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Fig. 1. Locations of investigated areas.
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Bl—2 ¥~y RREMBOHE (B 4~9 )
Fig. 2. Forms of natural young Abies (4~9 years old).
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Fig. 3. Stem forms of natural Abies
(figure shows number of tree
rings).
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Fig. 4. Forms of trees on snowy slope.

e, 774 VEBKEL, 7259 7RF LB ENB X5 EETHSP, HEhRER
T5L5MECE T, ER0X ) nERsBEObAMlPEMLETCE L ELT, K-5
CRT X5, Eh, TR, @R, #
EEEALBREOBBEY LA -7 b, AR,
BE I oBRERLLRD LoD,

B OB BE T RS 2R L,
i, HEEZARCIDIALARHRTAHO
TH), FREMBNTT 5 L X M ERS
BT LBWREL LB,

BEok s, EHNOBRKIES YR
HBHEYRZTH L v BEYZY, F0O
HFIE SRR Ihs0T, ABTRNCE
REIEFREBEHERT LR, Ldis
T, ThbOBFRAERIEREFER2D L
LG RERDBRC RO RARBDOWRE, Fig. 5. Injury forms of trees
R, EHRNCELZENTELDTHS, due to snow action.
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T bBWIERE BN L NFIERE LTHATHZ EATRTH S,

3. BENZRHMBOKMBEE
1) LR CEH T SEH

LA R FROZIIC, FEEHIFFE (666 m), JLEHXEKL (590 m), i+
x ¥Vl 1,100m) CEEh TR Y, BHOLAETELET UTEREFA Y, GIca

Wt 5d, WEHEEIL3N8Tkm? T, MBERIT
726km TH 5,

bR HE=ROBRBERBRILER &
HEehy, MBIILTHS, WMILUADOHK
RHFE=ROEBEEELDH Y, WRBRERLUT
EREBUAREL, ARIIZOMEEXERE T T5
(54-6),

HEREE LTHARRXRARTH S0, B
ZRBNMEROREBYRH D, BROEREIED
DHTHI,

wRic BT A HE, K[, BAECHETE
e M-TeRdT, EZSFRIFcLbLidy,
FL AR T 150~200 cm TH B A5,  UE TR
300 cm #%, BEKEIL 800 mm KET 5,

tk, AHEBeBT32ZhETCOHRRANE
TEEINh-L DI, 196147 H 2H D 165 mm
Ths,

161°30" 35 40

I(‘Mt,Siléggru I
I 4 \.‘ .

[ ™

30

25’

4320

B—6 45 IO ALE
Fig. 6. Map of Tobetugawa river basin.

Aoyamachud 1972-1976

M-8 B EXRECETS
HoREBEOR\ARBRC BT 5,
Tl B T & R O 4 A R T
LicdDThH B,

TRBEThbItEER kY
HEERDO—ETH D, 21E N-S %
M B ERBIC X - CHABRO
I & etk i LT B,

MR E Y& ETEE
gE=RRBTHDbI, MEEMIE

air temperature

= - ™N N [ 2] N -
888388%8 8 8o
uofyeydidaid yidep mous

o
o

40

J

b TRATH S, —H, THHEHE

F

M A M J J A S O
Bl—7 FilbhRickd o858

N D (mm)

RENS L AHEZRB O IZE Fig. 7. Meteorological data at Aoyamachus.
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KB THDH, £ LTUHREBRIHRESRBLSRAPACELHF LTS, BRIy, tih
REAFIHERLBE-B LTS EB3H8RENS,

Tl RENPE, 19754 4 18D
BHBEC L - TERENTDOTHS, ] ) scas
EbC i R T DS LTEDE [\ B y
LHEEERLTHHR, thbokih B4
DREAEIBELBIIhTH S,
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B, MR REA LTV,

R - THEMREOR Z Winkd
RHFE LT BIES, BEONI i
RTHDBAR/ —RASA VR, /54 N &
D25y 7RRESHADLIEEDOLDL
BEIh5,

Bt EEOHRC L » TED
MELHREYEEERL, Bkt sBE T B8 B nrhos
FEEE L=, B, WMESEBIHMEER Fig. 8. Map of scars and snow avalanches
K o E L B T B D TERCHHETE in Katuranosana
b, LrL, BErhD L, HBGHATEECET LW HSEYOENERTHOC, HIFEE
BELhTLE M, BRFOFHBLEMOP B CHHEECSH LWL @A L2,
BRBBRILDDOTEBIRATE S,

Ricit#Ihick 5 /o, BRE®P X v ESHAERE LTXS9 3T, —@
DR ERK X 05~100ha L L B I SKRBEELLOTH 5,

