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2006

2000 2000 2002
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3 2002
1.5 2003 2 2004 6

89
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89
5 A E

1 2001
3

1

A B C D E 
9 13 23 21 23 89 

 Avg. Avg. Avg. Avg. Avg. Avg. STD 
km2 148.4 49.5 47.7 36.2 31.4 51.2 46.8 

1997 2002 % 0.8 14.0 5.8 27.6 18.8 15.0 19.1 
% 1.0 15.3 3.9 8.0 26.4 12.0 12.1 

% 34.4 17.9 16.8 9.3 14.2 16.3 11.8 
% 2.4 18.5 2.8 3.9 4.9 5.9 6.0 

% 34.1 22.5 56.5 54.3 22.2 39.9 21.7 
% 85.0 81.5 85.3 24.9 87.2 71.0 31.1 

% 11.7 18.5 15.9 19.0 28.9 19.9 14.6 
2001

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

3
2005: 39

2

A B C D E 
N % N % N % N % N % N % 

70% 3 12 9 35 1 4 13 50 26 100 
20 70% 1 8 2 15 7 54 3 23 13 100 
20% 5 10 2 4 15 30 21 42 7 14 50 100 

9 10 13 15 23 26 21 24 23 26 89 100 
Avg. STD Avg. STD Avg. STD Avg. STD Avg. STD Avg. STD 
30.1 37.2 65.2 29.2 18.5 24.9 0.7 0.5 54.3 38.5 31.5 36.6 
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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), 
53-61
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2004 12 26 16
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Rehabilitasi dan Rekonstruksi 4 BRR 1
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 1,115

 1,759
 39,633

36,96 km
 363

 13
 23

 195,726
 3,781

 7,109
 155,182
 996

BRR

BRR 1,753
Economic Development 409 Education 233

Health 254 Infrastructure, Housing & Land 503
Institutional Development 131 Religion Social 211

Spatial Planning & Environmental Protection 10 2

BRR RAN Database 2

1 2

3

                                                       
1 BRR-RAN Database BRR
2 URL http://rand.brr.go.id
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NGO

2

     
Kab. Aceh Besar 2,686 302,405 53,707 17.8 32.5 
Kota Banda Aceh 61 260,478 67,667 26.0 41.0 
Kota Sabang 119 26,303 133 0.5 0.1 

Kab. Aceh Jaya 3,703 98,796 16,874 17.1 10.2 
Kab. Aceh Barat 2,426 195,000 13,785 7.1 8.3 
Kab. Nagan Raya 3,903 143,985 1,942 1.3 1.2 
Kab. Aceh Barat Daya 1,685 115,358 3 0.0 0.0 
Kab. Aceh Selatan 3,646 192,947 2,652 1.4 1.6 
Kab. Aceh Signkil 3,577 124,758 26 0.0 0.0 
Kab. Simeulue 2,052 77,761 45 0.1 0.0 

Kab. Pedie 4,161 517,898 5,278 1.0 3.2 
Kab. Bireuen 1,901 361,528 519 0.1 0.3 
Kab. Aceh Utara 3,297 523,717 1,801 0.3 1.1 
Kota Lhokseumawe 181 167,362 200 0.1 0.1 
Kab. Aceh Timur 6,041 331,636 52 0.0 0.0 
Kota Langsa 262 122,865 0 0.0 0.0 
Kab. Aceh Tamiang 1,940 225,011 0 0.0 0.0 

Kab. Bener Meriah NA 112,000 2 0.0 0.0 
Kab. Aceh Tengah 5,773 160,453 469 0.3 0.3 
Kab. Gayo Lues 5,720 86,448 0 0.0 0.0 
Kab. Aceh Tenggara 4,231 150,776 31 0.0 0.0 

57,365 4297,485 165,186 3.8 100.0 
2003 2005 5 2

http://www.humanitarianinfo.org/sumatra/products/statistics/

2

3

1
2
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RAN Database

3

          
12.3 9.7 6.9 51.0 4.8 1.0 6.9 1.9 5.5 14.4
6.9 12.7 17.3 41.0 11.8 0.5 4.4 3.4 2.0 14.6

