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Flexible  cartographic  web  applications  have  great  potential  as  decision  support  systems  and 
communication platforms for risk management. Nevertheless, there are very few hazard maps that offer 
interactive  user  environments,  media  combination  and  other  advantages  of  web  or  multimedia 
applications (Chesneau 2004). This technical communication introduces a development framework for 
such applications and offers two examples of its implementation. The HaznETH Learning Platform and 
the application Slope Stability on Nisyros Island (Greece) both train and explain the mapping of slope 
stability.  They  provide a  GIS  based  algorithm implemented  as  a  step-by-step  tutorial.  The  system 
architecture was built around the internet graphic standard SVG and open source GIS and web services. 
In order  to  ensure  easy information access  and manipulation,  a  user  centered design approach was 
chosen, comprising a user requirements analysis and a usability evaluation. Throughout the process, user 
feedback on interactivity functions and implementation issues has been incorporated. The results of the 
empirical  evaluation proved that  this approach and the implementation were successful.  Apart  from 
specific  analyses  of  the  acceptance of  risks,  measures  and strategies  by different  stakeholders,  web 
applications used in the context of risk management could highly benefit from a suitable evaluation 
method for cartographic systems which is not yet existent.
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1. Introduction

Risk management tries to bring existing risks to an acceptable level either by reducing existing risks or 
increasing risk acceptance (Hollenstein 1995). Scientific analyses in the field of risk management usually 
produce cartographic visualisations. These can include hazard, vulnerability or risk maps, mostly in 
printed version (Chesneau 2004). These maps are used as communication media and decision support 
instruments between different stakeholders. In Switzerland for example, integral risk management 
comprises three main steps (see Fig. 1):

Fig. 1: Steps for integral risk management in Switzerland (Bundesamt für Raumplanung BRP, 2001)

Within this procedure hazard maps are used for spatial planning as well as the identification of damage 
potential. Two different types of maps are produced to address two main stakeholder groups (Petraschek 
and Kienholz 2003):

• Hazard index maps provide an overview of the existing risk. General information over large 
areas is needed by politicians, spatial planning authorities and insurance companies. 

• Hazard maps provide detailed information over limited areas. They are designed for public, 
insurance and other companies as well as for emergency planning on municipality level. 

Hazard maps offering interactive user environments, media combination and other advantages of web or 
multimedia  applications  are  still  infrequently  used  (Chesneau  2004).  Cartographic  web  applications 
though, can potentially have a major influence on the acceptance of risk, measures and strategies since 
they reach an increasing number of people. As visualisation interfaces of decision support systems they 
are able to deliver precise data and complex tools for risk analysis, spatial planning, as well as real estate 
and insurance businesses. Furthermore, web visualisation technologies can serve as communication and 
learning  platforms  in  politics  or  public  relations  where  less  complex  data  and  easy-to-use  tools  are 

1



needed.

In  this  paper  two  cartographic  applications  are  presented  which  demonstrate  the  suitability  of  web 
technologies for risk management. The remainder of the paper is organized as follows. In Section 2, we 
introduce the general  concept and context  of the applications  HaznETH Learning Platform and  Slope 
Stability  on Nisyros  Island (Greece). Section  3  describes  the  user  centric  development  approach and 
system architecture, which is built around the internet graphic standard SVG (Scalable Vector Graphics) 
(Neumann 2005) - a language for describing two-dimensional graphics in XML – and open source GIS 
and web services.  Section 4 describes selected interactivity  functions and implementation issues  and 
Section 5 the results of the empirical evaluation. Finally, we describe the conclusions and an outlook in 
Section 6.

2. Concept and Context

This  paper  introduces  a  developmental  framework  for  flexible  cartographic  web  applications  and 
demonstrates their potential for the domain of risk management. It presents two concrete examples as 
proof of concept.

