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Abstract

In this paper a conceptual framework is proposediictv aims at establishing link between 3D urban etsid
characteristics and types of natural disasters. Taenework is designed to serve for stakeholders diraster managers
for providing better selection of type of 3D modgresentations. The paper introduces parametecsaing to which the
types of hazards can be classified. These parampteride a background to decide on type of modetlad. The LoD as
defined in CityGML are investigated with respech&eded resolution for a specific data type. Tresented framework is
tested for visualization of vulnerability due tathauake risk in Eskisehir, Turkey. The paper cadebk with the discussion
on advantages and disadvantages of the framewowkelisas outlining future research.

1. INTRODUCTION

Natural disasters have been causing people’s dehthizge economic losses over the history of caflan. As more than
half of the world’s population currently lives iiities and much of the economic assets concentnatkei cities, natural
disaster risks in urban areas are higher due tietyaand clustering of elements at risk in urbaeaar Today cities are
growing and naturally the vulnerabilities increahee to the growing complexity of urban processes.ti@ other hand
human beings have growing impact on the naturer@id.). This impact has a negative effect on thadnsociety in many
cases. Therefore, reduction and mitigation of thimerability of citizens requires increased atiemtand improvement of
risk management policies and technology.

A disaster is a function of many factors such amahds, human vulnerability and insufficient capacRisk is defined as
the expected losses which could be lives, personaies, property damages, and economic disruptidure to particular
hazard for a given area and reference period. Heskds the product of hazard, vulnerability armping capacity [22].
Risk assessment is one of the key elements of astdis management strategy as it allows for betigéigation and
preparation. Risk assessment deals with the fotigwjuestions: Is the computed risk acceptable? Méniea(s) are at high
risk? Who and what are vulnerable? What are thaaiipes and recourses? How could the assessetheiskitigated or
reduced? Risk assessment also provide input taidaanaking, increase risk awareness among deaisakers and other
stakeholders [19]. Understanding and communicalim@ proper way, the assessed risk is a criticameht in the
preparedness phase [20]. Previous studies havenstiat; the presentation of hazard, vulnerabilityping capacity and
risk, in the form of digital maps has a higher iipthan traditional analogue information represimta [14, 9]. Digital
maps are progressively used by disaster manageasny Mwthors believe that further developments tdwaBD
visualization have the potential for even more @ffe communication tool ([11], [13], [16], [23])3D graphical
representation significantly reduces the amountagfnition effort, and improves the efficiency oktkecision making
process [3], [11], [25]. It is expected that 3Dualisation provided in the proper way, should hep entire disaster
management process. However, visualisation has tibhe correctly. To achieve such a good 3D visatidin, two aspects
have to be observed: appropriate presentation g priate tools for interactions.
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Figure 1 Human and natural system interaction [2]

Use of 3D spatial data for whole phase of disasi@nagement is a new but quite attractive topiceinsgiences. There are
several studies for use of 3D geographic infornmatin modelling hazard phenomenon and correspondirizan
environment. Uitto 1998 proposed a framework, whisles GIS for urban disaster management considéreglisaster
vulnerability concept. Rajabifard et al and Heretdal [15, 7] outline a framework for establishiug online spatial disaster
support system or disaster management and the irarkantegrate GIS, Spatial Databases and the riatefor Disaster
Management concepts. Another study is [24], whiislcuibses an emergency response framework. Techmacaksities of
multi-risk emergency situation response systemseaaduated from a 3D spatial information perspectiv addition to a
system architecture is proposed which cover dataagement and communication subject’s of problenasai these
necessities. These studies however are not apptegor goal of this study, i.e. defining the lewéBD urban modelling in
natural disaster risk management.

This paper presents a framework, which establisHetk between the disaster type (such as floodhgaake) and several
components that influence the 3D visualisationb€aable to provide an appropriate 3D visualisateg should consider
various issues, e.g. the resolution of the 3D madteltime/efforts needed to create a model, tladahility of software and

source data, etc. The goal of the framework isalp the risk managers with preparation of the @atdhe 3D models they
need for a particular disaster type.

