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ABSTRACT:

Geo-information techniques have proven their uses for the purposes of early warning and emeygeesponse. These
techniques enable us to generate extensive geoviafion to make informed decisions in responseatonal disasters that lead to
better protection of citizens, reduce damage t@gnty, improve the monitoring of these disasters facilitate estimates of the
damages and losses resulting from them. The maintenand accessibility of spatial information haprioved enormously with the
development of spatial data infrastructures (SDdspecially with second-generation SDIs, in whivh driginal product-based SDI
was improved to a process-based SDI. Through ttee afisSDIs, geo-information is made available toalpmational and
international organisations in regions affectednbyural disasters as well as to volunteers servirthese areas. Volunteer-based
systems for information collection (e.g., Ushahhive been created worldwide. However, the us@®ahaps is still limited.

This paper discusses the applicability of 3D gdorimation to disaster management. We discuss sopertant aspects of maps for
disaster management, such as user-centred mapsedhssary components for 3D maps, symbols, amtdicsthemas. In addition,
digital representations are evaluated with resfretheir visual controls, i.e., their usefulness thee navigation and exploration of
the information. Our recommendations are basedspanses from a variety of users of these techiespipcluding children, geo-

specialists and disaster managers from differenhti@s.

1. INTRODUCTION

Disaster management requires the involvement cdiréety of
people, all of whom have their own professionalpersonal
way of perceiving information. Users do not
unstructured data, but rather, the representafidhese data in
an understandable form. Three-dimensional mappintatural

risks and disasters is an area of study that has significant
growth in the last few years. Virtual environmersisch as
Google Earth, Virtual Earth and Second Life havatdbuted

to the wider acceptance of the third dimension amynfields.

These new approaches to visualisation offer newodppities

for disaster managers, enabling users to obtainlearer
perception of the characteristics of disasters,luiting

providing details on the magnitude of an event Emproving

estimates of evacuation conditions. However, 3ialisation
also brings new challenges.

Generally, the visualisation of information depemads$ only on

the type of data but also on the type of useruigidg his or her
gender, age, disability, behaviour, preferenceditéia task
responsibilities, and other characteristics. Manyrrent

products (e.g., maps, images, web sites, and 3Doements)

for crisis management borrow colour schema, symiamid map
content from existing, application-oriented softejasystems,
models, and visualisations. These visualisatioesnat adapted
to the specifics of disaster management and fatbtwsider the
context of the user or the decision-making procasshe

management level in a state of emergency (Fan éatdriova,

2008, Snoeren et al., 2006). These aspects haegeamlarger
impact when 3D environments are considered.
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Together with other geo-sciences, cartography métkated
research on new types of maps. Ubiquitous mappiitly tlre
ability to map everywhere and for everyone to heived are
only few of the directions for research. In somartades, there

expecthas been significant development in the fields @bitle and

adaptive cartography, which is also based on 3Dpingp

This paper elaborates on the components of 3D mgpihiat

must be extended and adapted for the purpose lkfarsl

disaster management. The following section disau88emaps
and their advantages for disaster management. oc8e@i

illustrates the importance of user-oriented cadpby. Section
4 briefly presents the results of several invesitigas based on
user experiences. Section 5 discusses map comgoaedtthe
new requirements for 3D maps. Section 6 summatieseed
for international research towards map standaidisat

2. BENEFITSOF 3D MAPSFOR DISASTER
MANAGEMENT

The first question to be asked in the course oEigri
management is ‘WHERE?" Where is the disaster? Waer¢he
rescue units? Where are the sources of danger?eVé¢heuld
those in danger be relocated? Without realisingegple often
give a reply that has a 3D component, e.g., ‘Treeifi on the 6
floor’, ‘The rescue units are still down in the legf, ‘The dam
up the hill is in critical condition.” It would benuch more
illustrative if these answers could be accompabig@D maps.
However, processing, analysing, and presentingrid@rmation
to emergency responders requires much more atterda®
compared with the transmission of 2D data.
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Research on integration of data is progressing.i&@pdata
infrastructures (SDI) are developing very quickyh@rvat et
al., 2008). INSPIRE and GMES support many initiaiter the
exchange of data in early warning (EW) and crisimagement
(CM) in Europe. In Australia, an elaborated approbaked on
the 29 generation of SDIs is being adopted (Rajabifard)720
These progressive steps are still far short ofdaali situation,
but they create a data and information media witargnteed
standards. There are also more and more succestipts to
link SDI data with vital data collected via sensrseal time.

