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2Guidance Reference: Exhibit 3-1

Completing a PM Hot-spot Analysis
Step 1

Determine Need for 
Analysis

Step 2
Determine Approach, 

Models, and Data

Step 4
Estimate Emissions from 
Road Dust, Construction, 
and Additional Sources

Step 9
Document Analysis

Step 7
Calculate Design Values and 

Determine Conformity

Step 8
Consider Mitigation or 

Control Measures

Step 5
Select Air Quality Model, 

Data Inputs, and Receptors

Step 6
Determine Background 

Concentrations

Step 3
Estimate On-Road Motor 

Vehicle Emissions

Is project located 
in California?

Estimate 
using 

MOVES

Estimate 
using 

EMFAC

Yes

No

Reminder: Interagency consultation process is essential throughout



Module Overview
• Introduction to MOVES and Project-Scale Analyses

• Introduction to Links and Link Activity Information

• Modeling Highways and Intersections in MOVES
• Links Exercise

• Modeling Terminals and Parking Lots

• Defining Activity

• Example Analysis
• Running MOVES

• Reference: How Do I Develop Traffic Data for MOVES?
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Key References for this Module
• PM Hot-spot Guidance, Section 4

• Conformity rule sections 93.105(c)(1)(i), 93.110 and 93.123(c)

• MOVES2014a User Guide and supporting documentation

• EPA MOVES website

• Receive MOVES updates through Mobile News listserv
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https://www.epa.gov/state-and-local-transportation/project-level-conformity-and-hot-spot-analyses#pmguidance
https://www.gpo.gov/fdsys/pkg/CFR-2001-title40-vol17/pdf/CFR-2001-title40-vol17-sec93-105.pdf
http://nepis.epa.gov/Exe/ZyPDF.cgi?Dockey=P100NNCY.txt
https://www.epa.gov/moves/moves2014a-latest-version-motor-vehicle-emission-simulator-moves#manuals
http://www.epa.gov/otaq/models/moves/
http://www.epa.gov/moves/forms/epa-mobilenews-listserv


Introduction to MOVES and 
Project-Scale Analyses



What is MOVES?
• The MOtor Vehicle Emission Simulator (MOVES) is a state-of-the-

art modeling framework

• Designed to allow easier incorporation of large amounts of in-use 
data from a variety of sources to generate emissions inventories

• Includes a project scale of analysis
• Allows detailed link-level analyses

• MOVES2014a is the latest version
• A minor update to MOVES2014, which replaced MOVES2010/a/b
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MOVES at the Project Scale
• Conceptually, at the project scale we will use MOVES to estimate 

PM emissions from:
• The activity of the vehicles that are expected in the analysis

• The user indicates what vehicles types are expected; how many; how old they 
are; and what these vehicles are doing

• On each of the specific “links” that make up the project – a link being a 
segment of the road or parking area

• In a particular hour, of a particular month, of a particular year
• Multiple time periods require multiple runs

• These concepts will be covered in depth in this module
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How Does MOVES Calculate Emissions?
• MOVES includes a different emission rate for each 

combination of…

Gas-LDV-MY2008    8-9 years       low speed coast; 20 mph, VSP 0-3 kW/tonne
Gas-LDT-MY2012    4-5 years       accelerating; 55 mph, VSP 12-15 kW/tonne

• MOVES can calculate an emission inventory internally using 
fleet and activity inputs, or users can do this outside of MOVES 
by multiplying emission rates from MOVES by the appropriate 
corresponding activity factors (e.g., VMT of a given vehicle 
type and model year)

Source Age Group Operating Mode

8



Emissions Vary by Vehicle Type
MOVES “Source Types” Compared to HPMS Vehicle Types

9

HPMS Vehicle Types MOVES

Vehicle Type ID Vehicle Type
Source Type 

ID Source Types
10 Motorcycles 11 Motorcycle

25 Light Duty
Vehicles

21 Passenger Car
31 Passenger Truck
32 Light Commercial Truck

40 Buses
41 Intercity Bus
42 Transit Bus
43 School Bus

50 Single Unit Trucks

51 Refuse Truck
52 Single Unit Short-haul Truck
53 Single Unit Long-haul Truck
54 Motor Home

60 Combination 
Trucks

61 Combination Short-haul Truck
62 Combination Long-haul Truck



Emissions Vary by Vehicle Age
• Emission rates can vary by age as well as model year; activity also 

varies by age

• Users enter an age distribution of vehicles covering new (0 year 
old) vehicles to 30+ year old vehicles

• MOVES uses age groups to account for deterioration:
• 0 to 3 years old     
• 4 or 5 years old     
• 6 or 7 years old     
• 8 or 9 years old     
• 10 to 14 years old   
• 15 to 19 years old  
• 20 or more years old 

10Guidance Reference: Section 4.5.2



Emissions Vary by Vehicle Activity
• In MOVES, vehicle activity is defined through Operating Mode:

• Operating mode refers to what the vehicle is doing at a specific point 
in time

• Running activity operating modes
• Include accelerating, braking, cruising, idling
• Activity divided into categories that differentiate emissions (next 

slide)

• Start and hotelling operating modes
• Used to define number of starts, soak-time distribution, and/or 

hotelling for “off-network” emissions
• Off-network refers to an area of activity not occurring on a 

roadway (e.g., parking area, freight or bus terminal)
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• Running activity operating 
modes are numbered 11-40

• Defined by speed and Vehicle 
Specific Power (VSP)

• VSP is a measure of the energy 
the moving vehicle is using at a 
moment in time

• Activity of a running vehicle is 
described by an Operating 
Mode (Op Mode) distribution

Running Activity Operating Modes
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Example Emission Rates by Speed, VSP, & Age
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Define 
project links

Determine 
the number 
of MOVES 

runs

Select 
parameters 

in Run 
Specification 
(“RunSpec”)

Input project 
data into 

Project Data 
Manager 

(PDM)

Run MOVES 
and generate 

emission 
factors

Running MOVES at the Project Scale

Adapted from Guidance Exhibit 4-1 14



Introduction to links and 
link activity information



Define 
project links

Determine 
the number 
of MOVES 

runs

Select 
parameters 

in Run 
Specification 
(“RunSpec”)

Input project 
data into 

Project Data 
Manager 

(PDM)

Run MOVES 
and generate 

emission 
factors

Running MOVES at the Project Scale

16Adapted from Guidance Exhibit 4-1



What is a MOVES link?
• A link is a segment of road or an “off-network” location where a 

similar type of vehicle activity occurs

• There are two primary types of links:
1. Running links

• Used to describe driving activity:  e.g., free-flow highways, ramps, arterials, 
intersections (cruise, deceleration, idle, and acceleration activity)

• Running exhaust, crankcase, brake/tire wear emissions, and some evap
processes

• No limit on the number of running links in a run

2. Off-Network links
• Used to describe areas of start and hotelling activity:  e.g., parking areas, truck 

or transit terminals
• Only needed if a project contains vehicles starting or hotelling
• Hotelling applies only to combination long-haul trucks, sourcetypeid 62 
• Only one off-network link can be defined per run
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Running Links

Link 2: 
Southbound

This is a simple example of 
two MOVES links. This 
example is a free-flowing 
highway section with no 
ramps or interchanges with 
consistent vehicle activity. 
The next example 
illustrates a more complex 
set of links.

Link 1: 
Northbound

Dominant Vehicle Activity
Queuing
Acceleration
Cruising



19

Running Links
This example illustrates a 
set of links that is far more 
complex in terms of vehicle 
activity. All of these are 
running links.

Dominant Vehicle Activity
Queuing
Acceleration
Cruising



Off-Network Links

• Off-network links represent start and/or hotelling emissions only
• Hotelling activity is done by “combination long-haul trucks” only
• Starts and other off-network emissions processes (evaporative and 

refueling) apply to all vehicle types

• Any driving activity in the same area, including idling, should be 
represented with running links

• E.g., buses idling at a bus terminal are not hotelling; their idling activity 
would be represented with a running link 

Bus Terminal Truck TerminalParking Lot
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Primary Types of Projects
• Highway and intersection projects

• Composed of running links (includes idling, accelerating, 
decelerating, and cruising at traffic signals) 

• Defined through MOVES Project Data Manager “Links” Input
• Running exhaust, crankcase, brake/tire wear emissions are the focus

• Transit or other terminal projects
• Include at least one off-network link

• Defined through MOVES Project Data Manager “Off-network” Input (only one 
off-network link allowed per MOVES run – discussed later)

• Used to calculate start and hotelling emissions
• May also include running links

• Some projects involve both types of links

Guidance Reference: Section 4.2 21



General Guidance for All Projects
• Goal of defining a project’s links in MOVES is to 

accurately estimate emissions where they occur
• Which depend on vehicle types, volumes, and activity

• Should include segments with similar traffic/activity 
conditions and characteristics 

• In general, the definition of a link (whether running or 
off-network) depends on vehicle activity

• Running: acceleration, deceleration, cruise, or idle
• Off-network: starts and hotelling