Paper consists of five parts. After this introdantpart, concepts related to the proposed framewalelaborated. Section
3 presents the framework. Section 4 discusseslimiéisults of visualization for earthquake risk lgsis in Eskgehir,
Turkey. The paper concludes with a discussion oramtdges and disadvantages of the framework asasedlutlining
future research

2. BACKGROUND

Generally 3D urban modelling is a holistic process of conaafization, data capture, sampling and data stringitand
depends on the aim of visualization [16]. In risamagement, 3D modelling is very much dependenhemyipe of disasters
to be represented and the type of users to beviegdh the risk management process. In this sectiw related topics are
introduced, which are hazard classification, userd 3D urban objects of interest for risk analySisice the 3D urban
objects can be modelled with different resolutitype of geometry and attributes, aspects of 3D séimanodelling are
also briefly introduced.

2.1 Spatial and Temporal Characteristics of Hazard

Several authors have tried to classify the typesaafirds and the corresponding risks. For the sobtiés paper, we have
concentrated on the parameters as introduced bipBet al 1993. These parameters arérgquency reflects the time
interval in which a natural disaster occurs. Foaragle: earthquake occurs with a log-normal frequendile landslide
occur seasonallyDuration is the period of time that disaster continues. Stsaduration may change from seconds to
years. For example earthquakes are very short @mdslides are long term process8gatial Dispersion refers to the
pattern of distribution of a hazard over the gepgiaarea in which the hazard can occur. This patanthanges between
small to largeSpeed of Onset is an important variable since it forms warningedirviost extreme ones such as earthquakes,
landslides and flash floods give virtually no waugni Other disasters such as drought and desetitificact slowly over a
period of months or yearéreal Extent is the spatial density of related disaster overvthele earth e.g. the earthquake
zones are limitedTemporal Spacing: Refers to the sequencing and seasonality of iis&vents. Some disasters are



random like volcanoes while others have seasonl agchurricanes, tropical cyclones, floods. Thesmmpeters give
sufficient background to find proper 3D spatial etij representation needed for our framework. We thsefirst four
parameters and introduce several new as explaiglesvbA combination of ‘frequency’, ‘duration’, ‘spial dispersion’ and
‘speed of onset’ allows to generate a disasterrggvadex, which is used to order different disastypes on the hazard
type axis of framework. These parameters are aed to define ‘hazard characteristic medium’, ‘dagaresentation’ and
‘indoor and outdoor resolutions’ of model objedtiagard Characteristic Medium and Element at RiBkyton's last two
parameters ‘areal extent’ and ‘temporal spacing’rast applicable for the framework. These two parans have not direct
relation on spatial and temporal specificationniéfin of 3D urban model objects.

2.2 Decison Makersin Risk management (Users)

Different types of 3D urban models and functioryadite needed for different user groups. Correct gsmup determination
is important in order to determine the functionahtent of the 3D urban model. Different users awlved in the different
phases of disaster management. For example figadej ambulance and police might be the main refgyerin emergency
phase, while urban planners, and risk managemestiajst could be the users in the preparation @h§za], [25]
Introducing a fundamental classification of usergutside the scope of this paper. The users camesldn this study are
general users such as Financial institutions (&/grld Bank, insurance industry), Academia (e.g. Jdrsities), Private
sector (e.g. industrial organizations), Governmlemtganizations (e.g. governors, municipals), Csokiety organizations
(e.g. Red Crescent), International financial ingiitns, Public body itself.

