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Abstract. Mount Merapi, one of Indonesia's active mountains, still has the potential to cause lahar flows. The spatial 
modelling of lahar flow can be done to determine the characteristics of lahar flow distribution and the area that can 
be affected through the integration with data on danger zone areas (known in Indonesian as Kawasan Rawan 
Bencana or KRB), the river network, and the historical lahar volume. Lahar flow modelling produces four classes 
of lahar volume scenarios, namely 125,000 m3, 250,000 m3, 500,000 m3, and 1,000,000 m3. The modelling results 
show that if the scenario of lahar volume with the highest flow class of 1,000,000 m3 occurs, the impact of lahar 
flow can reach the KRB I zone, which has the lowest hazard potential compared to KRB II and KRB III. This study 
aims to map the settlement and cattle distribution after the 2010 Merapi eruption through geovisualization, based on 
the results of lahar flow modelling. Geovisualization is processed from data such as the road network, the river 
network, the distribution of settlements, the distribution of evacuation sites, the population of each affected sub-
district, the number of cattle, and the lahar flow modelling data around the Krasak River area, which is located on 
the border of Sleman Regency and Magelang Regency. The geovisualization results of settlement and cattle 
distribution are used to analyse distribution patterns, evacuation road networks, and the condition of the settlements 
and the cattle. Through geovisualization, valuable and easy-to-understand information will be presented related to 
lahar flow schemes, danger zone areas, the distribution of population and the cattle affected by the eruption, the 
distribution of settlements, the evacuation sites and cowsheds, and the routes to the evacuation sites. 

1. INTRODUCTION 

Indonesia is included in the Pacific Ring of Fire region, so it has a high level of vulnerability to 
volcanic eruption disasters. One of the volcanoes in Indonesia that is very active and displays a high risk 
is Mount Merapi. It is one of the volcanoes on the island of Java with an altitude of 2,968 meters above 
sea level with an active status (Adri et al., 2020). Administratively, Mount Merapi is located on the 
border between Central Java and Yogyakarta Special Region, in the regencies of Sleman, Magelang, 
Boyolali, and Klaten. Geographically, it is located at 7°32'30”S and 110°26'30”E. According to Widodo 
& Hastuti (2020), one of the eruptions of Mount Merapi occurred in 2010 as a large eruption with a 
Volcanic Explosivity Index (VEI) level of 4, equalling the eruption of the same mountain of 1872. 
According to Sahagian et al. (2022), the Volcanic Explosivity Index (VEI) is a semi-quantitative index 
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used to determine the magnitude of eruption explosivity information, such as eruption duration, volume 
of ejected material, and eruption column height. Wati et al. (2020) explained that, according to BNPB 
2010, the 2010 Merapi Eruption was the largest eruption in the past 100 years, resulting in 227 dead, 
186 injured, 159,977 people displaced, 2,346 housing units severely damaged, 15 health facilities and 
366 education facilities damaged. BNPB, or Badan Nasional Penanggulangan Bencana, is an Indonesian 
term for the National Disaster Management Agency. 

Based on the activity report data of Mount Merapi from November 5, 2020, until now, the activity 

level of Mount Merapi obtained from the Center for Research and Development of Geological Disaster 

Technology (in Indonesian known as Balai Penyelidikan dan Pengembangan Teknologi Kebencanaan 

Geologi or BPPTKG) is at a level III “Watch”. There are four mountain status levels: normal, advisory, 

watch, and warning (BNPB, 2020). The results of the BPPPTKG report explain that the current potential 

danger in the form of lahar flows and hot clouds in the south-southwest sector includes the Boyong River 

over a maximum of 5 km, the Bedog, Krasak, Bebeng Rivers over a maximum of 7 km and, in the 

Southeast sector, the Woro River over a maximum of 3 km and the Gendol River over 5 km. Based on the 

report data, the south-southwest sector has the potential for lahar flows and the farthest hot clouds, namely 

in the Bedog, Krasak, and Bebeng Rivers. The three rivers flow into one, the Krasak River. Krasak River 

is one of the rivers that is heavily affected by the cold lahar of Mount Merapi (Saputro, 2019). Therefore, 

it is important to know the potential lahar flow that is likely to spill in the Krasak River. According to the 

