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ABSTRACT
While SHRP 2 Project C03 provided an “early stage” screening tool for viewing the
range of wider economic impacts associated with transportation projects, it did not enable
analysts to assess the roles of specific local factors that can have a dramatic impact on the actual
economic impacts of individual projects. In subsequent “middle stage” analyses, it is necessary
to consider those factors. Besides the traditional factors that are commonly measured (travel
time, cost and safety), there is a growing evidence that wider economic impacts are often driven
by changes in reliability, connectivity and accessibility. This study addresses that need by
providing four sets of spreadsheet tools for transportation project impact assessment. These four
tools enable measurement of project impacts on: (1) travel time reliability, (2) market access and
(3) intermodal connectivity, and they are accompanied by (4) an accounting system for
incorporating the above three metrics into economic benefit and economic impact analyses. The
report discusses the context in which these tools are to be used, and presents technical discussion
and instructions for each one.

x

EXECUTIVE SUMMARY
While the TPICS screening tool developed in SHRP2 Project C03 portrays the general
range of economic impacts associated with various transportation projects, most agencies also
move on to examine the specific changes in transportation conditions associated with individual
project proposals as well as their economic consequences. SHRP2 Project C11 provides
spreadsheet tools to assist local agencies in moving on to this next stage.
The foundation for this project is the fact that transportation projects can lead directly to
wider benefits that stem from more than just the traditional measures of traveler impact—which
are based on average travel time and travel cost. These wider benefits are effects on business
productivity—factors that enable businesses to gain efficiency by reorganizing their operations
or changing the mix of inputs used to generate products and services. There are at least three
classes of transportation system impacts that can directly lead to wider benefits for business
organization and operation—reliability, connectivity and accessibility. These three classes of
effects are the focus of this report and are summarized below.

RELIABILITY
Some transportation projects are designed to reduce congestion. Those projects may
reduce not only average travel times, but also the likelihood of traffic incidents and length of
traffic backups that result from each incident. That brings less variability and uncertainty in
freight pickup and drop-off times—and hence, fewer late deliveries. The reduction in late
deliveries can enable reduction in inventories and more centralized warehousing and delivery
processes to be put in place. These effects are often referred to as supply chain logistics benefits.
It is also possible for reliability improvement to reduce employee lateness and hence enable
business operations to make more productive use of workers who did show up on time. This
effect is often referred to as a labor productivity benefit.
A reliability assessment spreadsheet was developed for this study. It takes information
on the type of highway, projected traffic volume, speed, lanes and capacity and it then generates
measures of a travel time index, average delay, buffer time and cost of delay. The travel time
index and buffer time provide a basis for further calculation of the direct economic value of
improving reliability, in a separate accounting spreadsheet.

INTERMODAL CONNECTIVITY
Some transportation projects have the effect of enhancing the frequency of service and
reducing total time involved for bus/car/truck movements from business locations to intermodal
terminals (including airports, marine ports, rail terminals or intermodal truck/rail facilities), and
vice versa. Other transportation projects may enhance the frequency of air, marine or rail
services, or breadth of origins/destinations directly accessible from those terminals. Either way,
the result is a faster movement for intermodal travel between some origins and destinations.
That can be viewed as reducing travel cost for existing movements, as well as enabling new
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movements between origins and destinations that were previously not practical or economically
feasible.
An intermodal connectivity assessment spreadsheet was developed for this study. It takes
information on the specific intermodal port or terminal affected by a transportation project,
projected ground access volume and change in access time, and fraction of vehicles on the
affected access route(s) that have that terminal as their destination. It then looks up information
regarding the modes and destinations served by that facility and from it generates a connectivity
index. This index provides a basis for calculation of the direct economic value of improving
connectivity, in a separate accounting spreadsheet.

MARKET ACCESS
Some transportation projects have the effect of expanding the breadth of destinations that
can be served by same-day truck deliveries from a given business location, or the breadth of area
from which a business can reasonably expect to draw customers and workers. These effects are
often represented as changes in the effective size or the effective density of the customer market
and labor market available to the firm. Expansion of the customer delivery market can enable
scale economies in production and/or delivery processes. Similarly, expansion of the worker
labor market can enable scale economies through better matching of specialized business needs
and specialized worker skills, and can also enable more innovation through greater interaction of
complementary firms and their employees.
Two market access assessment spreadsheets were developed for this study. One assesses
truck access from a firm to buyers and suppliers; the other one assesses commuter access. Both
work on the same general principal. They take information on zonal population or employment
as well as distance or time decay factors and then generate measures of effective market size or
effective market density. This information can be used to calculate the direct economic value of
improving accessibility, in a separate accounting spreadsheet.
The results coming out of all three categories of project impact spreadsheet can be used
directly to generate project impact indicators that can be useful for project evaluation and
prioritization processes such as multi-criteria rating systems. They can also be used as drivers
for benefit-cost and economic impact models. To aid in this process, a generalized benefit-cost
accounting framework is also presented as a fourth class of spreadsheet tool. The accounting
framework shows how results of the reliability, access and connectivity tools can be utilized,
together with traditionally measured travel time and travel expense measures, to more fully
assess the direct economic benefits that a given roadway improvement may have on both
travelers that use it and the operation of businesses that depend on it (for workers, customers or
deliveries). These results can also be used to drive more sophisticated economic impact
forecasting and analysis systems to more fully estimate the long-term regional economic growth
implications of proposed projects.
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CHAPTER 1
INTRODUCTION
This chapter was written by Economic Development Research Group.

PROJECT OVERVIEW
An underlying theme throughout the Strategic Highway Research Program 2 (SHRP 2)
has been the development of practical, useful and “accessible” tools that can truly make a
difference in transportation investment and planning. This study provides a set of four tools for
transportation impact assessment that planners can use to assess the impacts of transportation
capacity projects on conditions that directly affect wider economic benefits. These four tools
enable measurement of project impacts on: (1) travel time reliability, (2) market access and
(3) intermodal connectivity, and they are accompanied by (4) an accounting system for
incorporating the above three metrics into economic benefit and economic impact analyses.
This report describes the four analytic tools, their technical foundation, and it provides
user instructions for their use. The Microsoft Excel spreadsheets are freely available on an
accompanying web site accessed via: http://tpics.us or transportationforcommunities.com/t-pics.
A notable aspect of these tools is that they shift the focus of analysis from traditional
transportation impact measures (i.e., travel time, cost and safety) to broader factors that also
matter to individual business operators and thus actually “drive” economic development
processes (i.e., reliability, market access and intermodal connectivity). The accounting
framework then shows how those factors can be drivers of economic development impact
outcomes (reflecting rates of growth and location of economic activities).
These tools are designed as a coordinated suite, though they can also be used individually
by staff of state DOTs and MPOs. Each of the tools is designed to require only data that is easily
collected or assembled by those conducting a sketch planning study, or which can be acquired
from data sources that are widely. They can also be used in conjunction with travel models, land
use models or economic models, if desired.
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BACKGROUND: RELATIONSHIP TO SHRP 2 PROGRAM
Application of Economic Analysis for Different Planning Stages
To understand the role of these new tools, it is important to first note how an earlier
SHRP 2 project (C-01) laid out a detailed breakdown of key decision points in transportation
planning and decision-making processes. These various decision points differ in the stakeholder
issues being considered, and the information available to inform those decisions. At the most indepth possible level, the key decision-points can be grouped into three broad classes:
1) Early Stage Planning typically involves a need for a “broad brush” scan of available
options and the typical magnitude of economic impacts commonly associated with them
and containing basic information about the local context (such as long-range
transportation plans and area transportation needs studies).
2) Middle Stage Planning more typically requires further analysis to establish the range of
likely outcomes through “sketch planning” procedures that consider not only local
context but also expected changes in transportation conditions and access impacts (such
as development of project lists in programming processes and initial elements of corridor
planning).
3) Later Stage Planning typically calls for full, detailed modeling and the analysis is
conducted to refine estimates of expected impacts, given details of the project and
forecasts of traffic and economic change (such as refinement of planning priorities,
alternatives analysis or environmental studies for large projects).
Early Stage Planning issues are addressed by a prior SHRP 2 project (C-03) that
developed the TPICS (Transportation Project Impact Case Studies) web tool. That tool is
described in text that follows. Later Stage Planning can utilize existing transportation models,
economic impact analysis (EIA) models and benefit-cost analysis (BCA) tools. However, that
leaves a gap for Middle Stage Planning, in which full blown models may not be necessary, but
initial steps must be taken to identify the motivation for proposed projects and document their
magnitude. The products of this new study are designed to help to inform planners at this middle
stage, by providing tools they can use to document intended transportation impacts that lead to
wider economic benefits. These tools can also help to extend the usefulness of BCA and EIA
models, by allowing them to more fully incorporate information on wider economic benefits.

Building on Prior SHRP 2 Products
The tools described in this report build upon outcomes and findings from an earlier SHRP
2 project (C-03) that developed a national database of case studies documenting the actual, postconstruction economic impact of highway and multimodal investment projects. The results of
that effort are provided through a web tool, TPICS, which can be accessed on the web at
http://tpics.us. That tool has two distinct uses:
1) It provides a searchable database of case studies covering most types of highway and
intermodal facilities. For any type of highway-related project, it is likely that at least a
few case studies of experiences elsewhere can be located. Used this way, the case studies
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provide a rich body of data that can be accessed to immediately inform the public and
planners about past experience with similar types of projects, and that information can be
used to improve Early Stage Planning. It also provides a database that enables further
research on the topic.
2) It provides an expert system that draws from the database to estimate the range of
economic impacts most likely to result from any specified type of project in a defined
setting. This represents a form of “analysis by analogy”, and is a way to define what
constitutes a reasonable range for expected impacts of proposed projects, based on prior
experiences.
The TPICS searchable database facilitates further research, and indeed the SHRP 2 C-03
Final Report (specifically, Table 4.9 in that report) notes that among the 100 highway capacity
enhancement projects that were studied, the dominant motivations were to (a) reduce congestion
bottlenecks that add to delay and travel time unreliability, (b) enhance market access for jobs and
businesses, and (c) enhance connectivity to intermodal terminals. The TPICS database contains
measures of those elements, and indeed the case study narratives included with TPICS confirm
their importance. In fact, a variety of state DOTs already have project ranking systems that give
added priority to proposed projects that enhance intermodal access, system connectivity and
business markets. These factors are also recognized as legitimate elements of productivity
benefits that can be incorporated into benefit-cost analysis methods applied for federal grant
applications.
Despite recognition of the importance of these factors, traditional economic analysis tools
(particularly those for benefit-cost analysis) have tended to focus on measurement of the benefits
of time savings, expense reduction and safety enhancement rather than business productivity
benefits of improving reliability, access to new markets, and intermodal connectivity.
The use of TPICS to help assess likely impacts of proposed projects must be conducted
carefully. The TPICS web tool has been a source of interest in the transportation planning
community because of the way that it blends ease of use with a complex underlying set of
quantitative and qualitative data derived from empirical analysis. Yet, one of the reactions to the
case studies and web tools developed for TPICS has been a concern that case studies can be
taken out of context or otherwise be misconstrued. That can occur if a project’s proponents or
opponents choose to recognize only those cases that fit their needs, or when well-intentioned.
However, naïve users mistakenly draw conclusions that every project can be expected to achieve
the average results achieved by similar projects elsewhere. The appropriate answer to the
concern about misuse of cases is not to require complex simulations or reliance solely on case
studies; but rather, to develop useful tools that can bridge the gap between these options. Those
tools are the subject of this study, focusing specifically on the key factors that are widely
recognized by planners, yet often poorly documented by analysts.
The products described in this report are intended to fulfill three needs for the SHRP 2
Capacity Research Program. First, they are intended to compliment the SHRP 2 Project C-03
product (TPICS) and enhance the ability of transportation analysts to better incorporate
economic issues into middle stage sketch planning applications. Second, they are intended to
extend the base of open source, public information and tools that researchers and consultants can
use to provide more detailed analyses. And third, they are structured to reinforce the overall
5

integration, usefulness and accessibility of the multi-stage decision making framework that is the
core of SHRP Project C-01.
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CHAPTER 2
ACCOUNTING FRAMEWORK
This chapter was written by Economic Development Research Group.

OVERVIEW OF WIDER TRANSPORTATION BENEFITS
Defining the Concept of Wider Benefits
What are Wider Benefits? Traditionally, benefit-cost analyses for transportation
projects in North America have focused on measurement of transportation system efficiency—
represented in terms of direct effects on travel time, vehicle operating cost and collision incident
cost—collectively referred to as traveler or “user” benefits. Broader measures of societal
benefit commonly add a valuation of pollution emissions reduction benefit. Other environmental
and social effects on communities can also be added, but in North America they have generally
been treated as externalities that are difficult or impossible to monetize (i.e., expressed in money
terms). Sometimes other environmental and social impacts are ignored in benefit-cost analysis
because adverse impacts are already covered under environmental review processes in the US.
It has also been recognized, for some time, that a transportation improvement project can
benefit other parties besides just the traveler. In particular, the direct effects on travelers can
subsequently lead to broader indirect effects on the economy. For instance, savings in business
delivery costs may allow businesses to generate greater income, or products to be offered at
lower prices—which in term can lead to greater economic growth. Savings in household
transportation costs may also allow households to buy more local goods and services, which can
also lead to greater economic growth. The greater economic growth can be viewed in terms of
added jobs, wages or value added (Gross Domestic Product).
However, transportation improvement projects can also lead directly to wider benefits
that are not captured by the previously-cited set of traveler benefits and their indirect effects.
These are impacts on business productivity—factors that enable businesses to gain efficiency by
reorganizing their operations or changing the mix of inputs used to generate products and
services. These effects are sometimes referred to as “technology change.” There are at least
three classes of transportation system impacts that can directly lead to wider benefits for business
organization and operation. These three classes of wider effects are the focus of this report.
They are: Reliability Effects, Market Access and • Intermodal Connectivity Effects.

Reliability Effects
Some transportation projects are designed to reduce congestion. Those projects may
reduce not only average travel times, but also the likelihood of traffic incidents and length of
traffic backups that result from each incident. That brings less variability and uncertainty in
freight pickup and drop-off times—and hence, fewer late deliveries. The reduction in late
deliveries can enable reduction in inventories (safety stocks) and more centralized warehousing
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and delivery processes to be put in place. These effects are often referred to as supply chain
logistics benefits. It is also possible for reliability improvement to reduce employee lateness and
hence enable business operations to make more productive use of workers who did show up on
time. This effect is often referred to as a labor productivity benefit.
Figure 2-1 illustrates a typical dispersion of travel times under congested conditions and
shows the difference between mean travel time (~10 minutes) and the added schedule padding
(buffer time) that a business must add its schedule to ensure 95 percent on-time delivery (which
in this case adds around 6 ½ minutes). An alternative measure is the standard deviation around
the mean (which in this case is a range of around 7 minutes). Figure 2-1 and other aspects of
reliability measurement and impact, are discussed in Chapter 3.
Figure 2-1. Travel Time Reliability Metrics
Trips (in 000's)
95th Percentile

600
500
400
300
200
Standard
Deviation

100
0
0

8

10

15

16.5 Minutes

Source: Cambridge Systematics et al. Analytical Procedures for Determining the Impacts of Reliability Mitigation
Strategies. SHRP 2 L03. Transportation Research Board of the National Academies, Washington, DC. 2013.

Market Access
Some transportation projects have the effect of expanding the breadth of destinations that
can be served by same-day truck deliveries from a given business location, or the breadth of area
from which a business can reasonably expect to draw customers and workers. These effects are
often represented as changes in the effective size or the effective density of the customer market
and labor market available to the firm. Expansion of the customer delivery market can enable
scale economies in production and/or delivery processes. Similarly, expansion of the worker
labor market can enable scale economies through better matching of specialized business needs
and specialized worker skills, and can also enable more innovation through greater interaction of
complementary firms and their employees. These are sometimes referred to as agglomeration
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benefits, insofar as they enable the benefits of closer worker and business proximity to be
realized without requiring the physical relocation of firms or households.
Figure 2-2 shows how a transportation improvement can expand the effective market area
for car or truck access to an employment or activity center. In this case, it shows how a highway
extension (I-90) and highway expansion (I-93) project broadened the area from which residents
could access Boston’s airport within a given travel time. Further aspects of market access
measurement and impact are discussed in Chapter 5.
Figure 2-2. Market Access Measurement: Effect of the Central Artery/Tunnel (I-90/93) Project

Source: Economic Development Research Group. Economic Impact of the Massachusetts Turnpike Authority &
Related Projects. Massachusetts Turnpike Authority, February 2006.

Intermodal Connectivity Effects
Some transportation projects have the effect of enhancing the frequency of service and
reducing total time involved for bus/car/truck movements from business locations to intermodal
terminals (including airports, marine ports, rail terminals or intermodal truck/rail facilities), and
vice versa. Other transportation projects may enhance the frequency of air, marine or rail
services, or breadth of origins/destinations directly accessible from those terminals. Either way,
the result is a faster movement for intermodal travel between some origins and destinations.
That can be viewed as reducing time and cost for existing movements, as well as enabling new
movements between origins and destinations that were previously not practical or economically
feasible.
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Figure 2-3 shows how intermodal connectivity can expand and open up new markets. In
this case, it shows how frequent air shuttle enables markets outside of the Boston area to be
readily accessible for same day trips to/from Boston. Further aspects of intermodal connectivity
and impact, are discussed in Chapter 4.
Figure 2-3. Illustration of Port/Terminal as a Gateway to New Markets

Source: Economic Development Research Group, NCHRP 02-24: Economic Productivity & Transportation
Investment, Literature Review. Task 1 Literature Review, Stakeholder Perspectives and Framework Outline.
Unpublished Report. Transportation Research Board of the National Academies, Washington, DC, 2013

Why Wider Benefits Matter
The three classes of wider effects noted in the preceding text have certain common
features:
• First, they all involve change in business firm-level productivity that results from
changes in how a firm is organized and operated—leading to either expanding business
output achievable from a given set of inputs, or by reducing the quantity of inputs
required to generate current output.
• Second, they all induce changes in trip-making, as reflected in vehicle-miles or personmiles of travel. In the case of expanded market areas, the result may be to enable new
trips and longer trips. In the case of enhanced reliability, the result may be to enable
fewer delivery vehicles to serve the same market, as a more efficient truck routing pattern
can be used that does not require as many returns to the warehouse. (The effect of
improving intermodal connectivity is similar to that of improving access, except that the
impact occurs by enabling more distant, new markets rather than expanding existing local
markets.)
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• Third, they all involve effects that would not be captured by traditional travel models,
as they derive benefit from changes in business location and technology use (i.e., mix of
labor, fuel, vehicle and other inputs required to produce goods and services). The
technology-induced changes in trip-making (cited in the preceding paragraph) would not
be captured by traditional travel modeling processes because they fall outside of the
travel time/cost effects that are the basis for predicting induced traffic by even the most
sophisticated travel models. In addition, there can be cost savings from scale economies
in production processes that do not necessarily lead to any observable change in per
capita trip rates or delivery patterns.
The relationship between these wider impact factors and firm reorganization (enabling
greater efficiencies of operation) are shown in Table 2-1.
Table 2-1. Wider Transportation Benefits and Their Economic Effects:
Relationship Between Transportation Changes and Firm Reorganization
Transportation Change

Effect on Firm Reorganization: Business Operation Change

Improved Reliability:
Freight Delivery

• Tighter delivery schedule
 More daily deliveries per vehicle
 Fewer vehicles and trips required
 Less fuel used
 Less staff driver time required
• Less overtime required at loading dock
• Less warehouse “safety stocks” required
• More centralized dispatch & distribution enabled

Improved Reliability:
Workers

• Fewer late worker arrivals and earlier start of full operation
 More hours of full operation per day
 Potential for less overtime or extra workers kept on hand

Expanded Access:
Freight Delivery

• Reconfigure delivery routes for broader scale service area
 Larger scale warehouse & more centralized distribution
enabled
 Longer average trip distance

Expanded Access:
Labor Market

• Broader scale of labor market available to firms
 better matching of specialized business needs & worker
skills
 more innovation through interaction with complementary
firms (and their employees)
 Longer average trip distance

Enhanced Intermodal Connectivity:
Freight Delivery

• Same-day (or 2-day) delivery to more origins and destinations
 Larger scale warehouse & more centralized distribution
enabled
 Scale economies

Enhanced Intermodal Connectivity:

• Same-day business interaction with firms in more markets
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Business Travel

 More innovation through worker interaction with
complementary firms

The preceding table shows that the reorganization of business operations tends to fall into
two broad classes:
a) changes that enable less consumption of certain labor or capital inputs because use of
those inputs can now be reconfigured (e.g., centralized dispatch and warehousing), and
b) changes that enable scale economies due to expansion of existing markets (for workers or
customers) or expansion into new market areas. This class of impact is sometimes
referred to as “agglomeration effects” because they allow firms to effectively achieve
scale economies of higher density markets (though this has occurred through time and
schedule changes rather than changes in the spatial location of firms or their markets).
An example of wider business benefits, not captured by traditional travel models, is the
real world case of a new bridge across the Mississippi River. Before the bridge was built, there
was a small ferry that carried only cars, and operated most but not all of the time (depending on
water levels). The closest alternative bridge required a 40 miles of extra travel from the ferry
location. So it was not surprising that travel demand analysis showed no trucks and few cars
crossing the river in that region. And thus, the traditional benefit calculation—multiplying the
considerable time and cost savings of a saving a 40-miles detour times a small number of
vehicles—showed a relatively small benefit. But regional business and economic development
advocates argued that the economically depressed area around the proposed bridge would be an
economically efficient and desirable location for industry if only it was accessible by a reliable
connection to surrounding urban labor and delivery markets. In other words, the benefit came in
the form of business efficiency gains that depended on expanding market access. And that
helped justify the new bridge.

APPLICATION OF WIDER TRANSPORTATION IMPACT
MEASURES
Calculation of Wider Transportation Impacts
While the above-cited processes explain how wider economic benefits occur, it is also
necessary to establish that they are capturing effects not already incorporated in the traditional
measures of travel time and vehicle operating cost.
In benefit-cost analysis, it is imperative that different classes of benefits and their
valuations be added without double counting. In economic impact analysis, many of the same
elements of user time and cost changes are also recognized as direct effects that are inputs to
regional macro-economic impact forecasting models. And thus, there is a similar need to avoid
over-stating direct effects, as that would lead to an over-estimate of total economic impacts.
Concern about double-counting can apply for reliability, market access and intermodal
connectivity measures because they are all affected by changes in travel speeds as well as other
factors. This is illustrated in Figure 2-4, which shows that all three of these measures can reflect
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changes in characteristics of transportation facilities and their use patterns. These measures are
distinct from changes in travel time, though there is still a potential for overlap insofar as all of
these benefits can also be affected by changes in speed.
For instance, congestion reduction affects average travel times as well as the variation in
travel time (reliability), so care must be taken to avoid adding a reliability effect that is already
partially reflected in the valuation of faster travel times. Another issue that arises is that faster
travel times also enable broader market access (which may be measured as changes in the
effective scale or effective density of markets). So again, care must be taken to avoid adding a
market access effect that is already valued in faster travel times.
Figure 2-4. Factors Affecting Reliability and Access Impacts

To address concerns about overlap, the project team made an effort to isolate the added
effect of these wider benefits from the potential overlap effect. For instance, the discussion and
documentation of the reliability tool shows that an effort has been made to distinguish recurring
delay (caused by congestion), which affects average travel times, from non-recurring delay,
which is due to changes in the frequency and severity of traffic incidents (crashes, disabled
vehicles, etc.) in congested conditions.
Similarly, the accessibility tool attempts to measure both the expansion of (1) labor
market access to jobs and (2) truck delivery market access to destinations—both focusing on
changes that would not be captured by the valuation of time and cost savings for existing trips
(based on value of time for car, bus and truck drivers and their passengers). And, insofar as most
benefit-cost analyses are oriented towards benefits for a single mode, the intermodal connectivity
effect captures effects related to the interaction of the terminal’s level of service for road access
to land markets and its access to outside areas via air/marine/rail services.
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Another factor that can reduce overlap among these three elements of wider effects is the
fact that they are seldom all relevant to any specific transportation project. Projects aimed at
congestion reduction most often involve adding lanes or changing the design of interchanges or
intersections. Projects aimed at intermodal connectivity tend to be new routes or substantial
upgrades to highway routes or rail lines that directly serve an airport, a marine port of a rail
terminal. And, projects aimed at enhancing market access tend to be new routes or substantial
upgrades to highway routes or rail lines that directly connect cities with satellite communities.
For that reason, it is rare for all three of these wider effects to be relevant for any single project.
Despite the fact that some effort has been made to reduce overlap of impact measures in
the calculation process, and the fact that the three factors driving wider benefit rarely occur at the
same time, we cannot rule out the possibility of remaining overlap. The existence of remaining
overlap ultimately depends on exactly how the various benefit elements are measured and how
those measurement definitions interact. Those are issues for future research.

