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EERER, ERCIESEOBEBTHS H LTEREHIEL THaTRAEMEDSE - /- IR D Fik
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Measurements of terrace.

FERBERET 1,810m (272 D, SUER D REKIL
1,660m? &7 o7z, ZAUL 2 BiR FREE
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odastE
™ Room for
. Water Level

Measurements. of ferrace
A: 0.8m B: l.2m  C: f.6M

Fig. 3 MBITHIT¥E K

Plane figure of terracing work. system.

TR, BEREB LIRS - 7eh b Thb. A8, PYRIMITETHRD 11 Aic, Bl -
PEEREETH « BER XU Y 2ROV T 5 L WIS LTI I X R Lz,

ZORER, 2 BRICHBETEHT L7e 1960 4210 A% L, HETUMO 5 24 (1956~19604F) %
FETHIHEIR (Calibration period, B¢LT C.P L35) kL, 1961~1964 4F % To 4 »EME T HM
[#] (Treatment period, B§L T T.P &$3) & LT, HBHELEIC L - TERB» D EHERNRRPZ
TixH 38, —i ZOMHERETEOFEERFMLILLDOTH S,

IRCBBN DB - FEIE BIBRHREARRRE L ERE L -7 ART HB50T the sRIh
Vo 7L, 1956FEBEL 1, 2BR L AR L TS MBREE AR E AF— TV AFRIER
AKRALEHZ L D P2 Tehs, WRICET 2REICIERA B OEEL 2, :