22Guidance Reference: Section 4.2 



General Guidance for All Projects
• EPA encourages the development of sufficient travel 

activity data to capture expected ranges of traffic 
conditions for build and no-build scenarios

• PM hot-spot analyses must be based on latest planning 
assumptions or data available when the analysis begins 
(40 CFR 93.110)

• Use interagency consultation process to select models, 
methods, and assumptions as described in local 
procedures (40 CFR 93.105(c)(1)(i))

23Guidance Reference: Section 4.3



Modeling Highways and 
Intersections in MOVES



Guidance for Highway and Intersection Links

• Divide project into separate MOVES links to allow sufficient 
resolution at different traffic and activity patterns

• Local traffic data should be used to characterize each link sufficiently

• In general, density of links depends on project type: 
• Fewer links would be needed for free-flow highways 
• More links expected for intersections

• There is no limit on the number of running links in a MOVES 
run

25Guidance Reference: Section 4.2



Highway Links
• For free-flow highway links (e.g., freeways) where vehicle behavior 

is fairly constant, the length of the MOVES link could be longer
• Note: Roadway curves or changes in road grade may necessitate a new link 

because of changes in vehicle operation

• Free-flow highway links are assumed at steady-state flow
• Relatively constant speed and minimal acceleration or deceleration
• Expect free-flow speed if demand is below 1500 vehicles per hour per lane

• For highway ramps, multiple links may be needed to describe 
variation in vehicle activity

• More details later

Guidance Reference: Section 4.2.1 26



Intersection Links
• Intersections need to be treated separately from free-flow MOVES 

links that connect to those intersections
• Approaches and departures from intersections will likely involve 

acceleration, deceleration, and idling activity not present on free-flow links

• Definition of link length will depend on:
• Geometry of intersection
• How that geometry affects vehicle activity
• The level of detail of available activity information
• See Appendix D of PM hot-spot guidance for more details

Guidance Reference: Section 4.2.1 27



Defining Links
• New links should be defined when…

• Speeds change (e.g., changes in activity over a highway ramp or 
intersection)

• Volumes change (e.g., changes in volumes when vehicles use freeway exit 
ramps or turn at an intersection)

• Fleets change (e.g., truck-only lane vs. all-purpose lane)
• Facility purpose changes (e.g., a turn lane vs. a through lane of an 

intersection)
• Road grade changes

• Details provided later on some of these examples
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Defining Vehicle Activity for Highways and 
Intersections

For each link, the user can choose one of three options to define activity:

1. Define a link average speed through the “Links” input
» MOVES has default OpMode distributions associated with average speed, 

based on typical driving cycles
» Different road types have different default OpMode distributions

2. Enter a link specific drive cycle through the “Link Drive Schedule” input
» MOVES calculates OpMode distribution from second-by-second speed/grade 

profile
» You could develop a drive cycle for a ramp link and use average speed for all 

other links

3. Directly enter a link specific OpMode distribution (not covered in this 
course) through the “Operating Mode Distribution” input
» Describes fraction of time spent in each OpMode bin on a link
» Not a direct output from current traffic models – but may be derived

29Guidance Reference: Section 4.5.7



Activity Option 1: Using Average Speed
• MOVES will use default drive cycles consistent with the average 

speed and vehicle type defined

• Note: “Queue,” “Acceleration,” and “Cruise” links will include idle, 
cruise, acceleration, and deceleration activity in different 
proportions based on the link average speed

• Other vehicle activity options may be preferred to more precisely 
define intersection activity (if data are available)

30Guidance Reference: Section 4.5.7 & App D



• In this example, 
links are defined to 
capture four unique 
areas of activity:

• Link 1 – Cruise
• Link 2 – “Queue” -

Deceleration, Idle, and 
Acceleration (red light) 
also Cruise (green light) 

• Link 3 – Acceleration 
(red light) also Cruise 
(green light)

• Link 4 - Cruise

Link 1 Link 4Link 2 Link 3

Activity Option 1: Using Average Speed  

31



Links Exercise
Handout
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Activity Option 2: Using Link Drive Schedules 
• Each explicit type of activity can be considered a separate link (overlapping)

• Volumes defined on each type of link depend on signal timing

• Results can be modeled as individual (overlapping) links in air quality models

35

Note: Modeling activity using overlapping drive schedules requires some additional considerations 
not covered in this course

Guidance Reference: Section 4.5.7 & App D
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Activity Option 2: Using Link Drive Schedules 

In an under-capacity 
situation, vehicles 
passing through 
intersections will use 
one of the following 
paths:

1. Green light cruise
2. Red light  cruise → 

deceleration → idle 
→accelerate → cruise

Guidance Reference: Section 4.5.7 & App D

CruiseCruise Cruise

Idle

36
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Activity Option 3: Using OpMode Distributions

• Users may define vehicle activity as the proportion of time spent 
in different modes of activity

• Determining the appropriate OpModeID for a given vehicle and 
type of activity:

• Would require additional VSP calculation
• Could be derived, but is not a direct output from current traffic models
• May be done with available research tool  - not covered in this course

Guidance Reference: Section 4.5.7 & App D 37



Typical Traffic Data
• What traffic data might be available for a project?

• Network schematics with segment data:
• Annual average daily traffic (AADT)
• Peak-hour traffic volume (% of AADT)(k)
• Directional split in peak-hour (D)
• Truck percentage, daily or peak-hour (T)
• Average speed (most likely for peak-hour)

• What additional traffic data might be needed?
• Volumes, fleet mix, and speeds for additional time periods 
• Operational details (cruise, idle, deceleration, acceleration) 

• See the “For Reference” section at the end of this module for 
additional information about defining links

Guidance Reference: Section 4.2 & 4.3 38



Modeling 
Terminals and Parking Lots



Defining Links for Terminals and Parking Lots
• Most terminal and parking lot activity will be captured on one or 

more “off-network” links
• Each link would describe an area with a certain number of vehicle starts per 

hour, and/or a certain number of trucks hotelling
• Only one off-network link allowed per MOVES run

• Some terminal projects may have significant running emissions 
similar to highway and/or intersection projects 

• E.g., trucks arriving and leaving the loading area of freight terminal; buses 
idling at a bus terminal

• Follow guidance for running links, as appropriate:  Section 4.2.1 and 
Appendix D of PM Hot-spot Guidance 

• Sources that are determined to be insignificant to project 
emissions (e.g., separate service drive, small employee parking lot) 
could be excluded

Guidance Reference: Section 4.2.2 40



Two Types of Idling Activity in MOVES
• MOVES defines two types of idling emissions:

1. Hotelling:  Applies to long-haul combination trucks only 
• Gives emission rates based on operating mode while trucks are hotelling
• Treated in MOVES as an off-network input
• Hotelling activity is described by 1 of 4 OpModeIDs in MOVES2014a:

• OpMode ID 200 – Long Duration Idling
• OpMode ID 201 – Auxillary Power Unit (APU) use
• OpMode ID 203 – Battery (zero emissions)
• OpMode ID 204 – Engine Off, Plug-in Electric Power (zero emissions)

2. All other idling (e.g., from idling buses at a terminal)
• Treated in MOVES as a running link with a speed of “0” mph
• Not included as an off-network input

• MOVES produces emissions as if idling is occurring for the entire 
hour – if not, post processing of MOVES result will be needed

• E.g., if idling is occurring for 20 minutes:  emissions = MOVES result x (1/3)

41Guidance Reference: Section 4.2.2 



Off-Network Data for Terminals and Parking Lots

42Guidance Reference: Section 4.2.2

Emission Type Applies to: Off-Network Data Required

Starts All source types
• Vehicle population
• Start fraction
• Soak time distribution

Hotelling
Long-haul combination 
trucks in hotelling operation 
only

• Vehicle population
• Hotelling fraction

All other Idling All source types
None – not handled in MOVES as an 
off-network link.  Treat as a running 
link with a speed of “0” mph

Note: How and where to enter the off-network data into MOVES is covered later in this 
module



Typical Terminal Data
• What data might be available for a project?

