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Probability Model of Mass Transport and Green’s Function of Landform Change
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Abstract

Any kind of down-slope movement of earth material brings landform change,
and transportation from the source and diffusion (scattering) of the debris are
essential features of the movement. Debris thickness is often approximated by a
normal distribution with ¢ and 4 . It is possible to introduce Green’s function with
the transport distance x = bt and with the degree of scattering given by ¢ = 2at
for unit mass from the point source at x = & . The function is a singular solution of
the landform equation with subduing coefficient @ and recessional coefficient b.

Normal distribution is an approximation by continuous function to binomial
distribution resulted from #u-trials with the probability » to move over unit distance
Ax of dislocation. Binomial distribution as a probability model shows accumulation
range over finite distance unlike the normal distribution extending infinitely. The
parameters included in the probability model were determined for debris
distributions by the gigantic landslides at Mt. Ontake in 1984 and Mt. St. Helens in
1980 where debris thicknesses are known, assuming reasonably that p = 0.5. Unit
dislocation Ax is larger at Mt. St. Helens than in Mt. Ontake presumably affected
by the length of straight channel segment in which debris flowed down.

Statistical point of view on frequency and magnitude of landslides is necessary
to evaluate the coefficients in geologic time scale. Dependence of the coefficient of
equivalent friction on debris volume concerns the parameters contained in the
probability model. It is possible to explain the dependence under the assumption that
terminal point of debris is situated at x + k o , and that the angle referring the
head from the center of debris is constant.

Investigation on more cases is appreciated to overcome some problems which
are still open in the present investigation.

Key words: mass transport, probability model, Green’s function, gigantic

landslide, coefficient of equivalent friction
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WL, HEWEOBEICL - THI A, L ICHB Y PHEREIIREINLE
WHETAL—T AV MeBlE LTELLE, THEIMGEEIrOWES—EERBE L,
ERREESE (B LooHRE L THRELLE 32507, o URTORESSAE, 3
BEIEMASERIE . TH Y, SHOREIEERE THD L) %, ERSHTOENT 2
TENTEL., LCKBEELZDOTIE, BLoMBRISMAIRRICS LDV TINLD/NT
A= DEFHAIENTE S,

COYI)EHMELOTHRBHHL N LT, tHBEO Y — ¥ E# (Hirano,
2001) VI BFMLEAIOEERRAL LR THS. 7)) — VEARIEIRT ¥
A NVRBICBWTEET, ARZT 75X BHE) FERIOT L T—EDERETOD
Y OHMEND L THREERT L. L LEE, 777 ARBRADANOREMS
BAIZLEHTE S (Carslaw and Jaeger, 1959). L7:25oC, #ERDH 5 —HITHFLET
BEMHEIZOWT, FROBESHSIHE L TELLHBELD ) — Y EEEER S
ZENTESL, Wz, LEBENC L 2BEALOMER, B5 f%y/ww%k
B AHTT L 2 b EAN R THBBHOBEOBHETHY, TAVREDRATICS
LD TOVATLIIRRAENV)ZLTHA.

COYIBEZIICDEDVWTHRANEZ DO TEWBEHHZEIREL, 207 —
VEBICOWTERY L, FRIOIET AR LE R T 2 RS HFENICOWTE
25, COMEE, ITHEBBOBEEFVICEREL, TRIITAL—TAY MNIBITLE
MEEEEREC DR T 5. FRICKBEZ BRI LTI, ThHDETVIIBIT 2 /Y
5 X — ¥ DPRENTRETH L. ZOHIZOWT, Y bAL Y XKINEHERNOSGE %
HHl L LTERT 5.

AROPZIL, 2001 45 8 BOEE (FIKZFE) 1281F 5 IGU B & U8 2002 4 3 H DR
(EBRF) 2B 5 JGU IZBWTREL:.

2. IMBEOT Y - CER

TRBEESRIE, Ho5—EIHEET AENEDTICER LIGE, Tho 2Rz
FRE Loo—EEZ T IH (58 TAHHETH L, Lo THER c=0) 2B
LBELWE FE) %D,k L, BEE®%Z 4 C, WHOBEL 0 T, ThERHHDT
L, REOESSAISIERDA,

N(u,0)= \/—ZI;O' exp{- (xZ—az) Ia (1)

\ZEH D, ZH#ITT,
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D(x)=

D, . (xu) (1)
Tore P

TEUTESLTHA) (Figl). 22T, BENCEL-BM#EALT

Vat =0, bt=u (2a, b)
t¥ak, (1) & sty
D x—bt
D(x)=—2—exp{—
(x) 2\Jart exp 4at
b, ZZThHWRBEHERE, o ZUWHFEET, #AFIL'T 'L L2T 'OXTT2#HD.
VI T TH A IRREMLI N IRTHIEE T VT, BEIAWTHL x 8L ERT 2
Yy HENCDIEEHA BB L X, (3) o (x—bt)® 2621E & —bt)*+y* TEEH
ZBVEND 5. '
EERE ECHHLEMNTE D,=1) LTI, B

