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Abstract— The 2010 eruption of Merapi volcano has
resulted in fatalities, injuries, suffering and psychological
distress on the people who live in the surrounding area.
Information on detailed population distribution, post of the
2010 eruption of Merapi volcano is required as a form of risk
management activities and efforts for disaster prevention and
minimizes loss of lives in the future. Dasymetric mapping is
one method of thematic mapping which produce a region
based spatial information in more detail. Landsat 8§ LDCM
images were used as input data in extracting information of
settlement area using Index-based Built-up Index (IBI)
approach. Estimation of the spatial population distribution is
generated by a combination of extraction yield settlement area
with population census data using Geographic Information
System (GIS) technology. The results showed that the use of
IBI approach describes the condition of settlement areas with
an accuracy rate of 84% against the reference data. Error
analysis of the population distribution is indicated by the
reference data was shown by Root Mean Square Error
(RMSE) with the average of 1954 people and Population
Distribution Error (PDE) average of 35.88%.

Keywords— Index-based Built-up Index (IBI), population
distribution, GIS and remote sensing, Merapi volcano,
Central Java, Indonesia

I. INTRODUCTION

The availability of the detailed population distribution
information, post of the 2010 eruption of Merapi volcano
becomes an important part of disaster risk management
activities, which are expected to be useful in preventing
and reducing the number of fatalities. Additionally, the
availability of such information may also be used to help
governments and related agencies to improve evacuation
planning of the impact of volcanic hazards in the future.

Demographic data in relation to the general population
can be obtained in the form of statistical tables and
presented spatially according to the regional administrative
unit, which can be inferred as the data representation in
choropleth map (Tobler et al., 1997; Demers, 1999; Liu et
al., 2006; Harvey, 2008; Bajat et al., 2011).

In terms of presentation, the weakness of the use of the
choropleth map is that the information generated by census
bureau shows uniformity within the administrative area unit
and does not reflect the actual population distribution
(Mennis, 2003; Hay et al., 2005; Langford et al., 2008; Lung
et al.,, 2013). In order to overcome the drawbacks of
choropleth mapping, several studies have been developed to
decrease (downscale) census data through dasymetric mapping
(Tian et al., 2005; Briggs et al., 2006).

Dasymetric mapping is one method of region based
thematic mapping spatial information which results in more
detail, by combining the global area information such as
administrative units with additional data (Liu, 2006;
Khomarudin, 2010). Dasymetric mapping has the advan-
tage of producing a more realistic population distribution
map than that with choropleth mapping. This can be done
by overlaying the boundaries of administrative units with
land use data information in databases of Geographic
Information System (GIS) extracted using remote sensing
data (Bajat et al, 2010; Linard et al., 2013). Several
methods of estimating the population distribution have
been developed by using remote sensing data, as was
previously done by Zha et al., 2003; Xu, 2007; Briggs et
al., 2006; Khomarudin, 2010; Alahmadi et al., 2013.

Zha et al. (2003) had been classified urban areas using
Landsat ETM with Normalized Difference Built-up Index
(NDBI) approach. Later, Xu (2007) developed the NDBI in
extracting built-up areas using the Index-based Built-up
Index (IBI) approach, combined with three index parame-
ters, namely: NDBI, Soil Adjusted Vegetation Index
(SAVI) and Modified Normalized Difference Water Index
(MNDWI). Briggs et al. (2006) conducted a dasymetric
population distribution modeling. The study was conducted
by combining GIS-based data analysis by using the data of
land use and light emissions. The land use information and
light emissions were derived from Defense Meteorological
Satellite Program (DMSP) data to show indicator where the
residents live, and used this data as the basis for detailed
mapping population.
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Khomarudin (2010) has classified the settlement areas
using TerraSAR-X data, where the classification of the use
of radar images was done with using Speckle divergence
analysis and neighborhood. The classification procedures
consist of three stages: pre-processing (speckle divergence
analysis), analysis of the threshold value (threshold value
determination for settlement areas), and neighborhood
analysis (classification of settlement areas). The distribu-
tion of the population in the study was carried out by
combining the results of the classification of settlement
areas with population census data, which was modeled
based on the current activities of the day and night.

