
Ss (D=8, (t—D+Ir (1) —Ep (1) (25)

TEKSTHBEOENLIBBEROEDICE Y, RATRRENE,
FW+S t—-D>Ms D& X

Or (0 =1{S; (41— 1) +Ir (1)} —Mqs (26)

G (=09 (Mos—M2) @n

Ss (1) =1{0.1 (Mos— M) +M,7} ~Ep(t) (28)
Mpr<IrF (D +S, (t—1)<Mos D & &

GW=09{S; t—1)+1Iz (1) —M,3} (29)

Ss (1) =[0.1 {S; (t— 1) +1Ip (t) —Mys} +Mi21—Ep (1) (30)
FW+SE-D<M; D& ZE

G (=0 3D

Ss (=8, (t—1) +1Ir () —Ep () (32)

3) HTFKEBEOHE

AR OFIKIE, HorTON O—KAH & RNt 2 & oMy NG Td o, BHEREH
A ORI HENEBICEAT ARNTH I KIC L0 PABI W TLWAE EEL S W B0, BN
RO FABHAEEIG L 72, MHEEER o T KESRGIFEMERE e 7T, HTRRHRZMT
KRB 2R HH T2 LEZL N TVE, BEMHOHERRR Es (1) @fF vyl L—t
(HERBR=HARBED TRAL, MTKEELVELT S, JIT, HPKEHEEEZ S, (O &F
i, HTARHER Qe (O & (35) RTREN, HTKEBRFRRIBE4EOMITHERLD =0003 &
T B,

Es (t) = AgE, (1) (33)
Sg (1)=S8Sg (t—1D+G (1) —Es () (34)
Qo (1) =58, (1)* (35)

4) EBEFRHOSREREE
HYMBRE4ZO—BHE L EEREROBME Fig.27) 25, kD (36), (37), (38) ATHE
L7
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0<P (1)<40 Rg (1)=005P () (36)
40<P (1)<80 Rg ()=005P (t)+0.15 {P (t) —40} 3D
P () >80 Re ()=0.05P (£)+0.15 {P (t)—40} +0.20 {P (t) —80} (38)
T, 005 2EBARHE (f), 016 2—RKEHE (), 020 2 _&KHHE () &T5,
EOHFBREMNEC L) PEERHBCERSN G, REFETOERD» S A filick ) 5 BiER
HoMEAKIE2HTHY, 2ORSRIIE 1 HEHM09, E2HEM0 Th-t, #-T, BYNE
W (39), (40) Rick b HEEFRHRCZEREIN S,

Qp (D=09Re (1) 39

Qo (t+1)=0.1Re (t) (40)
HEERR G, B @) XoBftEE 42) XoBRRBEL NS,

QM= W+Qs (V) (41

Er (1) =Es (1) +Es (1) (42)

PIESKRFEFNVOEETH 2D, BREFLDNT A — 9 ThH S HRRRBOHERRIACTEA
KORHBIEBTERVRD, RTHBICLVBET 2SENS B, &I T, 1983~1985 KiEE A%
FUDEERREE L, MIEREKE 43) RO#EFTBRATY tab—va v, (44), (45) RoHF
Bk E BN & T B HIERI =075 2187, e=075 3efifflicbi - TRV o,

05<e<1.0 (43)

FRNA Ko rs 7 LHEN Fo s 7 LoBaloRTE —KERo2FRHROBEEZE (FO)

E—KEMO HRHBOENREOEEE (F) %5HmMEME L TiT- 7

n=365 n=365 n=365
Fi=| n§1 Qo (1) — gl Qc M1/ ngl Qo (1) (44)

Fy= 1/n’§f5 {1Q0 () — Qe (O 1/Qo (D) (45)

TIT, Q@ tHEOEHAFKERE (mm),
Qc (1) st HHOEEHRLE (mm)
HRtROHEC S, HEKSEHABRUM FKEERBOVIAEE5A 20BN H 5, TIEAS
FEEGKRD (46) Xo#FH T 5mm BRI ARHBOHEEITV, FEREKERNET S Ss (D) %4
BiEE LTEB L.

0.8 Mn=<Ss (1)<Mn (46)
¥/, HIT/KREEEOPHMIZ U RICXHEEL 2.
sg (D=yQ¢ (1)/B 4n

6.2.3 KX ET OB

Fig. 41 QRIEHPE D5 4 - s DETCHHEHBOBRET -0 T, ERIEMH A Fos 57
AREGRIIEE NS FO 75 7%8RLTWV5, Table 23 3BEFMTH 5, ThEDIKROK I L55
BB, 1) —KEZBU I LANBHERERD L, RN K073 7ORBLHARNM Fo7/57L0
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Fig. 41 KINXEF L OBHEE
Annual hydrographs of data observed and calculated by the model
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WEHAROHIEL TV S, 2) KK EF 1% A RBRICER U BA0LEEEZEE, Fi=0073, F.=
01384 TH Y, Fy=01, F;=0.15 OHERE I L Y HRHBOTFRIEITS C EHEfETH %, TNET
iR B E cy v2 270 (BiHEe, 1980), BEHEH T 7V (KM, 1982), KER=E
FN GBEE D, 1986) ZOBEAHE, Fo=01~03 @32l LTH B0, KEF ML BHEN T
Fors70BERERREKNRIFTHS L Hlish s, B, FHEEFVIRERES S THR
BMOEEL TOARETRERMSS V20, FRS 7KRE ® F 0 3RBRH O K RS O 8
LIEEFNEESENTES,

