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Landslides and Lahars Triggered by the Rainstorm of June 29, 2001,

at Aso Volcano, Southwestern Japan

Yasuo MivaBucHI'*, Hiromu DAIMARU' and Yoichi KOMATSU®

Abstract

The 29 June 2001 rainstorm (total 238 mm; maximum hourly rainfall 98 mm)
triggered more than 700 landslides and associated lahars at Aso Volcano, central
Kyushu, SW Japan. Most of the landslides were concentrated in a 20-km® area that
includes the northeastern slope of post-caldera central cones, the northern slope of
Nekodake Volcano and the eastern caldera wall. We mapped landslides triggered by
the storm using field observations and 1 :20,000-scale aerial photography provided
by the Kumamoto District Forest Office taken in December 2001. Most of the
triggered landslides were shallow (about 1 m thick) soil slips in unconsolidated airfall
tephra layers overlying lava flows and pyroclastic rocks. Average volume of the
landslides was 550 m® but some had volumes exceeding 10,000 m® The rupture
surfaces of most landslides were formed near the boundary between upper blackish
and lower brownish tephra layers. These layers have differences in permeability,
grain size and soil hardness. Most landslides mobilized completely into lahars,
traveling a few kilometers along stream channels. Although some lahars eroded
channel side slopes and transported boulders (2-3 m in diameter), most contained
up to about 80 percent silt-to-clay-size particles, similar in composition to the
original landslide debris. Sediment discharge volumes by the tephra-slip-induced
lahars were estimated at an order of 10°-10" m%km’ using sediment volumes trapped
by check dams. These volumes are similar or one-order of magnitude smaller than
the volumes of the 1953 and 1990 landslide disasters in the same region. The
characteristics of landslides and lahars and their estimated volumes provide
important information about landslide and lahar hazards at Aso Volcano.
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1. 3 U & I

200146 H 28 HA 5 29 HIZ2 ) TIEMEIARIC L A ZRIZ & » T, BERIE D [fgE AT
SR SED A L7z, MgV 7 7SI E T 5 MERITFREBIX Tid, TR
Lo THENVHEET L EOWENRAEL, HHPLTLETHRE SIS L LI, 20+
WRERFEIRE SN TS (JiEd, 2001). —77, RLERIE-> TH LTI hEERIC
B THZHBOMEMRIEIE S > 7247, 20 LHBEHII OV CIFEMBUICEE S RIT S
Llpolzl:, MEINLI LS, NNHFEHREERICL 2 KEBEHRBROEREREL (LN
BREER - KELRT LY Y, 2002) BTN DOATH -7z,

EHOIL, MERA VT T HHERNIZERE L7z 3 DORERIIC B W TA R O S ERERD
BER 7 — 7 2/ 5 2 e TE& 2, K ERORMBAELIT) L & V1T, BRELK
HOPEL TV L TR EFRER AT LDOF—2I12LY), KEORERNSLVHS
e o7z AT, 20014 6 A 29 HERICHE - TRERKILTRA L 1R SE, &<
CHRHIAIR E TN — VOEREB X O IZ OV THET 5.

AimIZBWTE, KEHENET 2 KNRBYOREBS % 7/ =) (lahar) LIER. T
N= e, b EKINRBREZERT ALY FAYTETHH (WFERAZEE, 1996,
p.1365), 2O TUIS F X E L ERTMA &7z (Neall, 1976). L 2> Lii4E, #Z - Kl -
W FEFEORE T, T/ — VIL@EF OKF (normal streamflow) X 1) E#TdHh 5 KILRE
Y EKOBEHORENRR & 3% SN (Smith and Fritz, 1989), B TIZEEAIZ D M
SNTVLIHFETH LS., IN—VIIHERWECRE, HE) - HWREEEIZ X > T, debris
flow & hyperconcentrated flow (24304 S 4114 (Smith and Lowe, 1991) 7%, —2 DIl H
WTOMENET L EMENTWA (Pierson and Scott, 1985). P ASE Tl debris
flow DFIFRTH 5 LT E V) HEEZIT S H S5 5%, debris flow 1343k, BEAE
(Varnes, 1978) X LibiEfE (Beverage and Culbertson, 1964) THESINLEREBHRTH
D, WY ORBEIFESCEREHO LI L WT, BOHIEHTRE T WEEELS X
E 2D, REHTHR~LHEFEY T hyperconcentrated flow & debris flow 2 & 2 3HEREM b 226
bNLZEND, MEEZHHLETIESHEPILETH L., IN— VO BRIIEHKTH
» (Neall, 1976), 9 L OMEABEICEHETLLE IR VE SNTW5S (Vallance, 2000).
ODYRENZBWTH, KINFETEITTIZIN— VB E W) HESHEH SN TV AH2%
D (IhJe, 1998; =#kiEA, 2003a), AFwCih~<2% 200146 A 29 HE:RIZ0E ) HEfE %
FN— VHERES) & 5 2 22T S R REIE 22 o,

2. REMIHOBE

BRI, JUNOIZITRRENCAIE L, mdbdy 25 km, B ISkm DA LTI %4
LTW5h., ZOIEENIH 27 HET D Aso-1IZEF 0, ¥ 9 HERTO Aso4F T4 oA
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B KRR EL, BEOA LTI 2R L7 UNEFIER, 1977 5 AR 2,
1991). AV FFiIdeeHElIckRWENET, %@@%ib%%ﬁ:.Amﬂﬁkﬁ&:ﬁ
B A MG LY RO RRE (OREF - 30, 1983) AP AIICES LT 5 (Fig. 1).
@*%%DEﬁKiOTWWT7M,%%@Wﬁﬂk%MGﬁﬂﬂtigﬁéhé.ﬁw
75 OEER L BIROE AL HALT 525, ZO5EIMHASMN THEES 600 ~ 800 m
YESHEATHOIK L, EEAM TS 900 ~1200m L ZLICEATWS. ANVT
SR, SMERANIEEDEE - KE L TN e B Mg KRR 5% 5 (VN

—

. —_
m EXPLANATION
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Fig. 1. Map of Aso caldera and its surrounding area, showing locations of
meteorological and hydrological measurement sites. HgSG: Higashidake stream-
gauging station (SG), HmEW: Higashidakegawa main stream experimental
watershed (EW), KIEW: Kurokawa lst tributary EW, K2EW: Kurokawa 2nd
tributary EW, Kd: Kurikaradani rain gauge, KdSG: Kurikaradani SG, KrSG:
Karikawa SG, Ku: Kusasenri rain gauge, NsSG: Nishitake SG, Sk: Sakanashi rain
gauge, SkSG: Sakanashi SG, TgSG: Takagi SG. Solid triangles and open triangles
indicate major peaks of post-caldera central cones and peaks of pre-caldera
volcanoes, respectively. Contour interval is 200 m.
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P, 1985).

