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due to the Kobe Earthquake, 1995
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Abstract

Changes in hydro-erosional environment and pond sedimentation during past 100
years in Kobe district are discussed with precipitational data and pond sediment
information. Analyses of precipitational data show that the years when erosional
phenomena, such as landslides, debris flows ete., happened were related to excess
amount of critical daily rainfall (annual summation of exess amount over 100 mm/day
and 50 mm/day). There are some dominant periods (80, 25, 15, 10 and 7 years) in
the excess rainfall datasets.

Analyses of physical properties of core samples from the two ponds in the Rokko
Mountains show that there are rapid coarsening in the heavy rainfall times, espe-
cially in 1967 when severe natural disaster happened due to landslides, debris flows
and floods. Comparing the sedimentation rate before the Kobe earthquake inferred
from the core sample from Kawauso-ike with one after the earthquake from sedi-
ment traps in the same pond shows significant increase in the rate after the earth-
quake.

Key Words: Precipitational condition, Sedimentary process, Kobe Earth-

quake.
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BAKEDORT v A bEDL. BREOHWRKECHRROERNIBEAEC L > THRaSh
T O — D ILILAR B L M T 5 MR OB ET), ©% V RROLLI FHEFOL
PRBBOERIC DN S WEEML DB &5 BRI MARE S Bl &L - 4,
1979). MROZ L AN LMBEHNEERR R - IUEOAHCHED, BRI -TIbR
IhRT A0 TRV EW S BENLEWBHREOMBINBEOXE LEHATHS.
FRTCRZOERNEOBELIL LD E WD Z LI b, BED L ZAMYAETH
EXunE W HELEDTERNLRMRIBLATH oL, LELEAbBEko#THED
TR R O E BT 2 MR, BENCHETIMA L & LB oBE L ERT S5
% CARBHTHD (Blxi¥, Kashiwaya, 1986; 1994). SRR O LB OB &I LB H
LEER B S0 ETHE, BECHT N ) FotiEo B itk 08, EREORE
BEIEOEBCRIG L CTEHENCEN S TEELRH 5.

AR TR LR A HiRZE 100 Fie kT 2 R ILROBRABEOLT), AbLRARKEGRT
SHEHEEOETH L BEOIWBHKE, L THBECIIZRNOEHY WL THFEH»
D D—2k LTHBOERDERIMTORZ L HETS.

2. MEHEOEH

BRI A > T b ORFIRRLT TOERC L 2 EBDBHEFITVL L2 HEINT
WAH (B, EEFRA, 1974), 1938 4E Do B BRMIAKFE R 1967 £ T B EREKEN
ANB « PR EOREI LS HTHDTHETHSD (Flxid, #FH, 1939; BR4E,
1974; ##&I13H, 1984; Kashiwaya - Okimura, 1990). =+ & D KEHO KL O TIT
JEH - TS (1969) L2, EEFEFLRABEOLTH LV 5 BALD WL OO HH R
o> T & (Hamizh, 1986; Kashiwaya et al., 1989).

CCTREFTINRECRELRTVWIMALMIET 2L L bic, ToHBBLhERLED
TR OWTEET 5.

Fig. L ILBEWEFEOMFREERR A TR S W EREKEDO L Y RT (1995 £ % ©).
ZFEOHERIIPOLNTNZDT, T TREKELZWNEL LTHHrEDS. ZOoNMS L
BIDaTs & 5, 1938 4ER 1967 SEDFFHKEOEPNL & ORI IZRDH. Y, #%
WM OEL, EHBEIRRT X5 MBS ENEKECIER IRV ERTRELT
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Fig. Changes in annual precipitation.
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T2ENRERTH - 2/ (RRT, 1989) », 7 4 L 2 BIER T iR (KhEE)
CRDBID. Fl, COMBRET S A7 V@RI Fig. 2 @RISR 52, E8E
P X B AR 10 20 FIIe B —KB#EW O K 18.6 4£ (fx.1¥, Currie, 1991
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Fig. 2. Dominant periods in annual precipitation.
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Fig. 3. (a) annual 100 mm excess rainfall (annual summation of excess amount over
100 mm/day), (b) annual 50 mm excess rainfall (annual summation of excess

