TODSS and Geographic Information Systems

Maps have a long history of being used to support decision-making for navigators, military planners, and explorers. For centuries, maps were considered as a medium for both storing and representing geographic and spatial information. Decisions dealing with the spatial aspects of the environment are fundamental to tourism planning and to the design of information systems for tourism planning.  Maps are the most common tool used in spatial decision-making and computerized mapping systems known as Geographic Information Systems will logically form the major subsystem of a Tourism Online Decision Support System. 

A map is a graphical presentation of the abstraction of geographic data. A map is the interface between geographic data and stakeholder’s perceptions. Maps utilize stakeholder’s inherent cognitive abilities to identify spatial patterns and provide visual cues about the qualities of objects and locations. A Geographic Information System provides through automated mapping, a spatial framework to support decisions for the intelligent use of resources and to manage the man-made environment.

A geographic data model with in a GIS, is an abstraction of the real world that employs a set of data objects that support map display, query, editing, and analysis. Geographic access is the use of a coordinate-based access in which by referencing territory on a map, one can retrieve all information dealing with the identified point or zone. Not only numeric and alpha numeric data can be retrieved, but also documents, images, measurements, and so on, which are anchored to some point line or area. It is necessary to store, archive, select, and retrieve materials such as maps with different scales and topics, sketches with different rough calculations, paper reports and documents with various origins and structures, and photographs and three dimensional landscape images. This can be accomplished using a geodatabase data model. This model brings a physical data model close to logical data model by allowing any kind of relationships to be defined among features (Zeiler, 1999). The model is displayed on a computer screen as a map or series of maps.
GIS tools have been created that share three traits: accessibility, analysis, and action. GIS technology is accessible to both professional planners and citizens using distributed desktop systems and to citizens doing community mapping through the Internet. In urban planning GIS are being used in public meetings for real time use during deliberations and this application will transfer to tourism planning. GIS tools are both active and interactive and relevant to real world decision-making.  These GIS tools can create complex models for analysis in which data can be turned into insightful evaluations of alternative plans and development impacts. Stakeholders can create scenarios “on the fly,” get immediate feedback on the implications of their choices, and reach consensus on outcomes more quickly (Allen & Goers, 2002).

For more than two decades, the retail and travel segments of the tourism industry has demonstrated the value of information technology and knowledge management  through electronic scheduling and conducting online transactions through such reservation and scheduling software systems such as SABRE, GEMINI, GALILEO and AMADEUS. Consumers have demonstrated that there are pressing needs and a substantial market for innovative solutions to problems and that replacing outdated modes of doing business is profitable and essential to survival. By meeting the demand for of conducting online transactions, computerized navigation and air traffic communications and control, the software industry has, by proxy, set the stage for the development of Geographic Information Systems (GIS) applications in tourism planning. 

GIS applications in the field of tourism planning first appeared in the early 90’s. Tourism planning is the process of preparing for tourism development. Tourism development comprises the planning, building, and management of tourism attractions, accommodations, transportation, services and facilities. It is the long term process of readying a destination for tourists or improving destinations attractiveness to tourists (Fridgen, 1991)

To date, applications of GIS in tourism planning have been limited to Recreation Facility Inventory (Nedovic-Budic et al., 1999) Tourism based Land Management (Feick and Hall, 2000), Visitor Impact Assessment (Leung et al 2002) Recreation Wildlife Conflicts (Gimblett & Itami 2002), Tourism Information Management Systems (Kilical and Kilical 1997), and Sustainable Tourism Indicators (Yianna & Poulivos 2001)   

GIS has been used for managing various information needs, estimating indicators and generally assist in decision making in the regional and urban planning. GIS is recognized as a valuable tool for managing, analyzing and displaying large volumes of diverse data pertinent to land planning decisions and environmental management. Sustainable tourism development pivots on these two issues environmental management and land use planning.