} (3)

%:E%;am—gig}a4 (4)
eEZHILILLY, TWBBHARORENFHEDODLTI LN TESL, TITIHIR
TDBEEIx=EIlHLHNBEOWEIER t OO LITRT A (4) TRELShTY
T, E=0LFTNITEADNFITHAIZLEZERTAHILT, 2 (3) 12— T 5.
D (4) ZEREFCOBEREGVFEUTHLEED ) -V BRTHS. 72751, &
OTHVHEETEI 2RAEOCIHEEHRR L RPN 2 MBLILTIE, U7 — B
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Fig. 1. Schematic presentation of essential feature of mass transport. Debris
thickness - distribution is approximated by a normal distribution, where the
transport distance is given by x = bf, and the degree of scattering (diffusion) by
o =2at .

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

382 B B %

bOL LTHRBaBL D TRENLIBEBLIUVLHOERENEL B EZOLNS,
ZHOZ L, DHLIZED TEANAEBRBOFTMORMEICEDLS.

3. wHAERX L DER

0L ERENRERE OO 7)) — VBIIHIET A RES FERICOVWTER L. B
EEFREALRLBEGTERN OB TER L &, B

_ 1 _(x—é)2 5
v, 2\/‘;Jexp{ o } (5)
FEEE R T R iEos R
w_,0 (6)
ot ox’

T BIEFEOT) - YEABTHY, FRIIEREERICH TS 1IRTOSEEDERE
(point source) DFFE%5 2 5. R (6) (I Culling (1960) 12X » THIFELOFHIZH
Wb iz,

ZoRIAF LT

b’ -b
= t ;. d=—, f=—, (7a, b, c)
v=uexplat+ fx}; « " B 5
ELTERERTE, (6) i
M _,0n o (8)
ot ot ox

b, —H, (5) WBWTxkhx— bt CEXMZDLZZHIZ (4) PEOLND. &
v, (4) 1I2BnTh=08L7d0d (5) TH5H. Thbb, R (4) ik (8)
I T AIREN ) — v BETH Y, (8) 3 H#ER (Hirano, 1968) €D HDTH
5. wEFBERONE,r O, X (8) FHILE 25 THBEHHEROKEMNLRRIZLS
WAL (AHTF— - KF oy W THLEEu OFEL) ORI VHE LRI T 2
ZrErRLT.
EEROBBIZBWTIE, s EICBW Ty =—0c » 5y =+ooF THEIEMRNIZHA
L, ZO5KNRt=01CBWTHHEESf ) KXoTHERZONS., L72AoT, ZDY
EOEE u DELIZ, B
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Fig. 2. Fundamental solution of the landform equation, where the successive re-
treat and subduing of a vertical cliff with time have been shown. Numerals by the
curves give time after the initial instantaneous uplift.

1 °F (x—bt—¢)
T | f et e (9)

u(x,t)=

THRZON, INPLEEOKMICBIA2ERu OS5 LR, Thbb (8)
D—RfFED (9) THAH. DX (8) LTI, FhEERXMEICH TITD THER
ST EATHIENTEL L (Hirano, 1975), RICOIEREFBERKD AL I L P T
% % (Hirano, 1976).

ELWCx =0 CFETIE u, DEELZEIFLT (9) 13

_u, ¢ (x—bt—¢&)’
b)=—20 —= — >1)de. ’
u(nt)=o = J exp{—=— ———}d¢ (97)
LB, TOMIEELEDORBEEELERT (Fig 2). BERRETEVT (9) &
u(xt) 1 x—bt .,
", _2{1+edzv6i} (97)

L %R, HERFIRMETIIE u/u, 2 Fig. 3IRT L) ICEBRTREN, p=btk o=
V2at ZRDBHZLNTE S,

4, ZEAHETFT IV EDOHRIS

CCTHMRBIZE L TELAVEDORMER, BLHOBERSALERES (1) 5
Wik (1), FRRIhsLE%ED (3) TEUMLZEE, THOSH—coh s + 0|2
HA2LWIHIHTHAD., HECRELTHBEBIRIZE 25113, REEISEICTHIC
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EROHPIZO,- o THATHDT, TRIIVEDOFEEELED. b9 —2DFEHTN
EHIZ, (2a, b) WWRENE I, BEEBIOIHESL (8) &IN5 a, b D
B —EDICERYPH LI ETHD. T4bb, (2a, b) ORIt 2HETS L,

2a
b

o
7 (10)
Y5,

L CBERO LB OSHEA — o b ool H S L\ ) BIBIE, RS ES
FOEFREMIC L AEMNTHA EHE2HZ L THIRTE S, Hirano (2003) #%&& L Cw
X9, HBrx=0lHETAHEMTEDN, BEHEE) T AT v TEITBETL L &,
BAL ATy AT 2 BENEEEY Ax & LT, Zh0HAxy =7 Ax [CHFFET ARERIT,
=Ll

