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1. Introduction

The United States Environmental Protection Agency’s Motor Vehicle Emission Simulator—
commonly referred to as MOVES—is a set of modeling tools for estimating air pollution
emissions produced by onroad (highway) and nonroad mobile sources. MOVES estimates the
emissions of greenhouse gases (GHGS), criteria pollutants and selected air toxics. The MOVES
model is currently the official model for use for state implementation plan (SIP) submissions to
EPA and for transportation conformity analyses outside of California. The model is also the
primary modeling tool for estimating the impact of mobile source regulations on emission
inventories.

MOVES calculates emission inventories by multiplying emission rates by the appropriate
emission-related activity, applying correction and adjustment factors as needed to simulate
specific situations and then adding up the emissions from all sources and regions.

Vehicle population and activity data are critical inputs for calculating emission inventories from
emissions processes such as running exhaust, start exhaust and evaporative emissions. In
MOVES, most running emissions are distinguished by operating modes, depending on road type
and vehicle speed. Start emissions are determined based on the time a vehicle has been parked
prior to the engine starting, known as a “soak.” Evaporative emission modes are affected by
vehicle operation and the time that vehicles are parked. Emission rates are further categorized by
grouping vehicles with similar fuel type, regulatory classification, and other vehicle
characteristics into “source bins.”

This report describes the sources and derivation for onroad vehicle population and activity
information and associated adjustments as stored in the MOVES default database. In particular,
this report describes the data used to fill the default database tables listed below in Table 1-1.
Note that technical details on the default database values for emission rates, correction factors
and other inputs, including information on nonroad equipment, are described in other MOVES
technical reports.*

These data have been updated for MOVES4 from previous versions of MOVES. In MOVES4,
we have updated vehicle activity based on newer data from Annual Energy Outlook, Highway
Statistics, Transportation Energy Data Book, and School Bus Fleet Fact Book. We also updated
vehicle distributions based on IHS2020 and relative mileage accumulations based on FHWA
analysis. In addition, updates have been made for gliders, Class 2b and 3 light heavy-duty
(LHD) vehicles, and electric vehicles for MOVESA4.

Properly characterizing emissions from onroad vehicles requires a detailed understanding of the
vehicles that comprise the national fleet and their patterns of operation. The MOVES default
database has a domain that encompasses the entire United States, Puerto Rico and the Virgin
Islands. In MOVES, users may analyze emission inventories in 1990 and every year from 1999
to 2060. The national default activity information in MOVES provides a reasonable basis for
estimating national emissions. As described in this report, the most important of these inputs,
such as vehicle miles travelled (VMT) and population estimates, come from long-term
systematic national measurements.



Due to the availability of these national measurements, the most recent year of measured data in
the model and the base year for projected emissions, is 2021.

It is important to note that uncertainties and variability in the default data contribute to the
uncertainty in the resulting emission estimates. Therefore, MOVES has been specifically
designed to accommodate the input of alternate, user-supplied activity data. In particular, when
modellers estimate emissions for specific geographic locations, EPA guidance recommends
replacing many of the MOVES fleet and activity defaults with local data. This is especially true
for inputs where local data is more detailed or up to date than those provided in the MOVES
defaults. EPA’s Technical Guidance? provides more information on customizing MOVES with
local inputs.

Population and activity data are ever changing as new historical data becomes available and new
projections are generated. As part of the MOVES development process, the model undergoes
major updates and review every few years. The significant updates made to MOVES since the
MOVES2014 release were peer-reviewed under EPA’s peer review guidance® in two separate
reviews conducted in 2017, 2019, and 2020. Materials from each peer review, including peer-
review comments and EPA responses are located on the EPA’s science inventory webpage.*°®

The development of fleet and activity inputs will continue to be an important area of focus and
improvement for MOVES.



Table 1-1 MOVES database elements covered in this report

Database Table Name

Content Summary

Report Sections

AvgSpeedDistribution Distribution of time among average speed bins Section 8
DayVMTFraction Distribution of VMT between weekdays and Section 13
weekend days
DriveSchedule Average speed of each drive schedule Section 9
. Mapping of which drive schedules are used for .
DriveScheduleAssoc each combination of source type and road type Section 9
DriveScheduleSecond Speed for each second of each drive schedule Section 9
Broad fuel categories that indicate the fuel .
FuelType . . Section 2
vehicles are capable of using
HotellingActivityDistribution Distribution of hotell[ng activity to the various Section 11
operating modes
HotellingCalendarYear Rate of hotelling hour\s/ IF\)/?; total restricted access Section 11
HourVMTFraction Distribution of VMT among hours of the day Section 13
HPMSVtypeYear Annual VMT by HPMS vehicle types Section 3
IdleRegion Map of idle regions to idle region IDs. Section 10
ModelYearGroup A list of years _and groups of_ years corresponding Section 2
to vehicles with similar emissions performance
MonthGroupHour Coefficients to calcul_ate air cond_ltlonmg demand Section 16
as a function of heat index
MonthVMTFraction Distribution of annual VMT among months Section 13
The distribution of engine start soak times for each
OpModeDistribution source type, day type, hour of the day and Section 12
pollutant.
PollutantProcessModelYear Assigns _model years to appropriate groupings, Section 2
which vary by pollutant and process
RegulatoryClass Categorizes vehicles |n_to Welgh'g-ratlng based Section 2
groups used to assign emission rates.
Distinguishes roadways as urban or rural and by
RoadType type of access, particularly the use of ramps for Section 2
entrance and exit
RoadTypeDistribution Distribution of VMT among road types Section 7
SampleVehicleDay Identifies vehicles in the SampleVehicleTrip table Section 13
sampleVehiclePopulation Fuel type and regulatory class distributions by Section 5
source type and model year.
SampleVehicleTrip Trlp_ start and end tlmgs useq tq determlne_parklng Section 13
times for evaporative emission calculations.
Source Classification Codes that identify the
SCC vehicle type, fuel type, road type and emission Section 2
process in MOVES output
The fraction of total starts that occur in each hour
StartsHourFraction of the day. This allocationFraction varies by Section12
county (zonelD) and day type.
The monthAdjustFactor adjusts the starts per day
StartsMonthAdjust to reflect monthly variation in the number of Section12
starts.
StartsPerDay value is the number of starts per
StartsPerDay average vehicle (of all source types). This value Section12
varies by county (zonelD) and day type.
StartsSourceTypeFraction The allocation of total starts per day for all Section1?

