B O DK R EEBREE 5 Mg
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2 Il F Zz poe
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HBROBEKBRELRT 2T HIcOTRDIBEEL Bbh S DIX 0K RKEEXYIHT AEATHOT, &
RIEDOWTLT TIRES K DREAC L 2T LB ERIUEWDB U L T Shilcifer oz
ERRDENTNBD, S HIHERED TEOBENRKOBIR VAR L D &0 X 5 BT B0
DWTETHWS TV, & 2 TRARBIMO 20 FROFEFIC L OT, HAMEORKLIF GRiEE)
BEALDOERBICOWTHNTZ N2 7o\,

AFTREFEFAICTE L TSR BOBR2 Ve, KRORZHII WO TERT, HERI
SPMBFTOLTN L RICAEOLHBI LIELHLRBEDT, I THLNCEAS—BICYTIESL L
WS BEMIEMTH B,

b b e FRBRIFTWH OBRKOKEDL A BBEORAN BN THOT, ThiL oW TR—IREH
A T, IDIKRFAIFTONT D5, THE COMPTOHR T, 74 ~ Y BRIEAHFIC BT % KEK
ELTRTLAEFIIEE L 2w 2o 20 ) BRe B, SEEE OBEE X R HEOBRIC S % BIKKS
v R DICREOMGRE Lic, i Z OBACHIEORE b TW7chi - BHIOMARE KRR
FCORRAOBELILICOVTIHRL, ILRRKKERCHEEDD D PHKRMLIE RSO OX
B L ORI TRERO L OHRDOERFILOVTD, bbe@EETIcoMk,

FRBOUORREEB O IO OV TIARBRE 1, 3, 4 EHRE KEMRRORTWB2, &
ZEHO D TEOEMERT L, YHORBREEL U CIXMEM 12~14 52 ELE B, W 15~19
EXTROBSNENME, BN 20~24 FXEBOZSHA L RIRKREL TETARE LIbALaemiE
DEFIREL, MBDORKINBKOKDOBHEHETHFETH D, LIHDBM 15 FRLV~v 74
AYBMBAL, LEWREND 2RIBINRBR\AN DD T, BRI 19~21 Fihd CTHRAD KR
fov, FOHLIEL S HEB I N B 30 £2:5 3 A EMICEAC e 7 F2EKT S Licik b, BRI
29 ERPL—HTAD 2EHE, B 30 F£3 A1 EEOWEKETI, R 32 43 ARKKOKEEHD
HRE KDDL, ILFCOWTULT » < Y #EBOEF R RBENRIF O T, RREFC L 2213
BT Ll L, ARCEVTIBM 19~21 FOLRPEIEE LTERURZaH, DS, %)
M 20~32 FE TP L LTERER O, PECKLTILEHYEEASI L TR 2 7o
Too ek OBRERRTE L,
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I #& B oA

AR S
B Cmmnmd, e, mes ORI

m O’ 17.27 ha 22.61 ha
A w w
SRR 30.9° 26.1°
BB 45~250 m 58~258 m

T, WHHEO K CIAHIEL X D BKRNCATEZD Tl r L BRI,

—JFHRI TRBICOWTL, WEREKRBO MHRRE LT7 » < Y RUIC BT 2R T ORI L
M5 HET, B 13 FAOMR ERKRBRXBN) cRBRE R E, BUZHRLL, TORBRKD
BRI 15K (77 =y ERK), 25X (A, 35X (R#EEX), 45K OUIYEER) T,
FR S E KL B L OERWNEH 2 2o, LTOBHER, BEROWD ¥ LdHEFLERD
BKBRO LT Ic ol FEA 19 ELUBIHRNEROME Db —hli Ihics, [ 26 FTuiz
OTHBUOLERRD T HED R KiEx iz, 18K, 35K, 4 5ROBCBEKRENLIHED
2 BRI FEAEOEIREVDOTHIELL), ARTRIALML 1 ERO7 7 < v Ewthiz, <
74 A DIDER 21 FEEIN, TOBRFAREMATREINTE 4, LBBHHEOEK1ISXKYA,
BEKXIC 2S5 L, —HrQER L LT, HEckd s Tl ) BBRSEOREK S HER T ks T58%
BETHZ L LI
RBROKE JILE 15m, RHERE 20m, HF 36~37° ¢, 2HEIFARCK L TREE—LZbh,
ZHETORBERICOVTUIER 19 4, 31 £0 2 HChic YREYY IhTRH, TOHBROMEAERNR
THEITCHBUOBERALRINDT, SEBDIC 1ERO T BRIHOMBR T OBLE BORK
Kk & OBEOTIBRHNTAZ L 2 LT, .

IBABEDIRY ¥ 2 DRPCEENEHERED NI D, BRONEEERICS VXY & 1o LIRS
RHFEBELDIR DSV, FlRBBORE TARE LD ZOBETIT LY & L L
AHBEOID ¥ L DR AMIAHELL, Bl L ORERGOBEIIL)F2L), THER—, MMRE—H
HEL, FEIAASERE D CCMUREREERFEEOH 22T, FoMERECOWTE, T
KEERREFHUZEAN 14, BTSSR EECRMOMBAELRBL, TOWMY L
SLPIGREILBFHF T D,

#eb D ICARBROBETICIE A BHE 52 DRI KEERR, MILEKE, FlsZEREcHE« I
TRl WK B RO 2 LIRS B LR LET,

]l EE0o LR

A. BEDHE
&%ﬁOM%uﬁx%ﬁmlbﬁﬁﬂ,%%%,@ﬂ%OEEKﬁ,ﬁE%D%E&ﬁkb,%@%%
BARRE 1 ERECBRIN TS, REE T/ +HRE2BRWTE LA CYRO 7 # =L+
VEREOXTH D DT, MARFHRIIER L, FltRER MR EEOETRIIC X b FEoM
AR SHOIDOPRAEL, SORFHEERZLL2—-FF - 2RELCEORNICET T Y
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Fig. 1 General apearance of vegetation
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DEER LOBELRAELI, ez —F 75—+ OMBIIN - B2 s et oEM L RET 2B LR
ARDOTHEZE LR U TRy, KOKRE JBMERNIRS ORI PHRELER L T—F 10m 0K
CRERALLY, GRETIEEIEN OSSO T, —F, 5m OFHREM T, Lid>TE
DOREED, TCHAREDE DS L. T ORDOEDE b HILoWThEEIRBRET8DT
WigWY, BLTEBIIIEEDEAIBY L TWBADT, ZOBREOK CHIROER A HRT5e+4Th
55 LY Lico STO@EMEHT - BIHE RO 2 AT AL b T ves FERT, KEOMGEEY
FELBEL LI,
B. HiggiotaL (Fig.1 %X 0t Plate 1 £R)

a) MHEOHE
D &

100~130 SFAEDEMT H~ Y KRG LT H <Y BFM LD OIS, 7= Y Eibkdy v F% R 5FH
ha i b HEILARA 300 KRSMC U TEFRIFT, KL ALy, 2Fy2EET5, vy Hdhsik
D3 ha Bich 150 KART, evas, YYCH, Yeo¥, XXIVY, ¥Y<¥r 5, a757%0
AN DO THRITIE R FHHS 0, Bl 2SI — IS AICEAIE L HBREE Th 5 fcd b TRz e
WA, FORBAIBHCH O TCREOKRBEHC L VA TIDLRADLND, TD ha bl h OAK
L 50~100 ABECTAMIC e vy h ¥, Yy Y SEORKRLRLY, TOMCXFHREELF Y 72,
TAYVZI7Y, 72, A ASHOBEENS -, BTy YO, FX 14y, e AFOEARNS
Q, ¥RELOBAMIBEMS, 4EEOT 2~y FFMHTT » <y HBIBEL, YV IR, Y-
¥, V¥, aFr7, vF¥r I, VvaTEZOBR - HRENEEL, LICKREERTH S,

inDd #

100~130 LD 7 7 = v KO —TC IR L ZBMRE R LT3 25055 (BIRTEL DS
Ao b/ FEMMICIT 2=y BMBRALZBK L 20 ¥ Y HIR B CHREY R LOo0b 5,
YT A=y RSP —HIC 27, T<F, H7 7, 7AXFENRBALY VHAOELEFRLSS
2, KFSFEOY YR FT, TALLT=F7, xVF04%8L, FOfva=F, eyrx, v<-
Y, VYSENS D, MBEHOMKEELS L CARREBTARRCHM L7 7~y KeH 0, TOTF

g1 FHa-F5—+t

Table 1. Frequency and cover

1 ! e %, Quadrat 7
Japanese name Family Botanical name No. 1 No. 2
B OE|BE | B B |88
Fre- |Cover| Fre- [Cover
quency |degree| quency |degree
T A=Y < Pinus densiflora 80 4 12 | 2
TTFHr S 135 Amelanchier asiatica 1 36, 2
Y=¥7 3 437 Prunus spontanea 8 1 8 | 1
YK F 5% Diospyros Kaki 4 1,4
VS < A Maackia buergeri | :
E A 7r Quercus servata 52 | 2 52 | 2
~E S F T Rhus succedanea ! ‘
XX Iy < Juniperus rigida | } =
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RELTRY YT, V3 9% bIhkdrTER, FHRENOERS X UMADORERR A
TR AEPOMBECOVTIE 1 BRE? 2B8BINi,

b) HEARDOX S

AR PR O BERER R (55 %+ HEOF B X ATIRE RO 2 B 520l i
bb, :
WEREYPryOIRLALRVHIR  ETHOFEMTT »~ Y OEFREL, HEEYL LTARF
NE L ERE LR,

HMEEGT S EERHIR BICHEUTOREMY 5D Tw5,

PAED 2 X5 & ATEEHE & % &8 TRy 6 EOEERIT 55527,

D 7A=Y ($Dvyevveeen>BHE

AB7 7~V HIRPORELUT T, BERLLTY YO/, eva3H, a8 0%, 287, v
o, xFHERFEL, =2 -F5 -+ 13 TREEDIS,

i) 7<=y (5« AAFBE

LB 7 7~ v ks XL OEAMOFE THHEREL, Y~~¥, XX iy, 7y ¥, 1748
vy, e IFEDOBEARPRAAEFINL L, 2 —FF7— D65 THRERLNS,

i) ¥ A&

THTYOBEFHT, 2 -5 -t 5 BTHRERDOND,

V) 7h=y () HH - vVO - e HERE

TRAS LORREE AL 1) LAKT, 3—F5-12, 3, 45 TRERLIE,

V) Th=Y () ARAFHE

TRAR ICHEREYL i) tALTa—-F7 -+ 75 TRELDID,

Vi) 7H=v - v FBEE

b/ FEMMCRAEDT =Y BMRAL, ZBHE L, MREHSLEARBILZ LA LADRR,
INBLEMEARNOHEMFAEOERIE 1ROE 2 —F 7 — t HOEYOFER L UBEE—ERITR L,

WOBER L URE

degree within each quadrat

AT bt Before Cutting

” | ” ] ” l ” | ” | S

 No.3 | No.4 | No.s ~ No.s6 | No.7 | Mean
BOE B | M BE (M B\ RE | K BE M B BE | o | B E
Fre- |Cover| Fre- |Cover| Fre- |Cover| Fre- |Cover| Fre- |Cover Frequenc Cover
quency |degree| quency |degree| quency 'degree! quency |degree quency |degree; q td degree
4 20 1zl 20 96 3| 10| 5| w0 5| e 3.3
’ ‘ | 21 | ! : 9.1 0.6

0 ! . ‘ | '