The  first  application  was  implemented  as  a  Learning  platform  for  natural  hazards  analysis  and 
visualisation  within  the  research  project  HazNETH.  HazNETH is  the  Research  Network  on  Natural 
Hazards  at  ETH  Zurich.  Fourteen  professors  from  five  departments  combined  their  expertise  in 
Atmospheric  physics,  Climatology,  Hydrology,  Hydraulic  engineering,  Water  management,  Risk 
engineering,  Construction  engineering,  Forest  engineering,  Engineering  geology,  Geotechnics, 
Seismology,  Geodynamics,  Geodesy,  Cartography,  Environmental  social  sciences  and  Economics. 
HazNETH attempts to respond to the increasing need for advanced research and integral risk management 
solutions in Switzerland. The purpose of the application is to teach the GIS-based approach of mapping 
natural hazards and to make the public aware of the HazNETH activities (HazNETH 2005). The Vispa 
Valley, Canton Valais, Swiss Alps, was chosen as a test site and training area.

The second application  Slope Stability on Nisyros Island (Greece)  is  an extension to  the IST project 
GEOWARN (January 2000 to June 2003) during which an early warning system for the potentially active 
volcanic field between the islands of Kos and Tilos in the Greek Aegean Sea was developed (Geowarn 
2005).  This  interactive  software  was established for  the evaluation of  volcanic and seismic  hazards, 
decision  support,  risk  studies  and  emergency  planning.  It  addresses  authorities  who  deal  with  risk 
assessment,  volcanism  and  seismic  commissions  and  international  organizations  as  well  as  private 
companies, but not the public concerned. In this context the goal of the application  Slope Stability on 
Nisyros Island (Greece) was to fill this gap and develop a prototype of a communication medium which 
can explain the research’s conclusions to the public.

Cartographic applications which are used for public relations in risk management need to provide an 
interactive  environment  which  does  not  require  specific  expertise  in  either  the  mapped  risk  or  the 
mapping approach. In the case of natural hazards this approach is often GIS-based. In order to train and 
explain the mapping of slope stability the basic idea for both applications is to combine an algorithm for 
determining slope stability with a step by step tutorial. A special focus was set to develop the applications 
based on a user centered design, having the tasks to solve and sound usability always in mind. Interactive 
tools should be self-explanatory and easy to use. Spatial and thematic navigation should be intuitive. 
Explanatory text in combination with multimedia elements (graphics, photos, movies, overview maps, 
etc.) introduces the topic. Additional analysis tools, the display of map and terrain attributes, powerful 
map layer controls and interactive legends provide easy access to detailed information on demand.

3. Development Approach and System Architecture

3.1. User Centered Design

With the advances in the field of multimedia and web cartography, users must deal with increasingly 
complex  and  interactive  visualisation  systems.  Risk  management,  however,  must  also  communicate 
effectively with people in politics and public relations. Furthermore, expertise concerning the content and 
the  manipulation  of  web  applications  cannot  be  assumed.  It  is  therefore  essential,  that  mapping 
applications  used  for  risk  management  are  designed  to  guarantee  easy  access  and  manipulation  of 
information.

Out of these reasons a user centered software design approach was chosen to develop the cartographic 
application  Slope Stability on Nisyros Island (Greece) (see Fig. 2).  This software engineering method 
ensures that software or applications are suitable for their users. Its basic idea is to involve the users 
directly and early in the software development process (Hermann and Pleissner 2003). The production of 
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software prototypes is based upon an analysis and specification of user requirements and potential tasks 
to  solve and is  succeeded by an evaluation.  This  systematic  and iterative cycle ends when the user 
requirements are implemented and the evaluation is satisfactory. 

Fig. 2: User centered software development (Hermann and Pleissner 2003).

One way to carry out a user based evaluation is a usability test. Usability is defined as 'the extent to which 
a product can be used by specified users to achieve specified goals with effectiveness, efficiency and 
satisfaction in a specified context of use' (ISO 1998). Effectiveness states if an intended task could be 
fulfilled with a correct result. Efficiency measures the effort made by the users to achieve their goals. 
Satisfaction relates to the user's subjective impression of the efficiency and the extent of freedom in task 
solving. Therefore, usability is always depending on the users, their goals and the context of use.

In a usability test representative users solve tasks that are as close to reality as possible. Of course, the test 
setup, the selection of users and tasks has a major influence on the quality of the test result. Standardized 
questionnaires are a favored method to reveal the users' subjective estimation of the usability and their 
emotional impression. However,  for cartographic products they can only be used to discover general 
weaknesses (Hermann and Pleissner 2003). In order to receive precise improvement advice, tests have to 
be developed that are specific to cartographic applications. 

