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Cause of the Asymmetry in Trench Profile of the
Tamagawa Josui Canal in the Western Tokyo District

Takeei Korzumr' and Atsuko ITo?

Abstract

The Tamagawa Josui Canal was excavated in the early Edo period to conduct
city water from the Tama River to Edo. In this canal there is a conspicuous
asymmetry in slope morphology between both banks. That is, the left bank has
steep cliff while the right bank has gradual slope with short cliff on upper part of
the bank. To elucidate the cause and the forming process of the asymmetrical slope
morphology, we investigated geomorphic surface process on each bank. During
January 11th to December 24th in 2003, we set up traps on each bank and weighed
monthly the volume of debris fallen down from upper part of the slopes.

According to longitudinal measurement of debris volume, failure of soil surface
occurs throughout the year on the slope of the both banks, though total amount of
debris production on the left bank were twice as high as that on the right bank.
Amount of debris in winter season was 9.7 times higher than in summer season.
Especially from January to March, debris was intensively produced on the right
bank. Debris production was evident to be induced by needle ice.

Geomorphic surface processes on the north-facing right bank are as follows. In
winter season, frost columns are formed on the surface of Kanto Loam (volcanic ash
sediment) under low soil temperature and high soil moisture. A few days later, when
needle ice melt, small grains are left on the surface of Kanto Loam. Grains are
eventually carried down by the rainfall or winds to lower part of the slope. As a
result, cliffs on upper part of the bank retreat and gentle slopes of the lower part
expand.

On the south-facing left bank, debris production is little throughout the year. On
this bank, cliffs are so dried up in winter because of rich sunshine that needle ice
don't arise even air temperature fell down under the freezing point. Instead, many
cracks arise lengthways and blocks of soil fall down in occasion of heavy rain. In
this way, the cliff retreats with its vertical shape.

The Tamagawa Josui Canal is supposed to have maintained its original form
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when it had been brimmed with water, from the construction time till 1965 when
water flow stopped by the disuse because of completion of filtration plant. After
water flow was stopped and canal became to be dried up, asymmetry of the trench
profile has been formed.
Key words: Tamagawa Josui Canal, asymmetry of trench profile, asymmetrical
valley, frost action, needle ice, toppling
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Fig. 2. Asymmetrical slope form of the Tamagawa Josui Canal. Sunny cliff is
south-facing left bank and slope in shadow is north-facing right bank.
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IKOIERFREEE L, HEF I NEE TS 2 099 a o~ e Zz o1 b, i
BIzonTiE, bAETIEER (1977) ARGIEE 20 53 L B2 ), HIE (1964)
BRSO EHN LG BICALSNDL LR TR S L ST IELRE
BIDSERE S Tw5b (728 21X, Embleton, 1984).

BT HELERNE LT, diEoEs, RESOOME KED3ONHIT
LT3 CaHl, 1977). BEMT OIENHEORRIZOWTIE, HMEBEE)IC X 2O
HRE AR, 1928) %, FHHEEORE (HE 1964) %2 E08rH5. ZDH) bikd
AIRENTVEORABEOFREHTHAH, ZHEBINC X > TEIES DD TR %A
<, RN X BHOEEICE EE > T,

FHEE, HARTEWADPLRBIIDTTHRIZALNIBRTH L. FICREFHHIC
BOWTIEFEEPHEE LD A HER S, SARELEEEREICE L T4 ofif5ess
R ENTE (F2& 2 I TEHIZ2, 1937, 1940). L2 LFEED D 72 5 T HEERIERIZD
W OIFFESIL, /NEF (1978) ORfseE ALARRE CERO TR {, NEIEFRFICL A8
YWERBE T AN T - S BROLEREIEHL T 5.

A ik, EJEKOIEFERICB W THREDERFAEZITV, FRIZEIWTIE
SERRMEER R ORI & T RERE IOV TEER L /2.
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EINEAKIE, ZEENNIET SN2 HHE CHATPE) 225N RARE Girfg X ue)
FTORH 43 km ZIFITHIGIEL ATABETH L. BEO—-LENELE) REHFEHO
TARFEIZIN > THRNTHE Y, BREOESEITN 2m (FHARERK0.2%) TH5D.

