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The sediment migration at Mt. Merapi area is very dynamic depending upon the dynamics of volcanic 

activity of Mt. Merapi and the rate of growth of infrastructure development at the area nearby. In almost all 

cases of environmental problems, the unbalance condition between the sediment supply and the sediment 

withdrawal from the watershed and stream system might contribute dominant role in environmental 

degradation. The complexity arise in the form of both triggers affecting the sediment migration process, i.e. 

the natural phenomena of the volcanic activity (such as the rainfall condition), as well as human interfere 

(sand mining activity). This paper presents result of the observation on the best practice program of 

integrated sediment disaster management which has been applied in Mt. Merapi area. The program has been 

actually initiated since 2001 which basically a combination of structural and non-structural approach, 

involving various parties. The sustainability of the program is found to be fluctuated as influenced by natural 

phenomena, i.e. 2006 Yogyakarta and Central Java earthquake, 2006 Mt. Merapi eruption, and 2010 Mt. 

Merapi eruption. In 2007 thru 2009, an institution and community development program at Mt. Merapi area 

was conducted and various raising resilience programs were. Furthermore, this paper also presents result of 

quantitative simulation on integrated sediment management adopting linear optimization technique and 

taking into account the socio-eco-engineering so that both the structural and non-structural approaches are 

considered. 
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1. INTRODUCTION 

 
Since the earthquake and tsunami which hit Aceh 

and North Sumatra of Indonesia in December 2004 

with more than 125,000 casualties, there have been 

several disaster occurrences in some parts of the 

country with significant number of casualties (see 

Fig.1). Some of them were the earthquake of Nias 

Island (March 2005, approximately 600 casualties), 

Banjarnegara landslide (January 2006, 

approximately 70 casualties), Central Java 

&Yogyakarta earthquake (May 2006, approximately 

7,000 casualties), Mt. Merapi debris flow and 

pyroclastic cloud (June 2006, 2 casualties), 

Bengawan Solo river flood (December 2007, 

approximately 70 casualties), Karanganyar landslide 

(December 2007, approximately 65 casualties), Situ 

Gintung dam failure (March 2009, 89 casualties), 

Tasikmalaya earthquake (September 2009, 

approximately 40 casualties) and Padang earthquake 

(September 2009). Furthermore, the Mt. Merapi 

eruption which took place in 26 October thru 4 

November 2010 contributed not only loss of human 

live but also various loss of properties related to 

economic value. The material source produced by 

2010 eruption was approximately 140 million m
3
 

occurred within less 10 days. For comparison, 1994 

Mt. Merapi eruption produced approximately 3 

million m
3
 (Shimoda, 1995) and 2006 eruption 

produced 8 million m
3
 (YEC, 2007). The 2010 

eruption of Mt. Merapi has shown that hot 

pyroclastic flow at approximately of 30 million m
3 

had flown along Gendol River at a distance of 15 

Km downstream.  
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Among many disasters experienced by the 

country are earthquake, volcanic eruption (e.g.: 

pyroclastic flow and debris flow), landslide, flood, 

drought, river bank erosion, river/reservoir 

sedimentation, etc. Such disasters may be natural; 

however, some of them are human triggered ones. 

The capacity of the country to cope with such a 

large number of disaster occurrences (both 

frequency and intensity) may of course be limited, 

but the valuation for putting priority to mitigate the 

impact is often complex and requires continuous 

socialization on the understanding of the role and 

function of related infrastructures such as sabo 

works. Unfortunately, there is no clear cut between 

a natural disaster and the human-interfered one. 

Apart from the complexity in determining the 

disaster type, sediment-related disasters such as 

debris flows, landslides, rockslides, etc. are of great 

consequence disaster that needs to be dealt with 

seriously. The presence of sabo works that is highly 

related to the mitigation of the above disasters need 

to be appreciated. 

 