Alahmadi et al. (2013) has been using Landsat ETM
data, elevation data of altitude, population census and the
number of dwelling units to lower the population distribu-
tion data. The distribution of the population in the area can
be estimated based on the average number of residents per
dwelling unit using ISODATA conventional approach
classification model to generate land use information.
Furthermore, the model results are used as reference data in
evaluating other models.

In this study, Landsat 8 LDCM was used as input data in
extracting settlement information located in the study area.
Extraction and classification of settlement areas were
quickly done based on approach to Index-based Built-up
Index (IBI), as was done by Xu (2007). The development
of the Index-based Built-up Index (IBI) approach in the
study was conducted by adding data fusion using pan-
chromatic channels on the Landsat 8§ LDCM. Panchro-
matic data fusion was performed after the formulation of
the IBI approach. Classification of settlement areas and
non-settlement area were produced by the process of object
segmentation. Results and classification of image were
done by combining the population census data and
administrative boundaries of research areas was used to
implement a model of spatial distribution of population
based on Geographic Information System (GIS).

The purpose of this study was (a) to identify settlement
areas which are classified based on Landsat 8 LDCM data,
(b) to estimate the population distribution using dasymetric
mapping based on classification results of settlement areas
in the study area.

II. STUDY AREA

Merapi volcano is administratively located on two
different provinces, namely: Central Java and Yogyakarta
(Fig 1), with an altitude of 2,914 meters elevation above
sea level (Yulianto and Parwati, 2012).

Merapi belongs to a group of young volcanoes on the
island of Java, which is located at a subduction zone
characterized by the explosive eruptions of andesitic
magma (Hamilton, 1979). It is formed due to the
convergence of Indo-Australian Plate causing volcanic
activities along Java island, Indonesia (Lavigne et al., 2000;
Yulianto et al., 2013).

YOGYAKARTA PROVINCI

Fig 1 Study area of Merapi volcano, Central Java and Yogyakarta
Province (Sub-scene image of Landsat 8 LDCM acquired 24 June
2013 Path/ Row: 120/65 in the study area)

People who live around Merapi at a distance of 0 to 30
km radius are distributed in several districts, namely:
Sleman (Yogyakarta), Magelang, Klaten, and Boyolali
(Central Java) (Table 1 and Fig 2). Based on the civil
registration, the population in the area at the end of 2012 is
as follows: more than 800,000 people (Sleman); 700,000
people (Magelang); 500,000 people (Klaten); and 300,000
people (Boyolali) [The Indonesian of Central Agency
Statistics (BPS) - Regency of Sleman, Magelang, Klaten
and Boyolali (2012)].
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Fig 2 Population density (population per km?) of people living around
Merapi volcano at the radius of 0 to 30 km in 2012

III. METHODOLOGY

A. Research data

Data utilisation in this study is presented Table 2. Data
utilisation can be divided into spatial and non-spatial data.
Spatial data consists of Landsat 8 LDCM data and
topographic map. In addition, the availability of non-spatial
data, such as population census data is required. The
availability of data is expected to be useful in describing
the number and distribution of the population, which can be
used as an input to estimate the potential risk, post of the
2010 eruption of Merapi volcano in the study area.

Number of population living at the slope of Merapi volcano within the

Table 1

radius of 0 to 30 km in Central Java Province and Yogyakarta
(Source: BPS of Sleman, Magelang, Klaten, and Boyolali Regency,

2012)