Danger Zone Areas Map (known in Indonesian as Peta Kawasan Rawan Bencana or KRB Map) from the 

Regional Disaster Management Agency of Yogyakarta Special Region (known in Indonesian as Badan 

Penanggulangan Bencana Daerah or BPBD), Krasak River is included in KRB III, which is an area that is 

very likely/often hit by hot clouds, lahar flows, volcanic bombs, toxic gases and (incandescent) rockfall. 

One way to determine the potential of lahar flow after the eruption of Mount Merapi in 2010 in the 

area around the Krasak River is by conducting spatial modelling. Modelling is done by using Digital 

Elevation Model (DEM) data from DEM Nasional (DEMNAS), which is the elevation of the land surface 

data throughout Indonesia provided by the Geospatial Information Agency (known in Indonesia as 

Badan Informasi Geospasial). Lahar volume scenarios are based on historical data or literature studies 

related to the volume released by Mount Merapi. Scenarios are made based on the duration interval of the 

flowing lahar or the type of lahar. The model that has been made can be used to analyse the characteristics 

of lahar flow distribution after the 2010 eruption. The characteristics of lahar flow distribution from the 

spatial model are used as overlay material with data on danger zone areas or KRB obtained from the Online 

Accreditation System of the Disaster Management Education and Training Center of the National Disaster 

Management Agency (known in Indonesian as Sistem Akreditasi Daring Pusat Pendidikan dan Pelatihan 

Penanggulangan Bencana or Siakang). 

Characteristics of lahar flow distribution from spatial models can be integrated into various studies. 

One of the studies that can be done has to do with the geovisualization of residential and livestock 

distribution. Balla et al. (2020) explained that geovisualization is a technique to visually provide information 

about spatial data so that the information is more understandable. Through this geovisualization, an 

analysis can be carried out related to the distribution of residential conditions and livestock after an 

eruption in the form of the lahar flow in the danger zone areas or KRB. According to Lesmana et al. (2022), 

each class of KRB has its potential danger. The KRB I has the potential to be hit by rockfall with a 

maximum size of 10 mm and heavy volcanic ash rain; the KRB II has a medium potential for lahar flows, 

lahars, and incandescent rockfall with a maximum size of 64 mm and heavy volcanic ash rain; the KRB 

III has a high potential for lahar flows, toxic volcanic gases, lahars, (incandescent) rockfall and heavy 

volcanic ash rain (BNPB, 2019). Therefore, this study aims to determine the spatial distribution 

characteristics of lahar flows through spatial modelling, and then geovisualize the distribution of 

settlements and cattle after the 2010 eruption to create valuable and easy-to-understand information. This 

is done as an eruption disaster mitigation effort for human and cattle evacuation around the KRB zone. 
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2. STUDY AREA 

The research site is located around the Krasak River area, one of several rivers passed by the lahar 

flow from Mount Merapi, on the border between Sleman Regency and Magelang Regency (Fig. 1). 

Administratively, this research location is bordered by Magelang Regency to the east and Sleman 

Regency to the west. The cold lahar flows from Mount Merapi affect several rivers, including Krasak 

River. Krasak River is highly vulnerable to hot clouds, lahar flows, volcanic bombs, toxic gases, and 

incandescent rockfall, according to the Danger Zone Areas Map from the Regional Disaster Management 

Agency. Furthermore, Krasak River is fed by the Bedog and Bebeng Rivers, which underscores its 

significance as a key area for assessing the potential impact of volcanic hazards, especially during intense 

periods of rainfall. Considering the high vulnerability Krasak River displays to volcanic hazards, it is 

essential to assess the potential lahar flow that may impact the river. 

 

Fig. 1 – Study Area Map. 

