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Abstract

The Center for Transportation Research and Education and the Iowa Department of Transportation have developed a GIS-based Accident Location and Analysis System (GIS-ALAS).  This system, an extension of Iowa’s DOS-based PC-ALAS, includes the location of all crashes on all roads in the state for the last ten years, about 700,000 records.  It provides spatial display, query, and analysis capabilities for users in highway safety, law enforcement, and health services.  This paper discusses the application of GIS-ALAS for enhancing rural highway safety through mapping and analyzing rural crash characteristics, facilitating the determination of causal factors, and identifying potential countermeasures.  It is designed to be used by state DOT officials, county and city engineers, and law enforcement personnel as a tool to assess a variety of engineering and enforcement concerns.
Introduction

More than 100 people are killed on average every day in highway crashes in the United States.  In 1996, the National Highway Traffic Safety Administration (NHTSA) reported 6.8 million motor vehicle traffic crashes, involving 37,351 crash-related fatalities and 2.3 million injuries (1). In the same year in Iowa, there were 71,446 total crashes, of which 27,024 were defined as rural.  Due to the high number of deaths and injuries, state and federal agencies continually seek to improve the safety of highways and reduce the number of crashes.

A crash location and analysis system is a useful tool for highway agencies in the campaign to make roadways safer.  This kind of system often includes a database query tool to store and analyze information about crashes, especially to identify and mitigate high-crash locations and situations.  

Many states have these systems, some dating from the 1970s and based on mainframe computers.  Additionally, many of these systems only capture a portion of the crashes occuring on the roadways within a particular state.  Iowa and Alabama are among the few states that incorporate all crashes on all roadways.

Iowa began updating its location and analysis tools in 1989 with a PC-based accident location and analysis system (PC-ALAS).  It began as an effort to enable various transportation agencies throughout Iowa to access statewide or countywide crash data, as well as alleviate the Iowa DOT main office’s burden of processing crash information requests for these various agencies. The agencies that currently use PC-ALAS include county engineering offices, law enforcement offices, the Iowa DOT Transportation Centers, the Governor’s Traffic Safety Bureau (GTSB), and the Iowa Department of Public Safety (DPS).  Since its inception, PC-ALAS has been well received by users throughout the state due to a number of benefits it offers:

· PC-ALAS is more portable and user-friendly than its mainframe predecessor because of its pull-down menu structure;

· Users can obtain crash statistics for locations during specified time periods;

· Searches may be refined to identify crashes of specific types or involving drivers with certain characteristics; and

· Output can be viewed on a computer screen, sent to a file, or printed using pre-defined formats.

Despite its many benefits, PC-ALAS can be difficult to use.  Location “node numbers”—corresponding to intersections, bridges, highway/rail crossings, etc.—must be identified from cumbersome node tables or paper/CAD maps.  Further, as a text-based system, PC-ALAS does not utilize recent developments in computer graphics and spatial analysis methods such as Geographic Information Systems (GIS).

Two current efforts in Iowa (both sponsored by the Iowa DOT) to update crash location and analysis include the Geographic Information System-based ALAS (GIS-ALAS) project and the Microsoft Access-based ALAS (Access ALAS) project.  Both build on several longstanding efforts by the Iowa DOT, law enforcement agencies, Iowa State University, and several other entities to create a locationally-referenced highway crash database for Iowa.  Access ALAS is an internal DOT effort to update PC-ALAS.  GIS-ALAS is being developed by the Center for Transportation Research and Education (CTRE) at Iowa State University on behalf of the Iowa DOT.

Other ongoing or recently completed projects in Iowa related to crash data include the Officer Information Manager/Mobile Accident Reporting System (OIM/MARS), the Collision Diagram Software project, and the Access Management project.  OIM/MARS is an effort by the Iowa DOT Deparment of Motor Vehicles (DMV) to update the crash reporting system from paper reporting to portable computers in the field.  Currently OIM/MARS is undergoing extensive beta-testing and is gaining users throughout the state.  The Collision Diagram Software project and the Access Management projects were completed within the past year at CTRE.  Each of these efforts is being incorporated in the consideration and development of GIS-ALAS.

GIS-ALAS

A primary project objective in GIS-ALAS is to make use of GIS technology to manage the crash retrieval and analysis system. Within GIS, various queries can be performed. The GIS-ALAS team made a special effort to duplicate the Graphical User Interface (GUI) from PC-ALAS in the development of GIS-ALAS.  This similarity provides an approach to data access familiar to users who have been exposed to PC-ALAS.

Instead of referring to a paper node map for a node number, a user can locate the desired node, link, or interchange through a map-based GUI. Parameters for refining a search can be added before querying or reporting from the database through a GIS Structured Query Language (SQL) capability. GIS can then easily create tables or maps displaying query results. 

Other data that have been used (road characteristics) or might be used (demographic and socioeconomic data) to enhance highway safety analysis can be integrated into the analysis environment. Using location as the key to transportation data integration, GIS can effectively provide this function. Since crash and related data are spatially oriented, it makes sense to manage the data using a GIS.

In addition to replicating the functionality of PC-ALAS, GIS-ALAS is intended to satisfy other design requirements:  

•
Maintainability: The system is to be easily updated to accommodate new and improved data and cartography and easily adjusted for changes in the format of the crash database.

•
Compatibility: The system must have import/export options that are compatible with other systems and efforts (as described above).

