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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 emissions produced
by onroad 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 to
estimate 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. An inventory
can be pictured as a stool; the three legs of the stool are the emission rates, activity, and
populations, while the seat is the inventory. The emission rates are inputs to the model specified
for various “processes” including running exhaust, start exhaust, and a number of evaporative
processes, among others. These processes also define the activity, populations, and technology
inputs required.

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 emissions modes are affected by
vehicle operation and the time that vehicles are parked. Emission rates are further categorized by
source bins with similar fuel type, regulatory classification, and other vehicle characteristics.

This report describes the sources and derivation for onroad vehicle population and activity
information and associated adjustments as stored in the MOVES2014 and MOVES2014a?
default databases. This data has been extensively updated from MOVES2010b and previous
versions of MOVES. Emission measurement and rates, correction factor values, and information
for nonroad equipment in the default database are described in other MOVES technical reports.*

There have not been any major updates between this final report and the earlier released public
draft in July 2015.2 However, this final report does have some notable revisions from the draft,
namely some added or improved explanatory tables and figures, a new introductory subsection
on vehicle model year groups, movement of content to different sections and appendices for
better readability, clarifications to ambiguous descriptions, and a new appendix documenting
peer review comments along with EPA’s responses to those comments.

The MOVES2014 default database has a domain that encompasses all onroad (highway) vehicle
and nonroad equipment activity and emissions for the entire United States, Puerto Rico, and the

2 n this report, “MOVES2014” refers to both MOVES2014 and MOVES2014a unless specified otherwise.
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Virgin Islands. Properly characterizing emissions from the onroad vehicle subset requires a
detailed understanding of the cars and trucks that make up the vehicle fleet and their patterns of
operation. The national default activity information in MOVES2014 provides a reasonable basis
for estimating national emissions. The most important of these inputs, such as VMT and
population estimates, come from long-term systematic national measurements.

Given the availability of these national measurements when MOVES2014 was being developed,
2011 was chosen as the base year for future year projections. Like in previous versions of
MOVES, users may analyze emission inventories in 1990 to correspond with the last Clean Air
Act amendments as well as every year from 1999 to 2050.

In addition to uncertainties associated with projections, the uncertainties and variability in the
default data contribute to the uncertainty in the resulting emission estimates. 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 that provided in the MOVES
defaults. MOVES has been specifically designed to accommodate the input of alternate, user-
supplied activity data for the most important parameters. EPA’s Technical Guidance® provides
more information on customizing MOVES2014 with local inputs.

This report documents the sources and calculations used to produce the default population and
activity data in the MOVES2014 database for computing national-level emissions. In particular,
this report will describe the data used to fill the tables listed below in Table 1-1.

Population and activity data are ever changing. As part of the MOVES development process, the
model undergoes major updates and review every few years. As MOVES progresses, the
development of fleet and activity inputs including projections will continue to be an important
area of focus and improvement.



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 9

DayVMTFraction Distribution of VMT between weekdays and Section 12
weekend days

DriveSchedule Average speed of each drive schedule Section 10

. Mapping of which drive schedules are used for Section 10

DriveScheduleAssoc each combination of source type and road type

DriveScheduleSecond Speed for each second of each drive schedule Section 10

FuelType Bro_ad fuel categories that_lndlcate the fuel Section 2
vehicles are capable of using

HotellingActivityDistribution Dlstrlputlon of hotelling activity to the various Section 11
operating modes

HotellingCalendarYear Rate of hotelling hours per rural restricted access Section 11
VMT

HourVMTFraction Distribution of VMT among hours of the day Section 12

HPMSVtypeYear Annual VMT by HPMS vehicle types Section 4

ModelYearGroup A list pf years anq groups o_f years corresponding Section 2
to vehicles with similar emissions performance

MonthGroupHour Coeff|C|er_1ts to calcul_ate air conditioning demand Section 15
as a function of heat index

