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1 Purpose of This Document 
This document has two purposes: First, it indicates the sources for TREDIS’s default factors, 

updated as of June 2024 with the latest iterations of default values available. Second, for the 

broader set of background data contributing to final results, it discusses how these factors are 

incorporated into various modules and provides references to further information. 

2 Why Default Values? 
TREDIS is a fully multi-modal analysis system, designed to allow users maximum flexibility in 

defining transportation investment and policy scenarios, with the ultimate purpose of estimating 

how these scenarios affect transportation and economic outcomes. This flexibility across 

passenger and freight modes requires that users have the ability to model detailed transport 

characteristics such as operating performance, unit cost factors, freight and passenger 

loadings, safety, or emissions factors, among many other parameters. 

But with this flexibility also comes a need to ensure that reasonable values are adopted to 

generate plausible results. Moreover, final results – economic impacts or benefit-cost ratios – 

can be sensitive to specific default factors. As such, it is critical to make such factors fully 

transparent to users (with references) and provide guidelines as to appropriate ranges and 

when to deviate from those ranges. This need for transparency extends further, to cover all data 

sources used to generate final results, even those that cannot be changed as part of an 

investment or policy scenario. As will be discussed, these include baseline economic data and 

relationships, market access and connectivity factors, economic forecasts, and freight flows. 

This document describes TREDIS default factors with precisely these goals in mind. 

2.1 When to Use or Override Default Values 

Analysts may rely on the default values for default fixed factors unless they have reason to 

override them. However, they should understand that it is fully appropriate to override the 

defaults in many situations. In any of the following examples, it would be justifiable and even 

prudent to override the existing factors: 

• The study involves types of vehicles (and associated operating cost factors) that are 

different from the default average. For example, a transit system uses mini-buses instead of 

standard buses or an airport only serves general aviation, rather than commercial aircraft. 

• The study area has vehicle passenger occupancy rates or freight loads that are different 

from the assumed defaults. 

• The study monetizes values in Canadian dollars, rather than U.S. dollars. 

• The study is being done in a state or province that has wage and income levels significantly 

different from the assumed national average, and the applicable government agency prefers 

to use values of time that reflect local wage rates. 

• The sponsoring agency dictates that different assumptions be used. 

However, even when these situations apply, the new factors should remain within a reasonable 

range. In this document, where appropriate, upper and lower bounds are suggested to define 

the reasonable range based on: (a) the range of commonly available vehicle sizes and types, 

and (b) the range of operating cost and time valuation factors observed in published literature. 

Analysts are warned to be careful about using values outside of these ranges. 
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3 TREDIS Data 
TREDIS provides substantial data resources on region-specific economics, freight conditions, 

and mode factors. Much of the following assumes TREDIS is being using in the context of 

analyzing transportation changes in the U.S., but TREDIS has been deployed in other countries 

equally as well. 

• Economic Models consist of detailed sector data and response factors specific to the study 

region that show the economic relationships between all the industries in the region. These 

are updated annually. 

• Economic Forecasts are used to extend the model to future years. These are also specific 

to the study region and are updated annually. 

• Freight Flows are tied to specific counties for regular TREDIS contracts. See the section 

below on other, more detailed analysis options. 

• Market Access and Connectivity Factors are defined at the regional and county level and 

measure response to changes in access characteristics.  

• Transportation Cost Factors are revised yearly for several categories of potential cost 

savings in a transportation system, specific to each mode and purpose. 

Further details on Economic Models, Economic Forecasts, and Freight Flows can be found 

below in this section. Current Transportation Cost Factors are detailed, factor by factor, in the 

section on 4 Default Transportation Cost Factors. 

For information on using TREDIS with smaller geographies or customized economic forecasts, 

please contact TREDIS staff at info@tredis.com. 

3.1 Economic Models 

For U.S. applications, economic patterns are typically supplied by IMPLAN. For each study 

region defined in TREDIS, this source describes industry production for each of the 544 sectors.  

Production is measured by four variables: 

• Output is final sales, or total revenues, by industry. Depending on the industry, sales can be 

to any combination of other businesses, households, or the federal/state/local government. 

• Value-added is a metric describing the value of goods sold by an industry over and above 

the value of goods purchased by it. It is generally used as a broad measure of value 

creation by an industry, including wages, employee benefits, profits, and tax payments. 

Summed across all industries, total regional value-added is precisely “Gross Regional 

Product.” 

• Income represents total compensation (including benefits) to all employees of an industry, 

including business owners (proprietors). 

• Employment is the total head count of workers in an industry, including self-employed, 
railroad workers, and agriculture workers. Because employment is measured as employee 
head count, it is important to note that a single individual with two part-time jobs is counted 
twice, regardless of which industries those jobs are in. Therefore, the job count is typically 
higher than full-time equivalent employment. 

Beyond these industry metrics, IMPLAN data is used in a number of other places in TREDIS: 

• Economic Multipliers are region-specific factors that translate a direct economic change 
into total economic impacts, including indirect (inter-industry supply-chain) effects, and 
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induced (wage spending) effects. In IMPLAN, multiplier impacts are applied with source and 
target industry detail, meaning that it is possible to determine the effect of direct spending in 
one sector. For example, it is possible to determine the effect of direct spending in 
construction on retail spending using multipliers. 

• Industry Make Tables are region-specific factors that indicate which commodities a single 
industry uses to produce its final goods, as well as which commodities are made by the 
industry. As such, they translate industry activity to commodity activity, which is used in 
TREDIS’s Freight Module, as well as in determining which industries are affected by 
projects affecting freight modes. 

• Tax Receipts Tables are used to determine how changes in economic activity lead to 

changes in federal and state/local tax revenues. These are based on the current pattern of 

transfer payments in IMPLAN’s social accounting structure. 

Detailed descriptions and source information for all IMPLAN data is provided in the “Knowledge 

Base” section of IMPLAN’s website, www.implan.com. 

3.2 Freight Flows 

The default TREDIS model of freight flows is based on FHWA’s FAF model, which organizes 

the U.S. into regions. TREDIS also offers two other advanced sources of freight data fully 

integrated. First, vFreightTM, a county-level disaggregation of FHWA’s FAF which features 

further additional foreign trade data. Second, users may integrate their data from S&P Global’s 

Transearch® dataset, which draws upon truck and rail waybill data. 

Contact TREDIS staff for more information about these two options. 

3.3 Economic Forecasts 

The TREDIS forecasting module is typically supplied with Moody’s Analytics projections, which 

include employment and value-added forecasts for each TREDIS industry at the county and 

sector level. As with many other defaults, custom forecasts may be available for your account. 

Please contact us for more information. 

Moody’s state and county forecasts are ultimately based on their U.S. national economic model. 

This national forecast is combined with state, metro, and county data to allocate growth 

forecasts down to sub-national regions. The benefit of this approach is geographic consistency 

– that is, employment and value-added always aggregate up (from counties to states and from 

states to country) without double-counting. 

Allocations of employment and value-added to states and counties are made based on the 

same government data sources used by IMPLAN to develop current economic characteristics. 

These sources include Bureau of Labor Statistics (BLS), Current Employment Survey (CES), 

and the Quarterly Census of Employment and Wages (QCEW), and Bureau of Economic 

Analysis (BEA). 

3.4 Market Access and Connectivity Factors 

The TREDIS Market Access module estimates how transportation system changes affect the 

region’s economic geography – i.e., how the region’s economy improves if businesses have 

better access to labor, customers, suppliers, and international markets. See the technical 

documentation on TREDIS’s Market Access Module for further description about the 

measurement options and the formulas used to calculate market access impacts. 
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3.6 Considerations  

When reviewing the inputs used for TREDIS analysis that are provided by the system itself, the 

following considerations may be useful. 

Constant dollar year valuations mean inflation is already accounted for in TREDIS. Dollar 

values are always in the dollar year of the data. For example, the vehicle operating cost of cars 

for the 2022 data is given in 2022 dollars. While the system typically calculates benefits and 

impacts over a long-time horizon, often decades, all TREDIS analysis is done in constant 

dollars. Findings on default values from earlier studies have been adjusted upward using a GDP 

deflator or PPI, as appropriate. 

TREDIS carefully distinguishes social benefits from business impacts. Though TREDIS 

uses the same basic transportation cost factors for both benefit cost analysis and economic 

impact analysis for consistency, results are presented consistently in terms of economic 

impacts, benefit-cost analysis, or another analytic framework. Time savings, often a major 

source of savings, is treated in the following way for social benefits and costs vs. economic 

impacts: Time savings for personal travel are classified as a social benefit value that affects 

benefit cost ratios but do not have any impact on the flow of income in the economy. Time 

savings for business travel are classified as a business operating cost change affecting both 

benefit cost ratios and economic impacts. Time savings for commuting have elements of both 

classifications (a social benefit for affected households, but also an element of wage rate impact 

for businesses). 

Travel for business purposes includes fringe benefits in values of time. The valuation of 

business travel time is considered as the long-term business cost. While delay in the short-term 

may cause workers to put in more hours to complete deliveries, continued delays over a long-

term period will require affected businesses to hire more workers to complete a given set of 

deliveries. Hence the need to add fringe benefit costs in the long-term business travel time 

value. Other classes of travel also have time valuations pegged to wage rates, but they do not 

lead to additional worker hiring so their values do not incorporate fringe benefits. 
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4 Default Transportation Cost Factors 
TREDIS associates fixed factors directly with each contract based on the year of the IMPLAN 

economic data used. The fixed factors presented in this document are those that will be 

associated with contracts using 2022 IMPLAN economic data, and factors are for Data Year 

2022. 

