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Abstract. With the proliferation of the geospatial technolo- and the area affected by fire increased exponentially over
gies on the Internet, the role of geo-portals (i.e. gateways tdhe last decades (Pausas et al., 2008). In the United States,
Spatial Data Infrastructures) in the area of wildfires managethe annual area burned by wildfire has increased in the last
ment emerges. However, keyword-based techniques oftedecade, despite large expenditures and infrastructures to fire
frustrate users when looking for data of interest in geo-portalsuppression (Robichaud et al., 2007). In the summer of 2010
environments, while little attention has been paid to shiftalone, widespread forest and peat wildfires in western Russia
from the conventional keyword-based to navigation-basedourned over hundreds of thousands of hectares and directly
mechanisms. The presented OntoFire system is an ontologycaused the death of more than 50 people (Stocks et al., 2011).
based geo-portal about wildfires. Through the proposed nav- With the proliferation of the Internet technology, many
igation mechanisms, the relationships between the data casgencies deliver their up-to-date wildfire-related content in
be discovered, which would otherwise not be possible wherthe World Wide Web. The research trends in the geospatial
using conventional querying techniques alone. End users cagomain show the shift from monolithic environments, where
use the browsing interface to find resources of interest by usthe involved agencies are responsible for producing, archiv-
ing the navigation mechanisms provided. Data providers caring and updating their data on their own, to distributed en-
use the publishing interface to submit new metadata, modifywironments, where spatial data and resources are exchanged
metadata or removing metadata in/from the catalogue. Thend shared over the web (Bernard et al., 2003). Open source
proposed approach can improve the discovery of valuable insolutions (e.g. MapServer, 2011; GeoServer, 2011) and com-
formation that is necessary to set priorities for disaster mit-mercial systems (e.g. ESRI, 2011), combined with program-
igation and prevention strategies. OntoFire aspires to be aning interfaces like Google Maps (2011) and Microsoft Bing
focal point of integration and management of a very largeMaps (2011), provide the means for organizations to develop
amount of information, contributing in this way to the dis- web-based applications specialized in wildfire management.
semination of knowledge and to the preparedness of the opfhese technologies allow monitoring and early warning sys-
erational stakeholders. tems to display their daily content about fire danger maps,
maps of active fires and fire forecast, fire risk and soil mois-
ture maps, satellite images, air quality images, etc. (Grasso,
2009).

The role of Spatial Data Infrastructures (SDI) for an ef-
In an era of technology advances, society and the environfective decision-making has received extensive contribution
ment all over the world are still affected by the threat of wild- from researchers in the area of natural disasters (Annoni et
fires. Mega-fires in southern European and Mediterraneal-, 2005; Kohler et al., 2006; Khler and Vachter, 2006;
forest ecosystems destroy thousands of hectares in countriéziuliani and Peduzzi, 2010), especially in the area of for-
like France, Greece, Italy, Portugal, Spain and elsewhere eest fires (Christensen et al., 2006; Galindo, 2010). Geo-
ery year. In the Mediterranean basin, the number of ignitiongPortals play the role of SDI gateways by providing single ac-
cess points to multiple emergency data and facility resources.
Geo-portals about wildfires can provide valuable help for
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SEETE be explored in a more intuitive way (Athanasis et al., 2005,
' 2009), and time is not wasted to scan through the results to
reject those that are irrelevant (Marshall and Shipman, 1997).

In this work, we present OntoFire, an ontology-based geo-
portal about wildfires. A domain ontology for wildfires is
exploited that semantically organizes the metadata provided,
while users exploit the ontology during their navigation in
the system. Instead of only typing keywords, the semantic
relationships of the ontology’s concepts are translated to hy-
perlinks that connect semantically related pieces of informa-
Al tion. Through these hyperlinks, the system allows the nav-

oot igation to different data sets which are semantically related,
o according to the wildfire ontology. Furthermore, the seman-
tic navigation techniques are combined with analogous ca-
cetelogue pabilities of spatial navigation. At every browsing action,
users of OntoFire can discover resources based on their topo-