ARRERIT- 7O, HVFT R ICAES 2 bk ] B0 b2 B (=R
1331 m) B X UL (B8 1592 m) 25 BAMEILORT-E (B 1433 m) 124 Codbst
HCTH5H. TORNAIIFER & T HICBMER L 255, SEOIMILIE Tl mEahid ity
L, 900m 5 A 20° LLED 2R & > Twbh,. —F, MTEIMEEIZB W

CARMERIZ I 27 S P B B R TR mmmﬁLiDL%ﬁ@ﬂm>uL® HHAE & 72 o T
WA B, INSKINOES - KEsL Ens 2B ) hIRKOGHEEOBRT T 75
REDOR->TnDE VNS - JE3, 1985) 7%, BUEICIEELAVED L, WIEME I
HEATWTEELEHAELEL TWAE, CU)ﬂﬁiﬁjuimﬁtﬂ%omﬂéEJH@(J?‘(;IWE 270,
ZORG (BI) ELRTHIREN, RBINE Vo 2KRDFEL TV A5, #600m LL
L OEESIE T ERE LA mmi&w BRARR LR ORGSR IS 12 e R 7 o
fw%.ﬁ%%%%ELMEiéim(E%m)ﬁﬁu,ﬁ%(%Ziﬁ)k@%@im
(561, 5, 630f) #HRWVT, HFHKROLEDLEEHE <, EE# 1000 m ML Lo CIlE R
IRVEIRBERIAR DS, EN LDV E ZAGAFATIHRE Lo T0a, HEINB LR O
BT, iz fRT 2R THAERDIILCEDLNE DY, EEH 900m Ll Eo#Hi
N R

P IlTid, THETIB3E6 HE 19904E7 H7x &, BRI L 282 Tab &8
FELTVS, AEHEICBWTIE, LIBRBEOZFHIZL > TEHOPTEHE - LK
DEETDRE, BHNERETH I EPRESNTVE (BEREKE - g+ AT
¥y sy, 1991, —~OFEE, 1995). FNHOKEMRIAL 4 HOKEEOHIL - By O
e LT, BBAREHE (BUEARRNEIE) 12X 2 RAKREEGILFEECIERE R #EH
%(ﬁ@%ﬂﬁ%%%)»lém - WHiEEIfTHOR TS

VT T OIZIE P REIALE § 5 B éel i eET (5 1,143 m) OFE7— % (1951 ~
1980 4F) 12X 5 &, FRKEIZHN3,400mm I2ELTBY, 6 B~7 Aliif Tokks
12600 mm /HIEED 5L WM TH 5. F72, FFHRIEIT 10 Cliir-d, REEd
0 CEMR DI LI (FhE, 1986). 1 A~2 AOHFEHRIRIZ0 CUTFT, mai
BUIE L e OAFIIRELEHBEE > TVDL I LM TH S,

3. 2001 £ 6 A 29 HERMOREERR

2%L$6Hum5ﬁ%ﬂoauﬂwf,%ﬁﬁKMHL WEFTL LR, HEK
TIEWRA SR BER 2SI BL L 72, & U2 6 A 28 A5 29 HIZBT#ASTE B A& 124258 L T,
$%&@%E%fikmk&@ &mi@ﬁﬁnﬁtﬁﬂiL FTEE 7 L 75 AL E AT
?%F%@ﬁm%firkhﬁmi%mWMWwazw 3HE) ARLEEL T3 (K
éﬁf?, 2001).
6 H 28 BidF[#s7 V7 N THM&E 100 mm BEDOERA S - 7275, ~ 20 HrUH F
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CITIIEIERR Y FATW . LA L, 20 H OB XEL S HOBRRPHBT D, HBAICHL
WRER & e o7z, EHOICL A 3 MADRTEREN T — 512, SRIT AMeDAS (5 Hix0)
B L UREREAREO TR EERER S 27 4 (20 #5) 12X BEM T — 2 2z AR
LS 2B 2 BRI EOEELE Fig. 212, AVT T L ZORIBIZBT 5 ER DA
# Fig. 3107 T. 6 A29HOHMEEHWAIC L > Tk VEFSH LD, WEA VT 7 ILH
A S HEERIZANT T 200mm 22 TH Y, & CduPE o B E 2 T id 300 mm Zv
ZWER > TS (Fig 3A). ZORRIRTRI 1~ 40 3RBMIZEICERLTED,
LT O BT BT 28 B ASE T 200 mm Bh E, FEE O FEHILEMNE T 180 mm bl E (& 61
SERFEIFE) LETT2MaNEO NS (Fig 3B). MROY— 2713, #7760
TR 2 B~ 3B (RERIFE 88 ~ 96 mm), HHERTIIA 1 KEHIZ EEBNT, FHi 3 B~
AW (EEREIFSE 03 ~ 103mm B E) &% ->Twb (Fig. 3C, D). FI#RET A EHX % i
2 RALIT IR Y — 2 %O FH 38 30 PEICERRAREL, RELFET L5 L0
K& RHENTA L GHIEA, 2001). EHEO—ANTHLHEHKY, REFEOWEEZZT
7o B IR S IR - EE S (2001 4E 7T A2 H) &AL, FHT2EFEL DRI
PR LY, WNOAOEFET UL ko7 3EICHERELERE ) mnoe 2
%, KBRBICBATLEELILBICHADHE o TVEIOEHRLIL)ITHS., S5
RIS, RT3 B304 IS BB OB L TV A DILR I VT A, 29 LZEEE R
5, FOWRTCHARDOY — 7 HNEB LD, FRi3FH~3FHFEITOMTHL I L
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Fig. 2. Temporal changes in hourly rainfall on June 28-29, 2001. Data for Kuradake,
Otohime, and Takamori are from the Japan Meteorological Agency. Data for
Kusasenri and Kurikaradani are from the Kumamoto Prefectural Government.
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HIB L7z 29 HOFRT 4 BrLR%E, BEFIZEA 1B e ), FOBIT/NSZEFE— 2
(R & 10 ~ 20 mm F21E) 2RO 6NB b DD, 13~ 15BET TIIIEITRT LT
w5 (Fig. 2).