In addition, efforts involving volunteer geograplidormation

(VGI) are becoming increasingly important. Muchoimhation

is collected and processed by volunteers duringstiss. This
information poses new challenges, such as how tobo®

structured (SDI) and non-structured (VGI) data mogesses
such as disaster management (Goodchild and Glergtd).

However, all of these initiatives are only 2D; 82 component
is still progressing. Unfortunately, there is nargtard approach
for the preparation of 2D/3D maps. Efforts are o mostly
on the content of the data and not on the presentat

Presently, the use of 3D maps in crisis managemsdirhited.
Members of crisis management and integrated refoiges
include a variety of institutions, such as firevéegs; rescue
services (ambulance); police; ministries of envinemt,
industry and trade, transportation, defence; stdfiees for
nuclear safety; local authorities; and other orgations. For
many (often historic) reasons, these institutiors equipped

legend. In other words, these maps are createddingao the
author’s vision and without any common rules, stadd or
scientific considerations.

The discussion above clearly shows the need fordatas in
cartographic visualisation for the purpose of risld disaster
management. These standards could be adapted aatibeal
level, but they must be internationally developedd a
recognised to enable information sharing in cramsier
disasters.

3. USER-ORIENTED MAPS

Generally, the purpose of a given map is highlycegsed and
is related to the characteristics of the user. fMicawally, maps
are created with the purpose of specific applicatioactivity —
for example, a tourist map would change its appesravhen it
is intended for bicycle trip or a hiking tour or fmrovide
attractive views. Today users need even more s$pecif
information and we have able to provide it — we cansider
her/his background, the specific tasks she/he neegerform
and also her/his individual tastes and preferengémecny et
al., 2011a). The purpose of the map is changingnfro
application-orientedo user-oriented

Crisis management is an example of a complex process
involving different types of users that demands laarc
understanding of the user context to be able tayre user-
oriented maps. In addition, the information to beuded in the

with a set of 2D reference databases (ZABAGED, DMU25maps for crisis management depends on the phadesadter
Geobase, ArcCR500, DMR2, UIR-ADR, and analogue maps)nanagement, the type of disaster, and the typasaflisation

Moreover, these organisations construct their oweniatic

databases according to their own internal needsgxXample,

databases of settlements and sources of hazargs, shflood

areas and land-use, and orthophotos of selected.akevariety

of software packages maintain the datasets in bmsenany

cases, a vendor-based (ESRI, Bentley Systems, lapdrgr
Maplinfo) platform is used, which is supplementedthwi
application software developed specifically forttmestitution.

3D visualisation and 3D analysis of data are irgiregy
included in these applications. However, the usethafse
platforms results in a large variety of vendor-s$fiesymbols,
colour schema, and layouts, which creates problehen the
3D models are shared between institutions. Froar@graphic
point of view, these 3D visualisations do not complith
cartographic requirements for the use of symbelgends, and
colour compositions. Some examples are shown iarEig.

b)
Figure 1: 3D maps of natural disasters: a) 3D nBarr(e,
2011), b) radiation map (Durden, 2011)

The designers have used different 3D point and sya@ols.
The colour systems are also different. The usergaen map
legends (Figure 1l1a), but if they were to use thenesa
presentation to visualise these phenomena on deraédyice, it
would be very difficult to direct the user’'s attimt to the
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(dynamic vs. static).

3.1 Context

3D maps pose new challenges to cartographers,
cartographers should work towards providing appad@rmap
components for crisis management. The 3D presentati
should be very well adapted to the context of ther tio provide
understandable and easy-to-perceive informationnagssages.
This adaptation will speed up the decision-makingcpss and
help to minimise damage and protect human liveszéKand
Stampach, 2010).