2. AUTONOMY PARADIGM AND 

SEDIMENT CONTROL 
 

2.1 Autonomy Paradigm 

The idea of the autonomy system is basically 

providing more initiatives to the local governments, 

(i.e. district/city governments rather than the 

provincial governments) to develop and utilize the 

natural resources in order to avail better social 

welfare of the community. The central government 

is supposed to supervise and provide technical 

recommendations when necessary, so that the 

sustainable development can be achieved. In the 

case where the local government has very limited 

capacities, particularly those related with the budget, 

central government should assist based on a certain 

mechanism. The economic crisis in the country in 

1997 that was probably experienced throughout the 

regional countries has made the country suffered 

from other crisis, such as political, social, national 

leadership, etc., which finally became a 

multidimensional crisis. Since then, the country has 

been facing many unstable situations; one of these 

was a significant increase of unemployment. Human 

activities increase considerably, pressure on lands, 

such as land cultivations for food crops and 

settlements, increases intensively. This in turn also 

causes degradation of environmental quality 

including an increase on runoff coefficient and soil 

erosion. Many attempts have been made to 

anticipate the above complex nature where related 

projects to alleviate the poverty, to secure the food, 

and to improve the environment quality, have been 

emphasized more. The issuance of several new 

government laws to accelerate the country reform 

often meet significant constraints due to the lack of 

preparation for their socialization. It was found that 

the sand mining activity at volcanic rivers may 

create job opportunities which at some extend 

improve life quality of the community. However, at 

the long term view point, this may invite another 

serious problem in term of sustainability of the 

sediment control structures such as sabo facilities 

along the rivers. 

 

2.2 Sabo Development in  

The sabo development in Indonesia has already 

started since 1969, in line with the establishment of 

volcanic mountain projects such as Mt. Merapi, Mt. 

Kelud, and Mt. Agung Projects (1969), Mt. Semeru 

Project (1977), Mt. Galunggung Project (1982). 

Nowadays, Mt. Galunggung and Mt. Agung are no 

longer active and the projects were closed in 1999. 

The first Japanese expert who has been introducing 

the sabo technology was Mr. Tomoaki Yokota, 

which passed away in 1972 in Indonesia due to 

malaria disease. To honor and commemorate his 

remarkable contribution, his name was then used for 

the library, i.e. Yokota Library in Sabo Technical 

Center office in Yogyakarta. Through the technical 

cooperation with Japan International Cooperation 

Agency (JICA) of Japan, the Volcanic Sabo 

Technical Center (VSTC) was established in 1982, 

with the special objective of building capacity to 

Indonesian Ministry of Public Works officials to be 

experts on sabo technology. (see Fig. 2). Since the 

mentioned technology is not only supposed to 

encounter the sediment-related disaster from 

volcanic activity, but also those from other 

non-volcanic areas, the VSTC was then changed 

into Sabo Technical Center (STC) in 1992. During 

the above period, it was gradually realized that sabo 

Fig. 1 Several big disasters in Indonesia since the 2004 
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technology was not only aimed at protecting human 

lives and properties, but also to increase human 

welfare. Therefore, in 2001, a Record of Discussion 

(R/D) was signed to run the “Integrated Sediment 

Disaster Management (ISDM)” Project which was 

implemented by STC for the following 5 (five 

years) until 2005, and then being extended for the 

following 2 (two) years until 2007. One promising 

scheme of the ISDM was the establishment of 

Master Program in Disaster Management (MPBA) 

in 2001 which aimed at availing human resources 

from various government agencies to have 

capability in managing the disasters. Five doctorate 

students graduated from various best universities in 

Japan have been resulted, and more than one 

hundred M.Sc. students have been graduated from 

MPBA, Further efforts on maintaining sustainability 

of sabo facilities may be conducted through 

long-term action research through cooperation 

among various stakeholders such (Public Works 

Sector, Local Government Agencies, MPBA, etc), 

and it is really demanded for the further 

development of sabo in Indonesia.  

 

3. SEDIMENT MANAGEMENT AT MT. 

MERAPI AREA 
 

3.1 Sediment Volume from Mt. Merapi 

The sand mining activity has been fluctuated 

yearly depending on many factors. Main factors are 

the sand availability and the market need. Other 

factors such as government project (river 

normalization) and opening of new private quarry 

sites may also contribute to small fluctuation. The 

average of sediment production yearly within the 

period of 2007 through 2012 is estimated at 2 

million m
3
. The rapidly decline of sand mining 

volume from 2001 until 2006 suggests that sand 

stock around Mt. Merapi was reducing due to 

mining activities whereas no eruption occurred. It is 

obvious that the availability of sand at surrounding 

Mt. Merapi is the primary limitation to sand mining 

activity. The balance between input (pyroclastic 

material) and output (sand mining production) is 

important to prevent environment degradation. 

Since 1997 the average sand mining volume has 

been relatively high (3.55 million m
3
). Practically, 

the maximum sand mining volume should be equal 

to the average pyroclastic sediment from Merapi 

eruption yearly. To avoid river bed degradations due 

to excessive withdrawal of sand, thus to avoid the 

damage of sabo facilities, a value of allowable 

yearly sand mining volume at 2 million m
3
 was then 

proposed. The 2010 Mt. Merapi eruption produced 

more than 130 million m
3
 of sediment, and until 

now, there is no limitation of sand volume that may 

be withdrawn from Mt. Merapi area. Such situation 

may invite severe degradation of river bed which in 

turn threats the stability of the structure [Legono, 

et.al, 2011]. 