4 1] 8~ 1 | , ! ! ! 4.0 0.6
: | | ; | ! ‘ ‘ 1.1 0.3
o8 1 8 1 | | | L2 0.3
4 1 } 28, 2 | | 13 1 } 21 1.1
AN 12 1! i i 20 0.3
| 48| 2, 8 1 | 2! 7 2 L 1.0
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£ 1 &
,_,A,*i_,
: s Quadrat ”
Japanese name F amily;15 ’ ql;otanica] name% No.1 No. 2
i HOE | ®E | B OE | BB
f Fre- [Cover| Fre- [Cover
I quency |degree| quency |degree
VEET EF /) F Ilex pedunculosa | ‘ 12 |
Yeay Ay IAIF Lindera glauca ’ 4 1| 8 1
F L YLy R Phellodendron amurense ' 1 |
2=y T Rhus serrata 8 1 ' 12 . 1
Y=t 4 Rhus sylvestris ' 40 2 8 ’ 1
PV VAN 73 Elacagnus pungens ! 28 2
% A Xolisma elliptica 24 2 | 4 1 1
alIvAAyvy Pl Rhododendron reticulatum ' '
EFUVD s T R. linearifolium var. macro- 12 .
sepalum | ‘
R X I2TYy R. kaempferi 52 2 36 ! 2
v Ayvy X7 FY R. dilatatum 88 3! 60 | 2
F VK | M aad Vaccinium oldhami 28 2 ; 28 | 2 |
H=X3 | R4 H X5 Viburnum dilatatum 36 2 . 40 | 2 '
23 H<X3 AA RS V. ervosum var. punctatum 16 - 12 1
EREN =vFF Evonymus striata ] ! 36 ’ 2
VI ARYYF AL NAZ Abelia spathulata | |16 1
S V3% Eurya japonica " 72 2 | 76 | 2
Bl 20tk < A Lespedeza cyrtobotrya ’ i
F ¥ <A L. Buergeri 12 1 ) 4 l 1
T A F Y s Fy Vaccinium Usunoki i
T FvFavy | Wikstroemia sikokiana 8 1| !
2 yYHRTF *7 Pertya scandens 56 2 ‘ 56 | 2
FHS)av v RTE F7 P. glabresens ‘ 8 I 1
Y7avy Y7ayy Avrdisia japonica 60 2 44 ; 2
EIVAFA (435 Rubus captophyllus 28 2
<& RE/ Pseudosasa japonica 60 2 24 2
AR RE/ Pleioblastus Simoni 84 3 l 88 ! 3
F E P. glabra 48 2| 40 | 4
TANANXT ¥ =2 v F 7 b 7| Trachelospermum intermedium 4 1 48 | 2
7 ¥y 7 r Ampelopsis heterophylla 4 1 4 1
Ea A 7Y Parthenocissus Thunbergii .8 1 48 2
F7Y < A Millettia japonica 64 2 84 2
L A = Similax china 64 2 60 2
3vARAT Y TrE Akebia trifoliata 16 1 76 2
70435 a4 Rosa fujisanensis 12 1 40 2
THFEIFIVIVIY *7 Solidago Virgaurea 4 1
AR F KE Micanthus sinensis 4 1 8 1
INTY Fov 7 HhF Michella undulata I 92 2 l 96 2
HYARY HY¥ 2V 74 | Carex Morrowii b2 116 .
VES/ SN =Y Ophiopogon japonicus | 8 1 ' 64 2 |
735 v AR Pteridum japonicum ’ 16 1 \
SUH YT v oAy Blechnum nipponicum 4 | 1 32 2 |
LF%r vy 4 5% 7 v | Piroa japonica | 722 | 2
ESZ ) A2 Dicranopteris dichotoma 1 72 3 I
it 69 | 69 |
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(>3%)
B 15 Before cutting
i 7 ” ” | ” Bz | E A"
| No. 3 No. 4 No. 5 ' No.s ~ No. 7 ' Mean
B BE B K| BE | A OB | BE R E;Hﬁﬁﬁﬁﬁ‘ﬁg BB
Fre- |Cover| Fre- |(Cover| Fre- ’Coveri Fre- Cover Fre- |Cover Frequency Cover
quency !degree| quency |degree ‘quency degree’ quency degree quency 'degree” " ~7 "7  degree
i A R 19 1 67 0.4
i E 1.7 0.3
16 1L 2.3 0.1
40 2 i | 26 1 12 . 0.7
84 | 2 44 2 80 2 89 | 2 | 57 2+ 58 | 1.9
' |40 0.3
, i 0.4
12 Y 1 00 2 | 3.4 0.6
28 2 | 32 2 i 10 0.7
12 1 36 2 40 2 45 2 26 1 35 1.9
9 2 64 2 96 3 78 2 69 2.0
B 1 4 1 36 | 2 78 | 2 4 2 W L7
i 16 1 4 L : ! 14 0.9
20| 2| 32| 2 | i i i ‘ o 0.9
12 1 8 1 | 8.0 | 0.6
20 1 i .1 0.3
92 3 100 3 96 2 78 2 66 2 83 ' 2.3
12 |1 4 1 | ‘ ’
72 2 40 2 44 2 26 . 1 ‘ 28 1.3
4 1 , 1 0.6 0.1
24 | 1 68 | 2 3 | 2 13 12t ' 1o
44 | 2 72 2 88 2 l ' ‘ 45 1.4
! | ! L1 0.1
88 2 8 1 100 2 ! i I 1.3
| | | 4.0 0.3
. 12 0.6
100 3 80 2 36 2 ! ' 55 1.9
100 5 92 3 100 5 | ; 54 2.7
| 7.4 0.4
12 | 1 ' | 2.9 | 0.4
4 1 | 7.6 | 0.6
100 3 100 3 9% 2 13 ] 1 65 1.9
84 2 52 2 84 2 19 | 1 52 | 1.6
12 1 24 1 18 0.8
48 2 16 1 4 1 6 | 1 18 1.1
8 1 16 1 28 2 - 8.0 | 0.7
84 2 80 2 80 2 89 2 66 | 2 59 1.7
100 2 96 2 ! ! 55 1.1
36 2 8 1 ; 0 0.7
4 1 20 1 12 1 15 ! 0.9
52 2 80 2 W
4 1 5.7 0.6
8 1 60 2 20 0.7
10 0.4
54 45 62 22 26 |
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® 1 &
& ) . ) % . Quagrat g
Japanese name Family Botanical name FOE RE | B E | BE
Fre- |Cover; Fre- |Cover
quency |degree| quency degree:
- ey Pleioblastus glabra 00 | 4! 100 4|
EDZ 3 V53R Dicranopteris dichotoma : !
NP EAY 1 I Ty Rhododendron -dilatatum 56 2! 56 3
by F v Eurya japonica 32 2 20 - 1
AR I = Juniperus rigida 4 + 12 i 1
oY 7 Quercus serrata 24 2 24 1 2
FUF Pt Xolisma elliptica 8 1 8 ; 2
27 H=R AL HRZ Viburnum punctatum 8 + 4 |+
FY K X I Fy Vaccinium oldhami 8 1 4 | +
FE T E=F /) F llex crenata 4 + |
Y7L 7 a4 Rosa Onoei . 4 +
A k€ Pleioblastus Simoni i 24 2
YAy AT =Y Similax china 16 1 8 +
UH YT v HE Blechnum nipponicum |
FTyvvRrss 73 Elaeagnus pungens 8 1 ‘
= VY7 <= VY7 Hamamelis japonica
vaog EF/ F llex pedunculosa
a7 YRTF *7 Pertya scandens 8 1
Y=y X I Ty Rhododendron Kaempferi
Ve 73 Elaeagmls umbellata
AT < A Lespedeza cyrtobotrya 12 1 16 2
¥ FRE/ Miscanthus sinensis 16 1 12 +
YA F DA Vaccinium Usunoki 12 | 1
VI ARTYF AA B AT Abelia spathulata 4 1 I
EFVVY b d i ard Rhododendron genuinum ' +
7€ VA Pteridum japonicum 4 |+
Y=t TN Rhus sylvestris 12 1 24 2
R=yvF AL HAT Weigela hortensis |
FY 7Y < A Millettia japonica 8 1 1
YFSavy YIS ay Y Avdisia japonica 4 11
ERE SN =vF¥ Evonymus striata 4 1 ! '
AL HKXT ¥ 2 v F 7 bt | Trachelospermum intermedium : }
v/ ¥ v /¥ Chamaecyparis obtusa | ! |
T7rE ThrE Akebia quinata | I
ST v IRy t Drymotaenium africana 1 i \
ERY v A A Calystegia hederacea ‘ ‘ '
V& FrFY Parthenocissus Thunbergii ‘ '
1£FY 25 Polygonum Reynoutria ‘ |
yoary 137 Photinia villasa ;
3R IEF ef 5% Ligustrum japonicum i ’
e FvFavy | Wikstroemia sikokiana t
TH=Y = Pinus densiflora 16 2 56 3
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(>3%)
% HA After cutting

” 7 V4 V4 [ ”

C D E F i G Mean
BOE | #E | H B | &E | B B |8 B E &8 H B & B
Fre- |Cover| Fre- |Cover| Fre- |Cover| Fre- 1Cover Fre- 1 Cover B Cover
quency |degree| quency |degree| quency |degree' quency ‘degree: guﬂd_egreg‘?i]u?rf(ueggg

56 3 64 3 721 3 48 3 100 5 77 3.6
72 3 ‘ 9 0.3

41 24 | 2 8 | 1 32 | 2 22 1.6
48 2 8 1 12 2 32 2 I 48 3 24 1.8
4 + ' i 0.5 +

4 |+ 12 | 2 ‘ S S

16 2 6 2 4.8 0.9

8 + 16 1 1 12 1 7 0.4
‘[ 8 1 2.5 0.3

4 2 | 8 1 2.0 0.3

4 1 + 1.1 +

36 2 92 5 44 2 |12 1 23 1.7
16 | 1 12 | + '8 1 53 ' o
32 2 12 + t ! 5.5 0.3
4 1 4 + : 1.0 +
4 + | 0.5 +

12 3 40 3 1 12 2 1.2 1.0

8 + 12 1 4 1 7.0 0.5

4 1+ 60 | 4 9.0 ' 0.6

L2 1 1.5 +

| 4 1 8 1 5.2 0.6

+ ! 2.0 +

1 ‘ 2.0 0.3

4|+ 20 | 2 16 2 3.8 " 0.6
0.5 | +

4 1 1.0 - 0.3

24 1 1 20 | 3 17 1.1
76 2 11 ' 0.3
16 1 8 2 4 1 1 6.3 | 1.0
12 1 1 2.8 | 0.4
4| + 4 129 I 0.4
4 + 4 1 4 1 28 2 . 5.7 0.6
44 5 6.3 0.7
8 2 4 1 1.7 0.4

20 1. 2.8 0.1

4 1 0.5 0.1

8 1 4 1 1.7 . 0.2

4| : C0s 0.

4| 1 1 0.5 0.1

4 1 ‘ 0.5 0.1

4 1 4 11 1.1 0.2

4 1 8 2 8 2 64 ‘ 4 22 2
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i
B it | Prams® | Bomeamad | | B
e ame - !
apanese name amily anical nam BB WE | B B | BE
Fre- |Cover| Fre- |Cover
_ quency |degreej quency |degree
FoF < A Lespedeza Buergeri |
K7 w 7V Cymbidium virescens ’
hV T AV Cercidiphyllum japonicum i I
ERAVA N SR ef 7F Fraxinus Sieboldiana | l ! '
ERAVAN AL S A A & Rhododendron rveticulatum i !
Y F < A Lespedeza bicolor
VTS 137 Amelanchier asiatica
INTY KA 7 A F Mitchella undulata ‘ 4 1 l
it : 20 | 22
% E1EREDHERISHE 2% UTHIOHED 1.0 UTFARbCCESE> AR LT, K&

C.

kEgoEE (Fig.1, 2, 3 X Plate 2 )
BRI 15, 16 £ 2 A=Y 7 4 HOBALE,

[ECKENGIE L 2B hic b MERHIHEH LD

T, B 19~21 FIADOEBHRO—FP e/ FHRERLTE2REER L, LR > TEroEEN
HUB LWL H O T TH B2, RERYFEORALHEML 5 2EBHIZ L A BT oL,

T OBRKRPH D F FHE I T2, BRI 29 FI-\VIE D TR DIRIR D Bk \ T 8103 A AR &
¥Y, BM 20 EEND 3 HETHAC L FERETRS L 2/, AE 11 A2L—HTUD 2FE

W L 40 en: t
. d .« . « o 1
. S RN .
i
N\ « o hd .
SREHCIONE
. . ‘,ﬁ-»- . . “ol o__\'
¢ .?"3 o . * i l * . ':. G%
.?o ..o e |%° . ° ‘ ®
S0 e -
40 ® . o,
. y S . . % % . Bl
4 . o® . 02 o o -0
= 1] svsSvyy
o, o * . . ) * 3 3
. . . . % ° .. 2l ey a2
o /o] . . .0 . .
. 3| RAIHY
. k/ ole ® . ® e oly © @
o . '@ .3. oe | % ° . 4|~y
N °* ° . 5| %x¥F
L] .. * :o. ?"; ° S ! ¢ $ 5> a3
N e W R M P O 6| =t e s
SATHAENINE o0 e | T
. . o . . e o | 8 | = lnF
5] - . . . 9 (A4 =xYH
2 ° . I L . ® e e .
. M o |° 2 @ | VY
he g4 20°)
B2—1K

IR Ha—F7— KT HEEREN

Fig. 2 Projection of crown within each quadrat



BOHILIKFEEERERSE 5 mds (85 - 2)ID —115—

(>3%)
#® # After cutting
| ” ” ' ” ” ” S B
i C D : E F G Mean
MEE&EEEHEE&HE&E&&&EEH& WO w B
! Fre- |Cover| Fre- |Cover| Fre- |Cover| Fre- |Cover| Fre- C‘overFre uenc Cover
_quency |degree| quency |degree! quency |degreej quency /degree| quency idegree| q y degree
| | ! | | ‘ (R 0.5 0.1
. ‘
I | : 3 f 41 0.5 0.1
‘ ‘ ; | t 4 1 0.5 0.1
| - .
| , 8 . 1.1 o
| ‘ 8 | 1 le 0.1
| ‘ 41 0.5 | 0.
L ! ? |
‘ ‘
26 22 ; 25 . } 29 [ l 41 i l

K 75% Llk% 5, 50~75% % 4, 25~50% % 3, 5~25% % 2, 5% L\T%x 1t L7,

BLADT, B 30 £9 ARV AT TN ERE, SAiOBEEREYTolk, AEDOHFEEAE
H L RAETH D, '

a) HEOHE
D@\ &

BT RTEDOREAETT, RRINCHRTHEME oo T, FEEOIRIE 0.3k BEOD L / F1HH
G 35 ) BEETAMM, vy EERTLEL, YYY, evahF, VaTHOEREDLDONE
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Y7457
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DAL DRENInDDI, F2ROTHEN LIZERERAL 4~5 BU VB EiE T2, ToBEFON
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Table 2. Soil moisture of different vegetations

e 8| i |7 < YK
Chamae- %ﬁfﬁ% l Bamboo Pinus %a rgb‘ SI\F;Ieajf
cyparis | bush | densiflora
1 % ' !

% ' 21,6 | 19.0 | 25.1 16.5 20.4 20.0

Winter | 20.1 22.5 | 24.6 13.2 16.7 19.4

S # | 26.1 27.1 23.1 18.9 27.9 24.1

ri 26. . . . 23. 23.

- pring 6.0 24.9 24.6 18.2 8 5
After B2 22.3 20.9 26.9 15.6 21.9 21.3
several Summer ; 20.1 21.5 27.3 16.4 20.4 21.1
dry days 1 24.8 26.2 28.8 19.4 25.4 24.1
Autumn 21.6 19.5 29.9 21.6 23.5 23.4

£ o 23.7 23.3 26.6 17.6 23.8 22.4

Mean 22.0 22.1 26.6 17.4 21.1 21.9

r3 25.0 23.1 34.9 25.0 42.29 30.0

Winter | 27.8 24.7 31.2 19.4 24.2 25.5

B 26.4 34.0 33.9 24.7 31.4 30.1

Spring 25.5 33.6 28.1 25.2 27.7 28.2

%ﬁ? 5 29.9 33.8 36.0 22.8 31.8 30.8
rainfall Summer 27.3 30.3 23.0 25.0 28.4 26.8
% 31.4 36.2 37.2 25.5 24.0 30.8

Autumn 23.5 27.2 32.4 27.2 24.0 26.9

F B 28.2 31.8 35.5 24.5 32.4 30.4

Mean . 26.0 29.0 28.7 24.2 . 26.1 26.9

8 bR 10em, TH theh 30 em.
Upper column; 10 ¢m depth, lower column; 30 cm depth.

TEKRGOIBOIPTIER

Analysis of variances of soil moisture in 10 ¢m depth

Sum of square[ ?fgelgsmg l %arlancﬁk " ?& s 1(%‘ 00,)01})?
Qfﬁege%atic?x‘i 157 4 ’ 393 9.8 5.41
¥ Season” 74 3 | 2 1 62 5.95
§ﬁkErrors ) 49 ‘ 12 | 40 |
L 20 19 | ; |

Th, HEENKENL DTN BUB LS ABDEDLD Z Lhbh b, LI TLOME, YOREDMIC
HEDOEND B0% STupeNT DR FAVWTRNEEELYRD B &,

AT Ax=2.75%

WP~ Ay=3.08%
Lich FEEMCIET H =Y KO HERHMIIMD L OWE L ORI S EEDENS BN, 7 h <=y KE KL
fOHEERELOMICEBERA LRI, + ARSI EBEXRFCEATHD L) Thotk, ¥
BEICIELFELEER IVCLF L UFBOMICAREN L LDDRL, £BR OV TEEREHR LT3
ETTH B, BOE L OMICEREN RV, dOLIEFCIMmMD6, 7 A%4ATED, Zh
Bz 8 IRERBE U TR LBONS WA TH D, Hid 30cm OFHFEXKFIDOWTIHT 10em ©
ENEDOENEIHNCAILL, MrVLREE L ehoked’, ZERBREENS SO TRV LR X
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i,

¥ -REREOMEER LRSS OFHEC OV T, REZEM L, ERFEROBE L RERCHT
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N5, —B7 2= Y KTIRERORIBRS X5, 7=y ORCHFETIHBRIC X b BXRMEIEL 75
BrEZLRTCBH, ARBRIO 2 DOMAER BRI OV TRBLEREI CHER 2 ER T,
7 b= Y KBS TEARI O 1B R HAKEEDS B L #RDELN, BROFEITRIPTHD
Too FEHDORETIRRMINC, Thd LESDODOFENRBDLNI, —J77 & =Y KT HBENERE
NN EINTV B DT, HWHIROERNZICHZ003 Lhvic\ 23, KIEDRIMS 5Tl B
Mo HEARAHEEY B L C—REEOFH DI, REOTWHOERTLOBERIMEL, KFORF AR
AL B, HOABRCZE LW b EMEC L 5KOBENI 0L, LEADTERC X BitdKks 0
BADPICZ LRFERTHIDLFELLNRD, B EOKRITT » = v L vy U e~ EBK 504
RNz ERVEIN, SO EBECHTRMLOE L bBEEL Y LHEEIh B, Tinbb&kiRE, T
BOFERALD LAIETFEOEMDOR T, METhEGOEBRC L5300 LHM I, Thil
BOBENC LM EBT20THS ).

