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Abstract. The project “Risk Map Germany” at the Cen- the natural threats earthquakes, flooding and windstorms as
ter for Disaster Management and Risk Reduction Technol-well as man-made risks have been investigated.

ogy (CEDIM) aims at visualizing hazards, vulnerabilities  The research revealed a range of results such as vulnerabil-
and risks associated with natural and man made hazardswy, hazard and risk maps of the different threats at different
CEDIM as an interdisciplinary project unified various exper- spatial scales. In order to consolidate the project results in
tise like earthquake, storm and flood disaster research. Oug consistent way, a uniform accurate cartographic style was
aim was to visualize the manifold data exploration in the- to be developed and the various maps were to be represented
matic maps. The implemented Web-GIS solution “CEDIM to the public in an atlas. It was decided to publish an elec-
Risk Explorer” represents the map visualizations of the dif-tronic atlas using the Internet and in doing so reach a vari-
ferent risk research. This Web-GIS integrates results fromety of users at low costs. Our research work is focused on
interdisciplinary work as maps of hazard, vulnerability and the possibility of a synoptical representation of the generated

risk in one application and offers therefore new cognitionsthematic maps. Therefore, this paper presents the results of
to the user by enabling visual comparisons. The present paa working group whose aims were

per starts with a project introduction and a literature review

of distributed GIS environments. Further the methods of map 1. formulating proposals for the cartographical visualiza-
realization and visualization in the selected technical solution  tjon of different themes,

is worked out. Finally, the conclusions give the perspectives

for future developments to the “CEDIM Risk Explorer” 2. compiling the CEDIM results and classification in map

themes, and

1 Introduction 3. implementing a technical solution for the online map
publication that allows the user to compare different
1.1 Risk atlas as an output of the project “Risk Map Ger- risks.
many”

