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INTRODUCTION
The following is a proposal for research to support transportation agencies in efforts related to prioritizing the state highway plans. The proposal includes the following sections:  Problem Statement, Purpose and Scope, Methods, Expected Benefits, Schedule, Budget, Deliverables, and Contractor Qualifications.

PROBLEM STATEMENT

This section describes the problem facing state highway agencies to prioritize their state highway plans. The problem is described by relating the recent experience of the Virginia Department of Transportation (VDOT, the agency). The agency has begun to deploy a quantitative methodology as an aid to prioritizing construction projects in several categories: interstate, primary, urban, and rural.  The first two categories encompass the State Highway Plan. The aim of the methodology has been to support the Pre-Allocation Hearings and the deliberations of the Commonwealth Transportation Board, particularly in distinguishing near-, medium-, and long-term tiers of candidate projects. The methodology adopts fifteen quantitative metrics that draw on existing datasets. The metrics include level of service (LOS), volume–to-capacity ratio, traffic flow, intermodal access, crash rate, emergency route access, heavy truck usage, unemployment rate, environmental issues, right of way utilization, utilization of alternative transportation modes, bridge sufficiency rating, and cost effectiveness. The agency has tested the methodology in nine districts and for the interstate system. The results of the methodology are used by Review Teams to negotiate, interpret, and support decisions regarding the selection of construction projects for funding. The agency is exploring how the methodology might provide transparency of project selection to the public, agency staff, legislators, and the Commonwealth Transportation Board. The agency considers the current methodology as a first-generation effort. Future effort, including the research support described in this proposal, is needed to revise the methodology. In particular, there is the need for the methodology to better account for selected economic, environmental, and other macro-scale impacts that can depend on the combinations of interdependent projects. Furthermore, there is the need for the methodology to compare and benchmark past, present, and future programs. Lastly, there is the need for the methodology to support program management including selection of what already-programmed projects to remove or postpone (e.g., projects that have not passed the preliminary-engineering phase of programming). The methodology should serve various separate and integrated activities of the Transportation and Mobility Planning Division, the Programming Division, and extra-agency entities such as the Metropolitan Planning Organizations and Planning District Commissions (MPOs and PDCs).

BACKGROUND


The University of Virginia Center for Risk Management of Engineering Systems (CRMES) has been engaged with VDOT and the FHWA in the development of tools for prioritization of transportation projects since 1998. The publications and products of the research efforts are described at the following websites:

1. www.virginia.edu/crmes/comparison (2002)

2. www.virginia.edu/crmes/multimodal (2004)

3. www.virginia.edu/crmes/lighting (2003)

4. www.virginia.edu/crmes/guardrail (2001)

5. www.virginia.edu/crmes/VDOT (2000)
The identical aim of the above efforts is to to bring as much relevant evidence as possible, as early and straightforwardly as possible, to the process of prioritizing transportation improvements. The efforts provide comprehensive graphical representations of performance metrics that rely on existing or available data. The efforts extend and apply multicriteria decision analysis in their support for, but not substitution of, expert judgment. Sources and forums of expert judgment include the Commonwealth Transportation Board, transportation agency staff, the MPOs and PDCs, public meetings, and others. The research efforts (1) and (2) have provided useful input to the prioritization methodology currently being deployed by VDOT. 

In 2003-2004, the CRMES demonstrated the application of business process modeling for the integrated Six Year Improvement Program (SYIP, a state requirement) and Statewide Transportation Improvement Program (STIP, a federal requirement) of VDOT. The products of this effort are available at www.virginia.edu/crmes/stip. This effort provided us with an encompassing knowledge of who does what, with what inputs and outputs, for what purposes, with what authority, and how it is done, in various business activities relevant to development of the SYIP and STIP.

PURPOSE AND SCOPE


The purpose of this proposed effort by the University of Virginia Center for Risk Management of Engineering Systems (CRMES), University of Virginia, is to develop and test a next generation of methodology that will support the prioritization of highway construction projects by highway agencies such as the Virginia Department of Transportation. The effort will be conducted in coordination and partnership with VDOT staff who are meanwhile deploying a current generation of methodology in the deliberations associated to the Virginia SYIP and STIP.
METHODS


The proposed effort will consist of the following tasks.

Task 1: Survey of best practices and the literature


The effort will survey transportation agencies of selected other states to characterize their best practices in deploying analytical methodology in the prioritization of transportation projects. The survey will identify and describe methodologies of prioritization that relate to both planning and programming. The survey will identify and describe methodologies of prioritization that may be available in the literature. The survey will identify and describe the related software that is currently available and that may become available in the near future. 



