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August 25, 2022 

To:  Colorado Policymakers 

From: Roger Clemens, DrPH 
 Peter Pressman, MD 
 A. Wallace Hayes, PhD 

Ground Ozone Analysis: Insignificant Impact by the Automobile Sector 
Bottom Line Up Front:    

The preponderance of evidence concerning the automobile industry and passenger motor vehicles 
suggests that said vehicles do not significantly contribute to hazardous ground-level ozone.  While a 
critical review of the personal automobile and ground-level ozone data, including the potential impact of 
four fuel sources (e.g., gasoline, diesel, liquefied petroleum gas, battery electric vehicles), suggests there 
is not an easy or direct answer for the complicated issue regarding volatile compounds, regardless of 
sources, that contribute to ground-level ozone formation and impact the environment either on a local or 
global scale, it is clear that emissions from lightweight personal vehicles are unlikely to be significant 
contributors to tropospheric pollution.   

The advent of smaller, more efficient engines, fuel injection, catalytic converters, and improved fuels has 
undoubtedly contributed to maintaining a steady 8-hour ozone level without change over the past thirty 
years, despite the increase in population and the number of vehicles in the state of Colorado. 

Background:   

The 2015 revision to the 2008 ground-level ozone National Ambient Air Quality Standard (NAAQS) was 
lowered to 70 ppb from 80 ppb, which was the standard from 1997-to 2007.1  In a supporting document, 
the Environmental Protection Agency (EPA) stated that the 2008 level of 75 ppb was insufficient to 
protect public health.2  This document, the result of a mandated 5-year review of NAAQS 
recommendations, stated that “thousands of studies” indicated even 72 ppb of ozone can be harmful to 
healthy exercising adults.  However, none of the studies intended to support this position was provided in 
either the NAAQS summary report, the EPA website, or in the nearly 200 pages in the 2015 Federal 
Register that addressed this topic.  Therefore, it is impossible to critically review, verify or substantiate 
the myriad of statistics presented in the NAAQS overview.   

Population statistics indicate the number of people living in Colorado has doubled since 1980.  The 
population increased from approximately 2.9 MM in 1980 to about 5.8 MM in 2020.  Not surprisingly, 
the number of registered vehicles has increased proportionately.  Today, these numbers are nearly 6.0 
MM.  Interestingly, several 8-hour ozone data sources in the public domain indicate the typical average 8-
hour ozone level has remained steady without increase, hovering around 80 ppb over the past 30 years.  
These kinds of data suggest that the population at large and the number of registered vehicles in the state 
have not presented a negative impact on the ground-level ozone.  In addition, a commentary by Donald 
Stedman at the University of Denver stated, during a 1995 lecture, stated that Federal data and those from 
his own research indicated that less than 10% of the vehicles contribute to “gross pollution.”  The 

 
1 Federal Register, Vol. 80, No. 206, pp 65292-65468, October 26, 2015  
2 NAASQ, Overview of EPA’s Updates to the Air Quality Standards for Ground-Level Ozone, 

https://www.epa.gov/sites/default/files/2015-10/documents/overview_of_2015_rule.pdf, Accessed November 24, 
2021 

https://www.epa.gov/sites/default/files/2015-10/documents/overview_of_2015_rule.pdf
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foregoing review of the most recent global and domestic data is certainly consistent with Stedman’s 
contention.   

Atmosphere Dynamics: 

The lower atmosphere is known as the troposphere.  Our understanding of photochemistry, specifically 
ultraviolet (UV) radiation from the sun that impacts the troposphere, indicates that natural oxidation 
reactions produce free radicals, such as hydroxyl ions (OH), hydroperoxyl (HO2), nitric oxide (NO), and 
nitrogen dioxide (NO2).   

Contributions of hydrocarbons (HC) and volatiles from industrial sources, wildfires, and even from 
electric and hybrid vehicles require additional assessments.  One of the issues that is seldom discussed is 
the assessment of ground-level ozone (O3).  The science supports the position that the production of O3 is 
a natural, complex photolytic process in the atmosphere.  A continuation of this process is the production 
of NO2.  Nitrogen dioxide is also a natural product of wildfires, lightning bolts, and a myriad of reactions 
in the soil.  Some research suggests that the air in a sunny forest, in the absence of man-made 
contributions, contains as much as 50 ppb of O3.3,4  

The dynamics and our increased understanding of atmospheric chemistry are illustrated in Figure 1.5 

 
 

 

 