Fig. 1. Publishing, searching and using information in a geo-portal IOQ'Ca,l relatlonshlps, e.g. respurces that exist within a geq-
environment. graphical area of interest or in a zone buffered around this

area. Every resource found is a potential starting point for
further exploration by leveraging its semantic and spatial re-
They act as “negotiators” between users and informationationships with other resources. Through the semantic and
providers (Fig. 1). Providers share their emergency spaspatial navigation-based mechanisms, the relationships (both
tial data by publishing corresponding declarative metadatasemantic and spatial) between the data can be discovered,
whilst the geo-portal receives the metadata published andvhich would otherwise not be possible when using querying
organizes them in metadata catalogues. Users search feechniques alone. This harmonic coexistence of semantic and
suitable information by querying the portal’'s metadata cat-spatial navigation mechanisms is the most innovative feature
alogues for relevant matches. Results that satisfy the usersif the proposed approach.
needs can be viewed or downloaded from the providers’ side.
Figure 1 represents this inter-communication between users
and providers in a geo-portal environment. 2 Background

Nevertheless, searching for resources in geo-portals res . o
. . ) here has been extensive research of ontologies in the area of
mains a frustrating task. There has been extensive work

. S 2 . atural disasters. Most of the approaches identify their role
regarding the limitations of keyword-based techniques use . .
. . ! . or seamless integration and management of heterogeneous,
for information retrieval in SDI, where users may not know

. o . multi-lateral data from different agencies. Joshi et al. (2007)
which keywords to use, have too little information on how to : ) L .
A . e e . describe a Disaster Mitigation Modeling System that uses on-
fill in interactive forms and find it difficult to estimate how tologies for tvina together information from various fields of
many filter criteria to be utilized (Hochmair, 2005; Klien 9 ying tog

et al., 2006; Lutz, 2006; Lutz and Klien, 2006, Shvaiko et SaSter mitigation. In liyas and Ahmed (2010), ontologies
. . are exploited for the automatic data gathering, analysis and

al,, 2010). The use of ontologies and the Semantic Wdeecision making in a disaster management system, while Za-

(Berners-Lee et al., 2001) is seen as a part of the solution t 9 9 Y !

overcome limitations of the current search mechanisms. l%arla et al. (2009) discuss how intelligent agents can extract

. : r‘|<nowledge to support local or government decisions in bet-
the area of natural disasters, ontology-based solutions have . .

. ; : tér handling the consequences of disasters. Most of these
been proposed to provide seamless integration of heterogea- roaches, however, do not exploit the rich semantics of
neous data agencies (Silva and Madurapperuma, 2007; Mur—pp ' ’ P

gante et al., 2009) and efficient information retrieval (Babit- the underlying data to provide efficient ways for information

ski et al., 2011). There has not been much work, howeverremeval' In Klien et _aI. (2006), the motnlvatmg scenario is
. . i ) . taken from the domain of forest ecology: to retrieve data of
on the improvement of the information retrieval mechanisms.

from a user’s perspective. Little attention has been paid t interest, users specify their query terms in a query template

the shift from the conventional keyword-based to navigation- ased on a shared vocabulary. In a similar approach, a pro-
) N . totype system has been developed to support catalogue ser-
based mechanisms. There are situations where browsin

throuah hvoerlinked pades is more appropriate than quer _gices for information related to disaster management (Lan et
. gn hyp bag bprop an g yal., 2008). The proposed query interface for information dis-
ing, such as where users have no clear idea of their informa-

tion need, or they are not proficient with the keyword-basedcovery provides the opportunity to specify query criteria and

techniques provided (Lucarella and Zanzi, 1996). By fol- constraints to refine the semantic queries.
lowing navigation-based mechanisms, useful resources can