THIFNFHEOMIZL o THE Y, ZEORKEENQLDTS D, 1663 FEICHLTNT »
H&EDOTLIITREEL/zE ) (8%, 1989). LKERBIZE KIERKZZ &V D00
TIRDFRT B, FHEAREO72OIZKIGT BIA, FOFELREEIZEDL S, Wik
R EIZE S £ TREH ORI LTz, L L 1901 413 AGERKE LT
OEMIHEI L, S 51966 FEEEH K DOEEIRIZ X - T, /INPEHBID S T il TlEKTR
R0z,

CORXMOMIGHKEN 57272 KA TR o oD%, 21 EHD 1986 ETH B, Tl
REEAPFRBGFE L LT ARLBEKR AR T LI L2720, Mg ZoREDT £
BIEICES TS, L2 LEZOKREIREDETHFA— ML Eb$FT kIR 40 om 2
), Wit EZ CoE,rKkEL 3EICR S 2w, 2B, FNEKIZATHZERD K
FEE LT, 20034 8 HiCHE i (BEMLAREE) ISz, LK IZ IS
, BAEBPEMINLTNDS.
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FHIZAEL, FRCER T, EEICAEET L EELERS ERBED O ICRITo HiE
PERES N, EARORENZAE D > THEE 2235 ERICANED DWW TWE o HE2 59
2ol FLTHICIZHELZZ Z ST, KBANZBENL DO BN ZORMEIC
RS B 726012, PRI/ N TR A & 103548 £ Co P i A R B AR12
LOERSA, BHECOWTORBH T — 72O N T w5 (RITEHERERASR B ARG
BB, 1999, 2000 ; f£E#EIZAH, 2003).

KEFFETIZ, BIEPRELTWAXHEO) 6, L OFEDTE 2 FBAE ()
ST FOKE ], EIEERSRE ) A HICEAL (Fig ). ZOfFEo FKIE, R
I (H3%, 1964) 2D AATEY, HESSOWEIIRETFO— 28 E37)lo— L4
BAEE L Tnb, T7KBOMEDE OIS ARICEL N, SABIZIZA XL T, 7
X¥, O+ T, LI XLEDRELEIESL TS, FRRIIEITNYAI, ¥~
TXELREDERRE AN VAT R EQOERPEF L T,
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FHORE RGN L OBEERET 272012, EBREDHLEZ2L0NIE%T—%
O WEERILToEY), OKE AEMIZR O EVEHIETCH 2 /8T EiH
FTo7—8 A L7z QOke MU, KRETHHPENTOT—7 2fH L. ®H
TR F L, /BITHREBMFTo T =% 2HA L7z 2z, AREr IcEE
W L-BEEE S L, BEOFHELELER L. OMiL MAbmREoERO BiE
TEICHRLRESE (BER% BALED r) ZFRKEL. oY —I3HF 1 em ISHEEL
7z, FHERRIIZ 20034F 1 B 11 25 2003 4E 12 H 24 H F TOEF348 H. FHEIRMRIZ 1
Bl CH 5.

2) BEICET3AE

REE - AR EEEINICERIT 572012, SHXRICHEFHE AT 72, AR
2200341 H 11 E2S 12H 24 HFTT, FA4H L FAEMIEIL Table 1 0@EH TH 5.
OF%E T oER
FiREEFEICEDEVWE BT 2720, KEBEATRENZEEBLZRTERZEY, 2m
FEMmEACRE I EWME I 2% E L, WHEZEEL:. %L s2TE05
I, BETmIEEHAEEIZN Ty TREE LA (Fig. 3). AlFOEEICILHIE I
I ETRREDE D, BEOM L WEREAHZOT, FIICHEI2%E L. EEIEER L
7o TEE T AR LR ISR & 2 EN T WS, BREEZHAICBWC 2HHE T OFHIT 5
7202, WrimIVA2ikE L7z