vehicles to each of the MOVES source types.
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Table 1-1 MOVES database elements covered in this report

Database Table Name Content Summary Report Sections

Distribution of population among different vehicle

SourceBinDistribution . Section 2
sub-types (source bins)

Rate of survival to subsequent age, relative Appendix C

SourceTypeAge mileage accumulation rates and fraction of Section 6
functional air conditioning equipment Section 16

SourceTypeAgeDistribution Distribution of vehicle population among ages Section 6
SourceTypeHour The distribution of total daily hotelling among Section 13

hours of the day
SourceTypeModelYear Prevalence of air conditioning equipment Section 16
SourceTypePolProcess Indicates which source bin discriminators are .
Section 2
relevant for each source type and pollutant/process
SourceTypeYear Source type vehicle counts by year Section 4
SourceUseType Mapping from HPMS class to source type, Section 2

including source type names

Road load coefficients and vehicle masses for each
SourceUseTypePhysics source type used to calculate vehicle specific Section 15
power (VSP) and scaled tractive power (STP)

Fraction of vehicle operating time when speed is

TotalldleFraction 2610 Section 10

Zone Allocation of activity to zone (county) Section 14

ZoneRoadType Allocation of driving time to zone (county) and Section 14
road type

10




2. MOVES Vehicle and Activity Classifications

Fundamentally, onroad mobile source emission inventories are estimated by applying vehicle
populations and activity to appropriate emission rates. We wanted to enter vehicle population
and activity data in a form as close as possible to how this data is collected by highway
departments and vehicle registrars, but we had to map these to existing emission standards and
in-use emission rates. Thus, EPA developed MOVES-specific terminology classifying vehicles
according to how they are operated, such as “source types,” and to emission-related
characteristics, such as “regulatory classes” and “fuel types.” At the most detailed level, vehicles
are classified into “source bins” which have a direct mapping to emission rates by vehicle
operating mode in the MOVES emission rate tables.

This section provides definitions of the various vehicle classifications used in MOVES. The
MOVES terms introduced in this section will be used throughout the report. Later sections
explain how default vehicle populations and activity are assigned and allocated to these
classifications.

2.1.HPMS Class

In this report, MOVES HPMS class refers to one of five categories derived from the US
Department of Transportation (DOT) Highway Performance Monitoring System (HPMS) based
vehicle classes used by the Federal Highway Administration (FHWA) in the Table VM-1 of their
annual Highway Statistics report.® The five HPMS classes used in MOVES are as follows:
motorcycles (HPMSVTypelD 10), light-duty vehicles (25), buses (40), single-unit trucks (50)
and combination trucks (60). Please note that the light-duty vehicles class (25) here represents
the combination of the VM-1 categories for long wheelbase and short wheelbase light-duty cars
and trucks. More details on how HPMS classes are used in MOVES may be found in Section 3.

2.2.Source Use Types

The primary vehicle classification in MOVES is source use type, or, more simply, source type.
Source types are groups of vehicles with similar activity and usage patterns and are more specific
than the HPMS vehicle classes described above. In addition, source types have common body
types, and the road load coefficients (rolling load, mechanical rotating friction, aerodynamic
drag) are defined by source type as discussed in Section 15.

Vehicles are classified into source types based on body type as well as other characteristics, such
as whether they are registered to an individual, a commercial business, or a transit agency;
whether they have specific travel routines such as a refuse truck; and whether they typically
travel short- or long-haul routes (greater than 200 miles per day). The MOVES source types are
listed in Table 2-1 along with the associated HPMS classes. More detailed source type
definitions are provided in Section 5.1.

11



Table 2-1 Onroad Source Types in MOVES

sourceTypelD Source Type Name HPMSVTypelD HPMS Description
11 Motorcycles 10 Motorcycles
21 Passenger Cars 25 Light-Duty Vehicles
31 Passenger Trucks (primarily personal use) 25 Light-Duty Vehicles
32 Light Commercial Trucks (primarily non- o5 Light-Duty Vehicles

personal use)

41 Other Buses (non-school, non-transit) 40 Buses
42 Transit Buses 40 Buses
43 School Buses 40 Buses
51 Refuse Trucks 50 Single-Unit Trucks
52 Single Unit Short-Haul Trucks 50 Single-Unit Trucks
53 Single Unit Long-Haul Trucks 50 Single-Unit Trucks
54 Motor Homes 50 Single-Unit Trucks
61 Combination Short-Haul Trucks 60 Combination Trucks
62 Combination Long-Haul Trucks 60 Combination Trucks

2.3.Regulatory Classes

In contrast to source types, regulatory classes are used to group vehicles subject to similar
emission standards. The EPA regulates vehicle emissions based on groupings of technologies
and classifications that do not necessarily correspond to DOT activity and usage patterns. To
properly estimate emissions, it is critical for MOVES to account for these emission standards.