publish
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Gwenzie (2010) implies ontology visualization as a meansinfluence fire ignition and behavior (Schroeder and Buck,
to access resources of forecasting of severe weather events970). Vulnerability can be defined as the degree to which
By visualizing the hierarchy of concepts, the system providegpopulation, built environment and socioeconomic activities
visual aid of the underlying semantics. However, informa- are prone to damage from a hazard event with physical as-
tion retrieval is still based on keywords, and ontology visu- pects (Kalabokidis et al., 2002; Chen et al., 2003).
alization is only used as assistant tool for the query formula- The terms “natural risk”, “hazard” and “vulnerability”
tion. In Babitski et al. (2011), ontology-based visualization make up the backbone of the OntoFire ontology. In particu-
is accomplished through a Semantic Data Explorer (Pauldar, relationship “hazard” expresses the semantic association
heim and Meyer, 2011). Nevertheless, the proposed system isetween concept “Natural Risk” and concept “Physical En-
not a geo-portal environment but rather an integrated emervironment”, because resources about natural risks are influ-
gency management system for connecting existing systemsnced by biophysical factors, i.e. resources about the phys-
and databases. ical environment. In a similar way, relationship “vulnera-

Research activities have been developed to examine thbility” expresses the semantic association between concept
advantages of ontology exploitation in spatial query lan-“Natural Risk” with concept “Infrastructure”, because infor-
guages. Kolas (2008) and Zhai et al. (2010) adopt a solumation about natural risks are influenced by anthropogenic
tion to enhance the semantic query language SPARQL witHactors, i.e. resources of class “Infrastructure”.
spatial characteristics. Fu et al. (2005) present semantic At the most upper level of the OntoFire ontology, the
guery expansion techniques to support the retrieval of docgeneric class “Geo-Information Resource” holds properties
uments that are considered to be spatially relevant to user'sf the basic core of ISO 19115 metadata standard (Lee and
queries. Even though the aforementioned approaches con€han, 2000) (Fig. 2). ISO 19115 is the most commonly used
bine semantic query languages with spatial operators, theynetadata standard in geo-portals, compared with other meta-
have not been applied to enhance the searching mechanisndata standards like the Content Standard for Digital Geospa-
in geo-portal environments. tial Metadata and the INSPIRE metadata standard (Drafting

All in all, there is still a considerable knowledge gap on Team, 2009). Due to the extensive set of the ISO 19115 meta-
how to find useful information in geo-portal environments by data (around 300 metadata elements), OntoFire only uses the
browsing using hyperlinks instead of keyword-based query-basic core metadata element set of ISO 19115. Every el-
ing. This paper takes a first step in addressing this gapement of the basic core set corresponds to an attribute of
We propose a wildfire ontology that serves as the concepthe generic class “Geo-Information Resource”. As a con-
tual backbone in OntoFire. Based on this ontology, end usersequence, every resource classified under any class of the
are expected to exploit the proposed innovative semantic an@ntoFire ontology can be described with metadata derived
spatial navigation mechanisms to find data of interest, whilefrom the basic core set of ISO 19115. Figure 2 represents
data providers may also afford the privilege to enrich the sys-graphically the generic class “Geo-Information Resource”
tem with new semantically annotated metadata descriptionsand its properties that correspond to the basic core elements

of the ISO 19115 metadata standard.
. Beyond the generic class “Geo-Information Resource”,
3 The ontology of OntoFire the terms “Natural Risk”, “Infrastructure” and “Physical En-
vironment” make up the basic classes in the OntoFire ontol-

The ontology of OntoFire includes several concepts in orderogy’ while “hazard” and “vulnerability” constitute relation-

to describe the semantic context of wildfires and their assoc:|-Ships between them. Natural risks (i.e. resources classified

ated risks. Risks depend on both physical and socioeconomiﬁnder class “Natural Risk") can be further specialized into

