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ABSTRACT

The Office of Virginia’s Secretary of Transportation identified 21 transportation policies
and 42 performance criteria in Virginia’s long-range multimodal transportation plan,
VTrans2025. A subsequent planning effort, VTrans2035, provided direction for the effort
described in this report. Although there has been considerable discussion of the potential impact
of the VTrans policies on the Commonwealth as a whole, there has been little effort to
characterize the regional and local impact of the policies. Further, the sensitivity of the policies
to a variety of assumptions about the future needs to be better understood at statewide, regional,
and local levels.

This research effort developed and tested a methodology for scenario-based assessments
of the impacts of the VTrans polices for several regions of the Commonwealth of Virginia. The
methodology is implemented in an MS Excel workbook that is available for download at
www.virginia.edu/crmes/multimodal2. This report describes a typical application of the
methodology for a locality or regional planning organization, e.g., a Metropolitan Planning
Organization (MPO) or Planning District Commission (PDC), to assess the impact of statewide
multimodal policies across several of its long-range planning scenarios. The report includes a
review of scenario-based planning, documentation of future scenarios, preliminary results of a
survey of MPOs in Virginia for their best practices in scenario-based planning, an application of
the methodology to the Roanoke region of Virginia, and recommendations. A major
recommendation is that the methodology be used in VTrans2035 to catalyze and benchmark
Virginia MPOs and localities in their respective efforts involving scenario-based transportation
planning. The effort provides a cost-effective analysis tool that enables VVTrans and MPOs and
PDCs to identify and collaborate on the regional impacts of statewide transportation planning.
The tool can further be cost-effective for individual MPOs and localities to engage in scenario-
based long-range planning as encouraged by the Federal Highway Administration, particularly to
guide the assumptions that are input to regional travel demand models.

Appendix A provides the survey and study of scenario-based planning best practices.
Appendix B documents the design of the Microsoft Excel workbook developed in this effort.
Appendix C provides the lists of statewide policies, scenarios, and performance criteria used in
the deployment of the workbook. Appendix D describes a related input/output analysis of
economic growth based on transportation investments that was requested by the Office of
Intermodal Planning and Investment.

The developed methodology is being adapted for long-range scenario-based analysis of
the Afghanistan Sustainable Infrastructure Plan, with research support from the U.S. Army Corps
of Engineers.
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INTRODUCTION

Federal agencies are increasingly emphasizing that long-range transportation plans reflect
appropriate consideration of future economic, social, demographic, environmental, and other
conditions. The FHWA believes scenario-based planning could be useful for this purpose (e.g.,
FHWA 2007). However, cost-effective methodologies and tools to achieve the aims of scenario-
based planning have yet to be developed.

Several issues motivated this research project:

e How can transportation planners consider the widest array of future events in
modeling and forecasting?

e How can scenario-based methodologies and tools guide transportation planners in
their modeling and forecasts?

e Can scenario-based planning help regions better coordinate transportation and land-
use on statewide, regional, and local levels?

e How should regional differences in scenarios such as geography, demographics, and
economy affect multimodal transportation planning?

e How can scenario-based planning help federal and state policy makers to address the
varying needs of metropolitan planning organizations?

In Virginia VTrans2035 and the Office of Intermodal Planning and Investment are
employing twenty-one statewide policies and forty-two performance criteria in an evolving
statewide long-range transportation plan. Examples of these policies include investing in public
transit, planning multimodally, and improving travel mode connections. The criteria span the
topics safety and security, preservation and management, efficient movement of people and
goods, economic vitality, quality of life, and program delivery. We recognize an opportunity to
integrate into methodology and tools: (a) statewide transportation policies, (b) performance
criteria, and (c) relevant future scenarios. Such integration may meet a need to improve



investment planning and coordination among Virginia’s government and non-government
transportation agencies and officials.

PURPOSE AND SCOPE

The purpose of this study was to develop a methodology using the guidelines of the
Federal Highway Administration (2007) to study the impacts of statewide multimodal
transportation policies on regions and localities under various future scenarios. A Microsoft
Excel (MS Excel) workbook was developed to process the inputs from various regions and
generate an assessment of the impacts of the policies. The research effort addresses some of the
immediate needs of the Multimodal Office of the Commonwealth of Virginia and the
Metropolitan Planning Organizations (MPOs) and Planning District Commissions (PDCs) of the
Commonwealth, which are depicted in Figure 1.

WEST VIRGINLA

Figure 1. PDCs and MPOs in the Commonwealth of Virginia [Rappahannock Rapidan Regional
Commission, 2008]

METHODS

The effort undertakes several tasks to study the efficacy of scenario-based planning in the
region-based evaluation of statewide multimodal transportation policies.

1. Review relevant literature concerning scenario-based planning and its applications to
transportation planning.

2. Develop a scenario-based planning approach, which is guided by other approaches
found in literature, for evaluating transportation policies.

3. Apply the scenario-based planning approach in the form of a workbook using
Microsoft Excel.



4. Demonstrate the use of the workbook for the Roanoke, Virginia, region.

5. Survey the Metropolitan Planning Organizations of Virginia for inputs to be used in
the model, and determine their relevant initial perspectives on statewide policies,
future scenarios, and criteria weighting. (Appendix A provides the description of the
survey effort.)

RESULTS
Review of Literature Relevant to Scenario-Based Planning

This section provides a review of selected literature relevant to scenario-based planning.
The first subsection provides some background on scenario-based planning. The second
subsection describes several applications of scenario-based planning in transportation.

Overview of Scenario-Based Planning

Cole (2001) describes three major activities of planning: forecasting, envisioning, and
polling. Scenario-based planning is a sub-category of envisioning. Transportation planners
often use polling, especially for experts in the Trend-Delphi method (Zergas et al., 2004). Myers
and Kituse (as cited in Zergas et al., 2004) define forecasts as an attempt to provide the most
probable future given underlying assumptions (Zergas et al., 2004, p. 4). States often use
economic impact forecasting tools including IMPLAN and Regional Economic Models
Incorporated (REMI). Scenarios are stories about future conditions that contain a range of
possible futures (Watts 2008). The terms scenario-based planning and scenario planning are
often used interchangeably in the literature.

Cole (2001) attributes a slow acceptance of scenario-based transportation planning to
policy makers preferring specific answers, as opposed to several different possibilities. Zergas et
al. (2004) address criticisms of scenario planning and clears up misconceptions of its use and
results. Zergas et al. state that, “Scenario planning is not a replacement for traditional planning
techniques such as forecasting; instead it aims to help organizations better prepare for the
unexpected. In short, scenario planning helps to make robust strategic choices” (2004, p. 8).

Jarke et al. (1998) describes concerns whether scenario-based planning can deal
pragmatically with a changeable future and long time horizons. While conceding that the view
has “some validity since the environment is constantly changing, and the technology base is
always in flux,” Jarke et al. (1998) recommend continuous review and corrections in a scenario-
based planning process. The act of analysis, revision, and modification allows for scenario-
based planning to be conducted in an “efficient and responsive matter” (Jarke et al., 1998).



Applications of Scenario-Based Planning
Overview

Zergas et al. (2004) apply scenario planning to transportation systems in the Houston
metro area. Their study examines key issues for the area, defines the scope of the problem, and
generates relevant scenarios. The scenarios generated are subsequently used to aid evaluation of
transportation policies in the area. The results suggest that scenario planning provides key
insights into transportation futures for planners.

The Federal Highway Administration (2007) is suggesting scenario-based planning for
issues associated with transportation and land use. Bartholomew (2005) describes an application
of scenarios in planning for land-use issues in transportation. Bartholomew (2005) finds in a
2003-2004 survey of MPOs that of 152 recipients of the survey, 45% indicated that they had at
least some activity involving a form of scenario planning. Scenario-based planning allows for
increased community involvement in planning (FHWA, 2007; Bartholomew, 2005; Zergas,
2004).

FHWA Methodology for Scenario-Based Planning

An archetypal FHWA scenario-based planning approach resembles the methodology
presented by Zergas et al. (2004) in that it emphasizes “scenario planning as an enhancement of,
not a replacement for, the traditional transportation planning process” (Zergas et al., 2004, p. 8).
The FHWA regards the purpose of scenario planning as aiding in preparation for potential
transportation issues instead of predicting the future.

The FHWA approach involves six general steps. The first step is to identify driving
forces. Driving forces are “the major sources of change that impact the future” (FHWA 2007,
para. 12). Trends in local land use, levels of congestion, and local demographics are commonly
used driving forces. The second step is to determine patterns of interactions. Determining
patterns of interactions between driving sources can be done in a variety of ways. The FHWA
recommends that transportation planners use a matrix and develop a metric related to positive or
negative outcome. The third step involves creating scenarios from planners by fitting realistic
situations to patterns between the driving forces. An example of a scenario is that jobs and urban
population increase. The FHWA describes the goal of creating scenarios as bringing life to the
scenarios in a way that community stakeholders can easily recognize and connect the various
components (FHWA 2007, para. 16). The fourth step is to analyze the implications of the
scenario. In this step, transportation planners and stakeholders develop potential transportation
policies that mesh with the scenarios. Evaluating scenarios is the fifth step in the FHWA'’s
methodology. FHWA describes a variety of methods such as using various criteria and
presenting the scenarios to the community stakeholders. The sixth and last step is monitoring
relevant indicators of the scenario. According to the FHWA, scenario planning is a dynamic
methodology, and transportation planners can generate new scenarios as events occur (FHWA
2007).



Metropolitan Washington Council of Governments Methodology for Scenario-Based Planning

Scenario planning was recently used to predict relevant transportation futures in Northern
Virginia. “What if... The Washington Region Grew Differently?” (MWCOG, 2006) is a regional
mobility and accessibility scenario study by the Metropolitan Washington Council of
Governments (MWCOG). The study identifies four key issues facing the Washington D.C. area,
and matches scenarios to each issue. The issues are associated with the topics of population
growth, economics, and demographics. MWCOG chooses job growth outpacing household
growth as the first key issue. The second key issue is workers living farther away from their
jobs. The third issue is the divide between the eastern and western part of the region in terms of
demographics and economics. The fourth issue is that most growth areas are located outside the
vicinities of transit stations.

