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ABSTRACT

A FRAMEWORK FOR VISUALIZATION OF INFORMATION IN 3D VIRTUAL
CITY ENVIRONMENT FOR DISASTER MANAGEMENT

Yél mhaszl e
Ph.D.,Department ofseodetic andseographic Information Technologies
Supervisor: Prof. DiH.k e bnem D¢z g¢n
June2015,238 Pages

In recent years, new developments in technologye brought aboutovel methods

and platformghat haveprovided innovative visualization of gespatial information.
Among the possible platforms, 3D virtual platforms are increasingly preferred as
they not only depict the real world phenomena but also convey additional
information. The creation of 3D geapatial infemation visualization in the
conducted studies isainly technologydriven and not standardized. Moreover,
perception of the user, user experience and cognitive processes are not considered
profoundly. 3D geespatial information visualization has widespgteasage in
Disaster Management as it allows decision makebetter understanding of the
disaster phenomena. The aim of the study is to build a framework that follows a user
centered approach amolpropose steps to design effective visualizations foafdées
Management specialists. The framework is enhanced with theories and concepts
from the disciplines of cartography, human computer interaction and cognitive
science. The proposed framework providesdancefor creating visualizations of
information in Disaster Management. In this thesis, guidelines are propmsed
visualization of disaster risk in order help decision maketakeaccurate and rapid

decisions.

Keywords: Geovisualization, Disaster Management, Tsartered Approach,

Decision MakingProcess
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Sony él | ar da, geliken t-m&khOohoali |l brl gi mMiemabgenic
vV e pl atformlar kull anél ar ak i novatif ol ar a
platformlardan biri olan 3B sanal platformlar artan derecede tercih edilmektedirler
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CHAPTER 1

INTRODUCTION

1.1 Motivation

It is a weltkknown definition in Information Systems that data when processed
computationally,becomes information; when information is cognitively processed
and interpreted by the user, it becomes knowledge. During the construction of
knowledge, visualization can be seen as a tool which is responsible for both
envisioning and interprielg data As it is perfectly stated by McCormick et al.
(1987, p.3)n I t of fers a met ho d@hevVisoalizatisreemablesy t h e
users to observe their analysffectively and efficiently It embraces both image
understanding and its synthesis (McCormiclalet 1987). Similarly Brodlie et al.
(1992) definethe goal of visualization adeing the promoter of a deeper
interpretation of data anthe bringer of new insight into the process, relying on

humanés natural ability of visvualizati on,

In Geographic Information System (GIS)large amounts of datare stored,
manipulated, analyzed, and displayed. Many disciplines GIS such as urban
planning, geodesy, geology, eanography, agriculture, mininggnvironmental
science disaster managemengtc. GIS seves for a systematiccompilation of
geospatial i nformati on and I t's user so
management and operations. In this dath system, users need to access relevant
informationin atimely manney interpret them easily, deffective exploration and
analysis and at last present the results meaningfully. This whole proaggsclude

different types ofisers and their interactions.



The visualizationof geospatial information is a key issue for effectdecision

making (Ke meandD ¢ z g ¢ n, 2006) . Decision makers in
simply act as audiences tioe presented geospatial datdowever more often they

are the onesvho perform visualization, exploration and analysis of datdhwhe

help of proper softwarprogram(s)to make more refined decisions. Decision makers

should be able to be well introduced to the problem by effective visualization of
information so that they can generat@lagable strategies (Godschalk et, 2006).

Therefore Andrienko et al(2007)statethat visualization of geospatial information,

which is definedsimply as geovisualization, is an emerging disciplihat creates

synergy between computational tedues and human capabilities.

Over the past fewears, new developments in techngldgve brought aboutovel
methods and platforms that enable innovative visualization of geospatial information.
Among the possible platforms, 3brtual environments are increasingly preferred as
they not only depict the real worlgphenomenabut also convey additional
information. 3D geovisualization is employed in an increasing number of
applications from the areas of city planning, city marketing, tourema,facility
management (Altmaieand Kolbe, 2003). MaEactren and Kraak(1999) expres

that 3D virtual environments aréisuped environmentssince they enableusersto

experience not only the visible but also the invisible.

In the meantime, virtual 3D city models are rapidly increasing with explicit

semantics, topology, and thematicnf or mat i on (D°l Il ner, 2009) .
essential computational tools as they allow 3D analysis, simulation, navigation,
communi cati on and ma n a g e @rel rRehmaf,D2011). ner 200
Examplesfor the uses 08D city modes include city walkthrougls or fly-throughs

showing howa new building would look like in situ, whether a view or light will be

blocked by a new structure, floodundationand signal modelling (Elluland

Joubran, 2012). According to Petzadohd Matthias (2011), 3D city models are

generally more useful if they include additional data which can be analyzed with 3D

representation of real worfghenomena

Numerous standardsgave beerproposed for 30xity models The most wetknown
onesthat can be adapted during their visualization3evisualization standards for



online visualizationrsuch ashe Extensible Markup Language (XMLjhe Keyhole
Markup Language (KML, the Virtual Reality Modeling Languag@/RML) andthe
standards for buiidg objects and sites for 3bity models such ashe Industry
Foundation ClassegIFC), the Unified Building Model (UBM) and the City
Geography Markup Languad€ity GML). Among themthe City GML, which is
proposed bythe Open Geospatial Consortiu@GC), is comprehensivéecausat
defines 3D city models not only as geometrical and graphical models but also with
their thematic, topological and semantic aspects (OGC, 2@&ipugh the City

GML supports standards broadly for city objects, it is limited in terms of defthiang

attributes of specific domasn

Although 3D virtual environmentsfor visualizing geospatial informatiorare
increasingly used andariousstandards are created finem, they mostly focus on
technology and 3Dmodel construction. According to Bleisch (20128D
geovisualizationis oftentechnologydriven and missesolid theores Most of the
research focuses dhe aspects ofechnology and procesasefulness or cognitive
outcomes are rarely evaluated (Bleisch, 2012). demeralaspects involved in 3D
geovisualizationthe guidelinesfor theory and desighave not been well established
and suitable evaluation methods are needed (Slocum ,e2Gl]). Comprehensive
usercentered studies are limite&fficiency and effectiveness or measuring task
completion time and success /error rates are typically used as usability evaluation
measuregBleisch, 2012). User individual differences such as cognitive abilities,
socicdemographic profiles, individual knowledge bases anderstandings of the
underlying phenomenare not systematically examined for geovisualization design
process (Slocum ei., 2001).

The 3D geovisualizatiorhas not involved a comprehensive theoretical background
yet. What has been constituted higbrigins in other gciplines such as information
visualization, scientific ualization,humanrcomputerinteraction and artography
(MacEachren 1995 Dix et al., 1998; Card et al. 1999; Chen, 1999; Ware, 2000).
Therefore althoughthe guidelinesfor theory and desigfor 3D geovisualizatiorare

still not welldeveloped considerations can be based on these disciplines (Skeicum

al., 2001). As it is underlined in the definition of gemmalization by MacEchren



and Kraak (2001, p.3)geovisualizationi s At he Il ntegration of
scientific computing, cartography, image analysis, information visualization,
exploratorydata analysis and GIS, which all togetican provide theory, methods

and tools for visual exploration, analysis, synthesis and presentation of geospatial

dat ao

3D geovisualization is a new research area for Disaster ManagdohhtThe right

and fast uer interpretation of information is very critical in DM. Decistomaking
processes in each DM phase pdeymportant role and differBom each other. Each
DM phase includedifferent userprofiles androles, different type of scenari for
pre-disasteror postdisaster The attributes to be visualized differs with the DM
phases and scenasistudied by the users in these phases. Although 3D city models
are increasinglyused in DM, comprehensivasercenteredstudiesthat suggest
theoreticalapproaches anduidelines for visualization criteria are limiteds a
matter of factthe advantages and disadvantageshefusage of 30geovisualization

in DM are not properly evaluated withreal visualization experts and real decision

makers.

1.2 Aimand Scope

In this thesisstudy, it is aimed at developing a 3D visualization framework for
interpretingDM-related information based on a usentered approacfihe main
target users of the framework are the desigarpertsthat perform visualizations

for DM, the GIS vendors that build specific tools for DM, the researchers who study
geovisualization anéinally the end userthatare the decision makeas DM, who

interact with the visual outcomes of the framework.

The framework iduilt uponthe methodologies and #ories from the disciplines of
cartagraphy, human computenteraction(HCI) andcognitive €ience.lt is basedn
a comprehensiveverview of thefundamental methodologies and theorieshafse
disciplines. Although the proposed framework servies DM, it can k& adaptd to
other domains with appropriate modification§he framework incorporatesa

theoretical background from the disciplines mentioned abbué with the



performances othe decision makerof DM and as well as the judgments of

visualizationexperts.

The framework includes fivenain steps.The details of each step asxplainedin

separate chapterA. specific visualization ofin attribute inra DM phase is aimed to

be conducted in a 3D citynodel. In the frameworkthe purpose igo explorethe

A Ysual Variable® |, ADat a MeaandfiLevel efrDetais (LoD)o of the

City GML f or model i ngsuatTAaxongmy a fMr 2D envi |
visual variables that havbeen defined in cartographic theories are reidentified
according to 3D environments since thage originally proposedonly for the

visualization of 2D maps.

The main considerationof the frameworkis to follow a usercenteredapproach.

