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Abstract. The last ten years of the Merapi volcano has erupted almost routinely on a small 
or medium scale. The eruption on November 26, 2010, resulted in 334 people died and 
7,129 houses were damaged. As a result of the eruption, the volume of cold lava at the 
summit of the Merapi volcano is getting bigger and reaching 150 million cubic meters (May 
2018). To help the emergency response and mitigate cold lava disaster, it is necessary to 
do a mapping of Merapi cold lava disaster mitigation. If a cold lava flood occurs in Merapi 
what kind of cold lava is hit by it? Will it affect settlements that have the potential to cause 
fatalities? What is the volume of lava and how long does it take to get to the settlement? 
how to plan an evacuation route during the early warning of the Merapi cold lava flag?. The 
mitigation of the Merapi cold lava flood mitigation can be answered with a spatial analysis 
model simulation approach by applying several scenarios to find out how many areas are 
affected by the lava flow, the extent of the land use affected by the lava flow, and calculating 
the volume and time required by the lava to reach the settlement. The results of this study 
are the dangers of hazard zone maps and cold lava flood evacuation path maps of the 
Merapi volcano (identification of the impact of cold lava on potential casualties and cold 
lava disaster mitigation maps). 
 
Keywords: Cold Lava Disaster; Modeling, and Simulation; Spatial Analysis. 

 

I. INTRODUCTION 

The last ten years of Merapi Volcano erupted almost routinely on a small 
or medium scale. The danger of Merapi is that if it erupts it emits hot lava 
and hot clouds. Merapi eruption on November 26, 2010, which resulted in 
334 people died and 7,129 houses were damaged [1] is the largest eruption 
in the last 100 years, the eruption is explosive that produces hot clouds. The 
amount of pyroclastic material spewed by Merapi reached 150 million m3 
which is equivalent to 30 times the volume caused by the eruption in 2006 
which was only 5 million m3, the size of the pyroclastic material made the 
potential for cold lava even greater [2]. 

The volume of cold lava at the peak of Merapi is already very large, so 
it will not be able to be accommodated by the infrastructure located in the 
rivers around Merapi. It is estimated that the volume of cold lava at the peak 
of Merapi reached 150 million cubic meters. If a huge eruption or very heavy 
rain can result in the possibility of cold lava floods. Cold lava flood around 
the peak of Merapi will result in the flow of eruption material following the 
river flow pattern. The swift flow and the amount of material can wash away 
everything in its path, including houses, rice fields, and even humans. The 
danger threatens residents who live around the river that has the upstream 
at the peak of Merapi. Cold lava in the form of dust, gravel sand and rocks 
will flow through 15 rivers (Putih, Blongkeng, Pabelan, Woro, Gendol, 
Boyong, Krasak, Batang, Senowo, Trising, Opak, Bebeng, Kuning, Apu and 
Lamat) that tipped at Merapi. In the past few years, the government has built 
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Sabo Dam which is used to accommodate cold lava flow from the summit 
so that it does not flow directly downstream which can damage anything that 
is passed. Until now, the sabo dam that has been built can only 
accommodate a capacity of 20 million cubic meters. So it is not possible to 
accommodate the large volume of cold lava that is 150 million cubic meters 
from Merapi. The condition of the 15 river troughs is also almost full of cold 
lava material. In some locations even the potential to hit residential 
settlements, bridges, and highways. 

As an effort to help the emergency response and mitigation of the 
Merapi cold lava disaster, it is necessary to do a mapping of Merapi cold 
lava disaster mitigation. If there is a cold lava flood disaster, what kind of 
cold lava hit by it? Will it affect settlements that have the potential to cause 
fatalities? What is the volume of lava and how long does it take to get to the 
settlement? how to plan an evacuation route during an early warning of the 
Merapi cold lava flood ?. The question due to the Merapi cold lava flood is 
expected to be answered by analyzing the spatial analyst. 

