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Abstract— VTrans 2035 and the Office of M ultimodal
Transportation Planning and I nvestment ar e using twenty-one
policies and forty-two performance criteriafor evaluating
statewide transportation policies. The policiesinclude 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 thispaper, we analyze the regional impacts of transpor -
tation policies across performance criteria, and under various
future scenarios. We develop an automated wor kbook that en-
ablesaregional planner to characterize the impacts of the poli-
ciesfor aregion of Virginia under a base scenario and five other
scenarios. The scenarios are acceleration of sprawl, massretire-
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 viaa
review of twelve regional plansand interviewswith 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.

. INTRODUCTION

HE Virginia Transportation Accountability Commissio

several long-term planning issues that will impthet future
of the regional transportation infrastructure. Besea the
region is increasingly dynamic, the planners shaaldsider
potential future scenarios in the planning protessptimize
the transportation system. By using scenario-batathing,
it is possible to consider a broad range of longgeamulti-
modal transportation issues. This paper developgrato-
type for the region an automated survey workbogait ttan
be used to assess the impacts of state multimadeddorta-
tion policies across state planning criteria unggious sce-
narios. First, this paper will address the develepthof sce-
nario-based planning and how it has been appliagiious
regions. Second, the paper explains the applicatfosce-
nario-based planning within the region, includirge tse-
lected scenarios and policies. Third, the papelyaesa the
scenarios by a case study applying the methodoilbggy

trated by Figure 1. Last, the paper describes rewama-
tions for long-range planning and potential futwark with

scenario-based planning in the state.

Il. OVERVIEW OF SCENARIGBASED PLANNING

has stated that “the goals and associated perfmenan Many previous transportation planning efforts famli®n

measures reflect characteristics the Commissiorsiders
critical to a high-performing transportation systémat de-
livers not only high quality projects and program# the
right projects and programs” [1]. Scenario-baseanping
will assist transportation planners in determirting projects
and programs, based on different goals, performameas-
ures, and alternative futures. The establishmegoafs and
performance measures is useful on the statewideegiohal
levels. For example, the Roanoke Valley area igivia has
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cost-benefit and impact models. However, data ctitie
methods proved to be heavily assumption-based ang- u
peatable [2]. Even when the cost-benefit modeldyce
reliable results for specific transportation investts, poli-
cymakers need a better understanding of the impddise
investment on a region enhances the decision-makiog-
ess. Scenario-based planning is an alternative adetbr
obtaining this knowledge. Scenario-based plannihigyh-
lights the major forces that may shape the futune identi-
fies how the various forces might interact” [3].thre trans-
portation sector, scenario-based planning emplasize
relationship between transportation and the enwiemt, the
economy, and society. It illustrates how the tramtgtion
infrastructure can accommodate variations in ofispeects of
a region. For instance, if the United States CerBweau
estimates a 20% increase in the population of megver
the next five years, the transportation infrasueetwill need
to expand to grow to match the increased demand.

Many previous transportation planning efforts faali®n
cost-benefit and impact models. However, data ctte
methods proved to be heavily assumption-based ang- u
peatable [2]. Even when the cost-benefit modeldyre
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Fig. 1. Scenario-Based Planning Methodology faalBating Regional Impacts of Statewide Multimodedrisportation Policies

reliable results for specific transportation investts, poli-
cymakers need a better understanding of the impddise
investment on a region enhances the decision-mgkiog-
ess. Scenario-based planning is an alternative adetbr
obtaining this knowledge. The Federal Highway Assiian
(FHWA) has developed the following six-step scemari
based planning process: (i) Identify the drivingcts, (ii)
Determine the patterns of interaction, (iii) Createnarios,
(iv) Analyze their implications, (v) Evaluate sceina, and
(vi) Monitor indicators. In the first step, transgation plan-
ners identify sources of change that impact theréuf3].
The sources range from demographics to the glatmaieny
to new technological innovations. After establighthe driv-
ing forces, the planners need to analyze the ppatiafrinter-
action between the forces. Each force has mulpplssible
futures. For example, using the economy as a dyifance,
it could show strong growth, little growth, no gribwvetc. as
different futures. The different futures can intgravith the
futures of other forces to create unique conditidrss step
suggests the use of an evaluation matrix to comtberdu-
tures of all forces in order to develop a comprehanrange
of future conditions [3].