Using Wider Transportation Impacts in Economic Analyses
There are three analytic methods that are commonly used to compare, prioritize and
select transportation projects: (1) benefit-cost analysis, (2) economic impact analysis and (3)
multi-criteria analysis. The classes of wider transportation effects that were identified in Section
2.1 can be used as inputs to all three analytic methods. However, the way that they are used
differs depending on the specific method of analysis. There three dominant methods: Benefit
Cost Analysis (BCA), Economic Impact Analysis (EIA) and Multi-Criteria Analysis (MCA).

Benefit Cost Analysis (BCA)
In benefit-cost analysis (BCA), impacts must be measured in terms of quantitative
metrics that can be translated into money units and distributed over time to enable calculation of
the present value of all benefits and the present value of all costs. Those results are then
expressed in terms of either net benefit (benefit minus cost) or benefit/cost ratio.
To allow wider economic benefits to be incorporated into a BCA, each form of benefit
must be measured in terms of a quantitative metric (reflecting the change in effective labor or
delivery market, change in reliability, or change in multi-modal connectivity) that can then be
multiplied by a unit value (or elasticity factor) to calculate the total monetary value of that
benefit class for each proposed transportation project. The unit valuation (or elasticity factor)
may be derived from observed behavior or survey responses, and interpreted as a value of cost
savings, net income gain or willingness to pay. There is a literature of empirical research on this
subject, which is discussed later in this chapter.
Table 2-2 shows the classes of wider transportation effects covered in this report, and the
most common breakdown of trip purposes. It shows that—in theory—any combination of wider
effect and trip purpose may be represented with a value in BCA, though in practice this is usually
done only for freight delivery and commuting trips. However, people can also value reliability,
access and connectivity improvements for personal travel.
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Once the wider benefits have been assigned dollar values, they can be added to measures
of the dollar value of traditionally-measured benefits such as travel time, travel cost, safety and
emissions benefits. Additional adjustment for overlap or double counting may also be made, if
applicable.
Table 2-2. Portrayal of Wider Effects in Benefit-Cost Analysis (BCA) for Projects
Impact Element

Metric for Benefit
Calculation in BCA

*Improved Reliability: Freight & Service Delivery Trips
Improved Reliability:

Worker Commute Trips

Improved Reliability:

Personal/Recreation Trips

*Expanded Access:

Freight & Service Delivery Market

*Expanded Access:

Labor (Commute) Market

Expanded Access:

Personal/Recreation Destinations

*Enhanced Intermodal Connectivity: Freight Delivery Travel

$ Valuation
(reflecting cost savings,
net income gain or
willingness to pay,
as appropriate)

Enhanced Intermodal Connectivity: Worker Business Travel
Enhanced Intermodal Connectivity: Personal/Recreation Travel
*Denotes elements that are most commonly addressed in BCA studies

Economic Impact Analysis (EIA)
In economic impact analysis (EIA), impacts are measured in terms of how they affect
business output, net income generation and job generation in the economy. For this form of
analysis, a distinction is made between (1) direct effects that lead to changes in money flows, and
(2) direct effects that have a social value (expressed or implied “willingness to pay”) but no
direct effect on money flows. Effects falling under the first category are usually input to a
region-specific economic impact model to calculate the broader macro-economic impacts on the
study region, measured in terms of total regional change in jobs, household income and GDP.
The first category covers savings in business operating cost or net revenue. This can
include savings in vehicle operating expenses as well as savings in working hours for truck
drivers and business delivery workers. The cost savings occurs as workers are able to serve
more customers in a workday, or fulfill delivery requirements in a shorter time period and have
the remaining time available for further productive work. However, savings in schedules or total
time for personal travel (i.e., for recreation or to visit friends and relatives) fall into the second
category—factors that have a real value to people but do not directly lead to changes in income
or spending patterns in the economy.
Once the distinction has been made between transportation changes that do and do not
affect money flows, the first category of benefits can be represented as inputs to an economic
impact forecasting model. Table 2-3 shows how these effects can be portrayed in monetary
terms—as either decreasing business operating cost (for a given level of output) or increasing
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firm-level productivity (output produced per level of input cost) for directly affected business
activities. A regional economic impact model can then be used to show how those direct effects
lead to broader macro-economic effects on regional industry competitiveness, prices,
employment and business growth over time.
Table 2-3. Portrayal of Wider Effects in Economic Impact Analysis (EIA) for Projects
Metric
(input to econ model)

Impact Element
*Improved Reliability: Freight & Service Delivery Trips

Business $ Cost Savings
(logistics cost)

Improved Reliability:

Worker Commute Trips

Business $ Cost Savings
(labor cost)

Improved Reliability:

Personal/Recreation Trips

—

*Expanded Access:

Freight & Service Delivery Market

Business Output/Cost
(delivery scale economies)

*Expanded Access:

Labor (Commute) Market

Business Output/Cost
(specialized skill matching)

Personal/Recreation Destinations

—

Expanded Access:

*Enhanced Intermodal Connectivity: Freight Delivery Travel

Business $ Cost Savings
(logistics cost)

Enhanced Intermodal Connectivity: Business Travel

Business $ Cost Savings
(labor cost)

Enhanced Intermodal Connectivity: Personal/Rec Travel

—

*Denotes elements that are most commonly addressed in EIA studies

Multi-Criteria Analysis (MCA)
In multi-criteria analysis (MCA), impacts are measured in terms of either qualitative
ratings or quantitative indices. This perspective allows for the widest possible range of positive
and negative impacts to be considered in decision-making, and it enables consideration of
essentially all ways in which any given project may affect area businesses or households. These
include factors such as business cost competitiveness (reflecting change in business operating
cost), congestion and supply chain effectiveness (reflecting change in reliability for freight
deliveries), job access (reflecting change in labor market size or effective density), and export
markets (reflecting change in intermodal connectivity). For any given project, these factors may
be assigned values based on either a dollar valuation or a non-dollar rating metric that portrays
its relative importance.
Once the various positive and negative factors have been assigned rating scores, they are
entered into a project scorecard table along with ratings for other factors that matter for
prioritizing projects, such as travel system efficiency, environmental and community impacts.
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Table 2-4 shows examples of rating factors related to wider transportation impacts that are
already being used by four states for project ranking and selection. Some of these metrics are
based on quantitative analysis, while others are based on qualitative assessment. Also shown are
other generic indicators that can be similarly generated by the tools described in this report.
Table 2-4. Portrayal of Wider Effects in Multi-Criteria Analysis (MCA) for Projects
Alternative Metrics
(Indicator Criteria)

Impact Element
Improved Reliability: Freight Delivery Trips

• Freight Productivity (WI)
• Reliability Index – Freight Delivery *

Improved Reliability: Any Trips

• Volume/Capacity (OH, NC)
• Congestion Relief (MO)
• Reliability Index *

Expanded Access: Freight & Service Delivery
Market

•
•
•
•

Expanded Access: Labor (Commute) Market

• Promotes Job Growth (OH)
• 45-min Labor Market Boundary (ARC)
• Labor Access Index *

Expanded Access: Personal/Recreation Destinations

—

Enhanced Intermodal Connectivity: Freight
Exports

•
•
•
•

Promotes Exports from State (WI)
Freight Time to Global Markets
Access time to Intl. Gateway (ARC)
Index of Access to Intl. Gateway *

Enhanced Intermodal Connectivity: Any Trips

•
•
•
•
•

Multi-Modal Impact (OH)
Intermodal Connectivity (MO)
Connections to Network (WI)
Access time to Intermodal Terminals (ARC)
Index of Access to Intermodal Terminal *

Enhanced Intermodal Connectivity: Personal /
Recreational Travel

—

Promotes Freight Movement (MO)
Promotes Exports from State (WI)
Same-Day Delivery Market (ARC)
Truck Delivery Access Index *

Note: Alternative metrics are shown for multi-criteria rating factors used to rank projects in four states:
OH=Ohio DOT, MO =Missouri DOT, WI=Wisconsin DOT, NC=North Carolina DOT
ARC= Appalachian Regional Commission: performance indicator used in reports on project impacts, though not for
ranking projects
*denotes indicator developed in this report which can be used directly for multi-criteria rating or used to generate
other indicators listed in the table.
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Altogether, the preceding three tables presented in this section show how wider
transportation impacts can be portrayed in a variety of different ways used to rate and rank
projects via benefit-cost analysis, economic impact analysis or multi-criteria analysis. The tools
developed for this study (described in the chapters which follow) generate indexes of reliability,
access and connectivity that can potentially be used for all of these forms of analysis. However,
the BCA and EIA applications require transformation of the indexes into money metrics, while
the MCA application requires only a numeric rating that can derived from the index.

ACCOUNTING FRAMEWORK
Accounting Structure
Both BCA and EIA require that all impacts of a proposed transportation project be
quantified and expressed in money terms. However, different elements of impact are covered,
depending on the form of analysis. Table 2-5 lays out a general accounting table for defining
elements to be included in the different forms of analysis. The columns represent the three most
common forms of analysis.
Table 2-5. Accounting Table: Difference in Benefit Factors Covered by BCA and EIA
BCA

EIA

Transportation
System Efficiency
Benefit

Full
Societal
Benefit

Econ
Development
Benefit (1)

$ Value of Travel Time Savings (driver + passengers)

Yes

Yes

Yes (F,C)

$ Value of Vehicle Operating Cost Savings

Yes

Yes

Yes (F, C, P)

$ Value of Safety Improvement (Crash reduction)

Yes

Yes

—**

$ Value of Reliability (Logistics) Cost Savings

—

Yes*

Yes (F, C)

$ Value of Market Access (Agglomeration) Benefit

—

Yes*

Yes (F, C)

$ Value of Intermodal Connectivity Benefit

—

Yes*

Yes (F, C)

$ Value of Environmental & Social Benefits

—

Yes

—**

$ Value of Indirect Impacts on Economic Growth
(through changes in competitiveness, prices, etc.)

—

—

Yes***

Benefit or Impact Element

— denotes effects that are not typically included in this form of analysis.
* denotes effects that fall within the category of full societal benefits, but which are commonly not measured. They
are the subject of this study.
** denotes effects that are typically ignored because they affect quality of life rather than money expenditures,
though they may be included if a money cost to business or households can be established
*** denotes effects that are generated by macro-economic impact models; all other effects listed in this column are
inputs to a macro-economic impact model.
Note (1): For economic impacts, only certain classes of trips are covered, and only to the extent that there is change
in business cost, business output, wage rates or household spending patterns.
( F = freight delivery and other business travel, C = commuting, P = personal travel).
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The form of BCA that is most commonly conducted by State DOTs is the assessment of
direct impacts on transportation system efficiency. It typically includes expected benefits of a
project on travel time and travel cost (i.e., vehicle operating cost) and often also safety—
measured as the sum of impacts on all affected trips (and expressed as an annualized present
value to reflect impacts on future trips). These effects are referred to as user benefit or
transportation system efficiency benefits because they concern the quality and quantity of travel
(vehicle flows) by users of the transportation system, and do not consider effects on other parties.
A broader form of BCA attempts to account for all impacts on societal, including nontravelers. This is often referred to as “social” or “societal” benefit-cost analysis. Its accounting
of benefits includes all of the transportation system efficiency benefits and also adds external
effects on non-travelers. Environmental impacts are most commonly included in this form of
BCA, though there is a growing awareness of the need to recognize and also add measures of
“wider economic impacts.” These are effects on business reorganization that change firm-level
productivity and occur as a consequence of changes in reliability, market access and
connectivity—all factors that not reflected in average travel time or operating cost metrics.
Some freight planners argue that shippers rather than carriers are the actual “users” of the
transportation system, arguing that logistics cost savings for shippers should be considered
effects on transportation system efficiency rather than external impacts. These wider economic
impacts are the subject of this report.
The accounting of impacts in EIA differs from the above in three ways. First, it includes
only benefits that affect the flow of money (and not “willingness to pay”), which means that the
value of travel time savings is included only for freight travel, paid drivers and business
travelers, and situations where commuting time is also expected to affect wage rates. Second,
the regional economic impact models count changes in business travel cost as reductions in the
cost of production, while changes in household costs are considered shifts in household budget
or spending patterns. And third, it counts business attraction and inward investment effects on
economic growth, including effects of cost competitiveness changes that lead to spatial and
business sector shifts in trade flows, investment flows and prices. This latter category of effect
also requires use of a regional or national economic impact model.

Valuation of Wider Benefits
All benefit and cost elements used in BCA, as well as the direct inputs to EIA models,
must be expressed in monetary terms. To accomplish this, it is necessary to quantify measures of
direct benefit and cost—which may be expressed in terms of time, distance, crashes, or an index
value impact—into money units. Table 2-6 classifies the factors that are most commonly
considered as benefits from transportation investments.
The first group in that table represents those benefits that are commonly measured in
BCA: travel time, cost, safety and emissions. There is standard guidance available from US
DOT and other nationally-recognized sources on the per unit valuation of changes in those
measures. The second group represents wider transportation effects that have direct economic
consequences for businesses, yet have been hard to quantify in the past and hence are not yet not
commonly measured. The third group represents other social and environmental impacts. This
report focuses specifically on the second group, comprised of three key classes that produce
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wider benefit: reliability, market access and intermodal connectivity. The measurement of each
is discussed in the following text, and valuation factors are then summarized in Table 2-7.
Table 2-6. Classification of Transportation Project Benefits
Benefit or Impact Element

Units for Measuring Change

TRADITIONALLY MEASURED BENEFITS
Travel Time Savings

$ Value of driver + passenger travel time savings

Vehicle Operating Cost Savings

$ Cost savings from reduced vehicle-miles or vehicle-hours of travel

Safety Improvement

$ Value of reduction in crash incidents

$ Value of Environ. Benefit

$ Value of reduction in tons of emissions

WIDER ECONOMIC BENEFITS
Reliability Benefit

$ Cost savings or income gain from less non-recurring delay

Market Access Benefit

$ Income or GDP gain from effective size or density gain

Connectivity Benefit

$ Income or GDP gain from connectivity benefit

OTHER EXTERNAL (ENVIRONMENTAL AND SOCIAL) BENEFITS
Other Environmental Impact

$ Value of reduction in water, noise, visual, other pollution

Social Impacts

$ Value or enhancement in social factors

The first class of wider benefit is reliability. This is most commonly measured through a
statistical indicator of travel time variation—either the “standard deviation” or “buffer time”, as
explained earlier in text discussing Figure 2-1. Both indicators are measured in units of minutes
or hours, and the two tend to generate numbers of roughly the same magnitude. They are
typically assigned a reliability ratio of 0.7 to 1.5, which means that they have a value/hour in the
range of 0.7 to 1.5 times the value assigned to changes in average travel time (see Chapter 3 for a
further discussion on this topic).
The reliability tool presented in Chapter 3 derives measures of recurring and nonrecurring congestion delay. Recurring delay is defined as the added time that occurs due to
slower average traffic movement on congested routes. Non-recurring delay is the additional
travel time which occurs due to traffic incidents and associated traffic queues (backups), which
increase exponentially in severity as congestion worsens. The non-recurring delay is computed
based on a conservative measure that reflects the 50th to 80th percentiles of travel times. In other
words, it represents the added travel time buffer or schedule padding (beyond the median or
average travel time) that is needed to ensure on-time performance 80% of the time. The nonrecurring delay metric and associated travel time index can be directly used as a factor in multicriteria rating schemes, and it can also provide the basis for monetary valuation of reliability in
BCA (or as input to EIA models).
The reliability tool calculates the value of reliability improvement based on the following
assumptions: (a) for passenger travel, it assumes a $19.86/hour average value of time multiplied
by a 0.8 reliability ratio, and (b) for business travel, it assumes a $36.05/hour average value of
time multiplied by a 1.1 reliability ratio. However, all of these values can be changed within the
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reliability tool, and Table 2-7 shows that significantly higher or lower values of time delay and
reliability ratios may be appropriate for some types of travel. In particular, there is evidence that
both the value of time delay and the reliability ratio should be significantly higher than the
business default level when the route serves delivery of time-sensitive, high-value products used
in just-in-time production processes.
The second class of wider benefit is market access. This is most commonly measured
through a statistical indicator of the effective market size or effective market density. The market
scale metric reflects the magnitude of workers opportunities (for a labor market) or customer
delivery opportunities (for a delivery market) that a business can access from a given location.
The density metric merely standardizes the market scale, based on a per resident, per worker or
per square mile factor. The value of increasing accessibility is defined by an elasticity: the
percent increase in economic activity (income or GDP) that is generated per one percent increase
in effective market scale or effective density.
The market access tools presented in Chapter 5 calculate market scale and effective
density for two forms of market access benefit: (1) access to broader buyer-supplier markets for
truck deliveries, and (2) access to broader labor markets which enable greater matching of
worker skills to specialized labor needs. The former is addressed through change in the effective
density of business markets, measured in terms of employment base. The latter is addressed
through change in the effective labor market size, measured in terms of jobs accessible from a
given population location (or vice versa).
The market access tools also illustrate how the benefit value of market access
enhancements can be calculated (though care must be taken in its use for BCA). The tool for
assessing delivery market access multiplies the expansion of the effective employment base by a
measure of average GDP per worker. This yields a measure of gross impact – reflecting the
added GDP that can be reached for deliveries from a given location as a result of improved
transportation. This can be used as a metric for multi-criteria rating of delivery market growth,
and as a benchmark for analysis of localized economic impacts. However, for BCA (and input to
EIA models), it is necessary to consider that the added delivery market was already being served
in other ways prior to the transportation improvement, so only the smaller net gain (attributable
to more efficient business operations) should be considered as an added benefit. Table 2-7
shows the range of elasticity measures that can be used to capture the net percentage increase in
aggregate business income or GDP that can be attributed to a given percentage increase in
delivery effective market size or density.
For assessment of labor markets, the market access tool also calculates the value of
commuter cost savings for induced trips enabled by the greater job opportunities. This can be
useful for sketch planning applications in which induced trip changes are not otherwise
estimated, and it can also be useful as a metric for multi-criteria rating of labor market
expansion. However for BCA (and input to EIA models), it is necessary to distinguish economies
of scale in business operations that are beyond trip cost savings. These are the incremental
benefits related to specialized skill matching that come from access to larger scale markets and
enable firms to achieve greater labor productivity and hence offer higher wage rates. Table 2-7
shows the range of elasticity measures that can alternatively be used to estimate the firm-level
productivity effect of changes in labor market access. These values can vary depending on the
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mix of industries affected by enhanced labor market access. In particular, there is evidence that
the percent increase in labor productivity from a given percent increase in labor market scale (or
effective density) tends to be greatest for industries that provide specialized services or
manufacture technology products requiring specialized workforce skills. The scale (or effective
density) of the local labor market appears to be less of a factor for businesses that provide natural
resources or resource-based products.
The third class of wider benefit is intermodal connectivity. This is most commonly
measured through a statistical index that reflects both (a) the average travel time to the nearest
intermodal air, marine and rail terminals, and (b) the magnitude of connecting services and
number of connections to outside origins and destinations that can be accessed from each of
these terminals. The value of this index is reflected by an elasticity that shows the percent
productivity increase resulting from a one percent change in accessibility to each type of
intermodal terminal.
The intermodal connectivity tool presented in Chapter 4 calculates intermodal market
access for airports, marine ports and rail terminals in the US. The calculation is based on three
scale factors: (1) the scale of activity (person-trips or vehicle-trips) utilizing the intermodal
terminal, (2) the scale of connecting services provided there, including the frequency of (air,
marine or rail) services and number of different origins and destinations that can be accessed by
using them, and (3) the scale of surrounding population or business activity that can easily access
that terminal. The tool provides three outputs. One is a measure of truck pickup and delivery
time saved by enhanced access to a specific intermodal port. The second is an index of
connectivity importance, based on the above-cited three scale factors. The third is the product of
the first two—it reflects the magnitude of aggregate truck pickup and delivery time savings,
scaled by the importance of the intermodal terminal.
The intermodal connectivity tool’s output metrics can be directly used as factors in multicriteria rating schemes. They can also provide a basis for estimating effects on firm-level labor
productivity (output per worker). Table 2-7 shows the range of elasticity measures that can be
used to estimate the net percentage increase in overall business income or GDP attributable to a
given percentage increase in an index of intermodal connectivity. Research studies to date have
shown that elasticities at the high end of this range are associated with access to airports, and
those at the low end of the range are associated with access to rail terminals. It is also important
to note that only certain industry sectors depend on, and are affected by, access to intermodal
terminals. In general, business and professional service industries tend to grow with airport
access while resource-based industries tend to grow with access to intermodal rail terminals
(Alstadt et al 2012).
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Table 2-7. Typical Range of Conversion Factors for Deriving $ Values of Benefits
Benefit or Impact Element

Units for Measuring
Change

Type of
Conversion

Typical Range

Source

TRADITIONALLY MEASURED BENEFITS
$ Value of Travel Time Savings
(driver & passengers)

Vehicle-hours of travel
(VHT)

Unit value of time
$12.00 to $73.30
($ per vehicle-hour)

(A)

$ Value of Vehicle Operating
Cost Savings

Vehicle-miles of travel
(VMT)

Unit value
$0.44 to $1.73
($ per vehicle-mile)

(B)

$ Value of Safety Improvement
(Crash reduction)

Incidents per 100,000
VMT

Unit Value
($ per incident)

$3,285 to
$9.1 million

(C)

$ Value of Environmental
Benefit

tons of emissions

Unit Value
($ per ton)

$1,300 to $290,000 (D)

$ Value of Reliability
(Logistics) Cost Savings

Non-recurring delay
per vehicle trip

Unit value of time ($12 *0.8=$9.60) to
(E)
x Reliability Ratio * ($24*1.2=$29)

$ Value of Market Access
(Agglomeration) Benefit

% change in effective
market scale or density

Productivity
Elasticity **

0.02 to 0.08

(F)

$ Value of Connectivity
Benefit

% change in intermodal
connectivity index

Productivity
Elasticity **

0.04 to 0.010

(G)

