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Studies on the Effects of Volcanic Activity on Runoff
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Fig. 1.1 Location of experimental catchments.
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Fig. 1 .2 Transition of frequency of monthly eruption.
(Frequency of annual eruption is expressed in figures.)
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Fig. 1.3 Topography of experimental catchments.
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Photo. 1.1 Gauging equipment of surface flow.
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Fig. 1 .5 Simplified sprinkling infiltrometer.
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RLTW5, HESHRLEKLICOMARSICER ALV, BZFHIE, 7 O0<= Y T1.010
~1.164 D&, JLEBFTO0.770~0.873DFEPHTH 0, MHIANEFEMHK I Y o< VK TA X
WIEEZRLTWS, 72, EKREIE, 7 0< YK T5.06X1073~9.57X 1072 O#iH, LERHKT
8.80X107*~1.90X107® D#EHHETH 1, ILEMHKR LYV 70w IR TREVEE L 5o TWDE, T,
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Table 1.1 Geotechnical properties of ash fall layer at experimental catchments

£—1.1 KEKHABRMOFRBROLETHHMR

Specific Texture (%) Natural Void Permeability
Vegetation gravity water ratio coefficient
Gravel Sand Silt Clay content(¥%) (cm/sec)

Japanese 2.644 1.0 66.5 27.0 5.5 11.8 1.034 9.57X10°®
black 17.6 1.164 6.59X10°3
pine 2.661 1.0 68.9 26.1 4.0 15.1 1.010 7.00X10°®
15.7 1.089 5.05X10°3

2.659 0.5 66.5 29.0 4.0 17.0 0.873 1.90X10°®

Broad 16.0 0.859 1.29X10°®
leaved 2.637 1.4 63.5 31.1 4.0 14.5 0.770 8.80X10°4
15.2 0.772 1.13X10°®

Table1 .2 Final constant infiltration rates measured with a simplified sprinkling infiltrometer at
experimental catchments

K— 1.2 FRE KB OBHARZEBE AR R

Gradient Final Gradient Final
Vegetation infiltration Vegetation infiltration
(deg.) rate (mm/min) (deg.) rate (mm/min)
18 3.53 15 1.74
Japanese 20 2.40 Broad 23 1.24
black 28 1.74 leaved 27 1.11
pine 33 2.50 33 1.17
42 2.69 38 1.62

mean 2.57 mean 1.38
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Table 1 . 3 (Continued)
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Fig. 1.6 Hydrographs produced by surface runoff.
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Fig. 1.7 Comparison of surface runoff depth between Japanese black pine forest and broad leaved
forest.
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Fig. 1.8 Comparison of peak runoff depth between Japanese black pine forest and broad leaved
forest.
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Fig. 1.9 Relationships between surface runoff depth and total rainfall.
Parameter . Maximum rainfall per ten minutes O< 6 mm X 2 6 mm
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Fig. 1 .10 Relationships between peak runoff depth and maximum rainfall per ten minutes.
Parameter . Total rainfall O<15mm X 215mm
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Table 2.1 Occurrence-number of debris flow in northern flank of Sakurajima

£—2.1 HBIFELEKICBITD A - BiRORE R

Observatory of debris flow

Year
Hase-  Fukatani- Saidogawa Saidogawa Matsuura- Total
gawa gawa (lower)  (upper) gawa
1980 1(1) - - 1(CD 1(0) 3 (2
1981 2 (2 1(1D 0(0) 0(0) 0(0) 3 (3
1982 4 (1) 5(2) 1 (D 2 (0) 6 (2) 18 ( 6)
1983 5 (2) 2 (2 7(6) 4 (4) 4 (3) 2 (17
1984 6 ( 3) 3(0) 5(3) 3(C0) 3(CD 20 (D
1985 2 (0) 7(3) 6 (3) 5(C1) 6 (2) 26 (9
1986 8 ( 3) 4 (1D 6 (4) 6 (3) 9 (5) 33 (16)
1987 8 ( 6) 7(5) 5(4) 9(4) 10C7 39 (26)
1988 10 ( 5) 4 (2) 4 (3) 5 (3) 7(3) 30 (16)
1989 5 (1) 3(0) 4 (2) 3(D 3(2) 18 ( 6)
at 51 (24) 36 (16) 38 (26) 38 (17) 49 (25) 212 (108)
( ): With video tape.
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Fig. 2.2 Monthly distribution of occurrence-number of debris flow.
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Fig. 2 .3 Normal monthly distribution of rainfall at three rain-gauge stations in northern flank of
Sakurajima.
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Fig. 2 . 4 Relationships between the maximum rainfall per ten minutes in the continuous rainfall

causing debris flow and the cumulative rainfall from the beginning of rain to the

occurrence of debris flow on four catchments.
(The envelope curves represent the lower bound of occurrence of debris flow for each

catchment.)
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Fig. 2.5 Velocity variations of debris flows with time at four observatories.
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Fig. 2.6 (1) Observed hydrographs of debris flow.
@ - Discharge of debris flow, R, : Rainfall per ten minutes,
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Fig. 2.6 (2) Observed hydrographs of debris flow.
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Table 2 . 2 Hydrologic character'istics from recorded debris flow on video and rainfall in northern

flank of Sakurajima
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Table 2 . 2 (Continued)
*—-2.2 (Fx)

Matsuuragawa
No. Date R 10P RzaP RsaP R60P ER T VP QP 01‘ Ro
1 8.6.13 50 9.5 13.0 23.0 56.0 3.9 6.6 3789 0.19
2 8.7.20 8.0 10.0 11.0 11.0 11.0 2.8 5.6 1094 0.28
3 83.5.16 12.0 20.0 24.0 31.0 67.0 6.0 75.0 18401 0.78
4 83.6.12 9.0 17.5 26.5 49.5 99.5 5.0 39.8 16317 0.46
5 83. 8.30 12.5 19.0 23.0 29.5 32.0 5.2 39.9 16063 1.42
6 84. 7.30 10.0 17.0 18.5 24.0 50.0 3.1 19.8 8807 0.50
7 8.9.7 6.0 10.0 12.5 13.0 13.0 3.0 9.0 3239 0.70
8 85.10. 5 5.5 10.0 12.5 19.5 54.5 4.0 14.0 3350 0.17
9 86. 2.18 4.5 8.0 11.0 21.5 75.0 3.1 9.0 7587 0.23
10 8. 5.29 5.0 9.0 13.5 24.5 118.0 3.5 16.1 6524 0.16
11 86. 7.10 12.0 22.0 30.5 44.5 106.0 3.3 12.4 3306 0.25
12 86. 8.28 4.5 9.0 11.0 17.0 17.0 2.4 2.4 1635 0.27
13 86.10.10 12.0 16.5 19.5 26.0 40.5 3.6 18.6 5843 0.41
14 87.3.19 8.5 14.0 18.5 28.0 55.5 3.0 7.9 1976 0.10
15 87. 4.9 5.0 7.5 10.0 17.5 37.0 3.2 4.9 486 0.04
16 87.4.21 7.5 11.5 18.5 29.0 54.5 3.3 5.6 2463 0.13
17 87. 8.1 11.0 15.0 18.5 20.0 43.0 3.4 13.8 1621 0.11
18 87. 8.17 9.5 15.5 19.5 26.0 31.5 3.5 16.1 8830 0.79
19 87.8.23 8.5 155 17.0 18.5 19.0 3.0 7.9 3891 0.5
20 87.11. 2 12.0 20.5 25.0 30.0 36.0 3.8 25.5 16628 1.30
21 88.5.4 4.5 8.5 11.5 1565 20.5 35 17.2 7690 1.06
22 88. 7.23 13.5 20.0 22.5 26.0 40.0 3.4 13.7 5309 0.37
23 88. 8.16 10.0 19.5 27.0 54.0 92.5 3.6 19.8 17248 0.53
24 89. 7.28 13.5 25.0 35.0 68.0 298.5 3.5 17.2 25664 0.24
25 89. 8.30 9.0 12.0 13.5 16.0 28.5 3.4 14.6 4113 0.41

R,0r, Rzor, Rson Resor-Maximum rainfall per ten, twenty, thirty and
sixty minutes in the continuous rainfall causing debris flow, mm/10min,
mm/20min, wm/30min and mw/60min.

J_RrCumulative rainfall from the beginning of rain to the end of debris
flow, mm.

V- :Peak velocity of debris flow, m/s.

Q- :Peak discharge of debris flow, m®/s.

Qr :Total runoff of debris flow, m>.

Ro :Runoff ratio of debris flow, %.
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Coefficients of correlation between peak discharge, @, and total runoff, @r of debris
flow, and rainfall factors.

(O Hasegawa & Fukatanigawa [ ] Saidogawa (lower)

<> Saidogawa (upper) @ Matsuuragawa

Riop, Roop, Riop, Reop - Maximum rainfall per ten, twenty, thirty and sixty minutes in
the continuous rainfall causing debris flow

2Ry . Cumulative rainfall from the beginning of rain to the end of debris flow
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Fig. 2.9 Relationships between peak discharge, @, (m3/s) of debris flow and maximum rainfall per
ten minutes, Rjop(mm/10min) in the continuous rainfall causing debris flow at five

observatories.
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Fig. 2 .10 Relationships between total runoff, @r(m®) of debris flow and maximum rainfall per sixty
minutes, Reop (mm/60min) in the continuous rainfall causing debris flow at five

observatories.
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Fig. 2 .11 Variations of frequency of daily eruption and ash fall in study area.

B— 2 .11 RI{EOBRFREOHE L FATRIROMEIK D B HEFS .
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Fig. 2 .12 Variations of antecedent frequency of ash fall in study area.

Fiy, Feo, Fo - Ash-fall frequency for the preceding thirty, sixty and ninety days
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Fig. 2 .13 Relationships between rainfall per ten minutes, Rio(mm/10min) in the continuous
rainfall causing no debris flow and cumulative rainfall, XR (mm) from the beginning of

rain to the occurrence of Rip.

Fy  Frequency of ash fall for ninety days preceding the occurrence of Ri
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Fig. 2 .14 Effects of volcanic activity on peak discharge and total runoff of debris flow.

Fy © Frequency of ash fall for ninety days preceding the occurrence of debris flow
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Fig. 3.1 Location of experimental catchments.
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Table 3.1 Some topographic characteristics of three experimental catchments

£—3.1 3HABMHOMEEF

Experimental  Area Altitude Main Total Circumference Mean Mean Mean Shape Compactness Drainage
catchment stream stream length gradient gradient basin factor factor density
length length of main of width
stream  relief

A L L. M H/L B B/L KM L./A

(ha) (m) (m) (m) (m) (deg.) (deg.) (m) (m/ha)
No.1 Takakuma 43.42 520-678 725 5900 2650 12.3 271.4 599 0.83 0.88 135.9
No.2 Takakusa 34.02 615-885 950 5260 2600 15.9 26.2 358 0.38 0.80 154.6
Koor iyasa 27.41 250-485 1010 1500 2510 10.4 29.5 211 0.27 0.84 54.7

Table 3. 2 Percentage for each relief division
K—3.2 BREXRSITEDHES (50mX50m A v )

Relief division

Experimental
catchment 0~10m 11~20m 21~30m 31~40m 41~50m 51~60m

No.1 Takakuma 7.7 % 24.6 45.9 20.2 1.6 0
No.2 Takakuma 0 12.8 54.5 21.7 5.0 0
5 3.7 9.6 1.