ZMHEICIZB L F 1.5 mEBTrT y 7% 3MEFELZ. b 2MHIELIOEICOT,
OO 1D TEHoOFEICEWZ. FE-FEo b5y 71, E30cem, #ATEX 17cm, 5
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Table 1. Dates of investigation and observation in 2003.

month dat(? Of. Actual Peri(?d of Total days
Investigation Investigation
January 1/25 1/11 ~1/25 15
February 2/28 1/26 ~2/28 34
March 3/30 3/1~3/30 30
April 4/27 3/31 ~4/27 28
May 5/31 4/28 ~5/31 34
June 6/30 6/1~6/30 30
July 7/25 7/1~7/25 25
August 8/28 7/26 ~ 8/28 33
September 9/23 8/29 ~9/23 26
October 10/30 9/24 ~10/30 37
November 11/24 10/31 ~ 11/24 25
December 12/24 11/25 ~12/24 29
(m)
8 -

ﬁ debris trap /

sectionl sectionl
left bank right bank| |left bank right bank
2 4 6 8 (m) 2 4 5 8 (m)

Fig. 3. Cross sections of the canal and locations of debris traps.
Left: section I, Right: section II

S26cmDFFER N T v T THLH., PEIZIEESOecm, BITEX50cm, HX26cm Db &1
BTy SR2ikiE LT

NIy AR TEEE DT, FHOMEHICZOSZHILL 7. BULL 2B %E L2 5K
DI, BHLELZEXMYBRE 10T OFBIFIC 24 BRBW KD 2R E, CEEZHE
& LTRRIL 72,
@KL

HARRAERICRAEEE O BE - T2 20, WETAF 4oL 2REL L1
110 COFZBIFIZ 24 AN, BEEOEDPLEKILZFE L. FERXZUTICED
3 (LEFABERELTES, 1990).

BRI (%) = GREBVR - fPazidalhel) + Jsegatsl x 100
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OFR FEILDHADOZILD KRE VD, EPECOPFE-TH L. LAF012-3 AiX
HEARSIO A2 0T 2 TH-Twh, B THRAL L) I12, BHHOREIZIILLD
[IROBAHEE 2 DOT, —Fl& LT Fig. 412 20034 1 HOXERO HZ bR L7z, &
Mmid L ERBREORP T L T A 2S, mIKREAS0T 2 TRS HSH 045 L ki
#75.

QkkE KRTPENSRED 20, BIZHKEDPS (, 3w, 200340 ABEEKE
iZ, 2824l mm &/ THY, 8 A2 312mm & REECERL 72,

@HMBIER 1 HICRK, 7AICR/D 587 (Fig.5). FH%x#@L CAhbE, 12-3 A
DEZFRIZHBRFH AL K o T b,
7 BAKRPAERICERNRE L BH Y AL L WA R D IEEBOEDE LIRS
FEHIZ Lo TEILL, PKEHOREICRELEEL S I ThEI Ll brd. EO%
55 12-3 BIci, ERETICHPES Lo Twi, L L4 HRSEND XKD,
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Fig. 4. Air temperature on January 2003 in Fuchu.
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Fig. 5. Monthly change of daylight hours of 2003 in Fuchu.
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7.

FHEADPRENERDLNS.
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L7228 TRRAHICH T A HREERIE, Fig. 4 R LR8I TO 2Ll R

Wi DOFHENE LD L, LRELFTEVIRE S, EBVIIAYICHEICEN

7= (Fig. 6-A,B). 20034E 2 HOMiR% A5 &, HIZHWTWALERETIE, HESH1IRX
LTHAHIoHbET, LIELEILT »518TC FTLEALTCWES, FAmEiRED
IHRICHL, bR EXoOARTIIERSSRRIT 6 C Rifs L 21t

