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Fig. 1 Features of coastal system, with consideration
of climate change (Nicholls et al., 2007)
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Fig. 2 Coastal hazards in Japan (MLIT, 2003)
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Fig. 3 Erosion of beach and dune system, West Coast
of Niigata (adapted from MLIT report)

1.2 AFREIMRELE: REOHEFREL
Y
AAROETXILIHAL L, AO, BEL L0
BALL, WO EL A KB L T, WECEE R
FPBICET LTS, ZA5OMMRIKHIE, HE
DN B LT, Yokl - mEEICLHILER
KEEFEOV R 7 BEW, BAEFEHERICMET D
IRFIE O A ARE, BEHIC AV AT REKR 2 MEER
BB BN TWS, LERoT, EEEEY 27~
DA BEETH D, IR T 5K FRED A
A — T %&Fig. 21T~ (EH LW, 2003) , FEIZ
BWC, MEEFRREOEENRIENVICHIER L2,
HIMOB K Som BIcET 52 &2 HEL, LT
DX D IRHFEIREICE Y LA TE T,
O H#EPEKREMFORE—THORY 2% 5F
TR~ XY A v h~DiE A
@A Xy MNERER AT RERIERE D X
A F 7 AT B
@ A Xy MR AR AA TR T KERE D

Photo. 1
Byobu-ga-ura, Chiba (photograph 16 December 2009)

Sea cliff with shore-protecting dyke,

i

MREOOWEFITIE, KO X D BN H 5, 163k,
— R TIEAREME R AMER S, BRI
WEREL WD, LarL, tHAIAOHE (FFH
DER) ZIY AND Z EREEL, BEIR KD
Bl (B9 78 A A—) ITHESWT, 4 X MRECH
ERELTCWILEX AT I 7 25 BT 52 LI,
P LHESTIERY, 2085 RGEAMEET 2
20X, BHEER OKE TWRIRR L 2o7, B
LR LA MR L bR DR OWRESE RO
O, KEME (ARERLHRERM) O 2biz
DWTHEZRD, &G E O IEFHINES L O
BIRBAEH LT, WHERED (B) ~¥F— kR~
YT IE TN L RT e —FBETH
59,

FREE@ T, BRIk ObarriertE (BN, B0, 1
FWEE) PETLEKOKEE (MEBOEEY
) BELORNAY 27 (BRI e b2 5Bk
BERED DI )) OFMMiZ HAEIC LTV D, i
RELOEDY BAENRBMETHD (Fig.3) . ifF
TR, BEBEYE ORI L DR (b
MO ZEWKL, (B AR, AR, WEER
B, BES - b mBlEOS I bE T 6T, KEED
THOWAD % 5 & 2 AR T & b0 b
HETH 5 (Morton, 2003;  Saito et al., 2007; Mimura,
2008; Syvitski, 2008a), 7= & 2L, TVT « A AT
X D Ve B (Chao PhrayaT /L Z %) CTld, Hu
WTIZE bR S KEOHEMZ LY, HHEFRETH
S 2D T EREICER LIRAM DN E 55
R, W2 B (beach erosion) N L oo/ EH U &
TV 5 (Saito et al, 2007),

Wi 2 1= £ (sea-cliff erosion) & F A M) 72 ¥ j= 2 28
L DOFEA CTH % (Sunamura, 1973), MHEDREIZL D



WIS SN BN IR R EEAD & L CRFEER I
rInd L, TFOWERFELZEET LI L bAEE
C& % (Sunamura and Horikawa, 1977; Chapman, 1981),
7ol 20X, WL RIRMEICB T D HER ek B
DGR IE, KW & SRR 7 ORI L 2B Y
HEAE D ZF G- N U720 (Sunamura and Horikawa,
1977) o LU, EF, REHKOTRE1E 2 b
DFE DO FETRE D ITITHBEIENRE S, B Ol
~DOREE WU 1T L T\ 5 (Photo. 1) , TN
BT T, UL IEDILERORT B O E A T
WIAZENEEL L, WRESKER FERES~y
K7 v ROFREZE) BHFELOLNDI LI TE
(F7%,1997) . WEREREOEH I 2R T HER
HHITHDH (F£, 1997;2004)
HRITEREE TIEDH D0, ot ARET D & H:
KW EEZ L O THERGEDO —~>ThsD, L
ST, BEEHERBMEIERT A Z LIcky, ERERK
DFRAEBE ZHEET D ~OHFH R E WV, MR
BCiE, RO EIC X AR 27130 & X
VO, VR ENT & 2 I 0 YR R0 M B T 25
DY A7 FH S EEIZ/2 D (Yeh and Li, 2008) . it
FEITHOR LR B O WAL & 52 1F T & 8t NE
(HENZH) OWEE FIZ, 10/ k51~ b
HWREENRE Sz (( EKk D, 2009) . 4%, &5
|2 KK geo—archive Hg L7 BB Z#FE L2\,
AEOIE, W OMEER & L BEN DT —
~ThD . bz, KiEEOSE, WE Lk
i DR %K & L CTF ik T.(beach nourishment) 73
Tt SN C& 7, BERIZKED, #EMERRE L
DHI2 BT, WO REH FRKOFAICER -
L, MERARRREOE A D bAFE LWVEER &
Wz XH@E[ B\ 2V =, 2007), BEHEO KRB
(W¥HIE) CB W TIE, Zue~YREwiminiky
T RBIS, ISR a h—rEMATWD, W
KIROWWE TR S kK L v A7 ok
FRELTREFEHBIEL QWD Z LiX, WBEEOATE
Boer hEEZ TG, KB, BESCBMEEICE
WO, MR AKX EERRAKERTH S,
UTFTIE, EO~Q@DETICHET LT —< &
LT, MEREOBEAFEIRVICT LI LR~
Do

N
Pl

ZWIRE L RBIREOERS

2.1 HEYOEHH

HEFRR W) (sediment)ld, K& LUK & FIEEIC, HiEk
KEOROEANLREERZTH D, WRRIEH T
B L NHIZE EELT, BIRIREIZEOHE AN
HHE < ORRROVREEF L TU 5 (Jaeger et al,

Fig. 4
(adapted from Seibold and Berger, 1993)

Schematic of sediment dispersal system

1996; Siever, 1995), 13K Z A L T2 HEREW O fF
WBaIETDE, WOLEIIZRD,

(hix DEFE D)

(%1L8)

(ZHHR)

Oparticulate

©porous

©Omulti-phased

@interfacial (FrEAEIEREEIZRZT)

Omulti-scaled (=/LF A —)L) .

I OFFEIE, BSOS K D HEREWRL 7 0O 1E
B, HRPESEKROBESRE (FAL—T A
K, ZLTHELELEELESXD ) ZICEERLFN
MY E5 x5,

ST, BEWOEE LR LM RHBIZZEMEICE
TWo, V=77 M7 AIZER LI KHIE D%

(Inman and Nordstrom, 1971) Z & W45 &, ZEhH
DU & IFEBBIREOW IR TE LS, AiE
I, CRETEE RS B AR D B LM RE % DY 71
I<HTHELIHETHD, REMOE»PL, #H
BTSN FET 2, EEHOMEHEO A A —
Y% Fig. 412 T, RIS X D &, I B 0 %
U CHRIRITIE UNA £ N T2 HERE M DN il O AL D AE IS
Ko T, BHT 667 (ERE) 24 A -
LRLd 0, WM RIS L TR IR TR
D, i (F L& UTHEARN) 2B 20 FERS
15 =KD (alongshore sediment transport) D F& A= & 7R %
L TV % (Putnam et al.,1949 ; Komar and Inman, 1970) .
EENE OMEFETIE, WEEE < ICE THERRE - T
WHZEbARRY, ZoXDRGE, BEIRIC
& o TER O—HAMERIZIIE T 2 REMERH 5.
X BI21E, JREFE(turbidity current) & 72 > TR R E
ZWMTTL2ZLHEIVED, RETIIHEYESD
it (sediment gravity flow)D—#ETH 0, FEJRIEDE
PRI TE AT L el & &2 L T D (Siever,
1995; Parsons et al., 2007), BEAKERRZIX, HiEERY
' (suspended load)D> —EBIXEEMA 4B 2 T, EHE:, K
Rt TR ~VE M L CLE S AR S 5, Z
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Photo. 2 Sea cliff and fronting pebble beach, Etretat,
France (photograph 27 September 2009)

DX O REAITIE, Fig 4 icHEo &L BY
“bypassing” &\ 9 RELA Y TILE 5,

B OWRLY, EOWNOERIC X0 EICHEIN
TW5b, ZOX 5 kinERL, B ici3BEiL
DOOMIEHIE N FGE LB TWD D, BROWE W
&I, MIZIEEENTZARST v b E— F (pocket
beach)D &, FRIZZDEEBL TH(HREE, %5
TE), RNy hE—F I LIRS 720, HIRER
BESCHUEBRBEIC L - Cit, BBESCEAERICRD Z
bbb B, b7 T v A DEetatifi £ OB AL, HER
AT 5Fa—2EHho 7Y b (flint) HBEA
TOHENRT, BREEO FICHESHERL, Eaiks
JER LT\ % (Photo.2) ., Ui CIL, WRE (&
Hikxl) —MERA—FERENMEDREZFARL TV
HERBIENTE L,

2.2 EWMEBELER

PR ANIC X 2R oOBE) (FED) 23, EbHIC
Wi 28 JE (beach profile change)% & 72 5 9 1) Tik 7
W, R EIREICT 5720, EREBEEZFIZE ST
EBZ D, ITHREBZRT D MICxH, {THRIZH-> Ty
iz & %, FAUER &V e Lin &Il 72, EER
(x, VICBT DRI OB S Hz=F(x, y, D& E£T, &
RS EO b & TIE, YK(water column) & HE K
[K(seabed) DI S, MBI TH D, WG E
DOUEENEIC X > T, EANRBETKE, RHNT
WHEmOEREZED DI ENTE D, EOWMNOIE
MObETED (bDWE~YAL—T AL ) BE
C 256100, WIEmE IXBE 5 (moving boundary)
L%, B DOWRE (SR EICALE LTV I HERY
BT R OBRENITWRPIEE B o, Blod
FEWRL YRR ICFTEH L2 Y (erosion) , VRifEHE
FEMRL - VBRI ICIEE 32 2 & b & 5 (deposition) .
L7223 C, JIMIIE, MBS m IS E m Tid7a v,
SV DL, WEKEE WO EFTE 5E LIk T8,
Z D% b RBANIEIRE 2 (S H 35 &V DRI e
W, ST, MERMENRE (HERY) OB ERFD
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Fig. 5
profile (adapted from Horikawa, 1988)

Ilustration of beach processes on cross-shore

RO LS IZERTE D,

(l—n)azs = —(aq" + aqijrD—E (1
ot ox Oy

CICHEREM IR A TH Y, MIER O 2E K.
FE—ELMEL TWD, FiHFDg(x,y, )& q, (x, v, 1)
I, FEN, YW OFEEEBER ORGP
WB LR EF MR EZ RS, WIS HE & B8] 5 SR
WMOFMAZD - ETET, —&IiT, ITH
(shoreline) DAL E TN K » TEBT 5, WHELTE
e bR IITHRIMEOELE T 511, WIKE:z
COEWHEE (2= zg) & DR D DML E XD AL
RIC2 2, KIMMEm A O L o 2lBEHMO T vk
REBRT HHEICE, FEBHOLEEEE L2
T sy, 22T, ERMEmEIEE L LR
BHEEBERD,

iR (BbDViFER) N E LS 2 HEOF
X, BEIIRRE MBS EORERTTHY, dry
bed Th 5 (EEIZIEIAfAFRIEICH Y, RiFHIZE
BARERFLTVD) ., LL, Hod ERCiEk
&L, AKOIERZSZIT 5, 2oL 5%k
# (swash zone) (ZEIF 2 EE, MTFAKDRMY -
2%, HEMBHEOHKBERET, BRIEOR/EDEE
D E b= THER T A Th D, @il
o XD RN TIOb & T, KIS IEERESVEF
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BEEZERT A2 LRI VEDL, RO %t
T AW R L DRV R X (resilience) Z 71 A 7
B2, IEFEITHIFENT o4 T % (Donnelly et al.,
2006; Kobayashi and Farhadzadeh, 2009),

BERNFIEIC BT DI IRIGE DA A — T %Fig. 5I1Z
7R3 (Horikawa, 1988), JRISFEIC & b 72wy, B
IR ENR A A U5 (BRI B8 b1
HT2) . ZUOOEAR+SIC@m b &, WK
AT OHEREY I3 F AN EB) T 5 (—HRIZITR
FHMICLHERMIIBET5) . & bR,
W T L V3 NE AR (D S T R S 4L D o WD B D AT
TR D B (flow separation) 3L Z V), ify(vortex)
BAERIND O, WhiTREE LI o nRiEDE
MWTED, MNORKEEDZ A I TIZE->TE, 7
WD E AR RN BT - W L72 0, iz
By - B9 5  (Yamaguchi and Sekiguchi, 2010),
TAIC L A HER M O@%E— F & LT, B (bed
load) & ¥ iEHS (suspended load)DAE &1L L < b5 T
W5, EEE, WINED X S 2—FRiEnigicsiT s
b B OIS ST, BRAREES S D (%
i, 2004) . LaaL, BRIC & 72 D IRBYE T O HERS
WGk OYEIRRIIEMETH Y, FOET L —
FHABIZIZ V23720 (Camenen and Larson, 2005; Van
der Werf et al., 2006; 2008; Nielsen, 2009), A k— A
RED LD ICHIRAMBEL L 25 &, WilZiEk L,
VAT T TR+ & & R CTE D IREIE (sheet
flow) RAET D, ZOFER, QM RMEMENRAEL
HAREMEDRN B D, v— b7 — [ IEBE DR T
Y, BRI - Mk L @I 5 L2 ARS
WEolitlbhs,

FRAR MR E T DN CEE B2 T €T
) ATBWTIE, EREX (MR R & R
HEENC LD EEE WIS ¢ 2RO T 5 R
X)) ZXOOHLITRAL, HRIIHO BRI
UC, HEREWW ot i IR o> 22 M o3 A & & oo IR R HE
Ba R T (Fz& 2iE, Fil,2006)

2.3 EMRLERVROENY

AR &IE, WEAICIE, MR O Rl %
ML (REROIFE RO 2k o THifET
57 ATHD, W)IH SR ~OHEREY O i
1, R ER L (littoral cel)IZ & - TIEFEA, $72
HHILAIZ7: % (Fig. 6; Komar, 1998) , L7235 C,
TS OHEFAE NI T2 &, e miET
2R DICEMRITISET D,
ARICBIT2MWREREOEREZPBIL TR 9.,
H 5 (1993)i%, 2 & 5 S —3 % 572 % B ] oo #F
X (R 55501 kL, BRSBTS
WHREMEOHEBEHE LT, TO/RR, 1973415

Eroding
sea cliffs

.. (Headland
S

1
Longshor.
frganspg,jand Sand mining  transport 2
| |
% =—>
| Littoral cell |
+ Loss to =
Cross-shore exchange with canyon

continental shelf

credits :  m—t
debits : —_—

Fig. 6 Principal components involved in littoral

sediment budget (adapted from Komar, 1998)

19864712 2 Wi O M ik AE A = (RENEY) 1,
160ha/yricET 22 L &L L, 2720, h
ISk, 204N LTz, MRERROEELRTH
EEOEHNLEND EZATHD, BARDO A
JINTAR 2 D 52 DHPBLIZ OV T, HEE 5(2008)iC &
LW RBI~ v T3 L 0 b EkGE (Fig. 7)
FENZIZA T O & 5 2 E RS HE ST 5 :(a) 1]
EZEBRIRDL 5 (b) ES~O LW (WFRERE) o
RV 5 ()FRIKN & 2 OHERPIRBL 5 (d) ITHRDOHZIED
E LW ; (e) HEEHUE O 570,

ST, MWROHEHBYEEL SE 20D, Wi
OHIEZEALZE KFHINZ E B 2 5121d, Bk
SLHERBMIN S DRFNER TH %, Fig. 6D & 972
B2 B W T, R O A (credits) & & 72 53
DI, WOLH> 7T atAThHsb,

< S OHEREM O N

- WBEOEA

« BRI O FED OFA
HERE W) D 3 H(debits) & b 72 S DI,

c FRMA~ORRED OWH

- WEA~OFEH

- A A~OWEH

TR (WD & B~ D ib %)

S VREDRMEEDEREL  (sand mining)

FH UL, RENER R & oI E SN
TEDELVORBHNLEHET DL NZ 0, £
DA, B L O G R R LR E R D
BRETHBETIERAVWZ LICEE LY, WEE5E
W77 v 7 ZDFMRM A~ DHERW U H O FEAMIE,
RIRR R EN L VEARETH 5,