BEGI)NE - NS, BEROFRF R R LIRS 2 e s EREY, £ o
HEOLDELDII/NE  JIARTR 72D TH B,

3. HE B oo #H R

3.1. ERHBSEUHRKRE
CP - TP OF#OERKE, FRHER XOHERE (15R) Xt s 25 ROLERD KR
Tablel DBV ol
1ERICXT 5 2 BROLD CP - TP OFL 109 KIVL.1L k2o TDo TO2MTEY VT
NERDBTEBTHS 58, —ISHITHEIC X - CRMFESE0 LB &4
CP DS NV—7% XpoooXy L, TP O NV—F% YooV 2 UT, 2HADOERDORIIOEEH L
HELT, MEOREMIELBETHB1LE 98, VWb 3AHRINOBEEOREEB I Rolte THE
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Table 1. FEBRHETRTHZOETHE D B
Comparison of annual runoff for the periods before and after terracing.
4L 3 BT # B Calibration period . 3 H) [ Treatment period
3 £ oW H E K & £ O H B
Water Isf 7k % Annual runoff H Water If 7k i Annual runoff 4
ear recipi- Ratio ear recipi- Ratio
Dgc.~ tation | No. 1 No. 2 No.2/ Dgc.~ tation | No. 1 No. 2 No.2/
Nov.]| (mm) (mm) (mm) No.1 Nov.] (mm) (mm) (mm) No.1
1956 2707 2019 2295 1.13 1961 2795 2345 2630 1.12
1957 2485 1956 2148 1.10 1962 2636 2082 2387 1.14
1958 2730 2193 2396 1.09 1963 2670 2466 2705 1.10
1959 2799 2154 2265 1.05 1964 2582 2257 2467 1.09
Average 1.09 Average 111
Table 2. FEEMEIATHOBKIED L
Comparison of storm flow for the periods before and after terracing.
# K W E Storm flow (mm) % & # & Storm flow (mm)
L #E BT # B Calibration period WL 8 H R Treatment period
i B I3 It I 23
# & A B Watershed Ratio e £ B B Watershed Ratio
No.2/ No.2/
Date No. 1 No. 2 No.1 Date No. 1 No. 2 No.1
1956.8. 3~ 8. 6 18.52 20.68 1.12 1961.6.25~ 6.29 60.06 64.95 1.08
8. 7~ 8.11 45.15 54.38 1.20 6.30~ 7. 5| 159.63 166.15 1.04
10.31~11. 4 30.05 38.58 1.28 7. 6~ 7.12 83.09 89.32 1.06
1957.7. 5~ 7.10| 190.37 214.06 1.12 7'12~ 7.19 i:)‘?i z:'zé 1'22
8.28~ 9. 1| 35.18 44.83 1.27 8.2 8'22 112'15 107‘91 O'%
11. 7~11.10| 35.18 38.06 | 1.08 H.17~11.2 . ’ )
.7.10~ 7. . 26.2 .
1958.7.19~ 7.21 26.43 39.11 1.48 1962 ; ;2 ; 16 iéé ;2 140 Og : ;2
7.22~ 7.26| 78.49 93.42 1.19 ’ : ; 93'95 96‘ o '02
7.27~ 8. 3| 279.09 | 297.27 1.16 9 i B . 69‘ 0 75': b 5
9.16~ 9.20{ 66.79 69.84 1.04 H- - -0 S !
10.13~10.20 108.89 117.44 1.08 1963.5.24~ 5.28 75.24 81.27 1.18
1959.5. 4~ 5. 6| 40.86 | 42.39 | 1.03 7.16~ 7.20 ZZ‘Z(; Z?'Zg é'gé
7. 9~ 7.12| 173.27 | 169.49 | 0.98 7.22~ 7‘22 : 6‘ '23
7.22~ 7.26| 81.69 84.97 1.04 8.22 2‘; 7;’22 22‘27 L s
8.21~ 8.23| 46.89 53.70 1.14 9.15 ’ 5 1:3'5; 158'3; 1'(1)9
8.26~ 8.30| 71.67 76.54 1.07 10.29~11. : i i
9. 1~ 9.3 49.99 42,68 0.86 1964.6.27~ 6.30 24.16 30.42 1.26
9.24~ 9.30 39.84 52.51 1.32 7. 1~ 7. 4 75.79 80.75 1.06
- 7. 5~ 7.16 182.80 159.26 0.87
1960.7. 3~ 7. 7 87.80 95.56 1.09 7.17~ 7.21 83.15 92.55 1.11
7.13~ 7.17 70.08 69.95 1.00 8.31~ 9. 7| 125.52 164.32 1.31
8.11~ 8.15 37.57 49,25 1.31 10. 5~10.11 65.21 70.23 1.08
£ ¥ Average 1.14 £ ¥ Average 1.11
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NOBESHAFEHERS RY, MEOW Fo itk ->TF REETE Fo<<F L2 D, BEMASEBIZE
BTHBEILBbPolt. E6I2, WMRIIDEBIBNMRHERS,S t ZHL, f REEZ T (<
TH Y, MRFIOEHEROZZIFER LD TRV EBbh ol Thbh, BEBHETLIZX - TER
HEELEECZLZV RV,

SFR, BRIV A Fe 57 RicEERHARRD b W06, 1 HASBOMRES K
WERH &R, CP- TP mHEIch T T BEThiL Table 2 P Y Lo, ZOWMEFHEIZ
BicoTit, BERRZELIOTORON, SRBRIO X 5 RHIEO BB/ IERIC S T, Bokss
B, BHENrLHANTEERED LY 3883 T<bTFPTHB L, ik, MBHuEEEAVEHEL
LRIUFBIC L - THEMO R +28%F0 0, BEECZRLRVTHS S,

ZOREBERIC X SHARD 1 BRzHT 5 25ROk, CP- TP omfiRic>nT, ThEh
Xy, Xoooo X, Vi, YooooYor L LT, EHBE F - ABOFEICL > TRELER, BERS
BB T, EHEMOZRAETRRVI b o, ZADERBRELFC L, BERETICE - T
HABIZENRET L iEv 2R,

3.2 ¥ — U B

EKIIRICHERD S T ZIUTIEC THASBZ D, AKFTO BRAMEHCHAANA Fu 77703258
Phd. BREHARD2HE, L BBIRARZDIEOLEDHHBEATETH S, BELZRFHHE
BOL LSO OHAEBELLE &, b TERMCHH LIRS L, ERMich > TRAIZH
HLUZBA LTI, EOTHRMKICHET 3BEAHRKRVIZERDS 5. BIETEIAA e 77 o
$iAT, U—/HE (BRESKHE) bREVH, BETIIMATE -7 KRL/PEIVTHSH, 20k
SRR L REHKOBEDOAAL Fe s T57 kb — 7 REZRIT L,

