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Overview of the Model

REMI TranSight integrates leading travel-demand and transportation forecasting models (such as
TranPlan, TransCAD, TP Plus, EMME/2, and HERS) with REMI PI+. While stand-alone
transportation models produce forecasts of travel-demand response to a proposed transportation
project, TranSight provides a more complete perspective by predicting the full array of economic and
demographic effects that will result from completing the project. It translates the key outputs
generated by the transportation models into a series of cost and amenity variables that can be
incorporated into a single-region or multi-region impact analysis, as driven by the powerful PI*
engine, which is also the core of REMI’s PI* model. The output of this process shows such key
economic indicators as employment by industry, output, and value added by industry, personal

income, population, and many more.

TranSight allows the user to specify the financial dimensions of an upgrade to the transportation
infrastructure, including expected construction costs, financing, and annual operation/maintenance
costs. In addition, it calculates several zndirect types of costs and benefits that may ensue from the
project, including changes in safety, emissions, operating costs, and transportation costs. Some of
these computations require user input regarding construction, finance, and operations, while others
use the output from travel-demand model scenarios. Collectively, this information is transferred into
PI*, which produces multi-year forecasts of economic and demographic trends under the
transportation upgrade, and compares them with a baseline forecast. In capturing the full effects of
the project, TranSight can assist governments in determining whether allocating funds to a particular

transportation upgrade is a winning proposition relative to funding other policy initiatives.

The model structure is represented pictorially in Figure 1 below, which reveals both the
components of the model and the manner in which information flows between them. Outputs from
the transportation model are combined with built-in cost parameters and project-specific information
to produce values for policy variables designed to simulate the project’s direct impact. The PI*
engine processes these results to generate comprehensive forecasts of the project’s macroeconomic

effects.
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Figure 1. Model structure of TranSight
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Detailed Model Description

This section first describes the mechanism by which TranSight receives and processes its input.
Following this are subsections that describe the various costs and benefits that are incorporated into

TranSight’s assessment of a transportation project.

Model Inputs

The inputs to the modeling process stem from three sources:
e output from travel-demand model simulations
e  project-specific information
e nationwide studies by government agencies and localized studies specific to the regions being

modeled (as available)

Although transportation models vary significantly in structure and content, they all produce
estimates of vehicle miles traveled (VMTSs), vehicle hours traveled (VHTS), and vehicle Trips under
different scenarios involving modifications to one or more elements of the transportation network.
Models that handle multiple modes of transportation will produce VMT and VHT by mode, as well
as vehicle Trips for each defined highway and public transit mode. Other models may report miles
and hours traveled within each of several geographic areas, which can be incorporated into
TranSight’s multi-regional framework. Because transportation-model outputs often vary (for
example, highway VMTs may be subdivided across different vehicle types and/or times of day),
TranSight was designed with sufficient flexibility to handle a diverse range of data dimensions, which
allows REMI to customize the model for individual clients. Much of this variation is due to
differences across the various travel-demand models, but various transportation departments or

other users may configure the same modeling package differently.

TranSight regions can correspond to states, counties, uset-specified sub-county areas, or
aggregations thereof, provided that travel-demand data is available for each desired region. This
information is necessary as a basis for quantifying the improvements in commuter, transportation,
and accessibility costs that result from the decrease in “effective distance” achieved by the
transportation upgrade. The concept of effective distance essentially captures the distance decay
effect through which the frequency of Trips between regions A and B is inversely related to the

distance between them.

Even though the vast majority of Trips begin and end within the same region, cross-regional
Trips involve a greater number of hours and miles per trip. The travel-demand model’s region-to-
region breakdowns of hours, miles and Trips are directly transferred into TranSight to calculate the

change in effective distance between each pair of regions.

Among inputs not derived from travel demand models or public transit data, many parameters
(such as pollutant emission rates and accident costs) are assigned default values from national sources
such as the Institute of Transportation Studies and Federal Highway Administration, although the
client can revise these with locality-specific estimates. While in certain cases the national figures are
reasonable proxies for localized regions, the geographic variability of other factors such as accident

rates and fuel prices makes local customization more vital. You must enter other TranSight inputs,
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such as those characterizing construction expenses and project financing, because of their specificity

to the simulation.

Costs and Benefits

Each of the following subsections focuses on a direct effect, describing the cost calculation
performed by TranSight and the manner in which the cost enters the PI* analysis. Note that one or
more of these costs may be excluded from the simulation prior to running TranSight, at the uset’s
discretion. For greater discussion of the theoretical underpinnings of modeling these costs in

TranSight, please consult Appendix A.

Emissions Costs

While transit upgrades can reduce emissions by drawing motor vehicles off the road, highway
enhancements typically induce increased traffic, which causes greater emissions of harmful
pollutants. In TranSight, changes in emissions costs are computed from three sets of inputs. First, for
each of five primary pollutants (carbon monoxide, nitrogen oxides, sulfur oxides, particulate matter,
and volatile organic compounds), TranSight specifies rates per vehicle-mile. We assume constant
emissions rates for transit modes, but for motor vehicles (autos and trucks) we assume variable rates
for each potential vehicle speed from 0 to 80 miles/hour. The emissions rate for some motor vehicle
pollutants depends on travel speed, and declines up to a certain threshold speed, at which point
emissions begin to increase (see Figure 2 below). For other pollutants, the emissions rate remains

fairly constant over all speeds. The rates are differentiated across each mode of transport.

TranSight uses motor vehicle emissions rates obtained from two prominent models developed by
the EPA: PARTS5 (for SOx and PM) and MOBILEGD (for CO, NOx, and VOCs). These models rely
on assumptions regarding the age distribution of the US motor vehicle fleet, fuel characteristics,
locally relevant operating conditions, and the effects of inspection and maintenance programs to
establish average emission rates for each multiple-of-five speed between 10 and 65 mph. To derive
rates for all speeds from O to 80 mph, the process of Lagrange interpolation was applied to the
EPA’s rates. Figure 2 illustrates for three of the five pollutants (CO, NOx, and VOCs) how emission
rates progressively improve and then worsen as travel speed increases. For the remaining two
pollutants under consideration (SOx and PM), emissions rates remain constant over all speeds at the
levels estimated by the EPA. Given the likelihood of tightening emissions regulations, technological
improvements, and gradual conversions from internal combustion to electric engines, TranSight

enables the user to enter differing (likely lower) emissions rates for each forecast year.
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The second matrix of inputs represents the cost per gram of each of the five pollutants under
consideration, which, like the emission rates, can vary from year to year. TranSight is packaged with
default emissions costs that are based on a study by McCubbin and Delucchi, who quantify the
health effects of vehicle pollution per VMT in the average urban area and the nation as a whole.!
These costs are used for both motor vehicle and public transit modes, as the health impacts of a
gram of pollutant are identical regardless of the source. The user may modify these cost parameters
based on conditions endemic to the region being modeled; for example, emissions costs tend to be
higher in congested urban areas since pollutants tend to have more potent health effects nearer the
source. The final set of inputs is simply total vehicle miles traveled under the baseline and alternative
(i.e., with the transportation project in place) scenarios, disaggregated by mode of travel. Combining
the three inputs produces total emissions cost figures for each of the five pollutants, as illustrated in

the following equation. TranSight performs this calculation separately for each mode specified in the

model.
AEC = Z ((ERSIE x CPGAIE x VMT®t) — (ERPIS x CPGPSS® x VMTPe5¢) )
J
where
AEC = Change in total emissions cost ($)
ER ]qlt = Emissions rate for pollutant ; (gram/mile) under the alternative scenatio