For the application Slope Stability on Nisyros Island (Greece) ten interviews were held with cartography, 
GIS  and  volcanism  experts.  According  to  the  results  of  the  interviews  a  priority  list  of  the  user 
requirements was established containing interactivity functions,  the type of visualisation for thematic 
information in the map and the arrangement of the step-by-step tutorial (requirements specification).After 
the  design  and  implementation  a  user  based  evaluation  was  carried  out.  First  the  priority  list  was 
compared with the prototype. This showed where exactly the implementation met the requirements. Then 
twelve people, six experts (group 1) and six amateurs (group 2), were asked to fill in a questionnaire. This 
is statistically not representative, but economical and sufficient enough to discover weaknesses. Three 
criteria were evaluated:

• Usability

• Map design

• Interactivity

Usability was tested with a standardized questionnaire based on ISO-Norm 9241/11 (ISO 1998) For the 
map design and interactivity,  cartography specific questions were added referring to the cartographic 
design  recommendations  of  (Räber  and  Jenny  2003)  and  selected  aspects  of  multimedia  and  web 
cartography.

3.2. System Architecture

The system architecture follows a typical client server model (see Fig. 3). Any modern web browser with 
SVG, ECMAScript (also known as Javascript) and DOM support can be used as a client. The core of the 
server part is the web server - in our case Apache - with a spatial database. Vector data is stored in a 
PostgreSQL database with the Postgis spatial extension. The database functionality allows users to query, 
extract, group, intersect and simplify the vector data. PHP Scripts serve as a communication layer and 
manipulate map symbolization. They trigger the SQL queries and format the resulting SVG fragments. 
Non-graphical GIS attributes are mixed with the SVG geometry data by using a separate, self-defined 
XML namespace. Postgis can directly output SVG path geometries. 
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Fig. 3: Client-Server System architecture (see text for additional information)

Other server side modules are the UMN Mapserver and Higrid, a CGI application for the organization 
and extraction of quad tree organized terrain data. The UMN Mapserver is used to extract and serve raster 
data: satellite images, hill shadings and other DTM derivates (slope and aspect maps). Data requests for 
raster data follow the OGC WMS standard. The results are extracted as jpeg or png images, depending on 
the content of the images. The Higrid CGI application was programed by Hansruedi Bär of the Institute of 
Cartography, ETH Zurich.  It  organizes raster-based terrain data in a  quad tree structure and extracts 
requested data in text, XML or ECMAScript format. After parsing the data on the client, the result is a 
two dimensional matrix (ECMAScript array) containing elevation values. Bilinear interpolation enables 
the computation of elevation values at any position within the spatial extent of the matrix.

The GUI and map graphics on the client is rendered using SVG (Neumann 2005). The SVG technology is 
an XML-based W3C (World Wide Web Consortium) standard that integrates vector and raster graphics, 
multimedia,  text,  animations and scripting.  The vector graphics presentation combined with dynamic 
content manipulation is particularly interesting for cartographic purposes and interactive web mapping. 
The  ECMAScript  language  enables  the  manipulation  of  the  document  content,  thus  allowing  the 
development of interactive applications. Elements in the SVG applications are receptive to mouse and 
keyboard  interactions  that  may trigger  one  or  more  ECMAScript  functions.  Based  on  the  open  and 
flexible architecture of XML, SVG data can be easily generated by any server-side modular framework 
the  map  author  is  familiar  with.  Various  programming  and  server-side  scripting  languages,  XML 
transformation work flows and database connections can be included in this framework.

Any web browser with SVG, DOM and ECMAScript  support  can be a  client  of the presented SVG 
mapping applications. At the time of writing, Internet Explorer with the Adobe SVG plug in, Opera 9 or 
later and Firefox 1.5 or later can be used as clients. Opera 9 and Firefox already have native SVG support 
and  don't  require  an  additional  plug  in.  Apple  will  feature  native  SVG  support  in  version  3  of 
Safari/Webkit. Apache Batik, a standalone SVG user agent works as well.

Widgets within the GUI are used from the carto.net SVG GUI project, which offers re-usable, stylable 
and scalable widgets built around SVG geometry and ECMAScript objects (Neumann 2006). Scripting 
and DOM manipulations are used to enable client side interactivity: manipulate graphics and the GUI, for 
changing  visualisation  parameters,  doing  computations,  doing  network  requests  and  parsing  XML 
response  data.  Network  requests  are  utilizing  either  getURL()  or  XMLHttpRequests()  depending  on 
availability. A wrapper function hides the differences and allows the network requests to be extended in 
the future with alternative methods.

