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#3111l aI2=T4 - LYIZLADERE
Citati first s
ttation firs Definition
auther, year
Brown, 1996 Community The ability to recover from or adjust easily to misfortune or sustained life
stress
Community The process through which mediating structures (schools, peer groups,
Sonn, 1998 \ . . . .
family) and activity settings moderate the impact of oppressive systems
Community The capability to bounce back and to use physical and economic resources
Paton, 2000 ) . .
effectively to aid recovery following exposure to hazards
The ability of individuals and communities to deal with a state of continuous, long term
Ganor, 2003 |stress; the ability to find unknown inner strengths and resources in order to cope
effectively; the measure of adaptation and flexibility
Ahmed. 2004 The development of material, physical, socio—political, socio—cultural, and psychological
' resources that promote safety of residents and buffer adversity
Kimhi. 2004 Individuals’ sense of the ability of their own community to deal successfully with the
' ongoing political violence
A community’ s capacities, skills, and knowledge that allow it to participate fully in
Coles, 2004 A
recovery from disasters
The ability of community members to take meaningful, deliberate, collective action to
Pfefferbaum, \ . . > . )
2005 remedy the impact of a problem, including the ability to interpret the environment,
intervene, and move on

Sources: Norris et al. (2008)

Conmmmity
resilience
attributes

Individual
resilience
attributes

— —
SC (tnst)
—
SC (mteraction and ’,"" "'\.‘\
exchange ) P .
= 4 The level of *
Earthauak ;" earthquake waste “ Appropriate
SC (social participation) “\1\:1:]‘_ e ! managenient 1 disposal of
i ‘:' \ (collection, H earthquake
generation Tl
infrastructure N Lo 7
~. e
= - -
Disaster recovery = o
potential
- —

Legend: O Input m this study

- + -
(_ ) Ouput m this study

Notes: This 1s Kawamoto's expansion of Abranson et al. (2014)
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Informal te mporary storage site Formal temporary storage site

Sowrces: Archive maternk of Great East Japan Earthquake (Kesennuma city)
Photo archives of Great Fast Japan Earthquake (Sendai city)
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Coef. Std.Err. t-value
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Log likelihood -37406.751
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it R #5 B bR # L5

B2 (HETH) & (%) A2 (FHER) BE (%) [EZ (FHEH) ElE (%)
=L 9 9.4 9 18.8 36 8.3
HBh 13 13.5 12 25.0 69 15.9
B ¢ 19 19.8 12 25.0 93 21.4
KE 18 18.8 12 25.0 99 22.8
Hh 15§ 13 13.5 14 29.2 63 14.5
ety 15 15.6 14 29.2 62 14.3
SEAYDE ik 8 8.3 2 4.2 42 9.7
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ZICZ VM L, ZORBIIBER (07 70K O ELY REWZ ERHLNIR-TZ,

o OEOM T KERERAE L CYaE S, EERy CRERUER) bEET DL AT, A7 Tp5kE

K EOBERITRE L TS Z &R EnTz, BTRIC3 20mMAEE LD 5,

> EKESA—VERB UM T, KEROB IOy N7 EREZE LT, MBS EREEY
EEOBMBRNE L L, AT, MEEEDEHROE (BEhemik) 13, ERICKERA LN
oo TOZEMNL, MEKEFREEMEROE L, FROWIITE., *y FT—2-3 D SC DEERL
DOFlffZEBEL CHEBTEDHLEEZDLND,

> ERESA—VERRUTCHISIC BN T, BB RO, SCIZ kD, mFE S L—TH
Linking A /3= & W) LI2356 . BERIEm L35, 70, KRR O HEE 27 /L — 778 bonding A
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PR—=L W LTS e . BERIEN BT 5, mIRES AU ERER LTI, WATEN D R
KEFREFTMEBLONFEMI L UET D, BN —F— w70, HITEN A OB IR, 20
M2 YET D,
SC AMEW Mk TIk, SR, MBS ERTEMEIONEMEMET LTz, HRIE, % v b
J— 7ﬁ/ﬁk®z%ir$%@bf£7b>of_k%z biLd, TRTOaI2=7 1%, KERNZ SCOMEAL
X5Z & . HERSSEREMEHO LY BWEFZITH Z LN TE D RSN,
RIZ. Super—efficiency ET /LOEHAFER AR 4-16 17T, FKERICIL, & bonding LN, &
linking > KU —7 7V —7 RS, MRS ERTEYEBINRN IR TN —T 20D Z &M
3ol FTH, Linking Ry MU =73 bIFENLRAR Yy N —7 Th o7,



3K143015-78

R4-15 HERERIWEFICEIT A Technicalefficiency change (EC) & Technologychange (TC)

Technical efficiency change (EC) a)