ER ]base = Emissions rate for pollutant ; (gram/mile) under the baseline scenario
CP Gjalt = Emissions cost per gram for pollutant j (§/gram) under the alternative scenatio
C PG}-base = Emissions cost per gram for pollutant j (§/gram) under the baseline scenario

VMT*t = Vehicle miles traveled under the alternative scenario

' McCubbin, Donald, and Mark Delucchi, “The Social Cost of the Health Effects of Motor Vehicle Air Pollution.” Report 11 from The
Annualized Social Cost of Motor-Vehicle Use in the United States. Institute of Transportation Studies. University of California-Davis.
1996.
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VMTb2¢ = Vehicle miles traveled under the baseline scenario

The change in emissions cost relative to baseline levels enters into the PI* engine as a non-
pecuniary amenity that accrues to workers and their dependents.? These costs then proceed to
influence private decision-making by households in accordance with the tenets of the new economic
geography, as articulated by Fujita et al.? and applied to regional macroeconomic modeling by Fan,
Treyz and Treyz.* This theory emphasizes the geographic location decisions of firms, demonstrating
how improved access to intermediate inputs and a diversely skilled labor force can provide incentives
for industries to cluster and agglomerate. But in addition to these business effects, households may
be motivated to migrate closer to cities, where access to a broader array of consumer goods and
potential employers may counterbalance dis-amenities such as higher crime rates, traffic, and air
pollution. As a consequence, a transportation project that effectively reduces emissions costs may
stimulate in-migration to urban regions, and TranSight will capture this dynamic over the course of

the forecast period.

Safety Costs

Upgrading a highway or transit line can improve safety on the transportation network, but to the
extent that usage increases, the frequency of accidents can increase. Since the number of accidents is
directly proportionate to vehicle miles traveled, the transportation model’s role in assessing net VMT
changes is pivotal for TranSight’s computation of cost impacts. TranSight permits annual mode-
specific rates for each of three accident consequences: fatalities, injuries, and property damage only
(PDO). The model is pre-packaged with default highway accident rates based on national averages
reported by the Federal Highway Administration; the user can modify these rates if local-specific data
are available. For transit modes, the model includes default accident rates that are detived from

nationwide US Department of Transportation data.>

TranSight also provides default cost-per-accident figures for each transportation mode, broken
down by accident consequence. These are based on National Safety Council figures that incorporate
wage and productivity losses, medical and administrative expenses, motor vehicle damage, and a
willingness to pay to reduce safety risks.® Additionally, a different set of costs can be entered for each
forecast year, for example, to reflect rising insurance premiums or health care costs. The cost

calculation mirrors that performed for emissions costs, taking the following form for each mode:

ASC = Z ((ARf™ x CPA™ x VMT %) — (ARP®® X CPAP®S x VMT?e¢))

J
where

2 Lieu, Sue and G. I. Treyz, “Estimating the Economic and Demographic Effects of an Air Quality Management Plan: The Case of
Southern California.” Environment and Planning, 24 (1992): 1799-1811.

3 Fujita, Masahisa, Paul Krugman, and Anthony J. Venables, The Spatial Economy: Cities, Regions, and International Trade. Cambridge,
MA: MIT Press, 1999.

4 Fan, Wei, Frederick Treyz, and George Treyz “An Evolutionary New Economic Geography Model.” Journal of Regional Science 4
(2000): 671-695.

5 Bureau of Transportation Statistics, National Transportation Statistics 2001.

¢ National Safety Council, Estimating the Cost of Unintentional Injuries.
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ASC = Change in total safety cost (§)

AR jalt = Accident rate for accident consequence ; (accident/mile) under the alternative

scenario

AR jb 4%€¢ = Accident rate for accident consequence ; (accident/mile) under the baseline

scenario

C PAJ'-llt = Safety cost per accident for accident consequence / ($/accident) under the

alternative scenatio

C PA]l?ase = Safety cost per accident for accident consequence / ($/accident) under the

baseline scenatio
VMT% = Vehicle miles traveled under the alternative scenario
VMTP3%€¢ = Vehicle miles traveled under the baseline scenario

As with emissions costs, changes in safety costs are transferred into the PI* engine as adjustments
to the non-pecuniary amenities that impact individual welfare. Even for people not involved in
accidents, the prevailing local accident rate along with associated insurance and medical costs can
influence the relative attractiveness of living and/or working in a particular region. Changes in these
variables may stimulate migration into or out of the region. But the migratory impact of safety costs
might conceivably be outweighed by other factors set in motion by the transportation project; for
example, a new highway might make driving less safe, but it also improves access to attractive
commodities and employers, which might trigger in-migration despite the attendant risks. By
computing the magnitude of all these costs, TranSight can predict how they balance out to yield a net

impact on economic migration and other economic factors.

Operating Costs

Increased travel stimulated by a highway upgrade forces increased out-of-pocket spending on vehicle
operation and maintenance. In TranSight, vehicle operating expenditures represent an opportunity
cost in the form of foregone spending on other consumption goods and services. TranSight comes
packaged with default pre-tax fuel prices based on recent region-specific historical trends (as reported
by the Energy Information Administration), and both federal and state excise tax rates applicable in
the modeling region. You can modify these prices and tax rates for each region in each forecast year,

in case you anticipate a particular time trend, tax change, or geographic variation.

The total post-tax fuel price is applied to a miles-per-gallon figure that is appropriate to the average
speed prevailing on the region’s transportation network. TranSight contains a table of speed-specific
mpg parameters (for speeds from 0 to 80 mph), which allows for variation in gas mileage from year
to year. While tightening fuel efficiency regulations and improving technology should increase
average mpg over time, the increasing prevalence of trucks and sport-utility vehicles may dampen this
trend somewhat. Finally, TranSight multiplies per-mile fuel spending by the change in VMT's

predicted by the selected transportation model, to compute total expenditures on gasoline. The fuel
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cost parameters can vary by motor vehicle type (i.e., cars versus trucks) in order to reflect three
important phenomena: the price differential between regular gasoline and diesel fuel, the difference
in the federal excise tax on regular versus diesel, and the considerably different fuel efficiency

exhibited by cars and trucks over the range of possible average network speeds.

The change in fuel expenditures is computed for each vehicle mode as follows:

VMTlllt
AFE; = <(FP{‘” + FEDTAX ™ + STATETAX®*) x —Mpaa“>

1% MTbase
— ((FPibase + FEDTAX?%¢ + STATETAX]%*¢) x —Mp(;ba56>
s
where

AFE; = Change in fuel expenditures for region 7 (§)
FPA = Pre-tax fuel price for region 7 ($/gallon) under the alternative scenario
FPPase = Pre-tax fuel price for region 7 ($/gallon) under the baseline scenario
FEDTAX® = Federal excise tax ($/gallon) under the alternative scenario
FEDTAXY35¢ = Federal excise tax ($/gallon) under the baseline scenatio
STATETAX} ' = State excise tax for region 7 ($/gallon) under the alternative scenario
STATETAXP%¢ = State excise tax for region i ($/gallon) under the baseline scenario
VMT® = Vehicle miles traveled under the alternative scenatio
VMTP%5¢ = Vehicle miles traveled under the baseline scenario
MPG3* = Typical fuel efficiency at speed s (miles/gallon) under the alternative scenario
MPGb3s¢ = Typical fuel efficiency at speed s (miles/gallon) under the baseline scenario