As the application is built around open W3C, OGC and ECMA standards and well-defined interfaces, the 
application runs in multiple user agents and it is easy to replace existing modules or add additional ones. 
It  is  straightforward to  add additional  functionality  or  to  improve scalability  by adding or  replacing 
existing modules with more powerful ones. To save band-width, all text and XML data, including the 
results of database queries, are compressed on the fly, utilizing Apache's mod_deflate module.
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4. Client side Functionality and selected Implementation Issues

This Section presents the two developed applications. It explains selected map interactions and partially 
shows how they are implemented. 

4.1. Spatial Navigation Controls

The map navigation controls (see Fig. 4) enable the user to zoom in or out, pan, recenter, obtain full view 
or to go back to the last view of the map. A zoom slider allows continuous zoom in or out. A linked 
reference maps allows to reposition the map extent and to get local-global orientation cues. The Vispa 
Valley application additionally features a measurement tool. Coordinate display on mouse move and an 
adaptive scale bar provide additional orientation and scale cues.

Fig. 4. Map navigation and Additional Tools in the Vispa Valley Application

4.2. Layer Manager

The layer manager allows map users to toggle the map layer visibility and set a layers' transparency. The 
layer manager of the Nisyros application additionally provides access to a bidirectionally linked legends 
in separate movable windows (see Fig. 5). To save screen estate, both the layer manager and the legend 
windows can be hidden.

Fig. 5: Layer Manager and Legend Window in the Nisyros Application

4.3. Attribute Data Display

For every vector layer in the Nisyros application one or more attributes can be displayed on mouse over 
in the map attributes panel. As an example, the map user can display rock types or land cover types. The 
Vispa Valley Application solves this by offering an info button. Attributes are displayed in a separate 
window.

4.4. Bidirectionally linked Legends

The Nisyros application features bidirectionally linked legends. The layer manager allows the user to 
open legends in separate windows. Each layer has a separate legend window. Exploring the map with the 
mouse cursor highlights the corresponding feature class in the legend. Clicking on a feature class in the 
legend highlights all features belonging to the same class in the main map.

4.5. Display of Terrain Information

Since the terrain characteristic is among the main input factors influencing slope stability, it is important 
to display terrain information for each location in the map. The Nisyros application optionally displays 
elevation, slope and aspect values while moving the mouse cursor in the main map. An additional profile 
tool allows the user to digitize a profile line interactively in the main map and calculate the elevation 
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profile along the digitized line. The profile includes kilometer tick marks and is linked to the main map. 
Moving the mouse cursor over the elevation profile highlights the corresponding position in the map and 
shows the elevation value and distance from the start of the profile (see Fig. 6).

Fig. 6: Interactive Elevation Profile in the Nisyros Application

4.6. Scale dependent Map Symbolization, Multi Scale Databases

For vector based web mapping applications it is particularly essential to deliver geometric data with an 
appropriate scale.  Using appropriate map scales not only reduces file sizes of the vector data and saves 
bandwidth, but also improves the legibility of the map. This goal can be reached by application of multi 
scale databases combined with on-the-fly data filtering. Map scale threshold values decide which level of 
detail to choose (see Fig. 7). 

Fig. 7. Adaptive zooming example, Vispa Valley Application

The symbology of the map is dependent on the level of detail.  The complexity of the generalization 
process and various generalization operators, forces the use of only certain generalization rules: choice of 
elements, simplification of geometry, classification and assignment of line widths, symbol size and font 
size.  Symbol  sizes,  font  sizes,  line  widths,  etc.  are  defined  according  to  conventional  cartographic 
guidelines  for  screen maps.  The values  are always proportional  to  the current  map width.  For more 
complex line styles, such as volcanic features, we use SVG's text on path feature which allows to align 
text glyphs along a line. An ECMAScript function calculates the necessary number of glyphs, creates the 
text element and attaches it to the lines that require complex line styles.