Collection Separation Transportation
Cooperators DH DM DL DH DM DL DH DM DL
1 1.015 1.093 1 1 1 0.963 1.008 0.93 0.9
2 1.069 1.056 1 1.039 1 0.998 1.021 1 0.937
3 1.002 1.074 0.963 1 1 0.926 1 1 0.913
SCH 4 1 1.006 0.937 1.007 1 0.935 1.008 0.987 0.931
5 1.119 1.028 1.042 1.184 1.027 0.975 1.181 1.042 0.982
6 1.033 1.015 0.938 1 0.999 0.891 1.017 1.066 0.936
7 1.174 1.023 1.002 1.254 1.001 0.993 1.174 1.023 0.965
1 1 0.954 0.948 1.179 0.981 1 1 0.91 0.94
2 1.005 0.954 0.948 1.116 0.973 1 1.099 0.946 0.944
3 1.028 0.973 0.933 1.115 0.986 0.947 1.137 0.977 0.947
SCL 4 1 0.905 0.908 1.093 0.949 0.98 1.058 0.979 0.908
5 1 0.992 0.911 1 0.981 0.904 1 0.969 0.939
6 1 0.952 0.893 1 0.979 0.951 1 0.968 0.95
7 1 0.968 0.876 1 0.976 0.899 1 0.968 0.876
a) [ EC>1.100
Technology change (TC) b)
Collection Separation Transportation
Cooperators DH DM DL DH DM DL DH DM DL
1 1.21 1.139 1.056 1.284 1.257 1.157 1.324 1.283 1.18
2 1.161 1.128 1.045 1.263 1.216 1.136 1.259 1.226 1.162
3 1.222 1.17 1.113 1.301 1.248 1.241 1.263 1.251 1.214
SCH 4 1.242 1.208 1.159 1.328 1.233 1.242 1.276 1.256 1.219
5 1.119 1.169 1.081 1.208 1.243 1.16 1.144 1.156 1.116
6 1.226 1.249 1.202 1.324 1.272 1.26 1.233 1.187 1.194
7 1.189 1.21 1.13 1.16 1.207 1.148 1.213 1.21 1.186
1 1.153 1.115 1.097 1.221 1.174 1.098 1.273 1.195 1.15
2 1.15 1.057 1.092 1.21 1.125 1.099 1.236 1.129 1.133
3 1.143 1.048 1.071 1.275 1.161 1.143 1.179 1.103 1.124
SCL 4 1.237 1.175 1.113 1.268 1.175 1.107 1.217 1.08 1.147
5 1.122 1.042 1.121 1.187 1.102 1.171 1.138 1.044 1.104
6 1.195 1.114 1.151 1.225 1.154 1.119 1.153 1.068 1.107
7 1.118 1.097 1.161 1.179 1.104 1.169 1.132 1.083 1.161
b) ] EC>1.100
Malmquist Index
Collection Separation Transportation
Cooperators DH DM DL DH DM DL DH DM DL
1 1.228 1.245 1.056 1.284 1.257 1.114 1.335 1.193 1.062
2 1.241 1.192 1.045 1.313 1.216 1.133 1.286 1.226 1.089
3 1.224 1.256 1.072 1.301 1.248 1.15 1.263 1.251 1.109
SCH 4 1.242 1.215 1.086 1.338 1.233 1.162 1.286 1.239 1.136
5 1.252 1.202 1.126 1.43 1.277 1.131 1.352 1.206 1.095
6 1.266 1.268 1.128 1.324 1.271 1.122 1.255 1.265 1.117
7 1.396 1.238 1.132 1.455 1.208 1.14 1.424 1.237 1.144
1 1.153 1.063 1.04 1.439 1.151 1.098 1.273 1.087 1.081
2 1.156 1.008 1.035 1.35 1.095 1.099 1.358 1.068 1.069
3 1.175 1.019 0.999 1.422 1.145 1.083 1.341 1.078 1.065
SCL 4 1.237 1.063 1.011 1.386 1.116 1.085 1.288 1.056 1.042
5 1.122 1.034 1.022 1.187 1.081 1.059 1.138 1.012 1.037
6 1.195 1.061 1.028 1.225 1.13 1.065 1.153 1.034 1.052
7 1.118 1.062 1.017 1.179 1.077 1.051 1.132 1.049 1.017
Legend:
SC classes Cooperators
SCH: high 1:No cooperator (Base line)
SCL: low 2: Families and relatives

Disaster damage classes

DH: high

DM: medium

DL: low

3: Neighbors
4: Friends and acquaintances

5: Volunteers from external regions
6: Local governmental agencies

7: Governmental agencies from external regions
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FARTITLT mE | 99 i
Bonding |1-000 0.784 0.784
= bonding Bridgin 0.977 0.930 0.931
Linking _1.000 1.000
Bonding |1-000 0.946 1.000
& linking Bridgin 0.962 0.957 0.964
Bonding |0-875 0.843 0.843
BRI — Bridging  |0-885 0.885 0.885
Linking  |0-987 0.987 0.987
_Super efficiency