amount over 50 mm/day).
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K EOHBOBENIBARE N CERINSS, fMELOYWEBEOFRA b MEDCEELE X
bhn. BBRAKEOHINC X 2ERBHMOBHNOBMC I B0 Thh, WERDOFBERLD
BABSE BETELOThN, HLBREULOMENLETHA I LRXDILILDTNI ET
bgw. RPILUROMBCHELTHEEORBHMIERZINTE Y, 2 v 727 VERFIA
LT 4 OFBEER LTORBERThR T2 (Flz i, R, 1979). Sk H%
LEEOBGEE Wb T B b, M ERORESLETH B, BN AEME
LML AR ERT 5B 5TIREE L B BN BRANE OO X5 MBS ORE
DB /D, T TRID LS IeBA» DMFEERKSEE O KRNI ERS L OEEROK
BThHot HRE 100mm X0 500mm oW TEL S & LT 5 (HaiEs, 1986;
Kashiwaya et al., 1989 ££R). Fh FhOMEEEOBESNLWBECEETS LD &
E2 T, BEFEEETIHA/RIE, ThZPho BREO £BIExE s LTHRTS
(100 mm HEEFREFRE, 50 mm BEFEHKTE).

Fig. 3 Xzh £ h@EH 100 F£0 100 mm BEFHFE, 50 mm EEEHNECLH%
ARLIERDTHD. WTFRBEAMNTIIFA L X 5 EHARRL TR D, 1988 F£0RAKER
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Fig. 4. Dominant periods in (a) annual 100 mm excess rainfall and (b) annual 50 mm
excess rainfall.
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Fig. 5. Harmonic analyses using the dominants periods in Fig. 4, (a) annual 100 mm
excess rainfall and (b) annual 50 mm excess rainfall.

1967 £0 7T AZEMKE L OGO & HF, 1910 0 kKE, 1945 F£DBEFKE, 1961 FED
6 AEMKELOMIEYHLATH S, WELHEThE, 100mm BAEMFE L BEHEKE
OFIEA X DBHETHS. WTFRICE X ZOFEONBERSEI B EHORENE L RTEA
NHRHATE—DDFHEL LTETHHZ EWTREEINRDE. ChbORERECREDLNS
RO TIR BRI 55 LT 523 (Fa5i3 Ay, 1986; Kashiwaya et al., 1989), zo#H 0%
Bz ToM LR % Eig. 4 wrd. WIhoREcd 8045, 254, 10-164, 6-T4
OEMNAREDLORD. ZThbDRME A TN LR Fig. b Th5B2, BRED
RGN L LD RANOFELZZFHL TV 5.

3. HWIBHRMEIEMRXE

WP B 5 WES RT3 SR ERFO LB T ROBB oM AR FEY
BT 0 L #EE SR, BEORMNLKIBEREOETECHBERMIFIAIhTETHS
(Bl%1¥, Yamamoto, 1976; Kashiwaya et al., 1991, 1995a). T4ED BEFHICEI LT & WIBHE:
BEOCHRRE L LT FOEESHHIR T B2 LR HALMRL > T3 (Flx 1, Taishi
et al.,, 1991). RELUROMPBTLERIC L 5 LDBEIOER I WBERHCEIR TS
LAVRERTV5 (asiah,, 1988; Kashiwaya et al,, 19556b). X bz, WHIROFWEED
BN B BB DO BEA D AFTENE, FH (WEEE) oFEL LI, W
BEEE (H4: - LEX SRR OB LEH#ET 2 —20FH2 V%2185 Lo R/
A5 (fa#, 1996). £ TZ & TRbBEEFEDERL) LB h 28RO ENC L 2 LWBEIC
BIT 2V ORI DOWTE LD S,
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RPIUR OB I % LBHEE DD = 75061 1986-1988 4 & B kMER D 1995 £
5 Al . HREVWFRAEIR 27V 75—k BV TTbhi. 1986-1983 Fic
BERIh-REHI=o0MmE Bk, BAMh) H»oBRIhicdbDoThsd. LosHERO—
oW TIERHE LTS (530, 1988; Kashiwaya et al., 1995b) %, ¥z ok
WEHMO Zh SR>V THEmwT 5.