wiz, HHEANA Ko r5 7 OMBEBRACETICEERHR S EERTE S RIS hTL 20585
1%, FAETHRZEEC L D EEREOSHE TV AEERERE ARERIER E 2R 700, <
NEFEEICERAM Fe 77 70 SOHGER (Qoe Qo) £9 5. —H, KIZEFVIZXDEHES
hi-EBRERE OBERHESA CE g L b D02 EE Qo Qo) &7 %, HEEH %1
HEEEMMICINS & Fig 2 0L 515, 2L LTHEBLHEBELIS—BLTED, 54—
SDEBZIFTRYTHHOOEHWES N B, L LAKS, ARERHED 100~200 mm OHF T
BESBAEBLASELRAONS, TS I3 1986 U 1989 KED ARERNEBTH 5, MERF, =
+0.2274, +00775 SAEHHBEBXICHEL TOEH, Fig. 41 25 852D & > KHZORERE
BERAFHLTVWELHTH B,

Table 23. ¥ & HEES 2= D FFEH
Optimum initial values and evaluation of errors by the
function of ¥, and F,

K A Tk Hrk | FHRERO | DR
Water Year| BFER R fExtEE | EEE
Ss (1) Se (1) F, Fy

1983 90.0 535.0 —0.0334 0.1038
1984 90.0 615.0 +0.0285 0.1007
1985 100.0 435.0 —0.1162 0.1586
1986 100.0 415.0 +0.2274 0.2670
1987 105.0 560.0 —0.0334 0.1000
1988 90.0 514.0 —0.0581 0.1045
1989 100.0 ‘ 445.0 +0.0775 0.1408
1990 105.0 525.0 -+0.0083 0.1315
Mean 97.5 505.5 T 0.0729 0.1384

Ss (1) ; soil moisture storage, Sg (1) ; groundwater storage
Relative error of annual streamflow (F,) and relative error of daily
streamflow (F,) are given in equations (44) and (45), respectively.
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Fig. 42 HEEHE & LM O g

Comparison of estimated and calculated monthly values

Estimated values were obtained by the baseflow separation procedure shown in Fig. 25. Calculated
values were obtained from the model.

6.3 KX EFIVIC & DHKRRO KR

6.3.1 KK DA

K & 7 vic & o 3t E a i B BAL o KGR S 2 3 LK £k 1, £ 7V EDFEK
XX (48) RTRah, FHELEREE Table 24 DX H i 5,

P=Qp+Qc+Ir+Er£t4S (48)

ZCT, P ERNRE, Q; FEBRER, Qo FREERALR Ir; FiHENRR, Ev; TEErO0
FRFHE, 45, FEEFBOE{LE (US=P-Qo—Qs—Ir—Er THE)

KINFE &7 vir 585N A FEO PR EKNERKDO L I KL B,

1) FEHERHBIERAERO 108%, BERHERIZ580% Tobh, ERHEZI688% L7456, &O
AT, REFLMOEYNEHEER ((36), @D, 38 ) B, ROII—HAcLr&RHATE 3,

Qo (=P (1) 49
Qo (0= E [ty B ()P} (50)
Qo () =Qp () +Qp: (1) (51)

(49) RFHHEL SOoXmMAHERL, (60) RBIKHBOTKICHE S RAHFK RS DX & &R
Do I ROPREAEUEBERHR TS 2 RSN 5, A RROBEARHE (£,=005) 38
FREEHERTHD, TXTOP ) &R LT Qn (1) BFET B, i, 60 XEEKET 3 Qun (1)



Table 24. KINE € F i & BHEKIPGE

Annual water balance of A-watershed calculated by the model

— 821 —

KE Pt B R BREMRDE Rl EN R ARRUE frREOZ(t

Water year Rainfall Direct runoff Base flow Interception Evapotran- Change of basin
spiration storage
(mm) (mm) (mm) (mm) (mm) (mm) (mm)
1983 2583.4 184.8 1571.9 367.3 369.6 + 89.8
1984 1852.0 194.2 1183.5 267.0 398.3 -191.0
1985 3113.3 533.5 1731.3 391.8 377.3 + 79.4
1986 2378.6 250.9 1201.1 318.1 436.6 +171.9
1987 2602.3 253.4 1646.2 346.6 425.2 — 69.1
1988 2191.2 203.9 1293.8 307.7 425.8 — 40.0
1989 2466.1 225.1 1426.1 338.6 372.8 +103.5
1990 1867.3 212.8 996.0 272.4 397 .4 - 11.3
Mean 2381.8 257.3 1381.2 326.2 400.4 + 16.7
Percent 100.0 10.8 58.0 13.7 16.8 + 0.7