Efficiency

(1) Uk

7 bonding 7 /v—7" K V& linking 7 /L—7® bonding % >~ hU—7% & Linking % v kU —27 23%h=RMY
ThDHZEBHALNIRoT, ZOZ LD, ERYIOIEESEIFEAR— R R T D 72D OIEEIT, F
. AT ANSRITHN ST 5 LB TH D Z BN g0oT-, B TH, & bonding 27— Linking
R N —2 93 super efficiency Tho/0=1 172), X512, /5 linking Z7b— 7D linking > F 7
— 2 3 super efficiency T o/=0=1 022), ZDZ L6, KERIT, ZAEED B LR NG ED B
IC1E, TTECRAMHI) & DIF ) ZAZ & SIRESAR D D 5 & L D IFHN 05 = & PHEESh,

@ 25

/& bonding 7' /L—7 K OVE linking 7 /L—7"® Linking v hU—27 NIRRT TH D Z E N ST
ST, TOZEND, ERBIO SIS AN D5y BIIE, ATECSCMHIE ) & O HE NS5 LR T
HDZ LS oT, BTE, & linking 270 — 70 linking 7 > b 7 —2 73 super—efficiency TH o7z
©=1.022), ZDZED5, KEHEIT, HEBLDEREDFIFIZIT, TTECHAED 6 Dl 2512 L 55
TELRR D 5 & L D ZPFRN 05 = & PHES A,

(3) i

7 bonding 7 /L—7 K OVE linking 7 /L—7"® Linking v b U—27 NIRRT TH D Z N ST
STz, TOZEND, [ERPOTEWSCATE ASN— R Z MR T 5 T2 OTEIE, 1TECCMMIED & O 13823
542 LR THDZ LB oioe HTH, & linking Z70— 7D linking %> b 7 —2 3 super
efficiency Th o7 O=1.022), ZDZ ED 6, KEFEIZ, FHFER D EREDFIEZIZ, TTEM A5
5 DFHEN S BIERR IR B 5 & L D EIFHN 0B = & PRI,

KM i, KEHIZIT, Ebonding& Y, &linkingky h T —27 ZL—7 DS, ZuHi3d T
DSCH Y NT =7 P@n I n—7 10 WERKEREME IR I N—TI20 D 2 L 2B 6N L
7o KE®RIX, BEFEEOBLLEmFMEOBIECL D, SCry MU —7 ZIEH U7 iR K EFEEME B O %)
KM@ < e D08, FEBONRMITRD > 7o, KERICLEDO FHEBITENRSCR Yy NU—7 2R L
TWADITHBD ST, R 7o, PREBIIKEZROEEMEREZ A DITO 2 &ML SCry hY
— 7 B +DIIEHTE WAV ELEZOND, Ko T, SCRry hU—7 ZIEH LIEHsER E0HE
PEFM E R 2 At L TV 2 EREHTH D,

Ebonding & . Eilinking® v bV —2 7 )L—FDLinking®k v U —27 1%, mbLEIRMR Ry hT—2 T
botz, KEW,, HEBDE LR OEGEDBIEIL, TTESMMIEED 5 DF I EIC L S ZERD S E, W
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S R ETE S D) ZIFHNE 0, WEETTE) TE DB E DS E P00, TDE8, FKEERBIF
D H BT DIG IR DIRIER, (EIHRFIZF5 15 5 A5 R ~N— R FERD 72 80 DFEFEIRIEIZ &, TTE AN
DB DI IFNE I S EEEHE L TS Z EBFEHTH S,

TR DSCHilE, BSCT L—F M3, 61%, TSCT L—F M52, 1%, IKRSCZ —7H343.3% & . KEEixh
LMESCT N—T T olz, &7 N—T 2T 5 ROFENRNREX4-391~ T, @ESCH/ — 713, 605
LA E45. 8% & s E NS T D, HSCH L —T 1%, 305417, 0%, 405%1%18. 1%, 505%{%21. 8% T 5,
IRSCT N—T"1F, 205%1%28. 0%, 307fX24. 9% & FAEE RSN TH 5,

Super—efficiency®F /MZ & A HEEHE R4 F4-1TI0R T, KEROSCH » b U — 27 BEIL. KEHDSCO
BCEICB L, PR OMESC Y Vv — 7 DO HIGE K EBEIEW E B ORI UGE RN D T L Wy h oz, Fiz, K
EREOSCHR y N —7 OFBIIKERGESLE L, MEKEREMEROEIELZM EISED 2 L0830
720 B BN 72SCH » R U —2713Llinking F v bV —27 Th o 7o, IWEFTETIL, FFl1ZBonding, Bridging,
Linking® v bV —27 TR IS L T, —F., HBHTEI Tl Linkingk v hU—2 | i
WATE) ClIBonding &2 Linking % » b U — 27 D3gh=pEn LICEEL TWe, 2D &b, 5% OHEK
LRI RHRITIL, ERED D PR R OEFERBOSCH v N U —7 ZEERK L, RS HT B IR IRSCBUR RS
LT DRI ZEEZ D & L bIT, TTRMAFEE « BUR - ITREER & 1 /)9 2 WAL G M ONEE Hm 23 A7 <
bbb, Fio, HIRABX 2N - AL BT 2WERH O EHTH D,

