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Wi ARE 1

REBIAEPIK « WD ER

oI

T PO RE, KHIR SIS ARSI S 720 TR S HIBRIEI T2 K RAEL THE D, ZNZE o
TR« WERNDE D HAZHEDH TN 5 AT, BRICEDK I TRENDH T2, KFLADE
DVEE > TS,

SEOBZIE. HASE T, M7EDH (1999, 2000 a-b) M, {LAZHOKITHRE LT
LHBNZELEB ZREEL O/ EL UTHNA LA S, [EHEIDE XN OSSR
ZEITTE DGO MREBEOKEE A TH 20, BYELOHEZ(L M2 DEREZE 2T
HFEIC K > THOMNCTESHAZREEZE L2 MUV ERBL. HSIEIHIEREDOENNIC
B BHE O O AIRIC K 2K FRBOMZEZ1To L L &I, FBIEAEIC K 5028 1970 F40 5
AEgHICHED NIz & LT, KEFOREZ, Hid - (hE) I8 - 1SKE - Mg o - KLk - &85H
WK TC, WU ZRL TS (R1). ZOEMNT, L DREMZKRL TEIDOM, BEERE
ZEET 4 —IV R E Ule, KIUEKIC K 5 SEFIROREMSE TH 5. 1993 Fic TSNz DAL
IRENED CHERE) &, SRR oRER (K1) ThHO., KHFEZHAMILOER &
Zlyic, el (1993) &, NALSEFEZ T OFpRGE LT HDAKZOKEFENN HEEZ T
B EMEO 72 LB LT, BT AHXIKFICHINT E 5 S ORENZ ATt Z RS 5
FEE LTRETS 2 EZ2—D0OHBICL TV EIBRNT W5, T OO X LISEH OFESE

1980 RO Bz, FHHLEMZIZ T & UTRFIIC b, 2000 FARMEEICIE, KK
BEZ (2002) DN HEXEFL ZOEAIIEEOSKFH L e UTHFIHOZLEZETTL TW\Wa, Xk,
1995 4 CERL7) 1 H 17 HICE T o 7eBie « I RKEK D%, FRIdiHAEIC X > TSN 2 HERE
D E R SRS FEDILRE D 5 IR X TITb N THEZ ER & U 72 SEFIREIH L D A D K
ENTHO HCRIFRIEEE S - HBCUEIITE 1996). B, MHEE 1Y OREETH
%%E)1| (1996) MWEIFOFMIAEICH T 2 THIEORAL] ZEBAMNITRL TWa,

5 LI Ko OURENIEKEFEEZE N FZO AR, HBRE2 RS TEph 2 0 & < HIRBREL
OZEEHR LT, ZNODANBHICE 25 UTcR R SEFEDIAE & LIRS 2, 250 B HvEE L
TR EZE L TIHLMCT A2 ETHD., ThICEH EDWVT, BIROBERANER L T < A

Efﬁb\’(b\f:o

C T Cl&k. 2000 FARLARE, ARV SEFH DEINERICH 2 50T, 5 HNGSKFZ 2O A
ZHR U T, 20114 (CFRK23) 3 A 11 HICKE T > e HAKRESKLIFOMSEOBRZ G L. C
NS DR « JHRANDEHIRZE X THIZW,
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1. XELKEERE

SFE . NHEOFRAERAEFERN, 2R T > e NANIRHIR - BEGZARHS TREAEEZ
T, —ERETE D B N0IFEIEE NS REETH S, miFICiE. KEBERAFEENDH D, TNICER
THRFELNAKEFL VD, BEICE, BE, & H. W, %F5., ok BN, LA g
O, mEl, MR, Bk, BEENDH D, ThICERT 2 KHFZ2ARKF L VS, KHFELEE. TN
5075 THIEHRICIR S NIDIEIR & Z O#E 23200 7295688 ((FRERO/KABEE) H 5k 0 EH
ENBDITEN ZFRER L. i 4 OO HERRIL D SEE DR 2B 5 I LTRSS « IR LT T
SHFEAEHTHS (K2 58 2019),

KEE N L OEARNTIHEMIG1EE, BIROEFRCIE DN TRED K FIR S ZHEET 52 &
THs. BAMCIE, BIEd 2 AR GEYE. M=, kg, fBsE, 075 Lk
LT, Fefiid cHGEmMZ I U, BIROMEHON ], FACPRIHOHEE, PR OE T, B
CRIFEOHEEZTTS . T LT, TOMRRISELE THREALDERQ LN, KHRDMEE T 2551
SURMItEZ N Z . 1EIHD B WIS BE U 7o i SGEMN 208 U CEbVZ 3 7o it 2 DK EiRE L DS
M2l L. TN oZ2a b L TR D IEMASEFH D ZHERT 5,

(1) ABXERH

NASREIRPNE. NHOIEE) ZEK &9 %, Wl OEEIDRBCCREEEIC X D FSRINIC [ET U

T2 SEE ORI T KFIC K > TILWFIFH TEYE ORI DR LT KK DRI D 5o WEHEBDIL
FREROEPR T, SRR RN Gl Rk & NI KKDIEHDEER DO > T s (SRt & K
XOEYEE 2012), A THL 1657 4 (BHIE 3) O THHEO KA EUREDITFD 2/ 3IChATR
b, JLRWEOHFETIE, BEWRELEICEDN AL, ZIhERITENIEANEADNS
ANBDHEREN TS (MK 2014),

EPNC BT 2 KEORBMNE, FELEPRICMEZFENND & LT, FAUE EE G/
HDMELZISERR SN, BEOFRIRHHOBEHEDILOWHIPHICEED 5N 58 H 5, LL, 2LDHEHE
ST 2 SRR RN 2D, NAKERIFE 975 1ciE. KREOERKICE U THRKFHDHF 112
DT E LIRS, ZTORT R HARIICE E NI 780 4E (FA 11) OFHAENE M= DFEL T,
ZEEMNCIE, PEZEIBIE > TIRIE U THEABYT OEYIROREMBHCED SN TS (HIRZ
BB ANTZEA 1982) . ZNSRBREXNNERRKNBBIC KD HWHERTH O, NAKFRI & X
XHI9 B REND A S o

CDIED ., TR BRE E N5 N2 FHIRPNC ISR OTLE- P # N D 2 0, RS CHREE
NTAMAOBEfRICIE, KO EELMGZHET %,

(2) BAXERH

FARSEEIREIMNC X, HUKT/KEMIEICEDN TZOX XFMENIEH>, mBlIzZZ 5K 7%
KIEFROHERE CERIEDILE NTFIE, BRA TS FIRIDED SN TS, b, KEL TE5
SEFEIREA) & THIEE - ALSEEHRER ) IS0 6N %, £, TOEMS, FIEMEEE NS TRIRK
TR DH 5,



Wi ARE 3

ORKKEE  HERO KK OFE NG ERC LBHREEN LT 5, BESDESTE. Biftc X 55
HRNETEL A REEDRTH S, LTI =D2053l72RLTHEL,

i) HKKEERE  FEHICHO T, WO TECSKEDRWTH S, [IBKFEMORNT
REZ BB OLN, WRFEOHREYICE DN SGEM M T N5, I ERMRLIRR . IKIREE
PMTONTAREHIC BN T, KIRFSE T SHEE (13 2017) O BIRAPEEs - fodish (i
[H2016) %, 2 O/KENBKEE 22T TREL R SEIHLU TERELDH 5,

i) TRKEEBERY . LESOREED S HHEIC BN T, BRNE ARk E T T % K EHD
HHFCdh 5, MBERIROHERIYICE DN HSEERMDRI E NS, IIETHEIRER Tl HIERRIC
FrPERIRORPEEE DM HERE U, BRI E O E 2 T U THERET SRz i S 2. &

