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Fig. 1 Comparison of isohyetal maps of annual rainfall between in 1992 and 1993.
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Fig. 2 Isohyetal maps of total raifall and maximum rainfall per hour during the period
from July 31 to August 2 in 1993.
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Fig. 3 Isohyetal maps of total rainfall and maximum rainfall per hour during the

period from August 5 to August 6 in 1993.
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Fig. 4 Interpreted area by aerial photographs. Superposed grid is 200X200m.
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Fig. 5 Examples of distribution map showing erosion and deposition scars by slope

failures and debris flows interpreted by aerial photographs.
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Fig. 6 Spatial distribution map showing erosion scars by slope failures and debris

flows based on aerial photographic interpretation.
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Fig. 7 Frequency distributions of area of erosion and deposition scars by slope failures

and debris flows.
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Fig. 8 Spatial distribution map of the number of slope failures and debris flows in

a grid of 200X200m.
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Fig. 9 Spatial distribution map of the percentage of eroded area by slope failures

and debris flows to a grid area.
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Fig. 10 Three — dimensional presentation of Figure 8.
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Fig. 13 Division of interpreted area by aerial photographs.
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Fig. 14 Frequency distributions of area of erosion scars by slope failures and debris

flows at each division.
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FEERE - TARICLZIERRELY

Zeh BEEHEFICL DER L ZRERE  TARCLAREES AL XKBTLORETHES
BH Lz, fHEHRE - TAMICL2REBERLZ S KIBILIZERILADA Table ]l THAH, T H
DEICFYBRIEREFZET I L RETIWEI RO ON S, ZHEEHGEXIBIZB T 2 FEAEOTEEL
EBEEANE L AON, I TIRTFHAEELOmE LTS XKBIIBITARELIHELFELL
(Table 1), WElfEB L CBINKBTELED LR VPEESNLZEPbR2 b, RETHEZ X
EETHRLTHRALNE (MM lk'd-) ORETWHE) ITBRE LR D Table 1 ITIRLTWb,
HEETHEZENGE, BRIV 7ERES LURENRIBTRELZ>Twn b,

Table 1 Sediment yield by slope failures and debris flows.

Area Eroded Sediment Specific

L area vield sediment
Division )

yield

km’ X 10°m? X 10°m® X 10'm?* ,/ kn'’
Omoi River watershed 60.72 999 500 8
Kotsuki River watershed 106.04 1, 309 655 6
Inari River watershed 30.60 55 28 1
Yoshida area 9.48 17 9 1
West —side area of Ailra caldera 7.52 109 55 7

Table 2 Area of deposition scars by slope failures and debris flows.

Area Area of deposition scar
Division

km’ X 10°m? X 10°'m* / kmr
Omoi River watershed 60.72 1,945 25
Kotsuki River watershed 106. 04 959 9
Inari River watershed 30.60 122 4
Yoshida area 9.48 58 6
West — side area of Aira caldera 7.52 133 18

FHE AR - WIS X A TRMEESOmEEE 5 X S IZA&R L7 (Table 2), TAHUEBEEI
LoOTaTOREDRE - HELIZL ) BEL SR (TARFE) PS5 L BN TIEE ﬁé
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(7o Twh, Table 2 2IIEE 1 kn'd /- D E L - +WILEHEBELIRL TWb, 1ko'dh O+
REERIEENBRTIHEFIIRE L, ROTHEA IV F IR, WE)IiE, HHXIE, FIT
BOWETH 5,
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B, SN, MR, SEXE, ARV F I EXBONEF T2,544X10°m, 2,268 X10°'m,
177X 10°m?, 75X10°mf, 242X 10°m*& 72 Y, BNIREE L CHENREOMEmMBEFEFICKE W, £
721km'd 72 ) O T B EERICHEET 5 L ERRONEFE T42X10m k', 21X10°m* ko, 6 X10'mt/
k', 8 X10°m’ ko', 32X10'm"km'& 7% 0, BINFIHTIHFFIIRKE L, ROWTHRBRY VT T EEXH,
HZ2)liis, HFEXE, MEAIRIEOIETSH 5, KRHRKIZ SO 5RERE - L ARICE 2 THhE
HfEEL RO L L, BIGE4.2%, REH VT 7 BEXIH3. 2%, FENGIK2. 1%, FEXIE0.8%, F
N80, 6% & 7 > T b,

WEXSZ EORERER - TAR

#iR107757 0 1 AN # T, ZHEREHGXEE 7 v FEATAF KB RHEREY O IE BT
ThHoLodIz@ELNIKE (LoTRE), RINE - ZRER EOKBEREDN S % 5K (KEEHE
X)), EnEi - LB COHMELS % AKX HERBKXE) O3RXFIIKELICRSL (Fig.
18), ZNZENORMI L IZHEAE - TRKOHEBE G L7, TRERORBDOZ ) v FEB IV
7)) v FEHALTOmERIE, LS5 $XE4,3697 0 v F (174, 76kn’), KBCaBXIEL, 761277 v B (70.44
ka'), HERERBIXIH1,28027 ") v I (51.20kn") T 5B, FIHEALE - THWMICL 2 REBERKE, LoT
X34, 8258 pr, KBUEMXIHI31E Ay, MR XIHMTISE R TH - 72,
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Fig. 18 Geological map of interpreted area by aerial photographs.
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Fig. 19 Frequency distributions of area of erosion scars by slope failures and debris

flows at each geological division.



