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Table 1. Main slope failure disasters caused by heavy rainfall in Hokkaido after the world war II
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Fig. 1. Locations of slope failure disasters shown in table 1.

1. Okushiri. 2. Kitahiyama. 3. Taisei. 4. Shiriuchi. 5. Kamiiso.
6. Toi. 7. Shirigishinai. 8. Minamikayabe. 9. Date. 10. Muroran.
11. Noboribetsu. 12. Shiraoi. 13. Monbetsu. 14. Niikappu. 15.
Shizunai. 16. Mitsuishi. 17. Urakawa. 18. Samani. 19. Erimo.

Pacific Ocean

0 50
1

100km
—_.

Fig. 2. Distribution of coastal terrace in southern part of Hokkaido.

The dark shading on the map shows the terrace. Modified from
Kosuat (1970).



946 LB EAFRFBHABRFARE F428 F45

WS hi-ARE RER), IOBREROEMCS ST HETH) kEonnERC
Lo THRIRTHSA, Z05h, GRE,LLEL BIAROBARSTHY, ARLIVE
B HEARDATARERTZEIATHD, 2Ok, B ThoBRLALRZIOEMEIK
BWTRET S, LMo T, BREBELELSThEGEOS A CEECEET 0T
b, BREEEOBLICHT S ERERL SCREIN S LHORBR KRBT E HL
Ewz X,

2. BEF&EIRME

ENER D EDOATERE, AR ST LBERELDEEO—0TH 51/ NKE
MBARAHEER SR TR ), METHEEHL LT3 v ER— MUBRTOR TS, 20
FCBE LT, MRS L XD, BETAZE, BIH, SOCEWHCRE BT
FHBAREE A DBINEE LU, FORKE, TEHOBICI TIRIEEH O AE A 3 &
febh, BMEZOSH, i, FRFIERIhBEACHBY,

LIBHT, —RCAREER= . — 2V URBRBIhABATE, S SERBERECR
LR T A EERDOEANANN BB OF THEMNCERI R 5 HEN L WD, L
L, AWEORNFEE LTWBEMERDBEAEZLD L 5bO BRI, BEMERED
EREBEMMZLAERIhEVWETR, REEROF- L W/IRELBMCHREIAS 1=
¥ wXsb0ThhH, HBMEES FOMIRMAC KT ZERNKERR, 0L 5 R
CRELEBDT, &RTHHBEOEABATHECS CTHENSHE L TH DD, =B
ROFGREBEZBERICLIELDTH T, AEEFRBECS TR ERFI LWL
WHRELLTERSRBLDTH S,

ARETIEBOMAS5E 8 BERKEL, S bicEOREDHEF 544 10 I RIES
FFEN S AT B R EM K EOEALHOCE Y LT, ThboSELsE: %
RIC X B EBHOTikE VS EROMECOBERZLRD & L1, BEFC L bHEL
FREZE S50 LWHEBBEED, LHADABHAAEVS LRI ST, EDXIRKERT
HODW TS e EBSIMCLE 5 & L, ZLT, SHOLMFRADD b & B S
OERW LB YW TEELRRALT,

FORBR, FTRBEE LSRR L L ) HEROST L HEVEE R, < o
DRBIC OV TALORBE, EEE (Hh, B BRERY), BAEREEEEL
RBEOBELHEDENE Lic, Tie, BROKFRFRCOVTL, ML IREH, KF
BEE, FHEESOXMI VINEL, KESFOLDOBEL Lk, Sbic, Aok Ff
RO, REMRORMRRIL L, &Am%#LﬁTéﬁﬂ%%bﬁTM%L REOER
LSRR E L T b0kl E L,

HROR R E Lo, BMNEH2 L EMAICHT TORRTE L AtRIRTH 5,
Fig. 3 oG & Liciik%d R L,



SR ESTFREEL TN LCETAHE (NEFF)

947
Shikotsu
Lake Mt.Fuppushi
a . UtonaitoLake
N <
MtATaruman 'o,. 4
/“, <
%, 2
z X %
2\t & %, e
s \Z |Z o
o 5 \& »
T 2 % R
LY Itoi
& 0’! Il/"e » ® o
0:,/ 3 °.’ 2 o Tomakomai
. & A
e, ¢ % Nishikioka
4 0
e Shadai
2 [¢)
Shiraoi
Kuttara Lake G Hagino
06 o7 Kitayoshihara N
%, Takeura
e
"o, $ [¢]
\'% Q Kojohama L.
Mt.Washibetsu .', Q_/ Noboribetsu Pacific Ocean
4 % ‘@ Tomiura
'2. O/Horobetsu
G
2
'é
* /
O\ Washibetsu
? 1'0 EIO 30km
L - - -
Muroran
Fig. 3. Location of the study area.
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Fig. 4. Topographical division of the study area.
1. Terrace and hills. 2. Alluvial plain.
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Table 2. Precipitation (mm) August 1980
locality
\ Muroran Noboribetsu Shiraoi Tomakomai
date

28 31 18 10 -8

29 51 120 49 31

30 91 171 95 ’ 82

31 83 184 198 67

total 256 493 352 188
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Fig. 5. Hourly rainfall and total rainfall in Noboribetsu at the
end of August 1980.