The regulatory classes used in MOVES are summarized in Table 2-2 below. The “doesn’t
matter” regulatory class is used internally in the model if the emission rates for a given pollutant
and process are independent of regulatory class. The motorcycle (MC) and light-duty vehicle
(LDV) regulatory classes have a one-to-one correspondence with source type. Other source types
are allocated between regulatory classes based primarily on gross vehicle weight rating (GVWR)
classification, which is a set of eight classes defined by FHWA based on the manufacturer-
defined maximum combined weight of the vehicle and its load. Urban buses have their own
regulatory definition and therefore are an independent regulatory class.

Table 2-2 Regulatory Classes in MOVES

regClassID | Regulatory Class Name Description
0 Doesn't Matter Doesn't Matter
10 MC Motorcycles
20 LDV Light-Duty Vehicles
30 LDT Light-Duty Trucks
41 LHD2b3 Class 2b and 3 Trucks (8,500 Ibs < GVWR <= 14,000 Ibs)"
42 LHD45 Class 4 and 5 Trucks (14,000 Ibs. < GVWR <= 19,500 lbs.)"
46 MHD Class 6 and 7 Trucks (19,500 Ibs. < GVWR < =33,000 Ibs.)
47 HHD Class 8a and 8b Trucks (GVWR > 33,000 Ibs.)
48 Urban Bus Urban Bus (see CFR Sec. 86.091 2)
49 Gliders Glider Vehicles’

" Class 2b trucks (GVWR 8,501-10,000 Ibs) are only modeled in passenger trucks and light commercial trucks
(source types 31 and 32, respectively). Class 3 trucks (GVWR 10,001-14,000 Ibs) are only modeled in heavy-duty
source types (buses and single unit trucks). Model year 2017-and-later engine-certified Class 3 trucks (only
present within source types 52, 53, and 54) are classified as LHD45 (regclassID 42) for modeling purposes.

12




The EPA regulatory distinction between light-duty (LD) and heavy-duty (HD) trucks falls in the
midst of FHWA GVWR Class 2. Trucks of 6,001-8,500 Ibs. GVWR are Class 2a; in MOVES,
they are considered light-duty trucks in regulatory class 30. Vehicles of 8,500-14,000 Ibs.
GVWR are Class 2b and Class 3 and considered light heavy-duty vehicles (LHD) in regulatory
class 41.

In MOVES4, we reclassified diesel light-heavy-duty Class 3 engine-certified vehicles for model
year 2017 and later years as LHDA45 vehicles. The population fraction of diesel light-heavy-duty
vehicles is based on data in IHS2020. The emission rates for LHD2b3 vehicles are based on the
assumption that all vehicles are chassis-certified. Because Class 3 engine-certified vehicles are
subject the same emission standards as Class 4 and 5 engine-certified vehicles, we reclassified
these vehicles as LHD45 vehicles. Model year 2017 was selected because this is the first model
year when the emission rates are different between LHD2b3 and LHD45.1!

In the MOVES model, “Gliders” refers to post-2007 heavy-duty diesel vehicles with new chassis
but with older engines that do not meet 2007 or 2010 emissions standards and thus are treated as
a separate regulatory class.

Section 5.2 provides more information on the distribution of vehicles among regulatory classes.
Vehicle weights in MOVES are defined by both regulatory class and source type as discussed in
Section 15.

2.4.Fuel and Technology Types

MOVES models vehicles powered by following fuel types: gasoline, diesel, E-85 (fuels
containing 70 percent to 85 percent ethanol by volume), compressed natural gas (CNG) and
electricity. Note that in some cases, a single vehicle can use more than one fuel. For example,
flexible fuel vehicles (FFV) are capable of running on either gasoline or E-85. In MOVES, fuel
type refers to the capability of the vehicle rather than the fuel in the tank. The fuel use actually
modeled depends on a number of factors including the location, year and month in which the fuel
was purchased, as explained in the MOVES technical report on fuel supply.® MOVES also
allows the modeling of technology types, although these are not distinguished in MOVES output.
In MOVES4, technology type is used to distinguish battery and fuel-cell electric vehicles. Table
2-3 below summarizes the fuel types and technology types populated in MOVES4. These are
recorded in the default database FuelType, EngineTech and FuelEngTechAssoc tables.

13



Table 2-3 A List of Allowable Fuel Types to Power Vehicles in MOVES

o Default Fuel EngTechID Technology
fuelTypelD Description FormulationID® Description
. Conventional Internal
1 Gasoline 10 1 Combustion
5 Diesel Fuel 20 1 Conventional _Internal
Combustion
3 Compressed Natural Gas (CNG) 30 1 Conventional _Internal
Combustion
5 Ethanol (E-85) 50 1 Conventional _Internal
Combustion
.. 30 Electric
9 Electricity 90 20 Fuel Cell

It is important to note that not all fuel type/source type combinations can be modeled in
MOVES. For example, MOVES cannot model gasoline-fueled long-haul combination trucks or
diesel motorcycles. Similarly, flexible fuels (E85-compatible) are only modeled for passenger
cars, passenger trucks and light commercial trucks. In addition, MOVES does not explicitly
model hybrid powertrains, but accounts for these vehicles in calculating fleet-average energy
consumption and COz rates.? For more information on how MOVES models the impact of fuels
on emissions, please see the MOVES documentation on fuel effects.®

2.5.Road Types

MOVES calculates onroad emissions separately for each of four road types and for “off-
network” activity when the vehicle is not moving. The road types used in MOVES are listed in
Table 2-4. The four MOVES road types (2-5) are aggregations of FHWA functional facility

types.