CP-TP 22U T, TEBLFEELHROC—IEBEREVOAVWH L, BTERSH Y OFE (R,
m¥/sec/km?) IZHBE L THEEOE — 7 HRIZOWT 1 BRIZHT 5 2 BRDOW v 2Rz, w2, 1
BRL2EROE—IVFHENELWEEE r=1 L&), 1BFR2BRTHBLEIT 7>1 L4 5,

B 1 BRO C— 7 BE LY, BBICEDOE~ I/ MBORBI -7 L&D v OfEEX v v b THIT
Fig. 4 ®&BY Lo,

RO CHAISE M CP, EMCTHARLWAN TP OQHBETHY, WMEIRR2LHMELT
NWBZERDMPB, IBIC r DEEZZORBINCHEESMERDIUL Fig. 50L8Y L7%-T, CP-
TP WHEiCBT 3 7 OQMOERRIV HELPR A5 TL o

2o THEREP, 1948~1954 EDOKRID b FMOBRROKBL T L 1c 22T, v ORESMIXIERS
fHETRL,

PZLLLLIEQL 2L seovesesessunss ettt (1)
ThHBLHELI, LARRED/INEVEE, TRDLEREINE L, IMHERHAD L &2 r 05
EROB2 5, 2L 2 BRSO TEAERL TV L SRHHRB S 2 bhTE — 2 RIS {7
Y, o TVBLIRENENCLP DL T~V HBEOEBKEL, LIt TTRLERALLS
HELTONBBPREL 2B LEBHL TS,

E7z, PE - FAPRRRIZBIT 5 1948~1958 FEORTED b FHEERR L — 7 HBICRIETT HBico
WT, BRBEL -7 HEOBBREBTI 2L 25, RV /NEROBIZIIATYERHBHZ LHBL
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PHbh, ZOREE L TERICRIEOHERECEREGZ H T3, 28, FRETIE 1RMEKR
FNEP 22mm Pl hic/e 3 L, 2 BROCERAMCHE L TOMEN SBITHERT 3 HEREH L s, F
WETHTRELOBRELLT, U~/ HETOLOER L - THEBLERT, 220 kiz-& 087,
F o K RO FETHENT LIcBBOREL b0 Loz, Thbb, CP O 7 O&fi,

7’0=1.07i0.30 .............................................................................. (2)

Lol BBOBE LR (1) RNEBEIETFTRLZHM, ThidEL LTL D bFHFAIcRIT oW
BEERAEE 2 & OBRKHEDOES, < bTHTRH2 52, FEREBOREEMcLBb0LEbh
Do LLAML, ERMICIEIRERRZVEZTINVDOTERNWES 55,

TP iz Tid, _

TT=O.88i0.25"---~--~~-~--~-~-~~~-'-~-_ ................................................. (3)
LRYBARECERR > T B, ke LTREWE~BITLRY, bo & bEEREML L THED /N
SNEED2HEROC— I BPET LI LB ERENL 5. 2L T WROLBOBBRHECHEVER
EhT, BR2BROC—I7BAEL Tz d,

3.3. HMEHKMI

B BT ONWT, LEEFHIET, BRBOARVL EOMTARENEIC X 2RHEDBKLY — F&Rdh
¥, 2OFE» S oFHic T 5 REN R BEEHENRETE B,

ERPRERICBT 2REROBEPL2EDLHCHRL TS,

ERFERIIRM (21h~7h) BTN EMEBLTRE—ETH S, £, HBTHOHLE LD
WIRTED, EFPD URSARPTTh - L bBAIRARS, ZLTRIRE) > TLEWHEL, B’Y:
PRI TRLELT B, EbD ThTrOREBALOLNIBRETH B, Lihi-T, EE
FEOTENP SBEH 21T TORACKRIED, BRI LE ST+ IERRERICEES Wi E OFgEER O
FIERBKERZESO 5. L THRBH T, AHIERBIC X 2MHORER S5O TRATET,
HBENO 11 ADEEY & BERKRE KD T,

