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United Nations
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2 TFoMORAADLEHEYK
(Compiled the data on the map of HIC, Sumatra)
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F72, BE 6 A FIXERTEDNEERTH Y | NI = fU Ze EaE
aﬁé;ﬁf%é @%ﬁwﬁwm&:/tfhi&@io&%@&@#mﬁbfmﬁw

CERBHEEE TG LA v REEHUEE OFLE 2 RFRL S 72 WE B 7245 E 2 1
9) T@%ﬁa LB EEBLBLITDHIENY TH D,

BEhHYIC

AV FEERBER NS 4 EBRDONR AT F 22 BCTE U2 i, B> T 5
D3, FEFEIZHEIR - @i@%i@hfwékwﬁ_kfhéoit\%ﬁEE®%#6ﬁ
REKIZAPS> THEBICHWOEHSNTWA L ITELTE, L, BE 7 IRTLI1C, A
VHET T MK ARG HEE @&ﬁkﬂﬁ@@%%ﬁ%kbtvx&—f?y(mmfﬁ
~2027 ) MHoliERm S, HIREROBEEZGT- L DDA 5, —H, EROE
EOEMNHM EL TS EITHAZDN, RIFEEDOENPIER L THODDTIERNIEA H
RE. WANATREE W%@#AT<50_®i9 . RHIICBIEE A LR T 5 2 LI
k0, RNUXTF Dz AHHEME f&<\A%@kﬁmx%@ﬁﬁ%%@ﬁﬁéh

TREREREREB/DLENTEDHEAD,

BHE7 NUATFIHROTRE—T5Y

SE X

JIIRFE =] (2008) @ A~ b T B HRAEO A Y T 0 « A4 « A FRITICEBT S
B S DI MR DN T, 4o ity R BREERIZER! 1 2004 EALEE A~ K T Hl
Eo A E IV, pp.7-14
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Al B FER FeBR B A JE R X BB

1. [FL®HIC

HARKEIZIE, 272 T WK T 2N GFET 5, KERE 2D — KRV KE
<Th, 22 A@wﬁfhiki T2 5720 L, %< DA & DI CTHEREFEREE

THEL TS LTh, 2 2o P — FOBER LT T IUTIEITRAE LA, 725
5. HEREEIZODRZERIZBNThbu—h A ThHhD, fasThud, HNTHRRE L
ANEIEEY E BB SN2 E 2 ATHY, MBEOERTHLH D] (EE2009: 184), D7 &
% 20 AL O HEFUIT I N TH EREDO AR EL 726 L7, 2004 412 H 26 HDO A~

T EBHEE L A > REEREIRIE, ZOHMOMEEBEEL T, COLIC#ADZ LN
TEBEA DD

Ja—s3b « 2 —)LTRAE, ZiuE. 1,000 km (2% SVFERTE OREEIZ LT,
ﬁﬁi#%?ﬁulfkwotﬁﬁﬁﬁ®ﬂ ENHEM T U7 o NOFEMIR TR Z -
T2 EITIR KON B D, KB 2381 v FESIONEEICEREL, 10 »ELL L
THH ZH L, #RFITHCERO 2 O THFRA Y ¥ — MIWTE L Tz HARSECK
ZDONZIZETIR L, ZOIEND N5 RAUE, R OE % 2B - B8 78l 5=
W7oz, EENEESET 2 L5 TR EB CE T A A TS b, AR TERY
WU SN2 L2k > T, EMEORZL T, 529 DAX ORLEWE LT, ¥
FICANIZIE, 26 20 (8 RAVLL EORBI ORI & o 7253, g & U TR
Ao HE & 7 5 Tk & O T Z2 51T 2008 5 Mg ER TRz (7
JLT2005)

Frad e A7 — L TRIUX, 72 LICA ¥ RRUTIERKOEEETH 725, A
B ENR D ST & SNTEOIXERICENTF a7 F = 2T — LM (NanggroeAceh
Darussalam 7 F = M) OFKHIKE LA~ FTINO=T A (Nias) FHOATHY , EHEHIZ
hﬁ\:@ﬁ@ﬁﬁ?%ﬁ-ﬁﬁﬁ%%nﬁﬂﬁ<%%ﬁbtoT%IMWKE%%DM
X, MNEB N X7 F = (Banda Aceh) °7 F =¥ —/L (Aceh Besar)., 7F =¥ ¥ (Aceh
Jaya) , P87 F = (Aceh Barat) 7¢ & O PEENR FEIZALE T 5 2 & (kota) °7 7 73T - (kabupaten)
T 1 FANULEDRE - ITHAPEZ LT — T, EENTLALSTEIS N TV RN E D
2 K82 He oo Hidek |2 e S

ZbE b, TF=INIA > RR T OREHIKO O & D ﬁi%nfmtoit\mb
DD T T O L o THRAMEE A 2 Tz, 7TF = DN RIS e~ 723
BX, EARMICERONME L EROFRIMA D= LEb 5, TR, £ LEa
W gr. N0 EMHEICEET S, 7F =& W IOSRFOEEBHEB IS v R2 U TH
W TR « BURIZRALE ST NN GEIF - HEEON L2 RESITZES 25,
TNz, HRIZE > TTF = ORWBEBEEIC AL ST < B\ Tl 30 M o
WMENKEREICRN -T2l WD) Z EITER SNDIREEN, 22T LRI,

EIZ, V—Ya s A=) TRAE, B E, #E mmMIciEZ Y, 2 Tn
T%“ﬁk#%“ﬂ&@ﬁﬁﬂﬁﬁf i IR DR 75 2 A2 U S8 5 KBTI D2, gk
HCIXIRE Sy D2 h3 ThmEn, EHBENEEKLZE ZA LD R L, HUED
%t@i%AHt/F%%ikﬁ\#wk%iiot<ﬂ%@iif%otoNV@T%
X7 LR RBERA T ClEd o 7203, TN THHENH - - ZEHE BT R0 H T
PIEFITTERY, EDO LD RGEFNHEEOHELZT, L TED LD RGHAZT
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L PTFI0EBRRERE

RN T=Dh, F 9 LT-REO IS I IO MBI RE S Eo X HIcfE#E L, F/-FD
Z LR ORBOH Y LI EDX I RBEWE LoD, AFETIH, NUETF =T
BIFAWEOHIAEICESZEETRNL, 2L OREIC YW TCERT D,

2. NUETF I OMBHISEH &IZREEOMEE

WNUETFoIN>Tr %7V x (Kutaraja) &ML, A~ T B, ~7 » Wil
Bed VD ANDIALEST D (K1), 7F =) IIANSK 3~4 km b [ 5 itk s 56 2
L. Wit oo e ICiE, B4 73 A b v T 7~ KRE A2 (Masjid Raya Baiturrahaman
7T RERAYZ) BNMT D, AL NEHERRELIE O BIHELEL R T, AT
H (Meuraxa) , 7 L 7 "> (Ulee Kareng) . /L2 7 /34 (Lueng Bata) , /X% 7 ¥ (Banda Raya)
REDELD Y Fv~% 2 (kecamatan) %7 F =P —LIENGHHA L, 61.3 km® ZHET
DRERIT & e o7 T F = MOBEHT LT, BEIERTO AN LIEAY 264,000 A (I 55,000
AR 7205, EEROEEEZIL30~35 TANEEWTZOTIE RV L EbTno,

{ O F9/90351ny
@ O97v=sy
— EER

W mkE

1 NS T7FzOME

NUBETF = OBEOTHER L, 75 =)l &ZDIR)NNC K > TR S 7= EE O g Es

D T, x5 ETNEHEEMORSHICMEL, 77> RERXZ ZH0LIC L TEE
—FAH 1.5 km 2 EDILNAY 260 GEMIZ, ME - &6 2007), T OB IR
TRORIRH A OA N B 03, ALV O AT I/ MR R g R H Y . 22y L b
(Ulee Lheue) &9 ARTOEENNIHT D, Z OEFEIL 1906 FIZ HAR S A7z dn 3Tk o
RN 2 DFEERD D Z ENTE (Hurgronje 1984) . 7 X 7 Vv DAL LT~ F
R D HRGTHI MERITEEESbN TS,

1924 FED A7 U AR 2 6 L2 Lz 5 oo 1 AR, 2o v L LofEl
WX TR E ity H 0, DL L e 2TV LEFESERS, 7470y
AL O 7 F oI o 72 & 2 AIIEBTE L R CARIDRE 2 HEDOEE RN TIZRD
bNb, L LEBEDESEHOT 7 — BT E A ERAIA T, ZORDICHRMAE
ENEIERICREH SN TEB Y, NI SN BENSHEERT 512, BIEORE T VT O
M HAKH RIS P ET D~ 7 a0 —T RICEWEBNOANR > T eE 26D (X2
7)o Z0 LTRUUE, 1940 ARHEOT A U A HL25 T35 0 1 HiBK & | 1960 FARAIFHD
VR 20 Hoyd 1 BB W T HIEARMICHE U L 2B b D0, 1977 EDA » Rxry
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BRESENVIPF IOBHZEEEE (S )

TEIREITO S5 Hoao 1 B TIIREL< EboTWnWs (X2 4),

FPBHH O~ 7o —T R0 I TR OEY) 0 3 E S L, HEEATICET L
WEEE N SN, 7 X TVXIEINETF o L 4RIE2E 2, RERSTIERIZm 2> T
HEM AR T DX 2 T0NRBOLND, eIV ETF oL L EDRITIL, HER
DENTAT B —VRRFIT IR 5T, T H QLRI IE A [A1 00 E O AR S I B 72
. ZOEMRT, 1960~70 FRIINET F o BNFERMICEIE 21T U & Lz EREI
FIWERTIZE D> TV ThH -7 EBE X2 NS,

1 920X ATH 1970F K&+

B2 44735, (KutaAlam) HEDT#FIBOEL
(Hh) PRHAIESS « 2353 L OV BAKOSURTANAL Indonesia (& 5.

EERICHRICE T, COLIRWENHST-DOTHAHH, ZHIZHONWTIE, T T
WL OO EZATHRRTWNDDOT (M « &HE 2007; Takahashi et al. 2007), Z 2 TiE 2 <
fHEICi TR E -V, BEERM»SHEMICHERE L TBZ 9, N ET7F o fBIFIZ I
XL P E T A 14,000 AR, EEEA 3,000 AR, —EHEEE 4,000 BRIE E A E R E N,
F 72 NBHEICE U CIREEI AT O B A 0 264,000 NIE E D 95 BIEH 55,000 A, 175~
17,000 NiFETH o712,

TMNE 7 Fy~Z ZTHLHEFICHRE SN, 79 (desa) 7L 7 VT >
(kelurahan) = & DOF —X % 7.5 & Wb NS b, #EERIUTEEARRICHEE D O
BRI LTV D, BRI TIHIEE A ETXTOEYN L6 ORI 258 L CilE X
NTZIED, BESPCHERICE > TEHAKRNHELEZE ZALB LL oV, HIKOEE - 17
FARHFOZR (LT, ETHR) ki 70 X—t > b &l x, —HTiX 90 X—&
ML RIWCET D, 29 LBERE T 776 2 km 1E 8 OJRF 72 I OAN Y | HE
FXIEE3Im U ETH = MR SIS, EN X0 &N R T, 2 UL EIZFEE A
RHRNDH 1 B OBENIE SN =@ e/ 2 X 512720 XSl ik
FEAEEYBIR EETITIR FIRARBEOWELZ T IOHRTH T, Ziub ORI T
FETHRITAMITIER T U, A0 T 20~30 /S—t& o MREE, A OE X 0 PR
TIIF & A CRE S TR0,

WY 7RI O THER AN S ARSI > 7201k, TOBERNE X 9
ETHHALTE AT HT- 0, WBENOREL-EEN S Z T E2E L 5HHz-H T
HDHEEZLND, HEIEEEOBEEL) DX OFNITICKED LEEOHEFENZRD H i,
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L PTFI0EBRRERE

FEENLMENTLL DIMNEZE L0 Z0OHT-0 Thot-, TOEWKT, W=V
T ESTHERE 3 m EWV ) BIEIINEOREIZE s TOESOETHY . TDZ LILF
CHERT—ZEHNTYIab— a3 UEToTEREIED (2006) OHFFEIZ L > THHE
O HITND,

3. MMERMBELZOEIL

BN X D ERR D I B Ze OB ZE M FE T 2 28, ZAUSEEARINC AN T F =ik
D BIRHERR S & B RENC R O N - sk 2= R 2 B L TV 5, 2 Cliith S aE s
NHRT, EBRICWEZZ T -HIIZED L 5 R ME L > TW=DTHA D H, #imx
—RICAE S REAN - L D @R b o T A2 BNEET D MAICE 2 58O IR
LEoTHEENTND, 22 TITEEATONZT F o ZB1T HH8 22 M 2 g 3
HZEIZEoT, EDOL IR AR P ERIT/RST2DNE W) EIZOWTHE X TR,

NUETF = OFHZEMREE IOV T L7 SCHRITE RONE D vy, £ 0%
i EEOHMER T LS, ZICHEFETE 2 HIEHHITIZEAER Y, LB E D
FTHERL, AT F Y EZ—REDALIZONWTITE T2 bbb, LinL, AOESE
BNUHLTF 22 E D) IRWE TR0 O EBEMICHYRE T B 72O IdRE T — Z I
O X5 % 2T, 22 TIIEMBM R H 2N 5N T F = HEFREE 4—12k» T
IF v~ TEICTHTENTT Y I TN BAER O N O E WD Z 2T LT,
723 2000 FLUEDOFRIZEB W TR BN AT TE o7 — 213, A0S 2000~2002 4 &
2004 FETIH DN, A, AIEREEZR CICB L TE 2001 FEDO D LRV, BRI
NUET F o \ZRBITHHFENOEMNEOELT 3 FHOBEMBENEL A2 LD & 2002 4 F TF
RIS N— MEETHR L TE728, 2003 FEI22 =k M a2, 2004 (20 6 2%
—EB U MIETERLTWS, ZOBEBIIARALEN, EEFHEERIC AN DS L7z o
BELRH T2 TIH RV EHEE IS,

BARPICIE, FEHEICEE I AOZEH) - #iE, HE o4&, ARRER EICEDS
B AEINT, 89 T,/ I INT N BATIC LT B TR 2 ER L. (RO TA2# 0 K L
=OBIZ, bobbEWlANEZET L EE2OND 8§ BEEKKMIGEOH L, vtr—
RIED T T AR =B LT, T L TH 7 T AX OBz BRT L T8 7%,/ 7 v
TN 5 K (A~E) (AU L, 2RICBT 2 EHE E OREEZRS LR LENTE
NORMEZIR LT (£ 1), EFMRERONEZ ML 2 & & BT, 2001 FERET
DTH /TN ITNORGHOFETRR L (K 3), 2B, 7T O0Aaikid N &
T F = DOIHTEROHPHICIZITER L L EZ NS,

K1 VIR —SWICKHHMRER

5N X E A B C D E ESRLS
TSI T N E 9 13 23 21 23 89
Avg. Avg. Avg. Avg. Avg. Avg. STD
ANA#EE (AN km?) 148.4 | 49.5 47.7 36.2 31.4 512 | 468
1997~2002 D A L HM=E (%) 0.8 | 14.0 5.8 27.6 18.8 15.0 | 19.1
EARCEREF R (%) 1.0 153 3.9 8.0 26.4 12.0 | 12.1
PN TR E (%) 344 179 16.8 9.3 14.2 16.3 | 11.8
RUEENEF AR (%) 24| 185 2.8 3.9 4.9 59| 6.0
ANEREEETE (%) 341 | 225 56.5 54.3 222 399 | 21.7
FAGEE R (%) 850 | 815 85.3 24.9 87.2 71.0 | 31.1
AEEFEERE (%) 11.7 | 185 15.9 19.0 28.9 199 | 14.6

() BT 2001 42 (NOHEMNEEFRLS),
(W) R 27 F = BT & 0 TERR,

X A VN L & RSO TR R RIS & < N ISR | BRI ZERE AT R
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FEREEREENVIPF I OBHEEEE (G

AREEEREPHNARNE WO B A D, 7T RERZ LT F =15 (Pasar Aceh)
afeHplcE EE o THfi L, BOREEMKZRR L T 5, HiIXK B (3% < OFEEN
SERIHYTEAS . BEEREE M AER SR ICE VN E VWO A b, FRNTELTLET S
YHOBGEE DR BET 5 & DMBURREETINIRET 2EEMAEES N D, ZEHM
I, TR O ERGDEBICERIRICE E ST\ 5, HIK C I3RS @O A IEF
AR L KB K R, RO A DHEINEE & AR RN S RIC K o TR T B, #BOh
5 kAL BHES & FE PEES IS AE ON S R B O FRERAO S WO ERRRE RS TR W e S BT A K & < L
DELSEIICEHBEIN TS, ZNHOMIKIZITZ L OBEATOANIEE, 47 « 2051
L, B <EBLEDEICATE T 2 HX B ICHA_RTAE S R RN E < . AN OBERAREE
ERMENZ LD, HESRFOH-A S I E MET R S D, #IXK D IZE0vA
FHEINER & AFBHEREHRR RO AKE S DM T, IEfE7R & 2 AR E L nas,
ZEMENITH LS AU E T F = ICAF SRR RN & £ o> THfi L. BIRERDHE
B LWVEEAZSTe LIS, IR, HIXK E ZADBENRG - & HIR< . B
ENEFHHREAREEERENEOHIETH Y . TESNEBIC AT 5 2 LoD BAAT
EateHik TH D LIRS D,

s District|
iuala

&
™
i)
=

A: rich residential area, B: poor residential area,
C: fishermen’s village, D: old residential area

CEEE
mooOwm>

goat TYH/INTN

AN (A) O =4
SN — 2km _ @orsny

K3 FERBEXKFIONETF O ESE (£) SHaxEROBAMBRE (FH)
(H) N 27 F = mBUFFEFIC L0 fERk (Z£). BHF (2005:39) 2X25 (F),

=2 HhXIER L HhIEIETER L ORE

SET =Pk A B C D E = K
N % N % N % N % N % N %
70%LA I 3 12 9 35 1 4 — — 13 50 26 100
20~70% 1 8 2 15 7 54 — — 3 23 13 100
20%A ik 5 10 2 4 15 30 21 42 7 14 50 100
a it 9 10 13 15 23 26 21 24 23 26 89 100
Avg. | STD| Avg. | STD | Avg. | STD | Avg. | STD | Avg. | STD | Avg. | STD
SEYJFETER | 30.1 | 372 652 292 185 249 0.7| 05| 543 | 385| 31.5| 36.6

() AN &7 F = HBUHERHS K0 1R

I EZREBET D L NUFTF o TR 230 RRN I e TR E L
LN — o AR E LoD, e R IHAL OFR BLIZ B /e 2 8 1H OE Tl 2 B IZ R
& L7 i B 2B N 2 — o 2 B LTV D, #DLEZIZ BRI D HLi A i W E S
HIASELE S Av, PIANCIR IR WS E o RS, AP EE RO EE#A 2
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L PTFI0EBRRERE

NE SN TV, MIWED TIIHEDL H D, 2o 3% — 2 ZHF (2005) 125~ T
ot S oo FEROFRAHEK & K THEE LD (K3 H),

Z ) LB N D ZER R & — TR E I A O N 2 HBEZE O IR Tl 720y, Wi
B O NCEBRERBRICH D, 72 & 2T ERICE DTV IV T OPERIX S A~E O
HIXFER L OB EAZ R A L, TR T0 N—t 2 R EDOT Y7 TN O 0T HIX E
(2, 35 %=k MIHX BIZZENENSA L, I 20 S—k 2 MREOT Y,/ 7 v
TNTHIX C EHIX D 2 HODIZa AT HEAICH D (R 2), B2RAIHREL Sz ko
SRS Z USRI T D, il Lz X oI, MERw KDL 13T 77— B i N
1960~70 FARLARR I Z 20K A BB THALIZ X - TR S iz, WbIiX i WIRFMR O Fr g ¢ 5 %
R IIEHEE I LOEZ SR =R THY, Z0 U 27 BREHHRBICEBNTTREN
TWz & X B bz, #2214 X O BRI BT 2 BARCHE ) oA &
BMb) TIRAONDERETHY ., ZHNIZOWNWTERTDITITD o EFFEMZR B TH
%o L UAS AR, BRI ENRKE Do -l ERLHE., HEE L v-o7-, U5
O EF ZITHESRFIHNL O WA 2 DJRFEHICE 2 2ERICH -T2 L 525,

WIS, N T F O EREEDHEEZRICED L IITELTDONE NS Z EIT
il TR & 72V, FEMZ/ NI AN OMEHE E AT ER TV AR NWEDIZ, 22T, 2K
fE AR HEIC L > TERLTBZ 9,

HIEET% TOANKOE(LE RS L, BE 3 m U LEoEBICEbh =T 7 VT
IZIE & A EH 2005 4F 9 H OFES T 2002 FEI2E_T 50 /S—t& > RELED A D 2R 8 L
TWD— 5T, WNEEOIERE SEH CIIRIEZ2 N O MATE I, ZORMNTIT AL 1.5 %
PLEICHEM L2055 (K4k), 2o o 2% < (SRS v o 7R RE S
Tl EbEELTWDN, 4% 2 9 LB 023 aT O B EMIZIFET 5 D0, B0
BITZBIET 200, HDHWIEEZICHEVRIT D00 E WD Z EITEERRMETH S,

FIROFALEERT —~Thb, =& 2 ITWIEHDZE < T 2005 £ THED A A DT
EIROYYEE 5 AA L FAETFTEDLDEWVWIRWICH D —FH T, T TIEBMEMMITET
BELEEZADHD (Kah), EFEOBEOHEN 5 THL 2T, 2D &ITHD
TNICBT AT N T R NAEEIZ S HICERREEE 5 2 5N H 5

20024 ~200559 A O A O 88 1ERBEBAODEE

0 509K L D4 0 1593k
O 50% k& 0iE> O 15~20%
W 509K ED M W 20~25%

W 50911 L g hn

o EHE Y L TOME
(20054 1H158)

W 25%L E

NOETFrhelk
Avg.: 20.5% (STD: 7.2)

R4 EERESEONLETF IITHEFHAD RS
(Y /32 57 F = HBOFRAHT & 0 1Rk

H2RARZIK 5 1d, 2006 FEIZEH 2Bt L7, HARORSSERIE IR E ALOS (7201 h)
WL AR ETF o HEOEEmE (AVNIR-2) O 5 HLERO KD EREZH (2006
HFI1TH6HE20849 A26H) OLO&ETRNL, ZFL—RAr— LA LT-OBIZ,
NIHEEVR A ELFEE B2 Loz, ILKHRERAEGLHEALE LI b O THD (kB
ELESLABAIZE S =IOV TEIRLEOE ), £3. ZO24ERT, FELACF
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FEREEREENVIPF I OBHEEEE (G

ONTTHoT F o)INALERENS U L LTSI CORMIR T, MBREOEEN
WHOENT-Z &, 2, AT 7RV ETTA, HOWIEILT VT &V gk
HEHRSHEMM OB BN T L 5 TAmARIN D, £O—F T, BEOEENKEL 2<%
FTWARWHEH ORI, T LA LR I ANE Lo B EHIR I DT, LW
FERROE N S, Z OO THERAIER T2 L0 TRBEEFIC R TnD, T RbD
ERTHBARE DS EDOHEIZ LD H D0 E I NI SR, Heak L7z A 0 Hugid i o
i & PR CA BRI SN D MNERD D,

5 BREBICBTANVATFIDOFEEEE

() |BEHIX. £ :20064E 11 H6 H. A :20084£9 H 26 H,
(H) ALOS (7ZW\B) 12k 2 AR (AVNIR-2) 12X Y 1ERK,
#h S HEMTEH

T o

== Fi

5] BORLIER)

B {Eww EES B
i BE R

I < SLEE

%  [(ERle—TEz=an > CER
LA [ T |—--e-eme-
" S T ;
. smilE . PoBEed |
b " 1maR | ______________i
2 SEOWE LREARS FEEERE REHELL

BULECE BUORCE  ECEES EUEEL
B6 HWEDHIELE L MBHFH EXR)

4. BbHYIc
PIEOEHEREI L, N X T F |21 D EEIE O = & g5 & oxtiaE

% (MFHE - @48 2007) (2, #BTZEfifd & o#E 2 EREDLED & X 6 DL ) XK
PRI Z N TE S, SEIOEBIIEEEND THEIC | B W) Xhbd TEBEERBE KR



L PFI0EBRRERE

BIEOANAY—RTH Y | ZOYEBERRIUTEANNCIT AR A I = X LI K-> Tz
b,

L2y LAERAICE L, Mz s & b & TRV LT VAo EB A WDIER
0= VBB ENTZE ZATHY | T IE0RMEOBERE O A &« BNE S T UK AZ & A T
Too —H T, BOREEHIX D SHELLELEIC T CoFERBERO BT, #5010
W LD Z > TV D L, EAIZRBoREE S Ron=n, 8L EOFERNIETT S
KO RBEPENI R EITENTH o7, EEIENBNE LR ) - o ki3S i & 72> 72
2T BT 2 Rk EOEBEMCEBER O & L THIfF S, Wb
D HEHFLUC L > TREOICIIL LATERE R L2 EWS, ZoMICEE#E LT, ik
27 F = NN OMPE K H D S R X T F = 2B LTS A SENE Z L BB D
BHFHAE CThoro T b, L7y THUESNE D B O 22828 3 22 1 v, #E2 B EH
IR HIEAR IR U, BRI IX b o E T VRN T U AR B DR DTEA D,

NRUBTF 2N PEHITEETHY . BN REHEETRIC OIS, HKCH &
WoHRREDY 27 ZARECHRZ TWD, A~ b7 BIBICERT 2 FROE TR
BEHOLELE, D &b 1960 FRLFEOH TR T, BN OO RNEE I TR
STeDD, HDHNEH 5D LEATT UL, M2 AT BARKF TR LTy & X
B XV, A KRV T OITEERICONW T E L, TTF=Da—a 4t
ZARKED Y R ZEHET 22 A D =X L ENEL L TWenos e X 9B bih s,
B DOREIZHRNHIE S V2B DH7-DI1I201F, FTZORNBEINRITIIER 220,

L= B OISR TIX, BERTO T F oSO SEEMTIVE L EHEZOFMT b E WS REE
Bad 27201213, SECERIEE > FTHA<, T RAREIREZR % D < 5 FExt
SNLE WS TR, & D WX T OV E A S HUG BRI EE ST X D H5 BURF ORIER - 220
RS, A% (mukim) °H 7R (gampong) & W T mfii 2 I o =7 4 OEFIOE
72 L, KV IRE R RFELEIEOE X N0 — W NALERIC 5 2 DB HONT b - L #EmN
VETH 5,