Z—AEETVWA (K3 15T 2012),

i) FEXERY . MISTHERESFHOCEEND S, OHIE 934 4F UK 4) ICEHENXTHER
Lzt THAKIE ICRENTED., TR T Ko, BhoFiEMRETld. TOFMRITHYS T %
Wit g AR (BSOS, KE, SEON) HDEOH-> TEHED ., BEICIEHHOIET T
MNP > T e (REREDSFEF I AR A 1961, HS 1980),

QHE - MILKEBIRYF : HHEROXBEIEK L TV E T L—b (EEHA km OEE) OBE 5| &l
CULIEHSZENET 2, HE, A BHICK 2 KEOETH S, ThEDEIEEDH LN, H
ENEBHE TR % &, HEDFREL, 2T HEWIRRICEHIER . SHREOEWOIR R I
WRST WD 5, £z, BT, (AR L TKEICHE R 3% LEEAFAE L, B RN
STENH B,

i) MEKEEE  MEOEF T, Wi, EIN, ML, WIREENE T, HifE e E 02 E
ICKBKEDREWTHS (X 2), BEEFOFMPFA T, HENLBIREISHE S Ik - A2 <R
D% (EA2012), TS % e HER D SEI%EL. FROD D2 HELEM & OFTIHBE R
M5, EPNC I B R B O R EZME DTV G811 2011), HSGERICIE, BYUEE,
ENTAEEY), AtE, L2 KHEND D, TOXEFEHEL TOEHEHIE 20, MR T, HER
B¢/ I BB C AT I A U e K E R HEIN (IE 2 ~ 6m, £ & 92m) I U TRl 14 217>
THH (EH 2016) HARERDOES 7 &R, 2Ny 7 b Vs, SRGEBR T, IO I E PRI |
HIEE T UTe AN BATEIC 10/ N2 AN THIE LRI RD 5N T2 (BER 2012),
PSR LR TlE, BERIRFINER T, /KE (6 ~ 12 ) micHiE T AE T, 2Nzl
NTHECTRIRDE > THEBEINIC E HERE T 28550 B O . #iEIN O N TlkiIRbic X 2 iRo L&
2R LTV 5 (REXF 2012), X/ 5 RIRIATEEEF Tl 818 4F (5A1= 9) DHIEIC X 2 #IRIL T,
FARBEOHEOARE L T THEI HEENHS M ENTNS (B 2013),

i) PBEAKEERE  AKLOBPK T, IR B OB, EaDmRMMNET D, ZhCK->T
LU BKEORWTH S, BEW (775) 1I<id. AlEst (3 64mm LLE) . AL (82 ~
64mm). ALK (B8 2mm DUR), AR CRLFPEEYIDS SR OKILA A & & &I (AR HE 72 = H
Tt M9 285 HEMENH O &Ml CRILFHEYIAVKEIRE LU TR N 2815 HEEYD
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H%. HAINGOWEDKIFEIICHES NSO, D% < ORHRE BV ORE « D
RN, FET B TEMELEN TV S (ITH - #iH 2003), FERAE T, D5 BAILIKA
ZROND (K4)o KIKIZIREICEI g H 2759 L e b, [FFIEZR T HE & &> Tl
JEFCHEE N TH D EBOFERZH B IR L 5%, HKIC K 2 HESGEMICI . B L= Py A ),
A, L JE. OKHEL WSS B, HHISDO I TIE, DR E SEIFE NI HEE
LTWaHEELH D, 2017 FOARELAHRH[AZTIE, oRE T DALIKE S A2OHER—
NI NFESEGRBID 5 DO (BEF  ZRADERD TRHOMIFEERDFELR E N, RO
915 4 (L 15) 1T T > 7z FRIHAKLOEAICER U Tl BIEIEERIC BNV TEHZ < DEEDOHE
RS % T TREN D OB T (B MEcEn Gulifia), MHEEFEZK/ NEBFTE.
IS Do < D & LTEiOHER T, KEMEIE UAWIKEE THRIE DI S N T IEH IR E D
Hote B EFE), /o wnAORAIERE T, SR O OB ASEF RSN TOIM,
SHRERP TP RICEDN TR THEEREAN (NE) BREAEIN. & MIHE T
e A 2 PR AUERDME T E N TS (BILHZR) .

i) FRRKEEIRE | RSN T CTIIC KB KEDRM TH 5, HFHICEE N TV S HIR
PN, BRI D %, HIIENEOTIE TEIAET 50, T T TIERIHETHRAEL Tilg iz
W LS B NG T Do T OHMHERYIE. BHRANEEA 5 ER U 7o ihTEAN I O MR il HERT
LIEWETH %, BEHERY) ORE I, P 2T 500, MSFOkK T, TUcHE. AfLE,
HEOWILODFEND DD S, L L, liRZEEE I 5 UK 5 GHAM B EEEFIC X S 6
WICEIEREND 2D, ZOHNIE. RN D OFEERHICE DN TR I NS, @i, T T
(& EHEOM EREH R EIE O EHEREY OFERAE L ZIEF U TH 20, RHAREKOHIIE
PROMREIC K > Tl EEEEED B K2 2.5km 2B A % L e EHER) L B Z LML NICENTV S
(FnA 2011, 2013, #RBERIA « Eili=Eh 2012), O ibtiR O EHERY) ORNEREES, ¥ FiE
il F x> TR ZLUEERHD S 500m AR T, Wic 1km ik ICRNET 5, T, WHEHER
VIOEFEHEDS . HRFOUFFRA 5 Tkm LLEDOL G & FIErE N, 1km ~ 0.5km DY 513 HLR D
HREMEAYE <. 0.5km DAL R OB B @m#lAHTH 25 GFEF 2017), HRKIC & 2 #SGE O3
REEHNIDIRND, G PR Tld, yRERMUHH & 2R 869 4 (B 1) ICHIEICH-> THAEL
TR THER L7/KH, IBFOBBMRINENTVS, TDo b, JKEBNCBIL T, SEiE s
PR CHRAAREX OB O NICBROKHOFIRREAM TN, HIHICHR S NI B O IR %
ML TEHD (It 2014), ZNEANEEDO/KHBFOHE THMEREINTVS GIE 2017), 7E
RO T, AT H IR CREDHIERIC A S BN OERICT R O TE b, BE
19 5 BRSPS PR LA 5 TOTKH B TR L T LRV, 208, dilis i K T,
) 400 fE ], InFEERICRIERIRIZE ENE o7 (X5~ 13), FLRHROEXK TIE, AUl FEH
BRI TR C/K D I HEREY N CE DN TR L T2 0, INREEOKFIZTNZERE B 4ARL, %
IR L TR D, ZEIMOMEMHEL KE<IE a7 (K14 ~ 19). RHAREXK OB OWE
HEREI O (2.3km) L HIEET 5 & g EREAOHEE (2.5km) (FFEFEEDDRARE L LI O
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A (1.5~ 1.7km) OFFRIZZNED/NI N EAHEESNTWVS (K20, X 21 : 258 2021),
TOEh, FIMPFHEIC K o THIEHERYI DR S Nz Hf & U T, JbmEOEABEROHET R >
SEPEICIIT B 1640 4 (EK 17) DB [ OWPK THEANIE U 7o LADE & U 7o HEk O HEREY) (7
FHEE " - HFE AR 2010, TILIEEDOKE 1) EZESH 2020) . A diEmE S E A
HMHLEPRNC B % 1707 4E (55k 4) HBWVIE 1854 4F (LZBUT) OHIEEICHE > THA Lzt o1t
Y (MR HBEZRES 2014, SUHIENE N EYIRE 2015) FEhdH 5,
OXRGKEREF - B0 &V o T HIBRAIE OO M S, R mADE ~ (H2%) %, Kk
OEENG | ULTeHSRZ BN E T %, KIS N UIREAICIEEEDFRET 26N H 0. A
FEREAELARMIC IS, 6550 JfFERiO A HA T =8 (K/Pg) BHROERN L 7% - T/ B OEZRIE, &
KIE 300m DI EREI I EHETINTVS (B 2011, NERAELIE T, 12900 Ei
DY I —FF 47 A5 (YDB) OERKIC DN Ik T —r w8 O—flilk T Nz 7 I v
< bE (B 3cm f2E THUREIMI A Z0E S 70 « A0 EEZ EHEE S ) 2RI
ELT, 7uavy e AEEEZE (or ZEHEF) SINEEINTWS (HHE 2008), HASE TR
ENTVERWVD, 5%, HELTOIREND S5, IEFETIE. 2013 FICuy7DF Vv LA
i EZETRERAOMER L. REEWENH TN S,