Koor iyama .9 18.3  35. 0
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Table 3.3 Area and area ratio for each slope division

#—3.3 FEEPXS T & O L HEE

Slope division

Experimental

catchment 0’ ~20 20" ~40° 40" ~
(ha) (B (ha) ()  (ha) (*)

No.1 Takakuma 12.03 (27.7) 27.53 (63.4) 3.86 ( 8.9)

No.2 Takakuma 10.12 (29.7) 22.79 (67.0) 1.11 ( 3.3)

Kooriyama 7.98 (29.1) 15.09 (55.0) 4.34 (15.9)

L OGS & OWIHIC 50 B TEER % Table 3. 3 1R, HHERIZIZ20~ 40 DFE AR L % <,
WIHDKI63% & HOT W5,

HMFA B L IR 50000500 1 B X (BB, 1972) A HARH L7 1 5 it 8t E 1Y
% Fig. 3. 5108 T o MBICEHERITRT HEDS 5 500 HEE, ZhE ) B TlkBEiE
WA - FIZ 17 V775 70 5 KE IS L7 BT KR35 LT 2 (BRI, 1972), €
DREBITIIIER TV T FHRFEDORMEETEA TH S, BETEARE ZIEVEHTTIE+HmiZE L (Photo.
3.1), FTRBIZZAIFEIHE-THY, AVHELE V. FORZIHA T2, 3em H5AE
5D TIE10em LETH A, T/, HREOEREHICIEEIZIZTEERICOIVEEBLIURE?S
M U7z KILK « BB AT LT B 1 S KINFRE Y (B b B LLRT i HB /s
BKOWHE R L, ECWERRBHEL T TH 70 BR - BI% - BE - B2 LD
THEN ARV, RPN KILREY I —RRICE DN, ZORBAEICIVEIEEL, BEOBEHIE

Photo. 3. 1 Pyroclastic fall deposits in No.l Takakuma experimental catchment.
BE—3.1 HRE 1 5HBRROETERRE.
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Gradient

[ ] o-10°

Fig. 3.4 Slope classification map of No.l Takakuma experimental catchment.
(- 3.4 S | S RERREO MK .

Pyroclastic fall deposit

<507 0 200m
Fig. 3.5 Subsurface geological map of No.1 Takakuma experimental catchment.
X— 3.5 HRE 1 7HAERIROREEX.
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BENZEHWESIND, LIz - C, MBOREE a5 DOEWESALNDDIXERCHNENTL
DIEDKRTH Y, MO KIUEEICHE SN TV,

15— 121E, KIE 34 (19144F) MEBBRICHE OB TER - KIWKOHER L BRERD
Ll CHR O BB HENSA L TE Y, MAREER S HEIISEIA TS (BIERR, 1972),
RERIBHAO BT OBEICL B L, BREBOD Ao BIIZBEBEOHEELRKILKKEEN, 20T
i A~B I BEE T 2THKUKB L URAOBEIY2OKRY), SLICZDOTMOCREIES T
DEULEN TV LR WERDP LM > TV b,

Fig. 3.6 3, #HAHE & HBARREEZHAGDELMBEXSICL RO ML EITH 5,
7, BbBXSNOmIES L OS5 O 5 HEFE T Table 3 . 4 IIRT, 17T LI & BRBHE A
TR CEIETHEELTEB Y, METHREON2% 2 HOTWb, 1 FiEOFEE - #EX 50
Bk LT, RRZIZSATIEDOILGERIENSA L TWh, DI &id 1 FitiEs —HkIZ IR
B EbLR, INEROBMEIHEREN, ZOBRBEICLIVBEILNINZEEZERL TV,

1 S ORAL, HIHOKA0%HAF % F/hRE L7ARERI20~704F 4 0 N TEHERIER, $960%
MU A, IR, hIERERFRLE LHERS~TSEEDERILEBKRTH S (Fig. 3.7)

(2) TS 2 HilBRitis

2 S fE34.02ha, FFEE615~885m (2454 L, THERAILAT) _EiiE A5k < 7% » 72z »
REA 2 LTBY, KRTIHRICEZEL TS (Fig. 3.8), BAEBMMSOT ¢ LT 2 HEkD
EHRLTEY, BB L ) HHOFRIBOEFITKE CKED SV, RiiKiE, WAITETES
800m 13 ¢, BN CHREET50m (T £ TR AN, WO T IO R IEIT ISR
%L, BEhoTWnHEIALH D, HRS0000D 1 IR D S RO - MR ERTRT %
Table 3. 1 |Z/R3 (MuSAR T4, 1988),

Fig. 3.9, 25 HEBOEBKENERLZSDTH D, WIBIZH TS N7250m X50m DR
FUMATH 5, EHIBBICED B KRIKEX SO HIRKDEE % Table 3. 2 1287, EKE21~
30m DXFAE L%, KROTEMKRES~40m DX5AE L %o T b, EIKISHT IO
THEHTREL, ERHTHhELhoTwb, BREXD SR FEEREZHE LTS5 L28
(m/0.25ha) TH %,

Fig. 3.101%, 2 5 WHBOEFMX S ER LD TH S, FHEMEFHT, HFHIZHRIBO TS
TKAREL, EREBTHELL o TWh, EHFIEKSEIZEWCRIRERI208 2 & Ot & sl b0
BHRERL RO EFR% Table 3 . 3 1R, HEAIZIZ20~40BEOFAIAH b % {, WIRDKI67%

Table 3 .4 Area and area ratio for each micro-topography and deposit division

K— 3.4 BOWIEXS I & OlifE & mfaE

Exper imental Ridgy Gentle Strean Colluvial Creeping Steep
catchment gentle slope bed deposit slope creeping
slope deposit slope

(ha) ® (ha) & (ha) B (ha) &) (ha) & (ha) &

No.1 Takakuma 2.82 (6.5) 15.46 (35.6) 1.52 (3.5) 3.08 ( 7.1) 15.94 (36.7) 4.60 (10.6)
No.2 Takakuma 3.52 (10.3) 14.07 (41.4) 1.54 (4.5) 3.57 (10.5) 9.62 (28.3) 1.70 ( 5.0)
Kooriyama 3.29 (12.0) 5.77 (21.1) 2.22 (8.0) 2.30 ( 8.4) 8.35 (30.5) 4.52 (16.5)
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Fig. 3. 6 Micro-topography and deposit divisions map of No.1 Takakuma experimental catchment.
HM— 3.6 BERE 1 5RAERMIBOHHIE S HA.

N : Needle-leaved forest Z

s : Japanese cedar S

h : Japanese cypress
B : Broad-leaved forest

Figures beside of the symbol
represent the age of stand.

Forest conditions of No.1 Takakuma experimental catchment.

Fig. 3.7
M— 3.7 @RS 1 5R_ERAE ORI,
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Fig. 3.8 Topography of No.2 Takakuma experimental catchment.
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Photo. 3. 2 Typical geological profile in No.2 Takakuma experimental catchment.
S : Sandstone (Shimanto group), P : Pyroclastic fall

BEXH— 3.2 ERE 2 5RBRs oA 2 B i .
S #E, PoKIK - B8R

2HOTWD,

B A B L OHER 5000050 1 EX (FEEBE, 1972) H»SHIEH L 72 2 it 38 # B X
% Fig. 3.11IR T, 2 5o, 1 5B AR +HREHICETAMETHY), £0
EEKINEK - B EDOKILNBENHD B> T5b (Photo. 3.2), L7zAT- T, MiBOEES @
H) ODBESROSNLDIIBIELD EFDEBDOATH D, 2 T NKIFEY L 1 FitiE L b
PRELEnEETH S,

2 B, 15 RO E RS I D BT EA - KRR U 72 R R R
7 HIBICTEIN L BETENGA LTV A (RIBER, 1972), 2 5 HtssN o 3gEwm i 153
WEIZIZMEERTH B,

Fig. 3 .12i%, HAFE &HERBRT L HAAEG b BEX SIS L ) RD M S HKTH 5,
¥ 72, BB OEMEE L O ATEEL Table 3 . 4 1IR3, HEMIZIIEFTAS
K54, ROTATLIHIEZ 2oTB ), METHRMIKDOLNT0% % HD T\ 5, AERTIHD
FHE - HRBRXSOHE#HE LT, BEZ2ESATEOILVERIEAGHA L TWwhb, 2O LiE, 1
S L RIS, 2 BRI KILE ICE DR, ZORBERICE VAR TN L 2R
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Fig. 3 .10 Slope classification map of No.Z2 Takakuma experimental catchment.

X— 3.10 EBRE 2 5 A ERVTIROMRHX 571 .

Pyroclastic fall deposit
Sandstone and stream bed deposit

I Gauging station

200m

Fig. 3 .11 Subsurface geological map of No.2 Takakuma experimental catchment.

M—3.11 SE%E 2 FREBiiEoOREHEX.
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Fig. 3 .12 Micro-topography and deposit divisions map of No.2 Takakuma experimental catchment.
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Figures beside of the symbol - 4

represent the age of stand. (2223—1-:_ /,/"\-\_/’
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Fig. 3 .13 Forest conditions of No.2 Takakuma experimental catchment.
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LTwa,

2 T OMAL, T~ il i ARERI50~604E4E D 2 F L TRER S A\ it b F L LER O
RIS RILZEBIAR, Wi~ Lot 3B DB % 2B O /N S WRISOE L DL R TH 2 (Fig.
3.13),

(3)  HEBILIGABRT I

ARSI 1A A527 . 41ha, £RR5250~485m 12045 L, TFi#iA™k < AL A » = EA X HF
% LTBY, KREPIRICFEEL TS (Fig. 3.14), ERAIIRKOESEI70m (583 TE S
N5bo AMOFER320m #rIZ13m SH10m DD H 5, HHR500050 1 #IEE A & Kb 7- Hi Ik
MERTHET % Table3 . 11" (HBERE - #FI1L, 1984),

Fig. 3 .15(%, #ILMBOERER 2 /RLEZODTH b, WRIHIZHTSHN7250m X50m D IR
F104ETH B RIS EHD 5 KEREX D FHIREOEE % Table3 . 2 12 ¢, EELE2~
30m DX &R E3L~40m DEFHE L o Tnb, BIKERD S R FYERELERT 2
£ 31(m/0.25ha) Tdh 5,

Fig. 3.16i%, #INRBOMEBX DPEER LS DTH 5D, HIHO PRI ITER OV E 528
HY, KHELTHHINTY S, HFXSEIIB W CRIEERI208 & & Otk & fsic & o 4 i
FEFELRO/AER % Table 3. 3I1RT, HAEMIZIZ20~410EORNAA R D £ L, FHIsD#55% %
HOTW5,

B A B £ OHi 50000700 1 B (FEVEBEE, 1974) 20 SRR L2 B8 ILFs o & # & 1K
z Fig. 3 17129, WEIE, HESA2VUENKFEFRIEEE 2 S s TREERIE, BKY
HREEE WE-HE - RE), BXUORUBICI - THEBREIAThE (FIREE 1974), g
390m fFE %I L CHEGE 2 HHOLINEDITE - T b, RiOIEE320m #4012 W 12
THhb, TDEMIL NI ~45E THb, KDDL MEO & & 2 SN, ARSI ERS
290m Hhpi F THERCABDS A L QW A28, KA ZREELINIERTH LT b, BKIE
D& L it THANIEREE &L %> T b, BBILFEIE 15« 2 53lso X 5 1S KINPSEw B
b Tuniu,

BRI oL, BERRTEIISR S, TEECRHICEAEELISEL TV D (|
JBEIE, 1974)  ABRIIBEN COIERIE OBIERIZ L B &, BERBD Ao BIIHWEH OFKRYIE,
ZOTND A~-BRBIEO~BEHELETIHHY L EBYORESE, X5I1I2ZDTFMD CBITIK
ot~ r 2L, SAPEILL - HERMB & 7% 5 Tun b,

Fig. 3.181%, S & HERR ¥ MAE LB X5IC X RO 7Mbb B5HERCH 5,
T72, MR OEA B L OEIRIZ S © S THAEEF Table 3 . 4 1R, HEWICIZETLE
Mib %, ROTHEFENS - THBY), METREBRBOMN2% % HHTW5,

BILGFSOREA L, RIBOKBISAHFHRTH Y, AF (—He / F) 2EMARE L7 NTEFER
W HIB6% % isd, RV IXIAH, vNF, A UL ERTRE LHBOLERKCTH L (Fig.
3.19),
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0 200m

Fig. 3 .14 Topography of Kooriyama experimental catchment.
M : Gauging weir and rain gauge
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Fig. 3 .15 Relief map of Kooriyama experimental catchment.
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Fig. 3 .16 Slope classification map of Kooriyama experimental catchment.
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Fig. 3 .17 Subsurface geological map of Kooriyama experimental catchment.
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k] Stream bed deposit
(2] Gentle slope

\ E5 Colluvial deposit
N \ QN I Creeping slope
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Fig. 3 .18 Micro-topography and deposit divisions map of Kooriyama experimental catchment.

X — 3 .18 #RILGERFTIR DM I T HAI .

N

M : Artificial mixed forest \\

N : Artificial needle-leaved f.