Hence, it tarts withthestepAi Ex pl or at i on of , wdishesugge®Rse qu i r ¢
generating useprofilies androlesand user s0 n deeisiormakingr i ng
processes. The context tifie information that is visualized in DM is defined
according to the analysis dfiser requirementsVisualization alternatives are
generated after a specific phase, scenaiq city objects and an attribute is

selected. Dr i ng t he fAV athea géreratedovisualiPations aeesegatuated

with the visualization experts arlde endusers. The framework suggests an iterative
approach thateeps the usasenteredapproach in the cora iorder to create effective

and efficient visualizations tarae t h e edecsioamakengpeodesses.

1.3 Research Questions

This researcls aimed to answer the following questions

1 What would be themain steps of a framework that woultelp creating
visualizations to increasthe effectivemes and efficiency of thelecision
making process of DM specialists? What would be the advantages and
disadvantages of each proposed step when the results are considered?

1 What would be the negative and positive feedbacks of the users and experts

about visualizations1 a 3D city model?



1 Could there be a systematic approach in defining the visualization of an
attribute throughouttaxonomy What would be the dimensions of this
taxonomy?

1 What kind of design mechanisms should be considered whenigial
variables are adapted to the 3D ennimznt?

1 Which visual variable(s)should be considered fafisualizing information
utilizing which Level of Detail of the model?

1.4 Organization of the Thesis
The thesis includes ten chapters that cover the corresponding subjects in an

organized manner. Brief description of each chapter is as follows:

Chapter 1 introduces the motivation section, which includes the explanation of
general gaps in the literatues well as the state of the atie outcomes and the
research questionH.alsoincludes theorganizational informatianChapter 2, which

is an overview of studies for geovisualizatiamcludes theories and concepts from
cartography, HCI and cognitive sciencéeBtudies for geovisualization for DM are
also discussedh this chapter Chapter 3briefly describesthe DM cycle and the
phases of DM. Chapter 4 descslibe proposed frameworK he target userand
each stepf the frameworlaredescribedChapter 5 explains the methods used in the
framework. Chapters @ 10 explaineachstep of thgproposedramework in detail.
Chapter6 provideswhat is performed in the first stegd the frameworkwhich is
AExpl orati on of . Ghapen7 deBcabgaither secoratep bfsthe

framework whichi s fiDef i ning the Vis 8axplainstaea i on

Cont e

third step of the frameworkvhichisii Cr eat i on o f sdcdomingfotteual i zati o

Visual T a x 0 n ®9isngbout thefGuntla siep efrthe frameworkvhich is
AVal i dat i.dhs chiaptancledesshastudies ofpilot user tests, the expert
evaluation, the final user tests and summary of all. In Chd®exhich is the last
step of the frameworki Gui d el i n e s istiabzations are givéni Chapter V
11 provides the conclusionsrelated to theproposedframewvork and includes

suggestions for future work.



CHAPTER 2

OVERVIEW OF RELATED GEOVISUALIZATION CONCEPTS

An interdisciplinary approacis requiredfor this thesis study, becauseaims to
suggest a solid and useful framework for visualization of information for 3D
geospatial environment. Hencénnovative strategies and ethods from the
disciplines of cartography, humaomputerinteraction(HCI), and ognitive science

are overviewd. The reason for considering cartography is th& @n old discipline
and closely integrated witBeographic Information Systems (GI®). cartography
solid theories exist and they can be considered for maintaining fundamental bases for
current geovisalization concepts. HCI and cognitigeience are directlyused in
usercentered studies and they are essentiadisciplines for creatingeffective
informationvisualization This chapter consists of three main parts. In the first part
main cartograplai theories for geovisualizatioare summarizedn the second part
important concepts fronHCI and ognitive science are discussefr effective
geovisualizationIn the last partthe studies relatetb geovisualization foDisaster

Management)M) are expressed and the gaps are stated.

2.1 Cartographic Theories for Geovisualization

It constitutes many theoretical and practical foundationSI8f It is traditionally
defined agheart and science of creating mapat in reality it can be best defined as

a craft combining knowledge fromraphic design and mathematics (Muehlenhaus,
2010).In orderto develop information spaces, many methods can be inspired from
old cartographic processes such as generalization, simplification, map projection and

map scale generationsnformation visualizaton can benefit from artography



becausenformation spaces are based on spatial metaphors such as location, distance,
region, scaleetc. (FabrikanandSkupin, 2005).

The cartography cubereated by MacEachren (1994) is a simple structure
conceptualizinghe level of userinteraction,the type of environment and the aim of
the interaction condered inthe visualization(Figure 21). This cube,which was
proposed in 1994, considergthser interaction with 2D mamd it alscstill gives us

a clear understanding of the userods i1interac
cube humanmap interactions the degre¢o whichthe usercan manipulata map;
presentingunknownsand revealing unknownsire relatedo the goal of the user
which means presenting and discovering respectiyaislic and private are the
degres of the presentationto a specialized audience. According to MacEachren
(1994),visualizationis visual thinking andcommunications visual communication.
Therefore, MicEachren(1994) argues that cartographic visualization igrvate
activity in which unknown facts are revealed in a highly interactive environment. In
contrast, cartographic communication ipwblic activity in which known facts are

presented in a neimteractive environment
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Figure 2-1: Cartography @be, MacEachren (1994)



Bertin (1967/1983) is the first cartographer thas sétfundamental visual variables

for visualizing spatial infornation. The variables he proposese size value
(brightness), color, position (dimensions on the planeyrientation, texture and

shape He definesposition as planar variableand the others astinal variables
ABertino6swhitkirs adbdoveesroed in his books of AS
one of the focupointsof thisthesis His theory which isrelatedto visual variables

is one of the mosknown and discussed theories by cartographers, cognitive
scientists and researchers aformation science. It is a flexible and expandable

theory that althedisciplines considered for this study can connect well.

According to Bertin(1983) visual variables have five characteristieghich are
beingassociative selective quantitative orderedandthe lengthof the variableHe
introducesshape orientation, texture, hue and position as associativevisual
variables (Bertin, 1983)According to Bertin(1983) avisual variable isassociative

if marks that are unlike can be grouped according to a change iasanciative
variable. Size and value are dissociative A visual variable isselectiveif a mark
changed in this variable becomes easier to select than the other marks. All the
variables except forshape are selective (Bertin, 1983). A visual variable is
guantitativeif the relation betweetwo marksdiffering can be seen numericalljhe
variables ofposition and size are quantitative A visual variable isordered if
changes of this variable can be seen i@®eredmanner (Bertin, 1983Fosition,
sizeandvalue aresaid to beordered. Théengthof a visuavariable is the number of
changes that is supportable (Bertin, 1983). For exarapémeis the longest and can
haveaninfinite variety. Howeverprientation is the shortest because confusion may
occur if more than four levels are used (Electronic Misaaon Laboratory, 2012).
Bertin defines mark as point, line, area, surface or volume (Bertl983).
Visualization in geospatial termghe implantationsof Ber t i n 6 sas point, i ab |l e
line and area can be seen in Figar@d. As 3D visualizationsre not consideredy

him, volume is disregarded.

Although Bertin(1983)has strict definitions about categorizing these variables, some
authors criticize that there is no enough empirical evidence to support or ground his
theory For instance, Filippakopoulou et §.999) statéhatthe dichotomy of visual



response to a Vvi sual seledativeor adns$electiv@is gtrict. var i abl eo
Their tests reveal that there is a continuum between two ends. staethat

cogntive research must be examined with real maps and real cartographic tasks.

Bertin createsthe syntacticsthat eachvariable is definedas acceptable or
unacceptableccording to the visualization of the measurensealeof datawhere
they arecategorized asumerica) ordinal andnominal Thesyntactics related tthe
level of measurement fahe graphicvariable can be seen in Figuze3. According
to this syntactics, fonumerical datg location and size are acceptable whereas
value, texture, color, orientation and shape are unacceptable For ordinal data,
location, size value, texture andorientation areacceptablewhile color andshape
are unacceptableFor nominal data,location, color and shapeare acceptable but

size value, texture andorientation areunacceptable.
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variables (In MacEachret995, p.272)

Bertin doesnot mentionsaturation, although he propose&lue and color (hue).
Morrison (1974) proposenine visual variables and includesaturation because
computer visual technol ogi es &tfelhedvwo
thelevel of measuremeifior graphic \ariables can be seen in Figard. He desnot
specify syntactics for the variablgf location. Morrison (1974) useshe terms
useableand impossibleinstead ofacceptableand unacceptableHe also coins an
intermediateaermwhichis possible He offersusingcolor separatelyn the format of
hue, saturation and value. Instead of location, he usesthe variables of
arrangement and orientation. Accordng to the syntacticshat he createdor the
effective visualization obrdinal datg size color value, color saturation, texture
areuseablecolor hue, pattern arrangement andpattern orientation are possible
however shape is impossible Although size color value, color saturation are
impossiblepattern texture is possibleandshape color hue, pattern arrangement

andorientation areuseable

Other examples ofisual variables studied arstructure or pattern arrangement
(Muehrcke and Muehrcke, 1992)abstract sound variables(Krygier, 2004) and
focus (effect of fading, blurring or fuzziness) (MacEachren, 29®MacEachren
(1992) add three variables namely crispness resolution and transparency.