The visualisation and interaction tools are mudhteg to the skills of the users as well. For thepg of this study, we
distinguish between technical users and non-teahnisers. Simple interactions with realistic visssions fit better the
needs of the public and the governmental bureaicraichnical persons may need more complex inierectnd tools to
query information. An elaborated study on visuaitsa and interaction techniques is given [26]. Hame consider the
following interaction levels;

Realistic 3D visualizations (images)
3D walk-through,
Thematic visualization (i.e. facade colours of 3lding blocks to represent a tabular risk indebueao)
Spatial and attribute queries,
Complex analysis (such as visibility, buffer anatday).

2.3 3D Urban Modelling

An important aspect of 3D modelling is the typeobfects to be modelled, their representation arddisolution or levels
of Detail (LoD). Proposed framework is utilizes yimus knowledge on semantic models to define whibjects can be
used in urban modelling application. Practically thoD concept can be directly related to the regmiu

2.3.1. 3D urban objects

Various initiatives exist to define objects of irgst in urban areas. Among them CityGML is oneh& few 3D urban
modelling concepts that consider 3D semantic, gégnaed topology in a generic sense (i.e. it isaygplication-oriented).
Urban objects of interest in CityGML are subdividedo terrain, vegetation and built form objectssas. The most
important object s are Building objects: They alldhe representation of thematic and spatial aspe#disildings, Another
interesting for 3D modelling objects are Reliek(iTerrain), Transportation and Landuse classesnsportation class
represents objects of all modes of transportaionexample; a road, a track, a railway, or a sgudrandUse objects
describe areas of the earth’s surface dedicated $pecific land use. Several other objects suclCias Furniture,
Vegetation and Water can be also useful for riskagament. CityFurniture objects are immovable dbjéke lanterns,
traffic lights, traffic signs, advertising columrisenches, delimitation stakes, or bus stops. Vé&gatahis object class is
used to represent solitary three objects, plantcag surface or plant canopy. The water objeaesemts the thematic
aspects and three-dimensional geometry of seassriganals, lakes, and basins. These object@iasgose object pool in
the framework.

CityGML urban objects can directly be used to idfgnirban objects of interest also for risk managem All the objects
will be considered as an urban model objects padet of objects important for any particular disasan be subtracted



from this pool. The only limitation is the currdatk of underground object. However, ongoing reseand developments
are considering extensions in this direction [228].

2.3.2. Level of Detail:

The abstraction, converted into visible repres@ntatis called levels-of-detail (LoD). CityGML prigles also a concept of
a LOD, which is best developed for buildings, baherally, all the objects can have LoD. For buidinLoD1 defines a
box model and the most detailed LoD4 allows forrespntation of buildings (Figure 2). Naturally resion level is
increase from LoDO to LoD4. LoDO is the 2.5D levaber which an aerial image or a map may be drafdd, [6] LoD
concept is quite generic and suitable for smalhtge area applications. The concepts of LoD ofGML are adopted as a
starting point for hazard type-resolution relatafrproposed framework.

LOD3

Figure 2. The five levels of detail (LoD) defingdGityGML (source: IKG Uni Bonn)

