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ABSTRACT 

 

Since October 2010 ~ 2012 after the Mega Eruption of Merapi Volcano in 2010, there were lahar floods 

occurred on the 17 rivers which flow from Merapi volcano to the downstream areas. The lahar flow in a 

Putih River, one of the Rivers flowing from Merapi, has been known as the most hazardous disaster due 

to many casualties, high material loss, and, the number of infrastructure and sabodam that have been 

damaged. Development of an early warning system (EWS) for lahar flow in Putih River is essential to 

reduce the number of losses. The EWS research project has been carried out based on the lahar arrival 

time forecasting. We installed vibration sensors and monitoring cameras based on internet and telemetry 

system broadband at the upstream area. The whole monitoring stations consist of seismograph station for 

lahar detection installed on the upstream, camera monitoring installed on the upstream part of the 

settlements, the repeater towers between Putih River and Balai Sabo, and the master station for receivers 

and controllers at Balai Sabo. Vibration sensors are installed at the seismograph station and the camera 

monitoring station is installed to detect the flow occurrences and lahar velocity. Through these systems, 

the lahar phenomenon and velocity occurred in the upstream can be monitored. The arrival time of lahar 

at the downstream station can be estimated by calculating the distance between two stations and the lahar 

velocity measured at the upstream part. Thus, the EWS can be made based on the estimation of lahar 

arrival time. This EWS system can be easily disseminated by responsible agencies to the local 

communities in Merapi area to increase public awareness and to minimize the number of casualties and 

property losses. 
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1. INTRODUCTION 

Background 

The massive amount of volcanic materials deposited on the mountain’s slope after the eruption 

creates threats to the downstream areas (Leung, et al., 2003). [1]. These depositions are commonly 

consisted of loosely sand-sized materials and boulders, which turn into lahar flow due to high rainfall in a 

certain magnitude. The lahar flow has high destructive power because it can carry not only small-sized 

material such as gravel but also carry big material such as large rocks/boulders and tree-trunks.  

Indonesia is an archipelago country in the Tropics and a country that has 129 active volcanoes spread 

across Sumatra Island (30 volcanoes), Java-Bali-Nusa Tenggara islands (30 volcanoes), Maluku island (16 

volcanoes) and Sulawesi island (18 volcanoes). There were at least 70 volcanoes erupted in the last 400 

years. Lahar flood is one of the dangerous disasters in Indonesia that destroys lives, agriculture products, 

houses, and infrastructures. In a single event, lahar occurrences have buried settlements and other 

infrastructures covering tens to several hundred square kilometers (C. J. van Westen, et al., 2005) [2].  

Balai Penyelidikan dan Pengembangan Teknologi Kegunungapian (Investigation and Technology 

Development Agency for Geology Disaster; BPPTK) Yogyakarta estimated that the total spewed volcanic 

materials from the Merapi eruption in 2010 are 140 million m3 (Lulie Yohannes, 2012) [3], scattered 

around the upstream areas. The amount of materials distributed in each river flowing from Merapi are 

estimated about 5 - 10 million m3 (JALIN MERAPI, 2011) [4].   Kompas the national newspapers (2011) 

reported that the eruption scale of Merapi Volcano from October 26 to November 2010 was enormous, it 

is believe to be occurred once in a century. 

The remaining materials in 2013 from the last eruption of Merapi Volcano in 2010 are as many as 

40 million m3. The materials laid at the upstream catchments are loose materials and not yet consolidated. 

Therefore, there is a big potential threat for lahar disaster during the rainy season (Nandaka, 2015) [5]. 

That condition makes the area in the downstream vulnerable to lahar flow disaster flowing from the 

Merapi Mountain. The eruption of Merapi Volcano in 2010, is volcanic eruption largest since 1872, so it 

is said Mega-Eruption. In the eruption has issued volcanic material about 140 million m3, spread through 

17 rivers that disembogue of Merapi. In generally, every Merapi Volcano eruption only spews volcanic 
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material in one direction. But in 2010, the eruption of Merapi Volcano have to spew volcanic material in 

all directions. From 140 million m3 material the eruption are 18 million m3 concentrated in the 

upperstream of Putih River. (Moh. Dedi Munir, et al., 2015) [6]. 