Crispnessand resolution together form the ternmfiocus Crispnessdeals with the

11

t hree



sharpness of detail in thepatial informationandresolution deals with the spatial
precision changeThe syntactics relatl to them can be seen indtire 2-5. He
definesthe levels of effectiveness agood marginal and poor. According to him,
resolution, crispness transparency and arrangement are poor for visualizing
interval/ratio data. However resolution, crispness transparency are good for
visualizing ordinal data. Arrangement is poor for visualizing ordinal data.
Similarly, resolution and crispness are poor for visualizing nominal data.
Transparency andarrangement aremarginalfor visualizingnominaldata. Slocum

et al (200)) add spacingandperspective height.

ordinal nominal
size
shape
color:
hue " g g
ol Morrison's variable
olor: :
value syntactlcs
color:
saturation Useable
pattern:
texture
) Possible
pattern:
arrangement
_pattern: Impossible
orientation

Figure 2-4: Mo r r i \sanabl® $yntactics Bated toLevel of Measurement to
Graphc Variables (In MacEachrei995, p.275)
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Figure 2-5: Syntactics Related tioevel of Measurement to Graphi@kables (In
MacEachren1995 p.288)
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Bertin (1967) haa negative approach ttynamicmaps as he statédsat movement is
dominant and distracts all attention from the other variables. However, some
researchers are againststistatement. DiBiase et al. (1992)uhd that movement
would reinforce the traditional grajolal variables. DiBiase and MBachren (192)
introducel the dynamicvariables which areduration, frequency, display time,

order andrate of changeandsynchronization.

There are many recent examples related tofihe r t i n 6 so avwel.Foa b | e s
instance Fabrikant and Skupin (2005) focus arcognitively plausiblestrategyfor

data generalization which is composedseimantic generalizatioand geometric
generalizatiorandthey use visual variableg\ccording to Swienty et al. (2006), GIS
vendors need to incorporate more graphical and magnmaools and consider the
variablesjtransparency, motion andfocus Jobst et al. (2008) explore new potential
methods for representing 3D city models and discuss the incorporation of design
mechani sms for 3D by wusing eBemtratmethod ef t heo
rendering, which showa close relation with variables. They emphagtzeneed for
usability evaluations for extended semiotic structdoes3D applications in GIS.
Robinson (2009) presents a range of possible approachmsotohighlighting in
geospatial visualization, beginning with examples of available variables and moving
beyond options.Garlandini and Fabrikant (2009) evaluatine efficiency and
effectiveness of four commonly used variablbich aresize color value, color

hue andorientation for designing 2D maps. Similarly, Doreg al. (2012) evaluate

the efficiency and effectiveness afynamicmgp symbols. Halik (2012) analyzes
visual variablesto use in the cartographic design of point symbols for mobile

Augmented Reality applications.

In addition, variablesreranked according to their attention guidance by Wolfe and
Horowitz (2004).The variablesolor, orientation, size luminance and shapeare
rated asundoubtedand probableattributes (Figure-6). Color and orientation are
undoubtedattributes since they attract attention more and processedattprgively
(less than 10ms)They define shape and luminance as probable attributes.
However,theyexcludemotion becausét is detected faster when comparedtatic

attributes.
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Figure 2-6: Undoubted andi®bable Attributes (in Swienty et a2006)

In this sectionyisual variablesn fundamental theorieare listed in the form of 2D
by cartographersn the literature. ie design mechanisms the form of 3D are

discussed itChapters.

2.2 Human Computer Interaction and Cognitive ScienceéConceptsfor
Geovisualization

The increasing usage of possible computer and mobile kebthe discipline of
Human Computer Interaction (HCI) be considered during the design process of
geovisual environmnts and their interfacetlsercenteredtechniques areitilized

and evaluated in many reseasin the context of geovisualization. However, i th
case of geovisualizatipmiser goals are general atigere isa high level interaction
with information The typical usage is hard to define (Marsh, 2007). The users of
GIS interact withthe informationthatis gathered from different disciplinek this
thesisst udy, t h e manaerqof eteractiorsvatht the visualization of
information may be a deep exploration, analysis adibcovery or it canjust be a

simplevisualpresentation of themformation.

Creating a successfukercentereddesign encircles the principles of HCI and goes
further to include project management, user research, usability evaluation,
information architecture, user interface design, interaction design, visual design,
content strategy, accessibility and web analyfirsability.gov, 2015)Usercentered
design is a design process in whible needs, limitations and requiremeitisend

14



usersare taken in to account to shape the design of the prddsetcenterediesign
approach can includa variety of user researamethods such as usability testing,
focus groups, field studies, contextual inquiries, interviews, questionnaires etc. in
order to understand the needs of the users. Also, it includes broad design methods for
generating new ideas with usefhis is called participatory design (coreation)

which uses tools such as tirtiee activities, diary studies, brainstorming, card

sorting, collaging, role playing etc.

The term of usercentereddesign originate in the 1980s by Donald Normaand it

waswidely usedafterwards. Norman (1988) defsiasia phi | osophy bas
needs and interest of the user, with an emphasis on making products usable and
understandabl ed (p. 188) .astédeow adesignsheuldf our
be:

1 Make it easy to detarine what actions are possible at any moment.
Make things visible, including the conceptual model of the system, the
alternative actions, and the results of actions.
Make it easy to evaluate the current state of the system.

1 Follow natural mappings betweeimtentions and the required actions;
between actions and the resulting effect; and between the information that is

visible and the interpretation of the system state. (Norman, 1988, p.188).

These suggestions place the user at the center of the designsigestionsre
given by other experts as well. For instanSbniederman (1987) propossisnilar
eight golden rules. ltar Nielsen (1993) creatden general heuristics for usability

engineering.

1. Visibility of system status: The system should alwaykeep users
informed about what is going on through appropriate feedback wéhin

reasonabl@eriod oftime.

2. Match between system and the real worldThe system should speak the
users' language with words, phrases and concepts familiar to the usar, rath
than systenoriented terms. Follow realorld conventions, making

information appear in a natural and logical order.
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3. User control and freedom: Users often choose system functions by
mistake and will need a clearly marked "emergency exit" to leage th
unwanted state without having to go through an extended dialogue. Support

undo and redo.

4. Consistency and standardsiUsers should not have to wonder whether
different words, situations, or actions mean the same thing. Follow platform

conventions.

5. Error prevention: Even better thathat,good error messagesea careful
design which prevents a problem from occurring in the first place. Either
eliminate erromproneconditions or check for them and present users with a
confirmation option before thegommit to the action.

6. Recognition rather than recall: Minimize the user's memory load by

making objects, actions, and options visible. The user should not have to
remember information from one part of the dialogue to another. Instructions
for use of he system should be visible or easily retrievable whenever

appropriate.

7. Flexibility and efficiency of use acceleratorstynseenby the novice user
- may often speed up the interaction for the expert user such that the system
can cater to both inexperieed and experienced users. Allow users to tailor

frequent actions.

8. Aesthetic and minimalist design: Dialogues should not contain
information which is irrelevant or rarely needed. Every extra unit of
information in a dialogue competes with the relevanits of information and

diminishes their relative visibility.

9. Help users recognize, diagnose, and recover from error€Error
messages should be expressed in plain language (no codes), precisely indicate

the problem, and constructively suggest a sotuti

10. Help and documentation Even though it is better if the system can be

used without documentation, it may be necessary to provide help and
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documentation. Any such information should be easy to search, focused on
the user's task, list concrete stépbe carried out, and not be too large.

According to Travis(2011) I1ISO 9241210 (formerly 1ISO 13407) defines 6 key

principles forusercenteredlesign:

1 The design is based upon an explicit understanding of users, tasks and
environments.

Users are involed throughout design and development.

The design is driven and refined by usentered evaluation.

The process is iterative.

The design addresses the whole user experience.

= =2 =4 A -

The design team includes multidisciplinary skills and perspectives.

The successfudesign of a product must take into account the wide range of users of
the product (Abras et al., 2004T.herefore the users should ell defined. Once

they are identified by researching the needs of them, designers can create solutions to
their problens (Abras et al., 2004). There are users other thaend users who

finally use the product. These are the users who are affectaami@ way. Eason
(1987) identifiesthree types of usergrimary, secondary and tertiary. Primary

users are the end usavho actually use the produ@econdarysers are those who
infrequently use the product aise it throughan intermediary.Tertiary users are

those users who are affected by the use of the product or make decisions about its

purchase.

Usercentereddesignconcepts in geovisualizatidmve been developed for the last
decadeThe usability evaluations @IS are the main applications. They dirgked

with the integration of approaches of HCI, information science and cognitive science
fields, but in fev applications (MacEachren and Kraak 20@ibklay and Tobon
2003 Koua and Kraak 20Q4~uhrmann et al.2005). In recent yearsisercentered
studies that comprehensively consider the end user hesdseceived considerable
attention. These studies indki the research for the needs of the udezshe usage

of geovisualization tools, decision support systems and web cartography (Tsou,
2011; Kumaret al., 2013; Koua et al., 2006lraditional usability metrics namely
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satisfaction, efficiency and effeetness are used in some studies. For instance,
Coltekin et al. (2009) evaluate the interactineap interfaces using traditional
usability metrics and analyze the cognitive processing of users by examining their
eye movements. Similarly, Brychtova afltekin (2014) analyze color distance
and font size in map readability using traditional usability metrics in combination
with eye tracker metrics such as fixation frequency, fixation duradiot,scarpath

speed and theglsoperformthearea of interest analysis.

Slocum et al (2001) proposethat cognitive research and usability engineering
approaches should be considered in the context of six major research themes: 1)
geospatial virtual environments (GeoVES); 2) dynamic representafincisiding
animated and interactive maps); 3) metaphors and schemata in user interface design;
4) individual and group differences; 5) collaborative geovisualization; and 6)
evaluating the effectiveness of geoviszaion methods. They underlirtbat the
traditional theories for stati2D maps may not be applicable to interactive three

dimensional immersive and dynamic representations (Slocum et al., 2001).