2.4. Sensor products and 3D reconstruction

After conceptualisation step (agreeing on typestpéct to be modelled and their resolution), theesponding 3D models
have to be created. Various approaches exist tmsémict 3D models from different data sourcesaleied to generate 3D
urban models can be gained from Passive SensotiseA8ensors or combinations of them [8]. Airboineging is a
mature technology, today we have huge amount adstygf airborne or terrestrial cameras. Each ofettessnera types
provides different resolution, has various coverageuracy and precision, and deployment time. irizdderived from
passive sensors can be either; a) raster-basedaqtspdmage, stereo image pair, mosaic or panoranthophoto, true-
orthophoto, b) vector-based 3D products; pointsitauar, lines [10]. Passive sensor methods are lyscast effective if
large scale 3D urban modelling is needed and reqaqombination of aerial and terrestrial images.iflemages provide
reliable footprint and roof height information, Whiterrestrial images provide facade details. Actensors emit energy,
which is detected by the sensor after reflectimgnfterrain, buildings, vegetations, etc. objectmil@r to passive sensors,
there are two kinds of active sensors: airbornedasd ground-based. The product of airborne-bkssat scanners is
Digital Surface Model (DSM). DSM gives good ovewi®n large areas. Ground-based systems are idealefecting
features in vertical direction [5]. However, theyyrhave problems with providing sufficient data fmper portions of tall
buildings. Another active sensor type is radio déb@ and ranging (RADAR). Thanks to its wave léngtadar signals
penetrate clouds, haze and rain so radar has aginighaapability in all weather condition and dayaright. Most urban
modelling applications need integration of varialeta sources, which require hybrid usage of diffelgensors. This
integration can be in the form of simple overlayrarlti-data information extraction (increasing tlimensionality by using
DSM and 2D images, spatial resolution increasingising high spatial resolution panchromatic imagik multispectral
images in relatively low spatial resolution and tiatiteria analysis i.e. to find the most riskyeaj [10].Depending on the
type of product three methods for 3D reconstructtan be distinguished: image-based, point cloucddamd hybrid
approaches [17].

Sensor products and methods for reconstructiomngwertant factor in our framework. Risk managersento be aware of
how much efforts and money they will need to spendhe obtaining the wished 3D model for visualmat For example
today we have relatively limited number of radasteyns (less than 45), compared to more than 180 f&snners, and
thousands of optical systems. This practically rsethiat a method based on products of laser scammingtical sensors
have the chance to be better matched with the resswf a specific municipality. Selection of protiuis also dependent
on the desired LoD, e.g. 3D model textured withgesmwill always require use of optical sensors. dffierts for creating a
detailed 3D model (e.g. buildings in LoD3) diffdgmificantly from the efforts needed for obtainih@D1 model. Our



framework aims at helping risk managers in munidipa to take the most appropriate decision onrésslution of the 3D
model.

3. THEFRAMEWORK

Proposed framework aims establishing link betwe&n uBban model characteristics (indoor/outdoor nasmh, data
representation and data source) and types of hdtarards to guide the design, implementation ateration of the 3D
urban models. The framework is designed to gengmaeer 3D urban models in order to be used ascoshkmunication
tool by users. For providing proper 3D Urban Moibgllfor Disaster Risk Communication our study felifour basic
steps. The interconnection of these steps compile¢estudy workflow for certain expected outconEsese steps are (see
also Figure 3);

1. Hazard Assessment,

2. Defining User/Objects Relation

3. Framework

4. Needs Assessment for Visualization

To constructs effective 3D urban disaster risk afigation, the relation between these steps has wearly defined. At the
first step, ‘Hazard Assessment’, three charactesistf the required 3D urban model are defined‘lHazard Characteristic
Medium’, ‘Indoor/Outdoor Resolution’ and ‘Data Repentation’. Desired disaster risk communicatiat bas two main
components, these are urban related model objeEmént at Risk) and ‘Hazard Characteristic Mediutimé hazard side
of the visualization. ‘Hazard Characteristic Mediucan be just attribute value of any model objdat. (vulnerability

values of each building object in an earthquakeesaw it can be an object (i.e. sea water objea dynamic tsunami
visualization case). ‘Indoor/Outdoor Resolutionfides abstraction level of each modelling obje@wispatial resolution
involves with low LoD and high spatial resolutiamvolves with high LoD, this definition is valid fandoor and outdoor
resolution. 3D data can be represented either bydbary (or surface) or volume approaches (simi&D, which is vector
and raster). ‘Data Representation’ defines datapgaodedures needed for that specific modelling.

The second step is related to defining ‘User’ dalément at Risk’. Each ‘User’ considers a differéglement at Risk’,
which is a urban related component. At the enchef¢ two steps, model objects (consist of two rhgias, ‘Element at
Risk’ and ‘Hazard Characteristic Medium’) and thgrecifications (Indoor/Outdoor Resolution and DR&presentation)
are ready. Utilization of framework for these modbjects with data and required process effortiidieins compose third
and forth steps of framework. Subsequent parthisfsection follow the statements of these foummeasearch steps.

