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MOVES - Motor Vehicle Emissions 
Simulator 
• Official EPA emissions model, released March 

2010
• Replaces MOBILE6 (2002), MOBILE first 

released in 1978.
• EPA granted 2-year grace period before MOVES 

required for use in conformity and SIPs (March 
2012).

• MOVES also to be used for project-level analysis 
such as CMAQ and PM hot-spot.



MOVES 

• Based on many more emission test results
• Emissions more dependent on engine load
• Provides emission rates or inventory
• 38 pollutants, including air toxics and 

greenhouse gases
• SQL database structure



MOVES vs. MOBILE
MOVES results in  much higher emissions as 

compared to MOBILE
Based on OKI data, includes new data for MOVES 
• VOC              6%
• NOx 65%
• PM2.5          270%    



PM2.5 SIP Revision for Cincinnati 
Nonattainment Area 
• PM2.5 Annual Standard Redesignation
• 2 separate budgets (KY, OH/IN combined)
• Annual PM2.5, SO2, NOx

• Analysis Years = 2005, 2008, 2011, 2015, 2018, 
2021. 

• 2015 and 2021 to become new budget years
• Option to use MOVES or MOBILE – opted for 

MOVES to avoid future conformity problem.
• MOVES portion submitted Aug. 2010   























Factors Impacting Emissions
• Meteorology
▫ Temperature
▫ Humidity

• Fleet characteristics
▫ Age of fleet
▫ Vehicle type
▫ Analysis Year – future vehicles subject to more stringent emission 

standards
• Fuel Supply
▫ Reformulated Gas, Low RVP

• Transportation System
▫ Road type (surrogate for driving pattern)
▫ Vehicle miles traveled (VMT)
▫ Speed
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MOVES Output 
and

Post-Processing



Emission Rate Tables
• Rate per Distance
▫ Running exhaust, brakewear, tirewear
▫ Grams per mile (unit setting in runspec)
▫ Rate for each year, hour, source (vehicle) type, road type, speed 

bin, pollutant and process
• Rate per Vehicle
▫ Start and idle exhaust 
▫ Grams per vehicle population
▫ Rate for each year, hour, vehicle type, pollutant and process

• Rate per Profile
▫ Evaporative emissions when vehicles are stationary and engine 

off (VOC’s and hydrocarbons only)
▫ Grams per vehicle population
▫ Rate for each year, hour, vehicle type, pollutant and process
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Using Rate Tables
• MOVES native format is SQL
• Use MS Access, SQL Query browser or other 

database 
• Access: Create ODBC connection and import rate 

tables 
▫ 24 rate tables for PM2.5 SIP: 2 domains, 6 analysis 

years, 2 types of rates (distance and vehicle, no 
evaporative)

▫ Run union query for each rate type
▫ Sum rates for all processes within pollutant type
 Result - 1 rate per distance table and 1 rate per vehicle 

table



05rateperdistance
08rateperdistance
11rateperdistance
15rateperdistance
18rateperdistance
21rateperdistance

Union Query

Sum processes 
within pollutant 
and make 1 
rateperdistance
table

05ratepervehicle
08ratepervehicle
11ratepervehicle
15ratepervehicle
18ratepervehicle
21ratepervehicle

Union Query

Sum processes 
within pollutant 
and make 1 
ratepervehicle
table



Distance-Based Emissions : Create VMT 
Table
• Table of VMT by domain and analysis year; 

import from Travel Demand Model 
• Distribute VMT by source type, hour, road type 

and speed bin.