The transportation planners generate the scenarisep
three. They study the driving forces under theediffit future
conditions to produce a set of scenarios thateevant and
valuable to the stakeholders. The scenarios musbdieal
and reasonable for the stakeholders to take irte¥est in
steps four and five, the transportation plannessyae the
scenarios and their implications to the transpiomainfra-
structure. Planners must determine the potentiahfud ef-
fects of each scenario and develop ways to preaedior
respond to it. They must also compare the scentviake-
termine which effects are the most threatening. glhaners
develop indicators to measure the impacts of eaehasio.
Indicators include land use, transportation denlgcs,
environment, economics, technology, etc. The irdisa
help measure the likelihood and intensity of thenseio
across level of concern. The sixth step requiresntbnitor-

ing of the indicators. Each scenario needs to Iéirnoously
monitored as conditions change [3]. This methodplay
holistic and thorough. It incorporates the commuirito the
planning process and promotes an active plan shahder
continuous review.

The Metro Washington Council
(MWCOG) applied scenario-based planning technidguiéts
TPB Regional Mobility and Accessibility Scenariaudy of
Northern Virginia. The study analyzed economic dedho-
graphic trends to determine key issues that imgectuture
of the region such as population growth, job insesia simi-
lar areas (“jobs in”), job increase in further @ueas (“jobs
out”), more households closer to jobs, more househo-
ther from jobs, popularity in telecommuting goes apd
more hybrid cars [4]. MWCOG considers these keydsgo
be potential future scenarios. Each scenario wakyzed for
projected impact. The analysis of scenarios invibiveking
predictions using risk analysis and sensitivityléao calcu-
late a projected impact on the amount of congestiosher
each proposed scenario. Finally, scenarios werleiatea in
terms of their benefits, as well as how likely ttange to oc-
cur. The MWCOG study presents an alternative wayuf
ing scenarios in transportation planning in contitasthe
FHWA scenario-based planning method. The techragal

proach uses a combination of the FHWA and MWCOG

methodologies to implement scenario-based planfonga
region.

I1l.  TECHNICAL APPROACH

We developed a methodology to analyze the impatts o

statewide multimodal transportation policies onioag un-
der various scenarios. The Microsoft Excel surveykilvook
is automated to process the inputs from variougnsgand
give a local prioritization of transportation paéis as data is
entered by a regional transportation planner. Wgloegd
the scenarios used by different transportation dejats
and planning groups across the nation. Our metloggol
includes scenarios developed by the Metropolitarsiey-

of Governments



ton Council of Governments [4] and Delaware VallRg-
gion Planning Committee [5]. We sorted the selestazhar-
ios into four main categories spatial demographicaleco-

there are an estimated 5,400 structures that gmddibly be
impacted by flooding in the region [10]
Fourth, we consider the potential of scenario 313,

nomical andother, which include environmental issues anthmenities growing in the regiofhis high priority scenario

natural disasters. The four categories encompassndjor

scenarios that transportation planners may havactount

for in the future. Some scenarios we included artethod-

ology aremore households in a specific regiatsing en-

ergy costs increasing emphasis on environmerdnd

strengthening regional economyhe survey tool currently
contains twenty scenarios, labeled S.1 through. $m26rder

to demonstrate the survey tool, we conducted a stasy of

the region based on five scenarios.

First, we interpreted the scenario, &lthan sprawl. Ur-
ban sprawlis an issue that affects many places of growth i
the region and the nation. As developers contimu@lan
future residential and commercial buildings arouhd re-
gion and as the number of sites to build in the décreases,
urban sprawl will increase. If the current growttes con-
tinue in the region, urban sprawl is inevitablepitespublic
opposition. Thus, regional transportation planneits need
to consider the impacts of urban sprawl when piiing
multimodal transportation policies.

