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Abstract

Mobile and desktop-based geospatial technologies now provide a relatively low-cost data acquisition, processing, analysis and display toolbox to facilitate the rapid collection and extraction of environmental data and information, the creation of maps and other visualisations. Both maps and imagery can be downloaded from the web to the desktop and to hand-held PCs, and used with GPS and palmtop GIS software for mobile field mapping and updating tasks. Georectified aerial photography can be used as raster backdrops to vector data from Digimap and UKBorders to aid in field mapping. Uploading data collected in the field with an IRport-enabled PDA or laptop equipped with a mobile phone and modem to a desktop server also allows for updating GIS databases. Internet map and image server software together with a hand-held PC and/or WAP-enabled phone provides for access and retrieval of data and information 'on-the-fly' in the field from an online Internet-based GIS. This paper examines the practical use of these geospatial technologies as a means to aid in the study of coastal geography in the context of coastal zone management, with specific emphasis being placed on their role in education.
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Introduction

The geospatial technologies of remote sensing (including aerial photography), Geographical Information Systems (GIS), Global Positioning Systems (GPS), mobile computing e.g. portables, Tablet PCs, and Personal Digital Assistants (PDAs), WAP-enabled mobile telephones, digital still and video cameras, portable data storage and compression, and the Internet, are now all becoming increasingly useful tools for a wide range of environmental projects in both human and physical geography that have a requirement for data collection and access to digital spatial data and information in the field. Decreasing costs of both hardware and software, together with improved usability and functionality, offer users a wide range of tools that when integrated provide a very practical framework for both acquiring and accessing data, storage, processing, analysis, modelling, and display. Recent developments in user interfaces to both hardware and software have made them much easier to use than in the past. Likewise developments in e.g. Infrared (IR) and Bluetooth
 wireless technologies have revolutionised communication links facilitating movement of large datasets from one location to another i.e. field to office and vice versa. All of these now provide significant opportunities to interact with geospatial data in both a laboratory and field environment, the latter providing a means by which it is possible to access data and information 'on the move'. As these technologies have become easier to use, cheaper and more integrated, so they have become more accessible to a wider and more diverse end-user community including: academics who want to collect data in the field as part of research project and commercial users working on contracts e.g. to update a street furniture inventory for a local authority (LA). Other users include botanists and horticulturalists, biogeographers, and ecologists who need to update plant species location records in a botanical garden or field study site; students collecting data as part of a dissertation or thesis; and schoolteachers and pupils wishing to undertake some practical fieldwork as part of a curriculum requirement, class work, or to aid in the development and creation of a virtual field course. 

This paper examines some of the current and future opportunities now available for the practical utilisation of mobile information technology (IT) to aid in geographical data collection and for the provision of access to information in the field. To illustrate this theme, Coastal Zone Management (CZM) is used as an example where geographical data and information is important. This topic is relevant to pupils and students, teachers and lecturers, and coastal managers and practitioners involved in the study of coastal areas (e.g. the Geographical Association coastal project, Coastline 2000), coastal geomorphology, estuarine studies, and habitat management and nature conservation (e.g. English Nature (EN), Scottish Natural Heritage (SNH), and the EUCC (The Coastal Union)). The collection and use of typical geographical data sources such as maps (vector) and images (raster) for various applications to coastal applications is also considered. Reference is also made to practical applications of the technology for studies including estuary management and nature conservation and access to information for coastal managers and practitioners, teaching and training in GIS and geography education, as well as the role of geography and the geospatial technologies in an operational search and rescue environment. Together these examples illustrate the potential applicability of the integration of the mobile spatial technologies to study geography in both the classroom and the field, to collect data as the basis for research and for the development of virtual Internet-based field courses, as well as use in an operational environment. Emphasis is placed on the value of being able to broaden data collection, processing, and access to information for use by an increasingly diverse end-user community.


Geography Matters to Coastal Applications

Why is geography important to the study of the coastal environment? Geography is a spatial discipline, and “coastal zone management, by definition, is spatial management” (Fedra and Feoli, 1998). The coastal zone is an environment made up of 'objects', 'features' (objects with geography), and 'processes' that interact and occur across space and through time. The coastal zone is a 'spatial environment' and coastal management is, therefore, spatial management in a specific environmental context. Coastal zone management has arisen because of the pressures and adverse affects that such uses have had on the coastal environment. Integrated Coastal Zone Management (ICZM) is an attempt to achieve the sustainable development of the coastal zone and an understanding of how the coast works is essential. Such understanding comes from data collected about the coast that is processed into information, thereby contributing to a body of knowledge and understanding.