MWCOG’s (2006) uses a combination of the methods similar to that recommended by
the Federal Highway Administration (FHWA, 2007, and Zergas et al., 2004). However, instead
of using objectives and policies, MWCOG treats scenarios as potential policies that
transportation planners can evaluate. MWCOG also develops each key issue on a large enough
scale to match a scenario, whereas FHWA (2007) and Zergas et al. (2004) both consider key
issue interactions to generate scenarios. The MWCOG approach yields more direct scenarios
addressing the key issues; however, the approach may miss important scenarios that planners
could discover by looking at the interactions between key issues.

Scenario-Based Planning Multimodal Planning of Other States

The state of Vermont focuses on citizen involvement in scenario-based planning (Watts,
2008). Vermont relies on extensive citizen interviews and analytical methods to uniquely create
future transportation scenarios. The purpose of scenario-based planning is to create scenarios in
order to develop policy measures that would meet the Long Range Transportation Plan Process.
The study found that there was an unexpected benefit of positive public response to the
involvement of citizens in the planning process.

Envision Utah and the Sacramento Region Blueprint are two noteworthy scenario-based
planning applications that the Federal Highway Administration (FHWA) features on its website.
The applications focus on growth-based or environmental approaches to scenario-based
planning. Both Envision Utah and the Sacramento Region Blueprint are examples of focuses on
growth and land-use in scenario-based planning.

Envision Utah (http://www.envisionutah.org/process-scenario.phtml) guides the
development of Utah growth patterns. The scenarios of Envision Utah include the environment,
economic strength, and quality of life. Part of the process of Envision Utah is to develop
scenarios that consider multiple modes of transportation.

The Sacramento Region Blueprint (www.sacregionblueprint.org) is a transportation land-
use study developed to aid growth in Sacramento, California. The project uses scenarios to
evaluate transportation projects and land-use strategies. Although the Sacramento Region
Blueprint uses scenarios as forecasting tools, which is atypical of scenario-planning approaches,



the project has been recognized with awards from the Environmental Protection Agency and the
Federal Highway Administration.

Overview of a Methodology for Scenario-Based Planning

This section provides an overview of a methodology to study the impacts of statewide
multimodal transportation policies on regions under various scenarios, as described in Figure 2.
Our methodology will address the broadest spectrum of scenarios integrated to a multicriteria
decision aid, and adopt as appropriate some elements of the approaches of Zergas et al. (2004),
the FHWA (2007), and the MWCOG (2006).

Performance
Sensitivity to
Region

Based
on Evaluation
Criteria

Criteria with
Scenarios

Select Regions Select Scenarios

Discuss and
Combine
Issues and
Factors

ID Key
Factors

ID Key Issues

Figure 2. Scenario-based planning methodology for evaluating regional impacts of statewide multimodal
transportation policies

The first step of the methodology is to Select Regions to use scenario-based planning in
assessing the impacts of statewide multimodal transportation policies. VVTrans 2035 has an
interest in understanding region-to-region (e.g., MPO and PDC) variation in scenarios and
statewide policies.

The second step is to Select Scenarios that are relevant to the regions of interest.
Selecting scenarios is performed iteratively in three steps: Identification of Key Issues that affect
the region, Identification of Key Factors, and the Discussion and Combination of Issues and Key
Factors. For example, two key issues for many regions in Virginia are (i) retirement and (ii) fuel
prices. Two key factors that respectively drive these issues are (iii) the baby-boomer population
reaching retirement age (demographics) and (iv) the economy. Thus, transportation planners and
policy makers may choose to create two future scenarios based on the combination of the issues
and factors: increased retirement and transit-oriented development.



The third step involves Scoring Transportation Policies Based on Evaluation Criteria. In
the methodology, the scorings rely on whether the policy has a significant, moderate, or
minimal/no impact on each of the evaluation criteria. For example, in the performance measure
C.1.2.a- “How does the policy provide strategic and/or emergency transportation
infrastructure/facilities/communications?” a transportation planner may score the policy P.2 —
Support Transit as having a moderate impact considering that the policy will support choices
among additional modes of transportation. Another example is that a transportation planner may
justifiably score policy P.4 — Fund Rail as having no impact on performance measure C.1.2.b —
“How does the policy provide significant improvement to the security of transportation facilities
or the users of transportation services?” The policies, scenarios, and performance measures that
are used in the above examples and throughout this report are selected from Appendix C.

The fourth step is to (Re) Weight the Evaluation Criteria with Scenarios. This step uses
the scenarios developed in the second step and the evaluation criteria in the third step.
Transportation planners and policy makers decide—given the future scenarios—whether the
evaluation criteria will have anywhere from a major increase in importance to a major decrease
in importance. The importance of the evaluation criteria affects the policy scoring in step three.

The fifth step is to Assess Policy Performance Sensitivity to the Region. Each future
scenario generates a score for a transportation policy that was evaluated in the third step. The
scenario generates the policy score by modifying the policy score for each evaluation criterion
based on the importance of the criterion in the scenario as determined in step four. For example,
a policy scores a ‘10’ for evaluation criterion one. Transportation planners determine that for
Scenario A the evaluation criterion one will have a ‘major increase of importance’. Since the
criterion is more important, it receives a weight that increases the policy score under the criterion
to “15°. If Scenario A had evaluated the criterion as having a “‘major decrease of importance’
then the policy score from the criterion could be decreased to ‘5’.

The methodology generates scores for statewide multimodal transportation policies for
each of several relevant regional future scenarios. The methodology is ultimately useful to
understand what regions are concerned for what scenarios, what policies have the greatest
region-by-region impacts to VTrans2025/2035 performance criteria, and what of these impacts
are most sensitive to the various scenario assumptions about the economy, environment,
demographics, etc.

Application of the Developed Workbook

This section describes the application of a scenario-based planning methodology
described in the previous section. The methodology is implemented in an MS Excel workbook
and applied to the region of Roanoke, Virginia, with cooperation of the Roanoke Valley Area
Metropolitan Planning Organization. This section describes the steps of implementing the
methodology and displays the results generated by the workbook. The detailed design of the
workbook and its individual worksheets is documented in Appendix B.



Step 1: Select Regions

The region chosen for the case study is the Roanoke region. The region was chosen
because of the MPQO’s eagerness to develop its capabilities for scenario-based planning.

Step 2: Select Scenarios

Working with planners of the Roanoke region, we selected five scenarios from the list of
scenarios provided in Appendix C. Bartholomew (2007, p. 14) recommends choosing not too
many scenarios which would confuse participants, but enough to allow for divergent thinking
and coherent story telling (Godet, 2001; Ringland, 1998, 2002). First, the effort interpreted the
scenario, S.2 - Urban sprawl. Urban sprawl is an issue that affects many places of growth in the
region and the nation. As developers continue to plan future residential and commercial
buildings around the region and as the number of sites to build in the city decreases, urban
sprawl may increase.

Second, the effort analyzed the impacts of scenario, S.17 - Retirement. As the
demographics of an area change, the transportation system must adapt to meet new demands.
This is an important issue as the baby-boomer generation, a major cross-section of the population
in the United States, is reaching the retirement age. An aging population “implies additional
transit needs, changing housing needs, the need for heightened safety standards, and residents
with inflexible financial situations” (Federal Highway Administration [FHWA], 2007).
Businesses must change how they operate, by developing new products to target the current
demographics and compensating for the expected labor shortages (MIT Center for
Transportation & Logistics, 2007). The retirement scenario is particularly important for the
region in the case study since the area is considered one of top places in the country to retire. In
the Roanoke region, 40% of the population of the region is 45 or older (The Roanoker Magazine,
2007). People in this age group are concerned with maintaining their mobility within the limits
of their physical and financial capabilities. An older population requires different forms of
public transit, especially ones that link them with residential, retail, and health centers (The
Roanoke Valley Area Metropolitan Planning Organization [RVAMPO], 2005).

Third, the effort studied scenario S.18 - Natural disasters relevant to the region. 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 region identified flooding as one of the most likely natural disasters for the
area. The streams running through the steep terrain of the region subject the area to periodic
flash flooding. To highlight the importance of this scenario, flood related research and
documentation from the past determined that there are an estimated 5,400 structures that could
possibly be impacted by flooding in the region (RVAMPO, 2000).

Fourth, the effort considers the potential of scenario S.3 - IT amenities growing in the
region. This high priority scenario is due to the large information technology and engineering
base that has developed in several surrounding areas. Many companies have chosen to locate
their worker facilities and headquarters throughout the surrounding areas due to a highly skilled



technology workforce, policies that encourage business growth, and advanced IT infrastructure
(Commonwealth of Virginia, Office of the Governor, 2007).

Fifth, scenario S.19 - Decrease in air quality, is identified to be quite relevant to the
region. Intermodal freight transfer facilities are needed to support a wider range of
transportation solutions for public and commercial uses. Recently, ten areas that are in close
proximity to the region were selected as possible locations for a new rail and truck intermodal
transit station. However, there has been opposition from environmental groups to building
transit stations in the region (Christopolus, 2007). Health hazards from higher levels of soot
include a 30% increased risk of death for individuals with heart disease, lung disease, and
diabetes. The current soot level of the region already approaches the EPA soot limit of PM 2.5
(Environmental Protection Agency, 2007). Thus, a new transit station could cause dangerous
levels of soot for the local communities.

Step 3: Score Policies Based on Evaluation Criteria

In preparation for the next step of the methodology, Score Policies Based on Evaluation
Criteria, the effort identified multimodal transportation policies. The effort used the 21 policies
established in the statewide long-range transportation plan (Secretary of Transportation 2004).
The policies are in four main categories: (1) funding/ investment, (2) land use, (3) connectivity,
and (4) setting priorities. Examples of the policies include improving connections between
modes, considering state versus local rules, increasing rail funding, and starting a trust fund for
transportation. The list of statewide policies is provided in Appendix C.

