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ABSTRACT 
 
Volcanic river basins are common features in the Indonesian archipelago. In this 
paper, the case study is located in Progo River, on the slope of Merapi Mountain, 
which is one of the most active volcanoes in the world. Progo is a main river in the 
region, where intricate links of water uses are very complex consisted of multilevel 
stakeholders.  Another problem that needs further attention would be the frequent 
volcanic eruption cycle. This situation can be categorized as wicked problems 
(Hadorn, 2004).The Kalibawang Irrigation channel uses the unique position in the 
Progo river morphology (the outside bend) as a free intake to irrigate 7,152 Ha of 
agricultural land. Since its first construction in 1946, the channel has been developed 
from 12 km to 24 km, complete with the complementing items (divider andtapping 
infrastructures). The channel entails several irrigation areas. The water of this 
channel is also used for micro hydropower generation (600KW) for a remote hamlet 
with 600 houses called Semawung in Bandarharjo village, Kulonprogo Regency. In 
the event of Merapi eruption in 2010, the intake was sealed with debris, from the 
mountain and it took some months of heavy maintenance works in order for it to 
function. However, the irrigation channel was not the only one suffering from this 
eruption, most of the river basins area originated at Merapi was also having the 
problems. It is therefore essential to mention the mitigation strategy for this area, the 
Sabo Dam system. It helps to protect greater damage in urban and agricultural areas. 
Another highlight would be the farmers’ adaptive capacity towards this eruption cycle 
also proven to be facilitating the condition of farmlands to be operational in a rapid 
recovery.  
 
Keywords: Food-Water-Energy Nexus, Volcanic Region, Mitigation and Adaptation 
Strategies 
 

1. INTRODUCTION 
 
Mount Merapi is located in southern of Central Java Province and which is one of the 
most active volcanoes in the world. With a height of 2968 m above of sea water level 
or 3079 meters above the city of Yogyakarta, Mount Merapi is located at 7 ° 32.5 
'South latitude and 110 ° 26.5' East. Physically Mount Merapi has the following 
boundaries there are: (1) Several mountains such as, Mount Sumbing, Mount 
Merbabu, cover the northern part. (2). Covered with several rivers flowing down to the 
downstream i.e. Pepe river in the eastern, Pabelan river in the western part and 
Progo river in southwest of Merapi mountain (figure 1).  (3) In the eastern and 
southern mountains are flattened and the paddy fields grown on fertile soil. 
Climatological data on Mount Merapi shows a tropical monsoon climate region, which 
is characterized by high intensity rainfall in the wet season (November-April period) 
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and low rainfall dry season (April-October period). Rain annual ranges between 2500-
3000 mm approximately (BBWSSO, 2011). Variations in rainfall along the slopes of 
Mount Merapi affected by orographic rain as well as other tropical monsoon region, 
temperatures range between 20-33 ° C and the humidity varies between 80% - 99%. 
 
Yogyakarta Special Regionhas the potential irrigation area approximately 78.512 
hectares spread over four districts and cities i.e. Sleman Region, KulonProgo Region, 
GunungKidul Region, Bantul Region, and Yogyakarta city with the three infrastructure 
irrigation type, such as : technical, semi-technical and simple irrigation.  
 

 
 

Figure 1. Location of Merapi in relation to Yogyakarta Special Region (left) and 
Progo River (right) (BBWSSO, 2011) 

 
Various measures to support food security programs have been conducted such as 
agricultural intensification, the selection of appropriate technology, new irrigation 
network planning, as well as the repair and improvement of irrigation infrastructure. 
Nevertheless, there are still technical and non-technical factors are yet to be identified 
and found solutions for. One of the problems encountered in the field is the loss of 
water in irrigation systems, especially for irrigated areas of large-scale (> 3000 ha), 
such as the Kalibawang Irrigation System in KulonProgo Region. Kalibawang 
irrigation systems play a vital role in the provision of irrigation water to most of the 
irrigated agricultural land in the area of KulonProgo Regency. 
 