FAD (wind-blown sand)l I P L DU DD B 1%, —
WA L B SN TWD, BRI, FEEOE
TEEIC BT 2 TR R (MR ARSE) (22 KB
DEBTNIbNTER (& 1%, /NH, 2003) .
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Fig. 7 Sediment transport system census map 2002 compiled by the River Bureau, MLIT, Japan (Fujita et al., 2008)
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Hillslope- and fluvial-process domains

2.4 TRPERE L ETKMMER

/] FYE Ik~ D HERS W i U, DAY R O e T
DT I RSy FeHRDHBIENTES, LEN-T,
ZOTRNCIE, it gD~ © Btk A % C YR A
RICE D —HOWR 7 1 2 & WM\ T % %3
W o (Fig.8) o BRI, W EBERICE T 5
+ Wb A= PE (sediment yield; sediment runoff) &, Ji[3E R I
Bl 2 W% (fluvial sediment transport) D REA T 5
5, ZIZTIE, tWAEELY BT D,

ZLIrKIIE, B D B TIIAE 4T Dsediment trap T
HD, LTAESNIFKILE TitEINTEE
WM EHET AN TE L, EY ) 0w E (£
ki) ZApKkM LV B OREmA CRI &, i
b & (specific sedimentation)3:RD HL D, TD LD
IZLTRD b &1L, Yz a2+
LETWDEERT XY VERTEHTIN,

Suzuki(2000)1%, HAIZRITF B IFKER10m’ Ll |
DX LRERHL (72918) DA 5 SRAEITTE S 4018 O |7
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Fig. 9 Specific sedimentation in Japan’s nine regions
(adapted from Suzuki, 2000)

Kz eY, WM EEZEE L (Fig.9) . AKX
0, LHERD BT HUIRME S BB Z B KL< oD,
b TR AESIER AL OIXTEME TH D, T
HERD BEIRAERT1008mYkm* I T 5, BRI IR E S
5&, BFEImmTH S,
RE—PEEBREZ R E Ly miiHE T Lo
HERIZEE LV, BT X VG ET )V (DEM)
kb E, 50mZ Uy RT1emAd—H—0 =Rt JE
BRBUI DI TH D, 72 & 2IE, FF15(2003)
X, HESHLDT O RAE S A (JBALIE R IZE T
Tk A = 504.5km?) & %5 L LT, 20004E1 A 05
12A ¥ C, HVEMICK T 2BEMItHE X O iR %
TH L7, ZOMBICIIRBEENA Yy MbEER
Do THIFERIL, RAEX LHTKMIC I T 2 EHEIFEA

=1 0 —_
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Fig. 10 Event-accentuated sediment-runoff performances for Yahagi dam basin (Mouri et al., 2003)
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Fig. 11

KRER L ORI EL X< HH LD (Fig. 10) .
WH SN LW AEEET VITERE TR0 BEET L
Th o, fafn - REFERNRSEETT /LI L D HTK
NG 2 KD, AREINC KD < EIRE AL E iR
BHEIZ XD, %70 v FIZBIT 530 L2 (factor
of safety) &R 5 L Th D, BEFEOMEN1.0% T
Blo>7227' U v RiZBWTIE, L3 “BRE 12
W32, EOREDEASNTWND, WHETHIC
BWTEE SN EWREERBIZKRO LS TH D -
1= A Pt (debris flow); Fa ¥t i (bed load); V% i W
(suspended load); #fl#>(wash load), = ZHITxt L
THEET VN EA I,

A LI KRR B 1 D TR R L D &, 1
FEML VRO LIRS

- ki~ DR L E=7.0 X 10° m’

- JE K O HERD B BN E=2.6 X 10° m’

< BRI B OFEH B R (RER 10 D)

=4.4x10°m’

FRNC K 2 Hpkh OHERD BN &L, 2.4X10°m’ T

Sediment routing system linking Oi River basin with Suruga coast (adapted from MLIT, 2009)

Hole (THEERES)

7ok, Bk B O b B (wash load) % F &
TLHZELIFBAETHEMEETHY, REINZBW
THFEMEFHRET S TVLRY,

2.5 RWEMROHEBRMINZOKEEH : XH
N—B&miEFER

WS~ Y A 2 Mk, B gk < H
YN EZoOBRFNPAEBLE S22, T, £
B3 T D IR R OB O & L TR —
BRMEAE R E L D HIF D (Fig. 11)

KA O PR TR AL 3000m (C T DR T L7 A
ThH D, IR IX168km, Wik fEi%1280 k
m> T %, 1L LT AF ] B K B:=2400~3000mm
DEHMHETHY, KNERCEETNLTND, £0O
7=, BIRBHENERICED SN TEZ, L -0
TE IR d 1) D AR BRI X X & Fig. 11(a)llmnd
(E 4584, 2009) , Z 202, EZHE L FH
PRI BT 19964E ~20024E D FEFFICHE STV D, K
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HBE S e LTid, Ao BRI SN A —
o, HINZ L, REFLDDD, ZbDF LT
KL A~DOHERY PHEATH T 5 72 (17678 Fm?),

TURTE~O LW T RERICE R Il > T D,

L7eH > T, BIEORIFNTIE, BEEE Eibs (o
K024k mOMR) ZiEiH$ 2 Lix L, FH
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Japan: (a) wave climate; (b) geomorphological setting
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Fig. 20
campaign on Ogata Beach using multi-angle swath

(photograph 29 July 2008)

Snapshot of high-resolution bathymetry

side-scan sonar
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Fig. 21

Isobaths with 0.5m intervals obtained from the July 2008 high-resolution bathymetry on Ogata Beach



Fig. 22 Side-scan imagery depicting the bow-shaped,
large sandbar (marked 1)
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Photo. 3  Storm-induced damage to a stretch of
retaining wall of the Seisho Bypass (photograph 16
September 2007)
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Fig. 23 Pre- and post-failure profiles of retaining-
wall-supported seaside road, with stages of
degradation of the fronting sandy beach (adapted from
Yokohama Road Office, 2007)
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Fig. 24 Event-accentuated sediment dispersal with typhoon 9 in September 2007, emphasizing the importance of

sediment loss into submarine canyons (Seisho Coast Research Committee, 2008)
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Do TWVWD, T T, WEEDNEET S
Santa BarbaralZ#p /L% & Y & F (Patsch and Griggs,
2008), HEMFICEBIT HH 2 KL R ADEFE
B 7 IR B IR AN E AL IR R I S OV A L
LTCWOEEERBNT D,

Santa Barbara{® i) /L D RN (Conceptionlifi > &
Mugu/JE 4 & T) %Fig. 251277 (Mustain et al.,
2007) , Conception lifl ® & {fi] ¢ ¥ 35k (Santa Barbara
Channel) TiZ, #7062 5 HIZ D D 1 ED A 5
LT\ %, Santa Barabarajitdik CIZE fi{b A TR
0, IWEERIZIZ4 OB N EMH I TS (LT
M5, Santa Barbara#, Ventura#k, Channel Islands#,
Port Hueneme#) , Z a6 DWEEHEFRIC L - T
WL —RpAJIC I S 2 2%, EHIRICHER A
LOTFTFRMU~DOY > RS ANZARTORTEY, *E
BN IR R IR O M N R STV 5, Patsch
and Griggs(2008)1%, FNZILDOWIEIZI51T D HEFFE
WERLFRICE B L, B 'L OHERI I S AEHT IR 2
A2 L2k, EEHYREED T T v 7 AR EF
72> 5 FRANCANT THRRAITHER L TND 2 &%
R L7, 97725, 573, Santa BarbaraPkhi 5 % i@
BT DINRER 7 5 v 7 Z13320X10%(cu yards/yr) T
bHZLER L, BET L TR0V 7 EDEL
T, WEREENAETTEY, WA HLFEET S

(Ventura)ll) , B2 L2 L2 BET 5 &,
Venturats #il,5 Z @l 20 REEW 7 7 v 7 RT,
600X 10°(cu yards/yr) & 72 %5, Z OHEEfEIL, Ventura
WICHBITHHERREEE MRS T 5, HEOY
7 EAYE VU IZ i Santa Clara) | SEA LTV 5728, T
FRNZHT TIHEREEDEN S DICHRT LI LN T
M5, 5B, Channellslandsi & Port Huenemed
EADYEEY L RS ST, HFM1000X10%cu
yards/yO)\ZET 5, F DIZIEREN T RFUNCFEET D
Mugu#fF EEA 3 L T % (Patsch and Griggs, 2008),

Fd California TIZWRIT & DO THEZRBOLER T
BV, HIBRE~OHEMLKEW, Lo T, h
FEDIIEREZBRTHY, TOREERNEEZE
DOLERIT LM TE D, LT, WMEADF
ANCERE N7 v 73 28752 2< 0, o P
ANR (BDWVIFEF RIS AT L) IZETHLD
BT H D, TOFLMEITONWTIE, MERRE
TEAAL NPEHRIZRD Z LIEFRE ER,

4.3 BEMICEITHRKEERDORK
EEIFIZE WL, (WA E-> TRV AT
A DRZFIXIZFEAEA LN, LR T, #
KIFFICITREO W2 B, MRICHKEAT S,
LA, dkCalifornia® Beliftll 2 8l 7 + —/L K& LT
BEHIC 3 1 2 ek HERL 8 O T AR 23 B & 222 72 -

Trinidad

T41°N

T40.75°

210pp

rate (g cm2 yr)
mo-02
W 02-04
W 04-06
W o06-08

W os-1.0
>0

'40.50°

124°W

Fig. 26 Rates of sedimentation on Eel Shelf obtained
in terms of 2'°Pb activity (Sommerfield et al., 2007)

T & 7= (Nittrouer, C.A. et al., 2007ed) , 19954F & 1997
FEOEelfil DK A XY N OEFZIC—EHOFHENT
bz, TORRE, KEIOmAltk o FHEmc, -
BERE T HUAKA R MR S RIS L
TNWBHZENEx LD LT, HEHOFERERE
T 5 7=012, Be CEII53.3H) , 21Pb (i H122.3y1) ,
BCs (CEIN30.1yr) %5 O B EALRR 2 I L 72 B
ERREENEA SN,

Z 2 TIE, EelfitI O fiL 1004F 4 — % @ LN L
W BE 3 D HFZE AR & #E I 2 (Sommerfield et al.,
2007), 21°PbiE I HES < Y T 0 S HERE U o 4y A
% Fig. 2612777, EellHR~D D& D 72 2 Labfik
#5103, Eelil (JRIHf§=8638km?) & Madial (Ji sk ki f&
=1256km*) D YK F HIC & B, Eelii] 2> & 0 ¥ i 1E iy
+H# 75 v 7 2%, 16.5X10%ons/yr, Madifl 7> & 132.5
X 10%ons/year & FLFEH STV 5, @[5 O
W LR 7 5 v 7 20fMEME KL T 5 L, 2P
EEOWEAIC X0 #EE S NIRRT D SRR
B OEMY7=Y) BROXHIER5

< NIEERT (KEE20m ~50m) ~OHEFEE : 0.1M

- i E L OMIIEERM OKIESOm~150m) ~DHE

R 02M

« Eeliff &R D RBAFTIT ~DOHERE & : 0.12M

C D ITARH,

WRBEREOREOHEANBIE, BUTO X%
R (G LOGERE) AELERTRW,

(@)fMEIZEED 2 IREREE D ik LV AIEEIC b

REROBKHERED R RFSND Z &



A Ground surface

Time (ns)

lake organ ics ;¥
160" 3480 + 100

Unsaturated dune sands

V.E.=3-6

B 0 ) C
== = = | 7 | ——T- T E
_ WMoy~ r g =
€1 *S3 5
< S2 3
E i Sme °
= e S %
100 3 <

Fig. 27 Cross-shore imagery of ground-penetrating radar capturing buried erosional scarps (Buynevich et al., 2007)

(b)Eelif ik > BEH O Mg I3AH XA 3R <, Bifilic & &
F L UOKMERIIT, UK L ED30%7%

L, o (7 AU B EERE) (2T
INEWY,
(C)HFEBREME 2> B AMAIFEMIZ 251 TR § Btk

WML, WAMETHAKT V=205 noTz
LR LT HERE S, BORVEA & 5203 TR Bk
J& (fluid mud)Z R L, B E L CHEERE R
FFamEIT 2 2 LI L D IBRR S L2 ATREME AN &
V) (Scully et al., 2002),

4.4 1BEEEICEBLE-RAERREDER

W FEOFEH~ RV A ML, HFERA N
Y NORBEZHEOICGTHEMT O LENH L, EOD
W20, FREUROHUE &R IZBE 9 5 RELN 22 1%
WG LCEBEICR D,

Buynevich et al. (2007)i%, ATHEYE DU F TIE,
ZERICEIBERICI > TBECEKR SN ZRE
(scarp) D3 IR N 1T HEZ, 1%7#52%“(0‘% LA
L— A REICL VAL LTz, TTHRIC L@Téi&
L — X% & Fig. 271279, HENMTONZO
T AU g A O Maine B 12 H T %)Hunnewellﬂi\f“é?)
D, ZIZTIE, 1978 F MR (‘Nor’easter)iZ & - TIE
ENTmIREMEELS B HEICTIIENTED
(Buynevich et al., 2004), AP IEEAIZ X AT L
— & (E{EEME : 120MHz;, & KEEEREE © 15m;
ZESrRRE ¢ 0.2m-0.7m) AWV STz, Fig. 27(A)
BT D E, 40OMEEESI~SHDIFENH S
NTHD, YWEHERE CIXESY (gamet®) OF
BEAEL, EEFHSIIZEEDPREL TV

O, L—XEBOa L T ARSI, MR
FEDOFEZ RS 5 L 7= (Buynevich et al., 2004),
BEINDOE, HEREOE L2 b REe %k
BHESBERL, A9k I8 R LehiEL S %y
& > A {%(optically stimulated luminescence, OSL) % i
MTaZbicky, FHBREOHRIMZHEEL
e ThHD, T72bb, IRESUBMITELTE LV 1545
FERT, ERES2EITIAE LV 3914ERT, HESIITBE
XV 287HHI, US4 EILEAE XV 1534/ & R E
Sz,

NI Fy s AERBEEE, ARSEA DM
2ERBEFESTFEREF B O CHEE T2 /L T

WS RMHEIZER LTV (AR - FH,2005) , L
NoT, %@J@Fﬁ W= ClE, REORE (F7=
TEA) PREIZ b\Oitliﬁi‘éND 2 (7 U — %)

AR LT N EBERRA MR D, #ERIC
U/ii%ﬁ)fbﬁkéhéiﬁ/\ &, B GUBtoAFZE) 2

HFICEH LE 7J~%L7t<‘:ﬁfctb\o PON
v, B iw# s kBT OB AN =

v, REtOAIET A5 F< Wb, ZOWREN
OSLEHHIFE s £ THRAfEL TW D ETIED B LT, A
YV MNEOFHIS BB EE G TE D (B
MEZFMRECTHRT S ZLICED A XY MEND
B E CORMEHERR RO BN D)

ST, Buynevich® (2007) X REES LT, #H%
DO AERECE T 2 W ATE A L TIERAEEIC
BT 5 £ m R B 5 (storminess) 2 S D &AL B (A
K FEIR B (North Atlantic Oscillation)) & DBV %
FARES L LTnD, MIGBGOFFEITICE T 5
Tra—FLtnz ko,

— 37—



3000 rrs BP 1000 I:ns BP

&
(=]

I
Pristine period

et
w

L
(=3

=1

AR ANl AR NS NN N

=
n

Pristing lewvel
(0.1-0.2 Gyr)

Annual sediment load to the sea (Gt/yr)
w

Period of human impact

a4 1
4000 3000 2000 1000 0 1000
BC AD

1950

Millennial scale

1
[frTrryrryrrryrrrrrrrrrrrrrj

1960

1970 1980 1990 2000 2010

Decadal scale

Fig. 28 Evolution of annual sediment discharge of the Huanghe to the sea (Wang et al., 2007)

4.5 BEBREODZEEZIZCELLGSIWREDE
£ : ERREZHFICLT

HIX EWEHEEDL VKR E L THAMICHS
Th b (FHILREIL5464km, ki fE1L750x10°km?
A D) . LpL, EFEICEIT D RO L E
FE L, PR TR EE TR E R LT
W5 (Fig. 28 ; Wang et al., 2007) W H b
B, W OWmEEHNATO P, kb FHIC Y 72 5 Lijin
Wi BT COFHIMEIC L > T D,

Fig. 28% 242 &, 19504 YK D4 1) L1 ik
HIEIE1.2X 10%tons/yriZFE L TV 5, A BRI B8
ML C X B LERER GRdotal 4 THE~2T4F) 0¥
BT EIXED110~1/6Th 5, L% DIEE
WZELRWE LRIFOBMHTRESETL, HLoOR
BIZIDEWAENRBE LD EEZLND
(Wang et al, 2007) ., 19504F LAKE: D 4F 35 + WD i HY
DOREBCEFRICAD &, 1960FEMREN S — &
LT 285384 L, 2005 4FEHES12131.5X 108
tons/yr® L)L E TR LTS, DXL H 72
ERTWRE T 7y A0 E LD LR L
LC, Wangb 1ZLA T =2/ Z=f5Hi L T\ 5,

