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Purpose and Key Questions

• How do Texas emissions estimates differ between MOVES4 
and MOVES5?

• How much of the difference comes from activity assumptions 
versus emission rates?

• What should inventory users consider when interpreting these 
results?



Texas Trends Emissions Inventory History

Inventory Delivery / presentation

MOVES3 Trends January 2023

MOVES5 Trends January 2026

MOVES4 Trends with MOVES5 comparison Current TxDOT–TTI IAC study

TTI typically prepares and develops a Trend Emissions Inventory for each MOVES release within 6-7 months 
after its release. 

MOVES5 was already scheduled for release before a MOVES4 Trend Emissions Inventory could be 
developed.



Texas Trends EI Coverage and Intended Use

Item Coverage

Geography All 254 Texas counties

Analysis years 1990 and 1999–2060 (63 years)

Reporting periods Annual and summer weekday

Pollutants Criteria pollutants, precursors, and air toxics

Purpose Consistent county and year comparisons



Key Updates in MOVES5 Relevant to This 
Comparison
• Revised emission rates and vehicle-technology assumptions.
• Expanded age detail through age 40+, compared with age 

30+ in MOVES4.
• Updated brake wear, fuels, fleet distributions, and default 

activity assumptions.
• The comparison reflects the model versions and input 

vintage used in this study.



Comparison Design: Fixed and Changing 
Inputs

Held consistent Changes between modeled cases

Local input vintage MOVES4 versus MOVES5 emission rates

2023 registration and HPMS VMT Model-dependent VMT and fuel mix

2014–2023 ATR data Activity allocation by vehicle / fuel category

County-group framework Age-bin treatment and model defaults



Emission Rate Development

TTI conducted 2,749 MOVES4 
Inventory mode runs across 63 
years and 36–46 county groups.

Custom Python scripts calculated 
emission rates by combining 
emission processes and activity.

For each year, all counties in a 
group share the representative 
county’s emission rate.

Emissions Process Activity Emission Rates

Running Exhaust VMT mass/mile (mass/mi)

Crankcase Running Exhaust VMT mass/mi

Brake Wear VMT mass/mi

Tire Wear VMT mass/mi

Start Exhaust Starts mass/start

Crankcase Start Exhaust Starts mass/start

Extended Idle Exhaust SHEI mass/hour

Crankcase Extended Idle Exhaust SHEI mass/hour

Auxiliary Power Exhaust APU Hours mass/hour

Running exhaust (1) – Road Type 1 
off-network

Off Network Idling 
(ONI) Hours, SHP

mass/hour

Evaporative Permeation
Evaporative Fuel Vapor Venting

Evaporative Fuel Leaks
VMT, SHP mass/mi, mass/hour



Activity and Emission 
Calculation

Emissions = Activity X Emission Rate

Activity utilized in this emissions inventory was 
developed from the same local inputs from 
the MOVES5 Trends Emissions Inventory

For age distribution, all age 31-40+ fractions 
were summed to 30+.



Difference in EV VMT in MOVES4 and 
MOVES5

As reported in the MOVES5 Overview, EV 
fractions in MOVES5 was substantially higher 
than MOVES4.

With the has total VMT (i.e., gasoline + diesel + 
electricity), the MOVES5 activity shows higher 
EV VMT compared to MOVES4.

In turn, this lowers gasoline and diesel VMT as 
their fraction from total VMT decreased.



Statewide Changes in VMT by Fuel Type

2060 VMT MOVES4-based VMT MOVES5-based VMT
Gasoline ≈285 billion miles ≈229 billion miles
Diesel ≈33 billion miles ≈25 billion miles

With A larger future EV share under MOVES5-based assumptions, a lower 
combustion-vehicle share changes emissions even when rates stay fixed.



Three Scenarios for Understanding 
Differences

Scenario Emission rates Activity assumptions
S1: MOVES4 baseline MOVES4 MOVES4-based
S2: Common-activity case MOVES4 MOVES5-based
S3: MOVES5 baseline MOVES5 MOVES5-based

S2 − S1: activity effect under MOVES4 rates
S3 − S2: rates effect with MOVES5 activity
S3 − S1: total difference

This is a sequential attribution using the selected reference scenarios.