In a certain sense, adaptability to the contexttefuser or the
application) is a kind of cartographic generalizati In
adaptable cartography, the variability of 3D digplaand the
variability in the equipment used to display themsirbe taken
into account. Of importance in 3D representatianhée manner
in which space is represented considering the lefeletail
(LOD). The LOD also reflects the necessary amouht
information required to make a decision.

In EW and CM, the aim is to adjust the map to ther'ss
cognitive abilities and shorten the time necess@aryextract
required information from the map.

In addition to the specialisation of existing 3Dntaxts, new
contexts related to specific environments shouldcheated.
These adaptations include the hardware charadterist the
visualisation environment (e.g., screen resolutiomhich
influences the size of symbols, the number of niggtishable
colours, and transmission characteristics indigathe amount
of available data at a given time. They must aksketinto
account the external environment — the time, tlesae of the
year, the location of the user, visibility, and manther

and
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environmental characteristics. Examples of changas
visualisation according to changes of context aneery in

Figure 2.

3D Map
o
E) \
-
ACTIVITY e <3 USER
-solved problem 2y - -education
-spatial extent - o0 corf -experience
-importance of Content -culture
events Level of details -preferences
Symbols
TECHNOLOGY S'TulAT'ON
-data usage -place
-time
-transfer speed entati
tovel & -orienta |?n
interactivness -natura
conditions

Figure 2: Examples of changes in visualisation atiog to the

geographical and social settings in which they la@ated.
Stingfield (1996) distinguishes between primaryei power
outages, terrorism, chemical releases, earthquélkesls, and
hurricanes), and secondary disasters (e.g., ahoegte could
cause a structural fire, which may, in turn, burrt oircuits,
resulting in a power failure). Parasuraman and khistinan
(2004) classified natural disasters into two catiego major
(earthquake, flood, drought, cyclone) and minoratheave,
cold wave, landslide, avalanche, tornado). Intéonat

organisations such as the UN and World Bank have als

provided classifications of disaster that can hesaered in the
development of maps. It is difficult to considerdyane type of
disaster. For example, floods often trigger lamtésli a power
failure may result in an explosion and damage tam, which
can lead to a flood disaster. Therefore, multipkksr and
hazards must always be considered (Bell and Glid@4R

3.4 Dynamicvs. static representations

Natural risks and disasters can be presented om&is using
different kinds of visualisation depending on wiestistatic or

change of context (adapted from Stanek et al., 2007 dynamic information is needed. These risks andstisa can be

All combinations of the aforementioned contextsateea large
number of potential types of 3D cartographic vigaions. In
real-life situations, processing such informatienlimited by
time. To be able to generate a variable contemhayfs in real
time, we have to limit the number of alternativediles
preserving all substantial advantages of adaptarography.
The method for the required selection of alterretivs the
definition of generic user profiles together with a
determination ofndividually adjustable parameterSimilarly,

it is possible to determine several typical sitoasi related to
map content; such content can be appropriatelerditt
depending on individual situations.

To create profiles and situational diagrams, inésessary to
analyse the decision-making processes for which3thenaps
are used — what the situations are like, what thesrof users
are, and what types of users are likely to takeéipaesponding
to the situation. The dependence between a uséteprad the
situational diagram is apparent when a certain tfpagser can
only face a specific, determined situation.

3.2 Thedisaster management phase

The existing phase of a disaster or risk managemetess is
one of the major factors to consider in developiBD
representations (Konecny et al, 2011b and Reznék e2011).

represented on 3D maps at different scales, withing LOD,
and representing different areas (from world ty @hd its
districts). Computer graphic components such asdjgiolours
and textures, billboards, fogs, collision detectiam be used to
enhance the user perception.

Another important aspect of visualisation is vittoamera. The
virtual camera can be seen as a new cartograptiealent of a
3D map, and it is used for the purpose of animativhen the
animation parameters are set (focal length, carapge), the
maps designer must take into account the lengtheopath, the
camera speed, and the number of frames per setwbd,able
to produce an animation of a good quality.