4.7. Label Placement

The label placement occurs automatically (see Fig. 8). The table of names is read from the database using 
a PHP script and placed in the map according to the x and y coordinates. In this application there are two 
label types: point (e.g. peaks) and area (e.g. field names, village names). The point symbol is scaled to 
change its size depending on the width of the map. For area symbols invisible anchor points are used. The 
labels are placed depending on the order in which they are extracted from the database. For this reason 
the labels were classified and ordered according to their importance.

To avoid labels overlapping with symbols or other text elements or intersecting with the map boundary, 
an algorithm is used to place them correctly, according to cartographic guidelines. The labels are placed 
by default in the upper right hand corner of the symbol. By using the bounding box, it is tested whether 
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the label collides with the border of the map. If it does, the next best position is selected, using the eight  
label placement possibilities. All eight options are tested until the name can be placed completely within 
the map. The next step is to test whether the label collides with other labels or their point symbols. To test 
this, a bounding box for the text and the symbol is used. An individual label is tested against an array of 
bounding boxes of map symbols and already placed labels.  If the label cannot be placed despite shifting, 
it is left out. Label names can still be queried by placing the mouse cursor over the point symbols.

Fig. 8: Label Placement for Point Features. Source: Williams and Neumann 2006

If the labels are area-related, e.g. villages or field names, other rules are used. The labels are placed by 
default centered on their point coordinates. It is first tested whether they intersect with the map border. If 
this is the case they are moved along their x and y axis to see if this problem can be avoided. The text is  
allowed to be moved at the most in either direction by half the length or height of its bounding box. 
Otherwise the label is not placed. Again it  is tested whether the names collide with one another. By 
shifting the labels in x and y again, the new position is set. The last option is to not place the label at all.

The placement is only tested in the 8 defined positions and along the x and y axis. It is also not possible to 
place curved labels, e.g. along rivers. The computer can only place the labels as told to by the algorithm. 
The current implementation runs through the whole process only once. A better implementation would 
use an iterative process and change starting conditions for each iteration. Such an algorithm would not 
place labels as quick as the current approach. However, the implemented algorithm is good enough for 
the label density in this application. If the labels were placed by hand, there would obviously be better 
and possibly more placement options. In certain cases it would have been possible to add a label or make 
one more legible by shifting another label.

In order to be able to distinguish the labels from the map elements, a white halo had to be placed around 
the letters. As the Adobe SVG viewer has a bug with linestroking around characters in certain coordinate 
systems, this was done using a dilation filter which is globally defined in the SVG file.  In all  other 
viewers, a white text stroke is attached to an instance object of the original text element. The cloned text 
element is placed directly beneath the original element. For future versions one should experiment with 
masks. The font used in this application is Cisalpin. This is a new font designed by Felix Arnold and is 
especially useful for maps as it runs relatively narrow and can be well read in small font sizes. Even when 
placed over complex map layers it is still legible.

4.8. Dynamic loading of Vector and Raster Data

All vector layers are loaded directly from the Postgis spatial  database (see Fig.9).  Postgis offers the 
AsSVG() command that can export  the 'd'  attribute of SVG path elements. Postgis can also simplify 
geometry utilizing a Douglas-Poiker line generalization filter (command Simplify()) and intersect larger 
elements  to  the  current  map  extent.  Both  methods  help  to  reduce  file  sizes  of  the  resulting  SVG 
fragments. SQL can also order and filter data according to importance or certain feature attributes. PHP 
acts as a communication layer. It builds the SQL statements that it gets from the URL of the network 
requests and processes the result to build complete and valid SVG fragments. Besides, as already stated, 
symbolization happens in the PHP script, dependent on the current map width.

Example URL for a SVG geometry network request:

sendGeom.php?layername=hydrology&xmin=244000&ymin=4150000&xmax=308000&ymax=4231000&
timestamp=123
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Network requests are triggered by ECMAScript  on the client  each time the user  zoomed, panned or 
recentered the map. Depending on availability, either the method getURL() or XMLHttpRequests() are 
used. The result of these asynchronous requests is a valid SVG fragment that can be parsed and is added 
at the appropriate positions of the maps' DOM. A network request wrapper object hides the complexity 
and differences of different implementations and ensures that future, currently unknown, network request 
methods can be added with ease. Before generating network requests for each dynamic vector map layers, 
the application generates a time stamp that is forwarded to the server. If the user zoomed or pans quicker 
than he receives the map data, older SVG fragments, that aren't needed anymore are erased and not added 
to the DOM. The client maintains a list of dynamic map layers that have to be loaded and that are already 
loaded.