2. PAK - IRRNDOEB

KEZDRE, BET 209808 L LT, NBOERICKE A E 2 5 2 Te 28RNl A 0 5K
T, RO E RIS D53, SERRHMRE T, HEPIEE NORBNCE DWW TIHS MM TE
%o T8, BUKDEASE - K DEAE & 75 2 SEF IR Z 0 5 fiBskR 2D — 708 & L TOEMAK
BWHND, TTTE, HAAKEKSLDEOE « MLIKEENRET S,

(1) REFXKEXUZOME - RIHEFHK

2011 4 4 A, EROBHICNEIFO I K SaRic il S Mz THALH G i izEZ BEI & L
To I « IO ERICEE T 2 H AR . FHE%R. 9 H 28 HICZDOHEZTT>Tn5 (X 22),
ZZilE, EANGEEZ T LT,

(5 BB AT IR, B EOMEBEEROZR CIEMETEEM > 7. HARMEIED
BB I E L2 V2 F 2 — R 9.0 DHIETH > 7z, TOX D HRHMIENEETE R -
e &id, WMEREFERICRIR U T EHE - B 2aiidic. HARWEOME - Hkz., AE U7IAS
RTHO., aiOMEFLEDOERZE®RL TV 5,

EdHv. PSR E LT

(5%, HIE - B OREZITIICHTz> T, HOWZHRENEEZE UTRKT T ADEKEHIE -
A ERGT L TOARETH S, o
MEFEE LT,

MHIZE - HEE O A N = X LOFIHEOEASNI N BN E L H>TL %, ITEH. FTHFEHNT
DEKZE OFE MRS B Tzoicld, B ER UM EOBTHERY oW R ER S OMEGRE. 4B
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LA OFESE, HEFZT) TE A, Bhe. B PEORENMMIEORIENEETH 5. |
EWVS JTEAVREN TV S,

Bl eMA TRtz BIET COHEHE. HEAKESD, TNX THAMEHOME - #Zz.
AR EMNCRRER U CE B i 2 aiie & LTHE L TORETEORAZHAS M LT & T,
Wil G FE TR BT ERM O B R OREAEZ MR L T L 7SI, SCRERLE D &@MICH R
FTHO ., BEOHIEDHIGIC KB K FE2HRET 24588 ZMIN TZ 2 L 2hREE NN D
THA 9. TN, RO R BRI A OENRZ 70X F 2 v 75255 AT. KDIE
fife 75 SR ORERICHE T D K 20 OFBEHMO AN IEZ R L T2 BURTHE T RERDIE,
BEETNIEOIIRIC K > TREDKEDHEN X D KELHESN, TNHHERZEEZ 2T
BB5DZHT B ETHD ., KEZFH AN ZOEEZR TN PR BEENETIR L TV < Tedlcid,
EHPEDORUER &SRB 2E0 HIRIE D B O E & OFAEW 2R L, ThUcs LDV THRAELTY
HEZBETHZ2R0END D, T LT, KEEHPZORL GRRZHZTRTL TS AT, 0
PEICBTEY v —F ) XLOHERITHARE L 720,

(2) WREEFHMTELEL

HARTIX, 18924 (HHih 25) ICEK PHHBERNR SN THIETHICEDIEDLZ X 51k -
Tz (A 2015) A, ZOWFZEIE. 19234 (KIE12) 9 H 1 HOBEKEX Z T TERh o7,

COEDOHE « HEFICH L THERH I NS D, BIEHKEXLETD 5 HIEOFHNIAATEE & f5H
LT\ (FF 1916, 1922, THE - Ml 201 1), Al EKZOYEE T, MERTELH S F
HEHZDE#TH 5, FHIFEXKOH, FEFO _RIRSLOBZE CHIEICER L TH 0 Hidlcldl
NEHTDESBRBROIZWEREORMETH S LB -7, Z ORI HEDOREN S E & 75 < K EIC
MO TN Tz D LZBHEDRENH D H 0 LV EN, TENCES XS, BizhdizD
N5 VI TEADMY) TH 25 H 2K Tz AW TRGOEREOIENEAZTE L THDZ &, (i)
EYNIKIRIZE NS TEMEEENTDOT (FR) OB LW iREOHREOfE 2 k5 721k L
CHRULES LS TEEHi> Tz (Rl 1936) £H 0., BN EDFWVEZ L FHOREIS T
%Y, B O IRITHINIC S OOV T Vb S, TOREBRE H - T, BISFEIE T,
TARDORE & AT, HERDSKEEZE THT5HCH 5.1 &, THITERVHEICH L TE, #iEx
Pix T BT DICEREMROERERIRS LTS (FH 1924), ZL T, EXKD 10 4%, 1933
. (FRFD 8) AR =R e C D 37 HFERiOIRE =R & M UK ERHENH 1= L2 %
& MEOHRPEKEFEZESNTVEHORERZFHI LB, Zhid THAZERICE>TEAT E
TE7AWV] & LT, 1707 4F (K 4) L 1854 4F (LZByn) OMIEE - @ H2AR L. THARER
ICTNEDSFICET ZREHFROKER T > L@ 5 T EMHRNE, ZORHICIITLHTREDT
B AIREIC7R 2 TH A5 L BbN b, &, Bk - lEZEM LB ZZRL T3 (FH 1933), L
ML, YEHE, SFHOTENFHMME NS T L3k, HETHZREE T HW00E. ZD%E. ¥l -
Hi% 2 U Tl BTz, 1970 FFRICR > THRIBEORENMIEE NS L. FR T 1979 FH
5. 9H 1 HO THiDH | ITHERSFIMMNHFEIThN, EIRMHENE S N7 E RS, i
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O BN T E R RIZ T EN T, FRIOEMNZITENRDMN SR WRMN T, 1995 FDR
i« BEEREESE. 2011 FEDORHARERMEEINTEC > 72T &%,

BURTIE, HHAKREROEGNZSEZ 5L LI, MilE N7 THIEEORGSEHRIE, 201945 H
ICHIEE DR 25 - R - I Z TS m < P2 2 L3 TRV EEHEIN, TNz & LT,
SEFEXFRIEBESE « SN EH SN, EVOMEMEOMESS, BhtE ki OEH & D 5T
%o FHOEENSBXZ 100 F, XHRLKZDOEENMMEINDE X ICE> Tz VWA 5, LML
[SCAMETS 1F ERKIC K BIEEFORE L RET HEHMNH 2] LI FH (1934) DORVERIERIZ
Hot DD, HAAKEKLTIE, FHOHREIIKE ES EKENRLE TV 5, HIE TR
BT U TR LTeHICTH %, RIEFEFICHES D HE LI NEHTH D . #HE2MICE KER
FERERIELTVESD, TIhHARZANET 2L X, T LEHilARmEcBVTE THIERDKFH
ZYiT 5] T2dic, FREREMOERIZT TE . JAS N DHIEDHEDNFETHE A=A LE L
i, TNUCKBKFDORER 72 K< HZ0ENDH B,

