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1) Overview of the Model

REMI TranSight integrates leading transportation forecasting models (such as TranPlan and TransCad) with REMI Policy Insight, a regional macroeconomic model that evaluates the socioeconomic impacts of business or government initiatives. While stand-alone transportation models can produce forecasts of travel-demand response to a proposed transportation project, TranSight can provide a more holistic perspective by predicting the full array of economic, demographic, and fiscal 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 engine underlying Policy Insight, known as EDFS-53 (Economic and Demographic Forecasting System for 53 sectors). The output of this process goes far beyond changes in vehicle miles and hours traveled, forecasting such factors as reduced commuter costs and improved access to intermediate inputs to production, both of which may stimulate long-run household migration and industry agglomeration in accordance with the principles of economic geography.

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. But in addition, it calculates several indirect types of costs and benefits that may ensue from the project, including changes in safety, emissions, fuel tax revenues, and transportation costs. Some of these computations require user input based on region-specific conditions, while others utilize information drawn from travel-demand model output. Collectively, this information is transferred into EDFS-53, which produces multi-year forecasts of economic and demographic trends under the transportation upgrade, and compares them with a baseline simulation. 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.
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Figure 1: Model structure of TranSight

2) Detailed Model Description

This section describes the various costs and benefits that are incorporated into TranSight’s assessment of a transportation project. Each subsection focuses on a particular cost, providing the following information: a) the economic theory underpinning the cost and its determinants, b) the cost calculation performed by TranSight, and c) the manner in which the cost enters the EDFS-53 analysis. Note that one or more of these costs may be excluded from the simulation prior to running TranSight, at the user’s discretion. The conceptual explanations for how to derive these costs draw in part from a 1996 report by the Institute of Transportation Studies (Mark A. Delucchi, “The Annualized Social Cost of Motor-Vehicle Use in the United States”).

The inputs to the modeling process stem from three sources: a) output from travel-demand model simulations, b) nationwide studies by government agencies and transportation experts, and c) 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 and vehicle hours traveled under different scenarios involving modifications to one or more elements of the transportation network. Because these outputs often vary in format (for example, whether they are reported across different road types, vehicle types, and/or times of day), TranSight was designed with sufficient flexibility to handle a diverse range of data dimensions. Much of this variation is due to differences across the various travel-demand models, but even the same modeling package may be configured differently by various transportation departments or other users. Please see the appendix for details on how TranSight transforms each travel-demand model’s output into the VMT and VHT figures used in the analysis of transportation improvements.  

a)  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 stimulates increased employment and production of intermediate inputs by the private sector. Both of these aspects are included in TranSight’s modeling framework.

The array of construction-related inputs can vary according to client needs and data availability. Projected construction costs and predicted annual operation and maintenance costs are entered in dollar form for each of the forecast years. 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 maintenance. To allow analysis of federal grants or subsidies that cover a portion of the transportation project expenditures, TranSight enables the input of a percentage breakdown by funding source (federal, state, or local government).

These expenditures are translated into two policy variables within EDFS-53. First, contracts with construction firms to implement the transportation project are reflected in increased sales by the construction industry, which naturally flows through into employment, demand for intermediate inputs (based on the IO table), and other variables. Second, these revenues are balanced out by an equivalent amount of government spending, which can be apportioned to the federal, state and local levels in accordance with their financial responsibilities as entered in TranSight.

b) 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 new 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.

As described by Delucchi in the above-cited paper, there are three steps to obtaining estimates of health cost impacts from motor-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 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. 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.

In TranSight, changes in emissions costs are computed from three sets of inputs. First, for each of the five primary pollutants, we specify emissions rates per mile for each potential vehicle speed from 0 to 80 miles/hour. As alluded to above, the emissions rate for some 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. 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.

TranSight uses emissions rates obtained from two prominent models developed by the EPA: PART5 (for SOx and PM) and MOBILE6 (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 0 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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Figure 2: Emissions rates for various speeds (source: EPA’s PART5 and MOBILE6)

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. Such costs can be obtained from various studies that emulate the three-step procedure outlined above, involving atmospheric dispersion models, dose-response functions, and contingent valuations of the health problems and mortality that can result from exposure. If using a nationwide estimate, it may be desirable to apply an adjustment factor to tailor the cost to 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. Because of the imprecise nature of these calculations, many of these studies report lower and upper bounds on cost per gram of emissions, which can be inserted into successive runs of TranSight to establish a reasonable range in which emissions impacts might fall. 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. Combining the three inputs produces total emissions cost figures for each of the five pollutants, as illustrated in the following equation:
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where


(ECj      = Change in emissions cost for pollutant j ($)