3. METHODOLOGY 

3.1. Data Processing 

Based on the research flow diagram (Fig. 2), some data act as inputs, namely satellite imagery, 

DEMNAS data, historical volume data, and data on danger zone areas (known in Indonesian as Kawasan 

Rawan Bencana or KRB) of Mount Merapi. These data are used for spatial modelling to analyse the 

distribution characteristics of lahar flows following the 2010 eruption. The imagery in this research is 

Sentinel-2A, which is used as the basis for interpretation to obtain information on river hydrology, road 

networks, settlement distribution, and evacuation sites. The interpretation process will produce a 

Tentative Map of the Evacuation Road Network and a Tentative Map of Residential Distribution and 

Evacuation Sites. Meanwhile, other inputs, such as DEMNAS data with a spatial resolution of 8.1m, are 
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used to determine the extent and direction of lahar flow by creating flow direction and flow accumulation 

data. According to Bilqis et al. (2024), DEM is a pixel-based representation model of the earth's surface 

that describes the ground surface elevation and topographic model derived to identify the direction of lahar 

flow with certain lahar volume scenarios. The determination of lahar flow direction based on DEMNAS 

processing can be derived through the determination of lahar flow area by entering the slope value 

obtained from the calculation of the ratio of H to L (slope H/L), followed by the process of deriving 

flow direction and flow accumulation data. Historical data of Mount Merapi eruption volume ranges 

from 125,000 m3 to 465,000 m3, as sourced from research conducted by Belizal et al. (2013) and 

Wibowo et al. (2015), which are used for lahar volume scenario generation.  

The lahar flow model created using the Laharz toolbox in ArcGIS is based on DEM and lahar 

volume scenarios. Laharz requires simple, non-complex inputs based on experiments and volcanic and 

non-volcanic original flows. Laharz is a semi-empirical model from the compilation of data from ∼30 

lahars worldwide (Dille et al., 2020). This study's input for creating the lahar flow model using Laharz 

is based on the DEM and lahar volume scenarios. Starting from these scenarios, flow direction models 

are then created, including start points, endpoints, and farthest runout points. The modelling stages using 

Laharz are used to create surface hydrology, generate a new stream network, hazard zone proximal, 

lahar distal zone, and raster to shapefile. The result of the lahar flow model will be integrated with the 

danger zone areas (KRB) data of Mount Merapi to create a Tentative Map of the Lahar Flow Model and 

KRB Zone.  

3.2. Field Validation 

There are several field validation activities that can be seen in the flow chart (Fig. 2), such as 

validation of road network, validation of evacuation sites, and validation of lahar flow model. The 

validation of road network and evacuation sites was conducted on the tentative map of visual 

interpretation results that have been done in the data processing stage. Meanwhile, the validation of the 

lahar flow model is done by giving questionnaires and conducting interviews related to the history or 

events that have occurred before as an illustration of the range of lahar flow and verifying the danger 

zone areas, or KRB. The validation of lahar flow model in field activities is achieved in the form of 

checks related to the history of lahar flow in the visited areas by performing interviews with local 

communities. Interviews are conducted by providing questionnaires related to historical events or 

incidents that have occurred, aiming to obtain data or understand the extent of lahar flow on the banks 

of the Krasak River. The survey was also conducted by looking at Krasak River's current condition to 

connect its morphological condition with the condition of lahar flow distribution.  

The validation lahar flow model was executed by overlaying the processed lahar flow model with 

the KRB zone. This overlay aims to find out the areas that overlap with KRB Merapi and those that do 

not. It can show that the model made in this research can be relevant based on the existing map. Although 

some areas are outside the KRB area, the resulting model can be validated from the overall results. 