(3) mBb>7HE

MR T 7O ORI N T, TNET 100 ~ 150 FEQFIATHAE L CTE MBI L T,
FHBROM S <L BRSBTS, B SESHEMERK 2014 4 3 HIc TrHg b
Z 7 BRGSO RHEERAG T | SRE L Tz, ZD%. 2016 FICHEARMIE, 2018 FIC IR
R, KBRACERHIEE, IR EARREGRIENH O 2019 4 1 AlciE, milE b T 7HiEI, 30
DINOFEMEHRMNT0 ~80%, YT _Fa—RiZ8~9 7 FAEMEINED, piidD XS, [
5 HICZEDFEMNEEINTVS (K2 - RphEAHE 2019), TR I,
MBEEORERAR T, e b 5 7B ORI A GA B2 S & < TRITE R NE DD,
mlE b7 7 ERE O RTREMEAV R & LN THINICE £ > T 5 LMl E N Eaicid, MEs
RIS A TR ST 2l T & THEZ TEZ1ZTWE LTV T ENEETH .
el T, TN PN, JBITIE. milE T 710V ORBIBIEOFEE D ATREMEAVEH IR & FEX
THXINC B E o 7z LEHl S N 2iaa0c, Trale b5 7 BRI > TrlfE b5 7 iR B iR
W] ZHRELITZHTEICL TN 5,

DF D, BURTIEIHEDO VHNIIEMICTERNT ML, [T [MEHR] IE EDWVWT, FHIA
RS R 2 LB T LIRS TcDTH D, —Hle LT, #iRTid. 2020 4 2 HIC TrEifE - <
T B D ZERIRFEAETEREIC i 2 7B SERRIRGT  BREVRICAT A RS A > ) Z1FR L TRIGL T3
Uh L., BT 7ot cid, ﬁ%¢k%%ﬁiéht$o&%E%éﬁk$%“i®ﬁ%@
HEMIENTRBST (MEFAEVITHEEARES 2020), ZNEHEILT 5 2D DA « WL 2N
NB, &5 DIF, Wl - il « FilEORHEORIFREAEZIE Uz, mMEifE b o 7 B AMEOHE
RUEM, R, WX ZHNE LTHEINS PERLEHESN TV DD, TOREEZ&mD I,
TS ORI BN T, AIEFFD K 512, 2000 FERHICHHAAKREKR LR U X S HESHIHET -
TWaHDh, TNELRIRZDN, FEEEOME - HEONKZE 2 % 5 2 TE BRI E
SKEEHZOFELZH> TV ENETH 5,
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(4) BAERODLRFRT

HhEE - B TR, KEELEORT AR ZMA T, ZORE TITHON > TOHHIE « B
FHED LIS, BRI BNT, g - @ive K CHEL. BHERIRES 5 5 ORBLOER T2
NzHEL. BIURZA TS T EAEHENS,

SAL TR KD Z T & UCL R ImK iR A 150 ETL EES N TS, TS Dfiakid.
2019 ISR ENTe—MRIAEIEAN 13.11 fmka— FHEERMS | ICHFREN T, HEARRKEXOHGE
S, BRI Sy b T — 7 2R U T, BIRICEES 282 75 HU D AP H 21T S ThHE
ZiroTwa (K23), NS, MHBGEMTZ A S BULER TV CaFRENT) » DEXKEEIIE
MNIREV AR FOBIGEM L. FrikEN T, KNEORIEN, #F0 HEEIE. K& OO L
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Archaeological Contributions to the Geomorphological Hazard Map
making for Disaster Prevention

AKOJIMA Isao
Abstract : The archaeological excavation method supports the applied Geomorphological
map making for disaster prevention as the details of geomorphological history and
processes in lowland and hills during the last some 1,000 years are not always known.

The current Flood Hazard Maps in Japan come to show the simulation of high risk
area in the case of the supposed extreme rainfall that is the 1-in- about 1000 years
rainfall. To prove the existence or no-existence of 1 in 1000 years flood, only the
archaeological method is effective now.

In the flexible soil mapping based on boring and geomorphic reading, the knowledge
of the micro-relief at some time in the past which archaeological survey excavated is
helpful.

