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EXECUTIVE SUMMARY

The FHWA Energy and Emissions Reduction Policy Analysis Tool (EERPAT) is a screening tool to compare, contrast, and analyze the effects of greenhouse gas (GHG) reduction policies on GHG emissions from the surface transportation sector at a statewide level.  EERPAT estimates the amount of travel (in terms of vehicle miles traveled) and the resulting GHG emissions, including fuel use (and electricity use for battery charging) by autos, light trucks, transit vehicles, and heavy trucks.
The EERPAT v3.0 User’s Guide steps through the stages of installing, setting up, and running EERPAT, as well as analyzing the outputs from scenarios that are tested. A companion document, the EERPAT Model Documentation, describes the model objectives, the model design, the implementation platform, the data sources used for model estimation, and the estimation of each of the model components.
EERPAT is a policy analysis tool, and should not be used for specific project or plan evaluation. EERPAT complements tools such as EPA’s MOVES (MOtor Vehicle Emission Simulator)[footnoteRef:1] by providing rapid analysis of many scenarios that combine effects of various policy and transportation system changes. Users wishing to estimate detailed emissions for projects or corridors, or to evaluate detailed regional transportation impacts, should not rely on EERPAT. Such users should plan to use a project-level or regional travel demand model in conjunction with MOVES. This User’s Guide includes explanations of how to take MOVES inputs and prepare them for use as inputs to EERPAT.  [1:  https://www3.epa.gov/otaq/models/moves/index.htm] 

The User’s Guide describes how to develop each EERPAT input file in turn. This Guide also explains how to use inputs obtained from MOVES. In addition, the final section of the Guide summarizes the inputs that can be transferred from MOVES and also covers other aspects of integrating EERPAT and MOVES in scenario testing work.
EERPAT is implemented in the free R data analysis language.[footnoteRef:2] R provides a powerful, high-performance environment for data analysis that can be used interactively and for scripted programs such as EERPAT.  All code and data used in EERPAT is freely available, and the code and data inputs can be reconfigured by technically adept users should that be necessary to support a specific analysis. The User’s Guide provides links to R resources but it is not intended to be a guide to using R. [2:  https://www.r-project.org/] 

EERPAT can be run through the R command line. However, this latest version of EERPAT  -- 3.0 --incorporates an integrated installation of R and the EERPAT model code which can be run through a Graphical User Interface (GUI). This is the recommended method for interacting with EERPAT for users who are not proficient in the R software language.
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1 [bookmark: _Introduction][bookmark: _Toc459997113]Introduction
The FHWA Energy and Emissions Reduction Policy Analysis Tool (EERPAT) is a screening tool to compare, contrast, and analyze the effects of various GHG reduction policy scenarios on GHG emissions from the surface transportation sector at a statewide level. EERPAT estimates the amount of travel (in terms of vehicle miles traveled) and the resulting GHG emissions, including fuel use (and electricity use for battery charging) by autos, light trucks, transit vehicles, and heavy trucks.
Note:  EERPAT is a policy analysis tool, and should not be used for specific project or plan evaluation.  EERPAT complements tools such as EPA’s MOVES (MOtor Vehicle Emission Simulator)[footnoteRef:3] by providing rapid analysis of many scenarios that combine effects of various policy and transportation system changes.  In order to provide quick response comparing many scenarios, EERPAT makes a number of simplifying assumptions (consistent with MOVES and with advanced regional travel demand modeling practice) that limit the detail and precision of its outputs.  Users wishing to estimate detailed emissions for projects or corridors, or to evaluate detailed regional transportation impacts, should not rely on EERPAT.  Such users should plan to use a project-level or regional travel demand model in conjunction with MOVES.  To ensure that policy testing performed with EERPAT produces results that are consistent with more detailed analysis carried out using MOVES, users should use MOVES inputs in EERPAT; this process is described in the User’s Guide. [3:  https://www3.epa.gov/otaq/models/moves/index.htm] 

EERPAT is implemented in the free R data analysis language.[footnoteRef:4] R provides a powerful, high-performance environment for data analysis that can be used interactively as well as for scripted programs such as EERPAT.  All code and data used in EERPAT analyses is freely available, and the code and data inputs can be reconfigured by technically adept users should that be necessary to support a specific analysis.  [4:  https://www.r-project.org/] 

While EERPAT can be run directly from the R command line, an important usability feature of EERPAT v3.0 is a Graphical User Interface (GUI). The EERPAT GUI enables users to create a new model, define base year and future year model inputs, establish scenarios, run the model, and view key results from model runs. Throughout the User’s Guide, screen captures of the GUI are included to illustrate how to interact with EERPAT.
[bookmark: _Toc291171006][bookmark: _Toc459997114]EERPAT User’s Guide Structure
The EERPAT User’s Guide will step you through the stages of installing, setting up, and running EERPAT, as well as analyzing the outputs from scenarios that you decide to test. The guide is divided into 11 sections:
1. [bookmark: _Ref303592990]Introduction
2. Model Objectives
3. Model Design
4. Installing EERPAT v3.0
5. Overview of EERPAT files
6. Installing and running EERPAT
7. Developing the input files
8. [bookmark: _Ref303590969]Estimation of sub models
9. Designing scenarios
10. [bookmark: _Ref450643004]Analysis of results
11. Integration with MOVES
[bookmark: _Toc291171007]

2 [bookmark: _Toc263256232][bookmark: _Toc291857103][bookmark: _Toc302459461][bookmark: _Toc459997115]Model Objectives 
EERPAT is based on the Oregon Department of Transportation (ODOT) Transportation Planning Analysis Unit’s (TPAU’s) “GreenSTEP,” a modeling tool to assess the effects of a large variety of policies and other factors on transportation sector GHG emissions. ODOT developed EERPAT to address the following factors, among others:
Changes in population demographics (age structure);
Changes in personal income;
Relative amounts of development occurring in metropolitan, other urban, and rural areas;
Metropolitan, other urban, and rural area densities;
Urban form in metropolitan areas (proportion of population living in mixed-use areas with a well interconnected street and walkway system);
Amounts of metropolitan area transit service;
Metropolitan freeway and arterial supplies;
Auto and light truck proportions by year;
Average vehicle fuel economy by vehicle type and year;
Vehicle age distribution by vehicle type;
Internal Combustion Engine vehicles (ICEV), Hybrid electric vehicles (HEV), plug-in hybrid electric vehicles (PHEV), and full electric vehicles (EV) by vehicle type and year;
Non-motorized vehicles  or two-wheeled electric vehicles, such as bicycles, electric bicycles, electric scooters, etc.;
Pricing – fuel, vehicle miles traveled (VMT), parking, and pricing of carbon emissions and social/environmental costs;
Demand management – employer-based and individual marketing programs;
Car-sharing;
Effects of congestion on fuel economy;
Effects of roadway operations programs such as signal coordination, ramp metering, access management, and incident management on fuel economy;
Vehicle operation and maintenance – eco-driving, low rolling resistance tires; 
Carbon intensity of fuels; and
Carbon production from the electric power that is generated to run electric vehicles.
To be responsive to regional differences, EERPAT addresses an entire state on a county-level basis. It distinguishes between households living in metropolitan, other urban, and rural areas to reflect the different characteristics of those areas in terms of density, urban form, transportation system characteristics, and transportation demand management (TDM) programs. 
[bookmark: _Toc263256233][bookmark: _Toc291857104][bookmark: _Toc302459462]

3 [bookmark: _Toc459997116]Model Design
EERPAT is a system of disaggregate household-level models; the disaggregate nature of these models is intended to create a behaviorally consistent model. While EERPAT began as a sketch-planning model, the level of detail inherent in the current version has moved EERPAT out of that realm. Most of EERPAT operates at an individual household level where each household that the model synthesizes has individual attributes and where vehicle ownership and use is predicted on an individual synthesized household basis. 
An advantage of this approach over a sketch-planning approach is that it better accounts for interactions between policies. For example, a policy that increases urban area density decreases household daily vehicle miles traveled (DVMT) by increasing short trips and non-auto travel. Higher densities also increase the market for car-sharing. Increased car-sharing in turn reduces household vehicle ownership, which also reduces household DVMT. Reducing household DVMT also increases the likelihood that a household vehicle could be replaced by an EV and/or increases the proportion of household PHEV mileage that can be traveled on an electric charge. Another benefit of the disaggregate approach is that it provides a means for accounting for the effects of changes in fuel prices and a number of other costs of household travel in a consistent manner. Because household fuel costs are a function of household vehicle fuel economy, in addition to fuel prices, the model accounts for increases in travel that would occur with gains in fuel economy (rebound effect). Finally, modeling at the individual household level allows for better analysis of how different households would be affected by policies in a number of ways.
EERPAT is designed to run at a county level. This design concept was motivated by the availability of long-range population projections by age at the county level and the need for the model to be sensitive to regional differences. It should be noted that geographic units other than counties may be used as long as the inputs required by the model can be obtained for the chosen geography.  For instance, if a county is very populous, it may be desirable to split the county into two geographic units so that the model can be run within the available computer memory.
Figure 1 shows an overview of EERPAT model design (in two parts). The gray boxes in the middle of the figure identify the major steps in the model execution. The number in the lower right-hand corner of each box corresponds to paragraph numbering in the description that follows. The blue boxes on the left side of the figure show the input assumptions on which the calculations are based and which may be altered to represent different policies. The green boxes on the right side of the figure identify the models and methodologies that are used in the calculations. The EERPAT Model Documentation explains how these models were estimated and calibrated.
[bookmark: _Ref291675426][bookmark: _Toc276740830][bookmark: _Toc291856090][bookmark: _Toc302459500][bookmark: _Ref305395328][bookmark: _Toc459997143]
Figure 1: Design of Model for Estimating GHG from Passenger and Truck Travel
[image: ]
Figure 1: Design of Model for Estimating GHG from Passenger and Truck Travel (continued)
[image: ]

The following is an explanation of major steps in the model execution shown in the gray boxes in Figure 1.
1. Create Synthetic Households: A set of households is created for each forecast year that represents the likely household composition for each county, given the county-level forecast of persons by age. Each household is described in terms of the number of persons in each of six age categories residing in the household. A total household income is assigned to each household, given the ages of persons in the household and the average per capita income of the region where the household resides.
2. Calculate Population Densities and Other Land Use Characteristics: Population density and land use characteristics are important variables in the vehicle ownership, vehicle travel, and vehicle type models. Models were developed to estimate density and land use characteristics at a Census tract level based on more aggregate policy assumptions about metropolitan and other urban area characteristics.[footnoteRef:5] Each household is assigned to a metropolitan, other urban, or rural development type in the county where it is located based on policy assumptions about the proportions of population growth that will occur in each type. The overall densities for metropolitan and other urban areas in each county are calculated based on policy assumptions for urban growth boundary expansions. Households assigned to metropolitan areas are assigned to population density drawn from a likely household density distribution corresponding to the overall metropolitan area density. Households assigned to other urban areas are assigned the overall population density for non-metropolitan areas in the county. Households assigned to rural areas are assigned a population density reflecting the predominant rural population density of the county where they are located. Households in urban areas are also assigned to an urban mixed-use setting or not, based on a model using population density. This can be overridden to simulate greater amounts of urban mixed-use development. [5:  Users can modify EERPAT to operate at a metropolitan level, or another geography, as long as input data can be consistently estimated for those different geographies. As a starting point, data inputs consistent with Census geographies is a good foundation for parameterizing an EERPAT model. ] 

3. Calculate Freeway, Arterial, and Public Transit Supply Levels: The number of lane miles of freeways and arterials is computed for each metropolitan area based on base-year inventories and policy inputs as to how rapidly lane miles are added relative to the addition of metropolitan population. For example, a value of one for freeways means that freeway lane miles grow at the same rate as population grows. If population doubles, freeway lane miles would double as well. For public transit, the inputs specify the growth in transit revenue miles relative to the base year. Inputs for each metropolitan area also specify the revenue mile split between electrified rail and buses.
4. Determine Households Affected by Travel Demand Management and/or Vehicle Operations and Maintenance Programs: Each household is assigned as being a participant or not in a number of travel demand management programs (e.g. employee commute options programs, individualized marketing) and/or to vehicle operations and maintenance programs (e.g. eco-driving, low rolling resistance tires) based on policy assumptions about the degree of deployment of those programs and the household characteristics.
5. Calculate Vehicle Ownership and Adjust for Car-sharing: Each household is assigned the number of vehicles it is likely to own based on the number of persons of driving age in the household, whether only elderly persons live in the household, the income of the household, and the population density where the household lives. For metropolitan households, vehicle ownership depends on the freeway supply, transit supply, and whether the household is located in an urban mixed-use area. Households are identified as car-sharing participants or not based on household characteristics and policy assumptions about the deployment of car-sharing. The number of vehicles owned by car-share households is reduced based on a simple model.
6. Calculate Initial Household Daily Vehicle Miles Traveled (DVMT): The average DVMT for each household is modeled based on household information determined in previous steps. There are different models for households residing inside and outside metropolitan (urbanized) areas. The metropolitan model is sensitive to household income, population density of the neighborhood where the household resides, number of household vehicles, whether the household owns no vehicles, the levels of public transportation and freeway supplies in the metropolitan area, the driving-age population in the household, the presence of persons over age 65, and whether the neighborhood is characterized by mixed-use development. The non-metropolitan model is similar but does not include the transit supply, freeway supply, or mixed-use variables. 
7. Calculate Non-Price TDM and Non-Motorized Vehicle Adjustment Factors and Adjust Household DVMT: Non-price TDM policies are grouped into two categories, workplace-oriented commute options programs and household-oriented individualized marketing programs. Household DVMT adjustment factors are calculated based on participation in these programs (determined in step #4) and assumptions regarding the average reductions in household DVMT that the programs produce. Adjustment factors are also calculated to account for the potential substitution of non-motorized vehicle travel for household DVMT. For the purposes of EERPAT, non-motorized vehicles are bicycles, electric bicycles, and similar vehicles. The model predicts the potential amount of household DVMT that could be diverted to non-motorized vehicle travel using a model of the amount of household vehicle travel occurring in single-occupant vehicle (SOV) tours of less than various specified lengths. This model is sensitive to household income, population density, household size, urban mixed-use character, and average household DVMT. The amount of diversion is a function of this potential, assumptions about non-motorized vehicle ownership rates, and assumptions about the proportion of the potential diverted vehicle travel that may be suitable for non-motorized vehicle travel. After the TDM and non-motorized factors have been calculated, they are applied to the initial household DVMT estimates to produce adjusted estimates. EERPAT also includes a walk model which estimated the daily number of walk trips for each household. This model was added in order to provide an indicator of the effect of land use and transportation policies on active transportation. However, this model does not affect the amount of household DVMT because the variables that affect walking also affect the calculations of DVMT directly. 
8. Calculate Vehicle Types, Ages, Initial Fuel Economy, and Assign DVMT to Vehicles: Two types of household vehicles are considered – automobiles and light trucks. The latter includes pickup trucks, sport-utility vehicles, and vans. A model predicts the probability that a household vehicle is a light truck based on the number of vehicles in the household, the household income, the population density where the household resides, and whether the household lives in an urban mixed-use area. This probability is then used as a sampling probability to determine stochastically whether each household vehicle is an automobile or light truck. Once the type of vehicle has been assigned to each vehicle, the age of each vehicle is determined. This is done by sampling from vehicle age distributions by vehicle type and household income group. These distributions may be changed based on input assumptions about changes in fleet turnover rates. Once vehicle ages have been determined, initial assignments of vehicle fuel economy are made based on input assumptions about average vehicle fuel economy of internal combustion engine vehicles (ICEV) by model year and vehicle type. Fuel economy is adjusted in later steps for vehicles identified as hybrid electric vehicles (HEV), plug-in hybrid electric vehicles (PHEV) and electric vehicles (EV) and to reflect the effects of congestion and vehicle operation and maintenance on fuel economy. Vehicles are assigned a proportion of the estimated household DVMT based on distributions of how annual household mileage is allocated among multiple vehicles. The distributions vary with the number of vehicles owned by the household. Average household DVMT is assigned to vehicles based on these proportions. This is done randomly without regard to vehicle characteristics. In the next step, the allocations are optimized to maximize household fuel economy (for households identified as optimizers).
9. Assign  Vehicle Powertrain Types and Optimize Travel between Vehicles: Household vehicle powertrains are identified as being either ICEV, HEV, PHEV, or EV. This is done in 2 steps. The first step partitions vehicles between an ICE/HEV category and a PHEV/EV category. This partitioning is based on input assumptions about market penetration by model year and vehicle type (auto vs. light truck) using a Monte Carlo process. Vehicles identified as ICE/HEV are partitioned into constituent categories in the same way. The PHEV/EV category is partitioned in the following step. All vehicles in the PHEV/EV combined category are treated as PHEV for the purpose of assigning MPG and miles per kilowatt-hour (MPkWh) in this step. MPG and MPkWh are assigned from input assumptions by powertrain, vehicle type, and model year. Once the powertrain of each vehicle has been assigned, the allocation of travel among household vehicles is optimized for households identified as optimizers. The input assumption on the proportion of households that are optimizers is used in a Monte Carlo process to determine which households will optimize vehicle usage to maximize fuel economy. For optimizing households, VMT proportions are ordered in the order of vehicle fuel economy. It should be noted that this process does not change the sizes of the proportions of household vehicle VMT. It only changes which household vehicle is assigned to each proportion. For PHEVs a fuel economy equivalent is calculated based on the battery range of the PHEV, a fuel economy equivalent for electric operation, and the MPG for non-electric operation. Also for PHEVs, the proportion of travel “fueled” by the power grid vs. on-board hydrocarbon fuels is calculated. This is done using a model which predicts the proportion of PHEV travel that is likely to be powered by electricity stored in the vehicle battery based on the range of battery operation, household income, population density, number of household vehicles, transit service level, number of driving age persons in the household, number of elderly persons in the household, and whether the household is located in an urban mixed-use neighborhood.
10. Assign Electric Vehicles (EVs) and Calculate Adjustments to Fuel and Electric Power Consumption: EVs are identified from the pool of PHEVs based on market penetration assumptions, EV travel range, and household vehicle usage patterns. A PHEV vehicle is only considered to be an EV candidate if the EV daily travel range for the model year is large enough to accommodate the 95th percentile DVMT for the vehicle. The EV daily travel range is an input assumption which varies by model year and vehicle type and reflects assumptions about battery capacities and availability of fast charge facilities. A model determines the 95th percentile DVMT for each vehicle as a function of the average DVMT of the vehicle. The number of candidate vehicles that may be designated as EVs is constrained by input assumptions regarding the market penetration of EVs among candidate vehicles. 
Calculate Emissions and Equilibrate Household Travel, Travel Costs, Metropolitan Area Congestion and Road Revenue: Steps 11-17 equilibrate the amount of household travel with household travel costs, metropolitan area congestion, and road revenue. Up to this point in the process, estimates of household VMT do not reflect travel costs. Subsequent steps calculate household vehicle variable costs (gas, taxes, electricity, parking, congestion) and adjust the amount of household vehicle travel based on a household budget model. The same sequence of steps also balance traffic on metropolitan area road classes (freeway, arterial, local) based on relative capacities, speeds, and congestion pricing. Congestion prices are reflected back into household travel costs. Public road revenues are also balanced with costs in this sequence of steps. VMT taxes are adjusted so that the assumed road infrastructure for a scenario is paid for by road users and that road user travel budgets respond to those costs. This functionality is important for evaluating scenarios on a consistent basis. Otherwise, for example, a scenario that postulates a large shift in the fleet to high fuel economy vehicles would overestimate VMT and underfund the transportation system because road user fees would be inadequate to fund the road system and road users would not be experiencing the cost that they inevitably would have to pay in order to maintain, operate and construct the road system. This latter equilibration of road system costs and road user fees can be turned off enable estimation of the deficit between road revenues provided by current tax rates and costs.
11. Calculate Fuel Consumption, Electric Power Consumption, and Greenhouse Gas Emissions: Fuel consumption is calculated for internal combustion engine (ICE) vehicles based on the fuel economy values assigned to each vehicle and the average daily vehicle miles traveled for the vehicle. Similarly, the electric power consumption for travel by EVs and for the electric portion of PHEV travel is based on the power efficiency of the vehicle and average daily vehicle miles traveled powered by electricity. Fuel consumption is converted to greenhouse gas emissions based on the assumed fuel mix for the future year and the carbon intensity for each fuel. Electric power consumption is converted to greenhouse gas emissions based on the amount of electrical power consumed and the assumed rates of greenhouse gas emissions per unit of power consumed. The emission rates for fuel and electric power include emissions arising from production and transmission of the fuel or power as well as emissions from the vehicle itself as a result of combusting the fuel. 
12. Calculate Household Vehicle Costs and Revenues: The model calculates household vehicle operating costs, vehicle ownership costs, and road revenues. Vehicle operating costs include the cost of fuels and electrical power to operate vehicles, vehicle use taxes, parking charges, and pay-as-you-drive (PAYD) insurance. Assumptions may be made regarding the vehicle use taxes levied on fuel consumption, VMT, and CO2e produced (i.e. carbon taxes). In addition, the model calculates externality costs[footnoteRef:6] and assigns additional vehicle use taxes based on the policy assumptions being made as to the proportion of externality costs that will be passed on to users. For metropolitan area households, a parking cost model determines how many working age persons pay for parking at their worksite and what their daily parking cost would be. The model also calculates, based on input assumptions, daily household parking costs for non-work trips. This step also calculates vehicle ownership costs including vehicle depreciation, financing, maintenance, tires, registration, and insurance (for non-PAYD households).  Road revenues from highway gas taxes and mileage fees are calculated as well. [6:  Externality costs are costs that driving imposes on present and future generations but are typically not paid for by drivers.  Externalities accounted for by the model include damages caused by air pollution, other resource damages (e.g. water pollution from road runoff), impacts due to climate change, cost of securing energy sources, and crash costs that are not covered by insurance.] 

13. Recalculate Household DVMT and Reallocate to Vehicles: A household budget model is used to adjust household DVMT to reflect the effect of vehicle operating costs on the amount of household vehicle travel. The adjusted household DVMT is allocated to vehicles in proportion to the previous allocation. The travel reduction proportions from TDM and light-weight vehicle use calculated in step #7 are applied.
14. Calculate Travel on Metropolitan Area Roadways and Adjust Fuel Economy to Account for Congestion Effects: Since roadway congestion affects vehicle speeds and fuel economy, it is necessary to calculate total roadway DVMT in each metropolitan area and model how the traffic speeds are affected by roadway capacity, vehicle operations programs (e.g. ramp metering), and congestion pricing. Total metropolitan roadway DVMT is calculated by adding together the DVMT of light-duty vehicles, heavy trucks, and buses. To calculate light-duty DVMT on metropolitan roadways, household DVMT is factored up to account for commercial travel and the result is factored again to calculate the proportion of the total occurring on metropolitan area roadways. Heavy truck DVMT is calculated based on the assumed rate of growth relative to income growth and the proportion of heavy truck DVMT occurring on roadways in the metropolitan area. Bus DVMT is calculated from assumptions about bus revenue mile growth and the proportion of bus DVMT in revenue service. Heavy vehicle DVMT is allocated to three roadway classes (freeway, arterial, local) using fixed proportions estimated for the base year, while light-duty vehicle DVMT is allocated between freeway and arterial classes using an aggregate equilibrium model with only the local class having a fixed proportion. The aggregate equilibrium model allocates travel between freeways and arterials as a function of DVMT-weighted average travel speed. DVMT on each roadway class (except local) is allocated to congestion levels based on the ratio of demand to supply (lane-miles). Each congestion level is associated with a base average speed which is modified by the extent of deployment of vehicle operations programs.  Congestion pricing is accounted for by converting the cost per mile charges into an equivalent speed adjustment using an average value of time for light-duty vehicle travelers. After the allocation of traffic has reached equilibrium, the final distribution of DVMT by speed is used to calculate MPG adjustment factors. The calculation of these adjustment factors varies by powertrain and the assumed relative congestion efficiency. In addition, the model calculates the average congestion charge per vehicle mile to be assessed to households. 
15. Calculate Commercial Service Vehicle Fuel Consumption, Emissions, Costs, and Revenues: Commercial service vehicle VMT is split into vehicle types and powertrains based on scenario input assumptions. The distribution of vehicle ages reflects inventory values and scenario input assumptions about changes to the vehicle age structure. Fuel economy by vehicle type and powertrain is taken to be the same as equivalent household vehicles. Fuel types (e.g. gasoline, diesel, CNG) are based on scenario input assumptions. The calculation of fuel consumption rates and emissions reflect the metropolitan area congestion adjustment factors for the proportion of commercial service vehicle travel estimated to occur within metropolitan areas. Commercial service vehicle variable costs and revenues from taxes/fees on commercial service vehicle travel are calculated in the same manner as household vehicle costs. 
16. Calculate VMT Tax Needed to Pay for the Assumed Road System: The annual cost of maintaining, operating, repairing and modernizing the road system for a scenario are estimated from annual VMT and annualized lane-mile expansion costs. The annual VMT-based costs cover maintenance, operations, repair, reconstruction and minor modernization. The annualized lane-mile expansion costs cover expansions of freeway and arterial lane miles. The light vehicle proportion of the costs is calculated as a function of the light and heavy vehicle VMT where the heavy vehicle VMT is weighted by a passenger car equivalence factor. The total annual cost attributable to light vehicles is compared to the total revenue from household and commercial service vehicle travel for road purposes (gas tax and VMT tax). If the total light vehicle road revenues are less than the total road costs, a VMT charge is calculated that would balance out revenues and costs. 
17. Adjust Fuel Economy to Account for Congestion, Eco-driving and Low Rolling Resistance Tires: The metropolitan area congestion adjustments are applied to metropolitan household vehicles.  Additional adjustments are made for households identified as having eco-drivers and/or using low rolling resistance tires.
18. Calculate Bus, Truck, and Passenger Rail Fuel Consumption and Greenhouse Gas Emissions Adjusted for Congestion: The age distributions of trucks and buses are computed from base year distributions and input assumptions about changes in fleet turnover. The average MPG of the respective fleets is computed from the respective age distributions and respective assumptions about future MPG by model year. These fuel economy values are adjusted for the truck and bus VMT in metropolitan areas using the adjustment factors computed in step #14.