HEE AR M BB TARSGE LEHEER () ) (A EBRAET VY —X) |
WHaEE (FATTE) ICFMLCmXO—fICNE - BEIELLbDOTH S, FhRIZOWNT
BHEWSTESo7chk BBeA (ESLRRFEWEE) (2. 2SR LU TEILH LT %,

SE X

MEEIE R (2009) : N FT F =TT HEEESCE & g, G - s =R [T
TTIIBT DR L RERE AL O ORE—] WA EE, 184-190

WA AR - Sk (2007) : N Z T F T8I DA 0 REEREEE O E O s i) R
E-journal GEO 2(3), 121-131

KFEVEAT « AR — - WAL - A4 S0Z (2006) @ 2004 451 o RPEEREKIC L DN 4 -
7 F = AT O B R & BCEREM. v TR S 53, 221-225

UINT =2 RU— K (2005) : RO ERELENTERETH—A LV FRTT AT,
TIH=AE L A TEHERBEBOZ D% EBEY —. Fva VA s 77 ¢
v 7 AR 11(12), 82-111

H AR ELF (2005) @ 5 & AP D RISV F « T F = OEEHE—2004 F A2~ ~ 7 HHIEEREE
TR A D —. [2004 FFALE A ~ b 7 MR A @A ] 4 B RF R PP e
#, 37-42

Hurgronje, C. S. (Translated by A. W .S. O’Sullivan) (1984): The Achehnese. English Version. New
York: AMS Press

Takahashi, M., S. Tanaka, R. Kimura, M. Umitsu, R. Tabuchi, T. Kuroda, M. Ando and F. Kimata
(2007): Restoration after the Sumatra Earthquake Tsunami in Banda Aceh: Based on the Results

of Interdisciplinary Researches by Nagoya University. Journal of Natural Disaster Science 29(1),
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—RAN F— & _X— 2|2 & A B ASr—

R R H®

i BR PR P FE R E S BREE K

FL&HIZ

2004 4 12 H 26 HD A~ R I fHEIL, A > KRV T « 7TF = NIZHEH - 1T ARHE 16
77 5000 NrEEZ HBMmE O Lz, UH4FMOT F o OEBLIBRIX, 77— L
KEBEROBERRERY; & o0, 44 OE & HlE, B X OZHO EBEHERE S NGO 238
BLLZICBIN L. 34 {5 3000 5 R OBEEREASNT, 680 EEEOM 2
FELI=DN, 2009 F 4 H 17 HE L THBL7Z7 F = - =7 ZEB)T (BRR, Badan
Rehabilitasi dan Rekonstruksi) T&h 5, 4 HFEMOEBEEOKEIZ, BRRIZE-TE1I DL
INCER I TN D,

®1 TFz-ZT7REEIKR (2009 £ 3 A 31 HRAE)

e 140,304 7
PRI R 1,115
B3 1,7591
ZLEm D I 39,633 A
TH A 36,96 km
T g ad gk 36314
Yk - T8 5 Ze vk R 134f
RIS 2314
BN S &7 195,72641
AR - FR 3,78 114
et i) 7,109/
B O IR 155,182 A
BURF i s f 9964

(HFT) BRR AR—L2—3,

BRR (28 S AL E S EIT 1,753 MR b RATEN, ZOWNFRITULTFO L S ICEH S
TWb, 372bb, &% E (Economic Development, 409 14:) . 2{F (Education, 233 1) .
Rt (Health, 254 1F), A > 77 « f£5 « -#i (Infrastructure, Housing & Land, 503 ). il
JETE R (Institutional Development, 131 ), 52# (Religion, -#A~H) . #t% (Social, 211
). #RTEHE - BREECRF# (Spatial Planning & Environmental Protection, 10 ). Z%/38 (2
) Thsb,

TS DHEEDFAMITT T, BRR ® RAN Database (7 F = « =7 Z{HHF —Z ~—2)?
ELTAHSNTVD, ZOT7—F_N—2 L, FEORBOAELZHS I L2 Y00 RR
ELTWER, ZLOFENKT LIS, Z7a— UL ERBELRE DA X - E5Riek &
LU CHEMI R T2 i > TV D, AfIEZ 9 LIciAobiE & LT, HESERITT T
ISR Y 72 < JmWizsay (1 &), £, BAROEBIRIZEARMEL HOTW e (2
#i) ., 27T —F Lo THEMT 2, 209 2T, BRHIEMEZ DA v E—VOEKRIC
DNTHEZ THIW (3,

! #3&® BRR-RAN Database |~ & %, 7272 L. BRRAHIEL T ARWEE oY =7 b s L9,
2 URL I http://rand.brr.go.id TdH 5,
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L PF I DERBINTERE

1. BEIXEETXNTOHIEICREY <UL,

FE B NGO OB ERIL, X TOHPKHMIBIZIRY e < BN DEA 5y, HEH
NHTDO/R— b F—LHHATEET 27027 MiE <, BHREICEET 27 2y x
7 NOGEITEH N N LN NTEA D, D ANT U RAEZBETHREB R, F
D TFRSEREET LI ETH67uvcs bbb olnbh LR,

=2 BEmAICR =K

1] f 5t El ~ &

& 55K # - SIS

. Ail . 1 B oz

7 A f O h

05 =i 07 A~ )

= A~ By H ~ %

= i3} = Iz % %

- ¥ | Ha | TF

— o) .

A % 74 1T

L5 vl

N ZT T 2 JH
KT F = IR |Kab. Aceh Besar 2,686 302,405 53,707 17.8 32.5
/X # 7 F =717 |Kota Banda Aceh 61 260,478 67,667 26.0 41.0
B3 1fi|Kota Sabang 119 26,303 133 0.5 0.1
V4 e
7 F = ¥ ¥ ¥ I&|Kab. Aceh Jaya 3,703 98,796 16,874 17.1 10.2
787 = IF|Kab. Aceh Barat 2,426 195,000 13,785 7.1 8.3
7777 v IR |Kab. Nagan Raya 3,903 143,985 1,942 1.3 1.2
VE 7 5 = I |Kab. Aceh Barat Daya 1,685 115,358 3 0.0 0.0
Fd 7 F = KL |Kab. Aceh Selatan 3,646 192,947 2,652 1.4 1.6
T F =% VIR Kab. Aceh Signkil 3,577 124,758 26 0.0 0.0
v VIR | Kab. Simeulue 2,052 77,761 45 0.1 0.0
b=
v ¢ IR |Kab. Pedie 4,161 517,898 5,278 1.0 3.2
/L IR |Kab. Bireuen 1,901 361,528 519 0.1 0.3
4t 7 F = IR |Kab. Aceh Utara 3,297 523,717 1,801 0.3 1.1
o 7 A< 17 = 11i|Kota Lhokseumawe 181 167,362 200 0.1 0.1
W7 F = I |Kab. Aceh Timur 6,041 331,636 52 0.0 0.0
< > 1fi |Kota Langsa 262 122,865 0 0.0 0.0
7 F = & 3 7 I |Kab. Aceh Tamiang 1,940 | 225,011 0 0.0 0.0
P

~ %L Y 7 IR Kab. Bener Meriah NA 112,000 2 0.0 0.0
17 F = It [Kab. Aceh Tengah 5773 | 160,453 469 0.3 0.3
77 = )V A | Kab. Gayo Lues 5,720 86,448 0 0.0 0.0
W[ 7 F = I |Kab. Aceh Tenggara 4231 | 150,776 31 0.0 0.0
& it 57,365 4297,485 165,186 3.8 100.0

(HiFT) ML 2003 4R, 7 F = INHEHRFA, £ OMiX 2005 425 H 2 B, [EEHH~,

http://www.humanitarianinfo.org/sumatra/products/statistics/{Z & %,

LovL, THZHHURIC L > TISRORBRENR R D, £ 2 1%, BRiTZ L 0EH - 175K
AEZRLTWS, WEIINRN AT F2fi, KIFFz]R, 7F 2V VIR, B7F B
CIZER LTS, —F., £ 3 13, HFRTICHTONFERTEOHELE NEEZERD L
HLOTHD, WEDOKE N - HIRIE CEBERZOBE L REWZ ENbD,

X1k, EORE I LEEOEGRE LVHBICEDLEZLOTH D, ZNERD &,
HE R TSRS U TR Y < R\ &, R TIIEZ2 %9 Th b, —FH. K 2 1F
FRHICIT ONTZZAED D ba o7 T8 L RHEEEREEZRY H L T LD TH D,
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EEZELGBNED (ERZEB)

AT TRMEEOREGEEEII AN FT F o hiffBIZERT L T2 R bDd, Ziudb
BAMEENE ZIWZEFT L TN THLHDLN, T7BADLLTIEWVWIEELH -
7270% L7\, RAN Database 1T (737 0) L0 HHIDWER (FFv~H ) OFF

(TH) OLVIZRBITHIXBENEE THARDZENTELHDT, ZOMBEIZONWTAE
W ZEIFELWRRGREDMT bbb Z E 2 WIRF L7200,

®3 REmAl - AFIBEBEERIS (%)

% 4 " |24 il B | EmHE | % &
W v E il ) )
¥ a & |7 ® # = | #E i 7
IR oz % B %

(£ B W

N AT F = 7

K7 F = IR 12.3 9.7 6.9 51.0 4.8 1.0 6.9 1.9 5.5 14.4

N TF =il 6.9 12.7 17.3 41.0 11.8 0.5 4.4 34 2.0 14.6

P8l | 209 11.5 19.8 38.8 5.4 0.0 1.3 1.7 0.7 0.6

VAR

TF =y YR 11.7 4.2 6.1 69.9 3.7 0.0 1.9 1.3 1.2 11.0

7 F = R 8.3 9.5 9.3 59.5 3.5 0.8 43 2.5 23 7.9

FTHUZYE | 201 13.5 15.7 374 6.7 0.5 2.6 23 1.2 1.6

ViR 7 7 = 18.4 12.8 324 14.8 13.6 0.3 1.1 4.8 1.8 0.7

7 F = R 12.8 0.5 343 10.8 24.6 0.2 2.7 12.8 1.4 0.4

TF i rR)VE 10.1 1.1 14.7 43.4 19.5 0.3 1.9 4.6 4.4 0.5

PN 6.5 15.8 7.1 60.5 5.6 0.3 1.2 1.1 2.0 23

e

= 13.9 11.9 11.8 41.2 10.1 0.3 3.9 23 4.5 5.0

=22 N 16.8 11.1 7.7 52.0 4.4 0.1 1.5 2.5 3.9 33

7= 19.5 13.8 10.5 45.7 4.6 0.1 2.8 1.4 1.5 3.0

0y A< 12.5 21.8 14.2 31.6 10.6 0.0 7.0 1.7 0.7 0.8

W7 F = R 19.1 8.2 27.2 20.7 18.2 1.0 2.7 1.8 1.2 0.4

7 W 14.7 2.0 75.6 0.2 5.1 0.0 2.0 0.0 0.4 0.1

TFZIT R 42 1.4 51.8 3.7 38.0 0.0 0.6 0.0 0.4 0.2

PR

ALY TR 200 1.0 26.7 333 18.7 0.0 0.0 0.0 0.3 0.4

mrFo | 233 7.6 36.3 4.6 26.0 0.0 0.8 1.0 0.4 0.3

7= A 1.8 0.4 35.0 27.2 33.9 0.0 0.2 1.6 0.0 0.2

W7 F =’ 8.1 1.2 38.7 7.0 41.6 0.0 1.0 1.7 0.6 0.2

=T A

=7 AU 8.5 14.6 8.7 55.2 6.5 0.3 2.4 0.4 33 4.1

=T72ATHE B | 120 | 137 76 | 563 4.0 0.1 2.9 0.2 3.0 1.3

A Mk 8.1 139 | 265 | 226 | 109 0.3 42 0.7 | 12.8 | 266

& &t 104 | 113 153 | 43.1 8.2 0.4 3.9 1.8 5.5 | 100.0
(HiFT) BRR-RAN Database (200945 H 3 H) .

2. BADEERXEFIEAGHREZ SO TV A

7 F = OEBELATRIL 7 v — N L7 REE B OERY THh o 7 LRk, KE OB
FEBES° NGO, & DIZEBEHEEICEEE NGO 1E, £ 2 CTEARKEZ R LIZDEA ) b,
FDe)T, BADOEBHIZRIZIEARMEZ HOTWDEA D 0, TF T DR
EEBOBETHIOITIE, TACAHEORREZE LI TR, BIEDRNTOAES
FEBFFIRET DR ERD D,

AE - BN ED L D TS BICHE Lzh, IR 4 22 bAWEEEW, £
NENOEOEEIZIL, NGO 72 &, BUFUAAOHKIZ L 2 HE S b EFENTNDHZ &I
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EEZEGBNED (EREB)

EETRETHD, SHICERE. 237 ey =7 "OHEHEIZER LT —Z2THY .,
TuYx s NOEMBEIIHER LIXRRDILENEZ,

ZDH 2T, TFoHEIRICBITAEZEDOTLEL RAEZRDLIEONRK 3 Thb, 7
AV HOFENERTH Y (BEDFED 21%% 50, [FED 17%%2%<) . IRWT RA
YV AFXVAL BHR, A=A NTVT, WFH, FTUERERRENTND, ZDH B
—ZAFZUTIZASEANICEEL LS LT oMkOKREE LT, A7 XA Fxv
TOHZREERE LT, IWoOELEEREZLEZELDOEEZLEND, —FH., RAYRAFY R
3% ) LIcFIEZEER CEBLIH I L TWD, ES U8R & W 8L LT,
AARTIZINSDOEEE_RTHEIZSHE LD TIERWZ Enbnd (M4 L),
—J7. 5 3K EOERTEORBERDLEZLOTH S, Mk, TOEOEBEED
LY 7 MMy oXEICATbONEEEEEDL TS, BB, 2Z2TY 7 MR N—F
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L PFIDERBINTERE

x4 KE - #EOLFIZIELE (%)
o # | fEA | B | BB | AT | A
% £ | E i | o
HEE - BE & H f s # = | 1RE fl | F
J& +Z ¢ ) .
M . .
TAUH 1.1 59 10.2] 492 4.6 0.4 5.2 1.0| 125| 21.07
KA 123 185| 169| 39.2 6.1 0.0 2.1 2.5 23| 9.11
AXT X 174 5.9 64| 483 4.6 0.0 6.5 03] 10.6]| 7.19
EES 9.8 8.7 84| 52.6] 15.6 0.0 2.2 2.6 0.1 5.19
A=A Z7 07T 65| 164| 217| 254 135 1.9 5.7 3.0 60| 457
i 5.5 0.8 13| 761 10.0 0.0 4.1 0.4 1.8 4.21
TT K 6.8 16.0] 11.8] 549 8.2 0.0 1.3 0.2 08| 271
AL FRLT 0.8 22.6 23| 64.6 1.7 0.1 2.4 47 0.7 229
7T R 18.1 86| 19.8| 36.1 3.4 0.1 24 7.4 421 2.04
ZA A 40.8 4.8 15| 346 1.7 3.6 6.1 0.0 70| 1.65
% 20.5| 12.0 82| 493 7.0 0.0 0.6 1.9 05| 077
[ 16.8| 27.6| 335 3.8 8.2 0.4 0.1 8.5 1.1] 0.65
TANT R 11.2] 48.8 1.6 258 0.5 0.4 5.2 0.5 62| 063
= 00| 227 3.8 605 0.0 5.7 7.4 0.0 00| 051
ST R—L 21| 19.1 0.1 75.0 0.0 0.0 2.9 0.0 09| 049
H 1.0 8.1 48] 783 2.0 0.0 3.9 0.0 1.8 047
IV — 133] 162| 235 41.1 3.2 0.0 2.8 0.0 0.0 045
P TTET 0.0 109 03] 663 0.0 82| 13.9 0.0 04| 045
~LF— 46.2 0.0| 334 0.0 0.1 0.0 0.3 0.0 0.0 0.39
A5V T 204 184] 183] 374 1.7 0.0 2.8 0.0 09| 036
P 5.7 5.6 221 798 2.1 45 0.0 0.0 00| 035
B2 0.1 423 27| 106 0.0 0.0 49 00| 394[ 030
T Z— )L 25| 248 41| 249 00| 244 16.1 0.0 32| 022
1L —3>7 99| 10.5] 209]| 18.6 0.0 02] 3938 0.0 0.0 021
Fo~w—7 212 263 0.0] 29.0 3.8 0.0 194 0.4 00| 017
F—Z R U T 149 13.8|] 12.5| 485 0.0 0.0 3.7 0.2 63| 0.13
—a—C—F5 U R 19.3 3.9 0.6 655 0.0 0.0 8.9 0.0 1.8] 0.11
T4 TU R 92.1 0.0 0.0 0.0 1.4 0.0 4.1 0.0 24| 0.11
7 7 7 g REE 0.0 0.0 00| 788 0.0 0.0 212 0.0 0.0 0.08
F o 102 853 0.0 0.0 0.0 0.0 4.0 0.5 0.0 0.08
A x—F 6.1 323| 153| 174]| 216 0.0 7.3 0.0 0.1 0.07
N — 0.0 0.0] 100.0 0.0 0.0 0.0 0.0 0.0 0.0| 0.07
77 = — |k 0.0 0.0 0.0 | 100.0 0.0 0.0 0.0 0.0 00| 0.04
N TTFva 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.04
RV H 58.6 0.2 47 75| 29.0 0.0 0.0 0.0 0.0 0.02
77U 0.0 0.0 0.0 | 100.0 0.0 0.0 0.0 0.0 00| 0.02
T F A 50.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.0[ 0.00
R—TF7F 0.0 0.0 23| 141 545 0.0 292 0.0 0.0 0.00
FaN 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
BE 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
N—~ =7 735 13.7 0.0 0.0 75 0.0 5.4 0.0 0.0 0.00
A < 35.0 0.0 0.0 40.0] 15.0 0.0 0.0] 10.0 0.0 0.00
T 0.0 0.0 | 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
TA AT R 0.0 0.0 0.0 10.0] 90.0 0.0 0.0 0.0 0.0 0.00
67.24
B
SR 48| 187 43.6| 204 4.8 0.0 2.4 0.1 53] 17.01
BN —H4 (IHR) 9.8 5.7 00| 54.0| 154 0.0 5.6 9.1 03] 5.71
7 T BT 253 0.3 0.7] 599 8.1 0.1 0.1 3.3 22| 3.77
MINERS 21.1 1.7] 13.3] 34.0| 182 0.0 4.6 0.0 71| 1.74
HERERAT 0.3 0.8 0.1 0.7 982 0.0 0.0 0.0 00| 1.49
EER 7 0.0 0.0 0.0] 903 9.7 0.0 0.0 0.0 00| 127
EEED 23.6| 29.9 94| 21.6 1.7 1.5 102 0.4 15| 0.68
7 F - =7 AEBEREES 0.7 3.8 147| 543 121 44 7.8 2.0 0.1 042
A AT LBARERAT 0.0 42 1.5 0.0 0.0 00| 928 0.0 15| 0.15
ERS it (HHR) 89.6 0.0 0.0 0.0 0.0 0.0 1.9 0.0 8.5 0.03
O - R 05| 21.8 63| 523 1.8 9.2 6.8 0.0 14| 0.48
32.76

(H7T) BRR-RAN Database (2009 4£5 H 3 H)
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EEZEGBNED (EREB)

ALz bDOTH D, ftliL, N ETF ohiE KT F = RLIA O M~ DB OE A %
TbOLTWD, 2F0, FIFEFTHHICAVIAALTEEEZITR T2 RTHEETH D,
IhERD L, BAROERITEIINTNOETHLHELZITS LD EE2 X9,

3. BEXEFIEALGA Y E—DEBATN—DDT—RR I T 14—

TF BT HEBIEEEL AT LT, ROAIRIZESTeDIE THEA » PR T K
ﬁﬁjf%éo%hi$lwﬁﬁ LoTrRFENTZFH 600 IFEDEEMMTHY . K
7 F = I Neuhen A O EfEHIICH 5, HxDOANT=BIZb L<HLNTWD, —F., HARDE
BRI 0N, 2 TR O DI, I RIERBBEOEENRFRA S [
A7 F KB EIR TS 210 EiF 5,

HEA v R T KR OB, PHEEERS EPERFFE/ME L, PEEER
S AV RRVTHRTTFENER LTZHDTHDH, BRR DU A M2l NINFRA 288 INJ B
L OV TINFRA339IN| & LTSN TWD, 2O HMIE 1120 EKOEAEEZ 700 74
HTAH] ZEThY (FEERIT 606 7)., 200643 A 1 H225H 2007 412 A 31 HIZHNT TSR
i A7z, #eEF 8,000,000 KALMNEL X472 EVy)  (BRR-RAN Database (28 5),

—J. N T F o HBUKKEIBTEIX, BARBUNSHE L, WEEAN B ARERR > A
T (OVEE OAERHR) BNERLZHOTHY, BRR @ U A ~MIiE [INFRA 96 Bilat] &
LCEBEINTWD, TORMIE (XU ETFolZBELTTRXTOAL ZHAKNESFD
ZETHY, 200546 H 22 A 2008 4E 1 H 8 BT THEMS -, #EF 10,029,119
KA EL X7~ (BRR-RAN Database (Z X %),

M6 HEAYRFRUFRIFFMOAD 7 HEA YRRV TRIFFNORAH
(ZEEHR. 2008 4E 12 H 27 A) (B, 20084E 12 H 27 A)

K8 thEA v KR 7 RIFFHOEE
(ZEERE, 2008 4F 12 A 27 H)
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L PFI0EBRRERE

2ODFEITIEHO H 2 TIXZIZRBETH 523, WEOHE B LD 20> TOME ST
KRESHERD, NUXTF o BKEEIH LES HAROEREE 1 {8 7954 77 KV D 6%595%
HO DI E 72V OITx LT, HEA v RO T KAANIEHEOEBSEE 1,213 77 Kvo
66% % 5D A EFETH-T-, SHIT, 2 O0DEMTBEENMEZ A A vE—VDA 8
7 MFIRZ BN H T,

X6 &KX 7IEHEA Y RRUTKENOEETH S, K 8 IR ADICETHR
BHTHD, T ZIZIFRO LIRS TV,

2004 4E 12 A 26 A, MRZBIRSET-A > FPEHERIZA >V R T « TF = IZERR
KELET-H L, ZOREZTEAROLZENL, 2ETREEARES T — L0
E%ko%éh@%%ﬁ&ﬁé%ﬁ@%okﬁ%%F¢E4yP2v7ﬁﬂHJ@\
BN EFER+TRICET S PTERMOMT I OEEE ORBEIZ
W SeE D T= 1T HERR éht%@f%éo_hi¢lAE®Aﬁ£ﬁ%W®&6bhf
HY ., HE - 4/%2/7ﬁlka®ﬁﬂ®%@1%%éo7%:@% B, A
SR E SN KRICEET D Z L2 00nbfid e bz, FE A FRU T ARD
KIFNEZ L2k ZE&EFED,
HEERERASRE JUERE HERtTFREERSE 1IA2
200747 H 19 H

—hH. B9 BANETF KB THY, K10 1 TZ0OREMTH D, £ TITITEHIC
HOKESEIR T3, HAD A% L0 20044F12 A 26 H OMIGE LR THE LT F =D A%
~] LREFREN TV,

FEERO XD IZBMO N2 IZEB R B E . BUKKEO X 912N x D=4 % M
SFAHXEEDENIH D, ELLLMBERIETHA A, o, oz x50
EIDNIALDENIC S X500 E Lz, LLED LEEWESHDIIZEL, EHD
D7yl NRBHOANZIIE LDOA v E—V %4252 LI LTV D 05
ITIXZRWE A 9 Dy,

K9 BARDEBIZE > TEEI-HKKE X 10 BUKBEIEIEDOESE
(ZEFHR., 2008 4F 12 H 25 H) (EERE. 2008 4F 12 A 25 H)
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NUBETF 2B 5 NGO T

mER O HTEA &
VRRKSE NSO, 2 4 R KRB B DT R S B WK

N

FLHIZ

[ A< b T HEERE KE~OWHIZE ] ITBONTHRZL 21T, ZoREORKHEHO—
DTN NLD [T v v o] Tholo, TFEORKETHDH 2008 F-5H2HDI v
~—DERVA 7 AT K HREF GEE - ATHARHEN 14 TN | FFES H 12 BoF
EVQ)IRHEE BB - ITHAHERN 8 7 7 FAN) Likd 25 L. ZORKEOREA IR
HFDPOLER->TL B, “o0OKEL L REDEE - ITHAHELZHL, 510, FERE
PERAZA~RA et EE L7726 LTnlool, KREREBROZRELEMEAT, T2 hnb
5. WREOBUFOFEHC XY WKETIE, EBHFHERIC X 29T THBEZ
KBEIEE D FF SN oz, DS, [EHEIRITEAMIZIT, SN 33RICE EE-
776

THICKRI LT, A~ FTHEOTEIRNITE -T-< Bir D, A~ M T HIERALE, T
F N TIE, WEFHIL T - 7272 OIZHNE O FEE TSR OTFE N VB IE ST, B DUV,
SRV & 521 C Uiz, Save the Children DEIMIA Z » 712k B L Z 9 L7k FC. Save
the Children 23ME— JEENZ 3 SN2 HESL NGO Th o7z & 09, 7 9 LRI K E .
—E LT, REOXZEHENRT F oIl A, RE LV TRERIFEIZ B L, LA,
N LICIE, ZORKEBZRERVGNRDST-THA D,

ZIET, NGO KA MIT 522 LTI Rholz, TNEMI 2D, SRIOHRE
T, MBESRITEW ) W) EEARELZFR T, MEEZETIMW =) 128
WTIET F 2 MEBERDOT —ZIZONTHON LTZD T, KETIIN X T F o HiNICRE L
T, NGO ##f#l L T, XA T7F =ik, 7F=MOMETHY . FRWOF TILDH
SEBIRENEL, BT, AN LDO L&Y W) BETCH o7, WS Z
T F = ~OEATHEILYL 20> T2 b DD, BEFOZCEITHEBENET-IL T W, FD70,
Hho & HEWERE LUES NGO BAY | IHEhA R L7,

T—ER—=X

Z Z ClZ. BRR @ RAN database (http://rand.brr.go.id/RAND/, &7 7 & A 1% 2009 4F 2
H 26 A) #HWT, KEFEEESHEICHT 5 NGO OB EE 2 MBI 5, BRmizix, 2
TD 9 SDOHBICERAZ Y TRV 5, 2004 7525 2008 FIZH T TP EES - EN NGO
DIEE) % kecamatan (/XX 7 F = O FITALE T HITEIX) BNZEEBRRG L=,