Table 3. Damage of the heavy rainfall disaster at the end
of August 1980

(1,000 yen)
———___municipalities ] o all DI®X
damage *\\\\\ Muroran {Noboribetsu| Shiraoi total @ Hokkaido @ 100 (%)
living house 523,730 403,350 79,809 1,006,889 1,008,522 99.8
non-living house 70,063 - 70,063 79,363 88.3
agriculture 484 392,055 77,814 470,353 1,202,561 39.1
engineering 802,500 367,200 360,850 1,530,550 3,096,310 49.4
urban facility 5,035 5,035 5,035 100.0
fishery 92,533 92,533 - 94,833 97.6
forestry 289,500 1,442,500 370,000 2,102,000 3,256,500 64.5
another 474,267 618,543 186,405 1,279,215 1,335,547 95.8
total 2,095,516 3,386,244 1,074,878 6,556,638 10,078,671 65.1
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Fig. 6. llustration of the slope failure in Takeura, Shiraoi town
at 1980.

1. Collaps area. 2. Passage area. 3. Deposit area. 4. Piping hole.
5. Gully.
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o fHE—HCIZESEKUEHAIESHER LT Y, ZhboBEHMIBE B%E - B
BEEEHETIEI 2m i) k- THREARELR TV, £LT, HEMORS
REBECORESGHOBETRME L TH Y, Bl €y /ilnA@»bhs, 0
EMLEEE, BRKBTHABIBR > THT LT ELBEKS, SHRROEHICI
THEHEL, BHIBOTHCHSBACEZTHVBEEEY (REEKNELY) R 1S
Bl bicXbdniELbRS,

B2 S BOB R b RER AL D » & B bh, REFRER»S THRCHTTHF
T AREEENNEBALZY, B12m, FEX8mBEOV ) -OHEAAELRS, £LT,
DX RBRLY > ToRWCHEHET 5 EBD0BIZ, HBRckWT—RECER I DA
FOEL D BIEBELRENDTH DD,

il) EERTREREE X

AL, Rv7 2/l (QEE) LBIIEOPKRERTABEZORLOHB TH
%, BUMOEERSLER,SRLIRAKNEETHHERN B m, FMEEMABOEOREEL
oTwh, TOEO—MIMHEL, BETOREIAFNEHEL, SEAYHETH LV IHER
ZirTw5b (Fig. 7),

7y %7 KIBHY @R pbicd > I AROAM ECZERA T v HE—HETORT
WA, BR0ERCERIhIEVD, FREFEOBRTOHRATVREVE - ORBR
KB A 6,000 m? OEHE CHEE LT\ 5,

BLThRB4ETHEMCIE, CORMECES 04~10m OXBEHL, LO—FIRE
CEPLTE T T ERILT, EXdmoy Y —%FRL, bk, #EE0m, &
YWm, EX10~15m B XSELERLEICHE LTV, 7)) —BRLEBHEC L >
CHEH Ul LB Bz 9,000 m® K@ L, AETH 50 m ofilH, $ixbbRBmEon 15 &
DEMOEEH ¥ CHT Lic koM EE 2T\ 59,

FHECEE LTV EREER0~60cm D : X935, #vvhkEORREFESMIMETD
BB L bt THARLL, BiE b FKBZYRVGBEEDYHEAILRELR L, B
TR, BHEOERKDFTFANOEREZRh, w7 AfTL0 5 ZHE L THKLECH
Wicted DR & vWwbh T3,
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Fig. 7. Slope failure in Kojohama, Shiraoi town at 1980.

1. House. 2. Razed house. 3. Half razed house. 4. Area of slope
failure. 5. Area of debris deposit. 6. Gully. 7. Trace of running
water. 8. Retaining wall. 9. Cutting slope. 10. Banking slope.

D

i) BRI E AT

FAM46 FEREHHLLMcTIE T I 5B INCEE 6 SHD, H17kn o
REHIHEKER (BRFAEE L) KR L, EHTOREI BT LictBERKC X5
BEY I Fig. 8), O IELRE (BHTFHILAR) MRiES- Tk by, BE, &
W M7 EFIR IR C038, BORIHIRHMOEETHEBINT VWS EZAMRS L,

BHRTYERTAHE R B VEAEDE GoUkEY o FHAUK & ERE
YY), HEB BB, BB (Kv 72 cBAB), BERKER BHEERKY), BF
B (7 vR—rBER OIRLit- Tk ) Fig. 9, Zhb OB SEMCEMIE T
Wa,

FRENY, ZhLOMBENXBEHT 28R RORBLEROYRERCEF LTRELT W
5, HBDOZHIBRBKER L ) EIcAbh, <A v r7kHnoARZ»LRhS, CD21
YV /BRI, BT ARNCYVE L TELhEROYLEE IS WT L wBRcED
h, BHOBEHL VM 4Am TRESAR VT 2 e BEBRER1~2m, BFK m RN
BRIhTEY, ZEOKOBEH LTI IVBAERBYRBRLLEHIEDORE, AAROKE
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Fig. 8. Slope failure in Tomiura-ch6, Noboribetsu city at 1980.
1. Area of slope failure. 2. Area of debris deposit. 3. Edge of table land.

