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The Big Picture:
Digital Earth and the
Power of Applied Geography in the 21st Century

Introduction

This earth, this home of ours, is receiving pressure from all fronts – degradation of the environment, difficult societal issues, and economic forces that impact the health of the earth, its diverse array of life, and the livelihood of billions of people around this planet. As care takers of this planet, many nations have responded with laws, regulations, and partnerships to identify and deploy policy and technology solutions to help reverse undesirable environmental trends, and to improve economic and social progress.  Yet to better understand the complexities of the earth and our influence on it, we must have the relevant tools, data, and supportive infrastructure by which we can jointly understand issues and formulate appropriate solutions. 

For over 3 decades, the role of the computer in assisting decision-making has grown significantly to where Information Technology (IT) has become a mainstay of modern operations and decision-making support.  The power of geography in amplifying and clarifying issues has gained strength in the past decade.  With the advent of low cost computational capability and Geographic Information Systems (GIS), along with spatial databases and other geographic applications on the WWW, the power of geography in helping the decision, learning, and informative processes of our society cannot be ignored.  With most of our data having some spatial context (geographic location, address, zip code, voting district, etc.), opportunity now exists to tackle very complex issues using increasingly accessible networks, capable software applications, data, and associated infrastructure.

In the 1990’s a number of significant activities occurred that helped springboard the access, sharing and application of geographic data for real world issues:

· 1990 US Federal Geographic Data Committee was formed to coordinate geospatial activities across the federal government and with other public and private interests

· 1994 National Spatial Data Infrastructure (NSDI) was created under Executive Order 12906 to further accelerate geospatial data sharing and standardization

· 1996 the Global Spatial Data Infrastructure was formed by a multinational group to steer the development of a global spatial data infrastructure capable of satisfying national needs while assuring collaboration on very significant environmental, social, and economic issues that do not respect borders.  

· 1999 – Over 45 nations were confirmed to be in the planning or implementation stages for a national Spatial Data Infrastructure to promote discovery, access and use of geospatial data.

· 1999 – The US Spatial Data Clearinghouse network grows to include over 200 servers in the United States and abroad.  Global acceptance of data cataloging and sharing is indicated by the 40% composition of the clearinghouse by non-US nations and organizations.

· 1999 – The OpenGIS Consortium successfully demonstrates the results of its first Web Mapping Testbed, a collaboration of over 30 industry members engaged in the development of open specifications to allow web-based applications and geospatial data from around the world to be immediately integrated and applied regardless of vendor.  

The activities above, and many others are adding to the growing use of geospatial data and applications in mainstream activities.  Today at the global, international, national, and local community levels, geographic data and applications are increasingly becoming a part of the core processes for communication, education, visualization and decision making relative to issues such as land use management, flood abatement, environmental restoration, crime reduction and a myriad of other purposes.  And while great progress has been made, many issues still remain that prevent citizens, governments, scientists, educators, students, journalists and others to make rapid and easy use of geographic data and applications to better understand our earth and our communities.  

The continued explosion of advancement on the IT front promises significant future gains in capability that will no doubt make the application of geospatial data easier, faster, and more relevant.  Indeed, the Digital Earth vision counts on the advancement of technology to further enable powerful exploration of the planet.  However, without key partnerships between sectors to focus our limited resource on issues of common importance, we run the risk of an evolution in IT and spatial data infrastructure that may fall short of delivering capability to meet community needs in the timeframes required.   These partnerships, and a focused strategy for addressing areas of technology challenge are the core objectives of the Digital Earth Initiative.