IOT—HFRXR—ZATEHLZERIZIUTOLEEY THD,

OFEBIIRIGE 21T - 72 NGO Dtk & & Z TOEE - EWN NGO OFIA

QX EIEB = A b OKER (FREH)

@E#E)/S— ~F— (2nd level) " D%k

@iE®EY/N— FF— (2nd level) DJEME
International NGO (INGO); National NGO (NNGO); Private sector and community; UN;
Bilateral; Academic institutions; Government agency; IFI; BRR SATKER; other

OIEE) D &SRR

O®& &R EHAD B & BIA
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International NGO (INGO); National NGO (NNGO); Private sector and community; UN;
Bilateral; Academic institutions; Government agency; IFI; BRR SATKER; other

DL &I OAE P
Grant (f#i4:) ; Loan; Grant and Loan; Unspecified

OKE D72 75H) Esz sector
Economic development; Administrative and other costs; Infrastructure, Housing and land;
Social; Institutional development; Health; Education; Religion; Spatial planning and
Environment; Unallocated

QEARI 72 & — 7> N2 LIEBINSY thematic marker
Generates income; Promotes gender equity; Promotes community participation; Disaster risk
reduction; Part of national plan; Generates employment; Positive environmental impact; Builds
government capacity; Women and children; Other; Unspecified

NGO D ##

FP. RNETF 2 HNTIHEE 217> TE 72 NGO Ot L . EBE—ENOR 2R L
BII, #LICAD L DIZ, iESFEM T, NGO [FIE 878 HIAIZDIEF-> T\ 5D, 7272 L.
:@N&HﬁiImRL”ﬁbtl¢®$T%6 &<z, /B NGO T, iR —
FIFR D OTEHE L2 L TWARWSEEIZIE, REBESEOHK S D72, 2O, ZZI1To
E-TIRVW, ZD=, ZZ TRAEEIX. NGO OiFEhZ 7.5 L &0 [FIROKE] T
HDHEEZDZLENERLTHD,

AR b Z LD &, HIEEHAED 2004 412 A 26 H Th o 7272, 2004 4D NGO 30
IRNDITEIRTEE LT, 32005 F23 5 b A2 <. 320 FHERIZ > Twd, 2005 4
V=712, 0%, FERNELBDE LT, 4 F% O 2008 FEI21E 108 Mk L7220 £
BEHIOKI 3D 1 Lo T 5,

B TOA 2 Ea—lENSIE, £< O NGO kL. 2~ kT Bt T g
EEHL L, o, METHDI RN X TF ITAD NV&T?IT®@%ﬁ$<@m
7Elelc, 0%, N T F2UANOHIR~EREF LTV, B, 2D ki
2%5$8HL\Eﬁﬁmwféﬁﬁi%%kﬁéﬁ%ﬂ\4/%%/7&%&(%M&@
M CREZBRENRE SN T, SO EREZ N2 LX), 2 E TRHRIRTH - 72 ik

HBWEIZLEE LT ELBR LTV D, ERLENCIE., BV TE Y . NGO H{EDTE
S MU i R S ATz,

£1 NATFIZHITSEE. EARIO NGO RSO HTS

INGO NNGO Total
2004 8 80.0% 2 20.0% 10
2005 207 64.7 113 353 320
2006 179 68.6 82 314 261
2007 130 72.6 49 27.4 179
2008 74 68.5 34 31.5 108

%%ﬁNGD&IW@NmﬂﬂﬁH:Lﬁﬁwkéﬁ@ﬁb%m&kﬁMwaﬁw
W5k NGO 2R D 355D 2, EANGO 335D 1 DEETIRE—EL TS, BAalC
@%ﬂ%@h@0ﬁ¢bkﬁb Z 9 LIRS 3 E 3 512 L7z - T, [ENO NGO

B EMRNT=D TN E VI BHFIOTAL, Hi=behoT-,

UL, EBExE RS L. A NGO IE 2005 0> 207 ARG, 179 FHIAK, 130 FHIK, 74
FE~ERAD L, 20 < D NGO WAV AT F = nbuE LiZZ Ennnsd, —FH., BN
NGO (22T, 2005 40 113 A5, 82 FfA, 49 KR, 34 Mk~ E 2L LT\ 5,
BbFEE LCiE, WA ERNINCRE 2R R o, FEBEIZED - fiuk L7z NGO
HClE, MBI NGO BNEE L N ETF 2D OHGEL TV o722 085,

ZDRPBITTNEI2ND, NGO FHEITTOA X B a—bIld, S NGO BEEED
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NI PFIICHITSD NGO 21 (PBEEEFD)

FELZREETARICIZ. EBNO, HANFTe—BL7e NGO EH LT, Bolx, HELE
T A CIREN 2 T o2 — A B Dl a2 En o Tnd, £ 1ICH 2/ NGO &

EIN NGO & OWATEIRA, LR ORENRBIROTFEEEZEWR L T DN E I D,
BEtZ284+5ThA A S, WTHIZ LA, i NGO & O 1TRHR D Hkf:
BRIZ—EDOREBRMBAET D 2 L 2N S5,

PLED NGO HIAE D ZEAUIT B DAL L 1T B KIBEFENL LD (R 25H) L&
2005 4EIZHI 1987 T R &EE—2ZIC LTV DR, LI, 1ZIF 11 ERL~10185 T
T RVTHERS L. RO Z0IZ E—E DO A2 7R LTV ZeLy, 2006 FLAREIZIS U
Th, KEN—EDL_ILTHRENTNS Y,

NN
LTWADZ &, W

%R2 NUATFFrIIBITAXIBEBEDOER

& K HEEOR G | BEE OIS M
2004 47,259,737 39,184,344 8,075,393
2005 | 1,975,080.350 | 1,597,105.489 377,974,861
2006 | 1,111,289,397 834,232,681 277,056,716
2007 | 1,102,951,372 891,887,100 211,064,272
2008 | 1,050,007,705 849,712,579 200,295,126
&t | 5286,588,561 | 4212,122,193 |  1,074,466,368
: — 150
2000 ] —— |
: —o—NGo# |
= 1,500 - - 100
% ; i
" 1,000 - &
& : - 50
500
0 - 0

2004

B 1

2005 2006

XIBEE L NGO HOH#R

2007 2008

NGO & L #MT 5 &, NGO HOEAE L, KBTI LT,
ZENKIMMBRTENS,

ZD

M B R R F IR & X 4R

Wi, 29 LICHIERDOHUERI ORI DWW T HATEZ 9,

ZORHHEE LT, KBOWERNAHERLTBZ 9, £ 3 I2A5 X912, MEURAXA,
KUTARAJA, KUTA ALAM, SYIAH KUALA, JAYA BARU [ZLDOXIZHE~T, BEZHNT

T ATHARBHENE, 205 SOMlg%E THEEOHIM | L FES, JAYA BARU % Fr<
TRTOXIWFFICHEM LT 5, JAYA BARU [3#F/FI2H L T2y, MEURAXA
MO SEHTH Y NI AR O ENKRE Do - TH 5, KON E R KON
B OBRAIRIIEK 2 1275 L B0 TH 5,

TS LT, #EICHE LTV BANDA RAYA, BAITURRAHMAN, LUENG BATA.
ULEE KARENG /%, #EN/NEW, EEORIER IV NREICHIKTHDLH, ZIHD 4D
DO %2 TEE OS] LIERZ L1215,

TR, EOREIZSTTRTOL &, HROZ L THDHH,
BENZ D, L, 22 THERELARTEZR S0 AT
Bz 5 Uotf@ﬂm‘z%zﬁ‘i
Lol

HEOH I ~D K
L BEOW S I, M LVEE
KETETONIGEBICAFEL TV DAEENL THDND
BB DMK TOIRITIL, EEOHKMOER~OITE L EZEN TN D,
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L PTFI0EBRRERE

R3 NUEF7FITORDEREAA., BWKE

e AT
e FEECRT | HRRAT | ATDT e AT | AW
S A4 il s | A RE | S & | ERE | HAWE | Bhes
JAYA BARU 4459 | 22,005 3,187 | 7470 | 11,348 10,657 48.4
MEURAXA 6,496 | 31218 3,837 | 21,724 5,657 25,561 81.9
HE | KUTARAJA 4,029 | 20217 1,388 | 13,707 5,122 15,095 74.7
KUTA ALAM 11,424 | 55,062 5542 | 6,407 | 43,113 11,949 21.7
SYAH KUALA 7,185 | 42,776 2,051 | 5211| 35514 7.262 17.0
BANDA RAYA 4212 | 19,071 26 30 | 19,015 56 0.3
gy | BAITURRAHMAN | 9314 | 37,449 434 232 | 36,783 666 1.8
LUENG BATA 3,741 | 18,360 28 78 | 18,254 106 0.6
ULEE KARENG 3,941 | 17,510 33 89 | 17,388 122 0.7

x4 FEEOMKBRX EBEEOHKMEK & DLLE

| &k | EEOHKK | BEORKKX

4 NGO
2004 10 7 70.0% 3 30.3%
2005 320 212 66.3 108 | 33.8
2006 261 174 66.7 87 | 33.3
2007 179 124 69.3 55 30.7
2008 108 67 62.0 41 38.0

INGO
2004 8 6 75.0 2 2.9
2005 207 136 65.7 71 34.3
2006 179 117 65.4 62 | 34.6
2007 130 87 66.9 43 33.1
2008 74 44 59.5 30 | 40.5

NNGO
2004 2 1 50.0 1 50.0
2005 113 76 67.3 37 | 32.7 = géjzﬁg
2006 82 57 69.5 25 30.5 (Ebl=&3)
2007 49 37| 755 12 | 245 o .
2008 34 23 67.6 11 324

2 NUETFIHADOEEDER

NGO DIE#EIR, &2 TITh e O, HEDOREIZ L > TRRDLONEMREFT LT-DD,
#4ThHDH, ZORNPLEDLE, BBEZ 3502 O NGO [XHEE O T ARITEN 21T
STWAHMN, D 357D 1 O NGO [FTEREDOH KM TIEE L T\5, £ LT, ZOEAEIL,
BEMCHLEERAONT, —EL TS,

S 51T, EEE NGO &[EN NGO & DT, BHE—REOHIMF TOEIE, FFEEL
DENAHIFEALE —H LTS,

PEOZ EnBHEI S NS O, EN, WO NGO (24 LT, — & O sy 7215 Eh o
FTHDITNEEATOITWEDTIE RN E NI Z & Thb, ZOHICELTIE,. &
BOREDOH THRFTL TP X721,

NGO DEBAE

RIZ, NGO 23 E ) WolefF#Z L T\ DO THI I,

#5013, NGO OBBENRIFHHEHEZ R LIZbDOTH D, 7T — X X— AR 2N
N, BZHL, NGO BEN, Yvvy=7 MNEXeET 58, BOOIREfEKZ BB EL
TbOOEHTEEZ LD, ZOHEIL, SR, BHREIETRINTWVD, ZDD,
Z 2 TOREHT, BITRIZ NGO LV &2\, £72, BFELELD NGO G3FE 0 & 21T,
TR R DOMEE N % 7o T D,
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NS PFTICHITB NGO 2 ((PBEREFH)

Ernolz7al=l FREDID NGO IZL > THEDLNTWNEIDTHA I D, BIRT
RHEOOIT, BFERE 355 K, DWW T, #E 275 FIR, #5271, fdhE 249, /3 ¥ERHE
199 L 72> TN 5,

MIRWIEE & LTCE, B EMEHER ERHN - TS, ZHIT, BEHL, TRY
@ﬁ@i%ﬁ¢®k@ofwé%®f%%5ozﬁﬁﬁgowfi%¥m%ﬁﬁﬁfké
9, BHIFHE S NGO ~DA » F B a—ff&E THRZRBY T2 iX, ZEMEHE o 21X
BRI EEZ T, BTHER L H L F NI &otmzf\ﬁﬁwﬁﬁﬁﬁ\ﬁﬁﬁﬁ\
A 2=T 4 DO OERTARS EOHGEMOFHEEETHHOTHAH, b
Am\ﬂ/&T%If@iﬁ SRR ENTVDHEIRIE, 10%BRELVbn TS, 29
LMK COEFEFED D i\i#i%ﬁﬁwﬁm&\%%@ﬁﬁﬂﬁ@%iﬂaﬁ
FTHIDE 27207,

x5 NUETFIWITEITSH NGO OEEFEANEFTEMEE (£1K)

2004 | 2005 | 2006 | 2007 | 2008 | &3
R 7 i 2 148 95 63 47 | 355
17 K 0 30 31 36 21 118
A7 TEE - LM 7 104 77 49 27 264
= 2 93 79 57 40 | 271
il 5 1) 78 JE 0 54 37 12 7 110
& kR 2 101 78 45 23 249
H B 0 96 81 68 30 | 275
BN 0 15 19 7 8 49
2 [l EH 0 10 4 2 5 21
AR 0 66 56 43 34 199
ANGO%L 3 108 87 55 41

£6 NUETFIMIZEITEH NGO DEHEFINLEBHEE (RFELL. Bt
2004 | 2005 | 2006 | 2007 | 2008 | At

TRV 0.6 206| 17.1] 165| 194 355
1T 0.0 42 5.6 9.4 8.7 118
A7 IEE - L 27| 145 138 12.8| 11.2| 264
e 07| 13.0| 142| 149| 165| 271
il FEE ) 56 0.0 7.5 6.6 3.1 2.9 110
(35 08| 141| 140 118 9.5 249
HE 00| 134 145| 178 124]| 275
T 0.0 2.1 3.4 1.8 33 49
ZE MG R 0.0 1.4 0.7 0.5 2.0 21
S FENRE 0.0 92| 101 | 113 ] 14.0 199

HAZOE E Uik, 178 (L8 FfR) | HIEERRE (110 HiE) BebiFohTtnd, =
ﬂhowf% MEANRKETHA S, A~ FITHETIE, ITHOBY~DEFER HEE (72
MNTROEEERE O —PEER 0 IR CHEEpR. EHUEECRT L EIER) [k EE LT, T
%ﬂ®%t%Wé&ﬁ DIFE-T-, FDI=, HlZiE., USAID 1%, BENHE, S~
BREEZITOTVD, ZOXI7%, ITBHEBEOFE~DOIEN A LN, HIERFRIZS
WX, BERRNFIIARHTH D0, 29 LIATECSHRICIT L CEESNZHLDOTH
A9, f_}:zi ELOLICHEINTW AW TEX R0, F~OREIEEI O 72D DL
RIEEHENPED SN TWDEN, Ziud, REIEEIO 7O DEREHICE EE 6T, fEZD
%@ﬁ % B UNIRIEILTEIZ DR RN > TV B Livan,
Z ) L7EIEES, BRI E OB Lo aE R A 7910, KEROBE OMEE %2R
B LT, ZNENOEIEEZRLIZOMN, £ 6 ThdH, 2004 FE2FI4 L LT, &IKMICIE
BB ORI NIEE AL EED ST, 728 20X, bo & bHKRENRSZORBEREIC
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DUWTIEL 2005 121X 20.6%. 2006 FF121E 17.1%. 2007 F4203 16.5%. 2008 F121% 19.4%
EEMLTWDEMN, BIUIT/MMERLDIZE EESTND,

O LR OB DR SN Z ST, MO ERB I D RO VBN
A LT n g 2 & MBI HRE > TV D,

L, R0 2 RTHEAE LD D, TNEH > THD L, HIEFE (2005 4 7.5%
—2008 4F2.9%) . fEEE (2005 4 14.1%—2008 4 9.5%) TH 5,
PLEOREE ., BIOAENLEZTHREL D,

o & B AL 2005 4E% 100 & LT, ZDOHEMEINZ RI-ONRE T Th D,

Ho & HBIMERN DR NOIIITETH D, THUIx LT, 2005 FEOREENL, 1FIF
3D IZETHEHAD L TWAIHEIE, RFERE 32) . A1 77 - FE - i 26) . #F
(Bl) "B D, SHITWYRMENEDE LTIE, #IEMRERE (13) | @FE 23) b5,

RT7T NET7FIWITEITSHNGO DEEENGEBRE (BELE, EHEL)

2004 | 2005 | 2006 | 2007 | 2008 | &F
R e 100 64 43 32| 355
1T 100 103 120 70 118
A7 IEE - T 100 74 47 26| 264
e 100 85 61 43| 271
i) 1) 5 100 69 22 13 110
fat e 100 77 45 23 249
BE 100 84 71 31| 275
R 100 127 47 53 49
22 [ 100 40 20 50 21
S FENRE 100 85 65 52 199
NGO 100 78 53 34
EE S 13 717 557 382 242 | 1,911

£8 NUATFHIZH+5 NGO DFEERNE

2004 | 2005 | 2006 | 2007 | 2008 | &3
AN 1 142 93 62 34| 332
&R A 2 116 67 56 25| 266
RIS 3| 258 160 118 59| 598
B e 2 D 0 93 63 40 27| 223
e 2N (gt 4 117 92 77 37| 327
ok & ik 0 41 44 36 22 143
[N IE 4| 251 199 153 86| 693
$FEY AT ORI 0 10 1 13 1 25
BRI NE 1 91 55 50 21| 218
Bh 3 - BREE S 1 101 56 63 22| 243
[ 5 0O %4 T 1 93 45 35 14 188
1TECRE ) DHfEST 0 75 34 35 16 160
TR 1 168 79 70 30| 348
Z DA, 5 101 77 44 16| 243
NRE 5 93 85 53 42 278
HF 19| 972 | 656 501 | 255 | 4285
ERbILEe 10| 320 261 179 | 108 | 878

Db TBIBENRIEEERK ] 12b < ETHEEZR L TWVDIZT IR,

IRENNE N L HfEIZ 72 D O1F, ROTEBINEOEG (£8) THDH, ZOIFHFNEIZD
WThH, BRRIZIFEIOHEE LT, NGO HE R EEL THLOTH D LIS, ZOX
OB FNENDONGO OHIEBERRNB S OMEO B E LTHELEZLDON, FLE b,
TVl NTEIZRHELZLOMNE, ZOEREZ LR HErcEen, E6iz, Ik

34



NS PFTICHITB NGO 2 ((PBEREFH)

BENREHEE] OEE 7027 FTEOHEMEHTE L TBWEN, 22 TORE
EOREHL, ZDfEE LR >TWD,

SHERAEERE L TH o 20O, IWABMO=0XE (332 k) TH D, IRV T,
I a=T 4 s TRTU— R NMIORNDLHURSINOMRE (327 HIK) . EAAIH (266
) Thd, kL LTH, AR MAAI 2 ERFHXENRTLTH D,

UL, PRESMAREALHENTL 5, 2L, BLEEOREE VNI EETHY, Zh
% 223 HREZ, ZHEBRBEICEET L0 Teths it EWH THETHA D, #K
BOXEE LT, BLOEESLMERENRDH LN TL 201%, #RLUIATO Lttt 0 i
AL, & BT, FAUSEHE) L CTHERB O LIENREFE L 720 LT W L ICEBEICBE L T
WhHEHERIEND, BEHL, HATOHRZEOSIEEBE L LT, 29 LEBENFIX LA
WO TRV EEZBND,

EY A7 ORI EWVWHHEBIX, KEREBOROIEL LT, BARIZEDZ N,
KEIAL R RITENT TER L TP L DD TN DN E Nz D,

ZOFRZE, WA & BRI 2 B, BoEEofed, il mofedk, 2ot
TR R, KEY AT OB L BRESGEABL K - BRESR. EFEFHBEOXTE
ITBREN DRESL ZATECR B E LTHMHE L TAD L, &KL LR, BRFEMEELY b1t
DR D T 1%L 725, I HIT, ITBIENFIEZ W2 ElZ@n><,

AEIOWEITFHIZ NGO IZET 285 TH D, 4%, 29 LieT—# &z, BRN
72 NGO DIEFENZIRET L T E 71y,

be

1) 2nd level partner (X, NGO (1st level partner) O XAZIESE) % e 2 & EZ2H 5 ko =
xRV, TEENZBIT A A =77 4 Uidd < £ T Istlevel partner ([EFE - EHN NGO)
WET 5,

2) &4k (funding agency) 2>5H < DD NGO 2k L TE&EB M TN 2R,
RAN database DVERE | TR OE @R IFHAKROFZEZEI T Z LITAETH D,

3) ATy (-) X BIEAREET,

4) ZZTHES TV DIRENIN U F T F =i OIBGHEI T Th D, L, [MEHET
W) THEFLET F o « =T ALEROZRSFA MM THRLVE, NUETF
= HET OZRGHIL, LA, TAOBEEOLTNLLh>TEY, FEHELTWD,
DFFENRREAECTZONE, BUED & ZARHTH D, 4%, BELTE0,
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A= b T HREE R F A~ OWEN S E
—ARAL DL 20 TRGHROFEL 725 DH—

H 5 E 4

H i BRI R P e R E S BREE K

2004 12 AIZRAE LA~ N THIBHE R FIIREAOKETHY . 61T, Zhst
R EHRZ2 - TZITId b, EEOETIX, 77 U b OBt FE#EZ2 50 T,
W - AT HARAFEIE 229,866 N ATZ, 7203 Th, A > K37 Tk, & 130,736 A,
ITHARBZE 37,000 NEFRESN TS, LL, BEES ZOHEL2 RS &, ITHARHE
ETABTENINTEBY, HEORRIRENTWARY, ZOZEE, ITHRPEZED
ERERBMEN R THD Z L 2WiE-> TN D,

A< NIRRT [7a— "L RERE] IT8ELE, LrL, KEOBRKEIPERTH- =
e, TOWENEEEZBZELS T 7 U AHEEICE TRAT WD BEEIRILTZT T
A~ N THIEN (7 a— OLiE | 1[0 TR,

IO LTEERARWEELZLZL LR, 2NE T ZARRWVIEEDRETENA
FUT HF LD ETHHEMIR T DT, (7 EEFESREORLERN 9 £F 7,700 77 K
NDBERTEORDITH LT, IHEHIT 11 8 S raB i, SEBEUF. EREERE. NGO,
T LTREBEELBMLCo [EhEs] H5 0% TF 2 o] & ufFEh 5 mEICH
DIRWSZEMFUIR L] 7= (Bk 2007:8) . 2O X 5 R REOEENRE N L8 6
ZliE. INETORETIE R -T2 THD, ZOHETH, ZOKET [FTo—L
RRE Lilpolz, TIT, 17a— N RRECRoT] VWD T EIE, EAICKED
WENEEZBZMRPICRATTEVW) ZLICE EEHT, [REOBRATELCERAH
I BEMN, HEAELT BIEZToNT0oTn) EWH ZEEERL TV,

TOREN 70— pfE] Llot-Did, 8 SERMEMERNELS LTV,
AR S KREE L O DB O g 8 R R A2 BT Ko 72 2 (ki) &b, 2
AT AR T, ZADOT 7 "h&2FILDETDHY VYV — MCELS I3 —1 v RFEENS O
BICENSEHEL W THEICH- T2 BB D 7 a—rufk) &R, 4
BIOHEERWE S EL 7o — LR E] L TWoT-, ST, 29 L2 &AM
e ElE, ITFEOHE RO 7 v — IR LTV 5,

A< N THEEEREN [T a— LV RRE o7 Z itk REZEL 7 n—
SUE L, S 61T, ZOREFOIIRFE, IREFHITERRLbDIZE LT, <MD,
National Geographic fX ClX, E - U770 AN ENONTHEET-L ] L) 4
T, HEEN A~ B T HEEREBIZO SO TRV EEF L TWD—F, E s o ko
MR H-OHE SR TENON T WA Z LITEREMRE L TWD, Ly, g THE
BRI BARIEEN M E X I LT, RAFETH D] (YT /0T 2005:85)

WNoZTF el & LTI B O SEARRRIL, 51 213 2005 4 4 A DA UNOCHA
(FEE A GE R RERR I SR R) ~ OB T, S35 HIRICEL TWD, 4> Ry T ik
BRI, b O EHEKEE, SMVEOBERSCBIFERE., S 6101 v KRR TEAANS
DR/NMEXZ 72 NGO (b)) DN, SESERDH T, F2332=T 4 IZBWVWTEE
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Community’s Perception on Reconstruction Process in Aceh

Agussabti, and Irfan Zikri
Socio-Economic Department, Agricultural Faculty, and Tsunami Disaster and Mitigation Center,
Syiah Kuala University. Nanggroe Aceh Darussalam, Indonesia.

Abstract: The objective of the research was to assess the community’s perception and satisfaction on the
reconstruction process. The survey was conducted in five districts which cover 33 villages and consisted of three
villages in Banda Aceh, four villages in Aceh Besar, 8 eight villages in Aceh Jaya, two villages in Pidie and sixteen
villages in Bireun, with the total of respondent 14.5% of the total housing beneficiaries 5628 households. The result
of research indicated that the reconstruction process has been given positive effects on the community life. Generally,
the housing rehabilitation and reconstruction process were able to fulfil the standard of community basic necessities.
This is indicated from the houses and basic infrastructure facilities conditions which perceived to be better from the
previous conditions, and the improvement of the community livelihoods. The research recommendations are the
institutional aids (donors/NGOs) should prepare the appropriate exit strategy plan and build good coordination with
local government and other local institutions so that the economic development and infrastructure reconstruction
could be sustained in the future; for the future programs, the local government is necessary to concern on the main
issues, such as water and sanitation, sustainable economic development, and community access and control to basic
need infrastructure on health, education, and economic resources; and the government and NGOs should formulize a
better and adaptable coordination mechanism system among agencies for rehabilitation and reconstruction process
post-tsunami in Aceh.

Keyword: community perception, reconstruction

Background

In response to the 2004 tsunami and earthquake, the Indonesian and German Governments entered
into a bi-lateral agreement. Both parties have agreed to undertake the ‘Rehabilitation and
Reconstruction of Housing and Settlements’ (RRHS) Programme in Aceh Province under the
umbrella of Rehabilitation and Reconstruction Board —Badan Rehabilitasi dan Rekonstruksi (BRR).
The Programme is executed by BRR on behalf of the Indonesian Government, financed by KfW on
behalf of the German Government and implemented by GITEC Consult GmbH.

The implementing program collaborating with the Socio-Economic Department, Agricultural
Faculty, Syiah Kuala University agreed to conducting a survey to assess the post construction
process. Overall, the objectives of the survey were to assess the beneficiaries’ household conditions
which cover the housing, infrastructure and economic condition comparing the present with the
situation before tsunami. Nevertheless, this paper only discusses the community’s perception on
reconstruction process.

The household survey was conducted to five targeted areas, namely Banda Aceh, Aceh Besar,
Aceh Jaya, Pidie and Bireun. The survey was carried out in 33 villages consisted of three villages in
Banda Aceh, four villages in Aceh Besar, 8 eight villages in Aceh Jaya, two villages in Pidie and
sixteen villages in Bireun. The simple random sampling method was employed in determining the
respondents. Data gathering was collected by using structurized questionnaire as an assessment tool,
un-structurized interview with community leader, and observation. The survey has gathered as many
as 819 households or approximately 14.5% of the total 5628 RRHS housing beneficiaries.

