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1 Background: BCA in the TREDIS Context

1.1 Overview

Definition. Benefit-Cost Analysis (BCA) is an economic analysis technique for comparing the value of costs
to be expended against benefits to be incurred -- on a consistent basis

across all affected parties and across all periods of time. This is particularly
valuable for transportation infrstructure projects, where costs are incurred | Benefit-Cost Analysis (BCA)

up front and benefits may not occur until much later. BCA adjusts for this is the US term for what is
timing mismatch by expressng benefits and costs in a “net present value” referred to in Europe as
context that captures the time value of money. Cost-Benefit Analysis (CBA).

Uses in Transportation Decision-making. BCA has a very specific use. It is a

measure of the “efficiency” of investment in terms of relative payback, and hence plays a role in enabling
both (1) comparison among alternative projects to prioritize investments with the greatest overall
payback, and (2) screening to eliminate projects with costs exceeding the stream of long-term benefits.

However, BCA also has limitations. It measures overall efficiency by rolling up all costs and all benefits
regardless of who pays and who benefits. Thus, BCA cannot consider the equity of impacts among parties
or among areas. Since it uses a discounted net present value concept, it is also not the right tool to
evaluate financial feasibility in terms of cash flow over time, and it is also not set up to evaluate progress
towards achievement of long-range policy goals for future economic development or environmental
improvement. That is why TREDIS provides a portfolio of economic analysis tools that also include
financing impact, economic development impact and performance measures for emission factors.

The TREDIS Version of BCA. TREDIS provides a particularly strong form of BCA with the following features
not incorporated into most other transportation benefit-cost tools.

First, it is comprehensive. It includes travel time, travel expense, safety and emissions reduction benefits
that can differ depending on modes, trip purposes and location context. It also includes options to capure
benfits of improving travel time reliability and market access.

Second, it provides three levels of BCA coverage: (a) basic traveler benefits, also known as transportation
system efficiency benefits, (b) inclusion of wider freight user benefits, and (c) additional inclusion of wider
economic productivity and social/environmental benefits.

Third, it provides a choice of BCA measurement perspectives, including (a) regional (state or metropolitan
area) perspective, (b) national perspective, and (c) government agency perspective. The choice of spatial
area affects what are considered to be internal vs. external benefits. There is also a choice between the
UK and US accounting perspectives, which differ in their treatment of public vs. privately-operated tolls.

Consistency in Distinguishing Benefit-Cost and Economic Impact Analysis. TREDIS coverage includes:

o Benefit-Cost Analysis (BCA) — comparing the net present value of benefits and costs, where
improved access to opportunities can be assigned a benefit valuation based on either stated
preference or revealed preference, and

e Economic Impact Analysis (EIA) — showing impact over time on regional economic growth, where
access to larger markets leads to revenue and income growth as a consequence of productivity
gains from scale economies in operations.
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1.2 The TREDIS Framework: A Modular Design

TREDIS is an integrated economic impact analysis system for transportation planning and project
evaluation, designed to cover a wide range of applications including the assessment of benefits, costs,
finance, and macroeconomic impacts of alternative projects, plans, and programs. It covers all passenger
and freight modes, and it assesses costs, benefits, and impacts across a range of economic responses and
societal perspectives. To accommodate this range of features, there is a TREDIS Framework that operates
as a set of interconnected “core” modules as shown in the figure below.

The TREDIS Framework has a modular design so it is possible for analysts to use, bypass or substitute
elements of the analysis system. As shown in the graphic below, there are four core modules (deep blue
rectangles), two add-on elements (lighter blue rectangles), inputs (top, green), and analysis results (left
and right sides). In general, the travel cost module and market access module translate changes in
transportation performance into economic factors that drive both the benefit-cost module and dynamic
economic simulation model.

TREDIS Framework: Modular Design
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Project Costs, travel changes,

Models accessibility, other project inputs
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1.3 Distinguishing Benefit-Cost Analysis (BCA) from Economic Impact Analysis (EIA)

In the transportation research literature, it has long been clear that economic impacts of transportation
projects are not the same as the economic value of project benefits. Accordingly, TREDIS carefully
distinguishes benefit-cost analysis from economic impact modelilng, yet presents both in a consistent
manner. These distinctions are important, and are summarized in this section based on prior work by the
authors of TREDIS.! In general:

e Fconomic Impact Analysis (EIA) estimates the direct effects of spending, market shifts, and
efficiency gains on on local businesses and consumers. These include the effects of direct policy
changes and economic interventions, as well as further indirect and induced impacts on supplier
purchases, consumer respending, prices, investment and exports. These impacts are typically
measured in terms of changes in jobs or income in a specified future year. In general, larger
projects tend to have larger impacts.

e Benefit-Cost Analysis (BCA) evaluates the stream of costs and net benefits to users and the rest of
society (non-users) over the life-cycle of a project. All benefits and costs are monetized and then
discounted to present value to allow for the time value of money. Benefits are presented relative
to cost and therefore project scale does not affect the results. This relative comparison creates a
consistent framework enabling project comparison and project prioritization.

Example of economic impact (EIA). It is possible that a transportation project will reduce business
operating costs, which can increase profits (a component of value added). That may also improve
competitiveness for locating a business in the affected area, resulting in further business sales and income
growth there. Such impacts directly affect the flow of corporate income and lead directly to increases in
worker income. As such, they represent an economic impact on the affected area.

Example of economic value of benefit (BCA). It is possible that a transportation project may serve to
reduce expected or unexpected delays, reduce travel time, reduce air pollution levels, and enhance or
otherwise affect the visual beauty of an area. All of these impacts are seen as having a value to society,
which shows up in either willingness-to-pay studies (representing stated preferences) or in observed
value changes (reflecting revealed preferences). Such “societal” (or social) benefits, once monetized, can
be counted in a benefit cost analysis. However, not all types of benefit change the flow of income in the
economy.