Task 2. Metrics development in prioritization


The effort will develop prioritization metrics that supplement the metrics that are identified from the current best practices. The effort will develop metrics of the aggregate impacts of interdependent projects. Project performance and impacts will be related to major transportation goals including accessibility/mobility, safety/security, economic development, system preservation, intermodal efficiency, efficient operations, and environment. The effort will develop new metrics for economic impacts involving projected growth, travel time, cost-benefit performance, economic return on investment, level of service, and public-private partnerships. The effort will develop new metrics for safety-related impacts, relating the impacts to statewide or nationwide benchmarks. The effort will develop new metrics for environmental impacts and address environmental non-attainment issues for transportation programs. The effort will develop new metrics for bike and pedestrian impacts. The effort will characterize the contributions of individual and interdependent projects to the new metrics. The effort will characterize how the new metrics reflect tradeoffs among the interests of stakeholders. The effort will recommend incremental data needs for automated estimation of the new metrics. The effort will enable a decision maker and user of the new metrics to select among regional, statewide, and nationwide perspectives of program performance. The estimation of metrics and use of the metrics in prioritization methodology will account for uncertainty.

Task 3: Benchmarking present and future programs and interregional comparisons in prioritization

The effort will develop methodology to enable the benchmarking of present and future programs across regions in prioritization. The effort will develop methodology to support the interregional comparison of programs. The effort will generalize the methodology to address interdependent construction, maintenance, and operations programs as they relate to prioritization of the program of construction projects. The effort will develop requirements for information technology to implement the developed methodology.


The task will emphasize the development of aggregate-level summary statistics and visualizations that demonstrate the benefits and opportunities of investment across entire programs. Examples of useful summary statistics include the total increase or reduction of congestion or delay or crashes from a present to a future condition in a single region or across regions, relative to the levels of investment in the program. Such effort will be able to demonstrate the extent to which a prioritization system is having its intended effects.

Task 4. Program management in prioritization


The effort will develop methodology to enable the consideration of programmatic issues in prioritization. The issues to be addressed will include: support for the deselection of projects that are already programmed; efficient and effective use of multiple sources of available funding including local and private sources; identification and standardization of the exceptions that arise in application of prioritization metrics to a diverse set of projects; provision for deliberation among transportation agencies with the federal government, MPOs, PDCs, localities, and others in prioritization of the transportation program; consideration of financial and other resource constraints; integration of the prioritization methodology with existing planning and programming processes (such as the Statewide Planning System of VDOT). The effort will address risk contingencies in prioritization. Examples of risk contingencies include: (i) the accuracy of project cost estimates, (ii) impacts of other programs (non-construction programs, such as congestion pricing) to the construction programs; (iii) departures from expected revenue estimates (tolls, taxes, other); and (iv) population, usage, or other socio-demographic trends that depart from expected. Consideration of risk contingencies will enable the decision makers to identify and explore 'what if' scenarios in the prioritization of the program. 

The task will build in part on the algorithm steps developed at VDOT by Chad Tucker et al., in which project priorities are developed within logical classes or tiers of projects. The task will acknowledge that levels of available funding may not be known at the time of prioritization. 
Task 5: Demonstration with the data of nine Districts of VDOT

The effort will demonstrate the above developed methodology with the data of nine Districts of VDOT. The effort will prepare prototypes of materials in support of agency Review Teams, pre-allocation hearings, meetings with MPOs and PDCs, and deliberations of the Commonwealth Transportation Board.

All presentations and reports will be made to the project steering committee to be convened by VDOT and VTRC. 
Task 6: Recommendations developed with the Steering Committee

The effort will develop recommendations for deploying the developed methodologies in transportation agencies such as VDOT. The Steering Committee for the effort will be developed in consultation with VDOT/VTRC will include a representative(s) of metropolitan planning organizations. The Steering Committee will guide the development of the recommendations.
EXPECTED BENEFITS


The results of the research effort will support a next generation of prioritization methodology to aid the selection of construction projects in transportation agencies such as VDOT. The developed methodology will benefit current and future staff of multiple agency divisions including planners, program managers, and developers of the related information technology. The research will contribute to improving efficiency, expediting decision-making, and improving communication in planning and programming.
SCHEDULE

	Tasks
	Duration (months)
	Start month
	End month

	1. Survey of best practices and literature
	2
	1
	2

	2. Metrics development
	6
	3
	8

	3. Benchmarking past, present, and future
	6
	5
	10

	4. Program management
	6
	7
	12

	5. Demonstration with nine Districts
	12
	3
	14

	6. Recommendations
	2
	13
	14


BUDGET

DELIVERABLES


The effort will deliver:

· Review of best practices of prioritization of transportation programs

· Methodology and Excel workbooks that develop new metrics of single-project performance and the aggregate performance of interdependent projects in prioritization of transportation improvements

· Methodology and Excel workbooks that enable benchmarking past, present, and future programs in prioritization of transportation improvements (Task 2)