Unless otherwise noted, all dollars given for Data Year 2022 are in 2022 dollars, and 

everywhere Data Year 2021 is given as reference, they are in 2021 dollars. 

4.1 Average Crew Size 

The number of crew members, including professional driver/pilot and supporting paid crew. 

(This should be customized for the applicable location and type of vehicles.) 

Mode Data Year 2021 Data Year 2022 

Passenger Car 0 0 

AV TNC 0 0 

Taxi & TNC 1 1 

Passenger Bus 1 1 

Bus Rapid Transit (BRT) 1 1 

Light Rail Transit (LRT) 1 1 

Heavy Rail (Subway) 1 1 

Commuter Rail 2 2 

Passenger Rail (Diesel and Electric) 2 2 

Freight Rail 2 2 

Cruise Ship 1000 1000 

Marine Freight 20 20 

Passenger Ferry 4 4 

All Trucks 1 1 

   Tractor Trailer Truck 1 1 

   Light/Medium Duty Truck 1 1 

Aircraft – Passenger   

   All Aircraft 5.0 5.0 

   General Aviation 1.0 1.0 

   Air Taxi 1.0 1.0 

   Regional Jet 3.7 3.7 

   Commercial Jet 6.0 6.0 

   Jumbo Jet 8.1 8.1 

Aircraft – Freight 2.0 2.0 
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Bus and rail crew sizes modes are drawn from typical values for New York City, San Francisco, 

and Chicago, as reported in by Chester (2008).1 

Aircraft default crew sizes were drawn from “Economic Values for FAA Investment and 

Regulatory Decisions, A Guide: 2021 Update.”2 Regional Jet, Commercial Jet and Jumbo Jet 

are taken from (respectively) weighted averages values for all “RJ”, “narrow-body” and “wide-

body” activity reported in Section 3, Table 3-5, weighted by departures. The “All Aircraft” value 

reflects the “All Aircraft” crew size reported in this same table. Crew for Air Taxi and General 

Aviation are not tabulated by the FAA guidance and are assumed to be 1. Freight aircraft’s 

reported crew size is almost uniformly 2 in the guidance so that number is used for all freight air 

travel. 

4.2 Crew Time Cost 

In $/hour per crew member, the business cost of labor for professional drivers and paid crew 
(including cost of wages plus fringe benefits). These are also the values used for buffer time for 
freight truck modes. 

Mode Data Year 2021 Data Year 2022 

Taxi $20.81  $21.43  

All Trucks $31.84  $32.56  

   Tractor Trailer Truck $34.31  $34.87  

   Light/Medium Duty Truck $27.17  $28.23  

Passenger Bus & BRT $34.85  $35.90  

Light/Heavy Rail $58.21  $62.24  

Freight Rail $56.62  $52.09  

Aircraft – Passenger $63.70  $67.41  

Aircraft – Freight  $95.59  $104.01  

Ship & Passenger Ferry $44.99  $46.62  

Truck – Federal Grants $32.40  $33.50  

Crew wages are based on BLS National Occupational Employment and Wage Estimates (last 

updated by BLS with May 2022 values) by occupation, and Employer Cost for Employee 

Compensation (ECEC) series (last updated with September 2023 values) used to further 

estimate total cost to employers. 

The substantial drop in the cost for Freight Rail crew reflects the data reported by the BLS 

OEWE. Between May 2021 and May 2022, category 53-4011 (Locomotive Engineers), nominal 

median wage went from $38.34 to $35.85. 

Aircraft crew wages are weighted to represent the average per employee. The most common 

passenger plane is the Boeing 737, which can accommodate either 2 or 3 pilots, and typically 

less than 200 passengers. The federal requirement is that there be at least 1 flight attendant for 

every 50 passengers, so we assume 4 flight attendants and 2.5 pilots and weight average crew 

 

1 Chester, M. V. (2008). Life-cycle environmental inventory of passenger transportation in the United 
States. Available at https://escholarship.org/uc/item/7n29n303. 

2 See https://www.faa.gov/regulations_policies/policy_guidance/benefit_cost/  

https://www.faa.gov/regulations_policies/policy_guidance/benefit_cost/


  TREDIS Data Sources and Default Values 

 

 

June 2024 TREDIS Software Documentation Series 9 

cost accordingly, using the OEWE categories of “Flight Attendants” and “Aircraft Pilots and 

Flight Engineers.” Air freight crew cost is simply assumed to be “Aircraft Pilots and Flight 

Engineers.” 

Freight truck factors are an employment-weighted average of “Heavy and Tractor-Trailer Truck 

Drivers” and “Light Truck or Delivery Services Drivers.” Truck value for Federal Grants is taken 

from US DOT BCA Guidance of January 2024. 

4.3 Average Passenger Occupancy 

A number representing the total number of occupants, excluding professional drivers and 

supporting paid crew. (Note: For private passenger car modes, in most cases, the car driver is 

counted as an occupant and not a crew member.) 

Mode Data Year 2021 Data Year 2022 

Passenger Car – All Purposes  1.671 1.671 

Passenger Car – Business  1.408 1.408 

Passenger Car – Commute 1.181 1.181 

Passenger Car – Personal 1.906 1.906 

Passenger Car – Federal Grants  
(No Split, Business, Personal) 

1.671 1.671 

Passenger Car – SOV 1.000 1.000 

Passenger Car – HOV 2.340 2.340 

For federal grants, occupancy factors are set by the federal guidance for BCA analysis, which in 

turn references NHTS 2017 data. Detailed purpose occupancy for cars is calculated as 

passenger miles by car divided by vehicle miles for various trip purposes in additional NHTS 

2017 analysis.3 

The release of 2022 NHTS data marks the beginning of their NextGen program, where data will 

be collected more frequently but in smaller sample sizes. The USDOT BCA Guidance of 

December 2023 still uses the 2017 NHTS as a reference, so for the time being, TREDIS will 

continue to use occupancy figures calculated from 2017 NHTS as the default, though the 

ongoing changes in occupancy rates will be monitored. 

Passengers on all freight modes are estimated to be zero, with crew reported separately. 

Modes such as taxis, TNCs, all transit modes, passenger boats and aircraft allow input of 

passenger counts. Because occupancies vary widely across systems as well as routes, 

TREDIS does not recommend default occupancies per vehicle. New routes or new service are 

not likely to have ridership characteristics similar to system averages. 

Many travel demand models regularly assign separate volumes for single occupancy vehicles 

(SOVs) and high occupancy vehicles (HOVs), although they may differ in the number of HOV 

categories modeled. TREDIS has generic SOV and HOV categories if users need to 

 

3 US DOT. (2023). Benefit-cost analysis guidance for discretionary grant programs. Available at 
https://www.transportation.gov/mission/office-secretary/office-policy/transportation-policy/benefit-cost-
analysis-guidance. 
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differentiate between the two kinds of travel. HOV’s default stems from some local research but 

should almost always be overwritten by a project-level default. 

4.4 Passenger Time Cost 

In $/hour per occupant, the business opportunity cost or user valuation of the average 

passenger’s time. These are also the buffer time costs for associated passenger vehicle and 

transit modes. 

Modes Data Year 2021 Data Year 2022 
Factor in 
traveler 
benefits 

Factor in 
economic 
impacts 

Passenger and Transit Modes     

   Business $39.13 $42.39 X X 

   Commute $27.00 $29.29 User benefit Wage Premium 

   Personal and No Split $13.50 $14.64 X / * -- / * 

      

Federal Grant Application Modes     

   Business $31.90 $32.30 X X 

   Personal $17.00 $17.90 X -- 

   No Split $18.80 $19.60 * * 

      

Out-of-Vehicle 
(Transit, Walking & Biking) 

    

   Business $39.13 $42.39 X X 

   Commute $27.00 $29.29 X Wage Premium 

   Personal $27.00 $29.29 X -- 

   Federal Grant Applications $34.00 $35.80 X By Purpose 

      

Air (& High-Speed Rail)     

   All $48.08 $53.80 * * 

   Business $74.35 $80.55 X X 

   Commute  $51.29 $55.65 50% 50% 

   Personal $35.90 $38.95 X -- 

   Federal Grant – Business** $79.30 $80.20 X X 

   Federal Grant – Personal $45.30 $47.70 X -- 

* Economic Impact No Split Values of Time are internally weighted across purposes by TREDIS. 

** There are no default modes using these values, but they are included here for reference if a user 

needs to create custom modes for a grant application including long-distance travel. 

Values of time reflect hourly wage and salary levels for all occupations based on BLS wage 

data from the September 2023 release of the Employer Costs for Employee Compensation. 

Additional long-term business costs (beyond the user value of travel time) are included in 

commute and business trip purposes. All values are adjusted for inflation to reflect the 2022 

dollar-year to be compatible with other factors. 
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TREDIS uses mean wage/salary information to consistently develop business, commute, and 

personal purpose values of time that can be used for economic impact analysis. If your project 

only affects a small number of travelers, you may consider using a median/wage and salary. 

For BCA calculations for federal grant applications, personal time may be valued at a higher 

level based on median household income, while business time is based on median values 

rather than means. For most uses of TREDIS, we recommend use of default mean wage- and 

salary-based VOT. 

All Federal Grant values are based on the December 2023 US DOT BCA Guidance document. 

Both commuting and personal travel time are treated as a non-money user benefit with a value 

set at 50% of the wage rate (no fringe added; 70% for personal air travel). This is in line with US 

DOT guidance on the value of time. For economic impact analysis only, there is an additional 

allowance for the effect of higher commuting cost on employer cost in the form of a wage rate 

premium valued at the other 50% of the wage rate per hour without fringe. 

