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Abstract

The Commonwealth of Virginia Office of Multimodal Transportation Planning and Investment and VTrans2025 have promulgated a set of twenty-one policies and a set of performance criteria that support long-range transportation planning in the Commonwealth. Examples of the policies are investing in public transit, planning multimodally, and improving travel mode connections. The six high-level criteria are safety and security, preservation and management, efficient movement of people and goods, economic vitality, quality of life, and program delivery, and there are forty two underlying criteria. While there has been considerable discussion of the potential impacts of these policies to the Commonwealth as a whole across the various criteria, to our knowledge there have been no systematic attempts to assess and characterize the individual local and regional impacts of the policies. Moreover the sensitivity of the policies to various scenario assumptions about the future has not been explored adequately at any of the statewide, regional, or local levels. Examples of relevant scenario assumptions are sprawl accelerating, mass retirement, natural disaster, IT amenities grow, and decrease in air quality. This paper develops in prototype for the Roanoke region an active workbook that can be used to assess the impacts of the VTrans 2025 multimodal transportation policies across VTrans planning criteria under various scenario assumptions. The survey of the Roanoke region is still in progress—we have made example entries of data to the workbook based on a comprehensive review of five xxxx RVAMPO planning documents (what?). We expect in the next months to complete a successful test of the workbook in the Roanoke region with the support of RVAMPO planners, demonstrate the results to the Multimodal Office, test the workbook in other regions and localities of the Commonwealth, and compile the results to suggest the varying impacts of the statewide transportation policies across a sample of the Commonwealth’s hundred localities and twenty regions and for a relevant choice of scenario assumptions of the future.

 I. Introduction
The transportation planning sectors of the Commonwealth of Virginia have recognized the need to establish long-term goals and performance measures for the maintenance and development of the transportation infrastructure.  In the recent report from the Transportation Accountability Commission, the Commission recognized that “the goals and associated performance measures reflect characteristics the Commission considers critical to a high-performing transportation system that delivers not only high quality projects and programs but the right projects and programs”
.  Scenario-based planning will facilitate transportation planners in determining these projects and programs, based on different goals, performance measures, and alternative futures.

  The establishment of goals and performance measures is critical on the state-wide level, as well as for the different local districts of the Commonwealth.  The Roanoke Valley Area has several long-term planning issues that will impact the future of the region’s transportation infrastructure. Because the Roanoke Valley Area is an increasingly dynamic region, the planners should consider potential future scenarios when addressing the planning process and optimizing the transportation system. By using scenario-based planning as a methodology for the long-term planning process, it is possible to consider a broad range of multimodal transportation issues. 

This paper will first address the development of scenario-based planning and how it has been applied in other regions.  The application of scenario-based planning within the Roanoke Valley Area is then explained, including the selected scenarios and policies.  These scenarios will then be analyzed, by a systematic walkthrough of the tool and its methodology (fig.1).  Finally, the recommendations for Roanoke and potential future work are stated.
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Figure 1. Proposed Methodology for Analysis

 II. Background


There have been several approaches to analyzing the transportation system.  The traditional approach to transportation planning stresses “the absolute number of trips (trip generation), the origin and destination of each trip (trip distribution), the mode of travel (modal split), and the route of travel (traffic assignment)”
.  This method does not account for the nature of trips and is often used only to “evaluate traffic impact of new development” or “justify the building of new traffic infrastructure”
.  It has led to the use of stated preference (SP) methods that are the “techniques of collecting and modeling with data collected in the form of preferences (as reflected in rating, ranking, or choices) among hypothetical alternatives characterized by a set of prespecified attributes that can take different values”
.  This method has potential for significant error in its inclusion of certain alternatives in the survey and therefore in its results.