Diagnosis of stability and un-stability of landslide slope and its movement history are
also known in some excavated archaeological sites.
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No. | The survey site where disaster evidence detected Type | Estimated period of remains and deposits
1 |Muk-L112(Tr.1, 2) E | The End Jomon - Mid-Yayoi period
2 |Muk-L462(Tr.1, 2) E | The End Jomon - The Last Jomon period
3 |Muk-P376(Tr.2a - 5), L260(Tr.1 - 3), L272, L397(Tr.1 - 2) E | The middle of - The end of the Last Jomon period
4 |Muk-L291(Tr.3 - 6), L533(Tr.1 - 2), L567 E | The Last Jomon - The Late Yayoi period
5 [Muk-P161, L473(Tr.1), No.1(Tr.8, 17) E | The middle of the Last Jomon - The Early Tumulus period
Muk-R289, P347(Tr.2), P351, P431, P499, L276(Gr.1 - 3), . .
6 L370(TtE, C, W), L373,L380(Tr. 1), L394(Tr.1 - 2), L427, L466 E | The middle of the Last Jomon - The Late Nara period
7 |Muk-L403 E | The Jomon period - Medieval
8 |Muk-L240, L258, L319(Tr.1) E | The end of Early Yayoi - The end of Late Yayoi period
9 |Muk-L421(Tr.1), L532(Gr.1 - 2) E | the Mid-Yayoi period - the late Nara period
10 |Muk-P394 E | The Tumulus - The Late Nara period
11 [Muk-No.32 E | The Tumulus - The Early-Modern Times
12 [Muk-No.2 E | The Late Nara - The Kamakura period
Muk-L218(Tr.1), L323(Trl, 2), L341, L355, L421(Tr.3a - ¢), o .
13 L455, 1487, 1596 E | The Heian - The Kamakura period
14 |Muk-No.46, P380(Tr.1), P470, P527(Gr.1) E | The Heian - The Early-Modern Times
15 [Muk-L190(Tr.2), P523 E | Medieval - the early-modern times
16 |Muk-L383, 1485 E | The latter half of - The end of the Early-Modern Times
17 |Muk-P387 E | The Early-Modern Times - Present
The End Jomon - The Last Jomon period
18 | Muk-L497 E |/ The middle of the Last Jomon - The Late Nara period
The middle of - The end of the Last Jomon period
19 | Muk-L284(Tr.1) E" |/ The middle of the Last Jomon - The Late Nara period
The middle of - The end of the Last Jomon period
20 |Muk-L342 E |/ The Mid-Yayoi - The Late Nara period
The middle of - The end of the Last Jomon period
21 |Muk-L327(Tr.1) E |/ The Heian - The Kamakura period
The middle of - The end of the Last Jomon period
22 |Muk-L262 E / The Heian - The Early-Modern Times
The Last Jomon - The Late Yayoi period
23 |Muk-L492 E / The Mid-Yayoi - The Late Nara period
The Last Jomon - The Late Yayoi period
24 | Muk-L545(Tr.2), No.2(Tr.1, 2) E' |/ The Heian - The Kamakura period
The Last Jomon - The Late Yayoi period
25 |Muk-L507 E |/ Medieval - The Early-Modern Times
The middle of the Last Jomon - The Early Tumulus period
26 |Muk-No.6 E |/ The Tumulus period
The middle of the Last Jomon - The Early Tumulus period
27 |Muk-No.2(Tr.N, §) E / The first half of the Late Tumulus - The Heian period
The middle of the Last Jomon - The Early Tumulus period
28 | Muk-L491 E |/ The Heian - The Kamakura period
The middle of the Last Jomon - The Early Tumulus period
29 |Muk-No.3 E |/ The first half of the Late Tumulus - The Heian period
/ Unknown
The middle of the Last Jomon - The Late Nara period
30 |Muk-L440(Tr.1 - 3), L448, L501(Tr.1 - 3), P525 E |/ The Heian - The Kamakura period p
The middle of the Last Jomon - The Late Nara period
31 |Muk-P403, P435(Tr.1) E |/ The Heian period - The Early-Modern Times
32 | Muk-L449(Gr1 - 3), P464(Tr.1, 2) E ;F[I}e;lr(rg‘(iclille of the Last Jomon - The Late Nara period
The middle of the Last Jomon - The Late Nara period
33 |Muk-P399 E |/ The Heian - The Kamakura period
/ The Early-Modern Times - Present
The middle of the Last Jomon - The Late Nara period
34 |Muk-L499 E |/ The Heian - The Kamakura period
/ Unknown
Kyo-L303(B-1a), L304(A-2b), L313(Cl-a, b),
L337(Gr.B-5a), L385(Gr.B-5b, B-8),Muk-No.12(Tr.1 - 3), No.54,
35 No.56, No.58, No.1987(Gr.T2, X1 - X4, Y1), No.2015(Gr.1), E | Unk
No.03073, No.03110, No.04048(Tt.8 - 10),N0.06026, nxnown
No.09028(Tr.1, 2), N0.09098,N0.09102,N0.09102(Tr.3-2 - 3),
No0.94149, No0.99151(pit! - pit5), No.98092
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No. | The survey site where disaster evidence detected Type | Estimated period of remains and deposits
36 | Muk-No.13(Tr.2) F | The Last Jomon - The Late Yayoi period
37 [ Muk-No.2(Tr.N, S), No.13(Tr.1), Kyo-No.454(A1) | F | The middle of the Last Jomon - The Early Tumulus period
38 [ Muk-P301(W), No.12103, No.13004 F | The middle of the Last Jomon - The Late Nara period
39 [ Muk-P220 F | The Jomon period - Medieval
40 |Muk-No.421(Tr.1, 2) F | The Mid-Yayoi - The Late Nara period
41 | Muk-No.358(Tr.1, 2) F | The Late Tumulus - The Asuka period
42 [No.356(Tr.1 -4) F | The Tumulus - The Late Nara period
Muk-L293, L322(Tr.E, W), L349, L350, s .
43 1497, P376(Tt2 - 5), No.S0I(Tr.1, 3). No.525 F The Heian - The Kamakura period
44 | No.370 F | Medieval - The Early-Modern Times
45 | Muk-No.6, Muk-P219 F The Tumulus period - Present
The middle of - The end of the Last Jomon period
46 | Muk-No.462(Tr.1, 2) F |/ The Heian - The Kamakura period
The middle of the Last Jomon - The Early Tumulus period
47 | Kyo-No.454(A2) F |/ The Nara - The Heian period
The end of Early Yayoi - The end of Late Yayoi period
48 | Muk-No 240 Pl The Mid-Yayoi - The Early Tumulus period
The Heian - The Kamakura period
49 | Muk-No473(Tr.1) F / The Early-Modern Times - Present
50 [ Muk-No.2012(Tr.1 - 4), L455 F | Unknown

ROOEEES(E. B HENORTHBEHRHBED T IL—TEFRT. 24 TF &, BKEHETRT,

BLg B HT RO JEDNRH SNz, 2Dz, TOWEHEEMNBEICRKZZITWVIEENTHAH EEZD
Nb, —/T. WEOMIETKICDOWTHAS L, WiEER D L2l D BREBAICHIN S,
Uh U, Z ORI S G HEEM ORISR, B EOHERIZE <. FiHIC K 5 R
TH T QICEREEMKRT 2 MEEREICERET 5 T EIME SN TE Y WENDHT 5D THNL,
i 5 DEIREENH SN B AHEEDNEV, U L, HIEEVNIEAOEHHAEMED 5 5
PEICOET % (R A) . CONRIZE BICEIChN > THEO ., HZWEIEICh > TEET 3
DTHNE, WEHELZRKRELSETTZ2HLENTTL %,

RICERERICHZ T 2 &, B LRI, R & U0 ARG & Vo T A D %
BESUHT I R E 9 % (W B ~ D), T OBEFUHEE. B OMERIARSICH 20, R
K & EDOFEEEDMI DS L © 3 < WEHIBRO RN TE X0 At E Th 2 e d %,
IR DI E AL IE. WIKMLIC KB ZEBHIETHD ., COHEEZLFRLTWEEA S,

EOICIUENFEF Tl WIREICHE S HERERDY . BHIE M i O 5E5 & 13 BEGR R < SRR L 720
HAHN% (WHRE. Fo TAUIIRIGHMREICMERFEAE LR Tk <. REOILEFEFO M,
FEFRGEDIEDTIERENTZT A CRD DX GEHFEOERMR L TWAS e Z2HETE S, T
DD 7%, HIEH 5 WFHE & RIS S HEESKEEN & ORIfRIE. S, MEANB X UTE 2N
PEIC X > THRREE N, AN Z AL LTIRAL T BN D %,

LhLndhicE X, TDX 51 HDT-GISdb AY & O EROHE DO Mfaga Mtz "3 25551, Fii
AN EIC IS OIS 5 WIFRIFRLEIC & E X 2D Tid/A < Mg Y — R0k
DEGFICKE L EHMTES T 2B L UM OTER & UTHEERFE L RDGE T 2R LT V5,

5. RATLK 3H{&E

T—ARX=AEFE EDTOHT, KERETINCHT 2EHREHAETDORT > > v )bz KE K
C%, UMUK, BUROFAESNRERICITW S DEDENDH S ENAZTE, T T, £
EDITARA TRICEE LK U IEREIC DLW Tl 720,
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X9, HHFEHERZICBIZENDZWVIEER. SHICTED D WVIEHIEIC DWW TOERDH
fROFENGFE E LTI 5NS, THUZLE Harris B9 TIZ 1979 FICEHML TV A RETH %
(Harris, 1992), 7272, SERAERPWKD AN A L%, HBOHH) SHAHEL dicid, BRFEO
B EMRDNETH O, TOMEN UL UERTEZEMIE L. BERZ RIHRICT 5, 2 T THEEE.
—77 CLEFHRRCERE R S HiAIN 5 EREDOY] D GV EERGR, & SICHREICHE > THE SN B
BIEREEROREZ/ N A R 7 A (Harris, 1992) % 312K 0L, 5 TI3E#D X v A
DRV 269 2 HEEFIC DN T, H FAGEE O HER Y 4 & [KuniJiban] (37
WFZE B 78 N L ARWEZEAT - http://www.kunijiban.pwri.go jp/jp/index.html) 7% &% FJfH L CHUE L.,
ZNHZEGEE T, RAT—)ve LTOMEREFOHIC, /INAr—)L e LTOENERZNMEDT
FHIETHEPEARZEBI L TWa, T OHEIGEBIOEM O - OMGES SBUE R DAND | X
TSR E DO HIER IS BRITIL D,