• Fleet mix
• Hourly estimates for starts and number of vehicles

• Regular idling (e.g., bus idle) – idle dwell time
• Hotelling (long-haul combination trucks only)

• Running emissions in some cases 

• What additional data might be needed?
• Soak-time distribution (how long vehicles are parked before starting)
• Operational details for running links (cruise, queue, deceleration, 

acceleration)

43Guidance Reference: Section 4.2.2



44Adapted from Guidance Exhibit 4-1

Running MOVES at the Project Scale

Define 
project links

Determine 
the number 
of MOVES 

runs

Select 
parameters 

in Run 
Specification 
(“RunSpec”)

Input project 
data into 

Project Data 
Manager 

(PDM)

Run MOVES 
and generate 

emission 
factors



Guidance on Number of Runs

Applicable NAAQS Build Scenario No-build Scenario

Annual PM2.5 NAAQS only 16 16

24-hour PM2.5 NAAQS only 16 (4 in certain cases) 16 (4 in certain cases)

24-hour PM10 NAAQS only 16 (4 in certain cases) 16 (4 in certain cases)

Annual and 24-hour PM NAAQS 16 16

Guidance Reference: Section 4.3.1

• 4 hours of a weekday x 4 seasons of a year = 16 runs per scenario 

• Annual PM2.5 NAAQS:  16 runs 

• 24-hour PM2.5, 24-hour PM10 NAAQS:  16 runs
• Except where violations are expected to occur in only one season; can 

model with 4 runs – use interagency consultation when deciding (see 40 
CFR 93.105(c)(1) and PM Hot-spot Guidance Section 3.3.3)

45

Minimum number of runs recommended:



Why the Number of Runs Matters
• The recommended number of runs reflects the need to capture 

emissions variability across the day and year

• Emissions are based on:
• Temperature
• Vehicle Volumes
• Vehicle Speeds
• Fleet Mix

• Overall air quality is affected by the timing of emissions across the 
day and year

Guidance Reference: Section 4.3.1 46



Guidance for Highway/Intersection Projects
• Determine how many unique scenarios can sufficiently describe 

activity variation
• Number of runs should be based on the best available activity data 

and the PM NAAQS involved
• 16 runs is a minimum (4 hours of a weekday x 4 seasons of a year), but you 

may have data for additional hours that you want to include

• Typical travel activity data involves annual average daily traffic 
(AADT) volumes, with an allocation factor for a daily peak-hour 
volume

• The most reasonable methods in accordance with good practice should be 
used to obtain the peak-hour allocation factors and diurnal distribution of 
traffic 

• In accordance with interagency consultation procedures (40 CFR 
93.105(c)(1)(i))

47Guidance Reference: Section 4.3.2



Guidance for Highway/Intersection Projects
• 16 runs will capture emissions for:

• 4 seasons: 
- January (Dec, Jan, Feb) - July (Jun, Jul, Aug)
- April (Mar, Apr, May) - October (Sep, Oct, Nov)

• 4 weekday time periods:
₋ Morning peak (AM)       - Evening peak (PM)
- Midday (MD)                  - Overnight (ON)
- Emission results for each of these 4 hours can be applied to the other hours of 

the day to cover the full day

• With typical travel activity data:
• AM and PM peak periods can be represented by peak-hour traffic activity
• MD and ON periods can be represented by off-peak activity

• With additional travel data:
• If available, can use travel activity data that represents each of the 4 (or 

more) time periods

Guidance Reference: Section 4.3.2 48



Determining Representative Time Periods
A suggested approach for an analysis:

• Morning peak (AM) emissions based on traffic data and meteorology occurring 
between 6 a.m. and 9 a.m. (emissions from one hour/one MOVES run represent 
all three hours)

• Midday (MD) emissions based on data from 9 a.m. to 4 p.m.

• Evening peak (PM) emissions based on data from 4 p.m. to 7 p.m.

• Overnight (ON) emissions based on data from 7 p.m. to 6 a.m.

Note: Longer or shorter periods of time can be used if local or project-specific data supports; 
information should be documented in PM hot-spot analysis

49Guidance Reference: Section 4.3.2



Comparison of 4 vs. 5 Representative Time Periods
• Using traffic activity data from 

representative periods will better 
represent emissions

• In the example at right, using 
traffic volumes from 4 rep. 
periods would improve the 
estimate compared to using 
peak/off-peak volumes

• However, volume overestimated 
from Midnight-6 AM and 
underestimated 7-11 PM 
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5 Representative Periods
• Splitting the “overnight” period 

so there are 5 representative 
periods improves the 
approximation to actual traffic 
volumes

• Note: Each additional 
representative period will result in 
4 more MOVES runs
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51Guidance Reference: Section 4.3.2

Determining Representative Time Periods

MOVES Run Scenario Representative Period
January December, January, February

April March, April, May
July June, July, August

October September, October, November



Guidance for Terminals
• For transit or other terminal projects, it is likely that project 

sponsors will have more comprehensive activity data; possibly 
covering each hour of the day

• In these cases it may be appropriate to develop additional MOVES 
runs (beyond the recommended 16)

• The decision to model additional time periods should be made 
through interagency consultation and will depend on available 
data and whether using additional data would significantly impact 
emissions modeling results

52Guidance Reference: Section 4.3.3
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Running MOVES at the Project Scale

53Adapted from Guidance Exhibit 4-1



Setting Up a MOVES Run
• To run MOVES at the project scale, users must provide or create

• A run specification, a.k.a. a “RunSpec” and
• An input database

• When MOVES is run, it populates an output database

54

Run 
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(RunSpec)
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MOVES Master
(MOVES GUI)
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Setting Up a RunSpec
• The MOVES GUI Navigation Panel is used to set up your RunSpec

• The RunSpec specifies the scale, location, time period, alternate 
data and output preferences of a MOVES run

• To setup a RunSpec, complete each item on the Navigation Panel 
by making selections on the sub-panels

• Items marked with ≈ are optional but recommended

• Items marked with ! are required

• Note: All items on the Navigation Panel must show or ≈ to run MOVES.

55



Setting Up a RunSpec
• Navigation Panel Items:

• Description
• Scale
• Time Spans
• Geographic Bounds
• Vehicles/Equipment
• Road Type
• Pollutants and Processes
• Manage Input Data Sets
• Strategies
• Output
• Advanced Performance Features

56



MOVES Mini-Run
• Guidance will be explained as class walks through a very simple, 

hypothetical PM10 MOVES highway-only analysis
• Example has been simplified for purpose of instruction

• MOVES Mini-Run Class Example (See Handout):
• Project links consist of a 2-lane highway in Washtenaw County, MI
• Analysis period is July 2016
• 1-hour analysis (12:00 a.m.- 1:00 a.m.)
• Evaluating long-haul trucks and passenger cars

57
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MOVES Mini-Run

Link 2: 
Southbound

Link 1: 
Northbound

Dominant Vehicle Activity
Queuing
Acceleration
Cruising



MOVES Mini-Run
• Two links:

• Northbound – Link 1
• 1.25 miles in length
• 765 vehicles in analysis hour
• 62.5 mph average speed
• 95% gasoline passenger cars, 5% diesel combination long-haul 

diesel trucks

• Southbound – Link 2
• 1.25 miles in length
• 690 vehicles in analysis hour
• 61.0 mph average speed
• 95% gasoline passenger cars, 5% diesel combination long-haul 

diesel trucks

59



Getting Started

• Begin by opening the latest version of MOVES2014

• For example, MOVES2014a is the latest version at the time this module was 
developed

• On your desktop, double-click the MOVES icon

• If you have multiple versions of MOVES2014, 
use the latest version

• The MOVES Graphical User Interface will open

60



MOVES Graphical User Interface (GUI)
Menu

Navigation panel
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Description Panel
• Allows the user to describe the RunSpec (what is being modeled)

• Include details like location, time period, pollutant type, or whatever else is 
unique about the run

• Up to 5,000 characters of text, but no quotation marks, ampersand or 
backslash characters allowed

• Description appears in the MOVESRun table of the output database
• Description is optional but useful to keep track of runs 

• Instructions for the Mini-Run RunSpec:
• Type, “Simple run with two links”

62
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Description Panel



Scale and Calculation Type
• Scale should always be set to “Project” for hot-spot analyses

• Calculation Type can be specified as “Inventory” or “Emission 
Rates”

• “Inventory” will produce aggregate emissions (e.g., grams, lbs, or tons per 
link) 

• “Emission Rates” will produce link specific emission factors:
• grams/vehicle-mile
• grams/vehicle-hour
• grams/vehicle-start

• Instructions for the Mini-Run RunSpec:
• For Model, select “Onroad”
• For Domain/Scale, select “Project”

64Guidance Reference: Section 4.4.2



Guidance on Calculation Type
• Either “Inventory” or “Emission Rates” can be selected as output, 

depending on the air quality model being used

• When using AERMOD, select “Inventory”
• This will produce results for total emissions on each link, and since running 

MOVES at the project-scale produces results for only one hour, this is 
equivalent to a grams/hour emission factor needed by AERMOD

• When using CAL3QHCR, select “Emission Rates”
• This will produce link emission factors needed by CAL3QHCR in 

• units of grams/vehicle-hour for link average speed of 0 mph, and 
• units of grams/vehicle-mile for link average speed greater than 0 mph

• Instructions for the Mini-Run RunSpec:
• For Calculation Type, select “Inventory”

Guidance Reference: Section 4.4.2 65
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Scale and Calculation Type



Time Spans Panel
All sections on this panel must be completed for hot-spot analyses:
1. Time Aggregation Level: For Project-scale analyses, “Hour,” 

meaning no preaggregation, is the default selection
2. Only a single year can be selected
3. Only a single month can be selected
4. Only a single day type can be selected
5. Only a single hour can be selected

• Instructions for the Mini-Run RunSpec:  
• For Year, select 2016;
• For Month, select July;
• For Days, select Weekdays;
• For Hours, select 00:00 - 00:59.
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68Guidance Reference: Section 4.4.3

Time Spans Panel
Note: Time Aggregation 
Level is set to “Hour” by 
default. Only one calendar 
year, month, day and hour 
can be selected