Community’s Perception on Reconstruction Process

Conseptually, individual’s perception is affected by personal cognitive and experiences to the
something matter. The accuracy of perception is affectted by four main factors, namely; (1) the
nature of the phenomena being perceived, (2) the ability to perceive, (3) the number of information
had by the perceiver, and (4) the characteristic of the attribute being perceived (Krech, Richard, and
Egerton, 1962). This means, those factors are interacting which in the end would determine personal
perception to the object.
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1. Reconstruction and Problems

Perception on Economic Condition

After the tsunami, all of the people economic potentials are destroyed, that the people economic
wheel stopped at that time. Yet, with the numerous helps which had come from various parties,
either from foreign countries or domestic, gradually the people economic condition started to rotate
again. Most of the economic initiators came from the government spending for the rehabilitation and
reconstruction, not came from real sectors. This condition draws concerns from many parties on the
continuity of the people economic condition after BRR and NGOs are out from Aceh. This is caused
by the foundation of people economic is not yet strongly constructed to continue the development
processes which have been done for more than 4 years after the tsunami. The respondents’
perception on their economic conditions at the present time can be seen on Table 1.

Tabel 1. Perception to personal economic condition at the present time

Perception to personal economic condition (%)
No. District i i
wome | werse | Tresme | S0 | et
1. | Aceh Besar (N=147) 2.0 259 40.8 29.9 1.4
2. | Aceh jaya (N=155) 2.6 329 432 21.3 0.0
3. | Bireun (N=339) 3.5 23.0 43.1 28.0 2.4
4. | Banda Aceh (N=68) 5.9 25.0 44.1 23.5 1.5
5. | Pidie (N=110) 7.3 30.0 50.0 10.0 2.7

Table 1 shows that approximately 69% respondents have good perception on their personal
present economic conditions. It shows that the Acehnesse economic conditions 4 years after the
tsunami has started to re-improved. At the first period after the tsunami, the economic conditions are
mostly destroyed, especially in affected areas. Since the various aids and economic empowerments
implemented by many agencies, many people were able to rebuild their livelihood to the normal
condition comparing before tsunami. However, approximately 31% respondents perceive their
personal economic conditions are worse. Those people are generally very poor people before the
tsunami and they do not have enough capabilities to access the various economic aids after the
tsunami.

Related to the perception to community economi condition at the present, mostly respondents
82% have good perception on community economic condition at the present (Table 2). The
availabity and improvement of economics infrastructure after tsunami are influence to the
community economic activity. Many people said they can continue and improve their livelihood
activities supported by availabitity of housing, economic and social infrastructures; and economic
empowerment by many donor/NGOs supported by government such as income generating activity,
capacity building through rehabilitation and reconstruction process.

Table 2. Perception to community economic condition at the present

Perception to community economic condition (%)
No District i i
wome | wore | Thesume | SEEY | eter
1. | Aceh Besar (N=147) 1.4 15.0 422 40.8 0.7
2. | Aceh jaya (N=155) 1.3 21.3 43.2 342 0.0
3. | Bireun (N=339) 0.6 12.7 55.5 30.7 0.6
4. | Banda Aceh (N=68) 1.5 5.9 44.1 45.6 29
5. | Pidie (N=110) 4.5 26.4 56.4 10.0 2.7

Meanwhile, 18% the respondents who perceive worse perception on community economic
contion at the present said the economic inequality in ther rehabilitation and reconstruction process.
According to them, there are many economic inequalities in the community as the effect of
empowerment which are considered as not representing the interests of poor people so it often
provokes social jealousy. However, they are still grateful for the aids which have been given by
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donor/NGOs to the Acehness people because they realize if no one agencies came and help them
after tsunami, they can not imagine that the community economic condition are much worse.

Several respondents gave testimonies related to social economi condition at the persent. Some
people in Pidie said, there is no significant changing on economic condition comparing with after
tsunami. They said in Acehness: “rumoh memang ka get-get jino, tapi kamo keureuja payah that jino,
nyo tamita keureuja beu tajak u gampong gob peu tamita teupat keureuja bangunan atau pi na
nyang jak u laot atau peu-peu yang mudah” (our houses are good now, but we have no job and
difficult to find a job now, to look for job we have to go to other villages, and we have no choice, the
jobs availabitity are such as a labor for construction work or other unskilled labor). However, they
admitted that they condition was the same comparing before tsunami. Hence, it is no significant
changing on their economic condition.

The other people in Lamdurian, Aceh Jaya stated: “nyo kamoe ban pinah u relokasi, keuno
ekonomi pi payah, lampoh golom na. Ma pajan na tanyo ban di relokasi keuno. Nyo keuh baroe
keuneuk mulai” (we just moved to relocation, economically it is hard, we have no farmland. We just
considered starting our livelihood now). However, they motivate theirselve and believe they can
continue their live. They do not want to neglect their hope and endorsement by many agencies
through rehabilitation and reconstruction process. Thus, this condition made most people have good
perception on community economic condition in the future.

Tabel 3. Perception to community economic condition in the future

Perception to community economic condition (%)
No. Wilayah i i
' wome | weme | Thesame | S0V | beter
1. | Aceh Besar (N=147) 5.4 21.1 52.4 20.4 0.7
2. | Aceh jaya (N=155) 39 252 61.3 9.7 0.0
3. | Bireun (N=339) 3.8 16.8 57.8 20.4 1.2
4. | Banda Aceh (N=68) 14.7 13.2 50.0 22.1 0.0
5. | Pidie (N=110) 7.3 22.7 59.1 9.1 1.8

Table 3 shows that most of people -73%- have good perception on economic condition in the
future. However, some of them stated helpless with current and the future economic condition, and
they do not have good planning yet. They stated: “meunyo ata u keu nyang hana tatu’oh lom, seubab
nyan urusan Tuhan. Tanyo ta peugah peu mantong jeut, tapi kon hana teunte, jadi bek tacok but
Tuhan” (we can not see the future, because that is God’s will. We can say anything, but that is
uncertain, so do not take what become God’s prerogative). Generally ther are temporary and
unskilled labor. They do not have a permanet job. Some respondents who are optimistic to the
future economic condition stated: “bak ta eu kondisi, meunyo aman aju Aceh, sang na kemudahan
aju, hai lage kamoe awai meu sapeu tan na, tapi jino, rumoh kana meuh pi ka tablo” (according to
condusive situation is Aceh, and Aceh could continuously safe, I think the economic conditions
would be easier, like us before, we did not have anything, but now we have a house and we can also
afford to buy gold).

Generally, the community’s perception on economic condition is good. Since the rehabilitation
and reconstruction, the economic condition is slightly improved. It is difficult to assess the
community economic condition in the short time and partially, while the rehabilitation and
reconstruction process is still going. In addition, the peace and safety issues seem to become the
indicator which affects the predictions on economic conditions in the future. Therefore, peace in
Aceh and community economic empowerment, are like “chicken and egg”, interconnected to be
capable in developing the future people economic independently and continuously.

Perception on Government Suports in Reconstruction Process

The government’s role in supporting the reconstruction processes is very important, especially
for developing area. The tsunami has drawn attentions from many parties, national and international
agencies. Meanwhile, the local government could not function well at the first periode after tsunami,
because many of the civil servants became the victims and the government infrastructure conditions
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were damaged. As the effect, the local government showed less participation in the process of
rehabilitation and reconstruction at the first period after the tsunami. In addition, the situation
weakens the coordination among the donors/NGOs and the local government. This condition
influenced the respondents’ perceptions of local government supports in the reconstruction process
after the tsunami (Figure 1).

Community perception on government support in
recontruction process
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Figure 1. Community perception of government support in the reconstruction process

Figure 1 shows that most respondents -approximately 52%- do not know the government
support in the reconstruction process, especially in the areas which severely affected by tsunami
seriously, such as Aceh Besar, Aceh Jaya and Banda Aceh. In these areas, most of local government
offices were destroyed, and most of the staffs also became the tsunami victims. Therefore, in the
beginning of reconstruction process, donors/NGOs which helped the victims were difficult to
coordinate with the local government so that to speed up the reconstruction process they could only
coordinated with BRR. In aadition, the direct responses and supports for the victims were mostly
come from donors/NGOs directly at the first periode made the local government supports were not
really obvious.

At the same time, the areas which were not severely affected by the tsunami seriously, such as
Bireun and Pidie, in the first period after the tsunami the local government staffs actively
participated in coordination meetings to administer the various aids, therefore some of the people
perceive the existence of local government supports. Nevertheless, they also said that the local
government supports on the reconstruction process are less than the NGOs/donors.

More than 40% of respondents stated that the local government supports are surely exist, such
as supervision and coordination. They stated: “pakiban mantong dukungan pemerintah teutap na,
hai awak NGO di tamong kon meulapor bak pemerintah cit, menyo hana geu dukung pane geubi
tamong” (the government supports are surely exist, at least when the donors/NGOs came into a
village surely it is reported, if the government did not give any support the NGO was not allowed to
enter). The others said: “Pemerintah na cit dukungan, data-data kon bak pemerintah dicok” (There
were supports from local government; the data were surely taken from the government, weren’t
they?). It means, the local government surely exist in the reconstruction process. Moreover, the
people hope the local government should more concern to support community needs. Tabel 4 shows
the three most important things that must be supported by local government according to community
needed.

Table 4 shows that most of people said that the main point which has to be supported by local
government in the reconstruction process is water and sanitation or availability of clean water.
Currently, the water supply is still main issues for many households. The people feel that the clean
water is not adequately available, even in Banda Aceh as the capital city of the province, the water
supply from PDAM (water supply agency) so far frequently not running well. Therefore, many
household then buy drinking water. Meanwhile, the shallow well in their house can not used
anymore especially for drinking because of tsunami. Some people stated: “sigohlom tsunami,
seumeurah ie mon, ta jep nyan cit, tapi na cit gampong yang ka di pasang ie lage PDAM, tapi lhueh
tsunami hanjeut ta pakek lee” (before tsunami, we use the water from shallow well for drinking and
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washing, several villages also connected by PDAM pipe, however, after tsunami it can not used
anymore).

Tabel 4 . Community perception of the priority of local government support
according to the priority community needs

The priority of local governemnt support according to priority needs (%)
Priority needs Aceh Besar Aceh Jaya Bireun Banda Aceh Pidie
N=147 N=155 N=339 N=68 N=110
IF ] 2% | 3% | 1% | 2% | 3% | 1% | 2% | 3% | k| 2% | 3k | [* | 2% | 3%

1 |Tidak tahu 23.1| 23.1] 27.9] 0.6/ 0.6/ 1.9 3.8 5.0 11.2] 1.5 1.5 1.5 0.0 0.0 0.0
2 [Housing 07| 3.4/ 14 26 0.6 0.0 56/ 1.5 2.1 1.5 44/ 0.0 9.1 4.5 45
3 |Road access 17.0 12.2| 4.1 12.3] 15.5| 4.5 26.0 9.4 5.0| 11.8] 16.2| 59| 73| 4.5 8.2
4 |Watsan 25.2] 12.9] 6.1] 31.0{ 14.2| 11.6] 12.7| 11.8] 8.0| 41.2| 11.8] 7.4] 21.8| 12.7| 6.4
5Job opportunity | 15.6] 10.9] 10.2| 8.4| 13.5] 19.4] 8.0 8.6 4.4| 10.3] 22.1] 14.7] 3.6/ 0.0 64
6 |Education 2.7 48] 6.1] 39 9.7 10.3] 11.8] 24.2| 8.0] 10.3] 7.4] 10.3| 16.4] 20.0] 12.7
7 |Power 1.4/ 0.7] 2.0[ 20.0, 4.5 0.0 1.2| 1.8 3.5 0.0 44| 29| 27| 4.5 3.6
8 [Health 4.1] 10.9] 12.2] 6.5| 17.4] 25.8] 6.5 10.9] 13.9] 7.4| 17.6] 17.6] 7.3] 14.5] 19.1
9 |Security 000 0.7 0.7] 0.0, 0.6 0.00 0.3 09 2.7 0.0 0.0 4.4/ 0.0 0.0 1.8
10 |Livelihood 4.8/ 88 82 39 103 7.7 1.8 2.1 4.1 29 59 29 09 45 09
11 |[Religious progr. 0.7 2.0/ 4.1 13 2.6 0.00 56/ 500 74/ 00 1.5 44/ 0.0/ 09 3.6
12 [Transportation 0.7) 1.4 54 52| 32| 9.00 29| 27| 44| 59 29 59 9.1 14.5 145
13 |Other 4.1 82] 11.6] 45 7.1 9.7 139 16.2| 254 74| 4.4 22.1] 21.8] 19.1] 18.2

Note*: 1. First priority 2. Second priority 3. Third priority

The second priority which is considered important to be supported by the local government is
road access. This is because in many locations where the housing reconstruction has finished, yet
less supported by the infrastructures availability or the roads construction have not yet finished.
Therefore, the people are hoping that the local government would like to support the construction or
to continue finishing the road infrastructure. In addition, there’s hope from some respondents that the
government would like to build new roads to production centre so that the people mobility could be
higher and easier in accessing their economic sources.

The third priority which is important for the local government to support is the creation of job
opportunities. This condition indicates that the economic foundation which was built by BRR and
donors/NGOs after the tsunami are perceived as not strong enough in creating job opportunities and
supporting the people economic continuously. Therefore, there are concerns regarding the
uncontinuity of the economic development after BRR and NGOs are out from Aceh after year 2009.
Related to that, the people are expecting support of further economic empowerment program from
the local government. Other needs which are considered important to be supported by the local
government based on people perceptions are the quality improvement of health and education. This
is related to the poor quality services for health and education, even though the respondents admitted
that the heath and education equipments and infrastructures are better than before.

Perception on reconstruction process

Conceptually, a response will occur because there is a stimulus, either physical, socio-cultural
or environment. Related to that, the reconstruction process is a stimulus which wills result responses,
either in form of perception or behaviour. In this survey, the responses meant are people perception
on the reconstruction process. The perceptions are usually very depended on their knowledge and
experiences related with the reconstruction process itself. The people perception on the
reconstruction process can be seen on Figure 2.

Figure 2 shows that people perception on the reconstruction process are classified as good.
Approximately 90% of respondent gave positive judgements on the reconstruction process. It is
indicated by the punctuality of the finishing of many houses, either rehabilitation or reconstruction.
In addition, the qualities of the houses built are good enough and infrastructures are considered
better than before the tsunami. Besides, the good perceptions are influenced by the involvement of
the community in the reconstruction process through community based program. Thereby, several
people received additional income through housing reconstruction, and others also can build their
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own houses by theirselves or directly supervise the housing reconstruction so the houses qualities
built are better (Figure 3).

However, there were a few people who have bad perception of the reconstruction process
because it had not run well. According to them, there were many issues of injustice, corruption,
colusion and nepotism, and the lack of transprancy in the reconstruction by some executors or
certain individuals. In addition, people dependability on aids from other parties due to the
reconstruction process is now considered increasing, while people awareness on caring, maintaining
and using the aids, tools and buildings which have been given by the donor/NGOs are still low. This
indicates that the unsatisfaction from a few people is more due to the mechanism and aids
distribution system which considered not adequate, and not come from the result of the
reconstruction.

Community perception on reconsiruction process
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Figure 3. The community participation in housing reconstruction process

Conclusions

Generally, community perception of the reconstruction process is good, especially perception to
economic condition and overall reconstruction process. Comparing with the condition before
tsunami, the availability and condition of social and economic inftrastructures are better now. The
people who have bad perception are mostly influenced by bad personal experiences on
reconstruction process, including lack of access to social and economic resources. However, some
people who satisfied with the reconstruction process and have good perception stated that there some
infrastructures are still not available or not running well now and urgently needed such as water
supply, roads, health and education, including job opportunities. The local governemnet supporting
is urgently needed now to provide community needs.
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The reconstruction process is generally considered to run well. Nevertheless, it can not be
denied that there are still some weaknesses in the process, such as the weak coordination between
the local government with NGOs or among the NGOs themselves. This is indicated from the slow
and incomplete package of housing reconstruction as the effect of lack of communication and
coordination among each side involved. Sometime the housing has been built, but it has not
supported by other adequate basic infrastructure facilities such as the availability of power, water
supply, road, and basic health and education facilities. Therefore, the recommendation for the future
to solve these problems could be a lesson learned for the local government and NGOs to formulize a
better and adaptable coordination mechanism system including preparing, organizing, executing and
controlling of rehabilitation and reconstruction process in disaster affected areas.
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Changing Problems in the Post-tsunami Reconstruction
Process at Banda Aceh: Victims’ Perspectives

Takahashi Makoto, and Tanaka Shigeyoshi
Graduate School of Environmental Studies, Nagoya University, Japan

1. Introduction

This paper is about changing problems in the reconstruction process from the 2004 Indian Ocean
Tsunami, paying special attention to the victims’ perspectives, and to the time-space differentiation
in damage and recovery, with a focus being placed on Banda Aceh, Nangroe Aceh Darussalam,
Indonesia. First is a description about what problems the inhabitants in the areas of different
damages have thought of as serious at different times. Indeed, based on classification of the tsunami
damage into the four areas, for example housing reconstruction process can be viewed as shown in
Figure 1 (Takahashi, et al. 2007). We pointed out that as time passes the disaster areas represented in
Districts I, 11, and III reflect large differences in the reconstruction processes. We argue that some
problems are solved as time passes while others remain unsolved even three years after the tsunami
even in the lightly damaged area. Second is a description about whose support the inhabitants have
evaluated as helpful for their livelihood recovery. Tsunami-affected areas generally suffer from lack
of resources for the recovery, and therefore need various supports from outside not only in the phase
of emergency response but also in the intermediate and longer-term reconstruction. We stress that the
non-governmental sectors play increasingly important roles in addition to the private, while the
governmental sectors have disappointed victims’ expectations except for overseas governmental
institutions. Last is consideration about the societal factors behind these gaps between needs and aids,
making reference to the vulnerability/resilience of the pre-/post-tsunami Acehnese society.

Area Typologies by Damages to Buildings
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Figure 1. Degree of damages and housing reconstruction process
Source: Takahashi et al. 2007: 59

The information was mainly obtained from the questionnaire survey that we conducted in
December 2007 in collaboration with the Tsunami and Disaster Mitigation Research Center, Syiah
Kuala University (for details, see Takahashi, et al. 2008). The sampling of respondents was basically
in the quota-sampling method, in part using the snowball-sampling method together, with one
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individual per household being sampled, followed by an interview visit. Thirteen target villages
(desa/kelurahan, or gampong in the Acehnese context) were intentionally picked up (Figure 2),
based on the preliminary survey about the geographical differentiation in the human and material
damages (Umitsu and Takahashi, 2007), including both severely and slightly damaged areas located
in the coastal area, the rural-urban fringe, and the downtown of Banda Aceh. Eventually, we could
successfully obtain the valuable information about damage, recovery, support, livelihood and so on
from 693 respondents in total, eventually counting out three under 15 years olds (Table 1).

Figure 2. Location of target villages
Al: Ulee Lheue, A2: Gampong Pie, A3: Gampong Blang, A4 Lampaseh Kota, A5:
Alue Naga, B1: Lam Lumpu, B2: Punge Blan Cut, B3: Lampulo, B4: Lambaro Skep,
C1: Laksana, C2: Keuramat, C3: Bandar Baru, C4: Rukoh, Star:Grand Mosque

Table 1. Target villages and the attribute of respondents

Damage Village | Average death Attribute of respondents
degree | numbers rate (%) Total* % Male |Average age| % Locals**
Huge 5 82.3 234 58.1 353 91.9
Half 4 52.4 269 47.2 39.2 90.2
Light 4 4.9 187 41.7 40.8 87.8
Total 13 33.2 690 49.4 38.3 90.1

* Excluding 3 respondents under 15 years olds from the samples.
** Person who or whose family had lived in the same village before the tsunami.
Source: Statistics of the city of Banda Aceh, and the authors’ questionnaire survey.

The target villages are classified into three types in terms of the degree of human damages
based on death rate: the first type, namely a village of huge damage, clearly corresponds to the
District I mentioned above, with the death rate being 70 and more percent. The second type with 15
— 70 percent of death rate contains both severely and slightly damaged sub-areas within its spatial
territory, located in the District I or the boundary of the Districts I and II, and consequently it can be
named a village of half damage. The last type of relatively light damage is in the District III of our
typology, with less human loss under 15 percent of death rate. These three types of villages are
characterized also by their distinct locations: the villages of huge damage mainly on the coast and
tidal flats, those of half damage within the rural-urban fringe, and those of light damage in the
vicinity of the downtown of Banda Aceh.

2. Perceived Problems
What kinds of problem have the inhabitants thought of as serious in each phase of the reconstruction
process? How have these problems changed? First of all, generally, the questionnaire found out that

most kinds of problem have been resolved gradually or drastically as time passes except for
problems like social activities, education, land and success, which only a few respondents mention
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as being serious even immediately after the tsunami (Table 2). In particular, problems related to
mental and/or physical health, housing and other infrastructure, and economic livelihoods have been
important for the inhabitants themselves.

Table 2. Perceived problems in different phases of reconstruction and places of damage degree

Time-series Immediately after One year after Three years after
Degree of damage Huge | Half | Light | Huge | Half | Light | Huge | Half | Light
n. 231 268 187 229 254 172 206 219 132
Mentality 8.7 | 776 | 652 | 59.0 | 49.6 | 413 | 33.0 | 288 | 273
Housing 76.6 | 70.1 | 738 | 70.7 | 60.6 | 46.5 | 33.0 | 233 | 220
Food/water 714 | 720 | 658 | 424 | 29.1 | 273 | 22.8 | 233 | 159
é’g Income 632 | 556 | 47.6 | 58.1 | 441 | 32.0 | 413 | 292 | 250
2 % Job 541 | 392 | 337 | 450 | 303 | 209 | 272 | 19.6 | 13.6
é; Health 433 | 384 | 257 | 122 7.5 7.6 3.4 4.1 3.0
3 £ [Sanitation 36.8 | 39.6 | 38.0 | 328 | 327 | 320 | 252 | 31.1 | 379
Eé Electricity 346 | 41.0 | 40.1 | 323 | 248 | 163 | 102 4.1 7.6
= < [Social activities 12.6 3.7 | 102 83 2.4 1.2 24 1.8 3.0
A Education 10.8 86 | 134 52 55 7.6 34 4.1 6.1
Land 6.5 2.6 2.1 4.4 2.0 1.2 24 23 1.5
Succession 0.4 1.9 1.6 0.4 - - - 0.9 -
Other 0.9 0.7 1.6 - 2.0 7.6 53 6.8 6.8

Source: the authors’ questionnaire survey.
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Figure 3. Time-series changes of some perceived problems
Source: the authors’ questionnaire survey

In details, nevertheless, there are some differences between perceived problems in terms of
time-space variations. Looking at time-series changes of percentage of respondents giving each
problem as serious, for example, we can identify several types (Figure 3): the first is typically seen
in such a problem as education related to social/community activities, which was not serious for
most if not all inhabitants even immediately after the tsunami, continuing less serious for three years.
The second is such a kind of problem as food/water and physical health that was serious for many
respondents immediately after the tsunami and drastically improved for the first year of
rehabilitation. The third type includes problems of mental health, housing and income, which were
more serious after the tsunami, being solved gradually as time passes; however these are still serious
for many inhabitants even three years after the tsunami. The fourth is typically seen in a problem of
sanitation that was not perceived as serious by so many inhabitants at first, but which has hardly
decreased percentage of respondents for three years, showing that this has yet been unsolved, rather
being worsen.

Looking at spatial variation makes these tendencies clearer (Figure 4). Above all, a few
respondents have thought of the first type of problem, for example education, as serious on every
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place of different degrees of damage, and in every phase of reconstruction processes after the
tsunami. Small spatial difference that was seen in the physical health problem just after the tsunami
has gradually been lessened. There was little spatial difference in the percentage of respondents, who
have perceived a problem of sanitation as serious, both immediately and one year after the tsunami,
though as three years passed it is mentioned as serious by more respondents in the less damaged area.
As for other problems like mental health, housing, food/water and income, widen gap in percentage
of respondents giving these problems can be seen rather in the first phase of the reconstruction,
gradually being declined for the following two years. However, especially for housing and income,
even after three years, there is rather some difference between areas of different damage degrees,
reflecting spatially uneven reconstruction processes.
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Figure 4. Spatial variations of perceived problems
Source: the authors’ questionnaire survey

In sum, there are some problems that has been solved drastically for the first one year, as
exemplified by problems of food/water and physical health, almost evenly for all the inhabitants’
perception regardless of their living areas’ damages, in addition to some problems like education and
succession that has been of less importance from the tsunami onward. Many problems, especially
related to mental health, housing and income, have been solved gradually as time passes, however,
though there are not a few inhabitants who think of such problems as continuing serious especially in
the area of huge damage. A variety of information including interviews found out that for example in
the severely damaged villages people even now suffer from the symptoms of PTSD, which reminds
them of the terrible experience and sometimes keep them awake, implying how deep the problem is
being related to the mental, the cultural and the social. Lastly, it is interesting to note that many
inhabitants even in the areas not only of huge but also light damages think of a problem of sanitation
as serious even after three years, implying that the sanitary conditions might be not improved or
relatively worsen. According to some interviews with the locals, they felt that there more recently
have been problems in poor drainage systems causing frequent infections. We later return to the
social backgrounds of these problems after discussing whose supports the inhabitants have
recognized as helpful for their livelihood recovery.

3. Helpful Supports for Inhabitants

A tsunami by its nature usually not only devastates buildings and human lives but also deprives
affected areas of their potential resources for recovery. In this sense, the affected people generally
suffer from the double deprivation. It is important, therefore, for them to obtain suitable aids on the
suitable occasions between the emergency response and the following reconstruction from without
the affected areas. Indeed, Banda Aceh had fortunately been able to have quite a lot of aid supply at
least from a quantitative point of view. For four years from the tsunami onward, a total of over 500
millions US dollars had been disbursed for the rehabilitation and reconstruction projects, over 80
percent of which are contributed by international/domestic NGOs, overseas governments, and
international organization including the United Nations, and which concentrate on the first year after
the tsunami (Figure 5). One issue is whether these aids are really of help for example for the
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livelihood recovery from the victims’ perspectives.