Both concepts have their use. The economic value of benefits is used in benefit-cost analysis to establish
the economic efficiency of particular transportation investments. However, the measurement of
economic impacts can also be useful, as it can show the extent to which transportation improvements
lead to tangible benefits for local constituents, and it can also show movement towards addressing social
equity goals such as the redistribution of future business growth to areas of current economic distress.

TREDIS carefully accounts for the difference between economic impacts and benefits, and separately
reports both effects. In practice, economic impact analysis and benefit-cost analysis are quite different
from each other, and are performed for different reasons. For instance, an economic impact analysis

1 This discussion draws from a working paper by Glen Weisbrod, which subsequently developed into the
published article: “Models to predict the economic development impact of transportation projects:
historical experience and new applications,” Annals of Regional Science, 2008.
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might be conducted as part of an Environmental Impact Study (EIS) to identify expected social and
economic development consequences of a project. In such cases, it is important to determine the “full”
impact in terms of population, employment, personal income, or business output, because these may
lead to subsequent environmental and/or land use impacts. Benefit-cost studies, on the other hand, are
used to justify a particular investment strategy, select among a list of project alternatives, or prioritize the
scheduling of reconstruction projects. These difference between benefit-cost and economic impact
analysis approaches can be seen in the diagram below.

Overview of Benefit-Cost Analysis and Economic Impact Analysis

Benefit/Cost Analysis (BCA) Economic Impact Analysis (EIA)

Economic Geograph
(Competitiveness)

* Labor & Capital Flows
* Export Growth
*Import Substitution
* Workforce &
Pop. Migration

Productivity Factors
*Business—Related Time Cost
*Operating Cost

* Access/Agglomeration

* Reliability/Technology Adoption
& Labor/Resource Utilization

*Personal Time
* Safety
*Environmental

Source: Weisbrod, Mulley and Hensher, 2015. Note: This also draws from earlier studies:
see Wang, 2015; Weisbrod et al, 2015, 2006).
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The TREDIS calculation process for BCA, and its relationship to EIA, can be traced in the Figure 2 flowchart.
The differences are also discussed in further detail in a separate document, which explains their different
uses in transportation planning and decision-making processes. (See: Application of Economic Analysis for
Transportation Decision-making: A Guide to the Different Uses of Benefit-Cost Analysis, Economic Impact
Analysis and Financial Impact Analysis).

Travel Impacts Changes in
- Changes in VMT, VHT, Trips Access to Markets

+ Changes in ridership

+ Changes in freight volumes
+ Changes in O/D travel times
+ Induced travel

X

Non-User Benefits Direct “User Benefits Other Impacts
* Environmental impacts + Travel time & cost savings + Construction spending
* Quality of Life impacts + Value of improved safety * Operations/Maintenance
* Social impacts + Induced travel benefit * Project financing
+ Supply chain productivity + Asset depreciation

Benefit/Cost Analysis: Direct Economic Impacts
+ Net present value of select benefits + Changes in HH spending
+ Net present value of select costs + Changes in business output '( ot

+ Changes in buying power
+ Changes in cost competitiveness

)

Secondary Economic Impacts

+ Indirect impact (suppliers)
+ Induced impact (consumer spending)
+ Import substitution & investment shifts

\ \)

B/C Analysis Result: Impact Analysis Results:
+ NPV of Benefits * Total net gain in employment
= NPV of Costs * Business Output,
* Value Added

* Personal Income

— _
— " — ~

Benefit/Cost Analysis Economic Impact Analysis

Figure 2. Overview of Benefit-Cost Analysis and Economic Impact Analysis
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The need for separate valuation of traveler, economic and other social impacts is stressed in the NCHRP
Guidebook for Assessing Social and Economic Impacts of Transportation Projects (David Forkenbrock and
Glen Weisbrod, 2001). Yet it can be argued that one of the most dangerous elements of applied economic
impact modeling has been the blurring of these differences in the use of economic impact studies. As
shown above, this blurring can occur in the translation of direct travel impacts to either benefits or direct
economic impacts.

Key similarities and differences between benefit-cost analysis (BCA) and economic impact analysis (EIA)
are as follows:

e Similarities between BCA and EIA — Business-related travel time savings and travel-related money
savings (including operating costs) are counted in both BCA and EIA. An EIA captures these affects as
changes in expenditures by households and businesses, and through productivity enhancement for
businesses which result in more jobs and income. However, these are elements are also measurable
components of overall project benefit in a BCA.

e Factors Where Economic Development Measures are Broader than BCA Measures —BCA captures the
net change in benefits to society relative to costs, meaning any income or wealth transfers are
factored out as a net zero change. To illustrate this difference, consider that an EIA will capture the
downstream effects of attracting more inward investment to grow a regional economy, while BCA
defines that effect as a spatial transfer of wealth and ignores it. Another example is a scenario in
which a project reduces road tolls. In that case, EIS will recognize tha households will then have
more disposable income and generate additional economic activity by spending the toll savings on
other goods and services. On the other hand, a toll reduction typically has no effect in a BCA because
tolls are a transfer of income between parties. Another difference is treatment of economic growth
on a region or country due to the short-term effects of construction spending. In that case, an EIA
can capture the direct construction expenditures as well as the associated multiplier effects from
supplier purchases and respending of worker income. However, in a BCA, construction spending by
itself does not necessarily bring any net income benefit over the alternative of spending the same
money on other investments (that is the opportunity cost). Finally, note that, while business
relocation decisions are typically motivated by the opportunity to increase profitability and return on
investment, the net productivity benefit for the broader nation or world (which can be counted in
BCA) is usually far smaller than the impact on a local area’s economic growth (counted in EIA),
because local business activity growth can be displaced from outside the region.