2. METHODS 
 

2.1 Case study: Irrigation in Kalibawang Irrigation, Yogyakarta Special Region 

 
Kalibawang Irrigation system acquires water from Progo River through free intake 
infrastructure that located in Banjarharjo village, District of Kalibawang, approximately 
20 km west of the city of Yogyakarta. Kalibawang Irrigation infrastructure consists of 
24 km irrigation channel from Kalibawang Intake in ProgoRiver to southern of 
KulonProgo Regency (figure 2). 
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Figure 2. Kalibawang Free Intake and Irrigation Chanel (left) and layout (right) 

 

Kalibawang Irrigation System is covering an area of 7,152 ha, or 73% of the 11,000 
ha in KulonProgo Region. Since its first construction in 1946, the intake and irrigation 
networks, which were originally only 12 km has been extended to 24 km. In addition 
to the length, the repair of buildings for tapping infrastructures has expanded the 
system’s service area. Nowadays, the channel caters to several irrigation areas, 
namely Kalibawang 1 (2,313 Ha), Kayujaran (1,053Ha), Penjalin (396 Ha), Papah 
(1,054 Ha), Pengasih (2,155 Ha), Pekikjamal (1,006 Ha).   
 

3. DEBIT ESTIMATION 
 
The irrigation flow in this channel is in average 60 litre/second, using calculation of 
RIBASIM model of the year 2000-2010 (river basin simulation, a product of Deltares 
Consultant Company which is used overall Indonesia). The volcano erupts regularly, 
the 2010 eruption was the biggest in 170 years (Pallister, et al., 2013). During the 
Merapi eruption in 2010, lahars were also coming through this channel, which causing 
high sedimentation in the riverbed and channels and influenced the debit to be as low 
as 1 litre/second during dry season.  
 

4. LITERATURE STUDY ON LAHAR VOLUME OF 2010 MERAPI 
ERUPTION AND ITS IMPACT 

 
Around 2.3 Million people live on the slope of Merapi in the urbanized area of 
Yogyakarta city. Amongst them, more than 15.000 people live in hazardous area of 
Merapi volcano in 2 regencies; Magelang Regency, Central java Province and 
Sleman Regency, Yogyakarta Special Province. Some 12.000 people or 3.000 
families had suffered from Merapi eruption that lasted from October until early 
December 2010, which was considered to be the largest eruption since the 1870 
(Newhall, et. al., 2000). The eruption costs loss of life and damages to property and 
infrastructures, particularly where large urban areas are situated in hazard zones. 
Mitigation is necessary to anticipate the hazard of volcano area by means of 
prevention, preparedness, and emergency response measures. 
 
With the eruption frequency between 3 to 10 years (Newhall, et. al., 2000), it is the 
most active volcano in Indonesia, even in the world. When it erupted in 2010, the 
pyroclastic flows were very large and some rivers did not able to carry it, so that the 
pyroclastic overflowed and burned areas around the rivers. The volume of volcanic 
deposit was estimated at 140 million m3 in total (Pallister, et al., 2013). The longest 
distance of pyroclastic flow occurred in Gendol River and reaches a distance of 20 km 
from the top of volcano.  
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This tremendous volcanic deposit created frequent lahar floods when rain fell in 
deposit areas and caused secondary disasters, which will last for many years. The 
generation of rain lahar can be seen as continuous mix process of water and volcanic 
products. Its composition changes throughout its flow downstream. The phase of 
formation can be explained in Figure 3 (Rodolfo, 1991), each condition also varies 
based on the type of sediments and geomorphology of the volcano slopes.  
 

 
 

Figure 3. Formation of Lahar (Rodolfo, 1991) 

 
In this regard, the form of lahar would be categorized based on its composition. This 
resulted in the in different type of phase of iterative process of lahar composition 
(Pierson, 2005, Rodolfo, 1991), which are divided into debris flow (> 60% sediment), 
hyper-concentrated flow (20 – 60 % sediment), and normal stream flow (< 20 % 
sediment) (Lavigne and Thouret, 2003). 
 