- LEREOR
« B NEFKMHERS K O 2 Ak
- RBEET (BRRNEORED)

195047 5 20054 0 /K #E F T 0 T #b it D H &
100% L RRTDHE, TOH, 30%IFEELES (K
REOHD) OEETHY, FEVI0% N NLHRE
WiZk 2, HEE2ICED220M1E, Lok HEDE
B L T30WICET D, ¥ 2Ol KRMHERDIZL S+
WA B A 135920% TH 5, L, Bk

- -
0 = —

TERCKFIRE RO ELORER, L% H 2 BRI
$10%, MElshi-t@HmEsnTV5,

Wang 5 1%, W~ LR IRk & b il E
e & PARL TS, @i (Bohai Sea) 1H/FIKIC
ABTNE Z R L C & =3 O R /E A a3
LZH, POXSCHRRENERL T ON», H
BRIC b ZRARBELAFEELRL TN D,

5. BREEREMIEDHR

HAZ SIS W Tl FRENEENRREIC R -
TEOFE, 1950FREETH 2 CaiE, 1954; 1966;
Horikawa, 2000), #r¥EF O RBBZRLICET 53
AREE BIERERERSR, 1951) 2k 2 &,
R R O 7o DI ENEMEORMEfHEL TV D
DHZIe BT, KEFREE & ORWAE LT, MR
O TFOW S O M AL & AT LT
DERTB IR Z D, baAZ, H1EEERER LY
£33 (I1st ICCE)IZ19504E (2K [E Long Beach THAfE &
iz,

MR, R RI3ME 7 L5 (Coastal Engineering)
TET —~ DAL EH T D EVWo TS TlER
W (Kraus, N.C., 1996 ed.) . Vi/#1R EOHEIEELEIC
LB D MpRIIRY,, EImE, WiELEICHE
T ORMBRTRIEANIRE Y, R 2GR SCPRE 23 5
#EINTWD (=& 21X, Komar and Inman, 1970;
Horikawa, 1988; Fredsoe and Deigaard, 1992; Komar,
1998; Friend and Amos, 2007; Neumeier et al., 2008;
Warner et al., 2008; f:A, 1982 ; + RS F T 4%
B2, 1994; 15, 1996; 552, 1997; 511, 2006; [H]i#
5,2008)



Wi DR ERCE R R A~DOHEH 2 XD 7201,
2 i RS (2838, MR, ALY —7,
TTHRE LR, MBIRMES) OBRSCRENEDIREN 2
h, EBICtEnTE (724 21, Bruun, 1972;
Silvester and Hsu, 1993; Dean and Dalrymple, 2002; 1=
B, 1987, B 5, 1990; 5&- LA, 2003; F2%,2004),

HARTIXERREBIEDIT —RICAXHTHY,
YBT3 % FE T D ISV LEER B D ST T 28 B
W72 %, 19564F1Z, MEmBiEE B89 & DM RIEN
HIE X7, 19994E1C1, fE DSl =— X2k
Z DL, MR A ClEFEREOMRER L O
WA ORHE & O % iR 5 SOEW R T S
Nz, ORI DN TR, THERE—S0FED H W A (EH
22 1B S 2, 2008)) 1ZFE LV,

PER,  HAR TR R B xR 3 = IR S o
REEELTDZENENPSLDITH LT, KT
IFRIERY L R e "M RZAD LS “V 7 sk
(non-structural measures)” M{EH SN TE7= (LT B,
1997; fiE « K, 2000) , KEULRMEEICEK T 5E
BMREMEREBEYOBRBEICL > TITHI Z &I
X, fEx OFKIN & 72 5 (Bruun, 1972), EbE/LO
RPN S 2 S DB R - A R,
HRBREE~DA X7 N/ ME LS DRI &
2L, MWWRORETWEROE 2T L LEST
HFHTHD (BEER, 1998; i, 2002 ; gD,
2004) ,

U LSRR 2 B i IR % = & 1%, Hilskic
Ko TRET LLELS TIERW, (EROURFARER
B LA 9 5 RE O FEH (Mustain et al., 2007)%°, &
JER A~ N IREOD RS « IR ZS TR oD 2 (78 IR
FREXRRFERS, 2008)%, AREMLFRES 7%
EhTns,

WM DB T 7o b IADEM ERELIE, 1004-~1000
EF—FTCHEFCE{L L TE (L 2E, 85,
1996; F_L 5, 2004; FEHED, 2004; 75 4%, 2007; Wang
et al., 2007), ITH:LIRE CrIpEEEGOEER K E N
EriclBohs, £R%2 LT CELRPEDRED
b &, ROt~ A2 FRemI (RFKHHERD)
NHEDTEWETOHEEZEDLIICHEETHON?
HAREL L B\ 9 X Ephilosophy 23R H vk 5 ([ H,
1996; 1998) .

TR OWSLRIZE ZNERTEZIIT<D
M2 IO TUEED LS RElNTTHo72, L L,
wIE T, WEMEY, EEEFY, WEENRTEE
DOHEARIT XV, S & BEEREE 2 3] < HERT A k8
R L HERER OMFENISFIC R o TV 5D, (T2d x
1L, S, 2006; Carter et al., 2010; Milligan and
Cattaneo, 2007; Mimura, 2008; Nittrouer, 2007; Syvitski,
2008; Syvitski and Milliman, 2007; Tamura, T. et al.

2008; Wang et al., 2007) ,

6. F&&H

1) MREREITHMEE O —HEXTHs, BE5T 5HE
W (EMEL) ORI KICER T LIk
D, WEEPER R OEE O EEMNZ HRHETE D,

2) 52 B, WMWEDROBEKNRA A —U3LY
FHBLEZLOTH D, 2581 TIE, ARDORE
BRI ER RETFTLO—> L LT, KI)I—E
g RE &0 BT,

3) BRI T a—F LT HE (F38E) 2R
FERIE, ROLBY ThHD, NEMERLELT
DOHFEY OW N (HR) & M EL (FRZER)
DETFIALIZONTIE, & ICHBRETHESFICE
WCRFIZF RSN CT& 72 (FESESR) . Lo
U, WiRCURIE 2 18 A D Wb B TR E DA
KThHbo, BEREK OkKHDIVITER) LOER
X, AEHIZ “loose boundary” & 72 %, Bihig
REMEAE L BRI DI, ZTORmBITKR
challenging T& 5,

4) BLEORIEM R, 2 MIBEREIC X > Tk
WMoFohd, Wz s e, HiMEEZET 5,
FIT, MIERE T a—F LT HE (F45)
TR, AT ALE LTOER LD TEEME
LHEOME I REEZEDT) , BAEH8THT
L ERBI,

5) WSEIXMEREAEMEO L Y2 —Th D, R
RO U R R R ORI oWV T, AR
THHIEEA TSN TRV, ZNREMI TR E L
T, MR EDOTHELORE 2 HRE W&
EBZHICED, RERWEORNEHESH TR L
LB EMTED LI CLBTT,

6) AR TITMMARE LT, MEMRREORY LH &
ZEFBIC BT B Mk &2 SRR D B 720 D 5 1)
GEMIRL) 2R LI, TREOKLFIZFEN)
RodbH FEMET 5] T &0, ®RLUTTE -
RO T <, FRE OB PR O BERIZ N
HEOICEbNS,

&

ARREMSITHIZY, FRIFEMIEHERBES
BT DRBEHEOME 252 Tzl E LR
AR B SR ST T D BISR SN TR 72 D R OB &
HLET, EREVABRBLZOHESTEL 52TV
TolE & FE LW ENE T v ¥ — ORI < &
B LET, AR, Ry ¥ —EEEEY VR

U LR FFER 3L (Sekiguchi, Azuma and Yamaguchi,



2010) ONE%, Ok, WM - BHEELEZH DT
T, THAOWEREWEER S BB, LD ESEE R
BHW- L ET,

Z& Xk

WORBE - B0 - 2B - MEEES (2009) ¢
TERD R L RO UL S o0 O T ) 4 72 1 ek v R 4 B v
JE R B O R A, Wi TR SUAE, BB OS56 &,
1431-1435
W OBRBE - BRFME - LB (2010) @ mbE—R
FERICRIT 5 BB O & i A < A, Wi
TEmmsCeE, 574 (FIRIH).
TARFEWE TP EAESRERNL v 2 —/NEAS
(1994) : ¥IEE) © B - W& - MR oM AE
R ok, LAZS.
BEEY— - EHET - KE®IL - /DEERINE « Gk
Z5F- - WEEER (2008) : BARIZEBIT D4 AL Tt
WO B & OBELRIZ OV T ORE - 5347,
E LB BRI GBS ITE R, 5 445 5, 58pp.
HIRIE (2004) @ BERAD KRS, AL HAKR.
s B e AL EE - BEERL AR - W fndk - by
I - A% B - RATEAF (2006) : 2003 4FAkifE
B A E KRR ORI 3 D HEREAR. A T
H1ER, Vol. 28, No. , 512-517.
F L - EEBAE - O e AHEER - W
FEHE (2004) : HEREW Oy A DN D 7z A BRI - E5 AR
FERWRICET HilHE 400 EROBRELSE, WHE
T sCEE, 26 515, 586-590.
BEEHEE (1998) : ST 4 F—v a VOFESN &
IR BR B A P O ML A DR R . R L5 5 SR,
545 %, 1236—1240.
AHEMgE— (1954) ITHUR &, 5 1 B E TP 5E%
2 im SCEE, 69-80.
AEME— (1966) : WREERRER, KLFEICETLIE
Mt s, LRSS, B-17, 1-16.
FTH AR (1996) : BB L WEERE, KLFICH
T HEMHESHERE, TATFS,B-2,, 1-15.
WHEER (1998) : FE EWRE. In EDRED
Al Cm T, BAR%ER, 3-13.
EHLs2ma (2003) : FHIMRRZICSI72H L
SRR 42 O 3k oD 5 R 2
[ 5284 | R A 22 (2008 B5ME) @ T o 3k
%) OFEBIZWS T In: HEE S0 F0OH DA 2H
W2, 436-443
EA2@A (2009) : A0 HAqE FAR S5 &1 « 7)1 H i

FEH, 8RR O EA T $HRE R, K
FENARR, L B%IZ B3 % % BHPDF),
http://www.mlit.go.jp/river/basic_info/jigyokeikaku/ga

iyou/seibi/index.html/

EEILEIE(2006): WHERZETE, Hon k.

MW 2% - ZHEFKZE - Tracey H. Tom - i & KA
(2008) : B IBIHRICKFEE H 725 L7z 2008 4F 2
AXFRROTHE BRI 2 L—v a3y, #HE
TS0, 555, 156-160.

SERIERS - MEZESSHE - 38 A0 - diJIl IR (2003) :
FIEBE T oK « LWENEED T T Ak K OV FE Tk
~OH, KIFmICE, 47 %, 733-738.

RHE - KEFHE (2000) ¢ HEREE FL O EES L
BT DA, WiiR LFamordE, 5 47 4%, 1251—
1255.

B EERERIREE S (1951)  HiEBREE S RE
Bowd®E, 1.

PE)IASE - @AGEST - INEEEM - PAE— - BAF
- BRIl - REAFEE (2006) : KR EBE LT
RN B sk B B O BFE, W= L
£, %534, 596-600.

ANEPBERD (2003) @ MEEMAE O oo A2 —BIDE
oA, bk R,

H7 H (1996) : FEMITIZE T B EE LI &
DB BRER A, KA.

HHEA (2007) : TOT DATFTILE ¢ FEEHE
I DAL LT O AR, MITE, 3 28 &, 4
5, 331-347

Yex B - O FH#E (2009) : LIQSEDFLOW: 7K
WY ESFHACR T AR E O&E, 1R
T35 SC4E, 5 56 &, 536-540.

PRI E] (1996) : BLHME I &1 5 - i & i
WAL, K LFICET 2 EHHE SR E, B-04,
1-19.

VERRIER] - FZ & - 2 fh - FIEREE (2004) -
K| —m N R RSB 5 L Ba o L& L
T E BT BE T D MEt, iR LR S, S,
571-574.

A = (1982) : Wb LR IR A, ARILHIK

PRV =R R R ET 2 B (2008): 25 2 BIZES
%k 1-18 (WEB ZABH).

BRI HHE (2001) - WhE - E~Y AL —7 A2 b n:
Bissny K7 w7, #iAES, 224-230..

B O M (2007) : IR OHARE T, In: MIAXEREE T
NV RT w7, 248-258.

— 40 —



BOAKE - REE - 703 YR K (2007) @ %
WIRE IR 2 REM FAROBERH & 0
B R LEmCE, LRSS, 5§ 5454, 721-725.

miE PR (2002) : RETH) LR E D B RS R O
& LR~ )1, No. 671, 6-11.

ks R (2004) @ TAWRAEGET D L DIIFH
B In LAMOBEE LXK, EARNAM, 36-41.

M S - VERRIE ] - H R - fIIE— - (L E s
W AN - R ERR (2008) : PEIVE R ISR T
2% 2007 FERE 9 B2 X D EOE P, e T
EEROCEE, W5 55 &, 1386-1390.

B ME - Ao - IR W (1993) @ #iE [
DI K D EEOWERAE, iR LYk,
% 40 &, 416-420.

SR - ILARFER (2003) MR E A RO W, +
AHHE, Vol. 58, No. 3, 76-86.

BB [EmSUE (1990) @ EHEE O D OWERE T

CRERR G Ry J AR B 1), L et

TEEA (1987) M EREOFIHE, LARF S CE,
% 387 5, -8, 11-23.

BARTHT - HHEE T (2005) 1 LI R vk RE
R E 15 D Bt DM A— R OILR & AHED
OSL 47T DWW T, HUE MRS, & 111 &, & 11
5, 643—653.

FEmP (1997) : AAROWEEER, L.

FLE (2004) @ RO ERE LR, 1L
B

L FRES - +EF A - D.R. Basco * M. Larson (1997) :
B, X, BROWEFREOH A1) REER &
. MEE LR SCE, 5 4458, 691-695.

HakE— RO oR - OB - BEE -/ R
BE (2009) : NIBHEIES OYEREEREE & B VR U =
7 —MERILBENZ B 2B, WELYmcE, #
56 %, 746-750.

Allen, P.A. (1997): Sediment routing systems. In: Earth
Surface Processes, Blackwell Science, 114-128.

Amiruddin, Sekiguchi, H.

Subaqueous sediment

and Sassa, S. (20006):

gravity flows undergoing
progressive solidification.
Geology, 86(3), 285-293.

Bruun, P. (1972): The history and philosophy of coastal
protection, Proc. 13th Int. Conf. Coastal Eng., ASCE,
33-74.

Buynevich, 1.V. FitzGerald, D.M. and Goble, R.J.,
(2007): A 1500 yr record of North Atlantic storm
activity based on optically dated relict beach scarps.
Geology, Vol. 35, No. 6, 543-546.

Norwegian Journal of

Buynevich, I.V., FitzGerald, D.M. and van Heteren, S.
(2004): Sedimentary records of intense storms in
Holocene barrier sequences, Maine, USA. Marine
Geology, Vol. 210, 135-148.

Camenen, B. and Larson, M. (2005): A general formula
for non-cohesive bed load sediment
Estuarine, Coastal and Shelf Science, Vol. 63, 249-260.

Carter, L., Orpin, A. R. and Kuehl, S.A. (2010eds): From

Mountain Source to Ocean Sink-the Passage of

transport.

Sediment across an Active Margin, Waipaoa
Sedimentary System, New Zealand. Marine Geology,
Vol. 270, Special Issue.

Chapman, D.M. (1981): Coastal erosion and the sediment
budget, with special reference to the Gold Coast,
Australia. Coastal Engineering, Vol. 4, 207-227.

Dean, R.G. and Dalrymple, R.A. (2002): Coastal
processes with Engineering Applications. Cambridge
University Press.

Donnelly, C., Kraus, N. and Larson, M. (2006): State of
knowledge on measurement and modeling of coastal
overwash. J. Coastal Res., Vol. 22, No. 4, 965-991.

Fredsoe, J. and Deigaard, R. (1992): Mechanics of
Coastal Sediment Transport. World Scientific.

Friend, P.L. and Amos, C.L. (2007): Natural coastal
mechanisms-flume and field experiments on links
between biology, sediments and flow. Continental
Shelf Research, Vol. 27, Preface for Special Issue,
1017-1019.

Hanes, D.M. (2009): Recent technologies usher in new
era of coastal geomorphology research, EOS, 90, 23, 9
June 2009, p. 198.

Hill, et al. (2007): Sediment delivery to the seabed on
continental Continental
Sedimentation (Nittrouer, C.A. et al. eds), 49-99.