STHHBTHERL TW5.
WCZ L, REHEDLIOC2LS5 1T L SVWTEEL TV,

CHEERTIZEF? L L

BB L, AFRETIEERLL20wE W) BIEHFOECE LD TDH

5.
O MEASE L7

IR L BRI E S, FHRELHEREH L 222

A1 HIZESEEZBIETE /20, ZoHIE, #iRiE~/ - R12E3% 57, 0.3-0.4TC TF

MEAFE L Tz,

COFRADE AL E, RIEKIERDS 0T UTIZTAY,

R DS

W CHIEAY 0.4 T UTICANE, BHATELEHTETE L. F2 T oL
W T HEBERER G L, 2RUcXk AL, 1H (11 HUE, AEXFET) 128,
2H126M, 3AHIICSE, FHEPEEL-EEZONL. FOHEUTIIRT.
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Fig. 6. Change of soil temperature on February in 2003.
A: left bank, B: right bank
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BIRE — 2 OHARERLIZE0~150 % TH 1, @EHEIL100 %L EE RO EETH 5

(LB ETRE £ 1990).

Tllo/zr —=AL %l hipoi:.
AEMER OEKILIZIE, FLEPALN (Fig 7). Thabb, AHIITEKITEK
< BHICEmeEmAEN . EAMETHET . L, 2RNIEREOFMEL, &%

LTWwaZedbhsd, EHOLETEERSE, EEHOFIGEEL TV,

3) BEE
O % B OFHILAL

L2 LSRRI L - B S RN L2728, 100 % %

AR ORI R 7 Fig. 8 123, HlEHOMMEBA—E T4, Bz kBrTcain

DT, HRDOPBINAEE %
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Fig. 7. Monthly change of the water contents on both banks.
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Fig. 8. Monthly changes of amount of debris on both banks.
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day average) ZEH L7-. ABlok#EIZix, H¥YME (DA) #SHOABSRBE L -E
FHR L. BREORE (1AL 12H FTORF348 H) 1220w Tk, Wil [ & Wi
BV TEAB RO ITo72. BEE] iEr@ 1024.42¢g (DA 2.87g) ZxfL T, &
Ftid 2154.43g (DA 6.05g) &7, HGREASEEDIZIT2MHIEL.

EREORERIE DA OE,S 1-6 A& 7-12 )EJODZO e, 1-6 B (B®630.77 g,
DA 3.41g) 7%, BBEIRCRLWEAICH L. 7T-12H (BE393.65g, DA 2.18g) I/
BOVD VDS, FOLDPTIERAKENRDKREVT, 8 HOMEBENRLL V. 7T-9 A1
P EIOF%E S HE Iz,

HEORERIX, DAZS1-3HE4-6H, 7-9H, 10-12 Ho 4212535 6n, WD
EDBALABRE WV, 1-3 HIZABEDIFEICKE < (#& 1558.33g, DA 17.77g), DA "k
7(091)5] (DA 22.41g) &0 11 A (DA 0.82g) D 27THECELZ. 4-6 BIZidmE

298 (B 343.44g DA 3.78g), ERDMHIZEL -7z, 7-9 H (#& 160.3g,
DA 1.63g) B ERELD DAL RED, SHOB%E (DA 2.92g) OARLEREFRMIC
KEv., 10-12 5 ()& 92.36g, DA 1.02g) i, 4 20HEOPT—FREID %\,
AZHOBEEYEMORER LIRS &, FIZIIHBED 9. THIEL.
QOEET DO KEML & DRI EEIS DOZEAL

WIS, HRORHEL CHAE L-REOREY, BEoOL - B - TOKIAIHT T
L7z (Fig.9). &KRMICETHOBREEIL WA, FH T EICHFEOLFIZEEEAS L
72 TADPS AR TE 8- 9, THOmBEIEL L, &Ko 60 %Ll EE D
7. TER, RE, PEHOMICHEEOEENKEN o 5H - 6 A LEOREENN
40 %D EEED7Z. 9-11 AIZTEAH 50 %, HERAW 25 % &, T#B - ik - RERONE
IZHREEDRE o7z,

FEfRIC, AROWRNICBITA2RERE, WMEOL - 7 - TOKIAITT s L7z
(Fig. 10). &FERICTEHOBFES L <, T EH-HIOIBCRHEENNE 1o 72 £
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Fig. 9. Ratio of debris production in three parts of right bank (section II).
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Fig. 10. Ratio of debris production in three parts of left bank (section IV).