Geographic Bounds Panel
• Once you have selected the Project scale, there are two choices 

available:
• County:  once this button selected, you would select a single county from 

the list, which allows access to the default data MOVES has for that county
• Custom Domain:  selected to represent a project spanning multiple 

counties, but no defaults are available

• On this panel, you also create/select an input database to store 
the project data (do this step after completing the RunSpec)

69Guidance Reference: Section 4.4.4



Guidance on Selecting County or Custom Domain
• Users should select the actual county where the project is located

• If a project spans multiple counties, users have 3 options:
1. If the fuel supply and age distribution of vehicles in the fleet are the same 

for all of the counties, select the county in which the majority of the project 
area is located;

2. If not, separate the project into multiple parts (each of which is in a 
separate county) and do a separate MOVES run for each part; or

3. Use the custom domain option to model multiple unique areas that share 
the same fuel and age distribution, but may have different meteorological 
data

• Instructions for the Mini-Run RunSpec:  
• Select County: MICHIGAN, MICHIGAN - Washtenaw, Click “Add”

70Guidance Reference: Section 4.4.4



71

Geographic Bounds Panel



Guidance on Selecting Vehicle Types
• For most analyses, select all vehicle and fuel types: 

• Diesel
• Ethanol (E-85)
• Compressed Natural Gas (CNG)
• Gasoline

• Note: Some projects may have only one or a few vehicle types (e.g., a 
bus fleet running entirely on CNG)

• Diesel fractions may still need to be adjusted through the “FuelType and 
Technology” input, regardless of what is selected here

• Discussed later in example analysis

• Instructions for the Mini-Run RunSpec:  
• For Fuels, select Diesel Fuel, Ethanol (E-85), and Gasoline;
• For Source Use Types, select Combination Long-haul Truck and Passenger 

Car, then, click “Add Fuel/Type Combinations”

72Guidance Reference: Section 4.4.5



On Road Vehicle and Equipment Panel

Guidance Reference: Section 4.4.5 73



Road Types in MOVES
1. Off-Network – Any location where the predominant activity is vehicle starts 

and hotelling, i.e., parking lots, truck stops, rest areas, freight or bus terminals 
(roadtypeID = 1)

2. Rural Restricted Access – A rural highway that can be accessed only by an on-
ramp (roadtypeID = 2)

3. Rural Unrestricted Access – All other rural roads, i.e., arterials, connectors, and 
local streets (roadtypeID = 3)

4. Urban Restricted Access – An urban highway that can be accessed only by an 
on-ramp (roadtypeID = 4)

5. Urban Unrestricted Access – All other urban roads, i.e., arterials, connectors, 
and local streets (roadtypeID = 5)

Guidance Reference: Section 4.4.6 74



HPMS Road Type Mapping
HPMS MOVES

f_system
(functional 
system) Description RoadTypeID* Description

1 Interstate 2 or 4 Urban or Rural restricted access

2 Principal Arterial - Other Freeways 
and Expressways

2 or 4 Urban or Rural restricted access

3 Principal Arterial - Other 3 or 5 Urban or Rural unrestricted access

4 Minor Arterial 3 or 5 Urban or Rural unrestricted access

5 Major Collector 3 or 5 Urban or Rural unrestricted access

6 Minor Collector 3 or 5 Urban or Rural unrestricted access

7 Local 3 or 5 Urban or Rural Unrestricted access

*Urban or rural designation for MOVES roadtypeID is determined by HPMS 
urban_code where 99999 or 99998 denote rural and all other values denote 
urban
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Guidance on Selecting Road Types 
• Select all road types that exist within the project

• Note:  Do not select road types that do not exist in project
• MOVES Road type can be determined by HPMS classification

• Off-network road type should be selected only if an Off-Network 
link exists (i.e., the project has start or hotelling activity)

• Used for parking lots, intermodal facilities, bus terminals, etc.

• Some pollutant-process selections automatically select certain 
road types

• Ex: Selecting start emissions or extended idle emissions in the Pollutants 
and Processes panel will automatically select the “Off-network” road type

• Instructions for the Mini-Run RunSpec:  
• For Available Road Types, select “Urban Restricted Access”. Click “Add”.

76Guidance Reference: Section 4.4.6



Road Type Panel
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Guidance on Selecting Pollutants & Processes
• To perform a PM Hot-spot analysis, you must select the 

following:*
Pollutants:

• Primary Exhaust PM – Total (Either PM10 or PM2.5)
• Brake Wear Particulate (running links only)
• Tire Wear Particulate (running links only)

Processes:

*Note: Some pollutants and processes are chained. For example, many PM2.5 processes are 
chained to PM10 processes.

78Guidance Reference: Section 4.4.7

For running links: For off-network links:

• Running Exhaust • Start Exhaust

• Crankcase Running Exhaust • Extended Idle Exhaust

• Brake Wear • Crankcase Start Exhaust

• Tire Wear • Crankcase Extended Idle Exhaust

• Auxiliary Power Unit (APU) Use



Guidance on Selecting Pollutants & Processes
• Instructions for the Mini-Run RunSpec:  

• For Pollutants, select:
• Primary Exhaust PM10 - Total, 
• Primary PM10 - Brakewear Particulate, and 
• Primary PM10 - Tirewear Particulate, 
• Then click “Select Prerequisites”

• Scroll to the right to review associated processes.

• Be sure to unselect any off-network associated processes such as “Start 
Exhaust”, “Extended Idle Exhaust”, “Auxiliary Power Exhaust” etc.

• Note: “Selecting Prerequisites” will include off-network associated 
automatically processes and will automatically select “Off-Network” on 
the Road Type panel.  For our mini-run, remove the associated off-
network processes and manually delete the “Off-Network” Road Type 
in the Road Type panel.
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Pollutants and Processes Panel
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Road Type Panel
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Guidance on Manage Input Data Sets Panel
• Most PM hot-spot analyses will not use this panel

• Instead, the Project Data Manager (PDM) will be used to input 
project-specific data

82Guidance Reference: Section 4.4.8
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Manage Input Data Sets Panel

Note: You only need to click 
on panel name in left column 
to get green check for this 
panel
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Strategies Panel – Rate Of Progress

Note: Do not use “Rate of 
Progress” strategy – not 
relevant for project-scale



General Output Panel
• On this panel, name the output database
• Selecting Activity output is useful for diagnostic purposes

• Will report what was input for different activity parameters

• “Distance Traveled” and “Population” should be selected
• Selecting “Rates” calculation in the Scale panel will 

automatically select “Distance Traveled” and “Population”
• Population will reflect vehicle population

• Selecting “Starts” and “Source Hours Idling” may also be 
helpful for confirmation that starts and idling you get 
from output is consistent with input

85Guidance Reference: Section 4.4.10



Database Naming Recommendations
• Name the RunSpec file and databases for a specific run 

using the same name, but with different extensions
• Examples:

RunSpec: Simplerun.mrs
Input database: Simplerun_in
Output database: Simplerun_out

• Identifies each part of the run file
• Helps organize information
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General Output Panel
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General Output Panel



Guidance on Output Emission Detail Panel
• The aggregation of the Time level is set to “Hour” and “Link” by 

default

• The “for All Vehicle/Equipment Categories” and “On Road” 
selections depend on the detail desired by the user

• More selections means more detail
• Differentiation by Emission Process and Source Type is likely most useful

• Note: If “Rates” was selected in the Scale Panel, do not select 
output by Source Type, Model Year, or Fuel Type

89Guidance Reference: Section 4.4.10
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Output Emission Detail Panel



91Guidance Reference: Section 4.4.11

Advanced Performance Features Panel
Can skip - most analyses 
will not use this panel  
• Used to invoke features 

that improve run time
• See MOVES User Guide for 

more information



Define 
project links

Determine 
the number 
of MOVES 

runs

Select 
parameters 

in Run 
Specification 
(“RunSpec”)

Input project 
data into 

Project Data 
Manager 

(PDM)

Run MOVES 
and generate 

emission 
factors

Running MOVES at the Project Scale

92Adapted from Guidance Exhibit 4-1



PDM Section Overview

• Introduction

• Inputting data into the PDM, for the mini-run

• Off-network inputs
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What is the Project Data Manager?
• The Project Data Manager (PDM) is a tool that facilitates the 

process of entering data into a project input database
• The data in the input database is used by MOVES when executing the run
• A database is a set of tables

• Databases are not “files” with an extension
• User names them, but does not need to save them
• Databases can be viewed and manipulated in MySQL; information can also be 

exported to another program (e.g., Excel) 

• PDM takes the form of a separate Graphical User Interface (GUI) 
that is used in conjunction with the MOVES Master GUI

• When the PDM is open, the MOVES Master GUI is frozen and no changes 
can be made to the RunSpec

• Nothing done in the PDM will affect the selections in the RunSpec
• Note: Always complete the RunSpec first, before adding information to the 

PDM
94



Project Data Manager Functions
• Use the PDM to create an input database, an input at a time, by either:

