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Vulnerability assessment in the unrest volcano based on

time-series land surface deformation and GIS approach
(Case study at Mt. Bromo, Indonesia)

Abstract : Amongthe 130activevolcanoesare locatedin Indonesia,Mt. Bromois the most famousactivevolcanowhichlocatedin EastJava,

type of Mt. Bromoisa strombolian. WeappliedremotesensingandGIStechniquesfor monitoringandcreatingthe disaster-prone area

of Mt. Bromo to deal with social vulnerability issues. SV assessmentparameters to be obtained from the potential of land

deformation, population density, and distancefrom the volcanodome. We used SARdata to observetime-series land surface

deformationwhich derivedfrom PALSARsensor. Thedatasetis composedof 22 SARimages,collectedfrom 24 May 2007to 4 Nov

2011. In addition,SimpleAdditiveWeightmethodisusedin this studyto determinelevelof the disaster-proneareaof Mt. Bromo.

Mt. Bromo status is siaga (level 3 of 4) the last eruption occurredin the late of
2015. Volcanicprocesseswhich produce a variety of geologicaland hydrological
hazards(Tilling,R.I., 1989) are difficult to predict andcapableof triggeringnatural
disasterson regionalto globalscales(Chowdhuryet al., 2016).

Objectiveis to estimatethe disasterprone-areasbasedon time-seriesdeformation
monitoringandvolcanicmaterials,andnumberof populationat Mt. Bromo.

The TimeFunmethod is an implementation of the temporal inversion scheme
establishedformerly for multiscaleinterferometricǘƛƳŜπǎŜǊƛŜǎtechniquesdirectly
in the data domain. This method allows to explain eachǇƛȄŜƭΩǎphaseevolution
usinga dictionaryof userdefinedfunctions(Agramet al., 2013).

Methodology

The dataset is composedof 22 SARimages,collected from 24 May 2007 to 4
November2011(Descendingpasses,HHpolarization,Track91, Frame3780).
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Picture modified from Tech Insider.Pictures are collected from field survey.

: k-th function ; : Coefficient associated with the k-th function.

Themethod of formulating the vulnerabilityassessmentis SimpleAdditiveWeight
Method with the followingequation:

Social Vulnerability Assessment

V = a(A) + b(B) + c(C) + d(D) + ʐ..

Background & Objective

Result

Deformationcharacteristicsat Mt . Bromo

Matrix 
pairwise

Population
Land 
Deformation

Distance 
From Lava

Criterion 
Weight

Population 1.0 0.333 0.25 0.124

Land
Deformation

3.0 1.0 0.667 0.358

Disatance
FromLava

4.0 1.5 1.0 0.517

;

CI = 0.000770972

CR= 0.132%

A consistencyindex indicatesthe probability of havebeen assignedvaluesin a
randomlyway. Valuesbelow0.1 indicategoodconsistency.
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At the Mt. Bromomost of pixelswere processedwith 110
interferoframs. The deformation occurred in the area of
Mt. Bromocalderawith relativevelocityabout10cm/year.

Wehaveshownthat the D-InSARtechniquecanbe usedto assessthe deformation
and volumetric changeswhen the eruption occurred in 2010 and 2015 [ACRS,
2016]. Picturebelow is time-seriesD-InSARbasedon TimeFunalgorithm.

We have discussed comparison studies among SBI (SBASand TimeFun)
algorithm [ISRSE,2017], SBASis suitable for the urban area [IISForum,2017].
Our goal is to support the authority for assessing5 yearscycleof Mt. Bromo
and creatingeducation relationship [ICOIRS,2016] with local people who are
staying close to the volcano. Finally, we suggestedthe various architecture
construction[AsiaGIS,2017] in the area of disaster-prone for supportingSDGs
program in sustainablecitiesandcommunities.

By this study, a larger
percentageof vulnerablearea
based on the model is
Sukapura,Ngadisari, Sumber
and Tosari. Spatialtechnology
makes good use of the
enormouscapacityin a single
work environment for making
the decision in various
information layers.
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