The paper is organized as follows: At first, an introduction
The main aim of the project “Risk Map Germany” in the Cen- of GIS applications for the Internet especially for the World
ter for Disaster Management and Risk Reduction TechnologyWVide Web (WWW) and mapping application with a focus on
(CEDIM) is to generate risk maps associated with natural andlisaster and risk management is given. Section 2 discusses
man made hazards in Germany. Different risks were to be andifferent methods of cartographic visualizations, the methods
alyzed, compared and finally synoptically visualized in form we used for this study and further the map themes classifica-
of cartographic presentations. Within CEDIM, risks due to tion. The general and technical requirements for the visual-
izations within the project “Risk Map Germany” are outlined
Correspondence tavl. Mller in Sect. 3. An elaborative conclusion with focus on future de-
(matthias.mueller@gfz-potsdam.de) velopments in Sect. 4 closes this paper.
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1.2 GIS applications for the Internet ing or location based services (LBS). In the disaster and risk
management a few projects implementing a distributed GIS
As Taylor (1994) predicted, new ways of cartographic vi- were realized. For instance, Latini andtxben (2005) devel-
sualization were explored and discovered in the last yeargped a landslide inventory tool which enables municipalities
due to the digital innovations. In this context Geographicto sketch landslides without having a GI-System. Further-
Information Systems (GIS) play a leading role for the visu- more, a few projects are in progress, staying in a concep-
alizing of spatial data. GIS are meanwhile a widely spreadtual stage like a distributed spatial data library (Hunter, 2005)
tool for the handling of all kind of geodata. Besides visu- or a content based image search for satellite imagéb¢
alization, GIS are well known for storing, manipulating and 2005).
analyzing of spatial data. Several years ago GIS were used To enable these interoperable Gl-Services the compliance
as stand-alone applications and limiting the number of usersf standards like the International Standardisation Organisa-
who have access to a GIS software (Peng and Tsou, 2003jion (ISO, 2003) and the Open Geospatial Consortium (OGC,
With the use of Web technology GIS concepts become more002) specifications are compulsory conditions. These de-
open, accessible and mobile (Dragicevic, 2004). A grow-velopments in software architecture enable users in an open
ing number of GIS software developers equip their softwaredistributed GIS service architecture to search, access and re-
with online functionalities so that the Internet could becometrieve geodata and GIS analysis components from any server
the general platform for the distribution of geo-information (Peng and Tsou, 2003). Current research efforts focus there-
(Green und Bossomaier, 2002). Different terms have beerfore on the interoperability of geoinformation. For example,
used for the developments of GI-Systems for the World Widethe project ORCHESTRA, funded by the European Commis-
Web: they called e.g. Distributed Geographic Information sion, will improve the interoperability in the multi-risk man-
(DGI) (Plewe, 1997), Internet GIS (Peng, 1999), On-line- agement by implementing open service oriented software ar-
GIS or Web-based GIS. These terms differ sometimes alsghitecture (Annoni et al., 2005).
in their meaning, but in general they all deal with Web tech- Nevertheless, designed maps play an important role in a
nologies. However, it seems the simple term Web-GIS hasneb-GIS environment as well (Kraak, 2004). Atlases tradi-
become widely accepted. tionally consist of a collection of maps which follow certain
Web-GIS facilitate the open use of GIS to spatial data ac-systematics, e.g. the same scale or the same theme. This def-
cess and dissemination, to spatial data exploration and geadnition also applies to a so-called electronic or digital atlas.
visualization and to spatial data processing and ergo it conin this work we use the term digital atlas as a synonym to
tributes to the democratization of spatial data (Dragicevic,Web-GIS.
2004). Today Web-GIS are mostly not complete GI-Systems Several applications of digital atlases which deal with the
in contrast to Desktop-GIS which have a broad range of functopics vulnerability, hazards and risks have already been
tionalities. There exist a great number of applications whichimplemented in the World Wide Web. For instance, there
focus on various aspects of Web-GIS. For example, Web-are some Web solutions containing hazard maps as a main
GIS applications span from Web mapping applications forcomponent like the Multi-hazard Mapping Initiative by the
the distribution of static maps like the PCL Map Collection Federal Emergency Management Agency (FEMA, 2005) in
of the University Texas (PCL, 2006), to Web-GIS products Washington D.C. or the interactive hazard atlas “CatNet” by
which include multimedia (Cartwright, 1999), to the realiza- the Swiss Re reinsurance companyv(Ss Rg, 2005). An-
tion of electronic atlases like the Internet atlas of Switzerlandother initiative is the “Coastal Risk Atlas” by the National
(Richard, 2000). Other kinds of Web-GIS applications are Oceanic & Atmospheric Administration dealing with topics
Mobile-GIS solutions that can be found in cellular phones of vulnerability and risk (NOAA, 2005). A comprehensive
or mobile navigators etc. These Web-GIS provide in mostelaboration of international initiatives on this topic is given
cases just few GIS-functionalities and therefore they can bey Maier (2005).
regarded as pure information systems. However, most of the currently available WWW solutions
Distributed GIS is a network-centric approach of GIS either focus on only one (natural) hazard or only on hazard
which deliver geoinformation and analysis tools over the In-or vulnerability/risk maps. In contrast, the “CEDIM Risk
ternet. Data and processing tools can be integrated locally ifexplorer” combines three thematic map types, i.e. hazard,
a Web client like a standard Web browser and provide func-vulnerability and risk maps, for several hazards types in one
tionalities like a real Desktop GIS. Different type of data and application. In this context, the application was carried out
analysis tools are allocated on different servers. Such disas an interdisciplinary information platform. The challenge
tributed GIS uses the advantage of the Internet as a giant diswas among others to harmonize the heterogeneous data sets
tributed system (Peng and Tsou, 2003). A distributed GlSand the different results to common map visualization for
consists of several open and interoperable components whicBermany, for more details on harmonization seghl€r et
can be requested by users to establish so called Gl serviceal. (2006). At the end a comparative view of the different
This enables a number of service possibilities like searchingisks should be provided in the Web-GIS “CEDIM Risk Ex-
for geospatial data, spatial data sharing and on-line processlorer”.
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Table 1. Data properties of hazard, vulnerability and risk maps in CEDIM and their suitable graphic compositions (Maier, 2005).