3.1 Hazard assessment

In the hazard assessment in addition to the Bustbazard assessment parameters (Frequency, Dui@tiatial Dispersion
and Speed of Onset) adapted to the study, threewfparameters are introduced to be able to rekard type to urban
model. These new parameters are;

Intrusion (to the Built Environment): Some natural hazards commit their fatal effegtsbailt environment by
intrusion of the hazard material into the builusture. This material can be soil as in landslidengple or water as
in flood and tsunami examples. Intrusion parameteused to determine the indoor LoD, together W8hatial
dispersion’ parameter. In the CityGML indoor vidmation is a piece of the most detailed LoD deiimit(LoD4).
But some hazard visualization cases may need eiftendoor LoD definitions at low LoD levels (i.Boor level
indoor representation beneficial tsunami case whahrelatively large ‘Spatial Dispersion’, to fieffected part of
the building object).

Type of natural hazard: Hazard classification according to the occurrepleee of natural hazard, i.e. beneath the
earth’s surface (e.g. earthquake), on the earthfase (topographical phenomena e.g. landsliddaaghes), in the
air, i.e. meteorological (e.g. windstorm) and hydgical (e.g. flood). Type of natural hazard is dige ‘Hazard
Characteristic Medium’ definition. For example, Hgbbgy objects is the most important modelling abjéor
Hydrological hazards and sub-surface modelling rbayneeded for hazards which occurred beneath thk’'ssa
surface.

Physical model: Physical modelling adverts to the design and afpen of systems that are based on or derived from
physical phenomena (natural hazards in our ca¥es)modelled phenomena can have different proogssiaracteristics,
it can be Mathematical, Data driven (layer basezlague map or GIS) or Combination of first two prssing types [21].
These processes can be modelled as static or dynamthe Static models, a set of object and retatiips between them



are described, while in the dynamic models, behavid one or more object described over time @namic physical
tsunami model, which forecast, the movement ofuadmi wave over time and behaviour when it hits tagid object).

This parameter is used to define model data reptatsen way. If visualized action is result of a tamatical model we
need complex data representations like voxel-bas#dme modelling technique. Moreover in that kinfl models,

behaviour of one or more objects is described twee. On the other hand, static models i.e. datsedr need description
of a set of object and relationships between thithis case, we can use complex representatiotfs siinple data
representations.

Visualization is geometric representation of information

Risk = hazard x vulnerability
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Figure 3.Steps and workflow

The hazard assessment parameters, newly introduakaddapted from Burton’s hazard assessment pazesr(@t section
2.1.), are used to achieve two basic outputs; fostiefine so called ‘severity level’ of differehtizard types to order
different hazard cases on ‘hazard type’ axis amdrs# to define ‘Hazard Characteristic Medium’, ‘Bd&epresentation’,
‘Indoor and Outdoor Resolutions’ characteristicsidfan model.

For first output of this step ‘Frequency’, ‘Duratip ‘Spatial Dispersion’ and ‘Speed of Onset’ paedens are utilized to
come up a severity index of different hazard typdain assumption under this idea is that a hazardoent occurred;
frequently, for long duration, on a large area avith fast speed of onset, cause most severe dantagas urban
environment. Relative comparison of each hazare cas be performed by using these parameters. jE@aeimeter can
take 5 different value level and value points afleaf these four parameters draw severity funotibrelated hazard type.
Area between line and right edge give severity llefehazard type. Figure 4 represent an exampldicgtion for
Earthquake and Landslide hazards. Figure impligsahrthquakes are more severe hazard than lagslslid