P(nr)=,C.p"(1-p)" ", (11)
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Fig. 3. Fundamental solution of landform equation shown on probability paper. It is
possible here to obtain x = bt and o = J2at based on the distances from the
original position of such vertical cliff as fault scarp.
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CHEAONE. TS Plar)=1.0Ths. BEECEILHEOER WETIRI
B) # D, +hiE, proERIL

D(x)=D,P(nr)=D, C.p"(1-p)"", x=ri (3%

THzoN5,
EZp=0.5ThHbL X,

P.(n,r)=,C,1", 11)

THARIAHRE 2 5. BEIHER) OMEHN 0.5 EE L B o TMEWE EIZIE, 1D
SANIIERFRE L B, FNERT YV V5%

B(nr)=S 0] ar)
THEMTZZEPTRETH L. Flzp OKRERMEICHLTE, X 117) @ P, (n,r) (xf
LTpiq(=1—p) T,rxn—rT, FREFNEIWZ Ty 2T IEI V. AL
DEIHANEL CHBHEZ R CBEEIITp OFEICZ OFEPLEE 2 5. X5 MR
RBEL LT =0THNE, HIZIEEALEHITEMBICE ST, 25 (HHEICE
NEHPELZBEOHMBEICLLEERLTHA). T/2p =10 LTI, FzIXE
ARCBVWTET L7y 7B LALENRL LR EFIGETARREEZZNIZL
V., ZOX)ICHEEETTVICD LOTIE, TWBEBRROBEEE D, n, Ax W)tk
RipB185 2~ 5 CERWICEEBRTE 2, |

ERAIBT B EHME p LIEERE 0 1I2d 72581, ZHSFIIBWTE (1) o6
THHMNBEIEE Ax 2ZBICANT,

p=npax, o=[np(1-p)ax (12a, b)

Yieh. mp b (-7 DBMRI Fig. ACRTHD T, uBKECRBE 0 bRE BB,
THAMRETIVIIBWTC u & o DBFRIX, (123, b) 225EHN D

o
77—(1—p)Ax (12¢)
THz 6N, ThiF (10) IHIBLTWS, EHRSA TELEK 2 B+ 454 H5A 3k 13 15
THIHE) DD THB%0IE, COL) % ult s DEARIBEEIIAELLITHS). —fi
12, T TEMEINZIBEHTREHT 2. BEOIDBEESICB VT I ORI
MoTWahE) M, ZHGMETNVORLYE LT 27200V ONEESE LD,
FASEIR I ERB AT A L RICOVTIE, #Ex=E ICBVWTEARS (£) 2"526h
TWREEZNETRV. FROFRE- LY L L, BLoFHIE
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Q(n»xfzzifff)HCLP'(L—PYF" r=(x—¢)/ Ax (13a, b)

THERALONE. LIzo T, ZHGAZERTATELL TEREZRIETHL DT L,
(9) ITAHLT 5

Q(x)=—— ffff )exp{— g__:i_ﬁﬂ_

1dg, (14)
BEY LD, 1272 LTI T, #ZT/7&n#%ﬁﬁ®u EDLT DN REIMET AT
BYEICOVTIE, AP EOSA P ORIETEZRED S DTHIHEI D aD, 4
BOBEL LTHKA. 72, #Emiom 2R T RIEEOIBSHMEN R T oMmIZ5 2 5 28
WKOWTHETORBIILEE LA,

AT 2TV EERNLRETIVICE TS L0 L LT, BBE,LO THOERKXEIC
bl EBOBLEOSHI L CIREREFVE LTCOZESAR L VHEHERVES
TN TEDL., ENEHIICE S 2, R T A2 EMS FREX & FILoT
B72DITIE, BIHA —oopb +ollb/le ARRA LR VB 25 mEE e LTIER
D EEZ, FRLEFRSEOL O THBENTISTAILZEDN ) — VB LTEATH
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Fig. 4. Relationship between #mp= u/Ax and np(1-p) = o/Ax in binomial
distribution. Numerals beside curves give the probability p.
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5. EXHENDEH

0L BT - VEBOELZ, BECBOTRET AENNE ERBHBSIER
THIENTEL, ZITRIEMEFNVEDORBEVWIBEDIS, BETHBOHERZR
EALCHAORTVE LY PAL Y XKIIDEB R h (1980 £%4) LHEmHA (1984
ﬁ%&)twazo®$%K&Tubé.wfﬂ@%ﬁﬂ%%i@iﬁ@@$%ﬁ?t,
1RTLEOBETIHTEBTES LEL SN, FHMCENTE L =27 BRI DO LN
b, FnTRICBWTY, REOBED 3 AkTHC/El% SEgd 2 Wizt AV F—I2
BMLTHERDYD LD, ENLIZOVTIISHOREL LI I TIIEMMLERTIT) .
5.1. HEREN . o

