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Introduction

Maintaining a national geospatial database which emulates a national spatial data infrastructure (NSDI) is challenging and complex.  Implementing a national census without delay, for a large population over an expansive land mass with diverse and complicated procedures adds an additional dimension of complexity.  While the Topologically Integrated Geographic Encoding and Referencing file (TIGER) includes many of the themes of an NSDI such as roads, hydrography, address ranges, and boundaries, it does not include other NSDI content such as elevation, geodetic control, and soils.  TIGER contains only the spatial data and attributes that are needed for statistical data collection, tabulation, and dissemination.  

The U.S. Census Bureau created the TIGER database for use in the 1990 decennial census.    After the 2000 decennial census, the U. S. Census Bureau developed a plan to improve the spatial data and modernize the data model, database structure, processing environment and applications that use TIGER data.  
In the United States, the role of the federal government as a spatial data provider has been reduced as GIS capabilities have become more widespread at state, local, and tribal governments, and in the private sector.  Conducting a census requires a national framework of selected features that serve as the source for millions of maps for field staff to use in navigation and development of field assignments and control, as well as for the delineation of data collection specific geographic areas and data dissemination. 
The U.S. Census Bureau conducts many censuses and surveys including a national sample survey annually called the American Community Survey and a constitutionally mandated decennial census.  Updated spatial data comes from a wide range of sources -- from GIS managed by tens of thousands of governments to field updates from minimally trained temporary enumerators.  Updated features and attributes are needed to ensure complete population coverage.  Procedures for acquiring, processing, using, and maintaining spatial data vary among communities.  
The Need for Updates and Modernization

The geography of the earth is constantly changing.  These changes, resulting from both natural and man-made events, are continuous, irregular, local, and most often unpredictable.  For instance, the impact of weather on features that affect a census is not an ordinary activity and is generally a local event.  Man-made activities such as the expansion of a town or city have ancillary effects on geographic features depending on the type of change.  To successfully conduct a census these changes must be taken into consideration.  
New housing developments and newly constructed transportation networks are examples of a changing landscape.  Where construction occurs, other changes are also possible such as the rerouting of streams and rivers.  Natural disasters such as flooding can lead to inundation of areas that were dry land.   Water catchments and reservoirs that serve new communities also shift geography from land to water.  Draining water bodies or adding fill to coastal communities change areas that were once water to land.  Road centerlines, rivers, shorelines of water bodies and other observable features serve as underlying anchors for census geographic area boundaries.  

As a result of changes to geography, new addresses are added to an address list, the U. S. Census Bureau’s Master Address File (MAF).  The MAF contains information about every  address for any location where someone might live, such as an apartment unit or a converted garage, and each location is geographically referenced to a census block.  Postal addresses and their association with housing units are integral to a census where a questionnaire is mailed to an address.  The location of the housing unit is important for field follow-up when respondents do not return their census questionnaire as well as for the tabulation of the data to the correct geographic area.  This need is achieved either from a postal address or from a set of geographic coordinates normally collected during field operations which utilizes global positioning systems (GPS) technology.  In the United States, postal addressing systems do not follow a national standard and exhibit different types of anomalies.  These factors make it difficult at times for a census field lister or enumerator to correctly locate a housing unit solely based on a postal address.  In addition, large rural areas of the United States receive mail that is not geographically referenced to the location of the mailbox, especially in areas of new construction where the U. S. Postal Service groups mailboxes in a single location.  In other areas, the mailbox may only be referenced by a sequential number without reference to a street. 
Updates to TIGER are also the result of changes driven by technology.  With the advent of GPS, housing unit locations are acquired by enumerators as they canvass the nation.  In searching for housing units that did not respond to the census, enumerators correctly locate the units through the use of GPS technology and geographic coordinates stored in TIGER combined with an address list, both of which are now stored in a relational database called MAF/TIGER (MTDB).  In rural areas described above, the GPS is an accurate aid over previously used physical descriptions of house locations (white house with green shutters on corner).  
Use of precise locations of housing units requires that other spatial database features have similar location quality.  Since 2003, the U.S. Census Bureau has been improving the locations of street centerlines in TIGER.  This national effort ensures correct relationships for the assignment of housing units to census geography that ensures that the GPS quality coordinates are on the correct side of each street.  Each questionnaire can then be assigned the correct geographic area codes based on its coordinate location.
A constantly changing world, the migration of population from one location to another, and the advances offered through technological developments are examples of why it is necessary to maintain a geographic base of addresses, features, and their characteristics for conducting censuses and surveys.  The sources for these spatial data elements and the way in which the information is captured vary.
Types of Sources for Spatial and Address Updates