4. Foot of cliff. 5. Cutting slope. 6. Banking slope.
8. Soil conservation works.

Surface deposits
Noboribetsu formation

7. Damaged house.

pumiceous sand

S0 - ice
. Pon-ayoro pumice _
deposits

sand stone, shale

Noboribetsu welded tuff

RanpOge pumice
deposits

pumice

tuffaceous volcanic ash

3

tuffaceous pumice

Pumice

voicanic sand

Pumice

Fig. 9. Geological columnar diagram at the edge of Satsunai tableland

near Tomiura-ché, Noboribetsu city.
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EANBOERCH -5 (Fig. 10),

B kO RHK S BECER CEECH - THET LREBARL R & hb, S
CHEAE IR KDIZEALIBIBO LR LT > T B EKEORFLBAERBFRCEREL,
WKE L 2B BABCH > TRIEL, YEERCHWT MY rBeRAET b0 LHES
R, REL, BEEERLTVMBALGRCEN LRI TR ER LTV kL
Bl LC, Ao EmEcii <M € v 7BRIcE i ) BN E 5 12 A bk (Fig. 10),

LT AT, Lﬁ@@ﬁ@%&Eﬁ HFZME LT3 ERETHECRT 3 KEOHEEN
B E 7ol B, SEBECEND OMEED TR, EEOBTHS I B Ui £
TH2®, BEORMMUOYILEE» L OMELDOIRE A CRERTICHER L, SEO
%Ku%ﬁ%%Dﬂifﬁ%%%@%ﬁ&@ﬂﬁhﬁ&,%%ﬁﬁ&t%ﬁ%%ﬁb,%hm
Eo TARE R EBIERITLER LTS Fig.8, COLdi, AlEOHKLBOR
BB BETHC LbFREh, SHIK, Yhomte ) AR 5 HBEERAR LB
l%ﬁ%%%kﬁé%ﬁk&ofbé L b,

i) BARARE

FERTORMIIEEOm BEOCHRBEEAMR IR TE ), BREIT 3B~42EOSEH
BEdy, IXF7, A2YA=F, kv /F, ~IFY, =VY=HF275, »YS5hELEE
BHoOLREBPBETHIEARGTH S, BMSOEOEROBF - WORBCHELD D, &
BBRLUTER2EHMCERSR TS, L, SEOERC X W EIBTHS L 2D T 8 &

open cut road

piping hole “ rill erosion )
' 4 N,
‘\ s -

wes t eas t

surface deposits

: : 0
Noboribetsu formation AN S T SR S

Pon-ayoro pumice deposits

Fig. 10. Geological profile of open cut road in Tomiura-chd, Noboribetsu
city.

This cross section part is shown as line a-a’ in Fig. 8. The strate
incline toward east gently.
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DHERCTHEL, SECETRETORTWIEETEALEL, SFRAYHEL, 1ARE
BrA > EVOIFEENRE Uk Fig 11), #HERZZFLERIIVSh B 4~45 Fiehid T
BEIRTEY, ME—HRFREEME LTHRIRTHHLTAHTH S,

BERGEFEERBE - TWAED, FEMNE LB THh TV WEER A
BBIhictElih-TkY, Kbl TW5, gz, EETh2ARRKEEOBRINERE
WKEHTE 5 BALEE, 03~05m OBEXTHETHZ LIRIHLDOT, RBHENDHR
R E - T3, BEOBCEMECHE L TWARAKL ARCHE Lickd, HROR
ALEBEREKEYEETAZ Eeinh, L CARBRIBEDZHATHREALRI LI,

BEEOEEMNEYY YA L TER S hicEE (Fig. 11 opRI VAT TOR
) IR \WTH, BHMorEE, BHETBEVIBRERET TV,

Fig. 11. Slope failure in Katakura-ch6, Noboribetsu city at 1980.
1. Slope failure area. 2. Razed house. 3. Hillslide works. 4. Cutting

(housing site).
v) SEHTRIRES
FWHEATENGHIBO T, ELRILURPERDOE LT AHE LTHMLRLH, K

RET O 8 30> > T O R L b CTGER I h T REEMTH 5, RPEOEITE

SH, HEEX8m, E20mRblsTh—ARDHEEELZHR L CHEL, Mitatamkl

THEEENELEL, 3FEXIHICIER L (Photo 1), HEED LHEIMICITFERRICER

ABET LA ERDLRT, vLA, MEEHHCEIMORDOEKERDRS

HYUBOANBH LTV Z E0b, READBINC X v BRI LERE LIz 0L

HEIhD, AEB3ETNIHBCRU LAY L - TV,
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it _
Photo 1. F:Iure of housing site prepared by filling up vally in Osawa-che,
Muroran city. The filled earth broke down as debris flow razing 6

houses and buring 3 houses and the original stream bed appeared.

B ST AN DR EZ M TR AT CH - 1o, K LM Lo &ic X i
TAUREAERIRT VIR EETH » 7o, SFEDOFHBIT L D, # 3,500 m* L7+ A
L, Fcon Ik T &£ 57z,

vil SElilALE =2 -2 Y

FIEE = o — 27 4L, IR0 FREICRIM AT Lo e B kO B i Lol
WEi % FUH U CE S Mo KRBT TH B, 22Tl L TOWRIREESIRA IR S h
fed &, AMELo/PROBREF YL LB C I ABAERRS T3,

HBHE BT 5RO 0 RS T fin T, Eir s bin - oL LTk b,
¥, BHEAREOBLEINCK QT D ROFERA LR S, G koM R ER
DT A7 7 N EERICE > THEbLR TS dIT, MRORBIHEEL D, EHKITHER
WV T LBz iin, Mgl tilorm#Licb oL Fibhd, HEALE
1HHAELE GO EEEFHOIK FOBEMEA 2 & OB TETOIEAE N L, REL N5
WITE oL kBT /s~ ok 2 A A b iz (Photo 2),

HEB =2 — 27 YIXHENEEO KX WERER Th B bbb, Al kit
WE NIRRT T A X o e ET GG AEUE X R TR ST, Hi KO AR
RO Thbo s, T, KEIPBELHNDOKE T TOERE T 2m BE L,
FOTFHMIERSBIEE > T WD, SIhic, Bl Uiy L8 T Ll o
AR AMER SR T o S RS & LT ah b,
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Photo 2. Failure of housing site prepared by banking hilly slope in Hakuchédai-
newtown, Muroran city. The banked earth broke down as small land
slide and the footing of house appeared.