BEEIY, ex Yoy 7Y e/ 0 oo FEERETBENARBEL, £ 4121V,
d=vEYYy, 2/ a2 FFORMEFLERABRC L > TELh T3,

Bk AR, BE LTEREROSNESERECH > CEE LTH Y, —%, KBSEE
BRI EHMEOSGRE - B LELBR, Thb oEI ER I TR I h - EHEER T4
BLTWS, LHLBEARXVYVEPERENRRALCHRWOTE2L OBMRBTH S,

¥, MEACREEI K 10m® O — -1 b 5/ MUERHERR SR SE LT 5,
ThbopEmy, RENCI EROXRBERERHEMERLY, AR THDY, BEALHEE
DRARRDOIT, WAER LTS,

2) MEINIFRICHT DB

HINE, EKENZHRMENIICEHTA 22> VIOKET, REEETZ193haTha
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(X-9), <
WEL, FHFE=RPHteBTsHR AR
Babis by, BERKEDOBEHE K
FET BEOBEERECRKASRED
WEYEEQLIATED, BELBEY MTCMARRRBASIN
BT o TWB™, 5
HABOSMATH IR DML, B
HOR I VENBRELETOATEDY,
ORI, BEENRBLINEL, L
Do THEEIPIWZ &, BIBERRT B9 ®IKRomE
RRENKAE, BATIAEMNTHSHT Fig. 9. Location of Kiyokawa
L ERBFLh T35,

HROXGHIIHE)N O LHE TH B, B 250m HEORE LT EEIE CH DA, [
BRBECVEREERLCEY, ERMNEOEFI0~45EHD, FBHC LD 50 Erigd
EZALD D,

OB ERITCMZE L, £HIES - RS TEPISE - R LV KR
BrdboTvwa, FEEII0OATE~ ARG T, HEX4AP~TRTHSH, FEXL
RFAE TIMERSEHC I 22bb T, AP BECLIZTENRHL S, Thicit, BEHC
BB LHER L7708 Th TV b, BRAEISHER 1~2m BE THD, ERIGBRKEK
B3P 1L,500mm i ChH D, AHCHHE3H, 48, 5 Bixdé Lidin<, FHflix 60 mm
BETHS (K-10)

FE S UtEE R 2R E BRI ELER Y, KEERILAERBC, BERLL
BEECOI VUK ECEBLTE D, TOBEERPERT S IOk, Lk

4
KANANGAWA R.

TOIKANBETU-
GAWA R,
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st KIVOKAWA RS
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Toikanbetu 1971-1975 (cm)
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Fig. 11. Map of snow
avalanches in
Bl—10 MENRT LK% Kiyokawa.

Fig. 10. Meteorological data at Toikanbetu.
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I ABAY L2 TS, BEIMI—mRSE 1~2m OF =¥+ THbh T\ 5,
FORNCEr h v, A XY A=F, ~v /)%, FFH<F, I XF7B0/NMERREEL,
FRODOFTRCITBICH D OBEBE & - THB™, ¥i, BElh, Bith, ST, B0
ELH5BBEIN D,

K-114%, &) LED 19744 3 A 11 H~3 A 28 B O 81T 5 e i O R4 # Br*
BRLICLDTHS,

HIEhOBEIL, BEAFHERERSLBLRIEAD THDH, RERILAFEHBCRAL
fer e RER Y b, RERBATEEYES L CRBECER TS, 77 ) 0 REER
HEOG®R - BALLICER R, OB EREAL TS,

AL LG 1 AT CRELIILD, HEEE T
RA—flEcs - CREIRETS, TLT, SATARD4LALE
BEHF T, BREOEBERIFOREAEREEAL X WV BE
WER I h B8,

—%, FRRICHSh BB, £ORERLE & b
b, REFHCAE TS, EEH 100 m? L EDORBEOK X ik oo MJf/;
RS &, RIE O P b BRI CRET 5 B 10m? x\q\\f i
DF = F — B BIRESOKAZTH B WThoml Kot/
WLBMRETHY, HEMNE LCEA TRV, BERTS T T
Mo, HREEE LR iy, ATEARREAL [ -
TWwb, ¥, KRS0, HEMEET L VHEE LK f\\m .‘::
ROBREN, TobcliEroe i i@BERECEELT
WEAEEL DB, «\/w