In addition to these fuel-related expenditures, TranSight contains a non-fuel operating cost
parameter that captures maintenance and repair costs associated with vehicle “wear-and-tear.” As
with fuel costs, non-fuel operating costs can differ between cars and trucks; default values based on
analogous parameters in other travel demand models are included in TranSight. The change in non-

fuel expenditures is calculated for each vehicle mode as follows:
ANFE; = (NFA x VMT ) — (NFP®s¢ x yMT?5¢)
where
ANFE; = Change in non-fuel expenditures for region 7 (§)

N Fialt = Non-fuel spending per mile for region 7 (§/mile) under the alternative scenario

REMI TranSight
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NFPas¢ = Non-fuel spending per mile for region 7 ($/mile) under the baseline scenatio
VMT®*t = Vehicle miles traveled under the alternative scenatio

VMTP%5%€ = Vehicle miles traveled under the baseline scenatio

The change in fuel costs is modeled as a change in Consumer Spending on Gasoline and Oil, while
the change in non-fuel operating costs is captured as a change in Consumer Spending on
Transportation services. In both cases, the spending change has an equal and opposite effect on
household expenditures on other goods and services. For example, decreased expenditures on gas or
auto maintenance due to declining vehicle miles traveled allows for shifting of personal disposable
income toward other consumption commodities. The reallocation of the savings by consumer
category is proportionate to baseline consumer spending on those categories of goods and services.
By providing households more latitude on how to spend their income, projects that reduce vehicle

operating costs ultimately benefit consumers in the model.

Value of Time

Time spent in transit has an opportunity cost in terms of the more desirable or productive activities
foregone by the traveler. In this respect, a transportation network improvement benefits individuals
to the extent that it reduces average travel time per trip. For each mode, TranSight bases the value of
leisure time saved by the transportation upgrade on the resulting reduction in hours per vehicle-trip
multiplied by the average vehicle occupancy rate. Accounting for vehicle occupancy rates is critical
since all passengers reap the benefits of shortened travel times. It is particularly important when
examining substitution between public transit and motor vehicles, since transit vehicles naturally have
considerably higher passenger capacity. The average time savings are then multiplied by the portion
of Trips under the alternative simulation conducted for leisure purposes. For convenience,
TranSight is packaged with default leisure percentages’ and vehicle occupancy rates® culled from

federal surveys.

Finally, these total time savings are multiplied by a dollar valuation of leisure hours, which is
benchmarked to 50% of the average wage rate to be consistent with methodology recommended by
the U.S. Department of Transportation. REMI tailors this figure to the modeled region’s wage and
applies it to both peak and off-peak hours, which again accords with standard DOT procedure
despite overlooking time-differential rates of congestion.” The same dollar valuation is applied to
leisure time in all modes, since there is no justification for valuing leisure time spent in buses or trains
differently than leisure time in cars. Mathematically, TranSight calculates the savings in leisure time

for each mode as follows:

7 Highlights of the 2001 National Household Travel Survey, Bureau of Transportation Statistics, U.S. Department of Transportation, BTS-
0305, 2003.

8; Summary of Travel Trends: 1995 Nationwide Personal Transportation Survey, Federal Highway Administration, U.S. Department of
Transportation, 1999; 2001 National Transit Database.

9 The Value of Saving Travel Time: Departmental Guidance for Conducting Economic Evaluation. U.S. Department of Transportation. April

19, 1997.
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{”tx %L;

base
i

VHTM x VORM x VLI (VHTP®® x VORP®*® x VL2 _
ALT; = — - - X Trips
Trips; Trips
where
ALT;= Change in leisure time value for mode 7 (§)
VHT* = Vehicle hours traveled on mode 7 under alternative scenario

VHTP?¢ = Vehicle hours traveled on mode 7 under baseline scenario

Trips®* = Vehicle trips traveled on mode 7 under alternative scenario

Trips??5¢ = Vehicle trips traveled on mode 7 under baseline scenario

VOR} ' = Vehicle occupancy rate for mode 7 (persons/vehicle) under alternative scenatio
VOR lb 4%¢ = Vehicle occupancy rate for mode 7 (persons/vehicle) under baseline scenario
%L; = Percentage of Trips for leisure purposes on mode 7

Vinzlt = Value of leisure time on mode 7 ($/hour) under alternative scenario

VL? 45€¢ = Value of leisure time on mode 7 ($/hour) under baseline scenario

As with other cost changes described above, these time savings enter the PI* engine in the form of
increased non-pecuniary amenities to individuals. Even though leisure travel time reductions
produced by transportation projects rarely translate into direct financial benefits for households, they
do enhance the comparative attractiveness of a region, which is likely to stimulate in-migration.
People will be drawn to an area that has diminished its transportation network congestion in relation
to neighboring areas, all else being equal. Improved commuting efficiency may also entice workers by
providing access to a greater cross-section of potential employment opportunities, thereby further

encouraging inward migration.
The Transportation Cost Matrices

Transportation upgrades can reduce the “effective distance” between two locations by facilitating a
more efficient flow of labor and goods between them. Within the TranSight framework, the effective
distance implicitly enters the calculation in three distinct matrices: commuter costs, transportation

costs, and accessibility costs.
Commuting Cost

The commuter cost matrix reflects changes in commuting time (measured in hours per commuter
trip) between and within modeling regions, which result from completion of the transportation
improvement. Since infrastructure expansions should unambiguously reduce travel time by increasing
route and mode options, these savings can be translated into an economic impact based on the
change in network-wide travel speed and the resulting reduction in average commute time. These

savings are assumed to accrue entirely to firms.
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TranSight derives the region-to-region changes in commuter time from transportation model
output of changes in the VHT /trip ratio for each mode. Since the cost matrix expects a single
coefficient value, TranSight calculates a weighted average of time savings across all modes, where
each mode’s weight is its percentage of total system vehicle hours traveled. Finally, this average time
savings is divided by 8 hours to scale them to the length of a typical workday. Note that the
commuting time changes with respect to the baseline simulation can vary across forecast years, to
allow for dynamic response to the transportation improvement over time. The model calculates
commuter cost savings for each combination of regions 7 and j (with /=7 implying within-region
savings) via the following formula. It should be noted that the transportation cost change is
calculated relative to a baseline value of 1, with a positive ACC actually representing an zuerease in

commuter costs and a negative value indicating a cost decline.

alt base
ACC; = 1+1*z %H;‘“*—T” - %Hfase*V—HT”
1) 8 - tripsijalt tlripsijbase
where
ACCij = Change in commuter costs between regions 7 and j (hours)

O/OHkbase = Percent of VHT between 7 and / traveled on mode £: baseline scenario

VHTk base — Vehicle hours traveled between 7 and / on mode 4: baseline scenario

'[I'i[I)SkbaSe = Vehicle Trips traveled between 7 and j on mode £: baseline scenario

alt . . . .
%H K = Percent of VHT between 7 and / traveled on mode £: alternative scenario

VHT, ' = Vehicle hours traveled between 7and j on mode £: alternative scenario
trips, A = Vehicle Trips traveled between 7 and j on mode £: alternative scenario
s VHT; *Occ* CCRatio
%H, = S
D VHT,
ij
where

%H ks = Percent of VHT between 7 and / traveled on mode 4: scenario §

VHTkS = Vebhicle hours traveled between 7 and j on mode £: scenario §

Occ = Vehicle occupancy on mode £

CCRatip = Commuting costs mode ratios for mode £
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Whereas the commuter cost matrix captures time savings for off-the-clock work-related Trips, the
transportation cost matrix displays time savings for on-the-clock business travel and transport of
goods. As with commuter costs, transportation costs can vary among regions as well as across
forecast years. Thus, a new or expanded highway connecting two regions may have substantial
impacts on transport costs between them, but also smaller secondary effects on costs between other
regions as traffic patterns shift in response to the new alternative. The intertemporal differences can
capture the cumulative impact of business development that occurs along the new highway or near a
new public transit station, which may steadily increase congestion and thereby increase average travel

times.