Table 2-4 Road Types in MOVES

roadTypelD Description FHWA Functional Types
1 Off Network Off Network
2 Rural Restricted Access Rural Interstate & Rural Freeway/Expressway
. Rural Other Principal Arterial, Minor Arterial, Major
3 Rural Unrestricted Access Collector, Minor Collector & Local
4 Urban Restricted Access Urban Interstate & Urban Freeway/Expressway
. Urban Other Principal Arterial, Minor Arterial, Major
5 Urban Unrestricted Access Collector, Minor Collector & Local

2 While we have considered creating a separate category for hybrid vehicles, modeling their emissions separately is
not required for regulatory purposes and presents a number of challenges, including obtaining representative detailed
data on hybrid vehicle emissions and usage and accounting for offsetting emissions allowed under the fleet-
averaging provisions of the relevant emissions standards.
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The MOVES road types are based on two important distinctions in how FWHA classifies roads:
1) urban versus rural roadways are distinguished based on surrounding land use and human
population density and 2) unrestricted versus restricted are distinguished based on roadway
access—restricted roads require the use of ramps. The urban/rural distinction is used primarily
for national level calculations. It allows different default speed distributions in urban and rural
settings. Of course, finer distinctions are possible. Users with more detailed information on
speeds and acceleration patterns may run MOVES at project level where emissions can be
calculated for individual links.

2.6.Source Classification Codes (SCC)

Source Classification Codes (SCC) are used to group and identify emission sources in large-scale
emission inventories. They are often used when post-processing MOVES output to further
allocate emissions temporally and spatially when preparing inputs for air quality modeling. In
MOVES, SCCs are numerical codes that identify the vehicle type, fuel type, road type and
emission process using MOVES identification (ID) values in the following form:

AAAFVVRRPP, where

e AAA indicates mobile source (this has a value of 220 for both onroad and nonroad),
e F indicates the MOVES fuelTypelD value,

e VV indicates the MOVES sourceTypelD value,

e RR indicates the MOVES roadTypelD value and

e PP indicates the MOVES emission processiD value.

Building the SCC values in this way allows additional source types, fuel types, road types and
emission processes to be easily added to the list of SCCs as changes are made to future versions
of MOVES. The explicit coding of fuel type, source type, road type and emission process also
allows the new SCCs to indicate aggregations. For example, a zero code (00) for any of the
sourceTypelD, fuelTypelD, roadTypelD and processlD strings that make up the SCC indicates
that the reported emissions are an aggregation of all categories of that type. Using the mapping
described above, modelers can also easily identify the sourceTypelD, fuelTypelD, roadTypelD
and processID of emissions reported by SCC. Refer to earlier sections in this document for the
descriptions of the sourceTypelD, fuelTypelD and roadTypelD values currently used by
MOVES. Emission processes are discussed in other MOVES reports on emission rate
development® 1t and are not described here. All feasible SCC values are listed in the SCC table
within the default database.

2.7.Model Year Groups
MOVES uses model year groups to avoid unnecessary duplication of emission rates for vehicles
with similar technology and similar expected emission performance. For example, there is a

model year group for “1980 and earlier.” In MOVES, model year refers to the year in which the
vehicle was produced, built and certified as compliant with emission standards.
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The default ModelYearGroup table provides information on the model year group names,
beginning and ending years and a two-digit shorthand identifier (shortModelYrGroupID).
However, the model year groups that are relevant for a given calculation can vary depending on
pollutant and emission process as defined in the PollutantProcessModelYear table. For example,
a 2031 vehicle belongs to the “2031” model year group for estimating running total energy
consumption but belongs to the “2031-2050 group for estimating nitrous oxide running
emissions. Because these groupings are determined based on analysis of the actual or expected
emissions performance, the rationale for each model year grouping is provided in the MOVES
emission rate reports.10

2.8.Source Bins

The MOVES default database identifies emission rates by emission-related characteristics such
as the type of fuel that a vehicle uses and the emission standards it is subject to. These
classifications are called “source bins.” They are named with a sourceBinID that is a unique 19-
digit identifier in the following form:

1FFEERRMM0000000000, where

e 1isaplaceholder,

e FF isa MOVES fuelTypelD,

e EE isa MOVES engTechlID,

e RRisa MOVES regClassID,

e MM isa MOVES shortModYrGrouplID and
e 10 trailing zeros for future characteristics.

The model allocates vehicle activity and population to these source bins as described below.