Second, we analyzed the impacts of scenario, Bet7

is due to the large information technology and eeeiing
base that has developed in several surrounding.akéany
companies have chosen to locate their work fasslitand
headquarters throughout the surrounding areas duigst
highly skilled technology workforce, policies theticourage
business growth, and advanced IT infrastructurég [11
Fifth, scenario S.19Mecrease in air qualityis more spe-
cific to the region. Intermodal and multimodal smes of
transit stations are needed throughout the couatsupport
a wider range of transportation solutions for peibtiommer-
Bial, and several other uses. Recently, ten afegtsare in
close proximity to the region were selected as iptsssoca-
tions for a new rail and truck intermodal trandiati®on.
However, there has been opposition to buildingsitasta-
tions in the region from environmental groups [12galth
hazards from higher levels of soot include a 30%eased
risk of death for individuals with heart diseasgd disease,
and diabetes. The current soot level of the regibeady
approaches the EPA soot limit of PM 2.5. Thus, & tran-
sit station could cause dangerous levels of saothi local

tirement As the demographics of an area changes, the traggmmunities [12]. In the next step of the methodglove

portation system must adapt to meet new demands.isran
important issue as the baby-boomer generation, prma
cross-section of the population in the United Staereach-
ing the retirement age. An aging population “imglddi-
tional transit needs, changing housing needs, e rfor
heightened safety standards, and residents witkxibfe
financial situations” [6]. Businesses must evenngeahow
they operate, by developing new products to tattgetcur-
rent demographics and compensating for the expdabexn
shortages [7]. The retirement scenario is partitulianpor-
tant for the region in the case study, since tlea & consid-
ered one of top places in the country to retire4@% of the
population of the region is 45 or older [8]. Thigeademo-
graphic is concerned with maintaining their mojlivithin
the limits of their physical and financial capaids. The
older population requires different forms of pubtransit,
especially ones that link them with residentiaktaile and
health centers [9].

Third, we studied scenario S.1Ratural disasters rele-
vant to the regionAreas across the country are subject t
natural disasters that cost millions of dollarsdamages.
Through the study of past disasters and local enwmiental
factors, the hazard analysis workgroup of the megienti-
fied flooding and wildfires as the two most likehatural
disasters for the area. The streams running thrtheylsteep
terrain of the region subject the area to perididish flood-
ing. To highlight the importance of this scenafiopd re-
lated research and documentation from the past shioat

identify multimodal transportation policies. We dsthe 21
policies established in the statewide long-rangadporta-
tion plan, VTRANS 2025 [13]. The policies fall infour
main categoriestunding/investment, land use, connectivity,
and priority setting Examples of the policies include im-
proving connections between modes, considering stet-
sus local rules, increasing rail funding, and stgra trust
fund for transportation.

We identified policies that are special to the oegio al-
low for more direct options for the regional traogption
planners. The policies are meant to correlate With re-
gional-specific scenarios that we developed. Thditiadal
policies relevant to the region include P.8thart growth
P.23 Bicycle and pedestrian facilities feeder systém24
Environmental focysand P. 2Diesel and filter regulation

Policy P.22Smart growths a growth strategy that impacts
multimodal transportation useSmart growthfocuses on
building desirable communities for residents. Inpablic
workshop, it was shown that the public rejectecharbprawl
Qcenarios in favor of more “Smart-growth” patter8snart
growth patterns mainly refer to having denser t@ma ur-
ban centers. Proponents Simart growthclaim that increas-
ing density of population centers will decreaseidg time,
traffic congestion, and preserve farmland [14]. lengenta-
tion of Smart growthwould place more influence on multi-
modal transportation because with more dense ptiuola
centers, there is potential to use different mazf@sanspor-
tation. Therefore, policy P.2&mart growthwill be added



to the list of policies considered for the region.

Next, we consider Policy P.2Bjcycle and pedestrian
facilities feeder systeffl5]. Effective mobility of the baby
boomers can be maintained by providing better waglkind
biking facilities, as many areas lack safe or fdripaths
[16]. The implementation of 12 ft. lanes to thereut infra-
structure provides room for bicyclists, walkersd arsers of
any other personal ride-along type devices to travhe
lanes could connect shopping and residential distribus
stops, and park and ride lots. Many bikes are plybéivail-
able and buses have been equipped with bike r&kcy
P.23, Bicycle and pedestrian facilities feeder systeiil
give the aging population more transportation apjovhile
allowing them to maintain a healthy lifestyle anelghthe
environment.