 
3 US Environmental Protection Agency (1980) Natural sources of ozone: their origin and their effect on air quality. 
4 US Environmental Protection Agency (2014) Health Risk and Exposure Assessment for Ozone Final Report. EPA-
452/R-14-004a 
5 Heald, CL, and Kroll, JH. (2021) A radical shift in air pollution. Science 374:688-689. doi: 
10.1126/science.abl5978 

Figure 1. The timeline shows key discoveries in tropospheric chemistry and its effects on our 
understanding of pollution. The ubiquity of tropospheric OH gives rise to complex networks of chemical 
reactions that control the levels of air pollutants and climate variables. 
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The early work of Levy illustrated the complexities of atmospheric chemistry in terms of a chemical 
reactor or sink in which “intricate interactions between natural and anthropogenic emissions resulted in 
the formation of O3 from the UV photolysis of NO2 via rapid oxidation of HC and conversion of NO to 
NO2.”6,7 

Automobiles: 

The automobile industry has studied and modified vehicle emissions since the 1940s.8  As the 
understanding and characteristics of air pollution expanded, including the photochemistry of the 
atmosphere that consists of hydrocarbons (HC), carbon monoxide (CO), nitrogen dioxide (NO2), and a 
spectrum of volatile organic compounds (VOC), the automobile industry and independent research 
organizations and universities evaluated vehicle exhaust.  Ultimately, this research led to the development 
of catalytic converters while improving automobile efficiencies even during the pre-computer days.  In 
addition, fuel utilization of automobiles has shifted from carburation to electronic fuel injection and the 
now popular electric vehicles.  The culmination of these efforts contributed to significant reductions in 
vehicle emissions per mile and concomitant improvements in volatile components in the troposphere 
despite increases in the population of registered drivers. 

A study in the UK evaluated NOx (oxides of nitrogen) emissions from tailpipes of automobiles and fuel 
production.9  Data provided by the National Atmospheric Emissions Inventory (NAEI; 
https://naei.beis.gov.uk/) indicated combustion engines from transportation vehicles represented only 3% 
of the NOx production.  NOx and hydrocarbons represent only two of O3 complexities of emissions in 
Europe and North America.  The authors emphasized that while EVs eliminate tailpipe emissions, they do 
not necessarily reduce all emissions.   

For example, using a Ford Focus (2016) to assess O3 impact based on fuel production and tailpipe 
emissions data in TRACI (Tool for the Reduction and Assessment of Chemical and Other Environmental 
Impacts) or ReCiPe (a life cycle impact assessment [LCIA] method that comprises harmonized category 
indicators at the midpoint and the endpoint level) methods, the authors compared four fuel types.  Those 
fuel types were gasoline, diesel, LPG (liquid petroleum gas), and electric.  ReCiPe endpoint data, assessed 
as µDALYs/10,000 km driven), were 48, 57, 44 and 95, respectively.  DALYs, or disability-adjusted life 
years, represent the incident number of healthy life years lost due to disease or disability, and do so by 
incorporating non-fatal and fatal health outcomes, calculated as the years of life lived with disability 
(YLD) and the years of life lost due to premature death (YLL), respectively.  Similarly, the TRACI data, 
reported as mg O3/km, were 1,145, 1,664, 984, and 2,058, respectively.  Considering each approach, a 
lower number is considered a more desirable outcome.  These outcomes may change with the make, 
model, and production year of vehicle(s) under discussion.  

However, as one would expect, any EV tailpipe O3 emission was undetectable.   

Ozone: 

 
6 Levy 2nd, H. (1971) Normal atmosphere: large radical and formaldehyde concentrations predicted. Science 
173:141. doi: 10.1126/science.173.3992.141 
7 Heicklen, J., Westberg, K., Cohen, N. (1969) The conversion of NO to NO2 in polluted atmospheres. Pennsylvania 
State University, Center for Air Environment Studies 
8 Hoekman, SK, Welstand, JS. (2021) Vehicle emissions and air quality: the early years (1940s-1950s). Atmosphere 
12:1354. doi: 10.3390/atmos1211354 
9 Johnson, E. (2017) Cars and ground-level ozone: how do they compare? Eur Transp Res Rev 9:47. doi: 
10.1007/s12544-017-0263-7 
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Ozone (O3) is a natural product of photochemistry that occurs in the atmosphere.10  As is known, solar 
intensity varies with the season and altitude.  Simultaneously, the global HC and CO emissions, which are 
precursors to O3, continue to decline.  However, there are and will be periods of HC increases due to 
sunlight (elevated temperature) and other factors that affect weather patterns.  Importantly, despite these 
confounding variables, the NOx (oxides of nitrogen) concentrations have consistently declined over 
several decades.  In fact, decades of data from Colorado monitoring venues that are in the public domain 
that depict 8-hour O3 maximum since the early 90s suggest the levels have remained relatively stable at 
around 80 ppb (see Figures 1 & 2) despite an apparent 41% increase in automobile & truck registrations 
since 2010 based on the US Bureau of Transportation Statistics, and population growth (~12% since 2012 
to approximately 5.8 M in 2021 in Colorado.11   