A mapping of model year to model year groups is stored in the PollutantProcessModel Y ear
table. Distributions of fuel type and regulatory class by source type are stored by model year in
the SampleVehiclePopulation table. MOVES combines information from these two tables (see
Table 2-5) to create a detailed SourceBinDistribution. In general, fuel type is relevant for all
emission calculations, but the relevance of regulatory class and model year group depend on the
pollutant and process being modeled. See Section 2.10 for more information on how MOVES
uses generators to calculate detailed activity information.
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Table 2-5 Data Tables Used to Allocate Source Type to Source Bin

Table Name

Key Fields*

Additional Fields

Notes

SourceTypePolProcess

sourceTypelD
polProcessID

isRegClassReqd
isMYGroupReqd

Indicates which pollutant-processes the
source bin distributions may be applied
to and indicates which discriminators
are relevant for each sourceTypelD and
polProcessID (pollutant/process
combination)

PollutantProcessModelYear

polProcessID
modelYearlD

modelYearGrouplD

Assigns model years to appropriate
model year groups for each
polProcessID.

SampleVehiclePopulation

sourceTypelD

modelYearlD
fuelTypelD
engTechlD
regClassiD

stmyFuelEngFraction
stmyFraction

Includes fuel type and regulatory class
fractions for each source type and
model year, even for some source

type/fuel type combinations that do not

currently have any appreciable market
share (i.e. CNG motor homes). This
table provides default fractions for the
Alternative Vehicle Fuel & Technology
(AVFT) importer.

Note:

* In these tables, the sourceTypelD and modelYearID are combined into a single sourceTypeModelYearlD.

While details of the SourceTypePolProcess and PollutantProcessModelYear tables are discussed
in the reports on the development of the light- and heavy-duty emission rates,'%! the
SampleVehiclePopulation (SVP) table is a topic for this report and is discussed in Section 5.2

2.9.Allowable Vehicle Modeling Combinations

In theory, the MOVES source bins would allow users to model any combination of source type,
model year, regulatory class and fuel type. However, each combination must have accompanying
emission rates; combinations that lack data from emissions testing or have negligible market
share cannot be directly modeled in MOVES.

Table 2-6 summarizes the allowable source type-fuel type combinations. Most of the gasoline
and diesel combinations exist with a few exceptions, but options for alternative fuels are limited,
as discussed earlier in Section 2.4. MOVES also stores regulatory class distributions by source
type in the SampleVehiclePopulation table. Table 2-7 summarizes the allowable source type-
regulatory class combinations. Table 2-8 shows the full set of allowable source type, fuel type
and regulatory class combinations. Also see the mapping of fuel types and technology types
shown in Table 2-3. Additional discussion about decisions to include and exclude certain types
of vehicles can be found in Section 5.
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Table 2-6 Matrix of the Allowable Source Type-Fuel Type Combinations in MOVES4
(Allowable combinations are marked with an X)

Source Use Type
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Fuel Type 11 | 21 | 31 | 32 | 41 | 42 | 43 | 51 | 52 | 53 | 54 | 61 | 62

Gasoline | 1| X | x | x| x| x| x| x| x| x| x| x| x

Diesel 2 X | x| x| x| x| x| x| x| x| x
CNG 3 X | x| x| x| x| x| x| x| x
E85-Capable | 5 X X X
Battery 9 X | x | x| x| x| x| x| x| x| x| x| x
Electric

E'ecg:;l':“e' 9 X | x | x| x| x| x| x| x| x

Table 2-7 Matrix of the Allowable Source Type-Regulatory Class Combinations in MOVES4
(Allowable combinations are marked with an X)
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Regulatory Class | 11

MC 10 X
LDV 20 X
LDT 30 X X
LHD2b3 41 X X X X X X X
LHDA45 42 X X X X X X X
MHDG67 46 X X X X X X X X X
HHDS8 47 X X X X X X X X X
Urban Bus | 48 X
Gliders” 49 X X

* This table was updated to fix an error in previous versions of the report. Glider assignment to sourcetypes is unchanged
from MOVES3 to MOVES4.
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Table 2-8 Summary of source type, fuel type, technology, and regulatory class combinations in

MOVES4
sourceTypelD fuelTypelD engTechID regClassID
11 1 1 10
1,2,5 1 20
21 9 30 20
1,2 1 30,41
5 1 30
31,32 9 30 30,41
9 40 41
12, 1 42, 46, 47
41, 42 3 1 47,48
9 30, 40 42, 46, 47
1,2 1 41,42, 46, 47
43 3 1 47
9 30, 40 41,42, 46, 47
1,2 1 41,42, 46, 47
51,52, 53, 54 3 1 47
9 30, 40 41, 42, 26, 47
1,9 1 46, 47
2 1 46, 47, 49
61, 62 3 1 47
9 30, 40 46,47

2.10. Default Inputs and Fleet and Activity Generators

As explained in the introduction, vehicle population and activity data are critical inputs for
calculating emission inventories and MOVES calculators require information on vehicle
population and activity at a very fine scale. In project-level modeling, this detailed information
may be available and manageable. However, in other cases, the fleet and activity data used in
the MOVES calculators must be generated from inputs in a condensed or more readily available
format. MOVES uses “generators” to create fine-scale information from user inputs and MOVES
defaults.

The MOVES Total Activity Generator estimates hours of vehicle activity using vehicle miles
traveled (VMT) and speed information to transform VMT into source hours operating (SHO).
Other types of vehicle activity are generated by applying appropriate factors to vehicle
populations. Vehicle starts, extended idle hours and source hours (including hours operating and
not-operating) are also generated. The default database for MOVES contains national estimates
for VMT and vehicle population for every possible analysis year (1990 and 1999-2060). For
national inventory runs, annual national activity is distributed temporally and spatially using
allocation factors and age distributions for future years are generated from the base year
distribution.