Wtho x4 7oL, Lo mEmMAECREL
Tk, KEhOSHTAMEEL LTS,

4. MBEHELHRE
1) kligEOHY —-BE& /ﬁm

BT, KDOREEALRREE LT VWREGETRH S,
KB EhARE LIS, TOERHNLERMNL, £F B12 SELRO RO
MeEM LR ER2R - TRy, AT TR CHREYRA - hERBOMLE
B L, FECEREOLHLERT 0T, KEXCi1sE  Fie 12 T:tirgta;a;j;‘che
DEBEEEARET 7V BHBR IR H0S, , .

e, KWFHEOF Y —e BV TR IhcARBRh oMo EMNL Y, T
DEOIIENDOEREHALI T S,

ks, 7Y — (gully) LIBAEDOZ LT, FEIWANLL, BRBCIIEIHEIO

Debris of
dirty avalanche

A‘E 500m
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BHHAKERDOPHFERTH D™,

) EBRUFY—-ICKITEEL

1970 £, ¥WUEORY ) — T THESh i, HE EH 1893 m) ET
D, B 1L700m fHES B RE L-KRBEBEEIZhThH S (K-12),

HERE IR 8 (B2 480~750 m DX ) i Shic kB HOREIBULLELL, AF7THO
WEOK LTI, BELECTEH5~10cm ORI THR L CEH D, oMt 20~50cm D &
THb BT,

W O hiciY, BER04~20m OEAR, REhOER ) CHEIN BRI RS E
c&EFhTwie (BE-L,

5 680 m AT IC 361 2 IR OBEWT T OB T, ERO+HEBOTIL, H2mDEST
BLEHENLERINLT 7V BRSHD, FOTHRERETHSm OFEIOARKERT
B o 12909

IORERC L - TEBRIhT 7Y (R ES) OFBIZM 640000m® THY, 77
hiciBA LT Wit @B oL o fkfizm 8,000 m® Th - 7z,

1971 £ E e, ERUERFEBORCE W TEE SR MR, #) — Pk
BRhiBIlF LRSS, RKPOERO LEIC, 5em BEDE IO LWHE - TH D, 7
WAL 15~20 cm OBMNEA LTz, RO TFTHCIRFOEF/IEFTLT50T,
BEORMBIC X 5 RER T Ok®, BERALZBE > TWAEBEN, veglhe rvEy”
PERE LT DA S AL R,

BE1 EFWUEORY Y —CREL i o HER (1970 4. 18 F)
Photo 1. Debris of dirty avalanche at Mt. Yotei.
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EBUDO» Y ~NTR, EFOBTNCEABLIHETS, LirL, chEThRCEix
57¢, RBBLIENC L - GEBE Eh 2B RO, BFEOTAERC L - CHEIh 2+
WHEOBEFIIHENMCEBALDTHS,

il) MEEBESHRAEICHETIEH

MRS, EECFEBCME L, dkFHcosHEVEETHS, EE 1,000m
DlEokilupi@Eie b, WL, FEZLBSIOThUED, b TRERZT S\ KILREE
HYKIIETHR IR TWA,

TePERHERE L O (L8 13 M-1312 7R LTe, HEREH
DRI 230m THH, EIZH20m, & IiL 4~
6 m OHFHICH - 12 (FHE-2),

R, EKHED D DE &P 10~15 cm D45
FCHREBARB LR -TRY, Fh X hAMILET
BRES TH- 1.

+WEEL, AL KUY Bk S

MBI X DR Sh, e CEER 20~40cm 0 I i et
BRI LD, A = Y DPERERRA LTV,
CORENC Y - CGER SN IcEBoER, B B—13 MEK¥E7 v AFHED
i i
L% 1,000 m* TH 1™, i, Miciho R ey
Fig. 13. Location of dirty avalanche
b 2EKI, PRNEBETIES D, FAEORER on Siretoko peninsula.

BE-2 AEREETY A0 hEER L (1970. 7. 26 F)
Photo 2. Debris of dirty avalanche on Siretoko peninsula.
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LB, RS CEEUADOEC I - THEIhTWS, L, ThR1I0FED L
DEFM—THBPEITHTH S,

2) LWEHEORE

i) ¥YSAFRC&ZHERR

R ETRE LEVWEERNRESOBHL 7514 VX dhs, BERo X 5 it

HEL, AEMBEOBEBIRRETHY, 7741 FREHLDTERLLD, TOBRT
ELb EMLb) 2757 EEh) YR T5,

FUhit, ARBCRBESO/NMELEY LAY T, £& LTREORHEITHL THICE
WTHREhB, EULIIEEER D, Ly 9B LTTAROBRSE Lo h EFich T3
DT, RBRIERACE->THE DY, EBOERACRELIHEL, BEIAHALZAETRTH25E
NREG, BEIBEBVHER LY 754 FLEZLE2ESH (40 TH S,

FULbRI-THEBETOR, #HBE LRI, EIN25~30cmic/iedb008HY, £
OHE, HEABRIZZOREIOFETPMEOBMAHR IND (K-14-a),

Bl—14 HEHPAECKTIREOHEVRE

Fig. 14. Some types of erosion on snowy slope.