Fig. 6 R L MBOAME & 1967 FOERKENC KT 2RMELF MK THS. RAM
111940 FRHB IR AT TH 5 DT, ZOHEBEFABRERIPILHTHS. FR=2 7B
WEBLSFRER TS Fig. 7 (@), Fig. 8 (Raih) wrid. wFholB#EEmoH
B ORI IR b s AL BEh Tixiks S 14-20em, RAHm T 12-15em) 13
WICs D4 H B 1967 FEDZERKEOREBS & HEE TV % (Kashiwaya et al. 1995b).
WEEOEHIFERBCK S BEECHIL TV 50, BE, SKkEofcd, FhEBE I
TR X, FARBZ ENTED. EXROETRIIEREROE RS (Hic< 1
y 2 ALFIRE W) ERIRLTE Y, BERHFOLDED - OB RBLTV5. X5
2, BRI T RS h 2 BEE AR FRA LB L T, FRic it 1938 SRRk K E
XS T % LHET 5 & LWEETIED 52, MR o CHERBIOZEZ LY SH 0 X
LBk - BRASLETHS.
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Fig. 6. Location map of sampling points (solid circles) in Kawauso-ike (B) and Hase-
ike (A) and distribution of the total rainfall of July 7-9, 1967. A: M. Rokko-
san. (cf. Hirose and Shimomura, 1969).
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Fig. 7. Some physical properties of two core sample from Kawauso-ike, A; KA and
B; R6, (a) median, (b) standard deviation, (¢) grain density and (d) water content.
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Fig. 8. Some physical properties of two core sample from Hase-ike, A; R3 and B;
R5, (a) median, (b) standard deviation, (c) grain density and (d) water content.
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Flg 9. Some physical properties of core samples from Kawauso-ike, A; KW3 and
~B; KW5, samplesd in 1995 after the Hanshin Earthquake. (a) median, (b) stand
ard deviation, (¢) grain density and (d) loss on ignition.
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Fig. 10. Some analytical results (averaged) for sediments sampled with sediment

traps, (a) sedimentation rate (g/month), (b) maximum hourly rainfall (mm/hour),
(e) loss on ignition, and (d) grain density (g/cm3).

W R R HEE D 1995 45 5 A ¥fith THI LAl > W TR L X 5. ﬁﬂ@ﬂmm
WO » Ty TRtz & 2 il 1986-1988 4E0 kB LA EEH L o S i E =
2 7RBREIR Y EF S, W oo EEET 24 ERIE Fig. 9 wRdhs. ﬁ%@%
PR ms b b ks SRETE AR 11-16em OHKI(LIT 1967 £DBERKEicw it

rEbhs (YCs BEOWERERS ChEZHLTV3). I TOBRIXISBERFZE
OREMMPEEDOHMMELRL TV 5. Fi, ZhoDREhx LTHIE LB EDEA b
BHbhB.

Fi, WHED 37-40cm, 38-45cm D SN B FHAMLIT LD K¢ b i 7o 1938 £fK
BAKEXHEIES2, ZhEFOER TRz hIEoEMITERV. ZhboERAL
DA T 11-16em DR & Ak, BEOHM, HBEBWEORIFENEDOhS.

DX ST ET AERKE L WBERYOWE R PRCERL B L TW5 2 L 25
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W OhD 2 TRABLL BLNTHBH, WO HERTREEL DD, LO—D1% 1986~
1988 SEICERE L 7=kt & 1995 £EICHREL L 7o BABH 3\~ T 1967 SELIEDHERE BN Rig D Z &
ThD. B, HEEENL D AILIEFD 1995 FHE OO V3 H1 1986-1988 fEEREL
DHD L YVPINEV D FERC - T 5. RSN BRBCEE CE LW T, RFTHHE
BEAEL D LTSS, ERRNCIEET 51967 FLRE i B Hhn K& < ikien 2 BE
PR (1955 EERER D 3RkHCIE 5-8em, T-9em, 1986-1988 4RI 3k ¢ik 6-8cem, 9-
llem) OFEYE 2T, ThUEOHEREDHECOWTERORMSEHS. bHHAD
Tk, EBBOZLTHEND, HEEOAXTHMT LI IZV-HVOT, BEREELL
THMEEY. ) ORBHOLRERBCE SV ERFE T-> T 20, HEEEECEhZED
B <, MHEOHEMNILBIRICED b iX7g\ .