 

 
 

Fig. 1. The Merapi Volcano eruption material deposition history (Gertisser et al. in Preece) [7]. 

 

The eruption of Merapi Volcano in 2010, is volcanic eruption largest since 1872, so it is said 

Mega-Eruption. In the eruption has issued volcanic material about 140 million m3, spread through 17 

rivers that disembogue of Merapi. In generally, every Merapi Volcano eruption only spews volcanic 

material in one direction. However, in 2010, the eruption of Merapi Volcano have to spew volcanic 

material in all directions. From 140 million m3 material the eruption are 18 million m3 concentrated in the 

upperstream of Putih River. (Moh. Dedi Munir, et al., 2015) [6].     

The 2010 Mt. Merapi Mega Eruption caused 386 life casualties. The disaster also damaged to the 

properties and infrastructures in 4 regencies, which are located in 2 provinces. The calculated asset lost is 

about 3.56 trillion in Indonesia Rupiah. Moreover, about 500,000 people were evacuated. (BAPPENAS-

BNPB, 2011) [8]. 

Lahars were flowing within the 17 rivers that are located around Mt. Merapi after the 2010 

eruption event. The most severe lahar flow was occurred in Gendol River. The lahar overflowed the 

Gendol River cross section and covering about 3,583 km2 area. The almost similar situation happened in 

Putih River, that the overflow was covering 3,381 km2 area. The overflow lahar has cause casualties as 

many as 86 person life, 7 people with minor injuries, and 13 people with serious injuries. (Sri Rum 

Gyarsih, et al., 2014) [9]. 

Based on observations of former lahar footprint at Ngepos bridge, Putih River, on January 2011, 

there was an lahar flow occurrence with a discharge of 963 m3 / second. The suspected lahar event 

predicted as the lahar event that cause destruction of sabodam properties in Putih River. The predicted 

lahar flow had a peak discharge that exceed the sab dam designed discharge. The occurred peak discharge 

had been exceeding the maximum allowable designed discharge that can cause a collapse, which was 946 

m3 / second. (Moh. Dedi Munir, et al., 2015) [6].    

One of the proposed solution for reducing the risk of casualties and properties lost due to lahar 

disaster is an early warning system. A system that can forecast the arrival time of the lahar flow and to 

estimate the lahar prone area. The warning system must have a required accuracy in giving the incoming 

lahar flow arrival time estimation. This standard is needed to assure that the information can be 

transferred to the vulnerable people effectively. Furthermore, it is important to use the information for 

detecting the susceptible rivers that will be passed by the lahar flow. The other necessities is to predict the 

time on when the lahar flow will reach the lahar flood prone area. The prediction must also considering 

the minimum lead time of lahar flood arrival so that it can be used by the people to evacuate.  

In order to detect and calculate the velocity of the lahar flow, it is suggested to use the geophone 

vibration sensors that is mounted in the ground. A pair of geophone was placed at respective positions. 

The distance between the geophone sensors was measured. Later on, the geophones were operated 

continuously and the seismic data were sent via the broadband telemetry radio network to the main 

monitoring station. The data were acquainted using Earthworm software that was developed by the 

(USGS) United State Geological Survey. (Sulistiyani, et al., 2012) [10].    
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The USGS Earthworm software acts as a data interface, which can be used not only for field data 

acquisition process but also for the data analysis process. The software will be used to handle both real 

time digital and analogue seismic data from the seismograph. There is an alternative technique for 

identifying the time difference between the two time series signals that were received by the two 

seismograph stations, which is the cross correlation techniques. The free flow velocity of the lahar flow in 

Putih river that was analysed using the cross correlation technique ranges from 3.5 - 7.5 m / s. 

(Sulistiyani, et al., 2015) [11]. 

In contrast, the referenced lahar flow data has average frontal flow velocity of 3.1 m/s. The 

referenced lahar flow was measured in Curah Lengkong channel, Mt. Semeru, within one year 

measurement period (21 November 1999 to 22 November 2000). The lahar frontal velocities were 

actually ranging from 1.4 to 6.2 m/s based on the record. In the other hand, the surface velocity of the 

lahar peak flow is usually range from 4 to 6 m / s. (Lavigne, F. et al., 2004) [12]. 