mSCT I —T IR % s IL—TRIR% {Escd IL—THiR%

BfEGLE o SO . 40T < 30« Z0RR PEORFEELE SO« 4ORM - 0B - 202 SEORELE + SO - 40RM « JORI - ZORN

X4-39 SCZ/N—T7HNER

F4-17 Super—efficiencyET /LR

IR 55 E
SC Sea v b v—7 Bonding Bridging Linking Bonding Bridging Linking Bonding Bridging Linking
& BSCHEE
H 0.843 0.798 0.764 0.723 0.768 0.850 0.793 0.810 0.804
H M 1.000 0.756 1.000 0.711 0.911 0.805 0.767 0.984 1.000
L 1.000 1.000 1.301 1.000 1.000 1.000 1.000 1.000 1.201
H 1.083 1.170 0.909 0.858 0.853 0.892 1.118 0.979 0.879
M M 1.024 1.006 0.962 0.895 0.891 0.887 0.985 0.917 0.877
L 1.083 1.026 1.047 0.941 0.912 0.977 1.078 0.921 1.193
H 1.157 1.100 1.507 1.068 1.097 1.487 1.059 1.096 1.334
L M 0.972 0.963 0.971 0.986 0.974 0.973 1.018 0.965 0.975
L 1.281 1.290 1.271 1.281 1.290 1.271 1.281 1.290 1.271
g 1.049 1.012 1.081 0.940 0.966 1.016 1.011 0.996 1.059

Super-efficiency
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SCHR Y hU— 7 LSRR OBMRIEICE B L, HEK EREEYE &L HEEH L 7o R 2 44012777,
TR DML, 20% L FIEEFTRE 2 i REIGIZAE B+ 2, KEMEM (K93~4H) 23, ek En
—BENZ ENG o T, SEVEBIHIC b BN EVSCE v T —27 1%, Bonding® v hU—27 ThHoTz,
AR RE G ORISR Z 5 2 12 581%, BEERN LT 5% E L7z, Bonding®y T —27 2L 3—
EW I LT ATE, 8. 2%, bridging A N—E ) L7a8A137. 1%, Linking A V3= & W) L23561%
T ARDYEMBHER ST, INEME RS (K1~220H) 1T b ENSCR >y Y —2 1%, Bonding® v k
T — 7 Tholz, NRIARELORWIERE G 2 o 5a 1%, DEERD 6. 7%m L L7z, Bonding® v h U
— AR —=L ) LTeA0E, 7. 1%, bridging A > /N—& 11 L7235 157, 0%, Linking A > /3— & 1
F1 LT 35G 136, O%DEEMAHEGT S iv7z, "M (FI14) [T bFZEN®VSCH > b U —27 1%, Linking % >
NU—2 T o Tr, BEIEMIEGER OEE R 2 5 2 72561, WERNBEE5. 9%m _E L7z, Bonding®
N =27 XX —=L ) LT2GEIE, 6. 1%, bridging A v/ 3—& W) L7c85E135. 5%, Linking A & /73—
EW 1 LT 6137, %O HEG S vz,

SSEBNER (INE) ISRIEIEE (&) BB (&)
SRR RE S O EURER L ARBREBOEURIERS L BRI O EUER S L
100% 100% 100y
920 #20% 10205 | e
g i 2 5 i
o~y " # w23 [ — & #2-ay
o B B ooyT EEEEE—
T %UT T — HI%LT  ——
o I — 0% | e ]
) 5 10 15 20 25 30 35 40 o 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
B (%) BYE(%) [EARIE(%)
W linking% v b7 —2 (&8 W Bridging® v b7 — 2 &8 B Linking® v k7 — 7 {3 mBridgingF v b7 — 7/ ®Linking# v k7 — 2 {£fF mBridging# v b7 —7{EM
mBondingF v b7 — B BondingF v k7 —Z{#f W BondingF v k7 —7{EM
- . P
BB () AR () GIRM (5)
AR ARER O EIERD U ARARESOERIESS Y FEEWIE TS 0 EUINEE S Y
100%  — 100 100%
w20 #20% | e 120 | e
# e A S #
e B s - [ —
B & =9
TR T — 1% T 1%0T
0% R — 0% e 0% | e
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40 [ 5 10 15 20 25 30 35 40
B % (%) EIE(%) [E1E (%)
W Linking# v k7 —27{EM mBridgingF v k7 —7{EM W Linking® v b7 —27{Ef mBridging® v b7 — 2R W Linking# v 7 — 2 (/] mBridging# v b7 — 7 {EH
mBonding% v k7 — 257 = Bonding v k7 — 285 " Bonding v k7 — 7 70