1. Creating a template of a table, in which you will enter local data, or
2. Exporting default data (when available) to a table, in order to review and/or 

modify with local data

• Users manipulate data in Excel, then “Import” worksheets into the PDM
• Data are not entered directly in the PDM
• You can add descriptions in the PDM of data being imported to document data 

sources

• Using the PDM ensures the input tables are properly formatted, 
necessary for MOVES to run properly

• Imported data can be cleared for each tab or the entire database can be 
emptied

• You should always clear previously-imported data before importing new data 
for the same input to prevent execution errors 
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Opening the Project Data Manager
• Two ways to open the PDM:

• “Enter/Edit Data” button on the Geographic Bounds panel; or
• Use the “Pre Processing” pull-down menu

• If the input database you want to use already exists, it can be 
selected in the Domain Input Database drop-down list; otherwise, 
a new input database can be created in the PDM
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Accessing the Project Data Manager (PDM)
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A Newly Opened PDM



Using the PDM: Database Tab
• Project input database is selected or created here

• Existing project input databases can be selected from the drop-down menu
• Or, user enters a name for the input database and clicks “Create Database”

• Once a project input database has been created or selected, the 
tables within it can be edited with the other PDM tabs

• Inputs can be added in any order – i.e., you can start with any tab
• All the tables in the database can be cleared of data with the “Clear All 

Imported Data” button

• The tab also displays a log of changes
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Database Tab

The database “simplerun_in” 
is created by entering the 
name and clicking “Create 
Database”



PDM Inputs (each has a tab)

101

• Meteorology Data
• Age Distribution
• Fuel
• I/M
• Hotelling
• Retrofit Data
• Links
• Off-Network
• Link Source Types
• Operating Mode Distribution
• Link Drive Schedules

These inputs are common for 
both MOVES county scale 
and project scale analyses

These inputs are unique to the 
MOVES project scale



Using the PDM: Tabs for Inputs
• and       symbols for each tab are determined by the 

relationship between the selections made in the RunSpec and the 
data provided by the user 

• appears when the user has provided data that is sufficient and 
passes error checks for all parameters in the RunSpec

• several tabs begin with a green check (optional inputs)

• appears if the user has not provided enough information or if 
there is an error with the data provided
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Entering Data for Tabs with a:

Import back into 
input database

Does 
MOVES have
default data

for a tab?

Create Excel template

Populate template
with local data

Review/
edit default data

Export default data
(into Excel)

No Yes



Using the PDM: Creating a Template
• All PDM tabs provide the option of creating an Excel template 

spreadsheet of the appropriate MOVES table
• Save as .xls extension to get a spreadsheet format

• Templates contain the proper fields/column headings, but have 
blank cells for user-specified data

• The template will be pre-populated with some data based on 
entries made in the RunSpec

• This is why you should always complete all RunSpec panels first!

• Templates contain extra worksheets that will help you decipher 
MOVES codes
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Using the PDM: Exporting Default Data
• Some PDM tabs have default data available:

• Meteorology Data
• Fuel (Fuel Supply, Fuel Formulation, Fuel Usage, AVFT)
• I/M Programs

• Tabs with default data will have “Export Default Data” option
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Creating a Template

Click “Create Template”
Save the template (an Excel 
file) to a folder
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Completing a Template

Template has column headings 
and some information from the 
RunSpec
Edit sheet to include the 
appropriate information; save



108

Importing a Completed Table

1
2

3



Importing a Completed Table

4

5

6
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Importing a Completed Table

6

Check for correct filename, 
worksheet name, no error 

messages, green check mark

1. filename
2. worksheet

3. messages

4. green check
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Inputting data for the Mini-Run

111

We need only the 6 inputs in bold for the mini-run; we will also cover the 
other inputs (in gray)

• Meteorology Data
• Age Distribution
• Fuel
• I/M
• Hotelling
• Retrofit Data
• Links
• Off-Network
• Link Source Types
• Operating Mode Distribution
• Link Drive Schedules (run 2)



Meteorology Input (ZoneMonthHour)
• Meteorology data should be entered with the specific month and hour selected 

in the RunSpec

• ZoneID is simply the countyID + zero

• Temperatures are in degrees Fahrenheit

• Relative humidity (% humidity) must be between 0 and 100
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Guidance on Meteorology
• Should enter data specific to the project’s location and time 

period modeled 
• Default temperature and humidity values are available in MOVES, but are 

not recommended for use in a PM hot-spot analysis

• Use temperatures from the representative meteorological data 
selected for air quality modeling

• Temperatures must be consistent with those used for the project’s county 
in the regional emissions analysis (Section 93.123(c)(3))

• The temperature and humidity data should be the same for both 
the build and no-build scenarios

• We will discuss more about obtaining  representative met data in Module 3

113Guidance Reference: Section 4.5.1



Guidance on Meteorology
• Use a minimum of four hours per season (corresponding to AM 

peak traffic/PM peak traffic/MD traffic/ON traffic)…
• For one day (weekday)
• For January, April, July, and October.  

• Within each period of day in each season, use average 
temperature within that time period 

• For example, for January AM peak periods corresponding to 6 a.m. 
to 9 a.m., use average January temperature based on the 
meteorological record for those hours

Guidance Reference: Section 4.5.1 114
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Completing the Meteorology Template

Create template, complete, save, 
then import met.xls file through 
MOVES PDM



• Age Distribution is entered according 
to MOVES source types (vehicle 
types) and calendar year

• AgeFraction must sum to 1 within 
these fields

• Age Distribution covers new (0) to 
30+ year old vehicles

• MOVES does not vary age 
distribution by month

• See decoder tab or handout for 
source type ID

• 21 = passenger cars
• 62 = combination long-haul truck

Age Distribution Input (SourceTypeAgeDistribution)
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Guidance on Age Distribution
• There are 3 options for using age distribution data:

• Latest from the SIP
• Project-specific fleet age distribution
• MOVES default age distribution

• Option 1: Use the latest state or local age distribution assumptions 
from the SIP or transportation conformity regional emissions 
analysis

• Often available from local Metropolitan Planning Organization (MPO), state 
DOT, or state air agency

• For cases where some but not all age distributions are available, we’ll cover 
in Option 3 

117Guidance Reference: Section 4.5.2



Guidance on Age Distribution
• Option 2: If the project is designed to serve a fleet that operates 

only locally, the user should provide project-specific fleet age 
distribution data
• Example: a drayage yard or bus terminal
• For most captive fleets, an exact age distribution should be readily 

available or obtainable

• Option 3: If no state or local age distribution is available, the 
MOVES default age distribution should be used
• Also relevant option where user has registration distributions only for one 

or more vehicle classes (e.g., LDVs) and has relied on MOBILE6.2 defaults 
in its SIP or regional conformity analysis for the remaining vehicle classes

• MOVES default distributions available on the EPA’s website: 
www.epa.gov/otaq/models/moves/tools.htm

118Guidance Reference: Section 4.5.2
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Completing the Age Distribution Template

Create template, complete, 
save, then import agedist.xls 
file through MOVES PDM



Fuel
• The Fuel tab contains four data tables

• Fuel Supply
• Fuel Formulation
• Fuel Usage Fraction
• AVFT

• Data must be selected/entered for each table

• It also includes the “Fuels Wizard,” which allows the user to modify fuel 
formulation parameters for gasoline and gasoline-ethanol blends
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Guidance on Fuels
• Users should review default fuels for the project area and make 

changes only when volumetric fuel data is available
• Exception: Reid Vapor Pressure (RVP) should be changed in fuel formulation 

table to reflect ethanol blend requirements (e.g., Renewable Fuel Standards 
(RFS))

• The Fuels Wizard should be used to make any adjustments needed

• Generally fuels should be the same for both build and no-build 
• Exception: if project will include addition of alternatively-fueled vehicles and 

infrastructure

• Note: fuels files should be consistent with those used in the latest 
SIP/regional conformity analysis

Guidance Reference: Section 4.5.3 121



Exporting Default Fuels
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After exporting default fuels 
(fuels.xls), browse and import 
default fuel supply, fuel 
formulation, fuel usage 
fraction, and AVFT through 
MOVES PDM



Fuels Input: Fuel Supply

• Fuel Supply is entered according to county, year, month, fuel type
• marketShare (column E) must sum to 1 within these fields
• marketShare CV (column F) is inactive; ignore any values

• If defaults are exported, they will contain all fuel types selected in 
the MOVES RunSpec
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Fuels Input: Fuel Formulation
• Use only existing fuelFormulationID’s with the appropriate 

fuelSubTypeID for the fuel properties being entered

• Properties can be changed for existing formulations using the 
Fuels Wizard 

• Gasoline fuelformulationID’s are 500-9419
• Diesel: 20011-20491 
• CNG: 30
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Fuels Input:  Fuel Usage Fraction
• Fuelusagefraction is a new required input that specifies the 

fraction of E-85 capable (flex-fuel) vehicles that use E-85 
(sourceBinFuelTypeID 5) vs. conventional gasoline 

• The table below shows that 97.4% of E-85 capable vehicles use 
conventional gasoline and 2.6% use E-85 

• UsageFraction of 1 is required for sourceBinFuelTypeID 1, 2, and 3 
(gas, diesel, and CNG fuel types)
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Fuels Input:  AVFT
• The Alternate Vehicle and Fuel Technology (AVFT) input allows 

users to define the split between diesel, gasoline, CNG, and 
electricity, for each vehicle source type and model year.