· Methodology and Excel workbooks that address selected needs of program management including the deselection of already-programmed projects and accounting for program risk contingencies in the prioritization of transportation improvements

· Demonstration of the above methodologies with projects of nine districts of VDOT

· Recommendations for deployment of the above methodologies by a transportation agency such as VDOT


The effort will prepare progress reports and a VTRC final report and make several presentations to a project steering committee. The deliverables of the project will be interim and final reports, presentations, archival publications, Excel workbooks, and prototype materials that will support project prioritization by VDOT, MPOs and PDCs, and localities. Documentation of progress will be provided through an internet web site at the University of Virginia.
Additional Web Resources:

"warrants for highway lighting" 

www.nap.edu/books/nch007/html/106.html 

"warrants for pedestrian lighting over and underpasses" www.dot.state.fl.us/safety/ped_bike/handbooks_and_research/ped16_e.pdf

"highway lighting justification" www.dot.state.fl.us/trafficengineering/temanual/Chapter5/5.1.pdf

"roadway lighting handbook"

www.wfl.fha.dot.gov/projects/pddm/pddmch09.pdf

"bibliography, much relating to human factors and psychology" 

www.nads-sc.uiowa.edu/trb/docs/bibliography.pdf

"roadway lighting handbook, no quantitative warrants" http://www.tfhrc.gov/library/fhwa3/older/rs/rs_1.htm

 CONTRACTOR QUALIFICATIONS


The University of Virginia Center for Risk Management of Engineering Systems develops theory and methodology for the assessment of risk in a variety of civilian, defense, water resources, and other engineering systems. Industry and government sponsors of research at the Center work closely with faculty and students, contributing their unique strengths and interests to the Center and sharing in experience from a broad range of ongoing projects at the Center. Areas of expertise include (1) water resources, transportation, and technology management, (2) environmental impacts, (3) electronic, safety‑critical systems, (4) computer‑based systems, including hardware and software performance and reliability, (5) reliability modeling of multiple failure modes of complex systems, and (6) protection of interdependent critical infrastructure systems from terrorism. The CRMES is unique for:

1. Its cross‑disciplinary range of projects within and beyond engineering,

2. Is status as one of few groups to apply risk management to engineering and technology‑based systems, and

3. Its experience since 1987‑‑the Center is in a strategic position to evaluate and manage risk in a broad scope of technology‑based systems.


Since 1987, research at the Center for Risk Management of Engineering Systems, University of Virginia, has provided an environment conducive to strong faculty‑student learning and collaboration. Graduate students, along with fourth‑year and occasionally third‑year undergraduates, join in regularly scheduled brainstorming sessions on topical research areas. Over the last fifteen years, the Center has supported more than sixty graduate students (and twelve undergraduate Capstone teams, of over fifty undergraduates) at the University of Virginia.


The CRMES brings together industry, government, and consulting organizations with faculty from the School of Engineering and Applied Science, the Darden Graduate School of Business Administration, the College of Arts and Sciences, and the School of Continuing Education for joint activities that include sponsored research; interaction with graduate students and faculty; attending tutorials and workshops; engaging in dialogue with industry competitors in a cooperative environment; dialoguing of professionals at the University of Virginia; sharing technical reports, articles, and other publications; accessing software tools; and, advancing the state of knowledge and the cutting edge of research for risk modeling, assessment, and management.


The CRMES developed several major efforts for the Virginia Transportation Research Council and Virginia Department of Transportation. "A tool to aid the comparison of highway improvements" has resulted in a methodology and supporting software to improve the balance among avoided-crashes, travel-time savings, and the costs of planning new construction. "Extended comparison tool for major highway investments" has developed innovative graphical tools to support project prioritization. "Recovery of hurricane damage to highway signs, lights, and signals" seeks an appropriate balance between levels of equipment spares and the magnitude of the recovery needed following various categories of storms. "Hurricane preparedness and recovery for a highway agency" has developed a model and associated criteria to aid in prioritizing the recovery of hurricane damage to the road network of Tidewater, Virginia. "Risk-based management of guardrails" developed a process and associated software for allocation of resources to guardrail needs across a region. "Protection of critical highway transportation infrastructure" has addressed the threat of terrorism to highways. "Warrants for roadway lighting" has addressed the screening of needs for visibility enhancement. "Maintenance management of highways" has addressed tools and methods for asset management. In addition, the Center, sponsored by the National Science Foundation (NSF) and General Motors (GM), developed reliability models for various failure modes of automated highway systems. Also with NSF and GM, the Center evaluated crash-avoidance technologies for highway vehicles. For combining ‘intelligent’ technologies with traditional structural approaches, the Center developed (i) a risk-based framework for the evaluation of flood warning and evacuation systems, and (ii) multiple-objective analysis for design of lock walls, for the US Army Corps of Engineers. 
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