 

2. MATERIALS AND METHODS 
 

Research methodology: 

a) To determine the seismograph station and the camera monitoring station installation locations 

for lahar detection purposes within the river reach. The recorded data can be used for lahar flow analysis 

method after the 2010 Mt. Merapi eruption and for the interpretation of the lahar flow hazard maps; 

b) To use 2 (two) types of geophone vibration sensor, which can receive vibrations from the 

vertical and horizontal directions, and which is mounted on the same river with certain distances. First 

vibration sensor was installed in the seismograph station of the lahar detection and other sensor was 

installed at the lahar camera monitoring station. 

c) To transmit the vibration signals and video signals from each station to the master station. 

The data acquisition equipment was using a broadband network, with frequency 2.4 ~ 5.8 GHz. 

d) To use the Sabo structure distribution map in the Merapi area and preparing a field survey 

research paper; 

e) To capture and send videos and images of Lahar Flow from the monitored location to the 

master station. It can be is done by setting a camera video web based IP, which can transmit data through 

broadband network. (Wordpress.com, 2012) [13]; 

f) To read and understand the signals from the monitored vibration sensor (geophone) of a lahar 

occurrence by using  the Earthworm software module; 

g) To calculate the velocity of the lahar flow in the location of the research, which was done by 

comparing the difference of the signal arrival time between the two geophone placed in two location with 

a known distance.   

h) To predict the lahar time arrival in the lahar prone area. It can be done by analysing the data 

between the station monitoring cameras to the lahar prone area. However, the speed of lahar flow model 

must be already calibrated before used in early warning operation. 

 

Research locations 

The assigned research location is in the Putih River Watershed, Mt. Merapi Volcano area, Central 

Java, Indonesia. The past observed lahar flow data that is used in this research were collected from 

Putih River Watershed after the eruption Merapi Volcano in 2010. (Edouard de Bélizal, 2013) [14]. 
 

 
 

Fig. 2. The distribution of the lahar flow after Merapi Volcano Mega Eruption event in 2010. 
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Broadband Network 

The data communication system that is used in this research is a broadband telemetry network, 

with a radio frequency of 2.4 GHz - 5.8 GHz.  

The frequency selection was considering the fact that thiis network path has a great capacity to 

transmit video data. In addition, the use of this frequency is free and has no frequency rent fare 

requirement. The communication between the stations must meet the Line of Sight (LoS) rule, so that the 

video data can be received by both base stations. If it is necessary, some repeater stations can be installed, 

as shown in Figure 3 below. 

 

 
 

Fig. 3. The map of lahar flow early warning system station network in the Merapi area. 

 

Early Warning System Lahar Flow Based Forecast the Time Arrival of Lahar  

This system is a combination of monitoring system lahar flow with vibration sensors and the 

camera based the internet and system telemetry broadband network. Through IP camera equipment and 2 

vibration sensors, it can be seen their phenomena of lahar and speed the occurrence of lahar flow in a 

river. Such information is communicated to the implementing agency disaster mitigation and 

communities in need through the Internet, so it can be used to anticipate the lahar flow more clearly, 

rapidly and widely. 

The arrangement of station early warning system lahar flow based forecast the time arrival 

of lahar, consist of: 

a)    The seismograph station of lahar detectio,  mounted on PU - C13 sabodam, in the Gejugan 

Village , Muntilan Regency, Magelang District, Central Java Province, 

b)    The station of camera  monitoring of lahar, mounted on PU-D2 sabodam, in the Mranggen 

Village, Muntilan Regency, Magelang District, Central Java Province, 

c)    Repeater stasiun, mounted in Sudimoro Village, Srumbung Regency, Magelang District, 

Central Java Province, 

d)    Master station for receiver and controller, in Balai Sabo Office.  

Box diagram of station early warning system lahar flow based forecast the time arrival of lahar, in Merapi 

area,  as shown in Figure 4. below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4.  Box diagram of seismograph station of lahar detection and station of camera monitoring. 
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Fig. 5.  Box diagram of repeater and master stations for receiver and controller. 