DIV FIRPORETIETH 5, A THRINE N2 KFEPICE, BESNPTVED L,
RE TN WVEDDFET 5, SIS EREREANCET D > T < 2 KLU R £ D 5EH#H
JEER & TREIC DT B gL & RE 2 BRI DR E 2 AR T 2 D H B E, X HicHE
FEEZ DO ERSE T 2 ZBIME 2 E 2 RIXE SR OVHIEEM T, FEREDH D 5 XIck &k
BR7z O MWD B, BUE. FEREIYF IS T, KFEHRT LAY = 27 VO ZED TS
M. KIS E TH NI (2005) 728, HIEEHE THNIEI (1999, 2013) &L, HK
KETHNIBER (2015) 0¥ (2017) 2 &, POKPDIUEFEHEREYIC DOV TIdEAR (2000) 7%
ERHDRTNEA S, DI IICE KBS EDNFHANC ED K S K FHENOES LS 20 2 EE
LTWAENEIWHEETHS,

. TNDOBREOMRRD, BESHLM OEHICHT 7z 1 DORELMEL X >TL B EER
TW5,

6. ¥L&

HARICBT 2 F HANFHREOZ 1k, MBS ORfE, flik. Mgtz HINE LTIThbNTE
Too UMD UEBICIE., FIMFARIC K - THE O NI HIFB(BEOHE EHRIEG A TH 0 . M & i
ME. & HIC HDE-GISdb D7 — 2 Z Wit h 5. E 2 i EIc K > THA T NS K
FIRPRE, HIOKFEDZHOMNCT 57200 Tal . KFOHKERZNCKZHKD A H = X Lz fiE
HI % L THEEERERFICEDES T EAVRINE Lz, HDE-GISdb ORI, FiEHAE TELH
EMNERBIRV, KD ROHIE 2RSS 27" LT 0 . FEfaR & D e b O Fi A R 7Rl R
TR MOKEHFEDHEA T TOMBICKELERTZ S LZRLTNASENVWABTEAD,
WIS K, HECSH e OFIEEYE X, DX S R EIIUCEB T 2 EENICKRT ST &
NEETHS, 5%, TNEOREEFEL TV T b, HECUEOIEHAOREEHEDO —D &
1B1EA9,
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The construction of the Historical Disaster Evidence Database and its effectiveness

Taisuke Murata*,+
* Nara National Research Institute for Cultural Properties,

2-9-1 Nijocho, Nara-shi, Nara 630-8577, Japan

Abstract: Evidence of past earthquakes, volcanic eruptions, and floods are sometimes discovered
during archaeological excavations. Nara National Research Institute for Cultural Properties
(hereafter referred to as "NABUNKEN") has been constructing and releasing the "Historical
Disaster Evidence Database" constructed upon Geographic Information System (GIS) (hereafter
referred to as "HDE-GISdb") by compiling disaster evidence information from excavation sites
throughout Japan. Through this initiative, we aim to build an information infrastructure that will
facilitate not only the elucidation of disaster occurrence mechanisms and local disaster histories
but also disaster prevention and mitigation research. This paper discusses the effectiveness of
HDE-GISdb by using a case study of the Palace and Capital of Nagaoka sites in Kyoto prefecture
to visualize potential hazards, which cannot be read from topography, by disaster evidence

recorded in Holocene and Pleistocene deposits



W K- E BTy G R 1
HHEREIC BT AP L — 2 — D75

A N R I DL R Tl N A U

HRIER A S E R BRI ST
i BlwNE St Bl sy Sk

Piy=]

FBUI A 100 £ 5 1000 EOERBLERMEE « HD ) X 7 Z3Hii L, SEFEANOfi 2 72 itk
HBIHICE, BIICHEZ5SOIE - iimh B e ENs. HXEFORLGRE, ChETEH
RIEHE UCIE - IS TE A, Hilic X > THIOEENH O, BHUEN S LidikoiE b
<755, EEMERYISEOMEREN 51E, X EVWHOHKDOBERZ1E5 C LA TE S AHeMEN
b5, BEMEY L E, B K> THREANMRE L WH - TR0 Tho, HiEe LTREFS NI,
HEDHEDOFE LR PR ZH 5T L5 %.

FERMERIDIZE T, TERCEER (2 b ) oI, AEAGHIE & s b, HERI B
DLHEDERNGHEENELHELE LTRSS MOMAENTE . ZORHEL LT, KHBWLHE
AR OISR S D, b B iR AT A I - M OBE & PHEMRORELE WA K S (BRI
H, 2017). —fRAVSEHHERYIRRA T, iR D N ICIfRZ e L, ThUCin > TeHE
OFEHIH T TR E BRI 2 5 8PMRAE NS, UL, EEEIC X 2 HER O fsE I MtE 05
Brez\F, FRHERYOREIE < KRR - MEE R RATIIC K E <L d 5. fnlieid s P AsE
HTE, ZORMEEXD EFEOHBHERY NP - (REEE NS, WIS, HIPRZGE R D TIERIHERY)
VDR ENUCS ARCTERE LTERESP ANHTEENIC K > THM L9 V. S8 T,
EWHTERS 2 B L £ OBRNCEE D W Tl A 2 B RS DMb % D, TN TRA b
DR 215N 5 LIRS AW, HiRICERE NTHEE S R O I 2 4 U ot 74 s T 2175 C
ET, XOREBISGEOHEGERZ AT L, BIVEROMN S 2 L TE25LEAENS.

AR DOHPHEREYINIIECIE, HHUE O & IR OBEDIE A, FWHBIESPAR—Y V JRk L
&G bE I HEREBREE O HEE 7 & THlir L—&'— (ground penetrating radar; GPR) DfEfHANED 5
TW5. GPRIZ, HWHEHPOHFFEROBENZFEREE UTKS LIcElZ &5, MR OS2 B
td2FETHS (Neal, 2004). BFROKIRIEHET BIHEFERE, - -2V KMitlwvo
T B 2 RS B HERII ORIEES®, RIBUKORICK > TED S, HRWIOZEMRE, KOS,
FARSOBS & KA RIS BT 5. COWEICKD, GPR T, HiF/KmONME, HERMW)IHOZEmm%E
DZME, WELREOER (REHROZIL), EIYID 5752 IEOTFE LV > T HIEICBIT 21
Wz, HHICKETHE T ENTES.
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GPR DX 7510 (KEITM) O RAEE T > 7 F DB EVIE LM ET5H, HEEKEL
ROREATRERIRE L » DINE &%, WIS, HEEORNT > 7 F TROWRERERNA K D RN
MEXTT— 22155 ENTES. HIZEBEA00MHz D7 > 7 F1C X B 81E T5 M D 77 fFRELE
15-18cm FEETH D (Takeda et al., 2018; Velasco et al., 2022), HEHEREYIDTENIGE, BHHIZT
THRVWEEZBND. EBRPEOK N ZE T FREEONME (RE) I XEEOERE & R 5E]
RTX5N, EROBHEGHEIHEOFEHLIREBIC K >TEDS. £, WO THiHOE
REBOREE A HEE 3 %, FEROHERE & OEIC K > TIREZEIET 2 08D 5. TBREBHHE X
CMP (Common Mid Point) 1£IC K AHEEMN AV TH S D, GPR Y AT LOMRIC K> TidThz
M T &7\, Takeda et al. (2018) T, tHDKky & & FFEROBGZ X ITHRBNXICEDZE,
ERHGEHE 2 RD TV S, BRHEIEOERIIHEIC K > TRAD, FRCHE/KTIRRIEICEEL, b
ke M BERICE > TEEWIRERZRTHEANH S (Neal, 2004). ZD7, FHEHIBOHE
KR LD RICK > TR ELT—2EEFLNZENVT L EH .