Sustainable tourism is an approach to tourism development that can be applied to all forms of tourism in an effort to achieve sustainable development. The holistic and dynamic nature of the concept implies that all, environmental quality, economic prosperity, social equity and viability of the industry are necessary for a balanced and long term viable tourism development.
Tourism can bring substantial economic gain to countries and communities, however it can be detrimental to ecology if  tourism sites are not properly planned (Bahaire and Elliot-White 1999, McAdam 1999)  In terms of tourism facility siting, GIS can be used to determine the effects of the site on the surrounding environment and ecosystems, enabling the planner to minimize the potential negative impacts of the facility planned (Bahaire and Elliot-White 1999, McAdam 1999) GIS can also be implemented to maximize the potential economic success of the facility, by incorporating market and economic demographics into the evaluations of sites (Walford 2001). 
Boyd and Butler et al (1996) demonstrated the application of GIS in the identification of areas suitable for ecotourism in Northern Ontario. Williams et al (1996) also used GIS in British Columbia to analyze tourism resource inventory information and produced maps of 3 different types of information: Tourism Resource Maps, Tourism Use Maps and Tourism Capacity Maps.

Bahaire and Elliot-White (1999) described various applications of GIS: data integration and management, landscape resource inventory, designation of tourism areas in terms of use levels, tourism suitability analysis and pre and post visual impact analysis. 

Optimal sites for the location of facilities have been historically determined through physically sorting through large amounts of data and combining them to establish which location is most suitable for the facility. Filtering information by hand is ineffective, time consuming and affected by the partisanship of those doing the work. This process was much less effective at providing information and analyzing and understanding particulars than the use of a GIS (Heywood et al 1998). GIS can be used to determine the effects of the site on the surrounding environment and ecosystem, thus enabling the planner to minimize the potential negative impacts on the facility (McAdam 1999). GIS can also be employed to maximize the potential economic success of a facility by incorporating market and economic demographics into the evaluation of sites (Walford 2001). Geographic, psychographic and demographic modeling applications using GIS abound in business and industry. 

Although widely used in forestry and environmental planning, GIS use in tourism has been slow. The major reasons are lack of funding and uncoordinated and ad hoc data collection procedures. In cartography data is represented by point, line and area (polygon) and can be represented at nominal ordinal and interval levels of data. Point features may be individual tourism resources like a resort or historic site. Rivers, beaches and trails are represented by lines and polygons show the barriers which enclose areas of interest such as parks, wetlands or political boundaries. This data can be portrayed in many different ways and at several different levels of detail determined by how the cartographer wishes to portray the data. This is part of the art of cartography, as opposed to the science of cartography.
Data collected for tourism feasibility studies, planning or policy making studies typically are collected at different times by different researchers for different purposes and using different units of analysis and samples. These often result in incompatibility in data sets and under utilization of data that could otherwise be valuable to administrators. Standardization of data format is necessary to share information or use information for longitudinal studies

Stakeholders dealing with cadastre information may require two representations of the same property: the legal description given in historic land titles and a Cartesian description as prepared by licensed surveyors. Another problem is data represented by a line, point, or area on a map may have various generalizations attached to it; due to multi-scaling the same line may be cataloged with several levels of detail. A line representing a highway may also represent a power, sewage, and telecommunications corridor; a river may also represent a political boundary. At the conceptual level, several representations can exist due of the diversity of applications, which imply several ways of seeing the real world (Antenucci et al., 1991).

To resolve this dilemma it is proposed that TODSS make use of the regional or local comprehensive plan data and census data.  Most governments are working toward data standards which allow the seamless transfer of data between different levels of government as a cost saving measure and to avoid duplication of efforts. This secures a viable, relatively reliable and useful database which is updated and maintained periodically. Updating and maintaining data is most effective if incorporated into regular organizational procedures of public agencies which hold relevant boundary and attribute information.
 (This was presented as a table, but it will not keep formatting as an email, sorry for the presentation)
The function of Data entry storage and manipulation answers questions about location such as what is at? And its application is Tourism resource Inventory
The function of Map production answers questions about condition such as where is it? And its application is Identify most suitable locations for development
The function of data base integration and management answers questions about Trend such as what is at? And its application is Tourism resource Inventory
The function of data entry storage and manipulation answers questions about location such as what has changed? And its application is Measurement of tourism impact
The function of Data Queries and searches answers questions about Routing such as what is the best route? And its application is Visitor Management Flows.
The function of Spatial Analysis answers questions about Pattern such as what is the pattern? And its application is Analyze relationships associated with resource use.
The function of Spatial Modeling answers questions about modeling such as What if? And its application is Assess potential impacts of Tourism Development
(Rhind 1990, Bahaire and Elliot-White 1999) 