20.9 11.5 19.8 38.8 5.4 0.0 1.3 1.7 0.7 0.6
    

11.7 4.2 6.1 69.9 3.7 0.0 1.9 1.3 1.2 11.0
8.3 9.5 9.3 59.5 3.5 0.8 4.3 2.5 2.3 7.9

20.1 13.5 15.7 37.4 6.7 0.5 2.6 2.3 1.2 1.6
18.4 12.8 32.4 14.8 13.6 0.3 1.1 4.8 1.8 0.7
12.8 0.5 34.3 10.8 24.6 0.2 2.7 12.8 1.4 0.4
10.1 1.1 14.7 43.4 19.5 0.3 1.9 4.6 4.4 0.5

6.5 15.8 7.1 60.5 5.6 0.3 1.2 1.1 2.0 2.3
    

13.9 11.9 11.8 41.2 10.1 0.3 3.9 2.3 4.5 5.0
16.8 11.1 7.7 52.0 4.4 0.1 1.5 2.5 3.9 3.3
19.5 13.8 10.5 45.7 4.6 0.1 2.8 1.4 1.5 3.0
12.5 21.8 14.2 31.6 10.6 0.0 7.0 1.7 0.7 0.8
19.1 8.2 27.2 20.7 18.2 1.0 2.7 1.8 1.2 0.4
14.7 2.0 75.6 0.2 5.1 0.0 2.0 0.0 0.4 0.1
4.2 1.4 51.8 3.7 38.0 0.0 0.6 0.0 0.4 0.2

    
20.0 1.0 26.7 33.3 18.7 0.0 0.0 0.0 0.3 0.4
23.3 7.6 36.3 4.6 26.0 0.0 0.8 1.0 0.4 0.3
1.8 0.4 35.0 27.2 33.9 0.0 0.2 1.6 0.0 0.2
8.1 1.2 38.7 7.0 41.6 0.0 1.0 1.7 0.6 0.2

    
8.5 14.6 8.7 55.2 6.5 0.3 2.4 0.4 3.3 4.1

12.0 13.7 7.6 56.3 4.0 0.1 2.9 0.2 3.0 1.3
8.1 13.9 26.5 22.6 10.9 0.3 4.2 0.7 12.8 26.6

10.4 11.3 15.3 43.1 8.2 0.4 3.9 1.8 5.5 100.0
BRR-RAN Database 2009 5 3 .

NGO NGO

4
NGO
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5
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26

4

           
 11.1 5.9 10.2 49.2 4.6 0.4 5.2 1.0 12.5 21.07

 12.3 18.5 16.9 39.2 6.1 0.0 2.1 2.5 2.3 9.11
 17.4 5.9 6.4 48.3 4.6 0.0 6.5 0.3 10.6 7.19

 9.8 8.7 8.4 52.6 15.6 0.0 2.2 2.6 0.1 5.19
 6.5 16.4 21.7 25.4 13.5 1.9 5.7 3.0 6.0 4.57

 5.5 0.8 1.3 76.1 10.0 0.0 4.1 0.4 1.8 4.21
 6.8 16.0 11.8 54.9 8.2 0.0 1.3 0.2 0.8 2.71

 0.8 22.6 2.3 64.6 1.7 0.1 2.4 4.7 0.7 2.29
 18.1 8.6 19.8 36.1 3.4 0.1 2.4 7.4 4.2 2.04

 40.8 4.8 1.5 34.6 1.7 3.6 6.1 0.0 7.0 1.65
 20.5 12.0 8.2 49.3 7.0 0.0 0.6 1.9 0.5 0.77

 16.8 27.6 33.5 3.8 8.2 0.4 0.1 8.5 1.1 0.65
 11.2 48.8 1.6 25.8 0.5 0.4 5.2 0.5 6.2 0.63

 0.0 22.7 3.8 60.5 0.0 5.7 7.4 0.0 0.0 0.51
 2.1 19.1 0.1 75.0 0.0 0.0 2.9 0.0 0.9 0.49

 1.0 8.1 4.8 78.3 2.0 0.0 3.9 0.0 1.8 0.47
 13.3 16.2 23.5 41.1 3.2 0.0 2.8 0.0 0.0 0.45