The effort identified several additional (non-statewide) policies that are special to the
region. The additional policies relevant to the region include P.22 - Smart growth, P.23 - Bicycle
and pedestrian facilities feeder system, P. 24 - Environmental focus, and P. 25 - Diesel and filter
regulation.

Policy P.22 - Smart growth is a growth strategy that impacts multimodal transportation
use. Smart growth 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 (Thomas Jefferson Planning District
Commission, 2007). Implementation of smart growth would place more influence on
multimodal transportation because with more dense population centers, there is potential to use
different modes of transportation.

Next, the effort considers Policy P.23 - Bicycle and pedestrian facilities feeder system
(RVAMPO, 2007). Effective mobility of the baby boomers can be maintained by providing
better walking and biking facilities, as many areas lack safe or formal paths (RVAMPO, 2006).
The implementation of 12-ft. lanes to the current infrastructure provides room for bicyclists,
walkers, and users of any other personal ride-along type devices to travel. The lanes could
connect shopping and residential districts, bus stops, and park and ride lots. Many bikes are
publicly available and buses have been equipped with bike racks. Policy P.23 - Bicycle and



pedestrian facilities feeder system, will give the general and aging population more
transportation options, while enabling them to maintain healthy lifestyles and to help the
environment.

Policy P.24 - Environmental focus is another policy of unique interest for the Roanoke
region. Some of the more recent natural disasters have been linked to global warming
(Environmental Protection Agency, 2007). 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. Many advocate that the region and the nation increase
efforts to reduce carbon emissions (RVAMPO, 2007).

Last, the effort studied Policy P.25 - Mandate of ultra low sulfur diesel and filters for all
new trucks (Christopulos, 2007). A Roanoke chapter of the Sierra Club passed a resolution
stating that it would not support an intermodal freight facility in the region unless certain
conditions were met. One of these conditions for allowing the intermodal truck and train transit
station to be built in the region, is that all new trucks must use ultra low sulfur diesel with air
filters. The filter rule would only apply to trucks of model year 2007 and beyond, and eventually
to all trucks by the year 2030. The policy would reduce the sulfur emissions by 90% or more,
particulate emissions up to 80%, and nitrogen oxide up to 20%. The reduction of emissions
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, such as off-
road vehicles.

Next, the effort identified performance criteria from the statewide long-range
transportation plan to measure the impact of individual policies and to weight different scenarios.
The performance criteria consist of safety, efficiency, economic vitality, quality of life, and
feasibility. Sub-criteria are used to more specifically define the different aspects of the
performance criteria. For example, sub-criteria, C.1.1.a under safety 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).” The criteria and subcriteria are
provided in Appendix C.

Within the sub-criteria are the performance measures. The performance measure under
sub-criteria C.1.1.a is "Does the policy significantly reduce crashes and/or incidents?" There are
13 criteria and 34 sub-criteria and performance measures currently included in the tool. To
determine the overall scores for policies, the effort evaluated the impact of each policy across
each of the performance measures. The methodology uses a rating of 0 for a minimal or an
unknown impact on the performance measure, 0.5 for a moderate impact, and 1 for a significant
impact. Figure 3 shows how in step three of the methodology transportation planners score
policies using high, medium and low/unsure.
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Worksheet 3. Policy Ratings

Instructions
1) Enter policy scores (0, .5, or 1) across the criteria. Use the pull down menu or keyboard.
2) Insert comments pertaining to policy scores by right-click and selecting "Insert Comment"

LEGEND = yellow cells = data entry cells =

0 policy has minimal or unknown impact
0.5 policy has moderate impact
1 policy has significant impact

& &
& o 4!
@ & 3 g A8
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Criterion 1. Provide a aafe, secute, and infegrated transportation system that refiects different needs of the
Commonwealth
C.1.1.a. Improve safety for systemn users and operators|C.1.1.a. How does the palicy
'within the systermn and at mode origins/destinations significantly reduce crashes
(e.g., improve safety at abgrade crossings, improve andfarincidents? [HERS-5T]
G, Safety bicycle and pedestrian safety, correct sub-standard ] 0 ] ] 0 ] ] 0
(safety) designs and other geometric/pathway (e.g.,

Figure 3. Excerpt of Multimodal Transportation Policy Assessment Before Scenario Evaluation

Step 4: Weight Criteria with Scenarios

The fourth step of the applied methodology is to Weight Criteria with Scenarios. The
review of scenarios by transportation planners is one of the most important steps of the
methodology. VTrans provides high level criteria for regional transportation planners to
evaluate against the scenarios. The criteria include safety, land preservation, efficient movement
of people and goods, economic vitality, quality of life, and program delivery. For each scenario
and criterion pairing, transportation planners rate the change in criterion importance from major
increase to minor decrease in the case of a scenario as shown in Figure 4.

11



Workbook 5. Criteria Weighting

Major Increase - 2:1

Instructions Minor Increase - 1.5:1
1) Enter default weights. No Change - 1:1
2) Use the pull down menus to select up to 5 scenarios. Minor Decrease -1:1.5
3) Use the pull down menus to select the impact of the scenario on the criteria. Major Decrease -1:2
Criteria Default- Criferia 5.2 Sprawl accelerates 5.17 Retirement
Weights
C.1 Safety and Security 16.7% No Change Minor Increase
C.2 Preservation and Management 16.7% Major Increase No Change
C.3 Efficient Movement of People and 16.7% Major Increase Major Increase
C.4 Economic Vitality 16.7% Minor Increase Minor Increase
C.5 Quality of Life 16.7% Minor Increase No Change
C.6 Program Delivery 16.7% No Change No Change

Figure 4. Criteria Weighting By Scenario

The workbook has the VTrans2025 performance criteria weighted equally by default in a
“base” or “no-scenario” assumption. If a transportation planner increases the weight for a
criterion, the subscore that each policy receives in the criterion will increase under that scenario.
Transportation planners choose major increase for criteria that may have a large increase in an
importance given a scenario. For example, in the event of a natural disaster, the criterion
efficient movement of people would have a higher importance. Conversely, transportation
planners choose major decrease for criteria that may indicate a large decrease in importance
given a scenario. For example, a scenario of economic downturn might result in decreased
importance to the criterion program delivery. There were not any major decreases for the
Roanoke case. Most of the impacts for the Roanoke case are minor increases and decreases.
Major increases affect the criteria by doubling the criteria weight; minor decreases increase the
magnitude of the criteria weight by 1.5 times. These parameters can be reset by the user. The
increase in weight for the criteria is relative, implying that if all criteria of importance increase or
decrease in the same manner for a scenario, the criteria will still have the same weight as in the
no-scenario condition. In the results section of the workbook, the tool displays the policies and
their scores under the different scenarios.

Step 5: Assess Policy Performance Sensitivity to Region

The fifth and final step, Assess Policy Performance Sensitivity to Region, synthesizes the
information developed in the previous steps of the methodology. To inform transportation
planners of the effects of the scenarios on the policy prioritization, there are several displays in
the MS Excel workbook representing the policy scoring. The MS Excel workbook generates a
table to display the scores of the policies against the scenarios as well as the mean score of each
policy. The tool includes another table that shows the ranking of each policy against other
policies for each scenario. Scatter plot graphs accompany both tables in the MS Excel
workbook. The graphs show the wide range of policy sensitivities to scenarios within the region.
The displays of policy scores make it possible for transportation planners to become acquainted
with the effects of multimodal transportation policies in various future scenarios.

12



With the input of planners, the MS Excel workbook generates the scores for the policies.
Transportation planners can select among different methods to compare the scores, including
mean, maximum, minimum, range of scores, etc. Figure 5 shows the results of the policy
scoring for the Roanoke region.

Figure 6 shows the range of scores for each policy, marking the highest score and lowest
score and mean score across scenarios. The mean score is represented by the point icon and the
sensitivity of the score to scenarios is represented by the lines extending right and left of the
points. A wider bar suggests a relatively greater sensitivity of the policy impact to the scenarios.
Many of the score ranges overlap, which indicates that transportation planners need to consider
more than only the mean scores of the policies and the upside and downside potentials relative to
the mean score.

Figures 7 and 8 show the relative ranking of policies based on the scores under each of
the five scenarios and the no-scenario condition. The highest scoring policies are highlighted in
green in Figure 8. Figure 8 shows that some scenarios have a high upside potential relative to
their median ranking, while others have a high downside potential relative to their median
ranking. Policies of high impact scored with considerable volatility of scores across scenarios
may be of concern as sources of potential negative surprise in transportation planning. Policies
with low score with high upside potential may be viewed as the dark horses or sources of
potential positive surprise.
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DISCUSSION

The exercise of the methodology introduced above can proceed iteratively in a
negotiation with multiple viewpoints and stakeholders. A sample of resulting insights is
provided below.

The top five policies based on the mean score are P.1 — invest in technology, P.2 -
support transit, P.15 - think multimodally, P.13 - invest in technology, and P.22 - smart growth.
The top rated policies, P.1 - invest in technology and P.15 - think multimodally, both have the
same amount of first and second place rankings throughout the scenarios. Policies P.22 - smart
growth and P - support transit also have the same score; however, they rank higher and lower in
different scenarios. The workbook does not offer a dogmatic prioritization of policies; rather it
calculates sensitivities across scenarios to provide insight to the viewpoints of different planners
or perspectives. Planners are represented by their scenarios rather than by personality or agency,
which can be an aid toward consensus.

Knowledge of what policies are highest ranked by their scores may be less important than
the recognition of policies, performance criteria, and scenarios. With these foundations, regional
transportation planners can use the methodology as a vehicle to coordinate with and recognize
differences and similarities to other regions, and to the statewide agency VTrans2035. The
workbook can be used by planners in different regions and MPOs as well as on the state level to
initiate discussion in long-term multimodal transportation planning.