The Geospatial Technologies

In this paper the geospatial or spatial information technologies are considered to include: remote sensing, Geographical Information Systems (GIS), Cartography and Digital Mapping, Global Positioning Systems (GPS), Photogrammetry, Information Technology (IT) and spatial databases, and Decision Support Systems (DSS).  To these can be added some new technologies that are rapidly extending our spatial capabilities into the mobile domain through WAP-enabled mobile telephones and computing, communications networks, and the Internet. When integrated these enable us to undertake:

· Data collection

· Data handling

· Data processing

· Data analysis

· Visualisation

· Modelling and simulation  

· Communication and networking

· Provision of distributed data services

· Remote data access 

The rationale for using the geospatial technologies in a coastal environment is clearly explained by the following quote by Fabbri (1998, p.54).


“Given the complexities of coastal systems and the multidisciplinarity required for sustainable coastal development, computerized systems are necessary for the integration and distribution of vast amounts data and expert knowledge. They are also vital for performing analyses to aid decision makers in their difficult task of providing optimal and compromise coastal management solutions” 

Geographers seek to turn data into information to help increase our knowledge and understanding of the world around us, as well as allowing us to communicate our findings in a way that is appropriate to the nature of the data. Today geospatial technologies and their applications are modern day equivalents of what geographers have always done, that is: collected, stored, processed, analysed, interpreted, and mapped or visualised spatial data; in effect, geospatial data handling. The major difference is the widespread availability of a range of relatively low-cost and easy to use geospatial tools to aid in our work. 
The Tools


Within a very short period of time, the geospatial technologies have transformed the data into information pathway making it much easier, quicker and more direct to collect, process and display spatial data than was ever possible before.  Rapid advances in processor speeds, memory, storage, data capture, network communications, and graphics displays with on-board RAM, have all opened up many new possibilities, allowing the collection, storage, transmission, and visualisation of large volumes of data quickly and efficiently. These developments have provided an 'enabling mechanism' that has driven and supported the rapid growth in the application of the geospatial technologies. 

There have also been two other major developments associated with this technology. Firstly, as microprocessors have become cheaper and more powerful so they have become much smaller.  This downsizing has led to a whole new generation of mobile microchip-based hardware technologies that include PDAs (Personal Digital Assistants), dataloggers, handheld GPS units, smaller and more powerful mobile phones, more compact data storage (e.g. the Memory Sticks, xD cards, Compact Flash, and Smart Cards), smaller digital still and video cameras, and the accompanying software, much of which now runs under a derivative of Microsoft's Windows operating system, Windows CE or Pocket PC. A wide range of relatively low-cost ‘small-scale’ mobile hardware platforms (GPS, digital and video cameras, mobile phones, and computers e.g. Panasonic Toughbooks and Tablet PCs) have also become more affordable to enable more people to gather geospatial data in the form of maps and images or photographs, and to process, communicate and display information in a mobile environment. Today the most familiar examples of such developments are the in-car navigation system e.g. in the new MINI (BMW Group, 2002), location-based mobile phones, as well as Internet-based public information system terminals found in some airports and motorway service stations. 

Secondly, the development of Internet technology, in its infancy ten years ago, has experienced very rapid growth in the past five years. The evolution of communications and networking technology has provided the basis upon which spatial and other data and information can now be accessed, transmitted, and communicated locally, regionally, nationally, and globally. Coupled with software developments such as JAVA, Javascript, online mapping software e.g. ESRI's ArcIMS, a wide-array of Internet authoring tools e.g. Macromedia Dreamweaver, animation e.g. Macromedia Flash, and graphics software e.g. Macromedia Fireworks, provides a very powerful, comprehensive, and affordable toolkit with which to create a medium for the access, delivery and communication of geospatial data and imagery. High bandwidth (broadband) communications are now being offered in the form of ISDN (Integrated Services Digital Network) and ADSL (Asynchronous Digital Subscriber Line) providing reception and transfer of data at up to 10 times the speed possible by a standard phoneline/modem connection. Already there is much 'geospatial' data and information available over the Internet, and together with developments in interface technology and the capability for greater end-user interactivity, the Internet is now providing access to powerful new tools that allow the delivery of online maps, animation, and virtual reality, not only on the desktop but now also in the field with the aid of a mobile phone and PDA.