 0.0 10.9 0.3 66.3 0.0 8.2 13.9 0.0 0.4 0.45
 46.2 0.0 53.4 0.0 0.1 0.0 0.3 0.0 0.0 0.39
 20.4 18.4 18.3 37.4 1.7 0.0 2.8 0.0 0.9 0.36

 5.7 5.6 2.2 79.8 2.1 4.5 0.0 0.0 0.0 0.35
 0.1 42.3 2.7 10.6 0.0 0.0 4.9 0.0 39.4 0.30

 2.5 24.8 4.1 24.9 0.0 24.4 16.1 0.0 3.2 0.22
 9.9 10.5 20.9 18.6 0.0 0.2 39.8 0.0 0.0 0.21
 21.2 26.3 0.0 29.0 3.8 0.0 19.4 0.4 0.0 0.17

 14.9 13.8 12.5 48.5 0.0 0.0 3.7 0.2 6.3 0.13
 19.3 3.9 0.6 65.5 0.0 0.0 8.9 0.0 1.8 0.11

 92.1 0.0 0.0 0.0 1.4 0.0 4.1 0.0 2.4 0.11
 0.0 0.0 0.0 78.8 0.0 0.0 21.2 0.0 0.0 0.08

 10.2 85.3 0.0 0.0 0.0 0.0 4.0 0.5 0.0 0.08
 6.1 32.3 15.3 17.4 21.6 0.0 7.3 0.0 0.1 0.07

 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.07
 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.04

 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.04
 58.6 0.2 4.7 7.5 29.0 0.0 0.0 0.0 0.0 0.02
 0.0 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.02

 50.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 50.0 0.00
 0.0 0.0 2.3 14.1 54.5 0.0 29.2 0.0 0.0 0.00

 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00
 73.5 13.7 0.0 0.0 7.5 0.0 5.4 0.0 0.0 0.00

 35.0 0.0 0.0 40.0 15.0 0.0 0.0 10.0 0.0 0.00
 0.0 0.0 100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.00

 0.0 0.0 0.0 10.0 90.0 0.0 0.0 0.0 0.0 0.00
    67.24

    
 4.8 18.7 43.6 20.4 4.8 0.0 2.4 0.1 5.3 17.01

 9.8 5.7 0.0 54.0 15.4 0.0 5.6 9.1 0.3 5.71
 25.3 0.3 0.7 59.9 8.1 0.1 0.1 3.3 2.2 3.77

 21.1 1.7 13.3 34.0 18.2 0.0 4.6 0.0 7.1 1.74
 0.3 0.8 0.1 0.7 98.2 0.0 0.0 0.0 0.0 1.49

 0.0 0.0 0.0 90.3 9.7 0.0 0.0 0.0 0.0 1.27
 23.6 29.9 9.4 21.6 1.7 1.5 10.2 0.4 1.5 0.68

 0.7 3.8 14.7 54.3 12.1 4.4 7.8 2.0 0.1 0.42
 0.0 4.2 1.5 0.0 0.0 0.0 92.8 0.0 1.5 0.15

 89.6 0.0 0.0 0.0 0.0 0.0 1.9 0.0 8.5 0.03
 0.5 21.8 6.3 52.3 1.8 9.2 6.8 0.0 1.4 0.48

    32.76
BRR-RAN Database 2009 5 3
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600
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BRR INFRA 288 IN
INFRA 339 IN 120 700

606 2006 3 1 2007 12 31
8,000,000 BRR-RAN Database

BRR INFRA 96 Bilat

2005 6 22 2008 1 8 10,029,119
BRR-RAN Database

6
2008 12 27

7
2008 12 27

8
2008 12 27
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2
1 7954 6

1,213
66 2

6 7 8

2004 12 26

2007 7 19

9 10
2004 12 26

9
2008 12 25

10
2008 12 25
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NGO

1 2 2

1 2

2008 5 2
14 5 12

8 7

Save the Children Save
the Children NGO

NGO

NGO

NGO

BRR RAN database http://rand.brr.go.id/RAND/ 2009 2
26 NGO

9 2004 2008 NGO
kecamatan

NGO NGO

2nd level 1

2nd level
International NGO (INGO); National NGO (NNGO); Private sector and community; UN; 
Bilateral; Academic institutions; Government agency; IFI; BRR SATKER; other 