MABLTCTHORBEDEEGIZS0 B ETH LD, 1-7 Bz Cld EEoBEOEIE
30 ~40 % ERERPo72. 89 FIZHIT T, AEME T TIEE 10cm O 71 v 7 25H
WD hBE /-,

1) ZEREDEE

Dbofifffts s osd s, ObFTEHEMEBL CRENT XY v MIREET S
A, 1-3 AR, QHFETIERERIETFHEEI RS, 1-3 IRk, 10-12 A
/N E D, @7 -9 BIdmEEXEAE LTOL2HEED, SAEMEEL IR, &
V) AEA S ATk o 7o
LHRAOBRERDSLEFEROR 255 2 L05, EHOBEBREDL, HEFSEREDK 2
RBIETDHEEZEZOND. ZOX) RFEHAKICHEDLLERE LT, BK KR HiE
B, HIE, FEREIC X A28 EAVEETE S, UTTIEING EMEE L OBEL R
9 5.
Oi:TE ARk & Rk E OBt

MEE L BKE L OMBBRERANIZEZA, 1-3 2T, AREOFEIIREKRE
MEAHRE CPHEEARE = 0.0635) ThH o7, LL 7-12 BIZidGR - LR L b RRHEE
N, BIC7-9 BOGAROAEICIEIEKE & OMBDTHEICA S/ (RS = 0.997).
DroZ ehn, 1-3 QI TAHALNLLEOFEIZRE 2AEL, Bk SRR
mwnwZ k, F 7-12 BT CoBERRER, AE AR QICEKENRERO—DT
HHIE, D2ENBHLEIRoT2
QR % & MRk & DB

AFEOHRIE, TTICHRRA LD, BEPLEEPHEPTRELECED DT 0D
L, EREEEHEEEE TH L7720, HEE L4720, AF|GARICAELGSNTIZ8T
BEFCERATL. I -HEMEIZ0OCUTICELZLY, ICHEEITLATAS RV, —

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

TN EARIZBIVT B EEOIESFR & F DA 11

7, ARAEmE CHEOEE L ZITIT L, FRICHE L THAREDEILT 5. KK
HWIRIF0OTC 2L, BHOBEICHEDOVWELELEhoTW2, ZOLHITHELRED
HIROECIIRERICEFICEARL TS,

REE L HIREREL 2B S 24, 1-3 AoRROREIRIERE & O
WHIBAAS AR Sz (HHBIFRE = 0.9998). AZFIIBITHLEOHE ZHEIL, KimOET
EEDICHBESEINT A I END, FBHEOREE BRI X L RBR T ORBENFKE
BERICE-TWEEEZ D,

OFEHEDILK

TAEE, RO —-ARBO L), WRICEMEHROREIZHE LR/ S T8
ZHD, HORT EREo X ) Bl VR T AR TOREA LIRE (HEFE TN
EU—ALIEATYS) TRODBELR TV (EHIEZA, 1937, 1938). F7-5imA%0.3T
L&, BKREDP 2D U RTRETS (Kig, 1948). FAEMOHME IR — 405
WY, i MROEEDBEHEOLLERT VLD E Lo TWNA,

AZFOFERIIE, FBIEOFE4E & a2 M O BIE L 2 B I3 h ROERESRIZEE
LTW72%8, BRICTERTREE Th o 72 LR TIRKIBIZEE T 2 5 T 88 T%d: L T 7278,
FEWEO R - I iEA SN0 7. 2O%E, WESEMIE T TO EKSVRED %
Wiew, FREIETERVWEHEETE D,

— MR S BT CRAE LB, B2 L OBIFTwE, Fik
WIEHET 2 R — 2 BORMEE LT, —BH 2B TR TA0EEL, FL (K
g9t 5 (BT — A8 7 )V — 7, 1965) £ D70, HH ECTHMRMEIZ L > THBEL
WEGL L7 RBOIIEN 1L, BARLEIZL > TRELRSTWEEZ LS,