If the problem is benchmark/database the GIS Application is Systematic inventory of tourism resources
If the problem is Environmental Management the GIS Application is Facilitating, and monitoring specific indicators.
If the problem is Conflict the GIS Application is Mapping recreational conflicts: recreation wildlife; user conflict
If the problem is Tourism Behavior the GIS Application is Wilderness perceptions
If the problem is Carrying Capacity the GIS Application is Identify suitable locations for tourism developments
If the problem is Prediction GIS Application is Simulating and modeling spatial outcomes of proposed tourism developments

If the problem is Data Integration the GIS Application is Integrating socio economic and environmental datasets with in a given spatial unit

If the problem is Development control and direction the GIS Application is Decision Support Systems

(Adapted from Butler 1993)

Developments in the computer science and information systems, such as artificial expert systems, new languages, and systems of programming (JAVA, GML, and object-intelligence and orientation) will have a profound impact on many facets of a GIS in tourism planning. Innovative technologies such as wireless application protocol (WAP), personal digital devices, optical data storage, data warehousing, and geographic information systems will drive many of the changes within tourism planning.

Data can be updated in real time through digital monitoring devices and the synthesis of data collected from disparate sources. Through this process, the separation of routine management functions from the planning processes are converging just as the separation of events in real-time from those that are defined in the abstract decision-oriented time are converging.  In the past, data that was used for routine management was rarely linked to strategic decision-making, the recording interval being the impediment to real time data availability (Laurini, 2001).  Innovative tourism management software like Systematic Resort Management Systems, currently link reservations and point of sale with management , maintenance, and purchasing include decision support for accounting but not for land planning It is inevitable that monitoring systems, real time remote sensing, and the interactive databases will bring tourism management and planning functions closer together through the planning process used by TODSS.

Data, information, and knowledge are highly desirable and saleable commodities in the information age.  Therefore acquiring, storing, managing, and mining data will become increasingly important (Madon, 1994). For that reason, effective knowledge management will often differentiate successful tourism enterprises from those that are apt to fail. Data warehousing, mining, knowledge acquisition, engineering, and management will be the cornerstones of the tourism industry in the future. Many organizations involved in decision-making for planning are unprepared to use data and knowledge currently within their own organization (National Telecommunications and Information Administration, 1999). Should information and knowledge stored within a Tourism Online Decision Support System be perceived as out of date or inaccurate, the credibility of the system will be compromised and users will quickly migrate to more reliable and credible websites.

In general, urban planning refers to the act of producing a vision of a destination, to create, develop, or improve the tourism trade. Depending on a number of stakeholders, a tourism destination changes in size, nature, and appearance over the years. The tourism planning process is a process that uses a variety of tools (zoning, transportation planning, environmental policy, Tax increment financing programs, etc.) to achieve envisioned and desired goals within the natural and built environments. 

In the United States and Canada, Tourism planning is seen as a local or regional effort involving community residents (Friggen 1991) Tourism planning as a process that comes about through a public discourse between groups and individuals interested in and/or affected by tourism development and management activities. Tourism planning’s scope includes urban planning and growth management; unemployment and economic revitalization; transportation; environmental protection; cultural resources, historic preservation; provision of open spaces, parks, and recreational facilities; and conservation of land and natural resources. Planning-related decisions are made daily through a complex, often politically-charged process involving a plurality of interests. 

According to Laurini (1998), most urban planning activities have the four following qualities in common. First, decisions made in the planning process are generally made to affect a future condition in the environment and thus are future-oriented. Second, planning is concerned with defining and evaluating alternative solutions to problems. This practice is based on the premise that it is difficult to argue that a chosen strategy is the right one to pursue if alternatives have not been defined for comparison and evaluation. Third, planning is political and every public planning decision takes place in a political context. Finally, planning has an ethical responsibility to represent the needs of minorities, the disabled, and the poor. Issues relating to the definition and nature of planning have been covered fully by Kaiser et al. (1995) in Urban Land Use Planning. The same arguments can be made for tourism planning 
Stakeholders involved in the planning processes can apply GPS and GIS technologies in all aspects of the planning process, including data collection and storage, data analysis and presentation, plan and/or policy-making, communications with the public and decision makers, and plan and/or policy implementation and administration (Nedovic, 1999).