4. THE COMPONENTS OF 3D MAPSAND THEIR
ROLE IN DISASTER MANAGEMENT

There have been several attempts to define theeobof 3D

environments. The content of 3D maps does not rdiffach

from that of 2D maps, i.e., it should contain sfie@bjects of

interest in appropriate LOD with their semantic$ {toeme),

symbols, colour composition, legend, and densitglgécts. As
discussed above, the content of the 3D map isrdeted and
designed after the definition of the objects andnamena that
will be included in the map. The content of a 3Dpmtan be
subdivided into three themes:

- Main content - large topographic or landscapectsjsuch as

For example, a map to be used for immediate emeygen relief bodies, roads, and buildings. Most 3D magsighed and

response will differ from a map intended for aftatinor risk
assessment. Processes, objects of interest, dsl dlasuld be
classified for each phase in disaster managemdataibva,
2010). However, many authors agree that the dagalatkto

presented by different companies contain only ¢bigtent.

- Secondary content - basic information about swilajécts in
the environment; for example, in 3D urban maps,ectsj
represented by symbols, facilities, transport elese

assess risk and disaster are complementary and bwist information signs, trees, dam walls, and wells.

available to a user at all times (e.g., Neuvel Ziatanova,
2006).

3.3 Typesof disasters

The type of disaster primarily influences the otgeto be
modelled and their representation. The most comdisaster
subclasses are natural (e.g., floods, landslidaghguakes,
tsunamis, and volcanoes) and human-caused (edustimal
accidents, fires, and terrorist attacks). Howedefinitions and
categorisation of disasters vary according to geEmess, the
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- Additional content - qualitative and quantitativormation
about objects, often created as a textual databaksing to
each designed object or the map as a whole.

The main content is convenient for the visualisati6 flood or
fire situations because it provides basic inforomafor all types
of users. Secondary content, building upon mainertn offers
the potential for a higher level of decision makiAglditional
content includes the detailed information that wovarious
users (including researchers and analysts) to make detailed
analyses about crisis management situations.
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Many approaches have been followed
functionalities that digital maps should offer. hhei(1998)
defined three I-factors: immersion, interactivitydainformation
Intensity (or Levels of Detail, LOD). MacEachrenatt (1999)
added the I-factor of intelligence (about objectsjhich

most appropriate approach to learn more about svant

to classify thalisasters. However, a system that can manipulbtdf Hie data

to allow multi-view visualisations and even editimgay be
beneficial.

5. REQUIREMENTSFOR 3D MAP COMPONENTS

Wachowicz (2002) and Lammeren and Hogerwerf (2003)

further extended. Zlatanova et al. (2010)
animation/video (a predefined walk-through), intti@n (the
ability to navigate, zoom, and manipulate), quéng (ability to
explore attributes of objects, e.g., the area ohoaise or
apartment), feedback (the option to provide an iopin and
change (the option to edit the shape or positioa bbuse) as
additional attributes of functionality in 3D repesegations.

To investigate the need for 3D maps, their contant their
interaction, we performed several investigationsdifferent

suggeste§.1 Symbols

Symbols play a critical role in risk and disastearmagement
maps. Symbols are used to represent important (non-
topographic) information, such as rescue units, ltatse
dangerous locations, and the type of danger. Maittyoas and
organisations have proposed standards for symistérag to
represent natural hazards and risk processes, hytfar 2D
maps. All of these systems are defined as natstaadards, but
they are produced by different branches of sciemzk practice

countries with risk management or disaster manaQEmeand are often difficult for non-professional usersinderstand.

specialists (from municipalities) and citizens (uting young
people and children). Much attention was paid toghrception
of 3D standards such as CityGML (www.citygml.orgdathe
LOD it offers. It was interesting to see that altbh 3D
representations are attracting more attention, susaere
concerned about the availability and cost of d&ate concept
of LOD of CityGML (with which responders and the gea
public were not familiar) was seen as a very prorgispproach
towards agreeing on standard abstractions andsemtaions.
Consensus was reached on what LOD is appropriatendory
of the well-known, specific national maps. The gehe
understanding was that simple LODs should be used f
overview maps and for representation of spatialyaiga(such
as plume movement). Detailed LOD (LOD3 and LOD4)dd
be used when the view is from a street level andnwihdoor
navigation is considered (Zlatanova et al., 2010).