3.3. Post-Field Processing 

Post-field processing resulted in the Lahar Flow Model Map and several geovisualization outputs 

on the distribution of settlements and cattle after the 2010 Merapi eruption. The Lahar Flow Model Map 

is based on a tentative map that has been validated through questionnaires and interviews. Meanwhile, 

the geovisualization output was made based on the road network, river network, distribution of shelters, 

distribution of refugee camps, population of each affected sub-district, number of cattle, and data from 

lahar flow modelling around the Krasak River area. The geovisualization process produces several final 

outputs that can be seen in the flowchart (Fig. 2), namely the Map of Population, Cattle, and Settlement 
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Distribution; the Distribution of Evacuation Sites and Cowshed Map; and the Merapi Volcano Eruption 

Evacuation Road Network Map. The Map of Population, Cattle, and Settlement Distribution is derived 

from data on population and cattle in each sub-district and the spatial distribution of settlements. The 

map is used to visualize the distribution characteristics related to population, livestock, and settlement 

aspects in the study location that can be correlated with the level of potential hazard. Furthermore, the 

Distribution of Evacuation Sites and Cowshed Map is derived from the results of geotagging evacuation 

sites and cowsheds known during field validation. Meanwhile, the Merapi Volcano Eruption Evacuation 

Road Network Map is generated from the Distribution of Evacuation Sites and Cowshed Map integrated 

with road data, lahar volume scenario areas data, and danger zone areas or KRB data. 

 

Fig. 2 – Research Flow Chart. 

4. RESULTS AND DISCUSSION 

4.1. Lahar Flow Direction Model and the KRB Zone of Mount Merapi 

The lahar flow direction model of Mount Merapi is processed based on historical lahar volume 

data using the Laharz toolbox. Lestari et al. (2019) explained that Laharz is a tool to calculate the 

proximal danger zone and automate the equations built in the Geographic Information System (GIS) 

over three topographic dimensions to estimate the lahar flow danger zone. 

Figure 3 shows the modelling results of the Mount Merapi lahar flow in the Krasak River. Five 

models are made based on the starting point of the lahar flow with four scenarios of lahar volume. 

Determination of the starting point of the lahar flow is based on the coordinates of the proximal hazard 

zone processing that leads to the Krasak River. There are two rivers whose flow direction leads towards 

the Krasak River, namely the Bebeng River and the Bedog River. Visualization of lahar volume 

scenarios in Figure 3 shows four lahar volume classes, namely 125,000 m3, 250,000 m3, 500,000 m3, 

and 1,000,000 m3. 
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Fig. 3 – Model of Lahar Flow Direction and KRB Zone of Merapi Volcano. 

 

Based on the modelling results of the Mount Merapi lahar flow in the Krasak River, it can be 

observed that the larger the lahar volume scenario used, the farther the lahar flows. The lahar modelling 

assumes that the lahar flow's cross-sectional area will be constant according to the volume scenario used 

(Auditia and Nugroho, 2021). River conditions with a sloping cross-sectional profile generally spread 

the lahar far outside the river. It can be observed in Figure 3 that the areas with lahar models that extend 

from the river show a sloping river profile condition so that the lahar can overflow with the given volume 

scenario, such as the 1,000,000 m3 lahar volume scenario. This condition becomes one of the analyses 

in knowing the affected areas so that it can be related to the distribution of settlements and cattle in the 

study area. 

4.2. Population and Cattle Condition in 2010 

Based on the map in Figure 4, there are several sub-districts affected by the 2010 Merapi Eruption, 

namely Pakem, Tempel, and Turi in Sleman Regency, and Ngluwar, Salam, and Srumbung in Magelang 

Regency. Each sub-district has a potential population and number of cattle, as shown in Figure 4. These 

conditions date after the 2010 Merapi Eruption. Each sub-district has a population ranging from 29,686 

to 51,624 people. Meanwhile, the number of cattle ranges from 712 to a maximum of 4,907. The 

quantitative data is sourced from the book called Kecamatan Dalam Angka 2011, owned by each 

subdistrict and published by BPS Sleman District and Magelang District in 2010 and sourced from data 

provided by the Directorate General of Animal Husbandry and Animal Health of Indonesia (2010). 

When the 2010 Merapi eruption occurred, most residents chose to evacuate and did not bring their 

livestock. Based on studies, the decision was made to prioritize public safety. According to Herfianto et 

al. (2022), the community's attempts to save itself and its members prove that it values its social 

community and itself more than anything else it owns. Ahmed & Ahmad (2023) emphasized that safety 

and other crucial documents are given less attention during the rescue operation because livestock and 

agricultural commodities are renewable resources. 
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Fig. 4 – Map of Population, Cattle, and Settlement Distribution. 