The Digital Earth Vision

…the Digital Earth will be a virtual representation of our planet that enables a person to explore and interact with the vast amounts of natural and cultural information gathered about the Earth”  Digital Earth Interagency Working Group, 1999.
The concept of a Digital Earth was developed by the Administration to convey the vision of a “virtual planet”, with the applications and infrastructure that will allow one to effortlessly and seamlessly explore different aspects of the planet from a global to a local perspective.   Indeed, the vision of the Digital Earth sees the day when easy to use applications can acquire and render visualizations and analysis from vast amounts of available geospatial data across a facilitative infrastructure that easily makes sense of the vast amounts of geospatial data that is available across a vast supportive geospatial and information infrastructure.  From the student who wants to learn more about their community and it’s history, to informing the public of the effects of environmental change, to the investigation of the causative factors for cancer, the Digital Earth vision applies readily available spatial information, infrastructure and applications to empower citizens, scientists, educators, and decision makers at all levels of business and government. However, the vision is hampered today by some very real challenges in technology infrastructure:  

· Computational Science advances to better model hard to observe and complex earth processes 

· Imaging  - High resolution space and air borne platforms available to the public to address their issues

· Broadband networks – continued advancement in bandwidth availability for increasingly higher density of data transmission

· Interoperability – Ability for one geographic application to communicate with another, regardless of vendor, and the ability to access geographic data from sources across the Internet.  A set of agreed upon standards to support interoperability must continue to be emphasized.

Clearly, advancements are being made against many of these challenges as a result of market forces shaped by consumer demand and government policy established for the public good.  Indeed many of today’s technology challenges will be addressed by the IT community at some point in the future.  However, to better expend our collective resources toward achieving the Digital Earth vision earlier and at less cost, we should endeavor to jointly focus government and private research and development activities wherever possible to guide advancements smartly.   

The Digital Earth Initiative




http://www.digitalearth.gov/
The US Digital Earth Initiative was initiated as a cross government federal working group to accelerate key areas of technology and associated policy infrastructure that are hampering full realization of the Digital Earth vision.  The Digital Earth Initiative, led be NASA at the request of the Administration, has established a federal interagency working group to develop an open and pervasive partnership between government, industry, academia, and the public sectors.  Through this partnership the DE Initiative will work to identify areas of opportunity for accelerated research and development, prototypes, and partnerships to improve the integration of and application of geospatial data for visualization, decision support, and analysis. The Digital Earth Initiative will draw from the US National Spatial Data Infrastructure, the International Standards Organization, and the OpenGIS Consortium, the Global Spatial Data Infrastructure, and other related programs that support the access to and interoperability of data between applications resources.   Finally, the Digital Earth program will focus investment on the development of geographic knowledge processes that reduce the effort necessary in wading through the vast amounts of geospatial information available on networks, to make use of relevant information quickly and painlessly.

As the Digital Earth Initiative strategic plan develops over the coming months, it will focus on the shortfalls in applications and supporting infrastructure that impede advancement toward the Digital Vision.  Through a public / private partnership, DE will help focus on the R&D initiatives of various government and private organizations on areas where applications, standards, communications computational capabilities and other aspects of infrastructure do not exist today.  Additionally, a Digital Earth Reference Model (DERM) will be completed to guide vendors and other developers to realize applications that are Digital Earth conformant.  The DERM will use as a foundation the geospatial standards and practices, and other accepted standards in IT as a starting point for advancing toward the Digital Earth vision.

The overall goal of the Digital Earth Initiative is to provide a forum for the federal and private leadership necessary to guide the investment in R&D to overcome major shortfalls in applications and supporting spatial data and information technology infrastructure. 

Specific Digital Earth activities and deliverables are intended to include:  

· A Strategic plan that identifies the focus areas of Digital Earth and provides a core set of primary milestones for outcomes.

· A Digital Earth Steering Group to guide federal involvement in Digital Earth strategic planning, and supporting programs

· A Digital Earth Public / Private Partnership to assure significant leadership by the private sector and academia

· A Digital Earth Reference Model that defines the accepted standards for spatial data, technology, proven practices and related infrastructure for DE compliance.  The Reference Model will also identify specific areas of shortfall that impede advancement of DE nationally. 

· A series of collaborative prototypes and demonstrations to illustrate the current capabilities and infrastructure available to support the Digital Earth vision, along with an identification of the critical issues impeding our progress

Related Programs of Major Importance to Digital Earth

To place the Digital Earth Initiative into perspective, we must better understand the roles of key partners and related programs that are providing the building blocks for a Digital Earth.  The following sections outline some of the related programs and initiatives that are helping to advance us toward a Digital Earth vision.

