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Abrirart

Folcamic hamards are soove dangers that cowred by voleanic phenomena, Assersment of volcanic hazards
require intsgrated access o the many sowrces of geosciemific data, convisting of curvent information
phemomena and the knowledge or experience patned finm sindlar situations it the part. Undersianding of
volcanic systems which imvolves ils struchore, peochewdsiry, dyrowics, environment, amd the process of
volcano formation ix vital to reveal information abosa kow the volcano works and to forecast itz behaviour In
the finure. Chetology engineerimg con be deployed ar techmology iv capiue and reprexemt this domatn
ivrwisdige, This poper presents volcane sysiom and voleanic haordsy asessment onfology @ conceptual
modeliing and knowledge base for volcanic hazords management. Volcano system and volcanic hazardy
assexsment oitology will provide a precise representation and semantle nfernnation of volcarie systent and
volvarnic haxards demain Inowledee. The ondology helpa o wnderstand the hollstic and comprehensive of

volcane kazard managemend data.

L. Intradoction
Voleanic hazarde are the pevernl kinde of event

i wital 1o reveal infoermation abwot bow the wolcun
worke and to forecast its behavior in the fihme
Studying histery of previous voleanic phenomeanns is
critical step to mitipats fitare voleanic harards, also
identify the ares emd i3 contents that could be
affected Volceno hazards management inchides all
sctivities, prograns snd measures which <n be
taken up before, dring and afier volcano hazands
realized with the purpose to minimize the impact of
wkmuhamdsmpmpln,mdmmmic.wﬂvhar

in multirivk scepation; and up o recower the
volcanic hazarde impact end losses. The porpose of
this reearch is developing of volcano system and
volcanic hezod cssesmment ontology 88 A

Bagmariomal Jowwal af Geamfematics, Wol. 6 Ho 4 December, 2010
ESH 16%6-6576 /IE) eonformetict htenational

conceptnal model and kmowledge bage, for volcanic
hazard rangpemst, Ontology enplnsering 1e uged
nnneufﬂ:eteuhmlngyﬁ:rwhmnm
management development since it pmndc:
inﬁ:mnﬁmandknnwlndpmm‘a integral and
comprebensive. Oniology enginecring provides &
proceas to identify the real world domeine, captare,
ewtoact, srocture, and makes eusable information In
the dowmain Imowledge. Ontology ia developed n
order to identify and assocists the zemantically
nwupmdingmmﬂmhu(l?ﬂi)mhudﬂu
definition of ontology as “An gpecification
of & concephinlization”. Studer et al., (1998)
identified foor medn concep from mhmr
conceptnalization. Formal implics omiology shonld
boe med ad processed by mechines, Explicht
indicates thet all concepts and constmints meed are
clearly defined Shared means that contology shonld
caphure cohsetisusl nowledps scoepted by the
commmmitica. Concepiuslization refera to en abstract
model of phenomens in the real warld (& piece of
mﬂw}wwhﬂmwﬁw
phenomens, a8 well ag the relationships existing
nmcmgﬂum.mmlngjrmmhnbdhhuugnrmn
rprescntotions of trosdly epplicebls deneln
Inowledge shared by & commmity (Gruber, 1993
and Guarino, 1993), in this cage volcanic system
sclentingy, My wiotats heve condoctod roscarch
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an yoloanic gysems, in some views and dieciplines,
Each scientist mey only meke observations on the
amall ecope of the volcano systemn domain, but they
con participabe in developing and sharing leaowrledge
in this domsin znce they have seme cooeept of
commen tenma (Imowledge) in the domam. Many
scimntigte muppest applying antolopy to represent the
conecplual model of specifivc Imowledge domain,
make formal concepinlization, develop mowledge
bags, also provide semantic comnectvity and resnlve
acmantic interopembility in the work.