Scenario-based planning is a step above the traditional and SP methods.  Scenario-based planning is used to make predictions about the future and any resulting changes.  The Federal Highway Administration (FHWA) believes that “scenario planning can help citizens, businesses, and government officials understand the impacts of growth, especially the relationship between transportation and the social, environmental and economic development of regions”
.  The FHWA suggests six steps for creating a scenario based plan:

1. Research the driving force and define the major sources of change that impact the future into predictable and non-predictable events.

2. Determine patterns of interaction among the driving forces.

3. Create scenarios based upon interactions.

4. Analyze implications and apply scenarios beyond transportation.

5. Evaluate scenarios using indicators relating to land use, transportation demographics, environment, economics, technology and other criteria

6. Monitor indicators and develop new scenarios when necessary.

An example of scenario-based planning being applied is the TPB Regional Mobility and Accessibility Scenario study of the Northern Virginia area.  The TPB Regional Mobility and Acessibility Scenario study includes such driving forces as population growth, job increase in similar areas(“jobs in”), job increase in further out areas (“jobs out”), more households closer to jobs, more household further from jobs, popularity in telecommuting goes up, and more hybrid cars
.  In comparing the previously mentioned factors it is apparent there is a growing potential for highway and transit congestion.  After considering the factors, scenarios are then developed by combining the driving forces that will likely lead to increased congestion.  An example scenario is population grows and people start to live further away from their jobs.

Following the definition of relevant scenarios in TPB’s study of Northern Virginia, each of the scenarios is then analyzed.  The analysis of scenarios involves making predictions using risk analysis and sensitivity tools to calculate a projected impact on the amount of congestion under each proposed scenario.  Finally, scenarios are evaluated in terms of their benefits, as well as how likely they are to occur.  Certain scenarios are inevitable, but others become more probable due to new policies or tax breaks, for example.  The study concludes by recognizing that the need for more scenarios as well as more problems than just congestion.

 III. Technical Approach
The first step we took in the technical approach was to research scenarios by examining what scenarios different transportation departments and planning groups are using throughout the nation, particularly those developed by the Metropolitan Washington Council of Governments
 and Delaware Valley Region Planning Committee
.


The selected scenarios fit into four main categories – spatial, demographical, economical, and other, which include environmental issues and natural disasters.  These four categories were chosen because they encompass the major scenarios that transportation planners may have to account for in the future.  Some example scenarios include more households in a specific region, rising energy costs, increasing emphasis on environment, and strengthening regional economy.  Figure 1 is a worksheet from the tool that summarizes all of the possible scenarios researched thus far. It contains a list of the scenarios with a description and list of regions affected for each. To focus on Roanoke, five scenarios were selected that have specific importance to the Roanoke area.  Table 1 displays the chosen scenarios relevant to Roanoke.
The first scenario specific to Roanoke is Urban Sprawl, scenario S.2.  Urban Sprawl is an issue that affects many places of growth in the nation, including Roanoke.  A business journal article written in 2006 notes that the “Roanoke Valley is enjoying its most positive commercial real estate environment in years”
.  Developers are continuing to build around Roanoke and as the number of sites to build in the city decrease, urban sprawl will increase.  

However, there are people in Roanoke that oppose the sprawl.  For example, in April 2007 the “Citizens for Smart Growth Roanoke” organization successfully prevented Wal-Mart from building a Supercenter
.  Blocking the Wal-Mart from being built is a step in the direction of preventing sprawl.  However if growth continues, urban sprawl may become inevitable, regardless of opposing groups.  Thus, urban sprawl will be included in a future scenario that transportation planners in Roanoke will consider when prioritizing multimodal transportation policies.   


The next scenario analyzed is S.17 Retirement.  As the demographics of an area changes, the transportation system must adapt to meet new demands.  This is an important issue as the majority of the population becomes older and retired.  An aging population “implies additional transit needs, changing housing needs, the need for heightened safety standards, and residents with inflexible financial situations”
.  Businesses must even change how they operate, by developing new products to target the current demographics and compensating for the expected labor shortages
.