CONCLUSIONS

e The effort has studied the uses of scenario-based planning throughout the U.S. and found that
some MPOs and states are beginning to use scenario-based planning in their long-range
transportation plans.

e This effort has developed a scenario-based planning methodology and applied it to the region
of Roanoke. The scenario-based planning approach exposed transportation planners in
Roanoke to a holistic approach of considering multiple futures and categories of events when
evaluating long-term transportation policies on performance criteria.

e The use of existing documents and resources to inform the Roanoke effort suggested the
methodology could be cost-effective in support of scenario-based planning in other regions in
Virginia and potentially in other states.

e Scenario-based planning is a relatively new technique and forecasting is used instead in

many areas of transportation planning. Our scenario-based planning methodology can be
effective to narrow the scope of costly probabilistic and other forecasting processes.
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e The Multimodal Office of Virginia has been receptive to the methodology and MSExcel tool
and its potential to help understand state transportation policies and performance criteria with
regions across the Commonwealth.

RECOMMENDATIONS

1. The Multimodal Office should continue to promote the use of scenario-based planning
among MPOs and PDCs in Virginia.

2. The MPOs and PDCs of Virginia should plan to use the MS Excel workbook developed in
this effort to illuminate the scenarios, criteria, and policy options most relevant to their
respective regions.

3. The MPOs and PDCs of Virginia should communicate their results of testing the
methodology with the Multimodal Office.

4. The MPOs and PDCs of Virginia, in their annual meetings, should share their experiences
with this methodology with one another.

5. The methodology and tool should be focused by Virginia agencies and/or MPOs on
particular classes of scenarios such as climate change and/or economic downturn.

6. The methodology and tool should be focused on the scenario-based comparison of large
projects and/or multimodal corridors of statewide significance in order to complement the
analysis of policies that was performed in the current research effort.

COSTS AND BENEFITS ASSESSMENT

This report described initial steps and associated lessons for the use of scenario-based
planning in multimodal long-range transportation planning in Virginia. The potential benefits of
the effort include:

e Improved coordination of regional long-term planning with other regions and
Commonwealth.

e Characterization of the future scenarios that are most relevant to improved statewide,
regional, and local multimodal transportation plans.

e Facilitation of resource sharing among state, regional, and local transportation
planners.

e |dentification of MPO and PDC regional needs for attention and involvement of the
Multimodal Office.

The costs of implementing the results of the effort include:
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e Resources needed to survey and hold workshops for regions and localities, e.g., at
annual conferences of Virginia MPOs and PDCs.

e Resources to accommodate shift in planning approach.

e Resources needed to coordinate scenario-based planning efforts regionally and locally
and with the Multimodal Office.

e Maintaining and supporting the MS Excel workbook at a University of Virginia
website.

The methodology and tool will be cost-effective for MPOs and PDCs to realize savings in
studying the broadest possible range of future scenarios with existing resources, to narrow the
scope of forecasts and assumptions that are used in costly travel demand modeling, and to satisfy
the increasing regulatory requirements to perform some form of scenario-based planning to
secure federal funds for transportation.
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APPENDIX A
SURVEY AND ANALYSIS OF SCENARIO-BASED PLANNING BEST PRACTICES

The effort described in this report contributed to the following survey of Virginia MPOs,
particularly in the several questions addressing current best practices in scenario-based planning.

Example of Survey Sent to Metropolitan Planning Organizations

Office of

’ -
(c’ ’\ |
=/ Planning and Investment

To MPO Directors:

VA Code 82.2-229 and 833.1-23.03 require the Office of Intermodal Planning and Investment to
work with regional transportation agencies to develop regional multimodal performance
measures and prepare an annual performance report on state and regional efforts. The
Multimodal Planning Office has been working with representatives from the Virginia
Association of Planning District Commissions (VAPDC) and transportation agencies to
determine appropriate measures for the report, which will be produced as a web-based report by
December 2008. The list of measures is included. Efforts were made to identify measures that
are consistent with those identified in the code and for which data are readily available in all
regions. As the report is refined and expanded, other measures may be added.

In 2006, the Multimodal Planning Office requested information on the goals and performance
measures used in your planning process; this information was used to identify measures for the
2006 Performance Report. So that we can reflect current regional planning efforts, the
Multimodal Planning Office is again requesting information on your region’s goals and
performance measures. Additional information is also requested to support other efforts
associated with the VTrans Update. Please complete the attached following questionnaire and e-
mail your response to Katherine Graham at Katherine.graham@vdot.virginia.gov or fax to 804-
225-4785 by July 14™. The responses will be compiled and used to facilitate discussion led by
Dr. Mary Lynn Tischer at the Transportation Committee Meeting during the VAPDC Summer
Conference in July.

Thank you for your participation.

Deputy Secretary Ralph Davis
Intermodal Office of Planning and Investment
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Background. 2007 Performance Report of VTrans and Multimodal Office
Regional Transportation Indicators, Goals, and Performance Measures [Background
material that was provided to survey participants]

Transportation Indicators
= Population
= Registered Vehicles
= Licensed Drivers
= VMT
= Lane Miles
Safety and Security

= Deaths
=  Death Rate
= Crashes

= Crash Rate
Maintenance and Preservation

= Pavement Condition

= Bridge Condition
Mobility, Accessibility, and Connectivity

= Transit Trips per Capita

= HOV Usage

= Congestion
Transportation and Land Use

= Job/Housing Ratio

=  VMT per Capita
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Regional Planning Questionnaire - 2008

Section 1. Regional Goals and Performance Measures

1)

2)

3)

4)

Has your MPO and/or PDC updated regional transportation goals, objectives or vision
since the most recent adopted plan? If yes, please list. (See Table 1 for our most
recent list of goals.)

Do you measure the performance of the system relative to your goals? If yes, please
list measures.

What data sources apply? (Choose all that apply.)
[ ]State
[]Census/Weldon Cooper
[]Collect yourself
If collect yourself, what do you collect and how often?

If you collect data yourself, in what format is data stored?
[ ]GIS

[ |Excel spreadsheet

[ Jword documents

[ ]JAccess

[lOther (Please specify)

Section 2. Regional Vision

A major part of the update to the statewide multimodal long-range transportation plan, known as
VTrans2035, will be analysis of the Corridors of Statewide Significance (formerly called
Multimodal Investment Networks) identified in VTrans2025. As part of that effort, the
Multimodal Planning Office is reviewing regional plans to identify common themes, regional
visions and the desired function of each of the corridors. Please answer the following questions
regarding the long-range vision for your region.

1)

Which of the following modes does you most recent regional statement of
transportation goals, objectives and/or vision specifically address? (Check all that
apply.)

[ IBicycle

X]Pedestrian

DX Transit

X]Aviation

DXFreight

[ ]Rail

[ Port

[ ]Intermodal Transfer
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2)

3)

In what way does your regional transportation plan address Corridors of Statewide
Significance identified in VTrans2025? For more information on these corridors,
look at the VTrans2025 Phase 3 Report at www.vtrans.org. (Check all that apply.)
[ JVision

[ ]Goals

[ _]Objectives

[ |Strategies

[ ]Policies

[ ]Performance Measures

[]Funded Transportation Improvement Projects

DXINon-funded Transportation Improvement Projects

Please provide any web links or contact information that would facilitate
documenting the above responses

Section 3. Scenario Planning

The University of Virginia is also assisting the Multimodal Planning Office with scenario
planning related to the six long-range goals and 21 policy recommendations identified in
VTrans2025. The following questions support that effort.

Describe any experience with scenario-based long-range transportation planning in your region,
including any coordination with local, regional, federal agencies or the private sector.

[area for response of survey participant, some sample x’s entries follow to demonstrate a typical

response, results are not for attribution]

1. Check up to five (5) of the following scenarios that are relevant for scenario-based long-

range multimodal transportation planning for your region:

[ Increased urban population [ ]Population decrease

[ ISprawl acceleration [ ]Decrease in automobile use and
[ IT amenities growth increase in transit use

[ 1Jobs and households shift regionally [lIncrease in overall public transit
[ ]Transit oriented development usage

DXIRegional economy grows [ |Energy usage constraints
PX|Global trade grows XINatural disaster

DXEnergy costs rise [ JIncreased retirement
DXInfrastructure investment grows [_]Other (Please explain)

[lIncreased overall population and

automobile usage
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2. Choose one (1) scenario identified above, and using the table below, characterize how the
scenario might affect the relative importance of the VTrans planning goals (shown in the

first column) for your region.

Scenario: [elaborate if needed] Sample response:

Major Minor
Decrease Decrease

Same

Minor
Increase

Major
Increase

Safety/security

Preservation/system
management

Mobility/accessibility

Economic vitality

Environmental
sustainability

L] L]
[ [
[ [
L L

Fiscal responsibility

X X XX X [

L]
[
[
L

X
L]
L]
L]

3. Check up to five (5) of the following VTrans2025 statewide policies (from the
VTrans2025 Phase 3 Final Report at www.vtrans.org ) that are of particular importance

to your region:

D{Increase investment in transportation

[ ISupport public transit

[ JFund rail

[_]Strengthen planning and modeling

[ ]Manage land-use/access

X]Consider state versus local
responsibilities

[]Address transportation/land use
conflicts

[ lImprove multimodal travel connections

[ JIncrease multimodal planning emphasis

[lInvest in technology

[_]Continue public and stakeholder
involvement

[_]Provide bicycle and pedestrian facilities
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Section 4. Contact Information

Name
Organization
Phone
E-mail

Thank you for your participation.

Preliminary Analysis of the MPO Survey for the Scenario-Based Portions

The following section characterizes particular features of the survey response that pertain to the
effort described in this report.

The following PDCs and MPOs responded: update list to include all respondents
e George Washington Regional Commission

Hampton Roads PDC

National Capital Region

Region 2000

Blacksburg, Christiansburg, Montgomery Area MPO

Roanoke Valley-Alleghany Regional Commission

Northern Shenandoah Valley Regional Commission

Crater Planning District Commission

Lenowisco Planning District Commission

Richmond Regional Planning District Commission

Figures A.1 and A.2 show the raw results of the policy and scenario survey. The results
indicate the Virginia region is diverse and has many varying interests relative to policies and
scenarios.
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Blacksburg
Bristol
CAMPO
Danville
FAMPO
Hampton Roads
Harris./Rock.
Kingsport
Nat. Cap. Reg.
Region 2000
Richmond
Roanoke
Tri-Cities
Winch./Fred.
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Figure A.1. MPO Scenario survey results

The results indicate the Virginia MPOs have diverse and varying interests relative to the

planning scenarios.