Other significant developments are: the Infrared (IR)-enabled communication ports that are now a feature of most current mobile phones, PDAs, and computer hardware such as printers, as well as the Bluetooth initiative providing true wireless links between PDAs, mobile phones, and headsets. Computer hardware and software have also evolved rapidly with significantly improved functionality, usability (with the benefit of shorter learning curves) via more user-friendly and intuitive interfaces to the hardware such as mobile phones, GPS, and PDAs. Lower hardware and software costs have also meant that more people now have the means to purchase and use these tools to rapidly access data and information in the home, work, and in the field. With the availability of both mobile hardware and software as well as communications technology we are now able to access a wide range of multimedia data and information 'on the fly', whenever, and wherever we are. 


Mobile Tools
There are a number of technologies that make up the geospatial mobile data collection tool kit (Green et al., 2002). These can be grouped together in three main categories. Spatial data collection tools, wireless communications and remote data access tools.


Spatial data collection tools
Spatial location is a key component of geographical data collection. In the past, students wishing to collect data in the field have usually marked the points where data are collected on a photocopied or original map e.g. Ordnance Survey paper map, supplementing this with a 35mm photograph and/or an annotated field sketch (Green, 1998a). The range of mobile digital data collection tools now available provides a powerful alternative to this traditional approach.

- GPS and PDA
The advent of low-cost mobile GPS units has provided the means to acquire a spatial location (Longitude and Latitude or Northings and Eastings) which can then be marked on a paper map. The locational accuracy obtained depends on the objectives of the work and whether differential GPS (DGPS) is being used. Before 2000 the accuracy of a low cost GPS unit would be within 100 metres. After this time America turned off selective availability that degraded the civilian GPS signal, and accuracy is now within 10 to 20 metres (http://www.fcw.com/fcw/articles/2000/0501/web-gps-05-02-00.asp).  Differential GPS is a more costly system that can provide greater locational accuracy ranging from below 1 metre to 10 metres (http://www.magellangps.com/en/products/aboutgps/ 
dgps.asp).

Personal Digital Assistants (PDAs) such as the Compaq iPAQ and the recently introduced Dell Axim X5 have brought relatively powerful computing into the mobile domain. PDAs can be made locationally or geographically aware (Essex, 2002) by using some sort of positioning e.g. Cell-ID, Cellular Triangulation (Maguire, 2001) or by connecting them to a GPS unit.

- Mobile GIS
Using a GPS (e.g. Udani and Goel, 2002) unit it is possible to record spatial point data. The Latitude and Longitude or Northings and Eastings for specific points can be recorded using pen or paper, or using an electronic notepad on a PDA. However, a more expensive but easier way of capturing such data is by using a GPS unit connected to a PDA loaded with a mobile GIS system. Today, there are a number of different software packages available. ESRI, for example, has ArcPad, a mobile mapping and geographic information system (GIS) technology. Similar products are PocketGIS (http://www.posres.com), FastMAP (http://www.surveysupplies.co.uk) and HandyGIS for MapInfo (http://www.handygis.com). All of these software products provide database access, mapping, GIS and GPS integration via handheld computers and PDA (see for example ESRI, 2000 and Corbley, 2003).

Using a PDA with mobile GIS software and connected to a GPS, it is possible to locate oneself reasonably accurately on a basemap (e.g. an Ordnance Survey digital tile acquired from Digimap (http://www.edina.ac.uk) or a digital map outline from UKBorders (http://edina.ac.uk/ukborders)) and record new data, including point, line and area features. It is also possible to record attribute data using predefined forms comprising different fields for text, images and codes, that are then stored in a database file along with the map in e.g. ESRI’s proprietary vector format, a Shapefile (.shp). This functionality has many uses. At the coast, for example, it can be used to map the location of coastal defence structures such as groynes, and attribute data such as the construction material and general maintenance condition of the feature can be logged.

