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There's a lot to learn about Web mapping technologies, but in general Web mapping is headed in the same direction as the rest of the Web--toward increasingly frequent use by a rapidly expanding population of people using all kinds of wired and wireless Internet-connected devices for all kinds of purposes. Basically what's happening in the world of the "spatial Web" is the following:

    * As the spatial Web grows, there are more online spatial resources available. And while these resources are getting simpler to use, there is increasing potential for extended capability and complexity in Web mapping applications.

    * As Web sites become richer in processing resources, users will need to own less software and their sessions on the Web will become more interactive.

* Web mapping takes users beyond maps to the answers that a map would have provided. This will be particularly true as location services come to wireless Internet devices.

Consumer-directed applications of Web mapping will attract a lot of attention in the coming year, but equally important is the growing use of Web mapping to improve government services. For example, the Environmental Protection Agency, the National Park Service, the Forest Service, the Department of Defense, NASA and other federal agencies and their contractors--as well as their state, local, corporate and nonprofit partners--are major collectors, users and suppliers of environmental monitoring information. If data sharing between these institutions was good in theory but difficult in practice up until now, with Web mapping it becomes an imperative. Interoperability is becoming a requirement in federal Web mapping programs.

Web Developments

For spatial technology applications, the Web is changing the rules and opening new opportunities. Some of the most significant developments are as follows:

It's getting bigger: Every day, more people use the Web to get geospatial information. GEOWorld's list of Web mapping Web sites grows longer every month. Almost all of the "old" geoprocessing software vendors are now on the list of Web mapping software vendors highlighted in the software functionality tables, and some aspect of Web mapping is the focus of virtually all of the many new geoprocessing software vendors. Also, the list of sites serving maps through the Open GIS Consortium (OGC) OpenGIS Web Map Server (WMS)-based servers grows longer every month. For example, the U.S. Army Corps of Engineers Web mapping site ( http://www.webmapping.org/onlinedemos.html ) has links to several clients and servers that implement the OpenGIS WMS interface.

It's getting simpler: The chore of downloading, converting and merging spatial data is becoming increasingly unnecessary. As each geoprocessing software vendor grows, its base of Web mapping server customers grows, as does the universe of accessible data for customers who use that vendor's Web mapping client software. OpenGIS WMS interfaces take this one step further to enable a user to access maps from multiple map servers (from many different vendors) in a single session (see "What Are the OpenGIS Specifications?" on page 4 and the "OpenGIS WMS Specification" column in the System Characteristics chart on page 10). These interfaces provide what is needed to automatically convert, fuse and display spatial information from multiple sources on the Internet to the same scale and the same coordinate reference system. And the client is a simple Web browser! Thus, every Web user's universe of readily accessible spatial data expands with every vendor's implementation of the OpenGIS WMS that goes online. It's getting easier for users to get and make maps via the Web, and it's also getting easier for spatial information providers to set up servers that serve maps to those users.

While it's getting easier for users, it's getting more complicated for developers: The richness of today's product offerings enables system developers to build more complex applications. For example, organizations are beginning to deploy applications that support enterprisewide use of spatial information. Usually this involves middleware that gives diverse spatial client applications access to general-purpose enterprise database software. Here complexity arises in the use of multiple types of spatial information to support multiple workers' tasks.

Other complexity arises from the need to weave multiple online service providers together to serve consumers with diverse needs. The Web computing model provides powerful capabilities for linking together resources without regard to physical location or types of technologies used. Web users already hop (often without knowing it) from one Web site to another simply by clicking a button that activates a link. This ability to easily chain together diverse services enables site owners to offer broader benefits to users without developing or purchasing software. It also creates incentives for improving interoperability among service providers. Web standards are necessary to make this work well, and Web mapping standards are necessary if this is to work well in the geospatial domain.

The software providers' delivery model is changing: Instead of downloading data and processing the data using software applications on PCs, many computer users will begin using a new approach: the Application Service Provider (ASP) model. This Internet distributed computing model allows users to access data via the Web and to run applications across the Web. The applications may run on a remote server or they may download and run transiently as Java "applets" on the user's computer. A user may use a single ASP provider who provides a full set of resources, or the resources may be chained from multiple providers. ASPs are beginning to appear in the geospatial realm. Downloading and installing software and data is the old way. The new way is using remote software and data via the Web.

There are economy-of-scale benefits to this model. Service providers can invest heavily in software and yet make a profit, because they can collect from many pay-per-use users. Or the remote resources may be a free piece of a larger offering from the company or agency providing the service. In the geotechnology arena, users have access to potentially sophisticated geospatial analysis tools, but avoid the costs of buying, installing and maintaining the software locally. Users also benefit from having ready access to up-to-date geospatial data without the worry of storing them, backing them up and maintaining their currency.

In the future, it's likely that custodians of geospatial data, especially in the public sector, will adopt an ASP model for providing access to their data and the applications necessary for using them for particular purposes. Providing application services in this manner increases the data's value.