 
Figure 1.  Data compiled from Colorado Department of Public Health and Environment reports from 1993-2021.  
Graphic provided by Gary Bishop, former faculty at the University of Denver.  The daily ozone maximum 8-hour 
average concentration for a given day is derived from the highest of the 17 consecutive 8-hour averages beginning 
with the 8-hour period from 7:00 a.m. to 3:00 p.m. and ending with the 8-hour period from 11:00 p.m. to 7:00 a.m. 
the following day (i.e., the continuous 8-h averages running from 7:00 a.m. to 11:00 p.m.).  Once this calculation is 
made, identify the concentration at the 4th highest 8-h daily maximum during the year. 
 
  

 
10 Stedman, DH. (2004) Photochemical ozone formation, simplified. Environ Chem 1:65-66. doi: 10.1071/EN04032 
11 https://www.macrotrends.net/states/colorado/population  
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Figure 2.  Data compiled from Colorado Department of Public Health and Environment reports from 1993-2021.  
Graphic provided by Gary Bishop, former faculty at the University of Denver.  The 8-hour ozone design values 
(trailing 3-year averages) are the average the 4th highest value for each of the previous 3 years.  
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Interestingly, a natural log of the (Figure 3) of the 4th High Maximum Ozone with respect to percent 
change over time (1993-2020), indicates declining trends despite the observed variability of O3 in the 
National Renewable Energy Laboratory (Jefferson County), Rocky Flats North (northwest of Denver), 
Chatfield (near Littleton), and Fort Collins West (Northern Colorado). 

 

 
Figure 3.  Data compiled from Colorado Department of Public Health and Environment reports from 1993-2020.  
Graphic provided by Gary Bishop, former faculty at the University of Denver.  LN refers to the natural log of the 
data.     
 
Automobile Statistics  

A 2020 Federal Highway Administration report indicates 9,473 vehicle miles traveled per capita in 
Colorado.  Of these miles, nearly 42% are on arterial roads, and about 27% are on the interstate.   
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The Legislative Council Staff and Colorado Department of Revenue (DOR) report recently provided 
important statistics regarding active automobile registrations in the state.12 

Total number of active vehicle registrations 5,991,847 

Total number of motor vehicle registrations, excluding trailers 5,309,880 

Number of gasoline-powered vehicles (non-Plug-in Hybrid Electric Vehicles [PHEVs]) 4,599,156 

Number of diesel-powered vehicles 313,898 

Number of Battery Electric Vehicles (BEVs) 42,308 

Number of Pure Hybrid Vehicles (no cord) 99,234 

Number of Plug-in Hybrid Electric Vehicles (PHEVs) 10,706 

Number of registered trailers without internal power source* 684,887 
* Data from DOR based on trailers without a fuel type  

Atmosphere Balance: 

A potential scenario with unintended consequences relates to policies envisioned to drive down 
tropospheric OH.  This condition could increase the CO burden in the atmosphere, and a concomitant 
elevation of sulfur dioxide (SO2) and NO2, which are known to increase the risk of respiratory pathology.  
This scenario suggests that O3 in the troposphere would decrease, as would fine particulate matter.  
Interestingly, such a transition could actually increase atmospheric methane, a greenhouse gas (GHG), 
and increase a variety of environmental concerns. 

Where’s the Evidence:  

An August 2021 report generated by the Regional Air Quality Council (RAQC), the board of which is 
appointed by the state’s governor, advanced several strategies directed to light-duty vehicles and 
electrification of the same.13  Unfortunately, this apparently reflexive information does not provide any 
substantial data that are appropriately referenced.   

Criteria for the purported 2023 model and emission inventory were not reported; thus, critical information 
remains blind to the general public, including the auto industry.  Perhaps the RAQC used the EPA-issued 
report in 2018 to project ozone design values.14 

However, a 2020 technical publication evaluated a range of automobile emissions in Denver in January 
and February of 2020.15  The remote sensor used in the study measured the ratios of CO, HC, NO, SO2, 
NH3, and NO2 to CO2 in motor vehicle exhaust.   