2. BANMEIARHAE

(1) ¥+ o pf 51

PRI 54 42 10 H 3~4 NIz, (L& fet LiiTiie & b » B XEO BB X », =
W2 B ANBIC D3 T O I 100~200 mm o R 72 KA % b (Table 4), Zoics, [[
Mifric R K 869 17, WEE R B e EowsEn b e Shie, & oblr, HEMMTIT
10 A 3 H, 1815 30 7rhb 2215 % T 3R] 30 4y o fic 189 mm, 1HF[M 5 7o b i o W &
50mm &\ S HEPWIREENAD b, ETh, RERKLEOHBHLS -, AEN DA
LB HEDKNEY Table b icmnd, RIEHFEHOK SV HEBMK CITEERELBREETK
FrhdTwb, BEEFIEMAGTORMEICRE LICELS Thic s iy, LibriEic
MALILZ LR EDHDTH L, Tl HE - HE - HFEMX 7 S dit 24 o RREK

Table 4. Precipitation (mm) (1979)
locality . Mt. . . - :
date Muroran | Noboribetsu Nobseibatsy Morino Shiraoi Tomakomai
Sep. 30 20 22 23 20 18 14
Oct. 1 65 58 57 69 75 ‘ 107
2 0 0 0 0 | 0 0
3 6 192 130 60 189 98
4 0 1 5 29 4 9

total 96 273 215 178 286 228
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Table 5. Damage of the heavy rainfall disaster in Shiraoi town
at Oct. 3rd 1979

(1,000 yen)
region . - . . |Kita- .

m Shadai | Shiraoi {Ishiyamaj Hagino yoshiwara Tekeura |Kojohama total
flooded house 9% | 102+ 2% | 47| 6T+ 14+ 3* 3508
road collapse 14,698 666 65 7 693 200 16,329
river collapse 2,172 119 2,291
bridge loss 9 9
agriculture 3,500 | 26,300 2,020 31,820
another 11,000 305 11,305
total 3500 | 51,098 | 4,858 | 370 7 821 200 64,754

* the number of houses.

BENRADOND, ThOORBRERBBHFCHRB IR CHAEEHCBTOhTIONZLEA
EThHB,

PDTFr, 20X RE0HEMONT, 54 LEAKREATEL,

2 KEOEM

) AEHMROBThiE

R 2 S HET—F T, BRSZEE,OEAMMBAROFL I - T, THERE
BEEMBEE) XEDOLRBMSE3I ACER LTV, ZOFEIAAFORBREEHO
BIERLERER B, AEMCHETHILKFETFEXHRL, Eith - BEARBR ALY
460 ha DER &, # 1,090 ha OB OBE, IS, BEAKRER BEE - 50
BABEREG» O EMCERTAZLXEMNE LTRIhELOTHBE®, L2AHT, B
ME4E 10 HEWE XY, TOoFECHETHE, 28 FHSHLELL ThekRT 540
WMe L hEERZT, Fig. 12 RIhTHH Lo, BRITER 100 m #igk ok  EH s
BHEIL-> Tk, Hp: LTHAIR TV, HERWTRLMEBFO L = AeFE LT
Fh, HEHMOBEMTFELARELOHARCBTTABIRO TMAZE LT3,

BHAYBRT B RMBRESHBERRKETH Y, BADO X5 hABEET LTS,
BROEAVHLHRECEREREET AR L ECE IR, BHEIELCEATV3
(Fig. 13),

RESBIh DB, SEOFERC Y > THFRARER I 0L, UEhbLEEL
TV DRI LICIEKAE L b D LB 58, WL XHBR/RKE O LB AR T
HEBEOHEREBOWHITHERINT V5, REOMMCITE, 5V EERE
RHOWEAHRDR, TOX5MFoL I AREBRBRIN TS,

LA & 0 FET A BB OBREEIL Y 5 AMBCLOh S L D LA XD TAFEMT
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BubetsuR.

to Shiraoi

Fig. 12. Slope failure in Shiraoi at 1979.
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\a s an Ooogooooooo
Fig. 13. Geological and topographical profile at the edge of tableland
which is composed of Shikotsu welded tuff, north of Shiraoi
town.
1. Week concretion. 2. Firm concretion. 3. Week concretion. 4. Less
firm concretion. 5. Talus cone. 6. Alluvial cone. 7. Grass land.