 •
Enhanced logical query capabilities: Users should be able to use standard queries or define their own queries based on any field(s) in the database.

•
Spatial query capabilities: Users should be able to query actual crash locations, while retaining the ability to use the old node system to reference non-crash information like roadside features (at least for the time being while nodes remain in popular use).

•
Maps and crash diagrams: The system will provide diagrams of specific crashes, maps of crashes in a given city or county, pie diagrams of crashes at nodes (e.g., by cause, number of vehicles, etc.), and intersection maps (when used in conjunction with collision diagram software).

•
Accessibility: The system is to be accessible statewide, eventually via the Internet, with queries possible via a secure, interactive Web session, (the data and program are currently only accessible via CD).

•
Performance: The system should respond quickly and efficiently. 

•
User friendliness: The program should have a short learning curve and an interface familiar to current users of PC-ALAS.

•
Report generation: Users should be able to select predefined report formats or define their own.

The GIS-ALAS project follows a three-year timeline.  In the first year (CY 1997), GIS-ALAS was constructed to reproduce the current functionality of PC-ALAS and incorporate improved spatial query and display capabilities. The graphical interface of GIS-ALAS allows the viewer to see on-screen maps of crash locations and to select specific nodes and links of interest with the click of a mouse. Paper maps and tables of node numbers are now unnecessary, as is the manual typing of node numbers to do queries. The results of GIS-ALAS queries can be displayed, not only in tabular form but also in maps.
GIS-ALAS is designed largely as an enhanced tool to provide quick and easy data access and query capabilities to end users.  However, during the system development phase the project team has learned that the data integration and spatial analysis capabilities of GIS create a variety of new opportunities for using crash data.  These opportunities have been discovered largely through continual interaction with individuals in the user community, including traffic engineers and law enforcement personnel, as well as individuals from the emergency services, public health, and academic communities.  In this mutually beneficial process, end users have learned about the capabilities of GIS and the project team has learned of new applications areas and issues to address. Through a focus group, presentations/demonstrations at several professional conferences and committee meetings, and on-going contacts, several applications have been selected for further development.  One such area is the analysis of implications of crash location characteristics for rural applications.
Rural Applications

Through the capabilities of GIS, along with the enhancements of GIS-ALAS, a variety of crash analyses are now available.  In Figure 1, the capability of GIS to clearly display dichotomies in the data is illustrated.  In Iowa, rural crashes are defined as those crashes 
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Figure 1:  Urban vs. Rural Crashes

occuring outside “urban area” boundaries surrounding cities of 5000 or larger.  GIS can  also be utilized to create thematic maps of specific concerns, such as animal-in-roadway crashes (Figure 2, shown as red dots) or weather-related crashes (Figure 3).  In addition, geometric concerns such as hazardous curves can be visualized. 
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Figure 2.  Animal-in-Roadway Crashes
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Figure 3.  Weather-Related Accidents

Utilizing the GIS, analysts can spatially select regions or points and perform queries on the selections.  For example, an analyst can select all crashes in central Iowa and then request, through a database query, those crashes “tagged” as rural.  Additional queries can made from the query results to analyze, for example, crashes involving farm vehicles or trains, crashes involving elderly drivers (Figure 4), or crashes occurring on gravel roads.
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Figure 4.  Age Releated Crashes

Alternatively, analysts can select roadway features and use this selection as a basis for further queries.  Once selected, the roadway elements can be buffered to capture the crashes occurring along the roadway (Figure 5).  In Figure 5, the highlighted accidents were within 500 ft. of the primary roadway elements selected.  Roadway element buffering might also be utilized to indicate potential causal factors, such as rail lines, bridges, or hazardous curves.  The crash data can be checked for any correlations to the presence of these elements.
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Figure 5.  Buffering Roadways

Buffering can also be used to identify high crash locations.  A selection of crashes can be analyzed to determine their proximity to each other.  The resulting locations of dense crash locations can be displayed or queried further.  Also, the dense crash locations can be buffered to capture potential causal factors of the surrounding non-crash features.

All results from queries are highlighted in attribute tables for each feature layer.  These results may be exported in a variety of formats for inclusion in reports or additional, non-spatial querying.  The results tables may also be queried within the GIS environment using SQL.

Furthermore, queries that are used repeatedly can be coded in most GIS packages.  These coded queries can produce results in a customized tabular format, which summarizes the available data and is readily exportable.  The queries can also be coded to produce standardized displays, such as the weather results in Figure 3.  The GIS-ALAS project involves the coding of such standardized queries, GUIs, and results tables.

Additional rural applications include law enforcement and Emergency Medical Services (EMS).  Rural law enforcement personnel can utilize GIS to determine standard patrol routes or routes during various weather conditions.  EMS providers can utilize GIS to analyze the relationship between the distribution of emergency response services and the spatial pattern of crashes, a crucial determinant of the final outcome of highway crashes.  The results of this analysis can be used to assess service areas, to detect high-crash zones with insufficient response times, and, if necessary, to allocate additional facilities.

Conclusion

Though the GIS environment provides an excellent tool for analyzing and visualizing rural crash data, it is underutilized.  Recent efforts have been made in Iowa and nationally to foster new technologies to assist in crash data collection and analyses.  Future efforts should enhance these efforts by refining procedures, including more robust statistical analyses, and improving the quality of data collected.  Many of these efforts are currently underway.
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