77 v 71% BEBOAH—LBBHOKRERINBLOT, BHEOBHNERLHE T
REFTTHEEIRDBRTH 5,

75y 2 EBRWOBERTBIIKLLTWBBENRDD, 754 FOBIZ/ A F—¥—
DOHEWRD X 5 IR d 000, JEORLLEI DD, FTHRECH LT, 4501k
MR BT HBEATIE, HFLHIRLELRFETH»D 05~12m OF IR D EA 5T
BY, TORWEHLEL IR T (-14-b),

HEELOBRBNELIIZ, AF—vTzxbhick 5 mMBORMY (B 5~10m, #
4~5m, EE02~04m) AEFICALR, MBOTSTHCIEDOE D L5 ) BEDLR
%, ¥l REOMTPREETCL, EROBEIEROFTHACHLZRAER TN Y, B
Wi, EIhTHREY BT TV HDORBERIWIEELH 5,

PIED X 5 i 0EE, EED /54 FRELBRIFLDPI 5 v 7 DRERERD
W THRENDHDOTHSD,

754 FORMBADOEEC>WTUL, AP PEAP I THHEIRTH5, UF
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i, SN EREORUBEIHMT, 754 FRIAELTBOWMLE LEALYBEL D, B
FRIHBAFAOEMALYHRE LTS, T, BHX, WELLOBEEBHT T W TRE
ShaMMOMEEORRCERBOBE LR HITF T\ 2,

i) BERNCKBHMERR

RE R 50~100 m BEOMEC B W TUINMKO I Zh, TihbbA/ —A 74 FRE
575, BHEOBBHEELENLVOT, BEF7IVRBPEIVERIR TV DORE,

BEOXHIRLERC L AMEM, SREOEFC, 75 v 7HKRELHRLELX
SR Y LicleiChREBBEEINDH LSS,

RED LR RS LERATEORERS, £BArholc, Bl ERReHy
PEEIR, SETHOBEZ L, EX 30~60cm BEOKKO LA, BIcEH LzBEKR
BEXOR LT ETORBTHRET 5014605 (K-14-—),

AE EWRREBB - TW5b E AT, REABER LT, BEtEOEBIX
WEIhTWS, ¥, ZOX5 HBRIMIKRETTEIHHMEL-TD, F7 VL, #
BERIFLLDOREHTH S, BENETTIC O TEWOLIAEREL, HE Lt
$EEHRT 5 (M-14-d),

— BRI, FMEMETRERAPER LY T, RETHATS L5, YA ERKCHE
5T, fEFFORKERBSORSHESRINOER?S, 2ATHORKAT
TCRSEORENDOFEENERIN, F7IRZEEIDORARZDLRTNBM, D L5
, BEATE T, BIHMPbe, BEOREZALAR—2HCREL, LXhoRR cEE
DR EITER IS,

¥, REhR IAHEENEEL LT, £BRhicXY, BEOBBE YRz CHRE
i1, BEASKELIRBTLREEDT, REROSRT S 2~3 A O - MBI, B
HUEREBISR - BlL¥hn o dehd, KIEREMECHEZRBEREHFTE T, &<
CLhiC X 5 BEZT T,

iii) MBK(C&IZLHM

BERHCERLLERD D, BELTOBERNRBCHET 254, TERSO ¥ KX
LTI (frozen layer) E%, RBOBME Lic+ B (active layer) 235 &\
SHENLLNDZ LMD BHD, .

EFUEORY Y —HD, KIUDEILRIRBRET2RHBHOBEEATXRDOLIT
b5,

EZE1H 10~20cm BEOFEIRFEEBELRD D, Tobid &, 25EHROBHEMTD
bbb, B EDORMBELTHICKTERALDBRBIITHNKET5,

KILDBIZRKENIMENDT, BRRBOREFE CRAKEKRBLR I VWA, &
W siE CeBaiy, LRFROKSREHRECK Y, RBOMMK LI BK®
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T% (K-14-e),
COLARDEEOBERT, KOV OPDOBEEREENLHBTH I ENTEH09,
Tiebb,
® fEEe, ZELBAWAKE ESCHEB LERE LT, HE 5~10 cm O HEHIE