MonthVVMTFraction Distribution of annual VMT among months Section 12

PollutantProcessModelYear Assigns model years to appropriate groupings, Section 4
which vary by pollutant and process

RegulatoryClass Sor_ts vehl_cle_s into welght—ratlng bas_ed groups in Section 2
which emission regulations are applied

RoadOpModeDistribution Operating mode G!|str|but|0ns by source type, road | section 10
type, and speed bin
Distinguishes roadways by population density of )

RoadType geographic area and by type of access, particularly | Section 2
the use of ramps for entrance and exit

RoadTypeDistribution Distribution of VMT among road types Section 8

SampleVehicleDay Identifies vehicles in the SampleVehicleTrip table | Section 12

SampleVehiclePopulation Fuel type and regulatory class distributions by Section 4
source type and model year.

. . Trip start and end times used to determine vehicle .

SampleVehicleTrip start and soak times Section 12
Source Classification Codes that identify the

scc vehicle type, fuel type, road type and emission Section 2
process in MOVES output

SourceBinDistribution Distribution of population among different vehicle Section 4

sub-types (source bins)
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Table 1-1 MOVES database elements covered in this report

Database Table Name

Content Summary

Report Sections

Rate of survival to subsequent age, relative

a : ! Section 7

SourceTypeAge mileage accumulation rates, and fraction of .

functional air conditioning equipment Section 15
SourceTypeAgeDistribution Distribution of vehicle population among ages Section 7

The distribution of total daily hotelling amon .
SourceTypeHour hours of the day y g g Section 12
SourceTypeModelYear Prevalence of air conditioning equipment Section 15
SourceTypePolProcess Indicates which source bin discriminators are Section 4

relevant for each source type and pollutant/process
SourceTypeYear Source type vehicle counts by year Section 5
SourceUseType !VIappi_ng 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 14

power (VSP) and scaled tractive power (STP)
Zone Allocation of activity to zone (county) Section 12
ZoneRoadType Allocation of driving time to zone (county) and Section 13

road type




2 MOVES Vehicle and Activity Classifications

In developing MOVES, we needed to pull together information on vehicle activity and
emissions. 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
this to existing information on 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 the rates 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).

Note that in MOVES2014, what we call the HPMS class for light-duty vehicles (25) denotes the
sum of the VM-1 values for long wheelbase and short wheelbase light-duty vehicles.
HPMSVTypelD 25 is new for MOVES2014 and replaces HPMSVTypelD 20 (passenger cars)
and 30 (other two-axle four-tire vehicles) in MOVES2010. As such, in MOVES2014 any VMT
input by HPMS class for passenger cars and light-duty trucks must be entered as a combined
value in the new HPMSVTypelD 25. This change in HPMS classes has come about as passenger
vehicles have evolved over time with the physical characteristics of “cars” and “trucks”
becoming less distinct. In response, US DOT changed the organization of HPMS classifications
and MOVES has evolved to reflect this change.

2.2 Source Use Types

The primary vehicle classification in MOVES is source use type, or, more simply, source type.
Source types are intended to be groups of vehicles with similar activity and usage patterns.
HPMS vehicle classes were differentiated into MOVES onroad source types.

Source types cannot be fully determined using field observations and must be paired with
additional information about the vehicle’s activity to determine whether it typically travels short-
or long-haul routes (greater than 200 miles per day), whether it has specific travel routines such
as a refuse truck, and whether it is a commercial or personal vehicle. Estimates for short-
haul/long-haul and commercial/personal distributions relied on information from the federal
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Vehicle Inventory and Use Survey (VIUS). The MOVES2014 source types are listed in Table
2-1 along with the associated HPMS classes. More detailed source type definitions are provided
in Section 6.1.