A brief analysis of the questionnaire data indicates that for the inhabitants’ recognition, the most
helpful support for their livelihood recovery derives from their own families and/or private relations
both for the first one year and for three years after the tsunami regardless of damage degrees (Figure
6). Focusing on the first year following the tsunami, in particular in the area of huge damage,
nevertheless, it is important to note that the human losses might cause shrinking private relationships
decreasing the potentials as mentioned above. Instead, NGOs especially from overseas countries
seemed to play key roles. Foreign governments and the UN organizations are clearly undervalued
from the respondents’ perspectives. In reality, such organizations enter the fields often in
collaboration with local NGOs, or sometimes under the umbrella of multi-institution frameworks.
We think that it is really difficult for ordinary people to distinguish between governmental and
non-governmental organizations particularly from overseas countries.
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Local government
GOI/BRR

Local community
UNO/Foreign gov.
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Figure 5. Disbursed contributions from outside organizations
Source: BRR-RAN Database.
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Figure 6. Inhabitants’ recognition of helpful supports for their livelihood recovery
Source: the authors’ questionnaire survey.
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Rather, it is matter why only a few respondents regarded the roles of domestic governmental
organizations at the local and national levels as helpful. This is partly related to the lack of function
of the local governments just after the tsunami, as mentioned before (Takahashi, et al. 2007). Indeed,
for longer terms of the several years, they have gradually reestablished their function. More recently,
most if not all the overseas aid organizations including NGOs, playing outstandingly in the first
phase of reconstruction, have already withdrawn from Banda Aceh, or are just before withdrawal.
The local governments including the province, which is scheduled to take over the BRR (Badan
Rehabilitasi dan Rekonstruksi) completely disengaging from Aceh in April 2009, increasingly take
on importance. We argue that at lease at the moment of three years after the tsunami only a few
inhabitants recognize the roles of local and/or national governments as helpful at the same level as
NGOs, regardless of growing numbers of respondents that valuate their roles especially in the area of
light damage.

Lastly, it is worthy to note why very few respondents mention the roles of community
organizations including the village and the mosque as helpful for their livelihood recovery. In reality,
according to our field surveys, such a local community organization has not played substantial roles
in the reconstruction at least in the economic terms. This is because the community was itself
devastated physically and socially by the tsunami as well as being financially fragile by its nature.
We should pay special attention to its roles for the reconstruction especially as a coordinating
planner between the victims and the aid organizations (Takahashi, et al. 2007), and also discuss their
limits as stressed later.

4. Social Background of Problems

The post-tsunami rehabilitation/reconstruction has seemingly made great progress for several years
in Banda Aceh at least in the physical terms. We would discuss why some problems like housing,
income and sanitation are hard to move toward resolution, in spite of much supporting effort of
outside organizations, in particular NGOs. We mention three points here: firstly, we argue that the
progress of housing reconstruction cannot necessarily lead to returning of refugees to their home
villages, and therefore, to the community reconstruction. According to the BRR-RAN Database, for
example, in Banda Aceh newly building of approximately 15,000 houses was targeted until October
2008, approximately 80 percent of which had already been progressed, while in the whole of Aceh
Province the progressed numbers of housing construction reached 140,000 units in March 2009,
which exceed approximately 120,000 estimated to be of necessity at first. Indeed, in the area of huge
damage mainly located on the coast, most if not all villages have already completed reconstructing
almost all houses that were needed for the local people to resettle (Figure 7).

18 Dec 2006

Newly built houses

M In progress

M Not in progress

[ Area without target

Figure 7. Housing reconstruction in Banda Aceh
Source: BRR-RAN Database.

However, a brief field observation soon finds that many of such villages are full of empty. In
December 2007, for example, Gampong Blang had already completed 210 houses, approximately
150 of which had not yet been occupied, while in Deyah Raya the percentage of housing occupation
was only 4 percent of newly built houses that had been provided by one nation-wide conglomerate
(Figure 8). More recently, in particular at accessible villages to the city of Banda Aceh, these houses
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are increasingly let to not local but new-coming families.

What do make the locals hesitate to return their original villages? One reason is related to
defective houses, which arise from shoddy construction, low performance of workers,
un-conscientious works, inadequate and unfair contracts, and so on. Occupiers for/by themselves
should make up for lack of kitchen, toilet, and even entrance (Figure 8). What is worse is that
housing reconstruction especially in the coastal villages often lacked rebuilding of such
infrastructure as water supply, sewerage, and electricity. More seriously, another is that built houses
were frequently planned to accommodate exclusively landowners and/or their successors, not those
who wished really to return home. These reasons are probably related to the asymmetric power
relationship between the outside aid organizations and the village authority, which played a role in
making a community reconstruction plan, but which in reality lacked financial resource, expertise
and negotiating ability.

Figure 8. Landscape of empty houses (left/mid), and a defective house (right)

Table 3. Changing average income before and after the tsunami

Damage Monthly income (1,000 Rp.) Jobless rate after
Degree Pre-tsunami Immediately after | Three years after the tsunami
Ave. STD Avg. STD Avg. STD (%)
Huge 1,362 1,635 967 661 1,283 | 3,501 72.3
Half 1,399 1,534 1,351 1,418 1,488 1,481 60.1
Light 1,356 1,404 1,554 | 2,025 1,391 870 41.2
Total 1,375 1,536 1,276 1,444 1,388 2,343 59.1

Source: the authors’ questionnaire survey.

The second point to be mentioned is, partly related to the first, a problem concerning so-called
economic empowerment. Over the half of respondents had experiences joblessness for three years
since the tsunami, more seriously with being over 70 percent in the area of huge damage (Table 3),
while for some periods following the tsunami, the local market had certainly seen a kind of
economic boom, which is called “disaster capitalism” in the local context of Aceh, because of great
demand for daily necessities of local people and new-coming outsiders, and for durable goods and
building materials. Indeed, based on our observations, there was evidence that many families set out
small businesses and industries including small-shop/warung keeping, home industries of food and
groceries, taxi/becak service, construction and so on, sometimes through getting micro-finance
services and job training programs provided by the aid organizations. These probably increased the
average income especially in the area of light damage immediately after the tsunami. Meanwhile in
the area of huge damage, the decline in average income after the tsunami has not yet been recovered
even after three years passed, and rather, the standard deviation dramatically increases, implying
widening of the income gap (Table 3).

Under the situation of shrinking local consumer-products market, it is increasingly a big issue
for intermediate and longer term, how to construct/reconstruct economic base in the real sense that
has so far concentrated on the primary industries. Our interviews found that many if not most of
former farmers and fishermen had engaged in temporary jobs in housing/road construction, service
industries and other informal sectors. Even now four years after the tsunami, for example, here and
there in the area of huge damage see abandoned cultivated lands and aquaculture ponds. More
recently, not a few communities have just begun collective action to repair such damaged lands. We
should continue observing these matters from a longer-term perspective, as well as the production
base concerning the utilization of natural resources in Aceh Province at the macro-economic level.
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Lastly, we would briefly touch on a problem of the living infrastructure including roads, water
supply and drainage, which is for us also related partly to the first point mentioned above, and
closely to the inhabitants’ feelings of unimproved sanitation. According to the BRR-RAN Database,
for example, until the end of 2008, the construction or rehabilitation of approximately 66.8
kilometers of drains have been completed or progressed, with areas covered by the flood control or
coastal protection being over 20 square-kilometers, though the number of houses supplied with
sewage was approximately 1,500 units in total, only 10 or so percent of newly built houses in the
same period. Based on our interviews with some local staffs of the city government within the
downtown of less damage, seemingly excellent main drainage canals and pipes had been provided in
collaboration with overseas aid organizations including JICA (Japan International Cooperation
Agency), while these had never been used without any connections to local drainage ditches and
therefore to each house, more recently seeing frequent small-scale floods.

The situation is more serious in the coastal area of huge damage, which have lacked even water
supply, not to mention drainage. Gampong Blang mentioned above, for example, has already
arranged an intra-village network of water pipes, however without any connection to the trunk water
pipe provided by the city government. One reason is that there has been no management mechanism
for the collective consumption at the governmental/administrative level. It has still been unclear who
and by what means to be responsible for reconstructing and/or managing such living infrastructure
within the local community. Another is related to social changes within the local community in the
post-tsunami period. Many inhabitants point to declining community voluntary activities, called
gotong royong in the Indonesian context, which had substantially taken on the management of living
amenities. For this, we can imagine some possible factors, one of which is related closely to
changing ways of thinking about voluntary works affected probably by the pay-for-work-style
mobilization that overseas NGOs often conducted in the emergency rehabilitation scheme in Aceh.
Thus, we can argue that the post-tsunami reconstruction process is given to proliferating luxury built
environments in the sense that it is difficult for local people to handle for themselves.
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Figure 9. Interrelationships between concerned actors
Source: Tanaka, 2007: 238.

In sum, we point out a background commonly seen in these three points, that is malfunction of
the local governments and their relationships conceptualized as the upper triangle in Figure 9 that
shows interrelationships between the key actors engaged in the post-tsunami recovery. As already
mentioned above, the local governments, and that of national level to same degree did/could not
function well in particular for coordinating between actors from across the globe, not to mention for
taking the initiative. Each aid organization has tended to contact victims through the local
community or sometimes directly, which is to say the channels constituting the lower triangle,
leading to the lack of comprehensive reconstruction scheme, the excessive expectation to the local
community, and the discrepancy between top-down and bottom-up initiatives.

5. Conclusions
These brief and broad descriptions about the inhabitants’ perspectives of changing problems and

helpful supports can be conceptualized as progressive interrelationship of the local societal
vulnerability and resilience, shown in Figure 10. Above all, the catastrophic disaster was brought

55



1. Reconstruction and Problems

about by the fact that one of the largest-scale hazards ever experienced occurred in the densely
inhabited and socially vulnerable region. In the affected areas of Aceh, which lost most if not all
potentials for the recovery, great resilience was provided by the mass influx aids, which the local
people have never experienced, especially of the non-governmental sectors from without Aceh. For
the inhabitants themselves, such NGO-driven supports could ad hoc solve some kinds of problem
that are easily understandable about what to be needed, while revealing their inability or difficulty to
address other kinds of problem constituting something like chronic disease. A societal factor behind
this is related closely to the formation of the post-disaster governance (PDQ) that is responsible for
the locality-based comprehensive planning, redevelopment and coordination in the processes from
emergency response, rehabilitation to longer-term reconstruction. In Japan, for example, is usually
seen the government-initiated mechanism that the local government takes the initiative in not only
responding and recovering but also mitigating and preparing natural hazards, through networking the
governmental sectors at different levels from the national to the regional, the non-governmental
sectors, and even the private and the voluntary at the neighborhood community. It is clearly difficult
if not impossible to apply the Japan-type mechanism to the Third Worlds, which often have their
limits to the governmental functions. Therefore, it is urgent to establish an alternative, which might
probably be mapped out as an arena or platform of inter-organizational networking. Without it, the
society would be more vulnerable to the future disasters.

| SUPER-GIANT HAZARD| | MASS INFLUX OF AIDS | SUPPLY & DEMAND
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: Impassible/difficult to apply
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Figure 10. Progressive interrelationship of vulnerability and resilience
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Table 1: Mapping the legal problem in the peacebuilding process
Up to 1 year Up to 3 —4 years Up to 10 years —
Survival/emergency Reconstruction Development/sustainable
Short Term Mid Term Long Term
Local
National
International
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Table 2: Example — land law problem in peacebuilding program

Up to 1 year Up to 3 —4 years Up to 10 years —
Survival/emergency Reconstruction Development/sustainable
Short Term Mid Term Long Term

Community level land

Land inheritance and

Legal awareness of village

Local dispute resolution under the | gender discrimination in people on their right
absence of applicable law inheritance
Tentative allocation of land | Establishing functional Development of land
National for security, humanitarian, | land law system management mechanism
or survival purpose (registration etc.)
Negotiation with former International support for
International ruling states on asset and development of legal

liability

system
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Table 3: Example of path dependent character of law

Peace Agreement Base for future public law system | Governing principle (republic, federation etc.)
Representative system (quota for conflicting
parties)

Transitional Justice | Base for administration system Dismissal, appointment and vetting of judicial

and administration personnel

Base for private law system Resolution of land dispute, inheritance, truth
and reconciliation

Sustainable peace Rule of law Making legal system necessary for
governance.
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I1. Disaster Subculture and Preparedness
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Proposing the Community-based Tsunami Warning System
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Abstract: This paper, based on the lessons from Aceh and Japan, first points out the lack both of disaster subculture,
especially an earthquake-tsunami association, within the local knowledge, and of collectively responding mechanisms
of the local community as well as collapsed local governments, as critical problems that expanded human damages.
Then, the authors argue the significance of community-based disaster preparedness that is basically based on the
participatory or grassroots mechanism at the local level, and also which is expected to maintain mutually
complementary relations with nation-wide and/or international mitigation systems, here, introducing the local
initiatives for preparing tsunamis of Nishiki Town in central Japan, namely Nishiki Scheme. From the authors’
viewpoints, the community-based tsunami warning system should concretely be composed of three aspects: more
localized decision-making process, simple and low-cost evacuation places that are importantly appropriate to local
geo-environment, and disaster subculture, which is to say, reproducing, practicing and embodying the local
knowledge about natural environments including awareness of natural hazards and their concerned risks, focusing on
saving human lives themselves not buildings.

1. Introduction

Natural disaster is generally seen as catastrophic restructuring of interrelationships, which the
society has made with its physical environments for long time, and therefore should be analyzed
from the perspectives of the mixed factors of natural hazards and vulnerability. The vulnerability can
be approached from some different aspects including dangerous geographical locations, fragility of
built environments, and socio-cultural and political-economic conditions. From the perspectives of
social sciences, in this sense, it is necessary to investigate how the local society immediately
responds to the natural hazard, and further where the post-disaster society will go, especially being
grown/reduced vulnerability. These questions are closely related to how the local society can/should
prepare the future natural disaster.

In the morning of Sunday, 26 December 2004, the super-giant earthquake and tsunami off the
Sumatra Island caused severe damages across many countries on the Indian Ocean, killing over 250
thousands people, in particular, Banda Aceh and Nanggroe Aceh Darussalam, Indonesia, with
approximately 165 thousand victims. This event is obviously one of the largest-scale earthquakes in
the world history, estimated as Mw 9.1-9.3, and in fact caused the most serious human damage at
least since the twentieth century. Despite many scientists’ efforts, no one knows exactly whether
such a magnitude natural hazard will occur tomorrow, or 1,000 years later. It is a big problem how to
prepare such an infrequent natural hazard, which brings about enormous damages once it occurs.

In this paper, based on the findings from our three-year field researches in/around Banda Aceh,
we first point to a critical problem that expanded the human damages in the 2004 tsunami disaster,
and which is related to the lack of a disaster subculture in the pre-tsunami Acehnese society. Then,
we propose an alternative disaster preparedness mechanism focussing rather on the locality, through
introducing the experiences in a small town in Japan, Nishiki, not depending on the over-modernized
disaster prevention systems. As a concluding remark, we argue that the first priority in post-tsunami
Aceh to reduce the social vulnerability should focus on a kind of grassroots approach rather than
being dependent on the top-down.

2. Findings from Aceh
Why such magnitude human damages were brought about in Aceh? Basically an answer is related to

the size of the tsunami itself, and to the affected region’s dangerous location. According to Umitsu et
al. (2007), several times of high wave broke over the very low and flat coastal plain, which has been
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developed as low-rise housing areas with few mangroves and embankments for barriers against
waves, and flowed into the city of Banda Aceh almost without being decayed. There are no official
disaster prevention countermeasures partly because of the breakdown of the local governments. In
addition, the countries across the Indian Ocean including Indonesia lacked the early warning system
(EWS), and even if it had already been completed, there were few evacuation places for wide flats.

More seriously, we point to the lack of a disaster subculture (Takahashi er al., 2007). In
particular the notion of “earthquake-tsunami association” (Tanaka ef al., 2006), which is to say
“after an earthquake, a tsunami likely”, is clearly not evident in local residents’ action. According to
Hayashi et al. (2007) who try to picturize the local people’s memories just after the earthquake,
though some people remembers that they were certainly aware of something unusual, however, they
could harly forecast a coming tsunami. Most if not all of the locals had forgotten the words, /e Beuna,
rendered as “big water” in Acehnese language. Evacuation activity began only after the tsunami was
witnessed by the individual or confirmed in nearby crises of “water is coming”. In addition, the local
community has no mechanisms for collective evacuation, or no standards of conduct in an
earthquake. This is one critical cause of the increase of human loss.

Currently, in the reconstruction processes in many affected countries, the governments’ efforts
to improve a future tsunami disaster response concentrate on introduction of the EWS as well as
modernized infrastructure like sea embankments and buffering forests, with financial and
technological supports from the international community. Indeed, the central government of
Indonesia establishes warning devices across the region of Banda Aceh, announcing an alarm by the
remote control from Jakarta. However, it is doubtful for this kind of EWS to function well. It is
dependent too much on the modern sciences/technologies, and on the centered decision-making
process. It is above all costly, taking much time to be completed. Further, people may suspect the
warning, if they have no information exactly about what a tsunami is. In Japan, which has
established the seemingly perfect nation-wide EWS, most if not all people recently tend not to start
in evacuation activities even though receiving a warning (Tanaka et al., 2006).

In this situation, the community-based disaster preparedness mechanism (CDPM) that we
would propose here is expected as a complement to, or a social base for the EWS. We pay special
attention to three matters: first of all, it is important to cultivate disaster subculture including local
knowledge about natural environments and related risks. Second, it is easy for local people to trust
the socially and spatially nearest and so familiar decision-making organization, and for this it is
necessary to decentralize/localize decision-making process. And last, it is an urgent issue to arrange
some kinds of minimum hardware, which is relatively costless and easy-to-ready; focusing on saving
human lives themselves not buildings. Our target is such an infrequent natural hazard as a tsunami,
and for this we should not construct unnecessary tall dike on the coast, which prevents the local
people from seeing the sea, and which cannot be managed by the community voluntary activities. In
the next section, we introduce one unique project for the CDPM in a small town of Japan.

3. Experiences in Nishiki Town

The town of Nishiki, with a population of approximately 2,200 and 1,000 households, constitutes
Taiki-cho municipal district, Mie Prefecture in central Japan. It is located on a small bay head in the
deeply indented coastline facing the Pacific Ocean, and therefore has many times been attacked by
tsunamis as well as high tide waters caused by typhoons (for details, see Nakaseko et al., 2008). In
particular, approximately 45 minutes after a huge earthquake occurring at 13:35 on 7 December
1944, an approximately six-meter tsunami rushed to the town, and caused 64 deaths and 447
collapsed houses with 235 heavily destroyed houses.

More recently, in the midnight of 5 September 2004, a big earthquake of Mw 7.4 occurred off
the Kii Peninsula of central Japan, and after a while Japan Meteorological Agency (JMA) issued a
tsunami warning. Eleven municipal governments including those in Mie Prefecture announced an
evacuation order to their inhabitants following this warning. However, prior to JMA, the town office
of Nishiki ordered evacuation around 30 seconds after the shaking, and then approximately 80
percent of the inhabitants evacuated, the average in Mie Prefecture being only 8.6 percent. Why did
so many people in this town move into action, despite the fact that there were no substantial damages
by the small tsunami following the earthquake? To answer this question, we examine the evacuation
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scheme elaborated by the municipality, which we name “Nishiki Triangle”, composed of three
aspects: evacuation places, disaster subculture, and the local warning system (Figure 1).

Simple, low-cost, accessible within

inhabitants’ neighborhood, based on
community management ...

Evacuation
Place

Disaster

Subculture
To localize and embody knowledge Thinking/deciding for the local
on what a tsunami, what to do in community itself; independently
EQ, where to escape ... of National Government

Figure 1. Nishiki triangle

3.1. Disaster Prevention Scheme of Nishiki Town

First, the town office physically arranged evacuation places, escaping paths and stairs, and
signboards across the town during the period of 1995-2004, in collaboration with neighborhood
organizations that in part take responsibility for their managements by inhabitants’ voluntary works.
Basically, these sites are set on at least 10-meter-high places on hillsides. While some shrines,
temples and public facilities are utilized for evacuation, most of newly arranged places look simple
and low-cost to be constructed and/or managed: some have pavilion-type facilities, others are open-
air only being equipped with emergency supplies. Rather, it is important for inhabitants to have an
evacuation site within five minutes walking from their neighborhood. Five minutes are key time, for
a tsunami is estimated to reach the town at minimum within 8.6 minutes in a future earthquake.
Though, basically, the topographical feature might enable inhabitants easily to get to anywhere
higher, even privately owned lands could be appropriated for public utilization, probably based on
the customary law.

Further, it is important to note that, for those who lack accessibility to such higher places
especially within the town center, the town office constructed an evacuation tower, named Nishiki
Tower, by using relatively small amount of the municipal funds: approximately 140 million yen in
1997-1998. Thus, the town’s tsunami prevention scheme first focuses on “evacuation” from, rather
than “protection” against high waves. In reality, the town has only 3.5-meter-high sea embankments.

Second is cultivation of local disaster subculture, focusing not only on local knowledge about
local geographical and social environments, for example what happens in an earthquake in the local
context, who need help in emergency situations within the neighborhood, where to pass through and
to escape, and so on, but also on scientific knowledge about a tsunami/earthquake, as well as
integrating and embodying two sets of knowledge. For this, the town office makes and implements
the disaster prevention plan, with its making process being constituted of field excursions,
assessments of local socio-spatial conditions, open workshops and special lectures, formulation of a
concrete plan, field drills, and feed back, based on the community participation, which to say, in the
“grassroots” framework. In this sense, it is important to note that, though generally in Japan the
national government advocates the municipality to establish a voluntary counter-disaster association
within a neighborhood by delivering a special subsidy, at least at present in Nishiki there are no
municipal instructions about organizing such an association in the top-down style. It is not necessary
for the town to organize newly a specialized association; there already exists a tight-knit
neighborhood community.

Further, we should stress the role of collective memory about the past experiences to foster the
disaster subculture. As mentioned above, the town has many times experienced disasters of tsunami.
In order to memorize the past tragedies collectively, the municipal government set up a day of 7
December, on which Nishiki had the latest most serious damage in 1944, as a disaster memorial day,
and organizes a field drill for response and evacuation every year on this day, in which not only
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community leaders but also many if not most ordinary people participate. In Japan, 1 September is
the most important day, and 17 January is the second most important day, on which the Great Kanto
Earthquake in 1923 and the Great Hanshin-Awaji Earthquake in 1995 happened respectively, for the
central government and the nation-wide population, and the former is designated as the national
disaster day. However, Nishiki prefers the local context to the national.
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Figure 2. Nishiki circle

Last, most importantly, the town office has attempted to establish its own tsunami warning
system, independently of the national government. According to the scheme, any town staff
can/should push the alarm button equipped in the office, whenever she/he feels strong 20-second
shaking, even before any information about a happing earthquake from JMA. This system is based
on the lay knowledge, and so cannot cover a kind of tsunami earthquake and/or a tsunami from
remoter areas, which should primarily be followed up by JMA. A reader might be afraid that at the
first view it is seemingly unscientific, and that there is too often misinformation (but, for its
scientific significance, see Kimata and Nakaseko, 2008). However, we argue that for the inhabitants
it is not important. A critical point is that warning and evacuation constitutes an up-spiral process
with a core of trust for the basis of town staffs’ adventurous action, which we name “Nishiki Circle”
(Figure 2). Basically, the local people tend to move into evacuating action following their own
judgments, referring to the local knowledge on natural environment and related risks. The warning
of the town plays a role only to facilitate their making-decisions.

3.2. Inhabitants’ Attitudes toward a Tsunami

The last is evident in the inhabitants’ attitudes toward a tsunami. The questionnaire survey
asking the inhabitants’ behaviors at the last earthquake of Mw 7.4 in the midnight of 5 September
2004, which we conducted at Nishiki Town in February 2008 with 382 respondents, points out that,
first, all or some members of approximately 72 percent of the respondents’ families really evacuated,
of which approximately 95 percent thought that a tsunami might come following the shaking (Table
1). More importantly, over the half of respondents really initiating action, answered “self-judgment”
as a reason for evacuation, with approximately 38 percent giving “warning from Town Office”
rather than from JAM of the national government (Table 2). These imply that many inhabitants had
acquired some enough knowledge about an earthquake/tsunami, and ability to make a decision based
on their own perception about dangerousness of housing locations, in corresponding to their physical
elevation above sea level (Table 3).

Table 1. Behavior in the earthquake in Nishiki

Beg?ﬁgi;l(éhe No. Respondents F{:&Eﬁ;ﬁ? (g/i)a Not thinking (%)
Evacuating 235 94.5 5.5
Not evacuating 93 86.0 14.0
Total 328 92.1 7.9

Source: the authors’ questionnaire survey in 2008
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Table 2. Reason for evacuating (multiple answers allowed)

Reason for evacuating Thinking of a tsunami (%) Not thinking (%) Total (%)
Warning from Town Office 38.2 46.2 38.7
Warning from JMA 13.8 15.4 13.9
Prompted by neighbors 5.8 154 6.3
Prompted by family 7.1 - 6.7
Judged by oneself 524 38.5 51.7
No. Respondents 225 13 238
Source: the authors’ questionnaire survey in 2008
Table 3. Perception of dangerousness of housing location

Housing location No. Respond. dallsgelefrf:(illjsoz% ) Dansgaefzog)z)Not No idea (%)
Under 6 m ASL 198 18.7 77.8 3.5
7 m ASL and more 114 68.4 22.8 8.8
Total 312 36.9 57.7 5.4

Source: the authors’ questionnaire survey in 2008

Table 4. Experience of past disasters and attitudes toward the earthquake 2004

Experience of Disaster Evacuating (%) Thinking of a tsunami (%)
Tsunami of Tonankai Earthquake (December 1944) 76.3 87.6
High-water of Typhoon No. 13 (September 1953) 75.2 87.2
High-water of Isewan Typhoon (September 1959) 74.0 88.4
Tsunami of Valdivia Earthquake (May 1960) 734 88.4

Source: the authors’ questionnaire survey in 2008

Table 5. Inhabitants’ Evaluation of the Disaster Prevention Scheme

Evaluation Yes (%)
Not regret evacuating in the Earthquake 2004 92.8
Evaluate the town office’s warning effort, positively 98.3
Not mind sometimes misinformation from the town office 85.5
Necessary for the town office to continue the scheme 84.1

Source: the authors’ questionnaire survey in 2008

These knowledge creations seem to be founded on the inhabitants’ experiences of various
coastal disasters in the past, and closely related to the collective memory of them (Table 4). Indeed,
even though inhabitants had no direct experiences of such disasters, over three forth of the
respondents have frequently talked about the past tsunamis with families, friends or schoolteachers,
and got the information from local governments, newspapers and TV programs. Therefore, we argue
that most of the inhabitants are consciously and unconsciously pay attention to a tsunami and other
coastal disasters, and that in this sense the disaster subculture is embedded in the local society. Thus,
almost all the respondents who really evacuated in the earthquake of 2004 did not regret their
evacuation activities, even though there were no substantial physical and human damages by the
small tsunami at that time. As a whole, the inhabitants positively evaluate the town’s performance of
its disaster prevention scheme, and think that it should be continued in the future (Table 5).