Business or “on the clock” travel includes fringe benefits, based on the September 2023 release 

of the Employer Cost for Employee Compensation series. (For references, see 4.2 Crew Time 

Cost.) For all civilian workers in the ECEC, fringe benefits are an additional 44.7% on top of 

wages and salaries (or 30.9% of total compensation). 

Based on US DOT guidance in their analysis of the 2001 NHTS, the value of time for air 

travelers has been increased by 1.9 times for commute and personal times to reflect the higher 

income level observed for air travelers. For out-of-vehicle travel time (OVTT), TREDIS uses 

200% of the in-vehicle value of time, in line with federal guidance. 

For projects, with mode shift to walking or biking, it may be necessary to recognize a 

consistently high value of time for travelers in the base cases. Transit OVTT, walking, and 

biking values of time are developed based on the value of saving existing travelers in the mode 

time. Travelers moving from cars to bikes should not be penalized with a higher value of time. 

4.5 Buffer Time Cost 

In $/hour, the business opportunity cost, or user valuation, of lost driver and passenger time due 

to unreliable travel conditions (i.e., effect of “schedule padding”). 

This value represents the occupant time value, so for passenger travel, this is the value of time 

as described in 4.4 Passenger Time Cost. For crews, this is the crew time cost described in 4.2 

Crew Time Cost. Non-driver costs of freight unreliability are not included in buffer time, as they 

are covered in the freight logistics cost element, as discussed in 4.7 Freight Logistics Costs. 

The TREDIS default cost valuation of buffer time assumes a reliability ratio value of 1.0 – that is, 

the value of an extra minute of buffer time is equal to the value of an extra minute of average 

travel time. This is based on a broad body of domestic and international research that finds 
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values to be in the 0.8 to 1.4 range.4 For intercity trucking, a higher ratio may be warranted, as a 

national ATRI study found ratios concentrated in the 1.2 to 2.0 range.5 

TREDIS calculates the total value of buffer time based on the passenger and crew value of 

time, number of passengers and crew per vehicle, and the amount of added buffer time (beyond 

average travel time). See 4.7 Freight Logistics Costs for other freight related costs of travel time 

variability beyond crew costs. 

4.6 Average Freight Cargo Loading 

The average number of US tons of freight per vehicle per trip. 

Mode Data Year 2021 Data Year 2022 

All Trucks 12.22 12.13 

Tractor Trailer 17.50 17.50 

Light/Medium Duty Truck 4.15 4.15 

Freight Train 3,562.00 3,562.00 

Marine Freight 14,000.00 14,000.00 

Aircraft – Freight 

   All Aircraft 45.24 45.24 

   General Aviation 1.46 1.46 

   Air Taxi 1.46 1.46 

   Regional Jet 0.39 0.39 

   Commercial Jet 15.54 15.54 

   Jumbo Jet 50.65 50.65 

Average freight cargo loading for Tractor Trailers reflects empirical research that uses weight-

in-motion measures,6 updating the previous average truck cargo numbers, which were based 

on calculation from the Vehicle Inventory and Use System of 2002. VIUS continues to provide 

the medium-duty truck value as no alternative source has been identified. 

For All Trucks, the factor still uses a weighted form of the factors for Tractor Trailer and 

Light/Medium Duty Truck, but the weighting has been updated by comparative VMT from 2021 

reported in FHWA Highway Statistics for single-unit trucks vs. combination trucks. The 

November 2023 update was used for reporting VMT for trucks. 

Rail data is from the Association of American Railroads.7 

 

4 See Appendix A in Guidebook: Placing a Value on Travel Time Reliability, SHRP 2 Reliability Project 

L17: TRB, 2014. http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_L17_Gap-

Filling_Project_5_GuidebookPlacingAValueOnTimeReliability.pdf  

5 See Table 9 (p.49) in Case Study: Analysis of Truck Trip Times across Two Supply Chains Using Truck 

GPS Data. Prepared by ATRI for the Federal Highway Administration, 2014. 

6 Hernandez, S. (2017). Estimation of average payloads from weigh-in-motion data. Transportation 

research record, 2644(1), 39-47. 

7 https://my.aar.org/Documents/Railroad-Statistics.pdf  

http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_L17_Gap-Filling_Project_5_GuidebookPlacingAValueOnTimeReliability.pdf
http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_L17_Gap-Filling_Project_5_GuidebookPlacingAValueOnTimeReliability.pdf
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Water transport factors are based on 1,000 TEUs per ship at 14 tons per TEU from InfoMare 

and NY/NJ port. 

Air freight loads rely on factors provided by current FAA Benefit-Cost Guidance. Section 3 of 

the FAA BCA Guidance8 explicitly provides capacity and load factors for several types of planes 

reporting on form P-5.2, as well as block hours. Using Table 3-6, average freight loading for 

appropriate aircraft types for each are calculated by finding average freight carried (capacity 

times load factor), weighted by the block hours for that aircraft category. 

4.7 Freight Logistics Costs 

Freight logistics costs are calculated based on two categories of defaults:  

• Regional commodity factors, which are defined by commodity, by region, and by 

directional flow (internal, incoming, outgoing, or through), and can be viewed in the 

TRAVEL page, from the Freight Logistics window. 

• Mode factors, which are defined by mode and can be changed from the MODES 

page, in the Adjust Mode Factors window. 

There are two types of Freight Logistics Costs calculated by TREDIS: delay and reliability. 

Freight Delay Costs are defined by the inventory carrying cost, which is a product of the Tons 

per Vehicle, the Value per Ton (weighted by commodity mix and commodity values for your 

region), and the Inventory Interest Rate. 

Freight Reliability Costs calculations are more complex, have more components. TREDIS 

Freight Reliability Costs are calibrated to be consistent at a national level with a benchmark 

from NCHRP 824.9 While TREDIS values vary by regional commodity characteristics, the 

following table shows the calibrated value components for comparison to the benchmark based 

on nation-wide FAF commodity mix, valuations, and tonnages. 

 

 

8 See https://www.faa.gov/regulations_policies/policy_guidance/benefit_cost. 

9 NCHRP Report 824, Methodology for Estimating the Value of Travel Time Reliability for Freight System 
Users, TRB, 2016. 
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 Description 
Variable 

Factors 

High 

Sensitivity 

Values 

Medium 

Sensitivity 

Values 

TREDIS 
Calculations 

Cost of Goods 

and Other 

Supply Chain 

Costs 

Commodity Mix, 

Value Per Ton, 

Tons per 

Vehicle, 

Inventory Cost 

Multiplier, 

Inventory 

Interest Rate 

$87 $37 

Truck Utilization 

(Leasing) 

Lease Cost Per 

Hour 
$10 $10 

Dock Penalty 

Late Dock 

Penalty, Late 

Penalty Fraction 

$50 $50 

Total 
 

$147 $97 

NCHRP 824 

Comparison
10 

Total 
 

$147 $109 

For further details on how freight logistics costs are calculated using the default Mode Factors, 

see the Travel Cost Module document. For the per-ton values (as opposed to the per-vehicle 

values in the table above), see your project’s Freight Logistics window. 

Regional Commodity Factors 

Regional commodity factors are defined by commodity, by region and by direction. 

• Freight Mix – the percentage of freight made up by the commodity 

• Time Sensitivity – whether the commodity is high, medium, or low sensitivity for 
freight purposes 

• Value per Ton – the dollar value per US ton 

Sources and Notes 

Commodity mixes and valuations are determined by region, often on the county level, and by 

directional flow. Defaults are provided by TREDIS depending on your TREDIS subscription: 

 

10 Labor Cost is not included in Freight Logistics Cost, and so is deducted from NCHRP 824 estimates as 
well (using the $30.80 value of freight truck crew cost given by current US DOT BCA guidance). 
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• Basic TREDIS subscriptions use Freight Analysis Framework (FAF) data to provide 
information on the commodity mix associated with each mode type; the FAF data is 
based on regions defined by US DOT.  

• vFreight data subscribers have access to county-level detail on internal-inbound-
outbound-through flows of freight. 

• TREDIS fueled by Transearch allows corridor-specific freight flow data.  

Since these vary by region, the default factors are not listed here. You can access the 

commodity factors being used in a project via the TRAVEL page, in the Freight Logistics 

window. 

Mode Factors and Inventory Interest Rate 

Like other mode-defined factor, these are set via the MODES page from the Adjust Mode 

Factors window. The Inventory Interest Rate is set on the TIMING page. 

 
Data Year 2021 Data Year 2022 

Factor High Medium Low High Medium Low 

Inventory 

Cost 

Multiplier 
13.5 25.5 0 13.5 25.5 0 

Lease Cost 

Per Hour 
$11.21 $11.21 $0 $13.37  $13.37  $0  

Late Dock 

Penalty 
$250 $250 $0 $250 $250 $0 

Late Penalty 

Fraction 
20% 20% 0% 20% 20% 0% 

Inventory 

Interest 

Rate 
8% 8% 

Sources and Notes 

Inventory Cost Multiplier is used to adjust the inventory cost. For reference, NCHRP 824 

implies supply chain costs per truck (assumed to be a combination truck carrying an average 

load of 17 tons) of $80 for high-sensitivity goods and $35 for medium-sensitivity goods. TREDIS 

adds commodity detail to these values by multiplying the cost of goods (in terms of the 

Inventory Carrying Cost per Ton) by an adjustment factor depending on the time sensitivity of 

the commodity. 

Lease Cost Per Hour is the lease cost per hour for trucks. TREDIS considers that truck fleets 

may be expanded to increase the reliability of high-sensitivity and medium-sensitivity goods 

movements to allow addition schedule buffering. The logistics reliability cost value therefore 

includes 100% of the hourly lease costs for these vehicles, averaging $13.37 in 2022 according 

to ATRI. 
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Late Dock Penalty is the penalty assessed if docking is late. NCHRP reports 824 and 92511 of 

research identifies a $250 average late dock penalty. 