Horikawa, K. (1988ed): Nearshore Dynamics and

Coastal Processes, University of Tokyo Press, 167-169.

margins. In: Margin

Horikawa, K. (2000): History of coastal engineering in
Japan. In: Advances in Coastal and Ocean Engineering
(Liu, P. L.-F., 2000ed), World Scientific, 1-56.

Inman D.L. and Nordstrom, C.E. (1971): On the tectonic
and morphologic classification of coasts.
of Geology, Vol. 79, 1-21.

Jaeger, H.M., Nagel, S. R. and Behringer, R.P. (1996):
The physics of granular materials.
April, 32-38.

Kobayashi, N. and Farhadzadeh, A. (2009): Dune erosion
and overwash. Proc. Int. Conf. Coastal Dynamics 2009,
Tokyo,CD-ROM, Paper No. 64, 9pp.

Komar, P.D. (1998): Beach Processes and Sedimentation,

The Journal

Physics Today,

— 41 —



Second Edition, Prentice-Hall, Inc.

Komar, P.D. and Inman, D.L., (1970): Longshore sand
transport on beaches. J. Geophys. Res., Vol. 75, No. 30,
5914-5927.

Kondolf, G.M., Montgometry, D.R., Piegay, H. and
Schmitt, L. (2003): Geomorphic classification of rivers
and streams. In: Tools in Fluvial Geomorphology,
John Wiley & Sons Ltd, 171-204.

Kraus, N.C. (1996ed): History and Heritage of Coastal
Engineering, ASCE, 603pp.

Lowe, D. R. (1975): Water escape structures in
coarse-grained sediments, Sedimentology, 22, 157-204.

Milligan, T.G. and Cattaneo, A. (2007): Sediment
Dynamics in the Western Adriatic Sea: From Transport
to Stratigraphy. Continental Shelf Research, Vol. 27,
Special Issue.

Mimura, N. (2008ed): Asia-Pacific Coasts and Their
Management: States of Environment. Springer.

Miyamoto, J., Sassa, S. and Sekiguchi, H. (2004):
Progressive solidification of a liquefied sand layer
during continued wave loading. Geotechnique, 54(10),
617-629.

Morton, R.A. (2003): An overview of coastal land loss
with emphasis on the Southeastern United States.
USGS Open File Report 03-337, 29pp.

Mustain, N., Griggs, G. and Barnard, P. (2007): A rapid
compatibility analysis of potential offshore sand
sources for beaches of the Santa Barabara littoral cell.
Coastal Sediments’07, ASCE, 14pp.

Neumeier, U., Ferrarin, C., Amos, C.L., Umgiesser, G.
and Li, M.Z. (2008):

sediment-transport model for continental shelves and

Sedtrans05: An improved

coastal waters with a new algorithm for cohesive

sediments.

1223-1242.
Nicholls, R.J., Wong, P.P., Burkett, V.R., Codignotto,

J.O., Hay, J. E., McLean, R.F., Ragoonaden, S. and

Woodroffe, C.D. (2007): Coastal systems and low-lying
In: Climate Change 2007 (Parry et al., eds),
Cambridge University Press, 315-356.

Computers & Geosciences, Vol. 34,

areas.

Nielsen, P., (2009): Coastal and Estuarine Processes,
World Scientific.

Nittrouer, C.A., Austin, J.A., Field, M.E., Kravitz, J. H.,
JPM. and Wiberg, P.L. (2007 eds):
Continental ~ Margin Blackwell
Publishing.

Parsons, J.D. et al. (2007): The mechanics of marine

Syvitski,

Sedimentation,

sediment gravity flows. In: Continental

Sedimentation (Nittrouer, C.A. et al. eds.), Blackwell

Margin

Publishing, 275-337.

Patsch, K. and Griggs, G. (2008): A sand budget for the
Santa Barbara littoral cell. Marine Geology, Vol. 252,
50-61.

Putnam, J.A., Munk, W.H. and Traylor, M.A. (1949):
The prediction of
American Geophys. Union, Vol. 30, 337-345.

Richardson, J.F. and Zaki, W.N. (1954): Sedimentation
and fluidization: Part 1. Trans. Inst. Chem. Eng., 32,
35-53.

Saito, Y., Chaimanee, N., Jarupongakul, T. and Syvitski,
J.P.M. (2007): Shrinking megadeltas in Asia: Sea-level
rise and sediment reduction impacts from case study of
the Chao Phraya Delta. LOICZ INPRINT, No. 200/2,
3-9.

Scully, M.E., Friedrichs, C. T. and Wright, L. D. (2002):

Application of an analytical model of critically

longshore currents. Trans.

stratified  gravity-driven sediment transport and
deposition to observations from the Eel River
continental shelf, Northern California. Continental

Shelf Research, Vol. 22, 1951-1974.

Seibold and Berger, W.H. (1993): The Sea Floor, Second
Edition, Springer Verlag, 97.

Sekiguchi, H., Azuma, R. and Yamaguchi, N. (2010):
Coastal erosion — a suite of multi-scaled processes. Proc.
Int. Symp. on Water and Sediment Disasters in East
Asia, Kyoto, 1-23.

Siever, R. & « MOAHERIRR (1995) : WO, HAL
ZE[RN, 241pp.

Silvester, R. JR.C.
Stabilization: Innovative Concepts.
Hall, Inc.

Sommerfield, C.K. et al. (2007): Oceanic dispersal and
accumulation of river sediment. In: Continental Margin
Sedimentation (Nittrouer, C.A. et al. eds.), Blackwell
Publishing, 157-212.

Sunamura, T. (1973): Coastal cliff erosion due to

and Hsu, (1993):  Coastal

P T R Prentice

waves-Field investigations and laboratory experiments,
Journal of the Faculty of Engineering, The University
of Tokyo (B), Vol. 32, No. 1, 1-86.

Sunamura, T. and Horikawa, K. (1977): Sediment budget
in Kujukuri coastal area, Japan. Coastal Sediments’77,
ASCE, 475-487.

Suzuki, N. (2000):

sedimentation management

State of the art of reservoir
in Japan, Proc. Int.
Workshop and Symp. on Reservoir Sedimentation
Management, Toyama, 1-17.

Syvitski, J.P.M. (2008a): Deltas at risk. Sustainability

Science, Vol. 3, 23-32.

— 42 —



JP.M. (2008b):
sediment transport and stratigraphy, Guest editorial.
Computers & Geosciences, Vol. 34, 1167-1169.

Syvitski, J.P.M. and Milliman, J.D. (2007): Geology,

geography, and humans battle for dominance over the

Syvitski, Predictive modeling in

delivery of fluvial sediment to the coastal ocean. The
Journal of Geology, Vol. 115, 1-19.

Tamura, T., Saito, Y. and Masuda, F. (2008): Variations
in depositional architecture of Holocene modern
prograding shorefaces along the Pacific Coastt of
Eastern Japan. In: SEPM Special Publication No. 90,
189-203.

Terzaghi, K., Peck, R.B. and Mesri, G. (1996): Soil
Mechanics in Engineering practice, Third Edition, John
Wiley&Sons, Inc., 84-86.

Van der Werf, J.J., Ribberkink, J.S., O’Donoghue, T. and
Doucette, J.S. (2006): Modelling and measurements of
sand transport processes over full-scale ripples in
oscillatory flow.
657-673.

Coastal Engineering, Vol. 53,

Guizien,K.and O’Donoghue, T. (2008): 2DV modeling

of sediment transport processes over full-scale ripples

in regular asymmetric oscillatory flow. Continental
Shelf Research, Vol. 28, 1040-1056.

Wang, H.J., Yang, Z.S., Saito, Y., Liu, J.P., Sun, X.X.
and Wang, Y. (2007): Stepwise decrease of the
Huanghe(Yellow River) sediment load (1950-2005):
Impacts of climate change and human activities.
Global and Planetary Change, Vol. 57, 331-354.

Warner, J.C., Sherwood, C.R., Signell, R.P., Harris, C.H.
and Arango, H.G. (2008):

three-dimensional regional, coupled wave, current, and

Development of a

sediment-transport model.
Vol. 34, 1284-1306.
Yamaguchi, N. and Sekiguchi, H. (2010): Effect of

velocity hiatuses in oscillatory flow on migration and

Computers & Geosciences,

geometry of ripples: wave-flume experiments.
Sedimentology, Vol. 57, 720-733.
Yeh, H. and Li, W. (2008): Tsunami scour and

sedimentation, Proc. 4th Int. Conf. Scour and Erosion

Van der Werf, J.J., Magar, V., Malarkey, J., (ICSE-4), Tokyo, 95-106.

Complex Fluid-Sediment Interactions in Coastal Systems: An Overview

Hideo SEKIGUCHI

Synopsis

The rather provocative title of this article arises from an invited lecture by the author which took place
in February 2010 at the Disaster Prevention Research Institute, marking his retirement from Kyoto
University as Professor of Coastal Sedimentary Environment. One of the issues raised by him was: “Why is
the science of coastal erosion so elusive?” This overview starts with a description of the features of
particulate sediment; this very fact alone implies the complex yet intriguing facets of sediment-transport
processes and ensuing beach erosion. The review also highlights the multi-scaled nature of the beach
morphological evolution subject to episodic storm events. The related and other case studies of coastal
erosion lead to the perception that the erosion of sandy beaches is a consequence of the imbalance in
sediment budget of the littoral cell concerned, warranting further concerted analyses of the sediment
processes in the watershed-to-coast continuum.

Keywords: beach erosion, beach profile change, littoral cell, sea-cliff erosion, sediment budget, sediment

routing system, sediment transport
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Fig.2. Representation for elastic waves due to a point
dislocation in an infinite medium. r is a distance, t
elapse time, a P wave velocity, 8 S wave velocity,
o density, Mo source moment function, A radiation
pattern.  After “Quantitative seismology” of Aki and
Richards (2002).
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Fig.3. Aftershock distribution of the 1966 Parkfield,
California, earthquake. Statuon 2 was only 80 m away
from surface trace of the San Andreas fault. After Aki
(1968) .
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Fig.4. Three component acceleration records at
Station 2 due to the 1966 Parkfield earthquake. Top,
middle and bottom traces were those of fault
perpendicular, vertical and fault parallel components.
After Aki (1968).

SEISMIC DISPLACEMENTS NEAR A FAULT

500 -
r N\ ACCELERATION
GAL O VU' A A W |
u b
N65°E
-500 ]
sof VELOCITY ]
AN AN
CM/SEC O v
WX \/ \' \
N65°E |
-50 DISPLACEMENT 1
o]
-10 )
-20} SoE
- N65°E
-30 5 SECONDS J
-40 1

Fig.5. From top to bottom, fault perpendicular
acceleration record, velocities integrated from the
acceleration record and displacements integrated
from the velocities. After Aki (1968).
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Fig.6. Thoretical seismograms in an infinite
medium for the acceleration records in Fig.5.
After Aki (1968).
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Photo 1. Prof. Ryosuke SATO, who was my
superviser when | was a graduate student of the
University of Tokyo in 1970’s.  After Memoriam
in Newsletter Vol.16(2004), Seismological
Society of Japan.
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Fig.7. Integral representation of P and S wave
potentials of elastic waves due to a point dislocation in
an infinite medium. r is distance, 6 dip angle, ¢
azimuth, Mo seismic moment, ® angular frequency,
k wavenumber, Jn Bessel function. After Sato
(1969).
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Fig.8. Laplace transform of surface displacements of
elastic waves due to a point dislocation in a semi-
inifinite medium. Parameters are the same as in Fig.7.
After Kawasaki et al. (1973).
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Fig.9. Theoretical wavefomes due to a point
dislocation in a semi-infinite medium. ¢ 1is station
azimuth. Other paramers are the same as in Fig.7.
After Kawasaki et al. (1973).
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Fig.10. Schematic waveforms in the nearfield

close to seismic faulting
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Fig.11. Locations of surface seismic fault, houses
collapsed (m) and uncollpsed (o) in Kanehira ,
Gamagori city, Aichi prefecture, due to the 1945
Mikawa earthquake. Arrows denoted directions of
collapse. After Ando and Kawasaki (1973).
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Fig.12. Bottom panel was theoretical wave forms on
hanging wall (A) and on footwall (B) close to low
angle thrusting of the 1945 Mikawa earthquake.

Ando and Kawasaki (1973) attributed the large
collapse rate on the hanging wall to the large seismic
motion of the hanging wall as schematic illustration in
upper panel.
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Fig.21. The eigenequation for surface waves in a generally anisotropic medoium. This is a general extension of those of Takeuchi and
Saito (1972) in a transversely isotropic medium. Cmn are Love(1927)’s notation for elastic constants. After Kawasaki and Koketsu

(1990).
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A Review of Development of Theoretical Studies of Seismic Waves

with the Intent Toward Earthquake Hazard Reduction in Japan

Ichiro KAWASAKI

Synopsis
After a brief review of history of classical theory of Stokes (1849), Lamb (1904) and Honda (1931) to introduction
of “dislocation in continuum medium” into seismology in 1960’s, I summarize my own theoretical studies in 1970’s,
focusing on seismic wave theory in the nearfield and their applications to the acceleration records due to the 1966
Parkfield earthquake and the asymmetric distribution of collapsed houses with reference of surface fault trace of the 1945

Mikawa earthquake. Finally, I refer recent development of theories and observations.

Keywords : dislocation in a continuum medium, Cagniard theory, semi-infinite medium, seismic nearfield,
1945 Mikawa earthquake, 1966 Parkfield earthquake
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FLAETHRORMETRE SNIZHOTHY, WK E
ALEHEFRRTINLS, BHFAEIC X D L HK10m
EHLTCWD, ERLEZX 2 cEamRIc LD RASY
AMFBEELTHWIXMBTHY, FERIZALNLD LD
ICHERE LR A A4V IR LRSS ICE ST
B R EN D BEL, Fig.60®DKKY LD
THEMTREShEZLOTHD, ZORMTY
10MAEE OWR ERA BN FA L TV 5D, Eifk & R
KR DDA DB L0 HERE LB AR IR E
nTwns,

RERAE D> 6 @ 32 A8 XM KRR o & B X [ o
EiicH =0, #)IAEA1/10070 5 A+ 5
XKE<Thsd, 0, BEEIZALND LD, E
WIMTAEE SR TEITZ LI OKE TR
WICHERE L T 5, KRR TIE, FHEIRR 23 E D 5
NTHEY, AEOUPK TRENR K &L EIZHERE Lz
TR, kB D BRAICHEAN R STV B,
FEAIIE R E R AR ST E N O E A AL
bd, FEABLIZOXKMOFICHY, FHEIFHK
E2r AR LT O TH D, BRI IR
SEIICHERE L, JCITR 2> S TmERE RS EH- LT
5, BEICR BN D & I ERBESME 21TV
B RAE T O @AW H OMAEER > Tz, 227
T, ZEO LW LIMEITEZIAL
0, REZDO LWOLIT L HOKRZRBETH S,

HELNE S B D TR T, Bk S 47 bk
B DS BRI TCHERE T B 720, T LTV BRI
MWHLVIE NV IS THD EEZOLND, BE
I FiOERABHATRESIRZbOTHY,
RN K R RECHRHEN KA L T

52 LD, BREETARIETARRKETH L
EEZ B, POKERTHRRAK T 2334 LT 5 AlRE
PELBZ NN, MKREMIET S 0T =4
FHELN TR,

4.2 FKEBLUOXINEEEERE (EEER)

BWAKER XL OBARRIEI» S TEX L KELZ
F IR TH B, 1999EDEEMBOH L, ASlE L
DHEDO/NES R EBERTORAIZ EDERTY, A
TRRENREAELTWD, ZDOLEDLWREDOK
X, #PIZEWA/NEBE b ONRLZ N ETho
T-o SEEMER, —HBD L EamEARAMEN
BN L, SEOEROMTIE, L@REICHL
THBIIN2 0 ZEb LTz bbb, Ll
BEMORAKOTIZEF L FEMAZ - H L, Z oMK
WZHT T I R AR A AN LT, REHER
ORIEAAE & 720, ARl O R} AR 0 38 4 S
BN ODKRBEREONLNWE S Thd, F1-,
HATORAIIRHEHERBD & & AR RA L 7215
T, AEEbED RN EE Lo LD
Th oD,

T 7K i IEk T IR A e L AR & D 3EF IR
Do T2, KD HEAT T O K EE THI500m 12 o
oo TERIDER SN, 8B Eo28#j5E K O )IHll o
1B 72 < 72 o 72, Photo 71342 & T > b FR A8 AT >
L THMAERIZGETH D, ZODEEBETEN/I
WHETL, 104D 5FBTEL bz, Photo 813Kk H
LA OWEREBICLVE T LE I RS TEE
DRMAETR LTS DT, Z O TRZ0HF MK L7,
BUE, LD & 5 JEER S 3 R L 7o Rk 1