FREQUENCY Frequent ; :
i i
i i
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DURATION Long | :
i i
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SPATIAL Larse i '
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i

s — e
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Figure 4. Hazard severity level of earthquake and landslidesgblack line represent earthquake and red line
represents rapid moving landslide)




For the ‘Resolution (LoD)’, ‘Hazard Characteriskitedium’, and ‘Data Representation’ outputs of ttisp framework use
single or combination of hazard assessment parasnef® define ‘Indoor and outdoor resolutions (LQDppatial
dispersion’, and ‘Intrusion’ parameters interpnetatutilized in common. ‘Hazard Characteristic Manli is described by
‘Type of natural hazard’ parameter and last of tallidentify ‘Data Representation’ combination &hysical model’ and
‘Duration’ parameters are employed.

3.2 Defining User/Elements at Risk

‘Element at risk’ needed to attain an effectivé& @®@mmunication tool, unconceivable without targs¢r group description.
In disaster risk management, different ‘ElemenR&k’ definitions can be mentioned for each us@ugr Different users
are listed on section 2.2. Target user group caanlyeof them. This step concerns ‘Element at riginition of 3D urban
model as disaster risk communication tool in coasition with ‘User’. These model objects are chdsem urban model
objects pool described in the section (2.3.1.).

3.3 Analysisof Data and Process Requirements

Aim of the framework is to find a proper represéiota for each model object. Each object is pointed on three
dimensional object representation framework. “LewélDetail”, “Level of Data Processing” and the ‘Had type”
constitutes the dimensions of this framework. Acalation of each object points in the framework gawetution area of
3D urban model. To find this area, relation betwtlezvel of Detail”, “Level of Data Processing” aride “Hazard type”
(figure 5) is discussed in this framework. Thetfiparameter is the type of hazard. ‘Severity lexmitput of hazard
assessment is used to order different hazard tyeemards, which have low severity level value, pthclose to the origin
and high severity values are placed far from thgimrResolution output of hazard assessment (Fnamiesection, hazard
assessment step) framework relates Hazard Typeerel of Detail axis. Second axis concentrateshenspatial resolution
of 3D model objects and their applicability. Atghaxis LoD as defined in CityGML is investigateddaamnalyzed. In this
LoD definition indoor detail can be applicable ordy LoD4. But some hazard cases which have ‘intnisinay need
indoor resolution definitions in the mid parts bistaxis. Utilization of this framework tests thentpleteness of CityGML
LoD definitions. Last axis, “Level of Data Procesgi is related to the effort to create the needewmngetrical
representation or availability of the data. Modetation effort is a function of needed cost/effértr example, some
municipalities may need to have a 3D extrusion rhadea given area. To create such a model and @eoiti to the
corresponding specialists (e.g. for flood simulakithey will need some basic operations to raw (iatiata and software is
available). However if they need an indoor modelseferal buildings, the process needs more effodréate such a
product. Processing efforts (represented by the laoiP) to create the needed 3D representation $e@gth data collection.
Then 2.5 D terrain representation with draped hemasatellite image can be considered requiringemefforts and
therefore comes after the raw data. 3D extrusiofagade texturing with ground images, 3D object gatien and
integration with the surface, automatic or sembadtic roof construction, detailed facade modellingusing ground
point clouds and last detailed indoor modelling banat the end of this axis. Processes, which peesbnal experience,
indicate immature functionality and need more éffay they take place at the most right side of laod®. Automatic
methods to create a product are most left side wécsa. The volume enclosed between LoD — LoP anelathe severity
value on Hazard Type axis defines the spectrunhefréquired 3D model. The vertical axis definesdbeerity level of
considered hazard type. This means, if the hazardore severe, application of risk reduction stiete is more urgently
needed than in low severe situations. That kinanglications is important to schedule the risk ngamaent strategies and
resources.
HAZARD TYPE
High

Severity

Low
Severity
Raw «——— 5 Processed

Low LEVEL OF DATA

\ PROCESSING (LoP)