• Combinations of sourceTypeID and modelyearID must sum to 1
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Fuels Wizard
• Once fuel formulation is imported, the Fuels Wizard can be used 

to adjust unknown fuel formulation properties based on known 
fuel properties, such as RVP

• For gasoline and gasoline-ethanol blends
• Not used for E-85, diesel, or CNG fuels

• Fuels Wizard calculates the appropriate values consistent with 
EPA’s refinery modeling
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Example:  Change RVP of Gasoline to 7.5
(For example only; not part of our mini-run)

Both Gasoline fuels (Fuel type id 1) are selected

1

2 3

4



I/M Program Input
Guidance:
• MOVES does not provide a PM emission benefit from any I/M 

program

• If the user includes an I/M program in the run specification, the 
selection will have no impact on PM emissions

129Guidance Reference: Section 4.5.4



Retrofit Data Input
• The Retrofit Data tab allows users to define emission 

reductions/increases that are provided by retrofit programs
• In MOVES, retrofits are only applied to heavy-duty diesel vehicles (buses, 

trucks)
• EPA’s Retrofit and Replacement Guidance and PM Hot-Spot Guidance 

should be consulted to determine the appropriate inputs

• Retrofit programs should be defined only for the year being 
modeled

• Modeling Year = Final Calendar Year

• Fraction/Year should be calculated in terms of the fraction of 
vehicles to which the retrofit was applied as of the year being 
modeled

130Guidance Reference: Section 4.5.5



Links Input
• Should reflect link information from traffic data

• No defaults available; use template

• There are 9 data inputs for each link:
• LinkID: Each link in Project must be entered
• CountyID: Five digit code
• ZoneID: county ID with zero at the end
• RoadTypeID: each link is associated with a MOVES roadtype
• Link Length: in miles
• Link Volume: total traffic volume in one hour
• Link Average Speed: in mph
• Link Description: optional text field
• Link Grade: in percent grade (100% = 45 degree slope)

131Guidance Reference: Section 4.5.6
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Completing the Links Input

Information from our mini-run 
description added to template



Link Source Type Input
Used to define the type of vehicles on each link.  Table has 3 columns:
• LinkID

• Must include all LinkIDs defined in Links Input 

• SourceTypeID
• Must include all source types selected in On Road Vehicle/Equipment panel 

• SourceTypeHourFraction
• Specify vehicle mix (fraction of Vehicle Hours Traveled (VHT)) on each link
• Fractions should sum to “1” for each linkID

133Guidance Reference: Section 4.5.5



Link Source Type Input
• Enter the fraction of the link traffic volume that is represented by 

each vehicle type (source type)
• No defaults available

• This is not necessary for off-network links

• See the “For Reference” section at the end of this module for 
sources of information for the Links and Link Source Type inputs

134Guidance Reference: Section 4.5.5



Guidance on Link Source Type Input
• Option 1: Collect project-specific data  

• Example: projects such as bus or freight terminals or maintenance facilities 
• This could be based on analysis of similar existing projects

• Option 2: Use regional fleet information
• Use the same source type distribution used in the latest regional emissions 

analysis for each road type in the project
• Data often available from state DOT, state air agency, or local MPO

• May be adjusted if data are available for light-duty vs. heavy-duty mix

135Guidance Reference: Section 4.5.5



Completing the Link Source Template

136

Sums to one for each link

Create template, complete, 
then import linksource.xls file 
through MOVES PDM



Including Project Activity Data
• For this example, we will complete two simple MOVES runs using 

different options for activity:
1. Using average speed in the links table
2. Using a link-drive schedule (vehicle trajectory)
3. Using an operating mode distribution is also an option, but 

will not be illustrated 
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Defining Activity with 
Option 1: Average Speed



Defining the Average Speed Function Through the 
Links Table
• If no Op-Mode distribution or Link Drive Schedule is defined, 

MOVES uses average speed combined with road type and road 
grade to calculate Op-Mode distribution 

• Based on default drive cycles
• As defined in the Links Input 

• Provides least resolution when analyzing project emissions

• Note: We have already imported the Links table (with link average 
speeds) and no further action is needed

139Guidance Reference: Section 4.5.7



Allowable Average Speed Ranges
Allowable Average Speed Input Range for Project Scale Input by Source Type

Sourcetypeid Sourcetypename Min Speed (mph) Max Speed (mph)

11 Motorcycle 2.5 76.0

21 Passenger Car 2.5 76.0

31 Passenger Truck 2.5 76.0

32 Light Commercial Truck 2.5 76.0

41 Intercity Bus 1.8 77.8

42 Transit Bus 1.8 77.8

43 School Bus 1.8 77.8

51 Refuse Truck 1.8 76.6

52 Single Unit Short-haul Truck 1.8 77.8

53 Single Unit Long-haul Truck 1.8 77.8

54 Motor Home 1.8 77.8

61 Combination Short-haul Truck 1.8 76.6

62 Combination Long-haul Truck 1.8 76.6

Adapted from “Population and Activity of On-road Vehicles in MOVES2014” Table 10.1 – 10.6

Note: Average speeds outside the allowable range will be assigned the closest available drive cycle.  Also, speeds of “0” 
are allowed for all source types, indicating idle operation.   
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Completed Input Database

141

Green checks for all tabs (except 
Operating Mode Distribution)

Note: This run will not use the Off-
Network, Hotelling, Operating 
Mode Distribution, I/M Programs, 
Link Drive Schedule, or Generic 
database tables



Define 
project links

Determine 
the number 
of MOVES 

runs

Select 
parameters 

in Run 
Specification 
(“RunSpec”)

Input project 
data into 

Project Data 
Manager 

(PDM)

Run MOVES 
and generate 

emission 
factors

Running MOVES at the Project Scale

142Adapted from Guidance Exhibit 4-1
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Save RunSpec and Execute the MOVES run
Note: It may be necessary to 
refresh the screen to get a green 
check for the Geographic Bounds 
Panel.  To do this, simply click on 
another panel (e.g., Time Spans), 
and then click back to the 
Geographic Bounds Panel

To run MOVES, click “Execute”
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Viewing MOVES Output in MySQL



Available Post-Processing Scripts for Calculating 
Emission Factors (EF)

Script Name: Produces:

"PM10 Grams Per Hour" An EF for each link as grams/hour (AERMOD)

"PM10 Grams Per Mile" An EF for each link as grams/veh-mile (CAL3QHCR)

"PM2.5 Grams Per Hour" An EF for each link as grams/hour (AERMOD)

"PM2.5 Grams Per Mile" An EF for each link as grams/veh-mile (CAL3QHCR)
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Note: MOVES scripts are also available for CO project-scale analyses.
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Run Post-Processing Script on Output
Clicking “OK” will open a Post-
processing Script 
Documentation dialog box 
explaining the function of the 
selected script. Read the 
dialog box then click “OK”.
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New Summary Emission Factors Table
To view the output of the script, 
find and right click “Select Rows” 
on the table named 
“pm10_grams_per_hour”. 

Note: You may need to refresh 
the Schemas to see the new 
table.



Defining Activity with 
Option 2: Link Drive 

Schedule



Defining a Link Drive Schedule
• For any link, user can provide a “link drive schedule,” a second-by-

second speed/grade profile (vehicle trajectory)
• Not necessary to define all seconds for a link… emissions from defined link 

drive schedule will be applied to entire link (for specified distance in Links 
table)

• MOVES uses internal algorithm to calculate an Op-Mode 
distribution from Link Drive Schedule and the subsequent 
emissions

• The vehicle trajectory represents all vehicles driving an identical 
path on the links

• “Overlapping links”: Individual links may be defined to represent single (or 
multiple) vehicle trajectories

149Guidance Reference: Section 4.5.7



0

5

10

15

20

25

30

35

40

45

50

0 10 20 30 40 50 60 70

Sp
ee

d 
(m

ph
)

Time (seconds)

Vehicle 1

Vehicle 2

Example: Vehicle Trajectory Data
(For example only; not part of our mini-run)
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Second-by-Second Link Drive Schedule Table
• Possible sources of link drive 

schedule data:
• Microsimulation model

• Calculated from highway 
geometry

• HCM
• Other methods

• Chase-Car Study

151Guidance Reference: Section 4.5.7



Using Output from Microsimulation Models
• Option 1:  Model a representative vehicle trajectory, or;

• Option 2:  Model multiple vehicle trajectories using multiple links: 
• Each vehicle would be assigned a unique LinkID with a volume of “1”
• Emissions would then be aggregated in post-processing to calculate link 

total emission factors  
• Note: Run times increase as more links are defined

• Option 3:  Model an op-mode distribution (developed outside of 
MOVES) based on vehicle trajectories (not covered in this course)

Guidance Reference: Sec. 4.2.1, 4.6 & App D 152
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Importing a Link Drive Schedule
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Creating a Link Drive Schedule Template
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Completing the Link Drive Schedule Template

Create template, complete, 
save, then import linkdrive.xls 
file through MOVES PDM

For the mini-run, the link drive 
schedule is a constant speed 
for each link
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Executing the MOVES run
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Run Post-Processing Script on Output
Again run the 
PM10_Grams_per_Hour.sql 
post processing script on the 
output database.
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New Summary Emission Factors Table

Note: You may need to hit “F5” to 
refresh the schema to see new 
table.