C. #HERTRETMY - BAEIZDOLT

BEEOE -7 HEO D bHRRTRREELTS 2 LD DO LFEINGD, I EOHEY W~
fo X 5 K—RC I ORI T REIL E o T 7L, FHLWMED 10% IO THS2, L
HLEDE — 7 BOBHBAE TRIEABORAKENKELYEBTIB5LH 0T, LOFERERT
FiouhS, MER TR ERERBCBRONS b, ERHEOME TIXS P OHERT 2R H 0T K
KASE CRAECBET DBRARS —RCADOMBEH LTARE RERELRIR, Lo LFORL
BRI I ORI TRITVWH LA LML, FERROC— 7 REREL L OHRE TR X
DTHRIND LAHLNSD, FOEBRNBITIAFL TRV DOT, 2 TER TRBCH LI H
B D HRID\NTHRR B,

—RCHTRINEC L VZPEOH 2D L 3N, FRBTLIBBEORREFERERFEZ IO L
bhic7 = v ERKTRRSL L, s, Sk, EARDINCPIe ieo T 5BH, ZTDEZ I M,
BEAOTMY HOWE L OBIEY 5 B, MBR TEIEAEDA H L\ CHMDOBSR X b COBRER
ba T 50 ORBY 1 5 AR THILOIH, LOEROMELR~<S, RBREKOMRESLHEDKBICD
WTIRETICEER Uic2t, BEFD 29 226 AT D EioMEEIZ 1 BRDOA, BER LS 2~ &L 7 x4t
WMEOKIMH & D, FORRY a =, Fy ¥, vy SEQEREN 3m 1 AXBEOHET
A LK ORI RIS bivigdsolz, ARDO TR D HiOMRRTOEAIIBEOZH & 12IFEL
WA, TR, 206I42BRVTBR I DERSINEL, 50mm FEROBERTS 1mm CHEL
Temote, FRATFAD O 6 A 19 BUBEFRIAN L (B3%). BRICK\TIXERM 27 47 A,
EREYRCTTPHEED = v &, FE2¥IONIH B2 Liib D, ZOBRIOWTEFPY
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Table 3. Surface runoff before and after weeding and tillage

Plot B Plot A
BM B W TE | ®r® | kTFE | ®FE
Date Precipitation| Surface Rate of Surface Rate of
runoff runoff runoff runoff
mm mm % mm %
29. 3. 1 16.5 0.011 0.1 0.002 0.0
4. 5 20.8 0.076 0.4 0.007 0.0
4.11 47.7 0.160 0.3 0.040 0.1
4,17 15.3 0.014 0.1 0.002 0.0
4,26 15.4 0.002 0.1 0.002 0.0
5. 3 16.8 0.235 1.4 0.007 0.0
e 5. 6 26.3 0.207 0.8 0.022 0.1
ALY Al 5.14 29.0 0.117 0.4 0.005 0.0
Before weeding 5.21 31.1 0.017 0.1 0.007 0.0
5.24 25.4 0.098 0.4 0.008 0.0
6. 1 34.9 0.095 0.3 0.013 0.0
6. 5 43.6 0.217 0.5 0.994 2.3
6. 9 21.3 0.044 0.2 Ve
6.13 34.9 0.043 0.1 0.007 0
i3 Mean 0.36 0.19
6.19 17.2 0.062 0.4 0.005 0.0
6.22 55.8 0.435 0.8 3.341 6.0
6.25 42.4 0.101 0.2 2.008 4.7
6.28 22.8 0.083 0.4 0.094 0.4
6.29 83.9 0.257 0.3 16.452 19.6
7. 4 153.7 0.344 0.2 32.440 21.1
4 7. 8 17.8 0.067 0.4 0.111 0.6
Aft;EX&Ze%ng 7.14 31.1 0.032 0.1 0.161 0.5
8.30 20.4 0.142 0.7 0.378 1.9
8.18 46.7 0.314 0.7 1.681 3.6
8.28 20.1 0.119 0.6 0.995 5.0
8.30 57.9 0.413 0.7 2.644 4.6
9. 2 18.7 0.011 0.1 0.177 0.9
9.7 25.0 0.043 0.2 0.140 0.6
SE¥5 Mean 0.41 4.9
9.17 17.3 0.046 0.3 0.013 0.1
9.25 56.8 0.091 0.2 0.312 0.5
9.27 34.8 0.055 0.2 0.028 0.1
11.27 54.7 0.219 0.4 2.291 4.2
12. 7 29.6 0.109 0.4 2.360 8.0
30. 2. 7 16.4 0.014 0.1 0.012 0.1
2.19 17.3 0.013 0.1 V4
2.27 35.1 0.022 0.1 1.218 3.5
BHZREE 3.8 18.7 0.010. 0.1 0.087 0.5
After tillage 3.22 18.4 0.008 0.0 0.144 0.9
3.27 20.2 0.011 0.1 0.498 2.5
4.15 90.0 0.100 0.1 4.008 4.5
4.30 43.9 0.131 0.3 2.704 0.9
S5.11 31.9 0.175 0.5 1.548 4.9
5.24 26.7 0.081 0.3 1.951 7.3
6.15 35.4 0.014 0.0 3.140 7.5
6.18 35.1 0.022 0.1 2.203 6.3
K3y Mean 0.20 3.1
32. 6. 5 23.0 0.017 0.1 2.104 9.1
6.26 103.1 0.571 0.6 11.253 10.9
7. 2 84.9 0.811 1.0 5.850 6.9
7. 9 19.6 0.268 1.4 0.810 4.1
7.10 19.2 0.117 0.6 1.367 7.1
7.17 63.3 0.463 0.7 6.884 10.9
8.23 101.1 2.064 2.0 2.265 2.2
BHER 2 FFH5 9.7 36.3 0.123 0.3 5.011 13.8
2 years after 9.10 42.0 0.024 0.1 3.779 9.0
tillage 9.16 55.6 0.179 0.3 4.758 8.6
9.22 14.8 0.046 0.3 1.159 ‘8.6
9.24 33.0 0.182 0.6 3.174 9.6
9.29 28.0 0.011 0.0 1.120 4.0
10. 6 -30.8 0.021 0.1 2.381 7.7
10.29 16.9 0.016 0.1 1.004 5.9
11.26 21.4 0.014 0.1 2.484 11.6
S5 Mean : 0.46 8.1
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R LS, MED BOW TREITANR D ATC kL Lis LARRE T 5 i Bbhic, ¥i)iino®E T
BEARO TN I OTHTEIZZVEMT S LBRORTW5H, Wihd oz pE, TAD
DEBIERBLEEINI, TR LE 3RO T HoBIMIEX (BR) KEXTwH s LWy
2, FOREE LTE, SEOTM IMKEOBEBEYTE L THIeDT, FENCE L TR WCHIER, b
MO LNTEOEEL & HREMERE DOl icd, HEDENTEY & THILORETHELZTH
LicZ ERERL BT ORRYETHA 5 MY —H 7 »~ v ERMKOE AR OMEES T4 U iR
DIRADPFERDTEC L VAERINBR T L e o THLbh L 3EZOLIDL LD D, LlLOHE
WFOHMETAD DXDOEEIFT S LESPORMMFEN D, BBROEBEDOMEA T i
WTHEMOEAR P MCFI LV AE b EbREL DL, TAY OHERTICE LIETHEBLBRC
Fli$_EThwWeELLRS,
TAYELHAXEBLTHDL, ARBRESECHIC YRR 15~20cm DERLEHELIC, TOHER
BHEIRCRLND XIS CTAI BV BL L TED, L RHBERCZRSA LB LS Ly,
TRV E T BRI X ) HEBREAEK L/ 0, BEENHEML, 13k - PR 5B
HEAEATARLDTHSZ LWL TH D, LELIOHAR—HIDOL 5 T, BAOERAL LI
ST TCOHEMDERA D 0, PISRE 2 »ER BB L 32 FTIREBEBCERBETEIIVH LA LW
mLTws, ZHhieH L, HBROBXII2HM 28 AT 0.5% LT Tl & A EELR AL R,
CHAEAEBE OO DT & AHEEAKRE L, O HERBRIHINBEREMETT5 22
L20C, AFHOHEAEDEADKRWEY ZOFARETETEEC L0 Bbhs, LEDRND
HEREBOFENEK LK E R BER HEDTHWBENESERELR . W, Tt LAEKEOR
REYLREEE, ERWRHBIHC, L ORETBELREL V52 213, HEROLDRHRH IS
RMOBIFCE L THWAEEC I VEHINDETHAH 5, BTHETMNY ZD DL X BB DOELH N
T LRBROFERO T TR BT 2B OB L>ThHEmIh 50, $HEBA%R% O bkt
BEERAT AR, MROMHBEC E b TAERFPBEL 525 THAH 5 T LFADIUL LI,

I EXiEEOHRHIEN

A. kBoF*E

BAMBOMHEANLR LT 5 KHico>T, ThRICKRENEELY G2 2BINER L LTRFEL LD+
BORBEEAVPEETH LY, LAKHAEOAE, ThbbThZThoRWcisi) s TROMKHAERD
REZEHLDTEICES, Ric2EHCER L SFAULABEY OB ERD 5 2 L IIRTEECE,
L0 TERHEAICA—RERH T ORKAEDO LBITED IV, £ TRAKEXEFTO B X
UREFOER LM DEE L LTHRbL, RAULRELECIVWSAORBEYEHNCHEET 2L
7o, BROKEILRTEL LUL, HEOY—72 3 COREMEYHG, WEBRE®EDLTIDLLT
1RIRATNEY & O, RBRACIHHRSTEL LD, 1BHERATE L OBES L H_IAAKEN
DI D TRERRAN, 3HHA, HEO2ERTERNABTEZELTIRIIEHLD T4 TiEd %
7, SROBREID ¥ & 05 EEH\ T, BRLSHHTE 2 RHECSAOFNEET ST, ©
D 2L i, HEL UUIRKRE LG - R, #KMOKCERINCEREL, SAKEY
KfL: €—7 TCOHRHENE, 1RHGATEOSTHOEK: LTEb LEHFIEROHEKARDS &
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Fak  HHHIRREE-EE

Table 4. A table of peak discharge in each period
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C—7 ik x TRk BRI
K I ZERE Peak discharge Accumulated p. till peak Max. an hour p.
Ggge heiéht No. of Is | mm mm/hr
datas | g G - 2] \ ¥ o5 # B B
Range | Mean ‘ Range Mean Range Mean
Jt o Kitadani
ki) 3 Before cutting
2~3 14 0.26~ 5.37 1.73 5.0~ 32.0 | 15.8 1.6~ 9.5 4.4
3~4 15 0.56~ 38. 54‘ 6.93 6.3~ 42.3 18.2 1.8~28.1 7.1
4~5 22 0.56~ 58.62 7.31 3.2~ 75.0 16.2 1.3~12.4 4.6
5~6 11 1.44~ 48.12 10.56 5.5~ 32.4 ‘ 15.3 1.3~ 6.5 4.2
6~9 11 1.72~ 61.53! 19.07 8.1~ 45.2 21.3 2.1~10.3 6.4
tk B During cutting
3~ 4 19 0.62~ 35.11 5.95 6.3~ 47.5 18.7 2.0~11.9 4.4
4~ 5 18 1.10~ 19.45 5.65 |, 6.3~ 32.3 | 17.2 1.8~17.7 5.5
5~ 6 14 1.03~ 82.38 16.89 6.5~ 43.6 20.7 1.8~14.0 5.6
6~ 7 12 1.92~216.61 40.97 6.8~122.1 30.2 2.7~29.9 8.5
7~ 9 11 2.69~161.28 37.14 5.3~ 44.3 21.1 2.2~15.4 7.5
9~12 14 4.18~399.31 73.80 11.9~ 91.7 30.5 1.6~18.5 7.4
#® i 1] After cutting
3~ 4 i 8 0.49~ 26.22 5.34 5.5~ 47.8 15.7 2.2~20.6 7.0
4~ 5 22 0.62~263.40 18.43 4.7~ 73.0 18.4 1.7~12.7 4.6
5~ 6 23 0.92~187.32 25.00 4 2~ 58.7 20.9 1.4~25.4 7.0
6~ 7 23 1.18~153.12 25.02 2.7~ 47.7 16.8 1.5~35.5 5.9
7~ 8 19 1.57~ 56.58 13.97 4.4~ 33.8 15.2 1.8~ 7.7 3.9
8~ 9 8 3.85~212.14 37.68 6.7~ 53.2 19.9 1.6~12.5 5.0
9~12 | 19 7.20~652.23 85.32 9.6~ 53.7 \ 24.4 2.5~17.4 7.3
] = Minamidani
il bt Before cutting
2~3 14 0.09~115.43 9.21 3.0~105.1 20.1 1.8~15.1 4.7
3~4 18 0.17~ 25.96 4.67 l.2~ 42.3 17.5 0.8~28.1 5.8
4~~5 17 1.22~ 15.52 3.96 7.6~ 30.3 16.5 2.2~10.0 5.2
5~6 15 0.82~110.54 18.48 6.4~ 57.4 24.4 3.1~12.4 6.2
6~8 12 0.79~ 53.80| 20.61 7.3~ 46.1 23.5 1.3~ 9.4 4.8
% B During cutting
2~4 11 0.62~ 18.82  2.89 7.5~ 43.3 16.0 2.1~12.6 7.2
4~5 11 0.89~ 26.73 6.22 8.9~ 47.5 18.9 2.1~17.3 4.7
S5~6 20 0.99~ 46.30 9.39 6.4~ 54.2 23.4 1.8~16.7 6.0
6~7 12 1.22~ 39.83 6.24 6.3~ 36.5 16.7 1.8~14.0 4.9
7~8 18 2.32~460.23 62.86 5.3~ 91.7 32.6 1.6~29.9 7.6
% ;1| After cutting
4~ 5 14 0.62~ 27.50‘ 4.19 4.7~ 47.8 14.4 2.1~20.6 4.6
5~ 6 41 0.85~~180.79. 15.76 5.5~ 73.0 22.1 1.7~15.3 5.4
6~ 7 24 1.03~108.15 13.43 3.9~ 51.8 16.7 1.5~26.2 5.6
7~ 8 27 2.69~ 96.68 36.14 9.0~ 45.4 22.7 2.6~35.5 7.2
8~ 9 14 2.26~122.97 31.96 6.1~ 47.7 20.3 1.6~34.7 7.4
9~12 25 2.82~594.68 56.38 4.4~ 53.2 22.2 2.5~19.4 7.0
T A b During weeding
4~ 5 16 1.9~ 59.0 10.1 11.5~ 64.2 24.0 1.5~29.4 8.0
5~ 6 16 1.6~174.4 25.7 8.4~ 88.8 28.9 3.7~18.9 8.1
6~ 7 13 1.6~ 66.7 17.4 4.5~ 41.8 20.6 2.8~12.6 6.5
7~ 9 14 3.9~143.1 36.0 7.4~ 78.4 28.4 3.9~23.0 9.5
9~12 5 4.6~108.2 49.4 6.6~ 42.7 27.0 2.0~12.1 6.8

LRI, FARPECLREC IO TRARELYTRCOWTO LT 2 EROERE LT, FKAFEKT
CRBRALRD, BREOHHANBIOREERE Lic, TNCROBTCORBYEGRT 105K
HEYRYEWEOALAOERE LTEbL, MENDEXHE L, XBIE, HADCEKEECREDD S
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TENTFHEINDZOT 100s HUED L RKEVHKDBECOWTD, RBSTHEFHHEIENDBHD
BRI o%, BBIERKKER, 0.1mds/kn® 2HBT 5 — 7 HELCOWT, BREAYER
L, TOERNBEELHE L, L ORI ZOHKEE R LBV DHREE LTI,