Cognitive Science deals with human perception, memory, reasoning, problem

solving, communication a&h visualization (Montello, 2005). Information

Visualization andHCI are highly interacted with Cognitive Sciendaurthermore

some cartographetiiltt hei r research on cognitive theori
perception, Gestalt theories and knowledgeictures (MacEachren, 1995). It is

known that GIS tasks include analysidecisionmaking and problem solving.

Researchers addredke relation betweengeospatial information and cognition

through questons uch as fhow geospat andlhowithisf or mat i on

learning vaies as a function of the medium through which it occurs (direct

experience, maps, descriptions, virtual Sys
ways of designing interface for Gl&red , Ahow peopl e under stand
concepte Ahow ¢ o mpnfoenationgan de gepittad &d promote

comprehension and effective decisimaking, whether through maps, models,
graphs, or .@&vionteftea20050pv%).0 et c

What types orwhich ways of visualization create minimum cogwe effort is a
critical question. According to Kolbe et.a(2005), 3D graphical representations
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significantly improve thewvorkflow and efficiency of the decisiommaking process.

Moreover, virtual reality techniques provide better perception and conmsieheof
complex 3D structures (Beck, 2003) . A Me a
virtual GIS. These systems can represent and handle corBplegbjects like

buildings and allow for redime visualization applications. The rapid developments

in the field of computer graphics have also supported the use of 3D virtual
components within standard Gadd&edhat2Daal a,

traditional usage of spatial informationnist sufficient for 3D environments.

Visualization cannot be properlperformed without understandingthe visual
perception. Cognitive scientists definbe act of perception by two kirsdof
processes which are battomup and top-down processes. Duringa bottomup
processvisual information the pattern of the light falling on #hretina) driven wave
passeshe information to the back of the brain. Duriagop-downprocessthe wave
sweep back to the fore brain to reinforce the most relevant information (Ware,
2008). For instance, attention guiding visualization Bo#omup oriented process.
Bottomup processes are driven by information from thasideworld. One of the
strongestarticulations of thebottomup process igjiven by Gibson (2002) who
proposesa theory ofdirect perception He statesthat theoutside world provides
sufficient contextual information for our visual systems to directly perceive what
there and it isnot influenced byhigher cognitive processddowever, visual
exploration requires existing knowledge, current goals and prospects; therefore, it
can beregarded as top-down process (Swienty et al., 2008y other words, \ith
topdown process perception of information
goals ancexpectations.

Bottomup and top downprocesses are also defined satsnulusdriven and goalt
directed. As explaired by Corbetta and Shulman (2002ifferent attentional
functions occur in different part of the brain areas. According to themgoak
directedone, the intraparietal cortex anthe superior frontal cortex are involvebh
stimdus-driven one the temporoparietal cortex aride inferior frontal cortexare
included andthis systemis largely localized to the right hemisphere. This

localization & not involved irgoal-directedselection. This system is related with the
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detection ofrelevant stimuli, parcularly when they are salient this thesis during
the preparation of user tests aheé analysis of saliency maps aege trackeheat

maps bottomup andtop-downprocesses amonsideredChapter).

2.3 Visualization for Disaster Management

Natural disastersavecause deaths of millions of people armlige €onomic loses
over the history. Effectiv®M strategiesare needed in order to minimize the ss
especially in vulnerable areafoday, cities in the worldare growingat a fast pace
and naturallythe vulnerabilities increase due to the growing complexityetirban
processes. Therefqreaturaldisaster risks in urban arelhave becomdigheras the
elements at risk in urban areas and their interactiourlian processes are growing

steadily

In order to assist thBM, researchers proposeany frameworks using GiBased
technologies. Uitto (1998) proposea framavork, which uses GIS forDM
considering the DisasterWherability concept. In the proposedarinework, urban
vulnerabilities are calculatedespecially for megacitiesThe study isone of the
pioneers for natural hazardrisk assessmentwith a consideration of social
vulnerability. Herold et al. (2005) outlin@ framework for establishing an online
Web-based Spatial Disaster Support System (SD¥$&e reason fodevelopingthe
SDSS is thatreattime disaster data could be accesseand sharedeasily
inexpensively and in a straightforward manner during varitages of a disaster life

cycle.

Zlatanova and Holweg (2004)rqvide an overview of Energency Response
Managemen(ERM) and outlinedifferent types of end users which @he decision
makers of ERM system/products who can use the system mobile wetidesktop

and virtual environment. Furtherlafanova et al. (2007) suggesh Emergency
Response FrameworkERF) A 3D spatial information perspectivis used to
evaluate the technical necessities of mudtk emergency response systems. The
suggestedarchitecture covers data management and communication subjects of

problem areasSimilarly, F r i e d ma n n(2006%utlmdthe &dterogonous user
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groups ofDM. Different groups vary according to their roles, skills and knowledge.
Eachgroup can be described by ontologlye list of tasks,the spatial extend of
authority and the place of operation. Therere, they suggesthat adaptive
cartography can be considered foMDo make proper visualization according to

situation, purposeands er s 6 background.

Geographic sualization with the usage of informatioachnology enhances the
decisionmakingprocess bylarifying the realities of a diséer more clearly and help
the DM specialists formulate better decisions quickly (NRC, 20Dvjecent years,

new developments inegpgraphidnformation echnologies provide new methods and
platforms that enable innovative visualization of geospatial information. Among the
possible platforms, 3Dvirtual environments are increasingly preferredD
visualization has @reat potential for being an effective tool fmommunicating

disaster riskat each phase tiie decisiormaking process iDM (Marincioni, 2007).

There are several studies on the use of 3D geographic information in modeling urban
environment. In Gouin et al. (2002), a survey of visualization techniques and
approachesthat are applied tovarious domainsis conducted.The surveyis
conductedusing athree dimensional framework, which is namix Reference
Model framework for the application of istalization Aoproaches.The Domain
Context, Descriptive Aspects and Visualization Approach constitute the three axis of
the proposed framework. Sapaz dsidr (2006) put three transportation visualization
examples to the reference model of Gouin et al. (ROBA organizational and

theoretical gajs distinguished througthe approactof Gouin et al (2002).

Isikdag and Zlatanovg2009) proposea frameworkfor automatic generation of
buildings in the City GML using Building Information Modeling (BIM). The
framework defines the procedure of automatic building generation in adiage
flow. In the first stage, the rules for generation are defined for semmaapping of
BIM classes to the CitysML. The second stage includes geometric simplification
rules, and in thehird stagethe rules for the transformation of attribute information
are definedHizaji et al. (2010) proposa framework for integrating the 3D BIM
utilities network data into a GiBased system of water utilities maintenance

operations and management. Like the proposed framework, this study also utilizes
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the City GML as a base model to provide an integratedlogy coveringthe BIM
and GIS model concepts.

Most current GlsShasedDM systemsfor different types of disasters have been
developed by 2D GIS with 3D visualization systems (laee Zlatanova, 2008).
Studiesthat specifically contributel a method orframework for 3D Visualization in

DM are limited Meijers et al. (2005) propose a semantic model for interior spaces

3D modelthat aims to calculate available evacuation roumilarly, Lee and
Zlatanova (2008) focus on developing a 3D data modekpoesent urbabuilt
environments including the interior structures of the buildings and on 3D spatial
analysis functions used for emergency responses such as 3D navigation and 3D
buffering. Kemec et al. (2009) propose a Hblased approach that derivdset
relation between the hazard type and the urban 3D model. Eight attributes are used
within the proposed decision rule to establish a link between the hazard type and the
spatial detail level of 3D urban model for the visualization of vulnerabilitiesMn D
Shen et al. (2010) create a method for extradtieduilding attributes of a disaster

area from higkresolution remote sensing images. 3D visualization of the buildings
they created is feasihleeliable and advantageous to show the damage areaend th
damage grades of the buildings for decisioaking A study that proposes
framework for 3D visualization usinthe City GML standardswas conductedfor

DM by Ke me(201® Based bn thelisaster type, the needed Level cétal

(LoD) for a 3D modeis derived, whichis thenlinked to the time needed toquess

the data and obtairthe required LoD. The LoD is compliant with the 3D
international standardf the City GML. The frameworkis designed to serve risk
managers and to help them mak better selectiofor 3D model representations
These studies use the technological advances and propose theoretical framework
accordingly However, they lack in consideringhe user requirements and

incorporating them into designs.
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CHAPTER 3

BASIC CONCEPTS OF DISASTER MANAGEMENT

i Di s a anagemen{) can be defined as the organization and management of
resources and responsibilities for dealing with all humanitarian aspects of
emergencies in particulareparednessesponseandrecoveryin order to lessen the

i mpact of di sasd.,e #3.0 Wordl ReRIB, Organization
(WHO/EHA/EHTP) (1998) classified disasters as natural and man
made/technological disasters. Natural disasters can be meteorological such as
hurricanes, torrdos, floods, drought; topographical such as landslides, avalanches;
tectonic and telluric such as earthquakes and volcanic eruptions; biological such as
epidemics and infestations. Mamade or technological disasters can be industrial
disasters, nuclear orchemical accidents, wars, structural failures and fire
(WHO/EHA/EHTP, 1998a)No matterwhat type the disastelis, its management
involvescertaingeneral principles according to the phases of the disaster. Hence, i

this chapter, theonceptof DisastetManagement are briefly explained.