Run 2 emissions < Run 1 emissions  
Why?



Defining Activity with 
Option 3: Operating Mode 

Distribution



Defining Highway/Intersection Vehicle Activity 
in MOVES
• User has the option to directly enter a link-specific 

OpMode distribution
• This would describe the distribution of activity on a link 

(fraction of time spent in each OpMode bin) 
• Not a typical output from current traffic models, but can be 

derived

• We will not cover this input for highway links in this 
course

160Guidance Reference: Section 4.5.7



Importing Data for Off-Network 
Links in the Project Data Manager



Defining Starts and Hotelling Activity
If the project includes an off-network link, off-network activity is 
entered in two import tabs:
1. The Off-Network Input defines:

• What vehicles are present?
• How many are starting?
• How many are hotelling?

2. The OpMode Distribution Input defines:
• The soak-time distribution:  OpMode IDs 101 - 108

• Soak time = How long since the last vehicle start
• If there is start activity, for each pollutantprocess ID related to starts, soak-time 

op-mode fractions must sum to 1 for each vehicle type

• Any hotelling activity:  OpMode IDs 200-204
• If there is any hotelling activity op-mode fractions across the 4 op-modes must 

sum to “1”

162Guidance Reference: Section 4.5.9



Off-Network Input
• Source Type

• Vehicle Population:  Total number of vehicles parked, starting, or 
idling on the off-network area over the hour covered by the 
MOVES run

• Start Fraction:  Fraction of the total vehicle population that starts 
during the hour (may be greater than 1.0 if the average vehicle is 
started more than once per hour)

• Extended Idle Fraction
• Used only for hoteling long-haul diesel trucks (0 – 1.0 range)
• Fraction of time that vehicle population spends hotelling in the hour (e.g., if vehicle 

population is 20 and 10 vehicles are idling for entire hour, Idle Fraction would be 
0.5)

• Parked Vehicle Fraction:  Not required as an input – can be left 
blank

163Guidance Reference: Section 4.5.9



Off-Network Input
• Note: the Off-Network Input is only required if project includes off-

network activity

• No defaults available

164Guidance Reference: Section 4.5.9



OpMode Distribution Input
• Used to define start and hotelling activity
• Table includes columns for sourceTypeID, hourDayID, linkID, 

polProcessID, opModeID, and opModeFraction
• OpModeID defines the “soak-time distribution” – how long 

vehicles have been parked
• Soak times range in duration from < 6 minutes to >720 minutes
• OpModes 101-108 apply (see following slide)

• OpModeID also defines hotelling activity  
• Only long-haul heavy-duty trucks (source type 62); should not be used for 

any other source type (e.g., transit buses and cars do not “extended idle” in 
MOVES)

• Hotelling Opmodes
200 – Extended Idling 203 – Battery Power
201 – Auxiliary Power Units (APUs) 204 – Engine Off

165
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OpModeIDs for Start and Extended Idle Activity
Soak Time OpModes: 101-108
Hotelling OpModes: 200-204



Off-Network Activity Examples
• Let’s look at how we might define off-network activity for three 

simple examples:
• A transit bus facility (starts)
• A park-and-ride lot (starts)
• A truck rest area (hotelling)

• We will show the OpMode Distribution table (only) for each
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Start Activity Example: Transit Facility
• 6 a.m. – 7 a.m. model run

• No hotelling (buses do not 
“extended idle”; only 
combination long-haul trucks 
can)

• Bus schedule indicates 100% 
of buses have been parked for 
5 hours (300 minutes) prior to 
starting
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OpMode Distribution Input 
Defining Soak-Time Distribution for Starts

• Note: All relevant sourcetypeIDs, hourDayIDs, and polProcessIDs 
must also be included

• SourcetypeID 42: Transit Bus
• HourDayID 75: Hour 7 = 6:00-6:59, Day 5= Weekday
• OpMode 106: 300 minute soak
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Start Activity Example: Park-and-Ride Lot
• 5 p.m. – 6 p.m. model run

• No hotelling (cars do not 
“extended idle” – only long-
haul combination trucks do)

• Survey data show most cars 
(95%) are parked for 9 hours 
prior to starting

• 5% are parked for less than 5 
minutes

170



OpMode Distribution Input Defining Soak-Time 
Distribution for Starts

• Note: All relevant sourcetypeIDs, 
hourDayIDs, and polProcessIDs
must also be included

• OpModeID 101: < 5 minutes soak
• OpModeID 108: > 9 hour soak
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• 12 a.m. – 1 a.m. model run

• All vehicles are combination 
long-haul trucks (SourceType 
62)

• All trucks are in hotelling
OpMode 200 (“extended 
idling”) for the entire hour

• Other hotelling OpModes are:
• 201 Auxilliary Power Unit Use
• 203 Battery Power
• 204 Engine Off 

Hotelling Activity Example: Truck Rest Area
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OpMode Distribution Input 
Defining Extended Idle Activity
• Extended Idle = OpMode 200

• Note: All relevant hourDayIDs, and polProcessIDs must also be 
included
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Considering Bus and Truck Idle Emissions
• Some terminals may have significant bus or truck idling emissions 

that is not “hotelling”
• This type of idling is defined in the Links input, as a link with an average 

speed of “0” and a length of “0” 
• Not in the Off-network input

• MOVES assumes the vehicles on such a link idle for the entire hour
• The output for this link must be adjusted for “dwell time” – percentage of 

the hour spent idling  
• Example:  at a bus terminal, once an hour buses arrive and idle for 10 minutes 

Adjusted Link Emissions = MOVES output for link x (10/60)

• Will be demonstrated in example analysis, Module 4
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From Example Analysis

75
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Considering Running Emissions in Parking Lots
• Some parking lots may have 

significant running emissions from 
vehicles entering and exiting the lot 
or garage

• The decision to include these 
emissions should be based on:

• Average distance from parking spot to 
lot exit

• Fleet composition (e.g., passenger cars 
or diesel trucks)

• Parking lot volume

176

• Running links may be defined in Links Importer to account for this 
activity



Summary:  Which activity importers (inputs) 
are necessary for MOVES to run?

Guidance Reference: Sections 4.2 & 4.5

Links Link Drive 
Schedule

OpMode 
Distribution Off-Network Hotelling

Running Links 
(highways, 

intersections, etc.)
Yes When data 

available*
When data 
available* No No

Off-Network Links 
(parking lots, transit 

facilities, etc.)
Yes No Yes Yes Yes

Note: Although not needed by MOVES to run, users are encouraged to use Link 
Drive Schedules and/or Op-Mode Distributions for defining activity on running links
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PM Hot-Spot Training: 
Example Analysis



Project Details
• The project is a lane expansion of the existing highway and the 

addition of an interchange (on/off ramps) to access two park-and-
ride lots and bus terminals

• Modeling choices for example analysis:
• MOVES2014a to generate emission rates
• AERMOD to generate air quality concentrations
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Existing

Proposed
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Project Details
• Location: Washtenaw County, MI

• Area is in nonattainment for the annual PM2.5 and 2006 24-hour 
PM2.5 NAAQS

• The project is expected to be completed in 2019
• Year of expected peak emissions (analysis year): 2020
• Four-hour AM/PM peak periods

• Determined through interagency consultation to be a project of 
local air quality concern 

• The area surrounding the project is primarily residential and 
commercial, with no nearby sources that need to be included in 
modeling 
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Available Traffic Data
• Traffic estimates for all links

• Peak hour volume and average speed
• Off-peak hour volume and average speed
*Average speed approach will be used to define activity

• Expected bus volumes for peak and off-peak periods
• Also average dwell time in bus bays (3 minutes)

• Expected start activity on parking lots for peak and off-peak 
periods
• Also soak time distribution

* This is one of several options that could be used to define links and characterize activity
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Available Fleet Data
• Age distribution provided by MPO

• Light-duty (LD) from state data
• Heavy-duty (HD - long-haul trucks) from MOVES national defaults

• Fleet mix provided by MPO
• Arterial mix, Highway mix

• Detailed bus roster (bus type and age distribution) provided by 
transit agency

• All diesel buses

• Truck hoteling activity is 100% APU use for all model years
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Steps before running MOVES
1. Divide project into links

• Based on geometry and volumes
• Activity information (average speed) based on V/C, signal timing, and free-

flow speeds 

2. Determine number of MOVES runs
• Based on available data (peak/off peak): 16 for build analysis

• For the example analysis, we will only be setting up one MOVES run
• Results will be provided for all 16 runs
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Traffic Data: Link Volumes/Speeds/Lengths 
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Traffic Data: Fleet Mix
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Age Distribution Based on Bus Roster 



Running MOVES
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Run Description
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Scale and Calculation Type
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Time Spans
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Geographic Bounds
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Fuel/Source Use Types
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Road Type
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Pollutants and Processes
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Creating Output Database
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Selecting Output Activity
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Output Emissions Detail
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Importing Project Data: PDM
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Creating Input Database



Importing Data
• Follow the regular process of browsing and importing data into 

the tabs. Use the list below to supply data to the Project Data 
Manager for this exercise.