When designing the information system for a TODSS, once given a preliminary list of data, there is a compromise in deciding between the cost and quality of information. The system designer must bear in mind that resolution is the more important key point. The most common source of data for tourism planning comes from administrative sources. During the last few decades, primary data acquisition has gradually passed from such activities as analog-based surveying techniques to receiving data in a digital form from remote sensing. Information technology opens up a number of new techniques for data capture (Antenucci et al., 1991).

The private sector, not government or academia, has driven the technologies of the Internet, including web-based Geographic Information Systems, Internet-based commercial transactions, expert web pages, industry specific portals, various types of groupware, and a hundred other high tech applications including Decision Support Systems. Through the Darwinian forces of the market, the private sector has tried and discarded many different software operating systems, technology platforms, and architectures, leaving only the most efficient and effective tools.   These tools are expected to contribute to the automation of the planning process, reduction of planning time, and increase in opportunities for public participation (Geertman, 1997). 

From the technological viewpoint, advancement of information technology (especially that of the Internet) has urged the development of network-based support systems such as Facilities Management/Automated Mapping (AM/FM), Web Based GIS, and various types of groupware. These tools are expected to contribute toward the automation of the planning process, reduction of planning time and increased opportunity for public participation (Batty, 1996b). 
According to Tweed (1998), there are even potential benefits to data capture performed via recording the argumentation and debate surrounding different types of decision-making. Recorded arguments can explain why particular decisions were made and the political climate that precipitated current policies and so have the capacity to justify decisions as well as inform stakeholders involved in the future about the decision-making process. Recorded argument tools can be used to capture the crafted knowledge of the politician or major corporation as well as the vernacular or common knowledge of the stakeholder. This tool can go long way to meet the increasing demand for greater transparency, openness, and accountability of the decision-making process.

During public participation, it is of primary importance that the stakeholders can understand what is being proposed to them and dominant stakeholders and experts understand what the stakeholders are proposing. So debate capture and argumentation modeling is an important issue in any participative planning process. Rinner (1999) has proposed argumentation maps (Argumaps) as a linkage between online maps and discussion contributions used in an Internet support system for collaborative spatial decision-making. The representation and storage of geo-referenced arguments in Argumaps advances the utility of online discussion forums and digital plans. Argumaps provide graphical tools for visualizing geo-referenced contributions and for interactively following links between arguments and map objects. Consequently, stakeholders involved in public planning debates have a cartographic index to a discussion that enables them to explore spatial structures in arguments. The quality of planning discussions will benefit from an improved retrieval system and use of available documents. 

There are two principal facets of spatial data: multimedia and non-sequential organization. Multimedia or non-print media comprise a variety of analogue and digital forms of data that come together via common channels of communication. The term content portion is used to refer to an individual unit of data of whatever form. The non-sequential organization, or hyper structure, refers to a form of communication beyond or over the linear style that is associated with most books. In libraries the non-print media collection comprises picture material in the form of photographs, filmstrips, 35mm slides, or videotapes. For over 30 years, data has been acquired electronically through remote sensors recording data about pollution, vegetation or mineral deposits, and so on. Dealing with varied information is not a new dimension to many fields, but being able to integrate analogue and digital forms and to work with print and non-print media continue to challenge engineers and software designers (Lillesand and Keifer, 1994).

One way to access this data is through graphics called imagemaps, which use HTML to retrieve information. Imagemaps are static images that have been turned into click-able images with click-able parts using a common gateway interface (CGI). An image is divided into different segments, defined by coordinates that link to different HTML pages.  When a click-able image is activated, a CGI application reads the map file to match coordinates of a mouse click with a corresponding URL, which locates and activates the information (Gralla, 1999). In the context of an OPDSS, there are many uses of non-print media and some applications blending the world of pictures, sounds, and signals with conventional text and map-oriented database software and hardware.