WIDER BENEFITS

*Reliability Ratio = [(value of a change in reliability) / (value of a change in travel time)], where an improvement
in reliability is measured in terms of minutes -- representing either the standard deviation or the buffer time beyond
the mean. An improvement in reliability is thus measured in terms of aggregate trip-hours saved, and is valued by
multiplying it times both the unit value of time savings and the Reliability Ratio.
**Productivity Elasticity = [(% change in productivity) / (% change in market access)], where an improvement in
productivity is reflected by the increase in income, value added or output generated in an area, and expanded
market access is reflected by growth in the effective size or density of the market that surrounds that area.
Sources for Table 2-7:
(A) Sources on value of time savings (value depends on mode and trip purpose): US DOT 2012, and US DOT 2011.
(B) Sources on Cost per mile of vehicle operation (value depends on type of vehicle): American Automobile
Association 2012 (for cars) and Trego and Murray 2009 (for trucks).
(C) Sources on Cost of vehicle crashes on roads: US DOT 2012 and US DOT 2013.
(D) Sources on cost per ton of emissions (for various pollutants and carbon): US DOT 2012.
(E) Sources on valuation of reliability: Stogios, et al. 2013, Brownstone and Small 2005, Ghosh 2001, Li et al. 2010,
Börjesson and Eliasson 2008, Small et al. 2005, Tilahun and Levinson 2010, Carrion and Levinson 2010, De
Jong et al. 2007, Fosgerau et al. 2008, Yan 2002, Asensio and Matas 2008, and Tilahun and Levinson 2009.
(F) Sources on elasticity of economic impact of agglomeration: Alstadt et al. 2012, Ciccone 2002, Eddington
2006, Graham 2007, Graham et al. 2009, Melo et al. 2009, Rosenthal and Strange 2003, Venables 2007, and
Weisbrod et al. 2001b.
(G) Sources on elasticity of impact of connectivity: Alstadt et al. 2012.
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ACCOUNTING FRAMERWORK USER’S GUIDE AND
INSTRUCTIONS
Introduction and Purpose
The accounting framework spreadsheet lays out the categories of direct economic
benefits that a given roadway improvement may have on travelers using it, and on the operation
of businesses that depend on it (for workers, customers or deliveries). It does not include
environmental, social and other broader impacts that are also important considerations in
decision-making. Also, it does not include indirect and secondary effects on the economy. That
is not because those factors are any less important, but rather, because this study was
commissioned to enable more complete analysis of the ways in which wider economic benefits
can occur as a direct consequence of individual highway projects.
The spreadsheet shows how these wider effects can be incorporated into benefit-cost
analysis. Many of the wider benefit metrics that are generated here can also be applicable for
multi-criteria ratings and as input to macro-economic impact models. However, this spreadsheet
is intended to show how wider benefits can be portrayed in BCA.
The steps described below illustrate how the various classes of benefit can be estimated
in the context of “sketch planning” (i.e., where no traffic simulation or economic simulation
models are used, and a proposed project will enhance a single highway corridor). The
spreadsheet tool is designed for highway projects, though the same basic concepts can apply for
other modes. For instance, the market access and connectivity benefits can also apply for transit
projects, and the road reliability benefits can apply for transit projects that relieve highway
congestion.
The overall design entails three steps. (1) On the Inputs tab, the user first selects the
type of project and its objective or expected impacts, to help determine which classes of benefit
need to be calculated. (2) The user then enters information on the nature of changes in use and
performance of the affected facility, including relevant results from the reliability, market access
and connectivity tools as applicable. (3) On the Results tab, the user can then view how these
additional benefits affect the relative benefit of the proposed project. These input and result tabs
are described below in more detail.
First, click on the tab labeled “1-Start” to see the opening screen (Figure 2-5). At the
bottom of the workbook on your screen there will be brief instructions on using the tool.
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Figure 2-5. Screenshot of the Opening Tab for the Accounting Framework Spreadsheet

Then click on the second tab “2-INPUT” at the bottom of the workbook on your screen
to choose inputs and enter the requested data. First, the user is asked to identify the applicable
project objective or expected impact(s), given five major classes of impact (shown in Table 2-8).
It is possible that multiple impacts are expected, though most often only a single impact will
apply. Depending on the answer given, the user is directed to enter information from one or
more input forms.
Table 2-8. Inputs For Tab 2 of the Accounting Framework Spreadsheet

Capacity Expansion to reduce
congestion on existing route
New or Upgraded Route to enhance
access from residential area to
employment centers
New or Upgraded Route to enhance
truck delivery market area
New or Upgraded Route to enhance
truck movement to/from air, marine
or rail terminals
Highway Projects to enhance safety

Traffic
Impact

Access to
Labor
Reliability Markets

YES

YES

YES

Access to
Buyer-Seller
Markets

Intermodal
Connectivity

YES

YES

YES

YES
YES

YES

To enter data, click on the tab at the bottom of the worksheet labeled “3-FORMS,” and
enters data into the input forms (input examples shown in Table 2-9). The traffic analysis
assumptions may be drawn from Table 2-7 (the sources are below it. For Form 1 (Traffic
Impact), data to enter the top three rows can be obtained from engineering estimates or a
transportation network model. For Forms 2 through 5, the data is drawn from the output or
results tables of the relevant wider benefit spreadsheets (covered in Chapters 3, 4 and 5).
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Table 2-9. Inputs for Tab 3 Accounting Framework Spreadsheet
Benefit Category

Passenger
(Commuting) Trips
No
With
Project
Project

Commercial (Truck)
Trips
No
With
Project
Project

Traffic Analysis Assumptions
Persons per trip
1.3
Tons of freight per trip
0
Value of time per person
$12
Average cost per crash
$3,285
Econ Elasticity: Labor Market
0.03
Econ Elasticity: Delivery Market
X
Econ Elasticity: Air Connectivity
0.03
Econ Elasticity: Port Connectivity
X
Econ Elasticity: Rail Connectivity
X
(1) Traffic Impact
Vehicle-miles of travel (VMT)
Vehicle-hours of travel (VHT)
Crashes per 100,000 VMT
(2) From the RELIABILITY Form
Total Equivalent Delay (annual hrs)
Cost of Unreliability
(3) From the ACCESS TO LABOR MARKETS Form
Total Employment Accessible
Concentration Index
Commuter Cost (induced)
(4) From the ACCESS TO BUYER-SUPPLIER MARKETS Form
Effective Density of Market
Total GDP Increase
(5) From the INTERMODAL CONNECTIVITY Form
Terminal Type: Air-Marine-Rail
Connectivity Raw Value
Value of Time Savings
Weighted Connectivity

Personal Travel
No
Project

1.1
8
$24
$4,400
X
0.06
0.04
0.02
0.03

With
Project
X
X
X
X
X
X
X
X
X

X
X

X
X

X
X
X

X
X
X

X
X

X
X

X
X
X
X

X
X
X
X

X denotes fields that are not used. This is either because the data item is not applicable or because it pertains to
personal travel – which does not have any wider economic benefits that are recognized at this time.
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The specific locations from which to draw this input data are shown below (Figures 2-6
through 2-10).
Figure 2-6. Screenshot of Reliability Spreadsheet Results Report Tab
Total Annual Weekday Delay (veh-hrs)
Recurring delay

27151

Incident delay

70197

Total equivalent delay

139160

Total equivalent delay (passenger)

123339

Total equivalent delay (commercial)

15821

Total Annual Weekday Congestion Costs ($)
Passenger

Cost of recurring delay

$1,937,132

Cost of unreliability

$512,390

Total congestion cost

$2,449,522

Commercial

Cost of recurring delay

$418,622

Cost of unreliability

$151,724

Total congestion cost

$570,346

(Note: scenarios for Build and No-Build must be run separately)

Figure 2-7. Screenshot from the Access to Labor Spreadsheet: Results-1 (Labor Market Size)
EA = Employment Accessible
(sectoral) within Threshold
EMPLOYMENT
CENTERS

EA (NoBuild)

EA (Build)

CI= Concentration Index

Difference
in EA

Base Year
CI (NoBuild)

Reference
Difference in
Year CI
CI
(Build)

1093

28,418

35,109

6,691

1.26

1.39

0.14

1133

7,448

17,292

9,844

1.11

0.76

(0.35)

1057

11,565

20,447

8,882

0.67

0.50

(0.18)

1075

8,627

6,725

(1,902)

1.20

3.32

2.12

56,058

79,573

23,515

4.24

5.98

1.74

TOTAL

Figure 2-8. Screenshot from the Access to Labor Spreadsheet: Results-2 (Commuter Cost)
EMPLOYMENT
CENTERS

TOTAL

COMMUTER COSTS ($)

1093

$16,285

1133

-$4,317

1057

$94

1075

$151
$12,213.00
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Figure 2-9. Screenshot from the Access to Markets (Buyer-Seller) Spreadsheet: Results
EFFECTIVE DENSITY/
POTENTIAL ACCESS 'SCORES'

ZONES
1009
1033
1043
1057
1059
1073
1075
TOTAL

NO BUILD
BUILD
2002
2035
EFFECTIVE DENSITY EFFECTIVE DENSITY TOTAL PRODUCTIVITY($)
8970
14133
$29,483,575
5980
9417
$82,572,197
8153
12021
$82,440,420
6137
10818
$20,758,304
5835
9947
$40,412,607
14666
19520
$1,182,070,836
5079
8748
$18,278,858
54820
84604
$1,456,016,797

Figure 2-10. Screenshot from the Intermodal Connectivity Spreadsheet: Results

Facility 2
Facility Details
Facility Type
Facility Name

Activity
Value
Unique Origins/destinations
Facility Connectivity Raw Value
Relative Activity
Relative Value
Relative Origins and Destinations
Relative Facility Connectivity Index

g

y
index

Airport Passenger
Sky Harbor Intl Airport
Value
Units
39,338,123 passengers
218
85.8
45.4%
60.1%
27.2%

Project Summary
Number of annual passenger vehicles
Total passenger vehicle hours saved (All
passenger vehicles)
Total Value

5,000
$89,387

Number of passenger vehicles associated with th
Time savings for facility
Value of time savings for facility

2,512
1,256
$22,453

Weighted connectivity

10,000

1,925,503.5

(Note: passenger and commercial effects must be run separately)

Obtaining Results
The input data are used to calculate either an absolute change or a percentage change in
relevant transportation impact metrics, and those values are then multiplied by the applicable unit
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value or elasticity value to derive the total dollar value of impacts. The result of these
intermediate calculations can be viewed on a tab called “4-INTERMEDIATE” (Figure 2-11).
Figure 2-11. Screenshot of Intermediate Calculations – Tab 4
Benefit Element

No Build
Scenario

Build
Scenario

Diff

Multiplier
Value

% Diff

Elasticity
Value

Vehicle-Hours
Vehicle-Miles
Safety: Crash reduction (crashes)
Benefit for Induced Trips (trips)
Cost of Unreliability
Accessible Employment Base
Effrective Density for Delivery Base
Weighted Connectivity Score

Passenger Trips
-12,339
152,885
140,546
0
2,658,120 2,658,120
7.1
6.2
-0.9
0
0
0
-14,281
270,476
256,195
79,573
-56,058
----2,432
3,275

$12.00
$0.64
$3,285
$6.00
$9.60
----

-----42%
-35%

-----0.03
-0.04

Vehicle-Hours Saved (hrs)
VMT Savings (miles)
Safety: Crash reduction (crashes)
Benefit for Induced Trips (trips)
Cost of Unreliability
Accessible Employment Base
Effrective Density for Delivery Base
Weighted Connectivity Score

Commercial (Freight Delivery) Trips
10,320
8,738
-1,582
186,068
186,068
0
0.4
0.1
0.5
0
0
0
-5,862
81,724
75,862
---54,820
84,604
-8,342
-5,925

$24.00
$1.46
$3,285
$12.00
$28.80
----

------54%
41%

------0.03
0.04

Click on the tab labeled "5-RESULTS" to view the final results (Figure 2-12). The table
of results shows the dollar value of relevant benefits for a given year. This includes traditionally
measured benefits, as well as the wider economic benefits that are the focus of this study. These
results can be used in several ways.
For benefit-cost analysis, further work is necessary. Since the benefits are shown for a
single year, it is necessary to re-run the analysis for additional years in order to construct a time
series of benefits. From that time series, the net present value of long-term project benefits can
be calculated and compared to the net present value of project costs.
These results can also be used to provide inputs to regional economic impact models in
order to calculate broader and indirect effects on the economy, though of course only those
impacts that directly affect the flow of money (costs incurred and income generated) would be
included.
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Figure 2-12. Screenshot of Results – Tab 5
Value of Benefit in
Target Year

Benefit Element

Passenger Trips
Value of Vehicle-Hours Saved
Value of VMT Savings
Value of Safety: Crash reduction
Value of Benefit for Induced Trips
Value of Reliability Improvement
Value of Enhanced Labor Market Access
Value of Enhanced Delivery Market Access
Value of Enhanced Intermodal Connectivity
Adjustment for Overlap in Above
Total ----->
Commercial (Freight Delivery) Trips
Value of Vehicle-Hours Saved
Value of VMT Savings
Value of Safety: Crash reduction
Value of Benefit for Induced Trips
Value of Reliability Improvement
Value of Enhanced Labor Market Access
Value of Enhanced Delivery Market Access
Value of Enhanced Intermodal Connectivity
Adjustment for Overlap in Above
Total ----->
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$148,068
$0
$2,957
$0
$14,281
$352
$0
$388
$0
$166,046
$37,968
$0
-$1,311
$0
$5,862
$0
$456
$457
$0
$42,976

CHAPTER 3
RELIABILITY
This chapter was written by Cambridge Systematics and Weris.

TECHNICAL GUIDE
Introduction and Purpose
The purpose of the Reliability Module is to allow users to assess quickly the effects of
highway investments in terms of both typical travel time and travel time reliability. In the past,
economic assessments have been made strictly on the basis of typical travel time, but current
research shows that travelers also value reliability of travel time. Accounting for this additional
benefit means that transportation improvements have even more positive effects on users and the
economy than heretofore thought.
The Reliability Module is structured as a sketch planning tool that involves minimal data
development and model calibration. It is uses the results of other SHRP 2 projects in its
methodology as well as methods from earlier studies. The procedure is based on making
estimates of recurring and nonrecurring congestion, combining them, and using predictive
equations to develop reliability metrics.

Background on Travel Time Reliability
A review of several SHRP 2 projects identified how they defined reliability.
Project C04 (Improving Our Understanding of How Highway Congestion and Pricing
Affect Travel Demand) defined reliability as “… the level of (un)certainty with respect to the
travel time and congestion levels.” It then used statistical measures, primarily the standard
deviation of travel time, as the metrics used in subsequent analyses.
Project C05 (Understanding the Contributions of Operations, Technology, and Design
to Meeting Highway Capacity Needs) defined it as “… the reliability of the performance is
represented by the variability that occurs across multiple days.”
Project L02 (Establishing Monitoring Programs for Travel Time Reliability) said the
following regarding reliability: “It is important to start by observing that travel time reliability is
not the same as (average) travel time. ...travel time reliability is about travel time probability
density functions (TT-PDFs) that allow agencies to portray the variation in travel time that exists
between two locations (point-to-point—P2P) or areas (area-to-area—A2A) at a given point in
time or across some time interval. It is about estimating and reporting measures like the 10th,
50th, and 95th percentile travel times.” Functionally, Project L02 used the notion developed in
Project L03 that reliability can be measured using the distribution of travel times for a facility or
a trip.
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Project L04 (Incorporating Reliability Performance Measures in Operations and
Planning Modeling Tools) used this definition: “…models formulated in this research is based
on the basic notion that transportation reliability is essentially a state of variation in expected (or
repeated) travel times for a given facility or travel experience. The proposed approach is further
grounded in a fundamental distinction between 1) systematic variation in travel times resulting
from predictable seasonal, day-specific, or hour-specific factors that affect either travel demand
or network capacity, and 2) random variation that stems from various sources of largely
unpredictable (to the user) unreliability.”
Project L03 (Analytic Procedures for Determining the Impacts of Reliability
Mitigation Strategies) used an expanded definition of reliability to include not only the idea of
variability but failure (or it’s opposite, on-time) as well.
In terms of highway travel, the SHRP Reliability Research Program defined reliability
this way): “… from a practical standpoint, travel-time reliability can be defined in terms of how
travel times vary over time (e.g., hour-to-hour, day-to-day). This concept of variability can be
extended to any other travel-time-based metrics such as average speeds and delay. For the
purpose of this study, travel time variability and reliability are used interchangeably.”
A slightly different view of reliability is based on the notion of a probability or the
occurrence of failure often used to characterize industrial processes. With this view, it is
necessary to define what “failure” is, in terms of travel times. In other words, a threshold must
be established. Then, one can count the number of times the threshold is not achieved or
exceeded. These types of measures are synonymous with “on-time performance” since
performance is measured relative to a pre-established threshold. The only difference is that
failure is defined in terms of how many times the travel-time threshold is exceeded while ontime performance measures how many times the threshold is not exceeded.
In recent years, some non-US reliability research has focused on this other aspect of
reliability – the probability of “failure,” where failure currently is defined in terms of traffic flow
breakdown. A corollary is the concept of “vulnerability” which could be applied at the link or
network level: this is a measure of how vulnerable the network is to breakdown conditions.
Project L07 (Identification and Evaluation of the Cost-Effectiveness of Highway Design
Features to Reduce Non-recurrent Congestion) used L03’s definition.
Project L11 (Evaluating Alternative Operations Strategies to Improve Travel Time
Reliability) defined reliability: “Travel-time reliability is related to the uncertainty in travel
times. It is defined as the variation in travel time for the same trip from day to day (same trip
implies the same purpose, from the same origin, to the same destination, at the same time of the
day, using the same mode, and by the same route). If there is large variability, then the travel
time is considered unreliable. If there is little or no variability, then the travel time is considered
reliable”.
A wide range of viewpoints on the definition of travel time reliability clearly exists, but
there is also a great degree of commonality. Travel time reliability relates to how travel times for
a given trip and time period perform over time. For the purpose of measuring reliability, a “trip”

32

can occur on a specific segment, facility (combination of multiple segments), any subset of the
transportation network, or can be broadened to include a traveler’s initial origin and final
destination. Measuring travel time reliability requires that a sufficient history be present in order
to track travel time performance.
There are two widely held ways that reliability can be defined. Each is valid and leads to
a set of reliability performance measures that capture the nature of travel time reliability.
Reliability can be defined as:
1) The variability in travel times that occur on a facility or a trip over the course of time; &
2) The number of times (trips) that either “fail” or “succeed” in accordance with a predetermined performance standard.
In both cases, reliability (more appropriately, unreliability) is caused by the interaction of
the factors that influence travel times: fluctuations in demand (which may be due to daily or
seasonal variation, or by special events), traffic control devices, traffic incidents, inclement
weather, work zones, and physical capacity (based on prevailing geometrics and traffic patterns).
These factors will produce travel times that are different from day-to-day for the same trip.
From a measurement perspective, reliability is quantified from the distribution of travel
times, for a given facility/trip and time period (e.g., weekday peak period), that occurs over a
significant span of time (one year is generally long enough to capture nearly all of the variability
caused by disruptions). A variety of different metrics can be computed once the travel time
distribution has been established, including standard statistical measures (e.g., kurtosis, standard
deviation,), percentile-based measures (e.g., 95th percentile travel time, Buffer Index), on-time
measures (e.g., percent of trips completed within a travel time threshold), and failure measures
(e.g., percent of trips that exceed a travel time threshold). The reliability of a facility or trip can
be reported for different time slices (e.g., weekday peak hour, weekday peak period, and
weekend). Figure 3-1 shows an actual travel time distribution derived from roadway detector
data, and the metrics that can be derived from it. Note that a number of metrics are expressed
relative to the free-flow travel time, which becomes the benchmark for any reliability analysis.
The degree of (un-)reliability then becomes a relative comparison to the free-flow travel time.
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Figure 3-1. The Travel Time Distribution is the Basis for Defining Reliability Metrics

Source: Cambridge Systematics et al. Analytical Procedures for Determining the Impacts of Reliability Mitigation
Strategies. SHRP 2 L03. Transportation Research Board of the National Academies, Washington, DC. 2013.

The Value of Travel Time Reliability
Valuing travel time has a long history in transportation modeling and analysis. The value
of travel time (VOT) refers to the monetary values travelers place on reducing their travel time.
VOT has been long established from a basis in consumer theory where value is related to a wage
rate or some portion of it. It is considered one of the largest cost components in benefit‐cost
analysis of transportation projects because one of the benefits for travelers in a transportation
improvement is the reduction of travel time (Vovsha et al. 2011).
In contrast, the value of reliability (VOR) is a relatively new concept. VOR connects the
monetary values travelers place on reducing the variability of their travel time. Reliability has
most often been considered qualitatively and is associated with the statistical concept of
variability (Carrion and Levinson 2010). However, it is clearly recognized by travelers of all
types. Travelers account for the variability in their trips by building in “buffers” as insurance
against late arrival. This action implies that the consequence of arriving late is “costly” and
should be avoided (OECD 2010). Efficiency and productivity lost in these buffers or safety
margins represent an additional cost that travelers absorb.
Reliability is of sufficient value to transportation system users that travelers are willing to
pay for reduced travel time has been demonstrated by empirical studies. Variability in the costs
which are acceptable to different travelers for different trips suggests that this value is not
uniform all types of trips (Waters 1992). The difference in value between users and the type of
use must be quantified to be understood and applied appropriately.
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For the business traveler and freight shippers, time is money. The just-in-time delivery
aspect of the present economy implies a high cost associated with an unreliable transportation
system and a corresponding value for travel time reliability. Freight providers are a unique
category of transportation users in many aspects; however, the value placed on reliability is
consistent with or greater than other travelers.
Past research studies have used the Reliability Ratio (VOR/VOT) as the most convenient
way to measure reliability in an empirical study. Table 3-1 summarizes the values of reliability
for passenger travel that were included in the reviewed research.
Table 3-1. Past Research on the Value of Reliability: Passenger Travel
Authors
Brownstone and Small (2005)
Ghosh (2001)
Li et al. (2010)

Study
Type
RP/SP
RP
SP

Reliability Ratio
(personal auto use)
1.18
1.17
0.70

Börjesson and Eliasson (2008)
Small et al. (1995)
Small and Yan. (2001)
Small et al. (2005)
Tilahun and Levinson (2010)
Carrion and Levinson (2010)
De Jong et al. (2007)
Fosgerau et al. (2008)
Yan (2002)
Asensio and Matas (2008)
Bhat and Sardesai (2006)
Senna (1993)
Black and Towriss (1993)

SP
SP
SP
RP
SP
RP
SP
RP
RP/SP
SP
RP/SP
SP
SP

1.27
2.30
2.51
0.91
0.89
0.91
1.35
1.00
0.97
0.98
0.26
0.76
0.55-0.70

Tilahun and Levinson (2009)

SP

1.0

Ubbels et al. (2005)
Koskenoja (1996)
SHRP 2 C04 (2012)
Stogios et al. (SHRP 2 L04 –
Pub. Pending)

SP
SP
RP

0.5
0.75
0.7-1.5

Reliability Metric/Definition
90th - 50th Percentile
90th - 50th Percentile
Scheduling approach; standard deviation
Ratio of sensitivity to standard deviation to
sensitivity of the mean
Standard deviation
Standard deviation
80th - 50th Percentiles
90th - 50th Percentile
90th - 50th Percentile
Standard deviation
Standard deviation
90th - 50th Percentile
Scheduling approach; standard deviation
Scheduling approach; standard deviation
Standard deviation
Standard deviation
Scheduling approach; difference between
actual late arrival and usual travel time
Scheduling approach; difference between
early/late arrival time and preferred arrival
time
Average schedule delay (late and early)
Standard deviation per unit distance

RP

0.57-2.69

Standard deviation per unit distance

Note: RP= Revealed Preference (based on observed behavior)
SP = Stated Preference (based on survey responses)

Of these, the Carrion and Levinson work is the most comprehensive. They were selective
in their choice of studies as they were using them for a meta-analysis. It is interesting that there
is less variation among more recent studies and if the means of each individual study is used, the
reliability ratios are grouped in the 0.5 – 1.5 range. Figure 3-2 is taken directly from Carrion and
Levinson. Previously, SHRP 2 Project C04 also noted the same range. The SHRP 2 L05 effort
more narrowly focused the Reliability Ratio range to 0.9 – 1.25 based on including only the
research with the most rigorous methods. A Florida DOT study recommended a Reliability
Ratio range of 0.8 – 1.0, based on their assessment of the most rigorous studies (Elefteriadou and
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Cui 2007). The authors also mentioned that the value could be “as much as three times higher”
if strict schedule adherence is required for the trip.
Figure 3-2. Reliability Ratios from Previous Studies

Source: Carrion, C. and D. Levinson. Value of reliability: High occupancy toll lanes, general purpose lanes, and
arterials. Conference Proceedings of 4th International Symposium on Transportation Network Reliability in
Minneapolis, MN, 2010.

For the Reliability Module, the 80th – 50th percentile is used as the measure of the
reliability space. This produces a conservative estimate of reliability.

Specification of Inputs
Inputs are provided for base condition as well as for one or more improvement scenarios.