e Factors Where BCA Measues are Broader than EIA Measures — Impacts on the economy (in EIA) can
exclude some factors that may be counted in the net value of project benefits (in BCA). For instance,
the dollar value of personal travel time improvements (an element of traveler impact) and the dollar
valuation of air quality improvements (an element of social impact) are both real project benefits
that can be assigned an economic value for BCA. However, that value does not automatically turn
into an equivalent change in the flow of money and income in the economy (as counted in EIA). In
addition, improvements in transportation safety are a clear social benefit (in BCA), but they do not
necessarily create any more net jobs and income in a local economy (in EIA); in fact, they could lead
to a loss of jobs and income in medical and car repair occupations. As a final example, consumer
surplus theory requires that both the costs and benefits of induced household travel be measured. In
contrast, only the costs of induced household travel lead to a gain or loss of regional economic
activity in economic impact modeling.
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2 Measurement of Benefits and Costs in BCA

2.1 Basic BCA Calculations

Benefit-cost analysis presents all benefits and all costs in terms of two formulas:
e Net Present Value = (present value of benefits) - (present value of costs)

e Benefit/Cost Ratio = (present value of benefits) / (present value of costs)

In both cases, the calculation requires summing up benefits and costs over time, after applying a discount
rate that adusts for the time value of money. By applying a discount rate, the “present value” of receiving
benefits or paying costs out in the future is less than if those benefits or costs were incurred today. The
formula for net present value is

o= Bo- CZ+‘B"_C‘}+_"+BT_CT
(1+i)° (1+i) (1+i f

where B = benefits, C = costs, T = time, | = discount rate.

The formula for benefit/cost ratio is

Bo Br

. Co Cr
(g+g)" +...+(£+I_)T_]' I +...+ r._]'

vest (1+ ) 7 (1+i)

2.2 Alternative Views of Economic Benefits

In the Benefit Cost module, transportation benefits are classified in terms of three levels of breadth:

o Traveler Benefit refers to the traditionally-used measure of transportation user benefit and system
efficiency. It is defined to include benefits associated with passengers, drivers and vehicle costs that
occur as a result of improvements in travel times, travel expenses and travel safety. Additional
benefits — associated with switching modes of travel, origin-destination patterns and “induced”
generation of additional travel — are also counted (through the concept of “consumer surplus”).

e Broader “User” Benefit measures are now becoming more common. They include all traveler
benefits (above), but also add logistics benefits. These are the time and shipping cost savings to
industries producing or consuming the commaodities on board freight modes. This class of benefits is
included as “user” because industries are the ultimate “users” of freight transportation. Benefits
accrue to shippers because as shipping costs go down, businesses can increase productivity through
inventory management, production scheduling, and/or distributional efficiencies.

III

e Wider “Societal” Benefit (or “social” benefit) measures include all of the broader user benefits, but
also add benefits to parties not directly using the transportation system (or facility being upgraded).
These are sometimes called “externalities” because they accrue to parties external to the market in
guestion. Wider societal benefits include the valuation of environmental impacts such as reduced
pollution and greenhouse gas emissions. They also include “wider economic benefits” associated
with expanded market access that create scale economies and enhanced productivity for businesses.
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In TREDIS, these three levels of benefit are carefully defined and distinguished. To avoid double counting,
they should never be added together. A comparison of the coverage of these alternative measures is
shown in Table 1..

Traveler Full User Societal
Benefit Benefit Benefit

S Passenger Time Savings for personal travel Yes Yes Yes

S Passenger Time Savings for business travel Yes Yes Yes

S Travel Vehicle Operating Expense Savings Yes Yes Yes

S Shipper/Receiver Productivity Gain -- Yes Yes

S Market Access Productivity Gain -- -- Yes

S Value of Quality of Life & Environmental Benefits -- -- Yes

S Local Income Growth from Economic Impacts -- -- --

Table 1. Difference Between Economic Benefits and Regional Economic Impacts

2.3 Role of Study Area Definition in Measuring Benefits

All of the various measures of benefit and impact discussed above are sensitive to the areas for which
information is collected.

e [ssues for Measuring User Benefits. In theory, user benefits should be measured at a global scale.

However, in practice, state/provincial, regional and local transportation agencies tend to collect
information and maintain transportation models or databases covering a limited area - typically their
area of jurisdiction plus surrounding areas. This allows them to capture benefits of local
transportation improvements for incoming, outgoing, internal and pass-through trips. Sometimes
planning agencies are interested in calculating the extent to which total user benefits accrue to users
with home or business locations within the region. TREDIS allows for both local and total benefit
calculations.

Another concern, though, is that travel models may miss the impact of projects affecting inter-city or
inter-regional movements outside of their area of coverage. This could lead to under-estimation of
benefits, as the analysis process may not capture impacts on the generation and routing of external
trips that have a choice of using or avoiding the study area. For most projects, however, this is not a
major concern. TREDIS also provides a means for estimating benefits associated with “induced
demand,” which encompasses new travel (which could include trips that previously were not
captured in the analysis process due to study area limitations) See Section 3.2 for a complete
discussion of how induced demand is handled in TREDIS.

Issues for Measuring Environmental Benefits. In theory, societal benefits should be measured at a
national or global scale. However, in practice, state/provincial, regional and local agencies tend to
apply environmental impact models (such as air quality impact models) to the results of travel
models. As a result, whatever spatial limitations apply for the travel model coverage will usually also
apply for the environmental impact coverage.
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e [ssues for Measuring Wider Economic Benefits. Gross impacts on economic development (GDP
growth) are not counted in BCA since business attraction represents a spatial shift of business
location between regions (which may be viewed as a zero sum gain). In reality, though, it is now
widely accepted that (a) no business would pay the costs of relocaction unless they would realize
some productivity gain from doing so, and (b) businesses do stand to gain productivity from
transportation improvements that enlarge their market access (for workers and/or customers), and
provide scale economies for their operations. Accordingly, TREDIS incorporates the wider economic
benefits (WEB) of increased economic productivity into its regional BCA and national BCA element.