Maintenance of national spatial databases historically was a centralized effort normally conducted by one or more federal agencies.  The value of geospatial data to local communities is evidenced by the extensive use of GIS at all levels of government.  The challenge today for national spatial database efforts involves locating available data, evaluating its fitness for use, acquiring it, and ingesting or integrating the data.  Standards, particularly metadata standards, have made it possible to effectively pursue many of these tasks.  

The U.S. Census Bureau works very closely with state, local, and tribal governments to inventory, acquire, and use their spatial data holdings wherever possible.  Local files are used where they are available and meet the agency’s content and accuracy requirements.  Digital spatial files vary in their origin.  In some cases, local governments provided a copy of their GIS files in specified formats.  In other operations, the Census Bureau produces digital spatial files for use by the participants which are returned with updates and changes and ingested into TIGER.  The U.S. Census Bureau also may produce maps for specific operations that are updated by partners and/or field enumeration staff.  Updates from paper maps are manually digitized into TIGER.  
Maintaining the address list is important in delivering questionnaires for the annual American Community Survey.  An accurate address list also is extremely important for conducting a national enumeration of the population, most of whom receive a questionnaire to their residence via the postal system.  Like spatial data, addresses come in various forms.  Some come as digital files while others come as paper listings or as address breaks on street features on paper maps.  
A last form of update type, in addition to files and paper, is imagery.  This is a relatively new phenomenon for the U.S. Census Bureau.  While improving the accuracy of TIGER data, the availability and quality of imagery became more prominent and has been used for street centerline accuracy improvement and for checking updates from other source types.  While imagery lacks information commonly found in other sources such as attribution, some feature characteristics are observable and can be interpreted in limited cases for census use.  
Where Do Updates Come From?