Through this research, a dynamic model of the cold lava flow was 
developed in spatial analysis for mapping the mitigation of cold lava flood 
disasters in the Merapi volcano. Whereas the Research Objectives are to 
compile a model of Merapi cold lava flow, find out how many areas are 
affected by a lava flow, what is the area of land use affected by a lava flow, 
find out how much volume and time it takes for lava to reach settlement and 
mapping of flood disaster mitigation lava. Benefits The results of this study 
in the form of identifying the impact of cold lava on potential casualties and 
cold lava disaster mitigation maps are expected to be used as reference 
material and evaluation for the government and community in the study area 
to help mitigate the Merapi cold lava disaster, further the resulting model is 
expected to be able applied to model cold lava floods of other similar 
volcanoes. 

Merapi is an andesitic-basaltic Strato type volcano and has erupted 
several times, but for more than a century, there have not been major 
eruptions. The eruption of Merapi on November 4 - 5, 2010 was the biggest 
eruption since 1872. Quite a lot of human victims, amounting to 366 people 
died [3]. Merapi eruption in October to November 2010 occurred very large 
and in a long time about 2 weeks [4]. The hot clouds spreading at a radius 
of 10-15 km have destroyed villages that are on the slopes of Merapi. 
Volcanic ash is felt not only by the people on the slopes of Merapi but also 
by people who live 30 km away, even to West Java. 

Each volcanic eruption produces a lot of ash and other loose material 
that accumulates on the slopes and valleys that are quite thick. When heavy 
rains fall in the peak area during or after an eruption, the rainwater mixed 
with these materials turns into lava can transport large blocks of lava and 
seem to float at the top of the lava flow. The speed depends on the volume 
and viscosity of the sludge, slope and roughness of the area in its path [6]. 
Several factors cause the magnitude of lava flooding in the western region 
of Merapi, including the characteristic deposition of volcanic material on the 
west side of Merapi which is lighter and the high intensity of rainfall in the 



Merapi area. The western region of Merapi has a lot of lighter Merapi 
material. The impact of the dominance of ash rain flow to the west causes 
the Merapi region in the west to store more light pyroclastic material 
resulting from vertically directed eruptions such as ash, sand and gravel 
material. Different from the material deposition conditions in the western 
region of Merapi, the material characteristics deposited in the southern 
region of Merapi are relatively heavier. This is due to the deposition of 
eruption material in the southern region of Merapi, which is more controlled 
by hot pyroclastic material spills so that the characteristics of larger material 
such as sand, gravel, karakul, and large boulders [2]. 

Merapi eruptions that have occurred have an impact on damage to 
settlements, agricultural land, and forests that are in the area of mountain 
peaks, mountain slopes and along rivers that are fed with eruption material. 
Delay in information about eruption activities that occur to all people who 
live around the peak of Merapi, has an impact on the high number of dead 
victims and material loss so that mitigation against cold lava flood disasters 
is seen as important to be continuously improved. One of them is the 
preparation of cold lava flood mitigation maps. 

Lava is a terminology to describe a flow of high concentrations of 
mixture between rock debris, sand and water coming from a volcano. Lava, 
is a volcanic material flow that is mixed with water with a high enough 
concentration, either in the form of debris flow (debris flow) which is 
characterized by lava flow with a concentration of solid material> 60% or a 
flow with a very high sediment concentration (hyperconcentrated flow) with 
a concentration sediment of 20–60% [5]. 

The current volume of Merapi's peak cold lava is estimated to reach 150 
million m3 ready to flow like a cold lava flood that has the potential to take 
lives. With the spatial analysis modelling approach, the impact of cold lava 
floods is modelled so that disaster mitigation maps are arranged to reduce 
the potential for fatalities. This modeller is expected to be developed to 
mitigate other volcanic disasters in Indonesia. Modelling is a way to describe 
something that cannot be seen directly. Because all phenomena cannot be 
observed directly at the same time, a model can be used to simplify the 
situation. This can be done in a geographic information system in the form 
of map layers and the relationships contained in these maps are modelled 
with the help of spatial analysis. In general, spatial models can be divided 
into two, namely static models and dynamic models. In spatial modelling, 
especially those which are dynamic, always use raster data that displays, 
places and stores spatial data using matrix structures or pixels that form a 
grid [7]. Each pixel or cell has its attributes, including unique coordinates. 
The spatial entity raster is stored in a layer that is functionally correlated with 
its map elements. Dynamic spatial models have three main components, 
namely the dimensions of space, time and dynamic processes, both related 
to processes in earth science, ecology, sociology and economics. The 
cellular automata approach is often used for the application of dynamic 
spatial models, both modelling natural and human systems, such as the 
movement of eruption material and volcanic lava and the assessment of 
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eruption hazard areas [7]. Spatial modelling is the process of seeing the 
specificity of several layers at each location to solve a problem. In general, 
the spatial model uses the optimum search concept to choose the place or 
model of suitability in choosing the best location, although the type and size 
of the data scale used are different, the problem can be solved in the same 
way. 
 

