
  

  

Abstract—  VTrans 2035 and the Office of Multimodal 
Transportation Planning and Investment are using twenty-one 
policies and forty-two performance criteria for evaluating 
statewide transportation policies. The policies include investing 
in public transit, planning multimodally, and improving travel 
mode connections. The criteria encompass safety and security, 
preservation and management, efficient movement of people 
and goods, economic vitality, quality of life, and program deliv-
ery. In this paper, we analyze the regional impacts of transpor-
tation policies across performance criteria, and under various 
future scenarios. We develop an automated workbook that en-
ables a regional planner to characterize the impacts of the poli-
cies for a region of Virginia under a base scenario and five other 
scenarios. The scenarios are acceleration of sprawl, mass retire-
ment of an aging population, region-wide natural disaster, accel-
erated growth of information technology amenities, and signifi-
cant reduction in air quality, all of which were identified via a 
review of twelve regional plans and interviews with regional 
planners. The results describe which policies are most sensitive 
to the scenarios. The policy of investing in technology scores 
high for all six scenarios.  

I. INTRODUCTION 

HE Virginia Transportation Accountability Commission 
has stated that “the goals and associated performance 

measures reflect characteristics the Commission considers 
critical to a high-performing transportation system that de-
livers not only high quality projects and programs but the 
right projects and programs” [1]. Scenario-based planning 
will assist transportation planners in determining the projects 
and programs, based on different goals, performance meas-
ures, and alternative futures. The establishment of goals and 
performance measures is useful on the statewide and regional 
levels. For example, the Roanoke Valley area in Virginia has 
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several long-term planning issues that will impact the future 
of the regional transportation infrastructure. Because the 
region is increasingly dynamic, the planners should consider 
potential future scenarios in the planning process to optimize 
the transportation system. By using scenario-based planning, 
it is possible to consider a broad range of long-range multi-
modal transportation issues. This paper develops in proto-
type for the region an automated survey workbook that can 
be used to assess the impacts of state multimodal transporta-
tion policies across state planning criteria under various sce-
narios. First, this paper will address the development of sce-
nario-based planning and how it has been applied in various 
regions. Second, the paper explains the application of sce-
nario-based planning within the region, including the se-
lected scenarios and policies. Third, the paper analyzes the 
scenarios by a case study applying the methodology illus-
trated by Figure 1. Last, the paper describes recommenda-
tions for long-range planning and potential future work with 
scenario-based planning in the state.  

II.  OVERVIEW OF SCENARIO-BASED PLANNING 

Many previous transportation planning efforts focused on 
cost-benefit and impact models. However, data collection 
methods proved to be heavily assumption-based and unre-
peatable [2]. Even when the cost-benefit models produce 
reliable results for specific transportation investments, poli-
cymakers need a better understanding of the impacts of the 
investment on a region enhances the decision-making proc-
ess. Scenario-based planning is an alternative method for 
obtaining this knowledge. Scenario-based planning “high-
lights the major forces that may shape the future and identi-
fies how the various forces might interact” [3]. In the trans-
portation sector, scenario-based planning emphasizes the 
relationship between transportation and the environment, the 
economy, and society. It illustrates how the transportation 
infrastructure can accommodate variations in other aspects of 
a region. For instance, if the United States Census Bureau 
estimates a 20% increase in the population of a region over 
the next five years, the transportation infrastructure will need 
to expand to grow to match the increased demand.   

Many previous transportation planning efforts focused on 
cost-benefit and impact models. However, data collection 
methods proved to be heavily assumption-based and unre-
peatable [2]. Even when the cost-benefit models produce 

Scenario-Based Planning for the Regional Impacts of Statewide 
Multimodal Transportation Policies 

Matthew J. Schroeder, Edward E. Williams, Megan N. Kersh, Asad A. Saqib, James H. Lambert,  
Senior Member, IEEE 

T 



  

Regional 
Metropolitan 
Planning 
Organizations

Do policies have a 
significant impact, 
moderate impact, 
minimal impact, or 
no impact on the 
evaluation criteria?