If no Trips data is available, TranSight uses the following equation for determining the change in

commuter cost:
B base ]
ZVMT”
ij
ZVHTijbase
ij
> VMT, ™

)
> VHT,™

ij

ACC, =1-

N| =

where

ACCGjj = Change in commuter costs between regions 7 and /

VMT, P2 = Vehicle miles traveled between 7 and j on mode £: baseline scenatio

b . ) . ) .
VHTk %% = Vehicle hours traveled between 7 and Jon mode £: baseline scenario
alt . . . . . .
VMT, = Vehicle miles traveled between 7 and j on mode £: alternative scenatio
It . ) . . .
VHTke1 = Vehicle hours traveled between 7 and j on mode £: alternative scenatio

The change in commuter costs feeds into the commuting time and expenses variable of the labor

productivity due to labor access and the commuter flow equations in the model.

Labor Productivity Due to Access

The productivity of labor depends on access to a labor pool. In this instance, we have chosen to use
employment by occupation as the measure of access to the specialized labor pool. Thus, the variety

effect on the productivity of labor by occupation is expressed in the following equation:
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1
FLOf, = 1

l 1o,

EO 1— aj Jj

m Lk
( i 1150” Le(1+ccbk) )
it

RCWE = L :

£, 5
( {”1 *(1+cclk) ) ‘

F LO}"t = Labor productivity for occupation type ; that depends on the relative access to labor in

occupation 7 in region £, time 7.

RC Wl + = Relative labor productivity due to industry concentration of labot.
E Ojl't = Labor of occupation type ;in region / time %

g; = Elasticity of substitution (i.e. cost elasticity).

T = Commuting time and expenses from /to £ as a proportion of the wage rate.
E il,t = Employment in industry 7, time # in region /.

m = Number of regions in model including the rest of the nation region.

The value of 0; is based on elasticity estimates made by REMI under a grant from the National
Cooperative Highway Research Program (Weisbrod, Vary, and Treyz, 2001) based on cross-
commuting among workers in the same occupation observed in 1300 Traffic Analysis Zones in

Chicago. Key data inputs on travel times were provided by Cambridge Systematics, Inc.

In order to determine labor productivity changes by industry due to access to variety, a staffing pattern

matrix is used as follows:

nocc k k
((2 d; *FLOj‘t)+RCWi,t)
2

r
i

IF Lli(,t = Labor productivity due to labor access to industry and relevant occupations by industry 7 in
region £, time 7 normalized by FL¥ ;..

d;j ; = Occupation /s proportion of industry 7s employment.

I LO '+ = Labor productivity for occupation type / that depends on the relative access to labor in

occupation 7 in region £, time £

noce = The number of occupations in industry 7.
FL¥ i = Labor productivity due to access by industry 7 in region £ in the last year of history.

RCWE it = Relative labor productivity due to industry concentration of labor.

Commuter Flows
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YPl (1-0) 8
L |pl YPL k1)~
LFAt*[Pt* z] (D)
YDy

Kkl _
rsg = —(1-0)
. . YP o —
Sputeal | s| (o)
YD}
Ts,ic 1 = the share of commuters who live in region /and work in region £ in time period z

LFA}= a geometrically declining moving average of the labor force in region [ in time period #
Pt= the consumer price index including housing price in region [ in time period #

YP}= total personal income in region [ in time period 7

YD}= total disposable income in region [ in time period

D*!= the commute distance from region [ to region k.

o= Sigma value, the estimated parameter for consumer price.

B = Beta value, the estimated parameter for distance decay.

Transportation Cost

TranSight quantifies transportation cost savings from the difference between the alternative and
baseline scenarios in the ratio of VMT to VHT. This approach captures the offset between shorter
travel times and additional miles traveled, both of which are likely consequences of an upgraded
transportation infrastructure. In other words, the principal driver of cost savings is the change in
average travel velocities on the region’s road network, which reduces the effective distance between

sellers and their markets. TranSight computes the transportation cost savings parameters as follows:

Because the baseline values are in the numerator, a cost change parameter greater than 1
implies a cost increase relative to the baseline case, whereas ATC; less than 1 suggests cost
savings to the commercial and industrial sectors due to the transportation project. Thus,
the value of 1 would indicate that the transportation improvement has a neutral impact on
transportation costs, with the degree of deviation from 1 being associated with the

magnitude of the cost effect.

The formula applies exclusively to miles and hours of road-based travel, under the simplifying

assumption that goods and services are not transported on public transit modes such as light rail and

buses.
base base
e UMT,™/VHT, ™)
1) (\/MT“a“ /VHTaIt)
ij ij
where

ATCjj = Change in transportation costs between regions 7 and j

VMT;; " = Vehicle miles traveled between i and J: baseline scenario

VHTijbalse = Vebhicle hours traveled between 7 and ;: baseline scenatrio
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alt . . . . . .
VMT, i = Vehicle miles traveled between 7 and ;: alternative scenatio

alt . . . . .
VHT;; = Vehicle hours traveled between 7 and /: alternative scenario

The change in transportation costs feeds into the effective distance variable of the market shares

and the delivered price equations in the model.

Market Shares
1-0;
WA k V(Lo TR

DQle| —% (mixk)" (EDf)

Sk,l _ i,T
i,t — j 1-0;
Y R P X
m J it J Y\ Jl 3
LT

Slf( él = The share of the domestic demand in area /supplied by area £, for industry 7 in time petiod £

DQll‘fT = Domestic output in the last history yeat.
T = As a subscript, indicates the last history year.
.QA;"T = The cost of production in 4 in the last history year.
.QAéft = The moving average of the cost of production in 4.

E Dik ! = An effective distance equivalent to calibrate the model to detailed balanced trade flows at a
low geographic level.

Bi = The distance decay parameter in a gravity model.

0; = The estimated price elasticity.

Ai = A parameter between 0 < A; < 1, as estimated econometrically, that shows the effect of the
detailed industry mix on the change in £’s share of the market due to differential growth rates predicted
in the nation for the detailed industry and the difference in £’s participation in these industries relative
to the nation.

For /=1,...m and 7 is the number of sub-national regions in the model. The value for o; is calculated
by isolating movements along the demand curve. The movement along the curve yields an elasticity of
substitution (0;) estimate. ‘These estimates are obtained from a pooled non-linear search over all
regions. The f; value is found using a dynamic search for the distance decay parameter in a gravity

model for each industry.

Delivered Price
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Tty

l Lk\Yi\ D, _
Kk Hﬁl(ﬂi,t*(EDi,t) ) e k
CIFPi‘t = p— * CIFPM_1

it—1
- k
H?:H(Q% t—1*(EDil'£c—1)h) Pie-1 J

CIF Pl-lft = The weighted average of the delivered prices of good 7 sold in region 4 in time petiod 2

Q%’t = The cost of producing output in industry 7 sold in region /

E Dllf = The “effective distance” from /to £ for good 7.

¥i = A parameter that is estimated based on observed actual transportation costs.

TIj ll ’f_l = The trade flow for good 7 from region /to region £ in the previous time period.
Di’,ct—l =The total demand for industry 7 in region £ in the previous time period.

CIFPX._. = The weighted average of the delivered prices of cood 7 sold in region £ in the previous
it—1 g g p g gt p

time period.