B : Artificial broad-leaved f.

B : Natural broad-leaved f.

s : Japanese cedar

h : Japanese cypress

t : Bamboo

k : Grass

y : Bush

Figures beside of the symbol represent

the age of stand. 0 200 m
et

Fig. 3 .19 Forest conditions of Kooriyama experimental catchment.
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E3IH MR- REBNGE

KETTIX, 3 BRI KB OREE, KEBMTE, Kii=RRZ EIZO0WTHERS,

1. BRE 1 SRBRRSE

KB L, RERIRO T imICRE Sh, SKEE, #Kih, KAETS X OWREF»SH
BENs (FINEH, 1986), &KL, Fig. 3.200R8N 5 L)1, TEAIEO L =AEL
EHHE»S 2 HHEAETH Y, K270cm LTI L CRAIB=ZMALICE - T L, KfZ70cm
PLECa L CRABZABICRAFBEL MR ZBEICE 5> THHIS LTV 5o KA IZIRE) DB % B
C-OEFEKAYEBMAFTICEX, 7yo—- b2 AL THES R, MEIE 1 BEH0.5mm OE F 31
WEFHI L hHlE I TS,

KO E BRI, KA70em LIS L CIRBHMIZBITAF v )V T L -2 a Y ORERPOLED T,
KAE70em LLEAZH L Tid, KEEAT70em A b & %2 ZHKA4EIC L, 2EBEETZEETHY, B
WICBITAHEMESE B O TR WD, I TRAFSAEBICELHEE S INZ /2B EEORT
"D H=MBEOWRISOHEETEIZEE ) 7 4 A0RBEHAEHTE, F-RHTHEOR
S O EFTE 21 Govinda-Rao Dt H (IARZFEL, 1985) 2 TEALREL, MW
RO E VEAEISOREFEHT A LT LT, KirkEd®ix, KiZd Hm), HEr Q
(m*/s) &3 B &R TERE N (Fig. 3.21),

0 <H=0.7m D&

Q=2.578H?2% (3.1)
0.7m< H Ot
Q=2.188(H—1.4/3)%5+3.5C(H—0.7)'5 (3.2)

72720, 0.7<H=0.75m D& X

C=1.667(H—0.7)%02

0.75<H=0.89m D& X
C=1.552+0.166 (H—0.7)

2. SfRE 2 BHBRRE

KB RR 1L, AERGTIO T i CReE S, =moKIER, #okit, GENEHKE, KAEts
JUMEF OB SN S (MUER 22, 1987), #/KIEIX, Fig. 3.221-8NB L 912, THA
120D HAR=ABLEEHFEEIO 2 5EEETH Y, K80cm LTI L TR AUE=MEIZ L o
Txdie L, KAZ80cm LA EIZH L TR AF=AEICEFIEL I ZMIHEIC L > TS LT 5,
KALIFIRB OBSE % B 72 Ol K % ERPUHERR L2 = — VEOBIHFAIEE, Jo—©
EALTHESND, Fidid 1 [EEHE0.5mm OEE T RHFEFHc L YllESh T b,

KL ERMR L, EKIEROTIRMANIZF72AREIZB W THBIRKEZHIE T 5 7EIC X KD 7
Fr )TV —va YERPOED, KirmERBRIE, KLt Hm), fEE Q(m'/s) &5 LXK
ATEREN (Fig. 3.23),

0 <H=0.8m D&
Q=2.169H?25 (3.3)
%3, KZ80cm LLEDEAKIT F AFEEHKS N TV,
3. EUEB
KICERBIMERR 1%, HERTIRO T Hm ISR E S h, BKIER, #Ki, KVEBIUOWNER»H
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Fig. 3 .20 Structure of gauging station of No.l1 Takakuma.
M — 3 .20 &SRR 1 5 R AR OME.
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Fig. 3 .21 Stage-discharge relation of No.l Takakuma.
X — 3 .21 SPRE 1 SRRSO KT ERSFR.
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Fig. 3 .22 Structure of gauging station of No.2 Takakuma.
X — 3 .22 &R 2 S 2K OREERN.
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Fig. 3 .23 Stage-discharge relation of No.2 Takakuma.
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Fig. 3 .24 Structure of gauging station of Kooriyama.
[— 3 .24 EBILIE AR OEEX.
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Fig. 3 .25 Stage-discharge relation of Kooriyama.
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REND (HBHE - FIL, 1985), 72, BAMREO ERSICIEEKRBE~NOEDHRA ZB51Ed 572
DO Y AW T HEBEIN TS, TORN 2T LTW5H2S, Ky O5EIFEEL AL
TWh, BAIEIL, Fig. 3 24107 SN5 L5112, THAIEOIR=MELRIFEIS L LEE
BV, Kr50em DT LCENEZABIZE 5 TG L, AAL50em LRI L TiZ AR
SHIEICEFIEY MA-WIAIC L o OB LTW b, KRB OEE 2 B <72 0lk & 8l
FIGEX, 7u— 24 LCHllESR, FEid 1 BEEE0.5mm OfiEE F FRIFEFHC L g S
NTwb,

KA BRI, Af750em LTFICxT L CIdBHICBIIAF v T L - a VORI LED,
AAE50em LLEIZx LCid, 15iEE mkic, YE=ZMABICRAVELZ MR - ESEOWE D 9
%Eﬁ@wﬁﬁﬁﬁwﬁ%ﬁﬁtu#U74xwm%ﬁ&ﬁﬁﬁmﬁé,itﬁﬁ%ﬁ@%ﬁ%ﬁ
O EEH 213 Govinda-Rao D EE MR (EAFES, 1985) »@EMATE A LREL, MOF
WL DEESE,SDRBEREHT A I LIS Lz, KIViEMARIE, KiZE Hm), #Ex Q(mY/s)
EF bR TEKEN (Fig. 3.25),

0 <H=0.5m D&

Q=2.832H?3 (3.4)
0.5m<H O¥é
Q=1.222(H— 1/3)°5+5.0C(H—0.5)'* (3.5)

7272L, 0.5<H=0.55m D& %
C=1.667 (H—0.5)%
0.55<H=<0.7m D+ X
C=1.552+0.166 (H—0.5)

E4E BERESLIURERA

Fig. 3 .26, 3 ERFIICH1TH1985~19884 (2 5 ifiisi219864F 8 A BLlIBHLA) D HKERE
BIXUAKHEBEOHBERLZIDTH S, ARNEEE, 3WBEIEVITEELTWE I ERD
BRI CEmICH Y, BEO6, 7, 8HICEL, £Hm12, 1 AIldkv, AiltiE b RO
FzH 0, 1KEEF3IFHEBED 1 ADLSI2AETEEDOND, 15 - 2 FHBOA FHEIIEN
DL WAIIZ BT H IS, LHDORHMENIE 2o T,

b7 Tl —EHIRIC D W TR O KIS .35 (FEF, 1976),

P=R+L+AS (3.6)
2T, PIiIMEWE, RIFELEE, LIZHEE, AS IHFRE0TLETH S, 1 KELZ TSR
2T AS=0 Laeg b0, (3.6)RTRDEH T D,

P=R+L (3.7)
1 KEDOKETR=E P LHE R #EWNTIUE 1 KEDHEERE L PHEHINL, 3 HERTHO 1 K
EIZ1ADPSIZAFTEEDOONL I L5, 3 RERISIC BT 51985~1988EH D 1 KFETE D
MRS, WHEE, WEABBIOHHERL T LDDLE Table3 . 5D LX)k b, EREME, EitHE,
LD 4 ERTPHME (2 Bt 2 FEFHMHE) 2kOZE, 1 5HBIZENEN2787mm,
1934mm, 853mm, 2 Sl %N #h3333mm, 2375mm, 957mm, EBILFEIZZH ZH2498mm,
1493mm, 1005mm ThH %, HEBE=RREHE L AL, 3IHRBRIIBITLEREHER, ¥
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Fig. 3 .26 Variations of monthly rainfall and runoff on three experimental catchments.

B—3.26 3WERIBOHABEHES L CHRHEDOHER.

Table 3.5 Annual rainfall, runoff, loss and runoff ratio of three experimental catchments

£—3.5 3HBMMOFERENE, FiRbE FHEKESLUEREX

No.1 Takakuma No.2 Takakuma Kooriyama

Year Rainfall Runoff Loss Runoff Rainfall Runoff Loss Runoff Rainfall Runoff Loss Runoff
ratio ratio ratio

() () (m) & () () () (%) ()  (m) () ®

1985  3073.5 2120.7 952.8 68.0 - - - - 2448.0 1424.7 1023.3 58.2
1986  2164.0 1540.1 623.9 71.2 - - - - 2210.0 1200.5 1009.5 54.3
1987  3464.5 2368.8 1095.7 68.4 3795.0 2526.5 1268.5 66. 3131.0 2115.2 1015.8 67.6
1988  2446.5 1707.0 739.5 69.8 2870.0 2224.0 646.0 T7. 2203.0 1231.5 971.5 56.9

o oo

6
5

FUIZ BT HABRER 2l & 2N 5900~1000mm (£F,1973) & IXFFEHOELZ/RL TV D, Tz,
R, 1 B8 ~71 %R, 2 Siiie7 ~78 % A2, EBILMINS4—~68%RE L o T\ b,

5 BRI
IMERFIHIL, FABMTENRZL I, BWIAEHELTWE Z eI RIEE CRERETICH 5,
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T/, E2MITHRNRALIIE, 3HIHEDTHDITEALERAF, LESDIL R LHFKICEDR,
FEAESEIZO KRELZERIIA LN W, RBERIIIHEN A SN EHS, RIETFHAEIZIZIZET
BETHL, 3MBOKELZHEEIRBAOKNREYORETHE, Tobb, 1 5RBIZET
A EARE LAKUEBEDIESBDLORTEY, $25Ed 1 5Bl E Tl WasKILR
BYWIZELN TS, —F, BB KILBEYIZIZE A ST LRV,

KETIE, RELHELTHHKIBBEHOEEIFEE L, KIUHEWIIELNI15 - 250k
BOERRHEEEEY, BT LRGSO MBI WA E & gk GhSEE - T, 1990) L7
A5, KIS A T AR IS BT B 2 R ICRET 3 5, ITICHV oW E - KT —
&3, 159 B X OB FSIE1985~19884E12, 2 B ikifi21986~19884E I 5N b DTH 5,

1. kKXEAFOREH

HERFIROEITE (ki) U BT A DI IEDONf T T 7S Fa sy
FI7RVE LTz WA NI 78I, Fa 7o 7RO RIERI, 3iiiEs /N TH
B ENOEEL (BB TES L) ICI05HBETIT - 72,

Fig. 3 .271%, WHIHHONA FO 75 72 BAMITR LD D TH 5, FREoNS Fa s
Z 713, EHEH, TEHEEB LT KEEO 3 DOSH» SRS 5E, REvit & PR H
FEERE ISR, FORSTERRHELIES, BERREEOREEICEEL OFEIRES N
TWAA, T Tid, Fig. 3. 27NWIRENDB L HIC, N FaZrZ s 70N LENYEDA HE G
PEBTHEY, TOEHREN Fur 57 THINAFHRRS »EHERBERS LT 5 HE (& -
R 1975) RREA L7, G HOREHEIRDE S THDH, MELZWNHEE, ML EEKE
LB xTBAIRE EICNA Fars 7% 70y b3 5E, ZORKBIE—KIIWOPOERDH

Rainfall

Discharge &

log &

Time

Fig. 3 .27 Hydrograph separation.

: Direct runoff C¢ | Recession coefficient of groundwater
K—3.27 " Far7s7D508.