Roughly speaking, currently in Japan, the centralized, or top-down style tsunami warning
makes people insensible to natural matter, and JMA’s over estimation or sometimes misinformation
leads to people’s distrust to the government. This is why people recently tend not to evacuate even if
they receive the warning. In contrast, “Nishiki Triangle” is evaluated as a typical model of the
CDPM, which forge and in turn, is forged by the local coherent interrelationships between
constructing and managing built environments, practicing the local warning system, and
participating in the community and cultivating the disaster subculture. One old man in Nishiki said,
“I thought that a tsunami would not come for such a small earthquake, but unwillingly ... T felt
obliged to escape. | wanted not to make younger neighbors lose face. They do seriously as much as
possible”, answering to our question “why did you evacuate at that time”.
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4. Conclusion

In Aceh, people tend to be distrust of the governments, especially the central government of Jakarta
for the enduring conflict over the past three decades. However, in the Acehnese local community
seems to retain socio-cultural coherence and strong morale to same degree as seen in Gampong
system involving Mosque and/or Tuha Peut (Takahashi and Sasaki, 2006). We argue that it is easier
way to growing resistance to disaster for underdeveloped regions like Aceh to forge a CDPM than to
waste time and money on too luxury infrastructure expecting a super-giant tsunami. From our
viewpoints, the CDPM should basically be placed in the participatory, or grassroots framework,
concretely composed of three aspects following “Nishiki Triangle”: the local warning system based
on more localized decision-making process, simple and low-cost evacuation places that more
importantly all the inhabitants are easily accessible to, and disaster subculture, which is to say,
producing, maintaining and practicing the local knowledge about natural environments including
awareness of natural hazards and their concerned risks.

The tsunami prevention scheme of Nishiki focuses on “evacuation” not on “protection”, that is
defense not of buildings but of human life itself. Further, “Nishiki Triangle” is based on so-called lay
knowledge unable to address some kinds of tsunami. In this sense, of course, it is not perfect. It is
important to integrate this kind of CDPM appropriately into the top-down approach for functioning
in multi-scale social spaces. In particular, it is necessary to arrange some social mechanisms, for
example in governmental framework to compensate lost housings or properties. Indeed, the
municipality of Taiki-cho is spatially composed of coastal and mountainous areas characterized by
different types of natural hazards, and then, attempts to make a strategy for aid exchange,
coordination and redistribution at the municipal level for the future when the town is physically
devastated by a tsunami. The experiences in Aceh and Nishiki pose some important problems about
disaster prevention, mitigation and/or preparedness in all countries including Japan itself, and ways
of international aids for post-disaster relief, recovery and/or reconstruction, including political
strategies for the community empowerment and endogenous re-development.

Note: this paper was first presented at the International Conference on Tsunami Warning at Bali in November 2008.
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Abstract: This paper is about unique efforts to establish the local tsunami warning and evacuation systems in a small
fishery town of Nishiki, Mie Prefecture in central Japan. The town has many times been attacked and severely
damaged by tsunamis: once in approximately 100-150 years. Therefore, these experiences have forced the local
people to make unique preparedness mechanism against a tsunami and other high-wave disasters. The counter-
tsunami scheme, which was elaborated by the town office in the grassroots framework, is composed of: physically
arranging evacuation places within a five-minute walk from each neighborhood, and escaping paths and stairs and
signboards across the town, organizing participatory field drills based on the risk maps, and most importantly
establishing the local tsunami warning system through the town-wide information channel, or communication
equipment. According to the town scheme, any town staff can/should push the alarm button equipped in the office,
whenever she/he feels strong 20-second shaking, independently of and/or sometimes even before any information
about a happing earthquake from Japan Meteorological Agency (JMA) of the national government. As a conclusion,
we stress that the really effective tsunami preparedness scheme should be based on the local community mechanism,
through introducing the experiences in Nishiki.

1. Background

Japan is a worldwide well-known tsunami affected county. In the recent hundred years, for example,
approximately ten times of tsunamis has attacked its coastal regions here and there, with a hundred
to hundreds of victims on each occasion. Therefore, the government has attempted to establish the
nation-wide tsunami prevention scheme, concentrating on the tsunami warning system as well as
water gates, beach embankments and forests. Japan Meteorological Agency (JMA) exclusively takes
a responsibility for collecting information from remote seismometers, calculating and forecasting
time and height of coming tsunamis, and distributing the warning in every tsunami-block region
immediately in three minutes after an earthquake through the telecommunication network (for details,
see the website of JMA, http://www.jma.go.jp/en/tsunami/). A local government in turn takes a role
in ordering or advising evacuation to local people including visitors. Thus, the tsunami prevention
scheme in Japan basically focuses on how to let people escape as soon as possible. However, even
though Japan might equip the seemingly perfect nation-wide early warning system (EWS) on a
tsunami, it is pointed out that most if not all people recently tend not to start in evacuation activities
after receiving a warning (Tanaka ef al., 2006). How to solve this problem is increasingly a key issue
for the disaster studies in Japan.

In September 2004, for example, Pacific coasts in central Japan had a small tsunami by a big
earthquake of Mw 7.4, named “Kii-hanto Nanto-oki Earthquake”, bringing a few building damages
and no human deaths. Though Japan Meteorological Agency (JMA) issued a tsunami warning soon,
it was only ten or so municipal governments to announce an evacuation order following the warning
in the focused prefectures located near the earthquake center. More seriously, for example, on
average it was 8.6 percent of the inhabitants who lived in the warning-targeted areas of Mie
Prefecture, really to move into action to evacuate. Here, it is not our intention to discuss why so
many people would not evacuate, or how the government should improve performance of the EWS.
We argue that it is evidently impossible to save human life only by completing the EWS. Rather, it is
necessary for tsunami preparedness to be based on some participatory or grassroots mechanisms
compensating for such a nation-wide or top-down warning system. In these situations, it is important
to note that, in the last earthquake, approximately 80 percent of the inhabitants living in tsunami-
expected areas really evacuated in a small fishery town, named Nishiki, located in Mie Prefecture,
which has a long history of severe damages by a variety of coastal hazards and then attempts to
establish its own disaster preparedness mechanism based on the locality. In this paper, we present

84



Tsunami Warning and Evacuation System (Nakaseko et al.)

some discussion about possibility and/or problem of onsite tsunami warning system, which is
situated as an indispensable part of the community-based disaster preparedness mechanism (CDPM),
through introducing the experiences of Nishiki.

2. Outlining Nishiki

The town of Nishiki, with a population of approximately 2,200 and 1,000 households (2007), is
located on the bottom of a small valley on a bay head in the deeply indented coastline facing the
Pacific Ocean (Figure 1). Nishiki has administratively been a part of Taiki-cho municipal district
since February 2005, which had been formed through at least two times of major consolidation of
several former municipalities physically and socio-economically different from each other. Even
now, therefore, Nishiki has a town office as the Taiki-cho municipality’s branch containing Disaster
Prevention and Safety Division, taking independent decision-making to some degree. Fisheries
catching yellowtail, lobster and oyster, and related activities including aquaculture and tourism
characterize the industry, more recently increasingly being depressed. The community has suffered
from serious depopulation, -27 percent in the last 20 years, with over 30 percent of the aging
population (2000), as often in the case of remoter rural Japan.

JAPAN &/

Taiki-cho

&

Mie
Prefecture

Pacific Ocean

Figure 1. Location of Nishiki Town

Table 1. Recent earthquakes with tsunamis affecting Nishiki Town

Name of Earthquake Date Magnitude (Est.)
Meio 20 September 1498 MS8.2-8.4
Hoei 28 October 1707 MS8.4-8.7
Ansei-Tokai and Nankai 23-24 December 1854 MS8.4
Showa-Tonankai 7 December 1944 M7.9
Showa-Nankai 21 December 1946 MS8.0
Kii-hanto Nanto-oki 5 September 2004 M7.4

The local people have thanked the sea for its blessings, while hated its sometimes-negative
impacts, as well. Indeed, the submarine faults a couple of hundred kilometers off the town has
repeatedly brought about giant earthquakes often-accompanying tsunamis. For example, for the last
500 years, seven times of big earthquake accompanying tsunamis have been thought of damaging
more or less the town, once in approximately 100-150 years (Table 1), in addition to a lot of high-
tide-water of typhoons. These experiences have fostered collective awareness of tsunami within the
local culture, as well as leading to the elaboration of unique CDPM, which is known as Nishiki
Scheme.

2. Tsunami Prevention Scheme of NISHIKI

It is important again to stress that quite number of inhabitants in Nishiki Town really evacuated in
the last big earthquake occurring in the midnight of 5 September 2004 though the town had no
substantial damages by the small tsunami. Reasons for such high-rate of evacuating population are
basically related to the tsunami prevention scheme elaborated by the town office of Nishiki. Five
points can be mentioned here: first of all, the town office physically arranged evacuation places
across the town during the period of 1995-2004, completing 16 sites until 2005, in collaboration with
neighborhood organizations that in part take responsibility for their managements by inhabitants’
voluntary works (Figure 2). Basically, these sites are set on at least 10-meter-high places on hillsides.
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While some shrines, temples and public facilities are utilized for evacuation, most of newly arranged
places look simple and low-cost to be constructed and/or conserved as a whole: some have pavilion-
type facilities, others are open-air only being equipped with emergency supplies.

Rather, it is important for inhabitants to have an evacuation site within five minutes walking
from their neighborhood. Five minutes are key time, for a tsunami is estimated to reach the town at
minimum within 8.6 minutes in a future earthquake. Second, therefore, the town attempts to arrange
also paths and stairs, and signboards in order to lead people to the evacuation places on hillsides
(Figure 2). Though, basically, the topographical feature might enable inhabitants easily to get to
anywhere higher, even privately owned lands could be appropriated for public utilization. Further,
the town has just set to work on buying out and deconstructing privately owned but abandoned
buildings remaining across the town, which seem to threaten people’s evacuation activities by
collapsing over the paths in earthquakes.

Figure 2. Evacuation site, and escaping stair in Nishiki
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Third is about care for the inhabitants within the center of the town on a lowest alluvial plain,
which was severely damaged by the tsunami wave in 1944, and which are with a somewhat long
distance to higher places. For this, the town office constructed an evacuation tower, named “Nishiki
Tower”, by using relatively small amount of the municipal funds: approximately 140 million yen in
1997-1998. This tower gets five levels with a tube-shape being resistant to powerful waves: a
storeroom of fire-fighting equipments and toilets on the first floor, a meeting room on the second
floor appropriating also for a shelter against a typhoon, a small museum of the town’s experience of
disasters on the third floor, a shelter in a tsunami on the fourth floor, and an evacuation space
looking out the townscape on the top floor (Figure 3). The tower has not only substantial functions
for counter-disaster, but also plays a role as symbolizing the town’s long history of experiencing
disasters. Further, the town office sets to work on planning to construct another tower, caring for
increasingly aging population.

As mentioned above, fourthly, the town has many times experienced disasters of tsunami. In
order to memorize the past tragedies collectively, the municipal government set up a day of 7
December, on which Nishiki had the latest most serious damage in 1944, as a disaster memorial day,
and organizes a field drill for response and evacuation every year on this day, in which not only
community leaders but also many if not most ordinary people participate. In Japan, 1 September is
the most important day, and 17 January is the second most important day, on which Great Kanto
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Earthquake in 1923 and Great Hanshin-Awaji Earthquake in 1995 happened respectively, for the
national government and the nation-wide population, and the former is designated as the national
disaster day. However, Nishiki prefers the local context to the national. Participating in the field drill
embodies the inhabitants’ knowledge, fostering not only their cognitive mapping about where and
how to escape, and who need help, but also their awareness about what a tsunami is and what to do
in an earthquake.

Last and most importantly, the town office has attempted to establish its own tsunami warning
system following lessons from the past tsunami disasters, independently of the national and/or
prefectural governments. According to the scheme, any town staff could/should push the alarm
button equipped in the office, distributing evacuation order through the network of outdoor warning
devices over the town, whenever he/she feels strong 20-second shaking, even before any information
about a happing earthquake from JMA, or any command from the town mayor. Though this warning
system is primarily based on so-called lay knowledge and cannot cover a kind of tsunami earthquake
and/or a tsunami from remoter areas, nevertheless, it has evident scientific basis (Kimata and
Nakaseko, 2008). In sum, the town’s tsunami prevention scheme above all focuses on “evacuation”
from, rather than “protection” against high waves. In reality, the town has only 3.5-meter-high sea
embankments.

3. Local Disaster Subculture

The town office, especially its tsunami warning, certainly plays an important role to facilitate the
local people’s evacuation from a tsunami. However, it is not enough by itself, and some socio-
cultural conditions are necessary for the tsunami prevention scheme to function well (for details, see
Takahashi et al., 2008). Further two points are of importance to be mentioned: first, our
questionnaire survey conducted in February 2008 found out that over half the inhabitants made their
own judgments of moving to evacuation places immediately after the earthquake in September 2004,
thinking of an association between an earthquake and a tsunami. In Nishiki Town, certainly, many if
not most inhabitants have directly experienced some of the past tsunamis and/or high waters
including one in the earthquake in 1944. Nishiki has often seen that older people have habitually
passed the past tragedies down to the younger orally in family and/or community. Some older locals
interestingly remember that they are used to sing a folksong about events on a tsunami day in their
childhoods. This is one reason for the inhabitants’ intense awareness of a tsunami.

Figure 4. Stone monuments and memorial sign in Nishiki

However, Nishiki has got tsunamis repeatedly, but very much infrequently comparing to a span
of life, once in 100-150 years. In this sense, it is important to note that many villages in coastal Japan
including Nishiki has a culture of communicating from generation to generation by leaving tsunami
events on literal record, ranging from a local historical booklet and a private diary, to inscriptions on
a stone monument and other permanent media (Figure 4). Thus, the collective memory has firmly
embedded a tsunami in the local society, providing critical information for making a decision.

Second is the inhabitants’ trusting relationship with the Town Office. Currently in Japan, the
centralized, or top-down style tsunami warning makes people insensible to natural matter, waiting an
earthquake/tsunami on time as a scheduled train. Of course, no one knows exactly when it will come.
However, the more exactly JMA announces the tsunami forecast, for example like “a tsunami of 50
cm is coming in 12 minutes”, the more deeply people tend to be disappointed at a really happy result
if there are few/no dramatic damages. In other words, JMA’s over estimation or sometimes
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misinformation leads to people’s distrust to the government’s forecast. The worst thing that can
happen is that such a negative learning effect leads to people’s thinking that “escaping is not matter
for security”. This is why people recently tend not to evacuate even if they receive the warning.

One solution to this problem might be that a critical decision should be made by the spatially and
socially nearest organization. In this sense, we argue, a critical point is that in Nishiki warning and
evacuation seems to constitute a virtuous circle with a core of “trust” for the basis of town staffs’
adventurous action, which we name “Nishiki Circle”. Thus, it is important to cite one old man’s
words from Takahashi et al. (2008).

I thought that a tsunami would not come for such a small
earthquake [in September 2004] but unwillingly ... I felt
obliged to escape. I wanted not to make younger neighbors
[community leaders or the town officers] lose face. They f 4
do seriously as much as possible [as an amateur can do].

([ ] added by the authors)

[setr-judgment/self-responsibility

Jo=D>1

Another is to re-turn our attention to the decision-making | Experience ¢ Risk Awareness v
process at the collective level underlying “Nishiki Circle” in
order to deconstruct people’s over-dependence upon the EWS
of JMA, which it has eventually fostered. It is necessary to
note that, basically, the evacuation behavior is initiated depending on the interrelationships between
self-judgment and self-responsibility, which are founded on experience and awareness of risks, with
the warning triggering (Figure 5).

Figure 5. Understructure of
evacuation Activity

4. Conclusion: Implication to Indonesia

Increasing progress in science and information technology enable developed countries to establish
the nation-wide EWS through telecommunication networks. However, there is a pitfall of
overlooking the simple fact that people would not necessarily escape even if receiving the warning.
Therefore, we argue that some kinds of grassroots condition are needed to compensate for, or to
support socially and culturally the EWS.

In this sense, the attempts in Nishiki Town are evaluated as a typical model of the CDPM,
which forge and in turn, is forged by the local coherent interrelationships between constructing and
managing hardware, practicing the local warning system, and participating in the community and
cultivating the disaster subculture. It is true also with the case of developing regions like Aceh.
Experiences in Nishiki imply that it is urgent issues to establish the CDPM for preparing a tsunami,
basically in the participatory framework, not relying excessively on the modernized science and
technology, and on costly built infrastructure; concretely composed of the localized/decentralized
warning system, arrangement of evacuation places that are costless to be constructed and managed,
with their heights being based on the past experiences, and which all the inhabitants can approach in
a few minutes, and collective efforts to hand down the tragedy to the generations both orally and
literally.

Note: this paper was first presented at the International Conference on Tsunami Warning at Bali in November 2008.
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Tsunami and Disaster Mitigation Research Center Roles on
Disaster and Multi-hazard Mitigation Activities

Didik Sugiyanto, and Nani Eliza

Tsunami and Disaster Mitigation Research Center, Syiah Kuala University, Nanggroe Aceh Darussalam, Indonesia

Abstract: TDMRC as a research center for disaster mitigation has performed it roles on disaster issues
right at national and international level favorably. Some of the high achievements of TDMRC during
these almost four years are successfully organized thrice International Workshop (AIWEST-DR) in 2006,
2007, and 2008, conducted the Contingency Plan and facilitated the tsunami drill in Banda Aceh City,
and the newest is organized a training course on the lessons learnt from the 2004 earthquake and tsunami.
Beside, TDMRC has also being involved and participated in some seminars, workshops, trainings,
discussion group, and research projects in the area of disasters.

Introduction

As a response to tsunami disaster that devastated Nanggroe Aceh Darussalam on December 26, 2004,
Syiah Kuala University through Rector’s Decree No. 1 Year 2005 established UAR (Unsyiah for
Aceh Reconstruction) which actively participated to mediate the government and the community in
designing blue print for Aceh rehabilitation and reconstruction post-earthquake and tsunami disaster.
Then, Syiah Kuala University established Tsunami Research Center (TRC) as an Information Center
for Earthquake and Tsunami Disaster through Rector’s Decree No. 024 Year 2005. Later, Syiah
Kuala University established Mitigation Center (MC) through Rector’s Decree No. 215 Year 2005.
The identical activity and research programs of the two research centers induced Syiah Kuala
University to merge them to be Tsunami and Disaster Mitigation Research Center (TDMRC)
through Rector’s Decree No. 418 Year 2006.

The main focus of TDMRC is to conduct applied studies in disaster risk reduction in Nanggroe
Aceh Darussalam to produce a strategic concept in accelerating people’s awareness of Disaster Risk
Reduction (DRR), especially earthquake and tsunami. In line with TDMRC vision and mission
TDMRC is making any endeavor to be a center of excellent in information storage and exchange on
tsunami and DRR, review, analysis, and consultancy on DRR policy, disaster education and
preparedness, human resource development and capacity building, and in enhancing research and
innovation in disaster management.

To achieve that purpose, TDMRC has formulated some ideas and initiatives which include:

e Encouraging national and international researchers to conduct surveys, research studies,
and further education concerning with disaster in Indonesia generally and in Aceh
specifically together with researchers from TDMRC and partners.

e TDMRC will collect all data related to disasters to be compiled as valuable information and
knowledge which will be stored in a virtual museum that can be accessed globally.

e Developing materials related to disasters, especially disaster preparedness and disaster risk
reduction.

e Conducting training for teachers and developing curriculum related to disaster awareness
and disaster risk reduction.

e Supporting local government in implementation of disaster risk reduction activities and
designing strategic plans for disaster management.

e Opening access to use TDMRC facilities, especially for disaster actuators and for
community in general.

e Developing Aceh Region as an internatinal disaster laboratory which could be a center for
researchers to conduct and develop scientific research about disaster.

Therefore, TDMRC has also formulated a Road Map which is illustrated as Fgure 1 below.
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Fig.1: The ilustration of TDMRC’s road map

As TDMRC new building which is located in Meuraxa had already handed-over on July 28,
2008, TDMRC is now preparing to be a center for spatial data processing and analyzing with the
core researches as follow:

Seismic surface wave detection before tsunami

Strain accumulation along Aceh segment of Sumatran Fault Zone (SFZ)
Water Vapour Content (WVC) for environmental Monitoring

Landslide monitoring

Post-seismic monitoring

Spatial data re-adjustment

Moreover, TDMRC, as the think-tank of Provincial Government, has also being involved in the
Disaster Risk Reduction Aceh Project (DRR-A) which is funded by MDTF will be implemented by
Provincial Government under direct supervision of Vice Governor and administered and technically
supported by UNDP. The outputs of this project are:

1.

2.

Disaster Risk Reduction (mitigation and preparedness) in Aceh’s communities supported as
a normal part of the local government development planning process.

Local Government system established to support, respond to and fund community based
initiatives on DRR, preparedness, mitigation and indigenous EWSs in partnership with local
CBOs in Aceh.

TDMRC supports DRR decision making in Aceh established, strengthen and integrated with
local level development planning process.

Disaster Risk Reduction (DRR) Education and Public Awareness programs established and
strengthened in Aceh to make development/disaster linkage understood.
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Notes on the DRR-Aceh Project outputs:

1. One of the four outputs is TDMRC as a tsunami and disaster mitigation research center that
will be implemented by Syiah Kuala University, this research center expected to give
benefit not only for Aceh but for Indonesia and the world as well.

2. Output one has seven activities, including to develop ganun as a priority that expected to be
issued in the middle of 2008, so that in 2009 heads of District Disaster Management Body
will be appointed. Head of the body in provincial level will preside over by echelon 1B.

3. Having consideration on the four outputs there should be no overlapping, government and
other organizations will be to allocate their future programs to identified gaps.

To winning out this project there are five agents those expected to be actively participated, they
are government as the leader, communities, private and business, universities and/or experts, and
media.

Activities and Achievements

Since it was established in 2006, TDMRC has conducted and participated in various activities
related to disasters at local, national and international level. TDMRC has also joined and be part of
some policy group discussion, working group discussion, and round-table discussion on DRR issues.

2006 Activities and Achievements

By the end of 2006, TDMRC conducted its first International Workshop on 6-7 December in-
cooperation with Kobe University, BRR, and Aceh Government along with inauguration of
TDMRC’s activity. This workshop is participated by more than 250 participants from Hyogo
Prefecture Representatives, ITB, Ministry of Research and Technology Republic of Indonesia, SDC-
Netherland, UNDP, Nagoya University, Kyoto University, Fuji Tokoha University, Anna University
India, ADRC, GSN-TNO, Oregon State University, EMI, CEDIM, People’s University Thailand,
some Local and International NGOs those perform their humanity mission in Aceh and staffs and
students of Syiah Kuala University itself.

At the round-table meeting of the workshop, some counterparts agreed to support TDMRC as a
research center in collecting and disseminating existing data related to tsunami and in performing its
role on reconstruction and rehabilitation processes in Aceh and other tsunami stricken regions within
a declaration which had been signed by fourteen representatives from Syiah Kuala University,
Earthquake and Megacities Initiative (EMI), Center for Disaster Management and Risk Reduction
Technology (CEDIM) Germany, RCUSS Kobe University, Anna University India, LPPM — ITB,
CDM - ITB, The People’s University Thailand, BRR Aceh — Nias, Ministry of Research and
Technology Republic of Indonesia, and UNDP Indonesia.

2007 Activities and Achievements

In 2007, TDMRC started to be an active research center since there were some research
cooperation projects offered by BRR Aceh — Nias and Sea Defence Consultant (SDC) one of them is
road show program of tsunami drill which is specifically conducted for communities and elementary
school students joint with Sea Defence Consultant and Indonesian Red Cross (PMI).

In the end of that year, TDMRC conduct the second International Workshop and Disaster Expo
which is attended by more than 200 participants from universities, governments, and local and
international NGOs. This workshop also enlivened by Bike for Disaster and Hike for Disaster
activity that is also participated by workshop participants and communities around Banda Aceh City.

2008 Activities and Achievements

In early 2008, TDMRC invited to be participated in Symposium on Giant Earthquakes and
Tsunamis in Thailand which was organized by ERI and University of Tokyo. Then in February, the
Aceh provincial Government asked TDMRC to collaborate with UNDP Indonesia in facilitating the
MEC — South Africa Delegation Meeting in Banda Aceh. On March, TDMRC invited to attend the
International Symposium on Climate Change and Human Settlements in Bali. Again, on June,
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TDMRC invited to be participated in Comprehensive Tsunami Disaster Prevention Training in
Tsukuba, Japan by UN-ISDR and ICHARM.

On July 28, TDMRC inaugurate its new building which is located in Meuraxa, Banda Aceh
along with DRR-Expo 2008. The building was funded by BRR and managed by TDMRC, Provincial
Government and Banda Aceh Municipality. The building designed to be an escape building as well
as a research center which will accommodate all necessary and important activities and actions in
DRR activities in Nanggroe Aceh Darussalam.

Following up by-mail discussions about AIWEST-DR 2008 (International Workshop 2008),
Kobe University facilitated a Technical Meeting of the Workshop in Kuala Lumpur. The Meeting
was attended by TDMRC representatives as the prime-host of the workshop and the representatives
from Kobe University.

In September, TDMRC invited to be participated in Workshop on Large — Scale Disaster
Recovery in APEC which was held in Taipe, and in October participated in International Workshop
on Enhancing South-south Cooperation on DRM in Asia-Pacific in Jakarta. Then in November and
December, TDMRC also participated in International Conference on Tsunami Warning (ICTW) in
Bali, IOTWS Fellowship on Sea Level and Application in Netherland and Tsunami Drill in Phuket,
Thailand.

Raising Awareness on Tsunami Disaster Culture Workshop in Japan is one of the latest
international participation of TDMRC. This was organized by Research Center for Seismology,
Volcanology, and Disaster Mitigation, Nagoya University and was held on 28 November — 11
December 2008. In cooperation Mathematics and Natural Science Faculty of Syiah Kuala University,
TDMRC sent to participants to this workshop. The participants of the workshop are from Indonesia,
Philippine, Kenya, Ecuador, Myanmar, and Pakistan.