ERj         = Emissions rate for pollutant j (gram/mile)


CPGj      = Emissions cost per gram for pollutant j ($/gram)


VMTalt   = Vehicle miles traveled under the alternative scenario


VMTbase = Vehicle miles traveled under the baseline scenario

The change in emissions cost relative to baseline levels enters into EDFS-53 as a non-pecuniary amenity that accrues to laborers 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 initially articulated by Fujita et. al. (Fujita, Masahisa, Paul Krugman, and Anthony J. Venables. The Spatial Economy: Cities, Regions, and International Trade. Cambridge, MA: MIT Press, 1999). 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 disamenities 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 this dynamic will be captured by EDFS-53 over the course of the forecast period.

c) 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.

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. The principal travel-demand models generate vehicle miles traveled and vehicle hours traveled across multiple dimensions, including road type (e.g., freeway and artery), time period (e.g., peak versus off-peak and A.M. versus P.M.), and year. This array of output enables TranSight to apply differential accident rates across these dimensions, which allows the modeling to better reflect real-world conditions in which per-mile accidents are more numerous on more-congested road types and during rush periods. Within certain limits, the characterization of the user-input accident rates can be customized to accommodate the dimensions across which the chosen transportation-demand model calculates VMT and VHT changes. Incorporating the time dimension permits accident rates to move over time in response to anticipated changes in traffic congestion, perhaps due to projected shifts in population or business development.

Because of the vastly divergent costs associated with accidents that produce fatalities, injuries, or merely property damage, it may also be 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 serious types, thereby translating into a more accurate tallying of true cost changes. Ideally, accident rates by type would be subdivided further 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 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, inflated insurance premiums to cover the damage caused by uninsured drivers.

TranSight enables the user to input cost-per-accident figures broken down by category, with each category representing either a particular road type or accident type (i.e., fatality, injury, or PDO). This flexibility is built-in to permit different approaches to calculating safety cost changes, depending upon the available data. 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:
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where


(SCj      = Change in safety cost for road/accident type j ($)


ARj        = Accident rate for road/accident type j (accident/mile)


CPAj      = Safety cost per accident for road/accident type j ($/accident)


VMTalt   = Vehicle miles traveled under the alternative scenario


VMTbase = Vehicle miles traveled under the baseline scenario

As with emissions costs, changes in safety costs are transferred into EDFS-53 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.

d) Fuel Taxes

While improvements to the transportation infrastructure impose direct costs on government in the form of construction, financing, and maintenance, they also have indirect effects on tax revenues based upon the response of consumers and businesses. In particular, construction of major new roads in growing population centers can induce increased fuel consumption as well as business development on adjacent properties. Both of these impacts generate incremental revenues in the form of fuel and sales taxes; in part these taxes must fund expenses incurred by the project plus ongoing maintenance, but any residual can then be diverted into governmental spending programs to improve services. Consistent with the concepts of economic geography, these improved public services enhance the attractiveness of a region and may stimulate in-migration of both people and businesses.  

As with highway expansions, mass transit projects typically augment sales tax revenues, since the additional human traffic can induce clusters of business development around stations. Naturally, fuel tax inflows decrease as individuals substitute car trips with bus and train trips for both commuting and leisure purposes. But these revenue losses can be partially offset by well-calibrated fares, assuming that fare prices are sufficient to cover more than the costs of operating and maintaining the system.  

However, just like with the other costs associated with transportation projects, the directionality of fuel tax revenues may be ambiguous. Widening a road is likely to increase demand, which would suggest increased fuel consumption and fuel taxes. 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 3, which shows fuel mileage at various travel speeds for cars and trucks. Clearly, 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 fuel tax revenues.
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Figure 3: Fuel efficiency of autos and trucks at various speeds (source: Los Angeles MTA)

In TranSight, fuel tax revenue is primarily important for its contribution to the fiscal balancing process. A tax rate can be entered for each region in each forecast year, in case changes are foreseen over time. This rate is applied in conjunction with an average miles-per-gallon figure and the standard output from the selected transportation model, to compute fuel taxes. The user can input different average mpg parameters for each forecast 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. The change in fuel tax revenues is computed as follows:
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where



(FRi             = Change in fuel tax revenues for region i ($)



FTi                = Fuel tax rate for region i ($/gallon)



Avg(MPG)   = Average fuel efficiency (miles/gallon)



VMTalt          = Vehicle miles traveled under the alternative scenario



VMTbase        = Vehicle miles traveled under the baseline scenario

The policy variable effect in EDFS-53 of fuel tax changes can be tailored to the client’s specifications. It may be captured as a change in the government spending policy variable, and then as a corresponding adjustment to the model’s fiscal balancing mechanism. If fuel tax changes are perceived as influencing economic migration, they can be factored in as non-pecuniary amenities accruing to individuals, analogously to safety or emissions cost changes.

e) Value of Time: The Transportation Cost Matrices

While more difficult to measure than other benefits of transportation projects, the gains in productivity and personal utility associated with reductions in “vehicle hours traveled” (VHTs) can be substantial. 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. Traveling sales personnel can potentially reach more clients during business hours, while all people can access their leisure activities more readily. 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.