HERNICHE D LRBENC L ZARDOZEEIZDOWT, Fig. 50 A IZ BRI (BEIZ»,
1985) %, BIZTFi# (Hirano, 2003) %, #NFIRY. 72771, LRI HhEEH
2L, TURERIZY 25,000 #HIERK 26 ORI EFHHIIIC L 5. Zhicd &L DOWTHLOHRE
KnxRe$+ 2L, ERSHFTEUTEL 2200 -2 3% 5. Fig. 5A O EHREOEL
JINZoWTid o = 0.5km, =7 km, D,=65m T, T (E@I) IowCido =
1.0km, z=10km, D,=100m T, ZhZN%2EMTE S (Table 1). BTOBEIZE
U723t = 266.2 ~ 355.3sec TH B DT (BEIIH, 1985), a = o Y2t = 469.9 ~
351.8 m¥sec = 1.48 ~ 1.11 X 10°m’/year, b =/t = 26.3 ~ 19.7 m/sec = 8.3 ~ 6.22
X 10°miyear & % 5. 7272 Ll FRBI I MO S HRADRR Ll SO
HoT, THRBOE =27 2oV TRATIRBOKRNNSGHECHR THAYELOLTEE
2> Tofm L, CORREEFELZSPLETHHROPLEIERNIOFKRSIZHS.
5.2 > kAL X

) —2DBIL LT, £V IAL Y AKILOBEKIZHED BB ERIZOWT, Voight et
al. (1981) 12 DV THENEDE S iz kw5 L Fig. 6L % 5. BLOESHHIL

Table 1. Estimated parameters for Ontake and St. Helens in relation to probability
model with p=0.5.

Case p o D« olp  re(=np) Ayx
Ontake U 7 km 0.5km 65m 0.071 9%  0.071km
D 10 km 1.0km 100m 0.10 . 50 0.20 km
St. Helens 1 (7.4km)  (1.Okm)  (140km) (0.14) (28)  (1.13km)
2 13.4 km 2.2km  500m 0.164 19 0.35 km
3 19.7 km 2.8km 560 m 0.142 25  0.39km
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32D E—7ERTH, THRHEBLUHRFOERSATHEUTESL 200 —71TxFL
T, p,=19.7km, ¢,=2.8km, D,,=0.56km B X U p,=13.4km, o,=2.2km,
D.,=0.50km & 7% % (Table 1).

B EREORERIGEVELOSH IS L TE, E—0ERSM I L 5 EMUIART i
T, BHRHICOATIEEPOBINESHEEZDLENH L. LITu=0D%K4
b=0,L7HA), —x2,<x<x,X0HTHEE D, DHRHIEFITILT 5 AL % IEEL
DRI "

X+X X—X
0 _erf 0

R (15)

THz2b6N5 (Fig. 7). L7255 T Dy, x4 6 NP HRD, p 35HDOH LD 5 FIE

D(x)= %(erf

Change in Altitude of River Beds

50
N Nigorizawa V. ( A )
20 N
[ - e T e o
—0 N 2 n LK T PR LA, N . 5\)‘/ &\
L . ' (/-\/—/\]\/- \/\,J\/\/\ 6\0Q,Q’ :"\z 3
-20t  Profiles of River Beds (Talweg) Denjogawa V. 0 7@
2000 S Heooo
® Cast margin of Flowing 0 £° /. -~
Debris mass e 8 - E
L . jowed Ridg = vatiey ~
O West margin of Flowing overf ]
Debris mass i
- s aad -
1500 Foll — River bed before 1500 %
the debris avalanche] 2
-—-- River bed ofter =
---------------- ‘Nigorizawa before the eq, the debris avalanche. <\[
................ Confluence of Denjogowa V. and Nigorizawa V.
10COE . - . : . ; ; 1000
(¢] ! 2 3 4 5 6 7 8 9km
Yana, . .
gase Horizontal Distance (km)
3 50
bl Ohtakigawa R. ( B )
I
o 20
Q,
L
~ 1 1
Yanagase
= 2 Ohtakigawa R. ~1000
E 1000 F——————mmmmmeeeee
3 —— River-bed before
§ ----- River-bed after
: 1 1 1 L 1 1 1 1 500
< 500 0 I P 3 4 5 6 7 8km

Horizontal Distamce (km)

Fig. 5. Distribution of the debris thickness by the 1984 Ontake landslide, where A
for upstream portion was simplified after Okuda et al. (1985), and B for
downstream portion by morphometry from 1/25000 topographic maps. Debris
thickness is approximated by normal distributions shown by broken lines.
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EWOhE, x,=3.2km, Dy=140m T, x,=7.4km, ¢,=1.0km &% 5. BIRED
REWCHETS22,=6.4km 3P LKRETESLL, BLIIKIFEETORRIIEOD -
THRTREBIZOMFITRECERL TS LWV ) HEXD 5.
5.3. /¥T 4 — 2 O