Beside those international participation mentioned above, in 2008, TDMRC has also
participated in local and national level activities such as: DRR-A Technical Review Meeting,
Workshop on Waste Management and Inter-Regional Cooperation, Workshop on Community-Based
EWS, National Workshop on Development of DRR Hyperbase, DRR Coordination Meeting, 2008
Research and Technology National Coordination Meeting, Workshop on Locally Generated
Tsunami, Workshop on Composing Suit for Rehabilitation and Reconstruction, Workshop on
Socialization of Planning and Conducting National Tsunami Drill 2008, Socialization efforts of
DRR and the University’s Role in DRR, Training of Read Down Station (RDS) Tsunami Buoy
Operation, Local Action Plan Discussion for Disaster, Workshop on Promoting Initiatives on DRM,
UN — NGO - Red Cross — Donors Meeting, Focus Group Discussion on the Implementation of DRR,
National Seminar on Utilizing Opportunity and Monitoring Nuclear Power in Indonesia, Training on
End to End Tsunami EWS, The 4™ CBDRM National Symposium, Meeting of DRR-Acech
Preparation — UNDP Project, Workshop on Shaping National Platform of DRR, Indonesian
Research Center Meeting, and some more seminars, workshops, meetings and trainings.

Other activities of TDMRC in 2008 are conducted some research project joint with Nagoya
University, Kyoto University, University of Hawaii, University of Pittsburgh, NIWA New Zealand,
BRR NAD-Nias, and SDC-Netherland.

Joint with SDC, TDMRC had already conducted thrice Tsunami Propagation and Inundation
Modeling for practitioners and experts from some universities in Sumatera and ToT for the Head
Cluster of Elementary School in Banda Aceh and Aceh Besar as one part of Saving the Lives of the
Elementary School Children in Aceh Province Project. Then, TDMRC had also finished the Escape
Building Planning Manual Projects and Survey of the Availability of Escape Buildings in Some
Villages along West Coast.

Beside, TDMRC had also successfully facilitated and organized the National Tsunami Drill in
Banda Aceh City, Asian Regional Forum (ARF) Meeting, Indonesian Research Center Meeting, and
the AIWEST-DR 2008 as the annual agenda of TDMRC.

Highlight Activities
In the last 2 years, TDMRC has made a significant development as a new research center by being as

organizers and participants in many local, national and international disaster issues activities. Some
of the highlight activities of TDMRC are:
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1. AIWEST-DR

AIWEST-DR is the abbreviation of Annual International Workshop and Expo on Sumatera
Tsunami Disaster and Recovery. This workshop is organized to commemorate the 2004 Earthquake
and Tsunami which was struck Nanggroe Aceh Darussalam and other regions around the Indian
Ocean and made it as a lesson learnt in order to prepare the communities in anticipating disasters,
especially earthquakes and tsunamis.

The next AIWEST-DR is planned to be held on November 23-24, 2009 in Banda Aceh. This
workshop is also planned to go along with the 5t year commemoration of the 2004 Aceh Earthquake
and Tsunami which is surely engaging with provincial and municipal government as well as the
communities.

2. Training Course on Lessons Learnt from the 2004 Indian Ocean Tsunami Rehabilitation
and Reconstruction Process in Nanggroe Aceh Darussalam.

This course which successfully organized on March 2-6, 2009, is an introduction of the success
and failures encountered in the post-tsunami rehabilitation and reconstruction efforts in Nanggroe
Aceh Darussalam as well as the tsunami disaster management strategies currently implemented in
this region which was featuring a combination of in-class oral presentations and site visits to the
impacted areas.

This course is funded by Canadian International Development Agency (CIDA) through the
Canada-Srilanka University Consortium for Post-Tsunami Restoration Project (CSUC-PTR). This
course, participated by 25 lecturers and staffs from 3 universities and institution of Srilanka, those
are South-eastern University, Eastern University, Ruhuna University, and Sri Lanka-Canada
Development Fund (SLCDF). There were also 3 participants from University of Waterloo, Canada.

3. Contingency Plan of Banda Aceh City

This contingency plan is arranged to facilitate institutions and concerned party in implementing
their roles, assignments and functions, specifically at the emergency phase. This manual based on
varied sources including valid standards which are suited on requirements, situations, conditions,
and experienced in Nanggroe Aceh Darussalam.

The scopes of this activity are: communicate and coordinate with concerned institutions in
municipal level to prepare the work, collect the primary and secondary data through the field survey
as well as direct interview with the concerned agency/institutions, conduct the risk examination
based on the local experience, examine the capacity of all sectors in the city, direct the concerned
agencies/institutions in order to give them understanding on how to act at the emergency phase,
realizing the permanent procedure of encountering the disasters, evaluate the preparedness of Banda
Aceh Municipality in the emergency phase by create the disaster scenario.

The contingency plan is a cooperation project between TDMRC and The Banda Aceh
Municipality which is funded by BRR NAD-Nias.
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II1I. Monitoring and Assessment

RE R &RAI ST






2004 FE A< N T HUBEE D 4 B O GPS Bl TR .2 T
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Post-Seismic Slip of the 2004 Sumatra Super Giant Earthquake and Strain Accumulation along the
Sumatran Fault System in Aceh Detected by GPS Measurements for Four Years since 2005

ABESCHE ! RS ' Endra Gunawan' Agustan' IS EHE 2

Irwandi’ Didik Sugiyanto3 Meilano Irwan* Mipi Ananta Kusumah*

PA4ERRY: P SIS Syiah Kuala University  * Institute of Technology Bandung
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SR DHER N ATRE R R DI B o T2 IIRE R TH 5,
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Wrg OSAT¢ 5 A T D O FS THEL TE TR AR L (Fig. 4) . MR i AR
BL—HT 2, WEOREHCILFMIZALE TS TNDP O 1 872053 10 cm/yr IZH T 5K
ERETNERTR, THTBHEHE S EZEFERETCHY, 7— &@ﬁﬁfiﬁw&%
2De RBNUETF 2D RNERTE~DEN L2505, WiBIXZ O TR E IS
I L, N2 TF = OBHSIIERO A~ N IWEORICIET S, 1 HOFRE?S 7‘7175)\
FERIOWIE S TR0 2R3 2 L1225, Fiz, AKPEMITWE O AL HM & FEVE kIR
AT D, IR U NS BN 2T OWExt LT, LMK E BN 2R,

94° 95° 96° or° 98°
7 s

94° 95° 96" 97" 98°

Fig. 4 #BASNIE-KEZSHORT FSWEEFITT RS
(AN TRT)

INET, BB CTOELZLHEIL, BHLSAWE 2L RICGRESN-ZZ2E06, B
_miﬁuf%ﬁéﬂf%t,mmmmmalﬂmsmm) L72>L. AGNeSS TlXHifl
IR T LR Ennh . HEROKTFEOTHNFHETE 5, BN LIKELE (571)

106



2004 FR¥ FSERIRD'S 4 FRID GPS FRAl CRERXIBIFDY)

O HMEREE A FHE L CAe (Fig. 5) . 723, BRI O\ TNDP T ORERIIERWT

AE L, 9 ﬁ%éht%ﬁmITA%1m%mmé¢é&8k%w:k%%%#f

HD, BZ&@V\?@Wié%%qﬂm&b\if% HABEARL 107yr LV E 7220, #

NIZTEWL TR FTWBIZIEIE 10 (FoEREEL Y, BE A%#mkﬁbf%iw

ﬁ%bﬂﬁw HifdilC mzi KHEDOFRAESEEN A ARDOELEFHO 10 5@ <. 100 4
ICRKHEN A L THREETRVY,

95°E 96°E 97°E

6°N 6°N
“ GRIDDING DATA POINTS AND STRAINS (BLUE: EXTENSION, RED: COMPRESSION)

L
“ BTN
fo e o e e

&5°N

_mUING

¢ SCEAT
P
S 1
RN
b T \c:\~
N -~
4N N, 4N

100 km

3'N

MAX STRAIN:8.19742-007

3N

95°E

96°E

97°E

98°E

Fig. 5 AGNeSS #lfM okl Shi=ZA < b SEBRELAD R KFEH

Wiz, PR T, L TAER —m G~ MIENER T 5, F L TEDOERLHEIL
E@r%%i&k%w ENRHLNTH D, £EIT 2004 FEA~ b T HEORNEEH I
HahTnd

ZDENEMFE D R EAOEREIT, A~ N TWEHLT—£95, 9. -1t
M OFAENBEE /2D, b, A~ b ZWEodbEs, HVE I W 23 /i L 7= B o Wr
JEOALHIR L . Wi ORTES. HEEA AW 2N i L2 D "o DM EICIE S £ 5 Mk T
— bR O Fill 2 B E AN TR SRS,

ZOWMNS X BIZHMANC 72D & VEEF & FERIC AL — /7 5 A i8R 0 Mgk e 2 23 FEOR
HET 2, 7745, 2004 R~ b7 HBEO RN IWTE %48 2 7= B0 o Hilsl < & 1R
SNTWDHEBEZLND, WiEEREKO A TR S5 — LR OB EA L, WilgT
MR SINDILETNEMNE KT D, Thbb, WEELCIIWEER s T 5 ELEM
NEBELTWS EEZ D,

Z OWiEE COmRMALEM OB EANBRI S NS Z Lix, W@ Tor ) —TEENE
TLTWRNWEEZOND, UL, EZREHIA % OB %kt LRSI OB 28 %
Ef%éoitxv%?%@ﬁ%?ﬁ%%éﬁ%mé<\%EE%KT%KU%4$@E
TAHZEERBET LN, ZRHESBOBHNO LVBHEICRD EE XD,

4. BbHYIZ : SEDEHE

2005 4E 3 H OAK&HI 72 GPS BN S TIZ 4 0 FET 5, ZOROBIHINS 2004 4

Z2< N ITHEORNTRYIZONWT, UTFTOZ ENEBELEINS,

1) 7F = TIFBAETHAER 20cm H D 2004 FE 2~ T HUEDO S
&

NEENBLAI SN D Z

107



I ERERAC 5T

2) RERHEBREOEA DRI S N7 F b Cradl & el U, 2 5O RN A ELH
éhé_&

3) MBI KE R T RV A2 R LT L— MERIZERES BT R #7552 L

4) TEEEN O HEAEENTHRDIEFNIRELSBE LWV G, BT N HE
LD LRV L— NERCHITT A D L

F72. A~ N T OWEMEIIHETT 5 A~ b TWEICoOnWThH, ITFTOZ ERBFRIND,

1) 2~ FIWBEE., &0 biFFOHEIT 10~ Yyr ([T 2 HBE 2 O BB S
nsHI L

2) Wr)E EA Tl oA T AVESR) & — 2T D — AL O MR E AN ET 5 2 &

3) WiEE G I N A B, dEERE IR CITEAEE H K&, FE Tl hEanz
Lk

4) Wi co s ) —FEENI RV EE X SN D DR BEHIIS B ONTENWTH D
\—-k

BBIZ, HoTD T 7 T RKRFEOMIEE %2 HLITMEIC GPS BllINEfTCE>obH b, v
777k%_i5zmm$8@£ﬁ%%ﬁ£%ﬁﬁﬁ%’@of%to*@W@(wsﬁm
%%ifii%ﬁ@mﬂﬂ®ﬁﬁk BN LTy T 7 T RFEEN RUOTRRED
AR T 5,

SE X

Chlieh M., JP Avouac, V Hjorleifsdottir, TRA Song, et al., Coseismic slip and afterslip of the great
Mw 9.15 Sumatra-Andaman earthquake of 2004, Bulletin of the Seismological Society of
America, 97, 1A; p. S152-S173; DOI: 10.1785/0120050631v, 2007

Franke,D., M Schnabel, S Ladage, DR Tappin, S Neben et al., The great Sumatra-Andaman
earthquakes — Imaging the boundary between the ruptures of the great 2004 and 2005
earthquakes, Earth and Planetary Science Letters, 269, 118-130, 2008

Genrich J. F., Y Bock, R McCaffrey, L Prawirodirdjo, Distribution of slip at the northern Sumatran
fault system, J. Geophys. Res, 105, B12, 28, 327-28,3 41, 2000

Hirahara K., Y Ooi, M Ando, Y Hoso, Y Wada, T, et al., Dense GPS Array observations across the
Atotsugawa fault, central Japan, Geophys. Res. Lett., 30(6), 8012, doi:10.1029/2002GL015035,
2003

Hirahara K., M. Ohzono, T. Sagiya, et al., Dense GPS array observations across the Atotsugawa
Fault system in Central Japan, Geodynamics of Atotsugawa Fault System, edited by M. Anod,
25-44, TERRAPUB, 2007.

Irwan M., Y. Ohta, F. Kimata, T. Ito, T. Tabei, D. Darmawan, H. Anderson, H. A. Abidin, M.
Kusuma, D. Sugiyanto, Agustan, Two years GPS observation in Aceh The 3rd Invetigation
Report of 2004 Northern Sumatra Earthquake, Graduate School of Environmental Studies,
Nagoya University, 7-10, 2006

Ito T., Agustan, I. Meirano, T. Tabei and F. Kimata, The construction of new dense GPS observation
network: AGNeSS (Aceh GPS Network for Sumatran Fault System, The 4 th Investigation
Report of 2004 Northern Sumatra Earthquake, Graduate School of Environmental Studies,
Nagoya University, 83-88, 2008

Natawidjaja D. H, K Sieh, SN Ward, H Cheng, et al., Paleogeodetic records of seismic and aseismic
subduction from central Sumatran microatolls, Indonesia, J. Geophys. Res, 109, B04306,
doi:10.1029/2003JB002398, 2004

Sibuet, J. C., S. Singh, R. Apprioual, N. C. Aryanto, J. Begot, et al., 26th December 2004 great
Sumatra-Andaman earthquake: Co-seismic and post-seismic motions in northern Sumatra 26th
December 2004 great Sumatra-Andaman earthquake, Earth and Planetary Science Letters, 263,
Issues 1-2, 15 November 2007, 88-103

108



Field Challenge of Continues GPS Array Maintenance on
Sumatra Fault: Report of the August 13 — 14, 2008 AGNeSS
Continue Site Investigation

Irwandil, Takeo It02, and Fumiaki Kimata®
" CS3RG (Computational Seismology and Risk Reduction Research Group)
Geophysics Laboratory, University of Syiah Kuala,Banda Aceh — Indonesia
2RSVD, (Research Center for Seismology, Volcanology and Disaster Mitigation)
Graduate School of Environmental Studies, Nagoya University, Japan

Abstract: This paper explains the field work activity experience and basic understanding for checking the Linux
Trimble 4000SSi Continue GPS System across Sumatra fault in Aceh during August 13-14, 2008. The activity tends
to maintenance and improving system in term of AGNeSS project. There are several internal and external obstacles
during long continue observation. The internal problem such as mistake in linux configuration, inappropriate data
logger, incorrect electrical circuit installation, and decrepit battery. The external problems such as stability of
electrical power, rain or flood, and the most important is security problem.

Keyword: AGNeSS, Continue GPS Site

1. Introduction

We have constructed a lot of infrastructure on earth to facilitate our life. Actually, we are living in
the world with high potential natural hazard from all direction and location: under land as earthquake,
on land as landslide, in the sea as tsunami, on mountain as volcano, in the air as hurricane and
climate change, even from space as asteroid or comet attach. There are various level of disaster from
non destructive until mega catastrophic. Nowadays in the modern era, the preparedness and
prevention from disaster are not only regional awareness but also global awareness demand.

Going into mega earthquake 26 December 2004 disaster in Sumatra subduction zone has ignite
significant global awareness to Australian and Eurasian plate collision along Sunda Trance.
Following the less preparedness and prevention to the catastrophic several disaster appear as
evidences to our awareness for further disaster. Strike slip Sumatra fault is one of following disaster,
but the event not yet appear. Based on paleo-seismicity investigation, since 17’s century, there are
not any significant earthquake at the Aceh seismic gap as part of Sumatra fault system.

The interesting question for the seismic gap describe the complexity of the subduction structure
beneath reflect by a anomaly of Sunda Arc and the important question is the Aceh seismic gap as a
lock accumulate giant energy or a creep release energy slowly. According to Gutenberg-Richter
relationship, if the fault release energy slowly the frequent low magnitude earthquake should be
happen. Otherwise, the fault accumulate energy going to potential catastrophic in Aceh. Crustal
deformation study based on GPS geodetic is a smart approach to answer for the strange question. In
additions, the measurement is a importance method to identify the type fault system for hazard
assessment and a part of risk reduction process. On the other hand, the long term GPS survey require
a lot off money, expert, and awareness.

Research Center for Seismology, Volcanology and Disaster Mitigation (RSVD) Nagoya
University take responsibility for the investigation. People of Aceh, especially computational
seismology and risk reduction research group (CS3RG), University of Syiah Kuala appreciate to the
RSVD awareness for our fault.

2. CS3RG Joint the AGNeSS
GPS technology was initiated 1973 by United States Department of Defense. The price of GPS very

high and only limited user with specific accuracy. After 16 years the first campaign GPS network
establish in 1989 on Sumatra by GPS Geodynamics Project in Sumatra (GPS-GPS). Second, In 1997
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Indonesian Land Agency (BPN) constructed additional point and used Leica SR261 single frequency
receiver. Next in middle of July 1997, members of the Agency for Assessment and Application of
Technology (BPPT), made high precision surveys at 3 with dual-frequency Trimble 4000SSE
receivers. Besides, Caltect team construct GPS sites cover whole Sumatra Island (Sieh 2000). Since
1-7 March 2005 AGNeSS (Aceh GPS Network for Sumatra fault System) started campaign sited in
Banda Aceh (Meilano 2007). In November 2007 AGNeSS constructed eight continue sites (2008).
After missing a continue site in Anak Mayak Site total continue during this investigation is a site in
Laboratory Geophysics, Syiah Kuala and 6 site in Field. Recently GPS continue site is showed in
figure 1.

Figure 1. Continue site location of AGNeSS

I started joint the AGNeSS team in 20 — 25 Februari 2008 after Muksin motivated and
recommended me to involve in the team for using my ability in electronic and computer. I have
learnt geophysics as though subject and in 2008 I completed Bachelor degree in numerical
oceanography modeling. In 2003, I started master degree in Institute Technology Bandung with
majority in Theoretical physics and I completed my thesis in Nonlinear Quantum Field Theory
entitled Skryme, Hardron, and Pentaquake. Moreover, my hobby is in programming with wide
aspects such as microelectronics, computer software, and physical modelling. Recently I am
developing several USB peripheral interfaces by using cheap microcontroller integrated with
JOINTS Project (Java Open Instrumentations System).

My awareness for disaster emerges after the giant tsunami destroy my city and unimagined
condition where many victims everywhere with rubbish. I came back to Banda Aceh three days after
tsunami to looking for information about my family. During I stayed in Banda Aceh for two weeks, I
got unimagined experience about catastrophic tsunami and earthquake. I my self felt a lot of
aftershocks every single day and disaster situation in my city. At that time, every people did not
understand what was happening and the tsunami was a new traumatic word for them. I have an
unforgettable experience during I collected several victims at my relative’s house. At that time, |
asked a question, why people and science cannot know and predict the big phenomena. I kept the
question and left Banda Aceh to Bandung for continuing my final examination for master degree.

In July 12th 2005, I planned to meet my last close classmate working as Seismologist Analyst
at BMG when he visited Bandung for a Workshop. Unexpectedly, I attended the
Workshop/roundtable Prediksi Gempa Bumi (Earthquake Prediction) ITB Bandung with him. After
finish the one-day workshop, my interest in studying earthquake prediction was initiated. |
understand for recent development after participating in the gt Workshop on Non Linear Dynamics
and Earthquake Prediction, ICTP (International Centre for Theoretical Physics) Italy October 1-13,
2007. I discussed with Prof. Kossobokov intensively about M8 algorithm and he recommended me
involve with Network of Seismic Hazard in Asia. I joined Workshop/Network Meeting on “Seismic
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Hazard in Asia”, Centre for Mathematical Modelling and Computer Simulation (C-MMACS),
Bangalore, India 31 March - 11 April 2008. In addition, SAND-ICTP group (Structure and non-
linear dynamics) offer me a chance to be a participant in ninth Workshop on Three-Dimensional

Modelling of Seismic Waves Generation, Propagation and their Inversion 22 September - 4 October
2008, ICTP, Italy.

A CORG A
CS3RG-UNSYIAH (computational Sevutndy & ruon

Reduction Research Group)

Earthquake Prediction ~ o Mitigation Champaign

SAND-ICTP & IIEPT BGR

Climate Change Risk
Reduction

Seismic Hazard ESPCTR

SAND-ICTP & C-MMACS . .
Tsunami Simulation

SDC-TDMRC

Crustal Deformation

. Earthquake Simulation
Nagoya Univ. & ITB & BPPT

Fukui Univ.

Tomography and Deep Structure
ANU

Figure 2. CS3RG collaboration and risk reduction research area

Research in natural hazard assessment and risk reduction require comprehensive approach with
multidiscipline. Faculty of Mathematics and Natural Sciences, University of Syiah Kuala absolutely
requires a teamwork to facilitate and accommodate the multidiscipline researches and experts. At the
end of 2007, I have idea to make a research group related to seismic hazard namely CS3RG
(Computational Seismology and Risk Reduction Research Group). The phrase “Computational
Seismology” related to the most of lecturer in Physics Department of Syiah Kuala University study
in this field. The phrase “Risk Reduction” related to our aim how to live in high potential hazard
environment. Nowadays, we have established collaboration and several related activities, including
with Nagoya University, ITB, and BPPT in terms of AGNeSS research activity.

3. AGNeSS Continue GPS Site System
Time based measuring crustal deformation require continue GPS site system monitoring with

continue operating equipment in the field locations. To establish a continue GPS site with the system,
we built construction as show in figure 3 and also to assemble all of components such as:

1. GPS Antenna

2. GPS Receiver

3. Solar Panel Controller (SunSaver-6)
4. Lead-acid battery 12V

5. Switching Power Supply

6. Relay

7. Solar Panel

Therefore, all of the components installed in constructed pillar except solar panel that install on the
roof of the permission building for electricity source as show in figure 3.

The challenging problem of continue GPS site definitely must support by continue 12 V
electrical power supply for GPS receiver and data logger. The main energy supply by state electrical
company (PLN = Perusahan Listrik Negara) infrastructure and solar panel as additional supporting
energy. Moreover, the system could not supply only from solar panel. The infrastructure electrical
power of PLN in Aceh province especially in village area is frequently outage power with long
duration. In order to provide continue electrical power, the system equipped with storage electrical
energy in 12V lead-acid battery. Whole components are integrated with solar panel controller
(SunSaver-6) and relay as show in figure 4.
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Figure 4. Electrical power circuit of GPS continue

According to schematic in figure 4 the solar panel controller joins and manages energy
supplying for all equipments and also store energy in to battery. The solar panel controller take
responsibility to avoid battery at very low state to make long live. If the battery in low condition or
damage, the solar panel controller blocked power to the load. Whereas the relay keeps priority to the
electrical power rather then solar panel. When the electrical power on, the relay switch on and the
solar panel controller connect to electrical power adaptor. While outtake power, the relay switch off
and the solar panel controller get energy from solar panel. Disadvantages using relay, when the
electrical power in low voltage condition the coil of relay receive threshold voltage and generate
oscillation state which will affect to the data logger and GPS receiver.

4. GPS Receiver Trimble 4000SSi
AGNeSS crutal deformation research activity empower older GPS receiver with several limitation

for continue long time field survey. The Trimble 4000SSi is water resist, robust, and stable
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equipment. The 4000SSi is a full-featured dual frequency GPS receiver ideal for high-end survey
applications. The receiver provides versatile operations for geodetic control, photogrammetry and
land movement monitoring. In addition to using the receiver for postprocessed surveying, the
receiver can be used for real-time kinematic (RTK) GPS surveying and RTCM differential work.
The receiver is supplied standard with RTCM input, event marker input, 1 PPS output, and an
NMEA navigation interface. These features allow the receiver to be used for hydrographic, marine,
aerial and everyday survey work. The display makes it easy to configure settings, create files and
locate existing sites when necessary (Fugro 2008). However, the main problems are how to supply
continue stable electricity and store the continue output data.

At the receiver attach three connections: GPS antenna, power supply, and data logger. The GPS
antenna is connected to antenna plug. The electrical power supply to PWR 1 I/O with 5 pin jack.
Whereas, the data coming out from plug I/O 2 connect to Linux Data Logger by using 7 pin jack
connector as show in figure 4. Others unused plug have to close with own plugs. Switch off
luminance was selected to reduce electrical power consumption.

The GPS receiver send data through serial RS-232 interface with specific baud rate and format.
CONTROL button at the receiver is used to specify the serial communication format and consider
output data. Select BAUD RATE/FORMAT menu item and choose SERIAL PORT 2 SETTING
if plug I/O2 is used with the following setting as show in GPS screen.

PORT 2 BAUD RATE [ 115200 ] <-- CHANGE
FORMAT [ 8-NONE-1 ] <-- CHANGE
FLOW CONTROL [ NONE ] <-- CHANGE

GPS Trimble 4000 has several kinds data sending via serial connection. The data logger with
program tegc from UNAVCO require two type of data: time stamp and Rinex data. Time stamp
data will activated by push CONTROL button, choose the 1 PPS OUPUT menu and setting as
following screen.

1 PPS OUTPUT: [ ENABLED ] <-- CHANGE
SLOPE: [ NEGATIVE ] <-- CHANGE
ASCII TIME TAGS: [ PORT 2 ] <-- CHANGE

After perform the setting data logger will send the readable ASCII time tags look like following
format: UTC 09.03.12 04:53:54 59. The second type of data will activated by push
CONTROL button, choose the CYCLE PRINTOUTS menu, as show in following screen.

OUTPUT EVERY RECEIVER CYCLE
RT SURVEY DATA <-- NEXT
PORT SELECTION <-- NEXT
ENABLE [ PORT 2 ] <-- CHANGE

All outputs data in the RT SURVEY DATA menu should be switch off, except if specific data
required, for example ephemeris data will be sending out if setting following screen

OUTPUT EVERY RECEIVER CYCLE
RT SURVEY DATA <-- NEXT
OUPUT EPHEMERIS <-- NEXT
ENABLE [ ON ] <-- CHANGE

All data in RT SURVEY DATA menu will be send as unreadable ASCII characters.
5. Linux Data Logger (Rinex Box)

The data sending by GPS receiver via serial port in ASCII time tags and RT survey data format
should be convert to RINEX format and store in huge data. UNAVCO has provided the teqgc
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application for the conversion. Officially the application can be run on PC based operating system,
however in field survey has limited electrical power for continue long time survey. Therefore, low
energy consumption with minimal feature PC based equipment has to embed in the system.