 

The layout of station of early warning system lahar flow based forecast the time arrival of lahar, as seen 

in Figure 6 below. 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 

 

 

Fig. 6. The layout of station of early warning system lahar flow  based forecast the time arrival of lahar  

 

Geophone sensors used to monitor the lahar at the Putih River mounted on a seismograph 

detection lahar station (in sabodam, PU-C13) and on station lahar monitoring camera (in sabodam, PU- 

D2). Geophone used CDJ-type Z/P4 (Vertical & Horizontal) with the normal frequency input 4.5 Hz. ± 

10%, Sensitivity G (v/cm/s) 0.28 Hz. ± 5 %. 

 

 
 

Fig. 7. The mounting location and the distance among the are two sensors 

 

The camera used in the form of a camera internet based, type IP camera, the type of the camera 

pan tilt zoom (PTZ), has the ability to moving to the left and right, (Pan), up and down (Tilt), and capable 

of magnifies the image until a few times (Zoom). 
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Visual data transmitted from cameras monitoring station lava flood, in sabodam, PU-D2, were 

collected at the receiving station in a master station via equipment Router Board Mikrotik Operating 

System to be sent to the server computer. Through software that is in the master station such as data 

analysis and data recorder controller devices that are in the server computer will generate visual data that 

is sent to the screen. 

Control and monitor equipment at the master station consists of a main device in the form of radio-

modem Broadband, antenna unit, power supply, server, analysis and data recorders, display monitors, 

towers supporting the performance of the system. 

 

3.  RESULTS AND DISCUSSION 

 

The use of broadband networks 

The use of equipment early warning system lahar flow based on the forecast time arrival of lahar 

that use broadband network has advantages, including: 

a) the capacities of transfer data are large and high speed; 

b) the monitoring results of phenomena real-time; 

c)   enables equipped with sensors other, it can be monitored in real-time; 

d)   the data sharing is easier; 

e)   to the use of frequencies is not paid; 

f)    to develop the network is relatively easy.  

 

Lahar flow at Putih River 

The lahar flow happens if met three provisions that is available material precipitate, high rainfall, 

and slope who are quite steep. From our observation scene lahar flow after eruption 2010 since October 

2010 to January 2012, Putih River, Magelang Regency the river most severe particularly affected by lahar 

flow. Frequent lahar flows in the Putih River, in the rainy season after eruption 2010 because the number 

of material the eruption who settles in the area very large and in circumstances that are not consolidated, 

so easy enough to transported flow. 

As has been discussed in above of 140 million m3 of material the eruption Merapi in 2010, as 

many as 18 million m3 concentrated in the upper course of Putih River. While the number of 

buildings sabo dams existing in Putih River is 22 units with storage capacity is only 2.58 million m3, such 

that comparison between the number of supplies material should be controlled sabo dams with storage 

capacity is not balanced. Apparently from Sabo dam that is only able to collect material around 1 / 7 or 

(14.33 %) of the number of material that concentrated in the upstream of Putih River. 

Due to lahar flow which happened in Putih River has ruined 7 from 22 sabodams existing. Worst 

damage sabodam tend to occur on building located in upstream areas. Increasing the flow of discharge 

upstream in Putih River triggered by an impact from forest damage due to forest eruption Merapi 

Volcano 2010. Hydrologically in the occurrence of forest damage resulting in the decreasing number of 

forest cover the land so it influences an increase in the flow of surface (surface runoff). 

With the failure of building controller lahar (sabodam), it was recommended apart from using 

building controller lahar (a structure) needs to be supported by forecast system and early warning (non-

structure). 

 

Selection of Internet-Based Camera 

Selection of PTZ camera which has the ability to set the camera to move left and right, up and 

down, and can enlarge images up to several orders of magnitude is expected to be used to monitor a wide 

area by using one camera. Therefore, by using one supervisor CCTV camera makes it easier to monitor 

the focus of the filming. In addition, through the controller PTZ camera can be controlled to rotate 

automatically or manually. 

With the use of geophone sensor types CDJ-Z / P4, Vertical & Horizontal intended that all events 

lahar flow that occurred in the study area can receive vibrations from the vertical and horizontal direction 

with a normal frequency of 4.5 Hz. ± 10% and Sensitivity G (v / cm / s) 0:28 Hz. ± 5%. 