factors (Blaikie et a_I., 19.94; Cannon, 1994). Equation (1) climatic and geological. Earthquakes are specialized cate-
represents the relationship between these concepts (Chen &Bries of geological risks. In a similar way, climatic risks are
al., 2003): specialized to atmospheric (e.g. storms), hydrological (e.g.
floods and draughts) and biophysical (e.g. wildfires) natural
risks. Class “Fire” is a sub-class of class “Biophysical”.
According to Pyne et al. (1996), hazards are the result of Infrastructures are further categorized into urban areas,
interaction between biophysical factors (i.e. physical geog+oad networks, land uses, objects of type “Ownership &
raphy), such as vegetative fuels, topography and weathedurisdiction”, fuel breaks, high danger areas (e.g. gas sta-
Wildfires are affected by the vegetative fuels because thdions, landfills, power lines and army activities) and “Fire
quantity, size, density, quality, continuity and moisture con- Management” objects (i.e. firefighting outposts and fire-
tent of the vegetation determine the availability of fuel for fighting vehicles). Class “Physical Environment” is related
combustion (Vasilakos et al., 2009). Topography modifieswith classes “Meteorologgnd Climate”, “Topography” and
the general climate of a region and thereby affects the avail“Vegetation” to express the affiliation of climate, topogra-
ability of fuels and fire behavior. Furthermore, fire weather phy and vegetation to the physical environment of a particu-
(i.e. wind, temperature, humidity and rainfall conditions) lar area. Subclasses of class “Meteorol@yy Climate” are

risk = hazardx vulnerability (1)
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Fig. 2. The generic class “Geo-Information Resource” and its properties that correspond to the basic core elements of the ISO 19115 metadatz
standard.

“Weather Monitoring” and “Weather Prediction”. Subclasses4 The OntoFire geo-portal

of class “Topography” are “Contour”, “Coast line”, “Hy-

drographic network” and “Elevation Model”. Finally, class OntoFire provides two key functionalities. First, end users

“Vegetation” is specialized to subclasses “Fuel type/Model” can use the browsing interface to find resources of interest by

and “Cover type”. using the semantic and spatial navigation mechanisms pro-
Figure 3 represents the OntoFire ontology. We apply thevided. Second, data providers can use the publishing inter-

RDF Schema Definition Language (RDF Schema) (Brickleyface to submit new metadata, modify metadata or remove

and Guha, 2004) to express the vocabulary of terms in the onmetadata in/from the catalogue. The browsing interface is

tology. RDF Schema is an abstracted level of the Resourcepen to everyone, while the publishing interface can be used

Description Framework (RDF) (Lassila and Swick, 2001), only by authorized users.

which in turn is a metadata standard used to represent meta-

data descriptions. In RDF Schema, classes represent abstragly  Tpe browsing interface

entities referring to sets of similar resources, while properties

represent attributes (i.e. characteristics of a class) or relat'oné?ﬁrching for useful resources is based on exploiting the

e drected graphe. The arcs generally represent the progomantc and spatial relaionships of the geo-portals re-
erties, each of therﬁ connecting two nodes, coming from pources. The_ rowchgrt (.)f Fig. 4 shpws the basic princl-
class ,(drawn as an oval) and pointing to ar;other class or les of OntoFire's naylgat|on m.echamsms.. Fro'm gstartnjg

i . page, users can specify semantic and spatial criteria and find
characteristic of a class (drawn as a rectangle). In OntoFir

ontoloav. only the generic class “Geo-Information I:2(_:.50urce,,resources classified under a specific category (i.e. ontology
contaigglcha)r/acte%stics These characteristics correspond glass). By choosing a resource from the result list, users ob-
' P { in the detailed description of the corresponding resource.

the basic core elements of the ISO 19115 metadata standar very resource is a potential starting point for further explo-

as shown in Fig. 2. ration and allows users to continue their navigation spatially
or semantically. A resource that satisfies the user's needs
can be viewed or downloaded from the provider’s server. At
every browsing step, users can define a different navigation

Nat. Hazards Earth Syst. Sci., 11, 318770 2011 www.nat-hazards-earth-syst-sci.net/11/3157/2011/
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Fig. 3. The OntoFire ontology.

path by going back to the initial page and explore different — the bounding box of the geographic area specified from
data sets. the interactive map in the central part of the page;

The initial page of OntoFire, represented in Fig. 5, is di- o . .
vided into four concrete parts. In the left part, the hierarchy — the filtering conditions (if any) based on the terms of the
of classes in the OntoFire ontology is displayed in a tree-view 150 19115 metadata elements specified in the right part
form in order to represent the relationships of generalization ~ ©f the starting page.
and specialization. By fold_ing a_md unfolding the tree-view,_ . For every resource in the result list, the system shows the
users can traverse the entire hierarchy and select a specn‘m

