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4. Eye tracking

The set of risk maps was presented 
to 50 individuals (of different stake-
holder categories) in order to study 
reading behaviour and to deduct 
visual preferences related to indi-
vidual maps.
 
The results of the eye tracking were 
further processed and analysed
- statistically (descriptive),
- spatially (spatial analysis of
eye movements), and
- dynamically (dynamic analysis of
eye movements)
and preferred visual patterns were 
gathered.

Systematic and regular patterns in 
map exploration were identified ac-
cording to different visual behaviour 
between the groups of individuals. 

1. Introduction

RISK MAP aims at reducing vulnerability by improving flood risk maps as a 
means to foster public participation and raising flood risk awareness. For 
achieving this aim RISK MAP
(1) develops rules for appropriate stakeholder participation enabling the incor-
poration of local knowledge and preferences into risk maps;
(2) improves the content of risk maps by considering social, economic and envi-
ronmental risks. Therefore an existing multicriteria risk mapping tool is en-
hanced towards a participative dialogue tool;
(3) improves the visualisation of risk maps in order to produce user-friendly and 
understandable risk maps

5. (Selected) Results

- The less complex a map is, the less 
number of fixings is detectable
- 90 % of the fixings is related to co-
loured and written information
- Almost 100 % of the duration of fix-
ings is detectable in these areas of 
the map
- A simple legend (2 themes and 4-5 
classes) generates one series of 
ocular movements
- Effect of contrast: The position and 
concentration of the eye movements 
varies according to the amount of in-
formation
- The visual strategy and thus per-
ception is anthropic: 
Professionals: Very precise and effi-
cient reading behaviour
Persons concerned: Less precise 
and efficient reading behaviour
Laypeople: Learning phenomenon is 
observable 

3. Risk visualisation

Based on the results of (2), a set of risk maps was cre-
ated.
The maps were modified visually in order to test different 
symbols and information content in terms of accessibility 
through different stakeholder groups.

From the traditional linear model of graphic semiology...

...towards the cyclic model of graphic semiology: 

6. Conclusions

Specific elements of semiology 
that have to be taken into account 
when designing risk maps include 
the contrast, the level of discreti-
sation and the colour range and 
hue:

A map background in bright colour in order to in-

crease the contrast to informative elements and to 

avoid an overload of information;

A sufficiently large legend, preferably on the right 

side of the central element of the map, with a con-

servative amount of information (five classes of dis-

cretisation) comprised from one range in colour and 

arranged in decreasing values; 

A sufficiently large scale such that the elements of 

the map are easily recognisable.

Consequently, if risk maps are ad-
justed to these findings, risk com-
munication will be enhanced, vul-
nerability will be decreased, and 
awareness-building of the public 
will be increased.

                                                    

2. Participation

The objective is to create a participatory framework that allows integration of se-
lected stakeholders in the risk mapping process with respect to their information 
requirements and local expertise.
The following typology of stakeholders was included in the study:
decision-makers, experts, civil society and local population.
Based on interviews and a workshop series, recommendations for stakeholder 
participation in the risk mapping process result. Additionally, a multicriteria tool 
was developed to obtain information on the desirable map content.
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and 
(4) provides quantita-
tive information related 
to the content of risk 
maps by the applica-
tion of eye-tracking 
methods and by ex-
perimental graphic se-
miology.
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In order to mitigate flood hazards and to minimize associated losses, technical protection measures have been additionally and

increasingly supplemented by non-technical mitigation, i.e. land-use planning activities. This is commonly done by creating

maps which indicate such areas by different cartographic symbols, such as colour, size, shape and typography. Hazard and risk

mapping is the accepted procedure when dealing with natural hazards and is therefore required in the European Member States

in order to meet the demands of the European Flood Risk Directive. However, available information is sparse concerning the

impact of such maps on different stakeholders, i.e. specialists in flood risk management, politicians and affected citizens. The

lack of information stems from a traditional approach to map production which does not take into account specific end-user

needs. In order to overcome this information shortage the current study used a circular approach such that feedback

mechanisms originating from different perception patterns of the end user would be considered. Different sets of small-scale as

well as large-scale risk maps were presented to different groups of test persons in order to (1) study reading behaviour as well as

understanding and (2) deduce the most attractive components that are essential for target-oriented communication of

cartographic information. Therefore, the method of eye tracking was applied using a video-oculography technique. This resulted

in a suggestion for a map template which fulfils the requirement to serve as an efficient communication tool for specialists and

practitioners in hazard and risk mapping as well as for laypersons. Taking the results of this study will enable public authorities

who are responsible for flood mitigation to (1) improve their flood risk maps, (2) enhance flood risk awareness and, therefore,

(3) create more disaster-resilient communities.
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1. Introduction

Socioeconomic development in European moun-
tain environments and related forelands is
reflected in increasing settlement and economic
activities in areas affected by natural hazards
(Fuchs and Holub, 2007). Consequently, consider-
able economic losses have resulted in recent years
(e.g. Linnerooth-Bayer and Amendola, 2003;
Mitchell, 2003 for flood hazards; Oberndorfer
et al., 2007 for torrent processes).

Such hazards are subject to intensive research
worldwide and in European countries (e.g. Merz
et al., 2006; Samuels et al., 2009) and this has
been formalized on the political level by the
implementation of the European Flood Risk
Directive (Commission of the European Commu-
nities, 2007). In particular with respect to flood
hazards, including torrent processes and hyper-
concentrated flows, technical guidelines have
been developed and implemented in individual
countries during recent years. Furthermore, with
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