31



Blacksburg
Bristol
CAMPO
Danville
FAMPO
Hampton Roads
Harris./Rock.
Kingsport
Nat. Cap. Reg.
Region 2000
Richmond
Roanoke
Tri-Cities
Winch./Fred.
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Figure A.2. MPO VTrans Policy survey results

XXXXXX XXX X

X

The results of the policy survey are similar to those of the scenario survey in highlighting a
diversity of concerns of the MPOs for the statewide policies.
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Figures A.3 and A.4 show the overall percent relevance of scenarios and policies to the
PDCs/MPOs.
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Figure A.3. Overall Relevant Policy Percentage
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Figure A.4. Overall Relevant Scenario Percentage

The policies P.23 - Bicycle and Pedestrian Facilities Feeder System, P.1 - Invest more in
transportation, and P.2 - Support Transit stand out in the survey as being overall important
policies in the Commonwealth of Virginia. The scenarios of S.8 - Energy cost rises and S.2 -
Sprawl accelerates were found to be important in Virginia with a 70% and 60% use in the
PDCs/MPOs surveyed.

Figures A.5 and A.6 illustrate the importance of statewide policies for the east and the west
regions. The west PDCs/MPOs include: Region 2000, Northern Shenandoah Valley Regional
Commission, Blacksburg/Christiansburg/Montgomery Area MPO, Roanoke Valley-Alleghany
Regional Commission, and Lenowisco Planning District Commission. The east PDCs/MPOs
include: Hampton Roads PDC, National Capital Region, Crater Planning District Commission,
George Washington Regional Commission, and Richmond Regional Planning District
Commission.
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Figure A.5. Eastern PDCs/MPOs Policy Importance
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Figure A.6. Western PDCs/MPOs Policy Importance

For the eastern PDCs/MPOs, P.1 - Invest more in transportation and P.23 - Bicycle and
Pedestrian Facilities Feeder System are considered to be important, being selected 100% and
80% respectively. For the western PDCs/MPOs, P.23 - Bicycle and Pedestrian Facilities Feeder
System and P.2 - Support Transit are the most important, with 100% and 80% selection. In
comparing the two areas, the policy P.7 - Manage Access and P.13 - Invest in Technology are
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considered to be more important by the west regions, whereas increase investment in transit and
strengthen planning and modeling are considered to be more important to the east regions.

Figures A.7 and A.8 show the importance of relevant scenarios for the east and west
regions.
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Figure A.7. Eastern PDCs/MPOs Scenario Importance
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Figure A.8. Western PDCs/MPOs Scenario Importance

For the eastern PDCs/MPOs the relevant scenarios are S.9 - Infrastructure investment
expands, S.8 - Energy cost rises, S.2 - Sprawl accelerates, S.5 - Transit oriented development,
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and increased overall public transit. In the west, the scenarios of S.8 - Energy cost rises, S.2 -
Sprawl accelerates, and S.17 - Retirement are relevant to the PDCs/MPOs. The scenario S.9 -
Infrastructure investment expands is significantly more important in the east than in the west
(80% importance vs. 0% importance). The scenario S.17 - Retirement is considered to be more
important by the west than by the east (60% importance vs. 0% importance).
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APPENDIX B
Microsoft Excel Workbook for Scenario-Based Assessment of Multimodal Policies

This appendix provides a description of the main design features Microsoft Excel
Workbook that was developed in this effort to implement scenario-based planning. Screen
captures from the workbook are in some cases truncated to preserve the legibility of a few
entries. The complete workbook is available on request to the authors or the Virginia
Transportation Research Council. The description of the workbook is structured as follows: The

section briefly describes the policy evaluation approach, and then the section details the purpose
and design of the eight worksheets in the workbook.

The purpose of the workbook is to aid regional transportation planners in the assessment
of the sensitivity of statewide multimodal transportation policies to regional future scenarios.
The workbook implements VTrans2035 policy performance criteria and transportation policies
and additionally allows a user to evaluate region-specific policies.

Scoring inputs:

The workbook uses a multi-attribute value approach for evaluation each policy. Each
policy is first evaluated, or scored, over a set of multimodal transportation policy evaluation
criteria that was established by VTrans2025.

Evaluation of a policy for a given scenario:

P. = policy score for scenario s
X; = policy utility score for criteria i
w, = weight of criteria i given scenario s

Ps :zxi Wi

Overall score of a policy:

S, = Policy overall score for a policy p

P, = Policy score for scenario s
N = number of scenarios

2P

S
P N

There are several worksheets of the Excel workbook, as follows.
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Worksheet 0: User Contact Information
The purpose of worksheet 0 is to provide method of identification for users. Figure B.1 shows

the content for worksheet O.

User Contact Information
2035

Date -

Contact Name rans
Office Name ‘
Region

Address

Address cont'd
City
Zip Code

Office Phone

Email Address

Figure B.1. User contact information form in workbook 0

Worksheet 1: Introduction

The purpose of worksheet 1 is an introductory overview of the workbook. The worksheet
identifies the developers of the workbook and provides a description of all the worksheets within
the workbook. Figure B.2 displays an excerpt of worksheet 1 that shows the description of the
worksheets and sponsors.
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2035
rans

Multimodal Office

Mary Lynn Tischer, Director, Multimoda! Office
Kimberly Spence. Statewide Planning Programs
Manager, Virginia Department of Transportation
Katherine Graham. Virginia Department Transportation

Related Links

1) VTrans2035
http:rww vtrans org/

2) Updated versions of this workbook can be found here
www virginia edufcrmes/multimodal?

Multimodal Policy Impacts with Long-Range Planning Scenarios

Version 4.0

This workbook supports the Multimodal Office in ing the relative imp of
multimodal policies under a variety of long-range planning scenarios. There are several worksheets that
follow in this workbook.

Worksheet 1. Introduction
This worksheet an overview of the workbook and its subsequent worksheets.

Worksheet 2. Policy Definitions

This worksheet defines each multimodal policy.

Worksheet 3. Policy Ratings
In this worksheet, users input ratings for each of the policies being assessed. Each policy is assigned
a score of 0, .5 or 1 based on its impact to individual criteria. [Economic impact will be addressed in future versions.]

Worksheet 4. Scenario Definitions
This worksheet defines the scenarios that will be used in the assessments of the policies.

Worksheet 5. Criteria Weighting

In this worksheet, users input the effects of the scenarios to the criteria weights.

Scenarios can have either positive, neutral, or negative effects to the importance of individual criteria.
[The assumptions of this worksheet are a work in progress.]

Worksheet 6. Raw Resuits
This worksheet displays the relative impacts of multimodal policies and their sensitivity to planning scenarios.

This software tool is being developed by:
The University of Virginia
Center for Risk Management of Engineering Systems

Figure B.2. Sponsors and description of the other worksheets in worksheet 1

Worksheet 2: Policy Definitions

The purpose of worksheet 2 is to define multimodal transportation policies that are of
interest for a Metropolitan Planning Organization (MPQ) or planning region. Users can add or
remove policies. Users may also choose to keep policies in this worksheet but not evaluate them.
Each policy follows a prescribed format: “P. (number) (description)”. Figure B.3 provides an
excerpt of the table that appears in worksheet 2.
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Worksheet 2. Policy Definitions

Instructions

1) Enter policy according to format P.(number) (description).

2) Fill out complete policy description and class that policy fits in if applicable.

3) Choose which policies to evaluate by using pulldown menu in the last column on the right

different approaches: add new tab for choosing policy/scenario, add yesine bar to end of table

Policy Policy Description

'Substantially raise state investment in transportation in order to maintain the existing system
in good, safe condition and expand capacity to meet growing needs. Continuing to under-invest
.1 Invest more in in fransportation will result in worsening congestion, increased travel unreliability, and
transpaortation diminished economic prosperity. User fees and taxes must be increased, new sources of
funding, such as indexing fuel taxes to inflation, and greater use of tolling and General Funds
must be considered in order to address investment needs and increase system capacity.

P.2 Support Transit 'as new revenues becur_ne E_wailable. state _s!.lpportfur public_transit should be increased to
expand service and provide increased mohility and travel choices.

Figure B.3. Table in worksheet 2 describing policies.

The table contains five columns: Policy, Policy Description, Policy Class, Notes, and
Evaluate Policy. The Policy Class column contains classes denoted by VVTrans or the region for
the policy.

Worksheet 3: Policy Ratings

The purpose of worksheet 3 is to allow users to score multimodal transportation policies
relative to VTrans performance measures or goals. Users may choose from the following input:
0 — minimal or no impact, 0.5 — moderate impact, 1 — significant impact. Figure B.4 displays an
excerpt of the policy scores featured in worksheet 3.

LEGEND | ** yellow cells = data entry cel

0 policy has minimal or unknown impact
0.5 policy has moderate impact
1 policy has significant impact

@
{\\&
Cré\ \
@ S
P 8
o & NG NG
> & & &
& & S S
& ﬁd‘ & F & F
S & & &8
& S APAYA
Sl
& 8T 8 s
S Y Y
4 b S S S
] Q Q- Q Q
Criterion 1. Provide a safe, secure, and integrated transportation system that reflects different needs of the
Commonwealth
C.1.1.a. Improve safety for system users and operators|C.1.1.a. How does the policy
within the system and at mode origins/destinations significantly reduce crashes
(e.g., improve safety at at-grade crossings, improve and/or incidents? [HERS-ST]
C.1.1. Safety bicycle and pedestrian safety, correct sub-standard ] o o 0 0 0 0
(safety) designs and other geometric/pathway (e.q.,
runway obstructions, channel depth, bridge clearance,
efc) deficiencies)
C.1.2.a. How does the policy
. . provide strategic and/or
) C.1.2.a. Provide strategic and/or emergency )
el 2l ey transportation infrastructure/facilities/communications _emergencytrans_p_qrtahon . L o g g oS E E
infrastructurefacilities/communic
ations?