 

Based on the interview results, they chose to leave their livestock and occasionally return home to 

feed and water them. This discovery supports previous research by Kimura et al. (2024) that there is a 

more efficient method of ensuring safety and security, since cattleman movement is higher than the 

accessibility of evacuating with animals. Some residents also chose to sell their livestock due to 

difficulties finding animal fodder, resulting in decreased cattle numbers. People who decide to sell their 

cattle do so after carefully weighing the potential benefits and hazards of doing so in an emergency or 

natural disaster. It was revealed by Saparita et al. (2024) that during emergency reaction situations, 

public safety and the restoration of essential infrastructure should be everyone's priorities while 

temporarily setting aside other needs. As a result, recurring deadlines are set, and priority activities are 

determined and implemented. The allocation of priority activities and the recovery periods are well done 

at this location. A year after the eruption, there was an increase in the cattle population after the 

government's recovery economy programme, which replaced dead cattle or those left behind at the 

disaster site because people had to evacuate (Andarwati et al., 2017). Susilawati et al. (2022) explained 

that the difficulty in finding animal feed was caused by the volcanic ash rain that fell and covered the 

ground, making it difficult for grass to grow. 

4.3. Distribution of Evacuation Sites and Cowshed Locations  

of the Merapi Volcano Eruption Livestock Groups 

Data on the distribution of evacuation sites during the Mount Merapi eruption in 2010 was 

obtained through interviews with local communities. Based on the results of the interviews, each village 

has a different evacuation site, be it in the village hall, evacuation barracks, or Final Evacuation Site (in 

Indonesian known as Tempat Evakuasi Akhir), as evidenced in Figure 5. The evacuation duration varies 

from just a few weeks, 1-2 months, to under 6 months. Most people working as farmers did not bring 

their livestock when they evacuated. They chose to leave their livestock behind and occasionally return 

to feed them. 
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Fig. 5 – Final Evacuation Site at Salam Village, Salam Sub-district, Magelang District. 

Source: Field Documentation. 

 

Geovisualization is one of the approaches in presenting maps, including in this study, and the 

distribution of shelter and livestock after the 2010 Merapi eruption. One of the uses of geovisualization 

is to provide additional insights from data presented in maps that can be combined with other visual aids 

such as charts, tables, photos, 3D models, and so on (Balla et al., 2020). The information presented in 

this study includes the distribution of settlements and cattle obtained from taking several field samples. 

The settlements in question are several villages that were affected during the eruption. The samples 

taken in this study include several villages or hamlets in the KRB I, KRB II, and KRB III zones. The 

villages or hamlets sampled include areas in Magelang and Sleman Regencies. The villages or hamlets 

included in Magelang Regency consist of Nglumut, Salam, Jrakah, Kranggan, Jamburejo, and Kaliurang 

Utara. Meanwhile, the villages or hamlets in Sleman Regency include Kromodangsan Hamlet and 

Tunggularum. 

Based on the results of field surveys, the distribution of housing after the 2010 Merapi eruption 

found that, in general, residents in several affected villages continued to live in their original places, 

namely returning to their respective homes after evacuating for approximately three months during the 

2010 Merapi eruption. The place of evacuation for the people in the villages or hamlets sampled is 

spread to several areas, including Sucen Village Hall, Bedongsari Gede Final Evacuation Area (known 

in Indonesian as Tempat Evakuasi Akhir or TEA), Lumbungrejo Village, Ngluwar Village Hall, Salaman 

BLK, Bulog Mertoyudan Building, Tanjung and Jumoyo Village Halls. Several factors, such as 

environmental, social, and economic factors, influence their reasons for returning. Qualitative data was 

collected through interviews with several residents and community leaders in the villages sampled. The 

aim is to find out the condition of post-emergency housing and the factors that cause people to return to 

their original places in danger zone areas. In addition, people return due to the eruption's impact in the 

form of eruption material, which is still safe from the reach of the Merapi lahar hazard. 