Accessibility Cost

The final cost matrix bridges business and consumer interests by reflecting the value of increased
accessibility to intermediate inputs and consumer goods afforded by the upgraded transportation
system. While widened roads may only marginally improve accessibility, other infrastructure upgrades
such as new bus routes, highways, or commuter rail lines may yield notable decreases in accessibility
costs. In particular, expansions of network capacity facilitate greater flow of inputs to production,
which augments the variety of available goods and thereby enhances regional productivity,

particulatly for industries with heavy dependence on intermediate inputs and transportation.

As with the preceding two cost matrices, accessibility costs are entered for each pair of modeled
regions in each forecast year. TranSight contains two approaches to measuring these costs, which are
difficult to quantify by nature of their intangibility. The first assumes that accessibility costs explain
the residual bias toward local purchases that cannot be accounted for by the transportation cost
differential between local suppliers and their more distant competition, and is used when the VMT
to Trips ratio is constant or when no Trips are entered. From this perspective, accessibility further
shrinks the effective distance beyond what transportation costs might suggest, which can be
measured in terms of increased speed on the network. Thus, accessibility cost changes are merely a
scaled-down additive counterpart to the transportation cost changes calculated via the formula

above.
AAC, =1-| 1x(1-a1C))
ij — E - ij

where
AACi] = Change in accessibility costs between regions 7 and ;

ATCijj = Change in transportation costs between regions 7 and /
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The second approach assumes that increased accessibility results from a greater number of delivery
Trips within a given time period, which allows firms to access a more diverse array of potential
inputs to production, and is used when the VMT to Trips ratio is constant or when there is no
correlation. This interpretation is embodied in the equation below, which draws upon road vehicle
data exclusively (under the assumption that public transit does not serve as a channel for transporting

intermediate inputs):

JAC (Trips,™** / VHT, ")
Y (Tripsy™ IVHT,™)
where
AACH] = Change in accessibility costs between regions 7 and ;
Tripsi jbase = Vehicle Trips between 7 and ;: baseline scenario
VHTi jbase = Vebhicle hours traveled between 7 and j: baseline scenatio
Trips; jalt = Vebhicle Trips between 7 and /: alternative scenario
VHTi i alt = Vebhicle hours traveled between 7 and /: alternative scenario

TranSight has the unique ability to pass these three cost matrices directly into the PI* engine,
where they impact economic and demographic trends through different channels. Reduced
commuting times are assumed to improve labor productivity, since firms can access more suitable
employees from the widened labor pool, while individuals can find jobs that are better matches for
their specific attributes. This ultimately decreases production costs, while influencing economic
migration by altering relative wage rates by region. Decreases in transportation costs lower the
delivered prices of products, which are computed as the sum of the commodity’s cost at its origin
and the distance-related cost of transferring the commodity to its destination. These price changes
translate into lower input costs for producers and into benefits for consumers. Finally, improved
accessibility costs diminish production costs due to improved access to well-suited factor inputs, and

also indirectly influence the location decisions of households via the economic migration module.

All of these effects cascade into other macroeconomic vatiables because of the intetlinkages built
into the model. As a consequence of affecting commodity and labor access indices, transportation
projects can have secondary effects on regional wages, employment, delivered prices, and market
shares, among other variables. Importantly, an improvement in a region’s transportation
infrastructure can yield localized benefits in costs and productivity which can increase its competitive
position vis-a-vis surrounding regions. But at the same time, the project can create spillover effects in

those neighboring regions, particularly on labor and capital inputs that are drawn from those areas.

The change in accessibility costs feeds into the effective distance variable of the commodity access,

market shares, and delivered price equations in the model.
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Commodity Access

The commodity access index is determined by the change in the region’s productivity of intermediate
inputs due to changes in the access to these inputs.

k _~-\\1-0;
g =2 Y (o))
k=1 m Q] i
MCPRODF, = i
it — 1
k _ 3\ 1-0;
- Qi ((Eij)ﬂi)(l D) i
k=1 sm 7 i
j=1%i,T

MCPR ODL!_‘,'. = The commodity access (intermediate input) index. It predicts the change in the

productivity of intermediate inputs due to changes in the access to these inputs in area 4.

0; = The price elasticity of demand for industry 2 (This parameter is estimated econometrically as

the change in market share due to changes in an area delivered price compared to other competitors

in each market in which an area sells products of industry z)

EDY =

i

the small area trade flows in our database.)

Ql-lft =The output for industry 7 in region .

The “effective distance” between £ and /. (This variable is obtained by aggregating from

71; = Distance deterrence elasticity. This is estimated using the exponent in the gravity equation

(B;) and the estimated price elasticity 0; and then using the identity 1; =

Market Shares
k gi
A% A B
DQikT*< ,l(t> (IMIXi"t) ‘(ED{”) ‘
k,l © \O4yg '
Sit N
: A . A -\ —Bi
m J it j i ],l) i
J1 D0l — (IMIXl._t) (EDi
LT
k1L
Sit

DQ{‘;T = Domestic output in the last history year.

T = As a subscript, indicates the last history year.

Bi

Ji—l'

= The share of the domestic demand in area /supplied by area 4, for industry 7 in time period £

QA;‘_T = The cost of production in £ in the last history year.

.Q.Ai-‘ft = The moving average of the cost of production in 4.

E Dik = An effective distance equivalent to calibrate the model to detailed balanced trade flows at a

low geographic level.

Bi = The distance decay parameter in a gravity model.

0; = The estimated price elasticity.
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A; = A parameter between 0 < A; < 1, as estimated econometrically, that shows the effect of the
detailed industry mix on the change in £’s share of the market due to differential growth rates predicted
in the nation for the detailed industry and the difference in £’s participation in these industries relative
to the nation.

For /=1,...m and 7 is the number of sub-national regions in the model. The value for g; is calculated
by isolating movements along the demand curve. The movement along the curve yields an elasticity of
substitution (0;) estimate. These estimates are obtained from a pooled non-linear search over all
regions. The f; value is found using a dynamic search for the distance decay parameter in a gravity

model for each industry.

Delivered Price

TR

L 1

| i
i T2 (0d=(e0k)"!) Pl |

CIFPi’ft k| * CIFPi]ft—l

it—1

L1z, (0 (0t ) ) Pl |

CIF Pil,(t = The weighted average of the delivered prices of good 7 sold in region £ in time period £

TIj

Q. = The cost of producing output in industry 7 sold in region /
it I2 8 y 8
E Dllf = The “effective distance” from /to £ for good 7.
Yi = A parameter that is estimated based on observed actual transportation costs.
Tl ll '5—1 = The trade flow for good 7 from region /to region £ in the previous time period.
DF,_, =The total demand for industry / in region £ in the previous time period.
t-1 y 8 2 p

CIF Pi,ft—l = The weighted average of the delivered prices of good 7 sold in region £ in the previous

time period.

Construction and Financing

The project construction costs and financing do not enter the model through the travel demand data.
Instead, the user enters this data directly into their respective scenarios (Design and Construction,

Operation and Maintenance, Funding).
Construction Costs

Governments incur the costs of building, financing, and maintaining a transportation upgrade over
the lifetime of the project. While the construction process represents an expense from the
government’s perspective, it also represents demand that stimulates increased employment and
production of intermediate inputs by the private sector. Both of these aspects are included in
TranSight’s modeling framework. In TranSight, the user enters projected construction costs and

projected operation and maintenance (O&M) costs in dollar form for each of the forecast years, in
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accordance with the annual work schedule of the transportation upgrade under consideration. The
operation and maintenance costs heavily depend upon the nature of the undertaking. Public transit
requires significant operating costs and replacement of depreciated equipment, as contrasted with

road improvements that may only require periodic pavement and shoulder maintenance.