2001 %6 H 29 HIZPTEE A V75 & ZFOFIIBICBWTHRAE L-2RIE, BHgL LT
FZVWEZAHT20~280mm L BAFE I ERERBTLIRETHY, BEOKER LY
PR VETH -7 L L, ZORMIZEREIZEDPLTEY, BEWE Y 100 mm
CETHHER RS DTH o7, BEROKERIZBVTIE, WIS D %, K
RO ARSI DN TR 4 AT IEAT 2 2 0%, Sl OZ/IZEREEROBRF L LT, =
FHLbDTHozbnwR B,

(A) Daily rainfall (June 29, 2007) (B) 3-hour rainfall (01:00-04:00 JST: June 29, 2007
63 55
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Fig. 3. Contour maps of rainfall (in millimeters) on June 29, 2001, in the Aso caldera
region. Shaded areas indicate areas higher than 1,000 m in elevation.
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4. $EBEEOS T EAFE

4. 1. FERZEOAHKR

AEOSETHIZE VB VT T L FOREIICBWTIE, FHEAENISE L. 205
A IR EOETEE BIGLTEY, VT 7bl OB ERD, kles Vs s
BE (FTEER R HIX R &), ANV T IRESEZFLE L TWE, Z2OHRTYH, ZNVTIHE
HRICATE T A e RO RE B & OEHE 5 BME I LHORF-E 12T TOILM R
12135 L o pED RO 57z (Photo 1). ZOFHAFIEDERAHL 2T 5700, Hi
AR EAT) & & QICRP BRI L - TREO A 2838 U7, H5EE L 72O RER
HWEMHEICL > T2001 412 A 12 HiZEE SN 72#ER 20,000 30 1 EHREETH L. €
DEPEE Y, EEO—NTHIHIRLDYT ¥V 7HBRRR S8 3 Roc ABIE(EEHN > A 7
4 TR N 2 TAIL VIR RER L7z, BHEFEOME R K S SEER L 724 v
VEGEHF LT, EEBEIEAT 1 025,000 IR [TRTERIL] B L 08 TRT-E] ICKE
L7,

L R

Photo 1. Photographs of landslides triggered by the 29 June 2001 rainstorm. (A) A
oblique view of landslides on a grassed slope, the northeast foot of Takadake. (B)
A oblique view of landslides on a forested slope, the north flank of Nekodake. (C)
Shallow soil slips on a grassed slope in the Izumikawa River basin. (D) Head
scarp of a landslide on a grassed slope. Height of the scarp is about 1 m. Photos
(A and B) taken by the Kumamoto District Forest Office.
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AIRIOZFIZ L 2087 V77 W aE COREHRER, WEEL LS BTE0-

N a2 L 137z
REEANTIROEFHFBMEOFEIER & OFEIZSM L THY (Fig 4), EEL
700 m DA E TR 25 " 2 B2 B RHEIZE (RO BN A . JisdF O AR 13 Table 112
R EBOT, BIREHBE 7TIIGEL Tw S, BRI O mEnkE, BIEsH

0.21 km®, FAENGEA 0. 12 km®, FAEN A0, 005 km?, 32117525490, 06 km* T

HY, TNTNHREIHED 2.39 %, 2.07 %, 0.63 %, 1.18 %% > TW5. L, fl
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Fig. 4. Distribution of landslides triggered by the 29 June 2001 rainstorm, interpreted
from aerial photographs taken by the Kumamoto District Forest Office on

December 12, 2001. Shaded areas denote experimental watersheds.

Summary of landslides triggered by the June 29, 2001 rainstorm.

Table 1.
Basin Kuerawa Higashifiakegawa Shiringshigawa Izumikawa Total
River River River River

Area (km’) 8.939 5.853 0.853 5.179 20.823
Number of landslides 338 229 21 123 711
Total area of landslides (m®) 213,363.0 121,386.4 5,345.5 61,140.9 401,235.8
Areal ratio of landslides (%) 2.39 2.07 0.63 1.18 1.93
Average area of landslides (m?) 631.3 530.1 254.5 497.1 504.3
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BRI AT A BBITH 2 EHMAH % 0I5 T b (Photo 1A, 1C) 2%, FHME
HIZBWTHHFEIEL TS (Photo 1B). 29 LA L OREFRE AL L, BIEINRLRI
DFIHTIIAEE 700 ~ 800 m L D FHIFIH TEHED IR FHEA L T 52, 125 800 m
L) BOHEABIERIT A BV TIIAEN R, 27, KIS0 HRICEDLDNLE
RIS T, MECERRREFROONL, 20 X912, RHERE L A L ORRIE
BB CId 7 <, MBS HE, A, BRSAZ L, TXTOERPEG LWL EERL
n, FN5OEBRMEIIEASHORETH S,