Table 2-1 MOVES2014 onroad source types

sourceTypelD Source Type Name HPMSVTypelD Description
11 Motorcycles 10 Motorcycles
21 Passenger Cars 25 Light-Duty Vehicles
31 Passenger Trucks (primarily personal use) 25 Light-Duty Vehicles
32 ;;??gni(l)glsr:)ercial Trucks (primarily non- 25 Light-Duty Vehicles
41 Intercity 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

In MOVES, the distinction between light-duty (LD) and heavy-duty (HD) source types is
essential because light- and heavy-duty operating modes are assigned by source type and their
calculation differs for light- and heavy-duty vehicles. Light-duty vehicles (sourceTypelD 11, 21,
31, and 32) use vehicle specific power (VSP) operating modes, which are dependent on the
measured mass of the test vehicle. Heavy-duty vehicles (sourceTypelD 41, 42, 43, 51, 52, 53, 54,
61, and 62) use scaled tractive power (STP) operating modes which are scaled by a fixed mass
factor since their emission rates correlates better with absolute vehicle power than vehicle
specific power. For more discussion on VSP and STP definitions, please refer to Section 14 of
this report and the MOVES2014 reports on light-duty and heavy-duty vehicle emission rate
development, respectively.*>

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.
Thus, we must map the two schemas.

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
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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 have an independent regulatory class.

Table 2-2 Regulatory classes in MOVES2014

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
40 L HD<=10k Class 2b Trucks with 2 Axles and 4 Tires (8,500 Ibs <

GVWR <= 10,000 Ibs)
Class 2b Trucks with 2 Axles and at least 6 Tires or Class 3

41 LHD<=14k Trucks (8,500 Ibs < GVWR <= 14,000 Ibs)

42 LHD45 Class 4 and 5 Trucks (14,00 Ibs < GVWR <= 19,500 Ibs)
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)

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 8,500-10,000 Ibs.
GVWR are Class 2b, and considered light heavy-duty vehicles (LHD) in regulatory classes 40 or
41.

In MOVES2014, we introduced a new regulatory class 40 for vehicles that are classified as light-
duty by FHWA (because they have only two axles and four tires), and are thus mapped to source
type 30 (passenger trucks) or 31 (light-commercial trucks) in MOVES, but have a GVWR that
puts them in Class 2b, so are subject to heavy-duty emission standards. As described above,
these regulatory class 40 vehicles use light-duty (VSP-based) operating modes because they are
light-duty source types, but the new regulatory class maps them to emission rates that are more
consistent in how these vehicles are regulated. Meanwhile, Class 2b trucks with two axles and at
least six tires (colloquially known as “dualies”) and Class 3 trucks are considered single unit
trucks by DOT, and therefore fall into regulatory class 41 and are modeled as the heavy-duty
source types using STP-based operating modes. In summary, the light-duty truck source types
(31 and 32) map only to regulatory classes 30 and 40 in MOVES2014, while the heavy-duty
vehicle source types (41 and above) map to regulatory classes 41 and above. Section 6.2
provides more information on the distribution of vehicles among regulatory classes.

2.4 Fuel Types

MOVES also classifies vehicles by the fuel they are designed to use. MOVES2014 models
vehicles and equipment powered by following fuel types: gasoline, diesel, E-85 (a nominal blend
of 85 percent ethanol and 15 percent gasoline), compressed natural gas (CNG), electricity, and
liquefied petroleum gas (LPG, only available for nonroad equipment). Note that in some cases, a
single vehicle can use more than one fuel; for example, flexible fuel vehicles are capable of
running on either gasoline or E-85. In MOVES, fuel type refers to the capability of the vehicle
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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
MOVES2014 technical report on the fuel supply.® Table 2-3 below summarizes the fuel types
available in MOVES.

Table 2-3 A list of allowable fuel types to power vehicles/equipment in MOVES2014

fuelTypelD | defaultFormulationID Description
1 10 Gasoline
2 20 Diesel Fuel
3 30 Compressed Natural Gas (CNG)
4 40 Liquefied Petroleum Gas (LPG)*
5 50 Ethanol (E-85) Capable
9 90 Electricity

* MOVES2014 models LPG use only in nonroad equipment.