4 [bookmark: _Toc459997117]Installing EERPAT v3.0
EERPAT is implemented in R, a freely available language for statistical computing that provides a wide variety of statistical and graphical techniques: linear and nonlinear modeling, statistical tests, time series analysis, classification, clustering, etc. R is available from the Comprehensive R Archive Network (CRAN), a network of ftp and web servers around the world that store identical up-to-date versions of code and documentation for R. 
EERPAT v3.0 comes with a Graphical User Interface (GUI) that enables users to interact with EERPAT without having to use R direction (i.e. from the R command line). To access EERPAT 3.0, begin by downloading an installer for an existing calibrated state model from the FHWA EERPAT website. Three existing models are provided – Maryland, Vermont, and Washington (Figure 2). Any of these models can be used as a starting point for creating a new state model. They can also be used to test GHG reduction policies in any of those three states.
[bookmark: _Ref433286433][bookmark: _Toc459997144]Figure 2: EERPAT Installer Programs[footnoteRef:7] [7:  Note, the actual versions of the installers may change as updates are made.] 

[image: ]
After copying any (or all) of the installers to your computer, double click to access the EERPAT Setup Wizard. Figure 3 (left) shows the installer screen for the Maryland EERPAT model. Advance to the next screen by selecting “Next,” which brings up the message shown in Figure 3 (right). Included in the setup is the installation of the R software package. EERPAT v3.0 runs on the R v3.1.3 platform.





[bookmark: _Ref433286603][bookmark: _Toc459997145]Figure 3: EERPAT Setup Wizard for the Maryland Model
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Next, the user will be prompted for a destination location for the EERPAT model and the associated state files (Figure 4, left). Next, the user is given the option of creating a shortcut in the Start menu (Figure 4, right).
[bookmark: _Ref433286919][bookmark: _Toc459997146]Figure 4: Setup Wizard File Destination Selector
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[bookmark: _Toc459997147]Figure 5: Additional Steps in the Setup Wizard
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The installer will proceed with file installation, including installation of the R software package. After installation is complete, the user can start EERPAT by double clicking on the EERPAT model shortcut icon.
[bookmark: _Toc459997118]Downloading and Installing R
Most EERPAT users will install EERPAT and the R software through the installation procedure described above. However, some EERPAT users may prefer to run EERPAT directly from the R command line. This section describes how to download and install R separately from the methods described above.
Download the latest version of R from CRAN: https://cran.r-project.org/. R is available for Linux, Mac OS X, and Windows; the current version (as of December 2011) is R-2.14.0. 
Installation instructions are https://cran.r-project.org/doc/FAQ/R-FAQ.html#How-can-R-be-installed_003f. There are two platform-specific FAQ sites that contain detailed installation instructions for Windows (https://cran.r-project.org/bin/windows/base/rw-FAQ.html) and Mac OS X (https://cran.r-project.org/bin/macosx/RMacOSX-FAQ.html).
There are many resources for helping newer R users become more familiar with using R for data analysis and modeling. Here are some places to get started:
Manual and introduction to R: https://cran.r-project.org/manuals.html
Journal: The R Journal (https://journal.r-project.org/) is the refereed journal of the R Project for Statistical Computing. It features short to medium length articles covering topics that might be of interest to users or developers of R. 
Books: https://www.r-project.org/doc/bib/R-books.html
R function reference card: http://cran.r-project.org/doc/contrib/Short-refcard.pdf
R search engine: http://www.rseek.org/

5 [bookmark: _Toc291171012][bookmark: _Toc459997119]Overview of EERPAT Website Downloads
EERPAT and its documentation are available for download from the FHWA EERPAT website (http://www.planning.dot.gov/FHWA_tool/default.asp):
1. EERPAT_Users_Guide_30, this document, steps through the stages of installing, setting up, and running EERPAT, as well as analyzing the outputs from scenarios.
1. EERPAT_Model_Documentation_30.pdf. This is a thorough introduction to EERPAT and its sub models, including details of the estimation of the sub models. This covers in detail the technical aspects of EERPAT’s model structure and the sub models that are only briefly introduced in this User’s Guide.
1. EERPAT State Pilot Reports: the report on the implementation of three state pilots of the EERPAT model in Vermont, Maryland, and Washington.
1. EERPAT_Vermont_Installer: an installation file that extracts the files of the Vermont EERPAT model with the directory structure required to run the model. The installer also installs the correct version of R (v3.1.3) necessary to run EERPAT v3.0.
1. EERPAT_Maryland_Installer: an installation file that extracts the files of the Maryland EERPAT model with the directory structure required to run the model. The installer also installs the correct version of R (v3.1.3) necessary to run EERPAT v3.0.
1. EERPAT_Washington_Installer: an installation file that extracts the files of the Washington EERPAT model with the directory structure required to run the model. The installer also installs the correct version of R (v3.1.3) necessary to run EERPAT v3.0.
1. EERPAT_ Installer_AnyState: an installation file that extracts a generic state file that requires inputs from the user. The installer also installs the correct version of R (v3.1.3) necessary to run EERPAT v3.0.

[bookmark: _Toc291171013]

6 [bookmark: _Ref436411632][bookmark: _Ref436411660][bookmark: _Ref436411671][bookmark: _Toc459997120]Getting Started with EERPAT
[bookmark: _Toc291171014][bookmark: _Toc459997121]Installing EERPAT
The following zip files are available for download from EERPAT website:
EERPAT_Maryland_Installer.exe
EERPAT_Vermont_Installer.exe
EERPAT_Washington_Installer.exe

Each installer contains the EERPAT model application and a set of input files that represent a calibrated Base Case run of each of the three state pilot models. EERPAT is not pre-populated with “default” inputs in the way that MOVES and some other models are. The example models are supplied with a complete set of input files for each of the pilot states. These are inputs specific to those states and are not intended to serve as a fully validated set of inputs for other areas. However, each state’s input files can be used as a starting point for calibrating a new statewide EERPAT model.
Once an installer file is downloaded to your computer, initiate the installation procedure, which will extract the files into the directory structure required to run the model (Figure 6).

[bookmark: _Ref436411347][bookmark: _Toc459997148]Figure 6: EERPAT File Structure After Installation
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[bookmark: _Toc291171015]Model Directory
This directory contains all of the model input files that make up EERPAT model. The file structure is shown in Figure 7 and each files is described below in Section 6. Once the model has been set up, the files in this directory are typically held constant across scenarios.
Figure 8 shows the file composition of the pop_forecasts folder.
[bookmark: _Ref436411556][bookmark: _Toc459997149]Figure 7: Component Files of the EERPAT Model Folder
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[bookmark: _Ref436411829][bookmark: _Toc459997150][bookmark: _Toc291171016]Figure 8: Component Files of the EERPAT pop_forecasts Folder
[image: ]
Scenarios Directory
This directory contains the inputs and outputs of all the policy scenarios that are modeled. There is one folder per scenario. The “base” directory contains the base scenario information. The base scenario is the model run for current conditions and policies, i.e. the scenario against which alternative scenarios can be compared. 
The “run_parameters.txt” file is set up with the expectation that the directory is called “base.” If the base scenario directory is to be named something else, then the “BaseScenName” parameter in the “run_parameters.txt” file should be edited by the user to identify the directory name that is used. The user must run the base scenario for at least the base year (e.g. 2010 or 2015) before running any future scenarios. 
You may run one or more future scenarios. There are no caveats for naming the future scenario directories. Each scenario directory includes two subdirectories: inputs and outputs. The inputs directory includes all of the input files needed to specify a scenario. The outputs directory contains all of the output files that are produced by the model. EERPAT creates an output directory during the run.
The input files in the “base/inputs/” and “future/inputs/” directories are described below in Section 7 “Developing the Input Files.” The component file structure of the “Scenarios” directory is shown in Figure 9.




[bookmark: _Ref436412083][bookmark: _Toc459997151]Figure 9: Component Files of the Scenarios Directory
[image: ]
The outputs directory for each scenario contains all of the files saved by EERPAT in the course of a model run. The outputs directory contains a directory for each forecast year for which the model was run (the user can choose to run any year between 1990 and 2050 in 5-year increments, however the base year must be run before any other year). In each forecast year directory there are files containing the household simulation results for each county. The file names are built from the name of the county and a .”RData” extension. There is also a set of files that contains data at a more aggregate level. Most of the files are tabulations by metropolitan area for calculations that take place at that level of detail.  The “Year2005” directory also contains a file named “Pop.CoDt.RData” which is a tabulation of base year population by county and development type. The outputs are discussed below in Section 10 “Analysis of Results.”
[bookmark: _Toc291171017]Scripts Directory
This directory contains all of the R scripts that run portions of EERPAT. They are as follows:
GreenSTEP.r – This is the main script which runs EERPAT. It calls all of the other scripts as needed.
GreenSTEP_Hh_Synthesis.r – This script generates a complete list of households, each described in terms of the number of household members in each of six age categories, for each county and forecast year from population age cohort forecasts by county and year.
GreenSTEP_Inputs.r – This script reads in all the model input files and scenario input files used in EERPAT.
GreenSTEP_Sim.r – This script performs all of the household level simulations to predict vehicle ownership, vehicle travel, and vehicle types.
license.txt – This text file contains the software license for EERPAT. EERPAT is open-source software that is copyrighted by the Oregon Department of Transportation and licensed under the terms of the GNU General Public License Version 3.

[bookmark: _Ref286665550][bookmark: _Toc291171020][bookmark: _Toc459997122][image: ]Opening EERPAT v3.0
Open EERPAT by double clicking on the EERPAT.exe icon. 
The EERPAT GUI will then open in a separate web browser (based on your computer’s preferred browser settings) as shown in the Google Chrome example in Figure 10. 
[bookmark: _Ref417652790][bookmark: _Toc418167294][bookmark: _Toc459997152]Figure 10: EERPAT GUI on opening
[image: ]
Congratulations! You have successfully installed EERPAT to your computer. Now you are ready to run the software.
[bookmark: _Toc418167205]

7 [bookmark: _Toc459997123]Running EERPAT
The first time that EERPAT opens, the interface will look like Figure 11. In order to prepare EERPAT for modeling you must create scenarios, but, at this point, EERPAT contains no scenario input data. The first scenario that model users should create is the base scenario. To aid that process, calibrated state models for Maryland, Vermont, or Washington can be used as a starting point. Any one of these state models can be used as a template for base scenario inputs for a new state. Alternatively, you can select a new state from the State menu on the EERPAT home page. 
[bookmark: _Ref417588589][bookmark: _Toc418167295][bookmark: _Toc459997153]Figure 11: EERPAT User Interface Upon First Opening
[image: ] 

Click the blue “Get Started: Set up and run EERPAT” button, as seen in Figure 10, in order to start the process of creating the base scenario. Once the button is clicked, you will be prompted with a screen similar to Figure 11 requesting you to name the “Base” scenario. The default name is “Base” and EERPAT will not allow you to make changes to the name (however, subsequent alternative scenarios can be named by the user).

[bookmark: _Ref417589992][bookmark: _Toc418167296][bookmark: _Toc459997154]Figure 12: Starting the First PROJECT
[image: ]
[bookmark: _Toc418167207][bookmark: _Toc459997124]Opening the Base Scenario
Now that a “Base” scenario has been created you will need to populate the scenario with region specific data. Click the “Scenarios” menu in the heading to switch to the scenarios menu. Once clicked, EERPAT will bring you to the “Scenarios” page that will appear similar to the one in Figure 13. This page will allow you to select a scenario to update.
[bookmark: _Ref417590401][bookmark: _Toc418167297][bookmark: _Toc459997155]Figure 13: Scenarios Menu
[image: ]
Click the “Active Scenario” dropdown menu as shown in Figure 14 and choose the “Base” scenario. A table with five (5) options will appear. These options will be described in the following documentation sections.
[bookmark: _Ref417590501][bookmark: _Toc418167298][bookmark: _Toc459997156]Figure 14: Selecting a Scenario
[image: ]
[bookmark: _Ref417590781][bookmark: _Toc418167299]

[bookmark: _Ref417594126][bookmark: _Toc418167208][bookmark: _Toc459997125]Updating the Base Inputs
The parameters menu allows you to view and edit various model inputs. Click “Base Inputs” to open the inputs menu. Once opened, the inputs menu will look like Figure 15.
[bookmark: _Ref417591430][bookmark: _Toc418167300][bookmark: _Toc459997157]Figure 15: Base Inputs Menu
[image: ]
While you are provided access to the model inputs, you are encouraged to use the default input values unless directed to use alternatives. 
WARNING: The default inputs have been derived from documented research sources. Editing modeling inputs should be based on local, metropolitan and state data sources. 
[bookmark: _Ref417591759][bookmark: _Toc418167301][bookmark: _Toc459997158]Figure 16: Individual Model Parameters
[image: ] 
[bookmark: _Ref417595326][bookmark: _Toc418167209][bookmark: _Toc459997126]Updating the Base Scenario Inputs
As shown in Figure 17, click “Scenario Inputs” to move to the Scenario Inputs page and adjust the “Base” scenario inputs for your EERPAT implementation.
[bookmark: _Ref417593409][bookmark: _Toc418167303][bookmark: _Toc459997159]Figure 17: Scenario Inputs Main Page
[image: ] 
Scenario Inputs are split into five (5) categories:
· Settings
· Vehicle Fleet
· Policies
· Transportation Supply
· Land Use and Economy
Each category is further subdivided into individual input files. For example, when you click the “Vehicle Fleet” category, you will see the menu expand to reveal the individual “Vehicle Fleet” category inputs (see Figure 18).
[bookmark: _Ref417593713][bookmark: _Toc418167304][bookmark: _Toc459997160]Figure 18: Scenario Inputs Directory
[image: ] 
You must populate each of the input files for each of the categories based on the data for your application. To accomplish this, select each individual file and update its contents as you did to update the parameters in section 7.2
Figure 19 displays the input file for “Vehicle age adjustment factors by vehicle type and year.” Note that the page contains documentation to help guide the adjustment of the input data table. When you are satisfied with each data input table, click the “Save” button and EERPAT will return you to the previous page. Chapter 5 of this User’s Guide also includes documentation that describes each scenario input.
[bookmark: _Ref417594057][bookmark: _Ref417594824][bookmark: _Toc418167305][bookmark: _Toc459997161]Figure 19: Example Scenario Input Data Adjustment
[image: ] 

[bookmark: _Toc291171021]

8 [bookmark: _Toc459997127]Developing the Input Files
This section provides details of the format and role of each of the files in the model directory and the input directories within the base and future scenario folders. This section includes discussion of approaches that can be followed to develop or obtain the data in each file, including how to create several of the input data files from MOVES inputs if those are available. 
The description below includes examples of each of the files from actual calibrated state EERPAT models. The EERPAT installer will place model files in specific directories.  For a model run to be successful, each of the files must be present in their respective directories. 
WARNING: Automatic placement of files in specific directories requires use of the EERPAT installer.
Note that this section does not contain specific recommendations or guidance on the reasonableness of input values; the model user needs to make their own determination. The user should consult other sources of information (some of which are referenced in EERPAT Model Documentation) for guidance on appropriate assumptions.
[bookmark: _Toc291171022][bookmark: _Toc459997128]Base Inputs (GUI) Model Directory
The EERPAT user will need to create most of the files in the model directory for the geography in which EERPAT is being applied. The corresponding files supplied with the Vermont model can be used as templates. After the initial set up, these files are generally not changed again unless model components are re-estimated or base year data are changed. As noted in the description of each file, several of these files are automatically created from other input files during model runs and do not have to be constructed directly by the user.
The files in the directory are listed below; descriptions of what they contain and discussion of how to create the data for a new geography follow. File names having a “csv” extension are tabular text files formatted using the comma separated values convention. In most cases, the “csv” files includes a header line as the first line, as shown in the sample data figures below. File names having an “RData” extension are R binary files. File names having a “txt” extension are text files in a format described for the file.
Global State Settings – a text file that contains global run parameters (global_values.txt)
Household Size Forecasts (hh_size_YEAR.csv)
Vehicle ownership model parameters (adj_veh_own.csv)
Base year arterial lane miles by metropolitan area (arterial_lane_miles.csv)
Base year rural population density by county (ave_rural_pop_density.csv) 
Association of counties with regions and metropolitan areas (county_groups.csv) 
Base year freeway lane miles by metropolitan area (freeway_lane_miles.csv)
Factors to convert daily VMT of households and commercial service vehicles to light vehicle road daily VMT for each metropolitan area (hh_dvmt_to_road_dvmt.csv)
R binary objects that contain the household level population forecasts. These are created by the “GreenSTEP_Hh_Synthesis.r” script. (HsldXXXX.RData)
R binary object containing all of the estimated models applied by EERPAT and several input data tabulations that are used by the model. (GreenSTEP_.RData) 
Additional data to calculate metropolitan daily VMT (mpo_base_dvmt_parm.csv) 
Population estimates/forecasts by county and age cohort (pop_forecasts/pop_by_age_XXXX.csv)
Annual bus and rail revenue miles per capita by metropolitan area (transit_revenue_miles.csv)
Proportions of truck and bus daily VMT by functional class (truck_bus_fc_dvmt_split.csv) 
Cumulative vehicle age distribution for trucks and busses (TruckBusAgeDist.AgTy.csv)
Geographic areas within urban growth boundaries (ugb_areas.csv) 
Proportions of population in each area type by county (urban_rural_pop_splits.csv)

[bookmark: _arterial_lane_miles.csv][bookmark: _Household_Size_Forecasts][bookmark: _Toc291171023]Household Size Forecasts (hh_size_YEAR.csv)
Format: hh_size_YEAR.csv is a table of household size distributions by county. This file must be supplied for the base year (e.g. YEAR=2010), and can also be supplied for future years (e.g. YEAR=2020, 2030, etc.). If no future year files are provided, EERPAT will assume the same proportional distribution of household sizes as are provided for the base year, in the following age categories: 1-person, 2-person, 3-person, 4-person, 5-person, 6-person, and 7+-persons.
Figure 20 shows the file layout, with one row for each vehicle ownership characteristic.
Use: This file is used to properly calibrate the population synthesis model such that households are appropriately assigned to size class (i.e. 1-person, 2-person, 3-person, etc.) by county. This file can be supplied for each forecast year. If not supplied, the distribution of household sizes by county will remain proportional to the distribution in the base year.
Source: This file is user created. The user can estimate this file for the base year (e.g. 2010) from Census data or from other data available from State Planning Offices. 
[bookmark: _Ref451791119][bookmark: _Toc459997162]Figure 20: File layout for hh_size_2010.csv (complete file for Vermont shown)
	AddisonCounty
	3589
	5467
	2165
	1859
	688
	213
	103

	BenningtonCounty
	4624
	5829
	2277
	1719
	694
	196
	131

	CaledoniaCounty
	3446
	4769
	1913
	1515
	574
	216
	120

	ChittendenCounty
	17109
	22550
	10044
	8146
	2770
	793
	415

	EssexCounty
	826
	1175
	381
	282
	105
	35
	14

	FranklinCounty
	4194
	6809
	3125
	2773
	1048
	380
	184

	GrandIsleCounty
	654
	1236
	466
	366
	130
	32
	18

	LamoilleCounty
	2735
	3694
	1628
	1298
	468
	130
	61

	OrangeCounty
	3078
	4739
	1883
	1377
	512
	194
	104

	OrleansCounty
	3145
	4468
	1684
	1240
	532
	150
	101

	RutlandCounty
	7838
	9793
	3954
	2830
	1020
	349
	200

	WashingtonCounty
	7437
	9393
	3839
	3028
	925
	280
	125

	WindhamCounty
	6142
	7205
	2840
	2070
	701
	230
	102

	WindsorCounty
	7416
	9762
	3496
	2707
	940
	282
	150



Vehicle Ownership Model Parameters (adj_veh_own.csv)
Format: adj_veh_own.csv is a table of vehicle ownership model adjustments to be used to calibrate the vehicle ownership model to base year conditions. In this model, households are categorized by the ratio of vehicles per driving age person according to the following categories:
1. Zero vehicles
2. Less than one vehicle per driving age person
3. One vehicle per driving age person
4. More than one vehicle per driving age person