Web mapping is getting more interactive: The pictures--and maps--geotechnology users are accustomed to seeing on Web sites are GIF and JPEG images. They are "dumb" images, not "smart" data. In these simple images, a geographic feature such as a road or lake can't be selected to query it for information, move it, edit it, change its styling (such as color of interstate highways), click on a point to get point-related information or zoom in on it to see more detail. Such operations are possible in many Web-based mapping software packages, but the methods and data formats are usually proprietary.

Geography mark-up language (GML) provides a standard way of sharing intelligent spatial information (features and pixels with attributes) through encoding geospatial data in extensible mark-up language (XML). GML and its supporting OpenGIS standards provide a standard, vendor-neutral way of encoding virtually any kind of geospatial data as well as virtually any method for processing and displaying such data. It makes it possible for geodata providers to become geospatial service providers, delivering real GIS, facilities management and remote sensing services via the Web for use by anyone with an XML-capable Web browser. One drawback is that XML files, and thus GML files, are all ASCII, so proprietary solutions with more efficient file formats will outperform GML solutions when bandwidth is limited.

The spatial Web includes a hot new domain--location services: Wireless Internet devices are being made position-aware through calculations of signal power from multiple nearby cellular communications transmitting antennas in some cases as well as through built-in GPS or other location-determining technologies in other cases. By October 2001, U.S. phone carriers will be required by law to be able to identify the location of cell phone callers. Location services will help people shop, avoid traffic jams, get help in emergencies, find nearby jobs or yard sales, and keep track of their children and pets. Police, firefighters, excavators, surveyors, delivery people and many others will employ special location services in their work. The Strategis Group predicts location services to become a $3.9 billion industry by 2004. The market is new, and the various service providers are struggling to make their market positions clear and to form the right alliances with new and established Internet, telecom, platform, and mobile device players. In October 2000, OGC launched an Open Location Services Initiative focused on providing this new domain with spatial standards. With spatial standards, the location services market can grow more rapidly, grow larger and be more useful, because location services will thus be able to interoperate with an extensive and growing open network of online geodata and geoprocessing resources.

In presentation, Web mapping won't be only maps: Through increasing conformance to standards, the pieces of the spatial Web are beginning to work together. Buyers and users of Web-based mapping software are building a vast network of digital spatial data. Is it really a network of maps? Certainly it can be thought of and presented as a dense layering of thematic maps across Earth's surface--maps that will seem to be in the same scale and projection system; maps that can be panned, zoomed, overlaid, combined and synthesized; maps that can be used by anyone with an Internet-connected device, wired or wireless. But often this virtual map storehouse will be queried automatically by services programmed to simply tell whether there is a photocopier dealer in a particular town, or the likely driving time between two addresses.

Compared to traditional GIS, remote sensing and facilities management applications, most location service applications (and Web mapping applications in general) won't require the user to understand or use much data. Most location services will depend on specialized online servers to handle almost all of the processing, and only small amounts of data will be delivered to mobile devices that will merely receive the information, or interact with it in limited ways. Information services will mainly use spatial data to automatically generate specific kinds of information. Looking at the information technology industry broadly, a primary goal of many software projects in this age of "info-glut" is to transform vast quantities of data into small, often transitory, nuggets of useful information. This will be true for spatial data and spatial processing.

W3C, the standards organization that sets Web standards, is remaking the Web (through XML, particularly) so that a single Web site can offer "presentation" that makes sense on a desktop computer screen as well as on a cell phone screen or through phones or car computers that interface with people via voice. It has become easier for developers to integrate spatial capabilities into solutions for nonexperts, and the increasingly device-independent Web makes it possible to deliver such solutions to many kinds of users via many kinds of devices.

In content, Web mapping won't be only maps: When geotechnology users think of spatial data, they usually think of maps. However, many kinds of place-related information aren't categorized as "spatial." Video, photographs and text documents, for example, could conceivably be stored and indexed in ways that would enable people to discover this information in spatial searches. "Fusing" such disparate kinds of data into one spatial framework has huge commercial potential and social value. GML, because it is XML-based, provides a straightforward way to integrate spatial data with other XML information types.

The fact there are "islands of Web mapping" is a problem, but the industry is embracing standards: On the Web, there are many lists of Web sites that offer spatial data--some commercial, some with a shopping-cart approach, others offered by researchers and academicians. Although such sites are growing in number and the range of data they offer, they also show that the spatial Web is still mostly comprised of unconnected "islands." In many cases such data can't be viewed online and are offered only as downloadable or CD ROM-based information. In other cases, metadata is nonstandard or not accessible to standards-based automated catalogs designed to assist in spatial data discovery.

However incomplete the current picture, the movement to standards is irreversible. Almost all the geospatial software vendors are now involved to some degree in promulgating the standards that enable the elements of this network to connect. Moreover, federal agencies are beginning to require OpenGIS conformance and Federal Geographic Data Committee (FGDC)-standard metadata. Others will follow suit, because it makes sense from every user's perspective to have one big spatial Web, not many small ones.