Fig. 2 Sabo Developments in Indonesia 
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3.2 Sand Mining Activity at Mt. Merapi Area 

The sediment resource from the upstream part 

of a river is highly affected by both natural and 

human interference mechanisms. Natural sediment 

product may consist of direct supply from active 

volcanoes, land erosions, bank erosions, hill 

landslides, etc. The presence of rainfall in some 

extent may also trigger the phenomena. Human 

interference may consist of activities which give 

“pressure” on land such as cutting trees, cultivating 

land, or others for individual or collective purposes 

(see Fig. 3). 

 

 

 

 

 

 

 

 

 

Depending upon the sediment product at the 

upstream of the river, the sediment controls such as 

sabo works are built with a particular purpose to 

minimize destructive power due to excessive 

sediment flow. Followings are some experiences in 

the development of sabo for special case of 

controlling sediment of rivers originated from Mt. 

Merapi, Indonesia. It is obvious that one particular 

sabo structure may perform a specific debris flow 

control so that destructive power downstream of the 

check dam is avoided. However, ones should realize 

that such control may have a limit in capacity that 

other negative impact may persist.  

 

3.3 Sediment Control by means of Sabo 

A single purpose sabo dam is more like a life 

insurance where the benefit will only be experienced 

after debris-related disaster occurs. The analysis of 

sediment balance at a single check dam/ sabo dam 

may be analyzed based on the following equation 

[Shimoda, 1995] in [Sudiarti, 2006]; the sketch is 

shown in Fig. 4. 

 

)( seCHSE VVVVV      (1) 

where: 

VE : sediment overflowing the structure (m
3
) 

VS : sediment entering upstream of structure (m
3
) 

VH : sediment trapped at upstream of structure (m
3
) 

VC : sediment controlled at upstream of structure (m
3
) 

Vse : dead storage of structure (m
3
) 

 

 

 

 

 

 

 

 

 

 

 

 

When nothing happens, the check dam looks 

like a giant infrastructure having no benefit to the 

community, just like the money invested in the 

insurance company. Such situation may raise a 

question which supports the idea that the dam is 

unnecessary, inefficient or promotes an unwanted 

environment. This type of view toward sabo dam 

should be avoided whenever possible. Hence, 

multipurpose sabo dam is more desirable. Such 

typical sabo dam may give benefits to the 

community shortly after its construction even if no 

debris flow is experienced. The existing 

multipurpose sabo dams that are well accepted by 

the community are those that also function as 

bridges, weirs, increasing groundwater tables and 

river bank/land stabilizations. There are many other 

benefits of sabo dam infrastructures that have to be 

explained clearly to the community to improve 

acceptability. High acceptability may also assure the 

sustainability of the dam structure. It can be seen 

that the acceptability of sabo dam infrastructure 

depends largely on the purpose of the infrastructure, 

the benefit to the upstream and downstream 

communities, and the effectiveness of the 

community consultation to explain the need and the 

purpose of the sabo dam to the community. 

However, this may be occurred only in very little 

frequency, say once every five years. In order to put 

more reliable appreciation on the presence of the 

sabo works, a systematic lesson learn on some 

evidence that sabo structure may take role in 

controlling sediment disaster should be introduced, 

reliable monitoring systems are then become 

essential [MLIT, 2004]. 

 

4. SOCIAL & ECONOMY FACTORS 
 

4.1 Social and Economy Impacts to Community 

The sediment volume from Mt. Merapi is a 

valuable resource that stakeholders put concerns on 

the utilization of such material. There are some 

Fig. 4 Sediment Balance on a Single Checkdam 
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Fig. 3 Sand Mining at Mt. Merapi area 
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viewpoints which are considered as important social 

and economy community impacts, i.e.; 

1) Sand mining activity only benefited for the sand 

mining companies and other stakeholder but not 

to the community near the quarry site or those 

who live along the route of sand transportation 

2) Sand mining activity has become community’s 

most important support for their lives.  

3) Sand mining activity has been very helpful in 

reducing crimes at local villages as the people 

can fulfill their very basic need. 

4) Sand mining activity in the private quarry site is 

expected to uncover pyroclastic layers and that 

finally the land can be cultivated.  

5) Some quarry site and routes are not allowed for 

sand mining and sand transportation. This 

signifies that sand mining is not always 

profitable for the local community. 