Annual direct runoff, annual baseflow, annual interception and annual evapotranspiration are output predicted by the modele. Change of basin storage that is a

residual of hydrological equation is calculated by subtracting predicted outputs from annual rainfall.

SHYARECRO WL

£ 69€ 8
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Qo () & Qu (1) EDELLTEHENG, FEHERMRICED S Qn () KU Qp: (V) BATOFEY
EEHET 5L, Qn (1)=463%, Qn: (1)=53.7% TH D, Qu () DEAN I 1985 KIED 70.8%, &/
fHI3 1983 KED 30.1% TH - to H- T, FARIKICE T 3EEBHRHBOEEZ, FiT Qe () BS
OELICERTS 6D LEL LN B,

2) FEMARRBIEBRRO 137%, 1EHSOERRYEI 168% ThHY, EARHE T 305%
L35, ARBMOBHEERII0% THAM, EFVETRIHEAEERSEATZEFhHALT
BEEAFEESEML, ToFRE L TERBEIEMT 52 &5 FHlSh 5,

3) WEEPHOLEE (4S) FEH 167 mm/y (+0.7%) Th 54, KEBAITIX 100~200 mm D
HRIEE/RL TV S, 48 @AKIER ((48) ) DBRZEHE VWHIMBEERE->TL AN, KNEEF 10
ds BEHUKMTHER L FAREROTIBE (=1) LEHH (1=365 F 713 t=366) OFEL LTRD
LZIENTES, HRHEBOBHILY D, FKET LIl HEKITER LM TKEEROMHE
2HBAROT, SKEOBEETEAITI EThid, 1983 KEDKTHTH B Ss (365), Sg (365) FEH
FIC 1984 KAEDFHHEME Ss (1), Sg (1) L4 5, &84, KRXTREKFET L cMPEES L TH
Bicd, BALPMEE T Fic L DR S N RIKEOKIAM & OBFREERET L2 (Fig. 43), HED
ERHHEOZOEEERDZ L 2Tmm £78D, KEEFVICIDItRENKL 45k, £30mm BEO
BELRBUCLMBHESN S, LOLANS, 4S F/KERM TFY 100 mm OMBESH ER 40
BB1cw, KEBNTAS=0 & LTDES CEHERTHET &4, TOEF Ao BRSNS,

800

s EAEHE (mm)

i}

Calculated

4 Oo 1 L |
400 500 600 700 800

B2 A¥PHE (mm)
Optimistic

Fig. 43 5 7-#5E & 3 BYHAE OB

Differences in optimistic and calculated initial values
Calculated initial values for the model were given as the final storage
of the model in the previous water year. Optimistic values are given in
Table 23. In this figure, the value is the sum of soil moisture storage
and groundwater storage.
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- T, FFRBRMOFANEIC B 5RETH ORI 100~200 mm L#ERITH, hidEdd s
£ AKBBOBMENcLEZbDEEZ SN D,

6.3.2 NI O FE ,

I & 7 VALENR A, KR, TR EE» OB STV 5w, REFBEHEOK
£ (BPEKER) 2D S EBKOBMIC D W TRET L, BMREORHERE X 5 B8 O HE
BEECOVWTERT 5,

MR, BEROS ICHEEICRMSRET 2 —BNLEHBR TH 5. HWRIbORAR B
B2 975mm (198541 H) <, B/M335mm (198446 B) THh - 72, Fig. 44 IFEHABRREE
PR ENERBROBRER LA bOTHE, ANERE 15~45mm TH b, ARdENR (Ard
) 131256~175% T, PHABEARTERRSFE L5,

6.3.3 LK TEH O T

Fig. 45 13 1983~1990 7K4FE & T H kS BROFFEL(LE, Fig 46 AV LEAKOEE
OEHENAET L SOTH B, ATHANEFHROLHIBFRFROBR L AHREOHEILY
—BTRAVY, BTSN RIOKERN O PR T, 1984, 1985 KU 1987 KFEREE
DEBEE T, 6~8 AR THASOTRERECE - T EHHOEN B, TOLIUKRMETOR
i (a2, Fig. 26 D~A Fo 557 No. 1 OB i, TEARROHKE L THEKArEE Y
Sh, HTFADPABRS &SV, THKSEEEOTHZEIER 30~70mm T& b, HEboR
Bk AR 520 mm (1984459 A 27 H) T, EHSA/KR 110 mm & b 58 mm & t#iKks5r 0
AE%R LT (Table 25), —7, 1983 RUF 1989 /K4 (3 4F 1% 8 U THEMEMRETH - 12 L%
513, KAHRENEIEA/KE 110 mm (fETHNIE, BWN BlAl, Fig. 26 D~4 Fo7 77 No.2
~4 OB BRIEEN R VEERERD ERE, TXTH FKPABORS & L THT K EREICH