7. E8gREE Ce: #TKBUKRE
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% HAIZAEBE NG, EOE2HHREEIWHROBE, TobbE2IMMEEGCHELL, 2D
FETIE, 8 1IMEORZCRERL DS, # 2 MaORZTHERHIR T LE21 50T
Who LAL—WOBERRIICE - Tid, A Fars 7IZRERBRS 5 Wid i i a8
SETERVEENHL, COREIEHEIHFMEE GHE L,

10 TR S NIz— T EDNA b T 7 A Far s 73 58RI T 5 KK
FrHEH L7, —WNA Far g 70EZEREPITHOR TR HEIZBWCER L KR F iRk
DY) THbH, ORWE P(mm) : BEFRUIITONL TV 2B OEREE, @KkAL0, 20, 30,
605 [EIFN & Piop, Paop, Paop, Peor(mm) . EFEHARIICEBIT 510, 20, 30, 6043dH7- ) DRAFE,
QEHETHE Qp(mm) I NA FO 7T 7 OEBERERS . OB HMEEER To(hr) | EERH
HAThN7-ReE, OBEERLEE Rp(%) | BHEGRHE Q@ LHENE P O, ©WHHE @ (mm/hr)
DB RO E, QY — 7 iiE Q@ (mm/hr) | ¥ — 7 KR D&,

MEZSHEE KHZEEEEEL LCAHNBEFRE LTy FShi—Fng Fars 7o
WAL, —RICVCODPDOERDS 2 5PHETEBE NS (Fig. 3 .27), PS BIiZEmiKH AT
ML, SGHEIZFHEMHSHBL WA LEEZ bNE, G HUBRIBTAREHREOAITThbAR,
# GBCD (34 T KBKHIFR & FIEN TV B, ZDOEKBHEOEREICIZEL OXAPRESINLTW
A, CITIE—RICLECAVWONARDIEHBBA TRI Z LICT 5,

Q= Qoe™¢ (3.8)

ZZT, Q: HWMAKMBODZRELIZBITHIRE, C:BKFRE, ¢ HE, Q@A EIL ¢t
RHEZORETH D, FdBHIRELIZT Oy b E3NL—FNA FE 25 7DOEKE (Fig. 3.27)
BV ERTEMS N B ORI LR 2 R/ADBERETEES SEREKEREES L,
& U2 G HLBEDH T KL D AT O NI ORI T KR AKBRE E TR D, &2
T3, 3 ABRIIR DB O HEIZ GB B O T KBALRE Co(1/hr) ¥ VA Z &12T 5,
DEDHEC X D EH LR R T KR F % 15, 25, BlESicowTEzhE
AL Table3 .6, Table3 .7, Table3 .8 II/RT o BITICHW N7 — %1%, 15103, 2
SIEeTME, B X OEBILTB104E TH 5,

2., EERHFEOLER
Fig. 3.281%, 15¥iiik, 2 5Fiidss L OBRILGISIC BV CI05 B HA TR L2 A Fa oS
TD1HITH L, 3HEBRABOEMRIIE T ha BBEL/NS W ENS, NS FO s T 7 XN OB
IR 2 ZEBC L BB LTV 5E, 3HERRBUIERRIUIMUAN X 5 TV 528, fiiHkitEh 7% ) 2
RoTWh, LT, HHiENA Ny g 706450617 3 BRI OEIZRH I3 5 KR T
BT 5,

EEMEE Qv 1&, 15iiH0.023~4.374mm (F350.454mm), 2 531%0.130~5.417mm (F
¥1.032mm), FBLL#E180.087 ~32.665mm (F354.703mm) T35 (Table3 .6 ~ 3. 8), Fig.
3.29i%, HWE P L EERLE @ ORY SHBRBZENEN 7Oy FLZDDTH D, Kk
WEd Qo id P OMINIAEWIERMARMICHEML T Y, ERMEERDS &,

1 5ifiiE @ Qp=1.449X1073P1806  (y=(,776%**) (3.9)
2 FPI D Qp=7.137X1073P15%2  (y=0.915%**) (3.10)
ERILFTIE - Qp=2.274 X 1073P%9%5  (y=(.905%**) (3.11)

TEEN (MPER) ., HERK r 123 E LERRIY TEHEICEETH S,
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Table 3. 6 Hydrologic characteristics of short-term runoff in No.l Takakuma experimental

catchment
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Table 3.6 (Continued)

#—3.6 (H&)
No. Date P Pior Popp Psor Psor Q@ T» Rr Q. Q- C¢
101 88.10. 5 17.5 4.5 8.0 10.0 14.0 .178 2.8 1.0 .270 .485 .028
102 88.11.23 13.5 6.0 9.0 11.0 13.5 .124 2.0 .9 .098 .278 .018
103 88.11.23 25.0 3.5 6.0 7.0 13.0 .283 6.2 1.1 .107 .328 .021

P :Total rainfall, mm.

Pior P2or, Psorn Psor :Maximum rainfall per ten, twenty, thirty and sixty
minutes, mn/10min, wm/20min, mm/30min and mm/60min.

Qo> :Direct runoff, mm.

To> :Duration of direct runoff, hr.

Ry, ‘Ratio of direct runoff, %.

Q. ‘:Initial discharge, ww/hr.

Qr :Peak discharge, mw/hr.

C: :Groundwater recession coefficient, 1/hr.

Table 3 . 7 Hydrologic characteristics of short-term runoff in No.Z Takakuma experimental

catchment

F—3.7 EHHEBOKIHETF (BRRE 2 5B
No Date P Piop P2op P3or Psor Qo Tr R» Q, Q Cs
1 86. 8.28 25.0 5.0 9.512.020.5 1.082 3.7 4.3 .176 1.029 .024
2 8. 9.6 73.5 19.033.546.0 56.0 5.417 11.8 7.4 .088 6.571 .011
3 86. 9.20 16.0 7.013.013.0 13.5 .630 4.0 3.9 .250 .897 .015
4 86.10.10 20.0 8.0 14.0 14.5 16.0 816 7.5 4.1 .077 .727 .019
5 86.10.22 17.5 5.5 9.5 11.5 13.5 .545 11.7 3.1 .043 .272 .006
6 86.10.26 23.5 2.0 3.0 4.0 6.0 .433 13.3 1.8 .041 .151 .029
7 86.11.17 14.5 1.0 1.0 1.5 2.5 .20 17.8 1.5 .030 .060 .014
8 86.11.23 16.5 1.0 2.0 3.0 5.5 .277 14.2 1.7 .027 .092 .000
9 86.11.24 12.0 1.5 3.0 4.0 6.0 .23312.0 1.9 .036 .104 .022
10 86.12.14 17.5 8.0 10.0 11.5 13.5 .722 11.8 4.1 .051 .382 .028
11 87.1.2 105 1.5 2.5 8.5 6.0 .266 8.7 2.5 .051 .165 .009
12 87. 1.5 16.5 1.0 2.0 2.5 4.5 JA71 7.8 1.0 .057 .126 .022
13 87. 1.7 10.0 6.5 8.5 8.0 10.0 311 7.5 3.1 .066 .243 .003
14 87. 2.2 11.5 1.5 2.0 3.0 5.5 .130 5.0 1.1 .059 .126 .015
15 87. 3.9 26.5 2.5 4.0 5.5 10.0 713 9.3 2.7 .098 .343 .006
16 87. 3.23 77.5 14.529.0 36.0 45.5 5.165 5.5 6.7 .405 8.738 .017
17 87. 3.29 21.0 1.5 2.0 3.0 5.5 .443 10.5 2.1 .318 .4718 .014
18 87. 3.30 14.5 1.5 3.0 4.0 5.5 .341 5.0 2.4 .294 .483 .004
19 87. 4.25 455 3.5 6.0 7.511.0 1.28510.3 2.8 .165 .676 .027
20 87. 5.16 21.5 5.0 7.0 9.0 14.0 .668 4.0 3.1 .2719 .883 .021
21 87.6.1 13.5 1.0 2.0 2.5 4.5 .303 7.0 2.2 .318 .428 .007
22 87.6.2 36.5 12.524.026.530.5 2.582 5.7 7.1 .310 8.011 .012
23 87.6.14 125 1.0 2.0 3.0 5.5 L1589 5.5 1.3 .310 .405 .005
24 87.6.14 550 3.0 5.0 6.511.0 2.741 12.5 5.0 .326 1.126 .005
25 87.6.20 17.5 3.5 6.5 8.5 15.0 .622 2.7 3.6 .569 1.246 .007




]
(&)
Q@ To Ro Q Qr Cs

|
2

i1

Table 3.7 (Continued)

*®£—3.7

P Pior Poop Pagr Psor

Date

No.
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Table 3 . 8 Hydrologic characteristics of short-term runoff in Kooriyama experimental catchment
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Fig. 3 .28 Comparison of flood hydrographs on three experimental catchments.
M— 3.28 3HMERMIKOEMHHI A Fa s s 7 OEx.

W& OBk % M TS 5 &, KNEOMINIT 2 EEREREOMMOEI &, Bl
TKREL, 15 25 T/hEV, RWEEABOMm, 50mm, 70mm OEOEEHHEYETE T
A&, 1 5RETENLENO. 7"mm, 1.7mm, 3.1lmm, 2 HFHIETEFNFNI1.3mm, 2.8mm, 4.6mm,
AL TENZEN2.2mm, 6.3mm, 12.4mm TH D, L7 - TC, [FUEFEICHT 5 EERH
#3, 15RO /NS, RT 25, BILIREONEE % 5,

EZAT, MIBIZENDD - 723546, fHED S 08 XM BEER O HEOS AREE I B8 X
N 5o WIROFIRE £ R TIRIEL LTINS (KFBEOWE), £TBRMRZ EPSHV LN,
PR E 3 RICERREDFHIC L > TEILTHOTLT L O RBNOEZRE 2 K4 2 L3R
LW, LAaL, BIUND LD %48, LB T 1EZBEL CEHOLEN LR\ -0,
MEERBOZRBELXRTHRECLRY ) Evbhb (GH - AR, 1970), Fig. 3.30i%, Fig.
32UTREN/Z P L Qp ODEMFEZWEIRE Q CRUEF/ELTEFRFN IOy P LD TH D,
WX BT IRAL 2 V72 D1UE, Fig. 3 291RENZ2EHIC P & Qp DRI BN 7 IR D
bN7/7zZ EiZk b, Fig. 3.30128WTC, +EIE#M A I @ #50.2mm/hr RifDME DRI & #
DOEYFHMTH Y, F72, @ENEHAR B X @ 7%0.2mm/hr Ll EDOWH OBR & Z 0 R T
oo PHFICEETH LG, QWREVED @ I35 %o Tnb, HGHOSHEIZL ) B
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Fig. 3 .29 Comparison of relationships between total rainfall, P(mm) and direct runoff, @p (mm) on
three experimental catchments.

X~ 3.29 3AERFUHOENE P LHFERHE Qp DOBEMRDIE.
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Fig. 3 .30 Relationships in Figure 3.29 are plotted on logarithmic paper.
--+--A ! Initial discharge under 0.2 mm/hr
--@--B ! Initial discharge above 0.2 mm/hr
K- 3.30 AHFRICLLENE P LEERLE Q@ DR,
-~+--A ! IR EO. 2mm/hr KW --@--B [ A EO. 2mm/hr Ll E

AL BOEYEAZIE TS E, 3iids b EURREKICIEZIRO O N L h o 0%, MRERICIE
BRELZEDVPROONT, LA -T, Kl HRWELE URETH LG, IHHEEISAZ N
EEDOHPEREREERILZ 2 -TBY, HEBOHEOGRE *#IHEMICOIREY W20
U THLEEZ D,

EETHER Ry 1, 150i150.2~6.5% (F152.0%), 2-5iH1.0~7.5% (E33.7%), Il
i1%0.8~48.9% (F3#910.1%) & 7% 5T\ 5A (Table3.6~2.8), Fig. 3.31i%, e P L iliE
Tt Ry O Z 3R EhEN T v P LD TH B, Ry 13K E S P O¥EMILE
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Fig. 3 .31 Comparison of relationships between total rainfall, P(mm) and ratio of direct runoff,
Rp{(%) on three experimental catchments.
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Fig. 3 .32 Comparison of relationships between maximum rainfall per sixty minutes,
Peop (mm/60min) and peak discharge, Qp(mm/hr) on three experimental catchments.
--+--A ! Initial discharge under 0.2 mm/hr
--@--B ! Initial discharge above 0.2 mm/hr
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Fig. 3 .33 Comparison of annual hydrographs on three experimental catchments.
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Fig. 3 .34 Comparison of depth-and flow-duration curves on three experimental catchments.
a . Depth-duration curve b :Flow-duration curve ---Annual mean daily runoff
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Table4 . 2 Hydrologic characteristics of study basins
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Fig. 4 . 4 Relationships of 95-day discharge, Des(mm/day) and 355-day discharge,
Ds3s(mm/day) to annual precipitation, P(mm) for each basin geology.
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Table 4 . 3 Mean values of plentiful-water discharge (95-day discharge) , mm/day for each basin

geology
#—4.3 WHSENOEKE (mm/day) DFHE

Annual precipitation (mm)