Raster data is requested through standardized WMS requests. In our case we serve our data through UMN 
mapserver. To improve speed, we calculate either pyramids for the input images or use multiple images 
for different  levels of  detail.  Multiple  raster images can be displayed on top of each other by using 
opacity. 

Fig. 9: Server side work flow for generating SVG geometry fragments

4.9. Slope Stability Mapping Tutorial

The Learning Platform for Natural Hazards Analysis and Visualisation system (Iosifescu 2005) is initially 
viewed as an interactive map of the study area. It encourages the user to explore the area and get familiar 
with the GUI, the available functionality and the integrated datasets. At the same time the user intuitively 
learns how to carry out a GIS rockfall analysis. 

The  application's  functionality  also  allows  the  user  to  measure  distances,  query  features  or  switch 
additional map information by selecting new layers. Finally, users can visually overlay selected layers by 
modifying  the  individual  layer  transparency.  By  overlaying  the  layers  that  represent  the  different 
parameters  and  setting  an  appropriate  transparency  level  to  each  layer,  users  are  able  to  identify 
overlapping areas and understand how parameters could be combined in the analysis. 

1. Parameter Selection

The rockfall analysis is started by choosing the rockfall test area. In the first step the user must select the 
necessary parameters. He has to understand which data is needed for a rockfall analysis and assess which 
parameters have an influence in triggering a rockfall.  When a correct parameter is selected, the user 
receives a feedback regarding its significance. For example, the software can inform a researcher that a 
talus cut should be taken into account. A descriptive image illustrating the selected parameter augments 
the feedback information. The user is permitted to advance to the next step only after selecting all the 
initial datasets necessary for the analysis: relief (DEM), cliffs, scree, faults, roads and railways. 

2. Parameter Modeling

In the second step, the user learns how the selected parameters from the first step can be modeled in order 
to reflect the reality. No prior GIS knowledge is required. By switching on the layers comprising the 
modeled parameters, the user intuitively perceives and understands the modeling process. The platform 
guides the user to lay buffers around the areas representing the scree, the faults and the transportation 
network.  The  system  helps  to  visually  understand  what  a  buffer  is  and  how  a  buffered  parameter 
contributes to the analysis. As an example, the user learns that the significant influence the faults have on 
the surrounding area is modeled by laying such a buffer. Another important ingredient of the analysis 
process is the slope steepness that can be derived from the digital elevation model.

3. Parameter Combination

In the third step, the user can combine all the modeled parameters to visualise the analysis output (Fig. 
10). The user learns that the intermediate results have to be aggregated through addition and classified in 
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order to obtain the final result. The susceptibility classes are visually explained using different colours. 
The user is further encouraged to explore and visualise the results of the analysis on the map.

At the end of the analysis the user grows familiar with the entire work flow of a GIS analysis: parameter 
selection, parameter modeling, and finally parameter combination. Although the modeling details  are 
hidden  from the  user  in  order  to  simplify  the  learning  process,  the  user  is  able  to  enumerate  what 
parameters  are  needed  for  a  rockfall  hazard  mapping  method.  The  learning  platform  explains  and 
exemplifies the methods used by specialists in the assessment and mapping of natural hazards. Users are 
enabled to simulate a rockfall susceptibility analysis, to overlay and combine parameters by setting the 
transparency of each layer, and finally to visualise the results of the analysis. 

Fig. 10. GUI of the learning platform and the steps of the rockfall susceptibility analysis 

4.10. Slope Stability on Nisyros Island (Greece)

The application Slope Stability on Nisyros Island (Greece) provides an overview of the island in the main 
map (see Fig.  11).  The map includes topographic,  geologic and land use information, as  well  as an 
ASTER satellite image; each part can be manipulated by a layer control menu. Additionally this menu 
allows the user to set the layer transparencies and to toggle the corresponding movable legends with 
bidirectional  map relation. Several  tools allow navigating in the map: zoom, pan, full  view, set  map 
center,  a  reference  map and a  profile  tool.  Map attributes,  as  well  as  altitude,  slope,  exposition  are 
displayed on demand in separate windows. 