Ranging from 
criteria having 
major increase to 
major decrease in 
importance for 
scenarios

Select Regions Select Scenarios
Score Policies Based 
on Evaluation 
Criteria

Weigh Evaluation 
Criteria with 
Scenarios

Assess Policy 
Performance 
Sensitivity to 
Region

Discuss and 
Combine Issues 
and Factors

ID Factors ID Key Issues

 
Fig. 1.  Scenario-Based Planning Methodology for Evaluating Regional Impacts of Statewide Multimodal Transportation Policies  

 

reliable results for specific transportation investments, poli-
cymakers need a better understanding of the impacts of the 
investment on a region enhances the decision-making proc-
ess. Scenario-based planning is an alternative method for 
obtaining this knowledge. The Federal Highway Association 
(FHWA) has developed the following six-step scenario-
based planning process: (i) Identify the driving forces, (ii) 
Determine the patterns of interaction, (iii) Create scenarios, 
(iv) Analyze their implications, (v) Evaluate scenarios, and 
(vi) Monitor indicators. In the first step, transportation plan-
ners identify sources of change that impact the future [3]. 
The sources range from demographics to the global economy 
to new technological innovations. After establishing the driv-
ing forces, the planners need to analyze the patterns of inter-
action between the forces. Each force has multiple possible 
futures. For example, using the economy as a driving force, 
it could show strong growth, little growth, no growth, etc. as 
different futures. The different futures can interact with the 
futures of other forces to create unique conditions. This step 
suggests the use of an evaluation matrix to compare the fu-
tures of all forces in order to develop a comprehensive range 
of future conditions [3].  

The transportation planners generate the scenarios in step 
three. They study the driving forces under the different future 
conditions to produce a set of scenarios that are relevant and 
valuable to the stakeholders. The scenarios must be logical 
and reasonable for the stakeholders to take interest. Next in 
steps four and five, the transportation planners analyze the 
scenarios and their implications to the transportation infra-
structure. Planners must determine the potential harmful ef-
fects of each scenario and develop ways to prevent and/or 
respond to it. They must also compare the scenarios to de-
termine which effects are the most threatening. The planners 
develop indicators to measure the impacts of each scenario. 
Indicators include land use, transportation demographics, 
environment, economics, technology, etc. The indicators 
help measure the likelihood and intensity of the scenario 
across level of concern. The sixth step requires the monitor-

ing of the indicators. Each scenario needs to be continuously 
monitored as conditions change [3]. This methodology is 
holistic and thorough. It incorporates the community into the 
planning process and promotes an active plan that is under 
continuous review. 

 The Metro Washington Council of Governments 
(MWCOG) applied scenario-based planning techniques in its 
TPB Regional Mobility and Accessibility Scenario study of 
Northern Virginia. The study analyzed economic and demo-
graphic trends to determine key issues that impact the future 
of the region such as population growth, job increase in simi-
lar areas (“jobs in”), job increase in further out areas (“jobs 
out”), more households closer to jobs, more household fur-
ther from jobs, popularity in telecommuting goes up, and 
more hybrid cars [4]. MWCOG considers these key issues to 
be potential future scenarios. Each scenario was analyzed for 
projected impact. The analysis of scenarios involved making 
predictions using risk analysis and sensitivity tools to calcu-
late a projected impact on the amount of congestion under 
each proposed scenario. Finally, scenarios were evaluated in 
terms of their benefits, as well as how likely they are to oc-
cur. The MWCOG study presents an alternative way for us-
ing scenarios in transportation planning in contrast to the 
FHWA scenario-based planning method. The technical ap-
proach uses a combination of the FHWA and MWCOG 
methodologies to implement scenario-based planning for a 
region.  