• Links: Links_offpeak.xls

• Link Source Types: linksource.xls

• Link Drive Schedule: not used

• Fuel: fuels_jan.xls

• Age Distribution: agedist.xls

• Operating Mode Distribution: opmode.xls

• Off-Network: offnetwork.xls

• Meteorology Data:  met_jan12am.xls

• Hotelling: hoteling.xls

• I/M Programs: not used

• Generic: not used
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Deriving Links Table from Traffic Data
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Links Input (links_offpeak.xls)



• Arterial and Highway Fleet Mix 
from MPO county-scale 
analysis

• Bus-only links are entirely 
sourcetype 42

Link Source Type Input (linksource.xls)

224



Fuels Input (fuel_jan.xls)
• MOVES Default Fuel Supply and Fuel Formulation Used
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Fuels Input (fuel_jan.xls) AVFT Tab
• For all model years transit buses 

(sourcetype 42)– a fraction of 1 is 
entered for diesel fuel (fuel type 2 in 
column C) and all other fuel types are 
assigned a fraction of 0.
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• Provided by MPO

• Local Data for Transit Buses 
(sourcetype 42) Obtained from 
Bus Roster

Age Distribution Input (agedist.xls)
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Modeling Off-Network Activity
• MOVES can only model one off-network link per run

• Our project has two distinct parking areas with an identical fleet, but 
varying number of starts

• A work-around option is to input a place-holder number of starts
• Ensure that fleet mix (i.e., ratio of source types) and soak-time distribution 

is identical for all parking areas

• Results will be used to derive a grams/start value
• Can be applied to any number of starts
• Discussed following tomorrow’s AERMOD module

228



Off-network Input (offnetwork.xls)
• Expected use of park-and-ride facility (ratio of source types 21 vs. 

31 correct, but numbers are only a placeholder… actual 
grams/start emission rates will be calculated in a post-processing 
step)
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Deriving OpMode Distribution from Traffic 
Data
• Expected use of park-and-ride facility

230



• Single file contains all four 
hourly scenarios (12 a.m., 6 
a.m., 12 p.m., 6 p.m.)

OpMode Distribution Input (opmode.xls)
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Meteorology Input (met_jan12am.xls)
• Temperature and humidity data taken from nearby met station 

(same dataset used for air quality analysis)
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All Files Imported
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Execute Jan 12 a.m. RunSpec



Completing the MOVES Analysis
• All 16 runs are created through the same steps:

1. RunSpec created (use same RunSpec saved under new name)
• Only month and hour will vary
• Should have same output database (Transit_Exercise_Out)

2. Input files imported
• Meteorology and Link (off-peak vs. peak) will vary by hour
• Fuels will vary by season

3. MOVES executed
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Optional: Use a Batch File to Automate Runs
• Once all RunSpecs are created and input databases populated, a 

user can create batch text file listing location of each RunSpec

• Example batch file, “training_batch.txt” provided in Course Files, 
Example Analysis folder

• See notes next slides
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Optional: Use a Batch File to Automate Runs

237

File begins with “call setenv”



Optional: Use a Batch File to Automate Runs

238

Next three lines instruct MOVES 
to clear previous work; repeated 
between each run



Optional: Use a Batch File to Automate Runs

239

Lines beginning with “java” 
instruct MOVES to run a 
specific RunSpec



Optional: Use a Batch File to Automate Runs

240

A line to preserve the 
“moveslog” for each 
RunSpec is included



Optional: Use a Batch File to Automate Runs
Directions:
• Within the text file, replace file path 

C:\Users\Lberry\Desktop\RunSpecs_for_MOVES_to_AERMOD\ with the correct 
folder where you saved your RunSpecs, for all 16 RunSpecs in the text file
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Optional: Use a Batch File to Automate Runs
Directions, continued:
• Save “training_batch.txt” to your MOVES folder, e.g.:  

C:\Users\Public\EPA\MOVES\MOVES2014a
• Change computer settings as necessary so that the computer does not switch off 

during the batch run (~13 hours on our computers)
• Rename “training_batch.txt” to “training_batch.bat”
• Double click on “training_batch.bat” to run it

MOVES will execute all 16 RunSpecs and place the results in the output database 
“Transit_Exercise_Out”
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Reference:
How Do I Develop Traffic Data for 

MOVES?



General Tips for Developing Traffic Data
• Develop traffic data by using appropriate methods based on best 

practices
• Some resources are available through FHWA’s Travel Model Improvement 

Program (TMIP)
• Methodologies for computing intersection control delay provided in the 

Highway Capacity Manual (HCM) 6th Edition.
• Coordinate early with traffic analysts to use and/or adjust existing data for 

PM hot-spot analyses

• Project sponsor should document traffic data sets, their sources, 
key assumptions, and methods used to develop build/no-build 
scenario inputs

Note: The following slides include approaches for dividing up links based on best 
practices, but there may be other best practice approaches

244Guidance Reference: Section 4.2.1



Tips for Highway Links
1. Use Network Schematic
• Shows volumes and number of lanes

• May be consolidated with arterial network

• Volumes at each interchange should be balanced
• Consider other changes, such as vehicle mix (e.g., major freight terminal at 

interchange)
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Tips for Highway Links
2.  Define Distinct Links
• Use points with changes in volume

• For example, at ramps, have three (or more) links
• Freeway before
• Freeway after
• Ramp

• Segments with different characteristics
• E.g., high occupancy vehicle (HOV) or bus lane
• Changes in road grade

• Segments with different operations
• Ramp may have portion with speed changes and portion with steady speed, 

or lane additions, or drops, or curvature 
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Example: Highway Links



Tips for Highway Links
3.  Define Cruise Links

• Such links would occur on the freeway

• Speeds will vary with changes in volumes

• When average speed option is used:
• Average speed equal to cruise speed
• Simplifying assumptions in this approach: 

• No restrictions on cruise (e.g., capacity)
• Limited vehicle interference by vehicle type
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Tips for Highway Links
4.  Define Ramp Links

• Use vehicle activity options discussed later for 
acceleration and deceleration links
• Estimate distance and average speed

• Distance of link will typically be based on geometry of ramp (Might not 
begin or end at stopped condition)

• Operations might vary along length of ramp (e.g. deceleration, then 
cruise, then acceleration)

• Might use link drive schedule for typical ramp operations 
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Highway Links from Example Analysis
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Developing Traffic Data for MOVES Intersection Links



Tips for Intersection Links
1.  Turn Movement Schematic

• Intersection approach volumes
• How many vehicles for each movement?

• Intersection departure volumes
• How many vehicles from each approach?

• Need for all intersections, all time periods analyzed
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Example: Intersection Links



Tips for Intersection Links
2.  Traffic Analysis (Operational Details)

• Define the network in segments for:
• Queue (includes deceleration, cruise, and idle)
• Cruise
• Acceleration

• For each link, determine:
• Link Length
• Average Speed
• Road Grade 
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Note: This approach for dividing up links is only one possible option when using the 
average speed activity option in MOVES.  Using other approaches with the average 
speed option, or using other activity options (such as link drive schedule) may 
require a different definition of links.  



Tips for Intersection Links
3.  Define Queue Links

• Assume the queue begins at stop bar
• Builds backward from there

• Average speed =  distance / total time;
• Speed should account for both red light (idle, acceleration, and 

deceleration) and green light (cruise).

• For side-by-side queues:
• If similar length, create one approach
• If different, create two approaches
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Example: Intersection Links



Tips for Intersection Links
4.  Define Acceleration Links
• Assume the acceleration begins at stop bar

• Builds forward from there

• Calculate the length of the link from:
d =  vo *  t  +  0.5  *  a  *  t2

t =  (vi  - vo)  /  a

Where: d = distance vo = initial speed v1 = final speed
t = time a = acceleration

• Average speed =  distance / total time;
• Speed should account for cruise (green-light) and acceleration from a stop 

(red-light)
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Example:  Intersection Links

Note: Add related turning movement volumes to through movement for departure volume



Tips for Intersection Links
5.  Define Cruise Links

• Length from end of acceleration link to the back end of 
the next queue link

• Average speed is equal to cruise speed

• Simplifying assumptions in this approach: 
• No restrictions on cruise (e.g., capacity)
• Uniform acceleration
• Limited vehicle interference by vehicle type
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Example: Intersection Links

Dominant Vehicle Activity
Queuing
Acceleration
Cruising



Tips for Intersection Links
6.  Define Special Links

• Some roadway segments may differ from these 
generalized link categories

• For example, channelized right turn may have 
deceleration into turn, and acceleration out of it
• Simplifying assumption: treat as cruise link but use a lower 

speed

• Need to evaluate what is reasonable approach
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Example: Intersection Links
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