Lahar sensor would receive mechanical vibrations caused by the lahar flow. The output signal is a 

vibration sensor voltage proportional to the intensity of ground vibrations due to lahar flow that 

propagates through the ground. Vibration generated by the lahar sensor amplified and converted into a 

frequency signal by Microcontrolled Voltage Controlller Oscillator. The signal is transmitted to a master 

station in the Balai Sabo via radio transmission system. At the receiving station, the signal is separated 

from the carrier wave and then converted into digital format by the A / D converter chip with a resolution 

of 24 bits. After that, the data is processed and stored on your computer by a software Earthworm. 
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Earthworm module is an Open Source software, has been used since the early 1990s by almost 160 

organizations around the world to monitor the vibrations of earthquakes and volcanoes. 

Lahar flows that occurred in Putih River, which is detected by the vibration sensor 1 (in PU-C13) 

and the vibration sensor 2 (PU-D2) have different time, then by comparing the time difference recorded in 

the 2nd sensors such that the distance between the 2nd sensor is already known (1,348 km) it can be seen 

lahar flow velocity in Putih River. When the lahar flow velocities in Putih River based on the calculation 

method of cross- correlation ranged from 3.5 - 7.5 m / s, then the distance from the PU-C13 to PU-D2 

between 3 - 6.4 minutes. 

 

Modul Earthworm 

This module is in master station, useful to read and understand the signal that derived from lahar 

flows that are detected by lahar sensors. In the module, it contains software that called discriminator. The 

discriminator equipment, useful for transform back signals from the station of camera monitoring of lahar 

that received at the recipient's master station for a controller of signals frequency to voltage. Next signals 

from discriminator put digitizer PSN_ADC Serial Board for conversion of analog data into digital data. 

Through the acquisition of data on Earthworm module, the signal from the vibration sensor that is 

triggered by the occurrence of the lahar flow is read and counted by the module, the magnitude of the 

value of Real-time Seismic Amplitude Measurement (RSAM). This data is in the form of a textfile besides 

used as a means to demonstrate the value of the vibration signal generated by the flow of lahar through 

the monitor screen, can also be useful as a collection of data stored on the hard disk. 

Earthworm modules are also available in the facility to generate an alarm signal, by utilizing 

RSAM_Alarm modules available. This module will read the message type V_memo that generated by the 

module RSAM_Alarm when there is a trigger signal derived from RSAM value has exceeded the 

threshold value predetermined. 

RSAM_Alarm module that generates a message type V_memo, when read by vhmailman module 

can be used as a trigger signal to send messages via email, when connected to the Internet network. 

RSAM_Alarm module that generates a message type V_memo can also be read by the module ew2file (2 

to file, email warning) to generate a textfile that can be used as a means of sending an Short Message 

Service (SMS) containing the early warning lahar flow. 

Here's one of the small-scale lahar flow data detected by vibration sensor in PU-C13 (PTH1) and 

PU-D2 (PTH2) shown in the graphic image RSAM, when the implementation of the activities: 

 

 
 

Fig. 9. The RSAM chart from the sensor in PU-C13 & PU-D2, on December 16, 2015. 

 

Lahar Flow Simulation Test 

To test the performance of Earthworm modules that can generate an alarm signal, and the message 

type V_memo to be used as a trigger signal to sending messages that contain an early warning the 

occurrence of the lahar flow via email or SMS.  
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Fig. 10. The RSAM chart when lahar flow simulation test, on November 03, 2015. 

 

Legends: Signal PU-C13, simulation result from the seismograph station of lahar detection, di PU-C13 

           Signal PU-D2, simulation result from the station of camera monitoring of lahar, di PU-D2. 

At the date of 3 November 2015, has done lahar flow simulation test by granting trigger manually 

in vibration sensors that is at the seismograph station of lahar detection (PU-C13) and station of camera 

monitoring of lahar (PU-D2). From the simulation obtained data as seen in figure 10 above. 

From the graph of the time RSAM lahar flow Simulation on November 3, 2015,  can be seen that 

the value RSAM increased dramatically when the simulation, from about 800 to 9,000 in just 10 minutes. 

At the time of the software in the modules Earthworm, issued a lahar flow warning SMS signal after 12 

minutes of the "head" of lahar flows is detected. The SMS signal, when combined with other data 

(rainfall, water levels), can be used to support existing early warning systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11. Photograph of a seismograph station of lahar detection, station of camera monitoring of lahar,  

and lahar flows that was caught on camera in the station of camera monitoring, at PU-D2. 