II. RESEARCH METHODOLOGY 
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Figure 1. Flowchart of Research 

Methodology 

Methodology This 
research is concentrated 
utilizing DEMNas2014, RBI 
Maps, Thematic Maps and 
satellite images for visual 
current conditions. This 
visualization is examined by 
spatial analysis utilizing GIS 
to produce locations or areas 
affected by the Merapi cold 
lava flow. The activity process 
flow plan can be seen in 
Figure (1) Flow diagram of the 
research methodology. In 
modelling the spatial analysis 
four steps will be carried out in 
solving the problem. The first 
step: Formulate a problem 
that starts with thinking about 
what the expected results are 
by developing a diagram to 
show the flow of data in its 
operation as well as the 
spatial data collection 
needed. Second step: 
Describe the problem in the 
first step into goals. 

The problem is broken down into more detail into smaller parts so that 

it can find out the data needed and steps to solve it. Steps are goals that 

must be solved to measure the suitability of each location. The definitions 

must be measurable. Reach the Initial suggestion to produce an existing 

map by mapping using remote sensing technology. Each of these targets 

will become a data layer or theme in the form of maps. Third step: Establish 

appropriate values for each goal. In this step, a map for each target has 

been formed. then combining maps with GIS technology into a map that 

depicts potential areas in stages. To compare the price of one class with 



another is done by giving numerical values for each class in each map or 

theme by using spatial analysis. This is what was used as the initial model. 

Step Four: Resolve the problem by doing the initial model simulation that 

has been produced. To develop analytical studies, testing is done using 

various other scenarios by applying weighting to layers or measures to 

further examine data and their relationships that produce conformity maps. 

These suitability maps will later be combined with existing data to see or 

describe the results of the spatial analysis on a spatial basis. The results of 

the analysis will be used with GIS to build mitigation maps. 

The data used in this study uses DEMNas2014, RBI maps sourced from 

BIG, Merapi peak aerial photography data to determine the volume of lava 

sourced from PPMBG Bandung, and Landsat Satellite Imagery coverage of 

2018 for existing land information in determining the suitability of existing 

data and the suitability of mitigation map results. The development of this 

model was carried out by calculating DEMNas2014 with a level of accuracy 

of 5-10 m, Surface Hydrology, Energy Cone, Lava Flow Scenarios and 

studies using KRB maps (Disaster Prone Areas), Studies with Satellite 

Imagery, and Studies with land cover maps (existing).  

The concept of surface hydrology is the flow in the hydrologic channel 

where the hydrological channel is obtained from the Digital Elevation Model 

(DEM) raster data on each pixel cell. This is done by way of Flow Direction, 

this method takes the surface as input and output raster that shows the 

direction of flow out of each cell. The flow direction algorithm that is 

commonly used is the D8 Tarboton method [8]. Determination of the 

direction of flow between pixels according to this algorithm is done by 

comparing the relative between one pixel against 8 pixels around it. Flow 

direction is obtained from Flow Accumulation results with a predetermined 

threshold value as shown in figure (2). 