Lahar flood control efforts have been conducted since a large eruption occurred in 
1969. Because the volcano will continuously erupt and produced pyroclastic deposit, 
and the lahar flood is potentially occur causing disasters, the government 
commissioned by the Directorate General of Water Resources, the Ministry of Public 
Works established Subproject of Mt. Merapi Lahar Flood Control is a part of the River 
Solo Flood Control Project by Decree of the Ministry of Public Works No. 
181/KPTS/1969 dated 1 September 1969.  
 
Most lahar activity was flowing in the Gendol River, one of the main tributary of Progo, 
with 282 lahar events since October 27, 2010 to February 2012 (Jousset, et al., 
2012), which resulted in the damage od 687 houses, the destruction of 20 sabo dams 
and 12 bridges and inundation of Magelang as the main road from Yogyakarta to 
Central Java Province. 
 
Most lahar was flowing in the Gendol River, a main tributary of Progo, with 282 lahar 
events since October 27, 2010 to February 2012 (Jousset, et al., 2012). It resulted in 
the damage of 687 houses, the destruction of 20 sabo (Japanese sediment control) 
dams and 12 bridges and inundation of Magelang as the main road from Yogyakarta 
to Central Java Province. This eruption is the biggest in the last 170 years history of 
Merapi, recorded at 4 VEI (volcanic explosivity index) (Pallister, et al., 2013).  
 

5. RESULTS AND DISCUSSION 
 

5.1 Impact of 2010merapi eruption to kali bawang channel 
 
Never in history since the channel was constructed, has the amount of sedimentation 
yielded through rain lahar destructed the irrigation system, especially in Kali bawang, 
which is about 30 kilometres away from Merapi. The composition of 2010 lahar 
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changed from debris flow to hyper-concentrated flow in the area of Kalibawang 
Channel, thus resulted in the closing of the channel with high sedimentation.  
 
The event of Merapi eruption in 2010 has made the Kalibawang intake entirely sealed 
with debris and sediment (7 meters deep, refer to lahar discharge volume in figure 4) 
and it took some months of heavy maintenance works in 2011 in order for it to 
function. The volume of lahar has stopped the functioning of the channels. Along with 
the irrigation channels, most of the river basins originating at Merapi was also having 
the problems.  
 

 
 

Figure 4. Discharge of lahars after 2010 eruption flowing in Progo river basin at 
Gendol River, which affecting Kalibawang Channel in February to March 
2011(De Bélizal, et al., 2013) 

 
5.2 Food-water-energy nexus (irrigation–the ecology-micro hydropower) 

  
Kalibawang Irrigation Channel Micro-hydro Power is located in Semawung village 
(Figure 5), KulonProgo Province at the Progo-Opak-Serang River Basin. The water 
originates from Progo watershed. The water resources of Pogo river basincomes from 
rain water, surface water, groundwater, springs, reservoirs and ponds. The water 
resources are used for irrigation, household, industrial, power and ecological flushing 
function.  
 

 
 

Figure 5. Kalibawang Irrigation Channel (left) and Micro hydropower in Semawung 
village (right) 
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Especially at Kalibawang, the water is to supply the first priority is for irrigation, 
second priority to water needs for domestic water system using pipe, taps, and public 
hydrants. Besides that, the water is alsoused generatingmicro hydroelectric power 
conveyed on Kalibawang Channel by utilizing the existing irrigation water (see water 
supply in table1 and figure 6). This data shows that there were deficits during dry 
season, where the micro-hydro would seize to operate temporarily. 
 