Number of Population in 2012

Sleman Magelang Klaten Boyolali
Turi 40,183 Srumbung 46,533 Kemalang 35,656 Selo 27,146
Pakem 38,361 Dukun 44,288 Manisrenggo 42,463 Ampel 69,353
Cangkringan 33,162 Sawangan 55,351 Prambanan 49,977 Cepogo 53,847
Tempel 66,144 Pakis 53,458 Karangnongko 37,899 Musuk 61,418
Sleman 69,254 Ngablak 38,522 Kebonarum 21,541 Mojosongo 51,727
Ngaglik 99,511 Grabag 83,862  Jogonalan 58,825 Boyolali 60,265
Ngemplak 61,925 Secang 77,769 Gantiwarno 41,306
Kalasan 73,005 Tegalrejo 55,122 Klaten Selatan 42,724
Mlati 97,868 Candimulyo 46,859 Klaten Utara 43,113
Seyegan 53,872 Mungkid 71,263 Ngawen 45,068
Minggir 38,911 Muntilan 77,189 Jatinom 58,593
Godean 75,252 Salam 22,991 Karanganom 49,239
Gamping 94,873 Ngluwar 30,628 Tulung 54,888
Total 842,321 703,835 581,292 323,756
Table 2
Data utilisation and availability in the study area
. . Scale /spatial
Type of data Acquired period °P Source
resolution
Landsat 8 24 June 2013 30 m (band 1 to 7) USGS
LDCM and 15 m (band 8 or
OLSTIR S Path/Row: h5 (t' ) 8
anchromatic
120/65 P
Population 2012 District area BPS
census data
Village 2012 Village area BPS
potential
(PODES)
Topographic 1999 and 1: 25,000 BIG
map updated data
administrative
in 2009
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B. Processing and analysis of remote sensing data

Initial data analysis (pre-processing) in the study was
done by converting the Digital Numbers (DNs) to the
reflectance values (Top of Atmosphere (TOA)). Standard
products from Landsat § LDCM (Landsat Data Continuity
Mission) which can be obtained from the USGS EROS
Center and used in this study is available in the format of
16-bit unsigned integer. The process is required to rescale
DNs values in the image into reflectance values or radian
using radiometric coefficients available in the metadata file
(MTL file). In general, the process of converting the DNs
values into reflectance values consists of two stages: the
first stage is to convert the DNs to radian values and the
second stage is to convert the radian to reflectance values.
The formula in converting the DNs values into radian
values can be expressed in Eq. (1) and the formula to
convert radian values to reflectance values can be
expressed in Eq. (2) (Chavez, 1988; 1996; USGS, 2013a;
USGS, 2013b).

LA =ML * Qcal + AL (1)
LA is spectral radiant TOA. ML is the specification of a
band or channel, and the multiplicative rescaling factor
obtained from the metadata. AL is specification of bands or
channels, and additive rescaling factor can be obtained
from the metadata. Qcal is standard pixel value products
that have been quantized and calibrated in the form of the
Digital Number (DNs).
pA'=Mp * Qcal + Ap 2)
pA" is TOA reflectance without solar angle correction.
Mp is the specification of a band or channel, and the
multiplica-tive rescaling factor can be obtained from the
metadata. Ap is the specification of bands or channels, and
additive rescaling factor can be obtained from the metadata.
Qcal is the pixel value of the product standards that have

been quantized and calibrated in the form of the Digital
Number (DNs).

C. Settlements classifications

Classification of settlement areas in the study was
conducted using Index-based Built-up Index (IBI) approach
through Landsat 8§ LDCM satellite images. IBI is one
approach that can be used to perform rapid classification of
settlement areas, which have been developed by Xu (2007).
This approach is indicative of an approach to the
development of Normalized Difference Built-up Index
(NDBI) which has been done by Zha et al. (2003).

IBI approach is made using a combination of three
thematic layers, namely: NDBI, Soil Adjusted Vegetation
Index (SAVI) and Modified Normalized Difference Water
Index (MNDWI). The results of the use of formulations IBI
approach, settlement areas will appear and have a higher
value when compared with other land uses. Formula of the
approach can be presented in Eq. (3) to (6) (Zha et al.,
2003; Xu, 2007; Khomarudin, 2010).

(MIR-NIR)

NDB] = (MIR+NIR) (3)
SAV] = (NIR—Red)(1+1) )
(NIR+Red+1)
MNDWI = % (5)
_ [NDBI_(SAVIH;«NDWI)]
IBI - [NDBI+ (SAVI+I;/INDWI)] (6)

Where: MIR is mid-infrared bands on Landsat data. NIR
is near-infrared bands on Landsat data. Red is a red band on
Landsat data. Green is a green band on Landsat data. [ is
dependent weight with vegetation cover and soil moisture,
varied between 0 and 1 (default 1 of these factors, the value
of 0.5 can be used for the entire image).