Figure B.4. Policy scoring in worksheet 3
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For example, performance measure C.1.2.a states “How does the policy provide strategic
and/or emergency transportation infrastructure/facilities/communications?” The user must score
each policy for its impacts to emergency transportation. The user may evaluate Policy P.6
Strengthen Planning and Modeling as having a significant impact and input a 1, since
strengthened planning will allow for improved emergency transportation. Similarly, the user
may score Policy P.10 Improve connections as having a moderate impact and a policy such as
P.9 Address Transportation/Land Use Conflicts as having a minimal impact.

The policy ratings are summed for each policy and the scores are separated into six scores
for the six high level criteria. For example, if Policy P.1 scores a0 for C.1.1.a,a 1 for C.1.2.a,
and a 0.5 for C.1.2.b, then P.1 will have a score of 1.5 for Criteria C.1. These scores are
reweighted by scenario influences in worksheet 5.

Worksheet 4: Scenario Definitions

The purpose of worksheet 4 is to provide definitions for the relevant planning scenarios
for the region. Figure B.5 displays an excerpt of the table of scenarios in worksheet 4.

'Worksheet 4. Scenario Definitions

Instructions | = yellow cells = data entry cells **
1) Enter scenario according to format $.(number) (description).

2) Fill out complete scenario description and class that scenario fits in if applicable

3) Pick up to 5 scenarios to use to evaluate policies

Scenario Scenario Description Regions Affected| Use Scenario?
5.1 Urban core repopulates People go to urbanized areas o live and work; Net population stays the same; Public
fransportation increases, clean transportation improves regional air gualit»I2 NE. SE. W no
5.2 Sprawl accelerates Private automobile become main mode of fransportation, which increases vehicle miles
fraveled; Increase in land consumpfion and energy usage; Depletion of resources 2 thd no
5.3 T amenities grow More workers telecommute so sprawl continues; Flexible work hours cause difficulty in
justifying transit service to certain areas 8 thd no

Figure B.5. Excerpt of the scenarios that are entered in worksheet 4 [a complete list of scenarios is
provided in an accompanying appendix of this report]

There are three columns in the scenario definition table: Scenario, Scenario Description,
and Region Affected. Region Affected is optional and indicates if a scenario is specific to a part
of the region. Currently, up to five scenarios listed in this worksheet can be chosen to evaluate
the policies listed in worksheet 2.

Worksheet 5: Criteria Weighting
The purpose of worksheet 5 is to incorporate the scenarios into the evaluation of the
multimodal transportation policies. Figure B.6 displays an excerpt of the first table which

contains the high level criteria (VTrans goals) in the rows and the scenarios chosen by the user in
the columns.
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Worksheet 5. Criteria Weighting

Major Increase - 8:1

Instructions Minor Increase - 6:1
1) Enter default weights. No Change - 1:1
2) Use the pull down menus to select up to 5 scenarios. Minor Decrease - 1:6
3) Use the pull down menus to select the impact of the scenario on the criteria. Major Decrease - 1:8

Criteria DEh‘;h eiir:em 83 l}‘:::ls;;zreli:‘ed Scores Normalized Weights $.20 Sea Rise
(.1 Safety and Security 16.7% No Change 16.67% 7.69% No Change
(.2 Preservation and Management 16.7% Major Increase 133.33% 61.54% Major Increase
C.3 Efficient Movement of People and Goods 16.7% No Change 16.67% 7.69% Major Decrease
(.4 Economic Vitality 16.7% No Change 16.67% 7.69% No Change
(.5 Quality of Life 16.7% No Change 16.67% 7.69% No Change
C.6 Program Delivery 16.7% No Change 16.67% 7.69% No Change

Figure B.6. Policy evaluation criteria weighting by scenarios in worksheet 5

Each criterion is assessed whether its importance changes in each of the chosen scenarios.
The qualitative scale is “Major Increase’, ‘Minor Increase’, ‘No Change’, ‘Minor Decrease’, and
‘Major Decrease’. The evaluation scale represents the change in importance of the criterion in
the case of the occurrence of the scenario. For example, in the case of S.17 Retirement, the user
may interpret the criterion C.1 Safety and Security to have a ‘Major Increase’ in importance since
more people retiring may require an increased focus on having a safe transportation system.
Alternatively, in the case of S.2 Sprawl Accelerates, Criterion C.6 Program Delivery may not
have a change in importance and thus the user will accept the default *‘No Change’.

The quantitative effect of *‘Major Increase’ to ‘Major Decrease’ can be modified by the
user. If the user decides that ‘Major Increase’ has a 2:1 effect, then the score of each policy for
the criteria that has a “Major Increase’ will be doubled. The workbook sums the scores of each
policy relative to the criteria and displays the results in worksheet 6. The policies are evaluated
in worksheet 6 by scores relative to the chosen scenarios. Therefore, a “Major Increase’ in
importance for a criterion will reward a policy that has either a significant (a “1” in worksheet 2)
or moderate (a ‘0.5” in worksheet 2) impact to that criterion and thus give the policy a higher
overall score for the scenario. In summary, to apply scenario-based planning, the workbook uses
planning scenarios to evaluate multimodal transportation policies. In worksheet 5, the workbook
represents the effect of the scenarios occurring through changes in the importance of Criteria or
VTrans goals. The change in importance affects the scores of the policies from worksheet 2
using a user-set multiplier such as the 2:1 effect for ‘Major Increase’ mentioned earlier. The
workbook displays the results in worksheet 6.

Figure B.7 displays an excerpt of the second table in worksheet 5 for detailed
modifications for the weights of the sub-criteria.
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Instructions

1) Select the weights for the sub-criteria.

L. Performance 5.5 Transit oriented (Default)
Sub-criteria
Measures development
C.1.1 Safety
C.lla 50.0% 50.0%
C.1.2 Security
Clla 25.0% 25.0%
C.1.2.b 25.0% 25.0%

Figure B.7. Weighting of sub-criteria in worksheet 5 [the complete list of subcriteria are provided in an

The weights are equal by default and can be modified if a sub-criterion has unique
importance to the user under particular scenarios. (No subcriteria weights were modified from

accompanying appendix of this report]

the defaults in the Roanoke case study.)

Worksheet 6: Results

The worksheet 6 displays the results of the policy assessments. The workbook generates
a numeric score for each policy relative to the criteria weighting in worksheet 5 and the policy
scoring relative to criteria in worksheet 3. The scores are displayed two ways, by numeric score

and by rank.

Figure B.8 displays an excerpt of the first table which displays the numeric score for each

policy over the various scenarios and without any scenarios (default criteria weights).

Scenarios L

Default Criteria Weights 13 41 23
=.o Iranzit oriented development B 45 41
.20 Sea Hize G 45 42
0 0 0

0 0 0

0 0 0

Mean Impact Score 8 44 35

Figure B.8. Excerpt of the policy scoring in worksheet 6
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The workbook averages the score to create a mean impact score for each policy. Users
can interpret the score as representing the policies that may have the greatest impacts in the
future given relevant planning scenarios. The policy impact score functions as a concept that
users can consider when prioritizing multimodal transportation policies. Several users can fill
out the workbook and compare mean impact scores for policies. Figure B.9 displays an excerpt
of the graph which portrays the policy scores as well as the minimum and maximum score for
each policy.

P9 Address Transportation/Land Use Conflicts
P9 Address Transportation/Land Use Conflicts
P9 Address Transportation/Land Use Conflicts

P.2 Support Transit
P._4 Fund Rail

100 -
90 -
80 -
70 -
60 -
50 -
w{
30 -
20 - R

10 -

o f
M 4 » M| 0, User Contact Information 1. Introduction 2, Pal

Ready "_=|

Figure B.9. Excerpt of the policy evaluation score and sensitivities in worksheet 6

The user can study the sensitivity of the policy to various scenarios by considering the
minimum and maximum scores shown on the graph. For example, a planner may prefer a policy
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with a lower mean score but less sensitivity to a policy that has a higher mean score but scores
low in some scenarios.

Figure B.10 displays an excerpt of a table which shows the rank of the policies based on
the score and relative to the other policies.

Scenario w2

Default Criteria Weights 3 2 | 3
5.5 Transit oriented development i) 2 | 3
5.20 Sea Rise i) 2 | 3
0 0 0 0

0 0 0 0

0 0 0 0

Mean Rank 5 1 2 3

Figure B.10. Excerpt of the ranking of the policies in worksheet 6

Figure B.11 shows the graph below the table which lists the median rank along with the
minimum and maximum rank the policy received over the scenarios.
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P.9 Address Transportaton/Land Use Conflicts

P.2 Support Transit
P.4 Fund Rail

1
—
.

? 4
Figure B.11. Excerpt of the graph of policy rankings and sensitivities in worksheet 6

The policy rankings allow users to identify a top policy or top-five policies and their
sensitivities of rank to the scenarios, etc.

Worksheet 7: Calculations

The purpose of Worksheet 7 is to calculate intermediate values for worksheet 6. This
worksheet does not require user input and is hidden from users.

48



APPENDIX C

LIST OF POLICIES, SCENARIOS, AND PERFORMANCE CRITERIA USED IN THE
WORKBOOK DEVELOPMENT

This appendix documents the statewide polices, scenarios, and performance criteria that are used
in the Excel workbook.

VTrans 2025 Statewide Transportation Policies (Virginia Secretary of Transportation
2004):

P.1 Invest more in transportation

P.2 Support Transit

P.3 Remove Bias

P.4 Fund Rail

P.5 Protect Trust Fund Rev. for Trans.