Basic Analysis Unit
Highway segments are the basic unit of analysis, and input data pertains to them.
Segments can be of any length but it is recommended that they not be so long that the
characteristics change dramatically along the segment, or too short that input is burdensome.
Reasonable segment lengths would be:
• Freeways: between interchanges
• Signalized highways: between signals
• Rural highways (non-freeways): 2-5 miles
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For the purpose of output, segments are aggregated into highway sections in order to be
compatible with the reliability prediction equations.
Inventory Data
• Route
• Beginning milepoint
• Beginning landmark
• Ending milepoint
• Ending landmark
• Highway type
— Freeway (access controlled)
— Multilane (non-signalized, non-access controlled)
— Signalized
— Rural two-lane
• Number of lanes
• Free flow speed
— Alternately, the posted speed limit
Traffic Data
• Average Annual Daily Traffic (AADT), current
• Annual traffic growth rate (%)
Truck Data
• Percent trucks in the traffic stream (combinations + single units)
Capacity Data
• Peak capacity as determined with Highway Capacity Manual procedures
Alternately
• G/C ratio (effective green time divided by cycle length) for signalized highways
• Terrain (flat, rolling, or mountainous) for freeways and rural two-lane highways
Time Horizon
• Number of years into the future for which the analysis applies
Analysis Period
• Specify the hours of the day for which the analysis will be run
Economic Analysis Data
• Unit cost of travel time, personal ($/hour): default = $19.86 (FHWA 2005)
• Unit cost of travel time, commercial ($/hour): default = $36.055
• Reliability Ratio, personal: default = 0.8 (based on Stogios et al. 2013)
• Reliability Ratio, commercial: default = 1.16
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Output and Calculations
Output
Outputs are produced for the entire project length in table form. Outputs are displayed for
the base condition and all improvement scenarios. A variety of reliability metrics are produced
to allow users wide flexibility in interpreting the results. They also permit users to make
independent estimates of the value of reliability if they want to use alternative measures of the
reliability space, such as:
• Year of Analysis (the future year)
• Recurring delay (hours)
• Incident delay (hours)
• Total delay (hours)
• Overall travel time index
• 95th percentile travel time index
• 80th percentile travel time index
• Percent of trips < 45 mph
• Percent of trips < 30 mph
• Cost of recurring delay
• Cost of unreliability
• Total congestion cost
Calculations are done for each hour and direction on the study segments. The results are
summed over all segments and reported for the current year and forecast year.
Calculation of future year AADT
Equation 3-1.
FutureAADT

= AADT * (1 + TrafficGrowthRate)NumberOfYears

Calculate HCM* Capacity (if not directly input) for Freeways and Multilane
Highways Without Signals
Equation 3-2.
Capacity = IdealCap * N * FHV
Where: Capacity = One-way capacity; IdealCap = 2,400 pcphpl (passenger cars per hour per lane) if
free flow speed >= 70 mph, or 2,300 otherwise; N = number of through lanes in one direction;
FHV = heavy vehicle adjustment factor-- 1.0/(1.0 + 0.5 HV) for level terrain, 1.0/(1.0 + 2.0 HV) for rolling
terrain, 1.0/(1.0 + 5.0 HV) for mountainous terrain (rare in urban areas)--, HV = daily proportion of
trucks in traffic stream
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Signalized Highways
Equation 3-3.
Capacity = IdealSat * N * FHV * g/C
Where: Capacity = One-way capacity; IdealSat = Ideal saturation flow rate (1,900 pcphpl);
N and FHV = same as for freeways; g/C = effective green time divided by cycle length (0.45 for arterials,
0.35 for other highway classes)

Rural Two-Lane Highways
Equation 3-4.
Capacity = IdealCap * FHV * FG
Where: Capacity = Two-way capacity; IdealCap = 3,200 passenger cars per hour (pcph); FHV= heavy
vehicle adjustment factor (1 or 1 + PT[ET – 1]); PT = percent of trucks; ET
= Passenger car
equivalents from Table 3-2

Table 3-2. Passenger Car Equivalents for Trucks (ET)
Two-Way Flow Rates
(pcph)
0-600
>600-1,200
>1,200

Type of Terrain
Level
1.7
1.2
1.1

Rolling
2.5
1.9
1.5

Mountainous
7.2
7.2
7.2

Note: Flow rates are determined by using the “AADT/C < 7” condition from Table3-3, by combining the
AM and PM percentages for the peak hour, which is assumed to be the hour ending at 18:00 (hour 18 in
Table3-3).
FG
=
grade adjustment factor from Table 3-3

Table 3-3. Grade Adjustment Factors (fG) for HPMS*
Two-Way Flow Rates
(pcph)
0-600
>600-1,200
>1,200

Level
1.00
1.00
1.00

Rolling
0.71
0.93
0.99

Mountainous
0.57
0.85
0.99

* Highway Performance Measuring System

Calculate AADT/C
Equation 3-5.
AADT/C = FutureAADT/TwoWayCapacity
Note: For all multilane and signalized highways, TwoWayCapacity is the one-way capacity times two.

Calculate Hourly Volumes for Hours to be Used in the Analysis
Multiply AADT and FutureAADT by the appropriate hourly factor from Table 3-4. For
multilane highways, the analysis is done by each direction individually. For rural two-lane
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highways, the analysis is done for both lanes combined, i.e., the hourly volume is the sum of the
AM and PM directions.
Calculate Free Flow Speed (if speed limit is input in lieu of the actual free flow speed)
(from Dowling 1997)
Equation 3-6.
FreeFlowSpeed = (0.88 * SpeedLimit) + 14, for freeways and rural two-lane highways

Equation 3-7.
FreeFlowSpeed = (0.79 * SpeedLimit) + 12, for signalized highways
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Table 3-4. Hourly Traffic Distributions

Hour
Ending

Freeway, Weekday

Other, Weekday

AADT/C

AADT/C

LE 7.0

7.1 - 11.0

GT 11.0

LE 7.0

7.1 - 11.0

GT 11.0

Peak Direction

Peak Direction

Peak Direction

Peak Direction

Peak Direction

Peak Direction

AM

PM

AM

PM

AM

PM

AM

PM

AM

PM

AM

PM

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

1

0.42

0.58

0.44

0.57

0.47

0.54

0.34

0.47

0.37

0.47

0.41

0.49

2

0.27

0.33

0.27

0.34

0.27

0.32

0.21

0.28

0.23

0.27

0.24

0.28

3

0.23

0.25

0.22

0.26

0.20

0.24

0.15

0.18

0.17

0.18

0.18

0.20

4

0.23

0.22

0.21

0.21

0.18

0.18

0.14

0.14

0.16

0.15

0.17

0.18

5

0.38

0.29

0.35

0.28

0.31

0.25

0.24

0.18

0.28

0.20

0.33

0.27

6

1.17

0.68

1.12

0.69

1.06

0.72

0.74

0.42

0.81

0.48

1.03

0.67

7

3.26

1.75

3.16

1.90

2.86

2.18

2.23

1.19

2.35

1.27

2.55

1.72

8

4.83

2.90

4.59

3.05

3.90

3.27

4.11

2.28

3.85

2.39

3.57

2.79

9

3.56

2.57

3.80

2.76

3.66

3.04

3.45

2.33

3.42

2.39

3.09

2.78

10

2.58

2.24

2.75

2.30

2.94

2.53

2.64

2.29

2.69

2.31

2.68

2.47

11

2.46

2.33

2.50

2.34

2.68

2.49

2.64

2.56

2.65

2.54

2.62

2.57

12

2.56

2.56

2.61

2.61

2.73

2.69

2.90

3.02

2.90

2.98

2.83

2.89

13

2.65

2.71

2.68

2.75

2.75

2.78

3.20

3.35

3.17

3.30

3.04

3.13

14

2.70

2.77

2.75

2.81

2.82

2.86

3.14

3.24

3.14

3.22

3.06

3.13
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Hour
Ending

Freeway, Weekday

Other, Weekday

AADT/C

AADT/C

LE 7.0

7.1 - 11.0

GT 11.0

LE 7.0

7.1 - 11.0

GT 11.0

Peak Direction

Peak Direction

Peak Direction

Peak Direction

Peak Direction

Peak Direction

AM

PM

AM

PM

AM

PM

AM

PM

AM

PM

AM

PM

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Pct. of

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

Daily
Volume

15

2.93

3.12

2.93

3.15

2.97

3.15

3.18

3.44

3.116

3.37

3.21

3.34

16

3.26

4.01

3.21

3.87

3.21

3.60

3.40

4.13

3.35

3.93

3.41

3.78

17

3.47

4.81

3.38

4.43

3.28

3.82

3.46

4.78

3.49

4.49

3.47

3.92

18

3.42

4.85

3.32

4.39

3.29

3.77

3.31

4.83

3.45

4.55

3.39

3.86

19

2.66

3.23

2.66

3.20

2.82

3.22

2.68

3.23

2.75

3.31

2.82

3.12

20

1.95

2.23

1.97

2.25

2.12

2.36

2.14

2.41

2.18

2.53

2.28

2.53

21

1.54

1.78

1.54

1.79

1.62

1.86

1.73

1.97

1.75

2.07

1.83

2.09

22

1.40

1.63

1.44

1.69

1.54

1.74

1.49

1.71

1.50

1.77

1.55

1.80

23

1.14

1.30

1.19

1.39

1.27

1.46

1.10

1.26

1.11

1.25

1.22

1.29

24

0.79

0.98

0.83

1.05

0.89

1.07

0.74

0.94

0.75

0.90

0.83

0.97

50.13

49.92

50.08

49.84

50.16

49.36

50.64

49.67

50.33

49.71

50.29

TOTAL 49.87

Source: SAIC and Cambridge Systematics, Roadway Usage Patterns: Urban Case Studies, prepared for VNTSC and FHWA, July 22, 1994.
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Calculate Travel Time per Unit Distance (travel rate) for the Current and Forecast
Years
Equation 3-8.
t = {(1+(0.1225*(v/c)8))}/FreeFlowSpeed, for v/c <= 1.40
Where: t = travel rate (hours per mile); v = hourly volume; c = capacity (for an hour, defined above)
Note: v/c should be capped at 1.40 (Cambridge Systematics et al. 1998)

Compute the Recurring Delay in Hours per Mile
Equation 3-9.
RecurringDelayRate = t – (1/FreeFlowSpeed)

Compute the Delay Due to Incidents (IncidentDelayRate) in Hours per Mile. The
lookup tables from the IDAS User Manual are used to calculate incident delay. This requires the
v/c ratio, number of lanes, and length and type of the period being studied, which is set at onehour (Cambridge Systematics 2003). (For rural two-lane highways, use number of lanes = 2.)
This is the base incident delay.
If incident management programs have been added as a strategy or if a strategy lowers
the incident rate (frequency of occurrence), then the “after” delay is calculated as follows:
Equation 3-10.
Da = Du * (1-Rf) * (1-Rd)2
Where: Da = Adjusted delay (hours of delay per mile); Du = Unadjusted (base) delay (hours of delay per
mile, from the incident rate tables); Rf = Reduction in incident frequency expressed as a fraction (with Rf
= 0 meaning no reduction, and Rf = .30 meaning a 30 percent reduction in incident frequency);
Rd = Reduction in incident duration expressed as a fraction (with Rd = 0 meaning no reduction, and Rd =
.30 meaning a 30-percent reduction in incident duration).

Changes in incident frequency are most commonly affected by strategies that decrease
crash rates. However, crashes are only about 20 percent of total incidents. So, a 30 percent
reduction in crash rates alone would reduce overall incident rates by 6 percent (.30 x .20 = .06).
Compute the Overall Mean Travel Time Index (TTIm). (this includes the effects of
recurring and incident delay)
Equation 3-11.
TTIm

= 1 + FFS * (RecurringDelayRate + IncidentDelayRate)

Because of the data on which the reliability metric predictive functions do not include
extremely high values of TTIm, it is recommended that TTIm be capped at a value of 6.0, which
roughly corresponds to an average speed of 10 mph. Even though the data included highway
sections that were considered to be severely congested, an overall annual average speed of 10
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mph for a peak period was never observed. At TTIm = 6.0, the reliability prediction equations are
still internally consistent.
Computation of Reliability Metrics Using the SHRP 2 L03 “Data Poor” Equations
The equations for the 80th and 50th percentile TTIs were developed specifically for this
module using the original SHRP 2 Project L03 data.
Equation 3-12.
TTI95 = 1 + 3.6700 * ln(TTIm)
TTI80 = 5.3746/{(1 + e(-1.5782- 0.85867 * TTIm))(1/0.04953)}; TTI80 >= 1.0
TTI50 = 4.01224/{(1 + e(1.7417- 0.93677 * TTIm))(1/0.82741)}; TTI50 >= 1.0
PercentTripsOccuringLT45mph = 1 - e(-1.5115*(TTIm - 1))
PercentTripsOccuringLT30mph = 1 – {0.333 + [0.672/(1 + e(5.0366 *( TTIm - 1.8256)))]}
Where:
TTI95 is the 95th percentile TTI
TTI80 is the 80th percentile TTI
TTI50 is the 50th percentile TTI
PercentTripsOccuringLT45mph is the percent of trips that occur at speeds less than 45 mph
PercentTripsOccuringLT30mph is the percent of trips that occur at speeds less than 30 mph

Calculate Travel Time Equivalents Separately for Passenger Cars and Trucks
Equation 3-13.
TTIe(VT) = TTI50 + a * (TTI80 – TTI50 )
Where: TTIe(VT) is the TTI equivalent on the segment, computed separately for passenger cars (personal
travel) and trucks (commercial travel); a is the Reliability Ratio (VOR/VOT) = 0.8 for passenger cars;
= 1.1 for trucks

The use of the median to capture the “typical” or “average” condition is to avoid double
counting: the mean value from the full distribution has some of the variability built, the median
less so.
Compute Total Equivalent Delay Based on the TTIe, Separately for Passenger Vehicles
and Trucks
Equation 3-14.
TotalEquivalentAnnualWeekdayDelayVT = ((TTIe(VT)/FreeFlowSpeed – 1/FreeFlowSpeed) * AVMTVT
Where: TotalEquivalentAnnualWeekdayDelayVT is in vehicle-hours, separately for vehicle types
(passenger and truck for now); AVMTVT = HourlyVolume * SectionLength * Pct * 260;
Pct = percent of trucks in traffic stream (for commercial traffic) or 1 - percent of trucks in traffic
stream (for passenger travel)
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Compute Congestion and Reliability Costs
Equation 3-15.
TotalDelayCostVT = TotalEquivalentAnnualWeekdayDelayVT * UnitCostVT

Equation 3-16.
RecurringDelayCostVT = TotalDelayCostVT * (TTI50/TTIe(VT))

Equation 3-17.
ReliabilityCostVT = TotalDelayCostVT - RecurringDelayCostVT

Costs should be computed separately for each vehicle type (passenger vs. commercial)
and summed.

Assessing the Impacts of Highway Improvements
Highway improvements of various types need to be translated into changes in the input
parameters. Specifically, improvements can affect:
• Capacity
• Volume
• Incident Characteristics
If a capacity analysis is not done offline, then the Module will compute a new capacity
for the improvement if there are changes in:
• Number of lanes or truck percentage (freeways)
• Number of lanes, truck percentage, or green-to-cycle ratio (signalized highways)
• Truck percentage of grade (two-lane highways)
• Free flow speed (all highways)
Additional geometric improvements may be considered if the user performs an offline
capacity analysis. Examples include lane and shoulder widening, median separation, and turn
lane additions at signalized intersections. Offline capacity analysis will also identify the increase
in capacity due to signal progression and converting stop sign-controlled intersections to signal
control.
If an improvement changes the Volume (AADT or traffic growth rate), the user needs to
indicate the change. This can only be done offline – the module doesn’t deal with estimating
demand changes.
For Incident Characteristics, the Module uses both incident frequency and incident
duration to estimate nonrecurring delay. Incident frequency is primarily affected by reductions
in crashes (a subset of total incidents) due to safety improvements. Crash reduction factors for a
wide variety of geometric and operating improvements can be found in the Highway Safety
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Manual. Chapter 2 of this document discusses how these are incorporated into the procedure.
Note that a safety improvement can also increase capacity – the user should check if this is the
case and perform an offline capacity analysis if warranted.
Incident duration is affected by incident management strategies. The information in
Table 3-5 can be used to determine the reduction in incident duration.
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Table 3-5. Incident Management Impacts
Improvement

Impact

Incident Management: Improving from Atlanta – Average time between first report and incident verification was reduced by 74% – Average time between verification and
no formal IM program to a program that response initiation reduced by 50% – Average time between incident verification and clearance of traffic lanes reduced by 38% – The
includes detection, verification, and
maximum time between incident verification and clearance of traffic lanes was reduced by 60% (1).
service patrols
Houston – Average 30-minute incident duration reduction (2).
IDAS Model recommends a default reduction in incident duration of 9% for incident detection, 39% for incident response systems, and
51% for combination incident detection and response systems (3).
Georgia (Navigator) – Reduced incident clearance time by an average of 23 minutes, incident response time reduced by 30% (4).
Maryland (CHART) – Reduced the blockage duration from incidents by 36%. This translates to a reduction in highway user delay time
of about 42,000 hours per incident (5).
15% to 38% reduction in all secondary crashes, 4% to 30% reduction in rear-end crashes, and 21% to 43% reduction in severe secondary
crashes (4).
RECOMMENDATION

Based on CHART, reduce incident lane-hours lost by 36%.

Improved equipment for incident
detection and verification (CCTV)

Brooklyn – Average time required to clear incident from roadway has been reduced by 66% (6).
San Antonio (TransGuide) – 20% improvement in response time (21% reduction for major incidents and 19% for minor incidents) (7).

RECOMMENDATION

Based on TransGuide and assuming that incident response time is 20% of incident duration time, reduce incident duration by 4%.

Improved interagency communications
for incident detection and verification

Minneapolis/St. Paul (Highway Helper) – Automatic tow truck dispatch program is credited with a 20-minute reduction in incident
response and removal times (85% improvement) (8).

RECOMMENDATION

Assuming that response time is 20% of incident duration time, reduce incident duration by 17%.

Improved equipment and service for
incident response

Hayward, California – 38% reduction in incident duration – 57% reduction in breakdown duration (9).
Northern Virginia – Reduction in duration for all incidents is 2 to 5 minutes for cell phone in response vehicles, 2 to 5 minutes for CAD
screens in response vehicles, and 4 to 7 minutes for GPS location for response vehicles (10).
Oregon – The duration of delay-causing incidents decreased by approximately 30% on Highway 18, and 15% on Interstate 5 (service
patrol addition) (11).
Pittsburgh – Service patrol reduced response time to incidents from 17 to 8.7 minutes (12).
Washington State – Average freeway incident clearance time for large trucks reduced to 1.5 hours from 5 to 7 hours without the
incident response team (13).

RECOMMENDATION

For the implementation of service patrols, reduce incident duration by 38%.

Source: Cambridge Systematics et al., Analytical Procedures for Determining the Impacts of Reliability Mitigation Strategies, Report S2-L03-RR-1,
Transportation Research Board, 2013.
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RELIABILITY MODULE USER’S GUIDE AND INSTRUCTIONS
Introduction and Purpose
The Reliability Module is one of the economic analysis tools developed from SHRP 2
Project C11. It is a sketch planning corridor spreadsheet tool based on SHRP 2 Reliability
Project L03 research that estimates the benefits of improving travel time reliability for use in
benefit/cost analysis. Local travel time reliability data are not required because reliability
measures are embedded in the L03 work. Agencies will typically have the required inputs (e.g.,
traffic volume, roadway capacity, AADT, percent trucks, number of lanes, and growth rate).

Before You Start
1) Download “SHRP 2 C11 Reliability Module.xlsm" and open it using Microsoft Excel. (A
version number is usually added to the end of this file name such as “SHRP 2 C11
Reliability Module v9.2.xlsm”.)
2) Enable Macros. If prompted to Enable or Disable Macros when the file opens, be sure
to choose Enable. To permanently enable Macros in Microsoft Excel 2007 & 2010,
follow these steps:
a. For Excel 2007 and 2010, first click on the Office Button (upper-left corner).
b. Click on Excel Options.
c. Select the Trust Center options and click Trust Center Settings (Figure 3-3).
Figure 3-3. Screenshot of Trust Center Settings
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d. In Macro Settings, click the radio button Enable All Macros (Figure 3-4).
Figure 3-4. Screenshot of How to Enable All Macros

e. For earlier versions of Excel, navigate to Tools>Options. Go to the Security Tab
and click Macro Security. Select Low.
3) Be familiar with two key concepts:
a. Scenario: A scenario represents a set of highway and traffic conditions. It is
input and named by the user, which is saved and reported on by the tool. These
Scenarios are kept even after the program is closed.
b. Session: A session is consisted of a set of scenarios. If there are Scenarios saved
when the Reliability Module is opened, this is considered to be a previous
Session. When a new Session is created, all scenarios created in the previous
session are deleted. Users can save the Reliability Module under a different file
name to retain the previous session.

Quick Start Guide
To create a new Scenario, erasing any Scenarios currently in file, follow these steps:
1) Open the file (choose to enable Macros if prompted).
2) Choose the tab named “2 – INPUTS”.
3) Click Begin a New Session.
4) Click Yes.
5) Click Yes (Reminder: all Scenario data will be deleted).
6) In the Scenario Inputs window, click New Scenario.
7) In the New Scenario window, enter a Scenario name.
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8) If using default input values, check Using Default Values.
9) In the Scenario Inputs window, enter all required input data.
10) Click Save Scenario to save this Scenario.
To create a new Scenario, in addition to Scenarios currently in file, follow these steps:
1) Open the file (choose to enable Macros if prompted).
2) Choose the tab named “2 – INPUTS”.
3) Click Resume a Previous Session.
4) In the Scenario Inputs window, click New Scenario.
5) In the New Scenario window, enter a Scenario name.
6) If using default input values, check Using Default Values.
7) In the Scenario Inputs window, enter all required input data.
8) Click Save Scenario to save this Scenario.
To View results, click on Results while in the Scenario Inputs window. Be sure to have
entered (and saved) at least one Scenario before attempting to view Results.

Entering Inputs
Figure 3-5 shows the screen that will appear when you open the Reliability Module for
the first time (Figure 3-5). Here users can see when their version of the Reliability Module was
last updated, as well as a brief set of instructions for the tool. To begin entering data, click on the
tab labeled “2 – INPUTS” and follow the instructions listed by each button.
Figure 3-5. Screenshot of Opening Tab of Reliability Module (1-START)
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On the 2 - INPUTS worksheet, the user is able to open an input window, choosing to
either keep or discard data from a previous session (Figure 3-6). There is also the option to
unhide (password-protected) sheets used in the background of the tool.
Figure 3-6. Screenshot of First Screen on the Inputs Tab –Tab 2

Using the Scenario Inputs window
Click “Resume a Previous Session” on the 2 – INPUTS tab to bring up the Scenario
Inputs window, shown in Figure 3-7 (Descriptions of the Navigations buttons are in Table 3-6
and inputs and their descriptions are shown in Table 3-7) .
Figure 3-7. Screenshot of the Scenario Inputs Page –Tab 2
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Here, the user is able to enter all pertinent information about a specific Scenario.
Separate buttons are available to create (new scenario), save, and delete Scenarios, and navigate
to the 3 – Results tab.
Table 3-6. Buttons in the Inputs Window – Tab 2
Buttons in the Inputs window
New Scenario

Brings up a dialogue for creating a new Scenario.

Save Scenario

Saves the currently entered data to the Scenario selected from Scenario Name.

Delete Current Scenario

Permanently deletes the Current Scenario from the Scenario Name drop-down.

Results

Navigates to the Results tab.

Table 3-7. Input Fields and Their Meanings – Tab 2
Field Name

Req?

Description

Scenario Name

Yes

A unique name used to describe a Scenario.

Description

No

An optional description of the Scenario.

Time Horizon

Yes

Number of years into the future for which the analysis applies.

Analysis Period

Yes

Specify the hours of the day for which the analysis will be run

Highway Type

Yes

Freeway, Signalized, or Two-lane Rural.

Beg. Milepoint

Yes

Beginning milepoint is used with end milepoint to determine length
of highway to analyze.

End Milepoint

Yes

Ending milepoint is used with begin milepoint to determine length
of highway to analyze.

No. of Lanes (One-way)

Yes

The number of lanes in one traffic direction (does not apply to
Two-lane Rural).