X4-40 @I L SCR Y U — 7 ZATEH L- B K E Y A B

3) FRFEAEL S D KEBREFEY DOILBAEZ T ANZET ERERD T

a KERFEYOZ T ANERE & BEIEEBM L OBhEME

B 4-41 12, [FFEFEYOZ T ANER] OREKEEZ =T, [5BSI T 8ERIEY) 1, [0 A
Nl T ANTH W] 25T EERK) 56% & WA B2 Tz, —J7, [0St
FEREIY) L THEWESE LSSERIEY) 13, (2 ARV IZTARTHVN] ORI
< 7p 0 WIS, TR AR 22, T2 i A7 < 22y ORIZNRZ o Tnoalz, Tub Ok
FITER D CORBRERLFETH Y . REREEYOSINTZIF ANEBICRE SRS D Z LAz T,



3K143015-82

DRENTNHKE
RED

DRIEN TR

EREY
HEWMEMNTEL
KEEREY
0% 20% 40% 60% 80% 100%
x[')'/-\*l»:m\(DEUA
B 2T AN ®ZTANTEHLL =R SRV A AV A

B 2T AN ot =2+ AN f=FEly
X 4-41 S$ERFEFEYOZITANEE

#4-1812, (1), 2-@, Q@) -OOFEMEHDFEHRA 2T %Ry, RFOTAX Y A7 1%, 4EM
HEIZOWT, AEAEINTA T OFEEDHERINTHE THD, THLBIIEET 5 MO X 5
IR OERIE A X, AERMSER LT RO o7z, HE () OFERIZONTIE, K441 L FREOFRER & 72
S TW5b, L, ZROFE(D)-DOL (1)-O) ITFEROLBILRRETH D03, TN b OHEMEOfE
((D)-O) IR T2 78, — MU T D Z LIINEETH D, L Laens, AEWEOMEIZLD
BRSSO TRENZ L1X, ZOREERNGFZ 5D, HE (2)-Q0 [KEREMOLREM R RO TR (I
ST, ﬁ&%&ﬁ&%#ﬁfi@% ?ﬁ%%ﬁ HES DI TERERISE DB =7 5 DFIRD J7 IS L0
TEDHEBEZTND I EMAZ D, Hor? 0, HHAAKEBRIZE T 2 RS I AN BIREIZE T H1E
RHHAS COEREBERONTEAT S TR TIE, A RMEICET 2 BERIC W T, ITBUSH T 2 AMEDN
HEIZRNL TV, SRIOFERTH, BIEFIIITBUICK L THIEONMEEAEFF> T\ D Z LR 2T,
FO—FHT, HH Q) -@D TRKFEEMOMNZLTD FER) IZOWTEL, {TERFELTYTHINE THD
EWIHEZIBMEZ T,
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% 4-18 EEALKREMOFIYA T

SEED
(el
(1) BB ORI | D mplshsEsE | 3.47% (0.97)
| @ splshTuoieniaERERRy | 2.83" (0.97)
@ HEWENE LT SSERE) 2.19* (1.05)
@ -@ueEpOR AN | (@) T80 R BUFEBIRET 200 | 2.91% (0.88)
BT 5 ONEs . TIRES = 2 T I I,
| o= T o
2@1 z@?m}f%&m X M UEOERE | e e
@ -O¥HERIMOIAE | (@) BET @) »FEETHTI~E | 3.55" (0.78) __
175 ik | o) AT T4 THEETTIRE | 2.63% (0.81)
(c) THEDEEITH & 2.81% (0.83)
sk, 01

DRI, ATERR T BRI (LA 5 AE O OTIEET,

# 41912, AEMOEA (1) LENENE, AEMOER @) 027 v 2EGH 2T 1ok e, BP0
TAZYZ70F, AEKE RS LI TR 2T ORFEEPHERSNIZHATH S, fMRke LT, ME
L TEERRE) . [T 2B A TAT o 7o BR O AT HE ) | THIEIC S BESE W AL G 1 D 3R E DA

X, TR SN KEFEFRY ) OBAITEMIS U TEL Y, THEWENMIE LI REREY) O%RE
RIS U TR oo 7z, TR STV R WERERTY ) ICOW IR BEALHERT 52 LN TER
Mole, ZTOZENL, HFERELY bHEFEROGNR, SRS TND O THIUTZ T AN DHIN H
HZE, FO—FT, AEWEORBIZIROEL LR > TV AN SH 5 Z LA AT, BEEWIZEL
DT ANERIZOWTIE, TSI TOWZRWEREY ), THEWEMIE LI KERTY) (T3 58
FORZEZ L, B8 - TOME 0 b2 ANBEEMES e ote, FEORIERIT, KERIEMOLREE
72 ST B DB OV TEVMER DA LN D, £, BB, A I ALK EREFEYEIZELN H
HERIFEEZITANER LR RN A BT, A - FE 1, (EROFEFEMMBEOR AL A EO
BEFEMRBEIC T ABLORE SIZE > TEAEIND Z 2R LTS, Fio, THLEEfEZRO R X