Policy P.24,Environmental focusis another potential
policy for the region. Some of the more recent ratdisas-
ters have been linked to global warming [17]. Ststs have
suggested that the recent drought is linked toatknchanges
associated with global warming. The land being esrely
dry increases the likelihood of wildfires. If thegion and the
nation set forth efforts to reduce carbon emissitims more
recent climate extremes and possibility of natalighsters
would be reduced [10].

Last, we study Policy P.23Jandate of ultra low sulfur
diesel and filters for all new truc42]. To allow the inter-
modal truck and train transit station to be builthie region,
all new trucks must use ultra low sulfur dieselhvair filters.
The filter rule would only apply to trucks of modedar 2007
and beyond, and eventually to all trucks by ther y2280.
The policy would reduce the sulfur emissions by 96#6
more, particulate emissions up to 80%, and nitrogede
up to 20% [12]. The reduction of emissions wouldph®
maintain levels of soot under the EPA monitorectlg\of
PM 2.5. Ultra low sulfur diesel mandates would apply to
all other diesel vehicles using the facility, suah off-road
vehicles.

Next, we identified performance criteria from theats-
wide long-rang transportation plan to measure thgaict of
a policy and to weight different scenarios. Thefgenance
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criteria consist okafety efficiency economic vitality qual-
ity of life, andfeasibility. Sub-criteria are used to more spe-
cifically define the different aspects of the penfiance crite-
ria. For example, sub-criteria, C.1.1.a under gafasks if
the policy will, "Improve safety for system usersdeopera-
tors within the system and at mode origins/desbnat(e.g.,
improve safety at at-grade crossings, improve Iécymnd
pedestrian safety, correct sub-standard (safetgigds and
other geometric/pathway (e.g., runway obstructi@hgnnel
depth, bridge clearance, etc) deficiencies)." Withe sub-
criteria are the performance measures, which dyresalu-
ate the policies. The performance measure undecrsigbia
C.1l.1.a is, "Does the policy significantly reduceashes
and/or incidents?" There are 13 criteria and 3#iteria
and performance measures currently included irtable To
determine the overall scores for policies, we eat@d the
impact of each policy across each of the performaneas-
ures. We use a rating of 0 for a minimal or an awkm im-
pact, 0.5 for a moderate impact, and 1 for a diganit im-
pact. Figure 2 shows the section of the surveyaad that is
used for rating the policies.

The criteria and performance measures are listethen
left of the figure. Across the top of the figuredhe 25 poli-
cies. The figure describes the impact score foh gaicy
for each performance measure.

To account for scenario impacts, the six critedtegories
used for policy-ratingdafety and securifyreservation and
management, efficient movement of people and gecds
nomic vitality quality of life) are evaluated against a set of
scenarios. Under each scenario, the transportgti@mner
has five different levels of change in importaneaf which
to choosemajor increaseminor increaseno changeminor
decrease andmajor decreaseThe changes then adjust the
criteria weights from the baseline or null-scendda. equal
weights). Table 1 shows this analysis of an exarapémario
and its effects on the criteria weighting scale.

The policy ratings are weighted based on criteréghits
and summed to give scores for each policy for saehario.
Since each scenario affects the criteria weighfferéntly,
the scores of the policies differ from scenari®¢enario. In
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Criterion 1. Provide a safe, secure, and integrated transportation system that reflects different needs of the

C.1.1.a. 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 geomefric/pathway (e.g.. runway obstructions,
channel depth, bridge clearance, etc) deficiencies)

incicents? [HERS-ST]
CA.1. Safety

C.1.1.a. How does the policy
significantly reduce crashes and/or
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Fig. 2. Excerpt from Survey Workbook, Statewidelfilbodal Transportation Policiesatings Based On Evaluation Ceria



this study, five scenarios relevant to the regimaeighted
against the performance criteria to rank the falicpes de-
veloped for the region along with the twenty-ondigies
that were recommended by the statewide long-rarayes+
portation plan. The next section discusses theltsestiap-
plying the survey tool to the region for a caselgtu