Free Flow Speed

Yes

Free Flow Speed (FFS) is the average speed that a motorist would
travel if there is no congestion or other adverse condition.

Using speed limit

Yes

This is a checkbox. When checked, the FFS field can be used to
enter the posted speed limit, which is then used to calculate the
FFS.

Current AADT

Yes

Current annual average daily traffic volume

Est Annual Traffic
Growth Rate

Yes

Estimated future annual average daily traffic volume

Pct. Trucks in Traffic

Yes

Percent trucks in the traffic stream (combinations + single units)

Peak Capacity

Yes

Peak capacity as determined using Highway Capacity Manual
procedures

Terrain

Yes

Flat, Rolling, or Mountainous. Can be used to calculate Peak
Capacity.

Personal Travel Time
Unit Cost

Yes

Unit cost of travel time, personal ($/hour): Default = $19.86
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Field Name
Commercial Travel Time
Unit Cost
Reduction in Incident
Frequency

Req?

Description

Yes

Unit cost of travel time, commercial ($/hour): Default = $36.05

Yes

Reduction in incident frequency, expressed as a percentage, due to
the addition of an incident management program/ strategy. Default
= 0%

Reduction in Incident
Duration

Yes

Reduction in incident duration, expressed as a percentage, due to
the addition of an incident management program/strategy. Default
= 0%

Personal Reliability
Ratio

Yes

The ratio of value of travel time reliability over value of travel time
for the general motorists. Default = 0.8

Commercial Reliability
Ratio

Yes

The ratio of value of travel time reliability over value of travel time
for commercial vehicles. Default = 1.1

Route

No

Route name.

Beg. Landmark

No

Name of beginning landmark.

End Landmark

No

Name of ending landmark.

Entering a New Scenario
To enter a new scenario, click the New Scenario button in the Scenario Inputs window,
which brings up the dialog shown in Figure 3-8.
Figure 3-8. Screenshot of New Scenario Input Screen – Tab 2

Here, the user is able to enter a Scenario name and choose whether or not to
automatically fill in the default values for several input parameters. Checking Use Default
Values will fill in default values for the following data fields (Table 3-8).
Table 3-8. Default Values for the Reliability Module
Data Field
Personal Travel Time Unit Cost
Commercial Travel Time Unit Cost
Reduction in Incident Frequency
Reduction in Incident Duration
Personal Reliability Ratio
Commercial Reliability Ratio

Default Value
$19.86
$36.05
0%
0%
0.8
1.1
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Back in the Scenario Inputs window, changing the Scenario name within the Scenario
Name field will save the Scenario under a different name.
NOTE: If there are no Scenarios currently saved, please enter and save a Scenario before
attempting to explore the functionality of the Reliability Module. Not doing so may impact the
proper running the program!
If there are no Scenarios entered and the program stops working, close the program
without saving it, reopen the file, and enter a Scenario using the steps outlined above.

Obtaining Results
In the tab labeled “3 – RESULTS”, results are displayed for each scenario entered
through the 2 – INPUTS tab. By default, the results are given in a summary form, with scenarios
organized in columns. A detailed, hourly view is available for individual scenarios as well. For
more detailed information about the results, including their calculation, please refer to the
Reliability Technical Guide in Chapter 2.

Organization of results
The “Current Year” contains the following:
a) Congestion Metrics - Key measures of congestion, such as overall travel time mean
index, 95th and 80th percentile travel time index, and percent of trips that occur at
speeds less than 45 mph and 30 mph.
b) Total Annual Weekday Delay - Total annual weekday delay in vehicle-hours,
categorized by congestion types (recurring and incident delay) and vehicle types
(passenger and truck).
c) Total Annual Weekday Congestion Costs – Total annual weekday delay cost
incurred by congestion, categorized by congestion types (recurring and unreliability
costs) and vehicle types (passenger and truck).
The “Future Year”, which is determined by Time Horizon, contains:
a) Congestion Metrics - Key measures of congestion, such as overall travel time mean
index, 95th and 80th percentile travel time index, and percent of trips that occur at
speeds less than 45 mph and 30 mph.
b) Total Annual Weekday Delay - Total annual weekday delay in vehicle-hours,
categorized by congestion types (recurring and incident delay) and vehicle types
(passenger and truck).
c) Total Annual Weekday Congestion Costs – Total annual weekday delay cost
incurred by congestion, categorized by congestion types (recurring and unreliability
costs) and vehicle types (passenger and truck).
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Table 3 9. Buttons in the Results Tab – Tab 3
Scenario Inputs
Details
(if in Summary view)
Summary
(if in Details view)
Ctrl+Shift+D

Buttons in the Results tab
Brings up the Scenario Inputs window.
Displays the hourly results for a particular Scenario.
The default view, showing aggregated results for all scenarios.
Pressing Ctrl+Shift+D brings up the Calculation Debugger. The Calculation
Debugger is a dialog that shows many more variables, calculated in the background,
that are not needed for normal use.

Summary View
In the Summary view (Figure 3-9), aggregated results are shown for all Scenarios. To
view the hourly results for a particular Scenario, click in the column containing the desired
Scenario and then press Details. In the case below, pressing Details would show hourly results
for Scenario “Freeway,” as a cell in the column with the results for “Freeway” has been selected.
Figure 3-9. Screenshot of the Result Summary Page – Tab 3
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Details View
In the Details view (Figure 3-10), hourly results are shown for one specific Scenario.
Several input parameters are displayed in italics underneath of the Scenario name, and pertain
only to the Scenario being currently viewed.
Figure 3-10. Screenshot of the Details View of Results – Tab 3

Calculation Debugger
Pressing Ctrl+Shift+D while in the 3 – RESULTS tab brings up the Calculation
Debugger window. Here, many variables that are used in calculating the results are displayed
and organized by Scenario, year, and hour. Below, one can see that by scrolling down through
the Calculation Debugger window, one can view the data from all Scenarios presently saved in
the Module (Figure 3-11).
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Figure 3-11. Screenshots of the Calculation Debugger

Note on Saving and Closing the File. Inside the Scenario Inputs window, any changes
to Scenario data must be saved manually using the Save Scenario button (see Figure 3-12). If
there are any unsaved changes (to a Scenario) when a user attempts to either create a new
Scenario or view Results, the user will first be prompted to save these changes. The field(s)
where changes have been made are marked in red, and the user can choose to continue and save
the change(s), continue and discard the change(s), or cancel and remain in the Scenario Inputs
window.
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Figure 3-12. Screenshot of Reminder to “Save Before Continuing”

However, upon closing the file, there will never be a prompt to save changes, even if the
3 – RESULTS tab has been changed from Summary to Details view (or vice versa). This is
because the Reliability Module has been setup to automatically save at points such as this, for the
user’s convenience.
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CHAPTER 4
CONNECTIVITY
This chapter was written by ICF International.

TECHNICAL GUIDE
Introduction and Purpose
This section provides an overview of the methodology used by the tool for assessing the
value of intermodal connectivity. The tool can be used in conjunction with other tools developed
through the C11 project to estimate the economic development benefits of a highway
improvement. The value of an intermodal terminal is that it connects different modes of
transportation, enabling passengers and freight to reach a greater number of destinations by
accessing transportation modes with more preferable service and cost characteristics.
The connectivity value provided by a terminal is related to the type of service that it
connects to, the location of the terminal, the overall level of activity at the terminal and the
number of other locations that can be reached through the terminal. The tool methodology
proposed here provides data and requests user inputs to evaluate each of these aspects of
connectivity. The tool also requests data on the proposed highway improvement which is used to
estimate how this investment will affect the facility and connectivity.

Specification of Inputs
There are three different types of terminal data required by the tool. Some of these data
are included within the tool, while the user is required to enter some of the data. The data
included in the tool is drawn primarily from public data sources. Data pre-loaded in the tool
covers three categories: the level of activity of a terminal, the value of goods moved (for freight)
and the number of locations served by the facility. The level of activity includes tonnage or
containers for freight or trips for passenger modes. The value of goods is measured in value per
ton or value per container. The number of locations served measures how many other unique
geographic areas (domestic and international) this terminal connects to.

User Inputs
In the Intermodal Facility Inputs page, the user selects the state where they want to
evaluate a facility and the type of facility (airport freight, airport passenger, rail freight, rail
passenger, marine freight). From a drop-down menu the user then selects the specific intermodal
terminal that will be affected by the proposed improvement.
In the Improvement Inputs section, the user specifies the distance of the improvement
from the facility, the number of trucks or passenger vehicles on the segment improved, the hours
saved per truck or passenger vehicle, the value per vehicle hour saved and the fraction of
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vehicles on the segment associated with the intermodal terminal being evaluated. Default values
for the value of a truck hour or passenger vehicle hour are included. A value of $18 per
passenger vehicle hour saved is used. This is based on an average vehicle occupancy of 1.59 and
an average value of personal time of $11.24 per hour. For freight, the default value of a truck
hour (including crew cost and freight logistics cost) is assumed to be $86 per hour (Schrank et al.
2012).
An exponential distance decay function provides a default value for the percentage of
passenger or freight vehicles operating on a segment associated with an intermodal facility. This
value assumes that the benefit of a roadway improvement to an intermodal facility decreases as
the distance from the facility affected increases. The further from the intermodal facility the
roadway improvement is, the fewer vehicles there are that are travelling to or from the
intermodal facility. It is recommended that the user provide an actual estimate of the percentage
of vehicles accessing the intermodal facility from the improved roadway segment, but the default
values can be used to make some rough comparisons of the relative value of different roadway
improvements and affected facilities in a region.

Output and Calculations
Connectivity Index
The tool combines the data inputs into an index that will measure the connectivity value
provided by the terminal and can be used to compare connectivity at different terminals. This
can help prioritize and select highway improvements with access to terminals offering higher
levels of connectivity. Our approach involves developing an index for each mode separately.
The general form of the calculation for the freight and passenger index is shown below.
Equation 4 1.
Freight connectivity index = Tons of freight * Average value per ton * Number of distinct
locations served

Equation 4-2.
Freight connectivity index = Containers of freight * Average value per container * Number of
distinct locations served

Equation 4-3.
Passenger Connectivity Index = Number of passengers * Number of distinct locations served

Because of data limitations, the approach above varies somewhat by mode.
Marine. For marine freight, total containers and tons arriving and leaving from the port
are multiplied by an average value per ton and average value per container estimated from
Freight Analysis Framework (FAF) data. This number is then multiplied by the number of origin
and destination ports served. The number of distinct port locations served is estimated based on
the vessel entrances and clearances data. This data shows the previous and next port for all the
vessels entering specific ports. One limitation of this approach is that this data doesn’t show
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information on multi-stop container ship routes that may occur before the previous port clearance
or after the next planned port arrival.
Air Passenger. For airport passenger facilities, the information is drawn from US
Department of Transportation’s T-100 Domestic and International Air Carrier Data, available
from the Bureau of Transportation Statistics (BTS) to determine the number of passengers
arriving at or leaving from the airport. We measured connectivity by the number of distinct
locations that are served by direct flights.
Air Cargo. For air cargo, total freight tons is multiplied by the number of origins and
destinations and an average value per ton to estimate the index. The average value per ton is
derived from FAF data estimated at the state level. These are multiplied together to calculate a
connectivity index.
Freight Rail. For freight rail intermodal terminals, we estimate activity using the annual
container lift capacity of the terminal. An average value per container, based on FAF data, is
used to estimate value. Connectivity is estimated using the number of origin-destination
multimodal markets served, from the Federal Highway Administration’s Freight Analysis
Framework (FAF data is available from FHWA’s Office of Freight Management and Operations
website at: http://www.ops.fhwa.dot.gov/freight/freight_analysis/faf/index.htm). These include
city pairs, but also larger geographical areas for smaller markets. The tool currently focuses the
rail calculation on rail intermodal container facilities.
Passenger Rail. For passenger rail, we focus on Amtrak intercity rail terminals. Total
tickets and number of locations served are used to estimate an index for these facilities. Table 41 shows the data that is be used to perform the calculations for each mode.
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Table 4-1. Types of Data by Intermodal Terminal Type and Source
Intermodal
Facility
Type
Marine Port Freight

Airport –
Passenger
Facility

Airport –
Cargo
Facility

Freight Rail
Intermodal
Terminal

Passenger
Rail
Terminal

Input

Data

Source

Facility

Top marine ports by state

US Army Corps of Engineers
Ports and Waterways Facilities

Activity Level

Total containers
Total tons

US Army Corps of Engineers,
2009 Waterborne Commerce
of the United States

Connectivity

Number of unique port destinations
and origins

US Army Corps of Engineers,
Vessel Entrances and
Clearances Data

Value

Value per ton
Value per container

Freight Analysis Framework

Facility

Passenger airports by state

US DOT T-100 Domestic and
International Air Carrier Data

Activity Level

Total passengers

US DOT T-100 Domestic and
International Air Carrier Data

Connectivity

Direct flights to how many distinct
airport destinations

US DOT T-100 Domestic and
International Air Carrier Data

Facility

Cargo airports by state

US DOT T-100 Domestic and
International Air Carrier Data

Activity Level

Freight tons

US DOT T-100 Domestic and
International Air Carrier Data

Connectivity

Number of unique airport
destinations and origins served

US DOT T-100 Domestic and
International Air Carrier Data

Value

Value per ton

Freight Analysis Framework

Facility

Major intermodal terminals

FHWA Intermodal Connector
Facility List

Activity Level

Annual lift capacity (user input)
Average value per container

Value per container estimated
from FAF

Connectivity

Number of unique rail origins and
destinations served by rail for
region.

Freight Analysis Framework
database

Facility

Major Amtrak stations

Amtrak website

Activity Level

Total tickets (departing and
arriving)

Amtrak National Fact Sheet

Connectivity

Number of origin and destination
stations

Amtrak website
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Weighted Connectivity
The output of the calculations described above is a relative facility connectivity index for
each intermodal terminal. This score is then multiplied by the savings associated with the
highway improvement estimated from the “Improvement Inputs” entered by the user (described
above). The number of vehicles associated with the facility multiplied by the hours saved per
vehicle and the value of time are used to estimate the value of the highway segment
improvement to the vehicles accessing the intermodal facility. This value is multiplied by the
relative connectivity index for a facility to estimate a weighted connectivity value.

Value for Benefit Assessment
The freight and passenger weighted connectivity scores can be used to rank different
investments on their relative value for improving intermodal connectivity.

Updating the Tool
Most of the data sources used in the tool are updated on an annual basis, and therefore the
tool could be updated on a periodic basis with publically available data. Some processing would
be required for most of the databases used. In addition, the tool contains formulas that search for
specific ranges within each database. These formulas and ranges would need to be updated if the
data is updated. The databases used by the tool can be accessed in the hidden data sheets
contained in the tool.

CONNECTIVITY MODULE USER’S GUIDE AND INSTRUCTIONS
Introduction and Purpose
The intermodal connectivity tool evaluates the impact of roadway improvement on
intermodal connectivity. The tool estimates a connectivity value that can be used to compare the
relative value of different roadway investments for connectivity at specific intermodal terminals.
The intermodal connectivity tool requires two types of inputs and generates outputs in a
separate tab. On the Inputs tab, the user first selects which intermodal facilities they want to
evaluate for the impact of a proposed roadway improvement. The user then enters the
characteristics of the roadway improvement they are considering. Then on the Results tab, the
user reviews the outputs provided by the tool, which show data on the relative connectivity value
that a roadway improvement provides for the different intermodal facilities specified. The three
tabs are described below in more detail.

Entering Inputs
To enter inputs, click on the tab labeled “1-START” and review brief instructions on
using the tool.
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Intermodal Facility
Click on the tab labeled “2-INTERMODAL FACILITY INPUTS” at bottom of the
workbook to enter the facility inputs (See Figure 4-1). In field 1a the user selects the state where
they desire to evaluate intermodal facilities. In field 1b, the user selects the type of intermodal
facility they would like to evaluate (airport freight, airport passenger, rail freight, passenger rail,
marine freight). In field 1c the tool provides a drop-down list of facilities of that type covered by
the tool. If available, the tool shows the county where the facility selected is located. If the
facility selected is rail freight, then the user should also provide the annual container lift capacity
of the facility in field 1d. If the user does not have this information, the web address listed in the
text box next to unit lift capacity field can be used to locate contact information for rail
intermodal facilities. The user can contact the facility to obtain the container lift capacity
information to enter into field 1d. The user can select up to three different facilities to evaluate
at once. In the case below, the user has selected the same facility, but will evaluate the impact of
different improvements on the facility.
Figure 4-1. Tab 2 - Intermodal Facility Inputs

Improvement Inputs
Click on the tab labeled “3 – IMPROVEMENT INPUTS” at bottom of the workbook to
choose improvement inputs. (See Figure 4-2). The state, facility type and facility names shown
in blue shaded boxes are populated from the information previously entered (for a description of
these inputs, see Table 4-2). The user enters a name for the roadway improvement being
considered in field 1a (eg., “Highway 94 Access Improvements”). In field 1b, the user enters the
distance of the transportation improvement from the intermodal facility being evaluated, in
miles. Distance could be calculated using any appropriate mapping software (including free
software such as Google Maps).
In field 1c, the user enters the number of trucks within the study area. This is the number
of trucks (for freight facilities) or passenger vehicles (for passenger facilities) per year using the
highway improvement segment in a year. The total number of trucks or passenger vehicles using
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the highway improvement segment should be entered by the user, even though only a fraction of
these may be associated with the facility.
In field 1d, the user enters the hours saved per truck for freight facilities, or hours saved
per passenger car for passenger facilities. This value should be entered as the fraction of an hour
(i.e. 10 minutes should be entered as 0.1667 or =10/60).
In field 1e, the user enters the value per truck hour for freight facilities, or the value per
passenger vehicle hour saved for passenger facilities. For freight facilities, this value is a
combined crew cost and freight logistics costs, and the two cost components should be summed
together before entering the value. Alternatively, a default value for per truck hour value of time
or per passenger vehicle hour of time are provided. Users can either use the calculated default
value, or enter their own value based on available information. If a value is entered into 1e, that
value will be used, rather than the default value.
In 1f, the user should enter the fraction of trucks at infrastructure investment location
associated with intermodal location, if information is available. For instance, a user may have
local survey information on the percent of vehicles accessing an intermodal facility from a
specific roadway. Entries must be between 0 and 1 (i.e. 30% of vehicles using the highway
improvement segment and accessing the intermodal facility should be entered as 0.3).
Alternatively, a default value for the fraction of trucks at infrastructure investment location
accessing the intermodal location is calculated using an exponential distance decay factor based
on the distance. This factor assumes that the further away from the intermodal facility that the
roadway improvement occurs, the less impact it will have on the intermodal facility. If a value is
entered into 1f, that value will be used in the calculation, rather than the default value.
Table 4-2. Roadway Improvement Inputs for Tab 3
Input

Description

1b. Distance of Improvement
from Facility (miles)
1c. Number of trucks within
study area

Calculate the distance in miles of the transportation improvement to the proposed
facility using Google Maps or other appropriate mapping software
The number of trucks or passenger vehicles per year using the highway
improvement segment. The total number of trucks or passenger vehicles should be
entered, though only a fraction may be traveling to the facility
The hours saved per truck for freight facilities, or hours saved per passenger car for
passenger facilities. This value should be entered as a fraction of an hour (i.e. enter
10 minutes as 0.1667)
The assumed value per truck hour saved for freight facilities, or the value per
passenger car hour saved for passenger facilities. Users can either use the
calculated default value, or enter their own value based on available information. If
a value is entered in 1e., that value will be used in the calculation, rather than the
default. For freight facilities, this value is a combined crew cost and freight
logistics costs, and the two cost components should be summed together before
entering the value, if the default is not used.
This factor assumes that the further away from the intermodal facility the
improvement is, the less impact it will have on the intermodal facility. A default
exponential distance decay factor is calculated based on the distance. Users can
either use the calculated default value, or enter their own value based on
differences in local information. If a value is entered in 1f., that value will be used
in the calculation, rather than the default value.

1d. Number of trucks within
study area
1e. Value per truck hour saved

1f. Fraction of Trucks
Associated with Intermodal
Facility
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Figure 4-2. Screenshot of Tab 3 - Roadway Improvement Inputs Page

Obtaining Results
Click on the tab at bottom of the workbook labeled “4-RESULTS” to view your results.
Then view and print out estimated relative connectivity value. Depending on the type of facility
selected, the tool will calculate different indices. By comparing the relative connectivity value
produced by different roadway investments, the user can determine which provides the greatest
benefits to intermodal connectivity.
This sheet shows the raw data for level of activity, value of shipment, number of unique
origins/destinations for the selected facility. It also provides the raw score of the connectivity
index, prior to it being adjusted for the roadway Improvement inputs. This sheet also provides
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the relative level of activity of the selected facility as a percentage of the highest level of activity
from a facility of the same type, the relative value of the facility’s shipments compared to the
highest value of shipped goods from a facility of the same type, the relative number of unique
origins/destinations of the facility compared to the highest number of unique origins/destinations
of a facility of the same type, and the relative connectivity score of the facility compared to the
highest connectivity score of a facility of the same type. For instance, a relative activity value of
33.8 percent for a freight airport would indicate that the airport has an activity level (in tons) that
is 33.8 percent of the largest air cargo facility in the country. There is no value associated with
passenger modes, and thus there is no relative value associated for passenger modes either.
Additionally, this sheet also provides a summary of the project improvements. This
includes the number of trucks/passenger vehicles annually travelling through the highway
improvement segment, the total hours saved due to the improvement for all trucks/passenger
vehicles, and the total value of time saved for all trucks/passenger cars. Additionally, using
information from the Improvement Inputs sheet, the Results sheet shows the number of
trucks/passenger cars associated with the intermodal facility in a year, the time savings for the
facility over a year, and the annual value of time savings for the facility (See Figure 4-3). This
value of time savings for the facility is multiplied by the raw connectivity value to find a
weighted connectivity. The weighted connectivity score can be used to rank how different types
of roadway improvements compare to each other in terms of improving intermodal connectivity.
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Figure 4-3. Screenshots of Results Pages – Tab 4
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CHAPTER 5
ACCESSIBILITY
This chapter was written by The Texas Transportation Institute.

TECHNICAL GUIDE
Introduction and Purpose
The specific objective for this research is to develop sketch plan approximations to the
economic value for market access. To aid that objective, this section provides the technical
report documenting the methodology and framework for first determining market access and
second determining an order of magnitude approximation of the value of that access. Market
access is an important intermediate determinant of regional macroeconomic change.
Infrastructure investments can affect the pattern of interregional linkages, location, or expansion
of economic activity, and the kinds of activity that develop, in part, because of the implications
for cost savings and productivity implications. The argument relies on the logic that one ﬁrst
needs to have access to a market before one can beneﬁt from it. Transportation networks play a
crucial role in providing systems and agents linkages in economic space via access to markets
and sectors that comprise those markets. The economic value of market access can be drawn
from theories of agglomeration, new economic geography, and site selection decisions of
businesses. Of these, theories of agglomeration and new economic geography offer the most
potential for the development of linkages between access to markets and value attributable to that
access.

Access to Buyer-Supplier Markets-Objectives
The objectives of buyer-supplier type market access measures are to provide simple tools
to serve as an aid in transportation planning by allowing transportation planners and other users
to:
1) Estimate region-based access to markets at any point in time or from a transportation
improvement for a set of regions (zones). These are proxies for production, consumption,
and distribution related economic triggers (scale, scope, input matching, sharing, etc.)
that may be induced by transportation improvements.
2) Measure transport-induced access changes to specialized inputs (labor, in this case),
which is useful when there is a specialized industry sector located in the impact
region/study area.
3) Facilitate market access comparisons for the same zone and impact area at separate
temporal scenarios and/or build scenarios.
4) Facilitate market access (as performance metrics) comparisons at a given point in time
across zones.
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5) Facilitate market access (as performance metrics) aggregate comparisons for impact area
versus another benchmark or control area, data permitting.
6) Provide an order-of-magnitude assessment of the potential economic implications of
changes in transportation-induced access, in terms of productivity gains or losses in
dollar terms for a study area.
7) Provide value in corridor planning, project planning and visioning exercises when
promoting economic opportunity by emphasizing the “where” of the investment.