0. BREBEHEON FIZoRMR o 7ok R AR LIZBIE V0, ik O B3 ROMER x5 0, oot %
REL PO SELHENH D Z EEZPALC LMY ROz, UL, R X 2 Eike s R
gt L7 (& L bigNnD) LW oHimb AL, KEBEEMICRTHELE2ED DI, FEEH
IEBROFEEMGET D2 ENRAIRTHD EBEZLND, B OBRIEICOWNTIE, AR - R 21
HHAKESICE T 5 BRI CTO BRI O ANUCBE T 2 B8R 2560 L T\ 5728, RS
FENZOABKRIZ EZIT ATUSEB Th o 7o, AREIOFHE TIL, BAREEOEFE O ARt
DWE & DR BRZENHDNIRD Tz, L L, BEWEEOEEE MO A TREEE HRD T
R TORERICEBE L G2 TWD EEZ NS, BELZBELILFHIEL. 5%OMETH D,
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[P SyRlEiT- SREITWE | BEWEDME
KEFET WERETEY) L7 SREREEE)
SEE ()
B ] LOS0__ | 3.49 (0.9 | 2,917 (1.00) | 2277 (1.09)
Ttk 975 3.45 (0.95) 2.75% (0.92) 2. 12 (1.01)
R 21 3.52 (1.17) 2.24 (1. 00) 2.24 (1. 00)
ZDth, 1,984 3.47 (0.97) 2. 83(0. 96) 2.19 (1.05)
mE ] Lodl | . 3.48 (0.97) | 2.80" (0.96) | 2.147 (1L.04)
HE - 20l 491 3.47 (0.98) 2.93" (0.97) 2.37% (1. 07)
BEEWMICIAL | HY | 815 | 3717 0.93) | 2.95" (1.00) | 218(1.07)
PR O HE L 598 3.42" (1.00) 2. 75 (0.97) 2.09 (1.06)
KEPEAMILHFE D | FESNTND | 143 | 3647 (1.02) | 3.00" (1.10) | 236 (1.14)
FE FESN TR 284 3. 117 (1.12) 2.67" (1. 01) 2.20 (1.08)
SIS | By | 679 | ..3.697 (0.93) | 2.91" (1.02) | 2.13(1.09)
1T TR L 987 3.50% (0.97) 2.81* (0.96) 2.14 (1.03)
“Flin 208 312 ] 315" (L10) | 276 (1.02) | 2.217 (1.05)
sofc | 420 ] 3.397 (0.9 | 2.88(0.98) | 2.297 (1.05)
dof |44 ] 3.50" (0.97) | 2.88 (1.00) | 2.227 (1.10)
sof 33 ] 3527 (09 | 2.82(0.89) | 2.167 (1.05)
60 1% 446 3. 717 (0. 86) 2.80 (0.93) 2. 05" (0.99)
sokpK. 01, K. 05

VST, AFRATE ST 2 REE (1 sihD 5 4R E ) O ERT,

b EHFERHDOT ¥ X h~A =2 S X BAEVTER

S, JBRESTEIToT-fRE LT, HEERICEAEED H B, MR ARV 1,908 225, 20
[BILL BB S - 7= fhii & £ 4-20 12T, SAHGEICITRBAEL A FER 35 & 2 W /R L7 W0ER % 7240
AR D, BT, BEEWEICET A MHEER S, Ziuk, RERM CHREEWE & FIR Lic ooz, [\
BENZNUZO BN THIE LT REENE 55,

F4-20 JERERHT OSSR (FHFE 20 [HILL F)
TERESR BEE JERER BEEE PR BRI
b 284 S 57 Hix 32
WE 170 Esi 56 sy 32
b2 124 Jiscst 54 W 30
BEEE 118 P 53 Tebr 28
it 114 A 53 M 25
ZF AN 86 fikthe 51 fesd 24
NN 82 HHELN 48 et 24
HeJ) 79 fER 47 R 23
BRI 69 ISREIE 46 =23 22
15 67 Hr 39 L 22
53l 67 i 37 Jiik 22
B 66 ¥ 36 E 21
SE 64 HE 34 R 21
B4 57 AN 33 R 20
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BT, AEROIEE () 0T ANS S L FRIT AN ERE LZEBICOWT, HERy NU—
I EATH T R A 4-42 17T, ) 4-42(a) 2B IE, ZTFANERO ER 2R mIEodic )