Based on the results of the interviews that have been conducted, environmental factors are one of 

the reasons people return to their original residence. This result is consistent with the findings of Sangha 

et al. (2019), who claim that communities have socio-ecological links to their immediate environment, 

which promotes the development of sustainability interactions. Impacts related to volcanic material on 

volcanoes have various benefits for the environment. One of the influential environmental factors is 

related to soil fertility. Research conducted by Khan et al. (2024) shows that the carbon-to-nitrogen ratio 

(C/N ratio) of volcanic material from the Merapi eruption ranges from 1.44% to 3.22% and contributes 

to increased fertility by the biogeochemical cycle. This shows that the fertile environmental conditions 
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in the study area are used for several plants, such as salak, vanilla, vegetables, and fruits. This condition 

is what makes people return to their homes. This result validates a study by Melsandi & Prijono (2015), 

which found that farming communities in volcanic slope areas prioritize good soil fertility and 

agricultural productivity when deciding how to maintain their farmed lands. 

Social and economic factors are also related to social interaction and community livelihoods. In 

their research, Sukarman et al. (2020) explained that apart from the fertile soil conditions, people who 

continue to live in danger zone areas are also influenced by the existence of sand, gravel, and stone 

mines, which make up their livelihood. These findings are supported by Pambudi et al. (2023), who 

found that when people have a source of income in a location, they are more likely to withstand any 

potential hazards. Based on the results of a survey of people living in the area, the majority of residents 

make a living as farmers, ranchers, and sand miners. Those working as sand miners are located near 

rivers with abundant sand material. Mihai et al. (2023) claim that volcanic eruptions periodically 

contribute to releasing volcanic material to provide a steady supply of sand. 

Meanwhile, people in other professions, such as farmers, have dependents related to their 

respective livestock. When the 2010 Merapi eruption occurred, some people brought their livestock to 

evacuate together at the evacuation site and left them with relatives, while most people just left them 

behind. The reason people left their cattle was because the impact of the eruption was in the form of 

volcanic ash and sand that covered the villages so that livestock such as cattle were still relatively safe 

from the threat of hot lahar coming from the eruption, such as in Tunggularum Village, Turi which has 

a cattle group called Ngudimakmur. The location of this group's cattle pen, as shown in Figure 6, is in 

the KRB II zone. However, this impacts animal feed in the form of grass exposed to volcanic ash. 

Additional adjustments are made to the animal feed given to the livestock in the form of washing the 

grass that will be fed to the livestock. The purpose of cleaning the grass is to remove ash and dirt so that 

it is safe for livestock consumption. The livestock in question are cows that require regular animal feed. 

To accommodate this, people who own livestock provide a stock of grass for animal feed with 

adjustments. Every morning, people depart from the evacuation site to their respective villages to look 

for grass to feed their livestock. 

Upon visualizing the map in Figure 6, we can see that the evacuation site is dominated by 

converting the village hall into an evacuation site for the local community. Based on the KRB zone, the 

evacuation sites are already in the safest zone (KRB I). However, some evacuation sites are near the 

1,000,000 m3 lahar volume scenario, namely Bedongsari TEA and Salam Village Hall. This shows that 

if the 1,000,000 m3 lahar volume scenario occurs, these two evacuation sites will most likely be affected. 

4.4. Evacuation Route to Evacuation Sites During Mount Merapi Eruption 

Information on evacuation routes is known based on data on the distribution of evacuation sites 

and road network data. The map in Figure 7 shows us that the safest evacuation route is the one that 

does not pass through the lahar scenario area. Tamakloe et al. (2021) indicate that evacuation routes 

need accessibility and safety, and that the total evacuation time should be lower. Wibowo & Hartono 

(2020) state that time, safety, and accessibility are critical aspects that impact rescue operations for 

people and animals. But Muhammad & Wu (2023) emphasize that there should be more than one 

evacuation route to minimize the worst risk. 
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Fig. 6 – Evacuation Sites and Cowshed Distribution Map During the Merapi Volcano Eruption of 2010. 