2, Ontelogy Representation

Ootology is ueed to represent the domein knowledge.
Ontology will extablish concepts, defire relation
hetwesn concepts and also establish the conetraints

detertnine the position of the concept related to the
other concept. Notation or gpraphical representation
is used in the concephialization step in the omology
development  process.  Some disgrams  are
implemented in thia step, such 23 Entity Relstional
(ER) dingram, Unified Modeling Langnage {TTML)
disgramn (Crapefield and Purvis, 1999}, LINGO
{(Falbc et gl., 1998), s others. This regearch uses
UML for ontology representation. UMI. provides
special notetions to represent the concept, relation,
and the censtraint. A concept ia mn sbatract object. A
concept represents an entity, action, or siate (Sowa,
1999, As shown in twe Figure 1, & concept has
imiengion end extengion. ntension refers to esecntial
meaning and properties of the concept Hessoning
sbont imtengion depends o logls, nt jost on
obeervetions. A geneml concepl can heve aubiypes
or enbclaseen. Subclass inherfis the intension of the
el cotcept and  baw  additbonel  specific

propertiss, Extension refers to the group of real
objects which provides the typical ezmmple of
cotieept. A group of elements which together form
the members of 2 concept's extengion is refirrsd to
attribotes and function or operstion. An occurrence
ie an individnal slement that can be placed in ¢lass.
The determination of the coomrmenosa 85 the member
of extension of & concept ia done throngh B process
called claggification, The classification mechanigm
is based on the foiension or propertics of convept,
for example its attrilrries, fimctions, and constraints,
which lsads & deteemine whethe an ocourrance
belongs to 8 concept or oot (Brodaric md Gahegan,
2002). Clasaification is divided to composifion end
penealization. Compoeltion ndicass & "part of"
relationship. It refirs to relste between two clesecs
where one clars ix 2 part of another. Composition is
denoted by a bollow dlamond, Geoeralization is
another name for imheritemce or an "is 8"
relationship. Tt refere to relate hetween two classes
where one cless is a specialioed vetsion of another,
Generalization is represcnted by a hollow trimgle.
thet often relats o real wotld oljects a8 an instios
of one or scveral clazs, whercas relation ie binary
relation on clansez or instances. For examples showm
in the Fipmre 1, Clagsificution is & relation between
Cless il Ooourrence, Instentistion is relation
basiween Clase and Instsncs, and Exntsnsion or
Intension s reletion between Cotcept and Class.
Constraimte on the relstionships #a applied to restrict
on domain, by giving the minimnm, marinwmm, or
czact & specified mmber of instances in concept
which cin participgie in e relation, namely

Composition

Concepta 1.1 extention

Clazs

Ocourrence

Classification

intenzion 0.1

0.~ 1.

it

Glasa name

Attributes

Generalization

Instantiation
m..n : cardinality

Operations

Instance

M minimum

n : maxamum

Three section of class

Flgome 1: Oawlopy repressntation with TIML
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3. Related Worka

Some pgececientint have published ontology in
gmmwurﬂammdmwhﬂwmh

Web for Barth end Environmental Terminology
(SWEET) (Raekin, 2006), which covers knowledgs
of emth system scieooe; The Nerth Americen
Geologic Map Datn Model (NMADM) (North
Americatn Geologic Map Dats Model Stearing
Committee, 2004% which provides deseription,
clasnification and imerpreistion of geclogical map
featureg ch ag Geology Unit, Geolopy Structars,
Propertics; Geoscience oohcept modele (Richard,
2006) which i an extengion of NADM by adding

Geology Structure Ontology (Babaie et al., 2006),
Gravity Ontology (Gates «f al., 2007), Igteous Rock
Omntology (Sinhe et sl, 20068), Geology Fractures
Ontology (Zhong ct al., 2000), Volcanoes Ontology
{Pox «t al, 2007}, el Velcans-Doanain Ontology
(Pulide, 2009). The iwo previowmly mentioned
ontologies have the same theme with thie paper, ic.
voloanss ctology. Voleanoes Ontolopy (Fox ef al,
2007} also diecusseg on volesnic hezards, but only
their effech on stmospheric conditons and its
relltlmtﬂthapmdwtlmufhmicplnumﬂvhar

ground motion simmuilation (Zechar et al, 2005); (2)
developmant of GEON (Geoecisnce Nutwork)
mchﬂmggaummuaduhmudﬂlmgmdmtum
grid syulem development and vienaleafionm via