B. BRKE LKA - RS KU Z0MEDRF

HRHBRD & < CEMEIR S ORBT, WHRA - BRI BRI R & KA RGN R L OB 4
RThHDH, ZTTHHIZBRM 12~ £ LDIX 16 FEPUED <Y 7 14 A VI X DHEORZKRE, &
SBEEHEHIOZEZRNRE LIt DTH Y, HBIIRMEM 25~28 £ LD tkikd (BF1 19~21 )
EOMKCET S, BHNOEYRELTHZ LR IVBWMOWBOEL LI VI XOIRIBETEXLI LY
B LicicdTh Y, BIIIRRERELRTESOMEOEE Licy v, HARKORICSHIC2, H4%
DI HERBIDOE RN, AR, BAENEL STWHENLL, KNS ZRENORICHIR Y DED
HBDT, TOFHE L O TCLOKMERORBHTEEEH L AL T LIS T LILEELEO LI
WBRW, TR IO THEMOEALBML 50O LEL 5,

AEREHET AR, FWL D, KEOLEARELTE — 7 MEMMOEMINAD X 5 Th 5, BER
BLE—/7REBELOBRII TG EHD X5 T, ZLRERFWNELOBEREILIR/NIVISKA
2B ERCHERNE L, BERE ORHEBRELRDS L, Bl X b S®5 23, KELL OEEL S
FLRELEL, ZRAHTE L OHEEARETH D,

4% D log R=alogx+blogy+tclogz+d (R=KKAWE, »=HAWER, y= 1 HHEANE, 2=
KD &EX, BRBZEREL LT, logR & logx, logy, logz L OEMBRE A RD S L EME LT
RO LX) RFHECE O TEOBRR L RN RETHEE L,

Jb#sai log R=—2.4731og x+1.858 log y+2.316 log 2+1.093 EFHRAMRE P=+0.993

tEEF ~ =1.812logx+0.251log y+1.612log z2—2.612 P=40.968
#®ii ~ =2.863logx—0.329logy+1.194 log 2—2.965 P=+0.982
BRI ~ =4.2141ogx+0.689 log y+0.174 log 2—5.150 P=+0.999
&igf  ~»  =2.3891log x+0.877 log y+1.322 log z—3.818 P=+0.978
#i  ~ =1.804logx+1.374logy+1.380 log z—3.267 p=+0.999
TA#H ~» =2.3631og x—0.706 log y+1.470 log z—2.525 pP=+0.954

FROBHEBAEOR /NS VEATUDIICR T, EXbEH LcRkRTROHENBERO Y
139.7%, wKIX24.7% T, L) DEEERRTZ Ldbh b, EROEREY—ET5IC, BAL b
WACHYDOERD D, ThbOENHEDOERLIGT S D LITFADMI, & LIRIICE VT a
PR LEEBDDIET LAWY, ZORHCRWTH, BOFES5RCALDRS X5, @4 DERILL
DORREE B E, TOERIELRD DT, ThOEREELFET S LIC X VA TLENORIR
W EOHERESS 3D THA I,

¥R BROAERFERFREEZHEN TS L, WThoBcis\ T logx OF2 logy L hKREL,
R4 2 MM HBERFHCERERENREVI LERLTWS, TR LKA BERE L OO
T DREDO KRN, B X O TEEND S,

WERT - ORI OZEE LB D, BRHICHAOELRDSB L,

JtA  alog R=5.336log x—2.187 logy—1.122 log 2—4.058
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A alog R=—2.4101og x+0.685 log y+1.206 log z+1.883
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BT %, 9, 2 ROFHOGHENTRIECETH D, 2 NAEL BN, FOEMITEEL 7
LB 52, EATRTEO/NIVEL alogR BIELD 5 508 x OWAT I ONE L5 (2
D X5 TR DWW TR 4 BRET B THBRR), FREAOTMNIEI LB DEwy L 2,

Alog R=0.559 log x—2.080 log y+0.090 log 2+0.742

ZOERIL y OEC L HARELSXEENDD, WTFRELAFOEINIS TV 2BEIET

ok ARE- ERE-EE

Table5. Coefficients and constants in the equations

KoL BB
Gage No. of Yz.x Yz.xy a b c
height sample
de A Kitadani
2~3cm 14 +0.812 | +0.847 1.292 0.833 | —1.994
G| 3~4 7 15 +0.862 | +0.949 1.148 1.046 | —1.642
Before 4~5 7 22 +0.846 | +0.879 | 1.123 0.693 | —1.264
cutting 5~6 11 +0.845 | +0.856 | 1.433 0.324 | —1.107
6~7 7 9 +0.746% 40.768% 1.724 0.277 | —1.299
3~4 7 18 +0.907 | +0.909 1.780° 0.118 | —1.756
IR 4~5 7 18 +0.828 | +0.893 1.328 0.646 | —1.360
During S5~6 7 14 +0.804 | +0.868 1.266 0.740 | —1.334
cutting 6~7 7 12 +0.975 | +0.978 1.652 0.272 | —1.360
7~9 7 11 +0.888 | +0.897 1.611 —0.040 | —0.788
3~4 7 8 +0.964 | +0.966 1.752 0.131 | —1.59
4~5 7 22 +0.843 | +0.870 1.331 0.542 | —1.284
% 5~6 7 23 | 4+0.833 | +0.867 1.522 0.624 | —1.356
After 6~7 7 | 23 | +0.932| +40.938 1.792 0.260 | —1.339
cutting 7~8 19 +0.955 | +0.965 1.789 0.502 | —1.401
8~9 # 8 | +0.977 | 40.993 ' 1.760 0.486 | —1.298
9~127 \ 19 | +0.906 | +0.912, 1.887 0.237 | —1.094
B A Minamidani
2~3 7 14 +0.942 | +0.063 1.108 1.382 | —2.031
iR 3~4 18 +0.880 | +0.903 1.052 0.463 | —1.171
Before 4~5 7 17 +0.780 | +0.780 1.383 0.069 | —1.205
cutting S5~6 7 15 +0.906 | +0.941 | 1.411 1.351 | —1.997
6~7 7 15 +0.971 | +0.973 | 2.700 —0.042 | —2.301
2~4 7 11 +0.926 | +0.935 1.627 0.259 | —1.896
AR 4~5 7 11 +0.831 | +0.858 2.232 —0.459 | —1.956
During 5~6 7 20 +0.878 | +0.898 1.448 0.501 | —1.462
cutting 6~7 7 12 +0.664% +0.670%  1.524 0.306 | —1.364
7~8 7 18 +0.910 | 4+0.919 | 1.699 0.380 | —1.323
4~5 7 14 +0.971 | +0.979 ' 1.446 0.094 | —1.457
. 5~6 7 41 +0.923 | +0.923 1.789 0.046 | —1.546
A fter 6~7 » 24 +0.959 | +0.959 1.638 0.127 | —1.216
cutting 7~8 7 27 +0.868 | +0.888 1.723 0.398 | —1.590
8~9 » 14 +0.961 | +0.968 1.829 0.296 | —1.339
9~ oz 25 +0.903 | +0.911 1.622 0.325 | —0.950
4~5 7 16 +0.965 | +0.969 2.144 —0.097 | —2.010
T D HE 5~6 7 16 +0.933 | +0.933 1.720 0.036 | —1.301
During 6~7 13 +0.959 | +0.959 1.821 —0.091 | —1.254
weeding 7~9 7 14 +0.915 | +0.918 1.594 0.169 | —1.106
O~ 127 5 +0.905 | +0.954 1.432 0.405 | —0.806

vex: logz ¥ logx ¥ OREOBEAEBEREK
veay: logz ¥ logx, logy X OO EHEBIRK
a, b, c; FREIS LOEH

HBREIC * 2 Lcb o (R0FR) LMHIFFCEERD Z L 2w T,
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BHREELTIVTHA ),

SHREAEFR, BARWEOMELHMIRETIHNTHE 4ROFECOWT, RAMEKII
log R=alog z-+blog y+c (R=H Kk, r=HAEFME, y=RAHWE) OBKALEE, TOEMEBRK
B a b c OEXELDEONESRTHB, ZOHBETD logR » logx, logy & DEIOEHBIRE
NEDLDTHRETHD, ¥l logR & logx * OEMEBIRE D THIGEVERZRLTE Y, LihoT
BAKBEYBREREOLOEK L LTIV ESEOR W ONELNLITTHS, 1RHRANE
DREY, AEMCEWTRIREBESH L TN WIDH—RICH L 2L S,

HEREDORE ¢ PHEEH ¢ 2RO LACIE UHAT S L) BRI EAIERNCFHI N,
EBECD ¢ BThGEWELEETHZ LARDLN 5D ¢ DEOELIITICI N TDOHRED L 5 7B
BB b e, ORI CIE—EOMHAE RV LA e\, e 11 b L3S PHENLD L5 EBLS
DOTIBDOERCONWT a & b OHEBFREAYRD 5 L] =—0.319, &K% =-—0.872% Hff=—
0.667 T, WINIBETIOMEICHWHOEETHHEANSD DT, a KHAINLELE Lk
WOIRZD b DIEOEBAKE D THS 5. ¢ ORMHIOELRMIC BT 5 LA, W
L RRFE ORI 2 RO AREYN D ), EATH, M MRG0, TA D i L Th
L BEEFEORARRC S LIETHEIHADHMT IR OKES KD Z L ETRTIDOLHEINDS,

b DIERFTRO X 5 K& fd B U THEM/NS W2, AL OEREIE L TN WeDT,
HARLRBET D25 L CRBEREDO L S RAEWEER b OEIREL, LTOHEIIHCH
5 SRR ThIC AU E Vv \ ERETIR S X 0 DREDRIES LU KR HROR
B (o & TR CKEL 4~5em, R TIEL 5~6cm) % L b, FiH LR alog R % L > TR D
HErfile 5 &, bR CREERHAMERS, B X 0/ WD, EATIAIEEHY X5 ERER
WIETZ ERTER G, B ETUIHIOME Iz A EEN RV ERLRS, REETAIRLDY,
KELA 0.56~2cm ERATH L EHEL THIERACEWTULZDEINIVL S TH S,

FEAAO KK TIE, ¢ OEIEHLBETIEELL, Lo TR UKRMIHT 2 B R KTE
i, 2B ARE , RSV TL L OEAL D 5, MHHICEKEFRE: bIith
XD RRKREVEAD, HAMETE, B, DRNIWEHEOL B O, WK HEFHEH _ EHFI
FCHBLERTIOTH S,

BT AR, HEDKRK LoT, HRMEBROEMIMRC LO>TRRLIDOTHY, LOEIMEE
DOHEWTHEDOZEL X 53D Tle\Z 1%, Bl - RIOTWAROEAEREL2EMNCREN Wb
f,%@Kﬁmﬁ%mﬁbhbtkml51%S#ﬁbh,EE%O%OID,m%iﬁ%#@%%@t
B rERTIOT, ZOBE L RIBOREIERTE ILURELS, EFROIDIBENEMLLL
ORERPEEZOND DD, ZhEEMT 3 EREERTH5 T,

e, BARBCHETIETLLUCL, AEHCIRENROHEIBAMTRL DA ) KT
M, —HRKETOKREOHEEL, MBCLLTEH LRV IE 2D LEbh, L o TEHABITEK
FLOEEALIL, ZTOHWKE, RRRBOELLHL, BHTERWHEX DD L V2 %,

C. RRERLRAKE : ‘

RO & 5 K BATRILE — 7 F CORUINER L BHABRRA S D, ORI 3HEITH ) bl

INE, ETC Zockh D5 X R R EOWIROBRAROEK L E2 5HN L VABERNLIELD



BORIKFERERRE 5 IHE (B3 - 2D —133—

hB0T, FRRISOTHHNORBEFRS 2L Lic, 2oL b/ PNEBROAKK CILEY — 7 ¥ O
BREAWED 5% WKV BEVWRT, LA TRANCIRENEOER L 2 BE LT
KUIEZIRNTHS D, '
RBEEEOKMOKEEEL LT 4.0~5.9cm &L b, BKEHARKANZ OIS B S DDOL e R
L, €7 DOBOEMILIDOEILIE T, BHOEHFH LI DONE 6 R THD, kS EITK
REZOHIM L LT 22~24 FOEME b HbEHRE L, WEORRX L LU zhZhon g o
FHELYDECDT, e ARHERXLRA L, Thhbb,
log y=alogx+b
Y=EBKINE Is, x=TRHE mm
L LT logx & logy OFHM, EMEEHL, BUIRRE, HBIREPHERELYRDB LETREL D,

Foexk HRNMELREE

Table 6. Peak discharge and basin restorage

B BATE - REWE
7B Peak di/scharge Basin restorage
. No. of s mm
Period e e — .- e
sumple " @ ¥ B @ W | ¥ 5
| Range | Mean . ‘Range Mean
| |
| i |
-] N 23 0.67~124.89,  13.74 i 4.5~ 52.9 17.1
Before cutting |g S 20 1.80~115.43 24.25 | 7.6~100.4 29.31
| : I
& 8% & Jt N; 32 0.62~ 82.38 10.41 6.3~ 40.6 17.2
During cutting | sl 29 |0.89~ 39.83 7.43 | 6.3~ 44.5 17.9
1 LN 47 '0.82~854.48  49.33 3.5~ 59.4 19.9
Immediately afterc.|f S, 40 0.56~419.0 | 19.07 5.8~ 57.4 16.3
| ' !
% i {jl: N, 75 0.66~263.39 21.83 | 4.3~ 52.5 18.9
After cutting @ S| 40 10.62~180.79i 13.16 | 4.7~ 67.8 20.2
! ! | !

FrE  REBLREKEEOEYE - HBIO B

Table7. Regression and correlation between basin restorage and peak discharge
- EHM R | | HERE
T Sum of squares and | HBIEK | EUEHEK yoE | Brror
¥ Degrees sum of products | Correlation \ Regression SEHF | -
Period of e B . A Constant |
freed Syt s Sy? coefficient | coefficient Sum of| df
reedom % ' %y ’ 'y ‘ | squares’
[ ~ Minamidani
12~15% 19 ‘ 1.565 3.055 7.232 ‘ 0.908 1.951 . —1.758 1.269 18
19~21 29 1.576 2.990 ‘ 7.899 0.848 | 1.938 - —1.739 | 2.226 28
22~24 42 2.920 6.746 | 18.803 | 0.910 | 2.311 —2.014| 3.218 | 41
25~28 39 l 3.336 | 5.592 ' 11.911 0.887 1.676 - —1.368| 2.538 ' 38
& Total 129 | 9.397 | 18.383 | 45.845 , 0.888 | 1.969 i 1.720| 9.251 ! 125
i &  Kitadani
12~15 f 22 ‘ 1.669 ! 3.323 1 8.825' 0.865 1.991 [ —1.700] 2.209 [ 21
19~21 | 31 | 1.486 3.237 | 8.860 | 0.911 1.858 | —1.858| 1.809 30
22~24 ! 46 . 4.812 10.529 | 28.330 . 0.901 2.188 —1.7141 5.292 45
25~28 74 | 6.099 13.305 33.054 0.937 2.182  —1.815' 4.080 | 73
2t Total 173 | 13.976 | 30.394  79.069 ‘ 0.904 2.049 ‘ —1.772] 13.340 | 169
2
Sx2=73, (log x)* — (X log# lc;g ©)* Sxy="7, log x log y— ;lroiggx;;z logy.