 

 

Fig. 7 – Evacuation Road Network Map of Merapi Volcano Eruption. 

 

Based on Table 1, it can be seen that each village or hamlet to the evacuation site has its own 

estimated distance and estimated time based on the results of field surveys. This estimation considers 

roads that can be passed by all vehicles, both two-wheeled and four-wheeled. The evacuation time was 
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estimated by considering several factors that affect the travel speed of vehicles (motorcycles and cars). 

This estimation is based on the distance from the starting point to the evacuation site, taking into account 

factors such as road contours that may slow down travel, the physical condition of the road, which may 

be damaged or uneven, the proximity to rivers that could potentially lead to volcanic mudflow and traffic 

congestion commonly encountered in emergencies. Other relevant variables, such as volcanic ash, which 

can affect visibility and road stability, were also accounted for. All these factors were integrated into the 

analysis to provide a more realistic and accurate estimate of the evacuation time to a safe location. This 

approach aligns with Purwaningsih et al. (2024), which examined evacuation path modelling during the 

Mount Marapi eruption in West Sumatra and used variables such as distance, elevation, river proximity, 

land cover, and slope. The consideration of road conditions in this study is supported by Putri & 

Maryono’s (2018) research findings. Their research on assessed evacuation routes against Mount Merapi 

hazards in Boyolali identified variables such as road width, road damage, edge length, and surface type 

that significantly impacted travel time during evacuation. Based on this research, the closest estimated 

distance and fastest travel time is the evacuation route between the villages of Kromodangsan and 

Lumbungrejo, over a distance of 2.3 km and a time of 5 minutes. Meanwhile, the farthest distance and 

longest travel time were estimated for the evacuation route from Jamburejo Hamlet to Bulog 

Mertoyudan Building, with 26.6 km over 57 minutes. Nevertheless, the evacuation site is the safest place 

because it is far from the area affected by the lahar scenario. 

Table 1 

Estimated Distance and Travel Time for Some Affected Villages or Hamlets to the Evacuation Site 

Number Village/Hamlet– Evacuation Sites Distance Estimation Time Estimation 

1 Nglumut Hamlet to Sucen Village Hall 7.9 km 21 minutes 

2 Salam Hamlet to TEA of Bedongsari Gede, Salam 5.6 km 9 minutes 

3 Kromodangsan Village to Lumbungrejo Urban Village 2.3 km 5 minutes 

5 
Kranggan Lor Hamlet, Sudimoro, Srumbung to Ngluar 

Village Hall and Salam Karang SHS Sports Hall 
9.8 km 22 minutes 

6 Jrakah Hamlet to BLK Salaman, Jumoyo Village Hall 9.9 km 26 minutes 

7 Jamburejo Hamlet to Bulog Mertoyudan Building 26.6 km 57 minutes 

8 Hamlet of Kaliurang Utara to Tanjung Village Hall ll 20.6 km 43 minutes 

9 Hamlet Kaliurang Utara to Ngluwar Village Hall 17.4 km 40 minutes 

10 Hamlet Kaliurang Utara to Jumoyo Village Hall 12.2 km 32 minutes 

Source: Field Survey, 2024. 

4.5. Cattle Evacuation Efforts During The 2010 Mount Merapi Eruption 

According to data from the District Disaster Management Agency (known in Indonesia as Badan 

Penanggulangan Bencana Daerah or BPBD) of Sleman Regency, the Indonesian Department of 

Agriculture, Fisheries, and Forestry established Livestock Service Posts at several points in an effort to 

respond to the impact of Mount Merapi’s 2010 eruption. The Livestock Service Post team comprises 

technical officers, medical and para-medical personnel, and functional livestock extension workers. 

According to Wild et al. (2019), the efforts made have been proportionate. Post-disaster services need 

to be provided, including ensuring that livestock is healthy or uninjured (medical personnel screening), 

ensuring that livestock can still ruminate well (paramedics), and calming owners' concerns about their 

livestock's condition (livestock extension officer). A study by Yudha et al. (2023) highlights that, in the 

emergency response to a disaster, maintaining the community's psychological well-being, including 

lowering their fear of losing belongings, is of utmost importance. In this case, it refers to livestock. 
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On October 26, 2010, at 17.00 Western Indonesia Time (WIB), monitoring was conducted on 

several dairy farmers. One of the group cattle pens’ locations was in Tunggularum Village, Turi (Fig. 