Framework for Measuring Market Access and Value
A broad framework for approximating the effect of market access to determine potential
economic value must necessarily draw on theories of agglomeration. The framework is based on
following components:
• Identification of the relevant markets and the associated economic triggers for market
access to have economic value and the user groups they are applicable to. This is
encapsulated in Figure 5-1, Tables 5-1 and 5-2.
• Sensitivity to transportation costs and transportation scenarios.
• Spatial scale for consideration, aggregation, and comparability.
• Spatial unit within the context of spreadsheet driven tools.
• Types of measures and economic Implications of access changes.
• Simplicity in communicating.

Relevant Types of Markets and Economic Triggers
Figure 5-1 and Table 5-1 provide a useful starting point for the identification of
economically relevant markets from supply and demand perspectives originally laid out by
Quigley (1998). Table 5-1 has been adapted from Quigley’s work and includes features (or
economic triggers) that were identified by Quigley that allow us to identify the pertinent markets.
It also includes dispersion economies identified by Polenske (2003) as an additional trigger.
Since firms use factors in the production process (backward linkages) to provide goods and
services sold in the final consumption side markets (forward linkage), transportation networks
become the mechanisms for enabling linkages between those markets. Table 5-1 attempts to
provide a framework for capturing the economic value associated with market access by
considering a) the economic triggers and b) the relevant markets from three perspectives of
production, consumption and distribution. These are further refined in Table 5-2.

User Groups
The three perspectives mentioned above are known to impact all highway users
(passengers and freight) since market access associated with transportation cannot occur in a
vacuum. The transportation network is characterized by users—passengers (including
commuters who provide labor supply) and freight (truckers in the case of highway networks).
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Hence, the three market types shown in Figure 5-1 and two user groups (passengers and freight)
must be effectively connected in meaningful ways so that economic value may be inferred from
those measures. Table 5-2 formalizes these concepts into specific markets and how they may be
measured as well as the specific user groups to which they apply.
Figure 5-1. Highways, Market Access, and Agglomeration Drivers

• Agglomeration Drivers from
Impacted Economic Factor
• Economies of scale/scope

• Direct
Trigger

• Input/customer sharing/buyerseller sharing

• Transport
Costs

• Statistical agglomeration/Law
of large numbers
• Producer/Consumer Chains

• Markets- Economic Space of Opportunities:
• Buyer and seller markets- Economic activity
centers, Labor markets
• Input sources and manufacturing plant
locations/production site/Assembly sites
(Upstream/Backward linkages)
• Plant Locations and Distribution Sites
(Downstream /Forward linkages)
• Distribution sites and final goods/products
demand markets (Point of sale) (Downstream
linkages)
• Production/Distribution sites to Transfer
points (Forward Linkages)
Source: Quigley 1998, Quigley 2008 and Polenske 2002.
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Table 5-1. Transportation, Agglomerative Implications from Production, Consumption,
Distribution Perspectives
Economic
Trigger

Urbanization/
Localization

Production
Perspective-A

Consumption
Perspective-B

Distribution
Perspective-C

Scale
economies
and scope

No/
Indivisibilities
leading to
higher outputs
and benefits.

Occurs within
firms with larger
plant sizes
(industries
associated with
productionmanufacturing)
Lower unit costs.

Public goods.
Diversity in
consumer goods.
Lower unit costs
with access to larger
centers (e.g., retail).

Reduction in
transportation costs for
large centers (distribution,
terminals) (e.g., Walmart
distribution center) and for
cargo load bundling.

Shared inputs

Yes/Yes

Shared inputs in
production.

Shared inputs in
consumption of
differentiated goods
(amenity markets for
example).

Lower unit distribution
costs.

Transaction
costs
(transportatio
n costs) and
pooling labor

Yes/Yes

Lower unit costs
by enhances
access to
suppliers-buyers.

Lower unit prices via
access customer
markets and
shopping districts.

Lower unit distribution
costs.

Law of large
numbersstatistical
economies

Yes/Yes

Access to large
number of
suppliers/supply
pooling.

Access to more
markets for services
goods/diversification
risk associated with
single buyer.

Lower unit distribution
costs.

Economies of
dispersion,
(Horizontal
or Vertical
networks)

No/Yes and
Dispersion

Producer chains,
Access to
specialized
markets within
chains.

Access to
demand/distribution
markets.

Reduction in distribution
costs.

Source: Quigley 1998, Quigley 2008 and Polenske 2002.
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Table 5-2. Transportation/Highways, Specific Markets, and Two Types of Measures to Capture Economic Value of Market Access
Linkage
Perspectives

Origin Market
(Supplier)

Destination Market
(Demand)

User
Group

Measurable Direct Economic
Value in terms of Costs

Measure Type- Isochronal/Local or Relative
Access/Gravity-Regional

Production

Intermediate goods —
Input Markets- LaborHome locations

Places of Work /
Employment Locations

Commuters

Economic costs associated with
commuting

Access to key employment centers / work sites within
reasonable commute times

Production

Intermediate goods —
Input Markets- Raw
Materials and Other

Production Locations

Trucks,
Freight

Economic costs associated with
shipments

Access to key supplier sites within reasonable travel
times

ProductionConsumption

Final Goods —
Production Sites

Locations of Final
Demand-Product
markets

Trucks,
Freight

Economic costs associated with
shipments delivery and
potential price effects

Access to key customer markets within reasonable
travel times

ProductionDistribution

Final Goods —
Production Sites

Distribution
Sites/Centers or
Transfer points

Trucks,
Freight

Economic costs associated with
shipments delivery and
potential price effects

Access to key customer markets within reasonable
travel times

DistributionConsumption

Final Goods —
Distribution
Sites/Warehouse Sites

Locations of Final
Demand-Product
markets

Trucks,
Freight

Economic costs associated with
shipments delivery

Access to key customer markets within reasonable
travel times

DistributionConsumption

Final Goods —
Distribution
Sites/Warehouse Sites

Transfer Sites like
ports, airports for reach
to other domestic or
international markets

Trucks,
Freight

Economic costs associated with
shipments delivery/ Demand
and price effects

Access to key transfer points within reasonable travel
times

ProductionConsumptionDistribution

Suppliers of the
broadest variety

Buyers of the broadest
variety

All

Productivity gains from input
matching, sharing, learning

Zone-to-zone access between production-consumptiondistribution markets (it captures both multitude,
attractiveness and transportation costs). This can be
put into a generalized form where it can aggregate
interaction between one or more buyer/supplier centers
to all other buyer/supplier centers in the study area.
Gravity measure with regional access.

Note: Cost savings turn into actual economic value pending other factors like ability to substitute, pass on savings and demand elasticity. There are also other
dimensions of economic value that may be difficult to measure in predictive settings such as actual employment effects and business attraction effects. In most
cases, direct value may end up partly as cost savings that are either entirely disposable income or passed on for additional value. Of course, measurement of
costs also requires good data on users themselves.
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Comparison with Markets Defined in Earlier Works
Some earlier efforts have identified that, in general, there are four types of markets that
can be served or expanded due to a new highway link: labor markets, sales markets, business-tobusiness markets, and pass-by traffic. They also note that new projects may take many forms—
creating an entirely new connection between areas, improving an existing connection, bypassing
certain areas, and/or improving access to certain areas. These changes, they note, can lead to any
of six major economic market effects by enhancing: a) the reach of residential customer markets
(approximated by change in population within 45 minutes of a local business district), b) the
reach of supplier markets (approximated by change in supply purchases occurring within a threehour one way drive time), c) the reach of labor markets (approximated by change in employment
living within a 45-minute one-way commute time), d) the reach of recreation and tourism
markets (approximated by change in population living within a two-hour one-way drive time, e)
service to pass-by traffic (traffic dependent) markets (approximated by a change in annual
average daily traffic) and f) connections to other modes (Weisbrod et al. 2001a). This same
study also develops a spreadsheet such as worksheets to approximate market areas by change in
employment in fixed impact zones relative to a key destination site. These are then used to
approximate employment growth or business attraction using a variety of sensitivities (labor,
pass-by, etc.). Similar measures are also seen in other studies (Weisbrod et al. 2001b and
Weisbrod et al. 2003). The markets discussed in this report include most of those shown in
Figure 5-1 and also bring in distribution-related markets from an agglomeration perspective
(Table 5-2, Figure 5-1).

Sensitivity to Transportation Costs and Scenarios
For economic evaluation of transportation projects/policies, market access measures must
be sensitive to transportation costs. Transportation projects serve to impact access directly
through their influence on costs. It is typical to represent the ease of travel between an origin
market and destination market in at least three distinct ways for evaluation including: a) travel
time in minutes or hours (this is also the measure always used in traditional benefit-cost
analysis); b) distance between markets as a proxy to transportation costs (in miles or kilometers);
and c) generalized travel costs (in dollars) that could include any or all of the following: time
costs, operating costs, and other incidental costs such as tolls (if applicable for travel within the
target markets). These data are typically obtained from travel demand models and in other cases
based on the specific measures that may also be developed with commonly available GIS tools.
In the absence of travel demand model data, sketch plan mechanisms or default skims can be
used. One such default skim is the distance skims provided by Oak Ridge National Laboratory
(ORNL) (Table 5-3). Similarly, network layers and zonal layers can be used to approximate
distances and speed changes, both of which may be combined to provide an alternate sketch plan
travel time approximation.
There are other factors besides types of costs that must be considered if transportation
costs are to be of value in an evaluative context. These are shown in Table 5-3 and include:
• Types of transportation projects or polices that add or influence capacity provision can
vary significantly in terms of transportation costs. Table 5-3 shows the transportation
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cost elements of highway project types and their linkage to market access measures.
Similar concepts may also be developed for transit projects and other projects, but they
are not the focus in this discussion. Enhanced connectivity to key regions, removal of
access bottlenecks, and congestion alleviation have been associated with economic
development or productivity implications in the past. As highways run both ways,
enhanced connectivity not only provides market access to firms in lagging areas but also
allows firms in leading areas to reach markets. A decline in transportation costs could
help competitive firms in leading areas easily scale up production to reach these new
markets at lower cost relative to local producers in other areas.
• Transportation Scenarios- Project/Policy Baseline (no-build) and Alternative (build)
scenarios: The impacts on market access may be examined by exploring transportation
cost outcomes under build/no-build scenarios. These may be temporally separated at
different time periods (base year and a future reference year) or for the same time period.
Additionally, the scope of the project of the project/policy (e.g., within a metropolitan
region, connecting multiple regions within a state, within a single county, etc.) would
impact how the data are assimilated for assessing transportation costs.
• Urban-rural configuration: For instance, connectivity projects that link rural-urban
areas (or periphery-center areas) are best assessed using a variety of costs to reflect the
shrinking of distance and its relation to change in access to economic markets.
• Congestion: Congestion relief projects influence travel times for commuters and
freight. In such cases, time-of day factors (peak, off-peak) also influences transportation
costs and market access (Weisbrod et al. 2001, for instance, discuss how congestion
affects access for the National Cooperative Highway Research Program).
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Table 5-3. Project Types, Planning Contexts, and Relevant Transportation Costs, and GIS
Based Data Sources for Transportation Costs to be Used for Market Access Measures
Capacity Project
Type (Line/Point)

Appropriate
Transportation Costs

Add New
lanes/links
including gateway
projects providing
landside access to
hubs/ports

Distance, time and/or
generalized costs (GC)

Data Source (s)

Comments

Statewide,
Metropolitan
Planning
Organization
(MPO) travel
demand model
skims or custom
skims

GC require manual
estimation, if not
available directly

Default Public Data
Sources, if any
ORNL highway skims for
distances.
Custom developed
network distances from
public domain network
data such as National
Highway Planning
Network (NHPN) or
Freight Analysis
Framework (FAF) instead
of straight line-distances
or Statewide and MPO
networks (as the scope
may be)

Network layers

Add New
lanes/links (Tolls)

Distance, time and/or
generalized costs with
tolls

Same as above

GC require manual
estimation, if not
available directly

Same as above

Widening only

Travel time and/or
generalized costs

Same as above

GC require manual
estimation, if not
available directly

—

Widening and
Tolls (e.g., General
purpose lanes and
HOT lanes).

Travel time and/or
generalized costs

Same as above

GC require manual
estimation, if not
available directly

—

Bypass

Travel time and/or
generalized costs

Same as above

GC require manual
estimation, if not
available directly

—

Interchange/Point

Travel time

Same as above

—

—

Policy and Planning Context
Corridor Studies
for collaborative
decision making

Distance, time and/or
generalized costs with
tolls

Same as above

GC require manual
estimation, if not
available directly

Same as earlier

Policies that
impact
transportation
costs (e.g., pricing)

Distance, time and/or
generalized costs with
tolls

Same as above

GC require manual
estimation, if not
available directly

Same as earlier

76

Spatial Scope/Scale of Analysis, Aggregation, & Comparability of
Measures
In order to measure market access, it is necessary to consider the following factors: a)
impact areas and b) spatial scales for influence.
a) Impact areas or study areas are typically defined and developed by the nature and scope
of the project itself for measuring travel costs/activity and to measure market
opportunities. Impact areas developed based on travel sheds of system users will allow a
direct linking between important supply and demand markets/locations within that
region. Line and point investments may be evaluated using fixed impact areas defined by
travel sheds or typical boundaries considered in corridor studies. Bypasses could require
a large impact area compared to other line investments to account for spatial
redistributional effects. Large scale projects with network effects and regional policies
are best evaluated for all zones that are included in travel demand skims.
b) Comparisons over space and time – Market access measures must be comparable within
and across regions at any given time, if they have to be used in an evaluative context. For
instance, gravity based measures may be obtained for individual regions but may be
aggregated for all spatial units in a study area and compared to control area. Region
scores may be also benchmarked to a maximum score in the study area and discussed in
relative terms. Finally, they should also be temporally comparable if they have to be
used in an evaluation context—a technicality being that temporal comparisons of
measures would have to be able to tease out net contributions of transportation induced
access from gross contributions of access and activity changes (labor, population) to see
the value-added access.

Spatial Unit for Determination of Measures – Context within
Spreadsheet Delivery Format.
The spatial unit for determination is set at the zonal level for which skims are developed
(county, tract, or TAZ). This is the most suited unit within the context of tools developed in a
spreadsheet format. All of the isochronal measures indicated in Table 5-2 present a difficulty in
terms of delivery as in spreadsheet format since the “impact zones” themselves are not
independent of the use of GIS. In other words, GIS-network analysis functions aid in identifying
these impact zones, also known as market areas. There are several commercial GIS tools that
have this part of the functionality.
The reliance on the “zone”, as a unit, arises within the context of spreadsheets and avoids
the practical difficulties of having to identify the universe of potential markets and locations
(which in reality could be millions of locations). A second advantage of keeping the unit of
analysis as the zone for both gravity and isochronal measures is that it ensures that the
spreadsheets do not become overly complicated.
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Types of Measures and Economic Implications of Access Changes
Table 5-2 column 6 proposes two types of measures of market access to address all three
market types and also discusses how the value of those markets may be approximated. The two
measures are:
• Access to Buyer-Supplier Markets (Customer Base) is a broad-based regional measure
that aims to approximate productivity gains from all economic triggers and sources
discussed in Table 5-1 Column 1. Transportation projects affect transaction costs and
alter the potential for businesses, regions, and individuals to reap the gains or losses from
other economic triggers that may be activated. For instance, transportation costs shrink
the economic space, reduce the difficulties associated with transacting in that space and
may lead to productivity gains. This measure assumes that connectivity to market centers
is important and suggests that improving linkages between firms and those centers within
the region may lead to productivity gains. While the actual magnitude of effect is still
debatable, there is ample evidence to suggest access to economic mass is associated with
positive productivity gains.
• Access to Markets at Demand Sites as a local measure – This measure suggests that
there should be as many separate measures as there would be user groups “suppliers” and
“demanders” or “destinations.” Table 5-2 identifies six categories of this type, all of
which may coexist at the same time in any given situation based on the specific regional
context of an improvement. The report focuses on the tool development of one specific
input market in the production process—labor at demand sites—employers or work sites.
In this case, a transportation improvement is considered as leading to transportation cost
reductions, which in turn implies cost savings in travel time to commuters (labor inputs).
These commuter cost savings may lead to higher labor productivity associated with the
work sites as long as commuters are able to pass on some cost savings to employers. If
not, cost savings end up as changes in personal disposable income.
In the works of Weisbrod et al. (2001b), all the markets are measured as isochronal or
contour measures, with reference points such as business districts, to anchor the measurement of
highway induced access change from every zone in the drive time area to the anchor
district/zone. These market accessibility changes are combined with business sensitivity factors
(worker dependency, freight sensitivity, pass-by dependency, etc.) to approximate the extent of
potential business cost reduction or revenue expansion for each type of business.

Simplicity and Value in Communication
The framework is driven by a bottom-up approach that is consistent with the access for
actors (users and freight) on one hand, and what is easy to understand and communicate. Gravity
measures are useful because they are consistent with economic theory. Such measures are
increasingly seeing their way into evaluation contexts internationally and are part of many
regional models. Cumulative opportunity measures of daily access appeal directly to both the
user group and end users. Visual maps of both types of market access measures can serve as
valuable communication tools for scenario analysis, policy assessments, and corridor studies to
share with economic development agencies and other interested stakeholders. These visual maps
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can only be developed with GIS tools either in the private domain (such as ESRI and others)
and/or open-source tools. However, the economic value can, at present, only be approximated
using the tools developed in these report.
Both the toolkits discussed in this section are developed as spreadsheet tools. As noted
earlier, this formulation required that we first develop the tools using zones as the appropriate
reference point for assessing markets from a practical standpoint. The second guiding criterion
for the tools is built-in flexibility to accommodate zones of any type including user-defined
zones so that the sheets could be used for any setting in any location. The third criterion is the
development of tools around a framework that could lend itself to being expanded to
accommodate more markets, or users as the case may be. The fourth and final criterion is
simplicity in use and built-in charting capabilities.

Specification of Inputs
Access to Buyer-Supplier Markets Inputs
Gravity and isochronal measures require zonal activity data as land use inputs to reflect
appropriate markets at the zone level. These may include total population, total employment, or
sectoral employment. (The activity unit could also be a ratio of the desired employment group to
total employment in any zone.) Activity data are needed for the base year and year(s) for which
the analysis is intended to be carried out for all of the zones in the impact area. Table 5-4
provides a list of population/employment/labor force related public data sources and also
distinguishes whether the activity units are classified by place of work and place of residence.
This analysis recommends that if the links to economic value are to be made, then it is more
appropriate to use place of work to the extent possible.
Several private forecast data sources may also be used that provide pertinent data
including but not limited to: Woods and Poole and Global Insight. Many Census related
databases are now moving to providing high-quality base year data online accompanied by
customized mapping (such as the On-the-Map application) to make better quality free data
available to make this process easier.
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Table 5-4. Public Data Sources for Gravity and Daily Measures of Market Access
Market
Access
Measure

Data

Potential
Access

Employment /
Population

Public Data Activity Sources
Base Year
1.Census Tape Files, Metropolitan
planning organizations (MPO)
demographic layers and other
2. County Business Patterns and
Bureau of Economic Analysis
through FedStats

Base/FutureForecast Years

Place of
Residence/
Place of Work

Base year of analysis
and forecasts

Place of
Residence
(Proxies
Potential Work
Force)

Forecasts from MPO
or private sources for
years for which
scenarios are
developed

3. American FactFinder –
Population, Employment
Effective
density

Employment
typically (but
population may
be used also)

Employment by place of workLongitudinal Household
Employment Dynamics (LEHD)
On-The-Map Data (LEHD) (allows
oneline GIS visualization of data)
ESRI’s core data

Base year of analysis
and forecasts
Forecasts from MPO
or private sources for
years for which
scenarios are
developed

Place of Work
(actual
workforce)
Place of Work
(actual
workforce)
Varies

Daily
AccessLabor
Market

Employment

LEHD- By place of residence and
place of work by sector and worker
quality

Base year data and
forecast year data

Place of Work

Daily
AccessLabor
Market

Commute
Thresholds

Census Transportation Planning
Package/American Community
Survey

—

Not applicable.
In house
surveys or
private sources

The choice of activity inputs, the corresponding decay parameters, and the elasticities
requires an understanding of the industry mix in the study area. The more diverse a region, the
better positioned it is to use total population and/or total employment in your study. If, however,
there is evidence of industry specialization in one or more sectors, it is better to use sectoral
employment to approximate market access for those sectors.
Impedance Inputs. Skim matrices (impedance matrices) are required for a baseline
scenario and an alternate scenario. The skims can be typical travel time skims, distance-based,
or based on generalized costs of transportation. The last option is used when monetary costs
come into play. When travel times are used for the analysis, they should be obtained from
assignment models as they consider the demand between all locations into equilibriums travel
times. While it may be very difficult to obtain separate times/costs for passengers or truckers, it
may be possible to recognize that freight costs are different than passenger costs and could
include additional components (i.e., user type/trips differentiation is possible). The default

80

mechanism is still to start off with the premise that costs are identical for all user classes—this is
what all travel demand models provide and in such cases, the analysis is really applicable to all
trips.

Access to Specialized Labor/Worker Inputs/Employers Inputs
Specialized labor markets refer to labor pools of skilled labor that provide labor related
inputs in the business or production process. These employee/worker markets could envelope
several individual categories including but not limited to:
a) Industry specific employment (or labor force in a specific industry sector)
b) Labor force of a specific occupational category
c) Labor force of a specific skill level, age group, or other category
When labor is a critical input in the firm’s production process, access changes to work
sites (employment locations) may lead to changes in the commuting costs and labor productivity
under certain assumptions. Commuters who travel to work provide the supply markets to those
who demand it, the firms or work sites. Henceforth, these work sites will be denoted as
employment centers in this report. Transportation projects that improve travel times or shrink
distances for commuters can enhance the reach of employment centers to additional specialized
labor pools or even the other way around, reach of markets to workforce. At least two studies
have used cumulative opportunity measures with critical threshold travel commute times in
connection with labor productivity implications (Prud’homme and Lee 1999, Matsuo 2008).
An isochronal daily accessibility measure of labor markets, as an input in the production
process, is proposed in Table 5-2. This set of measures reflects the behavior of users
(employees/commuters) in terms of how far commuters/users are willing to travel to work sites.
It is simple enough to serve as a basis for both communication as well as visualization.
However, improvements to employment locations and work sites could enhance productivity by
linking markets to the suppliers (commuters) and be associated with other spin-off effects. This
does require assumptions on how much is internalized by commuters and how much is passed on
to firms and is supported by some empirical evidence on commuting wage differentials.
This measure, being a cumulative opportunity measure, simply indexes the accessibility
of labor force according to the number that can be reached from the work site within meaningful
travel distances or times. The measure is not without caveats, especially the treatment of all
zones identically within the contour. However, it is presented on the basis of its conceptual
simplicity. It is defined by a very sharp decay (as a special case of a gravity measure and using a
general decay function f() it can be measured as shown in Equation 5-1.
Equation 5-1.
f(dij) = 1 if dij <= threshold (e.g., 30 minutes), or f(dij) = 0 if dij > threshold (e.g., 30 minutes)
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Output and Calculations
Access to Regional Markets (Output & Calculations)
The outcomes for both gravity based market access measures presented in this report can
be represented using scores as metrics for individual zones (market proxies). These scores can
be aggregated across zones in a study area and can be developed for any transportation scenario.
They can be compared to each other and also time periods.
Gravity Measures for Assessing Regional Access to Markets. This section discusses
the various elements of the “Access to Customer and Labor Markets” measure. The tool
approximates region-based access from transportation improvements as guidance for
transportation planning. Regions may be defined by using Census geographies (Counties,
Census Tracts, and Block Groups, Blocks, or other geographies such as Transportation Analysis
Zones [TAZ]) and even user-defined geographies. A powerful way of measuring the regional
market access of geographies is a gravity-based measure that combines both the network and the
producer, consumer and distributor markets as encapsulated by the surrounding land use. This
form of linking is very much in the tradition of new economic geography models, where market
potential functions made their appearance as a way to describe changes in economic geography.
Gravity measures assume that the potential for economic activity at any location is a function
both of its proximity to other economic centers and of their economic size or “mass.” The
analogy with the law of gravity is explicit in that the influence of each center on the “economic
potential” of a location is assumed to be directly proportional to the volume of economic activity
at the former, and inversely proportional to the travel cost separating them. The economic
potential of the location is found by summing the influences on it from all other centers in the
system. Trip making effects of most new infrastructure are often inversely related to distance
and we do observe more trips at shorter distances than we do at longer distances, hence gravity
measures may seem a good approximation of access to markets (even though they are not so
intuitive).
Market Access Performance Measures to Assess Planned Projects. This tool uses a
Hanson like gravity-based representation for highway induced access based on a fixed functional
form—inverse distance for measurement of market access for the time being. The measure,
based on employment and population, can be used to approximate external economies of scale
and scope that may be brought about due to large transportation investments. Such measures of
market access account for both the transportation network as well as surrounding land use
(Handy and Niemeier 1997). Planners can also use these metrics to facilitate comparisons across
zones in a variety of spatial and temporal settings. To that extent, these measures can be used as
performance measures.
Effective Density. Effective density (ED) is one such measure and is synonymously
used as a measure of accessibility to employment (place of work employment) as the activity
unit. This measure, originally proposed by Graham and since then has become incorporated in
the Department of Transport (DFT), was the United Kingdom’s sole measure of accessibility
used to approximate agglomerative implications from transportation projects. The effective
density (Graham 2007) of employment or population accessible to any firm in industry o located
in a zone i as given by an inverse power function gravity measure.
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Equation 5-2.
𝑖≠𝑗
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where: Ei is the employment in zone i, Ej is the total employment in ward j, dij is the impedance (distance,
time or generalized cost) between i and j, and α is the impedance decay parameter. The scale factor is
defined by scale factor, calculated as shown in Equation 5-3.