400 200

=

. 3

- £
£300 — | R g

- i
E Monthly rainfall 150 é
E i £
£5200 | 1005 3
S _I_‘ gg
& AN R E
100 L yw(i\—._/ | 50
0 roerivoviDECTAN FEBIMAR, APRIMAY TON oL aucseeT O

Fig. 44 FHA#EEROFEFHES
Monthly variations of mean monthly interception storage
calculated by the model
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Bmahz,

TIT, HEKSHEROERNESHORMEIEEST 50, PHARNR S VYA K ER
OB%AERD B (Fig. 47), THADOERPEFIRO L 5125 B, 11~5 Bichid TS I ES
BAR 110 mm FikAEET 205, 5 Ab oBOHaE 0, 8 Bick/IMEO mm 2/RT. 9 AL 5138
Koo LR D 11 AcBSEKRMECEET 5, CoBRREE TV ETHIRT 5 &, HiEkaH
B AKRITTC S 200 (11~4 A) GBRROMTArABEETHY, Thlfol 6~10 ) i
BROTEAREOMBRIE &S, &2 5T, BETHLAERMY (1962) i3 H3EKS Y O4HE L BEE L <F
FABE#HER L, BRAKROMNECEST 5%HNE L EREKRIU T 27 TENE L OHnd 0,
Fig. 47 LRBBEENARRL TV A, AEFMc L D HEES W A OHER R, BYotE L +
Bk REOEFEERML I OTREVY, [REOFELEFICHIGL 2 T EAAFEOELER
TIEND, RETEETIKAXERENBICREALTVWIDLEEILLND,

6.3.4 HIFIKiTE Ol

Fig. 48 3 HMi PR B OKEL L%, Fig 49 RATHM T KEHROBHE(LERL L LOTSH
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Daily variations of soil moisture storage calculated by the model
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Seasonal fluctuation of monthly soil moisture storage calculated by the model

Table 25.

Variation in soil moisture storage and groundwater storage estimated

THEKSRTRHBRR TR EROLEHE

by the model

K F THEKATHE MRk R

Water Soil moisture storage Groundwater storage
YU TRk | BME | ZEE | BAE | B | 2
Maximum|Minimum| Range Maximum{Minimum| Range
(mm) (mm) {mm) (mm) (mm) {(mm)
1983 115.0 88.0 27.0 833.0 507.0 326.0
1984 121.0 52.0 69.0 787.0 396.0 391.0
1985 119.0 96.0 63.0 1043.0 406.0 637.0
1986 115.5 82.5 33.0 840.5 484.5 356.0
1987 117.0 57.0 60.0 936.0 469.0 467.0
1988 118.0 71.0 47.0 814.0 439.0 375.0
1989 117.0 92.0 25.0 861.5 435.0 426.5
1990 118.5 89.0 29.5 704.5 439.5 265.0
Mean 117.6 73.4 44.2 852.4 447.0 405.4

The maximun (or minimum)} value of soil moisture

storage shows the

maximum (or Minimum) stage of the soil moisture store on the model.

The maximun (or minimum) value of groundwater storage shows the

maximun (or minimum) stage of the groundwater store on the model.
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Monthly variation of mean monthly soil moisture storage calculated by the model

3, HIFAEER/KERNOERPLEEZRTH, TOEGRI—HTIEL, BKRK637mm, &/
265 mm, Ft5405 mm TH % (Table 25), M FKEFEIHEDOERAITBAKEL I 700~1000 mm TH 3
B, EB/NEEKRMREBREBOE LI hhb S 400~450 mm &2 - TW5, AR TRAR
FRBETH -7 19854 2~3 A Sg () {31000 mm LI EOEETRL, < OROKINEEFLOHEN
A Fu 757 3EMA A Fors7L0@/NER->T03 (Fig 41), Thid, Sg (1) 431000 mm %4
A AL NEEERETR, oM FREFHEOBEIC X BERHEREHRAETLILHEABTH S