The development of Index-based Built-up Index (IBI)
apporach in this study was conducted by adding data fusion
through pancromatic channel. Panchromatic data fusion can
be performed after the formulation of the IBI approach.
The results of the classification process almost certainly to
be impaired by the presence of speckle noise. In order to
alleviate these problems, the classification can be done with
the object segmentation approach, which aims to identify
the spatial structure of the image (Pulvirenti et al., 2011;
Bignami et al., 2013). Further information on the use of
object segmentation is explained in Pulvirenti et al. (2011).
Additionally, the editing process towards several classifica-
tion error can be done based on segmentation vector. This
was asserted by Xu (2007) that error in classification can
be found. Other than that, in this editing process, the
knowledge of objects towards the surrounding research
area is required to fulfil the expected -classification
standard. Some informational data on Landsat § LDCM
covered by clouds were backed up using the ASTER image
data acquisition June 13, 2012. In order to complement the
lack of information, interpretation and screen digitization
were performed on settlement and non-settlement objects.
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D. Spatial estimation of population distribution

In this study, the results of classification and
segmentation on settlement areas using Index-based Built-
up index (IBI) at Landsat 8 LDCM images were used as
input to estimate the spatial distribution of the population.
In addition, the use of census data in the year 2012 the
population of the Central Statistics Agency (BPS) and the
administrative boundaries of the area of Geospatial
Information Agency (BIG) at 1:25,000 scale were also
required in this study. The utilization of input data
classification and segmentation of settlement areas on the
IBI approach at Landsat 8 LDCM images in 2013, along
with the population census in 2012 and regional
administrative borders can describe the conditions, post of
the 2010 eruption of Merapi volcano in the study area.

Estimation of the spatial distribution of the population is
based on the formula that has been developed previously by
Khomarudin et al. (2010). The estimation formulas are
presented in Eq. (7) to (9).

Xd = Y¥", Pi (N

Pi = Y¥_, Pij (8)
.. Sij

Pij = ST )]

Where: Xd is the number of people in the administrative
unit. Pi is the number of people in the area of settlement
land use i. Pij is the number of people in settlement
polygon j within the area of settlement land use i. Sij is the
size of the settlement polygon j in the settlement area of
land use i. n is the number of polygons in the area of
settlement land use administrative units.

Population census data Landsat § LDC)
Year 2012
Settlements
Number of people | Non-settlements
in district A = 2000 [ Bare land.
IBI [ndex
Index value
Settlements 09 } same vawe > €55 OK
Bate land : 08 > Class Remove
Non-settlements 02

S entation and editing
A Settlements
Non-settlements
Spatial distaibution of e population in Year 2012
sy A2=2330m=30m = 1800 m2
Py = gt Xd Ab=5%30mx 30 m = 4500 m2
Total s 300m2

Populat ¢ )y * 2000 = 572
Population Ab = (4500 / 6300) * 2000 = 1428

[]: Pielsize30m=30m

Fig 3 Stages and research process which are used to estimate the
spatial distribution of population

The process and stages of research used in estimating the
spatial distribution of the population in the study area are
presented in Fig 3.

These results certainly have the potential errors.
Calculation of the error analysis can be performed by
determining the Root Mean Square Error (RMSE) and the
Population Distribution Error (PDE). Comparison between
the results of the estimation of spatial food distribution and
population reference data is necessary to determine the
magnitude of RMSE and PDE. In this study, the reference
data being used is village potential (PODES) data in 2012
available in each district. The availability of PODES data
in each district is not homogenous (PODES data were only
available in certain areas within in the study area). The
assumption of the use of PODES data is that population
contained in one area of the village population is
considered truly live in the area. A formula in determining
the RMSE and PDE are presented in Eq. (10) to (11)
(Khomarudin, 2010).

n  (Pij—PijRQ)?