Zhid, 2BROZFHEEIC X 3RMERKEROBOFELBE L2 b D TH o 72t FRETLR
—REBME HRIC LICRREBITUBIRT, 22 Thb - ed A—FEe Bl TR TIC X 2 5%
BKEROELOFEEREL 72,

TIRICEB DR WI0 A, 11 R0ERD 5 5, BRARA TH S 4 RHLL LS L CTEEEHIKTL
B0, REORKIS ARETOFREE ¢ &L, TAR VEOS ARG O 8RETO REY ¢
(mm) LT, MEOHEBEERD, CP, TP OHIEZ LicHixt¥ikic v v b L7=b D3 Fig. 6-
(2), (b) ThB, (2) 1 CP, (b) i3 TP T, £hZFhl - 2BHREELDTHB. NTHED
PREII 0, ¢ THEOBHREERDB L,

log ¢=0.95 log 20—0.06
Lizy, 1ROHBECEREERL, CP, TP JIRRBIOELTE > 2 RN ARW, 2L, Zhit
BHORBRESBASEO LD LBESHEDT, 4KHEHRET ¢, ¢ 1k 2mm UFOHETH 5,
F72, ¢ 220.1mm UTRETHALTL 3 LBALV— 12 &EL72Y, 0.08mmBERCRZLEhX
D TFRIBEAERAKLRLRY q=q¢ L2BDT, ZZ THo LBUukiifROMMIZ, 0.08~2.00mm 2
Bohs,
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Calibration period (1956~59)
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Fig. 6-a # % ¥ K # #
Normal depletion curve.
Treatment period  (1961~1964)
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Runoff  0"-4" mm
Fig. 6-b # # ¥ Xk #h &

Normal depletion curve.

YRBHIZ BV T, BEEELL THHEBKMBIIIBEARNEWS Z X, BRICE bk 5
BIUHREEDOERREY S OEERHEKETHED, HEAHTBOTENEL, BRICE - TBEIT 5K, #
TARPS OFHIZH LTI DX BV DLBERINE 5,
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4. E 2

UEORERDRNT, BEETICE 2HEBLBDhB3FEERFHRL LI C—7 MEO KTR TN
%, 7z, ERHETERZDLRVOTERIZTERVY, BIEoEmEAZNLONE 5 THY, HxD
BRI L BHAD VT L OFEIC OB A L » bR, ERRHKRTHRCER? SHHESh sk
DOHERAKHERIC S BB RN L Rb 2 o T,

R R —DEE, HEYBEZOORNT, TAYIOT L ZarHT e Ric BT 2EHBORAE
BHIE D7 BEBL Terracing ODRBRE B R - efIntd 543, FHIC L B ERBEILSh THARNEHT
X, FERBISAR 18 DFICEERAMHMNEL 228, BBl ZATRETRLY KT HB LTRSS
RFHARCEY, BRHETEMBEM T, 10.75 feet’/sec, FEBHITIX 4.5 feet’/sec Tholoo T
bbb, BBRIETAZ 212 Lo TE—HEX WHEHh, 2500 1 BE o2z L2 BFLTY
%,

F7e, HERBREEESSEMUSETB T, HA36° OREICIE 40cm CRETEKT L2/ 7w
FMRBRREREL T, HRRTKEORREBI 2o kRO TIX, 195945 A 6BED 1960453 A
ETO 1 ADOKRFE718.6mm I3 L, BT OMER FAED 22.5mm T3.1%, HELK Tk
56.1mm T7.8% Th - T, BRIKOHRRFAKEAFBELR O 40% BECLE 15, ThbbER
OHFAIFFIREBNB LB LW EREL TS, ZOLEDA A Fry T 7 ETRE— 7 BHRETIRIC
HBLTHETRBNL U5 LKL, BROBBICHT 2 RBMRSRIEBTHY, ©— 7 BIOHTH
h, MTRETRBL TS,