EHERIE N B, THICHIBT 5EFVOMEL LT, 1) Sg (D 2>V Td Ms (1) O Mg i2f%7 3
TRREEHEL, Sg (V) Bz o L BEEEAT 26, MTAGERREK B Lo X ESKE B) %
A M TKEEEO#BEE 4 5, 2) Sg () O LRELBAT 28B4 Ms (O »5 Sg (1) ~DHTF
KpAZRITOOLY, BREBRIXTLIEArEEs otiRFHS W2 EFVOMEL T 5, &
Eiohb, -7, HTKREEO FREEZEELZhEEET 2B3ERILEPHCEKkEh 2 HE
OHRBREFVORIABMSEELEL SN B, HTFKETHEORKFAARAEH 10000 mm &RETH
i3, & okfiriz 450~1000 mm O TEEL, BKFEOKNEIIGIERGR & FRERBOEDIC
KDREUEBIEHPEFEIND,

Fig. 50 ¥4 AMRGRE FHANTAFRROEABEHERLLbOTH B, M FAIFRERE 10
~2AETHERMTI~4 BIcBAM@ 770 mm 28 L, 5~9 A F TR <9 A H/IMA 495 mm
25T, —F, FHABRRRIAH»SEFA &L | Ac&AM 325 mm 25 L, LI #EDERT
6~8 Bo%H I ABKR O mm LI FOOHA L1 5, ABFEE A KT BROERAEHEST 5
&, AP AREREABRRNRICH L TH 2 »HOREEN»ED Sh D, fic, ARNREARER
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Daily variations of groundwater storage calculated by the model
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—fic, EEBKEICBWTHER (S) SHHE (Q LoBAfRi3 (62) RickbiRah b,

S=KQ° (52)

IIT, NFHP IABBEM T AKERREAV TV A LD P=05L13, (B3) RicBLT, I/K
=B, S=Sg (t) &9 hiL, (63) XK= (35) K& bh, HEERELE Qs () ETHT A LREE S
%,

Qs () =(1/K)*S? (53)

AR BT 5 1981~1990 KED 10 £ O ERFER (P) 1323363 mm T, HERE (o) B
3841 mm TH 5B, T, P+oZBKE, P-o 2 BKELIRET 3L, BITHMboBKE S 1987
i, BAER 190 Fcdhy, FKRKEOHREFERE 63 XL bHET 3 L Fig. 51 B/ SN 5,
FEQEBRERY Pro 0BHTEH T, FifiE» 5850 2 BEBHREBRZEKEL TR, &K
ELRELT, TOREEHTE60EEZZEMNTES, Fig 51 &b, BKE BHKIELS I~
10 Ao HRERHBICEARENL L, NEORNROSVHKFEOEEREROBREHAFL T2 T
EOERE N,

6.4 KEMAEMEODKIFEHEE
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Monthly variation of mean monthly groundwater storage calculated by the model
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H—RERHOABEHEFECTIED (BB THEL, FROEENIEEINSVRETH D, C
DFEBICBY 3 TBOKEER, 1) BEKELEKSE LIRS LTABCERETS 2L, 2) B
LKA ERIERBE L TRAICHBEICKESE 32 E, THOLKBHORHMELTH S, TDLD
i, REOTHLE B —RINICHHT 3 60 LBHETS D, PIAE, BBk BB LT
VLA RIEE, SKEREOFLBORKE LB L TERLE U THRBEBRPEEL TS E
(HEWLETT, 1982) 3L { HISH TV 3, AIHROFRILEZHBOBEENLE LT, BENEROLE
LOANRBIEBEIC X260 TH 5, KBHEREMANEIHRKOEERIRZ L, TabbL, HK
KA BHEEN & kA EEIC L D EERHRSBEB LKA Vo r5 72 RBELET B, &6
i, TEAKSOMTARPARCL D EBRNBOMTANS Fo 75708 EFE L CTREOERLIHE
BELTWE, fit->T, HHEOKE,ABBIEEIHRAEC THEBOMBEFREL L TE LA 50TREL,
FBHRFIRO KB ABBIES V) & D KHHBELXE L THERRTERI NGB b0 EEL NS,
iz, SR B B O KD A BB S LTS E B BIEOBIERL SRS 5,
HREOKHBEIC S 2 BROBENL, BRLH L > HIE~A BRI TR L TEERE
BNRIcBLIED, BADRE HTRKLABEHEET I LSS, LI AH, FHREELTONL S
E1E (BLE) PELFHBEFHORERNKRETLROLIL Y F ) 2L D KXEREFEHEL, &
K- EKERESRET 5 C LN TRIE NS, 1) HFRBFHERKE & 2 FHRALHAL CTLEREED
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L, BERBOBDORREN S, 4) £OREE LTANIORANALEE LD, WEOHKEEED
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FEHA AR EC L, NEORNFERIL ¢ SNEFZOL I LEOHRLVABRA KL S, S 51,
UM OZBKTIBRBHICZ L L EKMEICE B9, BREENITOh S E, THEBTOER
YOI A DDV - DA OEESIER RS &2 5, 56> T, HHEEEE D—>2)—3)—~4) OBFEI &
D AKXBEOBEALBE, NRBREHD S KNEEBEOK - BAEBE~ERET 2 L8RS H
5, COXSWEMLVHABEO L L THE, HHBRIKB T 2 H8MOREREFTHBRU LEETH D,
FBRERERIC L 2 KBRRORE, THOEHROKELABBECERIBDPTREV DL ERS
nz,