2.4 North American vs. UK/Australia Views of Benefits

Tolls represent a cost to travelers and a revenue gain to toll road owners. In the North American view, this
represents a net zero impact on B/C ratios, as it is merely a transfer of wealth between two parties in
society. In this view, there is a positive benefit to government and a negative benefit to travelers that
cancel out in the numerator of the B/C ratio. There is no effect on the denominator value of project cost.
This view is not affected by whether the toll road is publicly or privately owned, since government and
private organizations are both viewed as part of society.

In the UK view, also shared in Australia, tolls are treated differently. This view takes the BCA position of
government. Accordingly, a public toll is represented as a net cost to travelers in the numerator of the B/C
ratio, and a source of government revenue that reduces public cost in the denominator. A private toll
road, however, on the other hand, is treated as causing a private cost to travelers and a private gain to
road owners that cancels out in the B/C ratio numerator, with no effect on the denominator.

The bottom line is that both North American and UK views of BCA produce the same “net benefit” (i.e.,
benefit - cost), but they differ in reported B/C ratios. In the UK view, a public toll road can appear to have
a higher B/C ratio than a private toll road. TREDIS can calculate either views. Currently, the choice of
perspective is initially set in the contract setup process.
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How the Benefit-Cost Module Works

The benefit-cost module in TREDIS gathers relevant user-defined data and output from preceding
modules to estimate net present values of benefits and costs (see Error! Reference source not found.). D
epending on how the project has been set up by the user, these may include (1) direct travel-related cost
savings as calculated by the Travel Cost module and (2) productivity benefits as calculated from the
Market Access module.

The entire process is motivated by the need to identify where a particular impact falls on the benefit
mapping shown earlier in Table 1. Data from the travel cost module is therefore filtered and categorized
based on whether it is a user benefit or non-user benefit, and user benefits are further categorized as
travel efficiency or the broader measure of “full” user benefit, which include freight shippers. Market
access impacts are distilled to include only productivity gains.

This process is completed in several steps. First, direct user and non-user impacts are aggregated from the
Travel Cost module. The next step is to estimate induced travel benefits based on reported travel
characteristics and mode-switching patterns. The third step is to reconcile various impact measures to
avoid double-counting. Finally, net present values of all cost and benefit streams are reported by mode or
year in the final reports.

Travel Cost Module Results Travel Patterns
Traveler Benefits Mode switching
Travel time savings Induced travel

Vehicle operatinng cost savings
Reliability benefit
Safety benefit

Other Travel-Related Benefit
Environmental benefit Benefit Cost
Wider productivity benefit Madule

NPVs, B/C ratios from
different organizational
perspectives

Market Access Module Results

Increased productivity

Project Costs

Initial Construction
Operations & Maintenance
Residual Value

Figure 3. Overview of Benefit Cost Analysis
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3.1 Calculation of Direct Traveler Benefits and Other Non-Traveler Benefits

The first step to estimating benefits from a transport investment is to assemble information on direct
traveler and non-traveler costs. In the TREDIS framework, these calculations are typically made by the
Travel Cost module, but a customized process using the Direct Cost Override form can be substituted, if
desired. The ultimate result of the Travel Cost module is an array of direct user and non-user costs for
each scenario?.

Traveler benefits may include savings in costs associated with
e travel time costs for vehicle drivers/crew, occupants (passengers), and cargo,
e costs of travel time variability,
e vehicle operation costs (which vary with congestion levels),
e tolls or fares,
e accident costs.

Each benefit category is monetized based on changes in travel characteristics (trips, VMT, VHT, vehicle
occupancy and loadings, etc), and value factors suggested by regulatory guidance and a literature review
about the value of the concept to traveler. For a full discussion of monetization rates, see separate
document: Data Sources and Default Values. As discussed above, user benefits also include time cost
savings accruing to shippers and receivers of the commodities onboard freight modes3.

Non-traveler benefits may include benefits from reduced emissions and expanded market access.
Emissions impacts are calculated on the basis of changes in travel characteristics (trips, VMT, VHT, and
vehicle occupancy). Their direct valuation is based on guidance from regulatory agencies. Expanded
market access impacts are calculated in the Market Access Module on

the basis of changes in transportation zone employment, population and | See the Travel Cost Module
travel times and costs of movement between zones. Their translation technical document for
into direct business productivity measures is based on prior research more on the calculation of
studies. The sources for these calculations are presented in the separate traveler and non-traveler
document, Data Sources and Default Values. benefits.

3.2 Accounting for Induced Travel

This section is drawn from a paper published by the authors of TREDIS*. All costs correspond to levels for a
scenario. Benefits are estimated by differencing two scenarios (for example, build vs. no-build). As such,
negative values reflect a detriment or adverse situation. For projects with no induced travel, the change in
direct travel impacts between two scenarios can simply be calculated as the difference between two
scenarios. However, for projects with induced travel, this “simple” difference must be adjusted to account
for travelers’ and shippers’ economic response to travel cost changes.

2 See separate technical documentation of the Travel Cost Module.

3 For a further discussion, see FHWA’s website on incorporating freight in benefit/cost analysis, which has
some excellent technical and non-technical reviews:
http://ops.fhwa.dot.gov/freight/freight analysis/cba/index.htm.

4 For more information, see Brian Alstadt and Glen Weisbrod, “A generalized approach for assessing the
direct user impacts of transport projects”, Transportation Research Record No. 2079.
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A new piece of transportation infrastructure or a new policy may reduce travel costs through any of the
previously-discussed traveler costs. Over time, firms and households recognize this lower price as an
opportunity to decrease production costs or satisfy new trips. In both cases, the total number of trips (or
miles traveled) may increase in the long-term. If direct impacts are calculated as the “simple” user cost
difference between scenarios, then overall benefit might be underestimated because the new (induced)
trips are tallied as having costs but no benefits. In reality, induced trips are made precisely because they
have value, which outweighs the cost of making the trip. Figure 4 illustrates the standard economic
interpretation of induced travel.