Data characteristics Suitable graphic compositions
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2 Risk maps and cognate map compositions One important classification category relevant to the as-
signment of suitable graphic compositions for the map out-
2.1 Methods of visualization come of CEDIM is theData Characteristic Among others,

it can be distinguished into the following classes: digc-

The visualization of spatial data, especially according toreta, (2) continua (3) qualitative (4) quantitative (5) abso-
cartographic standards, was a research subject for the lagite and (6)relative. Having the knowledge on the classifica-
decades. The evolution of the communication-oriented cartion categoryData Characteristicsn mind, suitable graphic
tographic research towards the recent map-based geovisualompositions can be assigned as shown in Table 1.
ization has been pushed and accompanied by the Commis-
sion on Visualization and Virtual Environments of the Inter-
national Cartographic Association (ICA) (see MacEachren
and Kraak, 2001 or WWWhttp://kartoweb.itc.nl/icavis/
overview.htm).

Declaring the aim, the purpose, and the use of the map i

A further methodological approach can be seen in the
use of visual variables. The visual variables that fit best to
represent areal phenomena at an ordinal or numerical mea-
surement scale are lightness and hue (MacEachren, 1994;
SSlocum, 1999). By using hue to represent ordinal data, the

of crucial importance for a correct cartographic visualization.C""rtographer has to maintain a carefully ordered selection,

MacEachren and Kraak (1997, Fig. 2) defined four use goal§UCh a;str)]/ellov(;/: orlaggte arflgihred, whigh in}_pliet_s th_e rinkef nf'
in a map-use cube: exploring, analyzing, synthesizing an&ureso e Oera daMa. feGmap visuatization in Ig.l (f)
presenting. They conclude that the emphasis of one of then{‘ae eismic Hazard Map of ©ermany gives an example for

requires different visualization strategies. The map visual- is method.
ization in the “CEDIM Risk Explorer” meets the purposes  Another visual variable, described by Slocum (1999), is
of presentation and analysis (see Sect. 3). Thereby the prehe variation of symbol sizes. Size can be applied in a pro-
sentation enables the cartographic communication betweeportional manner according to the data values to be visual-
the map-user and the map. “Analysis” is here defined as @zed. Every symbol has a distinct size that can, in sum, over-
general search of new relationships between different datgax the perceptual skills for differentiation of a human ob-
sources and the possibility to answer questions by maps, foserver. Hence, a similar method uses classification again to
example, the spatial analysis operation by the visual overlayreduce the number of different symbol sizes to a perceptible
ing of two or more datasets and/or maps. degree. This method is referred as graduated symbols shown
In order to meet the map goals in CEDIM and to visualize in Fig. 2. It provides a better overview of the data value dis-
the statistical data within its spatial context in a suitable man-tribution at a glance. However, the map in Fig. 2 shows the
ner, the characteristics of the underlying phenomena have tbmitations of a paper printout at the chosen scale. The under-
be determined. A scientific classification of the representedying information of community boundaries and settlement
phenomena helps to acquire knowledge about laws pertinerdreas is almost entirely masked by the symbols. The sym-
in single classes (Ogrissek, 1987). Efforts towards classibols are also partly overlapping, especially in the dense mid-
fication schemes in cartography were made e.g. by Imhoflle part of map. This problem can be solved here by using a
(1972) or Arnberger (1997). An enclosing compendium of zoomable screen map representation, like the “CEDIM Risk
the processing of spatial data including classification aspect&xplorer”, where a user can choose a customized scale that
is given by Andrienko and Andrienko (2005). fits better to his requirements.

www.nat-hazards-earth-syst-sci.net/6/711/2006/ Nat. Hazards Earth Syst. Sci., B202D06
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Seismic Hazard Map Germany
Intensity values for a non-exceedance probability of 90% within 50 years
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Fig. 1. Seismic Hazard Map Germany. Intensity values for a non-exceedance probability of 90% within 50 years. Example for a filled-in
isoline map with steps in lightness and two hue transitions in the ordinal measurement scale (data source Tyagunov et al., 2006).