- Photography
Other valuable field data collection technologies for the field geographer or coastal manager are the digital still camera (e.g. Olympus) and digital video camera (e.g. Sony). Cameras and video cameras can be used to take snapshots of the environment at a specific time and place. This is useful information to help describe to others what the environment looks like, and can also be used to monitor environmental changes over time. Digital imagery has many potential uses as the basis for collecting data, calibration, recording digital transects/quadrats.  Whilst such photography is usually taken a ground level oblique or near vertical pictures can also be taken from a light aircraft (Raffaelli, 2002), and even kites (Aber at al., 2002), balloons (http://www.southernballoonworks.com/index.htm; http://modelballoon.com/aerial.html), model fixed-wing aircraft (Green et al., 1998b) and helicopters (http://www.hicam.com.au/links.htm). These provide low-cost ways of acquiring aerial photography (panchromatic, colour and colour infrared (CIR)) as the basis for environmental data collection. For example, Green at al. (1998b) have successfully used a model aircraft to gather multi-temporal information about macro-algal weedmats. 35mm aerial photographs can easily be geocorrected and mosaiced using digital image processing (DIP) software (e.g. Erdas Imagine, ER-Mapper and Pixoneer) and input to a GIS for onscreen digitising to create maps.

Digital photographs can easily be enhanced using image processing software e.g. JASC’s Paintshop Pro (http://www.jasc.com), mosaiced together using Adobe Photoshop (http://www.adobe.com) or stitched into 180 or 360 degree panoramic images e.g. PhotoVista (http://www.iseemedia.com/ (Figure 1) that can either be printed out or displayed as rotating 360° images on an Internet website using viewing software such as Apple’s Quicktime (http://www.apple.com). Although digital still cameras of only a few years ago could only capture images with a resolution of 640 x 480 or 800 x 600 pixels, most current digital cameras provide much higher resolutions of 1024 x 768 pixels or higher, enabling the capture and storage of much sharper and higher quality images.

Digital cameras are also getting much smaller and come in a wide variety of different sizes ranging from the thin pen-like cameras to the camera accessories now available for PDAs, as well as built in cameras or attachments for mobile phones such as the Nokia 7650 or Sony-Ericsson T68i. Images captured using a digital camera or video camera can be stored as attribute data within a mobile GIS, and then be mapped to a location on a map using a hotlink. Mobile phones with integrated or attached cameras are also now capable of sending photographs as attachments via email, or from phone to phone using the new Multimedia Messaging Services (MMS) offered by a number of service providers e.g. Orange (http://www.orange.com), O2 (http://www.o2.co.uk) and Vodafone (http://www.vodafone.com). MMS can combine text, pictures, photographs, animations, speech and audio into a multimedia message comprising a drawing, photograph or picture postcard annotated with text and/or an audio clip (a synchronised playback of audio, text, photo), or in the near future a video emulating a free-running presentation or video clip (http://www.ericsson.com). Although most of the images captured with these devices are currently not at a very high resolution, they nevertheless provide a useful photographic record that can easily be emailed or sent by MMS. This type of technology has potential in situations where field information needs to be sent back to the office quickly for decisions to be made, e.g. in a search and rescue operation.

Communications
For mobile technologies to work together, particularly PDAs and mobile phones, they need some sort of communication system that lets them ‘talk’ to each other. In the past, this has meant linking devices together with cables. Today ‘wireless’ technologies such as Infrared (IR) and Bluetooth are forming the basis of mobile communications and mobile geography. While both technologies allow communications between devices such as a mobile phone and a PDA, Bluetooth has a significant advantage over IR. Unlike IR, Bluetooth enabled devices do not have to have their send and receive ports lined up to ‘see’ each other. This means that Bluetooth is both capable of communicating data over a greater range (between 5 and 100m http://www.mobilecomms-technology.com/projects/bluetooth/) and without the signal being blocked as easily. These improved communications links allow the fieldworker to capture data in the field using a PDA, digital camera or video camera and then either download the data to a laptop computer or send the data to the office using email, or by uploading the data to an office-based server. This is made possible by connecting a PDA to the Internet via a modem on the mobile phone. 