Geological category
1500 2000 2500 3000

Quaternary volcanic rocks 3.5 4.2 4.9 5.6
Tertiary volcanic rocks 3.1 3.8 4.4 4.9
Granitic rocks 2.2 3.4 4.7 6.1
Mesozoic formations 2.1 3.4 5.0 6.8
Paleozoic formations 2.4 3.6 4.8 6.1
Metamorphic rocks 2.7 3.4 4.1 4.8

Table4 . 4 Mean values of scanty-water discharge (355-day discharge) , mm/day for each basin

geology
F—4.4 WEHSEHOEKE (mm/day) DFIHE

Annual precipitation (mm)

Geological category
1500 2000 2500 3000

Quaternary volcanic rocks 1.1 1.6 2.1 2.6
Tertiary volcanic rocks 0.8 0.9 0.9 1.0
Granitic rocks 0.4 0.7 1.0 1.4
Mesozoic formations 0.4 0.6 0.8 1.1
Paleozoic formations 0.5 0.7 1.0 1.2
Metamorphic rocks 0.8 0.8 0.8 1.8
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Fig. 4 .5 Flow-duration curves for each basin geology in different annual rainfall.
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Fig. 4 . 6 Relationships between annual precipitation, P(mm) and value obtained by subtracting
355-day discharge from 95-day discharge, Des_sss(mm/day) for each basin geology.
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Fig. 4 . 7 Relationships between annual precipitation, P(mm) and ratio of 95-day discharge against
355-day discharge, Dgs/3s5 for each basin geology.
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Fig. 4 . 8 Relationships between annual precipitation, P(mm) and annual uncontrolled runoff,

U(mm) for each basin geology.
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Fig. 4 .9 Relationships between annual precipitation, P(mm) and annual controlled runoff,

C(mm) for each basin geology.
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Fig. 4 .10 Relationships between annual controlled runoff, C (mm) and annual uncontrolled runoff,

U(mm) for each basin geology.
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Fig. 4 .11 Relationships between (annual controlled runoff/annual runoff) ,
R.q(%) and (uncontrolled runoff/annual runoff), Ry (%) for each basin geology.
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Fig. 4 .12 Relationships between (annual controlled runoff/annual precipitation), Rc/p(%) and
(uncontrolled runoff/annual precipitation) , Ry (%) for each basin geology.
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Table4 . 5 Hydrologic characteristics obtained during the period from June to October

F—4.5 6~10AM7T—%»oKRKDFHIKET

Geological
category No. Dam Q7 P’ U C* Rud"Rco"Rur*Recr”

1- 1* M%7 & 664.3 688.0 134.4 350.4 20.1 53.2 20.8 54.5
1- 2* RBY & 585.0 880.2 160.9 190.8 26.5 34.3 17.8 23.2
Quaternary 1-3 "hfF& A 706.4 1240.8 107.1 321.5 15.1 45.6 8.6 26.1

volcanic 1- 4¥ ARy 4 743.0 937.4 73.0 339.4 9.9 53.6 7.9 43.6
rocks 1-5 &5 & 1006.4 1376.2 329.0 357.8 32.9 36.4 23.9 26.5
1-8 Y& 745.9 1079.4 202.2 340.0 26.6 45.6 18.3 31.8
1-7 A¥Y A 1115.5 1603.2 335.4 408.7 29.5 36.9 20.7 26.8
2- 1" Sy 619.3 542.4 159.5 309.9 26.2 50.4 30.2 59.7
2- 2" HRY & 906.5 768.6 368.5 289.8 40.8 32.0 47.5 37.1
2- 3* Akl & 777.0 911.8 262.6 253.8 33.6 33.3 28.5 28.3
2- 4 BV A 661.1 904.2 171.5 243.8 25.6 38.2 19.1 29.1
2- 5" BHEY 4 521.2 722.2 153.2 1938.5 27.7 39.7 19.6 27.3
2- 6* juliy & 597.7 867.2 164.7 208.2 27.2 36.1 13.3 27.3
- T HEY A 681.3 882.6 226.7 214.6 33.1 32.5 24.8 24.1
2- 8" WY 4 1032.0 1214.4 357.0 309.7 33.2 32.0 32.0 31.0
2- 9* K24 1247.5 1201.8 519.2 353.5 41.0 29.6 42.3 30.3
2-10* &Y 4 563.1 659.5 170.8 215.2 29.9 39.7 25.8 35.3
2-11" ¥H 5 & 881.3 1170.6 265.0 304.7 29.5 35.7 22.3 26.8
2-12* By A 1051.5 1188.0 390.7 345.8 37.7 33.5 33.3 29.6
2-13* @RY & 1162.7 1274.0 483.0 283.4 41.2 25.3 37.4 22.4
2-14* Ai+H4¥2  503.9 907.6 181.1 144.7 36.3 28.5 20.2 16.2
2-15* JIURY & 558.8 749.6 125.6 242.5 22.8 43.4 17.1 32.5
2-16 Pl 638.4 1051.2 244.9 161.1 38.0 24.8 22.5 14.8
2-17* RS & 703.6 818.8 194.9 255.9 27.9 36.2 23.8 31.0
2-18* BRY & 290.5 821.0 96.3 80.5 33.4 27.5 12.2 9.9
Tertiary 2-13 Ty & 815.7 1071.7 229.4 288.5 27.9 35.6 21.1 26.7
volcanic 2-20* WY A 1417.2 1208.9 552.8 419.9 38.5 30.6 45.1 35.8
rocks 2-21* BJIY & 1187.6 1383.4 417.3 391.7 35.3 33.7 30.7 29.1
2-2* WY & 946.5 1169.8 330.9 316.2 34.9 34.3 28.0 27.7
2-28* BAY & 864.8 1199.8 285.4 296.5 33.0 35.3 23.7 25.6
2-24 HEFY2L  614.0 740.2 272.0 157.2 43.1 28.0 34.6 21.7
2-25" FIRY & 1007.8 1137.0 352.8 338.7 33.9 35.5 29.7 30.8
2-28 A% A 664.6 1024.2 328.1 109.8 48.2 18.6 31.0 11.4
2-21* \P¥ & 405.1 799.7 166.2 124.6 37.9 33.0 13.0 16.0
2-28" {EHY & 389.0 838.0 158.2 103.5 40.0 27.7 18.3 12.7
2-29" BEY & 537.4 838.8 179.9 188.7 32.3 37.1 20.6 22.9
2-30 #HA)IFy24  705.7 710.3 277.8 268.5 37.4 40.6 34.3 38.4
2-31 {EmJl¥a  564.6 924.6 276.3 135.2 47.8 25.1 29.0 14.8
2-32 [[hEY A 739.6 984.7 344.8 203.5 46.1 28.1 34.0 20.8
2-33 Al 716.8 882.4 274.9 251.9 38.3 35.4 31.0 30.3
2-34 Hiapps 4 1057.7 1421.4 509.1 233.9 45.8 23.4 33.3 16.5
2-35 MWARY 4 636.3 1092.2 246.4 187.5 38.2 30.6 2.1 17.2
2-38 ARJIINY 4 1038.8 1332.8 454.3 293.8 43.8 28.0 32.8 22.1
2-31 E#Y A 1145.4 1275.2 538.1 246.5 52.1 21.9 46.0 19.3
2-38 FEY A 1301.8 1621.4 575.6 313.9 42.7 25.1 34.1 19.5
2-39 Lk Y L 538.2 867.4 271.4 127.2 51.4 23.9 29.2 14.4
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Table4 .5 (Continued)

F£—4.5 (HX)
Geological
category No. Dan Q° P* U C* Ruco*Rco*Rur*Rcr*
3- 1 iy a 1390.1 1082.4 330.3 628.7 21.9 47.2 28.2 60.7
3- 2* RHul;#~ 1085.0 1208.4 296.0 410.8 27.5 38.1 25.0 34.8
3- 3* RV & 1147.2 1013.6 380.0 386.2 33.6 34.1 38.0 38.6
3-4 JEEY A 208.2 834.8 86.7 42.3 33.8 23.0 9.3 4.9
3-5* BRRYL  1177.3 752.0 391.3 424.1 32.8 36.5 54.4 56.7
3-6 BEARYA 810.0 988.0 261.2 266.1 32.2 33.4 26.3 27.2
-7 =Zmy A 1157.0 1109.0 365.5 414.0 31.9 36.6 33.3 38.2
3-8 DAY 4 1398.0 1068.8 387.3 607.7 27.2 44.3 37.5 62.6
3-9 LMY A 705.2 880.3 190.4 274.1 26.3 33.1 21.2 31.1
Granitic 3-10 MY & 618.3 1041.0 322.5 79.3 52.3 13.1 30.5 7.6
rocks 3-11 BrHya 670.7 1021.4 370.4 92.1 54.5 14.4 33.3 8.7
3-12* WiRY A 215.4 T19.6 79.4 59.9 34.1 31.4 9.5 1.9
3-13* #Hgfy & 461.8 819.1 136.9 172.0 28.5 38.5 16.3 21.1
3-14 166115 A 496.4 839.8 176.4 163.5 34.5 34.3 20.2 19.9
3-15 HEY A 401.2 758.2 166.2 120.8 41.6 30.6 20.9 15.5
3-16 "RV A 353.3 857.0 182.0 69.6 50.1 21.8 19.5 8.1
3-17 /NS A 359.8 937.2 178.2 74.4 47.8 22.9 18.1 8.2
3-18 HpI|¥ 4 449.8 859.0 185.2 143.9 42.8 31.5 20.3 16.2
3-19 E#WY 4 409.7 678.4 238.4 50.8 57.8 14.7 3R.7 1.5
320 FNIF A 876.7 1186.6 284.5 344.5 30.7 41.6 22.4 29.4
321 FElY A 1182.1 1496.6 351.6 475.5 30.0 40.4 23.2 32.8
32 BT A 2122.0 2034.8 915.1 555.0 42.9 26.4 44.8 21.5
4- 1* AT A 636.7 925.4 312.9 84.9 46.7 16.7 30.5 9.3
Tertiary 4- 2 galya 870.3 1085.8 349.3 226.7 39.7 27.7 31.6 21.8
strata 4- 3* BEY & 516.9 573.4 181.6 185.8 34.6 36.9 31.1 32.8
5-1 Z“#¥i¥a 489.0 778.8 178.7 142.1 34.0 31.4 22.1 18.2
5- 2 WY A 652.2 1095.2 279.4 130.3 41.1 23.0 24.0 12.8
5-3 By a 1679.3 2040.8 861.1 277.2 50.7 17.8 41.3 14.2
5-4 RIY A 5256.9 975.8 262.3 116.8 48.8 22.8 26.2 11.6
5-5 ZJ¥a 706.8 994.3 302.5 191.5 41.4 29.4 28.8 20.1
5-6 AKBJIY A 519.7 853.0 256.4 124.4 48.8 24.5 30.1 15.2
5-7 BIWY & 710.2 999.5 511.9 5.6 64.2 8.6 42.1 2.2
5- 8 WiFF A 491.0 1011.8 308.3 26.0 59.1 9.5 27.8 3.4
Mesozoic 5-9 hi¥ L 425.4 827.6 263.2 39.1 55.1 13.7 271.5 5.2
formations 5-10 ZEEJIY A 770.2 924.7 444.3 126.8 53.8 20.2 44.0 14.8
5-11 k¥ & 1658.7 1662.2 654.7 548.5 38.4 34.3 38.5 33.7
5-12 E¥ A 1376.7 1470.9 567.5 416.6 40.5 31.3 37.7 29.4
5-13 HR¥ A 899.3 1642.5 381.7 240.1 42.1 27.0 23.0 14.8
5-14 Jull¥ & 1244.8 1585.6 518.1 326.3 41.2 26.3 32.4 20.6
5-15 IV A 2074.0 1962.8 844.8 635.9 40.5 31.0 43.5 34.7
5-16 &Ly 4 1394.7 2032.0 633.3 292.5 44.9 21.3 30.7 14.9
5-17 Y & 1287.2 1772.4 586.2 284.6 44.3 22.7 33.3 16.9
5-18 AEY & 2581.0 2012.6 1045.3 755.1 40.2 29.5 51.8 38.0
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Table4 .5 (Continued)
F—4.5 (%)

