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MOVES Emissions Analysis
Updating statewide model emission rates with Illinois vehicle registration data

Why this update matters
MOVES can use national defaults, but Illinois-
specific inputs better represent the local on-
road fleet. Vehicle registration data from the 
Illinois Secretary of State was processed into 
MOVES-ready inputs so emission rates reflect 
the fleet operating in Illinois.

Result

More reliable emissions estimates for air quality 
analysis, emissions inventories, and project-
level screening in the Illinois Data-Driven 
Decisions Tool.

1 Registration data

Illinois Secretary of State 
data captures the local 
vehicle fleet composition 
instead of relying only on 
national defaults.

2 MOVES inputs

Processed vehicle data 
was converted into 
Illinois-specific inputs for 
EPA MOVES emission 
rate generation.

3 Emission rates

Updated running, 
starting, and other rates 
were incorporated into 
the statewide emissions 
workflow.

Application in the Data-Driven Decisions Tool

The updated rates support evaluation of emissions impacts from a statewide 
program of roadway capacity expansion projects.
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MOVES Emission Categories
Time Span:
» Year: 2025 & 2045
» Day of Week: Weekday
» Month: October
» Hours: 4 Time Periods 

Geographic Bounds
» County

Onroad Vehicles:
» Passenger Car
» Passenger Truck
» Single Long-Haul Truck
» Single Short-Haul Truck
» Comb. Long-Haul Truck
» Comb. Short-Haul Truck

Pollutants and Processes
» Volatile Organic Compounds (VOC)
» Carbon Monoxide (CO)
» Oxides of Nitrogen (NOx)
» Primary Exhaust Particulate Matter 2.5
» CO2 Equivalent  

Road Type:
» Off-Network
» Rural Restricted Access
» Rural Unrestricted Access
» Urban Restricted Access
» Urban Unrestricted 

Access
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MOVES Emission Process Inputs
Age, vehicle source type and fuel type distribution: from Vehicle registration data

Road Type and Vehicle type VMT: County-wide VMT from ILSTDM

Vehicle VMT Fractions: Use FHWA’s DANA (Database for Air Quality and Noise Analysis) 
Tool for the month/day/hour distribution

Meteorology – Generated by IDOT from the “meteostat” package 

Inspection, Fuel, & Speed: Exported from MOVES and Re-Imported
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Vehicle Registration Data Processing

IDOT requested vehicle registration data from the Secretary of State’s office

VIN records: large txt file, each line for a car, reports vehicle age, model, 
build and fuel type information. Owner county and zipcode are also available.

Performed initial QA/QC and used the 2024 data for the base year (2025) 
MOVES inputs update

Processed full VIN data at the county level for all the years for: age, fuel, 
vehicle type distribution for each county within the state
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Registration Data Based Tables
SourceType file:
» yearID — calendar year 
» county
» sourceTypeID — MOVES vehicle/source type
» sourceTypePopulation

SourceTypeAgeDistribution file:
» sourceTypeID — MOVES vehicle/source type
» yearID — calendar year
» ageID — vehicle age (0–40)
» ageFraction — fraction of that source type's fleet at that age
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Comparison - SourceType

SourceType file:
» yearID — calendar year 
» county
» sourceTypeID — MOVES vehicle/source type
» sourceTypePopulation

yearID county sourceTypeID sourceTypePopulation yearID county sourceTypeID sourceTypePopulation
2025 CHAMPAIGN 11 3,711 2024 CHAMPAIGN 11 3,572
2025 CHAMPAIGN 21 49,237 2024 CHAMPAIGN 21 45,814
2025 CHAMPAIGN 31 66,866 2024 CHAMPAIGN 31 58,136
2025 CHAMPAIGN 32 20,797 2024 CHAMPAIGN 32 19,102
2025 CHAMPAIGN 41 0 2024 CHAMPAIGN 41 0
2025 CHAMPAIGN 42 288 2024 CHAMPAIGN 42 249
2025 CHAMPAIGN 43 220 2024 CHAMPAIGN 43 198
2025 CHAMPAIGN 51 1 2024 CHAMPAIGN 51 1
2025 CHAMPAIGN 52 3,727 2024 CHAMPAIGN 52 3,123
2025 CHAMPAIGN 53 60 2024 CHAMPAIGN 53 58
2025 CHAMPAIGN 54 116 2024 CHAMPAIGN 54 132
2025 CHAMPAIGN 61 557 2024 CHAMPAIGN 61 521
2025 CHAMPAIGN 62 1,331 2024 CHAMPAIGN 62 1,222