Other developments that have allowed mobile or remote access to the Internet include WAP-enabled (Wireless Application Protocol) mobile phones. Using a WAP phone it is possible to connect to the Internet, make a request to a geographic service and return a map to the phone in the form of an embedded bitmap. Unfortunately, WAP enabled mobile phones are somewhat restricted in terms of map and data access by the size of their screens, the amount of data that can be downloaded to them and the speed at which the connection can be made. Future handsets and clients with more power will be able to use less compact protocols such as HTML (Hypertext Markup Language) and XML (eXtensible Markup Language) to access geographic services on the web. Recent developments in this area include the Geography Markup Language (GML) from the Open GIS Consortium (OGC http://www.opengis.org) and ArcXML (Arc eXtensible Markup Language) from ESRI.  Already, mobile clients connected to the Internet via a mobile phone, such as PDAs and the more recent Tablet PCs (e.g. the Compaq TC1000) can connect to these geographic services and receive data and maps remotely.

Remote Data Access
Access to remote data sources has been facilitated by two developments, image compression and Image Web Servers and online GIS or Internet Map Servers.

- Image Compression and Image Web Servers
ER Mapper (http://www.ermapper.com) and LizardTech (http://www.lizardtech.com) have both developed image compression software that allows a digital raster image, such as a digital aerial photograph or satellite image to be compressed in size from gigabytes (Gb) to megabytes (Mb). This means that imagery is more easily transferred onto mobile computing devices (with less memory and storage capacity than desktop PCs) and also across the Internet. The ER Mapper technology is called Enhanced Compressed Wavelet (ECW) and is delivered on the Internet using ER Mapper’s Image Web Server (IWS). LizardTech has a compression technology called GeoExpress (the next generation of their MrSID Geospatial Encoder). Imagery compressed using this software can be served on the Internet using LizardTech’s Express Server (formerly Content Server). 

Many GIS software products are capable of reading both ECW (.ecw) format and GeoExpress/MrSID (.sid) format imagery. For example, ESRI’s GIS products can read MrSID imagery natively, while ER Mapper provide a range of software ‘plugins’ that can be installed for different GIS software allowing them to read ECW image files. ECW imagery can also be viewed on the Internet using a browser plugin, and because the imagery is compressed it can be transmitted relatively quickly and easily to mobile computers and PDAs. Likewise, MrSID imagery may also be viewed using a browser plugin. LizardTech’s Express/Content Server also allows the compressed imagery stored as MrSID files on a server to be sent to a web browser as JPEG files. Both ECW and MrSID imagery can be viewed with a degree of interaction, including zooming and panning.

The benefit of compression technology is that large images e.g. scanned aerial photographs can easily be remotely accessed using a mobile phone and PDA in the field.  Integrated with other geographical data they can be displayed, analysed and interpreted whilst on location. Using software the imagery can be annotated and may even be uploaded to a remote database on a server. The relatively small compressed image files still provide sufficient information to be useful to the field worker whilst offering rapid access and display. 

- Internet Map Servers
Internet Map Server technology has advanced markedly over the past five years. Today, map server software offers a great deal of the functionality normally associated with desktop GIS software packages via a web-based interface (e.g. zoom, pan, measure, identify, search, query, buffer). Most of the major GIS vendors now provide a map server software package, either as part of the desktop GIS, an extension or a separate product. These include ESRI’s ArcIMS, MapInfo’s Map Extreme, Intergraphs’s GeoMedia and Autodesk’s MapGuide. There are a number of others. Most map server software deliver a map via a web page as either a raster image or stream the vector data to the client using a Java-based viewer. PDAs equipped with an Internet browser are capable of viewing maps delivered as raster images via the web. Although the data is displayed as a raster, map server software usually allows the data attributes to be displayed as well. Using ESRI’s ArcPad mobile GIS software, it is possible to connect to an ESRI ArcIMS map service and use remote data held on a server as a background map during data collection. If a GPS is connected to the PDA, the map data from the ArcIMS server will automatically update to the users location, as the user moves around. Remote access to data in this way is advantageous, because a user in the field can access data and maps that they may not have stored locally on the PDA. The main disadvantages at the moment to remote data access are the data transfer speeds which are relatively slow and the financial cost of remaining connected to a mobile phone network for long periods of time. 

Integration


The trend towards the growing use of geospatial technologies in coastal zone management, whilst largely driven by the physical size and power of the microprocessor and the associated technologies is also being driven by a growing realisation that there are practical benefits to being able to integrate data and information in a seamless way in a mobile environment. 