Our research on young peoples’ understanding ofsnfap
disaster visualisation showed that they have sarf@mation

about EW and CM without being taught in school..

Investigations with 10- to 15-year-old students ngsi
topographic maps as a base material have shownttieae
students can work with maps effectively. Their odlfficulty
was the reading of contour lines on 2D maps. Howethese
students experienced no problems in explainingngusor
manipulating 3D terrain models. Children like andsilga
become familiar with pictorial symbols representidifferent
natural disasters. A symbol system was designedesteld with
participants from Bulgaria, Czech Republic, Portugahd
Slovakia. The results showed that Portuguese @hmldr
completely understood the content of Bulgarian togphic
maps. This result indicates that the symbologyopbgraphic
maps could be an ideal basis for creating mapeddy warning
and disaster management (Bandrova et al., 2010).

This investigation on interaction with 3D maps dgaevealed
that functionalities also need to be adapted touter context.
Interviewed specialists from municipalities wereneimced that
systems designed for citizens should not extendordy
receiving input from citizens. Citizens should n& @ranted
rights to modify or delete information. Collectingférmation
from citizens on a volunteer basis was also comsijebut
concerns were expressed about the validity andracgwf this
data. Such information has already been recorded
maintained but using the telephone connectionschvailow a
kind of quality control (Dilo and Zlatanova, 201 Bnimations,
navigations, and tools to explore objects via aoidl
information from provided web links have been irmdéd as the
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In this respect, it is expected that 3D symbold Wé better

accepted by the general public. Three-dimensioyrabsls are

able to convey more elaborate meaning. 3D symbalse m
accurately represent real objects and phenomena #ia

symbols. Therefore 3D symbols help the user in gating

through and orientation in the 3D model (Zlatancaad

Bandrova, 1998).

Cartographic symbols should have clear and con@&8gitions
to be easy to read and perceive. 3D symbols shbeld
recognisable in 3D maps without a legend. An addéi
important characteristic is to be accurately lodaia a map to
represent the real position of objects. Finally, 3iimbols
should provide quality and quantity information abahe
object, phenomenon or process they represent.

The steps for symbol creation can be defined davist

- gathering information about an object (qualityd aguantity
characteristics, images, textures);

- analysing information and collecting data abadteobject;

- designing symbols by applying computer graphechniques;
- visualising symbols in the virtual or paper enviment;

- providing additional tools querying informatiorbaut an
object.

Furthermore, symbols should cross cultural bar@ersnuch as
possible, relate to each other in a hierarchicaieoed structure,
be based on common cartographic standards and ppeate
research, and be visualised effectively in both-lawd high-

resolution computer displays (Kostelnick et al.0&p

5.2 Colours

Colour schemas can be defined using computer defisitof
colours for screen presentation in the RGB coloueseh The
United Nations ISDR Secretariat, which publishes yramoks
and brochures to help teachers prepare for emeygénations,
follows this approach. It produces emergency tabiéth
different colours for many disasters. For exampleeen’ is
associated with no alarm, ‘yellow’ with vigilancerange’ with
pre-alarm, and ‘red’ with alarm. These tables aigely used
and should also be defined as a map standard in
visualisation of risks and disaster processes.

the

an

Colour definitions may help not only cartographensl anap-
makers but also users who consume cartographicniation
via mobile phone, screen equipment, and paper oressof
computer-generated ubiquitous 3D maps.
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Colours for visualisation of disasters are also psggl. The
colours are highly saturated because the diagrdmsald be
clearly visible on the map background. A secondo$eblours
is defined for area symbols, which can be used drackd
colours. Some examples are given below:

drought — 3D point symbol R =255 G=250 B=60
earthquake — 3D point symbolR=0 G =155 B=80
flood — 3D point symbol R=90 G=90 B=160

drought — 3D area symbol R =255 G =250 B=150
earthquake — 3D area symbol R=100 G =185 B=95
flood — 3D area symbol R=140 G=130 B=180

Standardisation in colouring for symbol systems araps is a
long-term process and might continue in differemmeations.

Every colour system should be thoroughly testedimmoved

to become more clear and readable for users. Ug@rsbns on

how they react to different colours in times oki@imay also be
a useful line of investigation.