2

29
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30

International NGO (INGO); National NGO (NNGO); Private sector and community; UN; 
Bilateral; Academic institutions; Government agency; IFI; BRR SATKER; other 

3

Grant ; Loan; Grant and Loan; Unspecified 
sector 

Economic development; Administrative and other costs; Infrastructure, Housing and land; 
Social; Institutional development; Health; Education; Religion; Spatial planning and 
Environment; Unallocated 

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

NGO
1 5 NGO 878

NGO BRR NGO

NGO

2004 12 26 2004 NGO
2005 320 2005

4 2008 108
3 1

NGO

2005 8 GAM

NGO

1 NGO

 INGO NNGO Total 
2004 8 80.0% 2 20.0% 10
2005 207 64.7 113 35.3 320 
2006 179 68.6 82 31.4 261 
2007 130 72.6 49 27.4 179 
2008 74 68.5 34 31.5 108 

NGO NGO
NGO 3 2 NGO 3 1

NGO NGO

NGO 2005 207 179 130 74
NGO

NGO 2005 113 82 49 34
NGO

NGO
NGO NGO

30
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NGO
1 NGO

NGO
NGO

NGO 2
2005 19 7 11 10 5

2006
4

2

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

5,286,588,561 4,212,122,193 1,074,466,368

0

500

1,000

1,500

2,000

2004 2005 2006 2007 2008
0

50

100

150

NGO

1 NGO

NGO NGO
1

3 MEURAXA
KUTARAJA KUTA ALAM SYIAH KUALA JAYA BARU

5 JAYA BARU
JAYA BARU MEURAXA

2
BANDA RAYA BAITURRAHMAN LUENG BATA
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JAYA BARU 4,459 22,005 3,187 7,470 11,348 10,657 48.4
MEURAXA 6,496 31,218 3,837 21,724 5,657 25,561 81.9
KUTARAJA 4,029 20,217 1,388 13,707 5,122 15,095 74.7
KUTA ALAM 11,424 55,062 5,542 6,407 43,113 11,949 21.7
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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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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 Much

worse
Slightly 
worse The same Slightly 

better
Much
better

1. Aceh Besar (N=147) 2.0 25.9 40.8 29.9 1.4 
2. Aceh jaya (N=155) 2.6 32.9 43.2 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 Much

worse
Slightly 
worse The same Slightly 

better
Much
better

1. Aceh Besar (N=147) 1.4 15.0 42.2 40.8 0.7 
2. Aceh jaya (N=155) 1.3 21.3 43.2 34.2 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 2.9 
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 Much

worse
Slightly 
worse The same Slightly 

better
Much
better

1. Aceh Besar (N=147) 5.4 21.1 52.4 20.4 0.7 
2. Aceh jaya (N=155) 3.9 25.2 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). 

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 (%)  
Aceh Besar

N=147
Aceh Jaya  

N=155
Bireun
N=339

Banda Aceh
N=68

Pidie
N=110 Priority needs 

1* 2* 3* 1* 2* 3* 1* 2* 3* 1* 2* 3* 1* 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 0.7 3.4 1.4 2.6 0.6 0.0 5.6 1.5 2.1 1.5 4.4 0.0 9.1 4.5 4.5
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 5.9 7.3 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
5 Job 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 6.4
6 Education 2.7 4.8 6.1 3.9 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 4.4 2.9 2.7 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 0.0 0.7 0.7 0.0 0.6 0.0 0.3 0.9 2.7 0.0 0.0 4.4 0.0 0.0 1.8

10 Livelihood 4.8 8.8 8.2 3.9 10.3 7.7 1.8 2.1 4.1 2.9 5.9 2.9 0.9 4.5 0.9
11 Religious progr. 0.7 2.0 4.1 1.3 2.6 0.0 5.6 5.0 7.4 0.0 1.5 4.4 0.0 0.9 3.6
12 Transportation 0.7 1.4 5.4 5.2 3.2 9.0 2.9 2.7 4.4 5.9 2.9 5.9 9.1 14.5 14.5
13 Other 4.1 8.2 11.6 4.5 7.1 9.7 13.9 16.2 25.4 7.4 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.  