Finally, for the purpose of comparison of e.g. flood and lution for a wide range of problems in data representation. A
storm or earthquake risks at the same location small multi-diagram map enables users to directly compare quantitative
ples and diagram maps can be suitable. Small multiples refevalues for a certain geographic location.
to individual univariate maps that are displayed in a constant
format and in ordered sequence next to each other. They ful- However, for the general map compilation in CEDIM it is
fill the visualization tasks of (1) what is at a given location important that quantitative data is classified and visualized
and (2) where is a given characteristic (Bertin, 1981, 1983).using the same methodology that enhances the value compa-
Small multiples are described by Tufte (2001) as the best sorability.
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Seismic Risk Map Germany. Estimated direct loss [Mio. €] due to damage to residential
buildings per community with a non-exceedance probability of 90% within 50 years
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Fig. 2. Seismic Risk Map Germany. Estimated direct loss (Mio. EUR) due to damage to residential buildings per community with a
non-exceedance probability of 90% within 50 years. Example for a graduated symbol map (Data source Kleist et al., 2006).

2.2 Map themes classification in the project CEDIM map is produced. Risk assessment shall be the first step in a
serious consideration of disaster reduction strategies (United

Risk maps play an important role to visualize the results ofNations ISDR, 2004). However, different approaches are
a risk analysis. Risk assessment describes a methodology R#ssible like the three-stage procedure by Chung et al. (2005)
analyse the intensities and probabilities of hazards in combiWhere first a hazard prediction map is created, which is fol-
nation with the vulnerability of all the elements (objects, peo- lowed by a validation step and will finally end in the genera-
ple etc.) in the region under study. Therefore, several stepon of a risk map.

of analysis and modelling have to be undertaken before a risk

www.nat-hazards-earth-syst-sci.net/6/711/2006/ Nat. Hazards Earth Syst. Sci., 520 2BO6
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Fig. 3. Main map outcomes in CEDIM. Source: adapted from COVA (1999, Fig. 3).

It has to be acknowledged that the definitions of vulnera-
bility and risk used in the CEDIM project emphasize techni-
cal vulnerability and the assessment of direct economic dam-
age and neglect many aspects of social vulnerability as they
are discussed e.g. by Blaikie et al. (1994).

45 In the framework of a quantitative risk analysis, the de-
termination of building assets and their spatial dissemination
- was an important step towards a common data set that has
been used by different CEDIM research teams (e.g. flood,
earthquake and storm) for risk analysis purposes. For a com-
parative risk analysis building assets were considered as ele-

Within CEDIM risk is defined as the probability that a ments at risk to be analyzed first (see Kleist et al., 2006 and
given loss will occur or will be exceeded. Based on this defi- Thieken et al., 2006). The cartographic outcome of the asset
nition risk assessment is a three-stage procedure resulting idletermination is assigned to the map classification “Vulnera-
mainly three kinds of thematic maps schematically shown inbility Map”, since it is a step towards generation of vulnera-
Fig. 3: (1) hazard maps, (2) vulnerability maps and (3) risk bility maps. The above mentioned map classifications of this
maps (Cova, 1999). To distinguish between those three maptudy with the amount of the preliminary map realizations are
representations the following definitions hold for CEDIM’s shown in Table 2. This table represents first the map outputs
Risk Map Germany project (Maier, 2005; Merz et al., 2005): of the earthquake risk of one map each for the three different

map-kinds because earthquakes were just considered for the

1. A Hazard Map, sometimes called Hazard Zonation entire Germany without return periods. The other categories:

Map, represents the spatial dissemination of a hazard&Flood Risk, Storm Risk, Man Made Hazards and Asset Es-

and its intensity with the declaration of an assignedtimation will mostly results in more than one map. That is

probability of occurrence or exceedance probability.  due to the investigated regions, e.g. on federal or community

level and by the different hazard scenarios with various re-

2. A Vulnerability Map is distinct for representations of tyrn periods. A few empty cells in Table 2 appear due to the

the damage potential of a phenomenon (expressed imature of the investigated phenomena, e.g. the asset estima-

terms of relative or absolute monetary loss) on the onetion can be only result in vulnerability maps which are then

hand, and the susceptibility of elements at risk (accountsnputs for the generation of risk maps.

for parameters that affect the degree of destruction, e.g.

building construction) on the other hand.