Hyper maps are click-able maps, human computer interface tools for organizing spatial information and documentation using the Internet. The idea of hyper maps (Kraak and VanDriel, 1997) extends the concept of hyper documents by integrating geographic referencing. Hypermaps use a coordinate-based referencing method through a cartographic system. Spatial referencing of hyper documents features two aspects: spatial referencing of document nodes and spatial referencing of maps and other cartographic documents. To retrieve a spatial document, the basic starting point is a map against which we query by delimiting a region using a mouse. Four types of spatial query are of significance: point, buffer zone, segment, and regional query. So navigating a hyper map must combine these types of query and hyper document examination via reference links. Navigation in hyper maps features two aspects: thematic navigation using hypertext and hypermedia and spatial navigation, which is particular to hyper maps. In order to handle several kinds of user several modes of navigation are implemented. A novice mode is activated when the actor is a newcomer and an expert mode when the actor has a good background in the domain (Laurini, 2001).

Dialog mapping is such a method because it is an approach that is rooted in maximizing communication and coherence among diverse stakeholders. Dialog mapping is a structural augmentation of group communication. It provides a group with an enriched dialog environment which both de-emphasizes personal dynamics (e.g. win-lose dynamics) and creates a shared coherent shared space for crafting and negotiating shared understanding (Cognexus, 2002). Like argumentation mapping, dialog mapping would be a good application to include in an TODSS.

The use of information in decision-making frequently involves recollections about the past, descriptions of the present, and speculation about the future. GIS can be used in combination with historical data to help recollection about characteristics by providing means of juxtaposing maps with such information as demographic data, property values, and other generalized data. Maps can be descriptive terrain maps, intelligent maps whose design is adapted to actor’s abilities (novice or expert) and the actor’s level of information needs, interactive maps where stakeholders can manipulate the graphical and thematic appearance of the map on the fly, self-organizing retrieval maps that can display data or document files by querying map features, or navigation hypermaps hyperlinked to other maps and multimedia documents (Laurini, 2001b).

Three maps that are specific to spatial planning and emphasize discussion and cooperation feature:

· Argumentation maps that concurrently visualize the topography of a planning problem to a discussion, which turns around the representation area. Topographic and discussion space shall both be navigable

· Annotation maps, wherein users may add graphical or textual comments to a draft map

· Alternative maps, where skilled users can manipulate the contents of a map by modifying geographical features to visualize their favorite planning solution (Rinner, 1998). 

While maps are designed primarily to transfer knowledge from a stakeholder to a number of stakeholders, a map can also be used to help stakeholders think spatially or visualize. This is the difference between cartographic communications and cartographic visualization. Computer screens act as a visual interface, allowing maps to be used as the point of entry into any information systems and information updates immediately displayed.  The role of maps and more generally of visualization techniques as inputs to computer systems is increasingly important.  With a computer screen as output, visualization is not only cartographic output but it can also be used as input to databases and for navigating through databases.  For years, visualization in urban planning was essentially performed for the delivering of maps to the dominant stakeholders, mainly in the form of paper sheets. Changes to the information on the map took a great deal of time to input, and display required reprinting the map, an expensive and time-consuming process. Visualization is an attempt to better utilize the mental imaging capabilities of stakeholders. The objective visualization through the use  of cartographic animation is to visualize a phenomenon that would not be apparent if the maps were viewed individually.  Temporal animations can be created, where occurrence of time can be accelerated, decelerated, or replayed using an animated map. Non-temporal animations can depict changes caused by other variables and can depict simulated fly-through or walk-through of landscapes or buildings, or hyperlinks to multimedia information (Peterson, 2002).

Most applications of maps are strategic. New tactical applications for maps such as security work require the use of animated maps, possibly with real time sensor-driven input.  This need is obvious in monitoring systems as well as informing teams for crisis management where rapid decisions must be taken and in which space and location play an important role in real time tactical management.  These maps are characterized by the following elements:

· Information is captured by sensors and sent according to various telecommunications techniques to a central computer, which is in charge of interpretation and visualization

· The speed of data acquisition varies according to the applications, spanning from one second, or perhaps less, to several days

· From each information sensor, procedures are triggered and visualization is performed with a more or less sophisticated scheme

· Visualization is thus animated in real time

· If necessary, one can “replay” the past in order to capture more easily the evolution

· In some cases, it can be of interest to accelerate or decelerate the time when carrying out, for instance, what-if simulations (Laurini 2001, p 194).