RMSE = |Si,~—— (10)
_ |Pi=PijRQ|
PDE (%) = === x 100% (11)

Where: RMSE is root mean square error. PDE is
population distribution error. Pij is number of people
within the settlement area polygon (distribution model).
PijRQ is the number of people within the settlement area
polygon (reference). n is the number of sample used in
calculation.

IV. RESULTS AND DISCUSSION

Results and discussion of this study can be divided into
two parts of analysis. Section A presents results related to
the classification and segmentation approach settlement
areas using Index-based Built-up Index (IBI) at Landsat 8§
LDCM satellite images. Section B presents results of the
spatial distribution of population estimation and error
calculation analysis.

A. Classification of settlement and non-settlement area

Land use is one of the important information and form a
fundamental basis for the majority of the population
distribution model approach (Gallergo et al., 2011; Lung et
al., 2013). In this study, land use information was classified
into two main objects: settlement and non-settlement. The
classification was done to differentiate and understand
directly the locations of existing settlements in the study
area, so that with the location information of the settlement
area, estimation of population distribution can be done. The
use of Landsat 8§ LDCM can meet the needs of such
information.
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In a short period of time, settlement area of information
can be extracted using index-based to Built-up Index (IBI)
approach on Landsat 8 LDCM data. Its use produce
relatively fast result in distinguishing settlement and non-
settlement objects, when compared with manually digitized
approach (onscreen digitations), although some classification
errors were found as noted previously by Xu (2007). The
results of calculation of Index-based approaches Built-up
Index (IBI) at Landsat 8 LDCM satellite imagery in the
study area can be seen in Fig 5. Meanwhile, the results of
the classification of non-settlement and settlement in the
study location are presented in Fig 6.

© ) HE )

Fig 5 Calculation results of Index-based Built-up Index (IBI)
approach on Landsat 8 LDCM in study area. IBI approach is
calculated using a combination of three thematic layers, namely:
NDBI, SAVI and MNDWI. (A) Normalized Difference Built-up Index
(NDBI). (B) Soil Adjusted Vegetation Index (SAVI). (C) Modified
Normalized Difference Water Index (MNDWI). (D) index-based built-
up index (IBI).

In Fig 5a, based on the calculation of NDBI index, the
settlement object looks bright (white) tends to be positive
(0.12), while non-settlement objects look dark (black) tend
to be negative (-0.50). The weakness of the use of the index
is that the NDBI shows pyroclastic material objects and
clouds that have similar color with the settlement object. In
Fig 5b, the results of the use of the SAVI index are similar
to NDWI index calculation, which is pyroclastic material
objects and clouds have the same color as the settlement
objects. However, the use of this index is indicated with the
reversed color of that of NDBI index, namely: the
settlement object appears to be negative (-0.12) and light-
colored (white), while non-settlement objects appears to be
positive (0.84) and dark-colored (black).

In Fig 5c, the results of the use of the index MNDWI
can minimize the appearance of pyroclastic material object,
but the appearance of white cloud is still visible. The use of
IBI method based on Fig 5d, which is an amalgamation of
NDBI index, SAVI and MNDWI, can be used and has the
ability to classify objects with minimal errors in differentia-
ting settlement and non-settlement. Shown in Fig 5d
appearance of pyroclastic material objects and clouds tend to
be eliminated. Settlement objects can be demonstrated with
bright color (white) which tends to be positive (3.63), while
non-settlement objects can be shown with a dark color
(black) that tend to be negative (-3.61).

The calculation results IBI in Fig 5 is clearly visible can
distinguish settlement objects and non-settlement. This
suggests that in order to update the data of land use
(settlement) use IBI method can be applied quickly. Data
conversion from raster format to vector format of IBI
calculation results can be done with the object segmenta-
tion which can distinguish directly between settlement and
non-settlement object by identifying the spatial structure of
the image data from IBI result calculation. Furthermore, the
editing process to some misclassification can be done based
on the results of vector segmentation, to reduce the error to
the presence of speckle noise.