Updates usually come from two different sources: partnership activities with various sectors or census field operations.  Partnership activities are numerous and diverse.  They involve other federal agencies, state, local, and tribal governments, private sector companies, and academic institutions.  Census field operations also are numerous and diverse.  Most field operations update address and/or spatial data as part of the tasks. In some cases, field enumerators have assignments in which the entire nation is divided into work areas.  Other operations are more targeted geographically to account for special procedures for counting the population, for example, the very remote areas of the country.
A variety of information is acquired from other federal agencies.  Addresses are obtained from the U.S. Postal Service from a source called the Delivery Sequence File.  This file contains mail delivery points that are matched against the MAF to identify new, deleted, and changed addresses.  Geographic names are managed by the U.S. Geological Survey (USGS) Geographic Names Information System in which the Census Bureau collaborates through the U.S. Board on Geographic Names. Through the Farm Service Agency of the U.S. Department of Agriculture high resolution imagery, a valuable source for new features and quality checks on existing features, is acquired .  
State, local, and tribal governments create, maintain, and provide the greatest volume of spatial data.  In the United States, there are approximately 40,000 functioning government.  Many of these communities have comprehensive GIS to support their needs.  Others are working toward building systems.  In some cases, a higher-level government, such as a county, consolidates resources and acts on behalf of several lower level entities.  
Private sector companies, while in business to make a profit, provide services and products to support the U.S. Census Bureau’s spatial data update requirements.  Some of their support includes data acquisition, software development, database design and management, and data integration functions.  In some cases, companies work off-site and deliver products or provide a service.  For example, one activity involves collecting geographic coordinates of a sample of street intersections which are used to independently check the accuracy of acquired and processed street centerline data to 7.6 meter accuracy.  Contractors also work alongside of federal employees to provide services that require specific levels of technical expertise.  Civil servants and contracted employees work collaboratively to support the building, maintenance, and applications from the MAF/TIGER System.  
Academic support has been limited to specific research tasks through mechanisms such as intergovernmental personnel agreements.  Research tasks oftentimes center on technology trends such as the state of wireless transmission for supporting movement of spatial data.  In other cases, collaborations have occurred through a network of academics coordinated by the National Research Council. 
Partnership activities also include U.S. Census Bureau sponsored geographic programs where the agency works with local governments to review and update boundaries, features, and address information.  An annual Boundary and Annexation Survey (BAS) is conducted in which local government participants indicate if they have had changes in their boundaries.  If so, they are provided materials and procedures to update their legal boundaries and to add new features underlying boundaries.  In order to assure a complete and accurate address list for the mailout of census questionnaires, a program called the Local Update of Census Addresses (LUCA) is conducted.  This program was authorized by the Census Address List Improvement Act of 1994.  While there are other provisions, the principal focus of the Act establishes rules for tribal, state, and local governments to have access to census address information for the purpose of verifying accuracy of the information for census purposes.  The BAS and LUCA partnership programs are examples of close collaborations between different levels of government that helps secure a complete census while assuring local governments of accurate counts for their community and the nation.
Another source of spatial updates comes from a variety of census field operations.  Temporary enumerators travel the roadways of the country to locate and verify the addresses of housing units, and to add new addresses, housing unit locations, features and their attributes.  Depending on the operation, enumerators make updates either using a GPS-enabled hand-held device or they make their annotations on a paper map.  
Update Methodologies

Sources of updates and the methods used to convey the updates vary.  Once they are completed, updates are transported for insertion into MAF/TIGER in one of three methods: spatial files that include the entirety of an entity which is compared to a comparable area in MAF/TIGER; a transaction file that contains only items changed, including added features, deleted features, moved features, and attribute changes; and lastly, paper maps with hand-drawn changes similar to data found in transaction files.  With paper maps, manual digitizing is required to insert the information into the MAF/TIGER file.  
Updates to MAF/TIGER go through a selection of processes to evaluate, prepare, insert, edit, and accept the data.  Different software tools are used to perform these functions and vary based on the update method.  For example, software to read and compare files differs from software to digitize features from a paper map.  
Different options are available to local governments and other participants for sharing their spatial data holdings and for participating in delineating geographic areas that support their data needs as part of the U.S. Census Bureau’s geographic programs.  Examples include the BAS and LUCA programs.  Other examples include voting districts that support redistricting efforts, a series of statistical areas for small area data dissemination, and school districts.  

In order for these programs to be effective, local participants either share existing data or delineate geographic areas through two methods: software and/or paper maps.  A tool offered by the agency, referred to as the MAF/TIGER Partnership Software (MTPS), provides participants with TIGER spatial data and accompanying software tools to delineate selected geographic areas with detailed procedures.  This tool also has functions that allow U.S. Census Bureau staff the ability to review, edit, and adjudicate discrepancies as well as confer with participants on changes.  The MTPS accommodates the export of whole files or transaction files that are imported into TIGER in which batch upload software developed by the agency completes the process.

For some programs, U.S. Census Bureau-supplied paper maps are an option, if that is the preferred method.  The results of these changes are manually digitized into the TIGER file.  Customized editing software to digitize data from paper maps is based on commercial software tools.  Basic digitizing capabilities are enhanced with specialized functions to account for a variety of geographic anomalies of census geography.

Additional software programs are used for other update tasks.  In one instance, software invokes a process to do file clean-up.  One software program completes edits while another manages business rules and checks for adherence to spatial data requirements and quality.  Software also manages temporal actions on addresses while other programs allow for resolution of addresses that do not properly geocode to an address range.  