L . _ . : etadata title (in bold letters) and the metadata abstract. The
category by clicking on its hyperlink. This action means that

. . ~ activation of the “View Details” button shows the full meta-
users would like to limit the resources found to those classi-

. . . data description of the corresponding resource (Fig. 6). This
fied under this class or its subclasses. In the central part, a b P g (Fig. 6)

interactive man hel s 1 i the bounding box fHetailed description can help users to evaluate the character-
eractive map neips Users 1o spec fy the bou 9 DOX Oliics of the resources so that they can actually check whether
the area for searching resources of interest. In the right par

filter th tadata d inti dina t tthis information meets their requirements.
users can filter the metadata descriptions according 10 SOme ;40 h6ath the full metadata record of the resource, the

basic elements.of the core metadata set of ISO 19115, Sl.chlstem represents hyperlinks to several classes according to
as the dataset title, abstract or the reference date. The activ

. . fhe ontoFire ontology (Fig. 7). At every browsing step, users
tt;or: Olj.the. It:md buttot-n calculates and represents reéSOUrceSean follow the hyperlinks provided to navigate either “ver-
y taking Into account. tically” (to broader/narrower classes of the current one) or
— the class that the user selects from the tree-view form in‘horizontally” (to classes related with RDF properties such

the left part of the page; as “vulnerability” and “hazard”). Thus, if a user has already

www.nat-hazards-earth-syst-sci.net/11/3157/2011/ Nat. Hazards Earth Syst. Sci., 1B131057611
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- The semantic navigation mechanisms are seamlessly com-
niti . . . . . .
I:a :Ipage bined with spatial navigation mechanisms. Every resource

spatial | semantic carries a property called “Metada@eographid_ocation

criteria | criteria derived from the class “Geo-Information Resource” (see
Fig. 2). This property identifies the geographic extent of each
resource. Through the interactive map in the central part of
OntoFire’s interface (see Fig. 5), users can specify the extent

EOMIINGE Havigeiion results starting new of the desired area of interest. According to the extent of

navigation the interactive map and the extent of each resource, the re-
sults found at every browsing step are inside, overlap or are
in a buffer zone (10, 50 or 100 km) around the current extent
of the interactive map. Thus, at every browsing step, users
combine the semantic navigation, by following the semantic
hyperlinks, with spatial navigation according to the desired
area of interest and the geographic extent of the resources.
In Fig. 10, the user explores resources of class “Physical
4 Environment” within a specific geographic extent. Based on
view / download resource . )
(external link) the underlying ontology, OntoFire suggests the user to con-
tinue her/his navigation and explore different resources in
related categories such as “Meteorolagyd Climate” and
“Topography”. At the same time, the user has chosen to
search for topography and weather data in a buffer zone of
10km around an area of interest. He/she selects the cor-
Fig. 4. Information flow in the browsing interface of OntoFire. responding classes (i.e. Meteorologyd Climate, Topogra-
phy) by activating the corresponding selection button next
. ) . to each class. To find resources that satisfy these criteria, the
explored data about a specific class, OntoFire provides afyge follows the “Find” hyperlink and results are shown in the
easy and intuitive way to search also for data “semantically,ot1om place of the page. If the user chooses a new resource
close” to the specified class in a preferred geographic aregy,m he calculated results, the graphical interface will be in-
By selecting the hyperlink of a specific class, the navigationtqimeq with the new metadata record and the navigation will
continues by exploring resources classified under the core,hiinue in the same way.
responding class selected. In Fig. 7, the current category
is “Fire”, which is related to class “Physical Environment” 4 5> Tpe publishing interface
through the property “hazard” and related to class “Infras-