3.1Disaster Management Cycle

The phases oDM can be grouped under two main headingsesea r e -Aft& x
St r at, avlgch arsconductedpre-disasteya n d -Ho&EXt r a t, wigch aes 0
conducted postlisaster (Government of Japan, World Bamkd GFDRR, 2012;
Gutmann, 2011)The phasesf DM are tightly connected to each other. Therefore,
actions or decisions made in one phase expected taffect another phase. They

cannot be defined as separate phases happening in seddencethey should be
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consideredas rts of a cycle which occur in differentemporal phases in an

overlapping manner.

Ex-Ante Strategiescover pre-disaster phases wif are risk assessmentrisk
avoidance mitigation, risk transferand preparednessandwarning andevacuation
Ex-Post Strategies includgostdisaster phases which aresponsgrecoveryand

reconstructior(Figure3-1).

Figure 3-1: Disaster Managemegycle

3.2Disaster ManagementPhases

Ex-Ante Strategieswhich are predisaster phasescover risk assessmentrisk
avoidance mitigation, risk transfer, preparednessandwarning and evacuation Risk
assessmens the firstphase iraneffective DM processRiskin DM is defined ashe

expected losses such as deaths, physiological injuries, psychological tramchas,
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property loss caused by a specific hazard in a specific fiocafor a specific time

pei od. i O briskeassdssmeres to guantify potential damages and losses due

to the future earthquakes (consequences) and their probabilities of occurrence in a
given period (Il i kel.Rmski®dejived fronOthd)\arjable2 0 0 5,
hazard exposureandvulnerability ( WHO/EHA/EHTP, 1998b; WMO, 2002; ADRC,
2005;Government of Japan, World BaakdGFDRR, 2012).

Hazardassessmenhvolves defininghe nature, intensity, location and probability of
the occurrenceof hazard(s) (likelihood) in a specific arta a givenperiodof time
(UNDP, 2010) For example, hazard analysis for earthquake includes the
identification of earthquakeources, modelling of earthquakescurrencesrom
these sourceshe estimation of the attenuation earthquake motionshe evaluation

of the side effects of soil amplification, liquefaction, landslide and surféenat
rupture (OPUS, 2005Exposureassessmerns usedto understand the elements at
risk. It refers to thenventory of population and assets ingien area in which
hazardous evesitmay occur (UNDP, 2010Yulnerability assessmens to definethe
capacity of elements aisk for given hazard scenarios (UNDP, 201These three
variables form the main triangle ofisk assessmenfFigure 2). Then, damage
estimationis performedto understand the impact of the disagteithe community.
During this stepthe estimation of damagén elements atisk from earthquake
motion or posearthquake firess calculated. (OPUS, 2005Jhe next stepcovers
loss estimation and analysis in ordeto find potential direct losses of exposed
population, property, services, livelihoods and environment, amdassess their
indirect impacts on society (UNDR010). Afterwardsrisk profiles are generated
and evaluated. Once the current and acceptable levesk afe determined, disaster
risk reduction plans and strategies could be revised or developed (RBd)re
(UNDP, 2010).

A comprehensiveisk assessmentot only coves the steps frorhazardassessment
to lossassessmertiut also providesa full understanding of the causes ahdimpact
of those losses (UNDR2010). Thus, he process ofisk assessmenincludesthe
technical features of hazards and probabiity well as an analysis of physical,

social, economic ral environmental dimensions ofulnerability and exposue
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(ISDR, 2004).Therefore risk assessment one of the key elements of asBste
Management strategy and providiscision makers witinformation thatis useful

for all the stages of th®M cycle. Riskassessmergeeks fothe computed risk being
acceptable or not, what objects or areas are at risk, what the capacities and resources
are,andhow the risk could be mitigated or redudeK e me - , RiskaBsgessEment

is the most fundamental stepd thust affectsall the decisionmakingprocesses in

DM.

( Damage \
Estimation

Loss
Estimation
v of=F

( Risk Reduction Plans )
& Strategies

Figure 3-2: Steps of Risk Assessment

If the evaluatedisk is too high and unacceptable, even with a partial reduction in
likelihood, total avoidances the only solution. This phase is calletk avoidance
(Coppola, 2007)An exampleof arisk avoidancestrategycan be moving people and
assets out dhigh riskareas.The phaseof risk mitigation covers long term strategies
for minimizing or reducing the harmful effecisf disasters and their impacts

(Herrmann, 2007and UNISDR, 2004. For exampleimprovementsof building
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practices, upgrading bridges and other lifelinesication of homeowners atypical

risk mitigation strategiesRisk transfer is the phasen which the reducedrisk is
accepted buthe consequences oisk can betransferredThefinancialconsequences

of risk is generally transferred from one party to another since household,
community, enterprise or stad@thorities obtaimesouces from the other party after

the disastes occur The second party benefits from ongoing or compensatory social
or financial supplies (UNISDR, 2004This way the consequences oisk are diluted

to alarger group of people thaandlesan average consequence (Coppa@)7). A
well-known example ofrisk transfer is insurance.The phaseof preparedness
includes plans or arrangements to enhance disassponseoperations ando
prepare organizations and individuals to respond (ODPEM, 2008). It involves
equipping people with tools to increase their chance of survival or help those
impacted minimize their losses (Coppola, 2007). Although there is no known and
applicablewarning ard evacuationsystem for earthquakes, this phaseolvesthe
provision of timely and effective information for individuals who are exposed to

hazardso that they catakenecessary precautioiSDR, 2004).

Ex-PostStrategiegleals withpostdisaster phasesvhichinvolve responsgrecovery

and reconstruction In the phaseof responsgactions are carried out to reduce or
eliminate the impact of disasters such as saving life, prevent suffering, reducing
financial losgsetc. (Coppola, 2007Recoveryphase focuses on the stabilization and
return of the exposed community to its fmgact status (Herrmann, 2007). Lastly,
reconstructionphase involvesan in-depth assessment and prevention of new risks,
and measures for latcommunities to get back on their feet (European Commission,
2010).

In thisthesisstudy,the disastertypot be st udi ed drst whibheslkeend .as
main reason for this choice is that earthquake is the most powerful natural disaster

that hascaused loss of life and property in Turkey (Engay et al . , 201 3)
DM projects in Turkey are mainly relaténl earthquake. Moreovett, is known that

earthquakes affect large populations in the urban areas t he wor | d. Al
decade, ednfjuakes caused more than 780,000 dea#ttisiost 60% of all disaster
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rel ated mortal ity oThefed®, @ffetlieevBd visudlizatibrican # 6 ) .
provide decision makers with better decision support.
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CHAPTER 4

THE PROPOSED FRAMEWORK

The framework is the main output of this thesis study for guiding to ceffattive
DM-related informatiorvisualizationin 3D Environmentbased on a useentered
approach The framework isdeveloped forfour types of target user§heseare
designerswho perform visualizations foDisaster Management (DMjesearchers
who study geovisualizationGIS vendors who provide tools and modules for

geovisualization in GIS softwarand theend userswho areDM decision makers.

The proposedramework servethe designerswho aimto developa comprehensive
approachabout creating effective and efficient visualizations fBiM decision
makers. These visualizationgre generallyperformedby researchers in research
institutions and DM specialists igovernmentabnd private organizations who are
mainly earth scientists, engineers, GIS experts and mapping specidlgs
systematic approach in th&amework can give insights taesearchers of
geovisualizationThe framework can be adaptable to any other domains that include
decision making processeSpecifically, the researchers who stugher experience
design for geovisualization canse the guidelinesand follow the steps of the
framework. The GIS vendorswho decide to build @&pecific modulefor Disaster
Management in their GIS softwaian create tools according to tigenguideines

in the framework This modulecan be prepared separat@ybe imported to the
software as well. The naole can be named as DM tools.

The most important target users are #red userswho arethe decision makers in
DM. They are the users who interact with the final visualizatigeserated
according tathe proposed frameworklwo types of decision makeese taken into

account theseare executive level decision makers who anainly administrative
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staff that develop strategieand DM specialists and researchete mainly explore,
analyze andpresent informatiorto the executive level decision makewgith this
framework,it is expecedto obtain anincreasean the effectiveness and efficiency of
DM decisionmaking processesin the framework, end useese active both in the

step AExploration of User Requirementso and

The proposed framework consists of five main stepa mel vy A Expl orati on of
Requirement so, AnDefining t he Context t o b
Vi sualizations according t o t he Visual T a x