4.2. BEOHME LAV

A OFEIE, BE - KPS BB RO RRREFEOET 7 7 7 I8 CHEE T 5
FENICBVTHEAELTWA, AL, BEDFHEE 2T 5P EAXOOIEBIZSH 7
D, MEERTEBIWRAET ST 75 RBOE I, #@EH1HERTDS 10m L EI1E
LTwa (Fik- L, 1997). 207 77 R@IE, MEEh e kO REIFEO R T KK E
227, FNOEOMIZHET AMERR 7 LB, L2 5. [HEHOKRIEIH 5V IZEHRH
ERTIRER 7 £BIZE - T, @I 6,3004EM MCHEM) o7 7T RBII ML) NI~
NI3 &\ 9 13 DIFEEHIIC K S T2 (P, 1992 ; =% - #8, 1997). fafEL b
T77& LT, N2 EN2ZR 2 ) 7 (BEFRN2S), NABRICAEER A 2 ) 7 (0jS), N6
WHFEEAT YT (KsS), N 7Hch#rrpde X ORES 18R (ACPL), NI13HIZIAEKIL
JKTHHRET B AV KK (K-Ah; BTH - #9F, 1978) 25 L Twb. B R+
FHIHK 2.5km) IZBITAT 7 7RBFEEKBOHMEEILFig. 5 1RT. &b, ZOMIZE
AR T — 7 1%, L= —RITRRE A2 E (Malvern #1# Mastersizer S)
ZXBAMHETH Y, LRGP IERERT (L - 28, 1962) ICX A EAMET
»5.

EEEOMBEIIMNEIER TH 720, TETH-720) EEHTHLHH, MIERIT ] mBE
DLDONEL, BT RTETT 77 RBANTREL TS Z Epbh o7 (Photo 1D).
T/, BMEORBIIANS T EETTHLY, ERBICBIT 5 1 Eid 72 ) O i
3% 560 m*Tad - 7z (Table 1).

SHAREOWEF M 2 A S 22T 5720, BIIE 1 ZHOESH 760 m Ok F#
HIZAE L TWARIEMTHELZIT>7- (Fig. 1). ZOMEIX, SRR > 7ZMBEOFRT
BABRERDOT, HEHEMIOBITFE 2 EBFNHTEELTBY, AEREI m, I8
10m, FESH1.2m, BEHOMERNI 38 ThH-7:. BEEOT 7 IBEBIGET AL, &
&G 549 70 cn B EDVSEADIRENRE AT L 2 KK T, #OTFM47cm A0 b
BOBBERREITBE Lo T, ZOBEKRs EBE TOBE DV MEXKLKE (05S 2°
BIE) A ERB25#1.2m3) #9_DEE LT, FHEMBEIEEL TWE I LT
BEaNs, THOLAFEEEZXMLT, EHFLAEOBERIELL, T XYVEOTMTS
LEME P~ T Ba s 2L CEY, 4BI%A L KIS OFIEARICIE L2 e
oTwWh, 2O i, 19904 7 7 2 HOFHA K ETHEH S LTV L5580 (3K - 54T,
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Fig. 5. Schematic tephra stratigraphy near the study site and vertical variations in
grain size and soil hardness of tephra layers deposited over the last 6,300 years.
Soil hardness was measured by Yamanaka-type soil hardness tester (Yamanaka and
Matsuo, 1962). Marker tephra layers are Nakadake N2 scoria (N2S), Ojodake
scoria (0OjS), Kishimadake scoria (KsS), Aso central cone pumice 1 (ACPl) and
Kikai Akahoya ash (K-Ah). Stratigraphic column symbols are as follows: buried
blackish soil layers (diagonal), sandy to silty ash (unornamented) and scoria (solid
triangle).

1991; i57KE2, 1992) SHMLL T b, F72, 1953 4F 6 A2 sk O FEERTHIAHE T 5
HL72ZHOREBRE (FBA, 1954 ; I - #E¥, 1954) b EFEOEEL &L > Twb L9
T b, OfS OFEFIEFEMILH 3,000 Faj & B SN TWD (FHF - 15, 1997 ; =%
(Z7», 2003b) OT, FAMILIZBTIE 3,000 EFMEOBEL ¢ HE L THEA
HHELTWDL I EHVHIHL /.

5. IN—IOREFEREE TR

5 1. IN—ILOBE EREFTEE

20014 6 H29 HDEMIZ X - TIE700 w8 2 A RHE AR EEASS 4 L, ZF O ARsE 0013 i
MWl TICERF T A &L IN—VE L TR T LT, THHEDEIL - B85 41230
FL720, Mk RS ST L@ S 7z, RINRBEN IR THEIL Y 40023
ENTTN—VHEREN R BIEET 5 &, BEREOBID R CREDDVHH S 2 T TR
ENTW o, ZORBEMBIIAIEIRE > 2 RHE OB E CH LT 7 7 T DKL
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(Fig. 5) LHML72bDTH Y, HTEPIERICFAET LM LZIIEALRY AT
Mol EEERLTVA., IHSOFRBUIE W T EEEIROFERIITERAIHR L T
WBDS, F9 LoEEsEc i shmmiEs D O (Fig 4), AR LA SERS %
MolbDLEESINS.

— 75, UHEASE BN S TV ARFEHICEE BT 2 BN T, 7/ — VHER)IZS
EOEMMNE TN T2 (Photo 2A). MRT-EILH CIRBRAE OB ES T b A SEE
LTwa (Fig. 4) 723 Th <, KEDFHOFRIZOEEDOERPFAEL TV, TNHH
FN— T & o THEBEE N2 D, H 5 WVILE B SN RBGVORTE 2 7N — VMR
ELT, Hir-nElrEELbOEELZLNDL. T2, AFXATHOEEEVEING 4
FHEOFHRETIISEORAIEE SN, ZRHE TN VIZLoTEBE L LI
KEBEEET 750 m 12 EGERR S, TNCIBIL S AR S UTHERE L 72 (Photo 2B).