EHESIINET, HETE (Takeda et al, 2018), AL FEF (Velasco et al., 2022) 7% &, &
HiE - dEUR TR B B o A alRHREH S D8I B 72 > T GPR &1 LT ¥ /2. Takeda et
al. (2018) Ti&, A& VFHICHT 2 IR OMREICH 72D GPR 2 W 7 iz DR &
HEHEREY ORI DO BIR 2 MET Uiz, A8 FEFIZK 5000 a0 D BEICT THIEK U T & 7z iies)
FETH O, EHFERDORE S 3~ 45DEEMNIEET BT EAHILNTV 5. BT TIE, Th
X CTOREMIUCK D, 869 FHBIER EFEL « e hRpROBIHER DL L T0B T &N
MERRE N T 5. Takeda et al.(2018) (d/KH N THFIRICRRE & NIHIKRIC BT, GSSI(Geophysical
Survey Systems, Inc.) ££® SIR-3000 L=y ~ & 400MHz D7 > 7+ 7% H\ T GPR & & Hiliil z 170,
HRSHITE O =R e R IR & R HEREYI O 2 I Uiz, ZORGE, HREZ M OJe B HER
YIS ROV T, #3000 4~ 1700 i1 L HEE E N2 K 3 JE OHBHERY D MEE N L —7,
MR TR T NK O 8DV BOBSEEYI DD SN e, BARBSERY OBIERIC K 2 &,
HIHEREY) O BRI HIE DM TZE L, ATV AENE EIE T 2N H 5. Fiz, iR
IR TR R OHERDHE AV NE <, HIEMZEIEN - YL - A LRZEZZIT0T0—7, MET
I HERDHEE N A S HEETELOENW NS Wiz, K02 ORI RES Nz EZSNT
5. Velasco et al. (2022) Tl&, FILFEFICHBWO CHIRHEREYIFAE 2175 12H 7> T GPR Hihix
1V, HUERULZ 0 5 M U@ e el 2008 Uiz, FARTFERICIE 4 BROBEECHERER A L
THD, ABENSRE INESHN 4 mORImHIE 2 DOW)INCEE N, B AR KL LTy
%. Velasco 51& GSSI £ SIR-4000 L=y ~ & 400MHz 7 > 77 % i\ C/KH O g s 2 BigL L,
2 DOBHE AT Z R Uz, GPRERH & [FRFIC S U 7o UE A RHRE DAS RN D, 2D 2D0D
S, TRHIEPRT 7 2 & 20 BAiDjeRiE, BRCEREE 2D 0T 7 J)E L ORI
6T BT ENHSNERS T, 2DDT 7 TORIBRIKETH D, ZOHIIIZA XY MEOREN
K10 Bi#E8E Nz, Takeda et al. (2018) & [FEIkE, P8 OB BZHIE O MM IS U THE S
LT EEHLMCEI NIz WEIZK 5500 Fhii~ 2700 FERiDFENREZRL, BIEASICEOTHT, H
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PAOHE S X 2 L—2 3 Y OREDY SR Ll S k.

GPR &, IR OLRFATREMEICE H U e i A A MR OBEE LM, BHRIC K 3 REH
FOBRRICEIERTE 5L EZA 6N, FHETWBHIICEKD, WESAREOR/KEICIZREHIED
WA NG. ERYPEE OEGEEFR ZHE & LTk, Moyl (breach) MUK TH D, 2011
FEORIMIEERE DIE D, 1960 FDF U HiEE ] (Atwater et al, 2013), 2004 FFOAX M T
MtEEER (Goff et al, 2007) 7% & TMAEM LB D %. Breach MWIDFEEN ThEE TN % & scour
pond (Sawai et al, 2015) &7 b, EMREHEBEREDRNIRRIT 5. X7z, HHEDEN & E DM
EHEEOZIRTT 5L, ZOROMEMIEBI NWEIENER I NS, siEk cld, Btk &
DANTHHEDIED, FEROE X D R EOHERICEZHDERMDER S Nz, TN DRERZIEER
HERSW) & AR DIRFCH O, HINBKEOMFHC B O TEEANGREEZZ 515 (BZ1E Sawai et al.,
2015). REMPIEHEREOHERIEHIC X > THEFITHR LTV A, GPRZIEH TS LT, Hil
REHIE DA IRR 2 e UERUR 28R » 70#rd 5 2 & C, TOMBEDIEHRERZHID, HHK
OFERFHZHEE ST 2 T LW ARRICR S, K21, B (EHIR) O7KH THUS L7z GPR i
TH5. HEMFIEH 1300 ~ 1100 FFTEICTZRRE N7z [HERORENCEEE L TR D, tERMED
FHELO FOMIEIZIIEOMWH 575 5. GPREEETIE, |HIESEZ/RT RKHMHICHE 10m (& & DR
IBEADRDENT. HHEHEICK D, BAOEEIEHN 0.5m THO, ZOHITIE MRFERE LT
J& 1035 ~ 1169 Uz /RS HHE SV FEDHER L Tz, JHIMIEDEAOHLZHEZ BNTW
ROHREMEZE R T 5 &, HEO FRERIEE S D LEHLAZ0E LGV, 1F5NTERIE 869
D HBMIEEHIE D 166 ~ 300 FFRICH =20, |HILEE & O B RPOHERERIE O R iz 0 i 72
EET 5 e, BETHEEDOEE D OERICEEMEK SN, OBICERES IV FNEDEKRENGNDS
WL DTHHREENE Z NS, REMEORNDEN Th 2 hEhZ2HHId 21, Ko
2 D GPR =AW LIIRZARINICINES 5 & L b, REBHEOFDOOICHRE LT & AT
ENZHPHEE O ARENRE EEETD, ZANGEIHT « RITDARETH A 5.

Xk

Atwater et al., 2013, Andean Geology 40, 393-418.

Goff et al. 2007, NIWA Technical Report No. 128, 69 pages.

Neal, 2004, Earth-Science Reviews 66, 261-330.

Sawai et al., 2015, Geophysical Research Letters 42, 4795-4800.
FEHMAL, 2017, HETSAMERE 118, 535-558.

Takeda et al., 2018, Earth Surface Processes and Landforms 43, 808-816.
Velasco et al., 2022, Progress in Earth and Planetary Science 9:19.
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Application of ground-penetrating radar for paleotsunami survey

Daisuke Sugawara', Kanano Yoshiike®, Takashi Ishizawa'

! International Research Institute of Disaster Science

? Geoenvironmental division, Department of Science, Tohoku University

Abstract

Use of ground-penetrating radar (GPR) is being common in recent paleotsunami study. A notable
advantage of GPR survey is capability for retrieval of plenty of subsurface data, which will benefit to
understand paleotopography and sedimentary environment and optimal location for sediment sampling.
We can obtain better sediment samples that include as many tsunami deposits as possible, by assessing
preservation potential of deposits considering the paleotopography inferred from the GPR data. GPR
survey is also useful to know distribution and geometry of tsunami-related erosional features, which

provide clues for reconstruction of tsunami history.