The realignment of existing TIGER features to more accurate spatial coordinate locations goes through a set of automated and interactive software procedures that are performed by an off-site contractor.  The process starts with an existing TIGER file that is compared to a better source that is either locally provided or is acquired by the contractor.  In some cases, where a GIS file was not available, high resolution imagery is used to create a street centerline file for the realignment.  That effort results in a feature that was matched and moved to a correct spatial location, a feature that was added because it did not exist in the original TIGER file, or a feature that is in TIGER and cannot be compared to any feature from the new source.  In order to maintain topology, which is a core requirement of TIGER, an original TIGER feature that is not matched may be kept.  At this stage, it is rubbersheeted to improve its shape and location, based on accurate locations of enhanced surrounding features.  

The contractor-provided file is then uploaded into a new version of MAF/TIGER.  This new version is significantly different from the original TIGER.  This new data model that makes use of a commercial database (ORACLE 10G with Topology Manager), is a major change from the internally-developed database structure.  The upload process is automated and replaces previous lesser quality spatial data with the improved, more accurately positioned data.  
The Update Environment
The process of updating from multiple sources requires several ancillary steps.  Quality assurance is included as part of each update operation and function within a configuration management plan as part of an overall system design.   Quality control is applied within each update operation that checks for adherence to requirements, data quality, and specified outcomes.  
A national database built from different sources at varying times will always have inconsistencies in the data.  Because of this, metadata can be considered the most important element of spatial data.  The notion of metadata supports the management of spatial data. In the pre-metadata era, information about digital spatial data was difficult to effectively use.  Currently, each TIGER feature has metadata associated with it.  As update operations occur, metadata is added and is used by update software to make decisions based on system and software rules.   

Some data types are updated at designated times while general updates occur on a continuous irregular schedule.  As the MTDB supports operations for different censuses and surveys, specific updates and versions of the database are required.  A benchmarking approach is used to stabilize the database to support these requirements while allowing updates to continue on a “live” version of the MTDB.      
Issues for Future Consideration

Change detection is an important component of an update process.  Conducting a national canvass of the country on a regular basis, similar to operations planned for the 2010 decennial census, are not practicable.  Without a national administrative records system, how is the construction of a new home or the building of a new road known?  For a manageable area, different change detection methodologies are available.  For an area the size of the United States and with changing and variable settlement patterns, tracking change and acquiring spatial and attribute information is a challenge.  To successfully maintain a national spatial database, change detection must be fully integrated into the update processes.  
Inconsistencies in the vintage of spatial data exist throughout TIGER due to the nature of local updating procedures and operations.  That will continue given the fact that local data is more current than what was collected on a national scale by federal agencies.  In addition to temporal differences, there are variations in quality which are maintained in TIGER.  The quality factors are used in decision making within software modules in determining acceptance or rejection.  Over time, these factors require evaluation and reevaluation to assure that the best decisions are made in data comparisons.
Maintaining the MTDB system is a formidable task.  The new or “modernized” version of the MTDB required new applications software developments that are based principally on commercial products and tools.  

With any new system, adjustments and tuning are required to maximize functions and capabilities.  Staff gain increased knowledge with more experience with the system and software.  In addition, learning and observing the experiences of others may offer ideas that have potential application in the U.S. Census Bureau realm.

Conclusion

In the past, creating and managing a national spatial database where a central organization collected, processed, maintained, and disseminated the results was an enormous task, and a notable achievement.  Today, current spatial data oftentimes are managed more effectively in the U.S. by state, local, and tribal governments as well as private sector companies.  Working with tens of thousands of partners is a monumental shift from having full control of update processes in the past.  This is further complicated by the method of update.  In the past the database was only updated through digitizing annotations on a paper map.  Digitizing continues as a method, but many other options and choices of updating spatial databases are available.  In order to foster efficiencies with partners, it is necessary to make multiple methods of participation available.  This reality poses organizational, management, technical, and data quality challenges.  As the U.S. Census Bureau continues its journey with successful maintenance and use of the MAF/TIGER database, more will be learned and shared with colleagues in the geospatial arena.  