Figure 20 shows the file layout, with one row for each vehicle ownership characteristic.
Use: The vehicle ownership model is implemented using a set of binomial logit models that estimate the number of households who have zero, less than one, one, or greater than one vehicle per person of driving age. The parameters in adj_veh_own.csv are used to adjust model constants to each of these four submodels in order to capture special conditions in each state that may cause variation from the prediction of the default parameters.
Source: This file is user created. 
[bookmark: _Toc459997163]Figure 21: File layout for adj_veh_own.csv (complete file shown)
[image: ]
[bookmark: _Base_year_arterial]Base year arterial lane miles by metropolitan area (arterial_lane_miles.csv)
Format: arterial_lane_miles.csv is a table of base year (2005) arterial lane miles by metropolitan area. Figure 22 shows the file layout, with one row per metropolitan area and the values in units of miles.
Use: The arterial lane miles data are used to describe the supply of arterial capacity in the models and calculations that adjust metropolitan area fuel economy to account for congestion.
[bookmark: _Ref286057203][bookmark: _Toc291171113]Source: This file is user created. The user can obtain these data from FHWA’s Highway Statistics data (https://www.fhwa.dot.gov/policyinformation/statistics.cfm) and State DOT data.
[bookmark: _Toc459997164]Figure 22: File layout for arterial_lane_miles.csv (complete file shown)
[image: ]
[bookmark: _ave_rural_pop_density.csv][bookmark: _Toc291171024]Base year rural population density by county (ave_rural_pop_density.csv)
Format: ave_rural_pop_density.csv is a table of base year (2005) rural population density by county. Figure 23 shows the file layout, with one row per county and the values in units of people per square mile.
Use: This file is used in the models of household vehicle ownership and vehicle travel.
Source: This file is user created. The user can develop this file using Census 2000 block group data (http://www.census.gov/main/www/cen2000.html), more recent population data to update 2000 data to 2005 data (such as county level and incorporated place population estimates from the Census Bureau, or State sources of land use data), and State-specific information such as urban growth boundaries. A script (“calculate_rural_density.r”) to process these data is included in EERPAT_Estimation_30.zip, in the rural_density directory. The script computes a population-weighted average of the population density for each county by averaging block groups within the county that are outside the urban growth boundary and with a population density of less than 1000 persons per square mile (this is the population threshold used by the Census Bureau to identify urbanized areas). In States where there are no defined urban growth boundaries, the user should define the urban areas as those with population density of 1000 persons or more per square mile. It is important that the average density be computed as a population-weighted average, particularly in sparsely population counties.
[bookmark: _Ref286066000][bookmark: _Toc291171114][bookmark: _Toc459997165]Figure 23: File layout for ave_rural_pop_density.csv (partial file shown)
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[bookmark: _county_groups.csv][bookmark: _Toc291171025]Association of counties with regions and metropolitan areas (county_groups.csv)
Format: county_groups.csv is a table associating counties with economic regions and metropolitan areas. Figure 24 shows the file layout, with one row per county and adjacent columns defining the region and the Metropolitan Statistical Area (MSA) that the county (or part of the county) falls in. The literal character string “NA” denotes that no portion of the county is in an MSA. 
A fourth data input, VmtAdjustment, is added for scaling VMT adjustments by county.
Use: This file is used to associate counties with MSAs in various models. The file is also used to associate counties with economic regions for use in the household income model. 
Source: This file is user created. The user can develop this file using Census definitions of county, MSA and Public Use Microdata Area (PUMA) boundaries (https://www.census.gov/geo/reference/). Counties are associated together in regions that correspond to a PUMA or aggregations of PUMAs. The regions can be defined by the user but should generally be designated to reflect areas in the State with consistent economic characteristics by grouping together adjacent counties with relatively similar average household incomes.
[bookmark: _Ref286067834][bookmark: _Toc291171115][bookmark: _Toc459997166]Figure 24: File layout for county_groups.csv (partial file shown)
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[bookmark: _freeway_lane_miles.csv][bookmark: _Toc291171026]Base year freeway lane miles by metropolitan area (freeway_lane_miles.csv)
Format: freeway_lane_miles.csv is a table of base year (2005) freeway lane miles by metropolitan area. Figure 25 shows the file layout, with one row per metropolitan area and the values in units of miles.
Use: The freeway lane miles data are used to describe the supply of freeway capacity in the vehicle ownership and vehicle use models and in the models and calculations that adjust metropolitan area fuel economy to account for congestion.
Source: This file is user created. The user can obtain these data from FHWA’s Highway Statistics data (http://www.fhwa.dot.gov/policy/ohim/hs05/) and State DOT data.
[bookmark: _Ref286069356][bookmark: _Toc291171116][bookmark: _Toc459997167]Figure 25: File layout for freeway_lane_miles.csv (complete file shown)
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[bookmark: _global_values.txt][bookmark: _Toc291171027][bookmark: _Ref392773336][bookmark: _Ref392828948][bookmark: _Ref392836198]Global State Settings – a text file that contains global run parameters (global_values.txt)
Format: global_values.txt is a text file that contains global run parameters that are not defined elsewhere. Figure 26 shows the file layout. Lines in this file that start with the pound sign (#) are comments that provide information about the contents of the file and are ignored by the R software during a model run. Other lines have the format “variable = value” where ‘variable’ is the name of the global run parameter, and ‘value’ is the global value.  Note that the name of the variable is case-sensitive (so ‘BaseYrVMT’ will NOT be recognized as ‘BaseYrVmt’).  
Included in this file are two parameters that should be changed to new State-specific values: base year annual light vehicle VMT (BaseYrVmt) and base year annual truck VMT (BaseTruckVmt) control totals, which are total vehicle miles traveled in the State in the base year by light vehicles (autos and light trucks) and by heavy trucks, respectively. The remaining values are typically applicable in any State. The full list of parameters set in this file is: 
BaseYear – The base year for the model
CostMultiplier – A multiplier to adjust costs to account for the percentage of gross household income that is accounted for by non-discretionary income reductions (taxes)
BaseYrVmt – Base year annual light vehicle VMT
BaseTruckVmt – Base year annual truck VMT
TranAdjFactor - Transit vehicle mile adjustment, which accounts for deadheading to convert transit revenue miles to vehicle miles
TruckVmtGrowthMultiplier – Truck VMT growth multiplier, which controls the relationship between the growth in truck VMT and the growth in total state income. A value of one means a one-to-one relationship between state income growth and truck VMT growth, i.e., a doubling of total State income would result in a doubling of truck VMT. A value greater than one means truck VMT grows at a higher rate than State income, while a value between zero and one means that truck VMT grows more slowly than State income.
MjPerGallon – The number of megajoules of energy per gallon of vehicle fuel. This is the value for gasoline, and therefore fuel economy values that are multiplied by MjPerGallon to calculate energy used are in units of gasoline equivalent gallons.
PoundToKilogram – US pounds to kilograms conversion factor
AnnVmtInflator – Factor to convert daily VMT to annual VMT
BaseCostPerMile – Base cost in cents per mile of travel, used in initial estimates of daily VMT
BudgetProp – Default budget proportion, used as the limit for the proportion of household income that can be spent on gasoline and other variable transportation expenses in the household travel budget model.
Census_r - Name of census region (Northeast, South, Midwest, or West)
State - Two letter state abbreviation
CommVmtFactor – Factor used to estimate daily VMT of commercial service vehicles (travel by public and private fleets of light-duty vehicles for business purposes such as service calls, parts delivery, inspections, sales calls, travel to meetings, etc.). This factor is multiplied by the household VMT to calculate the daily VMT of commercial service vehicles.
ValueOfTime – Average dollar value of one hour of light-duty vehicle travel. The weighted average of on-the-clock and off-the-clock time in year 2005 dollars. This is used in the congestion model to convert congestion pricing costs into vehicle-hour equivalents.
CalcVmtSurcharge – A value of TRUE or FALSE to determine whether the model will calculate and apply a mileage tax (i.e. VMT tax) necessary to fully fund the assumed road system given assumed fuel and mileage tax rates.
Use: The parameters are global values used in various models that are not defined elsewhere in input files. The base year annual light vehicle VMT and base year annual truck VMT control totals are used to calculate daily VMT conversion factors and the calculation and allocation of truck VMT, respectively.
Source: This file is user created. The user should add State-specific values for base year annual light vehicle VMT and base year annual truck VMT control totals, and can obtain these from HPMS data or other State DOT data.
[bookmark: _Ref303347853][bookmark: _Toc459997168]Figure 26: File layout for global_values.txt
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[bookmark: _GreenSTEP_.RData][bookmark: _hh_dvmt_to_road_dvmt.csv][bookmark: _Ref303528360][bookmark: _Toc291171029]R binary object containing all of the estimated models applied by EERPAT and several input data tabulations that are used by the model. (GreenSTEP_.RData)
GreenSTEP_.RData is an R binary object that is a list containing all of the estimated models for EERPAT. Three of the elements contain data that must be updated for a new application of EERPAT, and a fourth element contains data that users can replace with data from MOVES; in other cases, the elements would be updated only if new versions of the models are estimated. The elements of GreenSTEP_.RData that contain data needing to be updated for a new application of EERPAT are discussed in the following paragraphs. 
The models are discussed in detail in EERPAT Model Documentation and approaches to re-estimating those that are geographically specific are discussed in Section 8 “Estimation of Sub Models” in this User’s Guide. 
When any of the elements of GreenSTEP_.RData are updated using the scripts provided in EERPAT_Estimation_30.zip, the “make_GreenSTEP.r” script in the make_GreenSTEP directory of EERPAT_Estimation_30.zip can be used to create a new version of GreenSTEP_.RData that can be copied to the model directory.
GreenSTEP_$congmodel_
Format: The CongModel_ object in GreenSTEP_.Rdata includes metropolitan area specific parameters for allocating light-duty vehicle VMT between freeways and arterials and several tables of parameters for adjusting fuel economy and electrical power efficiency by speed.
The allocation of light-duty vehicle VMT between freeways and arterials is calculated by an aggregate equilibrium model as a function of the ratio of average freeway to arterial speed and a parameter for each metropolitan area estimated using data from the Texas Transportation Institute’s “Urban Mobility Report.” These parameters are stored in the Lambda.Ma object. 
The functional relationships between travel speed and relative fuel economy (and electrical energy efficiency for EVs and PHEVs) are described by parameters for light-duty vehicles of different powertrain type, and for heavy duty ICE trucks. These parameters were estimated using the EPA’s PERE (physical emission rate estimator) model using national data. The speed vs. fuel economy functions for freeways and arterials determine fuel economy relative to reference speeds corresponding to the averages for EPA fuel economy drive cycles for highway (48.2 MPH) and city (24.4 MPH) driving respectively. The form of the function is as follows (where α = estimated parameter, v = speed, vref = reference speed). The parameters are shown in Figure 9.
 
This functional relationship was estimated by vehicle powertrain type, by facility type, and by relative congestion efficiency level. The fuel economy of low congestion efficiency vehicles tends to drop off more at low speeds than does the fuel economy of high congestion efficiency vehicles. (Low congestion efficiency vehicles tend to be heavier, have larger engines, and higher auxiliary loads.) The shape of the average fuel-speed curve for a vehicle powertrain type and facility type for a particular year depends on the respective congestion efficiency parameter in the “cong_efficiency.csv” input file (8.2.9). The value which can vary from 0 to 1 is used to interpolate between the low and high congestion efficiency curves.  
The functional relationships for speed vs. fuel economy for buses are described in the FwySpdMpgAdj.. object for freeways, the ArtSpdMpgAdj.. object for arterials, and the OtherSpdMpgAdj.. object for local roads. These three objects also contain columns for light-duty vehicles and heavy trucks, but the use of those columns is now deprecated and they are ignored by the program code.
Use: The Lambda.Ma values are used in the allocation of light-duty vehicle VMT between freeways and arterials.  The other parameters are used to adjust fuel economy for each vehicle type and for each functional class to model the effect that congestion has on speed and therefore fuel economy. EERPAT Model Documentation, in Section 21 “Metropolitan Area Vehicle Travel, Congestion, Speed, and Fuel Economy Adjustment Model,” explains this process in more detail. 
Source: The Lambda.Ma file is user created. The “estimate_speed_model.R” script in the “speed_mpg_model” directory of the EERPAT_Estimation_30.zip file includes a procedure to estimate parameter values for all 90 metropolitan areas included in the Urban Mobility Report data. This script must be modified to include the appropriate values for the metropolitan areas of interest in the CongModel_ object instead of the values for the metropolitan areas in the Oregon application. 
The data sources for the default tabulations provided with EERPAT are data compiled by using MOVES for buses and using PERE for light-duty vehicles and heavy trucks. For consistency with MOVES, the user can calibrate congestion efficiency values in the cong_efficiency.csv input file so that the speed vs. fuel economy curves match MOVES values where MOVES is already being used for other transportation and air quality purposes.
Using MOVES inputs: The relationship between speed and fuel economy for buses used in EERPAT is based on MOVES data processed by FHWA, but the default relationship used for light-duty vehicles and heavy trucks is not. For better consistency with MOVES, users can use the values in the cong_efficiency.csv file to match the MOVES speed fuel curves used for other regional modeling. This can be done using the equation above along with the parameter values in Figure 9 to calculate the normalized fuel-speed curves at different speeds.  The results can be compared with MOVES fuel-speed curves that are normalized to the same reference speeds to calculate congestion efficiency factors that will yield the best match. A script (“estimate_speed_model.r”) to process new tabulations from .csv files into an updated version of the CongModel_ object is included in EERPAT_Estimation_30.zip, in the speed_mpg_model directory. Functions in the script can be used to facilitate the calibration process. 
[bookmark: _Ref303587692][bookmark: _Toc459997169]Figure 27: Parameters for Light-Duty and Heavy Truck Speed-Fuel Curves (complete table shown)
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[bookmark: _Ref303591791]greenstep_$htprob.htap
Format: The HtProb.HtAp object in GreenSTEP_.Rdata is a table of household types by age category for population synthesis generated using Public User Micro Sample (PUMS) data. Figure 28 shows the file layout, with one row per household type. The household type code is in the first column, with the code indicating the number of household members in each age category, i.e. 0-0-0-0-0-1 indicates zero household members in the first five age categories and one household member in the final age category, 65+. The following six columns show the probability that a person in that age group resides in a household of that type. The columns in the file sum to one.
Use:  The HtProb.HtAp data table is used in the population synthesis model to associate person information with household information. The probabilities in the data table serve as the basis for developing a representative forecast of households for a county given the age cohort population forecast for the county. EERPAT Model Documentation, in Section 6 “Household Age Composition,” explains in more detail how the data table is used in the population synthesis model.
Source: This file is user created. The user can download PUMS data for their State from the Census 2000 website (http://www.census.gov/main/www/cen2000.html). A script to process a set of fields extracted from PUMS data into the correct format, “estimate_household_age_model.r,” is included in EERPAT_Estimation_21.zip, in the hh_age_model directory. The script takes as an input a tabulation of person records from PUMS data, called PersonDf.txt. An example of this file containing Oregon PUMS data is included in EERPAT_Estimation_21.zip at hh_age_model\data\pums\PersonDf.txt, and the format is shown in Figure 29, with one row per person and a column for each of the PUMS fields “SERIALNO,” “PNUM,” “RELATE,” and “AGE.” The final column is IsHead, which is added to the file by the user. It is a TRUE/FALSE indicator field with a value of TRUE when PNUM = 1 and FALSE otherwise.
[bookmark: _Ref301883552][bookmark: _Toc459997170]Figure 28: File layout for GreenSTEP_$HtProb.HtAp (partial file shown)
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[bookmark: _Ref303577652][bookmark: _Toc459997171]Figure 29: File layout for PersonDf.txt (partial file shown)
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[bookmark: _greenstep_$TruckBusAgeDist.AgTy]Cumulative Vehicle Age Distribution for Trucks and Buses (GreenStep_$TruckBusAgeDist.Agty)
Format: The TruckBusAgeDist.AgTy object in GreenSTEP_.Rdata is a table of truck and bus age distributions that is used in the calculation of truck and bus average fuel economy.  Figure 30 shows the file layout, with one row per vehicle year from zero years old up to 32 or more years old. The file has two columns; the first is “Truck” which is the cumulative age distribution for trucks, with values representing the proportion of trucks that are up to the age represented by that row, and the second is “Bus” which is the cumulative age distribution for buses.
Use:  The TruckBusAgeDist.AgTy tabulations are used to develop data for the truck and bus vehicle fleets and specifically to allow the assignment of fuel economies based on vehicle age to the correct number of vehicles. EERPAT Model Documentation, in Section 16 “Calculate Heavy Truck VMT and Fuel Economy,” describes this process in more detail. 
Source: This file is user created. The user can develop the truck and bus age distributions using State-specific registration data obtained from the State DMV, or distributions taken from inputs to a State’s MOVES model where State-specific data have been obtained to develop truck and bus age distributions as discussed below. A script to convert a table of truck and bus age distributions to a tabulation in the correct cumulative distribution format for use in EERPAT, “truck_bus_mpg_model.r,” is included in EERPAT_Estimation_21.zip, in the truck_travel directory.
Using MOVES inputs: The vehicle age distributions for trucks and buses in TruckBusAgeDist.AgTy should be developed using the MOVES vehicle age distribution (SourceTypeAgeDistribution) where the truck and bus age distributions in a State’s MOVES model are based on State-specific data. The vehicle age distributions required by EERPAT use similar (but not identical) categories to those in MOVES, with categories for each year between current vehicle model year to 32 years or older, while MOVES uses categories for each year between current vehicle model year and 30 years or older. The vehicle types used in MOVES (SourceType) that correspond with or can be grouped to correspond with the bus and heavy truck categories used in EERPAT are:
MOVES Source Type 42, Transit Bus, is equivalent to bus in EERPAT. MOVES also includes Source Type 41, Intercity Bus, and Source Type 43, School Bus. Travel by these two vehicle types is not explicitly represented in EERPAT.
MOVES Source Type 51-53 and 61-62 are equivalent to heavy trucks in EERPAT and their distributions should be combined (weighting by the vehicle population of each of the SourceTypes in SourceTypeYear).
[bookmark: _Ref303579772][bookmark: _Toc459997172]Figure 30: File layout for GreenSTEP_$TruckBusAgeDist.AgTy (partial file shown)
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[bookmark: _Ref392834324]greenstep_$vehprop_
Format: The VehProp_ object in GreenSTEP_.Rdata contains a cumulative distribution of auto and light truck ages (called AgCumProp.AgTy), and auto and light truck age distributions by income category (called AgIgProp.AgIgTy). Figure 31 shows the format of the tabulation of the cumulative distribution of auto and light truck ages (AgCumProp.AgTy), with one row per vehicle year from zero years old up to 32 or more years old. The file has two columns; the first is “Auto” which is the cumulative age distribution for autos, with values representing the proportion of autos that are up to the age represented by that row, and the second is “LtTruck” which is the cumulative age distribution for light trucks. Figure 32 shows the format of the tabulation of the auto age distributions by income category (this is part of AgIgProp.AgIgTy; a similar tabulation is included for light trucks), with one row per vehicle year from zero years old up to 32 or more years old. The file has columns for each of the six household income categories and the values in the tabulation represent the proportion of all autos that are of that age and are owned by a household with that income. The values in the tabulation sum to one.
Use:  The VehProp_ tabulations are used to develop the auto and light truck vehicle fleet data and specifically to allow the assignment of fuel economies based on vehicle age to the correct number of vehicles. EERPAT Model Documentation, in Section 14.2 “Vehicle Age Model,” describes their use in more detail.
Source: This file is user created. The user can develop these tabulations using a combination of State DMV data (the cumulative distributions) and NHTS data (the distributions by income category). The cumulative distributions should be updated using State vehicle registration data, or distributions taken from inputs to a State’s MOVES model as discussed below. 
For States in different regions, the distributions should be developed using the applicable region’s data from the NHTS. NHTS data for all regions and a set of scripts are included in EERPAT_Estimation_21.zip, in the veh_fleet_model directory. The “create_estimation_datasets.r” script prepares the datasets, and can be used to select an alternative Census region’s NHTS data. It also processes State DMV data formatted as shown in Figure 33, with one row per vehicle and columns indicating county, vehicle type, and age in years. The script “estimate_vehicle_age_model.r” produces the final versions of the tabulations.
Using MOVES inputs: The vehicle age distributions for autos and light trucks in VehProp_ can be developed using the MOVES vehicle age distribution (SourceTypeAgeDistribution). The vehicle age distributions required by EERPAT use similar (but not identical) categories to those in MOVES, with categories for each year between current vehicle model year to 32 years or older, while MOVES uses categories for each year between current vehicle model year and 30 years or older. The vehicle types used in MOVES (SourceType) correspond with the two categories of light vehicles used in EERPAT:
MOVES SourceType 21, Passenger Car, is equivalent to autos in EERPAT.
MOVES Source Type 31, Passenger Truck, is equivalent to light truck in EERPAT.
The remaining source types in MOVES that represent similar vehicles (i.e. Source Type 32, light commercial trucks), and other vehicles that are used for personal travel, Source Type 54, motorhomes, and Source Type 11, motorcycles, are not explicitly represented in EERPAT.  
[bookmark: _Ref303583187][bookmark: _Toc459997173]Figure 31: File layout for GreenSTEP_$VehProp_$AgCumProp.AgTy (partial file shown)
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[bookmark: _Ref303583661][bookmark: _Toc459997174]Figure 32: File layout for GreenSTEP_$VehProp_$AgIgProp.AgIgTy (partial file shown)
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[bookmark: _Ref303585756][bookmark: _Toc459997175]Figure 33: File layout for OrVehSmry..RData (partial file shown)
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[bookmark: _hh_dvmt_to_road_dvmt.csv_1][bookmark: _Ref392773596]Factors to convert daily VMT of households and commercial service vehicles to light vehicle road daily VMT for each metropolitan area (hh_dvmt_to_road_dvmt.csv)
Format: hh_dvmt_to_road_dvmt.csv is a table of factors to convert metropolitan household and commercial service vehicle daily VMT to metropolitan roadway light vehicle daily VMT by metropolitan area. Figure 34 shows the file layout, with one row per metropolitan area.  The values are represented as proportions (0-1).  The values are approximations of the proportion of household and commercial service vehicle daily VMT that take place inside the metropolitan area and that therefore contributes to metropolitan area congestion. Generally, the larger the metropolitan area, the closer the proportion is to one.
Use: This file is used in calculations of the effects of metropolitan area congestion. It converts the daily VMT of metropolitan area households and commercial service vehicles into the daily VMT of light-duty vehicles on metropolitan area roadways. 
Source: This file is user created. The user can estimate values for this file from survey data, such as statewide or metropolitan household travel surveys. 
[bookmark: _Ref286088280][bookmark: _Toc291171117][bookmark: _Toc459997176]Figure 34: File layout for hh_dvmt_to_road_dvmt.csv (complete file shown)
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[bookmark: _HsldXXXX.RData][bookmark: _Toc291171030]R binary objects that contain the household level population forecasts. These are created by the “GreenSTEP_Hh_Synthesis.r” script. (HsldXXXX.RData)
Format: HsldXXXX.RData (where XXXX is replaced with a year in the 5-year sequence starting at 1990 and ending at 2050) are R binary objects that contain the household level synthetic population for each county. Figure 35 shows the file layout for each county: the file contains a list with one row per household and each household is described in six columns, with each column indicating the number of persons in one of six age categories residing in the household (0–14, 15–19, 20–29, 30–54, 55–64, 65+).
Use: These files contain the results of the population synthesis model that are used in all subsequent steps of the model.
Source: These files are not user created; they are created by the model during a model run from the pop_forecasts/pop_by_age_XXXX.csv files. At the beginning of a model run, the model checks to see if the HsldXXXX.RData files exist and will not overwrite them if they do exist. Therefore, if the user updates the files in the pop_forecasts directory and wants those changes to be reflected in the synthesized population used in subsequent model runs, the HsldXXXX.RData files should be deleted.
[bookmark: _Ref305403366][bookmark: _Toc459997177][bookmark: _Ref301884707]Figure 35:  File layout for HsldXXXX.RData (partial file shown)
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[bookmark: _LtVehDvmtFactor.Ma.RData]
[bookmark: _mpo_base_dvmt_parm.csv][bookmark: _Ref286660899][bookmark: _Toc291171032]Additional data to calculate metropolitan daily VMT (mpo_base_dvmt_parm.csv)
Format: mpo_base_dvmt_parm.csv is a table of base year (2005) metropolitan truck daily VMT proportions (PropTruckDvmt), and proportions of daily VMT on freeways and arterials for each metropolitan area (FwyArtProp). Figure 36 shows the file layout, with one row per metropolitan area. The LtVehDvmt values are deprecated and no longer used by the program code.
Use: The truck daily VMT proportions are used to allocate part of the statewide truck daily VMT to each of the metropolitan areas. The proportions of daily VMT on freeways and arterials are used in calculations of the effects of metropolitan area congestion. 
Source: This file is user created. The user can develop this file using a combination of Highway Performance Monitoring System (HPMS) data, Federal Highway Cost Allocation Study data, and State DOT data. 
PropTruckDvmt – Heavy truck VMT needs to be attributed to metropolitan areas to calculate metropolitan congestion, which is done by applying the “PropTruckDvmt” proportions. The values are the proportion of total State truck VMT that takes place in each metropolitan area; the proportions sum to the proportion of total State truck VMT that takes places in all metropolitan areas in the State. The remaining proportion (i.e. 1 – proportion of VMT in metropolitan area) is the proportion of total State truck VMT that takes place in non-metropolitan areas. The user can develop these proportions by using base year (2005) State highway vehicle counts to allocate truck VMT between urbanized and non-urbanized areas. The Federal Highway Cost Allocation Study (Table II-6, 1997 Federal Highway Cost Allocation Study Final Report, Chapter II, http://www.fhwa.dot.gov/policy/hcas/final/two.cfm) is used to calculate the average proportion of truck VMT by urban area functional class. The amount of the VMT in each metropolitan area that is truck-related is calculated by applying the proportions of truck VMT by functional class to HPMS estimates of VMT by functional class calculated for each metropolitan area. The proportions of total state truck VMT in each metropolitan area are then calculated from those results. 
FwyArtProp – The values are the proportion of the VMT in each metropolitan area that takes place on freeways or arterials. The user can develop the proportions using urban area HPMS data by functional class and calculating the proportions of VMT using either freeway or arterial functional class roads.
[bookmark: _Ref286093585][bookmark: _Toc291171118][bookmark: _Toc459997178]Figure 36: File layout for mpo_base_dvmt_parm.csv (complete file shown)
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[bookmark: _pop_forecasts/pop_by_age_XXXX.csv][bookmark: _Ref286426883][bookmark: _Ref286678185][bookmark: _Toc291171033]Population estimates/forecasts by county and age cohort (pop_forecasts/pop_by_age_XXXX.csv)
Format: This directory contains population estimates/forecasts by county and age cohort for each year (1990 to 2050 in 5-year intervals). The estimates/forecasts for each year are text files having the name “pop_by_age_XXXX.csv” where XXXX is the 4-digit year. Figure 37 shows the file layout, with one row per county and a column for each of the six age categories. The values are numbers of people. 
Use: These files are used in the population synthesis model, which outputs the HsldXXXX.RData files. At the beginning of a model run, the model checks to see if the HsldXXXX.RData files exist and will not overwrite them if they do exist. Therefore, if the user updates the pop_by_age_XXXX.csv files and wants those changes to be reflected in the synthesized population used in subsequent model runs, the HsldXXXX.RData files should be deleted.
Source: These files are user created. The user can obtain Census data to develop the estimates for existing and past years. The user can consult state population data centers, universities, metropolitan planning organizations, or similar agencies to develop forecasts for their State. [footnoteRef:8]  [8:  In the Oregon application, population forecasts were provided by the Oregon Department of Administrative Services Office of Economic Analysis and Metro (the regional planning agency for the Portland metropolitan area).] 