Late Penalty Fraction is the fraction of shipments assessed the penalty. TREDIS assumes that 

high-sensitivity and medium sensitivity goods risk paying this fee 20% of the time when facing 

unreliable conditions. 

Inventory Interest Rate is the yearly interest rate used to calculate the cost of goods. The 

default is currently 8%, representing a common benchmark interest rate for private capital that 

might be available to shippers. 

 

11 NCHRP Report 925, Estimating the Value of Truck Travel Time Reliability, TRB, 2019. 
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4.8 Vehicle Mileage-based Operating Cost 

In $/mile, the average per-mile cost of vehicles’ tires, maintenance, and depreciation for travel in 

free-flow conditions. (Fuel costs are treated separately.) 

Mode Data Year 2021 Data Year 2022 

Passenger Car $0.166 $0.176 

Light-Duty EV $0.149 $0.170 

Taxi and TNC $0.182 $0.193 

AV TNC $0.217 $0.230 

Passenger Bus $1.548 $1.682 

Bus Rapid Transit (BRT) $2.403 $2.648 

All Trucks $0.600 $0.675 

Light Rail $5.672 $6.442 

Heavy Rail $4.026 $4.419 

Commuter Rail $5.196 $6.035 

Intercity Passenger Diesel $8.650 $9.433 

Intercity Passenger Electric (High Speed Rail) $12.018 $13.141 

Freight Train $11.148 $12.189 

Marine Freight $6.659 $8.613 

Passenger Ferry $31.201 $26.395 

Cruise Ship $258.151 $276.302 

Federal Grant Modes   

   Cars $0.356 $0.341 

   Trucks $0.600 $0.675 

Aircraft – Passenger 

   All Aircraft $1.851 $2.252 

   General Aviation $2.210 $2.688 

   Air Taxi $2.210 $2.688 

   Regional Jet $1.454 $1.769 

   Commercial Jet $1.811 $2.203 

   Jumbo Jet $2.480 $3.017 

Aircraft – Freight 

   All Aircraft $5.935 $7.219 

   General Aviation $2.210 $2.689 

   Air Taxi $2.210 $2.688 

   Regional Jet $5.252 $6.389 

   Commercial Jet $6.927 $8.426 

   Jumbo Jet $5.812 $7.069 

Vehicle operating cost (VOC) per mile for free flow conditions is defined as follows: 

Passenger Cars use AAA’s 2023 Your Driving Cost publication (inflation-adjusted to 2022 

dollars). VOC includes maintenance, tires, and mileage-based depreciation, and mileage-based 

insurance costs (set at 10% of annual cost). Fixed costs of ownership related to depreciation, 
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insurance, financing and licensing are removed from VOC and fuel is treated separately in 

TREDIS.  

For personal vehicles, TREDIS expects reductions in VMT to decrease vehicle utilization but 

does not attempt to predict changes in vehicle ownership due to changing travel patterns. For 

the passenger car mode that is specific to federal grant applications, per-mile operating costs 

include all depreciation and no insurance, consistent with guidance. 

Passenger Cars represent all kinds of passenger vehicles in TREDIS. The weighted average 

used from AAA’s Your Driving Cost proportionally represents various kinds of passenger 

vehicles. 

Light-Duty EVs use the same data source and methodology as the calculations for Passenger 

Cars, but only for EVs. 

Federal Grant Mode Cars reflect US DOT BCA December 2023 guidance, which relies on the 
2022 edition of the AAA’s Your Driving Cost publication. The number represents maintenance, 
tires, and depreciation (assuming an average of 15,000 miles driven per year), but not fuel use, 
since TREDIS accounts for that more precisely elsewhere. 

In January 2023, US DOT BCA Guidance for passenger cars was $0.46 per mile (in 2021 

dollars), the basis for Data Year 2021. In December 2023 Guidance, that same figure was $0.52 

(in 2022 dollars). By comparing the AAA Your Driving Cost sources to these numbers, we find 

that much of this is attributable to a rise in fuel costs ($0.11 per mile to $0.18 per mile), but this 

is a factor TREDIS excludes because fuel costs are modeled independently. In fact, the 

TREDIS value for Federal Grant Passenger Car is decreasing from Data Year 2021 to Data 

Year 2022 because that same source (AAA) uses a decreased rate of depreciation per mile – 

from $0.2600 in its 2021 release to $0.2437 in its 2022 release.  

Taxis, TNCs, and AV TNCs include the same costs as for Passenger Car, but also cleaning 

costs.12 

Trucks are based on the American Trucking Research Institute’s (ATRI) 2023 Operational 

Costs of Trucking report. Costs of truck and trailer leases and purchase payments, repair and 

maintenance, insurance, permits and licenses, and tires are included. Costs for labor, fuel and 

tolls are included elsewhere in TREDIS. Costs for leases, purchases, insurance, permits and 

licenses are included because in the long-run the industry is expected to maintain a fleet size 

with roughly constant utilization. Federal Grant Trucks reflect US DOT BCA December 2023 

guidance, which rely on the same report, so the Federal Grant Truck and TREDIS’s own All 

Trucks modes have the same VOC. 

Transit modes (Bus, BRT, Light Rail, Heavy Rail, Commuter Rail and Passenger Ferry) 

use data from the National Transit Database (NTD). NTD reporting divides operating expenses 

into four expense functions: vehicle operations, vehicle maintenance, non-vehicle maintenance, 

and general administration. TREDIS factors are based on the vehicle maintenance category, as 

operations costs are expected to be mostly captured using fuel and crew costs, and non-vehicle 

maintenance and general administration are considered relatively fixed costs that are not 

affected by marginal changes in VMT. Changes in fixed costs should be modeled elsewhere in 

 

12 Becker, H., Becker, F., Abe, R., Bekhor, S., Belgiawan, P. F., Compostella, J., & Axhausen, K. W. 
(2020). Impact of vehicle automation and electric propulsion on production costs for mobility services 
worldwide. Transportation Research Part A: Policy and Practice, 138, 105-126. 



  TREDIS Data Sources and Default Values 

 

 

June 2024 TREDIS Software Documentation Series 19 

TREDIS. These six transit modes are estimated based on 3-year averages from 2020-2022 of 

all transit systems reporting the respective mode in the NTD. Maintenance costs are first 

calculated per vehicle revenue mile for each agency and then averaged across agencies. This 

unweighted average is more representative of the typical system, rather than being dominated 

by the large systems as the weighted average would be. Users should use direct cost 

information from transit agencies whenever possible. 

Intercity Diesel is based on costs from Amtrak’s annual Train Operations budget and NTS 

reported number of train miles, both for 2016-2020 fiscal years (where fiscal year 2020 ended in 

September 2020). Of the Train Operations budget, the proportion due to customer service and 

research spending is removed. Further, 50 percent of the Materials Expenses (which is reported 

by Amtrak in a separate category), are assumed to be train equipment and added to the VOC. 

The total VOC is divided by train miles, as reported by NTS, and put into 2022 dollars using the 

Rail Transportation PPI (from FRED). 

Intercity Electric is based on Chapter 6 of the California High-Speed Rail Authority’s Revised 

2012 Business plan with 2009 dollars brought up into 2022 dollars using the Rail Transportation 

PPI (from FRED). 

Freight Rail is based on Prices and Costs in the Railway Sector by J.P. Baumgartner,13 with 

adjustments using the Rail Transportation PPI to 2022 dollars. TREDIS assumes a train 

composed of 2 locomotives and 35 cars. 

Marine Freight is derived from per hour operating cost factors using an assumed speed of 25 

mph. 

Cruise Ships cost is derived from per hour operating cost factors using an assumed speed of 

22 mph. 

Air operating costs are based on FAA Benefit-Cost Guidance. Operating costs per-hour were 

calculated and then factored to a per-mile basis using average speeds, which themselves were 

weighted averages taken from the FAA tables in sections 3, 4, and 5 of the current FAA Benefit-

Cost Guidance, last updated in March 2022.14 See the section on air-transportation factors in 

4.9 Vehicle Time-based Operating Cost for the methodology, including how aircraft types given 

in FAA tables were averaged to TREDIS modes. 

Section 3 of the FAA BCA Guidance explicitly tabulates speeds (ramp to ramp) for multiple 

types of craft reported by carriers on form P-5.2. However, they do not tabulate them for 

General Aviation or Air Taxi modes, so the speed here given for General Aviation and Air Taxi is 

the weighted average for those reported for cargo P-5.2 for aircraft types that overlap with 

General Aviation and Air Taxi modes. 

 

 

13 Baumgartner, J. P. (2001). Prices and costs in the railway sector. Lausanne: École polytechnique 
fédérale de Lausanne. 

14 https://www.faa.gov/regulations_policies/policy_guidance/benefit_cost, accessed 2/15/23. 

https://www.faa.gov/regulations_policies/policy_guidance/benefit_cost
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For the current FAA guidance, the calculated average speeds in miles per hour for each 

TREDIS mode were estimated as follows: 

Mode Passenger Freight 

All Aircraft 366 394 

General Aviation 160 160 

Air Taxi 160 160 

Regional Jet 285 364 

Commercial Jet 376 310 

Jumbo Jet 486 425 

4.9 Vehicle Time-based Operating Cost 

In $/hour, the average per-hour cost of operating costs such as vehicles’ tires, maintenance, 

and depreciation associated with marginal travel. This figure is only used if no VMT change is 

applicable. Fuel costs are treated separately, and operating costs do not include crew costs. 