P.6 Strengthen planning and modeling

P.7 Manage Access

P.8 Consider State vs. Local Rules

P.9 Address Transportation/Land Use Conflicts
P.10 Improve Connections

P.11 Think Multimodally

P.12 Take the Lead

P.13 Invest in Technology

P.14 Use Objective Criteria

P.15 Plan Multimodally

P.16 Continue Public and Stakeholder Involvement
P.17 Continue Transportation Agency Head Coord.
P.18 Review Intermodal Office Alignment

P.19 Develop Action Plans

P.20 Continue Technical Committee

P.21 Establish a Commission

P.22 Smart Growth

P.23 Bicycle and Pedestrian Facilities Feeder System
P.24 Going Green

P.25 Diesel and Filter Regulation

Scenarios:

S.1 Urban core repopulates

S.2 Sprawl accelerates

S.3 IT amenities grow

S.4 Region undivided

S.5 Transit oriented development
S.6 Regional economy strengthens
S.7 Global trade intensifies
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S.8 Energy cost rises

S.9 Infrastructure investment expands
S.10 In-migration increases

S.11 Out-migration increases

S.12 More households

S.13 “Green” region emphasis

S.14 Crisis of national significance occurs/ homeland security tightened
S.15 Carbon constrained future

S.16 Energy constrained future

S.17 Retirement

S.18 Natural disaster

S.19 Decrease in air quality

S.20 Sea Rise

Performance Criteria (Source: Virginia Secretary of Transportation 2004):

Table C.1. VTrans criteria for Safety and Security

Criterion 1. Provide a safe, secure, and integrated transportation system that reflects different needs of the Commonwealth

C.1.1.a. Improve safety for system users and operators within  |C.1.1.a. How does the policy

the system and at mode origins/destinations (e.g., improve significantly reduce crashes andfor
safety at at-grade crossings, improve bicycle and pedestrian incidents? [HERS-ST]

safety, correct sub-standard (safety) designs and other
geometric/pathway (e.g., runway obstructions, channel depth,
bridge clearance, etc) deficiencies)

C.1.1. Safety

C.1.2.a. How does the policy provide

C.1.2.a. Provide strategic and/or emergency transportation S{raegic AnGicT ST reney

C.1.2. Security infrastructure/facilities/communications Itransportahon _ N
infrastructure/facilities/communications
?
C.1.2.b. How does the policy provide
C.1.2.b. Provide significant improvement to the security of significant improvement to the security
transportation facilities or the users of transportation services of transportation facilities or the users

of transportation services?
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Table C.2. VTrans criteria for Preservation and Management

Criterion 2. Through technology and more efficient operations, preserve and manage the existing transportation system

C.2.1. Preservation

C.2.1.a. Maintain current transportation infrastructure and
services

C.2.1.a. Does the policy reduce long-
term capital cost? Does the policy
address a critical need? [HERS-ST]
[TREDIS]

C.2.1.b. Reduce the negative impact of incompatible land uses
by protecting investment of state and federal transportation
resources

C.2.1.b. Is the policy consist with local
comprehensive plans, MPO plans, or
other regional plans?

c2z
Management

C.2.2.a. Encourage access management

C.2.2.a. Does the policy encourage
access management?

C.2.2.b. Maximize system utilization

C.2.2.b. Does the policy maximize
system utilization in terms of the
number of people or tons of freight
moved per hour/per mile? [HERS-ST]
[TREDIS]

C.2.2.c. Increase travel time reliability

C.2.2.c. Does the policy increase travel
time reliability? [HERS-ST] [TREDIS]

C.2.2.d. Reduce transfer time between modes

C.2.2.d. Does the policy reduce
transfer time between modes?

Table C.3. VTrans criteria for Efficient Movement of People and Goods

Criterion 3. Facilitate the efficient movement of people and goods and expand choices and improve interconnectivity of all
transportation modes

C.3.1. Mobility for
All

C.3.1.a. Reduce congestion

C.3.1.a. Does the policy reduce
congestion in terms of volume to
capacity (V/C) ratio, level of service
(LOS), and/or travel time? [HERS-ST]
[TREDIS]

C.3.1.b. Provide mode/route choice for all people and goods

C.3.1.b. Does the policy provide
mode/route choice for all people and
goods?

C.3.1.c. Increase capacity for the movement of people and
goods

C.3.1.c. Does the policy increase
capacity in terms of tons of freight
moved, twenty-foot equivalent unit
(TEUs), and/or person trips?

C.3.2. Accessibility
for All

C.3.2.a. Improve access to major activity centers

C.3.2.a. Does the policy improve
access to major activity centers in
terms of the number of modes serving
the activity center, frequency of service,
and/or barriers removed?

C.3.2.b. Improve accessibility of transportation services or
facilities

C.3.2.b. Does the policy improve
accessibility of transportation services
or facilities in terms of the number of
mode choices for people and goods in
the corridor, the cost per trip, and/or the
cost per ton mile?

C.3.3.a. Does the policy reduce
transfer time between modes, reduce

C.3.3. Syst
P 3 C.3.3.a. Provide seamless connectivity between modes travel time to the mainline/hub of
onnectivity :
network, and/or increase the number
modal connections?
C.3.3.b. Provide interconnected networks that facilitate the . .
iy . " - o . C.3.3.b. Does the policy provide
complete journey" (e.g., origin to destination and all connections oo
system continuity?
between)
. - . —_ C.3.4.a. Does the policy improve on-
. e, . »4- . 1] L} 2
C.3.4. Reliability C.3.4.a. Provide transportation services, facilities, and time performance of modes and/or

information that improve predictability and reliability

reduce fravel time variability [TREDIS]
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Table C.4. VTrans criteria for Economic Vitality

Criterion 4. Improve Virginia’s economic vitality and provide access to economic opportunities for all Virginians

C.4.1. Statewide
Economic Vitality

C.4.1.a. Improve connectivity of the workforce to employment
opportunities

C.4.1.a. Does the policy improve
connectivity of the workforce to
employment opportunities?

C.4.1.b. Improve connectivity of goods to markets

C.4.1.b. Does the policy improve
connectivity of goods to markets?

C.4.1.c. Improve connectivity of people to goods and services
(including recreation, tourism, cultural resources, and markets)

C.4.1.c. Does the policy improve
connectivity of people to goods and
services (including recreation, tourism,
cultural resources, and markets)?
[TREDIS]

C.4.2. Consistency
with Local and
Regional Goals

C.4.2.a. Coordinate transportation planning and implementation
with local land use planning and economic development goals

C.4.2.a. Is the policy included as part
of a regional or other long-range plan?
Is the policy compatible with state,
PDC, MPQ, local, and/or transportation
provider plans? [TREDIS]

C.4.2.b. Support efficient use of current and future
transportation infrastructure investments

C.4.2.b. Is the policy supported by
local land use planning, zoning, and
economic development goals? |s the
policy compatibile with adjacent land
uses?

Table C.5. VTrans criteria for Quality of Life

Criterion 5. Improve the quality of lite for all Virginians and the coordination of iransporiation, community characler, and
economic development planning activities.

C.5.1. Natural,
Cultural, and
Historic Resource
Conservation

C.5.1.a. Sustain and improve air quality

C.5.1.a. Is the policy air-quality neutral
or positive? Is the policy in a
conforming long-range plan and
program?

C.5.1.b. Sustain and improve water quality

C.5.1.b. Does the policy meet or
exceed requirements of the
Chesapeake Bay 2000 Agreement
and/or other applicable water quality
regulations?

C.5.1.c. Preserve Virginia's rich cultural and historic resources

C.5.1.c. Does the policy increases
availability, awareness, or protection of
cultural and/or historic resources?

C.5.1.d. Practice environmental stewardship

C.5.1.d. Does the policy exceed
requirements for protected ecosystems,
habitats, species, etc.? [HERS-ST]
[TREDIS]

C.5.2. Community
Character

C.5.2.a. Ensure that transportation facilities and services are
compatible with the communities they serve

C.5.2.a. Is the policy consistent with
community character? Does the policy
reduce noise and light pollution?

C.5.2.b. Ensure that transportation infrastructure and services
are commensurate with the facilities served

C.5.2.b. Is the policy consistent with
facility design and purpose?

Table C.6. VTrans criteria for Program Delivery

Criterion 6. Improve program delivery.

C.6.1. Fiscal
Responsibility

C.6.1.a. Leverage opportunities between modes

C.6.1.a. How many modes does the
policy support? (air, port, rail, transit,
highway, bike, ped) [TREDIS]

C.6.1.b. Maximize benefit of investment

C.6.1.b. Is the anticipated return on
investment positive?

C.6.1.c. Minimize long-term maintenance cost (i.e., life-cycle
cost)

C.6.1.c. Are the anticipated life-cycle
costs minimized?

C.6.1.d. Maximize use of non-state funds (e.qg., federal,
overmatch, Public/Private Transportation Act (PPTA), user fees,
etc)

C.6.1.d. What percentage of funds are
from non-state sources? Are funds
availabile?

C.6.1.e. Minimize level of investment risk

C.6.1.e. How many purposes does the
project serve?

C.6.1.f. Coordinate completion/ implementation schedules and
funding of interdependent multimodal projects

C.6.1.f. Is the project ready? Are the
policy component schedules aligned?
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APPENDIX D

RELATED STUDY OF ECONOMIC IMPACTS OF TRANSPORTATION
INVESTMENT

This appendix documents a related preliminary study of economic impacts of
transportation investment that was performed under the same contract as the effort
described in the main body of this report. Prof. Joost Santos of the University of Virginia
was consulted in the preparation of this appendix, though any remaining errors are those
of the authors.

TO: Dr. Mary Lynn Tischer, Multimodal Office
FROM:

Megan Kersh

Asad Saqib

Matthew Schroeder
Ward Williams
Professor James Lambert

University of Virginia
Center for Risk Management of Engineering Systems

DATE: January 28, 2008
SUBJECT: The impacts of increasing output in transportation on final demand/GDP in Virginia
Overview

We analyzed the impacts of transportation investment in Virginia and to overall output and final
demand in sixty sectors of the economy.