  

 
12 Legislative Council Staff, Senator Ray Scott, Personal Communication, June 22, 2022 
13 Regional Air Quality Council, Control Strategy Committee Next Steps, August 2021. 
14 EPA, Air Quality Modeling Technical Support Document for the Updated Projected Ozone Design Values, Office 
of Air Quality Planning and Standards, June 2018; https://www.epa.gov/sites/default/files/2018-
06/documents/aq_modelingtsd_updated_2023_modeling_o3_dvs.pdf. Accessed December 8, 2021 
15 Bishop GA. (2020) On-road remote sensing of automobile emissions in the Denver area: Winter 2020; 
Coordinating Research Council, Inc., Alpharetta, GA. 

https://www.epa.gov/sites/default/files/2018-06/documents/aq_modelingtsd_updated_2023_modeling_o3_dvs.pdf
https://www.epa.gov/sites/default/files/2018-06/documents/aq_modelingtsd_updated_2023_modeling_o3_dvs.pdf
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Figure 4 compares the fuel-specific mean CO emissions for the vehicles measured in 2020 with the 
previous measurements in the winter of 2017/2018.  The data indicate that the fuel-specific emission 
factors decreased by 41% for CO.  However, the difference for CO was not statistically significant at the 95% 
confidence interval. 

 
Figure 4.  Denver 6th Avenue historical fuel-specific fleet mean emissions for CO (, left 
axis), HC (▲, right axis), and NO (, right axis) by measurement year. 

Emissions data summaries from winter studies (1999-2020) are shown below (Table 1). 

 

The 2020 Denver measurements show reductions for all of the species measured when compared with the 
2017 values.  Fuel specific emission factors (g/kg of fuel) decreased for CO (41%), HC (16%), NO 
(23%), NH3 (8%), NO2 (12%) and NOx (22%).  Only the differences for CO, NO, and NOx are 
statistically significant at the 95% confidence interval.  The percent of emissions contributed by the 
highest emitting 1% of the fleet (the 99th percentile) increased for all of the species except HC. 

Table 1 Winter Campaign Data Summary (Emissions data expressed as a percent or ppm [mg/kg fuel]).  

Study Year 1999 2000 2001 2003 2005 2007 2013 2015 2017 2020 

Mean CO (%) 0.45 0.43 0.34 0.35 0.23 0.19 0.10 0.10 0.06 0.04 

Mean HC (ppm) 125 115 112 88 50 46 45 77 65 55 

Mean NO (ppm) 600 511 483 456 37` 287 193 138 125 96 

Mean NH3 (ppm) -- -- -- -- -- -- 55 53 46 43 

Mean NO2 (ppm) -- -- -- -- -- -- 11 6 5 4 

Mean Model Year 1992.4 1993.4 1994.6 1996.4 1998.1 2000 2005.2 2007.2 2009.2 2011.6 

Mean Vehicle Age (Years) 6.9 6.9 6.7 6.9 7.2 7.3 9.2 9.2 9.2 8.8 
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There is an inverse relationship between vehicle NO emissions and model year 3 for the nine periods 
sampled during the winters of 1999 – 2001, 2003, 2005, 2007, 2013, 2015, 2017, and 2020.  (Figure 5)  
The graphic shows an ever-increasing number of model years with emission levels that do not change 
from the initial model year average.  NO emissions are the first to show increases but the Tier 2 (2009 - 
2016) and now Tier 3 certified vehicles (2017 & newer) have significantly reduced vehicle average NO 
emissions.  These kinds of data suggest the automobile industry has developed and implemented an array 
of technologies intended to mitigate emissions that are detrimental to the environment and personal 
health.  

 

 

 

 

 

 

 

 

 

 

Figure 5.  Mean levels of NO emissions vs vehicle model year.  Note, data in this graphic 
are expressed for simplicity as g NO/kg fuel vs mg NO/kg fuel presented in Table 1.  The 
apparent difference is a factor of 1000; however, the values are the same, just expressed 
differently. 

Conclusion:   

The preponderance of evidence suggests that personal, lightweight vehicular emissions are unlikely to be 
significant contributors to tropospheric pollution.  Demonizing a singular and likely insignificant source 
of environmental disequilibrium in such a staggeringly complex system is a disservice to the global 
environment, as well as an industry that has creatively and effectively reduced noxious emissions.   