PDEDZEhd, BETOWRY XUEREICRST 2 KOBBICSIIETHEL LT, FimELylL
THTAROEFHEEZZEML, WEROERLEBI SRR T SERBORBEBET S L5251 T
Wso, 20L&/ vy PRERKIZE - TOEFAVERNFEOHE L L T, ARED, HYOD
B &b STHED L RFICRT EHETDL, C—7HROIHEV O BTRAL HERZLHL
7o

¥, N——ik, BBREYSZ LITRHEEZES TR, & IRHBOBEKED L WHELS
AT BEEZEDICIZ S 2 LAV EDTNSA, ABREORKETbERE - HAROGRHE
LRI L AT < BEE—ECT 5.

%aﬁ%ﬂiﬁgﬁﬁ<,%%ﬁﬁwf,e<Kz%mﬁﬁﬁﬁ&ﬁQOA%m&%ﬁ%ﬂvﬁ%%m
LT, BoTH | EHREO AP TO~L N HEMERREL ) SELL, FRo—icXBLEFb
bolee TORBHIZENT, BESBEIICABAKL — b OBTE Lick 25, SHBlcEAL— 3
BR3EERVELT, AEOWIREIEFBROZEL 517 2 LEBHREN L OKSHRICL 5L 0
ThHBELEMELIY, SHLEEBRBEBEL 253E, X VER» L OMTAERORIC L BHHL 2
BILPHREShB, L L, TURGHIEE b-o/NIUR Tk iz 2 Rk TR D FE id b T
Y, HTKIELLTERDOEADICSH Eh, ThREERBOMBEIC RS LEFHORTVS X
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Hydrological Effect of Contour Terracing.

(Experimet on Forest Influences upon Streamflow at Kamabuchi, The Third Report.)
Shigeo ONO and Toshitsugu KAWAGUCHI

(Résumé)

In order to establish a more effective method of mountainous watershed management for
flood control and water supply conservation, it is necessary to develop the works for streamflow
regulation which are applicable to and function successfully on the forested head-water land.
The authors are studying the hydrological effects of contour terracing on streamflow in Kama-
buchi experimental watershed. Some of the results are reported in this paper.

In October 1960, a terracing system was installed on the 2.48 hectare watershed (No. 2
watershed) on which the vegetation was regrowth after forest cutting. The system was composed
of three kinds of terraces with their respective widths being 0.8, 1.2, and 1.6 meters and
spaced at three kinds of vertical intervals, namely, six, eight and ten times the width (See
Fig. 1, 2). On No. 2 watershed, we had many avalanches every winter after clear cutting,
necessitating the constructing of terracing works to prevent young trees from snowslide damage.
On the other hand, it is essential to examine the relation between the preventive effect against
avalanche damage and width of terrace. For these reasons our system was constructed in the
different ways mentioned above. The terracing had a total length of 1,810 meters (730 meters
per hectare) and covered 1,660 square meters (0.067 hectare per hectare) in area. Sugi (Crypto-
meria japonica D. DON) was planted on the terrace in October 1960. The experiment has been
carried out by the method of paired watershed with the adjacent 3.06 hectare watershed as a
control. The analysis was conducted with the data for 1956~1960 calibration period and the
1961~1964 treatment.

As a result of investigation the following became known : After installing the terracing
system, peak flows, especially those in relatively light storms, were decreased. But the amounts
of annual runoff and stormflow were not changed, and neither were the normal depletion curves.

As already stated, the remarkable change in streamflow caused by terracing is the decrease
of the peak discharge. The major cause for decreasing the peak discharge is thought to be the
surface runoff being interrupted by the terracing and spreading over the surface of terraces,
and in consequence the spreading water gets more opportunities of infiltrating into soil.

But according to the field observations during heavy storms, the surface runoff occurs
severely throughout the terraces in which the site characteristics are beaten track, bare ground,
river-beach, block of rock and erosion rill etc. And so, for decreasing the peak discharge in
these sites, it will be effective that surface runoff on slopes be guided and spread in the terraces

with more permeable soil by trenches and other similar works.
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Condition of the terracing work.
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Before terracing.
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Photo. 3 it T #%
After terracing.