AGui delines fiozathenshHn@Fi Yuse ad

STEP 2: Defining the
Context to be Visualized

e STEP 3: Creation of the
Visualizations according to

the Visual Taxonomy

STEP 5:Guidelines for the
Final Visualizations

Figure 4-1: The Steps of the Framework

30



The first step in the proposed framework isE x p | o r dseri Requireraeinds
(Figure 41). This step involves intervieswf variousend userérom different phases

of DM and different organizations such as academia, civil society organizations
governmental organizations and financial institutidasr this purposeaninterview
methodis used and 2@nd usersreinterviewed atheir places. @e interview takes
approximately 45 minutesWitht he hel p of the iIinterview
profiles are identified including data ortheir profession, job title, team workers (if
any), experience and foundatioklso, their scope, main decision processesithe
scenarioxonsideredthe city objects and attributessualizedand the visualization
toolsusedaregenerated. What kind of problems they encounter during their analyses
as tothe visualizationswhat they expect fromthe visualization of geospatial
information in a 3D city modekndwhat kind of tools they neeale questioned as

well. The details of this step can be seen in Chdjpter

The second steip s efimily theContext b be Msualizea (Figure 41). In this step,
the scenarios, city objects atite attributes of scenarios they wosdke analyzed.
Highlighted scenarios, city objects and attribuaes defined.The statements of the
users related to standardization and 3D city modelinganatyzed.According to
user so6 e x plierarchiaal Task rAalysisisecarried outandthe hierarchical
structure between the phases and their tagkdescribed. According to this analysis,
as the phaseschange their scenarig differ as well. Therefore, the objects dan
attributeson which they focusdiffer. In other words, for each scenario, the city
objects, possible attributes of the objects and the decision mad@medifferent
According to Hierarchical TasRnalyses,the fundamental phase isonsidered as
risk assessmentAll the Ex-Ante (predisaster) phases obM, which are risk
assessmentisk avoidance mitigation, risk transferandpreparednessare connected
to this phase. Therefore, a sagio used imisk assessmens decided to be tested in
this thesis study. The scenario that issed in the case studg decided to be
earthquakeRisk Prioritization, which isrisk scoring of theBuildings according to
certain criteria Therefore,the main city object $ decided to b&uilding and the
attribute to be visualized iselectd astotal earthquakerisk of the Building. Further

details can be seen in Chapter
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The hird stepin the framework isi Cr eat i on of the Vi sual
Vi sual T a x o n-4)miy\bsual Texiorppmyis genedatedin this way The
Visual Taxonomy has three dimensignshich are Measurement Scale, Visual
Variable and Level of Deta{lLoD). Eachvisualization of an attribute of a city can

be defined as oint placed in this taxonomy. lthis step, different alternative
visualizations ofisk on the buitlings are prepared. Thisk is visualized asrdinal

data (ow, mediumand high risk. While doing this,the suggestionsof Bertin,
MacEachren and Morrison on visualizimgdinal data with visual variableare
considered.However 3D mechanisms differ from 2D athey include global
properties such as lighting, shadows, shading, background and atmospheric
properties and view properties such amera and projection propertiegherefore,
these are analyzed in a systematic mannie. global properties are set fixed for
alternative visualizations created during the thesis stlidg.viewing angle is also
fixed. However, zooming levels are differed accordingdd of the visualizatias.

Thefourth stepi s f V a |riodcaghdie@ihe viBual alternatives are evaluated.
Based on theé/isual Taxonomy, therisk attribute is visualized on the city object
building inthreedifferentLoDs using the effective 2D visual variables suggested by
the cartographers fardinal data. The alternative visualizations are evaluated by the
pilot usertests and expert evaluation a workshop.Then, ®me alternativesre
eliminated and newnesaregeneratedAfter the eliminationthe newvisualizations
aretested with real users through a test procedure that conshaetdime andlong-
timeresponse to the visualizations as human perception differs with@ihagpier9).
Saliency maps that are mgrated uporthe Itti-Koch Model are compared with eye
tracke heat maps of the finalsertests. This comparison is suggested to be a
comparison of the usage of the variables whetitomup (with saliency maps) and
top-down(with heat mapsflecisionmaking processes are in progresd. the results

are analyzed and are discussed.

The last step involveé Gui del i nes f or t hwderefhe mastl Vi
effective, efficient and usable set wék visualizations of the buildings in 3D city
model is determined The final visualizations are generatesid the guidelines

referencing the Visual@xanomy are given (Chaptég).
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CHAPTER 5

METHODS CONDUCTED WITH THE END USERS AND VISUALIZATION
EXPERTS

This chapter introduces briefly the methodsnducted with the end users and
visualization experts. Three main methods are used which are interview, user tests
and expert evaluation. The reason to use both qualitative and quantitative methods is
that they are complimentary methods. User tests arentist comprehensive as they
include both quantitative and quantitative methods. Participant number is 30 or over
30 in user tests to statistically infer meaningful results. Why each method is used is
explained in this chapter.

5.1 Interview (In Step 1)

During the first step which i@ Ex p| or at i o rquiceents ehstructtede r R
interview method is conducted. Thaestions of the intervieare planned before the
interview sessions and same questions are asked to each par(iajpaendix A).

The man aim is to learn deeply about profiles and roles of the participd@tssion
making processes iDisaster Management (DM) and their first impressions about
visualizaion of DM related information. Interview method asqualitative method

and advantagewos for the researcher who is not experienced in the topic of DM. It
provides deep knowledge about structures in DM and the end users in detail.
Questionnaires are given after each interview to quickly collect the visualization
context they consider durinfpeir decision making process@die participants are

observed throughout the day at their pregsiwhen they are visited.
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5.1.1 Participants

Participants otheinterview sessions are the end users who are the decision makers
of DM. 20 participants are interviewed at their premiSdse reason to select end
users for this method is to understand their needs and requirements as the final
visualizations created according to the framework are used by them during their
decision making presses. The participants are awarehef3D visualization for

DM, but theyare not experienced enough as they mainly use 2D visualizations

duringtheir routine workThe cetails of the participants are given in Chapter 6.

5.1.2 Materials

During the interview, the recordings are made using iPhBndAlso, the answers are
noted to the sheetsThe simulation shown to the participants is generated in
Windows Media Playein laptop The questionnaires are given to the participants as

paper sheet format.

5.13 Procedure

Each interview takes approximately 45 minuteéach interview is composed of two

parts (Appendix A)ln each interview, gimulation of3D model is presented to the
participants and their positive and negative comments are recorded. After each
interview, two questionnaire sheets are given to the participants to learn about their
requirements related with the visualization context they consider during their own
decision making process. These are obtained under the headings of city objects and
thar attributes. The details are given in Chapter 6.

5.2Pilot User Test(In Step 4)

User tests are conducted both wile experts and end users.séf tests are
conducted after the alternative visualizations are crealéés test method is
guantitative and conducted in controlled manner. Pilot user tests are conducted with
visualization expertsThe experts are mainly deal with visualization especially

geovisualizationPilot tests are conducted for two main reasons.t Fgason is to
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gain positive and negative feedback from the experts who perform geovisualization.
The results of these test¢hich are response time and accuracg considered in
Step 4 which i s I Yiatlused testsi l@vnleveP of cageitves O .
processing is considered as the participants are asked to response as soon as they
decide and they are informed that the images will change every five seconds.
Therefore, their decision mode is intuitivEhe secad reason is that g&bese user

tests are pilot tes@nd if problems occur better test procedure in the final user tests
which are done with end users can be credted.instance, in this thesis study, the

user tests are extended to include a secondmpiré final user tests.

5.2.1 Participants

30 visualization experts participate to the testblalf of the test sessions are
conducted with the experts who deal with risk and uncertainty visualization who are
the participants o¥ienne at Risk and Uncinty Visualization Workshgpheld in

23 September, 2014The other half of the sessions is conducted in Ankara, in
October 2014 with Turkish visualization experts.

5.2.2Materials

The visualizations are created in 3Ds max and rendered in jpeg fdareatisual
variables in the pilot user test visualizations saturation, brightness pattern,
transparency, blur, size(of an abstract object), hue, selfillumination (for LoD

2). 28 images are embedded to Open Sesame program whibbha\aoralanalysis
program. In each visualizatipthree buildings in three differehevel of Details are
given. Each visualization risk is visualized with one visual variable. No legend is
used in order to understand participant instinctual decision. The panti€ipsed
keyboard to press their decisions. In each visualizatjtmibal properties are fixed.

Further details are written in Chapter 9.

5.2.3Procedure
The pilot test procedure &ry similar tothe first part of the final user test procedure

The only difference is the three buildings presented in the pilot tests are different.
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However, the ones in the final tests are the same. Before the tests start participants
perform ademotest to get used to the keyboard. Each visualization is presented t
the participants for five seconds. The participants are asked to click the number of
the building which they think has the highest risk from the keyboard. Response time
and accuracy according to the prepared ground truths before the test are collected in
Open Sesame in excel format. They are saved with the participant number. The

details are given in Chapter 9.

5.3 Expert Evaluation

Expert Evaluation is done to get broader anddeeper feedback from the
visualization experts. Becayséhe pilot user tests with the experts provide
guantitative result€Expert evaluation iperformedn a workshop formafThe reason

is that in the sessions, there is a discussion part where the presented alternative
visualizations are evaluated. Thereaiscreative activity tht experts are asked to
createtheir own ideas for risk visualization. Different materials are provided. In the
workshop the participants have the chance to discuss their ideas. Therefore, topic can

be deeply evaluated ameéw designgan be generated.

5.3.1Participants

Five expertswho deal with geovisualization in their work in practice or academic
way are invited to the workshop. All of them are familiar to 3D visualization. Two of
them can perform 3D visualization. The further details of the participants are given

in Chapter 9.

5.3.2Material s

In the first session, laptops are provided to the participants and the visualizations are
prepared in the folders on their deskt§heetsare given to the participanter to
evaluate the effectiveness of the visualizations. The sheets are in A3 format because
al |l of t h shegtsambanged onpgha boaedtér they evaluate thefor the
discussion. In the second sessidmgos, drawing pencils, papers, prirouwf
abstract objectare given.All of the sessions are recorded with vid@articipants
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are asked to sign a consent form before the sessions that indicated that the study is
confidential and their personal information will not be shakelven types bvisual
variables for the expert evaluation are defined for 3D environment. The list includes
hue, saturation, brightness self-illumination usage withhue, saturation and

value, transparency, pattern, pattern usage withtransparency, blur, size usage

with abstract object and size and hue usage withabstract object Why these

variables are selectedagplained in Chapter 9 in detail.