The Source Bin Distribution Generator (SBDG) uses information on model year groupings and
fuel type and regulatory class distributions to estimate activity fractions of each source bin as a
function of source type, model year, pollutant and process. MOVES maps the activity data (by
source types) to source bins which map directly to the MOVES emission rates.
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There are a number of MOVES modules that generate operating mode distributions based on
vehicle activity inputs. For running emissions, MOVES uses information on speed distributions
and driving patterns (driving schedules) to develop operating mode fractions for each source
type, road type and time of day and to calculate off-network idling activity. Similarly, other
generators use MOVES inputs to develop operating mode distributions for hotelling activity,
starts and vapor venting.
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3. VMT by Calendar Year and Vehicle Type

At the national level, MOVES calculates source operating hours from national vehicle miles
traveled (VMT) by vehicle type. The default database contains national VMT estimates for all
analysis years, which include 1990 and 1999-2060. Years 1991-1998 are excluded because there
is no regulatory requirement to analyze them and including them would increase model
complexity. Calendar year 1990 is available to be modeled in MOVES because of the Clean Air
Act Amendments of 1990.

The national VMT estimates are stored in the HPMSVTypeYear table,” which includes three
data fields: HPMSBaseYearVMT (discussed below), baseYearOffNetVMT and
VMTGrowthFactor. Off network VMT refers to the portion of activity that is not included in
travel demand model networks or any VMT that is not otherwise reflected in the other four road
types. The field baseYearOffNetVMT is provided in case it is useful for modeling local areas.
However, the reported HPMS VMT values, used to calculate the national averages discussed
here, are intended to include all VMT. Thus, for MOVES national defaults, the
baseYearOffNetVMT is zero for all vehicle types. Additionally, the VMTGrowthFactor field is
not used in MOVES and is set to zero for all vehicle types.

3.1.Historic Vehicle Miles Traveled (1990 and 1999-2021)

In MOVES4, VMT estimates for the historic years 1990 and 1999-2021 come from the VM-1
table of US DOT Federal Highway Administration’s (FHWA) Highway Statistics series.® In
reporting years 2007 and later, the VM-1 data are calculated with an updated methodology,*?
which implements state-reported data directly rather than a modeled approach and which has
different vehicle categories. The current HPMS-based VM-1 categories are 1) light-duty short
wheelbase, 2) light-duty long wheelbase, 3) motorcycles, 4) buses, 5) single-unit trucks and 6)
combination trucks. Because MOVES categorizes light-duty source types based on vehicle type
and not wheelbase length, the short and long wheelbase categories are combined into a single
category of light-duty vehicles (HPMSVTypelD 25). Internally, the MOVES Total Activity
Generator allocates this VMT to MOVES source types and ages using vehicle populations, age
distributions and relative mileage accumulation rates.

For years prior to 2007, the VM-1 data with historical vehicle type groupings are inconsistent
with the current VM-1 vehicle categories used in MOVES and cannot be used as they are
currently reported. However, in early 2011, FHWA released revised VMT data for years 2000-
2006 to match the new category definitions. Shortly afterward, the agency replaced these revised
numbers with the previously published VMT data stating, “[FHWA] determined that it is more
reliable to retain the original 2000-2006 estimates because the information available for those

b In MOVES, users can enter VMT estimates using four different input methods: annual miles by HPMS class,
annual miles by source type, annual average daily miles by HPMS class and annual average daily miles by source
type. As in previous versions of MOVES, the national defaults are stored as annual miles by HPMS class and any
discussion in this report on annual VMT estimates will be in this context.
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years does not fully meet the requirements of the new methodology.”® However, needing
continuity of the VM-1 vehicle categories, we used these FHWA-revised values by the new
categories as the VMT for 2000-2006.

This left two years, 1990 and 1999, that needed to be adjusted to be consistent with the new
HPMS vehicle categories. Since the methodology that FHWA used to revise the 2000-2006 data
is undocumented, we adjusted 1990 and 1999 using the average ratio of the change for each
vehicle category. This was found by dividing the FHWA-adjusted VMT for each vehicle
category by the original VMT for each year 2000-2006 and then calculating the average ratio for
each category. This ratio was then applied to the corresponding VMT values reported in VM-1
for 1990 and 1999. Since FHWA'’s adjustments conserved the original total VMT estimates, we
normalized our adjusted values such that the original total VMT for the years were unchanged.

The resulting values for historic years by HPMS vehicle class are listed in Table 3-1. The VMT
for 1990 and 1999 were EPA-adjusted from VM-1, 2000-2006 were FHWA-revised and 2007
and later were unadjusted, other than the simple combination of the short and long wheelbase
classes into light-duty vehicles. In addition to these adjustments, for some years, the VMT values
were revised by FHWA in subsequent publications. Table 3-2 summarizes the data source and
revision date we used for each historical year.