—78 —



Photo 10

TITHERE L TU 5, Photo 913 #% RS S840 b A 1%
DEEEBR/ N DOWKOEFE2 R LD TH D,
ZO/NFRR D DA ERECE A — h L OHLE TE R
T HIHGUEE T, RESER LARasgAeEL, L
DARNNCHERE LT, ZOEBETHAD G MBREL
INFERA O] R AR A L7-F5 3, Photo 90 X 5 124k
KUz, Fil, ZONEBRIEIIN E OEFREBAITIC
HY, UANZHZOI)N» b0 AL DKL
TWb, ZoXkHiT, KR, BEAHERERRETHHM
mOoLaM, RARF L, WMREENEAE L, Z0
WO TWBEB S OFRITEER IV NS E N
ZEY, B, B, BHICERREESH TV D,

LL, BWICHEEEN -T2 ENFEIND,
BB L DT, ZOA Y XA R C,

HEEMED% b EAMORAKOT L VW HE D272 0 /)
SWABTORAINZ L » TEMKENHEL TEY,
TWREFIHTHHEROEBRITE V., SEBITER
IO R ORI > T, BEM#H L= LB AW
WEORNrsT—HEEEbh TS, =L, it
HprroTWnWhphala=r 41—k Z—1IKEL
FINDOEFEATIT DOIRN A= IZETHNTEY,
ASEOKETIIRBER PSR, 5% b EELITE
RIPNE D ISP MIGFICEE T H TV,

4.3 AMEZR (BRR)

Photo 11

Photo 12
Photo 7 Erosion of river-side lane of a road in Zhuoshui River; Photo 8 Bank Erosion in Shuili Town, Nantou
Country; Photo 9 Damage to elementary school in Hsinyi Town, Nantou Country; Photo 10 Deep landslide in the
upper Taimali River; Photo 11 Landslide dam in the upper Taimali River; Photo 12 Channel for drain
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Photo 14 Inundation and sediment deposition in Pingdong Country (Left and center are provided by

DPRC, Cheng Kung University)

Photo 15 A bridge whose pier is only broken

Photo 16 A bridge with broken abutment

Photo 17 Buckling of steel pipe pile pier

Photo 18 A bridge broken by local scouring

Note: Photo 16, 17 and 18 were provided by DPRC, Cheng Kung
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Photo 19 Accumulation of driftwoods (Left: high quality, Right: low quality)
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Sediment Disasters and Flood Disasters in Taiwan Triggered by Typhoon Morakot 2009

Masaharu FUJITA

Synopsis
Typhoon MORAKOT (No.8) landed the Taiwan eastern part on August 7, 2009 and brought a heavy
rainfall approximately equal to a world record for three days. It caused serious sediment disasters and flood
disasters around middle and southern areas. The catastrophic disaster resulted in 700 dead people. By this
typhoon with extremely large cumulative precipitation, a multimodal sediment disaster due to some shallow
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landslides, a deep landslide, some debris flows, the formation and the collapse of the landslide dams took
place occurred in Siaolin Village, Kaohsiung Country and the village was completely destroyed overnight. If
extreme phenomena of the rainfall increase, it seems that such disasters occur frequently in our country, and
it is necessary to think about measures for such a disaster immediately. This report gathered findings by the
investigating group of Japan Society of Civil Engineering and Japan Society of Erosion Control Engineering.

Keywords: Typhoon Morakot, Taiwan, Typhoon disaster, sediment disaster, flood disaster, Siaolin village
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Fig. 1 Surface weather chart of east Asia on July 21,
2009. Baiu-front was passing by the Yamaguchi
prefecture, which is activated by warm moisture-laden
air flow.
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Fig. 2 Cumulative and 10 minutes precipitation recorded
at JMA monitoring station in Hofu city. The maximum
6-hours precipitation starting at 6 am was 220mm, of

which the return period was calculated to be 245.9 years.
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Fig. 3 Map of the geology and distribution of the July
2009 debris flow affected torrents in Hofu city. (Fukuoka
et al., 2009)
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Fig. 4 Photo of the special elderly nursing home “Life
Care Takasago,” that which was affected by the 21 July
2009 debris flow from Ueda-Minami river. Photo was

taken by Asia Air Survey.

Fig. 5 Photo of the special elderly nursing home damaged

by debris flow. The mountain-side rooms on the first floor

were filled with the sands.
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Fig. 6 Air photo of the upstream of the special elderly
nursing home showing the debris flow paths. Several

small landslide scars are visible at the head of those

torrents.

Fig. 7 Masa sampling site (A) at the landslide head scar
in Fig. 6.
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Fig. 8 Stress path of the constant-volume direct shear test

result on the saturated masa sample taken at Fig. 6 site.
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Fig. 9 The stress and pore pressure control ring shear
apparatus DPRI-7.
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Fig. 10 Time series data from the result of pore-pressure
control test. Pore pressure increase rate is 0.05 kPa/sec.
Accelerating motion was observed after failure at about

860 sec due to sudden shear resistance reduction.
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Debris Flow Disaster in Hofu city, Japan, Induced by the July 2009 Chugoku — Northern Kyushu
Heavy Rainfall

Hiroshi FUKUOKA, Kesayoshi HADANO*, Haruhiko YAMAMOTO**, Yuichiro MIYATA*,
Fawu WANG*** and Gonghui WANG

* Graduate School of Science and Engineering, Yamaguchi University, Japan



** Graduate School of Agriculture, Yamaguchi University, Japan
*** Interdisciplinary Graduate School of Science and Engineering, Shimane University, Japan

Synopsis

Since July 19 to 26, 2009, Hofu and surrounding cities in the western Japan had a extremely severe
rainfall and it caused numerous debris flows in the torrents which claimed lives of 14 residents. Those debris
flows started as small debris slides mostly in the "masa" (weathered granite soils) slope. The return period of
the 6-hours cumulative precipitation just before the disaster is evaluated to be about 250 years. Pore pressure
controlled ring shear test was conducted to reproduce the debris slide by raising the pore pressure (back
pressure) at a constant and slow rate. A sudden big drop of shear resistance accelerated the shear
displacement. This was caused by excess pore pressure generation due to the negative dilatancy.

Keywords: localized intense rainfall, masa (weathered granitic soils), debris flow disaster, debris slide —
debris flow, ring shear test
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Table 1 CMT Solution by USGS (2009)

Date 29 September 2009 17:48:10.57 (UTC)
Epicenter 15.418°S, 172.005°W
Depth (km) 10
Mw 8.0
Strike (°) 345 124
Dip (°) 52 46
Slip (°) -61 -120
10— —— Observed
<<<<<<<<<<< Predicted

‘;u -1.04 Pago Pago, American Samoa
154 29 September 2009
: T T T
0:00 AM 6:00 AM 0:00 PM 6:00 PM

Fig. 2 Tide gauge record of Pago Pago Harbor (Source:
FiEf (2009) ).
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Fig. 3 Field investigation sites in Tutuila Island,
American Samoa (Source: Gt (2009) ).
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Photo 1 A damaged building in Pago Pago Park.

Photo 2 Drifted cars in Pago Pago Park.
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Photo 4 Damages in the vicinity of thermal power plant.
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Fig. 4 Satellite imagery of Tafuna International Airport.
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Photo 8 Debris on runway in Tafuna Airport. (Photo
provided by Mr. Chris Soti, DPA)

Photo 9 Damaged equipment of Tafuna Airport. (Photo
provided by Mr. Chris Soti, DPA)
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Photo 10 Removing debris from runway in Tafuna
Airport. (Photo provided by Mr. Chris Soti, DPA)

Photo 11 A temporary restored bridge in Leone.
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Damage and Response of The 2009 Samoa Islands Earthquake Tsunami Disaster

Shingo SUZUKI, Tomoyuki TAKAHASHI* and Yoshihiro OKUMURA **

* Fuculty of Safety Science, Kansai University
** Disaster Reduction and Human Renovation Institution

Synopsis
A large earthquake of moment magnitude 8.0 occurred in Samoa Islands Region in the early morning
on 29 September 2009 (local time). A tsunami generated by the earthquake attacked Samoa, American
Samoa and Tonga. The field investigation on tsunami disaster was carried out in Tutuila Island, American
Samoa. The tsunami damaged several villages along south coast and 34 people were killed. Further,
important infrastructures in relief and recovery phases such as power plant and international airport were also
severely damaged.

Keywords: tsunami, field investigation, damage, thermal power plant, airport
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The 2009 L’Aquila, Italy Earthquake (M6.3)
Damage and Response to a Moderate Event

James MORI

Synopsis

The 2009 L’Aquila, Italy earthquake (Mw6.3) caused considerable damage and
loss of life in central Italy. There was extensive damage to over 10,000 buildings of
both old and new construction, although the ground motions were not exceptionally
strong for this size event. There were surface cracks observed in the area that the
Paganica fault projects to the surface, however, it is unclear if this deformation
represents coseismic faulting. About a week before the mainshock, an earthquake
prediction was distributed in this region by an independent non-seismologist. The
apparent success of the prediction caused many problems for local officials and raised
important issues about appropriate methods to distribute information related to natural

hazards.

Keywords: L’Aquila, Italy, Earthquake, Earthquake Prediction

1. Introduction

On April 6, 2009 at 01:32 UTC (03:32 local
time) a moderate sized (Mwe6.3) earthquake
occurred near the town of L’ Aquila in central Italy.
The earthquake was relatively small by
seismological standards with many events of this
size every year (about 70 M6.3 or larger
earthquakes every year worldwide), however this
earthquake caused 295 deaths and significant

damage in the local area (estimated US$ 16 billion).

Also world news coverage focused on the region,
since a G8 summit was scheduled to be held in
L’Aquila several months following the earthquake.

The Apennine mountain belt in central Italy is
an areas of high seismicity with many historical
damaging earthquakes. Typically the events in this
region have normal fault mechanisms. This was the
case for the April 6 earthquake, which ruptured a
northwest striking normal fault. The aftershocks
located by the Instituto Nazionale di Geofisicae
Vulcanologia (INGV) and modeling of strong
motion data (Cirella et al., 2009) and deformation

data (Anzidei et al., 2009, Walters et al., 2009)
showed that the rupture plane had a length of 10 to
25 km and width of about 10 to 15 km, with a dip
downward toward the southwest.

The aftershock activity was quite strong for a
Mw6.3 earthquake and spread out over an area that
was over twice the size of the mainshock rupture
plane. There was a M_5.6 aftershock in the
southeastern part of the aftershock area and a
M_5.4 northwest of the mainshock area during the
first week following the mainshock (Chiarabba et
al., 2009). With the large number of strong
aftershocks, there was concern at INGV that there
could be more subsequent damaging events in the
following weeks. The normal faulting sequences in
the region often have multiple large events, such as
the 1997 Umbria sequence (Deschamps et al.,
2000). However, there were no further large
earthquakes during the following month.

There was also a considerable amount of
seismic activity prior to April 6. Many small
earthquakes occurred in this region starting in
January, three months before the mainshock.



Among these earthquakes, there were numerous
felt events, which caused concern in the public and
led to a difficult situation regarding an earthquake
prediction, which is described later. The largest
event prior to the mainshock was a M 4.1 event on
April 30. Also, four hours before the mainshock
there was a M 3.9 foreshock (Chiarabba et al.,
2009).

I visited INGV in Rome and the area of the
earthquake on April 15 to gather information for
this report.

42°20°

13720 13°40
Figure 1. Location of L’Aquila earthquake
sequence in central ltaly. Ellipse shows the
approximate rupture area of the mainshock. Black
dots are aftershocks M> 4.0.

2. Earthquake Damage

The town of L’Aquila has a population of about
73,000 people and there was reported damage to
over 10,000 buildings in the area. Many of the
damaged buildings were old structures that were
built several hundred years ago. However, many
modern buildings were also severely damaged.
There was much publicity in the Italian media
about a collapse in the San Salvatore hospital
which was built in 2000, and collapse of modern
buildings on the campus of the University of
L’Aquila where a number of students were killed.
These failures in newly built structures raised
questions about the quality of their construction.

Photo 1. Damage to an old church in Paganica

Some of the most severe damage was in the
village of Onna located about 7 km southeast of
L’Aquila. Almost all buildings in this small town
were destroyed. The severe ground shaking in this
locale can probably be attributed to close
proximity to the area of large slip on the fault
combined with soft soil conditions.

There was a good set of strong motion records
with 19 stations recording the mainshock within 50
km (Ameri et al., 2009a, Ameri et al., 2009b).
These records show peak accelerations in the range
of 327 to 656 cm/s? and peak velocities of 30 to 50
cm/s, for stations near the fault. These data show
that the ground motions were not unusually high.

Photo 2. Tents for housing displaced people.
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Photo 3. Severe building damage in the village of Onna.

There were over 15,000 persons displaced by
earthquake. People left their homes that were
damaged and also vacated relatively undamaged
structures because of the fear of possible future
strong events.

3. Ground Cracks

Geologists from INGV and other institutions
carried out extensive surveys looking for surface
displacements from the earthquake. Ground
fissures were found in the region where the
projected Paganica fault should surface (Photo 4).
There is still debate whether these features
represent co-seismic rupture or cracking in
response to shaking or down slope subsidence
(Falcucci et al., 2009). In either case, the amount of
surface rupture would be several centimeters or
less.

Large ground cracks due to local spreading
were also seen at Lake Sinizzo were (Photo 5).

Although no large surface faulting was
observed, the pattern of surface deformation is
shown very clearly from the inSAR data (Walters
et al., 2009). These data show maximum
displacements of about 25 cm (in the direction of
the satellite) of subsidence on the hanging

F; i e 'i“
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Photo 4. Fissure located at the surface position of
the Paganica fault.

wall and several centimeters of uplift on the foot
wall.
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Photo 5. Ground cracking due to subsidence at
Lake Sinizzo.

4. Earthquake Prediction

A social/scientific problem associated with this
sequence of seismic events in ltaly, arose when an
earthquake prediction was issued in late March by
Gioacchino Giuliana. He is a technician at the
National Physical Laboratory of Gran Sasso. Over
the last several years he has been monitoring and
interpreting radon gas anomalies to predict
earthquakes. He has been doing this work as an
independent project, and it is not associated with
any earthquake research institute in Italy.

On March 28, Giuliana announced an
earthquake prediction for the town of Sulmona
which is located about 50 kilometers southeast of
L’Aquila. The prediction was posted on a webpage
and also vehicles with speakers broadcast the
prediction on the streets of Sulmona. Since felt
earthquakes had been occurring in the region since
January, the announcement of this prediction
caused much unrest and anxiety among the people
in the community.

Because of the fear being generated in the
public, local government officials ordered
Giuliana to stop distributing the information about

the prediction. On March 31, a public meeting was
held in L’Aquila, the administrative center for the
region. At the meeting, officials of Civil Protection
Agency announced that there was no scientific
basis for the prediction.

The M6.3 earthquake occurred six days later on
April 6 in L’Aquila.

The occurrence of the earthquake was not
exactly consistent with the prediction. The location
was 50 km from the target area of Sulmona and the
occurrence was one week later than the prediction.
However, the location and time were relatively
close. Furthermore, since official information was
being released from L’Aquila, when the
earthquake occurred there, the perception is that
the prediction was correct.

Most seismologists that have looked at this
prediction and the associated data, think that there
was not a clear signal in the radon data that
justifies the prediction. This situation of an
earthquake prediction that is issued without the
support of the scientific community raises difficult
public policy issues.

Was there any validity to this prediction ?

What should be done about ‘non-expert’

predictions ? Should they be presented to
the public ?

How should important hazard information be

made available to the public ?

These concerns will arise in other earthquake
prone regions, such as Japan, where there are
non-seismologists making earthquake predictions.
A well thought out system for providing public
information about earthquake predictions is a
necessary part of a hazard mitigation program.

5. Conclusions

The 2009 L’Aquila earthquake was a moderate
event that caused a significant amount of damage.
It was not surprising that old masonary buildings
that were several hundred years old sustained
much damage. However, there were also modern
structures that collapsed which raises concern
about the present building practices. The quality of
building design and construction is the most
important factor in mitigating seismic damage.
Countries such as Iran and Indonesia where the

— 102 —



2009
Suruga Bay, Japan

2009
LAquila, Italy

PERCEIVED |,
SASRNEY  [Notfen| weak

RIS | rore | e
|

Modeate| Strong |Very stiong Sevele Violent | Extrems
4 +

Very ight | Light .!.hder:m |Moderate’Heavy| Heavy |Very Heavy

PEAK ACC(%g) | <.17 | .17-1.4| 1.

Rz e Ul B LA RS 5 ARL,

PEAK VEL({cm/s) | <01 |0.1-1.1| 1.13.
+

3992|9218 183+ | 3465 | 65124 | »124
16-31 31-60 | 60-116 | »116

TIE 1

i IEE

3.48.1 | 8.1-16

Figure 2. Death tolls for similar size earthquakes in Japan, Italy and Indonesia. Intensity distributions
are taken from the USGS webpage, http://earthquake.usgs.gov/earthquakes/.

level of seismic resistant construction is relatively
low, sustain very heavy losses in earthquakes. The
damage in the US and Japan, where there are
higher standards, is much less for the same size
earthquake. The situation in Italy is somewhere
between these two end members. Figure 2 shows
the intensity pattern for three similar size
earthquakes in Japan, Italy and Indonesia. All three
earthquakes are shallow events that occurred in
areas of relatively high population. The death tolls
from these three events (Japan 1, Italy 295,
Indonesia 5749) largely reflect the respective
quality of building construction in the countries.