Sy=3.(logy)r — Z1BY"  emewnm-se- 5
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ZOBERRMBEORFBIC N THEMEEG 7‘§~f":—=10”ax""1 T, ZTDOREIL a, b DRFHEBIRT S

2 a OFRSGPENLRONRBDT, ¥ ¢ KOWTHHNCENS 2R L, Zrrdtsc

12 b DEOBBBIOEINE VDT, a DED %%vcxlﬁ?%gﬁkébk%kah%ﬁ% H1%

DAED LRI TR DED D B0 DRELRTTIR S &,

o B
% ] A H & B |—
] ¥ ¥ fn =Ryl
RPN ENRD b D RZE 172 13.3714
fif x DEERZ & DEYEL S DRz 169 13.340 0.079
B = 2 DEIR D% ; 3 0.031 0.010

ABETRORTHOMS S S-S0 st s,

Lo THS L OEIRHIOZDOFEFEHA, Bl Z L OEFEL S OREDOTHFS (EREBRE T~
TAEL, LD O TEHRHCERDOZEN DN, TbbRERDOHEINCH T 5 R AHE DN
BGRIAWEE L TRERWD, BRMEZLO S DRMKIRSEOTHAHCLS VAL b REVTHA5 &
EHRDOHBIC LOoTHREINS, —HEACOWTRABERERTTIRS &, F=2.85>F,.05=2.67 &
20T, RHIAOEROZIFE LIS, BADKRRER 22~24 £0D a PEIICKE VA, YRR
BWERBE 2 HTEEZR O RO L WHEGE LD D, T X BHMO—KINEELAEREZ oo Cchadb )
Mo Fio 25~28 SED a DELENIVDLID 2 £ 7, FHEC X IEAEREEC L S0 LET
RETHH Y, '

KICHIFAB BT 5 &, #7 RO THMOERKITAEHOERORIETEEELT O LA
NBH, ZOMIEAIIEE L VDD NIWEETR LTV, ThEILRIBICH T TroEL KR
ETBHL, TTHHCOmMADREHEREL,

N _(8.323+3.055)* _
ETERNID (8.825+7.232) “669+1.565 3.479

A UL R OEIRER D OFZEOFNL,
2.209+1.269=3.478
T, 2O0EEDE,
3.479—3.478=0.001
TEBRREL VANXL, ARERZD NI DI,
R HETRIIOMADOEY R T 5 &, ERMBRBOMICVWB LS LWEERR LD BT LN TE,
Tieb bt ORERE O BUKBRED KT OHIXFER £ OIRIC & h b DB, W F & OEAZFIEY
D 1 KBSV TRET S &,

ek | W R | REke | ke B22RM mpg

o BRORBE
cm mm cm | mm mm Ifs
PERI 137+ 3~ 5 5.0 108.2 66.1 . 70.1 48.9 63
BEFn 28 - 7 + 18~19 5.6 109.1 68.7 t 81.4 47.5 127
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EFE2 BIIPIRAL, WEE BIHEELL, FLBEAKBEOEL/NIWD, WKBEOEZINRDREL,
LRREHIND O, FIEE L D BKAE Rinicd, AUESRCHTIHBEREZCENL D
P ETHB, L LEDOEIEABOWEKCAGEHIRBES T HEADODH S O L BNt

D. L’5 L% LULHkoigs

HRIBORBREINC S LABADOL B Z LE L BN, LA THEDORAREC K XIFTHED, @
EBABHHMED EORE I s L, MIREKCRS L FEINLOT, - ZBEMEELN 100)s Pk
DREIHKBIDORZ R4 2 UTEIR O it a e ot

Bt £ 21T LT, BUKR EOHKD X 5 KUK OB S DIXBR e, 12D X 5 inkEinh
KEFThH, LBOC -7 RWRL D 0~20 5FL bbbh b2, BRHAKHPERENAAXVOT, BEW
BEOFHICE, LORMZELZERLT, MAL RO — 7By EBIC L O, 8 ROKMDBIKA
DKL LCHBREOFHELS L, ThERBEHNCLIOENRDD, I LICHEKIMOKRAHI LR

B8k 100I/s LLEDHIK
Table 8. Peak discharge above 100 I/s

 pamE . Witadan | Misamidan | 4
Y itadani , inamidani a5
g | AR | Total [RAHTR e B Kitadani
Year | Date | prec. to cak | K AL Ppeare | K AL E A
D hour p. ak | ‘Gage Gage i
the peak dis- h e'ght dis- heisht Minamidani
B charge ight | charge 18
mm mm ma /s cm | mdfs cm |
12 | 6.8 118.0 |,  10.8 1.37 |, 3.8 ; 1.04 4.9 1.32
9.11 131.8 23.5 | 1.94 3.5 | 1.15 4.0 1.68
o " g.lz gi.g | 6.5 ‘ 0.57 3.7 | 0.46 g.§ 1.23
. . 6 111 2.09 7.0 1.61 . 1.29
%ﬁgbngfﬁf%§§ 7.5 102.4 | 9.3 ' 1.60 4.8 | 1.3 5.9 1.22
9.5 55.3 8.9  0.72 4.5 = 0.49 5.6 1.47
| 15 |6.26  100.5 15.1 = 0.86 2.0 | 0.51 1.9 - 1.68
| ¥ Mean | 99.2 12.2 ; 1.31 4.2 | 0.74 5.0 1.41
| .
20 | 7.12 95.5 | 7.6 ' 1.33 5.9 . 1.14 5.4 1.16
7.21 42.0 15.4  0.93 8.7 = 0.65 9.6 1.43
9.18 79.5 10.1 1.19 6.2 1.05 6.3 1.13
R 9.27 1  48.8 5.7 0.67 9.6 0.47 | 10.9 1.42
During cutting} 21 4.24 | 53.4 | 11.2 0.87 | 7.3 0.71 8.5 1.22
(B 19~21 ) 5.22,  91.7 | 18.5 | 2.31 = 7.6 | 203 7.1 1.13
7.30 | 118.5  20.9 . 1.11 5.0 ' 0.67 6.0 1.65
@2)|7.9! 4.7 | 203  2.03 4.6 | 0.93 5.2 2.18
S5 Mean | 72.1 15.3 | 1.31 6.7 | 0.96 7.4 1.42
27 16.23, 77.5 6.9 | 0.92 } 4.2 | 0.6l 5.3 1.50
7.11 1 102.3 18.1 | 2.19 | 5.8 | 1.92 8.0 1.14
7.1 58.6 15.8  0.92 5.4 | 0.51 7.1 1.80
£ .7.30 61.2 17.4 | 0.89 5.9 | 0.46 7.2 1.93
After cutting| 28 |6. 7 139.2 , 17.0 | 3.78 8.6 | 2.63 10.0 1.43
(M8 27~28 %) 1 7.19 0 107.5 | 25.4 1.75 5.5 ! 1.57 7.6 1.11
$9.25 108.5 10.8 1.57 4.8 1.48 6.4 1.06
(9.5 69.6 12.7 | 2.27 5.3 | 0.91 6.5 2.49
3Fﬁ3hdean 90.6 15.5 .79 5.7 1.26 7.3 1.58
30 | 4.17 79.6 16.6 = 0.79 | 5.0 | 0.55 5.7 1.43
7.5 61.7  10.0 0.8 | 4.7 | 0.48 5.7 1.83
FAID 1 31 | 6.12 55.4 | 14.0 0.87 | 5.9  0.63 8.4 1.38
During | 9.27 82.8 | 18.9 | 0.84 3.7 i 0.55 5.0 1.52
weeding | 19.27 92.5 8.1 0.74 4.0 | 0.50 \ 5.1 1.48
(8 30~32 4£) 32  6:27 9.8 18.9  0.85 3.6 | 0.67 i 5.0 | 1.23
[ 7.18 62.6 22.5 , 1.42 6.0 1.17 8.6 1.21
/1 8.23 | 86.6 j 37.0 | 1.39 4.0 | 0.77 6.1 1.77
45 Mean 77.6 18.3 \ 0.97 4.6 0.67 6.2 1.48

I @%ﬁ%ﬁoﬁﬁﬁoﬂAtﬁkﬁﬁmtﬁoﬁo10F&LLOOWMMh@
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e HIICHY EF LT\ 501k Sampling @ X5 3D T, TTRRURCTBRRTEL S it
BlDOdrE2 5, RRKEORMATEEHRD L BT L QRAE WA, THhIZEHOREFE R
AR THCRRBWP LT B Z EnbARTY, BLOL WEOHETILWTHHA5, TLTANIE
CIBOLLLTEADRARED VLU D LWEANL, BICHEFREOECFETE LEbR S,
—H, TMIRIDOTHIRARMEDOHMT ZERDILNZ L ETRTIDOENL L),

DOERHEHCI b O TRARBIIHATE, BARTE, BKMOKMLOMEKLEL, ThZhoNK
DOEHBEREERA<S L, '

owom | m®e | o om | Tuom
2] £ ‘ 0.922* ’ 0.613 l 0.880%* l 0.875*
ik = 0.922% | 0.470 ? 0.709 0.754

ERRO TR TIREIC/N I WOREMEO L L2, KEMHKEORESRMY RO 2 EH
DHTELTZEDRTHTHHI LRI B LBbRA,
2EHYBECCOEML LT, BREWNE L ORBEBEIMIMCERTET L, RARTEEOZEI HEA
R LT 55, TOREDFHIICENKRE V. L CEHBEOEELIHO A OLTEER Y
#Hz,

B A log Rs=1.188 log x+0.356 log y+0.933 log z2—2.405

i &= log Rx=0.800 log x+0.654 log y+0.930 log z2—1.757 _
T, ZORHTIEBEANEOEENSIKREVWTHA ) LEBRING, KL (2) PAFKEHICE
Lne LT, ARADELRDD L,

log Ry —log Rs= —0.388 log x+0.298 log y—0.003 log 2+0.648
T, BANROWMKTHIcoN, MAOENETET/NILIRAHANS D, —HTEREOHEAT LI
o, XOEFPCKRELRY, BAOWEEEY LS FRRL TS, $XHL ZOAMIMEBEDOEL
bh, FRALBELTCO—BHOIDTHA 5, 0L bEANBOWANC ONRHMEDEMT 5 DA
BEITHD, MELVHEBRT S0, 24 LTRADESNEFIKENT 2 LAbh 5,

ﬁﬁﬁﬁoﬁiﬂﬁﬂﬁﬁkﬁbb&bﬂ$§h@fﬁlﬂKﬂT6%§®m§i%%-%%MKKO

WUk (8K, RHIBIC HIBRE L,

%m*ﬁ0¥&ﬁkm§uohmk§ﬁﬁ§lDk%<,Lt#of%%~@1lbkf&6ﬂ,ﬁi

FHERKREOZEYFE LT, BHNCHEEERL B 2B TH L,

F=0.62<2.95=F0.05
LIeDTEDRNZ EHBD SN, 8 RO T TIREM, TN Y e #inL T\ 5, 30~
32 FRREEHICET H5HBOMEDMICEI NI VDT, WERKI SHEEDLVONRYRNS L
LAY, 30~32 FILEAII T D Lo THAN—RIhics’, JEMTRIRE 10FELBAL, v -
MRZELTHIHEORELKRE DT, MADHAECKENDDILTTHBA, MOFHLHELTS.

132 A LERR BRIt 2ERHRE LT %Si=p ¥, W7 HONKE E ORBIRE<DE, b &
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IRELE DRI A DEROHENR VDT, p 2RATE () LHABTE () OERLEL, Th¥
N RHEBIREES L O EHEBERE R kDB &,

Ppay=—0.515%%, Ppyz=+0.635%% Rp.zy=+0.664**
EEDTOTRINHUB LSHETHHDOT, ThbOBEFRRERDD L,

p=—0.00535+0.0588 y+1.011

& x OFREUL y DI ARKENZ WA, FOEEREIRRE 0 pey=—0.479, U pye=+0.653 & »
D p KT BHEL 5 LOPRKRENC L 0bD B, TLRTRERORIIBIO BRI OWTH TS, U
FThILR: BERCEAILLNRLS, TEBREFBELAEDRI D, WEEHO 2,y OFBEY
ERERALT, p OPEHEMEL RS, TOHMBERYEHN T L, il +15%, &%+ 7%, %
# +8%, TUYH —13% T, FMWCRITHFEEEFDL L DREL EEOEIIC L >TFHRI iR
LIEODOH DT LN TE DD,

B EofE 4 OBREHC X oC, BMILAROBRATEDZER 100)/s YU LEDOHKDBECIHLLTH B,
HEWEOWRCONME D, WERENHTICOh, TOENKELRHHER, TibbiFREDOKN
TEREADOHACRIUCZEI VN Z WD, ERFMHOER TRV ERCEREWAHKERI T 5 ik
DREENALI INIA, B L, KRECSITEROENERTELALRBH00, FE
X7, FLRTMIRIDOTHILEHAELBRELRT, BT 505 U5 LWHKRIC I BHEED
ZOHBIBERUT AL THA S,

WICARBR D HIK B & SMRBIBO L & OB E T ot ARBIBORIIC OV TZILILY 1T
IOTEHEMMEI T3, BT,

| I 5 R | T % R
£ F B KR 9.6°C
EREEK (B B 2,500 mm
& T ; 3.06 ha 2.48 ha
S | 34°30' 35°50"

AR (1940~1947){Wiﬁ0wil—1 CTAFAHEL THHER (B 27~28mha) &7

1 w 7, 7T XOMORER (B 33~44 miha) DELH

4 ~ %munbfﬁﬁumzﬁkﬁméﬁx&&ﬁLﬂﬁm%L%n
R (1948 NTTvs

T, B - O - AR D, BERBHOThERERENDY, LK TRETNY OB S E
DIFERPTFHINITE IV, —T7F, ARBMTIHEERLORER 5 X idTEEY R —F /& THE&
BARETH DN, BITCEFREL X%,

31&%ﬁ,&ﬁﬁ®mmﬁﬂ%%h%hlh15&9,ﬁ@&ﬁ&mﬁkﬁﬁﬁ{%—%ﬁmldt
(B9, MEEEIVTRIEE L VIXBENI/NIND, %omﬁ&-——um%@ PRELES

LWMEZ RS, R biﬁﬁ{&ﬁﬁk b LICEER & 201k, TROKIAFEEE,S L WJﬁM*J‘Z) L%

FTHDOTHBH, PRABRFECREWVEXTTIONERFOLNS, hIBIBROBERHO
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Table 9. Comparatively large peak discharge at kamabuchi
W x A 0 B
% A R Total AR RE Peak discharge
Date precipitation Max. an hour p. m3/[s/km?
to peak I 1T , Io/1
mm mm ' %
{X¥ER] Before cutting
14, 8.12 47.2 28.0 0.1870 0.2931 156.7
15. 7. 7 59.3 11.0 0.1533 0.1545 100.8
15. 7.26 65.1 11.8 0.2624 0.2406 91.7
15. 8.27 82.4 16.4 0.1928 0.1890 98.0
15. 9.12 84.8 16.5 0.2312 0.2554 110.5
16. 7. 4 71.3 14.2 0.2378 0.1719 72.3
17. 7. 6 39.8 12.4 0.1384 0.1404 101.4
18. 8.12 83.1 28.0 0.3254 0.3519 108.1
19. 7.13 43.2 12.2 0.2959 0.2494 84.3
19. 9.12 66.1 12.8 0.1394 0.1362 97.7
20. 7.18 44.0 11.0 0.1824 0.1878 103.0
20. 9. 8 100.7 12.8 0.1836 0.1803 98.2
20. 9.13 55.8 13.7 0.2709 0.2723 100.5
21. 9.10 58.0 16.3 0.1735 0.1625 93.7
22. 7.22 72.5 20.0 0.4020 0.4151 103.3
RER#% After cutting

23. 7. 9 37.9 11.2 0.1526 0.1523 99.8
23. 8.13 51.3 14.4 0.1463 0.1625 111.1
23. 9.16 S51.7 13.8 0.1791 0.1967 109.8
23.10. 4 44.6 12.1 0.1836 0.2392 130.3
24. 8.31 67.8 31.4 0.3273 0.3742 114.3
24, 9.23 43.4 22.3 0.3238 0.3411 105.3
25. 7.12 39.9 17.1 0.4468' 0.4355 97.5
25.10.15 47.6 9.0 0.1964 0.2019 102.8
27. 7.17 50.8 9.0 0.1659 0.1719 103.6
27. 8.1 58.3 10.4 0.2260 0.2363 104.5
27. 9.11 55.2 19.2 0.2666 0.3252 122.0
28. 7.21 70.5 15.3 0.1964 0.2320 118.1
28. 8.14 108.2 33.0 0.9091 0.9352 102.9
28. 9.14 41.8 10.4 0.1074 0.1270 118.2

», LEEHMHEHIFERBCTNAL, BHUELYRECHRIEDSOLERINDEOT, 20X

FrREEYHR L ANEM L # %, SMIRNOFF-GRUBBS D EHRE R FIoT,

R

N offs B fiE

o & 5 TEERBIUI BT o2y, BRHCWH LB Luhlck hDWBR Y, FO X5 heffizict s

BET %,

FFHHOKKME 1.57 oW Ti,

LI O TENTHZ LB TH D L WRE S,

x.