Cost of A
Travel

Cd

DSh0ﬂ~t€m

\..\
Dlong»ten'n

Q, Amount of Travel

Figure 4. Graphical Representation of Induced Travel

In the short-term, travel demand has limited sensitivity to cost changes. The relative insensitivity is
reflected by a nearly vertical (inelastic) short-term demand curve (line D). Thus, following an investment
that increases supply, travelers initially consume the same amount of travel (Qo = Q;) and simply enjoy the
lower costs. In the long-term, however, households and firms decide to purchase or pay for more travel,
which may again increase the unit cost of travel (from C; to C;) due to congestion. This is reflected in a
long-term demand curve that has pivoted or shifted (or both, as indicated by the grey shaded line), such
that it crosses the new supply curve at a lower cost (Cz) but higher travel volume (Q:). The short-term
benefit is shown as area a, and the induced benefit as area b; together, they comprise the net increase in
consumer and/or producer surplus from the change in supply.

The TREDIS Benefit Cost Module accounts for induced travel based on the theory shown in Figure . If So
and S; reflect the respective supply curves for no-build and build scenarios, then area b is the induced
benefit — the increase in consumer surplus accruing to induced travelers. Note that the benefit to the
existing pool of travelers (to the left of Qg 1) are already accounted for in TREDIS.

To estimate the induced benefit, total travel volume is calculated and reconciled across all modes. This
step is important because increases in demand for one mode may simply reflect a switch from another. If
this occurs (and if both modes are included in the model), then including mode-shift as induced would be
double-counting, because the benefits of mode-switching are already captured by the net changes in user
costs across both modes (however, if only one of the modes is included, then the induced benefit may be
used to proxy the consumer surplus gain in the mode switch). TREDIS measures the quantity of travel
consumed (Q) as either passenger*trips or ton*trips, depending on whether the mode is passenger-
focused or freight-focused. Note that these measures normalize demand among all competing modes,
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and the benefits of more trips and increased ridership are captured. In the following equations, indexes
are s = scenario, t = travel period, m = travel mode, p = trip purpose.

PassVol;, = (\/ehicleTripstp )(PassPerVeh,;tp) (1a)
FreightVol; = (\/ehicIeTripsfntp XTonsPerVeh;tp) (1b)

These measures of travel volume are calculated for each of the two scenarios and differences are
generated for each mode/trip purpose combination. For any instances where total volume increases, the
modeler then determines the fraction of increased volume that resulted from mode switching, and enters
that value in the appropriate input table. Any remaining increase (not captured by mode shifting) is
assumed to be induced, as shown in the following equation, where Q may be either of the measures (1a)
or (1b):
t build,t no-build,t seat

InducedQ,, = (Qmp - Qmp Xl— ModeShlftmp). (2)
In practice, equation (1a) is used for all passenger-focused modes, and equation (1b) is used for freight-
focused modes. Unit travel costs for each scenario are calculated as

st
s UserCost,,, )
mp t ’
Qnp

The induced benefit (area b) is therefore calculated as

InducedBerefit; | = % Inducedenp(Cr'j’f;‘)Set —C,;ﬁ';er”a”""t). (4)

3.3 Productivity from Market Access (Economic Geography) Factors

Thus far, direct traveler and freight user benefits as well as induced travel benefits have all been
accounted for. The next step is to incorporate the results of the Market Access Module, which estimates
the economic consequences of improved access to consumer, producer, and labor markets.

The Market Access Module uses cross-sectional regression analysis to estimate how a range of
accessibility factors (covering a variety of modes and markets) affects a study area’s industry production
(after controlling for other factors). It estimates three types of economic impact: increased productivity,
increased business attraction, and increased export sales to outside areas. All three are important for the
model of regional macroeconomic impacts, however only the first one counts in benefit cost analysis.
(The other two are considered to be spatial transfers in the benefit cost context.)

These productivity impacts occur as expanded market access creates See the Market Access
“agglomeration economies” —i.e., scale economies associated with Module technical document
improved access to other companies (creating “knowledge spillovers”), for more on the calculation
access to a wider workforce (creating better “job skill matching”) and of productivity from
delivery access to a wider customer base (creating scale economies in enhanced market access.

operating costs).
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3.4 Phase-In of Project Costs

The final step to estimating benefit/cost results is to discount costs and benefits over time. This is done in
several steps. First, project costs and phase-in information are gathered from appropriate user input
tables. These are used to estimate the present value of costs, after estimating any residual value of
constructed facilities. Next, benefits are phased in over time, and the present value of the benefit stream
is estimated. Finally, present values of benefits and costs are compared.

Startup Costs. TREDIS project startup costs relate to the initialization, design, and construction of
transportation facilities. These are itemized by mode (road, rail, air, marine) and cost type:

e Property Acquisition — For example, right-of-way purchases or easements.

e Engineering and Design — These are the soft costs of construction, including planning, analysis,
legal, architectural, engineering, and design work.

e Right-of-Way (paving, rails) — These costs involve earthmoving, grading, drainage, and paving. For
railroads this includes expenditures for laying rails; for airports this includes runway construction.

e Transport Structures (bridges) — This category includes road bridges and flyovers, railroad bridges,
and marine docks.

e Terminal Buildings and Equipment — For example, operations offices, maintenance facilities, airport
terminals, or storage buildings.

e \Vehicles — Including rail cars and engines, ferries, airplanes, barges, and maintenance vehicles.

Note that while not all of these cost types generate economic impacts, they are all included in project
costs for benefit/cost analysis. Furthermore, startup costs are entered on a scenario-by-scenario basis,
and project costs are based on differences (build vs. no-build). Therefore, if any costs are included in the
no-build scenario (possibly some sunk costs), only differences are included in the benefit cost analysis.

