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1
Introduction

Currently, geospatial data infrastructures (SDI) are being established with strong political support in many countries and in the regions around the globe. It is the goal of SDI to provide useful geoinformation for monitoring the environment and security, decision-making etc by efficient use of geo data and geo services. This development demands for a new orientation of official cartography which until now has supplied politicians, public administrations, economy and sciences by map series in analog and digital format. On one hand side cartography has to contribute to the establishment of SDI databases by participating in the conceptual design process of the data models and to the implementation of geodata bases by digitizing the relevant content of topographic and thematic map series as well as to the development of geo services; on the other hand side cartography needs to further develop its strategies and methods using both the relevant results of cognitive and communication sciences and the technology available in the knowledge societies in order to be able to provide useful and usable geoinformation to serve societal and scientific needs.

2
Concept and function of a SDI – a brief overview

2.1 Development of the concept SDI

The concept of a SDI was originally developed in Canada (MacLaughlin, 1991), and it was further elaborated in a study conducted by the Mapping Science Committee of the National Science Foundation (USA) to the nowadays worldwide acknowledged concept of the “Spatial Data Infrastructure“ (NSC, 1993). Developments emerging from this concept are, among others, the GDI-DE (IMAGI, 2004) concept and the “European Spatial Data Infrastructure“ (ESDI) (Bernard, 2005).

A SDI can be defined as a system comprising the following components (cf. fig. 1):

1. Networks of the responsible institutions, which agree on and monitor the organizational regulations in order to be able to overcome the existing fragmentation of responsibilities, the redundant or incomplete availability of the geodata as well as problems of identification, data access and data use. It is evident that great importance must be attached to an efficient functioning SDI organization. 

2. Geodata which describe the geo objects and geo-spatial structures by means of geometric, topologic, thematic and temporal attributes in digital form, whereby a difference is made between the spatial base data originating the official surveying sector, and the spatial thematic data of the other geo-specific disciplines, which also include the techniques of their acquisition and keeping in Geodatabases. Moreover, also metadata constitute an important partial component given that only these allow the required transparency and search of the available geodata.

3. Communication networks based on the internet with GeoPortals as nodes  which enable the access to the meta- and geodata as well as to the services of a SDI, which include methods of research, evaluation, provision and visualization of the geoinformation derived from the geodata. 

4. Standards and rules stipulating the interoperability of the geodata and geoservices as well as conditions for the offer, purchase and use of the data. 
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Fig.1 Components of a SDI


In this context it is taken into consideration that a national SDI forms also a component for the superior regional SDI, as can for instance clearly be seen from the European Spatial Data Infrastructure. In order to achieve this the INSPIRE framework directive was put into force on 15 May. The directive and the implementation rules commit the EU member states to deliver the relevant national data serving the needs of the EU Commission e. g. to implement the European environmental policies.

With regard to the efficient setup and effective use of a SDI the following principles have to be observed or realized as postulats, which have become known as INSPIRE principles:

1. The relevant SDI geodata shall be acquired and maintained only once, which means on that level on which the geodata are first required and efficiently maintained. 

2. Geodata available in a certain spatial and semantic resolution must be utilized for other resolution levels.

3. It is a must that geodata from different sources can be combined with each other, so that multidisciplinary analyses are possible (interoperability of geodata).

4. It must be possible, by means of catalogue services, to easily find out which data are available, meet a specific applicational purpose, and on what conditions they can be obtained and used (searchability of the geodata).

5. Geoinformation must be visualized such that it can easily be understood and interpreted (usability).

6. For the provision of geodata acceptable rules shall be established which are no hindrance to their use (rights of access, use and protection).

2.2 
   Architecture of a SDI

The technical components of a SDI (IT architecture) are represented in fig. 2.
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Fig. 2 IT architecture of a SDI

For the implementation of the IT architecture the following Web services standardized by the Open Geospatial Consortium (OGC) need to be employed:

· Web Map Service (WMS) for easy visualization of digital raster maps, 

· Web Feature Service (WFS) for independent further processing of selected geodata, e.g. in a GIS analysis or for the preparation of specific cartographic products,

· Web Catalogue Service (WCAS) create the required transparency of the available geodata and their characteristics.

For the implementation of interoperable Web services the agreement of concrete profiles is necessary.

2.3 Implementation of a SDI 

The stepwise implementation of a SDI is in the following exemplarily described according to the approach that has been developed in the Interministerial Committee for Geoinformation (IMAGI) for the German `Geodata Infrastructure (GDI-DE)`. An analysis of the SDI conceptual framework (fig.1) has lead to three main stages (IMAGI,2004):

1st stage: Establishment of a metainformation system for providing the transparency and performance of searches on the existing geodata of the Federation and the Länder (states).