B0, HHOEENEVCEHRAS hicw b BBl T3, fRERESOE#ESHER

WELZROCBAREZT V) —2BRLTWELIAHbALRD,
i) FREEHOBKKE

BEROHE - T - LHFE - M1l - REEEO&HKIE, WThbRFFLAMETKE
MR FHCAE LTS, & OMIBIZTRERBBE CTH D 2DKIITHAZHDTRRT
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b, iedtd, AE -HF  AFFEBRISEBOEFFCIZBRAESEERFHCZIH T
5, FHEKITEM B EORBEHEKOER L ZOROBROBHCHE IR T, BM4ITHEL
DREOEARIC X 5 EHHARNAMICHET L A TH D, BAEEIIEEE XL
L, HE3BEREERTIRBTHHMNERT MG OT UL Hh A KL 7 v axy
JINLEE LIz Eic kb, FBBIH1Ikn kbl ) REMC 15 m OFE X CREK Lk,
ZFORA—HI 2 BHcblz - THRZRBE - T\ 5, FABRBITEFILS 48 HOEREK
$15km bl TEKL, ME—HOKNFRKERK, HWO0FRRTRATHE NS
HEEXZTCED, B -BABENEBHLTCETC5, LEOHKE, 7v=2]jlitdrc
MEEOWEREIVNE K, Thicinz THRARA 0.1% LT & W3 b hain@f Lk, &
D=, KEOBIINELEL, RAkEAL— Xk T5o &b CHETHS, B
WRIZ I\ TREKAR KRR E Lo his R D, KBOEBIIT bR,

3. HMEoXEER B

MNEWBIT T, MEHAE AR TRKEERZOBARBRIFRUMNALARL
TWRIRTTh D, Thix, AHALZOME FTHCHR Ih T 5 BEEPHE R L OFEL
DABRHENERBLZATHS, £LT, DX LERBIL & OB ARIAMEL X
it > Thb b ABHR SIS, SARE-TVWBHDLEEL RS,

MEAEEOBR R, WEENREA ¥ — A1 b T NRIIHBERBRBC TS —2 <4 1L
THRHTEDRERLD, ABOABRLEOIIbY) CREETBERTIERE L LT,

LTAHT, WEMBC BT HEEDOKBRB LT, XBLIRCEHIhILLDDWT
HZbH&, TORALE-AHERERLLAREO HRBESCHET IR EAERD LR
Ve Lo T, b LBEOXO LI RBAKORE, HE, MBS OWTEALI ETHED
I, BRI WCOERMoORMEY, REME, HAFORELER LT, HROEWLHN
THUSCHER RV, ZThiXEbDTHETHS, 22Tk, £DX 5 ffEolEro
WTRSEROBRFNBRELTHZ L EL, L2 THIEOKERS2WT, X8, XHMEcEs
ERTVWAHLORELHL, FOBMES Table 6 i0F & e,

BROWER B - TE, MFHREZ88) gow B+ 5 PFEHED VD HEE,
TRERRERBET L,

Hersne, RBCERIBRIEVCREFIBACKT AL BEOARKETHS, Fh
DA BT 2BEOWEL AL E, WMIBRCX5BKPERC L HHEERS L,

TR LI HBEORFLE LTROCADRS DL, REI2ED0EMcKT 2B Th
KECTHD, ChicX h I3FERLEEL, 11BREH LT3,

RN 25 SR E /MR R DI B A D D, THASLB X WD T8 H 1 AF# 10
FBXE T 479 mm #EE L, #EE, BE 7, BHSoRE LM CL 105
8FAFRDES>TwD, RENTIBHIABEL, &Y ob o FIHABEER LTESE 16



Table 6. Heavyrainfall disasters {(~1980) in Muroran, Tomakomai,
Noboribetsu and Shiraoi
REREEAB # & D ] =
& A-B R B & FEOBK-BHE-BH(F), oo fkH .
1885 (B318) | 8.29 E A TyASve vy S5 )BE, WRHH, EKkkE =L
1988 (#821) | 10.19 % 8l BHN - REINEE, REARRIE T X 9 SR =)
1905 (1938) | 6.29 E | REBK 672 (T —) MBS AT 9,415 £
1910 (#43) | 6. 5 5 W FEBK 1,396 (KRBT, AT, LG D, TRET, HGHT, RTEET72 2)
1911 (444) | 7.26 K BE - ZF)IEE, FERK
1919 (x 8) | 6.22 £ W KEBRIK 200 (FET—4)
1921 (x10) | 8.30 £ W KEBK 1,350 (K8, BIET, FWTEHE)
1923 (K12) | 7.14 = W RERK 264, RFELB 11, ¥5E13 WA R 52,953 %
1982 7)| A W | & % BoKiC X B BIEHBE
1933 () 8) | 8.7~8 | & /v B ERBE (KM 67 ha, /= 20ha, /3 37 ha)
1934 (8 9) | 9.6~7 B ol KERKI0, FEHHES, HBRKEBLS BLTFHhS ESE, 86 mm
1939 (1814) | 7.10~11 | #& /b #& TINCE:, RERE, THAE ERE
HAAKRIEL AL R_EBIK 1,530, KT &K 4,075, REHH 15, 238 4, %88 3, \IPWH 45) 45, 479 mm
1950 (29) | 8. 7 BOZ HH - RRRE (R CHRERMMEK 16, £33
1955 (iB30) | 8. 2 2 ™ R E®RK 114, KTHEK 553
% il RERK182, JRT®RK 208 (Fgatlr, FF7GHET, dbHr, #RvHur)
1958 (#333) | 8.29 P—— S5