Z OLRBIC AT B NS TR LLIE D HERDEE BT A MR & LTk, 1) HERREE DS
BEWRA Lic, 2) A LD RRCHERYIERELL, £ L ThRRONK 3) R
BHEEOHE £2%E20h5. 1) IEECEETH LIXTEAVA, Fig. 1 XhBHL
ko, ZOTEREORENENE CREXTERTERA LT B Tikicv L, KD
BENELSEELLEVL I HEEL VO TEBRNCERHIRTE V. 2) ©OWTiE, EW
R H B A Lcke, MBT X 2IRENE L KR, KELWBOELERD
A ORIV LT, EBROTRERBIBET2L05 2 L3 THRBETE
5. FRATIR, ZOHBEEEOEIIARMAHBOKRE LIEECERT IMECERBWEDO®
BB T 00D T LR BN, BEDLZAZNEBMT S X 5 InfbO BB iEL
NN DT, BIETAZEIXTERVD, —ODFRELTELLRS.

4. BR#AHBRLIEEOMEOHR

WESHEELUBEHORRATENOFEY 5L Ieh &5 e X5 oD —D2DTHk
LT, MEMBCKT AHENDOLWHEE, MB~OREREXHITIZ LTS,
FT T, TZTRAMBURIOEBRE LT, SN LI=T7 -+ v 75— DY
BHORGELE L, KHMBEROBRE LTI S CRNMTABILOMECRBEI Wt T 4 AV
b b Ty TTERIATVSER (B L) o TERT .

€F 4 AV E e }T oy FRMBORIEFRECTSEI 2T - v S5 — TR R I iR
DEERIOFR LD DL EHREO— » FTic, 1995485 AR, H/E L. B0 EIRX
TREDCLHVEFRIIA2E, AV L4FRI1IERT»TW5. FEll7cEmIeys s 82E
EREIhDET (D LAEE) BREgECThss, &2 Tir199% F£RK ¥ ceBbhicRciR
FELTTFENLHERETS.

Fig 10 3#EE (HEocd i AMERRECHEE), REHMMOKRNE (AMWERAY),
R 1EBHRE (2 TREEZNCABEORR 1 BHREXER LT %), HERE, NTE
ExXRLELDTHD. WEEM L EREOBRFC OV TS HEMARFTRILETH D,
BREINMCINEERIELETS. i, —RETHEOKRE VL X3, BBWENEASL,
FHEENKRELRBEVIFEAIDD LS THY, £DOLXOFWHEILOLBWDOWEA, WEA
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Table 1. Sedimentation rate in Kawauso-ike

kg/m?/yr
core samples bored before the earthquake 12.0
(after Kashiwara et al., 1995)
core samples bored after the earthquake 4.5
(averaged value)
sediment trap 43.9

TOEED /NI WEEHFEOHEROMERIEDIRE IR TS,

W, BRHIREI N2, HHEDE HEE) 0Bl o TELTHI 5. KMER
DOHEEEIOWTIE, R Lidhics, KHBRCERL 274 S LroRETITIRE
X ABEEOET R T T\ B AEEMEN D B O T, 1986-1988 £icikE L= 2 7 ¥ v 7 (Fig.
T 2R) PHENOHEEORKL W L LTREHTHS 5. BEL L THERCERN L=
TH Y IO THHEFEEDOHEL T - Tal. MEROHEBEEEIL OWTRET 4 AV
FESy STHERLAREY LEMIBELT, FOREL V& Tok. Rz Table 1 ©
~T.

T4 AV LT SCHIRLERRNOHE L LEREE L 2 7 v IARBLSHEL
THREEZ B IITER VR, T4 AV PPy TR IZRMBEROEREE L =2
7 CHIR LI F M UM ORRREE L EXTh Y KEL KT 5. Bl Tw5 X5/l
Bt L HERECET M ERIIOCMETH S, 1995 FORFEHHCOVTVL 2T,
BREEZ LT X5 MBI e o, FREKBERIFECHERXTEh oo ENSPFE
ERELTWEHEELDIRD. OB DOFEN L ) FEFCHEBEOHINCKBL T3, B
BLEELHERE~ORMIHMBERTLELEL D LR LB EFBEDOHHBRTITI.
CHLDOMRIBED L ZARNAE VA, 2O X5 KEMNSHEDO L #EBLTY
it AXBEOEE LD THEFEFOMBREOT L EDT, THBHREOCLEE
LWHBENLLEKDO BB EZATHD. ThbDEMHoOWTIE, BEMEL VW80
HHBELRAFLRMEIEDTHOBETHE L.

| &

AR REEDDEHICY, HOFADZHNRE -7 B0 - HiFE L Tik
HEH AR AEGEHT OBRREMICEROFEER 1T » THV . RBOER - HFizE
BEFAK (RIERERE) 2HDET5 MPXELMER TERRERROBROB % S
L. ZCRELTHELXELIL.
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