[bookmark: _Ref286148399][bookmark: _Toc291171119][bookmark: _Toc459997179]Figure 37: File layout for pop_by_age_XXXX.csv (partial file shown)
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[bookmark: _transit_revenue_miles.csv][bookmark: _STEEP-AT_.RData][bookmark: _transit_revenue_miles.csv_1][bookmark: _Toc291171034]Annual bus and rail revenue miles per capita by metropolitan area (transit_revenue_miles.csv)
Format: transit_revenue_miles.csv is a table of annual bus and rail revenue miles[footnoteRef:9] per capita by metropolitan area. Figure 38 shows the file layout, with one row per metropolitan area and a column for each of bus, rail, and total revenue miles. The values are per capita revenue miles, i.e. total revenue miles divided by the population of the metropolitan area. [9:  “Transit revenue miles” represents the total distance traveled by the transit vehicles while in service, i.e. operating routes and available for passengers to travel on. This excludes miles traveled by the transit vehicles while not in service, e.g. traveling to/from depots to the start/end of routes.] 

Use: The transit revenue miles are used to represent transit supply in the vehicle ownership model and vehicle use models and then are used in the calculations of transit vehicle emissions.
Source: This file is user created. The user can obtain these data from the National Transit Database (https://www.transit.dot.gov/ntd).
[bookmark: _Ref286148771][bookmark: _Toc291171120][bookmark: _Toc459997180]Figure 38: File layout for transit_revenue_miles.csv (complete file shown)
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[bookmark: _truck_bus_fc_dvmt_split.csv][bookmark: _Toc291171035][bookmark: _Ref392774413]Proportions of truck and bus daily VMT by functional class (truck_bus_fc_dvmt_split.csv)
Format: truck_bus_fc_dvmt_split.csv is a table of proportions of truck and bus daily VMT by functional class. Figure 39 shows the file layout, with one row per metropolitan area for Bus VMT followed by one row per metropolitan area for Truck VMT, and a column for proportions of VMT that take place on each of freeway, arterial, and other functional class roads.
Use: This file is used in calculations of the effects of metropolitan area congestion.
Source: This file is user created. The user can develop these data using Federal Highway Cost Allocation Study data, and data from transit authorities. The Federal Highway Cost Allocation Study (Table II-6, 1997 Federal Highway Cost Allocation Study Final Report, Chapter II, http://www.fhwa.dot.gov/policy/hcas/final/two.cfm) is used to calculate the average proportion of truck VMT by urban area functional class, with the same values applied in each metropolitan area. Data from transit authorities are used to calculate the proportions of bus VMT by urban area functional class. 
[bookmark: _Ref286151034][bookmark: _Toc291171121][bookmark: _Toc459997181]Figure 39: File layout for truck_bus_fc_dvmt_split.csv (complete file shown)
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[bookmark: _ugb_areas.csv][bookmark: _Toc291171036]Geographic areas within urban growth boundaries (ugb_areas.csv)
Format: ugb_areas.csv is a table of geographic areas contained within urban boundaries defining metropolitan areas and other urban (town) areas by county. Figure 40 shows the file layout, with one row per county, and columns for metropolitan and town urban areas measured in square miles.
Use: The urban areas are used in calculations of urban densities.
Source: This file is user created. The user can develop these data using Census definitions of Urbanized Area boundaries based on Census block group population densities (https://www.census.gov/geo/reference/ua/urban-rural-2010.html), more recent population data to update 2000 data to 2005 data (such as county-level and incorporated place population estimates from the Census Bureau, http://www.census.gov/popest/data/index.html), and State GIS data defining urban growth boundaries and/or urban areas. In States where there are no defined urban growth boundaries, the user can define the urban areas by means of the population density threshold used by the Census Bureau (areas with population density of 1000 persons or more per square mile). Where the high density urban area is part of a designated Urbanized Area, the area falls into the “Metropolitan” category used in EERPAT. Where the high-density urban area is a smaller community outside any Urbanized Areas, then the area should be assigned to the “Town” category used in EERPAT. All remaining, non-urban land in each county should be designated as “Rural.”
[bookmark: _Ref286157183][bookmark: _Toc291171122][bookmark: _Toc459997182]Figure 40: File layout for ugb_areas.csv (partial file shown)
[image: ]
[bookmark: _urban_rural_pop_splits.csv][bookmark: _Toc291171037]Proportions of population in each area type by county (urban_rural_pop_splits.csv)
Format: urban_rural_pop_splits.csv is a table of the proportions of population located in the metropolitan, town, and rural portions of each county in the base year (2005). Figure 41 shows the file layout, with one row per county, and columns for the proportion of the population in metropolitan, town, and rural areas.
Use: This file is used to allocate the population from the county level to each of the three land use types.
Source: This file is user created. The user can develop these data using Census 2000 block group data (http://www.census.gov/main/www/cen2000.html), more recent population data to update 2000 data to 2005 data (such as county level and incorporated place population estimates from the Census bureau, http://www.census.gov/popest/data/index.html, or State sources of land use data), and the geographic definitions of urban and rural land use types discussed above under ugb_areas.csv.
[bookmark: _Ref286157365][bookmark: _Toc291171123][bookmark: _Toc459997183]Figure 41: File layout for urban_rural_pop_splits.csv (partial file shown)
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[bookmark: _Ref286665599][bookmark: _Toc291171038][bookmark: _Toc459997129]Scenarios Directory—Scenario Inputs in GUI
The Scenarios Directory contains a directory for each scenario for which EERPAT is run. The inputs directory in each scenario directory must contain specific files described below. The “Designing Scenarios” section of this User’s Guide discusses how to adjust these input files to set up alternative future scenarios.
Text file containing scenario details (run_parameters.txt)
Vehicle age adjustment factors by vehicle type and year (age_adj.csv) 
Fuel type proportions for automobiles and light trucks (auto_lighttruck_fuel.csv)
Average fuel economy for automobiles and for light trucks by vehicle model year (auto_lighttruck_mpg.csv)
Fuel type proportions for buses (bus_fuels.csv)
Availability rates for car-share vehicles (carshare.csv)
Fuel type proportions for commercial service vehicles (new in version 3.0) (comm_service_fuel.csv)
Proportions of commercial service vehicles that are light trucks (new in version 3.0) (comm_service_lttruck_prop.csv)
Distribution of drive train types by vehicle type and model year for commercial service vehicles (new in version 3.0) (comm_service_pt_prop.csv)
 Effect of congestion (lower speeds) on fuel efficiency (new in version 3.0) (cong_efficiency.csv)
Cost to individual drivers for driving in congested conditions my metropolitan area (new in version 3.0) (congestion_charges.csv)
Fuel and power costs for each forecast year (costs.csv)
Participation/fuel economy benefits for eco-driving and low rolling resistance tires (eco_tire.csv)
Information on electric vehicles for each vehicle model year (ev_characteristics.csv)
CO2 equivalent emissions in grams per megajoule by fuel type (fuel_co2.csv)
Freeway lane mile growth and arterial lane mile growth (fwy_art_growth.csv)
Fuel type proportions for heavy trucks (heavy_truck_fuel.csv)
Information on hybrid electric vehicles for each vehicle model year (new in version 3) (hev_characteristics.csv)
Average fuel economy and power economy for heavy vehicles (hvy_veh_mpg_mpk.csv)
Parameters for the light weight vehicle model (light_vehicles.csv)
Proportion of the passenger vehicle fleet that is light trucks in each forecast year by county (lttruck_prop.csv)
Proportions of households in urban mixed-use areas by metropolitan area (metropolitan_urban_type_proportions.csv)
Relative deployment of four different freeway and arterial operations programs by metropolitan area (new in version 3.0) (ops_deployment.csv)
Proportion of households who optimize their vehicle use (optimize.csv)
Estimated delay reduction due to operations programs other than those specified in ops_deployment.csv (new in version 3.0) (other_ops.csv)
Information on work place parking charges and other parking policy inputs by metropolitan area (parking.csv)
Information describing Pay-as-You-Drive Insurance participation and costs (payd.csv)
Statewide average per capita income by forecast year (per_cap_inc.csv)
Information on plug-in hybrid electric vehicles for each vehicle model year (phev_characteristics.csv)
CO2 equivalents generated per kilowatt hour of electricity consumed by county (power_co2.csv)
Ratios of regional per capita income to statewide per capita income by economic region (regional_inc_prop.csv)
Effect of speed harmonization and ecodriving on freeways and arterials (new in version 3.0) (speed_smooth_ecodrive.csv)
Proportion of households participating in TDM programs by metropolitan area (tdm.csv)
Rates of transit revenue mile growth by metropolitan area (transit_growth.csv)
 Growth rates of urban growth boundary areas (ugb_area_growth_rates.csv)
Proportions of population growth by area type by county (urban_rural_growth_splits.csv)

[bookmark: _age_adj.csv][bookmark: _Ref286691567][bookmark: _Toc291171039]Vehicle age adjustment factors by vehicle type and year (age_adj.csv)
Format: age_adj.csv contains a table of vehicle age adjustment factors by vehicle type and forecast year. Figure 42 shows the file layout, with one row per forecast year from 1990 to 2050 in 5-year increments, and a column for auto, light truck, truck, and bus. The data are adjustment factors that can be varied around 1.0.
Use: The purpose of this input is to allow scenarios to be developed that test faster (or slower) turnover of the vehicle fleet. The age adjustment factors identify how much the 95th percentile vehicle fleet age is to be adjusted from that of the current vehicle fleet based on recent State DMV data (the data that were used to develop the cumulative distribution of auto and light truck ages tabulation in VehProp_ described in Section 8.1.8). For example, a value of 0.9 would adjust the 95th percentile age to be 0.9 times the current value. If the current 95th percentile age is 20 years, then applying this adjustment factor to a forecast year would show the 95th percentile age for that year to be 18 years. EERPAT alters the entire age distribution to be consistent with the adjusted 95th percentile age. Figure 42 shows how to represent cases where historical fleet turnover was slower than the current rate of fleet turnover. For the Oregon implementation, the current age distributions were based on 2009 State DMV data; historical data showed that the 95th percentile vehicle fleet age varied between 10% and 30% higher between 1990 and 2005.
Source: This file is user created.
[bookmark: _Ref286265801][bookmark: _Toc291171124][bookmark: _Toc459997184]Figure 42: File layout for age_adj.csv (complete file shown)
[image: ]
[bookmark: _auto_lighttruck_fuel.csv][bookmark: _Ref286694669][bookmark: _Toc291171040]Fuel type proportions for automobiles and light trucks (auto_lighttruck_fuel.csv)
Format: auto_lighttruck_fuel.csv contains a table of fuel type proportions for automobiles and light trucks for the forecast years. Figure 43 shows the file layout; the table fields are as follows. The remaining proportion of fuel not accounted for in these categories is assumed to be gasoline:
Year – The forecast year (i.e. 1990 to 2050 in 5-year increments)
AutoPropDiesel – The proportion of the automobile fleet that uses diesel
AutoPropCng – The proportion of the auto fleet that uses compressed natural gas
LtTrkPropDiesel – The proportion of the light truck fleet that uses diesel
LtTrkPropCng – The proportion of the light truck fleet that uses compressed natural gas
GasPropEth – The average ethanol proportion in gasoline sold
DieselPropBio – The average biodiesel proportion in diesel sold
Use: This file is used in the calculations of fuel consumption. This file can be used to test alternative fuel scenarios by varying the future shares of non-gasoline fuels. The values in this file are only used if the values for LtVehComposite in the fuel_co2.csv file are ‘NA.’ If the values for LtVehComposite are numerical values, the model ignores the fuel proportions and calculates CO2e emissions using the LtVehComposite values (see Section 7.2.15).
Source: This file is user created.
Using MOVES inputs: MOVES uses fuel supply, fuel formulation, and engine fuel type inputs (FuelSupply, FuelFormulation, and FuelEngFraction) that can be used to derive the simpler fuel inputs required by EERPAT. The engine fuel type table contains the joint distribution of vehicle types and fuel types, from which the proportion of autos and light trucks that use diesel can be extracted. The fuel supply and fuel formulation tables can be used to derive the average ethanol proportion in gasoline and, if a user-defined biodiesel blend had been added to the State MOVES model being referenced by the user, the average biodiesel proportion in diesel.
[bookmark: _Ref286266238][bookmark: _Toc291171125][bookmark: _Toc459997185]Figure 43: File layout for auto_lighttruck_fuel.csv (complete file shown)
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[bookmark: _auto_lighttruck_mpg.csv][bookmark: _Ref286691392][bookmark: _Toc291171041]Average fuel economy for automobiles and for light trucks by vehicle model year (auto_lighttruck_mpg.csv)
Format auto_lighttruck_mpg.csv contains estimates and forecasts of average fuel economy in miles per gallon for automobiles and for light trucks powered by internal combustion engines by vehicle model year. Note that this is not the fleet average. It is the average for new vehicles sold in the year. The fuel economy is the same for all fuel types and is measured in gasoline equivalent gallons (i.e. energy content of a gallon of gasoline). Figure 44 shows the file layout, with one row for each year from 1975 to 2050. 
Use: This file is used in the calculations of fuel consumption. This file can be used to test alternative vehicle development scenarios, such as improved technology and/or fuel economy standards that lead to higher vehicle fuel economies.
Source: This file is user created.
Using MOVES input/output: MOVES emissions inventory results can be used to calculate an average fuel economy by vehicle type and vehicle model year. Fuel economy is the quantity of miles traveled per unit of fuel used (in gallons). MOVES calculates total energy consumed by vehicle type and vehicle age based on inputs of miles traveled for each vehicle type and vehicle age. The ratio of miles traveled/mJ of energy consumed for each vehicle type and vehicle age can be converted to fuel economy based on the assumption for energy content per gallon of gasoline used in EERPAT of 121 mJ/gallon (the single value for gasoline is used irrespective of fuel type, which means that the conversion is to fuel economy in gasoline equivalent gallons). The MOVES vehicle types to use for this input file are: 
MOVES SourceType 21, Passenger Car, is equivalent to autos in EERPAT
MOVES Source Type 31, Passenger Truck, is equivalent to light truck in EERPAT
[bookmark: _Ref286268527][bookmark: _Toc291171126][bookmark: _Toc459997186]Figure 44: File layout for auto_lighttruck_mpg.csv (partial file shown)
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[bookmark: _bus_fuels.csv][bookmark: _Toc291171042][bookmark: _Ref392858960][bookmark: _Ref392863481]Fuel type proportions for buses (bus_fuels.csv)
Format: bus_fuels.csv contains estimates and forecasts of the proportions of fuels used by buses by metropolitan area. Figure 45 shows the file layout, with four rows (one for each fuel type) for each metropolitan area, and columns for each forecast year from 1990 to 2050. For each metropolitan area and each forecast year, the following proportions are specified:
PropGas – The proportion of bus miles using gasoline
PropGng – The proportion of bus miles using compressed natural gas
DieselPropBio – The biodiesel proportion of diesel fuel used
GasPropEth – The ethanol proportion of gasoline used
Use: This file is used in the calculations of fuel consumption. The future values can be varied to test alternative bus fueling scenarios such as investments in CNG-fueled buses.
Source: This file is user created. Historical data can be obtained from metropolitan bus operators and/or transit authorities.
Using MOVES inputs: MOVES uses fuel supply, fuel formulation, and engine fuel type inputs (FuelSupply, Fuel Formulation, and FuelEngFraction) that can be used to derive the simpler fuel inputs required by EERPAT. The engine fuel type table contains the joint distribution of vehicle types and fuel types, from which the proportion of buses that use gasoline or compressed natural gas can be extracted. The fuel supply and fuel formulation tables can be used to derive the average ethanol proportion in gasoline and the average biodiesel proportion in diesel.
[bookmark: _Ref286268840][bookmark: _Toc291171127][bookmark: _Toc459997187]Figure 45: File layout for bus_fuels.csv (partial file shown)
[image: ]
[bookmark: _carshare.csv][bookmark: _Ref286693312][bookmark: _Toc291171043]Availability rates for car-share vehicles (carshare.csv)
Format: carshare.csv is a table showing the availability of car-share vehicles in terms of the population per car-share vehicle in medium- (4,000-10,000 people per square mile) and high-density (>10,000 people per square mile) portions of metropolitan areas. Figure 46 shows the file layout, with one row per metropolitan area for each of medium-density and high-density areas. There is one column for each forecast year by 5-year intervals from 1990 to 2050. The units of the rates are persons per car-share vehicle.
Use: The representation of car-sharing is discussed in EERPAT Model Documentation in Section 13.1 “Car-Sharing.”
Source: This file is user created.
[bookmark: _Ref286265258][bookmark: _Toc291171128][bookmark: _Toc459997188]Figure 46: File layout for carshare.csv (partial file shown)
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[bookmark: _comm_service_fuel.csv][bookmark: _Ref392832989]Fuel type proportions for commercial service vehicles (comm_service_fuel.csv)
Format: comm_service_fuel.csv contains a table of fuel type proportions for commercial service automobiles and light trucks for the forecast years. Figure 47 shows the file layout; the table fields are as follows. The remaining proportion of fuel not accounted for in these categories is assumed to be gasoline:
Year – The forecast year (i.e. 1990 to 2050 in 5-year increments)
AutoPropDiesel – The proportion of the commercial service automobile fleet that uses diesel
AutoPropCng – The proportion of the commercial service auto fleet that uses compressed natural gas
LtTrkPropDiesel – The proportion of the commercial service light truck fleet that uses diesel
LtTrkPropCng – The proportion of the commercial service light truck fleet that uses compressed natural gas
GasPropEth – The average ethanol proportion in gasoline sold
DieselPropBio – The average biodiesel proportion in diesel sold
Use: This file is used in the calculations of fuel consumption. This file can be used to test alternative fuel scenarios by varying the future shares of non-gasoline fuels.
Source: This file is user created.
[bookmark: _Ref459995279][bookmark: _Toc459997189]Figure 47: File layout for comm_service_fuel.csv (partial file shown)
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[bookmark: _Proportions_of_fuels][bookmark: _Ref392832409]Proportions of commercial service vehicles that are light trucks (comm_service_lttruck_prop.csv)
Format: comm_service_lttruck_prop.csv contains the proportion of commercial service vehicles that are light trucks for each forecast year. Figure 48 shows the file layout.
Use: This file is used in the vehicle type model. It can be used to model changes in the proportion of service vehicles that are light trucks.
Source: This file is user created.
[bookmark: _Ref459995308][bookmark: _Toc459997190]Figure 48: File layout for comm_service_lttruck.csv
[image: ]

[bookmark: _comm_service_pt_prop.csv][bookmark: _Ref392832878]Distribution of drive train types by vehicle type and model year for commercial service vehicles (comm_service_pt_prop.csv)
Format: This file gives the distribution of power train types by vehicle type and model year. Figure 49 shows the file layout. It has the following fields:
AutoIceEco – the proportion of commercial service autos that have internal combustion engines with an eco-drive option
[bookmark: _GoBack]AutoIceNonEco - the proportion of commercial service autos that have internal combustion engines without an eco-drive option
AutoHev – the proportion of commercial service autos that are hybrid electric vehicles
AutoEv – the proportion of commercial service autos that are electric vehicles
LtTruckIceEco – the proportion of commercial service light trucks that have internal combustion engines with an eco-drive option
LtTruckIceNonEco - the proportion of commercial service light trucks that have internal combustion engines without an eco-drive option
LtTruckHev – the proportion of commercial service light trucks that are hybrid electric vehicles
LtTruckEv – the proportion of commercial service light trucks that are electric vehicles
Note that the model year is the year in which the vehicle was manufactured, not the analysis year.
Use: This file is used to create the distribution of drive train types for commercial service vehicles.  It should be noted that there is no plug-in hybrid-electric vehicle (PHEV) classification for commercial service vehicles because unlike the case with household PHEV use, there isn’t a model for estimating the proportion of vehicle travel powered by electricity.
Source: This file is user created.
[bookmark: _Ref459995331][bookmark: _Toc459997191]Figure 49: File layout for comm_service_pt_prop.csv (partial file shown)
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[bookmark: _cong_efficiency.csv][bookmark: _Ref392830842]Effect of congestion (lower speeds) on fuel efficiency (cong_efficiency.csv)
Format: cong_efficiency.csv specifies the degree to which congestion (lower speed driving) affects the efficiency of vehicles. While the response of vehicle efficiency to speed varies by powertrain type, it also varies with other vehicle characteristics such as weight, engine size, auxiliary power load, aerodynamic drag, and hybrid threshold. Rather than having one average fuel speed curve by powertrain, the model has two curves representing upper and lower bounds of congestion efficiency determined by modeling 177 different vehicle types using EPA’s PERE (Physical Emission Rate Estimator) model.  The values in cong_efficiency.csv are used to interpolate a curve between these bounds.  A value of 0.5 results in a curve representing the median response to congestion. Values greater than 0.5 represent a fleet that is relatively more efficient in congestion. Figure 50 shows the file layout. Values should always be between 0 and 1. The file has 5 fields:
LdIce – weighting factor for light duty internal combustion engine vehicles
LdHev – weighting factor for light duty hybrid electric vehicles
LdEv – weighting factor for light duty electric vehicles
LdFcv – weighting factor for light duty fuel cell vehicles
HdIce – weighting factor for heavy-duty internal combustion engine vehicles 
There are no inputs for light duty plug-in hybrid electric vehicles because the PERE model, at the time that the modeling analysis was done, did not include parameters for this powertrain type.  EERPAT treats PHEVs as an HEV/EV combination where the EV curve is applied to the portion of the travel powered by stored electrical energy and the HEV curve is applied to the portion of the PHEV’s travel that occurs in charge sustaining mode. 
Use: This file can be used to test changes in fleet efficiency for certain vehicle types and drive train types. 
Source: This file is user created.
Using MOVES inputs/outputs: The fuel speed curves for light duty vehicles were derived using EPA’s PERE model rather than MOVES because the PERE model enables the fuel consumption of advanced vehicle types to be modeled. In addition, rather than modeling just single average curve for each powertrain, two curves were modeled describing higher and lower bounds of congestion efficiency. The MOVES fuel speed curve can be approximated choosing a congestion efficiency value that produces a fuel speed curve that most closely matches the MOVES fuel speed curve. The model technical documentation should be consulted to understand the curve parameters and how the congestion efficiency inputs are used to interpolate between upper and lower bound curves.
[bookmark: _Ref459995359][bookmark: _Toc459997192]Figure 50: File layout for cong_efficiency.csv
[image: ]

[bookmark: _congestion_charges.csv][bookmark: _Ref392861813]Cost to individual drivers for driving in congested conditions my metropolitan (congestion_charges.csv)
Format: This file gives the cost to light duty vehicles for driving in congested conditions in dollars per vehicle mile.[footnoteRef:10] Costs are specified for each metro area; each analysis year; each of two road types (freeway and arterial); and each of two congestion levels (severe and extreme). Figure 51 shows the file layout. [10:  The current version of the EERPAT only considers the effect of congestion pricing on light duty vehicles for the purposes of influencing the balance of light duty vehicle travel occurring on freeways vs. arterials and at different congestion levels. It is assumed that the time and route choice of heavy trucks is mostly determined by logistical considerations and that congestion pricing would have minimal effect on the choices made by heavy truck operators.] 

Use: This file can be used to area-wide congestion pricing.
Source: This file is user created.
[bookmark: _Ref459995379][bookmark: _Toc459997193]Figure 51: File layout for congestion_charges.csv (partial file shown)
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[bookmark: _costs.csv][bookmark: _Ref286692106][bookmark: _Toc291171044]Fuel and power costs for each forecast year (costs.csv)
Format: costs.csv contains information on various unit costs used by the model in year 2005 dollars for each forecast year. Figure 52 shows the general file layout, with one row per forecast year and columns for various types of vehicle fuel costs or charges. The Year field is the forecast year (i.e. 1990 to 2050 in 5-year increments). The PropExtPaid is the proportion of externality costs that are passed on to road users through taxes.  All of the required fields are described in the following table.