It is important to note that not all fuel type/source type combinations can be modeled in
MOVES. That is, MOVES2014 will not model gasoline fueled long-haul combination trucks,
gasoline intercity buses, or diesel motorcycles. Though other natural gas vehicles such as CNG
refuse trucks can found in the US today, CNG transit buses are the most prevalent and well-
tested, and thus are currently the only onroad source type that may be modeled using CNG.
Similarly, flexible fuel (E85-compatible) and electric vehicles are only modeled for passenger
cars, passenger trucks, and light commercial trucks. None of the onroad (highway) source types
can be modeled as fueled by LPG. 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 emissions separately for each of four road types and for “off-network”
activity when the vehicle is not moving. It also allows separate output for ramp and non-ramp, as
described in Section 10.2 below. The road type codes used in MOVES are listed in Table 2-4.
The four MOVES road types (2-5) are aggregations of FHWA functional facility types.
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Table 2-4 Road type codes in MOVES2014

roadTypelD Description FHWA Functional Types
1 Off Network Off Network
2 Rural Restricted Access Rural Interstate
o |rurs Ui s | R A M Al e
4 Urban Restricted Access Urban Interstate & Urban Freeway/Expressway
5 Urban Unrestricted Access grﬁzr;;rmupal Arterial, Minor Arterial, Collector
6 Rural Restricted without Ramps
7 Urban Restricted without Ramps
8 Rural Restricted only Ramps
9 Urban Restricted only Ramps
100 Nonroad

The MOVES road types are based on two important distinctions in how FWHA classifies roads:
1) urban versus rural roadways are distinguished based on 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 choose to create their own additional road types, or 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 single numerical codes that identify the vehicle type, fuel type, road type,
and emission process. The SCCs were redesigned for MOVES2014 to directly relate to the
source use types and road types used by MOVES.

The new SCCs retain the previous 10-digit design, but use different numerical combinations to
avoid conflicts with existing codes. The new codes for onroad vehicles use MOVES numerical
identification (ID) codes 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 VYV indicates the MOVES sourceTypelD value,

e RR indicates the MOVES roadTypelD value, and

e PP indicates the MOVES emission processID value.
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Building the SCC values in this way will allow 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 processID 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 tables in the MOVES User
Guide® or appropriate sections in this document for the descriptions of the sourceTypelD,
fuelTypelD and roadTypelD values currently used by MOVES. A description of mapping
between older SCCs in MOVES2010b and newer SCCs in MOVES2014 can be found in Section
21(Appendix E: SCC Mappings). Emission processes are discussed in other MOVES reports on
emission rate development*® 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 MOVES2014a, model year refers to the year in
which the vehicle was produced, built, and certified as compliant with emission standards.

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 2011 vehicle belongs to the “2011” model year group for estimating hydrocarbon running
exhaust emissions, but belongs to the “2011-2020 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
MOVES2014 emission rate reports.*®

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 isaMOVES fuelTypelD,
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e EE isa MOVES engTechID,"

e RRisa MOVES regClassID,

e MM is a MOVES shortModYrGrouplD, 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 PollutantProcessModelYear
table. Distributions of fuel and engine technologies and regulatory class are stored by model
year in the SampleVehiclePopulation table. The MOVES Source Bin Distribution Generator
combines information from these two tables (see Table 2-5) to create a detailed
SourceBinDistribution. These bins may vary by pollutant and process as indicated in the
SourceTypePolProcess table. In general, fuel type and model year group are relevant for all
emission calculations, but the relevance of regulatory class and model year group depend on the
pollutant and process being modeled. If desired, MOVES2014 can produce results by various
vehicle classifications—source type, SCC, or regulatory class—and by fuel type and model year.