Geological

category No. Dam Q° P* U C* Rud*Rco*RurRcr*
6- 1 EHIFA  370.9 640.0 159.7 94.7 39.1 28.4 22.5 14.2
6- 2 TABY A 373.7 649.6 121.3 124.5 31.6 34.2 18.0 19.1
6- 3* BsNJIIY & 801.6 1219.7 416.3 124.8 49.9 17.0 33.8 10.9
6- 4* NIEREIIY 4 1711.1 1257.0 602.5 607.9 34.6 36.9 47.0 50.3
6- 5 LY A4 594.2 963.3 202.4 189.2 32.3 35.3 19.7 20.8
6- 6 T A 1127.7 1090.2 455.9 315.7 39.4 29.9 40.4 30.2
6- 7* MLy A 695.8 1422.0 315.4 117.0 43.9 19.8 21.5 8.8

Paleozoic 6-8 FNya 2562.8 2500.4 1423.1 489.5 53.8 20.7 55.3 20.9

formations 6-9 HE/IIY & 400.4 866.5 262.4 27.6 61.5 8.1 26.83 3.1
6-10* K¥ ¥ 4 484.0 828.6 176.3 151.0 36.3 32.2 20.8 18.0
6-11 EHIIF & 476.2 790.0 212.7 144.4 44.5 30.6 26.6 18.2
6-12 E&¥A 1859.6 1856.3 803.5 549.6 41.8 31.0 41.9 30.4
6-13 ¥y~ 671.3 998.2 308.8 160.0 44.4 25.2 29.5 16.2
6-14 By A 1915.6 2182.6 846.6 462.3 43.3 25.4 38.0 22.6
6-15 FIHT A 680.2 1083.8 323.9 171.9 46.3 26.7 28.1 16.3
6-16 XK)|¥ 2 1035.0 1264.6 431.8 294.6 41.9 28.7 34.4 23.7
-1 BT A 375.9 705.6 110.9 125.9 28.3 34.9 14.9 17.3
-2 Ky 610.0 927.8 117.5 285.5 17.6 49.3 11.7 32.2
7- 3* BWY 4 1097.4 912.1 250.6 527.4 22.0 49.1 26.3 571.7
7- 4* FRIY & 968.9 1108.0 238.7 403.3 23.1 44.2 20.3 39.1
7- 5 #HEHT A g77.1 1541.3 411.0 262.5 42.4 25.9 26.6 16.2
7- 6* By 4 7371.7 1053.2 275.1 229.0 35.9 32.4 25.0 22.2

Metamorphic 7- 7 JILE¥ A 629.7 946.2 253.5 215.0 39.6 34.7 25.8 23.5

rocks 7- 8 HW#Y A 1449.6 1304.8 838.4 205.8 53.8 17.5 58.8 18.4
-9 B#ya 1102.0 1108.0 747.3 174.6 65.6 8.7 62.2 7.5
7-10 H@Hfy2  1685.2 1821.8 955.9 289.0 54.0 19.3 49.6 16.6
7-11 HERY A 763.5 1204.3 233.4. 282.4 30.5 36.9 19.1 22.9
7-12 HAy & 674.7 1038.4 296.3 194.1 42.8 30.2 27.2 18.3
7-13 # Y A 963.2 1135.6 505.1 226.2 51.3 24.9 4.9 22.4
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Fig. 4 .13 Relationships between R¢/q* (%) and Ry,q* (%) by making use of the data obtained during
the period from June to October.
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Fig. 4 .14 Relationships between Ry,q* (%) and percentage of gentle slope (<20°) to basin area,

S<z20r (%) for each basin geology.
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Fig. 4 .15 Relationships between Rc/o* (%) and percentage of gentle slope (<20°) to basin area,

S<20 (%) for each basin geology.
_ 4 .15 (%ﬁﬁﬁ(ﬁtﬂ%/%\(ﬁtﬂi) RC/Q* L’ﬁﬁﬁ?’l’ﬁﬁéﬁ S<20° 0)55”7?3

AL, ECIZENEKINSEDREARE URE OFRBMES T O MO E 2T Ryt 2V (,
Re/q* PR EFVVEHFIAASND,

Fo6Em E

AEORER, HF3FEICBWTEE SN ENLOXILEE SRR S 5 KBTS O AR
HERBICAR IR ERITT L V) BELLEICHATLLHN Y LHBOBI T — 7 55 55
WCHABICT 2L TH -7z BITICAWRBIZNSEOZ B Y 2 HIBTH Y, HHICEDBE
MEEAERLNLWTOGIR E FORENA LN LASTIH TH 5, HHOFEHKELIERT 5720



114 HoTER R

OWRAT & LIRS r 53N EHmEMA Lz, BoNTHEELBENTLERDEBD
Thb,

1) WMEBHE &R E D~ Ol RBRERCTH L Z L0 5, HBOMESEIL, SIS
H, £oAKEE, BREE, SSOERSE, PARMREE, TAEAMREREE BREED
TR L7,

2) WIOKEFRET A0 TIUIEKEOREIK X VHDPE F Ly, KA AR
ERTIEEMEIEKELTHY, BASFELZRCICL THEBMORNELE TS &, FLAKIIEE
DFIFTE CITKE L, RO TESRAINEHE L RHEEOME, SO ICHAMMEREHEEERS
FHORBAINGIRE, HEMMBEEHOMIBETII/NI W,

3) WMRHAREIZBNT, BRKELEBKEDED HWVITHAVNE VIT EEKE KO EZE
DS DEREZE L TREVSHEFLL T B LFHIi SN D, KD STIBOWE DO—M % &K
THEMEE LTHWONLEBK - gKEEZLEK - BKERZHER L, TRHDRIEEF25 B
KLY 72 & B b - B KIS 5 DML E L TWA Z MR I N,

4) RIS HONLHEFE L TRERE SN IERGHRUE L FHRHELBEH L, Kl
¥ RTHT L L THEMMEIZOWTIRET L7z, IERE T H SIS ERIC L Vi S h
ol e ERL, ANKEERZOENETH S, L20-T, FEREHREEID W
WIIE L, FARERHED S VIR EKERERRESS VIR TH S L1 b, FEREIRHE
BXURAMBRHEERL, RREHED 2 SORETFT— 75RO ONBEK - BREERLEK - 1BKE
EbE L, HMinMEICBWCHRBATCREINL D, WET — 7 O—EBXRIED 5 WITRIEAH %
EWC X BBEOREI/NE L, MRHBOERI L D EREICERSINS, L2L, 1 KEEOHHE
OBKE KBEF— 7 2 HHTL-0F0EHEIHETH LA, ZOMIZITI -5 —%5D%
FICXNVBRENLDDTH A, IR ES L HFARYEL, B KERLHREELR T
HHZEDPLREMIHBRB LT, RRERTETFELTHETHLEEZLND,

5) FEFEHHHEB X CRSHHET ERKBCERHETE L Z LICL ) BEKEOEE L PR
LAWY, GEHRgmibE ElkE), @Emt=e ERKkE), CGEREMHE ERitE), B
LU (R HEEREE) 2EE L, GIRRHE FEilhg) & GERffRtE FiiE) o
Mipa koL 25, WMEDORIZIZAOHBEMRI D b, FERERILE & REREEDAFHE
PERMEIZEDDEIGIZT0%HIKRE %> T b, 5D DF30% (I FEFRB A FRERICOE L TF
ETBHIEIZLEBLDTHAENLKIEEDOTISIIMMOME I, GEREREE EitHE)
Iy AR R/ EREE) 25 <, RBROMHEEERAIREVE VLIRS O,

6) FEHH OWIR TIRRABOBEKITIRANICV 5 72AFE LTHE SN, BEHIIELEICHRHY
ENBD, ERRTROAFRREEFTREEIIHMA LTV ARIROHE & R OBE Y —FICHE
THDIEBEYB TRV, £2C, BEMSLIFRE MW T FFICRET LD L) ICRE - mEH Lk
WB D6 A~10ABOHNE - HIRHMET — 7 2 O 8y B iR 2 ko, ERMRHEB LT
AHMHBETEH L SOEEZZITTCORVWEMOADT — % 56K - FEFE i H 2 L FH
MEEIEEOREZ —F#ICHB T 5 FRAHMBEECRH R E IERTM* BHICRETE,
ISR RITTHE LU T HIZEEN R FTH 5,



KUNEBI AR BRI KT B 5 EAEMT 5 115

EOHE # &

ABFFEE, KINEBIHDHIROKCERIR IR TS RHEE AR LT~ A FAMIER T 5546 &
7T AR T A EOWE D S EHMICHRET LI EXHNE LI DTH 5,

KUNEBIDS< A F AAERT 2856 &%, KUNEBNIE D KILE H P72 K B 312 L O
MAEZBEL, KIWKHEICLAMRRBROKT EREHORERK, £l - U - H) —FA,
FIERAE, AR - RBiRc EREOBMILE W) —EDBR Y5 ERI L, AMICEKREHEY RIT
TILTHD, TOLIHRBEUL, KIFEED B L {ATONTWAER (E=Z R (2idH
AREHICBWTHEITREZ Y, ZO#E, KUHEIER SR, FKUEEDOBEEICL HIEX
DT d KRB R L s /22 E X oNTWwb (T, 1987), IRLEESR R KILGE
By el T ABRBKILIZBWTIE, MEOKINEE) & X2~ A+ 2l O L8 5 Hn
TWb, REEHEDOKINGENC L 0 KILIEKIE, RECGEEIBEIES N, IWE TR KRICHERE IS
) REMOWRIZE - TRAE, FHHEAAE, LA - Bk E0EBICRE L T D, ZORKRIER
XA LW KEICREDN TS, KIE3FREREA (19144F) OBIZIE, ZOEBKEDK
HUKRE T ICRED N KBEE &% OISR - BRI - Bk X 5 KEHNELFE L7 (Shimokawa
etal., 1989), {HAKINMFIIBIT 2 LK ELZBIET 57200121, KINTEEIAYK LMK & Z D JFT ik
BOKLERBICRITTHELTUT LI EPEEFICEETH 5,

—%, KIUNEBA 75 ZMIHERT A58 L, KIUEHEDIZE b T 7211 HI S FRARE A 25E]
FHL, HEBREERIELESN, BTAOMKBREIHMKT S LICX - TEBICIFEFICE AL
WY KERIEKY v 7 L DENRKEHEBROBEL RETLZ L TH L, TOFEES,
KN O OFEAIRICEE LT 5D 2 D HRBIICASNTE T, T ORERAIZ #A L
T, ZRIZE O KILEHEREDE IS EMREOTAK & Ml 28& S &, HKRE 4T L FRBICHT
KOBEEXEAD LV LI REELHEINTWE, &9 LEHHEN Y ZBZOE L b 2 ULE
TOEMFIHCEBFNRED»OBRBFRELRS D TOL ) LETHINED SN L2012 D, Kl
i DR R OFEE & KINFEEY O KBERE D E BN 2T EELRETH 5,

DED X BB 5T, KINEBIASIRO KRBT TEELRIT L, DT, §ET
BN ENHEBENBESIZOWTERT S,

F1BEIIBWTCE, KIUNEBZ KT TV BEBILED KK ERTEICB T 5 KERHRRIIO
WTHET L2 BILAISHE IC B VT 0 kB A — ¥ — ORI E 7 0~ VR ELEBRICRE L,
—W I oXKmEHE L BENEOBN % KIUNEBARA LR & 2RBe 2B o 2  iTy, %
DOEBAER BT L7z, ZOHE, KIWKOEE LS 2IERE Cix105 BN E1.5~2.0mm &
EFHINSVRENCTRERPREL TWDE I EPHOMICEINTS, 72, 707 Vi & LESHK
WORMBEB OLE T Y O~ YR ATAES MM & ) REFRASBAE LIS W EAHLRITE
Mo 2, WAROTEEEOZECICEBELTEB Y, KK, KILA 2 DHETF TOHRMHL:
DEWALOBREDETH D B, S 61T, KIWKEET OKEHKIORIR LA, KILTESIDE
BIR 2 BEFE IO BURICRB LT A, Shud, KILEEIDFEER X 2 THUSRBES M 2 RESRMED b
LTI B TIIFMAEADTE L, TERERINESN, RAOMHEIBITEIEERETSD
DTH b, INHDOEBFERIL, KINEBIDOELETICH LB TOWEIL - BRI L THER %
Bit2521H5DTHAH,