(B=4) BB ELEITHOY 2 BUUL > H G Uk AT



KERpAEERH ® % o " =
K e #
& A-H % & FROBK-BRE-KH(F), oMo KA
JRLB K325, R T B /K468, 46, F# 6, W3, E< 3120
=W |2 a4 (Wivasy, 9 7:d0T) ' 173 mm
1961 (36) | 10.5~6 | B 9 | 7£5, AW6 | KERKL000, KTBAS2S 2 - $820, WH 17, E<Th2 |400mm, s, S5
B | E3, BH2 | KERKI, M1, RN, WRHE 30, MKk # 170 mm
JREBK 242, IR TEK 7,139, 2m4, F@7, BE<Thio -
£ W (TR, GE, $Ehr ) AR 10 5, 117 mm
8.8 B % REBK2L, RFEBKI, £82, @4
1962 (1E37)
® N K REBK, BURE, BEVEE (REQEIES THM) 270 mm
9. 7 £ M| %L A2 LK 39, JKRFBKT36, &2 (R7ERT, RAT, gHD) 119 mm
1964 (#B39) | 8.25 = W BTk 220, 2882 ¥H1, E<FhL A 14 %, 112mm
7.11 = MW BB, BT EK 122 (5T {EKJE, 86 mm
5 9 KFBA 24, +B<+h3 (Bgrm)
9.6~7
NS KT K 60 (A 587) 93 mm
E N K FREBKT, KTFRALIT0 GREAr, A5, 7)Ii%kE6 A 23 %, 795 mm
1965 (1340) | 9.10~11 | & ) REBAKTO, JRFRALE5, WIRHH 2, WHYes 30, 73
= W BKEBKS, RTFBRA4RL, 281, 85 —Hp23 24.4 mm/B¥
9.16 = N K BT 500 (50T, ABAT, (LFER, HET) {E&E, 93 mm
¥ K KEBK 1,497 (5758 A), EHEAK 511 ha &R 24%, 4lmm
9.18
g A KEBKL KTFBAIL, B<Fh2
1966 (1B41) | 8.17~21 | & W REBKIL KTEKS, HH3 155 mm
1967 (FB42) | 4.20 b2 ] KEBKS KTFEK4L, BEHXEIL 92 mm

S BRI LR E YR

&EVHE R ¥



KERLEERH = ) " =
4 A-B ale * B & FEOBK-HE-RE(F), t0onoBE . ¥
8.17 £ W K EE K43, [KRTFEK303 4R 178, 77.5mm (19 mm/k})
1908 () oz | % W REBKLL KTFRAL0, 81 (EomIr, WAk Womm
9.17 B9 REBKL KFBKY, BHRESE 7 A A 350 mm
1970 (5] 9.17~18 | B % BREBKST, KTRKA25, £32 Y1 I 500 mm Ll E
1971 (FE46) | 9.4~6 O™ KTEK3T, ¥EL FNLE
82~3 |® M@ B LBk 122, T8k 281 74 mm
1972 ()B47) | 9.15~19 | & B R EBKL RFEK4
9.16~17 | & 9 KBk 26, KTBK29 BH 205
1973 (FE48) | 8.17~18 | & il RERBKT, KRTEK41, «8E1, FgHE2 169 mm
8.20 z A REBKL KTEK65, 289 165 mm, AR5 F<Fh
1975 (E50) | 8.23 g2 B RERKS, KTEKIL, £B<Thl 68mm, AR 6%
11.7 x B REBAKL, KRTBKI182, HikkiE4 161 mm
9.14 B B | EBHL B2 | KEBKT0, KTFRKI23, g4, EBRESL 219 mm, &R 17 %
1976 (#OD 701 E N K REBKLL W)k, LDRHE 44 mm/5 Ff
5 A REBKL KFEKI4, BHREI LK 192 mm
1979 (BB54) | 10.3~4 | B # IR EBK 25, RTBK219, HEkXHE 40 189 mm (50 mm/H¥)
g ¢ R EBK 108, [RTEK 974 (0T, SR 106 mm (79.5 mm/H¥)
2 W W EBK 286, IRTBK L0, 28524, 3526, —HkiR 100
1980 (#455) | 8.28~31 | & Bl | B 1, ®B5 | KEBAKS83, KTBKL1I95, 2|14, F@ll, —HkiHE 16 555 mm
B JREBK 183, KTBAS84, 24, FW5

(Bd5) XM LT AOY BN UL B A ARE

<96
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%, ABEBRLEVIRBENIREL NS,

BAR36F L STFRIIEF -HICENKEEFEND VERKOBREYXT - T\ 5, LK, BM
36 F£10 ADKRA 28 5DORFEMN G e LIEKEOHET, 5 BRMD 6 BRI TERH
Y, EWTLI73mm, BHT40mm %%, BWHBHTREEHE - TLLRO RN MW
EBlihot, BEITAELDLEAOHEEIL Table 7 R RTE O TH b, BRI CRRXOHE
ExZVF, KERPELRBERIR TV, BRI CRANEEIIEES R, THAHE6LEL L
Xz, FEHBELHM207, ¥H2F, HH21F, KEBKL9F, KTRKS328F
EeitoTwnd, ¥ic, BT, EE24, AHBEILDOANBEERZTEh, Table 8
ERTIHIBELXHE - TS,

Table 7. Damage of the heavy rainfall disaster at Oct. 6th 1961

municipalities j .
\ Muroran Tokrf)l?nai NOEO? Date [Shiraoi| Toyoura | Otaki |Sébetsul total
damage etsu

killed 2 3 10
human {missing 6

wounded 4 2 6

[razed 6 20 1 27

half razed 8 22 1 1 32

washed 3 21 3 27
house aﬂway

ooded over

foor 325 4 1,009 100 52 1,490

flooded

lunder floor 468 4 3,218 236 124 3 4 4,057

.. lroad collapse 1 36 4 11 28 80

civil
engine-{ bridge loss 2 18 11 11 1 5 49
ering l

levee collapse 2 64 51 29 2 150

by Iburi administrative division.

