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Emissions in MOVES 
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Emission Processes 

 
Travel Activities 

Running, Tire/Break Wear, 
Running Loss, Crankcase, 
Extended Idle 

Source Hours of Operation 
(VHT) 

Start Exhaust Number of Vehicles (starts) 

Diurnal, Hot Soak Source Hours Parked (SHP) 

Refueling Loss Source Hours 



Pollutants & Processes 
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County Data Manager 
for Travel Activities 
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Vehicles/Equipment 
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Road Types 
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MOVES Modeling Approaches 
(Emission Processes) 

 Running 

 Start 

 Evaporative Processes 

• Crankcase 

• Tire Wear 

• Brake Wear 

• Extended Idle  

• Life Cycle Processes 



MOVES Modeling Approaches 
(Start and Running Emissions) 

Start Emissions 
                  based on Soak Time 

Cold Start 

Time in Seconds 

Running 505 Running Emissions 
            based on Speed & VSP 
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MOVES Modeling Approaches 
(Evaporative Emissions) 

Source: US EPA 



 
VOC & NOx 

(MOBILE6.2 vs. MOVES) 

 

Source: Eulalie Lucas, Dept of Transportation Planning, MWCOG., May, 2010  

► 
► 

Note: AQ modeling environment is changing significantly with MOVES 
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Weekday Passenger Car HC Emissions
MOVES Projection - Salt Lake County, July 2020 
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Running Exhaust

Start Exhaust

Evaporative Processes

Source: John Koupal, EPA 



NOx from Emission Processes 
(MOVES Defaults) 

Source: M. Claggett, Ph.D., Resource Center, FHWA 



National NOx by Source 
(On-Road Mobile, 1999) 

13 Source: OTAQ, US EPA 



Running Emissions 

Rates/Distance 

14 
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Running Emissions 
(County Data Manager) 

 Facility based drive cycles  
– Urban Freeway, Urban Non-freeway, Rural Freeway, Rural Non-freeway 

 Emissions inventory (SIP) 
– VMT & Speed 

• Inventory within MOVES modeling system 
– Emission rates option 

• RatePerDistance 
• Unit: mass/distance (e.g., grams/mile) 

 
 

Note: 
• RatePerVehicle 

– Grams/vehicle for start emissions 
• RatePerProfile 

– Grams/vehicle for temperature profile 
– Vary by day, hour, temperature, and previous hour temperature 



16 

MOVES Drive Schedules 



Travel Activity Data 
(Running Emissions from VMT) 

Geographic Bounds Panel 

– Choose a single county from the list 

• Allows access to the available default data 

– Create a custom domain 

• Users must provide most data (very few defaults 
available) 
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Modeling Area 

18 



Start Emissions 

Rates/Vehicle 
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Start Emissions 

 Engine Starts per day per vehicle (autos & trucks) 
– MOBILE6 

• Baltimore, Spokane & Atlanta 

• Instrumented vehicle study 

– MOVES 

• Baltimore, Spokane, Atlanta, Minneapolis, Knoxville & 
Las Vegas 

 Engine Temperatures 
– Soak Distribution 

• Instrumented vehicle study 
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Sample Vehicle Trip Information 
(Source Data) 
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Start per Day by Vehicle Types 
(MOVES vs. MOBILE6) 
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Operating-Mode Definitions 
for Start Exhaust Emissions 
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Start Emissions 
(County Data Manager) 

 Off-network 
 Incremental emissions per start 

– Source Type Population 
• # of vehicles in the county being modeled 

– Grams per vehicle 
• Soak time distribution  

 Separation of engine starts from VMT 

 Trip length issues (MOBILE6.2)  

 Emissions inventory (SIP) 
– Emissions are based on number of vehicles 

• Inventory within MOVES modeling system 
– Emission rates option 

• RatePerVehicle 
• Unit: mass/vehicle (e.g., grams/vehicle) 
 
 
 Note: 
• RatePerProfile 

– vehicles are at stationary (include vapor venting process) 
– Vary by day, hour, temperature, and previous hour temperature 

 
 
 
 



Number of Vehicle Starts 
(in MOVES) 

Sample vehicle trace data 
No geographic bounds 

– I/I vehicle trips 
– I/E, E/I vehicle trips 

No seasonal, yearly variation 
Default number of starts per vehicle 

– Check with local data 
– Alternative source of data 
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Other Sources of Data 
(Number of Engine Starts per Day) 

 TDF model O/D trip table 
– Provides approximate number of “engine starts” 

• Seasonal variation 
• Reflective to: annual growth, transportation projects/policies etc. 
• Number of auto trips per day < number of engine starts per day 

– Provides good information where starts are located 

 O/D trip table approach may provide better local number 
of engine starts than the MOVES model defaults 

 Good for cross check 
 Research is needed to compare the results of 

instrumented vehicle study vs. trip O/Ds from TDF 
models 

 Consult with EPA 
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1990 NPTS Data Reveals 
(Examples of Trip Making) 