CMAP Processed CS Processed
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Comparison - SourceTypeAgeDistribution

SourceTypeAgeDistribution file:
» sourceTypeID — MOVES vehicle/source type
» yearID — calendar year
» ageID — vehicle age (0–40)
» ageFraction — fraction of that source type's fleet at that age

yearID county sourceTypeID ageID ageFraction
2024 COOK 11 0 0.001825659
2024 COOK 11 1 0.037047965
2024 COOK 11 2 0.06059712
2024 COOK 11 3 0.04766998
2024 COOK 11 4 0.037804046
2024 COOK 11 5 0.037343021
2024 COOK 11 6 0.037988456
2024 COOK 11 7 0.034835045
2024 COOK 11 8 0.039002711
2024 COOK 11 9 0.041768861
2024 COOK 11 10 0.041455364
2024 COOK 11 11 0.03640253
2024 COOK 11 12 0.035517362
2024 COOK 11 13 0.023752005
2024 COOK 11 14 0.019879396
2024 COOK 11 15 0.041916389
2024 COOK 11 16 0.044239954
2024 COOK 11 17 0.050141074
2024 COOK 11 18 0.045973408
2024 COOK 11 19 0.040865252
2024 COOK 11 20 0.033175355
2024 COOK 11 21 0.039408413
2024 COOK 11 22 0.029690007
2024 COOK 11 23 0.025559223
2024 COOK 11 24 0.019363048
2024 COOK 11 25 0.017131687
2024 COOK 11 26 0.0119128850
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MOVES Model Run Processing
CMAP and CS rates indicate consistent processing of VIN data

Repeated process to create updated SourceType, 
SourceTypeAgeDistribution files for other Counties

Other input data was generated by IDOT
» Road Type & Vehicle Type - ILSTDM County Wide VMT
» Vehicle VMT Fractions - FHWA’s DANA (Database for Air Quality and Noise 

Analysis) Tool for the month/day/hour distribution
» Meteorology - Generated by IDOT from the “meteostat” package

Inspection, Fuel, & Speed: Exported from MOVES and Re-Imported
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MOVES outputs post-processing in SQL

Post processed the MOVES outputs for ILSTDM

ILSTDM Calculates
» Intrazonal Based Emissions – Running Rates
» Link Based Emissions - Running Rates
» Starts Rates – Starts Rates
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MOVES Running Emission Rates

Rates were generated for 2025 and 2045
» 2 Years, 5 Pollutants, 4 Roadway Types, 3 Vehicle Classes, 4 Times of Day, 16 

Speed bins results in 7,680 rates by County

2025 Multi-Unit Trucks CO 2045 Multi-Unit Trucks CO
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MOVES Starts Emission Rates

Rates were Generated for 2025 and 2045
» 2 Years, 5 Pollutants, 3 Vehicle Classes, 4 Times of Day = 120 Rates by County

AM MD PM OP AM MD PM OP AM MD PM OP AM MD PM OP
Auto CO 8.26 4.29 4.50 6.93 9.12 6.56 5.59 5.54 Auto CO 5.14 2.43 2.56 4.36 3.54 2.61 1.85 1.93
Auto CO2 Equivalent 195.12 97.20 102.57 142.17 201.65 122.98 109.68 112.75 Auto CO2 Equivalent 184.30 91.32 96.40 133.89 112.28 69.15 61.71 63.91
Auto NOx 0.28 0.22 0.24 0.33 0.49 0.49 0.46 0.44 Auto NOx 0.19 0.14 0.15 0.23 0.25 0.25 0.22 0.21
Auto PM2.5 Total Exh 0.02 0.01 0.01 0.02 0.03 0.02 0.01 0.02 Auto PM2.5 Total Exh 0.02 0.01 0.01 0.02 0.03 0.02 0.01 0.01
Auto VOC 0.60 0.29 0.31 0.53 0.77 0.59 0.44 0.45 Auto VOC 0.41 0.17 0.19 0.36 0.39 0.31 0.21 0.22
SUT CO 2.63 0.87 0.81 6.07 3.60 1.24 1.25 10.63 SUT CO 1.73 0.54 0.50 4.00 2.32 0.81 0.79 6.72
SUT CO2 Equivalent 66.61 20.06 19.55 153.07 67.63 24.13 24.39 186.61 SUT CO2 Equivalent 64.81 19.15 18.64 149.50 57.89 20.31 19.44 157.10
SUT NOx 0.72 0.22 0.20 1.58 0.67 0.27 0.31 1.82 SUT NOx 0.70 0.19 0.18 1.55 0.46 0.20 0.21 1.19
SUT PM2.5 Total Exh 0.01 0.00 0.00 0.02 0.01 0.01 0.00 0.02 SUT PM2.5 Total Exh 0.01 0.00 0.00 0.02 0.02 0.01 0.01 0.03
SUT VOC 0.39 0.17 0.17 0.65 0.45 0.26 0.18 0.96 SUT VOC 0.37 0.16 0.16 0.60 0.39 0.23 0.16 0.86
MUT CO 1.23 0.54 0.39 0.38 3.01 2.19 1.96 2.30 MUT CO 1.08 0.44 0.31 0.29 0.94 0.45 0.37 0.43
MUT CO2 Equivalent 92.73 42.18 33.50 41.69 137.90 104.61 81.44 96.26 MUT CO2 Equivalent 92.51 42.45 33.88 42.05 94.66 56.11 38.19 53.05
MUT NOx 1.25 0.52 0.38 0.38 1.71 1.20 1.09 1.23 MUT NOx 1.32 0.55 0.40 0.40 0.76 0.41 0.33 0.42
MUT PM2.5 Total Exh 0.00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 MUT PM2.5 Total Exh 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
MUT VOC 0.34 0.16 0.16 0.29 0.45 0.42 0.23 0.29 MUT VOC 0.33 0.16 0.16 0.28 0.33 0.31 0.16 0.20