The US National Spatial Data Infrastructure (NSDI)  
 http://www.fgdc.gov/
With roots back to 1957, the federal government realized the potential benefits of better government-wide coordination to reduce duplication of effort, improve quality and reduce costs related to geographic information.  From these roots, the Federal Geographic Data Committee (FGDC) was created in 1990 to guide coordination of mapping, surveying, and geodesy activities across government and with other sectors nationally.  In 1994, President Clinton signed an executive order 12906 to establish a National Spatial Data Infrastructure (NSDI) devoted to making federal geographic data more accessible to the public, and to establish key partnerships for geographic data availability with states, counties, cities, tribal nations, academia and the private sector.   The Executive Order emphasized the creation of a national clearinghouse of spatial information, the formation [image: image1.png]200
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of strong partnerships across organizations, the use of common standards and metadata to assure data discovery and reuse, and the creation of a national framework of essential spatial data. Based on this Executive Order, the FGDC was given the lead for advancement of the NSDI.

To date, the NSDI has flourished across the nation, with over 200 spatial data clearinghouse nodes now available for public search on the Internet.  Over twenty data content standards have been developed through working groups comprised of members from the many federal, local, tribal, and private sector stakeholders now working with the FGDC to advance the NSDI.  Many communities across the country are producing key components of Framework Data, a set of seven fundamental data types (imagery, elevation, and key feature data such as transportation and hydrography), which can be readily used to register other important spatial data for specific uses.  

This year, the FGDC is working to create a new national organization that will provide the additional flexibility and private sector representation necessary to further advance the NSDI.  More information on the Geodata Alliance can be obtained at http://www.geoall.net/
We can look at the NSDI as a “geospatial dial tone” of sorts, an open spatial data infrastructure that significantly enhances the ability to discover, access and acquire geographic data from sources across the Internet.   

The Global Spatial Data Infrastructure
www.gsdi.org
Around the globe, nations such as Canada, Australia, Mexico, Colombia, Portugal, Japan, and South Africa have also worked to establish national policy on the promotion of geospatial data and infrastructure, and to deploy spatial data infrastructures compatible with national and international standards and proven practices.  In fact, a recent of Spatial Data Infrastructures around the world has revealed that over 40 nations are engaged in the planning or implementation of spatial data infrastructures to improve geographic data discovery and sharing. 

The Global Spatial Data Infrastructure was established as a multinational initiative to promote the establishment of spatial data infrastructures that are internationally compatible to so that the myriad of issues that cross borders can be addressed collaboratively.    With growing global environmental issues like global warming, and deforestation, the need for a more coordinated global perspective on sharing and applying geographic information in the decision process was seen as essential by the United Nations and its members.  From this need, the GSDI Initiative was conceived in 1996. At the 2nd GSDI Conference in 1997, the multi-national GSDI Steering Group defined the Global Spatial Data Infrastructure as:

"… The policies, organizational remits, data, technologies, standards, delivery mechanisms, and financial and human resources necessary to ensure that those working at the global and regional scale are not impeded in meeting their objectives..."

To date, the GSDI initiative has led to the development of a comprehensive SDI Implementation Guide, or “Cookbook”, which when available on the World Wide Web this summer, will provide a ready reference to nations and organizations wanting to adopt internationally recognized standards and accepted practices as part of their infrastructure implementations.  The multi-national team that authored this document intends to keep the SDI Cookbook actively maintained so that newly accepted standards, practices, and relevant supporting case studies are incorporated in a timely fashion.  Another key GSDI Working Group is addressing key legal and economic issues that grow increasingly complex in a multi-national environment.

Complementary to the GSDI objective, neighboring nations are banding together to form regional spatial data infrastructure activities designed to address the unique issues they face on a continental or sub continental basis.