tructure” through the property “vulnerability”. Class “Fire” ontoFire allows the dynamic change of its content by pro-
has no specific categories, thus, users cannot navigate to aRding mechanisms for publishing, modifying or removing
more specific categories. However, they can follow the “Bio- metadata descriptions. Every resource in the geo-portal usu-
physical” hyperlink to explore resources classified under thisyly is classified under a specific class, depending on its cor-
more generic class. responding semantics. For example, a map showing the fire
Figure 8 presents graphically the semantic navigationrisk for a specific area can be classified under class “Fire”.
mechanisms in OntoFire. The user has selected a resource 8imilarly, a kml/kmz file about the positions of firefight-
category Fire. As the more generic class “Natural Risk” of ing outposts is classified under class “Firefighting outposts”,
class “Fire” is related to classes “Infrastructure” and “Phys- which is a specialized class of class “Fire Management”. Fig-
ical Environment”, the system suggests the user to continueire 11 represents this kind of classification of resources in
the navigation in the corresponding categories “Infrastruc-specific classes of the ontology. However, there is also the
ture” and “Physical Environment” (Fig. 8). In a similar way, case where one resource to be classified under more than one
it suggests the navigation to its generic category “Biophys-class (multiple classification). For example, a resource with
ical”. The transition from the category “Fire” to class “In- title “ground erosion after biannual fires in the pine forest of
frastructure” changes the set of the proposed categories arldesvos” can be classified both under classes “Erosion” and
allows further exploration of related resources (Fig. 9). Thus, Fire” (Fig. 12).
the field “This category” will change from “Fire” to “Infras- The catalogue interface of OntoFire geo-portal allows
tructure” category, since this is now the chosen category. Furresources to be classified under any number of classes
thermore, the associated classes have changed and the syBig. 13). Only the interface for submitting new metadata
tem proposes the navigation to the category “Natural Risk”,descriptions is shown in Fig. 13; similar interfaces exist
through the “vulnerability” relationship. for modifying existing metadata or removing descriptions of

Full metadata
record

select
resource
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Fig. 5. The initial page in the browsing interface of OntoFire.

-Identification Information

Dataset title: The road network of Lesvos island

Dataset reference date: 2010-5-18T00:00:00+00:00

Dataset character set: ---

Dataset topic category: ENVIRONMENT

Additional extent information for the dataset: ---

Lineage: ---

Dataset responsible party: *

Dataset Abstract: This dataset presents the road network of Lesvos island
Dataset language: ENGLISH

Spatial resolution: *

‘Metadata Information

Metadata file identifier: *

Metadata standard version: *

Metadata language: *

Metadata date stamp: --- Metadata character set: *

Metadata point of contact: Athanasis Nikolaos, phD student. athanasis@geo.aegean.gr

Distribution Information

Online resource: http://www.ontofire.gr/road_network.shp
Distribution format: *

Spatial Representation Information

Spatial represenation type: *
Reference system: *
Reference system: GGRS87

North bound latitude 4376390

West bound longitude 651857 732404 East bound longitude
South bound latitude 4300959

Synonyms: mytilini

Fig. 6. Detailed metadata description of a resource in OntoFire.
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RESOURCE CATEGORIES:

fire  «——— navigationto resources of the same category
FIND DATA FROM:

This category: Fire

Related Categories: (hazard)--->Physical Environment | ‘ navigation to related categories
(horizontal navigation)

(vulnerability)--->1nfrastructure

Specific categories: navigation to general/ specific categories
(vertical navigation)

General Categories: Biophysical

Fig. 7. Semantic navigation.

ontology Semantic Navigation

Infrastructure FIND DATA FROM:

This category: Fire

Related Categories: (hazard)--->Physical Environment!
Natural . . ) r
Risk (vulnerability)--->Infrastructure ||
mSA “ Specific categories:
o Physical .
Climatic Enr e General Categories: Biophysical ]

A

Biophysical

0

Fig. 8. Semantic navigation in OntoFire.