SO XN, TN VHEREY I3 TR o0 R R0 ST AR SE O FE AT E 2 SO L 7R LR 2
BHLTWALIENHLNE R o7,

5.2. IN—=ILRBEZROSH

BEARIE 4 ARE & 2 TS EBIRER > A 5 4 T, 2001 4 6 A 29 H B s Chldg 7 )L
FIND 12IEFN T N—= IV REAT 5T A4 Y=t =25 E ST/ (Fig. 1 OUUA
¥). TAY—t =G - WY AOKBLENICARTORONTBY, Thth
DTAX =T = V@I L > TYW S b &, ZORZD B ICER THRASNS
eI oTWA,

TA Y =t =W X o THBS S 90— VISR OS54 (Fig. 6) A5 L,
3R C 150 ~ 180 mm DOFEFEAMER L7z A V7 I hEECIE, 5 ®EArdh 4 @arT o/ —
NASEBLZ e b, TOMBICIZESLE SO 3IRBRBLEEL, I
Yo TAMEIE v —DIESN B L EOWENSE T D, ZOREENH LT A
Yt v — DYWL 3 830 5~ 50 rEICER L TBY, BRNOY—2 (3K 30

Photo 2. The June 29, 2001 lahar deposits. (A) A boulder transported by the lahar.
Spillway of the dam is 3 m wide. (B) Large amounts of woody debris trapped by
a check dam in a forested watershed. Diameter of woody debris is about 20 cm.
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Fig. 6. Distribution of lahars generated by the 29 June 2001 rainstorm, detected by
wire sensors at sediment retention dams. Data are from the Kumamoto

Prefectural Government. Solid squares with time and open squares

show sites of

lahar occurrence and no lahar occurrence, respectively. Contours denote

distribution of 3-hour rainfall (in millimeters; 01:00-04:00 JST).
indicate rim of Aso caldera.

~404) X —HLTWA,

Broken lines

—Ji, 3 DEMEA 100 mm LT CTdh - 7z ye kD BT 5 A 12 v T
(&7 RT3 fE T 2 — DI ASHERE S A2 S, F OIS 1 30 2~ 3

ITE, PRYOENSH L.

COXNZ, BREDPDLGHIETS 70— L OEIXFED S5 D5,

wmfi7n—»@%$m$u%<,%®%¢hﬂiﬁﬁ@3 7L
ALY Y
5.3. 2001 4 6 A 29 BIZ & F BRI

FERI A L 72
T—3 L TwbZ

2001 4E 6 H 29 H ® §$ =% *Wﬁﬁwfﬁwﬁu,%Kﬁiﬁﬁuiof6%%®ﬂﬁ

THEBRRME L BRIRERTPRE SN TED,

b
Eﬁ‘%ﬁﬂﬂlﬁﬂi e L O B (B 1~_|E]585m) Eaall

S N ?ﬁﬂjilﬁ?ﬁﬁiﬁﬁiﬁﬂ =¥ (A QRY

(e 580 m) iif]

Bl (B 570m) &, FEEORI (585 465m), SAN (g 480 m). LAl 7]
(%m55m)fﬁé(ﬁgl® S Table 2). FTOMSTIE, WA ICH#E T T

SNTHY, WMEBITEEMENEE LT, MErtE21T) 2 TE L.

nE, KALEG

w7 — 7100 M —EER THESNIFEIN TV S, MEIIEND, TX5750)

T A COBMT— 7 28K L 7.
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BRI E O EERE% Fig. 7B X O Table 2 12717, FEAM S #EEL /2T N —
S BEOMEB TR GEATHEEZ LN, ZZIRLEEHERFRLS OB E kYA
bhEIZLDTH 5.

F 9 AES L2 bR 3 B B AR A5 &, EOMEb BERFGER
CIZPHHAIEE D, BWASEK 25 & LD ICHEPEA L Twa, oY -1, &N
=25 20~400%ICEH L TwE, HENTOY — 7l &2 8. 5mm, #itt=Ed
68 mm I3 L, FHEIZ0.283 TH o7z, TAWHNTIRE -2 iHEI. Imm, HiHE
85.3mm T &3 0.37 L o7z, —F, BINTRELEORBIZELL b 0D,
Ve 7, BREBEE IR, BERIZ0. 12128 EFE o7, INHO 3 TIER
FBREEAVRN S b &, MEEDARLTB Y, HHIZEROMES & BURIFIE L Twb
ZENbhhol.

WIS R A 7 70 o 7o FARMA O 3 Fitdi T b FEISAIE L Tt E07L L TWw 5 %%, it
WO —Z7IZBWE— 27555050~ 2ERENRTHIR L TwA, /2, ¥E— /&b
et oW & TR Y, BHE L 2255 IR R EIRRRL L Tz,

PLED X9z, eSS ML <, Jbffhm e Mg s TR IN— 2L 5
HWARIEIS, EEFEO LN
5.4, SN—ILIZLBLHEE

BEARIE I L 2 1R EIBIMEER S A7 4 L3RS, S 513k RRFACEE & R T
EASHH T 3 DORBFHIE CHRERE OB 1T -> Tz (Fig. 1 0EA). £ b
DHEBFHFIRTIZT T N —IVEBIC & o TSR SRIESNL B L, Te&%T7T— 7RI T

Table 2. Runoff characteristics of basins in Aso caldera during the June 29, 2001
rainstorm event.