Whilst integration has always been part of a geographer's work, geospatial technologies have greatly enhanced the practical possibilities and ease of integrating spatial data sets and information from many disparate sources into a single 'window' or 'environment'. In addition, they have made it easier to undertake data exploration, analysis, modelling, visualisation and communication of information. One scenario, for example, is that it is now easy to download a digital image (e.g. an aerial photograph or satellite image) from a remote server, via a mobile phone connection, store it on a Sony memory stick or similar, open it on a PDA with an image processing suite of software (including image compression), interpret the image, overlay a map data layer, and then to collect new geospatial data with the aid of a GPS, annotate the imagery from information gathered at the ground level in the field, and upload it via the WAP enabled phone back to a server or via email to another PDA with a phone link. It is even possible to utilise voice activated GIS software with the aid of a mobile phone connection (e.g. VoiceInsight (http://www.voice-insight.com/) have developed a speech recognition interface to ArcView using the VQL™, Voice Query Language). A diagrammatic overview of this scenario is provided in Figure 2. 

Mapping the shoreline, collecting point data and ground-truthing, are all possible applications for the geospatial technologies in coastal applications. For example, a GPS can be connected to a PDA and mobile GIS software such as ArcPad for collecting line feature data. A field worker can then either walk the shoreline, and capture data points automatically at set intervals, or collect the points manually. This is a good way of mapping the current shoreline to determine shoreline movement over time. For example, data collected may be compared to archival maps or even aerial photography, or data collected at an earlier date. This is particularly useful for short stretches of coast that experience rapid change due to, for example, storm activity. The mapping can be complemented by photographs (single frame and panoramic) and video clips to provide a visual record of the study area. In ArcView, for example, hotlinks can be made between a theme (point, line or area) to such images providing additional descriptive information about a location.

Some Example Applications


The following figures (Figures 3-7) summarise some of the many different ways in which it is now possible to integrate, in a practical way, using off-the-shelf hardware and software, geospatial technology for gathering, processing, analysing, visualising and communicating spatial information in the context of coastal management.

Two further example applications of the integrated use of mobile geospatial technologies are as follows. The first is an example demonstrating the combined use of a GPS, PDAs and GIS for a practical educational application in the context of coastal zone mapping. The second example provides an overview of how these mobile geospatial technologies can be brought together in operational application, thereby illustrating a real world application.
Masterclass

In the summer of 2002, at the University of Aberdeen, we set out to introduce five students to a simple practical GIS project over a time period of a one week (5 days). The project comprised introductory lectures in the geospatial technologies with an emphasis on cartography/digital mapping, GIS, remote sensing, GPS, mobile mapping and the Internet, laboratory-based work, fieldwork, a 30-minute group presentation using Microsoft PowerPoint, and the preparation of an A0 laminated poster summarising the project work. 

The Masterclass theme was to study GIS in an environmental application, in this case coastal zone management (CZM). The course objective was to provide students with a basic amount of GIS background, theory, and concepts (fundamentals) and then to expose them to geographical problem solving using a geographical data handling toolbox. For this the students worked as a team using the ESRI ArcView GIS 3.2 software package, ESRI's Map Manager 6.1, and the ERDAS Imagine version 8.4 digital image processing (DIP) suite to process map data (Ordnance Survey vector data in NTF (National Transfer Format) and Shapefile (.shp) format) and 80cm resolution thermal infrared (TIR) image data supplied by Infoterra/Aberdeen City Council. Field-based GIS mapping was also undertaken to map the location of some geographical features e.g. harbour cranes using a combination of a PDA, PocketGIS software, and a GPS with the help of a local Aberdeen company, Positioning Resources (http://www.posres.com). The data acquired and processed was subsequently uploaded to a website, but could just have easily formed the basis for a virtual field course on mobile GIS using WebCT.