k) [He/1) THEH)) BOREFEMNHZ BB I L X —U— MR bivl, £7o, M8 [2FH) [BA
WER) Vol AR EBESE L X —U— KA LT, RIEICBET 2 Al E LR, TENOK
FHEIEDIL, SEEFIRCOHETREIZE/- S, | THEWER 2 BEAIRTEEZ2 M, 1. (MEA TV 5 Hiskod
WPRRE N 2B 2 D, ) HERoTo, BEITEET 5 AMGFIR E LT, EEZHL AR THA L2IE ) B EL
HHHRD LS00, |, TRESBIEER AT ), [Ho7c & EITBHEWEL | E03d o7, X 4-42(b)
MHIE, ZTANEROEEZ R TIEET THER) TRFE) &) SO E 28 s 5% —U
— b nsboo, A Tagg) 145y HER] FOZFANCEDL®F—U— NbA b/, fiE
ZBRET 5 BN & UCiE, IR OARZE, |, TEHRRMETE 0D, 1, RIS LSOk 72 O CHRURPEBEFEY) 134
T AT 220 | MEREENA 2 L 5 0K T 5, FHMELAN b BWE S | b oTo, #
FICBH T 2 AHGR & LTk, TRERTAREGLBE Y ). [ZIT AN RN EEWE N5 LT
SEREHM) o LR CHERICELTE DRENINH D008 905 |, A PEREEC AR OREEIC /2 bRV L D
BHTEXDHZ L) Ebolz,

e

B
bt

BETEEARI T3
" 26
/ =E:
=E \ /
N

FEHAREGN

24

=
/ / \\ /
SEAn R
58 %

BT ——E5EEATE \

(a) 43RS TV 5D SEFREEY
4-42 IRy MU= K G AN D ERR/ 2T AR WERH)
R HEBEOZWEGNEE, MITk&E< 2D, £7-. Jaccard {25 CHlE L7- i ofRE I U T, 4t
HERIR A R TR KL 22 %, Jaccard FREAMEH 0. 2 LAEDBAITRVER, 0. 2 RiOBAITHIOERTF
b,
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o5 Bian

(b) AR E LTV EFETEY)
4-42  HEFR v P U= KT ANDERE/ZTANROEER) ()
TR HBBOZ WY, BIIkE< %, £7-. Jaccard fRETHIE L- L oOREIS U T, 4t

FERAfRZ K K< 72D, Jaccard FREDMER 0. 2 PLEDBEAITIRVER, 0. 2 ARG OBEA TV TF
S5,

X 4-43 |2, KEEFEMO [T ANOPWIE ] (oW TR Y NT— 7 G &7 ok R E2 R,
fERE LT, (1) TAMR) T2 TERes) M) (i) ) TRe) THGPH) TEVRMAS) Mhesk). (i)
M) MER) MEH) TEA. Gv) TESRE) W59 TWE) THER) LW IHFED 4 >D 7 V—7"T, i
WL BRI A BTz, T ORERNS . AT OB S B AR OB AN RO BD 2 R 9 RIEE N
WD Z EDBMEx Tz, Fio, BN T ENL HUWE TR LA ATFENE A2 BB L T, T ANOHE %2 LT
DEEFHSND Z EARB IS, T XD Al AT 2 AlEE E LT, B2 3 5 sk ORE
ERENPDHRALTEH L TOD0N ), TREBEROSZ T AT 5 MBRHERR O M3 5 A% (& -
BEFEM DONR T2 L), ), THIK CERFIREZR b D, BIIZZ < TH LW, BT &, | E13H o7,
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4-43 R v b U—7 X G ALK ELTE)
HER XMoo RFIEX 4-42 ERICTH D, kL, B2 7 0—7TlEdb s, *v hU—7 L LTHIE
NBENSDHZ EERLTWA,

X 4-44 (2, AERMOEA (3) OHIWENRE L KEMOEE () O HEWENHE LI KEREEY) 27 n
AR LTcfER %", MR E LT, I ATUCEROEEZ R~ BIEEOHPGEOHIZ, (5], T2X
Ny TR DRl MBI W oeZ AOSEZTRT K5 2F—U— RBRA LT, 20X 5 724
FEAMAT2HAMBEZ E LT, THREE I ST R WERHER R, | [ EEEDE 0L S
7UT7LTNWAHZ L, ZFABKROEEICEDETHRISN TS Z &), TBERECHIMSE O R U3
HahoZ &, EnboTc, TNHDEZEFIT, FMFE TZIT AN L TER L TWD Z L AVRIE S

nic,
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R o RIFIEH 4-42 LRI TH 5,

Slovic 1%, ERDO YV A7 BMER L, BZALI I TX220, KFHRICEN 5% LR (LD
MBI, BHLWIRTE) D 2 DORTNHLHATE S Z L 2RL TS, K442 THOLNTRERSLZ

R 2 HHREZE O, BREMHEDENSEB SN BEA LI, DB S TWRWRMOFEREY %

T)\ﬂ”béikﬁlr%@ﬂiha% RAID ZEMNTEDL, ZOZ D, BIEEX, VAT EBZRNGL, KEFE
Y OZ T ANUIKET DMK 5EZE 2 L TWAZ ERE R 5, 72, K442 OFER K0, 5hlic &
> TREFEFMOWNREZHMEIZT 2 2 & T, AEWEOIRANCKT 2 ARLENERS 2 Z & Rar B d,
INHDOZ ENnD | KBS OEHEIZIBVCIE, K BTRERITOBIEZMIEST 2 & & bI2, T ANEKET
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RIzxt U CTUER 2 ERABATTH 2 LIc kY, FERICEUEE 5252 ENEETH DL Z EWRB SR
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5. AFFRIZLVELNZRE