Accuracy calculations performed in this study utilized
cross folder confusion matrix. The purpose of these
calculations is to demonstrate the accuracy of the use of IBI
index method for classifying non-settlement areas and
settlement area against reference data (topographic map,
updated in 2009). The choice of location accuracy calcula-
tions was performed at 4 different locations (Fig 6),
namely: a) the settlement site located in rural areas, b)
settlement area are located in urban areas, c) settlement site
located between paddy field and mixed plantation, and d)
the settlement site located in the mountainous slopes of
Merapi volcano. Assumption on selected location is that the
area that is relatively unchanged in terms of the distribution
of the settlement. This is done because the data used for the
calculation of the reference acquisition time and accuracy
possess different acquisition time and different year, with
the source of data used in the calculation of the index IBI.
The results of calculation of the level of accuracy can be
presented in Table 3 to 7.

Based on Table 3, the results of the calculation accuracy
in location A are located in rural areas indicates a low value
of 0.70, which means that 70% of the object of settlement
in the classification index IBI (model map) are also present
in the reference map (source map). The figure shows the
reliability value of 0.74, which means that there is 74% of
the resulting settlement object from IBI approach, is true
when compared with the reference map.
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The average accuracy in location A is calculated as the
sum of digits of accuracy in the column and divided by the
number of classes from the classification being made. The
value is 83%. While the average reliability in location A is
calculated based on the total number of reliability in a row
and divided by the number of classes from the
classification being made, with the value of 84%.

% [ : Scrlements
S [ Non-serdements
D3 D4

Fig 6 Results classification process on the land use for settlement and
non-settlement in the study area. (1) The results of Index-based Built-
up Index (IBI) approach on Landsat 8 LDCM images. (2) Addition of
the panchromatic image data fusion on images created based on IBI
calculation approach. (3) The object segmentation process in
classifying settlement areas. (4) The results of the classification and
editing area settlement and non-settlement. (A) Location of
settlements are located in rural areas. (B) The location of settlements
are located in urban areas. (C) Location of settlements located
between paddy field and mixed plantations. (D) Location of
settlements located in the slope of Merapi volcano.

These results are used to calculate the magnitude of the
overall accuracy as the sum of the average accuracy and
average reliability which is then divided by the number of
classification results. Table 7 shows that at location A, an
overall accuracy of 83.50% was obtained. While on
location B, C and D overall accuracy obtained were
85.50%, 82.50%, and 84.50%, respectively.

Overall, the average calculation results show that the use
of IBI method is able to describe the land use classification
class, settlement and non-settlement based on topographic
maps reference of 84.00%.

Table 3
Calculation of accuracy, reliability using cross map confusion matrix
IBI map and reference map at location A

Model map
Confussion matrix Accuracy
Non-Settlements Settlements
Source Non-Settlements 9213.40 422.73 0.96
Map Settlements 518.05 1182.34 0.70
Reliability 0.95 0.74
Table 4

Calculation of accuracy, reliability using cross map confusion matrix
IBI map and reference map at location B

Model map
Confussion matrix Accuracy
Non-Settlements Settlements

Source Non-Settlements 9287.45 418.33 0.96
Map Settlements 425.63 1214.67 0.74
Reliability 0.96 0.74
Table 5

Calculation of accuracy, reliability using cross map confusion matrix
IBI map and reference map at location C

Model map
Confussion matrix Accuracy
Non-Settlements Settlements
Source Non-Settlements 7342.10 450.06 0.94
Map Settlements 1224.58 2329.36 0.66
Reliability 0.86 0.84
Table 6

Calculation of accuracy, reliability using cross map confusion matrix
IBI map and reference map at location D

Model map
Confussion matrix Accuracy
Non-Settlements Settlements
Source Non-Settlements 6925.50 517.16 0.93
Map Settlements 1050.70 2832.24 0.73
Reliability 0.87 0.85
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Table 7
Calculation of accuracy, reliability using cross map confusion matrix
IBI map and reference map at the study area

. Sample Location Average
Calculation
(in %) total
in
° A B C D (in %)

Average accuracy 83.00 85.00 80.00 83.00 82.75
Average reliability 84.00 85.00 85.00  86.00 85.00
Overall accuracy 83.50 85.50 82.50 84.50 84.00