This scenario is particularly important for Roanoke as the area is considered one of top places in the country to retire, as 40% of the population of the Roanoke Metropolitan Statistical Area is 45 or older
.  This age demographic is concerned with maintaining their mobility, within the limits of their physical and financial capabilities.  The older population requires different forms of public transit, especially ones that link them with residential, shopping, and health centers
.

The third scenario, scenario S.18, considers the possibility of natural disasters relevant to Roanoke.  Areas across the country are subject to natural disasters that cost millions of dollars in damages. Through the study of past disasters and local environmental factors, the hazard analysis workgroup of the Roanoke Valley Alleghany Regional Commission identified flooding and wildfires as the two most likely natural disasters for the area
. The streams running through the steep terrain of the Blue Ridge Mountains subject the area to common flash flooding. “A review of past flood related research and documentation indicates that there are an estimated 5,400 structures that could be impacted by flooding in the Roanoke Valley Alleghany Regional Commission region.” 
The potential for IT amenities growing in the future for Roanoke is scenario S.3.  Forbes magazine and CNBC ranked Virginia as the ‘#1 State for Business’ in the US
.  This is due to the large information technology and engineering base that has developed in several counties. Many companies have chosen to locate their work facilities and headquarters throughout the state due to its highly skilled technology workforce, policies that encourage business growth, as well as its advanced IT infrastructure
. This scenario would have Roanoke as a future center for business growth in the information technology sector. 

The final scenario, S.19 Decrease in air quality, is more specific to Roanoke. Intermodal and multimodal sources of transit stations are needed throughout the country to support a wider range of transportation solutions for public, commercial, and several other uses. Roanoke is not unique in the sense that it too needs such amenities to improve its transportation needs. Recently ten areas in the Roanoke region were selected as possible locations for a new rail and truck intermodal transit station. From the initial appearance, it seemed that the project would receive a lot of support from the public. However, in August 2007 the Roanoke Sierra Club’s Executive Committee unanimously voted to oppose the building of the transit station due to its possible health hazards to the public
. 


The group cited the region’s current poor air quality, mainly as a result of soot from diesel trucks on the Interstate 81 corridor, and argued that the transit station should not be built as it allows even higher levels of dangerous pollutants to enter the air. Health hazards to the public due to higher levels of soot include about a 30% increased risk of death for patients with heart disease, lung disease, and diabetes
. Roanoke is already very close to the EPA soot limit of PM 2.5 (particles measuring 2.5 microns or less in diameter) and it is very likely that the areas within a radius of a few miles of the transit station would surpass that. 

In order to align to Virginia’s planning, the state established 21 policies in the VTRANS 2025 plan
.  These policies fall into four main categories: funding/investment, land use, connectivity, and priority setting.  Some of these policies include improving connections between modes, consider state versus local rules, increasing rail funding, and starting a trust fund for transportation.  Figure 2 is a display from the evaluation tool that lists all of the VTRANS 2025 policies, plus the additional ones chosen for Roanoke.  Each policy is defined and classified.
We also generated policies that are Roanoke centric in order to allow for more direct options for Roanoke transportation planners.  They are meant to correlate with the Roanoke specific scenarios that were developed.  Table 2 displays the additional policies relevant to Roanoke: P.22 Smart growth, P.23 Transportation feeder system, P. 24 Environmental focus, and P. 25 Diesel and filter regulation. 

Policy P.22 is Smart Growth, a multimodal transportation policy that is already being encouraged by groups in Roanoke.  In the neighboring area of Charlottesville, smart growth initiatives like the Jefferson Area Eastern Planning Initiative have been in effect since 2000.  This initiative focuses on building desirable communities for residents.  In a public workshop, it was shown that the public rejected urban sprawl scenarios in favor of more “Smart-growth” patterns.  Smart growth patterns mainly refer to having denser town and urban centers.  Proponents of Smart Growth claim that increasing density of population centers will decrease driving time, traffic congestion, and preserve farmland
.  Using the policy of smart growth would also place more influence on multimodal transportation because with more dense population centers there is the potential for more modes of transportation.  Therefore, smart growth will be added to the list of policies considered for Roanoke.        