Figure 2. Community perception on reconstruction process 

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, II, 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. 
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Characteristics 
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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 
A1: 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 

Attribute of respondents Damage
degree

Village 
numbers

Average death 
rate (%) Total* % Male Average age % Locals** 

Huge 5 82.3 234 58.1 35.3 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 II 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 85.7 77.6 65.2 59.0 49.6 41.3 33.0 28.8 27.3 
Housing 76.6 70.1 73.8 70.7 60.6 46.5 33.0 23.3 22.0 
Food/water 71.4 72.0 65.8 42.4 29.1 27.3 22.8 23.3 15.9 
Income 63.2 55.6 47.6 58.1 44.1 32.0 41.3 29.2 25.0 
Job 54.1 39.2 33.7 45.0 30.3 20.9 27.2 19.6 13.6 
Health 43.3 38.4 25.7 12.2 7.5 7.6 3.4 4.1 3.0 
Sanitation 36.8 39.6 38.0 32.8 32.7 32.0 25.2 31.1 37.9 
Electricity 34.6 41.0 40.1 32.3 24.8 16.3 10.2 4.1 7.6 
Social activities 12.6 3.7 10.2 8.3 2.4 1.2 2.4 1.8 3.0 
Education 10.8 8.6 13.4 5.2 5.5 7.6 3.4 4.1 6.1 
Land 6.5 2.6 2.1 4.4 2.0 1.2 2.4 2.3 1.5 
Succession 0.4 1.9 1.6 0.4 - - - 0.9 -  
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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.  

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).  

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 

Monthly income (1,000 Rp.) Damage
Degree Pre-tsunami Immediately after Three years after

Jobless rate after 
the tsunami 

Avg. 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.  

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 
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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 (PDG) 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.  

Figure 10. Progressive interrelationship of vulnerability and resilience 
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(2)

Table 1

Table 1: Mapping the legal problem in the peacebuilding process 

Up to 1 year 
Survival/emergency 

Up to 3 – 4 years 
Reconstruction 

Up to 10 years – 
Development/sustainable 

Short Term Mid Term Long Term 

Local 

National

International

Table 2

Table 2: Example – land law problem in peacebuilding program 

Up to 1 year 
Survival/emergency 

Up to 3 – 4 years 
Reconstruction 

Up to 10 years – 
Development/sustainable 

Short Term Mid Term Long Term 

Local 
Community level land 
dispute resolution under the 
absence of applicable law 

Land inheritance and 
gender discrimination in 
inheritance

Legal awareness of village 
people on their right 

National
Tentative allocation of land 
for security, humanitarian, 
or survival purpose 

Establishing functional 
land law system 

Development of land 
management mechanism 
(registration etc.) 

International

 Negotiation with former 
ruling states on asset and 
liability 

International support for 
development of legal 
system 
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(3)

Table 1
Table 2

Table 3

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)

Base for administration system Dismissal, appointment and vetting of judicial 
and administration personnel 

Transitional Justice

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

Sustainable peace Rule of law Making legal system necessary for 
governance.

3

MoU 4 MoU

2001 18
                                                       
3 UNTAET

4

2007 275-280
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Mahkamah Syariah Qanun

5 GAM

6

Dinas Syariah Wilayutul Hisbah WH
WH 7

UNDP WH

UNDP 2006, p.93

                                                       
5 Moch. Nur Ichwan, “The Politics of Shari'atization: Central Governmental and Regional Discourses of Shari'a 
Implementation in Aceh” in Feener, R. Michael & Cammak, Mark E. eds., Islamic Law in Contemporary Indonesia: 
Ideas and Institutions, 2007. pp.195-196. 
6 Tim Lindsey & M.B. Hooker with Ross Clarke & Jeremy Kingsley, “Shari’a Revival in Aceh” in Feener, R. 
Michael & Cammak, Mark E. eds., Islamic Law in Contemporary Indonesia: Ideas and Institutions, 2007, p.222. 
7 Governor's decree 1/2004 Wilayutul Hisbah a
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 2008: 77, 