Northern slope Southern slope
Basin Kurokawa River Higashidakegawa Nishitakegawa Karikawa River Takagigawa Kurikaradanigawa
River River River  River

Stream-gauging station  Sakanashi Higashidake Nishitake Karikawa Takagi Kurikaradani
(elevation; m) (585 m) (580 m) 570 m) (465 m) (480 m) (515 m)
Basin area (km?) 8.939 5.853 8.231 6.589 4.243 5.820
Rainfall-gauging station  Sakanashi Higashidake Sensuikyo Kusasenri Kusasenri Kurikaradani

main stream

watershed
Total rainfall (mm) 219 240 231 201 201 157
Maximum rainfall
(mmy/ 10 min) 27 29 22 14 14 16
Total runoff (mm) 26.2 68.0 85.3 74.2 21.0 24.0
Peak runoff
(mm/ 10 min) 4.3 8.5 9.9 3.6 1.4 1.7
Runoff coefficient 0.119 0.283 0.369 0.369 0.105 0.153
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Fig. 7. Hydrographs of the 29 June 2001 rainstorm event at four streams located on
the northern and southern slopes of the Aso central cones. Runoff at each stream
was calculated by water level and velocity data collected by the Kumamoto

S o lzh, KEFSERIIRIBEK RO Y A #EKBIZB W THEE L L NLVHEE
STz, KERICHEROWMERITH) ZLI12X ), KERICTACHBEL - THE%IF
MEVZIEES 5 Z e IRETh o7z, COMBIMELY, IN— VI > THEISHE L
fetibEE: LTl .

FMIZE DI L BIE AR (HfE 0. 058 km?; Fig. 1 8 X " Fig. 4 ® HmEW) T
1, KEBLBINS AIRBT, IN—NVICEoTHELAZZEEOLW 2T 2
ZENTEL, FoRBEMEIRK 210m*T, FBERECKBR L 2R EIL 3.6 X
10°m¥km? & 72 - 72,

B AVEL T A BIIE 1 BRI (i 0.175 km®; Fig. 1 B X U Fig. 4 ® K1EW)

T, ¥ AE LRSS 3 m T ERMIIRAEETH - 72 (Photo 3A) 75, S DKETE
®EOMB HAPHERE L T, —FUSHfP & % 572 (Photo 3B). L7225 TE&ED % HH
I H2IEDPTEY, ~HEEHTTHERNHEBLTWS, #LTE 208134 730 m®
T, W EIZ 4.1 X 10°mYkm> Ch - 72, B L7 EBOBEARETH LA, Fhb
¥ EDLETH 10°mkm’DF — ¥ —TH 5 9.

BB X O S 2 5 BN 2 i slBRiitis (H4% 0.351 km?®; Fig. 1 83X °Fig. 4
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i ; i

Photo 3. Downstream views of a check dam before (A) and after (B) the June 29,
2001 rainstorm event. Spillway of the dam is 3 m wide.

K2EW) Ti&, LiftEbTO0.86 ha Dk & A HMMENSHEAL, SHILTIN—VITERERE
LCEMA @R L7, FNO5OTHIZE > TY LML, o Eaid#yE L Tw
. ¥ AL AL EIZS 1,060 m* T, i EREER 3.0 X 10 m/km* Th 572, &
DR CIEARTATE T TOEBRI - Y LT T LTWwas I Ehs, Bl
WL tioRIZE L, Fhbiagbtsd b, I/N— V2Lt ER 10" mYkm?
F—F—IET LR LD 5.

F72, 2001 4E 3 A 5 H F CHRMGHEBI %7 > TV RIE 4 i ilBrii s (g
0.242 km® ; Fig. 4 ® K4EW) 2BV TH KEFH OV LB E 2B L LTS
720 EERNCIE Y A ERMICIE 750 MR EOBEL D o 7208, KEIZL - TEEO MR
ERAHER L Cilipb L7, COMBTH iRt L KR L T Y, EEEiity
BT EETERDP-LD, DR 0’ Ry LZHER L7, ST E g TEl 5
£ 3.1 X 10°m¥km*E 7o 72,

INEDOY LW TELOHE LI N— VI L A, ik > TET
DEEHHH, WA IO F — 5 —ThH Y, YLl -t RED
5k, 10'mYkm*O 4 — ¥ —ET A RER O E R b

6. & =

6.1. FEAEOERE L - -HIRMOME

2001 4E 6 1 29 HEMC X AR HREECIE, FE2HHRE 1 m hEICHEET 58K 7 18
LA KIRE L OBFRAMAREATRYEE > TWA I ENHL,NE % -7 (Photo 1D).
Zhid 1953 % 1990 (RS ERE & il L7 AFCh AL WERIEA (1992) (&2 0 IR
L, 0L N+ TR AR L CRMEKEEEIEL TWwb, FEBRIZE, EiL
DEM T BIIEROBE ALK & BEER 7 RIS TE, B L o THREKER
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BoOMbELLEEZ N, O EANICEDBM 2SR ZIRILL 72008 5 2Tl
v LA L, XDEAFMNOTBA VO ICHRT, 1/3~1/20 12 EF AR,
ZDERED DB & 7 - 720 et 2 R L Tw b,

Al S ESE AT T AECKILT 7 7 OIS BT AEFE & &2 ok Ll
1, TIEMEOSERIE Fig. 51K LAEB) THAE., ORI EHIZH 27
O, FEESRAE L -SEFORE IS L, FT7IBRBORAENE L, BEITSEKRNIC
ECoTwdb, 2070, BEMECIEERRE2S 1 mERZICH - 727D WD, B
FRUHTIIAN 2 miROBEICHFEL Twh., SEROKNEMBIIBAIZE > T2 LTwA
D, TROVEMETH S O)S 5t L L TEDPTEO NG, BES 2 AT A M %A
TRk E, $DEEVCTEEGYEL OISk LT, T N5~ N6UHREY O E
HCIER L - DV PSR TR EDTWE, $72, FEBEOHEIETYE FMO
N5~ NTHOHER T & CITk&E B> Twh, 2%, 00 EAIZHE TES 2w
WM THALDIZH L, THIEMAETHHE > HER TH L EDbh oz, Th5
DHERW DOFHAED B DS, EHARIEA (1992) DT 2 EKEOEDFERHD—D %2 5
5.

6.2. BEDOKERFEDREIHED LS

FTER NI BV Tid, 1953 4 (BEFI 28 4F) 6 H & 1990 4 CER24F) 7 HIcB W T
WAL 7 TR SCEATAE L T A (Table 3).