Another policy, policy P.23, generated for Roanoke is the Bicycle and Pedestrian Facilities Feeder System
.  Effective mobility of the baby boomers can be maintained by providing better walking and biking facilities, as many areas lack safe or formal paths
.  The implementation of 12 ft. lanes to the current infrastructure would allow enough room for bicyclists, walkers, and users of any other personal ride-along type devices to travel.  These lanes could connect shopping and residential districts, bus stops, and park and ride lots.  Many bikes are publicly available because of the ShareBike organization and buses have been equipped with bike racks.  This policy will give the aging population more transportation options, while allowing them to maintain a healthy lifestyle and help the environment.

‘Environmental focus, policy P.24, is also a potential policy for Roanoke.  Some of the more recent natural disasters have been linked to global warming. Scientists have suggested that the recent drought is linked to climate changes associated with global warming. The land being extremely dry increases the likelihood of wildfires. If the Roanoke Valley area, along with the rest of the country, set forth efforts to reducing carbon emissions, the more recent climate extremes would be reduced, and thus reducing the possibilities for natural disasters.  

The final policy, policy P.25, is a mandate of ultra low sulfur diesel and filters for all new trucks
.  In order to allow the intermodal truck and train transit station to be built in one of the prospective Roanoke locations, all new trucks must use ultra low sulfur diesel with air filters as well.  This would only apply to trucks of model year 2007 and beyond and eventually all trucks by the year 2030.  This policy would reduce the sulfur emissions by 90% or more, particulate emissions up to 80%, and nitrogen oxide up to 20 %
 .  This would help to maintain levels of soot under the EPA monitored levels of PM 2.5. Ultra low sulfur diesel mandates would also apply to all other diesel vehicles using the facility as well, such as off-road vehicles. 


In order to evaluate the effect of a policy, there needs to be measurements that consider different aspects of the policy.  We are using performance criteria developed by the VTRANS 2025 Steering Committee to measure the impact of a policy and to weight different scenarios.  Performance criteria consist of safety, efficiency, economic vitality, quality of life, and feasibility.  Within these main categories are sub-criteria and performance measures.  An example of a sub-criterion being used would be sub-criteria C.1.1.a which is under the main performance criteria category of safety.  Sub-Criteria C.1.1.a asks if the policy will, “Improve safety for system users and operators within the system and at mode origins/destinations (e.g., improve safety at at-grade crossings, improve bicycle and pedestrian safety, correct sub-standard (safety) designs and other geometric/pathway (e.g., runway obstructions, channel depth, bridge clearance, etc) deficiencies).”  On a more specific level and within the sub-criteria are the performance measures, which directly evaluate the policies.  The performance measure under sub-criteria C.1.1.a is, “Does the policy significantly reduce crashes and/or incidents?”  There are 13 criterion and 34 sub-criterion and performance measures currently included in the tool.


In order to get the overall evaluation scores for policies, policies are evaluated for positive and negative impact against the performance measures.  This is done using a scale of 0 for minimal or unknown impact, .5 for moderate impact, and 1 for significant impact.  Each policy is evaluated against all the performance measures. Figure 3 shows the form from the workbook that is used for rating the policies.  The criteria and sub-criteria are listed on the left.  Across the top are the policies defined in Figure 2.  The matrix contains the impact score for each policy for each sub-criterion.

To factor in the scenarios for the evaluation of a policy, the six main criteria are evaluated based on their importance in the event that the chosen scenarios occur.  The scale for importance of the criterion in the case of a scenario is as follows – major decrease, minor decrease, neutral, minor increase, and major increase.  The weighting of the criterion will either increase or decrease a policy’s score against performance measures within a criterion.  Table 3 contains this analysis for the five scenarios chosen for this analysis. 