In some cases, where per-hour values are based on an assumed speed for the per-mile values, 

values will not match precisely because of rounding. 

Mode Data Year 2021 Data Year 2022 

Passenger Car $5.810 $6.149 

Light-Duty EV $5.217 $5.961 

Taxi and TNC $6.366 $6.755 

AV TNC $7.588 $8.066 

Passenger Bus $19.962 $21.773 

Bus Rapid Transit (BRT) $24.892 $27.036 

All Trucks $24.020 $27.240 

Light Rail $80.527 $89.996 

Heavy Rail $78.973 $85.826 

Commuter Rail $169.908 $194.048 

Intercity Passenger Diesel $346.012 $377.311 

Intercity Passenger Electric (High Speed 
Rail) 

$961.477 $1,051.253 

Freight Train $250.830 $274.250 

Marine Freight $166.476 $215.327 

Passenger Ferry $240.646 $224.578 

Cruise Ship $5,937.464 $6,354.942 

Federal Grant Modes   

   Cars $12.443 $11.919 

   Trucks $24.020 $27.240 

Aircraft – Passenger   

   All Aircraft $677.526 $824.155 

   General Aviation $354.140 $430.783 

   Air Taxi $354.140 $430.783 

   Regional Jet $413.801 $503.355 
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   Commercial Jet $681.515 $829.008 

   Jumbo Jet $1,205.010 $1,465.796 

Aircraft – Freight   

   All Aircraft $2,338.258 $2,844.300 

   General Aviation $354.140  $430.783  

   Air Taxi $354.140  $430.783  

   Regional Jet $1,628.113  $1,980.467  

   Commercial Jet $2,519.641  $3,064.938  

   Jumbo Jet $2,470.013  $3,004.569  

Passenger Car, Light-Duty EV, Taxi and TNC, and AV TNC factors are derived from per-mile 

consumption based on an assumed speed of 35 mph. This value is set with the expectation that 

TREDIS is used largely for major highway and arterial projects. 

Federal Grant Mode Cars are based on the VOC per mile figure, assuming travel at 35 mph. 

Trucks factors are based on the American Trucking Research Institute’s (ATRI) 2022 

Operational Costs of Trucking report.  

Federal Grant Mode Trucks use the same methodology and source as the TREDIS Truck 

mode. 

Transit modes uses data from the National Transit Database (NTD) in a manner consistent 

with per-mile calculations. 

Intercity Diesel factors assume an average speed of 40 mph. 

Intercity Electric factors assume an average speed of 80 mph. 

Freight Rail factors use the average line-haul speed of Class I railroads of 22.5 per the 2008 

Transportation Statistics Annual Report published by BTS Table 3-4-8, adjusted to 2022 dollars. 

Marine Freight operating costs/hour range from $242/hour for a 11,000-ton vessel to $491/hour 

for a 265,000-ton vessel. The default used by TREDIS represents a 90,000-ton vessel. Fuel 

costs have been factored out and inflation-adjusted to be in 2022 dollars using the Deep Sea 

Freight Transportation PPI from FRED. 

Cruise Ships are based on average hourly costs reported by cruise lines and inflation-adjusted 

to be in 2022 dollars using the GDP deflator. 

Aircraft operating costs are directly from Section 4 of the FAA BCA guidance currently 

available, inflation-adjusted to be in 2022 dollars using the GDP deflator. (We rely on carriers 

that report on form P-5.2 since they represent more operations.) Additionally, as in the FAA 

BCA guidance, factors for passenger travel (with purpose Personal, Commute, or Business) 

have been differentiated from those for freight travel. Since TREDIS estimates the crew cost 

and fuel cost separately, only the “maintenance” part of the variable costs tabulated by FAA are 

used. 

FAA presents tabulations with categories of “wide-body”, “narrow-body” and “RJ” (i.e., regional 

jet) as well as for “All Aircraft” on these tables, as well as separate tables for air taxis and 

general aviation, which are taken as a single category of aircraft. 

All Aircraft Freight costs use a weighted average of Jumbo, Commercial, and Regional modes, 

in line with the FAA Guidance. While General Aviation and Air Taxi can be modeled for Freight 

purposes, they are not generally used as freight modes so are not included. 
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4.10 Fuel Per Mile 

In gal/mile of gasoline, unless otherwise noted. Estimated gallons of fuel (or kWh) consumed 

per vehicle mile traveled. 

Mode Data Year 2021 Data Year 2022 

Passenger Car 0.0435 0.0437 

Light-Duty EV 0.3527 kWh 0.3192 kWh 

Bus (diesel) 0.2433 0.2400 

Bus Rapid Transit (BRT) (diesel) 0.3566 0.3409 

All Trucks 0.1504 0.1540 

Tractor Trailer 0.1623 0.1678 

Light/Medium Duty Truck 0.1322 0.1337 

Light Rail (electric propulsion) 7.7547 kWh 7.7686 kWh 

Heavy Rail (electric propulsion) 5.5501 kWh 5.5395 kWh 

Commuter Rail (diesel) 2.7204 3.2315 

Intercity Passenger (diesel) 2.2000 2.2000 

Intercity Passenger HS Rail (electric propulsion) 26.5700 kWh 26.5700 kWh 

Freight Train 7.6920 7.7400 

Cruise Ship 70.0000 70.0000 

Marine Freight 48.0000 48.0000 

Passenger Ferry (diesel) 9.6243 9.4953 

Aircraft – Passenger 

   All Aircraft 2.3743 2.3743 

   General Aviation 1.0582 1.0582 

   Air Taxi 1.0582 1.0582 

   Regional Jet 1.8400 1.8400 

   Commercial Jet 2.1761 2.1761 

   Jumbo Jet 3.9438 3.9438 

Aircraft – Freight 

   All Aircraft 5.1041 5.1041 

   General Aviation 1.0582 1.0582 

   Air Taxi 1.0582 1.0582 

   Regional Jet 1.1419 1.1419 

   Commercial Jet 2.7251 2.7251 

   Jumbo Jet 5.6400 5.6400 

Estimates of typical passenger vehicle gallons in free flow conditions derived as follows: 

Passenger Car and Truck factors are drawn from Table VM-1 of the 2021 FHWA Highway 

Statistics Series (updated November 2023). The ordinary Passenger Car mode in TREDIS 

represents all passenger vehicles. EVs’ small share in the total stock of passenger vehicles 

means their high efficiency (in terms of miles-per-gallon equivalent) does not appreciably 

change the fuel efficiency of the country currently. For future years, the market share may grow 

and appreciably change the fuel use of US passenger vehicles overall, so users may consider 
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using the regular passenger vehicle to represent only internal combustion engine vehicles and 

leveraging the new Light-Duty EV mode. 

The Light-Duty EV factor is from EIA, Annual Energy Outlook 2023, Tables 39 and 40. The 

values represent weighted averages for all new EV passenger vehicles (cars and light trucks) 

estimated for 2026.  

Transit (Bus, BRT, Light Rail, Heavy Rail, Commuter Rail, Passenger Ferry) factors are 

based on average consumption rates based on all transportation agencies reporting energy 

consumption from operations to the National Transit Database for years 2019-2022.  

Intercity Diesel Rail factor is based on Amtrak’s summary metrics provided in the Appendix of 

their FY2013-2017 Financial Plan. 

Intercity Electric Rail factor is based on Lukaszewicz and Andersson (2009).15 

Freight Rail factor is calculated based on information from Table 4-17 in BTS’s National 

Transportation Statistics, using 5-year average of 2017-2021, per most recent data released in 

2023. 

Marine Freight factors are derived from hourly fuel consumption using an average speed for 

25 mph. 

Cruise Ships factors are derived from hourly fuel consumption using a speed of 23 mph. 

Aircraft factors are based on FAA BCA Guidance16 and differentiate passenger from freight 

travel. For fuel-per-mile calculations, “Fuel Burn Per Hour” from Section 3 of the guidance was 

used. Fuel burn per hour was not directly reported for General Aviation and Air Taxi, so the ratio 

of fuel costs was taken between the passenger carriers reporting on form P-5.2 (averaged as 

“All Aircraft” in the table) and the averaged fuel costs reported across General Aviation and Air 

Taxi reporters, then this ratio was applied to the fuel efficiency for the same “All Aircraft” to find 

the fuel efficiency for General Aviation and Air Taxi. 

4.11 Congested Ratios for Fuel Efficiency 

TREDIS models fuel use under congested conditions by using a ratio to scale fuel per mile used 

under free flow conditions (represented by the Fuel Per Mile field) to congested conditions, and 

then in turn to the unusual case where congested hours need to be considered. 

For details on how these ratios are applied to the base Fuel Per Mile rates to find fuel 

consumption, see the section on fuel costs in the Travel Cost Module document. Note that in 

some unusual situations, VHT is used to calculate fuel consumption, but for any situation where 

VMT changes (and most other situations), VMT will be used the majority of the time. See the 

section of the Travel Cost Module documentation on the valuation of vehicle operating costs. 

The modes in the table below are the only ones generally considered to be subject to congested 

costs. All other modes use the same consumption for congested and uncongested conditions as 

congestion is most relevant for road-based modes. Buses’ regular operations are under stop 

and start conditions and are assumed to not be noticeably affected by congestion for most 

 

15 Lukaszewicz, P., & Andersson, E. (2009). Green Train energy consumption. Estimations on high-speed 
rail operations. KTH Railway Group, publication, 901. 

16 See https://www.faa.gov/regulations_policies/policy_guidance/benefit_cost. 
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applications. Users should consider modifying defaults for projects that might significantly 

change drive cycles, such as dedicated bus lanes. 