Search and Rescue


In coastal search and rescue operations, access to geographical data and information is vital.  Such information may be required during both the search and the rescue stages (Green and King, 2002). Whilst some relevant data and information may already be available e.g. in the form of maps and hydrographic charts, much of the baseline data and information required is currently not available at a scale that is useful to an operation and requires to be collected in the field. The acquisition of local geographical knowledge and information, for example, requires fieldwork, often carried out 'on the fly', with the aid of a range of mobile geospatial technologies. Field data acquisition can include e.g. field sketches or detailed mapping of an access footpath to a beach, Short Text Messaging Service (SMS), sonar, radar, digital images and video, laser direction and distance finder, RTCM (Radio Technical Committee for Maritime Applications) radio receiver (Direct Access Radar Channel (DARC) service), sound, voice, fax, text and Multimedia Messaging Services (MMS). Advantage can also be taken of the terrestrial GSM (Global System for Mobile communications) network or GLOBALSTAR (satellite telecommunications) for transmission. Integration of this data can provide a framework for an Internet-based decision support system.  One fieldwork scenario might use a mobile to upload a datafile to an online GIS e.g. ESRI ArcIMS; an on-shipboard PC with a wireless access to the Internet accessing the ArcIMS-based online decision support system; a digital camera that sends photographs by email on a mobile phone e.g. a picture of the coast from the seaward side to the local Coastguard either onboard a ship or to a rescue team on the cliff top; sonar information that can be uploaded to an ArcIMS system and combined with e.g. an Ordnance Survey digital coastline; a video clip, panoramic photograph or fieldsketch (Figure 8) of a section of the cliffline that can be zipped and sent as an attachment by email. 

Limitations


Unfortunately all of these emerging technologies also have a number of practical and operational limitations. Much of the mobile technology, for example, is still at a relatively early stage in its development and there are a number of areas in which problems can arise in its practical and operational use. Problems include, for example, battery power that is still not adequate for prolonged use of computer-based equipment in the field. Not all areas of the World can be covered reliably yet with mobile communications or GPS receivers and in some locations reception can be poor which may provide only an intermittent service, or a poor 'view' of the required number of satellites to give a locational fix. Mobile data communication networks are also still quite slow and this prohibits rapid communication of large datasets from a mobile unit to a remote server and vice-versa. Unfortunately current mobile links via WAP-enabled phones still rely on old technology, and reception is not always very good, frequently leading to the loss of the link. Use of portable computers and PDAs in the field can also be quite limited as not all are lightweight and rugged, some have limited memory and data storage capacity, whilst others have small screens, no keyboard (Krogstie, 2003) , poor screen illumination (in sunlight) and small window or viewport dimensions that are incompatible with the display of graphics, imagery and website pages.

Future

Despite the above limitations and problems it must be remembered that the geospatial technologies are still developing at a very fast pace and many of the above limitations are already being addressed. For example, the limitations of the small screen-sizes on PDAs are being overcome using software solutions, as are improvements in the transmission times of large image datasets using data compression techniques. Already, Condat's Skyware (ESRI, 2002) integrated within ESRI's Geography Network is providing the means for 'clients' to access GIS content with any mobile device e.g. smartphone, wireless PDA or laptop, dynamically optimising the content to match their device capabilities e.g. display size, menu structure, navigation, colour depth, resolution, layout, and available memory.
Recently announced Tablet PCs (Compaq, 2002; Martin, 2003) offer a number of advantages over more traditional laptops that include: either the pen-based screen interface or the use of a speech-recognition device, smaller size for portability, compact footprint, and rapid boot-up time. These will provide powerful tools for GIS data collection. In addition, they are encased in a shock-resistant, hard-tempered glass display and magnesium-alloy casing that is reported to be 20x stronger than plastic (Compaq, 2002). Whereas early mobile solutions had limited functionality, this is being overcome with more powerful solutions.

Wireless technology e.g. Bluetooth is also greatly improving the opportunities for linking mobile hardware such as phones and PDAs. Some cars now have plug-in facilities for the use of PDAs. The new MINI, for example, includes as one of its options a PDA integration kit for the Compaq iPAQ including a central unit with charge electronics, a bracket for memory extension cards and the specific MINI PDA software (BMW Group, 2002)
Mobile phone technology is also developing very quickly. Second-generation GSM networks already deliver mobile voice and data services such as SMS/Text Messaging. The General Packet Radio Service (GPRS) enabled networks provide services such as colour Internet browsing, e-mail on the move, powerful visual communications, multimedia messages and location-based services. The third generation 3GSM products will provide mobile multimedia services focusing on visual communication. Enhancements in data handling capability will be provided with EDGE (Enhanced Data Rates for Global Systems for Mobile Communications Evolution) delivering mobile services, such as video clip and music download, full multimedia messaging, high-speed colour Internet access and e-mail on the move. All of these developments will greatly enhance the possibilities for accessing data and information at any time and anywhere: (http://www.gsmworld.com/technology/edge/ 

index.shtml) 

Benefits to Fieldwork


This paper has, admittedly, concentrated primarily on an examination of some of the available geospatial technologies that have potential application to coastal fieldwork. In particular it has emphasised the value and role of this technology using a number of examples to illustrate. 