	Field
	Description
	Units
	Payer

	FuelCost
	Average cost of gasoline and diesel fuels excluding tax
	dollars per gallon
	households

	KwhCost
	Average cost of electrical power
	dollars per Kwh
	households

	VmtTax
	The cost of taxes for vehicle  miles traveled
	dollars per vehicle mile
	households

	CarbonTax
	the cost of taxes for any carbon emissions
	dollars per ton of Co2e
	households

	GasTax
	The average cost of gasoline and diesel fuel taxes
	dollars per gallon
	households

	AirPollution
	Air pollution external cost
	dollars per vehicle mile
	externality

	OtherResource
	Other resources external cost
	dollars per vehicle mile
	externality

	ClimateChange
	Climate change external cost
	dollars per ton of Co2e
	externality

	EnergySecurity
	Energy security external cost
	dollars per gallon
	externality

	Safety
	Road accident external cost
	dollars per vehicle mile
	externality

	Noise
	Transportation noise external costs
	dollars per vehicle mile
	externality

	BaseMod
	Base modernization costs[footnoteRef:11] [11:  Base modernization costs are the costs for roadway modernization excluding the cost of adding new freeway and arterial lane miles.] 

	dollars per vehicle mile
	public agency

	PresOpMaint
	Operations and maintenance costs
	dollars per vehicle mile
	public agency

	OtherRoad
	Other road costs
	dollars per vehicle mile
	public agency

	VehMaint
	Vehicle maintenance costs
	dollars per vehicle mile
	households

	VehTire
	Vehicle tire costs
	dollars per vehicle mile
	households

	VehFin
	Vehicle financing costs
	dollars per year per vehicle
	households

	VehIns
	Vehicle insurance costs
	dollars per year per vehicle
	households

	VehReg
	Vehicle registration costs
	dollars per year per vehicle
	households

	FwyLnMi
	Cost to construct one lane-mile of freeway
	thousands of dollars per lane mile
	public agency

	ArtLnMi
	Cost to construct one lane-mile of arterial
	thousands of dollars per lane mile
	public agency

	PropExtPaid
	Proportion of externality costs that are internalized through vehicle charges
	proportion (0 to 1)
	households




Use: The costs in this file can be used to test various vehicle travel cost scenarios on vehicle travel and revenues, such as VMT fees. EERPAT Model Documentation, in Section 12 “Modeling the Effects of Vehicle Travel Costs on Household Vehicle Travel” explains how daily vehicle travel is affected by these costs.  Note that there is a potential for double-counting if values are entered for “CarbonTax” and the values for “ClimateChange” are not adjusted accordingly.
Source: This file is user created.  
[bookmark: _Ref286269561][bookmark: _Toc291171129][bookmark: _Toc459997194]Figure 52: File layout for costs.csv (partial file shown)
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[bookmark: _eco_tire.csv][bookmark: _Ref286694303][bookmark: _Toc291171045]Participation/fuel economy benefits for eco-driving and low rolling resistance tires (eco_tire.csv)
Format: eco_tire.csv contains information on the proportion of households participating in eco-driving practices and the proportion of households that use low rolling resistance tires. Figure 53 shows the file layout, with one row for each forecast year and the following columns:
Year – The forecast year (i.e. 1990 to 2050 in 5-year increments) 
EcoDrvProp – The proportion of households participating in eco-driving practices. NOTE: The values in this file should be the same as those input for “LtVehEco” in the “speed_smooth_ecodrive.csv” input file.
LowRollProp – The proportion of households that use low rolling resistance tires
EcoMpgImp – The increase in fuel economy for internal combustion engines (as a proportion) as a result of eco-driving. NOTE: This input is now deprecated and ignored by the model. 
EcoMpkwhImp – The increase in miles per kWh for electric vehicles (as a proportion) as a result of eco-driving. NOTE: This input is now deprecated and ignored by the model. 
TireMpgImp – The increase in fuel economy for internal combustion engines (as a proportion) as a result of using low rolling resistance tires
TireMpkwhImp – The increase in miles per kWh for electric vehicles (as a proportion) as a result of using low rolling resistance tires.
Use: This file is used in the calculations of fuel consumption and electricity consumption to modify average fuel economy. The participation rates can be adjusted to test the effect of policies to increase eco-driving and use of low rolling resistance tires.
Source: This file is user created. EERPAT Model Documentation (in Section 13.8 “Eco-Driving” and Section 13.9 “Low Rolling Resistance Tires”) discusses research into the effectiveness of both eco-driving practices and the low rolling resistance tires that can be used as references for developing the values in this file, including information in the “Moving Cooler” study[footnoteRef:12] and TRB Special Report 286 “Tires and Passenger Vehicle Fuel Economy.”[footnoteRef:13] [12:  Cambridge Systematics, “Moving Cooler,” Urban Land Institute, Washington, D.C., 2009, Technical Appendix, Table 7.1, page B-63.]  [13:  Transportation Research Board, “Tires and Passenger Vehicle Fuel Economy,” Special Report 286, Transportation Research Board, Washington, D.C., 2006.] 

[bookmark: _Ref286294289][bookmark: _Toc291171130][bookmark: _Toc459997195]Figure 53: File layout for eco_tire.csv (complete file shown)
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[bookmark: _ev_characteristics.csv][bookmark: _Ref286691683][bookmark: _Toc291171046]Information on electric vehicles for each vehicle model year (ev_characteristics.csv)
Format: ev_characteristics.csv contains information on electric vehicles for each vehicle model year. Figure 54 shows the file layout, with one row for each vehicle model year (1975 to 2050). The fields are as follows:
Year – The vehicle model year
AutoRange – The average vehicle range (between charges) for electric automobiles in the vehicle model year. This is a function of both the battery capacity and the extent of a network of fast charge facilities.
AutoPropEv – The proportion of qualifying autos for each vehicle model year. A vehicle qualifies for being an EV if it is otherwise identified as a PHEV (see “phev_characteristics.csv”) and if the 95th percentile daily travel amount is less than or equal to the auto range. For example, if the average electric vehicle range for the 2030 model year is 100 miles and the AutoPropEv value for 2030 is 0.5, then half of the automobiles which would otherwise be classified as PHEV whose 95th percentile daily travel is less than or equal to 100 miles in a day are assumed to be electric vehicles.
AutoMpkwh – The average power efficiency of electric automobiles for the vehicle model year in miles per kilowatt hour
LtTruckRange – The average vehicle range for electric light trucks for each vehicle model year
LtTruckPropEv – Same data as for AutoPropEv but for light trucks
LtTruckMpkwh – Same data as for AutoMpkwh but for light trucks
Use: This file is used to assign the number of electric vehicles in the Electric Vehicle Model. The electric vehicle model assigns electric vehicle ownership using a Monte Carlo process from amongst the pool of electric vehicle candidates, i.e. all plug-in hybrid electric vehicles meeting the mileage criteria. The values in the file can be adjusted to test alternative electric vehicle scenarios, such as higher electric vehicle market shares or technological improvements that increase vehicle range.
Source: This file is user created.
[bookmark: _Ref286295147][bookmark: _Toc291171131][bookmark: _Toc459997196]Figure 54: File layout for ev_characteristics.csv (partial file shown)
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[bookmark: _fuel_co2.csv][bookmark: _Ref286694816][bookmark: _Toc291171047]CO2 equivalent emissions in grams per megajoule by fuel type (fuel_co2.csv)
Format: fuel_co2.csv contains information on “pump-to-wheels” CO2 equivalent emissions by fuel type in grams per mega Joule of fuel energy content. Figure 55 shows the file layout, with one row for each forecast year (1990 to 2050 in 5-year increments) and columns for each fuel type: ULSD (ultra low-sulfur diesel), biodiesel, RFG (reformulated gasoline), CARBOB (gasoline formulated to be blended with ethanol), ethanol, CNG (compressed natural gas). There also a column (LtVehComposite) to specify a light vehicle composite fuel type that is an average of the fuel types consumed weighted by the proportions of fuels consumed.  Using this input enables future conditions to be modeled without having to specify the future fuel type mix.  If values are entered in this column, then all calculations of CO2 equivalent emissions will use these values and the fuel type specific values in this file and in the “auto_lighttruck_fuel.csv” file will be ignored. If that is not what is desired, then the LtVehComposite values should be set to “NA” so that they are ignored.
Use: This file is used to convert fuel use to CO2 equivalent emissions. The “pump-to-wheels” rates do not vary by State and so the values provided in the table can be used for any application of EERPAT.
Source: This file is user created.
Using MOVES inputs/outputs: EERPAT is consistent with MOVES in that it produces calculations for “pump-to-wheels” CO2 equivalent emissions. However, the estimate of the portion of CO2 equivalent emissions that comes from sources other than CO2 (i.e. CH4, N2O, and HFCs) is an approximation and can be calculated in more detail using MOVES.
The calculation of rates for CO2 equivalent emissions is discussed in the Draft MOVES 2009 Software Design and Reference Manual,[footnoteRef:14] with the calculation of energy consumption explained in Section 10.17, and the calculation of CO2 equivalent emissions discussed in Section 10.20. The rates used in EERPAT are CO2 equivalent emissions by fuel type in grams per megajoule of fuel energy content; these could be derived from MOVES by taking the ratio of CO2 equivalent emissions and energy consumption for each fuel type.  [14:  https://www3.epa.gov/otaq/models/moves/420b09007.pdf] 

[bookmark: _Ref286295936][bookmark: _Toc291171132][bookmark: _Toc459997197]Figure 55: File layout for fuel_co2.csv (complete file shown)
[image: ]
Note, the user has the option of providing a composite value in the “LtVehComposite” column. The user might choose to do this in scenario testing to obtain an estimate of what the composite fuel CO2 value would need to be to achieve a certain target. When “NA” is entered, EERPAT uses the specific values entered under each fuel type. If a specific value is entered in the LtVehComposite column, EERPAT uses that value for “pump to wheels” CO2.
[bookmark: _fwy_art_growth.csv][bookmark: _Ref286689128][bookmark: _Toc291171048]Freeway lane mile growth and arterial lane mile growth (fwy_art_growth.csv)
Format: fwy_art_growth.csv contains information about rates of freeway lane mile growth and arterial lane mile growth relative to population for each metropolitan area. For example, a value of 0.5 for arterials means that arterial lane miles are assumed to grow at half the rate of population growth. Figure 56 shows the file layout, with one row per metropolitan area and columns for freeways and arterials.
Use: This file is used to calculate transportation supply in terms of lane miles for freeways and arterials in metropolitan areas in the future. The data are used in the vehicle ownership and vehicle use models and in the models and calculations that adjust metropolitan area fuel economy to account for congestion.
Source: This file is user created.
[bookmark: _Ref286297881][bookmark: _Toc291171133][bookmark: _Toc459997198]Figure 56: File layout for fwy_art_growth.csv (complete file shown)
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[bookmark: _heavy_truck_fuel.csv][bookmark: _Ref286694757][bookmark: _Toc291171049]Fuel type proportions for heavy trucks (heavy_truck_fuel.csv)
Format: heavy_truck_fuel.csv contains a table of fuel type proportions for heavy trucks for the forecast years. Figure 57 shows the file layout, with one row for each forecast year. The table fields are as follows; the remaining fuel is assumed to be diesel fuel:
Year – The forecast year (i.e. 1990 to 2050 in 5-year increments) 
PropGas – The proportion of heavy trucks using gasoline
PropCng – The proportion of heavy trucks using compressed natural gas
GasPropEth – The ethanol proportion of gasoline used 
DieselPropBio – The biodiesel proportion of diesel fuel used
Use: This file is used in the calculations of fuel consumption. This file can be used to test alternative fuel scenarios by varying the future shares of non-diesel fuels.
Source: This file is user created.
Using MOVES inputs: MOVES uses fuel supply, fuel formulation, and engine fuel type inputs (FuelSupply, Fuel Formulation, and FuelEngFraction) that can be used to derive the simpler fuel inputs required by EERPAT. The engine fuel type table contains the joint distribution of vehicle types and fuel types, from which the proportion of trucks that use gasoline or compressed natural gas can be extracted. The fuel supply and fuel formulation tables can be used to derive the average ethanol proportion in gasoline and the average biodiesel proportion in diesel.
[bookmark: _Ref286300342][bookmark: _Toc291171134][bookmark: _Toc459997199]Figure 57: File layout for heavy_truck_fuel.csv (complete file shown)
[image: ]
[bookmark: _hev_characteristics.csv][bookmark: _Ref392860596]Information on hybrid electric vehicles for each vehicle model year (hev_characteristics.csv)
Format: This file gives information on hybrid electric vehicle and light trucks. Figure 58 shows the table layout. There are five fields:
Year – the vehicle model year
AutoPropHev – the proportion of ICE and HEV autos manufactured during the year that are HEVs
AutoHevMpg – the efficiency in miles per gallon of hybrid electric autos manufactured during the year
LtTruckPropHev – the proportion of ICE and HEV light trucks manufactured during the year that are HEVs
LtTruckHevMpg – the efficiency in miles per gallon of hybrid electric light trucks manufactured during the year
Use: This file can be used to model changes in number and efficiency of hybrid electric vehicles. Note that the model splits model year vehicles into powertrain types in several steps. First it splits the fleet into two groups; vehicles that don’t use any power from the electrical grid (ICE and HEV), and vehicles that do (PHEV and EV). The AutoPropPhev and LtTruckPropPhev values in the “phev_characteristics.csv” file are used to make this split. Then the ICE/HEV group is split between ICE and HEV using the AutoPropHev and LtTruckPropHev values in the “hev_characteristics.csv” file.
Source: This file is user created.
[bookmark: _Ref459996316][bookmark: _Toc459997200]Figure 58: File layout for hev_characteristics.csv (partial file shown)
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[bookmark: _hvy_veh_mpg_mpk.csv][bookmark: _Ref286691435][bookmark: _Toc291171050]Average fuel economy and power economy for heavy vehicles (hvy_veh_mpg_mpk.csv)
Format: hvy_veh_mpg_mpk.csv contains estimates and forecasts of average fuel economy and power economy in miles per gallon and miles per kilowatt hour for heavy vehicles (heavy truck, bus, train) by vehicle model year. Note that this is not the fleet average. It is the average for new vehicles sold in the year. The fuel economy is the same for all fuel types and is measured in gasoline equivalent gallons (i.e. energy content of a gallon of gasoline). Figure 59 shows the file layout, with one row per vehicle model year (1975 to 2050).
Use: This file is used in the calculations of fuel consumption. This file can be used to test alternative vehicle development scenarios, such as improved technology and/or fuel economy standards that lead to higher vehicle fuel economies.
Source: This file is user created.
Using MOVES input/output: MOVES emissions inventory results can be used to calculate an average fuel economy by vehicle type and vehicle model year. Fuel economy is the quantity of miles traveled per unit of fuel used (in gallons). MOVES calculates total energy consumed by vehicle type and vehicle age based on inputs of miles traveled for each vehicle type and vehicle age. The ratio of miles traveled/MJ of energy consumed for each vehicle type and vehicle age can be converted to fuel economy using the assumption for energy content per gallon of gasoline used in EERPAT of 121 MJ/gallon (the single value for gasoline is used irrespective of fuel type, which means that the conversion is to fuel economy in gasoline equivalent gallons). The MOVES vehicle types to use for this input file are: 
MOVES Source Type 42, “Transit Bus,” is equivalent to bus in EERPAT
MOVES Source Type 51-53 and 61-62 are equivalent to heavy trucks in EERPAT and their distributions should be combined (weighting by the vehicle population of each of the SourceTypes in SourceTypeYear)
[bookmark: _Ref286300941][bookmark: _Toc291171135][bookmark: _Toc459997201]Figure 59: File layout for hvy_veh_mpg_mpk.csv (partial file shown)
[image: ]
[bookmark: _light_vehicles.csv][bookmark: _Ref286691835][bookmark: _Toc291171051]Parameters for the light weight vehicle model (light_vehicles.csv)
Format: light_vehicles.csv contains input data for the non-motorized vehicle model. In EERPAT, non-motorized vehicles are bicycles, and also electric bicycles, Segways, and similar vehicles that are small, light-weight and can travel at bicycle speeds or slightly higher. Figure 60 shows the file layout, with one row per metropolitan area plus a row for non-metropolitan areas, for each of “TargetProp,” “Threshold,” and “PropSuitable,” and columns for each forecast year (1990 to 2050 in 5-year increments).
TargetProp – non-motorized vehicle ownership rate (average ratio of non-motorized vehicles to driver age population)
Threshold –  SOV tour mileage threshold used in the SOV travel proportion model. Mileage in SOV tours less than or equal to this threshold is considered possible to divert to travel by non-motorized vehicles.
PropSuitable – proportion of SOV travel within the tour mileage threshold that is considered suitable for non-motorized vehicle travel
Use: This file is used in the light vehicle model, which is described in EERPAT Model Documentation in Section 15 “Non-Motorized Vehicle Model.” This section includes the SOV travel proportion model. This file can be used to define and test scenarios where ownership of non-motorized increases in the future.
Source: This file is user created. 
[bookmark: _Ref286301324][bookmark: _Toc291171136][bookmark: _Toc459997202]Figure 60: File layout for light_vehicles.csv (partial file shown)
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[bookmark: _lttruck_prop.csv][bookmark: _Ref286691242][bookmark: _Toc291171052]Proportion of the passenger vehicle fleet that is light trucks in each forecast year by county (lttruck_prop.csv)
Format: lttruck_prop.csv contains targets for the proportion of the passenger vehicle fleet that is light trucks in each forecast year. EERPAT will compute the proportion based on year 2000 household behavior where the input value is “NA.” If a number (between 0 and 1) is input, EERPAT will make adjustments to match the target value instead. Figure 61 shows the file layout, with one row for each county and columns for each forecast year (1990 to 2050 in 5-year increments).
Use: This file is used in the vehicle type model. This file can be used to explore the effects of different vehicle buying preferences, in terms of light trucks vs. autos, in the future.
Source: This file is user created.
Using MOVES inputs: The proportion of the passenger vehicle fleet that is light trucks can be calculated from MOVES vehicle population data (SourceTypeYear) derived from local registration data. The vehicle types used in MOVES (SourceType) correspond with the two categories of passenger vehicles used in EERPAT: MOVES SourceType 21, Passenger Car, is equivalent to autos in EERPAT and MOVES Source Type 31, Passenger Truck, is equivalent to light trucks.
[bookmark: _Ref286305288][bookmark: _Toc291171137][bookmark: _Toc459997203]Figure 61: File layout for lttruck_prop.csv (partial file shown)
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[bookmark: _metro_incident_reduction.csv][bookmark: _Ref286693510][bookmark: _Toc291171053][bookmark: _metropolitan_urban_type_proportions][bookmark: _Ref286660823][bookmark: _Ref286660833][bookmark: _Ref286688769][bookmark: _Toc291171054]Proportions of households in urban mixed-use areas by metropolitan area (metropolitan_urban_type_proportions.csv)
Format: metropolitan_urban_type_proportions.csv contains a table of household proportions that are located in urban mixed-use areas by metropolitan area and forecast year. EERPAT will compute the proportion based on year 2000 household characteristics where the input value is “NA.” If a number (between 0 and 1) is input, EERPAT will make adjustments to match the target value instead. Figure 62 shows the file layout, with one row for each forecast year (1990 to 2050 in 5-year increments) and one column for each metropolitan area.
Use: This file is used in the household daily VMT model to account for the reduced VMT generated by households that live in mixed-use areas. The file can be used to test the effects of land use development policies that facilitate and encourage mixed-use development.
Source: This file is user created.
[bookmark: _Ref286306289][bookmark: _Toc291171139][bookmark: _Toc459997204]Figure 62: File layout for metropolitan_urban_type_proportions.csv (complete file shown)
[image: ] 
[bookmark: _ops_deployment.csv][bookmark: _Ref392862242]Relative deployment of four different freeway and arterial operations programs by metropolitan area (ops_deployment.csv)
Format: This file gives the level of deployment of four different operations programs relative to average deployment levels in similarly sized metropolitan areas. The four operations programs are freeway ramp metering, freeway incident management, arterial traffic signal coordination, and arterial access management. A value of 0.5 means that the deployment is average for that size metropolitan area. A value of 0 means that there is no deployment of the program. A value of 1 means that the program is deployed to a level that achieves the maximum possible benefit from the program. Separate values are provided for each metropolitan area. Figure 45 shows the file layout.
Use: This file is used to model the effect of deployment of operations programs. 
Source: This file is user created. Information from the Texas Transportation Institute’s Urban Mobility Study can be used to determine how the level of deployment of each operations program compares with deployment in other metropolitan areas.  This information can also be used to help set future deployment goals. 
[bookmark: _Toc459997205]Figure 63: File layout for ops_deployment.csv (partial file shown)
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[bookmark: _optimize.csv][bookmark: _Ref286694237][bookmark: _Toc291171055]Proportion of households who optimize their vehicle use (optimize.csv)
Format: optimize.csv contains information on the proportion of households that optimize the use of their vehicles to minimize fuel consumption (i.e. using the most fuel efficient vehicle for the most travel). Figure 64 shows the file layout, with one row for each forecast year (1990 to 2050 in 5-year increments).
Use: This file is used in the calculations to allocate household DVMT to different household vehicles. The file can be used to test scenarios for different levels of optimizing behavior in the population.
Source: This file is user created. 
[bookmark: _Ref286306985][bookmark: _Toc291171140][bookmark: _Toc459997206]Figure 64: File layout for optimize.csv (complete file shown)
[image: ]
[bookmark: _other_ops.csv]Estimated delay reduction due to operations programs other than those specified in ops_deployment.csv (other_ops.csv)
Format: This file contains effects of delay-reducing operations programs other than those modeled in ops_deployment.csv. The values in the table are the assumed proportional reductions in total delay for travel occurring at each of  four congestion levels (moderate, heavy, severe, and extreme); for two vehicle types (light vehicle and heavy truck); and for two road types (freeway and arterial). Figure 65 shows the file layout.
Use: This file can be used to model the effects of operations programs other than ramp metering, signal coordination, incident management, and access management on average travel speed at different congestion levels.
Source: This file is user created.
[bookmark: _Ref459996411][bookmark: _Toc459997207]Figure 65: File layout for other_ops.csv (partial file shown)
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[bookmark: _parking.csv][bookmark: _Ref286692500][bookmark: _Toc291171056]Information on work place parking charges and other parking policy inputs by metropolitan area (parking.csv)
Format: parking.csv contains information that allows the effects of policies such as workplace parking charges and “cash-out buy-back” programs to be tested. Figure 66 shows the file layout, with rows for each metropolitan area for a set of input parameters, and columns for each forecast year (1990 to 2050 in 5-year increments). The input parameters are as follows:
PropWrkPkg – proportion of employees, working where parking is not free, who use the parking they have to pay for vs. finding a free parking spot somewhere in the neighborhood (e.g. 0.9 means that 10% of the employees who work where parking is not free are able to avoid paying for parking by parking for free on local streets, etc.)
PropWrkChrgd – proportion of  employees who work in areas where parking is generally not free and for employers who do not provide free employee parking
PropCashOut – proportion of employment parking that is converted from being free to pay under a “cash-out buy-back” type of program
PrkOthChrgd – proportion of other parking that is not free 
PkgCost – average daily long term parking cost (i.e. what parking would cost if rented on a monthly basis)
Use: This file is used to test the effects of policies such as workplace parking charges and “cash-out buy-back” programs. The policies are discussed in EERPAT Model Documentation in Section 13.6 “Parking Pricing.”
Source: This file is user created.
[bookmark: _Ref286307498][bookmark: _Toc291171141][bookmark: _Toc459997208]Figure 66: File layout for parking.csv (partial file shown)
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[bookmark: _payd.csv][bookmark: _Ref286693008][bookmark: _Toc291171057]Information describing Pay-as-You-Drive Insurance participation and costs (payd.csv)
[bookmark: _Toc263256244]Format: payd.csv contains information describing Pay-as-You-Drive Insurance participation and costs. Figure 67 shows the file layout, with one row for each forecast year (1990 to 2050 in 5-year increments) and columns showing the proportion of households that buy Pay-as-You-Drive Insurance and the rate in cents per mile.
Use: This file is used to evaluate the effects of participation in Pay-as-You-Drive Insurance. The costs are included in the calculations of daily VMT along with other vehicle operating costs that are proportional to VMT. EERPAT Model Documentation discusses this policy in Section 13.2 “Pay-as-You-Drive Insurance.”
Source: This file is user created.  
[bookmark: _Ref286313560][bookmark: _Toc291171142][bookmark: _Toc459997209]Figure 67: File layout for payd.csv (complete file shown)
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[bookmark: _per_cap_inc.csv][bookmark: _Ref286687670][bookmark: _Toc291171058]Statewide average per capita income by forecast year (per_cap_inc.csv)
Format: per_cap_inc.csv contains information on statewide average per capita income by forecast year in year 2005 dollars. Figure 68 shows the file layout, with one row for each forecast year (1990 to 2050 in 5-year increments).
Use: This file is used in the household income model to develop income for each of the forecast years. The data can be obtained from State sources such as Bureaus of Economic and Business Research. The data can be varied to test the sensitivity of the emissions forecasts to assumptions about income changes over time.
Source: This file is user created.
[bookmark: _Ref286314390][bookmark: _Toc291171143][bookmark: _Toc459997210]Figure 68: File layout for per_cap_inc.csv (complete file shown)
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[bookmark: _phev_characteristics.csv][bookmark: _Ref286691722][bookmark: _Toc291171059]Information on plug-in hybrid electric vehicles for each vehicle model year (phev_characteristics.csv)
Format: phev_characteristics.csv contains information on plug-in hybrid electric vehicles (PHEV) for each vehicle model year. Figure 69 shows the file layout, with one row for each vehicle model year (1975 to 2050). The fields are as follows:
Year – The vehicle model year
AutoPhevRange – The average vehicle range (between nightly charges) using batteries only for auto PHEVs in the vehicle model year
AutoPropPhev – The proportions of autos of each vehicle model year that are either auto PHEVs or EVs
AutoMpkwh – The average power efficiency of auto PHEVs for the vehicle model year in miles per kilowatt hour for travel powered by stored electrical energy
AutoMpg – The average fuel economy of auto PHEVs for the vehicle model year in miles per gallon for travel in charge sustaining mode
LtTruckPhevRange – Same data as for AutoPhevRange but for light trucks
LtTruckPropPhev – Same data as for AutoPropPhev but for light trucks
LtTruckMpkwh – Same data as for AutoMpkwh but for light trucks
LtTruckMpg – Same data as for AutoMpg but for light trucks
Use: This file is used in the Plug-in Hybrid Electric Vehicle Model to assign the number of PHEVs and to estimate the amount of VMT that they drive on battery power and using their gas engine, and in the Vehicle Use Optimization calculations to apportion household VMT between electric and conventional vehicles. It should be noted that the AutoPropPhev and LtTruckPropPhev values are used to split the vehicle fleet into two groups. One group is the combination of internal combustion engine and hybrid-electric vehicles. The other group is the combination of plug-in hybrid electric vehicles and electric vehicles. The PHEV and EV group is split into its constituent parts using inputs in the “ev_characteristics.csv” file as described in section 7.2.13. The assumptions and structures of the PHEV model are described in EERPAT Model Documentation in Section 14.3 “Plug-in Hybrid Electric Vehicle Model and Vehicle Use Optimization.” The values in the file can be adjusted to test alternative plug-in hybrid electric vehicle scenarios, such as higher market shares or technological improvements that increase vehicle range using battery only.
Source: This file is user created.
[bookmark: _Ref286314554][bookmark: _Toc291171144][bookmark: _Toc459997211]Figure 69: File layout for phev_characteristics.csv (partial file shown)
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[bookmark: _power_co2.csv][bookmark: _Ref286694923][bookmark: _Toc291171060]CO2 equivalents generated per kilowatt hour of electricity consumed by county (power_co2.csv)
Format: power_co2.csv contains information on county-specific average pounds of CO2 equivalents generated per kilowatt hour of electricity consumed by the end user by forecast year. Figure 70 shows the file layout, with one row per county and columns for each forecast year (1990 to 2050 in 5-year increments).
Use: This file is used to convert electricity use to CO2 equivalent emissions. The rates vary by county based on the electricity generation mix for power in that county. The emissions rates are end-user values rather than source values so they include power transmission loss effects. They therefore represent the full CO2 equivalent emissions for EVs. County-specific values should be obtained from State departments of energy or other local sources.
Source: This file is user created.
[bookmark: _Ref286315915][bookmark: _Toc291171145][bookmark: _Toc459997212]Figure 70: File layout for power_co2.csv (partial file shown)
[image: ]
[bookmark: _regional_inc_prop.csv][bookmark: _Ref286687694][bookmark: _Toc291171061]Ratios of regional per capita income to statewide per capita income by economic region (regional_inc_prop.csv)
Format: regional_inc_prop.csv relates the ratios of average per capita income for each region of the state to the overall statewide average per capita income. Figure 71 shows the file layout, with one row for each region.
Use: This file is used in the household income model. The data are developed using PUMS data for each region; the “estimate_income_model.r” script in the hh_income_model in EERPAT_Estimation_3.zip can be used to summarize the income variable in the PUMS data by region.
Source: This file is user created.
[bookmark: _Ref286316217][bookmark: _Toc291171146][bookmark: _Toc459997213]Figure 71: File layout for regional_inc_prop.csv (complete file shown)
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[bookmark: _run_parameters.txt][bookmark: _Toc291171062]Text file containing scenario details (run_parameters.txt)
Format: run_parameters.txt is a text file that identifies whether the scenario is a base scenario or not, what the name of the base scenario is, and what forecast years to run the model for. The forecast years to choose from are between 1990 and 2050 in increments of 5 years.
Use: This file is used by the user to identify the run as a base or future run, to give the scenario a name, and to select the forecast years to run.
Source: This file is user created.
[bookmark: _speed_smooth_ecodrive.csv][bookmark: _Ref392862666]Effect of speed harmonization and ecodriving on freeways and arterials (speed_smooth_ecodrive.csv)
Format: speed smoothing and ecodriving reduce fuel consumption by reducing traffic speed variation (i.e. acceleration and deceleration). Ecodriving also reduces fuel consumption by improving the efficiency of the vehicles being driven (e.g. inflating tires properly, reducing excess weight, etc.). Speed smoothing works through traffic and vehicle control systems such as variable speed limits and self-driving cars.  Ecodriving works by educating and motivating drivers to maintain their cars and drive in ways that save fuel. Figure 72 shows the file layout. This file gives four types of values characterizing speed smoothing and ecodriving programs: 
FrySmooth – the portion of maximum freeway speed smoothing benefits
ArtSmooth – the portion of maximum arterial speed smoothing benefits
LtVehEco – the portion of light vehicle drivers that eco-drive
TruckEco – the portion of heavy truck drivers that eco-drive
Each of these values is given for each metro area and each analysis year.  Note that in this version of EERPAT, the LtVehEco input is duplicated by the “EcoDrvProp” values in the “eco_tire.csv” file.  The values in both files should be the same.  This redundancy will be corrected in a future version. 
Use: This file is used in adjusting the average fuel efficiency of vehicles.
Source: This file is user created.
[bookmark: _Ref459996498][bookmark: _Toc459997214]Figure 72: File layout for speed_smooth_ecodrive.csv (partial file shown)
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[bookmark: _tdm.csv][bookmark: _Ref286692755][bookmark: _Toc291171063]Proportion of households participating in TDM programs by metropolitan area (tdm.csv)
Format: tdm.csv contains a table of factors identifying the proportion of metropolitan area employees or households that participate in travel demand management (TDM) programs in each metropolitan area by forecast year. The values are from 0 to 1 where 1 means that everyone in the entire metropolitan area participates. Figure 73 show the file layout, with one row per metropolitan area for each of the TDM programs and columns for each forecast year (1990 to 2050 in 5-year increments). The TDM programs are as follows:
PropWrkEco – the proportion of employees participating in employee commute option programs
ImpPropGoal – percentage of households participating in an individualized marketing program
EcoReduction – reduction in commute daily VMT by households participating in employee commute option programs
ImpReduction – reduction in daily VMT by households participating in individualized marketing programs