Statewide Total Differences (Ton/Year)
Year CO NOX VOC CO2 PM10 PM2.5

1990 8,898,069 899,939 502,501 113,123,652 44,948 36,294

2000 5,442,890 1,046,407 407,577 128,441,935 35,682 26,203

2010 2,114,561 481,808 163,225 137,283,685 23,017 14,164

2020 1,115,924 158,627 62,411 136,115,199 13,530 4,818

2030 724,689 66,456 41,020 129,108,535 13,496 2,983

2040 455,759 35,982 32,407 120,558,598 14,047 2,646

2050 418,185 33,414 30,219 124,828,847 15,026 2,766

2060 434,338 34,800 31,548 132,262,986 15,987 2,933

Year CO NOX VOC CO2 PM10 PM2.5

1990 9,491,497 1,010,221 525,759 123,386,731 51,678 41,550

2000 5,877,875 1,159,026 429,805 139,217,364 40,775 29,710

2010 2,250,899 531,864 171,282 147,547,110 26,129 15,849

2020 1,201,665 173,858 64,570 146,520,778 12,603 5,674

2030 775,853 74,574 42,516 133,334,040 9,976 3,635

2040 439,677 34,165 30,135 89,045,033 8,433 2,589

2050 368,543 27,277 25,716 78,635,434 8,318 2,311

2060 376,021 27,506 25,528 81,063,963 8,672 2,355

MOVES4 Trends (S1) MOVES5 Trends (S3)

• Overall, MOVES5 values are higher compared to MOVES4 (as shown as highlighted in red) 
before 2040, but generally lower than MOVES4 after 2040. 

• This matches the MOVES5 Overview’s observation where national emissions are higher in 
MOVES5 until about 2040.



Statewide Inventory Comparison
Percent change: (S3 − S1) / S1 × 100

Year CO NOₓ VOC CO₂ PM₁₀ PM₂.₅
2020 +7.7% +9.6% +3.5% +7.6% -6.9% +17.8%
2030 +7.1% +12.2% +3.6% +3.3% -26.1% +21.9%
2040 -3.5% -5.0% -7.0% -26.1% -40.0% -2.2%
2060 -13.4% -21.0% -19.1% -38.7% -45.8% -19.7%



NOx Running Exhaust & VMT

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

Larger S2 – S1 difference compared to S3 – S2 indicate VMT mix has larger impact than change 
in emission rate.



NOx Running Exhaust & VMT (Gasoline)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

S2 – S1 difference about the same as S3 – S2; indicating VMT mix changes and emission rate 
updates to be roughly equivalent in contribution.



NOx Running Exhaust & VMT (PC-
Gasoline)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change



NOx Running Exhaust & VMT (Diesel)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change
Larger S2 – S1 difference compared to S3 – S2 indicate VMT mix has larger impact than change 
in emission rate.



NOx Running Exhaust & VMT (CLhT-Diesel)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

Larger S2 – S1 difference compared to S3 – S2 indicate VMT mix has larger impact than change 
in emission rate.



NOx Running Emission - Summary

NOx emissions were dominated by diesel vehicles.

Emission from diesel vehicles (mostly heavy-duty) were more dependent 
on VMT mix as the variation in emission rate between vehicle types are 

much larger than gasoline vehicles (mostly light-duty).

Thus, VMT mix plays a much more significant part in altering NOx running 
emissions compared to updated emission rates.



VOC Running Exhaust & VMT

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

S2 – S1 difference about the same as S3 – S2; indicating VMT mix changes and emission rate 
updates to be roughly equivalent in contribution.



VOC Running Exhaust & VMT (Gasoline)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

S2 – S1 difference about the same as S3 – S2; indicating VMT mix changes and emission rate 
updates to be roughly equivalent in contribution.



VOC Running Exhaust & VMT (Diesel)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

Larger S2 – S1 difference compared to S3 – S2 indicate VMT mix has larger impact than change 
in emission rate.



VOC Running Emission - Summary

For gasoline vehicles, changes in running VOC emissions were driven 
roughly equally by changes in emission rates (due to regulations and 

fleet-average improvements) and by updates to VMT mix. 

Diesel VOC emissions changes were driven more by changes in VMT mix 
than by emission rate changes. 

In contrast to NOx, VOC emissions are dominated by gasoline, primarily 
light-duty vehicles. 
• As a result, the impact of emission rate updates on VOC trends is approximately equal to the 

impact of changes in VMT mix.



NOx Start Exhaust & Start Activity

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change



NOx Start Exhaust & Start Activity (PC-Gasoline)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

“Updated rates for LD start emissions to account for new emission standards. The lower 
rates phase-in beginning in MY 2027.” (EPA, 2024)



NOx Start Exhaust & Start Activity 
(CLhT-Diesel)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change



NOx Start Emissions - Summary

The lower LD start NOx emissions in 
MOVES5 are directly attributable to 
reduced LD emission rates resulting 

from newer emission standards.