THEAHEFIVIIBWTIE, ST A—Fidp, Ax, n THAH. FOKRLLTELLH
TOG5HHS 0 L uHETBD, EFNEERTHIOONTA—FiEo b u EI0o
BRELZWV, LAL, BLOSHITT Lo L p Dl

9’_= Jﬂp(l—p)

7 np 16)

X Ax R CETE D, Lztso T, ud(1-0) &k mp DBIFRERTRO LI 4 & 0 DI
P L-EX2RTEBREZ 70y FT52EI2ED, p P52 o TwWIEERIIS
FTHHMBEDKR AL np DEXRDDLZLDTE S (Fig. 4). T THidpLORKELE
BMEL Ly P p=p/L ¥ LTEBHICRET S, L HERLOBE, ZhE

—150m
-100

—-50

1=
© -

25 km 20 15 10

T v T v T ' T T T T T
30 km 25 20 15 10 5

T T T v T T T v T T T
25 ka 20 10 5 0

Fig. 6. Distribution of the debris thickness by the 1980 Mt. St. Helens rock avalanche
composed after Voight et al. (1981). Debris thickness is approximated by normal
distributions and analogous distribution.

O e

Fig. 7. Debris distribution supplied from simple continuous source. Rectangular shape
gives the continuous source, and the distribution patterns change with ¢ values.
The case of x =0 has been shown for simplicity.
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BETATHOHMLIOERIARELSH I km FHROEEHIGEL TWAE. ZOHSITHHE
B 5K 18km THIZHH DT, FICTHBOERGAIF L TIp=0.56 2352 Ld
ATRETII WS, BB RS TRTUH LTEREFNL 2D 5 O35 L,

—MRICIER AT TP T & B 2B OB L CEUMIZp = 0.5 &2 5%
i, o/p G5 2AEMREP=0.51I0T MBORENHnp ZRKDEZ LN TET,
p=0.5WTBHAT Y T#n, Lo CHMBEEEArIKTS, SXiZLEn4o
DEFNIBWTIE, AR IEBIIHHHTIERSA CEUTEE05, pld0.51Ew & #
EENL, ZOLE, Fig 4I2dbE00nTINSD/ST A =% T Table 1O X H1kT 5.

CORRIZBVT, £V PAL Y ZKIDBEIZL SRTHEBNOBEAICIE, BB
B Ax 2N S, R EORETEHAEL < & — MVINOKTEZEFE CERB TH
BS, TOL) R TREOENFKML TWATEEMELH L, £V PAL Y XTIdK
FKOBRIZ L VRBIBORE VY EE Lo W) BEELDH L. EHIC2DIHBLT
EREICHER LB EBIT & Ax AV S WA, T T 5P EICERET 2 BE% W
720 Ax BN EL o T ATREM L H B, 727 LVTFROEFIIBVTD, BHIZRT
W ICBWCHANEIET 5 L, 3KRTHICHY k) LEOH 5 IR S JEHICED
LN, INHIZOVTIANFTF - EEFHIMELR L, SRORFTREI K> TW»
5.

6. REABOFM

BEOFEFIZBNTIE, EIHERNICBWTHATOBBHEEN G I hTnT, %
naskD72 (8) DBERED a R b AT TIZARRLL ) ITHBOTKREW, £ bAL
YAIZBWTE, FnHIIIEIIRRAEEOHELFE DO LEEENS. TRLDEIZ, Bz
WA LT (8) %@ LHEEHI TR O NEIZHRT, HIHEFRITKE R
ETHs. Thbh, HEROWMBEDOFMTHONIZ x & 013, Table 21TRT &9 122
NZEN10°~10°m D4 —5—Tdh Y (FE, 1967 ; Hirano, 1972 72 &), W& EDEE
RIZOWTIIHBEE D Y 4 Th EERTREENE 4 — ¥ — ol EorE T Em
TH»H)05, TN EHBIIB I o HETH NN D 5 VIIEEEBMICEZ -
7234 (CEEF, 1969) THN, 10°4EDNF—F—LEZZ TKBEVWEEbLNE, ZHL X
b=0.1~1 mm/year, @ =0.005~ 0.5m’/year BFE & % 5