Table 8. Damage of heavy rainfall disaster in Muroran at
Oct. 6th 1961
. sum

kind (1,000 yen) remark
living house 15,290 razed, halfrazed, washed away, over floor flooded
agriculture 10,468 farm
engineering 216,130 river, bridge, road
land slide 5,000 20 places
water works 13,361
school 1,450
another 2,406 pubric facility etc.

total 264,105

by Muroran city office.
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PR 30 SERBEED D 40 FRHF T TEL Th, TEBLTh, TEBHEH) kED
BENKELZROBMCISHTLB IR, ThETOKRESATH SR EcLMEE
HETHREREEMDY, WO LIBCIBKENRALDPIILR-TETCWS, Th
3, RTEETHL)CBEERNUBANEEZS S VVIRATS L )RR oEP, oKX
PBREBER L 370 O Rt AARBAORILAR L LEETII0TH Y, SHEDOKE <
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Fig. 14. [Extent of urban area of Tomakomai at 1973 and 1980.

1. Urban area. 2. Golf area, leisure land, etc. 3. Forest, wast land, etc.
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Fig. 14 13, X¥RHBAC BT BRRKOEH TH 5 E/NEHicoWT, gl % B
MBFELHEMSBFLRONTRLEDDOTH D, 2HROREZEBT AL LLT, TO
TEREHEHRO BRABHORAIBRCE - TRMCHALTOARTERAREDZENTE
5, ¥, ABECRBVERCHIES A 78R Vv — 5 v FERRADRD, BHiKEs
T ARBE TR, BHRLFTOHRERCICTEHBERNBAY » # CEDLRTE Y, —HO
B, FIZEHERNERCES VTR, SBMEOYRY L RBBOBEDIL T X YEERDOE
BREERT208R Db 3,

Table 9%, BBAIS5E 105 1 HEEBIh-EHAELERY, HRNOFEEHLH oW T
RLAEIDTHD, Thickds, EPEmittHEg AnsdbezobEHoBmEIxLE
—élgoTRY, BFOLTCIREDIMAETTORREAS VEHAMDZ ENTES, &
7z, BAHPHENC R TIHMEARIZS S, Fig 1612, BERHCBF 5 A0 L #HHERD
B OWCRLEDDOTHD, BRMBELFECKR-THBAR, HEHE D CIE
HREZARETHEZ LRbHE, ‘%L'C, FRFN 30 275 B8H0 55 4 % TD 30> 25 FHEIIZ,
ADiEfy 2315, WABIIH 36 S LIE LT 5,

Table 9. Tl;é‘»:esults of national census
o Oct. 1st 1980

\ households human populations

increase | rate of increase | rate of

. 1980 1975 or increase| 1980 1975 or increase

\ decrease | (%) decrease (%)

total of all |1 842100 | 1,623,589 | 218511 | 135 | 5,576,110 5,338,206 | 237,904 45
Tomakomai 52,232 41,107 11,125 271 151,969 132,477 19,492 14.7
Shiraoi T 7,459 6,427 1,032 16.1 24,168 22,583 1,583 7.0
Noboribetsu 17,854 14,851 3,003 20.2 56,503 50,885 5,618 11.0
Muroran 50,223 49,019 1,204 2.5 150,200 158,715 | A 8515 A 54
Sapporo 508,238 419,475 88,763 21.2 | 1,401,758 | 1,240,613 161,145 13.0
Hakodate 107,498 96,723 | 10,775 111} 320,152 | 307,453 12,699 41
Otaru 59,320 | 56,758 | 2,562 45| 180,728 | 184,406 | A 3678 A 2.0
Asahikawa 117,208 | 99948 | 17,260 | 173 | 352620 | 320526 | 32,004 10.0
Kushiro 70,205 63,606 6,599 104 214,694 206,840 7,854 3.8
Obihiro 51,419 42227 7,192 16.3 153,862 141,774 12,088 85
Kitami 34778 | 28775| 6,003 | 209 | 102915| 91,519 | 11,39 125
Yabari 14,994 15944 | A 950 | & 6.0 41,715 50,131 A 8,416 A 16.8
Iwamizawa 26,153 22479 3,674 16.3 78,311 72,305 6,006 83
Abashiri 14,743 13,213 1,540 11.7 44,777 43,825 952 2.2
Rumoi 11,998 11,404 594 52 36,627 36,882 | a 256, A 07
Wakkanai 17548 | 16795 | 753 45| 53471 | 55464 a1,993 | A 36

A : decrease.
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Fig. 15. Progress of human populations and households in Noboribetsu.
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SMAREDZFEHEOBREOVTR LD THS, ChboRE iRy d O BEO
EBE IR L, UM, BALTWRBTEHRAMB Z LN TESL, BhAD Lk

WX, HEF146 FEEF T TH B, ThUBC - TRENCIERK LTV 5,

Zhid,

Bl L7 & 5 e BAlH s 5 An AR ERB Licdb O THAH 5, Table 9 X hBIL 2
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Pon-ayaroR.
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| |

Fig. 16. Extent of urban area of Noboribetsu at 1935.
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Pacific Ocean

500 - 1000 m
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Fig. 17. Extent of urban area of Noboribetsu at 1946.