 

Time Arrived of Lahar Flow 
To predict the time arrive of lahar flow in some areas potentially affected in Putih River can be 

done by data analysis in figure 12 and 13 the following. 

 
 

 
 

Fig. 12. The number, location, and condition of sabo dam in cross section Putih River. 
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From the Figure 12. , it is known the number and  location of sabodams that  at the Putih River, a 

total of sabodams is 22 units, located at an altitude of 850 m so the 270 m from about sea level. Besides, 

through this picture also can be counted the distance between sabodam PU-C13 (seismograph station of 

lahar detection), sabodam PU-D2 (station of camera monitoring of lahar), and the region potentially 

affected lahar in the downstream Putih River. 

Some areas potentially affected at downstream Putih River, including sabodam also be used as 

bridge in Ngepos PU-C10 (buried by lahar on Nov.' 14, 2010), and PU-C2, bridges Gempol (buried by 

lahar on Nov.' 20, 2010), and the road of Magelang - Yogyakarta, who was in the area Jumoyo (buried by 

lahar on Dec.' 05, 2010). 
 

 
 

Fig. 13. Location map of sabodams at Putih River. 

 

To forecast the time arrive lahar in Putih River can refer to data on velocity lahar flows that ever 

been used at Putih River, based on the calculation of with the cross-correlation method ranged from 3.5 ~ 

7.5 m / sec. 

And if the reference to the measurement result velocity the surface velocity at the time of flow 

peak usually ranged from 4 to 6 m / s. of flow occurring in Curah  Lengkong, Semeru Volcano range 4,0 

~ 6.2 m / sec. And when velocity lahar flows the average at Putih River regarded in the amount of 5 m / 

sec, so to know the distance between sabodams and travel time can be seen following table 1.  

 

Tabel 1. The distance and travel time of lahar between sabodams 
No Between Sabodam Distance Traveling Time 

1 PU-C13 (Gejukan)   ~  PU-D2 (Mranggen) 1.348 m 4,50 minutes 

2 PU-D2 (Mranggen)  ~  PU-C10 (Ngepos) 1.800 m 6,00 minutes 

3 PU-C10 (Ngepos)    ~  PU-C2 (Gempol), The Road of 
Magelang - Yogyakarta 

6.350 m 21,17 minutes 

4 PU-D2 (Mranggen)  ~  PU-C2 (Gempol),  

The Road of Magelang - Yogyakarta  

8.150 m 27,17 minutes 

*) the average speed of lahar flow at Putih River based on the calculation of the cross-correlation method, considered 5 m /sec. 

 

The calculation of the time of lahar arrival into the area potentially affected lahar carried out 

computerized thus accelerating the delivery of information to users. 

Dissemination of result forecast information the early warning system of lahar flow  is packaged in 

the form of  time  arrive of  lahar and video data of lahar phenomenon that occurs in the  river upstream to 

the relevant agencies and the community is done through the Internet. 
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4. CONCLUSION  

a) The progress in information technology allows information early warning system that usually 

disseminated in the form of audio information can now be packed in the form of information 

and data video. 
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b) With signal from vibration sensors installed at the station a seismograph lahar detection in PU-

C13 when it detects the presence of lahar flow in the upstream of river can be used as one of 

the causes of the operation of equipment recorder data video   at the master station. 

c) With the installation of two pieces of vibration sensors in the seismograph stations of lahar 

detections at (PU-C13) and at the station of lahar monitoring cameras (PU-D2) can be used to 

calculate the speed of the lahar flow that is monitored. 

d) With obtaining the time arrives lahar flow in the area which potentially affected lahar so efforts 

to reduce the risk of casualties futile can be prevented. 

e) With the facility available to produce an alarm signal from the Earthworm module can increase 

the accuracy of the performance of this   early warning system lahar flow. 

f)   The results of information of an early warning system based forecast of the time arrive lahar 

flow that is packed in the form of information forecasts the time arrive of lahar and video data 

the phenomena of lahar that occurs in the upstream of the river will clarify the information that 

was delivered and easy to understandable by the user. 

 

REFERENCES 

  

1)  M. F. Leung, J. R. Santos, and Y.Y. Haimes, 2003. Risk Modelling, Assessment, and 

Management of Lahar Flow Threat. Society for Risk Analysis, Vol. 23, Issue 6, 1 Dec. 2003, 

Pages 1323–1335. 