Organizations or agencies ready to engage in sharing resources undertake enterprise-wide information systems. In order to accomplish this sort of enterprise, the systems must become federated or united for common objectives. Enterprise GISs allow many agencies to share GIS resources using LAN/WAN technology. An Enterprise GIS minimizes redundancy of inventory and survey, imposes government-wide standards, introduces interagency data-sharing, and makes effective use of GIS personnel by sharing interagency GIS resources (Coiner, 1998). 

A federated GIS is a collection of diverse GIS that collectively act as a single source for geographic information. Sharing spatial data between GIS is cheaper than the duplicate acquisition of data sets. In GISs where data sets share the same schema they are said to be heterogeneous, and transfer of data is no problem. Users of a federation of heterogeneous GIS systems could be a number of municipal or township GIS systems linked together by the Internet. A federation of GIS users makes sense when they share concerns such as natural or technological risks, street repairs, environmental monitoring, and navigation. Federating GIS  lowers the cost of data reacquisition and updating for the participants. Federating  requires agreement for splitting up responsibilities to achieve a basic level of interoperability wherein each organization is responsible for updating its own information and sharing it. This will depend upon metadata and setting metadata standardization to successfully interoperate and data share. This can be difficult because metadata is stored in different databases, such as directories, databases and files. The preferred approach to data sharing is using metadata to describe the semantics of the data sets. This can be done with directory systems or ontologies. Federation will require defining a complete ontology of geographic features and it will use ontological inferences to determine relevant data repositories and translate requests into the local query languages of the relevant data repositories. This geographic schema integration, based on ontology-based interoperability, will make GIS federation possible. GIS interoperability is important for all applications, increasing the importance of the ontology approach. It can be predicted that stand-alone GIS will become rare, in the near future, and the federated open system GIS consortiums based upon standardized platforms will become the norm (Ramroop and Pascoe, 1999). 

Querying a search engine on the World Wide Web can typically generate thousands of data “hits” on web pages, an overwhelming amount of information, which may or may not be related to the subject. The GIS dataset is more complicated because of the size of the dataset and the time required loading the information to display; it may take much longer to find a piece of data. Therefore, an intelligent search engine is needed to filter out some unwanted information before it reaches the users. This intelligent search engine is called “intelligent agent” or “Daemon.” The building of an intelligent agent is a combination of computer network, universal resource locator, data organization and indexing, and artificial intelligence. An intelligent agent is an autonomous computer program that has a specific function and responds to specific events based on predefined knowledge rules or user-designated instructions, either alone or working with other agents to achieve some goal (Sasikumar & Prakash, 2001).


Metadata enables “intelligent agents” to operate in distributed heterogeneous computer environments; by interpreting, filtering, and converting information automatically, agents help decision-makers access information for decisions more easily. These Daemons help users access distributed data objects and GIS components on heterogeneous GIS platforms across the Internet by automatically.  An intelligent agent should be task able, capable to take direction from stakeholders and other intelligent agents, network-centric, distributed and self organized, persistent, trustworthy, collaborative, flexible, and to adjustable to stakeholders’ changing needs and task environments. Using metadata, an intelligent agent can link heterogeneous information systems and translate different data types and models for different GIS tasks. This is especially true in open systems. Open systems are systems where the structure can change dynamically according to the requirements of the environment. Web-based systems are an unpredictable collection of entities that need an interface mechanism based on cooperation and negotiation. As problems become more complex, where data, control, expertise, or resources are distributed and where the system are viewed as a number of autonomous entities interacting, intelligent agents may become essential (Sasikumar & Prakash, 2001). The TODSS would incorporate intelligent agents to retrieve data and speed up search processes as an intelligent shortcut.

The role of geographic information in collaborative spatial decision-making is fully addressed in Carver et al. (1998). Stakeholders participating in decision-making for the tourism planning process are enabled to explore a spatial problem, experiment with choice alternatives and formulate alternatives. A web based open system federated GIS is envisioned to be a major component of a Tourism Online Decision Support System.
Any questions critics or comments appreciated