_ selected class

interest from the metadata catalogue. In the left part, the in-Tomcat (2011) that incorporates the open library OpenLay-
terface represents the hierarchy of the ontology’s classes iers for the visualization of the resources in the interactive
a tree-view form, similar to the tree-view used for brows- map. At the backend, metadata descriptions are stored in a
ing purposes. Next to each class, a check box indicates th&ostgreSQL (2011) object-relational database. For the se-
the resource will be classified under the corresponding classnantic navigation mechanisms, the semantic query language
By selecting more than one check box, the same resource RDF Query Language (RQL) (Karvounarakis et al., 2002) is
classified under all classes selected. In the central area, thesed. RQL is part of the open source system ICS-FORTH
interactive map allows users to specify the coordinates of theRDFSuite (Alexaki et al., 2002) that provides: (i) seman-
minimum bounding rectangle (or bounding box) of the new tic validation of the metadata descriptions, (ii) storage of the
resource. In the right part, users can fill in the values of themetadata in the PostgreSQL database, and (iii) generation
metadata elements that correspond to the basic core set of semantic queries over the semantic metadata. For the spa-
ISO 19115 metadata standard. For the mandatory elementsial navigation mechanisms, OntoFire uses PostGIS that adds
the system shows a symbol (*) next to the correspondingsupport for geographic objects to the PostgreSQL database.
field, which indicates that they have to be filled out before The calculation of resources at every browsing step is based
the provider submits the new metadata record. on a combination of RQL queries for the semantic part and
PostGIS queries for the spatial part of it.
4.3 Architecture

Figure 14 represents the three-tier architecture of OntoFire.
The front end is based on the servlet container Apache
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General Categories: Information Resources [
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Fig. 9. Exploration of semantic related resources.
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Fig. 10. Specifying the criteria of spatial navigation in OntoFire.
5 OntoFire’s evaluation 2011 fire season. Furthermore, the geo-portal’'s function-

alities have been presented to 60 graduate students at the
OntoFire holds metadata descriptions about wildfire re-Department of Geography, University of the Aegean. The
sources in the area of Lesvos Island, Aegean Sea, Greec@raduate students, with wide background coursework on

The system is ready to be used by local fire agencies an@€0-Informatics and Environmental Risk Management, had
authorities of civil protection, as currently done during the @ acquaintance with the geo-portal’s innovative features
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Geological

NS | s | s |

‘ r3: http://www/geoportal/r3

Ground erosion
after biannual
fires in the pine
forest of Lesvos

BEEEEEEEEE

Fig. 12. Multiple classification of resources in the OntoFire ontol-
ogy.
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kml/ kmz file of .
firefighting outposts r2: http:/iwwwigeoportal/r2

through a series of lectures. Some hypothetical scenarios
were given to the students to evaluate the system’s capabili-
ties. The first scenario was to discover resources about wild-
fires that have already occurred in the area of Lesvos. By
choosing the class “Fire” from the tree-view form, the stu-
dents searched for related metadata records. They further
searched for resources about the conceptually-related cate-
gories of the physical environment and the anthropogenic
factors through the semantic hyperlinks of concepts “Fire”,
“Physical Environment” and “Infrastructure”. Furthermore,
they explored data about the topography, the weather and the
vegetation of the burnt areas. Therefore, the students were
able to derive thorough and exhaustive details about a wide
range of information regarding the fires in the whole area of
Lesvos Island.

The second scenario was to find useful resources about a
specific fire that appeared in a specific area in the year of
2006. Many students did not even know the exact location
of this area, but given the fact that it is located in the south-
east part of Lesvos Island, they used the interactive map to
spatially navigate to this area. The students used the interac-
tive map to constrict the geographic area and filtered the re-
sources found by using the year “2006” as the reference date
of the fire. They explored several resources from the result’s
list, and derived useful information by looking into their de-
tailed metadata description. Furthermore, by exploiting the

www.nat-hazards-earth-syst-sci.net/11/3157/2011/
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Fig. 13. Metadata publishing in OntoFire.
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Fig. 14. The architectural design of OntoFire.
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resources by providing ontology-based and spatially-based
navigation mechanisms. To the best of our knowledge,
OntoFire is the first geo-portal specialized in the area of wild-
fires which uses a corresponding ontology to enrich the data
Easy to get familiar with the interface Difficulties for peo_p_le in a semantically meaningful way. The coexistence of the se-
of OntoFire " that are not familiar  mantic and the spatial navigation mechanisms gives users the
Easy to get an efficient knowledge bywith the English - . . .

navigating spatially and semantically language ability to find rgad|ly what they are looking for. Thg proposgd
Effective finding of useful information approach can improve the discovery of valuable information
for prevention and planning purposes that is necessary to set priorities for disaster mitigation and
prevention strategies. OntoFire aspires to be a focal point of
integration and management for a very large amount of in-
semantic and spatial navigation mechanisms, they were abifermation, contributing in this way to the dissemination of
to: knowledge and to the preparedness of the operational stake-
holders in natural disasters.