Acknowledgements

The author thanks Francesca Di Luccio and
Francesca Cinti of INGV for arranging the trip to
the earthquake region and providing current
information following the earthquake.

References

Ameri, G., Augliera, P., Bindi, D., D’Alema E.,
Ladina, C., Lovati, S., Luzi, L., Marzorati, S.,
Massa, M., Pacor, F. and Puglia, R. (2009):
Strong-motion parameters of the Mw=6.3
Abruzzo (Central Italy) earthquake,
http://www.mi.ingv.it/docs/report RAN_200904
06.pdf

Ameri, G., Massa, M., Bindi, D., D’Alema, E.,
Gorini, A., Luzi, L., Marzorati, S., Pacor, F.,
Paolucci, R., Pugliaand R., Smerzini, C. (2009b):
The 6 April 2009 Mw 6.3 L’ Aquila (Central Italy)
Earthquake: Strong-motion Observations,
Seismol Res. Lett., Vol. 80, No. 6, pp. 951-966.

Anzidei, M., Boschi, E., Cannelli, V., Devoti, R.,
Esposito, A., Galvani, A., Melini, D.,
Pietrantonio, G., Riguzzi, F., Sepe, V., Serpelloni,
E., (2009): Coseismic deformation of the
destructive April 6, 2009 L'Aquila earthquake

— 103 —



(central Italy) from GPS data, Geophys. Res.
Lett., Vol. 36, L17307,
doi:10.1029/2009GL039145.

Chiarabba, C., Amato, A., Anselmi, M.,
Baccheschi, P., Bianchi, 1., Cattaneo, M., Cecere,
G., Chiaraluce, L., Ciaccio, M.G., De Gori, P., De
Luca G., De Bona, M., De Stefano, R., Faenza, L.,
Govoni, A., Improta, L., Lucente, F.P., Marchetti,
A., Margheriti, L., Mele, F., Michelini, A.,
Monachesi, G., Moretti, M., Pastori, M., Piana
Agostinetti, N., Piccinini, D., Roseilli, P. Seccia,
D. and Valoroso, L. (2009): The 2009 L’Aquila
(central Italy) Mw6.3 earthquake: Main shock
and aftershocks, Geophys. Res. Lett. Vol. 36,
L18308, do0i:10.1029/2009GL039627.

Cirella, A., Piatanesi, A., Cocco, M., Tinti, E.,
Scognamiglio, L., Michelini, A., Lomax, A. and
Boschi, E. (2009): Rupture history of the 2009
L'Aquila (Italy) earthquake from non-linear joint
inversion of strong motion and GPS data,
Geophys. Res. Lett., Vol. 36, L19304,
do0i:10.1029/2009GL039795.

Deschamps A., Courboulex, F., Gaffet, S., Lomax,
A., Virieux, J., Amato, A., Azzara, A., Castello,
B., Chiarabba, C., Cimini, G.B., Cocco, M., Di

Bona, M., Margheriti, L., Mele, F., Selvaggi, G.,
Chiaraluce, L., Piccinini, L. and Ripepe. M.
(2000): Spatio-temporal distribution of seismic
activity during the Umbria-Marche crisis, 1997, J.
of Seismology, Vol. 4, pp. 377-386.

Falcucci, E., Gori, S., Peronace, E., Fubelli, G.,
Moro M., Saroli, M., Giaccio, B., Messina, P.,
Naso, G., Scardia, G., Sposato, A., Voltaggio, M.,
Galli, P. and Galadini, F. (2009): The Paganica
fault and surface coseismic ruptures caused by
the 6 April 2009 earthquake (L’Aquila, central
Italy), Seismol Res. Lett., Vol. 80, No. 6, pp.
940-950.

Walters, R.J., Elliott, J.R., D'Agostino, N.,
England, P.C., Hunstad, 1., Jackson, J.A., Parsons,
B., Phillips, R. and Roberts, G. (2009): The 2009
L'Aquila Earthquake (Central Italy): an INSAR
source mechanism and implications for seismic
hazard, Geophys. Res. Lett., Vol. 36, L17312,
doi:10.1029/2009GL039337.

2000FA4521)7 - 594 5HE M6.3)
PIRAEEDIE &I DT

James MORI

=7

=
B

20004E, A ZVUT « T4 THE MW6.3) 1ZTEA XY TITW~ARERZ L2561, AibEbhz, TRk
OHIEIZ U CUIHRAIUTRHIR & <IFR o 72l b b 53, HIEG T 1 Ll EO@MI K& REEN N,
Paganicalffff@ 75 iz 12 H T B Hisli CHIBINAMEIER SR, ZRDBBTBOTDICE D H0ME I MTT-& 0 LAy,
AEO 1 HENZ E/NS, HESHE T W BN Lo THET MR Tk, Z OH—HIZiiifm Sz, — /B Lz
PICRZ 2 AR Y RIS ARRIEZR S &R Z L, BARKEEOFRE VDIUBRZ 202N TE L OEER]

TR LT,

F—D—K: A5V 7, 7747, HE HETM

— 104 —



FUER R B SR ZE AT EE 4 5 53 5 A SRk 22 4F 6 H
Annuals of Disas. Prev. Res. Inst., Kyoto Univ., No. 53 A, 2010

PrkREICH 1T 2 EMBHAE (37)

B - Rrrid -

FLF - EmAHE A

Z B
EREENIE Y % —Tld, fTREENENONET —< PSS, B —2KicEb %
FiZiks L, MEREOT I Y2 )T 40 EICERRLTWS, AE1E, 1) EX
KEWI Y X —F I —, 2) FI5EIMIER K E R L —, 3) KEMINH RS,
4) FHIOEILEBE R F T — 7 > a v T, b)) HIRIV =27 v a v FREEZBD, 6) BRKE

Fe A R—=ZZONWTHNEERENT 5,

F—T— kK For—2, EREE,

1. BEXKEHRtE 2 —EIF—

B REEMIEE v ¥ — TIPS IEFTNIC CTRE
HicA—7 eI Fr—%2@ELTVD, KEIF—
IARFERFAERORHIHR S LTHAESIT S
nTnws, ShGEERMtE T 14T, HEEX &
Bt ¥ —OBGREE, FAEZIILD, FIRNOM
D UH—, HMOHE, BWFEHEROKERAE
RETHY, HRLEmEZENRTWD, MR &HE
HELKOY A MVIZLLTFOEY TH D,

- H1\ (200946 A5H)

THIR T30 5 0 KGEH HERITGISY AT LD
B 38 e OV S 3 B E DA 4E  The Development of
GIS-Based Damage Certificate Issuing System and
Victims’ Database in Kashiwazaki City |

HE OE GUHERFR AT T E R E e
X — «fE)

- H2 (20094F-10H2H)

MehE % 1H B L

&5 SMEE (R E SRR A R ECR AR S -
HEERT = b - BRI SE KATZERT B R
KEMIEE o F — - T EEAN)

< H3MmE (20094E11H6R - a7 r—7 13
F— & DI [F )

M 1) O SRR F 125V T

g R (R BT TERTE i 9 - R EBR L
N— TR/ HER B KRR B R SR SE o
— - KEWEHR)

i i)

KF, BIF—, V=P vav”

19954 L FE LB IR 22 B 15 Th oo 2 &
— PR F TR D R KA O B ELA T —

g 5 — CRUERR ARG St ZEpr At 2 B AT 2
PHAHEAER)

- H4mE (2009%E12H4H)

(BR5E s 7 VBl
integrated implementation |
Bk CRIBRZFIZE - FEER AT
B AR SE AT B R SEEBF e & o & — - FEH E3K1T)

Environmental signal and

2. FIEMEp KA ERBEELI T —

TR, S FHE B H ¥ 2 - —1 11X, BIRHEOB
KL B % E72 AR RH & U CTHRTR 5 - Hilkps
KIZOWTOBMEZ D D —B) L LT, B - %
REENE Z 5 7219954E8H I 3 BfICh > TH
1A I F—%Bf LRk, maERMEE T T
%, BIF—TiE. BRKEZEOHN T OReME A BRES
528, KESREMEEROSNENOE/MT D Z
L BIOZOERERNT L2 EHME LT,
BAERHEE ZMAL T TS, HI5HEE 232 T,
REFITIRKRENPDOMEEOH Y HaT—~12, #)
H 12 UK 2 X SR A 98 D J AR IC DWW T, 2 B B
JEKE OB SV T (KM O RBRDIETK) B
L, e B3GR OBUF OB ML Z HE AT LTz,
CHEE - IWNER—ICRWT 3 AMIchz o TL
To7a 77 ATHRELE, EIF—MFEOHL
b, WIHT64, 2 HHI124, &&H6T4 OB
27,

— 105 —



cHB1 AR CERIENHLITIR) v s/ T A

QLA 5 36f SR 2T O Fo TR )

13:30 3=  (BEXRKEEREE & — - HHIZ
A )

13:40~14:40 %% 1 [ ARSI L D EMABTKE
AN LT ) (EFRSR e = M- B & /)
RpE—ER)
14:55~15:55 % 2 [ - D bR R ke o
bV FrRRFERERE - 2% HNET)
16:10~17:30 #F 3 [KENLOWHDOH Y J )
(BIPE R FER B T L0 - #oR i i R IE)
17:30 #&7T

-2 Al CERR2I4E11AI8A) Fu s T A
CEKEDBEEICHSOWTHEZE X S)
<INFTOREXZIEVIEDS > #%: WidH

9:00~9:05 X LIz

@ 20044F- i K E — =& O FH —

9:05~9:10 #EDOME LR B RFaE
BHE - HiE BMET)

9:10~9:55  [1TBDEN D] (ZRTHRBEEAT
BRRBG kTSRS « BT A% )
@20044 & 12345 K FH

9:55~10:05  [#F OMTE & FR-E — mHF O F 4
— 1 OREFAT RATE S faE i - BGR - 3R 4
HE)

10:05~10:35  [20044F 5 JE23 %5 — RLARIF RS TH 3
ARBFR— BT 4 LW

10:50~10:55  [H¢F OBEE & 38 — B T o> F 451
— 1 (SRR R A IR BB B S A i R B i = - B
KEEHRE IWAES)

10:55~11:40 T[TAHALRDO ST L LESD

(5 B23 %5 555 LIE o E-RA T O B 5 -
A 1 (e RERTT - BFE
@ 2008 4F- 5 Jn I [i] I 77 7k 25
11:40~11:45  THEOBEE & FRE ]
FERBLRE ST - wEEdR ARRTEREK)
11:45~12:30 TEONEN D)
EEF RS - BRE LKD)
<AKEEORKEEFNOBMEOH Y FEEZD

> FJE BB

W ~DHEY
JedE A R)

(BEEEKR

(i) e 7 77 R 2%

13:30~13:35 L LI

@20094F [ 1 B2/ S5

13:35~13:40 TgeEOME LB Gl K¥/a
FEEBLE - % HMNET)

13:40~14:25 [fEuLREER 2 & OBEEEZ 5 2 5 ) G

BEFEAR DB EE - e M| )
@ K215 B M B /K 5E « i L T
14:25~14:30  TgeFE OB L 3E) (B RSEEM

K HF— k)
14:30~15:15 THETO®#ELZE 2 5] (AMX
(LW FE RS [ ST R A A - HEBER M)
15:15~16:00 [HETBEBTOHELE X 5] (NTT
BREET VX —BFRRT - B E BHEEH)
16:15~17:30 /SNRALT A AH v ra
a—F g x—F— ERKEFE L F—
NRY A D EEREER2ER
17:30 #&7T

oo 5

<3 HE CEIE11H19H) a3 A

(EoB) X Z2Hm5)

9:00~10:00 [ FRHIE & F Wf D BUR 0 % i — BU
FAEMOIRIE 72 & — 1 (NBFECREEE (B5EH
B) fraFE EEISAMEY) Lg—#)
10:00~11:00  [HABEEEREIT OB F A — it DB
KREFEFNZSNLN G~ GREGEETERAE -
B - 2 HEERRE)

11:15~12:15 TR RKEOBUR & xR izo0\ T
(E 22 @A ) R B b B &g - 3 &l
AT EE)

12:15 HE0oBRE (ERKEMIELZ— i
%)

12:20 #&7T

El_

3. KEXHREHESR

3.1 BME

ERI0FE4 R 1TH N G, KEF AR O K ERFRIZO
WA R EZHI T 52 2 HOE L, BE
400, I F—mBML TE i, SHERMEITAE
24T, HFEEIL, #E, St 7 —0BREE%L
XU, ITBOBEKBEGRE, MEEEORE, EE
BRE, HEMRE, PiKBEGRAeSE, NPO, v A=
SHEBREELZIGIChEY, EREFEwREERTY
%o FEHVFEEDFHBE O ¥ —T — Rk, [Ed Blakely
KZ3x TEHRIZSOWTE X 5] , [Business Flow
Diagram (BFD) # 725 , THEBIHE T — K&
AT — S L MR - SO A - AT S
D7 Ta—F—) , [HEA T Y OERE R
EEZRD] Tholo, BMAREHEEEL KDL A
FuiE, UTO@EY ThD, 7275, Fpk224- 1 A
2, M ERSES CITbh el EEOH3
| TREMKE IS — in hF | ITBML,
KETV—7vavT (T4 WEBBHKFEY—T v ay
7 BB LEEICT, ARV ORY T ABKT
Wt e % Ehe L7,

3.2 FEBRE

— 106 —



- B UE]

<Ed Blakely X & Hl x THEHBLIZOWTHE X 5>

Ed Blakely R ITHBIE= = —A U > XH O 1H B AL
ECThd, —a—F V) A0ERIT, YOITES &
JICHEE T, HEEET S TET, LHRL, 2007
E1HICUNOP (ih == —A Y v XEHGHE) 25
B L7=, BRI R —X 0 &N, Blakely K &2 #7318
L, oEEDL LT, =a—24 ) v XOEEIIh~
WCHLEIZR > TETNAHE WAl Z %1 T\ 5,
Blakely[GI1%, 19914ED A — 27 T RO KKk D%t
IR T DOXEIE TR E A ZFIZ Y, H T FHE S
BOEETH D, WHPIERFORE T4H PRI K
AT oz TR 2B LT,

HAI D b BRI KRS D OB BIZ SN T
D2BERFE LW W, B 11X, JAZZE DL
Lz b =a—A4 U v AOEMICET % e
WTC, Rt =a—F ) U XDY ¥ AZHEITER
DERFLTHAHTOKBEB—K, % 2 [XPDCAY A
I N> = RZBEOEROELEEIZOWNT
TR T R A ST T O ARSEHE— IR @ L7, B68
FRALIZIEFE CITV, WAk & [FEAE K5 O SRR IS
EICBREW LT,

B E214E4 A 24 B (42)13:30~16:30

SINEHR : 384

(N =B R —F oD =a—F Y X
DEB] (22— Y U AHEEARE  EdBlakely)

ME L =a—F ) v XD Y ¥ A~ KK EN

SOEBICB T XfbokEI~) (MFEL=a2—F
Vo ZAOUx AZFFEITEAR  KHE—)
MR s KRR S DZGEI ) (WA A # i

EWTZERT - WHHE  AHE—)

< 52 H

< Business Flow Diagram(BFD) % ¥ 7 .5 >

55 2 [B1E A R B S ST BT AR 9 3 C A il B 3
L 7= Business Flow Diagram (BFD) ¥ 2 % 5 L
72o BFDII¥EK a2 & w[f{t+5Y—LTHY,
INEZR )T T 7 4 EMABEDETOREFERIG
EHORZ D, KEE~v=a T VOREL,
mEEREFRY D, KEXISEBE O AT
BEICAhD, ZORRX1IABZu s I 0L LT, FRIF
W2, "A NS T 77 4 AfMNE LT, BFDAZFIA
L7eRERIE~=2 T VORE L - fERET > 2i&
JRT & KRR KE R ICHHIERE BV LT, T#&%
i, HEEHEEENSI L CBFDOM WG 238 Lz,

BB SER214E7 H 24 B (410 : 30~16:30
SINEEL . 584

[ZBREFET TOR S~ = o 7 UIER & HilkBh
KEFEOKE) (R T s PR fa ik i PR - 3R

FAlife  Sramivg)
TR AKE SR 36 1 2 Sk e s i D SR E | (K
PR KE R T8 - Mot B MR LB 2)
323 TBusiness Flow Diagram% £ 72 52| (UK
AR B Rt = b - B3 T)1ZE)