Congested Mile to Free Flow Mile Ratio 

Congested Mile to Free Flow Mile Ratio reflects a fuel consumption penalty due to driving in 

congestion equal to 15 percent for passenger cars and 40 percent for trucks. A wide range of 

estimates exist, and we find that this one is reasonably conservative. Along with, Zhang, 

Batterman, and Dion (2011),17 other sources were considered.  

Mode Data Year 2021 Data Year 2022 

Car 1.15 1.15 

All Trucks 1.40 1.40 

Tractor Trailer 1.40 1.40 

Light/Medium Duty Truck 1.40 1.40 

Congested Hour to Congested Mile Ratio  

Car factors are derived from per-mile consumption based on an assumed speed of 35 mph. 

This value is set with the expectation that TREDIS is used largely for major highway and arterial 

projects. 

Truck factors are derived from per-mile consumption based on an assumed speed of 50 mph. 

This value is set with the expectation that TREDIS is used largely for major highway and arterial 

projects. 

Mode Data Year 2021 Data Year 2022 

Car 35 35 

All Trucks 50 50 

Tractor Trailer 50 50 

Light/Medium Duty Truck 50 50 

4.12 Social Cost Values Applied to Crash Components 

In $/per occurrence. Value per occurrence is a factor in benefit-cost analysis, but not economic 

impacts. 

Type of Occurrence Data Year 2021 Data Year 2022 

$ per Fatality, All Modes and Purposes $11,800,000 $12,500,000 

$ per U Injury, All Modes and Purposes $213,900 $217,600 

$ per A Injury, All Modes and Purposes $564,300 $1,188,200 

 

17 Zhang, K., Batterman, S., & Dion, F. (2011). Vehicle emissions in congestion: Comparison of work 
zone, rush hour and free-flow conditions. Atmospheric Environment, 45(11), 1929-1939. 
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$ per B Injury, All Modes and Purposes $153,700 $233,800 

$ per C Injury, All Modes and Purposes $78,500 $111,700 

$ per O Injury, All Modes and Purposes $4,000 $5,000 

$ per Crash-Involved Vehicle, All Road Users $4,800 $5,141 

$ per Crash-Involved Vehicle, All Rail N/A $159,468 

$ per Crash-Involved Vehicle, GA and Air Taxi, 
All Purposes 

$103,374 $110,643 

$ per Crash-Involved Vehicle, All Aircraft, 
Jumbo, Commercial, Regional -- Passenger 

$3,879,154 $4,151,908 

$ per Crash-Involved Vehicle, All Aircraft, 
Jumbo, Commercial, Regional -- Freight 

$5,279,960 $5,651,208 

In 2023, TREDIS introduced differentiated injury tracking for each level of injury on the KABCO 

scale, in addition to the U (for “Unknown level of injury”). For Fatalities and Injuries, all values 

are from the December 2023 US DOT BCA Guidance on the value of statistical life (VSL). 

Similarly, the value of a Crash-Involved Vehicle for road users is from the same US DOT BCA 

Guidance for road facilities. 

Also in 2023, TREDIS introduced a module to calculate economic impacts of safety 

improvements. See 4.13 Economic Impact Values Applied to Crash Components. 

Rail factors for per-vehicle crash are from BTS’s NTS table 2-43, where property-damage-only 

values are averaged over the last five years of data available (2018-2022), with the assumption 

that crashes involve a single train. See 4.14 Crash Rates for more on the meaning of “train” vs. 

“vehicle”. 

Air factors reflect the damage specifically to aircraft as given in Section 5 of the current FAA 

BCA Guidance.18 The values are from the respective “All Aircraft” tabulations in Tables 5-4, 5-5, 

and 5-19 (for GA, Passenger aircraft, and Cargo aircraft), reflecting the average cost of damage 

sustained per incident. (This is given by the FAA in 2018 dollars and inflation-adjusted to 2022 

dollars.) 

 

18 See https://www.faa.gov/regulations_policies/policy_guidance/benefit_cost. 
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4.13 Economic Impact Values Applied to Crash Components 

Total $ per type of incident, with qualifications described in this section. 

Type of Occurrence Data Year 2021 Data Year 2022 

$ per Fatality, All Road Users $1,722,132 $1,833,714 

$ per U Injury, All Road Users $99,240 $105,670 

$ per A Injury, All Road Users $34,794 $37,048 

$ per B Injury, All Road Users $22,386 $23,835 

$ per C Injury, All Road Users $4,069 $4,333 

$ per O Injury, All Road Users $44,047 $46,901 

$ per Crash-Involved Vehicle, All Road Users $3,443 $3,666 

Estimating the economic impact of safety incidents takes initial costs from Blincoe et al. 

(2015)19, adjusting them to the appropriate dollar year. However, these are only the beginning 

point for an economic impact model and are provided for context, since numerous adjustments 

and considerations are taken into account before the economic impact is described; further 

details can be found in the Dynamic Regional Economic Simulation Model technical document. 

 

19 Blincoe, L., Miller, T. R., Zaloshnja, E., & Lawrence, B. A. (2015). The economic and societal impact of 
motor vehicle crashes, 2010 (Revised) (No. DOT HS 812 013). 
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4.14 Crash Rates 

All rates shown are per 100 million vehicle miles traveled. 

Mode 

Data Year 2021 Data Year 2022 

Fatalities 
Persons 
Injured 

Crash-
Involved 
Vehicles 

Fatalities 
Persons 
Injured 

Crash-
Involved 
Vehicles 

Passenger Car 1.155 130.99 455.99 1.233 126.7 444.69 

Light/Medium 
Duty Truck 

0.345 16.52 195.72 0.353 16.38 196.19 

Tractor Trailer 
Truck 

0.345 16.52 195.72 0.353 16.38 196.19 

Passenger Bus 
& BRT 

4.380 325.18 254.49 5.120 315.84 260.98 

Light Rail 
Transit (LRT) 

21.769 228.58 663.96 22.565 206.4 654.54 

Heavy Rail 
(Subway) 

7.385 23.67 39.90 8.822 22.16 42.34 

Commuter Rail 7.493 22.66 22.39 8.155 21.39 21.93 

Intercity & 
Freight Rail 

87.994 1010.03 279.98 95.170 964.7 290.65 

All Aircraft 3.404 2.14 11.18 3.404 2.14 11.18 

General 
Aviation Aircraft 

11.277 6.71 37.36 11.277 6.71 37.36 

Air Taxi Aircraft 3.936 1.75 6.73 3.936 1.75 6.73 

Air Carrier 
Aircraft 

0.013 0.22 0.38 0.013 0.22 0.38 

* Air Carrier Aircraft includes commercial airliner, regional airliner, and jumbo jet modes. 

Crash rates, unless otherwise noted, are from the Bureau of Transportation Statistics’ (BTS) 

National Transportation Statistics (NTS), Chapter 2. 

Passenger Car crash rates are from Table 2-21a. Fatalities and injuries are factored up by the 

ratio of total fatalities (including those not occupying a vehicle) to the occupant fatalities 

reported in Table 2-19. Rates are averaged over the latest five years reported, 2017-2021, 

reported in June 2023. 

Truck crash rates are from Table 2-23. Fatalities and injuries are factored up by the ratio of total 

fatalities (including those not occupying a vehicle) to the occupant fatalities reported in Table 2-

19. The NTS doesn’t distinguish between types of trucks over 10,000 pounds, considering them 

all “large.” Rates are averaged over the latest five years reported, 2017-2021, reported in April 

2023. 

Passenger Bus, BRT, Light Rail Transit (LRT), Heavy Rail (Subway), and Commuter Rail 

information are from Table 2-33 and averaged over the latest five years reported, 2018-2022, 

reported in January 2024. Commuter Rail was not reported for 2020-2022 and thus has not 

been updated for Data Year 2022. 

Intercity Rail and Freight Rail are based on Table 2-43 for fatalities and injuries and averaged 

over the latest five years reported, 2018-2022, reported in March 2023. For consistency with 

other modes, TREDIS considers 10 miles traveled by a single train as “10 vehicle miles 
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traveled,” no matter the number of train cars, where National Transportation Statistics would 

label these “10 train miles traveled.” 

TREDIS uses the NTS rates of fatalities and injuries, which are do not include those at highway-

rail grade-crossing crashes. This is appropriate for TREDIS because TREDIS derives safety 

changes largely in terms of number of miles traveled; the number of grade crossings do not vary 

by the miles traveled and so are unlikely to be affected greatly by the number of miles trains 

travel. Users are encouraged to develop local factors relevant to their particular location if grade 

crossings are of interest. 

Water mode incident rates are unavailable. NTS Chapter 2, Section F reports safety and 

property damage information within U.S. jurisdiction, but there is no way to calculate this data in 

terms of miles traveled. Ferry boats provide too small of a sample to calculate incident rates. 

Air Carrier modes include Regional, Commercial, and Jumbo Jets and are averaged over the 

latest five years reported, 2017-2021, reported in January 2023. 

General Aviation (GA) factors are based on Table 2-14 and are averaged over the latest five 

years reported, 2017-2021, reported in January 2023. 

Air Taxi factors are based on Table 2-13 and are averaged over the latest five years reported, 

2017-2021, reported in January 2023. 

All Aircraft factors are averages of Air Carrier, GA, and Air Taxi, weighted by millions of miles 

flown. 

Vehicles Per Crash 

The number of PDO vehicles assumed per crash. 