High

LEVEL OF
DETAIL (LoD)

Figure 5. Model Object Representation Framework



34 Needs Assessment for Visualization (data and processes)

In this step, available data and products are comtpwith the results obtained from the frameworkbn€zquently, the
framework provides practical outputs to risk angagier managers. The managers can evaluate whie¢herodels they
posses are sufficient for precise analysis of siquéar natural hazard or combination of severadnds. The required new
data and model can be discussed with respect tareébeurces of the municipality. For example, acoaydo the
framework, a visualisation of a hazard may nee® ar®del in LoD4 resolution. However, the municipalnay only have
high resolution stereo aerial images. To come upéadesired product, they will need additionabdite, ground images,
building data which contain detailed indoor infotioa, software for image processing of stereo insa@® geographic
modelling software and visualization software tontine detailed 3D geographic objects and otheriapatitputs like
terrain model. Moreover this modelling process dadd with human source for operation of these adedrsoftware. It is
up to the decision makers to find the best balémteeen required model and available recourses.

4. TESTING

As an initial test of the proposed framework, thekiEehir earthquake case is used. In this casisualisation application
has to be built for the users in the Eskisehir moipaiity. The ‘user’ is municipality staff like udm planners, cartographers
and sociologists. They need a clear view of distitm of vulnerability regions over the city. Eséigr municipality has an
urban information system infrastructure so theyehealated data and software (planning, cartographit GIS software).
In this case, 3D urban model environment is usedisaalize previously calculated social, physical eaccessibility
vulnerability indexes of each building object [28)]. Eskisehir is one of the important centresrafuistry in Turkey. A
number of dams and two universities are locatedhiwvibnd near the city. Due to its rapid developmé&skisehir has
become a popular location for new investments #ri industrial city in the central Turkey with @ppilation over 500.000.
The greatest part of the settlement in the citpéated on alluvium. The largest earthquake (M4) @as occurred in 1956.
Pilot area is a part of city centre and some sbdifferent city development texture like low riseistoric buildings and
high rise apartments. There are nearly four hunttéldings in the case area.

Stepl. Hazard Assessment:

The vertical axes ‘Severity level’ is generatectase of multiple hazard types. In this case only bazard is considered
and therefore a (horizontal) cross section of diagron Figure 5 is used. ‘Resolution’ (LoD), ‘Hazabtharacteristic

Medium’ and ‘Data representation’ definitions arefided as follows: Earthquake effects large arew these is no

intrusion so extruded block buildings, at LOD1 afyGML, is suitable at this case. Moreover, eartkpiis a disaster
which occurred beneath the earth’s surface but @irthe model is visualization of vulnerability indealues of each

building. Therefore Hazard Characteristic Mediunma imbular index value of each building at thissc&ecause of its data
driven structure, used data representation is B-rep

Step2. Defining User/Objects Relation:

Technical municipality staffs, non-GIS experts, stitnte the user group of generated model. Firgtettinteraction levels
(section 2.2.) make up the functional capabilibéslesired urban model. They need relatively réalisrban environment.
To construct this realistic urban environment angress the aim of the visualization Element at Risldefined as;
Building objects, Relief, City Furniture (utilitygbe, street lamp), Transportation and Vegetatiathig case.

Step3. Framework:

Model object defined at the previous step are apried on LoD1 of CityGML with some modificatio®r example in

the CityGML LoD1 building object definition, theiie no facade image mapping but the ‘user’ request that way and
the model is generated buildings in LoD1 with Ie@galution fagade images. Model objects and theiresentation ways in
the case can be listed as; Building objects; sirbfdeks, with low resolution facade texturing, Rélobject; 2.5 D TIN

based, generated from contour maps, City Furnifutiéty pole, street lamp) objects; point objetdsations represented
with related symbols to improve reality, Transptioia object; road surfaces draped on the terrajaadpVegetation object;
point objects locations represented with relatedisyls to improve reality.