Table 2. Overview about the preliminary map compositions.

Hazard Map  Vulnerability Map  Risk Map

Earthquake Risk 1 1 1
Flood Risk 2
Storm Risk 4-5
Man Made Hazard

Asset Estimation -

ownnN |
|

3. A Risk Map shows the spatial allocation of risk, which
represents the expected damage or monetary loss and its
assigned exceedance probability.

Nat. Hazards Earth Syst. Sci., 6, 7720, 2006 www.nat-hazards-earth-syst-sci.net/6/711/2006/
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3 The “CEDIM Risk Explorer”

——————— —_———— ———————q
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3.1 Requirements of the application }
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All Web-GIS are entirely or partly based on a map server
technology, which was therefore also chosen for the imple-
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mentation of the “CEDIM Risk Explorer”. The digital atlas :
|
|
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d Storm Risk
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Connector

application named “CEDIM Risk Explorer” shall publish the
risk information via the Internet in order to increase aware-
ness to natural and anthropogenic risks. A range of poten-
tial users may comprise insurance and reinsurance compa
nies, decision makers at various administrative levels (fed-| | Visualisation-Tier | | ILogic-Tier ~ | |Data-Tier |
eral, regional, communal), emergency and catastrophic man
agement or other researchers and interested public as well.
Several general requirements are imposed on the “CEDIM
Risk Explorer” taking into account the range of potential Fig. 4. Client/Server system of the “CEDIM Risk Explorer” in log-
users. For the users an operational availability must be givetically three-tier and physically two-tier architecture.
which is inherent by a Web application. The map informa-
tion should reach the user in a sophisticated way so that an
intuitive handling and map presentation are warranted. OrMap Service) by the Environmental System and Research In-
the other hand, the underlying data must be protected fronstitute, Redlands CA. (ESRI). A user request is transmitted
an unauthorized access. Finally, the conveyed informatiorthrough the Web server further to the map server. The map
should give the current state of the research. server generates a raster image from the data tier which is vi-
Furthermore, some graphical requirements should be fulsualized by an image service back through the Web browser.
filled. For example, a well designed cartographic display can In this study an existing map server application, the
be easily understood by a wide audience (MacEachren andCEDIM Data Center” could be used as a layout template.
Kraak, 1997). A Web application, especially a cartographi- The “CEDIM Data Center” is an implemented map-server
cal visualization, has to warrant that a suitable graphic com-solution of the sub-project “Data management and GIS” in-
position meets criteria for screen displays. These are e.g. aide CEDIM (Kohler et al., 2006). This application works as
suitable line width, the possibility to adapt layer technique @ Geodata-Server, which gives an overview of spatial data
and the preference to visualize area symbols over line symsets to the members of CEDIM and provides data down-
bols. The Graphical User Interface (GUI) has particular rele-load functionality (Kohler et al., 2004). The kernel of the
vance for the acceptance by the user. Graphical clearness afi@EDIM Risk Explorer”is based on this Geodata-Server due
balance of the information volume and tools are therefore ofto the expected high effectiveness and low realization costs.
enormous importance. The arrangement of the unique ele- The “CEDIM Risk Explorer” — in its layout shown in
ments should be based on general design rules (Plewe, 199ig. 5 — offers a structural customized table of contents based
They define the central object, here the map view, in the mid-on the JavaScript dbGroupToc15a (Bollinger, 2004). The ta-
dle with map navigation tools adhered to it. The user shouldble of contents gives an overview of available map layers dis-