TranSight translates these expenditures into demand policy variables. First, contracts with
construction firms to implement the transportation project are reflected in increased final demand
for the construction industry, which naturally flows through into sales, employment, demand for
intermediate inputs (based on the I-O table), and other variables. TranSight also passes operations
and maintenance spending into final demand for construction. The model uses endogenous trade-
flow shares (based on a gravity-model approach) to allocate this demand to increased sales by the
construction industry in both the specified region and other defined regions, including residual

regions comprising the “rest of US” and the “rest of world.”
Financing

Governments may utilize a number of different mechanisms to finance transportation projects. The
instruments they choose (whether a single funding source or a “cocktail” of sources) can have
varying effects on the region’s economy, depending on market characteristics and the demand
responsiveness of the individuals bearing the burden of the tax or spending changes. From a regional
tiscal-balancing standpoint, some sources (such as previously budgeted transportation spending and
federal highway grants) can be regarded as essentially costless. In contrast, targeted tax hikes,
spending reallocations, and bonds directly alter the government’s bottom line, in addition to
producing indirect fiscal effects through inducing dynamic behavioral responses by households and
tirms. To perform a comprehensive assessment of a project’s impact, it is imperative to balance the
economic benefits the project generates with the costs (both direct and indirect) borne by the

region’s taxpayers and businesses. TranSight is designed with such a holistic perspective in mind.

TranSight enables you to invoke several different sources of funding for the transportation project
under consideration. Any of five types of taxes—sales, gas, consumer (including income), property,
and business—may be hiked relative to their baseline levels. These increases are entered as changes in
amounts collected (i.c., incrementing total tax receipts by a specified dollar amount). The tax changes
can vary by region (for multi-regional models) and year to capture their real-world timing and

geographic incidence.

On the spending side, when project-related outlays (excluding those funded by federal money)
exceed the budgeted allotment for transportation construction, obtaining the additional funds from
other budget categories carties an opportunity cost. To capture this, TranSight enables you to input
the reductions in non-dedicated government spending (i.e., not budgeted for transportation)
necessitated by funding the project. These reductions may be entered on a yeatly basis for both the
state and local levels, since funding may be shared across the two levels of government. They can
also vary by region (in multi-regional models) since financial responsibilities for large projects may be

apportioned differentially across regions. In case the spending takes the form of annual payments
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against a bond, TranSight provides a built-in calculator that can convert the bond’s parameters

(amount, interest rate, and maturity) into annualized payment obligations.

When entering spending figures, you should omit any project expenditures drawn from the
existing transportation budget. TranSight assumes that those funds would have been spent on other
transportation-related projects, making them costless for any specific transportation project from a
governmental accounting perspective. Similatly, the user should exclude from the analysis any federal
grants allocated to the project since they are viewed as exogenous and non-transferable (hence, there
is no opportunity cost associated with applying them to the transportation upgrade). Land acquisition
costs are excluded from construction spending because economic value stems from improvements to
land, not from portfolio transactions involving land. However, these acquisition costs must be
included in the financial tabulation to the extent that the associated funding derives from non-

dedicated, non-federal sources.
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Appendix A: Theoretical Foundations

This Appendix discusses the economic theory of modeling the effects of transportation infrastructure
improvements. It includes greater depth of detail on the theoretical considerations undetlying TranSight, as
well as some description of alternative approaches not incorporated into TranSight’s methodology. For ease
of reference, the Appendix is subdivided into topics that correspond to sections in the main body of the
document.

Emissions Costs

Transportation expansions such as lane additions or new roads can produce two countervailing effects on
the amount of pollutants emitted by motor vehicles. The increased capacity of the road network is likely to
increase traffic volumes, thereby raising vehicle miles and (by logical extension) emissions. But studies have
demonstrated that emission rates for many pollutants decline up to a certain speed (a threshold which is
different for each polluting chemical), meaning that if the upgrade increases average traffic speed to a level
that remains below the threshold, emissions among cars that would have traveled in absence of the upgrade
may decrease.!? By contrast, for highway projects, this emission rate effect generally produces higher emission
levels since the prevailing speed exceeds the threshold at which pollution rates begin to worsen, so the
volume and rate effects reinforce one another.!! A balancing of these effects depends critically upon the
average speeds before and after the project’s completion, and upon the proportion of induced additional cars
infused into the system following the upgrade.

Substitution effects must also be addressed, particularly when the transmission project involves the
development or improvement of alternative forms of transportation, such as commuter rail or buses. New
train or bus lines may, for matters of convenience or expense, entice drivers to switch modes of
transportation and thereby reduce total emissions. A complete analysis of demand for marginal quantities of
public transit requires consideration of relative prices, attitudes toward transit, and distance from proposed
station locations to population and business centers, among other factors. To the degree that individuals
respond to their alternatives and switch from private cars to public transit, emissions will be correspondingly
reduced.

Ideally, an analysis of a transportation project’s effect on emissions would quantify changes from three
sources: direct emissions in motor vehicle exhaust, road-dust particulate matter, and pollutants released by
gasoline stations, refineries, vehicle manufacturers, and other businesses impacted by changes in vehicle miles
or the number of vehicles on the road. But the bulk of health effects from transportation improvements are
attributable to five pollutants: carbon monoxide (CO), nitrogen oxides (NOx), sulfur oxides (SOx),
particulate matter (PM), and volatile organic compounds (VOCs). Therefore for purposes of simplicity,
TranSight focuses on quantifying the emissions rates and associated health costs of these pollutants, which is
consistent with the EPA’s approach.

As described by Delucchi, there are three steps to obtaining estimates of health cost impacts from motozr-
vehicle emissions: 1) converting changes in emissions to changes in air quality, 2) converting these air quality
changes to changes in physical health effects, and 3) converting health effects to changes in economic
welfare.!? The first step typically involves invoking models of atmospheric dispersion and chemistry to test
the effect of a marginal change in emissions. The second stage of the process requires development of
exposure-response functions for each pollutant and for each potential health effect (ranging from asthma and

10 Note that emission rates may also vary by fuel type (e.g., premium, regular, or diesel) and engine size, but speed appears to be the principal
determinant.

11 U.S. Environmental Protection Agency. Mobile5b, fleet average, low altitude, including NLEV and Heavy Duty Vehicle (2004) Standards. 14
September 1996.

12 Delucchi, Mark. The Annualized Social Cost of Motor-Vehicle Use in the U.S., 1990-1991: Summary of Theory Data, Methods, and Results. Institute
of Transportation Studies. June 1996. Publication No. UCD-ITS-RR-96-03(01).
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headaches to mortality). These functions measure the change in incidence of adverse health effects with
respect to changing doses of a particular pollutant, and have been estimated in a number of epidemiological
and clinical studies.

The final step is to place monetary valuations on the incidence of the various health maladies caused by
motor-vehicle emissions. Ideally, this would involve evaluating all potential impacts of emissions-induced
health problems, such as lost work days and leisure activities, lower productivity, medical expenses oriented
toward treating the illness, and pain and discomfort. Because these can be difficult to measure, many studies
concentrate on mortality impacts and attempt to quantify the value of life. This valuation of life can entail
surveying people about their willingness to pay for alternative levels of safety (i.e., reduced risk of mortality)
or examining wage differentials between occupations regarded as equal other than the associated risk of injury
or death.!3 These studies often use discount rates that place greater weight on near-term deaths resulting
from emissions, and also may assign lesser “value of life” to the elderly people who have greater probability
of dying from pollution-related maladies (this “value of life” is unrelated to that used in Safety Costs).