BT, Kif ABBIEOACUFIFMEIC > W TR B, KENABBREO KNG & &, &
HRBROFERTPBEREL TP EDISRHEH LB 202 HRT 2 L, THROEFERREDOKI
FHFMTH 5, Thid, KEMFICELSUFERGEET 2 LEOIFE LWIREBTKERO » ABHIT
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BLEbiT, KEHBEHEERCHSTEI80TH 5, HEOHHAIFR, HHROBRMBELHED
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HEOLZEMBHSIRTSE 5 T EHHLBITL - 1, 8- T, ACTENBHID O iR LR OB 3,
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Runoff Characteristics in the Serra do Mar, Sao Paulo, Brazil

FuJiepa, Motohisa®™

Summary

1. Introduction

Rapid forest devastation in the tropics has caused environmental problems such as soil
erosion, sedimentation and floods. This continuing devastation underlines the importance of
forests, which conserve soil and water in this region. However, research on the soil and water
conservation in such tropical areas of the world is few.

A typical case of forest devastation and associated environmental problems in South America
can be seen in the Sao Paulo State, Brazil. The forested area of the state has decreased from
81.3% to 8.3% with an expansion of agriculture during the past century. Natural forests, the
Mata Atlantica, are only found in the Serra do Mar. In this region, more advanced forest
management for the purpose of soil and water conservation was conducted in the 1970s and forest
hydrology research commenced in the 1980s. Because of these circumstances, a forest hydrology
research project was initiated in 1979 by the Forestry Institute of Sao Paulo State and the Forestry
and Forest Products Research Institute of Japan through the assistance of Japan International
Cooperation Agency (JICA). The project established the Cunha Forest Hydrologic Laboratory
located in the Serra do Mar, to conduct research on hydrologic processes and water resources in
subtropical forested basins. The laboratory has three gauging stations, three lysimeters, three
experimental plots for surface runoff and sediment yield, and a meteological station. The
streamgauges and other hydrological experiments at the laboratory have been in operation since
March 1982.

The object of this paper is to summarize some results from a forest watershed experiment
with the purpose of understanding the hydrological processes and the effects of forest vegetation
on these processes in headwater area.

2. Site description

The laboratory is located in the Serra do Mar, longitude 45°01’W, latitude 13°13’S. Using
Koppen’s system, the climate is classified as Cwa type, which is a humid subtropical climate that
has precipitation in all seasons with maximum in the summer. The region is covered with the
Mata Atlantica, a mountain rainforest, at elevations from 800 to 1500 m in the Serra do Mar. The
Mata Atlantica as well as the Mata Amazonica (Amazon forest) are the basic forest types in Brazil.
The mean annual rainfall at the meteorological station of the laboratory is 2391 mm ; 71% of
annual rainfall occurs during the rainy season, October to March. The mean annual temperature
is 16.5°C, however, the average maximum and minimum tempereratures in winter are 20.6°C and
6.6°C, and in summer 26.3°C and 16.0°C, respectively.

The bedrock in the region is gneiss and crystallin schist of Precambrian age. Hillslope soils
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are oxisols with thin(up to 30 cm) A-horizons containing organic matter and deeper (70 to 200 cm)
B-horizons with high levels of sesquioxides in saprolite underlying the soil mantle. The soil
texture is classified as sandy clay. The hydraulic conductivity of the A and B-horizons range
from 107210 1072 (cm s™!) and from 1073 to 107% (cm s™Y), respectively.

The laboratory has two experimental watersheds. The geographical features of watersheds
including this region are characterized by folloing two points. Watershed is consisted of a
riparian area and a hillslope with the different characteristics. A riparian wetland that includes
the channel lies on the center of riparian area. Watershed A is 56.04 ha in area and is
characterized by steep hillsolpes, a large riparian area with deeper soils and a northwest aspect.
The mean slope of watershed is about 46% and the channel slope is about 13.8%. Watershed B is
36.68 ha in area with gentle hilislopes, a large riparian area with shallow soils and a northwest
aspect. The mean slope of watershed and the channel slope are 32% and 19.9%, respectively.
Both watersheds are covered with the Mata Atlantica except for the riparian wetlands.