Server |

| Asset
[ Estimation
[

|

|

|

|

! ArciMS

| Application | |
|

|

|

|

Client Server

be able to grasp the interface with one view. tinguished in hazard, vulnerability and risk maps, with each
group containing the subgroups referring to a certain type of
3.2 Architecture, layout and functionality threat (storm, earthquake, flood and man made hazard). The

group of vulnerability maps also includes general maps about
The Web-GIS solution “CEDIM Risk Explorer” is struc- number of people and assets potentially at risk as presented
turally built as a typical Web client/server model. The archi- by Kleist et al. (2006) and Thieken et al. (2006). The table
tecture consists of a tier structure (Fig. 4). From a logically of contents provides the functionality of toggling the map
architecture view it is a so-called three-tier structure wherelayers. Together with a range of base maps and digital ele-
the tiers are termed gwesentationlogic anddata (Peng  vation models it gives potential users the possibility to com-
and Tsou, 2003). This application is also shared in a physpose different maps for their own needs. The user has thereby
ically two-tier structure on the other side. Thereby fre- the possibilities to choose a custom geographical area and to
sentation tierresides on the client side in a Web browser or combine the risk information layers for his/her needs. A print
a GIS-Software client and covers the visualization part. Onfunction provides additional generation of a custom map to
the other hand, thiegic tier and thedata tier are located on  the user. A print form in a fixed “CEDIM Risk Explorer”
a server side. layout gives a print preview with additional information like
Figure 4 further indicates the data flow of the application a reference to the map data for the user-composed maps.
based on the commercial software package ArcIMS (Interneflhe printout also includes an overview window indicating a

www.nat-hazards-earth-syst-sci.net/6/711/2006/ Nat. Hazards Earth Syst. Sci., B202D06



718 M. Mller et al.: CEDIM Risk Explorer

¥ Available Datasets
= [ Risk Maps
-= [l Wind N o
i.[ijlvl ® Expected Loss in 50 y 1 & 7l
- 1 [JEarthquake
& CFlood #
¢ [IMan Made ¥
= [JHazard Maps i !
8 [ Wind 5 o Saarpricken
¢ [JEarthquake ; -
2 [ Flood v
- @ [IMan Made
= [JVulnerability Maps
-0 [0 Wind ’
o [ Earthquake i Luidy gsburg

-2 [ Flood SchwabaE
¢ [[/Man Made

“tu
- 1 [ Asset Estimation %@%&gﬁ%ppmgen
[ Location/Boundaries =
~[§1#¥ © Federals
(3@ © Federals (filed polygons)
[H® & Communities
[3[0 & River catchment BW
= [ BaseMaps
-=[Z ESRI Data
i1 ¥ Location
i~ 0 M Transportation
i1 [ Water
- 0 [Z Elevation
o [JImagery

“{Q/urzlbu rg

?1rma’59}r&f

D .

S
+
¥ Auto Refresh

Zoom In

Copyright (C) 2005 CEDIM
Fig. 5. Layout of the CEDIM Risk Explorer — table of contents, map window, toolbar.

localization of the selected printed map section on the wholdng spatial relations to the user rather than the creation of new
map extent, and a legend of features selected for printing. knowledge (MacEachren and Kraak, 1997).

Metadata for each map layer can be accessed through the During the study a successful map classification in haz-
layer information icon in the Web-GIS contents. The meta-ard, vulnerability and risk categories was achieved. Thus,
data generation in CEDIM follows the international standardthe implementation of an accurate cartographical visualiza-
“|ISO 19115: Geographic Information — Metadata” (ISO, tion of the phenomena could be attained. Currently, choro-
2003) According|y a CEDIM standardized and approved pleth maps, which show phenomena of area distribution, and
metadata profile was developed that allows the standardizefiraduated symbol maps, which show point phenomena, are

documentation of the used data and generated maijisl¢k ~ used for the map representation in the “CEDIM Risk Ex-
et al., 2006). plorer”. Also dasymetric maps (see Thieken et al., 2006)