- 53 H

<HBIB U — )L K& C— SE & AR - 3
{E N - ke 07 77— —>

%3 EEL, ESREFEDEOMRB B LIS D
7a g AR T, WEEEZIZITD LT HRENE
FEMEINDEIAORED T - ZiHz2 2
B b A

HEF : SERK214510 A 23 H (42)13:30~16:30
ZMEH - 374

[EHIELE =R ) 7T 7 41 (ESNEREZEY
i R E MR TR T - HEBIZ  HEE)

[hbz e =)L~ T HENS104F « HEL B BEHK
~] (REKRFERME T V7 T - FrT8# (G-COE)
AFTJE )

TR E - ORI T 2EERR - A (2wv
) XEEERILENS (FEk) | (BmKEF
RZFpE R EER - B2 REET)

AR TREIIGRR] A RY T A
FlGB s U — 27 g v A o EIC TR L,
(T4, lBEBK P T— 2 g v 7] 5R)

4. FIOERLBBHKZETI—V 3y T
—HAIGETHEOHMEEZHEBELKL S —

10th Workshop for “Comparative Study on
Urban Earthquake Disaster Management”

4.1 FHERE

BARKEL, BREALTHY, FMFICHSBRT
bbb, BRM-RERKEREZoNTE LT, [HK5FE
RS ] 2ED - OICITaBig s LToRE
22N T OO BN & 2MZ R o 72,

Bt - IS RER 2T U, KE: ) —R Y v,
B EE, Mla - e e THEREICL DKW
HITE S, 200 14E D91IWTCT 1 5 L [E N T D HER
, =58, E - HE®EREOEKIEE, 200449
ASHICHA Lzl S R AR, 10423 A 105
ELEHBRPBE, 122608 1C84ELEA~ B
TGS - R E, F AKEIZ OV TIE1998
L1999 D R ER 0 R E & L KE, 51T
20044F |2 B A% 1 & B o 72 BUK ERL20084E (21X 2 H
MY TERKEERLZRE LI, ZhblcdhiEmd s
L IIHERME A E IR Lo TRES B D F

— 107 —



MEL->TWNWDHLENWIZLETHD,

DU —7vay FIEHIRIC L o TR DEIEE
RTRFIZONT, SEIERAEND LI - Rt
THLEEALD LT HARATH D, Mk, Uk, B
M, Z=8i, S35, Fk, BEEohKE®m LT, &£
EEBIRICBET AH LWRANEENS Z & 3T
EhTwa,

20015EMBIEE 722 DU—7 v a v %, YUk

HEAT LT 7ol R SE 2 B3 2 B R IERIAFZE

MREIET DL E LT, FRICKEFEORSOMIEIC

EREYCREMRECETIYV—2 v ay 7L LTA

Z— kL7, B1EREEKFEY—2 a9y 7 i3m

FIEEEERY T, 20014E1 188 - 19812, 56 2 [F11d,

E E B AEY T20024:2 A 14H - 15H, % 3 RN

oA [E B R R 35 C20034E 1 H 30 A ~31 A ICBEfE L 7=,

AT HLER S E TR A B RERFEOK TH D,
PEHERE S F O HEHE D MBI ST AR TiE e <,
TLAZ ) LIt 20 ENT—BRE-
mlEZ, UFltRsEoicznov—rva v
DM E ML BT, A% bEELH, E2iX
2RI CHRET 2 Z L2 RE LT,

[1] fERkDT—27 v a v T LEY, FHEHEPLET
LZ0TEHRL, A EEN LB RO Z KD
TNEENTI00 S CRGER L, 22E
DM EE BT 2 == R B TH D,

[2] BB ZICBET A2V —2 v a v ZIF R TH)
DTORBETHY, 21 OYDICE N E MK
L, M9 D187 MIRE W,

[3] =% EE, FUGITNICEEESNTEY, it
OB\ T —7 v a v T ThbH,

[4] AFVT NV h T 7 LA A U fF (BIE,
[RERAEY 7T & LTHEET) &k
FT, 12o0BKEEFEEL L TMESIT LA
%o

[5] FEHE DI 6T, [THOBRMBYE, KFEE
WMoBORMEECHEREN, ZETITR
Mol A —7 Ve FRER TIER LB RN T
x5,
PLEDFHEHITEH &SV, 554 8] Z2 40 5 [EH B R~

%5 CT20044F-1H29H ~30H, 55 5 [0 & 40 7 [E R R

T2005%E1H20H - 210, 6 EEZMFEERERET

20064E1 H 17H - 18H, % 7 M &4 S EHEES# T

200741 H 18H « 19H, #H 8P EEE X T

20081 H 16 H, 2 9 [Hl &1 5 [EHER =35 T20094F:1

Hl6IZBME L7z, AFEEBEI0EE LT, 40

Xk, KEMGHRES (3. REFSHES] 5

Moz L) Lo, P EERSHS I T20104:1

H19R, 20H 2B L 7=,

4.2 FHEBR
201041 H 19 H (¢k)14:00~17:00, 1A 20H (7K)10:00
~17:00

4.3 FESH
O E RS EL S0 EE

4.4 JOoovsh

(BBl TN FOEREEZD

<20104F-1H19H >

14:00~14:05 BAsiR#E (BAEKTFHEE - Hdr
AR P46 2% I H )

14:05~15:25 HFEEE1 : TR 7z W
MHERLZ L] (MATNMERE Y —HRTTR
bt - NERHR R - BYGERNT R AHEER)

15:35~17:00 HEFekiE 2 « [HRA 7z W
OfEE ] (B RFEE - BU2/ ml KR4 E
A% THENR)

<20104F-1H20H >

— BB A T O fEE IS B S —

10:00~10:40 [ FUHSIF D F 41 — RRFiE 2 3 O fE R
D —1 (AR RAETE SR - fatg & - B GRE 4
HEZ)

10:40~11:20 = R0 F 2w 71T A T %

PRIRH] & LB DR D — R TTIS B T 5 Hifl
A TN YRR (AR TTE B RBL K b 2R
= - fEMETHEEE BAKZ)

11:20~12:00 &R O FEH — MBI K~==27
IR, IV o= a T ~—] (B
T fEHEE PR M AR - AR R AR ST )

13:30~14:10 TEEROEH —RIESEORS %
BEEZ -8 A o R — ] (RERARH
BREKAemE EFHmEE NHEZ)

14:10~14:50  THR T D R&A&ED & 5} 3R DR % R
) (MEH REEERE )

14:50~15:30  TRERHAE RO (RBTHiK
ERTHES AEREHEBYEE Tok2)

15:45~17:00 SpAT 4 A v a v g v
TN Y OIS ES 2D

a—F ¢ 3 —F—  FURRR TR KA SE T B R K
Mo 2—R - B K £E

SRR Y AL W HER, FHREESR

17:00 #&7T

4.5 HERR

[1] FE~R1004 235N L7z,

[2] 20094E1%, B A o 7oz o PFITx 4 % fErke
R RKRERBEERSTEFETHoT2, F
BH BRI DT A o W (B) oS

— 108 —



VT Iv 7 B RELEFEMRGHBEORE - f&
BEXRTIC NG, 724 AnbIEmmitomili( v
Tz oW (K) 2B EBICHERAIC KT LTz,
R VRY T LTIE, Bl Tz P ofE
BEH - SE0H Y FiconT, ISR
S EAT T2 BRI IT o T MAERE R %2 b Lo —
TR ERE B BRI O W TR 21T - 72,

[3] AFZEA R DFEM A £ & D72 55 1008 FLEg B 55 U
— 27 ¥ 3 v 7Proceedings % FIfT L 7=,

5, E7R97—92avT TRKEXEHS]

EREERIE & — Tlix, 199847 524 T 1]H]
[REZAEILT D] 2F—T— NITRE - PR
JEICHT D THHAL) 1T 28k 2 2 FHIZ DN T
LHETHZEEEME LY —2 v a y T HRBEL
TWa, S, FETRIB 720 [KEZBD7) %,
201043 H2H ~3HIZMNIT TH v VX2 7 Z P RUHS
WCRBW B Sz, R¥, %, BIBEIH60A
DB L ., IEFRFERBIT b,

IOV —rvaylE, BRRA-T 4 X — s
VEITWEOSGHRIZBITOH LR AERNT L2
—F 4 x—=varkyvaréENEryarhb
BEhTnd, a—F 4 Fx—varkyarT
X T2 % 7 2 0H B (B - JHELH -
NT TEEZ R VE—2EE) | TREFIS) (E
B HPR - BLEERTY) . (AT p—v
23 a—F 47 (HPC) LSk (JEE .
g— - ®IbRZE) . [GISO#F-/hikA] (EE
R KK - SEaRERSE) | (20074 3718 I ok i e
BOKEINREGIS) (EBE: B £ - FrEREE
BEAEHIER) LW D 5D TF —<IZOoWTEG O [Ff
O A BRI Sz, £, AFE Y~
3 T 2HFOKEFEORBRCICEE D 5 B0 A0 H
HEa3nt,

1HEDOEYy v a T, /% K¥ETHESL
TWABREME W A2 > 2B AN BASh, &
AHCHAE LT VEEO Y I 2L —ra VRIS
WTHHEN TN, 2HHEOE Yy v a v TiTE
ELTHRKROER Y MABPHE Sd, 20074 FriE IR
Hll R BRI 51 B GIS & 1% A L 72 S i ol
EB~DOGISOTE R FIEOBLR e &R S iz,

cH1ARB CEp224:3H2R)
10:00-10:20  BAHRES Ol K585 KAFJETE R
KEFIRE X —F - HR HKED)
@10:20-11:50 b XX AL OFHEN<EE : K
HE®H (NTTERE = V¥ —WF58HT) >
10:20-10:35 JERICELAZARGHEO L B 2 —

10:35-11:00 [Z oo T N «a—HF - L X T =
—Z2%EWA LR Y Y a—a v0%E] (NTT
a AU = TR ARFIE)

11:00-11:25 [GEOSPACE”' 5 v h 7 +— AL DB
FRLEBEE] (BRAESANTT-ME  #ib&EFH 0

11:25-11:50  TSRFEXIRAEIZ 31T 2 K I 38wkt
— DO EERUEMRIEY — VO3] (s
HENTTF — 2 CCS KA £)

12:40-13:00 T v arkvyiar [EENGE
# 5 — TRENDREADER(TR)™ % FH \ 7= 58 25 5 i 1 5t
ORI O R FBL SR SERT - 1 AP EH)
@13:00-14:00 KEXIG<ER: PR (EEHEEKR
FRFBEREERL KAL) >

13:00-13:15 JERICEDZARDEFOL a2 —

13:15-14:00 DIV O JREME ) (B W3R
RZFFEEREED KR o 1E 5
@®14:10-15:15 NANRXT F—< AL Ea2—F 1
> J'(HPC) & Ik K < &« AT — CRAL KRR
KEHEHFIE LY Z—) >

14:10-14:25 JBERIZLDARGHEOL B a—

14:25-14:50 [REVI2L—v a7V T
4] (FuAFvr - v7 by THRASHE L
i)

14:50-15:15 [GEO Grid23M 2 &3 2 kA Y 7

VA LHEE)~ v 7 (QuiQuake) | (PEXEH IR
EE I A N T R = D)
@1525-16:15 AN¥Etv i a o <JEE: M £5 (O

HRFD KRR RS FEN e 2 —) >

15:25-15:50 [ Z@RARESCHIT N OGISIZ L 5 7]
A & MRAT ) (R RSt e HE AR 5 K1

WHgEt v Z — « BIRKRFGISHIES  IWRZL)

15:50-16:15  [/NBUAE AR Z FH T2 2200 B D% K
RUUEdE | (FHM =TT SRS R E EER)

@16:30-18:00 GISOF 7=k A <JEE : T4 K ¥t
(SEANEE RS0 >
16:30-16:35 FERICEAZASHFOL B 2 —

16:35-17:05  [HEHKIEHR S AT AL 25E
THHROFR - o381 - Aridk ) (EZEBUINR AT 28T
ek =)

17:05-17:35  TACHMb~ vy 72 HW Iz A%

i) oD Hi B ) R 00 AT AR b — BRCRR 9 B KRR S i % oo
FHBERTEm 2= & LT (AARPHIER SR
ABFEE - SEafERY A B

17:35-18:00 [i7 4+ —F A~EEKZEH L2 BEL
TWADBERITKHT DB 5K - KEHROBEFIED
Mo~ (> 27 VAP () y—ERAT7F v b
FEAE A =1+=)

cH2HE (CERK224:3A3H)

— 109 —



@9:30-11:00 20074 7 ¥ Bk v il o 1 58 oD S8 & ot
IS EGIS<EE : BT £ Coia K FEaMEss) >
9:30-9:45 JFERIZLDYUHSTHFOL B 2 —
9:45-10:10  THBRITFICIH T 5 [ H X 1F Ak BE
(Emergency Mapping Center) | DOIE#H]  (IZW 37z

GISthigs  WIHET)

10:10-10:35  THRF T IC 5 5 T Hu X 1E sk B
(Emergency Mapping Center-K) | OJF®E)] (B E
NERFRD - BREORFEMARE ¥ — HEH
=)

10:35-11:00  [ETEFEOFEBI M 72 [HEHE
Bk OME] HBRFLEERRBEE 22— JF
J R

@11:00-12:30 $KFELGIS<EEE : ji)ll5 GUHEA

PGB R PR => b)) >

11:00-11:15 HERICED2SBFESHOL E2— [F
W D AR~ DY — L L ARV AT AT
AR T HOMEBFRICE ST —F X— A fFHE L
ST 7R TG

11:15-11:40  [FyRHICH T 5 EBEH=R{LHR RO
TR EERIER ) (FIETEDT - BEHITH
HERRE H M)

11:40-12:05  THJII R HICHIT 58 A E—/L
A B — b OEBHFEN - BEADIZD DTN
1B 1 WIS F — 200745 HE 5 2 B M o S5 XIS & #R 5k
LC— (e TREBAEE BAZEZ)
12:05-12:30 B B Aa e i 2 36407 2 Ml & 1 o
A TIGISH b DL & EB R - mEL~miT 7=
NLTEAE TS F — 20074F $7 15 Uk Al i 1 AR o0 Skt
S AR LT — ) (RARE T 0 TR A T B OR R A
WMEBCRMR AR 5

12:30-12:40 F & & FASEE ORHEE R FB S
SETE R K EMEE v ¥ —F - #HiF HKESR)

6. BRAXK

O}

T—AR—X

6.1 T—H2A~_N—X “SAIGAI”

B RKENIEE > & — T, ZORETH A
KB ZER L —OFLLH LY, ERNICBITS
KERBEROWLE - T EITV, Zho0&EEE b
EAC R SERFIE, B - WA BB T 2 &
FEMLTER, TNOLORKEEZEEE X T, BRSTHE
XY TF—H_X—Z"SAIGAIKS " HEZL L, (AP SEF
FERE v F — PR O S0 e B ONT S8 B R
DOEZEERZ BB L TE 2, ZD"SAIGAIKS" I, T
FROTAE IR AR R R (PR R A B RER) D
2% CREMRTMERFERT — ¥ X — 2
"SAIGAI": L TIiF &S hiz, BE, K& —%h

B LT, 2EAFHMKERE & — (dhiffE RS -
WIERT - HERTF - AHBERT - WHKRT) O
NDbHETEDOHENEEDMESI N TN D,
MEFIS8F I MR R ICE T 270D, Bt -
FeRIWESE TERKE) ofiBhax i3 T IBRKEER
Zx—U— NHFEE) NPT a7, BEEICHRTE
Ph—bRX, RHRRZEREFHEHRE L Y —DFT —%
N=2~BITL, RFEMRY T —27 (NIV AT A)
WAL TWDRZETHIE, AARGERKEZ HWT
BEOMBNATREIC 72 o T2, ERRGEICIE, F—T—
ROBIM « KRR EAT - I2kGTIDS T H RS ER 2
F—U— FHFE - (KRHE] BTTE N, FH10
H, P20, F—Z N— 2 OULHHE R A B
& LR AT LOEHEITo7-, RBT A
T AIIWWW EICHFE I, Fa—F— 33—V F
A Ba—HXREOweb7 T UV NLHBIZT Z
TARARE L oo T D, FRR2VEEIZITH 72128
8,000 DE R EHEL, HEINTWVDET —X T,
2243 A BIET105 60361 &, 105 %48 272,
kB, F — X N — X "SAIGAI" (I URL,
http://maple.dpri.kyoto-u.ac.jp/saigai/ T 7 7 & A #[ fig
ThD,

6.2 KEFEHRHT—EIR—X

EREENIE > ¥ — Tk, WRMSOER L v EL
BEHCHN D K EN REORSEOMETHE LT —
AR—=2FTHr7a V=7 NEEELTWD,

FORFEE L TEBINTERL LR EZOHNGE
RT— 2% [KEFELRT—2_—x] L LT, AH
LTW%, ERI6FIL, T —4_X—R%&2 U =7 LT
MEBAREIC L, BARTED LT HARAT T v
N7 4 — LAREFEF B M B & D 23 & = T TERR
Eh, ¥ — % ~N — A [T & URL ,
http://maple.dpri.kyoto-u.ac.jp/saigaishiryo/ T7 7 & A
WREL o TN D,

SRR 2 14E E 1376 JBE 11844E 0> 5 12594 £ T Skt
BREEREIT o7z, RELRT —F N — 2| THHS
LTV D BT — &1, ER22423 A BITE T, BS99
FE~16154F F TD1J736324FIT=E L, 1259 F TOHL
REERDET Lz, BEIZI6154E LI O SRt O ULSE
kL TV B,

— 110 —



Information Analysis in the Field of Natural Disaster Science (37)

Haruo HAY ASHI, Katsuya YAMORI, Norio MAKI, and Shingo SUZUKI

Synopsis

The objectives of this paper are to summarize the research activities of Research Center for Disaster
Reduction Systems, DPRI. They are systematically organized by not only our staff members but also many
researchers and practitioners who do voluntary work in some workshops and symposia. Open symposia
were held monthly with large audience. The 15h Seminar for Regional Disaster Prevention Plan was held
focusing on the flood disaster reduction. The 10th Workshop on Comparative Disaster Studies was held to
discuss the emargency management for pandemic influenza of 2009. The 7th Workshop on Visualization
for Disaster Reduction was held to provide an integrated review on the ICT and GIS technology for
disaster reduction. We are also upgrading and expanding the database SAIGAI and historical disaster
database.