Safety Costs

As with emissions costs, the net impact on safety costs of an expansion in transportation infrastructure is
indeterminate. Additional road capacity will induce a combination of incremental demand (i.e., Trips that
would not have been taken in absence of the upgrade) and shifts in existing demand (i.e., Trips that are re-
routed onto new roads, which may decrease travel distance). The tradeoff between these two phenomena
partially depends on the nature of the project. For example, a one-lane expansion of an arterial road may just
induce re-routing of Trips onto the newly widened road, whereas a two-lane widening of a previously
underused bypass highway may increase Trips by delivery vehicles. As another example, adding carpool lanes
to existing highways may decrease vehicle miles despite the additional car-carrying capacity. Finally, new or
upgraded public transit induces substitution away from private motor vehicles and thereby unambiguously
reduces accident volumes, although transit vehicle accidents can have severe consequences.

The principal travel-demand models generate vehicle miles traveled and vehicle hours traveled across
multiple dimensions, including time period (e.g., peak versus off-peak and A.M. versus P.M.) and year. This
array of output enables differential, user-specified accident rates across these dimensions, which allows the
modeling to better reflect real-world conditions in which per-mile accidents are more numerous during rush
periods. Incorporating the time dimension permits accident rates to move over time in response to
anticipated changes in traffic congestion, perhaps due to projected regional shifts in population or business
development.

Because of the vastly divergent costs associated with accidents that produce fatalities, injuries, or merely
property damage, it is important to obtain accident rates broken down by the accident’s consequences.
Disaggregating by accident type captures the significantly higher incidence of “property damage only” (PDO)
accidents relative to more setious types, thereby translating into a more accurate tallying of true cost changes.
Ideally, accident rates by type would be subdivided further by road type and by speed of travel; for example,
widening a highway may facilitate smoother traffic flow at higher speeds, which typically lowers aggregate
accident rates but increases the percentage of higher-cost fatality-causing accidents. However, these data are
rarely available in practice.

Converting accident rates into costs requires a full valuation of the economic consequences. This may
incorporate a variety of items, including medical expenses, lost productivity at work, vehicle repair and
replacement costs, police and emergency response expenses, the cost to society of uninsured motorists, and
pain and suffering inflicted upon the victims. Although related to accidents, the opportunity costs for drivers

13 Greenwood, M. J, G.L. Hunt, D.S. Rickman, and G.I. Treyz “Migration, Regional Equilibrium, and the Estimation of Compensating Differentials.”
American Economic Review 81, (1991): 1382-1390.
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delayed by other peoples’ accidents are discussed in the section concerning the value of time. While many
accident costs are monetary and easily tabulated (such as repair costs and lost production at work), others
(such as “pain and suffering” and lost participation in non-market activities) may be more difficult to
quantify. Because not all harm is compensated by the culpable driver (or his insurance company), some costs
can be regarded as externalities--for example, increased insurance premiums to cover the damage caused by
uninsured drivers.

Operating Costs

Improvements to the transportation infrastructure produce indirect effects on spending by households and
businesses to operate and maintain motor vehicles. In particular, construction of major new roads in growing
population centers can induce increased fuel consumption, to the extent that the additional VMT's derive
from incremental Trips rather than re-routings of existing Trips. Similarly, the added miles necessitate
additional spending on vehicle maintenance and repair, since cars and trucks endure greater “wear-and-tear”
within a given timeframe. These higher out-of-pocket expenses represent opportunity costs, since less
disposable income is available for discretionary spending on desired goods and services.

In contrast, mass transit projects cause expenditures on vehicle operation to decrease as individuals
substitute car Trips with bus and train Trips for both commuting and leisure purposes. Naturally, the
magnitude of this effect hinges upon elasticities of substitution between private vehicles and public transit.
The introduction or extension of high-occupancy vehicle lanes also reduces vehicle operation costs as car
depreciation is diluted across participants in a carpool. Regardless of the type of transportation upgrade under
consideration, the valuation of changes in vehicle operation costs is straightforward since the commodities
being consumed are priced in the marketplace—namely, the retail price of gasoline, and the cost of vehicle
maintenance that is contingent upon mileage.

Just as with the other costs associated with transportation projects, the directionality of the response of fuel
and maintenance expenditures may be ambiguous. Widening a road is likely to increase demand, which would
suggest increased fuel consumption. However, the upgrade increases the average speed of vehicles that would
have utilized the road regardless, which (depending upon the speed levels in question) may diminish fuel
consumption since miles/gallon for automobiles tends to improve up to a threshold of around 50 miles per
hour. On the other hand, fuel efficiency for trucks tends to peak at much lower speeds, meaning that
increased traffic velocities would induce greater fuel consumption by trucks for the majority of road types.
These facts are demonstrated below in Figure 4, which shows fuel mileage at various travel speeds for cars
and trucks. Cleatly, the proportional breakdown of road use by vehicle type (cars, trucks, and buses), along
with the proportion of new travelers relative to ones who would have traveled in absence of the project, are
critical in assessing the aggregate impact on operating expenditures.
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Value of Time

While more difficult to measure than other benefits of transportation projects, the gains in personal utility
associated with reductions in “vehicle hours traveled” (VHTS) can be substantial. For commuters traveling to
work, improvements in the efficiency of the transportation network cause time savings as well as a reduction
in traffic-induced stress. These benefits may be particulatly significant when commuter-oriented upgrades
such as high-occupancy lanes or light rail lines are installed, although merely widening an existing highway
also yields savings by expediting traffic flow toward business centers. Naturally, the upgrade can also shorten
travel times for leisure Trips, which effectively makes the surplus time available for other activities. Although
leisure Trips may be less valued from a productive standpoint, they comprise a large portion of total travel,
meaning that projects that boost average speeds can furnish considerable savings across all households in the
region.

The total value of travel time can be conceptualized in several different ways. At the most fundamental level,
it can be regarded as the willingness to pay to not spend the necessary minutes in transit—that is, to have
travel time reduced to zero. The desire to minimize travel distance (and the associated time) is an important
component of the location decision for both households and firms, as they consider various potential
commuting or delivery distances in light of their time allocation preferences and comparative valuation of
various activities. But while real estate costs are generally higher in major population centers (where access to
consumer goods and clients is greater) than in less dense areas, this differential is naturally not only a function
of the “price of convenience” but also of other factors such as land scarcity; thus, the value of travel time
cannot be obtained directly from such disparities.!*

Taking another approach, as adopted by Delucchi, the process of valuing travel time can be subdivided into
two aspects: the opportunity cost (in terms of the value of foregone activities) and the hedonic cost (the
pleasure or displeasure derived by the individual from the driving experience itself). In terms of opportunity
costs, those that are priced in the private sector may be valued monetarily. For example, savings in truck
rental costs, fuel, and driver wages due to quicker completion of deliveries can be tabulated in a
straightforward manner, while productivity gains associated with less time spent in traffic may also be

4 Transportation Research Board — National Research Council. Economic Implications of Congestion: NCHRP Report 463; Glen Weisbrod, Donald
Vary, George Treyz, 2001.
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estimated.’> These savings can be quantified with the aid of the Transportation Satellite Accounts (produced
by the U.S. Bureau of Economic Analysis), which estimate the value of transportation activities by industry
and commodity.