1953 SED LR SEEL, HERTATREOTEENC X 2R THRELZDLDT, 6 25 H25 28
HF CoOREF®E, FIERILT733.8mm, #7V7 T LHED—E M E # T 876. 0 mm |2 5%
L7z (FE, 1954). & <IZBERITORAKBEMB R 49. lmm T Y, FEF & 10 mm
D EORERA 14 BICh7z > THESE L 72, SO ZEMIC LY, MRk B 0T
&, ZHEOFHBRESEEL, AR (KGHTWw) /=, 1990 4 @) & LTHRT
LceEsnTuwsd (I -8k, 1954). #HEE A V77 IMoMErs L ) S mEilom
WaTREL, R kO AR ZET T 2RV T, £ ORENES > T

Table 3. Comparison of three landslide-induced lahar disasters occurred at Aso Volcano.

Event June 1953 July 1990 June 2001
Total rainfall (mm) 734 (June 25-28) 620 (June 28-July 3) 336 (June 28-29)
Maximum daily rainfall (mm/day) 432 (June 26) 375 (July 2) 237 (June 29)
Maximum hourly rainfall (mm/hr) 49.0 (June 26) 71.0 (July 2) 97.5 (June 29)
Number of landslides — 1177 711
Total area of Landslides (km?® 3.5 2.3 0.4
Sediment discharge volume (m"/km®) 3.0 X 10" 3.1-3.9 X 10’ 3.0-4.1 X 10°

Data for 1953 disasters are from Okanoue (1954) and Kawaguchi and Namba (1954), and for 1990 from Kumamoto
District Forest Office and Ringyo Doboku Consultants (1991), Hirano and Hashimoto (1991) and Ishikawa et al. (1992),
respectively.
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B OGRIE - /NiE, 1954). S OHBERIEENEZRTL, £OTHREBTH HHERTIZHE W
THRIIEHRBEL T, Z{ORBRLEWARICEL o THE L, HERIERT T 563 % DEH
BRI KK E L e o7z, BIBEEIZIERED 0.5km’, EEMEDL 3 kmBET
HU, EETHEIIFNZFN1700 X 10°m*E 1200 X 10°m*E BiED S, ZOKEIZLS
TR 3.0 X10* m/km* L E ST B (JINE - #, 1954).

19904E 7 A O SEE L HERATROERILICL A2 FEMTRELZZDDTH A, —DFH]
BTS2 628025 7H3HECOEREMNEIZ620mm THY, ZHTH7H2HIZIE
HH&E 375 mm, wAEEMHE 71mm &V ) RRENEERTHo72. ZOKETHE, AL
7T RO LB L R T-EILEHT O RAREERINE XM BT 1,177 féipr, #
MfE2.33km2lET AR HEAESRAE L RRRKEKRE - HKEL AR LY v,
1991). AT EARKEE L TR T TA2BR THREDVOLKREZINY AL, —OF T
WAHE LB ILEMR L. COEMICHIREMEL LRRICL - T, B (HE
) OLEES (#9.3km?) 2ot Lchb&Eid, ZhEEHHE»S 36 Tm® CFE - 45
A, 1991), ZEhBEHEPB L OWRHGHEFTES S 29.1 7 m® (G)E, 1992) LiEEsh
TWwWh, INHOFRERLD, 1990F7 BOLWEEIZL BRI LOREB W EL,
3.1~ 3.9 X10"m¥km*& 7 V), 1953 FDKELIZIZFE LETH » 72,

200146 A 29 HOZEMIZ, MME L LTRFNITZESVLDTIdLh o725, kK
I &R 100 mm (2T ARFEM L LD THo72. FkLizL )i, SHEOKERICE
AR IMEZ 1I0°mYkm’t — ¥ —Th ), BEORERLHBTH L 14+ -5 —/ha
VETH o7z, 72, 1990 4B TAER 2. 33 km* O BHEHREEDSEAE L T B 012 L,
2001 FEIZFDV6RETH LM 0.40km*TH - 72, 29 LREOEERHME, RiEt
WEOEWD, HETHEDOEL LTHATWLIIDEEZ NS, FIEI VT TIZB W
TIXZERM R W ERICB Y iE» 5 ot b E L 10°~ 10* mYkm’+ — 5 — T
D, 29 LERASHBOBIL - WHEHE 2T CAETORBET -5 %5 THAH ).
6.3. FEAILTIHRREICHTIRAEXEFOFH—7T 7 7BRREER S /N— L —

BIERKINZ BV T, TNETHEMKERIIIN-VOREDPHERINTVLDY, £
MU DEIZOWTIE I N VORERHEIIODWT, BLALHESN TR, #
BRI OIS RE T TIThN TV Do T EIZOBERLTWED, ERICLELEOT
MBIk 5L I N VOREHEPERP-72bDEEZ LN,

CNETEZLSTHEBICDIZ> TIT-o TE RN 2 Tt (Fig. 1 O K2
EW) (2B AT, HEEDT 100 ~ 200 mm (23T 4 S AYE MU EE R L 7298,
1 A ORI & 2 HEIZRAR3.0X 10'mYkm*TdH 1), KEB5 1L 5.0 X 10" m*/km?LL
TeAhhol, FOERNEELMITLEOHEMAEEZITo72L 25, ERIZIET N
VOSBRI & 72 AL E e TR N EANHIH L 7. WGV O S I FICL
FORLBMHASIC L 2HEBERETLIERE SN LD, £OKREG IS ELT OMik T
WThboll, PRuERRETOESIGERINS., 2F )4 HOKERD L 25
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HAEIC L S ROTBEEN L VE, BEOKELIN—VIEIFE LRV O LHEE S
na.