R

T=

R OFME, 5 REONRE D A

i—x
S

I

=3.39>T).01=2.80

DA,

S:

Ru

R1

DIREEZE

BME 0.72 o\ T, T=1.80<Ts.10=2.326

LD TEANZB TRV L RES NI, TREPHEBO 5 bREIGEVW L AL 30OWTE, |
BIRERTIcokd, BHRETSLONMh0k, ThBEMEHOERER 14 Blic o\ TEHHD
KREDOH, Student test H477nD%, :

$=2.91>%0.0s=2.056
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T, BPEOELVE W REFERTORS FTibbilBHORARRELOTECEN DL Y BN LY
RCHBZENBEDLN, BEOHEAENCHEDED VD LHBITHS. 30 bEETII T Y%
BT, ZROMAOMEICEN LWLV FHEOLR VL HH 5 . FHOTWER DWW THIUE, &/

T 65.9 mm, &m¥ﬁsm7mm&,Wﬁm%@k%mﬁﬁ%%%ﬂ,%%—kﬁ%k@ﬁm&&&

HERL LRI ND T, HEEFABHICAE L hOoDR OIS ROFERAEIMIRC X DIl cicd e
fETHDONEBUD X 5 Thb, Lo LERERC ST 52 REL DO RATREL L L, mEOMRHKE
BHC AR THM NS (XBIRAERHKTE, FBOBEH CEEOBEEIMET T 2K H5HED
T, WeBRLBFI), TOEELIBELLNBN, AP R RWH TS LWHKEOWTS, #iFE
LIBERUL, b TRl RRBEHEATH I LABRELTE Y, EWMTEREOS PRI ILLTE
DY RERASEFEINDG, BEO TN L 5 LAEROMEEDEOEE EET S, ThizHy
I3RBbhi\v-0ik, HEOKRE WL, EAOES,RT LE, MR BT 2 AR EOF &
TAEDHEOREL/NEL $THLDNLMBIND, FLEHOEE LHETIAL, HELLEEREL
OHEBEIAIEE ALN T, BEDO X ) CEAMENAKRE L R ONTEROEIPMI DI H
HIXHR L DOREEG, —FHFRARTER L ORHEBKRENIAT +0.640%, &3] +0.016 LFHiOAFED
HAERELN, WEBEOHAC ONHADENIKEL LD LV ) EE L RROEALED D, F I WK
DOIRPL L VLRI —0.605%, #HH] —0.415 L Wi HOHEBENRLL R, INBRAMELTOD O LER
WEPRARTE L OMRE I ROBE OV THRITS L,
BARBRTEORAMEC S JIETHE, &
HERBEOZTN I YV REL, TOBRIEELD
B X50L5 Thh, 0L iEARR RARE BRI
HEO/NIL AR EBEFC D L TFHEIND
505, BE? RF0KRE IeHKEIOWT,
HEWE L Y EARTEOFEIKRE VBN
TED, BREBEOAXTIIHB LI, HBLOMOMNIRHE L IBEEOLHL IO LBKEIND,
PEZETHIEMOBE T, KRE KR TH , RRBREOKIRC X 2 HIMI—E4H L Db,
0 L5 HKEC B3 A EEOHEBILOWMROMHBR T LO>TELIRRL OO, —RIC AT
NRFOLTRICHAB ST DT L HEEIND,

E. BARBLHETATE, lag HFicoLT

— AT O € — 7 ERIIE 2 L TR TR £ PRIKEC X5 TERIN G2, BRATRRY I©
BN LS, HLOMBRTOEFTEIZZHDTH, HWHKTHFED 1~10% BECT &l
2% FOBMBAE TERSORRELYERTHHEEbH 0T, TOFEIBERTER, TORLIHEE
BB L, 7h~<v K K - HERMOIR/NI Lo TEY, 7rwyReeLe e
W EAREETE R 5 ThD, EDEAPLEL D L, BORKKINED v HABOEICHI T
LA DB TE B,

Ll LB OB ST, 0 X5 ERALLRT, BLARBCHEML T35
2%, EATIRHAL LA bhinv, SR X v, dbao—Mso 5, WEiELL, =

BRIE & OXBURERITREL

¥

i} +0.033 +0.624*%

=

»

# +0.394 +0.642%
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DA OMEFT FOBEMT S L NER L Bbh 52y, ZOBKERAT L b B SORCERLHTH
BT LhbEZT, HRBRBOBEEMDOEIDID, FHEEDOEHDHEUERHEMTEIcbE dHEEIR
Bo THICH LA TIIMBARI & ML TR L » BRiF/cicd, R X 2HHREDOHEMIIE L bh
B2, WERETIEHEMLINOT, BEREBCEESELERINCDTHS 5, EEHFKROLRC X2
THRBTHEINT 2 &L —RICHP N TE LD, WBRENRE? L SREBTRWVWRY, HFRRTIC
ELEBABEIRILLVEZTIWVTSHA 5, T OWTRICE JETHECOWTUL, AR~
fek 3, TUYOFELOMTEIVEERS DN, FEL ThTHCHEMOERIIREDTIVWE DD,
X ERME L T 5 RBE TlIity,

¥R X O THEO LT S BEOEHRF TORE, $hbb lag VX b L —HcFH
INDBLTAHATHBA, O lag FHEOKMWEMFHLC IOTHH LS LKL, WEBED X
L, WRETDOSVRAIL 15~20 7, FEOTFIROBE, ©— 73k dbPRMERC Lo THRI
NBkd3~ABECETIHALL D, TORMANOEC OV TORERHBIIRETH B, LW
DEWEHIC OV THRIUE, B E S 15~30 5 THLALEZRDA I, —HELEAMO v -7
B X v ERABICRET T 510, — T lag FLEIER , KT b RoEfRit R & CTOBERE, SFHARY £
DEFLHZLNDH, 05 BHi2 HEIAR/TIFEELVDT, T TIFEEGEORN Lo TELT
BEEZLTIV, ERCDPEARORPCRELIBLEE LY € -7 B L TR Bbh 54, Ffitko
IRTRPCHERCRCHED LIELERZF LN S, T2 CRMRBORDS Ml = v REREFRES %
REHIC & b, TRD - 7RO XLV ORKE Tieoks, £Hrd 10 B THD, L CARMO
HAECZEDH A TAIL, FMAOHEADIZIEFFEL VAT L OMIC 223D 5 LIXFRD b hish ol

TR EOTHERTIRCE US LW ERHIITYUA lag TR ET 5T TH 52, ERK
B A CEEDI O, HHBHBCABENRIEEDRWZ L 2R TIDOTHS 5,

Lon LATRO SRR VNS <, WHIRHE X b FE~OERED 200m KT, ZOWTICES 50
ORI NWZ R, ZThick LEROREINEERLEI/NIWVWZ & (6~10 70BARZEDH Y 5 5)
2, T BAEHED I VWEATHFRbhicl & (b LBRIERTTA Y LB Ih T il lag i
BOAETHZL3ELOND) FOREER T ARBO EROEMICES T, —BIGRER
TR EDTH lag B LRV L EMT5 Z LICinREEY L 5,

F. WkosBEERER

—BACHKDFERMTO TR 2 L3 ) b %o ThbLHLDORWHOFLEDH 2HAIL, T O
ADFBEDOERIEEZHREL, ThOEI Y 5 2HERCOWTHRE T 5 ¥ (annual flood analysis)
L, TREH LSS —EDOEERYEBT IRELE 2 bIIHHRCTTRY, ThZholiRoR
20 5 BRI OWTHENTT 5773 (partial duration analysis) & Thb, ZhbHKEHCREREA
FEATHTIERBDOS\F LMBIERNLONDZ LZbBAATHBHD, FEBELHR LD 50
BEILEL LR TW5Y, Lo TERBHO X 5 CE&HRENDO BB EA VBRI, £
KR ONT,. ZTOERIFEDEHTZ ML BT Y DEENSHHDT, I TRELLTEEDSH
B, ThbbEBME O\ THEBNIT 2T, Kb ) ICERARBCN LT MRy sz
L li, RBEBREEYHRETLHIHETD, FHOBHER Vi Ted, ThOFHOMOTRESK
HOENHKFECE DIETHENEZ NS, FHHOPHEREIIE 11 RO X ) KBRS LK
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510 & 0.1 m¥s/km® P EDBKRME
Table 10. Peak discharge above 0.1 m?/s/km?

A ' Moa L & ‘ BooA
[T — Kitadani =~ |  Minamidani MR __Kitadani Minamidani
O | BOAWE | M B | BARE| W B | O BAKE | W B |RARE | § &
der Peak Precipi- Peak ’ Precipi- Peak Precipi- Peak Precipi-
discharge| tation |discharge| tation 'discharge | tation |discharge| tation
md[s mm mifs +  wmm mifs - mm md[s mm
(FBFn 12~18 4) (Before cutting)
1 3.367 99.5 | 3.009 110.9 '| 23| 0.364 52.0 0.265 37.3
2 3.274 113.4 2.667 99.5 Il 24, 0.349 37.3 0.259 31.8
3 3.155 110.9 2.601 113.4 ) 25 0.339 37.3 0.257 45.2
4 2.267 124.4 - 1.610 99.9 26 0.337 51.0 0.247 51.0
5 2.093 99.9 1.308 113.0 27 0.289 42.8 0.247 52.0
6 1.941 110.9 1.303 109.3 28 0.285 45.2 0.231 42.1
7 1.834 109.3 1.152 110.9 29 0.277 58.7 0.210 37.3
8 1.602 113.0 1.125 124.4 30 0.274 58.9 0.199 37.3
9 1.388 58.1 1.039 136.4
10 1.372 136.4 0.946 72.6 H 31 0.270 37.3 0.189 58.7
i 32 0.258 18.7 0.186 38.5
11 1.162 79.9 0.869 58.1 ii 33 0.244 38.5 0.165 37.0
12 1.108 72.6 | 0.858 79.9 li 34 0.223 19.1 0.163 30.0
13 0.899 54.4 0.668 54.4 ' 351 0.218 I 42.1 0.155 62.1
14 0.866 105.1 0.519 60.3 | 36 i 0.212 37.0 0.137 46.3
15 0.723 | 57.5 0.510 105.1 | 37 0.207 62.1 0.131 53.5
16 0.686 60.3 0.489 57.5 = 38 0.170 36.4 0.130 36.4
17 0.650 55.3 0.432 55.3 | 39 { 0.162 26.1 0.125 19.1
18 0.534 67.6 0.338 75.6 | 40 0.153 46.3 0.111 26.1
19 0.510 61.3 0.330 61.3
20 0.446 75.6 0.299 42.8 41 0.132 41.9 0.110 58.9
42 0.128 53.5 0.108 26.6
21 0.399 52.5 0.297 67.6 43 0.114 26.6 0.108 41.9
22 0.384 31.8 0.282 52.5
(BBFn 23~28 ) (After cutting)
1 4.934 104.8 ! 2.630 ' 133.5 H 311 0.351 | 66.9 0.221 64.2
2 3.776 133.5 2.235 | 104.8 1§ 32 0.328 38.1 0.213 47 .4
3 2.951 71.4 1.919 102.3 |, 33 . 0.323 29.9 0.208 41.1
4 2.520 110.1 1.865 ! 110.1 | 34 0.318 37.1 0.161 29.9
5 2.274 69.6 1.854 71.4 L' 35  0.300 47.0 0.157 48.0
6 2.186 115.7 1.830 115.7 | 36 0.240 37.4 0.153 47.0
7 2.186 ! 102.3 1.665 ’ 104.6 ' 371 0.238 ! 37.2 0.145 39.5
8 2.002 104.6 1.567 107.5 38 0.234 ‘ 31.3 0.145 24.6
9 1.783 79.6 1.483 79.6 39 0.234 | 33.2 0.142 45.6
10 1.751 107.5 1.197 ' 73.0 . 40 0.212 48.0 0.129 37.4
| ' .
11 1.531 73.0 0.907 | 69.6 | 41 0.212 l 34.5 0.124 37.2
12 1.259 99.5 0.858 | 65.8 || 42 0.205 29.5 0.123 47.8
13 1.070 65.8 0.854 | 99.5 43 0.202 24.6 0.117 29.5
14 1.070 54.1 0.707 | 54.7 44 0.202 45.6 0.116 31.3
15 0.973 58.8 0.614 | 79.9 | 45 0.172 46.4 0.107 25.3
16 0.925 46.5 0.550 | 60.4 | 46  0.164 50.5 0.103 33.2
17 0.916 79.9 0.544 | 56.5 47 ‘ 0.164 46.2 0.101 34.5
18 0.886 61.3 0.519 | 46.5 | 48 0.159 | 39.5
19 0.878 59.7 0.519 59.7 L 49| 0.150 | 22.1
20 0.853 54.7 ‘ 0.473 { 54.1 ‘ 50 0.150 | 47.8
21 0.816 56.5 ’ 0.465 i * 58.8 51 l 0.133 25.3
22 0.792 35.5 | 0.458 } 61.3 52 ) 0.118 46.3
23 0.727 60.4 | 0.355 | 35.5 531 0.114 26.5
24 0.563 41.5 0.293 23.5 , 54, 0.113 20.3
25 0.509 | 41.4 0.272 41.5 . 551 0.110 51.1
26 0.462 & 64.2 0.261 32.4 ! : ‘
27 0.454 23.5 0.257 ‘ 41.4 '
28 0.415 41.1 | 0.245 66.9 | .
29 0.397 47.4 | 0.241 | 37.1 ’; :
30 0.379 32.4 | 0.238 | 38.1 i |