The  information  menu  is  arranged  like  a  file  system. It  provides  access  to  additional  information 
concerning volcanism, slope stability and risk.  It  also contains the step-by-step tutorial  for the slope 
stability map (index map) with tools to manipulate the required layers for this mapping procedure (legend 
and layer transparency). The implemented algorithm is based on the GEOWARN slope stability map and 
comprises the following steps (see Fig. 12):

1. Choose a slope classification.

Since expertise of critical thresholds cannot be expected, the user can choose from three different slope 
classifications as recommended by (Geowarn 2005) and other slope stability studies (Brabb 1995). 

2. Choose a geotechnical classification.

In the second step, the rock classes of the GEOWARN geologic map are summarized as geotechnical 
classes of hard, soft and loose rock [8].

3. Combine the slope and the geotechnical classification to create a slope stability map.

The third step shows the overlay of the slope and geotechnical input layers. 
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Fig. 11: GUI of the application Slope Stability on Nisyros Island (Greece) [8].

4. Choose a damage potential type.

Areas of damage potential differ according to the concerned object. Therefore the user can chose between 
infrastructure or human lives. 

5. Combine the slope stability map with the damage potential to create a conflict area map.

For the final map the overlay of the slope stability and damage potential input layers are combined in an 
overlay. 

6. Review the conflict area map at selected places.

In the final step the user can review visually the created conflict area map at selected sites on the island. 
They are documented with Photos and comments.  A symbol in the map shows where and in which 
direction pictures were taken. 
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Fig. 12: Steps 1 to 6 of the tutorial for the slope stability index map [8].

5. Empirical Evaluation Results

The results of the evaluation showed that all of the respondents were satisfied with the application Slope 
Stability on Nisyros Island (Geowarn 2005). For all criteria (usability, map design and interactivity) the 
application was rated between 1 and 2 on a scale form -3 (very bad) to 3 (very good) (see Fig. 13). The 
map design, the layout and automated symbolization were rated higher than colours and font sizes. The 
following interactivity functions are unquestioned and regarded as useful and efficient: 

• Movable legends bidirectionally linked with the map

• Spatial navigation tools

• Reference map

• Attribute display

The high acceptance rate of the spatial navigation tools and the linked reference map is not surprising 
since they build on experience with other web- and multimedia maps (e.g. Atlas of Switzerland) and offer 
a relatively high convenience compared with other web maps. Mark Harrower confirms in his studies that 
the linked reference map and smart scrollbars are of particular high value and efficiency, since they also 
offer local-global orientation cues (Harrower and Sheesley 2005).

The goal of the thematic navigation, implemented with hierarchical tabs, was consistent manipulation in 
the information menu. However, the respondents criticized that the tutorial of the slope stability index 
map (Index Map tab), one of the main features of the application, was visually not salient enough, in 
comparison with the other accompanying background information tabs. As a result, the usefulness of the 
index map was decreased. As a short term measure we applied a different background colour to the index 
map tab to improve its salience. This could be further improved by offering the tutorial separate from the 
additional information tabs.

Fig. 13: Evaluation for usability, map design and interactivity (Flüeler, 2005).
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6. Conclusions and Outlook

This  paper  presents  two  web  applications  which  demonstrate  the  use  of  web  technologies  for  risk 
management.  Both  applications  are  implemented  using  the  internet  graphic  standard  SVG (Scalable 
Vector Graphics). The application Slope Stability on Nisyros Island (Greece) was additionally developed 
in a user-centered design process.

User-centered design involves users early into the software development process. This is essential for risk 
management dealing with politics and public relations. A suitable evaluation method for cartographic 
systems is nonexistent in software engineering. Standardized questionnaires are insufficient and do not 
meet  the demands for  this  purpose.  They give only vague information and no detailed enhancement 
advice.  Interactive  cartographic  systems  would  highly  benefit  from  a  custom-designed  evaluation 
instrument.

Future research in the field of visualisation for risk management should look into the influence of web 
applications on the acceptance of risks, measures and strategies. A major goal should be to find out which 
types of applications can serve as communication media between stakeholders and for which scenarios. 
Future research in cartography could examine the benefits of new technologies and media combinations 
compared to traditional printed hazard maps. 

The described system architecture and the used technology can also be applied for developing interactive 
atlases, public information systems and decision support systems for natural hazard management. The 
platform also opens new possibilities for the development of web-GIS applications containing “live” 
interactive tutorials.
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