I TORKOMER, BEICBVWTIRET LA IHBEHHS L, ThezEILTAON
BEBICO ML SR O NDBHOMEL, RE(RRLILETHE. TORHIT
MLTE, F075y viEde 2t il 3 2R ORB OB v THERD
WHeTH - T, BN HHBEICHST 288 ME b2 777 VEENIBITAE4 D
STOBENEEYL, FROBEINIERII L TREL 7 OREED 5 WVITBERE
FE—TiE 2w, HERNIIOWTERDO SN TV AEIZRTOESHTDL DT, FLidE
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EERPHETREL, DLVERELHOBRKZIIBIRAESNSGTHA ). Lizht> TEKIH
ZEEIIN L TROMEE BHIICELT 2L ENH D DI T, IhbDEDFHEIZE
L Cid Hirano (2001) 28 L T A X ) RN REIDVLEL LS.
BIEICBWTRE L TBEHOEFICESVTENN 2 BEELORELERT 5%
B2, TRORHETTERLVEDODTWBE AN MeEZ, TRICELIZKRES 5V
BZFOBRICBIIAEEZDODINTIELRL, ZOL) 2EFFRCEBOSVWIZIZEDH
FICMEIRET L E2EZT, MENTFEHEROILENHLTHA). TORICEL
T, TR L L COMTRY) H5VIEHEIRD 5 REDORRHEEDSHATICHIET %
DT, FNILHEDVTERIMICDLFEELILBHIIROLLENHH,. LT,
R RERES 2 VIEREIREE 2 5.

HAFIBICBWTREDH 130 EM2 £ L L, HERNOBRED DL DL, 1888 F£ DK
BILOgE L 1911 FOBMILOREIL, KEBEREFSE L T 5 1889 £ HEIKE
AMACTAEBEEL LRSS, T, HERLORERSOERKIZ AA = 0.65km*T, HE
FIBDOHERKA = 37 X 10°km*12 { HNTHEELFIIY/ (1.4 X 10°) T, #3400 X 10'm’
(El, 1984) \ZXfd 5 BT AA 47-0) OFHBIERIID=52m & %5, ThzeHAE
FIBAE CEERI AR TREICHET S L, du=1.7X10 m/year TH 5. NI
o L CRIIAROFEHEEZEEL, (8) 2BV Ta=0& L THLNLHME

D5 b REPIIRDO S ZEDTE L. FITPYAEL 0.3 (PYEMMA 16.3 %) & LTK
¥72b DX 5.6 X 10 "mm/year T, WEED O ROZZEMHILMEIIBANTH2 Y /HEL
b, FHHARZRECWS &, BRXSHIZETNECRS.

7z, EROBEHICBNTHERNHENICOAEHIIORL TRAMDLDTIIER
Wb, FOHbER L L, HRELEBICTFHRERIIINI DRI 2HTRREND

Table 2. Parameters for some fault scarps and the Ontake landslide.

Loc. o (km) o (km) t a (= Y28 b (= u/t)
Rokko (1) 0.22~0.21 0.36 ~0.27 (10°years) 0.065 ~ 0.036 0.22
Rokko (2) 0.37 ~0.38 0.64 ~0.48 (10%years) 0.21 ~0.12 0.38
Hira 1.09 ~1.14 0.55 ~ 0.64 (10°years) 0.15~0.21 1.09~1.14
Ontake-1 7 0.5 266 ~ 355 sec 1.48 ~ 1.11X10" 8.3 ~ 6.2X10"
Ontake—2 10 1 (308 ~ 380sec) 4.15~3.11X 10° (8.3 ~ 6.2X10")

(@ in m%year, b in mm/year)
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H. F7, TROBBORBREES M (CFE - K&, 1989) 2bZEx5%5, ZOLI %K
B D 5 VIZEKAEDOIZNIC, LV EBEIHEICRBE L TCWA/MEELZLDIC L 288
THIZOWTHERZLENH L. ZORHAIIEb DEHFEHIZKRELLRBEH, WTFhiZ
FEIDL) LHENFMIPVLETHLILEZRLTWVA, Lo T, BEVEREIICHT:
% (8) DEFICLLIMILEILE V) L EITIE, HLOBERICBITSaRbDETIEIR L,
RHIBTII BT B AR EFERESHICD L O EHEIPLETH L LM SN 5,

7. BRI T L SMERFRE

R (ZIHDA) ET7VIE, HMEERRICEE T 2B R CEERRT . SMEE
R, BEOBERTHEH ERRFEHERL AV Ty, =H/LTEZ5N050, Bto
BREPREL GHIEBEFNINISLRS (Hsil, 197542 8) 2o Twh, F0H
& LTHEF (2002) 2SERICEF LD TWEL I NIV ODDEZNHHH, FOHBEOD
& D3 Davies (1982) 12X 2t oa8 (HE) TH 5.