OLD Rates New Rates
Period

OLD Rates New Rates
Period

2025 2045
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Data Emission Categories - Counties

D1 – Inspection Area vs. Non-Inspection Area

D8 – Urban and Rural Rate
» St. Claire County – Urban
» Jersey County – Rural 

D2-D7 & D9 one county per district
» D2: Winnebago, D3: La Salle, D4 Peoria
» D5: Champaign, D6: Sangamon, 
» D7 Fayette, and D9: Williamson



14

CMAP Refinement

Blue Area - Inspection/Maintenance (I/M) 
White Area – Non-I/M

Limitation of Original workflow

Some CMAP counties contain both I/M and Non-I/M areas with different emission rates.
The original county-level method could not capture different emission rates within the same county.

Original workflow

Traffic activity aggregate to county county rate county emissions
VMT for running emissions
OD trips for start emissions
Intrazonal activity for local road emissions

Enhanced workflow

Traffic activity TAZ activity TAZ-specific rate TAZ emissions aggregate to county

The final output remains county-level, with an additional post-processing improvement for a 
more direct and user-friendly output format.

TAZ was added as an intermediate calculation layer to account 
for discrepancy of I/M and Non-I/M areas within the same county

VMT for running emissions
OD trips for start emissions
Intrazonal activity for local road emissions
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Updating the ILSTDM Post-Processor and 
Reporting Outputs

The DDD Tool reports the 2045 emissions per mile

Differences in emissions are estimated for the project county and ranked 
relative to the other project differences
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Example Output used for the DDD project 
evaluation

Ranked 1-29 by Grams per Mile 
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Questions?
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MOVES Emission Categories
Time Span:
» Year: 2045
» Day of Week: Weekday
» Month: October
» Hours: 24 Hours 

Geographic Bounds
» County

Onroad Vehicles:
» Passenger Car
» Passenger Truck
» Single Long-Haul Truck
» Single Short-Haul Truck
» Comb. Long-Haul Truck
» Comb. Short-Haul Truck

Pollutants and Processes
» Volatile Organic Compounds (VOC)
» Carbon Monoxide (CO)
» Oxides of Nitrogen (NOx)
» Primary Exhaust Particulate Matter 2.5
» CO2 Equivalent  

Road Type:
» Off-Network
» Rural Restricted Access
» Rural Unrestricted Access
» Urban Restricted Access
» Urban Unrestricted 

Access
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Outline
Background and Reasoning

MOVES Categories & Inputs

Vehicle Registration Data

Comparison to CMAP Data

MOVES Post Processing

Emission Rates

Counties/Districts

DDD Emissions Analysis
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Data Checking Against CMAP

SOS 2024 compared to CMAP 2025 rates - Autos 
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Data Checking Against CMAP

SOS 2024 compared to CMAP 2025 rates – Single-Unit Trucks
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Data Checking Against CMAP

SOS 2024 compared to CMAP 2025 rates – Multi-Unit Trucks
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