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Introduction

Decisions in the crisis management are implicitly spatially dependent. During a crisis situation is necessary a quick overview of the situation - to know an extent of the crisis, endangered objects, an units displacement, a situation development forecast and many another information. Maps and GIS applications are often used during evaluation of the crisis situation but an efficiency of their usage is questionable. Maps used in the crisis management  are basically home-craft works draft on top of topographic map.  Although involvement of GIS tools represent improvement over map sheets in amount of necessary information and possibility to make proper combinations of data - just possibility to process such amount of information can make difficulties in orientation and therefore time for decision is increasing. The time necessary for decision is crucial factor of crisis management. Is assumption that improvement of a cartographic visualization of geodata leads to shorter decision time and therefore to the overall improvement of whole crisis management. In our research project we are focused on cartographic methods how to design more efficient cartographic background for decisions in this area. Moreover the crisis management is not only about extraction of information for the decision but also about share of decisions and information. It is typical case of the geo-collaboration of heterogeneous user groups where map is natural medium of information exchange. Because a process of decision making and information transmission is inseparable cartographic tools need to cover both issues together. 

Efficiency of the cartographic visualisation 

In frame of the improvement of the cartographic backgrounds efficiency we can consider three main questions - is user to able work with map, knows he what is on map and is able to use map for decision? We can reformulate these questions into following visualisation aspects:

· readability - to recognize objects, their importance and relations

· understandability - to understand what phenomena objects represents and what is their role in the decision 

· handiness - how to access maps and how to handle with them

We can these abstract aspects trace within more factual implications of the cartographic visualisation for the crisis management. If we consider nature of the map usage in this area we can identify several important implications      

· Amount of information – a key factor, an issue of readability and partially understandability too.  As was mentioned before maps or GIS visualisations are usually overloaded in both aspects of the map load – content and a filling. To make visualization more lightweight is necessary to make visualisation is not theme but task oriented. Task is related to the decision of the particular actor of the crisis management and only necessary map features inside corresponding extent are displayed. Also granularity of features need to be low (involvement of multi parametric classification methods is necessary).  But the map filling is not only affected by thematic content. Topographic background need to be simplified on basic orientation features (simplified landuse, hydrography, communications, elevation and landmarks), generalized at higher level then thematic content and visually suppressed (greytoned). If topographic object became part of decision is visually uplifted to the thematic level. 

· Orientation – issue of handiness. This implication is mostly part of user interface proposal. There is important interaction between overview map face and main map face. Significant role plays named locations – defined manually by user or automatically by situation and topography. Auxiliary map features like annotations and dynamic graticule can improve orientation. 

· Heterogeneity of information origin and map readers – issue of understandability and partially of readability. Keyword here is ontology – how different groups of people understand phenomena of real world. Information sources are created by experts who describe phenomena by its nature with knowledge based conventions. On other hand users understand phenomena by their consequences on solved tasks. Moreover users are very different groups varying in roles, skills and knowledge. Specific issue is cross border collaboration during crisis, where different languages and manners are involved. Every involved group is possible to describe by ontology, list of tasks, spatial extend of authority and place of operation. Appropriate thesauri for translations among ontologies are necessary. Translations cannot be restricted on different symbology for the same features but also feature definition is user dependent and therefore a cartographic generalisation plays important role. One data source is contemporary used by all attendants if source data model is translated into user group ontology is necessary to ensure that individual user input will be translated into shared pool of information. 

· Collaboration – in fact linked readability and understandability issue. In previous point was emphasized role of individual visualisation. In practice visualisations are used for navigation purposes not through meanings but through graphical representations. Here is necessity to standardize symbology in such cases. Also is need to be considered attendance of unclassified groups of people where simple and standardized symbology can decrease learning curve. 

· Stress impact – crisis situations are not optimal for map reading from psychological point of view – mistakes from inattention. Symbolisation need to be simple, contrasting and importance of objects is easy to recognize.

· Map accessibility – issue of handiness. It is solved by user interface – visualisation offers are relevant to user role and situation. User controls need to be minimalistic and corresponding to user computer bias.

· Situation dynamics – issue of readability. During solution of crisis situation importance of features (or objects) is changing according to solved task. Visualization must reflect change of purpose and increase awareness of important objects - through change of the colour scheme or by graphical alerts (blinking, patches). 

· Responsibility of the decision maker – this is out of defined aspects. Important role during decision making has feeling of non-manipulation. Visualisation procedures due effectiveness are from user control. But for responsible reasoning is some level of freedom necessary. To ensure this – user can freely select which task will solve,   user can modify amount and detainees of principal features in few pre-processed steps (if is increased amount of objects of one feature amount of objects from another features must proportionally be decreased).