4. Valcano Sywtem Ontology

Volcuo featurse an o form of the earth's swface
where magmsa, gasca and the ciher meteriala can
cacape: from uhndemeath becanes of the influence of

geologlcal processes, egpecially volcanism piocegs,
Voleaniem i verions procesecs and

hot water end steam from underneath of voleano
into enrface of volcano or atill benesth the volcano.,
If the volcanle mmteeiel reach soefece of wolcano,
voleanic eroplion ia happen. Volcanic enuplion cem
ba accompenied by other phenomsna, incloding
m‘ﬂ:mnlm. debiris ﬂuw acid rain, ﬂ.m. gtoaad

composition; the volcemk sctivities including the
trigger factors; the conditicns and processes during
pre~emuption, syn-amption, sl post-empticn;
varions produst meierials fom amplions, ad the
impact and dirarters cansed doe o voleano activity.
Regarding with the term of voleanic system, we
propose the upper level voleano system oniology s
shown in the Figure 2.
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Figure 2: Wolcano syxtem ontology

Fipare 2 describes thet volesmo is silusted in
environmenial, geclogical seting, and tectanic
witings., Volcatws 19 conupoded of mein section,
nemely voleanic body and the features thet affect
fhe wolcanase appearsnce on the sorfacs, called
voleanio landform. In the sctive period, the volcano
gyetemn experiences B variety of phenomenns ae & sign
of ite activity, Some wolcanic phsnomena will
produce the materisl ss & product of woloanic
activity. In the futnre, these meteriale will form
landdform and body of the volcano, Volcano body is
composed of cones, magms plumbing, end crater.
Generally, the shape of voleanoe ia 8 cone, although
thers is also shaped a bit flat Magma plnmbing ix a
phmbing system oonsisting of meny interconnected
pipea or conduita theat connect the chamber
and the vent in the sarth's surfice. Vent ie the place
where magmn, gases, and the other material escape
inte the carth's sorface. Went can be & hole or fismure.
Magma chamber iz a reservoir of molten rock
muierial (megme) bemeath the esrths surface,
wherear mapmns condnit ia vertical pipes for the
passage of mapgora. into the vent, Crater is a circular
depreszion in the ground eramd the vemt ceused by
volcanic activity (Schminclee, 2004). Volcanic
Landform ig 4 voleang surface foem and location in
lmdscape moluding its feahures. Some voleanoos
mey have scveral voleanic feahres such s a lava
dums, caldera, and other features. Volcanic
lmdform ie cheracterization of weriom types of
constitnent, which dependx on the prior emptive
behavior of the voleand, Voleanic landfiems have
some phyzical charecteristics such a8 elevetion,
formnation of wilcanle landforme we infloanced by
the nature of the extruded materisls, the distribution
of vents and fiesures, volume of i the
duration of voloanlem, the agee of voloande astvity

Crtology of Voleeno Syatem and Volesnie Hammrds fese somet

relative o the present and associated stmtigraphic
nnite, and the inteneiiy and etage of mbesquent
crovion setvity (Short,1986). Behavior of volcano
ie dynemic, firthermore will lead to several volcanic

Volcanic phewwnena can be
categotized inth thuee state conceprts: pre-ehuption,
fyn-cruption, mnd post-eruption, thewn n Figore 3.
The pre-smption state ix dominated by intsasively
imternsl processes in the magme and its effect. The
megma proceszed Are driven by internal heat pources.
Interral heat sources could have ocourred becanse
of the mdiosctive decey, plste movemnent, plate
gubduction, or hot plume contect The oavemall
procees i3 called voleaniem and magma ie a come of
the volcaniem process (Sclmmcke, 2004). The
magms process can canss some cffect like volcanic
seignnic, volcanic gromnd defprmation, degassing,
and thermal change arommd volcano surisce aree.
Syn-eruption i a siate during the eruption happen in
which the materiala fiom the voleano are expellad o

mmﬂummhmpmmmdmds,thmm
be differenced inio some eruption typee. Eruplion
alzo can be estimated by volcenological propertics
like denpe rock equivalent (DRE) and voleann
cxplogivity index (VE[}. Posi-eruption is the state
ocouwed sfter the eruption state. Thia stabe is an
sccunmlation of the interaction between the material
depomtnruleueddmmgﬂn auption with the
environmemtal condiics W the volcsno area