Horizontal & Vertical elevation of cells a1 

𝑎1 − 𝑏1 = 𝑑𝑎1𝑏1
… (1)      𝑎1 − 𝑏1 =

𝑑𝑎1𝑏1
… (2) 

Diagonal elevation of cell A 

𝑎1 − 𝑏2

√2
= 𝑑𝑎1𝑏2

 … (3) 

To determine the flow direction algorithm, the highest elevation 

difference is taken (the elevation direction value must be negative), equation 

(1) (2) (3) shows the largest negative elevation value is at (1), the flow 

direction algorithm is a1 to b1. Likewise, in the same way, the flow direction 

algorithm of each cell is determined.  

From this algorithm code, the flow value is calculated to get the flow 

accumulation, so that finally the surface hydrology flow will be obtained with 

a threshold value of 2000 meaning that the value of flow accumulation at 

these pixels is a minimum of 2000. 
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Figure 2. Calculation of code 

flow algorithm 

 

Figure 3. The results of the 

flow algorithm code 
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Figure 4. Flow Accumulation 

Results 

2.1 Energy Cone 

This stage is useful to produce an area of the volcanic material 

explosion, by entering the value of the slope volume obtained from the 

calculation of the ratio/slope of H to L, then entering the X and Y coordinates 

of the peak of Merapi. Calculations for slope are searched using equation 

(9). 

 

𝑆 =
𝐻1 − 𝐻2

𝐿
… (4) 

H1 = End point elevation         ;   S  = Slope 

H2 = Starting point elevation   ;   L  = The distance of furthest lava range 

2.2 Basic Lava Flow Scenarios 

Lava flows in a certain volume of hydrological flow, the lava flow has the 

potential to cause the inundation. The river that will be lava flowed is: 

Krasak, Woro, Gendol, Bebeng, Putih, Boyong, Lamat, Senowo, Tlising, 

Apu and Bedog. Other parameters used are slope, the elevation of the river 

starting point, the elevation of base point of flow and distance of furthest 

lava range. 

The Merapi volcano is shaped like a cone so it is assumed that the H/ L 

value is the same for each river. Lava flow flows in the hydrologic channel 

with a certain volume; this lava flow has the potential to cause the 

inundation. To calculate potentially inundated areas, use statistics to derive 

equations connecting inundation areas to lava volume flow, with equations 

(4)&(5) [9]. 

𝐴 = 0,05 𝑥 𝑉
2

3 … (4);  𝐵 = 200 𝑥 𝑉
2

3 … (5) {A=Cross Section; V=Volume; 

B=Planimetric Area} 

In this lava flow simulation, the elevation of right and left cells will be 

compared with equations (4) and (5) to determine the direction of flow or fill 

cells that have lower elevations, to meet the specified volume value. The 

following is an example calculation with an estimated volume of 15 million 

cubic cold lava. 

𝐴 = 0,05 𝑥 15,000,000
2

3 = 3,041   ;    𝐵 = 200 𝑥 15.000.000
2

3 = 12,164,404 



So the value of each flow cross-section is 3,041 m3 and for the 

planimetric area is 12,164,404 m3. In this lava flow modelling, it is necessary 

to have the volume of lava that will be flowed in this model. For the next 

model, simulation is carried out with changes to; lava volume, slope, the 

elevation of base points, and farthest slope distances. Changes in lava 

volume flowing in scenarios I, II, III, and IV are 80K m3, 15M m3, 70M m3, 

and 135M m3, which in turn can simulate the scope and extent of the 

affected area. The next step is to enter the parameters of volume, discharge, 

flow velocity, distance of lava network and the height of the point of the path 

in the flow area using equations (6), (7), (8) [10] to determine the estimated 

time of arrival of lava flow in certain areas such as in settlement. 

𝑄 = 0.000558 𝑥 𝑉0,831  … (6)  V = Volume  ;              Q = Lava Discharge  

𝐶 = 2.1 𝑥 𝑄0,3𝑥𝑆0,2         … (7) 

 𝑇 =
𝐷

𝑉
    … (8) 

C = Lava Speed ;        S = Slope 

T = Mileage Time ;      D = Mileage Distance 

The Final Process is a superimposed map of scenario results with a 

KRB Map to compare lava volume and also to compare the results of lava 

flow modelling with the existing river morphology from satellite imagery data 

and DEM to produce a cold lava flow model by existing conditions. Analysis 

of the impact of damage to lava use was carried out with the GIS method, 

namely, superimpose analysis of the results of scenarios maps with 

thematic maps of land cover. At this stage the predicted area of damage to 

land use affected by cold lava flow. Finally analyzes were carried out; 

distance of lava reach from eruption center, evacuation route analysis and 

gathering points to get; (1) map of the level of lava flood hazard zone based 

on maps of Merapi Disaster Prone Areas, (2) Maps of simulated disaster 

zone results, and (3) maps of evacuation routes and gathering points from 

analysis of distances, elevations and accessibility. 