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 estimated.

More difficult to ascertain are non-monetary externalities that accrue from both business 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).

Within the TranSight framework, the value of travel time implicitly enters the calculation in three distinct forms: commuter costs, transportation costs and accessibility costs. The commuter cost matrix reflects changes in commuting time (measured in hours per commuter) between and within modeling regions, which result from completion of the transportation improvement. Since infrastructure expansions should unambiguously reduce travel time, these savings can be converted into dollars based on the number of commuters in each region and their incremental productivity. TranSight currently values these time savings not in dollars but through the difference in commuting hours between the alternative and baseline scenarios.  

The region-to-region changes in commuter time are derived from transportation model output of changes in the VMT/VHT ratio, which are multiplied by the average commuting time between the pair of regions in question. An average commuting time for the overall geographic area being modeled is obtained from Census Bureau data, leaving the user to enter baseline adjustments to this average for commuters within each region and between each pair of regions. For the simulation involving the transportation augmentation, a set of commuter time changes vis-à-vis baseline commuting times should also be constructed. Note that the commuting time changes with respect to the baseline simulation can vary across forecast years, to allow for dynamic response over time to the transportation improvement. Commuter cost savings for each combination of regions i and j (with i=j implying within-region savings) are calculated as the change in commuting time relative to the typical eight-hour workday, via the following formula. It should be noted that because the baseline quantities are in the numerator, a positive ΔCC actually represents an increase in commuter costs, while a negative value indicates a cost decline.
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where


(CCij        = Change in commuter costs between regions i and j (hours)


ACij           = Average commuting time between i and j (hours)
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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.  

As with commuter costs, savings are grounded in 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. The transportation cost savings parameters are computed as follows. Note that 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 (TCij 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. 
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where
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The final cost matrix bridges business and consumer interests by reflecting the value of increased accessibility afforded by the upgraded transportation system. As stipulated by the theory of economic geography (which is integrated into the EDFS-53 model), both firms and households obtain benefits from policies that expand their access to variety in labor, capital, and commodities. Since this theory (based on the assumption that markets are characterized by monopolistic competition) holds that goods and services are non-homogeneous, all economic agents derive incremental utility from being able to choose from a wider array of alternatives. Businesses can find better matches for their needs in the labor and intermediate input markets, while households can purchase more varied goods and offer their labor to a greater range of employers.

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. For example, laborers might be willing to drive further to reach an employer more suited to their job preferences. As with the preceding two cost matrices, accessibility costs are entered for each pair of modeled regions in each forecast year. The change in these costs is measured by comparing the ratio of VMT to VHT between the alternative and baseline scenarios, through an equation comparable to the transportation cost formula above.

As these three matrices already have counterparts in Policy Insight, they are passed directly from TranSight into EDFS-53, 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 influence the location decisions of households via the economic migration module, and also indirectly diminish production costs due to improved access to well-suited factor inputs.

All of these effects cascade into other macroeconomic variables because of the interlinkages built into the model, as illustrated in Figure 4 below. 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-à-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.
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Figure 4: Impact of economic geography within EDFS-53

Appendix A: TranPlan

As described by its manufacturer, Citilabs, TranPlan (TRANsportation PLANning) is a series of integrated programs designed to support the transportation planning process. It contains a travel-demand model that involves four stages: trip generation, trip distribution, mode choice, and trip assignment for both highway and transit systems. Among TranPlan’s vast array of outputs are estimates of vehicle miles traveled (VMTs) and vehicle hours traveled (VHTs), both of which are reported at the daily level. Depending upon the user’s configuration, it is also capable of breaking down VMTs and VHTs across dimensions such as road type (e.g., freeway and primary arterial), time of day (e.g., AM/PM and peak/off-peak), and region.

The VMTs and VHTs generated by TranPlan require some degree of transformation and elaboration to create the variables required by TranSight. Regarding VMTs, the main relevant TranPlan output is vehicle miles traveled on an average weekday by “private” vehicles (which TranPlan defines as automobiles). In order to translate these figures into annual VMTs for all motor vehicles (including light and heavy trucks), TranSight must perform a multiple-step process as documented in the equations below. All parameters employed in this procedure are obtained from Hallenback, et al, “Vehicle Volume Distribution by Classification”, Chaparelle Systems Corporation, for LTPP Division of FHWA, June 1997.