10
10 20 2

1
 2008: 77

Takahashi et al. 2008

1

n 3 30 18 182 233  
% 1.3 12.9 7.7 78.1 100.0  
n 7 62 20 181 270  
% 2.6 23.0 7.4 67.0 100.0  
n 5 23 17 141 186  
% 2.7 12.4 9.1 75.8 100.0  
n 15 115 55 504 689  
% 2.2 16.7 8.0 73.1 100.0  

2

11.0 12.9 12.6  12.2  559 
3.9 3.6 2.9  3.5  624 

2007 64.9 49.4 44.7  53.4  674 
59.7 58.5 71.8  62.5  691 
47.0 52.8 50.5  50.2  687 
76.8 88.8 89.3  84.9  689 
35.4 32.2 44.3  36.5  684 
59.9 61.0 63.2  61.2  662 

1

2.2 16.7
8.0 4 1

11 12
2 1

2
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3

n 86 102 92 280  
32.6 42.2 33.7 36.4  
2.3 2.9 7.6 4.3  
4.7 9.8 8.7 7.9  
2.3 8.8 15.2 8.9  

59.3 25.5 26.1 36.1  
17.4 19.6 20.7 19.3  
25.6 28.4 35.9 30.0  

4

n 144 169 114 427  
3.5 4.1 4.4 4.0  

86.8 91.7 93.9 90.6  
0.0 4.7 0.9 2.1  

18.1 11.2 21.9 16.4  
3.5 5.3 7.9 5.4  

14.6 14.2 10.5 13.3  
5.6 4.7 6.1 5.4  
0.0 1.2 4.4 1.6  

50

2008 11
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 2003;  2005;  2006

 2006;  2007a;  2007b
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2007 6

5 33.6
46.5

53.5

2004

5

60 20 148 228 70 26.3  8.8  64.9  100.0  
101 34 133 268 15 70 37.7  12.7  49.6  100.0  
66 33 80 179 15 36.9  18.4  44.7  100.0  

227 87 361 675 
33.6  12.9  53.5  100.0  
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Proposing the Community-based Tsunami Warning System 

Takahashi, M.1, Tanaka, S.1, Kimata, F.1, Nakaseko, T.2, and Suhirman3

1 Graduate School of Environmental Studies, Nagoya University, Nagoya, Japan 
2 Formerly Disaster Prevention and Safety Division, Taiki-cho Municipal Office, Mie Prefecture, Japan 
3 School of Architecture, Planning and Policy Development, Institute of Technology Bandung, Indonesia 

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 et al., 2007). In 
particular the notion of “earthquake-tsunami association” (Tanaka et 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, Ie 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). 

DISASTER
PREVENTION

SCHEME

Evacuation
Place

Disaster
Subculture

Local
Warning
System

Simple, low-cost,  accessible within 
inhabitants’ neighborhood, based on 
community management …

To localize and embody knowledge 
on what a tsunami, what to do in 
EQ, where to escape …

Thinking/deciding for the local 
community itself, independently 
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 

80



Proposing the community-based tsunami warning system (Takahashi et al.)

81

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.  

SCHEME FOR 
LOCAL

WARNING 
SYSTEM

Warning
Any town staffs must 
order whenever they 
feel strong shaking 
for over 20 seconds, 
even before Japan 
Meteorological 
Agency Evacuation

Aiming that 100% of 
inhabitants really 
move into action 
following rather the 
local instruction 
than the nationalTrust

Inhabitants trust their 
own community 
activity, even for 
misinformation, to 
guard their lives

Local knowledge/ 
collective memory/ 
self-judgment on the 
natural environment 
and related risks

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 

Behavior in the 
earthquake No. Respondents Thinking of a 

tsunami (%) 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 15.4 6.3 

Prompted by family 7.1 - 6.7 
Judged by oneself 52.4 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. Safe/Not
dangerous (%) 

Dangerous/ Not 
safe (%) 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) 73.4 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 … I felt 
obliged to escape. I 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 et 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 
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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. 