Figure 6 represents application of framework fag tase. Normal letters denote object representfimund by framework
and italic letters represent data sources needexdtdan these representations. Lines these lesiarsholize the needed
processing effort.

Step4. Needs Assessment for Visualization (data and processes):

Utilized data sets and their availability at theyin@ing of the application can be seen in tabl&vailable data for urban
modelling; Vector layers from Eskisehir MunicipgliDigital City Information System, Street and Buildg foot print
layers, 1/25000 digital contour maps. To constiugtding objects, facade images and building heidga thereto the
present data is needed and collected after stugigrbley field survey.

Process steps to come up urban model frameworkrsh®®wD DEM generation from digital contour mapsngration of
LoD1 facade textured B-rep buildings by using haiddheight information and ground images, drapity, furniture, tree
points, road data and building models with terramdel, relating tabular index data (Hazard Charestie Medium in this
case) to the building objects (figure 7).

Table 1. The model objects and required data sw(nmnicipality’s\/existing datax (non-exist at the beginning of the
modelling) lack of these data was found by util@abf framework and acquired during the modellafdhe case study.)

Object Building Furniture Transportation Vegetation Relief
Source
Contour Map N
Digital Vector Layer N N N N
Facade Image X
Building Height X
LEVEL OF DETATL object source  product
A, LoD) Building B B
Fumniture
Lovs Transpo;lauon ? ¥
Vegetation v v
LoD3 Relief R R
LoD2
B
LoDI1+ Texture /@
LoD1
BV R
LoD0 B
LEVEL OF DATA

“PROCESSING (LoP)

Contour Map
Vector iyer
Textured B-Rep

Figure 6.Cross section of framework for earthqua&se

Figure 7. General View from the 3D city model geted for earthquake case



5. 5. CONCLUSIONS

The proposed framework establishes a link betwkerlisaster type and various hazard assessmemetara (Frequency,
Duration, Spatial Dispersion, Speed of Onset, Bitmy, Type of Natural Hazard, and Physical Modéijolv determine the
needed 3D model for appropriate 3D visualisatiorigk vulnerability. When discussing 3D visualigatj many issues have
to be considered, e.g. the resolution of the 3D ehdtle time/efforts needed to create a modelattalability of software
and source data, etc. In the presented framewesethre derived on the basis of the hazard asseisparameters.

The proposed framework can be used as a tool bsiskenanagers to decide on the necessary data fgp&D models to
be used in a particular risk assessment (for sitiomlaand visualisation). The proposed frameworkesdy in a better way
the relation between hazard types and the correléppi3D visualization, which consequently helpshia preparation for a
disaster and the strategy development neededskoimranagement. The main expected benefit of tlipgeed framework
is the ability to create understandable, yet walkhced 3D models to be used as a risk communictdim. Our study has
shown that technological developments in the CityGIBD data sources, data processing and 3D visializ could be
easily adapted to the framework. The first testsvary promising and well-accepted by the risk ngans.

However, the initial tests have revealed that lal three axes require refinements and further dpwatnt. LOD’s as
currently defined by CityGML may not be sufficidot all the types of disasters. For example, in s@ases (e.g. flood) an
indication about the floors is needed, without néectreate LOD4. Combinations of CityGML LOD’s még more
appropriate to be established. For example, lowdaart (LoD1) resolution with low indoor resolutiofiopr level) to be
used for a hazard application, which has a largéiapdispersion and an intrusion to the built eoniment (e.g. tsunami).
Future work will investigate these possibilitiedietail.

The other two axes in the framework Hazard type laawkl of Data Processing demand further elabanates well. The
parameters for defining the severity of a hazantl v further refined and tested for more disast€wrently the level of
data processing is established by a rough estimatiothe needed resources to obtain a specific mdéather
investigations are needed to define appropriatarpeters, which influence the data processing.
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