DIEWERER IR T3,

@ WOTHOEFEER, oK RCEFOLH (dirt cone) R3EET B,

® b, BETHOSERE LKA, EEOKIUPDEIEE LCHE - #HHL, B
ok X7t (EX15m, f§2~4m, B 02~06m) 2R LT3,

@ MWET 10~20cm OFEIHEBE/BHIFLEL T D,

HTHDs
PED X 5B EAEDL DI, AERBEETO, REFRLATORILLERBCE

WChARbhA, Fhul, MEOLAW, 55 VITRRIC EZHD CHEU LR BIMEL & 5,

III. #EMEORESHEBE

MBS VTHEOXH & FhcBEET L ERAOBHOREC ST, W 200HH]
FHTTHBLTER,

L AT, RHETFHH5VRERPCHR LT 70 (BT, £/, MHFOREMD) 12,
BHIEOKTE LT, FORMREETR T WLt T OB ERE L, R 2T
FTHLowks, FLTC, 794 VOIS MNARAREBENIC L 785  DII/MNEB g8

o Cl Mn& e A R e
BE 3 clean %7t h OHERGH (34511 L3k, 1975. 4. 18 )
Photo 3. Clean avalanche in Tobetugawa.
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DHEEHMT A, RIEADOL S RBRBEORE CVETFOBIC L5 b O KBEEHERMT 2 K
Th, Thbb, Thih, HEBBELTEY S - HEREDIL, Thidls LEES¥Ho
BELMREY RS S LD,

Liznio €, HERMBOMERN, BENRELBNT 2oLl h, RECKT2HWED
BEOBREL FOVEATEBETAFERLINRELREIDEELZLRS,

AT, toXokBlinb, ST OME &SIV TR L,

EE—4 dirty fe72h oM (43011 B3, 1975. 4. 18 'F)
Photo 4. Dirty avalanche in Tobetugawa.
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Lo ek

1) ERYOEM

KPEELERBEORTEIE, FTHCT 7V EHERT S, LikdisT, 779 OEE
TR ERR L DM, 77 ) OABLERTRENLD, RERAEKROZORAFTHZENTE
5, TOZEEDWTE, FIEDHE LHicRWTT T~ ,
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@ HEBYWHIBRSOINLBRINTEY, ABNCIEEYETS L0,
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DZDTH by
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—%, BHE-41t dirty niZho—fThb, CORRRIL, HABRETOY+# X »E%
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5, WFOBBTHECAH LTV REALBRL, BTEE0~50cmD~n V2, £ 7
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CER LTV 5, HTRKOMEMS L 40~60cm DEEITZSOR T BHIMHY, TH
Y O RROEEIBET 3,

WTFhohZhies\wTh, 77 ) OER, EBRBROMBELEIhEY, —BF
BB VITEFAERLETELORE L, £ LT, dirty REROZIBMBR E L, F7Y
FREThTOREDPEAR 2RECRKORECRE L, V- AREEY b - EREY
BT 5, '

2) BREEEH

clean % 2h D7 7 V1%, BEOLAMLLEBRIATWAOT, ARBENCIIRNIEEX
FBEERIABECEAER-TCRD, ChORBBORTE L CMBNRT S,

-4, dirty fefZh o7 7 ) OBEEBER, R-1-Q R TI5EBORANAD LR
5, ReRIhcBENEL, HERPO6EOREEMATCE-TREMEh LD THS,
RETHOBEFRIZS MDY, TTRSEDLIENORENT 7V OFENLLHK IR 3,

Bl Xk, BERBATECECTL, —BEIBFcHBonEhA —» s
L, #EbkoR{hEYER - BT 5,
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B L i B3 D I FEILA
WL b &w, Zhix, eithd
Teo CRE EOEIERHET 512D TH
b, Eio, PEPTCs 5 0 7 DEB
NELbNE (K-15-@) 2 &nbh, 2HTF
BE CCMAEFTR T TG R EHY
FLTCRZENPLLTHS,

—J5, HEMREOKZ G REZhD
F7IE, flE, FESERT LS
WS> S - C\b, EEK-ALH5m
DEIETRHAHTZCTHD, £OEM
ER2mDEITEAERRE Lz LT 7Y
BHE - T\5,

77V BOERMHSL, MR
THOLDENG LD, S HICHEEL
#ick, F7VPhOBGIETHELT
LEv, ERAOAAKS Lkt ao
BT B,

N
L

O]

mom o |
Ro@l O [

B—15 A ok

Fig. 15. Virtical section of snow
cover on slope.