Table 1. Average accumulation of Supply in Kalibawang 2010-2015  

(result of RIBASIM 2015) 
 

 
 

 
 

Figure 6. Accumulative of Supply: Deficit versus Surplus at 92% Discharge 
 
5.3 Policy on micro-hydro power  

 
Energy is a big catalyst for the all-round progress of a region. The provision of 
electricity in Indonesia cannot be fully made by the government and some areas in 
Indonesia still have no access to electricity. There are many obstacles in providing 
electricity such as inaccessibility of a region and fund constraints. Electricity became 
a major factor in the availability of communication network that connects the central 
government to the regions. Therefore we need alternative energy, which is planned 
as a supplier of electricity that does not use fuel. Fortunately, the government set 
regulations on obligation to use renewable energy in a certain amount (PERMEN 
ESDM NO.9/2010, 2010) 
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The government made a long-term program for the Department of Energy and 
Mineral Resources until 2020 year, with the commitment as follows: 
 

1. Adoption obligation of energy to harness renewable energy (non-fossil fuel) 
2. Implementation of energy saving obligation 
3. Application of the obligation to use efficient and environmentally friendly 

technologies 
4. Establish a funding agency for financing renewable energy and energy 

conservation  
 
A micro hydro power plant (MHP) is a good alternative for small-scale village. By 
utilizing the gravitational energy of water by using the turbine to convert energy into 
mechanical energy. Further it converts mechanical energy from the turbine into 
electrical energy used generator, which is then channelled to the surrounding 
community. This program is mainly directed to remote areas that are not yet reached 
by the electricity network services.  
 
The Kalibawang micro hydropower plant (MHP) may produce electricity up to 600 
KW, where under the Indonesia policy is considered as mini-hydro power (100 kW to 
5 MW). Due to the geographical conditions of each region is different, MHP technical 
planning for each district also different to accommodate with the character of 
topography and availability of water potential energy. Micro hydropower (MHP) is 
basically built with utilization of water resources. 
 

6. MITIGATION AND ADAPTATION STRATEGIES IN REGARD TO 
LAHAR 

 
Due to Merapi’s frequent eruption, it was recommended that Sabo Dam System 
should be built to control debris flow during eruption and rainy season (BBWSSO, 
2011). Sabo dams in Merapi area were built to mitigate the risk of debris flow that 
comes into Yogyakarta Special Region and Central Java Province urban areas. It is 
therefore essential to mention the mitigation strategy for this area, the Sabo Dam 
system. It helps to protect greater damage in urban and agricultural areas.  
 
Another highlight would be the farmers’ adaptive capacity towards this eruption cycle 
also proven to be facilitating the condition of farmlands to be operational in a rapid 
recovery (Ikhsan, Fujita, et al., 2010). Their adaptations include using the natural 
process of rain to wash down the ash from their farmlands, collaborative works on 
dredging the tertiary channels, meetings in determining what crop cycle would be 
better after the lahar, and their willing participation and consent giving in dredging 
activity of the main channel. 
 

7. CONCLUSIONS 
 
Based on this case study, there is a possibility of multifunction irrigation channel as 
source for micro hydropower in a volcanic area. However, there are some points to be 
acknowledged:  
 

1. The construction of this kind of project is primarily directed to remote areas 
where grid power cannot reach. Generating micro hydropower plant (MHP) is 
a relatively simple technology.  

2. Problems are often encountered due to scarcity of data on the water 
potential, water demand, and irrigation infrastructure condition.  
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3. The government policy would need mainstreaming to support water based 
power generation projects. 

4. In the case presented, dredging is one solution for the sedimentation of lahar 
after eruption. However, it needs to be further investigated on how effective 
dredging method is compared to other methods. 

5. In managing volcanic sedimentation in river and irrigation channels, it is 
necessary to find alternatives to sabo dam system. It needs to be combined 
with other methods, such as sediment retention dam or other engineering 
structures, but also more natural solution like timber retaining walls to 
stabilize steep slopes as not to collapse and add to the sediment volume, 
especially when dealing with food-water-nexus. 
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