Equation 5-3.
𝑆𝑐𝑎𝑙𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 =

𝐸𝑖

𝛼
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where, Ei and Ai are the respective activity and area of the zone for which effective density is calculated.
ED may also be estimated at the sector level using sectoral employment (at present, only one functional
form is considered). Since transportation networks alter local access, the scale factor may be important
in evaluating highway projects.

Potential Access. Potential Access (PA) is identical to ED when the scale factor is
suppressed and the activity unit is set to population or employment. Similar to PA, Drucker and
Feser (2012) propose a region access to labor pools using the shares of sectoral or specific type
of employment to total employment instead of employment or population as in Equation 5-2.
Effective Density and Potential Access Approximate Buyer-Seller Markets. Both
measures are identical (with the exception of the scale factor) and both approximate markets
through land use based activity proxies. Higher density of activity (population, employment,
etc.) are assumed to imply more, bigger markets or activity centers that bring buyers and sellers
together and also allow for greater input matching, sharing, and learning. Further, Keeble et al.
notes that the mass or activity component in these measures could be conceived as “a broad
surrogate indicator of possible markets for traded goods and services, of input sources and
opportunities for component linkages, of the availability of commercial information and business
service....”(Keeble et al. 1988) and that ... “the index should seek to measure regional
accessibility to economic activity in terms of transport costs of all kinds... rather than narrowly
or simply as transport costs of the type implied by traditional Weberian industrial location
theory.” If the focus is only on the change, then either of the two measures may be used.
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Economic Implications of Change in Market Access- Productivity. Productivity
implications from changed proximity to denser markets (Graham and Van Dender 2011),
population, and/or centers of economic activity (external economies) through a shrinking of
space for all zones in the impact area (P) is expressed by Equation 5-4.
Equation 5-4.
𝑃 = � ��
𝑖

𝐸𝑏 𝜇
� − 1� × 𝑝𝑒𝑟 𝑤𝑜𝑟𝑘𝑒𝑟(𝐺𝑅𝑃𝑖 ) × 𝐸𝑖
𝐸𝑛𝑏

Where: Eb, Enb are the effective densities or potential access measures for a project build (b) scenario and
a project no-build (nb) scenario. This equation can be used to compare economic outcomes from large or
small changes in access or for small or large time intervals. Analogous to cost-benefit analysis (CBA),
the build and no-build scenarios may refer to a base year (t) and a reference year (s) with s ≥ t. Per
worker (GRPi) is the per employee gross regional product in zone (i). Ej = Zone(i)’s total employment.
𝜇 is an elasticity or response parameter reflecting response of productivity to changes in market access.

𝝁 - Elasticity of Productivity. In the implementation of ED and PA related productivity
outcomes, the DFT guidance does not differentiate between investment types and suggests using
the same value for all types of investments, new or improved. Under such a rule, adding
investments will continue to add value as long as access benefits are positive. Two factors
impact the choice of elasticity: a) the activity unit used in access measurement—population,
total employment, or sectoral employment—and b) whether it is a completely new link versus an
improved link. Other things equal, it is well documented that the potential economic outcomes
from subsequent investments is typically lower. Although, further work is needed to ensure
robustness of measures and specification for intra-urban settings. In such cases, the value of 𝜇 is
to be treated identically to a sensitivity parameter and the base value must be lowered. The value
of 𝜇 is also dependent on the activity unit. If the activity unit for the market access and
productivity assessment is sectoral employment, then 𝜇 must reflect productivity responses for
that sector—current estimates are guided by studies that are either dated or pertain largely for
manufacturing sector (Graham 2007 and Melo et al. 2009). If the interest is only in changes in
access, 𝜇 may be set to 0 and the residual outputs of productivity may be ignored.
α - Estimates of Decay. Estimates of α (distance or cost decay) are required. α is a
behavioral parameter. Those with access to MPO travel demand models may use the data from
those models to calibrate decay. However, this is impractical in most cases, because most
planners and users often may not be able to invest time and resources into this effort. Simple
rules of thumb must guide the effort, followed up with sensitivity analysis since the results of
these measures are sensitive to this parameter. These rules of thumb should include average trip
lengths for the study area if: a) most of the trip lengths for the study area are short, then alpha is
typically higher than 2 and could even go as high as 5 or 6 (should most of the trips be longer
trips, then, alpha is lower); or b) the study area is categorized by specialized industries (industry
related alphas vary and it is more appropriate to treat the activity in these industries separate
from other sectors, which may be combined). Most studies sidestep the issue altogether and set
this value at one (Gutiérrez, 2001). This report suggests that this parameter and the results must
be subjected to sensitivity tests. Higher values of alpha place more emphasis on markets in close
proximity, while low values of alpha place more emphasis on markets farther away. As an
example, if alpha = 1 and using distance as an impedance variable, activity at a market that is 5
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miles away has 1/5th of an impact relative to activity at a market that is just 1 mile away. With a
value of alpha= 2, the 5-mile market only has 1/25th of the impact. Clearly, the value of alpha has
much to do with economic connectivity between markets and associated trip making behavior
and will vary region-to-region. Given this uncertainty, the best approach to the alpha is to
develop a sketch plan assessment of the alpha based on commuting profiles for the region.
Determine Economic Implications of Planned Investments. Not all investments can
generate equal returns since regions are fundamentally different in their economic landscape.
Even within regions there are significant differences. The market access measures combine
density, speed and/or other network attributes into simple constructs that can be used by
transportation planners and engineers to understand the potential broader economic implications of
planning transportation investments. The broader economic measure is a baseline assessment of
potential productivity gains/losses attributable to transport-induced access changes only. Simply,
higher levels of access (regardless of type) to key markets are more conducive to economic
opportunity than lower levels, all other things equal (ceteris paribus). The productivity estimates
obtained from this toolkit developed in this report are an order-of-magnitude estimate.
This toolkit is helpful for project evaluation that induces significant change to the
structure of the regional economy, such as:
• Connectivity projects or new improvements (with or without tolls).
• Planned network improvements.
• Improvements – Widening (with or without tolls).
When the Gravity Measure Is Appropriate. The use of these measures is justified
where it is relatively easy to develop or extract required travel demand data inputs from
metropolitan planning organization (MPO) or statewide planning models (SPM), from precalculated skims like those provided by Oakridge National Laboratories (ORNL), or user created
impedances from networks. They are not recommended for small local projects. Furthermore, it
is important to have background understanding of the regions and the industries that serve those
regions to the extent that they influence trip making behavior of passengers/commuters and
freight. The United States Department of Agriculture Economic Research Service (USDA-ERS)
provides a typology that helps understand and analyze industry concentrations. Additionally, the
Bureau of Economic analysis (BEA) also provides several resources that allow one to understand
industry specializations for county-based regions using location quotients (LQ). The more
diverse a regional employment base, the more important it becomes to analyze gains in those
industries separate from specialized sectors.
Value in Corridor Studies, Visioning, and Alternatives Analysis. The measures
developed are also useful for corridor planning studies to identify projects for inclusion in
metropolitan transportation improvement programs (TIP) and statewide improvement programs
(STIPs) or for corridor studies, in general. Corridors typically have study areas that are anchored
by transportation routes and can serve multiple jurisdictions and modes. They connect
population, customer, seller, labor and work markets, and have a core focus of facilitating
movement between markets.
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Access to Specialized Labor/Worker Inputs/Employers (Output &
Calculations)
First, as a departure from prior work in this area, firm access to labor markets is measured
by three metrics using an isochronic formulation with three elements:
a) the change in the effective labor market area in terms of number accessible zones for the
threshold, measured by change in number of zones in the build and no-build scenario.
b) the change in the available workforce at that threshold travel time, measured as the
change in employment in the build and no-build scenario.
c) the change in the threshold of specific concentration indices (Equation 5-5),
approximated as threshold of specific location quotient for the sector selected.
Both metrics a and b are highly visual concepts in that they may be visually
communicated to stakeholders. Metric c, concentration measures, on the other hand is very
industry specific and of greater value for specialized industry sectors. In order for the indices to
be useful for competitive advantage of regions or to be meaningful, it is important to consider all
pertinent centers. All metrics may relate to the ability of enhanced matching between employers
and employees/commuters and reduction in search costs.
Equation 5-5.
𝐶𝐼𝑘,

𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

=

𝐸𝑗,𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑 ⁄∑𝑗 𝐸𝑗,𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑
∑𝑘 𝐸𝑗,𝑡ℎ𝑟𝑒ℎ𝑠𝑜𝑙𝑑
�∑ ∑ 𝐸
𝑘 𝑗 𝑘,𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

This metric is a proxy for the strength of agglomeration with feasible work commute
times and distances that may be influenced by transportation projects and has been used to assess
and confirm the potential for transportation induced firm relocation (Bok and Oort 2011).
Hence, the Concentration Index (CI) could be used as a useful predictor for positive economic
implications in terms of business attraction when the time periods in comparison are not too far
removed and as long as the economic climate in the region can support the higher availability of
workforce.
Much like gravity measures, these measures may also be partitioned and customized to
study daily access changes with respect to:
• Special categories of workforce (quality differentiators such as age group, sector, and
occupational categories) as long as public domain or private data sources may be
leveraged for this purpose.
• Effects of congestion and time-of-day effects through the consideration of daily timedependent travel times.
These metrics are part of Toolkit 2. Toolkit 2 serves as a complement to Toolkit 1: Access
to Markets. Toolkit 2 is important when a) the transportation link serves an important role in
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work commute—linking place of work to place of residence—to work sites and b) the study area
is specialized in specific industry sectors.
Finally, the fourth metric is change in commuter costs. The economic value associated
with changes in labor markets to work sites can be approximated by changes in commuter costs.
These commuter cost changes may only be partially internalized by commuters and firms leading
to changes in labor productivity. The standard rule-of-half has been adapted to provide estimates
of commuter cost savings for both passenger commute trips and business trips coming into the
employment centers. For any trip type (personal, work, commute, or business) the weighted
costs are assessed using Equation 5-6. This outcome is provided as an optional outcome measure
and is most reliable when good quality information is provided on commuter trips for work to the
employment centers. The analysis, however, allows one to enter as a default the origindestination daily trip table matrix using the home-based work trip purpose or a more appropriate
user class.
Equation 5-6. Commuter costs change
1.2 ∗ �
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𝑤1 + 𝑤2
0
0
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1
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1
Where: 𝐶𝑖𝑗0 is cost between origin (i) and employment center (j) before investment; 𝐶𝑖𝑗
is cost between
0
origin (i) and employment center (j) after investment; 𝑇𝑖𝑗 is demand (flow) between origin (i) and
employment center (j) before investment; 𝑇𝑖𝑗1 is demand (flow) between origin (i) and employment center
(j) after investment; T = refers to the commute threshold, and OT = outside threshold average commute
threshold; w1 and w2 refer to weights (average trip length or time).; Value of time adjustment (personal
commute trip) = assumed at 50% of the wage rate per Office of Management and Budget; Value of time
adjustment (business trip) = assumed at 100% of the wage rate per Office of Management and Budget.

The suggested percent allocations for valuation of travel time savings can be userspecified. However, these are the percentages the team recommends. Finally, factor 1.2 is an
assumed constant for automobile vehicle occupancy. These costs are annualized for the entire
year using 260 work days in the year. At present, only time related costs are considered, and
subsequently, vehicle operating costs could be considered.

GIS Usage for Visualization of Study Area, Data, and Measures
Study Areas and Data
GIS provides the natural mechanism to showcase the study area around the project and its
economic characteristics including locations of buyer and supplier markets. Locations of major
consumer markets such as city and population centers and metro regions can now be mapped
with relative ease. Similarly, there is ongoing revolution in GIS-led data visualization effort for
most Census Bureau data that allows viewing study area general characteristics and allows for
enhanced graphics and mapping. An excellent example is the Census Bureau’s On-the-Map
application (http://onthemap.ces.census.gov/). Similarly, the Economic Research Service—
United States Department of Agriculture also provide excellent data.
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Measures
Using GIS for developing market access measures, like those discussed above, has a
number of advantages, including: a) assessment of transportation options is easy, as represented
by a digital road network, b) data can be handled in a generally more flexible way, including a
wider range of options for integration of data and other types of measures from different sources,
and finally c) enables cartographic presentation of results, which again opens for visual
interpretation and error assessment. None of these are currently possible within a spreadsheet
environment. Beyond charts, all the outputs from these tools will need to be exported to GIS
tools to aid visualization.
Illustrations of market access visualization are shown in Figures 5-2 and 5-3. The first
illustration is the demonstration of the gravity representation for a rural-urban connectivity
project in the Appalachian region. The second illustration is with reference to access of work
sites to commuters in an urban area such as Houston (Harris County). The depictions presented
in Figures 5-3 and 5-4 are illustrations of market reach of employment centers at various
commute time thresholds.
Figure 5-2. Study Area
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Figure 5-3. Illustration of Gravity Market Access to Customer/Labor Markets Showing Two
County Markets with Higher Gains in Access Relative to Other Region Markets in the Study
Area
(Example: Appalachian Development Highway System - Corridor B Rural-Urban Connectivity)

Appalachian Development Highway System
Corridor B- Limited Access Road
Connectivity between I81 (North) and I40 (South)

Figure 5-4. Illustration of Access to Labor Markets in an Urban Area Showing Accessible
Market Areas for 15, 30 and 45 min Commute Times
(Example: Houston Galveston Area Transportation Improvements No-Build Scenario, 2005)

Location of Employment Centers
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Future Research
Subsequent improvements are certainly warranted to these measures and tools to
facilitate the tool to consider:
• Automatically visualize an inherently spatial distribution of an improvement.
• Consider other types of functional forms.
• Consider other types of costs that can be linked to economic outcomes.
• Extend to consider freight markets.
• Consider actual case implementation of these tools in a variety of settings
• Consider planning applications and exercises of these measures in specific applications
such as corridor studies.
• Consider development of toolkits within a GIS environment. This is to integrate the
calculation, mapping, and viewing all within the same framework.
• Consider further within the context of traditional benefit-cost analysis.

ACCESS TO BUYER-SELLER MARKETS MODULE USER’S GUIDE
AND INSTRUCTIONS
Introduction and Purpose
Disclaimer
This tool is designed to provide preliminary guidance for computing market access to
customer and labor markets at the regional level for a base year and a reference year resulting
from a new or improved transportation improvement impacting those regions. Three measures
of access are provided, which can all be developed for any impact region as performance
measures as such and may be used in planning exercises. The tool can also be used to generate
an “order of magnitude” economic implication in terms of potential productivity gains from
transportation strategies. The results provided by this tool should not be used as the sole basis to
make a decision on a project, since other factors can lead to economic impacts. If the results of
this tool are positive, the implementing agency may take it as only one indication of the likely
effects from an anticipated project from access changes and must temper the result with local
knowledge on market conditions for inputs, and products. For instance, higher levels of input
access are meaningful if firms can actually utilize those additional inputs. This same tool may be
used for any number of zones for measuring market access of given zone with its neighbors;
however, this tool is not appropriate when number of regions (zones) exceed 30. These users are
urged to conduct sensitivity analysis and assess robustness of outputs.
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Objectives
The objectives of this tool are to serve as an aid in transportation planning by allowing
planners to:
1) Estimate region-based market access at any point in time or from a transportation
improvement for a set of regions (zones). These are proxies for scale economies that may
be induced by transportation improvements. To that extent, the tool allows the
calculation of two proxy measures of general market access: effective density (ED) and
potential access (PA).
2) Measure transportation-induced access changes to a specialized labor pool, which is
useful when there is a specialized industry sector located in the impact region/study area.
The measures can be used as stand-alone performance measures.
3) Facilitate market access (as performance metrics) comparisons for the same zone and
impact area at separate temporal scenarios and/or build scenarios.
4) Facilitate market access (as performance metrics) cross-sectional comparisons across
zones.
5) Facilitate market access (as performance metrics) aggregate comparisons for impact area
versus another benchmark or control area, data permitting.
6) Provide an order of magnitude assessment of the potential economic implications of
changes in transportation induced access in terms of productivity gains or losses in dollar
terms for a number of user specified zones and years.
7) Provide value in corridor planning, project planning and visioning exercises to promote
economic opportunity under the condition that this performance measure is only one of
requisites for ensuring positive outcomes from transportation investments by
emphasizing the “where” of the investment.
For an in depth discussion of what this tool is capable of providing, as well as what it is
and when it should and should not be used, see the introductory section of the technical guide
above.

Entering Inputs
Introduction and Purpose
Upon opening the Access to Buyer-Seller Markets tool, users see a brief set of
instructions for the tool, including which tabs to enter data into and the Results tab. To begin
entering data, click on the tab labeled “2 – Data Entry” and follow the instructions listed by
each button.
This toolkit is currently highway mode-oriented but could be extended to include transit
as long as travel times are reflective of transit
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In this worksheet, activity is a representation of economic markets (customer, buyer,
product-based markets as well as inputs and seller markets), which are linked together in space
through transportation networks. Activity data may include total population, total employment,
or sectoral employment. If the interest is to know how access to a specific regional labor pool
will change, the activity unit could be a ratio of the desired employment group to total
employment in any zone. Activity data should be for the base year and year(s) for which the
analysis is intended to be carried out for all of the zones in the impact area. These data are
available from a number of public and private domain sources. The current capability of this
tool allows users to analyze two time periods for which there are corresponding skims. Users
may also obtain some of these activity inputs if you have access to trip generation data or they
can easily assembled from other sources.
In this worksheet, the time inputs are set for facilitating comparisons between two time
periods. These time periods are referred to as base year (a time period that is reflective of a
situation that can be considered a baseline do-nothing or no-build scenario) and reference year.
The reference year corresponds to a do-something or build scenario and is typically a year that
could be the same as the base year or a year in the future. The base and reference years
correspond to the time frames and scenarios for the no-build and build scenarios from the
accompanying travel demand models. A multitude of scenarios may be developed for
comparison and evaluation.

Set Impact Area
In this exercise, the impact area is set to be the six (6) abutting counties and the first order
of adjacent neighboring 16 counties (See Figure 5-6 and 5-7). Other methods may be used to set
impact area such as those based on commute thresholds, buffer set regions or yet other measures.
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Overview of the Effective Density Calculation Tool – Tutorial and Illustration
Figure 5-5. Spatial Location of the Study Area (22 counties_ with Economic Research Service (ERS) Defined Rural-Urban (RU)
Continuum Codes around Corridor –X (ARC region)

Example Project Description:

The length of the new transportation
improvement shown in the map is
approximately 80 miles (Corridor X in
Alabama, which has been open since
2007). This new corridor connects
counties in the rural regions to the counties
in the urban regions, and also enhances
intermodal connectivity with the existing
airports in the surrounding 22 counties.
This illustration is evaluating it under the
assumption that it is built sometime in the
2002–2035 interval and uses travel times
corresponding to that time interval.

Project Type: New Link- (Rural-Urban Connectivity) (Part of the Appalachian Development Highway System (ADHS)
Project Location: Varies- Urban –Rural (Set in the Appalachian Regional Commission (ARC) Region
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Study Area Economic Evaluation: ERDS Typology and Manufacturing Industry Specialization in the Impact Area
Figure 5-6. ERS Typology and Location Quotient for Manufacturing for the Study Area
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Parameter Inputs and Other Specifications
On the tab labeled “2 – DATA ENTRY”, click the “Parameters and Selections” button.
Enter the impedance decay factor, base year of analysis (which is usually no-build
scenario year), Reference year of analysis (which is usually Build scenario year), productivity
elasticity and finally, select either Effective Density or Potential Access that you wish for the
tool to calculate. The parameters and selections must be saved by clicking the ‘SAVE
PARAMETERS IN THE SPREADSHEET’ button.
Click on ‘CLOSE’ once done. All inputs and selections get saved automatically in the
worksheet tab labeled “3-PARAMETERS”. See snapshot in Figure 5-7 for example.
Figure 5-7. Parameter Inputs and Selections – Tab 3

PARAMETER VALUES
'α' (constant decay factor) .Typically, the parameter α is typically
a postive number (mostly between 0 and 5) .

1. Constant Decay Factor, α =

0.5

2. Base Year (No-Build Year) =

2012

3. Reference Year (Build Year) =

2045

Reference (Forecast) Year for which analysis is to be performed
(usually BUILD year from the Travel Demand Model)

4. Productivity Elasticity

0.36

Elasticities vary based on whether employment or population is
used. Please review the user guide to see guidelines on this

5.

CALCULATE

EFFECTIVE DENSITY

Base Year for which analysis is to be performed (NO-BUILD
year from the Travel Demand Model.

ACCESS WITH NO ACTIVITY GROWTH ACCESS WITH NO ACTIVITY GROW

Evaluate Access alone or Access with Growth in Activity. It is recommended
that "Access with No Activity Growth" be set as the default. This will alllow the
user to evalute the effect of changes in access alone.

The values can be based on total population,
employment or sectorial employment.

As mentioned before, this tool uses a Hanson like gravity-based representation for
highway induced access based on a fixed functional form. For a discussion of this topic and
inputs—such as, Effective Density, Potential Access, Distance Decay, Productivity and Elasticity
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of Productivity—refer to the technical guide earlier in this section. See Table 5-5 for suggestions
on the elasticity ranges to use in your evaluation.
Table 5-5. Suggested Elasticity Ranges for Evaluation
Activity

𝝁 𝑹𝒂𝒏𝒈𝒆

New Capacity or Improved

Population

0.20-0.01

Employment

Similar to above

Similar to above

Manufacturing
Employment

Mean estimate 0.03
(Min -0.36 Max 0.319)
Value selected must be based on how
specialized the industry is within the
region. Suggested value is 0.03 and
subjected to sensitivity analysis.

0.03 for new and lower for improved.

Other sectors

Limited guidance is available at this time.

Limited guidance is available at this time.

0.06 for new capacity; 0.03 or less for
improved.