B LIEANREE LT, HLIBREDESTTHMOARMELME TS L, Loyl
B ENETC, AUOTATEEbL TV WEE TS X DalENENS - Likins,

EBEE—5 dirty %s#h o HEF b o Wi

(EEIUE DR, B 680m, 1970. 7. 10 %)

Photo 5. Virtical section of dirty avalanche at Mt. Yotei.
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Debris of dirty avalanche
{snow, rock, earth)

3 Debris
(rock,earth)

B—16 +#BERMOBRER
Fig. 16. Process of formation of dirt cone.

FORE, TRACEBLRICBIIBEY Ik 5By, H#HENKECHRE
h5® (BE-288), FOWRBEY M-16 KERARL L TR L, ek, kR L - TH
RENBEWORRBIL, IEIFLBEL >LEPOAMRERC L VEBRIA TV 5,
2. B8

1) HBNEORMMER

BSEIHEAEYBR T 5 EEAERTH Y, UHBT5LEBEH L BKC BT LA
BELoBESAMEREYE LT3,

BEMEOK S, ThETEHLOMRBELLIRINTER,

R (195509 13, W< ThbBBETIBEIYRO L SEHH LTS,

Bk W Thic k- THBER Lok 8, B, #lRl.

B O Bb, BBVIBAIC Y - TAR Lt B, BHKL,

WHE: Bt EREOBRE.

%R : BERORRE,

B (1955110 13, FiBMY T BBELMYOLE L OMET, REl, LREM, HE
REEH, Shid, BHO5ORKS LT3,

F (1964 13, kEEOFSREESULY, BHi,
LTWwW%, .

i, WEE (1966)® 13, BiEAIEYSILEAEY, $HE, BEHEX, HER, HE
BEHE D 5 2Dy sridi,

Xbie, B (19668° 1k, FE=KBOHEHOREMAE Y, B#, HET, HEEDS3
WA BT B,

s, WEE, MEREDO 4Ty
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FEZ, FEREBREORBEBMER FT LS
A, REXBENEALAN X -V THhBLEELTY
% (®-17), 72121, BT X » UL, RLR%R
CHLTSLO8LDELRVEELH D, Flzid,
HULREBCRS VO, BESKEB LT, B
DREBLI > TEEBLTHDHEN DD, ¥, K%k
BLEREEEORGINTERVCEERD S, & T
BH5,

Y e =" 7 freckawn from Higashi, 1964)
2) BEOEE E—17 s s R 5 ER
WERIEC R o B O T, o Fig. 17. Profile of slope

of scar.

B DR+ & 2B, EMEEROREFME AT IRS,
ORI, B, EREVEFHCRAERIh TERLICERD, ENOEEND
BWEENERCLY, SETHCETHIAVIERINAZ LI > THRINSLDT
BHELITh TRy, ZOEBYLEIERD LS,

BH#EOMRIS, Edo X > cENOMENRER, Thbd, EREAENETIHE
BB, MACIBENNELE k- TRIHENERIh, BHEXBRIhD LWL
i, Lietdis T, BHAXH 5L L0 OMEIR & BEBERIb & 3B E LT b, 3LAYL
OB, R1TeRTI>ETEdbeoBERTHS,
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Destruction of woodland
caused by snow avalanche
in Tobetugawa.
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Formation of scar after plucking up the root.
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Table 2. Amount of eroded soil on shale slope
W& X B & B (mm)
No. | ME¥k LI L ¥ owle x| & &