116 PR R

F2EIIBVWCE, BIMKIZBIT A A - REOFBERLTBFEII O W TRE L7z, KIIE
THHHRIIBOTIKIGRBIZ BT A LRI - BROBA ISR eHELI I ESRILTEY, £
DFEAERLTIEREOBBIIEE LFETH 5, HEILEILEIZBVTI9804F ~ 19894 D104 i (215
SNzt AW - BHROEFHEE T — ¥ OIS L - T, MBIZBIFTA LR - IREIEREINHED
10mm O & X100 HE T4 ~ 5mm 2, FHIZ20mm D& X3 ~4mm £, 30mm D& X 2
~3mm BEL VNS VEREHETEEL TSI E, £/ ORERREEMIIAINEE DK
WCEDBAET AT EPBELIIENT, 613, AT - BROBE DS BEWZT TR KINESIC
SEHACER LTV B I I L7z, L7455 C, EKILFRIC BT 5 LRI - BRORERH
BOFANIIBENEG 72 TR OKINESOER G ER T HLEND b, RETIIFHATHRIKDIE &
WO IREME R EA L CKINEB 2 KI5 2 L 247205, KINEBOE BHIEEIZIE S 5 ITRET
AT LEXH b,

BIFITBWTCIE, KIIMEARE, RBBAESL, KILUEEYOHFEL L T 7z I HRAREA 23
B8 L - COm R OBBE L R A7z, ITICHW T — 7 138 WA O KITEENZEES 518
FEW LTI E DV ABRINT T - EKINOFEBIRE L2HFRRECEHAL b0 TH 5,
KILFEREY B bR TlE, IS A A EKREICENKIUBEWRE OFEIC L Y P
TSI/ S {, TRAKDKEFTIETRE L L 5 KUBREYRE 2 /i L THTE £ TE»
NS & ORI E ST KREHED &R o Tnd, ZOKR, BEWNEEREICKHETAE
BB S 09EE IS v, 8512, ERICEGKIUBEW» O % A RELRIEKY 7 OFRIZEE
DFKIEFE SN, BEE 20T TRACREA TN A 720, EREMEHIZ S 2 L7725 W AKHR
BEL 6 ENTWE, TOZ & ZKIUBEWEINEKMEZT TR CRAREIZDEN, HIEDKIE
BEREIC L THBELRIREZRIZLTWEZERRBLTWE, 5HOMETEEEL LT, Kk
BB LN R OBEKNME « FARMED A B = X LT 5 S S ICFEM RS, KIEYIcEDL
o BN CTORAKDOREE), KIUBEYOE S L RBORAKEDEEN LR ENHITSH
N5,

BAEICBWTE, @FEICSHATAHSESELHEDOLENY ARIBOWR - ET — 5 ZHV
T, HHEXKNPEED AT TR O KRR I3 2 H R 2R MO ME Ot &
BT EIZE o TR L7, IO EBERR BT 5 7-00mRA T & L QIR r o/ o h
HIFEHREFIHL, fEkE K HEHINTELRERF & RARE S NARERFOmFIZOWTHEE
L, MRRTFELTOEREIIODWT I L, ZOME, FHEREESCHEIRME L V)R
RAF, BLUOENEZILHLRREAF2TRBORKFE LB T ADICERNTH A Z LAHHL H
&Nz NS DMK F % AV CHttsith e & ik & OBRIENT 17 o 7245 %, U AILIZE
L7 HE OISO HE DFIEIC { O NG DEE L, IO KIFEEEREI R DBV &Y
O ENTz SHROBETHEE LT, FRHREESLHBREEDHEOYEN 2ERELH L »
L, IO KIBEERAE O E R 2 Bl 5 D0 VTSRS BB B,

E -

KR EAT) D720 TIZ K DHADTE 21H TV 5,

9, W %470 L CEMR LB/ EEE U<, #ILFAREKRER OB L BB W T
IHEVR B L AR AR AR, HERTBAREET, (M) KFUBHERFZERTIC, R BALIRI 12 81 5 TR -
RRBEIC BV T REREKRFBEREEHE, (B) KFIREMERTIC, SRE 1S, 62 5K8



KUEB AN LG AT TR BT 5 JEEERIR g 117

ARERR DR B & HERFERICB W TR IR B RFE R B S BREE A & R KRS T #0785
SRR, MERERERBOREIZBW T LM REFAERRIS, FNFRERL D
W=7

F 72, RO EITIZH 72 o TIIUMNRFBF I TEGEIBEZ IS T8V 72720 72, FulR
FERIZHFRBERRE, ASNCHEIRICEERO TR EAR R ZTHE v Wi, FE0OE
TICE L CEEERFRECCAEHIED O EREELVEI E L L UNKEANOHBEZEOMKE %
B2 T2l LD ZRE Y, BIEERFRFEH TIFEEIZIZIIFEOMERIZ D5 THR %
Wiz 7iniz, BRI B RS R EE R BEAREER UL, aiEEREARELB IR, SIEEE
HETERERFBEMY I COBEEAROMBE O 4 13K BN MGREROBRICHE A O TEET %13
Mo T3z,

b, TR L TECEHOELERL I T,

KETIEH A5, LEFFEIERBRFETEIBIZTH - 72 HFINTTHFLE IS BN LRI KRB C
DOKTEBE L BILRAFEIC BT 20T - RABHOBEE 52 TV 2720w/, BIEHOEY
ETHEEHIIRAEEDTEREBHOVELETE T,

& £ X &

1) PIEREESR (1926) @ SUMISFNF 2N OFE & T (RIAR), LAFREE, 12(4), 783-849.

2) Blong, R.J. (1984) ! Vocanic hazards, Academic Press, Sydney, 424p.

3) Collins, B. D. and Dunne, T. (1986) : Erosion of tephra from the 1980 eruption of Mount St.Helens, Geol.
Soc. Amer. Bull., 97, 896-905.

4) tARFS (1985) { KEANEMBME0EM—, TA¥EZ, 625p.

5) fallig - NEFRA] (1981) DB XILHERN, HEFELERT.

6) AR (1977) D EFIG, WAERE, 310p.

7) FIILH - HIHERE - AR —F& (1984) I BIIBIT AT AMOEBIBIE R, bk, 37(2), 22-27.

8) FIUTTH - tIEEE - WA —F (1987) ( BIZBTHTHMOBHGERI, BIEERNFEEZLIREG KRS,
15, 39-50.

9) HHEA - AEBGEE (1970) | ICHKTHETS:, FHicthR, 370p.

10) Janda, R. J., Meyen, D.v F. and Childers, D. (1984) : Sedimentation and geomorphic changes during and
following the 1980-1983 eruptions of MountSt. Helens, Washington (1), #&F5, 37(2), 10-21.

11) Janda, R.J., Meyen, D. F. and Childers, D. (1984) : Sedimentation and geomorphic changes during and
following the 1980-1983 eruptions of MountSt. Helens, Washington (2), #8085, 37(3), 5-19.

12) MhEHEFE - FILTTH (1984) I HFHEOKEREEREROEEIZHET A% B 1#H) AEBRBBOBRSERE, B
WERFRFEEERHE, 12, 25-42.

13) MhEEEIRE - HILTH (1985) @ HFHEOKTIREMEEDE ZILIZBT 2198 (55 2 ) 1983FEKICERN L i
AT, BIRRAREREIEE RS, 13, 159-177.

14) HbFEERE - TIPER - BFoctksF (1986) @ mRRiE T ARA ORI KBRS BT 5 KSCEE (B 13 =B
5% 15 RERAURORE A £ 19844 B X UN1985F K TERHIT, BEVEBRF RFTHEE MRy, 14, 33-50.

15) HbBEERE - A7 TaRE] (1986) @ LI DU & iisideth & OBIRMEN, 1. FEMEHEIC L Aok, H
AR, 39, 279-280.

16) HuBHEFE - Y TBE] (1987) @ LM )| O & ikt & OMEEN, 1. BB AR T BE,
BB BRF RFEEEMAHE, 15, 15-38.



118 WIERE R

17) hIAERE - THIBAR (1987) : #:BILMERIE IC B 1) 2 R\ B4, KRB KRFBLMETARES, 15,
51-61.

18) HEHEIME - TIIER - #k  EfE - BHERE (1987) @ BRETRICBIT HKCBBMAZR (BRE 2 58KIER)
DERIZOWVWT, BREBRFERFIEENIEMSE, 15, 83-93.

19) HLEEHEIME - PPTEE] (1988) & LA DI & Fisdet & DBIfREENT, 1. FBOME - #HE & RIKOBRE,
BERBRFRADETHRSE, 16, 61-81.

20) HOEAMIRE - THIGER - #E10 Z - iBHAFE (1988) | MERET KA OFMKREARBRTIRIC BT 5Kk TBH—S
BREE 2 S RABRMBONTE - #E - HAE—, BERERBXFREDEE WIS, 16, 109-116.

21) Jitousono, T., Haruyama, M. and Jomoto, K. (1988) :@ Features of mud flows in Sakurajima volcano,
Kagoshima Int. Conf. on Volcanoes Proceedings, 630-633.

22) IAEFE - THIBER (1989) @ KILKICE b N7z BILERIE 12 B 5 RE W, #AbEs, 42(3), 18-23.

23) Jitousono, T. and Shimokawa, E. (1989) : Debris flows in northern flank of Sakurajima volcano, Proc. Int.
Symp. on Erosion and Volcanic Debris FlowTechnology, Indonesia, V24, 1-20.

24) MIHEIFE (1989) :{GIL Y ABEANRHII RITT B AMRKERITISI B 2 BHI6I—, BARALIFRE, 42,
239-240.

25) HbBHEFE - THIBIER (1990) @ BIALHNC B3 2 KILFEYICB b N7 /AT O B, KX - KREFE
ik 3(1), 7-16.

26) HWIHAERE - TIIBLES (1991) BB T 5 KILEE LA - BAORBERCH I RITTHE, Hibk, 43
(6), 9-15.

27) BIRBR (1972) : EAEERBFEEE, THSEERRAE, S5 HF01.

28) BRBE (1974) : EIEBHHMAAELE, T EERHAE, NS HH01.

29) BIRBHHRRA (1980~1989) : ELHIEH.

30) fNEEIES: - VLB SR - AIEAIGA < STEMALKRER (1977) I BIZBIT AT KUK OHREICOWT, IEAISIE
6 AEMICL ZEIERROLM S L OLAMKEIZE T 2RAENMFE M, BMSIERETIRE BR K EISHF
FHEE, 77-86.

31) &F E (1973) | BE¥EKICE, HHAE, 286p.

32) ARG - WEIKE (1975) KX, PIAESE, 223p.

33) BEIREME - PA—BE (1979) D KILOSH, ‘ERBEBERFIET (KIL), HEE,195-213.

34) WIREALKER - & B (1985a) @ ¥ 7 AMFMINOKE L, BIEBAZEBFIEMBE, 35 221-
228.

35) R HIBKER - £ BRSE (1985b) 1 BRBREIK ORI I BRI TR, b BHUS AR AR RS AR HE,
2, 174-176.

36) Hith3EE (1932) : FENTIDOFMEIHK T, +ARFEREE, 18(8), 919-937.

37) FIHEME (1977) 1 UM OKILKHT - FENILRT 2B 1T 5 351 O3 H A | 57 B KBl & o
y —hfsekeE, 17, 1-16.

38) REIEFE - HPED (1975) [ BOBEAKEEICET 2R (M) MRBR & FIROT - HE & DRE#E 2>
W, H#REE, 57, 245-254.

39) RIE(E3 - HHIEH (1982) | BRSBTS OFEICET 5838 (1) REFXSIZoWT, H
#EE, 64, 373-381.

40) FEEH - AHIEM (1983) | BAFIBO LM S OFRMICET 8% (1) HROFTEEHERXSIC
M4 5HF%E, HAREE, 65, 1-8.