1. Explore further related resources classified under the Based on the OntoFire ontology, end users exploit the
same class in the same geographic area, or more gerproposed innovative semantic and spatial navigation mecha-
eral resources about biophysical risks. nisms to find data of interest, while data providers also afford

the privilege to enrich the system with new semantically an-

2. Explore further resources from the semantically re- notated metadata descriptions. End users can use the brows-
lated categories “Physical environment” and “Infras- jng interface of OntoFire to find resources of interest by using
tructures”. the semantic and spatial navigation mechanisms provided.

Furthermore, data providers can use the publishing interface
6“to submit new metadata, modify existing metadata or even
remove descriptions of interest from its metadata catalogue.

After completing these tasks, the students anonymously! N€ Prowsing interface is open to everyone, while the pub-
lishing interface can be used only by authorized users.

registered their comments about the system’s functionality. _ o
Table 1 shows the positive and negative impressions after Currently, OntoFire holds metadata descriptions about
processing the user’s feedback. This evaluation procedure ra¥ildfire resources in the area of Lesvos Island, Greece. As a
vealed the contribution of OntoFire as an effective searching'€Xt Step, we plan to broaden the area of coverage by includ-
tool in a geo-portal environment. Users found much easier td"d data from a more extensive region of Greece. Both the
explore resources through hyperlinks than putting keywords_graphical i_nterface for browsing and the.graphical interfa}ce
They were able to complete their search much quicker andor managing the metadata catalogue will be translated into
more efficiently. Analogous were the impressions from usersGreek in order to be operational for people not familiar with
of local fire authorities; their personnel have been trained tothe English language.

use the system and continued to consult it during the 2011 A future research goal is to use a semantic language with
fire season. Internal meetings had been arranged at the fildigher expressiveness to further enrich the OntoFire ontol-
agencies’ premises to collect all their experiences from using?dy. The ontology Web Language (OWL) (McGuinness and
the system in order to validate the application’s functional-van Harmelen, 2004) is currently used as the main language
ity. By finding several data validly and promptly, local fire forthe development of ontologies on the Internet. Itis a more
authorities were able to extract useful information towardssophisticated model of ontological representation compared

the design of an effective operational wildfire prevention andwith that of the RDF Schema. It has a much wider expres-
management plan. siveness and uses reasoning to conduct conclusions. The

exploitation of ontologies expressed in the OWL language
' would facilitate the development of semantic geo-portals for
6 Conclusions different scopes by using ontologies expressed in OWL that

_ have been developed for the specific domain.
Geo-portals play the role of SDI gateways by providing

single access points to multiple emergency data and faCII7’\c:knowledgements)Nork for this paper was partially supported

't_y resources. In the area of W'Idf're_s,’ geoportal_s can pro'through a Microsoft Research grant to the Geography of Natural
vide valuable help for user communities about risk knowl- pisasters Laboratory, Department of Geography, University of the
edge, prevention strategies and information disseminationaegean, Greece. Thanks are also due to referees for their helpful
We have presented OntoFire, an ontology-based geo-portakviews.

about wildfires. Unlike conventional geo-portals that rely

on keywords-typing for searching data of interest, OntoFireEdited by: K.-T. Chang

leverages the semantic and spatial relationships between ttReviewed by: D. Bran and another anonymous referee

Table 1. Positive and negative impressions of OntoFire.

Positive impressions Negative impressions

3. Ask for resources included in the same area or form
buffer zone of 5, 10 or 20 km around this area.
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