(1) BIEHER

> HHICHETDZERA by 7 RANEOT =4 &b L, EORBKRTHATEAR by 7 OFEKE
HERFCTE DIV AR TIEARE Lz, AGEZAVT, NTEARRA by 7 OLBEEHHTL L &
HIZ, B ORORIC XD HEHRD R b v 7 ORISR D X R A Mt 5 2 & A3 Arae 72 JEff
RN R 2157,

> MR RN E 2 B BMEIEOMIEICET 2B 21T 9 = & T, BT D TRMIrEOR AR, hE
BRAE R 5 2 & DN ATREZR FLRER L A A5 T

> IR D REREEHOIERHEZHEGTT D 2 LT, B EAE X - KSEREY ORA BT
DOFARRZ BRT 2 2 & 23 aTHE 2R JLpE i R 2 457,

> LCA. LCC DB FIEZRISH L, KEFEEMOWZE, Wik, WHE —H>DT AT LE LTHAEL, B
M - ARSI OFHMAS FIRE 2R TR A R R Lz, £io, FHliZET 572 0ONAMEDH 57— & 5P
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L7ce AHEZHWD Z & T, KEFEIMILIEZ REtd 5 BRICIIRICER O KTG Ye~ DR IGR7S LB
ThbHZ EERLT,
> T Ui — MREICESE | KEFEEMONE - 5 - EH C LS REREARORRMIEZREFT S 2 &M
Al AE7R FERRE N R A 15 72,
> T U — MREICESE | KRB OZ ABIRRICEET HERS, L0 XD RRKEEFEY ChHILL
(R & ZRRTT 20 & 00T 5 2 & AN alRe7R Lk R A 15 7=,
(2) BREBSR~DOHEBRR
> HIBEIZBITAROANDOED - (EERA by 7 E2EEB LI NTEARR by 7 BOHEFET WL, %
RATHED NTEARR b v 7 OEKEOBURAIEORIHEFHIE R T X 2 ATREEN H 5,
> HIRERIZBIT 2RO AN - FEA Ny 7 EEZEZBE LI ANTERR by 7 BOHFET WL,
ek HuIE ) & OROECMH AL O X RIZ X 2 BEIEM R MBI R ORBICEIRTE 2 /et & 5,
> BMEEOHERET WX, RIS BREARR N v 7 O KRR L OBEMEOBURAEIR ICE BT
ZLHAREMED D D,
> HEEE BE U SEREREY R A RO T VL, WEOREE BB LT K EREREY OIE RS
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[Abstract]

Key Words: Human-made and natural capital stock, Nankai Mega-thrust earthquakes, Tsunami,

Disaster waste management system, Flood barrier, Social capital, Community resilience

This project aimed to develop methods for the evaluation of losses caused by earthquakes in
human-made and natural capital stocks in order to formulate countermeasures for their mitigation.
In addition, the project assessed the present measures for disaster waste management from
environmental and economic points of view. The project consisted of four studies: (1) estimation of
losses caused by earthquakes in human-made capital stock; (2) estimation of losses caused by
earthquakes in natural capital stock; (3) development of disaster waste management system; (4)
analysis of the relationship between the human resources network and the measures for disaster
waste management. Further, several case studies were conducted in the Japanese local
municipalities based on the anticipated occurrence of the Nankai Mega-thrust earthquakes.

The main outcomes of the studies, which lasted three years, are summarized as follows: (1)
a model was developed to estimate the loss in the human-made capital stock by taking into account
population-related factors, such as housing as well as the present and future population growth. In
addition, the model was used to simulate the effect of the proposed countermeasures, such as
relocating residential areas away from coastal zones and upgrading the tsunami prevention facilities,
on mitigating the capital stock loss. (2) A method was proposed to estimate the damage in forest
resources, a component of the natural capital stock, and the consequent loss in the value of the
multifaceted function. In addition, another method was developed to evaluate the countermeasures
related to strengthening functions of the tsunami prevention facilities, such as upgrading the
facilities for risk mitigation of earthquakes and tsunamis, cost for upgrading. (3) A method was

proposed to estimate the amount of the disaster waste collected and disposed by local municipalities
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based on the amount of wooden waste resulted from the destruction caused by tsunamis, which
represents the loss in a component of the human-made capital stock. Moreover, methods to estimate
the environmental burdens and the cost of executing a disaster waste management system were
developed using life cycle assessment and life cycle cost analysis, respectively. (4) The study
highlighted the importance of organizing voluntary groups in the area, because this could aid in the
removal of disaster waste by independent local efforts or by joint efforts with governmental
organisations. In addition, the study revealed the significance of disclosing crucial information, such
as safety precautions in handling disaster waste and methods of its sorting, to the locals during risk
communication training.
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