The policy scores against the weighted performance measures are summed up to provide an overall score for each scenario.  The numerical score for each policy compared to the scenario is taken as an average to produce a raw score for the policy as compared to all the chosen scenarios.  The scores are displayed in two tables.  One table contains the summed values of the policies compared to the scenarios and the second table contains the rank of the policy compared to other policies in a scenario.   Figure 4 below displays these raw scores of each policy under each scenario along with a mean impact score.  Figure 5 contains the ranked scores.  The best ranked scores are highlighted in green.  The maximum rank and minimum rank are then graphed to display the variance of the policy when considering different scenarios.  Figure 6 is a graph of varying rank indicates to policymakers the potential variability of the policy.


The main methodology focused on the entire state and then incorporated aspects relevant to Roanoke in order to produce a more usable result.  The five scenarios relevant to Roanoke are weighted against the performance criteria.  The policies developed for Roanoke are also considered along with the policies for Virginia set by VTRANS 2025.  By combining all these relevant factors, a recommendation relevant to Roanoke is made.        
 
V. Results
The analysis from the workbook tool yielded scores for the policies.  The policies in the top 20% of scores were considered to be the higher priority policies.  The top 20% scoring policies are (in descending order) – invest in technology, plan multimodally, think multimdodally, smart growth, and support transit.   

Below is a graph of the scores with their range of scores over the given scenarios. 
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Figure 10.  Worksheet – 6 Graph of policy raw scores

The policy scores circled in yellow above are the policies chosen to have the highest priority.  The average score for a policy was 28 and the standard deviation for the distribution of scores was 11, see appendix A for the distribution of scores.  The chosen policies all have scores of above 39, or beyond one standard deviation of the mean.  This indicates that chosen, highest priority policies have a significantly higher rating than the other policies.  See appendix B for a chart of all the policy scores.   

Multimodal planning/thinking and investing in technology are three general policies that have been evaluated as crucial for Roanoke to consider for long term transportation plans.  Smart growth and supporting transit are policies that are also relevant to Roanoke on a local level.  Based on the evaluation using the surveying tool with locally relevant future scenarios, Roanoke transportation planners should strongly consider projects that enact the policy of Smart growth and increasing public transit.       

 VI. Future Work

Economic, spatial, and environmental scenarios are more pressing than ever before, and it is essential that the local, state, and federal government agencies plan for these scenarios. The surveying tool described in previous sections incorporates scenario-based thinking into long-range transportation planning. The surveying tool is the foundation of a model that will be the next generation of transportation planning.  

Using Roanoke as a test case was informative and will provide a framework for refining the surveying tool to be more adaptive and sensitive to the different local and regional transportation needs in Virginia.  With the support of RVAMPO, the entries and analysis can be refined to meet the area’s own perspective of policy impacts.  The results can then be compiled and presented to the Office of Multimodal Transportation and Planning, with the hopes of eventually using the tool in the many different sectors of Virginia in order to make an overall state-wide plan.  With continuing testing and evaluation the surveying tool may be used to help the state, regions, and localities more effectively prioritize multimodal transportation policies for the long term and positively impact all of Virginia transportation.  
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Figures

Figure 1 – List and description of all the possible scenarios that could be selected to evaluate the policies. 
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Figure 2 – List and description of the VTRANS 2025 policies. 
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Figure 3 – Each policy across the top is rated using the criteria on the left.
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Figure 4 – Shows the raw results for each policy under each of the 5 scenarios.
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Figure 5 – Shows the ranked results for each policy under each of the 5 scenarios.
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Figure 6 – Chart showing the mean rank +/- variance for each of the policies 
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1) The point (diamond) under each policy represents the median ranking that the policy received for each scenario
2) The bar extensions from the diamond represent each of the rankings that the policy received for each scenario
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VII.  Appendices 

Appendix A – A bar chart of all the policy scores
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Appendix B – Histogram of the distribution of scores
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