T BEALFAA O RIRAL O BT L —B Ly,
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g1k (o3%) .
I % E o it & B R
B Kitadani Minamidani M Kitadani Minamidani
Or | BOAWE | ™ B | Wik | ® & | Or | RARE | © B | BAWE| W B
der Peak Precipi- Peak Precipi- || ger Peak Precipi- Peak Precipi-
discharge | tation |discharge| tation discharge | tation |discharge| tation
m3[s. mm mi/[s mm m[s mm mi[s mm
(ABF1 29~32 #£) (During weeding)
1 3.301 141.5 3.060 141.5 21 0.381 60.1 0.228 25.1
2 3.030 93.7 2.689 93.7 22 0.802 33.5 0.219 51.6
3 1.421 58.0 1.169 58.0 23 0.281 66.7 0.205 53.4
4 1.366 88.6 0.771 88.6 24 0.252 30.9 0.186 30.9
5 1.244 50.0 0.693 80.0 25 0.238 .18.1 0.169 33.5
6 0.878 61.7 0.633 58.4 26 0.238 53.4 0.158 34.4
7 0.865 58.4 0.617 89.0 27 0.210 31.1 0.141 18.1
8 0.849 80.0 0.511 50.0 28 0.155 27.7 0.114 31.1
9 0.845 44.8 0.501 93.3 29 0.136 31.7
10 0.792 89.0 0.476 61.7 30 0.136 29.4
11 0.792 73.5 0.440 44.8 31 0.129 36.3
12 0.738 93.3 0.389 54.2 32 0.128 31.5
13 0.661 41.0 0.376 73.5 33 0.119 28.8
14 0.563 54.2 0.319 41.0 34 0.114 48.3
15 0.547 48.4 0.309 57.6 35 0.108 47.8
16 0.509 48.1 0.303 60.1
17 0.498 49.4 0.298 41.4
18 0.407 51.6 0.285 48.1
19 0.405 25.1 0.284 48.4
20 0.389 57.6 0.261 66.7
Bl £  F 10 ROEHOHMHE—ER
Table11. Statistic table from table 10
N :It N
Minamidani Kitadani
B % M G ® W TFAHA
Before c. | After c. | Weeding | Before c. | After c. | Weeding
& : ®
No. of record 43 47 28 43 55 35
B
Mean 0.614 0.659 0.564 0.829 0.862 . 0.663
wE AN
Peak Maximﬁgm 3.009 2.630 3.060 3.367 4.934 3.301
discharge = e %
md/s/km? Standard deviation 0.706 0.661 0.694 0.881 0.995 0.724
n
Cs ajusted .
skew coefficient 2.27 1.52 3.36 1.87 2.17 2.87
B
W OB Meamg 62.9 58.5 58.2
Precipi- = o =
tation standard deviation 30.8 27.8 26.3
mm Cs
skew coefficient 0.763 0.879 1.134

EMETE (mm)

Mean of Annual precipitation.
BHR Before; 1243, #4#f After; 1330, TAI#] Weeding; 1218.
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LWL d D L HEET 5,

BREOHRETHHBL OV, 0 X5 /MR TIIBRETE L ) BIEARREE L Bbh
D5, BECOCTH EREN BSCRERD »  MEFEOFEE I L T — 7 BROBEBREYRS - &
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L, riEEEDHE
Her LT 0.1 mdfs/km® %% S Sk, et
ATERS, T OfERHKRE w0 '2¥\x‘ e
LLTRSPESIETD o ‘
A, ThBELERE RIUTE 0
Bo g g BT 50
T, TORECL LD,
F 1o ERHhHICER L Cial
HOMMIC X 5B EskE ’ T -
poteh, BERESEMET
BRI K BIK 2 Ao OF
ROBDEIRAE S L
BB X5 EE L, BAR® Peak discharge

HERR AR ARRRT % R Fig. 6. Application of Slade’f;?aliial bounded probability
12~18 FED 5 b, 2K function to the partial series

WED Pig holch 14 FERHRE6 #EL L, RIRELEM 22~28 £0 5 LRAKLEHT 22 £44
&, AIRBEE HEL Lico TADHE LTI 29~32 £0 4 »EDOTHF Y Lo (F 10 R),
—HUC LA ED X5 In BRI B O BERA MR ERKRED BT L —EOHREA LY LT LA
Y EBEECEBRN L CEAT L hbhTws, AERNZORBCYTIESRNES R RB
», FRPHREON B HBRCAERER (Blokic X %) &b, HEABKCEAEELLD, B

Al - ORI 7y PTHIZE 6RO L 3Tl h AD-17 v HNKRE S EHERD AR LT LT

o owsO

Probability

B
/
I

v

amf
=

Al & RERDDRGTN Y I SO SMEAHAIT, Wb AR 3 BB O B s
LRBbhs, REERRKREOERSMCISERAIN, FLBRMEORIICH LIELIEFIBIN SR
HIESRRERESS LU0 C7 Y v RAMEBIC O\ CEL THE 5 o
HXBERITC A5 % Save OFRE LITHKDORI 2HRLY HRANB e wEE T HEEHK L
%, EOBRPFRHBORNBHBTCEL LR, Tihbb,
p—ge—Cllog d(x+b)}?
"o XD REHERY,

d(x+b)
t2+ 1 e-:zdz

N ¢ log
Vil
b, ¢, d, t IXDORTNOFRERTREDHEH
THHL, Wik ZOFHBERLENEHREC T wy + T2 LB 6RO L) T, AMEMOML L i

BORICRBACBCTEOMBERDL ) BUDARS Z LA HBRD,
SHLCAMBPOER LW BERBERRC e v 175 CGETR), REFEBELLPLONRSE

KRR L 0B D TERBOFHECTE 7 ¥ Y ROERGMEROBEHERAICL 25, HBEHNICHEEGTS L

HFIh5L, ZOHAEFHD Foster OREAVIIE Suave OEFIC X 5 X D iIXB D MHELOT,
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0
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] :;\z Lo Wil Before cutting
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Fig. 7 Application of Pearson’s probability function to the partial series
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(ORI (TR RT3

1

HE7—4¥
Minamidani (23~28 %)
#%H  After cutting

2 REE38RT
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KEROBRAIC L o> TEE, & U0 BRI HAFEOMT LS © & L L,

Tk DBEANERKTERD X 5 REHRFICK L Foster' I XD CEAINTELY, £OHK
wHBTB L, B bRl () NOERARE (ZOBATEENE) ¥ 10 RO L5 IKKES
DIRICES, CHIEAEVHDLOER (m) 2ot 5. O m &HOMAKEIZ LR EOHKD

B HHERIX ': (n BROE) 235, BHOENSZTIEIZDOC—7 DR L TOERK: OBIRIT
D LA ERMEYH T THh B, COERMBRICCT Y Y ROEBHMRED

wm (14 (1= 2™ pgmm y=yo(1+%>wg‘7"
os @1, @z, My, Ma, @, ¥ BIXFDORFIOEREERTEE HHEED
DWTFRPPRIESH T E D, EBC XA EHATHCEL T, EOWEEERTICOVTHET S
12 & b CEE 5 FRAYET 50 TROFEER Lok, ThbbERFIOERZOVWTETHE 2R, F
3ROERERERD Z DD, FOERSHMROEELHEH L, TORERIST 5 HHENDEHR
$% FosTer B HRDI, T OERRBICERFREYRLCREYML, ChE LORECHGT %
BAWEL L, CHARESREREC 7 = » L35 2 21 X ) FEOEERERY L bh b, Fedt
RERBOERZ L D ZOFHED 1 HlRR LI,
FTCET Y VROEMAANEEST E0 TN B0, LERENKERK K'Y 2RDS,

_ M 3.920 _

Bi= = g1 4284
My 7.130

a= -t = 12199 7 560

P T 0,043 7.5

Ba ks pe (X Z DEDLYRKIBE2, 3, 4ROFERFER
T M=%?Z@—ﬁmnzﬁﬂ@ﬁ

B:1(B:+3)*

K= - —=—1.
4(4B2—3B1)(28:—381—6) 1.84<0

LIchA o T DRI E 1 NS TULE D Z Lhvbholz, BB OWTETXTE 1 HICHE
a¥seHESRI.
EE Cs=+p,=2.070
FoSTER 12 L % L BEEREROBIC L OV TOZ LS BHINLT RS TR E DA I\

?:s=cs(1+- g-)=z.o7(1+%)=2.25

I T s = Cy=2.20 & LT Fostsr %1 h EHERD
%) A0 (o EERE(RZE o X
R e T BRI K 2T 5. kT

|

1 ’ 3.80 3.78 4.64 A s aynge .
5 f S le | Sls 3.03 12 Cs=2.0 FTLEDTWBDTHFEETE
20 . 0.52 0.52 1.38 —m
50 —0.39 —0.39 0.47 DEUEE R DT,
80 —0.66 —0.66 0.20 R . )
05 —0.74 —0.74 0.12 DL IRLTL b EDEROERC#
99 —0.75 —0.75 0.11

BTHENEIIE X T AN FTLLE 12K
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w2k x2 F A+
Table 12. Chi-square test of frequency
. - e _
B2 smmy s TAGER

i Class

| Ry (f-F)*
flood f?ebsjég‘e:d’ Computed. f-F . F=F)* R
m3[sjkm? /'T€4 Y frequency |
e o1 f
| 3.0~ 3 1 I
. 2.0~3.0 2}5 J 4 ! b 0.25
- 1.0~2.0 7 7 0 0 0
B&mﬂ 0.5~1.0 | 7 ‘ o 3! 9! 0.90
11 0.1~0.5 | 24 21 3 9 0.42
. ‘ X*=1.57*
& 7 43 42 !{o.5<:p{x9:>1.57)<:o.7o
A " l
Kitaeani
3.0~ 2 3
S 0m.0 6}8 J 7 1 1l 0.14
. 1.0~2.0 6 9 3 9 1.00
ﬁ%fﬂ 0.5~1.0 11 10 1 1 0.10
"||0.1~0.5 | 30 29 1 1 0.03
= 55 55 ‘{ Xi=1.27%
" ‘ 0.70< p{x*>1.27}<0.80
‘ ]
3.0~ |1 . | ; ‘
12.0~3.00 279, 2t 9 | 0 0 0
e 1 1.0~2.0 6 6 ‘
&%éﬁ 0.5~1.0 6 8 2 4 0.50
1/ 0.1~0.5 1 28 24 4 ' 16 0.67
= 43 4 | { Xi=1.17%
] : g%
& N : | 0.70< p{x*>1.17}<0.80
Minamidani 3.0~ 0 0 ‘ 0 0 0
2.0~3.0 2 P2
% g )| 1-0~2.0 8%0' J1°1 o Ol 0
05~L0t 9 1 2 4 ! 0.36
After c.)| o' ~o.5 | 28 18 \ 10 ! 100 | 5.55
= f f X*=5.912
at 47 39 ! E{o.os<:p{x2:>s.91}<:o.10

LY
I ERBMCoWT Cs=2.0 & LEE 2°=0.736 Lo T L BEET 5.
Wb * 1S, 2 BTEEDHE,

DY 5 X*=1.27 L72TC, TO/MERANIL SHTLES Z L ARDLRD, FEIC L CTILART,
EAMBOBZERICOWTED HAES Y AL A, W2 HRXERUMPC I bTREH LN
bhots, BROBHITE, 0.5md/skm® D EOWREIOWTIE, EERER: BERERII KT
A, WEOPIVWEFEEFTHHULE VR LSCE VRS, 24 LT X 7A M OFERITHES LT
BhRk, L 0BA Cs ORMIE 1.6 #SPBELT 1.9~2.0 L35 L HEO/N S\ I 3
WTHEREEENISAKL ETRD, £ LTX2=0.736 LIt O TIK#EETAZ L2 AbRI,
BECThoBE&d 7Y vREBSRENOEHITEL B 50T, ThiCIoOTHITEZED S
&l ‘
STEHBEBOERICOWT, OV, &K, EiERE, EESOFHEYEETILE 11 £T,
P, BK, EEERZEL DIAAVER IV AREL, FBHNCATHIABIBRBECLL I REL D
T35, BRATIIED L) AL bhiny (2 LEADOHORKAME 2.630 XHEEMETH Y £
BNOBED D D), TOBETHPEIMERBCHEML T 5, FLHKERCOWTHTS, R[iT
FEILRAI EA L0, BRI R TIAR AL D KEWORMEIROEEI I L oTRR D Z
LERTRTHETH Y BHOTMNYBCR T, aldtB X D A7 0ix, T TCREVRTRRTEL LS
KTﬂDowﬁmxlﬁf%ﬁﬁﬂtmﬁm?&?f&v:t%%?toavzl50és@ﬁuﬁﬁm
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g1z E  m WM oA oMM oK E OE
Table 13. Flood-frequency in each perid

. 0.5~ 1.0~ 2.0~ 3.0~ 4.0~ 5.0~

| ms[km® |

| %

Al W 48 28 11 3 1 0.2
Before ¢. | (3.4 | (2.00 | (0.8 | (0.2) | (0.0 | (0.014)
t & % o 48 29 13 5 2 0.8
Kitadani After c. (4.3) 2.4 (1.2) (0.5) (0.18) (0.07)
T AL b A 43 22 7 2 0.4 0.05
During weeding (3.9) (2.0) (0.6) (0.2) (0.04) | (0.005)
BT 1] 37 20 6 1.5 0.3 0.05
Before c. (2.6) (1.4) (0.4) (0.1) (0.02) | (0.004)
Hooa % ikt 43 20 6 1 0.2 0.02
Minamidani After c. (3.4) (1.6) (0.5) (0.08) (0.02) | (0.002)
TM Y 32 13 5 1.5 0.2 0.03
During weeding .1) 0.9) (0.4) (0.1) (0.03) | (0.002)

E () RR1EHIh OHKE

L, BRIR2.0METHEY, ENESDOZOBIHENORHEL R Loy, TAH IO Cs 0
D L L IRKREVCDIREROVEVCAR L5 LBb 3D, WTFhIE L5 2 DRFICHERENOBEAILE
Bh L Bbh a0 TR ETR/IN_FEREAHEE L, ERMRICR LI, £7 RO ZhbHlR»D 0.5 1.0,
2.0, 3.0, 4.0m%/s/km* LA EDOWRDOERZ 2R (%) R 1ESHICH OMKEERDD L, F 13 BTH
Frifia BT 0.5ms LA EOHKBEERIARERAL VAW LIXHLACEREN, IhIcKETH
K 1.0, 2.0, 3.0, 4.0m%s LEWFHOBEIILBOHAEIHEE LV LPHVWHAIADLND, 2D
CLRMIC 0.5 ms T OHAMEIREACAE N C LERT b0, WAOHERNHREDER LY
FhTdDE W2 X, —HEHICLS LR TR EOWED 1 EH7- b OHKREUIITH X b I
WORRL, BATIL 1.0ms ¥ TOHKE
AR RSS2, 1.0mYs Lok
‘ , T K DERE AT INC I3 & & ¥ 3000w, T
il e :';j::: e IebbRIRIC L BRI A TR
o b LITHAREED BT\ Th BB R
bhs, FADHICOWTIR & &R e
{, ZTOHEHKEEDEBEEWS, BL
THEA L YED L) OB HKBUT BRI H
RTPIEEAE?D D, FRERERTAUY O
DEDHMFESHEML 7k & b hat ke
(A%
B3 B I A D KT ORI TR O HTY
MEFEOMTNFHCELGIND DT, HiFk
FEAED RENENF BE DI HKE BReL

' S e Rmprel B X\ 5 — T KR T U oW Th A
E8X  HKDERE & E & OBER 5
Fig. 8 °

Return period of annual maximum discharge RICEFAKHKICOW TR B 2N T
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Ak 5, BREWRE AEOMM, Thbbmifiz b6 »EFoxk Ly, L0 6 DOHKDEIRE L HE
LOBRERTAE (B8, ZoOBEIBENREDOHSE L RBRCRH UERECHT3RETas
ORCEARL VREL, TS TIMEIEEL DV AI VLW DX 5 ThHDA, BETIE 4 EREL
EOHKEPZ D THIDFTIVNE L 10T b, WTFNRIC LARHIDERR VDT, TOF ¥ Tk
EREAOFEFTEE, L Bhis,. Rowe 2 Lone' (120 X 51 1 FIROEREN DI\ BETIE,
Z DI OKIEN, KINTIHEBEFELRECH D L AR INHFERBOTHE LY HF LT, ThE Tk
DORIPEOEF AT E L EL, TOEBBEOHRELRALL,