2)  C. J. van Westen and A. S. Daag, 2005. Analysing the relation between rainfall characteristics 

and lahar activity at Mount Pinatubo, Philippines. Earth Surface Processes and Landforms 

Earth Surf. Process. Landforms 30, 1663–1674 (2005) Published online in Wiley InterScience 

(www.interscience.wiley.com). 

3) http://merapi.combine.or.id/rehab/0/12023/dilema-pasir-merapi.html. Peta Pasca Merapi 2010, 

Dilema Pasir Merapi, 30 Juni 2011. Jaringan Informasi Lingkar Merapi (JALIN MERAPI. 

downloaded on June 30, 2011). 

4) Lulie, Yohannes. 2012. Sifat-sifat Fisik Abu Terbang Merapi. Jurnal Teknik Sipil. Universitas 

Atma Jaya, Yogyakarta. April 2012, 111-116. 

5) I Gusti Made Agung Nandaka, 2015. Potensi lahar hujan di Merapi masih ada jika terjadi 

hujan lebat. KOMPAS.COM: Pers Release Balai Penyelidikan dan Pengembangan Teknologi 

Kebencanaan Geologi Yogyakarta. (10/11/2015). 

6) Preece, K., J., 2014. Transitions between effusive and explosive activity at Merapi volcano, 

Indonesia: a volcanological and petrological study of the 2006 and 2010 eruptions. 

7) Moh. Dedi Munir, Djudi. 2015. Kerusakan Bangunan Pengendali Sedimen (sabodam) Pasca 

Erupsi Gunungapi Merapi 2010. Proceeding Seminar Nasional Kebumian ke-8 Academia-

Industry Linkage 15-16 Oktober 2015; Grha Sabha Pramana, Universitas Gadjah Mada, 

Yogyakarta. 

8) BAPPENAS-BNPB. 2011. Rencana Aksi Rehabilitasi dan Rekonstruksi Pascabencana Erupsi 

Merapi di Wilayah Daerah Istimewa Yogyakarta dan Provinsi Jawa Tengah, Tahun 2011-

2013.  

9) Sri Rum Giyarsih, Priliani Gamayanti. 2014. Aspek Sosial Banjir Lahar. Gadjah Mada 

University Press. April 2014. 

10)  Sulistiyani, Nurudin, Much. Rozin, Anton Sulistio, Agus Sampurno, dan IGM Agung 

Nandaka, 2012. Aplikasi Software Earthworm Untuk Monitoring Kejadian Banjir Lahar 

Dingin di Sungai-Sungai Yang Berhulu di Gunung Merapi.  Balai Penyelidikan dan 

Pengembangan Teknologi Kebencanaan Geologi, Yogyakarta, 2012. 

11)  Sulistiyani, Nandaka, Atin Leyla S, Anton Sulistio, Nurudin, dan Much. Rozin. 2015. Aplikasi 

Metode Korelasi Silang untuk Perhitungan Kecepatan Aliran Lahar di K.Putih, K. Boyong, 

dan K. Senowo. 1. Yogyakarta: Balai Penyelidikan dan Pengembangan Teknologi 

Kebencanaan Geologi, 2015. 

12) Franck Lavigne, Hiroshi Suwa. 2004. Contrasts between debris flows, hyperconcentrated flows 

and stream flows at a channel of Mount Semeru, East Java, Indonesia. Elsevier. 

Geomorphology 61 (2004) 41 – 58.  

13) Wordpress.com, 2012.  Penggunaan I P Camera untuk Close Circuit Television. Pengetahuan 

Dasar Internet Protocol Kamera, http://pccontrol.wordpress.com/2012/07/13/, downloaded on 

February 02, 2013. 

14) Edouard de Bélizal.  22001133..  VVoollccaanniiccllaassttiicc  DDeeppoossiittss  aass  aa      RReessoouurrcc  aanndd  SSaanndd  MMiinniinngg::  NNeeww  

iinnssiigghhttss  ffoorr  DDiissaasstteerr  RRiisskk  RReedduuccttiioonn..  Workshop Sedimer, Yogyakarta 30-31 July 2013. 

  

21 