Mode Data Year 2021 Data Year 2022 

All Road Modes 1.78 1.77 

All Rail, Air and Water Modes 1.00 1.00 

In 2023, TREDIS introduced an alternative data entry mode for crashes and crash-involved 

vehicles to allow users to enter safety figures in terms of crashes instead of crash-involved 

vehicles. To convert to crash-involved vehicles (the variable required to calculated property 

damage), TREDIS introduced a new travel characteristic for each mode/purpose combination, 

Vehicles Per Crash. 

When introduced, the ratio for road users was calculated as 1.78 using Blincoe et al. (2015)20, 

using table 2010. In December 2023, US DOT BCA Guidance explicitly provided this number as 

1.77. For all other modes, we assume 1 vehicle per crash. 

 

 

20 Blincoe, L., Miller, T. R., Zaloshnja, E., & Lawrence, B. A. (2015). The economic and societal impact of 
motor vehicle crashes, 2010 (Revised) (No. DOT HS 812 013). 
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4.15 Emissions Rates 

Rates are provided in grams per vehicle mile traveled. Emissions of CO2 are calculated directly 

by using the fuel efficiency and a CO2 production factor. 

Mode 
Data Year 2021 Data Year 2022 

VOC NOx SO2 PM 2.5 VOC NOx SO2 PM 2.5 

Passenger 
Car 

0.2080 0.1705 0.0021 0.0092 0.2234 0.1705 0.0017 0.0091 

Light-Duty 
EV 

0.0000 0.0000 0.0000 0.0050 0.0000 0.0000 0.0000 0.0041 

Light/Mediu
m Truck 

0.2456 0.7227 0.0031 0.0231 0.2628 0.5903 0.0026 0.0223 

Heavy 
Truck 

0.1708 3.5446 0.0053 0.0700 0.1387 3.0196 0.0053 0.0551 

Bus & BRT 0.3727 2.8327 0.0061 0.0397 0.4752 2.1640 0.0061 0.0297 

Rail – 
Diesel 

13.2721 275.3306 0.2014 8.6881 13.2721 275.3306 0.2014 8.6881 

Rail - 
Electric 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Rail Freight 47.4458 984.4327 0.7199 31.0711 47.4458 984.4327 0.7199 31.0711 

Water 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

Aircraft 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

For passenger cars and light trucks, medium-duty trucks, heavy-duty trucks, and buses, 
the TREDIS team developed national emissions inventories for the years 2024-2028 using 
MOVES4.0. Emissions rates were aggregated for each year, and the final rates took the 
average of the five evaluation years. The TREDIS emissions inventories use MOVES4.0 default 
inputs and were specified using all available road type combinations (i.e., urban/rural, 
restricted/unrestricted). The run specification and subsequent emissions rates include running, 
starting, and extended idle emissions processes for all pollutants. (Aggregating engine starts 
into a distance-based emissions rate may be imprecise for project-level analysis. However, in 
aggregate regional analysis generalized over time using MOVES4.0’s national inputs, this 
assumption is appropriate.) Particulate matter includes brake wear and tire wear as well as 
exhaust emissions. 

Light-Duty EV emissions of PM 2.5 are based emissions estimated by the AFLEET online 

tool21 using a Light-Duty EV with the fuel-efficiency given in in this document. 

Rail (Diesel) are based on factors used by the Surface Transportation Board’s Section on 
Environmental Analysis’ in a 2008 draft environmental impact statement concerning CN’s 
proposal to acquire control of EJ&E West Company.22 

 

21 Available at https://afleet.es.anl.gov/afleet/. 

22 See Surface Transportation Board (STB) Section on Environmental Analysis. Draft Environmental 
Impact Statement regarding CN Acquisition of EJ&E, Appendix K “Air Quality and Climate Analysis.” 
Page 23. http://www.stb.dot.gov/decisions/readingroom.nsf/UNID/61898F9CADC3C7508 
525748E006688AC/$file/11.00_AppendixK_July08.pdf (Accessed May 2015). 
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Users are encouraged to use the Federal Railroad Administration’s LECT tool for projects that 
would replace existing trains or locomotives for a more precise estimate of potential emissions 
savings. 

Rail (Transit & Electric) are represented with zero emissions due to the inappropriateness of 
making assumptions on emissions from the electrical generation process which vary based on 
fuel mix and geography in ways that TREDIS cannot represent. If local information is available, 
these factors should be updated. 

Marine vehicles are based on ICF International (2009).23 

Air modes have default emissions of zero since the criteria air pollutants are most damaging at 
local levels rather than when emitted at altitude. 

4.16 Cost of Poor Pavement 

TREDIS adjusts vehicle operating cost and fuel use by the amount of driving done on pavement 
deemed deficient or poor. 

Vehicle Operating Cost Ratio 

Vehicle Operating Cost Ratio on Poor Pavement is the ratio of the vehicle operating cost on 
each mile driven on poor pavement to the vehicle operating cost on each mile driven on non-
deficient pavement. 

Mode Data Year 2021 Data Year 2022 

Passenger Car, Taxi, TNC 1.21 1.21 

Trucks 1.19 1.19 

The default ratio for vehicle operating costs uses ratios derived from “The Per-mile Costs of 
Operating Automobiles and Trucks,”24 representing the difference between baseline and 
extremely rough pavement. 

Fuel Ratio  

Fuel Ratio on Poor Pavement is the ratio of fuel used on each mile driven on poor pavement to 
the vehicle operating cost on each mile driven on non-deficient pavement. 

Mode Data Year 2021 Data Year 2022 

Passenger Car, Taxi, TNC 1.02 1.02 

Trucks 1.03 1.03 

The default ratio for the penalty for fuel use on poor pavement uses figures from NCHRP 720.25 
For Passenger Car, the average is taken of the types “medium car,” “van,” “SUV,” and “light 

 

23 ICF International. 2009. Current Methodologies in Preparing Mobile Source Port-Related Emission 
Inventories, prepared for the US EPA Office of Policy, Economics, and Innovation, Sector Strategies 
Program, April 2009 

24 Barnes, G., & Langworthy, P. (2003). White Paper. Minnesota Dept of Transp. St. Paul. The Per-Mile 
Costs of Operating Automobiles and Trucks. On the web at 
http://www.lrrb.org/media/reports/200319.pdf. 

25 This can be found at http://www.trb.org/Publications/Blurbs/166904.aspx. 

https://railroads.dot.gov/elibrary/fra-locomotive-emissions-comparison-tool
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truck,” averaging as well across the excess fuel use estimates at 35 mph and 55 mph. For 
Trucks, the “articulated truck” information was used, and averaged from estimates at 35 mph 
and 55 mph.  

For all figures, the poor pavement is assumed to be defined as pavement with an IRI value of 
greater than 180 inches per mile (equivalent to a PSR of about 2.39). 
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4.17 Fuel Costs 

Fuel costs given in 2022 dollars per gallon or kilowatt-hour (kWh). TREDIS considers fuel costs 
separately from operating costs. 

Gasoline and Diesel prices are from AAA’s price listings as of January 16, 2024.26 Tax rates on 

gasoline and diesel are from EIA’s https://www.eia.gov/petroleum/gasdiesel/ site, updated July 

2023. Electricity prices are from EIA’s Electric Power Monthly report, Table 5.6.A. Average Price 

of Electricity to Ultimate Customers by End-Use Sector, October 2023, for All Sectors. 

Fuel costs dropped appreciably between in early 2023 (used for Data Year 2021) and early 

2023 (used for Data Year 2022). These are reflected in both the underlying data and the cost 

factors shown here. 

  Gasoline Tax Rate 
($/gal.)  

 Gasoline Prices 
($/gal.)  

 Diesel Tax Rate 
($/gal.)  

 Diesel Prices 
($/gal.)  

Electricity Prices 
($/kWh) 

State 
Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

United States 0.1840 0.1840 3.4180 3.4180 0.2440 0.2440 4.5420 4.5420 0.1246 0.1268 

Alabama 0.2920 0.2920 3.1220 2.8110 0.3095 0.3095 4.3490 3.7370 0.1213 0.1148 

Alaska 0.0895 0.0895 3.7920 3.5380 0.0895 0.0895 4.5260 3.9060 0.2061 0.2112 

Arizona 0.1900 0.1900 3.4730 3.1580 0.1900 0.1900 4.5300 3.9190 0.1076 0.1220 

Arkansas 0.2480 0.2490 3.0870 2.6300 0.2880 0.2870 4.1190 3.5870 0.0963 0.0985 

California 0.6510 0.6812 4.6590 4.5560 0.9020 0.8082 5.6760 5.3440 0.2249 0.2435 

Colorado 0.2325 0.2594 4.0610 2.6720 0.2375 0.2744 4.8220 3.5450 0.1208 0.1157 

Connecticut 0.2500 0.2500 3.3170 3.1500 0.4290 0.4920 4.9020 4.2390 0.2031 0.2311 

Delaware 0.2300 0.2300 3.1850 2.9460 0.2200 0.2200 4.1920 3.7840 0.1283 0.1338 

D.C. 0.3380 0.3420 3.5520 3.2010 0.3380 0.3420 4.8960 4.3070 0.1539 0.1759 

Florida 0.3550 0.3730 3.3640 3.0690 0.3637 0.3817 4.7420 3.8130 0.1258 0.1358 

Georgia 0.2985 0.3195 3.2450 2.9640 0.3335 0.3575 4.5230 3.9490 0.1176 0.1101 

Hawaii 0.1850 0.1850 4.8890 4.6700 0.1850 0.1850 6.0430 5.6030 0.4129 0.3871 

Idaho 0.3300 0.3300 3.6780 3.0400 0.3300 0.3300 4.6450 3.9080 0.0851 0.0937 

Illinois 0.6330 0.6650 3.5390 3.1470 0.7080 0.7400 4.4620 3.8450 0.1216 0.1169 

Indiana 0.6310 0.5550 3.2520 2.8970 0.5600 0.5800 4.6350 3.8700 0.1280 0.1115 

Iowa 0.3000 0.3000 3.2600 2.7300 0.3250 0.3250 4.1390 3.5780 0.0848 0.0862 

Kansas 0.2503 0.2503 3.1420 2.6560 0.2703 0.2703 4.0680 3.6110 0.1178 0.1079 

Kentucky 0.2600 0.3010 3.0720 2.7840 0.2300 0.2710 4.3170 3.6820 0.1103 0.0992 

Louisiana 0.2093 0.2093 3.1300 2.7650 0.2093 0.2093 4.2250 3.5750 0.1116 0.0891 

Maine 0.3140 0.3140 3.4740 3.1730 0.3187 0.3187 5.5090 4.3110 0.1625 0.2115 

Maryland 0.4289 0.4719 3.2880 3.0740 0.4364 0.4794 4.3660 3.8770 0.1389 0.1474 

Massachusetts 0.2698 0.2720 3.3830 3.1370 0.2698 0.2720 4.9760 4.1680 0.2195 0.2200 

 

26 See https://gasprices.aaa.com/state-gas-price-averages/. 
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  Gasoline Tax Rate 
($/gal.)  