The potential for geographical data gathering, data processing, and access to information in the field using these tools is quite considerable and has a number of distinct advantages for the student. Firstly, the ‘gee wizardry’ and apparent glamour of the technology can help to encourage students to become much more directly involved in field data collection for projects and dissertations making better use of their time (Dykes, 2000). The immediacy and speed at which data can be integrated and visualised using these tools is also a very successful motivator (Dykes et al., 1999). Secondly, it also offers them a chance to examine and critically evaluate the role and advantages and disadvantages of the technology in operation. Thirdly, where visualisation tools are available in the field it makes it relatively easy to begin to integrate, analyse, and interpret the data and information in a spatial context, and especially whilst it is fresh in their minds (Dykes, 2000).  Fourthly, experience with students shows that they seem to relate quite easily to using such technology and are quite at home using these tools, and in practice the learning curve becomes quite short. Raising awareness of the practical uses of such technology is therefore considered a key component of any modern geographer’s education and training. Finally, it provides an opportunity to gain hands-on experience with up-to-date technology which can be a very valuable component of a degree programme, and perhaps more importantly for future employment. On the down side, however, whilst interfaces to such technology have improved significantly in recent years, practical use may often require considerable patience, initiative and a problem solving approach to overcome operational difficulties. Despite being more user-friendly than in the past, the learning curve therefore often requires the student to go far beyond playing a part by simply tapping icons and selecting menu items on, for example, a PDA screen, to dealing with problems ‘on the fly’. Furthermore, the hardware and software selected for inclusion in the applications discussed whilst less expensive than in the past, are still by no means cheap and may not be affordable for all secondary schools, or in class-size quantities for Further and Higher education. But, even a single set of hardware and software that allows students hands-on experience can provide an important stimulus that encourages them to become active rather than passive learners.

Summary and Conclusions
This paper offers a brief overview of some of the uses of the geospatial technologies in the context of geography and coastal applications. Hardware and software applications are continually evolving, and nearly every day there are new examples that are more powerful, easier to use, more ‘plug and play’, smaller and more mobile, lower-cost, and even more functional than they have been in the past e.g. PDAs, GPS, mobile phones, smaller printers, digital still and video cameras, and mapping tools are just some of the examples considered.


As awareness and demand for the capability to both gather and process geospatial data (often in real-time) grows, so the products, that were only a few years ago expensive and limited by the technology, are becoming more all pervasive in the workplace. The development of mobile geospatial technologies, together with vastly improved communications networks are providing us with the capability to gather data anywhere and anytime, to process it on the fly, to download and upload it remotely, and to produce updated maps and visualisations ‘en route’. Furthermore, we are increasingly able to move closer towards a 'paperless environment', with the benefit of the direct to digital approach, thereby minimizing sources of error, and the ability to synchronize data in the office with that in the field. 

Although the technology is getting much easier to use we still need knowledge and understanding to allow us to make the best use of the technology, as and when it is appropriate. As noted by Maguire (2001, p.6), a mobile GIS is not a conventional GIS modified to operate on a smaller computer, but a system built using a fundamentally new paradigm.. It is important, therefore, to be aware of the technologies available, their potential applications and how to use them.

The different technologies available to us now are gradually becoming more integrated making it easier to put data together and to process it, as well as to generate a more complete 'picture’ of the coastal environment. Mobile GIS is now a reality and we are in the era of 'smart decisions'. Such technology can not and must not be ignored by the coastal manager or practitioner. Whilst the technology is not yet perfect, we should nevertheless seek to embrace this technology for what it is, an exciting development that offers a significant breakthrough in the provision of a powerful suite of tools to help us gather data and process it into information.

We also need to be able to gather data at a wide variety of different scales and moreover to be able to turn this data into information that we can use to help us make decisions.  As noted by Harrington (2003), these 'go-anywhere gadgets' allow us to do more wherever we are because we have more information at our fingertips all of the time. Already, in terms of productivity and timeliness, mobile GIS is considered a huge success. Geographical data collection, processing, analysis and visualisation are becoming increasingly flexible and offer individuals an exciting suite of tools. The future of geographical data collection lies with these technologies. Pencils are out, the Stylus is in! 
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