Table 2-5 Data tables used to allocate source type to source bin

Generator Table Name Key Fields* | Additional Fields Notes
SourceTypePolProcess sourceTypelD | isRegClassReqd Indicates which pollutant-processes the
polProcessID | isMYGroupReqd source bin distributions may be applied

to and indicates which discriminators
are relevant for each sourceTypelD and
polProcessID (pollutant/process
combination)

PollutantProcessModelYear | polProcessID | modelYearGrouplD Assigns model years to appropriate
modelYearlD model year groups for each
polProcessID.

SampleVehiclePopulation sourceTypelD | stmyFuelEngFraction | Includes fuel type and regulatory class

modelYearID | stmyFraction fractions for each source type and
fuelTypelD model year, even for some source
engTechlD type/fuel type combinations that do not
regClassiD currently have any appreciable market

share (i.e. electric cars). This table
provides default fractions for the
Alternative Vehicle Fuel & Technology
(AFVT) importer.

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

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 6.2.

b In MOVES2014, engTechlD 1 is used for all fuel types except electric vehicles, where engTechID 30 is used
instead. Thus, in this version, engTechlD is somewhat redundant with fuel type and adds no new information when
determining source bin distributions or calculating emissions.
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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 emissions testing or have negligible market
share cannot be directly modeled in MOVES2014.

Table 2-6 summarizes the allowable source type-fuel type combinations. Most of the gasoline
and diesel combinations exist with a few notable 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 in MOVES2014. Table 2-8 combines the information in the
two preceding tables. Each source type-fuel type combination contains all regulatory classes
listed, except for gasoline transit buses, which have been called out separately. Additional
discussion about decisions to include and exclude certain types of vehicles can be found in
Section 6.

Table 2-6 Matrix of the allowable source type-fuel type combinations in MOVES2014
(Allowable combinations are marked with an X)

Source Use Types
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- | 2| & s s | 2 g 8
= |2 |%| 2|8 |58 |3| x| |5 Bec
3 3 a |79 | 2 2 S o (F2 |78 S |22 |33
s 1€ 25| |2 |2|%5z2l6e| z |E2[5S
Sl 23| | 2|22 53658 |78 |2
2| L | 2| 212 |8 |8 |2 S| &|3|Fs|3=
I Y 8 » o w 7 c c ) s g
- 3 | = & |5
Fuel Types 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
Diesel 2 X X X X X X X X X X X X
CNG 3 X
E85-Capable | 5 X X X
Electricity 9 X X X
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Table 2-7 Matrix of the allowable source type-regulatory class combinations in MOVES2014
(Allowable combinations are marked with an X)

Source Use Types
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Regulatory Classes 11 | 2

MC 10 X

LDV 20 X

LDT 30 X X

LHD<=10k 40 X X

LHD<=14k 41 X X X X X X

LHD45 42 X X X X X X X

MHD67 46 X X X X X X X X X
HHD8 47 X X X X X X X X X
Urban Bus 48 X

Table 2-8 A summary of source type, fuel type, and regulatory class combinations in MOVES2014

sourceTypelD fuelTypelD regClassIiD

11 1 10
21 1,2,5,9 20
31 1,2,5,9 30, 40
32 1,2,5,9 30, 40
41 2 41, 42, 46, 47

1 42, 46, 47
42 2,3 48
43 1,2 41, 42, 46, 47
51 1,2 41, 42, 46, 47
52 1,2 41, 42, 46, 47
53 1,2 41, 42, 46, 47
54 1,2 41, 42, 46, 47
61 1,2 46, 47
62 2 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
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format. MOVES uses “generators” to create fine-scale information from user inputs and MOVES
defaults.

The MOVES Total Activity Generator (TAG) 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 MOVES2014 contains national
estimates for VMT, vehicle population, and vehicle age distributions for every possible analysis
year (1990 and 1999-2050). For national inventory runs, annual national activity is distributed
temporally and spatially using allocation factors.

The Source Bin Distribution Generator (SBDG) uses information on fuel type fractions,
regulatory class distributions, and similar information to estimate the number of vehicles
belonging to each source bin as a function of source type and model year. The SBDG maps the
activity data (by source types) to source bins which map directly to the MOVES emission rates.