B. Estimated spatial distribution of population and error
calculation analysis

The results of the classification of settlement areas from
the calculation of the index approach IBI at Landsat 8
LDCM images are used as input to estimate the spatial
distribution of the population in the study area. In addition,
the use of population census data in 2012 obtained from the
Central Statistics Agency (BPS) is also required in this
study. These data can describe the conditions, post of the
2010 eruption of Merapi volcano in the study area. Estima-
tion is done by calculating the area of settlement in study area
per administration unit (in this case the sub-district
administrative units). According to Khomarudin et al. (2010),
the total population can be distributed evenly and
proportionally based on the extent of settlement areas
contained in each sub-district. The results of the estimation
of the distribution of the population in the study area are
presented in Fig 7a and 7b. In Fig 7a shows a map of
population distribution on the southern slope of Merapi
volcano, while Fig 7b shows the distribution of the population
on the northern slopes of Merapi volcano. Estimated
distribution of the population in the study area has some
potential errors and the results of these calculations are shown
in Table 8.

Error analysis of population distribution in this study was
calculated based on the value of the Root Mean Square
Error (RMSE) and Population Distribution Error (PDE).
Reference data is the data used village potential (PODES)
in 2012 obtained from each district. The assumption of the
use of the PODES data is that the village population is the
smallest unit which perceived as the real population in the
area. A total of 125 villages were used in this study as
reference data which are scattered and are available in 13
districts. The results of the average RMSE obtained was 1954
people with a minimum of error of 583 people (in the District
Pakis, Magelang) and a maximum error of is 4208 people (in
the District Turi, Sleman). Based on the calculation of the
average PDE, the observed error is 35.88% of the minimum
error of 25.92% and the maximum error of 58.9%.
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Fig 7b Estimated population distribution map 2012 in the northern

part of Merapi volcano
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Table 8 Acknowledgments

Results of population distribution error analysis using Root Mean
Square Error (RMSE) and Population Distribution Error (PDE)

Number RMSE PDE

No District Regency of village  (people) %)
1 Cepogo Boyolali 14 1271 28.86
2 Selo Boyolali 9 1062 35.81
3 Karangnongko Klaten 4 1955 54.22
4 Kemalang Klaten 5 1494 46.48
5 Dukun Magelang 14 888 25.92
6 Pakis Magelang 19 583 16.13
7 Salam Magelang 11 1335 28.50
8 Sawangan Magelang 15 1513 31.88
9 Srumbung Magelang 17 987 28.17
10 Cangkringan Sleman 5 2467 39.22
11 Pakem Sleman 5 3476 40.29
12 Tempel Sleman 3 4170 58.09
13 Turi Sleman 4 4208 3291
Total 125 - -
Average error - 1954 35.88

V. CONCLUSION

This study has shown that the detailed information on
population distribution in the study area can be derived by
applying the dasymetric mapping method. Location of
settlement areas as the primary basis in mapping the
distribution of rapid population can be extracted by using
remote sensing data, the Landsat 8 LDCM with Index-
based to Built-up Index (IBI) approach. Dasymetric
mapping of population distribution can be develop to map
the potential risk, post of the 2010 eruption of Merapi
volcano in the study area The results of this study provides
contribution at the level of mapping scale between 1:25,000
to 1:50,000.

The same method can be recommended for future studies
with a contribution rate of more detailed mapping scales (<
1:25,000), using other remote sensing data such as:
Worldview-2, Quickbird, SPOT 4, SPOT 5 etc.

This article derives from research in progress by F.
Yulianto on “The potential risk of pyroclastic flows after
the events of the 2010 eruption of Merapi Volcano using
remotely sensed data in Central Java, Indonesia”. This
project is being done at the Disaster Mitigation and Land
Degradation (MBK), Faculty of Agriculture, Bogor Agri-
cultural University (IPB), Bogor, West Java, Indonesia.
Supported by Indonesian National Institute of Aeronautics
and Space (LAPAN). Landsat § LDCM data were provided
by the U. S. Geological Survey (USGS). Topographic maps
were provided by the Geospatial Information Agency
(BIG). The authors express their gratitude to the reviewers
for their helpful advice.
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