The adaptive cartography

A Way to solve issues of cartographic visualisation is usage of the adaptive cartography.    Basically adaptive cartography offers to user more or less the same functionality as a GIS map interface. Difference is in automated processing of cartographic visualization. In case of GIS is cartographic visualization user-driven – user, according to purpose, selects map content, rarely makes generalization and attaches appropriate symbols. Consequent visualization is usually for his use only. Idea behind adaptive cartography is to automatically make proper visualization of geodata according to situation, purpose and user’s background. Adaptive maps are still supposed to be maps, i.e. correct, well readable, visual medium for spatial information transmission. All map modification processes are incorporated in electronic map logic. Users can affect adaptive map just indirectly by a context. The context is composition of characteristics describing 

· Map user - information about map reading skills and abilities of the user, his/her visual preferences, level of knowledge and education, role in a decision process

· Map purpose - information about the task, spatial extends of the area of interest and information about map feature hierarchy according to the task.

· Situation - information about place, time, orientation and environmental conditions of the map perception. 

· Map medium - set of constrains influenced by display size and parameters, transfer rate from geodata source and software abilities. 
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Figure 1: Cartographic contexts

The reaction on the context change is change of the map content and filling. Changes are related to the particular context attributes and use following tools: 

· Change of symbology

· Cartographic generalization

· Change of cartographic method 

Necessary change is usually combination of all methods. For example if there is requirement for presentation of highly specialized theme to public is imperative to adjust all aspects – simplify or even radically change symbolism, reduce content and finally use unequivocal cartographic method. 

Concept of the adaptable cartography has origin in mobile cartography environment but the crisis management, with lack of time for map compilation and manipulation, is and ideal aim of this approach. 

Project processing

In the case of crisis management it is necessary to decompose the general emergency situation into scenarios related to particular type of danger or crisis. Such scenarios consist of individual tasks which are unique for roles of participant in crisis management. Scenarios here describe the possible interaction between a user and the system and tasks describe who (role) does what (interaction) within a given situation, for what purpose (goal). Cartographic visualization follows division into scenarios and tasks (many tasks are similar inside different scenarios). In the scenario/task oriented visualization we can distinguish following factors:

· Spatial extent – every operation has some spatial extent related to the user competence, in higher levels of user roles is necessary to combine overview extent and selected detail extents.   

· Map content – features and their level of detail steps, features are derived from combination of user task demands and available information sources. A quality of sources strongly determines possibilities of manipulation with level of detail.

· Importance of features – importance of features is classified according task, nevertheless user can make individual enforcement of feature importance 

· Symbology – defined user groups have own symbology, but in case of intensive communication over feature position between different user groups is here necessity of standardisation and proposal of simple and commonly understandable symbol.

The standard operational techniques verbal descriptions have been analysed in order to identify particular roles and actions to be taken. Fire rescue brigades’ materials and national Security Council disasters classification have been used as templates for the pilot project development.  Since the ongoing research is realized in a close collaboration with the regional government the pilot is focused on the transportation of hazardous chemical material and mitigation of potential hazards. 
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Figure 2: Example of ontologic translation

Cartographic symbology is developed according to contemporary studies and conventions in crisis management realm. Existing cartographic resources have been analysed and ontology of presented features described. For non-specialist user groups are proposed new symbol sets. Although we suppose individual symbology, we also admit cases of verbal description of map field. For such cases it is necessary to use standardized sets of symbols. In case of standardisation we try to harmonize our effort with already existing initiatives for symbol set definitions in EU or US. In our research is important a verification of the visualization. We address perceptional and cognitive issues. In perceptional aspects we are focused on comprehension and distinctiveness of symbols. User and device related issues as well as stress factor play an important role in perception process. Cognitive aspects are tested according to solution time, memorizing and change awareness. Testing is provided by samples of visualisations with students. 
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Figure 3: Alternatives of object importance expression

From technological point of view we try to use standardised methods as much as possible. For data transfer we use OGC WFS, for visualisation we use WMS with SLD. All thematic and geometric manipulation is made within database engine supporting OGC Simple Features specification. Only proprietary part is description of context for adaptive cartographic visualisation - context is send by client and translated by server into WMS query. Of course standardized graphic handling through SLD brings some limits to the visualisation capabilities. Such limits we consider like reasonable constraint for easy implementation into heterogeneous environment of data sources for the crisis management.

Conclusion

Cartographic support of decision process in the crisis management is quite underdeveloped and research in this area is very demanded by responsible actors.  The adaptable cartography is considered to be right way how to improve efficiency of the decision making. There is still lot of challenges inside project including proper ontology definition,   symbology design and automated generalisation. Nevertheless key issue is comparison with contemporary status to prove improvement by of decision support by cartographic tools. 
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