[bookmark: _Toc263256249]Use: This file is used to account for reduction in household VMT for households participating in employee commute options and individualized marketing programs. The programs are discussed in EERPAT Model Documentation in Section 13.7 “Employee Commute Options Programs and Individualized Marketing Programs.” The participation rates can be varied to test policies that increase participation in these programs.
Source: This file is user created.
[bookmark: _Ref286331536][bookmark: _Toc291171147][bookmark: _Toc459997215]Figure 73: File layout for tdm.csv (partial file shown)
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[bookmark: _transit_growth.csv][bookmark: _Ref286689228][bookmark: _Toc291171064]Rates of transit revenue mile growth by metropolitan area (transit_growth.csv)
Format: transit_growth.csv contains information about transit revenue mile growth relative to the base year and the proportion of transit revenue mile growth that is electrified rail transit. Figure 74 shows the file layout, with one row per metropolitan area for each of the following variables:
RevMiCapGrowth – the ratio of future transit revenue miles to base year transit revenue miles. A value of 1 indicates that revenue miles do not grow, stay the same from year to year, less than 1 means that revenue miles decrease, and more than 1 means that revenue miles increase.
PctElectric – the proportion of transit revenue miles that are electrified rail transit
Use: This file is used to calculate transportation supply in terms of transit revenue mile growth and the proportion that is electrified transit in metropolitan areas in the future. The data are used in the vehicle ownership and vehicle use models and in the models and calculations that adjust metropolitan area fuel economy to account for congestion. In addition, the distinction between electric and non-electric growth is used in the calculations of fuel and electricity use by transit. The growth rates can be varied to test the impacts of increasing or decreasing transit investments in the future.
Source: This file is user created. Revenue miles should be expressed in terms of bus equivalents.  For example, increasing transit revenue miles with a light rail line of a given route length and operating at a given frequency, will provide more service than adding a bus route with the same service characteristics. The calculation of bus equivalencies is described in the technical model documentation.
[bookmark: _Ref286336530][bookmark: _Toc291171148][bookmark: _Toc459997216]Figure 74: File layout for transit_growth.csv (partial file shown)
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[bookmark: _ugb_area_growth_rates.csv][bookmark: _Ref286688598][bookmark: _Toc291171065]Growth rates of urban growth boundary areas (ugb_area_growth_rates.csv)
Format: ugb_area_growth_rates.csv contains a table of growth rates of urban growth boundary areas relative to urban population growth rates for metropolitan and other urban areas in each county. Values can be between 0 and any positive number where a value of 0 will result in no increase in the area within urban growth boundaries and a value of 1 will increase the area within urban growth boundaries at the same rate as population growth. Figure 75 shows the file layout, with one row per county and columns for metropolitan and town growth rates.
Use: This file is used to adjust the growth in urban land area over time. This allows the testing of various land use policies, such as hard limits on urban growth that will (in combination with assumptions in urban_rural_growth_splits.csv) increase density over time.
Source: This file is user created. For States with urban growth boundaries, the values in this file might relate to planned changes to the defined urban growth boundary. For States without urban growth boundary, the values in this file might relate to possible change in the land area that is developed to a density that qualifies as urban, i.e. greater than or equal to a population density of 1000 persons per square mile.
[bookmark: _Ref286337672][bookmark: _Toc291171149][bookmark: _Toc459997217]Figure 75: File layout for ugb_area_growth_rates.csv (partial file shown)
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[bookmark: _urban_rural_growth_splits.csv][bookmark: _Ref286688588][bookmark: _Toc291171066]Proportions of population growth by area type by county (urban_rural_growth_splits.csv) 
Format: urban_rural_growth_splits.csv contains a table of the proportions of population growth in each county that will occur in metropolitan, other urban, and rural portions of the county. Figure 76 shows the file layout, with one row per county and proportions of population growth that occur in each of the area types.
Use: This file is used to allocate population growth by area type and allows the impact of land use policies to be tested (in combination with ugb_area_growth_rates.csv). For example, restricting rural population growth through land use policies can be represented using this file.
Source: This file is user created.
[bookmark: _Ref286337884][bookmark: _Toc291171150][bookmark: _Toc459997218]Figure 76: File layout for urban_rural_growth_splits.csv (partial file shown)
[bookmark: _Toc291171067][image: ] 


9 [bookmark: _Toc459997130]Estimation of Sub Models
EERPAT links together a set of models, each of which performs separate calculations that provide the inputs (described earlier in this User’s Guide) to the final outputs. Figure 1 displays the structure of EERPAT and highlights the sequence of the models. The models, in the order that they are used in EERPAT, are as follows:
Household age structure model 
Household income model (requires re-estimation for a new application)
Census tract density model
Urban mixed-use model
Vehicle ownership model
Car-sharing model
Household daily VMT model (requires minor adjustment for States outside Census West region)
Travel demand management (TDM) models
Non-motorized vehicle model (requires minor adjustment for States outside Census West region) & walk model)
Light truck model (requires re-estimation for States outside Census West region)
Vehicle age model (requires re-estimation for States outside Census West region, re-calibration for all new applications)
Vehicle travel proportions model
Vehicle powertrain models and vehicle use optimization
Electric vehicle model
Household vehicle operating and ownership cost models
Household daily VMT budget adjustment model
Metropolitan area vehicle travel, congestion, speed, and fuel economy adjustment model
Commercial service vehicle models
Road use tax adjustment model
Heavy vehicle models

The following sections introduce each of the models, provide references to more detailed discussion in EERPAT Model Documentation, and explain whether the models require re-estimation for a new application of EERPAT. 
NOTE: When any of the models are updated using the scripts provided in EERPAT_Estimation_3.zip, the “make_GreenSTEP.r” script in the make_GreenSTEP directory of EERPAT_Estimation_3.zip can be assembled to create a new version of GreenSTEP_.RData to be used in the application.



[bookmark: _Toc291171068][bookmark: _Toc459997131]Sub models
[bookmark: _Household_age_structure][bookmark: _Toc291171069]Household age structure model
[bookmark: _Toc263256236]The household age structure model is the population synthesizer used in EERPAT, and is discussed in Section 6 “Household Age Composition” of EERPAT Model Documentation. It is not an estimated model and does not require re-estimation for a new application. However, the two key inputs, PUMS data for the State in which EERPAT is being applied and forecasts of population by age, do require updating. These inputs, and how to obtain and format them, are discussed above in 8.1.8.2 and 8.1.12, respectively. The input data (for the Oregon implementation) and the “estimate_household_age_model.r” script, which can  be used to format the PUMS input data, are in the “hh_age_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Household_income_model][bookmark: _Toc291171070]Household income model
[bookmark: _Toc263256237]The household income model is a regression model that predicts household income from the number and ages of persons in the household and the average per capita income for the region of the State in which the household resides. It is discussed in Section 7 “Household Income” of EERPAT Model Documentation. This model is estimated using Census PUMS data for the State to which the model applies, and consequently does require estimation for a new application. The input data and scripts are in the “hh_income_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Census_tract_density][bookmark: _Toc291171071]Census tract density model
[bookmark: _Toc263256238]The Census tract density model calculates metropolitan tract densities to assign to households by sampling from known distributions in metropolitan areas of different overall densities. It is discussed in Section 8 “Land Use Characteristics Models” of EERPAT Model Documentation. It does not require re-estimation for a new application. The input data and scripts are in the “hh_density_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Urban_mixed-use_model][bookmark: _Toc291171072]Urban mixed-use model
The urban mixed-use model is a binomial logit model that predicts the likelihood that a household is located in an “urban” type area based on Census tract population density. It is discussed in Section 8 “Land Use Characteristics Models” of EERPAT Model Documentation. It does not require re-estimation for a new application. The input data and scripts are in the “hh_density_model” directory of EERPAT_Estimation_30.zip. 
[bookmark: _Models_to_identify][bookmark: _Vehicle_ownership_model][bookmark: _Toc291171074]Vehicle ownership model
The vehicle ownership model predicts the number of vehicles owned by each household. It is implemented in two stages: 
· In the first stage, households are categorized by the ratio of vehicles per driving-age person (1. zero vehicles, 2. less than one vehicle per driving-age person, 3. one vehicle per driving-age person, 4. more than one vehicle per driving-age person). 
· In the second stage, the number of vehicles for category 2 and category 4 households is determined. 
[bookmark: _Toc263256240]The first stage is implemented using a set of binomial logit models. In the second stage, draws are taken from the observed distribution to assign a specific number of vehicles to each household. The model is discussed in Section 10 “Vehicle Ownership Model” of EERPAT Model Documentation. It is estimated using NHTS data for the whole country and does not require re-estimation for a new application. The input data and scripts are in the “hh_vehicle_ownership_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Carsharing_model][bookmark: _Toc291171075]Car-sharing model
[bookmark: _Toc263256243]The car-sharing model identifies households as car-sharing households based on the density of the area they live in and on their household characteristics. The model is discussed in Section 11, “Car-Sharing,” of EERPAT Model Documentation. It is a synthesized rather than estimated model and does not require re-estimation for a new application. The input data and scripts are in the “tdm_models” directory of EERPAT_Estimation_30.zip.
[bookmark: _Household_daily_VMT][bookmark: _Toc291171076]Household daily VMT model
The household vehicle travel model component is the most important component of EERPAT. The main purpose of this component is to calculate the average daily VMT. The model also calculates the 95th percentile daily VMT and the maximum daily VMT for the household. The model includes linear regression models of average, 95th percentile, and maximum daily VMT for each household. 
[bookmark: _Toc263256241]The model is discussed in Section 12 “Household Vehicle Travel Model” of EERPAT Model Documentation. It is estimated using NHTS data for the whole country and does not require re-estimation for a new application. 
WARNING: The model intercept may require adjustment depending on which Census region the State is located within.
The EERPAT Model Documentation shows coefficients for a regression model. The coefficients include dummy variables for Census regions (Census_rMidwest, Census_rSouth, and Census_rWest). For States in the western, southern, or midwestern region, the relevant coefficient should be added to the model’s intercept. For States in the northeastern region, just the model’s intercept should be used. The input data and scripts for the household daily VMT model are in the “hh_travel_data” and “hh_travel_model” directories of EERPAT_Estimation_30.zip. In the “hh_travel_model” directory, the  “estimate_ave_hh_travel_model.r” script, which estimates and saves the average DVMT models, can be used to replace the Census_rWest coefficient if necessary. 
[bookmark: _TDM_models][bookmark: _Toc291171077]Travel demand management (TDM) models
The TDM models assign household participation in the employee commute option and individualized marketing. The models also apply VMT adjustment factors to the estimated household VMT to account for the effect of TDM program participation. They are discussed in Section 13 “Travel Demand Models” of EERPAT Model Documentation. They are not estimated models and do not require re-estimation for a new application. The input data and scripts are in the “tdm_models” directory of EERPAT_Estimation_30.zip.
[bookmark: _Light_weight_vehicle][bookmark: _Toc291171078]Non-motorized vehicle model
For the purposes of this model, non-motorized vehicles include bicycles and other vehicles that travel at similar speeds, including vehicles that may be powered by light weight electric motors such as electric bicycles. Non-motorized vehicle travel is modeled as the effect of diverting a specified proportion of single-occupancy vehicle (SOV) travel occurring within a specified tour length threshold. Given this approach, the main part of the non-motorized vehicle model calculates the proportion of the household vehicle travel that occurs within SOV tours of predetermined lengths (2, 5, 10, 15, and 20 miles) using a set of linear regression models. The model then computes the maximum amount of diversion given the tour length target that is specified in the inputs by applying the appropriate model if the target is equal to one of the predefined thresholds, or by interpolating between the results of the models that bound the target distance on either side.   Another model predicts household light vehicle ownership. These models, along with other input parameters determine the amount of VMT that will be diverted to non-motorized vehicle travel.
The model is discussed in Section 14 “Non-Motorized Vehicle Model” in EERPAT Model Documentation. The models are estimated using NHTS data. The first set of models that deal with the proportion of the household vehicle travel that occurs in short-distance SOV tours do not require re-estimation for a new application. 
WARNING: The non-motorized vehicle ownership model does not require re-estimation but the coefficients of the linear regression model do require adjustment depending on which Census region the State is located within. 
The EERPAT Model Documentation shows the coefficients for metropolitan household and non-metropolitan household regression models. The coefficients include dummy variables for Census regions (Census_rMidwest, Census_rSouth, and Census_rWest). For States in the western, southern, or midwestern region, the relevant coefficient should be used in addition to the model’s intercept. For States in the northeastern region, just the model’s intercept should be used. 
The input data and “estimate_light_vehicle_model_current.r” script are in the “light_vehicle_model” directory of EERPAT_Estimation_30.zip. The script can be used to replace the Census_rWest coefficient in the “LtVehOwnModels_” component of “GreenSTEP_” if necessary.
EERPAT now also includes a walk model that predicts the daily number of walk trips per household.[footnoteRef:15]  This model was added to EERPAT in order to provide an indicator of the effect of land use and transportation policies on active transportation. The model does not affect the amount of household vehicle travel because the land use and transportation policies affect the calculations of VMT directly.  The model combines a binomial logit model which estimates the probability that at least one member of the household had a walk trip during the day, and a linear regression model which estimates the number of walk trips.  [15:  This includes only trips where walking is the primary mode of travel.  It does not include walk trips where walking is a mode to access another model (e.g. walking to the bus stop).] 