1 S 1975. 7. 23~1976. 5. 14 16 25 4

2 S ” 28 55

3 S 1976. 5. 14~1976. 8. 24 32 50 10

4 N ” 0 0

3 S 1976. 8. 24~1977. 6. 16 25 38 4

4 N ” 2 13
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Fig. 25. Map of vegetation and
scars in Kiyokawa.
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Fig. 26. Erosive process of bare slope by freeze-thaw action.
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Fig. 28. Map of scars and investigated area.
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Table 3. Transition of scars (Kiyokawa)
plot 1 plotll plot I
19 64 1970 1874 1864 1970 1974 1964 1970 1874
No. | type |area®] No. |type |area | No. | type | area No. | type | area No. | type | area No. | type | area No. | type | area | No. | type | area No. | type | area
0017 | A 3 oo | B 1 001 B 1 1
1] a 5 A | 13 [d ) 9 1 02° | B 1 1
21 A 6 A 26 00| 8 s 5 003 { B 2 1
001; A 4 1 8 2 2 ooa’% 8 1 1
002 A 2 2] 8 2 A 41 008’ B 2 -
3] A [ < 4 A j 10 3 A | 29 A 006°| B 1 2
003 [ 8 2 4 4| A 39 A 76 crack -5 1007°| A | 55 [X]
“ | A 9 16 a | s s| A 4 Al 9 1 8 2 3 %
5| A |34 351 003 | A 4 oog® [ 8 1 [
6 8 3 2 2 004® | B 1 2 0017 1
7( 8 2 2 1 002*| B 2 009° | B
s 8 7 2 003°| 8 2 010" | 8 1 2
004°| B 1 8 4 3 A 5 002¢ 3
005°| B 1 7 a 2 A ’ A | 18 o™ | 8 1 1
9| 8 3 3 1 s [ a 2 2 02| B 1 1
006°| B 1 2 004*| 8 2 030} B 1 1
007 | 8 1 2 9 A 24 31 28 00F“ | A 2
008 | B 1 1 10 A 4 6 7 [ 2
10| 8 3 3 3 005* | B8 1 005 | A )
1 ) 2 3 4 co6™| B 1 2 A 3 4 2
009 8 3 1 11 B 2 1 1 3 A 2 3 2
002% | B 1 0077 B 1 0067 | A 2
003 | B 1 12 A [ 6 A 99 007 ] B 1
cos*| B 1 13 A 54 82 4 B 1 - 1
005 | B 1 005| 8 2 7 3 B 1 - 2
006 | B 1 006 | A 4 5 o008 | B 1
010°| B 1 1 008" | B 2 009 | B 1
o[ 8 3 2 14 B 4 3 5 0w [ B 1
007% 1 oos™ | B T DS 14 )18 276 ) 27 2) 10
o12®]| 8 1 1 007°| A 2 2 13 — B)es 18
013 [ B ! 3 15| B 5 6 0 2 1236 1) 1641 k)
DEE 2) 3eef) 23 2) 415{) 25 2) «29 010 ] B 2 ) 10 5 5.3 76
3) — 3 20 B s 008% | 8 1 3 = B_<8| 1.2
1426 1 1421 4} 121 00979 A 1
5) 27.2 B 795 9302] | 76 & 3 7 Ayts
B —] B 4] B 08 o | a 3
17 A 44 50 42
. . 18 B 4 7 13
& HEK (svee) Z L TEBRFEOENTRDb L o2+ | B 2
L REL, L SOREMRIL 252057 TH B, 010°| B 2 4
1) BEtAnoat DED % 346 25 3209 32 D 27
2) MEBHEROSH (s)) — 31 3 2
3) FRREOMEMERO AR (s) 3426 IQ 3420 W3a19
4) BER (prot) OEMK(s) 79 ) 103 125
5) S/S X 100(%) — o8 o8
§) €5 x 100 (%)

HHNBF LHATATEHTNOEHER

{(E=41)
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4 BPHEBOHEB WHIZ0R)
Table 4. Transition of scars (Kiyokawa)

MEK (plo) | ki # A K B o om B | sk (e | PEREE
No. EE* (19644 119704 | 1974 45 | 1964 45 | 1970 4 (1974 4 | 1964 4F. | 1970 4E | 1974 4 | 1964~ 1974 4
I 1422.7 11 23 25 388 419 429 27.2 29.5 30.2 111
NI 3421.7 18 25 32 240 352 427 70 10.3 12.5 179
hiis 1439.3 5 18 27 9 76 110 0.6 53 76 1,267
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Summary

Formerly in Japan, studies on hillside erosions were disposed to have been done in relation
to rainfall or begetation. But the most of the results of the studies were not available in the
climatic environments of Hokkaido, such as snowy, cold, rainless and dry.

Until now, the explanations of erosive phenomena in winter have not been done sufficiently,

for the reason why the field work was attended with much difficulty, and most of the
phenomena in that environments have been left unknown.

In this study, the author clarified the actual conditions of the snow actions and the erosive
phenomena in relation to the snow actions by field investigations. And by the analysis of
external forms and internal structures of the talus cone depositions or snow avalanche debris,
the erosive process of several debris slides could be explained historically and spacially. And
further, by the utilization of aerial photographs, the author developed the practical method
to seize the qualitative and quantitative changes of debris slide scars covering wide area. The
author discussed about the hillside erosions and their control plan on the snowy woodland of

Hokkaido.

The contents of this study were summarised as follows.

1) The aim of this study was to explain the actual conditions of the snow actions and
the erosive phenomena in relation to the snow actions, for the necessity to found the suitable
method of watershed management in the snowy, cold mountain area of Hokkaido (I-1).