8). However, one hour later, there was an eruption. One day after the eruption, the Merapi Volcano 

Eruption Victims Livestock Handling Team was formed to anticipate the development of the impact on 

livestock of the Merapi Volcano eruption. The team has several tasks, such as identification and data 

collection, evacuation, animal health services, feed services, management of livestock carcasses, 

verification and validation, assistance in procurement and health checks of replacement livestock, and 

reporting. The actions implemented were proportional, quantitative, and systematic. Therefore, it can be 

observed that the handling of the post-eruption of Merapi 2010 was one of the best evacuation and 

emergency responses in Indonesia. To improve community and regional resilience, it is crucial to learn 

the procedures and technological implementation as best practices to be repeated elsewhere for disaster 

training initiatives. 

 

Fig. 8 – Condition of cattle in Tunggularum Village. 

Source: Field Documentation. 

4.6. Research Limitations 

This study has several limitations, particularly related to the variables used in the lahar flow model 

and their influence on predicting hazard zones. External factors such as climate change, unpredictable 

volcanic activity, and the accuracy of topographic data may affect the accuracy of the generated models. 

Additionally, data on the behaviour of evacuees and livestock were obtained only through interviews, 

which may not fully represent the entire affected population. The research is also limited by the availability 

of resources and field accessibility, which may restrict the scope and depth of the analysis in certain areas. 

4.7. Research Utilities 

This research provides significant benefits in enhancing the understanding and preparedness 

towards potential lahar hazards around Mount Merapi, particularly in evacuating residents and managing 

livestock. By using lahar flow models and hazard zone data, this study allows for the mapping of the 

most threatened areas and the design of safe evacuation routes, considering factors such as distance, 

road conditions, and lahar volume. Additionally, this research helps formulate policies for better disaster 

management, including handling livestock during disasters, which can reduce social and economic 

losses. The information on the distribution of evacuation sites, as well as the estimated evacuation time 

and distance, also contribute to planning more effective disaster mitigation efforts in the future and 

improving community resilience against the impacts of natural disasters. 
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5. CONCLUSIONS 

The processing that has been done shows the spatial distribution of the Mount Merapi lahar flow 

after the 2010 eruption in the study location using spatial modelling. The resulting model consists of 

five flow models, each made up of four lahar volume scenarios, namely 125,000 m3, 250,000 m3, 

500,000 m3, and 1,000,000 m3. The modelling results show that if the lahar volume scenario with high 

flow class occurs, the impact can reach the KRB I zone, which has the lowest hazard potential compared 

to KRB II and KRB III. The characteristics of lahar flow distribution are also influenced by the physical 

condition of the river through which the lahar flows. If rivers have high cliffs, lahar overflow is less 

likely to occur. Meanwhile, if the lahar flow reaches the highest scenario volume of 1,000,000 m3 based 

on the model, it can spread to the right and left of the river, with low embankment or riverbank characteristics. 

The modelling results can also be integrated with data on the distribution of settlements and field 

results related to cattle to be geovisualized with the locations of evacuation shelters and road networks. 

The evacuation road network is used as an evacuation route that connects several affected villages to 

the evacuation site along with the estimated distance and travel time. Some affected villages in KRB II 

and III zones were mostly evacuated to and outside the KRB I zone. Regarding the information on cattle, 

some evacuees brought them or chose to leave their cattle behind, with the majority deciding to do the 

latter. Cattle owners who leave their cattle will generally return to their respective villages at a certain 

time to feed them. Some cattle owners are forced to sell their cattle due to the fodder crisis caused by 

the volcanic ash rain. After the eruption of Mount Merapi is declared safe, people will return to their 

respective villages. The same goes for some of the livestock they brought with them when they evacuated. 
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