Web Mapping Initiatives

Building the spatial Web offers unprecedented market opportunity for the geotechnology industry, and, once in operation, the spatial Web will offer unprecedented benefits.

It's important to understand what kinds of standards are important, because this picture has changed dramatically. Six years ago, cities, states, federal agencies and major corporations were still debating internally and with their data sharing partners about standardizing on particular vendors' GIS software platforms, particular data formats and particular operating systems. Today, within and between organizations, it's important to agree on two things: OpenGIS Interface Specifications and FGDC Metadata Standards.

Open Interfaces and OGC Initiatives

An interface, in software terms, is software that enables independent systems to act on each other or communicate with each other. Historically, software vendors usually hid the interfaces that enabled communication among the independent systems of their product lines. However, the general trend in the last decade has been to get away from closed interfaces--to publish the specifications so software from diverse vendors can be made to work together.

OGC began in 1994 to enlist vendors of GIS software (and other organizations) in a technical committee process to reach consensus on open interfaces that would enable their systems to communicate across networks. OGC's highly successful 1999 Web Mapping Testbed prompted the consortium to make testbeds its main method for developing specifications. This method is fast, and it creates well-tested working prototypes of interfaces. The agenda of OGC's Interoperability Program has expanded to include testbeds in related areas such as geospatial fusion, location services, image exploitation, coordinate transformation, XML encoding of spatial data, etc.

Standard Metadata Schemas and FGDC's NSDI Initiative

Metadata is "data about data." Finding and sharing spatial data repositories and their individual spatial data files require such repositories and files be accompanied by a considerable amount of information: When and how were the data collected? What geographic area is covered? What kind of data are they (raster, vector, TIN, etc.)? What is the scale? What is the coordinate reference system? What geographic features are included? How are those features defined?

Metadata files are typically hundreds of lines long. A metadata schema (or profile) establishes a specific sequencing, vocabulary and format for such data. If multiple data repositories use the same metadata schema, it's possible to automate repository searches.

Such automation offers important social and economic benefits, just as search engines on the Web offer important social and economic benefits. Unfortunately, but understandably, because so many people have collected spatial data for so many different purposes during so many years, there are many different and incompatible metadata schemas.

FGDC was created 10 years ago to coordinate the development of the National Spatial Data Infrastructure (NSDI). One of its main tasks has been to coordinate the federal agencies' development of standard metadata schemas. This effort has proceeded in coordination with the relevant committees in the International Organization for Standardization (ISO). FGDC has overcome complex technical and organizational problems to achieve this goal, but there's still much to do.

A major report on NSDI financing options was prepared for FGDC by Urban Logic, a New York City not-for-profit organization. The report identified ways to invest in sharable spatial information by 1) organizing spatial data consortia, 2) making OpenGIS and FGDC standards a key investment criteria, and 3) examining the potential data redundancy being created by the many data mandates required for government programs. The report is available online at http://www.fgdc.gov/whatsnew /whatsnew.html#financing.

"Spatially Aware" Public Servants

Adoption of OpenGIS-conformant products and FGDC Framework Metadata Standards is now proceeding rapidly in the U.S. federal government, and it's likely that thousands of local governments will follow this trend in 2001 as they begin to use the Web to organize better access to local data. Producers and users of spatial data have much to gain and should "vote with their pocketbooks" to encourage vendors to implement the interoperability-enabling specifications. Local governments have much to gain if they educate themselves and their political representatives about the issues in the Urban Logic report.

Without interoperability, the spatial Web isn't a Web at all, but a bunch of short strings. As OGC's chief scientist, Cliff Kottman, is fond of saying, "Interoperability does not happen by accident." Without awareness and concerted action, there will be no interoperability.

What Are the OpenGIS Specifications?

The OpenGIS Specifications are software interface specifications that provide a common software syntax and semantics for system-to-system requests in distributed geospatial computing environments. They provide the foundation for making Web mapping as open as the Web itself. Some of the completed specifications and specification topics are listed below:

The OpenGIS Web Map Server Specification specifies the request and response protocols for open, Web-based client/server interaction. It addresses basic Web-based image and vector data access, display and manipulation capabilities.

The OpenGIS Simple Features Specification describes "vector" geodata (e.g., streets, land use zones, property lines, watersheds, etc.) as points, lines, arcs and polygons.

The OpenGIS Grid Coverages Specification addresses satellite images, aerial photos, digital ele- vation data and other kinds of "gridded" data.

The OpenGIS Catalog Services Specification describes the services of "clearinghouses," providing a common architecture for online automated directories of Web-based geospatial data and geoprocessing services, rather like "spatial search engines."

Technical standards being developed in OGC also include:

    * A standard scheme for automated coordinate transformation that frees geotechnology users from worrying about the dozens of dissimilar Earth coordinate systems and map projection systems that have intrigued and plagued geographers throughout history.

    * Standards for gazetteers and geocoding that turn computer-speak Earth coordinates into human understandable names.

* A catch-all standard scheme for yellow page services, routing services, information searching and data mining, style descriptors, etc.
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