Davies (1982) (&, 8K L7200 L 25 BTESSOTES % BA T

¢’:tan“ (H/Lc) (18)

PEIZ—ETHDEREL (Fig. 8). 512, BEIIBIFARBEL LHEBEIZOW
T, BIDIEEY L EEEV OHWIZIITER
L,=9.98V%% HAWi3EMMIZ L,=10V" (19)

DY) DD T (Davies, 1982), OG5 EAMERFICILBIT 5 2 L2 & o THRERI RS
HTX 5.
& 512 Fig. 8IZBWTH T O M#EF O L, 120 U TRARERREL, I
L=L,+L,

THE2bN5b, L2oT, —EfEx LA

le— Lo—= I
= Lcu —=>| 9___ kg
NG| P
\\\ \f * L / /2
RN L
H \ \\' i
[

Fig. 8. Geometry of debris transportation and scattering by landslide. Modified after
Davies (1982).
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tan¢, :E:—H__
| L. LA05L,

A L TRORELERAEL,

H
=—1_+05L, 20
ang (20)

t

TE5 2605, BMEEFVTE—HKICL,=0:E20N5,
SRRSO BRBERRICER LT, RARFZEMEL ICOWVTHERET VT 2 DO
MFLHEN T RETH . FDOVE DI '

L=n Ax (21a)

ETBINT, THIRERMICTREA RS R RIERHELEL LI L2 ERT 5.
b OEDIT

L=pu+ko (21b)

E3250C, RTOWESTRELRELNIEERED —EFOBRITHELEZDLD

DTHA.
H1OBAEICE, ROELHBLABGZHLIORLEERLLL=p=npAxTH5s
DT,
50k ' Skm i /, ) ;
( A) P - ( B ) Q’O | 4
Il // '\F’ /
g 9 %’ L I/
20 2 ® o X
”/ % /
- ) / /
-~ ™ e e 1 (%
(2 -~ ‘2&\' //’ /, —TQ) //
10 o X — / >/
- - ( - 0.5 Vi SNy X
o7l e @~ /O SY
// //’ / /
5 s / /
- /
- 0.2 A 7
/
, /
20 50 100 200 500 1000m 01y 2 5 10 20  50km
Dy u

Fig. 9. Relationship between source magnitude D, and transport distance p in A, and
scattering (diffusion) and transport distance in B, both for Mt. Ontake and Mt. St.

Helens.
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f%zpwnw (22a)
e h. TNIHEMBEAEAHEE BT L L 2E®RT 5. BHEICE, BEEHRO
NEVEEFRICBWTUIZDRHEHICKEVAEDPEF L TEROBIEEED p 25K E VIR
WeRy &, FMBEBREROREVHTNY) OLEAITRBEICKED LI E-> T\ T
PINSVIBEDGHING — VR RT e, #F2DE, Beb 702285 AxDfE
DMEIFRL DD, 51 OFMEEILTLOIRYTIEZVOLS Lk,
82 0OBAIZIX

H  tang’

L 1+tko/u

t

(22b)

b, COGEIHo/p PEBEL LOITHRT LS, REIREFHETEXS, 11
BEIOKEI I RTOBEEID, THEAONE, XY bAL Y X LHERNCBITA D, L
p DRRIE Fig. 9D AITRENTWAE DS, pidD,D1/2FIITTHHIL THENL TV 5,
EHIZFg 9DBITRT LI, ol pu DIRIT2HFIIHBAL TS, LA, Ha/u
B p CHBILTHEMTA2Z LI %5DT, o/ p (IHEDOL/2RICHHFIL CTHINT 5. 20
KR, D, OBEME IR p EEIT B 05F 0L LI o EINL, kANTIZT—ETHIITTHE
RETVIIBWTHEMBEABPFRBEREL LIICEPTE2ILERT. 2o kid
L% b2ke BPMERICHBITH I L2 ERL, BFR (19) ISHIET 5. 72 Lu ko
DRI (10) H2 Wik (12¢) LIBIPICZ LR B, REFVIZETND Ax ¥
oD /3T 2 — & OFEREHORED 2O AICIZEET 5.

Z D & 92 Davies (1982) OV ) Mif—E L) B (18) % AIIRICL T2 2 CIdMES
L7z, COERBFRTWBEFHRIIBITE2NIFNS 5 WILEE¥NLAITHE 22TV HE
ERF VA NBIIBITATBBEO ) — VEBEOLRCEESTH L. Wz
ZO&ME, BEOBELERICESTART YU v VIBEOREE (BICEE) 12onT,
TR - EBEWFHHI VDRI EZ 5NE L v ) IRARMEIC O RS,

8. T EMER

HEEOFE T HNOBE S HILEALE b 725345, HGIED S O T oRE) &
DEDEFOEARWFH TH A, HLOEI DML, BEIENFIIME e, IHEHIERER
2o THAERPMTLILITAMUTE 5.