2) ZFEOFZETOEX

R COREZBIET L, FROIICHTHETLILEVWI ZLRITLAERL, &
FIIFHEORAE LRI L > THERBON F2BL LTORHEEL, ITAITALFENLD
WIRE Y ThHAH. BELLZWEIITHORE LIZECHEEL T A28, ZbOTREE
T, BT, SRR, 4 BRBICIRIEE AL AL Y, SHE Eo kR
WEBEKRRLEIC L > TiEh, THAECEo—2BPEH L TEHEIZO2L2512% 5
7z.

ERETIHERDVYS, FEHE2BELTIVAY Y MIBRENBI 572, I ALNAD
X, FHE S ESNTAERE IR0 LA, FO TS e LRI EER L 7%
NOHEET L, BEFEBCTH L. GREIZL>Ta— 2B EEICHARIC L EEnik
L, ZNHRHEDOX > DT> TWE L HIIIAZS.

forkE, GRETEBRL TV EEED 7o+ X % Fig. 11 ISR L7

ERATIZZ oM, ZHOEZ ERSEORINIIC, KRELZIRPEEFEIZL > T—K
WAELZZOLESE L., FBOFRE LIS LITLITROESEALNL Z Enb, Tn—
LEFUZ A AATZZAROBBPEH OO — L@ AW LR, Z2 6% mb o THAER
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Fig. 11. Difference of geomorphic process on each bank. (schema)

AL, ZEWOBIZAMIDIR T SEILD & o DU Il > TV A REM R E .

3) FNEKDZEIRL & IERFREARDIIAL

FNLEAKTIE19654E, KEIZKEREDN D -7z, FRLEIO FAREE LTRHENT
W7ZERIHICE, BT B E TR T SN TV, BED L) REE O REIIRE
L/, FAKROWEIZIZERLYIEVIREEZ R T EZ6nA, LA L 1965
S, G KGOBRINCE o TR 20, EZROREN R LHI12h5b 8, KR
F—ZL, FHICL2BE%P, BECIAEHOBEIGEE -7, ZHUZ X ) WEIEIADS
B LS, JERRICR DRz F 0%, A0EED DB L, BIED X ) R 2 I
FREE AR S 7z, SR O REIIRE T 2208, kM &EEE EoENREL, THOM%
FHEPMOCERO BmIZF CETEL BEINE Y, BEflkT 572559 LHETE
5.

7 35 1986 4570 & IX B SER O TR FEIC L 0, 075 5 72 FI B T ALK S
IR L2 A, UL - T, FHHOTEISEY KL, HEMTIEFERE
DU HLRT VR o7z, D, TR, REIIE L 2 REEATE W

6. ¥ & &

EJNEARTIE, 1D 2ok (MmMEEm) &, BEO T REZSeraFHE» R AE
(e &) & vo 7z, IEFRoOWE 2SER L TR ON S, AR T, I OIERFREE
R RIC, BEOFEEFELZIT, PRI OKNE & TERGERICOWTERE L fR
EUT oY .
OBRBEEITAEICBVWTHEBEZBLTGEZ o TWAD, EREARERERSE, HETOH

HEEWIERD 2M/IEL 2.
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@R%EIZ L A»S 3 BT TCOLICHRANCER LTHE L THIEFREOZR A L
FORBIZELLDTHS.

QOLERATOLOBRERIIFFICREL, BEHORKICIZHELLNRS L 9. 7TM/ITE
L7z, BB S 3BKREL S ERTERICRERENER->TVS,

OLERTORET T ARUTOL ) THAH, TFLUKRTEDSL WEHE T EHH S 5
W TCTREEREL, ZRDERTAZEIZL T, BEERU—-2BOERENITAITS
EHNA. WICHKRPEIZ L o THBEL 2 B T2k S5, ZoER, EEERE
Z%B L, THMOBMESIEAT S, 2B EMIKRSEI DR V0, EBICEWRICHE
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