Keywords: database, catastrophic disaster, comparative disaster studies, seminar, workshop
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1. Schedule: 10-13 November 2009

[10 November(Tue)]

09:30-09:40 Welcome address N. Okada (Director, DPRI, KU)

09:40-09:50 Welcome address S. Kawai (Director, RISH, KU)

09:50-10:15 International Partnershio in Meteorlogy J. Snow (Dean, A&GS, OU)
10:15-10:35 Coffee break

10:35-11:00 Overview of GCOE program on extreme weather K. Takara (DPRI, KU)
11:00-12:00 KEY NOTE : Basic or applied or both for attainable goals ? : A theoretical experiment Y. Sasaki (Sasaki
Institute, OU)

12:00-12:15 Group photo

12:15-13:30 Lunch

13:30-15:50 Session (1) Recent development of advanced radar

15:50-16:10 Coffee break

16:10-18:05 Session (2) Phased array radar technique

18:15-19:30 Icebreaker and Poster session (unattended)

[11 November (Wed)]

09:20-11:00 Session (3) Polarimetric radar

11:00-11:15 Coffee break

11:15-12:35 Session (4) Atmospheric observations and radarf applications
12:35-14:00 Lunch

14:00-15:00 Poster session (attended)

15:00-16:30 Session (5) Data assimilation

16:30-16:50 Coffee break

16:50-18:20 Session (6) Data assimilation (continued)

18:30-20:30 Banquet

[12 November (Thu)]

09:20-11:15 Session (7) Numerical modeling

11:15-11:30 Coffee break

11:30-13:00 Session (8) Mitigation of weather hazards

13:00-14:00 Lunch

14:00-15:40 Session (9) Mitigation of weather hazards (continued)

15:40-16:00 Coffee break

16:00-18:00 Panel discussion: Weather Hazards and Their Mitigation: Focus of Asian Countries
[13 November (Fri)]

09:30-15:15 Tour to Shigaraki MU Observatory

GAERRDOFE

Web HIZABT 2,
http://www.rish.kyoto-u.ac.jp/ku-ou-sympo/
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Y PA=E/A FN
Program for Oral Session (April 21)

Time Presentater Organization Paper Topic

Current Progress of Earthquake Early Warning
10:30 - 10:35 Opening Remark

10:35 - 11:05 Keiji Doi IMA Earthquake Early Warning in Japan - Provision to the General
Public and its Results —

11:05 - 11:35 Richard Allen UC Berkeley, US  ElarmsS across California: Current realtime performance and
future outlook

Lunch Break
Earthquake Early Warning Algorithms 1

12:30 - 1:00 Aldo Zollo Univ. of Naples The Earthquake Early Warning System in southern Italy:
Federico ILItaly =~ Technologies, Methods and Performance Evaluation

1:00 - 1:20  Yih-Min Wu Taiwan Univ., Tau_c and Pd methods in earthquake early warning and its
Taiwan development in Earthworm system
1:20 - 1:40 Masumi Yamada Kyoto Univ. Developing a prototype system for earthquake early warning

using tau_c method
1:40 - 2:00 Maren Boese Caltech, US Updates on EEW Testing and Finite Fault Research at Caltech

2:00 - 2:20 Friedemann Wenzel Karlsruhe Univ.,  Efficiency of Earthquake Early Warning Systems

Germany
2:20 - 2:40 Mustafa Erdik Bogazici Univ, Earthquake Early Warning and Rapid Loss Information
Turkey Generation in I stanbul

Application of New Technology to Earthquake Early Warning

2:50-3:10 Ken'ichi Takamatsu Oki Electric Application of the earthquake early warning system for the OKI
semiconductor factory

3:10- 3:30 Katsuhisa Kanda Kajima Robust and reliable early warning system for engineering
3:30-3:50 Tsutomu Sato SDR Realtime Systems for Tokyo Metro Company and Others

Information
3:50-4:10 Georgia Cua ETH, Switzerland Real-Time Performance of the Virtual Seismologist Earthquake

Early Warning Algorithm in Southern California

4:10-4:30 TIunio Iervolino Univ. of Naples Uncertainty in early warning predictions of engineering ground
Federico I, Italy ~ motion parameters: what really matters?

Discussion
4:30 - 5:00 Discussion
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Program for Oral Session (April 22)

Time Presentater Organization

Use of Earthquake Early Warning Information

9:00-9:20  Yoshinori Maeda NTT Docomo
9:20-9:40 Masato Motosaka Tohoku Univ.
9:40 - 10:00 Shigeki Horiuchi NIED

10:00 - 10:20 Jim Goltz OES, US

Development of Early Warning Systems

10:30 - 10:50 Hanshu Peng CEA, China
10:50 - 11:10 Nai-Chi Hsiao CWB, Taiwan
11:10 - 11:30 William Leith USGS, US
Lunch Break

Poster Session
12:30 - 2:20 Poster Session

Earthquake Early Warning Algorithms 2

2:30-2:50  Luis Rivera Strasbourg Univ.,
France
2:50-3:10 Tom Heaton Caltech, US

3:10 - 3:30 Shunroku Yamamoto  Railway Technical
Research Institute

3:30 - 3:50 Mitsuyuki Hoshiba Meteorological
Research Institute

Earthquake Early Warning Algorithms 3

4:00 - 4:20 Kojiro Irikura AIT
4:20 - 4:40 Yutaka Nakamura SDR
4:40 - 5:00 Gaetano Manfredi Univ. of Naples

Federico II, Italy
Discussion

5:00 - 5:30 Discussion

Paper Topic

Not only EEW, but also "Disaster and Evacuation Information"
to Cellular Phone

Application of Earthgquake Early Warning System in Schools
and Experience of the 2008 Iwate-Miyagi Nairiku Earthquake

Home Seismometer for Earthquake Early Warning

Earthquake Early Warning: Societal and Public Policy Issues

Prototype Earthquake Early Warning System in the Beijing
Capital Region of China

Development of earthquake early warning system in Taiwan

Earthquake early warning in the context of the USGS Advanced
National Seismic System

Using W phase for regional tsunami warning and rapid
earthquake hazard assessment

Probabilistic Prediction of Rupture Length, Slip and Seismic
Ground Motions for au Ongoing Rupture

A robust method for imaging asperities of large earthquakes
Uncertainty of anticipation of seismic intensities -A study of

fluctuation of anticipated seismic intensities by the method of
current Earthquake Early Warning -

Basic study for developing the Earthquake Early Warning
system for great earthquakes - case of ground motions inlarge
crustal earthquakes-

Earthquake Early Warning and Realtime Earthquake Disaster
Prevention

Consequence-Based Early warning systems
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Program for Poster Session (April 22)

No

10

11

12

13

14

15

16

17

18

19

20

21

22

23

Presentater
Tomohiro Kubo
Kazuaki Masaki
Susumu Kurahashi
Yuichiro Nishimura
Hiroshi Asahara
Kalpesh Solanki

Juan-Manuel
Aranda-Espinosa

Satoshi Fujita

Philip Maechling

Giovanni Iannaccone

Takashi Akazawa

Keiji Doi

Shinji Sato

Shunta Noda

Kazuhiro Iwakiri

Kazuo Ohtake

Shigeki Horiuchi

Ken'ichi Takamatsu

Gaetano Festa

Jun Saita

Masato Motosaka

Takao Kagawa

Holly Brown

Organization

ABS consulting
AIT

AIT

AIT

Astom R&D
Caltech, US

CIRES A.C.
Mexico

Denki Univ.

Univ. of Southern
California, US

INGV, Itali

GRI

IMA

Railway Technical
Research Institute

Railway Technical
Research Institute

Meteorological
Research Institute

Meteorological
Research Institute

NIED

Oki Electric

Univ. of Naples
Federico II, Italy

SDR

Tohoku Univ.

Tottori Univ.

UC Berkeley, US

Paper Topic

Application of Earthquake Early Warning System to Estimation of
Long-period Ground Motion for High-Rise Building in Tokyo,Japan
EEW distribution network dveloped by Disaster Prevention Resarch
Center, AIT

Improvement of Earthquake Early Warning - Intensity Estimation
from Initial Part of P-wave

EEW for Tokai industrial region - application to the manufacturing
industry and these effects

Development and Operation of Early Earthquake Warning System for
Radio Broadcasting

EEW Implementaiton at Caltech

Mexican Sistema de Alerta Sismica evolution

Intelligent seismic isolation system using EEW

Proposed Time Measurement Model for Earthquake Early Warning
Systems

PRESTo: a new stand-alone software tool for earthquake early warning
Real-Time Strong Motion Observation System aiming at the EEW
application by CEORKA (The Committee of Earthquake Observation
and Research in the Kansai Area)

The present status of Earthquake Early Warning in Japan

Practical use of Earthquake Early Warning(EEW) System for
Shinkansen

Evaluation of the accuracy of back-azimuths estimated in real-time by
using single station record time by using single station record

Study on attenuation relations focused on near source region -Evaluation
of their applicability for earthquake early warning-

Techniques of using data from OBS stations for EEW

Automatic arrival time picking using many parameters for the onset
discrimination

Real-time seismic hazard mitigation system JBS-01

Early radiation and final magnitude : insights from source kinematics

New Field of Earthquake Early Warning and its Examples
Development of Regional Earthquake Early Warning System with
Structural Health Monitoring Function and Real-Time Ground Motion

Prediction Using Front-Site Waveform Data

Designing of three stage seismic intensity meter
supported by earthquake early warning

Testing ElarmS with Japanese Earthquakes
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DAY 1 Agenda
Thursday, 4 June 2009
Kyoto Terrsa, East Building, 2nd Floor, Seminar Room #3
Time Session Presenter Session Chair
8:30 Registration
9:00 Welcoming remarks by organizers and hosting | N. Okada
ati
organizations W, Kroger
9:30 Introduction and discussion on briefing document N. Okada
M. Heng
10:30 Keynote: Crucial governance issues of the Straits of N. Okada
Malacca and Singapore
Q/A and Discussion
Risk Assessment and Governance Issues of the Straits | T. F. Fwa
of Malacca and Singapore
Risk Assessment and Policy Options for the Straits of | M. Ibrahim
Malacca
Japan and the Cooperative Mechanism on the Straits | K. Yamaguchi
of Malacca and Singapore
13:00 LUNCH
14:30 Panel 1: Learning from major earthquakes, tsunamis W. Kroger
and tropical storms - Framing hazards and
vulnerabilities with wide-area consequences
Q/A and Discussion
Lessons Learned from the Isewan Typhoon and Kobe | J. Tohma
Earthquake: From the Perspective of Supporting
Infrastructures for Ports and Harbors
Review of Typhoon Maemi in 2003 and Its Impacts on | J. Oh
Port Facilities
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DAY 1 Agenda

Thursday, 4 June 2009

Kyoto Terrsa, East Building, 2nd Floor, Seminar Room #3

Time Session Presenter Session Chair

Experiences and Lessons of Large-Scale Disaster | D. Yu
in China—P tive to the R f

Governance in China—Perspective to the Response o for P. Shi
Wenchuan Earthquake Disaster
Safe Navigation in the Singapore Strait H. Heng
Perspectives on Mumbai Terrorist Attacks and Other | B. A. Misra
Latest Disasters (Climate Change)
Forecast and Stochastic Modeling of Future Typhoons | H. Mase
based on GCM Projections

16:35 BREAK

16:45 Panel 2: Looking beyond the horizon - Reflections on J. Tohma
foreseeable developments, potential scenarios and
knowledge gaps
Q/A and Discussion
The Scenario Simulation and Risk Analysis of | M. Liu
Waterlogging and Typhoon from Coastal City,
Shanghai
Possible Meteorological Threats to Maritime | H. Ishikawa
Transportation
Past, Present, and Future of Busan Port and Its | C.-R. Ryu
Disaster Prevention Program
50 Years of Disaster Prevention in Nagoya Port since | T. Tamura
the 1959 Ise- Typh

¢ Se-wan lyphoon E. Hideshima

Risk Accompanied by a Rapid Urbanization Course— | D. Yu
Shenzhen Case
Forecasting the Impact of Port Shutdown on Seaborne | M. Takebayashi
Cargo Transport

18:30 ADJOURN
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DAY 1 Agenda

Thursday, 4 June 2009

Kyoto Terrsa, East Building, 2nd Floor, Seminar Room #3

Time Session Presenter Session Chair
19:00 - | Reception and Dinner
21:30

(Programme included)

DAY 1 Reception and Dinner

Thursday, 4 June 2009

Kyoto Terrsa, Suzaku Restaurant, East Building, 1st Floor

19:00 Reception

19:15 Welcome Speeches by N. Okada and W. Kroger
19:30 Dinner

20:30 Keynote Speeches by K. Yamaguchi and J. Tohma
21:15 Closing Speeches by T. F. Fwa and E. Taniguchi
DAY 2 Agenda

Friday, 5 June 2009

Tale of Genji Museum, Conference Room

Time Session Presenter Session Chair
8:45 Registration
9:00 Welcoming remarks by Tale of Genji Museum hosts
9:15 Working session: risk governance and related | O. Renn
ts/strategi -

concepts/strategies M. Nishizawa

Brainstorming and Discussion
10:45 | BREAK
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DAY 2 Agenda

Friday, 5 June 2009

Tale of Genji Museum, Conference Room

Time Session Presenter Session Chair
11:15 | Panel 3: Assuming "the impossible" - Reflections on T.F. Fwa
adequacy and resilience of coping mechanisms
Q/A and Discussion
Interdependent Security Problems in Maritime Global
Critical Infrastructures
Risk Scenario Analysis in Southeast Asia: Policy | R. Shibasaki
Implications of a Blocked Malacca Strait
Lessons from the 2004 Indian Ocean Tsunami and | F. Imamura
Possibilities of Tsunami in the Region of the Malacca
Straits
Related Security Issues of Man-made Disasters and | N. Sawant
Potential Extension to Airport Global Critical
Infrastructures
Interdependencies between Ports and Electric Power | Y. Kajitani
itical Infrastruct
Critical Infrastructures S Yabana
Nat-cat Risk Management & EQ Risk Finance H. Wakatsuki
12:45 | LUNCH
13:45 | Panel 4: Viewing legal, institutional, organisational E. Taniguchi

issues - Exploring the need for a new initiative and

paradigm

Q/A and Discussion

Current Agreements and National View on

Enforcement Mechanisms

Critical Infrastructure Protection and Collaborative
Emergency Management Policy between Korea and

Japan

J.E. Lee
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DAY 2 Agenda
Friday, 5 June 2009

Tale of Genji Museum, Conference Room

Time Session Presenter Session Chair

New Instruments and Approaches Including | K. Yamaguchi

Public-Private Partnerships

15:15 | BREAK

15:45 | Open discussion: Urgent Needs and Future Directions 0. Renn

including policy actions, information sharing, early N. Okada

warning mechanisms, research activities, etc.

16:45 | Concluding session: Drafting risk governance | N. Okada

recommendations and a timeline for related actions .
W. Kroger

17:45 | END OF WORKSHOP

ORERRDLE
1. "Risk Governance of the Maritime Global Critical Infrastructure"

Prepared by: Kyoto University and International Risk Governance Council IRGC)  March 31, 2010
2. "International Workshop on Risk Governance of the Maritime Global Critical Infrastructure: Straits of Malacca and

Singapore Exposed to Extreme Hazards"

Prepared by: Kyoto University and International Risk Governance Council IRGC)  March 31, 2010
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