Debris flw, acid rain, fire, teunami, air shocks,

voloanic phenomens, Voloanic meteriel can be
ized into two clazees of eolid and fluid a=
shereers In Flipare 4, The solid mateaial usuvally 15 rock
and prirarily contains igneons rock ss thrown Eod
sjeched rock or agh of various types and size.
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Figure 3: Veleanic phenomens ontology
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Figure 4: Volcanic material ontology

Thaﬂuidmmhlsmwhgaumuwm

while the snbondinaie parts are H8, 50, HCI, HF,
CO, Ny, H; and HBr. Figure § describes the magma
ootology. Magma migrates npwerds ﬂ:lrungh the
lithosphers  becatss and the

Crtology of Voleeno Syatem and Volesnie Hammrds fese somet

prezsure of the pae tt i disgolved in it As magma
rises, the pressure drops end the gaa become less
aphluble. When the preesore drope low enough,
volatlle pressure reaches and emceed sahoation,
sume of the gaa will come ont of sclution, forming
bubblee by the process called buhble micleation.
The bubbles cuse s dranatic decrease in the
demnity of the magma, canring it to rise buoyantly.
Ar the magrma riees firther, the pressure drope and
mom pie comes ont soloton referred oo oz called vs
mmmmmmmmmy,
magma become more decompressed, increage of
abible groweth and decrease of deneity, which drives
the magma to the snrfiace, where it eropts (Parfiit
and Wilson, 2008). The npwerd accelaration and
expandcn of the megron ghves tise o imnense
diressce within the magme. If the siresscs are larger
than the internal strength of the magmea, it will canee

ﬂ:.umpmtudumtugmhmbthe&ugmmhmuhu

p:umhqmdmagmnmunhunmd:ngﬂdmll
megma viscodity increases by increasing crystal
content, Viscosity of magma affects the wate of
magms movemwnt and type of emption. High
vircosity magma hee 8 low rate movement. Another
procees that ocours internally in magma is magmatic
differeniintion. Any Frocess that ceuses magma
composition to change in  called megmetic
differentiation (Neleen, 2003),
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megma oaAmpositions. The processes affect the
physical properties of magma which eventually
determine the type of ermpticn (Dobran, 2001),
Megme degeesing s 8 term for desorbing the
process of gax exeohition smd segregation in the
magma {Ednends, 2008), Magma degassing is a
fimdemental control on eruption type end megms
process. The magma ascent rate i ponsitive to gas
escape, ag the vohme propotion of pas affects
density, magms compreasibility mmd rheology,
resulting in both horizontal end wertical pressure
gradients in the mapma colomn to allow pas sscaps.
permeshilities, and o vertical grs loss can be an
lmportant escape path, in addidon o gag loss
fhrough the conduit wells and trepped in sodl layer
suroimding the condnit Chenges in ges loss can
mhpiﬁrmmunfcmdagts?ﬁs,_mj.
Chenging, rates of megms degaenng, including ges
Iz also used o indicats or s a precomsor of an
eroption event

5. Voleunie Hirmard Asiessment Ontoligy

Voloarmic hezend  desoribes  the  physieal
cheracteristice of an eroption (Blong, 1%9%44), but
eveln when 8 volcsno 1s oot eruptng, volcanis
hezards such a3 debwis flowa or remobilized
secondary Iahars can still occor. Thus, the exient
dofinithm of volcanlc hagard becomes sa several
kinde of event cawsed by voleanic phenomens that
can be potentinlly danger and harnrfll to hifs and
peopety, Volcstk hezod probebly occuts within o
gpecified period of time, within B given ares,
fraquency, cortain intensity and potentially damage
the sumounding environment snd iy conients,
Volcamic hazard sseegsment provides information
an the probable location and severity of dangesons
volcanic phenomens and thw likelibood of thedr
ocouring within 8 specific time period in & given
area, Figure & presents fhe wolcanic hazand
asscannert ordolopy. Suscepiibility arca identifios

peohably exposed to volcatdc bezards, e called
clements gt rigk, much as population, building, public
services, infragtructnres, and economic activities,
Currently 500 million people woddwide are
eetimated bo live near active volcanoes (Tilling amd
Lipman, 1993 and UN/ISDR, 2004). Ths other gidse,
the events of volcamic hazards heve en shility to
destroy the affected arcas. The people in thie arca