3. Method of the hydrological experiments

Forest watershed experiment calibrations are required to quantify and understand individual
components and proccsses of the hydrological cycle under the natural conditions. Thus,
meteological measurements, hydrological measurements and soil surveys were conducted. The
meteorological station was installation of 1 045 m and a recording rain gauge, hygrothermograph,
Eppley pyranometer, windvane, and anemometer. Rainfall within the watershed was measured
with tipping-bucket type rain gauges installed in riparian clearing (4 in watershed A and 3 in
watershed B). Areal rainfall within the watershed was calculated by the arithmetic mean
method. Streamflow from watershed A was measured with a trapezoidal flume with a stilling
pond equipped with continuous water-stage recorder (Suiken-62 type). Streamflow from water-
shed B was measured with a 90-degree, V-notch, sharp crested weir with a stilling pond. Chart
speed of the recorder which runs for one monthis 43.2 cm per day. The rating curve for the lume
and the weir were determined by streamflow measurements at gauging stations. The beginning
of the water year is October. Thus the 1983 water year is defined as the period October 1, 1982
through September 30, 1983.

Experimental test plots for surface runoff, 20X30 m? in area and 18% mean slope, were
arranged on a unifurm hillslope covered with grass. Surface runoff was collected in a trench and
measured with a tipping-bucket Aow meter (1000cm?® bucket capacity). Drainage from
lysimeters, 100 square meters with 2 m depth, were measured with the same instruments as the
runoff plots. The three lysimeters had tensiometers installed at several depths and were planted
Paopalum notatum (grass), Pinus Elliottii and Eucalyptus Urophylla, respectively.

Throughfall and stemflow were measured with 16 throughfall gages and 9 collars around
stems to estimate crown interception under the Mata Atrancica. Soil surveys were conducted in
riparian areas and on hillslopes in watershed A and soil samples were collected at several depths.
These samples were analyzed for physical properties to estimate soil moisture storage in the
watershed.

4. Hydrological processes at the forested watersed

The relationships between gross rainfall (Pg) and throughfall (Pt), stemflow (Ps) and crown

interception (Ic) are expressed by the following equations.
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P,= —0.584+0.839 P, ¢Y)
P.=—0.044+0.012 P, €))
I. = 0603+0.155 P, @

Crown interception at the watershed, 18.2% of annual rainfall, was intermediate compared with
results of several types of tropical forest in Braziis. Annual surface runoff from the experimental
test plot was only 0.61% of annual rainfaill. However, monthly surface runoff ratio varied from
0.00% to 1.55% depending on storm characteristics and soil moisture content. The minimum
rainfall intensity required for the generation of surface runoff on the test plot may be more than

10mm h™ %
Differences existed in physical soil properties between the riparian area and the hillslope.
Mean porosity and the saturated hydraulic conductivity of hillslope soil were 51.4% and 103 cm

!, respectively. Thus

s}, respectively. Those of riparian area were 45.1% and 107 to 10~ °cm s~
the hillslope is more permeable than riparian area, which suggests that surface runoff rarely
occurs on the undistured hillslope and almost all the water which falls on the forest floor enters
the soil where it may contribute to soil moisture and groundwater recharge.

The volumetric water content of soil profile (8) and soil moisture storage (Ss) were calculated

by following equations.

0,=8ws O @

Ss =ZOai* Z; (5)
Where, O and Ouo are the volumetric water contents at potentials of —0.6 Kpa and —50 Kpa
(From the soil water release curve), 8, is the volumetric water capacity for any soil horizon, and
Z; is soil depth interval(mm). The soil moisture storage in the top of 150 cm of soil, the mean soil
depth in watershed A, was about 180 mm. On the other hand, the maximum abstraction which
was estimated by relationships between rainfall and abstraction showed almost as the same value

as Sg. The calculation of Ss may be useful to estimate meam soil moisture storage in watershed.

The process of direct runoff generation in the watershed is comprised of three phases derived
from a hydrograph analysis. The first phase is surface runoff from streams (saturated overland
flow) and the riparian wetlands. The second is subsurface return flow from grassed hillslope and
interflow from seep zone. The last phase is surface runoff from the whole riparian area that is
saturated by heavy rainfall and increasing interflow from the hillslope. Volume of direct runoff
increased in the order of these phases. The monthly direct runoff ratios during the rainy season
range from 0.018 to 0.579 with mean of 0.095, those during the dry season range from 0.0 to 0.128
with mean of 0.044. The monthly direct runoff ratio is almost the same as the ratio of riparian
wetland area to total drainage area. This indicates that riparian wetland mainly contributes to
generate direct runoff during storms. Thus these riparian wetlands are considered source areas
for the watershed. Annual direct runoff was only 11% of annual rainfall.

Annual baseflow comprised about 84.1% of annual streamflow and supplied streams through-
out the year. The seasonal changes of monthly streamflow follow a counter-clockwise loop from
October to September. Monthly streamflow during the May-August dry season is much more
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than monthly rainfall during this period. Monthly baseflow during the period lagged monthly
rainfall by 1.5 to 2.0 months. This phenomenon is caused by basin storage. It was assumed that
the magnitude of the loop and the time-lag may depend chiefly on the size of the riparian area in
which soil moisture and groundwater are stored. The constant rate of unconfined groundwater
recession was 0.003 day ! to 0.005 day™'. Compared with similar sized forested watersheds in
Japan those values were 0.03 to 1.0 -fold with a mean of 0.13 -fold.