 

III. RESULTS AND DISCUSSION 

3.1 Results 

Based on the results of basic simulations compared with the results of 
the Long and Cros Section analysis shows the accumulation of flow has 
followed the pattern of deep and narrow river valleys shaped "V" without any 
significant obstacles. With an average valley depth of 30-40 meters, it 
means that the basic simulation is by existing conditions and is acceptable. 
The lava flow will fill the river basin reservoir area according to the volume 
scenario simulation used. The greater the volume of lava in the scenarios, 
the greater the lava flow inundation results. Differences in the area of lava 
flooding are not too significant for large volume scenarios, because for the 
downstream river basin conditions are not steep. 
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After the basic simulation is accepted, a volume scenario simulation 
(80K = 80,000m3, 1M = 1,000,000m3, 2K = 2,000,000m3, 3K = 
3,000,000m3, ..., 135M = 135,000,000m3) is then determined in 4 scenarios 
The main scenarios are scenario I = 80K, scenario II = 15M, scenario III = 
70M, and scenario IV = 135M which results in the distribution of the average 
coverage of lava flow from each river. The broadest coverage is from 
scenario IV which results in an area of 46,729,425 Ha. The 80K scenario 
simulation results from the lava flow model produce lava flow which is not 
yet dangerous and still follows the shape of river morphology, but for 
scenarios, volume starting from 2K lava flow starts to widen from river 
morphology, impacting the land use of the plantation. Residential areas 
began to be affected by lava flow in scenario II, whereas in the scenario of 
volume 30K to 135M the range of lahar has affected all land use so that the 
greater the volume of scenarios results in wider coverage of lava flow areas. 

Verification of the model by superimposing the results of the lava flow 
model with the KRB Map results in all lava flows appear to be appropriate 
and flow above the KRB lava flow and pyroclastic flow, but there are 
differences in the direction of lava flow in the downstream river, this is 
caused by the steepness of the river valley increasingly small. There are 
also differences in the area of the lava flow, and this is possible because of 
differences in the parameters of the scenarios in the scenario when the lava 
flow modelling other than that the KRB Map only uses the parameters of the 
flow direction without using the impact of the flow. 

The results of simulation scenario IV in 4 regencies (Magelang, Klaten, 
Boyolali, and Sleman) around Merapi on the Krasak river, Bebeng river, 
White river, Boyong river, Bedog river, Lamat river, Senowo river, Tlising 
river, Apu river and Apu river Gendol which is superimposed with the 
existing land use map produces lava flow impacts on; settlement of 669,911 
ha (269 villages in 36 districts); 4,357,507 ha of rice fields; field 1,786,099; 
and gardens 3,247,239. 

The slope of the lava flow can be searched by making longitudinal and 
transverse cross-sections of each river flow. The slope and discharge 
obtained can be used to determine the flow velocity in each river. The 
velocity obtained and the distance of the lahar flow will be able to produce 
when the estimated time of the lahar flow arrives in the residential area. 
Calculation of estimated time of arrival of the lava flow is carried out from 
the river channel understudy to the settlement of the population by 
assuming the distance travelled in the river near the settlement. The time of 
arrival at the settlement is calculated for estimation of decision making when 
action is needed to evacuate the population to the TES via the evacuation 
route. 
 