Crtology of Voleeno Syatem and Volesnie Hammrds fese somet

for te present ad futore, The implasentation of
vilnerbility in volcenic regions respects to physical
factor related the quality of honee both of design
snd material The implementation imvolves how o

and the vulnesability of four rood types to tephre fill
(Spencer, 2005b). Wallenetein et sl, (2005} take
approach to volnershility asssesment focne on
socloeconmmk volmersbility factors thet aifisct the
ability of an individual to evecuate. Baxter mnd
Ancia (2002} sitndies influsee of environmesmial
factor afbe voleao dlspste tolease to byt hoslth,
Lowe et al, ({2007) mmhpteath:mmplmly
factors of wulnashility to volcanic hazards,
mcloding physical, socisl-aconomic, politic, end
history. Rigk is measure of probability md severity
of the adveras effects (Lowrance, 1976), sach ax
hermfnl consequences, or expected losses (deathe,
injurica, properiy, livelihoods, economic activity
dizmpied or environment damaged) remliing fivem
interactions botweenn the hasards wod volnereble
corndditions. The realization of volesnic heeands
coinciding with a vulneeable sitnation will lead to a
volcanlc disaster. Volcanic dissster histotically hee
mmdmlmplctmthﬁimmmdmgmnfﬂ:

Damags, wictims, and envirommenial
degrudm {inchading considersble changesa om
gmuqﬂnlogyanﬂlmdm}mﬂmmymtnf
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6. Voleande Hazard Management Ombodopy

Voloano hazerds menagement meludes all sctivities,
programd and measnres which can be taken up
bofore, during and after volcany hazarde remlized
with the parpose to minimize the impect of volcane
hezarde on people, socio-ecomomic, achivity mnd
envinymrent, Fipom § depicts the volcanic hazard
mmnagement ontology. Mitigation is effort to Hmit
the adverne impacts of hazards and related dirsciers.
Mitigaticn can be done by hazand asssespment,
vulnerability essceament, awl rnak sasessment.
Volcamic hazard meeczement provides information
cn the probable location and severity of danpencus
voloamic phenomena and the likelihood of thelr
ocounring within & apecific time period in & given
ares. Available eovironmemal parametees dats,
hezard trigger faciors, amd hietory records of the
volcanic phenomena and ite affect heavily needed
Vulneeabilliy assessment will setimste the degres
{qnnhty}ufelcmmtmkﬂmﬂmﬂmu]tﬁ'omth:

agsesenentt i an esthomiy of the probabilly of
expeoted loss end demage for 8 given hesardous
event Rink asseserment iz integrabion of remilt
hoznds assesxment and vualnerability asgessrment,
Volcanic hazard ssscsement is an important step in
fhe volcanic hazard managesment bacanes this stage
is carried omt identiflcation and charactarization of
volcamic hazerd by mderstanding of the process mnd
activitiee of formation and development of the
wolcato syaban, Inteewity, the patteen, and renge of
hezard are determined by the chamacteristics amd
proceeses acouring heneath the volcano sywbem.
Wkﬂm&dunﬂnﬂ]ﬂgﬂmhudﬂfﬁ
propaty if voleenic hezard  oceours.
Prupudnﬂmnhdupnhhcﬂ&tynﬂmmuﬂ
hezan] ewareness planning.

7. Conclngions

Voleano system and voloamic herwrd sssesgment
oniology is presented in this rescarch. The omiology
pupose is oo repressnt wolcanic systems and
volcamic hazard sssessrment demeln kwrwdedge as
uunﬂcphnlmnd:lmﬂknﬂwldg:hnu.Thin
antology will be helpfnl for development of
epplications soch w9 declslon sopport systern for
volcanic hezards mensgement since volcanic
hazards mamagenwnt neede integrated and
comgwehensive volcenic systems dats in order o
produce accurate, precise and conxistent kmowledge
shout the volcann gaotivity and ite  effect
Understanding the process end behavior of voloano
will be clesrer, casier and more complete since
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