More difficult to ascertain are non-monetary externalities that accrue from both commuter and (especially)
leisure travel. Such costs include the hedonic utility of travel (whether positive or negative) as well as unpaid
activities foregone and the risks of involvement in an accident. As these cannot be valued directly, most
researchers have relied upon surveys in which people are presented with hypothetical choice situations
through which they can indicate their willingness to pay to decrease travel time. In general, the non-monetary
costs associated with travel time (and particularly with delays due to traffic congestion and nearby accidents)
can be treated as a function of vehicle occupancy, the opportunity cost of time, average speed, and the
hedonic attributes of travel (that is, the pleasure or discomfort derived from driving or riding).

The Transportation Cost Matrices

“Effective distance” is the mechanism through which the theory of economic geography enters the
decision-making processes of economic agents in TranSight. It can be imagined as the geographic distance
between two centers of economic activity, adjusted for the efficiency of multi-modal transportation between
them. Hence, improvements in the transportation infrastructure reduce effective distance between two
locations and consequently increase their interaction, in terms of the flows of labor, intermediate inputs, and
end-use commodities. In general, as effective distance increases, the costs that deter economic activity rise
through an exponential process called “distance decay.” The rate of change by economic sector of the
distance decay curve (known as the distance decay parameter, ) captures both the increased deterrence and
the variable impact on flows by sector.

For businesses involved in transporting goods, shorter travel times for their delivery vehicles translate into
savings on fuel, wages, and perhaps vehicle and inventory costs. Furthermore, traveling sales personnel can
potentially reach more clients during business hours. Although these savings can stem directly from additional
roads, which provide quicker alternative routes between popular destinations, they can also result from
widened roads, public transit networks, or enhanced traffic control systems, which can diminish congestion
and lower accident rates.

As stipulated by the theory of economic geography (which is integrated into the PI+ model), both firms and
households obtain benefits from policies that expand their access to variety in labor, intermediate inputs, and
end-use goods. Transportation upgrades may facilitate the commute of workers to a more distant job whose
characteristics are more closely aligned with the worket’s personal attributes. From the perspective of firms,
the project can provide access to a broader and more diverse labor market, enabling the hiring of more
suitable workers. Thus the project may induce over time a better match between employers and employees,
by expanding the pool of preferred jobs accessible to a given commuter, and the pool of preferred workers
accessible by firms.1¢

Economic geography also assumes that markets are characterized by monopolistic competition, meaning
that goods and services are non-homogeneous. Therefore, all economic agents derive incremental utility from
the ability to choose from a wider array of alternatives. By facilitating interactions among a more diverse set
of buyers and sellers, transportation upgrades can broaden the scope for market transactions. Businesses can
find better matches for their needs in the intermediate input markets, while households can purchase more
varied goods and services.

15 Delucchi, ibid.

16 Weisbrod, Glen, and Frederick Treyz “Productivity and Accessibility: Bridging Project-Specific and Macroeconomic Analyses of Transportation
Investments.” Journal Of Transportation And Statistics, 1.3, 1998: 65-79.
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Appendix B: Travel Demand Data Requirements

Overview

REMI TranSight calculates the economic effects of transportation scenarios. It uses data on vehicle miles,
hours and trips traveled, generated by a travel demand model such as Caliper Corporation’s TransCAD or
Citilabs’ Cube.

Two sets of data are needed, representing “baseline” and “adjusted” scenarios. TranSight economic
simulation variables are generated based on the differences between the two scenarios, such as no-build vs. a
proposed transportation plan.

Import Process

Because of variations between travel models and how they are used in specific environments, there is no
complete, predefined method for generating and transferring this data. Travel model simulations are usually
stored in a proprietary format that TranSight cannot read directly, so an extraction and conversion process is
needed.

Typically, this involves creation of files using an export feature or custom scripting in the travel demand
model. TranSight contains an import module, which REMI can customize to accept files in an agreed-upon
format, using dBase (DBF) files or comma-separated ((CSV) text files.

For cases where a full travel demand model is not available, or only a small number of scenarios are going to
be used, it is possible to manually enter travel demand data into TranSight, although that can be a time-
consuming process depending on the number of regions in the model. Manual changes to travel demand
scenario data can be saved in a custom “.TDD” file containing the exact data that TranSight uses.

Data Requirements

Regardless of the source, the data that TranSight ultimately uses consists of matrices of VMT, VHT and
Trips, each with these dimensions:

Modes x Time Periods x Regions x Regions x Years

Where:
Modes = Vehicle types, typically Auto and Truck. If separate auto and truck data are not available, a
total value can be used, and will be split approximately 90/10 into Auto and Truck, respectively.
Time Periods = Time-of-day periods such as AM Peak, AM Off-Peak, PM Peak, PM Off-peak, or
simply an All Day total value.
Regions x Regions = Origin and Destination pairs. The regions must correspond to the regions in
TranSight, in the same order. (Data for individual segments or TAZs is not supported.) It works best
when data for all regions is provided, but it can function with a subset of regions in most cases.
Years = Year series for the TranSight forecast period. If a complete series is not available, values can
usually be interpolated.

Values are in single units per year. Daily values and millions can be converted as needed. Similar data for one
or more transit modes can also be used, but is not required.
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Sample Formats

1.

All values for all years in a single file

All data for the scenario is stored in a single file. Specific filenames are not required, and multiple scenario
files can exist within the same directory.

Example:

A single file named “nobuild.csv”’ containing:

Origin

Destination

Year

Auto_VMT

Auto_VHT

Auto_Trips

Truck_VMT

Truck VHT

1

2010

2010

2010

2010

2010

2010

2010

2010

2010

2011

2011

= = QRN = =] —

RN QN[N — LD

OO0 |00 || |O|O|O|O

2011

(=] [l [} fen) en) fen) fen) Fen) Fan) Far) Fan)l Han)

OO0 |00 || ||| O|O

(=)l [} far) v} fer) fer) Fen) Fan) Far) Fan)l Fan)

(=)l [} far) v} fer) fer) Fen) Fan) Far) Fan)l Fan)
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2.

Files for specific years

Each scenario consists of a directory with multiple files, each containing values for one year. Specific years
and filenames are used, and the import process is configured to find and process them.

Example:

A directory named “\Plan 1\” containing:

2010_ALL.DBF
2030_ALL.DBF
2050_ALL.DBF

Origin | Destination | Auto_VMT | Auto_VHT | Auto_Trips | Truck VMT | Truck_VHT | Truck_Trips
1 1 0 0 0 0 0 0
1 2 0 0 0 0 0 0
1 3 0 0 0 0 0 0
2 1 0 0 0 0 0 0
2 2 0 0 0 0 0 0
2 3 0 0 0 0 0 0
3 1 0 0 0 0 0 0
3 2 0 0 0 0 0 0
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3. Individual Tables

Each scenario consists of a directory with multiple files, each containing a single origin-destination matrix.
Specific years and filenames are used, so the import process knows how to find and process them.

Example:
A directory named “\No-Build\” containing:

2010_Auto_VMT.csv
2010_Auto_VHT.csv
2010_Auto_Trips.csv
2010_Truck_VMT.csv
2010_Truck VHT.csv
2020_Truck_Trips.csv
2020_Auto_VMT.csv
2020_Auto_VHT.csv
2020_Auto_Trips.csv
2020_Truck VMT.csv
2020_Truck_VHT.csv
2020_Truck_Trips.csv
2040_Auto_VMT.csv
2040_Auto_VHT.csv
2040_Auto_Trips.csv
2040 _Truck VMT.csv
2040_Truck_VHT.csv
2040_Truck_Trips.csv

Each file contains one origin and destination table.

County_1 | County_2 | Rest_of_state
County_1 0 0 0
County_2 0 0 0
Rest_of state | O 0 0
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