HD start NOx emissions appear to be 
driven primarily by changes in activity, 
which is consistent with the fact that 
no updates to HD start emission rates 

were reported in the MOVES5 
Overview.



PM2.5 Running Exhaust (Gasoline) 

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact 

from rate change

“Updated LD exhaust PM rates that account for new PM standards. The lower PM rates for 
gasoline vehicles phase-in beginning in MY 2027” (EPA, 2024)



PM2.5 Running Exhaust (Diesel)

S2 - S1: 
Larger impact 
from activity

S3 – S2:
Larger impact from 

rate change



Non-exhaust PM2.5: Brakewear (Gasoline)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

Updated LD and HD brake wear emission rates for MY 2011 and later based on new test data. In general, the new PM2.5 
brake wear rates are lower for light- and medium-duty vehicles, light-heavy-duty vehicles, and urban buses. 

Account for light-duty vehicle mass by fuel type.



Non-exhaust PM2.5: Brakewear (Diesel)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

Updated LD and HD brake wear emission rates for MY 2011 and later based on new test data. In general, the new PM2.5 
brake wear rates are higher for other heavy-vehicle classes, most notably for heavy-heavy-duty vehicles.

Account for light-duty vehicle mass by fuel type.



Non-exhaust PM2.5: Brakewear (EV)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change

“In MOVES5, brake wear emission rates for EVs are lower than for internal combustion engine 
vehicles after accounting for both increased vehicle mass and regenerative braking” (EPA, 2024).



Non-exhaust PM2.5: Tirewear (Gasoline)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change



Non-exhaust PM2.5: Tirewear (Diesel)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change



Non-exhaust PM2.5: Tirewear (EV)

S2 - S1: 
Larger impact from 

activity

S3 – S2:
Larger impact from 

rate change



PM2.5 Emission - Summary
Exhaust PM2.5 emissions:
• Gasoline vehicles (primarily LD) show significant reductions in exhaust PM2.5 due 

to updated, lower emission rates.
• Diesel vehicles (primarily HD) show changes in exhaust PM2.5 mainly due to 

changes in activity levels driven by updates to the VMT mix.

Non-exhaust PM2.5 emissions
• Brake wear PM is influenced primarily by updates to emission rates.
• Tire wear PM is influenced primarily by changes in activity associated with the 

updated VMT mix.

In future years, non-exhaust PM2.5 emissions are expected to be 
substantially higher than exhaust PM2.5 emissions. 
• As a result, PM mitigation strategies should place greater emphasis on non-

exhaust sources rather than focusing solely on tailpipe emissions.



Summary of Observation

Overall, the observations are consistent 
with EPA’s MOVES5 Overview:

• MOVES5 emissions is generally higher 
than MOVES4 until approximately 2040.

• Gasoline and diesel VMT in future years 
dropped substantially due to higher EV 
fractions in MOVES5. 

Across the three scenarios analyzed: 

• Gasoline vehicle emissions (mostly LD) 
in MOVES5 are affected about equally 
by updates to emission rates and VMT 
mix. 

• Diesel vehicle emissions (mostly HD) in 
MOVES5 are influenced more by 
changes in VMT mix, driven by the 
updated EV fractions.

• PM2.5 emissions were driven by non-
exhaust emissions.



Interpretation and Limitations
The results are specific to the MOVES model versions and input data used 
in this study. 

• How emissions are attributed in the three scenarios depends on which emission rates 
and activity levels are used. 

The vehicle examples and emission processes evaluated in this 
presentation are illustrative and do not represent all components of the 
full emissions inventory. 

County-level results may differ from statewide patterns because fleet 
composition and activity mixes vary by location.



What These Results Mean for 
Consultation Partners
Consultation 
partners can:

Use the comparison results to identify the pollutants, emission 
processes, and analysis years that are most sensitive to model-
version and input changes. 

Carefully review local fleet and fuel assumptions when 
interpreting differences between MOVES versions. 

Evaluate exhaust and non-exhaust PM emissions separately, as 
they respond differently to changes in emission rates and 
activity. 

Apply assumptions and inputs that are appropriate to each 
specific project’s goals, regulatory requirements, and planning 
context.



Comparison Dashboard

TTI is currently 
working on a 
Dashboard to 
showcase the results 
of this study.

It will be available on 
TX Air Quality Portal 
when its ready to be 
shared. 



Questions?

M-Venugopal@tti.tamu.edu

Madhusudhan Venugopal
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