Startup costs are phased in based on the phase-in detail table on the project page. (See the separate
TREDIS User’s Manual for more information.) This may be customized on a year-by-year basis, but the
default allocation is constant spending for the entire construction period. Therefore, if the construction
start year is set to 2020 and the construction end year is set to 2023, the default TREDIS assumption is to
assign 25% of net startup construction costs to each construction year (including the start and end years).

Ongoing Costs. A second type of construction cost relates to the operations and maintenance (0&M) of
transportation facilities. These are also itemized by mode and cost type:

e Ongoing Operations — For example, transit service operation, highway toll collection, systems
operation, or incident management.

e Maintenance & Rehabilitation — For example, crack repair, repaving, or vegetation control; also
includes vehicle servicing.

O&M costs are entered as annual expenditures, with user-set start and end dates. Typically, operating
costs begin in the year of project completion (operation period start year) and continue through the time
period of analysis (to the operation period end year).

Residual Value. For each of the startup construction categories available in TREDIS, the Useful Life Settings
table, accessible from the Costs page, i/s used to indicate its service life. This indicates how long the
facility is expected to be in service before needing to be rebuilt, and are used by the Benefit Cost Module
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to establish a residual value if the analysis period is shorter than the facility’s expected life. For example,
for the project described above, any facility with a useful life longer than 20 years will generate a residual
value on the benefit/cost analysis report page.

Residual value is calculated based on the remaining dollar value after the transportation facility is
depreciated over the operations period (using a straight-line depreciation method). As an example,
assume the project described above constructs a $70 million terminal building. The default useful life for
facilities of this type is 40 years. Therefore, after the 20 year operations period, using straight-line
depreciation, the building has a residual value of 50%, or $35 million. For each project, this calculation is
made across all facility types and modes to determine a single net residual value. This is included as a
negative (dis-) cost in the operation period end year when calculating the present value of costs.

Cost Phase-in Example. To bring the three concepts of startup costs, O&M costs, and residual value
together, consider a project with the following variables:

e Net startup construction costs = $100m (entire construction period)

e Net O&M costs = $1m per year

e Construction Period: Start Year = 2020, End Year = 2023

e Operation Period: Start Year = 2023, End Year = 2040

Using the default phase-in and residual value assumptions, the TREDIS Benefit Cost Module will generate
an undiscounted cost schedule as shown below.

Startup Costs (Sm) | O&M Costs (Sm) | Residual Value (Sm) | Total Costs (Sm)
5 0 0 25

2020 2
2021 25
2022 25
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
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25
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Table 2. Example of TREDIS Cost Phase-In
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3.5 Phase-In of Project Benefits

Section 2 of this Technical Document identified benefit categories that can result from a transportation
investment. From the standpoint of how these phase in, these may be reduced to just three:

e Operational Benefits — Including time and vehicle operation cost savings, shipper/receiver logistics
benefits, collisoin reduction, environmental benefits, and consumer surplus from induced travel.

e Productivity Benefits — From increased access to markets, measured as increased output per worker
(labor productivity).

e Fconomic Development Impacts — Including income generation from direct, indirect, and induced
impacts of operational benefits and business attraction (but not construction spending). Measured as
net increase in value added (GRP).

Each of these types of impact streams is phased in differently. Operational benefits are phased in
according to the Phase-In Detail input table on the project page. (See the separate User’s Manual for
information on how default values are estimated.) Market access productivity impacts are phased in
based on time-series research on how these benefits unfold for different types of economies. (See
separate documentation of the Dynamic Economic Model® for more information.) Economic development
impacts are phased in based on the phase in of the underlying direct impacts, incorporating any lag
effects. (See separate technical documentation on the Economic Adjustment Module for more
information.) A hypothetical example of undiscounted benefits streams is shown below:

Travel-Related Benefits (Sm) | Productivity Benefits (Sm)

2020 0 0
2021 0 0
2022 0 0
2023 17.01 0.04
2024 17.24 0.08
2025 17.49 0.18
2026 17.73 0.38
2027 17.98 0.77
2028 18.23 143
2029 18.49 2.30
2030 18.74 3.17
2031 19.01 3.83
2032 19.27 4.22
2033 19.54 4.42
2034 19.82 4.52
2035 20.09 4.56
2036 20.37 4.58
2037 20.66 4.59
2038 20.95 4.60
2039 21.24 4.60
2040 21.54 4.60

Table 3. Example of TREDIS Benefit Phase-In

5 See also: “Economic Impact Study of Completing the Appalachian Development Highway System”,
Report by Cambridge Systematics, Economic Development Research Group, and HDR Decision
Economics, June 2008 (http://www.arc.gov/research/researchreportdetails.asp?REPORT ID=69)
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3.6 Discounting Cost and Benefit Streams

The final step before reporting benefit/cost results is calculating the present value of all cost and benefit
streams. This is done by applying a discount rate that represents today’s value of the streams of costs and
benefits that extend into the future. This effectively diminishes the value of more distant future benefits
and costs. The discount rate is a user-provided value.

The value most frequently selected discount rate value is the “opportunity cost of capital” —i.e., the
private sector cost of borrowing money over and above the rate of inflation. (The private sector
borrowing cost is used because public sector borrowing competes against and hence displaces money
available for private borrowing.) An alternative measure is the “social discount rate,” typically a higher
rate that accounts for society’s value of investing for the long-term future. Most US states use a discount
rate in the range of 5%, although the US government recommends using a social discount rate of 7%.
FHWA'’s Economic Analysis Primer® provides the following advice about selecting a discount rate:

As a rule of best practice, economic analysis should be done in real terms, i.e., using dollars and
discount rates that do not include the effects of inflation. A real discount rate can be estimated by
removing the rate of inflation (as measured by a general price index such as the CPI) from a
market (or nominal) interest rate for government borrowing. The selected market rate for
government borrowing should be based on government bonds with maturities comparable in
length to the analysis period used for the economic analysis. Real discount rates calculated in this
manner have historically ranged from 3 percent to 5 percent - the rates most often used by States
for discounting highway investments. [...] Due to the importance of the discount rate, care should
be taken to select one that reflects a State’s actual time value of resources.” [p. 13]

Calculating the Discount Factor. For each future year, a discount factor is applied to costs and benefits
accruing in that year. The discount factor is specific to a future year T and the chosen discount rate r. In
this equation, 2020 reflects the current year.