budgetID yearID Daily VMT Summer VMT Annual VMT

Kentucky Portion of NA Area 2005 10,138,077 10,805,746 3,289,109,246

Kentucky Portion of NA Area 2008 10,343,458 11,036,353 3,425,339,551

Kentucky Portion of NA Area 2011 10,855,202 11,592,187 3,587,796,233

Kentucky Portion of NA Area 2015 11,955,024 12,735,488 3,931,385,794

Kentucky Portion of NA Area 2018 12,661,272 13,436,728 4,163,203,491

Kentucky Portion of NA Area 2021 130,42,657 13,874,855 4,286,834,417

Ohio/Indiana Portion of NA 
Area

2005 40,857,926 43,229,591 13,541,310,549

Ohio/Indiana Portion of NA 
Area

2008 41,777,597 44,257,788 14,015,740,949

Ohio/Indiana Portion of NA 
Area

2011 42,978,171 45,565,916 14,383,512,129

Ohio/Indiana Portion of NA 
Area

2015 44,399,285 47,028,020 14,830,438,318

Ohio/Indiana Portion of NA 
Area

2018 46,441,595 49,192,864 15,513,686,243

Ohio/Indiana Portion of NA 
Area

2021 47,849,498 50,682,449 15,521,900,856

VMT Table



VMT Distribution Source

Hourly 24-hour traffic counts.  By road type

Road type (5 types) Travel Demand Model – By domain, 
year, sourcetype. Identical distribution 
for all ST except default for 
combination trucks.  Off-network 
(roadtype 1 = 0)

Average Speed (16 bins) Travel Demand Model – By domain, 
year, road type, hour

Source (vehicle) type (13 types) MOVES default national run for 
representative county.  Source type 
VMT/Total VMT.



Make Distributed VMT Table Query: * vehicle type fraction * 
hour fraction * road type fraction * speed bin fraction 

Distributed VMT Table

VMT Table

Emissions Query: Distributed VMT * matching emissions 
rate from rateperdistance table

Calculate Distance Based Emissions

Sum Emissions by budget area, 
year, hour, and vehicle type



Vehicle-based Emissions 

• Create vehicle population table by year
• Assumption: 
▫ Vehicle population growth rate = regions 

household growth rate (o.8% annually)
• MOVES builds the start fraction into the rates
• Multiply by vehicle type population distribution 

table 



budgetID yearID SourceTypePopulation

Kentucky Portion of NA Area 2005 364081

Kentucky Portion of NA Area 2008 375873

Kentucky Portion of NA Area 2011 381911

Kentucky Portion of NA Area 2015 394278

Kentucky Portion of NA Area 2018 403817

Kentucky Portion of NA Area 2021 413587

Ohio/Indiana Portion of NA Area 2005 1754582

Ohio/Indiana Portion of NA Area 2008 1811406

Ohio/Indiana Portion of NA Area 2011 1840505

Ohio/Indiana Portion of NA Area 2015 1900111

Ohio/Indiana Portion of NA Area 2018 1946080

Ohio/Indiana Portion of NA Area 2021 1993161

Vehicle Population Table



Calculate Vehicle Based Emissions
Vehicle Population Table

Emissions Query: Vehicle Population by budget 
area/year * vehicle type fraction * matching 

emissions rate from ratepervehicle table



Generate Emissions Report

• Sum distance and vehicle emissions
• Group by budget area, year and pollutant







Advantage of Using Rates

• Use same rates across multiple counties
• Adjust only transportation system inputs (new 

travel model run)
▫ VMT
▫ Average speed
▫ Road type 

• Rerun MOVES on standard cycle (i.e. every 4 
years) or when new analysis year required.



Post-processing Lessons

• RunID’s in MOVES rate tables;  Only use max #.
• Improve processing speed.  When distributing 

VMT, remove records where VMT = 0 (i.e. any 
fraction = 0)

• Include calculated VMT and vehicle type 
population in report – should match original.



General EPA Comments
• More local data is better.  Need to justify use of 

defaults.
• Some concern about calculating annual 

emissions from one set of annual average 
temperatures.

• OK to use MOVES for PM and MOBILE for 
ozone in same conformity analysis (until end of 
grace period)

• Good practice = Summary table of all RunSpec
settings and CDM data sources.



Contact Information

Andy Reser
OKI Regional Council of Governments

513-621-6300
areser@oki.org

Hari Perugu
hperugu@oki.org

mailto:areser@oki.org�
mailto:hperugu@oki.org�
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