41) BEER - AHIEM (1984) | ERMERF ORI L BE - BT L OBIEIZOWVT, 950 ARG, 531-532.

42)

ABF A (1976) D KILRUKILE, %2/, SKESE, 283p.



KINEBY SR MBI RIET B ICE T 5 EAEnif 7 119

43)
44)
45)
46)
47)
48)

49)
50)

51)

52)
53)

54)
55)
56)

57)

58)

59)

60)

61)

62)

63)
64)

65)
66)

67)
68)

69)
70)
71)

RECETREAER (BXFrLiR) @ MEmRIER20A50 1 5 EN.

EERAWIGHER | £ B Y A EHERS0~S4F IR,

A 1 (1973) D BAOET (B) —BAREERE—, RRAFHRSE, 287p.

BTE ¥ D KIKI3EES, ERERE, 324p.

SFRLUEH (1981) @ KILKEOEER, HHE, 26(6), 19-30.

HHAE - BEH - TEHEHRA (1981) | BARDILHAI ORI EITTRBOME ORI R, +RFESR LS
%, 309, 51-62.

HEFFFEE (1976) @ MK, HILHAR, 228p.

LN (1988) I HTRES LETNVEEBIVES LAETVERIIOWT, FAHA, 527, 17-29.
BIREE - WERBEILKE - ZmE— - & OBE - BTk (1987) @ BAUNO/AINTINGIBIC BT % 18 Lt
Fetk, BIRBRFERFHEMBE, 37, 237-259.

KERF (1964) @ o7 ABFRFHR, #ERESE, 72, 1-10.

Fokfek (1980) @ IUMRIBIC BT HBKE & REBHE - 7R - 4L O, HERXBBHTEHRE, 301,
109-128.

TIBLER - HHERE (T2 (1986) @ BBRHEBEMIZ BT 2 KCBNMER (WIRE 1 5EAKBER) OBHRIZOVT,
BB RFRFMEE NI, 14, 57-66.

TNGEER - HiGEERE (1987a) @ B BICHBITAREBRIC L 504, FE0ks, 39(6),11-17.

THIBIER - HTEEFE (1987b) I #BIZBITH )N - ) —RBREIC L L HR0AERE, #HEbPh, 40(1), 19-24.
TIEER - HEEERE (1987c) | KILIKDOBEKINAED R AL I RITTHE B NLEZPLIILT—,
i, 8(4), 269-286.

Shimokawa, E., Jitousono, T., Yazawa, A. and Kawagoe, R. (1989) @ An effect of tephra cover on erosion
processes of hillslopes in and around Sakurajima volcano, Proc. Int. Symp. on Erosion and Volcanic Debris
FlowTechnology, Indonesia, V32, 1-35.

Wef - BRI - FRE B (1989) @ BEE EABIRIZB T 5 T RMORA L HEORE, FEKFER KT
£3R, 32B-1, 229-247.

Swanson, F. J., Collins, B. D. and Dunne, T. (1983) : Erosion of tephra from hillslopes near Mt. St.
Helens and other volcanoes, Proc. Symp. Erosion Control in Volcanic Areas, Seattle, July 1982: Ibaraki, Japan,
Public Works Research Institute, 183-221.

mE # (1978) LIk, ESLHAR, 218p.

PESE - BAEEG (1977) [ BREABOKRERBRICAE T 2 HIER AT, 18RRI,
26, 1-51. '

PrTacE (1980) o EHFIBROZEIL L RROEIL, BHAZHRE, 33, 317-318.

PrrsgEl (1981) @ FRAKTEEOKIBEREHAE IS 28T L 5F 1, SF17EIERRAFEMEREE SR REH
%, 53-57.

rsE] (1982) A B KILOREIKIZHEZ S HIRRERORIL & KILBHORE, 930 H#GR, 413-416.
PrFeRE] (1987) @ ILIKILEENICRE T 5 TR EREOERIL & UM ) IO E LEAE, #E, 8 (4),
227-248.

BHAE (1978) | MEAMII BT LM HIFE, BEREBAERFFHMALE (BRHER), 29, 71-79.
BRAE (1979)  HEAHICB AT (B2 —ERRH & ARRH & OBF—, ERBRFEHE
AL E (BRFEH), 30, 27-39.

BHAE - FEFRE (1981) | ¥ 7 AGHB L O ORLIRBOK IR, KEOFAE,24(6), 35-43.
HARRH (1966) © ILMIBAICE L KXHE OB, RERRIKEEHESE, 6, 1-79.

WA (1970) @ EEILOKLFERIFE— KKK FFH—, WHEFEFm, 43(5), 267-284.



120 R

72) WA - AR (1983) L A ERINL77-1978E MM OHERR L 2R BT 2 REHHIZDNT, ~AF
Tay—, 13, 25-33.

73) WA 1 (1984) D AEFRILO—FHEIZ BT AH1977- 19784 BT KGR OB R, #F, 5, 111-124.

74) #EILEE= (1972) [HAR A VT T AP KRR OUE) - HEAERERE, RRHE KA E A RERE, 16,
127-167.

75) Winograd, I. J. (1971) : Hydrogeology of Ash Flow Tuff: A Preliminary Statement, Water Resources Research,
7(4), 994-1006.

Summary

In this paper, the effects of volcanic activity on runoff were studied from two viewpoints. One is to
examine a few phenomena following volcanic eruption, i.e., covering by tephra, lowering of infiltration
capacity, increasing in surface flow and occurrence of debris flow. Another is to examine the role of
pyroclastic fall-deposits to be played in the process of headwater-recharge in the catchment underlain by
these. The former is concerned with the negative effects of volcano on man’s activities, and the latter with its
positive effects.

In Chapter 1, an effect of tephra-covering on surface runoff of Sakurajima Volcano was examined on the
basis of field investigations. Sakurajima, a volcano standing amidst the Kagoshima Bay in southern Kyushu,
Japan, has been characterized by the explosive volcanic activity. The measurements of both the surface
runoff and the rainfall were executed in the experimental catchments fixed at a certain Japanese black pine
forest and at a broad leaved one on the northern slopes of Sakurajima Volcano during the two periods of
eruption-frequencies, the more and the fewer. The results in Chapter 1 are summarized as follows:

1—1) The surface runoff on tephra-covered hillslope was launched simultaneously with the rainfall
intensity exceeding 1.5-2.0mm in ten minutes.

1-2) In the broad leaved forest, both the amount and the peak discharge of the surface runoff were
greater than those in the Japanese black pine forest. These differences between the phases of surface runoff
are caused by the differences between the topsoil structures of both forest-floors.

1-3) Moreover, the characteristics of the surface runoff on hillslope under ash-fall depend on the
volcanic activity.

In Chapter 2, some characteristics of debris flow in the volcano were examined. Sakurajima is a
stratovolcano, flanks of which have been covered with the older and the younger volcanic products. The
hillslopes are largely susceptible to erosion, slope sliding and occurrence of debris flow. In Sakurajima
Volcano, debris flows have occurred frequently during rains, creating serious damages to the foot areas. In
order to research the occurrence and the runoff mechanism of debris flow quantitatively, the observation
facilities of debris flow were established at five points of four ravines in the northern flank of Sakurajima
Volcano. In Chapter 2, making use of the video tapes of debris flows and the rainfall records taken during the
period from 1980 to 1989, some characteristics of debris flows were described, and the influences of rainfall
condition and volcanic activity on the occurrence, the peak discharge, and the total runoff of debris flow were
analyzed. The results in Chapter 2 are summarized as follows:

2—1) The materials composing debris flows in the northern flank of Sakurajima Volcano include
andesite, pumice, volcanic ash and drift wood, depending on the geological constituents and the degree of
erosion in the upper reaches of ravine.

2—-2) According to the debris-flow hydrographs and hyetographs taken during the period from 1980 to

1989, a certain correspondence between the occurrence of debris flow and that of the maximum rainfall per
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ten minutes is noted. In Sakurajima Volcano, approximately 80% debris flows occur during rainy and
typhoon seasons from May to September.

2—3) The relationship between the debris-flow occurrence and the rainfall was examined. The debris
flows are to be launched simultaneously with the rainfall intensity exceeding about 4-5mm in ten minutes after
the rainfall amount of approximately 10mm, with the intensity exceeding about 3-4mm in ten minutes after the
rainfall amount of approximately 20mm, and with the intensity exceeding about 2-3mm in ten minutes after the
rainfall amount of approximately 30mm, respectively.

2—4) Effects of the temporal variations of eruption on the debris flow, peak discharge and total runoff of
the debris flow were examined. The rainfall intensity for causing the debris flow is smaller during the more
frequent volcanic eruptions than during the fewer ones. The rainfall conditions for causing debris flow
depend on the volcanic activity . Both the peak discharge and the total runof‘f of debris flow are larger during
the more frequent eruptions than during the fewer ones under the same conditions of rainfall. The runoff
characteristics of debris flow in the volcano depend not only on the rainfall but also on the volcanic activity.

In Chapter 3, the characteristics of runoff in the forested watershed covered with volcanic ejecta during
the Quaternary period were examined. The effects of volcaniclastic materials on the runoff-characteristics
were examined, based on a comparison, concerning the short-term and long-term runoffs, between the
watersheds covered with volcaniclastic materials and un-covered with those.

Analyzed watersheds consist of the three experimental watersheds established in southern Kyushu,
namely, No.l Takakuma watershed, No.2 Takakuma watershed and Kooriyama watershed. The area of
watershed is 43.42 hectare in the No.1 Takakuma, 34.02 hectare in the No.2 Takakuma, and 27.41 hectare
in the Kooriyama, respectively. The No.1 and No.2 Takakuma watersheds are covered with volcaniclastic
materials such as volcanic pumice. The deposit of pumice fall in the No.1 watershed is thicker than that in the
No.2 watershed. On the other hand, the Kooriyama watershed is not covered with volcaniclastic materials at
all. The results in Chapter 3 are summarized as follows:

3—1) To make a quantitative understanding of the runoff-characteristics observable at the three
watersheds, a few hydrologic factors of short-term runoff were researched. The duration of direct runoff in
the No.1 and No.2 watersheds covered with volcaniclastic materials is shorter than that in the Kooriyama
watershed un-covered with those. Therefore, the amount of direct runoff in the No.1 and No.2 watersheds is
comparatively little, with the direct-runoff ratio of less than about 10 per cent.

3—2) The characteristics of recession period on the hydrograph at the three watersheds were examined.
Compared with the Kooriyama watershed un-covered with volcaniclastic materials, the No.l and No.2
watersheds covered with those have smaller values of groundwater-recession coefficient, showing more
holding capacity of groundwater.

3_3) At the No.1 and No.2 watersheds covered with volcaniclastic materials, a plentiful discharge of
base-flow was observed even during the long drought.

Chapter 4 dealed with finding the evidence for the results in Chapter 3 by making use of the hydrologic
data obtained at the 118 mountainous basins in Japan. The relationships of the basin-topography and -geology
to flow-regime were studied. Basing on a geological viewpoint, the investigated basins were classified into the
following seven groups: basins which have been mainly underlain by Quaternary volcanic rocks, those by
Tertiary volcanic rocks, those by granitic rocks, those by Tertiary strata, those by Mesozoic formations,
those by Paleozoic formations, and those by metamorphic rocks. Percentage of gentle slope (<20°) to the
basin area was adopted as a factor to represent basin-topography. Factors representing the flow-regime of

mountainous basins were obtained from the duration-curve of the basins. The results in Chapter 4 are
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summarized as follows:

4-1) Effects of basin-geology on flow-regime were analyzed, with the following result obtained: the
function of the headwater-recharge became more inferior in the following order, namely: basins which have
been underlain by Quaternary volcanic rocks, those by granitic rocks, Tertiary volcanic rocks and Tertiary
strata, those by Paleozoic formations and metamorphic rocks, and those by Mesozoic formations.

4--2) Basin-topography is closely related with basin-geology. Percentage of gentle slope (<20°) to the
basin area becomes more inferior in the following order, namely: basins underlain by Quaternary volcanic
rocks, those by Tertiary volcanic rocks, granitic rocks and metamorphic rocks, those by Paleozoic
formations and Tertiary strata, and those by Mesozoic formations.

4-3) Concerning the function of the headwater-recharge, basins underlain by Quaternary volcanic rocks

are superior to those by other geologies.