2nd stage: Preparatory measures for the implementation of the national geodatabase (NGDB) and the geoservices while taking into account the relevant norms (ISO, CEN and DIN) and standards (OGC). The Setup of the NGDB includes the determination of the content of the basic dataset (so-called validation) and the development of a general concept for  geometric and semantic harmonization of the geodata to be integrated into the GDI-DE. For the technical implementation of the concept of harmonization data interfaces, methods of transformation as well as of the geometric and semantic data integration have to be identified and developed. Another partial task consists in the standardization and optimization of the purchasing and distribution conditions for geodata.

3rd stage: Stepwise implementation of the NGDB as well as task-specific development and provision of additional functions (methods) of the GeoPortal.Bund. Each step starts with the selection of an application taking into account political and legal priorities. 

3  Future orientation of the cartographic discipline 

3.1 Preliminary remark

Ten years ago the International Cartographic Association (ICA) still defined cartography as a discipline dealing with the conception, production, distribution, and the studying of maps. The tasks of cartography comprise the collection (compilation), processing, storage, evaluation of space-referenced information as well as in particular their visualization and the use of the cartographic representations thus generated. Among these the map should hold an outstanding position as a function-oriented model of geospatial structures owing to its double function: On the one hand it is an analogous storage of space-referenced information, and on the other hand a means of communication by means of which the user may either confirm or enlarge her/his geospatial knowledge (Hake, Grünreich, Meng 2002).


Since the introduction of modern information technologies (IT) into cartographic practice about 20 years ago, a drastic change of the cartographic methods and procedures has taken place, which can be summarized in two points:

a. The application of digital technologies for near real-time revision and production of maps, so that the traditional form of map use will also be possible in future, or are used for the possibilities offered by new media, as e.g. map-based mobile services (Meng et al. 2005). One example is the ‘Official Topographic-Cartographic Information System’ (German acronym: ATKIS) in Germany and its implementation since the beginning of the 90ties. The Digital Landscape Models (DLM) provided through ATKIS are not only a precondition for a modern digital production of topographic maps, but constitute with increasing importance reference data for geo-thematic data integration within the scope of the setup of the NGDB. Further, the DLM also provide for the initial data for new cartographic representations, as e.g. in the case of location-based services or with simulation models in preventive disaster protection.

b. Separately from a) the geo visualization technique as an integral component of the GIS analysis has established itself with the application of the concepts of scientific visualization (IKVKomVis, 2003). This development is pushed ahead on the one hand by a changed demand for geo-referenced data, and on the other by rapidly developing technologies and innovative methods of representation of geoinformation.

3.2  The strategic orientation of the ICA since 2003

On the occasion of its General Assembly held in Durban (2003) the ICA resolved  a strategy for the period 2003 to 2011 which aims at making a substantial contribution to the information and knowledge society and, in addition, on the basis of a centennial tradition be an active participant in endeavouring to achieve fundamental changes in the nature of information representation, and to take care that the latter will be used in the fields of geosciences, education and society including the public sector. 

The author’s opinion is that cartography as a science must safeguard its position in the context of the geospatial sciences. However, cartography as a discipline has also to meet the societal demands for geoinformation. This task does not only ask for new cartographic products but also for a optimization of the procedures applied for a more effective and efficient production of the traditional map products, given that in many relevant societal fields, as e.g. civil security, environmental monitoring, urban and regional planning, etc. continuous supply with traditional products (maps) is further on expected.

3.3 On the role of cartography within the framework of SDI

Given the purpose of a SDI the role of public sector cartography is questioned here. It is the task of public sector cartography to deliver useful cartographic products  for decision makers in the public sector both on national and regional level, to support the economy, the sciences, the education sector, and last but not least the citizens taking into account that by far not all of them have and will have access to Web services. 

A proposal highly worth to be adopted with regard to the future practical orientation of a SDI-based cartography originates from E. Spiess (2003). It proposes in view of the current discussion about a modern concept of cartography to concentrate on a purpose and user-optimized professional application of map graphics covering all geospatial fields of application. This approach is illustratively explained using a specific cube model (fig. 3), the axes of which have the following meaning:

1. Content to be represented – from simple to complex thematics,

2. Intention of communication – from mere recognition to conscious communication

3. Type of map evaluation – from mere static perception to full interactivity.
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Fig. 3: Map Graphics as transformation prescription (“graphics filter“) after Spiess, 2003

Map graphics have the function of a graphic filter which ensures that the initial geodata are transformed into optimal cartographic visualizations. The filter design comprising symbolization and generalization rules and parameters depends on the intended function of the cartographic visualization, the possibilities of evaluation, and on the cartographic skills of their potential users. The classical case of communication of spatial references may be concerned, but also e.g. a visually supported exploration of distributed geodata of high interactivity. 