III.  TECHNICAL APPROACH 

We developed a methodology to analyze the impacts of 
statewide multimodal transportation policies on regions un-
der various scenarios. The Microsoft Excel survey workbook 
is automated to process the inputs from various regions and 
give a local prioritization of transportation policies as data is 
entered by a regional transportation planner. We explored 
the scenarios used by different transportation departments 
and planning groups across the nation. Our methodology 
includes scenarios developed by the Metropolitan Washing-



  

ton Council of Governments [4] and Delaware Valley Re-
gion Planning Committee [5]. We sorted the selected scenar-
ios into four main categories – spatial, demographical, eco-
nomical, and other, which include environmental issues and 
natural disasters. The four categories encompass the major 
scenarios that transportation planners may have to account 
for in the future. Some scenarios we included in the method-
ology are more households in a specific region, rising en-
ergy costs, increasing emphasis on environment, and 
strengthening regional economy. The survey tool currently 
contains twenty scenarios, labeled S.1 through S.20. In order 
to demonstrate the survey tool, we conducted a case study of 
the region based on five scenarios.  

First, we interpreted the scenario, S.2 Urban sprawl. Ur-
ban 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 re-
gion and as the number of sites to build in the city decreases, 
urban sprawl will increase. If the current growth rates con-
tinue in the region, urban sprawl is inevitable despite public 
opposition. Thus, regional transportation planners will need 
to consider the impacts of urban sprawl when prioritizing 
multimodal transportation policies.  

 Second, we analyzed the impacts of scenario, S.17 Re-
tirement. As the demographics of an area changes, the trans-
portation 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 reach-
ing the retirement age. An aging population “implies addi-
tional transit needs, changing housing needs, the need for 
heightened safety standards, and residents with inflexible 
financial situations” [6]. Businesses must even change how 
they operate, by developing new products to target the cur-
rent demographics and compensating for the expected labor 
shortages [7]. The retirement scenario is particularly impor-
tant for the region in the case study, since the area is consid-
ered one of top places in the country to retire, as 40% of the 
population of the region is 45 or older [8]. This age demo-
graphic is concerned with maintaining their mobility, within 
the limits of their physical and financial capabilities. The 
older population requires different forms of public transit, 
especially ones that link them with residential, retail, and 
health centers [9]. 

Third, we studied scenario S.18, Natural disasters rele-
vant 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 identi-
fied flooding and wildfires as the two most likely natural 
disasters for the area. The streams running through the steep 
terrain of the region subject the area to periodic flash flood-
ing. To highlight the importance of this scenario, flood re-
lated research and documentation from the past shows that 

there are an estimated 5,400 structures that could possibly be 
impacted by flooding in the region [10]. 

Fourth, we consider 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 work facilities and 
headquarters throughout the surrounding areas due to its 
highly skilled technology workforce, policies that encourage 
business growth, and advanced IT infrastructure [11].  

Fifth, scenario S.19, Decrease in air quality, is more spe-
cific to the region. Intermodal and multimodal sources of 
transit stations are needed throughout the country to support 
a wider range of transportation solutions for public, commer-
cial, and several other uses. Recently, ten areas that are in 
close proximity to the region were selected as possible loca-
tions for a new rail and truck intermodal transit station. 
However, there has been opposition to building transit sta-
tions in the region from environmental groups [12]. 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. Thus, a new tran-
sit station could cause dangerous levels of soot for the local 
communities [12]. In the next step of the methodology we 
identify multimodal transportation policies. We used the 21 
policies established in the statewide long-range transporta-
tion plan, VTRANS 2025 [13]. The policies fall into four 
main categories: funding/investment, land use, connectivity, 
and priority setting. Examples of the policies include im-
proving connections between modes, considering state ver-
sus local rules, increasing rail funding, and starting a trust 
fund for transportation.  