FARE T 1

o TIRBEKIC 350 2RI R D HL B o) HnH
— ARSI 3513 B HEI KK & oD Lok —

1. 1 C&IC
FEHT AR PE PR D FE A 5 BERENE CRAARESRE) XD, =ketyritiiosFIR
HORE T, FEE - AR 120 m, AZE 137 m, BFHE 214 m, HREF 18.4 m, HE
MR 23.0 m, A RiER 20.2 m, H%HET 21.8 m, fiiliZ 19.0 m, KFEE 15.1 m, W75 22.6 m,
MHE 23.8 m, JLHE 18.3 mOEEM MRV AHE Tl E N T3 (BFIR, 2014),
AWFZETIE, SRR S = R & o H A REE S DI K IR IE R T H 2 LIRE L,
A TR D HISGEI 2 S5 TR HEREYNC 75 5 PTREME DY B 2 WD 734 72 PR IG H BAGET L 72,

2. =[RS ALERIC & 1T BB DBKE & HIRIKSE

BIE & i U T 40m (& /KA EDMED HATEE, I 9,000 4 ij 0D 50f 5§ T 7t D A 1 7 37 A LUK,
) 7,000 FRHICIE T T 27 b EENER U (B, 2009). #7 7,000 4R oD ¢ #7 i i g LK,
i KAE I BIE L IZIEFERED 2 ~ 3 mEWIRRE T Le CRENED, 1990), HADEHHOIEH
ZAEHIERDIE & A £ 6,500 ~ 5,000 FRTEIC R E/KHEICEL, 2 < OFE T EROIREI O
ST (F9 6,000 FAGHD 128k & /KIDHER U THIMER Y 7 AKX DR RAIER E N, R
TEWEBICHIEAZZRICEBENIV b - KELED, [HITRRAHICHENER L, —)7 THRERID
M TSR - U b« K72 E0 5 7% 20 R HERY) - RHERII DG [ & e E HERT L 72 Gl
1994), =PFEifgRE, Ltk RPN aHEEREEE (K 0.2mm/y : /MilEA, 2005) Z@EH 9 %
£/ 7,000 FHOFERET 1.4m BEE RS 5N, BIEX TOMHMNNZEL&GEREBEERAZLT
Hore (B)INED», 2015),

=i g P & H OB ORI, TR =R DO BEHIF TIZE DN K > TEWLD
HH (NFEKEEREATEIEGE, 1934), 1933 M= & 1960 7)) H DT — X I &k
DL, AL CTHREOHEBIIEI K D BRIEBICON TRAE &AL, FU & ESETHE
LD TIIE K D IBRISHESICON TRAKENMEART 5 (i, 1985), HRHAREXKH T
&, WFORIRIC KD, SEICHS 2K, KBICHIE S 2, B A0 < fusic /o 7
HEGH B Ot 5, s ORISR ED RIERE OFIEREO T, HREOHRIEIEIC
109" % 5 Cilim e < R B AN S M E Nl HIED, 2015),

=AU C I3 B A RO A A IS K 0, RREAT OO B B X O KTt N THET 1
~ 5 m®D#J 2,000 ~ 5,000 FHIDIEKEHIC DR & 6 WUERKEE 10cm) O EM R E N (5
RIEMD, 2007), WIEDOFMUIHYE D E T OVRREOREFAHEEDN 55 2,500 441, 3,000 i,



2 a3 1 2 SRR D IR D HERG R — R ARSI 810 % iR /KIs & D b —

3,600 i, 3,900 4, 4,500 i, 5,000 fFaie e SN, AN\~ EEE HEREHBEIE BRSO
HEHEREY) & 3IF— BT BAERARE S T Y, SREILE I D R - HEREYI O JE IR I3 EL cm A
5#)20cm AL, Ak S MUHAL CHER S N3 A, B ETHIED FHIX TlE 10cm KOME ETE,
KA TR A I T A A AT ORI O L BELL U7z 2 ~ 5mm O B RFiED S5, i
S A TIREDEDBEE 5 72 2 S0 T 2 F AR TEZWE RSN (BEIED, 2007),
F ORI FE ORI DME &, HEHEREY & 72 % iR EIR T 2 AN Mk D Fix s &2,
HTHEHERTE I ZE DA T b 5 ALHFE R Z D) 1| —FEA BB, RWEARESEHRE I B &AL
BHAREFZIECHE T EEREBREABEL, ATRETRE ST EBHX O V EROFTRIEIC
BT (M) B2 GEAT 2 EREEZzmH L Twa CEI, 2012), T OE iiEiRH
XDV FZRTIEE, AFERMOFEEMTHEELZHE (BHIED, 2016) TH, MOFREHERY) -
BOKHEREY) & 72 2R 2R U, WD 5 O5EWVE 172 /R 2 s B EERIC K D iR 55 LU
SNTHHEREY & L CBEREEhTwE @Y,

BT AE IR R, e & HEE S N B R HERE Y O IR ZERTE (FRIE,, 2007 -
2010;°F)11, 2012) LEPORHAEEIETH 2 taam 5. gV ERFHIINC 1 8], #EsCRAIC 3 | (1
WIRTE, RIAPEE, AiAREEAR) ORISR e Nk Uiz < AR D (FHEE, 2012a),
EBFOHERSE ORGP & EREHERE ISR S N E ORIz st 2 EE M2l Uz, 7z
WHEREI ORI, 1T SO - IMEF TR TR AL L L ICHEOHER L, ek
JEHESO SIS T HER B DRV ODEENHERE L, FEmEDVE E 2 FHED 5 BN SEOM &
TR R EMED TR - NRap ke 53 C EABERK TR L (HE, 2012b) @2,

3. HiZthk

HIREH TH 2 EARMIERICPE S KRB e @l ok i3, sHAAKERERIC K 2858 iED X
I IS HE KRR DHEVE D PRI 73 A1 D ZE 78 &t 2B O ERNC T > TRl ReED B % . BERHIEICHE S 5k
SHEE OBESK U7z [ & I, #8558 Uzl D KSR 18709 113, SEREIRIC & 2R KIK DR
TH AR OB EH OB & PN HROMAERDRE TH %, Ml I/l
DFEHSEIE I ST % T &1, BUROEERG K L IcE 55 &2 605 @9,
AWFETIEIe S I K O #E U T SRE 2 HEE 97 5728, 1=R/KIEDA B MR HAKEE S & (]
USRS =Rt OB E Uiz, #ESCRHROEIE DRSO R MET 5121E, NSV o
YLEROD L HINC 087 5 TR B O R IS FUB MBI & N U O MU 7R 8895 13 % <, Y
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Abstract

Geographical Information Regarding Jomon Period Shell Mounds Ruins in the
Coastal Regions of Iwate Prefecture — Comparisons with tsunami inundation zones
which occurred during the Great East Japan Earthquake —

KOMAGINO Tomohiro

Of the 116 archaeological sites that have been confirmed to be shell mounds in the area of
northern Sanriku within Iwate Prefecture, 92 sites are ruins from the Jomon period. 8 of these
shell mound ruins are from the Initial Jomon period, 39 from the Early Jomon period, 67 from the
Middle Jomon period, 51 from the Late Jomon period, and 36 from the Final Jomon period. The
largest number of ruins is from the Middle Jomon period. When comparing the tsunami inundation
zones during the Great East Japan Earthquake with the sites of shell mound ruins from the Jomon
period in northern Sanriku, it was found that the tsunami had reached 35 sites. There are 51
Jomon ruins where an analysis of surface geological features revealed that gravel may have been
transported and deposited by large tsunamis (paleotsunamis) that had occurred after the Jomon
period.  Of the Jomon shell mound ruins where gravel was observed, the tsunami during the Great

East Japan Earthquake had reached 18 sites.
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Abstract

Public Archaeology in Yamada Bay Area
and the Study of Jomon Sanriku Tunamis

SAITO Mizuho * IGARASHI Satoe - TAKUMA Kiyokuni *
YASUI Ken'ichi « SUZUKI Masahiro * SAITO Hiromichi

We will present the new prospect we have encountered in our interactions with the
people of Yamada Town, Iwate Prefecture, since the Great East Japan Earthquake. In
this presentation, we will narrow down the archaeological chronology of tsunamis
that occurred during the Jomon period and show how humans responded during
that time. The tsunamis occurred 3times in Daigi 8-9 intermediate stage, the Middle
Jomon Period, Sakiyama-Benten 1st stage and Hamakawame-Sawada stage, the Late
Jomon Period.