 Gasoline Prices 
($/gal.)  

 Diesel Tax Rate 
($/gal.)  

 Diesel Prices 
($/gal.)  

Electricity Prices 
($/kWh) 

State 
Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Michigan 0.5170 0.4770 3.2910 2.9530 0.5620 0.5090 4.5640 3.8710 0.1283 0.1361 

Minnesota 0.2860 0.3060 3.3220 2.7860 0.2860 0.3060 4.2520 3.7830 0.1168 0.1223 

Mississippi 0.1840 0.1840 3.0520 2.6750 0.1840 0.1840 4.2160 3.5540 0.1111 0.1106 

Missouri 0.2242 0.2497 3.0750 2.6390 0.2242 0.2497 4.0430 3.5130 0.1017 0.1026 

Montana 0.3375 0.3375 3.2750 2.9010 0.3050 0.3050 4.3810 3.6300 0.1081 0.1125 

Nebraska 0.2570 0.2990 3.3090 2.7600 0.2510 0.2930 4.1660 3.6000 0.0856 0.0892 

Nevada 0.2381 0.2381 4.1660 3.8140 0.2775 0.2775 4.7660 4.1010 0.1103 0.1084 

New Hampshire 0.2383 0.2383 3.3340 3.0500 0.2383 0.2383 5.0110 4.1360 0.2355 0.2093 

New Jersey 0.4245 0.4145 3.3250 3.0570 0.4945 0.4845 4.6140 4.0330 0.1412 0.1483 

New Mexico 0.1888 0.1888 3.3040 2.8550 0.2288 0.2288 4.3090 3.7890 0.1020 0.0960 

New York 0.1768 0.1848 3.5170 3.2790 0.1588 0.1668 5.1850 4.4180 0.1826 0.1869 

North Carolina 0.3875 0.4075 3.2370 2.9180 0.3875 0.4075 4.3630 3.8620 0.0982 0.1150 

North Dakota 0.2303 0.2303 3.3450 2.7880 0.2303 0.2303 4.4620 3.8770 0.0820 0.0788 

Ohio 0.3850 0.3850 3.2630 2.8520 0.4700 0.4700 4.5250 3.8080 0.1101 0.1106 

Oklahoma 0.2000 0.2000 3.1200 2.5640 0.2000 0.2000 3.9130 3.4060 0.0957 0.0946 

Oregon 0.3800 0.3800 3.8110 3.6700 0.3800 0.3800 4.7540 4.2440 0.0932 0.1021 

Pennsylvania 0.5870 0.6220 3.7140 3.3330 0.7410 0.7850 5.0100 4.4680 0.1230 0.1218 

Rhode Island 0.3512 0.3812 3.3590 3.0370 0.3512 0.3812 4.9530 4.2080 0.2113 0.2434 

South Carolina 0.2875 0.2875 3.0920 2.8490 0.2875 0.2875 4.2710 3.7130 0.1076 0.1041 

South Dakota 0.3000 0.3000 3.3510 2.8640 0.3000 0.3000 4.3000 3.7360 0.1024 0.1057 

Tennessee 0.2740 0.2740 3.1370 2.7240 0.2840 0.2840 4.2780 3.6530 0.1117 0.1072 

Texas 0.2000 0.2000 3.0070 2.6620 0.2000 0.2000 4.0400 3.4680 0.1029 0.1016 

Utah 0.3255 0.3515 3.7800 2.7590 0.3255 0.3515 4.6760 3.6890 0.0864 0.0907 

Vermont 0.3696 0.3252 3.4950 3.2170 0.3200 0.3200 4.9360 4.2500 0.1753 0.1821 

Virginia 0.3680 0.3910 3.2580 2.9500 0.3780 0.4020 4.4610 3.9040 0.1114 0.1048 

Washington 0.5238 0.5282 4.1460 4.0120 0.5238 0.5282 5.0530 4.8050 0.0909 0.0976 

West Virginia 0.3570 0.3720 3.3440 2.9090 0.3570 0.3720 4.6030 3.9090 0.1024 0.1041 

Wisconsin 0.3290 0.3290 3.1850 2.7570 0.3290 0.3290 4.0630 3.6230 0.1152 0.1239 

Wyoming 0.2400 0.2400 3.4260 2.7210 0.2400 0.2400 4.6100 3.7960 0.0818 0.0849 
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4.18 Emissions Costs 

Costs of emissions are per metric ton. 

PM 2.5, SO2, NOx, and CO2 costs are taken from the US DOT BCA Guidance, dated December 
2023, which set emissions values for PM 2.5, SOx and NOx for years 2022 through 2050, all in 
2022 dollars. For convenience, the forecast values were extended backward to 2010 using the 
2022 values and extended out to 2070 using the 2050 values. 

VOC cost is taken from the US DOT BCA Guidance January 2020 edition, when it gave a single 
value in 2018 dollars. This number has not been provided or updated in subsequent guidance. 
The number provided in the January 2020 guidance has been converted to 2022 dollars and for 
metric tons and used all forecast years. VOCs are a precursor to ozone which is recognized as 
having serious health impacts. If the user wishes to exclude these damage costs and strictly 
use the values provided by US DOT, they can zero out these emission rates. 

 
PM 2.5 SOx NOx VOC CO2 

Forecast 
Year 

Data Year 
2021 

Data Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

2010 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $46 $188 

2011 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $47 $191 

2012 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $48 $193 

2013 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $48 $196 

2014 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $49 $199 

2015 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $50 $202 

2016 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $51 $205 

2017 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $52 $208 

2018 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $52 $212 

2019 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $53 $215 

2020 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $54 $218 

2021 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $55 $221 

2022 $796,700 $951,000 $44,300 $52,900 $16,600 $19,800 $2,500 $2,662 $56 $225 

2023 $810,500 $951,000 $45,100 $52,900 $16,800 $19,800 $2,500 $2,662 $57 $228 

2024 $824,500 $963,200 $46,000 $53,800 $17,000 $20,100 $2,500 $2,662 $58 $233 

2025 $838,800 $975,500 $46,900 $54,800 $17,200 $20,300 $2,500 $2,662 $59 $237 

2026 $852,100 $993,500 $47,800 $56,100 $17,500 $20,600 $2,500 $2,662 $60 $241 

2027 $865,600 $1,011,900 $48,700 $57,400 $17,900 $21,000 $2,500 $2,662 $61 $245 

2028 $879,400 $1,030,600 $49,500 $58,700 $18,200 $21,300 $2,500 $2,662 $62 $250 

2029 $893,400 $1,049,600 $50,400 $60,100 $18,600 $21,700 $2,500 $2,662 $63 $253 

2030 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $65 $257 

2031 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $66 $262 

2032 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $67 $265 

2033 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $68 $270 

2034 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $69 $274 
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PM 2.5 SOx NOx VOC CO2 

Forecast 
Year 

Data Year 
2021 

Data Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

Data 
Year 
2021 

Data 
Year 
2022 

2035 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $70 $278 

2036 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $72 $282 

2037 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $73 $287 

2038 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $74 $290 

2039 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $75 $294 

2040 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $76 $299 

2041 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $78 $303 

2042 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $79 $308 

2043 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $80 $312 

2044 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $81 $317 

2045 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $82 $321 

2046 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $84 $326 

2047 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $85 $331 

2048 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $86 $336 

2049 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $87 $340 

2050 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $88 $345 

2051 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $89 $349 

2052 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $91 $353 

2053 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $92 $357 

2054 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $94 $362 

2055 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $95 $368 

2056 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $97 $373 

2057 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $99 $379 

2058 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $100 $385 

2059 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $102 $390 

2060 $907,600 $1,069,000 $51,300 $61,500 $18,900 $22,000 $2,500 $2,662 $103 $396 
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Appendix A – CO2 Production Factors 

The CO2 produced by consuming a gallon of fossil fuel or gasoline-gallon equivalent is not a 

factor that is updated on a yearly basis since it relies on fundamental physical processes. The 

factors in TREDIS used are given here for reference: 

Fuel Type CO2 Emissions 

Gasoline 19.6 lbs. per gallon consumed 

Diesel 22.4 lbs. per gallon consumed 

Maritime 22.4 lbs. per gallon consumed 

CNG 14.83 lbs. per GGE consumed 

Aviation 19.75 lbs. per gallon consumed 

Fuel types not listed here are assumed to produce no CO2. 
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