This concept of map graphics fits very well in the concept of the SDI. An interesting development goal  consists in extending the functionality of the geoportals such that an efficient “Remote Cartography“ for standard tasks of visualization is available. This approach allows also to keep the quality of the visualizations on a user-friendly level thus ensuring a solid communication of geospatial issues. Therefore, cartographic research has to cope with a large field of activity.

4 Tasks of cartography within the frame of SDI

4.1 Preliminary remark 

The tasks of cartography within the frame of SDI result from an analysis of the demands on the structure and the use of a SDI (2.1). These tasks can be described as follows:

1. According to the requirement that geodata should be collected and maintained only once existing sources of geodata need to be exploited and integrated into a harmonized set of data (NGDB).

2. In order to implement the principle of multi-usage of the NGDB in different semantical and geometrical resolutions the methods of model generalization and of cartographic generalization of topographic and thematic data need to be further developed and employed.

3. The demand for easily understandable and well interpretable geoinformation addresses the cartographers’ core competency. 

4.2 Contributions of cartography to the setup of a SDI 

For the setup of a SDI, in particular of its databases, cartography can make the following contributions:

1. With regard to the identification of the data and methodological requirements of a SDI long-term findings and experiences about user demands are available, which have to be integrated into an up-to-date analysis of requirements for the contents of a NGDB, which was done for instance in the conceptual stage of the ATKIS project.
2. If map series of good quality are available they should be digitized for the first setup of the geodatabases, for which the methods of interactive and automated acquisition of object data can be referred to. This way, the geo-knowledge (from the topographic and geologic national surveys or from the management of water ressources) stored in the map series can be efficiently integrated into the geodatabases.

4.3 Contributions of cartography to the utilization of geodatabases of a SDI

Cartography should contribute to the utilization of a SDI in three areas:

1. Provision of maps for the communication of geospatial findings (e.g. topographic, geologic maps, planning maps etc), development of cartographic concepts (map design),

2. Dynamic cartographic visualizations for the support of analytical-visual processes of realization,

3. Safeguarding of the quality and ease of operability (utilizability) of cartographic software, also within the frame of geoportals.

Ad 1: The thus addressed production of maps is already performed in many cases, though there is a restriction to single themes (as topography). More complex maps presuppose harmonization of the datasets involved.

Ad 2: Dynamic cartographic visualizations have until now been tested by way of test applications. Only if larger areas have been acquired in a database, this approach can be effectively made use of, e.g. with the simulation of spatial plannings or disasters.

Ad 3: This concerns a core task of cartography. Important stimulations for the development of the functionality and surface of the geoportals may emerge from the design of interactive electronic atlases.

4.4 Research and development tasks

From the aforementioned tasks of cartography the following cartographic research tasks result, which shall be solved by means of geoinformatics and taking cartographic design and communication theory into account: 

· Data integration for the linkage of geo objects and structures through the uniform space-reference of the geodetic and topographic spatial base data,

· the object-structured automated digitization of geodata from map series and their integration into geodatabases,

· the extraction of objects and structures from existing geodatasets through data mining,

· the optimization of the database-assisted methods for digital production of cartographic forms of expression both on traditional and modern media, in particular the further development of automatized procedures of cartographic generalization, and of automatized placement of geographical names,

· the development of knowledge-based assistant systems for the support of non-experts (remote cartography) and for the purpose of quality control in the design process and production of cartographic forms of expression.

5 Concluding remarks

Through the setup of local, national, regional, and global geodatabases and their maintenance within the frame of SDI we obtain a virtual, manifoldly usable description of our living space (Digital Earth) including socio-economic parameters, ecological indicators, indicators of vulnerability against natural and man-made desaster etc. Provided that the geodata quality are reliable far-reaching analyses of the past, present and future conditions of our living space will become possible. A prerequisite for the understanding and the gaining of new insights is in each case an easily understandable and illustrative visualization of the geodata and the geoinformation derived therefrom. This will constitute also in future the core task of cartography, which has to develop further in an appropriate manner and employ its methods and procedures while making use of modern IT and in cooperation with the geoinformatics sector.
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