Entering Activity Data (Employment or Population)
Enter data if number of zones is less than or equal to 10. If the user friendly window
(shaded in blue on the user’s screen) is used just type zones and their activity value 10 or less in
number, the zones and the corresponding data gets printed automatically.
For the other option, when the number of zones is more than 10, the user is taken to the
worksheets titled “4-INPUT ACTIVITY NO-BUILD” and “5 – INPUT ACTIVITY BUILD.”
In this sheet the user is required to enter information about zones and their activity levels, either
by directly entering values or by copying and pasting values from elsewhere in the spreadsheet,
as shown in Figure 5-8. A similar procedure is required for both the Build and No-Build
scenarios.
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Figure 5-8. Impact Zones and Activity Data Input Base Year (For No-Build & Build Scenario) Tabs 4 / 5

Impedance Inputs
Skim matrices (impedance matrices) for a baseline scenario and an alternate scenario
both need to be entered into the tool. The skims can be typical travel time skims, distance-based,
or based on generalized costs of transport. The last is used when monetary costs are the method
of measurement for transportation impedance. These skims can be obtained from the MPO
(projects within MPOs) or State Department of Transportation (Statewide focus). For
generalized costs, all skims need to be monetized to facilitate comparisons especially when tolls
are involved. When using skims, it is important to ensure that intra-zonal (diagonal) elements
are non zero when entered into the worksheets and an accurate representation of intra-zonal
distances, times, or generalized costs is estimated.
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When travel times are used for the analysis, they should be obtained from assignment
models, as they consider the demand between all locations into equilibrium travel times. Those
conducting the analysis should be mindful of the following when obtaining skims:
• Spatial resolution or zones will be the level at which the accessibility evaluation will be
conducted,
• Intra-zonal travel times, which represent the diagonal elements of the skim matrix and
refer to the time taken for intra-zonal trips. A typical approach is to use the nearestneighbor approach and approximate intra-zonal travel time as half of the average of interzonal travel times of n nearest neighbors to any given zone (where n can be any 2, or 3,
or 4 of the nearest neighbors). For example, if we are interested in approximating intrazonal travel time for zone 1, the nearest spatial neighbors (based on centroid-to-centroid
distances of zones) are zones 3 and 4, and inter-zonal travel time from zone 1 to zone 3
(t13) is 4 minutes and the inter-zonal travel time from zone 1 to zone 4 (t14) is 3 minutes,
then the intra-zonal travel time for zone 1 is 1.75 minutes, the calculation is given in
Equation 5-10.
Equation 5-7.
1 𝑡13 + 𝑡14
�
�
2
2

= 𝑡11

This option is provided in TRANSCAD and other travel demand models have similar
algorithms. When distance impedances are used, area of the zone in consideration and π
(3.14) are both often used to approximate intra-zonal distance (see Scale Factor on in
Equation 5-3).
• The study area, which is the area for which the analysis is to be conducted, is distinctly
different from MPO or Statewide travel demand model study areas. The only time when
both are identical is when system-wide or network-wide improvements are being
evaluated at the same time. If evaluating a single capacity project, the main factor that
determines what the zone’s study area should include is primarily based the project type
(new link with or without tolls, bypass, widening). A second associated factor is the
travel shed associated with the project.
• Origin-destination matrix (or demand representation) represents the build and no-build
demand scenarios and the time frames for which the build (reference) and no-build (base)
scenario impedances can be developed.
• Time periods
For new links in the roadway, it is suggested that first a simpler distance based skim be
used followed up by a travel time skim or generalized cost skim. In any case, link travel time
inputs are vital for the rigor of benefit-cost analysis, and, similarly for any study of access, the
transportation induced zone to zone impedances (whether time or distance or generalized costs)
are valuable and of critical importance.

98

Entering Impedance Data
Similar to activity data use the clickable box to enter impedance data as it is shown in
Figure 5-9 (No-build and Build case).
Figure 5-9. Entering Impedance Data for Impact Zones (For No-Build & Build Scenario) – Tabs
6 and 7

Entering Per Capita GRP and GRP Proxy Data
Enter the GRP data or its equivalent proxy data similar to activity data as shown earlier.
See the image in Figure 5-10 for reference. The GRP data are used for productivity calculations,
as mentioned previously. If regions are smaller than metropolitan statistical areas (MSA) then
per capita gross regional product proxies have to be used. Due to lack of better metrics, we
recommend the use of average annual wages as the per capita GRP proxy. Much of the
theoretical economic literature suggests that inter-urban wage differences reflect productivity
differences. Hence, the common wage assumption in inter-urban settings must be approached
with caution.
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Figure 5-10. Entering per Capita or per Worker GRP /GRP Proxy Data – Tab 8

Getting the Output (Market Access / Productivity)
Click on the dialog box, shown in Figure 5-11, to see the outputs. Please note that
loading a large number of zones might slow the computations. With 22 zones shown in the
example exercise (on system processor Intel Core2 Duo), the time taken for a single run is
approximately 20 seconds. To clear all the saved data and output click the dialog box shown in
Figure 5-12. Remember using the ‘CLEAR DATA &OUTPUT’ button would cause all entries
in the spreadsheet to become blank. It is recommended that users save the file loaded with data
for use later.
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Figure 5-11. Click the Box to Get Effective Density/Potential Access and Productivity

Figure 5-12. Click the Box to Get Clear All Input and Output Data Stored in the Spreadsheet

Obtaining Results
The output consists of Effective Density and/or Potential Access values for each of the
zones and the total. The outputs are for both No-Build and Build case scenarios (see Figure 513). A separate column also shows the Productivity output in terms of monetary values (dollars)
against each zone. The toolkit also has built-in dynamic charting capabilities. The chart
provided alongside access measures and productivity outputs allow easy comparisons between
the calculated effective density values across the two scenarios (Figure 5-14).
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Figure 5-13. Toolkit Output (Market Access to Labor/customer Markets), Total Estimated
Productivity Gains/Losses ($) – Tab 8

Figure 5-14. Dynamic Charts of Outputs – Tab 8
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GIS Mapping
A GIS mapping output is also shown in Figure 5-15. This capability is currently
conducted externally by exporting all outputs to ESRI’s ARCGIS. Other open source tools can
be used when ARCGIS or other similar tools are not available.
Figure 5-15. GIS Mapping of Effective Densities as Measure of Market Access – Tab 8

ACCESS TO LABOR MARKETS MODULE USER’S GUIDE &
INSTRUCTIONS
Introduction and Purpose
Disclaimer
This tool is designed to provide a spreadsheet driven approach to computing
transportation-induced changes in access of work sites/employment centers to specialized labor
markets for a base year (no-build scenario) and a reference year (or build scenario) resulting
from a new or improved transportation projects. The tool may also be used to obtain an order-ofmagnitude measure of economic consequences (costs/savings) that may accrue to passenger
users who commute to those sites. The tool is most useful when all key employment centers
within a given, specific category in the study area are evaluated at the same time. However, it
will involve overly long computational times when there are more than 30 employment centers.
Transportation projects in regions with specialized industry sectors (with a need for specialized
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labor inputs) could use this as a preliminary assessment of how the productivity at work sites
may be impacted.

Objectives
The objective of this tool is to measure the influence of transportation on access to
specialized labor markets. The value of the tool lies in its ability to approximate the value for
commuters and employers when new or improved transportation projects impact commute to
work sites.
Additionally, planners could use this toolkit to analyze transportation projects in regions
with specialized industry sectors. They could also use this as a preliminary assessment of how
much more or less connected they are to their input markets (workers, in this case) and how
transportation projects could alter that connection. Industry clusters interact with business within
their own sectors and at the same time interact with other related sectors. This tool does not
compute the productivity implications. Follow up work is certainly required to consider
productivity implications and other input, such as user markets. However, one important feature
of this toolkit is the time-of-analysis aspect into peak, off-peak, and entire day for determining
variations during peak periods.
This tool, which measures access to labor markets, serves as a complement to the
previously presented tool, which measures access to buyer-seller markets. This tool is important
when a) the transportation link serves an important role in linking place of work to place of
residence for commuting trips and b) the focus within the study area is concentrated on
specialized industry sectors.
The following section discusses three main measures that this toolkit is designed to
provide, assuming work sites locations are identifiable for the study area. In other words, this
toolkit does cannot be used to identify the employment centers themselves or any degree of
specialization of industries in the study. The user must know this information and enter it into
the toolkit. The industry mix analysis is considered to be an important requirement before using
any of the tools produced. Alternatively, local knowledge of the strength of industry clusters
would be both useful and valuable.

Entering Inputs
The screenshot which follows will appear when you open the Access to Specialized
Labor markets tool. Here users see a brief set of instructions for the tool, on which tabs to enter
data into and on the Results tab. To begin entering data, click on the tab labeled “2 – DATA
ENTRY” and follow the instructions listed by each button.
On the “2 – DATA ENTRY” worksheet, click on the button titled “CLICK TO ENTER
PARAMATERS AND MAKE SELECTIONS.”
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Entering Input Parameters and Selections (Tab 2)
Click on the box shown in Figure 5-16 to enter inputs and make selections.
Figure 5-16. Input Parameters and Selections – Tab 2

1) Enter the Base Year as shown in Figure 5-17. The Base Year is same as the No-Build
year. The default Base Year is 2002.
Figure 5-17. Base Year Selection

2) Enter the Reference Year as shown in Figure 5-18. It is determined by the travel demand
model’s build year analysis. Both Base and Reference years refer to the years for which
no-build and build scenarios are developed from travel demand models.
Figure 5-18. Reference Year Selection
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3) Select Industry Sector for the employment center(s) in the study area. The drop-down
list and the details of 20 different 2 digit NAICS sectors appear in Figure 5-19. The
default selection is industry sector ‘NAICS 31-33: Manufacturing.’ This example uses
manufacturing because the study area is specialized in manufacturing (See Figure 5-19).
As noted earlier, the toolkit analyzes all employment centers in a given group or category
in the study area at one time. It is only under these conditions that the Concentration
Index (CI) is representative of agglomerative or concentration aspects associated with
employment locations. Other industry categories can be analyzed separately and saved
separately. If more than one industry sector will be analyzed, we recommend saving the
file with a new file and re-starting from step 1 for each sector.
Figure 5-19. Select Industry Sector for Employment Centers

4) Select the type of labor force data as shown in Figure 5-20, which needs to be examined or
for which access effects must be determined. The first option is ‘Potential/Population
Labor Force.’ The second option and the default selection is ‘Employed Labor Force.’
Figure 5-20. Selection of Labor Force Market

5) If you selected “Employed Labor Force” in Step 4, you will be required to specify that
further by selecting the specific type of employment ‘By Place of Residence’, shown in
Figure 5-21. The default selection is ‘By Place of Work.’
Figure 5-21. Selection of Type of Labor Force Data

6) Select the specialized labor category data type. The image in Figure 5-22 shows various
categories that you may specify that are available for the user to choose from the dropdown list. The default selection is made ‘By Industry Sector.’ These subcategories are
designed in such a way that the user’s only input labor force data is for the specific subcategory selected and for the time periods selected. In this case, the quality of
employment data inputs is important. While public domain datasets like Census Labor
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Employment and Household Dynamics (LEHD) and other Census data can provide base
year data, high quality inputs are required for projected year data. Additionally,
occupational categories are hard to obtain at any resolution lower than at the county level,
hence private domain data may be used as inputs, when available.
Figure 5-22. Selection of Specialized Labor Category
(Industry, Occupation, Age, Skill Level)

7) If you selected industry sector in Step 6, you will be required to identify whether you wish
to study “own” industry employment versus employment in any closely related sector or
category. Various options available under each of the sub-category from (6) are shown in
Figure 5-23. The default selection is made for ‘NAICS 31-33: Manufacturing.’
Figure 5-23. Specification of Labor Force Sought in Specific
Industry Sectors in Relation to Employment Center Industry
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Figure 5-24 shows the contents of all the drop-down selections in their expanded form.
Figure 5-24. Combined Screenshot for All Options for Labor Force Categorization

8) Enter the threshold impedance around each employment center, in terms of minutes or
miles (see Figure 5-25). This selection is required to identify the labor market area
associated with this commute threshold. This is the typical commute time or distance to
all the employment centers. The Census Transportation Planning Package and now the
American Community Survey provide typical commute times or distances to work by
mode and may be input here. Alternatively, in-house surveys or origin/destination
surveys may be used in lieu of public domain data, when available.
Figure 5-25. Enter Threshold Value
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Steps 9 through 14 are required only if the user wishes commuter cost implications. See
Figure 5-26 for details about the inputs needed.
Figure 5-26. Enter Inputs for Commuter Cost Calculations

9) Select the type of trip and the corresponding overall share of these trips (Figure 5-27) for
the study area.
Figure 5-27. Choose Type of Commuter Trip

10) Enter the wages per hour or value of time proxy in dollars per hour (Figure 5-28) that is
most appropriate for the sector in consideration, as set for employment centers. This is
used for valuing commuter costs (see equations in the introductory section of this
section’s technical guide).
Figure 5-28. Enter Wage Rate

11) Enter the fraction of the wage rate that will be used in the valuation of time costs (Figure
5-29). The default value is 50 (i.e., 50%). Personal trips are valued at 50% of the wage
rate while business trips are valued are 100% of the wage rate, per Office of Management
and Budget guidance.
Figure 5-29. Fraction of Wage Rate for Valuation of Time Costs

12) In this step, the specific time-of-day (period) for which the analysis is to be carried out (see
Figure 5-30) may be selected. Three options are provided: Peak, Off-peak, and Entire day
analysis. These periods correspond to the time periods (or slices) from which the travel
demand model skims (travel time) and trip tables are obtained and for which the analysis
needs to be carried out. In most cases, the selection is entire day. However, in specific
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conditions, like assessing the effects of congestion, specifying the specific time-of-day may
be required.
Figure 5-30. Selection of Time Period of Analysis of Changes
in Specialized Labor Markets

13) Enter the average speed for all the links in the network if threshold/impedance table input
is in miles (see Figure 5-31). This allows the tool to convert the impedance tables into
hour units of time for commuter cost calculations. The default value for the average
speed is 55 mph. Users may override this by inputting more appropriate values.
Figure 5-31. Enter Average Speed

14) Save and close the above settings and selections using the dialog box as shown in Figure
5-32. This option allows one to save all entries and automatically transfers them to
another worksheet (Tab 3) (see Figure 5-33).
Figure 5-32. Save and Close the Inputs and Parameters
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Figure 5-33. The Final Saved Inputs and Parameters

The overall process is laid out in Figure 5-34. The toolkit currently allows for a
maximum of 30 centers to be analyzed at the same time. For the sake of simplicity, if number of
centers/ zones are less than or equal to 10 use the path identified on left column of Figure 5-34.
If, on the other hand, the numbers of centers exceed 10, the path identified in right hand column
of Figure 5-34 should be used. When the study area is large, such as several counties or metro
region, the number of zones could exceed 30 very quickly.
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Figure 5-34. Select the Path Based on Number of Employment Centers

Entering Employment Centers (Tab 2 and Tab 7)
Enter the list of zones as employment centers in the desired box or print directly into the
worksheet on the tab labeled “7-INPUT EMPLOYMENT CENTERS” (see Figure 5-35). Enter
data within the required boxes. Entering data elsewhere other than the assigned boxes would result
in error for the outputs. Note that the employment centers selected should be within the zones that
are used within the tool. Use the user interface box (shown in blue on the user’s screen) only when
the zone size is less than or equal to 10.
Figure 5-35. Entry of List of Employment Centers (Identified by Zones) – Tab 7
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Entering Desired Specialized Labor Market Segment Data (Tab 2 &
Tab 4)
Enter total employment in all industries and for the segment selected earlier (Step 7). See
example shown in Figure 5-36. Use the user interface box (shown in blue on the user’s screen)
only when the zone size is less than or equal to 10. You will be required to provide activity
inputs for both the base period and the reference period for all zones in your study area.
Figure 5-36. Labor Market Data Entry
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Entering Impedance Matrix Data (In minutes or miles) (Tab 2 & Tabs
5-6)
Enter impedance matrix data both for the no-build and build scenarios as shown in Figure
5-37. Note that these data need to be entered within the assigned cells of the spreadsheet to
avoid error flags. Use the user interface box (shown in blue on the user’s screent) only when the
zone size is less than or equal to ten. Please note that this is the impedance matrix for the entire
study area.
Figure 5-37. Impedance Matrix For No-Build & Build Scenario

Entering Trip Table Matrix Data (Optional) (Tab2 and Tabs 8-9)
(Use this exercise only when the commuter costs are to be calculated.)
Enter trip flow matrix data both for the no-build and build scenarios as shown in Figure
5-38 for the entire study area. Note that these data need to be entered within the assigned cells of
the spreadsheet to avoid error flags. Use the user interface box (shown in blue on the user’s
screen) only when the zone size is less than or equal to 10. Since the user market in this example
is labeled as “work commute,” it is appropriate to enter the home-based work trip purpose
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category origin-destination daily trip volumes for the duration selected (or more appropriate user
class segmentation if available). In this case, the analysis is only as good as the data provided.
These data along with the skims are to be obtained for both the build and no-build scenarios from
the travel demand model. For peak period analysis, a peak period trip table is appropriate.
Figure 5-38. Enter the No-Build and Build Trip Table (Work Trip)

Obtaining Results
Obtain Desired Outputs (Market Area/ Labor Access/Concentration
Index) and Commuter Costs (Tab 2 and Tabs 10-11)
Use one of the selections shown in Figure 5-39 to perform the task of calculating the
Zone Accessibility, Employment Accessibility, and Concentration Indices. Users can use either
of the options to fulfill their requirements. The concentration indices are provided at the
employment center level. A higher value in build relative to no-build suggests enhanced
concentration of workers of the specified category at the center. Ultimately, some may gain
more relative to the others based on how transportation actually changes access to those centers;
the average effect on all centers is of importance in the study area.
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Figure 5-39. Selection of An Option to Obtain Desired Outputs.

Outcome Measures. The toolkit measures the change in market area/trade area for work
sites as the first outcome measure. This is the ease with which labor can access the work sites
with given travel time or distance budgets. The change in the trade area is what is made possible
due to transportation improvements. In the toolkit, this outcome measure is called zone
accessibility (market area, trade area, or effective market area). The second related outcome
measure is the expanded labor pool (additional opportunity) that is made available due to the
larger trade area, referred to as employment accessibility. Both of these outcome measures are
often used by businesses and industries to ascertain their reach to key markets, consistent with
travel budgets. A third outcome variable is an index that measures the change in concentration
of a specific labor pool type or category for an industry within a specific zone relative to the
share of that same labor category across all sectors (k) and zone (j).
The tool also connects the suppliers (commuters) with the demand sites (work sites) so
that it becomes possible to determine economic implications in terms commuter cost changes.
Zone Accessibility (Market Area/Effective Trade Area). Zone accessibility is
computed as the number of zones (which could be a TAZ, Block Group or County) that are
accessible before and after the investment for a given threshold distance from the employment
centers. This is a set of all zones that are within equal time/distance from the work site. It is
often visualized as a map of equal time/distance budgets and resembles a contour map.
However, this toolkit provides a spreadsheet driven preliminary approach determining this areas
at the zonal level before and after a transportation-related intervention. Most Geographic
Information System (GIS) tools can be directly used to provide this outcome measure as long as
there are network and land use layers indicating zones or locations of work sites.
Employment Accessibility (Access to Additional Labor Pools). Employment
accessibility accounts for the total employment of the desired type within a given zone that
becomes accessible before and after transportation investment. In principle, a large market area
and access to a larger and or thicker labor pool, should allow for a better labor matching at the
firm level and for reduced search costs for commuters (under the assumption that the firm is
economically able to utilize the additional labor resources that may become available).
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Concentration Index (CI). The CI with respect to an employment center in any industry
sector (j), zone (k), and commute threshold (threshold) is expressed by Equation 5-5 (shown in
the Technical Guide of this section).
The snapshot shown in Figure 5-40 shows the output for the four employment centers
identified in the example for an assumed 100 minute commute threshold. These outputs are
namely for Zone Accessibility, Employment Accessibility, and Concentration Index, which the
user is directed to automatically immediately after the calculations are done by the tool once the
clickable button of Figure 5-39 has been used. There are charts produced beneath each output
item for quick and easy interpretation of results.
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Figure 5-40. Sample Outputs for the Example
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Commuter Costs. As mentioned earlier, in the Technical Guide of this section, the
standard rule-of-half from Benefit-Cost Analysis has been adapted to provide estimates of
commuter cost savings for both passenger commute trips and business trips coming in the
employment centers. For more information on commuter costs, refer back to the technical guide.
The Commuter Costs Change is calculated as shown in Equation 5-6.
The snapshot shown in Figure 5-41 shows the cost savings for the four employment
centers and overall (in $).
Figure 5-41. Sample Output for Commuter Cost Savings

Reset Data and Outputs
Use any of the appropriate clickable buttons in Figure 5-42 to reset the entered data
and/or outputs for performing tasks.
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Figure 5-42. Resets Outputs and Inputs and Outputs
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CHAPTER 6
CONCLUSIONS: ACCOMPLISHMENT & NEEDS
This chapter was written by Economic Development Research Group.

WHAT HAS BEEN ACCOMPLISHED SO FAR
The spreadsheet tools developed by SHRP 2 Project C-11 have five salient uses:
• They demonstrate that it is possible to estimate wider transportation impacts,
including: reliability, accessibility and connectivity.
• They demonstrate that it is possible to calculate an economic value to households and
businesses that are directly affected by those wider transportation impacts.
• They provide a set of ready-to-use tools that staff of any DOT, MPO or consultant can
use to estimate the above-cited effects.
• They generate transportation and economic metrics that can be used as input to multicriteria, economic impact or benefit-cost analyses.
• They provide a set of analysis steps that can potentially be incorporated into more
complete and long-range transportation, land use or economic forecasting systems.
These uses fall within the category of what are called “middle stage planning” – which is
a step beyond the simple viewing of comparable projects elsewhere (addressed by the TPICS
web site of SHRP 2 Project C-03) but short of the more sophisticated techniques incorporated
into transportation, land use and economic simulation and forecasting models. Yet it is clear that
much more work remains to be done to improve these tools and their use.

REMAINING NEEDS
The work accomplished by this project has itself shown not only (a) that it is possible to
produce tools to assess wider transportation effects and their economic value, but (b) that there is
significant need for future work to improve both the “state of the art” and the “state of practice.”
These needs fall into four categories:
• Alternative Measures of Transportation Impact. The literature review has shown that
for each of the dimensions of wider transportation impact (reliability, accessibility and
connectivity) there are multiple ways to measure the magnitude of effect. For example,
reliability can be measured in terms of standard deviation around the mean, or schedule
buffer time, and accessibility can be measured in terms of an effective density measure
that is based on a decay function, or else in terms of the effective size of the market
within defined boundaries. Each metric has advantages and disadvantages that vary
depending on the intended use, though in some cases alternative metrics can yield similar
findings regarding the relative impacts of a proposed project. More research is necessary
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to further illuminate similarities and differences among these metrics, and to guide future
use of them.
• Economic Valuation. The economic valuation of these wider transportation impacts
has been shown to vary widely depending on the type of transportation and industries that
are involved or affected. For example, the benefits of timeliness and access to large scale
markets can depend on the type of product being shipped. The tools developed for this
project distinguish between freight and passenger transportation, but do not distinguish
impacts by industry. While those distinctions may be very important, the tools provided
here were designed to illustrate how simple methods can be used in a straightforward
manner without further data requirements. However, they can provide a starting basis for
development of enhanced tools with further detail to improve the benefit estimation
process, particularly when system-wide freight models and economic impact models are
available.
• Completeness. The tools developed for this study illustrate how wider benefits can be
incorporated into standard project evaluation procedures. But, they are still incomplete.
For instance, the business value of improved reliability has been calculated for freight
deliveries, but is not yet operational for commuting trips. Furthermore, no effort has yet
been made to assess the value of quality of life improvements that residents may realize
because of better accessibility to shopping, recreation and tourism opportunities. In
addition, the three dimensions of impact that were addressed here are not the only
dimensions of wider transportation impact. They were selected largely because they
were the most commonly reported objectives of highway capacity projects in the TPICS
database, but obviously there are other, localized social and environmental effects that
also occur and need to be addressed in future research.
• Relationship to Productivity and Competitiveness. These tools all attempt to measure
impacts on households and businesses that directly make use of improved facilities, or are
directly affected by their use (transporting workers, incoming supplies or shipping
products to customers). Yet there are also broader economic effects that occur as
secondary or indirect consequences, over a longer period of time. These include effects
on business expansion and location patterns, supply and demand for labor, prices and
import/export patterns – all of which can also affect productivity, competitiveness and
economic growth. Further research is needed to better distinguish productivity gains
attributable to transportation system improvements.
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