5.3 Scale/LOD

Scale/LOD is another important component for theetigoment
of maps for disaster management. Different cousitni@intain
maps in different scales and resolutions. In mayntries, the
smallest scale is 1:200,000, and it is used om#imnal level
for disaster management. Larger scales are used regional
level, depending on the affected area. If a caayplgic product
is in 3D, then measurements and design can be ctewlusing
real dimensions, and visualisation can be perforredany
suitable scale.

5.4 Typesof mapsand generalisation

In disaster management, five main types of carfugca
products can be distinguishatisk maps, early warning maps,
reference maps, assessment maps, and thematic. ik
these products are used by headquarters, decisiersnand
on-field operations in Europe and worldwide. Themteapid

6. CONCLUDING REMARKSAND DIRECTIONSFOR
FUTURE WORK

In this paper, we discussed the role of 3D mapsligaster
management. We argue that 3D maps have the pdteatia
improve the disaster management process. Threeadioral
maps can resolve many perception problems and geawviore
clearly presented information. Our user interviewgve
confirmed that young people prefer 3D informatibloawever,
the preparation of 3D maps involves much more lafioioth
the design of appropriate 3D map content and theldpment
of appropriate functionality for 3D map interactoriThe 3D
map should be flexible, adaptive and prepared vatpect to
the context of the user, the type of disaster, iedphase of
disaster management. The research on these topicequire
the integrated efforts of researchers from manyewdht
disciplines, including cartography, knowledge ewegirng,
cognitive science, computer graphics, and humarhimac
interaction.

An important task of cartography educators is teppre the
general public to read and understand geographbiia. This
preparation should begin in schools. Currently, nite for
educating children exist in many countries, butytheve
limited distribution. A number of pilot projectseadevoted to
educating children, but the efforts are still iffsiént.

The major challenge for disaster management islatdisation.
All efforts should be directed towards establishiram
international standardisation process. This procestd begin
by using data standards for map components, suctiats
classification, map content, map symbology or presgen, and
data usability. The processes related to map designalso
matters of standardisation. Many international niggions
have initiated activities towards achieving thisigo

The International Cartographic Association (ICA) &kihg a
leading role in preparing guides on map-making éarly
warning, risk and disaster management, and emeygeeeds.
The ICA follows resolutions and agreements from Vierld
Summit on Sustainable Development

mapping is often used to notate the quick recording of(www.worldsummit2002.0org) but mainly from the Urdte

information on a map. Such mapping is performed édhiately
or as soon as possible after the disaster happemrsse of
humanitarian crises, natural disasters, and marereagkrgency
situations. A reference map produced in this waguh be
available within six hours after disaster strikdtie damage
assessment maps should be available within 24 haods
updated daily, and the situation maps and forecabtthe
evolution of situations should be ready within finst few days
or weeks after a crisis (as recommended by GMES).

Indeed, appropriate databases and SDlIs are recoingcpare
all of these types of maps. In many cases, gesataln on the
basis of existing data or newly acquired data ¢uired, but
automatic generalisation is not recommended. Capbmrs
and specialists in crisis management have to devideh data
in the database are appropriate for each case, diaakter
management situation and each disaster. The seddalématic
generalisation is expected to be most suitabléim dase. The
level of generalisation should also be adaptedhé¢oaspects of
the user context, i.e., activity, technology, used situation
(see Figure 2)
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Nation Hyogo Framework (www.unisdr.org). The prisnar
activity of the ICA is the establishment of a woidigroup in
this field. The activities of this group focus dretorganisation
of various worldwide meetings and seminars as wasllthe
propagation of cartography and Gl technologies igk and
crises management. Similar initiatives are ongoingother
international organisations, such as ISPRS, UGG, Find
JBGIS (Altan et al., 2010).

It is clear that different international organisas should
cooperate to define mapping standards for risk disdster
management. Some very successful steps in thistidinehave

been taken by United Nations (UN) ISDR Secretariad, a
recently, by the IRDR initiative (Integrated Research

Disaster Risk). OGC has also recognised the needhdpping

standards and has established a special domairingogkoup

on disaster management.
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