5.3.3Procedure

At the beginninga brief explanation about the thesis topic and what has been done
up to that ime is presented. Afterwards, the participants are asked to introduce
themselves. The first session is relatedhe evaluation of the alternatives. It takes
approximately 70 minutes with the discussions. Alternatives are presented in
different zooming \ews in their laptops.The experts are asked to evaluate them
according to seven scalef effectiveness. During the second sessilba experts are
asked to create their own alternatives using Legos, drawing pencils, papers, printouts
of abstract objectsThis session also takes about 70 minutes with the discussions.

Photographs from the workshop can be seen in Appendix E.

5.4Final User Test

The final user tests are held in the Test Lab of User Testing and Research Lab
(UTRLAB), which is located in the Middle East Technical Unsity. This is the

final step of the validation as the eliminated visual variables are presented to the
participants. It is a controlled study that aims to collect both qualitative and
guantitative dataQualitative data is collected during the discussion part conducted
after each session. The reason for to conduct these tests with the end users is that
they are the users who interact with the visualizations during the decision making

processes. Therefqrihe way they percept the visualizations is important.
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5.4.1Participants

Final User Test is conducted with 35 end users who are the decision makers of DM.
The users are selected to be from different range of foundafidres users are
separated into twgroups according to the level of decision making; executive level
decision makers and DM specialists and researchers. Also they are defined according
to their profession and the DM phases they work for. The details are given Chapter 9.

5.4.2Materials

During the testsa desktop computer and Tobii X12§e trackerare used. fie
sessions are recorded using the software Morea Rec@filé&iso a USB camera is
used.The users are asked to sign a consent form before theTilestsisualizations

are again pepared in Open Sesame Program; however Open Sesame files are
embedded in Tobii eye tracker software. In the first phg,itnages of three same
buildings and fixation dot are embedded into the software and shown to the
participants every five secondsach image has the dimension of 640x480 pixels. In
each imagerisk visualization is created using different variables. Eight types of
variables are usedluring the first and secongbarts which arebrightness
saturation, hue, transparency, blur, contour, self-illumination -hue and abstract
object-hue. Brightness and saturation are used with bottblue and red. Two
different types of background are usedhich are satellite view and map viewthe

second part.

5.4.3 Procedure

Each test is performaddividually and each session takes approximately 40 minutes.
At the beginning of the test sessipparticipants are asked to perform a demo test.
The main reasohehind thigs to make the participants get used to the keyboard keys
and mouse clicking whe they are making their choice. Therefore, the content of the
demo test differs from the content of the tests. An explanation document is provided

to the participants with detaiédbout theest.
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The tests are composed of two parts and 10 minutes diseyssit.In the first part

of the final user tests, 19 images are shown (see Appendix G). Participants are asked
to click on the number of the building that they think has highestrisk according

to the image. The participants are asked to press thienkegdiately after they make

their decision. There is no map legend given on the images. This part of the test
comprises a low level of cognitive processing. The decision mode is intuitive. The

participant makes a quick and unconscious response.

In the seond part of the final user tests, 38 images are used (see Appendix H). In
this part,the Cumhuriye district is shown. Some of the buildings on that district is
visualized as havingigh risk some of thenmedium riskand some of therdow risk

The particpants are informed thataeh visualization is prepared according to an
artificial data, no real calculations are considered for determining esichevel
Participants are asked to click any building which they thinks from the highest

risk range. Thee is no time limit in this parttherefore, there is a slower thinking
process. This part of the test comprises a high level of cognitive processing. The
decision mode is deliberate. The participant makes a slow and conscious response.

After these test sessions, the images used in the second part are shown to the
participantswho are grouped together according to LoD and background image.
Their opinions about the visualizations are asked. This part takes more than 10

minutes and it is me like a discussion part
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CHAPTER 6

EXPLORATION OF THE USER REQUIREMENTS (STEP 1)

This chapter is about the first step of the framewdie aim of this step is to
understand the end usero6s gener al opinio
what they need to visualize in this environment using of which scenario and phase.

It starts with explaining the procedufe analyzingendusers dequirementsThis

stepcan be considered as the starting point
to be Visualizedo in the designed 3D cit
this stepcan be considered as kmasenent for providing the definitions of the

scenario, city objects and attributes to be visualiZedit is stated in the previous

chapter, the end users are the decision makers of Disaster Managemenin(igl).
beginning, there is no specific scenario of a DM phase thatnsidared tobe

studed for the thesisstudy Therefore all types of users from DM phases that deal

with different scenarios areonsidered as usersHowever, to underline for the
researchers who follows this framework, it would be possible to studythatbsers

with a defined scenario

The interviewand questionnairanethod areused in this stegProfiles ard roles of

the end users arenvestigatedthroughthese methodsThe profilei s t he user 0 ¢
title, experience (in years), foundation, profession and@ders.Therole is higher

scope, DM phases that he/she stuydiesin decision processes, the toolsheuses,

scenarios hiehe studiescity objects and attributes that/bBleewants to see in the 3D

city model visualizationAt the end ofachinterview, a short simulation of a 3D city

model is presented.
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6.1 The Procedure of User Requirements Exploration

User requirementareestablished under two main headipgrofile androle. Profile
of each uselis examined by defining user's job titlprofession, experience in
Disaster Minagement, departmeand foundationvorked and coworkersRolesof
the usersrespecified by defining the scopef user 0 s st utllkysersvor k , I n W
are active in DM phasesnain decision processgonethrough, the toolsised the
highlighted scenariostudied city objectsand attributesonsidered in thelecision

processes

Interview methods used to understanithe needsof users.20 wsersare visited at
their premises The averagetime which theusersare allocated for the intervievs
about 45 minutes. During the intervievise aim of the thesis study and a general
description about the intervieiwconveyed to the userBeside thenterviewsu s e r s 0
working routines, working environments and conditiaresobserved and noted. The
interview questionare conposed of three parts (Appendix A). The first part includes
general questions in order tmderstandhe profiles of the usersard their working
routines.The secondpart isabouttheroles of the usersdecision processes in detall,
phases anthe stepsconsideredn DM, analysestools and visualizationeequired
during decision preesses. Theesond part isof greatimportarce in order to
understand therequired tools and visualization methods. In the last part, a
perspective animation of a 3Bity model ispresented. The citynodel includes
textured buildings, transportation, terrain and vegetatifmvever,the modelis not

a finished product. Thereforit,is explained to the usetisatthe modeis a prototype
and still in the design preess With the questionsin this part, it isaimed to
understandwvhether the users can take advaaetag 3D Environment during the
decision process. Which city objects and attribute/informatr@nneeded to be seen
in the environment igliscovered by conductinevaluation surveys (Appendix)A
One d the surveys includethe list of possible city objects to be visualized in a 3D
model. During the preparation of the listhe City GML objects are the main
reference. The useeseasked to choose the city objettsatthey want to see in the
model and state hownportant (high, mid, lowjhe objects ar¢o them.Also, they
are asked taddthe objects that@renot inthe list. The second surveytis identify

the list of object attributes consi@éer (Appendix A) . The usersd answers
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questions are gathered under the headings specified in the first step of the
methodology. These specifications canfbend in Appendix B andAppendix C.

The city objectgpreferredin the model are describedcording to the main scenarios
analyzed during thdecisionprocess. Main decision proges and scenarios of the
users are listeth AppendixC. With the helpof the evaluation surveythe level of
importance for each objectabtained.

6.2 Exploration of the User Profiles and Roles

The usersactivelywork in different phases of DML he userprofile is composed of
users from all phases of Disaster Management, frdek assessmentto
reconstructionMainly they are actig in more than one phadeor instance, user 11
is active in botlpreparednesphase andesponsghase. Similarly, user 16 is active
in bothrisk avoidancephase andeconstructionphase. As seen more clearly from
Figure6-1, most of the users are the decision makers efARbte Strategies and most
of them are active inrisk assessmenphase For example, while user 4 is only
responsible forisk assessmentiser 13s active inrisk assessmerandalsoactive in
further phases such agtigation, responseand recovery As it can be understood
from the interview results, the users do not often work individually. Tresform

group projects and generally make decisions collaboratively.

mRisk Assessment ®Risk Avoidance mRisk Mitigation = Risk Transfer

® Preparednesss m Response m Recovery m Reconstruction

Figure 6-1: Users according to Phases
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The end users are grouped under tives according tahelevel of decision making
executive level decision makers and DM specialists and researchers @-Ru&x
users are executive level decision makéfs users are DM specialists afidally
four users are DM researchers. 5 usdrshe DM specialistsand researchers deal

with visualizingtheir exploration and analysis.