Starting with private-vehicle VMTs for the average weekday, TranSight uses parameters for the percentage of trips by non-commercial vehicles and light vehicles (commercial and non-commercial) to determine what percentage of total miles those private-vehicle VMTs represent. Having a full percentage breakdown of trips by the four vehicle types (private, light truck non-commercial, light truck commercial, and heavy truck) enables the computation of average weekday VMTs for each vehicle type. Analogous numbers are then derived for the average weekend day, using a scalar that describes the typical ratio of weekend day to weekday traffic volumes. Finally, VMTs are summed across vehicle types and day types (i.e., weekend and weekday) to yield total annual VMTs, in proportion to the typical number of weekdays and weekends in a year.

The following shows the full derivation. The process for obtaining TranSight-ready VHTs is essentially identical. Note that “WD” indicates weekday while “WE” indicates weekend; the rest of the notation is self-explanatory.

Inputs:

VMTWD Private (the output from TranPlan)

Calculate Missing Percentages of Weekday VMTs by Vehicle Type:

	%Light Non-Commercial Vehicle Trips=
	%Light-Commercial Vehicle Trips ( (1/%Commercial of Light Duty) ( (1-%Commercial of Light Duty)

	
	

	%Private Vehicle Trips=
	%Non-Commercial Vehicle Trips-%Light Non-Commercial Vehicle Trips

	
	


Calculate Weekday Totals:

	VMTWD Heavy Truck =
	(VMTWD Private ( (1 / %Private Vehicle Trips)) ( (%Heavy-Commercial Vehicle Trips)

	
	

	VMTWD Light Truck Commercial =
	(VMTWD Private ( (1 / %Private Vehicle Trips)) ( (%Light-Commercial Vehicle Trips)

	
	

	VMTWD Light Truck Non-Commercial =
	(VMTWD Private ( (1 / %Private Vehicle Trips)) ( (%Light Non-Commercial Vehicle Trips)

	
	

	VMTWD Light Truck =
	VMTWD Light Truck Commercial + VMTWD Light Truck Non-Commercial


Calculate Weekend Totals:

	VMTWE Private = 
	VMTWD Private (%Weekend of Weekday Traffic

	VMTWE Light Truck = 
	VMTWD Light Truck (%Light Truck Weekday of Weekend

	VMTWE Heavy Truck = 
	VMTWD Heavy Truck (%Heavy Truck Weekday of Weekend

	
	

	VMTWE Light Truck Commercial = 
	(%Commercial of Light Duty) (VMTWE Light Truck

	VMTWE Light Truck Non-Commercial = 
	(1 - %Commercial of Light Duty) (VMTWE Light Truck


Calculate Commercial and Non-Commercial Annual Totals:

	VMTWD Commercial = 
	VMTWD Heavy Truck + VMTWD Light Truck Commercial

	VMTWD Non-Commercial = 
	VMTWD Private + VMTWD Light Truck Non-Commercial

	
	

	VMTWE Commercial = 
	VMTWE Heavy Truck + VMTWE Light Truck Commercial

	VMTWE Non-Commercial = 
	VMTWE Private + VMTWE Light Truck Non-Commercial

	
	

	VMTWeek Commercial = 
	(5 (VMTWD Commercial) + (2 (VMTWE Commercial)

	VMTWeek Non-Commercial = 
	(5 (VMTWD Non-Commercial) + (2 (VMTWE Non-Commercial)

	
	

	VMTAnnual Commercial = 
	52 (VMTWeek Commercial

	VMTAnnual Non-Commercial = 
	52 (VMTWeek Non-Commercial

	
	

	VMTAnnual = 
	VMTAnnual Commercial + VMTAnnual Non-Commercial


Outputs:

VMTAnnual (obtained for each time period, road type, and region)

Exogenous Parameters:

	%Non-Commercial Vehicle Trips
	89.8%

	%Heavy-Commercial Vehicle Trips
	6.2%

	%Light-Commercial Vehicle Trips
	4.0%

	%Commercial of Light Duty
	33.0%

	%Weekend of Weekday Traffic
	93.0%

	%Light Truck Weekday of Weekend
	74.6%

	%Heavy Truck Weekday of Weekend
	48.9%


Parameters Obtained in Process Above:

	%Private Vehicle Trips
	81.7%

	%Light Non-Commercial Vehicle Trips
	8.1%
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