The contribution of annual rainfall distribution to components of hydrologic cycle in the
watershed show that rainfall-runoff processes are contrled by rainfall, interception, soil moisture
storage, groundwater storage and baseflow. The time-lag of water movement is caused the
sustained flow of streams or the temporal relese of baseflow from the forested watershed. This
lag is an important hydrological feature controled by basin characteristics such as physical
properties of soil, depth of soil mantle and vegetation cover.

5. Modeling of rainfall-runoff processes and evaluation of hydrological responses at fore-

sted watershed using the model

A simple conceptual rainfall-runoff model that consists of three storage zones (interception,
soil moisture, groundwater) and is a the function of direct runoff generation was developed to
better understand the hydrologic responses in the watershed. The model was based on following
the hydrological equation.

P (t)+Rp (t}+Rg () + I (H+Er (1)=S (1)~ S ({t—1) (6)
where P (1) ; daily rainfall (mm) Rp (1) ; daily direct runoff (mm)

Rg (t) ; daily baseflow (mm) It (t) ; daily interception (mm)

Et (t) ; daily evapotranspiration (mm)

S (t) ; Current day’s basin storage (mm)

S{t—1); Previous day’s basin storage (mm)

In this model, a watershed is simplified as consisting of hillslope and riparian area. Domi-
nant water movements in the hillslope are functions of rainfall, interception, soil moisture storage,
groundwater storage and baseflow, while, those in the riparian area, especially at the source area
that will expand with storm size, are functions of rainfall and direct runoff. These process are
described by both physically and emprirically based equations. The model requires daily
rainfall, daily streamflow, and an estimate of daily potential evapotranspiration (such as Hamon
method). The parameter values in this model are determined from hydrological experiments and

from computer optimization techniques.

There was good agreement the observed and calculated annual hydrographs for the eight
water years from 1983 to 1990 based on daily streamflow. The mean relative error of annual
streamflow during the period is 0.073 ; that of daily streamflow is 0.138. This indicates that daily

streamflow in the watershed can be predicted by the model with acceptable accuracy.
The distribution of annual rainfall was partitioned into four elements of the water balance

watershed A, direct runoff Rp, baseflow Rg, interception I; and evapotranspiration Er. The
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percentages of Rp, Rg, I+ and Er relative to annual rainfall were 10.8%, 58.0%, 13.7% and 16.8%,
respectively. Change of basin storage (4S) estimated by subtracting predicted output from
annual rainfall, was +0.7%. However, 4S varied from 50 mm year™' to 200mm year ! for each

year.

Characteristics of basin storage fluctuation were estimated using the model throughout the
period from 1983 to 1990. Mean monthly soil moisture storage during the November-May rainy
season was about 110 mm of field capacity, however, moisture storage during the May-Octover
dry season decreased to 80 mm with a minimum in July. Moisture recovered to field capacity
during the rainy season. This seasonal fluctuation of soil moisture storage and soil moisture
measurements in lysimeters indicate that the watershed may always have a water supply
adequate for potential evapotranspiration. Mean monthly groundwater storage could be
described as a parabol’s function, with a maximum and minimum at the begining of autum and
spring, respectively. The monthly range in groundwater storage varies from 550 mm in October
to 770 mm in March. This annual cycle of groundwater storage is well correlated with average
monthly streamflow. Futher, there was two month lagtime between fluctuations of monthly
rainfall and fluctions in monthly groundwater storage.

Results of hydrological measurements and modeling of rainfall-runoff processes in the
forested watershed, show that sustained flow of streams are directly influenced by @ the
partitioning of annual rainfall to various hydrologic componants, @ Changes in basin storage,
and ® the lag-time of water movement in the watershed. The analysis of these functions in any
watershed may provide useful information for development and management of water resources
in headwater areas.

6. Conclusion

Results of hydrological measurements in the experimental watershed suggest that most
precipitation in the Serra do Mar is stored in the deep regolith and is later released to small
streams throughout the year., Thus, headwaters in the region are valuable water sources for the
Sao Paulo metropolitan area and the Paraiba Valley. The riparian area is a significant zone of
hydrologic response in forms of storm flow production as well as groundwater storage at basin.
Because these riparian zone are typically located at elevations of 1000 to 1 100 meters in the
mountain plateaus of Paraibuna basin, their conservation may be effective watershed manage-
ment measure in this region.

Protection of the soil surface and vegetation cover of the headwater areas in the Serra do Mar
would be an effective measures of soil and water conservation in the region.
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