1993 4R IR B M IC L 28l gE - L AROSMm & L4 53

Table 3 Sediment yield by slope failures and debris flows at each geological division.

Area Eroded Sediment Specific

. o area yield sediment
Geological division .

vield

km? X 10°m? X 10°m® X 10°mt / km?
Shirasu 174.76 1,883 942 5
Volcanic rocks 70.44 447 224 3
Sedimentary rocks 51.20 403 202 4

Tabel 3 1%, #WEKXHT & IZER LRBABEME, THREEZOmE LLGE0REIHEZRL
725D ThbH, SWERGORBERETWEZLET S L, LOTHRETRE S, R THMERE X,
K EEXIBONEE 2> Tk,

B L)

BE R EIBIZ 1093 R L R CBEMICAELN, THICL > TRADHH I H THRITAE - LRI
LK ENFEEL, REGHFENS T/,

8 A6 AKX EHE, BRIESH L ZOIMBOFEEEPEES R SN, EPHEEHFGIZED X,
SEAE - TAROBEDSHEZNIIL AR EIWEIIOVWTEFZITo, BONTHRTE LD
HERDL)TH5bH,

1) ZedhBEEH G (R R20. 6km X B PG 515, 8km, Hif&#325kn’) (ZHA& Lo FHHAE - T4
T KNG DL TE,500ELLEIZDIE > 72, 215 DHI60% R EHDHEN00mKFEHD S D TH
b6

2) FHEFE - TARICEABESSHKIZ200m BT A v 2 2%, 200X200m 7 v FHOF
AR - T AROERE KD, 7Y v FREES, 13TEO ) H 7)) v FRICEEARE - T AmRDY ]
AL ETEES 5 b DL LRO#26% 2024 L7, RlTAEE - T AEPI0EL EFET 52770 v FIZH
Z2 )l it s L OB FBICEF LT b

3) ZEHGEHFRKIEE 5 KUK L, %n%h@Lﬁ@ﬂE%ﬁ THRICE 2REROEREE K
Wi, 512, BAEBEBICEFUNZEEREFEL CERKBORETHWELFEL, 8 H1~2H
FWTHL, 600 T OFHAE - L AFARE L2 BN TE 500X 10'm ($8, 0000, km') &+
WHREE N, 8 H6 0N TH3, 700 AT OFTHAEE - T AMAEA L 72 ZEHETIE49655 X
10°m* (§6, 000 /km') O LHPRESIN TS, $725 DFELJR HEARRE, EEIOFTOKE
&H%ﬁ%éLt%Eﬁw%%a@Ef%%%xwﬁSwﬂomﬁ/mﬁwi@ﬁﬁﬁéﬂfwé

4) ZEHRBEAEHGXIETKBHECTCRKELICIXKIBIIKG L, £NFNOXBOREARRE - L AmIC
LIREHOEM, THELFTHELL, ZO/KE, kMﬁ%%%@#@%ﬂf%éL%tLﬁfﬁ%2
X 10'm* (#95,000m*, k'), KA HEK IS TH224 X10°'m* (#93, 000w’/ km'), HEFEE [X 38T #5202 X 107
' (#94, 000’ /km') T&H - 72,
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4) BEEBE EEBEMEN (HR10750 1) (1990)

Summary

In 1993, Kagoshima Prefecture in Kyusyu, Japan was very badly hit by torrential rainfalls.
The disasters caused by slope failures and debris flows killed many people and involved great
property loss.

The vertical aerial photographs covering Kagoshima City and its northern area were taken
just after the disaster on August 6, 1993. On the basis of the field surveys and the aerial photographic
interpretation, the distribution of erosion and deposition scars by slope failures and debris
flows was investigated. Also, sediment yield was estimated from the distribution map of erosion
scars. The results are summarized as follows :

1) More than 6,500 slope — failure and debris —flow scars have been identified through aerial
photographic interpretation in the investigated area covering about 20.6km in north — south
direction and about 15.8km in east — west direction. About 60% of those are less than 300m’
in area.

2)  Grids of 200X200m are superposed in the investigated area. The number of those is 8,137
in total, and about 26% of the grids have more than one slope failure and debris flow.
The grids which have more than 10 slope failures and debris flows are widely distributed
in the Kotsuki and Omoi River watersheds.

3) The investigated area was divided into five watersheds. Sediment vield in each watershed
was calculated by multiplying the eroded area by the mean depth of erosion. Sediment
yield from the Omoi River watershed, in which about 1,600 slope failures and debris flows
occurred on August 1—2, was evaluated at about 500X 10°m’ (about 8, 000n®,“km’). That from
the Kotsuki River watershed, in which about 3,700 slope failures and debris flows occurred
on August 6, was evaluated at about 655X 10°m* (about 6,000m’,km*). Also, that from the
area of steep slopes along the west side of Aira caldera, at which many inhabitants were
killed and the railway and road damaged, was evaluated at about 55X 10°m® (about 7,000m’
/km’).

4) On the other hand, based on a geological viewpoint, the investigated region was divided
into the following three areas: ®area which has been mainly underlain by so — called “Shirasu,”
@these by volcanic rocks, and @ these by sedimentary rocks. Sediment yield was evaluated
at about 942X 10°m® (about 5,000m’ km’) in the area underlain by Shirasu, about 224 X10°m
(about 3,000m’kn?) in the area underlain by volcanic rocks, and about 202X 10°m® (about

4,000m, km’) in the area underlain by sedimentary rocks.