COE) BHLSHORHITHIE ST, REEFx =8 1lbbL L&D, u=
bt, 0 =2ut THBLEDY) —HARZEATLILIPTRTH S, ZOMBUIEIRE
FTHEAEME 2R, WEIRILRE e & &BRED 2 b OMBHERRNOERTH 5.
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L72HoT, BEART Vv VIBIIBITHHEILE 2 5 THBEHRFZOBIHNES, BHIC
bl b RAH R ELEZ D0 FT L ERLABENTH S,

EHSAIE, BB Ax, BEIHEENp THD L X, n BOFTOKEITT S
THESROERBEECEUTH L. ZOBEI, BEOTFHBEEE  SREC 2B LHT
DHHEEGZD 0 bREL LD EN), 6 & u D—FOXICERVEL 5%, TBE
BEHETENEI RIS,

WERETFNVIIBIT AT A—%1%, REOFHOFMP D> T 5 1980 F£D+ >~ b
AL VX 1984 FEOME DO RBIERIB I LT, REOESFAONFMEIICD L onTh
=0.5 L TNITHRETRETH 5. ROHEMNBHERE Ax 3L PAL VXXV HEDOK
ANEL, SHITHAERICEVEEICO/NE VD, ZRERRTI—-RADOHFICBITAHELE
ZHERBORE, HHVIIRETHOMEHREOHEE, 2L KL TV LEES
na,

HEH Y A LR —VICBI A a & b OFMICIE, BEORELRBEHEICIOVT
OFEFTHBELDLETH L, T TEYHITERAZTIrOEET S L, HERNIZBIT
HERMBEORHNREI L THESNELIZEL BRI PR VOFEIEL S
A, EHHEFICBITABEERE L v 7 O MBEEEE IR 2> T0RTOIBERL LRV
L, THEBHHARICBIT 2HRFEESFE2ER L OO 5 IE L 0FF 2 RETHITSRR
SNBHTREETH 5.

BRI DV THRHE SN TV 5 FMBEER RO ARRBIRF IR, BLOWE» y +ko
DHREIZHEZEBITRHTOFLLLABOERTE COAAP—ETH S I LERET
T, EETFNVIEINS NG A—F CHEDITCHHATE S, LELIDHIIDOVT
b, TTTHWZ220FFLT %L, E5ZELDEMIOVTRET LI LBDFS
nas.

51 B X &

Carslaw, H. S. and Jaeger, J. C. (1959) Conduction of Heat in Solid (2nd ed.): Oxford Univ. Press,
510 p.

Culling, W. E. H (1960) Analytical theory of erosion: Jour. Geol., 68, 336-344.

Davies, T. R. (1982) Spreading of rock avalanche debris by mechanical fluidization: Rock Mechanics,

15, 9-24.

FEEZ (1967) Wi EOMEH & 2O ROMMN - P Lt E6 L LT~ : #EkEE, 21-3,
11-21.

Hirano, M. (1968): A mathematical model of slope development: Jour. Geosci. Osaka City Univ., 11,
13-52.

FEEZ (1969) FEILMBOFER & ik E8) | HEFEME 5 (F125), 615-627.

Hirano, M. (1972) Quantitative morphometry of fault scarp with reference to the Hira Mountains,
Central Japan: Japan. Jour. Geol. Geogr., XLII (Nos. 1-4), 85-100.

Hirano, M. (1975) Simulation of developmental process of interfluvial slopes with reference to
graded form: Jour. Geol., 83, 113-123.

Hirano, M. (1976) Mathematical model and the concept of equilibrium in connection with slope

NI | -El ectronic Library Service



The Japanese Geonor phol ogi cal Uni on

396 ¥ OB B %

shear ratio: Z. Geomorph., Suppl. Bd. 25, 50-71.

Hirano, M. (2001) Green’s function of mass transport and the landform equation: Spec. Publ.
Geogr. Inform. Sys. Assoc., 1 (DEM’s and Geomorphology), 10-11.

Hirano, M. (2003) Probability model of the landmass transport and deposition with application to
gigantic debris flow: KPRV KFEKZERE CFEMFEFLE (ACHFZE), 54-3, 13-29.

FEFER - KFEEMHE (1989) THBEIRRICB T A2HE - FES AT L FOBPFENER | W,
10, 95-111. ,

Hsii, K. J. (1975) Catastrophic debris streams generated by rockfall: Bull. Geol. Soc. Amer., 86, 129-
140.

ERIEF (1984) EBFEFHRBEIC L 2 KERR © W8, 4055, 22-28.

AR - Bk - WEH i - MILET - FEEE (1985) 1984 FEEILIEE 2 Z N ORBIIRK D
BT L MBEREICE T 5 E 8 | KBRS, 28 (B-1), 491-504.

HEh i (2002) HITRYBEIMAROEEE L FOMNME T R) LHEE (BH ZKEE, H4F
B, p.238 +iv.), 78-92.

Voight, B., Glicken,H., Janda, R. J. and Douglass, P M. (1981) Catastrophic rockslide avalanche of
May 18: US. Geol. Survey, Prof. Paper 1250 (The Eruption of Mount St. Helens, Washington, P.
W. Lipman and D. R. Mullineaux; Eds., 844 p), 347-377.

NI | -El ectronic Library Service