2) In Japan, the studies on hillside erosions or landslides have been done by many re-
searchers in various point of view for a long time. Although some of the studies have been
carried out in relation to the snow actions or the freeze-thaw action, they have not been
done sufficiently. In the case that we discuss about the erosion controll in high latetudes,
it is necessary to accumulate the informations for erosive phenomena in relation to the snow
and the cold actions (I-2).

3) To explain the developing process of several debris slides, the author took the method
of analyzing the external forms and the internal structures of talus cone depositions. And to

explain the transition of the scars of debris slides covering wide area, the author took the
aerial photographs taken several years apart (I-3).

4) Snowcovers on slopes always move downward, and they cause not only such a slow
motion as creep or glide but also develop into the large scale of snow avalanches. In this

study, it was discussed that only the snow glide and the snow avalanches of them could par-
ticipate in the hillside erosions (II-1).

5) It was confirmed by the author that the trees on snowy slopes took the form of

the stem-bending near the ground and developed several adventitious roots at stems which
touched the ground. And further, such the injuries as the stem splits, the snaps of the branches

or the trunks, the falling down of the trees and the peeling' off of the bark were observed
in snowy woodland. The external characteristics of the trees above mentioned are shaped

by the dynamic snow actions, and they can become the available plant-indicators to get the
dynamic informations of the snow actions (II-2).

6) The author observed the actual conditions of woodland destructions caused by snow ava-

lanches in the basins of Tobetugawa river and Toikanbetugawa river. And it was reasoned that
snow avalanches could be concerned with the formations and developments of debris slides (II-3).
7) The several examples of hillside erosions due to snow actions are given as follows.
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a) The snow avalanche observed in Takinosawa gully at Mt. Yotei, deposited about
640,000 m* of debris on the stream bed, and within the debris, about 8,000 m® of rocks and
clods could be involved.

b) The snow avalanche observed in Mt. Rausu at Shiretoko peninsula, transported much
volume of snow and rocks, and formed the dirt cone deposition (size: 230 m in length, 20 m
in width and 4~6 m in height). The volume of the rocks was estimated to be about 1,000 m®.

c) It was explained that snow folds and snow cracks on slopes could erode the ground
in their developing process (I[-4).

8) The author classified avalanches into two types by contents of their deposits, and
analyzed the internal structures of deposits (III-1).

9) It was discussed about the elements which constitute bare slopes originated from debris
slide. And by the analysis of the internal structures of talus cone depositions, the existance
of layer structures was clarified. The author reasoned that the layer structures could become
the clue to explain the transition of each individual debris slide (III-2).

10) It become clear that the formations of scars (bare land) result from two types of
actions ; the one has its origin in plucking up the trees by the roots by snow pressure, and
the other in debris slides. The author measured the developing process of the crack by three-
point method and argued on the motions of the debris (weathered earth layers covering the
bed rock, “banjotai” in Japanese) (IV-1).

11) In the developing process of the scars, there are two kind of different phenomena,
the areal expanding of the scars and sheet erosion of the bed rock. It was confirmed that
the sheet erosion was most active on the slope facing the south in the season when the freeze-
thaw action and the dry-wet action were repeated (IV-2).

12) The author clarified the forming process of the talus cone deposition by analysis
of its layer structure, and examined the annual change of the individual debris slide (IV-3).

13) In comparison with aerial photographs taken several years apart on the same area,
the author understood the debris slide-phenomena as the quantity of changes for time (V-1).

14) The scars obserbed in Kiyokawa river basin could be classified into two types, and
by surveying their type, number and area, it became clear that the natural recovery of the
vegetation on the scars were exceedingly difficult and that the stage of erosion was various
at each area in the basin. And it was discussed that the present quantity of the scars could
not become the indicator of the further expanse of the scars (V-2).

15) The author examined the mass-movement on the snowy region in relation to the
disaster, and took a serious view of the disaster caused by the movement of earth, rock and
soil. And it became clear that there were two way of fundamental sycles in the process of
the production of the earth (VI-1).

16) When we project a rational plan of land use and the best way of prevention of
disasters in the snowy, cold and rainless region, we must consider the elements such as snow
action, freeze-thaw action and dry-wet action. On the slopes where the natural recovery of
the vegetation is exceedingly difficult, the earth and the rock are supplied from the ruptured
surface for a long time constantly, and are accumulated on the river bed or the foot of the
slopes. And since it takes such a pattern as the accumulated earth moves at the time of
heavy rain falls, it is necessary for the hillside works or the torrent works to correspond to
that pattern, when we project a rational plan of watershed management (VI-2).