The AGNeSS has used the PC Engines WRAP (ALIX for new design) system board, which
gives network OEMs a cost-effective SBC (Single Board Computer) platform with network (RJ45).
The SBC has features: CPU 233 MHz AMD, 64 or 128 MB SDRAM, Operating system and
application stored on Compact Flash card (4GB), power about 3 to 5SW at 12V DC (J9. 2.1 mm
center pin = positive) and support Power over Ethernet (PoE) acceptable voltage range +7V to +18V
DC. The SBC support various FreeBSD, linux, NetBSD, and OpenBSD. Connection to serial
console using a DB9 null modem cable. Default serial port parameters are 38400 8N1. Do NOT use
a 1:1 connected serial cable, as the serial port may get damaged (PC Engines 2007).

Voyage linux was selected as data logger operating system and stabil. Voyage Linux is Debian
derived distribution that is best run on a x86-based embedded platforms such as WRAP, ALIX and
Soekris 45xx/48xx boards. It can also run on low-end x86 PC platforms. Typical installation requires
128MB disk space, although larger storage allows more packages to be installed. Voyage Linux is so
small that it is best suitable for running a full-feature firewall, wireless access point, VoIP gateway
and network storage device.

The teqc program with others supporting file copy to the linux data logger in directory
/home/gps/bin and others required file in certain location. Firstly, when the data logger on, the
script /etc/rcS.d/S99 obs will be executed. Second, the script will execute other script in
new thread.

su gps -c '/home/gps/bin/startgps.csh &'
In the startgps.csh script consist a line to execute other script to update OS time.
(sudo -S -s /home/gps/bin/sync date init.sh $baud ) < /home/gps/pass.

After the OS time updated successfully, the last command in startgps.csh script will be
executed to perform Rinex data downloading.

/bin/csh -f /home/gps/bin/com2rnx ttyS0 115200 ACEH TRIMBLE 4000SSI ..
The com2rnx script will execute teqc two times in different option. First command at line 93

cat $dev | teqgc $stream -O.obs L1 -0.int $dtobs +ds $dtobs +err
/dev/shm/start_gps> $tmprnx

and the second command at line 135

cat $dev | teqgc +nav S$siteSdoy$seq"."Syy"n" -week Syy":"S$Sdoy S$stream -0.obs
11+12+pl+p2+cl -0.0 S$observer -0O.ag $agency ..

The first command will perform GPS receiver testing. After pass the test, data logger will perform
main task to convert RT survey and save required Rinex data as continue long time survey. The task

appear as following process.

tegc +nav ACEH0700.09n -week 09 070 -tr s -0.obs 11+12+pl+p2+cl -O.o0 RSVD -0.ag
NAGOYA UNIV ..

6. Standard Troubleshooting AGNeSS Continue Site

There are several internal and external problem to maintenance continue GPS site. The internal
problems are caused by quality of equipments and installation error, such as:

1. Install home and office equipment use only (data logger)
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Not suitable voltage specification of equipments
Error in linux OS configuration

Error in cable installation

Error in GPS receiver setting

Lead-acid Battery condition

SNk wd

Whereas, the external problems are caused by environment, electricity, and human factor

7. Continuing and stability PLN electrical power
8. Switch of the fuse

9. Rain and flood protection

10. Human factor and Security

The obstacles will affected and destroy the continue GPS system. Therefore, we have developed
standard procedure to check the GPS continue sites.

1. Firstly, check the physical condition, such wetness, warmness, insect, and other appear
problem including lose of equipments.

2. Next, plug in laptop changer in to electricity power and identify the electricity power status.

3. Connect laptop to data logger via LAN connection and check data logger respond by
performing command ping 192.168.1.100.

4. If no respond from data logger, check the voltage each pair terminals at solar panel
controller. According to the voltage we can determine the trouble equipment, such: battery
(including liquid acid), switching adapter, relay, and the solar panel controller.

5. If data logger respond the ping request, that indicate all equipment in good condition. Login
to the data logger with command ssh gps@192.168.1.100.

6. Execute ps —-ax command to monitor the running application.

teqc +nav ACEH0700.09n -week 09 070 -tr s -0.obs 11+12+pl+p2+cl ..

7. If the application is running that indicate GPS continue system in good performance to
recording and saving data. However, we have to check the increasing file and quality of
Rinex data with command

tail -f /home/gps/rinex/ACEH/ACEH0700.09%0

8. Finally, after this short procedure, we start download data from laptop with linux secure
copy

scp -rp gps@192.168.1.100:/home/gps/rinex/ACEH

In reality, there was a lot of troubles in field survey with specific and smart solving problem for each
cases such as author experiences is written in following paragraphs.

7. Field Experience and GPS Sites Condition

The field trip of continue GPS sites survey take two routes. First field trip we went from Sigli to
Meulaboh via Gempang route. Second field trip we come back from Meulaboh to Bireuen via
Betong Ateuh route. The field survey route should take time 3 days and we optimize to 2 days. First
trip we checked the UGAD, MALO, TANG, and, MANE site. Second trip we checked the BTBW
and BTAT site. Following paragraph explain experience and suggestion for each sites.

7.1 UGAD site
The UGAD site checking started from 13.40 to 14.00 in August 13, 2008. The physical
condition of UGAD site good, dry, and no warm equipment, see the picture 01. The battery voltage
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was 11.85 Volt and electrical power off because the electrical fuse at the school was open (turn off)
at that time. After the fuse close (turn on) the electrical power became on. The total data storage in
the rinex/UGAD folder 195MB. The data logger time update did not give correct date. The data
logger can get data (increasing the rinex file) but give incorrect time at the rinex file, for example:

2.10 OBSERVATION DATA G (GPS) RINEX VERSION / TYPE
teqgqc 2002Marl4 20080624 23:57:25UTCPGM / RUN BY / DATE
Linux 2.0.36|Pentium II|gcc -static|Linux|486/DX+ COMMENT
BIT 2 OF LLI FLAGS DATA COLLECTED UNDER A/S CONDITION COMMENT
UGDN MARKER NAME
RSVD NAGOYA_UNIV OBSERVER / AGENCY
1 TRIMBLE 4000SSI  -Unknown- REC # / TYPE / VERS
-Unknown- TRM23903.00 ANT # / TYPE

0.0000 0.0000 0.0000 APPROX POSITION XYZ
0.0000 0.0000 0.0000 ANTENNA: DELTA H/E/N

1 1 WAVELENGTH FACT L1/2

5 L1 L2 Pl P2 C1l # / TYPES OF OBSERV

1.0000 INTERVAL

SNR is mapped to RINEX snr flag value [1-9] COMMENT

Ll: 3 -=>1; 8 => 5; 40 -> 9 COMMENT

L2: 1 ->1; 5 -> 5; 60 -> 9 COMMENT

tegc windowed: start @ 2008 Jun 25 00:00:00.000 COMMENT

tegqc windowed: end @ 2008 Jun 25 23:59:59.000 COMMENT

2008 6 25 0 0 1.0000000 GPS TIME OF FIRST OBS
END OF HEADER

08 6 25 0 0 1.0000000 0 9G26G30G15G12G 9G 5G24G18G21

9100282.56943 7197345.88145 22521917.7264 22521912.8144
10091091.66146 5489819.25045 24110435.5164 24110435.1644
612490.62546 575650.96646 22090273.1054 22090269.5304
276410.90741 139053.73845 24219188.5434 24219186.1284
-6907382.97147 -5060810.36546 21975163.3804 21975157.4964
11404402.19742 4782413.65645 24215420.1454 24215412.4784
-3749300.75247 -2021608.79146 21726648.2774 21726642.2874
3400949.66746 2636959.28446 23444335.5374 23444331.1774
-2296286.88946 -1714459.79846 23593519.3274 23593515.0484

I tried to repair the incorrect of date information system by changing the receiver configuration
for 2 hour without any success. We left the system with error date receiving data. For the UGAD
electrical power, I suggest to bypass the fuse or make the alternative fuse system at the school.
Whereas the incorrect date information system we have to setup the receiver configuration or replace
with other. I wish to understand the GPS receiver testing more detail. The problem was solved at
next survey after edit the /etc/sudoer file.

7.2. MALO site

The MALO site checking started from 16.20 to 16.40 in August 13, 2008. The physical
condition of MALO site good, dry, and no warm equipment. The battery voltage was 13.75 Volt and
electrical power on, solar panel voltage 15.30 Volt, and load voltage 13.77 Volt. The last GPS
receiver down 24 July 08, 13:07 UTC. The data logger time dan system is running very well with
data storage S00MB.
This is a good model design for the location.

7.3 TANG site

The TANG site checking started from 17.58 to 20.50 in August 13, 2008. The physical
condition of TANG site good and dry but the equipment very warm. The battery voltage was 13.48
Volt and electrical power on. The solar cell voltage 23.66 volt and load voltage 24 volt. The last
receiver power down 09 August 2008 10:58 UTC.

We can not ping to the data logger and download data by using card reader until 1.68GB. In the
rinex folder still contain other site folder with significant size. The capacity of smart card 66 MB
remain and I remove the data (after download) to increase the free space. I replace the adaptor from
24 Volt to 15 volt to decrease heat release by adaptor. After long time reparation and testing the data
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logger become cold and I can ping and login to the data logger. Finally, the system is running very
well with getting date information and getting correct rinex data increasing. During the reparation I
used my data logger for testing and may be replace with it, I forget make note at the data logger
board. We working during 3 hours.

I suggest to consider the heat release by adaptor switch and always increase the free space each
checking activity (remove all data after download).

7.4 MANE site

The MANE site checking started from 22.30 to 23.32 in August 13, 2008. The physical
condition of MANE site good, dry, no warm, but unfortunately the battery voltage was stolen. The
electrical power at that time was on. First, I thing to put new battery (we bring two battery in car),
but when we were checking the cable to the battery room no left cable to make connection to new
battery. In other hand, we worried to put new battery without increase protection and security. I have
changed the circuit to direct electricity power supply and running well. The data logger was getting
date update information and correct rinex increasing data. The download data only 45.2MB. I
suggest to improve the security system with redesign and deploy additional lock.

At that time the environment condition was dry and we used Autan (mosquito protection gel)
hence no any leech attach us. We left at 23.32 o’clock and the driver have sleep in Sungai Mas
(Tutut). We arrived to Meulaboh at 5 o’clock in early morning.

7.5. BTBW site

The BTBW site checking started from 12.38 to 14.30 in August 14, 2008. The physical
condition of MANE site good, dry, no warm, but the data logger and GPS receiver down. I check the
electrical power ok and solar panel ok but the Sun Saver Board look like burnt. The battery voltage
very low 10.20 Volt. When I was checking the cables I surprised the polarity of solar panel voltage
attach in relay opposite with the polarity of adaptor switch however the label at solar panel (positive
sign) install on correct slot. I released the solar panel cable from the Sun Saver Board and I measure
the voltage. I surprise the voltage indicated by Voltmeter different with positive sign label. I thing
the system was running well when the electrical power on (not use the solar panel). But when the
electrical power down the Sun Saver got the wrong voltage polarity from solar panel and make the
Sun Saver Board broken.

I have replaced the new Sun Saver Board and repair the positive label position. The data logger
now is running well with get good date update and correct rinex increasing data. I have downloaded
data about 164MB. I suggest for each continue site we have to check the circuit system by testing in
electrical power on and in electrical power off.

7.6.BTAT site

The BTAT site checking started from 17.10 to 18.00 in August 14, 2008. At that time the
electrical power was down for 15 days, according to the people. She said the battery almost steal by
someone, but the people immediately looked at the site and the steals run hurriedly. The BTAT site
is has terrible data logger quality. When the last checking with Dr. Takeo Ito the data logger was
sometime ok and sometime not ok. I thing the data logger in problem. I have tried check the data
logger by direct connection to Battery but the data logger still problem. I only download data with
card reader.
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Figure 5. Documentary and Commentary Continue Field Survey in BTAT site
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The Sun Saver circuit can not supply electrical power to circuit, however the solar panel and the
battery (12.17 Volt) in good condition. Possibility of the Sun Saver Board broken because it can not
handle double solar panel. I can not repair the site because the data logger out of order and I can’t
replace with other data logger because my data logger also not good. In Figure 5 show the last site
checking activity and comment from Prof. Dr. Fumiaki Kimata

I suggest to replace with good data logger quality and consider the capacity of Sun Saver circuit
to handle double solar panel. We have to improve the security of the site especially for battery box.
(at the TANG site use additional key lock for Battery box)

8. Summary Continue Site Condition

Maintenance continue GPS array on Sumatra Fault have problems not only for understanding the
system but also we have to understand specific sites obstacles including human interaction. Field trip
on August 13-14, 2008 describe the condition of continue GPS site:

UGAD site  has electrical problem and the data logger can’t got time from GPS including time
data in the rinex file format.

MALOssite  is running very fine.

TANG site  is running very well after replace power supply and increase the free space.

MANE site  is running well with direct electrical power without battery (stolen)

BTBW site  is running very well after replace Sun Saver because solar panel mistake polary.

BTAT site  is has bad data logger quality and can’t run.

Suggestion for next trip to improve the box security by modification and additional lock key and
robust electrical/cable circuit.
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Rapid Soil Evaluation in Tsunami Effected Areas by Using
Soil Visual Assessment

Helmi
Faculty of Agriculture, Syiah Kuala University, Darussalam — Banda Aceh Indonesia

Abstract: Giant earthquake and tsunami on December 26™ 2004 in Asia had been resulted millions hectares of
agricultural land devastated and decreased of their fertilities. Many organization was interested in rehabilitation and
restoration of the lands. It is absolutely needed a soil investigation and evaluation before the restoration program is
implemented. Dealing with the restoration of tsunami effected land, this paper try to reviews a preliminary step in the
development of methodology for soil visual assessment (SVA) for farmer use. SVA was used to describes and
evaluates the morphological condition of soils in the tsunami effected areas. This is a more rapid and immediate
method of soil assessment than the conventional sets of soil physical measurements commonly used such as bulk
density, water infiltration, and soil strength, etc.

Keywords: Rapid, Soil, Assesment, Methods

1. Introduction

Soil visual assesment (SVA) can be implemented by emphasizing morphological descriptions of soil
for not only facilitates rapid analysis of a soil’s current condition but also can be used to comparative
of agricultural ground assessments with relatively different in adjoining tree or fence lines, also
permits impact statements and evaluating current land practices (McGarry, 1993). Continuing the
evaluations with time facilitates trend analysis, particularly as farm practices change as a result of
impact statements. Rapidity also ensures that either small areas are investigated in detail or large
areas are evaluated quickly. The simplicity of the techniques and the everyday nature of the
equipment needed to excavate and then describe the soil ensures that the system is usable by farmers,
hence providing ownership and subsequent use of the collected information to increase their
understanding of the impact of their management on their soil.

With SV A, the emphasis is on the assessment of soil physical condition (soil structure units and
porosity) as well as soil colour, root development, soil fauna and organic matter status. The system is
firmly founded on decades of pedological (soil description) methods and practices, where most
countries have a system of describing and semi-quantifying soil condition. The aim of developing
the SVA system presented here, and the main difference between this system and most of those
presented by Batey (2004), is simplicity. It is foreseen that the main users of this current system will
be farmers in developing countries. As an example, an immediate application of the SVA system
being developed here is within the Land Degradation Assessment in Drylands (LADA) project of
FAO. The LADA project aims to assess and combat land degradation in drylands particularly via the
development and building of “land monitoring tools”. Within the project, the aim is not only to take
the best of these descriptors but also the most robust, readily teachable (in participatory farmer
workshops), most widely transferable (between LADA countries and within country sites), and
cross-check the SVA scores and soil photographs with simple yet scientifically tested soil
measurements. As such, the SVA system aims to fill the need for a simple, repeatable, low-cost
monitoring system to capture the condition of and trend in (and extent and ramifications of) soil
degradation, organic matter and soil biota (both natural/inherent and anthropogenic) in cropping,
grazing and woodlands, worldwide.

2. Methodology
The SVA system is still in the development phase. However, the general aim is to compile a “field
test kit” for use by farmers “on-farm”. The system has two levels of methods and tests. The first set

is the “core” tests of the system. Depending on time, budget, availability of apparatus and operator
skills, all or selected measures from the second set of tests should also be conducted. It will be
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essential to establish a firm link between the SVA scores from the first set of methods and the
quantified data from the second set.
It is envisaged that the test kit will consist of procedures and apparatus to qualify and score:
Soil structure size, type and grade (e.g. “weak crumb”, “strong platy” and “massive”),
Soil porosity size, type and intensity,
Soil texture (e.g. clay, sandy loam, and loamy clay),
Soil depths (of visible layers, especially degraded layers),
Soil colour.

VVYVYYV

In addition, a set of “simple yet scientifically based” measures will be included in the kit. The
cost of the necessary components for these tests will determine users’ choice of tests included in this
part of the kit.

The measurement apparatus and instructions will concern:

Water infiltration,

Soil organic matter status (especially labile carbon) (Weil et al., 2003),

Soil biota (earthworm counts per unit volume),

Soil slaking and dispersion (Field, McKenzie and Koppi, 1997),

Soil strength (perhaps the most difficult aspect because of known water-content
interactions),

Soil pH (items included: the field kit of the Commonwealth Scientific and Industrial
Research Organisation [CSIRO], barium sulphate, and indicator fluid).

VVYYYVY
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The kit will contain a scoring system and score sheets for each of the above descriptors and
measures.

3. Methods Used to Describe and Evaluate the Physical Condition of Soil in the Field

Direct field assessment of soil physical conditions: T. Batey.

The visual assessment of soil structure in the field (the Peerlkamp Scale): T. Batey.

SOILpak method for assessment of soil conditions: D.C. McKenzie.

A guide to tillage management based on surface soil types: J. Lawrie, B. Murphy and I. Packer.

Visual soil assessment (VSA): T.G. Shepherd.

Soil Quality Management System (SQMS): M. Beare.

Le profil cultural: Morphological characterization of cultivated structure at the field scale: H.
Boizard, G. Richard and J. Roger-Estrade.

8. Soil quality scoring procedure: B.C. Ball and J.T. Douglas.

9. Visual soil assessment — spade analysis: L.K. Munkholm.

10. Assessment of soil structure by visual classification of aggregates: P. Weisskopf.

11. Visualise your soil (BIZ) — from observation to management: C.J. Koopmans, J. Bokhorst and
E. Herres. Source: From Batey, 2004.

Nk v -

4. Five Features, Recordable in the Field, to Describe Soil Structure Form

Type of pedality provides a description of ped shape, e.g. platy, granular, lenticular and polyhedral.
Size is the average least dimension of peds, used to define class intervals, e.g. small (0-2 mm) or
medium (2-5 mm).

Grade is the degree of development and distinctness of peds, used to express the relative
difference between the strength of cohesion within peds and the adhesion between adjacent peds.
This is highly dependent on current water content. So, commonality of water contents between
descriptions is to be aimed for. Fabric is commonly restricted to Vertisols (cracking clays). It records
the lustre of ped faces, e.g. earthy, sandy, rough or smooth. Orientation is most commonly used for
Vertisols, where peds in the subsoil commonly lie at 450 to each other.
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a. Descriptors And Measurement Detail

The morphological descriptions will be based primarily on the evaluation of a block of soil
removed by a spade. The spade technique is described in the SOILpak manual (McKenzie, 1998).
Essentially, a spade with a flat (although usually slightly curved) blade is used to remove an intact
“block” of soil, commonly up to 30 cm deep and 25 cm wide. The soil is left on the blade of the
spade for subsequent observations.

First, using a measuring tape (or stick graduated in centimetres), the location of any visible soil
layers are assessed and measured in terms of colour, soil structure (see below), root density, etc.
Then, as described by Batey (2004): “Begin at the original surface and break the spadeful of soil
gently apart by hand. The criteria used are the size, shape, porosity and cohesion of aggregates and
lumps (Box 2), the degree of dispersion and breakdown of surface tilth and the amount of root
development. The assumptions made are that fine and medium crumb-sized aggregates, high
porosity and the absence of a surface crust are beneficial to root development and crop growth.
Overall, the test assesses the quality of the soil as a medium for root growth.”

As the soil is gently manipulated, the components specified in Box 3 need to be specified and
all observations recorded (a photograph is most useful).

The scoring system is currently under discussion. However, scores are attributed to each of the
variables noted in the soil, such as structure type, root penetration/development, and earthworm
counts, and multiplied by weighted values.

The soil measurements to be included in the SVA system are also under discussion. However,
early considerations of three will be presented here. These three represent perhaps the most
important indicators of soil structure / physical state, i.e. soil stability to wetting, water infiltration,
and soil organic matter status.

b. Soil Stability to Wetting

There are two main types of aggregate collapse when water is added to soil: (i) slaking, which
describes the breakdown of aggregates into microaggregates; and (ii) dispersion, which describes the
breakdown of aggregates into the primary soil particles of sand, silt and clay. The differentiation
between slaking and dispersion is most important.

Generally, the products of slaking can reform to produce larger aggregates, whereas dispersion
into primary particles is irreversible and results in undesirable, massive structure. On the soil surface,
dispersed soil appears as a hardsetting layer or a surface crust. It is a major impediment to water
penetration and plant growth, particularly of young, emerging plants.

The determination of the slaking or dispersive nature of a soil is commonly a laboratory test.
However, an appreciation of the phenomenon can be gained in a short time during soil description in
the field (Field, McKenzie and Koppi, 1997). The procedure is as follows. Drop an air-dried
aggregate from the layer under investigation into a dish (e.g. a saucer) or a small clear container
(cup) containing water (use rainwater or local irrigation water). After each of 10 minutes and 2 hours
(when possible) of immersion, a visual judgement is made of the degree of dispersion on a scale of
0-4 on each occasion (10 minutes and 2 hours). The two scores are added together giving a range of
scores from 0 to 8. The total indicates the following:

. 0 indicates no dispersion;

.1 is slight dispersion, recognized by a slight milkiness in the water adjacent to the
aggregate;

. 2 is moderate dispersion with obvious milkiness;
3 is strong dispersion with considerable milkiness and about half of the original aggregate
volume dispersed outwards;

.4 is complete dispersion, the original aggregate completely dispersed into clay, silt and
sand grains.

YV VYV VY

5. Components of Soil Structure and Other Observations to be Recorded
Well-structured soil will part along natural faces (the aggregates part from one another). Poorly

structured soil breaks or snaps where you apply the force. Well-structured dry soil crumbles easily —
it is friable.
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Be aware of the effect of current soil water content on this evaluation. Moist and wet soil can be
teased apart easily if it is well structured. Poorly structured wet soil will stretch like plasticine or tear
to leave rough surfaces.

a. Roots
Where roots follow cracks, grow around aggregates and do not penetrate them, then structure is
poor. Note any abrupt changes in direction or number of roots.

b. Porosity

If pores are visible to the eye, then they are large enough to allow the movement of water,
nutrients, air and roots to move into and through aggregates. Pores will look like small pits or dark
dots on the faces of aggregates. Well-structured soil has numerous pores. Pore size can be measured
and recorded.

c. Ped Shape

The shape of unbroken aggregates reveals the quality of structure. Cube-shaped, rounded,
lenticular and polyhedral aggregates indicate good structure, while platy or massive aggregates
indicate poor structure.

d. Ped Size

Small aggregates indicate good structure. Large aggregates indicate poorer structure. To assess:
Break a lump of soil into smaller and smaller pieces, using moderate hand pressure. Take note of the
size of the lump just before you begin tearing through the fabric of the soil, leaving a fine grainy
surface rather than a shiny face. This is the point at which you are no longer breaking soil along
natural fracture planes — you are tearing the aggregate apart. Wet soil can be difficult to examine.

e. Earthworms
Although not a direct measure of soil-structure condition, note earthworm numbers, type (where

known), and size and distribution of burrows and caste material.

Table 1. Simple estimation of K on the basis of 3-D flow from a pond

Time for 50 mm of water to be gone Hydraulic conductivity — K
from ring with radius 50 mm (mm/h)
<10 min. > 36 (fast)
<10min. <2h > 3.6 (medium)
>2h <1 (very slow)

Table 2. Simple estimation of K on the basis of 1-D flow from a pond

Time for 50 mm of water to be gone Hydraulic conductivity — K
from ring with radius 50 mm (mm/h)
< 30 min. > 36 (fast)
<30min.<10h > 3.6 (medium)
>10h <1 (very slow)
f. Water Infiltration

A major determinant of the cropping potential of a soil is the rate and amount of water that can
infiltrate either through the soil surface or within the soil profile. The following method has been
devised by Cook (CSIRO, Australia). The aim was to derive a simple method for the rapid
estimation of soil hydraulic conductivity. Simplicity, both in apparatus required and field method,
was essential. Although operationally simple, the method is firmly based on fundamental, globally
tested and accepted soil physical principles.

The method considers two scenarios:

1. Aringis only pressed lightly into the soil surface (three-dimensional flow).
2. A ring is pushed in to a considerable depth (greater than the diameter of the ring), so that
the flow is essentially one-dimensional.
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Cook advises using the three-dimensional method where possible as results will be obtained
more quickly and the time data are more sensitive to the hydraulic conductivity. The one-
dimensional method is more appropriate where soil cracking or the aggregation of the soil makes it
difficult to seal the ring onto the soil without leaks occurring.

Field equipment is a 1 x 50 mm radius ring (usually metal with a sharpened tip), a container
holding exactly 50 mm of water, and a watch. Tables 1 and 2 present summary hydraulic-
conductivity data for each of the three- and one-dimensional scenarios, respectively.

g. Soil Organic Matter Status

Most of the functions associated with soil quality are strongly influenced by soil organic matter,
especially the small portion that is termed active organic carbon (Weil, Web site). Techniques have
developed to fractionate carbon on the basis of lability (ease of oxidation), recognizing that these
subpools of carbon may have greater effect on soil physical stability and be more sensitive indicators
of carbon dynamics in agricultural systems than total carbon values (Weil ef al., 2003). Moreover,
the link between indices of soil physical condition and labile carbon fractions has been investigated
where comparisons of never-cropped land and adjoining farmland across three soil types reported a
substantial loss of carbon with cropping, particularly labile (permanganate oxidizable) carbon.

Weil et al. (2003) have developed a “field kit method” for the determination of potassium
permanganate oxidizable carbon. This is the technique that will be developed for use in the SVA
system, particularly aiming to replace the required technology (a hand-held colorimeter) with a range
of colour (purple) chips — to represent the range of results found in field soils.

6. Conclusions

The early stages of a simple soil evaluation method, farmer-usable SVA system have been presented.
Descriptive, qualitative information based on soil morphological descriptions of spade-excavated
soil profiles will be cross-checked and validated with a set of simple, yet scientifically based and
known, environmentally vital, field measurements. The outcome will be a part resolution of a
continuing need for a simple, low-cost monitoring system for capturing the condition of and trend in,
and extent and ramifications of, soil degradation and organic matter decline (both natural/inherent
and anthropogenic) in the cropping, grazing and woodlands of the world.
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