Nashua (may be Wausau?), Charlotte, Reno, Austin, Vancouver, Phoenix,  
Pittsburg, Seattle, St. Louise, San Diego, Atlanta, New Jersey, NTPS 



County Data Manager 
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County Data Manager 
(Input Data) 

 Default data available 
– I/M programs 
– Fuel formulation 
– Meteorology data 
– Ramp fraction 
– Average speed distribution 
– Fuel supply 
– Month, day, and hour VMT fractions 

 Source type population 
 Vehicle type VMT 
 Road type distribution 
 Vehicle age distribution 
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Developing Travel Activity Data 
(CDM Inputs) 

MOVES Technical Guidance 

EPA developed tools 

– Convert MOBILE6-based input to MOVES input 

– SPEED VMT => AvgSpeedDistribution 

 

Source Type Population (SourceTypeYear) 

Ramp Fraction (RoadType) (optional) 
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Source Type Population 
(Start Emissions) 

Source Type Population is the actual number 
of vehicles within a source type in the county 
being modeled 
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Ramp Fraction (RoadType) 

Fraction of Time (VHT not VMT) 

Default fraction (0.08)  
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Ramp Fraction 

Source: Eulalie Lucas, Dept of Trans. Planning, MWCOG 
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Developing County Inputs 
(Cont’d) 

Vehicle Type VMT (HPMSVTypeYear) 

– Total annual VMT by HPMS vehicle type 

Month VMT Fraction, Day VMT Fraction, Hour 
VMT Fraction 

– Allocate annual VMT by month, day (weekday vs. 
weekend), and hour 
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 VMT for each HPMS vehicle class 
 Converters can be used to map VMT from MOBILE vehicle 

classes to HPMS vehicle classes 
 AADVMT Calculator can be used to scale daily VMT up to 

yearly VMT 

Vehicle Type VMT 
(HPMSVTypeYear) 



Month, Day, and Hour VMT Fraction 
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Developing County Inputs 
(Cont’d) 

Road Type Distribution 

– Similar to MOBILE6.2 “VMT BY FACILITY” 

Age Distribution 

– Similar to MOBILE6.2 “REG DIST” 

Average Speed Distribution 

– Similar to MOBILE6.2 “SPEED VMT” 
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Road Type Distribution  
(RoadTypeDistribution) 

 For each source type VMT fraction should sum to 1 

 Always “0” for road type “1” 
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SourceTypeAgeDistribution 
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National Trend on Vehicle Age 
(BTS Data) 

 In 2007 the median age for automobiles was 9.2 
years, a significant increase over 1990 (6.5 years) 

As SUVs are part of a relatively new consumer 
trend originating mostly in the 1990s, SUVs had 
the lowest mean age of any body style (6.1 years 
in 2007).  

Between 2007 to 2008 alone, the median age of 
passenger cars increased to 9.4 years, and that 
the median age for light trucks increased from 7.1 
years in 2007 to 7.5 years in 2008 (RL Polk, March 
2009) 
 40 



AvgSpeedDistribution 
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NOx Emission Rates for Passenger Vehicles 
(MOVES vs. MOBILE6) 
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Source: Madhusudhan Venugopal, North Central Texas Council of Governments 



VOC Emission Rates for Passenger Vehicles 
(MOVES Vs MOBILE6) 
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43 Source: Madhusudhan Venugopal, North Central Texas Council of Governments 



Closing Remarks 

Source Type Population 
– Start & evaporative emissions 

– Impacts on (HC vs. NOx) 

Ramp Fraction 
– VHT  fraction 

– VMT fraction (MOBILE6.2) 

Vehicle Age Distribution 
– Vehicle ages increased significantly in recent years 

Average Speed Distribution 
NOx on low operating speeds (congestion management) 
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The End 
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Reference Materials 

Not for Presentation 

46 



47 

Emission Processes 

MOVES MOBILE6 

Rates/Distance Rates/Vehicle Rates/Profile Rates/Distance 

Running Exhaust Grams/Mile     Grams/Mile 

Start Exhaust   Grams/Vehicle   Grams/Mile 

Evap Permeation Grams/Mile Grams/Vehicle   Grams/Mile 

Evap Fuel Vapor Venting Grams/Mile   Grams/Vehicle Grams/Mile 

Evap Fuel Leaks Grams/Mile Grams/Vehicle   Grams/Mile 

Crankcase Running Exhaust Grams/Mile     Grams/Mile 

Crankcase Start Exhaust   Grams/Vehicle   NA 
Crankcase 

Extended Idle Exhaust       NA 
Refueling 

Displacement Vapor Loss       Grams/Mile 

Extended Idle Exhaust   Grams/Vehicle   
Included in the 
HDDV8b Class  

Emission Processes 
(MOVES vs. MOBILE6) 