There are a number of MOVES modules that generate operating mode distributions based on
vehicle activity inputs. The Rates Operating Mode Distribution Generator and the Link
Operating Mode Distribution Generator use information on speed distributions and driving
patterns (driving schedules) to develop operating mode fractions for each source type, road type,
and time of day. Similarly, the Evaporative Emissions Operating Mode Generator and the Start
Operating Mode Distribution Generator use MOVES inputs to develop operating mode
distributions for starts and vapor venting. The details of each these generators and other
MOVES2014 algorithms are described in the MOVES2014 Module Reference.®
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3 Data Sources

A number of organizations collect data relevant to this report. The most important sources used
to populate the national default vehicle population and activity portions of the MOVES database
are described here. These sources are referred to throughout this document by the abbreviated
name given in this description, but the reference citation is only given here.

The MOVES Technical Guidance® provides detailed information on recommended data sources
for users developing their own inputs.

3.1 VIUS

Until 2002 the US Census Bureau conducted the Vehicle Inventory and Use Survey (VIUS)® to
collect data on the physical characteristics and activity of US trucks every five years. The survey
is a sample of private and commercial trucks that were registered in the United States as of July
of the survey year. The survey excludes automobiles, motorcycles, government-owned vehicles,
ambulances, buses, motor homes, and nonroad equipment.

For MOVES, VIUS provides information to characterize trucks by source type and to estimate
age, fuel type, and regulatory class distributions as well as relative mileage accumulation rates.
MOVES2014 uses data from both the 1997 and 2002° surveys. While the survey includes a
large number of vehicles and was designed to be representative of the US fleet, information on
model year is not available for many of the older trucks. Thus, the distribution data for many
older model years is sparse and sometimes erratic. Note that the Census Bureau discontinued
VIUS in 2002, although there has been discussion recently about reinitiating the survey.

3.2 Polk NVPP® and TIP®

Acquired by IHS in July 2013, R.L. Polk & Co. was a private company providing automotive
information services. The company maintained two databases relevant for MOVES: the National
Vehicle Population Profile (NVPP®)!! and the Trucking Industry Profile (TIP®Net) Vehicles in
Operation’? database. The first focused on light-duty cars and trucks, the second focused on
medium and heavy-duty trucks. Both compiled data from state vehicle registration lists. For
MOVES2014, EPA used NVPP® and TIP® datasets purchased for 1999 and 2011. Polk/IHS
data was used in determining vehicles populations by age, fuel type, and regulatory class. At the
time of these EPA data purchases Polk was independently operated, so we will continue to refer
to these datasets under the Polk name in this report.

3.3 EPA Sample Vehicle Counts

Neither VIUS nor the Polk dataset contained enough information separately to develop
distributions by regulatory class, fuel type, and age for each vehicle source type in MOVES, so
EPA combined these datasets, and incorporated additional data sources to cover vehicles types,
such as motorcycles, buses, and motor homes that were excluded from either the VIUS or Polk
datasets. The resulting sample vehicle counts dataset is the basis for the MOVES2014
SampleVehiclePopulation table and the 2011 age distributions. More details on how we
constructed the Sample Vehicle Counts dataset can be found in Section 6.2.
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3.4 FHWA Highway Statistics

Each year the US DOT Federal Highway Administration’s (FHWA) Office of Highway Policy
Information publishes Highway Statistics. This volume summarizes a vast amount of roadway
and vehicle data from the Highway Performance Monitoring System, a national information
system that collects data from states and other sources on many facets of the US roadway
system.

In MOVES2014, vehicle miles traveled (VMT) and vehicle population data for the historic years
1990 and 1999-2011 come from four tables in Highway Statistics: MV-13, MV-104, VM-115,
and VM-2, which we will reference by table name. For some years, the VMT values were
revised by FHWA in subsequent publications. Table 3-1 summarizes the data source and revision
date we used for each historical year.