We identified policies that are special to the region to al-
low for more direct options for the regional transportation 
planners. The policies are meant to correlate with the re-
gional-specific scenarios that we developed. 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 ur-
ban centers. Proponents of Smart growth claim that increas-
ing density of population centers will decrease driving time, 
traffic congestion, and preserve farmland [14]. Implementa-
tion of Smart growth, would place more influence on multi-
modal transportation because with more dense population 
centers, there is potential to use different modes of transpor-
tation. Therefore, policy P.22, Smart growth, will be added 



  

 
Fig. 2.  Excerpt from Survey Workbook, Statewide Multimodal Transportation Policies Ratings Based On Evaluation Criteria  

to the list of policies considered for the region.   
 Next, we consider Policy P.23, Bicycle and pedestrian 

facilities feeder system [15]. Effective mobility of the baby 
boomers can be maintained by providing better walking and 
biking facilities, as many areas lack safe or formal paths 
[16]. The implementation of 12 ft. lanes to the current infra-
structure 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 avail-
able and buses have been equipped with bike racks. Policy 
P.23, Bicycle and pedestrian facilities feeder system, will 
give the aging population more transportation options, while 
allowing them to maintain a healthy lifestyle and help the 
environment. 

 Policy P.24, Environmental focus, is another potential 
policy for the region. Some of the more recent natural disas-
ters have been linked to global warming [17]. Scientists have 
suggested that the recent drought is linked to climate changes 
associated with global warming. The land being extremely 
dry increases the likelihood of wildfires. If the region and the 
nation set forth efforts to reduce carbon emissions, the more 
recent climate extremes and possibility of natural disasters 
would be reduced [10].  

Last, we study Policy P.25, Mandate of ultra low sulfur 
diesel and filters for all new trucks [12]. To allow the inter-
modal truck and train transit station to be built in the region, 
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% [12]. 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, we identified performance criteria from the state-
wide long-rang transportation plan to measure the impact of 
a policy and to weight different scenarios. The performance 

criteria consist of safety, efficiency, economic vitality, qual-
ity of life, and feasibility. Sub-criteria are used to more spe-
cifically define the different aspects of the performance crite-
ria. For example, sub-criteria, C.1.1.a under safety  asks if 
the policy will, "Improve safety for system users and opera-
tors 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)."  Within the sub-
criteria are the performance measures, which directly evalu-
ate the policies. The performance measure under sub-criteria 
C.1.1.a is, "Does the policy significantly reduce crashes 
and/or incidents?"  There are 13 criteria and 34 sub-criteria 
and performance measures currently included in the tool. To 
determine the overall scores for policies, we evaluated the 
impact of each policy across each of the performance meas-
ures. We use a rating of 0 for a minimal or an unknown im-
pact, 0.5 for a moderate impact, and 1 for a significant im-
pact. Figure 2 shows the section of the surveying tool that is 
used for rating the policies.  

The criteria and performance measures are listed on the 
left of the figure. Across the top of the figure are the 25 poli-
cies. The figure describes the impact score for each policy 
for each performance measure.  

To account for scenario impacts, the six criteria categories 
used for policy-rating (safety and security, preservation and 
management, efficient movement of people and goods, eco-
nomic vitality, quality of life) are evaluated against a set of 
scenarios. Under each scenario, the transportation planner 
has five different levels of change in importance from which 
to choose: major increase, minor increase, no change, minor 
decrease, and major decrease. The changes then adjust the 
criteria weights from the baseline or null-scenario (e.g. equal 
weights). Table 1 shows this analysis of an example scenario 
and its effects on the criteria weighting scale.  

The policy ratings are weighted based on criteria weights 
and summed to give scores for each policy for each scenario. 
Since each scenario affects the criteria weights differently, 
the scores of the policies differ from scenario to scenario. In 



  

TABLE I  
EXCERPT FROM SURVEY WORKBOOK, REGIONAL SCENARIO IMPACTS 

WEIGHING EVALUATION CRITERIA IMPORTANCE 

 
Criteria Default Cri-

teria 
Weights 

Example 
Scenario 1 

Scenario 
Weights 

C.1 Safety 
and security 

16.7% No Change 11.11% 

C.2 Preserva-
tion and man-
agement 

16.7% Major In-
crease  

22.22% 

C.3 Efficient 
movement of 
people and 
goods 

16.7% Major In-
crease  

22.22% 

 