 
Figure 4. Impact on Land Use 

 

Table 1. Travel time to the settlement 

4M 9M 15M 30M

Krasak      13,3 47,38 16,84

Woro      14,0 58,66 0 14,3

Gendol      11,8 58,70 0 12,1

Kuning      14,6 66,08 0 0 13,3

Boyong      15,0 67,62 0 0 13,3

Bedog      16,0 65,22 0 0 14,7

Putih      14,0 63,36 0 0 13,3

Senowo      14,6 77,42 0 0 0 11,3

Tlising      16,7 77,93 0 0 0 12,9

Apu      20,1 78,33 0 0 0 15,4

River 
Distance

(km)

Speed

(km/hr

)

Arrival Time (Minutes)

 

Table 1. shows that the fastest lava flow in the Senowo River with a 
distance of 14.6 km of lava with a volume of 30M can reach a residential 
area in 11.3 minutes. Also, it is seen that the greater the volume of the lava 
flow, the faster the lava travel time. Seeing the fast travel time it is necessary 
to make efforts to create Disaster-Prone Zones so that prediction areas 
affected especially settlements are not used as residential areas, then can 
be determined or compiled maps Evacuation Paths and Temporary 
Evacuation Places (TES) as supporting documents for Merapi cold lava 
disaster mitigation. 

 
Figure 5. Map of Disaster Prone Zone 

 
Figure 6. Map of Evacuation Paths and TES 

3.2 Discussion 

The Merapi lava flow model has several limitations. The modelled end 
of the lava flow looks sharp. Perhaps this is an indication of the prediction 
of the direction of river flow based on DEM resolution (1 pixel = 8 x 8 m), 
Pixels with the same height at the edge of the inundation area and the lava 
flow tip usually have a small amount [1]. Lava flow modelling predicts the 
direction of river flow in all directions, both north-south and west-east, the 
direction of lava flow follows river hydrology based on the number of pixels. 
So to get lava flow modelling with maximum results, DEM is needed with 
maximum accuracy. 

The lava flow model in rivers generally stops in the plain. This is caused 
by the system in lava flow modelling that stops the modelling process when 
the predicted volume accumulated at the river cross-section is equal to or 
greater than the remaining volume of the lava flow modelled [1]. In this 
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model do not include water parameters while the lava character in all 
volcanoes is assumed to be the same so that the lava characters in this 
model are built referring to some other volcanic characters in Indonesia. The 
characteristics of lava between one mountain and another are not 
necessarily the same so that when pyroclastic deposits unite with water will 
produce different viscosities, this will certainly determine the distribution of 
lava that will occur [2]. Rainfall is one of the parameters that trigger lava. In 
this lava, flow modelling does not include rainfall parameters in the 
modelling so it can not predict when the fall of lava but only predict the 
distribution of lava flow that will occur based on the estimated lava volume 
that has been determined. 

When the lava flow model is superimposed with satellite imagery, it is 
clear that the lava flow model can flow following river morphology. Lava flow 
turns when there is a higher morphology in front of it. Lava flow can enter 
the valley and turn and do not widen following the width of the previous 
valley. The accuracy of this model is supported by DEM data whose 
resolution is high enough (8 m) so that it can be used to calculate narrow 
river cross-sections. The lava flow model follows the morphology of the river 
according to the chosen river flow direction, the direction of the river flow is 
based on the 2011 PVMBG publication. While on the KRB Map (map 
prepared based on disaster results), the flow direction is partly different from 
the model simulation results Predicted map of potential volcanic disasters. 
The disaster-prone area of the lava flow is an area that has the potential to 
flow with lava after an eruption which results in a pyroclastic flow. Pyroclastic 
flow deposition itself is still uncertain where the flow direction and how much 
volume so that the potential of the lahar can not be predicted from which 
valley and where the direction and how much volume [3]. 