® Executive Level Decision Maker
= DM Specialist and Researcher

Figure 6-2: Users according thevel of Decision Making

Usersareselected to be from different rangebaickground. Although most of them
work at governmental organizationsuch asthe Prime Ministry Disasterand
Emergency Management Presidency (AFAERe Ministry of Environment and
Urban Planning, som&ork at Non-Governmental Organizationsuch as AKUT
Searchand Rescue Association, Turkish RedeScent;academiaand financial
institutions(Figure 63). Their distribution according tthe backgroundtan beseen

in Figure6-4. 13 out of 20users are engineers (Fig€). The others are urban and
regional planners, statisticians, economists and political science and public
administradrs. The mean experience of the users in Disaster Management is 17.15
years. There are experienced ussteh aghe user 13who has beenpecialized in

DM for 50 years but also noexperiencedoneslike the user 10, who has been
working for DM for two years Appendix B gives the details of each user

(Profession, Department/ Foundation, Job Titlewookers, Experience)
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® Governmental Organizations ® Academia

® Civil Society Organisations ™ Financial Institutions

Figure 6-3: Users according to Foundations

Political Science & Public Administrator[il]

Economist - : : : :

Statistician|

Urban and Regional Planncr-

Engincer | N

0 2 3 6 8 10 12 14

Figure 6-4: Users according to Professions

The secondpart is abouthe roles of the usersdecision processes in detail, phases
and the stepsconsideredin DM, the analyses, tools and visualizations required
during the decision processes. The second parsignificant to understand the
required tools and visualization methods well The scenarigsobjects and
attributes specified bthe users directly affect the second stefnich compriseshe
selection of main scenari@nd the attributes needed for 3D model visualizations.
These specifications of each user according to thpaeametersare providedin

Appendix C
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CHAPTER 7

DEFINING THE VISUALIZATION CONTEXT (STEP 2)

This chapter dscribes the definition of visualization context based on stiéfhas a
systematic approactiior identifying the highlighted scenarios, city objects and
attributes expressed by the users according tantaved Disaster Management
(DM) phases.A Hierarchical Task Analysis method is used to understand the
relationshipsbetweenthe phases, the tasks (scenarios) uaadmain city objects

and the attributesto be visualizedare explained schematically i hierarchcal
manner. Lastly, a scenansed in aDM phase isonsideredor the case study that

the visualizationso be prepared accordingly.

During the interviews, most of the end users indicate that there is no standardization
of visualization of the information they use, therefore most of the visualizations are
complicated and not understandable. The tools they use do not have user friendly
interfaces;hence fewpeoplecanuse thenefficiently. Although as stated by Kolbe
(2005), 3D visualization require extra costs such as human resources, hardware and
software usage, @tan be deduced that the ustvisk thatvisualization in 3D Virtual

has advantages more thaisadvantages. Especially, they think that these
environments areffective to visualize in 3D when vertical axis is considesetth

as describing damage assessment/estimation, epicenter, geomorphological and
geological properties. Likewise, neighborhood relations changing tiwvéhmodel

scale can be understood better with 2Dcording to Nielsen (1998) arSebrechts

et al. (1999. 2D information visualization is bettgoerceivedthan in 3D and
searching forinformation is difficult in 3D environmentHowever, gveral users

state thathe perspective view increases their perception as they can see the whole
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environment. Howeverosne of the users indicate that 2D view is also necessary and
can be supportive to 3D visualization. They state that there are condaio2B

view to besufficient and effective (eg. visualizing land use from top view in small
scale).In the study the focus on information visualizatisrdecided to béor pre
disaster phases mgie the interview results showhe 3D city modelcan be
advantageous for mainly pdesaster phases.

7.1 ldentification of the Highlighted Scenarios, City Objets and Attributes

As inferred from the usersodo feeddre k,
Strategies(pre-disaster) For Ex-Post Strategies (podisaster) the realtime data
input to the model is necessary.-Brte Strategies cover the phasek assessment,

risk avoidance risk mitigation, risk transferandpreparedness

As it is understood fromthe results of the interviews argliestionnairgsusers
together or individuallyperform the same type of analyssr follow the sme
decision process. Therefore, th@me scenario can be studied by different types of
usersHence it is better to define users not individually but within a gréTgble 7-

1). The groups can barranged according to the phase in which they are actively
working. Once the scenario is decided for the user group, common objects selected
from the City GML standards anédditional objects that the useexjuestbecome

the objects of the modelT@ble 7-2). The attributesdiffer according tahe scenario
andthe user grouplhe detailed analgs of selected scenarios, objects attdbutes

for each user grouare given inTable7-1 and7-2. As it can beseen fromTable7-1,

the user grouparedistributed according to the phas&be objects and attributesf
eachuser group differ from each other. The objects and attributes are selected
according to commoanswers angriorities definedWhen theTable7.1 and7.2 are
explicated,an obvious hierarchy between the phases, their objects and attributes can
be seen. For instance, only aftesk assessmerdnd visualiation ofrisk (the main
attribute of risk assessmeht many analysis can bperformedwithin other DM
phases. Also, steps within each phasdraeehierarchicaimanner. For exampleisk
assessmentan only becarried outafter e steps ofhazard and vulnerability

assessmentlamageandlossestimationin which different objects and stditributes
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are consideredThe detailed analysisfahe hierarchical structure of scenarios,

objects and attributemreexplained inthenext section

Table 7-1: Users and Highlighted Scenarims Each Phase

PHASES HIGHLIGHTED SCENARIOS

RISK ASSESSMENT
Damage
Estimation
Estimation

Uz2,u3,uL,us,u7,us, * Preparahon of earthquake risk map of a specific
w3, e Qgplace
u1,uis,u19 + Preparation of earthquake risk map of city objects
in a specific place
U1,U2,U3,UL,U5,U7, U3 8 + Preparation of seismic hazard map of a
ui3.une specific place with integrating ground properties
ul . Def'mng vulnerability for city objects of a
specific place.
(WE:] * Deﬁnlng social vulnerability for an
earthgquake in a specific place
~ Wuwuzusunusuz |+ Estimation of damage when earthquake with
us.u13 e parameters occurs (In which provinces,districts

etc. damage would occur? How many city objects
(building, lifelines etc.) would be damaged?)

U1,U2,U3 UL, us,u7 = Estimation of loss when earthquake with
ug,ui3ue parameters occurs (How many people would die
rty

or get injured? What would be their loss of prope

+ Urban Renewal (First strategy: in place) considering
ocial and economic conditions

(Can the renewal be in place or residents should be
moved to low-risk areas? Where should new buildings
be located? What are the proposed social and
economic conditions ?etc. )

U15, Ui, U17

MITIGATION

[ RISK AVOIDANCE

U1, Ue, U8, U13

MM
o=

[RISK TRANSFER

» Preparation of strategies for shifting risk from
placeholders to insurers

U19, uz20

. _
| —

[PREPAHEDNESS

+ If an earthquake with __ parameters occurs in a
specific place what should be the response plan?
(How much food supply should be sent? Where shoud
be the shelters located, how should be the heath
service ?etc.)

utt, uie, u13, Uik,
uig,uz2o

» Preparation of roadmaps for minimizing loss if an
earthquake with __ paramaters occurs?

~
P—
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Table 7-2: Objects and Attributefor EachScenario

HIGHLIGHTED HIGLIGHTED
HIGHLIGHTED SCENARIOS OBJECTS ATTRIBUTES

* Preparatlon of earthquake risk map of a specific Terrain, Land Use, Risk N
place
+ Preparation of earthquake risk map of city objects Building, Lifelines, 48 Risk
ina spemﬁc place Transportation, e |
* F’reparatlon of seismic hazard map of a Termrain Earthquake Hazard Potential
specific place with integrating ground properties o
- Definmg vulnerability for city objects of a Bu|ld|ng Terram Llfelmes Physical Vulnerability
specific place. Transportation
* Deﬁnlng social vulnerability for an Bwldmg, Land Usa Terram Scmal Wulnerability
earthquake in a specific place
+ Estimation of damage when earthquake with __ Building, Transportahon Damage Estimation
parameters occurs (In which provinces,districts Lifelines, Terrain
etc. damage would occur? How many city ob]ects G
(building, lifelines etc.) would be damaged?)
= Estimation of loss when earthquake with Building, Lufelmes G Loss Estimation
parameters occurs (How many people would die Transportation, Land Use,
or get injured ? What would be their loss of property Terrain
J
+ Urban Renewal (First strategy: in place) considering Building, Lifelines, Transportation il Terrain/Land Use: Risk, Loss Es)
social and economic conditions Land Use, Terrain Building/ Land Use: Economic,
(Can the renewal be in place or residents should be educational, social. ownership,
moved to low-risk areas? Where should new buildings neighbourhood profiles, Damage
be located? What are the proposed social and Estimation
economic conditions ?etc.) Transportation/ Lifelines:
Types, Damage Estimation )
r Preparation of roadmaps for minimizing loss if an Building, Lifelines, Transportationf Terrain/fLand Use: Risk, Loss Est)
earthquake with _ paramaters occurs? Land Use. Terrain Building / Land Use:
Demographic, social, educational
and ecanomic profile, Damage
Estimation
Transportation/ Lifelines:
| & Types, Damage Estimation .
i Preparation of strategies for shifting risk from Building, Land Use Building: Risk,number of floors, )
placeholders to insurers year of construction, number of
occupants, material, type, surface
area of apartment
Land Use: Population, Loss
Estimation, Cumulative Risk-
\ ortfolio J
- If an earthquake with __ parameters occurs in a Building, Lifelines, Transportationf Building: Occupants’ profile, Risk)
specific place what should be the response plan? Land Use. Terrain Damage Esl., lype
(How much food supply should be sent? Where shoud Terrain: Slope, ground properties
be the shelters located, how should be the heath Land Use: Vacancy, Risk, Loss
service Petc.) Estimation
Transportation/ Lifelines : Type,
| N Damage Est., Availability Y,

According to the results of thguestionnairethe mostimportant city objects for
usersof all phasesare found to be Building, Terrain, Transportatiband Use and
Lifelines (Figure7-1). However, theirpreference changeaccording to the phase
(Table7.2). Vegetation and City Furniture are described astijects that havéhe
lowest importance Waterbody is found to bémportant for five of the users;

however seven users even do nomnealer it as an object to be visualized in the 3D
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