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 M8.2-8.4 
Hoei 28 October 1707 M8.4-8.7 

Ansei-Tokai and Nankai 23-24 December 1854 M8.4 
Showa-Tonankai 7 December 1944 M7.9 
Showa-Nankai 21 December 1946 M8.0 

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. 

85



II. Disaster Subculture and Preparedness

86

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 

      
Figure 3. Nishiki Tower and its cross-section 

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 
do seriously as much as possible [as an amateur can do]. 
([ ] added by the authors) 

Another is to re-turn our attention to the decision-making 
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). 

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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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: 

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. 
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. 
Developing materials related to disasters, especially disaster preparedness and disaster risk 
reduction. 
Conducting training for teachers and developing curriculum related to disaster awareness 
and disaster risk reduction. 
 Supporting  local government in implementation of disaster risk reduction activities and 
designing strategic plans for disaster management. 
Opening access to use TDMRC facilities, especially for disaster actuators and for 
community in general. 
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. Disaster Risk Reduction (mitigation and preparedness) in Aceh’s communities supported as 
a normal part of the local government development planning process. 

2. 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.

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

4. 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 qanun 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, 

91



II. Disaster Subculture and Preparedness

92

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 4th CBDRM National Symposium, Meeting of DRR-Aceh 
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 5th 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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Field Challenge of Continues GPS Array Maintenance on 
Sumatra Fault: Report of the August 13 – 14, 2008 AGNeSS 

Continue Site Investigation 

Irwandi1, Takeo Ito2, and Fumiaki Kimata2
1 CS3RG (Computational Seismology and Risk Reduction Research Group) 
Geophysics Laboratory, University of Syiah Kuala,Banda Aceh – Indonesia 

2 RSVD, (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, I 
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. I 
understand for recent development after participating in the 9th 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. 

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 3. Continue GPS component and construction in field 

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 teqc 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 teqc
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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 5W 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 | teqc $stream -O.obs L1 -O.int $dtobs +ds $dtobs +err 
/dev/shm/start_gps> $tmprnx 

and the second command at line 135 

cat $dev | teqc +nav $site$doy$seq"."$yy"n" -week $yy":"$doy $stream -O.obs 
l1+l2+p1+p2+c1 -O.o $observer -O.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.  

teqc +nav ACEH0700.09n -week 09 070 -tr s -O.obs l1+l2+p1+p2+c1 -O.o RSVD -O.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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2. Not suitable voltage specification of equipments 
3. Error in linux OS configuration  
4. Error in cable installation 
5. Error in GPS receiver setting 
6. Lead-acid Battery condition 

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 -O.obs l1+l2+p1+p2+c1 … 

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/ACEH0700.09o 

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 
teqc 2002Mar14             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  P1  P2  C1            # / TYPES OF OBSERV 
   1.0000                         INTERVAL 
 SNR is mapped to RINEX snr flag value [1-9]        COMMENT 
 L1: 3 -> 1; 8 -> 5; 40 -> 9                COMMENT 
 L2: 1 -> 1; 5 -> 5; 60 -> 9                COMMENT 
teqc windowed: start @ 2008 Jun 25 00:00:00.000       COMMENT 
teqc 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 500MB.  
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 66MB 
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.  

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. 

MALO site  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 26th 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 SVA, 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. 

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). 

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 

1. Direct field assessment of soil physical conditions: T. Batey. 
2. The visual assessment of soil structure in the field (the Peerlkamp Scale): T. Batey. 
3. SOILpak method for assessment of soil conditions: D.C. McKenzie. 
4. A guide to tillage management based on surface soil types: J. Lawrie, B. Murphy and I. Packer. 
5. Visual soil assessment (VSA): T.G. Shepherd. 
6. Soil Quality Management System (SQMS): M. Beare. 
7. 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. 

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 45o 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. 

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 
from ring with radius 50 mm 

Hydraulic conductivity – K 
(mm/h)

< 10 min. > 36 (fast) 
< 10 min. < 2 h > 3.6 (medium) 
> 2 h < 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 
from ring with radius 50 mm 

Hydraulic conductivity – K 
(mm/h)

< 30 min. > 36 (fast) 
< 30 min. < 10 h > 3.6 (medium) 
> 10 h < 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. A ring is 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 × 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 et 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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