IV. DISCUSSION OF RESULTS

The survey workbook generated a score for eactrypoli
The average score for a policy was 28 with a stahdavia-
tion of 11 for the sampling distribution. Table épides the
rank order of policies based on the mean scoresruii
five scenarios. The top five policies, highlightedgreen,
scored greater than one standard deviation ab@engan.
Of the top five policies, P.1®ultimodal planning P.11
Multimodal thinking and P.13Investing in technologyre
three general policies recognized as crucial ferldimg-term
transportation plans of both the Commonwealth dedre-
gion. Meanwhile, the policies, P.22mart growthand P.2

TABLE I
RANKINGS OF THETOP FIVE MULTIMODAL TRANSPORTATIONPOLI-
CIES FORREGIONAL CASE STUDY

Policy Mean Min Max
Rank Rank Rank
P.15Plan multimodally 1 1 2
P.13Invest in technol- 2 1 2
ogy
P.11Think multimodally 3 3 4
P.22Smart growth 4 4 7
P.2Support transit 5 4 7

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

In order to expand the use of the survey workboo# a
scenario-based planning approach, the team resshette-
nario-based planning throughout the state and cdadua
preliminary survey of other Metropolitan Planningg@niza-
tions (MPO) in the state. The survey included Heylrel sce-

Supporting transjtare more specifically relevant to the renarios such as industrial growth, population growdhd

gion on a local level. Analysis with the survey Woook
strongly urges transportation planners to consfejects
that enact the five policies in order to adapt ésgible sce-
narios.

To generate overall rankings for the policies, veécu-
lated the average score of the policies for alldbenarios.
Averaging scores is just one method transportgtianners
may use to prioritize policies. Other potential huets for
prioritizing policies include weighing scenarios bypor-
tance, considering variance of policy scores ogenarios,
and/or averaging the rank of the policies. Figuref@esents
the sensitivity of the policies to the five scenarifor the
regional case study. The figure displays the aweragking
and the minimum and maximum ranking for each policy

Economic, demographic, spatial, and environmertat s
narios are more important than ever before, arsdessential
that local, state, and federal government agermieperly

TABLE |
EXCERPT FROMSURVEY WORKBOOK, REGIONAL SCENARIO IMPACTS
WEIGHING EVALUATION CRITERIA IMPORTANCE

Criteria Default Cri-  Example Scenario
teria Scenario 1 Weights
Weights

C.1Safety 16.7% No Change 11.11%
and security
C.2Preserva- 16.7% Major In- 22.22%
tion and man- crease
agement
C.3Efficient 16.7% Major In- 22.22%
movement of crease
people and

goods

natural disasters. Regional needs for scenariodbgls@ning
differ. The results of the survey indicated thajuatinents

are necessary to the survey workbook and the scenar

planning approach to effectively aid transportatiemning.

V. CONCLUSION

Using the region as a test case provides a frankefeor
refining the survey workbook to be more adaptived sensi-
tive to the different local and regional transptiota needs in
the state. With the support of the regional Metiibao
Planning Organization (MPO), the entries and amalgan
be refined to evaluate the impacts of the polifiem a re-
gional perspective. The results of the policy impaman be
used to prioritize policies and guide region tramgion
planners.

The survey workbook can be customized and usedifin
ferent regions and localities. The Office of Multidal
Transportation Planning will able to use regionadl docal
policy prioritizations to support its overall staide plan.
With more testing and evaluation, the survey wodiboan
be used to help states, regions, and localitie raffectively
prioritize multimodal transportation policies fohet long-
term and positively impact transportation. Addiabscenar-
ios and regions may be added in the future. Thigyabf the
survey workbook to
maximizes its effectiveness in ranking additionaliges to
be added in the future. Long-range planning deassican
be made by determining the potential impacts oritiatdl
regions and their scenarios. Similar to the casgysof the
region, positive, negative, and neutral impacts @l able to
be scaled through the user input. Future work shailgo
include a survey of statewide MPOs to determinecthexall
effectiveness of scenario-based planning.

integrate scenario-based plannin
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