KERDOFE, FRAMELYEY LDTCHELHLBMACHBETHZ2OTEROFEXERTAZ Lix
BYULIT 0D, WEZORARERLT, HtHAORELHLYE LT IhrAAcElchs 1
RO EHHOMETLFEHTEL, ThICERRNOEAEZRADZ L & L,

FARDOHE, TOKILMNEHEI ITEEU L LZONDDT, HRECHNTAHHE SEB L, WTFhielL
HREGEPE DT, TORERDE VIHFTERVD, ThIREDTS, HIHOEBICHE S HKHEE
DEALDFHAIEMTE D L E 2 I,

B4R ARINWEERKRELHE

Table 14. Synthesized annual maximum peak discharge and precipitation

| G 3 | t o
E ! Before cutting After cutting
Order ' iﬁﬁj‘mi ; el B ! ﬂiﬁ*ﬁﬁé ! W =,
| Annual max. Pfeci tation | Annual max. PN it t'i
' peak d. p | peak d. | recipitation
m3/[s[km? | mm m3[s/km? mm
1 3.367 ! 99.5 4.934 104.8
2 3.274 113.4 3.776 133.5
3 3.155 110.9 2.951 71.4
4 3.009 110.9 2.670 133.5
5 2.667 ' 99.5 2.235 104.8
6 2.601 113.4 2.186 | 102.3
6 Ten o Tole L lozs
. ‘ . | 102.3
9 1.610 I 99.9 1.854 71.4
10 1.152 110.9 1.665 ! 104.6
11 0.866 ' 105.1 1.070 } 65.8
12 0.510 : 105.1 0.858 65.8

ST OB AR : R #BFT5 (F 14 %), BAREOIRL L HEO LR LIZFHF L
Vo CHREFEECHEOEOECKERT S, TOWETIXAT 107 mm, % 97 mm L HEBEOF
NETHLIROTND, WTHRICLARINCEARNOBES,S L IR LICE W HERARC L OTLHE
11 B X oTHARDLIIE,

T DERAWED X 5 BERGRTIC 15 AR KA 2 C7 v v RE BAMERNS, ik
AP A SIB A, & Tk GuMseL DR ol BERANC X BRNERIEAT A Lk L, +
O DERKIE © OEC BHE p 12, KO L5 KR TELEND, '

D= T et (1)
IR e BEHARRNEDE, y 1312 A voa vl WERTRERTELINRS,

A € s (2)
Zr 3 x D —VFTHHH, GuMBER X Zh%,

=% —0.450 0 +\vriniiiii e, (3)



— 150 — HERBBVIERE F124 5

] g 1 "
oo 13 X OEREE, $ia 0TI 5. HHEH L,

ks (1) XD p BEKKEREELKE EDOIPCERICBEOFE m 2EHORC 1 Mzt n+1 THK
LTRDI,

VCES 14 ROBEMSD TRENDOLERR » & - TR, 0 p KHIETS ¥ & (1D AR

. EOTRARE Sive o BRI L e, REICRAEE 2 %, BB y
* HIROERARE Atter dat - - -
o B ERAma ' b S RUCHIET BHER b & & BRI
8 @& i N Atter ¢ P - e
F c $?| B2 R B Line by lezst square method Before ¢ /," BRI, EDy b x &7y bFDL (B
al "% ’ Mere 20 0 9D, HMITIMEERICEVSO LS

7% B CIBRARRICE R T LT,
Dy & x e (2) ROBRERLID
2A (FD, B ERTHD. Thic
HL (1) AxbHEMIRIzy &, Thicw
BT 2EEOWE » & O OERER Y &/
ZRECR®BE, C (D, DA B
B, Th¥hA, BEFID, K&k
HKDEZ 2HERIISWMEL Ieo TV 5,
BRI HcoT, LOBERR, EREROW
TR I BXRENMMBELHHH, 2 2 TIHE

P Probability
S 8w 05 o 0 8 ® 05 HRXOTHNOEER T ok, HIX
=l 0 I 2 3
&# Reduced variable M5 2.0, 3.0, 4.0ms LAEOHKORZ
%9 M FERAEECHT S EEEAOBEA BERELRRDD L EFRL 78> T3.0mYsh
Fig. 9 Application of extreme value law to .
annual maximum discharge EoHKDREZ BHBETHL BT E

ZENBEBLR, FOEFBERE 14 BhDHE
H U T2 7=F#A O EIREOFEECITIERE\ME

I2.0m3‘,/31;)\_|_-_ 3.0m*sLA k| 4.0m3/sLL |

e | 1.9 4.5 25.0
mo M (1.6)$ (6.6) (22.0) BRLTW5S, 7ok & OfE% o BEKRA R D
’ 1.7 ’ 3.3 12.5
# ﬂi (1.4) (3.3) (10.0)  FREEETHC 2, WREHOESERO

() RE 13 ELLLONGEAOERBEDOPHME, PhVILhbRERTLSHZH, K2R
TENRBHPLEHRBILO TR TWB LB LV ERD D & b A b, bk 3 iz fioiE4
HLh, BERNCREROENDSZ b, TOBBRIBOIBERFIIEALE NI VDO TR L
HMEEh5, LI oOWTiE, TroBrz!® % PorTeR' I L5 FRFRERORRELHDHDT,
THREE L DERIC OV TOMEISKRD 5 2 ERE S RTRETHA S,

LLERET 2, »5MROHARER COBEBEORIC L H BBINDH, LORERZOWR
DOHIPEHIC L DV EAINDIOT, i - BERKERRFCRETU VIR X O THERLOBRED
WIRY, P L A REBRBHKOBFBCIIZ LAAEEA WA, MEREOMILcHENSL L BT
B0 LHLPLERFHOBEE, TOHKEEIVWLUL L EE5/EMAH 5,



BODUDKIFREREREE 5 mweE (B - 2D —151—

5 U

1) B - BHOHEAREOERC LB, RRECIOTHY « 2Ly ERBNE LD, LHIKERD
R - - BB L ATERIC BV TBA LTS, Thbb e X 2 &Ny v HERacEET
EILOD, V- AKXV E, A, BREC IBHRMGED v YL, BIHiX VS OEMLTWBh 0
Bbhb, EATIEN 29 25 3 »ETHRAO—R7 » < 7 KO BAIER T, 2EAEDA
LR o,

2) MEBORFE(LEHZ D, EKE - EKE: bEREBCHEMT 52, HEDBIFIC OIS IZUH
YOEELS Y, FLTHNICIOTEHEKECALLEMRT WA, BRKEEIWHLICEAL TV,

3) WRNOMAEND HERGOMEC LB, 7HwyHHUTBRIERL, vy EEMIRLEBOT
Y A

4) MBOMBRHE TR, TUIRLDSIHEMT S L3R D LR, FARE—FHICHRE TR
PEBH, BIITVB LB LL #INT 5,

5) HAEDHIK - TAIDIC L DT, BARMEDOHEMT 5 EEFANCIZRD ) 572, TOREIIR
DIXNRECT L O TREND D, Lo LEZFRHKDOBECIL, HMEFHCHEEEEDOS DX, 1<
CHEEDZEIMK NI 8D, BRARBCHEETH RT L L TEEROREANESHKIIOKRM TH
B0t KEIHKTIBANTED LEFZCHAT 5, '

6) WMEOEFENSHEDOEFE T CTORMO XL lag 2, BILEFOEC— 27D X Uik, KRIETA
Y EOMEDEILIZ Lo THEShR,

7) 0.5m¥s/km® Ll EOWKFEEIECIAALERL I EL, MRS L, B TIREHKD
BIAERIMMRBC L RS WS, EATDS 1.0m¥slkm® ¥ TOHKBIMERECLL, Thillo
HXBUERTRIIOMICE LD IV, FRERKBEC OV TATHHICIANLBE R L HIPPKREVS, W
BrEbeiiiBRfioBEfc O TR L 25, AUHABCHGT ARARBIEMIFNNL b K¥
W kR rsbhi,

UExRET5 L,

REZRHHFDO 7 7 = Y KICE\ T, ZTOHRRIC L 2HKE, HRREOHMOEMI—IGADLOI
Bh, TOBBEIMINC > ThichEND D, HMEIKTNCBRIFATIRTE, LdWH LB LWE
Bt d, R X2T, 42 3 HEOBMALTHINZELHOMBOT T, KR Lo THEL
BEEREMEY T 5, HAEXRERAOE CHEOANFLHET 2BEBIREVAHRNTHY, HEOKH
BB JETHEBCLERS LW EBbhd, WTII LARRBRIIC IS\ TL, TN D DK E
DYHBLBRCFHETRETRNE WS ERE S 55, ZOBERY —BOHEBKOBXROBETEKAGT
EDLPRRNEMTH D,

X LS

1) REEH  mo 0 WKERERRSE 1 HRE
FKEEKR | o0 IWKFRERRSE 2 BIRE
PEFE - KK B EONWWKFERERRE 3 EME, KRR, 4



—152— WERBBHERE £124 5

BFMER < EBER— - IRE— L B0 DIILKFREREREE 4 EHRE, WRPH, 68 (1954)

2) BFFMES « ABER— D b ORI TICOWT, HEARH, 92 (1956)

3) JIRRHEE : HEE THECOWT, BHAKKISRER, 20 (1944)

4) KitTrenGE, J.: Forest influences. McGraw-Hill Book Co., (1948)

5) Ax7H— IHEHE T, GBE)

6) JULE= - FEWHE= | SRARKEKRBRE 1 M@, HhRPH 53 (1952)

7) REKE - KNBAREKRRE 2 m#E, WRERD, 1950

8) WEERE I KEE, HWEE (1930

9) GuwmseL, E. T.: Paper Hydrology, (1943)

10) Cuow, Ven Te: Agricultural Engineering, April, (1958)

11) Linstey, R. K. and Others: Applied hydrology, McGraw-Hill Book Co., (1949)

12) B —8  BOEMEE, BEE,  (1956)

13) Transaction American Geophysical Union, (1943)

14) Rosinson, R. Rowe and Goroon, L. Long, etc.: Transaction American Geophysical Union,
December, (1957)

15) Anperson, H. W, and Trositz, H. K.: Journal of forestry, (1949)

16) PorTer, W. D.: Transaction, American Geophisical Union, Februaly, (1953)

Experiments in the Water-conservative Function at Tatsunokuchi
Bulletin 5
(Principally on the analysis of peak discharge in various stages of forest treatment)
Junré Suirar and Kichinosuke HosHikawa

(Résumé)

Introduction

This experiment was conducted for the purpose of studying the water-conservative
function of pine trees in a warm and dry region, and was begun in 1937. The history of
this experiment and descriptive particulars of the two watersheds were fully presented in
Bulletin 3 (1950) or 4 (1954), and so, in this report, we repeat only the brief introduction
of those matters but have supplemented it by giving the later change of vegetation within
the watersheds. The two watersheds, Kitadani and Minamidani, are more or less the same
in area and average slope (the former 17.27 ha, 30.9° and the latter 22.61 ke, 26.1°), and in
bearing and forest cover, no conspicuous differences can be found between the two.

In the first plan of this experiment, it was intended to compare runoff of Minamidani
at which all vegetations would de cut off in 1945 with the runoff of Kitadani at which all
forest trees would be tended well as the control watershed. But from 1940 onwards the pine
trees were damaged annually by pine bark beetles, and finally, in 1944~1946, all pine trees
except the young ones in both watersheds were cut down in order to check spreading of the
harmful insects. Afterwards, as the watersheds were left without any treatment, they were
covered with bamboo in large part, and with shrubs and miscellaneous trees here and there.
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The kinds and frequencies of their vegetation are detailed in Table 1, 2, and the data therein
show that there was little difference between the two watersheds, but a remarkable difference
between the two periods, that is, before and after cutting. From 1954 to 1956, at Minamidani
all vegetation was cleared off by way of afforestation Chamaecyparis.

In this report we have endeavoured to set forth the analysis of variation of runoff,
especially peak discharge, that took place during three periods namely, before cutting (1937~
1943), after cutting (1947~1953), and during weeding (1954~1956).

Results

(1) Generally speaking, bamboo bushes grew predominantly after cutting, and various
kinds, frequencies, and cover density of trees and grasses decreased as compared with before
cutting.

(2) High water and low water increased each year after cutting, but there was a
tendency to decrease after a while in proportion to the recovery of vegetation. And weeding
brought an increase of the low water, but had little effect on the high water.

(3) From the results of investigation of the soil moisture on various vegetations near the
experimental watershed, it was found that the pine forest was driest and bamboo bush very
moist.

(4) The surface runoff within the experimental plots (25 m x 15 m) increased to some extent
by weeding, and after tillage decreased for some time; but two years later, increased inversely
several times in quantity.

(5) As to methods for analyzing the relation between vegetation and flood, we first tried
to represent peak-flow as function of 3 variables, namely, accumulated precipitation from
beginning of increase to its peak, maximum per-hour precipitation, and gage-height before
rainfall.

Sampling as much as possible the peak-flow with comparatively simple hydrographs, and
classifying the data by the gage-height, we deduced the following equation from the samples
of each class:

log z=a log x+blogy+c
where z is peak-flow I/s; x is accumulated precipitation mm; y is maximum per hour
precipitation mm; a, b, ¢, are constant, coefficients.

From the equation we presumed some significant relation between a, ¢, and vegetation or
gage-height, but the relation was not so regular as expected; the series of b were particularly
irregular. Then by supplementing one more variable H (gage-height) to the above equation,
we deduced the following equations on each period:

log z=a log x+b logy+clog H+d

Comparing the above coefficients, we presumed that accumulated precipitation was most
powerful to peak-flow within 3 variables, and at Kitadani the peak-flow increased by cutting;
but at Minamidani no distinct differences among the three periods were found. Especially
in the cases of large peak-flows above 100 I/s, such differences between the periods or the two
watersheds gradually became small.

(6) On flood frequency analysis, we at first tried to adopt the Foster method developed
from Pearson’s function to the partial series (floods above a base), and it was proved by Chi-
square test that the computed frequencies agreed with the observed frequencies significantly.
Secondly, we applied the extreme-value law to annual floods, but as the number of years in

one period were too few to adopt the law, we synthesized the data of the two watersheds in
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the same period after the method by Ven Te Chew. The results were: every occurrence of
flood above 0.5, 1.0, 3.0 m?®/s/km® was always higher in Kitadani than in Minamidani. And
a tendency of the flood frequency to suddenly increase after the cutting down of the pine
trees was distinctly seen in Kitadani, but in Minamidani no such tendency could be found
even by weeding. Annual floods' were also bigger in Kitadani than in Minamidani, and from
the above-mentioned synthesized data we conjectured considerable differences between before
and after cutting.

(7) The lag from peak of precipitation to peak of discharge was not significantly reduced
by clearing off the vegetation.

Summarizing the above results, it might be generally concluded that cutting of pine trees
in this region caused raising of increased discharge and of its peak; but in a hydrologically
excellent watershed, in which the soil condition would be free from the fear of being spoiled
by cutting, we could not expect an increase of peak-flow after cutting.

Accordingly, it was judged that the effect on discharge of geological and topographical
-conditions was perhaps more predominant, that is to say, than that of vegetation, but the
former was not limitless, and at the extreme floods became faint.

In short, the pine forest is fairly effective in the matter of erosion and flood control, but
must not be over-estimated. And as regards the water-conservative function, the pine forest
in this region could not be affirmed to be more effective than the other vegetations.
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