 
TABLE  II   

RANKINGS OF THE TOP FIVE MULTIMODAL TRANSPORTATION POLI-

CIES FOR REGIONAL CASE STUDY 

Policy Mean 
Rank 

Min 
Rank 

Max 
Rank 

P.15 Plan multimodally 1 1 2 

P.13 Invest in technol-
ogy 

2 1 2 

P.11 Think multimodally 3 3 4 

P.22 Smart growth 4 4 7 

P.2 Support transit 5 4 7 

this study, five scenarios relevant to the region are weighted 
against the performance criteria to rank the four policies de-
veloped for the region along with the twenty-one policies 
that were recommended by the statewide long-range trans-
portation plan. The next section discusses the results of ap-
plying the survey tool to the region for a case study.    

IV.  DISCUSSION OF RESULTS 

The survey workbook generated a score for each policy. 
The average score for a policy was 28 with a standard devia-
tion of 11 for the sampling distribution. Table 2 provides the 
rank order of policies based on the mean scores under the 
five scenarios. The top five policies, highlighted in green, 
scored greater than one standard deviation above the mean. 
Of the top five policies, P.15 Multimodal planning, P.11 
Multimodal thinking, and P.13 Investing in technology are 
three general policies recognized as crucial for the long-term 
transportation plans of both the Commonwealth and the re-
gion. Meanwhile, the policies, P.22 Smart growth and P.2 
Supporting transit, are more specifically relevant to the re-
gion on a local level. Analysis with the survey workbook 
strongly urges transportation planners to consider projects 
that enact the five policies in order to adapt to possible sce-
narios.  

To generate overall rankings for the policies, we calcu-
lated the average score of the policies for all the scenarios. 
Averaging scores is just one method transportation planners 
may use to prioritize policies. Other potential methods for 
prioritizing policies include weighing scenarios by impor-
tance, considering variance of policy scores over scenarios,  
and/or averaging the rank of the policies. Figure 3 represents  
the sensitivity of the policies to the five scenarios for the 
regional case study. The figure displays the average ranking 
and the minimum and maximum ranking for each policy.  

Economic, demographic, spatial, and environmental sce-
narios are more important than ever before, and it is essential 
that local, state, and federal government agencies properly 

plan for the scenarios. The survey workbook incorporates 
scenario-based thinking into long-range transportation plan-
ning and is the foundation of a model that will be the next 
generation of transportation planning.  

In order to expand the use of the survey workbook and 
scenario-based planning approach, the team researched sce-
nario-based planning throughout the state and conducted a 
preliminary survey of other Metropolitan Planning Organiza-
tions (MPO) in the state. The survey included high level sce-
narios such as industrial growth, population growth, and 
natural disasters. Regional needs for scenario-based planning 
differ. The results of the survey indicated that adjustments 
are necessary to the survey workbook and the scenario-
planning approach to effectively aid transportation planning.  

V. CONCLUSION 

Using the region as a test case provides a framework for 
refining the survey workbook to be more adaptive and sensi-
tive to the different local and regional transportation needs in 
the state. With the support of the regional Metropolitan 
Planning Organization (MPO), the entries and analysis can 
be refined to evaluate the impacts of the policies from a re-
gional perspective. The results of the policy impacts can be 
used to prioritize policies and guide region transportation 
planners.  
  The survey workbook can be customized and used in dif-
ferent regions and localities. The Office of Multimodal 
Transportation Planning will able to use regional and local 
policy prioritizations to support its overall statewide plan. 
With more testing and evaluation, the survey workbook can 
be used to help states, regions, and localities more effectively 
prioritize multimodal transportation policies for the long-
term and positively impact transportation. Additional scenar-
ios and regions may be added in the future. The ability of the 
survey workbook to integrate scenario-based planning 
maximizes its effectiveness in ranking additional policies to 
be added in the future.  Long-range planning decisions can 
be made by determining the potential impacts on additional 
regions and their scenarios.  Similar to the case study of the 
region, positive, negative, and neutral impacts will be able to 
be scaled through the user input. Future work should also 
include a survey of statewide MPOs to determine the overall 
effectiveness of scenario-based planning.  
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