¢ This text appears in a footnote to FHWA’s Highway Statistics Table VM-1 for publication years 2000-2009.
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Table 3-1 Historic year VMT by HPMS vehicle class (millions of miles)

Light-Dut Single Unit Combination
Year Motorcycles \Elehiclesy Buses T%ucks Trucks
1990 11,404 1,943,194 10,279 70,861 108,624
1999 13,619 2,401,408 14,853 100,534 160,921
2000 12,175 2,458,221 14,805 100,486 161,238
2001 11,120 2,499,069 12,982 103,470 168,969
2002 11,171 2,555,468 13,336 107,317 168,217
2003 11,384 2,579,195 13,381 112,723 173,539
2004 14,975 2,652,092 13,523 111,238 172,960
2005 13,773 2,677,641 13,153 109,735 175,128
2006 19,157 2,680,537 14,038 123,318 177,321
2007 21,396 2,691,034 14,516 119,979 184,199
2008 20,811 2,630,213 14,823 126,855 183,826
2009 20,822 2,633,248 14,387 120,207 168,100
2010 18,513 2,648,456 13,770 110,738 175,789
2011 18,542 2,650,458 13,807 103,803 163,791
2012 21,385 2,664,060 14,781 105,605 163,602
2013 20,366 2,677,730 15,167 106,582 168,436
2014 19,970 2,710,556 15,999 109,301 169,830
2015 19,606 2,779,693 16,230 109,597 170,246
2016 20,445 2,849,718 16,350 113,338 174,557
2017 20,149 2,877,378 17,227 116,102 181,490
2018 20,076 2,232,588 18,303 120,699 184,165
2019 19,688 2,254,309 17,980 124,746 175,305
2020 17,632 2,568,745 15,104 124,880 177,261
2021 19,738 2,776,073 16,793 131,869 195,616
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Table 3-2 Highway Statistics publications used for historical years
Year FHWA Publication Source (Publication/Revision Date)
1990 Highway Statistics 1991 (October 1992)
1999 Highway Statistics 1999 (October 2000)
2000 Highway Statistics 2000 (April 2011)
2001 Highway Statistics 2001 (April 2011)
2002 Highway Statistics 2002 (April 2011)
2003 Highway Statistics 2003 (April 2011)
2004 Highway Statistics 2004 (April 2011)
2005 Highway Statistics 2005 (April 2011)
2006 Highway Statistics 2006 (April 2011)
2007 Highway Statistics 2007 (April 2011)
2008 Highway Statistics 2008 (April 2011)
2009 Highway Statistics 2010 (December 2012)
2010 Highway Statistics 2010 (December 2012)
2011 Highway Statistics 2012 (January 2014)
2012 Highway Statistics 2013 (January 2015)
2013 Highway Statistics 2014 (December 2015)
2014 Highway Statistics 2014 (December 2015)
2015 Highway Statistics 2015 (January 2017)
2016 Highway Statistics 2016 (May 2018)
2017 Highway Statistics 2017 (March 2019)
2018 Highway Statistics 2018 (March 2020)
2019 Highway Statistics 2019 (November 2020)
2020 Highway Statistics 2020 (December 2021)
2021 Highway Statistics 2021 (February 2023)

3.2.Projected Vehicle Miles Traveled (2022-2060)

The Annual Energy Outlook (AEO)® describes the future energy consumption forecasted by
Department of Energy. Vehicle sales and miles traveled are included in the projections because
they strongly influence fuel consumption. In MOVES4, VMT for years beyond 2021 are based
on the reference case VMT projections from AEO2023. Because AEO vehicle categories are
different from HPMS classes, the AEO projections were not used directly. Instead, year-to-year
percent changes in the projected values were calculated and applied to the 2021 base year HPMS
data. Since AEO2023 only projects out to 2050, VMT for years 2051-2060 were assumed to
continue to grow at the same growth rate as between 2049 and 2050.

Table 3-3 shows the mappings between AEO VMT categories and HPMS categories. Where
multiple AEO categories are listed, their VMT were summed before calculating the year-over-
year growth rates. AEO’s light-duty category was mapped to both the combined HPMS light-
duty and the motorcycle categories. Motorcycles were included here because they were not
explicitly accounted for elsewhere in AEO. Since buses span a large range of heavy-duty
vehicles and activity, the combination of AEO’s light-medium-, medium- and heavy-heavy-duty
categories was mapped to the HPMS bus category. AEO’s light-medium- and medium-heavy-
duty categories were combined for mapping to the HPMS single-unit truck category and AEQO’s
heavy-heavy-duty category was mapped to the HPMS combination truck category. We
acknowledge that using VMT growth estimates from different vehicle types as surrogates for
motorcycles and buses, in particular, will introduce additional uncertainty into these projections.
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Table 3-3 Mapping AEO categories to HPMS classes for projecting VMT

AEO VMT Category Groupings HPMS Class
Total nght-DUty VMT! 10 - Motorcydes
+
Total Commercial Light Truck VMT! 25 — Light Duty Vehicles
Total Heavy-Duty VMT'i 40 - Buses
Light-Medium Subtotal VMT
+ 50 — Single Unit Trucks
Medium Subtotal VMTi
Heavy Subtotal VMT 60 — Combination Trucks

Notes:

' From AEO2023 Table 41: Light-Duty VMT by Technology Type

" From AEO2023 Table 46: Transportation Fleet Car and Truck VMT by Type and Technology
il Erom AEOQ2023 Table 49: Freight Transportation Energy Use

The percent growth over time was calculated for each of the groups described above and applied

by HPMS category to the 2021 base year VMT from Highway Statistics Table VM-1. The
resulting values are presented in Table 3-4 below.
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Table 3-4