The International Standards Organization (ISO)

http://www.iso.ch/
The ISO is providing key international standards that will help create consistent catalogs of geographic information worldwide, and will provide general geographic information systems standards that will encourage the application of compatible geospatial data internationally.  With respect to search and access to geographic data worldwide, the work of the ISO Technical Committee 211 will result in an international metadata standard that will help accelerate the creation of local, national, and regional spatial data catalog information (or clearinghouses) capable of being searched internationally.  The work of Technical Committee 211 will cover standards for geographic information that “specify methods, tools, and services for data management (including definition and description), acquiring, processing, analyzing, accessing, presenting and transferring such data in digital / electronic form between different users, systems and locations.” (http://www.iso.ch/meme/TC211.html)

The OpenGIS Consortium




http://www.opengis.org/
The OpenGIS Consortium is a not for profit association devoted to making open geoprocessing a reality.  Through open technology standards, the Open GIS is helping to create an environment where different vendor applications and disparate geospatial data sources can interoperate freely across networks.  Interoperability of applications and geodata provide great opportunity to reduce costs, and rapidly customize to meet user needs from very simple to very complex geospatial applications.  OpenGIS represents over 200 private sector, government, and academic organizations from around the world.  Put simply, the major goal of the OpenGIS Consortium membership is the development of publicly available technology standards that help different vendor applications communicate with each other when it comes to processing geospatial information across networks. 

A major initiative recently undertaken by the OpenGIS is the implementation of a Web Mapping Testbed.  This testbed, supported by Consortium members, has resulted in the rapid development, approval, and release of web mapping specifications that help vendor applications near simultaneously access geospatial data from compliant servers located anywhere on the Internet.  The OpenGIS has also issued a Catalog Services Standard that promises to accelerate the development of local, national and global web services for the search, discovery, access and utilization of geospatial data and services on the WWW.  OpenGIS has established a close partnership with ISO TC 211 to develop implementation specifications for general ISO standards.

Some Government and Industry Initiatives for Community Use of the Infrastructure

Electronic Government Initiatives

Major efforts are being taken at the federal to local government levels to bring the information and services of government to citizens in more meaningful and easy to use ways.  In a press release in June of this year, the President and Vice President outlined the federal focus for implementation of government services and information on the web to improve service to citizens and to expand opportunities for citizen participation in democracy:

These initiatives build on the Administration's efforts, led by Vice President Gore, that have already greatly expanded citizen access to online government information and services. By the end of the calendar year 2000: 

· Citizens will be able to search all online resources offered by the federal government from a single web site called "firstgov.gov." 

· Citizens, small businesses and community groups will have one-stop access to roughly $500 billion in grants and procurement opportunities. 

· Citizens, students, researchers, and government employees will be able to compete for a new $50,000 prize for the most innovative idea for advancing "e-government." 

As part of the overall implementation of e-government, the Vice President’s National Partnership for Reinventing Government, along with many senior government officials, understand and are promoting the need for e-government to be location sensitive in terms of providing information and services.   The role of geospatial information, applications, and supporting infrastructure in providing improved government information and services is likely to be significant. 
National Atlas – Department of the Interior Geological Survey

Work on a new National Atlas of the United States® began in 1997. This Atlas updates a large bound collection of paper maps that was published in 1970. Like its predecessor, this edition promotes greater national geographic awareness. It delivers easy to use, map-like views of America's natural and socio-cultural landscapes. Unlike the previous Atlas, this version is largely digital. 

The new National Atlas includes products and services designed to stimulate children and adults to visualize and understand complex relationships between environments, places, and people. It contributes to our knowledge of the environmental, resource, demographic, economic, social, political, and historical dimensions of American life. 

  The Atlas serves the interests and needs of a diverse populace in many ways, including:

· As an essential reference, 

· As a framework for information discovery, 

· As an instrument of education, 

· As an aid in research, 

· And as an accurate and reliable source of government information. 

The updated National Atlas is designed to provide a reliable summary of national-scale geographical information. Though it cannot provide detailed map information, the Atlas directs users to other sources for this information.