Discount Factor, = 1/(1 + i)(T—-2020)
where i = discount rate and T = time (year)

Sample Calculation. Using the examples from the two preceding sections, the following table provides a
sample calculation of applying a discount factor to cost and benefit streams. The discounted sums
represent the present value of the cost and benefit streams.

6 “Economic Analysis Primer”, Report by the Office of Asset Management. FHWA
(http://www.fhwa.dot.gov/infrastructure/asstmgmt/primer.cfm)
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Discounted
Factor (r=5%)
2020 25 0 1.000 25.00 0
2021 25 0 0.952 23.81 0
2022 25 0 0.907 22.68 0
2023 26 17.01 0.864 22.46 14.69
2024 1 17.24 0.823 0.82 14.19
2025 1 17.49 0.784 0.78 13.70
2026 1 17.73 0.746 0.75 13.23
2027 1 17.98 0.711 0.71 12.78
2028 1 18.23 0.677 0.68 12.34
2029 1 18.49 0.645 0.64 11.92
2030 1 18.74 0.614 0.61 11.51
2031 1 19.01 0.585 0.58 11.11
2032 1 19.27 0.557 0.56 10.73
2033 1 19.54 0.530 0.53 10.36
2034 1 19.82 0.505 0.51 10.01
2035 1 20.09 0.481 0.48 9.66
2036 1 20.37 0.458 0.46 9.33
2037 1 20.66 0.436 0.44 9.01
2038 1 20.95 0.416 0.42 8.70
2039 1 21.24 0.396 0.40 8.41
2040 -34 21.54 0.377 -12.81 8.12
Totals 83 345.39 90.49 199.80

Table 4. Sample Application of Discount Factor

Benefit Cost Metrics. Finally, the present value of cost and benefit streams can be used to calculate final

metrics. TREDIS presents two:

e Net Present Value (NPV) — For the benefit or impact concept in question, the net present value
reflects the present value of benefits (or impacts) minus costs. For example, in Table 4, the net

present value of travel benefits is 199.80.

e Benefit Cost Ratio (BCR) — For the benefit or impact concept in question, the benefit cost ratio
reflects the ratio of present value of benefits vs. costs. Following the example in Table 4, the BCR
of travel benefits is 199.80/90.49, or about 2.21.
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4 Module Elements: Inputs and Outputs

4.1 Inputs

The only direct user inputs for the Benefit Cost Module are (1) project costs and (2) designation of the
BCA perspective and discount rate. All other inputs are passed into the Benefit Cost Module from the
Travel Cost Module and Market Access Module. Table 5 shows the specific inputs and their sources.

Input to TREDIS Benefit Cost Analysis Source

Discount Rate
. . . TREDIS Results Form
BCA Perspective (region or national) Y

BCA Accounting (US or UK) TREDIS contract setup
Project Budget & Schedule for Construction Costs

Project Budget & Schedule for Operations and Maintenance TREDIS Cost Input Form
Costs

Value of Travel Time Savings by mode & purpose

Value of Reliability Improvement, by mode & purpose

Value of Vehicle Operating Cost Savings, by mode & purpose
Value of Safety Improvement, by mode

Value of Logistics Cost Savings

Value of Environmental Beneift

Total vs. Local Split of Travel Benefits

Local Workforce Market Access

Regional Freight Delivery Market Access

Connectivity to Air/Rail/Waterway Terminal

Calculated by the
TREDIS Travel Cost Module

Calculated by the
TREDIS Market Access Module

Table 5. TREDIS BCA Inputs and Data Sources

4.2 Outputs

The results of the TREDIS Benefit Cost Module are presented as an array of tables and graphs based on
the framework outlined in this document. Where relevant, benefits and costs are shown separately by
mode or trip purpose. The Benefit Cost results are available as follows:

* Present Value of Benefit and Cost Streams
* Benefit/Cost Overview

*  Value of Benefits

*  Cost and Net Benefits

*  Environmental

* Grant Report

*  Performance Metrics

Figure 4 presents the value of the three benefit tiers (Traveler, User, Societal) relative to project costs,
visually allowing the user to observe the differences in the types of benefits against costs. “Traveler
Benefit” is the narrowest, including traveler benefits, but excluding shipper/receiver logistical benefits
and market externalities. “Full User Benefit” adds freight shippers and receivers as a broader definition of
transport “user.” “Total Societal Benefit” is the broadest measure of travel-related benefits, including all
traveler benefits, plus “external” benefits to the broader society. These are also available to be viewed as
a pie chart breaking down the individual elements comprising each benefit or cost type.
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800

Societal Benefit: $710

700 User Benefit: 5669

00 Traveler Benefit: $591

500

400 Costs: 5386

Millions of Dollars

300

200

100

== Traveler Benefit = User Benefit — Societal Benefit == Costs

Figure 4. Present Value of Benefit and Cost Streams

Next we take a look at the Benefit Cost Overview, Figure 5. details the component elements of the
elements comprising the benefit stream and also for the cost stream, providing the benefit-cost ratios for
each of the benefit types. Note, these values are presented with the two discount rates selected on the
results settings screen. For the typical grant application, these are defaulted to 3% and 7%, but are easily
changed by the user.