In this lava flow model, the source and direction of the flow are 
determined. The source and direction of the flow are determined based on 
the lava potential that will occur. Prediction of lava flow volume is based on 
the history of the volcanic lava activity so that lava flow modelling can be 
done quickly, precisely, accurately, and objectively. Every user can do it with 
the same results provided the source, flow direction and volume are the 
same. The lahar flow model with large scale volume estimation predicts the 
potential danger of lava flow with the worst-case scenario. The lava flow on 
the KRB Map also predicts the potential for bad hazards. Results Both 
proved to be different. This lava flow model can be used as consideration in 
evaluating the KRB Map, especially in cold lava flow so that it can determine 
the range of lava flow by the potential of the lava flow. To estimate the 
impact of lahar flow on land use, a superimpose was carried out between 
the lahar flow model and the existing Land Use Map. Lava volume estimates 
are taken from the smallest to largest volume scenarios. This is done 
because it is to predict the impact of fatalities because there are still many 
residents who live along the riverbanks that are crossed by cold streams. 
Of all the scenarios of lava flow volume for settlements, gardens and fields 
the greatest impact is in Sleman Regency, while for the biggest impact 
paddy fields in Magelang Regency. The impact of the area in each district 



is influenced by its location in the area of lava flow inundation. Table 2 
shows the area of land use affected and based on Figure 3 predictions of 
the affected population in the 135M volume scenario. 

From table 3 it can be seen that the population most affected in Sleman 
Regency is 62,373,292 people/ha. With the predicted impact of the lava flow 
on spatial land use, it is expected that these regions can increase their 
vigilance and preparedness against the danger of cold lava flows, especially 
residential areas. The affected area has been buffered as far as 500 meters 
from the prediction of lava-affected settlements, with a distance of 20-25 km 
from the lahar deposit area which is a Disaster-Prone Areas II is expected 
that the area is not intended for residential areas to see the danger of lava 
and the speed of lava arriving in residential areas. The area should be 
recommended for protected forest areas. 

Table 2. Impact of lava flow volume of 135M 

Boyolali Klaten Sleman Magelng Total

Settlement       476  3.372    3.701     3.201  10.751 

Plantation       471  1.964    1.996     1.834    6.265 

Fields.       154  1.086    1.360        781    3.381 

Rice fields       241  3.912    8.353     9.970  22.475 

Affected 

Area

Area of Affected District (Ha)

 

Table 3. Predictions of populations affected by lava 

Boyolali Klaten Sleman Magelang Total

Population    3.206  57.652  63.273     44.884  169.016 

Affected 

Population

Affected District Residents (People)

 

To anticipate casualties, an analysis was also conducted to determine 
the Evacuation Route and the potential temporary Evacuation Points based 
on flow patterns and elevations. Finally, the results of this lava flow 
modelling can be used as one of the supporting data for the preparation of 
the Merapi Volcano Mitigation document. 
 

IV. CONCLUSIONS 

This study produced data to support Merapi cold lava disaster mitigation 
in the form of (1) maps of affected areas (2) Maps of Disaster-Prone Zone 
(3) Maps of Evacuation Paths and Points of Location for Temporary 
Evacuation Points (TES). The impact of the distribution of cold lava flow on 
land use with a volume of 135 million m3 of 42,815,783 Ha, (the largest 
distribution area of the district; rice fields in Magelang 9,969,592 Ha, 
residential areas in Sleman 3,701,475 Ha, Sleman fields 1,359,638 Ha and 
garden in Sleman 1,995,602 Ha). And what needs to be noted is that the 
estimated time to reach the fastest lava flow in a residential area is 10-11 
minutes, so that only in this time the population can save themselves from 
the danger of cold lava. 

There are wide differences in the coverage of lava flow between lava 
flow models developed with the KRB Map from PVMBG, this is possible 
because in the model developed using scenarios with changes in the 
parameters of lava flow volume and direction whereas in the study the KRB 
Map only uses lava flow direction parameters, so the model in this study 
more representative of the form of cold lava disaster that might occur. 
The results of the preparation of the evacuation route map and TES show 
that at the study site there are many evacuation routes and TES points that 
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can be utilized during a disaster to reduce fatalities. The lava arrival time 
when a disaster is short enough between 11-17 minutes needs to be 
considered, in preparing the disaster early warning system method. 
Based on the study, there has been a significant change of land use to 
settlements so that there is a need for local government policy (can refer to 
the cold lava disaster hazard zone map) for limiting land-use change to 
settlements at locations affected by lava, the affected locations should be 
directed as protected areas. 
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