Community 2020 – Department of Housing and Urban Development

Community 2020 seeks to improve the ability of communities throughout the country to make strategic decisions, open the local planning process to community input, and increase the effectiveness of HUD programs. It also will improve access to a range of information and expand the dialog between citizens and their government.  Community 2020 will provide the U.S. Department of Housing and Urban Development (HUD) to agency-wide standard GIS platform and will include a community-planning tool that will empower individuals involved in local community development with data and mapping capabilities designed to set new standards for information analysis and data sharing.

The Geography Network  - Environmental Research System Institute (ESRI)

The Geography Network is a global network of geographic information users and providers. It provides an ESRI infrastructure to facilitate the sharing of geographic information between data providers, service providers, and users around the world.  The Geography Network uses the Internet to deliver geographic content to the user's browser and desktop. Through the Geography Network, ESRI users can access many types of geographic content including live maps, downloadable data, and more advanced services. ESRI has stated that the Geography Network will be NSDI compatible and as it is implemented will be a component of the NSDI Clearinghouse. 

The Global Disaster Information Network (GDIN)
http://www.gdin-international.org/
The goal of the Global Disaster Information Network (GDIN) is to reduce the loss of life and costs of disasters through improved application of information technology to the disaster management process.  The GDIN is envisioned to consist of the partnerships, integration capabilities, and interconnectivity necessary to rapidly deliver information and decision support applications in support of planning, management, and recovery from a variety of disasters.  The GDIN relies on key partnerships at all levels and through all sectors, a knowledge base that is supportive of discovery, access and use of information for emergency services, and the communications channels necessary to deliver support globally, even to areas with little to no internet connectivity.

While this program is still developing, it can be thought of as a thematic slice through a pervasive spatial data infrastructure, potentially partnering with the programs noted above for applications and integration services, as well as for data standards and access to geographic information and services through a clearinghouse network.  Focus on the GDIN has been boosted by the recent signing of an Executive Order to establish a Global Disaster Information Network.  The Executive Order establishes an Interagency Coordinating Committee, and formalizes the leadership and oversight process for development of the GDIN nationally, and in coordination with other governments around the world (see http://frwebgate3.access.gpo.gov/cgi-bin/waisgate.cgi?WAISdocID=7079228438+0+0+0&WAISaction=retrieve).

Summary

Are we connected in our efforts to advance the access to and use of geospatial information in our daily decisions, learning processes, and community interaction?  By the review of these few programs, the answer appears to be “yes and no”.  Much progress has been made in the establishment of spatial data infrastructure to organize and encourage access to key geospatial data at the local to global levels.  At the national and international levels, data and technology standards are being developed to help share and apply geospatial information for a variety of uses.  The Digital Earth initiative is raising the gain on the need for additional research, testbeds, and development partnerships still needed to improve our ability to integrate and apply geospatial information. 

In general, the various programs launched by government, industry and academia provide complimentary focus and services.  However, there appears to be overlap in mission, and in some cases the lack of adoption of already endorsed practices and standards within other programs.


Geog.

Area of Interest
Sponsor
Sector(s)
Product

NSDI
US
Gov
All
Advocacy for Data Access (Standards, Catalogs, Grants) and capacity building

ISO
Global
Private
All
Geospatial Data / System Standards

GSDI
Global
Multigov


All
Advocacy for Data Access (Intl Standards, Practices, Policies) and capacity building

GDIN
Global
Multigov
Gov
Emergency Management/Response

OGC
Global
Private
All
Open Technology Standards

DE
Global
Gov
All
Applications Integration

Key to the success of the Digital Earth is the formation of a public / private partnership, the examination of the current state of technology, formation of a Digital Earth Strategic Plan to focus research, development, and prototyping goals drive out the new standards, technologies, and markets needed to accelerate our path to the Digital Earth.  Many major related programs are helping to achieve the Digital Earth goals, but a concerted effort focused on the integration and application of geospatial data is needed to improve our ability to rapidly acquire, make sense of, and use geographic data in the exploration of the earth.
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