were adopted for a better dissemination of spatial phenom-
ena. The shown map compositions exemplify the current
know-how of risk mapping adopted in CEDIM.
4 Conclusion and further development The technical improvement and the overcoming of the pro-
totype status of this Web-GIS is a challenge for future ac-
With the "CEDIM Risk Explorer” a (preliminary) Web-GIS tivities. The current “CEDIM Risk Explorer” application
application was implemented to publish CEDIM researchrepresents a prototype which demands further development.
results as maps representing natural and man made haZhe initial maps of vulnerability, hazard and risk are prede-
ards, vulnerabilities and risks. These thematic maps shalfined by the interdisciplinary researchers. Thus, the users
be available for the interested audience through a standartave limited interactive and explorative operations to gener-
Web browser enabling the user to generate map compositionste new maps. It would be more sophisticated if the users
for their own needs. The “CEDIM Risk Explorer” gives a could choose the color or the class range of the maps them-
consistent overview of the CEDIM research project results.selves. Consequently, a better interactive manipulation (An-
Users can compare different hazards and risks on specifiedrienko and Andrienko, 1999) provided for the users is de-
locations in Germany. The consistent data and map base wilsirable for the map compositions. Another challenge is the
serve as an important prerequisite for a multi-risk analysis,increasing amount of data and maps, leading to slower per-
which is currently carried out. Due to the map presentationdormance. The implementation of a suitable geo-database
a better spatial understanding about the different threats caimto the existing map server architecture will provide better
be transferred to the users. The easy comprehensibility anderformance as well as a dynamic map generation from up-
comparability of the map presentations emphasize the existdated data and the promotion of a certain data consistency.
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All the desired improvements lead to an ongoing develop-Bollinger, D.: doGroupToc15a ArcScript, electronic souristp://
ment of the “CEDIM Risk Explorer” to a real open and in- arcscripts.esri.com/details.asp?dbid=1218&essed Jan. 2004,
teroperable distributed GIS as mentioned in Sect. 1.2 and the Redlands, USA, ESRI Support Center, 2003.
deployment as a GIS Web Service in the next future. Sincgcartwright, W., Peterson, M. P., and Gartner, G.: Multimedia car-
the comparability of hazards and risks is one of the main_ t09raphy, Berlin Heidelberg, Springer, 361 p., 1999. _
characteristics of the “CEDIM Risk Explorer”, however the €Un9: €--J-F., Fabbri, A. G., Jang, D.-H., and Scholten, H. J.. Risk
use of a distributed environment could lead to data misin- ~SSeSSment Using Spatial Prediction Model for Natural Disas-

. . . . ter Preparedness, in: Geo-information for Disaster Management,
terpretations. It is normally unknown, with which method

] - edited by: v. Oosterom, P., Zlatanova, S., and Fendel, E. M.,
the map contents of the remote data sources were visualized. geyjin Heidelberg, Springer, 619-640, 2005.

For instance this could have happened for the used classicova, T. J.: GIS in Emergency Management, in Geographical In-
fication method of data in the certain class-ranges or class- formation Systems: Management Issues and Applications, edited
breaks. Different variations of a classification arise therefore by: Longley, P. A., Goodchild, M. F. Maguire, D. J., and Rhind,
in various map views and could promote fail interpretations  D., New York, John Wiley & Sons, Inc., 2, 845-858, 1999.
(Monmonier, 1991). However, a general recipe for a correctDragicevic, S.: The potential of web-based GIS, J. Geograph. Syst.,
classification could not be found (Andrienko and Andrienko, _ 6, 79-81, 2004.

2005). Therefore, careful use of the data visualization in re-Federal Emergency Management Agency (FEMA), electronic
gard to the value comparability should be present. source:http://www.fema.gov/hazard/index.shtatcessed Octo-

. W . ber 2005, Washington D.C., USA, FEMA, 2005.
Nevertheless interoperable Web-GIS for the “CEDIM Risk 5nel R, Almer. A. Blaschke. T.. Lemoine. G.. and Wimmer

Explorer” shall be soon achieved so that the current solution A - Towards an Integrated Concept for Geographical Informa-

can be regarded as an intermediate step on the way to a GIS tion Systems in Disaster Management, in: Geo-information for

Web service which operates as a GIS node in an open GIS Disaster Management, edited by: v. Oosterom, P., Zlatanova, S.,

network in future. and Fendel, E. M., Berlin Heidelberg, Springer, 715-732, 2005.

Green, D. and Bossomaier, T.: Online GIS and Spatial Metadata,
London — New York, Taylor & Francis Inc., 2002.
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