VMT
projections
f(2)56200é32/- Motorcycles Light-Duty Buses Single Unit Combination
Vehicles Trucks Trucks
HPMS
class
(millions of
miles)Year
2022 20,633 2,901,945 17,214 135,406 200,278
2023 21,047 2,960,259 17,148 134,608 199,807
2024 21,197 2,981,301 17,171 134,815 200,053
2025 21,279 2,992,798 17,325 136,253 201,606
2026 21,434 3,014,635 17,561 138,444 203,994
2027 21,637 3,043,248 17,768 140,450 205,996
2028 21,825 3,069,676 17,958 142,460 207,665
2029 21,973 3,090,504 18,105 144,361 208,574
2030 22,087 3,106,420 18,240 146,472 209,036
2031 22,183 3,119,997 18,401 148,997 209,566
2032 22,267 3,131,809 18,615 152,082 210,565
2033 22,385 3,148,359 18,795 154,890 211,188
2034 22,533 3,169,199 18,971 157,678 211,738
2035 22,670 3,188,409 19,159 160,568 212,421
2036 22,782 3,204,208 19,322 163,251 212,825
2037 22,912 3,222,473 19,511 166,165 213,503
2038 23,058 3,243,010 19,696 169,004 214,176
2039 23,204 3,263,620 19,879 171,934 214,728
2040 23,372 3,287,177 20,081 175,071 215,428
2041 23,544 3,311,409 20,295 178,349 216,218
2042 23,723 3,336,548 20,505 181,564 216,996
2043 23,896 3,360,929 20,702 184,702 217,607
2044 24,075 3,386,035 20,886 187,773 218,001
2045 24,264 3,412,617 21,057 190,856 218,146
2046 24,483 3,443,472 21,255 194,304 218,439
2047 24,719 3,476,595 21,459 197,881 218,709
2048 24,960 3,510,577 21,635 201,225 218,685
2049 25,205 3,544,972 21,826 204,751 218,745
2050 25,474 3,582,818 22,086 208,966 219,456
2051 25,746 3,621,068 22,349 213,267 220,169
2052 26,021 3,659,726 22,615 217,657 220,884
2053 26,298 3,698,797 22,884 222,137 221,601
2054 26,579 3,738,285 23,156 226,709 222,321
2055 26,863 3,778,195 23,432 231,376 223,043
2056 27,150 3,818,530 23,710 236,138 223,767
2057 27,440 3,859,297 23,993 240,999 224,494
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Table 3-4

VMT
projections
f(2)56200é32/- Motorcycles Light-Duty Buses Single Unit Combination
Vehicles Trucks Trucks
HPMS
class
(millions of
miles)Year
2058 27,733 3,900,498 24,278 245,960 225,223
2059 28,029 3,942,139 24,567 251,022 225,954
2060 28,328 3,984,225 24,859 256,189 226,688
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4. Vehicle Populations by Calendar Year

MOVES uses vehicle populations to characterize emissions activity that is not directly dependent
on VMT. These population data are also used to allocate VMT from HPMS class to source type
and age (for more details, see Section 6). The default database stores historic estimates and
future projections of total US vehicle populations in 1990 and 1999-2060 by source type. The
MOVES database stores this information in the SourceTypeYear table, which has three data
fields: sourceTypePopulation, salesGrowthFactor and migrationRate. However, the
salesGrowthFactor and migrationRate fields are not used in MOVES.

4.1.Historic Source Type Populations (1990, 1999-2021)

MOVES populations for calendar years 1990 and 1999-2021 are derived primarily from
registration data summarized in the Federal Highway Administration’s annual Highway Statistics
report. Motorcycle populations are from vehicle registrations reported in Table VM-1,% and
passenger car populations are from registrations reported in Table MV-1.1* The general
categories for truck and bus registrations presented in Highway Statistics were allocated to
specific MOVES source types as described below.

The numbers of single-unit and combination trucks were determined for each calendar year using
registration data in the Highway Statistics Table VM-1. The remaining MV-1 truck registrations
were allocated to the light-duty trucks. The populations were further allocated from the light-
duty, single-unit and combination truck categories to individual source types using the source
type distribution fractions shown below in Table 4-1.

The source type distribution fractions were calculated from national vehicle registration data
purchased from IHS6 for calendar years 1999 and 2020. These fractions were calculated as the
ratio of the total registrations by source type to their corresponding HPMS class totals (see Table
2-1 for this mapping). These fractions were then linearly interpolated to estimate the source type
distribution fractions for all years between 1999 and 2020. However, there are a few nuances to
this analysis:

e Starting with MOVESS3, the distinction between passenger light-duty trucks (31) and
commercial light-duty trucks (32) was revised. Now in MOVES, a light-duty truck is
considered a passenger truck if it is registered to an individual and a commercial light-
duty truck if it is registered to an organization or business. Since this is inconsistent with
the source type definitions used by the 1999 IHS data, the ratio of passenger to
commercial light-duty trucks from the 2020 IHS data were used for all calendar years.

e The 2020 IHS data were unable to distinguish between short-haul (52) and long-haul (53)
single-unit trucks and consequentially grouped them together. These vehicles are
differentiated in MOVES4 using an earlier IHS data for 2011 which was able to
differentiate between these vehicles. From the earlier data, it was determined that of
short-haul and long-haul single-unit trucks, 95.8 percent are short-haul. This percentage
fraction was applied for all historic years to differentiate between these two source types.
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Table 4-1 Source type distributions used to allocate truck populations in MOVES4”

Year 31/30 32/30 51/50 52/50 53/50 54/50 61/60 62/60
1990™ 0.913632 | 0.086368 | 0.013311 | 0.767722 | 0.03386 0.185107 | 0.625648 | 0.374352
1999 0.