The walk model is discussed in Section 15 “Walk Model” in EERPAT Model Documentation. The component models are developed using NHTS data for the whole country and do not require re-estimation for a new application. The input data and scripts are in the “walk_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Light_truck_model][bookmark: _Toc291171079]Light truck model
[bookmark: _Toc263256253] The light truck model determines which household vehicles, if any, are light trucks. A binary logit model is used to predict vehicle type for each household vehicle. The model is discussed in Section 16.1 “Vehicle Type Model” of EERPAT Model Documentation. The model is estimated using the western Census region subset of the NHTS data and therefore does require re-estimation for a new application outside the western Census region. The input data and scripts are in the “veh_fleet_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Vehicle_age_model][bookmark: _Toc291171080]Vehicle age model
[bookmark: _Toc263256254]The vehicle age model determines the age of household vehicles. The model uses a Monte Carlo approach to select vehicle ages from a representative age distribution. The model is discussed in Section 16.2 “Vehicle Age Model” of EERPAT Model Documentation. The joint vehicle age and household income table used in the model is developed using the western Census region subset of the NHTS data and therefore for a new application outside the western Census region, NHTS data from the applicable Census region must be tabulated. The output from the model is calibrated iteratively during model runs using local  data so that the overall outputs of the model match the vehicle age distribution of the fleet as a whole, and so for all new applications State DMV registration data are required. The input data and scripts are in the “veh_fleet_model” directory of EERPAT_Estimation_30.zip. Section 8.1.8, above, discusses how to produce the two tabulations and add them to the “VehProp_” component of “GreenSTEP_.” 
[bookmark: _Vehicle_travel_proportions][bookmark: _Toc291171081]Vehicle travel proportions model
[bookmark: _Toc263256252]The vehicle travel proportions model allocates household daily VMT among the vehicles in the household. This is done by a Monte Carlo process using distributions tabulated from the NHTS. The model is discussed in Section 14 “Vehicle Fleet Models” of EERPAT Model Documentation. The distributions used in the model are developed using NHTS data for the whole country and do not require re-estimation for a new application. The input data and scripts are in the “veh_fleet_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _PHEV_models][bookmark: _Toc291171082]Vehicle powertrain models and vehicle use optimization
The vehicle powertrain model assign powertrain types to household vehicles.  In this process, each household vehicles is designated as either an internal combustion engine vehicle (ICEV), hybrid electric vehicle (HEV), or plug-in hybrid electric vehicle (PHEV). Electric vehicles (EV) are assigned out of the pool of PHEVs in a later step. Powertrain types are determined using a Monte Carlo processes where the choice probabilities are the assumed market penetration rates by vehicle type (car, light truck) and vehicle model year. The “AutoPropPhev” and “LtTruckPropHev” values in the “phev_characteristics.csv” inputs file determine the probability that an auto or light truck is a PHEV. The “AutoPropHev” and “LtTruckPropHev” values in the “hev_characteristics.csv” inputs file determine the probability that an auto or light truck not already identified as a PHEV is a HEV. 
The model also splits the VMT of PHEVs into the portion that is powered by electricity vs. on-board hydrocarbon fuels. This model is composed of a set of linear regression models that predict the proportion of travel powered by electricity at different battery ranges varying from 5 miles to 150 miles.
Finally, the model reshuffles the mileage assigned to each vehicle for households identified as optimizers. Households are identified as optimizers (people who allocate mileage to vehicles based on fuel economy) using a Monte Carlo process where the proportion of households who are optimizers is determined by the values in the “optimize.csv” input file. The mileage proportions assigned to the vehicles of optimizer households are rearranged in the order of the vehicle fuel economy. For PHEVs, a fuel economy equivalency is calculated for the portion of travel powered by electricity.
The model is discussed in Section 16.3 “Vehicle Powertrain Models and Vehicle Use Optimization” of EERPAT Model Documentation. The distributions used in the Monte Carlo processes are based on user-supplied inputs, and the PHEV model is developed using NHTS data for the whole country, so the model does not require re-estimation for a new application. The input data and scripts are in the “veh_fleet_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Electric_vehicle_model_1]Electric vehicle model
The electric vehicle model assigns electric vehicle ownership using a Monte Carlo process to assign EVs from among the pool of EV candidates, all PHEVs. EV candidate vehicles are those whose 95th percentile daily travel is within the battery range of the vehicle. The model is discussed in Section 16.3 “Vehicle Powertrain Models and Vehicle Use Optimization” of EERPAT Model Documentation. The model is not estimated and does not require re-estimation for a new application. The input data and scripts are in the “veh_fleet_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Parking_cost_model][bookmark: _Household_vehicle_operating][bookmark: _Toc291171083]Household vehicle operating and ownership cost models
The household vehicle operating and ownership cost models are a set of calculations that estimate the variable costs (i.e. operating costs) and fixed costs (i.e. ownership costs) of household vehicles.  The variable costs are used in the household daily VMT budget adjustment model.  The ownership costs are not used in any other part of EERPAT, but are calculated so that they are available as a performance metric.  
The operating costs included in the calculations are costs for fuel and/or electricity to run household vehicles, variable use taxes (e.g. gas tax, VMT tax, congestion tax), pay-as-you-drive (PAYD) insurance, parking costs, and any externality costs that are passed on to users (i.e. externality costs that are internalized). Operating costs for fuel, electricity, use taxes, and internalized externalities are calculated from the unit costs contained in the “costs.csv” input file (Section 8.2.11) and household values for fuel and/electricity consumption, VMT, and tonnes of CO2e. PAYD insurance costs are calculated for households identified as having PAYD insurance.  These households are chosen using a Monte Carlo process where the likelihood is determined by the values in the “payd.csv” input file (8.2.26). The insurance cost for these households is calculated from the unit cost input in the “payd.csv” file and the household VMT. Parking costs are calculated for work and non-work trips. Households paying for parking at work are identified through a Monte Carlo process using parameters in the “parking.csv” input file (8.2.25). The daily costs are established in the same input file. All households are charged non-work parking costs as determined by parameters in the parking input file.
The vehicle ownership costs include vehicle depreciation, insurance for non-PAYD households, maintenance, tires, financing, and registration. Except for vehicle depreciation, all of the unit cost parameters are included in the “costs.csv” file. Depreciation is calculated using a model estimated using data from the U.S. Internal Revenue Service.
[bookmark: _Toc263256248]These models are discussed in Section 19 “Household Vehicle Cost Model” of EERPAT Model Documentation. Only the vehicle depreciation model is estimated, and since the estimation is based on national data, it does not require re-estimation for a new application. The input data and scripts for the PAYD and parking models are in the “tdm_models” directory of EERPAT_Estimation_30.zip. The input data and scripts for all other cost models are in the “travel_cost_model” directory.
[bookmark: _Household_daily_VMT_1][bookmark: _Toc291171084]Household daily VMT budget adjustment model
The household daily VMT budget adjustment model accounts for the effects of all variable vehicle costs (costs that vary with the amount of vehicle travel rather than with the number of vehicles owned) on travel. The model is discussed in Section 20 “Household Daily VMT Budget Adjustment Model” of EERPAT Model Documentation. The model is validated against Consumer Expenditure Survey data for the whole country and does not require re-estimation for a new application. The input data and scripts are in the “hh_travel_model” directory of EERPAT_Estimation_30.zip.
[bookmark: _Electric_vehicle_model][bookmark: _Metropolitan_household_to][bookmark: _Metropolitan_Area_Vehicle]Metropolitan area vehicle travel, congestion, speed, and fuel economy adjustment models
Several models act together to calculate, for each metropolitan area, the amount of travel on different roadway classification and congestion levels, the VMT assigned to different travel speeds, and fuel economy adjustment factors. The daily VMT of metropolitan area light-duty commercial service vehicles is computed from the daily VMT of metropolitan households using the “CommVmtFactor” in the “global_values.txt” file (8.1.7). The total of household and commercial service VMT is multiplied by the household DVMT to roadway DVMT factor for the respective metropolitan area (8.1.9) to determine the light duty vehicle travel on metropolitan area roadways. Metropolitan area truck daily VMT is calculated using the truck model (9.1.20) and transit bus daily VMT is calculated from bus revenue transit mile and the transit adjustment factor (also in the “global_values.txt” file) to account for mileage in non-revenue service. 
Daily VMT for heavy trucks and buses is split among freeways, arterials, and local roads using the factors in the “truck_bus_fc_dvmt_split” file (8.1.14). The portion of light-duty VMT on freeways or arterials is determined by the “FwyArtProp” values in the “mpo_base_dvmt_parm.csv” file (8.1.11), the remainder being assigned to local roads. The split between freeways and arterials is calculated by an aggregate equilibrium model as a function of the ratio of average freeway to arterial speed and a parameter for each metropolitan area estimated using data from the “Urban Mobility Report.” The estimation procedure is described in detail in Section 21 “Metropolitan Area Vehicle Travel, Congestion, Speed, and Fuel Economy Adjustment Model” of EERPAT Model Documentation. The values are saved in the “CongModel_” component of the “GreenSTEP_” model object as “Lambda.Ma.” The “estimate_speed_model.R” script in the “speed_mpg_model” directory of the EERPAT_Estimation_30.zip file includes a procedure to estimate parameter values for all 90 metropolitan areas included in the “Urban Mobility Report.” This script must be modified to include the appropriate values for the metropolitan areas of interest in the “CongModel_” object instead of the values for the metropolitan areas in the Oregon application.
 Daily VMT and VHT on freeways and arterials are partitioned among 5 congestion levels as a function of the ratio of VMT and lane-miles using lookup tables also estimated from the “Urban Mobility Report.” Each congestion is associated with an average trip speed, also estimated from the same report. The effects of operations programs (freeway incident management, freeway ramp metering, arterial signal coordination, arterial access management) on travel delay are based research by the Texas Transportation Institute and data from the “Urban Mobility Report.” The model converts changes in delay into changes in speed. Since these values were estimated using data on all metropolitan areas addressed by the report, they do not require re-estimation for a new application. These calculations are documented in the Section 21 “Metropolitan Area Vehicle Travel, Congestion, Speed, and Fuel Economy Adjustment Model” of EERPAT Model Documentation. Congestion pricing is modeled by converting price per mile charges into a time equivalent using a value of time factor (ValueOfTime) in the “global_values.txt” file (8.1.7). This factor can be changed if needed to reflect the value of time for light-duty vehicle travel for the state.
The model calculates factors to adjust average fuel of metropolitan area households based on fuel or electrical power consumption vs. speed relationships for ICEV, HEV, and EV powertrains (PHEV fuel efficiency is modeled using the HEV relationship, and electrical power efficiency using the EV relationship). The model also enables users to account for different levels of congestion efficiency of each powertrain type (a function of weight, engine size, auxiliary power load, aerodynamic drag, and hybrid threshold etc.). The freeway and arterial speed-fuel consumption relationships are normalized to the average speeds implied by EPA test driving schedules. Rather than having one average fuel speed curve by powertrain, the model has two curves representing upper and lower bounds of congestion efficiency determined by modeling 177 different vehicle types using EPA’s PERE (Physical Emission Rate Estimator) model.  The values in cong_efficiency.csv are used to interpolate a curve between these bounds.  A value of 0.5 results in a curve representing the median response to congestion. Congestion efficiency values by powertrain type are in the “cong_efficiency.csv” inputs file (8.2.9).  The values in this file may be adjusted so the resulting fuel speed curves are similar to those used in MOVES applications.  The procedure is documented in the Section 21 “Metropolitan Area Vehicle Travel, Congestion, Speed, and Fuel Economy Adjustment Model” of EERPAT Model Documentation.      
[bookmark: _Commercial_Service_Vehicles]Commercial service vehicles model
The daily VMT of light-duty commercial service vehicles is computed from the daily VMT of households using the “CommVmtFactor” in the “global_values.txt” file (8.1.7). Commercial service vehicle VMT is allocated to counties and metropolitan areas in proportion to the VMT computed for households in each of those areas. Commercial service vehicle type proportions (auto vs. light truck) are determined by values in the “comm_service_lttruck_prop.csv” input file (8.2.7). The vehicle age distribution for each type is calculated from the base year distribution and the 95th percentile adjustment factors in the “age_adj.csv” input file (8.2.1) which allows commercial service vehicles to have a different age distribution than household vehicles if that is known. Vehicle powertrains are determined by the proportions in the “comm_service_pt_prop.csv” input file (Section 8.2.8). Fuel proportions are determined by the “comm_service_fuel.csv” input file (Section 8.2.6). Unlike the fuel inputs for household vehicles, there is not an option for using a composite fuel, rather than specifying fuel proportions. The carbon intensities of fuels used to compute CO2e emissions from fuel consumption are determined by the “fuel_co2.csv” input file (8.2.14). The electric power emissions rates used to compute the CO2e emissions from travel by electrically powered vehicles are determined by the “power_co2.csv” input file (8.2.29). Most of the commercial services vehicle model is determined by inputs and not estimated parameters so no re-estimation would be required for a new application. The exception is the base year vehicle age distribution for light-duty vehicles which should be re-estimated using motor data as described in 8.1.8.4. If age distribution data is available for commercial service vehicle fleets apart from household vehicles, the values in the “age_adj.csv” input file can be modified to reflect the household vehicle age profile to fit the commercial service vehicle age profile. The commercial service vehicle model is documented in the Section 22 “Commercial Service Vehicle Model” of EERPAT Model Documentation.
[bookmark: _Truck_VMT_factors][bookmark: _Road_Use_Tax]Road use tax adjustment model
The road use tax adjustment model calculates how much of a road mileage tax (i.e. VMT tax) should be added to fully fund the assumed road system. This model serves two purposes. First, it maintains a level playing field for comparing scenarios that have different assumptions for vehicle characteristics and/or road construction. Unless the full funding of the road system is accounted for, the comparison of household costs will not be equivalent. Second, it enables the effects of fuel economy improvements on road revenues to be estimated. It is possible to turn off this model, by setting the “CalcVmtSurcharge” variable in the “global_values.txt” file (8.1.7) to FALSE. The model assumes that road use taxes are split between light and heavy vehicles based on their respective vehicle miles traveled weighted by respective passenger car equivalent (PCE) values (contained in the Pce.Ty object of the CongModel_ object).  PCE values are based on the Highway Capacity Manual. Unit road costs are determined by values in the “costs.csv” input file (8.2.11). These can be changed as appropriate to reflect the values for the application area. Because the road use tax adjustment model is determined by inputs and not estimated parameters, no re-estimation would be required for a new application. The model is documented in the Section 23 “Road Use Tax Adjustment Model” of EERPAT Model Documentation.
[bookmark: _Metropolitan_truck_proportions][bookmark: _Heavy_Vehicle_Models][bookmark: _Ref393103853]Heavy vehicle models
EERPAT includes several models for calculating emissions from heavy duty vehicles. The truck and bus age models develop age distributions and then use these distributions, along with truck and bus MPG by vehicle model year, to calculate an age-weighted average MPG. Total fuel consumption is calculated from this and the estimates of estimates of truck and bus VMT. Then truck and bus fuel consumption is split into fuel types using the fuel type proportions specified in the “hvy_truck_fuel.csv” input file (8.2.16) and the “bus_fuels.csv” input file (8.2.4) respectively. Finally, CO2e emissions are calculated from the quantities of fuel consumed and the corresponding carbon intensities of the fuels specified in the “fuel_co2.csv” input file (8.2.14). These models are discussed in Section 24 “Heavy Vehicle Models” of EERPAT Model Documentation. They do not include any estimated parameters and so do not require re-estimation for a new application.	

[bookmark: _VMT_distribution_to][bookmark: _VMT_distribution_by][bookmark: _Average_speed_vs.][bookmark: _Fuel_economy_adjustment][bookmark: _Vehicle_age_models][bookmark: _Toc291171094] 

10 [bookmark: _Designing_scenarios][bookmark: _Toc459997132]Designing Scenarios
EERPAT is a tool that allows a user to test many alternative scenarios, including individual policies to reduce greenhouse gas emissions from surface transportation modes as well as combinations of those policies. For example, one Oregon application involved the development and analysis of over 200 scenarios. EERPAT provides a consistent framework for testing the scenarios and analyzing and comparing the results. This section of the User’s Guide provides selected guidance and advice on how to design scenarios and explains which input files to adjust to test certain types of scenarios. The steps necessary to run a scenario are introduced in the “Run a future scenario” instructions in 6.2, above, and the layout of each of the scenario input files is discussed in detail in 8.2, above. Analyzing and comparing scenario results is discussed in Section 11, “Analysis of Results,” below.
One key aspect of EERPAT is that it is sensitive to many of the interacting effects of different scenarios, and so it is recommended that once a set of individual policies is developed, the combinations of those policies are tested to understand if some of the policies’ effects partially cancel each other out. If many individual policies are defined, testing all of the combinations could lead to a large number of runs so this could be confined to a later stage in the policy testing phase once the number of policies to test is reduced.
WARNING: This section does not contain specific recommendations or guidance on the reasonableness of input values; the user needs to determine what variation in inputs is reasonable. The user should consult other sources of information (some of which are referenced in EERPAT Model Documentation) for guidance and examples on reasonable assumptions.
[bookmark: _Toc291171095][bookmark: _Toc459997133]Instructions for testing a selection of scenarios
Section 1 “Model Objectives,” above, explains that EERPAT was developed to address a large group of factors. The remainder of this section discusses how to create scenarios to test policies around these factors.
[bookmark: _Toc291171096]Changes in population demographics
Population forecasts by age are in pop_forecasts/pop_by_age_XXXX.csv in the model/inputs directory (8.1.12). To test changes in the evolution of the population over time, alternative versions of these files can be created. Since these files are stored in the model/inputs directory and not the scenario directory, creating an alternative population scenario requires care with file management.
Income forecasts are contained in per_cap_inc.csv (8.2.278.2.27), and regional income values are in regional_inc_prop.csv (8.2.30). The first of the two files can be used to test the effects (e.g. sensitivity of the emissions forecasts) of different income growth in the State over time. The second file can be varied to test alternative regional income distributions over time.
[bookmark: _Toc291171097]Land use policies
The ability to test alternative land use scenarios is an important capability. This family of scenarios deals with different possible outcomes from land use policies. These policies include allocating development amongst metropolitan, urban, and rural areas, policies that will affect growth in urban areas (e.g. allowing urban growth boundaries to grow) and policies that affect urban form in metropolitan areas. There are three key files that can be used to describe alternative land use policies:
urban_rural_growth_splits.csv (8.2.36) is used to allocate population growth by area type. This file can be used, for example, to represent restrictions in rural population growth through land use policies.
ugb_area_growth_rates.csv (8.2.35) is used to adjust the growth in urban land area over time. This allows the testing of policies such as hard limits on urban growth that will (in combination with assumptions in urban_rural_growth_splits.csv) increase urban density over time.
One type of policy designed to reduce household VMT, and hence greenhouse gas emissions, is to attempt to increase the proportion of the population living in mixed-use areas with a well interconnected street and walkway system. The file metropolitan_urban_type_proportions.csv (8.2.21) contains a table of household proportions that are located in urban mixed-use areas by metropolitan area and forecast year. The file can be used to test the effects of policies that facilitate and encourage mixed-use development.

[bookmark: _Toc291171098]Transportation supply policies
Growth in transportation supply in metropolitan areas, in terms of the amount of public infrastructure and services, i.e. roads and transit service, is described in two files:
fwy_art_growth.csv (8.2.15) contains information about rates of freeway lane mile growth and arterial lane mile growth relative to population for each metropolitan area. Policies that either prioritize or diminish investment in metropolitan freeway and arterial infrastructure can be tested using this file.
transit_growth.csv (8.2.34) contains information about rates of transit revenue mile growth relative to population growth for each metropolitan area and the proportion of transit revenue mile growth that is electrified rail transit. The growth rates can be varied to test the impacts of increasing or decreasing transit investments in the future.

[bookmark: _Toc291171099]Vehicle fleet policies
There are several files that describe aspects of how the vehicle fleet might change over time, whether by market actions or as a result of adopted policies:
Auto and light truck proportions by forecast year are input in lttruck_prop.csv (8.2.20). This file can be used to explore the effects of different vehicle-buying preferences, in terms of light trucks vs. autos, in the future.
Average vehicle fuel economy for internal combustion engine vehicles (ICEV) by vehicle type and vehicle model year for autos and light trucks are input in auto_lighttruck_mpg.csv (8.2.3). This file can be used to test alternative vehicle development scenarios, such as improved technology and/or fuel economy standards that lead to higher vehicle fuel economies for these vehicles.
A similar file for heavy vehicles, hvy_veh_mpg_mpk.csv (8.2.18) contains estimates and forecasts of average fuel economy and power economy in miles per gallon and miles per kilowatt hour for heavy vehicles (heavy truck, bus, train) by vehicle model year. This file can be used to test alternative vehicle development scenarios that lead to higher vehicle fuel economies for heavy vehicles.
The vehicle age distribution by vehicle type can be adjusted using age_adj.csv (8.2.1), which contains a table of vehicle age adjustment factors by vehicle type and forecast year. The purpose of this input is to allow scenarios to be developed that test faster turnover of the vehicle fleet. 
The market share and performance of hybrid electric vehicles (HEV), plug-in hybrid electric vehicles (PHEV), and electric vehicles (EV) are input in the hev_characteristics.csv (8.2.17), phev_characteristics.csv (8.2.28), and ev_characteristics.csv (8.2.13) files respectively. The values in these files can be adjusted to test alternative HEV, PHEV and EV scenarios, such as higher market shares or technological improvements that increase vehicle ranges.
The effects of changes to the commercial service vehicle fleet such as the conversion of a larger share to run compressed natural gas or electricity can be modeled by adjusting the values in the comm_service_fuel.csv (8.2.6) and comm_service_pt_prop.csv (8.2.8) files.
The input data concerning use of non-motorized vehicles such as bicycles, electric bicycles, electric scooters, etc., are contained in light_vehicles.csv (8.2.19). This file can be used to define and test scenarios where ownership of non-motorized vehicles increases in the future.

[bookmark: _Toc291171100]Pricing policies
EERPAT’s forecasts of daily household travel are sensitive to driving costs, allowing the testing of policies that affect the per-mile cost of driving. The file costs.csv (8.2.11) contains information on fuel and power costs in year 2005 dollars for each forecast year, allowing the following costs to be explicitly modeled. 
Fuel costs (product costs, excluding tax)
Electricity costs for charging electric vehicles and powering transit systems
Taxes for vehicle miles traveled
Taxes for carbon emissions
Taxes on gasoline and diesel fuel
Taxes to internalize externality costs 
An additional file, payd.csv (8.2.26) contains information describing Pay-as-You-Drive Insurance participation and costs. The costs are included in the calculations of daily VMT along with other vehicle operating costs that are proportional to VMT. 
Parking pricing policies can also be represented in EERPAT. The file parking.csv (8.2.25) contains information that allows the effects of policies such as workplace parking charges and “cash-out buy-back” programs to be tested.
Congestion pricing within individual metropolitan areas can be represented by establishing per mile charges for VMT in severely and/or extremely congested periods in the congestion_charges.csv (8.2.10) file. 
[bookmark: _Toc291171101]Travel demand management
Participation in and the effectiveness of two types of travel demand management policies are described using tdm.csv (8.2.33):
Employee commute options  programs are work-based travel demand management programs. They may include transportation coordinators, employer-subsidized transit passes, bicycle parking, showers for bicycle commuters, education and promotion, carpool and vanpool programs, etc.
Individualized marketing programs are travel demand management programs focused on individual households. These marketing programs involve individualized outreach to households that identify household travel needs and ways to meet those needs with less vehicle travel. 
Car-share vehicle availability is described in carshare.csv (8.2.5). Availability can be described separately for metropolitan medium-density and high-density areas.
[bookmark: _Toc291171102]Traffic operations management
The impacts of policies to improve metropolitan area traffic operations to improve fuel economy can be tested using the file ops_deployment.csv (8.2.22), which contains a table of factors specifying the level of deployment of freeway ramp metering, freeway incident management, arterial signal coordination, and arterial access management by metropolitan area and forecast year. This file is used in calculations of congested travel speeds and provides a simple level of sensitivity testing of the potential effects of these traffic operations management programs on emissions. The impacts of more advanced active traffic management programs can be modeled using the speed_smooth_ecodrive.csv file (8.2.32). The values represent how much traffic speed fluctuations can be eliminated where a value of 0 means that there is no speed smoothing and a value of 1 represent automated control of all traffic such that all vehicles operate at their theoretical maximum efficiency for the speed.  
[bookmark: _Toc291171103]Vehicle operation and maintenance
EERPAT contains inputs for testing participation in three specific forms of vehicle operation and maintenance policies:
Eco-driving involves educating motorists on how to drive in order to reduce fuel consumption and cut emissions. Examples of eco-driving practices include avoiding rapid starts and stops, matching driving speeds to synchronized traffic signals, and avoiding idling. Practicing eco-driving also involves keeping vehicles maintained in a way that reduces fuel consumption such as keeping tires properly inflated and reducing aerodynamic drag. The files  speed_smooth_ecodrive.csv (8.2.32) and eco_tire.csv (8.2.12) provide household and heavy vehicle participation rates for eco-driving.
Low rolling resistance tires reduce fuel consumption by reducing energy losses due to tire deformation as the tire rolls down the road. The file eco_tire.csv (8.2.12) provides household participation rates for use of low rolling resistance tires.
Optimizing households are those that consciously allocate their travel to vehicles in the order of the fuel economy of their vehicles. The file optimize.csv (8.2.23) provides household participation rates in optimizing behavior.

[bookmark: _Toc291171104]Carbon intensity of fuels and electric power
The fuel types used by light and heavy vehicles and the carbon intensity of electricity are important variables in the calculations of emission and can all be affected by policies to reduce greenhouse gas emissions from surface transportation. The following files can be used to create scenarios:
auto_lighttruck_fuel.csv (8.2.2) contains a table of fuel type proportions for automobiles and light trucks for the forecast years. This file can be used to test alternative fuel scenarios for autos and light trucks by varying the future shares of non-gasoline fuels.
heavy_truck_fuel.csv (8.2.16) contains a similar table of fuel type proportions for heavy trucks. This file can be used to test alternative fuel scenarios for heavy vehicles by varying the future shares of non-diesel fuels.
bus_fuels.csv (8.2.4) contains a table of fuel type proportions for transit buses by fuel type and metropolitan area. This file can be used to test alternative fuel scenarios for transit buses.
power_co2.csv (8.2.29) contains information on county-specific average pounds of CO2 equivalents generated per kilowatt hour of electricity consumed by the end user. The rates vary by county based on the electricity generation mix for power in that county, and are end-user values rather than source values so they include power transmission loss effects. This file can be used to test alternative power generation scenarios that might reduce the power generation emissions, for example, increased solar power generation.