AR L72E 902, 74X =t H—I2L b I = VilBEAEEROE— 7 i312—
LTwiz., $£72, 2200REBME (BINE 1 ZMBLUE2ZW) TCOBRUNT-5 2 A5
Y, 9=k o CEBIESSEASHIE SN0, RAI0SHHER T LER 1045
PIN) T o7z, HEED 1 km I 72 2 W T, BIROE -7 26K KTH 10 5L
PIZTN=V5@E L TWA, 2512, 6~9 km*DiiBilcBWT BN EHEO Y~
DTNIT20 ~400Tho72. TNHEDTEDNS, BROY - Z7ERICREL-EEZON
AHFMAFIRIC X 5 1003, BIRME TICRFT A %, BIRRBIGEREZRT L L
ITHAH. DF, ABHIBIBITL I N— VL, ERORRELDHIREMLT 20T
E7 <, T IR ARIE CTORBICL 2 EWA—RICHEME L T84T 5 2 L%
BMTHAH, THLETOERICLSTRIDLZIN-IVE, KFETRT 7 7BHRERERS
/N—)V (tephra-slip-induced lahar) &[5,

AR BT B RTEAIRIE, £93,000 FRIOBEICTRYEPELT, 20 Lo T
TIRBVHRETLEVIREL L STWE., FOREWE L % 5 5IE4 3,000 4 O
W (EHS OIS BoeT 75) ORESMi% Fig. 8 (IR L7z, HkHER L &6 7 7
71, hEHET AR RO L L CRILE A RANMER B FBHIRIC A LT b, 4RO R
BB # 3,000 EBOT 7 I OBEIR2 ~5 mBETH D, Rk LAAEREOE X
#F1m LI YREGETHL, L, BESHTFT—IH7T 7 70 HEMEL
RAE STV BATE LTI A IS SN0 Th D, EEICHENE D - 7241
20° P LSS TH 720, Fig. 8ITRLA LI ZEWT 75 I3EEL T v, Fig 812
122001 4E 6 BYEZT TR, INEFTO®SE BBA, 1954 IO - #Ed, 1954 ; 47,
1975 ; REREMHE - REL ARy 2y, 199]1) 25#(2, 1953486 H & 1990 4E 7
AlZB 2 FELARBES A2 /R L2, ZORICE B8, FgRkILTIRE L7283
[l SEEE iz, Rl mEO ETESABILEE 3,000 EMO T 75 DE S 2 m U E
DHBNIZH B Z Db sb. TOGHBIIBIT 5 TEBESHRZOLEIIEMULTBED,
WERS T T TRBAOEBHIEE ZOLBAFREANER SN DL T N—L, DF YERT
IPRT 7 FRAIREER I NV TH L. #|EIE, TS DA OHIRT b RIS
BELTWAD, ZORERLIERE, THEEELZ -0 E-TwE, 77 FEEESR
ARG =V BT B LIRS 2 R E LT b 72012, G - EhkERE A 72 Wik
FECIE T E TLWA5 T L, 1953 4£°° 1990 4RI FEIBIZ O SR EL L 26
L7z, SOOI —iE, FEEAKIEEEV) X DIEG LA LT THRERZFLICED S
NBHETHY), ZOREIHEWETHLT 7 FDRBIEGA EFBHIZEBRL TS,
BOSAER, FIEOERREN O - WA QMAFET 525, Fig. 8137 7 7@ERAE
BWIN=NVZEDBREREDET ¥ VERL TS EWVZ, 4HBOKETFHENIER)T
HHLEZL.
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Fig. 8. Distribution of thickness of tephra layers between ground surface and
Ojodake scoria (ca. 3 cal ka) in and around Aso caldera. Shaded areas indicate
areas higher than 1,000 m in elevation. Dotted outlines show areas of landslides

in 1953, 1990 and 2001.

2001 4 6 [ 29 HZERIC & » TRIERAIL TRtk L 7= HEsE
BT — 5 % 507 L7ofE 8, LT 0 sl 5 )
Sz b 76 LRI, Bk T 5T H TR 200 mm RRIE Tdh - 7277,
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IZonT, BlfRE R K

6 H 29 H AW
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Wtfwt.

| SEFEEMIO S &b X R

1= X A RNE NS L A VT T RO R~ R HobRHEIZoWT, 2

EP%EOD%JI/ Vg A T L 7oRE R, HIRE
R ED D 2 &N bh o7z, PHHREREIEH 550 m* T, FERIE 1 m 2R

SpTELE 711

WL, EREmAE ¥/|Li§Z0) 2 %

D EE HiiE
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FHEAIRIZ X o THEESI N HIE, —SUSTI NN E > TTFRAL BRI N, 4
MIOFERIZ L BMHFETRIMIS L > TEFDHLD0.1 ~0.4BET, HH LI
10°mYkm’t — ¥ —THh - /2.

FIEE V77 FREIC BT, SHEAESZ &% 80 TR EASE L 2B I B ok
SVIN—VHRELTBY, EREEWRBHTAE I N —HIEEALRE S 20
EEZONL., TNIIREHIRIEMLRETH ), KHTlT 7 I RBERAR S
/N—)b (tephra-slip-induced lahar) &MESZ & & L 7=, 1953 4ER° 1990 4E O £ 2RI 2
WEZIRS 2 &, BN MRS T 7 TBRERER S N~ LIt 5T
10°~ 10" m%km*4 — ¥ — O LB HARET B 2 EBHO AL o 7.

il ¥

11

REARIL LRI BRI & 2 TR K ERBRER L X7 207 — 513, AR r 05 LT
ZNAERTH o7, 207 — 5 FEEOBITIE, REAR IR #5H IR LS + K54 K4S O
P R, AR EARRE D A7 20EAMZRE K—FRKO SR 287, gk
BHEHZGLRIIIZERER AR L TW 25 E 31, BAEOET 2135 - T
WoZ2nTe, MELRT YIS 2y JUN TSGR I I K ER RIS 2 E
Ha THORW I BERRFERINIGE Y v ¥ —od B I21E GPS M % 1T B
I 72 e 8 b1, TS O E L T2, BER KSRGS ORI B
SHIRIE BRI ERATVWARLE, BEL2IERY W2 W/ £/, US. Geological
Survey @ Mark E. Reid IZIZHELEBE L TW7-720w7z, DEDOH 412, L5 BILE
HLETET.
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