Sand volume that has been withdrawn from Mt. 

Merapi area during 1997 - 2007 showed that the 

annual volume was fluctuated from 2,000,000 thru 

6,000,000 m
3
 [DGWR, 2009]. The maximum sand 

volume occurred in 2001, i.e. 6,000,000 m
3
, whereas 

the minimum volume occurred in 2006 (i.e. around 

1,760,000 m
3
 (see Fig. 5). After 2010 Mt. Merapi 

eruption, huge number of sediment was 

accumulated on almost all rivers originated from 

Mt. Merapi (see Fig. 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.2 Sustainable Sand Mining Management 

The sediment supply from Mt. Merapi is 

believed as a blessing nature that human may get 

benefit. However, its migration towards downstream 

rivers could produce significant dangers for the 

people nearby in the form of collapse and debris 

flow. The approximate 2 million m
3
 per year that is 

produced by Mt. Merapi activity is an optimistic 

volume that contributes income for not only people 

at the surrounding area of Mt. Merapi, but also those 

from outside area. It is therefore that human 

interfere on sediment migration in the form of 

extracting the sediment out from rivers becoming an 

attractive activity, unless sufficient job alternatives 

are made available. Ideally, the sediment withdrawal 

from rivers of Mt. Merapi area are not too much to 

cause the river degradation (that make damage to 

infrastructures), and not to less to cause the river 

aggradations where debris flows may destroy the 

high populated area at the surrounding rivers. In 

order to sustain the activity of sand mining activity, 

a proper sand mining management need to be 

established. Such sand mining management is 

addressed at the followings; 

1) to develop the community institutions as a part of 

the proposed institutional  framework of sand 

mining management. 

2) to improve the manuals and plans of proper sand 

mining management and disaster management. 

3) to formulate the action plans based on the 

improved manuals on sand mining management 

and disaster management 

4) to implement the field activities as a pilot of the 

proper sand mining management practice, 

including its evaluation and recommendation for 

sustainable activity.  

A systematic framework of sand mining 

management institution were established to control 

the sand mining activity, particularly on the 

involvement of community as the important players 

on the sand mining activity. Through the long-term 

approach in familiarizing the aspiration and 

perception of stakeholders involves in sand mining 

activity at Mt. Merapi area, an institutional 

framework of sand mining management was 

introduced, and three community institutions were 

established, several actions were conducted as pilot 

project. Some lesson-learned  that has been found 

may be a promising community development which 

enable support the proper sand mining management 

in particular, and sustainable disaster management 

of Mt. Merapi as a whole.  

In order to conduct and implement the proper 

sand mining management provided with community 

Fig. 5 Sand volume withdrawn from Mt.Merapi area 
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participation, an establishment of community-based 

institution is considered important. For the 

acceleration of the implementation of proper sand 

mining management with community participation, 

the community-based institutions were established 

in three model villages. Since these institutions were 

newly established, it was necessary to develop their 

capacity to operate the organization and to 

implement their activities in coordination with 

government agencies and local communities (see 

Fig. 7).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In order to enhance the planning capacity and 

formulate the action plans for the sand mining 

management, a participatory workshop method was 

introduced to the institutions. Through the 

workshops, each community-based institution 

formulated action plans taking into account the 

adopted issues for the sand mining management. 

Furthermore, continuous monitoring and evaluation 

regarding the implementation of the action plans 

and were carried out and some lessons learned were 

found. Such continuous process has shown the 

socio-eco-engineering-based approach became the 

reliable and effective way to maintain sustainability 

of sediment management at Mt. Merapi area. 

 

5. CONCLUSIONS 

a) Mt. Merapi is an active volcano that produces 

huge amount of sediment volume, may 

contribute disaster but also provide valuable 

resources that quite useful to improve better 

public welfare. 

b) Sediment control structure as revealed by sabo 

works may only provide function as to control 

debris flow disaster in such that destructive 

power is minimized. However, they may also 

has limit that at huge size of debris flow 

occurrence they may contribute other negative 

impacts 

c) Sand mining activity may contribute positive 

impact such as availing space for trapping the 

sediment. However, improper sand mining 

activity may endanger the sand miners and 

cause instability to sabo structures. 

d) In order to sustain the development of sediment 

control structure at Mt. Merapi area, a 

socio-eco-environment approach may be 

applied taking into account the locality of the 

local people. 

e) The establishment of pilot project in sediment 

management could not perform well unless 

continuous monitoring, evaluation, and update 

of the approach is carried out. 
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Fig. 7 Diagram of Sustainable Sand Mining Management 
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