3% discount rate ($M) 7% discount rate ($M)
u Prasent Value of Benefit Stream 710.072 391.748
Travel Benefits 591.032 333.545
Environmental and Social Benefits 41.096 17.028
Wider Economic (Productivity) Benefits 77.944 41175
Transfer Benefit Effects (net benefit adjustment) 0.000 0.000
u Present Value of Cost Stream 386.118 368.993
Project Costs 420172 283,721
Cost Adjustments -34.053 -14.728
u Met Benefit (Benefits - Costs)
Transportation System Efficiency - Traveler Benefits Only 204.913 -35.448
Traditional BCA - Traveler Benefits + Environmental Benefits 218.566 -30.321
Full Societal BCA - All Benefit Categories 296.510 10.854
u Benefit Cost Ratio (Benefits / Costs)
Transportation System Efficiency - Traveler Benefits Only 1531 0.904
Traditional BCA - Traveler Benefits + Environmental Benefits 1.566 0.918
Full Societal BCA - All Benefit Categories 1.768 1.029

Figure 5. Benefit-Cost Overview
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(C) Shipper/ (D) Business (E) Social/
Logistics Cost ($) Productivity ($) Enwiron. (non-$)
0.0 0.0 01 1646
0.0 0.0 348 146.9
0.0 0.0 -9.5 29,0
7.9 0.0 157 2096
7.9 0.0 411 00

Figure 6 shows the value of project benefits, in this case discounted at 3%, by mode. Note that benefit
measures generally increase in breadth and inclusiveness from left to right. For benefit categories (A)
through (C), benefits are itemized by mode and trip purpose. Benefit categories (D) and (E) are shown as
totals only. TREDIS also provides the information categorized by year.

[ 3% Discount Rate |
{A) Traveler Benefits (SM) (B) Traveler Benefits (non-$M)
o VE!‘IidE Bus_ins_? Time & Value of Personal Safety Cost Additional

perating Costs Reliability Costs Time & Reliability Consumer Surplus

Passenger Car - Business 0.4 163.8 0.0 0.2 0.0
Passenger Car - Commute -9.2 65.2 65.2 -9.2 0.0
Passenger Car - Personal -1.4 0.0 1013 -1.6 0.0
All Trucks - Freight 349 180.7 0.0 0.5 0.0
Total 24.6 409.7 166.7 -10.0 0.0

(C) Shipper/ (D) Business (E) Social/
Logistics Cost ($) Productivity ($) Environ. (non-§)
0.0 0.0 0.1 164.6
0.0 0.0 34.8 146.9
0.0 0.0 -9.5 29.0
Tre 0.0 15.7 309.6
Fre 0.0 41.1 7101

Figure 6. Value of Benefit Stream by Mode
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TREDIS provides a graphical view of the summulative benefits and costs at the two selected discount rates
as seen in Figure 7. With this graph, the break even point for the project can readily be seen at each
discount rate. Note, there are data tables available with additional detailed information at each discount
rate and undiscounted as well.

Cumulative Costs and Benefits
800.0

700.0
600.0

500.0

400.0 S, — Cost (3% discount)

== Cost (7% discount)
Benefits (3% discount)

300.0 — Benefits (7% discount)

Millions of dollars

200.0

100.0

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042
Year

-100.0

Figure 7. Cumulative Costs and Benefits

Environmental impacts can be shown by year, and breakdowns by mode for each year, as tons or
discounted value, as shown in Figure 8. Total discounted value by mode can be shown, as in Figure 9.

Calendar Year

2020 -3.3 -36.56 -0.02 -1.07 -9,050.23 -9,091.19

2022 -2.85 -25.71 -0.02 -0.8 -6,773.76 -6,802.93

u 2021 -2.99 -31.24 -0.02 -0.94 -7,933.96 -7,969.14

2023 =2 -19.96 -0.01 -0.65 -5,568.35 -5,591.29

Passenger Car Business -0.02 -0.01 0 Q -27.73 -27.76
Passenger Car Commute -0.64 -0.53 0 -0.08 -890.23 -891.48
Passenger Car Personal -0.68 -0.56 0 -0.1 -1,185.15 -1,166.49
All Trucks Freight -0.98 -18.85 -0.01 -0.46 -3,48525 -3,505.56
2024 -1.96 -14 -0.01 -0.5 -4,316.43 -4,332.89
2025 -1.59 -7.81 0 -0.24 -3,016.64 -3,026.33
2026 -1.2 -1.38 ] -0.18 -1,667.6 -1,670.36
2027 -0.8 5.29 ] -0.01 -267.89 -263.42

Figure 8. Amount of Emissions by Year
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Emissions

Auto Business 897.06 3,094.01 0 24,077.93 100,478.48 137,547.47
Auto Commute -27,593.5 -95,171.68 0 -740,6376 -1,297,821.5 -2,161,224.27
Auto Personal -4,744.8 -16,365.1 0 -127,355.21 173,560.65 25,095.54
Truck Freight 51,374.93 3,800,975.01 15,258.06 4361,251.07 7.322,32541 15,651,184.49

Total 19,933.69 3,792,532.24 15,258.06 3,517,336.2 6,307,543.04 13,652,603.23

Figure 9. Value of Emissions by Mode

TREDIS also includes a Grant Report which contains the benefit cost data and supporting details needed
for completing a Grant application.

Table 1: Benefit-Cost Summary

Compare ‘Project’ vs. "Base’

3% discount rate ($M) 7% discount rate ($M)

Wehicle Operating Costs 24.64 6.43
Business Time and Reliability Costs 409,67 255.34
Walue of Personal Time and Reliability 166.71 79.8
Safety -10 -8.04
Logistics/Freight Costs 77.83 4197
Productivity from Access/Connectivity 0 0
Environmental Factors 41.1 17.02
Consumer Surplus and other Social Welfare 0 0

Total Benefits 710.06 301.72

Compare ‘Project’ vs. ‘Base’

3% discount rate ($M) 7% discount rate ($M)
Capital Investment Costs 418.48 382.51
Operation and Maintenance Costs 1.69 1.21
Cost Adjustrnents -34.05 -14.73
Total Costs 386.12 368.99
Benefit/Cost Ratio 1.54 1.06

Figure 10. Grant Report
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