Table 3-1 Corresponding Highway Statistics data source 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 2011 (March 2013)

3.5 FTA National Transit Database

The US DOT, Federal Transit Administration (FTA) summarizes financial and operating data
from mass transit agencies across the country in the National Transit Database (NTD).” For
MOVES2014, we used 1999-2011 vehicle counts from the NTD Revenue Vehicle Inventory for
motor buses (MB) to determine fuel type distributions and populations.

3.6 School Bus Fleet Fact Book

The School Bus Fleet Fact Book includes estimates, by state, of the number of school buses and
total miles traveled.*® The Fact Book is published by Bobit Publications. School bus mileage
accumulation rates came from the 1997 Fact Book, originally used in MOBILE6. We have used
1999-2011 sales data from the 2009 and 2012 Fact Book to calculate age distributions.
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3.7 MOBILEG6

MOBILEG6 was a precursor to MOVES used to estimate highway vehicle emissions. In some
cases, we have used estimates from MOBILE6 model with only minor adaptation. In particular,
we used MOBILEG6 data for some relative mileage accumulation rates, air conditioning usage
rates, and driving schedules. The MOBILES6 data is documented in technical reports, particularly
M6.FLT.002, Update of Fleet Characterization Data for Use in MOBILESG - Final Report.*®
Additional MOBILEG documentation is available online.?

3.8 Annual Energy Outlook & National Energy Modeling System

The Annual Energy Outlook (AEO)?! describes Department of Energy forecasts for future energy
consumption. The National Energy Modeling System (NEMS) is used to generate these
projections based on economic and demographic forecasts. Vehicle sales and miles traveled are
included in the projections because they strongly influence fuel consumption. Therefore, the
AEOQO is an important source of future projections in MOVES. For MOVES2014, we used
AEQ2014 to forecast VMT and vehicle populations in years 2012-2050.

3.9 Transportation Energy Data Book

Each year Oak Ridge National Laboratory produces the annual Transportation Energy Data Book
(TEDB) for the Department of Energy. This book summarizes transportation and energy data
from a variety of sources, including EPA, FHWA, Polk, and Ward’s Automotive, Inc. For
MOVES2014 we used information for estimating vehicle sales and survival fractions for historic
years 1990 and 1999-2011 from TEDB Edition 32, published in 2013.2

3.10 FHWA Weigh-in-Motion

FHWA compiles truck weight data by axle configuration and roadway type from individual
states’ Weigh-in-Motion (WIM) programs.?® The average weight for single unit trucks and
combination trucks was determined from FHWA’s Vehicle Travel Information System (VTRIS)
W-3 Tables using data collected in 2011.

3.11 Motorcycle Industry Council Statistical Annual

The Motorcycle Industry Council (MIC) collects data on sales, ownership, and activity trends
each year. MIC’s Statistical Annual summarizes this data,?* which we used in MOVES2014,
particularly the 1999-2011 sales of highway motorcycles.
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4 VMT by Calendar Year and Vehicle Type

For national level calculations, MOVES calculates source operating hours from national VMT
by vehicle type. The default database contains national VMT estimatesfor all analysis years,
which include 1990 and 1999-2050. Years 1991-1998 are excluded because there is no
regulatory requirement to analyze them and including them would increase model complexity.
Calendar year 1990 continues to be a base year 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 MOVES2014 national defaults, the
baseYearOffNetVMT is zero for all vehicle types. Additionally, the VMTGrowthFactor field is
not used in MOVES2014 and is set to zero for all vehicle types.

4.1 Historic Vehicle Miles Traveled (1990 and 1999-2011)

The HPMSBaseYearVMT field stores the total national VMT for each HPMS vehicle type for all
analysis years. For historical years 1990 and 1999-2011, the VMT is derived from the FHWA
VM-1 tables. In reporting years 2007 and later, the VM-1 data use 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