For this study, we purchased data from the Bureau of Economic Analysis
(http://www.bea.gov/regional/rims/index.cfm). The data set was released in 2005 and is the most
recent data available.

Our observations from Bureau of Economic Analysis data are as follows:

= The seven transportation sectors are interconnected with the sixty sectors through the
expression x = Ax + ¢ (expressed per year).
O X - total output per year (million dollars)
0 A - input output matrix for output recycled to each sector [60 x 60]
0 Ax-recycled output into other sectors per year (dollars)
o c¢ -"final demand" output of the economy per year or GDP(dollars)
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=  GDP = consumption + investment + (government spending) + (exports —
imports)

Output in Virginia is broken down into 60 sectors for this problem.
Of the sixty sectors the total output is $226B
Of the sixty sectors, the final demand is $128B
The seven transportation sectors are

0 Air transportation
Rail transportation
Water transportation
Truck transportation
Transit and ground passenger transportation
Pipeline transportation

o0 Other transportation and support activities
Output for the seven transportation sectors is $7.2B
The seven transportation sectors constitute 2.5% of total output
Final demand for the seven transportation sectors is $3.2B
The seven transportation sectors constitute 3.2% of the final demand
This database does not distinguish between public and private investment or between
services and construction.

LUy Uy

O O0OO0OO0Oo

LU ul

We found the following in complementary analysis:

— Stimulating total output: A 1% increase to transportation output, X, results in a $37M
increase to final demand, c, across all sectors
0 The 1% increase in transportation output also resulted in over a 1% increase in
final demand for all transportation sectors
= Stimulating final demand: (say something about graph results)
o0 Mention difference between stimulating demand and increasing output

Results of Increasing Transportation Output

We analyzed the results of increasing transportation output by raising transportation output in all
the transportation sectors by 1%. Table D.1 provides the sectors and increased output in millions
of dollars.

Table D.1. Transportation Sector Increase in Output

Sector output ($  Increase in sector

Sector millions) output ($ millions)
Air transportation 1801.7 18.0
Rail transportation 699.3 7.0
Water transportation 292.0 2.9
Truck transportation 2538.1 25.4
Transit and ground passenger transportation* 344.1 34
Pipeline transportation 80.0 0.8
Other transportation and support activities* 1443.3 14.4
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Using the formula x= Ax + ¢, new c values (output or final demand) values were calculated.
Figure D.1 displays the increased output for the respective transportations sectors.
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Figure D.1. Increase in output for transportation sectors given 1% increase in output

The total output increase for all transportation sectors is 64 millions dollars. The total output
increase for all sectors in Virginia is 37 million dollars. The difference between the
transportation sector gains and overall gains is due to increased transportation output absorbing
output from other sectors. It is important to note that there is still a strong overall increase in
output overall when increasing output for transportation by 1%.

Results from Stimulating Final Demand

We use the formula x = Ax + ¢ to exchange the desired unknown c value with x. After
manipulating the formula we obtain ¢ (I-A)* = x.

When stimulating demand, we found that output for all sectors increases, in contrast to the first
approach, which was increasing output for specific sectors. Figure D.2 shows the ten sectors
with greatest percentage increase in output based on a 1% increase in final demand in the
transportation sectors.

55



3.50%
3.00% -
2.50% -
2.00% -
1.50% -
1.00% -
THEE
OOO%, ; ; ‘.‘.‘.‘.‘-‘-_'_—_
S o o & & o o & N\
&\’0‘ \\,IDS\ \$,§ 'b’('}'\ \{bsg ) \S'b'(\ \S’bo \{é\ & QQO
& & & &£ & & H ¢ &
SEO G E & o
> & N > 2 < &
¢ < N )
N & &S
K N e
& (@) &
é&o\‘” <&
0%

Figure D.2. Percent increase in output per 1% increase in final demand for transportation sectors

These following issues should be considered when deciding whether to increase output or
attempt to stimulate demand:

e Ease of stimulating demand in a sector compared to ability to increase output for a sector
o Stimulating final demand for transportation sectors by 1% results in a 3% increase
in petroleum and coal manufacturing output, however, it must be considered if
this output is feasible
e Need to increase output for many sectors
o Stimulating demand has a greater overall positive effect in increasing output over
a variety of sectors
e Specific sectors that currently may be in higher demand or have a higher ability for
production/output
o For example, rail as a form of public transportation has become more popular in
past years, thus making it easier to stimulate demand for the sector

Results from increasing output across all manufacturing sectors

For comparison, we increased all manufacturing sector output values by 1% as described in
Table D.2.
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Table D.2. Manufacturing Sector Increase in Output

Sector output ($ Increase in sector
Sector millions) output ($ millions)
Wood product manufacturing 1805.2 18.1
Nonmetallic mineral product manufacturing 910.5 9.1
Primary metal manufacturing 753.3 7.5
Fabricated metal product manufacturing 1642.4 16.4
Machinery manufacturing 1774.7 17.7
Computer and electronic product manufacturing 2500.6 25.0
Electrical equipment and appliance manufacturing 749.1 75
Motor vehicle, body, trailer, and parts manufacturing 1562.2 15.6
Other transportation equipment manufacturing 2916.9 29.2
Furniture and related product manufacturing 1424.0 14.2
Miscellaneous manufacturing 674.6 6.7
Food, beverage, and tobacco product manufacturing 5960.6 59.6
Textile and textile product mills 1585.6 15.9
Apparel, leather, and allied product manufacturing 378.4 3.8
Paper manufacturing 2006.4 20.1
Printing and related support activities 1482.3 14.8
Petroleum and coal products manufacturing 127.7 1.3
Chemical manufacturing 2238.5 22.4
Plastics and rubber products manufacturing 2083.7 20.8

Table D.3 provides output increases for the manufacturing sector compared to the transportation
output increases.

Table D.3. Comparison of Transportation and Manufacturing Increased Output Results

Change in final demand for Change in final demand for all

transportation sectors per one sectors per one unit change in

Agglomerated Sector unit change in output output
Transportation 0.89 0.52
Manufacturing 0.66 0.37

The first column represents the increased final demand for the respective agglomerated sector
per one unit change in output for the agglomerated sector. Another interpretation for the first
column is an increase in final demand per $1 increased output in the agglomerated sector. The
second column represents the sum of increased final demand for all sixty sectors per one unit
output increase for the agglomerated sector. We found that the transportation sector produces
more final demand per increased output than manufacturing, or in other words, requires less
output increase to produce a comparable level of final demand.

To justify the one percent increase in output, we calculated the resulting change in output. The
output change is displayed in Table D.4.
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Table D.4. Percent Increase of Output for Transportation Sectors

Sector Percent change
Air transportation 1.6%
Rail transportation 1.7%
Water transportation 1.2%
Truck transportation 2.2%
Transit and ground passenger transportation* 1.5%
Pipeline transportation 1.1%
Other transportation and support activities* 3.1%

Every percent increase is above 1%, the amount of increase in output. In the manufacturing
sector, five industries had less than 1% return.

Based on the data analysis above, it is predicted that increasing output in the transportation sector
will result in a beneficial output. Further analysis may be done to focus on which transportation
sectors provide the best output per increased output and how other sector’s increased outputs
compare to transportation.

Table D.5. Provides the sector output (X, $ millions) for each of the Virginia sectors.

Table D.5. Sector Output (X)

Sector Codes Sector Description Sector output ($

millions)
CROP Crop and animal production 920
FRST Forestry, fishing, and related activities 581
OILG Oil and gas extraction 492
MING Mining, except oil and gas 811
MINS Support activities for mining 82
UTIL Utilities* 1,907
CNST Construction 19,147
WOOD Wood product manufacturing 1,805
NMET Nonmetallic mineral product manufacturing 910
PMET Primary metal manufacturing 753
FMET Fabricated metal product manufacturing 1,642
MACH Machinery manufacturing 1,775
COMP Computer and electronic product manufacturing 2,501
ELEC Electrical equipment and appliance manufacturing 749
MOTR Motor vehicle, body, trailer, and parts manufacturing 1,562
TREQ Other transportation equipment manufacturing 2,917
FURN Furniture and related product manufacturing 1,424
MFGM Miscellaneous manufacturing 675
FOOD Food, beverage, and tobacco product manufacturing 5,961
TEXT Textile and textile product mills 1,586
APPR Apparel, leather, and allied product manufacturing 378
PAPR Paper manufacturing 2,006
PRNT Printing and related support activities 1,482
PETR Petroleum and coal products manufacturing 128
CHEM Chemical manufacturing 2,239
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PLAS
WTRD
RTRD
AIRT
RAIL
WATR
TRCK
GRND
PIPE
TRNM
WRHS
PUBL
MPIC
BRDC
INFO
BANK
SECU
INSR
FUND
REAL
RENT
PROF
MNGT
ADMI
WSTE
EDUC
HLTH
HOSP
SOCL
PERF
AMST
ACCO
FSRV
OTHR

Plastics and rubber products manufacturing
Wholesale trade

Retail trade

Air transportation

Rail transportation

Water transportation

Truck transportation

Transit and ground passenger transportation*
Pipeline transportation

Other transportation and support activities*
Warehousing and storage

Publishing including software

Motion picture and sound recording industries
Broadcasting and telecommunications
Information and data processing services
Federal Reserve banks, credit intermediation and related services
Securities, commodity contracts, investments
Insurance carriers and related activities

Funds, trusts, and other financial vehicles

Real estate

Rental and leasing services and lessors of intangible assets
Professional, scientific, and technical services
Management of companies and enterprises
Administrative and support services

Waste management and remediation services
Educational services

Ambulatory health care services

Hospitals and nursing and residential care facilities
Social assistance

Performing arts, museums, and related activities
Amusements, gambling, and recreation
Accommaodation

Food services and drinking places

Other services*

60 Households

2,084
9,557
16,126
1,802
699
292
2,538
344
80
1,443
754
3,557
250
7,846
4,382
6,102
1,947
4,350
873
5,566
1,792
39,096
8,697
8,481
492
3,080
9,515
8,373
1,747
852
958
1,541
6,372
9,611
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