Pacific Ocean
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L 3

_Fig. 18. Extent of urban area of Noboribetsu at 1966.
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Vv, BTFRERII—BICBAINMERTH S DF LWEENELE L, £kt 3E
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YBLBHRTED, CCRKEREOBENERY 252 ENTED,

3. THIHELRE
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Fig. 19. Extent of urban area of Noboribetsu at 1971.
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Fig. 20. Extent of urban area of Noboribetsu at 1979.
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FAF1 55 E D KFIW B W TUE, BT LWEERMC KT 5 ATREOHEO S KA H L
T, WAL ORKRIL AR XD E, FHEMBH 2B EFRO > b, BRMNECET S
DX 92 f#RT, ATHFREWC TSSO 23LART & 75T b, Fig. 2Lk h b D it 4y
MEDOWTRLILADTH D, ALPEDHEIIBROEALEMT &, BUHEIHR OE
WERBCEFHCREL TS, ChbOMERRREDS VWAL ETLLIATD
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Hakuchddai

o1 Pacific Ocean

Kojohama

*2 @
Fig. 21. Distribution of slope failures caused by heavy rainfall at the
end of August 1980.

1. Natural slope. 2. Transformed slope. Modified from Yamamoto
et al. (1981).
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Wz X3,
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TYPE OF LAND TRANSFORMATION TYPE OF MOVEMENT

much

EXTENT OF ANTHROPOGENIC TRANSFORMATION OF LAND

less

DS - DEBRIS SLIDE
“~._cut LS LS -LAND SLIDE
- RF - ROCK FALL
GE - GULLY EROSION

Hakuch@dai newtown {Muroran}

DS,GE DS
bank

damp jowland

Kojohama (Shiraoi) Katakura=-chd{ Noboribetsu)

artificial

Takeura ( Shiraoi)

Fig. 22. Classification of land transformation and slope failure.
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Pig. 23. Schematic diagram showing topographic vertical section and
land use of Nishitappu river basin,
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Fig. 24. Relationship between the height of slope failure(h) (the length
: from the foot of slope to the top of scar) and the length of
debris (J) (distance from the foot of slope to the end of debris

deposit).

1. No. preventive objects. 2. preventive objects. This graph shows that the
flows of debris are extremely controlled when the preventive objects such as
retaining works, houses or trees are existent in their flowing paths. Modified
from ONODERA (1983).
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Fig. 25. Conseptional illustration of the ideal plan for prevention works
of slope failure disasters. It is prepared buffer zone between
housing area and cliff as green belt. And the systematic drain-
age works from terrace plane to lowland must be considered.
As 'the lowland are often covered with water, it is desirable for
housing plan to take pilotis style floor.
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Summary

In this study, the actual conditions and the cause of slope failure disasters which were

induced in Hokkaido island were analized and some basic problems of disaster prevention plans

were discussed.
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The results are summarized as follows:

1) The location of the slope failure disasters which occurred formerly in Hokkaido island
are mostly distributed on the south and southwest of Hokkaido. And their locations consist
well with the area where coastal terraces are formed.

2) The slope failures are located on the coastal terrace cliff and are classified into next
four types: debrisslide type, rock fall type, land slide type and gully erosion type. And the
land slide type and the gully erosion type are commonly found in the area where land were
artificially transformed.

3) Since 1960, human populations have a tendency to concentrate in cities and the urban
areas extend explosively toward the circumference. The front of urban areas invated the damp
lowland which was formerly regarded as bad land for residential area, and then they climbed
up the hill. ‘

4) The newly developed residential areas on hilly region are accompanied with artificial
land transformations such as cutting and banking of slope or filling up of vally. And the
disasters in such areas became to increase, for example in Osawa-chd, Hakuchddai-newtown
(Muroran city) and Katakura-ché (Noboribetsu city).

5) On the other hand in Shiraoi town, although the extent of land transformations is
yet less, flood disasters have a tendency to occur commonly, since the houses were become to
built on the damp lowland.

6) To examine about disaster defence plans, Nishitappu river basin was took up as a
model area and was divided into three region by landform and landuse. And it was con-
sidered that the disaster defence works were different in each region.

7) It was estimated for suitable method of torrential control works in volcanic area to
set the low cross dikes on the gully in series, because such method exclude the local concen-
tration of running water and accelarate the dispersion and the decreasion of transportational
energy.

8) The efects of land transformation works on terraced hills appear directly at the circum
ference of that place and such works accelarate the occurrence of slope failures and the increas-
ing of disasters. Therefore, it is necessary to lead the running water which is supplied on
the terrace toward the downstream safely. And the systematic drainage works must be con-
sidered after grasping the water path from terraced hills to cliff to lowland and to sea.

9) It is clear that there is a limit to prevent disaster by only hard method using engineer-
ing structures, when the front of urban area is close to the cliff. And it is discussed that
the best way to exhibit the effect of the engineering works is to set the bufferzone as green
belt at the foot of slope in reasonable width.

10) 1t is concluded that in future disaster defence plans must not be taken the hard
way of restoration works which accompany huge engineering works and their concentration
but be taken the soft way of prevention works which increase the registance to disaster by
securing the bufferzone beforhand.