[bookmark: _Toc291171105]

11 [bookmark: _Analysis_of_results][bookmark: _Toc459997134]Analysis of Results
EERPAT produces large amounts of output from each model run that can be analyzed in many ways. This section of the User’s Guide describes how the output data are organized and explains conceptually how to conduct analysis of the output.
[bookmark: _Toc291171106][bookmark: _Toc459997135]Organization of outputs
Once a run of EERPAT is complete, the outputs directory in the scenario folder will be populated. The outputs directory contains a directory for each forecast year for which the model was run.
In each forecast year directory, there will be files containing the household simulation results for each county. These files are simply named with the name of the county and an .”RData” extension. Within each of the county files is a table called “SynPop” which contains several dozen variables for each household in the county. The variables describe the household, the area it lives in, the vehicles it owns, its participation in various TDM programs, and its daily travel, fuel use, and emissions.
There is also a set of files that contain data at a more aggregate level. Most of the files are tabulations by metropolitan area for calculations that take place at that level of detail. The files created are as follows:
ArtLnMiCap.Ma.Rdata: Arterial lane miles per capita by metropolitan area
AveCongTaxPerMi.Ma.Rdata: Average congestion tax by metropolitan area in dollars per vehicle-mile
AveSpeed.MaTy.Rdata: Average speeds by vehicle type (light vehicles, trucks, and buses) and by metropolitan area 
BusCo2e.Ma.Rdata: Bus CO2 equivalent emissions by metropolitan area 
BusFuel.MaFt.Rdata: Bus fuel use by fuel type and by metropolitan area
BusRevMi.Ma.Rdata: Bus revenue miles by metropolitan area
CommServ_.Rdata: A list containing results of commercial service vehicle model including statewide DVMT (CommServDvmt), metropolitan area DVMT (CommServDvmt.Ma), statewide daily gasoline-equivalent gallons of fuel consumed (CommServFuel), daily gasoline-equivalent gallons by type (CommServFuel.Dt), statewide daily power consumed (CommServKwh), statewide CO2e produced (CommServCO2e), and costs by category (CommServCosts.)
CommVehDvmt.CoDt.Rdata: Commercial service vehicle DVMT by county and development type
CommVehDvmt.Ma.Rdata: Commercial service vehicle DVMT by metropolitan area
CongVmt.ClFcTyMa.Rdata: DVMT by congestion level, roadway functional class, vehicle type (light-duty, heavy truck, bus), and metropolitan area
CostSummary.CoVa.Rdata: Summary of costs and DVMT by county including DVMT, cost-adjusted DVMT, congestion price, fuel cost, power cost, road use tax, carbon tax, added externalities tax, PAYD insurance cost, total externalities cost, household vehicle operating cost,  household vehicle ownership cost, and total road cost
DelayVehHr.MaTy.Rdata: Hours of delay by vehicle type and by metropolitan area
Dvmt.CoDt.Rdata: Daily VMT by county and by development type (metropolitan, town, rural)
FfVehHr.MaTy.Rdata: Hours of free flow travel by vehicle type and by metropolitan area 
FwyLnMiCap.Ma.Rdata: Freeway lane miles per capita by metropolitan area
Inc.CoDt.Rdata: Income by county and by development type
MpgMpkwhAdj.MaPt.Rdata: Fuel economy (and electrical efficiency) adjustment by vehicle powertrain type and by metropolitan area
Pop.CoDt.Rdata: Population by county and by development type
RailCo2e.Ma.Rdata: Rail CO2 equivalent emissions by metropolitan area
RailPower.Ma.Rdata: Rail power use by metropolitan area
RailRevMi.Ma.Rdata: Rail revenue miles by metropolitan area
RoadCostSummary.Rdata: Statewide summary of total road costs, total road revenues, and difference between road costs and revenues
TranRevMiCap.Ma.Rdata: Transit revenue miles per capita by metropolitan area
TruckCo2e.Ma.Rdata: Truck CO2 equivalent emissions by metropolitan area
TruckFuel.MaFt.Rdata: Truck fuel use by fuel type and by metropolitan area
VehHr.MaTy.Rdata: Total hours of travel (free flow plus delay) by vehicle type and by metropolitan area
VmtSurcharge.It.Rdata: VMT surcharge in cents per vehicle mile calculated for each model iteration
The “Year2005” directory of the base scenario also contains a file named “Pop.CoDt.RData,” which is a tabulation of base year population by county and development type. 
[bookmark: _Toc291171107][bookmark: _Toc459997136]Analysis concepts
EERPAT is designed to test scenarios using a consistent framework. Therefore, the main type of analysis that users are likely to perform is to compare the results from different scenarios cross-sectionally (e.g., how much CO2 is emitted in 2050?). Other types of analysis include longitudinal comparisons (2020 vs 2030 vs 2040, etc.) within the same scenario, and with validation datasets to compare specific outputs or series of outputs.
For household-level variables, the user can obtain county-level totals by summing across all of the records in each county file. State-level totals would then be the total of the county totals. For example, summing “FuelGallons” gives total fuel used by households in a county. For complete State-level totals for aggregate variables such as VMT, fuel and power used, and emissions, the household totals must be combined with the metropolitan totals from trucks and transit.
One of the drivers of CO2 emissions is, of course, VMT. There are some important subtleties in the calculation and aggregation of VMT of which the user should be aware. For example, EERPAT v3.0 contains HTML reports that can be viewed after a model run. Total DVMT reported within the HTML report sums the following components:
· Household DVMT (Dvmt.CoIgDtDg)
· Bus DMVT (Dvmt.MaTy)
· Rail DMVT (RailRevMi.Ma * Outputs_TranAdjFactor/365)
· Commercial Service Vehicle DVMT (CommServDvmt)
· Truck DMVT (metropolitan area and non-metropolitan area) (Dmvt.MaTy + NonMpoTruckDvmt)
Regarding the first component listed above (Dvmt.CoIgDtDg), the model estimates Dvmt for all households, irrespective of whether they own vehicles or not (DVMT using taxi or car-share services for households not owning vehicles). The model estimates Dvmt for walking, bicycling and using other light vehicles and reduces Dvmt accordingly. The resulting Dvmt is the total household Dvmt in motorized personal vehicles (i.e., not transit or bicycling or walking). The model then allocates the Dvmt among household vehicles for those households that own vehicles. Finally, EERPAT then apportions that VehDvmt between the auto and light trucks (by HC/EV). 
This detail is relevant as another measure of Dvmt can be obtained by summing the modal Dvmt of AutoEv, AutoHc, LtTruckHc, and LtTruckEv. This sum will be slightly lower as it does not measure motor vehicle Dvmt by households with zero vehicles (which amount is included in the Dmvt.CoIgDtDg). The NHTS has noted that there is a small amount of VMT attributable to this demographic group (e.g. through borrowing cars). The amount is small, and should typically be less than 1% of total Dvmt.
[bookmark: _Toc291171108]
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EPA's Office of Transportation and Air Quality (OTAQ) has developed the MOtor Vehicle Emission Simulator (MOVES) (http://www3.epa.gov/otaq/models/moves/index.htm). MOVES is a new emission modeling system that estimates emissions for mobile sources covering a broad range of pollutants and allows multiple scale analysis. MOVES currently estimates emissions from cars, trucks, and motorcycles. Section 1 discusses situations when it is appropriate to use EERPAT instead of MOVES. 
This section of the User’s Guide includes:
1. A discussion of using MOVES inputs and parameters in EERPAT
2. An overview of how EERPAT can be used to generate some of the inputs that are required by MOVES (so that the emissions calculations are carried out in MOVES using its detailed emissions rates)
3. Some considerations for ensuring consistency when using EERPAT for preliminary scenario testing and MOVES for more detailed plan, project, and program analysis.
[bookmark: _Toc459997138][bookmark: _Toc291171109]Using MOVES inputs and parameters in EERPAT
Earlier sections of this User’s Guide discussed several input files to EERPAT that can be developed using data that have already been developed and input to MOVES. The following list provides links to those paragraphs for easy reference. Where a MOVES model exists in a State and EERPAT is being implemented, it is recommended that users take the following inputs from MOVES to ensure that the results obtained from each model are as consistent as possible. This is particularly important when EERPAT is being used for preliminary policy screening and MOVES for more detailed modeling. Consistency considerations are discussed further below.
GreenSTEP_.Rdata  –  The vehicle age distributions for autos and light trucks in VehProp_, and for trucks and buses in TruckBusAgeDist.AgTy can be developed using the MOVES vehicle age distribution (SourceTypeAgeDistribution). For better consistency with MOVES, users can update the relationship between speed and fuel economy for autos and light trucks in CongModel_.
auto_lighttruck_fuel.csv – MOVES uses fuel supply, fuel formulation, and engine fuel type inputs (FuelSupply, Fuel Formulation, and FuelEngFraction) that can be used to derive the simpler fuel inputs used in EERPAT.
auto_lighttruck_mpg.csv – MOVES emissions inventory results can be used to calculate an average fuel economy by vehicle type and model year.
bus_fuels.csv – MOVES uses fuel supply, fuel formulation, and engine fuel type inputs (FuelSupply, Fuel Formulation, and FuelEngFraction), which can be used to derive the simpler fuel inputs used in EERPAT.
fuel_co2.csv – MOVES calculates “pump-to-wheels” CO2 equivalent emissions, which is consistent with EERPAT. However, the estimate used in EERPAT of the portion of CO2 equivalent emissions that comes from sources other than CO2 (i.e. CH4, N2O, and HFCs) is an approximation and can be calculated in more detail using MOVES (The rates used in EERPAT are CO2 equivalent emissions by fuel type in grams per mega Joule of fuel energy content; these could be derived from MOVES by taking the ratio of CO2 equivalent emissions and energy consumption for each fuel type. 
heavy_truck_fuel.csv – MOVES uses fuel supply, fuel formulation, and engine fuel type inputs (FuelSupply, Fuel Formulation, and FuelEngFraction), which can be used to derive the simpler fuel inputs used in EERPAT.
hvy_veh_mpg_mpk.csv – MOVES emissions inventory results can be used to calculate an average fuel economy by vehicle type and model year.
lttruck_prop.csv – The proportion of the passenger vehicle fleet that is light trucks can be calculated from MOVES vehicle population data (SourceTypeYear) derived from local registration data.
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EERPAT can be used to generate some of the required inputs for running MOVES at the county scale. Under this approach EERPAT is used to generate inputs that can typically be produced by a State or regional travel demand model such as VMT and vehicle fleet characteristics. In areas where a State or regional travel demand model does not exist, EERPAT can fill that gap relatively quickly, although with less detailed information.  EERPAT also provides a consistent framework for testing a wide range of scenarios that may be difficult or impossible to test using an existing travel demand model. Once EERPAT has been run to prepare MOVES inputs, MOVES is used for the emissions calculations. This approach replaces the standard data and procedures used for those calculations in EERPAT with comparable calculations performed by MOVES.  
The MOVES inputs that can be partially or completed developed using EERPAT are:
Source Type Population: the number of vehicles in the geographic area that is to be modeled for each vehicle or "source type.” EERPAT has a detailed vehicle fleet model for autos and light trucks. The household level vehicle ownership and vehicle type model results (contained in the “SynPop” table in each county results file) can be summarized up to the county level to produce the numbers of vehicles for the scenario. EERPAT treats heavy trucks in a more aggregate manner and so does not synthesize a heavy truck fleet.
Vehicle Age Distribution: the distribution of vehicle counts by age for each calendar year and vehicle type. As with the source type population, the household-level vehicle ownership and vehicle type model results (contained in the “SynPop” table in each county results file) can be summarized up to the county level to produce an age distribution by vehicle type for the scenario. EERPAT uses a heavy truck age distribution as an input, which can also be used as an input to MOVES. 
Vehicle Type VMT: MOVES inputs include yearly VMT by vehicle type by county. MOVES also requires fractions to apportion VMT by month, day, and hour. EERPAT can provide the yearly VMT totals by vehicle type and by county for autos and light trucks by summing the VMT results in the “SynPop” table in each county results file up to the county level. These results include the VMT for every auto and light truck in the vehicle fleet.
Average Speeds: MOVES requires speed distribution inputs. If these are available from other sources for the base scenario, EERPAT outputs can be used to adjust overall metropolitan area speed distributions. The “AveSpeed.MaTy.Rdata” output contains average speeds by vehicle type (light vehicle, trucks, and buses) and by metropolitan area for alternative scenarios.

[bookmark: _Toc291171110][bookmark: _Toc459997140]Maintaining consistency between EERPAT and MOVES
If EERPAT is used as a tool to screen a large set of policy alternatives before more detailed modeling of a subset of alternatives is carried out using MOVES, consistency between inputs used in the two model systems may be an important consideration to reduce the likelihood that decisions made at the two analysis stages are inconsistent. Users who are concerned about maintaining such consistency (and who are not, for example, simply using EERPAT to identify the relative efficacy of alternative policy strategies in reducing greenhouse gas emissions) should take note of the following considerations:
If, during detailed modeling, EERPAT is still used to produce the inputs to MOVES described above and EERPAT was run using model inputs that were derived from MOVES (as discussed above), the screening and detailed modeling are more likely to be consistent. For example, emissions calculations will be based on the same vehicle fleets and VMT totals. Differences will be due only to the more detailed treatment in MOVES of aspects of the calculations such as time of day/time of year and speeds. 
If an alternative travel demand model is used in conjunction with MOVES, then the consistency of EERPAT outputs and travel demand model outputs should be checked. The key outputs to test are those discussed in Section 12.2 that could be produced by EERPAT and used in MOVES. For example, it is possible that VMT estimates for certain policy tests will differ between EERPAT and an alternative travel demand model, particularly where the sensitivity of the alternative travel demand model to the policy scenario is uncertain. It is possible to calibrate EERPAT against travel model outputs in order to improve model consistency in this case.
Using MOVES input: As discussed above, MOVES allows users to enter data such as vehicle fleet age distribution and population, and fuel type proportions. Similar input data are used in EERPAT, and so consistent inputs should be used. It is recommended that inputs derived from MOVES be used in EERPAT to ensure that the emissions calculations are as similar as possible.




13 [bookmark: _Toc459997141]Guidance on Calibrating an EERPAT Model
The most common way to calibrate an EERPAT model is to select a base year  to calibrate to, and to develop a calibration data set of key model outputs to compare against the same outputs estimated by the EERPAT model. For the EERPAT state pilots – Maryland, Vermont, and Washington – 2010 was selected as the Base Year. 
Once the base year is established, a number of key outputs should be tracked in a model run to compare against the corresponding measured outputs available from other sources (see Figure 77).
[bookmark: _Ref451774891][bookmark: _Toc459997219]Figure 77: Three Key Variables to Calibrate for an EERPAT Base Year Model Run
	EERPAT Variable
	Data Source
	Conversion

	Vehicle Miles Travelled (VMT) (Urban, Rural, Total)
	Highway Performance Monitoring System; Travel Demand Models (statewide or metropolitan)
	For HPMS: Daily VMT (from EERPAT) X 365 days/million

	Vehicle Population (automobiles and light trucks)
	State Departments of Motor Vehicles; Highway Performance Monitoring System
	None

	Fuel Consumption
	State Departments of Transportation
	Daily fuel consumption (all modes) X 365 days/1000 gallons



A key output of EERPAT is Vehicle Miles Traveled (VMT). EERPAT generates a statewide VMT estimate through its series of linked internal models. EERPAT is a “demand-side” model, with a significant amount of detail regarding the source of travel demand. The “supply side” is relatively coarsely represented, and very coarse when compared to a conventional or advanced travel demand model. That said, to be considered useful for policy testing, an EERPAT model should generate the appropriate amount of VMT for a given base year.
To that end, it is important to understand that EERPAT estimates the VMT of in-state households. As such, other VMT measures – whether from the HPMS or from a travel demand model – need to be adjusted to reflect “internal” VMT only. In other words, VMT associated with travel outside the state of interest, such as external-to-external VMT should not be included in the comparison total. For the state pilots, the HPMS estimates of VMT were adjusted downward to account for the fraction of VMT that is generated by out-of-state travel. One potential source for this adjustment is the amount of external traffic that is estimated in statewide (or other, if another geography is being used) travel demand models. For the pilot states, this fractional reduction varied between 4% and 12% of total VMT.
There are no published calibration standards for models like EERPAT. In the experience of the pilot projects, it was determined that model-generated values within 10% of published data sources was a reasonable goal. Part of the problem is that the published data, some of which can be obtained from the Highway Performance Monitoring System (HPMS) have known data quality and accuracy issues.
14 [bookmark: _Toc459997142]Running EERPAT Directly from R
Shortcuts
Check that the R shortcuts in both the “base” directory and the “future” directory point to the version of R that is currently installed[footnoteRef:16] and that “Start in” properties for both shortcuts are set correctly. [16:  For best model run time efficiency, EERPAT should be run on the 64-bit version of R. ] 

7. The shortcut file is “R 2.11.1” and points to the Rgui executable. It is named R 2.11.1 because this was the latest version of R when EERPAT was released. However, it should point to whatever version of R is currently installed, for example R 3.1.1 is the latest version of R as of July 2014. 
8. Creating a shortcut to R can be done by copying and pasting as a shortcut the Rgui.exe icon located in the bin subdirectory of the relevant R program directory (e.g. C:\Program Files\R\R-3.1.1\bin\Rgui.exe). 
9. The properties of the shortcut should be edited so that R will start in the directory for the scenario. If that is not done, R will not know where to find the required files. This can be done by right-clicking on the shortcut and choosing “Properties” in the pop-up menu. The window shown in Figure 78 will appear. Remove anything listed in the “Start in” field and then click on the “OK” button. This will change the shortcut so that it will point R to the directory where the shortcut is located.
[bookmark: _Ref284859098][bookmark: _Toc291171111][bookmark: _Toc459997220]Figure 78: R Shortcut Properties Window
[image: ]
Run the base scenario
10. Start the R console with the R shortcut in the base directory.
11. Click on the “Buffered output” menu item in the “Misc” menu in the R console so that you can see progress messages in the console. The model will run fine without doing this, but you will not be able to see progress messages as the model runs.
12. Drag and drop the “run_GreenSTEP.r” script from the base directory onto the R console window. This will run EERPAT. Figure 79 shows the R GUI and EERPAT progress messages at the end of a 2005 run (in this case, just a single year was run).
13. Close the R console window after the model run is completed.
[bookmark: _Ref286075909][bookmark: _Toc291171112][bookmark: _Toc459997221]Figure 79: Screenshot of R GUI and EERPAT progress messages for a 2005 run
[image: ]
Run a future scenario 
Future scenarios are run in a similar way to the base scenario.
1. Copy the “future” directory and rename as desired, e.g. “future_scenario1.” Since future scenarios are meant to model the effects of different prospective policies, the input files will need to be modified to reflect those policies. The “Designing Scenarios” section of this report discusses setting up alternative future scenarios.
1. Start the R console with the R shortcut in the future scenario directory that you created.
1. Drag and drop the “run_GreenSTEP.r” script from the future scenario directory that you created onto the R console window. This will run EERPAT.
1. Close the R console window after the model run is completed.
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The Energy and Emissions Reduction Policy Analysis Tool

The Energy and Emissions Reduction Policy Analysis Tool (EERPAT) was developed to analyze policies designed to reduce transportation energy
consumption and greenhouse gas emissions (GHG). Many states are seeking to perform this type of analysis, but lack the tools to do so. EERPAT
was developed to meet this need. EERPAT allows agencies to quickly assess policy interactions in hundreds of scenarios.

EERPAT is based on GreenSTEP, developed by the Oregon State DOT. It is anticipated that EERPAT will have regular enhancements.
Resources

- User Guide
- Model Documentation (Note that this is the v.2 documentation)

Set up and run EERPAT

Get Started: Set up and run EERPAT
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The Energy and Emissions Reduction Policy Analysis Tool

The Energy and Emissions Reduction Policy Analysis Tool (EERPAT) was developed to analyze policies designed to reduce
transportation energy consumption and greenhouse gas emissions (GHG). Many states are seeking to perform this type of
analysis, but lack the tools to do so. EERPAT was developed to meet this need. EERPAT allows agencies to quickly assess
policy interactions in hundreds of scenarios.

EERPAT is based on GreenSTEP, developed by the Oregon State DOT. It is anticipated that EERPAT will have regular
enhancements
Resources

- User Guide
- Model Documentation (Note that this is the v.2 documentation)

Scenarios

Example
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AnneArundelCounty Baltimore Metro BaltimoreColumbiaTowson 0.93

Baltimorecity Baltimore Metro BaltimoreColumbiaTowson 0.92

BaltimoreCounty Baltimore Metro BaltimoreColumbiaTowson 0.93

CalvertCounty South WashingtonArlingtonAlexandria 0.98

CarolineCounty Upper East NA 1

CarrollCounty Baltimore Metro BaltimoreColumbiaTowson 0.96

CecilCounty Upper East PhiladelphiaCamdenWilmington 0.95

CharlesCounty South WashingtonArlingtonAlexandria 0.94

DorchesterCounty Lower East NA 1

FrederickCounty Washington MetroWashingtonArlingtonAlexandria 0.95

GarrettCounty West NA 1

HarfordCounty Baltimore Metro BaltimoreColumbiaTowson 0.93

HowardCounty Baltimore Metro BaltimoreColumbiaTowson 0.93

KentCounty Upper East NA 1

MontgomeryCounty Washington MetroWashingtonArlingtonAlexandria 0.92

PrinceGeorgesCountyWashington MetroWashingtonArlingtonAlexandria 0.92

QueenAnnesCounty Upper East BaltimoreColumbiaTowson 0.98

SomersetCounty Lower East Salisbury 1

StMarysCounty South CaliforniaLexington 0.97

TalbotCounty Upper East NA 1

WashingtonCounty West Hagerstown 0.94

WicomicoCounty Lower East Salisbury 0.94

WorcesterCounty Lower East NA 1


image30.wmf
Msa

Fwylnmi

Metro

523

EugeneSpringfield

130

SalemKeizer

122

RogueValley

90

Bend

48

Corvallis

10


image31.png
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#This file defines various global values for the model that are not defined elsewhere.

# Base year
BaseYear - "2010"

# Define multiplier for cost difference to determine effect on household income
# The multiplier adjusts for the fact that a percentage of gross household income

# is accounted for by non-discretionary income reductions (taxes).

CostMultiplier = c( 1.19, 1.21, 1.23, 1.25, 1.26, 1.27 )

names( CostMultiplier ) = c( "@to20K", "20KtodeK", "4BKto6eK", "6eKtoSOK", "88Ktol00K", "18@KPlus” )

# Base year annual light vehicle VMT
BaseYrVmt - 5197685690

# Base year annual truck VMT
BaseTruckVmt = 4148716262

# Transit vehicle mile adjustment
# Accounts for deadheading to convert transit revenue miles to vehicle miles

TranAdjFactor = 1.12

# Truck WMT growth multiplier
TruckVmtGrowthMultiplier = 1

# Megajoules per gallon
MjPerGallon = 121

# US to metric conversion factors
PoundToKilogram = 0.45

# Factor to convert DVMT to annual VMT
AnnVitInflator = 365

# Base cost per mile of travel
BaseCostPertfile - 0.04

# Default budget proportion
BudgetProp = 0.1

#name of census region; must be "Northeast”, "South”, "Midwest” or "West”
Census_r = "South”

State

# Factor to estimate commercial service VMT from household VMT
CommVmtFactor = 0.13

# Value of Time
ValueOfTime = 16
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Ldice Fuy low  0.111216 -0.002934 3.63£-05 -L73E-07
Ldice Fuy High  0.080886 -0.002479 2.94E-05
Ldice Art Low  0.114459 -0.002926 3.45E-05
Ldice Art High  0.080886 -0.002479 2.94E-05
LdHev Fuy Low 01321 -0.004133 5.786-05
LdHev Fuy High  0.066735 -0.002487 3.44E-05
LdHev Art Low  0.120354 -0.003429 4.36E-05
LdHev Art High  0.076542 -0.003091 4.77E-05
Ldev Fuy low 011326 -0.00342 4.556-05
Ldev Fuy High  0.051136 -0.001874 241E-05
Ldev Art low 011326 -0.00342 4.556-05
Ldev Art High  0.051136 -0.001874 241E-05
LdFoy Fuy Low  0.132355 -0.003695 4.60E-05
LdFoy Fuy High  0.095516 -0.003235 4.276-05
LdFoy Art Low  0.132355 -0.003695 4.60E-05
LdFoy Art High  0.095516 -0.003235 4.276-05
Hdlce Fuy low 0127122 -0.004816 8.12E-05
Hdlce Fuy High 012433 -0.00459 7.57-05
Hdlce Art low  0.125167 -0.004512 7.33E-05

Hdice Art High  0.121301 -0.004669 7.96E-05
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2009 0 1 0 0 0 1 0 0

2010 0 1 0 0 0 1 0 0

2011 0 1 0 0 0 1 0 0

2012 0.02 0.02 0 0 0.02 0.02 0 0
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Year ULSD Biodiesel RFG CARBOB Ethanol Cng LtVehComposite

1990 77.19 76.81 75.65 75.65 74.88 62.14 NA

1995 77.19 76.81 75.65 75.65 74.88 62.14 NA

2000 77.19 76.81 75.65 75.65 74.88 62.14 NA

2005 77.19 76.81 75.65 75.65 74.88 62.14 NA

2010 77.19 76.81 75.65 75.65 74.88 62.14 NA

2015 77.19 76.81 75.65 75.65 74.88 62.14 NA

2020 77.19 76.81 75.65 75.65 74.88 62.14 NA

2025 77.19 76.81 75.65 75.65 74.88 62.14 NA

2030 77.19 76.81 75.65 75.65 74.88 62.14 NA

2035 77.19 76.81 75.65 75.65 74.88 62.14 NA

2040 77.19 76.81 75.65 75.65 74.88 62.14 NA

2045 77.19 76.81 75.65 75.65 74.88 62.14 NA

2050 77.19 76.81 75.65 75.65 74.88 62.14 NA
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2008 0 0 0 0

2009 0 0 0 0

2010 0.01 41 0.01 30.8

2011 0.02 42 0.02 31.5

2012 0.04 43 0.03 32.2

2013 0.06 44 0.04 32.9
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